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ABSTRACT 

The di-7r-methane photorearrangement has been investigated f o r the 

f i r s t time i n the s o l i d state. A ser i e s of symmetric (-CO2R1 = -CO2R2) and 

mixed (-CC^Ri * -CO2R2) 11,12-dibenzobarrelene d i e s t e r s , used as the model 

substrates, reacted i n the s o l i d state with e f f i c i e n c i e s that are s i m i l a r 

to those observed i n s o l u t i o n . 

Photolysis of symmetric diesters i n s o l u t i o n and i n the s o l i d state 

gave a sin g l e dibenzosemibullvalene photoproduct. Two d i e s t e r s (R^ = R2 = 

Et and R^ = R2 = iPr) turned out to be dimorphic with one of t h e i r 

c r y s t a l modifications having the c h i r a l space group P2^2^2^. Photolysis 

of the c h i r a l c r y s t a l s r e s u l t e d i n absolute asymmetric syntheses with 

quantitative (iPr) and near quantitative (80%, Et) enantiomeric y i e l d s . 

The absolute configuration of the s t a r t i n g material and photoproduct was 

obtained i n the case of the isopropyl compounds by X-ray anomalous 

disp e r s i o n analysis. The stereochemical c o r r e l a t i o n and the X-ray 

c r y s t a l l o g r a p h i c r e s u l t s indicated an extremely high s t e r e o s e l e c t i v i t y 

where only one of the four degenerate s o l u t i o n pathways seems to be 

followed i n the s o l i d state. 

Mixed die s t e r s gave upon photolysis two regioisomeric photoproducts 

that formed i n nearly equal amounts i n s o l u t i o n media. The s o l i d state 

r e g i o s e l e c t i v i t y v a r i e d from moderate to high with no apparent c o r r e l a t i o n 

between the nature of the ester substituent and the photochemical r e s u l t s . 

X-ray s t r u c t u r a l information was used to analyze the e f f e c t of the 

ene-dioate conformation on the s o l i d state r e g i o s e l e c t i v i t y . The r a d i c a l 

d e l o c a l i z i n g a b i l i t y of the carbonyl groups, which i s expected to depend 



on the degree of conjugation with the c e n t r a l v i n y l bond, does not seem 

to play an important r o l e i n determining the s o l i d state r e s u l t s . An 

exce l l e n t c o r r e l a t i o n was found between s o l i d state s t e r i c f a c t ors and the 

photochemical r e s u l t s . In general, the r e a c t i o n occurred at the l e a s t 

t i g h t l y packed v i n y l carbon. 

C h i r a l dibenzobarrelene die s t e r s containing sec-butyl groups were 

studied i n o p t i c a l l y active and racemic forms. Crystals of the sec-

b u t y l / i s o p r o p y l compound were found to form a s o l i d s o l u t i o n of the 

enantiomers that i s isomorphous with the c h i r a l c r y s t a l s of the diisopro-

p y l compound. A t h i r d example of absolute asymmetric synthesis i n the 

s o l i d state was discovered when photolysis of the racemate generated 

o p t i c a l l y active products with very high enantiomeric y i e l d s . Photochemi

c a l and spectroscopic r e s u l t s from the methyl/sec-butyl compound indicated 

a second example of s o l i d s o l u t i o n of the enantiomers, but t h i s time with 
) 

a racemic space group. Lack of d i a s t e r e o s l e c t i v i t y i n the s o l i d state 

r e a c t i o n of the l a t t e r compound was r a t i o n a l i z e d i n terms of e f f i c i e n t 

s t e r i c c o n t r o l i n the s o l i d state reaction but i n e f f i c i e n t s t e r i c c o n t r o l 

during the c r y s t a l l i z a t i o n process. 

An unusual s o l i d state luminescence of the 11,12-diesters was noted 

and analyzed i n terms of the b i r a d i c a l intermediates postulated along the 

di-w-methane rearrangement pathway. F i n a l l y , the s o l u t i o n and s o l i d state 

photochemical r e s u l t s from dibenzobarrelenes bearing an ester group at the 

bridgehead p o s i t i o n are analyzed. 
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INTRODUCTION. 

The s t u d y o f o r g a n i c c h e m i c a l r e a c t i o n s i n c r y s t a l l i n e s o l i d s i s a 

r a p i d l y d e v e l o p i n g a r e a o f o r g a n i c chemistry.^- I t i s now r e c o g n i z e d t h a t 

m o l e c u l a r c r y s t a l s c a n m o d i f y t h e " i n t r i n s i c " o r s o l u t i o n phase c h e m i c a l 

r e a c t i v i t y i n a manner t h a t depends d e e p l y on the s t r u c t u r a l p r o p e r t i e s 

o f t h e c r y s t a l . Many examples a r e known o f r e a c t i o n s t h a t o c c u r i n a 

c o m p l e t e l y d i f f e r e n t manner when c a r r i e d o u t i n s o l u t i o n o r i n t h e s o l i d 

s t a t e . A s e t o f r e p r e s e n t a t i v e examples where t h e s e d i f f e r e n c e s c a n be 

i l l u s t r a t e d i s shown i n F i g u r e 1 below. 

Me 

Dimers 

Ph Ph _ . M . Ph Ph Ph Ph Ph 

Ph - c o Ph - c o Ph Ph Ph Ph 

Only Product RotiD 1 : 2 : 1 

F i g u r e 1. Examples o f Compounds D i s p l a y i n g D i f f e r e n t S o l u t i o n and 

S o l i d S t a t e R e a c t i v i t y . 



-2-

S o l i d state organic chemistry i s an area that very c l o s e l y r e f l e c t s 

the understanding that organic chemists have of the s t r u c t u r a l d e t a i l s 

of the mechanistic aspects of organic chemistry and of the nature and 

properties of molecular c r y s t a l s . I t i s for these reasons that some of 

the most impressive demonstrations of the scope of s o l i d state organic 

chemistry have been discovered only during the l a s t twenty f i v e years. ̂  

I t has been s p e c u l a t e d ^ that Wohler i n 1828 may have been the f i r s t 

s c i e n t i s t to study an organic s o l i d state chemical r e a c t i o n while 

synthesizing urea from s o l i d 'ammonium cyanate.^ Sporadic reports of 

organic s o l i d state r e a c t i v i t y can be found throughout the l i t e r a t u r e 

with a period of increased a c t i v i t y during the l a t e nineteenth and early 

twentieth centuries.^ I t seems that at these times the experimental and 

conceptual d i f f i c u l t i e s i n studying chemical r e a c t i v i t y i n the l i q u i d , 

gas and s o l i d states might have been comparable. P r a c t i c a l consider

ations and stronger t h e o r e t i c a l models, however, led to a gap between 

the understanding of s o l u t i o n and gas phase r e a c t i v i t i e s on the one hand 

and s o l i d state r e a c t i v i t y on the other. F l u i d phase organic chemists, 

the immense majority, took the r e s p o n s i b i l i t y f o r developing the 

experimental, a n a l y t i c a l and t h e o r e t i c a l aspects of the f i e l d . 

The T o p o c h e m i c a l P o s t u l a t e . ^ 

In the e a r l y 1960s X-ray crystallography had been f i r m l y established 

as the most important s o l i d state a n a l y t i c a l t o o l and many s t r u c t u r a l 

concepts were developed therefrom. The c r y s t a l l i n e state had become the 



p r e f e r r e d m e d i u m f o r s t r u c t u r a l s t u d i e s , w h e r e a s m u c h a c c u m u l a t e d 

e x p e r i e n c e m a i n t a i n e d t h e l i q u i d s t a t e a s t h e p r i m a r y m e d i u m f o r t h e 

s t u d y o f o r g a n i c c h e m i c a l r e a c t i v i t y . I t w a s a t t h a t t i m e t h a t G e r h a r d 

S c h m i d t e x e c u t e d a b r i l l i a n t i d e a h e p r o b a b l y c o n c e i v e d d u r i n g t h e m i d 

1 9 4 0 s . ^ S c h m i d t r e s t u d i e d some o f t h e s o l i d s t a t e r e a c t i o n s k n o w n s i n c e 

t h e l a s t c e n t u r y , e s p e c i a l l y t h e p h o t o c h e m i c a l o n e s , w i t h t h e a p p l i c a 

t i o n o f X - r a y a n a l y t i c a l t e c h n i q u e s . B y s t u d y i n g p r i m a r i l y t h e 2ir + 2n 

c y c l o d i m e r i z a t i o n o f m a n y c r y s t a l l i n e o l e f i n s , S c h m i d t p u t o n a f i r m 

b a s i s t h e m o s t g e n e r a l a n d i n t u i t i v e c o n c e p t e v o l v e d i n t h e e a r l y d a y s 

o f s o l i d s t a t e o r g a n i c c h e m i s t r y , t h e t o p o c h e m i c a l p o s t u l a t e . 

T h e t o p o c h e m i c a l p o s t u l a t e a s f i r s t e n u n c i a t e d b y K o h l s c h u t t e r ^ i n 

1 9 1 8 s t a t e d t h a t r e a c t i o n s i n s o l i d s a r e c o n t r o l l e d b y t h e t h r e e 

d i m e n s i o n a l a r r a n g e m e n t o f t h e m o l e c u l e s i n t h e c r y s t a l s . S c h m i d t p u t 

t h e t o p o c h e m i c a l p o s t u l a t e o n a s t r o n g e x p e r i m e n t a l b a s i s a n d r e f i n e d i t 

b y s t a t i n g t h a t r e a c t i o n s i n c r y s t a l s o c c u r w i t h a m i n i m u m o f a t o m i c a n d 

m o l e c u l a r m o t i o n . ^ S c h m i d t r e c o g n i z e d t h a t o n e o f t h e i m p l i c a t i o n s o f 

t h e p o s t u l a t e i s t h a t s o l i d s t a t e r e a c t i o n s a r e c o n t r o l l e d b y t h e 

r e l a t i v e l y f i x e d d i s t a n c e s a n d o r i e n t a t i o n s b e t w e e n t h e p o t e n t i a l l y 

r e a c t i n g c e n t e r s . ^ T h e b e h a v i o r o f t h e d i f f e r e n t c r y s t a l f o r m s o f t r a n s 

c i n n a m i c a c i d s t o w a r d s p h o t o c h e m i c a l d i m e r i z a t i o n s e r v e d h i m t o i l l u s 

t r a t e t h e s e p o i n t s i n t h e m o s t e l e g a n t m a n n e r ^ ( F i g u r e 2 ) . 

T h e t r a n s c i n n a m i c a c i d s ( 1 ) c r y s t a l l i z e i n o n e o f t h r e e d i f f e r e n t 

c r y s t a l m o d i f i c a t i o n s k n o w n a s a , 6 a n d 7 . A f u n d a m e n t a l d i f f e r e n c e 

b e t w e e n t h e t h r e e t y p e s o f p a c k i n g i s g i v e n b y t h e m a n n e r i n w h i c h 

m o l e c u l a r p a i r s c a n b e r e l a t e d ( F i g u r e 2 ) . T h e k e y f i n d i n g i n S c h m i d t ' s 

s t u d y w a s t h a t t h i s i n t e r m o l e c u l a r g e o m e t r y d e t e r m i n e s n o t o n l y t h e 



absence o r p r e s e n c e o f r e a c t i v i t y b u t a l s o t h e p r o d u c t s t e r e o c h e m i s 

t r y . - ^ The c e n t r o s y m m e t r i c i n t e r m o l e c u l a r arrangement i n t h e a t y p e l e d 

t o t h e c e n t r o s y m m e t r i c a - t r u x i l i c a c i d s ( 2 ) . The p a r a l l e l t r a n s l a t i o n a l 

a rrangement shown t o e x i s t i n t h e /9 f o r m gave t h e m i r r o r - s y m m e t r i c 

£-truxinic a c i d s ( 3 ) and f i n a l l y t he 7 form, c h a r a c t e r i z e d by a l o n g 

t r a n s l a t i o n a l a x i s and a p o o r l y o v e r l a p p e d arrangement between t h e two 

d o u b l e bonds, was f o u n d t o be u n r e a c t i v e . I n t e r e s t i n g l y , t r a n s - c i n n a m i c 

a c i d i n s o l u t i o n s i m p l y undergoes t r a n s - t o - c i s i s o m e r i z a t i o n . 

Ar 

HOOC 
Ar 

COOH 

Ar 

Ar 
COOH 

Ar 

COOH 

COOH 

hv 

SOLUTION 

hv 

a-MODIFICATION 

hv 

p-MODIFICATION 

Ar COOH W 
Ar 

HOOC 

COOH Ar 
A r 

\ COOH 3 

COOH 

COOH 

COOH 

hv 

T-MODIFICATION 
d>4.2A 

NO REACTION 

F i g u r e 2. The P o l y m o r p h i c t r a n s - C i n n a m i c A c i d s and t h e i r S o l u t i o n 

and S o l i d S t a t e R e a c t i v i t y . 



The r e s u l t s o b t a i n e d w i t h t h e c i n n a m i c a c i d s and o t h e r o l e f i n i c 

compounds l e d Schmidt t o s u g g e s t t h a t f o r each r e a c t i o n t y p e t h e r e 

s h o u l d e x i s t an upper l i m i t beyond w h i c h r e a c t i o n can no l o n g e r o c c u r . ^ a 

I n t h e c a s e o f the c i n n a m i c a c i d s i t was f o u n d t h a t t h e c e n t e r - t o - c e n t e r 

d i s t a n c e between the two r e a c t i n g o l e f i n i c d o u b l e bonds o f t h e a and B 

m o d i f i c a t i o n was w i t h i n 3.6 t o 4.1 A. Schmidt s u g g e s t e d t h a t a d i s t a n c e 

s h o r t e r t h a n a p p r o x i m a t e l y 4.2 A and a p a r a l l e l arrangement between the 

r e a c t i n g d o u b l e bonds was r e q u i r e d f o r 2n + 2n d i m e r i z a t i o n t o o c c u r . 

These r e q u i r e m e n t s a r e n o t f u l f i l l e d by the u n r e a c t i v e 7 - m o d i f i c a t i o n , 

w h i c h has c e n t e r - t o - c e n t e r d i s t a n c e s between 4.7 and 5.1 A and 

n o n - p a r a l l e l o l e f i n a r rangements. D e s p i t e some a p p a r e n t e x c e p t i o n s , ^ 

S c h m i d t ' s p r o p o s a l s have been o f t e n c i t e d w i t h the a u t h o r i t y o f a 

f u n d a m e n t a l l a w o f n a t u r e . 

S o l i d S t a t e C h e m i c a l R e a c t i v i t y . 

I n s p i t e o f t h e e a r l y r e p o r t s o f s o l i d s t a t e r e a c t i v i t y , the 

c r y s t a l l i n e phase o f o r g a n i c compounds was f o r a l o n g t i m e c o n s i d e r e d 

n o t h i n g more t h a n a c o n v e n i e n t r e s o r t f o r easy h a n d l i n g and p u r i f i c a 

t i o n . The c o n c e p t t h a t m o l e c u l a r freedom was a p r e r e q u i s i t e f o r c h e m i c a l 

r e a c t i v i t y e v o l v e d from s t u d i e s i n f l u i d media and l e d t o t h e i n t u i t 

i v e l y i n c o r r e c t c o n c e p t t h a t a l l o r g a n i c s o l i d s s h o u l d be u n r e a c t i v e . ^ 

W h i l e u n r e a c t i v i t y may be common t o many c r y s t a l l i n e compounds, i t i s 

f a r f r o m b e i n g a g e n e r a l phenomenon. The most i n t e r e s t i n g a s p e c t s o f 

s o l i d s t a t e r e a c t i v i t y come from t h e f a c t t h a t r e a c t i o n s o c c u r under 

c o n d i t i o n s where most m o l e c u l a r m o t i o n s a r e d i s a l l o w e d . ^ * ^ T o p o c h e m i c a l 



r e a c t i o n s t e n d t o o c c u r t h r o u g h a c o n t i n u o u s s t r u c t u r a l s i m i l a r i t y 

between the r e a c t a n t s , i n t e r m e d i a t e s and p r o d u c t s . L a r g e amounts o f 

m e c h a n i s t i c i n f o r m a t i o n c a n sometimes be i n f e r r e d from t h e X - r a y 

s t r u c t u r e s o f t h e r e a c t a n t s . ^ 

I t i s known t h a t t h r e e g e n e r a l f a c t o r s w i l l d e t e r m i n e the c h e m i c a l 

r e a c t i v i t y t o be o b s e r v e d i n a g i v e n s y s t e m . ^ These f a c t o r s r e l a t e t o : 

1) t h e number o f components p r e s e n t i n the r e a c t i o n medium, 2) t h e 

thermodynamic f a c t o r s d e t e r m i n e d by the f r e e e nergy changes i n v o l v e d 

d u r i n g t h e r e a c t i o n , and, 3) the k i n e t i c f a c t o r s d e t e r m i n e d by t h e f r e e 

e n e r g y o f t h e t r a n s i t i o n s t a t e s . Due t o the r e s t r i c t e d c o m p o s i t i o n and 

t o t h e r i g i d and o r d e r e d m o l e c u l a r arrangement p r e s e n t i n t h e c r y s t a l 

l i n e s t a t e , t h e above f a c t o r s p l a y t h e i r r o l e s i n a d i f f e r e n t manner i n 

the s o l i d s t a t e and i n i s o t r o p i c s o l u t i o n media. 

1. Number o f Components. 

The f i r s t and main l i m i t a t i o n t o the g e n e r a l o c c u r r e n c e o f s o l i d 

s t a t e r e a c t i v i t y r e l a t e s t o the number o f components a l l o w e d i n the 

r e a c t i o n medium. W h i l e t h e number o f components i n a s o l u t i o n r e a c t i o n 

i s o n l y s e l d o m l i m i t e d by s o l u b i l i t y p r o b l e m s , i t i s known t h a t homoge

neous c r y s t a l l i n e phases a r e r a r e l y composed o f more t h a n one component. 

Most s o l i d s t a t e r e a c t i o n s , whether u n i m o l e c u l a r o r b i m o l e c u l a r , a r e 

e x p e c t e d t o be homomolecular. A t t h e p r e s e n t t i m e most s o l i d s t a t e 

r e s e a r c h work i s c a r r i e d o u t i n m o l e c u l a r c r y s t a l s w i t h a s i n g l e 

component. I t seems, however, t h a t the i m p a ct t h a t s o l i d s t a t e chemis

t r y w i l l have on o t h e r a r e a s w i l l depend l a r g e l y on o u r a b i l i t y t o 



m a n i p u l a t e m u l t i c o m p o n e n t c r y s t a l l i n e samples. F o r t u n a t e l y , a d d i t i o n a l 

r e a c t i o n components ca n be c o n s i d e r e d i n some c i r c u m s t a n c e s . 1 3 - 1 6 These 

s i t u a t i o n s may o c c u r and have sometimes been u s e d w i t h advantage i n t h e 

c a s e o f m i x e d m o l e c u l a r c r y s t a l s . ^ 3 S u b s t i t u t i o n a l s o l i d s o l u t i o n s and 

m o l e c u l a r complexes ( a l s o c a l l e d m o l e c u l a r compounds, i n t e r m e t a l l i c 

compounds and c h e m i c a l compounds) a r e t h e most i m p o r t a n t c a s e s t o 

c o n s i d e r . 

S u b s t i t u t i o n a l s o l i d s o l u t i o n s a r e c h a r a c t e r i z e d by i n c o r p o r a t i o n o f 

f o r e i g n " s o l u t e " m o l e c u l e s i n t o t h e s p aces o t h e r w i s e r e s e r v e d f o r t h e 

m o l e c u l e s o f t h e " s o l v e n t " c r y s t a l . ^ The s o l u b i l i t y t h a t two o r g a n i c 

compounds c a n d i s p l a y i n the s o l i d s t a t e can range from no s o l u b i l i t y a t 

a l l t o t h e much r a r e r c a s e s o f c o n t i n u o u s s o l u b i l i t y . The i m p o r t a n c e o f 

s o l i d s o l u b i l i t y between d i f f e r e n t r e a c t a n t s i s easy t o r e c o g n i z e b u t 

d i f f i c u l t t o b r i n g i n t o p r a c t i c e . A l a r g e amount o f c h e m i c a l and 

s t r u c t u r a l i n f o r m a t i o n c o u l d a l s o be o b t a i n e d by h a v i n g a compound 

r e a c t i n g w h i l e d i s s o l v e d i n s e v e r a l d i f f e r e n t c r y s t a l l i n e e n v i r o n m e n t s . 

I t s h o u l d a l s o be r e c o g n i z e d t h a t a p a r t i a l l y r e a c t e d c r y s t a l i s a mixed 

c r y s t a l . The s o l u b i l i t y t h a t the p r o d u c t w i l l d i s p l a y i n the c r y s t a l 

l a t t i c e o f t h e s t a r t i n g m a t e r i a l w i l l d e t e r m i n e t h e e x t e n t o f c o n v e r s i o n 

and t h e i n t e g r i t y o f t h e c r y s t a l l a t t i c e as a f u n c t i o n o f r e a c t i o n 

p r o g r e s s . ! ^ R e a c t i o n s where a sample p r e s e r v e s i t s c r y s t a l l i n i t y d u r i n g 

t h e e n t i r e c o n v e r s i o n o f s t a r t i n g m a t e r i a l i n t o p r o d u c t a r e c a l l e d 

t o p o t a c t i c o r s i n g l e c r y s t a l - t o - s i n g l e c r y s t a l t r a n s f o r m a t i o n s . ^ These 

r e a c t i o n s a r e c h a r a c t e r i z e d by a r e m a r k a b l e s t r u c t u r a l s i m i l a r i t y 

between t h e r e a c t a n t s and t h e p r o d u c t s , w h i c h a l l o w s f o r c o n t i n u o u s 

s o l i d s o l u b i l i t y . T o p o t a c t i c t r a n s f o r m a t i o n s o f f e r t h e p o s s i b i l i t y o f 



m o n i t o r i n g t h e r e a c t i o n t h r o u g h X - r a y c r y s t a l l o g r a p h y . Few examples o f 

t o p o t a c t i c r e a c t i o n s a r e known. One t h e b e s t s t u d i e d systems i s r e p r e 

s e n t e d by t h e b e n z y l i d e n e c y c l o p e n t a n o n e s (4 ) and t h e i r p h o t o d i m e r s (5) 

s t u d i e d by J o n e s and T h o m a s ^ ( F i g u r e 3 ) . The s t r u c t u r a l s i m i l a r i t y 

between t h e two symmetry r e l a t e d monomers and t h e c e n t r o s y m m e t r i c dimer 

i s e v i d e n t i n t h e same f i g u r e . 

hv 
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F i g u r e 3. The D i m e r i z a t i o n o f B e n z y l i d e n e c y c l o p e n t a n o n e . 



Some o f t h e m o s t i n t e r e s t i n g two c o m p o n e n t s o l i d s y s t e m s , t h e 

m o l e c u l a r c o m p l e x e s , ^ 3 " ^ a r e p r i m a r i l y c l a s s i f i e d - ' - 3 a c c o r d i n g t o t h e 

f o r c e s r e s p o n s i b l e f o r t h e i r e x i s t e n c e a s : i ) e l e c t r o n t r a n s f e r c o m 

p l e x e s , a n d , i i ) p a c k i n g c o m p l e x e s . I n c l u d e d i n t h e s e c o n d c a t e g o r y , 

( a l s o c a l l e d g u e s t - h o s t c o m p l e x e s ) a r e some o f t h e m u l t i c o m p o n e n t s o l i d 

s t a t e s y s t e m s c u r r e n t l y u n d e r m o r e a c t i v e i n v e s t i g a t i o n . C l a t h r a t e s ^ 

a n d i n c l u s i o n c o m p o u n d s w i t h i n t e r m o l e c u l a r a n d i n t r a m o l e c u l a r c a v i 

t i e s ^ - 3 i 1 5 i 1 6 b e l o n g t o t h i s c a t e g o r y . V e r y o f t e n , h o w e v e r , t h e h o s t 

c o m p o n e n t s p l a y a p a s s i v e , o r g a n i z i n g r o l e , a n d d o n o t p a r t i c i p a t e i n 

t h e c h e m i c a l r e a c t i v i t y o f t h e i n c l u d e d c o m p o u n d s o r s o l u t e s . E x c e p t i o n s 

t o t h i s h a v e b e e n f o u n d i n t h e p h o t o c h e m i c a l r e a c t i v i t y o f d e o x y c h o l i c 

a c i d - k e t o n e c o m p l e x e s ^ ( F i g u r e 4 ) . W h e n t h e c o m p l e x e s a r e p h o t o l y z e d 

f o r l o n g p e r i o d s o f t i m e a h y d r o g e n i s a b s t r a c t e d f r o m t h e d e o x y c h o l i c 

a c i d h o s t b y t h e p h o t o e x c i t e d k e t o n e g u e s t . A r a d i c a l p a i r i s f o r m e d 

w h i c h t h e n c o l l a p s e s t o f o r m a n a r y l d e r i v a t i z e d s t e r o i d ^ ( F i g u r e 4 ) . 
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F i g u r e 4 . An example o f a S o l i d S t a t e C h e m i c a l R e a c t i o n i n an 

I n c l u s i o n Compound. 

A d d i t i o n a l r e a g e n t s c a n a l s o sometimes be c o n s i d e r e d f o r s o l i d s t a t e 

r e a c t i o n s when t h e y a r e a l l o w e d t o d i f f u s e i n t o t h e c r y s t a l l a t t i c e . ^ 

T h i s i s p r e c i s e l y t h e ca s e f o r some known g a s - s o l i d r e a c t i o n s where 

d i f f u s i o n i s , however, s e v e r e l y l i m i t e d t o r e l a t i v e l y s m a l l m o l e c u l e s 

(Br2, O2, CO2, NH3, e t c . ) - Some i n t e r e s t i n g examples f a l l i n g i n 

t h i s c a t e g o r y a r e shown i n F i g u r e 5. 

O t h e r h e t e r o g e n e o u s r e a c t i o n s may t a k e p l a c e a t c r y s t a l s u r f a c e s , 

and s e v e r a l g a s - s o l i d , ^ 3 l i q u i d - s o l i d ^ and s o l i d - s o l i d ^ r e a c t i o n s a r e 

known. 



2 . Thermodynamic F a c t o r s . 

I t h as been r e c e n t l y a r g u e d by S.K. K e a r s l e y ^ t h a t s o l i d s t a t e 

r e a c t i o n s , i n g e n e r a l , a r e n o t as t h e r m o d y n a m i c a l l y v i a b l e as r e a c t i o n s 

i n f l u i d media. K e a r s l e y s u g g e s t e d t h a t t h e e n t h a l p i e s o f t h e i n i t i a l 

and f i n a l s t a t e s o f a s o l i d s t a t e r e a c t i o n a r e r e s p e c t i v e l y l o w e r and 
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h i g h e r w i t h r e s p e c t t o v a l u e s o b s e r v e d i n f l u i d s o l u t i o n media ( F i g u r e 

6 ) . The l o w e r e n e r g y i n the i n i t i a l s t a t e o f s o l i d s t a t e r e a c t i o n s c a n 

be u n d e r s t o o d as a r i s i n g from the a d d i t i o n a l s t a b i l i z a t i o n e n e r g y g a i n e d 

by t h e m o l e c u l e s i n t h e c r y s t a l l i z a t i o n p r o c e s s . 3 * ^ I t i s known t h a t 

o r g a n i c compounds t e n d t o c r y s t a l l i z e i n t h e i r minimum en e r g y conforma

t i o n s 3 ^ - and w i t h t h e most f a v o r a b l e i n t e r m o l e c u l a r arrangement. I n t h e 

f i n a l s t a t e , t h e h i g h e r e n t h a l p y o f t h e s o l i d s t a t e r e a c t i o n s comes fr o m 

t h e e n e r g y r e q u i r e d by t h e p r o d u c t m o l e c u l e s t o a d j u s t i n t o t h e r i g i d 

e n v i r o n m e n t o f the s t a r t i n g m a t e r i a l . 3 ^ P e r t u r b a t i o n s t o and from the 

medium a r e e x p e c t e d t o p l a y a v e r y i m p o r t a n t r o l e . F i r s t o f a l l , the 

f o r m a t i o n o f a p r o d u c t m o l e c u l e i n the space t h a t was o r i g i n a l l y 

o c c u p i e d by and t a i l o r made f o r the s t a r t i n g m a t e r i a l w i l l be t h e s o u r c e 

o f a d d i t i o n a l e nergy t o t h e f i n a l s t a t e . The l a r g e r the s t r u c t u r a l 

d i f f e r e n c e between r e a c t a n t and p r o d u c t the more en e r g y w o u l d be 

r e q u i r e d t o l o c a t e the p r o d u c t i n the space o t h e r w i s e r e s e r v e d f o r the 

s t a r t i n g m a t e r i a l . T h i s energy i n c r e a s e c a n be i d e n t i f i e d w i t h the 

s t e r i c e n e r g y a r i s i n g from u n f a v o r a b l e p r o d u c t - l a t t i c e i n t e r a c t i o n s and 

i s u n d o u b t e d l y a s o u r c e o f i n t e r n a l s t r e s s . 3 3 I t i s known t h a t t h e 

m e c h a n i c a l r e l a x a t i o n t h a t f o l l o w s t h i s s t r e s s may p l a y a v e r y i m p o r t a n t 

r o l e i n d e t e r m i n i n g t h e i n t e g r i t y o f t h e l a t t i c e a t the l a t e r s t a g e s o f 

t h e r e a c t i o n . 3 3 
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F i g u r e 6. D i f f e r e n c e i n t h e R e a c t i o n C o o r d i n a t e Between S o l u t i o n and 

S o l i d S t a t e R e a c t i v i t y (From R e f e r e n c e 2 9 ) . 

3. K i n e t i c R e q u i r e m e n t s . 

The k i n e t i c r e q u i r e m e n t s f o r a r e a c t i o n t o o c c u r r e f e r t o the 

n e c e s s i t y f o r p a r t o f t h e r e a c t a n t s t o a c q u i r e t h e f r e e e n e r g y o f 

a c t i v a t i o n r e q u i r e d t o overcome t h e e n e r g e t i c b a r r i e r s t h a t s e p a r a t e t h e 

s t a r t i n g m a t e r i a l s and t h e p r o d u c t s a l o n g the r e a c t i o n c o o r d i n a t e . ^ The 



- 1 4 -

k i n e t i c b a r r i e r s o f . s o l u t i o n a n d g a s p h a s e r e a c t i o n s a r e m a i n l y d e t e r 

m i n e d b y t h e h i g h e n t h a l p i c a n d l o w e n t r o p i c c o n t e n t s o f t h e s p e c i e s 

d e f i n e d b y t h e t r a n s i t i o n s t a t e , o r a c t i v a t e d c o m p l e x . I t s e e m s r e a s o n 

a b l e t h a t t h e e n t h a l p y o f t h e t r a n s i t i o n s t a t e , a s s h o w n i n F i g u r e 6, 

on 

s h o u l d a l s o b e h i g h e r i n t h e s o l i d t h a n i n t h e f l u i d s t a t e s . T h i s i s 

e x p e c t e d b e c a u s e t h e r i g i d e n v i r o n m e n t o f m o l e c u l a r c r y s t a l s w i l l r e s i s t 

t h e m o t i o n s r e q u i r e d t o r e a c h t h e t r a n s i t i o n s t a t e m o r e t h a n t h e 

s o l u t i o n e n v i r o n m e n t w o u l d . A t t h e s a m e t i m e t h e s t r u c t u r e o f t h e 

a c t i v a t e d c o m p l e x s h o u l d b e a c c o m m o d a t e d i n a r e s t r i c t e d s p a c e t o w h i c h 

i t d o e s n o t i d e a l l y b e l o n g t o . A c r i t i c a l d i f f e r e n c e b e t w e e n t h e two 

m e d i a , t h a t may s o m e t i m e s f a v o r s o l i d s t a t e v e r s u s s o l u t i o n r e a c t i v i t y , 

c o n c e r n s t o t h e e n t r o p y o f a c t i v a t i o n . T h e e n t r o p y o f a c t i v a t i o n i s t h e 

e n t r o p y d i f f e r e n c e b e t w e e n t h e t r a n s i t i o n s t a t e a n d t h e r e a c t a n t s . ^ 

T h e r e a c t a n t s i n t h e f l u i d m e d i a e x i s t i n a l a r g e n u m b e r o f d y n a m i 

c a l l y e q u i l i b r a t e d s t a t e s ( n ^ , F i g u r e 7) d e f i n e d b y t h e i r m o l e c u l a r 

c o n f o r m a t i o n s , i n t e r a c t i o n s w i t h t h e s o l v e n t , v i b r a t i o n a l s t a t e s , e t c . 

T h e l a r g e n u m b e r o f e n e r g e t i c a l l y d i f f e r e n t ( a n d d e g e n e r a t e ) a l t e r n a 

t i v e s g i v e n t o t h e r e a c t a n t s m a k e s t h e i r e n t r o p y c o n t e n t v e r y l a r g e . I f 

i s t h e e n e r g y o f t h e s t a t e n ^ a n d t h e f r a c t i o n o f t h e s y s t e m w i t h 

e n e r g y E ^ we h a v e t h a t t h e e n t r o p y i s g i v e n b y : 

S = k Z P i l n P i 

w h e r e k i s t h e B o l t z m a n n c o n s t a n t a n d t h e s u m m a t i o n i s c a r r i e d o v e r a l l 

t h e s t a t e s t h a t d e s c r i b e t h e s y s t e m . 
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S i n c e m o s t o r g a n i c r e a c t i o n s o c c u r t h r o u g h h i g h l y d e f i n e d t r a n s i t i o n 

s t a t e s , t h e n u m b e r o f d i f f e r e n t s t a t e s ( n * ) a v a i l a b l e t o t h e a c t i v a t e d 

c o m p l e x w i l l b e v e r y s m a l l . M a n y o r g a n i c r e a c t i o n s , f o r i n s t a n c e , o c c u r 

t h r o u g h o n l y f e w w e l l d e f i n e d c o n f o r m a t i o n s , w h i l e t h e r e a c t a n t h a s a 

m u c h l a r g e r n u m b e r o f c o n f o r m a t i o n a l s t a t e s . N o t o n l y c o n f o r m a t i o n a l 

p r o p e r t i e s , h o w e v e r , may d e t e r m i n e t h e o c c u r r e n c e o f a c h e m i c a l r e a c t i o n 

a n d t h e p r o p e r t i e s o f a n a c t i v a t e d c o m p l e x . S u p p o s e t h a t t h e r e a r e o n l y 

t w o s t a t e s f o r two d i f f e r e n t a c t i v a t e d c o m p l e x e s , A a n d B , a v a i l a b l e t o 

a g i v e n s u b s t r a t e . I n f l u i d s o l u t i o n t h e n u m b e r o f d i f f e r e n t s t a t e s , n ^ , 

i s v e r y l a r g e c o m p a r e d t o t h e n u m b e r o f s t a t e s ( t w o i n F i g u r e 7) 

p o s s e s s i n g t h e r e q u i r e m e n t s f o r r e a c t i o n s t o o c c u r . T h e t w o a c t i v a t e d 

c o m p l e x e s n ^ A a n d n ^ g f o r r e a c t i o n s A a n d B r e s p e c t i v e l y ( F i g u r e 7 ) c a n 

b e r e a c h e d t h r o u g h t h e s t a r t i n g m a t e r i a l s t a t e s n ^ a n d n ^ r e s p e c t i v e l y . 

D u e t o t h e t r a n s l a t i o n a l a n d v i b r a t i o n a l f r e e d o m , t h e r e a r e m a n y 

c o l l i s i o n a l a n d v i b r a t i o n a l m o d e s t h a t may p u t t h e r e a c t a n t s i n t h e 

c o n f i g u r a t i o n r e q u i r e d f o r r e a c t i o n ( n ^ = n 2 = n 3 = e t c . ) . T h e p r o b a b i l i t y 

f o r r e a c t i o n , o r r a t i o o f p r o d u c t i v e t o n o n - p r o d u c t i v e c o l l i s i o n s o r 

v i b r a t i o n s , c a n s o m e t i m e s b e v e r y s i m i l a r f o r m a n y a l t e r n a t i v e r e a c t i o n s 

w i t h t h e r e s u l t t h a t s e v e r a l r e a c t i o n s c a n s i m u l t a n e o u s l y o c c u r . B o t h 

r e a c t i o n s , A a n d B , a s i n d i c a t e d s c h e m a t i c a l l y i n F i g u r e 7 , w o u l d o c c u r . 

I n t h e s o l i d s t a t e , o n t h e o t h e r h a n d , t h e r e a c t i n g m o l e c u l e s e x i s t 

a l r e a d y w i t h a v e r y l o w e n t r o p y . T h e m o l e c u l e s i n t h e c r y s t a l w i l l 

p o s s e s s f e w v i b r a t i o n a l a n d r o t a t i o n a l m o d e s w h i l e t r a n s l a t i o n w i l l 

n o r m a l l y n o t b e a l l o w e d . We c a n i l l u s t r a t e t h i s b y r e p r e s e n t i n g o n l y 

o n e s t a t e ( n ^ ) f o r a r e a c t a n t i n t h e s o l i d s t a t e . T h e m o l e c u l e s i n t h e 

s t a t e n ^ w i l l r e a c t , g i v e n e n o u g h e n t h a l p y o f a c t i v a t i o n , i f t h e r e i s a 
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l a r g e r e s e m b l a n c e between the s t r u c t u r e o f the s t a r t i n g m a t e r i a l and o f 

t h e a c t i v a t e d complex. I n F i g u r e 7, a r e a c t i o n i n t h e s o l i d s t a t e w o u l d 

o c c u r o n l y t h r o u g h n^g b u t n o t t h r o u g h n*^. 

REACTION A 

V REACTION B 

REACTION A 
_ m REACTION B 
n A 

™~ n « 

A 

REACTION A 
_ m REACTION B 
n A 

™~ n « 
A A vt 

n i 

'* ^wJl5̂ r ETC 

• • 
* • 
• 

'* ^wJl5̂ r ETC 
FLUID MEDIA SOLID STATE 

F i g u r e 7. D i f f e r e n c e s i n Number o f A v a i l a b l e S t a t e s and R e a c t i o n 

Pathways Between F l u i d M edia and S o l i d S t a t e . 

I f t h e m o l e c u l e s p a r t i c i p a t i n g i n a g i v e n s o l i d s t a t e r e a c t i o n a r e 

n o t w i t h i n t h e p r o p e r d i s t a n c e and o r i e n t a t i o n as s u g g e s t e d by the 

t o p o c h e m i c a l p o s t u l a t e , t he e n e r g e t i c expense o f b r i n g i n g t h e r e a c t a n t s 

t o g e t h e r w o u l d have t o be p a i d w i t h t h e d e s t r u c t i o n o f t h e c r y s t a l 
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l a t t i c e i t s e l f . T h i s c a n b e a p p r e c i a t e d i f we r e a l i z e t h a t t h e e s t i m a t e d 

a c t i v a t i o n e n e r g y f o r t h e d i f f u s i o n o f a n t h r a c e n e i n t h e a n t h r a c e n e 

c r y s t a l ( 4 2 K c a l / m o l ) i s t w i c e a s l a r g e a s t h e p a c k i n g e n e r g y o f t h e 

s a m e c o m p o u n d a s e s t i m a t e d f r o m i t s s u b l i m a t i o n e n e r g y ( - 2 2 K c a l / m o l ) . 3 ^ 

K i n e t i c f a c t o r s t h a t d i f f e r e n t i a t e l i q u i d a n d s o l i d s t a t e r e a c t i v i t y 

c a n o p e r a t e a f t e r t h e r e a g e n t s a r e f o u n d i n a t o p o c h e m i c a l l y f a v o r a b l e 

o r i e n t a t i o n . I n t h e l i q u i d s t a t e t h e l i f e t i m e s o f m a n y i n t e r m e d i a t e s 

( m a n y r e a c t i o n s o c c u r i n m o r e t h a n o n e e l e m e n t a r y s t e p ) a r e m u c h l o n g e r 

t h a n t h e t i m e t a k e n f o r r e o r g a n i z a t i o n o f t h e s o l v e n t . T h e t i m e 

a v e r a g e d e n v i r o n m e n t f o r m o s t s o l u t i o n r e a c t i o n s i s t h e r e f o r e i s o t r o p i c 

a n d e s s e n t i a l l y i d e n t i c a l i n a l l d i r e c t i o n s . I n t h e s o l i d s t a t e , o n t h e 

o t h e r h a n d , t h e s u r r o u n d i n g s k e e p n e a r l y t h e same a v e r a g e p o s i t i o n 

t h r o u g h o u t t h e r e a c t i o n a n d e x e r t d i f f e r e n t a n d s p e c i f i c e f f e c t s i n 

e v e r y d i r e c t i o n . T h e s p e c i f i c a n i s o t r o p i c e f f e c t t h a t t h e c r y s t a l 

l a t t i c e m a y e x e r t o n t h e d y n a m i c s o f a l t e r n a t i v e r e a c t i o n p a t h w a y s i s 

p e r h a p s o n e o f t h e m o s t i m p o r t a n t e f f e c t s t h a t h a s b e e n r e c o g n i z e d a f t e r 

t h e t o p o c h e m i c a l p o s t u l a t e . 

M . C o h e n d e s c r i b e d t h e d y n a m i c e f f e c t o f t h e c r y s t a l l a t t i c e i n 

s e l e c t i n g b e t w e e n a l t e r n a t i v e r e a c t i o n p a t h w a y s w i t h t h e g e n e r a l 

i n t u i t i v e c o n c e p t o f t h e " R e a c t i o n C a v i t y . " ^ T h e r e a c t i o n c a v i t y a s 

d e f i n e d b y C o h e n i s " t h e s p a c e i n t h e c r y s t a l o c c u p i e d b y t h e m o l e c u l e s 

w h i c h w i l l d i r e c t l y p a r t i c i p a t e i n t h e r e a c t i o n . " C o h e n s u g g e s t e d t h a t 

t h e a t o m i c m o v e m e n t s c o n s t i t u t i n g t h e r e a c t i o n w i l l c a u s e p r e s s u r e o n 

t h e c a v i t y w a l l , w h i c h w i l l t e n d t o b e c o m e d i s t o r t e d . A n y s u c h a c h a n g e , 

h o w e v e r , w i l l b e r e s i s t e d b y t h e c l o s e l y p a c k e d e n v i r o n m e n t o f t h e 

c r y s t a l a n d o n l y t h o s e p r o c e s s e s i n v o l v i n g a m i n i m u m c o n t a c t w i l l b e 
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a l l o w e d ( F i g u r e 8 ) . 

F i g u r e 8 . R e p r e s e n t a t i o n o f : ( a ) A l l o w e d a n d ( b ) D i s a l l o w e d S o l i d 

S t a t e R e a c t i o n s i n t h e R e a c t i o n C a v i t y . 

S c h e f f e r , T r o t t e r a n d c o - w o r k e r s 3 ^ h a v e i d e n t i f i e d a n d q u a n t i t a 

t i v e l y s t u d i e d s p e c i f i c i n t e r m o l e c u l a r e f f e c t s t h a t m o d i f y t h e s o l i d 

s t a t e r e a c t i v i t y i n m u c h t h e same w a y o f C o h e n ' s r e a c t i o n c a v i t y 

c o n c e p t . T h e t e r m " s t e r i c c o m p r e s s i o n c o n t r o l " w a s u s e d t o d e s c r i b e 

t h i s s i t u a t i o n a n d w a s s p e c i f i c a l l y a p p l i e d t o c a s e s w h e r e a n u n u s u a l 

r e a c t i v i t y c a n n o t b e a n t i c i p a t e d f r o m t h e a r r a n g e m e n t o f t h e r e a c t i v e 

c e n t e r s . F o r i n s t a n c e , t h e n a p h t h a l e n e d e r i v a t i v e s h o w n i n F i g u r e 9 was 

f o u n d t o b e u n r e a c t i v e t o w a r d s p h o t o c h e m i c a l 2ir + 2n s o l i d s t a t e 

d i m e r i z a t i o n i n s p i t e o f a t o p o c h e m i c a l l y f a v o r a b l e d i s t a n c e a n d 
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o r i e n t a t i o n b e t w e e n t h e d o u b l e b o n d s o f n e i g h b o r i n g m o l e c u l e s . . I t w a s 

p r o p o s e d t h a t t h e l a c k o f r e a c t i v i t y o r i g i n a t e d f r o m t w o s p e c i f i c s h o r t 

c o n t a c t s , b e t w e e n t h e m e t h y l s u b s t i t u e n t s o f t h e two r e a c t i n g m o l e c u l e s 

a n d t h o s e f r o m o t h e r m o l e c u l e s i n t h e l a t t i c e a s s h o w n i n F i g u r e 9 . 

> R O R E A C T I O N 

(E - CO.CH,) 

F i g u r e 9 . R e a c t i o n I n h i b i t i o n b y S t e r i c C o m p r e s s i o n C o n t r o l . 

T h e r o l e o f k i n e t i c f a c t o r s i n d e t e r m i n i n g t h e d y n a m i c s a n d s e l e c 

t i o n o f r e a c t i o n p a t h w a y s i n t h e s o l i d s t a t e h a s a l s o b e e n r e c o g n i z e d b y 

G a v e z z o t t i . 3 ^ T h i s a u t h o r s u g g e s t s t h a t t h e f r e e v o l u m e a r o u n d t h e 
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r e a c t i v e c e n t e r s i s w h a t d e t e r m i n e s t h e a b s e n c e , p r e s e n c e a n d s e l e c t i 

v i t y o f a s o l i d s t a t e r e a c t i o n . A l t h o u g h t h e f r e e v o l u m e c o n c e p t i s b y 

n o m e a n s a d e p a r t u r e f r o m C o h e n ' s r e a c t i o n c a v i t y c o n c e p t , i t p o s s e s s e s 

t h e a t t r i b u t e o f b e i n g a m o r e e a s i l y d e f i n e d a n d r e a d i l y m e a s u r a b l e 

q u a n t i t y . 

A d i f f e r e n t a n d p e r h a p s c o m p l e m e n t a r y a p p r o a c h t o t h e u n d e r s t a n d i n g 

o f s o l i d s t a t e r e a c t i v i t y h a s b e e n p r o p o s e d b y M c B r i d e a n d c o - w o r k e r s . 

A f t e r s t u d y i n g a n u m b e r o f s o l i d s t a t e r e a c t i o n s k n o w n t o p r o c e e d 

t h r o u g h t h e f o r m a t i o n o f r e a c t i v e r a d i c a l i n t e r m e d i a t e s b y e x t r u s i o n o f 

s m a l l m o l e c u l e s , M c B r i d e e t a l . p r o p o s e d t h a t t h e t o p o c h e m i c a l f a c t o r s 

t h a t o n e m a y i n f e r f r o m t h e r e a c t a n t s t r u c t u r e may n o t a p p l y t o t h e 

f u r t h e r b e h a v i o r o f t h e i n t e r m e d i a t e s . M c B r i d e r e c o g n i z e d t h a t t h e 

f o r m a t i o n o f t h e r e a c t i v e i n t e r m e d i a t e may o c c u r u n d e r v e r y s t r e s s f u l 

c o n d i t i o n s . I t s s u b s e q u e n t c h e m i c a l b e h a v i o r w i l l t h e r e f o r e b e d e t e r 

m i n e d b y t h e a n i s o t r o p i c s t r e s s g e n e r a t e d b e t w e e n t h e r e a c t i o n c a v i t y 

a n d i t s new c o n t e n t s . M c B r i d e p o i n t s o u t t h a t t h i s s t r e s s may b e 

s o m e t i m e s e q u i v a l e n t t o p r e s s u r e s f r o m 1 t o 10 K b a r , s o t h a t a s t r o n g 

i n f l u e n c e o n c h e m i c a l r e a c t i v i t y i s h a r d l y s u r p r i s i n g . 

P h o t o c h e m i c a l R e a c t i o n s i n M o l e c u l a r C r y s t a l s . 

G r o u n d s t a t e ( t h e r m a l ) r e a c t i o n s a r e c h a r a c t e r i z e d b y h a v i n g t h e i r 

p o t e n t i a l e n e r g y s u r f a c e s , o r r e a c t i o n c o o r d i n a t e s , c o n t i n u o u s a n d a l o n g 

t h e ( u s u a l l y ) s i n g l e t g r o u n d e l e c t r o n i c s t a t e s . I n p h o t o c h e m i c a l 

r e a c t i o n s , o n t h e o t h e r h a n d , a t l e a s t o n e o f t h e s p e c i e s i n v o l v e d 



e x i s t s i n a n e x c i t e d e l e c t r o n i c s t a t e a n d t h e r e a c t i o n c o o r d i n a t e i s 

n e c e s s a r i l y d i s c o n t i n u o u s . 

A l t h o u g h t h e e x c i t e d s t a t e s p e c i e s i n v o l v e d i n p h o t o c h e m i c a l 

r e a c t i o n s a r e n o r m a l l y g e n e r a t e d b y a b s o r p t i o n o f u l t r a v i o l e t ( U V ) a n d 

v i s i b l e ( V I S ) l i g h t , o t h e r m e t h o d s c a n a l s o b e u s e d . 3 8 A l t e r n a t i v e s c a n 

b e f o u n d i n t h e u s e o f h i g h e n e r g y r a d i a t i o n (gamma r a y s , X - r a y s , 

e l e c t r o n b e a m s , e t c . ) , i n t h e r m a l e x c i t a t i o n b y s h o c k w a v e s ( a s i n 

t r i b o l u m i n e s c e n c e a n d s o n o l u m i n e s c e n c e ) , b y c h e m i c a l m e t h o d s ( a s i n 

c h e m i l u m i n e s c e n c e a n d b i o l u m i n e s c e n c e ) , a n d f i n a l l y , b y e n e r g y t r a n s 

f e r . 3 8 

I t i s k n o w n t h a t t h e c r y s t a l l i n e s t a t e h a s a p r o f o u n d e f f e c t o n t h e 

g e n e r a t i o n a n d f a t e o f e x c i t e d s p e c i e s a s c o m p a r e d t o t h e i r r e l a t i v e l y 

s i m p l e s o l u t i o n a n d g a s p h a s e b e h a v i o r . 3 8 ' 3 ^ A l t h o u g h t h e l o w e s t e x c i t e d 

s t a t e s o f o r g a n i c c o m p o u n d s i n m o l e c u l a r c r y s t a l s , e s p e c i a l l y o f 

p o l y c y c l i c a r o m a t i c s , a r e k n o w n t o b e d e l o c a l i z e d , t h e i r o r i g i n c a n 

a l w a y s b e t r a c e d t o m o l e c u l a r s t a t e s . I t i s f o r t h i s r e a s o n t h a t a 

n u m b e r o f e x c i t e d s t a t e p h e n o m e n a s e e m t o b e s a t i s f a c t o r i l y e x p l a i n e d b y 

c o n s i d e r i n g t h e c r y s t a l s a s a n o r d e r e d g a s . M a n y o t h e r e x p e r i m e n t a l 

r e s u l t s , h o w e v e r , s e e m t o r e q u i r e a m o d e l t h a t i n v o l v e s a m o r e i n t r i c a t e 

i n t e r a c t i o n b e t w e e n t h e c l o s e l y p a c k e d m o l e c u l a r c o m p o n e n t s . ^ 

E l e c t r o n i c s p e c t r o s c o p y i n m o l e c u l a r c r y s t a l s i s i n d e e d a n e x t r e m e l y 

f e r t i l e a r e a o f p h y s i c a l c h e m i s t r y . 3 8 " ^ A s u p e r f i c i a l r e v i e w o f t h e 

l i t e r a t u r e o f t h i s i n t e r e s t i n g t o p i c s e e m s t o i n d i c a t e a s y s t e m a t i c 

a v o i d a n c e o f c h e m i c a l r e a c t i v i t y p h e n o m e n a . T h i s s i t u a t i o n i s e a s y t o 

u n d e r s t a n d w h e n o n e c o n s i d e r s t h e d i f f i c u l t i e s i n v o l v e d i n c a r r y i n g o u t 

d e t a i l e d s p e c t r o s c o p i c m e a s u r e m e n t s i n a s y s t e m w i t h a c h a n g i n g c h e m i c a l 



c o m p o s i t i o n . T h e c o m p l i c a t e d e x c i t e d s t a t e i n t e r a c t i o n s s t u d i e d b y 

s o l i d s t a t e s p e c t r o s c o p i s t s , o n t h e o t h e r h a n d , may o f t e n b e o u t o f 

r e a c h a n d t o some e x t e n t i g n o r e d b y t h e e x p e r i m e n t a l o r g a n i c c h e m i s t . I t 

c a n b e e x p e c t e d t h a t i n t h e y e a r s t o come a b e n e f i c i a l a n d s y m b i o t i c 

r e l a t i o n s h i p w i l l a r i s e f r o m t h e c o m b i n e d s t u d y o f t h e p h o t o p h y s i c a l a n d 

p h o t o c h e m i c a l b e h a v i o r o f r e a c t i v e m o l e c u l a r c r y s t a l s . ^ 

E x c i t e d S t a t e P a r t i t i o n i n g . 

A s a r e s u l t o f t h e i r h i g h e r e n e r g y c o n t e n t , e x c i t e d s t a t e s p e c i e s 

a r e n o t i n e q u i l i b r i u m w i t h t h e i r s u r r o u n d i n g s a n d a r e , t h e r e f o r e , 

t h e r m o d y n a m i c a l l y u n s t a b l e . ^ 3 A f t e r i n i t i a l e x c i t a t i o n b y a b s o r p t i o n o f 

a U V p h o t o n , a n e l e c t r o n i s t r a n s f e r r e d t o a h i g h e r e l e c t r o n i c s t a t e 

w i t h t h e s a m e m u l t i p l i c i t y a s t h e g r o u n d s t a t e ( s i n g l e t ) . I n t h e 

J a b l o n s k i ^ d i a g r a m s h o w n i n F i g u r e 1 0 t h i s i s i n d i c a t e d b y t h e a r r o w 

m a r k e d w i t h a n hv. M o s t m o l e c u l e s i n t h e S 2 o r h i g h e r e x c i t e d s t a t e s 

d e c a y p r o m p t l y ( - l O ' ^ 3 s e c ) i n t o t h e l o w e s t e x c i t e d s t a t e ( S ^ ) f r o m 

w h i c h a l l o t h e r d e c a y p r o c e s s e s t a k e p l a c e . D e p o p u l a t i o n o f S^ may o c c u r 

b y p r o c e s s e s t h a t c a n b e c l a s s i f i e d a s r a d i a t i v e [ s u c h a s f l u o r e s c e n c e 

( F ) ] , o r n o n - r a d i a t i v e [ s u c h a s i n t e r n a l c o n v e r s i o n ( I C ) , i n t e r s y s t e m 

c r o s s i n g ( I S C ) a n d c h e m i c a l r e a c t i o n s ( R ) ] . I n t h e i n t e r n a l c o n v e r s i o n 

m o d e t h e d e c a y o c c u r s t o l o w e r s t a t e s o f t h e s a m e m u l t i p l i c i t y (S n -+S^ 

a n d S^-+S 0 ) , a n d t h e e x c i t e d s t a t e e n e r g y i s l o s t i n t h e f o r m o f h e a t t o 

i t s s u r r o u n d i n g s . I n t e r s y s t e m c r o s s i n g i s t h e e v e n t w h e r e t h e e x c i t e d 

s t a t e s c h a n g e t h e i r m u l t i p l i c i t y a n d t h e l o w e s t s i n g l e t t r a n s f o r m i n t o a 



t r i p l e t e x c i t e d ( S ] _ - » T n ) o r t h e l o w e s t t r i p l e t d e c a y s i n t o t h e s i n g l e t 

g r o u n d s t a t e ( T ^ - » S 0 ) . A l t h o u g h t h e s e p r o c e s s e s a r e f o r m a l l y s p i n 

f o r b i d d e n , t h e y o c c u r b y v i r t u e o f s p i n - o r b i t c o u p l i n g m e c h a n i s m s . 

F i n a l l y , a c h e m i c a l r e a c t i o n a s we k n o w , i s t h e e v e n t w h e r e a n e x c i t e d 

s t a t e e n c o u n t e r s t h e p o t e n t i a l e n e r g y h y p e r s u r f a c e t h a t l e a d s t o a 

m o l e c u l a r r e o r g a n i z a t i o n . I t s h o u l d a l s o b e p o i n t e d o u t t h a t s i m i l a r 

d e c a y p r o c e s s e s a r e a v a i l a b l e t o t h e t r i p l e t e x c i t e d s t a t e o n c e i t 

b e c o m e s p o p u l a t e d . T h e r a d i a t i v e d e c a y o f t h e t r i p l e t s t a t e , h o w e v e r , i s 

d e s i g n a t e d a s p h o s p h o r e s c e n c e . 

S I N G L E T S 

S i n g l e t 
R e a c t i o n 

h v 

I C 

I C 

T R I P L E T S 

I S C 

I S C / 

/ P 

•« 

T r i p l e t 

R e a c t i o n 

L E G E N D 

A b s o r p t i o n 

I n t e r n a l D e c a y 

F l u o r e s c e n c e 

I n t e r s y s t e m 

C r o s s i n g 

P h o s p h o r e s c e n c e 

F i g u r e 1 0 . J a b l o n s k i D i a g r a m . 
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P h o t o c h e m i c a l r e a c t i o n s w i l l o c c u r i f t h e y h a v e a r a t e c o n s t a n t l a r g e 

e n o u g h t o c o m p e t e w i t h o t h e r e x c i t e d s t a t e d e c a y p r o c e s s e s . ^ 3 A s s o c i a t e d 

w i t h e a c h o n e o f t h e d e c a y p a t h w a y s ( t ) s h o w n i n t h e J a b l o n s k i d i a g r a m 

( F i g u r e 1 0 ) , t h e r e i s a n i n t r i n s i c r a t e c o n s t a n t ( k t ) . T h e e f f i c i e n c y o f 

a n y o f t h e s e ( u n i m o l e c u l a r ) p r o c e s s e s , i n c l u d i n g u n i m o l e c u l a r r e a c t i o n s , 

d e p e n d s o n t h e r e l a t i o n s h i p b e t w e e n t h e r a t e o f t h i s p a r t i c u l a r p r o c e s s 

a n d t h e r a t e s o f a l l o t h e r d e c a y p r o c e s s e s a v a i l a b l e t o t h e e x c i t e d 

s t a t e . T h i s r e l a t i o n s h i p i s c a l l e d t h e q u a n t u m y i e l d : 

* - k t / S k t 

T h e k i n e t i c f e a s i b i l i t y o f a p h o t o c h e m i c a l r e a c t i o n w a s a n a l y z e d b y 

T u r r o ^ 3 i n t e r m s o f t h e r a t e c o n s t a n t e x p r e s s i o n , a l s o u s e f u l f o r g r o u n d 

s t a t e r e a c t i o n s , w h i c h i s g i v e n b y t h e A r r h e n i u s e q u a t i o n : 

k p C s e c ' 1 ) = A e x p ( - E a / R T ) 

A ( u n i m o l e c u l a r ) c h e m i c a l r e a c t i o n w i t h a r a t e k ^ may b e o b s e r v e d i f 

t h e r e a c t i n g s p e c i e s ( t h e e x c i t e d s t a t e i n t h i s c a s e ) p o s s e s s e s a 

l i f e t i m e l o n g e n o u g h s o i t c a n r e a c h t h e t r a n s i t i o n s t a t e . O b v i o u s l y , k ^ 

( i n s e c " l ) s h o u l d b e l a r g e r t h a n t h e r a t e o f d e c a y g i v e n b y t h e i n v e r s e 

o f t h e e x c i t e d s t a t e l i f e t i m e , 1 / r ( a l s o i n s e c " ^ - ) . O v e r a l l , w h e t h e r a n 

e x c i t e d m o l e c u l e w i l l r e a c t d e p e n d s o n t h e a c t i v a t i o n e n e r g y ( E a ) o f t h e 

r e a c t i o n u n d e r c o n s i d e r a t i o n , o n t h e p r o b a b i l i t y f a c t o r A , a n d o n t h e 

l i f e t i m e o f t h e e x c i t e d s t a t e ( g i v e n b y t h e i n v e r s e o f t h e s u m o f a l l 

t h e d e c a y c o n s t a n t s , r = 1 / S k i ) . I t s h o u l d b e n o t e d t h a t a r e a c t i o n 



h a v i n g z e r o a c t i v a t i o n e n e r g y w i l l n o t o c c u r a t a l l i f t h e r e a c t i o n 

p o s s e s s e s a p r o b a b i l i t y f a c t o r , A ( i n s e c " ^ ) , w h i c h i s s m a l l e r t h a n t h e 

i n v e r s e o f t h e l i f e t i m e , 1 / T , o f t h e e x c i t e d s t a t e . 

I n t h e c a s e o f a t r i p l e t s t a t e r e a c t i o n t h e q u a n t u m y i e l d w i l l 

d e p e n d o n t h e q u a n t u m y i e l d f o r i n t e r s y s t e m c r o s s i n g , $ i s c , w h i c h i s 

g i v e n b y : 

$ i s c = k ^ s c / S k 

a n d t h e q u a n t u m y i e l d o f t r i p l e t p r o d u c t f o r m a t i o n , $ 3 , w i l l d e p e n d o n 

$ i s c a n d o n t h e f r a c t i o n o f m o l e c u l e s t h a t r e a c t f r o m t h e t r i p l e t i n 

a c c o r d a n c e w i t h t h e i r r e s p e c t i v e r a t e c o n s t a n t : 

$ 3 = ( k i s c / 2 k > x < K 3 / 2 k t > 

f r a c t i o n o f m o l e c u l e s f r a c t i o n o f t r i p l e t 

r e a c h i n g t h e t r i p l e t s t a t e m o l e c u l e s t h a t 

s t a t e r e a c t . 

T h e f i n a l p r o d u c t o f a p h o t o c h e m i c a l r e a c t i o n i s n o t a l w a y s t h e 

s p e c i e s o r i g i n a l l y f o r m e d f r o m t h e c o r r e s p o n d i n g e x c i t e d s t a t e . T h i s 

i n t e r m e d i a t e , k n o w n a s t h e p r i m a r y p h o t o p r o d u c t , may o f t e n b e a g r o u n d 

s t a t e , h i g h e n e r g y s p e c i e s w h i c h may p o s s e s s s e v e r a l t h e r m a l d e c a y 

a l t e r n a t i v e s . ^ - * W h i l e i n v o l v e m e n t o f t h e p r i m a r y p h o t o p r o d u c t i n a c h a i n 

r e a c t i o n g i v e s o v e r a l l q u a n t u m y i e l d s h i g h e r t h a n o n e ( f r e e r a d i c a l 

p o l y m e r i z a t i o n ) , c a s e s i n w h i c h t h i s s p e c i e s r e v e r t s b a c k t o t h e g r o u n d 

s t a t e o f t h e s t a r t i n g m a t e r i a l a r e n o t u n c o m m o n . ^ T h e s e q u a n t u m y i e l d 

l o w e r i n g p r o c e s s e s a r e s o m e t i m e s d i f f i c u l t t o d i f f e r e n t i a t e f r o m a l o w 



p r i m a r y q u a n t u m y i e l d . A b e t t e r e x p r e s s i o n f o r t h e q u a n t u m y i e l d o f 

r e a c t i o n t h a t t a k e s t h i s i n t o a c c o u n t i n c l u d e s a t e r m P ( m o l e s o f f i n a l 

p r o d u c t / m o l e s o f p r i m a r y p h o t o p r o d u c t ) i n d i c a t i n g t h e f r a c t i o n o f t h e 

p r i m a r y p h o t o p r o d u c t t h a t g o e s o n t o t h e f i n a l p r o d u c t . 

* r x n " ( k r x n / Z k ) ( P ) 

C a s e s i n w h i c h a r e a c t i v e i n t e r m e d i a t e i s f o r m e d a s t h e p r i m a r y 

p h o t o p r o d u c t a r e o f s p e c i a l i n t e r e s t i n t h e c o n t e x t o f t h i s t h e s i s . I n 

t h i s r e s p e c t t w o g e n e r a l c a s e s c a n b e i d e n t i f i e d : a ) t h e o u t c o m e o f t h e 

r e a c t i o n d e p e n d s d i r e c t l y o n t h e f o r m a t i o n o f t w o o r m o r e d i f f e r e n t 

r e a c t i v e s p e c i e s o r b ) a s i n g l e i n t e r m e d i a t e c a n l e a d t o d i f f e r e n t 

p r o d u c t s . I t w i l l b e s e e n t h a t m o s t o f t h e e x a m p l e s s t u d i e d i n t h i s 

t h e s i s f a l l i n t o t h e f i r s t c a t e g o r y . 

T h e D i - w - M e t h a n e R e a r r a n g e m e n t . 

T h e r e a c t i o n m o d e l s t u d i e d i n t h i s t h e s i s i s t h e d i - 7 r - m e t h a n e 

r e a r r a n g e m e n t , o n e o f t h e m o s t g e n e r a l a n d b e s t . s t u d i e d p h o t o c h e m i c a l 

r e a c t i o n s . ^ C o m p o u n d s p o s s e s s i n g a 1 , 4 - d i e n e u n i t a r e c o n v e r t e d b y 

a b s o r p t i o n o f l i g h t i n t o p r o d u c t s c o n t a i n i n g a v i n y l c y c l o p r o p a n e m o i e t y . 

T h e t w o T r - b o n d s i n v o l v e d i n t h e r e a r r a n g e m e n t c a n b e p a r t o f i s o l a t e d o r 

c o n j u g a t e d s y s t e m s w h i c h a r e l i n k e d t o a common s a t u r a t e d , o r m e t h a n e , 

c a r b o n . T w o o f t h e s i m p l e s t m o d e l s , 1 , 4 - p e n t a d i e n e (6) a n d a l l y 1 b e n z e n e 

(7) a r e s h o w n i n F i g u r e 11 a l o n g w i t h t h e c o m m o n l y a c c e p t e d m e c h a n i s m . ^ 



l^'r^ n — r r ^ — r r ^ 
6 

On £n — O^ — girt 
7 

F i g u r e 1 1 . T h e Di -7r-Methane R e a c t i o n M e c h a n i s m R e p r e s e n t e d i n 

1 , 4 - P e n t a d i e n e a n d A l l y l B e n z e n e . 

T h e a b o v e m e c h a n i s m , f i r s t p r o p o s e d b y Z i m m e r m a n i n 1 9 6 7 , ^ h a s b e e n 

m o r e t h a n a d e q u a t e f o r p r e d i c t i n g a n d r a t i o n a l i z i n g t h e r e s u l t s o f a 

l a r g e n u m b e r o f e x a m p l e s . H o w e v e r , i t s h o u l d b e p o i n t e d o u t t h a t 

c o n t r o v e r s y r e m a i n s r e g a r d i n g t h e n a t u r e o f t h e f i r s t b i r a d i c a l s p e c i e s 

f o r m e d , a s t o w h e t h e r i t i s a t r u e r e a c t i o n i n t e r m e d i a t e o r m e r e l y a 

t r a n s i t i o n s t a t e . ° 
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CO 

NOT I S O L A T E D 

F i g u r e 1 2 . T h e M u l t i p l i c i t y - D e p e n d e n t P h o t o c h e m i s t r y o f B a r r e l e n e 8. 

L i k e m a n y o t h e r o l e f i n p h o t o r e a c t i o n s , t h e d i - 7 r - m e t h a n e r e a r r a n g e 

m e n t i s a m u l t i p l i c i t y - d e p e n d e n t p r o c e s s . ^ A c y c l i c d i e n e s s u c h a s 6 

h a v e b e e n f o u n d t o r e a c t m a i n l y f r o m t h e i r s i n g l e t e x c i t e d s t a t e , 

w h e r e a s c y c l i c c o m p o u n d s r e a c t f r o m t h e i r t r i p l e t m a n i f o l d . B a r r e l e n e 

(8) r e p r e s e n t s a n i n t e r e s t i n g e x a m p l e o f t h e s e c o n d c a t e g o r y ( F i g u r e 

1 2 ) . ^ T h e r e a s o n f o r t h e m u l t i p l i c i t y d e p e n d e n c e o f t h e p h o t o c h e m i s t r y 

o f 1 , 4 - d i e n e s i s t h a t t h e y may h a v e s e v e r a l r e a c t i v e p a t h w a y s . T h e m o s t 

i m p o r t a n t a l t e r n a t i v e s i n c l u d e e l e c t r o c y c l i c r e a c t i o n s - ^ a n d c i s - t r a n s 

i s o m e r i z a t i o n s . ^ T h e t y p e o f r e a c t i o n t o b e o b s e r v e d f r o m s i n g l e t a n d 

t r i p l e t s t a t e s i s l a r g e l y d e t e r m i n e d b y t h e s t r u c t u r e o f t h e d i e n e . T h i s 

s t r u c t u r a l d e p e n d e n c e c a n b e u n d e r s t o o d r e a d i l y w h e n t h e p e r f o r m a n c e o f 

a g i v e n c o m p o u n d i s a n a l y z e d i n t e r m s o f h o w i t s s t r u c t u r e i s s u i t e d f o r 

e a c h o f t h e a v a i l a b l e r e a c t i o n s . T h e r a t e c o n s t a n t s f o r t h e c o m p e t i n g 
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c h e m i c a l p r o c e s s e s f o r e a c h e x c i t e d s t a t e c a n b e a r r a n g e d i n d e c r e a s i n g 

o r d e r a s i n t h e f o l l o w i n g r e l a t i o n s h i p : ^ a 

S i n g l e t s t a t e : ^ E C R > ^ D P M > ^"^FR 

T r i p l e t s t a t e : ^ k p R > ^knpft > " ^ k ^ ^ 

W h e r e : E C R = e l e c t r o c y c l i c r e a c t i o n s . 

DPM = d i - w - m e t h a n e r e a r r a n g e m e n t . 

F R = f r e e r o t o r o r c i s - t r a n s i s o m e r i z a t i o n . 

A c c o r d i n g t o t h e r a t e r e l a t i o n s h i p s h o w n a b o v e e l e c t r o c y c l i c 

r e a c t i o n s s h o u l d a l w a y s b e s u s p e c t e d a s c o m p e t i t o r s o f t h e d i - j r - m e t h a n e 

r e a r r a n g e m e n t i n t h e s i n g l e t e x c i t e d s t a t e . T h i s i s s o m e t i m e s t h e c a s e 

f o r d i e n e s w i t h e x t e n d e d c o n j u g a t i o n o r r i g i d a n d p a r a l l e l d o u b l e b o n d 

a r r a n g e m e n t s . T h e r e a c t i o n s i n F i g u r e 13 a r e i n c l u d e d i n t h i s c a t e g o r y . 
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N O T I S O L A T E D 

F i g u r e 1 3 . E x a m p l e s o f S u b s t r a t e s t h a t u n d e r g o R e a c t i o n s O t h e r t h a n 

t h e D i - w - M e t h a n e R e a r r a n g e m e n t f r o m t h e S i n g l e t E x c i t e d S t a t e . 



I n t h e t r i p l e t e x c i t e d s t a t e o n e f i n d s t h e c i s - t r a n s i s o m e r i z a t i o n 

o f a n o l e f i n i c d o u b l e b o n d , o r f r e e r o t o r e f f e c t , t o b e f a s t e r t h a n t h e 

d i - 7 r - m e t h a n e r e a r r a n g e m e n t . T h e f r e e r o t o r e f f e c t , h o w e v e r , i s o n l y 

p o s s i b l e f o r a c y c l i c o l e f i n s s u c h a s 6 o r i n c y c l i c d i e n e s w i t h a n 

e x o c y c l i c d o u b l e b o n d . E x a m p l e s f r o m t h i s c a t e g o r y a r e s h o w n i n F i g u r e 

14 b e l o w . 

NO R E A C T I O N 

( R e f . 54) 

( R e f . 53) 

F i g u r e 14. D i e n e s t h a t U n d e r g o D o u b l e B o n d I s o m e r i z a t i o n I n s t e a d o f 

t h e D i - w - M e t h a n e R e a r r a n g e m e n t f r o m t h e T r i p l e t E x c i t e d S t a t e . 
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T h e R e g i o s e l e c t i v i t y o f t h e D i - » r - M e t h a n e R e a r r a n g e m e n t . 

T h e f i r s t e v e n t i n t h e r e a c t i o n m e c h a n i s m p r e s e n t e d i n F i g u r e 11 i s 

t h e f o r m a t i o n o f a c y c l o p r o p y l d i c a r b i n y l b i r a d i c a l s p e c i e s . Two 

p o s s i b l e p r o d u c t s c a n b e f o r m e d w h e n t h e r a d i c a l c e n t e r s a t C ( l ) a n d 

C ( 5 ) b e a r d i f f e r e n t s u b s t i t u e n t s . W h e n c o m p o u n d 9 ( F i g u r e 1 5 ) w a s 

i r r a d i a t e d i n s o l u t i o n , i t w a s f o u n d t o r e a r r a n g e r e g i o s e l e c t i v e l y t o 

g i v e 1 0 . T h i s r e s u l t was r a t i o n a l i z e d i n t e r m s o f t h e p r e f e r e n t i a l 

f o r m a t i o n o f t h e p h e n y l s t a b i l i z e d 1 , 3 - b i r a d i c a l 1 0 b ' f r o m t h e 

i n t e r m e d i a t e c y c l o p r o p y l d i c a r b i n y l s p e c i e s 1 0 b . O t h e r e x a m p l e s w h e r e 

t h e e f f e c t o f b i r a d i c a l s t a b i l i t y c a n b e r e c o g n i z e d r e a d i l y a r e a l s o 

s h o w n i n F i g u r e 1 5 . I n t h e c a s e o f c o m p o u n d 11 t h e f o r m a t i o n o f a n 

a r y l - v i n y l b o n d e d s p e c i e s t h a t g i v e s p r o d u c t 12 i s p r e f e r r e d o v e r a n 

a r y l - a r y l b o n d e d i n t e r m e d i a t e . F i n a l e x a m p l e s come f r o m c o m p o u n d s 13 a n d 

14 w h i c h i l l u s t r a t e t h e g e n e r a l o b s e r v a t i o n t h a t e l e c t r o n - a c c e p t o r 

g r o u p s t e n d t o b e c o m e p a r t o f t h e c y c l o p r o p y l r i n g i n t h e f i n a l p r o d u c t , 

w h e r e a s e l e c t r o n - d o n a t i n g s u b s t i t u e n t s a p p e a r o n t h e o l e f i n i c d o u b l e 

b o n d . 
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F i g u r e 1 5 . E x a m p l e s o f R e g i o s e l e c t i v e D i-w-m e t h a n e R e a r r a n g e m e n t s . 



-34-

O b j e c t i v e s o f P r e s e n t R e s e a r c h a n d O u t l i n e o f t h e T h e s i s . 

T h e f i r s t o b j e c t i v e o f t h e p r e s e n t r e s e a r c h w a s t o e s t a b l i s h t h e 

v i a b i l i t y a n d g e n e r a l i t y o f t h e d i - w - m e t h a n e r e a r r a n g e m e n t i n t h e s o l i d 

s t a t e . W i t h t h i s p u r p o s e i n m i n d a m o d e l c o m p o u n d w a s s e l e c t e d a c c o r d i n g 

t o t h e f o l l o w i n g g u i d e l i n e s : ( a ) t h e s u b s t r a t e s s h o u l d b e c r y s t a l l i n e 

s o l i d s i n o r d e r t o h a v e t h e p r o b a b i l i t y o f o b t a i n i n g t h e i r X - r a y s t r u c 

t u r e s w h i c h may i n t u r n f a c i l i t a t e t h e a n a l y s i s o f t h e s o l i d s t a t e 

p h o t o c h e m i c a l r e s u l t s , ( b ) t h e c r y s t a l s s h o u l d h a v e c o n v e n i e n t l y h i g h 

m e l t i n g t e m p e r a t u r e s i n o r d e r t o a v o i d c r y s t a l m e l t i n g a n d r e a c t i o n i n 

p o s s i b l e l i q u i d p h a s e s , ( c ) t h e c o m p o u n d s s e l e c t e d f o r s t u d y s h o u l d b e 

e a s y t o t r a n s f o r m i n t o a s e r i e s o f c l o s e l y r e l a t e d a n a l o g s i n o r d e r t o 

s t u d y a n u m b e r o f s i m i l a r e x a m p l e s f r o m w h i c h a d a t a b a n k c a n b e e s t a b 

l i s h e d , a n d , ( d ) t h e p h o t o c h e m i s t r y o f t h e s u b s t r a t e s u n d e r s t u d y s h o u l d 

b e r e l a t i v e l y w e l l u n d e r s t o o d i n s o l u t i o n m e d i a t o f a c i l i t a t e t h e 

i n t e r p r e t a t i o n o f t h e s o l i d s t a t e r e s u l t s . 

A s y s t e m p r e s u m e d t o p o s s e s s a l l t h e a b o v e a t t r i b u t e s was i d e n t i f i e d 

i n t h e d i b e n z o b a r r e l e n e d i e s t e r s y s t e m 15 ( F i g u r e 1 6 ) . T h e p h o t o c h e m i s t r y 

o f t h e d i m e t h y l d e r i v a t i v e , R = Me ( 1 8 ) , a n d a f e w o t h e r d e r i v a t i v e s was 

s t u d i e d b y E . C i g a n e k i n s o l u t i o n 20 y e a r s ago.**-* D i e l s a n d A l d e r h a d 

s h o w n , m u c h e a r l i e r , t h a t c o m p o u n d 18 i s a c r y s t a l l i n e s o l i d w i t h a 

r e l a t i v e l y h i g h m e l t i n g p o i n t (mp = 1 6 0 - 1 ° C ) . 5 2 S u b s t i t u t e d d i b e n z o b a r r e 

l e n e s , a s s h o w n b y C i g a n e k , c a n u n d e r g o t h e d i - w - m e t h a n e r e a r r a n g e m e n t t o 

g i v e p r o d u c t s w i t h t h e d i b e n z o s e m i b u l l v a l e n e s k e l e t o n 1 6 . T h e f o r m a t i o n o f 

t h e s e p r o d u c t s c a n b e u n d e r s t o o d b y a p p l i c a t i o n o f Z i m m e r m a n ' s b i r a d i c a l 

m e c h a n i s m . ^ T h e b a s i c r e a c t i o n s t e p s s h o w n i n F i g u r e 16 f o l l o w t h e 



p h o t o c h e m i c a l a c t i v a t i o n a n d p o p u l a t i o n o f t h e t r i p l e t e x c i t e d s t a t e . T h e 

r e a r r a n g e m e n t s t a r t s b y b o n d f o r m a t i o n b e t w e e n a v i n y l a n d a n e a r b y 

a r o m a t i c c a r b o n t o g i v e a b i r a d i c a l B R - 1 . T h i s s p e c i e s r e a c t s i n a s e c o n d 

s t e p b y c l e a v i n g t h e C ( 9 ) - C ( 9 a ) b o n d a n d r e a r o m a t i z i n g t h e p r e v i o u s l y 

d i s t u r b e d b e n z e n e r i n g t o g i v e a 1 , 3 - b i r a d i c a l B R - 2 . T h e r e a r r a n g e m e n t i s 

c o m p l e t e d b y b o n d f o r m a t i o n b e t w e e n t h e t w o r a d i c a l c e n t e r s i n B R - 2 t o 

f o r m t h e c y c l o p r o p y l r i n g i n t h e d i b e n z o s e m i b u l l v a l e n e 1 6 . 

P a r t I o f t h i s t h e s i s i s r e l a t e d t o t h e s o l i d s t a t e p h o t o c h e m i s t r y o f 

t h e d i m e t h y l d i e s t e r 1 8 . T h i s c o m p o u n d w a s s t u d i e d i n d e t a i l i n o r d e r t o 

v e r i f y t h e f e a s i b i l i t y a n d p e c u l i a r i t i e s o f t h e s o l i d s t a t e p h o t o r e a c t i o n . 

COOR 
COOR ROOC 

15 B R - 1 

R O O C 
COOR 

B R - 2 16 

F i g u r e 1 6 . T h e D i - w - m e t h a n e R e a r r a n g e m e n t o f D i b e n z o b a r r e l e n e 

D i e s t e r s . 
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I t s h o u l d b e n o t e d t h a t t h e d i b e n z o b a r r e l e n e s k e l e t o n h a s f o u r 

d i s t i n c t i v e l y d i f f e r e n t d i - 7 r - m e t h a n e s y s t e m s a s h i g h l i g h t e d i n F i g u r e 1 7 . 

A s s o c i a t e d w i t h e a c h o f t h e f o u r 1 , 4 - d i e n e s y s t e m s t h e r e i s a f o r m a l l y 

d i f f e r e n t r e a c t i o n p a t h w a y w h i c h , d e p e n d i n g o n t h e s u b s t i t u t i o n o n t h e 

d i b e n z o b a r r e l e n e s k e l e t o n , m a y g i v e d i f f e r e n t p h o t o p r o d u c t s . T h e f o u r 

d i f f e r e n t r e a c t i o n p a t h w a y s c a n b e r e c o g n i z e d d e p e n d i n g o n w h i c h o f t h e 

t w o v i n y l c a r b o n s , C ( A ) o r C ( B ) , e n g a g e s i n t h e i n i t i a l b e n z o - v i n y l 

b r i d g i n g s t e p , a n d , d e p e n d i n g o n w h i c h o f t h e a r o m a t i c c a r b o n s , ( I ) o r 

( I I ) , p a r t i c i p a t e s i n t h e r e a c t i o n . A c c o r d i n g t o t h i s a n a l y s i s t h e f o u r 

r e a c t i o n p a t h w a y s a v a i l a b l e t o t h e f o u r d i - w - m e t h a n e s y s t e m s s h o w n i n 

F i g u r e 17 c a n b e l a b e l e d a s : A - I , A - I I , B - I a n d B - I I . 

S i n c e t h e m o s t i m p o r t a n t c o n c e p t u a l a n d m e t h o d o l o g i c a l t o o l t o b e u s e d 

i n t h i s t h e s i s i s t h e s o - c a l l e d p r o d u c t a n a l y s i s a p p r o a c h , t h e e f f e c t o f 

t h e c r y s t a l l a t t i c e o n t h e d i f f e r e n t r e a c t i o n p a t h w a y s s h o u l d b e d e t e r 

m i n e d a n d a n a l y z e d . T h e f i r s t s t e r e o c h e m i c a l r e l a t i o n s h i p we c a n i d e n t i f y 

i n t h e r e a r r a n g e m e n t o f d i b e n z o b a r r e l e n e d i e s t e r s i s t h a t s y m m e t r i c a l l y 

s u b s t i t u t e d d i e s t e r s , s u c h a s 15 ( F i g u r e 1 6 ) , a r e a b l e t o g i v e c h i r a l 

d i b e n z o s e m i b u l l v a l e n e p h o t o p r o d u c t s s u c h a s 1 6 . W h e n t h e f o u r r e a c t i o n 

p a t h w a y s i n d i c a t e d i n F i g u r e 17 a r e a n a l y z e d f o r t h i s c l a s s o f c o m p o u n d s , 

i t c a n b e r e c o g n i z e d t h a t p a t h w a y s A - I a n d B - I g i v e o n e d i b e n z o s e m i b u l l 

v a l e n e e n a n t i o m e r , w h i l e p a t h w a y s A - I I a n d B - I I g i v e t h e o t h e r . N o n -

i d e n t i c a l a m o u n t s o f t h e t w o e n a n t i o m e r i c p r o d u c t s c a n b e e x p e c t e d o n l y 

u n d e r c o n d i t i o n s w h e r e t h e r e i s a r e s o l v e d d i s y m m e t r i c i n f l u e n c e o p e r a t i n g 

o n t h e r e a r r a n g e m e n t . I n P a r t I I o f t h e t h e s i s t h i s a s p e c t o f t h e 

r e a r r a n g e m e n t w i l l b e d i s c u s s e d i n m o r e d e t a i l i n c o n n e c t i o n w i t h o u r 

s t u d i e s o n s y m m e t r i c d i b e n z o b a r r e l e n e d e r i v a t i v e s i n c l u d i n g d i e s t e r s s u c h 



a s 15 w h e r e R = i s o p r o p y l o r e t h y l . 

F i g u r e 1 7 . T h e F o u r D i - 7 r - m e t h a n e S y s t e m s i n t h e D i b e n z o b a r r e l e n e 

S k e l e t o n . 

I n o r d e r t o d i s t i n g u i s h b e t w e e n t h e r e a c t i o n p a t h w a y s A - I a n d A - I I 

v e r s u s B - I a n d B - I I , t h e t w o v i n y l c a r b o n s s h o u l d b e a r d i f f e r e n t s u b s t i t u 

e n t s . D i b e n z o b a r r e l e n e c o m p o u n d s s u c h a s 15 w i t h t w o d i f f e r e n t e s t e r 

g r o u p s , R ^ * R2, a r e e x p e c t e d t o g i v e two d i f f e r e n t p r o d u c t s w h o s e 

f o r m a t i o n d e p e n d s o n w h i c h o f t h e two v i n y l c a r b o n s e n g a g e s i n t h e 

r e a r r a n g e m e n t . I n F i g u r e 1 8 , t h e r e a c t i o n v i a p a t h w a y s A - I o r A - I I s h o u l d 

g i v e t h e r e g i o i s o m e r A a n d r e a c t i o n v i a p a t h w a y s B - I a n d B - I I s h o u l d g i v e 
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r e g i o i s o m e r B . I t s h o u l d b e n o t i c e d t h a t t h e r e g i o s e l e c t i v i t y o f t h e 

r e a r r a n g e m e n t i s d e t e r m i n e d b y t h e f i r s t r e a c t i o n s t e p , w h i c h i s a l s o 

e x p e c t e d t o b e t h e r a t e d e t e r m i n i n g s t e p . ^ 

T h e m i x e d d i e s t e r s s t u d i e d i n P a r t I I I o f t h i s t h e s i s w e r e d e s i g n e d s o 

t h a t a h o m o l o g o u s v a r i a t i o n o n t h e s i z e a n d b r a n c h i n g o f t h e a l k y l 

s u b s t i t u e n t s w o u l d c a u s e a n e g l i g i b l e p e r t u r b a t i o n t o t h e r e a c t i v e 

c h r o m o p h o r e . T h e s e s u b s t i t u e n t s s h o u l d b e r e m o t e e n o u g h f r o m t h e r e a c t i o n 

c e n t e r s t o e x e r t j u s t a m o d e r a t e s t e r i c e f f e c t o n t h e s o l u t i o n r e g i o s e l e c 

t i v i t y b u t may h a v e p r o f o u n d e f f e c t s o n t h e c r y s t a l p a c k i n g p r o p e r t i e s . A 

v e r y i m p o r t a n t a n d i n t e r e s t i n g b y - p r o d u c t o f t h i s d e s i g n i s t h a t i t s h o u l d 

a l l o w u s t o o b t a i n some i n f o r m a t i o n o n t h e s t e r i c e f f e c t s o f s u b s t i t u e n t s 

o n t h e c r y s t a l l i z a t i o n o f t h e d i b e n z o b a r r e l e n e m o l e c u l e s . 

F i g u r e 1 8 . R e g i o i s o m e r i c P r o d u c t s f r o m " M i x e d " D i b e n z o b a r r e l e n e 

C O O R l 

C O O R l 

A 

D i e s t e r s . 
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S e v e r a l m i x e d d i e s t e r s p o s s e s s i n g c h i r a l e s t e r s u b s t i t u e n t s w e r e 

p r e p a r e d f o r t h e p u r p o s e o f o b s e r v i n g t h e e f f e c t s o f t h e c r y s t a l l a t t i c e 

o n t h e d i a s t e r e o s e l e c t i v i t y o f t h e r e a c t i o n . B y v i r t u e o f t h e m o l e c u l a r 

d i s y m m e t r y g i v e n b y t h e c h i r a l s u b s t i t u e n t , t h e f o u r r e a c t i o n p a t h w a y s , 

A - I t o B - I I , a r e r e n d e r e d n o n - e q u i v a l e n t . F o u r d i f f e r e n t r e a c t i o n p r o d u c t s 

c a n b e f o r m e d i n t h e s e c i r c u m s t a n c e s a n d t h e i r r e l a t i v e y i e l d s s h o u l d b e 

r e l a t e d t o t h e p a r t i t i o n i n g o f t h e e x c i t e d d i b e n z o b a r r e l e n e s i n t o e a c h o f 

t h e f o u r r e a c t i o n p a t h w a y s . T h e r e s u l t s f r o m c o m p o u n d s i n c l u d e d i n t h i s 

c a t e g o r y w i l l b e a n a l y z e d i n P a r t I V o f t h i s t h e s i s . 

I n P a r t V , t h e u n u s u a l s o l i d s t a t e l u m i n e s c e n c e d i s c o v e r e d f o r m o s t o f 

t h e d i e s t e r s s t u d i e d i n t h e t h e s i s w i l l b e a n a l y z e d b y u s i n g t h e d i m e t h y l 

d i e s t e r 18 a s a r e p r e s e n t a t i v e e x a m p l e . T h e p o s s i b i l i t y o f t h i s 

l u m i n e s c e n c e b e i n g a s p e c t r o s c o p i c w i n d o w t h a t a l l o w s d i r e c t o b s e r v a t i o n 

o f t h e p o s t u l a t e d r e a c t i o n i n t e r m e d i a t e s w i l l b e d i s c u s s e d . 

T h e f i n a l s e c t i o n o f t h e t h e s i s , P a r t V I , w i l l d e a l w i t h o u r s t u d i e s 

o n 1 0 , 1 1 - a n d 9 , 1 1 - d i b e n z o b a r r e l e n e d i e s t e r s s u c h a s 1 7 A a n d 1 7 B ( F i g u r e 

1 9 ) . A l t h o u g h t h e p h o t o c h e m i s t r y o f t h e s e c o m p o u n d s h a s n o t b e e n s t u d i e d 

b e f o r e , we d e c i d e d t o e x p l o r e t h e i r s o l u t i o n a n d s o l i d s t a t e p h o t o c h e m i c a l 

r e a c t i v i t y . T h i s c l a s s o f c o m p o u n d s i s v e r y i n t e r e s t i n g i n t h e c o n t e x t o f 

t h i s t h e s i s b e c a u s e : ( a ) t h e d i - r r - m e t h a n e r e a r r a n g e m e n t i s e x p e c t e d t o 

o c c u r i n s o l u t i o n w i t h q u a n t i t a t i v e r e g i o s e l e c t i v i t y t o g i v e p r o d u c t s s u c h 

a s d i b e n z o s e m i b u l l v a l e n e s A a n d B ( F i g u r e 1 9 ) . T h e b i r a d i c a l s f o r m e d b y 

b e n z o - v i n y l b o n d i n g a t C ( 1 2 ) s h o u l d b e l a r g e l y f a v o r e d b e c a u s e o f t h e 

s t a b i l i z i n g e f f e c t o f t h e e s t e r s u b s t i t u e n t s a t C ( l l ) , ( b ) t h e p h o t o p r o 

d u c t s e x p e c t e d f r o m d i e s t e r s 1 7 A r e s e m b l e t h e p h o t o p r o d u c t s f o r m e d f r o m 

r e a c t i o n o f t h e 1 1 , 1 2 - d i e s t e r s m e n t i o n e d a b o v e ( F i g u r e 1 8 ) . T h i s s h o u l d 
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o f f e r t h e o p p o r t u n i t y o f p r e p a r i n g t h e s e c o m p o u n d s i n a r e g i o s p e c i f i c 

m a n n e r t o c o n f i r m o u r s t e r e o c h e m i c a l a s s i g n m e n t s , ( d ) t h e i n f l u e n c e t h a t 

t h e e s t e r g r o u p o n t h e b r i d g e h e a d p o s i t i o n may h a v e o n t h e r e a c t i v i t y o f 

t h e d i b e n z o b a r r e l e n e s k e l e t o n h a s n o t b e e n d o c u m e n t e d . Q u a n t u m y i e l d s a n d 

q u e n c h i n g s t u d i e s c o u l d p r o v i d e some i n f o r m a t i o n o n t h i s p a r t i c u l a r 

a s p e c t , a n d , ( e ) i n t e r e s t i n t h e s o l i d s t a t e r e a c t i o n a r i s e s f r o m t h e f a c t 

t h a t w h i l e t h e - C O O R ^ e s t e r g r o u p s i n 1 7 A s h o u l d s u f f e r l a r g e 

d i s p l a c e m e n t s t o g i v e t h e e x p e c t e d m a j o r p r o d u c t , t h e p o s i t i o n o f t h e 

- C O O R ^ g r o u p i n 1 7 B s h o u l d r e m a i n a l m o s t u n a f f e c t e d . D i f f e r e n t 

r e a c t i v i t i e s m a y b e e x p e c t e d f o r t h e two t y p e s o f c o m p o u n d s w h i c h may a l s o 

c o n t r a s t t o t h e s o l i d s t a t e r e a c t i v i t y f r o m t h e 1 1 , 1 2 - d i e s t e r s . 

COOR2 

R i O O C 

R i O O C 

COOR2 
^ C O O R l 

R i O O C 

C00R2 COOR2 

A 

R l O O C 

C O O R l 

B 

F i g u r e 1 9 . D i - w - M e t h a n e R e a r r a n g e m e n t o f 1 0 , 1 1 - a n d 

9 , 1 1 - D i b e n z o b a r r e l e n e D i e s t e r s . 
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RESULTS AND DISCUSSION. 
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RESULTS AND DISCUSSION. 

P r e p a r a t i o n o f S u b s t r a t e s . 

1 1 , 1 2 - D i b e n z o b a r r e l e n e D i e s t e r s . 

The s y n t h e s i s o f t h e 1 1 , 1 2 - d i b e n z o b a r r e l e n e d i e s t e r s s t u d i e d i n t h i s 

t h e s i s was b a s e d on c h e m i c a l m o d i f i c a t i o n s t o t h e r e a d i l y a c c e s s i b l e 

d i m e t h y l compound 18 (R = Me) p r e p a r e d from d i m e t h y l a c e t y l e n e 

d i c a r b o x y l a t e and a n t h r a c e n e by the method o f D i e l s and A l d e r . T h i s 

p r o c e d u r e was a l s o u s e d i n the p r e p a r a t i o n o f t h e d i m e n t h y l d i e s t e r 26 

(R = ( 1 ) - ( - ) - m e n t h y l ) by u s i n g d i - ( 1 ) - ( - ) - m e n t h y l a c e t y l e n e d i c a r b o x y 

l a t e ( 2 7 ) . The l a t t e r compound was p r e p a r e d by t h e r m a l s e l f - c a t a l y z e d 

e s t e r i f i c a t i o n o f a c e t y l e n e d i c a r b o x y l i c a c i d w i t h ( 1 ) - ( - ) - m e n t h o l by 

e m p l o y i n g a m o d i f i c a t i o n o f the l i t e r a t u r e ^ 1 p r o c e d u r e c o n s i s t i n g o f n o t 

u s i n g a s e a l e d t u b e , b u t an open c o n t a i n e r t o h e a t t he two components 

t o g e t h e r . 

D i b e n z o b a r r e l e n e 

R = Me 18 

. R - M e n t h y l 26 

o f D i b e n z o b a r r e l e n e D i e s t e r s by D i e l s - A l d e r F i g u r e 20. S y n t h e s i s 

R e a c t i o n . 
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Two t r a n s e s t e r i f i c a t i o n methods were employed i n order to exchange 

the methyl groups of the ester f u n c t i o n a l i t i e s on 18. The f i r s t method 

involved a mineral a c i d catalyzed a l c o h o l y s i s . ^ 8 Although t h i s method 

was found to require long reaction times (from a few days to almost two 

weeks) i t was found to be convenient f o r replacement of both methyl 

groups (Figure 21). The products of t r a n s e s t e r i f i c a t i o n at a single 

p o s i t i o n could be obtained by stopping the rea c t i o n when i t had reached 

an almost s t a t i s t i c a l d i s t r i b u t i o n of s t a r t i n g material (R^ = R2 = Me) 

and the s i n g l e (R^ -Me, R 2 = a l k y l ) and double (R^ •= R 2 = a l k y l ) 

t r a n s e s t e r i f i c a t i o n products. Yie l d s of only around 40% and rather 

d i f f i c u l t p u r i f i c a t i o n procedures encouraged us to look for a second and 

more e f f i c i e n t method for the preparation of mixed esters. 

(1%) 

Ri - Et 28 21 

= nPr 29 22 

- i P r 30 23 

- secBu 31 24 

- iOct - 25 

Figure 21. Acid Catalyzed T r a n s e s t e r i f i c a t i o n of Diester 18. 
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The second t r a n s e s t e r i f i c a t i o n method was based on the simple 

stepwise procedure shown i n the figure accompanying Table I. The 

dimethyl compound 18 was used as a s t a r t i n g point to prepare the d i a c i d 

19 by a l k a l i n e h y d r o l y s i s . The preparation of the anhydride 20 was 

achieved e a s i l y by treatment of 19 with excess o x a l y l c h l o r i d e . This 

method was found to be cleaner and f a s t e r than the cyclodehydration 

procedure of D i e l s and Alder which c a l l s f o r treatment of the d i a c i d 19 

i n b o i l i n g a c e t i c anhydride. 

The formation of 20 i n ox a l y l chloride i s an i n t e r e s t i n g reaction i n 

that i t seems to follow an intermediate monoacyl c h l o r i d e that r e a d i l y 

c y c l i z e s with el i m i n a t i o n of HC1. Compound 20 was disso l v e d i n the 

required alcohol i n order to generate the corresponding r i n g opened 

monoacid. The monoacids formed by addition of alcohols to 20 were not 

i s o l a t e d but immediately treated with an excess of o x a l y l chloride, 

e i t h e r neat or i n dry dichloromethane, to give the corresponding acyl 

c h l o r i d e - e s t e r s . These compounds were normally not i s o l a t e d but treated 

i n s i t u , a f t e r evaporation of the excess solvent and reagent, with the 

appropriate dry alcohol to give excellent y i e l d s of the f i n a l mixed 

d i e s t e r products. This one pot reaction sequence was found to be very 

convenient since the t o t a l sequence can be c a r r i e d out i n about two to 

four hours s t a r t i n g from the d i a c i d 19, thus representing a great 

improvement from the acid catalyzed procedure. This method was also 

found to be i d e a l f o r the preparation of o p t i c a l l y active compounds. The 

compounds prepared applying t h i s methodology are included i n Table I 

below. 
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Table I. Dibenzobarrelene Diesters Prepared by Stepwise E s t e r i f i c a 

t i o n of the D i a c i d 1 9 . 

R R' Compound Melting point 
Me n-Pr 29 103-4 
Me iso-Pr 30 124-5 
Me (R.S)-sec-Bu (R,S)-31 94-5 
Me (S)-(+)-sec-Bu (S)-(+)- 31 91-2 
Me tert-Bu 32 128-9 
Me n-Pent 33 l i q u i d 
Me iso-Pent a 34 63-5 
Me neo-Pent^ 35 75-80 
Me ( D-(-)-Menthyl 36 l i q u i d 
Me Phenyl 37 180-1 
Et iso-Pr 38 104-5 
Et (S)-(+)-sec-Bu 39 72-3 

iso-Pr (R,S)-sec-Bu (R,S)-42 122-4 
iso-Pr (S)-(+)-sec-Bu <S)-(+>-42 133-5 

a) (S)-(-)-2-Methyl-l-butyl; b) 2,2-dimethyl-1-propyl. 
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Preparation of 10,11- and 9,ll-Dibenzobarrelene d i e s t e r s . 

A D i e l s - A l d e r reaction between 9-isopropyl-9-anthracenecarboxylate 

(43)] and methyl propiolate was used as the entry f o r the t i t l e 

compounds (Figure 23). As shown i n Figure 22, the 9-isopro-

pyl-9-anthracenecarboxylate d e r i v a t i v e * ^ was prepared v i a the 

9-anthracene acyl chloride obtained from the carboxylic a c i d and ox a l y l 

c h l o r i d e . 

COOH 

1) C2O2CI2 
• 

2)R0H 

COOR 

R 

2-propyl 

Compound. 

43 

Figure 22. Preparation of 9-Isopropyl-9-anthracene Carboxylate 

COOR 

COOR' 

H 

R'OOC 

R 

2-Propyl 

R' 

Me 

Compound (yield) Compound (y i e l d ) 

44 (66%) 45 (23%) 

Figure 23. Preparation of 10,11- and 9,ll-Dibenzobarrelene Diesters. 



- 4 7 -

Th e i d e n t i f i c a t i o n of the isomeric d i e s t e r s was based p r i m a r i l y on 

the d i f f e r e n c e i n the NMR coupling between the bridgehead and v i n y l i c 

protons. ^ The diagnostic value of the magnitude of t h i s coupling stems 

from the s i g n i f i c a n t d i f f e r e n c e between the a l l y l i c [H(9)-H(12) and 

v i c i n a l [H(10)-H(12)] coupling present i n the 10,11- and 9,11-diesters 

r e s p e c t i v e l y (Figure 24). This assignment was further confirmed by 

X-ray d i f f r a c t i o n analysis on the d i e s t e r compounds 44 and 45.^ 3 The 

r e g i o s e l e c t i v i t y observed i n the r e a c t i o n c l e a r l y favoured the 

10,11-derivative, perhaps on the basis of the s t e r i c e f f e c t s of the 

substituents. 



F i g u r e 2 4 . P a r t i a l 1 H NMR S p e c t r a o f ( A ) 1 0 - I s o p r o p y l - l l - m e t h y l - a n d 

( B ) 9 - I s o p r o p y l - 1 1 - m e t h y l - d i b e n z o b a r r e l e n e D i e s t e r s . 
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P A R T I . T H E D I - T T - M E T H A N E R E A R R A N G E M E N T I N T H E S O L I D S T A T E . 

