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S T U D I E S I N N A T U R A L P R O D U C T C H E M I S T R Y 

A B S T R A C T 

In Part I, the C . D „ spectra of a number of 3-keto 
and 20-keto steroids are reported. The 3-keto steroids 
were comprised of two series of compounds. For one 
series, the conformationally transmitted effects of 
olefinic centers located in, or exocyclic to, rings B 
and C were investigated. It was found that these 
effects were reflected in the C D . spectra when the 
double bond was located in ring B , but not when the 
double bond was located in ring C , Further, no cor
relation could be made between the relative rates of 
alkali-catalyzed benzaldehyde condensation and the C D . 
data. For the other series, the conformations of 
ring A in a number of steroids substituted at the 
2- and 4- positions are discussed. The C D „ results 
are in agreement with other evidence on this subject, 
and suggest that a 1,3-diaxial methyl interaction 
leads to flattening of ring A . For the A ^ -=• 4,4-di-
methyl-3-keto steroids, a non-chair conformation is 
indicated, but a distinction between a boat and a 
f l a t chair conformation cannot be made . For 2 oL -
bromo-454-dimethylcholest-5-en-3-one, a conformational 
equilibrium is suggested. 

The 20-keto steroids were comprised of a large 
number of 16-substituted pregnanone and 17 oC -pregna-
none derivatives. The CD, spectra of the 16,17 trans 
compounds and the 16 , 17<* -cis-compounds were 
similar to those of the 16-unsubstituted parent com-
pounds. Modifications in rings A and B had l i t t l e 
effect upon the dichroism of the 20-keto group. The 
C„D„ spectra of the 16/3 , 1.7 P -compounds were very 
sensitive to the nature of the 16P -substituent, 
These results are interpreted in terms of the pre
ferred conformation of the 17P -acetyl group. Finally, 
the C0D.. spectra of a number of 16, 17-epoxy~20=keto 
steroids are reported and discussed with reference to 
the "reversed octant rule". 

In Part II, the structural determination of the 
mould metabolite, hirsutic acid C , is reported. The 
functional groups were established from chemical infor
mation; however the X-ray analysis of the p=bromo-
phenacyl ester was required to reveal the novel ring 
system. During the X-ray irradiation an unusual solid-
phase rearrangement occurred, transforming the 



<=C-epoxy hydroxyl system of p-bromophenacyl h i r -
sutate to a ft -hydroxy ketone system without dis
rupting the cr y s t a l structure. The X-ray analysis 
revealed a 50:50 mixture of sta r t i n g material and 
rearrangement product. A combination of the X-ray 
and the chemical data was required to complete the 
structural determinations of both products. The 
generality of the rearrangement process was"inves
tigated. It occurred with methyl hirsutate and 
dihydromethylhirsutate, but not with h i r s u t i c acid. 
I t could not be induced thermally. I t did not occur 
with the steroids 3 <* - and 3 P -hydroxy-4 p> , 
5-epoxy-5/2> -cholestane. The rearrangement process 
i s probably controlled by the nature of the mole
cular packing and hydrogen-bond formation. 

In Part I I I , the biogenetic-type syntheses of 
a number of acetate-derived aromatic compounds are 
reported. A discussion of the preparation of the 
condensed polypyrone intermediates i s given, and i n 
particular the synthesis of the tetrapyrone, 4-hy-
droxy-9-methyl-2,5,7,12=tetraketo 1,6,8,11-tetra-
oxachrysene from the condensation of" bis (2,4-di-
chlorophenyl) malonate and the tripyrone, 7=methyl-
l-hydroxy-3,5,10-triketo 4,6,9-trioxaphenanthrene i s 
reported. Treatment of the tripyrone with methanolic 
potassium hydroxide solution resulted i n ring opening 
to form a poly- P> -keto chain, and subsequent a l d o l -
type condensation to give aromatic compounds repre
sentative of the naturally-occurring 6,8 dihydroxy-
isocoumarins and C- a c e t y l o r s e l l i n i c acid. Treatment 
with methanolic magnesium methoxide solution gave 
aromatic compounds derivable from different c y c l i z a -
t i o n modes of the poly- /3 -keto chain. Among the 
compounds isolated were two representative of the 
naturally-occurring curvulinic acid and the 5,7~di= 
hydroxychromones respectively. Structural assign
ments were made largely on the basis of the charac
t e r i s t i c spectral properties of the compounds. 
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ABSTRACT 

In P a r t I , the C D . s p e c t r a of a number of 3 - k e t o and 

20 - k e t o s t e r o i d s are r e p o r t e d . The 3 - k e t o s t e r o i d s were com

p r i s e d of two s e r i e s of compounds. F o r one s e r i e s , the c o n -

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

o r e x o c y c l i c t o , r i n g s B and C were i n v e s t i g a t e d . I t was found 

t h a t t h e s e e f f e c t s were r e f l e c t e d i n the C D . s p e c t r a when the 

d o u b l e bond was l o c a t e d i n r i n g B, but not when the d o u b l e bond 

was l o c a t e d i n r i n g C . F u r t h e r , no c o r r e l a t i o n c o u l d be made 

between the r e l a t i v e r a t e s of a l k a l i - c a t a l y z e d benzaldehyde c o n 

d e n s a t i o n and the C D . d a t a . F o r the o t h e r s e r i e s , the c o n 

f o r m a t i o n s of r i n g A i n a number of s t e r o i d s s u b s t i t u t e d at 

the 2- and 4- p o s i t i o n s are d i s c u s s e d . The C D . r e s u l t s are i n 

agreement w i t h o t h e r e v i d e n c e on t h i s s u b j e c t , and suggest t h a t 

a 1,3 - d i a x i a l m e t h y l i n t e r a c t i o n l e a d s to f l a t t e n i n g o f r i n g A . 

F o r the - 4,4 - d i m e t h y l-3 - k e t o s t e r o i d s , a n o n - c h a i r c o n f o r m 

a t i o n i s i n d i c a t e d , but a d i s t i n c t i o n between a boat and a f l a t 

c h a i r c o n f o r m a t i o n cannot be made. For 2 - b r o m o-4,4 - d i m e t h y l -

c h o l e s t-5 - e n-3 - o n e , a c o n f o r m a t i o n a l e q u i l i b r i u m i s s u g g e s t e d . 

The 20 - k e t o s t e r o i d s were c o m p r i s e d of a l a r g e number o f 

16 - s u b s t i t u t e d pregnanone and 17c<-pregnanone d e r i v a t i v e s . The 

C D . s p e c t r a of the 16,17 t r a n s compounds and the 16<x, 17°<- c i s -

compounds were s i m i l a r to those of the 16 - u n s u b s t i t u t e d p a r e n t 

compounds. M o d i f i c a t i o n s i n r i n g s A and B had l i t t l e e f f e c t 

upon the d i c h r o i s m of the 20 - k e t o g r o u p . The C D . s p e c t r a o f 

the 16P, 17P-compounds were v e r y s e n s i t i v e to the n a t u r e o f the 
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16P-substituent. These r e s u l t s are i n t e r p r e t e d i n terms of the 

p r e f e r r e d c o n f o r m a t i o n o f the 1 7 P - a c e t y l g r o u p . F i n a l l y , the 

C D . s p e c t r a o f a number of 16, 1 7 - e p o x y - 2 0 - k e t o s t e r o i d s are r e 

p o r t e d and d i s c u s s e d w i t h r e f e r e n c e to the " r e v e r s e d o c t a n t 

r u l e " . 

In P a r t I I , the s t r u c t u r a l d e t e r m i n a t i o n of the mould 

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

were e s t a b l i s h e d f r o m c h e m i c a l i n f o r m a t i o n ; however the X - r a y 

a n a l y s i s of the p - b r o m o p h e n a c y l e s t e r was r e q u i r e d to r e v e a l the 

n o v e l r i n g s y s t e m . D u r i n g the X - r a y i r r a d i a t i o n an u n u s u a l 

s o l i d - p h a s e rearrangement o c c u r r e d , t r a n s f o r m i n g the <* -epoxy 

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

ketone system w i t h o u t d i s r u p t i n g the c r y s t a l s t r u c t u r e . The 

X - r a y a n a l y s i s r e v e a l e d a 50:50 m i x t u r e of s t a r t i n g m a t e r i a l and 

rearrangement p r o d u c t . A c o m b i n a t i o n of the X - r a y and the 

c h e m i c a l d a t a was r e q u i r e d to complete the s t r u c t u r a l d e t e r m i n a t 

i o n s of both p r o d u c t s . The g e n e r a l i t y of the rearrangement 

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

d i h y d r o m e t h y l h i r s u t a t e , but not w i t h h i r s u t i c a c i d . I t c o u l d 

not be i n d u c e d t h e r m a l l y . I t d i d not o c c u r w i t h the s t e r o i d s 

3°<- and 3 P - h y d r o x y - 4 P, 5 - e p o x y - 5 P - c h o l e s t a n e . The r e a r r a n g e 

ment p r o c e s s i s p r o b a b l y c o n t r o l l e d by the n a t u r e of the m o l e 

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

In P a r t I I I , the b i o g e n e t i c - t y p e s y n t h e s e s o f a number of 

a c e t a t e - d e r i v e d a r o m a t i c compounds are r e p o r t e d . A d i s c u s s i o n 

of the p r e p a r a t i o n of the condensed p o l y p y r o n e i n t e r m e d i a t e s i s 
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given, and i n p a r t i c u l a r the synthesis of the tetrapyrone, 

4-hydroxy-9-methyl-2,5,7,12-tetraketo 1,6,8,11-tetraoxachrysene 

from the condensation of bis (2,4-dichlorophenyl)malonate and 

the tripyrone, 7-methyl-l-hydroxy-3,5,10-triketo 4 , 6 , 9 - t r i o x a -

phenanthrene i s reported. Treatment of the•tripyrone with 

methanolic potassium hydroxide solution resulted in rin g opening 

to form a poly -P-keto chain, and subsequent aldol-type condensat

ion to give aromatic compounds representative of the na t u r a l l y -

occurring 6,8 dihydroxyisocoumarins and C - a c e t y l o r s e l l i n i c acid. 

Treatment with methanolic magnesium methoxide solution gave 

aromatic compounds derivable from d i f f e r e n t c y c l i z a t i o n modes of 

the poly-p-keto chain. Among the compounds isol a t e d were two 

representative of the naturally-occurring c u r v u l i n i c acid and 

the 5,7-dihydroxychromones respectively. Structural assignments 

were made largely on the basis of the c h a r a c t e r i s t i c spectral 

properties of the compounds. 
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PART I 

CIRCULAR DICHROISM STUDY OF SOME 

3- AND 20-KETO STEROIDS 



1 

INTRODUCTION 

The e l u c i d a t i o n of the s t r u c t u r e and s t e r e o c h e m i s t r y of 

o p t i c a l l y a c t i v e compounds has been g r e a t l y f a c i l i t a t e d by r e 

cent advances i n i n s t r u m e n t a t i o n f o r measur ing the two phenomena 

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

( O . R . D . ) and c i r c u l a r d i c h r o i s m ( C . D . ) . 

An o p t i c a l l y a c t i v e medium has d i f f e r e n t i n d i c e s of r e f r a c t 

i o n f o r the l e f t and the r i g h t c i r c u l a r l y p o l a r i z e d components 

o f p l a n e - p o l a r i z e d l i g h t , a p r o p e r t y d e f i n e d as c i r c u l a r b i r e 

f r i n g e n c e . As a r e s u l t of c i r c u l a r b i r e f r i n g e n c e , the two 

c i r c u l a r l y p o l a r i z e d components t r a v e r s e an o p t i c a l l y a c t i v e 

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

a t i o n o f the p l a n e of p o l a r i z a t i o n by the a n g l e s . A p l o t of the 

m o l e c u l a r r o t a t i o n [ ( J ) } , which i s p r o p o r t i o n a l to ot t p a t h l e n g t h 

and m o l a r i t y , a g a i n s t the w a v e l e n g t h A of the i n c i d e n t l i g h t 

g i v e s a r o t a t o r y d i s p e r s i o n ( O . R . D . ) c u r v e . ' 1 ' The m o l e c u l a r 

a m p l i t u d e , at, i s d e f i n e d ^ as the d i f f e r e n c e between the m o l e 

c u l a r r o t a t i o n at the extremum of l o n g e r w a v e l e n g t h fyl^, and at 

the extremum of s h o r t e r wavelength ^ > d i v i d e d by 100. 

In a d d i t i o n to b e i n g c i r c u l a r l y b i r e f r i n g e n t , an o p t i c a l l y 

a c t i v e medium absorbs the two c i r c u l a r l y p o l a r i z e d components 

u n e q u a l l y , a p r o p e r t y d e f i n e d as c i r c u l a r d i c h r o i s m . A p l o t of 

A£ , which i s the d i f f e r e n c e i n the m o l e c u l a r e x t i n c t i o n 

c o e f f i c i e n t s of the l e f t , t L , and the r i g h t , ( R , c i r c u l a r l y 

p o l a r i z e d components , i . e . £ L - € R , a g a i n s t the w a v e l e n g t h >> of the 

i n c i d e n t l i g h t g i v e s a C D . c u r v e . As a r e s u l t of c i r c u l a r 
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d i c h r o i s m , when c i r c u l a r l y p o l a r i z e d l i g h t t r a v e r s e s an o p t i c a l l y 

a c t i v e medium i t emerges as e l l i p t i c a l l y p o l a r i z e d l i g h t , w i t h 

the angle of e l l i p t i c i t y d e s i g n a t e d as V . The m o l e c u l a r 

and m o l a r i t y , i s d e f i n e d by the e q u a t i o n : [ © ] •= 3 3 0 0 A £ ; and i s 

o f t e n ^ used i n p l a c e o f A ( f o r p l o t t i n g C D . c u r v e s . However i t 
5 

s h o u l d be emphasized t h a t p r e s e n t d e v i c e s f o r measur ing c i r c u l a r 

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

than changes i n e l l i p t i c i t y . 

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

bands are o b s e r v e d t h a t the O.R.D. c u r v e s a c q u i r e anomalous 

c h a r a c t e r and the C D . c u r v e s e x h i b i t maxima. The two t y p e s of 

c u r v e s are c l o s e l y r e l a t e d and an e x p r e s s i o n has been d e r i v e d ^ > ® 

to c o r r e l a t e them: a = 4 0 . 2 8 A € . A l t h o u g h both O.R.D. and C D . 
7 

can o f t e n be used i n t e r c h a n g e a b l y f o r s t e r e o c h e m i c a l p r o b l e m s , 

the l a t t e r method i s o f t e n p r e f e r r e d . Superimposed upon the 

anomalous O.R.D. c u r v e i s a p l a i n c u r v e due to r o t a t i o n a l 

c o n t r i b u t i o n s f rom the v a r i o u s asymmetric c e n t e r s of the m o l e 

c u l e , and the t a i l i n g of o t h e r o p t i c a l l y a c t i v e bands o f e i t h e r 

the same chromophore or a d d i t i o n a l chromophores i n the m o l e c u l e . 

A l t h o u g h these background e f f e c t s can be u s e f u l f o r c h a r a c t e r i z 

i n g a s p e c i f - i c compound, they are more o f t e n a h i n d r a n c e ; and i n 

the extreme they can o b s c u r e a weak C o t t o n e f f e c t o r p r e v e n t the 

r e s o l u t i o n o f the anomalous e f f e c t s due to two o r more o p t i c a l l y 

a c t i v e a b s o r p t i o n bands . On the o t h e r hand, the C D . e f f e c t of 

a chromophore i s o n l y o b s e r v e d i n the r e g i o n o f a b s o r p t i o n 

maxima, and i s l a r g e l y i n f l u e n c e d by s u b s t i t u e n t s and asymmetric 

e l l i p t i c i t y , , which i s p r o p o r t i o n a l to p a t h l e n g t h 
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c e n t e r s i n the immediate v i c i n i t y of the chromophore. These two 

p r o p e r t i e s r e n d e r C D . the method o f c h o i c e f o r the r e s o l u t i o n 

o f s e v e r a l o p t i c a l l y a c t i v e a b s o r p t i o n bands , and i n f a c t f o r 

most c o n f i g u r a t i o n a l and c o n f o r m a t i o n a l p r o b l e m s . Recent a d 

vances i n C D . i n s t r u m e n t a t i o n ^ now make both methods comparable 

i n range (700 mP to 190 mP ) and s e n s i t i v i t y . 

Two t y p e s of o p t i c a l l y a c t i v e chromophores can be d i s t i n g 

u i s h e d : the i n h e r e n t l y d i s s y m m e t r i c chromophore, and the 

a s y m m e t r i c a l l y p e r t u r b e d chromophore . O p t i c a l a c t i v i t y i n the 

f i r s t type r e s u l t s f rom the i n t r i n s i c geometry of the chromo-
g 

p h o r e , c l a s s i c a l examples are h e x a h e l i c e n e (1) and t w i s t e d 
Q 

b i p h e n y l d e r i v a t i v e s , e g . ( R ) - 9 , 1 0 - d i h y d r o - 4 , 5 - d i m e t h y l p h e n a n -

t h r e n e ( 2 , A € 2 6 2 = +16 .4 ) . Compounds i n t h i s c l a s s e x h i b i t 

r e l a t i v e l y s t r o n g C o t t o n e f f e c t s , and do not n e c e s s a r i l y r e q u i r e 

asymmetric c a r b o n atoms f o r t h e i r o p t i c a l a c t i v i t y . However i t 

s h o u l d be n o t e d t h a t the p r e s e n c e of asymmetric c e n t e r s i n a 

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

chromophore. 

The most i m p o r t a n t example o f the second type i s the 

s a t u r a t e d c a r b o n y l f u n c t i o n . The c a r b o n y l group has two 
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o r t h o g o n a l r e f l e c t i o n p l a n e s of symmetry and to the lowest o r d e r 

6f a p p r o x i m a t i o n the n —*TT* t r a n s i t i o n s h o u l d be o p t i c a l l y i n 

a c t i v e . O p t i c a l a c t i v i t y a r i s e s , however, t h r o u g h an asymmetric 

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

m o l e c u l a r e n v i r o n m e n t . T h i s type of chromophore i s o f p a r t i c u l a r 

v a l u e i n s t e r e o c h e m i c a l s t u d i e s s i n c e t h e asymmetry of the r e s t 

o f the m o l e c u l e i n r e l a t i o n to the symmetry e lements o f the 

chromophore i s r e v e a l e d i n the C o t t o n e f f e c t . In the case o f 

the c a r b o n y l chromophore , a l a r g e body of e m p i r i c a l r e s u l t s has 

g i v e n r i s e to the o c t a n t r u l e . ' The t h r e e m u t u a l l y o r t h o g o n a l 

p l a n e s of symmetry o f the o r b i t a l s i n v o l v e d i n the n —> TT* 

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

atoms of the m o l e c u l a r s t r u c t u r e on the C o t t o n e f f e c t o f the 

c a r b o n y l group i s c h a r a c t e r i z e d by a s i g n a c c o r d i n g to the 

o c t a n t i n w h i c h they are l o c a t e d , and i s c o n s i d e r e d n e g l i g i b l e 

i f they l i e i n any o f the n o d a l p l a n e s . (For f u l l d e t a i l s o f 

the o c t a n t r u l e see r e f e r e n c e 11) . On the b a s i s of the o c t a n t 

r u l e , a s s i g n m e n t s o f the c o n f i g u r a t i o n o f a ketone ( a b s o l u t e 

c o n f i g u r a t i o n i f a s u i t a b l e r e f e r e n c e compound o f known a b s o l 

ute c o n f i g u r a t i o n i s a v a i l a b l e ) can be made i f i t s c o n f o r m a t i o n 

i s known, and s i m i l a r l y i f the c o n f i g u r a t i o n o f the s u b s t a n c e 

i s known i n f o r m a t i o n about i t s c o n f o r m a t i o n can be o b t a i n e d . 

In a p p l y i n g the o c t a n t r u l e , the f i n a l s i g n w i l l be o b t a i n e d 

f rom the r e s u l t a n t of t h e i n d i v i d u a l c o n t r i b u t i o n s made by the 

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

g r o u p . The i n f l u e n c e o f a g i v e n s u b s t i t u e n t w i l l be l a r g e l y 

1 *3 
d e t e r m i n e d by i t s s t e r i p and e l e c t r o n i c n a t u r e , and by i t s 
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t r u e p o s i t i o n i n the o c t a n t . At p r e s e n t v e r y l i t t l e i s known 

about the q u a n t i t a t i v e c o n t r i b u t i o n s of v a r i o u s s u b s t i t u e n t s , 

a l t h o u g h D j e r a s s i has s t u d i e d the e f f e c t s of s e v e r a l a l k y l 

groups i n some d e t a i l , e g . m e t h y l , " ^ i s o p r o p y l ^ ^ and t - b u t y l . ^ - ^ 

F o r the most p a r t a number of s e m i q u a n t i t a t i v e e m p i r i c a l r u l e s 

are a p p l i e d , e g . the n e a r e r a s u b s t i t u e n t i s to the c a r b o n y l 

group the g r e a t e r i t s e f f e c t , and the n e a r e r i t i s to a n o d a l 

p l a n e of the chromophore the l e s s i t s e f f e c t . D e s p i t e the 

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

imposes upon the o c t a n t r u l e , i t has found wide a p p l i c a b i l i t y 

as an i m p o r t a n t t o o l i n s t e r e o c h e m i c a l s t u d i e s . 

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

f rom the C o t t o n e f f e c t s t u d i e s of numerous s t e r o i d a l k e t o n e s . 

The r i g i d f u s e d - r i n g s t r u c t u r e of t h i s c l a s s of compounds makes 

i t r e a d i l y amenable to s t e r e o c h e m i c a l s t u d i e s . C o n s e q u e n t l y 

the s t e r o i d framework has been used e x t e n s i v e l y f o r s t u d y i n g 

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

have on the C o t t o n e f f e c t o f the c a r b o n y l chromophore . 

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 ° c - h a l o c y c l o h e x a n o n e s have 

been s t u d i e d i n some d e t a i l ; and s u b s e q u e n t l y have been used to 

a s s i g n the a x i a l o r e q u a t o r i a l c o n f i g u r a t i o n to the ° c - h a l o g e n 

atom. Thus i t has been o b s e r v e d ^ t h a t e q u a t o r i a l <<-halogen 

s u b s t i t u e n t s s h i f t the i n f r a r e d c a r b o n y l band to h i g h e r f r e q 

uency (ca.+ 20cm~^), whereas the c o r r e s p o n d i n g a x i a l s u b s t i t 

uent has l i t t l e e f f e c t upon t h i s band. The e l e c t r o s t a t i c 

r e p u l s i o n between the C - h a l o g e n and C=0 d i p o l e s , which w i l l be 
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g r e a t e s t when the h a l o g e n atom i s e q u a t o r i a l , a d e q u a t e l y e x p l a i n s 

t h i s o b s e r v a t i o n . The u l t r a v i o l e t maxima a s s o c i a t e d w i t h the 
18 

s a t u r a t e d c a r b o n y l chromophore undergoes a hypsochromic s h i f t 

of about 5 mp when the - b r o m i n e atom i s e q u a t o r i a l , but i s 

moved to l o n g e r w a v e l e n g t h s by about 28 mn when the bromine 

atom p o s s e s s e s the a x i a l o r i e n t a t i o n . 

The C o t t o n e f f e c t of <=£ - h a l o c y c l o h e x a n o n e s i s s i m i l a r l y 

v e r y s e n s i t i v e to the o r i e n t a t i o n of the h a l o g e n atom. An 

e q u a t o r i a l h a l o g e n s u b s t i t u e n t has l i t t l e e f f e c t upon the p o s i t 

i o n and a m p l i t u d e of the C o t t o n e f f e c t , whereas an a x i a l h a l o g e n 

s u b s t i t u e n t s h i f t s the anomalous e f f e c t to h i g h e r w a v e l e n g t h s 

( c a . + 20 I F ) and p r o f o u n d l y i n f l u e n c e s the a m p l i t u d e . These" 

' -, ' - 1:9 
o b s e r v a t i o n s were f i r s t s t a t e d i n the " a x i a l h a l o k e t o n e r u l e " , 

\ • ' 

a f o r e r u n n e r o f the o c t a n t r u l e , w h i c h i s best i l l u s t r a t e d by an 

example.- 1- The parent compound 17 P - a c e t o x y a n d r o s t a n - 3 - o n e 

(3, Ri=R2=H) as w e l l as the e q u a t o r i a l 2 ° c - b r o m o (3 ,Ri=Br ,R2=H) 

and 4 ° c - b r o m o (3 jR^=H,R2 = Br) d e r i v a t i v e s e x h i b i t p o s i t i v e C o t t o n 

e f f e c t s of s i m i l a r a m p l i t u d e . The a x i a l 2 P -bromo d e r i v a t i v e 

(4 ,Rj=Br ,R2=H) , however, e x h i b i t s a much enhanced p o s i t i v e 

a m p l i t u d e , and the 4 £ -bromo d e r i v a t i v e e x h i b i t s a s t r o n g n e g a t 

i v e C o t t o n e f f e c t . With the e x c e p t i o n of f l u o r i n e , h a l o g e n 
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s u b s t i t u e n t s obey the more g e n e r a l o c t a n t r u l e . The f l u o r i n e 2 * " * 

atom e x h i b i t s an e f f e c t o p p o s i t e i n s i g n to t h a t o f the o t h e r 

h a l o g e n atoms. The c o n t r i b u t i o n of a x i a l ° c - h a l o g e n s u b s t i t u e n t s 

i s g e n e r a l l y so pronounced as to d e t e r m i n e the s i g n o f the 

o b s e r v e d C o t t o n e f f e c t . 

Halogen s u b s t i t u e n t s i n p and X - p o s i t i o n s a l s o have a 

s i g n i f i c a n t i n f l u e n c e upon the C o t t o n e f f e c t of 3 - k e t o s t e r o i d s . 

The n e g a t i v e c o n t r i b u t i o n o f 6 P - h a l o g e n s u b s t i t u e n t s ( 5 , R i = H , 

R2=X) i s a t t r i b u t e d 2 1 to the l o c a t i o n o f the h a l o g e n atom i n a 

r e a r n e g a t i v e o c t a n t . The n e g a t i v e c o n t r i b u t i o n o f 5 " T T-halogen 

s u b s t i t u e n t s ( 5 , Ri=X, R 2
= H ) i s more d i f f i c u l t to r a t i o n a l i z e . 

The two e x p l a n a t i o n s o f f e r e d a r e : (a) r i n g A adopts a b o a t - l i k e 

c o n f o r m a t i o n 2 1 , and (b) r i n g A m a i n t a i n s a c h a i r c o n f o r m a t i o n 

but the h a l o g e n atom a c t u a l l y l i e s i n a f r o n t ^ n e g a t i v e o c t a n t . 

22 

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

example i l l u s t r a t e s one weakness of the o c t a n t r u l e , i . e . the 

p o s i t i o n o f the p l a n e p e r p e n d i c u l a r to the C=0 bond has not 

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

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

groups have somewhat d e l o c a l i z e d e l e c t r o n s y s t e m s . The d e -

l o c a l i z e d o r b i t a l s c o n t a i n i n g these e l e c t r o n s are b e l i e v e d to 

l i e i n the p l a n e o f the three-membered r i n g . The o v e r l a p o f 

these d e l o c a l i z e d o r b i t a l s w i t h the vacant p - o r b i t a l of 

c y c l o p r o p y l carbonium i o n s has been used to e x p l a i n the c o n 

s i d e r a b l e charge d e r e a l i z a t i o n i n t o the c y c l o p r o p y l r i n g of 

these i o n s ; t h i s charge d e l o c a l i z a t i o n i s i n d i c a t e d by the 
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l a r g e (c_a. 3 ppm.) d o w n f i e l d s h i f t of the p r o t o n resonances 

of the r i n g hydrogen atoms. The presence of d e l o c a l i z e d o r b i t 

a l s i s a l s o i n d i c a t e d by the u l t r a v i o l e t s p e c t r a o f <>c - epoxy^^ 
25,26 

and °£ - c y c l o p r o p y l k e t o n e s . In g e n e r a l the a b s o r p t i o n 

band of the c a r b o n y l chromophore i s enhanced and s h i f t e d to 

s l i g h t l y h i g h e r w a v e l e n g t h s . 

The C o t t o n e f f e c t of °c -epoxy and °c - c y c l o p r o p y l k e t o n e s 

a l s o i n d i c a t e s the p r e s e n c e o f d e l o c a l i z e d o r b i t a l s . Recent 

27 28 
s t u d i e s ' o f a l a r g e number o f compounds have shown the 

c c - epoxy and °c - c y c l o p r o p y l r i n g s make s i g n i f i c a n t c o n t r i b u t 

i o n s to the C o t t o n e f f e c t of the c a r b o n y l group w h i c h are 

o p p o s i t e i n s i g n to those made by a l k y l and h a l o g e n g r o u p s . 
27 

A l s o i t has been shown t h a t a n o n c o n j u g a t e d c y c l o p r o p y l r i n g 

makes no s p e c i a l c o n t r i b u t i o n to the C o t t o n e f f e c t . 

When a d o u b l e bond i s p l a c e d i n c o n j u g a t i o n w i t h a keto 

group the r e s u l t i n g <£, p - u n s a t u r a t e d ketone i s c h a r a c t e r i z e d by 

two maxima i n the u l t r a v i o l e t r e g i o n . The l o n g w a v e l e n g t h 

t r a n s i t i o n i s analogous to the n ~ » T T * t r a n s i t i o n of s a t u r a t e d 

ketones but i s n o t i c e a b l y enhanced ( £ — 100) and s h i f t e d to 

l o n g e r w a v e l e n g t h s ( Araax 330 rn y ) . The o t h e r t r a n s i t i o n , 

d e s c r i b e d as TT ->TT * , appears i n the r e g i o n 260 to 2 2 0 ^ ^ and 

shows v e r y i n t e n s e a b s o r p t i o n (€ — 10 ,000 ) . The C o t t o n e f f e c t 

of the n —> TT * t r a n s i t i o n i s v e r y s e n s i t i v e to c o n f o r m a t i o n a l 

3 29 

changes ' and r e c e n t l y a m o d i f i e d o c t a n t r u l e has been p r o -

30 

posed to account f o r the e m p i r i c a l d a t a . F o r c y c l o h e x e n o n e s 

w i t h p l a n a r chromophores the atoms l y i n g o f f the p l a n e d e t e r m i n e 
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the C o t t o n e f f e c t , whereas the C o t t o n e f f e c t of n o n p l a n a r 

chromophores i s dominated by the o r i e n t a t i o n of the d o u b l e bond. 

The TT —* TT * t r a n s i t i o n i s a l s o o p t i c a l l y a c t i v e and i s analogous 

to a s i m i l a r t r a n s i t i o n i n c o n j u g a t e d d i e n e s . Hence a n o n p l a n a r 

oc,p - u n s a t u r a t e d keto group may be r e g a r d e d as an i n h e r e n t l y 

i n 31 32 

d i s s y m m e t r i c chromophore . u The h e l i c i t y r u l e ' f o r n o n 

p l a n a r 1 , 3 - d i e n e s has been a p p l i e d to d e t e r m i n e the a b s o l u t e 

c o n f o r m a t i o n of <£, P - u n s a t u r a t e d keto g r o u p s . G e n e r a l l y the 

n —* TT * and TT —> TT * t r a n s i t i o n s o f n o n p l a n a r <£•> ^ - u n s a t u r a t e d 

keto groups have C o t t o n e f f e c t s of o p p o s i t e s i g n ; however r e c e n t ^ ' 

c i r c u l a r d i c h r o i s m measurements i n the r e g i o n 400 to 200mphave 

i n d i c a t e d s e v e r a l e x c e p t i o n s to t h i s r u l e , and have a l s o r e v e a l 

ed t h a t t h e r e are two o p t i c a l l y a c t i v e bands i n the TT —TT * 

r e g i o n (280 to 200 my ) . 

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

u n s a t u r a t e d k e t o n e s are c r i t i c a l l y dependent upon the m o l e c u l a r 

geometry o f the s y s t e m . Thus i t has been o b s e r v e d t h a t 

34 

p h e n y l c h o l e s t a n o n e s e x h i b i t an enhanced a b s o r p t i o n band at 

300 ran and an enhanced C o t t o n e f f e c t o n l y when the p h e n y l 

group i s i n an a x i a l p o s i t i o n , e g . 3<C-phenylcholestan-2-one ( 6 ) . 
35 

The compound 4 , 4 - d i m e t h y l c h o l e s t - 5 - e n - 3 - o n e (7) shows an 

unenhanced a b s o r p t i o n band ( A m a x 293 my , £ =38) whereas c h o l e s t -

5 - e n - 3 - o n e (8)**^ e x h i b i t s a s l i g h t l y enhanced n — T T * t r a n s 

i t i o n ( T^raax 289 mv , e = 5 9 , A € 290 = 2 . 9 5 ) . P a r t i a l o r b i t a l 

o v e r l a p between the two u n s a t u r a t e d groups o f compound (8) i s 

a l s o i n d i c a t e d by the appearance of a new o p t i c a l l y a c t i v e 



10 

P hv^ 

0 

(6) (7) (8) 

a b s o r p t i o n band ( "Amax 217 mH,^ = 1300 3 A C 218 - - 6 ) . A number 

37 38 39 

of p o s t u l a t e s ' ' have been put f o r w a r d as to the n a t u r e of 

the o r b i t a l o v e r l a p . I t i s g e n e r a l l y a c c e p t e d t h a t a T T - o r b i t a l 

of the C=G group o v e r l a p s w i t h b o t h a p - o r b i t a l and a T T * - o r b i t a l 

of the O O g r o u p . T h i s model e x p l a i n s the o b s e r v e d enhanced 

n —> T T * t r a n s i t i o n and a l s o r a t i o n a l i z e s the appearance of a 

charge t r a n s f e r band ,TTc='C «*—»"TT* c=o . C h o l e s t - 5 - e n - 3 - o n e (8) 
36 

i s an example o f weak o r b i t a l o v e r l a p . In such c a s e s the 

o r i e n t a t i o n o f the d o u b l e bond i n f l u e n c e s but does not n e c e s s a r 

i l y dominate the r o t a t o r y power of the n—> TT* t r a n s i t i o n . 

There a r e , however, numerous e x a m p l e s ^ of P , Y - u n s a t u r a t e d ketones 

where s t r o n g o r b i t a l o v e r l a p i s i n d i c a t e d . In these c a s e s the 

C o t t o n e f f e c t i s dominated by the a b s o l u t e c o n f o r m a t i o n o f the 

d o u b l e bond, e g . norcamphor (9) e x h i b i t s a v e r y weak C o t t o n 

e f f e c t ( A € 310=-0.30) whereas dehydronorcamphor (10) shows a 
40 

s t r o n g p o s i t i v e C o t t o n e f f e c t ( A € 305 = + 4 . 7 ) . When s t r o n g 
o r b i t a l o v e r l a p i s i n d i c a t e d i t i s c o n v e n i e n t to t r e a t the 

A, f-unsaturated ketone system as an i n h e r e n t l y d i s s y m m e t r i c 

41 

chromophore . T h i s v i e w p o i n t has l e d to u s e f u l a p p l i c a t i o n s 

i n the d e t e r m i n a t i o n o f a b s o l u t e c o n f i g u r a t i o n and c o n f o r m a t -
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i o n . 41,42 

. 0 . 0 

(9) (10) 

When the d o u b l e bond i s moved s t i l l f u r t h e r away from the 

c a r b o n y l group i n a system such as the s t e r o i d n u c l e u s , the 

p o s s i b i l i t y of o r b i t a l o v e r l a p between the two u n s a t u r a t e d 

groups becomes v i r t u a l l y n i l , e g . the u l t r a v i o l e t and c i r c u l a r 

d i c h r o i s m s p e c t r a o f the c a r b o n y l chromophore o f 3P> - h y d r o x y -

a n d r o s t a n - 1 7 - o n e (11, "X max 294 mp, 6 = 4 3 , A € 295 = +3.55) and 

the Y, £ - u n s a t u r a t e d k e t o n e , 3 P - h y d r o x y a n d r o s t - 9 ( l l ) - e n - 1 7 - o n e 

(12, 9\max 295 mp, € =43, A d 300=+3.70)_ are n e a r l y i d e n t i c a l ; 

i n a d d i t i o n the l a t t e r compound shows no e v i d e n c e o f a charge 

0 0 

H O H O 

(11) (12) 

t r a n s f e r b a n d . 
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In the case of n o n c o n j u g a t e d u n s a t u r a t e d k e t o n e s , even 

though t h e r e may be no d i r e c t e l e c t r o n i c i n t e r a c t i o n between 

the o l e f i n i c and c a r b o n y l g r o u p s , the s t e r i c arrangement o f the 

atoms about the c a r b o n y l group may v a r y a c c o r d i n g to the l o c a t 

i o n of the o l e f i n i c c e n t e r . T h i s f a c t was f i r s t i l l u s t r a t e d by 

Barton43 i n the s t u d y o f the r a t e s o f a l k a l i - c a t a l y z e d c o n d e n 

s a t i o n of benzaldehyde w i t h v a r i o u s 3 - k e t o t r i t e r p e n o i d s o f 

p a r t i a l s t r u c t u r e (13, R=CHg) to g i v e b e n z y l i d e n e d e r i v a t i v e s 

15,R=CH3). The mechanism has been shown^4>45 to c o n s i s t of a 

s e r i e s of r e v e r s i b l e s t e p s up to the f o r m a t i o n of the a n i o n 

Ph 

(13) (14) (15) 

f rom (14) f o l l o w e d by an i r r e v e r s i b l e e l i m i n a t i o n to y i e l d (15) . 