T h e p h o t o c h e m i c a l b e h a v i o r o f d i b e n z o b a r r e l e n e a n d some o f i t s 

s u b s t i t u t e d a n a l o g s w a s f i r s t s t u d i e d i n s o l u t i o n b y E . C i g a n e k i n 

1 9 6 6 . J C i g a n e k r e p o r t e d t h a t d i r e c t o r s e n s i t i z e d i r r a d i a t i o n o f a 

s e r i e s o f d i b e n z o b a r r e l e n e c o m p o u n d s g a v e t h e c o r r e s p o n d i n g d i b e n z o s e -

m i b u l l v a l e n e d e r i v a t i v e s a s t h e o n l y p h o t o p r o d u c t s ( F i g u r e 2 5 ) . A l m o s t 

s i m u l t a n e o u s l y , a s e r i e s o f s t u d i e s o n t h e r e l a t e d p h o t o c h e m i c a l 

t r a n s f o r m a t i o n o f b a r r e l e n e t o s e m i b u l l v a l e n e l e d H . E . Z i m m e r m a n , t o 

p o s t u l a t e t h e now c l a s s i c a l d i - w - m e t h a n e b i r a d i c a l m e c h a n i s m . ^ I n l a t e r 

s t u d i e s i t was s h o w n t h a t t h e d i - 7 r - m e t h a n e r e a r r a n g e m e n t o f t h e d i b e n z o 

d e r i v a t i v e s i s a t r i p l e t s p e c i f i c r e a c t i o n ^ 3 a n d t h a t s i m p l e a l k y l 

d e r i v a t i v e s r e a c t f r o m t h e i r s i n g l e t s t a t e s u p o n d i r e c t i r r a d i a t i o n t o 

g i v e d i b e n z o c y c l o o c t a t e t r a e n e s . ^ 

A l t h o u g h a l a r g e n u m b e r o f s u b s t r a t e s h a s b e e n s t u d i e d i n t h e y e a r s 

f o l l o w i n g t h e s e i n i t i a l r e p o r t s a n d a g r e a t d e a l o f u n d e r s t a n d i n g h a s 

b e e n o b t a i n e d , ^ n o a t t e m p t s e e m s t o h a v e b e e n m a d e t o s t u d y t h e 

r e a r r a n g e m e n t i n o r g a n i z e d m e d i a . T h i s l a c k o f i n t e r e s t i s s u r p r i s i n g i n 

v i e w o f t h e i n t e n s e r e s e a r c h a c t i v i t y d e v e l o p e d d u r i n g t h e l a s t f e w 

y e a r s o n t h e s t u d y o f p h o t o c h e m i c a l r e a c t i o n s i n v a r i o u s o r g a n i z e d 

e n v i r o n m e n t s . 1 I t s e e m s p o s s i b l e t h a t t h e s t u d y o f t h e d i - 7 r - m e t h a n e 

r e a r r a n g e m e n t i n t h e s o l i d s t a t e , i n p a r t i c u l a r , may n o t h a v e b e e n 

a t t e m p t e d b e c a u s e t h e m o l e c u l a r m o t i o n s r e q u i r e d t o r e a c h t h e p r o d u c t s 

m a y s e e m t o o d r a s t i c w i t h i n t h e e x p e c t a t i o n s o f t h e t o p o c h e m i c a l 

p o s t u l a t e . ^ a 
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Exploratory S o l i d State Photochemistry of the Dimethyl Dibenzobarre

lene Diester 18. 

Compound 18 was photolyzed f i r s t i n 0.1 M benzene, a c e t o n i t r i l e and 

acetone solutions and then i n the s o l i d state. In agreement with 

Ciganek's r e p o r t ^ a single product i d e n t i f i e d as dibenzosemibullvalene 

5 2 was detected from d i r e c t (benzene and a c e t o n i t r i l e ) and s e n s i t i z e d 

(acetone) s o l u t i o n i r r a d i a t i o n s (Figure 25). 

Figure 25. The Di-7r-methane Rearrangement of the Dimethyl Diester 

18. 

S o l i d state i r r a d i a t i o n s r e s u l t e d i n the formation of a product with 

glc r e t e n t i o n time and MS i d e n t i c a l to those of the s o l u t i o n photopro

duct. The i d e n t i t y of the s o l u t i o n and s o l i d state products was further 

confirmed by comparison of the spectroscopic and a n a l y t i c a l information 

from the products i s o l a t e d from preparative photolyses i n each media. I t 

should be noted that preparative photolyses i n the s o l i d state were 



c a r r i e d o u t t o a l i m i t e d c o n v e r s i o n . T h e i n s e p a r a b i l i t y o f t h e p r o d u c t 

f r o m t h e u n r e a c t e d s t a r t i n g m a t e r i a l b y n o r m a l c h r o m a t o g r a p h i c p r o c e 

d u r e s l e d u s t o c o n v e r t t h e s t a r t i n g m a t e r i a l i n t o t h e s e p a r a b l e 

d i a z o m e t h a n e a d d u c t 5 3 ^ ^ ( F i g u r e 2 6 ) . 

MeOOC 
COOMe 

MeOOC 

COOMe 

52 

N - N COOMe 

COOMe 

F i g u r e 26. D e r i v a t i z a t i o n o f P a r t i a l l y R e a c t e d D i e s t e r 18 w i t h 

D i a z o m e t h a n e t o Y i e l d t h e C h r o m a t o g r a p h i c a l l y S e p a r a b l e A d d u c t 5 3 . 

A s t r i k i n g o b s e r v a t i o n was t h a t s i d e - b y - s i d e s o l u t i o n a n d s o l i d 

s t a t e a n a l y t i c a l i r r a d i a t i o n s i n d i c a t e d l a r g e r c o n v e r s i o n s i n t h e c a s e 

o f t h e s o l i d s t a t e r u n s . T h e q u a n t u m y i e l d o f f o r m a t i o n o f d i e s t e r 52 

( $ 5 2 ) w a s m e a s u r e d b y t r i p l i c a t e i n b e n z e n e s o l u t i o n a n d f o u n d t o b e , 

* 5 2 ™ 0 . 2 . A l t h o u g h t h e a b s o l u t e s o l i d s t a t e q u a n t u m y i e l d i s n o t 

a v a i l a b l e , t h e a p p a r e n t l y h i g h s o l i d s t a t e e f f i c i e n c y i s c o n s i d e r e d t o 

b e s i g n i f i c a n t i n v i e w o f t h e l o w e f f i c i e n c y o f m a n y s o l i d s t a t e 

p h o t o c h e m i c a l r e a c t i o n s . Some s o l i d s t a t e p h o t o c h e m i c a l r e a c t i o n s h a v e 

b e e n r e p o r t e d t o o c c u r o v e r p e r i o d s a s l o n g a s f e w m o n t h s . 6 8 , 2 0 
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O n T h e T r u e S o l i d S t a t e N a t u r e o f t h e R e a r r a n g e m e n t . 

O n e o f t h e m o s t i m p o r t a n t a s p e c t s o f s o l i d s t a t e p h o t o c h e m i s t r y i s 

t h e d e t e r m i n a t i o n o f t h e t r u e s o l i d s t a t e n a t u r e o f t h e r e a c t i o n . T h e 

r a d i a t i o n l e s s d i s s i p a t i o n o f t h e e x c i t e d s t a t e e n e r g y i n t h e f o r m o f 

i n t e r n a l c o n v e r s i o n may c o n s t i t u t e a s o u r c e o f h e a t i n l i g h t - i n i t i a t e d 

r e a c t i o n s . I n o r d e r t o a p p l y t h e t e c h n i q u e s o f s o l i d s t a t e m e t h o d o l 

o g y * ^ t o t h e s t u d y o f t h e d i - j r - m e t h a n e r e a r r a n g e m e n t o n e s h o u l d 

e l i m i n a t e t h e p o s s i b i l i t y o f h a v i n g t h e r e a c t i o n o c c u r r i n g b y c o n c o m 

i t a n t c r y s t a l m e l t i n g . T h e g e n e r a t i o n o f m i c r o s c o p i c l i q u i d r e g i o n s i n 

t h e c r y s t a l i s e x p e c t e d t o b e i m p o r t a n t i n r e a c t i o n s o f c o m p o u n d s w i t h 

l o w m e l t i n g p o i n t s , w h i c h a l s o d i s p l a y l o w l u m i n e s c e n c e ( f l u o r e s c e n c e 

a n d p h o s p h o r e s c e n c e ) a n d l o w r e a c t i o n q u a n t u m y i e l d s . T h e d i m e t h y l 

d i e s t e r 18 h a s a r e l a t i v e l y h i g h m e l t i n g p o i n t o f 1 6 0 - 1 ° C , w h i c h s h o u l d 

g u a r a n t e e r e s i s t a n c e t o m e l t i n g i n t h e e v e n t o f h a v i n g s i g n i f i c a n t 

a m o u n t s o f h e a t e v o l v e d d u r i n g t h e i r r a d i a t i o n . F u r t h e r m o r e , t h e 

r e l a t i v e l y h i g h e f f i c i e n c y o f t h e r e a c t i o n a n d t h e f i n d i n g o f a 

r e l a t i v e l y i n t e n s e r o o m t e m p e r a t u r e f l u o r e s c e n c e o f d i e s t e r 18 ( s e e p a g e 

6 2 ) s e e m t o i n d i c a t e a l o w i n t e r n a l c o n v e r s i o n q u a n t u m y i e l d . S e v e r a l 

p r a c t i c a l m e t h o d s c a n a l s o b e i m p l e m e n t e d i n o r d e r t o d e t e c t a n d 

d i m i n i s h m e l t i n g : 

a ) M i c r o s c o p i c i n s p e c t i o n o f p h o t o l y z e d s i n g l e c r y s t a l l i n e s a m p l e s . 

b ) P h o t o l y s i s t o v e r y l o w c o n v e r s i o n s . 

c ) P h o t o l y s i s a t v e r y l o w t e m p e r a t u r e s . 

d ) D e r i v a t i z a t i o n t o v e r y h i g h m e l t i n g p o i n t c o m p o u n d s . 
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e) D e r i v a t i z a t i o n to compounds that may display d i f f e r e n t s o l u t i o n 

and s o l i d state r e a c t i v i t y . 

T y p i c a l r e s u l t s of several experiments covering aspects of the f i r s t 

three categories are shown i n Table I I . I t was s a t i s f y i n g to f i n d that 

the rearrangement could s t i l l occur at temperatures as low as -70°C. The 

r e a c t i o n e f f i c i e n c y , however, as judged from the time required to 

achieve a c e r t a i n conversion, was found to decrease s i g n i f i c a n t l y with 

decreasing temperature. This observation i s i n agreement with t h e o r e t i 

c a l models^ and experimental d a t a ^ that describe the existance of 

thermal b a r r i e r s between the various reaction intermediates. The low 

temperature i r r a d i a t i o n s were highly s a t i s f a c t o r y not only because of 

t h e i r helping to accumulate evidence against the p o s s i b i l i t y of melting, 

but also because a f a s c i n a t i n g luminescence behavior, to be dealt with 

i n a l a t e r section of t h i s thesis, was discovered. 
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T a b l e I I . A n a l y t i c a l P h o t o l y s i s o f 18 i n S o l u t i o n a n d i n t h e S o l i d 

S t a t e 3 

S a m p l e A , n m T ° C I r r a d . t i m e % C o n v e r s i o n M e l t i n g 

1 . 0 . 1 M C H 3 C N > 2 9 0 20 75 m i n 3 . 8 -

2 . 0 . 1 M M e 2 C 0 > 2 9 0 20 75 m i n 2 . 5 -

3 . C r y s t a l l i n e > 2 9 0 20 5 - 7 5 m i n 3 - 1 5 No 

4 . C r y s t a l l i n e > 2 9 0 20 1 - 1 0 h 2 0 - 2 5 Y e s 

5 . C r y s t a l l i n e 3 3 7 . 1 20 1 - 1 0 m i n 1 - <30 : No 

6 . C r y s t a l l i n e 3 3 7 . 1 - 4 0 10 m i n 5 No 

7 . C r y s t a l l i n e 3 3 7 . 1 - 7 0 40 m i n 2 No 

8 . C r y s t a l l i n e > 2 0 0 20 30 m i n ' 15 Y e s 

a ) I r r a d i a t i o n s a t A > 290 a n d A > 2 0 0 w e r e d o n e w i t h t h e P y r e x o r 

q u a r t z f i l t e r e d o u t p u t o f , a 4 5 0 W m e d i u m p r e s u r e H a n o v i a l a m p ; 

I r r a d i a t i o n s a t 3 3 7 . 1 nm w e r e r e a l i z e d w i t h t h e n i t r o g e n l a s e r . 

T h e u n i q u e s o l i d s t a t e s t e r e o s e l e c t i v i t y o f i i i n s y m m e t r i c a l c o m p o u n d s 

a s we w i l l a l s o s e e b e l o w , a l s o c o n t r i b u t e d t o g a i n m o r e c o n f i d e n c e i n 

t h e t r u e s o l i d s t a t e n a t u r e o f t h e r e a r r a n g e m e n t . 



T h e L i m i t i n g C o n v e r s i o n o n t h e S o l i d S t a t e R e a c t i o n o f D i e s t e r 1 8 . 

W h e n s i n g l e c r y s t a l s o f 18 w e r e e x h a u s t i v e l y i r r a d i a t e d a t 3 3 7 . 1 nm 

i t w a s f o u n d t h a t t h e c r y s t a l s b e c a m e u n r e a c t i v e a f t e r a l i m i t i n g 

c o n v e r s i o n o f u p t o a p p r o x i m a t e l y 30% h a d b e e n r e a c h e d . S o l u t i o n a n d 

s o l i d s t a t e i r r a d i a t i o n s w e r e a c c o m p a n i e d b y t h e d e v e l o p m e n t o f a s l i g h t 

y e l l o w c o l o r a t i o n w h i c h c o u l d n o t b e a t t r i b u t e d t o a n y d e t e c t a b l e 

p h o t o p r o d u c t . A l t h o u g h t h e r e e x i s t s t h e p o s s i b i l i t y t h a t t r a c e s o f some 

c o l o r e d s u b s t a n c e may a c t a s f i l t e r a t t h e l a t e r s t a g e s o f t h e r e a c -

7 0 

t i o n , ^ two o t h e r p r i n c i p a l f a c t o r s w e r e a n a l y z e d i n o r d e r t o u n d e r s t a n d 

t h e l i m i t i n g c o n v e r s i o n o f d i e s t e r 1 8 . 

T h e f i r s t a n d s i m p l e s t p o s s i b l e e x p l a n a t i o n f o r t h e l i m i t i n g 

r e a c t i v i t y o f 18 c o u l d a r i s e f r o m l i m i t e d UV e x p o s u r e i n s i d e t h e d e e p e s t 

r e g i o n s o f t h e c r y s t a l . T h i s r e l a t e s t o t h e f a c t t h a t i n o r d e r t o h a v e 

a p h o t o c h e m i c a l r e a c t i o n o c c u r r i n g i n t h e b u l k o f t h e c r y s t a l t h e l i g h t 

m u s t g e t t h r o u g h . T h e c o n s e q u e n c e o f i r r a d i a t i n g a c r y s t a l l i n e s a m p l e 

w i t h l i g h t o f s t r o n g l y a b s o r b e d w a v e l e n g t h s i s t h a t p r o d u c t s a t u r a t i o n , 

w i t h l o s s o f t o p o c h e m i c a l c o n t r o l a n d m e l t i n g may o c c u r n e a r t h e s u r f a c e 

( i . e e n t r y 8 , T a b l e I I ) . 

I n t h e c a s e o f c o m p o u n d 18 a n e x t i n c t i o n c o e f f i c i e n t o f a p p r o x i 

m a t e l y 8 l i t e r s m o l " ^ cm"^- w a s m e a s u r e d i n m e t h a n o l s o l u t i o n a t t h e 

r e s o n a n c e w a v e l e n g t h o f t h e n i t r o g e n l a s e r ( 3 3 7 . 1 n m ) . B y u s i n g a 

c r y s t a l d e n s i t y o f 1 . 2 g c m " 3 we g e t a c r y s t a l c o n c e n t r a t i o n o f 3 . 7 5 M , 

a n d c o m b i n i n g t h i s v a l u e w i t h t h e a b o v e e x t i n c t i o n c o e f f i c i e n t we c a n 

c a l c u l a t e a n a p p r o x i m a t e p e n e t r a t i o n d e p t h o f a b o u t 0 . 5 mm f o r t h e 

u n r e a c t e d c r y s t a l o f 18 b y n a i v e a p p l i c a t i o n o f t h e B e e r - L a m b e r t l a w . 
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A n a l y s i s o f c o n c e n t r a t e d m e t h a n o l s o l u t i o n s o f t h e d i - w - m e t h a n e p r o d u c t 

52 o n t h e o t h e r h a n d r e v e a l e d a U V - a b s o r p t i o n t a i l s t a r t i n g a t a s h o r t e r 

w a v e l e n g t h ( a p p r o x i m a t e l y 3 1 0 n m ) . A s s u m i n g t h a t t h e a b s o r p t i o n s p e c t r a 

o f 18 a n d 52 i n t h e r e a c t e d c r y s t a l s a r e s i m i l a r t o t h o s e o b t a i n e d i n 

s o l u t i o n , i t c a n b e c o n c l u d e d t h a t t h e p h o t o p r o d u c t w i l l b e e s s e n t i a l l y 

t r a n s p a r e n t a t t h e l a s e r e x c i t a t i o n w a v e l e n g t h ( 3 3 7 . 1 n m ) . I f t h i s 

a s s u m p t i o n i s c o r r e c t i t c a n b e e x p e c t e d t h a t t h e l i g h t s h o u l d h a v e a n 

i n c r e a s i n g p e n e t r a t i o n d e p t h a s t h e r e a c t i o n p r o c e e d s . Why i s i t t h e n 

t h a t t h e r e a c t i o n d o e s n o t go t o c o m p l e t i o n i f e v e r y m o l e c u l e i n t h e 

c r y s t a l i s i n p r i n c i p l e a b l e t o a b s o r b a p h o t o n ? Two p o s s i b l e e x p l a n a 

t i o n s c a n b e a n t i c i p a t e d . T h e f i r s t o n e c a n o r i g i n a t e f r o m p e r t u r b a t i o n s 

i n t h e e x c i t e d s t a t e d e c a y p a t h w a y s o f t h e c r y s t a l l i n e c o m p o u n d v i a 

p h o t o p r o d u c t a i d e d c h a n n e l s 3 ^ a n d t h e s e c o n d f r o m t h e p o s s i b i l i t y o f 

h a v i n g t h e f i n a l p r o d u c t p r e s e n t i n g a l i m i t e d s o l u b i l i t y i n t h e 

17 39 
c r y s t a l l i n e p h a s e o f t h e s t a r t i n g m a t e r i a l . ' 

P e r t u r b a t i o n o f t h e E x c i t e d S t a t e D e c a y C h a n n e l s o f C r y s t a l l i n e 18 b y 

A c c u m u l a t i o n o f t h e P h o t o p r o d u c t . 

T h e f a t e o f t h e e x c i t a t i o n e n e r g y i n o r g a n i c c r y s t a l s i s k n o w n t o b e 

s t r o n g l y d e p e n d e n t o n t h e s a m p l e c o m p o s i t i o n . 3 8 - 4 1 Some s p e c t a c u l a r 

s i t u a t i o n s c a n b e f o u n d w h e r e t h e n o r m a l e x c i t a t i o n d e c a y c h a n n e l s o f 

t h e m o l e c u l e s o f a c r y s t a l a r e c o m p l e t e l y s u p p r e s s e d b y a m i n o r g u e s t o r 

i m p u r i t y c o m p o u n d . O n e s u c h e x a m p l e c o m e s f r o m t h e f l u o r e s c e n c e o f t h i n 

7 3 
a n t h r a c e n e c r y s t a l s d o p e d w i t h l / 1 0 , 0 0 0 t h p a r t s o f t e t r a c e n e . 
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I r r a d i a t i o n o f t h e s e c r y s t a l s w i t h l i g h t o f w a v e l e n g t h s m o s t l y a b s o r b e d 

b y t h e a n t h r a c e n e m o l e c u l e s r e s u l t e d i n a n a l m o s t e x c l u s i v e d e t e c t i o n o f 

t e t r a c e n e f l u o r e s c e n c e . T h i s i n t e r e s t i n g s i t u a t i o n r e p r e s e n t s a n e x a m p l e 

o f e x c i t e d s t a t e p e r t u r b a t i o n t h r o u g h a v e r y e f f i c i e n t e n e r g y t r a n s f e r 

m e c h a n i s m . P h e n o m e n a s u c h a s t h i s s h o u l d r a i s e some c o n c e r n a m o n g s o l i d 

s t a t e p h o t o c h e m i s t s , s i n c e a r e a c t i o n o f c r y s t a l s t h a t g i v e p r o d u c t s 

p o s s e s s i n g e f f i c i e n t e n e r g y t r a p p i n g m e c h a n i s m s c o u l d b e c l o s e t o b e i n g 

c l a s s i f i e d a s t o p o c h e m i c a l l y d i s a l l o w e d . 

M o l e c u l a r c r y s t a l s i n g e n e r a l , w h e t h e r p u r e o r d o p e d , a r e e x t r e m e l y 

p r o n e t o e n e r g y t r a n s f e r . 3 8 " ^ 3 T h i s p r o p e r t y r e s u l t s p r i m a r i l y f r o m t h e 

i m p o s s i b i l i t y t o l o c a l i z e t h e e x c i t a t i o n e n e r g y o n o n e m o l e c u l e i n a 

s y s t e m w h e r e t h e r e a r e m a n y i d e n t i c a l s i t e s . I n p r i n c i p l e t h e r e a l w a y s 

e x i s t s a f i n i t e p r o b a b i l i t y t h a t t h e e n e r g y w i l l " h o p " f r o m o n e m o l e c u l e 

t o t h e o t h e r g i v i n g t h e e x c i t a t i o n a r e s e m b l a n c e t o a m i g r a t i n g 

p a r t i c l e . T h i s " p a r t i c l e " h a s a l s o b e e n c a l l e d a n e x c i t o n . ^ I f a 

m i g r a t i n g e x c i t o n e n c o u n t e r s a f o r e i g n m o l e c u l e w i t h l o w e r e n e r g y l e v e l s 

i t w i l l f i n d i t s e l f i n a n " e n e r g y t r a p " a n d w i l l n o l o n g e r b e a b l e t o 

d e l o c a l i z e a g a i n . T h e u n i m o l e c u l a r d e c a y c h a n n e l s o f t h e t r a p a r e t h e n 

i n c o n d i t i o n s t o t a k e o v e r . 

O t h e r e n e r g y t r a n s f e r m e c h a n i s m s d o n o t n e e d e x c i t o n d e l o c a l i z a t i o n 

b u t c a n o p e r a t e t h r o u g h some f a v o r a b l e f e a t u r e s o f t h e p r o s p e c t i v e 

d o n o r - a c c e p t o r p a i r . T h e s e m e c h a n i s m s , r e f e r r e d t o a s t h e e l e c t r o n 

e x c h a n g e a n d t h e F o r s t e r m e c h a n i s m s r e s p e c t i v e l y , s h a r e some s i m i l a r i 

t i e s a n d h a v e s o m e i n t e r e s t i n g c o n t r a s t s . O n e o f t h e m a i n p r a c t i c a l 

d i f f e r e n c e s b e t w e e n t h e two m e c h a n i s m s c o n c e r n s t h e i r d e p e n d e n c e o n t h e 

d o n o r - a c c e p t o r d i s t a n c e . W h e r e a s t h e F o r s t e r , o r d i p o l e - i n d u c e d , e n e r g y 
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t r a n s f e r o p e r a t e s o v e r d i s t a n c e s a s l a r g e a s 50-100 A, t h e r a t e o f 

t r a n s f e r b y e l e c t r o n e x c h a n g e d r o p s t o n e g l i g i b l e v a l u e s a s t h e 

d o n o r - a c c e p t o r d i s t a n c e i n c r e a s e s b y m o r e t h a n t h e o r d e r o f t w o o r t h r e e 

m o l e c u l a r d i a m e t e r s (-15 A ) . B o t h m e c h a n i s m s d e p e n d o n t h e s p e c t r a l 

o v e r l a p b e t w e e n t h e d o n o r e m i s s i o n a n d t h e a c c e p t o r a b s o r p t i o n . T h e 

r a t e o f e l e c t r o n e x c h a n g e , h o w e v e r , d o e s n o t d e p e n d o n t h e i n t e n s i t y o f 

t h o s e t r a n s i t i o n s ( a n d t h e r e f o r e o p e r a t e s i n t h e c a s e o f t r i p l e t e n e r g y 

t r a n s f e r w h e r e t h e g r o u n d s t a t e t o t r i p l e t a b s o r p t i o n p r o b a b i l i t y i s 

a l m o s t n e g l i g i b l e ) . 

M a n y i n t e r m o l e c u l a r e x c i t e d s t a t e i n t e r a c t i o n s h a v e b e e n s t u d i e d i n 

t h e s o l i d s t a t e w i t h t h e a i d o f a d d e d i m p u r i t i e s o f v a r i a b l e c o n c e n t r a 

t i o n . 3 ^ I n c o n t r a s t t o t h e s e p h o t o p h y s i c a l s t u d i e s w h e r e t h e c o n t e n t s o f 

t h e s a m p l e s a r e c o n s t a n t , i n t h e c a s e o f c r y s t a l l i n e p h o t o r e a c t i v e 

s y s t e m s t h e s a m p l e c o m p o s i t i o n b e c o m e s a d y n a m i c v a r i a b l e . A s s u m i n g 

t h a t t h e r e a r e n o o t h e r i m p u r i t i e s t h e s a m p l e c o m p o s i t i o n i s d e t e r m i n e d 

b y t h e p e r c e n t c o n v e r s i o n . 

I n t h e c a s e o f t h e d i e s t e r 1 8 , a t t h e i n i t i a l s t a g e s o f t h e 

i r r a d i a t i o n , t h e c r y s t a l i s c o m p o s e d m a i n l y o f s t a r t i n g m a t e r i a l w h i c h 

w i l l b e a b l e t o f o l l o w i t s n o r m a l d e c a y c h a n n e l s ( E q . 2 - 7 , F i g u r e 2 7 ) . 

W h e n t h e p h o t o p r o d u c t ( w h i c h may b e some u n d e t e c t e d s p e c i e s o t h e r t h a n 

5 2 ) s t a r t s t o a c c u m u l a t e , new h e t e r o m o l e c u l a r d e c a y p a t h w a y s may s t a r t 

t o o p e r a t e ^ - * ( E q . 8 - 9 ) d e p e n d i n g o n t h e n a t u r e o f t h e p r o s p e c t i v e 

d o n o r - a c c e p t o r p a i r s . I f t h e r a t e o f e n e r g y t r a n s f e r h a p p e n s t o b e 

s i g n i f i c a n t , t h e e x c i t a t i o n e n e r g y may b e f i n a l l y d i s s i p a t e d i n a n 

u n r e a c t i v e m a n n e r f r o m t h e p h o t o p r o d u c t 52 t h e r e b y q u e n c h i n g t h e n o r m a l 

d e c a y p a t h w a y s o f 1 8 . 
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1) 18 > 1 1 8 * L i g h t a b s o r p t i o n b y 18 

2 ) - ^ l S * > 1 8 + h v ^ o r h e a t F l u o r e s c e n c e o r i n t e r n a l 

c o n v e r s i o n . 

3 ) ^ 1 8 * + 18 >18 + 1 1 8 * H o m o m o l e c u l a r s i n g l e t t r a n s f e r 

4 ) ^ 1 8 * > 3 1 8 * I n t e r s y s t e m c r o s s i n g 

5 ) 3 1 8 * > 1 8 + h v 2 o r h e a t P h o s p h o r e s c e n c e o r i n t e r s y s t e m 

c r o s s i n g . 

6 ) 3 1 8 * + 18 >18+ 3 1 8 * H o m o m o l e c u l a r t r i p l e t t r a n s f e r 

7 ) 18 > - - > - - > 52 D i - 7 r - m e t h a n e r e a r r a n g e m e n t 

8 ) 1 1 8 * + 52 > 18 + 1 5 2 * S i n g l e t q u e n c h i n g b y 52 

9 ) 3 1 8 * + 52 > 18 + 3 5 2 * T r i p l e t q u e n c h i n g b y 52 

1 0 ) * 5 2 * > 5 2 + h v 3 o r h e a t D e a c t i v a t i o n o f s i n g l e t 52 

1 1 ) 1 5 2 * > 5 2 + h v 4 o r h e a t D e a c t i v a t i o n o f t r i p l e t 52 

F i g u r e 2 7 : P h o t o c h e m i c a l A c t i v a t i o n a n d D e c a y P r o c e s s e s A v a i l a b l e t o 

C r y s t a l s o f R e a c t a n t 1 8 . 

I t s h o u l d b e p o i n t e d o u t t h a t t h e p r o c e s s e s s h o w n i n e q u a t i o n s 2 t o 

1 1 a c c o u n t o n l y f o r a l i m i t e d n u m b e r o f a l l t h e p o s s i b l e e x c i t e d s t a t e 

d e c a y c h a n n e l s a n d i n t e r a c t i o n s . 3 8 " ^ 3 > ^ T h i s o v e r s i m p l i f i e d p i c t u r e 

h o w e v e r s h o u l d p r o v e u s e f u l w i t h i n t h e m e r e l y i l l u s t r a t i v e c o n t e x t o f 

t h e p r e s e n t d i s c u s s i o n . 
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T h e r a t e c o n s t a n t s f o r e q u a t i o n s 8 a n d 9 w o u l d b e e x p e c t e d t o b e a 

f u n c t i o n o f t h e i n t e r m o l e c u l a r d i s t a n c e b e t w e e n 18 a n d 52 a s r e q u i r e d b y 

t h e v a r i o u s e n e r g y t r a n s f e r m e c h a n i s m s ( e x c i t o n t r a p , d i p o l e i n d u c e d a n d 

e l e c t r o n e x c h a n g e ) . 3 ^ • ^ 3 T h e d i s t a n c e b e t w e e n m o l e c u l e s o f 18 a n d 52 

w i l l d e p e n d o n t h e c o n c e n t r a t i o n a n d d i s t r i b u t i o n o f 52 i n t h e p a r e n t 

c r y s t a l . We t h e r e f o r e h a v e t o b e a w a r e o f t h e p o s s i b i l i t y t h a t a 

l i m i t i n g c o n c e n t r a t i o n o f 52 c o u l d b e r e a c h e d a f t e r w h i c h t h e r a t e s o f 

e n e r g y t r a n s f e r ( i . e . E q . 8 a n d 9) b e c o m e l a r g e e n o u g h t o m a s k t h e r a t e 

o f r e a c t i o n ( E q . 7 ) . 

Two s e t s o f e x p e r i m e n t s w e r e p e r f o r m e d w i t h i n o u r i n s t r u m e n t a l 

c a p a b i l i t i e s t o s t u d y t h e s e p o s s i b i l i t i e s . T h e s e c o n s i s t e d o f m e a s u r i n g 

t h e f l u o r e s c e n c e a n d p h o s p h o r e s c e n c e s p e c t r a o f c r y s t a l l i n e 18 b e f o r e 

a n d a f t e r i r r a d i a t i o n a n d i n t h e m e a s u r e m e n t o f t h e r e l a t i v e q u a n t u m 

y i e l d o f t h e r e a c t i o n e x p r e s s e d a s t h e d e p e n d e n c e o f t h e p e r c e n t 

c o n v e r s i o n a s a f u n c t i o n o f t h e p h o t o l y s i s t i m e . 

a) L u m i n e s c e n c e M e a s u r e m e n t s . 

M e a s u r e m e n t s w e r e r e a l i z e d b y f r o n t s u r f a c e i l l u m i n a t i o n a n d 

d e t e c t i o n a t a n a n g l e t h a t c a u s e s m o s t s p e c u l a r r e f l e c t i o n t o m i s s t h e 

e m i s s i o n m o n o c h r o m a t o r . P o w d e r e d s a m p l e s w e r e u s e d i n o r d e r t o m i n i m i z e 

s p e c t r a l v a r i a t i o n s d u e t o s c a t t e r i n g p r o b l e m s r e s u l t i n g f r o m v a r i a t i o n s 

i n s a m p l e g e o m e t r y . T h e s p e c t r a o f t h e s o l i d s a m p l e s w e r e o b t a i n e d a t 77 

K b e f o r e a n d a f t e r t h e y w e r e i r r a d i a t e d a t - 2 0 ° C w i t h t h e n i t r o g e n 

l a s e r . 



T h e u n c o r r e c t e d f l u o r e s c e n c e s p e c t r u m o f p o l y c r y s t a l l i n e 18 

c o n s i s t e d o f a b r o a d s t r u c t u r e l e s s b a n d s t a r t i n g a t a b o u t 3 5 0 nm a n d 

r e a c h i n g a m a x i m u m n e a r 4 0 0 n m . Q u a l i t a t i v e l y , t h e f l u o r e s c e n c e s p e c t r u m 

o f s o l i d s a m p l e s ( F i g u r e 28) was v e r y s i m i l a r t o t h a t o b t a i n e d i n m e t h y l 

t e t r a h y d r o f u r a n e s o l u t i o n . I r r a d i a t i o n o f t h e s o l i d s a m p l e s w i t h t h e 

n i t r o g e n l a s e r r e s u l t e d i n a s e r i e s o f c o m p l i c a t e d a n d t e m p e r a t u r e 

d e p e n d e n t s p e c t r a l c h a n g e s ( t h e s e w i l l b e d i s c u s s e d i n P a r t V o f t h e 

t h e s i s ) . I n o r d e r t o o b s e r v e t h e e f f e c t s d u e t o t h e s t a b l e p h o t o p r o d u c t , 

t h e f l u o r e s c e n c e w a s r e c o r d e d w h e n t h e s e c h a n g e s h a d c a m e t o a n e n d 

a f t e r f e w m i n u t e s i n t h e d a r k a t a m b i e n t t e m p e r a t u r e . 

A l t h o u g h t h e s h a p e o f t h e f l u o r e s c e n c e e n v e l o p e o f s a m p l e s p h o t o -

l y z e d t o l e s s t h a n -6-8% c o n v e r s i o n r e m a i n e d l a r g e l y u n a l t e r e d , i t s 

i n t e n s i t y w a s f o u n d t o b e i n c r e a s e d . A d d i t i o n a l c h a n g e s w e r e e v i d e n t , 

h o w e v e r , w h e n s a m p l e s w e r e p h o t o l y z e d t o 15% c o n v e r s i o n ( F i g u r e 2 8 ) . 

B e s i d e s t h e p r e v i o u s l y d e t e c t e d i n c r e a s e i n i n t e n s i t y , t h e p r e s e n c e o f a 

new f l u o r e s c e n c e b a n d w i t h a m a x i m u m a r o u n d 4 7 0 nm was c l e a r l y e v i d e n t . 

We h a v e a s s i g n e d t h e new b a n d t o t h e f l u o r e s c e n c e o f t h e d i - 7 r - m e t h a n e 

r e a r r a n g e m e n t p r o d u c t , t h e d i b e n z o s e m i b u l l v a l e n e 52. T h e l a t t e r 

a s s i g n m e n t i s b a s e d o n t h e f a c t t h a t t h e new b a n d c o u l d b e r e p r o d u c e d 

w h e n t h e f l u o r e s c e n c e o f 52 w a s m e a s u r e d i n m e t h y l t e t r a h y d r o f u r a n e . 

C h a n g e s i n t h e p h o s p h o r e s c e n c e s p e c t r u m , o n t h e o t h e r h a n d , w e r e m a i n l y 

r e l a t e d t o t h e s p e c t r a l i n t e n s i t y . A r e l a t i v e l y s t r o n g p h o s p h o r e s c e n c e 

a t 5 5 0 nm ( o n l y d e t e c t e d a t 77 K ) w a s f o u n d t o b e c o n s i d e r a b l y q u e n c h e d 

a f t e r t h e s a m p l e h a d b e e n i r r a d i a t e d ( F i g u r e 2 8 ) . 

A l t h o u g h p e r t u r b a t i o n s i n t o t h e n o r m a l d e c a y c h a n n e l s o f d i e s t e r 18 

w e r e c l e a r l y e v i d e n t , n o d e f i n i t e c o n c l u s i o n o f t h e s e e f f e c t s i n 
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r e a c t i v i t y c a n b e r e a c h e d w i t h o u t s t u d y i n g t h e s p e c t r a l c h a n g e s t h a t 

f o l l o w i m m e d i a t e l y a f t e r i r r a d i a t i o n ( P a r t V ) . I t s e e m s t h a t t h e e f f e c t 

o f t h e s t a b l e p h o t o p r o d u c t i s r a t h e r m o d e r a t e i n v i e w o f t h e r a t h e r 

l a r g e p e r c e n t c o n v e r s i o n a c c o m p a n y i n g t h e s e s p e c t r a l c h a n g e s . T h e 

d e c r e a s e i n t h e p h o s p h o r e s c e n c e i n t e n s i t y , a n a s p e c t d i r e c t l y a s s o c i a t e d 

w i t h t h e t r i p l e t s t a t e r e a c t i o n , i s s o m e w h a t i n t r i g u i n g . P h o s p h o r e s 

c e n c e q u e n c h i n g t h r o u g h e n e r g y t r a n s f e r s e e m s a t f i r s t u n l i k e l y b e c a u s e 

o f t h e r e l a t i v e l y f a r l o c a t i o n o f t h i s b a n d ( 5 5 0 n m ) . I t i s r e a s o n a b l e 

t o e x p e c t t h a t t h e r e s h o u l d b e n o t r i p l e t e n e r g y a b s o r p t i o n l e v e l s o f 

t h e p h o t o p r o d u c t i n t h a t s p e c t r a l r e g i o n . I t i s p o s s i b l e t h a t t h e 

d e c r e a s e i n p h o s p h o r e s c e n c e may r e s u l t f r o m e n v i r o n m e n t a l e f f e c t s c a u s e d 

b y t h e a c c u m u l a t i o n o f t h e p r o d u c t . 
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F i g u r e 28. U n c o r r e c t e d F l u o r e s c e n c e a n d P h o s p h o r e s c e n c e S p e c t r a o f 

P o l y c r y s t a l l i n e 18 a t 77 K ( a ) B e f o r e a n d (b) A f t e r I r r a d i a t i o n w i t h t h e 

N i t r o g e n L a s e r . 
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b) C o n v e r s i o n D e p e n d e n c e of t h e R e l a t i v e Q u a n t u m Y i e l d of R e a c t i o n 

o f D i e s t e r 1 8 . 

A l t h o u g h m e a s u r a b l e u n d e r s t e a d y s t a t e c o n d i t i o n s , t h e q u a n t u m 

y i e l d s o f p h o t o c h e m i c a l r e a c t i o n s a r e t r u e e x c i t e d s t a t e k i n e t i c 

p a r a m e t e r s s i n c e t h e y r e f l e c t t h e b a l a n c e b e t w e e n t h e r a t e c o n s t a n t s f o r 

a l l t h e e x c i t e d s t a t e a c t i v a t i o n - d e c a t i v a t i o n p r o c e s s e s . A s p o i n t e d o u t 

b y W a g n e r , ^ t h e q u a n t u m y i e l d f o r a p a r t i c u l a r p h o t o c h e m i c a l r e a c t i o n 

i s t h e p r o d u c t o f s e v e r a l p r o b a b i l i t i e s : 1 ) t h e p r o b a b i l i t y t h a t 

a b s o r p t i o n o f l i g h t w i l l p r o d u c e t h e r e q u i r e d e x c i t e d s t a t e , 2 ) t h e 

p r o b a b i l i t y t h a t t h e e x c i t e d s t a t e w i l l u n d e r g o t h e p r i m a r y p h o t o r e a c -

t i o n n e c e s s a r y f o r t h e p r o c e s s i n q u e s t i o n , a n d , 3 ) t h e p r o b a b i l i t y t h a t 

a n y r e a c t i o n i n t e r m e d i a t e w i l l make i t t o t h e f i n a l p r o d u c t i n s t e a d o f 

r e v e r t i n g b a c k t o t h e s t a r t i n g m a t e r i a l . I f n o e x c i t e d s t a t e s t a r t i n g 

m a t e r i a l - p h o t o p r o d u c t b i m o l e c u l a r i n t e r a c t i o n s a l t e r t h e p r o d u c t o f t h e 

a b o v e ( u n i m o l e c u l a r ) p r o b a b i l i t i e s , t h e q u a n t u m y i e l d i s e x p e c t e d t o 

r e m a i n c o n s t a n t a s t h e p h o t o p r o d u c t a c c u m u l a t e s . 

I f o n e m e a s u r e s t h e c h a n g e i n c o n c e n t r a t i o n , d [ 1 8 ] , o f t h e r e a c t i n g 

s p e c i e s p r o d u c e d b y a n i r r a d i a t i o n o f d u r a t i o n d t , t h e n d [ 1 8 ] / d t i s t h e 

a m o u n t o f d i e s t e r 18 c o n v e r t e d p e r u n i t t i m e . T h e q u a n t u m y i e l d f o r t h e 

d i s a p p e a r a n c e o f t h e r e a c t i n g s p e c i e s 18 i s g i v e n b y : ^ 

- d [ 1 8 ] / d t = * I a E q . 12 

w h e r e $ i s t h e i d e a l l y c o n s t a n t q u a n t u m y i e l d a n d I a i s t h e a v e r a g e 

a b s o r b e d i n t e n s i t y . ^ H o w e v e r , i f o n e u s e s a l i g h t s o u r c e w i t h c o n s t a n t 



i n t e n s i t y a n d we a s s u m e t h a t I a i s d i r e c t l y p r o p o r t i o n a l t o [ 1 8 ] we h a v e 

t h a t : 

d [ 1 8 ] / d t = - k a p [ 1 8 ] E q . 13 

w h e r e k a p w i l l b e a c o m p l e x f i r s t o r d e r r a t e c o n s t a n t t h a t i n c l u d e s 

t e r m s t h a t a c c o u n t f o r t h e i n t e n s i t y o f t h e l a s e r p h o t o n f l u x , t h e 

a b s o r p t i o n c o e f f i c i e n t o f 18 a t 3 3 7 . 1 nm a n d t h e r e a c t i o n q u a n t u m y i e l d . 

C l e a r l y , a p l o t o f l o g [ 1 8 ] v s t i m e s h o u l d g i v e a s t r a i g h t l i n e u n l e s s 

t h e d e c a y c h a n n e l s o f t h e e x c i t e d s t a t e a r e a l t e r e d i n s u c h a m a n n e r 

t h a t t h o s e c h a n g e s r e f l e c t i n t h e r e a c t i o n q u a n t u m y i e l d . 

I n o r d e r t o m i n i m i z e s c a t t e r i n g p r o b l e m s a n d m a x i m i z e t h e r e p r o d u c i 

b i l i t y o f t h e s e m e a s u r e m e n t s t h e d i e s t e r 18 w a s p h o t o l y z e d i n 

h o m o g e n e o u s K B r m a t r i c e s . ^ T h i s m e t h o d o l o g y o f f e r e d t h e a d d i t i o n a l 

a d v a n t a g e o f a l l o w i n g t h e d e t e r m i n a t i o n o f s t a r t i n g m a t e r i a l c o n s u m p t i o n 

b y m o n i t o r i n g t h e d e c a y o f t h e I R v i n y l a b s o r p t i o n o f t h e s t a r t i n g 

m a t e r i a l a t 1 6 4 0 c m " ^ . T h e s a m p l e s w e r e i n i t i a l l y p h o t o l y z e d f o r p e r i o d s 

o f 30 s e c t h a t w e r e e x t e n d e d t o u p t o 3 m i n t o g i v e a t o t a l i r r a d i a t i o n 

t i m e o f 10 m i n . T h e r e s u l t s s h o w n i n F i g u r e 29 i n d i c a t e a c l e a n f i r s t 

o r d e r d e c a y o f 1 8 , t o b e i n t e r p r e t e d a s a c o n s t a n t q u a n t u m y i e l d , u p t o 

a p p r o x i m a t e l y 20% c o n v e r s i o n . A f t e r t h i s c o n v e r s i o n v a l u e a d e c r e a s e i n 

t h e s l o p e v a l u e i n d i c a t e s a d e c r e a s e i n t h e r e a c t i o n q u a n t u m y i e l d ( o r , 

a l t h o u g h i t i s l e s s l i k e l y , a d e c r e a s e i n t h e a b s o r p t i o n c o e f f i c i e n t ) . 

W h e n t h e s a m e e x p e r i m e n t s w e r e r e p e a t e d i n b e n z e n e s o l u t i o n i t was 

o b s e r v e d t h a t n o b e n d i n g o c c u r r e d o v e r a s i m i l a r c o n v e r s i o n r a n g e i n t h e 

c o r r e s p o n d i n g l o g [ 1 8 ] v s t p l o t . 



T h e l a r g e c o n v e r s i o n r a n g e o f c o n s t a n t s o l i d s t a t e q u a n t u m y i e l d , a s 

w e l l a s t h e f l u o r e s c e n c e a n d t h e p h o s p h o r e s c e n c e r e s u l t s , s e e m t o 

i n d i c a t e t h e u n l i k e l i h o o d o f e n e r g y t r a n s f e r m e c h a n i s m s b e i n g r e s p o n 

s i b l e ( a t l e a s t u n i q u e l y ) f o r t h e l i m i t i n g c o n v e r s i o n o f c r y s t a l l i n e 

d i e s t e r 1 8 . 
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F i g u r e 2 9 . C o n s u m p t i o n o f D i e s t e r 18 a s a f u n c t i o n o f P h o t o l y s i s 

T i m e P l o t t e d a s a F i r s t O r d e r D e c a y ( V a r i a t i o n s i n t h e Q u a n t u m Y i e l d a s 

a F u n c t i o n o f C o n v e r s i o n ) . 
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M e c h a n l c a l E f f e c t s a n d L i m i t i n g C o n v e r s i o n . 

T h e p r e s e n c e o f a l i m i t i n g c o n v e r s i o n v a l u e may a l s o c o m e f r o m a 

m e c h a n i c a l e f f e c t t h a t r e s u l t s f r o m a n i n c r e a s e i n t h e i n t e r n a l s t r e s s 

o f t h e c r y s t a l l a t t i c e a s a c o n s e q u e n c e o f m o r e p r o d u c t a c c u m u l a t 

o r o o 

i n g . > J T h i s f a c t o r i s d i r e c t l y a s s o c i a t e d w i t h a l i m i t e d p r o d u c t 

s o l u b i l i t y a n d t h e s t e r i c i n t e r a c t i o n s r e s u l t i n g f r o m t h e s t r u c t u r a l 

m i s m a t c h b e t w e e n t h e p r o d u c t a n d i t s e n v i r o n m e n t . M c B r i d e h a s s h o w n 

t h e s e f a c t o r s i n o p e r a t i o n d u r i n g t h e c o n v e r s i o n d e p e n d e n t k i n e t i c s o f 

t h e r e a c t i o n s o f t h e r a d i c a l s g e n e r a t e d u p o n o x y g e n a n d c a r b o n d i o x i d e 

e x t r u s s i o n f r o m s i n g l e c r y s t a l l i n e p e r o x i d e s a n d p e r e s t e r s . 3 3 

E x p e r i m e n t s a i m e d t o t e s t f o r t h e i n v o l v e m e n t o f i n t e r n a l s t r e s s o n 

p r o d u c t s a t u r a t i o n i n c l u d e d a v i s u a l i n s p e c t i o n o f t h e m e c h a n i c a l 

r e l a x a t i o n m a n i f e s t e d a s a c h a n g e i n t e x t u r e ^ o f s i n g l e c r y s t a l s o f 18 

p h o t o l y z e d t o s a t u r a t i o n . S i n g l e c r y s t a l l i n e s a m p l e s w i t h a n a p p r o x i 

m a t e s i z e o f 0 . 2 x 0 . 5 x 0 . 2 m m 3 w e r e m o u n t e d o n a g l a s s f i b e r a n d 

p h o t o l y z e d w i t h t h e n i t r o g e n l a s e r f o r 1 5 - 2 0 m i n . T h e c r y s t a l s i z e was 

a c r i t i c a l p a r a m e t e r t h a t i n p r i n c i p l e g u a r a n t e e d t h a t t h e l i g h t was 

g e t t i n g t h r o u g h i n t h e e n t i r e c r y s t a l ( s e e p a g e 5 5 ) . M i c r o s c o p i c 

e x a m i n a t i o n o f t h e c r y s t a l s a f t e r p h o t o l y s i s s h o w e d a r e m a r k a b l e c h a n g e 

i n t e x t u r e i n c l u d i n g a s i g n i f i c a n t l o s s o f t r a n s p a r e n c y . I t w a s n o t i c e d 

t h a t s o m e p h o t o l y z e d c r y s t a l s d i s p l a y e d a l a r g e n u m b e r o f c r a c k s 

d i s t r i b u t e d r a n d o m l y a l o n g t h e i r e n t i r e v o l u m e . No s i g n s o f m e l t i n g 

c o u l d b e d e t e c t e d b u t t h e c r y s t a l s t u r n e d o u t t o b e e x t r e m e l y f r a g i l e a s 

t h e y c o u l d b e f r a c t u r e d w i t h e x t r e m e e a s e . T h e s a m e o b s e r v a t i o n s w e r e 

m a d e w h e n m u c h l a r g e r c r y s t a l s ( 8 x 4 x 2 m n r ) w e r e p h o t o l y z e d . F i g u r e 
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30 p r e s e n t s a n e x a m p l e o f o n e s u c h e x p e r i m e n t c a r r i e d o u t o n c r y s t a l s o f 

t h e d i - i s o p r o p y l c o m p o u n d 23 ( P b c a m o d i f i c a t i o n , s e e P A R T I I ) . 

F r o m t h e s e r e s u l t s we t e n t a t i v e l y c o n c l u d e t h a t t h e p h e n o m e n o n o f a 

l i m i t i n g c o n v e r s i o n o f c r y s t a l l i n e 18 i s l a r g e l y ( i f n o t u n i q u e l y ) d u e 

t o t h e m e c h a n i c a l e f f e c t s o f t h e i n c r e a s i n g i n t e r n a l s t r e s s c a u s e d b y a 

l i m i t e d s o l u b i l i t y o f t h e p h o t o p r o d u c t . We p r o p o s e t h a t t h e d i - 7 r - m e t h a n e 

•I o 

r e a r r a n g e m e n t o f c r y s t a l l i n e 18 i s a l a r g e l y n o n - t o p o t a c t i c - 1 - 0 

t r a n s f o r m a t i o n . 



F i g u r e 3 0 . P h o t o g r a p h s o f a S i n g l e C r y s t a l o f D i i s o p r o p y l D i e s t e r 23 

( P b c a M o d i f i c a t i o n ) B e f o r e ( t o p ) a n d A f t e r P h o t o l y s i s ( b o t t o m ) . A 1 cm 

s c a l e i s s h o w n i n b o t h p i c t u r e s . 
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T h e C r y s t a l a n d M o l e c u l a r S t r u c t u r e s o f D i e s t e r 1 8 . 

M a n y r e a c t i o n s s t u d i e d i n t h e s o l i d s t a t e h a v e b e e n d e s i g n e d s o t h a t 

t h e p r i n c i p a l v a r i a b l e t o s t u d y f r o m a c h e m i c a l a n d s t r u c t u r a l p o i n t o f 

v i e w i s a c r i t i c a l d i s t a n c e b e t w e e n two r e a c t i o n c e n t e r s . ^ • ^ > ^ > ° ^ 

E x a m p l e s c o m e t o m i n d f r o m t h e r e p e a t e d l y m e n t i o n e d 2TT + 2n o l e f i n 

c y c l o d i m e r i z a t i o n ^ * ^ » ^ a n d f r o m s t u d i e s o n t h e p h o t o c h e m i c a l h y d r o g e n 

a b s t r a c t i o n o f e x c i t e d c a r b o n y l c o m p o u n d s . , n ' 0 » ° ^ T h e p r e s e n c e o r 

a b s e n c e o f s o l i d s t a t e r e a c t i v i t y i n t h e s e c a s e s i s p r i m a r i l y ( b u t n o t 

e x c l u s i v e l y ) a s s o c i a t e d w i t h some c r i t i c a l g e o m e t r y f o r t h e r e a c t i o n t o 

o c c u r . T h e d i - 7 r - m e t h a n e r e a r r a n g e m e n t o f t h e r i g i d d i b e n z o b a r r e l e n e 

s y s t e m i s , h o w e v e r , a c o m p l e t e d e p a r t u r e f r o m t h i s a p p r o a c h ( s e e 

r e a c t i o n m e c h a n i s m o n p a g e 3 5 ) . T h e b o n d i n g d i s t a n c e r e q u i r e d f o r t h e 

f i r s t r e a c t i o n s t e p , t h e b e n z o - v i n y l b o n d i n g s t e p ( C 1 2 - C 4 a , C 1 2 - C 1 0 a , 

C l l - C 8 a o r C l l - C 9 a ) , i s h e l d e s s e n t i a l l y c o n s t a n t b y t h e d e s i g n o f t h e 

r i g i d d i b e n z o b a r r e l e n e f r a m e w o r k ( F i g u r e 3 1 ) . T h e o c c u r r e n c e o f t h e 

d i - 7 r - m e t h a n e r e a r r a n g e m e n t i n t h e s o l i d s t a t e i s t h e r e f o r e e x p e c t e d t o 

b e d e p e n d e n t o n t h e d y n a m i c b e h a v i o r o f t h e e x c i t e d s t a t e o f t h e 

s t a r t i n g m a t e r i a l a n d o f t h e p o s t u l a t e d b i r a d i c a l i n t e r m e d i a t e s . 3 3 ' 0 ^ * 

T h e X - r a y m o l e c u l a r s t r u c t u r e o f 18 s h o w n i n F i g u r e 31 c l e a r l y 

i n d i c a t e s t h a t t h e a v e r a g e C 2 v s y m m e t r y i n f e r r e d i n s o l u t i o n f r o m t h e 

^ • 3 C NMR s p e c t r u m (7 l i n e s ) n o l o n g e r e x i s t s i n t h e s o l i d s t a t e . A s 

A l l t h e X - r a y c r y s t a l s t r u c t u r e e l u c i d a t i o n w o r k w a s c a r r i e d o u t b y 

F r e d W i r e k o , D e p a r t m e n t o f C h e m i s t r y , U . B . C . 



s u s p e c t e d , t h e X - r a y d e r i v e d b e n z o - v i n y l d i s t a n c e s o f t h e f i r s t r e a c t i o n 

s t e p w e r e a l l f o u n d t o b e n e a r l y t h e same ( 2 . 4 3 A ) . A s o l i d s t a t e 

m o l e c u l a r s y m m e t r y r e s u l t s f r o m t h e f a c t t h a t t h e t w o c a r b o n y l e s t e r 

g r o u p s c o n j u g a t e t o a d i f f e r e n t e x t e n t w i t h t h e c e n t r a l v i n y l d o u b l e 

b o n d . T h e d i s y m m e t r y a n d t h e d e g r e e o f c o n j u g a t i o n a r e d e t e r m i n e d b y 

t h e d i h e d r a l a n g l e s b e t w e e n t h e m e a n p l a n e s o f t h e t w o c a r b o n y l g r o u p s 

a n d t h e v i n y l d o u b l e b o n d s [ t o r s i o n a n g l e s 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 

0 ( 4 ) - C ( 1 5 ) - C ( 1 2 ) - C ( l l ) ] . 

F i g u r e 3 1 : S t e r e o v i e w o f t h e M o l e c u l a r S t r u c t u r e o f t h e D i m e t h y l 

D i e s t e r 18 



P A R T I I . S T U D I E S ON S Y M M E T R I C D I B E N Z O B A R R E L E N E D I E S T E R S . 

I t was r e c o g n i z e d t h a t i n o r d e r t o e x p l o r e t h e g e n e r a l i t y o f t h e 

d i - 7 r - m e t h a n e r e a r r a n g e m e n t i n t h e s o l i d s t a t e t h e s t u d y o f a l a r g e n u m b e r 

o f c o m p o u n d s w a s r e q u i r e d . A t t h e same t i m e , t h e d e t a i l e d d e s c r i p t i o n o f 

t h e r e a r r a n g e m e n t r e q u i r e s i d e n t i f i c a t i o n o f t h e f a c t o r s t h a t m a y b e 

c o n t r o l l i n g t h e s o l i d s t a t e r e a c t i v i t y . S i n c e c r y s t a l l a t t i c e a n d 

m o l e c u l a r f a c t o r s may b e i n v o l v e d t o d i f f e r e n t e x t e n t s , v a r i a t i o n s o f 

t h e i r s t r u c t u r e s a r e n e c e s s a r y i n o r d e r t o a n a l y z e t h e i r r e s p e c t i v e 

c o n t r i b u t i o n s . 

I n o r d e r t o g a i n some i n f o r m a t i o n r e g a r d i n g t h e s t r u c t u r a l a l t e r n a 

t i v e s a v a i l a b l e t o t h e d i b e n z o b a r r e l e n e d i e s t e r s k e l e t o n i n t h e s o l i d 

s t a t e , s e v e r a l s y m m e t r i c d i e s t e r s w e r e p r e p a r e d , t h e i r p h o t o c h e m i s t r y 

s t u d i e d a n d t h e i r X - r a y c r y s t a l s t r u c t u r e s o b t a i n e d w h e n p o s s i b l e . T h e 

c o m p o u n d s s t u d i e d i n t h i s s e r i e s w e r e t h e d i e s t e r d e r i v a t i v e s : d i e t h y l 

( 2 1 ) , d i - n - p r o p y l ( 2 2 ) , d i i s o p r o p y l ( 2 3 ) , d i - s e c - b u t y l ( 2 4 ) , d i i s o o c t y l 

( 2 5 ) a n d d i m e n t h y l ( 2 6 ) . 

W i t h t h e e x c e p t i o n o f t h e i s o o c t y l d e r i v a t i v e 2 5 , a l l t h e d i e s t e r s i n 

t h i s s e r i e s t u r n e d o u t t o b e c r y s t a l l i n e s o l i d s a t a m b i e n t t e m p e r a t u r e s 

a n d t h e i r c r y s t a l l i z a t i o n w a s a c h i e v e d w i t h r e l a t i v e e a s e . W h i l e c r y s t a l s 

o f t h e d i e s t e r s 2 1 , 22 a n d 23 t u r n e d o u t t o b e o f e x c e l l e n t q u a l i t y f o r 

d i f f r a c t i o n s t u d i e s , d i e s t e r s 24 a n d 2 6 , c r y s t a l l i z e d f r o m e t h a n o l , p r o v e d 

t o b e o p a q u e p r i s m s a n d f l a k e s r e s p e c t i v e l y w h i c h w e r e u n s u i t a b l e f o r 

X - r a y d i f f r a c t i o n a n a l y s i s . C o m p o u n d s 2 1 a n d 23 w e r e f o u n d t o o c c u r i n two 

d i f f e r e n t c r y s t a l f o r m s ( d i m o r p h s ^ ) d e p e n d i n g o n t h e c r y s t a l l i z a t i o n 

e x p e r i m e n t . T h e X - r a y c r y s t a l s t r u c t u r e s o f t h e t w o d i m o r p h s o f t h e 



d i e t h y l a n d d i i s o p r o p y l d i e s t e r s 2 1 a n d 23 w e r e o b t a i n e d a l o n g w i t h t h e 

s t r u c t u r e o f t h e d i - n - p r o p y l c o m p o u n d 2 2 . A s u m m a r y o f t h i s i n f o r m a t i o n 

i n c l u d i n g t h e m e l t i n g p o i n t s a n d s p a c e g r o u p s o f e a c h c o m p o u n d ( w h e r e 

a p p r o p r i a t e ) , i s p r e s e n t e d i n T a b l e I I I . 

COOR 

T a b l e I I I . S y m m e t r i c a l l y S u b s t i t u t e d D i b e n z o b a r r e l e n e 

C o m p o u n d S u b s t i t u e n t ( R ) m p ( ° C ) S p a c e g r o u p 

1 8 a Me 1 6 0 - 1 PT 

2 1 ( 1 ) E t 9 3 - 4 P 2 1 / c 

2 1 ( H ) E t 9 7 - 8 P 2 1 2 1 2 1 

22 n P r 7 2 - 3 PT 

2 3 ( 1 ) i P r 1 4 5 - 6 P b c a 

2 3 ( 1 1 ) i P r 1 4 5 - 6 P 2 1 2 1 2 1 

24 s B u 9 5 - 6 b 

25 i O c t l i q u i d -

26 M e n t h y l 1 4 7 - 9 b 

a ) D i e s t e r 1 w a s s t u d i e d i n t h e p r e v i o u s s e c t i o n , b ) N o t 
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P h o t o c h e m i s t r y I n S o l u t i o n . 

A l l t h e s y m m e t r i c d i e s t e r s o f t h i s s e r i e s w e r e p h o t o l y z e d i n s o l u t i o n 

b y d i r e c t a n d s e n s i t i z e d i r r a d i a t i o n s . T h e c o r r e s p o n d i n g d i b e n z o s e m i b u l l -

v a l e n e d e r i v a t i v e s e x p e c t e d f r o m t h e d i - w - m e t h a n e r e a r r a n g e m e n t w e r e f o u n d 

t o f o r m a s t h e o n l y d e t e c t a b l e p r o d u c t s . T h e i r i d e n t i f i c a t i o n w a s 

s u p p o r t e d b y NMR, F T I R , m a s s s p e c t r o m e t r y a n d e l e m e n t a l a n a l y s i s o r 

e x a c t m a s s m e a s u r e m e n t s w h i c h w e r e c o n s i s t e n t w i t h t h e e x p e c t e d s t r u c t u r e s 

a n d w i t h t h e d a t a p r e v i o u s l y o b t a i n e d f o r d i e s t e r 1 8 . 

T h e d i - s e c - b u t y l c o m p o u n d 24 d e s e r v e s a d d i t i o n a l c o m m e n t s i n c e t h i s 

m a t e r i a l w a s p r e p a r e d w i t h r a c e m i c s e c - b u t a n o l a n d t h e s a m p l e , a l t h o u g h 

g i v i n g r i s e t o o n l y o n e g l c s i g n a l , was p r e s u m a b l y c o m p o s e d o f a m i x t u r e 

o f t h e r a c e m i c ( R , R - a n d S , S - d i - s e c - b u t y l - 2 3 ) a n d t h e m e s o (R,S- a n d 

S , R - d i - s e c - b u t y l - 2 4 ) f o r m s . T h e p h o t o l y s i s p r o d u c t s p o s s e s s f i v e c h i r a l 

c e n t e r s ( t h r e e o f t h e m i n t h e d i b e n z o s e m i b u l l v a l e n e s k e l e t o n ) , b u t o n l y 

t h r e e i n d e p e n d e n t d i s y m m e t r i c o r c h i r a l e l e m e n t s , t w o i n t h e s e c - b u t y l 

g r o u p s a n d o n e i n t h e d i b e n z o s e m i b u l l v a l e n e s t r u c t u r e . T h e s e c o m p o u n d s c a n 

b e e x p e c t e d t o b e f o r m e d i n u p t o 2 3 <= 8 d i f f e r e n t s t e r e o i s o m e r s ^ w h i c h 

c a n b e d i f f e r e n t i a t e d i n f o u r e n a n t i o m e r i c p a i r s . A l t h o u g h t i c c h r o m a t o 

g r a p h i c s e p a r a t i o n c o u l d n o t b e a c h i e v e d i n s e v e r a l s o l v e n t s y s t e m s , 

e v i d e n c e f o r t h e d i f f e r e n t p r o d u c t s w a s f o u n d i n t h e g l c t r a c e a n d i n t h e 

NMR s p e c t r u m o f t h e p h o t o l y s i s m i x t u r e s . W h i l e t h e g l c o f t h e m i x t u r e s 

c o n s i s t e d o f t w o p o o r l y s e p a r a t e d p e a k s i n a 5 5 : 4 5 r a t i o , t h e -^H NMR 

s p e c t r u m p r e s e n t e d n o t i c e a b l e r e s o l u t i o n i n t h e s i g n a l a s s i g n e d t o t h e 

c y c l o p r o p y l h y d r o g e n a t C ( 8 d ) , w h i c h w a s s p l i t i n t o t h r e e p e a k s o f 

a p p r o x i m a t e r a t i o 1 : 2 : 1 . No f u r t h e r a t t e m p t w a s m a d e t o s e p a r a t e t h i s 



m i x t u r e o r t o q u a n t i f y t h e r e l a t i v e a m o u n t s o f t h e v a r i o u s p h o t o p r o d u c t s . 

P h o t o c h e m i s t r y i n t h e S o l i d S t a t e . 

T h e g e n e r a l i t y o f t h e s o l i d s t a t e d i - 7 r - m e t h a n e r e a r r a n g e m e n t was 

c o n f i r m e d w h e n we o b s e r v e d t h a t a l l t h e c r y s t a l l i n e d i e s t e r s r e a c t e d i n a 

m a n n e r s i m i l a r t o t h a t o f c r y s t a l l i n e 1 8 . S o l i d s t a t e r e a c t i o n s w e r e 

c a r r i e d t o c o n v e r s i o n s o f l e s s t h a n a b o u t 30%, s i n c e f u r t h e r c o n v e r s i o n 

s e e m e d e i t h e r d i f f i c u l t o r a c c o m p a n i e d b y c r y s t a l m e l t i n g . T h e p r o d u c t s 

o b s e r v e d w e r e i d e n t i f i e d b y c o m p a r i s o n o f t h e g l c , g l c - M S a n d NMR 

s p e c t r a l d a t a o f t h e s o l i d s t a t e r e a c t i o n m i x t u r e s w i t h t h e d a t a f r o m t h e 

s o l u t i o n i s o l a t e d p r o d u c t s . B e f o r e d i s c u s s i n g t h e s o l i d s t a t e p h o t o c h e m i 

c a l r e s u l t s i n m o r e d e t a i l , t h e s t r u c t u r a l f e a t u r e s o f t h e c o m p o u n d s t h a t 

h a d t h e i r X - r a y c r y s t a l s t r u c t u r e s s o l v e d a n d some o t h e r r e l e v a n t d e t a i l s 

w i l l b e a n a l y z e d . 

T h e S o l i d S t a t e M o l e c u l a r S t r u c t u r e s o f t h e D i e t h y l D i e s t e r 2 1 . 

D i e s t e r 2 1 w a s c r y s t a l l i z e d b y s l o w e v a p o r a t i o n f r o m e t h a n o l 

s o l u t i o n . C r y s t a l s w i t h p l a t e - l i k e m o r p h o l o g y (mp «=> 9 3 - 4 ° C ) a n d a 

t e n d e n c y t o f o r m l a m i n a r a g g r e g a t e s w e r e e a s i l y g r o w n o v e r a p e r i o d o f 

2 4 - 4 8 h o u r s . R e p e a t e d c r y s t a l l i z a t i o n s u n d e r t h e same c o n d i t i o n s w e r e 

s o m e t i m e s f o u n d t o g i v e c r y s t a l b a t c h e s t h a t s h o w e d r e m a r k a b l y d i f f e r e n t 

m o r p h o l o g y . T h e new s o l i d s t a t e m a t e r i a l w a s o b t a i n e d a s l a r g e p r i s m s w i t h 

r e m a r k a b l y w e l l d e v e l o p e d f a c e s a n d e d g e s a n d a d i f f e r e n t m e l t i n g p o i n t 

( 9 7 - 8 ° C ) . T h e s e m a t e r i a l s w e r e f o u n d t o b e d i m o r p h i c ^ a n d t h e i r 
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s t r u c t u r a l d i f f e r e n c e s w e r e c l e a r l y m a n i f e s t e d i n t h e i r c r y s t a l l o g r a p h i c , 

s p e c t r o s c o p i c a n d c h e m i c a l p r o p e r t i e s . S e l e c t i v e c r y s t a l l i z a t i o n o f e i t h e r 

m a t e r i a l w a s p o s s i b l e b y s e e d i n g o f c o n c e n t r a t e d e t h a n o l s o l u t i o n s o f 2 1 . 

T h e p l a t e - l i k e m a t e r i a l , o r f o r m I , c r y s t a l l i z e d i n t h e m o n o c l i n i c 

s p a c e g r o u p P 2 ^ / c w i t h two m o l e c u l e s p e r a s y m m e t r i c u n i t ( m o l e c u l e s A a n d 

A ' ) . T h e two i n d e p e n d e n t m o l e c u l e s w e r e f o u n d t o p o s s e s t h e s a m e a b s o l u t e 

c o n f i g u r a t i o n a n d t o b e r e l a t e d b y a n a p p r o x i m a t e t w o f o l d s c r e w a x i s . T h e 

c r y s t a l , h o w e v e r , i s r a c e m i c s i n c e b o t h e n a n t i o m e r s o f e a c h m o l e c u l e a r e 

p r e s e n t i n e q u a l a m o u n t s . O n l y m i n o r c o n f o r m a t i o n a l c h a n g e s a t t h e e s t e r 

s u b s t i t u e n t s d i f f e r e n t i a t e d t h e s t r u c t u r e s o f t h e two m o l e c u l e s i n t h e 

a s y m m e t r i c u n i t ( F i g u r e 3 2 a ) . T h e c a r b o n y l - v i n y l d o u b l e b o n d t o r s i o n 

a n g l e s 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 0 ( 4 ' ) - C ( 1 6 ' ) - C ( 1 2 ' ) - C ( l l ' ) o f m o l e c u l e s 

A a n d A ' , f o r i n s t a n c e , v a r y f r o m 2 4 9 . 3 4 ° t o 2 4 8 . 6 2 ° . T h e t o r s i o n a n g l e s 

0 ( 4 ) - C ( 1 6 ) - C ( 1 2 ) - C ( l l ) a n d 0 ( 2 ' ) - C ( 1 3 ' ) - C ( l l ' ) - C ( 1 2 ' ) t h a t d e f i n e t h e 

d i h e d r a l a n g l e b e t w e e n t h e o t h e r c a r b o n y l - v i n y l d o u b l e b o n d m e a n p l a n e s 

a l s o v a r i e d s l i g h t l y , f r o m 6 . 5 6 ° t o 4 . 4 2 ° f o r m o l e c u l e s A a n d A ' 

r e s p e c t i v e l y . T h e e n e - d i o a t e c h r o m o p h o r e i n t h i s c r y s t a l l i n e m o d i f i c a t i o n 

c a n b e d e s c r i b e d a s p o s s e s s i n g o n e c a r b o n y l v e r y c l o s e t o a p e r f e c t l y 

c o n j u g a t e d s - c i s c o n f o r m a t i o n ( t o r s i o n a n g l e 0 ° ) w h i l e t h e o t h e r i s i n a 

c o n f o r m a t i o n t h a t i s n e a r l y o u t o f c o n j u g a t i o n ( t o r s i o n a n g l e 2 7 0 ° o r 

9 0 ° ) 7 9 w i t h t h e C ( 1 1 ) = C ( 1 2 ) d o u b l e b o n d . T h e c o n f o r m a t i o n o f t h e e t h y l 

s u b s t i t u e n t s , w h i c h i s s i m i l a r i n m o l e c u l e s A a n d A ' , c a n b e d e s c r i b e d b y 

t h e C ( 1 6 ) - 0 ( 3 ) - C ( 1 7 ) - C ( 1 8 ) a n d C ( 1 3 ) - 0 ( 1 ) - C ( 1 4 ) - C ( 1 5 ) t o r s i o n a n g l e s 

( m o l e c u l e A ) w h i c h m a i n t a i n a n a n t i - p e r i p l a n a r r e l a t i o n s h i p . T h i s 

c o n f o r m a t i o n c a n a l s o b e d e s c r i b e d a s h a v i n g t h e c a r b o x y l g r o u p a n d t h e 

two e t h y l c a r b o n s a l l i n a p p r o x i m a t e l y t h e same p l a n e . ( F i g u r e 3 2 a ) . 



T h e p r i s m s o f f o r m I I w e r e f o u n d t o c o n t a i n t h e d i e s t e r 2 1 p a c k e d i n 

t h e c h i r a l s p a c e g r o u p P 2 ^ 2 ^ 2 ^ w i t h o n l y o n e m o l e c u l e p e r a s y m m e t r i c u n i t . 

T h e m o l e c u l a r c o n f o r m a t i o n o f t h e d i e s t e r 2 1 i n t h i s d i m o r p h w a s 

s i g n i f i c a n t l y d i f f e r e n t f r o m t h a t o b s e r v e d i n t h e P 2 ^ / c m o d i f i c a t i o n 

( F i g u r e 3 2 b ) . T h e m o s t s a l i e n t f e a t u r e s o f t h i s s t r u c t u r e w e r e a l s o 

r e p r e s e n t e d b y t h e c a r b o n y l - v i n y l d o u b l e b o n d t o r s i o n a n g l e s a n d b y t h e 

c o n f o r m a t i o n o f t h e c a r b o e t h o x y g r o u p s . S i m i l a r t o t h e s t r u c t u r e o f f o r m 

I , t h e s t r u c t u r e o f f o r m I I w a s g r o s s l y c h a r a c t e r i z e d b y h a v i n g o n e 

c a r b o n y l g r o u p a l m o s t p e r f e c t l y c o n j u g a t e d a n d t h e o t h e r a l m o s t p e r f e c t l y 

o u t o f c o n j u g a t i o n w i t h t h e c e n t r a l d o u b l e b o n d . ^ I n t e r e s t i n g l y , t h e 

c o n j u g a t e d c a r b o n y l g r o u p , C ( 1 6 ) - 0 ( 4 ) , a n d t h e c e n t r a l d o u b l e b o n d , 

Of) 

C ( 1 2 ) - C ( l l ) , e x i s t i n t h e m o r e s t a b l e s - t r a n s c o n f o r m a t i o n . o u T h e v a l u e s 

o f t h e d i h e d r a l a n g l e s 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 0 ( 4 ) - C ( 1 6 ) - C ( 1 2 ) - C ( l l ) 

w e r e 9 6 . 2 a n d 1 7 6 . 5 ° r e s p e c t i v e l y . T h e c o n f o r m a t i o n o f t h e c a r b o e t h o x y 

g r o u p s d i f f e r e d s i g n i f i c a n t l y f r o m t h e c o n f o r m a t i o n s p r e s e n t i n f o r m I . 

I n s t e a d o f h a v i n g a l l t h e h e a v y a t o m s o f t h e e s t e r s u b s t i t u e n t l y i n g i n 

a p p r o x i m a t e l y t h e same p l a n e , t h e C ( 1 3 ) - 0 ( 2 ) - C ( 1 4 ) - C ( 1 5 ) a n d 

C ( 1 6 ) - 0 ( 4 ) - C ( 1 6 ) - C ( 1 7 ) t o r s i o n a n g l e s w e r e r o t a t e d + 8 0 ° a n d - 8 0 ° t o g i v e 

t h e two p o s s i b l e s y n c l i n a l ( g a u c h e ) f o r m s . 
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(b) 

F i g u r e 3 2 . S t e r e o v i e w s o f t h e M o l e c u l a r S t r u c t u r e s 

D i b e n z o b a r r e l e n e D i e s t e r 2 1 i n ( a ) t h e P 2 ] / c a n d 

M o d i f i c a t i o n s . 

o f t h e 

( b ) t h e 

D i e t h y l 

P 2 1 2 1 2 1 



T h e S o l i d S t a t e M o l e c u l a r S t r u c t u r e o f t h e D i - n - P r o p y l D i e s t e r 22. 

D i e s t e r 22 w a s c r y s t a l l i z e d b y s l o w e v a p o r a t i o n o f a s o l u t i o n p r e p a r e d 

b y d i s s o l v i n g t h i s c o m p o u n d i n a s m a l l a m o u n t o f d i e t h y l e t h e r t o w h i c h 

e t h a n o l w a s a d d e d . L a r g e p r i s m s w e r e o b t a i n e d a n d f o u n d t o c o n t a i n d i e s t e r 

22 p a c k e d i n t h e s p a c e g r o u p P I . T h e m o s t i m p o r t a n t f e a t u r e o f t h e 

m o l e c u l a r s t r u c t u r e o f 22 w a s a d i s y m m e t r i c c o n f o r m a t i o n d e f i n e d b y t h e 

c a r b o n y l - v i n y l d o u b l e b o n d t o r s i o n a n g l e s , 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 

0 ( A ) - C ( 1 7 ) - C ( 1 2 ) - C ( 1 1 ) w i t h v a l u e s o f 1 6 1 . 4 1 ° a n d 6 . 5 1 ° r e s p e c t i v e l y 

( F i g u r e 3 3 ) . T h e two a l k y l g r o u p s a l s o d i s p l a y s i g n i f i c a n t c o n f o r m a t i o n a l 

d i f f e r e n c e s a l o n g t h e i r t h r e e c a r b o n c h a i n s . A l t h o u g h t h e m o l e c u l a r 

s t r u c t u r e s a r e c h i r a l , t h e c r y s t a l s a r e r a c e m i c s i n c e t h e y c o n t a i n b o t h 

e n a n t i o m e r s i n e q u a l a m o u n t s . 

F i g u r e 3 3 . S t e r e o v i e w o f t h e M o l e c u l a r S t r u c t u r e o f t h e D i - n - p r o p y l 

D i e s t e r 22 ( S p a c e G r o u p P I ) . 
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T h e S o l i d S t a t e M o l e c u l a r S t r u c t u r e o f t h e D i i s o p r o p y l D i e s t e r 2 3 . 

T h e d i e s t e r 23 w a s f i r s t c r y s t a l l i z e d f r o m c o n c e n t r a t e d c h l o r o f o r m 

s o l u t i o n s t o w h i c h e t h a n o l was a d d e d a s t h e p r e c i p i t a t i n g s o l v e n t . L a r g e 

p r i s m s w i t h mp «= 1 4 5 - 6 ° C w e r e o b s e r v e d t o f o r m i n a n a p p a r e n t l y 

h o m o g e n e o u s b a t c h . T h e c r y s t a l s o b t a i n e d b y t h i s m e t h o d w e r e s i m i l a r t o 

t h o s e o b t a i n e d f r o m n e a t e t h a n o l b y s l o w e v a p o r a t i o n . T h e s p a c e g r o u p o f 

t h i s m a t e r i a l w a s i d e n t i f i e d a s P 2 ^ 2 ^ 2 ^ a n d t h e m o l e c u l a r c o n f o r m a t i o n was 

d e t e r m i n e d a s b e i n g d i s y m m e t r i c w i t h c a r b o n y l - d o u b l e b o n d t o r s i o n a n g l e s 

0 ( 2 ) - C ( 1 3 ) - C ( 1 2 ) - C ( l l ) a n d 0 ( 4 ) - C ( 1 5 ) - C ( l l ) - C ( 1 2 ) o f 1 9 6 . 2 ° a n d 63.7° 

r e s p e c t i v e l y ( F i g u r e 3 4 a ) . T h e c o n f o r m a t i o n o f t h e i s o p r o p y l g r o u p 

c o n f o r m e d t o t h e e x p e c t e d s y n p e r i p l a n a r r e l a t i o n s h i p b e t w e e n t h e i s o p r o p y l 

m e t h i n e h y d r o g e n a n d t h e c a r b o n y l o x y g e n o b s e r v e d i n o t h e r i s o p r o p y l 

o "l 

c o n t a i n i n g e s t e r c o m p o u n d s . 1 A s r e q u i r e d b y t h e s y m m e t r y o f t h i s s p a c e 

g r o u p t h e m o l e c u l e s i n a n y g i v e n s i n g l e c r y s t a l a r e p r e s e n t i n o n l y o n e 

c h i r a l i t y . 

A l a r g e r s p e c i m e n w i t h i d e n t i c a l m o r p h o l o g y w a s s e l e c t e d f r o m t h e same 

b a t c h i n o r d e r t o e x p l o r e i t s s o l i d s t a t e c h e m i s t r y . W h e n a s p a c e g r o u p 

c o n f i r m a t i o n w a s a t t e m p t e d i t w a s d i s c o v e r e d t h a t we w e r e n o t d e a l i n g w i t h 

t h e s a m e m a t e r i a l b u t w i t h a d i m o r p h i n t h e s p a c e g r o u p P b c a a n d t h e n a 

f u l l s t r u c t u r e a n a l y s i s w a s p e r f o r m e d . E v e n t h o u g h t h e m e l t i n g p o i n t s o f 

t h e t w o d i m o r p h s w e r e i d e n t i c a l , t h e i r c r y s t a l l o g r a p h i c a n d s o l i d s t a t e 

s p e c t r o s c o p i c a n d c h e m i c a l p r o p e r t i e s w e r e s i g n i f i c a n t l y d i f f e r e n t . H a v i n g 

l e a r n e d h o w t o i d e n t i f y t h e t w o m a t e r i a l s ( s o l i d s t a t e F T I R a n d l u m i n e s 

c e n c e , s e e b e l o w ) , s p e c i f i c c r y s t a l l i z a t i o n f r o m s o l u t i o n w a s a n a l y z e d a n d 

f o u n d s u c c e s s f u l o n l y i n t h e c a s e o f t h e P b c a m a t e r i a l , w h i c h w a s o b t a i n e d 
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p u r e f r o m c y c l o h e x a n e s o l u t i o n . C r y s t a l l i z a t i o n f r o m o t h e r s o l v e n t s g a v e 

m i x t u r e s o f t h e two d i m o r p h s . C r y s t a l l i z a t i o n f r o m t h e m e l t w a s g r a t i f y i n g 

s i n c e c r y s t a l s o f t h e P 2 ^ 2 ^ 2 ^ m a t e r i a l w e r e o b t a i n e d i n a n e x c l u s i v e 

m a n n e r . 

T h e m o l e c u l a r s t r u c t u r e o f t h e P b c a d i m o r p h w a s q u i t e s i m i l a r t o t h a t 

o f t h e c h i r a l m o d i f i c a t i o n ( F i g u r e 3 4 b ) . T h e t o r s i o n a n g l e s 

0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 0 ( 4 ) - C ( 1 7 ) - C ( 1 2 ) - C ( l l ) w e r e 2 2 8 . 5 ° a n d 3 6 . 1 ° 

r e s p e c t i v e l y . T h e i s o p r o p y l g r o u p s o f b o t h m o d i f i c a t i o n s w e r e f o u n d t o 

h a v e s i m i l a r c o n f o r m a t i o n s . S i n c e t h e P b c a m o d i f i c a t i o n i s p a r t o f t h e 

g r o u p o f n o n - c h i r a l s p a c e g r o u p s b o t h e n a n t i o m e r s o f 23 a r e p r e s e n t i n 

e q u a l a m o u n t s . 
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F i g u r e 3 4 . S t e r e o v i e w s o f t h e M o l e c u l a r S t r u c t u r e s o f t h e D i i s o p r o p y l 

D i e s t e r 23 i n i t s ( a ) P 2 ^ 2 1 2 1 a n d ( b ) P b c a M o d i f i c a t i o n s . 
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C o n f o r m a t i o n a l P o l y m o r p h i s m . c 

C o n f o r m a t i o n a l p o l y m o r p h i s m w a s d e f i n e d b y C o r r a d i n i a s t h e e x i s t e n c e 

o f d i f f e r e n t c o n f o r m e r s o f t h e same m o l e c u l e i n d i f f e r e n t s o l i d s t a t e 

m o d i f i c a t i o n s . ^ 3 T h e c o n f o r m a t i o n o f a n o r g a n i c c o m p o u n d i s d e t e r m i n e d b y 

i t s s h a p e a n d i s d e f i n e d b y t h r e e m o l e c u l a r p a r a m e t e r s : b o n d l e n g t h s , b o n d 

a n g l e s , t o r s i o n a n g l e s . ^ V e r y o f t e n t h e s e s t r u c t u r a l d e s c r i p t o r s c a n b e 

s i g n i f i c a n t l y d i f f e r e n t f o r t h e same c o m p o u n d i f i t c r y s t a l l i z e s i n 

a l t e r n a t i v e s o l i d s t a t e m o d i f i c a t i o n s . I t h a s b e e n p o i n t e d o u t b y 

B e r n s t e i n * ^ t h a t e v e n c o m p o u n d s t h a t a p p e a r t o h a v e v e r y r i g i d s t r u c t u r e s , 

s u c h a s l e p i d o p t e r a n e ( F i g u r e 3 5 ) , may p r e s e n t s i g n i f i c a n t g e o m e t r i c a l 

d i f f e r e n c e s . ^ S i n c e m e a s u r a b l e s t r u c t u r a l d i f f e r e n c e s c a n b e e x p e c t e d 

f o r a l l o r g a n i c c o m p o u n d s p r e s e n t i n g p o l y m o r p h i c m o d i f i c a t i o n s , i t c a n b e 

a r g u e d t h a t a l l o r g a n i c p o l y m o r p h i s m c a n b e s t r i c t l y d e f i n e d a s c o n f o r m a 

t i o n a l p o l y m o r p h i s m . 

F i g u r e 3 5 . T h e M o l e c u l a r S t r u c t u r e o f L e p i d o p t e r a n e . 
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C o n f o r m a t i o n a l p o l y m o r p h i s m i s c l e a r l y e v i d e n t i n t h e c r y s t a l 

s t r u c t u r e s o f t h e two d i m o r p h s o f d i e s t e r s 21 a n d 2 3 . I n t e r e s t i n g l y , two 

s l i g h t l y d i f f e r e n t c o n f o r m e r s o f E t / E t - 2 1 o c c u r i n c r y s t a l s o f t h e P 2 ^ / c 

m o d i f i c a t i o n . T h i s p h e n o m e n o n i s k n o w n a s c o n f o r m a t i o n a l i s o m o r p h i s m . ° ^ 

T h e e x i s t e n c e o f d i f f e r e n t c o n f o r m a t i o n s , o r m o l e c u l a r s t r u c t u r e s , i n 

d i f f e r e n t s o l i d s t a t e m o d i f i c a t i o n s c a n b e j u s t i f i e d b y c o n s i d e r i n g t h a t 

c r y s t a l l i z a t i o n p h e n o m e n a o c c u r f r o m a b a l a n c e o f i n t r a - a n d i n t e r m o l e c u -

o r\ oc 

l a r f o r c e s . u ' O J F i r s t t h e r e i s a t e n d e n c y t o m a x i m i z e t h e o c c u p i e d 

s p a c e , w h i c h a c c o r d i n g t o t h e c l o s e p a c k i n g p r i n c i p l e , r e s u l t s f r o m t h e 

w e a k a t t r a c t i v e f o r c e s b e t w e e n t h e n o n - b o n d e d a t o m s . ^ W h i l e t h e 

i n t e r a t o m i c n o n - b o n d e d f o r c e s s e a r c h f o r t h e l o w e s t e n e r g y s t r u c t u r a l 

a r r a n g e m e n t , t h e m o l e c u l a r s t r u c t u r e may n o t b e u n i q u e l y d e f i n e d a n d may 

h a v e s e v e r a l c l o s e l y r e l a t e d c o n f o r m a t i o n a l s t r u c t u r e s . T h e e n e r g e t i c 

b a l a n c e b e t w e e n t h e i n t e r m o l e c u l a r f o r c e s a n d t h e i n t r a m o l e c u l a r e n e r g y 

m a y l e a d t o m o r e t h a n o n e s t r u c t u r a l l y d i f f e r e n t f r e e e n e r g y m i n i m a . 

V a r i a t i o n s i n c r y s t a l f o r m s may r e p r e s e n t a l t e r n a t i v e s t r u c t u r e s w h e r e a n 

i n c r e a s e d i n t e r m o l e c u l a r p o t e n t i a l may b e a c c o m p a n i e d b y a d e c r e a s e i n 

c o n f o r m a t i o n a l e n e r g y o r v i c e v e r s a . F o r i n s t a n c e , i t i s i n t e r e s t i n g t o 

n o t i c e t h a t t h e a n t i p e r i p l a n a r c o n f o r m a t i o n t h a t t h e c a r b o e t h o x y g r o u p 

p r e s e n t s i n t h e m o l e c u l a r s t r u c t u r e o f t h e P 2 ^ / c d i m o r p h o f 2 1 h a s b e e n 

s h o w n t o b e t h e p r e f e r r e d c o n f o r m a t i o n o f p r i m a r y a l k o x y e s t e r s u b s t i t u 

e n t s . 8 ^ - S u g g e s t e d f r o m t h e X - r a y s t r u c t u r a l a n a l y s i s o f a l a r g e n u m b e r o f 

c o m p o u n d s , t h e r e a r e a l s o a s i g n i f i c a n t n u m b e r o f e x c e p t i o n s t o t h i s 

c o n f o r m a t i o n . T h i s i n f o r m a t i o n i n d i c a t e s t h a t t h e p r e f e r e n c e o f t h e 

a n t i p e r i p l a n a r f o r m c a n b e o u t w e i g h e d b y o t h e r e n e r g e t i c f a c t o r s . I n t h e 

c a s e o f t h e d i m o r p h I I t h e s e f a c t o r s c a n p r o b a b l y b e a t t r i b u t e d t o t h e 
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a d d i t i o n a l s t a b i l i z a t i o n g a i n e d f r o m t h e s - t r a n s c o n f o r m a t i o n o f t h e 

a , ^ - u n s a t u r a t e d s y s t e m o f t h e C ( 1 6 ) = 0 ( 4 ) c a r b o n y l g r o u p . T h e t r a n s 

e s t e r g r o u p a t t a c h e d t o C ( 1 2 ) i n d i m o r p h I I s h o u l d c l e a r l y d i s f a v o r t h e 

a n t i p e r i p l a n a r c o n f o r m a t i o n s i n c e t h i s w o u l d p r o j e c t t h e e t h y l g r o u p 

a g a i n s t t h e n e i g h b o r i n g v i n y l s u b s t i t u e n t . T h e c r y s t a l l i z a t i o n b e h a v i o r o f 

t h e d i e t h y l d i e s t e r 21 n i c e l y i l l u s t r a t e s h o w some r a t h e r d r a s t i c 

s t r u c t u r a l d i f f e r e n c e s c a n b e e x p l a i n e d f r o m v e r y s u b t l e a l t e r n a t i v e s i n a 

d e l i c a t e i n t r a - i n t e r m o l e c u l a r e n e r g e t i c b a l a n c e . 

S p e c t r a l D i f f e r e n c e s B e t w e e n t h e D i m o r p h s o f D i e s t e r s E t / E t - 2 1 a n d 

i P r / i P r - 2 3 . 

D i e t h y l D i e s t e r 2 1 . 

1 ) S o l i d s t a t e F T I R s p e c t r a . 

T h e s o l i d s t a t e i n f r a r e d s p e c t r a o f t h e two d i m o r p h s o f c o m p o u n d 2 1 

w e r e o b t a i n e d i n K B r m a t r i c e s ( F i g u r e 3 6 ) , w h i l e a s o l u t i o n s p e c t r u m was 

r u n i n c h l o r o f o r m f o r c o m p a r i s o n p u r p o s e s . T h e n u m b e r o f b a n d s , t h e 

r e l a t i v e i n t e n s i t i e s a n d t h e a b s o r p t i o n f r e q u e n c i e s w e r e f o u n d t o b e 

s t r o n g l y d e p e n d e n t o n t h e m e d i a . No a p p a r e n t c o r r e l a t i o n c o u l d b e f o u n d 

b e t w e e n t h e n u m b e r o f b a n d s o f t h e a s s i g n a b l e f r e q u e n c i e s a n d t h e n u m b e r 

o f m o l e c u l e s p e r a s y m m e t r i c u n i t . * * * ' A q u a l i t a t i v e s t u d y o f t h e c o n j u g a t e d 

e n e - d i o a t e s p e c t r a l p o r t i o n w a s a t t e m p t e d s i n c e s t r u c t u r e - s p e c t r a l d a t a 

c o r r e l a t i o n s h a v e b e e n p r o p o s e d f o r t h e s i m i l a r e n o a t e a n d e n o n e s y s 

t e m s . * ^ ! 87 - j^g p r 0 p 0 s e d e f f e c t s o f m o l e c u l a r s t r u c t u r e o n t h e a b s o r p t i o n 
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F igure 3 6 . S o l i d State F T I R Spectra of Dies ter E t / E t - 2 1 i n i t s 

P 2 , 2 1 2 ] (top) and P2 . / c Modi f i ca t ions . 
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f r e q u e n c y o f c o n j u g a t e d c a r b o n y l s y s t e m s a r e i n c l u d e d i n t h e f o l l o w i n g 

l i s t . 

a ) C o n j u g a t i o n w i t h a C=C b o n d c a u s e s t h e c a r b o n y l s t r e t c h i n g 

a b s o r p t i o n t o a p p e a r a t l o w e r f r e q u e n c i e s . 

b ) S t e r i c e f f e c t s t h a t r e d u c e t h e c o p l a n a r i t y o f t h e c o n j u g a t e d s y s t e m 

r e d u c e t h e e f f e c t o f c o n j u g a t i o n . 

c ) C o n j u g a t e d s y s t e m s w i t h s - t r a n s c o n f o r m a t i o n s w i l l a b s o r b a t l o w e r 

f r e q u e n c i e s t h a n t h e s - c i s c o n f o r m e r s . 

d ) T h e a b s o r p t i o n o f t h e o l e f i n i c b o n d i n c o n j u g a t i o n w i t h t h e 

c a r b o n y l g r o u p o c c u r s a t l o w e r f r e q u e n c y t h a n a n i s o l a t e d C=C b o n d . 

e ) T h e d i f f e r e n c e i n a b s o r p t i o n f r e q u e n c y b e t w e e n t h e c o n j u g a t e d C=0 

a n d C=C b o n d s i s s m a l l e r f o r t h e s - t r a n s (Ai7 < 60 c m " 1 ) t h a n f o r t h e s - c i s 

f o r m s (Au > 70 c m " 1 ) . 

f ) T h e r a t i o b e t w e e n t h e C=0 a n d C=C a b s o r p t i o n i n t e n s i t i e s i s g r e a t e r 

t h a n 5 . 2 i n t h e s - t r a n s , a n d b e t w e e n 0 . 6 a n d 3 . 5 i n t h e s - c i s c o n f o r m e r s . 

T h e e n e - d i o a t e s y s t e m o f d i m o r p h I , a s s h o w n i n t h e b o t t o m s p e c t r u m o f 

F i g u r e 3 6 , w a s c h a r a c t e r i z e d b y a v e r y s h a r p c a r b o n y l b a n d a t 1 7 1 6 c m * 1 

a n d a r e l a t i v e l y s t r o n g v i n y l a b s o r p t i o n a t 1 6 3 3 c m " 1 . D i m o r p h I I o n t h e 

o t h e r h a n d p r e s e n t e d two s t r o n g c a r b o n y l a b s o r p t i o n s a t f r e q u e n c i e s o f 

1 7 2 7 a n d 1 7 0 4 c m " 1 a n d a r e l a t i v e l y w e a k e r v i n y l a b s o r p t i o n a t 1 6 3 9 c m " 1 . 

I n s o l u t i o n t h e e n e - d i o a t e s y s t e m i s c h a r a c t e r i z e d b y a s t r o n g c a r b o n y l 

a b s o r p t i o n a t 1 7 0 5 , a s h o u l d e r a t 1 7 1 0 , a n d a v e r y w e a k v i n y l a b s o r p t i o n 

a t 1 6 3 0 c m " 1 . 
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T h e s p e c t r u m o f d i m o r p h I was r a t h e r s u r p r i s i n g i n v i e w o f t h e 

d i f f e r e n t d e g r e e s o f c o n j u g a t i o n o f t h e two c a r b o n y l g r o u p s w h i c h w e r e 

e x p e c t e d t o b e m a n i f e s t e d i n t h e f o r m o f two a b s o r p t i o n f r e q u e n c i e s . T h e 

s p e c t r u m o f d i m o r p h I I , o n t h e o t h e r h a n d , s e e m e d t o a g r e e w e l l w i t h a l l 

t h e a b o v e s p e c t r a l e x p e c t a t i o n s . T h e d i f f e r e n t a b s o r p t i o n f r e q u e n c i e s o f 

t h e t w o c a r b o n y l b a n d s , t h e p o s i t i o n o f t h e v i n y l a b s o r p t i o n ( c l o s e r t o 

t h e p r e s u m a b l y m o r e c o n j u g a t e d c a r b o n y l , AT" = 65 c m " 1 ) , a n d t h e a p p a r e n t 

i n c r e a s e i n t h e c a r b o n y l / v i n y l i n t e n s i t y r a t i o a l l s e e m t o a g r e e w e l l w i t h 

t h e p r e s e n c e o f a n s - t r a n s c o n j u g a t e d a n d a n o n - c o n j u g a t e d c a r b o n y l g r o u p s 

i n t h e m o l e c u l a r s t r u c t u r e . I n t h e s o l u t i o n s p e c t r u m ( n o t s h o w n ) t h e m o s t 

s t r i k i n g o b s e r v a t i o n r e l a t e s t o t h e l o w a b s o r p t i o n i n t e n s i t y o f t h e v i n y l 

b a n d w h i c h w o u l d i n d i c a t e a p r e f e r e n t i a l s - t r a n s c o n f o r m a t i o n f o r b o t h 

c a r b o n y l g r o u p s . 

T h e u n e x p e c t e d a p p e a r a n c e o f t h e s p e c t r u m o f f o r m I c a l l s i n t o 

q u e s t i o n t h e v a l i d i t y o f t h e s t r u c t u r e - s p e c t r a l d a t a c o r r e l a t i o n s a s 

a p p l i e d t o t h e s e s y s t e m s a n d s u g g e s t s t h e o p e r a t i o n o f s p e c i f i c f a c t o r s 

d e p e n d e n t o n t h e c r y s t a l s t r u c t u r e . T h e s p e c t r a l d i f f e r e n c e s b e t w e e n t h e 

t w o d i m o r p h s c a n a l m o s t b e o b s e r v e d p e a k b y p e a k a n d t h e v a l u e o f s o l i d 

s t a t e i n f r a r e d s p e c t r a l m e a s u r e m e n t s c a n b e p r o p o s e d a s a v a l u a b l e a i d t o 

d i f f e r e n t i a t e p o l y m o r p h i c m a t e r i a l s . 8 d O u r r e s u l t s s h o u l d a l s o b e 

c o n s i d e r e d a s a s e r i o u s w a r n i n g t o t h e n o r m a l p r o c e d u r e o f a s s i g n i n g t h e 

c o n j u g a t i o n a l p r o p e r t i e s o f c a r b o n y l c o m p o u n d s u n i q u e l y f r o m i n f r a r e d 

s p e c t r o s c o p i c m e a s u r e m e n t s . 
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2 ) S o l i d S t a t e CPMAS l i C NMR S p e c t r a . 3 

T h e s o l i d s t a t e CPMAS 1 3 C NMR s p e c t r a o f d i m o r p h s I a n d I I o f d i e s t e r 

2 1 w e r e r e c o r d e d a t 45 MHz ( F i g u r e 3 7 ) . T h e m o l e c u l a r d i s y m m e t r y o f b o t h 

s o l i d s t a t e m o l e c u l a r s t r u c t u r e s w a s e v i d e n t f r o m t h e n u m b e r o f p e a k s i n 

t h e s p e c t r a . I n s o l u t i o n , t h e s p e c t r u m o f d i e s t e r 2 1 s h o w s o n l y 8 b a n d s 

i n d i c a t i n g a n a v e r a g e C 2 V s y m m e t r y . I n c o n t r a s t , t h e s p e c t r u m o f d i m o r p h 

I I c o n t a i n s u p t o 16 r e s o l v e d b a n d s c o r r e s p o n d i n g t o 22 n o n - e q u i v a l e n t 

c a r b o n s . T h e a s s i g n m e n t o f t h e v a r i o u s p e a k s , h o w e v e r , s e e m s p o s s i b l e 

o n l y w i t h i n g r o u p s o f s t r u c t u r a l l y s i m i l a r c a r b o n s ( m e t h y l , m e t h y l e n e , 

b r i d g e h e a d , p r o t o n a t e d a n d t e t r a s u b s t i t u t e d a r o m a t i c a n d c a r b o n y l 

c a r b o n s ) . T h e c a s e o f m o d i f i c a t i o n I i s e v e n m o r e c o m p l i c a t e d s i n c e t h e r e 

a r e two i n d e p e n d e n t m o l e c u l e s p e r a s y m m e t r i c u n i t . 8 8 F r o m 44 f o r m a l l y 

n o n - e q u i v a l e n t c a r b o n r e s o n a n c e s e x p e c t e d , t h e s p e c t r u m w a s c o m p o s e d o f 22 

w e l l r e s o l v e d s i g n a l s . I n c o n t r a s t t o t h e i n f r a r e d s p e c t r u m w h e r e o n l y o n e 

c a r b o n y l a b s o r p t i o n b a n d was f o u n d , t h e CPMAS 1 3 C NMR s p e c t r u m c a n r e s o l v e 

t h e f o u r n o n - e q u i v a l e n t c a r b o n y l c a r b o n s i n t o t h r e e p e a k s s p r e a d o v e r a 

r a n g e o f 11 p p m . T h e r e i s u n f o r t u n a t e l y n o t e n o u g h c e r t a i n t y a s t o t h e 

n a t u r e o f t h e c h e m i c a l s h i f t d i f f e r e n c e s i n t h e s o l i d s t a t e a n d t h i s 

i n f o r m a t i o n c a n n o t b e d i r e c t l y c o r r e l a t e d w i t h t h e s t r u c t u r a l p r o p e r t i e s 

o f t h e s u b s t i t u e n t 8 ^ ( s o m e t i m e s , h o w e v e r , a s s i g n m e n t s c a n b e p r o p o s e d 

b a s e d o n t h e s h i f t s f r o m t h e b e t t e r u n d e r s t o o d s o l u t i o n s p e c t r a ) . 8 o • ^ 

I 
a ) T h e C P M A S 1 3 C NMR s p e c t r a w e r e k i n d l y r e c o r d e d b y P r o f . J . R i p m e e s t e r 

a t t h e C h e m i s t r y D i v i s i o n o f t h e N a t i o n a l R e s e a r c h C o u n c i l i n O t t a w a . 



(a) 

i r 1 1 1 1 1 r 
160 140 120 100 80 60 40 20 P P M -

F i g u r e 3 7 . CPMAS 1 3 C NMR S p e c t r a o f E t / E t - 2 1 i n i t s ( a ) P 2 x / c a n d ( b ) 

P 2 ^ 2 ^ 2 ^ M o d i f i c a t i o n s (* = S p i n n i n g S i d e B a n d s ) . 
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D i i s o p r o p y l D i e s t e r 2 3 . 

1 ) S o l i d S t a t e F T I R s p e c t r a . 