I t was o b s e r v e d that as the d o u b l e bond was s h i f t e d to v a r i o u s 

p o s i t i o n s i n r i n g s B , C , D the r a t e o f r e a c t i o n a l s o changed . The 

s t u d y was e x t e n d e d ' * * ' ' 4 7 to i n c l u d e a s e r i e s of 3 - k e t o s t e r o i d s 

( p a r t i a l s t r u c t u r e 13, R=H) and d e r i v a t i v e s o f P - d e c a l o n e w i t h 

s i m i l a r r e s u l t s b e i n g o b t a i n e d . By e x p r e s s i n g the r a t e i n 

terms of the r a t e of a s a t u r a t e d r e f e r e n c e compound m u l t i p l i e d 

by a s e r i e s o f group r a t e f a c t o r s , each of w h i c h i s c h a r a c t e r 

i s t i c of the p o s i t i o n of an u n s a t u r a t e d c e n t e r , i t was shown 

t h a t the group r a t e f a c t o r s f o r s t r u c t u r a l l y analogous s t e r o i d a l 
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and t r i t e r p e n o i d ketones were q u a n t i t a t i v e l y r e l a t e d . T h i s 

shows t h a t i n the t r i t e r p e n e s e r i e s the i n f l u e n c e o f " a x i a l 

b u t t r e s s i n g " of t h e P - m e t h y l groups (at C4 and CIQ) on the 

group r a t e f a c t o r s i s m i n o r . The e x p l a n a t i o n advanced f o r the 

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

the c o n f o r m a t i o n a l d i s t o r t i o n i n t r o d u c e d at the o r i g i n a l s i t e of 

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

to r i n g A v i a f l e x i n g of v a l e n c y a n g l e s and s l i g h t a l t e r a t i o n s 

i n atomic c o o r d i n a t e s . Such an e f f e c t i s d e s c r i b e d as " c o n 

f o r m a t i o n a l t r a n s m i s s i o n " . 

C o n f o r m a t i o n a l t r a n s m i s s i o n would a l s o be expec ted to be 

r e f l e c t e d i n the C o t t o n e f f e c t o f u n s a t u r a t e d , n o n c o n j u g a t e d 

4 R 4 Q 

s t e r o i d a l and t r i t e r p e n o i d k e t o n e s . D j e r a s s i ' has shown 

t h a t the O . R . D . c u r v e s of such compounds are s e n s i t i v e to the 

l o c a t i o n of the d o u b l e bond. An at tempted c o r r e l a t i o n w i t h 
AC 

B a r t o n ' s r a t e s t u d i e s , however, was u n s a t i s f a c t o r y . 0 S i n c e 

the background c o n t r i b u t i o n to the O . R . D . c u r v e s of these com

pounds , due l a r g e l y to the t a i l i n g of the o p t i c a l l y a c t i v e 

TT-*.7T* t r a n s i t i o n of the o l e f i n , i s l a r g e and c r i t i c a l l y d e p e n d -

49 

ent upon the l o c a t i o n of the d o u b l e bond, i t was f e l t t h a t C D . 

d a t a might be more u s e f u l i n r e l a t i n g the m a n i f e s t a t i o n of c o n 

f o r m a t i o n a l t r a n s m i s s i o n i n the C o t t o n e f f e c t and the r a t e of 

benzaldehyde c o n d e n s a t i o n . E s t a b l i s h i n g the r e l a t i o n s h i p b e t 

ween the C D . s p e c t r a and the r a t e of benzaldehyde c o n d e n s a t i o n 

f o r a number of s t e r o i d a l ke tones was thus one of the o b j e c t s 

o f t h i s t h e s i s . 
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A n o t h e r i l l u s t r a t i o n of c o n f o r m a t i o n a l t r a n s m i s s i o n i s 
50 

p r o v i d e d by a compar ison of b r o m i n a t i o n exper iments w i t h 

l a n o s t a n - 3 - o n e (16a) and l a n o s t - 8 - e n - 3 - o n e (17a) . Monobromina-

t i o n of (16a) a f f o r d e d o n l y the 2<£ - i s o m e r (16b) . In a d d i t i o n 

(a) Ri = R2= H 
(16) (b) R, - H,R£- Br (17) 

(c) R( = Br , R2=H 

a c i d - c a t a l y z e d (HBr /HOAc/CHClg) e q u i l i b r a t i o n o f e i t h e r isomer 

(16b or 16c) r e s u l t e d i n a q u a n t i t a t i v e y i e l d of 2<< - b r o m o l a n -

o s t a n - 3 - o n e (16b) . Monobrominat ion of (17a) however, gave a 

m i x t u r e of 2°c - (95%) and 2P - b r o m o l a n o s t - 8 - e n - 3 - o n e (5%). A c i d -

c a t a l y z e d e q u i l i b r a t i o n of e i t h e r (17b) o r (17c) a f f o r d e d a 

s i m i l a r m i x t u r e . In a d d i t i o n to d e m o n s t r a t i n g the concept of 

c o n f o r m a t i o n a l t r a n s m i s s i o n , the above example has an impor tant 

b e a r i n g on p r e s e n t c o n c e p t s of r i n g A c o n f o r m a t i o n . I . R . and 

U . V . s p e c t r a o f (16&) and (16c ) , and s i m i l a r l y o f (17b) and 

(17c ) , i n d i c a t e the bromine atom i s e q u a t o r i a l i n a l l c a s e s . 
50 

T h i s can best be e x p l a i n e d by p o s t u l a t i n g a boat c o n f o r m a t i o n 

f o r r i n g A i n the 2P -bromo i s o m e r s (16c and 17c ) . As p a r t o f 

the work r e p o r t e d i n t h i s t h e s i s the C D . s p e c t r a o f s e v e r a l 

compounds of c o n t r o v e r s i a l r i n g A c o n f o r m a t i o n have been 

o b t a i n e d , and thus t h i s s u b j e c t w i l l be d i s c u s s e d i n some 

d e t a i l i n the next s e c t i o n . 



A l i p h a t i c ketones g e n e r a l l y e x h i b i t weak C o t t o n e f f e c t s 

because c o n f o r m a t i o n a l m o b i l i t y d e s t r o y s much o f the asymmetry 

of the atomic environment o f the c a r b o n y l g r o u p . When c o n f o r m 

a t i o n a l m o b i l i t y i s h i n d e r e d , o r more p r e c i s e l y , when one of 

the c o n f o r m a t i o n s predominates the C o t t o n e f f e c t w i l l g e n e r a l l y 

be enhanced, and c o r r e l a t i o n s between the o b s e r v e d o p t i c a l 

a c t i v i t y and s t r u c t u r e can more e a s i l y be made. An example of 

a system where r o t a t i o n i s h i n d e r e d i s p r o v i d e d by the 1 7 - a c e t y l 

51 

s t e r o i d s . I t has been o b s e r v e d t h a t when the a c e t y l group has 

the P - c o n f i g u r a t i o n as i n 1 7 - a c e t y l p r e g n a n o n e (18) the C o t t o n 

e f f e c t i s p o s i t i v e , whereas 17=c -pregnanone (19) , w h i c h has the 

a c e t y l group i n the " ^ - c o n f i g u r a t i o n , e x h i b i t s a n e g a t i v e C o t t o n 

e f f e c t . As p a r t of the work r e p o r t e d i n t h i s t h e s i s the C D . 

(18) (19) 

s p e c t r a o f a l a r g e number of 1 6 - s u b s t i t u t e d , 1 7 - a c e t y l s t e r o i d s 

were measured. A d i s c u s s i o n of these r e s u l t s and how they 

r e l a t e to the p r o b l e m o f d e t e r m i n i n g the c o n f i g u r a t i o n and the 

p r e f e r r e d c o n f o r m a t i o n o f the 1 7 - a c e t y l s i d e c h a i n w i l l be g i v e n . 

One o f the problems a s s o c i a t e d w i t h c i r c u l a r d i c h r o i s m has 

been the i n t e r p r e t a t i o n of C D . s p e c t r a e x h i b i t i n g two maxima 
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of o p p o s i t e s i g n f o r a s i n g l e o p t i c a l l y a c t i v e t r a n s i t i o n . 

Examples of such c u r v e s are p r o v i d e d by the C D . s p e c t r a i n the 

300 mp r e g i o n o f a number o f s t e r o i d a l and t r i t e r p e n o i d k e t o n e s , 

p a r t i c u l a r l y 3 - k e t o t r i t e r p e n e s ; and even by more c o n f o r m a t i o n -
53 

a l l y r i g i d s t r u c t u r e s , e g . i s o f e n c h o n e (20) , see f i g u r e 1. 

Three p r o p o s a l s have been made to account f o r these i r r e g u l a r 

c u r v e s . F o r the case of r i g i d m o l e c u l e s , e g . (20) , a s o l v a t i o n a l 

e q u i l i b r i u m has been p o s t u l a t e d . Fundamental to t h i s h y p o t h e s i s 

i s a c o n s i d e r a b l e s o l v e n t dependence of the C D . c u r v e . In 

a d d i t i o n an i n c r e a s e i n the p o p u l a t i o n of the s o l v a t e d s p e c i e s 

would be e x p e c t e d on l o w e r i n g the t e m p e r a t u r e ; hence i f the 

view t h a t the h i g h e r energy t r a n s i t i o n i s due to the s o l v a t e d 

s p e c i e s i s a c c e p t e d , then the s h o r t w a v e l e n g t h band of the C D . 

c u r v e i s e x p e c t e d to i n c r e a s e at the expense of the l o n g wave-
54 55 S f i 

l e n g t h b a n d . The expec ted s o l v e n t and t e m p e r a t u r e 3 " depend
ence o f the C o t t o n e f f e c t of i s o f e n c h o n e (20) i s o b s e r v e d . 

A second phenomenon w h i c h can account f o r a c u r v e e x h i b i t 

i n g two maxima of o p p o s i t e s i g n i s a c o n f o r m a t i o n a l e q u i l i b r i u m . 

Such an e q u i l i b r i u m would a l s o be expected to be c o n s i d e r a b l y 

s o l v e n t and temperature dependent , e g . ( + ) - t r a n s - 2 - c h l o r o - 5 -

m e t h y l c y c l o h e x a n o n e ' ' (see f i g u r e 1) , which i s p r e s e n t 

(20) (21a) (21b) 
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240 260 280 300 320 340 360 

F i g u r e 1 

C i r c u l a r D i c h r o i s m c u r v e s o f : 

i s o f e n c h o n e (20) : e t h a n o l , 2 5 ° 
( + ) t r a n s - 2 - c h l o r o - 5 - m e t h y l c y c l o h e x a n o n e (21) 
e t h e r : i s o p e n t a n e : e t h a n o l , 5 : 5 : 2 (EPA) 2 5 ° 
e t h e r : i s o p e n t a n e : e t h a n o l , 5 : 5 : 2 (EPA) - 1 9 2 ° 
carbon t e t r a c h l o r i d e 2 5 ° 
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In solution as a mixture of the diequatorial (21a) and d i a x i a l 

(21b) forms. The octant rule predicts a p o s i t i v e Cotton e f f e c t 

for (21a) and a negative Cotton e f f e c t f o r (21b). 

In both of the explanations above the si m p l i f y i n g assumpt

ion has been made that the equilibrium involves only two species. 
54 

On the basis of t h i s assumption, cal c u l a t i o n s have shown that 

the superposition of two Cotton e f f e c t s of s i m i l a r amplitude 

but opposite sign with a separation of t h e i r maxima of 1 to 20 

mP r e s u l t s in a r e l a t i v e l y weak CD. curve with apparent 

maxima separated by about 30 IIIP . Empirically i t i s observed 

that usually one and often both of the maxima of an al t e r n a t i n g -

sign curve have very low i n t e n s i t y . It i s obvious from the 

above arguments based on the solvent and temperature dependence 

of the C.D. curve that i t w i l l often be d i f f i c u l t to d i s t i n g u i s h 

between a so l v a t i o n a l or conformational equilibrium, eg. lupan-

3-one 5 2' 5 6 (22), *X ( A O , E P A : 25°, 330(-0.06), 295(+0.7) ; -192°, 

330(-0.21), 290(+0.18). When the i r r e g u l a r curve p e r s i s t s i n 

the vapor state then only the l a t t e r explanation i s j u s t i f i e d , 

eg. (-)-carvone 5 9 (23) , A(A€): 370(-0.5), 330(+2.6). A further 

(22) (23) 
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weakness of the s o l v a t i o n a l h y p o t h e s i s i s t h a t i t i s d i f f i c u l t 

to r a t i o n a l i z e the s o l v a t i n g power of h y d r o c a r b o n s o l v e n t s . 

Low temperature C D . measurements o f t e n produce c o n s i d e r -

a b l e enhancement of the v i b r a t i o n a l f i n e s t r u c t u r e a s s o c i a t e d 

w i t h an o p t i c a l l y a c t i v e b a n d . A c o n s i d e r a t i o n of " v i b r a t i o n a l 

o s t r u c t u r i n g " has r e c e n t l y l e d to the p r o p o s a l t h a t i t may 

account f o r the a l t e r a t i o n i n s i g n of a C D . b a n d . T h e o r e t i c a l 

arguments show t h a t i f i t i s assumed t h a t both e l e c t r i c and 

magnetic t r a n s i t i o n d i p o l e moments have s i g n i f i c a n t components 

a r i s i n g f rom m o l e c u l a r v i b r a t i o n s , then the s i g n of the d i c h 

r o i s m band need not be i n v a r i a n t and i n f a c t may a l t e r n a t e when 

the r o t a r y power i s weak, i . e . |A&| < 1 . 0 . Most of the f e a t u r e s 

of the c a r b o n y l d i c h r o i s m band can be r a t i o n a l i z e d i n terms of 

a v i b r o n i c scheme c o n s i s t i n g of a t o t a l l y symmetr ic , n e g a t i v e , 

" a l l o w e d " p r o g r e s s i o n o f the 1200 cm~^ s t r e t c h f r e q u e n c y 

o r i g i n a t i n g at the 0-0 band, complemented by a p o s i t i v e , " f o r 

b i d d e n " band s y s t e m ; the l a t t e r b e i n g the same 1200 c m - 1 p r o g 

r e s s i o n i n c o m b i n a t i o n w i t h a s i n g l e 900 c m - 1 , " n o n - t o t a l l y 

symmetr ic " mode. On t h i s b a s i s , h y p o t h e t i c a l c u r v e s have been 

composed w h i c h are n e a r l y i d e n t i c a l to the C D . c u r v e s o f l u p a n -

3-one (22, at - 1 9 2 ° ) and (-) ca rvone (23, at 2 5 ° ) . The tempera

t u r e and s o l v e n t dependence to be e x p e c t e d on the b a s i s of t h i s 

p r o p o s a l have not been d e f i n e d , however v i b r a t i o n a l s t r u c t u r i n g 

i s e x p e c t e d to be i m p o r t a n t even at v e r y low t e m p e r a t u r e s . 

From the examples chosen i t can be seen t h a t a C D . c u r v e 

e x h i b i t i n g two maxima of a l t e r n a t i n g s i g n f o r a s i n g l e chromo-
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phore may be r a t i o n a l i z e d by one , two o r a l l t h r e e o f the p o s t u 

l a t e d phenomena. D u r i n g the c o u r s e of the work r e p o r t e d i n t h i s 

t h e s i s , s e v e r a l C . D . s p e c t r a of a l t e r n a t i n g s i g n were o b t a i n e d . 

A b r i e f d i s c u s s i o n of these w i l l be made w i t h r e s p e c t to the 

t h r e e phenomena: s o l v a t i o n a l e q u i l i b r i u m , c o n f o r m a t i o n a l e q u i l i 

b r i u m , v i b r a t i o n a l s t r u c t u r i n g . 
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DISCUSSION 

The i n t e n s e u l t r a v i o l e t a b s o r p t i o n of c o n j u g a t e d o l e f i n s 

and ke tones has p r o v e d u s e f u l f o r the d e t e c t i o n and c h a r a c t e r 

i z a t i o n o f these chromophores . The two t r a d i t i o n a l and most 

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

are e l e m e n t a l a n a l y s i s and m e l t i n g p o i n t d e t e r m i n a t i o n . A 

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

p u r i t y , but a sharp m e l t i n g p o i n t , though d e s i r a b l e , can not 

be c o n s i d e r e d n e c e s s a r y f o r a l l c l a s s e s o f compounds. With 

r e s p e c t to u l t r a v i o l e t a b s o r p t i o n , however, n e i t h e r c r i t e r i o n i s 

a s u f f i c i e n t r e q u i r e m e n t f o r p u r i t y . Thus t r a c e amounts ( c a . 

1%) of a d i e n e i m p u r i t y p r e s e n t i n a sample of a s a t u r a t e d 

s t e r o i d a l ketone may not be r e f l e c t e d i n e i t h e r the m e l t i n g 

p o i n t o r the a n a l y s i s , but w i l l have a p r o f o u n d e f f e c t on the 

U . V . spec t rum o f the s a m p l e . 

In a c o n s i d e r a t i o n of the e f f e c t s of n o n c o n j u g a t e d d o u b l e 

bonds on the U . V . and C . D . s p e c t r a of the c a r b o n y l g r o u p , Mason 

o r i g i n a l l y p o s t u l a t e d * ^ ' ^ t h a t a l o n g r a n g e , charge t r a n s f e r 

i n t e r a c t i o n between the two groups c o u l d occur v i a weak " c o n 

j u g a t i o n " t h r o u g h the s a t u r a t e d carbon atoms. T h i s p o s t u l a t e 
C O C O 

was based l a r g e l y on the o b s e r v a t i o n ' of a weak a b s o r p t i o n 

band at 239 mp ( £ =70, =0.2) i n the e l e c t r o n i c spect rum o f 

3 P - h y d r o x y a n d r o s t - 5 - e n - 1 7 - o n e (24a) . An a l t e r n a t i v e e x p l a n a t 

i o n i s t h a t t h i s weak a b s o r p t i o n band i s due to the p r e s e n c e of 

t r a c e amounts o f a d i e n e i m p u r i t y such as a n d r o s t - 3 , 5 - d i e n e -

17-one (25) , ~ \ max 290 mp (€ 90 ) , 236 my (£ 2 2 , 4 0 0 ) . The U . V . 
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spect rum of a commerc ia l sample of (24a) a l s o showed a s h o r t wave

l e n g t h band at 236 mn ( € = 1 4 3 ) . However by a s t e p w i s e p u r i f i c a t 

i o n scheme o f r e c r y s t a l l i z a t i o n , f o l l o w e d by chromatography of 

the c o r r e s p o n d i n g a c e t a t e (24b) , the peak at 236 my was e l i m i n -

36 
a t e d . S u b s e q u e n t l y Mason has r e p o r t e d a s i m i l a r r e s u l t and 

(24a, R=H) (25) (26) 
(24b, R=OAc) 

a l s o has s u g g e s t e d t h a t the i m p u r i t y was the d i e n e (25) . The 

d e m o n s t r a t i o n t h a t (24a) does not e x h i b i t a charge t r a n s f e r 

36 

band, p l u s a d d i t i o n a l e v i d e n c e p r o v i d e d by Mason, s u b s t a n t 

i a t e s the view t h a t the charge t r a n s f e r i n t e r a c t i o n i s of r e 

l a t i v e l y s h o r t range and o p e r a t e s through s p a c e . 

The q u e s t i o n of whether o~-bonds can be i n v o l v e d i n charge 

t r a n s f e r i n t e r a c t i o n has v e r y r e c e n t l y been reopened by the 

o b s e r v a t i o n of a charge t r a n s f e r band i n a number of V, 6 -

u n s a t u r a t e d k e t o n e s , 6 4 e g . (26) , A max: 307 mP (€ 79 ) , 224 mH 

(€ 1330). The appearance of a TTcc —* TT * co t r a n s i t i o n i n 

such systems i s shown to be c r i t i c a l l y dependent on geometry . 

T h i s has been i n t e r p r e t e d i n terms o f a f a v o r a b l e geometry 

a l l o w i n g the c o u p l i n g of the t w o T T - s y s t e m s through o v e r l a p w i t h 

the c e n t r a l C3-C4 <3 - b o n d . In g e n e r a l T, c> - u n s a t u r a t e d ketones 

do not p o s s e s s the geometry d e f i n e d i n (26) and hence do not 
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show t h i s type of o v e r l a p . 

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

c e n t e r s on the C . D . s p e c t r a o f 3 - k e t o s t e r o i d s are summarized i n 
5 

T a b l e 1. Some r e c e n t l y p u b l i s h e d r e s u l t s of V e l l u z and O u r i s s o n 

52 65 

' are a l s o i n c l u d e d i n the t a b l e , and a l l s t r u c t u r a l f o r m u l a 

are g i v e n i n f i g u r e 2. Most of the samples used i n t h i s s t u d y 

e x h i b i t e d weak U . V . a b s o r p t i o n maxima i n the r e g i o n 260 to 230 mp 

i n a d d i t i o n to the 290 mH band o f the c a r b o n y l chromophore . 

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

i o n a l a b s o r p t i o n bands a r e , i n e v e r y c a s e , i n d i c a t i v e of t r a c e 

amounts of h i g h l y a b s o r b i n g i m p u r i t i e s . These i m p u r i t i e s would 

not be e x p e c t e d to have any measurable i n f l u e n c e upon the C . D . 

s p e c t r a . 

An e x a m i n a t i o n of the C . D . r e s u l t s f o r the 4 - d e m e t h y l a t e d 

s e r i e s (27 to 36) r e v e a l s t h a t the compounds f a l l i n t o two 

g r o u p s . When the d o u b l e bond i s l o c a t e d i n r i n g B (29,32) o r 

e x o c y c l i c at Cy (30,31) the i n t e n s i t y o f the maxima v a r i e s f r o m 

t h a t of the s a t u r a t e d analogues ( 2 7 , 2 8 ) . On the o t h e r hand, 

when the d o u b l e bond i s l o c a t e d i n r i n g C (33 ,34 ,35) o r e x o c y c l i c 

at CT2 (36) the u n s a t u r a t e d c e n t e r appears to have l i t t l e e f f e c t 

upon the c i r c u l a r d i c h r o i s m of the c a r b o n y l g r o u p . 

These r e s u l t s can be compared w i t h the r e l a t i v e r a t e s of 

the a l k a l i - c a t a l y z e d benzaldehyde c o n d e n s a t i o n ^ w h i c h are a l s o 

l i s t e d i n T a b l e 1. I t can be seen t h a t i n c o n t r a s t to the C . D . 

r e s u l t s , the r a t e o f c o n d e n s a t i o n i s q u i t e s e n s i t i v e to the 

l o c a t i o n of the d o u b l e bond f o r a l l o f the compounds. In t h i s 
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TABLE 1 
46 

R e l a t i v e 
Compound 7v max (A€. ) r e f . r a t e 

17P - h y d r o x y a n d r o s t a n - 3 - o n e (27) 294 (+6.96) 188 

295 (+0.90) 5 

c h o l e s t a n - 3 - o n e (28) 295 (+1.13) 5 182 

17 p> - h y d r o x y - 7 - m e t h y l e n e a n d r o s t -

a n - 3 - o n e (30) 295 (+1.56) 65 

c h o l e s t - 6 - e n - 3 - o n e (29) 325( -0 .04) ,294(+0 .39) 65 645 

7 - m e t h y l e n e c h o l e s t a n - 3 - o n e (31) 295 (+1.54) 365 

e r g o s t - 7 - e n - 3 - o n e (32) 295 (+0.67) 47 

e r g o s t - 8 ( 1 4 ) - e n - 3 - o n e (33) 295 (+1.15) 94 

A 9 ( 1D - d e h y d r o t i g o g e n o n e (34) 295 (+0.88) 221 

A ^ - d e h y d r o t i g o g e n o n e (35) 294 (+0.93) 380 

1 2 - m e t h y l e n e t i g o g e n o n e (36) 295 (+0.90) 218 
l a n o s t a n - 3 - o n e (16a) c a . 300 ( - 0 . 3 4 ) * 49 55 

l a n o s t - 8 - e n - 3 - o n e (17a) 318( -0 .11) ,290(+0 .13) 100 
320( -0 .13) ,290(+0 .14) 52 

* c a l c u l a t e d f rom O . R . D . a m p l i t u d e , ' o f . ( 4 6 ) , T a b l e 2. 
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(36) (16a) 

F i g u r e 2 
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r e g a r d i t s h o u l d be n o t e d t h a t the r e l a t i v e r a t e s f o r e r g o s t a n - 3 -

46 

one (37, 188) and t i g o g e n o n e (38, 174) are s i m i l a r to the r a t e s 

f o r the o t h e r s a t u r a t e d analogues (27, 2 8 ) . In a d d i t i o n even 

f o r the r i n g B u n s a t u r a t e d compounds a c o r r e l a t i o n between r e 

l a t i v e r a t e s and c i r c u l a r d i c h r o i s m can not be made, i . e . both 

c h o l e s t - 6 - e n - 3 - o n e (29) and e r g o s t - 7 - e n - 3 - o n e show a d i m i n i s h e d 

C . D . maxima, but the former compound e x h i b i t s a much enhanced 

and the l a t t e r a much d e p r e s s e d r a t e o f c o n d e n s a t i o n . 

D e s p i t e t h i s l a c k of c o r r e l a t i o n , i t i s f e l t t h a t both s e t s 

of measurements r e f l e c t the phenomenon of c o n f o r m a t i o n a l t r a n s -

66 

m i s s i o n . The r e l a t i v e r a t e s have r e c e n t l y been r a t i o n a l i z e d 

by c o n s i d e r i n g the A ^ - e n o l a t e a n i o n ( p a r t i a l s t r u c t u r e 14a) as 

a s u i t a b l e model f o r the t r a n s i t i o n s t a t e i n the r a t e d e t e r m i n -

(37) (38) 

t l 

7\ 
/ 

(14a) (15) (32a) 
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i n g s t e p to form the b e n z y l i d e n e d e r i v a t i v e (15 ) . By the use 

67 

of D r e i d i n g models i t can be demonstra ted t h a t i n t r o d u c t i o n 

o f a C 7 ( 8 d o u b l e bond causes an upward d i s p l a c e m e n t o f Cg i n the 

- d i r e c t i o n . T h i s d i s t o r t i o n i s r e l a y e d to C5 c a u s i n g angle 

d e f o r m a t i o n and r e s u l t i n g i n an a n t i c l o c k w i s e r o t a t i o n about the 

C e j - C i n a x i s of the groups a t t a c h e d at these c e n t e r s (32a) . T h i s 

i n t u r n produces a downward d i s p l a c e m e n t ( < - d i r e c t i o n ) of C^ 

which s i m u l t a n e o u s l y causes an upward d i s p l a c e m e n t o f Cg. The 

s t r a i n may e f f e c t i v e l y be r e d u c e d by c o n v e r s i o n of C^ i n t o a 

t r i g o n a l atom. Thus the f o r m a t i o n of the A^-enol i s f a c i l i t a t 

ed and s i m u l t a n e o u s l y the tendency f o r A ^ - e n o l f o r m a t i o n i s 

d i m i n i s h e d , r e s u l t i n g i n a reduced r a t e as o b s e r v e d ( 3 2 ) . When 

the d o u b l e bond i s l o c a t e d at C g y or e x o c y c l i c at C7 the e f f e c t 

upon r i n g A i s r e v e r s e d to f a v o r A ^ - e n o l f o r m a t i o n , and an 

enhanced r a t e i s o b s e r v e d ( 2 9 , 3 0 , 3 1 ) . 

The C . D . r e s u l t s can. s i m i l a r l y be r a t i o n a l i z e d by comparing 

the D r i e d i n g models o f the s a t u r a t e d and u n s a t u r a t e d 3 - k e t o 

s t e r o i d s . F o r c h o l e s t - 6 - e n - 3-one (29) the major change i n the 

o c t a n t diagram i s t h a t Cy i s d i s p l a c e d f r o m i t s p o s i t i o n i n a 

p o s i t i v e o c t a n t towards a n o d a l p l a n e . Thus a d i m i n i s h e d C . D . 

c u r v e would be e x p e c t e d as i s o b s e r v e d . In e r g o s t - 7 - e n - 3 - o n e 

(32) , Cg i s d i s p l a c e d towards a n o d a l p l a n e , a g a i n d i m i n i s h i n g 

the C o t t o n e f f e c t . F o r the 7 - m e t h y l e n e - 3 - k e t o s t e r o i d s ( 3 0 , 3 1 ) . 

the methylene group i s l o c a t e d i n a p o s i t i v e o c t a n t and the 

expec ted enhancement o f the C . D . maxima i s o b s e r v e d . These 

e x p l a n a t i o n s f o r the C . D . s p e c t r a of compounds (29) ;to (32) are 

g r o s s l y o v e r s i m p l i f i e d and n e g l e c t the s u b t l e changes i n r i n g A 

c o n f o r m a t i o n which a D r e i d i n g model i s unable to show; i n a d d i t -
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| (29) (32) (30, R-OH) 
j (31, R=C 8H 1 7) 
i 
i 

ion the influence of the TT-bond as compared to the two C-H 

bonds that i t replaces i s not known. With respect to r i n g A 

conformation i t i s worth noting that any f l a t t e n i n g of the r i n g 

would lead to diminished p o s i t i v e contributions from Cg and C ?. 

When the double bond i s located in rin g C i t becomes more 

d i f f i c u l t to r a t i o n a l i z e the r e s u l t s . By an extension of the 

above arguments, however, the r e l a t i v e rates of compounds (33) 

to (36) can be interpreted in terms of the s t r a i n induced in 

rin g A. S i m i l a r l y the CD. re s u l t s for these compounds suggest 

either the atomic coordinates of rings A and B vary n e g l i g i b l y 

or they vary in such a way as to give a n e g l i g i b l e resultant 

e f f e c t . If the arguments used to explain the two sets of meas

urements are v a l i d , then i t follows that a c o r r e l a t i o n between 

the rates of benzaldehyde condensation and c i r c u l a r dichroism 

i s not expected. 

It i s pertinent to note that the CD. spectra of 3-keto 
52 

triterpenes are more se n s i t i v e to unsaturation in r i n g C, 

eg. taraxasterone (39), A ( A £ ) : 293 (+0.75), whereas P -amy-

rone (40), "X(Ae): 293(+0.30). This i s not unexpected as the 
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(39) (40) 

p o s i t i o n s of the 4 « s 4P and 8 P - m e t h y l groups would be i n f l u e n c e d 

by c o n f o r m a t i o n a l t r a n s m i s s i o n . 

A compar ison of e i t h e r the c o n d e n s a t i o n r a t e s o r the C . D . 

s p e c t r a o f the compounds l a n o s t a n - 3 - o n e (16a) and l a n o s t - 8 - e n - 3 -

one (17a, see T a b l e 1) s u g g e s t s c o n f o r m a t i o n a l l y t r a n s m i t t e d 

e f f e c t s i n the l a t t e r compound. As f o r the t r i t e r p e n e s , i t i s 

q u i t e l i k e l y t h a t the d e t e c t i o n o f these e f f e c t s by c i r c u l a r 

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

groups at C ^ . 

The e x p l a n a t i o n o f the C . D . spec t rum of l a n o s t - 8 - e n - 3 - o n e 

(17a) i s c o m p l i c a t e d by the f a c t t h a t t h e r e are two maxima of 

o p p o s i t e s i g n . The C . D . c u r v e of c h o l e s t - 6 - e n - 3 - o n e (29) i s 

a l s o of t h i s t y p e . Of the t h r e e h y p o t h e s e s to e x p l a i n t h i s 

type o f c u r v e , the s o l v a t i o n a l e q u i l i b r i u m h y p o t h e s i s i s the 

l e a s t t e n a b l e s i n c e i t i s d i f f i c u l t to see why these two com

pounds s h o u l d s o l v a t e so d i f f e r e n t l y from the o t h e r s l i s t e d i n 

T a b l e 1. A c o n f o r m a t i o n a l e q u i l i b r i u m i s more p l a u s i b l e s i n c e 

i t i s known t h a t the e x o c y c l i c ke to group lowers the b a r r i e r to 

c h a i r - b o a t c o n v e r s i o n i n c y c l o h e x a n e r i n g sys tems , and the 
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c o n f o r m a t i o n a l l y t r a n s m i t t e d e f f e c t s o f the d o u b l e bond c o u l d 

p o s s i b l y lower t h i s b a r r i e r s t i l l f u r t h e r . However i t i s a g a i n 

d i f f i c u l t to see why these two compounds s h o u l d d i f f e r f r o m the 

o t h e r s w i t h r e s p e c t to r i n g A f l e x i b i l i t y . The v i b r a t i o n a l 

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

(17a) and (29) e x h i b i t weak C o t t o n e f f e c t s i n a c c o r d w i t h t h i s 

h y p o t h e s i s . Low temperature measurements might h e l p d i s t i n g u i s h 

the l a t t e r two hypotheses s i n c e a l a r g e temperature v a r i a t i o n 

would s u p p o r t a c o n f o r m a t i o n a l e q u i l i b r i u m . 

In r e c e n t y e a r s the s u b j e c t , o f the c o n f o r m a t i o n o f r i n g A 

i n s u b s t i t u t e d 3 - k e t o s t e r o i d s has r e c e i v e d c o n s i d e r a b l e a t t e n t 

i o n . T a b l e 2 l i s t s the C D . maxima of a number o f such com

pounds and i t w i l l be shown t h a t these r e s u l t s a re c o n s i s t e n t 

w i t h p r e s e n t v iews on the s u b j e c t . To s u b s t a n t i a t e our own d a t a , 

T a b l e 2 i n c l u d e s a number of r e s u l t s r e c e n t l y p u b l i s h e d by 
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O u r i s s o n , £ t . a l . The s t r u c t u r a l formulae f o r the compounds 

l i s t e d i n the t a b l e are g i v e n i n f i g u r e 3 . 

A number of s t u d i e s have i n d i c a t e d that the i n t r o d u c t i o n 

of an a x i a l m e t h y l group at the 2P- or 4P- p o s i t i o n o f a 

s a t u r a t e d 3 - k e t o s t e r o i d l e a d s to f l a t t e n i n g o f r i n g A . I t i s 

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

d i s p l a c e m e n t o f the 10P and 4P (or 2P ) methyl groups i n r e 

l i e v i n g the s t e r i c i n t e r a c t i o n between these g r o u p s . X - r a y 

d e t e r m i n a t i o n s o f the s t r u c t u r e s o f 3 B - i o d o a c e t o x y l a n o s t - 8 - e n e 
68 

(55) and 3P-acetoxy-7cc , l l « : - d i b r o m o l a n o s t a n e-8cc, 9 ° c - e p o x i d e 

69 
(56) showed t h a t the bonds to the 4P and 10P methyl groups 



TABLE 2 

Compound  \ m a x ( A p r e f . 

17P - h y d r o x y a n d r o s t a n - 3 - o n e (27) 

c h o l e s t a n - 3 - o n e (28) 

2«c - m e t h y l c h o l e s t a n - 3 - o n e (41) 

2,2 - d i m e t h y l - 1 7 P - h y d r o x y a n d r o s t a n -
3-one (42) 

2,2 - d i m e t h y l c h o l e s t a n - 3 - o n e (43) 

2,2,17^ - t r i m e t h y l - 1 9 - n o r a n d r o s t a n -
3-one (44) 

17P - h y d r o x y - 1 9 - n o r a n d r o s t a n - 3 - o n e (45) 

4 , 4 - d i m e t h y l c h o l e s t a n - 3 - o n e (46) 

4 , 4 - d i m e t h y l c h o l e s t - 5 - e n - 3 - o n e (47) 

4 , 4 - d i m e t h y l - 1 7 p - h y d r o x y a n d r o s t -
5 - e n - 3 - o n e (48) 

4 , 4 - d i m e t h y l - 1 7 P - h y d r o x y - 1 9 - n o r a n -
d r o s t - 5 - e n - 3 - o n e (50) 

4 , 4 - d i m e t h y l - 1 7 p > - a c e t o x y - 1 9 - n o r a n -
d r o s t - 5 - e n - 3 - o n e (51) 

4 , 4 - d i m e t h y l - 1 7 P - a c e t o x y - 1 9 - n o r a n -
d r o s t a n - 3 - o n e (52) 

2 ̂  - b r o m o - 4 , 4 - d i m e t h y l c h o l e s t - 5 - e n -
3-one (53) 

2 oc -bromo-4 , 4, 6 - t r i m e t h y l c h o l e s t - 5 - e n -
3-one (54) 

294 (+0.96) 

295 (+1.17) 52 

295 (+0.75) 

303-290 (+1.52) 

302- 295 (+1.93) 52 

303- 290 (+2.78) 

294 (+1.37) 52 

305 (-0.30) 52 

295 (+0.96) 

294 (+1.28) 

303-295 (+2.11) 

307-297 (+1.84) 52 

301 (-0.47) 52 

309 (+0.70) 

312 (+1.07) 



32 

F i g u r e 3 
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(55) (56) 

were not p a r a l l e l , and the d i f f e r e n c e between the c a r b o n atom 

c e n t e r s of these m e t h y l groups was r e s p e c t i v e l y 3 .2 +_ 0 .1 A and 

3 .28 i 0.03 A ; these v a l u e s c o r r e s p o n d to a l a t e r a l d i s p l a c e 

ment of about 1 5 ° , and are i n agreement w i t h an i n t e r f e r e n c e 

r a d i u s ? 0 o f 1.7 A which has been f o u n d f o r the m e t h y l group 

f rom a c o n s i d e r a t i o n of the e f f e c t s o f s t e r i c i n t e r a c t i o n s 

upon U . V . s p e c t r a . 