E v e n t h o u g h t h e m o l e c u l a r s t r u c t u r e s o f t h e t w o d i m o r p h s o f d i e s t e r 23 

p r e s e n t r e l a t i v e l y s m a l l e r d i f f e r e n c e s , t h e t w o i n f r a r e d s p e c t r a w e r e j u s t 

a s d i f f e r e n t a s t h o s e f r o m t h e d i m o r p h s o f t h e d i e t h y l c o m p o u n d . T h e 

e n e - d i o a t e b a n d s y s t e m i n t h e c a s e o f t h e P2^2^2j^ m o d i f i c a t i o n w a s s i m i l a r 

t o t h e o n e o b s e r v e d i n t h e e q u i v a l e n t d i m o r p h o f t h e d i e t h y l c o m p o u n d 

( F i g u r e 3 8 ) . Two s t r o n g c a r b o n y l s t r e t c h i n g b a n d s a t 1 7 2 4 a n d 1 7 0 4 c m " 1 

w e r e a c c o m p a n i e d b y t h e v i n y l a b s o r p t i o n a t 1 6 3 6 cm"-'-. T h e s p e c t r u m o f t h e 

P b c a m o d i f i c a t i o n , o n t h e o t h e r h a n d , w a s c o m p o s e d o f o n l y o n e c a r b o n y l 

a b s o r p t i o n a t 1 7 1 3 cm"-'- a n d a r e l a t i v e l y w e a k v i n y l a b s o r p t i o n a t 1 6 3 5 

c m ' ' - . I n t e r e s t i n g l y , h o w e v e r , some o t h e r a b s o r p t i o n b a n d s w e r e v e r y 

s i m i l a r i n b o t h d i m o r p h s . S u c h was t h e c a s e i n t h e c a r b o n - h y d r o g e n 

s t r e t c h i n g a n d b e n d i n g f r e q u e n c y r e g i o n s , ^ . 87 w h j . c h h a d b e e n f o u n d t o b e 

c o m p l e t e l y d i f f e r e n t f o r t h e two d i m o r p h s o f 2 1 . T h e s y m m e t r i c a n d 

a s y m m e t r i c C - H b e n d i n g ' - ' - 0 o f t h e i s o p r o p y l g r o u p s , f o r i n s t a n c e , o c c u r r e d 

a t 1 4 5 8 a n d 1 3 8 7 , 1 3 7 4 c m ' 1 i n t h e P b c a f o r m , a n d a t 1 4 5 9 a n d 1 3 8 7 , 1 3 7 4 

c m " 1 i n t h e P 2 ^ 2 ^ 2 ^ m o d i f i c a t i o n r e s p e c t i v e l y ( d o u b l e t s i n t h e a s y m m e t r i c 

b a n d s a r e t y p i c a l l y o b s e r v e d f o r i s o p r o p y l g r o u p s ) . 

T h e r e i s a g a i n n o o b v i o u s c o r r e l a t i o n b e t w e e n t h e e x p e c t e d a n d 

o b s e r v e d s p e c t r a l f e a t u r e s o f t h e e n e - d i o a t e c h r o m o p h o r e . 



F i g u r e 38. S o l i d S t a t e FTIR s p e c t r a o f D i e s t e r 23 i n i t s (A) P 2 1 2 1 2 1 

and (B) Pbca M o d i f i c a t i o n s . 



2 ) S o l i d s t a t e CPMAS L i C NMR s p e c t r a . 

T h e s o l i d s t a t e s p e c t r a o f t h e two d i m o r p h s o f t h e d i i s o p r o p y l 

c o m p o u n d ( F i g u r e 3 9 ) w e r e o b t a i n e d i n t h e same m a n n e r a s t h e s p e c t r a o f 

c o m p o u n d 2 1 . T h e s p e c t r u m o f t h e c h i r a l m o d i f i c a t i o n w a s f o u n d t o r e s o l v e 

i n u p t o 17 b a n d s f r o m t h e 24 n o n - e q u i v a l e n t c a r b o n s e x p e c t e d . E x c e l l e n t 

r e s o l u t i o n w a s o b s e r v e d i n t h e s i g n a l s b e l o n g i n g t o t h e c a r b o n y l (6 1 6 5 . 8 

a n d 1 6 3 . 6 ) , v i n y l ( 1 5 2 . 7 a n d 1 4 4 . 9 ) , i s o p r o p y l m e t h i n e ( 6 9 . 5 a n d 6 8 . 7 ) , 

b r i d g e h e a d ( 5 4 . 3 a n d 5 1 . 7 ) a n d a l l m e t h y l c a r b o n s ( 2 3 . 1 , 2 1 . 9 , 2 0 . 8 a n d 

1 9 . 1 ) , p r o b a b l y i n d i c a t i n g s u b s t a n t i a l m o l e c u l a r d i s s y m m e t r y . T h e s i g n a l s 

i n t h e s p e c t r u m o f t h e P b c a m o d i f i c a t i o n d i d n o t h a v e m u c h c o i n c i d e n c e 

w i t h t h e s i g n a l s o f t h e o t h e r d i m o r p h . T h e ' s p e c t r u m c o n s i s t e d o f 19 w e l l 

r e s o l v e d b a n d s f o r t h e same n u m b e r o f n o n - e q u i v a l e n t c a r b o n s ( 2 4 ) . A n 

i n c r e a s e d r e s o l u t i o n was o b s e r v e d i n t h e t e t r a s u b s t i t u t e d s p ^ r e g i o n w h e r e 

a l l s i x c a r b o n s w e r e w e l l r e s o l v e d ( t w o v i n y l i c a n d f o u r a r o m a t i c ) , a n d i n 

t h e i s o p r o p y l m e t h i n e c a r b o n s t h a t r e s o l v e d f r o m a A 5 = 3 4 H z i n t h e P 2 ^ 2 ^ 2 ^ 

m o d i f i c a t i o n t o A 5 = 6 4 H z i n t h e P b c a d i m o r p h . T h e m e t h y l r e g i o n o f t h i s 

d i m o r p h p r e s e n t e d o n l y t h r e e s i g n a l s f o r t h e f o u r m e t h y l g r o u p s . No 

o b v i o u s c o r r e l a t i o n c a n b e made b e t w e e n t h e o b s e r v e d c h e m i c a l s h i f t s a n d 

t h e p r e v i o u s l y d e t e r m i n e d X - r a y s t r u c t u r e s . 



F i g u r e 39. CPMAS 1 3 C NMR S p e c t r a o f i P r / i P r - 2 3 i n i t s ( A ) 

( B ) P 2 1 2 1 2 1 M o d i f i c a t i o n s (* - S p i n n i n g S i d e B a n d s ) . 
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D i f f e r e n c e s i n R e a c t i v i t y B e t w e e n D i m o r p h s . 

D i f f e r e n c e s i n t h e r e l a t i v e r e a c t i o n e f f i c i e n c y o f t h e s o l i d s t a t e 

r e a r r a n g e m e n t w e r e n o t i c e d b e t w e e n some o f t h e c r y s t a l l i n e m a t e r i a l s . A 

p a r t i c u l a r l y i n t e r e s t i n g c a s e w a s t h a t o f c r y s t a l s o f t h e d i e t h y l c o m p o u n d 

2 1 i n i t s P2^2^2]^ m o d i f i c a t i o n w h i c h r e a c t e d t h e m o s t s l u g g i s h l y o f a l l . 

S i n g l e c r y s t a l s p h o t o l y z e d f o r u p t o 20 m i n w i t h t h e n i t r o g e n l a s e r 

r e s u l t e d i n 2-4% c o n v e r s i o n u n d e r c o n d i t i o n s w h e r e t h e c r y s t a l s o f o t h e r 

c o m p o u n d s h a d r e a c t e d t o a n e x t e n t o f 15-25%. L o n g e r i r r a d i a t i o n s o f t h e 

u n r e a c t i v e c r y s t a l s r e s u l t e d i n i n c r e a s e d c o n v e r s i o n s o n l y a t t h e e x p e n s e 

o f c r y s t a l m e l t i n g . 

S p e c i f i c s o l i d s t a t e e f f e c t s o f t h i s n a t u r e h a v e s o m e t i m e s b e e n v e r y 

v a l u a b l e i n e s t a b l i s h i n g t h e p r i n c i p l e s t h a t c o n t r o l a s o l i d s t a t e 

r e a c t i o n . l a ' ^ T h e o p p o r t u n i t y o f h a v i n g a r e a c t i v e c o m p o u n d c r y s t a l l i z 

i n g i n d i f f e r e n t p a c k i n g a n d m o l e c u l a r a r r a n g e m e n t s c a n s o m e t i m e s g i v e 

i m p o r t a n t c l u e s a s t o t h e i n f l u e n c e o f m o l e c u l a r o r e n v i r o n m e n t a l s o l i d 

s t a t e e f f e c t s . I n o r d e r t o h a v e a q u a n t i t a t i v e m e a s u r e m e n t r e l a t i n g t h e 

r e a c t i o n e f f i c i e n c y f o r t h e d i f f e r e n t d i m o r p h s o f d i e s t e r s 2 1 a n d 2 3 , 

t h e i r r e l a t i v e q u a n t u m y i e l d s w e r e m e a s u r e d i n a m a n n e r s i m i l a r t o t h a t 

d e s c r i b e d f o r d i e s t e r M e / M e - 1 8 . T h e s a m p l e s w e r e d i s p e r s e d i n K B r 

m a t r i c e s a n d p h o t o l y z e d w i t h t h e n i t r o g e n l a s e r u s i n g t h e c o n d i t i o n s 

d e s c r i b e d b e f o r e . T h e p e r c e n t c o n v e r s i o n s w e r e d e t e r m i n e d b y o b s e r v i n g t h e 

c o n s u m p t i o n o f t h e i n f r a r e d v i n y l a b s o r p t i o n o f t h e e n e - d i o a t e s y s t e m o f 

t h e s t a r t i n g m a t e r i a l s a f t e r p h o t o l y s i s p e r i o d s o f 3 0 , 6 0 o r 1 2 0 s e c o n d s . 

A s s u m i n g a c o n s t a n t l a s e r i n t e n s i t y f o r a l l s a m p l e s , d i f f e r e n c e s i n 

c o n v e r s i o n a f t e r a g i v e n p h o t o l y s i s t i m e a r e d u e o n l y t o d i f f e r e n c e s i n 
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t h e i r e x t i n c t i o n c o e f f i c i e n t s a n d a b s o l u t e q u a n t u m y i e l d s . ' - 3 T h e h i g h e r 

t h e e x t i n c t i o n c o e f f i c i e n t o r t h e q u a n t u m y i e l d o f a c r y s t a l l i n e s a m p l e , 

t h e l a r g e r t h e r e a c t i o n e f f i c i e n c y w i l l a p p e a r . A t l o w c o n v e r s i o n v a l u e s 

t h e r e l a t i v e r e a c t i o n e f f i c i e n c y o f two s a m p l e s i s g i v e n b y t h e r a t i o o f 

t h e a m o u n t o f p r o d u c t s f o r m e d a f t e r a common i r r a d i a t i o n t i m e . T h e r e s u l t s 

o b t a i n e d w e r e n o r m a l i z e d w i t h r e s p e c t t o t h e m o r e r e a c t i v e d i i s o p r o p y l 

c o m p o u n d 2 3 i n i t s P b c a m o d i f i c a t i o n a n d a r e p r e s e n t e d i n T a b l e I V . T h e s e 

r e s u l t s c o n f i r m e d t h e i n i t i a l o b s e r v a t i o n t h a t i n d i c a t e d a d i s t i n c t i v e l y 

l o w r e a c t i v i t y f o r t h e P 2 ^ 2 ^ 2 ^ m o d i f i c a t i o n o f t h e d i e t h y l c o m p o u n d . 

I n t e r e s t i n g l y , t h e l a r g e r d i f f e r e n c e s i n t h e r e a c t i o n e f f i c i e n c y o b s e r v e d 

f o r t h e d i m o r p h s o f c o m p o u n d 2 1 p e r h a p s r e v e a l t h e l a r g e r d i f f e r e n c e s 

f o u n d i n t h e i r X - r a y c r y s t a l a n d m o l e c u l a r s t r u c t u r e s . T h e r e s u l t s 

p r e s e n t e d a r e a l s o i m p o r t a n t s i n c e t h e y d e m o n s t r a t e t h e f a c t t h a t s o l i d 

s t a t e r e a c t i o n s t h a t a p p e a r s i m i l a r f r o m t h e p r o d u c t a n a l y s i s p o i n t o f 

v i e w m a y h a v e s u b s t a n t i a l l y d i f f e r e n t k i n e t i c r e q u i r e m e n t s . 

T a b l e I V . R e l a t i v e R e a c t i o n E f f i c i e n c i e s o f C r y s t a l l i n e D i b e n z o b a r r e 

l e n e D i e s t e r s . 

C o m p o u n d S p a c e g r o u p R e l a t i v e E f f i c i e n c y 5 

1 8 P T 1 . 0 

2 1 P 2 T / C 0 . 8 

2 1 P 2 1 2 1 2 1 0 . 1 

2 3 P b c a 1 . 0 

2 3 P 2 1 2 1 2 1 ° - 6 

a ) R e l a t i v e c o n v e r s i o n v a l u e s c o n s t a n t w i t h i n c o n v e r s i o n s o f 3 - - 2 0 % . 



S e v e r a l o t h e r e x a m p l e s o f p o l y m o r p h i c - d e p e n d e n t r e a c t i v i t y h a v e , b e e n 

r e c o r d e d i n t h e l i t e r a t u r e . T h e e f f e c t o f p o l y m o r p h i s m o n t h e p h o t o c h e m i 

c a l r e s u l t s f r o m t h e c i n n a m i c a c i d s w a s i n f a c t o n e o f t h e m a i n f a c t o r s 

w h i c h h e l p e d S c h m i d t a n d C o h e n i n e s t a b l i s h i n g t h e f o u n d a t i o n s o f m o d e r n 

t o p o c h e m i s t r y . l a 

T h e e f f e c t o f p o l y m o r p h i s m o n u n i m o l e c u l a r p h o t o c h e m i c a l p h e n o m e n a , 

w h i c h i s h i g h l y r e l e v a n t t o t h e c a s e s p r e s e n t e d h e r e , h a s a l s o b e e n t h e 

s u b j e c t o f r a r e b u t i n t e r e s t i n g i n v e s t i g a t i o n s . 9 ^ a > 9 1 T h e e f f e c t s 

e n c o u n t e r e d h a v e b e e n m e a s u r e d m a i n l y f r o m t h e p r o d u c t a n a l y s i s p o i n t o f 

v i e w , b u t t h e k i n e t i c s o f t h e r e a c t i o n s , a t l e a s t i n a r e l a t i v e m a n n e r , 

m u s t h a v e b e e n a f f e c t e d a s w e l l . T o p o c h e m i c a l r e a c t i o n s i n p o l y m o r p h i c 

c r y s t a l s h a v e b e e n s h o w n t o b e c o n t r o l l e d b y t h e i r c r y s t a l a n d m o l e c u l a r 

a r r a n g e m e n t s . l a 1 ^ T h e d i f f e r e n c e i n t h e c h e m i c a l b e h a v i o r b e t w e e n 

p o l y m o r p h s d e p e n d s o n t h e i n f l u e n c e o f t h e i r s t r u c t u r e s o n t h e r e a c t i o n 

m e c h a n i s m . C a s e s w h e r e two c r y s t a l m o d i f i c a t i o n s p r e s e n t t h e s a m e s o l i d 

s t a t e r e a c t i v i t y , w h i c h may b e t o t a l l y d i f f e r e n t f r o m t h e o n e o b s e r v e d i n 

s o l u t i o n , m a y o c c u r i f t h e s o l i d s t a t e d e t e r m i n i n g f a c t o r s a r e s i m i l a r . 

T h i s i s p r e c i s e l y t h e c a s e o f t h e t h e r m a l l y o r p h o t o c h e m i c a l l y g e n e r a t e d 

r a d i c a l p a i r s f r o m t h e d i m o r p h s o f a z o b i s i s o b u t y r o n i t r i l e (77) s t u d i e d b y 

M c B r i d e a n d c o - w o r k e r s . 9 1 

T h e s o l u t i o n r e a c t i o n o f 77 was s h o w n t o g i v e f o u r p r o d u c t s , 95% o f 

w h i c h o r i g i n a t e f r o m c o u p l i n g o f t h e r a d i c a l f r a g m e n t s A a n d B ( F i g u r e 

4 0 ) . I n c o n t r a s t , i n t h e two c r y s t a l f o r m s a n i n d i s t i n g u i s h a b l e r e a c t i v i t y 

w a s o b s e r v e d a n d t h e p r e f e r r e d p r o d u c t s w e r e s h o w n t o f o r m f r o m r a d i c a l 

d i s p r o p o r t i o n a t i o n . I t w a s p r o p o s e d t h a t i n t h e s o l i d s t a t e t h e f o r m a t i o n 

o f p r o d u c t s w o u l d b e i m p e d e d b y t h e e x t r u d e d n i t r o g e n m o l e c u l e a n d b y 
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d i s t u r b a n c e o f t h e b a l a n c e d d i p o l a r i n t e r a c t i o n s b e t w e e n t h e n i t r i l e 

g r o u p s a n d t h e i r n e i g h b o r i n g m o l e c u l e s . 9 1 T h e s e d i s t u r b a n c e s , h o w e v e r , 

w e r e p o s t u l a t e d t o b e m o r e s e r i o u s i n t h e c a s e o f t h e m o t i o n s r e q u i r e d f o r 

t h e r e c o m b i n a t i o n c o m p a r e d t o t h o s e r e q u i r e d f o r t h e a l t e r n a t i v e h y d r o g e n 

a b s t r a c t i o n t h a t w o u l d l e a d t o t h e d i s p r o p o r t i o n a t i o n p r o d u c t s . T h e 

s i m i l a r i t y b e t w e e n t h e r e a c t i o n c o n t r o l l i n g f a c t o r s w a s a l s o s h o w n f r o m a 

100% c a g e e f f e c t f o u n d t o o p e r a t e i n b o t h c r y s t a l m o d i f i c a t i o n s . 9 1 

CN 
X 
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M E N=N 

Me 

Me 

CN 
77 

Me 
CN—(• N 

Me 
_ A 

Me 
2 7 -C N 

Me 
B — 1 

Disproportionation 
sol id state 

Me Me Me 
CN | | CN + ) = C - N M E 

Me Me Me 
Me 

CH 2 Me 
CN~^ + H-J -CN 

Me Me 
CN 

F i g u r e 4 0 . S o l u t i o n a n d S o l i d S t a t e P h o t o c h e m i s t r y o f A z a b i s i s o b u t y r o -

n i t r i l e . 

A n o t h e r e x a m p l e o f s o l i d s t a t e p h o t o c h e m i c a l p h e n o m e n a , t h i s t i m e w i t h 

s u b s t a n t i a l r e a c t i v i t y d i f f e r e n c e s b e t w e e n t w o d i m o r p h s , c o m e s f r o m t h e 

s t u d y o f t h e N o r r i s h t y p e I I r e a c t i o n o f a - a d a m a n t y l - p - c h l o r o - a c e t o p h e n o n e 

(78) s t u d i e d i n t h i s l a b o r a t o r y . 9 ^ 3 C i s a n d t r a n s c y c l o b u t a n o l p r o d u c t s 

w e r e f o u n d t o f o r m i n a m o u n t s t h a t d e p e n d e d o n t h e r e a c t i o n m e d i u m ( F i g u r e 

4 1 ) . I n s o l u t i o n a n d i n o n e o f t h e c r y s t a l f o r m s ( P 2 ^ / n ) l a r g e a m o u n t s o f 

c i s (-30%) a n d t r a n s (-70%) c y c l o b u t a n o l s w e r e f o r m e d . I n t h e o t h e r 



m o d i f i c a t i o n ( C 2 / c ) t h e m o r e s t a b l e t r a n s i s o m e r w a s f o u n d t o f o r m i n 

q u a n t i t a t i v e a m o u n t s . T h e r e m a r k a b l e d i f f e r e n c e b e t w e e n t h e t w o d i m o r p h s 

w a s f o u n d t o c o r r e l a t e w i t h t h e m o l e c u l a r g e o m e t r y i n t h e two c r y s t a l 

l a t t i c e s . T h e g e o m e t r i e s o f t h e 1 , 4 - b i r a d i c a l s g e n e r a t e d f r o m t h e i n i t i a l 

7 - h y d r o g e n a b s t r a c t i o n w e r e f o u n d t o b e v e r y s i m i l a r , h o w e v e r , t h e m o t i o n s 

r e q u i r e d t o f o r m t h e c i s c y c l o b u t a n o l p r o d u c t w o u l d b e p r o h i b i t i v e i n t h e 

C 2 / c m o d i f i c a t i o n . S u b s t a n t i a l s t e r i c h i n d r a n c e w o u l d d e v e l o p i n t h i s c a s e 

b e t w e e n t h e e d g e - o n a r y l g r o u p a n d t h e b u l k y a d a m a n t y l m o i e t y . T h e l a t t e r 

i n t e r a c t i o n w a s n o t p r e s e n t i n t h e P 2 ^ / n m o d i f i c a t i o n a n d w a s o b v i o u s l y 

u n e x p e c t e d i n t h e s o l u t i o n m e d i a . ^ a 

ci ; 

F i g u r e 4 1 . S o l i d S t a t e P h o t o c h e m i s t r y 

a c e t o p h e n o n e . 

o f a - A d a m a n t y l - p - c h l o r o -
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T h e e f f e c t s o f p o l y m o r p h i s m p r e s e n t e d a b o v e r e l a t e t o m e a s u r a b l e 

i n f l u e n c e s o f t h e c r y s t a l l a t t i c e s o n t h e c o n s t i t u t i o n o r r e l a t i v e 

c o n f i g u r a t i o n o f t h e p r o d u c t s f o r m e d . I n t h e c a s e o f t h e s y m m e t r i c 

d i e s t e r s s t u d i e d i n t h i s t h e s i s t h e r e a c t i o n m o d e l a n d s u b s t r a t e a r e n o t 

a m e n a b l e t o t h i s t y p e o f s e l e c t i v i t y . T h e d i b e n z o s e m i b u l l v a l e n e p r o d u c t s 

p r e s e n t e d h e r e , h o w e v e r , c a n b e f o r m e d b y f o u r t h e o r e t i c a l l y d i f f e r e n t 

r e a c t i o n p a t h w a y s ( F i g u r e 4 2 ) . Two o f t h e s e p a t h w a y s ( i . e . p a t h s 1 a n d 

2 ) w i l l g i v e o n e p r o d u c t e n a n t i o m e r w h i l e t h e o t h e r two ( p a t h s 3 a n d 4 ) 

w i l l g i v e t h e o p p o s i t e a n t i p o d e . T h e s e a l t e r n a t i v e s a r e e x p e c t e d t o b e 

a l l d e g e n e r a t e i n i s o t r o p i c s o l u t i o n m e d i a s i n c e t h e r e i s n o i n f l u e n c e 

t h a t may f a v o r t h e p r e f e r e n t i a l f o r m a t i o n o f a n y o f t h e m . I n t h e s o l i d 

s t a t e , o n t h e o t h e r h a n d , t h e m o l e c u l a r s t r u c t u r e s a n d c r y s t a l e n v i r o n 

m e n t s h a v e b e e n f o u n d t o b e d i s y m m e t r i c t h e r e f o r e m a k i n g t h e f o u r r e a c t i o n 

p a t h w a y s n o l o n g e r e q u i v a l e n t . U n d e r t h e s e c o n d i t i o n s t h e s o l i d s t a t e 

r e a c t i o n i s e x p e c t e d t o b e s t e r e o s e l e c t i v e a n d g i v e p r e f e r e n t i a l l y 

p r o d u c t s a r i s i n g f r o m o n e o f t h e f o u r a l t e r n a t i v e r e a c t i o n p a t h w a y s s h o w n 

i n F i g u r e 4 2 . S i n c e t h i s s t e r e o s e l e c t i v i t y r e f e r s t o t h e u n e q u a l f o r m a t i o n 

o f e n a n t i o m e r i c p r o d u c t s , a s we w i l l s e e , i t w i l l b e a m e n a b l e t o e x p e r 

i m e n t a l d e t e r m i n a t i o n i n t h e c a s e o f t h e c r y s t a l w i t h a c h i r a l s p a c e 

g r o u p . 
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F i g u r e 42. T h e F o u r R e a c t i o n P a t h w a y s o f S y m m e t r i c a l l y S u b s t i t u t e d 

D i b e n z o b a r r e l e n e D i e s t e r s . 

M o l e c u l a r a n d C r y s t a l C h i r a l i t y . 

A n i n t e r e s t i n g f e a t u r e , common t o a l l t h e d i e s t e r s s t u d i e d u p t o t h i s 

p o i n t , i s t h e d i s y m m e t r y o f t h e i r s o l i d s t a t e m o l e c u l a r s t r u c t u r e . T h e 

c o n s e q u e n c e s o f s t r u c t u r a l d i s y m m e t r y o n c h e m i c a l r e a c t i v i t y a r e v e r y 

p r o f o u n d a n d r e q u i r e a d d i t i o n a l c o m m e n t . ^ 2 

C h i r a l i t y i s t h e n o n - i d e n t i t y o f t w o o b j e c t s t h a t a r e r e l a t e d b y a 

m i r r o r s y m m e t r y r e l a t i o n s h i p a n d i s a p r o p e r t y t h a t c a n b e c o m m o n t o 

Q O 
m o l e c u l e s a n d c r y s t a l s . c A c r y s t a l i s s a i d t o b e c h i r a l i f i t l a c k s 
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s y m m e t r y o p e r a t i o n s s u c h a s i n v e r s i o n c e n t e r s , m i r r o r a n d g l i d e p l a n e s 

t h a t c o n v e r t a n o b j e c t i n t o i t s a n t i p o d e . C r y s t a l c h i r a l i t y d o e s n o t 

r e q u i r e p e r m a n e n t m o l e c u l a r c h i r a l i t y s i n c e a c h i r a l p e r i o d i c e n s e m b l e c a n 

b e c o n s t r u c t e d b y o r g a n i z i n g a n y r e p e a t i n g o b j e c t i n a d i s y m m e t r i c , t h r e e 

d i m e n s i o n a l a r r a n g e m e n t . W h i l e h o m o c h i r a l m o l e c u l e s m u s t a l w a y s f o r m 

c h i r a l c r y s t a l s , a c h i r a l a n d r a c e m i c c o m p o u n d s c a n a l s o s o m e t i m e s 

c r y s t a l l i z e i n c h i r a l s p a c e g r o u p s . 9 3 

C r y s t a l c h i r a l i t y w i t h o u t m o l e c u l a r c h i r a l i t y i s r e l a t i v e l y r a r e . F r o m 

t h e 2 3 0 p o s s i b l e w a y s ( s p a c e g r o u p s ) o f b u i l d i n g a c r y s t a l , i t h a s b e e n 

d e m o n s t r a t e d t h a t 65 c a n b e c a t e g o r i z e d a s c h i r a l . 9 ^ I t h a s b e e n n o t i c e d 

t h a t t w o s p a c e g r o u p s a r e t h e m o s t c o m m o n l y f o u n d , P 2 ^ 2 ^ 2 ^ a n d P 2 ^ , a n d 

a c c o u n t f o r a p p r o x i m a t e l y 18% o f a l l t h e c r y s t a l s t r u c t u r e s d e t e r m i n e d u p 

t o 1 9 8 3 . 9 ^ T h i s p e r c e n t a g e , h o w e v e r , i s p r o b a b l y d o m i n a t e d b y c h i r a l 

m o l e c u l e s f r o m n a t u r a l s o u r c e s w i t h o n l y a s m a l l a m o u n t c o r r e s p o n d i n g t o 

c o m p 6 u n d s t h a t a r e a c h i r a l i n s o l u t i o n . C r y s t a l c h i r a l i t y w i t h o u t 

m o l e c u l a r c h i r a l i t y c a n b e f o u n d i n c o m p o u n d s t h a t c a n b e c l a s s i f i e d i n 

two g e n e r a l c a t e g o r i e s a c c o r d i n g t o t h e i r l i q u i d p h a s e c o n f o r m a t i o n a l 

c h a r a c t e r i s t i c s : 9 ^ a > 9 3 ( 1 ) f l e x i b l e m o l e c u l e s t h a t a d o p t c h i r a l 

c o n f o r m a t i o n s i n t h e s o l i d s t a t e , w h i l e i n s o l u t i o n m a i n t a i n a n a v e r a g e 

m o l e c u l a r s y m m e t r y t h r o u g h f a s t c o n f o r m a t i o n a l m o t i o n s , a n d , ( 2 ) r i g i d 

m o l e c u l e s t h a t , e x c e p t f o r m i n o r d e f o r m a t i o n s , c a n n o t f o r m s i g n i f i c a n t 

c h i r a l c o n f o r m a t i o n s i n s o l u t i o n o r i n t h e s o l i d s t a t e . T h i s d i s t i n c t i o n 

i s s o m e t i m e s u s e f u l w h e n o n e c o n s i d e r s t h e s e p a r a t e c o n t r i b u t i o n s o f 

m o l e c u l a r a n d c r y s t a l l a t t i c e c h i r a l i t y i n a s o l i d s t a t e c h e m i c a l 

r e a c t i o n . ? i 

T h e d i e s t e r s 21 a n d 23 c l e a r l y f a l l i n t h e f i r s t c a t e g o r y a n d c a n b e 
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c o n s i d e r e d t o u n d e r g o a p r o c e s s a n a l o g o u s t o t h e c l a s s i c " s p o n t a n e o u s 

r e s o l u t i o n " o f b i n a p h t h y l s t u d i e d b y P i n c o c k . ^ ° N u c l e a t i o n h e r e c a n o c c u r 

i n t h e r a c e m i c ( P 2 ] / c a n d P b c a ) a n d t h e c h i r a l ( P 2 ^ 2 ^ 2 ^ ) m o d i f i c a t i o n s o f 

21 a n d 23 r e s p e c t i v e l y . I f n u c l e a t i o n o c c u r s i n o n e o f t h e r a c e m i c 

c r y s t a l s , t h e t w o e n a n t i o m e r s w i l l b e p r e s e n t i n e q u a l a m o u n t s i n 

c o n f o r m a t i o n s t h a t may b e s i m i l a r t o ( c o m p o u n d 23), o r v e r y d i f f e r e n t 

( c o m p o u n d 21), t h a n t h e o n e o b s e r v e d i n t h e c h i r a l m o d i f i c a t i o n s . I f 

n u c l e a t i o n o c c u r s f i r s t i n a c h i r a l m o d i f i c a t i o n t h e e n t i r e s a m p l e , w h i c h 

i s i n d y n a m i c e n a n t i o m e r i c e q u i l i b r i u m i n s o l u t i o n , may c r y s t a l l i z e w i t h 

o n l y o n e c h i r a l i t y . ^ ° • ^ <^ 8 

S i n c e two c r y s t a l f o r m s u s u a l l y d i f f e r i n e n e r g y ^ 2 t h e r e e x i s t s t h e 

p o s s i b i l i t y t h a t p r e f e r e n t i a l c r y s t a l l i z a t i o n o f o n e o f t h e m w i l l b e 

f a v o r e d u n d e r a g i v e n s e t o f e x p e r i m e n t a l c o n d i t i o n s . D i e s t e r 23 w a s f o u n d 

t o b e s u c h a c a s e s i n c e c r y s t a l l i z a t i o n f r o m t h e m e l t o r c y c l o h e x a n e was 

f o u n d t o g i v e s p e c i f i c a l l y c r y s t a l s o f t h e P2]^2^2^ a n d P b c a m o d i f i c a t i o n s , 

r e s p e c t i v e l y . S o m e t i m e s , h o w e v e r , t h e c o n d i t i o n s f o r n u c l e a t i o n a r e s o 

s i m i l a r t h a t e i t h e r f o r m c a n a p p e a r u n d e r r e p e a t e d l y s i m i l a r c o n d i t i o n s a s 

w a s t h e c a s e w i t h d i e s t e r 21. F o r t u n a t e l y i n t h e c a s e o f t h i s c o m p o u n d 

t h e r a t e o f c r y s t a l g r o w t h s e e m e d t o b e s o l a r g e w i t h r e s p e c t t o t h e 

n u c l e a t i o n r a t e t h a t p u r e c r y s t a l s o f t h e p r e s u m a b l y f i r s t s e e d f o r m e d 

p r e c i p i t a t e d t h e e n t i r e s a m p l e . 

A b s o l u t e A s y m m e t r i c S y n t h e s i s . ' 2 

A s y m m e t r i c s y n t h e s i s w a s d e f i n e d b y M a r k w a l d ^ i n 1 9 0 4 a s " a r e a c t i o n 

w h i c h p r o d u c e s o p t i c a l l y a c t i v e s u b s t a n c e s f r o m s y m m e t r i c a l l y c o n s t i t u t e d 
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c o m p o u n d s w i t h t h e i n t e r m e d i a t e u s e o f o p t i c a l l y a c t i v e m a t e r i a l s b u t w i t h 

t h e e x c l u s i o n o f a l l a n a l y t i c a l p r o c e s s e s . " L a t e r , t h i s d e f i n i t i o n w a s 

m o d i f i e d b y M o r r i s o n a n d M o s h e r 1 0 0 i n o r d e r t o i n c l u d e o t h e r s t e r e o c h e m i 

c a l a s p e c t s s u c h a s d i a s t e r e o s e l e c t i v i t y : " A s y m m e t r i c s y n t h e s i s i s a 

r e a c t i o n i n w h i c h a n a c h i r a l u n i t i n a n e n s e m b l e o f s u b s t r a t e m o l e c u l e s i s 

c o n v e r t e d b y a r e a c t a n t i n t o a c h i r a l u n i t i n s u c h a m a n n e r t h a t t h e 

s t e r e o i s o m e r i c p r o d u c t s a r e p r o d u c e d i n u n e q u a l a m o u n t s . " 

A t t h e p r e s e n t t i m e , t h e m a i n g o a l s o f a s y m m e t r i c s y n t h e s e s a r e m o r e 

i n l i n e w i t h M a r k w a l d ' s d e f i n i t i o n s i n c e e n a n t i o s e l e c t i v e a s y m m e t r i c 

s y n t h e s i s h a s b e c o m e w i t h o u t d o u b t o n e o f t h e m o s t i m p o r t a n t c h a l l e n g e s o f 

s y n t h e t i c c h e m i s t r y . 1 0 1 T h e a s y m m e t r i c s y n t h e s i s p r o c e s s o c c u r s b e c a u s e 

t h e t r a n s i t i o n s t a t e s o f t h e n o r m a l l y d e g e n e r a t e e n a n t i o m e r i c r e a c t i o n 

p a t h w a y s a r e r e n d e r e d e n e r g e t i c a l l y d i f f e r e n t , o r d i a s t e r e o m e r i c i n 

n a t u r e , b y t h e d i s y m m e t r i c c h i r a l i n f l u e n c e . 1 0 ^ >107 R e s e a r c h i n t h i s a r e a 

h a s b r o u g h t a n i n c r e a s i n g n u m b e r o f l i t e r a t u r e r e p o r t s w h e r e o p t i c a l l y 

a c t i v e p r o d u c t s h a v e b e e n g e n e r a t e d t h r o u g h t h e i n f l u e n c e o f r e s o l v e d 

r e a g e n t s , 1 0 0 < 1 0 1 c a t a l y s t s , 1 0 0 , 1 0 3 s o l v e n t s , 1 0 ^ h o s t m o l e c u l e s 1 0 5 a n d 

a l s o , w i t h v e r y m o d e s t s u c c e s s , w i t h p h y s i c a l a g e n t s s u c h a s c i r c u l a r l y 

p o l a r i z e d l i g h t . 1 0 6 

A v e r y s p e c i a l c i r c u m s t a n c e m a y a r i s e w h e n t h e d i s y m m e t r y o r i g i n a t e s 

f r o m t h e c h i r a l e n v i r o n m e n t o r m o l e c u l a r s t r u c t u r e t h a t m a n y c o m p o u n d s 

d i s p l a y i n t h e s o l i d s t a t e . 9 ^ i f t h e s e c o m p o u n d s a r e s y m m e t r i c i n s o l u t i o n 

a n d t h e i r c h i r a l i t y c a n o n l y e x i s t i n t h e s o l i d s t a t e t h e s c e n a r i o i s s e t 

f o r t h e i n t r i g u i n g p o s s i b i l i t y o f a n a b s o l u t e a s y m m e t r i c s y n t h e s i s i f a 

s o l i d s t a t e r e a c t i o n c o n v e r t s t h e c r y s t a l c h i r a l i t y i n t o p e r m a n e n t 

m o l e c u l a r c h i r a l i t y . I t s h o u l d b e n o t e d t h a t t h e t e r m a b s o l u t e a s y m m e t r i c 
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s y n t h e s i s r e f e r s m o r e t o t h e f a c t t h a t t h e s e p r o c e s s e s c a n g e n e r a t e 

o p t i c a l l y a c t i v e p r o d u c t s w i t h o u t i m p o s i t i o n b y m a n o f a n y e x t e r n a l c h i r a l 

i n f l u e n c e t h a n t o t h e f o r m a t i o n o f p r o d u c t s i n q u a n t i t a t i v e e n a n t i o m e r i c 

y i e l d . 9 2 3 

T h e f o r m a t i o n o f o p t i c a l l y a c t i v e s u b s t a n c e s f r o m a c h i r a l s t a r t i n g 

m a t e r i a l s h a s b e e n o n e o f t h e m o s t d r a m a t i c d e m o n s t r a t i o n s o f t h e 

c a p a b i l i t i e s o f s o l i d s t a t e c h e m i s t r y . A l t h o u g h t h e p o s s i b i l i t y o f 

e x p l o i t i n g c r y s t a l c h i r a l i t y f o r t h e p u r p o s e o f a s y m m e t r i c s y n t h e s i s was 

r e c o g n i z e d o v e r 80 y e a r s a g o b y O s t r o m i s s l e n s k y , 1 0 ^ i t w a s n o t u n t i l t h e 

1 9 6 0 s t h a t t h i s b e c a m e a n e x p e r i m e n t a l f a c t . F o l l o w i n g a p i o n e e r i n g r e p o r t 

b y F a r i n a a n d N a t t a 1 0 9 o n t h e u s e o f c r y s t a l l i n e c h i r a l i n c l u s i o n 

c o m p o u n d s t o i n d u c e e n a n t i o s p e c i f i c p o l y m e r i z a t i o n , S c h m i d t a n d P e n z i e n 1 1 0 

d e m o n s t r a t e d t h e f e a s i b i l i t y o f a s y m m e t r i c i n d u c t i o n b y c h i r a l c r y s t a l s o f 

a c h i r a l c o m p o u n d s i n t h e s o l i d s t a t e b y b r o m i n a t i o n o f 

p , p - d i m e t h y l - c h a l c o n e . S u b s e q u e n t w o r k c a r r i e d o u t b y w o r k e r s a t t h e 

W e i z m a n n I n s t i t u t e o f S c i e n c e b r o u g h t a b o u t r e m a r k a b l e d e v e l o p m e n t s i n t h e 

f i e l d b y m a k i n g u s e o f t h e w e l l k n o w n [2+2] p h o t o c y c l o a d d i t i o n r e a c t i o n o f 

c r y s t a l l i n e o l e f i n s . 1 1 1 T h e r e s u l t s d e s c r i b e d b y t h e s e w o r k e r s o v e r a 

p e r i o d o f a b o u t t e n y e a r s c o n s t i t u t e d t h e r a t i o n a l d e v e l o p m e n t o f f e a s i b l e 

r e a c t i o n m o d e l s t h r o u g h some o f t h e f i r s t a n d m o s t e l e g a n t e x a m p l e s o f 

c r y s t a l e n g i n e e r i n g . 1 1 2 a " ^ T h e p r o b l e m s t o o v e r c o m e c a m e f r o m t h e 

r e q u i r e m e n t s f o r c y c l o a d d i t i o n w h i c h i n c l u d e a p a r a l l e l f a c e - t o - f a c e 

o r i e n t a t i o n b e t w e e n t h e t w o d o u b l e b o n d s w i t h a c e n t e r - t o - c e n t e r d i s t a n c e 

o f l e s s t h a n a p p r o x i m a t e l y 4 . 2 A . l a ' 9 ' 1 0 M o n o o l e f i n i c c o m p o u n d s c a n h a v e 

t h i s a r r a n g e m e n t i n t h e s o l i d s t a t e w h e n t h e two m o l e c u l e s u n d e r g o i n g 

d i m e r i z a t i o n a r e r e l a t e d b y a t r a n s l a t i o n a x i s , i n v e r s i o n c e n t e r o r a 
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m i r r o r p l a n e . A s m e n t i o n e d b e f o r e , o n l y t h e f i r s t s y m m e t r y e l e m e n t i s 

a l l o w e d i n a c h i r a l c r y s t a l , a n d s i m p l e o l e f i n i c c o m p o u n d s w o u l d g i v e 

p r o d u c t s n e c e s s a r i l y h a v i n g a m i r r o r p l a n e p e r p e n d i c u l a r t o t h e t r a n s l a -

t i o n a l a x i s . 1 1 2 a T h i s s i t u a t i o n was f o u n d t o b e t h e c a s e i n c h i r a l 

c r y s t a l s o f t h e a c h i r a l d i a r y l b u t a d i e n e s 79 a n d 8 0 ( F i g u r e 4 3 ) w h i c h w e r e 

f o u n d t o c r y s t a l l i z e i n t h e c h i r a l s p a c e g r o u p P 2 ^ 2 ^ 2 ^ . W h i l e p h o t o l y s i s 

o f t h e s e c o m p o u n d s g a v e t h e e x p e c t e d m i r r o r - s y m m e t r i c c y c l o b u t a n e s 8 1 a n d 

82 r e s p e c t i v e l y , t h e p o s s i b i l i t y o f g e n e r a t i n g o p t i c a l l y a c t i v e p r o d u c t s 

w a s made e f f e c t i v e b y p r e p a r i n g d i l u t e s o l i d s o l u t i o n s o f c o m p o u n d 80 i n 

c r y s t a l s o f c o m p o u n d 79 a n d p h o t o l y z i n g t h e f o r m e r i n a s e l e c t i v e m a n n e r . 

T h e m i x e d d i m e r 83 w a s s a t i s f y i n g l y f o u n d t o b e f o r m e d w i t h a n e n a n t i o m 

e r i c e x c e s s o f 7 0 % . 1 1 2 a 

F u r t h e r w o r k i n t h i s a r e a was f o c u s s e d o n a r e a c t i o n m o d e l t h a t 

i n c l u d e d t h e u s e o f c h i r a l c r y s t a l s o f d i s u b s t i t u t e d d i o l e f i n i c c o m p o u n d s 

w i t h t h e g e n e r a l s t r u c t u r e 8 4 , i n F i g u r e 4 4 . T h e s t r a t e g y e m p l o y e d w a s 

b a s e d o n t h e i n i t i a l u s e o f t h e o p t i c a l l y a c t i v e m a t e r i a l 8 4 - s B u [R= 

( R ) - o r ( S ) - s e c - b u t y l ] i n o r d e r t o e n s u r e c r y s t a l s w i t h a c h i r a l s p a c e 

g r o u p . T h i s c o m p o u n d was s u b s e q u e n t l y u s e d a s a c r y s t a l t e m p l a t e f r o m 

w h i c h c r y s t a l s o f o t h e r a c h i r a l c o m p o u n d s c o u l d b e d e s i g n e d a n d p h o t o l y z e d 

t o g i v e o p t i c a l l y a c t i v e p r o d u c t s . T h e a p p r o a c h w a s q u i t e s u c c e s s f u l a n d 

h a s b e e n t h e t o p i c o f d e t a i l e d a n a l y s i s i n s e v e r a l r e v i e w a r t i c l e s t o 

w h i c h t h e r e a d e r i s r e f e r r e d i n o r d e r t o o b t a i n a d d i t i o n a l i n f o r m a -

t i o n 9 2 , 1 1 2 b , c 



F i g u r e 44. A s y m m e t r i c S y n t h e s i s b y R e a c t i o n o f U n s y m m e t r i c a l l y 

S u b s t i t u t e d V i n y l D i a c r y l a t e s . 
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A s y m m e t r i c S y n t h e s i s b y R e a c t i o n o f D i e t h y l D i e s t e r 2 1 . 

F o u r c h i r a l s i n g l e c r y s t a l s o f 21 s e l e c t e d a t r a n d o m , o n e c r y s t a l o f 

t h e r a c e m i c m o d i f i c a t i o n a n d 1 m l o f a 0 . 1 M b e n z e n e s o l u t i o n w e r e 

p h o t o l y z e d w i t h t h e n i t r o g e n l a s e r f o r 20 m i n a t a m b i e n t t e m p e r a t u r e 

( 2 0 ° C ) . A l t h o u g h t h e s a m e p h o t o l y s i s p r o d u c t w a s d e t e c t e d i n a l l t h e 

s a m p l e s b y g l c a n a l y s i s , p o l a r i m e t r i c a n a l y s i s r e v e a l e d o p t i c a l a c t i v i t y 

o n l y i n t h e c a s e o f t h e c h i r a l c r y s t a l i r r a d i a t i o n s ( T a b l e V ) . T h e o p t i c a l 

r o t a t i o n o f t h e s a m p l e s c o n t a i n i n g c h i r a l p r o d u c t s v a r i e d b y a s m u c h a s a 

f a c t o r o f t w o . H o w e v e r , w h e n t h e s p e c i f i c r o t a t i o n s w e r e c a l c u l a t e d , t h e 

s p e c i f i c r o t a t i o n o f a l l f o u r s a m p l e s was f o u n d t o b e c o n s t a n t w i t h i n 

a p p r o x i m a t e l y 5%. T h e s p e c i f i c r o t a t i o n o f t h e p h o t o p r o d u c t 55 f r o m e a c h 

s a m p l e w a s c a l c u l a t e d f r o m t h e w e i g h t o f t h e c r y s t a l a n d t h e p e r c e n t 

c o n v e r s i o n d e t e r m i n e d b y g l c . T h e s u b s t a n t i a l a m o u n t s o f u n r e a c t e d 21 

c o n t r i b u t e n o t h i n g t o t h e r o t a t i o n s i n c e t h i s c o m p o u n d i s a c h i r a l i n 

s o l u t i o n . 

T h e l o w c o n v e r s i o n s o b t a i n e d i n t h e s e e x p e r i m e n t s c o n f i r m e d t h e 

p r e v i o u s o b s e r v a t i o n o f t h e r e l a t i v e l y l o w r e a c t i o n e f f i c i e n c y o f 2 1 . I t 

w a s a l s o o b s e r v e d t h a t l o n g e r p h o t o l y s i s p e r i o d s d i d n o t i n c r e a s e t h e 

a m o u n t o f p r o d u c t w i t h o u t r e s u l t i n g i n s i g n i f i c a n t c r y s t a l m e l t i n g . 
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2 1 5 5 

TABLE V. S o l i d State Induced Optical A c t i v i t y i n Cr y s t a l s of 21 

w (g) space group a D a % conversion [o]D melting 

0 . 1 3 0 3 P 2 1 2 1 2 1 0 . 0 5 0 2 8 1 3 . 6 no 

0 . 9 6 5 0 M 0 . 0 4 0 2 9 14 . 3 no 

0 . 0 8 2 4 IT 0 . 0 3 6 3 2 1 3 . 7 no 

0 . 2 0 2 4 tt 0 . 0 5 6 2 0 1 3 . 8 no 

0 . 0 2 3 6 P 2]/c 0 . 0 0 0 12 3 0 . 0 no 

Solution _ 0 . 0 0 0 96 0 0 . 0 -

a) Reading uncertainty ± 0 . 0 0 2 ° 

The enantiomeric excess of the dibenzosemibullvalene 5 5 was determined 

by NMR c h i r a l s h i f t reagent s t u d i e s . 1 1 3 A sample of racemic 

dibenzosemibullvalene 5 5 was f i r s t analyzed with the c h i r a l s h i f t reagent 

Eu(hfc)3 [3-(heptafluoropropyl hydroxymethylene)-d-camphorato)europium 

(II I ) ] i n order to analyze the p o s s i b i l i t i e s of s u i t a b l e enantiomeric 

r e s o l u t i o n . The non-equivalent protons Ha, Hb, He and Hd (two diaste-
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r e o t o p i c p a i r s , i n F i g u r e 4 5 ) o f t h e m e t h y l e n e g r o u p s o f t h e e s t e r 

s u b s t i t u e n t s p r e s e n t e d s i g n i f i c a n t r e s o l u t i o n a f t e r a d d i t i o n o f 1 e q o f 

E u ( h f c ) 3 . Two o v e r l a p p i n g m u l t i p l e t s i n i t i a l l y a t 4 . 3 2 ( H e a n d H d ) a n d a t 

4 . 1 5 p p m ( H a a n d H b ) s h i f t e d a n d r e s o l v e d i n t o s i x o u t o f t h e e i g h t 

p o s s i b l e s i g n a l s , f o u r n o n - e q u i v a l e n t p r o t o n s e a c h a s a n e n a n t i o m e r i c 

p a i r : ( + ) - H a , ( - ) - H a , ( + ) - H b , ( - ) - H b , e t c . , a t 5 . 2 0 ( I H ) , 5 . 0 5 ( I H ) , 4 . 7 0 

( I H ) , 4 . 5 - 4 . 3 ( 4 H ) a n d 4 . 1 0 ( I H ) . 

A l t h o u g h a s s i g n m e n t o f t h e r e s o l v e d s i g n a l s , a s a r i s i n g f r o m t h e 

c h e m i c a l n o n - e q u i v a l e n c e o r f r o m t h e e n a n t i o m e r i c r e s o l u t i o n i s n o t 

p o s s i b l e w i t h t h i s i n f o r m a t i o n , i t w a s p r e s u m e d t h a t a n a l y s i s o f t h e 

o p t i c a l l y a c t i v e m a t e r i a l s h o u l d s h e d some l i g h t o n t h i s q u e s t i o n . 

H b 

F i g u r e 4 5 . T h e F o u r N o n - E q u i v a l e n t P r o t o n s i n t h e M e t h y l e n e G r o u p s o f 

t h e D i e t h y l D i b e n z o s e m i b u l l v a l e n e D i e s t e r 5 5 . 

A s i n g l e c r y s t a l o f 2 1 w e i g h i n g 6 5 . 4 mg w a s p h o t o l y z e d w i t h t h e 

n i t r o g e n l a s e r f o r a p p r o x i m a t e l y t h r e e h o u r s a t - 1 0 ° C i n o r d e r t o g e t t h e 

l a r g e s t p o s s i b l e c o n v e r s i o n . A f t e r p h o t o l y s i s t h e c r y s t a l p r e s e n t e d 

e v i d e n c e o f m e l t i n g a n d t h e c o n v e r s i o n a n d s p e c i f i c r o t a t i o n s w e r e 
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d e t e r m i n e d t o b e 13.2% a n d 1 0 . 8 ° r e s p e c t i v e l y . W h e n a n a l y z e d w i t h 1 e q o f 

t h e c h i r a l s h i f t r e a g e n t t h i s s a m p l e p r e s e n t e d r e s o l u t i o n s i m i l a r t o t h e 

p u r e r a c e m a t e b u t w i t h a s i g n i f i c a n t i n t e r f e r e n c e f r o m t h e s i g n a l s o f t h e 

s t a r t i n g m a t e r i a l ( 86 .8%) a r o u n d 4 . 5 p p m . H o w e v e r , t h e t w o s i g n a l s a t t h e 

l o w e r e n d o f t h e m e t h y l e n e s e c t i o n w e r e f o u n d ( s i m i l a r t o t h e p r e v i o u s 

e x p e r i m e n t ) a t 5 . 5 0 a n d 5 . 3 0 p p m . S i n c e t h e r e l a t i v e i n t e n s i t y o f t h e s e 

two s i g n a l s w a s f o u n d t o b e i n a r a t i o o f 4 t o 1 (+ 10%) we c o n c l u d e d t h a t 

t h e y m u s t b e a s s i g n e d a s b e l o n g i n g t o t h e two d i f f e r e n t e n a n t i o m e r s . 

I n t e g r a t i o n f r o m two c h e m i c a l l y n o n - e q u i v a l e n t p r o t o n s o f t h e same 

e n a n t i o m e r w o u l d b e e x p e c t e d t o b e i d e n t i c a l . 

T h e r e l a t i v e i n t e n s i t y o f t h e s e two s i g n a l s c o r r e s p o n d s t o a n 

e n a n t i o m e r i c e x c e s s ( e . e . ) o f 60%. T h i s e n a n t i o m e r i c e x c e s s s u g g e s t s t h a t 

t h e s a m p l e s p h o t o l y z e d t o l o w c o n v e r s i o n s p r e s e n t a n o p t i c a l p u r i t y o f 80% 

a n d a m a x i m u m o p t i c a l 1 1 ^ r o t a t i o n o f c a . [ a ] D m a x = 1 8 ° . 

A s y m m e t r i c S y n t h e s i s b y R e a c t i o n o f D i e s t e r 2 3 . 

T h e a s y m m e t r i c i n d u c t i o n i n t h e c h i r a l c r y s t a l s o f c o m p o u n d 23 was 

s t u d i e d i n a m a n n e r s i m i l a r t o t h a t d e s c r i b e d f o r c o m p o u n d 2 1 . A s b e f o r e , 

t h e s p e c i f i c o p t i c a l r o t a t i o n f r o m a r e l a t i v e l y l a r g e n u m b e r o f s a m p l e s 

w a s f o u n d t o b e c o n s i s t e n t a n d f a i r l y h i g h . T h e p e r c e n t c o n v e r s i o n , 

h o w e v e r , c o u l d b e v a r i e d f r o m 2 t o 22% w i t h n o a p p a r e n t p r e j u d i c e t o t h e 

s p e c i f i c o p t i c a l r o t a t i o n o b t a i n e d . T h e f i r s t t w o e n t r i e s i n T a b l e V I 

c o r r e s p o n d t o c r y s t a l s f r o m t h e f i r s t , s p o n t a n e o u s l y o b t a i n e d m a t e r i a l , 

a n d t h e s a m p l e s t h a t f o l l o w c o r r e s p o n d t o a s e c o n d b a t c h w h e r e c r y s t a l l 

i z a t i o n w a s d e l i b e r a t e l y i n d u c e d b y s e e d i n g o f a s o l u t i o n o f d i e s t e r 2 3 . 
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TABLE VI. S o l i d State Induced O p t i c a l A c t i v i t y i n Single Crystals of 23 

w (g) space group % conversion [a]n batch* 

0.0515 P2 12 12 1 +0. 102 15 5 +25 6 1 

0.0325 » -0. 016 1 8 27 7 1 

0.0212 -0 072 13 4 -25 3 2 

0.0229 » -0 120 22 1 -23 7 2 

0.0273 » -0 107 17 6 -22 3 2 

0.0842 -0 222 9 4 -28 2 2 

0.0195 « -0 066 18 2 -18 6 2 

0.0318 » -0 163 20 9 -24 5 2 

0.0451 » -0 212 22 2 -21 2 2 

0.050 Pbca 0 000 20 0 0 0 -

Solution _ 0 000 95 0 0 0 _ 

*Batch 1 obtained by spontaneous c r y s t a l l i z a t i o n . Batch 2 obtained by 

delibe r a t e seeding.. 

The o p t i c a l y i e l d s of the c h i r a l d i i s o p r o p y l dibenzosemibullvalene 

photoproduct 57 were investigated i n a s i m i l a r manner as for the d i e t h y l 

d i e s t e r 55 by c h i r a l s h i f t reagent analysis. The enantiomeric r e s o l u t i o n 

(AAS) of the two non-equivalent isopropyl methine protons, -CH( 0113)2, W A S 

obtained a f t e r a d d i t i o n of 1 eq of E u ( h f c ) 3 . From o r i g i n a l chemical s h i f t s 

at S 5.20 and 5.00 (the l a t t e r s i g n a l overlapping with a s i n g l e t of 

H(C4b), the isopropyl methine mul t i p l e t s s h i f t e d and s p l i t into four 

sig n a l s at 6 5.73, 5.63, 5.20 and 5.08 (Figure 46). 

In order to estimate the enantiomeric p u r i t y of the c h i r a l photopro-
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d u c t s t h e c h i r a l s h i f t r e a g e n t a n a l y s i s was p e r f o r m e d o n two d i f f e r e n t 

s a m p l e s . T h e f i r s t s a m p l e c a m e f r o m a s i n g l e c r y s t a l p h o t o l y z e d t o 15% 

c o n v e r s i o n ( [ a ] n = - 2 5 ° ) f r o m w h i c h t h e p r o d u c t w a s n o t s e p a r a t e d i n 

o r d e r t o a v o i d a l t e r a t i o n t o t h e e n a n t i o m e r i c c o n t e n t d u r i n g p u r i f i c a t i o n 

( r e c r y s t a l l i z a t i o n ) . T h e s e c o n d s a m p l e w a s o b t a i n e d b y p a r t i a l l y r e c r y s -

t a l l i z i n g t h e p r o d u c t s f r o m a n u m b e r o f s i n g l e c r y s t a l s u n t i l a p u r i t y o f 

66% c o u l d b e r e a c h e d ( [ a ] D - - 2 4 . 6 ° ) . 

T h e s p e c t r a o b t a i n e d i n b o t h e x p e r i m e n t s w e r e c o n s i s t e n t w i t h e a c h 

o t h e r . Two s i g n a l s (fi 5 . 9 5 a n d 5 . 2 5 ) w e r e c l e a r l y o b s e r v e d u n d e r 

c o n d i t i o n s w h e r e t h e r a c e m a t e h a d p r e s e n t e d f o u r . T h e s p e c t r u m s h o w n i n 

F i g u r e 4 6 c l e a r l y i n d i c a t e s a q u a n t i t a t i v e e n a n t i o m e r i c e x c e s s w i t h i n t h e 

l i m i t a t i o n s o f t h e m e t h o d ( e . e . > 9 7 % ) . T h e r e s u l t s p r e s e n t e d h e r e a r e t h e 

f i r s t o f t h e i r t y p e i n t h a t ( 1 ) t h e y r e p r e s e n t t h e f i r s t e x a m p l e o f a 

s o l i d s t a t e . a s y m m e t r i c s y n t h e s i s t h r o u g h a u n i m o l e c u l a r p h o t o c h e m i c a l 

r e a c t i o n a n d ( 2 ) f o r t h e f i r s t t i m e c o n s i s t e n t l y h i g h e n a n t i o m e r i c y i e l d s 

a r e o b t a i n e d o v e r a r e l a t i v e l y l a r g e n u m b e r o f e x p e r i m e n t s . 1 1 5 
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CH 3 
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Optically Active 

F i g u r e 4 6 . P a r t i a l * H NMR S p e c t r a ( 3 0 0 M H z ) o f R a c e m i c ( t o p ) a n d 

O p t i c a l l y A c t i v e ( b o t t o m ) D i e s t e r 57 a f t e r A d d i t i o n o f 1 e q o f E u ( h f c ) 3 _ 

T h e o p t i c a l y i e l d s r e p o r t e d f o r a l l p r e v i o u s e x a m p l e s o f s o l i d s t a t e 

a s y m m e t r i c s y n t h e s e s , a l l i n b i m o l e c u l a r r e a c t i o n s , h a v e b e e n c a p r i c i o u s 

a n d s o m e t i m e s f o u n d t o v a r y f r o m z e r o t o 1 0 0 % . 1 1 2 Q u r r e s u l t s s u g g e s t t h a t 

u n i m o l e c u l a r r e a c t i o n s m a y h a v e some a d v a n t a g e s o v e r t h e i r b i m o l e c u l a r 

c o u n t e r p a r t s . F i r s t , u n i m o l e c u l a r r e a c t i o n s d o n o t i n p r i n c i p l e r e q u i r e 

s p e c i f i c i n t e r m o l e c u l a r a r r a n g e m e n t s w h i c h may d e c r e a s e t h e c h a n c e s o f 

f i n d i n g a s u i t a b l e c h i r a l c r y s t a l s t r u c t u r e . S e c o n d , e a c h c h e m i c a l e v e n t 

i n a b i m o l e c u l a r r e a c t i o n i n v o l v e s d i s t u r b a n c e o f two l a t t i c e s i t e s r a t h e r 
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t h a n o n e , a n d t h i s may l e a d t o a f a s t e r l o s s o f t o p o c h e m i c a l c o n t r o l w h i c h 

t r a n s l a t e s i n t o a d e c r e a s e i n a s y m m e t r i c i n d u c t i o n . 1 1 - 3 

M e c h a n i s t i c I m p l i c a t i o n s o f t h e S o l i d S t a t e A s y m m e t r i c S y n t h e s i s . 

T h e r e s u l t s o b t a i n e d w i t h b o t h s e t s o f d i m o r p h s , f r o m d i e s t e r s 21 a n d 

2 3 , c l e a r l y i n d i c a t e t h a t t h e d i - 7 r - m e t h a n e r e a r r a n g e m e n t o f c r y s t a l l i n e 

d i b e n z o b a r r e l e n e c o m p o u n d s i s a h i g h l y s t e r e o s e l e c t i v e a n d s t e r e o s p e c i f i c 

r e a c t i o n . I f we a s s u m e t h e b i r a d i c a l m e c h a n i s m p r o p o s e d b y Z i m m e r m a n 

t h e f i r s t , p r o d u c t - d e t e r m i n i n g s t e p n e c e s s a r i l y i n v o l v e s b o n d f o r m a t i o n 

b e t w e e n o n e o f t h e c a r b o n a t o m s o f t h e v i n y l g r o u p a n d a n e a r b y a r o m a t i c 

c a r b o n a t o m . S i n c e t h e r e a r e two r e a c t i o n s i t e s , C ( l l ) a n d C ( 1 2 ) , a n d two 

f a c e s o f t h e v i n y l r e - s y s t e m , t h e r e a r e f o u r p o s s i b l e b e n z o - v i n y l b r i d g i n g 

m o d e s , p a t h s 1 - 4 ( F i g u r e 4 2 ) , a l l o f w h i c h a r e i s o e n e r g e t i c i n i s o t r o p i c 

s o l u t i o n a s d i s c u s s e d b e f o r e . I n t h e s o l i d s t a t e , s t a r t i n g f r o m o n e 

d i b e n z o b a r r e l e n e e n a n t i o m e r , p a t h s 1 a n d 2 l e a d t o o n e d i b e n z o s e m i b u l l v a l 

e n e e n a n t i o m e r , a n d p a t h s 3 a n d 4 g i v e t h e o t h e r . 1 1 0 T h e f a c t t h a t t h e 

r e a c t i o n p r o c e e d s w i t h 100% e n a n t i o s e l e c t i v i t y i n t h e c a s e o f d i e s t e r 23 

i n d i c a t e s t h a t t h e r e i s t o t a l d i s c r i m i n a t i o n b e t w e e n p a t h s (1 + 2 ) v e r s u s 

p a t h s (3 + 4 ) . T h e s e r e s u l t s , h o w e v e r , d o n o t t e l l u s w h e t h e r ( 1 + 2 ) i s 

f a v o r e d o v e r ( 3 + 4 ) , o r v i c e v e r s a , n o r d o t h e y g i v e a n y i n f o r m a t i o n 

r e g a r d i n g t h e r e l a t i v e i m p o r t a n c e o f p a t h 1 v e r s u s p a t h 2 , o r o f p a t h 3 

v e r s u s p a t h 4 . 

I t i s p o s s i b l e h o w e v e r t o d i f f e r e n t i a t e b e t w e e n p a t h s ( 1 + 2 ) a n d (3 + 

4 ) b y d e t e r m i n i n g t h e a b s o l u t e c o n f i g u r a t i o n o f t h e s t a r t i n g m a t e r i a l a n d 

c o r r e l a t i n g i t w i t h t h e a b s o l u t e c o n f i g u r a t i o n o f t h e p h o t o p r o d u c t . 
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Studies of t h i s type were c a r r i e d out. 

C o r r e l a t i o n of the Absolute Stereochemistry of the C r y s t a l l i n e Diisopropyl 

Diester pro-(-)-23 ( P 2 1 2 1 2 1 form) and i t s O p t i c a l l y Pure Photoproduct 

(-)-Dibenzosemibullvalene 57 . 

A large single c r y s t a l (55 mg) of pro-(-)-23 was grown by slow 

evaporation from a seeded (batch 2) ethanol s o l u t i o n . A small fragment was 

cut and X-ray anomalous dispersion analysis was performed 1^ 3 to obtain the 

absolute configuration of d i e s t e r pro-(-)-23 by using oxygen as the heavy 

atom. At the same time the remaining fragment was photolyzed and confirmed 

to give levorotatory photoproduct ( [ a ] D = -25.4, CHCI3). The X-ray 

r e s u l t s indicated that pro-(-)-23 corresponds to the absolute configura

t i o n designated as IIP, 12M by the conformational c h i r a l i t y f o r m a l i s m . 1 1 7 

The designation IIP, 12M focuses on the conformational disymmetry 

conferred to the molecule by the ester groups at C ( l l ) and C(12) (Figure 

48a). In t h i s approach one determines the smallest t o r s i o n angle between 

the groups of highest p r i o r i t y , or f i d u c i a r y groups, attached to each end 

of the si n g l e bond about which the conformation i s to be s p e c i f i e d : 

t o r s i o n angles 0(2)-C(13)-C(ll)-C(12) and 0(4)-C(17)-C(12)-C(ll). A 

p o s i t i v e t o r s i o n angle (clockwise rotation) i s designated P (plus) and a 

negative t o r s i o n angle (counter-clockwise rotation) i s designated M 

(minus). 

In order to obtain the absolute configuration of the levorotatory 

product ( - ) - 5 7 , a sample of t h i s material was i s o l a t e d by f r a c t i o n a l 

c r y s t a l l i z a t i o n , up to 56% pure, and then further p u r i f i e d by d e r i v a t i z i n g 
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th e remaining s t a r t i n g material with diazomethane and following by 

chromatographic separation. C r y s t a l l i z a t i o n of pure (-)-57 was e a s i l y 

achieved from ethanol to give p e r f e c t l y square c r y s t a l s (space group 

P432^2) sui t a b l e for X-ray anomalous dispersion c r y s t a l l o g r a p h i c 

a n a l y s i s . 1 1 0 The absolute configuration of the four c h i r a l centers, as 

shown i n Figure 47, was found to be (S)-4b, (S)-8b, (S)-8c, and (S)-8d 

(due to the d i f f e r e n t numbering used i n the c r y s t a l l o g r a p h i c analysis the 

absolute configuration i n Figure 48c can be described as: (S)-9, (S)-10, 

( S ) - l l and (S)-12). 

COOiPr 
iPrOOC i 

7 

Figure 47. Absolute Configuration of Diester (-)-57. 

As indicated i n Figure 49, where drawings of the reactant and 

photoproduct absolute configuration are given, the di-rr-methane 

rearrangement of pro-(-)-23 proceeds ei t h e r v i a path 1, path 2 or a 

combination of the two. I t i s i n t e r e s t i n g to notice that path 2, with a 

small amount of atomic and molecular motions, would lead to a photoproduct 

structure that resembles the X-ray derived structure 57-1. Path 2 on the 

other hand, also assuming the l e a s t amount of molecular motion, which 

involves no change i n the r e l a t i v e o r i e n t a t i o n of the ester groups during 

the reaction, would lead to structure 57-11. 
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F i g u r e 4 8 . S t e r e o - d i a g r a m s w i t h A b s o l u t e C o n f i g u r a t i o n o f : ( a ) D i e s t e r 

23 i n t h e P r o - ( - ) E n a n t i o m o r p h i c P h a s e , ( b ) L o c a l L a t t i c e E n v i r o n m e n t o f 

D i e s t e r 2 3 , a n d ( c ) D i i s o p r o p y l D i b e n z o s e m i b u l l v a l e n e ( - ) - 5 7 . 
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57-11 

c o n f o r m a t i o n a l 
i s o m e r i z a t i o n 

C r y s t a l C o n f o r m a t i o n 
57-1 

C r y s t a l C o n f o r m a t i o n 

F i g u r e 4 9 . P o s s i b l e R e a c t i o n P a t h w a y s o f D i e s t e r 23 t h a t A c c o u n t f o r 

t h e O b s e r v e d A b s o l u t e C o n f i g u r a t i o n s . 

I t i s k n o w n t h a t t h e p r e f e r r e d c o n f o r m a t i o n o f c a r b o n y l g r o u p s 

f e a t u r e , p r e s e n t o n l y i n t h e X - r a y m o l e c u l a r s t r u c t u r e 57-1, s u p p o r t s t h e 

i n v o l v e m e n t o f p a t h w a y 2 . I t s e e m s p o s s i b l e , h o w e v e r , t h a t t h i s p a t h w a y 

m a y b e t h e p r e f e r r e d o n e n o t o n l y f r o m t h e p o i n t o f v i e w o f c o n f o r m a t i o n a l 

a r g u m e n t s . P a t h s 1 a n d 2 i n v o l v e a r y l - v i n y l b r i d g i n g b e t w e e n C ( l l ) - C ( 9 a ) 

a n d C ( 1 2 ) - C ( 1 0 a ) r e s p e c t i v e l y . I n s p e c t i o n o f t h e l o c a l l a t t i c e e n v i r o n 

m e n t i n d i c a t e s t h a t t h e f r e e s p a c e s u r r o u n d i n g t h e e s t e r g r o u p a t C ( 1 2 ) i s 

l a r g e r t h a n t h e f r e e s p a c e s u r r o u n d i n g t h e e s t e r a t C ( l l ) . T h i s a s p e c t c a n 

b e a p p r e c i a t e d i n F i g u r e 4 8 b w h e r e d i e s t e r 23 i s s h o w n w i t h t h e v a n d e r 

W a a l s c o n t a c t a t o m s a t d < 3 . 3 A . 

I t s h o u l d b e c o n s i d e r e d t h a t o t h e r f a c t o r s , s u c h a s d i f f e r e n c e s i n t h e 

s t e r e o e l e c t r o n i c i n f l u e n c e o f t h e t w o c a r b o n y l g r o u p s , m a y a l s o p l a y 

a t t a c h e d t o c y c l o p r o p a n e r i n g s i s a c i s - b i s e c t e d c o n f o r m a t i o n . 119 T h i s 
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i m p o r t a n t r o l e s i n t h e r e a c t i o n . T h e w o r k t o b e d e s c r i b e d i n P a r t I I I o f 

t h i s t h e s i s i s a i m e d a t e x p l o r i n g t h e e f f e c t s o f t h e s o l i d s t a t e o n 

p r o d u c t s t h a t d i f f e r b e c a u s e t h e r e a c t i o n t a k e s p l a c e a t t h e two a l t e r n a 

t i v e v i n y l c a r b o n s . A s we s h a l l s e e , t h e r e s u l t s r e p o r t e d t h e r e w i l l 

f u r t h e r s u p p o r t t h e i n v o l v e m e n t o f p a t h 2 o n t h e b a s i s o f c r y s t a l l a t t i c e 

s t e r i c e f f e c t s . 

S t u d i e s o n T h e S p o n t a n e o u s R e s o l u t i o n o f D i e s t e r 2 3 . 

T h e c r y s t a l s f r o m b a t c h 2 , w h o s e p h o t o l y s i s w a s r e p o r t e d i n T a b l e V I , 

w e r e d e l i b e r a t e l y s e e d e d b e c a u s e t h i s e x p e r i m e n t w a s p l a n n e d a n d r e a l i z e d 

b e f o r e we f o u n d a c o n v e n i e n t w a y t o p r e p a r e s e l e c t i v e l y a n d i d e n t i f y t h e 

c r y s t a l s o f t h e c h i r a l d i i s o p r o p y l m o d i f i c a t i o n . O n c e a m e t h o d w a s 

e s t a b l i s h e d i t w a s d e s i r a b l e t o a n a l y z e t h e s p o n t a n e i t y o f t h e r e s o l u t i o n 

o f d i e s t e r 23 i n t o t h e c r y s t a l s o f t h e two p o s s i b l e e n a n t i o m o r p h o u s 

m o d i f i c a t i o n s . 9 6 " 9 ^ T h e two e n a n t i o m o r p h o u s p h a s e s w e r e l a b e l e d a s t h e 

p r o - ( - ) - , o r p r o - ( + ) - e n a n t i o m o r p h s d e p e n d i n g o n t h e s i g n o f t h e o p t i c a l 

a c t i v i t y t h a t t h e c r y s t a l c o n f e r s t o t h e p r o d u c t s . I n p r i n c i p l e i t i s 

e x p e c t e d t h a t t h e two e n a n t i o m o r p h o u s p h a s e s w i l l o c c u r w i t h s t a t i s t i c a l 

p r o b a b i l i t i e s u n l e s s a f o r e i g n c h i r a l i n f l u e n c e i n d u c e s p r e f e r e n t i a l 

c r y s t a l l i z a t i o n o f o n e o f t h e t w o e n a n t i o m o r p h s . • 9 7 I d e n t i f i c a t i o n o f 

a n y s u c h c h i r a l i n f l u e n c e i s e x t r e m e l y s i g n i f i c a n t s i n c e a m e c h a n i s m t h a t 

p r o v i d e s t h e m e a n s f o r a n a b s o l u t e a s y m m e t r i c s y n t h e s i s w i t h p r e f e r e n t i a l 

f o r m a t i o n o f o n l y o n e o f t h e two p o s s i b l e e n a n t i o m e r i c p r o d u c t s i s h i g h l y 

r e l e v a n t t o t h e q u e s t i o n o f h o w o p t i c a l a c t i v i t y c o u l d h a v e o r i g i n a t e d 

u n d e r p r e b i o t i c c o n d i t i o n s . 9 2 . 1 1 2 , 1 2 0 B e f o r e d e s c r i b i n g i n d e t a i l t h e 
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s t u d i e s p e r f o r m e d t o d e t e c t t h e p r o b a b l e n a t u r e o f t h i s c h i r a l i n f l u e n c e , 

t h e m e t h o d s u s e d t o i d e n t i f y e a c h c r y s t a l m o d i f i c a t i o n s h o u l d b e m e n t i o n e d 

b r i e f l y . 

D i f f e r e n t i a t i o n b e t w e e n t h e P 2 1 2 1 2 ^ a n d P b c a d i m o r p h s o f 23 w a s 

a t t e m p t e d b y s e v e r a l m e t h o d s . V i s u a l a n d m i c r o s c o p i c i d e n t i f i c a t i o n o f 

t h e t w o d i m o r p h s w a s a m b i g u o u s a n d s e r i o u s a t t e m p t s t o f i n d e v e n s u b t l e 

d i f f e r e n c e s i n t h e i r m o r p h o l o g y w e r e u n s u c c e s s f u l ( m i c r o s c o p i c a n a l y s i s 

w i t h p o l a r i z e d l i g h t w a s , h o w e v e r , n o t a t t e m p t e d ) . S o l i d s t a t e i n f r a r e d 

s p e c t r o s c o p y w a s f o u n d t o b e a u s e f u l t o o l ( s e e p a g e 9 1 ) . T h i s m e t h o d , 

h o w e v e r , w a s t o o t i m e c o n s u m i n g a n d t h e r e f o r e i n a p p r o p r i a t e f o r a n a l y z i n g 

a l a r g e n u m b e r o f c r y s t a l s o b t a i n e d f r o m s e v e r a l c r y s t a l l i z a t i o n b a t c h e s . 

T h e b e s t a n a l y t i c a l m e t h o d w a s d i s c o v e r e d f r o m t h e u n i q u e l u m i n e s c e n c e 

b e h a v i o r t h a t t h e c r y s t a l s o f t h e P 2 ^ 2 ^ 2 ^ m o d i f i c a t i o n d i s p l a y w h e n 

i l l u m i n a t e d w i t h t h e n i t r o g e n l a s e r . C h i r a l c r y s t a l s o f d i e s t e r 23 w e r e 

f o u n d t o p r e s e n t a v e r y i n t e n s e r e d l u m i n e s c e n c e t h a t d e v e l o p s o v e r a 

p e r i o d o f f e w s e c o n d s o f l a s e r i r r a d i a t i o n ( s e e P A R T V o f t h e t h e s i s ) . 

S i n c e t h e a c c u m u l a t i o n o f p h o t o p r o d u c t w o u l d b e u n d e s i r a b l e u n d e r 

i d e n t i f i c a t i o n p r o c e d u r e s , t h e i r r a d i a t i o n c a n b e q u i c k l y p e r f o r m e d a t 

v e r y l o w t e m p e r a t u r e s , b y i m m e r s i n g t h e c r y s t a l s c o n t a i n e d i n a p r o p e r 

v e s s e l i n t o a l i q u i d n i t r o g e n b a t h . S i n c e t h i s l u m i n e s c e n c e i s t o t a l l y 

a b s e n t i n t h e c r y s t a l s o f t h e P b c a m o d i f i c a t i o n a n d t h e p r o c e d u r e t a k e s 

o n l y a b o u t t w e n t y s e c o n d s p e r c r y s t a l , t h i s w a s t h e i d e n t i f i c a t i o n m e t h o d 

o f c h o i c e . 

1 ) E n a n t i o m o r p h i s m o f C h i r a l C r y s t a l s o f D i e s t e r 23 f r o m E t h a n o l S o l u t i o n . 
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A s a m p l e c o n s i s t i n g o f 8 0 0 mg o f d i e s t e r 23 w a s d i s s o l v e d a n d k e p t i n 

b o i l i n g e t h a n o l f o r f e w m i n u t e s b e f o r e i t w a s a l l o w e d t o c r y s t a l l i z e b y 

s l o w e v a p o r a t i o n . T h e l a r g e s t c r y s t a l s w e r e c o l l e c t e d a n d c l a s s i f i e d a s 

b e l o n g i n g t o t h e r a c e m i c o r c h i r a l m o d i f i c a t i o n s . T h e c h i r a l c r y s t a l s w e r e 

t h e n p h o t o l y z e d a n d t h e o p t i c a l a n d s p e c i f i c r o t a t i o n o f t h e p h o t o p r o d u c t s 

w e r e m e a s u r e d a n d c a l c u l a t e d . T h e r e s u l t s p r e s e n t e d i n T a b l e V I I i n d i c a t e d 

a s t r i k i n g a n d a b s o l u t e p r e f e r e n c e f o r m a t e r i a l c r y s t a l l i z i n g i n t h e 

p r o - ( - ) - e n a n t i o m o r p h o f d i e s t e r 2 3 . F u r t h e r e x p e r i m e n t s w e r e p r i m a r i l y 

d i r e c t e d t o t e s t t h e i n v o l v e m e n t o f a c h i r a l i m p u r i t y o r s e e d i n d e t e r m i n 

i n g s u c h e n a n t i o s e l e c t i v e c r y s t a l l i z a t i o n . 9 7 

T a b l e V I I . P h o t o l y s i s o f S i n g l e C r y s t a l s o f 23 f r o m B a t c h 3 . 

w ( g ) s p a c e g r o u p % c o n v e r s i o n [ a ] n b a t c h * 

0 0 3 1 9 P 2 1 2 1 2 1 - 0 0 3 8 4 1 - 2 9 0 3 

0 0 2 6 5 » - 0 0 5 0 7 4 - 2 5 5 3 

0 0 2 3 0 » - 0 0 3 8 6 7 - 2 4 7 3 

0 0 3 2 7 » - 0 052 5 1 - 3 1 2 3 

0 0 2 6 7 - 0 0 2 7 3 1 - 3 2 6 3 

0 0 2 9 2 » - 0 0 2 8 3 4 - 2 8 2 3 

0 0 4 5 3 « - 0 0 9 5 8 3 - 2 5 3 3 

0 1 2 5 5 « - 0 0 9 3 2 6 - 2 8 5 3 

0 0 2 9 2 » - 0 0 6 6 10 4 - 2 1 7 3 

0 0 2 3 0 - 0 0 4 7 8 1 - 2 5 2 3 

* B a t c h 3 w a s o b t a i n e d f r o m e t h a n o l s o l u t i o n w i t h o u t d e l i b e r a t e l y s e e d i n g . 
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2 ) E n a n t i o m o r p h i s m o f C h i r a l C r y s t a l s o f D i e s t e r 23 G r o w n f r o m t h e M e l t i n 

O p e n C o n t a i n e r s . 

S i x s a m p l e s o f d i e s t e r 23 o f a p p r o x i m a t e l y 1 0 0 mg w e r e p l a c e d i n l o n g 

n e c k e d , 1 m l v i a l s , i n t r o d u c e d i n a K u g e l r o h r o v e n , m e l t e d , a n d k e p t 2 0 ° C 

a b o v e t h e i r m e l t i n g p o i n t f o r 20 m i n i n a n a t t e m p t t o d e s t r o y t h e 

s u s p e c t e d s e e d s . T h e v i s c o u s l i q u i d w a s a l l o w e d t o c r y s t a l l i z e b y 

l o w e r i n g t h e t e m p e r a t u r e t o 1 0 ° C b e l o w t h e m e l t i n g p o i n t o f 1 4 5 ° C . 

C r y s t a l l i z a t i o n o f t h e w h o l e s a m p l e was c o m p l e t e a f t e r n o m o r e t h a n 10 m i n 

a n d i n a l l c a s e s t h e m a t e r i a l o b t a i n e d t u r n e d o u t t o b e o f p o l y c r y s t a l l i n e 

a p p e a r a n c e . T h e s a m p l e s w e r e p h o t o l y z e d , 1 m l o f CHCI3 w a s a d d e d , a n d 

t h e i r o p t i c a l r o t a t i o n s a n d p e r c e n t c o n v e r s i o n s w e r e m e a s u r e d . T h e r e s u l t s 

i n T a b l e V I I I i n d i c a t e s t i l l a n a b s o l u t e p r e f e r e n c e f o r t h e 

p r o - ( - ) - e n a n t i o m o r p h . S u r p r i s i n g l y , t h e m a g n i t u d e o f t h e r o t a t i o n s 

e n c o u n t e r e d i n t h e s e e x p e r i m e n t s c l e a r l y i n d i c a t e d o p t i c a l p u r i t i e s 

c o m p a r a b l e t o t h o s e o b t a i n e d f r o m t h e s i n g l e c r y s t a l l i n e s p e c i m e n s . 

T a b l e V I I I . P h o t o l y s i s o f C h i r a l C r y s t a l s o f 23 f r o m B a t c h M e l t I 

w ( g ) s p a c e g r o u p % c o n v e r s i o n [ a ] i b a t c h 

0 . 1 2 2 8 

0 . 1 0 9 3 

0 . 0 9 7 3 

0 . 1 1 4 8 

0 . 1 2 4 9 

P 2 1 2 1 2 1 - 0 . 2 4 5 

- 0 . 2 2 1 

- 0 . 1 6 0 

- 0 . 1 7 1 

- 0 . 1 9 6 

8 . 5 

9 . 6 

7 . 0 

6 . 3 

6 . 5 

- 2 3 . 5 m e l t I 

- 2 1 . 1 m e l t I 

- 2 3 . 5 m e l t I 

- 2 4 . 5 m e l t I 

- 2 4 . 1 m e l t I 
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3 ) E n a n t i o m o r p h i s m I n C r y s t a l s o f D i e s t e r 23 G r o w n f r o m t h e M e l t I n a 

S e a l e d C o n t a i n e r (A). 

T h e e x p e r i m e n t d e s c r i b e d i n ( 2 ) w a s r e p e a t e d b y s e a l i n g t h e s a m p l e 

v i a l s b e f o r e m e l t i n g . T h e a n a l y s i s o f t h e e n a n t i o m o r p h o u s p h a s e o f t h e 

s t a r t i n g m a t e r i a l w a s p e r f o r m e d i n t h e u s u a l w a y , b y o b s e r v i n g t h e 

r o t a t i o n o f t h e p r o d u c t s , a n d t o o u r s u r p r i s e , t h e r e s u l t s o b t a i n e d w e r e 

m u c h i n t h e same l i n e a s t h o s e p r e s e n t e d i n t h e p r e v i o u s e x p e r i m e n t . S e v e n 

o u t o f n i n e s a m p l e s w e r e s t i l l p r o - ( - ) a n d t h e o p t i c a l p u r i t y o f t h e 

s a m p l e s , a s d e d u c e d f r o m t h a t o f t h e p h o t o p r o d u c t , w a s s t i l l v e r y h i g h . 

T a b l e I X . P h o t o l y s i s o f C h i r a l C r y s t a l s o f 23 f r o m B a t c h M e l t I I . 

w ( g ) s p a c e g r o u p % c o n v e r s i o n [ O ] D b a t c h 

0 0 5 4 0 P 2 1 2 1 2 1 - 0 147 11 4 - 2 3 9 m e l t I I 

0 0 6 1 4 » +0 153 11 1 +22 5 m e l t I I 

0 0 5 1 5 » +0 171 14 6 +22 7 m e l t I I 

0 0 6 3 6 » - 0 159 11 0 - 2 2 8 m e l t I I 

0 0 6 7 8 - 0 215 14 4 - 2 2 0 m e l t I I 

0 1 0 1 6 » - 0 2 1 0 9 6 - 2 1 5 m e l t I I 

0 0 9 5 2 » - 0 236 12 7 - 1 9 5 m e l t I I 

0 1 0 2 6 n - 0 176 8 6 - 2 0 0 m e l t I I 

0 0 9 9 6 it - 0 189 9 6 - 1 9 8 m e l t I I 
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4) Enantiomorphism i n Crystals of Diester 23 Grown from the Melt i n a 

Sealed Container (B) . 

The experiments performed up to t h i s point were very i n t r i g u i n g since 

a l l attempts to destroy the presumed seed were unsuccessful even under the 

c a r e f u l conditions employed. The involvement of an adventitious c h i r a l 

impurity seemed rather remote since the glc p u r i t y of the samples employed 

was 100% under conditions where impurities of the order of l/2000th 

(integrated glc area = 0.05) would have been detected e a s i l y (provided 

they had s i m i l a r detector response and did not have i d e n t i c a l r e t ention 

time as 23). In order to exclude completely the p o s s i b i l i t y of having a 

" r e s i s t a n t " seed accompanying a l l the samples analyzed so f a r , we designed 

the following experiment: a sample co n s i s t i n g of 1.5 g of d i e s t e r 23 was 

disso l v e d i n cyclohexane i n order to obtain c r y s t a l s of the racemic, Pbca, 

modification. The larges t single c r y s t a l s were c o l l e c t e d and t h e i r 

dimorphic i d e n t i t y confirmed. The c r y s t a l s were deposited again i n 

i n d i v i d u a l v i a l s , sealed, melted and then allowed to c r y s t a l l i z e . 

The f i r s t s i g n i f i c a n t observation was a c l e a r l y d i s t i n c t i v e tendency 

f o r the samples to form supercooled glassy material instead of the 

previous tendency for f a s t c r y s t a l l i z a t i o n . Attempts to induce c r y s t a l l 

i z a t i o n by touching the v i a l s with a piece of dry ice were unsuccessful. 

C r y s t a l l i z a t i o n could be induced however when the v i a l s were opened and 

prick e d with a r i g o r o u s l y flame-cleaned s t a i n l e s s s t e e l needle. The 

samples were then photolyzed and analyzed as before and the r e s u l t s are 

shown i n Table X. 



T a b l e X . P h o t o l y s i s o f C h i r a l C r y s t a l s o f 23 f r o m B a t c h M e l t I I I . 

w ( g ) s p a c e g r o u p % c o n v e r s i o n [ a ] n b a t c h * 

0 . 0 6 3 6 

0 . 0 7 8 1 

0 . 1 7 0 4 

0 . 1 0 0 4 

0 . 1 2 4 2 

0 . 1 0 4 7 

0 . 1 0 2 7 

0 . 0 9 9 6 

P 2 1 2 1 2 1 + 0 . 0 8 4 

+ 0 . 0 6 6 

+ 0 . 0 5 2 

- 0 . 1 1 2 

- 0 . 1 7 3 

- 0 . 1 1 9 

+ 0 . 1 2 4 

- 0 . 1 0 5 

6 . 0 

4 . 5 

4 . 9 

5 . 5 

6 . 0 

4 . 7 

6 . 8 

4 . 1 

+ 2 2 . 0 

+ 1 8 . 8 

+ 1 8 . 2 

- 2 0 . 3 

- 1 0 . 6 

- 2 4 . 2 

+ 1 7 . 8 

- 2 4 . 2 

m e l t I I I 

m e l t I I I 

m e l t I I I 

m e l t I I I 

m e l t I I I 

m e l t I I I 

m e l t I I I 

m e l t I I I 

I n s p e c t i o n o f t h e r e s u l t s i n T a b l e X g i v e s e v i d e n c e o f a r a n d o m 

d i s t r i b u t i o n o f b o t h e n a n t i o m o r p h o u s p h a s e s o f c r y s t a l s o f t h e P 2 ^ 2 ^ 2 ^ 

m o d i f i c a t i o n . T h e m a g n i t u d e o f t h e s p e c i f i c r o t a t i o n o f t h e p h o t o p r o d u c t s 

s t i l l s u g g e s t s a v e r y h i g h e n a n t i o m e r i c p u r i t y f o r m o s t o f t h e c r y s t a l l i n e 

s a m p l e s . T h e r e l u c t a n c e t o c r y s t a l l i z e a n d t h e h i g h e n a n t i o m e r i c p u r i t y 

a r e i n t e r p r e t e d a s i n d i c a t i v e o f n u c l e a t i o n b e i n g t h e r a t e d e t e r m i n i n g 

s t e p i n t h e c r y s t a l l i z a t i o n p r o c e s s . W h i l e t h e m e t h o d o l o g y e m p l o y e d i n 

t h e i n i t i a l c r y s t a l l i z a t i o n e x p e r i m e n t s w a s p l a n n e d a n d e x e c u t e d b y u s i n g 

t h e n o r m a l p r o c e d u r e s t o r e d u c e t h e p o s s i b i l i t i e s o f s e l f - s e e d i n g , 1 2 1 o u r 

f i n a l r e s u l t s i n d i c a t e t h a t t h i s p h e n o m e n o n may b e r e s p o n s i b l e f o r t h e 

p e r s i s t e n c e o f t h e p r o - ( - ) - e n a n t i o m o r p h . S e l f - s e e d i n g i s a c o n c e p t t h a t 
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implies r e s i d u a l seeds as the determining factor for a preponderance of a 

given s o l i d phase. This phenomenon was observed and documented by 

H a v i n g a ^ while experimenting on the spontaneous r e s o l u t i o n of e t h y l -

a l l y l - a n i l i n i u m iodide (85). 

Figure 50. Spontaneous Resolution of E t h y l - a l l y l - a n i l i n i u m Iodide. 

Crystals of the quaternary s a l t grown from chloroform (containing one 

equivalent of solvent of c r y s t a l l i z a t i o n ) had been shown to present 

hemihedral faces because the sample c r y s t a l l i z e s i n a c h i r a l space 

g r o u p . 1 2 2 -phe r e l a t i o n between hemihedral phases and o p t i c a l a c t i v i t y had 

been established many years before by Pasteur i n h i s c l a s s i c a l studies on 

the sodium ammonium t a r t r a t e s a l t . 1 2 3 I t was also shown that 85 slowly 

racemizes i n the same solvent but remains s t a b i l i z e d i n ethanol. 

The quaternary s a l t 85 resembles diesters Et/Et-21 and iPr/iPr-23 i n 

that they a l l e x i s t i n s o l u t i o n as an equilibrium of two interconverting 

enantiomers and i n that a l l can also c r y s t a l l i z e i n o p t i c a l l y active 
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modifications. Havinga observed that i n twelve out of fourteen c r y s t a l l 

i z a t i o n experiments where chloroform solutions of 85 had been paper-

f i l t e r e d , sealed and heated to destroy adventitious seeds, the c r y s t a l l i n e 

material obtained gave dextrorotatory ethanol s o l u t i o n s . 9 7 Also s i m i l a r to 

our r e s u l t s , when 85 was more c a r e f u l l y treated, t h i s time by a d d i t i o n a l 

g l a s s - f i l t e r i n g , the material was highly reluctant to undergo c r y s t a l l i z a 

t i o n . From seven experiments the materials obtained were: three racemic, 

one ambiguous (probably dextrorotatory), one c e r t a i n l y dextrorotatory and 

two levorotatory. Havinga interpreted h i s r e s u l t s as an i n d i c a t i o n of true 

spontaneous r e s o l u t i o n , that i s , an event where the enantiomorphous phases 

can appear without any c h i r a l influence, e i t h e r a seed or a strange 

impurity. Other observations of self-seeding have appeared from time to 

time i n the scarce l i t e r a t u r e of t h i s t o p i c . 1 2 1 
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P A R T I I I . T H E R E G I O S E L E C T I V I T Y O F T H E D I - T T - M E T H A N E R E A R R A N G E M E N T I N 

T H E S O L I D S T A T E . 

C o m p o u n d s S t u d i e d a n d I d e n t i f i c a t i o n o f P h o t o p r o d u c t S t e r e o c h e m i s t r y . 

T h e c o m p o u n d s s t u d i e d i n t h i s s e c t i o n a r e t h e m i x e d d i e s t e r s 28 t o 

39 s h o w n i n F i g u r e 51 b e l o w . 

COOR 2 

C o m p o u n d R ^ R 2 

28 M e t h y l (Me) E t h y l ( E t ) 

29 M e t h y l 1 - P r o p y l ( n P r ) 

30 M e t h y l 2 - P r o p y l ( i P r ) 

31 M e t h y l 2 - B u t y l ( s B u ) 

32 M e t h y l 1 , 1 - D i m e t h y l - l - e t h y l ( t B u ) 

33 M e t h y l 1 - P e n t y l ( n P e n ) 

34 M e t h y l 2 - M e t h y l - 1 - B u t y l ( i P e n ) 

35 M e t h y l 2 , 2 - D i m e t h y l - l - p r o p y l ( n e o P e n ) 

36 M e t h y l M e n t h y l ( M e n t h ) 

37 M e t h y l P h e n y l ( P h ) 

38 E t h y l ( E t ) 2 - P r o p y l ( i P r ) 

39 E t h y l 2 - B u t y l ( s B u ) 

F i g u r e 5 1 . M i x e d D i e s t e r s U s e d i n t h e S t u d y o f t h e R e g i o s e l e c t i v i t y 

o f t h e D i - 7 r - M e t h a n e R e a r r a n g e m e n t . 
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C o m p o u n d s 28 t o 37 c o m p r i s e a s e r i e s o f d e r i v a t i v e s o f d i e s t e r 18 

w h e r e o n e o f t h e m e t h y l g r o u p s w a s e x c h a n g e d b y a n a l k y l s u b s t i t u e n t o f 

i n c r e a s i n g s i z e a n d / o r b r a n c h i n g o r a p h e n y l g r o u p . I n c o m p o u n d s 38 a n d 

39 t h e t w o m e t h y l e s t e r g r o u p s w e r e e x c h a n g e d , o n e b y a n e t h y l a n d t h e 

o t h e r f o r a n i s o p r o p y l o r a s e c - b u t y l e s t e r g r o u p s r e s p e c t i v e l y . 

C o m p o u n d s 28 t o 39 w e r e p h o t o l y z e d i n i t i a l l y i n b e n z e n e , 

a c e t o n i t r i l e a n d a c e t o n e s o l u t i o n s . A s i t w a s e x p e c t e d , t h e p h o t o l y s i s 

m i x t u r e f r o m e a c h c o m p o u n d g a v e s p e c t r a l a n d g l c e v i d e n c e o f two 

p h o t o p r o d u c t s i n q u a n t i t i e s t h a t v a r i e d a c c o r d i n g t o t h e s u b s t i t u e n t s 

b u t n o t w i t h t h e s o l v e n t u s e d . M a s s s p e c t r a l a n a l y s i s ( g l c - m a s s 

s p e c t r a ) i n d i c a t e d t h a t t h e p r o d u c t s w e r e i s o m e r i c w i t h t h e s t a r t i n g 

m a t e r i a l s a s r e q u i r e d i n t h e c a s e o f a m o l e c u l a r r e a r r a n g e m e n t . T h e two 

p r o d u c t s w e r e c l e a r l y f o u n d t o h a v e t h e NMR s p e c t r a l p r o p e r t i e s o f 

t h e d i b e n z o s e m i b u l l v a l e n e r e g i o i s o m e r s , s t r u c t u r e s A a n d B , e x p e c t e d 

f r o m t h e t r i p l e t s t a t e d i - r r - m e t h a n e r e a c t i o n ( F i g u r e 1 8 ) . 

Common t o t h e NMR s p e c t r a o f a l l t h e r e a c t i o n m i x t u r e s s t u d i e d i n 

t h i s s e r i e s w a s a c o m p l i c a t e d p e a k p a t t e r n a t 6 -7 . 5-7.0 a n d two s h a r p 

s i n g l e t s a t - 4 . 5 a n d - 5.0 p p m . D ^ ' 1 2 4 T n e f i r s t g r o u p o f s i g n a l s was 

a t t r i b u t e d t o t h e o v e r l a p p i n g n o n - e q u i v a l e n t a r o m a t i c p r o t o n s , e i g h t 

f r o m e a c h r e g i o i s o m e r . T h e o t h e r two p e a k s , s o m e t i m e s r e s o l v e d i n p a i r s , 

w e r e a s s i g n e d t o t h e c o r r e s p o n d i n g t e r t i a r y c y c l o p r o p y l i c a n d b i s b e n -

z i l i c h y d r o g e n s a t t a c h e d t o C ( 8 d ) a n d C ( 4 b ) r e s p e c t i v e l y ( F i g u r e 5 2 ) . 

O t h e r s i g n a l s i n t h e s p e c t r a w e r e a t t r i b u t e d t o t h e a l k y l ( o r a r y l i n 

t h e c a s e o f 3 7 ) p o r t i o n o f t h e e s t e r s u b s t i t u e n t s w h i c h w e r e p r e s e n t i n 

d u p l i c a t e ( a s e t o f s i g n a l s f r o m e a c h r e g i o i s o m e r ) a n d w i t h v a r i a b l e 

r e l a t i v e i n t e n s i t y a n d r e s o l u t i o n . 
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8b 

C O O R l COOR2 
COOR2 C O O R l 

8d 8b 8d 

B 

F i g u r e 5 2 . P r o d u c t s f r o m t h e D i - ? r - M e t h a n e R e a r r a n g e m e n t o f M i x e d 

D i b e n z o b a r r e l e n e D i e s t e r s 

I t h a s b e e n , s h o w n i n s e v e r a l l i t e r a t u r e r e p o r t s t h a t t h e 

s t e r e o i s o m e r i c p r o d u c t s f r o m r e l a t e d d i - w - m e t h a n e r e a c t i o n s may 

s o m e t i m e s b e i n s e p a r a b l e b y c o n v e n t i o n a l c h r o m a t o g r a p h i c p r o c e 

d u r e s . ^ ' . 1 2 5 ^ h e d e t e r m i n a t i o n o f t h e s t e r e o c h e m i s t r y o f t h e 

p r o d u c t s a n d t h e i r r e l a t i v e y i e l d s , h o w e v e r , c a n n o r m a l l y b e i n f e r r e d 

f r o m a n a l y s i s o f t h e NMR s p e c t r a o f t h e r e a c t i o n m i x t u r e s > , 1 2 5 

T h e m e t h y l e s t e r r e s o n a n c e s i n t h e s p e c t r a o f t h e p r o d u c t s f r o m 

c o m p o u n d s 28 t o 37 h a v e b e e n f o u n d t o b e i d e a l l y s u i t e d f o r e a s y 

q u a n t i f i c a t i o n a n d i d e n t i f i c a t i o n p u r p o s e s . T h e m e t h y l e n e f r o m t h e e t h y l 

s u b s t i t u e n t s o f t h e p r o d u c t s f r o m d i e s t e r s 38 a n d 39 h a v e a l s o b e e n 

f o u n d t o b e u s e f u l i n t h i s c o n t e x t . 
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T h e s p e c t r u m o f e a c h p r o d u c t m i x t u r e c l e a r l y s h o w e d t w o s h a r p a n d 

w e l l r e s o l v e d s i n g l e t s a t 6 3 . 7 0 a n d 3 . 8 5 ( m e t h y l e n e q u a r t e t s a t 4 . 1 5 

a n d 4 . 3 2 ) t h a t w e r e a s s i g n e d r e s p e c t i v e l y t o t h e m e t h y l ( e t h y l ) e s t e r s 

g r o u p s a t t a c h e d r e s p e c t i v e l y t o C ( 8 c ) a n d C ( 8 b ) 6 4 - 1 2 4 ( T a b l e X I ) . T h i s 

a s s i g n m e n t i s c o n s i s t e n t w i t h h a v i n g t h e m o r e d e s h i e l d e d a l k y l g r o u p 

( i . e . 3 . 8 5 ppm) a t t h e e s t e r a t t a c h e d t o C ( 8 b ) , t h e b e n z y l i c p o s i t i o n . 

T h e i n t e g r a t e d i n t e n s i t i e s o f t h e two m e t h y l ( e t h y l ) s i g n a l s w e r e 

f o u n d t o c o r r e l a t e w e l l w i t h t h e i n t e g r a t e d a r e a s f r o m t h e g l c a n a l y s i s 

o f t h e same m i x t u r e s ( t h e r e s u l t s f r o m s o l u t i o n p h o t o l y s e s a r e s h o w n i n 

T a b l e X I a n d i n F i g u r e 5 6 ) . 

T a b l e X I . G l c a n d 'H NMR R e s u l t s F r o m S o l u t i o n o f P h o t o l y s i s 

M i x t u r e s o f " M i x e d " D i b e n z o b a r r e l e n e D i e s t e r s . 

C o m p o u n d M a i o r P r o d u c t M i n o r P r o d u c t 
X H NMR ( C O o C H ^ e l c X H NMR ( C O T C H - J ) c 

G l c t 6 A r e a % r . t . A r e a % 6 A r e a % r . t . A r e a % 
28 a 3 . 70 52 1 5 . 3 0 u 3 . 8 6 4 8 1 5 , . 1 5 ** 
29 b 3 . 70 55 1 6 . 2 1 57 3 . 8 6 4 5 1 6 , . 0 0 43 
30 b 3 . . 7 0 55 1 0 . 8 0 55 3 . 8 6 4 5 1 0 , . 2 7 4 5 
31 c 3 . . 7 0 64 2 2 . 8 / 2 3 . 2 * 60 3 . 8 5 36 2 1 . , 2 5 4 0 
32 a ' 3 . . 7 0 61 1 6 . 2 3 60 3 . 8 6 39 1 5 . . 58 4 0 
33 d 3 . . 7 0 50 9 . 1 0 51 3 . 8 6 50 8, , 85 49 
34 a ' 3 , . 7 0 50 1 9 . 6 4 4 9 3 . 8 4 51 1 9 , . 2 6 51 
35 d 3 . , 7 0 61 6 . 6 5 57 3 . 8 5 39 6 . , 06 43 
36 e 3 . . 7 1 55 1 0 . 1 4 54 3 . 8 6 4 5 8. . 8 0 46 
37 a 3 . . 8 0 30 1 3 . 8 5 ** 3 . 9 1 70 1 3 , . 8 5 ** 
38 a ' 4 . . 2 0 * 53 1 2 . 4 7 52 4 . 3 5 4 7 1 2 . . 1 0 48 
39 g 4 . . 2 0 * 50 2 0 . 7 / 2 1 . 1 * 49 4 . 3 5 5 0 1 9 , . 88 51 

•f G l c C o n d i t i o n s [ O v e n t e m p e r a t u r e ( ° C ) , c o l u m n h e a d p r e s s u r e ( p s i ) ] : a ) 
1 9 5 , 1 0 ; a ' ) 1 9 5 , 1 5 ; b ) 2 0 0 , 1 5 ; c ) 1 9 5 , 1 0 ; d ) 2 2 0 , 1 5 ; e ) 2 4 5 , 1 5 ; g ) 
2 7 0 , 1 0 . 
* Two d i a s t e r e o m e r s f o r m e d , s e e P A R T I V . 