Our u n d e r s t a n d i n g o f r i n g A c o n f o r m a t i o n i n s a t u r a t e d 3 -

keto s t e r o i d s has been g r e a t l y f a c i l i t a t e d by the d i p o l e moment 

71 72 7*3 74 s t u d i e s ' and energy c a l c u l a t i o n s ' o f A l l i n g e r . In 

these s t u d i e s the p o s s i b l e c o n f o r m a t i o n s o f r i n g A c o n s i d e r e d 

were the c h a i r (57a) , the f l a t c h a i r (57b) and the f l e x i b l e 

boat forms of w h i c h the two extremes are (57c) and (57d) . The 

r e s u l t s suggest t h a t c o n f o r m a t i o n (57b) i s f a v o r e d when a 

(57a) (57b) , (57c) (57d) 
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1 , 3 - d i m e t h y l d i a x i a l methyl i n t e r a c t i o n i s p r e s e n t i n r i n g A , 

e g . 2P - m e t h y l , 4I3 - m e t h y l , 2 , 2 - d i m e t h y l and 4 , 4 - d i m e t h y l c h o l e s t a n -

3-one (R=CH„) . In the c o r r e s p o n d i n g 19-nor compounds (R=H) t h i s 

i n t e r a c t i o n i s l a c k i n g and the c h a i r c o n f o r m a t i o n (57a) i s 

f a v o r e d . S i m i l a r l y c o n f o r m a t i o n (57a) i s f a v o r e d when the s u b 

s t i t u e n t s are e q u a t o r i a l , e g . 2<« - a n d 4 c C - c h o l e s t a n - 3 - o n e . 

I n f r a r e d and N.M.R. s p e c t r a l d a t a a l s o s u p p o r t these 

a s s i g n m e n t s . In g o i n g from c o n f o r m a t i o n (57a) to (57b) the 

C2-C3-C4 angle i s expanded and hence a d e c r e a s e i n the c a r b o n y l 

75 1 s t r e t c h f r e q u e n c y i s e x p e c t e d . T h i s d e c r e a s e (c_a.6cm ) i s 

72 

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

group at Cg o r C ^ , but i s not o b s e r v e d f o r the c o r r e s p o n d i n g 19-

nor compounds. The p r o t o n resonance o f the 2P - m e t h y l group i n 

s e v e r a l 1 9 - n o r - 3 - k e t o s t e r o i d s ^ s u f f e r s an u p f i e l d s h i f t of 

about 0.2 ppm. on g o i n g f r o m d e u t e r i o c h l o r o f o r m to benzene s o l 

v e n t . T h i s i s i n agreement w i t h the r e p o r t e d ^ s h i f t f o r an 

a x i a l methyl group a d j a c e n t to a c a r b o n y l g r o u p . 

The most c o n v i n c i n g s p e c t r a l e v i d e n c e f o r these ass ignments 

72 

i s p r o v i d e d by O.R .D. and C . D . d a t a . The r e s u l t s g i v e n i n 

T a b l e 2 o v e r l a p c o n s i d e r a b l y w i t h the O.R .D. r e s u l t s p r e v i o u s l y 
7 2 

r e p o r t e d , and i n t h i s case a r a t i o n a l e based on e i t h e r se t of 

measurements i s e q u a l l y v a l i d . The presence of a 2 c c - m e t h y l 

group (41, p a r t i a l s t r u c t u r e 41a) produces a C . D . maximum of 

s l i g h t l y d i m i n i s h e d a m p l i t u d e ( c f . 27,28) due to the weak 

n e g a t i v e c o n t r i b u t i o n o f the e q u a t o r i a l m e t h y l g r o u p . The 

2 , 2 - d i m e t h y l compounds (42 ,43 , p a r t i a l s t r u c t u r e 42a) show 



35 

enhanced C D . c u r v e s but not n e a r l y as enhanced as t h a t shown 

by the c o r r e s p o n d i n g 19-nor compound (44, p a r t i a l s t r u c t u r e 4 4 a ) . 

(41a) (42a) (44a) 

T h i s i s c o m p a t i b l e w i t h r i n g f l a t t e n i n g f o r the former compounds 

s i n c e t h i s would d i m i n i s h the C D . a m p l i t u d e i n t h r e e ways: the 

p o s i t i v e c o n t r i b u t i o n of the 2 P - m e t h y l group d e c r e a s e s as i t 

becomes l e s s a x i a l ; the n e g a t i v e , c o n t r i b u t i o n o f the 2 - m e t h y l 

group i n c r e a s e s as i t becomes more a x i a l ; the p o s i t i v e c o n t r i b 

u t i o n s of the Cg and C7 methylene groups become l e s s as the 

r i n g f l a t t e n s . For the 4 , 4 - d i m e t h y l compounds (16a, 17a, 46, 

p a r t i a l s t r u c t u r e 46a) the s i t u a t i o n i s c o m p l i c a t e d by the f a c t 

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

(46a) (52a) 

g e m - d i m e t h y l groups which i s o p p o s i t e to the e f f e c t upon the 

c o n t r i b u t i o n s o f the r i n g B methylene g r o u p s , w h i c h become l e s s 

p o s i t i v e . N e v e r t h e l e s s the weak C o t t o n e f f e c t s of these com

pounds are c o m p a t i b l e w i t h a f l a t r i n g A c o n f o r m a t i o n ; and the 

more n e g a t i v e c u r v e of the 19-nor compound (52, p a r t i a l s t r u c t 

ure 52a) i s p r o b a b l y i n d i c a t i v e of a more a x i a l 4I3 - m e t h y l 
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group as i n the c h a i r c o n f o r m a t i o n (57a) . 

The C . D . r e s u l t s p r o v i d e s t r o n g s u p p o r t f o r the assignment 

of a f l a t c h a i r c o n f o r m a t i o n to the 2 , 2 - d i m e t h y l compounds 

(42,43) s i n c e , f rom the o c t a n t r u l e , i t i s h i g h l y u n l i k e l y t h a t 

any of the boat c o n f o r m a t i o n s would e x h i b i t an enhanced p o s i t i v e 

C o t t o n e f f e c t . C o n v e r s e l y , one o r s e v e r a l o f the f l e x i b l e 

forms o f the 4 , 4 - d i m e t h y l compounds (16a, 17a, 46) would be 

e x p e c t e d to g i v e weak C o t t o n e f f e c t s ; thus i n the l a t t e r case 

a c h o i c e between the f l a t c h a i r and the boat c o n f o r m a t i o n s can 

not be made on the b a s i s of the C . D . r e s u l t s a l o n e . 

The e v i d e n c e f o r the c o n f o r m a t i o n of r i n g A i n A - 4 , 4 -

d i m e t h y l - 3 - k e t o s t e r o i d s i s l e s s c o n c l u s i v e . A compar ison of 

the U . V . s p e c t r a 7 8 ' 7 9 ' 8 0 o f 17P - a c e t o x y - 4 , 4 - d i m e t h y l a n d r o s t -

5 - e n - 3 - o n e (49, p a r t i a l s t r u c t u r e 47a) and the c o r r e s p o n d i n g 

19-nor compound (51, p a r t i a l s t r u c t u r e 50a) shows the former 

compound has an unenhanced c a r b o n y l band ( £ = 30) whereas the 

l a t t e r (51) e x h i b i t s not o n l y an enhanced n —^ TT * t r a n s i t i o n 

(€ = 75) but a l s o s t r o n g end a b s o r p t i o n i n d i c a t i v e of a new 

TTcc —»TT * co b a n d . . Our r e s u l t s f o r the c o r r e s p o n d i n g 17p> -

hydroxy compounds (48,50) are s i m i l a r except t h a t f o r the 19-

n o r sample (50) a t r a c e amount of i m p u r i t y i s p r o b a b l y d o m i n a t 

i n g the s p e c t r u m . S i n c e c h o l e s t - 5 - e n - 3 - o n e (8, p a r t i a l 

s t r u c t u r e 8a) a l s o shows enhanced U . V . a b s o r p t i o n , the r e s u l t s 

suggest t h a t r i n g A i s i n a c h a i r c o n f o r m a t i o n f o r the 19-nor 

compounds (50 ,51 , p a r t i a l s t r u c t u r e 50a) , but i n a n o n c h a i r 

c o n f o r m a t i o n f o r the compounds ( 4 7 , 4 8 , 4 9 , p a r t i a l s t r u c t u r e 47a ) . 
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H 

0' 0' 0" 

(47a) (50a) (8a) 

0' 0 

(46a) (52a) (28a) 

The d e c r e a s e d i n f r a r e d c a r b o n y l s t r e t c h y f r e q u e n c y of the l a t t e r 

81 

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

The p r o t o n resonance of the C i q m e t h y l group i n compounds (47, 

n o n c h a i r c o n f o r m a t i o n f o r r i n g A . F i n a l l y a s l i g h t temperature 

81 

dependence of t h i s resonance may or may not^ be i n d i c a t i v e of 

a c o n f o r m a t i o n a l e q u i l i b r i u m . None of these s p e c t r a l d a t a can 

a d e q u a t e l y d i s t i n g u i s h between a f l a t c h a i r o r a boat c o n f o r m a t -

The C D . r e s u l t s ( T a b l e 2) are e q u a l l y i n c o n c l u s i v e . A 

compar ison of the C D . s p e c t r a o f the 19-nor s a t u r a t e d ketone 

(52, p a r t i a l s t r u c t u r e 52a) and the 19-nor A 5 ketones (50 ,51 , 

p a r t i a l s t r u c t u r e 50a) shows t h a t the i n t r o d u c t i o n of the P , Y -

d o u b l e bond r e s u l t s i n a l a r g e p o s i t i v e c o n t r i b u t i o n to the 

C o t t o n e f f e c t and a l s o produces a broadened maxima. T h i s same 
5 

e f f e c t has been o b s e r v e d f o r the compounds c h o l e s t a n - 3 - o n e 

(28, p a r t i a l s t r u c t u r e 2 8 a ) , A ( A 6 ) : 295 (+1.13) and c h o l e s t -

5 - e n - 3 - o n e (8 , . p a r t i a l s t r u c t u r e 8 a ) , X (A€) : 304-295 (+2.52) . 

48,49) i s at r e l a t i v e l y h i g h f i e l d 78-81 
a g a i n s u g g e s t i n g a 

i o n . 
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Hence the r e s u l t s are c o n s i s t e n t w i t h a c h a i r c o n f o r m a t i o n f o r 

the 19-nor compounds (50,51) w i t h the d o u b l e bond i n a p o s i t i v e 

o c t a n t d o m i n a t i n g the e f f e c t ( c f . the s a t u r a t e d analogue (52) 

where the 4P - m e t h y l group i n a n e g a t i v e o c t a n t dominates the 

c i r c u l a r d i c h r o i s m ) . The pronounced e f f e c t of the P , ^ - d o u b l e 

bond i s not unexpected s i n c e the p r e v i o u s l y mentioned U . V . 

r e s u l t s s u g g e s t e d o r b i t a l o v e r l a p between the two u n s a t u r a t e d 

g r o u p s . A s i m i l a r comparison of the C . D . s p e c t r a o f the s a t u r 

a ted 4, 4 - d i m e t h y l - 3 - k e t o s t e r o i d (46, p a r t i a l s t r u c t u r e 46a) 

and the c o r r e s p o n d i n g A ^ compounds (47 ,48 , p a r t i a l s t r u c t u r e 

47a) shows t h a t a g a i n the i n t r o d u c t i o n o f the P> , Y - d o u b l e 

bond r e s u l t s i n a change i n s i g n of the C o t t o n e f f e c t . However 

(47,48) e x h i b i t much weaker C o t t o n e f f e c t s than the 19-nor com

pounds (50,51) and do not show broadened maxima. These r e s u l t s 

s u p p o r t the U . V . e v i d e n c e which s u g g e s t e d a n o n c h a i r c o n f o r m a t 

i o n f o r ( 4 7 , 4 8 ) . A d i s t i n c t i o n between the v a r i o u s n o n c h a i r 

forms can not be made however, s i n c e the f l a t c h a i r c o n f o r m a t i o n 

or any one of s e v e r a l boat forms would be e x p e c t e d to g i v e a 

p o s i t i v e C o t t o n e f f e c t . 

The c o n f o r m a t i o n of r i n g A i n 2 -bromo-4 , 4 d i m e t h y 1 - 3 - k e t o 

82 — 85 
s t e r o i d s has been shown ~ to be dependent, not o n l y on the 
°c - o r P - o r i e n t a t i o n of the bromine atom, but a l s o on the p r e s e n c e 

or absence o f a A d o u b l e bond. For the s a t u r a t e d s e r i e s , I.R. 
82 

and U . V . s p e c t r a l d a t a show the bromine atom i s e q u a t o r i a l f o r 

both the 2°c - and 2P - i s o m e r s . T h i s i n d i c a t e s a c h a i r (or 

f l a t t e n e d c h a i r ) c o n f o r m a t i o n f o r the oc-isomer ( p a r t i a l s t r u c t 

ure 58) , and a boat c o n f o r m a t i o n f o r the P - i s o m e r ( p a r t i a l 
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s t r u c t u r e 59) . These c o n c l u s i o n s have been s u b s t a n t i a t e d by 

74 
energy c a l c u l a t i o n s , and a c o n s i d e r a t i o n of the c o u p l i n g c o n -
s t a n t s ' between the p r o t o n s on and C 2 . F o r the A -

82 85 

s e r i e s , I . R . and U . V . s p e c t r a l d a t a ' show the bromine atom 

i s e q u a t o r i a l f o r the 2P - i s o m e r ( p a r t i a l s t r u c t u r e 60 ) , but 

a x i a l f o r the 2cc - i s o m e r ( p a r t i a l s t r u c t u r e 53a) . T h i s s u g g e s t s 

(58) (59) (60) (53a) 

both isomers have r i n g A i n a boat c o n f o r m a t i o n . 

1 

The c h e m i c a l s h i f t s and c o u p l i n g c o n s t a n t s o f the C n and C 2 

p r o t o n s f o r the 2 ° c - b r o m o compounds (53 ,54 , p a r t i a l s t r u c t u r e s 
x 83 

53a, 54a) are almost i d e n t i c a l , s u g g e s t i n g the same r i n g A 

c o n f o r m a t i o n . F u r t h e r m o r e , f rom the c o u p l i n g c o n s t a n t s i t was 

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

c l a s s i c a l boat w i t h Co and C , n at the s t e m - s t e r n p o s i t i o n s ( 5 7 c ) . 

0 

(53a) (54a) (57c) (57d) 

From an e x a m i n a t i o n of the C D . s p e c t r a (see T a b l e 2) i t can be 

seen that the 4 , 4 , 6 - t r i m e t h y l compound (54) e x h i b i t s an enhanced 

p o s i t i v e C o t t o n e f f e c t r e l a t i v e to the d i m e t h y l compound (53) . 
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I f i t i s assumed that (53) and (54) have the same r i n g A 

c o n f o r m a t i o n , then the C . D . r e s u l t s are i n c o m p a t i b l e w i t h the 

c l a s s i c a l boat c o n f o r m a t i o n ( 5 7 c ) . However a r e l a t i v e l y minor 

d i s t o r t i o n f r o m t h i s c o n f o r m a t i o n would p l a c e the Cg methyl 

group of (54) i n a p o s i t i v e o c t a n t to account f o r the enhance

ment. That e i t h e r compound e x h i b i t s a p o s i t i v e C o t t o n e f f e c t 

i s s u r p r i s i n g because the a x i a l bromine atom i s i n a n e g a t i v e 

o c t a n t f o r a l l boat c o n f o r m a t i o n s . In a d d i t i o n , f o r the c o n 

f o r m a t i o n (57c) o r s l i g h t d e v i a t i o n s f rom i t , the d o u b l e 

bond and Cy a l s o l i e i n a n e g a t i v e o c t a n t . C o n f o r m a t i o n (57d) 

w i t h Cg and C,. at the s t e m - s t e r n p o s i t i o n s might be expec ted to 

g i v e a p o s i t i v e C o t t o n e f f e c t ; but the N . M . R . e v i d e n c e and a l s o 

the s t r o n g s t e r i c i n t e r a c t i o n between the 4<=c and 6 - m e t h y l 

groups (54) makes t h i s c o n f o r m a t i o n h i g h l y u n l i k e l y . I t can 

o n l y be c o n c l u d e d t h a t e i t h e r the d o u b l e bond has an u n u s u a l 

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

e x i s t s . In s u p p o r t of the l a t t e r e x p l a n a t i o n , u n p u b l i s h e d 

d i p o l e moment s t u d i e s suggest t h a t r i n g A o f (53) e x i s t s as 

a m i x t u r e of c h a i r and boat f o r m s . In t h i s r e g a r d i t i s worth 

n o t i n g t h a t both the N . M . R . and C . D . d a t a are c o n s i s t e n t w i t h 

a c h a i r c o n f o r m a t i o n . 

The s t e r e o c h e m i c a l problems a s s o c i a t e d w i t h 1 6 - s u b s t i t u t e d , 

1 7 - a c e t y l s t e r o i d s are t h r e e - f o l d : ( i ) the assignment of the 

c o n f i g u r a t i o n s at C^g and C ^ y ; ( i i ) the d e t e r m i n a t i o n o f the 

c o n f o r m a t i o n o f r i n g D ; ( i i i ) the d e t e r m i n a t i o n of the p r e f e r r e d 

c o n f o r m a t i o n o f the 1 7 - a c e t y l s i d e c h a i n . 
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Assignments o f the c o n f i g u r a t i o n s at C n g and Cny have 

l a r g e l y been made on the b a s i s o f c h e m i c a l arguments 87,88 

v o l v i n g the p r e p a r a t i o n and subsequent t r a n s f o r m a t i o n s of these 

compounds. These arguments i n c l u d e : p r e f e r e n t i a l a t t a c k 0 ^ of 

the A p r e c u r s o r ( p a r t i a l s t r u c t u r e 61a) f rom the l e a s t 

R' 

(61a) (61b) (61c) 

h i n d e r e d , <=c - f a c e of the m o l e c u l e to g i v e the 1 6 - s u b s t i t u t e d 

compound ( p a r t i a l s t r u c t u r e 61b, R=H., R̂ =" f u n c t i o n a l group or 

v i c e - v e r s a ) , a c i d or b a s e - c a t a l y z e d e p i m e r i z a t i o n at C^y and at 

C , „ when the s u b s t i t u e n t c o n t a i n s a c a r b o n y l group a d j a c e n t to lb 

t h i s p o s i t i o n , g r e a t e r thermodynamic s t a b i l i t y of the C n g , 1 7 

t r a n s i s o m e r s , a t t a i n m e n t o f the c i s - c o n f i g u r a t i o n by r i n g 

87 
f o r m a t i o n , e g . V - l a c t o n e f o r m a t i o n ( 6 1 c ) . 

S p e c t r o s c o p i c methods have a l s o been u s e f u l i n making c o n -

f i g u r a t i o n a l ass ignments at C-^g and C17. C o r r e l a t i o n s between 

c o n f i g u r a t i o n and s u b s t i t u e n t e f f e c t s upon the p r o t o n resonance 

of the C n g m e t h y l group have been m a d e ; > 9 0 > 9 - * - the a d d i t i v i t y 

p r i n c i p l e 9 2 has been shown to h o l d except f o r the 16 P , 17 P 

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

a l changes i n r i n g D and 17P - a c e t y l s i d e c h a i n . O.R . D . and C D . 

measurements have a l s o p r o v e d u s e f u l , a p o s i t i v e C o t t o n e f f e c t 51 
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b e i n g a s s o c i a t e d w i t h a 17 P - a c e t y l group and a n e g a t i v e e f f e c t 

w i t h a 17<< - a c e t y l g r o u p . In g e n e r a l , s u b s t i t u e n t s at C i g do 

not a l t e r the s i g n of the C o t t o n e f f e c t o f the C 2 0 c a r b o n y l 

" g r o u p , but the a m p l i t u d e does v a r y w i t h both the n a t u r e and 
93 94 

c o n f i g u r a t i o n o f the C^g s u b s t i t u e n t . S e v e r a l O . R . D . ' 
and C . D . 9 ^ , 9 6 s t u d i e s o f 1 6 - s u b s t i t u t e d 20 -keto s t e r o i d s have 

96 

appeared r e c e n t l y , the most comprehensive f o r m i n g p a r t of 

t h i s t h e s i s . 

The c i r c u l a r d i c h r o i s m r e s u l t s are c o l l e c t e d i n T a b l e s 3 

to 7. A g e n e r a l f e a t u r e i s t h a t s u b s t i t u e n t s i n r i n g s A and B 

have l i t t l e e f f e c t upon the d i c h r o i s m of the C-20 c a r b o n y l 

g r o u p . T a b l e 3 l i s t s the r e s u l t s f o r the 1 6 ° c - s u b s t i t u t e d , 

17P - a c e t y l s t e r o i d s . I t can be seen t h a t c e r t a i n s u b s t i t u e n t s , 

e g . h y d r o x y l , methoxyl and m e t h y l r e s u l t i n a s l i g h t l y d i m i n i s h e d 

a m p l i t u d e , whereas o t h e r s , e g . i s o p r o p y l , d i c a r b o x y m e t h y l , 

d i c a r b e t h o x y m e t h y l , c y a n o , carboxamido , c a r b o x y , carbomethoxy 

and a c e t y l r e s u l t i n an enhanced C o t t o n e f f e c t . T a b l e 3 

i n c l u d e s a number of compounds c o n t a i n i n g two o p t i c a l l y a c t i v e 

c a r b o n y l chromophores . For these compounds the o b s e r v e d C . D . 

c u r v e i s the sum of the two C o t t o n e f f e c t s , e g . the l a r g e 

a m p l i t u d e of 1 6 ° c - c y a n o p r e g n - 5 - e n - 3 , 2 0 - d i o n e (62q, +6.82) i a -

e l u d e s the c o n t r i b u t i o n f rom the A ° - 3 - k e t o chromophore (+2.52) . 

F o r those compounds c o n t a i n i n g the A ^ - 3 - k e t o chromophore, the 

two C o t t o n e f f e c t s are w e l l r e s o l v e d (see f i g u r e 4, 62o, 62p) , 

and the e f f e c t s upon the C 2 0 c a r b o n y l C . D . maxima are s l i g h t 

as the C . D . c u r v e o f the A - 3 - k e t o chromophore i s o n l y weakly 
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TABLE 3 

C . D . max. 
Compound P o s i t i o n of s u b s t i t u e n t s of 2 0 - k e t o - g r o u p 

3RT 4 , 5 , 6 , 7 16R 2 A max (mM) A£ 

62a P -OH 5*H H 293 + 3 .50* 
b ketone H 292 + 3 .74* 
c POAc 5*H OH 293 + 3 .48 
d POAc A * , OCH3 293 + 3 .50 
e POAc 5«H, OCH* 292 + 3 .00 
f POH 5<n C H 3 292 + 3 .05 
g POAc 5<H C H 3 292 + 3 .10 
h POH A s CH(CH 3 )^ 293 + 4 .44 
i POH A 5 , 6 C H 3 CH(CH 3 )a 294 + 5.00 
j ketone A*, 6*CH 3 CH(CH 3 \ 293 +4.23* 
k POH A 5 CH(COz H)a 290 + 4 .90 
1 POAc As CH(CO z Et)z 292 +4.47* 
m POAc 5<cH C==N 289 +4.40* 
n POAc A B C==N 286 +4.57* 
o POH A s Cs=N 287 + 4 .52 
P ketone A1* C==N 287 + 3 .80 
q ketone A 5 C=HN 290 (+6.82) 
r POH A* CONH 2 288 + 5.00 
s ketone A 4 , C 0 2 H 288 + 3 .70 
t ketone A 4 - C 0 ^ C H 3 288 + 4.12 
u ketone A* COCH-i 288 (+4.35) 

*These compounds were p r o v i d e d by D r . P. C r a b b e , but the C . D . 
s p e c t r a were run i n the l a b o r a t o r i e s of G. O u r i s s o n , U n i v e r s i t y 
of S t r a s b u r g . 
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n e g a t i v e 9 7 i n t h i s r e g i o n . The e x c e l l e n t r e s o l u t i o n o f these 

two chromophores by c i r c u l a r d i c h r o i s m can be c o n t r a s t e d w i t h 

the O . R . D . curves 9 *^ which are dominated by the C o t t o n e f f e c t of 

the C 2o c a r b o n y l g r o u p . F o r the 16°c, 1 7 P - d i a c e t y l compound 

(62u) the o b s e r v e d C D . c u r v e a g a i n appears to be a sum of the 

two i n d i v i d u a l C o t t o n e f f e c t s , as the l G ^ - a c e t y l group i s 

known to e x h i b i t a weak p o s i t i v e e f f e c t . 0 However t h i s ex

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

and e l e c t r o n i c i n t e r a c t i o n s between the two chromophores . 

T a b l e 4 l i s t s the r e s u l t s f o r the 1 6 0 - s u b s t i t u t e d , 17*-

a c e t y l s t e r o i d s . I t can be seen t h a t most s u b s t i t u e n t s , e g . 

m e t h y l , h y d r o x y m e t h y l , a c e t o x y m e t h y l , cyano , carboxy and 

carbomethoxy have l i t t l e e f f e c t upon the C D . a m p l i t u d e . How

ever the carboxamido group produces a d e f i n i t e enhancement o f 

the n e g a t i v e d i c h r o i s m . The C o t t o n e f f e c t s o f the A 4 - 3 - k e t o 

and C20 c a r b o n y l chromophores are w e l l - r e s o l v e d ( f i g u r e 4, 63q, 

63t) and a g a i n t h i s may be c o n t r a s t e d w i t h the O . R . D . c u r v e s 9 ^ 

w h i c h are dominated by the C o t t o n e f f e c t o f the u n s a t u r a t e d 

chromophore . The A ^ - 3 - k e t o (63d) and the 3 , 5 - c y c l o - 6 - k e t o 

27 
(63s) compounds e x h i b i t C D . c u r v e s which are the sums of the 
C o t t o n e f f e c t s due to the i n d i v i d u a l chromophores ; the l a t t e r 

i s an example of an °c - c y c l o p r o p y l k e t o n e which obeys a " r e v e r s e d * 1 

27 

o c t a n t r u l e . T h i s s i m p l e summation a l s o a p p l i e s to the 

16P, 1 7 ° c - d i a c e t y l compound (63u) , 0 a l t h o u g h as mentioned p r e 

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

T a b l e 5 l i s t s the r e s u l t s f o r the 1 6 * - s u b s t i t u t e d , 1 7 o c - a c e t y l 
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TABLE 4 

C D . max. 

Compound P o s i t i o n of s u b s t i t u e n t s o f 2 0 - k e t o - g r o u p 

3 R T 4 , 5 , 6 1 6 R 2 Xmax (mp) Ae 

63a pOAc A 5 

b ketone A1* 
c ketone 
d ketone A* 
e ketone A * 
f POH A 5 

g ketone A* 
h ketone A* 
i POAc A 5 

j POAc 5°cH 
k POAc A 5 

1 ketone A * 
m POAc A 5 

n pOAc 5«H 
o POH A J 

P POAc A s 

q pOAc A 5 

r 3 , 5 - c y c l o 6 P> OH 
s 3 , 5 - e y e l o 6 -ketone 
t ketone A* 
u ketone A1* 

H • 2 8 9 - 2 . 7 0 

H 2 8 9 - 2 . 3 0 

H 2 9 2 - 2 . 3 6 * 

H 2 9 4 ( + 0 . 3 0 ) 

C H 3 2 9 4 - 2 . 5 8 * 

CH2.OH 2 8 5 - 2 . 6 6 

CH2.OH 2 9 2 - 2 . 3 1 * 

C H J L O A C 2 9 2 - 2 . 5 2 * 

C = N 2 8 6 - 2 . 8 6 

C 0 N H 2 2 9 0 - 3 . 1 5 

CONH2. 2 9 0 - 3 . 1 8 * 

CONHj 2 9 0 - 3 . 1 3 

CONEt* 2 8 7 - 3 . 3 3 * 

C 0 2 H 2 8 9 - 2 . 8 0 

CO^H 2 8 9 - 2 . 6 4 

CO^H 2 9 0 - 2 . 7 4 

COzCH 3 2 8 9 - 2 . 8 9 

CO2.CH3 2 9 0 - 2 . 9 4 

C O 2 C H 3 2 9 1 ( - 4 . 4 0 ) 

C0Z C H 3 2 9 0 - 2 . 7 5 

C O C H 3 2 8 8 ( - 4 . 3 0 ) 

*These compounds were p r o v i d e d by D r . P . Crabbe but the C D . 
s p e c t r a were run i n the l a b o r a t o r i e s of G . O u r i s s o n , U n i v e r s i t y 
of S t r a s b u r g . 
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s t e r o i d s . S e v e r a l o f the s u b s t i t u e n t s , e g . m e t h y l , d i c a r b o x y -

m e t h y l and d i c a r b e t h o x y m e t h y l have l i t t l e e f f e c t upon the C o t t o n 

e f f e c t o f the 17°^ - a c e t y l g r o u p . Hence c i r c u l a r d i c h r o i s m can 

not d i s t i n g u i s h between the 16«=* (64c) and 16 P -methyl-17=^-

p r o g e s t e r o n e s (63e) . The 16<=c-carbomethoxy g r o u p , however, d e 

f i n i t e l y enhances the n e g a t i v e d i c h r o i s m ; and thus C . D . can d i s 

t i n g u i s h between the 16«*: (64g, 64h, 64i ) and 16P - c a r b o m e t h o x y -

17<* - a c e t y l s t e r o i d s (63q, 63r , 63s, 63t) . 

C . D . max. 

Compound P o s i t i o n of s u b s t i t u e n t s o f 20 -keto group 

3R-L 4 , 5 16fl 2 7 \max (mp) A € 

63a POAc A 5 H 289 - 2 . 7 0 
b ketone A * H 289 - 2 . 3 0 

64c ketone A* C H 3 295 - 2 . 7 0 
d POH A r CH(C02.H)2. 285 - 3 . 0 6 
e POAc 5*C1 CH(CO z Et) j . 286 - 3 . 0 0 
f POAc A 5 CH(CO eEt)2. 290 - 2 . 3 0 
g POAc 5«H C O 2 C H 3 290 -3 .85 
h POAc A* CO2.CH3 292 - 4 . 0 6 
i ketone A * C 0 i C H 3 290 -3 . 54 
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Table 6 l i s t s the re s u l t s for the 16P -substituted, 

17 P -acetyl steroids. In each case the 16P substituted com

pound has a CD. curve d i f f e r e n t from the corresponding 16<* 

compound (Table 3). This i s not unexpected as s t e r i c and e l e c t 

ronic i n t e r a c t i o n between the C^g methyl group and the 16P and 

17P substituents can lead to conformational changes in either 

r i n g D or the 1 7 P -acetyl group. Thus e l e c t r o s t a t i c interaction 

between the cyano and carbonyl dipoles in compound (65c) prob

ably r e s u l t s in a reorientation of the C 2 Q carbonyl axis to 

account for the diminished dichroism. For the 16P-carboxy 

compound (65d), hydrogen bonding between the carboxyl and car

bonyl groups may account for the weak Cotton e f f e c t ; the corres

ponding carbomethoxy compounds (65e, 65f) exhibit undiminished 

CD. curves supporting t h i s hypothesis. The s t e r i c interaction 

induced by the introduction of a 16P -methyl group r e s u l t s in 

a dramatic change i n the Cotton ef f e c t of the C 2o carbonyl group 

(65i, see figure 4). 

To interpret the re s u l t s in Table 6, both the conformation 

of r i n g D and the preferred orientation of the 17P -acetyl group 

must be considered. Three favorable ri n g D conformations have 

been considered: the envelope form (67a) with C-j^ below the plane 

of the other four carbon atoms, the half-chair form (67b) with 

Cig and C14 equidistant above and below the C i s C i g C i y plane, 

and the envelope form (67c) with C13 above the plane of the other 

four carbon atoms. Energy cal c u l a t i o n s suggest that for 17P -

substituted steroids (Rn=CH3 or OH, R2=R3=R4 = H) conformations 
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TABLE 6 

C.D, max. 
Compound Position of substituents of 20-keto group 

31^ 4,5 16R2 Tvmax (mH) A€ 

62a POH 5*H H 293 +3.50* 
b ketone A1* H 292 +3.74* 

65c POAc A5 C=N 290 +2.23* 
d POH A* CO*H 290 + 1.40 
e POAc AFF COaCH* 290 + 3.68 
f ketone A* C0 2CH a 290 + 3.40 
g POAc 5*H CH 3 320-307 + 0.21 g 280-271 -0.26 
h POH A* CH 3 344 -0.034* 

326 +0.103 
314 +0.062 
285 -0.207 

i POAc A* CH 3 321 + 0.22 
280-271 -0.25 

j ketone A* CH 3 307 -0.72* 
296 -0.49 

* These compounds were provided by Dr. P. Crabbe but the C.D. 
spectra were run in the laboratories of G. Ourisson, University 
of Strasburg. 
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(67a) (67b) (67c) 

(67b) and (67c) are favored over (67a) by about 2 k.cal./mole, 

whereas f o r 17««. -substituted steroids (R 2 = CH 3 or OH, Ri=,R3=R4
,= 

conformations (67a) and (67b) are favored over (67c) by a 

sim i l a r amount. An N.M.R. s t u d y 9 0 of the four possible isomers 

of 16-carbomethoxy-17-acetyl androst-4-en-3-one (62t, 63t, 64i, 

65f) has been ca r r i e d out in which the coupling constants bet

ween the protons at C^g a n <* C]_7 have been compared with those 

calculated f o r the three probable ri n g D conformations (67a, 

67b, 67c). For the 16,17-trans isomers, the re s u l t s support 

the energy calculations mentioned above with conformations (67b) 

and (67c) being favored for the 16"^-carbomethoxy-17P - acetyl 

steroid (62t, p a r t i a l structure 67, Ri = CH3CO, R 4 = C02CH3, 

R 2 =» R3 = H) , and conformations (67a) and (67b) being favored 

for the corresponding 17°c -acetyl trans isomer (63t) . Unfort

unately, f o r the c i s isomers (64i, 65f) no d i s t i n c t i o n could be 

made. Nevertheless, from a consideration of the octant rule, 

i t i s highly u n l i k e l y that the dramatic ef f e c t of a 16P -methyl 

group on the dichroism of 17(3 -acetyl steroids (Table 6) i s 

caused simply by variatio n s i n ri n g D conformation. 

In considering the orienta t i o n of the 17-acetyl group, 
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Dreiding models are useful since they provide a h a l f - c h a i r (67b) 

conformation for r i n g D, which i s probably quite close to the 

preferred conformation (see above). A consideration of the 

s t e r i c interactions suggested by Dreiding m o d e l s 1 0 0 has indicated 

(68a) (68b) (68c) 

that the preferred conformation f o r the 17«c -acetyl group i s 

(68c) , whereas f o r the 17P> -acetyl group two low energy conform

ations (68a) and (68b) are probable. The C.D. r e s u l t s in 

Tables 3,4,5 are consistent with the preferred conformations 

(68b) and (68c) f o r the 17P and 17°c -acetyl groups respectively. 

In addition, dipole moment s t u d i e s * 0 * and hydride reduction 

experiments* 0^ on the unsubstituted 17P -acetyl compound, 

pregnan-20-one (69), and the O.R.D. curves of 17°£ -halopregnan-
103 

20-ones (70) support conformation (68b) f o r the 17P -acetyl 

group. With the 16P -substituted-17P -acetyl compounds however, 

s t e r i c (eg. R^CH^j) or ele c t r o n i c (eg. Ri=CN) inte r a c t i o n would 

d e s t a b i l i z e conformation (68b) with respect to (68a). Since 

a negative Cotton e f f e c t i s predicted f o r the l a t t e r a diminished 

dichroism would be expected as has been observed (Table 6). L6w 
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AcO' 
(69) (70) 

temperature C.D. studies 100 support these conclusions; thus 

while the C.D. curves of the unsubstituted 17 P (62a) and 17<*-

ing to -192°C, the c u r v e s 1 0 0 of both the 16P -cyano (65c) and 

16P -methyl (65i) 17P -acetyl compounds change dramatically on 

cooling (A£ -192° = 0.8 and -1.6 r e s p e c t i v e l y ) . Consequently 

the weak, alternating sign C.D. curve of (65i, f i g u r e d ) i s 

conveniently explained on the conformational equilibrium hypoth

esis . 

Table 7 l i s t s the C.D. r e s u l t s f o r various 16, 17-epoxy 

and cyclopropyl 20-keto steroids. These compounds are character

ized by weak Cotton e f f e c t s . If i t i s assumed that the 17p -

acetyl group has the preferred conformation (68b) then the epoxy 

(or cyclopropyl) group l i e s in a negative octant (cf. 17°* -halo-
103 

pregnan-20-one ); thus the observed Cotton e f f e c t s would 
17 

appear to be in contradiction to the "reversed" octant rule 

postulated f o r <*-epoxy and <* -cyclopropyl ketones. However i t 

i s doubtful that the r e s u l t s in Table 7 can be used either to 

e s t a b l i s h a preferred conformation f o r the 17-acetyl group, or 

to v e r i f y the "reversed" octant rule because the electronic 

int e r a c t i o n between the carbonyl and epoxy (or cyclopropyl) 

groups would be expected to be unique f o r each possible orientat-

acetyl (63a) steroids 104 remain e s s e n t i a l l y unchanged on cool-
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ion of the sidechain, i . e . a conformation of low population 

might have a profound influence upon the resultant Cotton 

eff e c t through strong electronic interaction of these two groups. 