* T h e s i g n a l s o f t h e e t h y l e s t e r m e t h y l e n e s w e r e u s e d f o r i n t e g r a t i o n . 
* * N o t e n o u g h r e s o l u t i o n o b t a i n e d o n g l c . 



T h a t t h e s p e c t r a l a s s i g n m e n t o f t h e p h o t o p r o d u c t s w a s c o r r e c t c o u l d 

b e d e m o n s t r a t e d i n t h e c a s e o f c o m p o u n d s 6 3 A a n d 6 3 B , t h e p r o d u c t s f r o m 

t h e d i e s t e r M e / i P r - 3 0 . T h e NMR s p e c t r u m a n d t h e X - r a y c r y s t a l 

s t r u c t u r e o f e a c h o f t h e s e two r e g i o i s o m e r i c d i b e n z o s e m i b u l l v a l e n e s w e r e 

o b t a i n e d a f t e r t h e y h a d b e e n s e p a r a t e d b y a l e n g t h y a n d l o w y i e l d 

f r a c t i o n a l r e c r y s t a l l i z a t i o n p r o c e d u r e . T h e d i e s t e r 6 3 A w a s a l s o 

s y n t h e s i z e d i n d e p e n d e n t l y i n a s t e r e o s p e c i f i c m a n n e r f r o m t h e 1 0 - i s o p r o 

p y l - 1 1 - m e t h y l - d i b e n z o b a r r e l e n e d i e s t e r 44 w h i c h i s d i s c u s s e d i n P a r t V I 

o f t h e t h e s i s ( F i g u r e 5 3 ) . T h e NMR s p e c t r a o f c o m p o u n d s 6 3 A a n d 6 3 B 

a r e s h o w n i n F i g u r e 5 4 . 

i P r O O C i P r O O C 

hv 

a c e t o n e 
4 4 

63A 

( O n l y P r o d u c t ) 

F i g u r e 53. I n d e p e n d e n t S y n t h e s i s o f P h o t o p r o d u c t 63A. 
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Figure 54. NMR Spectra of Dibenzosemibullvalenes 63A (top) and 63B 

(bottom). 

Another consistent and probably structure-diagnostic feature 

throughout the mixed d i e s t e r s e r i e s was found on the glc re t e n t i o n times 

measured on a DB-1 c a p i l l a r y column. The trend was characterized by 
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s h o r t e r r e t e n t i o n t i m e s f o r t h e s t a r t i n g m a t e r i a l s c o m p a r e d t o t h e 

p h o t o p r o d u c t s a n d b y t h e f a c t t h a t t h e i s o m e r s A h a d l o n g e r r e t e n t i o n 

t i m e s t h a n t h e i s o m e r s B . T h e r e t e n t i o n t i m e s o f e a c h s o l u t i o n p r o d u c t 

a n d t h e i n t e g r a t e d a r e a o f t h e i r g l c p e a k s a r e a l s o p r e s e n t e d i n T a b l e 

X I . 

O n c e t h e s t r u c t u r a l i d e n t i t y o f t h e g l c p e a k s h a d b e e n d e t e r m i n e d i t 

w a s f o u n d t h a t t h e f r a g m e n t a t i o n p a t t e r n s o b t a i n e d f r o m t h e g l c - m a s s 

s p e c t r o m e t r i c m e a s u r e m e n t s o b t a i n e d b y 7 0 e V e l e c t r o n i m p a c t i o n i z a t i o n 

c o u l d b e c o r r e l a t e d s u c c e s s f u l l y w i t h t h e d i b e n z o s e m i b u l l v a l e n e 

r e g i o c h e m i s t r y . T h e f r a g m e n t a t i o n p a t t e r n i n t h e h i g h m a s s r a n g e w a s 

c h a r a c t e r i z e d b y t h e l o s s o f t h e two e s t e r s u b s t i t u e n t s , e i t h e r a s 

m o l e c u l a r o r a s r a d i c a l f r a g m e n t s . T h e k e y t o t h e m a s s s p e c t r a l b e h a v i o r 

i s t h a t t h e n a t u r e o f t h e s e f r a g m e n t s d e p e n d s o n t h e l o c a t i o n o f t h e 

e s t e r g r o u p o n t h e two n o n - e q u i v a l e n t c y c l o p r o p y l p o s i t i o n s a n d c o n s i s t s 

o f t h e f o l l o w i n g ( c o m p a r e w i t h T a b l e X I I a n d F i g u r e 5 5 ) : 

( 1 ) E s t e r s u b s t i t u e n t s a t C ( 8 b ) c a n b e l o s t p a r t i a l l y t o g i v e 

[M - R - O H ] + , o r i n a m o r e c o n s i s t e n t m a n n e r t o g i v e [M - ( R O H + C 0 ) ] + . 

( 2 ) E s t e r s u b s t i t u e n t s a t C ( 8 c ) a r e l o s t m a i n l y a s [M - R - 0 , ] + o r a s 

[M - ( R - 0 - + C 0 ) ] + . 

( 3 ) E s t e r s u b s t i t u e n t s a t C ( 8 b ) b e a r i n g a b s t r a c t a b l e 7 - h y d r o g e n s c a n 

u n d e r g o t h e n o r m a l M c L a f f e r t y r e a r r a n g e m e n t b e s i d e s t h e f r a g m e n t a t i o n 

i n d i c a t e d i n ( 1 ) a b o v e . T h i s f r a g m e n t a t i o n p a t h w a y i s n o t s h a r e d b y 

s u b s t i t u e n t s a t C ( 8 c ) e v e n i f h y d r o g e n s s u i t a b l e f o r a b s t r a c t i o n a r e 

a v a i l a b l e . 
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I t h a s b e e n p r o p o s e d o n t h e b a s i s o f s t e r e o c h e m i c a l e v i d e n c e , o f t e n 

w i t h t h e a i d o f d e u t e r a t e d c o m p o u n d s , 1 2 ^ t h a t t h e l o s s o f m e t h a n o l o r 

a n y o t h e r a l c o h o l f r o m c a r b o x y l i c e s t e r s a r i s e s f r o m a d o u b l e h y d r o g e n 

a t o m t r a n s f e r . 1 2 0 A r e q u i r e m e n t f o r t h e l o s s o f a n a l c o h o l m o l e c u l e i s 

t h e p r e s e n c e o f a s e c o n d f u n c t i o n a l g r o u p a b l e t o m a k e t h e f i r s t 

h y d r o g e n a b s t r a c t i o n ( a l c o h o l s , e t h e r s , a m i n e s , c a r b o n y l s , e t c . ) . T h e 

l o s s o f a n a l c o h o l m o l e c u l e f r o m a n e s t e r c o m p o u n d w i t h t h e a i d o f a 

s e c o n d f u n c t i o n a l g r o u p h a s b e e n r e f e r r e d t o a s " i n t r a m o l e c u l a r 

c a t a l y s i s . " 1 2 0 E v i d e n c e f o r t h e d o u b l e t r a n s f e r m e c h a n i s m i s b a s e d o n : 

1 ) t h e r e q u i r e d s t e r e o c h e m i s t r y b e t w e e n t h e f i r s t p r o t o n a b s t r a c t o r a n d 

t h e e s t e r g r o u p l o s i n g t h e a l c o h o l f r a g m e n t , 2 ) i n e s t e r s , h y d r o g e n 

a b s t r a c t i o n b y t h e a l k o x y o x y g e n i s u n i m p o r t a n t , a n d , 3 ) e s t e r s 

p r o t o n a t e d o n t h e c a r b o n y l o x y g e n d o n o t u n d e r g o ( u n c a t a l y z e d ) 

1 , 3 - h y d r o g e n s h i f t s . 1 2 0 T h e g e o m e t r y r e q u i r e d f o r t h e d o u b l e t r a n s f e r , 

o r c a t a l y s i s , s h o u l d p e r m i t a c l o s e p r o x i m i t y b e t w e e n t h e two f u n c t i o n a l 

g r o u p s i n v o l v e d i n t h e d o u b l e r e a r r a n g e m e n t . A m e c h a n i s m o f t h i s t y p e 

i n t h e c a s e o f t h e r e g i o i s o m e r i c d i b e n z o s e m i b u l l v a l e n e p h o t o p r o d u c t s 

w o u l d r e q u i r e t h a t : 1 ) a h y d r o g e n a t o m b e f i r s t a b s t r a c t e d b y t h e 

c a r b o n y l o x y g e n o f t h e e s t e r g r o u p a t C ( 8 c ) , 2 ) t h e s a m e h y d r o g e n s h o u l d 

b e t r a n s f e r r e d a s a p r o t o n t o t h e a l k o x y o x y g e n o f t h e e s t e r g r o u p a t 

C ( 8 b ) , a n d , 3 ) t h e p r o t o n a t e d a l k o x y g r o u p s h o u l d b e l o s t a s a m o l e c u l a r 

f r a g m e n t ( F i g u r e 5 5 ) . A s s u g g e s t e d i n F i g u r e 5 5 , i t s e e m s t h a t t h e 

h y d r o g e n m o s t l i k e l y t o b e i n v o l v e d i n t h i s p r o c e s s i s t h e b i s b e n z y l i c 

h y d r o g e n a t t a c h e d a t C ( 4 b ) . T h e i n v o l v e m e n t o f t h i s , p r e s u m a b l y m o r e 

r e a c t i v e h y d r o g e n , may a l s o e x p l a i n why t h e r e i s n o s i g n i f i c a n t h y d r o g e n 

t r a n s f e r i n t h e o t h e r d i r e c t i o n [ f r o m e s t e r a t C ( 8 b ) t o e s t e r a t C ( 8 c ) ] . 
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The l o s s of the [R-OH + CO] fragments that account f o r peaks of 

co n s i s t e n t l y large i n t e n s i t y , may occur v i a two consecutive steps. I t 

i s p ossible that the second step may, i n some cases, be s u f f i c i e n t l y 

f a s t not to allow f o r the observation of the M* - R-OH ion. I t seems 

reasonable that t h i s type of fragmentation at the C(8b) ester group i s 

r e a l i z e d by i n i t i a l charge l o c a l i z a t i o n at C(8c) but that the competing 

McLafferty rearrangement i s probably the fragmentation occurring by 

i n i t i a l charge l o c a l i z a t i o n at that p o s i t i o n . 

Competing with the f i r s t hydrogen abstra c t i o n and subsequent 

transfer, the ester group at C(8c) fragments i n a normal a-cleavage 

fashion to y i e l d abundant M + - RO- and M + - (RO- + CO) ions. The lack of 

McLafferty rearrangement at the ester group at C(8c) i s somewhat 

i n t r i g u i n g and probably r e s u l t s from being a r e l a t i v e l y slower process 

compared to the other (hydrogen abstraction [H(4b)] and a-cleavage) 

a l t e r n a t i v e s . Although a d e t a i l e d machanism should necessitate studies 

with i s o t o p i c a l l y labeled compounds, the structure-diagnostic value of 

the mass spectra of these compounds seems almost undeniable. 
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F i g u r e 55. S t e r e o s p e c i f i c E l e c t r o n Impact I n d u c e d F r a g m e n t a t i o n o f 

D i b e n z o s e m i b u l l v a l e n e D i e s t e r s . 



- 1 3 9 -

T a b l e X I I . H i g h M a s s F r a g m e n t a t i o n o f t h e D i b e n z o s e m i b u l l v a l e n e 

D i e s t e r s . 

C O O R i 

C O O R 2 

5 4 

C o m p o u n d A l k y l g r o u p l o s t a s ( r e l . i n t e n s i t y ) :  

R L R 2 R - O H R - 0 - ROH + CO R O • + CO M c L a f f e r t y 

6 3 A i P r Me i P r ( 5 ) - i P r ( 6 5 ) M e ( 1 0 ) i P r ( 3 0 ) 

6 4 A s B u Me - - s B u ( 9 4 ) - s B u ( 5 8 ) 

6 5 A t B u Me t B u ( 5 ) - t B u ( 9 6 ) - t B u ( l O O ) 

6 6 A n P e n Me - - P e n ( 3 0 ) M e ( 3 ) -

6 7 A i P e n Me i P e n ( 3 ) - i P e n ( 6 0 ) M e ( 5 ) i P e n ( 2 0 ) 

6 8 A n e o P e n Me - n e o P e n ( l O ) - n e o P e n ( l O ) 

7 2 A S b u E t s B u ( 1 5 ) - s B u ( l O O ) - s B u ( l l ) 

6 3 B Me i P r M e ( 1 5 ) i P r ( 1 0 ) M e ( 2 0 ) i P r ( l O O ) -

6 4 B Me s B u M e ( 9 ) s B u ( l l ) M e ( 8 ) s B u ( l O O ) -

6 5 B Me t B u - t B u ( l l ) - t B u ( 1 0 0 ) t B u ( 6 ) 

6 6 B Me n P e n - n P e n ( 2 5 M e ( 2 0 ) n P e n ( l O O ) -

6 7 B Me i P e n - - i P e n ( 2 5 ) i P e n ( 5 ) -

6 8 B Me n e o P e n - - n e o P e n ( 2 5 ) n e o P e n ( 5 ) -

7 2 B E t s B u E t C l l ) sBuC8") E t ( 8 0 ) s B u ( l O O ) -
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P h o t o l y s i s o f M i x e d D i e s t e r s i n S o l u t i o n a n d i n t h e S o l i d S t a t e . 

W i t h o n l y t w o e x c e p t i o n s , p r e s e n t e d b y c o m p o u n d s M e / n P e n t - 3 3 a n d 

M e / M e n t h - 3 6 , we f o u n d t h a t t h e m i x e d d i e s t e r s p r e p a r e d f o r t h e s t u d i e s 

d e s c r i b e d i n t h i s s e c t i o n w e r e s o l i d s a t a m b i e n t t e m p e r a t u r e s . T h e s e 

c o m p o u n d s w e r e t h e r e f o r e p h o t o l y z e d i n t h e s o l i d s t a t e a n d t h e p r o d u c t 

r a t i o s d e t e r m i n e d i n t h e same m a n n e r a s i n t h e s o l u t i o n p h o t o l y s e s . T h e 

r e g i o s e l e c t i v i t y o b s e r v e d i n t h e s o l i d s w a s f o u n d t o b e r e p r o d u c i b l e 

f r o m s a m p l e t o s a m p l e a n d n o t a f f e c t e d b y p o w d e r i n g t h e c r y s t a l s o r b y 

r e d u c i n g t h e t e m p e r a t u r e t o a s l o w a s -50°C. D e t a i l e d s t u d i e s c a r r i e d 

o u t o n c r y s t a l s o f c o m p o u n d M e / i P r - 3 0 i n d i c a t e d t h a t t h e p r o d u c t r a t i o 

w a s i n d e p e n d e n t o f t h e p e r c e n t c o n v e r s i o n i n i r r a d i a t i o n s t h a t l e d t o u p 

t o -25% o f s t a r t i n g m a t e r i a l c o n s u m p t i o n ( a f t e r w h i c h t h e c r y s t a l s 

b e c a m e u n r e a c t i v e ) . A s u m m a r y o f t h e r e s u l t s o n t h e r e g i o s e l e c t i v i t y 

o b t a i n e d i n t h e s o l i d s t a t e i s s h o w n i n F i g u r e 56, w h e r e t h e s o l u t i o n 

r e s u l t s a r e a l s o i n c l u d e d f o r c o m p a r a t i v e p u r p o s e s . 

T h e f i r s t o b s e r v a t i o n o n e c a n d r a w f r o m t h e g r a p h i n F i g u r e 56 i s 

t h a t t h e p r o d u c t s e l e c t i v i t y c a n b e m o r e p r o f o u n d l y a f f e c t e d i n t h e 

s o l i d s t a t e t h a n i n s o l u t i o n w h e n s m a l l v a r i a t i o n s a r e i n t r o d u c e d t o t h e 

d i b e n z o b a r r e l e n e d i e s t e r s t r u c t u r e . T h e s o l u t i o n r e s u l t s i n d i c a t e t h a t 

t h e r e g i o s e l e c t i v i t y i n t h e s e m e d i a t e n d s t o b e m o d e r a t e a n d t o f o l l o w 

w h a t s e e m s t o b e a g e n e r a l t r e n d . T h e r e g i o s e l e c t i v i t y i n t h e s o l i d 

s t a t e , i n c o n t r a s t , r a n g e s f r o m m o d e r a t e t o l a r g e a n d s e e m s t o v a r y i n a 

d i s c o n t i n u o u s a n d u n p r e d i c t a b l e m a n n e r . 
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S O L U T I O N 

S O L I D S T A T E 

R = Et nPr iPr s B u t B u iPen neoPen P h i P r * s B u * 
" E t h y l i n s t e a d o 

C O M P O U N D : 28 29 30 31 32 34 35 37 38 39 m e t h y l g r o u p s 

F i g u r e 5 6 . C o m p a r i s o n B e t w e e n t h e S o l u t i o n a n d S o l i d S t a t e R e g i o s e 

l e c t i v i t y o f C o m p o u n d s 28 t o 3 9 . 
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A n a l y s i s o f t h e S o l u t i o n R e g i o s e l e c t i v i t y . 

G i v e n t h e s i m i l a r n a t u r e o f t h e e l e c t r o n i c p r o p e r t i e s o f t h e 

s u b s t i t u e n t s u s e d i n t h e p r e s e n t w o r k i t s e e m s r e a s o n a b l e t o p o s t u l a t e 

t h a t t h e t r e n d f o u n d i n t h e s o l u t i o n r e g i o s e l e c t i v i t y o r i g i n a t e s m a i n l y 

f r o m s t e r i c f a c t o r s . 1 2 8 T h e s e f a c t o r s c a n o p e r a t e e i t h e r b y i n d u c i n g a 

s t e r i c i n h i b i t i o n o f o n e o f t h e r e a c t i o n p a t h w a y s , t h a t i s b y a p r i m a r y 

s t e r i c e f f e c t , o r b y i n f l u e n c i n g t h e r e s o n a n c e p r o p e r t i e s o f t h e 

a t t a c h e d c a r b o n y l g r o u p s 1 ^ c o n s i s t e n t w i t h a s e c o n d a r y s t e r i c e f f e c t . 

A P r i m a r y S t e r i c E f f e c t ? 

I t w a s i n d i c a t e d i n F i g u r e 18 t h a t t h e r e g i o c h e m i s t r y o f t h e f i n a l 

p r o d u c t w i l l d e p e n d o n t h e s u c c e s s f u l c o n t i n u a t i o n o f t h e f i r s t r e a c t i o n 

s t e p . ^ ° ' ' 1 3 ( ^ P r o v i d e d t h e r e i s n o s i g n i f i c a n t r e v e r s i b i l i t y t o t h e 

e x c i t e d s t a t e o f t h e s t a r t i n g m a t e r i a l o n c e t h e c y c l o p r o p y l d i c a r b i n y l 

s p e c i e s B R - 1 i s f o r m e d ( o r B R - 2 i f a 1 , 2 - a r y l s h i f t o c c u r s ^ 8 ) , i t m u s t 

p r o c e e d t o t h e f i n a l p r o d u c t i n a s t e r e o s p e c i f i c m a n n e r . 1 3 ^ T h e s t e r i c 

e f f e c t o f t h e s u b s t i t u e n t s c a n t h e r e f o r e o r i g i n a t e f r o m d i f f e r e n c e s i n 

c r o w d i n g d u r i n g t h e f o r m a t i o n o f t h e a l t e r n a t i v e c y c l o p r o p y l d i c a r b i n y l 

b i r a d i c a l i n t e r m e d i a t e s . 

T h e p o s s i b i l i t y o f h a v i n g t h e p h o t o p r o d u c t s b e i n g f o r m e d u n d e r 

c o n d i t i o n s w h i c h c o u l d f a c i l i t a t e t h e r m o d y n a m i c e q u i l i b r a t i o n was 

i n v e s t i g a t e d a n d r u l e d o u t . A f t e r l o n g p h o t o l y s i s p e r i o d s o f s a m p l e s o f 

t h e p u r e p h o t o p r o d u c t 6 3 A , u n d e r t y p i c a l l a s e r a n d l a m p i r r a d i a t i o n 

p r o c e d u r e s , t h e s t a r t i n g m a t e r i a l w a s r e c o v e r e d u n r e a c t e d . 
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F i g u r e 5 7 . R a d i c a l C e n t e r S t a b i l i z a t i o n b y B r i d g e h e a d ( R ) S u b s t i t u 

e n t s i n B R - 2 

A p r i m a r y s t e r i c e f f e c t h a s b e e n p u t f o r w a r d p r e v i o u s l y t o e x p l a i n 

t h e r e g i o s e l e c t i v i t y o f t h e d i - 7 r - m e t h a n e r e a r r a n g e m e n t o f t h e 9 - a l k y l 

s u b s t i t u t e d d i b e n z o b a r r e l e n e c o m p o u n d s s h o w n i n F i g u r e 5 8 . 1 2 4 - p n e 

s t e r i c e f f e c t s o f s u b s t i t u e n t s i n t h i s c a s e , h o w e v e r , w e r e f o u n d t o b e 

o b s c u r e d b y p a r t i c i p a t i o n o f e l e c t r o n i c e f f e c t s t h a t c a n b e d i s c e r n e d 

f r o m t h e o b s e r v e d r e s u l t s . 1 2 4 I t h a s b e e n p o s t u l a t e d t h a t s u b s t i t u e n t s 

a t t h e 9 - p o s i t i o n f a v o u r a m e c h a n i s m i n w h i c h a d i r e c t 1 , 2 - a r y l s h i f t t o 

g i v e B R - 2 m a y b e i n v o l v e d 4 * * • ( F i g u r e 5 7 ) . I n t h i s c a s e a n i n d u c t i v e 

e f f e c t o f t h e s u b s t i t u e n t s w o u l d o f f e r t h e a d v a n t a g e o f f u r t h e r 

s t a b i l i z i n g t h e b e n z y l i c r a d i c a l c e n t e r i n B R - 2 w i t h o u t h a v i n g t o 
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d i s t u r b t h e a r o m a t i c i t y o f t h e b e n z e n e r i n g , a s i s t h e c a s e i n B R - 1 . T h e 

v i n y l - b e n z o b r i d g i n g i s t h e r e f o r e f a v o r e d t o o c c u r a t t h e s i d e o f t h e 

r a d i c a l s t a b i l i z i n g s u b s t i t u e n t , w h i c h c a n e v e n b e m a n i f e s t e d a s a n 

i s o t o p e e f f e c t , a s w a s f o u n d i n t h e c a s e o f t h e 9 - d e u t e r a t e d a n a l o g ^ 0 3 

( F i g u r e 5 8 ) . T h e p r i m a r y s t e r i c e f f e c t o n t h e o t h e r h a n d s h o u l d 

d i s f a v o r t h e f o r m a t i o n o f t h e s a m e i n t e r m e d i a t e w h e n t h e s i z e o f t h e 

s u b s t i t u e n t b e c o m e s s u f f i c i e n t l y b u l k y . T h e i m p o r t a n c e o f t h i s s t e r i c 

e f f e c t a r i s e s f r o m t h e i n v o l v e m e n t o f a c y c l o p r o p y l s p e c i e s " B R - l - l i k e " , 

e v e n i f i t r e p r e s e n t s t h e t r a n s i t i o n s t a t e t o t h e " t r u e i n t e r m e d i a t e " ^ 0 3 

B R-2. E v e n u n d e r t h i s c i r c u m s t a n c e s u c h a m e c h a n i s m w o u l d m a k e B R - 1 t h e 

t r a n s i t i o n s t a t e w h i c h d e t e r m i n e s t h e r e g i o s e l e c t i v i t y . 

T h e n a t u r e o f t h e s t e r i c e f f e c t o f t h e e s t e r s u b s t i t u e n t s , h o w e v e r , 

c a n n o t b e s o r e a d i l y i d e n t i f i e d . O u r r e s u l t s r e v e a l t h a t u p t o a 

c e r t a i n p o i n t a n i n c r e a s e i n t h e s i z e d i f f e r e n c e b e t w e e n t h e two a l k y l 

g r o u p s b r i n g s a b o u t a m o d e s t i n c r e a s e i n t h e r e a c t i o n r e g i o s e l e c t i v i t y . 

S u c h i s t h e c a s e i n t h e m i x e d d i e s t e r s M e / E t - 2 8 t o M e / t B u - 3 2 , i n w h i c h a 

r e g u l a r i n c r e a s e i n t h e s i z e o f o n e o f t h e a l k y l g r o u p s f r o m e t h y l t o 

t e r t - b u t y l r e s u l t s i n a n i n c r e a s e i n t h e A : B p r o d u c t r a t i o f r o m 5 2 : 4 8 t o 

6 0 : 4 0 . 
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R 

P - P r o x i m a l Bonding 

R.~Remote Bond i n g 

B o n d i n g R e g i o s e l e c t i v i t y 

S u b s t i t u e n t P r o x i m a l R e m o t e 

D 53 4 7 

C H 3 29 71 

( C H 3 ) 2 C H 23 77 

LCH3I3C ; Q 1 0 0 

R e f e r e n c e s 48 a n d 1 2 4 . 

F i g u r e 5 8 . T h e I n v o l v e m e n t o f a P r i m a r y S t e r i c E f f e c t o n t h e 

R e g i o s e l e c t i v i t y o f t h e D i - w - M e t h a n e R e a r r a n g e m e n t o f 9 - S u b s t i t u t e d 

D i b e n z o b a r r e l e n e s . 

W h e t h e r t h e a b o v e c h a n g e i n p r o d u c t r a t i o c a n b e t a k e n a s a s m a l l 

b u t m e a s u r a b l e p r i m a r y s t e r i c e f f e c t i s d i f f i c u l t t o d e t e r m i n e . T h e 

n o r m a l p r o c e d u r e w o u l d b e t o a n a l y z e t h e e f f e c t o f t h e s u b s t i t u e n t s o n 

t h e p h o t o p r o d u c t r a t i o i n t e r m s o f T a f t ' s E g s t e r i c p a r a m e t e r s i n o r d e r 

t o s e a r c h f o r a l i n e a r c o r r e l a t i o n . 1 3 1 T h e s e p a r a m e t e r s , h o w e v e r , w o u l d 

o n l y a p p l y i n c a s e s w h e r e t h e s u b s t i t u e n t s a r e d i r e c t l y a t t a c h e d t o t h e 

r e a c t i o n c e n t e r a n d n o t s e p a r a t e d b y a C0 2 s p a c e r a s i n t h e p r e s e n t 

c a s e . * 
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I t i s i n t e r e s t i n g t o n o t e t h a t a p r i m a r y s t e r i c e f f e c t w o u l d 

i n d i c a t e t h a t t h e b u l k i e r s u b s t i t u e n t r e s t s i n a s t e r i c a l l y l e s s 

d e m a n d i n g p o s i t i o n a t t h e t r a n s i t i o n s t a t e . T h i s may b e a r e a s o n a b l e 

p o s s i b i l i t y c o n s i d e r i n g t h a t t h e m o s t d e m a n d i n g s t e r i c i n t e r a c t i o n f o r 

t h e s u b s t i t u e n t s a r i s e s a m o n g t h e m s e l v e s . T h e s e i n t e r a c t i o n s m a y b e 

r e l i e v e d t o some e x t e n t i n t h e t r a n s i t i o n s t a t e ( w h i c h w i l l p r o b a b l y 

l o o k l i k e B R - l ) ^ b a f t e r t h e c a r b o n s u p p o r t i n g t h e b u l k i e r g r o u p 

r e h y b r i d i z e s , t h e a t t a c h e d s u b s t i t u e n t s e p a r a t e a w a y f r o m e a c h o t h e r , 

a n d t h e s h o r t v i n y l d o u b l e b o n d l e n g t h e n s b y a c q u i r i n g s i n g l e b o n d 

c h a r a c t e r ( F i g u r e 5 9 ) . 

F i g u r e 59. P o s s i b l e R e l i e f o f t h e S t e r i c I n t e r a c t i o n s b y B o n d 

F o r m a t i o n a t t h e C a r b o n A t t a c h e d t o t h e B u l k i e r S u b s t i t u e n t . 

B e s i d e s t h e l o w r e g i o s e l e c t i v i t y , o t h e r o b s e r v a t i o n s s e e m t o 

i n d i c a t e t h a t a p r i m a r y s t e r i c e f f e c t w o u l d b e l a r g e l y d i m i n i s h e d b y t h e 

r e m o t e l o c a t i o n o f t h e s u b s t i t u e n t . 1 2 8 T h e s e i n c l u d e t h e i n s e n s i t i v i t y 

o f t h e p r o d u c t r a t i o t o f u r t h e r b r a n c h i n g o f t h e s u b s t i t u e n t s ( M e / n P r - 2 9 

t o M e / i P r - 3 0 a n d f r o m M e / s B u - 3 1 t o M e / t B u - 3 2 ) , a n d t o t h e s u r p r i s i n g 
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l a c k o f a n e f f e c t o f t h e l a r g e r s u b s t i t u e n t s o f c o m p o u n d s M e / n P e n - 3 3 a n d 

M e / i P e n - 3 4 . F u r t h e r m o r e , t h e h i g h l y b r a n c h e d a n d b u l k y n e o - p e n t y l a n d 

m e n t h y l d e r i v a t i v e s e x e r t a n e f f e c t e q u i v a l e n t t o t h a t o b s e r v e d i n t h e 

c o m p o u n d s o f t h e b u t y l s e r i e s . 

I n c o m p o u n d s 38 a n d 39 t h e s m a l l s i z e d i f f e r e n c e b e t w e e n t h e e t h y l , 

a n d i s o p r o p y l o r s e c - b u t y l e s t e r g r o u p s i s c o n s i s t e n t w i t h t h e p o o r 

d i s c r i m i n a t i o n b e t w e e n t h e t w o r e g i o i s o m e r s . T h e M e / P h e d i e s t e r 37 

r e s u l t s a r e m o r e d i f f i c u l t t o a n a l y z e w i t h i n t h i s c o n t e x t a s a r e s u l t o f 

t h e p o s s i b l e e l e c t r o n i c e f f e c t s a r i s i n g f r o m t h e p h e n y l s u b s t i t u e n t . 

T h i s m a y b e i n d i c a t e d b y t h e r e l a t i v e l y l a r g e a n d r e v e r s e d r e g i o s e l e c t i 

v i t y o b s e r v e d ( 7 0 A : 7 0 B = 3 0 : 7 0 ) 

A S e c o n d a r y S t e r i c E f f e c t ? 

A n a l t e r n a t i v e e x p l a n a t i o n f o r t h e r e g i o s e l e c t i v i t y o b s e r v e d i n 

s o l u t i o n r e s t s o n t h e p o s s i b i l i t y t h a t t h e r e p u l s i v e i n t e r a c t i o n s 

b e t w e e n t h e t w o a l k y l g r o u p s may d r i v e a n d k e e p o n e o f t h e ' a d j a c e n t 

c a r b o n y l g r o u p o u t o f c o n j u g a t i o n w i t h r e s p e c t t o t h e v i n y l i c d o u b l e 

b o n d . 1 2 9 , 1 3 2 T h e o r e t i c a l m o d e l s s u g g e s t t h a t t h e r e s o n a n c e s t a b i l i z a t i o n 

o f a n a . / 3 - u n s a t u r a t e d s y s t e m s h o u l d d e p e n d o n t h e t o r s i o n a n g l e , 8, 

d e f i n e d b y t h e m e a n p l a n e s o f t h e two d o u b l e b o n d s . ^ T h e a n g u l a r 

d e p e n d e n c e o f t h e r e s o n a n c e e n e r g y h a s b e e n p r o p o s e d t o v a r y i n r e l a t i v e 

t e r m s a s a f u n c t i o n o f a c o s 2 0 a n d , a s r e p r e s e n t e d i n F i g u r e 6 0 , w i l l 

b e a m a x i m u m a t 1 8 0 ° a n d 0 ° C a n d a m i n i m u m a t 9 0 ° . 
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F i g u r e 6 0 . R e s o n a n c e E n e r g y o f Two C o n j u g a t e d n-Systems 

a s a F u n c t i o n o f t h e T o r s i o n A n g l e (6). 

T h e c o n s e q u e n c e s o f h a v i n g a c a r b o n y l g r o u p o u t o f c o n j u g a t i o n c a n 

i n p r i n c i p l e a f f e c t t h e o u t c o m e o f t h e r e a c t i o n f r o m two d i f f e r e n t 

r e a c t i v i t y l e v e l s . T h e f i r s t c o n c e r n s t h e e x c i t e d s t a t e o f t h e 

d i b e n z o b a r r e l e n e d i e s t e r t h a t c a n b e r e g a r d e d a s a r e s o n a n c e s t a b i l i z e d 

1 , 2 - t r i p l e t b i r a d i c a l ( F i g u r e 6 1 ) . T h e r a d i c a l c e n t e r n e x t t o t h e l e a s t 

c o n j u g a t e d c a r b o n y l ( c a r b o n 1) i s e x p e c t e d t o h a v e a l a r g e r o d d e l e c t r o n 
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d e n s i t y w h i c h c a n c o n c e i v a b l y make i t m o r e r e a c t i v e t o w a r d s a r o m a t i c 

r i n g a t t a c k . T h i s p o i n t o f v i e w i s c o n s i s t e n t w i t h a m o d e l t h a t c o m p a r e s 

t h e d i - 7 T - m e t h a n e r e a c t i v i t y w i t h t h e w e l l k n o w n f r e e r a d i c a l r e a r r a n g e 

m e n t o f d i b e n z o b a r r e l e n e s 1 3 3 ( f i g u r e 6 2 ) . 

F i g u r e 6 1 . T h e T r i p l e t E x c i t e d S t a t e o f D i b e n z o b a r r e l e n e D i e s t e r s a s 

a 1 , 2 - B i r a d i c a l . 

A t t h e l e v e l o f t h e r e a c t i o n i n t e r m e d i a t e s , a t t a c k b y t h e same 

c a r b o n ( c a r b o n 1) i s e x p e c t e d t o o c c u r s i n c e i t w o u l d g e n e r a t e t h e m o s t 

s t a b l e , r e s o n a n c e d e l o c a l i z e d , 1 , 4 - b i r a d i c a l . T h e r e l a t i v e r a d i c a l 

s t a b i l i t y f a c t o r i s k n o w n t o p l a y a d e c i s i v e r o l e i n d e t e r m i n i n g t h e 

r e a c t i o n r e g i o s e l e c t i v i t y o f v i n y l s u b s t i t u t e d c o m p o u n d s . ^ 5 • • 1 3 0 

I t s e e m s t h e r e f o r e q u i t e p o s s i b l e t h a t d i f f e r e n t d e g r e e s o f 

c o n j u g a t i o n b e t w e e n t h e t w o c a r b o n y l g r o u p s a n d t h e c e n t r a l v i n y l b o n d 

m a y d e t e r m i n e t h e o b s e r v e d r e s u l t s . H a v i n g o n e c a r b o n y l g r o u p o u t o f 

c o n j u g a t i o n c a n b e r e g a r d e d a s a p p r o a c h i n g t h e s i t u a t i o n f o u n d i n t h e 

m e t h y l a n d e t h y l d i b e n z o b a r r e l e n e m o n o e s t e r s s t u d i e d b y C i g a n e k a n d 
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C r i s t o l ° 5 • ( f i g u r e 6 3 ) . T h e s t e r e o c h e m i s t r y o f t h e p r o d u c t i n t h e s e 

c a s e s w a s f o u n d t o b e c o m p l e t e l y d e t e r m i n e d b y t h e f o r m a t i o n o f t h e 

p r o d u c t t h a t p r o c e e d s t h r o u g h t h e m o r e s t a b l e i n t e r m e d i a t e . 
H 

Cl3CBr 

CC13 

F i g u r e 6 2 . F r e e R a d i c a l R e a r r a n g e m e n t o f D i b e n z o b a r r e l e n e s . 

COOR 
COOR 

COOR 

R - Me, E t 

F i g u r e 6 3 . R e g i o s e l e c t i v i t y i n D i b e n z o b a r r e l e n e M o n o e s t e r s . 
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S p e c t r o s c o p i c e v i d e n c e f o r d i f f e r e n t d e g r e e s o f c o n j u g a t i o n b e t w e e n 

t h e t w o c a r b o n y l g r o u p s c a n s o m e t i m e s b e o b t a i n e d i n s o l u t i o n f r o m 

i n f r a r e d m e a s u r e m e n t s . E m p i r i c a l c r i t e r i a f o r a s s i g n i n g c o n j u g a t i o n 

t a k e s a d v a n t a g e o f t h e n o r m a l l y l o w e r f r e q u e n c y a t w h i c h a c o n j u g a t e d 

c a r b o n y l b a n d o c c u r s ( s e e p a g e 8 7 ) . I t h a s b e e n p o s t u l a t e d t h a t 

d i f f e r e n c e ' s b e t w e e n s - c i s a n d s - t r a n s c o n f o r m e r s c a n a l s o b e i d e n t i f i e d 

f r o m m e a s u r e m e n t s t h a t i n c l u d e t h e c a r b o n y l - d o u b l e b o n d i n t e n s i t y ( I ) 

r a t i o 6 2 , 8 7 a ( I s - t r a n s / I d o u b l e b o n d > 5 . 2 ; I s - c i s / I - d o u b l e b o n d = 

0 . 6 - 3 . 5 ) . 

T h e e n e - d i o a t e s t r u c t u r e o f t h e d i b e n z o b a r r e l e n e c o m p o u n d s s t u d i e d 

h e r e i s p a r t i a l l y c h a r a c t e r i z e d b y a n i n f r a r e d b a n d s y s t e m i n t h e r a n g e 

b e t w e e n 1 7 5 0 - 1 6 0 0 c m - 1 . I n t h e c a s e o f d i e s t e r M e / i P r - 3 0 , t w o i n t e n s e 

a n d p a r t i a l l y o v e r l a p p i n g c a r b o n y l b a n d s ( i n CHCI3 s o l v e n t ) c a n b e 

d i s c e r n e d a t 1 7 2 0 a n d 1 7 0 5 c m " 1 . T h e v i n y l i c f r a g m e n t c a n b e l o c a t e d 

w i t h a b o u t h a l f t h e i n t e n s i t y o f t h e c a r b o n y l s a t 1 6 3 0 c m " 1 . T h e 

d i f f e r e n c e i n t h e c a r b o n y l b a n d f r e q u e n c y u n f o r t u n a t e l y c a n n o t b e 

u n a m b i g u o u s l y a s s i g n e d t o d i f f e r e n c e s i n c o n j u g a t i o n . I t i s k n o w n t h a t 

a n i s o p r o p y l s u b s t i t u e n t i s c a p a b l e o f d e c r e a s i n g t h e s t r e t c h i n g 

f r e q u e n c y o f t h e c a r b o n y l e s t e r g r o u p b y a s m u c h a s 20 c m " 1 r e l a t i v e t o 

a m e t h y l s u b s t i t u e n t . S u c h s u b s t i t u e n t e f f e c t i s n o r m a l l y a t t r i b u t e d t o 

t h e i n d u c t i v e s t a b i l i z a t i o n o f t h e p o l a r r e s o n a n c e f o r m o f t h e c a r b o x y -

l a t e g r o u p . T h i s e f f e c t c a n b e n i c e l y i l l u s t r a t e d i n o p e r a t i o n i n t h e 

s e r i e s o f a l k y l b e n z o a t e s s h o w n i n F i g u r e 64 b e l o w . T h e u n c e r t a i n t y i n 

t h e a s s i g n m e n t o f t h e c a r b o n y l b a n d s w a s f o u n d t o c a r r y o v e r t o t h e 

e n t i r e m i x e d d i e s t e r s e r i e s . 
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F i g u r e 6 4 . I n d u c t i v e E f f e c t o f t h e A l k y l S u b s t i t u e n t s o n t h e 

C a r b o n y l F r e q u e n c y o f A l k y l B e n z o a t e s . 

A l t e r n a t i v e l y , t h e u s e o f NMR s p e c t r o s c o p y h a s a l s o b e e n p r o p o s e d 

n o t o n l y t o d e t e r m i n e w h e t h e r a c a r b o n y l g r o u p i s c o n j u g a t e d o r n o t , b u t 

a l s o t o d e t e r m i n e c a r b o n y l - d o u b l e b o n d t o r s i o n 1 3 5 , 1 3 6 a n g l e s o f 

r e l a t i v e l y r i g i d c o m p o u n d s . B o t h 1 3 C N M R 1 3 5 a n d m o r e r e c e n t l y 1 7 0 

N M R 1 3 6 t e c h n i q u e s h a v e b e e n a p p l i e d a n d , i n t h e c a s e o f t h e l a t t e r , i t 

w a s c l a i m e d t o p r o v i d e v a l u e s t h a t c o m p a r e w e l l w i t h g a s p h a s e g e o m e t 

r i e s e s t i m a t e d f r o m f o r c e f i e l d m e t h o d s . 

A n a n a l y s i s o f t h e c a r b o n y l c a r b o n r e s o n a n c e s i n t h e 1 3 C NMR 

s p e c t r u m o f d i e s t e r M e / i P r - 3 0 w a s c a r r i e d o u t f o r e x p l o r a t o r y p u r p o s e s . 

Two d i s t i n c t b a n d s w e r e a c t u a l l y f o u n d a t 1 6 5 . 9 a n d 1 6 4 . 6 p p m r e s p e c 

t i v e l y . 
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I n t h e c a s e o f C NMR s p e c t r o s c o p y t h e m o r e c o n j u g a t e d c a r b o n y l 

c a r b o n i s n o r m a l l y e x p e c t e d t o r e s o n a t e a t h i g h e r f i e l d s t r e n g t h . 1 3 - 3 ^ e 

r e l a t i v e s h i e l d i n g o r i g i n a t e s w i t h t h e e x p e c t e d e l e c t r o n i c d e r e a l i z a 

t i o n c o n t r i b u t e d b y t h e r e s o n a n c e s t r u c t u r e I I : 

- C = C - O 0 < > - C + - C - C - 0 _ 

I I I 

I n o r d e r t o d e t e r m i n e w h e t h e r t h e d i f f e r e n c e i n c h e m i c a l s h i f t 

b e t w e e n t h e two c a r b o n y l c a r b o n s o f d i e s t e r M e / i P r - 3 0 w a s d u e t o s u c h 

d i f f e r e n c e s i n e l e c t r o n i c d e r e a l i z a t i o n , t h e s p e c t r a o f t h e s y m m e t r i c 

d i e s t e r s M e / M e - 1 8 a n d i P r / i P r - 2 3 w e r e a l s o o b t a i n e d i n t h e same s o l v e n t 

(CDCI3). T h e s p e c t r a o f t h e s y m m e t r i c d i e s t e r s w e r e f o u n d t o c o n t a i n a 

s i n g l e c a r b o n y l c a r b o n r e s o n a n c e a n d h a d o v e r a l l s p e c t r a t h a t i n d i c a t e d 

a t i m e - a v e r a g e d C 2 v s y m m e t r y i n e a c h c a s e . T h e c h e m i c a l s h i f t o f t h e 

c a r b o n y l c a r b o n s o f e a c h s p e c t r u m ( M e / M e - 1 8 : 1 6 5 . 8 a n d i P r / i P r - 2 3 : 1 6 4 . 7 

ppm) w a s f o u n d t o c o r r e l a t e w i t h e a c h o f t h e t w o c h e m i c a l s h i f t s 

o b s e r v e d i n t h e u n s y m m e t r i c c o m p o u n d M e / i P r - 3 0 . T h i s r e s u l t c l e a r l y 

i n d i c a t e s t h a t t h e d i f f e r e n c e i n t h e c h e m i c a l s h i f t s o f t h e c a r b o n y l 

r e s o n a n c e s i n 30 i s d u e t o t h e i n d u c t i v e e f f e c t o f t h e t w o d i f f e r e n t 

s u b s t i t u e n t s . We c a n a l s o c o n c l u d e t h a t , w i t h i n t h e t i m e s c a l e o f t h e 

NMR e x p e r i m e n t , t h e two c a r b o n y l g r o u p s i n 30 h a v e i n d i s t i n g u i s h a b l e 

d e r e a l i z a t i o n g e o m e t r y . 

T h e g a s p h a s e m o l e c u l a r c o n f o r m a t i o n o f s e v e r a l d i e s t e r s w a s a l s o 

o b t a i n e d f r o m m o l e c u l a r m e c h a n i c s ( p r o g r a m M M P 2 ) . 1 3 ^ I n o r d e r t o o b t a i n 

t h e g l o b a l e n e r g y m i n i m u m a s a f u n c t i o n o f t h e c a r b o n y l s y s t e m c o n f o r m a -
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t i o n , t h e e n e r g y o f a l a r g e n u m b e r o f c o n f o r m a t i o n s w a s c a l c u l a t e d b y 

v a r i a t i o n o f t h e two c a r b o n y l - d o u b l e b o n d d i h e d r a l a n g l e s ( F i g u r e 6 5 , 81 

- 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) a n d 82 = 0 ( 4 ) - C ( 1 5 ) - C ( 1 2 ) - C ( l l ) . T h e s t r u c t u r e 

o f 4 9 d i f f e r e n t c o n f o r m e r s ( c a r b o n y l r o t a m e r s ) w a s o b t a i n e d b y u s e o f 

•a t h e d i h e d r a l a n g l e d r i v e r f a c i l i t y o f t h e c o m p u t e r p r o g r a m . 1 3 7 0 O n e 

d i h e d r a l a n g l e w a s k e p t c o n s t a n t ( e . g . , 0 1 ) w h i l e t h e o t h e r (82) w a s 

r o t a t e d 3 6 0 ° i n 3 0 ° i n c r e m e n t s i n o r d e r t o o b t a i n a d i f f e r e n t r o t a m e r a t 

e v e r y s t e p . W i t h i n a l l t h e p o s s i b l e c o n f o r m a t i o n s c o v e r e d w i t h t h i s 

r e s o l u t i o n , a n e n e r g y m i n i m u m d e f i n e d b y t h e c a r b o n y l c o n f o r m a t i o n s h o w n 

i n F i g u r e 24 w a s f o u n d f o r t h e c o m p o u n d M e / M e - 1 8 . 

I t w a s v e r y i n t e r e s t i n g t h a t t h e same c a r b o n y l c o n f o r m a t i o n ( 0 1 = 

3 0 " , 82 = 2 1 0 ° ) was r e a c h e d a s m i n i m u m i n d i e s t e r s w i t h s i g n i f i c a n t l y 

d i f f e r e n t a l k y l s u b s t i t u e n t s ( M e / M e - 1 8 , E t / E t - 2 1 a n d i P r / i P r - 2 3 ) . T h i s 

o b s e r v a t i o n s u g g e s t e d t h a t t h e a l k y l g r o u p may n o t p l a y a v e r y i m p o r t a n t 

r o l e i n d e t e r m i n i n g t h e c o n j u g a t i o n o f t h e e n e - d i o a t e s y s t e m . T h e 

f a c t o r s t h a t t e n d t o p l a c e t h e c a r b o n y l g r o u p s o u t o f p l a n a r i t y may b e 

a l r e a d y c o n t a i n e d i n t h e t w o c a r b o x y l a t e e s t e r g r o u p s r e g a r d l e s s o f t h e 

a l k y l s u b s t i t u e n t . 

A n i n t e r e s t i n g o b s e r v a t i o n c o m e s f r o m t h e f a c t t h a t r e s o n a n c e 

s t r u c t u r e s , w h e r e b o t h c a r b o n y l g r o u p s o f t h e c r o s s - c o n j u g a t e d e n e -

d i o a t e s y s t e m a r e i n v o l v e d i n r e s o n a n c e w i t h t h e c e n t r a l d o u b l e b o n d , 

c a n n o t b e d r a w n a t t h e same t i m e . I t i s p o s s i b l e t h a t t h e c o s t o f 

d e c o n j u g a t i n g o n e o f t h e t w o c a r b o n y l g r o u p s , i n t e r m s o f r e s o n a n c e 

e n e r g y , m a y n o t b e s o h i g h g i v e n t h e p o s s i b i l i t y o f p a r t i a l l y d e l o c a l i z -

i n g t h e t w o c a r b o n y l s y s t e m s a t t h e same t i m e . 
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T h e s u g g e s t i o n t h a t t h e same n o n - c o n j u g a t e d c o n f o r m a t i o n a l m i n i m u m 

may e x i s t i n d e p e n d e n t l y o f t h e n a t u r e o f t h e a l k y l g r o u p may e x p l a i n t h e 

NMR d a t a o b t a i n e d . T h i s r e q u i r e s a r a p i d e q u i l i b r i u m w h e r e b o t h t h e 

m e t h y l a n d t h e i s o p r o p y l e s t e r g r o u p s t a k e t u r n s a d o p t i n g t h e two 

c a r b o n y l c o n f o r m a t i o n s t h a t d e f i n e t h e e n e r g y m i n i m u m . A n y s u c h 

c o n f o r m e r , h o w e v e r , s h o u l d h a v e a l i f e t i m e s h o r t e r t h a n t h e t i m e 

r e q u i r e d f o r d i s c r e t e d e t e c t i o n i n t h e NMR e x p e r i m e n t . 

I n o r d e r t o e l i m i n a t e t h e p o s s i b i l i t y o f d i f f e r e n t i a l c a r b o n y l 

c o n j u g a t i o n a s t h e s t e r e o c h e m i c a l c o n t r o l l i n g f a c t o r , a n o t h e r r e q u i r e 

m e n t m u s t b e f u l f i l l e d : t h e l i f e t i m e o f a d i e s t e r c o n f o r m e r s h o u l d b e 

s h o r t e r t h e n t h e l i f e t i m e o f t h e e x c i t e d s t a t e o r r e a c t i o n i n t e r m e d i a t e s 

w h o s e b e h a v i o r i t may b e i n f l u e n c i n g . 1 3 8 A l t h o u g h t h e l i f e t i m e s o f t h e 

d i - 7 r - m e t h a n e d i r a d i c a l i n t e r m e d i a t e s i n t h e c a s e o f t h e d i b e n z o b a r r e l e n e 

d i e s t e r s a r e n o t p r e s e n t l y a v a i l a b l e , t h e l i f e t i m e o f t h e t r i p l e t 

e x c i t e d s t a t e o f d i e s t e r 30 was m e a s u r e d d u r i n g t h e c o u r s e o f t h e 

p r e s e n t w o r k . T h e l i f e t i m e o f t h e t r i p l e t 3 3 0 * w a s m e a s u r e d b y 

S t e r n - V o l m e r k i n e t i c s i n 0 . 1 M b e n z e n e u s i n g 1 , 3 - c y c l o h e x a d i e n e a s t h e 

t r i p l e t q u e n c h e r . F r o m a k q r = 4 . 8 6 M " 1 a n d k q = 5 X 1 0 9 M " 1 s e c " 1 , a 

l i f e t i m e o f c a . 1 . 0 x 1 0 " 9 s e c was o b t a i n e d . 1 3 9 

F r o m t h e s t a n d p o i n t o f t h e t r i p l e t s t a t e , i n o r d e r t o o b s e r v e a 

s e c o n d a r y s t e r i c e f f e c t s u c h a s t h e o n e i n d i c a t e d i n F i g u r e 6 1 , t h e 

c o n f o r m e r l i f e t i m e ( d e t e r m i n e d b y t h e r a t e s o f r o t a t i o n a r o u n d t h e 

C = C - C = 0 s i n g l e b o n d s ) w o u l d b e r e q u i r e d t o b e l o n g e r t h a n i n t h e 

n a n o s e c o n d r a n g e . T h i s l i f e t i m e r a n g e may a l s o a p p l y t o t h e t r i p l e t 

b i r a d i c a l i n t e r m e d i a t e s i n t h e d i - j r - m e t h a n e r e a r r a n g e m e n t s i n c e t h o s e 

o b s e r v e d s o f a r a r e k n o w n t o b e e x t r e m e l y s h o r t l i v e d . I n t h e c a s e o f 
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t h e n a p h t h o b a r r e l e n e 73 s t u d i e d b y S h a f f n e r e t a l . ( F i g u r e 6 7 , p a g e 

1 6 2 ) , a l i f e t i m e o f 20 X 1 0 " ^ s e c w a s m e a s u r e d b y f l a s h p h o t o l y t i c 

e x p e r i m e n t s - 1 0 • 

W i t h o u t t h e r a t e s o f r o t a t i o n a r o u n d t h e C - C - C - 0 s i n g l e b o n d s , w h i c h 

d e t e r m i n e t h e l i f e t i m e o f t h e e n e - d i o a t e c o n f o r m e r s , n o c e r t a i n 

c o n c l u s i o n c a n b e d r a w n a b o u t t h e i n v o l v e m e n t o f a s e c o n d a r y s t e r i c 

e f f e c t . H o w e v e r , t h e e x t r e m e l y s h o r t l i f e t i m e o f t h e t r i p l e t s t a t e , a n d 

p r o b a b l y o f t h e t r i p l e t b i r a d i c a l s , s e e m t o make t h i s a v i a b l e h y p o t h e 

s i s . 

F i g u r e 6 5 . G a s P h a s e C o n f o r m a t i o n o f t h e E n e - D i o a t e S y s t e m i n 

D i b e n z o b a r r e l e n e D i e s t e r s a s O b t a i n e d f r o m M o l e c u l a r M e c h a n i c s ( M M P 2 ) . 
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T h e R e g i o s e l e c t i v i t y i n t h e S o l i d S t a t e . 

T h e M a t e r i a l s . 

I t i s c l e a r f r o m t h e r e s u l t s s u m m a r i z e d i n F i g u r e 56 t h a t d i f f e r e n t 

f a c t o r s d e t e r m i n e s o l u t i o n a n d s o l i d s t a t e r e g i o s e l e c t i v i t y . I n o r d e r 

t o l o o k f o r t h e p o s s i b l e f a c t o r s c o n t r o l l i n g s o l i d s t a t e r e a c t i v i t y we 

t u r n e d o u r e f f o r t s t o t r y i n g t o o b t a i n t h e X - r a y c r y s t a l a n d m o l e c u l a r 

s t r u c t u r e s o f t h e s u b s t r a t e s e m p l o y e d . 

A t t e m p t s t o o b t a i n c r y s t a l l i n e m a t e r i a l s s u i t a b l e f o r s t r u c t u r e 

e l u c i d a t i o n l e d u s t o c r y s t a l l i z a t i o n p r o c e d u r e s t h a t i n v o l v e d t h e u s e o f 

s e v e r a l s o l v e n t s a n d o f m o l t e n m a t e r i a l s . I n i t i a l l y p r o m i s i n g m a t e r i a l s 

w e r e o b t a i n e d f o r c o m p o u n d s M e / E t - 2 8 , M e / n P r - 2 9 , M e / i P r - 3 0 , M e / s B u - 3 1 , 

M e / P h - 3 7 a n d E t / i P r - 3 8 . C o m p o u n d s M e / P e n - 3 3 a n d M e / M e n t h y l - 3 6 , a s 

m e n t i o n e d b e f o r e , w e r e l i q u i d s a t a m b i e n t t e m p e r a t u r e s , a n d d i e s t e r s 

M e / i P e n - 3 4 a n d M e / n e o P e n - 3 5 s p o n t a n e o u s l y s o l i d i f i e d o n s t o r i n g i n t h e 

a b s e n c e o f s o l v e n t o v e r p e r i o d s o f 12 a n d 20 m o n t h s . 

T h e d i e s t e r s M e / t B u - 3 2 a n d E t / s B u - 3 9 t u r n e d o u t t o e x i s t a s 

e x t r e m e l y t h i n p l a t e s u n s u i t a b l e f o r d i f f r a c t i o n a n a l y s i s . T h e d i e s t e r 

M e / i P e n - 3 4 w a s r e c r y s t a l l i z e d a n d a l s o f o u n d t o g i v e s i m i l a r m a t e r i a l . 

C o m p o u n d M e / n e o P e n - 3 5 , a m a t e r i a l d e v o i d o f c r y s t a l l i n e t r a n s p a r e n c y , 

p r e s e n t e d p r o p e r t i e s t h a t w e r e i n a g r e e m e n t w i t h a g l a s s y s t r u c t u r e w i t h 

a l o n g r a n g e s o f t e n i n g i n s t e a d o f a s h a r p m e l t i n g p o i n t . Some c r y s t a l s 

o f M e / E t - 2 8 a n d M e / n P r - 2 9 w e r e a n a l y z e d a n d f o u n d n o t t o d i f f r a c t X - r a y s 

a s r e q u i r e d f o r t h e s t r u c t u r a l d e t e r m i n a t i o n . A s a m p l e o f E t / i P r - 3 8 w a s 

f o u n d t o h a v e a d i s o r d e r e d s t r u c t u r e w h i c h c o u l d n o t b e f u l l y r e s o l v e d . 

F i n a l l y , s u i t a b l e c r y s t a l s ( b o t h w i t h a n e e d l e l i k e m o r p h o l o g y ) w e r e 
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f o u n d f o r c o m p o u n d s M e / i P r - 3 0 a n d M e / P h - 3 7 , f o r w h i c h f u l l c r y s t a l 

s t r u c t u r e s w e r e d e t e r m i n e d . T h e s o l i d s t a t e p h o t o c h e m i c a l r e s u l t s f o r 

t h e s e t w o c o m p o u n d s w i l l now b e a n a l y z e d i n d e t a i l t o s e e i f we c a n 

e x t r a p o l a t e t h e s t r u c t u r a l i n f o r m a t i o n o b t a i n e d i n t o t h e o t h e r c r y s t a l 

l i n e c o m p o u n d s . 

S t e r e o e l e c t r o n i c F a c t o r s i n t h e S o l i d S t a t e . 

I n a n a l o g y w i t h t h e s t r u c t u r e o f c o m p o u n d M e / M e - 1 8 , E t / E t - 2 1 

( d i m o r p h s I a n d I I ) a n d i P r / i P r - 2 3 ( d i m o r p h s I a n d I I ) , t h e s t r u c t u r e s 

o f t h e d i e s t e r s M e / i P r - 3 0 a n d M e / P h - 3 7 a r e c h a r a c t e r i z e d b y p o s s e s s i n g a 

d i s y m m e t r i c c o n f o r m a t i o n t h a t " f r e e z e s " t h e t w o c a r b o n y l g r o u p s a t 

d i f f e r e n t e x t e n t s o f c o n j u g a t i o n w i t h t h e c e n t r a l d o u b l e b o n d . T h e i d e a 

o f h a v i n g t h e r e g i o s e l e c t i v i t y d e t e r m i n e d b y t h e r e l a t i v e r a d i c a l -

d e l o c a l i z i n g a b i l i t i e s o f t h e c a r b o n y l g r o u p s s e e m s t o b e a m e n a b l e t o 

e x p e r i m e n t a l v e r i f i c a t i o n i n t h e s o l i d s t a t e . T h e e x t e n t o f c o n j u g a 

t i o n , 7 9 , 1 4 0 d e f i n e d b y t h e d i h e d r a l a n g l e b e t w e e n t h e m e a n p l a n e s o f t h e 

c a r b o n y l a n d t h e v i n y l d o u b l e b o n d s , c a n b e e s t i m a t e d f r o m t h e X - r a y 

c r y s t a l s t r u c t u r e s . 

I f c o n j u g a t i o n , a s e c o n d a r y s t e r i c e f f e c t , w e r e t h e p r o d u c t 

d e t e r m i n i n g f a c t o r i n t h e s o l i d s t a t e , o n e w o u l d p r e d i c t t h a t t h e 

r e a c t i o n w o u l d p r o c e e d b y b o n d f o r m a t i o n a t t h e v i n y l c a r b o n a t t a c h e d t o 

t h e l e a s t c o n j u g a t e d c a r b o n y l g r o u p ( s e e a b o v e ) . T h i s r e a c t i o n p a t h w a y 

w o u l d g u a r a n t e e a t t a c k t o t h e a r o m a t i c r i n g b y t h e e x p e c t e d l y m o r e 

r e a c t i v e v i n y l c a r b o n c e n t e r ( F i g u r e 6 1 ) a s w e l l a s t h e f o r m a t i o n o f t h e 

m o r e s t a b l e , c a r b o n y l d e l o c a l i z e d , 1 , 4 - b i r a d i c a l . T h e p r e d i c t e d r e a c t i o n 
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p a t h w a y a n d p h o t o p r o d u c t o f d i e s t e r s 30 a n d 37 a l o n g w i t h t h e 

e x p e r i m e n t a l o b s e r v a t i o n s o n t h e r e a r r a n g e m e n t a r e p r e s e n t e d i n F i g u r e 

66. T h r e e m o r e e x a m p l e s , 23 ( d i m o r p h I ) , ( R , S ) - 4 2 a n d ( S ) - ( + ) - 4 2 , 

b o r r o w e d f r o m o t h e r s e c t i o n s o f t h e t h e s i s a r e i n c l u d e d i n t h e same 

F i g u r e ( 6 6 ) . 
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C o m p o u n d P a t h w a y 

R l R2 61 62 c o s 2 t ? l c o s 2 0 2 p r e d i c t e d o b s e r v e d 

i P r Me 3 1 5 . 5 143 4 0 . 5 1 0 . 6 4 A B 

Me P h e 2 2 5 . 1 214 7 0 . 5 0 0 . 6 8 A A 

i P r i P r * 1 6 4 . 3 63 7 0 . 9 2 0 . 2 0 A B 

i P r ( S ) - s B u 1 6 6 . 2 68 4 0 . 9 4 0 . 1 4 A B 

i P r ( R . S ) - s B u 1 6 7 . 4 70 1 0 . 9 5 0 . 1 2 A B 

* R e g i o s e l e c t i v i t y o b t a i n e d f r o m a b s o l u t e c o n f i g u r a t i o n s t u d i e s ( P a r t 
I I ) a n d b y a n a l o g y w i t h i s o m o r p h i c c r y s t a l s o f i P r / s B u - 4 2 ( s e e P a r t I V ) . 

F i g u r e 6 6 . S t e r e o e l e c t r o n i c E f f e c t s o f t h e C a r b o n y l G r o u p s o n t h e 

P r e d i c t e d a n d O b s e r v e d R e g i o s e l e c t i v i t i e s f r o m t h e D i - r r - M e t h a n e o f Some 

D i b e n z o b a r r e l e n e D i e s t e r s . 
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T h e a n g l e s 81 a n d 82 t a b u l a t e d i n F i g u r e 66 a r e d e f i n e d a s t h e 

d i h e d r a l o r " t w i s t " a n g l e s b e t w e e n t h e m e a n p l a n e s o f t h e p - o r b i t a l 

l o b e s o f e a c h o f t h e two c a r b o n y l g r o u p s a n d o f t h o s e f r o m t h e c e n t r a l 

d o u b l e b o n d . T h e r e s o n a n c e e n e r g y o f t h e s y s t e m v a r i e s w i t h t h e c o s ^ 

f u n c t i o n o f t h e a n g l e s g i v e n a n d r e a c h e s a m a x i m u m v a l u e w h e n a l l t h e 

a t o m s l i e i n t h e same p l a n e 1 4 0 ( F i g u r e 6 0 ) . A l t h o u g h t h e d i f f e r e n c e i n 

c o s 8 b e t w e e n t h e two a d j a c e n t c a r b o n y l g r o u p s o f t h e c o m p o u n d s i n 

F i g u r e 66 r a n g e s f r o m v e r y s m a l l ( i . e . M e / i P r - 3 0 ) t o l a r g e ( i . e . 

i P r / i P r - 2 3 a n d i P r / s B u - 4 2 ) , t h e r e g i o s e l e c t i v i t y o n l y a g r e e s i n o n e c a s e 

( M e / P h - 3 7 ) w i t h o u r m e c h a n i s t i c e x p e c t a t i o n s . 

A v e r y i n t e r e s t i n g o b s e r v a t i o n f r o m t h e c o s 2 0 v a l u e s i n F i g u r e 66 i s 

t h a t t h e s u m o f t h e two c o n t r i b u t i o n s a d d s u p t o a v a l u e o f 1.1, w h i c h 

i s s l i g h t l y m o r e t h a n t h e v a l u e o f o n e f u l l y c o n j u g a t e d c a r b o n y l g r o u p 

( 1 . 0 ) . A s m e n t i o n e d b e f o r e , t h e e n e - d i o a t e s y s t e m c l e a r l y p r e f e r s t o 

h a v e p a r t i a l d e l o c a l i z a t i o n a t t h e two c a r b o n y l g r o u p s r a t h e r t h a n 

h a v i n g o n e c a r b o n y l p e r f e c t l y c o n j u g a t e d a n d t h e o t h e r p e r f e c t l y 

o r t h o g o n a l . 

I t i s i n t e r e s t i n g t o n o t i c e t h a t t h e l a c k o f r e s o n a n c e 

s t a b i l i z a t i o n h a s b e e n p r o p o s e d t o b e s o m e t i m e s s u f f i c i e n t l y i m p o r t a n t 

a s t o d e t e r m i n e t h e p r e s e n c e o r a b s e n c e o f d i - j r - m e t h a n e r e a c t i v i t y . 

T h e p h o t o c h e m i s t r y o f t h e u n s a t u r a t e d c a r b o n y l c o m p o u n d 7 3 , s t u d i e d b y 

S h a f f n e r e t a l 1 8 w a s p r e c i s e l y s t u d i e d i n t h i s c o n t e x t ( F i g u r e 6 7 ) . 



F i g u r e 67. D i f f e r e n t i a l P h o t o c h e m i s t r y f r o m t h e C o n j u g a t e d and 

N o n - C o n j u g a t e d R o t a m e r s o f B e n z o y l N a p h t h o b a r r e l e n e 73. 

T h e i n f r a r e d s p e c t r u m o f c o m p o u n d 73 i n a m e t h y l t e t r a h y d r o f u r a n 

m a t r i x a t 77K w a s f o u n d t o s h o w t w o d i s t i n c t i v e l y w e l l d e f i n e d c a r b o n y l 

s t r e t c h i n g b a n d s a t 1 6 3 3 a n d 1 6 4 4 cm"-'-. T h e s e b a n d s w e r e a t t r i b u t e d t o 

t h e two c a r b o n y l c o n f o r m e r s 7 3 - c o n j a n d 7 3 - u n c o n j r e s p e c t i v e l y , f r o m 

w h i c h t h e f o r m e r w a s f o u n d t o b e t h e m o s t a b u n d a n t c o m p o n e n t . 7 1 A s e r i e s 

o f c h a n g e s w a s o b s e r v e d i n t h e s p e c t r u m w h e n t h e m a t r i x w a s p h o t o l y z e d 
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a t l o w t e m p e r a t u r e a n d t h e n s l o w l y w a r m e d i n t h e d a r k . T h e m o s t 

i m p o r t a n t a s p e c t o f t h o s e o b s e r v a t i o n s i n c o n n e c t i o n w i t h t h e p r e s e n t 

d i s c u s s i o n i s t h a t o n l y t h e s p e c i e s r e s p o n s i b l e f o r t h e l o w e r f r e q u e n c y 

b a n d w a s a f f e c t e d d u r i n g t h e p h o t o c h e m i c a l a n d s u b s e q u e n t p r o c e s s e s . 

T h i s r e s u l t w a s i n t e r p r e t e d a s a n i n d i c a t i o n o f t h e e x c l u s i v e r e a c t i v i t y 

o f t h e c a r b o n y l - c o n j u g a t e d c o n f o r m e r 7 8 - C o n j . T h e a u t h o r s o b s e r v e d t h a t 

e v e n a f t e r e x h a u s t i v e p h o t o l y s i s t h e n o n - c o n j u g a t e d n a p h t h o b a r r e l e n e 

s p e c i e s r e m a i n e d i n e r t a n d c l e a r l y a c c o u n t e d f o r t h e r e c o v e r y o f t h e 

s t a r t i n g m a t e r i a l t h e e n d o f t h e e x p e r i m e n t s . 7 1 

A l t h o u g h a d e f i n i t i v e a s s i g n m e n t o f t h e c a r b o n y l b a n d s t o d i f f e r 

e n t l y c o n j u g a t e d s p e c i e s h a s t o r e m a i n s p e c u l a t i v e i n t h e c a s e o f 78, 

t h i s i s n o t t h e c a s e i n t h e d i e s t e r s i n c l u d e d i n F i g u r e 6 6 . I n c o n t r a s t 

t o 78, i n t h e c a s e o f t h e d i e s t e r c o m p o u n d s t h e d e g r e e o f c o n j u g a t i o n 

s e e m s n o t t o a f f e c t t h e d i b e n z o b a r r e l e n e r e a c t i v i t y . I t s h o u l d b e 

p o i n t e d o u t t h a t o u r r e s u l t s a r i s e f r o m i n t e r n a l ( i n t r a m o l e c u l a r ) 

c o m p a r i s o n a n d r e q u i r e t h e i n v o l v e m e n t o f r a d i c a l s t a b i l i z a t i o n f a c t o r s . 

T h o s e o f S c h a f f n e r e t a l . , o n t h e o t h e r h a n d , may a r i s e f r o m d i f f e r e n c e s 

i n t h e a b s o r p t i o n o f l i g h t ( e x t i n c t i o n c o e f f i c i e n t s ) o r i n t h e q u a n t u m 

y i e l d s o r r e a c t i o n o f t h e two c a r b o n y l c o n f o r m e r s . 

C l e a r l y , h a v i n g o n e c a r b o n y l g r o u p a l m o s t p e r f e c t l y o u t o f c o n j u g a 

t i o n i n t h e s o l i d s t a t e d o e s n o t p a r a l l e l t h e r e a c t i v i t y s h o w n i n t h e 

c a s e o f h a v i n g o n l y o n e c a r b o n y l g r o u p a s i n t h e m o n o e s t e r s o f F i g u r e 

6 3 . A f u n d a m e n t a l d i f f e r e n c e a r i s e s p r i m a r i l y f r o m t h e f a c t t h a t a 

s u b s t a n t i a l d e g r e e o f r a d i c a l s t a b i l i z a t i o n c a n b e e x p e c t e d b y t h e 

i n d u c t i v e e f f e c t s o f t h e u n c o n j u g a t e d c a r b o n y l g r o u p 1 4 1 r e l a t i v e t o t h e 

h y d r o g e n s u b s t i t u e n t i n t h e m o n o e s t e r s o f F i g u r e 6 3 . 
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S o l i d S t a t e P r i m a r y S t e r i c E f f e c t s . S t e r i c C o m p r e s s i o n . 

M o s t s o l u t i o n s t e r i c e f f e c t s a r e n e c e s s a r i l y d e f i n e d b y f a c t o r s 

r e l a t e d t o m o l e c u l a r s t r u c t u r e . S t e r i c e f f e c t s i n s o l u t i o n w e r e 

a d e q u a t e l y d e f i n e d b y S h o r t e r 1 ^ 2 a s " t h e i n t e n s e r e p u l s i v e f o r c e s 

o p e r a t i n g w h e n two n o n - b o n d e d a t o m s a p p r o a c h e a c h o t h e r s o c l o s e l y t h a t 

s u c h a p p r o a c h o r i g i n a t e s n o n - b o n d e d c o m p r e s s i o n e n e r g y " . T h i s a p p r o a c h 

c a n o c c u r e i t h e r i n t e r m o l e c u l a r l y o r , a s i n t h e c a s e o f t h e d i - f r - m e t h a n e 

r e a r r a n g e m e n t , i t c a n b e i n t r a m o l e c u l a r . T h e m o s t f u n d a m e n t a l d i f f e r e n c e 

b e t w e e n s o l u t i o n a n d s o l i d s t a t e s t e r i c e f f e c t s i s t h a t i n t h e l a t t e r , 

l a r g e r n o n - b o n d e d r e p u l s i v e i n t e r a c t i o n s m a y a r i s e b e t w e e n t h e r e a c t i n g 

m o l e c u l e a n d i t s r e l a t i v e l y f i x e d a n d a n i s o t r o p i c s u r r o u n d i n g s . 1 1 I n 

s o l u t i o n , a s s u g g e s t e d b y L a z a r , 3 - 3 t h e l i f e t i m e s o f t h e i n t e r m e d i a t e s 

a r e l o n g e r t h a n t h e t i m e r e q u i r e d f o r t h e o r g a n i z a t i o n o f t h e s o l v e n t 

a n d t h e m o l e c u l a r e n v i r o n m e n t w i l l b e e s s e n t i a l l y i d e n t i c a l i n a l l 

d i r e c t i o n s . S o l i d s t a t e s t e r i c e f f e c t s a r e s p e c i f i c a l l y d e t e r m i n e d b y 

t h e c r y s t a l a n d m o l e c u l a r s t r u c t u r e s a n d b y t h e m o t i o n s r e q u i r e d b y t h e 

o p e r a t i n g r e a c t i o n m e c h a n i s m ( s ) . S c h e f f e r e t a l h a v e s h o w n h o w s p e c i f i c 

s o l i d s t a t e s t e r i c e f f e c t s c a n b e i d e n t i f i e d w h e n b o t h t h e r e a c t i o n 

m e c h a n i s m a n d t h e c r y s t a l s t r u c t u r e a r e r e a s o n a b l y w e l l d e t e r m i n e d . 3 " 

A n a l y s i s o f t h e d i - w - m e t h a n e r e a c t i o n m e c h a n i s m b a s e d o n m o l e c u l a r 

m o d e l s i n d i c a t e s t h a t t h e m o s t d r a m a t i c c h a n g e s i n t h e d i b e n z o b a r r e l e n e 

s t r u c t u r e o c c u r d u r i n g t h e two c y c l o p r o p y l r i n g - f o r m i n g s t e p s . S i n c e t h e 

s u c c e s s o f t h e r e a c t i o n d e p e n d s p r i m a r i l y o n t h e f i r s t a r y l - v i n y l 

b o n d i n g s t e p , we d e c i d e d t o a n a l y z e t h i s p r o c e s s i n d e t a i l . 

F r o m a n o r i g i n a l d i s t a n c e o f a b o u t 2 . 4 3 A , 1 ^ 3 t h e r e a c t i n g v i n y l a n d 
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a r o m a t i c c a r b o n s m u s t come t o g e t h e r t o a C - C s i n g l e b o n d d i s t a n c e o f 

a p p r o x i m a t e l y 1 . 5 4 A. N o t a b l y , w h e n t h i s p r o c e s s t a k e s p l a c e t h e 

s u b s t i t u e n t a t t a c h e d t o t h e m o v i n g v i n y l c a r b o n u n d e r g o e s a l a r g e 

d i s p l a c e m e n t i n t h e d i r e c t i o n o f b o n d i n g ( F i g u r e 6 8 ) . T h i s m o t i o n m a y 

c a u s e t h e s u b s t i t u e n t t o p u s h t h e r e l a t i v e l y f i x e d a t o m s o f t h e 

n e i g h b o r i n g m o l e c u l e s i n t h e c r y s t a l . S i n c e t h e n o n - e q u i v a l e n t e s t e r 

g r o u p s s h o u l d b e s u r r o u n d e d b y d i f f e r e n t l a t t i c e e n v i r o n m e n t s , t h e 

a m o u n t o f n o n - b o n d e d r e p u l s i v e e n e r g y a c c o m p a n y i n g e a c h p r o c e s s may a l s o 

h a v e d i f f e r e n t m a g n i t u d e s . T h e r e a c t i o n r e g i o s e l e c t i v i t y may o r i g i n a t e 

w h e n o n e r e a c t i o n m e c h a n i s m i n c r e a s e s t h e e n e r g y o f t h e t r a n s i t i o n s t a t e 

m o r e t h a n a n a l t e r n a t i v e o n e . 

F i g u r e 6 8 . D i s p l a c e m e n t o f t h e V i n y l - A t t a c h e d S u b s t i t u e n t D u r i n g t h e 

B e n z o - V i n y l B r i d g i n g S t e p o n V i n y l D i s u b s t i t u t e d D i b e n z o b a r r e l e n e s . 
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The p a c k i n g d i f f e r e n c e s a r o u n d each o f the e s t e r groups o f t h e 

d i e s t e r s M e / i P r - 3 0 and Me/Ph-37 c a n be v i s u a l i z e d i n F i g u r e 69. The 

l a r g e s p h e r e s r e p r e s e n t atoms from n e i g h b o r i n g m o l e c u l e s a t c o n t a c t 

d i s t a n c e s o f l e s s t h a n 3.0 A ( t h e hy d r o g e n atoms a r e n o t s h a d e d ) . 

Q u a l i t a t i v e l y , t h e m e t h y l and p h e n y l e s t e r groups a r e more t i g h t l y 

s u r r o u n d e d t h a n t h e i s o p r o p y l and m e t h y l groups i n 30 and 37 

r e s p e c t i v e l y . The r e g i o s e l e c t i v i t y o b s e r v e d i s i n agreement w i t h t he 

l a r g e r m o t i o n s from p a r t o f the l e s s t i g h t l y s u r r o u n d e d i s o p r o p y l and 

m e t h y l groups o f 30 and 37 r e s p e c t i v e l y ( F i g u r e 6 3 ) . 

Me/iPr 

Me/Ph 

F i g u r e 69. L a t t i c e E nvironment Around t h e V i n y l S u b s t i t u e n t s o f the 

d i e s t e r s M e / i P r - 3 0 and Me/Ph-37. 
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A l t h o u g h t h e f r e e l a t t i c e space c o n c e p t ca n be u s e f u l as a f i r s t 

q u a l i t a t i v e a p p r o x i m a t i o n , 1 4 4 a more q u a n t i t a t i v e a p p r o a c h t o t h e 

m e c h a n i s t i c p r o b l e m s o f s o l i d s t a t e r e a c t i v i t y i s h i g h l y d e s i r a b l e . 

Q u a n t i t a t i v e a p p r o a c h e s , as p o i n t e d o u t by G a v e z z o t t i , 1 4 4 c a n be 

c o n v e n i e n t l y b a s e d on c a l c u l a t i o n s i n v o l v i n g s e m i - e m p i r i c a l non-bonded 

i n t e r m o l e c u l a r p o t e n t i a l s i n s t e a d o f on r i g o r o u s quantum m e c h a n i c a l 

me t h o d s . 3 0 - 1 4 4 The most u s e f u l p a r a m e t e r i n t h i s c o n t e x t i s t h e p a c k i n g 

p o t e n t i a l e n e r g y (PPE, Eq 14)) t h a t f o r m a l l y d e s c r i b e s t h e d i f f e r e n c e i n 

p o t e n t i a l e n e r g y between an i s o l a t e d m o l e c u l e i n the gas phase and the 

same m o l e c u l e i n the e n v i r o n m e n t o f i t s c r y s t a l l a t t i c e . 3 ^ > 1 4 4 d 

v 6 , 1 2 -. . e [ < r * / r ) 1 2 . . - 2 ( r * / r ) 6 ] . Eq 14. 

r * = e q u i l i b r i u m d i s t a n c e i n A 

« - d e p t h o f p o t e n t i a l w e l l ( K c a l / m o l ) . 

The c h o i c e o f the PPE as the p a r a m e t e r t o a n a l y z e the s o l i d s t a t e 

r e a c t i v i t y comes from the f a c t t h a t i t r e s u l t s from e x a c t l y the same 

phenomena t h a t c o n t r o l s s t e r i c e f f e c t s i n c h e m i c a l l y r e a c t i n g s y s 

tems. 30,145 These phenomena a r e a l s o the same t h a t g i v e meaning t o 

c o n c e p t s s u c h as m o l e c u l a r shape and s i z e : t h e Van d e r Waals i n t e r a c -

t i o n s . 1 4 5 

When i t i s e x t r a p o l a t e d t o p roblems o f c h e m i c a l r e a c t i v i t y , i t i s 

m e a n i n g f u l t o c o n s i d e r t h e PPE as a p o t e n t i a l e n e r g y f i e l d d e f i n e d by 

t h e s u r r o u n d i n g s o f t h e r e a c t i n g m o l e c u l e . I n e q u a t i o n 14 t h e p o t e n t i a l 

e n e r g y i s c a l c u l a t e d between e v e r y a t o m i c p a i r o f two i n t e r a c t i n g 

m o l e c u l e s w i t h r e s p e c t t o t h e i r r e l a t i v e p o s i t i o n a l p a r a m e t e r s , t h e 
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i n t e r a t o m i c d i s t a n c e s ( r ) . 1 4 6 The d i s p e r s i o n a t t r a c t i o n s o f t h e London 

t y p e [ g i v e n by t h e term: 2 ( r * / r ) 6 ] and t h e r e p u l s i o n f o r c e s c a u s e d by 

th e o v e r l a p o f e l e c t r o n c l o u d s [ g i v e n by: ( r * / r ) ^ ] d e f i n e t h e magnitude 

o f t h e f i e l d f o r e v e r y atom i n t h e r e a c t i n g m o l e c u l e , f o r e v e r y m o l e c u l e 

i n t h e c r y s t a l , and a f t e r c o m p l e t e summation, f o r t h e c r y s t a l as 

w h o l e . 3 0 - 1 4 6 

B e f o r e r e a c t i o n , the m o l e c u l e s a r e f o u n d a t t h e i r e q u i l i b r i u m 

p o s i t i o n s i n t h e p a r e n t c r y s t a l and the magnitude o f t h e a t t r a c t i v e 

f o r c e s p e r f e c t l y b a l a n c e s the magnitude o f the r e p u l s i v e ones. When a 

m o l e c u l e a b s o r b s a p h o t o n i t can undergo a t o m i c d i s p l a c e m e n t s i n s e a r c h 

o f a more s t a b l e e x c i t e d s t a t e geometry. W h i l e t h e e l e c t r o n i c a l l y 

e x c i t e d compound r e a c h e s the t r a n s i t i o n s t a t e o f a c h e m i c a l r e a c t i o n i t 

w i l l undergo a t o m i c d i s p l a c e m e n t s w i t h even l a r g e r a m p l i t u d e s . The e v e n t 

i n w h i c h an e x c i t e d compound r e a c h e s the p o t e n t i a l e n e r g y s u r f a c e o f a 

r e a c t i o n w h i l e i n the s o l i d s t a t e and by c h a n g i n g i n t o a f a v o r a b l e 

s t r u c t u r a l geometry has been c a l l e d dynamic p r e f o r m a t i o n . 1 4 7 

A l t h o u g h any such d i s p l a c e m e n t w i l l be e n e r g e t i c a l l y c o s t l y , m o t i o n s 

t h a t s t e e r t h e atoms o f the r e a c t i n g m o l e c u l e a g a i n s t i t s n e i g h b o r s w i l l 

be c o m p a r a t i v e l y f o r b i d d e n . T h i s r e s u l t s from t h e s h a r p e r i n c r e a s e i n 

r e p u l s i v e e n e r g y due t o t h e r 1 2 dependence o f t h e p o t e n t i a l e nergy 

f u n c t i o n 1 4 6 and e x p l a i n s the r e a s o n f o r the need o f t h e o f t e n i n v o k e d 

"empty s p a c e " f o r c h e m i c a l r e a c t i v i t y . 1 4 4 

S e v e r a l p o t e n t i a l e n e r g y f u n c t i o n s have been u s e d t o d e s c r i b e the 

PPE i n terms o f t h e p o s i t i o n a l a t o m i c p a r a m e t e r s . 1 4 6 The f u n c t i o n 

p r e s e n t e d i n e q u a t i o n 14 i s commonly r e f e r r e d t o as t h e "6-12" L e n n a r d 

J o n e s p o t e n t i a l f u n c t i o n and was t h e one u s e d i n t h e p r e s e n t w o r k . 1 4 7 
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The a p p r o a c h u s e d i n t h i s work c o n s i s t e d i n c a l c u l a t i n g the PPE as a 

f u n c t i o n o f the a t o m i c d i s p l a c e m e n t s r e q u i r e d i n f o l l o w i n g t h e m o t i o n s 

o f t h e assumed di-jr-methane r e a r r a n g e m e n t m e c h a n i s m . 4 6 , 4 7 The d e t a i l s o f 

t h e s e c a l c u l a t i o n s , p e r f o r m e d by Mr. F r e d Wireko o f t h i s d e p a r t m e n t , can 

be f o u n d e l s e w h e r e . 1 4 3 

The p l o t s shown i n F i g u r e 71 i n d i c a t e t h a t t h e r e i s a r i s e i n the 

p o t e n t i a l e n e r g y as each v i n y l c a r b o n i s d i s p l a c e d i n t h e d i r e c t i o n o f 

t h e n e i g h b o r i n g a r o m a t i c c a r b o n s . The mechanics o f t h e s e m o t i o n s have 

been s i m p l i f i e d f o r c o m p u t a t i o n a l p u r p o s e s by c o n s i d e r i n g a f l e x i b l e 

v i n y l f r agment and a p e r f e c t l y r i g i d a r o m a t i c framework and l a t t i c e 

e n v i r o n m e n t . The m o t i o n o f each v i n y l c a r b o n was s i m u l a t e d by r o t a t i o n 

o f an o p e r a t i o n a l v e c t o r j o i n i n g the b r i d g e h e a d c a r b o n , n e x t t o the 

moving fragment o f the m o l e c u l e , t o t h e v i n y l c a r b o n a t the o t h e r end o f 

t h e d o u b l e bond ( F i g u r e 7 0 ) . 

F i g u r e 70. S i m u l a t i o n o f t h e A r y l - V i n y l B r i d g i n g S t e p i n the 

Di-jr-Methane Rearrangement o f D i b e n z o b a r r e l e n e D i e s t e r s . 
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D i s p l a c e m e n t s a r e l a b e l l e d i n degrees as p o s i t i v e ( c l o c k w i s e ) o r 

n e g a t i v e ( c o u n t e r c l o c k w i s e ) a c c o r d i n g t o t h e sense o f r o t a t i o n . The PPE 

was c a l c u l a t e d a t 2" i n t e r v a l s w i t h e q u a t i o n 14 by u s i n g t h e r * 

p a r a m e t e r s d e s c r i b e d by H a g l e r , H u l e r and L i f s o n . 1 4 ^ ' I t s h o u l d be 

n o t i c e d t h a t f o u r d i s t i n c t o p e r a t i o n s c a n be made and t h a t each o f them 

a c c o u n t s f o r a d i f f e r e n t s o l i d s t a t e r e a c t i o n pathway. I n F i g u r e 71, 

e ach c u r v e r e p r e s e n t s t h e e n e r g y p r o f i l e accompanying t h e movement o f 

each e s t e r group. P o s i t i v e and n e g a t i v e v a l u e s on t h e h o r i z o n t a l a x i s 

r e p r e s e n t s movement o f the e s t e r group i n q u e s t i o n t o e i t h e r s i d e o f the 

v i n y l group. I n the c a s e o f t h e d i e s t e r s M e / i P r - 3 0 and Me/Ph-37, 

however, we o n l y have e x p e r i m e n t a l r e s u l t s t h a t a c c o u n t f o r m o t i o n s 

t a k i n g p l a c e a t e i t h e r v i n y l c a r b o n , o r r e a c t i o n r e g i o s e l e c t i v i t y . The 

r e s u l t s shown i n F i g u r e 71 a r e i n agreement w i t h t h e e x p e r i m e n t a l 

r e s u l t s and i n d i c a t e t h a t the r i s e i n p a c k i n g p o t e n t i a l e n e r g y w i t h 

r e s p e c t t o t h e d i s p l a c e m e n t o f t h e e s t e r groups i s l a r g e r f o r t h e m e t h y l 

group i n compound 30 and f o r t h e p h e n y l group i n 37. 
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F i g u r e 71. P l o t s o f Change i n P a c k i n g P o t e n t i a l E n e r gy R e s u l t i n g 

D u r i n g t h e F i r s t S t e p o f the Di-rr-Methane Rearrangement o f D i b e n z o b a r 

r e l e n e s M e / i P r - 3 0 and Me/Ph-37. 
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R e g i o s e l e c t i v i t y i n C h i r a l C r y s t a l s o f D i e s t e r i P r / i P r - 2 3 . 

W i t h t h e a i d o f a b s o l u t e c o n f i g u r a t i o n s t u d i e s on the c h i r a l dimorph 

i P r / i P r - 2 3 and i t s o p t i c a l l y a c t i v e p h o t o p r o d u c t , we f o u n d t h a t two 

pathways can e x p l a i n the s o l i d s t a t e p h o t o c h e m i c a l r e s u l t s (page 119, 

P a r t I I ) . The q u e s t i o n we c o u l d n o t answer i n page 119 r e g a r d i n g the 

r e a c t a n t - p r o d u c t c o r r e l a t i o n shown i n F i g u r e 49 c o u l d be p o s e d i n the 

f o l l o w i n g manner: w h i c h o f t h e two i s o p r o p y l e s t e r groups moves d u r i n g 

t h e f i r s t s t e p o f the r e a c t i o n t o g i v e the o b s e r v e d p h o t o p r o d u c t ? We a r e 

now i n t h e c o n d i t i o n t o t e s t a p p l y our s o l i d s t a t e s t e r i c c o m p r e s s i o n 

h y p o t h e s i s i n an a t t e m p t t o answer t h i s q u e s t i o n . 

The PPE p l o t s c o r r e s p o n d i n g t o t h e c h i r a l dimorph o f compound 

i P r / i P r - 2 3 , i n c l u d e d i n F i g u r e 72, i n d i c a t e t h a t m o t i o n s a t the 

i s o p r o p y l e s t e r group a t t a c h e d t o C ( l l ) ( a b s o l u t e c o n f i g u r a t i o n I I P ) 

cause a s u b s t a n t i a l l y s t e e p e r i n c r e a s e i n e n e r g y . These r e s u l t s 

s u g g e s t t h a t pathways 2 i n F i g u r e 49, w h i c h i n v o l v e s m o t i o n s o f t h e 

e s t e r a t t a c h e d t o C ( 1 2 ) , i s the p r e f e r r e d s o l i d s t a t e pathway. T h i s 

r e s u l t s u p p o r t s our i n i t i a l s u g g e s t i o n , b a s e d on t h e o b s e r v a t i o n o f 

h a v i n g a l a r g e r f r e e space a r o u n d t h e C(12) i s o p r o p y l e s t e r group, and 

a g r e e s w i t h t h e c o n c l u s i o n s drawn from s t u d i e s on i s o m o r p h i c c r y s t a l s o f 

d i e s t e r i P r / s B u - 4 2 (see page 201). 
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f 
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A n g l e s i n D e g r e e s 

60-| 

40 

2 0 -

-20 

P o t e n t i a l E n e r g y P r o f i l e 

f o r R e a c t i o n a t C ( 1 2 ) 

• 2 4 - 1 6 -8 .0 16 24 

A n g l e s i n D e g r e e s 

F i g u r e 72. Changes i n PPE D u r i n g t h e F i r s t S t ep o f the Di - 7 r-Methane 

Rearrangement o f D i e s t e r i P r / i P r - 2 3 . 

The S o l i d S t a t e R e s u l t s a t L a r g e . 

When t h e s o l i d s t a t e r e s u l t s a r e a n a l y z e d i n t h e c o n t e x t o f the 

s o l i d m a t e r i a l s s t u d i e d , s e v e r a l groups o f compounds c a n be r e c o g n i z e d 

a c c o r d i n g t o t h e r e g i o s e l e c t i v i t y o b s e r v e d . The most i n t e r e s t i n g and 

l a r g e s t group i s made up o f the d i e s t e r s Me/nPr-29, M e / i P r - 3 0 , Me/sBu-31 
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( r a c e m i c ) , Me/sBu-31 ( o p t i c a l l y p u r e ) , Me/iPen-34 and Et/sBu-39. The 

c r y s t a l s o f t h e s e m a t e r i a l s a r e c h a r a c t e r i z e d by e n h a n c i n g the s o l u t i o n 

r e g i o s e l e c t i v i t y and, w i t h t h e e x c e p t i o n o f 3 4 , by t h e r e l a t i v e l y 

s i m i l a r s i z e o f t h e i r a l k y l s u b s t i t u e n t s . 

The compounds t h a t r e v e r s e the s o l u t i o n s e l e c t i v i t y when i r r a d i a t e d 

i n t h e s o l i d s t a t e c a n be c l a s s i f i e d i n a second group where fewer 

s t r u c t u r a l f e a t u r e s a r e p r o b a b l y s h a r e d . The mixed d i e s t e r s Me/Et-28, 

Me/tBu-32 and E t / i P r - 3 8 can be i n c l u d e d i n t h i s c a t e g o r y . The n e o - p e n t y l 

d e r i v a t i v e 18 s h o u l d p r o b a b l y be c l a s s i f i e d a l o n e , s i n c e as i t was 

m e n t i o n e d b e f o r e , i t seems t o form a g l a s s y r a t h e r t h a n a c r y s t a l l i n e 

m a t e r i a l . P h o t o l y s i s o f t h i s m a t e r i a l does n o t a f f e c t t h e r e g i o s e l e c t i 

v i t y w i t h r e s p e c t t o t h a t o b s e r v e d i n the s o l u t i o n media. F i n a l l y , i t 

seems t h a t the s t r u c t u r e o f the p h e n y l s u b s t i t u t e d d e r i v a t i v e 20 s h o u l d 

s h a r e v e r y l i t t l e i n common w i t h the r e s t o f the compounds and s h o u l d 

a l s o be c o n s i d e r e d s e p a r a t e l y . 

T h at t h i s c l a s s i f i c a t i o n may n o t be t o t a l l y a r t i f i c i a l c a n be 

a p p r e c i a t e d by t a k i n g a c l o s e r l o o k a t the members o f the f i r s t group. 

The s u b s t i t u e n t s i n t h i s group v a r y from m e t h y l t o e t h y l and from 

n - p r o p y l , i s o p r o p y l and s e c - b u t y l t o i s o p e n t y l . W i t h e x c e p t i o n o f the 

p e n t y l r e s i d u e , t h e s i z e (volume) o f the a l k y l groups under c o m p a r i s o n 

i s v e r y s i m i l a r 1 4 4 . I t c a n be e x p e c t e d t h a t t h e s e s u b s t i t u e n t s s h o u l d 

a l t e r a l m o s t i n s i g n i f i c a n t l y t h e s i z e and shape o f t h e e n t i r e d i b e n z o 

b a r r e l e n e m o l e c u l e . F u r t h e r m o r e , i t i s known t h a t t h e weak i n t e r m o l e c u 

l a r f o r c e s t h a t d e t e r m i n e t h e c r y s t a l l i z a t i o n b e h a v i o r o f o r g a n i c 

compounds a r e d e t e r m i n e d by f a c t o r s r e l a t e d t o the m o l e c u l a r s t r u c t u r e , 

s i z e and shape^O. I t seems t h e r e f o r e p o s s i b l e t h a t t h e me n t i o n e d 

compounds, h a v i n g so much s t r u c t u r a l r e s e m b l a n c e , may c r y s t a l l i z e w i t h 
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some common s t r u c t u r a l f e a t u r e s as v a r i a t i o n s a r o u n d an optimum c r y s t a l 

s t r u c t u r e . Some s u p p o r t f o r t h i s h i g h l y s p e c u l a t i v e h y p o t h e s i s may be 

f o u n d i n t h e v e r y i n t e r e s t i n g o b s e r v a t i o n t h a t t he s o l i d s t a t e i n f r a r e d 

s p e c t r a o f t h e s e compounds ( e x c l u d i n g 34 and p r o b a b l y 39) s h a r e a l a r g e 

number o f common f e a t u r e s . The l a c k o f more m a t e r i a l s s u i t a b l e f o r X - r a y 

s t r u c t u r e d e t e r m i n a t i o n i s perhaps n o t a m i s f o r t u n e b u t an i n d i c a t i o n o f 

the s t r i n g e n t r e q u i r e m e n t s f o r i d e a l c r y s t a l l i z a t i o n . 

I t i s i n t e r e s t i n g t o c o n t i n u e s p e c u l a t i n g by s u p p o s i n g t h a t c r y s t a l s 

o f compound M e / i P r - 3 0 ( f o r w h i c h a f u l l X - r a y s t r u c t u r e was o b t a i n e d ) 

may r e p r e s e n t t h e i d e a l s t r u c t u r a l model w i t h i n t he compounds o f the 

f i r s t group. The r e l a t i v e l y h i g h c r y s t a l q u a l i t y o b t a i n e d i s an 

i n d i c a t i o n o f s t r u c t u r a l homogeneity t h r o u g h o u t the e n t i r e c r y s t a l l i n e 

phase. The r e s u l t o f m o d i f y i n g the s t r u c t u r e o f 30 i n t o t h a t o f 29 by a 

h y p o t h e t i c a l 1,2-methyl s h i f t ( o r o t h e r s i m i l a r compound by a s i m i l a r 

o p e r a t i o n ) may n o t r e s u l t i n the f o r m a t i o n o f a t o t a l l y d i f f e r e n t 

c r y s t a l s t r u c t u r e . Perhaps most o f the i n t e r m o l e c u l a r i n t e r a c t i o n s , s u c h 

as t h o s e p r e s e n t i n c r y s t a l s o f 30, may s t i l l be e n e r g e t i c a l l y f a v o r a b l e 

t o c r y s t a l s o f 29. I t seems p o s s i b l e t h a t g i v e n the r e l a t i v e l y s m a l l 

s i z e o f t h e m o l e c u l a r change the new s t r u c t u r e w i l l t e n d t o be isomor

p h i c even i f somewhat d i s o r d e r e d . K i t a i g o r o d s k i and o t h e r s have shown 

t h a t some s o l i d s t a t e phenomena such as is o m o r p h i s m and d i s o r d e r may 

r e s u l t f r o m a d e l i c a t e e n e r g e t i c compromise. 

The s p e c u l a t i o n p r e s e n t e d h e r e may g a i n the r a n k o f h y p o t h e s i s when 

we a n a l y z e a n o t h e r s e t o f c l o s e l y r e l a t e d and i s o m o r p h i c s t r u c t u r e s 

composed o f compounds i P r / i P r - 2 3 , o p t i c a l l y a c t i v e i P r / s B u - 4 2 and 

r a c e m i c i P r / s B u - 4 2 . 
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PART IV. STUDIES ON CHIRAL MIXED DIESTERS. 

I t was shown i n P a r t I I o f t h i s t h e s i s t h a t t h e s o l i d s t a t e may have a 

p r o n o u n c e d e f f e c t on t h e e n a n t i o s e l e c t i v i t y o f t h e di-rr-methane 

r e a r r a n g e m e n t o f d i b e n z o b a r r e l e n e d i e s t e r s . H - ) The f o r m a t i o n o f o p t i c a l l y 

a c t i v e p r o d u c t s w i t h e x c e p t i o n a l l y h i g h e n a n t i o m e r i c y i e l d s was i n t e r 

p r e t e d as an i n d i c a t i o n o f a s u b s t a n t i a l degree o f s e l e c t i v i t y between 

r e a c t i o n pathways a t the a l t e r n a t i v e s i d e s o f t h e v i n y l d o u b l e bond. I n 

P a r t I I I , from the s t u d y o f a s e r i e s o f c r y s t a l l i n e m ixed d i e s t e r s , we 

c o n c l u d e d t h a t t h e r e a c t i o n a t the two a l t e r n a t i v e v i n y l c a r b o n s can a l s o 

be s u b j e c t t o s i g n i f i c a n t d i s c r i m i n a t i o n . 1 1 d • A c o m b i n a t i o n o f the 

above r e s u l t s s u g g e s t e d t h a t the s o l i d s t a t e may i n f l u e n c e t h e s e l e c t i v i t y 

o f t h e r e a r r a n g e m e n t so t h a t t h e r e a c t i o n o c c u r s p r e f e r e n t i a l l y by 

f o l l o w i n g one o f t h e f o u r a l t e r n a t i v e r e a c t i o n pathways p r e s e n t e d i n 

F i g u r e 73. 

We d e c i d e d t o a n a l y z e an e x p e r i m e n t a l model t h a t w o u l d a l l o w u s , a t 

l e a s t i n p r i n c i p l e , t o d e t e r m i n e the r e l a t i v e amounts o f p r o d u c t s a r i s i n g 

f rom each o f t h e f o u r r e a c t i o n pathways. Such a model c o u l d be c o n s t i t u t e d 

by d i b e n z o b a r r e l e n e d i e s t e r s p o s s e s s i n g two d i f f e r e n t a l k y l s u b s t i t u e n t s , 

one o f w h i c h s h o u l d be c h i r a l . I n F i g u r e 73, t h e p r o d u c t s a r i s i n g from 

p a t h s A - I and A - I I w o u l d be d i f f e r e n t i a t e d from the p r o d u c t s from p a t h s 

B-I and B - I I as b e i n g r e g i o i s o m e r i c s i n c e t h e y o r i g i n a t e from b e n z b - v i n y l 

b r i d g i n g a t d i f f e r e n t v i n y l c a r b o n s [ C ( l l ) o r C ( 1 2 ) ] . A t t h e same t i m e , 

p r o d u c t s f r o m pathways A-I and A - I I , and from B-I and B - I I , w o u l d be 

r e c o g n i z e d as d i a s t e r e o m e r s o f each o t h e r . 
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COOR* 
RlOOC 

Ri R* 
Me sBu 64A-I 64A- I I 
E t sBu 72A-I 7 2 A - I I 
i P r sBu 741 7411 

G l c peaks A-I A - I I 

64B-I 
72B-I 
751 

6 4 B - I I 
7 2 B - I I 
7511 

F i g u r e 73. The Di-jr-Methane Rearrangement o f C h i r a l M i x e d D i e s t e r s . 
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S e v e r a l compounds were i n i t i a l l y s y n t h e s i z e d f o r t h i s p u r p o s e . These 

i n c l u d e d t h e m i x e d d i e s t e r s Me/sBu-31, Me/iPen-34, Me/Menth-36, Et/sBu-39 

and i P r / s B u - 4 2 . However, due t o e x p e r i m e n t a l d i f f i c u l t i e s i n the 

d e t e r m i n a t i o n o f t h e d i a s t e r e o m e r i c p r o d u c t s from compounds Me/iPen-34 and 

Me/Menth-36, t h e s e compounds were n o t a n a l y z e d i n t h e c o n t e x t o f t h i s 

s e c t i o n . The s o l u t i o n r e g i o s e l e c t i v i t y o f t h e s e two compounds was 

d i s c u s s e d i n t h e p r e v i o u s s e c t i o n . The s o l i d s t a t e r e g i o s e l e c t i v i t y o f 

Me/iPen-34 was a l s o i n c l u d e d t h e r e , a l o n g w i t h some a s p e c t s o f the 

p h o t o c h e m i s t r y o f d i e s t e r s Me/sBu-31 and Et/sBu-39. 