TABLE 7 

C.D. max. 
Compound Position bf substituents of 20-keto group 

3R-L 4,5 R2 R3 "Amax ( m M ) A£ 

66a POH A 5 16PH <* -cyclopropyl 278 + 0.92 
b POH 5*H 16PH "t-epoxy 300 -0.38 
c POAc A 5 16PH <*-epoxy 301 -0.33 
d PTHP A 5 16PH <* -epoxy 302 -0.38 
e POH A 5 16PCH «-epoxy 304 +2.13* 
f POH A 5 l&cH P-epoxy 310 -0.16 

* This compound was provided by Dr. P . Crabbe but the C.D. 
spectrum was run i n the laboratories of G. Ourisson, University 
of Strasburg. 
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EXPERIMENTAL 

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 K o f l e r hot s tage 

m i c r o s c o p e . U l t r a v i o l e t s p e c t r a ( U . V . ) were d e t e r m i n e d i n 

e t h a n o l i c s o l u t i o n s u s i n g a C a r y 14 s p e c t r o p h o t o m e t e r , and 

maxima are r e p o r t e d i n m i l l i m i c r o n s (mp). The maxima i n the 

r e g i o n ,260 to 230 mp are b e l i e v e d i n d i c a t i v e of t r a c e amounts 

of u n s a t u r a t e d i m p u r i t i e s . C i r c u l a r d i c h r o i s m measurements were 

105 

made i n d i o x a n s o l u t i o n s at room temperature w i t h a p p a r a t u s 

assembled a c c o r d i n g to M i t c h e l l . ' A c c o r d i n g to c o n v e n t 

i o n , 4 C . D . v a l u e s are r e p o r t e d f o r the f o l l o w i n g w a v e l e n g t h s : 

s t a r t i n g p o i n t o f the c u r v e , p o s i t i o n s of maxima and i n f l e c t i o n s 

( i n f l e c t i o n s are denoted by " s " ) , f i n a l p o i n t of the c u r v e . 

C . D , v a l u e s are r e p o r t e d as *X(A6) w i t h the wavelengths i n 

m i l l i m i c r o n s ; f i s the bandwidth ( i n m i l l i m i c r o n s ) at h a l f -

maximum and rk i s r e p o r t e d when the band i s not w e l l r e s o l v e d . 

I would l i k e to thank D r . F . McCapra of t h i s department 

f o r s u p p l y i n g samples of most of the 3 - k e t o s t e r o i d s , and D r . 

P . Crabbe o f Syntex S . A . Mexico f o r s u p p l y i n g the 20 -keto 

s t e r o i d s used i n the c i r c u l a r d i c h r o i s m s t u d y . 

A n d r o s t e n o l o n e , (3 f3 - h y d r o x y a n d r o s t - 5 - e n - 1 7 - o n e ) , (24a) : 

Commercial (Upjohn) a n d r o s t e n o l o n e , m . p . 1 4 5 - 1 5 0 ° , A max: 

293 (£ 4 5 ) , 236 (€ 143) was r e c r y s t a l l i z e d once from e t h a n o l : 

water and then t h r e e t imes f rom benzene: n - h e x a n e , m . p . 1 5 1 - 1 5 3 ° , 

r e p o r t e d m . p . 1 5 3 ° . 1 0 8 ' 1 0 9 The i n t e n s i t y o f the peak at 236 mP 
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d e c r e a s e d i n a s t e p w i s e manner f rom €-115 to £ =76, whereas 

the peak at 293 my remained c o n s t a n t at 6=33. 

A n d r o s t e n o l o n e a c e t a t e , (3ft - a c e t o x y a n d r o s t - 5 - e n - 3 - o n e ) , (24b) : 

1.5 g . r e c r y s t a l l i z e d a n d r o s t e n o l o n e was a c e t y l a t e d (16 

h r s . 2 5 ° ) w i t h a s o l u t i o n o f d r y p y r i d i n e (10 m l . ) and a c e t i c 

a n h y d r i d e (10 m l . ) . The r e a c t i o n m i x t u r e was a c i d i f i e d w i t h 

d i l u t e s u l p h u r i c , e x t r a c t e d w i t h e t h e r and the o r g a n i c l a y e r 

s u b s e q u e n t l y e x t r a c t e d w i t h sodium b i c a r b o n a t e s o l u t i o n , washed, 

d r i e d and c o n c e n t r a t e d i n v a c u o . C r y s t a l l i z a t i o n f rom e t h e r 

f o l l o w e d by 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 : water gave 1.2 g . 

of a c e t a t e , m . p . 1 6 6 - 1 6 8 ° , Amax: 293 (€ 36) , 236sh ( £ 5 4 ) . (When 

the r e a c t i o n was r e p e a t e d u s i n g commerc ia l a n d r o s t e n o l o n e the 

c r y s t a l l i z e d a c e t a t e had Amax: 293 (€ 4 3 ) , 2 3 6 ( £ 1 5 0 ) . ) 

F u r t h e r p u r i f i c a t i o n was e f f e c t e d by chromatography on a 

grade HI a lumina column (120g, 38 x 2 c m . d i a . ) P e t r o l e u m e t h e r 

( b . p . 6 0 - 8 0 ° ) was used f o r e l u t i o n w i t h 50 ml f r a c t i o n s b e i n g 

c o l l e c t e d . F r a c t i o n 5 p r o v e d to be the l a r g e s t (583 mg.) and 

a l s o the most p u r e . 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 : w a t e r gave 

the f i n a l p r o d u c t , m . p . 1 6 8 - 1 6 9 ° , r e p o r t e d 1 7 0 - 1 7 1 ° . 1 1 0 The 

U . V . spect rum showed a s i n g l e peak at 293 my (€36) ; the p r e 

v i o u s l y o b s e r v e d peak at 236 mH had c o m p l e t e l y d i s a p p e a r e d 

(€ = 13 at t h i s w a v e l e n g t h ) . 

L a n o s t - 8 - e n - 3 - o n e (17a) . 

5g. commerc ia l (K & K) l a n o s t e r o l , m . p . 1 3 5 - 1 3 8 ° , A m a x : 
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251 (e 1630) , 243 (£ 2080) , 235 (€ 1850), i n 200 m l . e t h y l a c e t a t e 

was hydrogenated f o r 4 h r s . o v e r 0 . 5 g . Adams c a t a l y s t . R e -

c r y s t a l l i z a t i o n f rom e t h y l a c e t a t e gave 4 . 5 g . l a n o s t - 8 - e n o l , 

m . p . 1 4 2 - 1 4 5 ° , > max: 252 (6 854) , 243 (£ 1070), 235 (£ 925) ; r e 

p o r t e d m . p . 1 4 5 - 1 4 6 ° . 1 1 1 

Chromic a c i d o x i d a t i o n ( J o n e s ' r e a g e n t * * ^ ' * ^ ) o f l a n o s t -

8 - e n o l (3g.) i n acetone (150 m l . ) gave , i n the u s u a l w a y , ^ 1 ^ 

l a n o s t - 8 - e n - 3 - o n e (2.1g) as p l a t e s f rom a c e t o n e : m e t h a n o l , 

m . p . 1 1 8 - 1 2 0 ° , [oc] D + 8 1 ° ( c h l o r o f o r m , C - 2 . 6 ) , >max: 286 ( £ 3 5 ) , 

252 (6693) , 243 (G 1010) , 236 (€926) ; r e p o r t e d m . p . 1 1 9 - 1 2 0 ° , 

M D + 7 8 ° . 1 1 1 

F u r t h e r p u r i f i c a t i o n was at tempted by chromatography on 

s i l i c a g e l . However e l u t i o n w i t h e t h e r : p e t r o l e u m e t h e r 1:19 

gave l a n o s t - 8 - e n - 3 - o n e which s t i l l showed the U . V . maxima b e 

l i e v e d due to the d i e n e i m p u r i t y l a n o s t - 7 , 9 ( l l ) - d i e n - 3 - o n e . 

1 7 P - h y d r o x y a n d r o s t a n - 3 - o n e (27) : U . V . : 367sh (9 ) , 330sh (20) , 

283sh (52) , 252sh (68) , 237sh (74) ; C D . : 330 (0 ) , 294(+0.96) , 

270(+0.32) , T=37 (c=1.24 g . / l O O m l . ) . 

7 - m e t h y l e n e c h o l e s t a n - 3 - o n e (31) : U . V . : 285(26) ; C D . : 330(0 ) , 

311sX+0.82) , 308s(+0 .99) , 301s(+1 .40) , 295(+1.54) , 256(+0.14) , 

P = 38 (c=1.74) . 

e r g o s t - 7 - e n - 3 - o n e (32) : U . V . : 360sh (24) , 320sh (49) , 287 (65) , 

252 (109) , 241sh (117) ; C D . : 324(0 ) , 297-293(+0.67) , 2 8 0 s ( 0 . 4 8 ) , 

262(+0.13) , P=37 (c=1 .25) . 
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e r g o s t - 8(14 ) - e n - 3 - o n e (33) : U . V . : 288sh (36), 251(172); C . D . : 

330 (0 ) , 298-292(+1.15) , 268(+0.40) , T =37 (c=2 .21) . 

A 9 ( 1 1 ) d e h y d r o t i g o g e n o n e (34) : U . V . : 365sh (6 ) , 325sh (15) , 

282(37) , 252(41) , 242(42) ; C . D . : 330(0 ) , 311s(+0 .48) , 304s(+0 .75) , 

295(+0.88) , 256(+0.09) , T=39 ( c - 2 . 2 4 ) . 

A 1 1 d e h y d r o t i g o g e n o n e (35) : U . V . : 365sh(4 ) , 325sh(13 ) , 285 (31 ) , 

256(27) , 246(27) , 239(26) ; C . D . : 328(0 ) , 310s(+0 .51) , 303s(+0 .73) , 

294(+0.93) , 258(+0.11) , P =37 (c=1 .68) . 

1 2 - m e t h y l e n e t i g o g e n o n e (36) : U . V . : 365sh(40) , 345sh(57) , 330sh(68) , 

285sh(114) , 254(216) , 240sh(205) ; C . D . : 328 (0 ) , 303s(+0 .80) , 

297- 294(+0.90) , 270(+0.31), T=38 (c=0.78). 

l a n o s t - 8 - e n - 3 - o n e (17a) : U . V . : 286(35) , 252(693) , 243(1010), 

236 (926) ; C . D . : 336 (0 ) , 318( -0.11), 308(0 ) , 296-280(+0.13) , 

268(+0.04), ( c=2 . 77) . 

2<*-methylcholestan-3-one (41) : U . V . : 365sh(12) , 340sh (15), 

330sh(16) , 282sh(43) , 265sh(54) , 255(65) ; C . D . : 3 2 8 ( 0 ) , 310sh(+0.49), 

298- 292(+0.75) , 256(+0.05), T =36 (c=1.57). 

2 , 2 - d i m e t h y l - 1 7 P - h y d r o x y a n d r o s t a n - 3 - o n e (42) : U . V . :288 ( 3 1 ) ; 

C D . : 3 3 6(0), 312s(+1 . 02 ) , 309s(+1 . 18 ) , 306s(+1 . 31 ) , 303-290 (+1.52) , 

260(+0.18), T=40 (c=2.64). 

2 , 2 ,17cc - t r i m e t h y l - 1 9 n o r - a n d r o s t a n - 3 - o n e (44) : U . V . : 286(35) ; 

C D . : 3 3 4(0), 315s(+1 . 28 ) , 312s(+1 . 65 ) , 309s(+1 . 84 ) , 306s(+2.24), 

303-290(+2.78) , 287s (2 .40) , 285s (+2 .30) , 266(+0 . 22) , P =37 (c=0. 83) . 
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4 , 4 - d i m e t h y l c h o l e s t - 5 - e n - 3 - o n e (47) : U . V . : 325sh(46) , 283sh(98) , 

242sh(242) , r e p o r t e d : 2 9 3 ( 3 8 ) 3 5 ; C . D . : 324(0 ) , 310s(+0 .52) , 

297-292(+0.96) , 262(+0.05) , P =39 (c=0 .61) . 

4 , 4 - d i m e t h y l - 1 7 P - h y d r o x y a n d r o s t - 5 - e n - 3 - o n e (48) : U . V . : 2 8 7 ( 4 4 ) ; 

C D . : 328 (0 ) , 309s(+0 .77) , 303s(+1 .14) , 294(+1.28) , 260(+0.16) , 

T=37(c=1.46) . 

4 > 4 - d i m e t h y l - 1 7 l 3 - h y d r o x y - 1 9 - n o r - a n d r o s t - 5 - e n - 3 - o n e (50) : U . V . : 

285sh(443) , 230(2160) ; C . D . : 3 3 0 ( 0 ) , 3 1 5 s ( + l . 18) , 303-295(+2 .11) , 

264(+0.08) , T=39 (c=0 .25) . 

2 ° c - b r o m o - 4 , 4 - d i m e t h y l c h o l e s t - 5 - e n - 3 - o n e (53) : U . V . : 365sh(26) , 

314(167) ; C D . : 344 (0 ) , 335s(+0 .14) , 324s(+0 .47) , 309(+0.70) , 

300s(+0 .60) , 284s(+0 .37) , 272(+0.05) , P =44 (c=0 .76) . 

2 * - b r o m o - 4 , 4 , 6 - t r i m e t h y l c h o l e s t - 5 - e n - 3 - o n e (54) : U . V . : 321(169) ; 

C D . : 352(0 ) , 337s(+0 .38) , 325s(+0 .69) , 312(+1.07) , 299s(+0 .77) , 

286s(+0 .37) , 278(+0.05) , T=40 (c=0 .93) . 

3ft-acetoxy-16<*-hydroxy-5<*-pregnan-20-one (62c) : 

C D . : 328 (0 ) , 293(+3.48) , 255(+0.36) , P =35 (c=0 .34) . 

3p-acetoxy-16<*-methoxypregn-5-en-20-one (62d) : 

C D . : 330(0 ) , 292 (+3.50) , 269(+0.30) , P =39 (c=0 .29) . 

3P-acetoxy-16<*-methoxy-5<x -pregn-7-en-20-one (62e) : 

C D . : 328(0 ) , 292 (+3.00) , 287s(+2 .90) , 267 (+0.20) , T - 3 4 (c=0 .20) . 

3ft-hydroxy-16<*-methyl-5oc-pregnan-20-one (62f) : 

C D . : 330 (0 ) , 292 (+3.05) , 252 (+0.20) , P =40 (c=1 .40) . 
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3 P - a c e t o x y - 1 6 « * - m e t h y l-5og - p r e g n a n - - 2 0 - o n e (62g) : 

C D . : 326(0 ) , 292(+3.10) , 269(+2.10) , P =39 (c=0 .71) . 

3 P - h y d r o x y - 1 6 * - i s o p r o p y l p r e g n - 5 - e n - 2 0 - o n e (62h) : 

C D . : 328(0 ) , 293(+4.44) , 266(+1.34) , P=37 (c=0 .78) . 

3 P - h y d r o x y - 6 - m e t h y l - 1 6 o c - i s o p r o p y l p r e g n - 5 - e n - 2 0 - o n e (62i ) : 

C D . : 330 (0 ) , 294(+5.00) , 291s(+4 .93) , 267(+1.03) , P -37 ( c - 0 . 56) . 

3 f t - h y d r o x y - 1 6 < - d i c a r b o x y m e t h y l p r e g n - 5 - e n - 3 - o n e (62k) : 

C D . : 326 (0 ) , 305s(+2 .45) , 290 (+4. 90) , 264 (+1. 05) , P=34 (c=0 .49) . 

3 f t - h y d r o x y - 1 6 « - c y a n o p r e g n - 5 - e n - 2 0 - o n e (62o) : 

C D . : 326 (0 ) , 287 (+4. 52) , 250(+0.40) , P =39 (c=1 .51) . 

1 6 « - c y a n o p r o g e s t e r o n e (62p) : C D . : 372 (0 ) , 3 6 2 ( - 0 . 2 8 ) , 3 4 5 ( - 0 . 6 6 ) , 

3 3 2 ( - 0 . 8 8 ) , 318(0 ) , 303s(+2 .90) , 295s(+3 .66) , 287 (+3.80) , 

270(+2.40) , (c=1 .47) . 

1 6 ° c - c y a n o p r e g n - 5 - e n - 3 , 2 0 - d i o n e (62q) : 

C D . : 326 (0 ) , 290(+6.82) , 252(+0.60) , P =40 (c=0 .24) . 

3 P - h y d r o x y - 1 6 * - c a r b o x a m i d o p r e g n - 5 - e n - 2 0 - o n e (62r) : 

C D . : 328(0 ) , 288(+5.00) , 253(+0.60) , P =38 (c=0 .31) . 

1 6 * - c a r b o x y p r o g e s t e r o n e (62s ) : C D . : 372 (0 ) , 3 6 2 s ( - 0 . 3 0 ) , 

3 4 4 s ( - 0 . 7 4 ) , 3 3 0 ( - 1 . 1 4 ) , 316(0 ) , 301s(+2 .74) , 288(+3.70) , 

274 (+2.60) , (c=1 .50) . 

1 6 * - c a r b o m e t h o x y p r o g e s t e r o n e (62t) : C D . : 376 (0 ) , 3 6 0 s ( - 0 . 3 6 ) , 

3 4 3 s ( - 1 . 1 0 ) , 3 3 0 ( - 1 . 5 0 ) , 3 2 3 s ( - 1 . 0 0 ) , 316(0 ) , 301s(+3 .00) , 

288(+4.12) , 270(+2.36) , ( c - l . 50 ) . 
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1 6 < - a e e t y l p r o g e s t e r o n e (62u) : C . D . : 372(0 ) , 3 6 1 s ( - 0 . 3 0 ) , 

3 4 4 ( - 1 . 1 0 ) , 330( -1 .31) , 316 (0 ) , 303s(+2 .80) , 288(+4.35) , 270(+2.50) , 

(c=1 .50) . 

3 P - a c e t o x y - 1 7 ° c - p r e g n - 5 - e n - 2 0 - o n e (63a) : 

C . D . : 336 (0 ) , 3 0 3 s ( - 2 . 1 0 ) , 2 8 9 ( - 2 . 7 0 ) , 2 5 6 ( - 0 . 4 0 ) , P =40 ( c - l . 5 Q ) . 

17 ° c - p r o g e s t e r o n e (63b) : C . D . 376(0 ) , 3 6 0 s ( - 0 . 3 0 ) , 3 4 6 ( - 0 . 9 0 ) , 

3 3 1 ( - 1 . 1 6 ) , 3 0 3 s ( - 2 . 0 4 ) , 2 9 5 s ( - 2 . 2 6 ) , 2 8 9 ( - 2 . 3 0 ) , 2 7 0 ( - 1 . 0 5 ) , 

( c=1 .50) . 

1 7 * - p r e g n - 5 - e n - 3 , 2 0 - d i o n e (63d) : 

C D . : 320 (0 ) , 294(+0.30) , 266(+0.05) , P =32 (c=0.30) . 

3 p - h y d r o x y - 1 6 P - h y d r o x y m e t h y l - 1 7 * - p r e g n - 5 - e n - 2 0 - o n e (63f) : 

C D . : 326(0 ) , 286( -2 .66) , 2 5 1 ( - 0 . 4 9 ) , P=36 (c=0 .37) . 

3 P - a c e t o x y - 1 6 P - c y a n o - 1 7 ° < - p r e g n - 5 - e n - 2 0 - o n e (63i ) : 

C D . : 326(0) , 286( -2 .86) , 271 (-2 .00) , P / 2 = 17 (c=0 .46) . 

3 P - a c e t o x y - 1 6 P -carboxamido-5** . , 17 ° t -pregnan-20 -one (63j) : 

C D . : 330(0 ) , 290( -3 .15) , 2 5 0 ( - 0 . 2 6 ) , P =37 (c=1 .51) . 

16P-carboxamido-17o< - p r o g e s t e r o n e (631) : C D . : 374(0 ) , 3 6 0 s ( - 0 . 2 6 ) , 

3 4 5 s ( - 1 . 0 2 ) , 3 3 K - 1 . 3 3 ) , 3 1 4 s ( - 1 . 8 0 ) , 288( -3 .13) , 2 6 1 ( - 1 . 2 3 ) , 

(c = 0 . 1 8 ) . 

3P-acetoxy-16P-carboxy-5<* , 1 7 ° < - p r e g n a n - 2 0 - o n e (63n) : 

C D . : 330(0 ) , 3 1 7 s ( - 0 . 3 1 ) , 289( -2 .80) , 2 5 0 ( - 0 . 2 6 ) , P =39 (c=1 .52) . 

3 P - h y d r o x y - 1 6 P - c a r b o x y - 1 7 < < - p r e g n - 5 - e n - 2 0 - o n e (63o) : 
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C D . : 330(0) , 3 1 9 s(-0 . 3 3 ) , 3 0 9 s(-1 . 8 0 ) , 2 9 5 s(-2 . 2 0 ) , 2 8 9(-2 . 6 4 ) , 

2 8 0 s(-2 . 1 5 ) , 250(-0 . 3 3 ) , P =37 (c=1 .51) . 

3 P - a c e t o x y - 1 6 P - c a r b o x y - 1 7 ° < - p r e g n - 5 - e n - 2 0 - o n e (63p) : 

C D . : 3 2 8(0), 307s(-1.25), 2 9 4 s(-2 . 5 6 ) , 290(-2 .74) , 285s(-2.59), 

250(-0 . 2 4 ) , T =38 (c=1 .49) . 

3P - a c e t o x y-16P - c a r b o m e t h o x y-17o< - p r e g n - 5 - e n - 2 0 - o n e (63q) : 

C D . : 3 2 8(0), 289(-2 .89) , 254(-0 . 5 0 ) , P =39 (c=1 .51) . 

3 , 5 ° < - c y c l o - 6 P - h y d r o x y-16l 3 - c a r b o m e t h o x y - 1 7 < < - p r e g n a n - 2 0 - o n e (63r) : 

C D . : 3 3 0(0), 2 9 0(-2 . 9 4 ) , 2 5 0(-0 . 3 3 ) , P=39 (c=1 .51) . 

3 , 5oc -cyclo-16P-carbomethoxy-17<^-pregnan-6 ,20-dione (63s) : 

C D . : 3 3 0(0), 29K-4 .40) , 2 6 0(-0 . 9 0 ) , T = 3 7 ( c=1 .50) . 

1 6 P - c a r b o m e t h o x y - 1 7 ° < - p r o g e s t e r o n e (63t) : C D . : 376(0) , 361(-0.33) , 

3 4 4(-0 . 8 6 ) , 3 3 2(-1 . 2 4 ) , 3 1 7 s(-1 . 2 6 ) , 297s(-2 .46) / 290(-2 .75) , 

2 7 0(-1 . 8 0 ) , ( c - l . 5 0 ) . 

16P-acetyl-17o<- isoprogesterone (63u) : C D . : 3 7 4(0), 3 6 0(-0 . 4 0 ) , 

3 4 6(-1 . 1 0 ) , 3 3 1(-1 . 4 0 ) , 3 0 3 s ( - 2 . 8 0 ) , 2 8 8(-4 . 3 0 ) , 2 7 9 s ( - 3 . 9 0 ) , 

2 7 2(-2 . 8 0 ) , ( c=1 . 50) . 

16*-methyl--17<*-progesterone (64c) : C D . : 3 7 2(0), 3 4 0 s(-1 . 2 8 ) , 

3 2 5 s(-1 . 7 8 ) , 314s(-2.42), 2 9 5(-2 . 7 0 ) , 269(-1.14), P=52 (c=0.11). 

3 P - h y d r o x y - 1 6 < * - d i c a r b o x y m e t h y l - 1 7 ° < - p r e g n - 5 - e n - 2 0 - o n e (64d) : 

C D . : 3 3 0(0), 285( -3 .06) , 2 6 6(-1 . 7 9 ) , P / 2 =18 ( c - 0 . 8 8 ) . 

3 P - a c e t o x y-5 * - c h l o r o - 1 6 ^ - d i c a r b e t h o x y m e t h y 1-17<* - p r e g n a n - 2 0 - o n e (64e) : 

C D . : 3 2 8(0), 286(-3.00) , 2 6 7(-1 . 7 6 ) , P/2 - 19 (c =0 . 88) . 
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3 P - a c e t o x y - 1 6 ° ( - d i c a r b e t h o x y - 1 7 ° < - p r e g n - 5 - e n - 2 6 - o n . e (64f) : 

C D . : 328(0 ) , 290( -2 .30) , 2 5 4 ( - 0 . 5 3 ) , P =39 (c=1 .51) . 

3 P - a c e t o x y - 1 6 < * - c a r b o m e t h o x y - 5 ° < , 17<*-pregnan-20-one (64g) : 

C D . : 332(0 ) , 3 0 1 s ( - 2 . 9 3 ) , 290( -3 .85) , 2 5 0 ( - 0 . 3 3 ) , P =37 (c=1 .50) . 

3 P - a c e t o x y - 1 6 ° < - c a r b o m e t h o x y - 1 7 o < - p r e g n - 5 - e n - 2 0 - o n e (64h) : 

C D . : 328(0 ) , 292( -4 .06) , 251( -0 .62) , p =39 (c=0 .23) . 

1 6 P - c a r b o m e t h o x y - 1 7 ^ - p r o g e s t e r o n e ( 6 4 i ) : C D . : 374(0 ) , 3 6 2 s ( - 0 . 4 0 ) , 

3 4 5 ( - 1 . 0 0 ) , 3 3 0 ( - 1 . 4 0 ) , 3 0 9 s ( - 2 . 2 0 ) , 3 0 3 s ( - 2 . 8 3 ) , 2 9 0 ( - 3 . 5 4 ) , 

2 6 3 ( - 1 . 0 0 ) , (c=1 .50) . 

3 f t - h y d r o x y - 1 6 P - e a r b o x y - p r e g n - 5 - e n - 2 0 - o n e (65d) : 

C D . : 328(0 ) , 290(+1.40) , 260(+0.10) , p =39 (c=0 .21) . 

3 P - a c e t o x y - 1 6 P - c a r b o m e t h o x y - p r e g n - 5 - e n - 2 0 - o n e (65e) : 

C D . : 328 (0 ) , 298s(+3 .52) , 290(+3.68) , 251(+0.30) , T=43 (c=0.36) . 

16P-carbomethoxyprogesterone ( 6 5 f ) : C D . : 378(0) , 3 6 0 ( - 0 . 4 4 ) , 

3 4 6 ( - 0 . 9 6 ) , 3 3 2 ( - 1 . 3 1 ) , 3 2 3 s ( - 0 . 7 3 ) , 317(0) , 297s(+3 .13) , 

290(+3.40) , 270(+1.80) , (c=1 .51) . 

3 P - a c e t o x y - 1 6 P - m e t h y l - 5 ° < - p r e g n a n - 2 0 - o n e (65g) : 

C D . : 332 (0 ) , 320-307 (+0 .21) , 297(0) , 280-271 (-0 .26) , (c=0 .67) . 

3 P - a c e t o x y - 1 6 P - m e t h y l - p r e g n - 5 - e n - 2 0 - o n e (65i) : 

C D . : 344(0 ) , 321(+0.22) , 313s(+0 .18) , 301(0 ) , 280-271 (-0.25) , 

(c=1 .30) . 
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3p - h y d r o x y-16 , 17<*-cyclopropy l p r e g n-5 - e n-20 - o n e (66a) : 

C D . : 3 0 0 ( 0 ) , 278(+0.92) , 265(+0.48), P/2 =13 ( c=0.41). 

3ft-hydroxy-16,17o<-epoxy-5<*-pregnan-20-one (66b) : 

C D . : 3 3 6 ( 0 ) , 300(-0.38) , 2 7 6 ( - 0 . 1 3 ) , P =33 ( c - l . 5 0 ) . 

3P-a c e t o x y-16,17 ° < - e p o x y p r e g n-5 - e n-20 - o n e (66c) : 

C D . : 3 3 8 ( 0 ) , 301(-0.33) , 2 6 6 ( - 0 . 1 4 ) , P =55 ( c=1.03). 

3 P - h y d r o x y-16,17 < ^ - e p o x y p r e g n-5 - e n-20 - o n e 3 - t e t r a h y d r o p y r a n y l  
e t h e r ( 6 6 d ) : 

C D . : 3 3 8 ( 0 ) , 302(-0.38) , 2 6 8 ( - 0 . 1 4 ) , P=47 ( c-0.58). 

3P -hydroxy-16,17P-epoxy-17o<-pregn-5 -en-20 -one ( 6 6 f ) : 

C D . : 3 3 2 ( 0 ) , 3 1 0 ( - 0 . 1 6 ) , 2 9 2 ( - 0 . 0 1 ) , P =22 ( c - l . 0 8 ) . 
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INTRODUCTION 

In P a r t I some a p p l i c a t i o n s of c i r c u l a r d i c h r o i s m to 

s p e c i f i c s t e r e o c h e m i c a l problems were g i v e n . In the d i s c u s s i o n 

many l i m i t a t i o n s of t h i s method were r e v e a l e d . In g e n e r a l , each 

o f the p h y s i c a l methods has a l i m i t e d o r s p e c i f i c a p p l i c a t i o n to 

o r g a n i c c h e m i s t r y . C o l l e c t i v e l y , however, the p h y s i c a l t o o l s 

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

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

modernized s t r u c t u r a l o r g a n i c c h e m i s t r y , c h e m i c a l methods s t i l l 

form an i n t e g r a l p a r t of t h i s modern a p p r o a c h . Many s t r u c t u r e s 

are p r o v e d by s y n t h e s i s , o r by d e g r a d a t i o n or t r a n s f o r m a t i o n 

to compounds of known s t r u c t u r e o r s t e r e o c h e m i s t r y , and the 

n a t u r e and r e l a t i v e o r i e n t a t i o n s o f the v a r i o u s f u n c t i o n a l 

groups of a m o l e c u l e are g e n e r a l l y e s t a b l i s h e d by a c o m b i n a t i o n 

o f both p h y s i c a l and c h e m i c a l methods. 

The i n t e g r a t i o n of c h e m i c a l and p h y s i c a l methods i s one 

aspect o f modern s t r u c t u r a l o r g a n i c c h e m i s t r y ; the a p p l i c a t i o n 

1-4 
of X - r a y d i f f r a c t i o n methods i s a n o t h e r . In c o n t r a s t to 

o t h e r p h y s i c a l and c h e m i c a l methods, which p r o v i d e a c o l l e c t i o n 

of f r a g m e n t a r y e v i d e n c e , X - r a y d i f f r a c t i o n p r e s e n t s an a l l - o r -

n o t h i n g approach to m o l e c u l a r s t r u c t u r a l d e t e r m i n a t i o n . Another 

u n i q u e f e a t u r e of t h i s method i s t h a t i t p r o v i d e s a t h r e e -

d i m e n s i o n a l p i c t u r e of the m o l e c u l e , i n c l u d i n g , i n many c a s e s , 

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

i o n r e q u i r e d to c a r r y out an X - r a y a n a l y s i s i s the e m p i r i c a l 

f o r m u l a ; a p r e v i o u s knowledge o f s t r u c t u r a l d a t a can o f t e n 
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greatly f a c i l i t a t e the X-ray analysis; however the incorporat

ion of incorrect s t r u c t u r a l information into the analysis w i l l 

lead to time-consuming delays. Thus i t i s usually best to 

proceed with the analysis, at least i n the early stages, with

out the aid of any supporting evidence. It should be emphasized 

that i t i s v i r t u a l l y impossible to derive an incorrect molecular 

structure from a s a t i s f a c t o r y X-ray analysis; at the same time, 

i t i s very d i f f i c u l t to derive any p a r t i a l s t r u c t u r a l informat

ion from an unsatisfactory X-ray analysis. 

As f o r the other physical methods, there are certa i n 

l i m i t a t i o n s to the use of X-ray d i f f r a c t i o n in s t r u c t u r a l organ

i c chemistry; the major r e s t r i c t i o n i s that a s a t i s f a c t o r y 

c r y s t a l l i n e form must be available. Another r e s t r i c t i o n , 

which i s generally met, but has p a r t i c u l a r relevance to the 

st r u c t u r a l determination described in t h i s thesis, i s that the 

c r y s t a l structure must be stable to X-ray i r r a d i a t i o n . With 

regards to natural products chemistry, the use of X-ray d i f f r a c t 

ion i s largely limited to application of the "heavy-atom" 

method, i . e . the X-ray analysis i s carried out on a derivative 

containing a heavy atom, eg. I, Br, C l , S, Fe, Zn. Before des

c r i b i n g some of the sa l i e n t features of t h i s method i t i s 

important to note that the s t r u c t u r a l c o r r e l a t i o n between the 

heavy atom deriv a t i v e and the parent compound must be made by 

other physical and chemical methods. 
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The Heavy-Atom Method of X-ray Analysis: 

Experimentally the X-ray d i f f r a c t i o n pattern, which con

s i s t s of a s e r i e s of d i f f r a c t e d beams of varying i n t e n s i t i e s , i s 

recorded photographically or by counter techniques. Each beam i 

i s d i f f r a c t e d by a set of p a r a l l e l planes in the c r y s t a l re

ferred to by M i l l e r indices hkl. The pattern defines the space 

group of the c r y s t a l structure; and more important, the i n t e n s i t 

ie s are related to the structure amplitudes |F(hkl)| . The 

structure amplitudes are related to the electron density d i s 

t r i b u t i o n i n the unit c e l l , P(xyz), by the t r i p l e Fourier series: 
f(xyz) - g ^ i l F ( h k l ) exp [-2ni (hx +ky +lz)] 

where V i s the volume and x, y , z the f r a c t i o n a l coordinates of 

the unit c e l l . The function F(hkl) i s known as the structure 

factor and i s the resultant of the waves scattered by each of 

the N atoms with f r a c t i o n a l coordinates X j , y j , Z j . It i s ex

pressed by the summation: 

F(hkl) - £ f j exp[2TTi (hx^ + kyj + I Z J ) ] 

where f . i s the scattering factor of atom j . The complex 
J 

quantity F(hkl) i s characterized by the structure amplitude 

| F(hkl) | and a phase angle (hkl) according to the two express

ions: rz s-
|F(hkl)| = JA* + BT 

(hkl) = arctan (B/A) 

where A = ^ f j cos 2TT (hxj + ky^ + I Z J ) 

B - f j s i n 2TT (hx^ + ky^ + Izj) 

The electron density can be put i n a more convenient form by 

replacing F(hkl) by i t s amplitude and phase: 



73 

P(xyz) - ^ 22S|F(hkl)| cos [ 2 T T(hx + ky + lz) - <*(hkl)] 

This last equation illustrates the phase problem0 in X-ray 
crystallography, i.e. in the recording of the X-ray data the 
structure amplitudes |F(hkl)| are obtained, but unfortunately 
the phase angles °<(hkl) are lost. Before the electron density 
distribution can be revealed the phase angles must be recovered 
by some indirect,method. The heavy-atom method is the one most 
commonly used. 

The first step of this method is the location of the heavy 
atom. Generally this is accomplished by using the structure 

7 8 
amplitudes to evaluate the Patterson function: ' 

P(uvw) - -JlIIl|F(hkl)|e cos 2TT (hu + kv + lw) 
where u,v,w are fractional coordinates. The peaks of a Patterson 
map occur at the ends of vectors starting from the origin of the 
unit cell, which correspond to the vectors between every pair of 
atoms in the c e l l . If a l l of these vectors could be found it 
would be theoretically possible to derive the atomic positions 
from this vector distribution. However for n atoms in the unit 
cell there are (n 2-n)/2 independent peaks, and for most organic 
structures the interpretation of the Patterson map is extremely 
difficult due to overlap of the numerous peaks. The relative 
intensity of a Patterson peak is determined by the product of 
the atomic numbers of the two atoms involved. Thus i t is 
usually possible to locate the heavy atom in a Patterson 
distribution. 
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I t i s p o s s i b l e to c a r r y out the heavy-a tom method w i t h a 

d e r i v a t i v e c o n t a i n i n g more than one heavy atom; but the presence 

o f too many heavy atoms c o u l d r e s u l t i n a P a t t e r s o n map which , 

i s c o m p l i c a t e d even f o r the l o c a t i o n of the heavy atoms. T h i s 

i s p a r t i c u l a r l y t r u e when these atoms are of d i f f e r e n t atomic 

s p e c i e s , s i n c e i n a d d i t i o n to the s t r o n g peaks c h a r a c t e r i s t i c 

o f v e c t o r s between heavy atoms t h e r e are s t r o n g peaks formed 

f r o m the o v e r l a p o f many peaks c h a r a c t e r i s t i c o f v e c t o r s b e t 

ween l i g h t atoms. 

A f t e r the c o o r d i n a t e s of the heavy atom are e s t a b l i s h e d , 

they are used to e v a l u a t e the phase a n g l e s <*(hkl) ; then u s i n g 

the o b s e r v e d s t r u c t u r e a m p l i t u d e s | F ( h k l ) | and the c a l c u l a t e d 

phases based on t h e heavy atom a F o u r i e r s e r i e s i s summed. The 

l o c a t i o n o f many o f the l i g h t atoms, i . e . C , N , 0 i s u s u a l l y 

p o s s i b l e f rom the r e s u l t i n g e l e c t r o n d e n s i t y map. The p r o c e s s 

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

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

atoms are l o c a t e d . 