The s e c - b u t y l d e r i v a t i v e s s t u d i e d i n t h i s t h e s i s were p r e p a r e d w i t h 

c o m m e r c i a l (S)-(+)-, and ( R , S ) - s e c - b u t a n o l . C r y s t a l s o f d i e s t e r s 31 and 

42 were p r e p a r e d w i t h r a c e m i c and o p t i c a l l y pure m a t e r i a l s w i t h the 

p u r p o s e o f c o m p a r i n g p o s s i b l e d i f f e r e n c e s i n t h e i r s o l i d s t a t e photochem

i s t r y . 

P h o t o c h e m i s t r y i n S o l u t i o n . 

The d i e s t e r s Me/sBu-31, Et/sBu-39 and iPr/sBu-42 were p h o t o l y z e d by 

d i r e c t i r r a d i a t i o n i n benzene and a c e t o n i t r i l e s o l u t i o n s and by s e n s i t i z a 

t i o n i n a c e t o n e . G l c a n a l y s i s o f t h e s e c - b u t y l c o n t a i n i n g compounds 

r e s u l t e d i n t h r e e peaks (B, A-I and A - I I ) w i t h r e t e n t i o n t i m e s s l i g h t l y 

l o n g e r t h a n t h o s e o f the s t a r t i n g m a t e r i a l s . The i n t e g r a t e d a r e a s o f t h e s e 

p e a k s , p r e s e n t e d i n T a b l e X I I I , were i n d e p e n d e n t o f t h e two e n a n t i o m e r i c 

c o m p o s i t i o n s u s e d i n the c a s e s o f compounds Me/sBu-31 and iPr / s B u - 4 2 . 

Compound Et/sBu-39 was o n l y s t u d i e d i n i t s o p t i c a l l y p u r e form. 
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T a b l e X I I I . G l c A n a l y s i s o f the P h o t o p r o d u c t s o f D i e s t e r s Me/sBu-31, 

Et/sBu-39 and i P r / s B u - 4 2 . 

Compound 

g l c a A r e a % ("RT)b 

peak B peak A-I peak A - I I 

( S ) - ( + ) - ( 3 1 ) c 40(21. 3) 27(22. 7) 33(23. 2) 

( R , S ) - ( 3 1 ) C 40(21. 3) 27(22. •7) 33(23. 2) 

( S ) - ( + ) - ( 3 9 ) d 50(19. 9) 23(20. 7) 27(23. .2) 

( S ) - ( + ) - ( 4 2 ) e 56(16. 3) 21(16. 6) 23(16. .9) 

( R , S ) - ( 4 2 ) e 56(16. 3) 21(16. .6) 23(16, .9) 

(a) Column: DB-1 15M; (b) R e t e n t i o n t i m e ( m i n ) ; ( c ) Oven t e m p e r a t u r e 

(°C): 195, column head p r e s s u r e ( p s i ) : 10; (d) 200, 10; (e) 200, 12.5. 

The r e g i o i s o m e r i c i d e n t i t y o f the p r o d u c t s g i v i n g r i s e t o the t h r e e 

g l c s i g n a l s c o u l d be e s t a b l i s h e d by glc-MS and NMR a n a l y s i s o f the 

p h o t o l y s i s m i x t u r e s and, i n the case o f d i e s t e r i P r / s B u - 4 2 , by comparing 

t h e i r s p e c t r o s c o p i c d a t a w i t h the d a t a from t h e a u t h e n t i c p r o d u c t s 

o b t a i n e d by i n d e p e n d e n t r e g i o s e l e c t i v e s y n t h e s i s . The glc-MS i d e n t i f i c a 

t i o n was b a s e d on t h e s t r u c t u r a l c o r r e l a t i o n d e s c r i b e d i n P a r t I I I . T h i s 

i n f o r m a t i o n was p r e s e n t e d i n T a b l e X I I (page 139) f o r t h e p h o t o p r o d u c t s 

f r o m compounds Me/sBu-31 and E t / s B u - 3 9 , and i s shown i n T a b l e XIV (below) 

f o r t h e p h o t o p r o d u c t s from compound i P r / s B u - 4 2 . 

The mass s p e c t r a o f t h e p r o d u c t s from compounds 31, 39 and 42 

c o r r e s p o n d i n g t o peak B were c o n s i s t e n t w i t h the s t r u c t u r e s e x p e c t e d from 
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p r o d u c t s v i a pathways B-I and B - I I ( b o n d i n g , i n F i g u r e 73, a t the v i n y l 

c a r b o n n e x t t o the e s t e r groups = Me, E t and i P r r e s p e c t i v e l y ) . The 

s p e c t r a were c h a r a c t e r i z e d , i n p a r t , by f r a g m e n t s i n d i c a t i v e o f t h e l o s s 

o f MeOH and MeOH + CO, EtOH and EtOH + CO, and iPrO H and iPrO H + CO 

r e s p e c t i v e l y ( F i g u r e 7 4 ) . The fragment i o n s from p r o d u c t s g i v i n g r i s e t o 

peaks A - I and A - I I , w h i c h were e s s e n t i a l l y i d e n t i c a l t o each o t h e r , were 

i n d i c a t i v e o f the p h o t o p r o d u c t s a r i s i n g from pathways A - I and A - I I and 

were c h a r a c t e r i z e d by l o s s o f sBuOH, sBuOH + CO and 2-butene, among o t h e r 

s p e c i f i c f r a g m e n t s ( F i g u r e 7 4 ) . I t s h o u l d be n o t e d t h a t t h e p r e s e n t 

a n a l y s i s does n o t d i s t i n g u i s h between d i a s t e r e o m e r i c p r o d u c t s from 

pathways I and I I . 

Peak f3 

COOR 
COOsBu 

70eV 

M 
M + - (ROH) 
M + - (ROH + CO) 

M -(sBuO ) 
+ 

M -(sBuO + CO) 

COOsBu 

Peak A - I 

ROOC 

COOsBu 
COOR 

Peak A - I I 

70eV 

M 

M -(sBuOH) 

M -(sBuOH + CO) 

M -(RO ) 

M -(RO + CO) 

F i g u r e 74. Mass S p e c t r o m e t r i c F r a g m e n t a t i o n o f t h e P h o t o p r o d u c t s from 

P h o t o l y s i s o f S e c - b u t y l c o n t a i n i n g D i b e n z o b a r r e l e n e D i e s t e r s . 
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T a b l e XIV. S e l e c t e d F r a g m e n t - i o n s from P h o t o p r o d u c t s o f D i e s t e r 42. 

R e l a t i v e I n t e n s i t y 

m/e neak B peak A-I Deak B - I I Fragment l o s t 

390(M+) 15 10 9 -

334 0 7 10 C 4 H 8 

330 9 0 0 iPrOH 

316 0 11 12 sBuOH 

303 4 5 4 iPrOH + CO 

302 14 2 1 i P r O - + CO 

289 23 4 5 ' sBuOH + CO 

288 6 19 22 sBuO- + CO 

247 100 100 100 C8 H16°2 

202 80 73 70 C12 H16°4 

The r e g i o i s o m e r i c glc-MS peak a s s i g n m e n t s were f u r t h e r s u p p o r t e d i n 

th e c a s e o f t h e p h o t o l y s i s p r o d u c t s from d i e s t e r i P r / s B u - 4 2 when a u t h e n t i c 

samples o f compounds 7 5 I / 7 5 I I and compounds 7 4 I / 7 4 I I were a n a l y z e d by the 

same method. These compounds were s y n t h e s i z e d 1 - 3 2 i n two s t e p s (90% 

r e g i o i s o m e r i c p u r i t y by g l c ) from t h e i s o p r o p y l monoacid 40 and the 

s e c - b u t y l monoacid 41 r e s p e c t i v e l y ( F i g u r e 7 5 ) . The r e g i o s e l e c t i v i t y from 

t h e s e p r e p a r a t i o n s c o u l d be e s t a b l i s h e d by u s i n g a s i m i l a r p r o c e d u r e where 

t h e i s o p r o p y l monoacid 41 i s c o n v e r t e d i n t o t h e p r e v i o u s l y i s o l a t e d and 

X - r a y c h a r a c t e r i z e d d i b e n z o s e m i b u l l v a l e n e 6 3 A by t r e a t m e n t w i t h m ethanol. 
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HOOC , C 0 0 i P r 
COOiPr 
I COOsBu 

* COOiPr 
sBuOOC I 

1) h v 

2) C2O2CI2 
3) sBuOH 7 5 ( 1 / 1 1 ) 

COOsBu* 
I COOiPr 

COOsBu* 
iPrOOC I 

1) h v 

2) C2O2CI2 
3) iPrOH 7 4 ( 1 / 1 1 ) 

Figure 75. Regioselective Preparation of Dibenzosemibullvalenes 

7 5 I / 7 5 I I and 7 4 I / 7 4 I I . 

The r e l a t i v e d i a s t e r e o s e l e c t i v i t y a r i s i n g from pathways A-I and A-II, 

as we saw above, can be determined by glc analysis (peaks A-I versus peaks 

A - I I ) . Contrastingly, products a r i s i n g from pathways B-I and B-II give a 

s i n g l e peak (peak B), and t h e i r r e l a t i v e amounts cannot be determined by 

the same methodology. With authentic samples of the regioisomeric p a i r 

7 5 I / 7 5 I I i n hand, i t became desirable to develop an a n a l y t i c a l method able 

to resolve and quantify t h e i r r e l a t i v e amounts i n the t o t a l photolysis 

mixture of the s t a r t i n g material i P r / s B u - 4 2 . With this, purpose i n mind, a 

s e r i e s of NMR spectra of the t o t a l photolysis mixture from compound 4 2 

and of the samples containing 7 4 I / 7 4 I I and 7 5 I / 7 5 I I were explored i n 

several solvents. The goal of t h i s study was to f i n d an i d e a l l y well 
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r e s o l v e d s i g n a l from each p h o t o p r o d u c t f o r the purpose o f a s s i g n i n g t h e 

r e l a t i v e d i a s t e r e o m e r i c r a t i o s by NMR i n t e g r a t i o n . I t was f o u n d t h a t 

t h e b e s t r e s o l u t i o n came from t h e s i g n a l s o f H(8d) (see f o r m u l a i n T a b l e 

XV f o r n u m b e r i n g ) , s i n c e t h e s e were s h a r p s i n g l e t s i s o l a t e d from the r e s t 

o f t h e d i b e n z o s e m i b u l l v a l e n e d i e s t e r s i g n a l s . The c h e m i c a l s h i f t s o f the 

s i g n a l s c o r r e s p o n d i n g t o t h e s e hydrogens and o f t h o s e a t C(4b) a r e 

i n c l u d e d i n T a b l e XV. 

T a b l e XV. The i H NMR Resonances o f H(8d) and H(4b) f r o m P r o d u c t s o f 

D i e s t e r i P r / s B u - 4 2 as a F u n c t i o n o f Four D i f f e r e n t S o l v e n t s . 

E 

5 4 H 

S o l v e n t - d 5H8d(No. o f H) H4b(No. o f H) 

A c e t o n e 4 . 3 5 ( 1 ) , 4 . 3 7 ( 2 ) , 4.39(1) 5 . 0 6 ( 2 ) , 5.08(2) 

A c e t o n i t r i l e 4 . 3 8 ( 1 ) , 4 . 3 9 ( 2 ) , 4. 41(1) 5.06(4) 

C h l o r o f o r m 4 . 4 1 ( 1 ) , 4.42(3) 5.03-5.01(4) 

Benzene 4 . 7 6 ( 1 ) . 4.77(3) 5 . 1 0 ( 2 ) . 5 . 1 2 m . 5.14(1) 
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Th e b e s t r e s o l u t i o n o f H(8d) was o b t a i n e d i n a c e t o n e - d g where the 

s i g n a l s o f 7 5 I / 7 5 I I appeared a t S 4.35 and 4.37 and t h e s i g n a l s o f 

7 4 I / 7 4 I I a t 6 4.37 and 4.39 r e s p e c t i v e l y . Even though o n l y t h e s i g n a l from 

one o f t h e two d i a s t e r e o m e r s o f 75 was r e s o l v e d ( e i t h e r 751 o r 7 511), the 

r e l a t i v e d i a s t e r e o s e l e c t i v i t y between pathways B-I and B - I I c a n be 

c a l c u l a t e d ( n o r m a l i z e d w i t h r e s p e c t t o a t o t a l o f 100% o f t h e f o u r 

p r o d u c t s ) by s u b t r a c t i n g t h e i n t e g r a t i o n from the s i g n a l a t 4.35 ppm (as 

p e r c e n t ) f r o m t h e g l c - d e t e r m i n e d r e g i o s e l e c t i v i t y ( a l s o as p e r c e n t ) . 

A summary o f t h i s i n f o r m a t i o n i n the case o f t h e p r o d u c t s from 

s o l u t i o n p h o t o l y s i s o f d i e s t e r i P r / s B u - 4 2 i s p r e s e n t e d i n T a b l e X V I . I t 

s h o u l d be p o i n t e d out t h a t the a b s o l u t e s t e r e o c h e m i s t r y o f t h e d i a s t e r e o m -

e r i c p r o d u c t s [ g i v e n by the f o u r c h i r a l d i b e n z o s e m i b u l l v a l e n e c a r b o n s 

C ( 4 b ) , C ( 8 b ) , C ( 8 c ) and C ( 8 d ) ] , c a n n o t be deduced from t h e p r e s e n t 

i n f o r m a t i o n and the s t r u c t u r a l a s s i g n m e n t s between d i a s t e r e o m e r i c p a i r s , 

up t o now, r e m a i n s o n l y i l l u s t r a t i v e . 

T a b l e X V I . R e l a t i v e Y i e l d s o f P h o t o p r o d u c t s from D i e s t e r i P r / s B u - 4 2 . 

P h o t o p r o d u c t I n t e g r a t i o n (%)  

A n a l y s i s : 751 7511 741 7411 

g l c a 56° --- 21 23 

lH NMR b 27 --- 49 24 

Combined 27 2 9 d 21 23 

a) E s t i m a t e d e r r o r + 5 %; b) E s t i m a t e d e r r o r ± 10 %; 

c) S i g n a l s n o t r e s o l v e d ; d) C a l c u l a t e d v a l u e . 
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The r e s u l t s shown i n T a b l e s X I I and XVI i n d i c a t e t h a t compound 

i P r / s B u - 4 2 f o l l o w s a r e a c t i o n pathway t h a t i n v o l v e s r e a c t i o n by 

b e n z o - v i n y l b r i d g i n g a t the v i n y l c a r b o n t o w h i c h t h e i s o p r o p y l s u b s t i t u 

e n t i s a t t a c h e d . The r e g i o s e l e c t i v i t y o b s e r v e d f o r compounds Me/sBu-31 and 

E t / s B u - 3 9 , on t h e o t h e r hand, f a v o r s t h e n o r m a l l y o b s e r v e d (see P a r t I I I ) 

bond f o r m a t i o n a t t h e v i n y l c a r b o n a t t a c h e d t o t h e b u l k i e r s e c - b u t y l 

s u b s t i t u e n t . The d i f f e r e n t r e g i o s e l e c t i v i t y o f t h e i s o p r o p y l c o n t a i n i n g 

compound i s u n e x p e c t e d and may be due t o a s y s t e m a t i c e r r o r i n our 

a n a l y t i c a l methodology. I t s h o u l d be n o t e d t h a t the g l c r e g i o i s o m e r i c 

r e s o l u t i o n , upon w h i c h our r e s u l t s a r e h e a v i l y b a s e d , i s p o o r e r i n the 

c a s e o f i P r / s B u - 4 2 . The s t a t i s t i c a l e r r o r i n a l l our d e t e r m i n a t i o n s i s o f 

t h e o r d e r o f ^ 5 % , s y s t e m a t i c e r r o r s , however, may be s l i g h t l y l a r g e r 

d e p e n d i n g on the a n a l y t i c a l r e s o l u t i o n between the p h o t o p r o d u c t s o b s e r v e d 

f r o m a g i v e n compound. 

A s m a l l d i a s t e r e o s e l e c t i v i t y between pathways A-I and A - I I was 

o b s e r v e d from t h e g l c d e t e r m i n a t i o n o f compounds 31, 39 and 42 (peak 

A - I : p e a k A - I I ~ 45:55, T a b l e X I I I a b o v e ) . I n the c a s e o f t h e i s o p r o p y l 

c o n t a i n i n g compound ( 4 2 ) , the s e l e c t i v i t y between p r o d u c t s 741 and 7411 

f rom pathways B-I and B - I I was a l s o f o u n d t o be i n a s i m i l a r r a n g e . These 

r e s u l t s i n d i c a t e t h a t the s e c - b u t y l group does n o t impose a s i g n i f i c a n t 

s t e r e o - d i f f e r e n t i a t i n g 1 0 2 i n f l u e n c e on the v i n y l - f a c e s e l e c t i v i t y o f t h e 

r e a c t i o n . T h i s c o n c l u s i o n was f u r t h e r s u p p o r t e d when t h e p h o t o l y s i s 

m i x t u r e o f ( S ) - ( + ) - 4 2 ( f o u r d i a s t e r e o m e r s , see F i g u r e 73 i n page 177) was 

s u b m i t t e d t o h y d r o l y s i s and r e a c t i o n w i t h diazomethane (see page 203) t o 

g i v e a sample o f d i b e n z o s e m i b u l l v a l e n e Me/Me-52 (two e n a n t i o m e r s ) . The 

sample o b t a i n e d i n t h i s manner p r e s e n t e d a s m a l l o p t i c a l r o t a t i o n ( [ a ] n = 
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0.24°), w h i c h r e f l e c t s t he d i s y m m e t r i c i n d u c t i o n o f t h e s e c - b u t y l h a n d l e 

on t h e f a c e s e l e c t i v i t y o f the re a r r a n g e m e n t (one e n a n t i o m e r o f 52 from 

741 and 751, and t h e o t h e r from 7411 and 7511). The e n a n t i o m e r i c e x c e s s 

o f 52 c a l c u l a t e d o f from t h i s t r e a t m e n t ( e.e. = 1.5±0.5%) c o r r e l a t e s w e l l 

w i t h t h e d i a s t e r e o m e r i c e x c e s s 1 0 2 o f 74 and 75 c a l c u l a t e d by g l c and 

NMR: 

[(7411 + 7511) - (741 + 751)] 
d.e. = x 100 = 2% 

[(7411 + 7511) + (751 + 751)] 

S t u d i e s i n t h e S o l i d S t a t e . 

The s o l i d s t a t e r e a c t i v i t y , as we have seen, depends s u b s t a n t i a l l y on 

the p a c k i n g arrangement p r e s e n t i n the c r y s t a l l a t t i c e . The c r y s t a l l i z a 

t i o n b e h a v i o r o f compounds h a v i n g permanent m o l e c u l a r c h i r a l i t y p r e s e n t s 

some p a r t i c u l a r f e a t u r e s w h i c h w i l l be r e v i e w e d b r i e f l y i n o r d e r t o 

f a c i l i t a t e t h e d i s c u s s i o n o f the s o l i d s t a t e p h o t o c h e m i c a l r e s u l t s . 

C r y s t a l l i z a t i o n o f C h i r a l Compounds. 9 3 

The c r y s t a l l i z a t i o n o f c h i r a l compounds depends p r i m a r i l y on whether 

t h e y a r e p r e s e n t as t h e pure e n a n t i o m e r s o r as t h e racemate. When a 

c r y s t a l l a t t i c e i s b u i l t up w i t h m o l e c u l e s o f a p u r e e n a n t i o m e r i t w i l l 

n e c e s s a r i l y p a c k i n one o f the 65 enantiomorphous space g r o u p s . 9 4 Samples 

o f t h e r a c e m a t e , w h i c h i s an e q u i m o l a r m i x t u r e o f t h e two e n a n t i o m e r s i n 

an u n s p e c i f i e d p h y s i c a l s t a t e , 7 8 have been f o u n d t o p r e s e n t t h r e e 
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d i f f e r e n t c r y s t a l l i z a t i o n a l t e r n a t i v e s . 5 

1) A r a c e m i c m o d i f i c a t i o n o r r a c e m i c compound, w h i c h c o n s i s t s o f a 

s i n g l e c r y s t a l l i n e phase composed o f e q u i m o l a r amounts o f t h e two 

e n a n t i o m e r s , o b v i o u s l y w i t h a r a c e m i c space group. 

2) C r y s t a l l i z a t i o n by spontaneous r e s o l u t i o n r e s u l t s when t h e racemate 

c r y s t a l l i z e s as a h e t e r o g e n e o u s m i x t u r e o f c h i r a l c r y s t a l s o f the two 

enantiomorphous p h a s e s . The samples r e s u l t i n g from s u c h c r y s t a l l i z a t i o n s 

a r e a l s o r e f e r r e d t o as r a c e m i c m i x t u r e s o r c o n g l o m e r a t e s . 

3) C r y s t a l l i z a t i o n i n a s o l i d s o l u t i o n , w h i c h i s a phase t h a t c a n be 

composed o f v a r i a b l e amounts o f the two e n a n t i o m e r s , u s u a l l y i n a 

d i s o r d e r e d manner and w i t h space groups and c r y s t a l p r o p e r t i e s t h a t c a n be 

e i t h e r t h o s e o f the c h i r a l o r o f the r a c e m i c m o d i f i c a t i o n s . 

The i d e n t i f i c a t i o n o f t h e d i f f e r e n t t y p e s o f c r y s t a l l i n e racemates c a n 

be r e a l i z e d by c o n s i d e r i n g a b i n a r y system ( t e r n a r y i f s o l v e n t i s needed 

i n c r y s t a l l i z a t i o n ) whose p r o p e r t i e s may be d e s c r i b e d by the phase 

r u l e . T h r e e f u n d a m e n t a l t y p e s o f e n a n t i o m e r i c m i x t u r e s have been 

p r o p o s e d a c c o r d i n g t o t h e i r m e l t i n g p o i n t diagrams as shown i n F i g u r e 76. 

A d d i t i o n a l c o m p l i c a t i o n s t o the phase d i a g r a m c a n be e x p e c t e d when more 

t h a n one c r y s t a l l i z a t i o n b e h a v i o r o c c u r s a t t h e same t i m e ; t h e s e w i l l n o t 

be d i s c u s e d h e r e . 

I n t h e phase diagrams i n F i g u r e 76 the v e r t i c a l axes r e p r e s e n t t h e 

e q u i l i b r i u m t e m p e r a t u r e o f t h e sample and t h e h o r i z o n t a l axes r e p r e s e n t 

th e sample c o m p o s i t i o n from 100% one e n a n t i o m e r , (+) t o t h e l e f t , t o 100% 

th e o p p o s i t e e n a n t i o m e r , (-) t o t h e r i g h t . There a r e t h r e e r e g i o n s i n t h e 

phase diagrams d e p e n d i n g on the phases p r e s e n t . A t t e m p e r a t u r e s b e l o w the 

d o t t e d l i n e s , o r s o l i d u s l i n e s , o n l y s o l i d phases c a n c o e x i s t under 
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e q u i l i b r i u m c o n d i t i o n s . Above the f i l l e d , o r l i q u i d u s l i n e s , o n l y a s i n g l e 

homogeneous l i q u i d phase can e x i s t . The space between the two p r e v i o u s 

r e g i o n s i s the r e g i o n o f the phase d i a g r a m where s o l i d and l i q u i d can 

c o e x i s t i n e q u i l i b r i u m . 

( + ) ( - ) 

(b) 

(+) (-) 

(+) (-) 

F i g u r e 76. B i n a r y Phase Diagram o f (a) the Racemic M i x t u r e , (b) the 

Racemic Compound and, ( c ) S o l i d S o l u t i o n s ( M i x e d C r y s t a l ) o f t h e Enantiom

e r s : ( I ) I d e a l o r Roozeb oom Type 1, ( I I ) N o n - I d e a l w i t h a Maximum o r 

Roozeboom Type I I and ( I I I ) N o n - I d e a l w i t h a Minimum o r Roozeboom Type 

I I I . ( A d a p t e d from R e f e r e n c e 93) 
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The b i n a r y phase d i a g r a m o f the r a c e m i c m i x t u r e , d i a g r a m ( a ) , i s 

c h a r a c t e r i z e d by t h e maximum m e l t i n g p o i n t s o f t h e two p u r e e n a n t i o m o r 

phous phases and a l o w e r m e l t i n g p o i n t o f the e u t e c t i c . The s o l i d r e g i o n 

o f t h e d i a g r a m i s composed o f two d i f f e r e n t and enantiomorphous s o l i d 

p h ases a l o n g t h e e n t i r e c o m p o s i t i o n r a n g e . Any s i n g l e c r y s t a l i s n e c e s s a r 

i l y composed o f o n l y one e n a n t i o m e r and the c o m p o s i t i o n o f t h e e n t i r e 

s o l i d phase i s g i v e n by the amount o f c r y s t a l s o f each e n a n t i o m e r . A t the 

e u t e c t i c p o i n t , e q u a l amounts o f c r y s t a l s o f t h e two enantiomorphous 

phases a r e p r e s e n t i n e q u i l i b r i u m w i t h a r a c e m i c l i q u i d phase and s h o u l d 

n o t be m i s t a k e n w i t h the s o l i d phase c o r r e s p o n d i n g t o t h e r a c e m i c 

compound. 

The t y p i c a l phase dia g r a m o f the r a c e m i c compound i s r e p r e s e n t e d i n 

F i g u r e 76(b) and may v a r y i n shape de p e n d i n g on whether t h e r a c e m i c 

m o d i f i c a t i o n p o s s e s s e s a h i g h e r o r a l o w e r m e l t i n g p o i n t w i t h r e s p e c t t o 

the p u r e e n a n t i o m e r s . These diagrams are c h a r a c t e r i z e d by two e u t e c t i c 

p o i n t s a t w h i c h the sample i s composed o f a m i x t u r e o f c r y s t a l s o f the 

r a c e m i c m o d i f i c a t i o n and o f enantiomorphous c r y s t a l s o f the p u r e enantiom

e r s w h i c h a r e i n e q u i l i b r i u m w i t h the l i q u i d phase. 

I n t h e c a s e o f a s o l i d s o l u t i o n o f the e n a n t i o m e r s t h r e e l i m i t i n g 

c a s e s ( a s s u m i n g u n l i m i t e d s o l u b i l i t y ) have been f o u n d d e p e n d i n g on the 

v a r i a t i o n o f t h e m e l t i n g p o i n t w i t h t h e c o m p o s i t i o n g i v e n by t h e o p t i c a l 

p u r i t y o f t h e sample ( F i g u r e 7 6 ( c ) ) . The f i r s t c a s e , an i d e a l s o l i d 

s o l u t i o n (Roozeboom t y p e I ) , i s one i n w h i c h t h e m e l t i n g p o i n t i s 

m a i n t a i n e d c o n s t a n t a l o n g the e n t i r e e n a n t i o m e r i c c o m p o s i t i o n . The 

c l a s s i f i c a t i o n o f t h e o t h e r two t y p e s o f n o n - i d e a l s o l i d s o l u t i o n s depends 

on whether t h e m e l t i n g p o i n t s , t h a t v a r y w i t h t h e sample c o m p o s i t i o n , have 
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e i t h e r a maximum (Roozeboom t y p e I I ) o r a minimum (Roozeboom t y p e I I I ) . 

The s o l i d r e g i o n o f t h e phase diagrams o f s o l i d s o l u t i o n s i s d e t e r m i n e d by 

a s i n g l e homogeneous s o l i d phase a l o n g t h e e n t i r e c o m p o s i t i o n range. 

1 3 

The m e l t i n g p o i n t s ( o f s i n g l e c r y s t a l s ) , s o l i d s t a t e i n f r a r e d and • L JC 

NMR s p e c t r a o f t h e r a c e m i c m i x t u r e a r e always i d e n t i c a l t o t h o s e from t h e 

p u r e e n a n t i o m e r s and d i f f e r e n t , a t l e a s t i n p r i n c i p l e , from t h o s e from the 

r a c e m i c compound and t h e s o l i d s o l u t i o n . ^ 3 I n the c a s e o f n o n - i d e a l s o l i d 

s o l u t i o n s t h e m e l t i n g p o i n t s o f two s i n g l e c r y s t a l s s h o u l d n o r m a l l y be 

d i f f e r e n t i f t h e y have d i f f e r e n t e n a n t i o m e r i c c o m p o s i t i o n . S i n g l e c r y s t a l s 

o f t h e r a c e m i c m i x t u r e (enantiomorphous) and o f t h e r a c e m i c compound w i l l 

a l w a y s have f i x e d c o m p o s i t i o n and m e l t i n g p o i n t s . 

I t has been o b s e r v e d t h a t the r a c e m i c m o d i f i c a t i o n i s by f a r t h e most 

common c r y s t a l l i z a t i o n a l t e r n a t i v e a d o p t e d by samples c o n t a i n i n g t h e same 

amounts o f the two e n a n t i o m e r s . J However, the o c c u r r e n c e o f spontaneous 

r e s o l u t i o n s and o f s o l i d s o l u t i o n s o f t h e e n a n t i o m e r s , o r m i x e d c r y s t a l s , 

have a l s o been documented s i n c e the t i m e o f P a s t e u r . I t has been 

s u g g e s t e d ^ 3 t h a t the r a c e m i c m i x t u r e (spontaneous r e s o l u t i o n ) i s 

t h e r m o d y n a m i c a l l y u n s t a b l e w i t h r e s p e c t t o t h e r a c e m i c m o d i f i c a t i o n s by 

0.2 t o 2 K c a l / m o l a c c o r d i n g t o the f o l l o w i n g thermodynamic r e l a t i o n s h i p : 

( L ) - C r y s t a l + ( D ) - C r y s t a l — > Racemic compound 

I t has been p r o p o s e d t h a t t h e r e a s o n f o r t h i s d i f f e r e n c e r e s u l t s from 

t h e c l o s e r i n t e r m o l e c u l a r p a c k i n g p o s s i b l e i n t h e c r y s t a l s o f t h e r a c e m i c 

compound. l-'O I t has a l s o been s u g g e s t e d t h a t t h e c r y s t a l s t r u c t u r e s o f the 

p u r e e n a n t i o m e r s and o f t h e r a c e m i c compound may e x h i b i t s i g n i f i c a n t one 
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o r two d i m e n s i o n a l s i m i l a r i t i e s and t h a t t h e c r y s t a l s t r u c t u r e o f one may 

f r e q u e n t l y be deduced from t h a t o f t h e o t h e r . 1 5 0 Pedone and B e n e d e t t i have 

p r o p o s e d t h a t t h e p a c k i n g o f c h i r a l compounds o c c u r s s u c h t h a t h o m o c h i r a l 

m o l e c u l e s a r r a n g e f i r s t i n compact l a y e r s o r columns w h i c h may t h e n r e p e a t 

by t r a n s l a t i o n i n the enantiomorphous m o d i f i c a t i o n and by m i r r o r p l a n e s 

and i n v e r s i o n c e n t e r s i n t h e c a s e o f t h e r a c e m i c c o m p o u n d . 1 5 0 0 . 

S o l i d s o l u t i o n s o r m i x e d c r y s t a l s o f t h e e n a n t i o m e r s a r e t h e l e a s t 

common o f a l l t h e c r y s t a l l i z a t i o n a l t e r n a t i v e s f o r o p t i c a l l y a c t i v e 

c o mpounds. 9 3 T h i s s i t u a t i o n has been f o u n d t o o c c u r when t h e s t r u c t u r e s o f 

t h e two e n a n t i o m e r s a r e so s i m i l a r t h a t t h e y c a n occupy t h e l a t t i c e space 

1 3 

o f each o t h e r i n t h e s o l i d s t a t e . J L a r g e m o l e c u l e s w i t h a s m a l l c h i r a l 

h a n d l e can be good c a n d i d a t e s f o r f o r m a t i o n o f s o l i d s o l u t i o n s o f t h e 

e n a n t i o m e r s . I n some c a s e s t h e two e n a n t i o m e r s f i t t h e same c r y s t a l 

l a t t i c e s i t e a t t h e expense o f some minor m o l e c u l a r a d j u s t m e n t s u c h as a 

s m a l l c o n f o r m a t i o n a l change ( c o n f o r m a t i o n a l i s o m o r p h i s m ) . - 3 

O p t i c a l l y p u r e samples c a n sometimes pack i n c r y s t a l s t y p i c a l o f t h e 

r a c e m i c compound and samples o f t h e racemate c a n sometimes pack i n 

c r y s t a l s o f t h e o p t i c a l l y pure e n a n t i o m e r s . The f o r m e r s i t u a t i o n c a n be 

m e n t a l l y c o n s t r u c t e d by h y p o t h e t i c a l l y t a k i n g o u t o f a r a c e m i c c r y s t a l the 

m o l e c u l e s o f one e n a n t i o m e r and r e p l a c i n g them by m o l e c u l e s o f t h e o t h e r 

e n a n t i o m e r u n t i l t h e c r y s t a l becomes o p t i c a l l y p u r e . The symmetry 

e l e m e n t s p r e s e n t i n t h e o r i g i n a l c r y s t a l a r e t r a n s f o r m e d so t h a t i n v e r s i o n 

c e n t e r s and m i r r o r and g l i d e p l a n e s c a n no l o n g e r o p e r a t e and the c r y s t a l 

becomes c h i r a l w i t h two I n d e p e n d e n t ( q u a s i e n a n t i o m e r i c ) m o l e c u l e s p e r 

a s y m m e t r i c u n i t . C r y s t a l s o f the c h i r a l m o d i f i c a t i o n c a n be b u i l t w i t h 

t h e racemate by f o l l o w i n g a s i m i l a r p r o c e d u r e where 50% o f t h e m o l e c u l e s 
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o f t h e c h i r a l c r y s t a l a r e exchanged by m o l e c u l e s o f t h e o t h e r e n a n t i o m e r . 

S o l i d s o l u t i o n s o f the e n a n t i o m e r s c a n be c o n s i d e r e d t o r e s u l t from a po o r 

c h i r a l r e c o g n i t i o n between the c h i r a l m o l e c u l a r space i n t h e c r y s t a l 

l a t t i c e and t h e c h i r a l m o l e c u l a r s t r u c t u r e t h a t w i l l o ccupy i t . ^ 2 

S o l i d , s o l u t i o n s o f t h e e n a n t i o m e r s c a n o c c u r i n t h r e e g e n e r a l t y p e s 

9 3 

a c c o r d i n g t o t h e manner i n w h i c h the e n a n t i o m e r i c exchanges t a k e p l a c e . J 

1) C r y s t a l l i z a t i o n i n a d i s o r d e r e d s o l u t i o n r e s u l t s when one o f the 

e n a n t i o m e r s i s r e p l a c e d by t h e o t h e r i n a t o t a l l y random way ( F i g u r e 7 7 ) . 

S t a t i s t i c a l d i s t r i b u t i o n s o f the e n a n t i o m e r s o c c u r i n d e p e n d e n t l y o f the 

occupancy o f t h e n e i g h b o r i n g s i t e s . 

R R R R R R R R R R S R S R R S R S 
R R R R R R R R R (S) R R R R S R R R S 

R R R R R R R R R - > S R R S R R R R R 
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R R R R R R R R R R S R . R S R R S R 

F i g u r e 77. S o l i d S o l u t i o n w i t h S t a t i s t i c a l D i s o r d e r . 

2) C r y s t a l l i z a t i o n i n s o l i d s o l u t i o n s w i t h s h o r t - r a n g e o r d e r o c c u r s 

when s u b s t i t u t i o n o f one e n a n t i o m e r by t h e o t h e r t a k e s p l a c e i n a 

m a c r o s c o p i c a l l y random way b u t t h e occupancy o f t h e n e i g h b o r i n g s i t e s i s 

l a r g e l y i n f l u e n c e d by each e n a n t i o m e r i c m o l e c u l e ( F i g u r e 7 8 ) . 
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F i g u r e 78. S o l i d S o l u t i o n w i t h S h o r t Range Or d e r . 

3) C r y s t a l l i z a t i o n i n s o l i d s o l u t i o n s w i t h n o n - s t a t i s t i c a l i n v e r s e 

symmetry o r d e r o c c u r s when m o l e c u l e s i n the enantiomorphous c r y s t a l occupy 

two n o n - e q u i v a l e n t s i t e s R and R' i n t h e i r c r y s t a l l a t t i c e . The occupancy 

o f t h e s e two s i t e s i n the mixed c r y s t a l t h e n o c c u r s i n a n o n - s t a t i s t i c a l 

manner where one e n a n t i o m e r always o c c u p i e s R - s i t e s and t h e o t h e r 

e n a n t i o m e r a l w a y s o c c u p i e s R ' - s i t e s . Under t h e s e c i r c u m s t a n c e s a r e a l 

i n v e r s i o n c e n t e r may appear l e a d i n g t o t h e c r y s t a l s t r u c t u r e o f the 

racemate ( F i g u r e 7 9 ) . 

R R'R R'R R'R R'R R S R S R S R S R 

F i g u r e 79. S o l i d S o l u t i o n w i t h N o n - S t a t i s t i c a l I n v e r s e Symmetry Or d e r . 

I t has been p o i n t e d o u t t h a t t h e most i m p o r t a n t r e q u i r e m e n t f o r t h e 

f o r m a t i o n o f a s o l i d s o l u t i o n r e f e r s t o t h e s i z e and shape s i m i l a r i t y 

b etween t h e compounds f o r m i n g a mixed c r y s t a l . 1 3 I n t e r e s t i n g l y , t h i s 

r e q u i r e m e n t i s a l s o d e t e r m i n i n g i n t h e f o r m a t i o n o f i s o m o r p h i c c r y s t a l 

s t r u c t u r e s and i t has been o b s e r v e d t h a t i s o m o r p h i c c r y s t a l s o f d i f f e r e n t 

R R'R R'R R'R R'R 
R R'R R'R R'R R'R 
R R'R R'R R'R R'R 

R R'R R'R R'R R'R 
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compounds ca n o f t e n form c o n t i n u o u s s o l i d s o l u t i o n s . K i t a i g o r o d s k y has 

p r o p o s e d an e m p i r i c a l and s e m i q u a n t i t a t i v e e s t i m a t e o f t h e l i k e l i h o o d o f 
1 o 

two compounds f o r m i n g a s o l i d s o l u t i o n o r i s o m o r p h i c c r y s t a l s t r u c t u r e s . J 

T h i s e s t i m a t e can be o b t a i n e d from t h e c o e f f i c i e n t o f g e o m e t r i c a l 

s i m i l a r i t y e t h a t r e s u l t s from t h e r a t i o between t h e n o n - o v e r l a p p i n g and 

o v e r l a p p i n g volumes o f the compounds under c o m p a r i s o n a f t e r t h e b e s t 

m o l e c u l a r f i t has been o b t a i n e d . The c o e f f i c i e n t £ i s d e f i n e d mathemati

c a l l y a c c o r d i n g t o the f o l l o w i n g f o r m u l a : 

e = 1 - ( n o n - o v e r l a p p i n g volume) / ( o v e r l a p p i n g volume) 

The c l o s e r t h e v a l u e o f e t o u n i t y the more the two m o l e c u l e s w i l l 

l o o k a l i k e and t h e l a r g e r t h e p r o b a b i l i t y o f s o l i d s o l u b i l i t y and 

i s o m o r p h i s m . A l t h o u g h a p r o p e r e s t i m a t e o f the m o l e c u l a r volume u s u a l l y 

r e q u i r e s t h e knowledge o f the c o n f o r m a t i o n o f the two m o l e c u l e s under 

c o m p a r i s o n , a p p r o x i m a t e measurements can sometimes be u s e f u l . A s i m p l e and 

u s e f u l method was d e v i s e d by K i t a i g o r o d s k y 1 3 , 3 ^ and B o n d i 1 ^ 1 w h i c h i s 

b a s e d on a group i n c r e m e n t approach. I n t h i s a p p r o x i m a t i o n t h e m o l e c u l e s 

a r e c o n s i d e r e d t o be formed by s m a l l e r r a d i c a l s o r groups w h i c h are 

d e f i n e d by o v e r l a p p i n g a t o m i c s p h e r e s w i t h volumes d e f i n e d by t h e i r X - r a y 

d e r i v e d v a n d e r Waals r a d i i . G a v e z z o t t i 1 4 4 has r e c e n t l y u p d a t e d and 

t a b u l a t e d a number o f u s e f u l group i n c r e m e n t s deduced f r o m an improved 

m e t h o d o l o g y t o c a l c u l a t e a t o m i c and m o l e c u l a r volumes f r o m X - r a y measured 

s t r u c t u r a l p a r a m e t e r s . 
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The S o l i d S t a t e P r o p e r t i e s and P h o t o c h e m i s t r y o f D i e s t e r 42. 

The s o l i d s t a t e p r o p e r t i e s and p h o t o c h e m i c a l r e s u l t s f o r d i e s t e r 

i P r / s B u - 4 2 w i l l be d i s c u s s e d f i r s t s i n c e p a r t i a l X - r a y s t r u c t u r a l d a t a 

c o u l d be o b t a i n e d f o r t h e two c r y s t a l l i n e m a t e r i a l s . 1 5 2 The r e s u l t s and 

i n f o r m a t i o n o b t a i n e d form t h e s e compounds w i l l be u s e f u l i n i n t e r p r e t i n g 

t h e s o l i d s t a t e p h o t o c h e m i s t r y o f compounds Me/sBu-31 and E t / s B u - 3 9 . 

C r y s t a l s o f d i e s t e r i P r / s B u - 4 2 were grown from t h e m e l t , from e t h a n o l 

and from many o t h e r s o l v e n t s ( d i e t h y l e t h e r , a c e t o n i t r i l e , hexane, e t c . ) 

by u s i n g o p t i c a l l y p u r e and r a c e m i c m a t e r i a l s . No i n d i c a t i o n o f polymor

p hism was o b t a i n e d from m a t e r i a l s a n a l y z e d by s o l i d s t a t e FTIR s p e c t r o 

scopy. The m e l t i n g p o i n t o f s i n g l e c r y s t a l s o f t h e o p t i c a l l y pure 

m a t e r i a l was 11° h i g h e r (133-5°) t h a n the m e l t i n g p o i n t o f t h e racemate 

(122-4°C). The d i f f e r e n c e i n m e l t i n g p o i n t s , i n d i c a t i v e o f two d i f f e r e n t 

c r y s t a l p h a s e s , and the l a c k o f o p t i c a l r o t a t i o n from s o l u t i o n s o f s e v e r a l 

s i n g l e c r y s t a l l i n e samples o f t h e racemate, e x c l u d e d the p o s s i b i l i t y o f a 

spontaneous r e s o l u t i o n i n t o c r y s t a l s o f the pur e e n a n t i o m e r s . A few s i n g l e 

c r y s t a l s grown from t h e racemate i n d i c a t e d a s m a l l e n a n t i o m e r i c e n r i c h m e n t 

o f 10% o r l e s s w i t h o u t any p r e f e r e n c e f o r e i t h e r o f t h e two a n t i p o d e s . The 

s o l i d s t a t e i n f r a r e d s p e c t r u m o f t h e o p t i c a l l y p u r e m a t e r i a l was a l m o s t 

i d e n t i c a l t o t h e s p e c t r u m from c r y s t a l s o f t h e racemate s u g g e s t i n g t h e 

s i m i l a r s o l i d phase o f a s o l i d s o l u t i o n o f t h e e n a n t i o m e r s ( F i g u r e 80). 

The FTIR s p e c t r a and t h e c r y s t a l morphology o f t h e two m a t e r i a l s were 

a l m o s t i d e n t i c a l t o t h o s e o f c r y s t a l s o f t h e c h i r a l P2^2^2^ m o d i f i c a t i o n 

o f t h e d i i s o p r o p y l d i e s t e r 23 ( F i g u r e 38, P a r t I I ) s u g g e s t i n g an 

i s o m o r p h i c c r y s t a l s t r u c t u r e r e l a t i o n s h i p . 



¥ 

F i g u r e 80. S o l i d S t a t e FT-IR S p e c t r a o f C h i r a l P 2 1 2 1 2 1 C r y s t a l s o f 

D i e s t e r i P r / s B u - 4 2 : (a) Racemic and (b) O p t i c a l l y A c t i v e . 
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Our e m p i r i c a l c o n c l u s i o n s were s u p p o r t e d by t h e p h o t o c h e m i c a l 

g e n e r a t i o n o f o p t i c a l l y a c t i v e p r o d u c t s n o t o n l y from t h e o p t i c a l l y pure 

m a t e r i a l b u t a l s o from the racemate. The i s o m o r p h i s m was d e f i n i t e l y 

c o n f i r m e d when s i n g l e c r y s t a l X - r a y d i f f r a c t i o n a n a l y s e s were p e r f o r m e d on 

c r y s t a l l i n e samples o f the o p t i c a l l y pure and r a c e m i c m a t e r i a l s . C o n v i n c 

i n g e v i d e n c e was f o u n d n o t o n l y i n the e x p e c t e d l y i d e n t i c a l space g r o u p s , 

P 2 ^ 2 i 2 i , b u t a l s o on the l a t t i c e p a r a m e t e r s o f the c r y s t a l s o f t h e t h r e e 

samples ( T a b l e X V I I ) . 

F u r t h e r r e s e m b l a n c e between the above c r y s t a l l i n e m a t e r i a l s was 'found 

i n t h e i r X - r a y m o l e c u l a r s t r u c t u r e s . T h i s can be documented from the most 

c h a r a c t e r i s t i c s t r u c t u r a l p a r a m e t e r s u s e d t o d e s c r i b e t h e m o l e c u l a r 

s t r u c t u r e o f the d i b e n z o b a r r e l e n e compounds s t u d i e d i n t h i s t h e s i s , t he 

c a r b o n y l - v i n y l t o r s i o n a n g l e s p r e s e n t e d i n T a b l e X V I I I . The m o l e c u l a r 

disymmetry c o n f e r r e d by t h e c o n f o r m a t i o n o f the e n e - d i o a t e system was 

e s s e n t i a l l y i d e n t i c a l f o r a l l t h r e e compounds. 
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T a b l e X V I I . L a t t i c e P a r a m e t e r s o f P 2 i 2 ^ 2 ^ C r y s t a l s o f Compounds 23, 

( S ) - ( + ) - 4 2 and (R,S)-42. 

i P r / ( S ) - ( + ) - s B u - 4 2 

8.4936 a(A) 

b ( A ) 

c ( A ) 

i P r / i P r - 2 3 

8.3304 

11.6893 

21.7937 

a=fi=T) ( d e g r e e s ) 90 

Space group P2^2^2^ 

Z 4 

Volume (A ) 2122.20 

D e n s i t y 3 (g/cm J) 1.1767 

11.9210 

21.6691 

90 

P 2 1 2 1 2 1 

4 

2194.14 

1.1381 

i P r / ( R , S ) - s B u - 4 2 

8.4624 

11.8705 

21.6788 

90 

P 2 1 2 1 2 1 

4 

2177.70 

1.1467 

(a) C a l c u l a t e d d e n s i t y . 
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T a b l e X V I I I . C o n f o r m a t i o n o f the E n e - d i o a t e System i n D i e s t e r s 23, 

( S ) - ( + ) - 4 2 and (R,S)-42. 

(CH3) 

• (CH3) 

T o r s i o n A n g l e 

0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) 

0 ( 4 ) - C ( 1 7 ) - C ( 1 2 ) - C ( l l ) 

D i i s o - 2 3 ( S ) - ( + ) - 4 2 (R,S)-42 

63.7 68.4 70.1 

164.3 166.2 167.4 

The c o n f o r m a t i o n o f the e n e - d i o a t e chromophore g i v e s the d i b e n z o b a r r e 

l e n e s t r u c t u r e a m o l e c u l a r disymmetry t h a t i s i n d e p e n d e n t o f the c h i r a l i t y 

o f t h e s e c - b u t y l group s u b s t i t u e n t . A s i n g l e l a t t i c e s i t e can be o c c u p i e d 

i n a n o n - s e l e c t i v e manner by m o l e c u l e s o f ( S ) - ( + ) - 4 2 o r ( R ) - ( - ) - 4 2 i n the 

c a s e o f t h e racemate. The X - r a y m o l e c u l a r s t r u c t u r e , a l t h o u g h n o t f u l l y 

e l u c i d a t e d as a r e s u l t o f s u b s t a n t i a l c r y s t a l l o g r a p h i c d i s o r d e r , r e v e a l e d 

t h a t t h e l o c a t i o n o f the s e c - b u t y l group i n t h e s t r u c t u r e s o f the two 

forms o f d i e s t e r 42 r e s u l t e d from r e p l a c e m e n t o f the i s o p r o p y l group 

a t t a c h e d t o t h e a l k o x y oxygen 0 ( 1 ) i n t h e d i i s o p r o p y l d i e s t e r 23. T h i s 

d i s o r d e r was p r e s e n t i n b o t h t h e o p t i c a l l y a c t i v e and r a c e m i c m a t e r i a l s , 

t h u s s u g g e s t i n g t h a t b o t h s t r u c t u r e s may c o r r e s p o n d t o a n o n - i d e a l 

s t a t i s t i c a l l y d i s o r d e r e d s o l i d s o l u t i o n o f t h e e n a n t i o m e r s . 
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F u r t h e r e v i d e n c e f o r the m u t u a l s o l i d s t a t e s o l u b i l i t y o f the 

e n a n t i o m e r s o f compound 42 was o b t a i n e d by o b s e r v i n g d i f f e r e n t m e l t i n g 

p o i n t s f r o m s i n g l e c r y s t a l s grown from s o l u t i o n s p r e p a r e d by m i x i n g 

d i f f e r e n t amounts o f t h e o p t i c a l l y p u r e and r a c e m i c m a t e r i a l s ( T a b l e X I X ) . 

A l t h o u g h t h e e x a c t c o m p o s i t i o n i n the s o l i d phase was n o t d e t e r m i n e d , our 

measurements a r e s t r o n g l y i n d i c a t i v e o f a n o n - i d e a l s o l i d s o l u t i o n 

(Roozeboom t y p e I I I ) w i t h a minimum m e l t i n g p o i n t . 

T a b l e XIX. M e l t i n g P o i n t s o f M i x e d C r y s t a l s o f D i e s t e r 42. 

mole % ( S ) - ( + ) - 4 2 i n s o l u t i o n m e l t i n g p o i n t (°C) 

50 122-4 

60 126-8 

70 129-31 

80 131-2 

90 132-4 

100 133-5 

The r e l a t i v e y i e l d s o f a l l f o u r p o s s i b l e d i a s t e r e o m e r i c p r o d u c t s were 

d e t e r m i n e d by t h e NMR and g l c methodology d e v e l o p e d i n t h e cas e o f t h e 

s o l u t i o n p h o t o l y s i s ( T a b l e XV, page 183). The p r o d u c t d i s t r i b u t i o n was 

f o u n d t o be s u b s t a n t i a l l y d i f f e r e n t when p h o t o l y s e s were c a r r i e d o u t i n 

t h e o p t i c a l l y p u r e and r a c e m i c c r y s t a l l i n e m a t e r i a l s . 
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T a b l e XX. S o l i d S t a t e S t e r e o s e l e c t i v i t y from Compound 4 2 a . 

Compound 751 z 7 5 I I ( % ) 741 z 7 4 I I ( % ) 

i P r / ( + ) - s B u - 4 2 D 

iPr/(±)-sBu-42 b 

85 5 5 5 

31 31 8 31 

a) S t r u c t u r e s shown i n F i g u r e 83, page 206; b) V a l u e s d e t e r m i n e d by LH 

NMR and g l c . 

P h o t o c h e m i s t r y o f t h e O p t i c a l l y Pure C r y s t a l l i n e M a t e r i a l . 

P h o t o l y s i s o f c r y s t a l s o f t h e o p t i c a l l y pure sample r e s u l t e d i n a 

s i g n i f i c a n t r e g i o - and d i a s t e r e o s e l e c t i v i t y i n d i c a t i v e o f a p r e f e r e n c e f o r 

one o f the f o u r a v a i l a b l e s o l i d s t a t e r e a c t i o n pathways. The r e g i o s e l e c t i 

v i t y o b s e r v e d i n d i c a t e s t h a t the more f a v o r e d ( 9 0 %, T a b l e XX) b e n z o - v i n y l 

b o n d i n g s t e p o c c u r s a t t h e v i n y l c a r b o n , C ( l l ) , w h i c h i s n e x t t o the 

i s o p r o p y l s u b s t i t u e n t a t t a c h e d t o the 0 ( 1 ) - C ( 1 3 ) - 0 ( 2 ) c a r b o x y l a t e group 

( b o n d i n g 12-1 and 12-11, F i g u r e 8 2 ) . T h i s r e s u l t i s c o n s i s t e n t w i t h our 

s t e r i c c o m p r e s s i o n h y p o t h e s i s t h a t p r e d i c t e d b o n d i n g a t the same v i n y l 

c a r b o n i n t h e i s o m o r p h i c d i i s o p r o p y l d e r i v a t i v e (page 172). 

D i s t i n c t i o n between pathways 12-1 and 12-11 and t h e a s s i g n m e n t o f the 

a b s o l u t e s t e r e o c h e m i s t r y o f t h e r e s p e c t i v e p h o t o p r o d u c t s t r u c t u r e s 

r e q u i r e s knowledge o f t h e a b s o l u t e s t e r e o c h e m i s t r y o f t h e as y m m e t r i c 

c e n t e r s , C ( 4 b ) , C ( 8 b ) , C ( 8 c ) and C ( 8 d ) , i n t h e d i b e n z o s e m i b u l l v a l e n e 

s k e l e t o n ( s e e T a b l e XV f o r num b e r i n g ) . Pathways 12-1 and 12-11, as shown 

i n F i g u r e 82, g e n e r a t e the { ( S ) - C ( 4 a ) , ( S ) - C ( 8 b ) , ( S ) - C ( 8 c ) , ( S ) - C ( 8 d ) } 

and t h e { ( R ) - C ( 4 a ) , ( R ) - C ( 8 b ) , ( R ) - C ( 8 c ) , ( R ) - C ( 8 d ) } - d i b e n z o s e m i b u l l v a l e n e 
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s t e r e o c h e m i s t r y r e s p e c t i v e l y . T h i s a s s i g n m e n t i s p o s s i b l e i n t h e ca s e o f 

the s o l i d s t a t e m i x t u r e s i n c e we know the a b s o l u t e s t e r e o c h e m i s t r y and 

s p e c i f i c r o t a t i o n o f t h e ana l o g o u s d i i s o p r o p y l d i b e n z o s e m i b u l l v a l e n e 

d i e s t e r a l l - ( S ) - ( - ) - 5 7 , and we c a n p e r f o r m a s t e r e o c h e m i c a l c o r r e l a t i o n 7 8 

between t h i s compound and the major p h o t o p r o d u c t ( ( + ) - 7 5 I ) from d i e s t e r 

( S ) - ( + ) - 4 2 . 

A d i r e c t p o l a r i m e t r i c c o m p a r i s o n w o u l d n o t be v a l i d b ecause the 

r o t a t i o n o f t h e p h o t o p r o d u c t s from ( S ) - ( + ) - 4 2 c o u l d have a s i g n i f i c a n t and 

per h a p s o b s c u r i n g c o n t r i b u t i o n a r i s i n g from the c h i r a l s e c - b u t y l e s t e r . 

I d e a l l y , i n o r d e r t o o b t a i n i t s a b s o l u t e c o n f i g u r a t i o n from t h e s i g n o f 

i t s o p t i c a l r o t a t i o n , the major p h o t o p r o d u c t from d i e s t e r ( S ) - ( + ) - 4 2 and 

the o p t i c a l l y p u r e d i b e n z o s e m i b u l l v a l e n e i P r / i P r - 5 7 s h o u l d be c o n v e r t e d 

i n t o t h e same compound w i t h o u t m o d i f y i n g t h e i r a b s o l u t e s t e r e o c h e m i s t r y 

d u r i n g t h e h o m o l o g a t i o n process.. F o r p r a c t i c a l r e a s o n s we have c o n v e r t e d 

t h e t o t a l s o l i d s t a t e p h o t o p r o d u c t m i x t u r e i n t o t h e d i b e n z o s e m i b u l l v a l e n e 

He/He-. 52. The a b s o l u t e c o n f i g u r a t i o n deduced i n t h i s manner s h o u l d be 

t h a t o f t h e maj o r p h o t o p r o d u c t 75I(+) s i n c e i t c o m p r i s e s 85% o f t h e t o t a l 

r e a c t i o n m i x t u r e and i t s a b s o l u t e c o n f i g u r a t i o n s h o u l d c l e a r l y dominate 

t h e o p t i c a l a c t i v i t y o f t h e e n t i r e p h o t o p r o d u c t m i x t u r e . 

The p u r e s o l i d s t a t e p h o t o p r o d u c t m i x t u r e from O . l l O g o f ( S ) - ( + ) - 4 2 

{ [ Q ] d •= 20.6°, (c=0 . 3 , CHCI3)} was o b t a i n e d by p a r t i a l p h o t o l y s i s and 

sub s e q u e n t d e r i v a t i z a t i o n ( d iazomethane) and s e p a r a t i o n o f t h e u n r e a c t e d 

s t a r t i n g m a t e r i a l . The p r o d u c t s were t r a n s e s t e r i f i e d by a l k a l i n e h y d r o l y 

s i s and t r e a t m e n t w i t h diazomethane ( F i g u r e 81) t o g i v e t h e o p t i c a l l y 

a c t i v e d i m e t h y l d i b e n z o s e m i b u l l v a l e n e (+)-52. The s i g n o f the o p t i c a l 

r o t a t i o n so o b t a i n e d {[a]r; = 14.5, ( c = 0.12, CHCI3)} was o p p o s i t e t o t h a t 
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from t h e d i i s o p r o p y l d i b e n z o s e m i b u l l v a l e n e a l l - ( S ) - ( - ) - 5 7 . T h i s r e s u l t 

i n d i c a t e s t h a t t h e a b s o l u t e s t e r e o c h e m i s t r y o f t h e major p r o d u c t from 

s o l i d ( S ) - ( + ) - 4 2 (compound 7 5 I ( + ) ) p o s s e s s e s t h e { ( R ) - 4 b , (R)-8b, ( R ) - 8 c , 

(R)-8d) a b s o l u t e s t e r e o c h e m i s t r y , and e s t a b l i s h e s t h e p r e f e r e n c e f o r 

pathway 12-1 and t h e a b s o l u t e s t e r e o c h e m i s t r y o f d i e s t e r ( + ) - 7 5 I shown i n 

F i g u r e 82. 

S i n c e t h e d i b e n z o s e m i b u l l v a l e n e a b s o l u t e s t e r e o c h e m i s t r y o f p r o d u c t s 

a r i s i n g f rom pathways " I " a r e the same, i t s h o u l d be n o t e d t h a t our 

h y d r o l y s i s t r e a t m e n t and e s t e r i f i c a t i o n s h o u l d g i v e a m i x t u r e o f 90% 

(+)-52 and 10% (-)-52 a r i s i n g from (751 + 741) and (7511 + 7411) 

r e s p e c t i v e l y ( i . e . F i g u r e 7 3 ) . T h i s was c o n f i r m e d by c h i r a l s h i f t 

r e a g e n t NMR s t u d i e s on the o b t a i n e d sample o f 52 w i t h 1 e q u i v a l e n t o f 

E u ( h f c ) 3 p e r f o r m e d as i n the case o f the d i e t h y l and d i i s o p r o p y l 

d i b e n z o s e m i b u l l v a l e n e compounds d e s c r i b e d e a r l i e r . 

F i g u r e 81. C o n v e r s i o n o f t h e P h o t o p r o d u c t s from ( S ) - ( + ) - 4 2 i n t o the 

D i m e t h y l D i b e n z o s e m i b u l l v a l e n e (+)-52. 
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( S ) - ( + ) - 4 2 

PATH 12-H 

COOiPr 

C00sBu(+) 

COOiPr 

sBu(+)00C 

75I(+) 75II(+) 

F i g u r e 82. F o r m a t i o n o f D i b e n z o s e m i b u l l v a l e n e s 751 and 7511 from 

( S ) - ( + ) - 4 2 . 

A f i n a l p o i n t c o n c e r n i n g t he f o r m a t i o n o f (+)-75II i n t h e s o l i d s t a t e 

i n v o l v e s t h e s o l i d s t a t e c o n f o r m a t i o n o f t h e e n e - d i o a t e s y s t e m o f t h e 

s t a r t i n g m a t e r i a l (S)-(+)-42. The a b s o l u t e c o n f i g u r a t i o n o f the 

d i b e n z o b a r r e l e n e s t r u c t u r e as 11M.12P o r 11P.12M r e q u i r e s t h e knowledge o f 

th e a b s o l u t e c o n f i g u r a t i o n o f t h e enantiomorphous c r y s t a l phase ( i . e . 

r i g h t o r l e f t 2 i - s c r e w a x e s ) . W i t h a c h i r a l h a n d l e i n t h e m o l e c u l a r 

s t r u c t u r e t h i s p r o c e d u r e s h o u l d n o r m a l l y be t r i v i a l and r e q u i r e o n l y a 

w e l l r e s o l v e d X - r a y s t r u c t u r e . U n f o r t u n a t e l y , t he d i s o r d e r p r e s e n t i n the 

s e c - b u t y l group p r e v e n t s us from an e x p e r i m e n t a l d e t e r m i n a t i o n o f t h i s 
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i r i f o r m a t i o n s i n c e t h e s e c - b u t y l c o n f o r m a t i o n and s t r u c t u r e c o u l d n o t be 

un a m b i g u o u s l y e s t a b l i s h e d . However, b a s e d on our r e s u l t s w i t h the 

i s o m o r p h i c c h i r a l d i i s o p r o p y l d i e s t e r 23, we c a n p r o p o s e t h a t t h e 11M.12P 

c o n f o r m a t i o n shown i n F i g u r e 82 s h o u l d be t h e r e a c t i n g m o l e c u l a r s t r u c t u r e 

i n t h e c h i r a l c r y s t a l s o f ( S ) - ( + ) - 4 2 . 

P h o t o c h e m i s t r y o f t h e Racemate o f Compound 42. 

The p h o t o c h e m i c a l r e s u l t s from c r y s t a l s o f t h e r a c e m i c d i e s t e r 42 

d i f f e r e d s i g n i f i c a n t l y from t h e r e s u l t s o f t h e o p t i c a l l y p u r e compound 

( T a b l e X X ) . A r e d i s t r i b u t i o n o f t h e p h o t o p r o d u c t s was d e t e c t e d and the 

r e g i o s e l e c t i v i t y , s t i l l f a v o r i n g b o n d i n g a t the v i n y l c a r b o n n e x t t o the 

i s o p r o p y l e s t e r group, d i m i n i s h e d t o a r a t i o ( 7 5 I + 7 7 I I ) : ( 7 4 I + 7 4 I I ) = 

(31+31):(7+31). Three o u t o f t h e f o u r d i a s t e r e o m e r i c a l l y d i f f e r e n t 

p r o d u c t s were d e t e c t e d i n r e l a t i v e l a r g e amounts ( 3 1 % e a c h ) . 

I t s h o u l d be n o t i c e d t h a t t h e two e n a n t i o m e r s o f t h e c r y s t a l s o f the 

s t a r t i n g m a t e r i a l s c a n g i v e up t o e i g h t p o s s i b l e p h o t o p r o d u c t s ( F i g u r e 

8 3 ) . Each p r o d u c t has t h r e e s t e r e o c h e m i c a l l y i n d e p e n d e n t e l e m e n t s and a l l 

s h o u l d be d e s c r i b e d i n o r d e r t o e s t a b l i s h t h e i r r e l a t i v e s t r u c t u r e s . 

Compounds l a b e l e d 74 d i f f e r f rom compounds 75 i n t h a t t h e y a r e 

r e g i o i s o m e r s , compounds l a b e l e d " I " d i f f e r f r o m compounds " I I " i n the 

a b s o l u t e s t e r e o c h e m i s t r y o f t h e d i b e n z o s e m i b u l l v a l e n e a s y m m e t r i c c a r b o n s , 

e i t h e r a l l R o r a l l S, and f i n a l l y compounds l a b e l e d (+) d i f f e r f rom 

compounds l a b e l e d (-) dep e n d i n g on t h e i r r e s p e c t i v e e n a n t i o m e r i c s e c - b u t y l 

h a n d l e . 
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COO(+)sBu 
COOiPr 

I ( a l l S) 

COO(-)sBu 
COOiPr 

COO(+)sBu 

II ( a l l R ) , 
COO(-)sBu 

COOiPr. 
C00(+)sBu 

COOiPr 
COOsBu(-) 

COOiPr 
(-)sBuOOC 

F i g u r e 83. S t r u c t u r a l P o s s i b i l i t i e s f o r the P h o t o p r o d u c t s From D i e s t e r 

( + ) - s e c - b u t y l / i s o p r o p y l - 4 2 . 
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The f i r s t q u e s t i o n we a d d r e s s h e r e r e l a t e s t o t h e e f f e c t o f the c h i r a l 

c r y s t a l l a t t i c e on t h e s t e r e o c h e m i s t r y o f t h e d i b e n z o s e m i b u l l v a l e n e 

s k e l e t o n , t h a t i s , t h e r e l a t i v e r a t i o o f p r o d u c t s " I " v e r s u s p r o d u c t s 

" I I . " 

A s y mmetric S y n t h e s i s by S o l i d S t a t e R e a c t i o n o f t h e Racemate o f 42. 

I f t he r e a c t i o n o f the r a c e m i c d i e s t e r 42 o c c u r s t h r o u g h t h e c o n t r o l 

o f t h e c r y s t a l l a t t i c e symmetry, i t may g e n e r a t e o p t i c a l l y a c t i v e p r o d u c t s 

even though b o t h e n a n t i o m e r s a r e p r e s e n t i n e q u a l amounts. The g e n e r a t i o n 

o f o p t i c a l l y a c t i v e p r o d u c t s from r a c e m i c s t a r t i n g m a t e r i a l s , w i t h o u t 

i m p o s i t i o n o f any e x t e r n a l c h i r a l i n f l u e n c e , i s a most uncommon phenomenon 

w i t h o n l y one l i t e r a t u r e precedent. 1-'- 2 The f i r s t s t e p i n t h e p r e s e n t s t u d y 

was t o d e t e r m i n e the f e a s i b i l i t y o f t h i s t y p e o f a b s o l u t e asymmetric 

s y n t h e s i s , c a r r i e d out f o r the f i r s t t ime i n a u n i m o l e c u l a r r e a c t i o n . 

The p r o c e d u r e u s e d t o s t u d y the asymmetric i n d u c t i o n i n c h i r a l 

c r y s t a l s o f the d i i s o p r o p y l d i e s t e r 23 was a p p l i e d t o s i x l a r g e s i n g l e 

c r y s t a l s o f r a c e m i c 42 s e l e c t e d a t random from s e v e r a l c r y s t a l b a t c h e s . 

The r e s u l t s shown i n T a b l e XXI i n d i c a t e h i g h s p e c i f i c r o t a t i o n s , e i t h e r 

p o s i t i v e o r n e g a t i v e , f o r a l l t h e samples s t u d i e d . S l i g h t l y l a r g e r 

v a r i a t i o n s i n the s p e c i f i c r o t a t i o n v a l u e s as compared w i t h t h e symmetric 

d i e s t e r s 21 and 23, cannot'be t a k e n as e v i d e n c e o f i n c o n s i s t e n c y i n the 

e n a n t i o m e r i c i n d u c t i o n , as the o p t i c a l r o t a t i o n i n t h e case o f t h e s e 

p h o t o l y s i s m i x t u r e s may r e s u l t from up t o t e n p o s s i b l e o p t i c a l l y a c t i v e 

compounds, e i g h t p r o d u c t s ( F i g u r e 83) and two s t a r t i n g m a t e r i a l s . 
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T a b l e X X I . S o l i d S t a t e Induced O p t i c a l A c t i v i t y by P h o t o l y s i s o f 

C r y s t a l s o f t h e Racemate o f D i e s t e r 42. 

Sample Weight (g) % C o n v e r s i o n Q ( d e g r e e s ) [ a ] D ( d e g r e e s ) 

1 0.0258 11.8 0.065 21.4 

2 0.0217 14.9 0.071 21.9 

3 0.0138 18.9 0.046 18.0 

4 0.1029 12.1 -0.218 -17.2 

5 0.1385 11.4 -0.303 -19.2 

6 0.1005 11.5 -0.193 -16.7 

S i n c e t h e d i s y m m e t r i c i n f l u e n c e o f the c r y s t a l l a t t i c e , i n a n a l o g y 

w i t h t h e c h i r a l c r y s t a l s o f compounds i P r / i P r - 2 3 and ( S ) - ( + ) - 4 2 , s h o u l d be 

on t h e c o n f i g u r a t i o n o f t h e d i b e n z o s e m i b u l l v a l e n e s k e l e t o n [ a l l - ( R ) o r 

a l l - ( S ) ] we may s t a r t by d i s r e g a r d i n g t h e n a t u r e o f the e s t e r s u b s t i t u e n t s 

and t h e i r f i n a l d i s p o s i t i o n i n the f i n a l p h o t o p r o d u c t s . Our s t r a t e g y 

s h o u l d t h e r e f o r e i n c l u d e c o n v e r s i o n o f the t o t a l p h o t o p r o d u c t m i x t u r e i n t o 

a s i n g l e compound, c o n v e n i e n t l y and b a s e d on o u r e x p e r i e n c e w i t h t h e 

r e s o l v e d m a t e r i a l , the d i m e t h y l d i b e n z o s e m i b u l l v a l e n e d e r i v a t i v e 52. 
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E x t e n t o f Asymmetric I n d u c t i o n i n C r y s t a l s o f t h e Racemate. 

I n o r d e r t o have a c o n s i s t e n t a c c o u n t o f t h e s o l i d s t a t e r e a c t i o n an 

e x t r e m e l y c a r e f u l e x p e r i m e n t a l p r o c e d u r e was d e v i s e d . A l a r g e s i n g l e 

c r y s t a l (0.1676 g) o f 42 was grown from t h e r acemate, f i n e l y d i v i d e d by 

c r u s h i n g , and s e p a r a t e d i n t o two p o r t i o n s o f 0.1232 and 0.0434 g. The 

s m a l l e r p o r t i o n was u s e d t o d e t e r m i n e the e x a c t e n a n t i o m e r i c c o m p o s i t i o n 

o f t h e e n t i r e sample ( [ a ] D = -0.9°, (c=0.043, CHCI3), e.e. •= 8 % ) . The 

r e m a i n i n g compound was p h o t o l y z e d a t 0°C w i t h t h e n i t r o g e n l a s e r t o 15 % 

c o n v e r s i o n and the p r o d u c t s (0.0154 g) were s e p a r a t e d by c h r o m a t o g r a p h i c 

p r o c e d u r e s ( a f t e r d e r i v a t i z a t i o n o f the r e m a i n i n g s t a r t i n g m a t e r i a l w i t h 

C H 2 N 2 ) . The p u r e p h o t o p r o d u c t s , ( [ Q ] d = -14.4°, (c=0.15, CHCI3)), were 

h y d r o l y z e d , e s t e r i f i e d w i t h diazomethane t o g i v e d i e s t e r 52 and a n a l y z e d 

by '-H NMR w i t h 0.2 e q u i v a l e n t s o f Eu(hfc> 3 . The s p e c t r u m o f t h i s sample 

and t h a t o f an a u t h e n t i c racemate o f 52, shown i n F i g u r e 84, i n d i c a t e an 

i d e n t i c a l r e s u l t as i n the case o f t h e o p t i c a l l y p u r e s t a r t i n g m a t e r i a l 

w i t h an e n a n t i o m e r i c r a t i o o f 90:10 o r a e.e. = 80%. 

I n t e r e s t i n g l y , by k e e p i n g t r a c k o f the s t a r t i n g m a t e r i a l mass b a l a n c e 

we c o u l d n o t i c e t h a t the amount o f ( S ) - ( + ) - 4 2 r e a c t e d was 1.5 t i m e s as 

much as t h e amount o f ( R ) - ( - ) - 4 2 (11.1 v e r s u s 7.4 mg). T h i s c o n c l u s i o n was 

r e a c h e d by m e a s u r i n g t h e e n a n t i o m e r i c c o m p o s i t i o n s o f t h e s t a r t i n g 

m a t e r i a l b e f o r e and a f t e r the p h o t o c h e m i c a l r e a c t i o n . 
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| l l l l | i u i | l | | | I I I I ! I 1 I I | M 1  

7 0 6 0 S 0 4 0 3 0 2 0 1 0 0 0 P P u 

F i g u r e 84. X H NMR S p e c t r a o f Racemic ( t o p ) and O p t i c a l l y A c t i v e 

(bottom) D i b e n z o s e m i b u l l v a l e n e 52 A f t e r A d d i t i o n o f 0.2 eq. o f E u ( h f c ) 3 . 
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An i n t r i g u i n g q u e s t i o n t h a t e v o l v e d from the above r e s u l t was whether 

th e c r y s t a l phase t h a t makes the ( + ) - e n a n t i o m e r 1.5 t i m e s more r e a c t i v e i s 

t h e c r y s t a l l a t t i c e p r e f e r r e d by the pure (+)- o r o f t h e pure 

( - ) - e n a n t i o m e r . I t seems the l a t t e r a l t e r n a t i v e i s the c o r r e c t one s i n c e 

the a b s o l u t e c o n f i g u r a t i o n o f the d e r i v a t i z e d p r o d u c t s o b t a i n e d h e r e was 

o p p o s i t e t o t h a t o b t a i n e d from t h e p r o d u c t s o f t h e pure ( + ) - e n a n t i o m e r 

c r y s t a l phase. I t seems t h e r e f o r e t h a t the more r e a c t i v e [(+)-42] 

component i s the s o l i d s o l u t e i n p r o - ( - ) - e n a n t i o m o r p h o u s phase. 

On t h e R e a c t i o n D i a s t e r e o s e l e c t i v i t y . 

The e n a n t i o s p e c i f i c g e n e r a t i o n o f the d i b e n z o s e m i b u l l v a l e n e s k e l e t o n 

i n t h e c r y s t a l s o f the racemate i s a r e m a r k a b l e m a n i f e s t a t i o n o f t h e f a c e 

s e l e c t i v i t y o f the s o l i d s t a t e r e a r r a n g e m e n t . The f o r m a t i o n o f t h r e e 

d i f f e r e n t d i a s t e r e o m e r s w i t h the same d i b e n z o s e m i b u l l v a l e n e a b s o l u t e 

s t e r e o c h e m i s t r y c a n i l l u s t r a t e one o f the most i n t e r e s t i n g c o n c e p t s o f 

s o l i d s t a t e r e a c t i v i t y , namely the r e a c t i o n c a v i t y . As we s h a l l s e e , we 

i n t e r p r e t t h e r e s u l t s as a r i s i n g f rom a " c a v i t y " 1 1 c o n t r o l l e d r e a c t i o n o f 

t h r e e d i f f e r e n t s o l i d s t a t e m o l e c u l a r s t r u c t u r e s o f d i e s t e r 42. I n o t h e r 

words, t h e r e a c t i o n r e g i o - and d i a s t e r e o s e l e c t i v i t y i n t h e racemate 

(751:7511:741:7411 = 31:31:8:31) i s l e s s w i t h r e s p e c t t o t h a t i n t h e pure 

e n a n t i o m e r (751:7511:741:7411 = 85:5:5:5), n o t because o f a l o s s o f 

t o p o c h e m i c a l c o n t r o l , b u t because o f a l o s s o f s t e r i c c o n t r o l d u r i n g the 

c r y s t a l l i z a t i o n p r o c e s s . 



F o r i l l u s t r a t i o n p u r p o s e s we can c o n s i d e r a c r y s t a l l a t t i c e o f the 

d i i s o p r o p y l d i e s t e r 23 w h i c h i s c o n v e r t e d i n t o a c r y s t a l o f the racemate 

o f 42 by i s o m o r p h i c r e p l a c e m e n t o f m o l e c u l e s o f 23 by m o l e c u l e s o f 42. I t 

s h o u l d be n o t i c e d t h a t e v e r y l a t t i c e s i t e , o r r e a c t i o n c a v i t y , i n i t i a l l y 

o c c u p i e d by i P r / i P r - 2 3 c a n be f i l l e d up w i t h m o l e c u l e s o f 42 i n f o u r 

d i f f e r e n t manners. I n F i g u r e 85 we r e p r e s e n t s u c h l a t t i c e s p a c e , ( D ), 

i n i t i a l l y f i l l e d w i t h a m o l e c u l e o f d i e s t e r 23 s u r r o u n d e d by the f o u r 

s t r u c t u r e s o f 42 t h a t d e f i n e t h e d i f f e r e n t o c c u p a n c i e s , DU(+), DU(-), 

DC(+) and D C ( - ) . 

E v e r y c r y s t a l l a t t i c e occupancy i n the D o r L l a t t i c e s ( t h e 

enantiomorphous phases t h a t g i v e D e x t r o - o r L e v o r o t a t o r y p h o t o p r o d u c t s ) i s 

d e f i n e d by the en a n t i o m e r [(+) o r ( - ) - s e c - b u t y l ] o f 42 f i l l i n g t h e space 

and by the l o c a t i o n o f the s e c - b u t y l group, C o r U. As we have seen, 

t h e r e a r e two n o n - e q u i v a l e n t e s t e r s i t e s i n the c h i r a l P2^2^2^ s t r u c t u r e . 

The two e s t e r s c a n be d i f f e r e n t i a t e d as "C" and "U" d e p e n d i n g on whether 

the c a r b o n y l g r o u p . i s c l o s e t o C o n j u g a t i o n (-160°) o r U n c o n j u g a t e d (-65°) 

w i t h t h e v i n y l C ( l l ) - C ( 1 2 ) d o u b l e bond. 
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DO ' -n DC(-) 

F i g u r e 85. The Four Modes o f I s o m o r p h i c Replacement o f D i e s t e r 23 by 

D i e s t e r 42. 

C r y s t a l s b u i l t up w i t h the pure e n a n t i o m e r s [ ( S ) - ( + ) ] o f i P r / s B u - 4 2 

p r e s e n t a s i n g l e occupancy, DU(+), where the i s o p r o p y l s u b s t i t u e n t , 

w i t h o u t a p p a r e n t c r y s t a l l o g r a p h i c d i s o r d e r , i s s i t u a t e d i n a p o s i t i o n 

c o r r e s p o n d i n g t o t h e C e s t e r group ( F i g u r e 8 5 ) . Here t h e r e a c t i o n o c c u r s 

by l a t t i c e - c o n t r o l l e d b o n d i n g a t the v i n y l c a r b o n n e x t t o t h e i s o p r o p y l 

group ( p a t h 12-1, F i g u r e 8 2 ) , and s i n c e t h e r e a c t i o n c a v i t i e s a r e f i l l e d 

up w i t h a s i n g l e component, the r e a c t i o n i s h i g h l y r e g i o - and d i a s t e r e o s e -

l e c t i v e ( 8 5 % ) . 
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I n t h e c a s e o f the racemate, e v e r y r e a c t i o n c a v i t y c a n be f i l l e d up 

w i t h e i t h e r (+)- o r (-)-42. I f t h e e s t e r o c c u p a n c i e s were s i m i l a r t o t h o s e 

i n t h e c r y s t a l s o f the r e s o l v e d compound, w i t h t h e i s o p r o p y l groups always 

a t t h e C s i t e , t h e r e w o u l d be o n l y two o c c u p a n c i e s DU(+) and DU(-) i n 

F i g u r e 86. R e a c t i o n a t t h e two l a t t i c e s i t e s w o u l d g i v e r i s e t o the two 

d i a s t e r e o m e r i c p r o d u c t s 75I(+) and 7 5 I ( - ) ( F i g u r e 8 6 ) . The f o r m a t i o n o f 

t h e t h i r d d i a s t e r e o m e r , e i t h e r 74I(+) o r 7 4 I ( - ) , c a n be i n t e r p r e t e d as a 

p a r t i a l occupancy o f the c o r r e s p o n d i n g (+) o r (-) e n a n t i o m e r o f 42 w i t h 

t h e s e c - b u t y l group i n the C e s t e r p o s i t i o n , DC(+) o r DC(-) ( F i g u r e 8 7 ) . 

A l t h o u g h a r e a c t i o n c a v i t y c o n t r o l l e d p r o c e s s accompanied by c r y s t a l 

l o g r a p h i c d i s o r d e r can e x p l a i n the r e s u l t s o b s e r v e d i n the c a s e o f the 

r a cemate, i t s h o u l d be n o t e d t h a t we c a n n o t s t r i c t l y d i f f e r e n t i a t e an 

a l t e r n a t i v e model where pathways o t h e r t h a n 12-1 t a k e p l a c e i n the s o l i d 

s t a t e . 
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( S)-(+)-sBu 

DU( + ) 

PATH 12-1 

COOiPr 

COO(+)sBu 

75I(+) 

( R ) - ( - ) - s B u 

COOiPr 

C 0 0 ( - ) s B u 

0 ^ 0 
7 5 K - ) 

F i g u r e 86. L o s s o f D i a s t e r e o m e r i c C o n t r o l i n the P r o d u c t S t e r e o c h e m i s 

t r y by Means o f Occupancy o f the Same C h i r a l L a t t i c e S i t e by two D i f f e r e n t 

E n a n t i o m e r s . 
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(S)-(+)-Sbu ( R ) - ( - ) - S b u 

COO(+)sBu 

COOiPr 

7AI(+) 

C00(-)sBu 

COOiPr 

74I(-) 

F i g u r e 87. L o s s o f R e g i o i s o m e r i c C o n t r o l by Means o f P o s i t i o n a l 

D i s o r d e r i n t h e C r y s t a l L a t t i c e o f (R,S)-42. 



The S o l i d S t a t e P r o p e r t i e s and P h o t o c h e m i s t r y o f D i e s t e r Me/sBu-31. 

W h i l e some o f t h e s o l i d s t a t e c h a r a c t e r i s t i c s o f compound 31 were 

b r i e f l y d i s c u s s e d i n P a r t I I I , some a d d i t i o n a l comments seem t i m e l y w i t h 

r e s p e c t t o t h e two samples employed. C r y s t a l s grown w i t h o p t i c a l l y pure 

and r a c e m i c m a t e r i a l s were b o t h f o u n d t o be u n s u i t a b l e f o r X - r a y d i f f r a c 

t i o n s t u d i e s . The m e l t i n g p o i n t s o f s i n g l e c r y s t a l s o f t h e two samples 

v a r i e d by f o u r d e grees ( T a b l e I , page 45) I n d i c a t i n g t h a t t h e r a c e m i c 

m a t e r i a l had n o t undergone a spontaneous r e s o l u t i o n . T h i s i n d i c a t i o n was 

c o n f i r m e d by the l a c k o f o p t i c a l a c t i v i t y o f s o l u t i o n s o f s i n g l e c r y s t a l 

s p e c imens. An a d d i t i o n a l o b s e r v a t i o n was t h a t t h e m e l t i n g p o i n t o f the 

o p t i c a l l y p u r e f o r m was l o w e r (91-2°C) t h a n t h a t o f c r y s t a l s o f t h e 

racemate (94-5°C). S o l i d s t a t e FTIR s p e c t r a o f c r y s t a l s o f b o t h m a t e r i a l s 

were o b t a i n e d i n KBr i n an a t t e m p t t o f i n d p o s s i b l e s p e c t r a l e v i d e n c e f o r 

two d i f f e r e n t s o l i d s t a t e m o d i f i c a t i o n s . I n s t e a d o f f i n d i n g any e v i d e n c e 

t h a t c o u l d s u b s t a n t i a t e the p o s s i b i l i t y o f h a v i n g r a c e m i c and e n a n t i o m o r 

phous c r y s t a l s , the two s p e c t r a were e s s e n t i a l l y i d e n t i c a l . T h i s i n f o r m a 

t i o n v e r y s t r o n g l y s u g g e s t s the p o s s i b i l i t y o f a n o n - i d e a l s o l i d s o l u t i o n 

o f t h e e n a n t i o m e r s w i t h a maximum m e l t i n g p o i n t , o r Roozeboom t y p e I I . 

I n t e r e s t i n g l y , t h e s o l i d s t a t e FTIR s p e c t r a o f t h e two samples o f 

Me/sBu-31 ( F i g u r e 87A) v e r y c l o s e l y r e s e m b l e d t h e s p e c t r a o b t a i n e d f o r the 

d i e s t e r s Me/nPr - 2 9 and M e / i P r - 3 0 . I t was s u g g e s t e d i n t h e p r e v i o u s s e c t i o n 

t h a t t h e s e compounds may form isomorphous c r y s t a l s w i t h t h e r a c e m i c space 

group o f d i e s t e r 30, and as we w i l l see t h i s h y p o t h e s i s s e r v e s w e l l t o 

e x p l a i n t h e d i a s t e r e o s e l e c t i v i t y o b s e r v e d from t h e racemate and the 

o p t i c a l l y a c t i v e c r y s t a l l i n e m a t e r i a l s o f compound 31. 



Pure D i e s t e r M e / i P r - 3 1 . 
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The g l c d e t e r m i n e d s o l i d s t a t e s e l e c t i v i t y o f c r y s t a l s o f ( S ) - ( + ) - 3 1 

and ( R , S ) - 3 1 , i n c o n t r a s t t o compound 42, was s u r p r i s i n g l y i d e n t i c a l 

( T a b l e X X I I ) . The s o l i d s t a t e r e g i o s e l e c t i v i t y , as i n d i c a t e d i n P a r t I I I , 

o v e r w h e l m i n g l y f a v o r s the b e n z o - v i n y l b r i d g i n g s t e p a t t h e c a r b o n n e x t t o 

t h e s e c - b u t y l group. T h i s p r e f e r e n c e compares w e l l w i t h t h e r e s u l t s 

o b s e r v e d i n t h e c r y s t a l s o f the d i e s t e r s Me/nPr-29 and M e / i P r - 3 0 i n 

agreement w i t h o u r h y p o t h e s i s o f an isomorphous c r y s t a l s t r u c t u r e . 

T a b l e X X I I . R e l a t i v e S o l i d S t a t e S t e r e o s e l e c t i v i t y 3 from C r y s t a l s o f 

Compounds Me/sBu-31. 

Compound P a t h A-I / P a t h A - I I (%) • P a t h B-I / P a t h B - I I (%) 

Me/(+)-sBu-31 42 55 --- -3 

Me/(+)-sBu-31 42 55 --- -3 

a) A b s o l u t e s t e r e o c h e m i s t r y o f the p r o d u c t s n o t known. 

The i n s e n s i t i v i t y o f the s o l i d s t a t e r e a c t i o n t o t h e f o r m a t i o n o f t h e 

two d i a s t e r e o m e r s from p a t h s A-I and p a t h A - I I , and t o t h e d i f f e r e n t 

e n a n t i o m e r i c c o m p o s i t i o n o f t h e two c r y s t a l l i n e m a t e r i a l s i s s u r p r i s i n g 

and r e q u i r e s f u r t h e r a n a l y s i s . P r e v i o u s l i t e r a t u r e r e p o r t s on t h e s t u d y o f 

t h e r a c e m i c compound and the r e s o l v e d m o d i f i c a t i o n o f c h i r a l s u b s t r a t e s 

a r e v e r y s c a r c e . These s t u d i e s s u g g e s t t h a t a d i f f e r e n t s o l i d s t a t e 

r e a c t i v i t y s h o u l d be e x p e c t e d between t h e two phases as a r e s u l t o f t h e i r 

d i f f e r e n t c r y s t a l packings. 1- 3- 5* The a p p a r e n t l y i d e n t i c a l p h o t o c h e m i c a l 

b e h a v i o r f r o m t h e racemate and o f t h e o p t i c a l l y p u r e m a t e r i a l s w o u l d 
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n o r m a l l y s u g g e s t a spontaneous r e s o l u t i o n from t h e f o r m e r . Such an e v e n t , 

however, i s n o t o p e r a t i v e i n the case o f t h e racemate o f compound 31. 

The s i m p l e s t e x p l a n a t i o n o f t h e r e s u l t s shown i n t h e f i r s t two columns 

i n T a b l e X X I I w o u l d be t h a t t h e r e i s l i t t l e p r e f e r e n c e between t h e two 

a l t e r n a t i v e pathways and t h a t b o t h c a n o c c u r w i t h a l m o s t e q u a l p r o b a b i l i t y 

i n t h e two s o l i d s t a t e m a t e r i a l s ( F i g u r e 88). A l t h o u g h we ca n n o t r u l e o u t 

t h i s p o s s i b i l i t y , i t i s i n t e r e s t i n g t o n o t i c e t h a t e x a c t l y t he same 

r e s u l t s c a n be o b t a i n e d under c o n d i t i o n s where t h e r e a c t i o n p r o c e e d s i n 

the s o l i d s t a t e w i t h an a b s o l u t e c o n t r o l on the r e a c t i o n f a c e - s e l e c t i v i t y . 

T h i s p o s s i b i l i t y c a n come about as a r e s u l t o f t h e d i s o r d e r p r e s e n t i n t h e 

s o l i d s o l u t i o n o f the e n a n t i o m e r s , w h i c h i n c o n t r a s t t o t h a t o f compound 

42, c r y s t a l l i z e s i n a r a c e m i c space group. 

COOsBu 

A - I , ' \ A - I I 

COOsBu COOsBu 

COOMe MeOOC 

64A-I 64A-II 

F i g u r e 88. H y p o t h e t i c a l R e a c t i o n o f D i e s t e r 31 t o G i v e t h e Two 

D i a s t e r e o m e r s 64A as a R e s u l t o f a L a c k o f L a t t i c e C o n t r o l on the 

F a c e - S e l e c t i v i t y o f t h e Rearrangement. 
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We s t a r t by c o n s i d e r i n g t h a t ( S ) - ( + ) - 3 1 and (R,S)-31 a re the two 

extremes o f a s o l i d s o l u t i o n o f the e n a n t i o m e r s t h a t pack i n a r a c e m i c 

space group. C r y s t a l s o f t h i s s o l i d s o l u t i o n , as m e n t i o n e d b e f o r e , seem 

t o be isomorphous w i t h c r y s t a l s o f d i e s t e r s M e / i P r - 3 0 w h i c h c r y s t a l l i z e s 

i n t he r a c e m i c space group P I . C r y s t a l l i z a t i o n i n a r a c e m i c space group 

w o u l d i m p l y the e x i s t e n c e o f two e q u i v a l e n t and e n a n t i o m e r i c c r y s t a l 

s i t e s , D and L, r e l a t e d by i n v e r s i o n c e n t e r s ( o r m i r r o r and g l i d e p l a n e s ) . 

The c o n f o r m a t i o n o f the m o l e c u l e s f i l l i n g t h e s e s p a c e s , s i m i l a r t o the 

s t r u c t u r e o f M e / i P r - 3 0 , s h o u l d be d i s y m m e t r i c and w i t h c h i r a l i t i e s d e f i n e d 

by the c a r b o n y l - d o u b l e bond t o r s i o n a n g l e s 0 ( 2 ) - C ( 1 3 ) - C ( l l ) - C ( 1 2 ) and 

0 ( 4 ) - C ( 1 5 ) - C . ( 1 2 ) - C ( l l ) ( F i g u r e 8 9 ) . The two c o n f o r m a t i o n s a d o p t e d by the 

e n e - d i o a t e system would be d e f i n e d as 11M.12P and 11P.12M r e s p e c t i v e l y 

( F i g u r e 8 9 ) . I n the case o f the r e s o l v e d m a t e r i a l the two e n a n t i o m e r i c 

l a t t i c e s i t e s w o u l d be o c c u p i e d by the same e n a n t i o m e r o f the 

(S) - ( + )-sec-butyl d e r i v a t i v e 31, r e n d e r i n g a " q u a s i r a c e m i c " c r y s t a l 

l a t t i c e . I n F i g u r e 89, a l a t t i c e c o n t r o l l e d r e a c t i o n a t the s i t e D t h r o u g h 

pathway A-I woul d be s i m i l a r t o a l a t t i c e c o n t r o l l e d r e a c t i o n v i a pathway 

A - I ' i n the c r y s t a l l a t t i c e s i t e L. The p r o d u c t s formed a t the two 

r e a c t i o n c e n t e r s , 64A-I(+) and 64A-I'(+) would p o s s e s s o p p o s i t e a b s o l u t e 

c o n f i g u r a t i o n s i n the d i b e n z o s e m i b u l l v a l e n e a symmetric c a r b o n s ( a l l S or 

a l l R) b u t woul d p o s s e s the same ( S ) - ( + ) - s e c - b u t y l c h i r a l h a n d l e and would 

g i v e r i s e t o two g l c s i g n a l s as o b s e r v e d f o r d i a s t e r e o m e r s . 

I n t h e c a s e o f the s o l i d s o l u t i o n w i t h t h e c o m p o s i t i o n o f t h e racemate 

an i n t e r e s t i n g a l t e r n a t i v e c o u l d t a k e p l a c e . I f t h e r e were s u b s t a n t i a l 

c h i r a l r e c o g n i t i o n between the disymmetry o f the c r y s t a l l a t t i c e s i t e s , D 

and L, and the m o l e c u l a r c h i r a l i t y o f the two d i b e n z o b a r r e l e n e e n a n t i o m e r s 



( S ) - ( + ) - 3 1 and ( R ) - ( - ) - 3 1 , t h e s o l i d s o l u t i o n w o u l d be o r d e r e d and more 

p r o p e r l y c a l l e d a r a c e m i c compound. M o l e c u l e s o f ( S ) - ( + ) - 3 1 o c c u p y i n g 

c r y s t a l l a t t i c e s i t e s D w o u l d r e a c t t h r o u g h pathway A -I t o g i v e p r o d u c t 

6 4 A - I ( + ) , and m o l e c u l e s o f ( R ) - ( - ) - 3 1 w o u l d occupy t h e c r y s t a l l a t t i c e 

s i t e L and w o u l d r e a c t t h r o u g h pathway A - I ' t o g i v e p r o d u c t 6 4 A - I ' ( - ) . I t 

s h o u l d be n o t i c e d t h a t the p r o d u c t s g e n e r a t e d d u r i n g s u c h e v e n t s w o u l d be 

e n a n t i o m e r s and w o u l d g i v e r i s e t o a s i n g l e g l c s i g n a l ( F i g u r e 9 0 ) . 

O b v i o u s l y , our e x p e r i m e n t a l r e s u l t s do n o t agree w i t h t h i s s i n c e we 

o b s e r v e s i g n a l s c o r r e s p o n d i n g t o the two d i a s t e r e o m e r s . 

F i g u r e 89. H y p o t h e t i c a l R e a c t i o n o f One Ena n t i o m e r o f 31 a t Two 

E n a n t i o m e r i c C r y s t a l L a t t i c e S i t e s . 



- 2 2 3 -

OsBu(+) 

SITE D 

PATH A-I 

C00sBu(+) 

COOMe 

64A-I(+) 

(-)sBuO 0 ^ OMe 

SITE L 

6 4 A - I ' ( - ) 

F i g u r e 90. H y p o t h e t i c a l R e a c t i o n o f Two E n a n t i o m e r s a t Two Enantiom

e r i c C r y s t a l S i t e s . 

Suppose t h a t t h e r e i s no c h i r a l r e c o g n i t i o n between t h e two enantiom

e r s o f d i e s t e r 31 and t h e two c h i r a l l a t t i c e s i t e s , D and L. The two 

l a t t i c e s i t e s w o u l d be o c c u p i e d i n d i s c r i m i n a t e l y by t h e two m o l e c u l e s 

( S ) - ( + ) - 3 1 and ( R ) - ( - ) - 3 1 . I n F i g u r e 91 i t c a n be seen t h a t r e a c t i o n o f 

b o t h e n a n t i o m e r s o f 31 a t t h e same l a t t i c e s i t e w o u l d g i v e d i a s t e r e o m e r i c 

p r o d u c t s , as we saw f o r compound 42. T h i s i s i l l u s t r a t e d by r e a c t i o n o f 
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( S ) - ( + ) - 3 1 and ( R ) - ( - ) - 3 1 t h r o u g h pathway A - I t o g i v e d i a s t e r e o m e r s 

64A-I(+) and 6 4 A - I ( - ) . 

OsBu(+) 

SITE D 

PATH A-I 

C00sBu(+) 
COOMe 

QCt-O 
64A-I(+) 

OsBu(-) 

COOsBu(-) 
COOMe 

Cdb0 
6 4 A - I ( - ) 

F i g u r e 91. R e a c t i o n o f Two E n a n t i o m e r s a t t h e E q u i v a l e n t R e a c t i o n S i t e 

Through E q u i v a l e n t R e a c t i o n Pathways. 

Even though X - r a y s t r u c t u r a l d a t a i s l a c k i n g , t h e above i d e a s a r e 

s u p p o r t e d b y t h e l i k e l y isomorphous r e l a t i o n s h i p between M e / i P r - 3 0 and 

r a c e m i c and r e s o l v e d 31. T h i s i s r e a s o n a b l e c o n s i d e r i n g t h a t t h e r e a r e 

o n l y m i n o r s t r u c t u r a l d i f f e r e n c e s between d i e s t e r s M e / i P r - 3 0 and 

Me/sBu-31. S u b s t i t u t i o n o f t h e i s o p r o p y l f o r t h e s e c - b u t y l compounds i n 
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t h e P I c r y s t a l l a t t i c e o f 30 seems r e a s o n a b l e i n l i g h t o f the s i m i l a r 

m o l e c u l a r volumes and shapes o f the two d i e s t e r s . 

The m o l e c u l a r volumes o f compounds M e / i P r - 3 0 and Me/sBu-31 can be 

c a l c u l a t e d i n an a p p r o x i m a t e manner by t h e group i n c r e m e n t a p p r o a c h o f 

K i t a i g o r o d s k y 1 3 . 3 0 a n c j B o n d i 1 - 3 1 m e n t i o n e d e a r l i e r . U s i n g t h e i n c r e m e n t 

v a l u e s r e c e n t l y u p d a t e d by G a v e z z o t t i ^ 4 4 we a r r i v e a t t h e f o l l o w i n g : 

Compound C a l c u l a t e d Volume(A3) 

30 327.3 

31 344.1 

The c o e f f i c i e n t o f g e o m e t r i c s i m i l a r i t y , e, i n t h e case o f compounds 

30 and 31, c a l c u l a t e d w i t h the above volume v a l u e s , t u r n s o u t t o be 0.95, 

a much b e t t e r v a l u e t h a n the l o w e r l i m i t o f 0.85 p r o p o s e d by K i t a i g o -

r o d s k y . 

I t c o u l d have been e x p e c t e d t h a t some c h i r a l r e c o g n i t i o n may have 

o c c u r r e d between t h e c h i r a l c r y s t a l s i t e s , D and L, and t h e c h i r a l 

m o l e c u l a r s t r u c t u r e s o f the s e c - b u t y l e n a n t i o m e r s , (R) and (S) o f 31. 

C h i r a l r e c o g n i t i o n , t o form an o r d e r e d racemate o f 31 isomorphous t o 30, 

w o u l d r e q u i r e s u b s t a n t i a l volume d i f f e r e n c e s between t h e m o l e c u l e s o f 

(R ) - a n d ( S ) - 3 1 on one hand and the D and L l a t t i c e s p a c e s on t h e o t h e r . 

However, i f t h e c o e f f i c i e n t o f s t r u c t u r a l s i m i l a r i t y between the two 

e n a n t i o m e r s o f 31 were a l s o v e r y c l o s e t o u n i t y , the two e n a n t i o m e r s w o u l d 

be n o t o n l y s t r u c t u r a l l y s i m i l a r t o each o t h e r , b u t a l s o t o t h e l a t t i c e 

s p a c e s D and L i n t h e isomorphous c r y s t a l s t r u c t u r e . T hat i s t o say t h a t 

b o t h ( R ) - a n d ( S ) - 3 1 w o u l d occupy two e n a n t i o m e r i c c r y s t a l s i t e s w i t h no 



( o r l i t t l e ) d i s c r i m i n a t i o n . 

A l t h o u g h i t has been shown t h a t the c o n f o r m a t i o n a l freedom o f the 

s e c - b u t y l s u b s t i t u e n t c a n f a c i l i t a t e p o l y m o r p h i s m and s o l i d s o l u b i l i t y , i t 

i s i n t e r e s t i n g t o c a l c u l a t e an a p p r o x i m a t e v a l u e f o r e i n t h e c a s e o f the 

two e n a n t i o m e r s o f 31. The c o e f f i c i e n t w o u l d g i v e us some i n s i g h t i n t o the 

p r o b a b i l i t y o f f o r m i n g a d i s o r d e r e d s o l i d s o l u t i o n o f t h e e n a n t i o m e r s 

a c c o r d i n g t o t h e c r i t e r i a g i v e n by K i t a i g o r o d s k y (e > 0.85) 

We c a n assume t h a t a c o mplete m o l e c u l a r o v e r l a p between t h e enantiom

e r s w i l l o c c u r w i t h the e x c e p t i o n o f t h e two s e c - b u t y l g r o u p s . The 

n o n - o v e r l a p p i n g volumes between the two e n a n t i o m e r s r e s u l t f r o m the two 

m e t h y l groups r e p r e s e n t e d by the d o t s i n F i g u r e 92. I t i s a p p a r e n t t h a t 

th e n o n - o v e r l a p p i n g volume between the two e n a n t i o m e r s s h o u l d be c l o s e t o 

t w i c e t h e volume o f a m e t h y l group ( 4 4 . 6 A 3 ) . T h i s r e s u l t s i n a 

c o e f f i c i e n t e - 0.86 between ( R ) - and ( S ) - 3 1 w h i c h s h o u l d , a c c o r d i n g t o 

K i t a i g o r o d s k y , s t i l l a l l o w f o r occupancy o f t h e ( R ) - e n a n t i o m e r i n the 

space o f t h e (S)-compound. 
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F i g u r e 92. Comparison o f ( R ) - and ( S ) - 3 1 i n Order t o Determine t h e i r 

C o e f f i c i e n t o f G e o m e t r i c a l S i m i l a r i t y ( c ) . 