The s u c c e s s o f the heavy-a tom method depends on the 

a b i l i t y o f an atom of r e l a t i v e l y h i g h s c a t t e r i n g power to d e t e r -

mine a s u f f i c i e n t number o f phases to i n i t i a t e the F o u r i e r 

a n a l y s i s . The c h o i c e o f a heavy atom i s o f t e n r e s t r i c t e d by 

c h e m i c a l c o n s i d e r a t i o n s , but some n u m e r i c a l e s t i m a t e can s e r v e 

as a u s e f u l g u i d e . F o r t h i s purpose a " h e a v i n e s s i n d e x " has 

5 2 2 

been d e f i n e d : Z Z H where Z J J and ZL r e f e r to the atomic 

numbers o f the heavy and l i g h t atoms r e s p e c t i v e l y . F o r com-



pounds of moderate c o m p l e x i t y a v a l u e o f about 1.0 i s u s u a l l y 

u s e d , a l t h o u g h v a l u e s f rom 0.2 to above 2.0 have been u s e d . I f 

the i n d e x i s too low t h e r e i s the danger t h a t e i t h e r the heavy 

atom may not be l o c a t e d i n the P a t t e r s o n d i s t r i b u t i o n , o r the 

e l e c t r o n - d e n s i t y d i s t r i b u t i o n may g i v e i n c o n c l u s i v e r e s u l t s 

because o f the d e t e r m i n a t i o n of an i n s u f f i c i e n t number o f 

a c c u r a t e phase a n g l e s . 

On the o t h e r hand, i f the h e a v i n e s s i n d e x i s too l a r g e then 

the heavy atom may so dominate the s t r u c t u r e a m p l i t u d e s t h a t 

the l i g h t atoms are p o o r l y r e s o l v e d on the e l e c t r o n - d e n s i t y 

map. In g e n e r a l the hydrogen atoms are not r e s o l v e d i n X - r a y 
5 

a n a l y s i s . In the few c a s e s t h a t they have been l o c a t e d , a 

l a r g e amount o f q u i t e a c c u r a t e d a t a was a v a i l a b l e , and the 

method used was a " d i f f e r e n c e s y n t h e s i s " i n w h i c h the f u n c t i o n : 

D = — |Fo| - |Fc| ) cosr2TT ( h x + ky + l z ) - o<(hkl)1 

i s p l o t t e d where |Fo| and |Fc|are the o b s e r v e d and c a l c u l a t e d 

s t r u c t u r e a m p l i t u d e s r e s p e c t i v e l y . A l t h o u g h the hydrogen atoms 

are not g e n e r a l l y l o c a t e d i n an X - r a y a n a l y s i s , they can 

u s u a l l y be p l a c e d on the b a s i s of c h e m i c a l c o n s i d e r a t i o n s , s i n c e 

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

s u f f i c i e n t l y a c c u r a t e to d e f i n e atom t y p e , bond m u l t i p l i c i t y 

and type o f h y b r i d i z a t i o n . 

A f t e r a l l o f the n o n - h y d r o g e n atoms have been f o u n d , f u r t h e r 

r e f i n e m e n t o f the s t r u c t u r e g e n e r a l l y p r o c e e d s by the method of 

9 

l e a s t s q u a r e s . The o b j e c t o f the r e f i n e m e n t p r o c e d u r e i s to 

f i n d the atomic parameters which g i v e the best agreement b e t -



7 6 

ween the o b s e r v e d and c a l c u l a t e d s t r u c t u r e a m p l i t u d e s . In the 

l e a s t s q u a r e s method the f u n c t i o n m i n i m i z e d i s : Zw ( |Fo| - | F c | ) 2 

where w i s a w e i g h t i n g f a c t o r i n v e r s e l y p r o p o r t i o n a l to the 

p r o b a b l e e r r o r i n |Fo|, and the summation extends o v e r a l l the 

c r y s t a l l o g r a p h i c a l l y independent p l a n e s . One o f the advantages 

t h a t the l e a s t squares method has o v e r the F o u r i e r method i s 

t h a t i t i s f r e e f r o m s e r i e s t e r m i n a t i o n e r r o r s . The parameters 

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

i s o t r o p i c o r a n i s o t r o p i c t h e r m a l parameters f o r each atom, and 

a s c a l e f a c t o r r e l a t i n g the o b s e r v e d and c a l c u l a t e d s t r u c t u r e 

a m p l i t u d e s . 

As p a r t of the l e a s t s q u a r e s p r o c e s s the s t a n d a r d d e v i a t 

i o n s of the parameters are c a l c u l a t e d , and these can s u b s e q u e n t l y 

be used to c a l c u l a t e the s t a n d a r d d e v i a t i o n s of the bond l e n g t h s 

and a n g l e s . The s t a n d a r d d e v i a t i o n 6 (AB) of the bond l e n g t h 
4 

between the two atoms A and B i s g i v e n by: 

<S 2 ( A B ) = C 2 ( A ) + 6 2 ( B ) 

where tf(A) and C(B) are the s t a n d a r d d e v i a t i o n s o f the c o o r d i n a t e s 

of A and B a l o n g the d i r e c t i o n o f the b o n d . The s t a n d a r d d e 

v i a t i o n ( i n r a d i a n s ) of the a n g l e between the bonds AB and BC 

4 
i s g i v e n by: 

^ 0 ) = <*a(A) + c* 2(B)/1 - 2 c o s e + 1 \ + (52(C) 
AB 2 - ^-AB2- AB-BC BC 2-/ BC 2 -

The s t r u c t u r e r e v e a l e d by the e l e c t r o n - d e n s i t y d i s t r i b u t i o n 

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

and t h e r m a l p a r a m e t e r s . A p o p u l a r means of e x p r e s s i n g the 

c o r r e c t n e s s of a s t r u c t u r e i s by use of the d i s c r e p a n c y f a c t o r , 

i 
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R, which i s defined by: 

R = Z ( |Fo| - |Fc| )/I|FOI 

Not too much si g n i f i c a n c e should be attached to the R value 

since i t indicates the accuracy of the i n t e n s i t y measurements 

as well as the correctness of the structure; and the l a t t e r 

i s determined by the extent as well as the accuracy of the 

empirical data. After a suitable refinement procedure, a 

necessary but i n s u f f i c i e n t condition f o r a correct structure i s 

that R <d 0.25. 

As a f i n a l step in a structure analysis by the heavy atom 

method, i t i s often possible to determine the absolute config

uration of the molecule.^ 0 Normal scattering of X-rays by a 

non-centrosymmetric c r y s t a l r e s u l t s in the equality: |F(hkl)| =» 

|F(hkI)| , i . e . the in t e n s i t y of r e f l e c t i o n s (hkl) and (hkl) 

are the same (Friedel's Law). The consequence of t h i s law i s 

that normally i t i s not possible to dis t i n g u i s h between two 

enantiomers by X-ray d i f f r a c t i o n . However i t has been observed 1 1' 

that some atoms scatter X-rays anomalously; t h i s anomalous 

scattering i s greatest when the frequency of the incident 

radia t i o n i s near but s t i l l greater than an absorption edge 

frequency of the atom. The scattering factors for atoms which 

scatter X-rays anomalously are defined by: 

f = fo + A f 1 + i A f 1 1 

where fo i s the normal sca t t e r i n g factor, and A f 1 and i A f ^ ^ are 

r e a l and imaginary corrections. The imaginary part i s scattered 

TT/2 ahead of the phase of the r e a l part (fo + Af^) r e s u l t i n g i n 
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the breakdown of Friedel's Law. Thus if a molecule contains two 
or more atomic species, one of which is an anomalous scatterer, 
it should be possible to distinguish between the two enantiomers. 
Empirically it is observed that the commonly available radiat
ions, eg. Cu-Koc, Mo-Kx, are scattered anomalously by most 
heavy atoms. 

In order to distinguish between two enantiomers, structure 
amplitudes based on the coordinates of one enantiomer and 
using the anomalous scattering factor for the heavy atom are 
calculated for the reflection pairs (hkl) and (hkl). These 
amplitudes are compared with the observed intensities I(hkl) 
and I (Tiki) ; and if it is found that when |F(hkl)| > |F(hkl)|, 
I(hkl)> I (hkl), and similarly when |F(hkl)| < |F(hkl)| , 
I (hkl)< I (hkl) , then the correct enantiomer has been chosen. If 
the inequalities do not agree then the mirror image of the 
assumed structure has the correct -absolute configuration. Care 
must be taken to choose a right-handed system of coordinates 
while indexing the reflections since the formula for the 

4 
structure amplitudes are given for a right-handed system of 
coordinates. Usually only a few pairs of reflections exhibit 
a significant intensity difference, and even for these very 
accurate intensity measurements may be required; however only 
one pair of reflections is necessary to establish the absolute 
configuration, and accurate intensity measurements can be made 
by counter techniques.*^ 
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DISCUSSION 

H i r s u t i c a c i d C i s one of the m e t a b o l i t e s i s o l a t e d from 

14 

Stereum h i r s u t u m and has the m o l e c u l a r f o r m u l a C ^ ^ g C ^ - The 

e l u c i d a t i o n o f i t s s t r u c t u r e and a b s o l u t e s t e r e o c h e m i s t r y (1) 

has been a c c o m p l i s h e d by a n e c e s s a r y c o m b i n a t i o n o f chemical*** 

and X - r a y ° methods of a n a l y s i s . 

The f u n c t i o n a l groups were c h a r a c t e r i z e d v i a the t r a n s 

f o r m a t i o n s o u t l i n e d i n f i g u r e 1. The s p e c t r a l p r o p e r t i e s o f 

h i r s u t i c a c i d (1) and i t s m e t h y l e s t e r (3) sugges ted the n a t u r e 

of most o f the s u b s t i t u e n t s . The a c i d (1) showed o n l y e n d -

a b s o r p t i o n i n the u l t r a v i o l e t s p e c t r u m , and e x h i b i t e d peaks i n 

the i n f r a r e d r e g i o n at 3520 ( h y d r o x y l ) , 3200-2400 ( c a r b o x y l ) , 

1700 ( c a r b o n y l ) , 1655 and 890 c m - 1 ( e x o c y c l i c m e t h y l e n e ) ; the 

m e t h y l esl^er (3) showed s i m i l a r I . R . a b s o r p t i o n bands f o r the 

e x o c y c l i c methylene and h y d r o x y l f u n c t i o n s , as w e l l as the 

c h a r a c t e r i s t i c e s t e r peaks at 1720 and 1160 c m - 1 . The N . M . R . 

s p e c t r a of (1) and (3) were i d e n t i c a l w i t h the e x c e p t i o n o f the 

e s t e r methyl resonance ( 6 . 3 4 t ) ; m e t h y l h i r s u t a t e (3) a l s o had 

s i n g l e t peaks at 8.66 and 8.97 t ( t e r t i a r y methyls ) and d o u b l e t s 

at 4 . 72 , 5.00 (Ha,Hb) and 6 . 5 5 X (Hd) as w e l l as a m u l t i p l e t at 
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R = p B r C 6 H 4 C O C H 2 -

(8) (9) 

F i g u r e 1 
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Ha 

5 . 4 0 t ( H e ) . The l o n g range c o u p l i n g c o n s t a n t s between the 

e x o c y c l i c methylene p r o t o n s H a , H b and the C5 p r o t o n He were 2 . 1 

and 2 ,7 c . p . s . , whereas JHaHb - 0 and JHcHd =» 1.9 c . p . s . F i n 

a l l y the mass spect rum of m e t h y l h i r s u t a t e showed a s t r o n g 

p a r e n t peak (m/e - 278) as w e l l as peaks due to the l o s s o f 

m e t h y l , h y d r o x y l and carbomethoxy groups (m/e =» 263,260,219 and 

201) . 

The p r e s e n c e of a secondary h y d r o x y l group was c o n f i r m e d by 

the f o r m a t i o n of the monoacetate ( 6 ) . The i n f r a r e d spect rum of 

(6) showed no a b s o r p t i o n above 3000 c m - 1 , but e x h i b i t e d peaks 

at 1735, 1375 and 1210 c m - * c h a r a c t e r i s t i c o f the acetoxy g r o u p . 

The N . M . R . spec t rum showed a s i n g l e t at 7 .85 T. due to the 

a c e t a t e p r o t o n s ; i n a d d i t i o n the c h e m i c a l s h i f t s of the p r o t o n s 

on carbon atoms C5,Cg,Ci4 and C15 were d i f f e r e n t f rom the parent 

compound (3 ) , but the c o u p l i n g c o n s t a n t s were the same. 

The a l l y l i c r e l a t i o n s h i p between the d o u b l e bond and the 

h y d r o x y l group was e s t a b l i s h e d a f t e r manganese d i o x i d e o x i d a t i o n 

o f m e t h y l h i r s u t a t e gave an <^,P-unsaturated ketone (7, Amax: 

231 my (€ 5350) ; > c a l c : 1 7 230 mp) . The i n f r a r e d spec t rum of 

(7) showed no a b s o r p t i o n above 3000 c m - 1 but e x h i b i t e d peaks at 

1727 and 1645 c m - 1 c h a r a c t e r i s t i c of the u,0-unsaturated ketone 
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(7) 

MeO^C 

OH 

(8) 

system. The value f o r the carbonyl stretch frequency (1727 cm"1'' 

suggested a five-membered ring. The N.M.R. spectrum showed that 

the keto group s h i f t e d the protons on C15 downfield by 0.15T, 

and more important Ha,Hb and Hd appeared as s i n g l e t s , thus con

firming the assignment of long range coupling i n methyl hirsutate 

(3) and also confirming the presence of oxygen functions on 

adjacent carbon atoms. 

The presence of the exocyclic double bond was confirmed by 

several experiments. Formaldehyde, as the 2,4-dinitrophenyl-

hydrazone, was isola t e d by the ozonolysis of methyl hirsutate 

(3). C a t a l y t i c reduction of (3) resulted in the uptake of one 

mole of hydrogen and the i s o l a t i o n of the dihydromethyl hirsutate 

(8). The N.M.R. spectrum of (8) was consistent with the re

placement of an exocyclic methylene group by a secondary 

methyl group (9.05T, doublet, J = 6.0 c.p.s.); and again the 

chemical s h i f t s of the protons at Cg,Cg and C-̂ g had altered. 

F i n a l l y oxidation of (3) with osmium tetroxide gave a t r i o l (9), 

The epoxide function was the most d i f f i c u l t to est a b l i s h . 

By elimination, the remaining oxygen function had to be in an 

ether linkage, and as suggested above, probably was attached 

to a carbon atom adjacent to the secondary hydroxyl group. The 
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p r e s e n c e o f an e p o x i d e was c o n f i r m e d by the f o r m a t i o n of the 

c h l o r o h y d r i n ( 4 ) . The i n f r a r e d spect rum of (4) showed enhanced 

a b s o r p t i o n at 3500 cm"* as w e l l as peaks at 1720 and 1190 c m - * 

c h a r a c t e r i s t i c of the e t h y l e s t e r . The N . M . R . spec t rum of (4) 

showed peaks due to the e t h y l e s t e r (T 5 . 8 6 q , 8 . 7 6 t , J=7 c . p . s . ) ; 

i n a d d i t i o n Hd appeared at lower f i e l d (6 .04t ) w i t h the c o u p l i n g 

between He and Hd c o n s i d e r a b l y enhanced (J=9 c . p . s . ) . The 

s t r u c t u r e of the c h l o r o h y d r i n (4) was s u p p o r t e d by the f a i l u r e 

to form an i s o p r o p y l i d e n e d e r i v a t i v e , a n e g a t i v e p e r i o d a t e t e s t 

and the f o r m a t i o n of a monoacetate (10) . The a c e t y l a t i o n p r o d 

uct (10) e x h i b i t e d s t r o n g i n f r a r e d a b s o r p t i o n at 3480 c m - * i n 

a d d i t i o n to the a c e t a t e peaks at 1735 and 1370 c m - * . The N . M . R . 

spect rum c l e a r l y showed the p r e s e n c e o f a s i n g l e ace toxy group 

(7 .87T , 3H) . 

F u r t h e r e v i d e n c e f o r the e p o x i d e was p r o v i d e d by r e d u c t i o n 

of methyl h i r s u t a t e (3) w i t h l i t h i u m aluminum h y d r i d e . The 

r e d u c t i o n p r o d u c t (5) showed s t r o n g a b s o r p t i o n i n the i n f r a r e d 

spec t rum at 3500 cm""*, but no a b s o r p t i o n i n the c a r b o n y l r e g i o n . 

The mass spec t rum showed a s t r o n g p a r e n t peak (m/e = 252) as 

w e l l as peaks due to the l o s s o f one h y d r o x y l , two h y d r o x y l 

(4) (10) 



and h y d r o x y m e t h y l groups (m/e = 234, 216, 221) . The p r e s e n c e o f 

a h y d r o x y m e t h y l group was a l s o r e v e a l e d i n the N . M . R . spec t rum 

by a two p r o t o n s i n g l e t at 6 . 7 0 T . Both t e r t i a r y m e t h y l groups 

appeared at 8 . 9 0 T ( r e s o l v e d on 100 Mc s p e c t r u m ) ; t h i s sugges ted 

the g e m - s u b s t i t u t i o n p a t t e r n at s i n c e the C 1 3 methyl group 

appeared at 8.66 T i n m e t h y l h i r s u t a t e . The e x o c y c l i c methylene 

p r o t o n s H a , Hb appeared as q u a r t e t s ,(4.82, 5.03 t ) w i t h l o n g 

range c o u p l i n g c o n s t a n t s w i t h He o f 1 . 8 , 1 . 9 c . p . s . and a g e m i n a l 

s p l i t t i n g of 0 .5 c . p . s . The C5 p r o t o n He appeared as a broad 

peak but a d d i t i o n of a d r o p o f a c i d to a d e u t e r i o a c e t o n e s o l u t 

i o n r e s u l t e d i n a t r i p l e t o f t r i p l e t s p a t t e r n (121,242,121) c o n 

s i s t e n t w i t h a s p l i t t i n g o f 1.8 c . p . s . w i t h H a , Hb and a s p l i t t 

i n g of 6 c . p . s . w i t h the p r o t o n s on C g . A c i d t reatment of the 

N . M . R . sample a l s o r e s u l t e d i n the d i s a p p e a r a n c e of peaks at 

6 .19 , 6.53 and 7.15 T a s s i g n e d to h y d r o x y l p r o t o n s . 

A c e t y l a t i o n of the r e d u c t i o n p r o d u c t (5) gave a d i a c e t a t e 

(11) . The i n f r a r e d spec t rum showed s t r o n g a b s o r p t i o n at 3500 

c m - * i n a d d i t i o n to the a c e t a t e peaks at 1725 and 1365 c m " * . The 

N . M . R . spec t rum e s t a b l i s h e d the p r e s e n c e o f two acetoxy groups 

(T 7 . 9 4 s , 6H) . The C 1 2 p r o t o n s appeared as a s i n g l e t at 6 . 1 8 T , 

and peaks due to the t e r t i a r y methyl groups and e x o c y c l i c methylene 

appeared as i n the p a r e n t ( 5 ) . The p r o t o n He appeared as ten 
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peaks i n a t r i p l e t q u a r t e t t r i p l e t p a t t e r n (121 1331 121) c o n 

s i s t e n t w i t h s p l i t t i n g s of 5.8 and. 7 .7 c . p . s . w i t h the p r o t o n s 

on Cg as w e l l as a l o n g range s p l i t t i n g of 1.9 c . p . s . w i t h 

H a , H b . 

O t h e r t r a n s f o r m a t i o n s o f the r e d u c t i o n p r o d u c t (5) i n c l u d e d 

c a t a l y t i c h y d r o g e n a t i o n of the d o u b l e bond, and chromic a c i d / 

p y r i d i n e o x i d a t i o n of the secondary h y d r o x y l group at C5. The 

P - u n s a t u r a t e d ketone system o f the l a t t e r (12) was c h a r a c t e r 

i z e d by i t s U . V . (Araax 234 m p ) , I . R . (1720, 1640 c m - 1 ) and N . M . R . 

( T 4 . 8 s , 4 .0s = Ha,Hb) s p e c t r a . The N . M . R . spec t rum o f the o x i d 

a t i o n p r o d u c t (12) a l s o showed a sharp peak at 7 . 4 8 X w h i c h c o u l d 

be a s c r i b e d to the two p r o t o n s at C g . 

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

ence g i v e n above can be summarized by the two p a r t i a l s t r u c t u r e s 

(13a) and (13b) . A l t h o u g h a l l of the f u n c t i o n a l groups are 
it 

(13a) (13b) 

c o n t a i n e d i n these p a r t i a l s t r u c t u r e s , v e r y l i t t l e of the 
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h i r s u t i c a c i d r i n g system i s r e v e a l e d . In a d d i t i o n , a c i d , 

a l k a l i o r s e l e n i u m t reatment o f m e t h y l h i r s u t a t e (3) r e s u l t e d 

i n complex m i x t u r e s l a c k i n g i n any d i s t i n c t i v e chromophore. 

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

few g r a i n s , and s i n c e the s t r a i n o f Stereum h i r s u t u m which 

p r o d u c e s t h i s m e t a b o l i t e has not been r e d i s c o v e r e d , i t was 

apparent t h a t a complete c h e m i c a l d e g r a d a t i o n of h i r s u t i c a c i d 

was not p o s s i b l e . Thus an X - r a y a n a l y s i s of the p-bromophen-

a c y l e s t e r (2) was c a r r i e d o u t . 

The p -bromophenacyl e s t e r of h i r s u t i c a c i d (2) was c h a r a c t e r 

i z e d by s p e c t r a l and a n a l y t i c a l d a t a . The e s t e r group was 

(2) 

. w e l l - d e f i n e d by the U . V . (Amax: 255 mp (£ 15 ,500) , I . R . (1735, 

1705, 1590 c m - 1 ) , N . M . R . (4 a r o m a t i c p r o t o n s , p h e n a c y l methylene 

at 4.71X) and mass s p e c t r a (parent m/e = 460 ,462 ) . C r y s t a l l i z 

a t i o n f rom b e n z e n e - e t h a n o l gave c o l o r l e s s p r i s m s b e l o n g i n g to 

the space group P 2 1 2 1 2 1 > 

I n i t i a l l y a se t of i n t e n s i t i e s was c o l l e c t e d on f i l m and 

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

* I would l i k e to thank D r . N.G. H e a t l e y f o r p r o v i d i n g us w i t h 
h i s t o t a l s u p p l y o f h i r s u t i c a c i d C . 
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w h i c h was c a l c u l a t e d u s i n g the c o o r d i n a t e s o f the bromine atom, 

28 o f the 29 n o n - h y d r o g e n atoms were r e s o l v e d , and i t appeared 

t h a t X - r a y a n a l y s i s would g i v e the s t r u c t u r e w i t h o u t the a i d of 

any c h e m i c a l d a t a . In the subsequent a n a l y s i s the m i s s i n g atom 

(epoxide oxygen) was l o c a t e d ; however, i n s p i t e of a new se t of 

more a c c u r a t e i n t e n s i t i e s measured on a s c i n t i l l a t i o n c o u n t e r , 

the p o s i t i o n a l and i s o t r o p i c t h e r m a l parameters d i d not r e f i n e 

v e r y w e l l . The completed a n a l y s i s d e f i n e d the n a t u r e and p o s i 

t i o n s of 27 f u l l atoms and 4 " h a l f - a t o m s " as shown by the 

s t r u c t u r a l f o r m u l a (14) where the f o u r oxygen atoms a t t a c h e d to 

Cj. and Cj are " h a l f - a t o m s " . The X - r a y r e s u l t sugges ted t h a t the 

i r r a d i a t e d c r y s t a l s c o n t a i n e d an almost e q u a l m i x t u r e o f two 

randomly d i s t r i b u t e d and c h e m i c a l l y d i s t i n c t m o l e c u l e s . Thus 

i t appeared t h a t d u r i n g the i r r a d i a t i o n an u n u s u a l s o l i d - p h a s e 

rearrangement had o c c u r r e d , but the c r y s t a l s t r u c t u r e remained 

e s s e n t i a l l y unchanged w i t h o n l y the p o s i t i o n a l parameters o f 

two n o n - h y d r o g e n atoms a l t e r i n g s i g n i f i c a n t l y . 

A c o m b i n a t i o n of the X - r a y e v i d e n c e ( s t r u c t u r e 14) w i t h the 

c h e m i c a l e v i d e n c e ( p a r t i a l s t r u c t u r e 13b) e s t a b l i s h e d the s t r u c t 

ure o f the p - b r o m o p h e n a c y l e s t e r o f h i r s u t i c a c i d (2 ) , and 

HO 

(14) 
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suggested the rearrangement product had the structure (15). To 

confirm the l a t t e r assignment, a sample of p-bromophenacyl 

hirsutate (2) was i r r a d i a t e d , and the rearrangement product (15) 

separated from the unchanged ester (2) by preparative thin-layer 

chromatography. Characterization of (15) followed from the 

spe c t r a l data. The t e r t i a r y hydroxyl group was indicated by 

(2) R - BrC 6H 4COCH 2- (15) 

strong absorption i n the infrared spectrum at 3480 cm . The 

<*,P-unsaturated ketone system was characterized by I.R. (1720, 

1625 cm"1) and N.M.R. (X4.72s, a 9 6 s Ha,Hb) spectra. In addit

ion the rearrangement product exhibited enhanced absorption in 

the u l t r a v i o l e t region, 9\max:255 m p (e 18,500). The Cg methylene 

group appeared in the N.M.R. spectrum as a two proton si n g l e t 

at 7.48T. 

As a f i n a l step i n the X-ray analysis the absolute con

fi g u r a t i o n s of both p-bromophenacyl hirsutate (2) and the re

arrangement product (15) were determined by the anomalous 

dispersion method. 1 1 The structure and absolute stereochemistry 

of h i r s u t i c acid C (1) follows from the chemical c o r r e l a t i o n 

between the acid and the ester (2). 
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From an examination of the X-ray r e s u l t s i t was apparent 

that the rearrangement process was strongly influenced by the 

nature of the molecular packing and the hydrogen bonding scheme. 

A discussion of the X-ray r e s u l t s and the mechanism of the re

arrangement are given i n the Experimental section following the 

X-ray data. 

The generality of the X-ray-induced rearrangement was then 

investigated. I r r a d i a t i o n of methyl hirsutate (3) and dihydromethyl 

hirsutate (8) gave respectively about 30% and 70% rearrangement. 

A n a l y t i c a l l y pure samples of the rearrangement products were 

not obtained; however spectral data obtained in each case from 

samples containing about 70% rearrangement product were con

si s t e n t with a rearrangement process analogous to the one ob

served with p-bromophenyl hirsutate (2). Thus the rearrange

ment product from ethyl hirsutate i s believed to have structure 

(16) and the one from dihydromethyl hirsutate, structure (17). 

Ir r a d i a t i o n of h i r s u t i c acid (1) i t s e l f resulted i n no re

arrangement. In the free acid (1), hydrogen bonds involving the 

carboxyl group, probably dominate the molecular packing. Attempts 

to induce the rearrangement thermally i n the esters (2) and (3) 

also were unsuccessful. 
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MeOiQ 
:0 

OH OH 
(16) (17) 

Further to the investigation of the generality of the re
arrangement process, the model compounds 4P, 5-epoxy-5P-cholestan-
3P-ol (21) and 4P, 5-epoxy-5P-cholestan-3<*-ol (23), and the 
-expected rearrangement product, 5P-hydroxy-cholestan-3-one (2"5) 

were synthesized (see figure 2). The ring system of (21) and 
(23) bears l i t t l e resemblance to the hirsutic acid skeleton; 
however the -hydroxy-epoxy functional groups were expected to 
dominate the molecular packing. Irradiation of the 3P-hydroxy 
isomer (21) for 2 days resulted in no degradation, and a similar * 
bombardment of the 3°<-isomer (23) produced only slight decom
position. A sample of (23) which had been irradiated for 7 

days showed four components on T.L.C. in addition to ca.90-95% 

starting material. Of the new products, the major one (ca.5%) 

could not be identified. Of the minor components, T.L.C. and 
U.V. (Amax 236 nu-0 evidence suggested that one was cholest-4-en-
3-one (19) and T.L.C. evidence suggested that another could 
possibly be the expected rearrangement product (25). 

The results of the irradiation of the two model compounds 
(21,23) suggests that the unusual solid phase rearrangement 
observed with p-bromophenacyl hirsutate (2) does not generally 
apply to other ring systems containing the ot-hydroxy-epoxy 
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F i g u r e 2 
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functional groups. Thus the nature of the molecular packing in 

p-bromophenacyl hirsutate (2) and the related methyl esters (3,8) 

might be a unique feature of the peculiar r i n g system. 

Since h i r s u t i c acid C possesses a novel r i n g system i t i s 

i n t e r e s t i n g to speculate on i t s biosynthetic o r i g i n . The mole-

culaa* formula, Ci5H2o°4i suggests that i t i s a sesquiterpene A O ,° 

and hence derivable from farnesyl pyrophosphate (26). H i r s u t i c 
20 

acid also bears a s t r u c t u r a l resemblance to humulene (28) ; 

t h i s suggests a possible biosynthetic scheme as outlined i n 

figure 3. 
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F i g u r e 3 
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EXPERIMENTAL 

C h e m i c a l D a t a : 

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 K o f l e r hot s tage 

m i c r o s c o p e . U l t r a v i o l e t s p e c t r a ( U . V . ) were d e t e r m i n e d i n 

e t h a n o l i c s o l u t i o n s u s i n g a C a r y 14 s p e c t r o p h o t o m e t e r ; and i n 

f r a r e d s p e c t r a ( I . R . ) were taken on a P e r k i n Elmer Model 137B 

s p e c t r o p h o t o m e t e r i n c h l o r o f o r m s o l u t i o n s u s i n g matched 0 .1 mm. 

c e l l s u n l e s s s t a t e d o t h e r w i s e . O p t i c a l r o t a t i o n measurements 

were taken on a Rudolph i n s t r u m e n t i n c h l o r o f o r m s o l u t i o n s w i t h 

one d e c i m e t e r t u b e s . N u c l e a r magnetic resonance s p e c t r a ( N . M . R . ) 

were t a k e n on a V a r i a n A60 Mc i n s t r u m e n t i n d e u t e r i o c h l o r o f o r m 

s o l u t i o n s u n l e s s i n d i c a t e d o t h e r w i s e . The mass s p e c t r a were 

d e t e r m i n e d on an A . E . I . MS 9 Double F o c u s i n g Mass S p e c t r o m e t e r . 

E l e m e n t a l m i c r o a n a l y s e s were c a r r i e d out b y D r . A . B e r n h a r d t 

and h i s a s s o c i a t e s at the Max P l a n c k I n s t i t u t e , M u l h e i m , Ruhr , 

West-Germany. 

The U . V . maxima are r e p o r t e d i n m i l l i m i c r o n s ; p e r t i n e n t 

I . R . peaks are r e p o r t e d i n cm J ; and the N . M . R . peaks are r e 

p o r t e d i n X u n i t s w i t h the c o u p l i n g c o n s t a n t s , J , r e p o r t e d i n 

c y c l e s / s e c ; the ass ignments o f the N . M . R . peaks and the c o u p l i n g 

c o n s t a n t s are e n c l o s e d i n b r a c k e t s . The mass s p e c t r a d a t a are 

r e p o r t e d as m/e; a r a t i o n a l e o f the complete s p e c t r a has not 

been a t t e m p t e d ; however, i n a d d i t i o n to the p a r e n t peak s e v e r a l 

s t r o n g peaks w h i c h are p r o b a b l y i n d i c a t i v e of the l o s s of 

f u n c t i o n a l groups w i t h o u t rearrangement of the s k e l e t o n are 

r e p o r t e d ; the sugges ted fragment t h a t i s e l i m i n a t e d i s e n c l o s e d 
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i n b r a c k e t s . S t a n d a r d a b b r e v i a t i o n s f o r peak i n t e n s i t y ( I . R . ) 

and shape ( N . M . R . ) are u s e d . 

The u s u a l work-up i n c l u d e d washing t h r e e t imes w i t h w a t e r , 

d r y i n g w i t h sodium s u l f a t e and removal of the s o l v e n t on a 

r o t a r y e v a p o r a t o r at 4 5 ° , the l a t t e r b e i n g d e s i g n a t e d by the 

phrase i n v a c u o . 

The X - r a y i r r a d i a t i o n exper iments were c a r r i e d out u s i n g 

u n f i l t e r e d molybdenum r a d i a t i o n . The sample (up to 50mg) was 

p l a c e d i n a t h i n - w a l l e d , s o f t g l a s s c a p s u l e w h i c h was then 

p l a c e d i n the c a v i t y o f a s t a i n l e s s s t e e l b l o c k . The b l o c k was 

a t t a c h e d to the X - r a y tube o u t l e t . 

T h i n - l a y e r chromatography ( T . L . C . ) was c a r r i e d out w i t h 

s i l i c a g e l G ( a c c . to S t a h l ) p l a t e s u n l e s s i n d i c a t e d o t h e r w i s e . 

D e t e c t i o n was c a r r i e d out w i t h : U . V . i r r a d i a t i o n , i o d i n e vapor 

and c h a r r i n g w i t h a 5% e e r i e s u l f a t e / 1 0 % s u l f u r i c a c i d s p r a y . 

H i r s u t i c a c i d (1) 

The c rude sample p r o v i d e d by D r . N . G . H e a t l e y 1 4 was r e -

c r y s t a l l i z e d f rom e t h a n o l to g i v e c o l o r l e s s p r i s m s ; m . p . 1 7 9 - 1 8 0 ° ; 

M § 3 + 1 1 6 ° (c=1 .05) ; I . R . (CHC1 3 ) : 3520 w, 3200-2400 b , 2950 s , 

1700 v s , 1660 w, 920 s , 890 m; U . V . : end a b s o r p t i o n ; N . M . R . : 

4 .73 d , 5.00 d (Ha ,Hb: JHa , H b : He = 1 .9 , 2 . 6 , JHaHb =• 0 ) , 5.39m 

(He) , 6.54 d (Hd: JHcHd = 2 . 0 ) , 8.62 s (C13 m e t h y l ) , 8 .97s 

(C^g m e t h y l ) , 7.4 - 8.2 - 9 .0 (8 s k e l e t o n p r o t o n s ) ; A n a l . Found: 

C 68 .30 , H 7 .47 , C - , , - H 9 0 0 . r e q u i r e s : C 68 .16 , H 7 .63 . 
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X-ray i r r a d i a t i o n : 30mg. was bombarded fo r 42 hours, but 

an undepressed m.p., an infrared spectrum i d e n t i c a l with s t a r t 

ing material and only end absorption in the u l t r a v i o l e t region 

indicated that no rearrangement had occurred. 

p-Bromophenacyl hirsutate (2) 

150 mg. of h i r s u t i c acid (0.57 mmoles) and 160 mg. of 

p-bromophenacyl bromide (0.62 mmoles) were dissolved i n 15 ml. 

of potassium carbonate-dried acetone containing 1 g. of potass

ium carbonate. The mixture was refluxed for 50 min. under 

anhydrous conditions, then f i l t e r e d and the solvent removed in  

vacuo. T.L.C. indicated greater than 95% reaction had occurred. 

C r y s t a l l i z a t i o n from ether-petroleum ether, followed by two 

r e c r y s t a l l i z a t i o n s from benzene-ethanol gave a 50% y i e l d of 

co l o r l e s s prisms; m.p. 129-130°; H 2, 2 + 97° (c - 1.55); T.L.C. 

(benzene:ether, 1:1): R f = 0.5; I.R. (CHClg): 3600 m, 3500 w, 

2920 m, 1735 vs, 1705 vs, 1660 w, 1590 vs, 920 s, 890 m; U.V.: 

255 my ( 15,500); N.M.R.: 2.18 nq, 2.37 nq (4 aromatic protons, 

J=9), 4.71 s (phenacyl methylene), 4.70 d, 498 d (Ha,Hb, JHaHb -

0, JHa,Hb : He = 2.1), 5.36 b (He), 6.52 d (Hd, JHcHd - 2.1), 

8.57 s ( C 1 3 methyl), 8.95 s ( C 1 5 methyl), 7.3 - 8.2 - 9.0 (8 

skeleton protons); mass spec.: 460, 462 (parent), 445, 447 ( - C H 3 ) , 

442, 444 (-H20), 263 (-CH2C0C6H4Br),245 (263 + - H 20), 219 (-C02 

CH 2COCgH 4Br), 201 (219 + - H 20); Anal. Found: C 60.08, H 5.78, 

Br 17.44, C 2 3 H 2 5 0 5 B r requires: C 59.88, H 5.46, Br 17.30, 

X-ray i r r a d i a t i o n product (15) 
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(i) 3 mg. of a n a l y t i c a l l y pure p-bromophenacyl ester was 

bombarded and the rate of reaction followed by T.L.C. After 

about 10 hours the reaction was complete with about 60% of the 

ester being converted. The i r r a d i a t e d sample showed a depressed 

m.p. 70-100°, an enhanced U.V. maximum 255 (£=17,900) and en

hanced absorption in the infrared region at 3500 cm - 1. 

( i i ) Single c r y s t a l s were^mounted on both the Weissenberg 

camera and the Spectrogoniometer (X-ray structure determination 

conditions). After 15 hours i r r a d i a t i o n (Cu-K«) they were 

crushed separately. Pieces from both c r y s t a l s had depressed 

m.p. and exhibited a spot on T.L.C. plates corresponding to the 

rearrangement product (15). 