I t seems t h a t the above c r i t e r i a and our p h o t o c h e m i c a l r e s u l t s j u s t i f y 

t h e r e a c t i o n models we have p r o p o s e d . F u r t h e r m o r e , t h e c r y s t a l l o g r a p h i c 

b e h a v i o r o f s e c - b u t y l c o n t a i n i n g compounds has been documented and o f t e n 

f o u n d t o p r e s e n t d i s o r d e r as a r e s u l t o f a n o n - s t a t i s t i c a l c o n f o r m a t i o n a l 

i s o m o r p h i s m . I n t h i s manner, as we have p r o p o s e d , t h e two s e c - b u t y l 

e n a n t i o m e r s i n d i s c r i m i n a t e l y f i l l e ach o t h e r ' s spaces w i t h o u t any c h i r a l 

r e c o g n i t i o n . 
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Our model s h o u l d t h e r e f o r e conform t o a c r y s t a l s t r u c t u r e v e r y s i m i l a r 

t o t h e one o b s e r v e d f o r d i e s t e r 30, where t h e two e n a n t i o m e r i c l a t t i c e 

s p a c e s a r e f i l l e d w i t h o n l y one e n a n t i o m e r o f 31 i n t h e o p t i c a l l y a c t i v e 

m o d i f i c a t i o n , and w i t h two e n a n t i o m e r s o f 31 i n t h e racemate. I f t h e 

o c c u p a n c i e s a r e s t a t i s t i c a l , we can r e p r e s e n t the t h r e e c r y s t a l s t r u c t u r e s 

a c c o r d i n g t o the d a t a shown i n T a b l e X X I I I : 

T a b l e X X I I I . P r o p o s e d O c c u p a n c i e s i n t h e I s o m o r p h i c C r y s t a l S t r u c t u r e s 

o f D i e s t e r s 30 and 31 ( o p t i c a l l y pure and r a c e m i c ) . 

j C r y s t a l L a t t i c e S i t e ._ 

^ I) L ._ 

30 50% 50% 

( S ) - ( + ) - 3 1 50% (S)-(+) 50% (S) - ( + ) 

(R,S)-31 25% ( S ) , 25% (R) 25% ( S ) , 25%(R) 

I t s h o u l d be r e c a l l e d t h a t the D and L s i t e s a r e e n a n t i o m e r i c and t h a t 

t h e c o n f o r m a t i o n s o f the d i b e n z o b a r r e l e n e - d i o a t e s t r u c t u r e s ( e v e n i g n o r i n g 

the a l k y l g r o u p s ) a r e c h i r a l . M o l e c u l e s o f one o f the e n a n t i o m e r s o f 31 i n 

the two d i f f e r e n t l a t t i c e s i t e s w i l l t h e r e f o r e be d i a s t e r e o m e r i c i n t h e 

s o l i d s t a t e s i n c e t h e y c o n t a i n two d i s y m m e t r i c e l e m e n t s . 



The S o l i d S t a t e P r o p e r t i e s and P h o t o c h e m i s t r y o f D i e s t e r E t / s B u - 3 9 . 

The s o l i d s t a t e p h o t o c h e m i s t r y o f d i e s t e r Et/sBu-39 was e x p l o r e d o n l y 

i n i t s r e s o l v e d m o d i f i c a t i o n . The r e g i o s e l e c t i v i t y o b s e r v e d t u r n e d o u t t o 

be s l i g h t l y i n f a v o r o f b o n d i n g a t t h e v i n y l c a r b o n n e x t t o t h e e t h y l 

s u b s t i t u e n t ( 6 9 % ) . The d i a s t e r e o s e l e c t i v i t y between t h e pathways A-I and 

A - I I ( r e f e r t o F i g u r e 7 3 ) was s i m i l a r t o t h a t o b s e r v e d i n the o p t i c a l l y 

a c t i v e samples o f Me/sBu-31. I t seems t h a t t h i s r e s u l t i s i n d i c a t i v e a g a i n 

o f a d i s o r d e r e d s o l i d s o l u t i o n o f the e n a n t i o m e r s i n a r a c e m i c space 

group. No f u r t h e r a t t e m p t s were made t o a n a l y z e t h i s compound due t o the 

l a c k o f more s t r u c t u r a l i n f o r m a t i o n , and o f an isomorphous compound from 

w h i c h t o deduce i n f o r m a t i o n . 

T a b l e XXIV. R e l a t i v e S o l i d S t a t e S t e r e o s e l e c t i v i t y from C r y s t a l s o f 

Compound Et/sBu-39 

Compound P a t h 1 / P a t h 2 (%) P a t h 3 / P a t h 4 (%) . 

E t / ( + ) - s B u - 3 9 --- 69 - - - 14 17 

Concluding Remarks. 

A l l t h e p o s s i b l e a l t e r n a t i v e s a v a i l a b l e t o o p t i c a l l y a c t i v e compounds 

a r e v e r y i n t e r e s t i n g from the p o i n t o f v i e w o f s o l i d s t a t e r e a c t i v i t y . The 

s t e r e o c h e m i s t r y o f the p r o d u c t s i n the s o l i d s t a t e , as we have seen i n t h e 
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c a s e o f t h e di-w-methane r e a r r a n g e m e n t , c a n be p r o f o u n d l y i n f l u e n c e d by 

t h e l o c a l m i c r o e n v i r o n m e n t o f t h e r e a c t i n g m o l e c u l e and t h e r e a c t i o n 

c a v i t y . Even i f t h e one o r two d i m e n s i o n a l s t r u c t u r a l s i m i l a r i t i e s 

between the r a c e m i c compound and the enantiomorphous m o d i f i c a t i o n p r o p o s e d 

by Pedone and B e n e d e t t i 1 - 5 ^ were t o o p e r a t e , t h e t h r e e d i m e n s i o n a l 

m o l e c u l a r e n v i r o n m e n t can be e x p e c t e d t o be a t l e a s t s l i g h t l y d i f f e r e n t 

when c h i r a l m o l e c u l e s c r y s t a l l i z e i n any o f t h o s e a l t e r n a t i v e s o r i n a 

s o l i d s o l u t i o n o f t h e e n a n t i o m e r s . 

The s t e r e o s p e c i f i c i t y o f a l a t t i c e - c o n t r o l l e d s o l i d s t a t e r e a c t i o n has 

been shown to depend d r a s t i c a l l y on the c r y s t a l symmetry. W h i l e c h i r a l 

c r y s t a l s can be v i e w e d as h a v i n g o n l y one e n a n t i o m e r i c r e a c t i o n c a v i t y , 

e i t h e r D o r L, r a c e m i c c r y s t a l s w i l l have b o t h e n a n t i o m e r i c r e a c t i o n 

c a v i t i e s , D and L, i n e q u a l amounts. D r a m a t i c e f f e c t s on the p r o d u c t 

c o n s t i t u t i o n c a n o c c u r when the a b s o l u t e c o n f i g u r a t i o n o f a newly 

g e n e r a t e d c h i r a l c e n t e r , R o r S, i s c o n t r o l l e d by t h e c h i r a l i t y o f t h e 

r e a c t i o n c a v i t y , D o r L, w h i c h can be f i l l e d by d i f f e r e n t e n a n t i o m e r s and 

i n d i f f e r e n t o r i e n t a t i o n s . Enantiomorphous c r y s t a l s o f t h e p u r e enantiom

e r s and r a c e m i c c r y s t a l s o f t h e racemate w i l l g i v e p r o d u c t s a c c o r d i n g t o 

t h e r e g i o s e l e c t i v i t y i n d u c e d a t each r e a c t i o n s i t e . 

T here a r e few l i t e r a t u r e r e p o r t s d e a l i n g w i t h t h e u n i q u e s o l i d s t a t e 

c h e m i c a l p r o p e r t i e s e n c o u n t e r e d i n s o l i d s o l u t i o n s o f e n a n t i o m e r s . One 

s u c h , i s a l s o c o n c e r n e d w i t h s e c - b u t y l c o n t a i n i n g compounds s u c h as t h e 

v i n y l d i a c r y l a t e 76 ( F i g u r e 9 3 ) . The o p t i c a l l y a c t i v e and r a c e m i c forms 

o f compound 76 were f o u n d t o c r y s t a l l i z e i n t h e c h i r a l space group o f the 

r e s o l v e d m o d i f i c a t i o n (space group P I ) as a r e s u l t o f s o l i d s o l u b i l i t y o f 

t h e e n a n t i o m e r s . The s o l i d s t a t e i n t e r m o l e c u l a r arrangement between the 



m o l e c u l e s o f t h e d i a c r y l a t e 76 was s u i t a b l e f o r 2n + 2n d i m e r i z a t i o n 

a c c o r d i n g t o t h e m o l e c u l a r p a c k i n g m o t i f p r e s e n t i n F i g u r e 93. As 

i n d i c a t e d i n t h e f i g u r e , t h e a b s o l u t e c o n f i g u r a t i o n o f t h e c y c l o b u t a n e 

c a r b o n s i s d e t e r m i n e d by the i n t e r m o l e c u l a r arrangement w h i c h can o c c u r i n 

the two e n a n t i o m e r i c m o t i f s D and L de p e n d i n g on t h e enantiomorphous 

phase. The c h i r a l s e c - b u t y l groups were shown t o be d i s t r i b u t e d i n a 

d i s o r d e r e d manner so t h a t a m i x t u r e o f f o u r d i a s t e r e o m e r i c p r o d u c t s was 

formed. That t h e e x t e n t o f t h e asymmetric i n d u c t i o n was q u a n t i t a t i v e was 

shown by r e m o v i n g the s e c - b u t y l groups and r e p l a c i n g them by m e t h y l e s t e r s 

t o g i v e a s i n g l e c h i r a l p h o t o p r o d u c t . 

y' Y FOUR DIFFERENT DIASTEREOMERS 

Compound 76 

X = (+)- o r (-)-sBu 

Y - COOET 

Z - CN 

F i g u r e 93. Asymmetric S y n t h e s i s i n C r y s t a l s o f V i n y l D i a c r y l a t e 76. 
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PART V. LUMINESCENCE STUDIES ON THE DIMETHYL DIESTER 18. 

The phenomenon whereby a s u b s t a n c e changes c o l o r upon a b s o r p t i o n o f 

l i g h t i s c a l l e d p h o t o c h r o m i s m . 1 5 4 S t u d i e s on p h o t o c h r o m i c systems have 

shown t h a t t h e change i n c o l o r i s due t o t h e f o r m a t i o n o f a p h o t o p r o d u c t 

w i t h an a b s o r p t i o n s p e c t r u m t h a t d i f f e r s from t h a t o f t h e o r i g i n a l s p e c i e s 

o r s t a r t i n g m a t e r i a l . Photochromism may be r e v e r s i b l e o r i r r e v e r s i b l e 

d e p e n d i n g on t h e p r o c e s s from w h i c h i t o r i g i n a t e s . R e v e r s i b l e photochrom

ism i s o f t e n a s s o c i a t e d w i t h l i g h t - i n d u c e d t a u t o m e r i c phenomena and 

c i s - t o - t r a n s i s o m e r i z a t i o h s where the a b s o r p t i o n p r o p e r t i e s o f c o n j u g a t e d 

u n s a t u r a t e d systems a r e changed. I r r e v e r s i b l e photochromism r e s u l t s from 

an i r r e v e r s i b l e c h e m i c a l p r o c e s s where a c o l o r e d p h o t o p r o d u c t may be 

formed as t h e e n d - p r o d u c t o r as an i n t e r m e d i a t e . 1 - 3 4 

The d e t e c t i o n o f a p h o t o c h r o m i c system i s u s u a l l y c a r r i e d o u t by 

a b s o r p t i o n o r r e f l e c t a n c e s p e c t r o p h o t o m e t r y . 1 - 3 4 The p h o t o c h r o m i c s p e c i e s 

i s i r r a d i a t e d a t an a b s o r b i n g w a v e l e n g t h so i t c a n r e a c t and g e n e r a t e the 

c o l o r e d s p e c i e s w h i c h i s i n t u r n a n a l y z e d w i t h a b s o r b i n g o r r e f l e c t e d 

l i g h t o f d i f f e r e n t w a v e l e n g t h s . The t e c h n i q u e o f f l a s h s p e c t r o s c o p y , 1 - 3 - 3 

w i d e l y u s e d f o r t h e s t u d y o f r e a c t i v e i n t e r m e d i a t e s , c a n be c o n s i d e r e d a 

s o p h i s t i c a t e d example o f d e t e c t i n g t r a n s i e n t photochromism. The d i r e c t 

d e t e c t i o n o f t h e r e a c t i v e i n t e r m e d i a t e by t h e s e t e c h n i q u e s i s p o s s i b l e 

o n l y i f i t a b s o r b s a t d i f f e r e n t w a v e l e n g t h s compared t o t h o s e o f the 

p r e c u r s o r compound ( i n d i r e c t d e t e c t i o n , however, i s o f t e n a l s o pos

s i b l e ) . 1 5 6 

The d e t e c t i o n o f a p h o t o c h r o m i c system by making use o f l u m i n e s c e n c e 

s p e c t r o s c o p y i s a l s o p o s s i b l e i n f a v o r a b l e c i r c u m s t a n c e s . 1 - 3 ^ Here the 



c o l o r e d s p e c i e s i s g e n e r a t e d i n t h e same manner as b e f o r e b u t i t s 

d e t e c t i o n i s p e r f o r m e d by m e a s u r i n g i t s f l u o r e s c e n c e ( o r p h o s p h o r e s c e n c e ) 

i n s t e a d o f i t s a b s o r p t i o n s p ectrum. Luminescence s p e c t r o s c o p y i s p a r t i c u -

l a r l y w e l l s u i t e d f o r t h e s t u d y o f c r y s t a l l i n e s o l i d s . The problems 

r e l a t e d t o t h e h i g h c o n c e n t r a t i o n and opaqueness o f t h e s p e c i e s under 

s t u d y a r e m i n i m i z e d by p e r f o r m i n g measurements by f r o n t - s u r f a c e e x c i t a t i o n 

and d e t e c t i o n . 1 5 8 The o n s e t o f t h e l u m i n e s c e n c e band g i v e s v a l u a b l e 

i n f o r m a t i o n r e g a r d i n g t h e d i f f e r e n c e between t h e two e nergy l e v e l s 

r e s p o n s i b l e f o r the o b s e r v e d t r a n s i t i o n s , and the shape o f the e m i s s i o n 

e n v e l o p e ca n sometimes be u s e d t o e x t r a c t i n f o r m a t i o n as t o t h e p o s s i b l e 

n a t u r e o f t h e e m i t t i n g s p e c i e s . 1 5 4 , 1 5 9 By m e a s u r i n g t h e l u m i n e s c e n c e 

e x c i t a t i o n s p e c t r u m one can a l s o o b t a i n the a b s o r p t i o n p r o p e r t i e s o f t h e 

new " c o l o r e d " s p e c i e s . An i m p o r t a n t r e q u i r e m e n t and common l i m i t a t i o n f o r 

t h e use o f l u m i n e s c e n c e s p e c t r o s c o p y f o r the s t u d y o f p h o t o c h r o m i c 

s y s t e m s , however, i s t h a t t h e s p e c i e s under s t u d y s h o u l d have a s u f f i 

c i e n t l y l a r g e f l u o r e s c e n c e o r p h o s p h o r e s c e n c e quantum y i e l d . 

A l a r g e number o f the 1 1 , 1 2 - d i e s t e r s s t u d i e d i n t h i s t h e s i s were f o u n d 

t o p r e s e n t i n t e r e s t i n g p h o t o c h r o m i c b e h a v i o r t h a t c o u l d be d e t e c t e d e a s i l y 

f r o m t h e i r s o l i d s t a t e l u m i n e s c e n c e p r o p e r t i e s ( t h e o n l y e x c e p t i o n s were 

t h e d i e s t e r s Me/Ph - 3 7 , E t / E t - 2 1 and i P r / i P r - 2 3 , t h e l a t t e r i n t h e i r 

P2^2^2^ and Pbca dimorphs r e s p e c t i v e l y ) . The d i m e t h y l d i e s t e r Me/Me -18 

was s e l e c t e d as a r e p r e s e n t a t i v e example t o p e r f o r m most o f t h e s t u d i e s 

r e p o r t e d i n t h i s s e c t i o n . T h i s s e l e c t i o n was b a s e d on t h e f a c t t h a t 

d i e s t e r 1 8 i s t h e most r e a d y a v a i l a b l e and e a s y t o p u r i f y among a l l the 

compounds o b s e r v e d t o p r e s e n t t h e phenomenon d i s c u s s e d h e r e . As we s h a l l 

s e e , compound i P r / i P r - 2 3 was a l s o u s e d i n s p e c i a l c i r c u m s t a n c e s . 
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General Observations. 

When i r r a d i a t e d w i t h the n i t r o g e n l a s e r , s i n g l e c r y s t a l s and powdered 

samples o f compound 1 8 p r e s e n t e d a s t r o n g b l u e e m i s s i o n l a t e r c h a r a c t e r 

i z e d as t h e f l u o r e s c e n c e o f t h e c o r r e s p o n d i n g d i b e n z o b a r r e l e n e compound 

( F i g u r e 9 4 a ) . A f t e r about f i v e seconds o f i r r a d i a t i o n ( v i d e i n f r a ) a t 

ambient t e m p e r a t u r e , the f l u o r e s c e n c e i n t e n s i t y was f o u n d t o d e c r e a s e 

u n t i l i t was r e p l a c e d by a new s t r o n g r e d e m i s s i o n (RE) t h a t was 

m a i n t a i n e d f o r about one a d d i t i o n a l minute ( F i g u r e 94b). F o l l o w i n g t h i s , 

t he RE d e c r e a s e d i n i n t e n s i t y u n t i l i t was r e p l a c e d by a s l i g h t l y 

d i f f e r e n t b l u e l u m i n e s c e n c e ( F i g u r e 9 4 c ) . The l a t t e r e m i s s i o n was f o u n d 

t o p o s s e s s a s i g n i f i c a n t c o n t r i b u t i o n from the f l u o r e s c e n c e o f the 

c o r r e s p o n d i n g d i b e n z o s e m i b u l l v a l e n e compound Me/Me-52, t h e p h o t o p r o d u c t 

f r o m t h e c o n c u r r e n t di-rr-methane r e a c t i o n (see pages 60-63). A d d i t i o n a l 

e x p e r i m e n t s i n d i c a t e d t h a t , by the time the RE d i s a p p e a r s from s i n g l e 

c r y s t a l l i n e specimens ( i r r a d i a t e d on a l l c r y s t a l f a c e s u n t i l t h e r e i s no 

t r a c e o f R E ) , t h e r e has a l r e a d y o c c u r r e d about 15% r e a c t i o n . The RE 

ap p e a r e d w i t h o u t any d e l a y w i t h i n t h e ti m e r e s o l u t i o n o f our i n s t r u m e n t 

(40 jisec), and seems t o be due t o an a l l o w e d t r a n s i t i o n ( f l u o r e s c e n c e ) . 4 3 

The s p e c t r u m was i n d e p e n d e n t o f t h e e x c i t a t i o n w a v e l e n g t h ( s ee below) and 

c o u l d be r e p r o d u c e d w i t h o u t d i f f i c u l t y from sample t o sample e i t h e r as 

s i n g l e o r powdered c r y s t a l s . 

F o r most e x p e r i m e n t s , powdered samples o f Me/Me -18 were i r r a d i a t e d 

w i t h a n i t r o g e n l a s e r ( 3 3 7 . 1 nm, 330 mW ave r a g e power, 20 Hz r e p e t i t i o n 

r a t e ) and r a p i d l y t r a n s f e r r e d t o t h e low t e m p e r a t u r e d e v i c e o f the 

P e r k i n - E l m e r LS-5 s p e c t r o f l u o r i m e t e r . The e x p e r i m e n t a l o b s e r v a t i o n s 



p r e s e n t e d h e r e c o u l d a l s o be r e p e a t e d by i r r a d i a t i o n w i t h i n t e n s e 

c o n t i n u o u s s o u r c e s such as a 400 W h i g h p r e s s u r e m e r c u r y lamp (337 nm 

w a v e l e n g t h s e l e c t e d t h r o u g h a Bausch and Lomb monochromator). I r r a d i a t i o n 

w i t h t h e weak p u l s e d xenon lamp o f the P e r k i n - E l m e r LS-5 s p e c t r o f l u o r i m e -

t e r d i d n o t p r o d u c e o b s e r v a b l e i n t e n s i t i e s o f t h e RE p h o t o c h r o m i c 

b e h a v i o r . T h i s i n d i c a t e d t h a t the room t e m p e r a t u r e photochromism o f 

c r y s t a l l i n e d i b e n z o b a r r e l e n e d i e s t e r s i s n o t a l a s e r s p e c i f i c phenomenon 

b u t r e q u i r e s a r e l a t i v e l a r g e p h o t o n i n t e n s i t y i n o r d e r t o a c c u m u l a t e the 

r e d - e m i t t i n g s p e c i e s . I t s h o u l d be m entioned t h a t i n s o l u t i o n we c o u l d 

o n l y d e t e c t t h e d i b e n z o b a r r e l e n e f l u o r e s c e n c e w h i c h does n o t d i f f e r 

q u a l i t a t i v e l y f rom t h a t o b s e r v e d i n the s o l i d s t a t e . A t 77K i n g l a s s y 

m a t r i x ( m e t h y l c y c l o h e x a n e ) a s t r o n g p h o s p h o r e s c e n c e c o u l d a l s o be 

d e t e c t e d . 
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350 400 450 500 550 600 650 700 750 800 

( w a v e l e n g t h nm) 

F i g u r e 94. U n c o r r e c t e d E m i s s i o n o f C r y s t a l s o f D i e s t e r Me/Me-18 

I r r a d i a t e d a t 337 nm: (a) As i t Appears D u r i n g t h e F i r s t 5 Seconds, (b) 

D u r i n g t h e F o l l o w i n g 60 sec ( s p e c t r u m t a k e n a t maximum i n t e n s i t y ) , and, 

(c ) A f t e r t h e Luminescence i n (b) had D i s a p p e a r e d (The S o l u t i o n Spectrum 

o f D i b e n z o s e m i b u l l v a l e n e 52 i s I n c l u d e d i n t h e Same F i g u r e ) . 

T h a t t h e RE o r i g i n a t e d from a s p e c i e s n o t p r e s e n t i n i t i a l l y i n the 

c r y s t a l l i n e s a m p l e s , s p e c i e s " X " , c o u l d be d e t e r m i n e d n o t o n l y by the 

i n d u c t i o n t i m e r e q u i r e d t o d e t e c t i t , b u t a l s o from I t s t e m p e r a t u r e 

dependent t h e r m a l decay and from i t s f l u o r e s c e n c e e x c i t a t i o n spectrum. 
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, O b s e r v a t i o n s a t D i f f e r e n t Temperatures. 

R e d - e m i t t i n g samples t h a t had been removed from t h e i r r a d i a t i o n 

s o u r c e , k e p t i n t h e d a r k f o r as l o n g as -3 min (ambient t e m p e r a t u r e ) , and 

t h e n a n a l y z e d i n t h e s p e c t r o p h o t o m e t e r , were s t i l l f o u n d t o p r e s e n t the 

RE. When t h e r e d - e m i t t i n g samples were k e p t i n d a r k f o r l o n g e r p e r i o d s 

and t h e n r e - i r r a d i a t e d , i t was n o t i c e d t h a t t h e RE had c o m p l e t e l y 

v a n i s h e d . I n t e r e s t i n g l y , the RE c o u l d be r e g e n e r a t e d by a n o t h e r f i v e 

seconds p h o t o l y s i s t i m e w i t h the l a s e r . T h i s r e s u l t has been i n t e r p r e t e d 

i n terms o f a r e l a t i v e l y l o n g l i f e t i m e and e v e n t u a l t h e r m a l decay o f the 

r e d - e m i t t i n g s p e c i e s . 

L a s e r i r r a d i a t i o n o f c r y s t a l l i n e samples p e r f o r m e d a t f o u r d i f f e r e n t 

t e m p e r a t u r e s (77, 155, 200, and 230 K ) , r e s u l t e d i n s u b s t a n t i a l l y 

d i f f e r e n t p h o t o p h y s i c a l and p h o t o c h e m i c a l b e h a v i o r . P r o l o n g e d i r r a d i a t i o n 

(1 h) w i t h t h e n i t r o g e n l a s e r a t 77 K r e s u l t e d i n no change i n the 

o r i g i n a l f l u o r e s c e n c e e m i s s i o n o f t h e d i e s t e r compound. A r e l a t i v e l y 

s t r o n g l o n g l i v e d e m i s s i o n was r e a d i l y o b s e r v e d and a s s i g n e d as t h e 

p h o s p h o r e s c e n c e o f t h e d i b e n z o b a r r e l e n e d e r i v a t i v e (see F i g u r e 28b, page 

6 3 ) . No t r a c e o f r e a c t i o n c o u l d be d e t e c t e d by g l c a n a l y s i s o f t h e s e 

c r y s t a l s . P h o t o l y s i s a t 155 K, on the o t h e r hand, r e s u l t e d i n t h e 

a ppearance o f t h e RE a f t e r about f i v e s e c o n d s , b u t no r e a c t i o n c o u l d be 

o b s e r v e d when t h e i r r a d i a t i o n was c o n t i n u e d f o r as l o n g as two h o u r s . The 

r e d e m i s s i o n p e r s i s t e d f o r t h e e n t i r e i r r a d i a t i o n t i m e and no a p p a r e n t 

decay c o u l d be o b s e r v e d from t h e s p e c i e s from w h i c h i t o r i g i n a t e s . 

I n s t r u m e n t a l l i m i t a t i o n s p r e v e n t e d us from m e a s u r i n g t h e t h e r m a l decay o f 

t h e r e d e m i t t i n g s p e c i e s X a t t e m p e r a t u r e s o t h e r t h a n 77 and 293 K. 
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A t t e m p t s , however, were made t o measure the t h e r m a l decay o f X a t 77 K. 

Samples i r r a d i a t e d a t 155 K and p u t i n the low t e m p e r a t u r e a c c e s s o r y o f 

t h e LS-5 s p e c t r o f l u o r i m e t e r (77 K) were shown n o t t o p r e s e n t any o b s e r v 

a b l e decay i n t h e RE i n t e n s i t y a f t e r a 20 min p e r i o d . The l u m i n e s c e n c e 

i n t e n s i t y was m o n i t o r e d a t 660 nm by e x c i t a t i o n a t 337 nm. The e m i s s i o n 

i n t e n s i t y was sampled e v e r y 30 sec w i t h t h e a i d o f t h e " k i n e t " program 

a v a i l a b l e from t h e PECLS-I s o f t w a r e p r o v i d e d by P e r k i n - E l m e r . I t was the 

e x t r e m e l y l o n g l i f e t i m e o f t h e r e d - e m i t t i n g s p e c i e s a t 77 K t h a t a l l o w e d 

us t o p e r f o r m a c c u r a t e l u m i n e s c e n c e e m i s s i o n and e x c i t a t i o n s p e c t r a l 

measurements a t t h i s t e m p e r a t u r e . 

The i r r a d i a t i o n s a t 200 and 230 K were c h a r a c t e r i z e d by t h e appearance 

and i n c r e a s e o f t h e p h o t o c h e m i c a l r e a c t i v i t y . P h o t o l y s i s f o r more t h a n 

one h o u r (70 min) a t 200 K r e s u l t e d i n no a p p a r e n t ( v i s u a l d e t e c t i o n ) 

change i n the r e d e m i s s i o n i n t e n s i t y b u t i n t h e a c c u m u l a t i o n o f 2% o f 

p h o t o p r o d u c t . I n c o n t r a s t , a t 230 K the r e a c t i o n o c c u r r e d t o a l a r g e r 

c o n v e r s i o n (5%) i n s h o r t e r p h o t o l y s i s time (10 m i n ) . The 293 K i r r a d i a t i o n 

was d o m i n a t e d by enhanced c h e m i c a l r e a c t i v i t y and by t h e b r i e f d u r a t i o n o f 

t h e RE phenomenon as d e s c r i b e d above. 

E x c i t a t i o n Spectrum o f t h e R e d - E m i t t i n g S p e c i e s . 

The l u m i n e s c e n c e e x c i t a t i o n s p e c t r u m i s t h e most c o n v i n c i n g e v i d e n c e 

i n d i c a t i n g t h a t t h e RE i s due t o a p h o t o c h e m i c a l l y i n d u c e d phenomenon i n 

t h e c r y s t a l l i n e d i b e n z o b a r r e l e n e d i e s t e r s . P r o v i d e d t h a t one s p e c i e s (X) 
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i s r e s p o n s i b l e f o r a g i v e n e m i s s i o n , t h a t quenchers a r e a b s e n t , t h a t the 

quantum y i e l d i s i n d e p e n d e n t o f w a v e l e n g t h , and t h a t a p r o p e r l y c a l i b r a t e d 

l i g h t s o u r c e and d e t e c t o r a r e used, t h e e x c i t a t i o n s p e c t r u m s h o u l d 

c o r r e s p o n d t o t h e a b s o r p t i o n s p e c t r u m o f the e m i t t i n g s p e c i e s . 1 6 0 The f a c t 

t h a t t h e e m i s s i o n e n v e l o p e shown i n F i g u r e 94b i s i n d e p e n d e n t o f the 

e x c i t a t i o n w a v e l e n g t h s u g g e s t s t h a t t h e r e i s o n l y one s p e c i e s i n v o l v e d i n 

th e o b s e r v e d l u m i n e s c e n c e . I n t h e p r e s e n t c a s e , t h e p o s s i b i l i t y o f h a v i n g 

q uenchers seems u n l i k e l y i n v i e w o f the low energy o f the t r a n s i t i o n 

g i v i n g r i s e t o t h e RE. Quenching s h o u l d n o r m a l l y be an e x o t h e r m i c p r o c e s s 

and t h e quencher s h o u l d have a l o w e r l y i n g e x c i t e d s t a t e t h a n t h e 

d o n n o r . 1 6 1 The e x c i t a t i o n s p e c t r u m , shown i n F i g u r e 95, i s a l s o c o r r e c t e d 

by the i n s t r u m e n t f o r v a r i a t i o n s i n the lamp i n t e n s i t y and s h o u l d c l o s e l y 

r e s e m b l e t h e s o l i d s t a t e a b s o r p t i o n s p e c t r u m o f the r e d - e m i t t i n g s p e c i e s . 

The f a c t t h a t t h e e x c i t a t i o n s p e c t r u m o f the RE i s c o m p l e t e l y d i f f e r e n t 

f rom t h a t o f the a b s o r p t i o n s p e c t r u m o f d i e s t e r 18 i n d i c a t e s t h a t t h e 

r e d - e m i t t i n g s p e c i e s , X , has a d i f f e r e n t n a t u r e . 

The e x c i t a t i o n s p e c t r u m p r e s e n t e d i n F i g u r e 95 was o b t a i n e d by s e t t i n g 

t h e e m i s s i o n monochromator a t the maximum o f the e m i s s i o n band o f the RE 

(660 nm). The s p e c t r u m i s composed by two band systems. An i n t e n s e 

a b s o r p t i o n band a p p a r e n t l y s t a r t s a t -325 nm and has a maximum i n t e n s i t y 

c e n t e r e d a t 366 nm. A t w a v e l e n g t h s l o n g e r t h a n 410 nm, where t h e 

i n t e n s i t y o f t h e p r e v i o u s band becomes v e r y low, t h e r e i s a band s y s t e m 

c h a r a c t e r i z e d by t h r e e r e l a t i v e l y weak maxima a t 430, 455 and 525 nm. I t 

c a n be s e e n t h a t t h i s band system e x t e n d s t o up t o 570-580 nm where t h e 

o n s e t o f t h e r e d e m i s s i o n b e g i n s . I t s h o u l d be p o i n t e d out t h a t t h e l e f t 

end o f t h e e x c i t a t i o n s p e c t r u m p r o b a b l y does n o t r e f l e c t the a b s o r p t i o n 
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s p e c t r u m o f t h e r e d - e m i t t i n g s p e c i e s . A t w a v e l e n g t h s s h o r t e r t h a n 325 nm 

the a b s o r p t i o n o f t h e c r y s t a l m a t r i x ( t h e d i b e n z o b a r r e l e n e compound 18) 

s h o u l d become v e r y i n t e n s e , so t h a t i t p r o b a b l y c a n a c t as a f i l t e r t o the 

s h o r t e r w a v e l e n g t h a b s o r p t i o n bands o f X. 

300 350 400 450 500 550 600 

( w a v e l e n g t h nm) 

F i g u r e 95. C o r r e c t e d E x c i t a t i o n Spectrum o f t h e R e d - E m i t t i n g S p e c i e s 

(X) i n C r y s t a l l i n e Samples o f D i e s t e r 18. 
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O b s e r v a t l o n s a t D i f f e r e n t Wavelengths. 

Our a n a l y t i c a l i r r a d i a t i o n s w i t h the n i t r o g e n l a s e r a t 337 nm have 

been a f o r t u n a t e c i r c u m s t a n c e i n v i e w o f the s u b s t a n t i a l a b s o r p t i o n from 

t h e compound t h a t o r i g i n a t e s t h e r e d - e m i t t i n g s p e c i e s X ( w h i c h we have n o t 

a s s i g n e d y e t ) , and from the r e d - e m i t t i n g s p e c i e s i t s e l f . I t was o b s e r v e d 

t h a t samples i r r a d i a t e d a t 313 nm a t ambient t e m p e r a t u r e d i d n o t produce 

any RE i n s p i t e o f b e i n g p h o t o c h e m i c a l l y r e a c t i v e . Samples i r r a d i a t e d a t 

366 nm, n e a r t h e maximum absorbance o f the r e d e m i t t i n g s p e c i e s , p r e s e n t e d 

no p h o t o c h e m i c a l r e a c t i v i t y and a t the same time no RE c o u l d be o b s e r v e d . 

On t h e o t h e r hand, samples f i r s t i r r a d i a t e d a t 313 nm and t h e n a t 366 nm 

c l e a r l y d i s p l a y e d the RE band s u g g e s t i n g a d i r e c t c o r r e l a t i o n between the 

c h e m i c a l r e a c t i v i t y o f Me/Me-18 and the RE phenomenon. 

The 313 nm l i g h t i s a b s o r b e d by the most abundant compound i n the 

c r y s t a l , t h e d i b e n z o b a r r e l e n e d i e s t e r 18, w h i c h may m o n o p o l i z e a l l the 

i n c i d e n t i r r a d i a t i o n . The l a c k o f RE upon e x c i t a t i o n o f d i b e n z o b a r r e l e n e 

18 i s a v e r y s i g n i f i c a n t o b s e r v a t i o n t h a t i n d i c a t e s the absence o f energy 

t r a n s f e r from e x c i t e d 18 ( e i t h e r s i n g l e t o r t r i p l e t ) t o the r e d - e m i t t i n g 

s p e c i e s . T h i s seems q u i t e a r e m a r k a b l e f a c t i n v i e w o f t h e o u t s t a n d i n g 

o v e r l a p e x i s t i n g between t h e f l u o r e s c e n c e and p h o s p h o r e s c e n c e o f 18 and 

t h e a b s o r p t i o n o f t h e R E - s p e c i e s . I t i s i n t e r e s t i n g t h a t t h e l a c k o f 

e n e r g y t r a n s f e r f r o m p a r t o f the s i n g l e t s t a t e may o r i g i n a t e f r o m a s p i n 

b a r r i e r i f t h e r e d - e m i t t i n g s p e c i e s i s a t r i p l e t s t a t e compound. The l a c k 

o f e n e r g y t r a n s f e r , however, may o r i g i n a t e from t h e p o s s i b i l i t y t h a t i t 

may be a r e l a t i v e l y i n e f f i c i e n t p r o c e s s w i t h r e s p e c t t o o t h e r f a s t e r decay 

a l t e r n a t i v e s a v a i l a b l e t o t h e e x c i t e d 18. 
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What i s t h e P r e c u r s o r o f t h e R e d - E m i t t i n g S p e c i e s ? 

S e v e r a l models can be p r o p o s e d t o a c c o u n t f o r t h e r e d l u m i n e s c e n c e 

(RE) i n c r y s t a l l i n e samples o f d i b e n z o b a r r e l e n e d i e s t e r s s u c h as 18. These 

models ca n be s u b d i v i d e d i n t o two groups d e p e n d i n g on whether the 

r e d - e m i t t i n g s p e c i e s (X) o r i g i n a t e s from the d i b e n z o b a r r e l e n e m o l e c u l e s 

(18), as our p r e v i o u s e x p e r i m e n t s seem t o i n d i c a t e , o r i f i t comes from an 

i m p u r i t y ( IMP). I n F i g u r e 96, f o u r a l t e r n a t i v e pathways ca n be p r o p o s e d i n 

o r d e r t o g e n e r a t e X, a l l o f w h i c h s h o u l d a c c o u n t f o r t h e t h e r m a l b a r r i e r 

o b s e r v e d d u r i n g i t s f o r m a t i o n ( t h e RE does n o t form a t 77K). I n the 

pathways g i v e n by e q u a t i o n s 1 and 2 the r e d - e m i t t i n g s p e c i e s X o r i g i n a t e s 

from s i n g l e t o r t r i p l e t d i e s t e r 18. The pathways g i v e n by e q u a t i o n s 3 and 

4 a r e c h a r a c t e r i z e d by the i n v o l v e m e n t o f an i m p u r i t y , IMP. The l a t t e r 

two pathways d i f f e r i n t h a t pathway 4 r e q u i r e s the i n v o l v e m e n t o f 

m o l e c u l e s o f b o t h , 18 and IMP w h i l e pathway 3 w o u l d n o t n e c e s s i t a t e the 

p a r t i c i p a t i o n o f d i e s t e r 18. B e f o r e e n g a g i n g i n a s y s t e m a t i c s t u d y o f the 

f i r s t t h r e e , and most i n t e r e s t i n g p o s s i b i l i t i e s , we s h o u l d e l i m i n a t e the 

more t r i v i a l a l t e r n a t i v e s g i v e n by e q u a t i o n s 3 and 4. 
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hu' 
1) 18 ---- > 116* -> [X] > S i n g l e t P r o d u c t . 

hu' 
2) 18 > 1 1 8 * > 3 1 8 * > [X] > 52 

hu' 
3) IMP > [X] - > P r o d u c t 

hi/ ' 
4) 18 + IMP > [18-IMP] - ( X ) > P r o d u c t 

hu" 
5) X > X* 

6) X* > X + h i / ' ' ' (Red Luminescence) 

F i g u r e 96. P o s s i b l e F o r m a t i o n Pathways f o r the R e d - e m i t t i n g S p e c i e s X 

and B i p h o t o n i c Mechanism f o r the Appearance o f t h e R e d - E m i s s i o n . 

I s t h e RE P r o d u c e d by an I m p u r i t y ? 

The i n v o l v e m e n t o f a t r a c e i m p u r i t y as b e i n g r e s p o n s i b l e f o r the RE 

was a n a l y z e d by two p r i n c i p a l methods. The f i r s t method i n v o l v e d exhaus

t i v e p u r i f i c a t i o n o f compound Me/Me-18. Most s t u d i e s were p e r f o r m e d on 

samples o f Me/Me-18 t h a t had been shown t o be 100% p u r e when a n a l y z e d by 

g l c under c o n d i t i o n s where i m p u r i t i e s o f the o r d e r o f 0.05% ( l / 2 0 0 0 t h ) 

c o u l d have been d e t e c t e d e a s i l y ( a ssuming s i m i l a r d e t e c t o r r e s p o n s e as 

f o r 1 8 ) . The p u r i t y o f 18 a l s o seemed t o be e v i d e n t from U V - a b s o r p t i o n and 

f l u o r e s c e n c e measurements i n s o l u t i o n . A c r y s t a l b a t c h , however, was 

f o u n d t h a t a c t u a l l y c o n t a i n e d a t r a c e , b l u e l u m i n e s c e n t i m p u r i t y . T h i s 

i m p u r i t y was r e a d i l y i d e n t i f i e d as a n t h r a c e n e by i t s f l u o r e s c e n c e e m i s s i o n 

and e x c i t a t i o n s p e c t r a . The l u m i n e s c e n c e s p e c t r u m o f a n t h r a c e n e , however, 
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c o u l d o n l y be d e t e c t e d by d i r e c t e x c i t a t i o n i n t o i t s l o w e s t s i n g l e t 

e x c i t e d s t a t e i n the w a v e l e n g t h range between 345 and 410 nm ( F i g u r e 97). 

Samples c o n t a i n i n g a n t h r a c e n e p r e s e n t e d no d i f f e r e n c e i n t h e i r l u m i n e s 

cence b e h a v i o r a s i d e from t h e accompanying a n t h r a c e n e f l u o r e s c e n c e . T h i s , 

and a l l o t h e r s a m p l e s , were e x h a u s t i v e l y r e - p u r i f i e d by up t o f o u r 

c h r o m a t o g r a p h i c p a s s e s t h r o u g h s i l i c a ' g e l u s i n g s p e c t r o - g r a d e hexane 

s o l v e n t and by a number o f r e c r y s t a l l i z a t i o n s . When th e r e - c h r o m a t o g r a p h e d 

samples were i r r a d i a t e d , t h e y p r e s e n t e d no e v i d e n c e o f c o n t a i n i n g any 

a n t h r a c e n e f l u o r e s c e n c e w i t h i n t h e d e t e c t i o n l i m i t s o f the i n s t r u m e n t , and 

d i s p l a y e d no a p p a r e n t d e c r e a s e i n the RE i n t e n s i t y . 

G i v e n t h e c o n c e r n r a i s e d by the p o s s i b l e i n v o l v e m e n t o f a n t h r a c e n e , 

w h i c h had been u s e d as a s t a r t i n g m a t e r i a l t o p r e p a r e 18, a s e c o n d method 

was d e v i s e d i n o r d e r t o e l i m i n a t e the p o s s i b i l i t y o f t h e RE o r i g i n a t i n g 

f r o m t h i s o r a n o t h e r i m p u r i t y . We t o o k advantage o f t h e d i f f e r e n t i a l 

l u m i n e s c e n t b e h a v i o r o f the two dimorphs o f compound I P r / i P r - 2 3 . As 

m e n t i o n e d i n P a r t I I o f t h i s t h e s i s , c r y s t a l s o f t h e two m o d i f i c a t i o n s 

grown from t h e same b a t c h o n l y d i s p l a y e d the RE i f t h e y b e l o n g e d t o t h e 

P2^2i2i m o d i f i c a t i o n . I t c o u l d be e x p e c t e d t h a t b o t h m o d i f i c a t i o n s s h o u l d 

c o n t a i n t h e same i m p u r i t y ( i f any) u n l e s s the i m p u r i t y were o n l y s o l u b l e 

i n t h e P2^2i2i b u t n o t i n t h e Pbca c r y s t a l s . I n o r d e r t o t e s t t h i s 

p o s s i b i l i t y c r y s t a l s o f t h e r e d - l u m i n e s c e n t m o d i f i c a t i o n (P2^2i2^) were 

o b t a i n e d from t h e n o n - r e d - l u m i n e s c e n t m o d i f i c a t i o n (Pbca) by c r y s t a l l i z a 

t i o n s f r o m t h e m e l t and from seeded s o l u t i o n s ( s ee P a r t I I ) . M a t e r i a l t h a t 

h a d n o t b e e n p r e v i o u s l y l u m i n e s c e n t was i n t h i s manner c o n v e r t e d i n t o 

l u m i n e s c e n t m a t e r i a l . 
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350 400 450 500 w 550 

( w a v e l e n g t h nm) 

F i g u r e 97. F l u o r e s c e n c e E x c i t a t i o n (a) and E m i s s i o n (b) o f A n t h r a c e n e 

I m p u r i t y i n C r y s t a l s o f D i e s t e r Me/Me-18. 

I n the r e m a i n d e r o f t h i s s e c t i o n we r e v i e w the p o s s i b l e i n v o l v e m e n t o f 

i m p u r i t y s u s p e c t number one, a n t h r a c e n e , i n the RE phenomenon. The 

a s s i g n m e n t o f t h e RE t o any o f the p r i m a r y u n i m o l e c u l a r p h o t o p h y s i c a l 

e v e n t s known f o r a n t h r a c e n e c a n be d i s c a r d e d i m m e d i a t e l y . Not o n l y do the 

a n t h r a c e n e f l u o r e s c e n c e and p h o s p h o r e s c e n c e o c c u r a t v e r y d i f f e r e n t 

w a v e l e n g t h s (-400 and 700 nm r e s p e c t i v e l y ) , b u t the RE, as i n d i c a t e d from 

t h e r e q u i r e d a c c u m u l a t i o n t i m e , and from our e x p e r i m e n t s a t d i f f e r e n t 

w a v e l e n g t h s , c l e a r l y seems t o be a m u l t i p h o t o n i c p r o c e s s . The i n v o l v e m e n t 

o f an e x c i m e r e m i s s i o n , 1 6 2 on t h e o t h e r hand, c o u l d p o s s i b l y a c c o u n t f o r 

p a r t o f our o b s e r v a t i o n s . S i n g l e - p h o t o n e x c i m e r e m i s s i o n has been 

o b s e r v e d i n a n t h r a c e n e and a number o f i t s d e r i v a t i v e s i n c r y s t a l s , 1 6 3 i n 

h y d r o c a r b o n g l a s s e s , 1 6 4 and i n s o l u t i o n . 1 6 5 A l t h o u g h the s p e c t r a l r e g i o n 

o f t h i s e m i s s i o n (Amax 550-570 nm) i s s u b s t a n t i a l l y d i f f e r e n t from t h a t o f 
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th e RE o b s e r v e d h e r e , i t i s known t h a t under s p e c i a l c o n d i t i o n s t h a t 

i n c l u d e b i p h o t o n i c p r o c e s s e s , a r e d a n t h r a c e n e e x c i m e r e m i s s i o n c a n be 

o b s e r v e d . 1 6 6 These o c c u r when a n t h r a c e n e monomers a r e formed i n a f i x e d 

s a n d w i c h i n t e r m o l e c u l a r c o n f i g u r a t i o n as s c h e m a t i z e d and e x p l a i n e d below: 

ht/(254 nm) 
1. A-A > A A F o r m a t i o n o f A n t h r a c e n e from i t s Dimer 

hi/(365 nm) 

2. A A > (A A)* F o r m a t i o n o f A n t h r a c e n e Sandwich E x c i m e r 

3. (A A)* > A-A R e - d i m e r i z a t i o n 

4. (A A)* —---> A A• + hu Red E x c i m e r e m i s s i o n (Amax 570 nm) 

F i g u r e 98. F o r m a t i o n o f A n t h r a c e n e Sandwich P a i r s and t h e i r Red 

Ex c i m e r E m i s s i o n . 

I n t h e f i r s t s t e p (eq. 1, F i g u r e 9 8 ) , two a n t h r a c e n e m o l e c u l e s i n a 

san d w i c h c o n f i g u r a t i o n (A A) a r e g e n e r a t e d p h o t o c h e m i c a l l y from the 

a n t h r a c e n e dimer (A-A) i n c r y s t a l s o f the l a t t e r ( f i r s t p h o t o n , 254 nm). 

When t h e ground s t a t e s a n d w i c h dimer i s i r r a d i a t e d ( s e c o n d p h o t o n , 365 nm 

) , i t c a n r e a c t p h o t o c h e m i c a l l y a t h i g h t e m p e r a t u r e s (200 K) t o g i v e b a c k 

t h e a n t h r a c e n e dimer ( e q. 3) o r , a t l o w e r t e m p e r a t u r e s , i t can em i t a 

c h a r a c t e r i s t i c r e d l u m i n e s c e n c e ( e q. 4, Amax 570 nm) t h a t e x t e n d s b r o a d l y 

i n t o t h e r e d . B o t h t h e c h e m i c a l r e a c t i o n and t h e r e d e m i s s i o n were 

d e m o n s t r a t e d t o a r i s e from t h e same i n t e r m e d i a t e w h i c h was p o s t u l a t e d t o 

be t h e e x c i m e r i c s p e c i e s (A A ) * . 1 6 6 T h i s e x c i m e r e m i s s i o n , however, i s 
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d i f f e r e n t from t h e RE o b s e r v e d h e r e , and, a l t h o u g h i t c o u l d be arg u e d 

t h a t s p e c t r a l d i f f e r e n c e s c o u l d be a c c o u n t e d f o r by t h e d i f f e r e n t 

c r y s t a l l i n e e n v i r o n m e n t s , o t h e r arguments c a n a l s o be f o u n d a g a i n s t t h i s 

p o s s i b i l i t y o c c u r r i n g i n c r y s t a l s o f d i e s t e r 18 ( v i d e i n f r a ) . 

The mechanism by w h i c h an a n t h r a c e n e e x c i m e r e m i s s i o n c o u l d e x p l a i n 

our r e s u l t s w o u l d r e q u i r e t h e a n t h r a c e n e m o l e c u l e s t o be i n c l o s e 

p r o x i m i t y i n c r y s t a l s o f d i e s t e r 18 b u t n o t i n m i c r o c r y s t a l l i t e s ( t h e 

a n t h r a c e n e r e d e x c i m e r e m i s s i o n has n o t been o b s e r v e d i n c r y s t a l s o f pure 

a n t h r a c e n e ) . The o r i g i n a l i n t e r m o l e c u l a r c o n f i g u r a t i o n s h o u l d n o t be 

a p p r o p r i a t e , f o r immediate r e d e x c i m e r e m i s s i o n , b u t s u i t a b l e f o r d i m e r i z a -

t i o n t o o c c u r (eq. 1', F i g u r e 9 9 ) . Once the a n t h r a c e n e d i m e r s a r e formed, 

t h e y s h o u l d p h o t o c h e m i c a l l y r e v e r t back t o two monomers, b u t t h i s t i m e , 

w i t h a " p e r f e c t " s a n d w i c h c o n f i g u r a t i o n (eq. 2 ' ) . The newly formed 

monomers w o u l d t h e be i n a d i s p o s i t i o n f a v o r a b l e f o r r e d e x c i m e r e m i s s i o n 

( e q s . 3' and 4,' F i g u r e 9 9 ) . 

A hu 
1') A > A-A Dimer F o r m a t i o n 

hv 
2') A-A > A A Sandwich P a i r F o r m a t i o n 

hu 
3') A A ---> (A A)* E x c i m e r F o r m a t i o n 

4') (A A)* > A A + hu Red E x c i m e r E m i s s i o n 

F i g u r e 99. H y p o t h e t i c a l F o r m a t i o n o f A n t h r a c e n e Red E x c i m e r E m i s s i o n 

i n C r y s t a l s o f D i e s t e r 18. 
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A l t h o u g h t h e above model c o u l d e x p l a i n : (1) the l a c k o f r e d l u m i n e s 

cence a t 70 K ( t h e r e i s l i k e l y t o be t h e r m a l b a r r i e r t o d i m e r i z a t i o n ) , (2) 

t h e i n d u c t i o n p e r i o d ( a c c u m u l a t i o n o f the sand w i c h p a i r w o u l d o c c u r a f t e r 

some i r r a d i a t i o n t i m e ) , and (3) t h e decay o f t h e r e d e m i t t i n g s p e c i e s 

( s a n d w i c h p a i r w o u l d p r o b a b l y t e n d t o d i f f u s e a p a r t ) , a v e r y i m p o r t a n t 

argument a g a i n s t t h i s model comes from the e x c i t a t i o n s p e c t r u m o f t h e 

r e d - e m i t t i n g s p e c i e s X. The e x c i t a t i o n s p e c t r u m o f t h e a n t h r a c e n e e x c i m e r 

m e n t i o n e d above i s a l m o s t i n d i s t i n g u i s h a b l e from t h e a n t h r a c e n e monomer 

a b s o r p t i o n , 1 6 6 and i s v e r y d i f f e r e n t from t h a t o f X. 

A l t h o u g h o t h e r p r o c e s s e s , s u c h as the one d i s c u s s e d above t h a t i n v o l v e 

t h e p a r t i c i p a t i o n o f i m p u r i t y m o l e c u l e s , c o u l d e x p l a i n t h e o r i g i n o f t h e < 

RE, t h e subsequent t h e r m a l b e h a v i o r o f the s p e c i e s X seems t o i n d i c a t e 

s t r o n g l y t h a t i t s o r i g i n may be d i r e c t l y t r a c e d t o t h e d i b e n z o b a r r e l e n e 

d i e s t e r s . 

What i s t h e RE S p e c i e s ? 

I n o r d e r t o answer t h e above q u e s t i o n we t r i e d t o o b t a i n more 

i n f o r m a t i o n on t h i s phenomenon by a s k i n g o u r s e l v e s a c l o s e l y r e l a t e d 

q u e s t i o n . What i s the f a t e o f the RE s p e c i e s ? 

As i n d i c a t e d i n F i g u r e 96, t h e r e d - e m i t t i n g s p e c i e s , X, c o u l d 

u l t i m a t e l y decay i n t o a s t a b l e p h o t o p r o d u c t , o r a l t e r n a t i v e l y , i t c o u l d 

r e v e r t b a c k t o i t s p r e c u r s o r o r s t a r t i n g m a t e r i a l . We d e c i d e d t o i n v e s t i 

g a t e t h e p o s s i b i l i t y t h a t X m i g h t t r a n s f o r m i n t o a d i f f e r e n t , h o p e f u l l y 

l u m i n e s c e n t p r o d u c t Y. Such was i n d e e d f o u n d t o be t h e c a s e . 

The e m i s s i o n s p e c t r a o f "pure" samples i n w h i c h t h e X s p e c i e s had been 
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p r e v i o u s l y a c c u m u l a t e d were a n a l y z e d a t 77K b e f o r e and a f t e r t h e y were 

t a k e n o u t o f the low t e m p e r a t u r e a c c e s s o r y f o r p e r i o d s o f a p p r o x i m a t e l y 30 

se c . The e m i s s i o n was r e c o r d e d upon e x c i t a t i o n a t 313, 337 and 360 nm 

a f t e r each warming p e r i o d i n o r d e r t o i n c r e a s e t h e p r o b a b i l i t y o f 

d e t e c t i n g any new l u m i n e s c e n c e band accompanying t h e decay o f X. 

E x c i t a t i o n a t 360 nm was r e v e a l i n g when i t was o b s e r v e d t h a t t h e t h e r m a l 

decay o f X was accompanied by t h e appearance and i n c r e a s e o f a new, 

somewhat s t r u c t u r e d l u m i n e s c e n c e band w i t h Amax a t 510 and a s h o u l d e r s a t 

-475 and 540 nm ( F i g u r e 100). 

• • ' I l l ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m m 

400 450 500 550 600 650 700 750 
( w a v e l e n g t h nm) 

F i g u r e 100. Thermal Decay o f the R e d - E m i t t i n g S p e c i e s X and Appearance 

o f New S p e c i e s Y. 



-250-

The new band, o f a s p e c i e s now c a l l e d Y, a l s o had t h e c h a r a c t e r i s t i c s 

o f an a l l o w e d t r a n s i t i o n s i n c e i t c o u l d o n l y be d e t e c t e d i n the f l u o r e s 

cence mode o f the i n s t r u m e n t . The e x c i t a t i o n s p e c t r u m o f t h i s band, shown 

i n F i g u r e 101 a l o n g w i t h t h e c o r r e s p o n d i n g e m i s s i o n , was f o u n d t o p o s s e s s 

two maxima a t 430 and 455 nm a l t h o u g h i t e x t e n d s f r o m n e a r 380 t o 480 nm. 

The l a c k o f a b s o r p t i o n o f Y a t 337 nm had p r e v e n t e d t h e d e t e c t i o n o f i t s 

l u m i n e s c e n c e , as most o f our a n a l y t i c a l i r r a d i a t i o n s had been p e r f o r m e d a t 

t h i s w a v e l e n g t h . I n t e r e s t i n g l y , the s p e c i e s g i v i n g r i s e t o t h i s band a l s o 

t u r n e d o u t t o have a l i m i t e d l i f e t i m e and was f o u n d t o decay t h e r m a l l y 

u n t i l t h e r e was no t r a c e o f i t s e x i s t e n c e a f t e r t h e sample had been l e f t 

a t ambient t e m p e r a t u r e f o r a few m i n u t e s . The decay o f the l a t t e r band was 

n o t f o l l o w e d by any o t h e r d e t e c t a b l e l u m i n e s c e n c e , and the f i n a l appear

ance o f the samples has a l r e a d y been d i s c u s s e d i n s e c t i o n I o f t h i s 

t h e s i s . 

H 
t-l 

z w 
H 
Z 

350 T 
400 600 650 700 

( w a v e l e n g t h nm) 

F i g u r e 101. Luminescence E x c i t a t i o n (a) and E m i s s i o n (b) S p e c t r a o f 

S p e c i e s Y. 
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A c o r r e l a t i o n between t h e RE and the p h o t o c h e m i c a l r e a c t i v i t y seems t o 

be q u i t e p o s s i b l e a c c o r d i n g t o the above o b s e r v a t i o n s . B o t h the l u m i n e s 

cence phenomena and t h e di-w-methane r e a r r a n g e m e n t a r e p h o t o c h e m i c a l l y 

i n i t i a t e d and t a k e p l a c e a t the same t i m e . E v e r y t i m e t h e r e a c t i o n 

o c c u r r e d i n t h e s o l i d s t a t e , t h e RE had a l s o been p r e s e n t . I r r a d i a t i o n 

u nder c o n d i t i o n s t h a t cause no r e a c t i o n d i d n o t g e n e r a t e t h e RE e i t h e r . 

The f o r m a t i o n o f p h o t o p r o d u c t s and t h e RE c a n be p r e v e n t e d a t ( d i f f e r e n t ) 

l ow t e m p e r a t u r e s i n d i c a t i n g the e x i s t e n c e o f k i n e t i c b a r r i e r s f o r t h o s e 

two p r o c e s s e s t o o c c u r . 

I f , as many o f our o b s e r v a t i o n s seem t o i n d i c a t e , the RE and 

subsequent phenomena o r i g i n a t e from l i g h t a b s o r b e d by m o l e c u l e s o f 

d i e s t e r 18, t h e f i r s t q u e s t i o n t h a t s h o u l d be answered c o n c e r n s the 

e x c i t e d s t a t e from w h i c h t h e s e t r a n s f o r m a t i o n s t a k e p l a c e . I n e q u a t i o n 1 

o f F i g u r e 96, the i n v o l v e m e n t o f the s i n g l e t e x c i t e d s t a t e was i n d i c a t e d . 

A l t h o u g h no p r o d u c t s o t h e r t h a n 52 c o u l d be d e t e c t e d , e i t h e r i n s o l u t i o n 

o r i n t h e s o l i d s t a t e , i t i s known t h a t some d i b e n z o b a r r e l e n e s c a n r e a c t 

from t h e i r s i n g l e t m a n i f o l d . 6 6 The o n l y s i n g l e t s t a t e r e a c t i o n r e p o r t e d so 

f a r f o r t h i s c l a s s o f compounds i s t h e f o r m a t i o n o f d i b e n z o c y c l o o c t a t e -

t r a e n e s (86, F i g u r e 1 0 2 ) . T h i s r e a c t i o n has been p o s t u l a t e d t o o c c u r by 2n 

+ 2n a d d i t i o n o f t h e v i n y l i c d o u b l e bond t o a n e i g h b o r i n g a r o m a t i c r i n g t o 

p r o d u c e an i n t e r m e d i a t e , 86-1, w h i c h has n e v e r been d e t e c t e d . 6 6 T h i s 

i n t e r m e d i a t e has been p o s t u l a t e d t o t r a n s f o r m t h e r m a l l y by a r e t r o 2TT + 2TT 

+ 2ir c y c l o a d d i t i o n t o form t h e f i n a l p r o d u c t 86. A l t h o u g h a s i n g l e 

i n t e r m e d i a t e , 86-1, does n o t seem t o a c c o u n t f o r our o b s e r v a t i o n s , o t h e r 

a l t e r n a t i v e s may be c o n s i d e r e d . F o r i n s t a n c e , i t c a n be p r o p o s e d t h a t t h e 

c o n v e r s i o n 86-1 t o 86 o c c u r s s t e p w i s e . One p o s s i b i l i t y w o u l d be a 4TT + 2n 



r e t r o a d d i t i o n t h a t w o u l d g i v e a b e n z o c y c l o b u t a n e - o r t h o q u i n o d i m e t h a n e 

i n t e r m e d i a t e (86-11) b e f o r e f o r m a t i o n o f 86. A l t h o u g h t h e c o n j u g a t i o n o f 

t h i s s y s t e m i s i n c r e a s e d w i t h r e s p e c t t o t h a t o f 86-1, i t a p p ears t h a t i t s 

s p e c t r o s c o p i c p r o p e r t i e s may n o t j u s t i f y our e x p e r i m e n t a l o b s e r v a t i o n s . 

O r t h o - q u i n o d i m e t h a n e , w h i c h i s a s i n g l e t s p e c i e s , 1 6 ^ i s e x p e c t e d t o be the 

F i g u r e 102. The s i n g l e t S t a t e R e a c t i v i t y o f D i b e n z o b a r r e l e n e s . 

t h e l o w e s t e n e r g y chromophore and i s known t o have t h e l o w e s t a b s o r p t i o n 

band a r o u n d 370 nm,l°^ w h i c h i s s t i l l v e r y f a r from t h e r e g i o n i n w h i c h 

b o t h X and Y a b s o r b (up t o 580 and 475 nm r e s p e c t i v e l y ) . A l t h o u g h we 

c a n n o t d i s c o u n t t h e p o s s i b i l i t y t h a t X and Y may o r i g i n a t e from t h i s o r 
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a n o t h e r s i n g l e t s t a t e r e a c t i o n , we have o b s e r v e d t h a t d i b e n z o b a r r e l e n e 

d i e s t e r s t h a t d i s p l a y s i m u l t a n e o u s and s i z e a b l e s i n g l e t s t a t e r e a c t i v i t y 

i n t h e s o l i d s t a t e do n o t p r e s e n t t h e l u m i n e s c e n c e phenomena (see P a r t VI 

o f t h e t h e s i s ) . P r o b a b l y t h e o n l y way t o e x c l u d e u n a m b i g u o u s l y t h e 

i n v o l v e m e n t o f a l u m i n e s c e n t i n t e r m e d i a t e from t h e s i n g l e t s t a t e o f 18 

w o u l d be by d e m o n s t r a t i n g i t s o r i g i n from t h e t r i p l e t s t a t e o r from a 

d i f f e r e n t s o u r c e . A l t h o u g h we cannot d e t e c t any a d d i t i o n a l p r o d u c t s t h a t 

w o u l d i n d i c a t e i t s p o s s i b l e p r e s e n c e , i t s h o u l d be remembered t h a t 

l u m i n e s c e n c e s p e c t r o s c o p y i s a v e r y s e n s i t i v e t e c h n i q u e t h a t may d e t e c t 

v e r y m i n u t e amounts o f h i g h l y l u m i n e s c e n t compounds. 

The n e x t a l t e r n a t i v e we have t o c o n s i d e r i s t h e p o s s i b i l i t y i l l u s 

t r a t e d by e q u a t i o n 2 i n F i g u r e 96. The f o r m a t i o n o f X and Y f r o m a t r i p l e t 

s t a t e r e a c t i o n o f 18 i s a v e r y i n t e r e s t i n g a l t e r n a t i v e . S i m i l a r t o the 

c a s e o f t h e s i n g l e t s t a t e , .there i s a p p a r e n t l y o n l y one r e a c t i o n a v a i l a b l e 

t o t h e t r i p l e t e x c i t e d s t a t e o f d i b e n z o b a r r e l e n e compounds, and t h a t i s 

t h e di - 7 r-methane r e a r r a n g e m e n t . We w i l l i g n o r e t h e p r o b a b i l i t y o f any 

o t h e r t r i p l e t r e a c t i o n and w i l l a n a l y z e t h e p r o b a b i l i t y o f j u s t i f y i n g the 

o b s e r v e d l u m i n e s c e n c e i n terms o f the di - 7 r-methane r e a r r a n g e m e n t . 

I t s h o u l d be r e c a l l e d t h a t two i n t e r m e d i a t e s have been p r o p o s e d t o 

o c c u r a l o n g t h e r e a c t i o n pathway o f t h e di-jr-methane r e a r r a n g e m e n t . 4 6 I t 

i s i n t e r e s t i n g t o n o t e t h a t we have f o u n d e v i d e n c e f o r two t r a n s i e n t 

i n t e r m e d i a t e s , t h e r e d - e m i t t i n g s p e c i e s X and i t s t h e r m a l p r o d u c t Y, w h i c h 

c o u l d be a s s i g n e d t o the s p e c i e s BR-1 and BR-2 shown i n F i g u r e 103 below. 
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- h v ( f l u o r ) 

18 . . . hv _ . ^ ! l 8 * 

-hv(RE) 
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"•*••• Jl̂  I ISC 
Phos**"*> T 

-hv(500nm) 

BR-2* -h-v- - - BR-2 

A 3 BR-1 18* 

- • 52 

F i g u r e 103. The Di-rr-Methane Rearrangement as a P o s s i b l e E x p l a n a t i o n 

f o r t h e Luminescence o f C r y s t a l l i n e D i b e n z o b a r r e l e n e D i e s t e r s . 

The mechanism by w h i c h the p h o t o c h e m i c a l r e a c t i v i t y c o u l d q u a l i t a 

t i v e l y e x p l a i n t h e o b s e r v e d l u m i n e s c e n c e r e s u l t s c a n be d e s c r i b e d 

a c c o r d i n g t o the above f i g u r e as f o l l o w s : 

1) A p h o t o n (A < 340 nm) i s a b s o r b e d by d i e s t e r 18 i n o r d e r t o f o r m 

i t s s i n g l e t e x c i t e d s t a t e , ^18*. 

2) ^18* c a n r e v e r t t o the ground s t a t e by f l u o r e s c e n c e (Amax 412 nm), 

o r , 

3) ^18* c a n i n t e r s y s t e m c r o s s t o c o n v e r t i n t o i t s t r i p l e t e x c i t e d 

s t a t e , 3 1 8 * . 

4) ^16* c a n r e v e r t t o i t s ground s t a t e a t low t e m p e r a t u r e s by 

p h o s p h o r e s c e n c e (Amax 550 nm), o r , 

5) ^16* c a n r e a c t p h o t o c h e m i c a l l y t o g i v e t h e f i r s t , p r o b a b l y a 



t r i p l e t s t a t e , di - 7 r -me thane b i r a d i c a l BR-1. 

6) BR-1 c a n now r e a c t a t h i g h t e m p e r a t u r e s t o g i v e the second 

di-jr-methane b i r a d i c a l , BR-2, and, 

7) BR-1 c a n ab s o r b a p h o t o n (335 nm > A > 590) t o form an e x c i t e d 

s t a t e b i r a d i c a l BR-1*. 

8) The e x c i t e d BR-1* c a n decay i n a r a d i a t i v e manner t o g i v e the r e d 

l u m i n e s c e n c e o b s e r v e d ( Amax 660 nm). 

9) when BR-2 i s formed, i t can e i t h e r r e a c t t h e r m a l l y t o form t h e 

f i n a l di - 7 r-methane p h o t o p r o d u c t 52, o r 

10) BR-2 can abs o r b a p h o t o n (480 nm > A > 370 nm) t o form an e x c i t e d 

s t a t e BR-2*. 

11) BR-2*, i n t u r n , can r e v e r t back t o i t s ground s t a t e (BR-2) by 

means o f a r a d i a t i v e decay pathway (450 > A > 700). 

I t s h o u l d be n o t e d t h a t o t h e r a l t e r n a t i v e s , s u c h as r a d i a t i o n l e s s 

decay, a r e p o s s i b l e f o r each o f the l u m i n e s c e n t i n t e r m e d i a t e s p o s t u l a t e d 

between d i e s t e r 18 and i t s p h o t o p r o d u c t 52. Decay o f the b i r a d i c a l s t o the 

ground s t a t e d i b e n z o b a r r e l e n e r e a c t a n t i s a l s o p o s s i b l e as has been 

d e m o n s t r a t e d p r e v i o u s l y by Zimmerman 4 6 and A d a m . 1 6 8 

The e v e n t where a r e a c t i o n i n t e r m e d i a t e i s formed and d e t e c t e d i n 

r i g i d ( u s u a l l y g l a s s y ) media i s a common a n a l y t i c a l s t r a t e g y known as 

m a t r i x i s o l a t i o n . 1 6 9 The s p e c t r o s c o p i c s t u d y o f r a d i c a l s and r a d i c a l p a i r s 

i n c r y s t a l l i n e media has a l s o been d e m o n s t r a t e d by s e v e r a l a u t h o r s 

i n c l u d i n g G. C l o s s , 1 7 0 A. H u t c h i s o n 1 7 1 and more r e c e n t l y M. M c B r i d e . 1 7 2 

However, i t s h o u l d be p o i n t e d o u t t h a t o ur o b s e r v a t i o n s a r e u n i q u e i n t h a t 

t h e p r o p o s e d b i r a d i c a l s have d i s c r e t e e x i s t e n c e s and r e l a t i v e l y l o n g 



l i f e t i m e s even a t ambient t e m p e r a t u r e s . I n c o n t r a s t , i t seems t h a t most 

s t u d i e s on r e a c t i v e i n t e r m e d i a t e s up t o now have been p e r f o r m e d a t 

t e m p e r a t u r e s a r o u n d 77 K o r below. 

The I d e n t i t y o f S p e c i e s X and Y. 

D i r e c t o b s e r v a t i o n o f the b i r a d i c a l s i n v o l v e d i n t h e di-rr-methane 

r e a r r a n g e m e n t o f the n a p h t h o b a r r e l e n e 73 ( F i g u r e 67 on page 162 and F i g u r e 

104 below) has been r e p o r t e d i n a g l a s s y EPA ( e t h e r - i s o p e n t a n e - e t h a n o l ) 

m a t r i x by K. S h a f f n e r e t a l . ^ 1 F l a s h p h o t o l y t i c a n a l y s i s o f compound 73 a t 

353 nm i n t h e t e m p e r a t u r e range 88-200K r e s u l t e d i n t h e d e t e c t i o n o f a 

t r a n s i e n t a b s o r p t i o n shown t o c o r r e s p o n d t o the t r i p l e t e x c i t e d s t a t e 3 7 3 * 

( t r i p l e t - t r i p l e t a b s o r p t i o n , Amax 380 and 43 0 ) . A t t e m p e r a t u r e s above 210 

K i n t h e f l a s h p h o t o l y t i c e x p e r i m e n t , the sp e c t r u m o f ^73* r e a d i l y 

d i s a p p e a r e d . I n i t s p l a c e , a new sh a r p t r a n s i e n t band grew i n a t Amax 380 

nm. The l i f e t i m e o f the new t r a n s i e n t s p e c i e s was r e m a r k a b l y s h o r t a t t h i s 

t e m p e r a t u r e , w i t h r = 20+4 nsec i n benzene, i s o p r o p a n o l and g l y c e r o l 

t r i a c e t a t e . I t was shown t h a t the s p e c i e s r e s p o n s i b l e f o r t h i s t r a n s i e n t 

c o u l d n o t be an e x c i t e d s t a t e and i t was a s s i g n e d t o the t r i p l e t b i r a d i c a l 

BR-B. S h a f f n e r e t a l . ^ 1 f o u n d f u r t h e r and c o n v i n c i n g e v i d e n c e f o r t h e i r 

a s s i g n m e n t f r o m ESR s p e c t r o s c o p i c measurements t h a t were c o n s i s t e n t w i t h 

t h e s t e p w i s e f o r m a t i o n o f two d i f f e r e n t t r i p l e t b i r a d i c a l s . The p r o g r e s s 

o f t h e t r a n s f o r m a t i o n 73—>BR-A--->BR-B—>PR0D c o u l d a l s o be a c c o u n t e d 

f o r f r o m i n f r a r e d measurements. When the two l a t t e r a n a l y t i c a l t e c h n i q u e s 

were a p p l i e d i t c o u l d be o b s e r v e d t h a t i r r a d i a t i o n a t 77 K gave ESR and IR 



COPh 

F i g u r e 104. The I n t e r m e d i a t e s i n the Di - 7 r-methane R e a c t i o n o f 

N a p h t h o b a r r e l e n e 73. 

t r a n s i e n t bands c o r r e s p o n d i n g t o BR-A t h a t p e r s i s t e d i n the d a r k f o r a t 

l e a s t two h o u r s . When the samples were warmed from 77 t o 94K w i t h o u t any 

f u r t h e r i r r a d i a t i o n , t he c o r r e s p o n d i n g ESR and IR s i g n a l s were s l o w l y 

r e p l a c e d by the s i g n a l s o f a new t r a n s i e n t , BR-B. The s e c o n d i n t e r m e d i a t e 

l a s t e d w i t h o u t d e c r e a s e i n i t s i n t e n s i t y f o r two h o u r s when i t was 

r e - c o o l e d t o 77 K, b u t had a s i g n i f i c a n t l y s h o r t e r l i f e t i m e o f o n l y a few 

m i n u t e s a t 94K. I t was a l s o shown t h a t t h e t r a n s f o r m a t i o n o f the f i r s t 

i n t e r m e d i a t e (BR -A — > BR-B) was an i r r e v e r s i b l e p r o c e s s . I n t e r e s t i n g l y , 

t h e v a r i o u s s t e p s o f t h e p h o t o c h e m i c a l t r a n s f o r m a t i o n c o u l d a l s o be 

f o l l o w e d by p h o s p h o r e s c e n c e and f l u o r e s c e n c e s p e c t r o s c o p y . 7 1 The most 
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s t r i k i n g o b s e r v a t i o n r e l a t e d t o the e m i s s i o n measurements was the f a c t 

t h a t w h i l e compound 73 p r e s e n t e d a s t r o n g p h o s p h o r e s c e n c e , the e m i s s i v e 

s e c o n d b i r a d i c a l i n t e r m e d i a t e p r e s e n t e d t r i p l e t - t r i p l e t f l u o r e s c e n c e . By 

c o r r e l a t i n g t h e ESR s i g n a l i n t e n s i t i e s w i t h the e m i s s i o n s p e c t r o s c o p i c 

b e h a v i o r , t h e a u t h o r s c o n c l u d e d t h a t i t was o n l y t h e second b i r a d i c a l , 

BR-B, t h a t was e m i s s i v e . 

The r e p o r t s by S h a f f n e r e t a l . on the p h o t o c h e m i s t r y o f compound 73 

add s u b s t a n t i a l c r e d i b i l i t y t o the p o s s i b i l i t y t h a t the two i n t e r m e d i a t e 

s p e c i e s o b s e r v e d h e r e , X and Y, may b e l o n g t o the b i r a d i c a l i n t e r m e d i a t e s 

BR-1 and BR-2 shown i n F i g u r e 103 above. A p o s s i b l e c o n c e r n may a r i s e from 

t h e f a c t t h a t our o b s e r v a t i o n s c o u l d be c a r r i e d out w i t h o u t d i f f i c u l t y a t 

ambient t e m p e r a t u r e s on b i r a d i c a l s t h a t p r o b a b l y have nanosecond l i f e t i m e s 

i n f l u i d s o l u t i o n a t the same t e m p e r a t u r e s . However, S c h a f f n e r e t a l . a l s o 

d e m o n s t r a t e d t h a t t h e s t a b i l i z i n g r o l e o f the s o l i d m a t r i x depended m o s t l y 

on r i g i d i t y . T h e l i f e t i m e s o f the i n t e r m e d i a t e s were r e c o r d e d a t 

d i f f e r e n t t e m p e r a t u r e s by f l a s h s p e c t r o s c o p y i n o r d e r t o c a l c u l a t e t h e i r 

a c t i v a t i o n e n e r g i e s ( E a ) . W i t h i n the range s t u d i e d (166-200 K ) , t h e Ea 

v a l u e s o b t a i n e d p a r a l l e l e d the changes i n s o l v e n t v i s c o s i t y as a f u n c t i o n 

o f t e m p e r a t u r e . T h i s was shown t o be t r u e f o r t h r e e d i f f e r e n t s o l v e n t s 

s t u d i e d . 

I t seems p o s s i b l e t h a t the v i s c o s i t y and r i g i d i t y o f a c r y s t a l a t room 

t e m p e r a t u r e may be comparable t o the v i s c o s i t y and r i g i d i t y o f a s o l v e n t 

g l a s s y m a t r i x a r o u n d 200 K. I f t h i s were the c a s e , t h e s t a b i l i t y o f the 

p r o p o s e d b i r a d i c a l s i n t h e c r y s t a l l i n e medium c a n p r o b a b l y be w e l l 

j u s t i f i e d . I t i s i n t e r e s t i n g t o n o t e t h a t i n d i r e c t s p e c t r a l e v i d e n c e a l s o 

s u p p o r t s o u r a s s i g n m e n t s o f s p e c i e s X and Y as t h e b i r a d i c a l s 



-259-

i n t e r m e d i a t e s BR-1 and BR-2. 

I t has been s u g g e s t e d by J.C. S c a i a n o t h a t b i r a d i c a l s g e n e r a l l y show 

1 7 3 

t h e same U V - s p e c t r a l c h a r a c t e r i s t i c s as a n a l o g o u s m o n o r a d i c a l s . ' I n t h i s 

manner, t h e s p e c t r u m o f the p h o t o c h e m i c a l l y g e n e r a t e d N o r r i s h t y p e I I 

b i r a d i c a l from v a l e r p h e n o n e , 1 7 4 v e r y c l o s e l y r e s e m b l e s the s p e c t r u m o f the 

k e t y l r a d i c a l 1 7 5 g e n e r a t e d by p h o t o r e d u c t i o n o f acetophenone. C l e a r l y , 

t h e l o w e s t l y i n g t r a n s i t i o n s i n t h e 1 , 4 - b i r a d i c a l a r e c e n t e r e d i n i t s 

k e t y l f r a g m e n t and the i n t e r a c t i o n w i t h t h e a l k y l 7 - r a d i c a l c e n t e r has a 

s m a l l e f f e c t on t h o s e t r a n s i t i o n s . U s i n g s i m i l a r l o g i c , two d i f f e r e n t 

r a d i c a l chromophores can be i d e n t i f i e d i n the s p e c i e s BR-1. The l o w e s t 

l y i n g t r a n s i t i o n s h o u l d p r o b a b l y be l o c a l i z e d on the s p i r o c y c l o o c t a d i e n y l 

m o i e t y o f the m i g r a t i n g a r o m a t i c r i n g ( F i g u r e 105) and n o t i n the r a d i c a l 

c e n t e r t h a t i s n e x t t o the c a r b o x y l a t e e s t e r group. 

F i g u r e 105. The Two R a d i c a l C e n t e r s o f BR-1. 
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The a b s o r p t i o n and f l u o r e s c e n c e s p e c t r a f o r t h e s p i r o c y c l o o c t a d i e n y l 

r a d i c a l 87-R have been d e t e r m i n e d r e c e n t l y i n c o n n e c t i o n w i t h s t u d i e s on 

th e n e o p h y l r e a r r a n g e m e n t o f t h e 2 - p h e n y l e t h y l r a d i c a l shown i n F i g u r e 

1 0 6 . S a m p l e s c o n t a i n i n g d i - t e r t - b u t y l p e r o x i d e and t h e s p i r o c y c l o o c t a -

d i e n e 87 were i r r a d i a t e d a t 347.1 nm. A t r a n s i e n t a b s o r p t i o n s p e c t r u m , 

c o n s i s t e n t w i t h t h e p r e s e n c e o f p r e v i o u s l y k n o w n ^ ^ c y c l o h e x a d i e n y l - l i k e 

r a d i c a l s , was o b s e r v e d . The s p e c t r u m , c o l l e c t e d o n l y i n t h e v i c i n i t y o f 

th e v i s i b l e r a n g e , was c h a r a c t e r i z e d by a weak a b s o r p t i o n maximum around 

560 nm. The l o c a t i o n o f t h i s maximum, so f a r i n t o t h e r e d , i s n o t v e r y 

common f o r a l i p h a t i c r a d i c a l s b u t has been j u s t i f i e d on e x p e r i m e n t a l and 

t h e o r e t i c a l grounds.1^7 s t u d i e s on o t h e r c y c l o h e x a d i e n y l systems have 

shown t h a t t h e s e s p e c i e s a l s o have a v e r y s t r o n g a b s o r p t i o n i n the 

u l t r a v i o l e t (Amax 330 nm), i n agreement w i t h the s t r o n g (Amax -360 nm) 

a b s o r p t i o n o f X. The f l u o r e s c e n c e from the r a d i c a l 87-R was r e p o r t e d 1 ^ 0 

t o have an o r i g i n a t 558 nm w h i c h was v e r y s i m i l a r t o the one r e p o r t e d f o r 

th e u n s u b s t i t u t e d c y c l o h e x a d i e n y l r a d i c a l . 

The r e s e m b l a n c e between the s p e c t r a l d a t a from X and 87-R i s e v i d e n t 

and s u p p o r t s t h e h y p o t h e s i s t h a t X may be i d e n t i f i e d w i t h BR-1. I t s h o u l d 

be p o i n t e d o u t , however, t h a t t h e a b s o r p t i o n ( f l u o r e s c e n c e e x c i t a t i o n ) and 

e m i s s i o n o f X a r e s t i l l s u b s t a n t i a l l y r e d s h i f t e d (-30-50 nm) w i t h r e s p e c t 

t o t h o s e f r o m 87-R and o t h e r s i m p l e c y c l o h e x a d i e n y l r a d i c a l s . A l t h o u g h 

t h i s d i f f e r e n c e may p o s s i b l y be j u s t i f i e d f rom t h e a d d i t i o n a l s u b s t i t u t i o n 

p r e s e n t i n t h e ca s e o f BR-1, t h e r e i s r e a l l y n o t enough i n f o r m a t i o n 

a v a i l a b l e as t o t h e e f f e c t o f s u b s t i t u e n t s on t h e s p e c t r a l f e a t u r e s o f 

c y c l o h e x a d i e n y l r a d i c a l s . The o b s e r v e d s p e c t r a l d i f f e r e n c e s c o u l d a l s o 

a r i s e from s i g n i f i c a n t i n t e r a c t i o n between t h e two r a d i c a l c e n t e r s , w h i c h 
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we have ignored to t h i s point. 
(a) 

• 1 i i 
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nm 

Figure 106. (a) The Neophyl Rearrangement of the Spirocyclooctadienyl 

Radical 87-R, and, (b) Absorption Spectrum of 87-R. 

Turning our att e n t i o n to the second luminescent species Y, which we 

have t e n t a t i v e l y assigned as the second di-?r-methane b i r a d i c a l BR-2, i t 

can be appreciated that the lowest e l e c t r o n i c t r a n s i t i o n s can probably be 

expected from the b e n z y l i c - l o c a l i z e d r a d i c a l center (Figure 107). The 

spectroscopic properties of benzylic r a d i c a l s have also been studied by a 

number of workers and are r e l a t i v e l y well documented. 1 7 8 I t has been 

found that benzyl r a d i c a l s e x h i b i t a strong absorption band i n the near 

u l t r a v i o l e t region (Amax 305 and 318) , and a very weak and structured band 
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i n t h e v i s i b l e r e g i o n (360-460 nm) w i t h two r e l a t i v e l y s h a r p maxima a t 435 

and 450 nm. 1^ 8 The l a t t e r band i s i n good agreement w i t h t h e f l u o r e s c e n c e 

e x c i t a t i o n band o b s e r v e d from the p r o p o s e d s p e c i e s BR-2, w h i c h was a l s o 

f o u n d t o have two maxima i n t h e v i s i b l e range a t a p p r o x i m a t e l y t h e same 

w a v e l e n g t h s (430 and 460 nm r e s p e c t i v e l y ) . The f l u o r e s c e n c e s p e c t r u m o f 

the b e n z y l r a d i c a l a l s o compares r e m a r k a b l y w e l l w i t h t h e f l u o r e s c e n c e o f 

s p e c i e s Y. P r e s e n t i n g v i b r a t i o n a l s t r u c t u r e , the f l u o r e s c e n c e s p e c t r u m o f 

the b e n z y l r a d i c a l c o v e r s t h e range between 460 and 600 nm, w h i l e the 

f l u o r e s c e n c e o f Y appears between 450 and 650 nm. Even though somewhat 

b r o a d e r , t h e f l u o r e s c e n c e o f Y c l e a r l y p r e s e n t s v i b r a t i o n a l s t r u c t u r e 

c o n s i s t i n g o f a t l e a s t t h r e e major bands w h i c h i s i n e x c e l l e n t agreement 

w i t h the f l u o r e s c e n c e o f t h e b e n z y l r a d i c a l . 

I t i s a p p a r e n t t h a t the s i m i l a r i t y between t h e s p e c t r a o f b e n z y l and Y 

a r e c l o s e r t h a n t h e s i m i l a r i t i e s between t h e s p i r o c y c l o o c t a d i e n y l r a d i c a l , 

87-R, and t h e r e d - s p e c i e s X. W h i l e the s p e c t r a l d i f f e r e n c e s between the 

presumed BR-1 and 87-R may be d i f f i c u l t t o e x p l a i n , t h e s i m i l a r i t i e s 

between BR-2 ( s p e c i e s Y) and b e n z y l have an e x p e r i m e n t a l j u s t i f i c a t i o n . 

T h i s comes from an i n t e r e s t i n g b u t i n c o m p l e t e r e p o r t g i v e n r e c e n t l y on the 

f l u o r e s c e n c e o f d i b e n z o c y c l o h e p t a n y l r a d i c a l (DBCH) s t u d i e d by M e i s e l e t 

a l 1 8 0 ( F i g u r e 1 0 7 ) . The s t r u c t u r a l s i m i l a r i t y t h a t BR-2 has w i t h DBCH i s 

e v i d e n t l y c l o s e r t h a n the s t r u c t u r a l s i m i l a r i t y between b e n z y l and DBCH. 

However, i t was f o u n d t h a t t h e e m i s s i o n s p e c t r u m o f DBCH v e r y c l o s e l y 

r e s e m b l e s t h e s p e c t r u m o f b e n z y l . 
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F i g u r e 107. (a) Comparison Between BR - 2 and t h e B e n z y l R a d i c a l , (b) 

S t r u c t u r e o f t h e D i b e n z o c y c l o h e p t a d i e n y l R a d i c a l DBCH, and, ( c ) A b s o r p t i o n 

and E m i s s i o n S p e c t r a o f t h e B e n z y l R a d i c a l . 

We have p r e s e n t e d s t r o n g e v i d e n c e t h a t i n d i c a t e s t h a t the e m i t t i n g 

s p e c i e s X and Y, formed i n i r r a d i a t e d c r y s t a l s o f d i b e n z o b a r r e l e n e 

d i e s t e r s , may be t h e b i r a d i c a l i n t e r m e d i a t e s evoked i n t h e di-rr-methane 

r e a r r a n g e m e n t . The s t u d y i n i t i a t e d h e r e w a r r a n t s f u r t h e r s p e c t r o s c o p i c 

work i n c l u d i n g the use o f ESR s p e c t r o s c o p y w h i c h s h o u l d p r o v e t h e t r i p l e t 

1/1 
z 
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n a t u r e o f t h e s e s p e c i e s . I n f o r m a t i o n o b t a i n e d t h e r e f r o m s h o u l d be v e r y 

v a l u a b l e i n the a s s i g n m e n t o f the e m i t t i n g s p e c i e s and s h o u l d be an 

i m p o r t a n t t o o l t o h e l p s t u d y i n g the d e t a i l e d mechanism o f the v a r i o u s 

p r o c e s s e s i n v o l v e d i n the t r a n s f o r m a t i o n . 1 ^ 2 S p e c t r o s c o p i c s t u d i e s a t 

d i f f e r e n t t e m p e r a t u r e s (UV-VIS, IR and ESR) s h o u l d h e l p o b t a i n i n g 

i n f o r m a t i o n r e g a r d i n g t h e t h e r m a l b a r r i e r s o b s e r v e d as w e l l as t h e i r 

p o s s i b l e n a t u r e . 
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PART V I . STUDIES ON 9-SUBSTITUTED DIBENZOBARRELENES 

I t was m e n t i o n e d ( P a r t I I I , page 149) t h a t v i n y l s u b s t i t u t e d d i b e n z o 

b a r r e l e n e monoesters (88) r e a r r a n g e w i t h c o m p lete r e g i o s e l e c t i v i t y t o g i v e 

d i b e n z o s e m i b u l l v a l e n e p r o d u c t s h a v i n g t h e e s t e r s u b s t i t u e n t a t t h e C ( 8 c ) 

p o s i t i o n 6 5 (89, F i g u r e 108). T h i s r e s u l t has been i n t e r p r e t e d i n terms o f 

the o d d - e l e c t r o n c e n t e r s t a b i l i z a t i o n by t h e c a r b o n y l group on the 

p r o p o s e d b i r a d i c a l i n t e r m e d i a t e s (page 150). The 9-carbomethoxy d i b e n z o 

b a r r e l e n e 90, on the o t h e r hand, was f o u n d t o r e a r r a n g e t o a 67:33 m i x t u r e 

o f t h e two a l t e r n a t i v e r e g i o i s o m e r s , 91 and 9 2 6 5 ( F i g u r e 109). T h i s r e s u l t 

was i n t e r p r e t e d by H i x s o n e t a l . 4 4 b as a r i s i n g f rom the r e l u c t a n c e o f the 

r e a r r a n g i n g m o l e c u l e t o p o s i t i o n the e l e c t r o n e g a t i v e carbomethoxy group a t 

an i n c i p i e n t c y c l o p r o p y l s i t e t h a t i s g a i n i n g s u b s t a n t i a l s c h a r a c t e r 

(92BR-I -+ 9 2 B R - I I ) . B o t h , v i n y l - and 9 - s u b s t i t u t e d d i b e n z o b a r r e l e n e s were 

r e p o r t e d t o undergo the t r i p l e t di - 7 r-methane r e a r r a n g e m e n t as t h e o n l y 

d e t e c t a b l e p h o t o c h e m i c a l r e a c t i o n . 

F i g u r e 108. P h o t o c h e m i s t r y o f D i b e n z o b a r r e l e n e M o n o e s t e r s . 
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F i g u r e 109. P h o t o c h e m i s t r y o f 9 - C a r b o m e t h o x y - D i b e n o z o b a r r e l e n e . 

The pronounced r e g i o s e l e c t i v i t y o b s e r v e d from compound 88 makes i t an 

a t t r a c t i v e model f o r the r e g i o s e l e c t i v e p r e p a r a t i o n o f d i b e n z o s e m i b u l l v a l 

ene d e r i v a t i v e s where t h e p o s i t i o n o f the e s t e r group may be p r e d i c t e d i n 

a c o n f i d e n t manner. A t t a c h m e n t o f an i s o p r o p y l e s t e r group t o one o f t h e 

b r i d g e h e a d p o s i t i o n s o f compound 88 (R=Me), t o g i v e t h e 10,11- and 

9 , 1 1 - d i e s t e r s 44 and 45 r e s p e c t i v e l y , w o u l d n o t be e x p e c t e d t o a l t e r 

s i g n i f i c a n t l y t h e r e a c t i o n r e g i o s e l e c t i v i t y i n v i e w o f t h e moderate e f f e c t 

p r e v i o u s l y d e t e c t e d f r o m t h e b r i d g e h e a d s u b s t i t u e n t . 6 5 F o r i n s t a n c e , 

r e a c t i o n o f compounds 44 and 45 ( F i g u r e 110) w o u l d be e x p e c t e d t o g i v e 

m a i n l y t h e d i b e n z o s e m i b u l l v a l e n e s 63A and 96 r e s p e c t i v e l y . 



88 
MeOOC MeOOC 

45 COOiPr COOiPr 96 

F i g u r e 110. The 10,11- and 9 - 1 1 - D i b e n z o b a r r e l e n e D i e s t e r s 44 and 45. 

P h o t o l y s i s o f D i e s t e r 1 0 - i P r / l l - M e - 4 4 . 

1) P h o t o l y s i s i n S o l u t i o n . 

D i e s t e r 44 was p h o t o l y z e d f i r s t by s e n s i t i z e d i r r a d i a t i o n i n 0.01 M 

a c e t o n e s o l u t i o n s ( P y r e x f i l t e r ) . A s i n g l e p h o t o p r o d u c t was formed c l e a n l y 

and was i d e n t i f i e d as the e x p e c t e d d i b e n z o s e m i b u l l v a l e n e d e r i v a t i v e 63A 

p r e v i o u s l y i s o l a t e d from the p h o t o l y s i s m i x t u r e o f d i e s t e r M e / i P r - 3 0 ( P a r t 

I I I ) . I n c o n t r a s t t o t h e 1 1 , 1 2 - d i e s t e r s s t u d i e d b e f o r e , 0.1 M benzene and 

a c e t o n i t r i l e s o l u t i o n s o f d i e s t e r 44 d i d n o t r e a c t upon d i r e c t i r r a d i a t i o n 

w i t h t h e n i t r o g e n l a s e r a t 337.1 nm. I t c o u l d be d e m o n s t r a t e d t h a t t he U V 
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a b s o r p t i o n s p e c t r u m o f 44 was b l u e s h i f t e d by about 15 nm w i t h r e s p e c t t o 

t h e a b s o r p t i o n s p e c t r a o f the 1 1 , 1 2 - d i e s t e r s . P h o t o l y s i s a t A > 290 nm 

( P y r e x f i l t e r ) gave two d i f f e r e n t p r o d u c t s a t low c o n v e r s i o n v a l u e s . One 

o f t h e p r o d u c t s i n t h e p h o t o l y s i s m i x t u r e was i d e n t i f i e d as compound 63A 

p r e v i o u s l y o b t a i n e d by s e n s i t i z e d i r r a d i a t i o n . The s econd p r o d u c t has been 

a s s i g n e d t h e d i b e n z o c y c l o o c t a t e t r a e n e s t r u c t u r e 95 ( F i g u r e 111) b a s e d on 

i t s s p e c t r a l p r o p e r t i e s and on p r e v i o u s l i t e r a t u r e r e p o r t s on the 

f o r m a t i o n o f t h i s t y p e o f c o m p o u n d 1 3 ^ > ( v i d e i n f r a ) . Because 95 p r o v e d 

t o be u n s t a b l e under the p h o t o l y s i s c o n d i t i o n s , the r a t i o 63A : 9 5 was 

h i g h l y dependent on the p e r c e n t c o n v e r s i o n . A l t h o u g h e x t r a p o l a t i o n t o z e r o 

p e r c e n t c o n v e r s i o n gave a 63A : 9 5 - 25:75 r a t i o , a t 10% ( g l c ) c o n v e r s i o n 

t h e m i x t u r e s were f o u n d t o c o n t a i n a l m o s t i d e n t i c a l amounts o f the two 

p r o d u c t s . I s o l a t i o n o f 95 f o r i d e n t i f i c a t i o n p u r p o s e s was c a r r i e d o u t by 

p h o t o l y s i s o f 1 gram o f d i e s t e r 44 t o o n l y 10% c o n v e r s i o n . Chromatography 

on s i l i c a g e l removed the u n r e a c t e d s t a r t i n g m a t e r i a l and s e p a r a t i o n from 

63A was a c h i e v e d by f r a c t i o n a l r e c r y s t a l l i z a t i o n from d i e t h y l e t h e r . Mass 

s p e c t r a l a n a l y s i s o f compound 9 5 , w h i c h i s a c r y s t a l l i n e s o l i d (mp — 

172-3°C), r e v e a l e d i t s i s o m e r i c r e l a t i o n s h i p w i t h t h e s t a r t i n g m a t e r i a l 44 

and w i t h t h e t r i p l e t s t a t e p r o d u c t 63A. 



COOMe 

F i g u r e 111. P h o t o c h e m i s t r y o f D i e s t e r 44. 

The p r e s e n c e o f a d i b e n z o c y c l o o c t a t e t r a e n e r i n g s ystem c o u l d be 

c o n f i r m e d by c o m p a r i s o n o f the s p e c t r a l d a t a o b t a i n e d f o r compound 95 w i t h 

t h e d a t a r e p o r t e d i n the l i t e r a t u r e f o r o t h e r s i m i l a r compounds. 1 3 0''' 2 

The NMR s p e c t r u m i s c h a r a c t e r i z e d by the two v i n y l i c p r o t o n s i n t h e 

c y c l o o c t a t e t r a t e n e r i n g w h i c h were f o u n d a t 8.07 and 8.01 ppm r e s p e c t i v e l y 

( s h a r p s i n g l e t s ) . The e i g h t a r o m a t i c p r o t o n s gave a non-symmetric group 

o f s i g n a l s i n t h e r e g i o n from 7.25 t o 7.10 ppm. Resonances c o r r e s p o n d i n g 

t o t h e i s o p r o p y l e s t e r group were f o u n d a t 5.12 (1H, m ethine h e p t e t ) and 

1.38 (6H, m e t h y l groups d o u b l e t ) , w h i l e t h e carbomethoxy group a p p e a r e d a t 

3.79 ppm (3H). The 18 sp c a r b o n s r e q u i r e d i n the non-symmetric 

d i b e n z o c y c l o o c t a t e t r a e n e d i e s t e r s k e l e t o n were f o u n d i n t h e 1 3 C NMR 
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s p e c t r u m . The i n f r a r e d s pectrum o f compound 95 a l s o s u p p o r t e d our 

a s s i g n m e n t as we f o u n d e v i d e n c e f o r two ene-oate systems w h i c h a r e n o t 

e x p e c t e d i n a d i b e n z o s e m i b u l l v a l e n e o r any o t h e r p r o d u c t h a v i n g the 

c a r b o n y l groups on s a t u r a t e d carbons.. The two c a r b o n y l groups a b s o r b a t 

1716 and 1710 cm"-'- ( s h o u l d e r ) and t h e two v i n y l a b s o r p t i o n s o c c u r a t 1632 

and 1640 cm" 1. 

That compound 95 forms from a s i n g l e t s t a t e r e a c t i o n w h i l e 63A i s a 

t r i p l e t - s p e c i f i c p r o d u c t was s u p p o r t e d n o t o n l y by t h e s e n s i t i z a t i o n 

e x p e r i m e n t s b u t a l s o from a S t e r n - V o l m e r a n a l y s i s . 4 5 U s i n g 

1 , 3 - c y c l o h e x a d i e n e as the t r i p l e t energy quencher, t h e quantum y i e l d s o f 

f o r m a t i o n o f 95 ($95) and 63A ($63^) were measured i n benzene s o l u t i o n a t 

313 nm t o c o n v e r s i o n s o f <3%. The quantum y i e l d s o f 95 and 63A a t z e r o 

quencher c o n c e n t r a t i o n were f o u n d t o be 0.06 + 0.005 and 0.023 + 0.002 

r e s p e c t i v e l y . Samples c o n t a i n i n g 0.0, 0.2, 0.4, 0,6, 0.8 and up t o 0.1 M 

quencher d i d n o t a f f e c t $95 b u t d e c r e a s e d $53^ s i g n i f i c a n t l y . T h i s c a n be 

a p p r e c i a t e d i n F i g u r e 112 where a S t e r n - V o l m e r p l o t o f the r e s u l t s i s 

shown. I t s h o u l d be p o i n t e d out t h a t , a c c o r d i n g t o the S t e r n - V o l m e r 

a n a l y s i s , 1 3 ^ t h e d e c r e a s e i n the quantum y i e l d as a f u n c t i o n o f quencher 

c o n c e n t r a t i o n obeys t h e f o l l o w i n g l i n e a r r e l a t i o n s h i p : 

$ 0 / $ <= 1 + k q T [ Q ] 

where $ and $ 0 a r e t h e quantum y i e l d s w i t h and w i t h o u t q uencher, [Q] i s 

t h e quencher c o n c e n t r a t i o n , k q i s t h e b i m o l e c u l a r q u e n c h i n g r a t e c o n s t a n t 

and T i s t h e l i f e t i m e o f the e x c i t e d s t a t e b e i n g quenched. 

From t h e s l o p e o f the l i n e i n F i g u r e 112 (0.8 M " 1 ) , by assuming 
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d i f f u s i o n c o n t r o l l e d e n ergy t r a n s f e r from t r i p l e t 44 t o the quencher, and 

by c o n s i d e r i n g t h e r a t e o f d i f f u s i o n i n benzene t o be kq = 5.0 x l O 9 

m o l ' ^ s e c " 1 , 1 8 2 we a r r i v e t o t h e r e m a r k a b l y s h o r t t r i p l e t l i f e t i m e o f 0.16 

n s e c (« 0.2 n s e c ) . 

$o/$ 

0.8 1.0 1,3-Cyclohexadiene [M] 

F i g u r e 112. S t e r n - V o l m e r P l o t f o r F o r m a t i o n o f D i b e n z o s e m i b u l l v a l e n e 

63A from D i e s t e r 44. 

I t i s i n t e r e s t i n g t o compare the t r i p l e t l i f e t i m e and quantum y i e l d s 

f o r t h e v i n y l monoester 88, the 1 1 , 1 2 - d i e s t e r M e / i P r - 3 0 and the 

1 0 - 1 1 - d i e s t e r l l - M e / 1 0 - i P r - 4 4 ( F i g u r e 111). Compound 88 ( R = E t h y l ) was 

s t u d i e d by S. C r i s t o l 1 3 4 and compounds 30 and 44 have been a n a l y z e d i n 

t h i s t h e s i s . 

D i b e n z o b a r r e l e n e $ r ( n s e c ) 

l l - E t - 8 8 0.12 0.2 

M e / i P r - 3 0 0.20 1.0 

l l - M e / 1 0 - i P r - 4 4 0.02 0.2 
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I t c a n be seen t h a t a l l t h r e e d i b e n z o b a r r e l e n e s have a p p r o x i m a t e l y the 

same r e m a r k a b l y s h o r t t r i p l e t l i f e t i m e . S p e c u l a t i o n as t o t h e p o s s i b l e 

r e a s o n s f o r t h e t e n - f o l d d i f f e r e n c e i n the r e a c t i o n quantum y i e l d s i s n o t 

p o s s i b l e w i t h o u t knowing t h e i n t e r s y s t e m c r o s s i n g quantum y i e l d o f each o f 

t h e above compounds. 4 5 I t seems c l e a r , however, t h a t t h e t r i p l e t 

r e a c t i v i t y o f t h e t h r e e s u b s t i t u t e d d i b e n z o b a r r e l e n e s i s v e r y s i m i l a r i n 

s p i t e o f t h e l a r g e s t r u c t u r a l d i f f e r e n c e s between a l l t h r e e compounds. 