( i i i ) On a preparative scale, 200 mg. of c_a. 95-98% pure 

ester was i r r a d i a t e d for 60 hours. For t h i s impure ester only 

30-40% conversion was obtained. Separation of the s t a r t i n g 

material and rearranged products was carried out by preparative 

T.L.C. using two s i l i c a gel plates (20 x 60 x 0.05 cm.) con

taining G.E. phosphor and developed along the long axis with 

benzene:ether, 1:4 for 24 hours. The compounds were eluted from 

the s i l i c a with ether; the recovered ester c r y s t a l l i z e d instantly; 

however the rearrangement product did not c r y s t a l l i z e . It 

appears that the l a t t e r decomposes p a r t i a l l y on elution from 

s i l i c a . Therefore the spectral data were acquired using the 

o i l (ca. 95% pure). ["*lp9+ 30° (c = 1.10); T.L.C. (benzene: 

ether, 1:1): Rf - 0.45; I.R. ( o i l ) : 3480 s, 2920 s, 1735 s (sh), 

1720 vs, 1705 vs, 1625 ra, 1585 s, 910 m; U.V.: 255 mp (€18,500); 
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N.M.R.: 2.20 nq, 2.40 nq (4 aromatic protons, J •= 9) , 4.72 s 

(phenacyl methylene), 3.96s, 4.72 s (Ha,Hb, JHaHb - 0 ) , 7.48 s 

(Cg methylene), 8.58 s ( C 1 3 methyl), 8.85 s ( C 1 5 methyl), 7.3-

8.3-9.0 (8 skeleton protons). 

Methyl hirsutate (3) 

1 g. of h i r s u t i c acid was dissolved in 30 ml of ether and 

cooled to 0°. Freshly prepared diazomethane/ether s o l u t i o n 2 1 

was added dropwise at 0° u n t i l an excess was c l e a r l y indicated. 

The excess reagent was destroyed with d i l u t e acid and the ether 

layer washed, dried, f i l t e r e d and removed in vacuo. R e c r y s t a l l 

i z a t i o n from ethanol gave a quantitative y i e l d of the methyl 

ester as col o r l e s s prisms; m.p. 161-162°;[°0j)O+ 119° (c = 2.25); 

T.L.C. (benzene:ether, 1:1): R f - 0.4; I.R. (CHClg): 3660 m, 

3500 w, 3000 s, 1720 vs, 1655 w, 1160 vs, 915 s, 885 m; N.M.R. 

(100 Mc): 4.72 d, 5.00 d (Ha,Hb, JHaHb = 0, JHa,Hb:He =• 2.1, 

2.7), 5.40 b(Hc), 6.55 d (Hd, JHcHd - 1.9), 6.34 s (ester methyl), 

8.66 s (C13 methyl), 8.97 s ( C 1 5 methyl), 7.4-8.2-9.0 (8 skelet

on protons); mass s p e c : 278 (parent), 263 (-CH3) , 260 (-HgO), 
219 (-C0 2CH 3), 201 (219+ - H 20); Anal. Found: C 69.09, H 7.98, 
C16 H22°4 requires: C 69.04, H 7.97. 

X-ray i r r a d i a t i o n : 100 mg. of methyl hirsutate was bom

barded f o r 150 hours. The ir r a d i a t e d sample had a depressed 

m.p. 105-140° and T.L.C. indicated c_a. 30% conversion to a new 

product had occurred. The u l t r a v i o l e t spectrum of the ir r a d i a t e d 

sample exhibited a maximum at 238 my; but the new product was 

shown to be d i f f e r e n t from the manganese dioxide oxidation 
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product (7) by comparative T.L.C. The new product (16) was 

separated from s t a r t i n g material by preparative T.L.C, how

ever considerable decomposition of the former resulted during 

i t s e l u t i o n and subsequent handling. The spectral data were 

acquired with c_a. 70% pure product. The U.V. spectrum appeared 

to be dominated by the impurities (Amax 246 mp,6 11,000, eg. 

A® - 5 - keto chromophore); however the infrared and N.M.R. 

data were consistent with structure (16); I.R. ( o i l ) : 3400 m, 

1725 vs, 1620 s, 1160 vs, 880 m; N.M.R.: 4.12 s, 4.82 s (Ha,Hb, 

JHaHb = 0), 6.35 s (ester methyl), 8.61 s ( C 1 3 methyl), 8.82 s 

( C 1 5 methyl), 7.2 - 8.4 - 9.0 (8 skeleton protons); T.L.C 

(benzene:ether, 1:1): Rj = 0.6. 

Ethyl hirsutate chlorohydrin (4) 

100 mg. of h i r s u t i c acid was dissolved in 20 ml. ethanol 

and 2 ml. cone. HC1 added. The solution was refluxed on a 

steam bath f o r 5 hours; the ethanol was removed in vacuo, ether 

added and the ether layer washed, dried and evaporated. Cry

s t a l l i z a t i o n from ether-petroleum ether followed by two recry

s t a i l i z a t i o n s from benzene-petroleum ether gave a 50% y i e l d of 

col o r l e s s prisms; m.p.: 95-96; [<*]p3 + 67° (c = 2.42); T.L.C 

(benzene:ether, 1:1): Rf = 0.4; U.V.: end absorption; I.R.: 3610 m, 

3480 m, 2980 s, 1720 vs, 1665 w, 1190 vs, 910 s; N.M.R.: 4.68 d, 

4.81 d (Ha,Hb, JHaHb = 0, JHa,Hb:He = 2.0, 2.0), 5.7b (He), 

6.04 d (Hd, JHcHd = 9), 5.86 q, 8.76 t (ester ethyl, J = 7), 

8.67 s ( C 1 3 methyl), 8.87 s ( C 1 5 methyl), 7.4 - 8.4 - 9.0 (8 

skeleton protons); Anal. Found: C 62.32, H 7.48, C l 10.34, 
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C 1 7 H 2 5 ° 4 C 1
 R E Q U I R E S - C 62.09, H 7.67, C l 10.80. 

Three reactions supported the s t r u c t u r a l assignment (4): 

(i) Attempted isopropylidene formation: 

30 mg. of the chlorohydrin was dissolved in 15 ml. dry 

acetone containing 1.5 g. anhydrous copper sulphate, and the 

mixture shaken f o r 2 days. T.L.C. showed that no reaction had 

occurred, and s t a r t i n g material was recovered. 
22 

( i i ) Negative periodate test * 

( i i i ) Monoacetate formation (10): 

30 mg. of chlorohydrin was acetylated (2 ml. pyridine + 

1 ml, acetic anhydride) for 3 days. The solution was added to 

cold water and then extracted with chloroform. The organic 

layer was washed, dried and removed i n vacuo; the pyridine was 

azeotroped o f f with toluene i n vacuo. T.L.C. of the residue 

indicated a single product which was characterized as the 

monoacetate of (4) from Its s p e c t r a l properties; T.L.C. (benzene: 

ether, 1:1): R f - 0.7; I.R. ( o i l ) : 3480s, 2940 s, 1735 vs, 

1725 vs. 1655 w, 1370 s, 915 s, 870 m; N.M.R.: 4.81 d (Ha,Hb, 

JHaHb - 0, JHa.Hb - He - 2.1), 5.8 b (He), 5.81 d (Hd, JHcHd -

8.5), 5.85 q, 8.75 t (ester e t h y l , J °> 7) , 7.87 s (acetate 

methyl), 8.67 s (C13 methyl), 8.86 s ( C 1 5 methyl), 7.3 - 8.4 -

9 . 0 (8 skeleton protons). 
Lithium aluminum hydride reduction product (5) 

The experiments concerning the preparation and subsequent 

transformations of (5) were c a r r i e d out with Dr. I.H. Qureshi, 

whose assistance i s g r a t e f u l l y acknowledged. 
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500 mg. of methyl hirsutate in 25 ml. tetrahydrofuran was 

added dropwise to a ref l u x i n g solution of 2g. L i A l H 4 i n 100 ml. 

tetrahydrofuran, and the mixture refluxed f o r 5 hours. Excess 

L i A l H 4 was decomposed cautiously with ethyl acetate followed by 

a saturated solution of ammonium chloride. The product was 

extracted with ether and the organic layer washed, dried and re

moved in vacuo. R e c r y s t a l l i z a t i o n from ethanol gave a 30% 

y i e l d of co l o r l e s s prisms; m.p. 117-118°; M^9 + 54° (c - 1.13); 

I.E. (CHC1 3): 3500 s, 2900 s, 1655 w, 910 s; N.M.R. (100 Mc), 

CDCI3: 4.82 q. 5.03 q (Ha,Hb, JHaHb = 0.5, JHa,Hb:He - 1.8, 1.9), 

5.50 b (He), 6.70 s ( C 1 2 methylene), 8.90 d (6H, C 1 3 and C 1 5 

methyls, 1 cps) , 7.4 - 9.0 (8 skeleton protons), (CD3)2CO: 

4.91 q, 5.10 q, 5.6 b, 6.76 s, 8.92 d (6H), 7.4 - 9.0 (8H), and 

broad peaks at 6.19, 6.53, 7.15 believed due to three hydroxyl 

protons, (CD3)gCO/HCl: hydroxyl peaks disappear and He appears 

as a t r i p l e t of t r i p l e t s (121 242 121) pattern, (J - 1.8, 6); 

mass s p e c : 252 (parent), 234 (-H20), 221 (-CH2OH) , 216 (-2H20) , 

31 (CH 2OH +); Anal. Found: C 70.92, H 9.09, C 1 5H240 3 requires: 

C 71.39, H 9.59. 

The reduction product (5) was characterized further by 

several transformations: 

(i) Diacetate formation (11): 

Acetic anhydride/pyridine acetylation of (5) gave an o i l 

which was shown to be the diacetate (11) from i t s spectral 

properties; I.R. (CHCI3): 3560 m, 3460 m, 2910 s, 1725 vs, 

1655 w, 1365 s, 910 s, 865 w; N.M.R. (100 Mc) : 4.80 d, 4.91 d 

(Ha,Hb, JHaHb = 0, JHa,Hb:Hc - 1.9,1.9), 4.47 m (He, 121 1331 121 
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pattern, J » 7.7, 5.8, 1.9 ( t r i p l e t ) ) , 6.18 s ( C i 2 methylene), 

7.94 s (6H, two acetate methyls), 8.89 d (6H, C 1 3 and C 1 5 methyl 

<5= 1.5 cps); 7.4 - 9.0 (8 skeleton protons). 

( i i Chromic acid oxidation product (12): 

33 mg. of (5; 0.13 m moles) in 1 ml. pyridine was added to 

a solution of 13 mg. chromic acid (0.13 mmoles) i n 0.5 ml. 

pyridine. After 16 hours the mixture was pourred into ice and 

d i l u t e HC1, then extracted with ether. The organic layer was 

washed, dried and removed in vacuo to y i e l d 18 mg. of a gum. 

The spectral properties of the residue suggest oxidation of the 

secondary hydroxyl (Cg) has occurred; I.R. (CHCI3): 3400 s, 

2900 s, 1720 vs, 1640 m; U.V.: 234 mP; N.M.R.: 4.0 s, 4.8 s 

(Ha,Hb, JHaHb =• 0), 6.65 s ( C 1 2 methylene), 7.48 s (C g methylene 

8.85 ( C 1 5 methyl), 8.90 ( C 1 3 methyl), 7.2 - 8.5 (8 skeleton 

protons). 

( i i i ) C a t a l y t i c hydrogenation 

28 mg. of (5) i n 30 ml. ethanol was hydrogenated using 

platinum oxide. The spectral data of the residue was consistent 

with reduction of the exocyclic methylene group; I.R. ( o i l ) ; 

3400 vs; N.M.R. (CD 3) 2CO: 6.0 b (He), 6.55 b (2 or 3 hydroxyl 

protons, removed with D 20), 6.75 s (C^ 2 methylene), 8.95 s 

( C 1 3 methyl), 9.06 s (C15 methyl), 9.05 d ( C 1 4 methyl, J » 6), 

7.4 - 9.0 (8 skeleton protons). 

Acetylation of the hydrogenation product above gave a 
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residue which by i t s spectral properties was a diacetate, I.R. 

( o i l ) : 3450 m, 2900 s, 1720 vs, 1370 vs; N.M.R. (CD 3) 2CO: 5.0 b 

(He), 6.19 s ( C 1 2 methylene), 7.92 s, 7.99 s (6H, two acetate 

methyls), 8.95 s ( C 1 3 methyl), 9.05 s ( C 1 5 methyl), 9.05 d ( C 1 4 

methyl, J =» 4) , 7.4 - 9.0 (8 skeleton protons) . 

Methyl hirsutate acetate (6) 

145 mg. of methyl hirsutate was dissolved i n 2 ml. dry 

pyridine and 2 ml. acetic anhydride added. The solution was 

l e f t standing for 4 days with occasional swirling, and then 

the organic reagents were removed under high vacuum; ethanol was 

added to remove traces of acetic anhydride. The residue appear

ed to be at least 95% homogeneous by T.L.C, however c r y s t a l l 

i z a t i o n could not be induced. The residue was sublimed at 85° 

(0.02 mm Hg) to give a homogeneous, co l o r l e s s o i l . This o i l 

was characterized as the monoacetate;["^ID^ + 106° (c = 1.78, 

11.1); T.L.C. (benzene: ether, 1:1):- RF - 0.75); I.R. (CHC13) : 

2990 s, 1735 s, 1725 vs, 1675 w, 1375 s, 1210 vs, 1170 s, 915 s, 

875 w; N.M.R.: 4.29 d, 4.92 d (Ha,Hb, JHaHb - 0, JHa,Hb:Hc = 

2.2, 2.2), 4.98 m (He), 6.44 d (Hd, JHcHd - 2.0), 6.33 s (ester 

methyl), 7.85 s (acetate methyl), 8.65 s ( C 1 3 methyl), 8.91 s 

( C 1 5 methyl), 7.4 - 8.2 - 9.0 (8 skeleton protons); Anal. Found: 

C 67.87, H 7.59, C 1 8H 2 4C> 5 requires: C 67.48, H 7.55. ' 

Manganese dioxide oxidation product (7) 

1 g. of active manganese dioxide was added to a solution 

of 155 mg. methyl Hirsutate in 15 ml. chloroform and the mixture 
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was shaken f o r 1 d a y . The s o l u t i o n was f i l t e r e d and the s o l v e n t 

removed in. v a c u o . C r y s t a l l i z a t i o n f rom e t h e r - p e t r o l e u m e t h e r , 

f o l l o w e d by two r e c r y s t a i l i z a t i o n s f r o m b e n z e n e - p e t r o l e u m e ther 

gave a 50% y i e l d o f c o l o r l e s s p r i s m s ; m . p . 1 0 3 - 1 0 4 ° ; [ « ] ^ 2 - 9 6 ° 

(c = 2 . 2 3 ) ; T . L . C . ( b e n z e n e : e t h e r , 1 : 1 ) : R f - 0 . 8 ; U . V . : 231 mp 

(€ =• 5350) ; I.R. ( C H C l g ) : 2980 s , 1727 v s , 1720 v s , 1645 m, 

1170 s , 915 m, 885 m; N.M.R.:3*92 s , 4 .69 s (Ha ,Hb, JHaHb = 0 ) , 

6 . 5 8 s (Hd) , 6.34 s ( e s t e r m e t h y l ) , 8.62 s ( C 1 3 m e t h y l ) , 8.82 s 

( C 1 5 m e t h y l ) , 7.3 - 8.1 - 9 .0 (8 s k e l e t o n p r o t o n s ) ; A n a l . Found: 

C 6 9 . 6 1 , H 7 .34 , C 1 6 H 2 ( ) 0 4 r e q u i r e s : C 69 .54 , H 7 .30 . 

D i h y d r o m e t h y l h i r s u t a t e (8) 
i 

70 mg. of 5% P d / c h a r c o a l c a t a l y s t was added to 6 m l . e t h y l 

a c e t a t e and h y d r o g e n a t e d ; a f t e r 45 m i n . 50 mg. o f m e t h y l 

h i r s u t a t e was i n t r o d u c e d and s h a k i n g c o n t i n u e d f o r 35 m i n . ; the 

r e a c t i o n was o v e r i n 3 m i n . w i t h 1 mole e q u i v a l e n t of hydrogen 

b e i n g a b s o r b e d . The s o l u t i o n was f i l t e r e d through a d e l i t e pad 

and the s o l v e n t removed i_n v a c u o . Two r e c r y s t a i l i z a t i o n s from 

e t h y l a c e t a t e gave a 25% y i e l d o f c o l o r l e s s p r i s m s ; m . p . : 

119 - 120°;[<*]g 3 + 2 5 ° (c « 1 . 7 0 ) ; T . L . C . (benzene: e t h e r , 1 : 1 ) : 

R f = 0 . 4 ; I.R. ( C H C 1 3 ) : 3600 w, 3460 w, 2980 s , 1720 v s , 1165 v s , 

920 m, 885 w; N.M.R.: 5 .9 b ( H e ) , 6.77 d (Hd, JHcHd = 2 . 0 ) , 6.40 s 

( e s t e r m e t h y l ) , 8.70 s ( C 1 3 m e t h y l ) , 9 .10 s ( C 1 5 m e t h y l ) , 9 .05 d 

( C 1 4 m e t h y l , J = 6 . 0 ) ; A n a l . Found: C 67 .99 , H 8 .48 , C 1 6 H 2 4 0 4 

r e q u i r e s : C 68 .54 , H 8 .64 . 

X - r a y i r r a d i a t i o n : 45 mg. o f d i h y d r o m e t h y l h i r s u t a t e was 
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bombarded f o r 50 h o u r s . A f t e r i r r a d i a t i o n the sample was a 

l i q u i d and T . L . C . ( a lumina p l a t e , CHCI3) i n d i c a t e d t h a t about 

70% rearrangement had o c c u r r e d . The s p e c t r a l d a t a can be 

r a t i o n a l i z e d by assuming the i r r a d i a t e d sample c o n t a i n s 30% 

s t a r t i n g m a t e r i a l and 70% rearrangement p r o d u c t (17 ) . The l a t t e r 

i s b e l i e v e d to be the d i h y d r o compound analogous to (16) . U . V . : 

288 sh (€ =25); I . R / ( o i l ) : 3450 s , 2960 s , 1730 v s , 1720 v s , 

1165 s , 915 w; N . M . R . (CHCI3): 5 .9 b (1/3 H , H e ) , 6.77 d (1/3 H , 

H d ) , 6.34 s ( I H ) , 6.36 s (2H, e s t e r m e t h y l ) , 7.62 s (4/3 H , 

C 6 m e t h y l e n e ) , 8.69 s (3H, C13 m e t h y l ) , 8 .96 , 9 .09 s (6 H , C 1 5 

methyl and C 1 4 m e t h y l , J - 8 ) , CgHg: 6.94 d ( 1 / 3 H ) , 6.54 s ( I H ) , 

6 .59 s (2H) , 7.74 (4/3 H ) , 8.74 s (3H), 8 . 9 5 , 9 . 0 4 , 9 . 0 6 , 9 . 1 5 s 

(6H 5 J - 7 ) . 

Osmium t e t r o x i d e o x i d a t i o n p r o d u c t (9) 

A s o l u t i o n o f 200 mg. m e t h y l h i r s u t a t e (0.72 mmoles) and 

267 mg. of osmium t e t r o x i d e (1 .05 mmoles) i n 10 m l . d r y d i o x a n 

was a l l o w e d to s t a n d f o r 14 days p r o t e c t e d f rpm l i g h t . The 

b l a c k s o l u t i o n was s a t u r a t e d w i t h hydrogen s u l f i d e f o r 30 m i n . 

and then the osmium s u l f i d e p r e c i p i t a t e removed by f i l t r a t i o n 

t h r o u g h a c e l i t e p a d . A f t e r removal of the s o l v e n t i n v a c u o , 

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 gave a 10% y i e l d o f t r i o 1 as a 

c o l o r l e s s powder; m . p . 1 6 5 - 1 7 3 ° ; [o<] 2 2 0 ° (c = 1 . 27 ) , I . R . (CHCI3) : 
3500 s , 2970 s , 1725 v s , 1180 s, 915 m, 875 w; N . M . R . (DMF): 

6 .35 s ( e s t e r m e t h y l ) , 8.61 s ( C 1 3 m e t h y l ) , 9 .08 s ( C 1 5 m e t h y l ) , 

5 .7 - 8.4 - 9 .0 ( o t h e r p r o t o n s p o o r l y r e s o l v e d ) ; A n a l . Found: 

C 60 .94 , H 7 .44 , C 1 6 H 2 0 f i r e q u i r e s : C 61 .52 , H 7 .75 . 
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O z o n o l y s i s 

T h i s experiment was c a r r i e d out by D r . I . .H . Q u r e s h i . 

To a s o l u t i o n o f 53 mg.methyl h i r s u t a t e i n 20 m l . d i c h l o r o -

methane at - 7 8 ° was b u b b l e d a s t ream of o z o n i z e d oxygen f o r 1 

h o u r . The o z o n i d e was decomposed by warming w i t h water and the 

r e a c t i o n m i x t u r e steam d i s t i l l e d . The d i s t i l l a t e was t r e a t e d 

w i t h 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e . 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 

gave y e l l o w c r y s t a l s ; m . p . 1 6 2 - 1 6 3 ° , undepressed mixed m . p . w i t h 

a u t h e n t i c formaldehyde 2, 4 - d i n i t r o p h e n y l h y d r a z o n e d e r i v a t i v e . 

4ft, 5 - e p o x y - 5 f t - c h o l e s t a n -3P - o l (21) 

C h o l e s t - 4 - e n - 3 - o n e (19) was p r e p a r e d f rom c h o l e s t e r o l (18) 

by o x i d a t i o n w i t h J o n e s ' Reagent 24 ,25 f o l l o w e d by i s o m e r i z a t i o n 

26 
w i t h o x a l i c a c i d a c c o r d i n g to F i e s e r . 

C b o l e s t - 4 - e n - 3 P - o l (20) was. p r e p a r e d by l i t h i u m aluminum 

h y d r i d e r e d u c t i o n of c h o l e s t - 4 - e n - 3 - o n e (19) f o l l o w e d by s e p a r a t i o n 

f rom the <*-isomer v i a the d i g i t o n i d e a c c o r d i n g to McKennis and 

G a f f n e y 2 7 . O x i d a t i o n o f (20) w i t h m - c h l o r o p e r b e n z o i c a c i d 2 ® i n ^ 

c h l o r o f o r m at 0 ° f o r 36 hours gave a homogeneous o i l w h i c h 

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

f rom methanol gave 4p, 5 - e p o x y - 5 P - c h o l e s t a n - 3 0 - o l (21) as c o l o r 

l e s s p r i s m s ; m . p . 9 5 - 9 7 ° , M f ) 0 + 5 . 7 ° (c - 3 . 1 4 ) , I . R . (nu'jol) : 

3450 s ; ( c f . P l a t t n e r 2 8 : m . p . 9 5 - 9 6 ° , [ < O d + 5 . 4 ° ) . 

X - r a y i r r a d i a t i o n : a few mg. of 4p, 5 - e p o x y - 5 p - c h o l e s t a n -

3 P - o l (21) was bombarded f o r 2 d a y s . However, T . L . C . e v i d e n c e , 
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an undepressed m.p. and negligible absorption in the.U.V. spect
rum confirmed that no rearrangement had occurred. 

4P, 5-epoxy-5P-cholestan-3*-ol (23) 

4p, 5-epoxy-5P-cholestan-3-one (22) was prepared from 
cholest-4-en-3-one (19) by alkaline hydrogen peroxide epoxidation 
according to Plattner. Catalytic hydrogenation of (22) gave 
a crude mixture which failed to yield a sharp melting compound 
by successive recrystallizations from methanol. However column 

30 

chromatography with grade III Woelm neutral alumina and elution 
with benzene, followed by recrystallization from methanol gave 
4P, 5-epoxy-5P-cholestan-3o<-ol (23) as colorless prisms; m.p. 
1 6 3 - 1 6 4 ° , H 2 ) 0 + 2 5 ° (c « 0 . 4 1 ) , I.R. (nujol): 3450 s (sharp); 
(cf. Plattner 2 9 m.p. 1 5 8 - 1 5 9 ° , [«0 D + 3 1 . 4 ° ; C o l l i n s 3 0 m.p. 161-
1 6 2 ° , [o<] D + 25°) . 

X-ray irradiation: a few mg. of 4P, S-epoxy-Sp-cholestan-S*-
ol (23) was bombarded for 2 days yielding material of depressed 
m.p. 1 5 4 - 1 6 1 ° . 30 mg. was irradiated for, 1 week yielding mater
i a l of m.p. 1 4 0 - 1 5 7 ° . Comparative infrared spectra (KBr) of 
starting material and the irradiated sample showed broad absorp
tion in the carbonyl region of the latter with a weak maximum 
at 1715 cm"1. The U.V. spectrum of the irradiated sample also 
possessed a maximum at 240 my (€ m 2 3 6 ) . T.L.C. (alumina, 
benzene:ether 4:1) showed the major component was starting 
material, ca. 90-95%, R̂  = 0.52, but at least four new products 
also were indicated: Rj = 0.03, c_a. 5%; R̂  = 0.82, ca. 1%; 
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R f = 0 . 35 , c a . 0.1%; R f = 0 .10 , c a . 0.1%. Of the new p r o d u c t s , 

the major component ( c a . 5%) as w e l l as one o f t h e . m i n o r ones 

(Rj = 0.10) remain u n i d e n t i f i e d . The 1% component (R^ =» 0.82) 

i s b e l i e v e d to be c h o l e s t - 4 - e n - 3 - o n e (19) by c o m p a r a t i v e T . L . C . 

and U . V . e v i d e n c e . (From the U . V . d a t a the amount of c h o l e s t - 4 -

e n - 3 - o n e (/\max 240 mp,€ = 1 6 , 0 0 0 ) 3 1 c o u l d not be more than 1.5%.) 

The o t h e r minor component has the same R j v a l u e (0.35) as the 

e x p e c t e d rearrangement p r o d u c t , 5P - h y d r o x y c h o l e s t a n - 3 - o n e (25) . 

S f t - h y d r o x y c h o l e s t a n - S - o n e (25) 

L i t h i u m aluminum h y d r i d e r e d u c t i o n o f 4P, 5 - e p o x y - 5 P - c h o l e s t a n -

3-one (22) a c c o r d i n g to P l a t t n e r 2 ® gave a m i x t u r e of the 3, 5P-

d i h y d r o x y c h o l e s t a n e i s o m e r s . O x i d a t i o n o f the m i x t u r e w i t h 

J o n e s ' r e a g e n t 0 * and s u c c e s s i v e r e c r y s t a i l i z a t i o n s f r o m methanol ° 

and n-hexane gave 5 P - h y d r o x y c h o l e s t a n - 3 - o n e (25) as c o l o r l e s s 

p l a t e s ; m . p . 1 5 9 - 1 6 1 ° , ( ^ l 2 , 4 + 4 5 ° , I . R . ( n u j o l ) : 3400 s ( s h a r p ) , 

1720 s ; ( c f . P l a t t n e r 3 3 m . p . 1 5 2 - 1 5 3 ° , M D + 6 2 . 3 ° ; B u r g e s s 3 2 

m . p . 1 5 8 - 1 5 9 ° ) . 

X-RAY DATA: 

C r y s t a l s of the p-bromophenacyl e s t e r o f h i r s u t i c a c i d C 

are c o l o r l e s s p r i s m s e l o n g a t e d a l o n g a., w i t h (001) and (010) 

d e v e l o p e d . The d e n s i t y was measured by f l o t a t i o n i n aqueous 

p o t a s s i u m i o d i d e ; and the u n i t - c e l l d i m e n s i o n s and space group 

were d e t e r m i n e d f rom v a r i o u s r o t a t i o n , Weissenberg and p r e c e s s 

i o n photographs and on the G . E . s p e c t r o g o n i o m e t e r . D u r i n g the 
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a n a l y s i s i t became apparent t h a t i r r a d i a t i o n was i n i t i a t i n g 

a m o l e c u l a r r e a r r a n g e m e n t , w h i c h , however, produced o n l y v e r y 

minor changes i n c r y s t a l s t r u c t u r e . One m a n i f e s t a t i o n o f t h i s 

rearrangement was a s m a l l change i n u n i t - c e l l p a r a m e t e r s ; u n i t -

c e l l d i m e n s i o n s c o r r e s p o n d i n g as c l o s e l y as p o s s i b l e to those 

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

r e l a t i v e l y s h o r t e x p o s u r e s , and the f i n a l c e l l d i m e n s i o n s were 

measured on the S p e c t r o g o n i o m e t e r a f t e r the c o m p l e t i o n o f the 

i n t e n s i t y measurements. 

C r y s t a l Data (A, C u - K « = 1 . 5 4 1 8 S; "A, Mo-K« =0.7107 X) 

p - b r o m o p h e n a c y l e s t e r of h i r s u t i c a c i d , C23H25Oj.Br; M =» 4 6 1 . 3 . 

O r t h o r h o m b i c , i n i t i a l : a = 6.49 + 0 .03 , b = 9.14 + 0 .03 , c =» 

35.64 + 0.08 X, f i n a l : a = 6.56 + 0 . 0 3 , b = 9 .38 + 0 .03 , c -

35.14 + 0 .08 8 . U = 2114 % 3 ( i n i t i a l ) , 2162 X3 ( f i n a l ) ; 

D '=» 1.46 + 0 .01 ( u n i r r a d i a t e d c r y s t a l ) , Z - 4 , D » 1.45 
va c 

( i n i t i a l ) , 1.42 ( f i n a l ) . A b s o r p t i o n c o e f f i c i e n t f o r X - r a y s , 

p ( C u - K « ) = 31 c m " 1 . F (000) - 952. Space group P 2 1 2 ] 2 1 ( D ^ ) ; 

absent s p e c t r a : hoo when h i s o d d , oko when k i s o d d , o o l 

when 1 i s o d d . 

Three c r y s t a l s were used to o b t a i n two complete s e t s of 

t h r e e - d i m e n s i o n a l i n t e n s i t y d a t a . The two main c r y s t a l s had 

d i m e n s i o n s 1 . 1 , 0 .02 and 0 .1 mm. p a r a l l e l to a , b and c r e s 

p e c t i v e l y . One c r y s t a l was used to r e c o r d the i n t e n s i t i e s on 

f i l m , and the o t h e r f o r d i r e c t i n t e n s i t y measurement by c o u n t e r 

t e c h n i q u e s . In the f i l m measurements, the i n t e n s i t i e s of the 

O k l , l k l . . . 4 k l l a y e r s were r e c o r d e d on e q u i - i n c l i n a t i o n 

http://C23H25Oj.Br
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Weissenberg films with Cu-K^ radiation, and were estimated 

v i s u a l l y . The layers were scaled i n i t i a l l y by timing the ex

posures. A t h i r d , larger c r y s t a l was used for recording the 

weakest re f l e x i o n s . A t o t a l of 800 reflexions was observed, 

150 of these being very weak and v i s i b l e only on the films 

of the larger c r y s t a l . 

For the counter data, the c r y s t a l was s i m i l a r l y mounted 

about the a axis. The i n t e n s i t i e s of a l l reflexions with 2© 

(Cu-K«)^102° (corresponding to a minimum interplanar spacing 

d =» 0.99 °0 were measured on a General E l e c t r i c XRD-5 Spectro-

goniometer, with S i n g l e - c r y s t a l Orienter, s c i n t i l l a t i o n counter, 

approximately monochromatic Cu-K^ radiation (nickel f i l t e r and 

pulse-height analyser) and using the moving crystal-moving 

counter technique. 1 3 Of the 1379 reflexions in the range 0 <• 

2©<102°, 798 had i n t e n s i t i e s greater than twice the background, 

and these were used in the structure determination and r e f i n e 

ment. F i n a l structure factors were calculated also f o r the 186 

reflex i o n s with i n t e n s i t y between one and two times the back

ground, and f o r the 395 unobserved re f l e x i o n s . For both the 

v i s u a l and counter data, the appropriate Lorentz and p o l a r i z a t 

ion factors were applied and the structure amplitudes derived. 

No absorption corrections were considered necessary. 

Structure Analysis: 

The v i s u a l data, obtained f i r s t , was used in the prelimin

ary stages of the s t r u c t u r a l analysis. The position of the 

bromine atom was determined from the three Harker sections of 



I l l 

the t h r e e - d i m e n s i o n a l P a t t e r s o n f u n c t i o n as (0 .101 , 0 .216 , 0 . 1 4 6 ) , 
« * 

and a t h r e e - d i m e n s i o n a l F o u r i e r s e r i e s was summed w i t h phases 

based on the bromine atom. On the r e s u l t i n g e l e c t r o n - d e n s i t y 

d i s t r i b u t i o n 28 o f the 29 n o n - h y d r o g e n atoms i n the m o l e c u l e 

were r e s o l v e d , the e p o x i d e oxygen atom (atom 17) b e i n g the m i s s 

i n g atom. S t r u c t u r e f a c t o r s were c a l c u l a t e d f o r the 28 atoms 

u s i n g the s c a t t e r i n g f a c t o r s f o r B r , C , 0 o f the I n t e r n a t i o n a l 

T a b l e s f o r X - r a y C r y s t a l l o g r a p h y , 4 and R, the u s u a l d i s c r e p a n c y 

f a c t o r , was 0 .44 . A second F o u r i e r s e r i e s was summed w i t h 

phases based on a l l 28 atoms, but the e l e c t r o n d e n s i t y map d i d 

not r e v e a l the f i n a l atom, and i n f a c t suggested some e r r o r s 

i n the l o c a t i o n of the atoms and s u b s t i t u e n t s o f r i n g C ; atom 

16 was r a t h e r p o o r l y d e f i n e d , and t h e r e was c o n s i d e r a b l e e l e c t r o n -

d e n s i t y near atoms 16 and 6. The e l e c t r o n - d e n s i t y map was 

r e c a l c u l a t e d , w i t h a l l the atoms of r i n g C o m i t t e d f rom the 

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

The p o s i t i o n a l and i s o t r o p i c t h e r m a l parameters were then r e 

f i n e d by ( b l o c k - d i a g o n a l ) l e a s t - s q u a r e s u s i n g a program f o r the 

IBM 1620 c o m p u t e r . ^ 4 The f u n c t i o n m i n i m i z e d was Zw (|F 0| - |Fc| ) , 

Four c y c l e s reduced R to 0 .34 . The s c a l e f a c t o r of each l a y e r 

M Br—2i 
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was then a d j u s t e d s e p a r a t e l y by a p p l i c a t i o n of the r e l a t i o n : 

k|Fo| = |Fc| exp ( A B S i n 2 Q / ^ 2 ) , and a f u r t h e r t h r e e l e a s t -

squares c y c l e s r e d u c e d R to 0 . 2 6 . 

At t h i s s t a g e the i n t e n s i t i e s were measured w i t h the 

c o u n t e r equipment , and the a n a l y s i s proceeded u s i n g the 798 

r e f l e x i o n s w i t h i n t e n s i t i e s g r e a t e r than t w i c e b a c k g r o u n d . S i n c e 

the measurements were r e l i a b l e f o r a l l but the v e r y weak r e 

f l e x i o n s , the w e i g h t i n g scheme used was /w~ =• 1 when |Fo| ^-25 

and v/w" = |Fo | /25 when Fo «< 25 . At t h i s s tage a l s o , the 

IBM 7040 computer was a v a i l a b l e and the c o m p u t a t i o n s were 

c a r r i e d out u s i n g F o r t r a n i v programmes d e v i s e d by P r o f e s s o r 

T r o t t e r . Two l e a s t - s q u a r e s c y c l e s u s i n g the c o o r d i n a t e s o f the 

28 atoms r e d u c e d R f rom 0.196 to 0 .170 . In an e f f o r t to l o c a t e 

the r e m a i n i n g atom t h r e e s e p a r a t e F o u r i e r s e r i e s were summed, 

w i t h phases based o n : ( i ) a l l 28 atoms, ( i i ) a l l atoms except 

5 , 6 , 7 , 1 6 , ( i i i ) atoms of the p-bromophenacyl group o n l y . In 

a d d i t i o n , a d i f f e r e n c e s y n t h e s i s based on the phases o f a l l 

atoms except 5 , 6 , 7 , 1 6 was c a r r i e d o u t . The t h r e e e l e c t r o n -

d e n s i t y d i s t r i b u t i o n s o b t a i n e d f rom the F o u r i e r s e r i e s summations 

were a l l v e r y s i m i l a r ; they c o n f i r m e d the p o s i t i o n s o f the atoms 

a l r e a d y f o u n d , and c o u l d bes t be i n t e r p r e t e d by p l a c i n g " h a l f -

atoms" at p o s i t i o n s 16, 16 1 and 17, 1 7 1 (see F i g u r e 4 ) . The 

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

p r e t a t i o n . F o u r c y c l e s of l e a s t - s q u a r e s reduced R to 0 .124 . 

At tempts to r e f i n e s t r u c t u r e s w i t h f u l l atoms i n any of the 

p o s i t i o n s 16, 1 6 1 , 17, 17 1 gave anomalously h i g h t h e r m a l p a r a 

meters f o r t h e s e atoms, and gave l a r g e r R v a l u e s . The c h e m i c a l 
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n a t u r e of these " h a l f atoms" and the bond d i s t a n c e s i n v o l v i n g 

them ( d i s c u s s e d l a t e r ) i n d i c a t e t h a t they are oxygen atoms. A 

f i n a l se t of s t r u c t u r e f a c t o r s was c a l c u l a t e d f o r a l l p l a n e s 

w i t h 2e (Cu-Ko<) ^ 1 0 2 ° ; the measured and c a l c u l a t e d v a l u e s f o r 

the 1379 p l a n e s are g i v e n in. T a b l e 1, R b e i n g 0.136 f o r the 984 

o b s e r v e d r e f l e x i o n s . A f i n a l t h r e e - d i m e n s i o n a l F o u r i e r s e r i e s 

was summed, and superimposed s e c t i o n s of the e l e c t r o n - d e n s i t y 

d i s t r i b u t i o n t a k e n through the atomic c e n t e r s are shown i n 

F i g u r e 5; a p e r s p e c t i v e d r a w i n g of the m o l e c u l e i s shown i n 

F i g u r e 4. 

Refinement w i t h the l e s s a c c u r a t e v i s u a l d a t a gave s i m i l a r 

r e s u l t s . However the e l e c t r o n - d e n s i t y d i s t r i b u t i o n f a v o r e d 

the s t r u c t u r e w i t h atoms at p o s i t i o n s 16, 17. T h i s p r e f e r e n c e 

was a l s o r e v e a l e d i n the d i s c r e p a n c y v a l u e : f o u r l e a s t - s q u a r e s 

c y c l e s u s i n g " h a l f - a t o m s " at p o s i t i o n s 16, 16 1, 17, 17 1 reduced 

R to 0.214; when " f u l l atoms" were used at p o s i t i o n s 16,17, R 

was c o r r e s p o n d i n g l y reduced to 0.216, i n s i g n i f i c a n t l y d i f f e r e n t . 

The v i s u a l s t r u c t u r e f a c t o r d a t a f o r the l a t t e r case are g i v e n 

i n T a b l e I A . 

At t h i s p o i n t , the X - r a y s t r u c t u r e a n a l y s i s was c o m p l e t e , 

and some c h e m i c a l i n f o r m a t i o n was r e q u i r e d to c l a r i f y the 

anomal ies i n the X - r a y r e s u l t s . The o r i g i n a l c r y s t a l s were 

pure p -bromophe na c yl e s t e r , but the r e s u l t s of the X - r a y a n a l y s i s 

sugges ted t h a t a f t e r i r r a d i a t i o n t h e r e was a m i x t u r e of at l e a s t 

two compounds i n the c r y s t a l , d i s t r i b u t e d r a n d o m l y . Thus i t 

appeared t h a t the m o l e c u l a r s t r u c t u r e , but not the c r y s t a l 
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T a b l e 1. Measured and c a l c u l a t e d s t r u c t u r e a m p l i t u d e s (Counter d a t a ) . 

1 5 9 1 3 . 2 1 2 . 3 
1 c IT 1 5 11 I B . 3 1 9 . 4 

h k C rv i \ 1 5 1 3 1 0 . 6 1 6 . 9 
9 13 1 0 . 3 6 . 9 

0 0 2 3 3 . 0 5 2 . 9 1 5 17 1 9 . a 1 4 . 6 
0 0 4 2 2 . 6 2 2 . 5 I 5 14 1 3 . 0 1 1 . 9 
0 0 6 8 3 . 4 9 9 . 0 I 5 2 1 1 0 . 7 1 3 . 3 
0 0 a 1 0.0 2 6 . 6 I 5 2 3 1 0 . 3 9.0 
0 0 10 1 0 8 . 4 1 2 1 . 4 1 5 2 5 0 . 2 9 . 1 
0 0 12 4 0 . 2 6 6 . 5 1 3 2 7 6 . 1 5 . 2 
p 0 14 6 1 . 8 7 1 . 1 I 5 2 9 0 . 4 . 9 
0 0 16 2 5 . 6 2 6 . 8 1 7 1 6 . 9 7 . 9 
0 0 1» 4 9 . 7 5 4 . 6 I 7 3 2 0 . 7 1 7 . 0 
0 0 2 0 3 2 . 4 3 5 . 2 | 7 5 1 0 . 9 8.7 
0 0 2 2 6 . 0 3 . 9 I 7 7 2 3 . 1 2 1 . 6 
0 0 2 4 2 6 . 6 2 8 . 4 1 7 9 6 . 2 7 . 2 
0 0 2 6 6 . T 4 . 2 I f 11 7 . 2 9 . 1 
0 0 2 0 2 0 . 8 2 2 . 9 I 7 1 3 0 . 4 . 8 
0 0 3 0 6 . 3 2 . 2 I 7 1 5 1 . 7 6 . 3 
0 0 3 2 0 . 0 . 1 I 7 17 7 . 4 1 1 . 2 
0 0 3 4 8 . 2 6 . 2 | 7 1 9 0 . 3 . 9 
0 2 0 2 1 1 . 7 2 4 0 . 4 I 7 21 6 . 2 7 . 5 
0 2 2 1 2 3.7 1 2 6 . 1 1 9 \ 0 . 1 . 3 
0 2 1 0 4 . 0 1 0 9 . 4 1 9 3 0 . 2 . 6 
0 2 6 6 6 . 0 6 0 . 7 1 9 5 9 . 1 4 . 0 
0 2 a 1 8 . 2 2 6 . 4 1 9 7 0 . 9 . 4 
0 2 10 1 3 2 . 6 1 3 0 . 6 2 0 0 0 . 6 . 9 
0 2 12 1 3*6 1 6 . 6 2 0 2 2 1 . 9 1 1 . 6 
0 2 14 1 2 . 3 2 2 . 2 2 0 4 2 4 . 9 1 8 . 0 
0 2 16 3 5.0 4 1 . 5 2 0 6 21 . 7 2 7 . 1 
0 2 i a 4 8 . 4 5 4 . 1 2 0 8 9 . 0 1 . 0 
0 2 2 0 2 1 . 8 2 6 . 2 2 0 10 2 0 . 9 1 7 . 7 
0 2 2 2 9 . 2 9 . 1 2 0 12 2 7 . 2 2 9 . 9 
0 2 2 4 1 2 . 2 1 6 . 3 2 0 14 1 9 . 7 1 6 . 9 
0 2 2 6 1 7 .1 1 5 . 2 2 0 16 3 . 8 7 . 7 
0 2 2 8 1 2 . 3 11.0 2 0 10 7 . 1 1 B . 1 
0 2 3 0 8 . 9 7.a 2 0 2 0 0 . 1 . 7 
0 2 3 2 0. a . 9 2 0 2 2 0 . 0 . 7 
0 2 3 4 0 . 6 . 3 2 0 2 4 7 . 6 6 . 6 
0 4 0 6 0 . 6 9 7 . 0 2 0 2 6 1 1 . 2 1 4 . 1 
0 4 2 4 8 . 1 4 7 . 6 2 0 2 6 0 . 0 . 8 
0 4 4 2 1 . 1 2 3 . 3 2 0 3 0 7 . 4 9 . 9 
0 4 6 3 6 . T 3 3 . 9 2 0 3 2 0 . 9 . 0 
0 4 S 3 0 . 1 2 9 . 0 0 2 7 . 6 2 6 . 9 
0 4 10 5 8 . 2 9 0 . 2 2 2 2 3 0 . 1 2 7 . 0 
0 4 12 3 9 . 1 3 1 . 4 2 2 4 1 0 . 9 6 . 6 
0 4 14 4 0 . 4 4 4 . 9 2 2 6 9 1 . 3 4 7 . 3 
6 4 16 9 . 5 11 . 6 2 2 6 22 .4 2 2 . 0 
0 4 16 1 2 . 1 1 9 . 0 2 2 10 2 4 . 9 2 7 . 4 
0 4 2 0 1 0 . 8 9 . 4 2 2 12 2 9 . 1 2 6 . 4 
0 4 2 2 0. 2 . 3 2 2 14 0 . 2 . 9 
0 4 2 4 1 1 . 7 1 4 . 7 2 2 16 1 7 . 0 17.7 
0 4 2 6 1 2 . 0 1 4 . 3 2 2 18 9 . 0 11.0 
0 4 2 a 9.7 9 . 8 2 2 2 0 6 . 1 1 2 . 9 
0 4 3 0 0 . 9 . 1 2 2 2 2 0 . 6 . 1 
0 4 3 2 0 . 4 . 9 2 2 2 4 0 . 7.7 
0 4 0 0. 4 . 0 2 2 2 6 6 . 2 1 1 . 1 
0 6 2 3 . 3 7 . B 2 2 2 0 0 . 4 . 9 
0 6 4 1 0 . I 6 . 7 2 2 3 0 0. 1 . 0 
0 4 6 7 . 0 9 . 0 2 2 3 2 0. 1 .6 
0 ft a 1 4 . 3 1 3 . 5 2 4 0 9 . 9 1 . 5 
0 ft 10 8.0 ft.9 2 4 2 4 2 . 7 4 1 . 1 
0 ft 12 4.7 3 . 4 2 4 4 2 4 . B 2 4 . 4 
p 6 14 9 . 1 6 . 6 2 4 6 4 9 . 3 4 0 . 0 
0 ft 16 2 1 . 4 1 9 . 4 2 4 0 2 5 . 2 2 2 . 6 
0 A i a 6 . 2 3 . 0 2 4 10 1 6 . 4 1 6 . 2 
0 ft 2 0 0. 0 . 1 2 4 12 3 0 . 1 2 8 . 6 
0 6 2 2 0 . 3 . 1 2 4 14 2 0 . 9 2 0 . 9 
0 6 2 4 0 . 0.7 2 4 16 1 5 . 2 1 9 . 7 
0 2 6 0 . 3 . 3 10 1 6 . 3 1 4 . 9 
0 0 0 3 . 1 0 . 7 2 4 2 0 1 0 . 4 1 2 . 1 
0 8 2 0 . 1 . 4 2 4 2 2 1 4 . 2 1 6 . 6 
0 0 4 9 . 2 1 . 9 2 4 2 4 5 . 1 8 . 4 
0 6 6 0 . 3 . 1 2 4 2 6 8 . 2 1 2 . 1 
0 8 a 0 . 0 . 9 2 4 2 8 0. 0 . 5 
0 0 10 0. 0 . 1 2 4 3 0 0 . 2 . 5 
0 8 12 0 . 3 . 9 2 6 0 0 . 5.7 
0 8 14 0 . 3 . 0 2 6 2 2 1 . 3 1 9 . 6 
0 8 16 0 . 2 . a 2 6 4 l a . a 1 7 . 0 
0 8 i a 0 . 3 . 1 2 6 6 1 8 . 7 1 6 . 6 
1 1 i 9 4 . 9 4 8 . 0 2 6 8 1 7 . 7 1 9 . 9 
1 1 3 9 1 . 1 0 9 . 7 2 6 10 1 1 . 3 1 0 . 9 
1 1 3 1 4 4 . 6 1 1 9 . 3 2 6 . 2 2 5 . 4 2 4 . 6 
1 1 7 4 1 . 9 3 9 . 6 2 6 14 1 5 . 2 1 0 . 5 
1 1 9 5 1 . 0 4 9 . 9 2 6 16 0 . 6 . 2 
I 1 11 2 3 . 6 1 7 . a 2 6 i a 9 . 7 7 . 4 
1 1 1 3 2 3 . 3 2 9 . 3 2 6 2 0 5 . 2 6 . 4 
1 I 1 3 3 2 . 2 3 2.7 2 ft 2* 9.0 1 0 . 2 
i 1 i > 8 . 4 2.4 2 6 2 4 0 . 1 . 4 
1 1 I » 2 9 . T 3 4 . 1 2 0 0 0 . 1 . 2 
1 1 2 1 1 6 . T 1 6 . 9 2 6 2 7 . 4 9 . 9 
1 1 2 3 1 6 . 6 2 1 . 3 2 8 4 6 . 4 7 . 9 
1 1 2 3 6 . 1 7 . 3 2 6 6 0 . 4 . 3 
1 2 7 1 3 . 4 1 6 . 2 2 8 0 0 . 5 . 8 
1 2 9 16 . 1 1 1 . 7 2 8 to 0 . 7 . 5 
1 1 3 1 0 . 1 . 0 2 0 12 1 4 . 2 1 3 . 2 
1 1 3 3 0 . 0 . 9 2 0 14 0 . 3 . 7 
1 3 1 1 6.0 1 2 . 5 3 i 1 3 7 . 0 2 8 . 3 
1 3 3 5 2 . 9 4 9 . 4 3 i 3 3 9 . 5 3 7 . 4 
1 3 3 3 7 . B 4 2 . 1 3 i 3 6 2 . 6 5 3 . 0 
1 3 » S 1 . 0 7 8 . 9 3 I 7 2 6 . 3 2 1 . 7 
1 3 9 2 3 . 8 2 4 . 9 j i 9 2 3 . 1 2 0 . 4 
1 3 11 2 3 . 3 2 3 . 0 3 i 11 3 3 . 6 3 7 . 4 
1 3 13 3 9 . 3 1 0.0 3 | 1 3 2 4 . 3 2 4 . 9 
I 3 1 3 1 0 . 6 1 9 . 5 3 i 1 9 2 9 . 2 3 3 . 6 
t 3 17 2 9 . a 2 6 . 9 3 i 17 0 . 4 . 3 
[ 3 19 11 .4 1 6 . 4 3 i 1 9 I S . 6 1 6 . 1 
I 3 2 1 1 1 . 6 1 6 . 2 3 i 21 1 1 . 1 1 3 . 8 
1 3 2 3 1 3 . 5 1 4 . 9 3 i 2 3 1 2 . 7 1 4 . 4 
1 3 2 3 9 . 3 1 2 . 7 3 l 2 3 1 1 . 0 1 4 . 4 
1 3 2 7 0 . 9 . 3 3 | 2 7 0 . 3 . 1 
1 3 2 9 1 0 . 9 1 9 . 2 3 i 2 9 8 . 1 9 . 7 
1 3 3 1 9 . 1 7 . 3 1 1 11 6 . 4 . 1 
1 3 3 3 0 . 1 . 2 3 3 1 1 5 . 5 2 8 . 6 
1 3 1 1 0 . 7 2 0 . 0 3 3 3 4 0 . 9 3 8 . 7 
1 3 3 5 3 . 3 9 1 . 1 3 3 9 3 4 . 9 3 1 . 1 
1 5 > 1 1 . 6 1 1 . 9 3 3 7 2 8 . 9 2 9 . 6 

, L . _ L 7 * T l r . J M 1 _ 2 _ W M 2 3 . 2 

1 9 . 3 1 4 . 5 

1 6 . 
1 5 . 

2 0 . 7 
2 4 . 2 

6 . 4 

7 . 8 
2 9 . 6 

3 1 . 7 
1 9 . 4 
1 0 . 6 
1 2 . 3 

0 . 
0 . 
0 . 
6 . 2 

4 * . 6 
1 3 . 9 
1 9 . 0 
1 3 . 8 
2 2 . 7 
2 0 . 6 

9 . 4 
2 1 . 3 

9 . 6 
_ 1 9 i 7 _ 

12.2 
0 . 
6.1 

9 . 0 
0 . 

3 . 2 
0 . ~TY7F 
0 . 
9 . 2 
6 . 2 
3 . 7 

1 0 . 4 
5 . 2 

1 9 . 6 
1 3 . 2 
It.6 

6 . 4 
3 . 1 
3 . 0 
9 . 8 

1 4 . 5 
1 1 . 8 
1 1 . 8 
1 1 . 9 
1 1 . 2 
1 2 . 4 

9 . 1 
1 8 . 6 
2 1 . 4 

5 . 1 
2 . 9 
2 . 6 
3 . 7 
6 . 2 
5 . 0 

1 2 . 6 
6 . 8 
5 . 9 
7 . 6 
3 . 3 
7 . 7 

3 6 . 4 
1 0 . 9 
2 5 . 9 

I . 9 
2 0 . 5 
1 7 . 9 

3 . 1 
3 1 . 7 
2 3 . 0 
1 0 . 3 
1 5 . 4 

0 . 7 
5 . 5 
3 . 5 
4 . 7 

3 9 . 6 
1 0 . B 
1 7 . 0 

9 . 9 
2 2 . 1 
2 0 . 4 

6 . 1 
1 6 . 0 
1 2 . 0 
1 7 . 9 
1 1 . 0 

7 . 6 
7 . 1 

2 1 . 9 
9 . 9 

! + 
5 . 0 

1 6 . 0 
1 1 . 3 

5 . 3 
7 . 3 
» r » 
8 . 9 
1 . 9 
3 . 1 
3 . 5 
7 . 9 
4 . 3 
4 . 3 
7 . 9 
3 . 4 
2 . 3 
3 . 3 
2 . 7 
6 . 4 

1 1 . 8 
9 . 2 
2 . 4 
4 . 1 
2 . 9 
? . * 
4 . 9 
1 . 5 
1 . 1 

' 4 . 2 
3 . 2 

I I . 9 
6 . a 
3 . 4 
5 . 7 
3 . 0 
4 . 5 
1 . 6 
3 . 7 
2 . 9 
4 . 0 
3 . 2 
4 . 4 

1 1 . 7 
2 . a 
6 . 0 
2 . 5 

1 0 . 2 
1 2 . 3 

TTi-
o . s 
5 . 7 
8 . 0 
1 . 5 
L±P_ 

6 2 0 0 . 1 . 4 1 7 10 0 . 4 . 1 3 5 14 1 3.8 1 5 . 5 
6 2 2 6 . 4 4 . 3 1 7 12 0 . 7 . 9 3 5 16 7 . 3 1 0 . 1 
6 2 4 0 . 5 . 0 1 7 14 0 . 2 . 1 3 3 18 1 8 . 6 1 6 . 9 
6 2 6 0 . 2 . 9 1 7 16 1 3 . 3 1 3 . 8 3 3 2 0 1 5 . 7 1 2 . 9 
6 2 a 0 . 0 . 9 1 7 I B 5 . 2 1 . 9 3 9 2 2 0 . 0 . 4 
6 2 10 5 . 1 3 . 9 1 7 2 0 0 . 7 . 9 3 3 2 4 0 . 2 . 5 
6 2 12 a . 1 . 9 1 7 2 2 0 . 1 . 0 3 7 0 1 3 . 2 1 3.8 
0 2 1 7 4 . 0 8 1 . 9 1 9 0 0 . 2 . 1 3 7 2 0 . 2 . 9 
0 2 3 1 7 . 5 1 2 . 9 1 9 2 0 . 1.0 3 7 4 1 4 . a 1 4 . 1 
0 2 5 1 5.0 2 2 . 3 1 9 4 7 . 3 7 . 3 3 7 6 0 . 5 . 1 
0 2 7 a . 2 1 2 . 5 1 9 6 0 . 4 . 9 3 7 6 0 . 4 . 1 
0 2 9 1 7 . 3 1 4 . 2 1 9 8 0 . 2 . 5 3 7 1 0 1 1 . 7 1 0 . 6 
0 2 11 1 9 . 5 2 0 . 1 2 0 1 2 5 . 6 2 6 . 2 3 7 12 0 . 3 . 3 
0 2 13 3 8 . 6 1 9 . 7 2 0 3 1 3 7 . 2 1 2 5 . 5 3 7 14 1 5 . 6 1 2 . 5 
0 2 1 3 2 9 . a 1 9 . 8 2 0 5 2 5 . 4 2 0 . 1 3 7 16 0 . 1 . 2 
0 2 17 1 2 . 9 1 8 . 4 2 0 7 0 0 . 8 7 5 . 2 4 0 1 0 . 1 . 1 
0 2 1 9 1 8 . 4 2 2 . 9 2 0 9 2 1 . 6 2 4 . 3 4 0 3 1 5 . 1 1 0 . 6 
0 2 2 1 1 6 . 4 1 6 . 6 2 0 11 8 6 . 9 8 6 . 9 4 0 5 4 . 2 6 . 7 
0 2 2 1 1 0 . 0 1 1 . 9 2 0 11 6 3 . 6 0 5 . 5 4 0 7 2 2 . 8 1 7 . 3 
0 2 2 5 9 . 4 1 9 . 5 2 0 1 3 2 5 . 4 2 1 . 3 4 0 9 0 . 7 . 5 
0 2 27 0 . 0 . 2 2 0 17 1 9 . 0 2 5 . 5 * 0 11 0 . 7 . 5 
0 2 2 9 0 . 6 . 7 2 0 1 9 1 1 . 1 1 1 . 5 4 0 1 1 0 . 9 . 1 
0 2 31 5 . 2 7 . 8 2 0 2 1 2 2 . 2 2 4 . 2 4 0 1 5 0 . 4 . 4 
0 2 1 3 0 . 0 . 3 2 0 2 3 2 1 . 4 2 6 . 5 4 0 17 1 6 . 7 1 8 . 8 
0 4 1 1 3 . 4 9 . 1 2 0 2 9 6 . 0 6 . 0 4 0 1 9 6 . 2 1 . 0 
0 4 3 2 5 . 3 1 8 . 1 2 0 2 7 0. 3 . 4 4 0 2 1 1 4 . 6 1 6 . 6 
0 4 5 4 6 . 5 4 9 . 6 2 0 2 9 0 . 0 . 4 4 0 2 3 0 . 0 . 8 
0 4 7 1 1 . 8 1 7 . 0 2 0 3 1 0 . 0 . 0 4 0 2 5 0 . 1 0 . 2 
0 4 9 3 9 . 5 4 2 . 1 2 0 3 3 0 . 4 . 0 4 0 27 9 . 1 6 . 0 
0 4 11 2 6 . 9 2 6 . 1 2 2 1 4 2 . 1 3 4 . 4 4 2 1 1 8 . 4 1 4 . 4 
0 4 1 1 1 5 . 5 1 4 . 3 2 2 3 9 1 . 0 0 3 . 9 4 2 3 1 5 . 2 10.6 
0 4 1 5 1 2 . 2 3 2 . 7 2 2 9 1 6 . 3 2 1 . 9 4 2 5 1 2 . 9 8 . 2 
0 4 17 1 6 . 7 1 6 . 4 2 2 7 4 7 . 1 4 0 . 0 4 2 7 1 4 . 6 11.9 
0 4 1 9 5 . 5 8 . 2 2 2 9 2 0 . 1 1 7 . 3 4 2 9 1 7 . 6 1 2 . 4 
0 4 2 1 q . 2 . 1 2 2 11 3 7 . 5 6 0 . 0 4 2 11 1 7 . 1 I B . 2 
0 4 2 3 1 1 . 0 1 5 . 7 2 2 1 3 5 0 . 0 5 7 . 3 4 2 13 1 1 . 7 1 2 . 6 
0 4 2 5 6 . 2 1 3 . 0 2 2 15 6 . 2 1 . 3 4 2 15 1 2 . 9 1 5 . 7 
0 4 2 7 8 . 9 9 . 6 2 2 17 3 3 . 3 3 9 . 0 4 2 17 7 . 9 4.5 
0 4 2 9 1 2 . 7 1 3 . 0 2 2 1 9 6 . 9 9 . 7 4 2 19 0 . 1 . 9 
0 4 31 0 . 1 . 6 2 2 2 1 1 2 . 1 2 7 . 3 4 2 21 0 . 5 . 7 
0 6 1 1 6 . 4 1 6 . 1 2 2 2 3 2 1.4 2 4 . 0 4 2 2 3 6 . 2 3 . 2 
0 6 3 3 1 . 0 2 9 . 4 2 2 2 5 7 . 0 1 0 . 9 4 2 2 5 1 0 . 9 8.2 
0 6 5 1 3 . 3 1 2 . 5 2 2 2 7 5 . 1 7.B 4 2 2 7 5 . 0 5 . 5 
0 6 7 5 . 3 4 . 4 2 2 2 9 0 . 2 . 4 4 4 1 2 0 . 1 1 3.3 
0 6 9 2 8 . 1 2 2 . 1 2 2 31 5 . 1 7 . 6 4 4 3 2 1 . 6 1 5.3 
0 6 11 3 0 . 3 3 0 . 9 2 4 1 2 3 . 7 2 0 . 7 4 4 5 1 3.3 7.8 
0 6 13 0 . 5 . 0 2 4 3 3 6 . 4 1 9 . 4 4 4 7 2 4 . 1 1 8.8 
0 6 1 5 1 6 . 7 1 6 . 1 2 4 5 1 8 . 6 1 6.1 4 4 9 17.3 1 6 . 1 
0 6 17 0 . 6 . 4 2 4 7 1 2 . 1 1 1 . 1 4 4 11 16.4 1 5 . 2 
0 6 19 8 . 9 1 2 . a 2 4 9 0 . 6 . 3 4 4 13 0 . 7 . 1 
0 6 2 1 0 . 0 . 9 2 4 11 2 2 . 9 1 9 . 1 4 4 15 1 0 . 4 7 . 0 
0 6 2 3 0 . 4 . 3 2 4 11 2 2 . 7 2 5 . 2 4 4 17 9.7 6 . 2 
0 6 2 5 1 1 . 5 1 4 . 6 2 4 15 2 2 . 1 2 5 . 0 4 4 19 0 . 5 . 1 
0 6 2 7 0 . 0 . 9 2 4 17 1 3 . 1 1 4 . 9 4 4 21 0 . 4.6 
0 0 1 2 5 . 3 2 3 . 4 2 4 19 4 . 8 1 1 . 1 4 4 2 3 B.O 7.8 
0 8 1 0 . 2 . 6 2 4 2 1 1 2 . 6 1 6 . 7 4 ft 1 i a . o 1 3 . 4 
0 6 3 0 . 3 . 0 2 4 2 3 1 1 . 4 1 3 . 2 4 ft 1 6.4 3 . 0 
0 B 7 0 . 1 . 4 2 4 2 5 0 . 4 . 3 4 ft 5 1 2.3 7 . 4 
0 8 9 0 . 7 . 6 2 4 27 6 . 3 5 . 5 4 ft 7 0 . 2 . 1 
0 8 11 6 . 4 7 . 3 2 4 2 9 0 . 2 . 3 4 6 9 9.a 7 . 0 
0 8 1 3 0 . 2.8 2 6 1 5 . 7 4 . 2 4 ft 11 6 . 4 7 . 5 
0 6 15 5 . 2 7 . 6 2 6 3 13.6 1 3.3 4 ft 13 0 . 2 . 5 
0 8 17 0 . 1.1 2 6 5 1 7 . 0 1 4 . 2 4 ft 15 0 . 4.5 

1 0 1 1 6 . 0 1 1 2 . 1 2 ft 7 0 . 7 . 3 3 I 0 0 . 5 . 2 
1 1 2 6 4 . 3 6 0 . 7 2 ft 9 6.9 9 . 1 3 I 2 3 7 . 2 2 7.9 
I I 4 4 4 . 9 4 4 . 0 2 6 11 0 . 4 . 0 3 1 4 2 7 . 1 2 2.3 
1 1 6 8 6 . 4 9 2 . 4 2 6 13 1 9.5 1 9 . 0 5 | 6 1 1 . 6 7.2 
I 1 8 1 1 5 . 7 1 1 3 . 4 2 ft 13 17.7 1 5 . 8 3 t 6 2 7 . a 2 0 . 6 
1 1 10 4 0 . 3 5 1.6 2 6 17 0 . 2 . 7 5 I 10 0 . 2.5 
I 1 12 3 6 . 0 4 3 . 4 2 6 19 0 . 2 . 1 5 | 12 1 5.6 9.5 
t 1 14 2 8 . 3 2 3 . 4 2 6 2 1 0 . 3.1 5 \ 14 a . 9 5.B 
1 1 16 4 2 . 7 9 0 . 4 2 6 2 1 0 . 3 . 2 3 I 16 8. 1 5.4 
1 1 I B 3 9 . 5 4 4 . 5 2 a 1 0 . 2.8 3 1 18 a . 9 8 . 0 
1 1 2 0 1 0 . 3 9 . 9 2 8 3 3 . 7 2 . 7 5 1 2 0 0 . 7 . 2 
1 1 2 2 9 . 2 1 3 . 2 2 6 5 5 . 2 7 . 1 3 I 2 2 1 0 . 1 1 0 . 0 
1 1 2 4 1 0.2 1 0 . 1 2 8 7 0 . 1 . 2 3 3 0 0 . 3.7 
1 1 2 6 1 4 . 4 1 8 . 6 2 8 9 0 . 8 . 7 3 3 2 2 2 . 9 13.4 
1 1 2 8 B . 7 9 . 5 Z 8 11 0 . 4 . 0 3 3 4 1 7 . 0 1 1 . 2 
1 1 3 0 0 . 2 . 9 2 B 13 0 . 1 . 5 3 6 2 3 . 0 2 0 . B 
t 1 3 2 7 . 3 6 . 0 2 a 1 5 0 . 4 . 0 3 8 2 6.2 2 0.3 
I 1 3 4 0 . 4 . 5 3 1 0 0 . 5 . 0 3 3 10 0 . 5 . 0 
1 3 0 3 5 . 6 3 7 . 9 3 I 2 19.1 2 0 . 1 3 3 12 1 6.5 1 1 . 7 
1 3 2 1 7 . 5 4 0 . 3 3 1 4 2 1 . 7 2 5 . 2 3 3 14 5 . 2 2.9 
1 3 4 4 6 . 1 4 6 . 2 3 1 6 3 7 . a 3 9 . 1 5 3 16 0 . 5 . 0 
1 1 ft 3 1 . 2 2 7 . 4 3 1 8 3 6.9 4 1 . B 9 3 16 0 . 2 . 7 
I i a 1 7 . 7 2 4 . 5 3 1 10 14.8 2 3 . 0 5 0 0 . 2.6 
I 1 10 3 5 . 0 5 1 . 7 3 1 12 a . 4 1 2 . 2 5 3 2 11.6 6.9 
I 1 12 2 6 . 3 2».B 3 1 14 6 . 3 5 . 9 9 3 4 5 . 2 3 . 1 
1 1 14 1 9 . 5 2 6 . 4 3 1 16 0 . 4 . 4 3 3 ft 9 . 0 9.7 
1 3 1 6 1 7 . 0 2 1 . 9 3 1 I B 8.5 1 1 . 0 9 5 6 9 . 0 7 . 6 
1 3 18 3 1 . 1 3 0 . 8 3 1 2 0 7 . 4 8 . 5 3 3 10 0 . 3 . 4 
1 3 2 0 1 1 . 7 1 3 . 7 3 1 2 2 0 . 4 . 0 5 5 12 0 . 5 . 6 
I 1 2 2 1 5 . 8 2 1 . 8 3 1 2 4 5 . 0 1 . 2 ft 0 1 7 . 4 6 . 6 
1 3 2 4 0 . 9 . 6 1 1 2 6 0 . 3 . 0 6 0 3 1 1 . 7 9 . 7 
1 1 2ft 1 0 . 6 1 1 . 9 3 1 2 8 0 . 3.7 ft 0 5 0 . 7 . 0 
1 3 2 0 0 . 9 . 4 3 1 10 0 . 4 . 0 ft 0 7 0 . 4 . 7 
I 3 10 0 . 7 . 7 3 3 0 4 5 . 9 4 4 . 1 ft 0 9 0 . 0 . 0 
1 1 12 0 . 6 . 0 3 3 2 1 7 . 4 1 4 . 5 0 11 0 . 2.4 
1 5 0 3 6 . 9 4 3 . 3 3 3 4 1 7 . 5 1 4 . 7 6 0 13 0 . 4.8 
1 5 2 1 1 . 7 1 4 . 2 3 3 6 9 . 0 1 2 . 9 ft 2 I 5 . 2 5 . 1 
1 5 4 2 7 . 4 2 1 . 7 3 3 6 0.3 1 0 . 6 6 2 3 1 2 . 2 12.9 
1 5 6 3 8 . 2 3 6 . 6 3 3 10 3 2 . 3 1 1 . 4 ft 2 5 7 . 4 7 . 0 
1 5 8 1 3 . 7 1 1 . 9 3 3 12 6 . 9 3 . 2 & 2 7 0 . 4 . 3 
1 5 10 2 5 . 6 2 1 . 9 3 3 14 1 1 . 9 1 2 . 9 ft 2 9 0 . 4 . 7 
1 5 12 0 . 7 . 1 3 3 16 1 0 . 9 1 5 . 4 6 2 11 B.O 6 . 0 
1 5 14 1 7 . 6 1 6 . 9 3 3 18 2 1 . 8 2 7 . 1 0 1 3 2 3.6 33.7 
\ 5 16 s . y 6 . 9 3 3 26 1 5 . 7 1 9 . 8 0 1 i 4 9 . 0 4 8 . a 
\ 5 I B 0 . 2 . 4 3 3 2 2 0 . 2 . 8 0 I 7 2 2 . 7 2 6 . 7 
1 5 2 0 1 0 . 0 1 1 . 9 1 3 2 4 7 . 3 7 . 6 0 I 9 2 9.5 3 2.8 
1 5 2 2 ' 1 4 . 6 1 2 . 4 3 3 2 6 6 . 1 7 . 7 0 1 11 3 1 . 1 5 4.6 
1 5 2 4 0 . 5 . 7 3 3 2 8 0 . 6 . 1 0 1 13 2 7 . a 3 0 . 8 
1 5 2 6 6 . 4 7 . 6 3 5 0 1 1 . 9 2 8 . 2 0 1 1 5 3 5 . 4 4 2 . 6 
1 9 2 8 5 . 1 5 . 5 3 9 2 1 7 . 3 1 2 . 6 0 1 17 2 6 . 9 3 7 . 1 
I 7 0 1 2 . 9 1 2 . 9 3 9 4 2 0 . 9 1 8 . 9 0 1 1 9 0 . 3 . 1 
1 7 2 0 . 0 . 5 3 5 6 1 4 . 2 1 3 . 7 0 I 2 1 1 6 . 1 2 7 . 3 
1 7 4 1 6 . 7 1 6 . 6 3 9 0 1 6 . 9 1 6 . 3 0 1 2 3 8 . 2 1 5 . 0 
1 7 6 1 6 . 6 1 6 . 9 3 5 10 2 0 . 4 1 7 . 4 0 1 2 5 i a . 8 2 3 . 4 
1 7 a 0 . 4 . 3 3 5 I Z 0 . 2 . 8 0 1 21 1 5 . 4 2 4 . B 
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Table 1. continued: 