T h i s c o n c l u s i o n i s b a s e d on t h e a s s u m p t i o n t h a t t h e di - 7 .-methane 

r e a r r a n g e m e n t i s the o n l y p r o c e s s t h a t d e a c t i v a t e s t h e t r i p l e t e x c i t e d 

s t a t e . T h i s a s s u m p t i o n i s c o n s i d e r e d t o be v e r y r e a s o n a b l e i n v i e w o f the 

f a s t decay r a t e o f t h e t r i p l e t s t a t e , w h i c h w o u l d make i t d i f f i c u l t f o r 

o t h e r p r o c e s s e s t o compete e f f i c i e n t l y . I t seems t h a t a d d i t i o n o f an 

e s t e r group t o t h e monoester 88, whether on the v i n y l o r on t h e b r i d g e 

p o s i t i o n , does n o t cause any major changes on the c h e m i c a l b e h a v i o r o f the 

t r i p l e t s t a t e . I f the s e n s i t i z e d quantum y i e l d s o f t h e t h r e e compounds 

were known, we c o u l d s p e c u l a t e about the d i f f e r e n c e s i n r e a c t i v i t y between 

t h e c o r r e s p o n d i n g b i r a d i c a l i n t e r m e d i a t e s . V e r y o f t e n a s e n s i t i z e d quantum 

y i e l d o f l e s s t h a n u n i t y can be a s s o c i a t e d w i t h r e v e r s i o n o f the r e a c t i o n 

i n t e r m e d i a t e s t o t h e ground s t a t e o f t h e s t a r t i n g m a t e r i a l . 

I n t e r e s t i n g l y , e v i d e n c e o f s i n g l e t s t a t e r e a c t i v i t y was o n l y f o u n d i n 

t h e c a s e o f t h e b r i d g e h e a d s u b s t i t u t e d d i e s t e r 44. A l t h o u g h t h e r e a c t i o n 

o f d i b e n z o b a r r e l e n e and o t h e r s u b s t i t u t e d d e r i v a t i v e s t o g i v e the 

c o r r e s p o n d i n g d i b e n z o c y c l o o c t a t e t r a e n e s (DBCOT) has been w e l l e s t a b l i s h e d 

as a s i n g l e t s t a t e p r o c e s s , D D •18-"- the f a c t o r s t h a t f a c i l i t a t e t h i s 

r e a c t i v i t y a r e n o t known. A f t e r i t was d i s c o v e r e d t h a t compounds such as 

t h e e s t e r d e r i v a t i v e s Me/Me-18 and E t - 8 8 , do n o t r e a c t f r o m t h e i r s i n g l e t 



s t a t e s , i t was s p e c u l a t e d t h a t perhaps a v e r y e f f i c i e n t i n t e r s y s t e m 

c r o s s i n g p r e v e n t e d t h e s e compounds from d i s p l a y i n g s i n g l e t s t a t e r e a c t i 

v i t y . 6 6 ' 3 The " i n t e r s y s t e m c r o s s i n g " mechanism seemed t o be s u p p o r t e d by 

t h e o b s e r v a t i o n t h a t the a l c o h o l d e r i v a t i v e 97 y i e l d e d s u b s t a n t i a l amounts 

o f t h e c o r r e s p o n d i n g DBCOT 8 6* 3 ( F i g u r e 113). Compound 97 i s n o t e x p e c t e d 

t o have a l a r g e r a t e f o r i n t e r s y s t e m c r o s s i n g s i n c e i t l a c k s a c a r b o n y l 

group w h i c h i s known t o f a v o r the r e q u i r e d s p i n o r b i t c o u p l i n g mechanism. 

We know now t h a t t h e i n t e r s y s t e m c r o s s i n g quantum y i e l d s o f 30 and 44 a r e 

l e s s t h a n u n i t y because t h e s e compounds undergo r e l a t i v e l y e f f i c i e n t room 

t e m p e r a t u r e f l u o r e s c e n c e . 

A n o t h e r r e c e n t r e p o r t on the f o r m a t i o n o f DBCOT from s u b s t i t u t e d 

d i b e n z o b a r r e l e n e s was c o n c e r n e d w i t h a s e r i e s o f b r i d g e h e a d - s u b s t i t u t e d 

d i b e n z o y l d i b e n z o b a r r e l e n e s 9 8 a - f 1 7 9 ( F i g u r e 1 1 3 ) . From k i n e t i c 

e x p e r i m e n t s b a s e d on the d e t e c t i o n o f t h e t r i p l e t e x c i t e d s t a t e s t h r o u g h 

f l a s h p h o t o l y t i c e x p e r i m e n t s , t h e t r i p l e t l i f e t i m e s and t h e quantum y i e l d s 

o f i n t e r s y s t e m c r o s s i n g were measured f o r a l l the compounds s t u d i e d . I t 

was f o u n d t h a t t h e i n t e r s y s t e m c r o s s i n g quantum y i e l d s were v e r y l a r g e f o r 

a l l o f t h e compounds ( 0 . 7 - 1 . 0 ) , and a s t r i k i n g - 1 0 0 - f o l d v a r i a t i o n on t h e 

t r i p l e t l i f e t i m e s was a l s o r e p o r t e d . 1 7 9 Accompanying p r o d u c t a n a l y s i s 

d e m o n s t r a t e d t h a t f o u r o f t h e s i x s u b s t r a t e s (98a-d) undergo t h e t r i p l e t 

s t a t e di - 7 r-methane r e a r r a n g e m e n t , and t h a t two o t h e r compounds (98e and 

9 8 f ) gave t h e c o r r e s p o n d i n g DBCOT's as t h e o n l y d e t e c t a b l e p h o t o p r o d u c t s . 

The a u t h o r s p r o p o s e d 1 7 9 t h a t i n the l a t t e r two c a s e s t h e f o r m a t i o n o f 

p r o d u c t s f r o m t h e t r i p l e t s t a t e was l a r g e l y impeded by t h e b u l k y s u b s t i t u 

e n t . I t was s p e c u l a t e d t h a t the e x c i t e d t r i p l e t s s h o u l d decay t o some 

m e t a s t a b l e i n t e r m e d i a t e s t h a t u l t i m a t e l y decays b a c k t o t h e s t a r t i n g 
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m a t e r i a l . I t seems t h a t the o b s e r v a t i o n o f the s i n g l e t s t a t e r e a c t i v i t y i n 

t h e s e c a s e s was f a c i l i t a t e d by the u n r e a c t i v e b e h a v i o r o f the t r i p l e t . 

T here was no e x p l a n a t i o n o f f e r e d , however, as t o why s t e r i c h i n d r a n c e 

w o u l d n o t impede t h e s i n g l e t s t a t e r e a c t i o n , o r why t h e s i n g l e t s t a t e 

r e a c t i v i t y s h o u l d o n l y be o b s e r v e d i n t h o s e two c a s e s and n o t a t a l l i n 

some o f t h e o t h e r v e r y s i m i l a r compounds ( i . e . t h e 9 - c y c l o p e n t y l d e r i v a 

t i v e 98d) . 

K3 R2 

D B C O T DBSB 

ipound R l R 2 *3 DBCOT DBSB Ref 

97 C(OH)(CH 3) 2 H H 100 - 86b 
98a COPh COPh CH 20H - 64-82 179 
98b COPh COPh CH 2CH 3 - 75-86 11 

98c COPh COPh CH 2Ph - 57 11 

98d COPh COPh C 5 H 9 - 39-47 11 

98e COPh COPh C H ( C H 3 ) 2 21-22 - II 

9 8 f COPh COPh C 6 H l l 46-55 - 11 

99 C0 2Me C0 2Me Me 77 13 72 
100 C0 2Me C0 2Me NHOAc 15 85 130 

F i g u r e 113. D i b e n z o b a r r e l e n e s t h a t D i s p l a y S i n g l e t S t a t e R e a c t i v i t y . 
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W i t h r e s p e c t t o the d i e s t e r s s t u d i e d t h i s t h e s i s , i t s h o u l d be p o i n t e d 

o u t t h a t a s i n g l e t s t a t e r e a c t i o n w i t h $ > 0.05 c o u l d n o t have p a s s e d 

u n d e t e c t e d i n t h e case o f d i e s t e r 30, o r o t h e r 1 1 , 1 2 - d i e s t e r s , u n l e s s t he 

c o r r e s p o n d i n g DBCOT had r a p i d l y i s o m e r i z e d i n t o t h e d i b e n z o s e m i b u l l v a l e n e s 

63A, 63B o r i n t o t h e s t a r t i n g m a t e r i a l under t h e r e a c t i o n c o n d i t i o n s . I n 

o r d e r t o a n a l y z e t h i s p o s s i b i l i t y , the p h o t o c h e m i s t r y o f DBCOT 95 was 

a n a l y z e d i n d i l u t e benzene, a c e t o n i t r i l e and a c e t o n e s o l u t i o n s . I n a l l 

c a s e s , up t o 25 g l c peaks were found, none o f w h i c h had a r e t e n t i o n time 

c o r r e s p o n d i n g t o any o f the above d i b e n z o s e m i b u l l v a l e n e s o r t o d i b e n z o b a r 

r e l e n e s 30 o r 44. G i v e n the s m a l l amount o f DBCOT 95 a v a i l a b l e , no a t t e m p t 

was made t o i d e n t i f y t he major r e a c t i o n p r o d u c t w h i c h a c c o u n t e d f o r 30% o f 

the t o t a l r e a c t i o n m i x t u r e . The l o n g e r g l c r e t e n t i o n t i m e and the mass o f 

t h i s m a t e r i a l (glc-MS gave m/e •= 694) i n d i c a t e s t h e p o s s i b i l i t y o f a 

p h o t o c h e m i c a l d i m e r i z a t i o n r e a c t i o n . 

W h i l e i t i s c l e a r t h a t a low quantum y i e l d f rom the t r i p l e t s t a t e 

r e a c t i o n w o u l d f a v o r o b s e r v a t i o n o f s i n g l e t s t a t e r e a c t i v i t y , i t i s s t i l l 

n o t c l e a r what the f a c t o r s a r e t h a t f a c i l i t a t e t h e l a t t e r . A v e r y 

t e n t a t i v e c o r r e l a t i o n c a n be p o s t u l a t e d , however, between d i b e n z o b a r r e l e n e 

s u b s t i t u t i o n a t the 9 - p o s i t i o n and s i n g l e t s t a t e r e a c t i v i t y . R e c e n t 

s t u d i e s i n t h i s l a b o r a t o r y have shown t h a t 9 - m e t h y l - d i b e n z o b a r r e l e n e 

d i e s t e r (99) r e a c t s f r o m i t s s i n g l e t s t a t e t o g i v e t h e c o r r e s p o n d i n g 

d i b e n z o c y c l o o c t a t e t r a e n e , ' and a s i m i l a r r e p o r t on the c o r r e s p o n d i n g 

9 - a c e t a m i d o - d e r i v a t i v e (100) has been p u b l i s h e d by P a d d i c k e t a l . - ^ O 

2) P h o t o l y s i s i n t h e S o l i d S t a t e . 

P h o t o l y s i s o f s i n g l e and powdered c r y s t a l s o f d i e s t e r 44 was c a r r i e d 
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o u t w i t h t h e P y r e x f i l t e r e d o u t p u t o f the H a n o v i a lamp. The r e a c t i o n 

p r o c e e d e d s l o w l y and p h o t o l y s i s f o r as l o n g as 40 h y i e l d e d o n l y 10% o f 

p h o t o p r o d u c t s . No t r a c e o f m e l t i n g was d e t e c t e d i n t h e s e samples (mp = 

99-100°C). 

I n a manner s i m i l a r t o t h a t o b s e r v e d as i n s o l u t i o n p h o t o l y s i s , the 

p r o d u c t r a t i o was f o u n d t o v a r y w i t h the p e r c e n t c o n v e r s i o n . The 

95 :63A=48:52 r a t i o o b t a i n e d by e x t r a p o l a t i o n t o z e r o p e r c e n t c o n v e r s i o n 

was s u b s t a n t i a l l y d i f f e r e n t from t h e r a t i o p r e v i o u s l y o b t a i n e d i n s o l u t i o n 

by d i r e c t i r r a d i a t i o n ( 7 5 : 2 5 ) . The f a c t t h a t the s o l i d s t a t e f a v o r s the 

t r i p l e t s t a t e r e a c t i o n cannot be r i g o r o u s l y a t t r i b u t e d t o a d i f f e r e n t 

s i n g l e t : t r i p l e t e x c i t e d s t a t e p a r t i t i o n i n g because o f the r e l a t i v e 

i n e f f i c i e n c y o f the two r e a c t i o n p r o c e s s e s . An e x p l a n a t i o n t h a t p o s t u l a t e s 

t h a t t h e di-jr-methane r e a r r a n g e m e n t i s a t o p o c h e m i c a l l y more f a v o r e d 

p r o c e s s w i t h r e s p e c t t o the r e a c t i o n t o form DBCOT i s an e q u a l l y v i a b l e 

a l t e r n a t i v e . The i n e f f i c i e n c y o f the two c h e m i c a l p r o c e s s e s can p r o b a b l y 

be a t t r i b u t e d t o the r e l a t i v e l y t i g h t c r y s t a l p a c k i n g o f compound 44 

d e m o n s t r a t e d f r o m i t s X - r a y c r y s t a l s t r u c t u r e (see d i s c u s s i o n b e l o w ) . 1 4 3 

The r e s o n a n c e s t a b i l i z i n g a b i l i t y o f t h e c a r b o n y l group a t the v i n y l 

p o s i t i o n on the b i r a d i c a l i n t e r m e d i a t e s i s e x p e c t e d t o be c l o s e t o 

i d e a l . 7 9 The m e t h y l e s t e r group has a t o r s i o n a n g l e o f 167.8°, w h i c h makes 

i t c l o s e t o t h e more s t a b l e s - t r a n s c o n f o r m a t i o n ( 1 8 0 ° ) . 8 0 • 1 3 6 The p a c k i n g 

d i a g r a m o f c r y s t a l s o f 44 ( c e n t r o s y m m e t r i c space group P2^/a) i s shown i n 

F i g u r e 114. T h i s d i a g r a m c l e a r l y d e m o n s t r a t e s t h e c o n g e s t e d e n v i r o n m e n t a t 

t h e two s i d e s o f t h e C(11)=C(12) v i n y l i c d o u b l e bond (see m o l e c u l a r 

s t r u c t u r e and numbering a l s o i n F i g u r e 114). I t was a l s o f o u n d t h a t b o t h 

c a r b o n y l oxygens and a h y d r o g e n atom have s h o r t i n t e r m o l e c u l a r c o n t a c t s 



( i n t e r a t o m i c d i s t a n c e s under the sum o f t h e i r Van d e r Waals r a d i i o f 2.72 

A f o r 0...H and 2.40 A f o r H . . . H ) 1 5 1 : 0 ( 2 ) . . . H ( 2 ) 2.58 A, 0 ( 4)...H(18b) 

2.55A and H(18)...H(18') 2.29 A . W h i l e the c o n g e s t i o n a t b o t h s i d e s o f t h e 

d o u b l e bond i s e x p e c t e d t o s l o w the i n t r a m o l e c u l a r 2rr + 2rr c y c l o a d d i t i o n 

n e c e s s a r y f o r the s i n g l e t s t a t e r e a c t i o n , the f i r s t s t e p o f the t r i p l e t 

r e a c t i o n may n o t be so l a r g e l y impeded. The H(12) a t t a c h e d t o t h e v i n y l 

c a r b o n u n d e r g o i n g t h e b e n z o - v i n y l b r i d g i n g s t e p i s l o c a t e d i n a r e l a t i v e l y 

f r e e e n v i r o n m e n t . The s t e r i c i n t e r a c t i o n s t h a t c o u l d a r i s e between H(12) 

and i t s l a t t i c e n e i g h b o r s s h o u l d n o t be v e r y s t r o n g and t h e y w o u l d n o t be 

e x p e c t e d t o r e t a r d the f i r s t r e a c t i o n s t e p t o g i v e BR-1 ( F i g u r e 111, page 

269). Even though the r e a r o m a t i z a t i o n s t e p ( t o g i v e BR-2) i s e x p e c t e d t o 

o c c u r w i t h r e l a t i v e ease, i t seems t h a t the f i n a l c y c l o p r o p y l r i n g - f o r m i n g 

s t e p c o u l d be a l i m i t i n g f a c t o r . The f i n a l bond i n t h e d i b e n z o s e m i b u l l v a l 

ene p r o d u c t i s formed between C(10) and C ( l l ) , w h i c h a r e f o u n d i n the 

s t a r t i n g m a t e r i a l a t a non-bonded d i s t a n c e o f 2.41 A . A l t h o u g h changes i n 

t h i s d i s t a n c e a t the s t a g e o f the two r e a c t i o n i n t e r m e d i a t e s a r e n o t 

known, i t i s e x p e c t e d t h a t i t s magnitude s h o u l d n o t change d r a s t i c a l l y 

u n t i l t h e s i n g l e bond i s t o be formed. Here, t h e two c a r b o n s must come t o 

a d i s t a n c e o f a p p r o x i m a t e l y 1.54 A and the s t e r i c i n t e r a c t i o n s between t h e 

i s o p r o p y l e s t e r group and t h e c r y s t a l l a t t i c e a r e e x p e c t e d t o be c o n s i d e r 

a b l e d u r i n g t h i s d i s p l a c e m e n t . I t seems p o s s i b l e t h a t , i n the e v e n t where 

t h i s b o n d i n g p r o c e s s i s f r u s t r a t e d by i n t e r m o l e c u l a r s t e r i c i n t e r a c t i o n s , 

t h e 1 , 3 - b i r a d i c a l BR-2 c o u l d r e v e r t t o s t a r t i n g m a t e r i a l t h r o u g h BR-1, 

p e r h a p s a c c o u n t i n g f o r the low r e a c t i o n e f f i c i e n c y . A t t e m p t s t o d e t e c t any 

o f t h e p o s t u l a t e d b i r a d i c a l i n t e r m e d i a t e s by l u m i n e s c e n c e s p e c t r o s c o p y 

have been u n s u c c e s s f u l . We do n o t know, however, whether o u r n e g a t i v e 
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r e s u l t s a r e due t o low l u m i n e s c e n c e quantum y i e l d s , t o low a c c u m u l a t i o n 

l e v e l s o f BR-1 and BR-2, o r t o a l a c k o f s i g n i f i c a n t c h e m i c a l r e a c t i v i t y 

a l t o g e t h e r . 

F i g u r e 114. S t e r e o v i e w s o f t h e P a c k i n g Diagram and M o l e c u l a r S t r u c t u r e 

o f D i e s t e r 44. 



P h o t o l y s i s o f D i e s t e r l l - M e / 9 - I P r - 4 5 . 

1) I n S o l u t i o n . 

The p r o c e d u r e u s e d t o p h o t o l y z e d i e s t e r 44 was r e p e a t e d i n the case o f 

45. S i m i l a r r e s u l t s were d i s c o v e r e d when a c e t o n e s o l u t i o n s gave a major 

p r o d u c t t h a t a c c o u n t e d f o r 90% o f the p h o t o p r o d u c t m i x t u r e . The NMR, 

MS, and FTIR were i n complete agreement w i t h the s t r u c t u r e o f the 

e x p e c t e d d i b e n z o s e m i b u l l v a l e n e d e r i v a t i v e 96. The NMR s p e c t r u m o f 96 

c o n s i s t s o f : (1) two s y m m e t r i c a l peak p a t t e r n s between 7.25 and 7.00 ppm 

(8H) t h a t were a s s i g n e d t o the a r o m a t i c p r o t o n s , (2) the r e s o n a n c e s o f the 

i s o p r o p y l e s t e r group appeared a t 5.31 (1H, h e p t e t , J=7Hz) and 1.30 ppm 

(6H, d o u b l e t , J=7Hz), (3) the two c y c l o p r o p y l p r o t o n s t h a t a p p e a r e d a t 

3.82 ppm as a s h a r p s i n g l e t as e x p e c t e d f o r the m i r r o r - s y m m e t r i c d i b e n 

z o s e m i b u l l v a l e n e s t r u c t u r e ( t h i s c h e m i c a l s h i f t compares w e l l w i t h the 

s i g n a l f r o m t h e c o r r e s p o n d i n g p r o t o n s i n the d i b e n z o s e m i b u l l v a l e n e 89 

(page 265) s t u d i e d by C i g a n e k , w h i c h appear a t 3.77 ppm), and, (4) the 

m e t h y l r e s o n a n c e o f the o t h e r e s t e r group appears a t 3.65 ppm. 

A l t h o u g h t h e minor component o f t h e r e a c t i o n m i x t u r e (5%) c o u l d n o t be 

i s o l a t e d , some o f i t s s i g n a l s i n t h e NMR s p e c t r u m o f the r e a c t i o n 

m i x t u r e a r e i n d i c a t i v e o f the a l t e r n a t i v e r e g i o i s o m e r i c d i b e n z o s e m i b u l l 

v a l e n e s t r u c t u r e 1 0 2 . T h i s c o n c l u s i o n i s b a s e d on t h e p r e s e n c e o f two 

d o u b l e t s a t 4.25 and 4.69 ( J •= 8Hz), perhaps a s s i g n a b l e t o the v i c i n a l l y 

c o u p l e d p r o t o n s H(4b) and H ( 8 c ) . T h i s a s s i g n m e n t i s v e r y u n c e r t a i n and 

r e q u i r e s f u r t h e r p r o o f . 

D i r e c t p h o t o l y s i s o f D i e s t e r 45 i n a c e t o n i t r i l e s o l u t i o n r e s u l t e d i n 

t h e f o r m a t i o n o f t h e two p r o d u c t s o b s e r v e d b e f o r e , a l t h o u g h t h i s t i m e t h e y 
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c o n s t i t u t e d o n l y 15% o f the r e a c t i o n m i x t u r e (when e x t r a p o l a t e d t o z e r o 

p e r c e n t c o n v e r s i o n ) . The major ( 8 5 % ) , s i n g l e t - s p e c i f i c p h o t o p r o d u c t , was 

n o t i s o l a t e d b u t i n a n a l o g y w i t h d i e s t e r 44 i t was assumed t o be the 

d i b e n z o c y c l o o c t a t e t r a e n e 101 ( F i g u r e 1 1 5 ) . 

COOiPr 

F i g u r e 115. P h o t o c h e m i s t r y o f D i e s t e r 45. 

The p h o t o p r o d u c t r a t i o was r e m a r k a b l y a l t e r e d i n t h e s o l i d s t a t e . 

A f t e r p h o t o l y s i s t i m e s o f o n l y 10 min t h e p e r c e n t c o n v e r s i o n d e t e c t e d by 

g l c was w i t h i n 2.5 and 4% and t h e 101:96 r a t i o was f o u n d t o be 25:75 

(compared t o 85:15 i n s o l u t i o n ) . 

I t was o b v i o u s t h a t d i e s t e r 45 has a r e m a r k a b l y g r e a t e r s o l i d s t a t e 



-281-

r e a c t i v i t y compared t o d i e s t e r 44. The p h o t o l y s i s t i m e r e q u i r e d t o r e a c h 

t h e same c o n v e r s i o n under s i m i l a r i r r a d i a t i o n c o n d i t i o n s was up t o 15-20 

t i m e s l o n g e r i n t h e c a s e o f 44. T h i s i n t e r e s t i n g o b s e r v a t i o n c a n be 

s p e c u l a t i v e l y a s c r i b e d t o t h e s m a l l s i z e o f the s u b s t i t u e n t s a t t a c h e d t o 

t h e atoms u n d e r g o i n g the l a r g e r d i s p l a c e m e n t s d u r i n g t h e r e a c t i o n ( i . e . 

C(12) and C ( 1 0 ) . The X - r a y c r y s t a l s t r u c t u r e o f d i e s t e r 45 was o b t a i n e d 

( s p a c e group C2/c) and the p a c k i n g d i a g r a m i n d i c a t e d t h a t , i n c o n t r a s t t o 

t h e p a c k i n g o f d i e s t e r 44, t h e r e a r e no u n u s u a l l y s h o r t c o n t a c t s , and t h a t 

t h e moving v i n y l and b r i d g h e a d c a r b o n s a r e r e l a t i v e l y f r e e (C(12) and 

C(10) i n F i g u r e 116). The m o t i o n s o f the m e t h y l and i s o p r o p y l e s t e r 

groups a l o n g t h e r e a c t i o n a r e e x p e c t e d t o be m i n i m a l i n t h i s case s i n c e 

t h e y a r e i n a p o s i t i o n t h a t i s r a t h e r remote from the r e a c t i o n c e n t e r s 

( F i g u r e 115). 
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F i g u r e 116. S t e r e o v i e w o f t h e M o l e c u l a r and P a c k i n g S t r u c t u r e s o f 

D i e s t e r 45. 

\ 
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EXPERIMENTAL 

G e n e r a l 

M e l t i n g P o i n t s (mp). M e l t i n g p o i n t s were d e t e r m i n e d on a F i s h e r - J o h n s 

h o t s t a g e a p p a r a t u s and a r e u n c o r r e c t e d . 

I n f r a r e d S p e c t r a ( I R ) . I n f r a r e d s p e c t r a were r e c o r d e d on a P e r k i n 

Elmer 1710 F o u r i e r t r a n s f o r m s p e c t r o m e t e r . The p o s i t i o n s o f t h e a b s o r p t i o n 

maxima a r e r e p o r t e d i n cm" 1. The s p e c t r a o f l i q u i d samples were r e c o r d e d 

w i t h o u t s o l v e n t as t h i n f i l m s between two sodium c h l o r i d e p l a t e s . S o l i d 

samples (2-5 mg) were ground i n KBr (100-200 mg) and p e l l e t e d i n an 

e v a c u a t e d d i e ( P e r k i n Elmer 186-0002) w i t h a l a b o r a t o r y p r e s s ( C a r v e r , 

model B) a t 20,000 p s i . 

N u c l e a r M a g n e t i c Resonance S p e c t r a . P r o t o n n u c l e a r m a g n e t i c r e s o n a n c e 

(^H NMR) s p e c t r a , as i n d i c a t e d i n each c a s e , were r e c o r d e d i n d e u t e r a t e d 

c h l o r o f o r m , benzene, a c e t o n e o r a c e t o n i t r i l e . The s p e c t r o m e t e r s u s e d were 

a B r u k e r WP-80 (80 MHz), a V a r i a n XL-300 (300 MHz) and a B r u k e r WP-400 

(400 MHz). S i g n a l p o s i t i o n s a r e g i v e n i n ppm ( d e l t a ( 6 ) , u n i t s ) w i t h 

t e t r a m e t h y l s i l a n e as i n t e r n a l r e f e r e n c e . The number o f p r o t o n s , s i g n a l 

m u l t i p l i c i t y , c o u p l i n g c o n s t a n t s ( i n Hz) and a s s i g n m e n t s a r e g i v e n i n 

p a r e n t h e s e s f o l l o w i n g t h e s i g n a l p o s i t i o n . 

C a rbon n u c l e a r m a g n e t i c r e s o n a n c e ( 1 3 c NMR) s p e c t r a were r e c o r d e d a t 

75.4 MHz on a V a r i a n XL-300 i n s t r u m e n t u s i n g d e u t e r o c h l o r o f o r m as a 

s o l v e n t and t e t r a m e t h y l s i l a n e as t h e i n t e r n a l r e f e r e n c e . C h e m i c a l s h i f t s 
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o b s e r v e d under b r o a d band p r o t o n d e c o u p l i n g 1 JC-{ H} a r e g i v e n i n ppra 

( d e l t a ( 5 ) , u n i t s ) f o l l o w e d i n some c a s e s by t h e i r a s s i g n m e n t . 

U l t r a v i o l e t S p e c t r a (UV). The UV s p e c t r a were r e c o r d e d on a Lambda-4 

P e r k i n Elmer s p e c t r o m e t e r . 

Mass S p e c t r a (MS). Low and h i g h r e s o l u t i o n mass s p e c t r a were o b t a i n e d 

on a K r a t o s M S 50 mass s p e c t r o m e t e r . C o u p l e d gas chromatography-mass 

s p e c t r a l a n a l y s i s ( g l c - M S ) was p e r f o r m e d on a K r a t o s M S 80 s p e c t r o m e t e r 

a t t a c h e d t o a C a r l o - E r b a gas chromatogram. 

M i c r o a n a l y s i s . Carbon, h y d r o g e n and n i t r o g e n e l e m e n t a l a n a l y s i s were 

p e r f o r m e d by t h e d e p a r t m e n t a l m i c r o a n a l y s t , Mr. P. B o r d a . 

Gas L i q u i d Chromatography ( g l c ) . Gas c h r o m a t o g r a p h i c a n a l y s e s were 

p e r f o r m e d on a H e w l e t t - P a c k a r d 5890 A gas chromatograph. The s i g n a l from a 

f l a m e i o n i z a t i o n d e t e c t o r was i n t e g r a t e d by a H e w l e t t - P a c k a r d 3392 A 

i n t e g r a t o r . H e l i u m was u s e d as t h e c a r r i e r gas w i t h a column head p r e s s u r e 

o f 15 p s i . A 15 m x 0.25 mm f u s e d s i l i c a c a p i l l a r y DB-1 column from J&W 

s c i e n t i f i c I n c . was u s e d f o r most a n a l y s e s . 

T h i n L a y e r Chromatography ( t i c ) . A n a l y t i c a l t i c was p e r f o r m e d on 

c o m m e r c i a l p r e - c o a t e d s i l i c a g e l p l a t e s (E. Merck, t y p e 5554). 

O p t i c a l R o t a t i o n s ( [ a ] n ) - The i n s t r u m e n t u s e d was a P e r k i n Elmer 141 

p o l a r i m e t e r o p e r a t e d a t t h e sodium D l i n e (589 nm). Measurements were 
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r e a l i z e d a t 20 °C on a 10 cm p a t h l e n g t h c e l l w i t h a t o t a l volume o f 1 ml. 

The o p t i c a l r o t a t i o n o f a sample o f ( 1 ) - ( - ) - m e n t h o l ( A l d r i c h ) i n e t h a n o l 

[a]jy=50.1 (c=0.1) and pu r e c h l o r o f o r m [a]ry=0 were u s e d t o c a l i b r a t e t h e 

i n s t r u m e n t r e a d i n g s . 

S o l v e n t s and Reagents. S p e c t r a l grade s o l v e n t s were f u r t h e r p u r i f i e d 

f o r s p e c t r o s c o p i c and p h o t o c h e m i c a l s t u d i e s by methods r e p o r t e d i n the 

l i t e r a t u r e . O p t i c a l l y a c t i v e m a t e r i a l s were u s e d assuming t h e manufac

t u r e r ' s s p e c i f i c a t i o n s t o be c o r r e c t . 

C r y s t a l l i z a t i o n s . C r y s t a l l i z a t i o n s were s y s t e m a t i c a l l y e x p l o r e d f o r 

most compounds i n s e v e r a l s o l v e n t s , s o l v e n t m i x t u r e s and from t h e m e l t . 

C r y s t a l l i z a t i o n s from s o l u t i o n were p e r f o r m e d by s l o w s o l v e n t e v a p o r a t i o n 

a t ambient t e m p e r a t u r e and p r e s s u r e . C r y s t a l l i z a t i o n f r o m t h e m e l t were 

c a r r i e d out by two methods: a) s m a l l s c a l e c r y s t a l l i z a t i o n s ( l e s s t h a n 50 

mg) were p e r f o r m e d by s l o w l y l o w e r i n g the t e m p e r a t u r e o f t h e sample 

c o n t a i n e d i n a s e a l e d v i a l on the h o t s t a g e F i s h e r - J o h n s m e l t i n g p o i n t 

a p p a r a t u s . P o l y c r y s t a l l i n e m a t e r i a l was o b t a i n e d by t h i s method and, b) 

l a r g e r s c a l e c r y s t a l l i z a t i o n s ( up t o 2 g r ) were p e r f o r m e d by s l o w l y 

l o w e r i n g t h e t e m p e r a t u r e o f samples c o n t a i n e d i n a s e a l e d v i a l i n s i d e a 

K u g e l r o h r oven. I n some i n s t a n c e s n u c l e a t i o n was i n d u c e d by p r i c k i n g the 

m o l t e n s u p e r - c o o l e d sample w i t h a f l a m e d n e e d l e . The p o s s i b i l i t y o f h a v i n g 

p o l y m o r p h i c m o d i f i c a t i o n s was s y s t e m a t i c a l l y m o n i t o r e d by s o l i d s t a t e 

i n f r a r e d s p e c t r o s c o p y . 

X-Ray A n a l y s i s . A l l X - r a y s t r u c t u r e s were d e t e r m i n e d by Dr. F r e d 
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W i r e k o and P r o f . James T r o t t e r . The s t e r e o s c o p i c diagrams p r e s e n t e d i n 

t h i s t h e s i s were drawn w i t h a l o c a l l y m o d i f i e d v e r s i o n o f t h e ORTEP 

program a t a 50% p r o b a b i l i t y l e v e l . F u t h e r d e t a i l s and d i s c u s s i o n on the 

c r y s t a l l o g r a p h i c work ( i n c l u d i n g t h e R - f a c t o r s , s t a n d a r d d e v i a t i o n s , 

t h e r m a l p a r a m e t e r s , e t c . ) c a n be f o u n d i n t h e Ph.D T h e s i s o f Dr. F r e d 

W i r e k o ( U n i v e r s i t y o f B r i t i s h C o l u m b i a , 1988). 

S y n t h e s i s o f S t a r t i n g M a t e r i a l s . 

D i m e t h y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x v l a t e (18~) . 5 6 

A56 100 ml ro u n d b o t t o m f l a s k c o n t a i n i n g 5 g (28.1 mmol) o f a n t h r a c e n e 

and 4.3 g (30 mmol) o f d i m e t h y l - 2 - b u t y n e - 1 , 4 - d i o a t e was a t t a c h e d t o a 

r e f l u x c o n d e n s e r and k e p t a t 190°C f o r 2 h i n an o i l b a t h . The m o l t e n 

r e a c t i o n m i x t u r e was a l l o w e d t o c o o l down and s o l i d i f y t o a brown 

p o l y c r y s t a l l i n e mass. The s o l i d was d i s s o l v e d i n 30 ml o f r e f l u x i n g CHCI3. 

C r y s t a l l i z a t i o n was t h e n i n d u c e d by s c r a t c h i n g w i t h a g l a s s r o d a f t e r 

a d d i t i o n o f 50 ml o f c o l d e t h a n o l t o y i e l d 8.5 g o f a p a l e y e l l o w s o l i d . 

A f t e r two r e c r y s t a l l i z a t i o n s from CHCl 3-EtOH, 8.1 g (25.3 mmol, 90% 

y i e l d ) o f p u r e 18 were o b t a i n e d as a w h i t e s o l i d w i t h mp = 160-161°C 

( l i t : 6 5 160-161°C). The s p e c t r o s c o p i c p r o p e r t i e s o f 18 w h i c h f o l l o w were 

i n c o m p l e t e agreement w i t h t h o s e r e p o r t e d i n t h e l i t e r a t u r e . 6 5 

1 H NMR (CDCI3, 80 MHz): S 7.5-6.9 (8H, m, Ar-H), 5.5 (2H, s, 

bridgehead - H ), 3.8 (6H, s, -C02CH3). 
1 3 C NMR (CDCI3, 75 MHz): S 165.8 (C=0); 146.9, 143.7, 125.3, 123.7 

(Ar -C and V i n y l i c - C ) , 52.3 (-C02CH3), 52.2 (Bridgehead - C ) . 

IR ( KBr) 1713, 1720 (2 C=0), 1632 (E-C-C-E), 1275 (C-0) cm' 1. 

MS m/e ( r e l . i n t e n s i t y ) 320 (M +, 5 2 . 5 ) , 260 ( 1 0 0 ) , 202 ( 8 4 ) , 178 ( 4 9 ) . 
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UV ( C y c l o h e x a n e ) A m a x : 270 nm (e 579,000) and 278 (e 580,000) 

<„_,*>; 290 sh (e 1,000) (n-Tr*) 

The s t r u c t u r e o f d i e s t e r 18 was a l s o c o n f i r m e d by X - r a y c r y s t a l l o -

g r a p h i c a n a l y s i s . 

9 . 1 0 - D i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x v l i c a c i d ( 1 9 ) . 5 6 

E i g h t grams (25 mmol) o f t h e d i e s t e r 18 were suspended i n 50 ml o f a 

30% NaOH s o l u t i o n t o w h i c h 30 ml o f e t h a n o l had been p r e v i o u s l y added. The 

m i x t u r e was r e f l u x e d u n t i l t h e suspended m a t e r i a l was c o m p l e t e l y d i s s o l v e d 

and t h e n f o r two a d d i t i o n a l h o u r s . The r e a c t i o n m i x t u r e was c o o l e d t o 

room t e m p e r a t u r e and washed w i t h d i e t h y l e t h e r t o e l i m i n a t e t r a c e s o f 

u n r e a c t e d s t a r t i n g m a t e r i a l . The aqueous f r a c t i o n c o n t a i n i n g t h e a c i d s a l t 

was a c i d i f i e d by d r o p w i s e a d d i t i o n o f c o n c e n t r a t e d HC1 w h i l e s t i r r i n g i n an 

i c e - w a t e r b a t h . When the a c i d had c o m p l e t e l y p r e c i p i t a t e d i t was e x t r a c t e d 

w i t h d i e t h y l e t h e r (2 x 200 m l ) . The combined o r g a n i c f r a c t i o n s were t h e n 

d r i e d o v e r anhydrous Na 2S04 and e v a p o r a t e d t o d r y n e s s . The d i a c i d 19 (6.5 

g, 22.3 mmol, 89 % y i e l d ) was o b t a i n e d as a w h i t e s o l i d . R e c r y s t a l l i z a t i o n 

f r o m acetone-hexane gave p r i s m s w i t h mp = 215-216°C ( l i t 6 4 mp =215-216°). 

-̂H NMR (CDCI3, 80 MHz) S 8.2 (2H, s. -C0 2H, exchanges w i t h D 20) , 

7.6-7.0 (8H, m, A r - H ) , 6.0 (2H, s, b r i d g e h e a d - H ) . 

IR (KBr) 3400-3600 (-C0 2-H), 1700 (C=0) cm' 1. 

MS m/e ( r e l . i n t e n s i t y ) 292 ( M + , 0.4), 248 ( 2 1 . 5 ) , 230 ( 5 6 ) , 202 

( 1 0 0 ) , 178 ( 5 . 3 ) . 

9 . 1 0 - D i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - 1 2 - d i c a r b o x v l i c a c i d a n h y d r i d e 



- 2 8 8 -

1 2 0 1 . 5 6 

A s u s p e n s i o n o f 5 g (17 mmol) o f d i a c i d 19 i n 50 ml o f CH2CL2 and 4 

gr (35 mmol) o f o x a l y l c h l o r i d e was r e f l u x e d f o r 24 h. A f t e r t h i s t i m e 

t h e s o l v e n t and e x c e s s c h l o r i d e were e v a p o r a t e d i n vacuo and t h e r e s u l t i n g 

s o l i d was r e c r y s t a l l i z e d t w i c e from e t h y l a c e t a t e t o g i v e s l i g h t l y y e l l o w 

p r i s m s w i t h mp = 252-254°C ( l i t . 5 6 mp = 247°C). 

•̂H NMR (CDCI3, 80 MHz) S 7.5-7.0 (8H, m, Ar-H) , 5.6 (2H, s, 

b r i d g e h e a d - H ) . 

IR (KBr) 1843 (C=0 a n t i s y m m e t r i c ) , 1787,1767 (C=0 s y m m e t r i c ) , 1637 

(C=C) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 274 ( M + , 6 7 ) , 230 ( 5 9 ) , 202 ( 1 0 0 ) , 178 ( 5 7 ) . 

D i e t h v l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x v l a t e ( 2 1 ) . 

A s o l u t i o n o f t h e d i e s t e r 18 (2 g, 6.5 mmol) i n 100 ml o f a b s o l u t e 

e t h a n o l was r e f l u x e d a f t e r a d d i t i o n o f 1 ml o f c o n c e n t r a t e d s u l f u r i c a c i d . 

The r e a c t i o n was f o l l o w e d by g l c a n a l y s i s (column DB-1, oven a t 200°C) o f 

0.1 ml samples t a k e n from t h e r e a c t i o n m i x t u r e a t d i f f e r e n t t i m e s ( b e f o r e 

i n j e c t i o n t h e samples were d i l u t e d w i t h d i e t h y l e t h e r , washed w i t h 

s a t u r a t e d NaHC03, w a t e r and d r i e d o v e r Na2S0^). The r e a c t i o n was s t o p p e d 

a f t e r t he s t a r t i n g m a t e r i a l and the p r o d u c t o f p a r t i a l t r a n s e s t e r i f i c a t i o n 

(compound 28, v i d e i n f r a ) had a l m o s t d i s a p p e a r e d (10 d a y s ) . The volume o f 

e t h a n o l was t h e n r e d u c e d t o -20 ml by e v a p o r a t i o n i n vacuo and 100 ml o f 

d i e t h y l e t h e r were added. The r e s u l t i n g s o l u t i o n was washed s u c c e s s i v e l y 

w i t h w a t e r (2 x 50 m l ) , a s o l u t i o n o f 5% NaHC03 (2 x 50 ml) and w a t e r 

a g a i n (2 x 50 ml) and t h e n d r i e d o v e r anhydrous Na 2S04. The s o l v e n t was 
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e v a p o r a t e d i n vacuo and 2.2 g o f cr u d e p r o d u c t were o b t a i n e d . P u r i f i c a t i o n 

by column chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35-60°C):ethyl 

a c e t a t e - 9 6 : 4 ) gave 1.7 g (5.0 mmol, 80% y i e l d ) o f 4. C r y s t a l l i z a t i o n from 

s e v e r a l s o l v e n t s i n c l u d i n g e t h a n o l and c y c l o h e x a n e y i e l d e d e i t h e r p l a t e s 

o r p r i s m s b u t n o t b o t h . The two samples were s u i t a b l e f o r X - r a y d i f f r a c 

t i o n a n a l y s i s and were c o n f i r m e d t o be d i m o r p h i c . The p r o p o s e d s t r u c t u r e 

i s a l s o s u p p o r t e d by t h e f o l l o w i n g d a t a . 

mp: 93-94°C p l a t e s . 

mp: 97-98°C p r i s m s . 

X H NMR (CDC1 3, 300 MHz) 5 7.40-6.95 (8H, m, A r - H ) , 5.42 (2H, s, 

b r i d g e h e a d - H ) , 4.21 (4H, q, 7Hz, - C 0 2 C H 2 C H 3 ) , 1.27 (6H, t , 7Hz, 

- C 0 2 C H 2 C H 3 ) . 

1 3 C NMR (CDCI3, 75 MHz) 5 165.5 (C - 0 ), 146.6, 143.8, 152.3, 123.7 

( A r - C and V i n y l i c - C ) , 61.36 ( - C 0 2 C H 2 C H 3 ) , 52.4 ( B r i d g e h e a d - C ) , 13.97 

( - C 0 2 C H 2 C H 3 ) . 

CPMAS 1 3 C NMR (45 MHz): P 2 1 2 1 2 1 8 166.7, 162.7, 152.4, 144.3, 143.9, 

138.2, 125.8, 124.5, 123.4, 122.7, 60.1, 52.5, 50.5, 14.6, 14.2; P 2 . / C 6 

166.8, 160.6, 155.4, 145.5, 144.2, 143.6, 142.9, 139.2, 138.8, 127.0, 

125.3, 122.6, 121.7, 61.0, 59.4, 53.8, 50.5, 49.1, 15.5, 14.8, 13.2. 

IR (KBr) (see f i g u r e 36) p l a t e s : 1716, 1717 (2 C=0), 1633 (E-C=C-E), 

1259 ( C - 0 ) ; p r i s m s : 1730, 1705 (2 C -0 ) , 1640 (E-C-C-E), 1270 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 348(M +, 4 4 . 4 ) , 2 7 4 ( 9 2 . 4 ) , 2 0 2 ( 1 0 0 ) , 1 7 8 ( 5 6 ) ; 

C a l c u l a t e d mass: 348.1362, found: 348.1365. 

A n a l y s i s C a l c u l a t e d f o r C 2 2 H 2 Q 0 4 : C, 75.84; H , 5.79, fo u n d : C, 75.71; 

H , 5.70. 

The s t r u c t u r e o f d i e s t e r 21 was a l s o s u p p o r t e d by X - r a y c r y s t a l l o -
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g r a p h i c a n a l y s i s . 

D i - l - p r o p y l - 9 . l O - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( 2 2 ) . 

The p r o c e d u r e u s e d f o r t h e p r e p a r a t i o n o f t h e d i e t h y l e s t e r 21 was 

a p p l i e d t o 2 g o f 18 (6.25 mmol), 100 ml o f 1 - p r o p y l a l c o h o l and 1 ml o f 

c o n c e n t r a t e d H2SO4. The r e a c t i o n t i m e was 5 days and t h e y i e l d a f t e r 

column chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35-60°C):ethyl 

a c e t a t e - 9 6 : 4 ) was 1.6 g (4.26 mmol, 68%). C r y s t a l l i z a t i o n f rom e t h a n o l 

gave p r i s m s w i t h mp = 72°C. 

1 H NMR (CDCI3, 300 MHz) 6 7.40-6.95 (8H, m, A r - H ) , 5.47 (2H, s, 

b r i d g e h e a d - H ) , 4.15 (4H, t , 7Hz, -CH 2-CH 2CH 3), 1.68 (4H, m, -CH 2-CH 2-CH 3), 

0.94 (6H, t , 7Hz, -CH 2-CH 2-CH 3). 

IR (KBr) 1730, 1705 (2 C=0), 1640 (E-C=C-E), 1280 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 376 (M +, 3 8 ) , 288 ( 1 0 0 ) , 202 ( 1 0 0 ) , 178 ( 6 1 ) ; 

C a l c u l a t e d mass: 376.1675, found: 376.1685. 

A n a l y s i s c a l c u l a t e d f o r C24H24O4: C, 76.57; H, 6.43, fou n d : C, 76.37; 

H, 6.37 . 

The s t r u c t u r e o f d i e s t e r 22 was a l s o c o n f i r m e d by X - r a y c r y s t a l l o 

g r a p h i c a n a l y s i s . 

D i - 2 - p r o p y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( 2 3 ) . 

The p r o c e d u r e u s e d f o r t h e p r e p a r a t i o n o f t h e d i e s t e r 21 was a p p l i e d 

t o 5 g (15.6 mmol) o f 18, 200 ml o f 2 - p r o p a n o l and 2 ml o f c o n c e n t r a t e d 

H2SO4. The r e a c t i o n t i m e was 10 days. The y i e l d a f t e r chromatography 



( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35=-60°C):ethyl a c e t a t e - 95:5) was 4.9 

g (13.1 mmol, 8 4 % ) . C r y s t a l l i z a t i o n f rom c y c l o h e x a n e gave p r i s m s o f two 

d i f f e r e n t c r y s t a l l o g r a p h i c m o d i f i c a t i o n s w i t h i n d i s t i n g u i s h a b l e morpholo

g i e s b u t c o n s i d e r a b l y d i f f e r e n t s o l i d s t a t e IR and CPMAS 1 3 C NMR s p e c t r a . 

S e l e c t i v e c r y s t a l l i z a t i o n was p o s s i b l e f r o m e t h a n o l and t h e m e l t t o g i v e 

c r y s t a l s w i t h space groups d e t e r m i n e d as Pbca and P2^2^2^ r e s p e c t i v e l y . No 

d i f f e r e n c e c o u l d be f o u n d i n t h e i r m e l t i n g p o i n t s o f 145-146°C. 

X H NMR (CDC1 3, 300 MHz) 6" 7.4-6.9 (8H, m, Ar-H) , 5.7 (2H, s, 

b r i d g e h e a d - H ) , 5.1 (2H, h e p t , J=6Hz, - C H ( C H 3 ) 2 ) , 1.28 (12H, d, 6Hz, 

- C H ( C H 3 ) 2 ) 

1 3 C NMR (CDCI3, 75.4 MHz) 6 164.74 (C=0), 146.24, 146.73, 125.03, 

123.43 (Ar-C and v i n y l i c - C ) , 68.85 ( - O C ( C H 3 ) 2 ) , 52.26 ( b r i d g e h e a d - C ) , 

21.42 ( - O C ( C H 3 ) 2 ) . 

CPMAS 1 3 C NMR (45 MHz): P 2 1 2 1 2 1 : 6 165.79, 163.63, 151.66, 144,86, 

143.24, 141.84, 127.06, 125.02, 122.75, 69.47, 68.71, 54.26, 51.67, 23.08, 

21.90, 20.82, 19.09; Pbca: 5 166.87, 163.63, 148.96, 146.80, 145.94, 

144.11, 143.35, 142.71, 127.50, 125.23, 123.83, 122.86, 69.90,68.49, 

54.04, 51.88, 22.54, 21.90, 18.66. 

IR (KBr, see f i g u r e 38) ( P 2 1 2 1 2 1 ) : 1724,1704 (2 C=0), 1636 (E-C=C-E), 

1270 ( C - 0 ) ; Pbca: 1720 (2 C=0), 1640 (E-C=C-E), 1262 (C-O) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 4 1 ) , 247 ( 1 0 0 ) , 202 ( 1 0 0 ) , 178 ( 7 2 ) ; 

C a l c u l a t e d mass: 376.1675, found: 376.1668. 

A n a l y s i s c a l c u l a t e d f o r 0 2 4 ^ 4 0 4 : C, 76.57; H, 6.43, f o u n d : C, 76.62; 

H, 6.38. 

The s t r u c t u r e o f D i e s t e r 23 was a l s o c o n f i r m e d by X - r a y c r y s t a l l o 

g r a p h i c a n a l y s i s . 
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D i - T ( R . S ; - 2 - b u t v l 1 - 9 . 1 0 - d i h y d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e 

(24) . 

The p r o c e d u r e u s e d f o r t h e p r e p a r a t i o n o f t h e d i e s t e r 21 was m o d i f i e d 

by u s i n g ( R , S ) - 2 - b u t a n o l and a r e f l u x i n g t i m e o f 6 days. The y i e l d 

o b t a i n e d was 72% and upon c r y s t a l l i z a t i o n f rom e t h a n o l s l i g h t l y opaque 

p r i s m s were o b t a i n e d w i t h mp = 95-96°C. 

1 H NMR (CDC1 3, 300 MHz) 6 7.45-6.98 (8H, m, Ar-H), 5.42 (2H, s, 
bridgehead - H ) , 4.95 (2H, m, -CH(CH 3)CH 2CH 3), 1.62 (4H, m, -CH(CH 3)CH 2CH 3), 

1.26 (6H, d, 7Hz, CH(CH 3)CH 2CH 3), 0.95 (6H, t , 7Hz, C H ( C H 3 ) C H 2 C H 3 ) . 

IR (KBr) 1724, 1699 (2 C-0), 1634 (E-C-C-E) , 1266 (C-0) cm".1. 

MS m/e ( r e l . i n t e n s i t y ) 404 ( M + , 2 3 ) , 248 ( 9 1 ) , 202 ( 9 3 ) , 178 ( 5 5 ) , 57 

( 1 0 0 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 6 H 2 g 0 4 : C, 77.20; H, 6.98, f o u n d : C, 77.00; 

H, 6.84. 

D i - ( R . S ) - 2 - o c t y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e 

(25) . 

The p r o c e d u r e u s e d f o r t h e p r e p a r a t i o n o f t h e d i e s t e r 21 was m o d i f i e d 

by u s i n g ( R , S ) - 2 - o c t a n o l . A f t e r a r e f l u x t i m e o f 24 h and no r m a l workup 

p r o c e d u r e and c h r o m a t o g r a p h i c s e p a r a t i o n , compound 25 was o b t a i n e d i n 69 % 

y i e l d as an o i l a t room t e m p e r a t u r e . 

X H NMR (CDC1 3, 300 MHz) 6 7.41-7.33 (4H, m, Ar-H), 5.44 (2H, s, 

bridgehead - H ) , 5.00 (2H, m, -CH(CH 3)R), 1.70-1.20 ( H, m), 1.12 (6H, d, 

7Hz, -CH(CH3)R), 0.90 (9H, m). 
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IR ( n e a t ) 1730, 1700 ( 2 C-0), 1630 (E-C-C-E), 1255 ( C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 516 (M +, 1 2 ) , 248 ( 1 0 0 ) , 202 ( 5 3 ) , 178 ( 3 4 ) ; 

C a l c u l a t e d mass: 516.3240, found: 516.3239. 

D i - r ( 1 ) - ( - ) - m e n t h v l l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - 

d i c a r b o x v l a t e ( 2 6 ) . 

(a) P r e p a r a t i o n o f d i - ( l ) - ( - ) - m e n t h y l - 2 - b u t y n e - l , 4 - d i c a r b o x y l a t e ( 2 7 ) . 5 7 

A m i x t u r e o f 1 g (8.8 mmol) o f 2 - b u t y n e - l , 4 - d i c a r b o x y l i c a c i d and 5 g 

(32.1 mmol) o f ( 1 ) - ( - ) - m e n t h o l were h e a t e d t o g e t h e r i n a r e f l u x a p p a r a t u s 

by u s i n g an o i l b a t h a t 150°C. The f o r m a t i o n o f the p r o d u c t was m o n i t o r e d 

by t i c ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35-60°C):ethyl a c e t a t e , 1 9 : 1 ) . 

A f t e r 24 h the r e a c t i o n m i x t u r e was a l l o w e d t o c o o l t o room t e m p e r a t u r e , 

d i s s o l v e d i n 50 ml o f d i e t h y l e t h e r and washed w i t h 5% aq NaHC03 (2 x 50 

ml) and pure w a t e r (1 x 50 m l ) . The r e s u l t i n g p r o d u c t was p u r i f i e d by 

column chromatography (same c o n d i t i o n s as i n t i c above) t o y i e l d 2.75 g 

(7.05 mmol, 80% y i e l d ) o f pure 27. R e c r y s t a l l i z a t i o n from e t h a n o l gave 

p r i s m s w i t h mp = 134-5°C ( l i t . 5 7 mp = 135-6°C). 

l-H NMR (CDC1 3, 400 MHz) 6 4.84 (2H, t d , J=6.5 and J=4Hz) , 2.02 (2H, 

m), 1.90 (2H, qd, J=7 and J=4Hz), 1.69 (2H, m), 1.45 (2H, m), 1.05 (2H, 

m), 0.92 (6H, d, J=6.5Hz), 0.90 (3H, d, J=7Hz), 0.76 (3H, d, J=6.5Hz). 

1 3 C NMR ( C D C I 3 , 100 MHz) S 151 (2 C-0), 77.0 ( C - C ) , 74.4, 46.4, 40.1, 

33.6, 31.0, 25.7, 22.9, 21.5, 20.3 and 15.7 ( a l i p h a t i c m e n t h y l c a r b o n s ) 

IR (KBr) 1713 ( C - 0 ) , 1258 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) No m o l e c u l a r i o n a t 390, 375 ( 0 . 3 5 ) , 347 

( 0 . 3 0 ) , 206 ( 3 . 7 9 ) , 138 ( 9 7 ) , 95 ( 1 0 0 ) . 
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A n a l y s i s c a l c u l a t e d f o r C 2 4 H 3 8 0 4 : C, 73.81; H, 9.81, found: C, 73.81; 

H, 9.75. 

(b) D i e l s - A l d e r R e a c t i o n Between A c e t y l e n e D i e s t e r 27 and A n t h r a c e n e t o 

Y i e l d D i b e n z o b a r r e l e n e 26. 

Compound 26 was p r e p a r e d i n a s i m i l a r manner as t h e d i e s t e r 18. 

P u r i f i c a t i o n was c a r r i e d out by column chromatography ( s i l i c a g e l , 

p e t r o l e u m e t h e r (bp = 35-60°C)-ethyl a c e t a t e , 9 5 : 5 ) . F i n e s m a l l p l a t e s 

w i t h mp = 168°C were o b t a i n e d by c r y s t a l l i z a t i o n from s e v e r a l s o l v e n t s 

i n c l u d i n g e t h a n o l . The i d e n t i f i c a t i o n o f 26 f o l l o w e d from i t s s p e c t r a l 

p r o p e r t i e s . 

1 H NMR (CDC1 3, 300 MHz) 6 7.40-6.95 (8H, m, A r - H ) , 5.40 (2H, s, 

b r i d g e h e a d - H ) , 4.78 (2H, t d , J=10Hz and J=4.8 Hz, m e n t h y l m e t h i n e ) , 

2.15-0.75 (18H, m, m e n t h y l - H ) . 

IR (KBr) 1723, 1698 (2 C-0), 1638 (E-C-C-E), 1272, 1255 (2 C-0) cm"1. 

MS m/e ( r e l . i n t e n s i t y ) : 568 (M +, 1 ) , 248 ( 1 0 0 ) , 203 ( 1 8 ) , 178 ( 1 4 ) . 

C a l c u l a t e d Mass: 568.3554, found: 568.3560. 

l l - E t h v l - 1 2 - m e t h v l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - 1 2 - d i c a r b o x y l a t e  

(28). 

F o u r grams o f d i e s t e r 18 (12.5 mmol) were d i s s o l v e d i n 100 ml o f 

f r e s h l y d i s t i l l e d e t h a n o l and 1 ml o f c o n c e n t r a t e d s u l f u r i c a c i d was 

added. The m i x t u r e was r e f l u x e d and the f o r m a t i o n o f p r o d u c t s m o n i t o r e d by 

t i c ( s i l i c a g e l , p e t r o l e u m e t h e r (bp - 35-60°C)-.ethyl a c e t a t e , 1 9 : 1 ) . When 
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t h e two s p o t s a t t r i b u t e d t o the e x p e c t e d p r o d u c t s ( l a r g e r r e f e r e n c e f a c t o r 

t h a n 18) r e a c h e d the same i n t e n s i t y as the s p o t o f the s t a r t i n g m a t e r i a l , 

t h e r e a c t i o n was s t o p p e d (48 h ) . The e t h a n o l volume was r e d u c e d t o about 

20 ml by e v a p o r a t i o n i n vacuo and 150 ml o f d i e t h y l e t h e r were added. The 

r e a c t i o n m i x t u r e was washed s u c c e s s i v e l y w i t h w a t e r (2 x 100 m l ) , 

s a t u r a t e d NaHCOj (2 x 100 ml) and w a t e r a g a i n . The o r g a n i c f r a c t i o n was 

d r i e d o v e r anhydrous N a 2 S 0 4 and t h e n e v a p o r a t e d t o d r y n e s s . The t h r e e 

components f o u n d i n t h e c r u d e r e a c t i o n m i x t u r e were s e p a r a t e d by column 

chromatography u s i n g the same c o n d i t i o n s employed i n the t i c a n a l y s i s . The 

s e p a r a t i o n was poor and r e q u i r e d up t o t h r e e p a s s e s t o i s o l a t e 0.76 g o f 

d i e s t e r 28, t h e compound w i t h i n t e r m e d i a t e p o l a r i t y . R e c r y s t a l l i z a t i o n 

f rom e t h a n o l y i e l d e d p r i s m s w i t h mp «= 104-106°C. 

XH NMR (CDC1 3, 300MHz) 8 7.41-6.98 (8H, m, A r - H ) , 5.50, 5.48 (2H, 2s, 

b r i d g e h e a d - H ) , 4.31 (2H, q, J=7.2Hz, C 0 2 C H 2 C H 3 ) , 3.78 (3H, s, C 0 2 C H 3 ) , 

1.27 (3H, t , J=7.2Hz, C 0 2 C H 2 C H 3 ) . 

IR (KBr) 1728, 1703 (2 C=0), 1639 (E-C=C-E'), 1269 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 334 (M +, 3 8 ) , 274 ( 5 2 ) , 260 ( 4 7 ) , 202 ( 1 0 0 ) , 

178 ( 4 8 ) . C a l c u l a t e d mass: 334.1205, found: 334.1208 

A n a l y s i s c a l c u l a t e d f o r C 2 1 H 1 8 0 4 : C, 75.43; H, 5.43, found: C, 75.31; 

H, 5.35. 

l l - M e t h v l - 1 2 - ( 1 - p r o p v l ) - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( 2 9 ) . 

A s o l u t i o n o f 2 g (7-3 mmol) o f the a n h y d r i d e 20 and 50 ml o f methanol 

c o n t a i n e d i n a 100 ml round bottom f l a s k was r e f l u x e d f o r 2 h. The e x c e s s 

a l c o h o l was e v a p o r a t e d i n vacuo and the f l a s k c o n t a i n i n g t h e r e s u l t i n g 
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a c i d was a t t a c h e d t o a r e f l u x a p p a r a t u s . The s o l i d was r e - d i s s o l v e d upon 

a d d i t i o n o f a m i x t u r e o f 20 ml o f d r y CH2CI2 and 2 ml o f o x a l y l c h l o r i d e 

c a u s i n g i n s t a n t a n e o u s e v o l u t i o n o f gaseous H C l . The s o l u t i o n was r e f l u x e d 

f o r 1 h a f t e r t he b u b b l i n g had s t o p p e d and t h e n t h e s o l v e n t was e v a p o r a t e d 

i n vacuo t o y i e l d a v i s c o u s o i l . T h i s was r e f l u x e d f o r 2 h a f t e r a d d i t i o n 

o f 20 ml o f 1 - p r o p a n o l t h a t had been f r e s h l y d i s t i l l e d o v e r CaH2. A f t e r 

t h i s t i m e the e x p e c t e d p r o d u c t (29) was o b t a i n e d as a y e l l o w v i s c o u s o i l . 

P u r i f i c a t i o n by column chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 

35-60°C):ethyl a c e t a t e , 19:1) gave 2.27 g (6.6 mmol, 91% y i e l d ) o f (29) as 

a w h i t e s o l i d . C r y s t a l l i z a t i o n from e t h a n o l gave c o l o r l e s s n e e d l e s , 

mp = 103-4°C. 

lti NMR (CDCI3, 300 MHz) 8 7.43-7.02 (8H, m A r - H ) , 5.56 and 5.52 (2H, 

2 s , b r i d g e h e a d - H ) , 4.18 (2H, t , J=7Hz, -C0 2CH 2CH 2 C H 3 ), 3.80 (3H, s, 

- C 0 2 C H 3 ) , 1.70 (2H, m, -C0 2CH 2CH 2CH 3), 0.97 (3H, t , J=7Hz, -C0 2CH 2CH 2CH3). 

IR (KBr) 1737, 1720 (2 C=0), 1645 (E-C=C-E'), 1273 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 3 9 ) , 288 ( 4 3 ) , 261 ( 3 7 ) , 202 ( 1 0 0 ) , 

178 ( 4 5 ) . 

A n a l y s i s C a l c u l a t e d f o r C 2 2H 2o04: C, 75.84; H, 5.79, found: C, 75.59; 

H, 5.74 . 

1 1 - M e t h y l - 1 2 - ( 2 - P r o p y l ) - 9 . 1 0 - e t h e n o a n t h r a c e n e - 1 1 . 1 2 - d i c a r b o x y l a t e (30). 

The p r o c e d u r e u s e d t o p r e p a r e 28 was m o d i f i e d by u s i n g 5 g (14.6 mmol) 

o f d i e s t e r 1, 200 ml o f f r e s h l y d i s t i l l e d 2 - p r o p a n o l and a l l o w i n g a 

r e a c t i o n t i m e o f 48 h. S i m i l a r workup and p u r i f i c a t i o n p r o c e d u r e y i e l d e d 

I . 8 g o f p u r e 13. C r y s t a l l i z a t i o n from e t h a n o l gave n e e d l e s w i t h mp = 
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124-5°C. 

1-H NMR (CDCI3, 80 MHz) S 7.40-6.90 (8H, m, Ar - H ) , 5,95 and 5.90 (2H, 

2s, b r i d g e h e a d - H ) , 5.1 ( I H , h e p t , J-6Hz, - C 0 2 C H ( C H 3 ) 2 ) , 3.7 (3H, s, 

-C0 2 C H 3 ) , 1.2 (6H, d, J-6Hz, -C0 2CH ( C H 3 ) 2 ) . 

IR ( KBr) 1729, 1701 (2C-0), 1633 (E-C-C-E'), 1264 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 15 . 8 ) , 202 ( 1 0 0 ) , 178 ( 6 4 . 8 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 2 H 2 0 O 4 : C, 75.84; H, 5.79, found: C, 75.61; 

H, 5.70 . 

The s t r u c t u r e o f compound 30 was a l s o c o n f i r m e d by X - r a y c r y s t a l l o 

g r a p h i c a n a l y s i s . 

1 1 - ( 2 - B u t y l ) - 1 2 - m e t h v l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - 

d i c a r b o x y l a t e (31) . 

a) Racemic. 

The p r o c e d u r e used t o p r e p a r e 28 was m o d i f i e d by u s i n g 5 g (14.6 mmol) 

o f 18, 200 ml o f ( R , S ) - 2 - b u t a n o l and a l l o w i n g a r e a c t i o n t i m e o f 56 h. 

S i m i l a r workup and p u r i f i c a t i o n y i e l d e d 1.2 g (3.3 mmol, 23% y i e l d ) 

o f 31. C r y s t a l l i z a t i o n from e t h a n o l gave c o l o r l e s s n e e d l e s . 

mp - 94-95°C. 

1 H NMR (CDC1 3, 400 MHz) S 7.40-6.90 (8H, m, A r - H ) , 5.45 (2H, s, 

b r i d g e h e a d - H ) , 4.95 ( I H , m, -C0 2 C H(CH 3)CH 2CH 3), 3.76 (3H, s, C 0 2 C H 3 ) , 1.58 

(2H, m, C0 2CH(CH 3 ) C H 2CH 3), 1.24 (3H, d, J=7Hz, C0 2CH ( C H 3)CH 2CH 3), 0.91 

(3H, t , J-7Hz, C 0 2 C H ( C H 3 ) C H 2 C H 3 ) . 

IR ( KBr) 1729, 1703 (2 C=0), 1633 (E-C-C-E'), 1254 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 362 ( M + , 2 7 ) , 306 ( 3 3 ) , 202 ( 1 0 0 ) , 178 ( 8 9 ) . 
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C a l c u l a t e d mass: 362.1518, found: 362.1519. 

b) O p t i c a l l y pure. 

The p r o c e d u r e u s e d f o r the p r e p a r a t i o n o f 29 was m o d i f i e d by u s i n g 

( S ) - ( + ) - 2 - b u t a n o l i n s t e a d o f 1 - p r o p a n o l . The y i e l d a f t e r c h r o m a t o g r a p h i c 

p u r i f i c a t i o n was 43%. C r y s t a l l i z a t i o n from e t h a n o l gave n e e d l e s w i t h mp = 

91-92°C. The s p e c t r o s c o p i c and a n a l y t i c a l d a t a o f (+)-31 r e s u l t e d 

i d e n t i c a l i n a l l r e s p e c t s t o t h a t o f (+)-31. The s o l i d s t a t e IR s p e c t r a 

showed o n l y m i n i m a l d i f f e r e n c e s . The o p t i c a l r o t a t i o n was [ a ] n = 16.6° 

(CHC1 3, c=0.3). 

11- ( 1 . l - D i m e t h y l - l - e t h y l ) - 1 2 - m e t h y l - 9 . 1 0 - d i h y d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l -

12- d i c a r b o x v l a t e ( 3 2 ) . 

The p r o c e d u r e used t o p r e p a r e the d i e s t e r 29 was m o d i f i e d by u s i n g 

1 , 1 - d i m e t h y l - l - e t h a n o l ( t e r t - b u t a n o l ) i n s t e a d o f 1 - p r o p a n o l . The y i e l d 

a f t e r c h r o m a t o g r a p h i c p u r i f i c a t i o n was 67%. C r y s t a l l i z a t i o n from e t h a n o l 

and many o t h e r s o l v e n t s gave v e r y f i n e p l a t e s w i t h mp = 128-129°C. 

-̂H NMR (CDCI3, 80 MHz) 6 7.45-6.85 (8H, m, A r - H ) , 5.45 and 5.40 (2H, 

2s, b r i d g e h e a d - H ) , 3.75 (3H, s, - C 0 2 C H 3 ) , 1.45 (12H, s, - C 0 2 C ( C H 3 ) 4 ) . 

IR ( K B r ) 1740, 1698 (2 O=0), 1635 (E-C-C-E'), 1111 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 362 (M +, 9 ) , 306 ( 3 4 ) , 262 ( 4 5 ) , 202 ( 1 0 0 ) , 

178 ( 4 3 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 3 H 2 2 0 4 : C, 76.22; H, 6.12, f o u n d : C, 76.06; 

H, 6.26 . 



-299-

1 1 - M e t h y l - 1 2 - ( 1 - p e n t v l ) - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - 1 2 - 

d i c a r b o x v l a t e ( 3 3 ) . 

The p r o c e d u r e u s e d t o p r e p a r e the d i e s t e r 2 9 was m o d i f i e d by u s i n g 

I - p e n t a n o l i n s t e a d o f 1 - p r o p a n o l . Compound 3 3 i s a v i s c o u s o i l a t room 

t e m p e r a t u r e . 

lH NMR (CDC13, 300 MHz) 6 7.42-6.98 (8H, m, Ar-H), 5.51 and 5.47 (2H, 

2s, b r i d g e h e a d - H ) , 4.18 (2H, t , J=6. 8Hz, - 0 0 2 ^ 2 ( ^ 2 ) 3 0 % ) , 3.78 (3H, s, 

-C0 2CH 3), 1.70-1.20 (6H, m, -C0 2CH2(CH 2) 3CH3) , 0.92 (3H, t , J=7Hz, 

-C0 2CH2(CH2)3CH 3). 

IR ( n e a t ) 1714 (2 C=0), 1635 (E-C-C-E'), 1266, 1214 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 54), 316 (53), 260 (57), 202 ( 1 0 0 ) , 

178 (47). 

A n a l y s i s C a l c u l a t e d f o r C24H24O4: C, 76.57; H, 6.43, found: C, 76.39; 

H, 6.36 . 

I I - r ( S ) - ( - ) - 2 - M e t h v l - l - b u t v l 1 - 1 2 - m e t h y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o  

a n t h r a c e n e - l l - 1 2 - d i c a r b o x y l a t e ( 3 4 ) . 

The p r o c e d u r e u s e d t o p r e p a r e 29 was m o d i f i e d by u s i n g 

( S ) - ( - ) - 2 - m e t h y l - 1 - b u t a n o l ( A l d r i c h ) i n s t e a d o f 1 - p r o p a n o l . The y i e l d 

a f t e r c h r o m a t o g r a p h i c p u r i f i c a t i o n was 69%. C r y s t a l l i z a t i o n o c c u r r e d 

s p o n t a n e o u s l y a f t e r -12 months and r e c r y s t a l l i z a t i o n f r o m e t h a n o l - e t h e r 

y i e l d e d v e r y f i n e p l a t e s . 

mp - 63-65°C. 

lE NMR (CDCI3, 300 MHz) 5 7.45-7.00 (8H, m, Ar-H), 5.51, 5.46 (2H, 2s, 

b r i d g e h e a d - H ) , 4.04 (2H, m, -C02CH2CH(CH3)CH2CH3), 3.79 (3H, s, 
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- C 0 2 ( C H 3 ) ) , 1.75 (1H, m, -C0 2CH 2CH(CH 3)CH 2CH 3) , 1.4-1.1 (2H, m, 

-C0 2CH 2CH(CH3)CH2CH3), 0.95 (3H, d, J=7.5Hz, -C0 2CH 2CH(CH 3)CH 2CH 3), 0.91 

(3H, t , J=7.5Hz, -C0 2CH 2CH(CH 3)CH 2CH 3). 

IR (KBr) 1731, 1703 (2 C-0), 1633 (E-C-C-E'), 1263 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 3 2 ) , 316 ( 3 2 ) , 260 ( 6 0 ) , 202 ( 1 0 0 ) , 

178 ( 6 1 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 4 H 2 4 0 4 : C, 76.57; H, 6.43, found: C, 76.35; 

H, 6.61 . 

1 1 - ( 2 , 2 - D i m e t h y l - l - p r o p y l ) - 1 2 - m e t h y l - 9 , 1 0 - d i h y d r o - 9 , 1 0 - e t h e n o a n t h r a c e n e -

1 1 - 1 2 - d i c a r b o x y l a t e ( 3 5 ) . 

The p r o c e d u r e u s e d t o p r e p a r e 29 was m o d i f i e d by u s i n g 

2 , 2 - d i m e t h y l - 1 - p r o p a n o l i n s t e a d o f 1 - p r o p a n o l . C r y s t a l l i z a t i o n o c c u r r e d 

s p o n t a n e o u s l y a f t e r -20 months. R e c r y s t a l l i z a t i o n from e t h a n o l - d i e t h y l 

e t h e r gave an a p p a r e n t l y amorphous s o l i d w i t h mp = 75-80°C. 

1 H NMR (CDC1 3, 400 MHz) 6 7.40-6.90 (8H, m, A r - H ) , 5.43, 5.42 (2H, 2s, 

b r i d g e h e a d - H ) , 3.77 (3H, s, - C 0 2 C H 3 ) , 1.80 (2H, q, 7Hz, 

- C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) , 1.45 (6H, s, - C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) , 0.86 (3H, t , J=7Hz, 

- C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) . 

IR (KBr) 1737, 1703 (2 C=0), 1635 (E-C-C-E'), 1269 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 376 (M+, 3 2 ) , 344 ( 7 ) , 316 ( 3 2 ) , 306 ( 1 7 ) , 260 

( 6 0 ) , 202 ( 1 0 0 ) , 178 ( 6 1 ) . C a l c u l a t e d mass: 376.1675, f o u n d : 376.1684. 

11- f ( 1 W - j - M e n t h v l l -12-methyl-9 .10-dihvdro-9 .10-ethenoanthracene-11-12- 

d i c a r b o x v l a t e ( 3 6 ) . 
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The p r o c e d u r e u s e d t o p r e p a r e 28 was m o d i f i e d by u s i n g 0.30 g (0.5 

mmol) o f t h e d i e s t e r 26, 50 ml o f f r e s h l y d i s t i l l e d m e t h a nol and a l l o w i n g 

a r e a c t i o n t i m e o f 30 h. S i m i l a r work up and c h r o m a t o g r a p h i c s e p a r a t i o n 

gave 0.10 g (0.23 mmol, 46% y i e l d ) o f pure 19 o b t a i n e d as a v i s c o u s o i l . 

X H NMR (CDC1 3, 300 MHz) 6 7.40-6.90 (8H, m, A r - H ) , 5.48 and 5.41 (2H, 

2s, b r i d g e h e a d - H ) , 4.70 ( I H , t d , J=10, J=4.5Hz, - C 0 2 C H - m e n t h y l ) , 3.72 (3H, 

s, - C 0 2 C H 3 ) , 2.1-0.75 (18 H, m, m e n t h y l g r o u p ) . 

IR ( n e a t ) : 1716 (2 C=0), 1635 (E-C=C-E), 1260 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) : 444 (M +, 8 ) , 412 ( 1 ) , 306 ( 5 5 ) , 262 ( 1 0 0 ) , 

202 ( 8 6 ) , 178 ( 4 8 ) . C a l c u l a t e d mass: 444.2302, found: 444.2299. 

1 1 - P h e n y l - 1 2 - m e t h y l - 9 . 1 0 - d i h y d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - 

d i c a r b o x v l a t e 37. 

The p r o c e d u r e used t o p r e p a r e 29 was m o d i f i e d by u s i n g a 20% m o l a r o f 

e x c e s s o f p h e n o l d i s s o l v e d i n benzene i n s t e a d o f u s i n g n e a t 1 - p r o p a n o l . 

C r y s t a l l i z a t i o n from a c e t o n i t r i l e gave n e e d l e s w i t h mp = 180-1°C. 

lti NMR. (CDCI3, 300 MHz) 5 7.50-7.00 (13H, m. A r - H ) , 5.65 (2H, s, 

b r i d g e h e a d - H ) , 3.70 (3H, s, - C 0 2 C H 3 ) . 

IR (KBr) 1720 (C=0), 1625 o r 1590 (E-C-C-E'), 1270, (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 382 ( M , + 4 ) , 350 ( 5 ) , 289 ( 8 8 ) , 261 ( 1 0 0 ) , 202 

( 3 6 ) , 178 ( 4 0 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 5 H 1 8 0 4 : C, 78.52; H , 4.74, f o u n d : C, 79.31; 

H , 4.82. 

The s t r u c t u r e o f d i e s t e r 37 was a l s o c o n f i r m e d by X - r a y c r y s t a l l o 

g r a p h i c s t u d i e s . 
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1 1-Ethyl - 1 2 - ( 2-propyl ) - 9 . 1 0-dihvdro - 9 . 1 0-ethenoanthracene-ll. 1 2 - 

d i c a r b o x v l a t e (38). 

The p r o c e d u r e u s e d t o p r e p a r e 29 was m o d i f i e d by u s i n g 5 g (13.3 mmol) 

o f d i e s t e r 23, 200 ml o f e t h a n o l and a l l o w i n g a r e a c t i o n t i m e o f 60 h. 

S i m i l a r work up and p u r i f i c a t i o n p r o c e d u r e s gave 1.05 g (2.9 mmol, 22% 

y i e l d ) o f pure 38. C r y s t a l l i z a t i o n from e t h a n o l gave p r i s m s . 

mp = 104-105°C. 

1 H NMR (CDC1 3, 300 MHz) S 7.40-6.90 (8H, m, A r - H ) , 5.47 and 5.45 (2H, 

2s, b r i d g e h e a d - H ) , 5.09 (1H, h e p t , J=7.3Hz, - C 0 2 C H ( C H 3 ) 2 ) , 4.23 (2H, q, 

J=7.1 Hz, - C 0 2 C H 2 C H 3 ) , 1.28 (3H, t , J=7.1 Hz, - C 0 2 C H 2 C H 3 ) , 1.26 (6H, d, 

J=7.3 Hz, - C 0 2 C H ( C H 3 ) 2 ) . 

IR (KBr) 1699 (2 C-0), 1627 (E-C-C-E'), 1274 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 362 (M +, 3 5 ) , 274 ( 6 1 ) , 202 ( 1 0 0 ) , 178 ( 5 1 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 3 H 2 2 0 4 : C, 76.22; H, 6.12, f o u n d : C, 76.36; 

H, 6.21 . 

l l - E t h v l - 1 2 - r ( S ) - ( + ) - 2 - b u t v l l - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e  

(39). 

The p r o c e d u r e u s e d t o p r e p a r e 29 was m o d i f i e d by u s i n g e t h a n o l and 

( S ) - ( + ) - 2 - b u t a n o l i n s t e a d o f methanol and 1 - p r o p a n o l r e s p e c t i v e l y . 

C r y s t a l l i z a t i o n f r o m e t h a n o l gave c o l o r l e s s n e e d l e s . 

mp - 72-73°C. 

lH NMR (CDCI3, 300 MHz) 6 7.43-6.90 (8H, m, A r - H ) , 5.49 and 5.48 (2H, 

2s , b r i d g e h e a d - H ) , 4.97 (1H, m, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 4.26 (2H, q, J=7Hz, 
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- C 0 2 C H 2 C H 3 ) , 1.61 (2H, m, -C0 2CH(CH 3)CH 2CH 3), 1.27 (6H, 2 t , -C0 2CH 2CH 3 

and - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 0.94 (3H, t , J=7Hz, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) . 

IR (KBr) 1740, 1730 and 1715 (2 C=0), 1640 (E-C=C-E'), 1273 (C-0) 

cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 2 8 ) , 274 ( 6 3 ) , 247 ( 4 8 ) , 202 ( 1 0 0 ) , 

178 ( 4 8 ) . 

A n a l y s i s C a l c u l a t e d . f o r C ^ H ^ O ^ C, 76.57; H, 6.43, f o u n d : C, 

76.36; H, 6.38. 

( 2 - P r o p y l ) - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - c a r b o x v l a t e - 1 2 - c a r b o x v l i c a c i d ( 4 1 ) . 

A s u s p e n s i o n o f 5 g (18.2 mmol) o f the a n h y d r i d e 20 i n 50 ml o f 

2 - p r o p a n o l ( f r e s h l y d i s t i l l e d o v e r CaH 2) was r e f l u x e d f o r two h o u r s a f t e r 

w h i c h i t c o m p l e t e l y d i s s o l v e d . The r e f l u x was c o n t i n u e d f o r a t h r e e 

a d d i t i o n a l h o u r s . The e x c e s s a l c o h o l was e v a p o r a t e d i n vacuo and the 

r e s u l t i n g s o l i d was r e c r y s t a l l i z e d from an a c e t o n i t r i l e - p e t r o l e u m e t h e r 

(bp = 35-60°C) m i x t u r e t o y i e l d 6.05 g (99% y i e l d ) o f p l a t e - l i k e c r y s t a l s . 

mp = 176-177°C. 

X H NMR (CDC1 3, 300 MHz) 6 7.50-6.90 (8H, m A r - H ) , 6.15 and 5.78 (2H, 

2s , b r i d g e h e a d - H ) , 5.20 ( I H , hep, J=7Hz, - C 0 2 C H 2 ( C H 3 ) 2 ) , 1.4 (6H, d, 

J=7Hz, - C 0 2 C H 2 ( C H 3 ) 2 ) 

IR ( KBr) 3400-2200 (R-C0 2-H), 1724 ( R - C ( O H ) - O ) , 1680 ( R - C ( O R ) - O ), 1626 

(E-C=-E') ( 1202 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 334 (M+, 1 ) , 290 ( 2 1 ) , 203 ( 1 0 0 ) , 178 ( 4 1 ) ; 

C a l c u l a t e d mass: 334.1205, found: 334.1204. 

A n a l y s i s C a l c u l a t e d f o r C 2 1 H 1 8 0 4 : C, 75.43; H, 5.43, found: C, 73.19; 
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H, 5.40. . 

f ( R . S ) - 2 - B u t v l l - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - c a r b o x v l a t e - 1 2 - c a r b o x v l i c a c i d  

( 4 0 ) . 

The p r o c e d u r e u s e d t o p r e p a r e the monoacid 41 was m o d i f i e d by u s i n g 

0.65 g (3.37 mmol) o f the a n h y d r i d e 20 and 20 ml o f ( R , S ) - 2 - b u t a n o l . The 

p r o d u c t was p u r i f i e d by column chromatography ( s i l i c a g e l , ace-

to n e : C H C l 3 , 1:1) t o y i e l d a v i s c o u s o i l i n 32% y i e l d . 

1 H NMR (CD 3CN, 80 MHz) 6 10.0 (1H, s, -C0 2H), 7.5-6.9 (8H, m A r - H ) , 

5.8 and 5.7 (2H, 2s, b r i d g e h e a d - H ) , 5.0 (1H, m, -C02CH(CH 3)CH 2CH3), 1.6 

(2H, m, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.3 (3H, d, J=7Hz, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 0.95 

(3H, t , J=7Hz, -C0 2CH(CH 3)CH 2CH 3). 

IR ( n e a t ) 3420-2300 (R-C0 2-H), 1730 (R-C(0H)=0), 1700 (R-C(OR)=0), 

1640 (E-C«=C-E') cm - 1-

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 9 ) , 304 ( 1 5 ) , 248 ( 6 7 ) , 203 ( 1 0 0 ) , 

178 ( 4 0 ) ; C a l c u l a t e d mass: 326.1362 found: 326.1363. 

1 1 - ( 2 - B u t v l ) - 1 2 - ( 2 - p r o p v l ) - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( 4 2 ) . 

a) Racemic: 

A s o l u t i o n c o n t a i n i n g 2 g (5.99 mmol) o f the a c i d 40, 20 ml o f d r y 

C H 2 C 1 2 and 5 ml o f o x a l y l c h l o r i d e was p l a c e d i n a r e f l u x a p p a r a t u s . The 

s o l u t i o n was r e f l u x e d f o r 4 h t o t a l and t h e s o l v e n t was e v a p o r a t e d i n 

vacuo t o y i e l d a v i s c o u s o i l w h i c h was assumed t o be the c o r r e s p o n d i n g 

a c y l c h l o r i d e . T h i s was i m m e d i a t e l y r e f l u x e d f o r two hours a f t e r a d d i t i o n 
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o f 20 ml o f f r e s h l y d i s t i l l e d ( R , S ) - 2 - b u t a n o l . R o t a t o r y e v a p o r a t i o n o f the 

u n r e a c t e d a l c o h o l gave the d e s i r e d p r o d u c t (42) as a y e l l o w v i s c o u s o i l . 

P u r i f i c a t i o n by column chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp •= 

35-60°C):ethyl a c e t a t e , 19:1) gave 2.27 g (5.81 mmol, 97% y i e l d ) o f (42) 

as a w h i t e s o l i d . C r y s t a l l i z a t i o n from e t h a n o l gave c o l o r l e s s p r i s m s , 

mp = 122-4°C. 

1 H NMR (CDC1 3, 300 MHz) S 7.4-7.0 (8H, m A r - H ) , 5.43 and 5.41 (2H, 2s, 

b r i d g e h e a d - H ) , 5.06 (1H, hep, J-7Hz, -C0 2CH(CH 3)2), 4.88 (1H, m, 

-C0 2CH(CH3)CH 2CH3), 1.6 (2H, m, -C0 2CH(CH 3)CH 2CH3), 1.25 (9H, 2d, 

-C0 2CH(CH 3)CH 2CH 3 and - C 0 2CH(CH 3) 2, 0.97 (3H, t , J=7Hz, 

-C0 2CH(CH 3)CH 2CH 3). 

IR (KBr) 1724, 1703 (2 C=0), 1636 (E-C-C-E'), 1220 (C-0) cm' 1. 

MS m/e ( r e l . i n t e n s i t y ) 390 (M +, 1 9 ) , 247 (95), 202 (100), 178 ( 7 0 ) . 

C a l c u l a t e d mass: 390.1831, found: 390.1831. 

A n a l y s i s C a l c u l a t e d f o r C 2 5 H 2 6 0 4 : C, 76.90; H, 6.71, found: C, 76.98; 

H, 6.74 . 

b) O p t i c a l l y a c t i v e : 

The p r o c e d u r e used t o p r e p a r e r a c e m i c 42 was m o d i f i e d by u s i n g 

o p t i c a l l y p u r e ( S ) - ( + ) - 2 - b u t a n o l . The c h e m i c a l y i e l d and the s p e c t r o s c o p i c 

and a n a l y t i c a l d a t a o f t h i s m a t e r i a l were v e r y s i m i l a r t o t h o s e from t h e 

r a c e mate. C r y s t a l l i z a t i o n from e t h a n o l gave p r i s m s w i t h mp - 133-5°C. The 

s o l i d s t a t e FTIR s p e c t r a o f the o p t i c a l l y a c t i v e sample and t h e racemate 

a r e shown i n F i g u r e 80. The o p t i c a l a c t i v i t y o f t h i s compound was measured 

i n c h l o r o f o r m : [ a ] D - 11.0° (CHCI3, c - 0.05). 



-306-

D i e l s - A l d e r R e a c t i o n Between ( 2 - P r o p v l ) - 9 - a n t h r a c e n e c a r b o x v l a t e and  

M e t h v l - 2 - p r o p v n e - l - c a r b o x v l a t e ( M e t h y l P r o p i o l a t e ) . 

(a) P r e p a r a t i o n of ( 2 - P r o p y l ) - 9 - a n t h r a c e n e c a r b o x y l a t e ( 4 3 ) . 6 0 

A s u s p e n s i o n o f 1.019 g (4.59 mmol) o f 9 - a n t h r a c e n e c a r b o x y l i c a c i d i n 

10 ml o f CHCI3 and 1 ml o f o x a l y l c h l o r i d e was r e f l u x e d f o r 2 h a f t e r 

w h i c h t h e s o l i d c o m p l e t e l y d i s s o l v e d and t h e i n i t i a l l y v i g o r o u s e v o l u t i o n 

o f CO2 had s t o p p e d . The s o l v e n t and e x c e s s o x a l y l c h l o r i d e were e v a p o r a t e d 

i n vacuo t o y i e l d a y e l l o w s o l i d assumed t o be the c o r r e s p o n d i n g a c y l 

c h l o r i d e . The f l a s k was t h e n r e - a t t a c h e d t o the r e f l u x s ystem and 3 ml o f 

f r e s h l y d i s t i l l e d 2 - p r o p a n o l were added d i s s o l v e d i n 10 ml o f CHCI3. The 

s o l i d d i s s o l v e d and s t a r t e d t o e v o l v e HC1 gas i n s t a n t a n e o u s l y . The r e f l u x 

was i n i t i a t e d and m a i n t a i n e d u n t i l 1 h a f t e r the gas e v o l u t i o n had 

s t o p p e d . A f t e r t h i s t ime (3 h) the r e s u l t i n g s o l u t i o n was e v a p o r a t e d t o 

d r y n e s s , d i s s o l v e d i n d i e t h y l e t h e r and washed s u c c e s s i v e l y w i t h w a t e r , 

s a t u r a t e d NaHC03 and w a t e r . E v a p o r a t i o n o f the e t h e r e a l s o l u t i o n gave 

1.132 g ( 4.29 mmol, 93% y i e l d ) o f a y e l l o w s o l i d w h i c h a f t e r c r y s t a l l i z a 

t i o n f r o m d i e t h y l e t h e r - h e x a n e m i x t u r e s gave y e l l o w p r i s m s w i t h mp = 

92-3°C ( l i t 6 0 mp = 93-4°C) 

lU NMR (CDCI3, 300 MHz) S 8.50 ( I H , s, H-10), 8.10-7.45 (8H, m, A r - H ) , 

5.64 ( I H , h e p t , J=7Hz, C 0 2 C H ( C H 3 ) 2 ) , 1.53 (6H, d, J=7Hz, C 0 2 C H ( C H 3 ) 2 ) . 

IR (KBr) 1718 ( C - 0 ) , 1215 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 264 (M +, 6 6 ) , 222 ( 1 0 0 ) , 205 ( 4 1 ) , 177 ( 2 8 ) . 

A n a l y s i s C a l c u l a t e d f o r C l g H 1 6 0 4 : C, 81.79; H, 6.10, f o u n d : C, 81.50; 

H, 6.10 . 
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(b) D i e l s - A l d e r R e a c t i o n : 

A C a r i u s tube c o n t a i n i n g 1.33 g (5.04 mmol) o f ( 2 - p r o -

p y l ) - 9 - a n t h r a c e n e c a r b o x y l a t e ( f r o m (a) ) and 0.25 ml (6.3 mmol) o f m e t h y l 

p r o p i o l a t e was s e a l e d and h e a t e d i n an oven a t 190°C f o r 4 h. The 

components o f t h e r e s u l t i n g brown v i s c o u s o i l were s e p a r a t e d by column 

chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35-60°C)-ethyl a c e t a t e 

9 5 : 5 ) . A f t e r t h e f i r s t f r a c t i o n s c o n t a i n i n g 0.040 g o f the u n r e a c t e d 

a n t h r a c e n e d e r i v a t i v e , two D i e l s - A l d e r a d d i t i o n p r o d u c t s were o b t a i n e d 

w i t h o u t e l u t i o n o v e r l a p . The f i r s t was o b t a i n e d i n 1.134 g (3.32 mmol, 66% 

y i e l d ) and was c r y s t a l l i z e d from e t h a n o l as t h i n c o l o r l e s s p l a t e s w i t h mp 

= 102-103°C. The second p r o d u c t , o b t a i n e d i n 0.403 g (1.18 mmol, 23.4% 

y i e l d ) was c r y s t a l l i z e d a l s o from e t h a n o l as p r i s m s w i t h a mp = 165-166°C. 

The s t e r e o i s o m e r i c n a t u r e o f the e x p e c t e d D i e l s - A l d e r a d d i t i o n p r o d u c t s 

was s u p p o r t e d by MS a n a l y s i s , b u t t h e i r i d e n t i f i c a t i o n was p r i m a r i l y b a s e d 

on t h e NMR c o u p l i n g d i f f e r e n c e between the H]_Q-H]_]_ (1,3 c o u p l i n g , J = 

2.1Hz) and the HiQ" H12 (1.2 c o u p l i n g , J = 15Hz) p r o t o n s (see F i g u r e 24, 

page 4 8 ) . 

a) M a j o r P r o d u c t . 

9 - ( 2 - P r o p v l ) - 1 2 - m e t h v l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - 9 . 1 2  

d i c a r b o x v l a t e ( 4 4 ) . 

X H NMR (CDC1 3, 300 MHz) 6 8.15 ( I H , d, J=2.1Hz, H-10), 7.5-6.98 (8H, 

m, A r - H ) , 5.63 [ I H , d, J-2.1Hz, H ( l l ) ] , 5.59 ( I H , h e p t , J=6Hz, - C H ( C H 3 ) 2 ) , 

3.76 (3H, s, C 0 2 C H 3 ) , 1.55 (6H, d, J-6Hz, - C H ( C H 3 ) 2 ) . 

IR ( KBr) 1727, 1709 (2 C-0), 1623 (E-C-C-H), 1228, 1216 (2 C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 4 9 ) , 306 ( 2 3 ) , 260 ( 6 0 ) , 202 ( 1 0 0 ) . 



-308-

A n a l y s i s C a l c u l a t e d f o r C 2 2 H 2 n 0 4 : c> 75.84; H, 5.79, found: C, 75.86; 

H, 5.90 . 

The s t r u c t u r e o f d i e s t e r 44 was a l s o s u p p o r t e d by X - r a y c r y s t a l l o -

g r a p h i c a n a l y s i s . 

b) M i n o r P r o d u c t . 

9 - ( 2 - P r o p v l ) - l l - m e t h y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - 9 . 1 2 - 

d i c a r b o x y l a t e (45) . 

1 H NMR (CDC1 3, 300 MHz) 6 7.90 (2H, m, A r - H ) , 7.71 (1H, d, . J=8Hz, 

H-10), 7.29 (2H, m, A r - H ) , 7.03 (4H, m, A r - H ) , 5.46 (1H, h e p t , J=7Hz, 

- C H ( C H 3 ) 2 ) , 5.14 [1H, d, J=8Hz, H ( 1 2 ) ] , 3.70 (3H, s, C 0 2 C H 3 ) , 1.42 (6H, d, 

J=7Hz, - C H ( C H 3 ) 2 ) . 

IR (KBr) 1736, 1723 (2 C-0), 1616 (E-C-C-H), 1269, 1255 (2 C-0) cm- 1. 

MS m/e ( r e l . i n t e n s i t y ) 348 ( M + , 3 2 ) , 288 ( 1 8 ) , 261 ( 2 6 ) , 233 ( 2 7 ) , 

202 ( 1 0 0 ) . 

A n a l y s i s c a l c u l a t e d f o r : C 2 2 H 2 Q 0 4 : C, 75.84; H, 5.79, found: C, 75.57; 

H, 5.93 . 

The s t r u c t u r e o f d i e s t e r 45 was a l s o s u p p o r t e d by X - r a y c r y s t a l l o -

g r a p h i c a n a l y s i s . 

P h o t o c h e m i c a l P r o c e d u r e s . 

G e n e r a l . 

P h o t o l y s e s f o r a n a l y t i c a l p u r p o s e s were c a r r i e d o u t w i t h a M o l e c t r o n 

UV 22 N i t r o g e n l a s e r (A - 337.1 nm, 330 mW average power) and a 450 W 

medium p r e s s u r e H a n o v i a lamp. S o l u t i o n p h o t o l y s e s were s y s t e m a t i c a l l y 
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e x p l o r e d i n 0.1 M benzene and a c e t o n i t r i l e , f o r d i r e c t i r r a d i a t i o n s , and 

i n a c e t o n e f o r t r i p l e t s e n s i t i z a t i o n s t u d i e s . B e f o r e i r r a d i a t i o n the 

samples were degassed by s e v e r a l freeze-pump-thaw c y c l e s and s e a l e d w i t h 

p a r a f f i n f i l m u nder a n i t r o g e n atmosphere. S o l i d samples were p h o t o l y z e d 

i n 0.4 ml P y r e x o r q u a r t z tubes as s i n g l e c r y s t a l s and powders a f t e r the 

a i r o f t h e c o n t a i n e r s was exchanged by n i t r o g e n . The p h o t o l y z e d samples 

were r o u t i n e l y a n a l y z e d by g l c , glc-MS and NMR. I n some c a s e s s o l i d 

compounds were a l s o i r r a d i a t e d i n KBr m a t r i c e s p r e p a r e d i n the same manner 

as f o r i n f r a r e d s p e c t r o s c o p y . 

F o r p r e p a r a t i v e p h o t o l y s i s a sample o f 0.2 t o 1.0 g o f the c o r r e s p o n d 

i n g compound was d i s s o l v e d i n 250 ml o f s p e c t r a l grade a c e t o n e and p l a c e d 

i n a 250 ml P y r e x immersion w e l l . The samples were d e o x y g e n a t e d f o r 30 

m i n u t e s b e f o r e i r r a d i a t i o n by u s i n g a s t e a d y f l o w o f n i t r o g e n gas t h r o u g h 

t h e s t i r r e d s o l u t i o n s . The n i t r o g e n f l o w was c o n t i n u e d d u r i n g t h e 

i r r a d i a t i o n , w h i c h was p e r f o r m e d w i t h the P y r e x f i l t e r e d o u t p u t (A > 290 

nm) o f t h e 450 W medium p r e s s u r e H a n o v i a lamp. Samples t a k e n a t d i f f e r e n t 

i n t e r v a l s were a n a l y z e d by g l c i n o r d e r t o check f o r t h e r e a c t i o n 

p r o g r e s s . When t h e r e was l e s s t h e n 3% o f s t a r t i n g m a t e r i a l r e m a i n i n g the 

i r r a d i a t i o n was s t o p p e d and the s o l v e n t e v a p o r a t e d under r e d u c e d p r e s s u r e . 

B e f o r e a t t e m p t i n g any s e p a r a t i o n o r p u r i f i c a t i o n t r e a t m e n t , t h e samples 

were a n a l y z e d by *H NMR s p e c t r o s c o p y and t h e r e s u l t s o b s e r v e d were 

c o r r e l a t e d w i t h t h o s e o b t a i n e d by c a p i l l a r y g l c . P u r i f i c a t i o n o f the 

p r o d u c t s was c a r r i e d out by column chromatography and r e c r y s t a l l i z a t i o n i n 

t h e c a s e o f s o l i d m a t e r i a l s . 

Low t e m p e r a t u r e p h o t o l y s e s were p e r f o r m e d by m a i n t a i n i n g the sample i n 

a s l u r r y b a t h p r e p a r e d w i t h a s u i t a b l e s o l v e n t and l i q u i d n i t r o g e n , o r by 
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u s i n g a b a t h c o n t r o l l e d from a C r y o c o o l CC-100-II i m m e r s i o n c o o l i n g system 

f r o m N e s l a b I n s t r u m e n t s I n c . The t e m p e r a t u r e i n e i t h e r c a s e was main

t a i n e d w i t h i n +1°C and the i r r a d i a t i o n s were p e r f o r m e d w i t h t h e n i t r o g e n 

l a s e r . 

P h o t o c h e m i c a l S t u d i e s on 1 1 . 1 2 - D i m e t h y l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o  

a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( I S ) 

P r e p a r a t i v e i r r a d i a t i o n o f 18 (1.0 g) gave a s i n g l e p r o d u c t . T h i s was 

o b t a i n e d as a s l i g h t l y y e l l o w o i l w h i c h was p u r i f i e d by chromatography 

u s i n g a s h o r t s i l i c a g e l column and u s i n g C H 2 C I 2 as the e l u e n t . 

C r y s t a l l i z a t i o n from e t h a n o l y i e l d e d c o l o r l e s s p r i s m s (0.940 mg) w h i c h 

were u s e d f o r t h e s p e c t r o s c o p i c c h a r a c t e r i z a t i o n o f : 

D i m e t h y l - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e -

8 c , 8 d - d i c a r b o x y l a t e ( 5 2 ) . 

mp = 94-95°C ( l i t . 6 5 mp = 98-99°C). 

lU NMR ( C D C 1 3 > 80 MHz) 6 7.4-6.9 (8H, m, A r - H ) , 5.05 [ I H , s, H ( 8 d ) ] , 

4.50 [ I H , s, H ( 4 b ) ] , 3.85 [3H, s, - C 0 2 C H 3 ( 8 b ) ] , 3.65 [3H, s, - C 0 2 C H 3 ( 8 c ) ] . 

IR (KBr) 1737, 1717 (2 C=0), 1250 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 320 ( M + , 3 3 ) , 260 ( 9 4 ) , 202 ( 1 0 0 ) . 

A n a l y t i c a l S o l u t i o n and S o l i d S t a t e P h o t o l y s i s . 

S i n g l e c r y s t a l s and powders o f 18 ( t y p i c a l l y 2-5 mg p e r e x p e r i m e n t ) 

were e x p o s e d a t v a r i o u s t e m p e r a t u r e s t o t h e l i g h t f rom the n i t r o g e n l a s e r 

(A - 337.1 nm) and from the P y r e x (A >290 nm) o r q u a r t z (A > 200 nm) 



f i l t e r e d o u t p u t o f the H a n o v i a mercury lamp. I r r a d i a t i o n s f o r d i f f e r e n t 

l e n g t h s o f time were f i r s t e x p l o r e d and the r e s u l t s compared w i t h t h o s e 

o b t a i n e d from p a r a l l e l s o l u t i o n i r r a d i a t i o n s ( T a b l e I I , page 5 4 ) . A f t e r 

t h e d e s i r e d i r r a d i a t i o n p e r i o d the appearance o f the s o l i d s was a n a l y z e d 

under a m i c r o s c o p e and the p e r c e n t c o n v e r s i o n d e t e r m i n e d by g l c . A s i n g l e 

p r o d u c t , w i t h r e t e n t i o n time and mass spec t r u m i d e n t i c a l t o t h e s o l u t i o n 

p r o d u c t , was o b s e r v e d i n a l l c a s e s . 

P r e p a r a t i v e P h o t o l y s i s o f 18 i n the S o l i d S t a t e . 

A sample c o n s i s t i n g o f 600 mg o f p o l y c r y s t a l l i n e 18 i n a 5 ml P y r e x 

t e s t tube was s e a l e d a f t e r the a i r was exchanged by n i t r o g e n gas and 

i r r a d i a t e d w i t h the H a n o v i a lamp. The tube was k e p t i n a h o r i z o n t a l 

p o s i t i o n and the sample d i s p e r s e d o v e r the maximum s u r f a c e a r e a . The 

r e a c t i o n p r o g r e s s was m o n i t o r e d by g l c a n a l y s i s o f s m a l l samples t a k e n 

e v e r y two h o u r s . The i r r a d i a t i o n was s t o p p e d a t 28% c o n v e r s i o n , a f t e r 

w h i c h the r a t e o f the r e a c t i o n had become v e r y s l o w . The s o l i d was t h e n 

d i s s o l v e d and t h e p r o d u c t e n r i c h e d t o up t o 80% by s e p a r a t i n g some o f the 

s t a r t i n g m a t e r i a l by f r a c t i o n a l r e c r y s t a l l i z a t i o n i n e t h a n o l . ^H NMR and 

IR s p e c t r o s c o p i c a n a l y s i s o f t h i s sample e s t a b l i s h e d i t s i d e n t i t y w i t h the 

s o l u t i o n p r o d u c t . 

Derivatization of 18 to Perforin Purification of Photoproduct 52. 

S i n c e c h r o m a t o g r a p h i c s e p a r a t i o n o f 52 from i t s s t a r t i n g m a t e r i a l was 

u n s u c c e s s f u l under a v a r i e t y o f c o n d i t i o n s employed a d e r i v a t i z a t i o n 

method was d e v i s e d . T h i s c o u l d be a c h i e v e d e a s i l y by t r e a t m e n t o f the 

r e a c t i o n m i x t u r e w i t h e t h e r e a l d i a z o m e t h a n e : 6 7 
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A d d l t i o n P r o d u c t Between 1 and Diazomethane. 

An e x c e s s o f f r e s h l y d i s t i l l e d diazomethane was added t o 20 ml o f an 

e t h e r e a l s o l u t i o n c o n t a i n i n g a m i x t u r e o f 18 and 52. The s o l u t i o n was l e f t 

o v e r n i g h t i n the fume hood. A f t e r t h i s t ime the diazomethane y e l l o w c o l o r 

had d i s a p p e a r e d and the s o l v e n t was r o t a t o r y e v a p o r a t e d t o g i v e a 

c l e a r o i l w h i c h was chromatographed ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 

35-60°C):ethyl a c e t a t e 1 9 : 1 ) . The d e r i v a t i z a t i o n p r o d u c t was f o u n d t o 

e l u t e f i r s t and i t was i d e n t i f i e d as the p y r a z o l i n e c y c l o a d d i t i o n p r o d u c t 

53. The d i b e n z o s e m i b u l l v a l e n e 52 o b t a i n e d a f t e r t h i s t r e a t m e n t was f ound 

t o be 100% pure by g l c . 

1 1 , 1 2 - D i m e t h y l - 9 , 1 0 - d i h y d r o - 9 , 1 0 - [ 3 ' , 4 ' ] p y r a z o l i d i n o a n t h r a c e n e - 1 1 , 1 2 -

d i c a r b o x y l a t e (53) . 

mp = 153-154 °C ( l i t . 6 7 mp - 146-148 °C) 

1 H NMR (CDC1 3, 300MHz) S 7.6-7.1 (8H, m, A r - H ) , 5.4 [1H, s ( b r ) , H(9) 

o r H ( 1 0 ) ] , 4.85 (1H, d, J=18Hz, -CH 2-N=N-), 4.55 (1H, d, J=18Hz, 

-CH 2-N=N-), 4.35 [1H, s, H(9) o r H ( 1 0 ) ] , 3.6 (3H, s, - C 0 2 C H 3 ) , 3.47 (3H, 

s, - C 0 2 C H 3 ) . 

IR (KBr) 1747, 1732 (2 C=0) cm" 1: 

MS m/e ( r e l . i n t e n s i t y ) No M + a t 376, 334 ( 3 ) , 302 ( 1 2 ) , 274 ( 3 8 ) , 215 

( 9 5 ) , 178 ( 1 0 0 ) , 

A n a l y s i s C a l c u l a t e d f o r C 2 1 H l g 0 4 N 2 : C, 69.60; H, 5.01; N, 7.73, f o u n d : 

C, 69.54; H, 4.98; N, 7.80. 

R e l a t i v e S o l i d S t a t e Quantum Y i e l d s o f D i e s t e r 18. 

R e l a t i v e s o l i d s t a t e quantum y i e l d s were measured by p h o t o l y z i n g 
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c r y s t a l s o f 18 i n the form o f KBr p e l l e t s ( 5 % by w e i g h t ) . The homogeneity 

o f the p e l l e t s was d e t e r m i n e d by f o c u s s i n g the i n f r a r e d l a s e r beam o f the 

FTIR s p e c t r o m e t e r on d i f f e r e n t r e g i o n s o f the p e l l e t and m e a s u r i n g t h e 

i n t e n s i t y o f a s e l e c t e d a b s o r p t i o n band. P e l l e t s showing f l u c t u a t i o n s 

l a r g e r t h a n 3% i n the i n t e n s i t y r e a d i n g s were d i s c a r d e d . The p e l l e t s 

s e l e c t e d were i r r a d i a t e d a t 20°C and 15 cm from the l a s e r a p e r t u r e . W i t h 

t h e l a s e r w o r k i n g a t a r e p e t i t i o n r a t e o f 20 Hz, i r r a d i a t i o n s were 

p e r f o r m e d f o r p e r i o d s o f 30 and 60 seconds and t h e IR spec t r u m o f the 

samples was r e c o r d e d b e f o r e and a f t e r each p h o t o l y s i s . The d i s a p p e a r a n c e 

o f t h e v i n y l d i e s t e r a b s o r p t i o n o f the s t a r t i n g m a t e r i a l a t 1632 cm"l was 

u s e d t o q u a n t i f y the e x t e n t o f r e a c t i o n . A f t e r a t o t a l i r r a d i a t i o n time 

o f 10 m i n u t e s , the c o n t e n t s o f the p e l l e t s were e x t r a c t e d w i t h d i e t h y l 

e t h e r and w a t e r and the o r g a n i c f r a c t i o n was a n a l y z e d by g l c . The f i n a l 

FTIR and g l c r e s u l t s were found t o agree t o 5% o r b e t t e r . The same r e s u l t s 

were o b t a i n e d i n d u p l i c a t e runs and are shown as a p l o t o f l o g ( p e r c e n t 

p r o d u c t ) v s . i r r a d i a t i o n time i n F i g u r e 29 (page 6 6 ) . 

P h o t o l y s i s o f 9 . 1 0 - D i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - d i c a r b o x v l i c - a c i d  

(19). 

Compound 19 (1.0 g) was p r e p a r a t i v e l y p h o t o l y z e d i n a c e t o n e s o l u t i o n 

u s i n g the p r o c e d u r e d e s c r i b e d i n the G e n e r a l E x p e r i m e n t a l S e c t i o n . The 

r e a c t i o n p r o g r e s s i n t h i s case was m o n i t o r e d by ^H NMR. The p r o d u c t was 

o b t a i n e d as a w h i t e c r y s t a l l i n e s o l i d w i t h p r i s m l i k e morphology. The 

d i a c i d 54 was a l s o c o n v e r t e d i n t o the d i m e t h y l compound 52 by t r e a t m e n t 

w i t h e t h e r e a l diazomethane. 
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4 b , 8 b , 8 c , 8 d - T e t r a h y d r o - d l b e n z o [ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 d -

d i c a r b o x y l i c a c i d ( 5 4 ) . 

mp - 235-240 °C ( b u b b l e s on m e l t i n g ) . 

X H NMR ( A c e t o n e - d 6 , 300 MHz) S 7.45-7.00 (8H, m, A r - H ) , 5.10 [1H, s, 

H ( 4 b ) ] , 4.45 [1H, s, H ( 8 b ) ] , 4.2-3.5 (2H, s ( b r ) , -C0 2 H ) . 

IR (KBr) 3400-2300 ( C 0 2 - H ) , 1700 (C=0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 292 (M +, 0.2), 248 ( 4 3 ) , 203 ( 1 0 0 ) , 178 ( 3 ) . 

P h o t o c h e m i c a l S t u d i e s on 1 1 . 1 2 - D i e t h v l - 9 . 1 0 - d i h y d r o - 9 , 1 0 - e t h e n o  

a n t h r a c e n e - l l . 1 2 - d i c a r b o x y l a t e ( 2 1 ) . 

The d i e s t e r 21 was p h o t o l y z e d i n s o l u t i o n and i n t h e s o l i d s t a t e i n 

the same manner as 18. A s i n g l e and i d e n t i c a l p r o d u c t was o b t a i n e d i n the 

s o l u t i o n media and i n the two s o l i d s t a t e m o d i f i c a t i o n s . The i s o l a t e d 

p r o d u c t was c r y s t a l l i z e d as s m a l l p r i s m s from e t h a n o l and was i d e n t i f i e d 

a s : 

D i e t h y l - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 d -

d i c a r b o x y l a t e ( 5 5 ) . 

mp •= 78°C. 

X H NMR (CDC1 3, 300 MHz) 6 7.35-7.0 (8H, m, A r - H ) , 5.02 [1H, s, H ( 8 d ) ] , 

4.45 [1H, s, H(4b)] ,. 4.32 [2H, m, - C 0 2 C H 2 C H 3 ( 8 b ) ] , 4.15 [2H, q, J=6.8 Hz, 

-C0 2 C H 2 C H 3 ( 8 c ) ] , 1.32 (3H, t , J-6.8 Hz, -C0 2CH 2 C H 3 ) , 1.25 (3H, t , 6.8 Hz, 

-C0 2CH 2 C H 3 ) . 

IR ( K B r ) 1733, 1719 (2 C=0), 1244 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 4 2 ) , 303 ( 1 3 ) , 274 ( 1 0 0 ) , 202 ( 9 0 ) , 

178 ( 5 . 1 ) . 



A n a l y s i s c a l c u l a t e d f o r C 22H20°4 : c> 75.84; H, 5.79, found: C, 75.71; 

H, 5.70. 

R e l a t i v e S o l i d S t a t e Quantum Y i e l d s Between Dimorphs o f Compounds 21. 

The quantum y i e l d s o f the d i m o r p h i c d i e s t e r 21 were measured r e l a t i v e 

t o the quantum y i e l d s o f d i e s t e r 18 and 23 ( t h e l a t t e r was a l s o s t u d i e d i n 

two s o l i d s t a t e m o d i f i c a t i o n s ) by p h o t o l y z i n g c r y s t a l s o f the P 2 i 2 ^ 2 ^ and 

P2^/c m o d i f i c a t i o n s i n the form o f KBr p e l l e t s . The i r r a d i a t i o n s were 

c a r r i e d o u t i n the same manner as f o r d i e s t e r 18 and t h e d i s a p p e a r a n c e o f 

the v i n y l d i e s t e r a b s o r p t i o n s o f the s t a r t i n g m a t e r i a l s a t 1640 ( P 2 ^ 2 i 2 ^ ) 

and 1633 ( P 2]/c) were used t o q u a n t i f y the e x t e n t o f r e a c t i o n . The 

r e s u l t s o b t a i n e d a r e p r e s e n t e d i n T a b l e IV (page 9 6 ) . 

S t e r e o s e l e c t i v i t y D i f f e r e n c e s Between the D i m o r p h i c M o d i f i c a t i o n s o f 2 1 . 

S i n g l e C r y s t a l s o f the P2^2^2^ and P2^/c m o d i f i c a t i o n s o f 21 were 

i r r a d i a t e d a t room t e m p e r a t u r e w i t h the n i t r o g e n l a s e r f o r 20 min. A f t e r 

p h o t o l y s i s , t h e c r y s t a l s were t h e n d i s s o l v e d i n e x a c t l y 1.0 ml o f CHCI3 

and t h e i r o p t i c a l r o t a t i o n measured a l o n g w i t h t h a t o f a sample p h o t o l y z e d 

i n s o l u t i o n . The p e r c e n t c o n v e r s i o n was measured by g l c and the s p e c i f i c 

o p t i c a l r o t a t i o n s c a l c u l a t e d a c c o r d i n g t o the f o l l o w i n g f o r m u l a : 

[ Q ] D = a / Ws x C where: [a] •= S p e c i f i c R o t a t i o n 

Q = O p t i c a l R o t a t i o n 

Ws •= Weight o f sample i n g 

C - F r a c t i o n o f p h o t o p r o 

d u c t (% c o n v e r s i o n / 100 ) 

d e t e r m i n e d by g l c . 
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The r e s u l t s from the above measurements a r e shown i n T a b l e V (page 

109) . 

P h o t o l y s i s o f 1 1 . 1 2 - D i - ( 1 - p r o p y l ) - 9 . 1 0 - d i h y d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - 

l l . 1 2 - d i c a r b o x v l a t e 22. 

Compound 22 was p h o t o l y z e d i n s o l u t i o n and i n t h e s o l i d s t a t e i n a 

s i m i l a r manner as 18 t o g i v e : 

D i - ( l - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e 

- 8 c , 8 d - d i c a r b o x y l a t e ( 5 6 ) . 

Compound 56 c r y s t a l l i z e s by slow e v a p o r a t i o n from e t h a n o l s o l u t i o n s , 

mp = 62-75°C. 

lH NMR (CDC1 3, 300MHz) S 7.50-7.00 (8H, m, A r - H ) , 5.05 [IH, s, 

H ( 4 b ) ] , 4.46 [ I H , s, H ( 8 d ) ] , 4.15 (4H, m, -CO2CH2CH2CH3), 1.7 (4H, m, 

-C0 2CH 2CH 2CH3), 0.95 (6H, m, two -CO2CH2CH2CH3). 

IR ( n e a t ) 1729 (2 C=0), 1244 ( C - 0 ) . 

MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 2 1 ) , 316 ( 1 3 ) , 288 ( 1 0 0 ) , 247 ( 3 3 ) , 

202 ( 9 1 ) , 178 ( 6 ) . C a l c u l a t e d mass: 376.1675, f o u n d : 376.1673. 

P h o t o l y s i s o f 1 1 . 1 2 - D i - ( 2 - p r o p v l ) - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - 

l l . 1 2 - d l c a r b o x v l a t e ( 2 3 ) . 

Compound 23 was p h o t o l y z e d i n s o l u t i o n and i n t h e s o l i d s t a t e i n a 

s i m i l a r manner as 18. A s i n g l e p r o d u c t was o b s e r v e d i n s o l u t i o n and i n the 

two c r y s t a l m o d i f i c a t i o n s . T h i s was i d e n t i f i e d a s : 



D i - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e ( 5 7 ) . 

mp - 111-112°C. 

XH NMR (CDC1 3, 300 MHz) 7.4-7.0 (8H, m, A r - H ) , 5.20 [1H, m, 

- C 0 2 C H ( C H 3 ) 2 ( 8 d ) ] , 5.0 [1H, s, H ( 4 b ) ] , 5.0 [1H, m, - C 0 2 C H ( C H 3 ) 2 ( 8 c ) ] , 

1.5-1.2 [12H, m, - C 0 2 C H ( C H 3 ) 2 (8c and 8 d ) ] . 

1 3 C NMR (CDC1 3, 75.4 MHz) 167.80 and 166.73 (2 C=0); 149.67, 149.48, 

134.42, 133.48, 127.15, 126.95, 126.29, 126.21, 125.16, 124.86, 120.98 and 

120.85 ( A r o m a t i c - C ) ; 68.69 and 68.32 (two -CH(CH 3) 2); 67.11 [ C ( 8 d ) ] ; 57.33 

[ C ( 8 d ) ] ; 55.14 [ C ( 4 b ) ] , 48.30 [ C ( 8 b ) ] , 21.33, 21.25 and 21,22 ( - C H ( C H 3 ) 2 ) . 

IR (KBr) 1728, 1712 (2 C-0), 1256, 1236 (2 C-0) cm" 1. 

M S m/e ( r e l . i n t e n s i t y ) 376 ( M + , 2 3 ) , 334 ( 3 ) , 316 ( 1 3 ) , 288 ( 3 5 ) , 247 

( 8 6 ) , 202 ( 1 0 0 ) , 178 ( 6 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 4 H 2 4 0 4 : C, 76.57; H, 6.43, f o u n d : C, 76.86; 

H, 6.41 . 

D i f f e r e n c e s i n R e a c t i v i t y Between t h e two C r y s t a l l i n e M o d i f i c a t i o n s o f 

Compound 23. 

The r e l a t i v e quantum y i e l d s o f the P2^2^2^ and Pbca m o d i f i c a t i o n s o f 

23 were d e t e r m i n e d i n t h e same manner as f o r compound 21. The r e s u l t s a r e 

a l s o shown i n T a b l e IV. 

D i f f e r e n c e s i n s t e r e o s e l e c t i v i t y were a l s o e x p l o r e d f o r d i m o r p h i c -23 

i n a s i m i l a r manner as f o r compound 21. S e v e r a l e x p e r i m e n t s were done i n 

o r d e r t o e s t a b l i s h t h r e e p r i n c i p a l a s p e c t s : 1) G e n e r a t i o n o f o p t i c a l 

a c t i v i t y i n c h i r a l c r y s t a l s (P2^2^2^) o f 23, 2) E x t e n t o f asymmetric 

i n d u c t i o n and 3) C o r r e l a t i o n between the r e a c t a n t and p r o d u c t a b s o l u t e 
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s t e r e o c h e m i s t r y . 

1) G e n e r a t i o n o f O p t i c a l A c t i v i t y i n C r y s t a l s o f D i e s t e r i P r / i P r - 2 3 . 

C r y s t a l s o f the P2^2^2^ and Pbca m o d i f i c a t i o n s o f d i e s t e r 23 were 

p h o t o l y z e d and a n a l y z e d f o r the g e n e r a t i o n o f o p t i c a l a c t i v i t y i n t h e same 

manner as c r y s t a l s o f d i e s t e r 21. S e v e r a l c r y s t a l b a t c h e s were u s e d as 

d e s c r i b e d i n the t e x t ( P a r t I I o f t h i s t h e s i s ) . The r e s u l t s o b t a i n e d h e r e 

a r e shown i n T a b l e s VI-X (pages 112, 122-124 and 126). 

2. D e t e r m i n a t i o n o f t h e E n a n t i o m e r i c E x c e s s from S o l i d S t a t e P h o t o l y s i s o f 

C h i r a l C r y s t a l s o f 23. 

A sample c o n s i s t i n g o f 44.1 mg o f 65.4% l e v o r o t a t o r y 57 was o b t a i n e d 

when f o u r o f the c r y s t a l s from b a t c h 2 whose p h o t o l y s i s r e s u l t s a r e shown 

i n T a b l e V I were combined, and t e n f r a c t i o n a l c r y s t a l l i z a t i o n s were 

c a r r i e d out from p e t r o l e u m e t h e r . The e n a n t i o m e r i c c o m p o s i t i o n o f the 

p r o d u c t was n o t a l t e r e d by the c r y s t a l l i z a t i o n s as shown by the s p e c i f i c 

r o t a t i o n o f the sample ( [ a ] n = -24°). The e n r i c h e d sample and one 

c o n s i s t i n g o f a p h o t o l y z e d s i n g l e c r y s t a l (20.9% p r o d u c t , [a]rj = 24.5°, 

n o t r e c r y s t a l l i z e d ) were t h e n a n a l y z e d by XH NMR a t 300 MHz a f t e r 

s u c c e s s i v e a d d i t i o n s o f the c h i r a l s h i f t r e a g e n t [ 3 - ( h e p t a f l u o r o p r o p y l 

h y d r o x y m e t h y l e n e ) - d - c a m p h o r a t o ] e u r o p i u m ( I I I ) , E u ( h f c ) 3 . The e n a n t i o m e r i c 

r e s o n a n c e s o f a r a c e m i c sample had been p r e v i o u s l y shown t o r e s o l v e 

s a t i s f a c t o r i l y a f t e r a d d i t i o n o f 0.2 eq o f the c h i r a l l a n t h a n i d e r e a g e n t . 

S p e c t r a c o r r e s p o n d i n g t o t h e racemate and o p t i c a l l y a c t i v e samples 

a f t e r a d d i t i o n o f E u ( h f c ) 3 a r e shown i n F i g u r e 46 (page 114). The 

e n a n t i o m e r i c e x c e s s e s t i m a t e d w i t h i n the l i m i t s o f the NMR method i s 
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c o n s i d e r e d t o be >97%. 

C o r r e l a t i o n o f t h e A b s o l u t e S t e r e o c h e m i s t r y between D i b e n z o b a r r e l e n e 23 i n 

P r o - ( - ) - 2 3 C r y s t a l s and i t s O p t i c a l l y Pure P r o d u c t ( - ) -57. 

A s i n g l e c h i r a l c r y s t a l o f p r o - ( - ) - 2 3 w i t h w e l l d e v e l o p e d f a c e s and 

edges and w e i g h i n g 55 mg was grown by s l o w e v a p o r a t i o n o f a s a t u r a t e d 

c y c l o h e x a n e s o l u t i o n p r e v i o u s l y seeded w i t h a s m a l l c r y s t a l o b t a i n e d from 

b a t c h 2 (see T a b l e V I , page 112). A s m a l l fragment was s e p a r a t e d i n o r d e r 

t o o b t a i n X - r a y d i f f r a c t i o n d a t a t o d e t e r m i n e the s t r u c t u r e and a b s o l u t e 

c o n f i g u r a t i o n o f p r o - ( - ) - 2 3 by a p p l y i n g t he method o f anomalous 

d i s p e r s i o n . When t h i s a n a l y s i s s u c c e s s f u l l y r e v e a l e d a 11M, 12P a b s o l u t e 

c o n f i g u r a t i o n ( c o n f o r m a t i o n a l c h i r a l i t y . f o r m a l i s m , see F i g u r e 48 on page 

11 8 ) , the r e m a i n i n g 53.2 mg o f the o r i g i n a l s i n g l e c r y s t a l were p h o t o l y z e d 

f o r 30 min w i t h the n i t r o g e n l a s e r . The o p t i c a l r o t a t i o n o f the r e a c t e d 

c r y s t a l and i t s p e r c e n t c o n v e r s i o n were t h e n o b t a i n e d t o c a l c u l a t e t he 

s p e c i f i c o p t i c a l r o t a t i o n w h i c h was c o n s i s t e n t w i t h a l l the p r e v i o u s 

r e s u l t s , [ a ] D = -25.3° (CHC1 3, c= 0.053). 

I n o r d e r t o d e t e r m i n e the a b s o l u t e c o n f i g u r a t i o n o f the p h o t o p r o d u c t 

( - ) -57, t h e t e c h n i q u e o f anomalous X - r a y d i s p e r s i o n was a p p l i e d t o a 

sample o f t h e o p t i c a l l y pure m a t e r i a l o b t a i n e d i n t h e f o l l o w i n g manner. 

Three samples o f 23 p r e v i o u s l y p h o t o l y z e d i n the s o l i d s t a t e (0.3347 g) 

and shown t o g i v e l e v o r o t a t o r y m a t e r i a l were s e l e c t e d f o r en r i c h m e n t o f 

the p r o d u c t by c r y s t a l l i z a t i o n o f the s t a r t i n g m a t e r i a l . An o i l y mother 

l i q u o r c o n t a i n i n g 45 mg o f 56% p r o d u c t was o b t a i n e d a f t e r f o u r f r a c t i o n a l 

c r y s t a l l i z a t i o n s . The c h i r a l p r o d u c t (-)-57 (20 mg, 98% pure by g l c ) 

c o u l d be p u r i f i e d e a s i l y by column chromatography ( s i l i c a g e l , p e t r o l e u m 
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e t h e r (bp = 35-60°C):ethyl a c e t a t e 19:1) a f t e r t h e r e m a i n i n g s t a r t i n g 

m a t e r i a l was c o n v e r t e d t o the p y r a z o l i n e c y c l o a d d u c t by t r e a t m e n t o f the 

m i x t u r e w i t h diazomethane. C r y s t a l l i z a t i o n o f (-)-57 from d i e t h y l e t h e r 

and e t h a n o l gave square c r y s t a l s s u i t a b l e f o r X - r a y anomalous d i s p e r s i o n 

a n a l y s i s . T h i s a n a l y s i s showed (-)-57 t o have the ( S ) - 4 b , ( S ) - 8 b , ( S ) - 8 c , 

( S ) - 8 d , c o n f i g u r a t i o n (see page 118). 

( - ) - D i - ( 2 - p r o p y l ) - ( S ) - 4 b , ( S ) - 8 b , ( S ) - 8 c , ( S ) - 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e (-)-57. 

mp = 124-5°C ( p r i s m s from d i e t h y l e t h e r - e t h a n o l ) 

The s o l u t i o n s p e c t r o s c o p i c p r o p e r t i e s o f t h i s samples were i d e n t i c a l 

t o t h o s e from the racemate p r e v i o u s l y i s o l a t e d from s o l u t i o n p h o t o l y s i s o f 

d i e s t e r 23. 

IR (KBr) 1732, 1712, (2 C-0), 1251, 1231 (2 C-0) c m - 1 . 

The s t r u c t u r e o f d i e s t e r (-)-57 was a l s o c o n f i r m e d by X - r a y 

c r y s t a l l o g r a p h i c a n a l y s i s . 

P h o t o l y s i s o f 

1 1 . 1 2 - D i - f ( R . S j - 2 - b u t v l l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - 

d i c a r b o x v l a t e ( 2 4 ) . 

Compound 24 was p h o t o l y z e d i n s o l u t i o n and i n the s o l i d s t a t e i n a 

s i m i l a r manner as the d i m e t h y l d i e s t e r 18 t o g i v e : 

D i - [ ( R , S ) - 2 - b u t y l ] - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e ( 5 8 ) . 



Compound 58 was o b t a i n e d as m i x t u r e o f d i a s t e r e o m e r s (two g l c p e a k s ) . 

The m i x t u r e was f o u n d t o be a v i s c o u s l i q u i d a t 20°C. The s p e c t r o s c o p i c 

d a t a t h a t f o l l o w s were o b t a i n e d on the p h o t o p r o d u c t m i x t u r e . 

XH NMR ( a c e t o n e - d 6 , 300 MHz) 6 7.45-7.05 (8H, m, A r - H ) , 5.12 [ 1H, s, 

H ( 8 b ) ] , 5.05 [1H,. m, -C0 2CH(CH3)CH 2CH3), 4.45, 4.43, 4.41 ( t o t a l 1H, 3s, 

H ( 8 c ) ] , 1.65 (4H, m, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.40-1.20 (6H, m, 

- C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.05-0.85 (6H, m, -C0 2CH(CH 3)CH 2CH 3). 

IR ( n e a t ) 1733 (C=0), 1290 (C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 400 (M +, 2 2 ) , 348 ( 1 0 ) , 330 ( 1 3 ) , 302 ( 2 6 ) , 

275 ( 2 3 ) , 247 ( 1 0 0 ) , 202 ( 8 1 ) , 178 ( 4 ) . C a l c u l a t e d mass: 404.1988, found 

404.1990. 

P h o t o l y s i s o f 1 1 - ( 2 - P r o p y l ) - 1 2 - m e t h y l - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l . 1 2 - 

d i c a r b o x y l a t e ( 3 0 ) . 

1) S o l u t i o n P h o t o l y s i s and I d e n t i f i c a t i o n o f the P h o t o p r o d u c t s . 

Samples o f compound 30 were p h o t o l y z e d i n s o l u t i o n and f o u n d t o g i v e 

two p r o d u c t s ( g l c a n a l y s i s ) i n a 55:45 r a t i o . The p r o d u c t r a t i o was found 

t o be i n d e p e n d e n t o f the s o l v e n t used (benzene, a c e t o n i t r i l e and a c e t o n e ) . 

P r e p a r a t i v e p h o t o l y s i s (100 mg) was c a r r i e d out i n the same manner as f o r 

compound Me/Me-18. A f t e r a •'•H NMR and a glc-MS s p e c t r a o f the r e a c t i o n 

m i x t u r e were o b t a i n e d , s e v e r a l u n s u c c e s s f u l a t t e m p t s were made t o p e r f o r m 

c h r o m a t o g r a p h i c s e p a r a t i o n o f the r e a c t i o n m i x t u r e . The two p r o d u c t s 

t u r n e d o u t t o be i s o m e r i c w i t h the s t a r t i n g m a t e r i a l and had ^H NMR 

s p e c t r a t h a t s t r o n g l y s u g g e s t e d the two e x p e c t e d di - 7 r-methane p r o d u c t s . 

The i d e n t i t y o f the two p h o t o p r o d u c t s c o u l d be e s t a b l i s h e d by 

s p e c t r o s c o p i c a n a l y s i s and c o n f i r m e d by X - r a y d i f f r a c t i o n a n a l y s i s . The 



m a j o r p r o d u c t , t h e d i b e n z o s e m i b u l l v a l e n e d i e s t e r 63A, c o u l d be s e p a r a t e d 

a f t e r i t was d i s c o v e r e d t h a t i t can be s e l e c t i v e l y c r y s t a l l i z e d ( c o l o r l e s s 

p r i s m s ) i n low y i e l d from m e t h y l c y c l o h e x a n e . The mother l i q u o r a f t e r t h i s 

c r y s t a l l i z a t i o n was found t o have an e q u i m o l a r c o m p o s i t i o n o f the two 

p r o d u c t s . T h i s s o l u t i o n was f o u n d s u i t a b l e f o r f r a c t i o n a l c r y s t a l l i z a t i o n 

u s i n g d i e t h y l e t h e r as the s o l v e n t . The minor p r o d u c t , d i b e n z o s e m i b u l l v a l -

l e n e d i e s t e r 63B, c o u l d be s e p a r a t e d ( c o l o r l e s s p r i s m s ) 97% pur e i n low 

y i e l d a f t e r 7 f r a c t i o n a l c r y s t a l l i z a t i o n s . T h i s compound o n l y s t a r t e d t o 

c r y s t a l l i z e p r e f e r e n t i a l l y a f t e r i t was p r e s e n t i n more t h a n 70% i n the 

mother l i q u o r . 

8 c - M e t h y l - 8 b - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o ' a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 3 A ) . 

mp = 139-1A1°C. 

XH NMR (CDC1 3, 300 MHz) 5 7.35-7.05 (8H, m, AR-H),'5.24 ( I H , m, 

C ( 8 b ) - C 0 2 C H ( C H 3 ) 2 ) , 5.05 ( I H , s , . C ( 8 b ) - H ) , A.A5 ( I H , s, C( A b ) - H ) , 3.70 

(3H, s, - C 0 2 C H 3 ) , 1.30,1.32 (6H, 2d, J=7Hz, - C 0 2 C H ( C H 3 ) 2 ) . 

IR (KBr) 1735 (C=0), 1253 (C-0) cm - 1. 

MS m/e ( r e l . i n t e n s i t y ) 3A8 (M +, 3 5 ) , 306 ( 3 0 ) , 260 ( 7 0 ) , 202 ( 1 0 0 ) . 

A n a l y s i s C a l c u l a t e d f o r C 2 2 H 2 0 O 4 * : C, 75.8A; H, 5.79, f o u n d : C, 75.90; 

H, 5.93 . 

8 b - M e t h y l - 8 c - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (63B). 

mp = 110-112°C. 

lH NMR (CDC1 3, 300 MHz) 6 7.35-7.05 (8H, m, A r - H ) , 5.05 ( I H , m, 



C ( 8 c ) - C 0 2 C H ( C H 3 ) 2 ) , 5 ..07 ( I H , s, C ( 8 b ) - H ) , 4.49 ( I H , s, C ( 4 b ) - H ) , 3.88 

(3H, s, - C 0 2 C H 3 ) , 1.22, 120 (6H, 2d, J=7Hz, - C 0 2 C H ( C H 3 ) 2 ) . . 

IR (KBr) 1737, 1717 ( C - 0 ) , 1248 (C-0) c m - 1 . 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 2 5 ) , 316 ( 1 5 ) , 261 ( 1 0 0 ) , 202 ( 7 5 ) . 

A n a l y s i s C a l c u l a t e d f o r C 2 2 H 2 0 O 4 * : C, 75.84; H, 5.79, f o u n d : C, 75.90; 

H, 5.93 . 

* The e l e m e n t a l a n a l y s i s was p e r f o r m e d on the 63A/63B m i x t u r e . 

2) S o l i d S t a t e P h o t o l y s i s . 

Compound 30 was p h o t o l y z e d i n the s o l i d s t a t e i n t h e same manner as 

18. The p r o d u c t r a t i o was o b t a i n e d by g l c and found t o be 63A:63B = 93:7. 

The dependence o f the p r o d u c t r a t i o was s t u d i e d as a f u n c t i o n o f tempera

t u r e and f o u n d t o be i n v a r i a n t from -70 t o 20°C. The p r o d u c t r a t i o was 

a l s o f o u n d t o be c o n s t a n t t o up t o a c o n v e r s i o n o f 30% a f t e r w h i c h the 

c r y s t a l s became l a r g e l y u n r e a c t i v e . 

P h o t o l y s i s o f D i b e n z o s e m i b u l l v a l e n e 63A. 

D i l u t e (0.001 M) benzene, a c e t o n i t r i l e and a c e t o n e s o l u t i o n s o f the 

p h o t o p r o d u c t 63A were p h o t o l y z e d w i t h t h e H a n o v i a lamp t h r o u g h a P y r e x 

f i l t e r . A n a l y s i s o f t h e s e samples by g l c r e v e a l e d no t r a c e o f r e a c t i o n . 

P h o t o l y s i s o f Compounds 28. 29 and 32 t o 39. 

These compounds were p h o t o l y z e d i n s o l u t i o n and i n the s o l i d s t a t e i n 

a s i m i l a r manner as d i e s t e r 30. Two r e g i o i s o m e r i c p h o t o p r o d u c t s were 

o b s e r v e d i n each c a s e , b o t h i n s o l u t i o n and i n the s o l i d s t a t e . No p r o d u c t 
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s e p a r a t i o n c o u l d be a c h i e v e d and the m i x t u r e s were a n a l y z e d by g l c , 

glc-MS, FTIR and NMR. The c h r o m a t o g r a p h i c and s p e c t r o s c o p i c r e s u l t s o f 

each m i x t u r e were c o r r e l a t e d w i t h t h o s e o f 63A and 63B w h i c h had been 

a s s i g n e d u n a m b i g u o u s l y ( v i d e s u p r a ) . The -CO2CH3 p r o t o n r e s o n a n c e s ( t h e 

e t h y l e s t e r m ethylene r e s o n a n c e s i n the c a s e s o f E t / i P r - 3 8 and E t / s B u - 3 9 ) , 

t h e g l c r e t e n t i o n t i m e s and the r e s p e c t i v e i n t e g r a t e d a r e a s from the 

r e g i o i s o m e r i c p r o d u c t s A and B as o b t a i n e d i n s o l u t i o n and i n the s o l i d 

s t a t e a r e shown i n T a b l e X I (page 132) and i n F i g u r e 56 (page 141). I n 

a l l c a s e s the s p e c t r a l d a t a were i n complete agreement w i t h the two 

e x p e c t e d d i b e n z o s e m i b u l l v a l e n e d i e s t e r s t r u c t u r e s . I t was a l s o found t h a t 

t h e mass s p e c t r a l f r a g m e n t a t i o n p a t t e r n o f the r e g i o i s o m e r i c s t r u c t u r e s A 

and B f o l l o w s a r e g u l a r t r e n d . The p e r t i n e n t i o n s and t h e i r r e l a t i v e 

abundances a r e shown i n T a b l e X I I (page 139). The d e t a i l e d NMR 

s p e c t r o s c o p i c i n f o r m a t i o n deduced from the p h o t o l y s i s m i x t u r e s i s 

p r e s e n t e d below. 

P h o t o l y s i s M i x t u r e o f Me/Et-28. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( e t h y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] 

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 1 A ) . 

X H NMR (CDCI3, 400 MHz) 6 7.40-7.00 (8H, m, A r - H ) , 5.06 [1H, s, 

H ( 4 b ) ] , 4.47 [1H, s, H ( 8 d ) ] , 4.35 (2H, q, J-=7Hz, -CO2CH2CH3), 3.70 (3H, s, 

- C 0 2 C H 3 ) , 1.34 (3H, t , J-7Hz, -C0 2CH 2CH 3). 

IR o f m i x t u r e ( K B r ) : 1726 and 1702 ( C - 0 ) , 1461, 1294 and 1215 ( C - 0 ) , 

1061, 754 c m - 1 . 

MS o f m i x t u r e m/e ( r e l . I n t e n s i t y ) 334 (M +, 100), 302 ( 1 1 ) , 289 ( 1 3 ) , 
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275 ( 5 0 ) , 274 ( 6 0 ) , 261 ( 6 4 ) , 202 ( 8 2 ) ; C a l c u l a t e d mass: 334.1205, found: 

334.1202. 

M i n o r R e g i o i s o m e r ( B ) : 

8 d - M e t h y l - 8 c - ( e t h y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (61B). 

NMR (CDC1 3, 400 MHz) 6 7.40-7.00 (8H, m, A r - H ) , 5.05 [ I H , s, 

H ( 4 b ) ] , 4.49 [IH, s, H ( 8 d ) ] , 4.17 (2H, q, J=7Hz, - C 0 2 C H 2 C H 3 ) , 3.86 (3H, s, 

- C 0 2 C H 3 ) , 1.24 (3h, t , J=7Hz, -C0 2CH 2CH 3). 

P h o t o l y s i s M i x t u r e o f Me/nPr-29. 

M a j o r r e g i o i s o m e r ( A ) . 

8 c - M e t h y l - 8 b - ( 1 - P r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (62A). 

XH NMR ( C 6 D 6 , 300 MHz) 6 7.4-6.7 (8H, m, A r - H ) , 5.1 [ I H , s, H ( 4 b ) ] , 

4.7 [ I H , s, H ( 8 d ) ] , 4.1 (2H, m, -C0 2CH 2CH 2CH 3), 3.3 (3H, s, - C 0 2 C H 3 ) , 1.4 

(2H, m, -C0 2CH 2CH 2CH 3) , 0.7 (3H, m, -C0 2CH 2CH 2CH 3). 

IR o f m i x t u r e ( n e a t ) 2967 (C-H), 1729 (C=0), 1474, 1438, 1291, 1246 

( C - 0 ) , 1088, 1043, 741 c m - 1 . 

MS o f m i x t u r e m/e ( r e l . i n t e n s i t y ) 348 ( M + , 4 1 ) , 316 ( 7 ) , 288 ( 5 8 ) , 

261 ( 6 4 ) , 202 ( 1 0 0 ) . C a l c u l a t e d mass: 348.1362, found: 348.1362. 

M i n o r r e g i o i s o m e r ( B ) . 

8 d - M e t h y l - 8 c - ( 1 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 2 B ) . 

lH NMR ( C 6 D 6 , 300 MHz) 5 7.4-6.7 (8H, m, A r - H ) , 5.0 [ I H , s, H ( 4 b ) ] , 

4.7 [ I H , s, H ( 8 d ) ] , 3.9 (2H, m -C0 2CH 2CH 2CH 3), 3.5 (3H, s, - C 0 2 C H 3 ) , 1.3 
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(2H, m, -C0 2CH 2CH 2CH 3) , 0.7 (3H, m, -C0 2CH 2CH 2CH3). 

P h o t o l y s i s M i x t u r e o f Me/sBu-31. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( 2 - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (64A) 

% NMR (CDCI3, 400 MHz) 5 7.35-7.02 (8H, m, Ar-H), 5.05 [1H, s, 

H ( 4 b ) ] , 5.05 (1H, m, -C0 2CH(CH3)CH 2CH3), 4.47 [1H, s, H(8d)], 3.70 (3H, s, 

- C 0 2 C H 3 ) , 1.60 (2H, m, -C0 2CH(CH 3)CH 2CH3), 1.31 and 1.25 (3H*, d, J=7Hz, 

-C0 2CH(CH 3)CH 2CH 3 ) 0.95 and 0.91 (3H*. t , J=7Hz, -C0 2CH(CH3)CH 2CH3). 

* R e s o l u t i o n o f two d i a s t e r e o m e r i c s i g n a l s . 

IR o f m i x t u r e ( n e a t ) 1729 (C=0), 1474, 1461, 1438, 1380, 1336, 1291, 

1249 and 1088 ( C - 0 ) , 1042, 758 cm" 1. 

Glc-MS m/e ( r e l . i n t e n s i t y ) peak A - I : 362 (M +, 9 ) , 306 ( 5 8 ) , 289 ( 1 1 ) , 

278 ( 1 5 ) , 262 ( 1 4 ) , 261 ( 3 1 ) , 260 ( 9 4 ) , 247 ( 6 5 ) , 246 ( 5 4 ) , 233 ( 1 9 ) , 230 

( 1 5 ) , 219 ( 2 1 ) , 203 ( 4 4 ) , 202 ( 1 0 0 ) ; peak A - I I 362 ( M + , 1 1 ) , 306 ( 4 9 ) , 289 

( 1 3 ) , 278 ( 1 2 ) , 262 ( 2 6 ) , 261 ( 2 8 ) , 260 ( 9 2 ) , 247 ( 5 6 ) , 246 ( 6 8 ) , 233 

( 1 7 ) , 230 ( 1 0 ) , 219 ( 2 0 ) , 203 ( 3 5 ) , 202 ( 1 0 0 ) ; . 

A n a l y s i s c a l c u l a t e d f o r : C23H22O4: C, 76.22; H, 6.12, f o u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 76.50; H, 6.35. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - ( 2 - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 4 B ) . 

T-H NMR (CDCI3, 400 MHz) 6 7.35-7.02 (8H, m, Ar-H), 5.05 [1H, s, 

H ( 4 b ) ] , 4.89 (1H, m, -C0 2CH(CH3)CH 2CH 3), 4.44 and 4.43 [1H*, s, H(8d)], 

3.86 (3H, s, -C0 2CH 3), 1.60 (2H,m, -C0 2CH(CH3)CH 2CH3), 1.18 and 1.17 
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(3H*. d, J=7Hz, -C0 2CH(CH 3)CH2CH 3), 0.87 and 0.86 (3H*, t , J=7Hz, 

-C0 2CH(CH 3)CH 2CH 3). 

(* = r e s o l u t i o n o f two d i a s t e r e o m e r i c s i g n a l s ) 

Glc-MS m/e ( r e l . i n t e n s i t y ) peak B: 362 ( M + , 8 ) , 330 ( 9 ) , 302 ( 8 ) , 289 

( 1 1 ) , 262 ( 5 0 ) , 261 ( 9 2 ) , 260 ( 2 2 ) , 247 ( 1 4 ) , 246 ( 1 7 ) , 202 ( 7 6 ) , 41 

( 1 0 0 ) . 

P h o t o l y s i s M i x t u r e o f Me/tBu-32. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( 1 , 1 - d i m e t h y l - 1 - e t h y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o -

[ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (65A) 

X H NMR (CDC1 3, 80 MHz) 5 7.4-7.0 (8H, m, A r - H ) , 5.0 [ I H , s, H ( 4 b ) ] , 

4.4 [ I H , s, H ( 8 d ) ] , 3.70 (3H, s, - C 0 2 C H 3 ) , 1.50 (9H, s, - C 0 2 ( C H 3 ) 3 ) . 

IR o f m i x t u r e ( n e a t ) 2981 (C-H) , 1729 ( O O ) , 1474, 1458, 1438, 1369, 

1340, 1295, 1252 and 1154 ( C - 0 ) , 1046, 758 cm" 1. 

Glc-MS m/e ( r e l . i n t e n s i t y ) 362 (M+, t r a c e ) , 306 ( 1 0 0 ) , 289 ( 1 6 ) , 278 

( 1 7 ) , 260 ( 9 6 ) , 2 4 7 - ( 6 8 ) , 246 ( 6 8 ) , 2 3 3 ( 2 0 ) , 202 ( 9 9 ) , 189 ( 1 6 ) . 

A n a l y s i s c a l c u l a t e d f o r : C 2 3 H 2 2 0 4 : C, 76.22; H, 6.,26, f o u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 76.08; H, 6.16. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - ( 1 , 1 - d i m e t h y l - 1 - e t h y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o -

[ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 5 B ) . 

X H NMR (CDC1 3, 80 MHz) 6 7.4-7.0 (8H, m, A r - H ) , 5.0 [ I H , s, H ( 4 b ) ] , 

4.4 [ I H , s, H ( 8 d ) ] , 3.85 (3H, s, - C 0 2 C H 3 ) , 1.40 (9H, s, - C 0 2 ( C H 3 ) 3 ) . 

Glc-MS m/e ( r e l . i n t e n s i t y ) 362 (M +, 3 ) , 306 ( 6 ) , 289 ( 1 1 ) , 262 

( 1 0 0 ) , 260 ( 5 ) , 247 ( 1 9 ) , 246 ( 8 ) , 202 ( 8 2 ) , 189 ( 9 ) . 
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P h o t o l y s i s M i x t u r e o f Me/nPent-33. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( 1 - p e n t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (66A) 

1 H NMR (CDC1 3, 300 MHz) 6 7.35-7.00 (8H, m, A r - H ) , 5.08 [1H, s, 

H ( 4 b ) ] , 4.49 [1H, s, H ( 8 d ) ] , 4.10 (2H, m, - C 0 2 C H 2 ( C H 2 ) 3 C H 3 ) , 3.70 (3H, s, 

- C 0 2 C H 3 ) , 1.80-1.40 (6H, m, -C0 2CH2(CH 2)3CH3), 0.95 (3H, m, 

- C 0 2 C H 2 ( C H 2 ) 3 C H 3 ) . 

IR o f m i x t u r e ( n e a t ) 2954 (C-H), 1729 (C=0), 1437, 1292, 1246 and 1088 

( C - 0 ) , 1046, 741 c m - 1 . 

Glc-MS m/e ( r e l . i n t e n s i t y ) 376 ( M + , 1 0 ) , 317 ( 3 ) , 275 ( 2 ) , 260 ( 2 5 ) , 

247 ( 1 2 ) , 233 ( 2 0 ) , 218 ( 2 0 ) , 202 ( 1 0 0 ) . 

A n a l y s i s c a l c u l a t e d f o r C 2 4 H 2 4 ) 4 : C, 76.57; H, 6.43, f o u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 76.45; H, 6.29. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - ( 1 - p e n t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a -

[ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (66B). 

1 H NMR (CDCI3, 300 MHz) 6 7.35-7.00 (8H, m, A r - H ) , 5.06 [1H, s, 

H ( 4 b ) ] , 4.46 [1H, s, H ( 8 d ) ] , 4.30 (2H, m, - C 0 2 C H 2 ( C H 2 ) 3 C H 3 ) 3.86 (3H, s, 

- C 0 2 C H 3 ) , 1.80-1.40 (6H, m, - C 0 2 C H 2 ( C H 2 ) 3 C H 3 ) , 0.95 (3H, m, 

- C 0 2 C H 2 ( C H 2 ) 3 C H 3 ) . 

Glc-MS m/e ( r e l . i n t e n s i t y ) 376 (M +, 5 ) , 316 ( 2 0 ) , 261 ( 3 5 ) , 246 ( 1 5 ) , 

229 ( 2 5 ) , 218 ( 3 0 ) , 202 ( 1 0 0 ) . 
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P h o t o l y s i s M i x t u r e o f Me/iPen-34. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( 2 - m e t h y l - l - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (67A) 

X H NMR (CDC1 3, 300 MHz) 6 7.40-7.00 (8H, m, A r - H ) , 5.08 [ I H , s, 

H ( 4 b ) ] , 4.02 [ I H , s, H ( 8 d ) ] , 4.01 (2H, m, -C0 2CH 2CH(CH3)CH2CH3), 3.70 (3H, 

s, - C 0 2 C H 3 ) , 1.70 ( I H , m, -C0 2CH 2CH(CH 3)CH 2CH 3), 1.40 (2H, m, 

- C 0 2 C H 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.20 (3H, m, -C0 2CH 2CH(CH 3)CH 2CH 3), 0.95 (3H, m, 

- C 0 2 C H 2 C H ( C H 3 ) C H 2 C H 3 ) . 

IR o f m i x t u r e ( n e a t ) : 1729 ( O O ) , 1474, 1760, 1090. 

Glc-MS m/e ( r e l . i n t e n s i t y ) 376 (M +, 9 ) , 348 ( 1 ) , 317 ( 4 1 ) , 306 ( 1 4 ) , 

289 ( 4 ) , 262 ( 1 5 ) , 261 ( 2 1 ) , 260 ( 6 6 ) , 247 ( 4 4 ) , 246 ( 4 3 ) , 202 ( 1 0 0 ) . 

A n a l y s i s c a l c u l a t e d f o r C24H24O4: C, 76.57; H, 6.43, f o u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 76.65; H, 6.58. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - ( 2 - m e t h y l - 1 - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 7 B ) . 

1 H NMR (CDCI3, 300 MHz) 8 7.40-7.00 (8H, m, A r - H ) , 5.10 [IH, s, 

H ( 4 b ) ] , 4.05 [ I H , s, H ( 8 d ) ] , 4.01 (2H, m, -C0 2CH 2CH(CH 3)CH 2CH 3), 3.84 (3H, 

s, - C 0 2 C H 3 ) , 1.70 ( I H , m, -C0 2CH 2CH(CH 3)CH 2CH 3), 1.40 (2H, m, 

- C 0 2 C H 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.20 (3H, m, -C0 2CH 2CH(CH 3)CH 2CH 3), 0.95 (3H, m, 

- C 0 2 C H 2 C H ( C H 3 ) C H 2 C H 3 ) . 

Glc-MS m/e ( r e l . i n t e n s i t y ) 376 (M +, 6 ) , 344 ( 3 ) , 316 ( 2 1 ) , 306 ( 2 ) , 

289 ( 3 ) , 262 ( 2 4 ) , 261 ( 5 3 ) , 260 ( 2 5 ) , 247 ( 1 3 ) , 246 ( 1 8 ) , 202 ( 1 0 0 ) . 
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P h o t o l y s i s M i x t u r e o f Me/neoPen-35. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - ( 2 , 2 - d i m e t h y l - l - p r o y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (68A) 

X H NMR (CDCI3, 300MHz) 6 7.40-7.00 (8H, m, A r - H ) , 5.03 [1H, s, 

H ( 4 b ) ] , 4.38 [1H, s, H ( 8 d ) ] , 3.70 (3H, s, - C 0 2 C H 3 ) , 1.82 (2H, q, J=6Hz, 

-C0 2C(CH3)2CH 2CH3), 1.52 and 1.49 (6H, 2s, - C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) , 0.91 (3H, 

t , J=6Hz, - C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) . 

IR o f m i x t u r e ( n e a t ) 1729 (C=0), 1474, 1461, 1438, 1384, 1341, 1292, 

1243 and 1152 ( C - 0 ) , 1088, 759 c m - 1 . 

Glc-MS m/e ( r e l . i n t e n s i t y ) 376 (M +, 2 ) , 306 ( 1 5 ) , 261 (15) 260 ( 1 0 ) , 

247 ( 1 0 ) , 230 ( 2 0 ) , 219 ( 2 5 ) , 202 ( 1 0 0 ) ; C a l c u l a t e d mass: 376.1675, fo u n d : 

376.1672. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - ( 2 , 2 - d i m e t h y l - 1 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 b , 8 c - d i c a r b o x y l a t e ( 6 8 B ) . 

XH NMR (CDCI3, 300 MHz) S 7.40-7.00 (8H, m, A r - H ) , 5.01 [1H, s, 

H ( 4 b ) ] , 4.41 [1H, s, H ( 8 d ) ) , 3.85 (3H, s, - C 0 2 C H 3 ) , 1.78 (2H, q, J=6Hz, 

- C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) , 1.42 and 1.41 (6H, 2s, - C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) , 0.87 (3H, 

t , J=6Hz, - C 0 2 C ( C H 3 ) 2 C H 2 C H 3 ) . 

Glc-MS m/e ( r e l . i n t e n s i t y ) No M+ a t 376, 261 ( 3 0 ) , 246 ( 2 0 ) , 218 

( 1 0 ) , 202 ( 1 0 0 ) , 189 ( 4 0 ) . 

P h o t o l y s i s M i x t u r e o f Me/Menth-36. 

M a j o r R e g i o i s o m e r ( A ) : 

8 c - M e t h y l - 8 b - [ ( 1 ) - ( - ) - m e n t h y l ] - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -



c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (69A) 

lH NMR (CDCI3, 300 MHz) 5 7.36-7.00 (8H, m, A r - H ) , 5.06 and 5.05 [ I H * , 

s, H ( 4 b ) ] , 4.90 ( I H , m, m e n t h y l m e t h i n e ) , 4.46 and 4.39 [ I H * , s, H ( 8 d ) ] , 

3.70 and 3.69 (3H*. s, - C 0 2 C H 3 ) , 2.20-0.70 (18H, m, m e n t h y l g r o u p ) . 

IR o f m i x t u r e ( n e a t ) 2954 and 1870 ( s t r o n g C-H), 1733 ( C - 0 ) , 1457, 

1388, 1292 and 1248 ( C - 0 ) , 1088, 1038, 757 cm" 1. 

Glc-MS m/e ( r e l . i n t e n s i t y ) : 444 ( M + , 1 3 ) , 262 ( 7 8 ) , 246 ( 2 0 ) , 229 ( 1 0 ) , 

202 ( 1 0 0 ) , 189 ( 1 1 ) , 176 ( 1 9 ) . 

A n a l y s i s c a l c u l a t e d f o r C29H32O4: C, 78.35; H, 7.26, f o u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 78.10; H, 7.40. 

M i n o r R e g i o i s o m e r ( B ) : 

8 b - M e t h y l - 8 c - [ ( 1 ) - ( - ) - m e n t h y l ] - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o ' a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e ( 6 9 B ) . 

1 H NMR (CDCI3, 300 MHz) 6 7.36-7.00 (8H, m, A r - H ) , 5.06 and 5.05 [ I H * , 

s, H ( 4 b ) ] , 4.80 ( I H , m, m e n t h y l m e t h i n e ) , 4.46 [ I H , s, H ( 8 d ) ] , 3.86 and 

3.85 (3H*, s, - C 0 2 C H 3 ) , 2.20-0.70 (18H, m, m e n t h y l g r o u p ) . 

Glc-MS m/e ( r e l . i n t e n s i t y ) : No M + a t 444, 306 ( 4 4 ) , 260 ( 4 6 ) , 247 

( 4 3 ) , 229 ( 2 1 ) , 218 ( 2 6 ) , 202 ( 1 0 0 ) , 189 ( 2 8 ) . 

P h o t o l y s i s M i x t u r e o f Me/Ph-37. 

M a j o r R e g i o i s o m e r ( B ) . 

8 b - M e t h y l - 8 c - P h e n y l - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o ' a , f ] c y c l o p r o p a -

[ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e (69A) 

^H NMR (CDCI3, 300 MHz) 6 7.50-7.05 (13H, m, A r - H ) , 5.25 [ I H , s, 

H ( 4 b ) ] , 4.72 [ I H , s, H ( 8 d ) ] , 3.91 (3H, s, - C 0 2 C H 3 ) . 

IR o f m i x t u r e ( n e a t ) 3025, 2953 (C-H), 1738 (C=0), 1592 (C=C p h e n y l ) , 



1493, 1457, 1436, 1292 and 1199 ( C - 0 ) , 1068, 740 cm' 1. 

MS o f m i x t u r e m/e ( r e l . i n t e n s i t y ) 382 (M +, 2 5 ) , 289 ( 2 1 ) , 261 ( 4 5 ) , 

230 ( 2 3 ) , 202 ( 1 0 0 ) , 94 ( 5 2 ) ; C a l c u l a t e d mass: 382.1205, f o u n d : 382.1205. 

M i n o r R e g i o i s o m e r ( A ) . 

8 c - M e t h y l - 8 b - p h e n y l - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 b - d i c a r b b x y l a t e ( 6 9 B ) . 

lH NMR (CDC1 3, 300 MHz) 6 7.50-7.05 (13H, m, A r - H ) , 5.17 [1H, s, 

H ( 4 b ) ] , 4.65 [1H, s, H ( 8 d ) ] , 3.80 (3H, s, - C 0 2 C H 3 ) . 

P h o t o l y s i s M i x t u r e o f E t / i P r - 3 8 . 

M a j o r R e g i o i s o m e r ( A ) . 

8 c - E t h y l - 8 b - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e (71A). 

•̂H NMR (CDCI3, 400 MHz) 5 7.35-7.03 (8H, m, A r - H ) , 5.23 (1H, m, 

- C 0 2 C H ( C H 3 ) 2 ) , 5.05 [1H, s, H ( 4 b ) ] , 4.44 [1H, s, H ( 8 d ) ] , 4.18 (2H, m, 

-C0 2CH 2CH3) ,1.35-1.20 (9H, -C0 2CH 2CH 3 and - C 0 2 C H ( C H 3 ) 2 ) . 

IR o f m i x t u r e ( n e a t ) 1982 (C-H), 1727 (C=0), 1462, 1375, 1291, 1249 

and 1102 ( C - 0 ) , 1046, 762 cm' 1. 

MS o f m i x t u r e m/e ( r e l . i n t e n s i t y ) 362 ( M + , 3 5 ) , 320 ( 1 2 ) , 303 ( 1 0 ) , 

302 ( 8 ) , 288 ( 2 2 ) , 264 ( 6 1 ) , 202 ( 1 0 0 ) . 

A n a l y s i s C a l c u l a t e d f o r : C^Hp^O^ C, 76.22; H, 6.12, fo u n d ( i n 

p h o t o l y s i s m i x t u r e ) : C, 76.24; H, 6.30. 

M i n o r R e g i o i s o m e r ( B ) . 

8 d - E t h y l - 8 c - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] -

p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e (71B) . 

^H NMR (CDCI3, 400 MHz) 5 7.35-7.03 (8H, m, A r - H ) , 5.04 (1H, m, 
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- C 0 2 C H ( C H 3 ) 2 ) , 5.05 [1H, s, H ( 4 b ) ] , 4.46 [1H, s, H ( 8 d ) ] , 4.35 (2H, m, 

-C0 2CH 2CH 3) , 1.35-1.20 (9H, -C0 2CH 2CH 3 and - C 0 2 C H ( C H 3 ) 2 ) . 

P h o t o l y s i s M i x t u r e o f Et/sBu-39. 

R e g i o i s o m e r ( A ) . 

8 c - E t h y l - 8 b - [ ( S ) - ( + ) - 2 - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e ( 7 2 A ) . 

*H NMR ( C 6 D 6 , 300 MHz) S 7.35-6.70 (8H, m, A r - H ) , 5.20 [1H, s s , 

H ( 8 d ) ] , 5.15 (1H, m, -C0 2CH(CH 3)CH 2CH 3), 4.75 [1H, s s , H ( 8 b ) ] , 4.18 (2H, 

m, - C 0 2 C H 2 C H 3 ) , 1.6-0.7 (11H, m, -C0 2CH(CH 3)CH 2CH 3 and -C0 2CH 2CH 3). 

IR o f m i x t u r e ( n e a t ) 1982 (C-H), 1727 (C=0), 1462, 1375, 1291, 1249 

and 1102 ( C - 0 ) , 1046, 762 cm' 1. 

Glc-MS m/e ( r e l . i n t e n s i t y ) peak A l : 376 (M +, 1 1 ) , 320 ( 1 1 ) , 303 ( 1 5 ) , 

274 ( 8 3 ) , 247 ( 5 2 ) , 230 ( 1 5 ) , 219 ( 2 1 ) , 202 ( 1 0 0 ) , 178 ( 3 2 ) ; peak A l l : 376 

(M +, 1 0 ) , 320 ( 1 3 ) , 303 ( 1 3 ) , 274 ( 8 8 ) , 247 ( 5 4 ) , 230 ( 1 9 ) , 219 ( 2 7 ) , 202 

( 1 0 0 ) , 178 ( 2 8 ) ; C a l c u l a t e d mass: 376.1675, found: 376.1670. 

R e g i o i s o m e r ( B ) . 

8 d - E t h y l - 8 c - [ ( S ) - ( + ) - 2 - b u t y l ) - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] -

c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 d - d i c a r b o x y l a t e ( 7 2 B ) . 

X H NMR ( C 6 D 6 , 300 MHz) S 7.35-6.70 (8H, m, A r - H ) , 5.10 [1H, s, H ( 8 d ) ] , 

4.95 (1H, m, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 4.75 [1H, s s , H ( 8 b ) ] , 3.95 (2H, m, 

- C 0 2 C H 2 C H 3 ) , 1.6-0.7 (11H, m, -C0 2CH(CH 3)CH 2CH 3 and -C0 2CH 2CH 3). 

Glc-MS m/e ( r e l . i n t e n s i t y ) peak B: 376 (M+, 5 ) , 330 ( 1 1 ) , 303 ( 8 ) , 

302 ( 7 ) , 275 ( 8 0 ) , 247 ( 3 3 ) , 230 ( 1 1 ) , 219 ( 1 4 ) , 202 ( 7 7 ) , 56 ( 1 0 0 ) . 



-334-

P h o t o c h e m i c a l S t u d i e s on 1 1 - ( 2 - P r o p v l ) - 9 . 1 0 - e t h e n o a n t h r a c e n e - l l - 

c a r b o x v l a t e - 1 2 - c a r b o x v l i c a c i d ( 4 1 ) . 

The s o l u t i o n p h o t o c h e m i s t r y o f the a c i d 41 was e x p l o r e d i n d i f f e r e n t 

s o l v e n t s and a t d i f f e r e n t c o n c e n t r a t i o n s . S o l i d s t a t e p h o t o l y s e s were 

e x p l o r e d p a r a l l e l t o the s o l u t i o n i r r a d i a t i o n s . A n a l y t i c a l p h o t o l y s e s 

were p e r f o r m e d as o u t l i n e d i n the G e n e r a l E x p e r i m e n t a l S e c t i o n . Two 

p r o d u c t s were o b s e r v e d i n a l l c a s e s and were shown t o c o r r e s p o n d t o t h e 

r e g i o i s o m e r i c d i b e n z o s e m i b u l l v a l e n e monoacids 41A and 41B by c o n v e r t i n g 

them i n t o t h e i r c o r r e s p o n d i n g m e t h y l e s t e r s 63A and 63B. T h i s c o n v e r s i o n 

was a c h i e v e d t h r o u g h two e s t e r i f i c a t i o n p r o c e d u r e s . 

1) E s t e r i f i c a t i o n v i a t h e A c v l C h l o r i d e . 

A s o l u t i o n o f 15 mg o f monoacid 40 t h a t had been p r e v i o u s l y p h o t o l y z e d 

i n a c e t o n i t r i l e was e v a p o r a t e d i n vacuo and t h e r e s i d u e r e f l u x e d f o r two 

h o u r s a f t e r a d d i t i o n o f 2 ml o f CH2CI2 and 1 ml o f o x a l y l c h l o r i d e . The 

s o l v e n t and e x c e s s o x a l y l c h l o r i d e were e l i m i n a t e d by r o t a t o r y e v a p o r a t i o n 

u n d e r r e d u c e d p r e s s u r e and t h e n by vacuum pumping a t about 1.0 t o r r f o r 30 
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min. The r e s u l t i n g o i l , assumed t o be the c o r r e s p o n d i n g a c y l c h l o r i d e , 

was n o t i d e n t i f i e d b u t i m m e d i a t e l y s e t t o r e f l u x w i t h 2 ml o f methanol. 

A f t e r two h o u r s the e x c e s s a l c o h o l was e v a p o r a t e d and t h e r e s i d u e 

d i s s o l v e d i n 10 ml o f d i e t h y l e t h e r i n o r d e r t o wash i t w i t h w a t e r , NaHC03 

and w a t e r a g a i n . The e t h e r s o l u t i o n was d r i e d o v e r MgS0 4 and t h e n the 

s o l v e n t e v a p o r a t e d t o d r y n e s s . The r e s u l t i n g p r o d u c t (6 mg, 40% y i e l d ) was 

a n a l y z e d by g l c and two peaks were found i n a 90:10 r a t i o . The r e t e n t i o n 

t i m e s o f t h e s e s i g n a l s were i d e n t i c a l t o t h o s e from t h e d i b e n z o s e m i b u l l 

v a l e n e s 63A and 63B r e s p e c t i v e l y as shown by c o i n j e c t i o n a n a l y s i s . The 

s t r u c t u r e a s s i g n m e n t o f t h e s e p r o d u c t s was c o n f i r m e d by NMR a n a l y s i s o f 

the m i x t u r e . 

2) E s t e r i f i c a t i o n w i t h Diazomethane. 

A sample o f 5 mg o f the monoacid 41 t h a t had been p h o t o l y z e d 

p r e v i o u s l y as a 0.1 M a c e t o n i t r i l e s o l u t i o n was e v a p o r a t e d t o d r y n e s s . An 

e t h e r e a l s o l u t i o n c o n t a i n i n g a l a r g e e x c e s s o f diazomethane was added and 

the m i x t u r e l e f t o v e r n i g h t i n the fume hood. A f t e r the s o l v e n t was 

e v a p o r a t e d the sample was a n a l y z e d by g l c and f o u n d t o c o n t a i n a 50:50 

m i x t u r e o f d i b e n z o s e m i b u l l v a l e n e s 63A and 63B i n q u a n t i t a t i v e y i e l d . O t h e r 

samples were a n a l y z e d by the same method and the r e s u l t s o b t a i n e d from 

d u p l i c a t e p h o t o l y s e s i n s e v e r a l s o l v e n t s and c o n c e n t r a t i o n s a r e shown 

b e l o w a l o n g w i t h the s o l i d s t a t e r e s u l t s . An e n t r y i n c l u d i n g the r e s u l t s 

f r o m t h e a c i d a n i o n formed i n aqueous NaHC03 s o l u t i o n a r e a l s o i n c l u d e d . 



-336-

Medium and C o n c e n t r a t i o n Dependent P h o t o c h e m i s t r y o f A c i d 41. 

E n t r y S o l v e n t Cone. (Ml 63A*(%) 63B*(%) 
1 t-BuOH 0. .005 47 53 
2 It 0, .010 47 53 
3 II 0. .05 49 51 
4 ft 0. .10 49 51 
5 CH3CN 0. .01 51 49 
6 II 0, .05 50 50 
7 II 0, .10 49 51 
8 A c e t o n e 0, .01 52 48 
9 0, .10 49 51 
10 Benzene 0, .001 81 19 
11 . 0. .003 80 20 
12 ti 0, .006 78 22 
13 0, .010 76 24 
14 it 0, .03 68 32 
15 it 0, .06 60 40 
16 0, .10 55 45 
17 C r y s t a l 25 75 
18 NaHCO^aq 0 .01 91 9 
* R a t i o d e t e r m i n e d a f t e r the a c i d m i x t u r e was c o n v e r t e d i n t o 
the c o r r e s p o n d i n g m e t h y l e s t e r by t r e a t m e n t w i t h CH2N2. 

P h o t o c h e m i c a l S t u d i e s on 1 1 - ( 2 - B u t y l ' ) - 1 2 - ( 2 - p r o p v l ) - 9 .10-etheno 

a n t h r a c e n e - l l . 1 2 - d i c a r b o x v l a t e (42") . 

The r a c e m i c and o p t i c a l l y a c t i v e forms o f the d i e s t e r 42 were 

p h o t o l y z e d i n s o l u t i o n and i n the s o l i d s t a t e as d e s c r i b e d i n the G e n e r a l 

E x p e r i m e n t a l S e c t i o n . Three peaks were o b s e r v e d by g l c a n a l y s i s o f the 

r e a c t i o n m i x t u r e s . The i n t e g r a t e d a r e a s o f t h e s e p e a k s , a t 16.30, 16.60 

and 17.90 min (Column DB-1, oven a t 200°C and column head p r e s s u r e o f 12.5 

p s i ) , a r e shown i n T a b l e X I I (page 179). The r e s u l t s shown were o b t a i n e d 

o v e r a l a r g e number o f e x p e r i m e n t s and were r e p r o d u c i b l e t o ±5%. 

X H NMR o f t h e p h o t o l y s i s m i x t u r e ( a c e t o n e - d 6 , 300 MHz) 6 7.40-7.00 

( t o t a l 8H, m, A r - H ) , 5.16 [IH, m, - C 0 2 C H ( C H 3 ) 2 a t C ( 8 b ) ] , 5.08 and 5.07 
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[1H*. s, H ( 4 b ) ] , 4.98 ( I H , m, -C0 2CH(CH 3) 2 and -C0 2CH(CH 3)CH 2CH 3) a t C(8c) 

and C(8b) r e s p e c t i v e l y ] , 4.85 [IH, m, -C0 2CH(CH 3)CH 2CH 3 a t C ( 8 c ) ] , 4.39, 

4.37 and 4.05 [ I H * , s, H ( 8 d ) ] , 1.75-1.50 (2H, m, -C0 2CH(CH 3)CH 2CH 3), 

1.35-1.25 (9H, m, -C0 2CH(CH 3) 2 and -C0 2CH(CH 3)CH 2CH 3), 1.00-0.80 (3H, m, 

-C0 2CH(CH 3)CH 2CH 3). 

(* = R e s o l u t i o n of d i a s t e r e o m e r i c s i g n a l s ) . 

IR of the p h o t o l y s i s m i x t u r e ( n e a t ) 2977 and 2935 (C-H), 1729 ( C - 0 ) , 

1462, 1385, 1290, 1248 and 1106 ( C - 0 ) , 1036, 758 cm' 1. 

Glc-MS m/e ( r e l . i n t e n s i t y ) Peak A I : 390 (M +, 1 0 ) , 334 ( 7 ) , 316 ( 1 1 ) , 

303 ( 5 ) , 302 ( 2 ) , 289 ( 4 ) , 288 ( 1 9 ) , 247 ( 1 0 0 ) , 202 ( 7 3 ) ; Peak A l l : 390 

(M + , 9 ) , 334 ( 1 0 ) , 316 ( 1 2 ) , 303 ( 4 ) , 302 ( 1 ) , 289 ( 5 ) , 288 ( 2 2 ) , 247 

( 1 0 0 ) , 202 ( 7 0 ) ; Peak B: 390 (M +, 1 5 ) , 330 ( 9 ) , 303 ( 4 ) , 302 ( 1 4 ) , 289 

( 2 3 ) , 288 ( 6 ) , 247 ( 1 0 0 ) , 202 ( 8 0 ) ; C a l c u l a t e d mass: 390.1831, found: 

390.1836. 

The a s s i g n m e n t o f the i o n s p e r t i n e n t t o the i d e n t i f i c a t i o n o f the 

c o r r e s p o n d i n g p r o d u c t s a r e i n c l u d e d i n T a b l e XIV (page 181). The mass 

s p e c t r a l r e s u l t s from r a c e m i c o r o p t i c a l l y a c t i v e 24 t u r n e d out t o be 

i d e n t i c a l w hether p h o t o l y z e d i n s o l u t i o n o r i n the s o l i d s t a t e . 

Independent preparation of 

(+)-4b(R),8b(R),8c(R),8d(R)-8c-(2-propyl)-8b-[(R)-2-butyl]-4b,8b,8c,8d-

-tetrahydro-dibenzo'a,f]cyclopropa[cd]pentalene-8c,8b-dicarboxylate 

(741) and of 

(+)-4b(R),8b(R),8c(R),8d(R)-8c-(2-propyl)-8b-[(S)-2-butyl]-4b,8b,8c,8d-

tetrahydro-dibenzo[a,f]cyclopropa[cd]pentalene-8c,8b-dicarboxylate 

(7411). 
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A sample o f 0.750 g o f the s e c - b u t y l monoacid 40 was p h o t o l y z e d i n 200 

ml o f a c e t o n i t r i l e as d e s c r i b e d i n the G e n e r a l E x p e r i m e n t a l S e c t i o n . The 

s o l v e n t was e v a p o r a t e d i n vacuo and the r e s i d u e r e f l u x e d f o r two h o u r s 

a f t e r a d d i t i o n o f 30 ml o f CH2CI2 and 5 ml o f o x a l y l c h l o r i d e . The s o l v e n t 

and e x c e s s o x a l y l c h l o r i d e were e l i m i n a t e d by r o t a t o r y e v a p o r a t i o n under 

r e d u c e d p r e s s u r e and t h e n by vacuum pumping a t 1.0 t o r r f o r 30 min. The 

r e s u l t i n g v i s c o u s o i l , assumed t o be the c o r r e s p o n d i n g a c y l c h l o r i d e , was 

n o t i d e n t i f i e d b u t i m m e d i a t e l y s e t t o r e f l u x w i t h 20 ml o f 2 - p r o p a n o l . 

A f t e r two h o u r s the e x c e s s a l c o h o l was e v a p o r a t e d and the r e s i d u e 

d i s s o l v e d i n 30 ml o f d i e t h y l i n o r d e r t o wash i t w i t h w a t e r , NaHC03 and 

w a t e r a g a i n . The e t h e r s o l u t i o n was d r i e d o v e r MgS0 4 and t h e n the s o l v e n t 

e v a p o r a t e d t o d r y n e s s . The crude r e a c t i o n m i x t u r e was s u b j e c t e d t o column 

chromatography ( s i l i c a g e l , p e t r o l e u m e t h e r (bp = 35-60°C):ethyl a c e t a t e , 

1 9 : 1 ) . The combined f r a c t i o n s c o r r e s p o n d i n g t o the e x p e c t e d d i a s t e r e o i s o m -

e r i c p r o d u c t s (62.3 mg, 92% pure by g l c ) were i d e n t i f i e d by g l c (two peaks 

A l and A l l ) and c o n f i r m e d by glc-MS and NMR (measured i n a c e t o n e - d g ) . 

% NMR ( a c e t o n e - d 6 , 300 MHz) 6 7.4-7.0 (8H, m, A r - H ) , 5.16 (1H, m, 

- C 0 2 C H ( C H 3 ) 2 ) , 5.08 [1H, s, H ( 4 b ) ] , 4.86 (1H, - C 0 2CH ( C H 3)CH 2 C H 3 ), 4.37 and 

4.39 [1H*, s, H ( 8 d ) ] , 1.70-1.50 (2H, m, - C 0 2CH(CH 3)CH 2 C H 3 ), 1.35-1.15 (9H, 

m, - C 0 2 C H ( C H 3 ) 2 ) and - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 0.80-0.75 (3H, m, 

-C0 2CH ( C H 3)CH 2CH 3). 

(* «= R e s o l u t i o n o f d i a s t e r e o m e r i c s i g n a l s ) . 

IR o f t h e m i x t u r e ( n e a t ) 2977 and 2935 (C-H), 1729 (C=0), 1462, 1385, 

1290, 1248 and 1106 ( C - 0 ) , 1036, 758 cm' 1. 

Glc-MS m/e ( r e l a t i v e i n t e n s i t y ) Peaks A l and A l l i d e n t i c a l t o t h o s e 

o b t a i n e d from p h o t o l y s i s o f i P r / s B u - 4 2 . 
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Independent p r e p a r a t i o n o f 

(±)-4b(R),8b(R),8c(R),8d(R)-8c-[(R)- 2 - b u t y l ) - 8 b - ( 2 - p r o p y l ] - 4 b , 8 b , 8 c , 8 d -

t e t r a h y d r o - d i b e n z o ' a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e 

(751) and o f 

( + ) - 4 b ( R ) , 8 b ( R ) , 8 c ( R ) , 8 d ( R ) - 8 c - [ ( S ) - 2 - b u t y l ) - 8 b - ( 2 - p r o p y l ) - 4 b , 8 b , 8 c , 8 d -

t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a [ c d ] p e n t a l e n e - 8 c , 8 b - d i c a r b o x y l a t e 

(7511) 

The p r o c e d u r e o u t l i n e d above was a p p l i e d t o a sample o f the i s o p r o p y l 

monoacid 41. ( R , S ) - S e c - b u t a n o l was used i n the f i n a l e s t e r i f i c a t i o n s t e p . 

The e x p e c t e d p r o d u c t s were o b t a i n e d i n s i m i l a r manner and y i e l d s and 

i d e n t i f i e d by g l c (one peak o n l y , p e a k - B ) , glc-MS and XH NMR. 

1 H NMR ( a c e t o n e - d 6 , 300 MHz) 6" 7.4-7.0 (8H, m, A r - H ) , 5.10 [IH, s, 

H ( 4 b ) ] , 5.01 (2H, m, -C0 2CH(CH 3)2 and -C0 2CH(CH3)CH 2CH3), 4.37 and 4.35 

[1H*, s s , H ( 8 d ) ] , 1.70-1.50 (2H, m, - C 0 2 C H ( C H 3 ) C H 2 C H 3 ) , 1.40-1.20 (9H, m, 

- C 0 2 C H ( C H 3 ) 2 ) and -C0 2CH(CH 3)CH 2CH 3), 1.00-0.80 (3H, m, 

- C 0 2 C H ( C H 3 ) C H 2 C H 3 ) . 

(* = R e s o l u t i o n o f d i a s t e r e o m e r i c s i g n a l s ) 

IR o f the m i x t u r e ( n e a t ) 2977 and 2935 (C-H), 1729 (C=0), 1462, 1385, 

1290, 1248 and 1106 ( C - 0 ) , 1036, 758 c m - 1 . 

The i d e n t i t y o f t h e s e p r o d u c t s was f u r t h e r c o n f i r m e d by c o i n j e c t i o n 

w i t h t h e p h o t o l y s i s m i x t u r e o f i P r / s B u - 4 2 . 

S o l v e n t Dependence o f t h e ^H NMR S h i f t s o f t h e P h o t o l y s i s P r o d u c t s from 

D i e s t e r i P r / s b u - 4 2 . 

I n o r d e r t o o b t a i n more i n f o r m a t i o n needed t o e s t a b l i s h t h e i d e n t i t y 

and r e l a t i v e amounts o f the d i f f e r e n t p r o d u c t s , a s e r i e s o f ^H NMR s p e c t r a 
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o f t h e t o t a l s o l u t i o n r e a c t i o n m i x t u r e were r u n i n s e v e r a l s o l v e n t s . The 

g o a l o f t h i s s t u d y was t o f i n d a s i g n a l from each d i a s t e r e o m e r t h a t c o u l d 

be r e s o l v e d i n o r d e r t o q u a n t i f y t h e i r r e l a t i v e amounts i n the p h o t o l y s i s 

m i x t u r e . I t was f o u n d t h a t t h e p r o t o n s a t t a c h e d t o C(8b) were sharp 

s i n g l e t s i s o l a t e d from a l l the o t h e r p r o t o n r e s o n a n c e s . The c h e m i c a l 

s h i f t s o f t h e s i g n a l s c o r r e s p o n d i n g t o t h i s p r o t o n and t o t h e one a t t a c h e d 

t o C(4b) a r e shown i n T a b l e X V (page 183). 

A s y m metric S y n t h e s i s i n C h i r a l C r y s t a l s o f Racemic i P r / s B u - 4 2 . 

A s e r i e s o f s i n g l e c r y s t a l s from s e v e r a l c r y s t a l l i z a t i o n b a t c h e s o f 

r a c e m i c 42 were p h o t o l y z e d a t 0°C w i t h the n i t r o g e n l a s e r . The w e i g h t , the 

p e r c e n t c o n v e r s i o n and the o p t i c a l r o t a t i o n o f each c r y s t a l were a c c u 

r a t e l y measured a f t e r p h o t o l y s i s i n o r d e r t o o b s e r v e t h e e x t e n t o f o p t i c a l 

a c t i v i t y i n d u c e d i n each e x p e r i m e n t . The r e s u l t s o b t a i n e d a r e shown i n 

T a b l e X X I (page 208). 

D e t e r m i n a t i o n o f the Asymmetric I n d u c t i o n i n P2^2^2^ C r y s t a l s o f t h e 

R e s o l v e d 2 - B u t y l Compound ( S ) - ( + ) - 4 2 . 

a) P r e p a r a t i v e P h o t o l y s i s o f ( S ) - ( + ) - 4 2 i n t h e S o l i d S t a t e . 

A sample o f 0.110 g o f p o l y c r y s t a l l i n e ( S ) - ( + ) - 4 2 was p h o t o l y z e d f o r 

1 h i n t h e s o l i d s t a t e a t 0°C w i t h the n i t r o g e n l a s e r . I n o r d e r t o 

s e p a r a t e t h e p r o d u c t s from the u n r e a c t e d s t a r t i n g m a t e r i a l , the whole 

r e a c t i o n m i x t u r e was t r e a t e d w i t h an e t h e r e a l s o l u t i o n c o n t a i n i n g an 

e x c e s s o f diazomethane. The s t a r t i n g m a t e r i a l was c o n v e r t e d t o a m i x t u r e 

o f diazomethane a d d i t i o n compounds (no c h a r a c t e r i z a t i o n o f t h e s e compounds 
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was a t t e m p t e d ) t h a t were c h r o m a t o g r a p h i c a l l y s e p a r a b l e from the ph o t o p r o 

d u c t s . The s e p a r a t i o n o f 30.4 mg (28% y i e l d ) o f t h e p h o t o p r o d u c t m i x t u r e 

was a c h i e v e d by u s i n g s i l i c a g e l chromatography w i t h p e t r o l e u m e t h e r (bp -

35-60°C):ethyl a c e t a t e 19:1 as the e l u e n t . 

b) H y d r o l y s i s o f t h e T o t a l R e a c t i o n M i x t u r e . 

A s o l u t i o n c o n t a i n i n g 15.7 mg o f the p h o t o p r o d u c t m i x t u r e o b t a i n e d 

above { [ a ] D = 20.6° (c - 0.016, C H C I 3 )}, 10 ml o f e t h a n o l and 5 ml o f 10% 

NaOH was r e f l u x e d f o r 2 h. A f t e r t h i s p e r i o d , the s o l v e n t volume was 

r e d u c e d t o 5 ml under r e d u c e d p r e s s u r e . The s o l u t i o n was t h e n a c i d i f i e d by 

d r o p w i s e a d d i t i o n o f cone. HC1 and the p r e c i p i t a t e d d i a c i d was e x t r a c t e d 

w i t h 2 x 30 ml p o r t i o n s o f d i e t h y l e t h e r . The combined o r g a n i c e x t r a c t s 

were d r i e d o v e r MgS0 4 and e v a p o r a t e d t o d r y n e s s t o g i v e a s o l i d r e s i d u e 

(11.3 mg 96% y i e l d ) . The above r e s i d u e was d i s s o l v e d i n 5 ml o f d i e t h y l 

e t h e r and added t o 5 ml o f a s o l u t i o n c o n t a i n i n g a l a r g e e x c e s s o f 

e t h e r e a l diazomethane d i s t i l l e d i m m e d i a t e l y b e f o r e . The y e l l o w s o l u t i o n 

was l e f t o v e r n i g h t c a u s i n g e v a p o r a t i o n o f the s o l v e n t t o g i v e a c l e a r o i l 

t h a t was e a s i l y c r y s t a l l i z e d from e t h a n o l t o g i v e 12.4 mg o f di b e n z o s e m i b 

u l l v a l e n e 52. T h i s sample was t h e n d i s s o l v e d i n e x a c t l y 1.0 ml o f CHCI3 

and i t s o p t i c a l r o t a t i o n measured: [Q] d= 14.5° (c «= 0.012, CHCI3) . 

c ) C h i r a l S h i f t Reagent S t u d i e s . 

The 300 MHz ^H NMR spec t r u m o f the sample p r e p a r e d above and one o f 

r a c e m i c 52 were r e c o r d e d b e f o r e and a f t e r a d d i t i o n o f the c h i r a l s h i f t 

r e a g e n t [ 3 - ( h e p t a f l u o r o p r o p y l h y d r o x y m e t h y l e n e ) - d - c a m p h o r a t o ] e u r o p i u m 

( I I I ) , E u ( h f c ) 3 . S u c c e s s i v e a d d i t i o n s o f 0.2 eq o f E u ( h f c ) 3 t o t h e r a c e m i c 

sample showed t h a t the optimum s h i f t was a c h i e v e d a f t e r t h e f i r s t 

a d d i t i o n . The two m e t h y l e s t e r r e s o n a n c e s o r i g i n a l l y a t 3.71 and 3.89 
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s p l i t i n t o two a t 3.75, 3.78 and 3.96, 4.01 r e s p e c t i v e l y (see F i g u r e 84, 

page 210). The i n t e g r a t e d a r e a o f t h e s e s i g n a l s was u s e d t o d e t e r m i n e an 

e n a n t i o m e r i c e x c e s s o f 80% i n t h e o p t i c a l l y a c t i v e sample. 

D e t e r m i n a t i o n o f t h e Asymmetric I n d u c t i o n i n P 2 1 2 ^ 2 1 C r y s t a l s o f Racemic 

2 - B u t y l Compound [ ( R , S ) - 4 2 J . 

The p r o c e d u r e u s e d t o d e t e r m i n e the asymmetric i n d u c t i o n o f c r y s t a l s 

o f o p t i c a l l y a c t i v e 42 was m o d i f i e d by u s i n g a l a r g e (0.1606 g) s i n g l e 

c r y s t a l i n s t e a d o f p o l y c r y s t a l l i n e m a t e r i a l . A l a r g e s i n g l e c r y s t a l was 

u s e d i n o r d e r e n s u r e a homogeneous c o m p o s i t i o n o f the s o l i d u s e d ( o n l y one 

enantiomorphous p h a s e ) . B e f o r e p e r f o r m i n g the s o l i d s t a t e p h o t o l y s i s , the 

c r y s t a l was f i n e l y c r u s h e d and 43.4 mg were saved i n o r d e r t o measure the 

o p t i c a l a c t i v i t y and the e n a n t i o m e r i c e x c e s s o f t h e s t a r t i n g m a t e r i a l 

{ [ a ] D = -0.9°, (c = 0.043, CHCI3, ee - 8%). 

The p h o t o l y s i s was t a k e n t o 15% c o n v e r s i o n ( = -0.430°, (c = 

0.012, CHCI3) and the crude r e a c t i o n m i x t u r e was t r e a t e d w i t h e x c e s s 

diazomethane i n o r d e r t o s e p a r a t e 0.0154 mg o f di-jr-methane p r o d u c t s 

{ [ a ] D = -14.4° (c = 0.015, CHCI3)} and 0.1047 g o f p y r a z o l i n e a d d u c t s { [ Q ] D 

= -1.58° (c = 0.1, C H C I 3 ) , ee = 1 2 . 7 % ) . A sample o f o p t i c a l l y a c t i v e 42 

was a l s o r e a c t e d w i t h CH2N2 i n o r d e r t o have t h e i n f o r m a t i o n n e c e s s a r y t o 

d e t e r m i n e t h e a p p r o x i m a t e s p e c i f i c r o t a t i o n o f t h e m i x t u r e o f the 

c y c l o a d d i t i o n p r o d u c t s { [ o ] D m a x - 12.44°, (c - 0.01, C H C I 3 ) } . 

The s e p a r a t e d p h o t o p r o d u c t m i x t u r e was h y d r o l y z e d , r e e s t e r i f i e d w i t h 

CH2N 2 t o g i v e a sample o f d i e s t e r 52, and t h e n a n a l y z e d by NMR a f t e r 

a d d i t i o n o f E u ( h f c ) 3 . An e n a n t i o m e r i c e x c e s s o f a p p r o x i m a t e l y 80% was 

measured i n t h i s manner by i n t e g r a t i o n o f t h e e n a n t i o m e r i c a l l y r e s o l v e d 
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m e t h y l e s t e r s i g n a l s . 

D e t e r m i n a t i o n o f t h e Asymmetric I n d u c t i o n by t h e 2 - B u t y l Group on t h e 

S o l u t i o n P h o t o l y s i s o f O p t i c a l l y A c t i v e 42. 

The p r o c e d u r e u s e d above t o d e t e r m i n e t h e s o l i d s t a t e a s ymmetric 

i n d u c t i o n s were a p p l i e d t o 0.0305 g o f t h e p h o t o p r o d u c t m i x t u r e ([Q]D=, 

8.07° (c = 0.03, CHC1 3) o b t a i n e d from s o l u t i o n p h o t o l y s i s o f ( S ) - ( + ) - 4 2 . 

An e n a n t i o m e r i c e x c e s s o f 1.5 + 1 was c a l c u l a t e d from t h e s p e c i f i c 

r o t a t i o n o f a sample o f Me/Me-52 o b t a i n e d a f t e r t he p h o t o l y s i s m i x t u r e 

from ( S ) - ( + ) - 4 2 was h y d r o l y z e d and e s t e r i f i e d w i t h diazomethane. 

D e t e r m i n a t i o n o f t h e Asymmetric I n d u c t i o n by t h e 2 - B u t y l Group on the 

S o l u t i o n P h o t o l y s i s o f Racemic 42. 

No o p t i c a l a c t i v i t y was o b s e r v e d from the s o l u t i o n p h o t o p r o d u c t s 

m i x t u r e o f r a c e m i c 42. 

P h o t o c h e m i c a l S t u d i e s on 1 0 - ( 2 - P r o p y l ) - l l - m e t h v l - 9 . 1 0 - d i h v d r o - 9 . 1 0 - e t h e n o  

a n t h r a c e n e - 9 . 1 2 - d i c a r b o x v l a t e ( 4 4 ) . 

Compound 44 was p h o t o l y z e d i n s o l u t i o n and i n the s o l i d s t a t e i n a 

s i m i l a r manner as the d i e s t e r M e / i P r - 3 0 . T r i p l e t s e n s i t i z a t i o n was 

p e r f o r m e d i n a c e t o n e (0.01 M s o l u t i o n , P y r e x f i l t e r ) and r e s u l t e d i n the 

f o r m a t i o n o f o n l y one p r o d u c t t h a t was c h a r a c t e r i z e d as t h e d i b e n z o s e m i b 

u l l v a l e n e 63A p r e v i o u s l y o b t a i n e d from p h o t o l y s i s o f d i e s t e r 30. The 

t r i p l e t p r o d u c t was f o u n d t o form a l s o on d i r e c t i r r a d i a t i o n a l o n g w i t h a 

s i n g l e t s p e c i f i c p r o d u c t i n a r a t i o t h a t t u r n e d o u t t o be v e r y dependent 

on t h e p e r c e n t c o n v e r s i o n . The s i n g l e t p h o t o p r o d u c t c o u l d be i s o l a t e d i n 
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v e r y low y i e l d when 1 g o f 44 was p h o t o l y z e d t o o n l y 10% c o n v e r s i o n . The 

u n r e a c t e d s t a r t i n g m a t e r i a l was s e p a r a t e d by column chromatography ( s i l i c a 

g e l , p e t r o l e u m e t h e r (bp - 35-60°C)-ethyl a c e t a t e 96:4) and t h e d e s i r e d 

p r o d u c t o b t a i n e d by f r a c t i o n a l r e c r y s t a l l i z a t i o n f rom d i e t h y l e t h e r . I n 

a n a l o g y t o p r e v i o u s l i t e r a t u r e r e p o r t s t h i s p r o d u c t has been i d e n t i f i e d 

a s : 

5 - ( 2 - P r o p y l ) - l l - m e t h y l - d i b e n z o [ a , e ] c y c l o o c t a t e t r a e n e - 5 , 1 1 - d i c a r b o x y l a t e 

mp = 172-3°C ( c o l o r l e s s p r i s m s ) 

L H NMR (CDC1 3, 400 MHz) 8.07 and 8,01 [2H, 2s, H(6) and H ( 1 2 ) ] , 5.12 

[1H, h e p t , J=6.5 Hz, - C 0 2 C H ( C H 3 ) ] , 3.79 (3H, s, - C 0 2 C H 3 ) , 1.28 (6H, d, 

J=6.5 Hz, - C 0 2 C H ( C H 3 ) 2 ) . 

1 3 C NMR (25.4 MHz, CDC1 3) d 167.13 and 166.12 (2 C-0), 142.83, 141.80, 

136.40, 136.14, 135.80, 135.06, 134.00, 133.82, 130.23, 130.09, 127.54, 

127.42, 127.26, 127.20, 127.16 and 127.05 ( A r o m a t i c and o l e f i n i c - C ) , 

68.91 ( 2 - p r o p y l - C H ) , 52.39 ( C 0 2 C H 3 ) , 21.85 and 21.77 ( 2 - p r o p y l - C H 3 ) . 

IR (KBr) 1716 and 1710sh (C=0), 1632 and 1640 (E-C=C-H), 1280 and 1247 

(2 C-0) cm" 1. 

MS m/e ( r e l . i n t e n s i t y ) 348 (M +, 2 9 ) , 306 ( 2 1 ) , 289 ( 6 ) , 262 ( 3 5 ) , 

202 ( 1 0 0 ) . C a l c u l a t e d Mass 348.1362; f o u n d : 348.1362. 

P h o t o c h e m i c a l S t u d i e s on 9 - ( 2 - P r o p v l ) - l l - m e t h v l - 9 . 1 0 - d i h v d r o - 

9 . 1 0 - e t h e n o a n t h r a c e n e - 9 . 1 2 - d i c a r b o x v l a t e 45. 

Compound 45 was p h o t o l y z e d i n a s i m i l a r manner as 44. Two p r o d u c t s 

were o b t a i n e d i n a c e t o n e i n a r a t i o o f 95:5. I r r a d i a t i o n i n a c e t o n i t r i l e 
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t o low c o n v e r s i o n v a l u e s gave the same two p r o d u c t s i n 15% p l u s a t h i r d 

p r o d u c t w h i c h was n o t i s o l a t e d . The r e l a t i v e amounts o f t h e t h i r d ( s i n g l e t 

s p e c i f i c ) p r o d u c t d e c r e a s e d r a p i d l y w i t h c o n v e r s i o n i n a n a l o g y w i t h the 

d i b e n z o c y c l o o c t a t e t r a e n e 95 p r e v i o u s l y i s o l a t e d , f r o m d i e s t e r 44. An 

a t t e m p t t o e s t a b l i s h the s t r u c t u r a l i d e n t i t y o f the major p r o d u c t o b t a i n e d 

i n a c e t o n e was b a s e d on the s p e c t r o s c o p i c a n a l y s i s o f t h e r e a c t i o n 

m i x t u r e : 

a) M a j o r p r o d u c t : 

4 b - ( 2 - P r o p y l ) - 8 c - m e t h y l - 4 b , 8 b , 8 c , 8 d - t e t r a h y d r o - d i b e n z o [ a , f ] c y c l o p r o p a -

[ c d ] p e n t a l e n e - 4 b , 8 c - d i c a r b o x y l a t e (95) . 

XH NMR (CDC1 3, 300 MHz) 6 7.25-7.02 (8H, m, A r - H ) , 5.31 (1H, h e p t , J=7 

Hz, - C 0 2 C H ( C H 3 ) 2 ) , 3.84 [2H, s, H(8b) a n d H ( 8 d ) ] , 3.70 (3H, s, - C 0 2 C H 3 ) , 

1.30 (6H, d, J=7 Hz, - C 0 2 C H ( C H 3 ) 2 ) . 

IR (KBr) 3045 and 2982 (C-H), 1729 and 1725 (C=0), 1435, 1293, 1278 

and 1236 ( C - 0 ) , 1195, 1109, 1096, 740 cm' 1. 

MS m/e ( r e l a t i v e i n t e n s i t y ) 348 ( M + , 3 1 ) , 289 ( 1 5 ) , 288 ( 1 8 ) , 261 

( 2 6 ) , 233 ( 2 6 ) , 229 '(19) , 202 ( 1 0 0 ) ; C a l c u l a t e d mass: 348.1362, found: 

368.1364. 

Quantum Y i e l d s and Quenching S t u d i e s . 

Quantum y i e l d s were measured f o r compounds Me/Me-18, M e / i P r - 3 0 , and 

M e / i P r - 4 4 u s i n g v a l e r o p h e n o n e a c t i n o m e t r y i n a m e r ry-go-round a p p a r a t u s . 

Benzene was u s e d as t h e s o l v e n t i n a l l c a s e s a f t e r i t was f r e e d from 

t h i o p h e n e by a p r o c e d u r e d e s c r i b e d i n the l i t e r a t u r e . A l l t h e s o l u t i o n s 

were p r e p a r e d i n benzene c o n t a i n i n g 3 x 10" JM t e t r a c o s a n e (n-C 2 4H5o). 

w h i c h was u s e d as i n t e r n a l s t a n d a r d f o r a c c u r a t e g l c q u a n t i f i c a t i o n o f the 
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amount o f p h o t o p r o d u c t s b e i n g formed. The r e l a t i v e d e t e c t o r response o f 

th e i n t e r n a l s t a n d a r d and o f the p h o t o p r o d u c t whose quantum y i e l d o f 

f o r m a t i o n was under s t u d y , was d e t e r m i n e d p r i o r t o p h o t o l y s i s . The 

samples (3 ml o f 0.1 M s o l u t i o n ) were p h o t o l y z e d by d u p l i c a t e i n P y r e x 

t u b e s a f t e r t h e y were degassed by t h r e e freeze-pump-thaw c y c l e s and s e a l e d 

w i t h p a r a f f i n f i l m . A l l the s o l u t i o n s were o p t i c a l l y opaque a t 313 nm. The 

t e m p e r a t u r e o f t h e merry-go-around a p p a r a t u s was k e p t a t a t 16-19°C by 

c i r c u l a t i n g w a t e r t h r o u g h a l a r g e w a t e r b a t h i n w h i c h i t was immersed. The 

331 nm l i n e o f the medium p r e s s u r e 450 W H a n o v i a Lamp was i s o l a t e d by 

c i r c u l a t i n g a 0.002 M p o t a s s i u m chromate s o l u t i o n c o n t a i n i n g 5% p o t a s s i u m 

c a r b o n a t e (wt/wt) and by p l a c i n g 7-54 C o r n i n g f i l t e r s i n the f i l t e r 

h o l d e r s . The number o f quanta was c a l c u l a t e d by t a k i n g the quantum y i e l d 

o f acetophenone f o r m a t i o n (from 0.1 M v a l e r o p h e n o n e i n benzene) as 

$ = 0 . 3 . I 8 4 The number o f moles o f acetophenone was a l s o c a l c u l a t e d by g l c 

u s i n g 5 x 1 0 " J M t e t r a d e c a n e as the i n t e r n a l s t a n d a r d . The number o f 

moles o f p r o d u c t f o r m a t i o n was c a l c u l a t e d r e l a t i v e t o the a l k a n e i n t e r n a l 

s t a n d a r d by t r i p l i c a t e g l c a n a l y s i s o f each sample. The p e r c e n t c o n v e r s i o n 

o f v a l e r o p h e n o n e and the d i e s t e r under s t u d y were m o n i t o r e d by g l c and 

k e p t under 5%. I n the q u e n c h i n g e x p e r i m e n t s 0.1 M s o l u t i o n s o f the 

d i e s t e r s 30 and 44 were p r e p a r e d c o n t a i n i n g the a p p r o p r i a t e amount o f 

1 , 3 - c y c l o h e x a d i e n e . The c o n c e n t r a t i o n o f the l a t t e r was e x p l o r e d i n t e s t 

t r i a l s f rom 1 0 " 3 t o 1.2 M. The quantum y i e l d s and q u e n c h i n g e x p e r i m e n t s 

(where a p p r o p r i a t e ) were c a r r i e d o u t a t l e a s t t w i c e f o r e v e r y sample. 
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Luminescence Measurements. 

A l l measurements were c a r r i e d o ut u s i n g a P e r k i n - E l m e r LS-5 s p e c t r o -

f l u o r i m e t e r i n t e r f a c e d w i t h a P e r k i n - E l m e r computer. A p u l s e d Xenon 

d i s c h a r g e lamp (8.3 W) was t h e i n s t r u m e n t l i g h t s o u r c e . The i n s t r u m e n t was 

n o r m a l l y o p e r a t e d w i t h s l i t w i d t h s g i v i n g 2.5-5 nm bandpasses and s c a n 

speeds o f 60 nm/min. F l u o r e s c e n c e measurements i n s o l u t i o n were c a r r i e d 

o u t i n 10 x 10 mm q u a r t z c e l l s w i t h i l l u m i n a t i o n a t 90°. S t u d i e s i n the 

s o l i d s t a t e were c a r r i e d o ut by f r o n t s u r f a c e e x c i t a t i o n and d e t e c t i o n . 

Ambient t e m p e r a t u r e s t u d i e s were c a r r i e d out on samples c o n t a i n e d i n a 

c e l l c o n s i s t i n g o f a c i r c u l a r (0.5 cm d i a m e t e r ) q u a r t z p l a t e p r e s s e d 

a g a i n s t a b l a c k m e t a l l i c h o l d e r . The sample o r i e n t a t i o n was a d j u s t e d such 

t h a t most s p e c u l a r r e f l e c t i o n s m i s s e d the e m i s s i o n monochromator e n t r a n c e . 

Low t e m p e r a t u r e measurements were c a r r i e d o ut on powdered and p o l y c r y s t a l -

l i n e samples c o n t a i n e d i n a 0.4 ml q u a r t z tube (3 mm i . d . ) p l a c e d i n the 

c e l l compartment o f a P e r k i n - E l m e r low t e m p e r a t u r e l u m i n e s c e n c e a c c e s s o r y . 

E x c i t a t i o n and d e t e c t i o n were a l s o c a r r i e d o ut a t t h e f r o n t f a c e o f the 

c e l l . A 340 nm c u t - o f f C o r n i n g g l a s s f i l t e r was used a t the e m i s s i o n 

f i l t e r h o l d e r i n o r d e r t o e l i m i n a t e the second h armonic o f the commonly 

u s e d 337 nm e x c i t a t i o n w a v e l e n g t h . Some s m a l l and r e l a t i v e s h a r p peaks 

were d e t e c t e d i n some e m i s s i o n s p e c t r a i n the r e g i o n between 400-500 nm. 

These were i d e n t i f i e d as o r i g i n a t i n g from s c a t t e r e d l i g h t . The i n t e n s i t y 

o f t h e s e p e a k s , however, t u r n e d out t o be r e l a t i v e s m a l l compared w i t h the 

l u m i n e s c e n c e i n t e n s i t y b e i n g measured and, b e s i d e s o p t i m i z i n g t h e c e l l 

g eometry, no a t t e m p t s were made t o c o r r e c t the s p e c t r a o b t a i n e d . 
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