0 2 9 0 . 0 . 2 i a 0 1 6 . 4 1 4 . 5 6 14 7 . 4 4 . 6 
0 1 31 1 0 . 3 1 9 . 0 1 8 2 0 . 6 . 2 3 I A 0 . 3 . 4 
0 1 3 3 0 . 7 . 1 1 8 4 7 . 3 T . 3 3 6 16 1 1 .1 1 0 . 9 
0 1 3 5 9 . 4 1 2 . 9 1 6 6 7 . 4 7 . 7 3 6 2 0 0 . 6 . 0 
0 3 1 8 3 . 6 7 8 . 6 1 8 a 9 . 8 9 . 6 3 g 0 0 . 2 . 0 
0 3 3 6 0 . 9 5 8 . 7 I 8 10 0 . T . 4 3 g 2 0 . 1 . 2 
0 3 3 7 . 0 1 4 . 5 1 8 12 0 . 4 . T 3 g 4 0 . 2 . 1 
0 3 7 3 2 . 3 3 8 . 9 1 8 14 0 . 6 . 6 3 g 6 0 . 2 . 0 
0 3 9 7 . 1 0 . 8 1 8 1 6 0 . 3 . 2 3 0 8 0 . 2 . 8 
0 3 11 1 3 . 2 3 . 0 2 1 1 4 6 . 0 4 3 . 9 4 1 2 9 . 9 2 3 . 9 
0 3 1 3 7 . 9 6 . 9 2 1 3 3 1 . 9 3 1 . 4 4 3 4 4 . A 3 6.4 
0 3 I S 1 7 . 4 1 7 . 2 2 1 5 1 4 . 3 1 0 . T 6 I 9 1 5 . 1 1 1 . 3 
0 3 I T 1 8 . 9 2 3 . 8 2 1 T 6 7 . 5 7 0 . 1 6 I 7 3 3 . 2 2 6 . 8 
0 3 19 9 . 2 2 . 4 2 1 4 3 4 . 3 3 3 . 2 4 I 9 7 . 6 9 . 7 
0 3 21 1 9 . 2 2 5 . 1 11 3 8 . 2 4 3 . 1 4 I 11 1 8 . 9 1 9 . 3 
0 3 2 3 4 . 7 2 * 6 2 1 1 3 2 8 . 8 2 9 . 0 4 1 1 3 1 6 . 4 1 8 . 6 
0 3 2 5 1 5 . 9 1 9 . 2 2 1 1 9 2 5 . 1 2 3 . 5 4 J 1 9 7 . 3 1 1 . 6 
0 3 2 7 1 0 . 7 1 4 . 3 2 1 i t 2 4 . 3 1 9 . 8 4 1 I T 1 9 . 6 2 2 . 9 
0 3 2 9 0 . 1 .1 2 1 1 9 8 . 9 6 . 9 4 1 1 9 0 . 2 . 9 
0 3 31 0 . 0 . 9 2 1 2 1 9 . 3 7 . 8 4 | 2 1 1 0 . 8 1 3 . 1 
0 3 3 3 0 . 2 . 7 2 3 4 . 7 8 . 7 4 1 2 3 0 . 7 . 8 
0 5 1 2 . 7 5 . 1 2 1 2 5 6 . 0 7 . 6 4 I 2 5 0 . 1 . 5 
0 5 3 3 5 . 5 3 5 . 0 2 1 2T 5 . 0 6 . 3 4 | 2T 0 . A . 4 
0 5 5 4 . e 8 . 4 2 1 2 9 0 . 8 . A 4 3 1 2 4 . 1 2 5 . 2 
0 5 7 1 3 . 2 1 4 . 9 2 1 3 1 0 . 2 . 3 4 3 3 2 1 . 9 2 0 . 7 
0 5 9 4 . 1 5 . 0 2 1 3 3 0 . 1 . 3 4 3 3 4 . 6 9 . 2 
0 9 11 0 . 6 . 1 2 3 1 3 7 . 5 2 9 . A 4 3 T 1 8 . 8 1 5 . 0 
0 3 13 0 . 2 . 3 2 3 3 2 0.0 2 2 . 3 4 3 9 8 . 3 T . 8 
0 3 19 9 . 1 1 . 3 2 3 5 2 9 . 9 2 4 . 3 4 3 11 1 8 . 2 I T . 4 
0 5 1 7 0 . 2 . 2 7 2 2 . 7 1 6 . 3 4 3 1 3 1 9 . 0 19.3 
0 s 1 9 1 0 . 9 8 . 5 2 3 9 4 8 . 6 4 8 . 0 4 3 1 3 0 . 2 . 4 
0 3 2 1 7 . 9 1 2 . 4 2 3 11 6 1 . 8 6 1 . 4 ' 4 3 17 8 . 8 8 . 0 
0 5 2 3 0 . 4 . 7 1 3 6 . 9 9 . 7 4 3 1 9 1 0 . 3 1 2 . 4 
0 5 2 9 5 . 2 4 . 7 2 3 13 2 1 . 0 2 1 . 6 4 3 2 1 6 . 4 8 . 5 
0 S 2 7 0 . 2 . 0 2 3 1 7 6 . 9 1 1 . 7 4 3 2 3 0 . 5 . T 
0 3 2 9 0 . 3 . 7 2 3 1 9 1 7 . 9 l s . 7 4 3 2 9 0 . 2 . 5 
0 7 1 4 . 8 3 . 5 2 1 1 1 . 2 6 . 9 4 9 1 1 6 . 7 1 9 . 0 
0 7 3 1 5 . 3 1 3 . 8 2 3 2 3 4 . 9 3 . 4 4 9 3 7 . 2 8 . 2 
0 7 3 4.4 5 . 7 2 3 1 3 . 0 1 6 . 4 4 3 5 3 . 6 5 . 8 
0 7 7 0 . 2 . 9 2 7 8 . 1 6 . 6 4 9 T 0 . 4 . 2 
0 7 9 1 2 . 2 1 2 . 5 2 3 2 9 9 . 2 3 . T 4 9 9 0 . 3 . 4 
0 7 11 0 . 4 . 0 2 3 3 1 0 . 3 . 8 4 9 1 1 1 3 . 3 1 2 . 9 
0 7 1 3 7 . 2 7 . 9 2 5 1 4 1 . 2 3 a . a 4 9 1 3 8 . 3 6 . 7 
0 7 1 9 0 . 3 . 7 2 5 3 0 . 1 2 . 8 4 3 1 5 0 . 4 . 4 
0 7 17 5 . 2 0 . 9 2 5 9 2 2 . 6 2 1 . 9 4 9 I T 0 . 6 . 7 
0 7 19 0 . 0 . 7 2 5 T 0 . 0 . 3 4 9 1 9 0 . 3.6 
0 7 2 1 0 . 3 . 2 2 5 9 3 3 . 5 3 4 . 8 4 7 1 9 . 2 2 . 8 
0 7 2 3 6 . 2 . 9 2 5 11 2 2 . 6 2 1 . 3 4 7 3 0 . 2.4 
0 4 1 0 . 4 . 8 2 5 1 3 1 8 . 5 1 5 . 9 4 7 3 7 . 3 6 . 1 
0 4 3 1 0 . 3 1 0 . 0 2 5 1 5 2 6 . T 3 1 . 5 4 7 T 0 . 3 . 0 
0 4 9 6 . 3 4 . 3 2 5 17 9 . 3 3 . T 4 7 9 0 . 3 . 0 
0 9 7 0 . 5 . 5 2 5 1 9 1 4 . 8 1 0 . 3 i 9 0 2 0 . 0 . 7 
0 9 9 5 . 1 2 . 4 2 5 2 1 6 . 3 6 . T 5 0 4 0 . 6 . 1 
1 0 2 3 9 . 2 3 4 . 8 2 5 2 3 9 . 0 6 . 1 9 0 6 0 . 1 . 3 
I 0 A 1 6 1 . 5 1 6 4 . 9 2 5 2 5 8 . 2 T . T 5 0 a 8 . 6 1 2 . 9 
1 0 6 4 2 . 5 4 1 . 5 2 7 0 . 2 . 9 5 0 10 0 . 0 . 9 
t 0 a 3 3 . 7 4 1 . 7 2 T 1 18.5 1 T .T 3 0 1 2 0 . 1 . 4 
1 0 10 1 3*6 9 . 0 2 7 3 1 5 . 9 1 5 . 9 9 0 14 0 . 0 . 9 
I 0 P 5 2 . 3 5 7.0 9 5 . 1 1 3 . 0 9 Q \*> A . 4 7 . A 
1 0 14 2 1.3 2 2 . 3 2 7 7 3 . 1 5 . 3 ' j 0 18 0 . 3 . 6 
1 0 16 2 0 . S 2 0 . 4 9 1 2 . 1 1 1 . T 9 0 2 0 0 . 6 . 2 
1 0 18 2 1 . 1 2 7 . 2 2 7 11 7 . 3 1 2 . 1 } 0 2 2 0 . 1 . 9 
1 0 2 0 0 . 1 . 1 1 3 1 1 . 7 T . 6 9 0 5 . 0 4 . 6 
1 0 2 2 1 9 . 3 2 4 . T 2 7 15 1 3 . 9 1 4 . 7 2 2 5 . 0 4 . 1 
I 0 24 0 . 2 . 5 2 7 17 0 . 3 . T 2 4 9 . 4 9 . 8 
1 0 2 6 0 . 9 . 4 1 9 5 . 2 A . 3 6 7 . 2 7 . 2 
1 0 2 6 1 6 . 3 2 2 . 1 3 0 2 7 9 . 2 A 8 . 8 • 2 a 8 . 8 1 1 . 2 
I 0 3 0 1 1 . 6 1 1 . 3 3 0 4 2 1 . 9 1 9 . 7 9 10 9 . 5 1 2 . 7 
t 0 3 2 1 2 . 2 1 9 . 3 3 0 6 4 0 . 8 4 1 . 3 3 2 12 0 . 8 . 5 
1 0 34 0 . 3 . 9 3 0 8 5 5 . 2 5 4 . 5 2 1 4 1 2 . 7 1 3 . 6 
1 2 0 2 6 . 9 2 7.3 3 0 to 0. 1 6 . 2 3 2 16 0 . 1 . 9 
1 2 2 4 4 . 1 4 7 . 7 3 0 1 2 6 1 . 0 5 7 . A 5 2 18 0 . 4 . 5 
1 2 4 8 6 . 8 7 7 . 2 3 0 14 1 2 . 7 A . 7 9 2 2 0 D. 2 . 7 
1 2 6 8 9 . 0 8 6 . 8 3 0 1 6 1 6 . 8 1 7 . A 9 4 0 1 4 . 2 

0 . 
1 3 . 9 

1 2 a 8 8 . 1 8 3 . 2 3 0 I B 1 3 . 2 1 3 . 4 9 2 
1 4 . 2 

0 . 2 . 7 
I 2 10 1 3 . 9 1 4 . 2 3 0 2 0 9 . 4 1 0 . 9 4 1 5 . 2 1 3 . 3 
1 2 12 2 8 . 5 2 7 . 1 3 0 2 2 1 7 . 0 1 9 . 9 9 4 A i f n -

0 . 
So .6 

1 2 14 2 6 . 8 2 6 . 9 3 0 2 4 0 . 0 . 1 9 4 8 
i f n -

0 . 5 . 6 
1 2 16 8 . 3 7 . 7 3 0 2 6 1 1 . 0 1 3 . 5 £ 10 0 . 3 . 9 
1 2 1 8 1 8 . 9 2 1 . 4 3 0 2 8 0 . 4 . 0 9 4 12 0 . 3 . 2 
1 2 2 0 7 . 3 9 . 0 3 0 3 0 0 . 3 . 3 5 4 14 1 2 . T 1 0 . 8 1 2 2 2 1 9 . 8 2 3 . 8 3 2 0 9 . 6 6 . 8 3 4 1 6 0 . 3 . 5 
1 2 2 4 0 . 1 1 . 8 3 2 2 3 5 . 9 2 8 . B j 0 8 . 8 6 . 3 
1 2 26 1 2 . 9 1 4 . 1 3 2 4 4 3 . 5 4 0 . 4 9 2 0 . 3 . 4 
1 2 2 8 6 . 2 6 . 5 3 2 6 4 7 . 5 4 5 . 3 3 4 6 . 2 6 . 9 
I 2 3 0 0 . A . 2 3 2 ' 8 5 2 . 2 4 8 . 1 I 1 1 3 . 9 7 . T 
1 2 3 2 0 . 9 . 8 3 2 10 2 3 . 2 2 7 . 3 $ 3 1 3 . 9 T . l 
1 2 34 0 . 5 . 3 3 2 12 3 2 . 2 3 2 . 9 I 5 0 . 4 . 5 
1 * 0 4 6 . 8 5 1 . 0 3 2 14 9 . 6 6 . it } t U . 6 i z . t 
1 * 2 3 2 . 6 3 5 . 1 3 2 16 1 9 . 5 2 0 . 1 | 9 1 0 . 3 5 . 6 
1 4 4 2 9 . 9 3 2 . 0 3 Z 18 1 5 . 0 1 7 . 9 | 1 1 7 . 2 6 . 2 
1 * 6 6 9 . 9 A T . 2 3 2 2 0 7 . 6 1 1 . 7 I 1 3 8 . 0 4 . 8 
1 4 8 3 5 . 6 3 8 . 6 3 2 2 2 1 7 . 2 1 9 . 4 3 1 0 . 2 . 7 
1 * 10 1 3 *9 1 9 . 3 3 2 2 4 0 . 9 . 3 3 3 7 . 3 2 . 7 
1 4 12 6 . 3 6 . 0 3 2 2 6 0 . 8 . 1 3 9 5 . 2 4 . 1 
1 4 14 3 2 . 0 3 2 . 6 3 2 2 8 0 . 2 . 3 3 T 1 0 . 9 7 . 7 
1 4 16 6 . 8 3 . 5 3 2 3 0 0 . 3 . 8 0 1 2 4 4 . 7 4 7 . 2 
I * 18 8 . 4 1 2 . 8 3 4 0 1 3 . 4 1 9 . 9 0 1 4 8 7 . 6 9 1 . 8 
1 * 2 0 9 . 4 9 . 1 3 4 2 1 9 . 0 1 9 . 3 0 I 6 7 7 . 9 7 7 . 7 
1 * 2 2 6 . 9 1 2 . 2 3 4 4 11.8 1 0 . 9 0 I 8 5 . 0 1 1 . 4 
1 * 24 6 . 7 7 . 0 3 4 6 1 1 . 1 1 1 . 4 0 I to 1 3 . 0 2 3 . 1 
1 * 26 0 . 3 . 8 3 4 B 2 8 . 3 2 2 . 2 0 I 12 2 8 . 6 3 3 . 8 
I * 2 8 0 . 6 . 1 3 4 10 1 2 . 9 1 0 . 9 0 1 1 4 4 0 . 5 4 1 . 6 
1 * 3 0 0 . 4 . 9 , 3 4 1 2 1 3 . 2 1 4 . 5 0 | 16 9 . 9 1 3 . 2 
1 6 0 2 4 . 1 2 3 . 6 3 4 14 1 3 . 1 1 2 . 4 0 \ 18 1 1 . 6 1 7 . 3 
1 6 2 8 . 8 9 . 6 3 4 16 13.0 11.3 0 I 2 0 3 . 9 4.6 
1 6 4 2 4 . 0 21.8 3 4 i e 1 7 . 0 1*.* 0 2 2 9 . 4 1S.I 
1 6 6 1 1 . 5 8 . 5 3 4 2 0 8 . 1 9 . 1 0 I 2 4 4 . 5 0 . 2 
1 6 8 10.3 1 2 . 9 3 4 2 2 8 . 2 9 . 2 0 I 2 6 1 1 . 1 7 . 7 
1 6 10 2 3.0 2 3 . T 3 4 2 4 0 . 3 . 4 0 j 2 8 1 2 . 6 5 . 0 
1 6 12 0 . 6 . 9 3 4 2 6 a . i 8 . 1 0 1 3 0 10.8 8 . 8 
1 6 14 19.3 1 6 . 0 3 6 0 6 . 1 4 . 5 0 | 3 2 0 . 4 . 7 
1 6 16 1 2 . 8 1 3 . 5 3 6 2 3 . 0 4 . 1 0 | 3 4 0 . 2 . 5 
1 6 i e 8 . 9 9 . 2 3 6 4 3 . 5 4 . 0 0 3 2 6 6 . 1 6 8 . 9 
1 6 2 0 8 . 2 1 0 . 8 3 6 6 0 . 3 . 7 0 3 4 9 . 6 8 . 9 
1 6 2 2 0 . 2 . 5 3 6 8 6 . 2 9 . 3 0 3 A 5 2 . 8 5 3 . 1 
1 6 2 4 0 . 1 . 2 3 6 1 0 7 . 3 5 . 9 0 3 8 2 6 . 9 2 9 . 5 

1 - ±- JL*_ 0 . 
1-* J s_ P a . 2 1 1 . 3 0 -2- AO.- 2 0 . 5 

0 3 1 2 5 T . 0 6 2 . 0 2 | 10 4 9 . A 4 8 . 1 
0 3 14 S 4 . 6 9 4 . T 2 1 12 2 5 . 9 2 7 . 9 
0 3 16 8 * 6 1 4 . 3 2 1 14 9 9 . 3 A O . 8 
0 3 18 l l . A 1 A . 0 2 1 I A 2 9 . 2 36.3 
0 3 2 0 0 . 4 . 5 2 1 \B 3 3 . 9 3 7 . A 
0 3 2 2 2 8 . 2 3 0 . 5 2 1 20 2 2 . 0 2 5 . 1 
0 3 2 4 0 . 4 . 0 2 1 2 2 6 . 4 1 1 . 9 
0 3 2 6 9 . 9 1 4 . 0 2 1 2 4 2 4 . 6 Z T . e 
0 3 28 0 . 0 . 6 2 1 2A 9 . 3 1 1 . 8 
0 3 30 0 . 5 . 1 2 1 2 6 1 1 . 4 1 2 . 7 
0 3 32 6 i J 5 . 5 2 l 30 0 . 2 . 0 
0 5 2 4 4 . 0 4 T . 9 2 l 3 2 6 . 3 1 0 . 0 
0 5 4 4 4 . 1 4 1 . 0 2 3 0 8 1 . 6 6 9 . 1 
0 5 6 5 3 . 6 5 4 . 3 2 3 2 2 4 . 4 2 3 . 0 
0 5 6 3 6 . 0 3 6 . 1 2 3 4 4 0 . 6 3 6 . 2 
0 5 10 2 2 . T 2 3 . 6 2 3 6 3 4 . 9 2 9 . 1 
0 5 1 2 2 2 . 5 2 4 . 3 2 3 6 2 4 . 2 2 1 . 2 
0 5 14 1 3 . 0 1 0 . 4 2 3 10 5 0 . t 4 T . 3 
0 5 16 1 9 . 9 2 0 . T 2 9 12 3 2 . 5 3 4 . 9 
0 5 18 1 9 . 4 1 7 . 3 2 3 14 9 0 . 6 9 2 . 9 
0 5 2 0 1 7 . 9 2 2 . 1 2 3 16 1 9 . 9 2 1 . 9 
0 5 2 2 1 9 . 9 2 1 . 8 2 3 18 1 9 . 7 1 6 . 9 
0 9 24 6 . 3 7 . 4 2 3 2 0 9 . T 9 . 1 
0 5 2 6 9 . 7 1 2 . 6 2 3 2 2 1 0 . 8 9 . 9 
0 9 2 8 0 . 9 . 2 2 3 24 T . 9 6 . 3 
0 7 2 3 0 . 0 2 9 . 6 2 3 2 6 T . 2 T . 6 

lo 7 4 1 6 . 6 1 T . 6 2 3 2 6 6 . 2 8 . 1 
.0 7 6 1 6 . 3 1 3 . 2 2 3 3 0 0 . 3 . 0 
0 7 8 2 4 . 9 2 6 . 5 2 5 0 3 3 . 2 3 0 . 9 
0 7 lo 5 . 0 3 . 7 2 5 2 1 0 . 3 9 . 2 
0 T 12 2 4 . 2 2 3 . 7 2 5 4 l $ . A 1 1 . 8 
0 T 14 5 . 2 6 . 7 2 3 6 O 3 . 7 
0 T 16 1 9 . 9 1 4 . 2 2 3 a 7.0 9 . 8 
0 7 18 0 . 3 . 6 2 5 10 2 5 . 1 2 9 . 3 
0 T 2 0 0 . 6 . 2 2 5 12 8 . 0 6 . 8 
0 7 2 2 1 1 . 6 1 0 . 4 2 5 ~ 14 ~ 1 1 . 7 1 1 . 6 
0 9 2 9 . 0 9 . 2 2 5 16 9 . 2 6 . 9 
0 9 4 7 . 3 9 . 1 2 5 16 1 3 . 6 1 0 . 3 
0 9 6 0 . 2 . 2 2 5 2 0 0 . 3 . 8 
0 9 8 T . 3 8 . 0 2 5 2 2 0 . 9 . 6 
0 9 10 0 . 3 . 0 2 5 2 4 0 . 4 . 1 
1 0 1 1 6 3 . 2 1 0 8 . 1 2 S 2 6 0 . 1 . 9 
1 0 3 6 5 . T 7 2 . 5 2 7 0 0 . 3 . 6 
1 0 9 T 2 . 4 7 2 . 2 2 7 2 6 . 2 5 . 4 
1 0 7 4 3 . 1 4 6 . 8 2 7 4 0 . 4 . 1 
1 0 9 1 3 1 . 2 1 3 5 . 0 2 7 6 0 . 3 . 7 
1 0 11 4 . 3 1 4 . 9 2 7 8 0 . 4 . 6 
1 d 13 31 .5 1 4 . k 2 7 16 6 . 1 1.2 
I 0 19 5 6 . 3 6 3 . 0 2 7 12 6 . 4 9 . 6 
I 0 17 0 . 3 . 5 2 7 14 0 . 6 . 0 
1 0 19 5 6 . 2 6 3 . 6 2 7 16 0 . 3 . 9 
1 0 2 1 2 3 . 4 2 7 . 9 2 7 16 8 . 2 6 . 1 
1 0 2 3 1 2 . 6 1 8 . 1 ' 2 7 2 0 0 . 2 . 2 
1 0 29 U . t 1 7 . 5 3 .0 1 6 . 3 4 . 9 
1 0 27 0 . 1 . 5 3 0 3 2 6 . 0 2 7 . 8 
1 0 2 9 1 4 . 4 1 7 . 2 3 0 3 2 4 . 1 2 0 . 1 
1 0 31 0 . 3 . 6 3 0 7 2 9 . 6 2 9 . 5 
1 0 3 3 0 . 3 . 7 3 0 9 5 2 . 0 4 6 . 9 
1 2 1 9 3 . 3 0 9 . 4 3 0 . 1 1 1 A . T 1 7 . 7 
I 2 3 9 9 . 3 8 9 . 5 3 0 13 0 . 8 . 3 
1 2 5 S T . 9 5 4 . 1 3 0 15 2 2 . 2 2 4 . 2 
1 2 7 3 0 . 0 2 8 . 4 3 0 17 1 2 . 9 1 7 . 0 
1 2 9 6 5 . 3 8 6 . 7 3 0 19 1 6 . 2 2 1 . 5 
1 2 11 T 8 . T 7 6 . 3 3 0 2 1 4 . 6 6 . 7 
1 2 13 2 9 . 3 3 0 . 3 3 0 2 3 1 0 . A 9 . 3 
1 2 19 3 6 . 4 4 0 * 9 3 0 2 5 0 . 3 . 0 
I 2 17 8 . 6 14.3 3 0 2 7 3 . 2 8 . 7 
1 2 19 4 4 . 1 4 4 . 3 3 o 2 9 0 . 6 . 7 
1 2 2 1 1 T . 0 1 5 . 1 3 o 31 0 . 0 . 8 
1 2 2 3 T . 2 5 . 0 3 2 I 3. A 1 9 . 8 
1 2 2 5 1 6 . 2 2 2 . 3 3 2 3 2 8 . 9 2 4 . 3 
1 2 2T 0 . 6 . 1 3 2 5 3 3 . 1 2 7 . 8 
1 2 29 8 . 1 9 . 8 3 2 T 3 0 . 9 2 8 . 5 
1 2 31 0 . 7 . 3 3 2 9 3 2 . 3 3 2 . 3 
1 2 3 3 0 . 2 . 4 3 2 11 2 4 . 5 2 T . T 

4 1 5 1 . 6 4 6 . 8 3 2 13 1 4 . 3 1 2 . 4 
1 4 3 2 6 . T 2 5 . 9 3 2 1 5 1 3 . 1 1 0 . 4 
1 4 5 4 1 . 0 4 0 . 3 3 2 17 2 1 . 6 2 2 . T 
1 4 7 2 6 . 6 3 0 . 6 3 2 19 1 0 . 5 9 . 9 
1 4 9 6 0 . 9 5 9 . 1 3 2 21 6 . 0 1 0 . 2 
I 4 11 2 5 . T 1 9 . 3 3 2 2 3 6 . 2 3 . 9 
1 4 19 1 0 . T 6 . 1 3 2 2 5 0 . 3 . 8 
1 4 l i 3 2 . 4 3 2 . 6 3 2 27 5 . 2 T . T 
I 4 I T 1 A . 1 1 6 . 7 3 2 29 0 . 4 . 1 
1 4 1 9 1 3 . 6 9 . 3 3 4 1 1 2 . 0 1 3 . 9 
1 4 2 1 1 T . 9 2 1 . 9 3 4 3 2 4 . 8 2 3 . 2 
1 4 2 3 T . O 6 . 9 3 4 9 2 1 . 9 2 6 . 6 
1 4 2 5 9 . 9 1 1 . 7 3 4 T 3 0 . 4 3 1 . 2 
1 4 2 7 5 . 2 3 . 2 3 4 9 1 1 . 5 1 6 . 1 
1 4 2 9 0 . 6 . 3 3 4 11 1 7 . 3 I T . 3 
1 4 31 0 . 2 . 1 3 4 13 1 2 . 5 1 0 . 1 
1 6 1 A . 2 4 . 4 3 4 19 6 . 9 T . 6 
I 6 3 2 8 . 8 2 T . 6 3 4 17 2 0 . 1 2 1 . 4 
1 6 5 1 9 . 0 18.5 3 4 19 1 4 . T 1 3 . 2 
1 6 T 2 T . 2 2 6 . 1 3 4 21 9 . 6 8 . 2 
1 A 9 A . 6 9 . 6 3 4 2 3 0 . 3 . 4 
1 6 11 1 6 . 1 1 4 . 8 3 4 2 5 0. 3 . 9 
1 6 13 5 . 9 a . o 3 4 27 5 . 1 4 . 7 
1 6 I S 1 3 . 6 1 8 . 6 3 6 1 1 3 . 1 1 0 . A 
t 6 I T 5 . 1 6 . 1 3 6 3 1 6 . 5 1 0 . 8 
1 6 19 6 . 3 a . 5 3 £ S 5 . 0 3 . 8 
1 6 2 1 1 2 . 3 1 2 . 5 3 £ 7 1 7 . 9 1 A . 1 
1 6 2 3 0 . 3.A 3 A 9 1 2 . 0 7 . 7 
I 6 2 3 0 . A . I 3 6 t l 8 . 4 7 . 9 
1 8 1 0. 2 . 2 3 6 13 0. 7 . 4 
1 8 3 1 2 . 7 1 0 . 4 3 6 15 0. 3 . 0 
1 8 5 8 . 2 T . l 3 6 I T 1 6 . 1 1 2 . 2 
I 8 T 1 6 . 5 1 4 . A 3 6 19 0. 7 . 0 
I 8 9 5 . 2 B . 2 3 A 21 0 . 4.8 
1 a 11 6 . 4 8 . 7 3 e 1 0 . 4 . 9 
1 8 13 0 . 2 . A 3 g 3 6 . 9 7 . 2 
1 8 15 0 . 7.8 3 6 5 0 . 3 . 9 
1 8 I T 0 . 3 . 3 3 8 7 8 . 9 6 . 2 
2 1 0 8 3 . 0 6 1 . 5 3 6 9 0. 2 . 6 
2 1 2 2 T . 0 2 4 . 9 4 1 0 2 5 . 9 1 9 . 9 
2 1 4 1 0 T . 1 1 0 3 . 2 4 1 2 2 6 . 1 2 2 . 3 
2 1 6 1 6 . 0 1 2 . 0 4 1 4 2 8 . 5 2 5 . 0 
2 I 8 P-* 1 7 . 2 4 1 6 2 8 . 2 2 4 . 4 

4 ' t 6 1 4 . 2 1 4 . 7 
4 1 10 1 4 . 8 1 4 . 0 
4 1 12 0 . 5 . 2 
4 1 14 1 3 . T 1 7 . 2 
4 1 16 A . 8 5 . 3 
4 1 18 0 . l . A 
4 1 2 0 5 . 1 1 . 9 
4 1 2 2 5 . 1 5 . 5 
4 1 24 0 . 2 . 0 
4 1 2 6 0 . 9 . 0 
4 3 0 1 9 . 8 1 0 . 3 
4 3 2 2 9 . 7 2 T . 0 
4 3 4 2 0 . 9 1 6 . 0 
4 3 A 1 7 . 4 1 2 . 8 
4 3 6 1 8 . A 1 3 . ) 
4 3 10 1 2 . 7 1 1 . ) 
4 3 12 1 7 . 4 I T . 4 
4 3 14 5 . 0 4 . 6 
4 3 I A 7 . 1 4 . 2 
4 3 18 5 . 1 5 . 0 
4 3 2 0 7 . 3 8 . 7 
4 3 2 2 8 . 2 8 . ) 
4 3 24 5 . 1 6 . T 
4 5 0 0 . 1 . 2 
4 5 2 1 7 . 8 1 5 . 5 
4 5 4 1 3 . 5 9 . T 
4 5 A 8 . 9 1 0 . ) 
4 5 8 7 . 3 1 2 . 1 
4 5 10 1 4 . 7 6 . 2 
4 5 i i U . 8 14.4 
4 3 14 1 1 . 1 1 0 . 3 
4 S 16 0 . 0 . 9 
4 5 18 0 . 2 . 6 
4 S 2 0 0 . 4 . 5 
4 7 0 7 . 3 6 . 9 
4 T 2 6 . 3 S . T 
4 T 4 S . 2 5 . 4 
4 7 A 0 . 5 . 2 
4 7 8 0 . 7 . 8 
5 0 1 2 2 . 3 1 9 . 2 
5 0 3 1 0 . 9 T . 3 
5 0 5 1 6 . 3 1 5 . 6 
S 0 7 6 . 1 4 . 3 
5 0 9 2 0 . 1 1 4 . 8 
5 0 11 1 3 . 4 1 4 . 1 
5 0 1 3 9 . 6 8 . 7 
5 0 1 5 9 . 0 8 . 9 
5 6 IT 0 . 5 . 3 
5 0 19 0 . 0 . 2 
5 0 21 0 . 0 . ) 
9 2 1 1 2 . 7 1 0 . 7 
5 2 3 1 5 . 9 1 2 . 4 
5 2 5 1 8 . 9 1 5 . 8 
5 2 7 0 . 4 . 9 
9 2 9 8 . 0 6 . 6 
5 2 11 0 . 6 . 4 
5 2 13 5 . 2 3 . 0 
9 2 1 5 8 . 2 A . 8 
3 _ 2 I T 0 . 4 . 0 
5 2 19 8 . 1 t . 3 
5 2 21 0 . l . A 
5 4 1 5 . 2 1 . 4 
5 4 3 7 . 4 7 . 7 
9 4 5 7 . 4 3 . 8 
9 4 7 5 . 2 4 . 5 
5 4 9 0 . 5 . 0 
5 4 11 0 . 5 . A 
9 4 1 3 0 . t . S 
5 4 1 3 0 . 3 . 0 
9 4 17 0 . 2 . 4 
5 6 1 0 . 2 . 1 
5 6 3 0 . 1 . 8 
6 1 0 2 3 . 3 1 4 . 7 
6 1 2 1 2 . 3 8 . 3 
6 1 4 6 . 4 4 . 1 
6 1 A 3 . 2 2 . 2 
6 1 a 0 . 3 . 0 
6 1 10 7 . 2 5 . 1 
6 1 12 0 . 2 . 1 
6 3 0 7 . 3 A . l 
6 3 2 0 . 2 . 1 
6 3 4 5 . 2 6 . 0 
6 3 6 0 . 1 . 5 
6 3 8 0 . 4 . 3 
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T a b l e I A . Measured and c a l c u l a t e d s t r u c t u r e a m p l i t u d e s ( V i s u a l d a t a ) . 

IcX £ 
K » o 
0 2 0 . 5 0 . 2 
0 4 3 9 . 5 7 4 . 7 

0 6 1 1 2 . 4 1 0 3 . 9 
0 S 1 7 . 7 2 1 . 5 
0 1 0 1 4 8 . 3 1 2 3 . 0 
0 12 7 7 . 6 5 7 . 6 
0 14 6 5 . 3 7 6 . 3 
Q I A 2 6 . 6 2 3 . 2 
0 16 6 0 . 1 4 5 . 7 
0 2 0 3 3 . 6 3 0 . 4 
0 2 2 0 . 6 . 3 
0 2 4 3 5 . 5 2 7 . 9 
0 2ft 0 . 2 . 8 
g ?ff 2 2 . a 1 7 . 9 
0 3 0 0 . 0 . 1 
0 3 0 9 . 1 0 . 1 
0 3 4 1 1 . 9 3 . 9 
2 0 2 6 9 . 6 2 5 0 . 5 
2 2 1 3 1 . 5 1 2 0 . 4 
j 4 1 2 9 . 2 1 0 3 . 1 
2 ft 8 0 . 9 7 4 . 7 
2 8 1 9 . 5 2 4 . 7 
2 10 1 5 9 . 9 1 2 5 . 9 

' 2 12 1 7 . 3 1 9 . 4 
2 14 2 1 . 6 2 3 . 4 

I A 3 7 . 0 3 5 . 7 
2 1 8 7 1 . 9 4 5 . 6 
2 2 0 2 3 . 2 2 1 . 0 
2 2 2 1 0 . 1 9 . 4 
2 2 4 1 5 . 0 1 6 . 6 
2 2ft 7 . 1 1 0 . 0 

2 8 1 1 . 6 1 0 . 2 
3 2 1 2 . 0 6 . 1 

4 0 5 0 . 2 5 3 . 3 
4 2 3 4 . 0 3 2 . 0 
4 4 2 4 . 4 2 5 . 6 
4 6 2 9 . 6 3 3 . 7 

ff 2 0 . 0 1 1 . 9 
4 10 5 6 . 4 5 1 . 7 
4 12 3 0 . 7 2 7 . 0 
4 14 4 1 . 5 3 2 . 6 
4 1ft 0 . 6 . 0 
4 1ft 4 . 4 6 . 0 
4 i a 1 0 . 2 1 3 . a 

2 0 1 0 . 7 4 . 6 
4 2 2 7 . 0 1 . 2 
4 2 4 7 . 3 a . 3 
4 2 4 1 1 . 5 8 . 3 
4 2 6 1 1 . 8 a . a 

? f i 1 7 . 0 5 . 7 
2 2 0 . 2 4 . 0 
8 2 1 . 0 4 . 2 

10 2 1 . 4 3 . 7 
14 1 1 . 2 5 . 1 
m 9 . 2 4 . 0 
2 2 5 . 4 1 . 0 

ft 2 4 9 . 3 1 . 1 
2 1 0 0 . 9 7 8 . 2 
2 3 7 . 4 1 7 . 2 
2 3 1 1 . 1 1 5 . 3 
2 7 5 . 9 a . 4 
2 9 1 5 . 7 1 2 . 2 
2 11 2 5 . 8 2 5 . 3 

1 3 4 7 . 0 1 4 . A 
2 13 3 5 . 7 3 1 . 4 
2 17 2 1 . 0 2 0 . 3 
2 1 9 2 2 . 4 1 6 . 6 
2 2 1 2 3 . 9 1 6 . 1 

?\ 1 0 . 1 1 Q , 9 _ 
2 2 3 6 . 9 7 . 3 
2 2 7 O . J 1 . 9 
4 1 3 . 4 6 . 3 
4 3 1 5 . 3 1 1 . 0 
4 3 3 9 . 8 3 6 . 2 

7 O . 4 . 3 
4 9 3 1 . 2 3 2 . 3 
4 11 1 7 . 4 1 4 . 7 
4 1 3 1 2 . 8 1 1 . 9 
4 1 5 2 6 . 9 2 7 . 0 
4 17 1 9 . 9 1 8 . 3 

19 0 . 3 . 1 
4 1 9 4 . 7 3 . 1 
4 2 1 6 . 9 4 . 2 
4 2 3 7 . 2 1 0 . 3 
4 2 3 1 2 . 4 1 0 . 3 
4 2 5 0 . 9 . 4 

2 5 9 . 0 9 . 4 
4 2 7 0 . 3 . 3 
4 2 7 9 . 2 3 . 3 
4 2 9 1 2 . 0 6 . 3 

ft 1 7 . 8 4 . 3 

ft 3 1 4 . 3 1 9 . 2 
7 A . O 4 . B 

ft 9 2 1 . 2 1 4 . 0 

ft 1 3 1 1 . 1 0 . 3 
6 1 5 1 6 . 0 1 0 . 6 

ft 17 5 . 2 1.3 6 2 3 5 . 4 2 . 8 
B 1 1 1 . 9 1 0 . 0 

1 H . A 4 6 . 7 
1 3 1 7 . 6 2 5 . 4 
I 5 5 5 . 2 9 1 . 0 
I 7 3 2 . 3 3 1 . 4 
I 9 2 5 . 5 2 4 . 7 
I 11 6 5 . 6 4 8 . 7 

n 4 1 . 5 2 3 . 1 
I 1 5 6 4 . 6 4 7 . 6 
I 17 3 0 . 5 2 3 . 5 
1 1 9 6 . 8 0 . 6 
I 2 1 1 8 . 6 1 5 . 6 
I 2 3 1 0 . 0 7 . 1 
| 2 3 2 4 . 1 2 1 . 3 
1 2 7 1 5 . 6 1 3 . 2 
1 2 9 0 . 0 . 0 

3 1 1 6 . 9 1 0 . 2 
3 5 1 1 . 8 7 . 5 
3 7 1 0 . 1 6 . 5 

1 7 6 . 6 6 5 . 1 
3 7 7 . 9 6 8 . 9 
5 6 . 7 5 . 9 
7 2 7 . 8 3 1 . 9 
9 1 4 . 6 1 1 . 5 

11 7 . 7 2 . 7 
1 3 fl.2 2 . 6 
1 5 1 7 . 3 1 9 . 3 
17 1 6 . 4 1 8 . 3 
1 9 0 . 1 . 5 
2 1 2 5 . 2 1 7 . 5 
2 3 0 . 2 . 5 
2 5 2 2 . 6 1 6 . 3 
2 7 1 1 . 7 B . l 
2 9 5 . 3 1 . 7 

3 3 5 . 6 3 2 . 5 
1 3 1 0 . 1 0 . 5 
1 5 1 0 . 4 5 . 2 
1 9 5 . 0 6 . 1 
2 1 1 6 . 3 7 . 1 
2 5 9 . 3 6 . 4 
27 7 . 6 1 . 6 
2 7 1 0 . 7 1 . 6 
3 3 4 . 8 0 . 7 

1 1 5 . 9 6 . 5 
3 1 1 . 2 3 . 1 
7 5 . 1 1 . 6 

- 15 7 . 5 0 . 9 
2 4 7 . 9 4 3 . 0 
4 1 0 1 . 5 9 1 . 9 
6 9 9 . 6 7 4 . 5 
8 5 . 4 6 . 3 

10 2 2 . 5 2 8 . 3 
12 3 6 . 2 3 1 . 9 
14 5 8 . 7 3 6 . 6 
16 1 5 . 7 1 5 . 6 
I B 1 2 . 0 1 8 . 6 
2 0 0 . 5 . 9 
2 0 4 . 1 5 . 9 
2 2 0 . 8 . 6 
2 2 1 0 . 7 a . 6 
2 4 0 . 5 . 0 
2 6 6 . 9 2 . 5 
2 6 9 . 8 2 . 5 
20 0 . 1 . 6 
2 8 8 . 9 1 . 6 
3 0 7 . 5 3 . 0 
3 0 1 0 . 6 3 . 0 

2 7 1 . 6 6 3 . 3 
4 0 . 1 0 . 8 
4 2 . 9 1 0 . 8 
6 4 5 . 0 4 4 . 0 
8 2 8 . 4 3 0 . 0 

10 2 8 . 1 2 7 . 4 
12 4 8 . 9 5 5 . 1 
14 5 1 . 9 5 1 . 2 

. 16 B . 9 1 2 . 6 
18 0 . 1 0 . 1 
18 6 . 0 1 0 . 1 
2 0 0 . 1 . 5 
2 2 2 9 . 8 2 3 . 5 
7 4 0 . 4 . 7 
2 4 4 . 9 4 . 7 
2 6 1 1 . 5 7 . 9 

2 3 5 . 4 3 8 . 0 
4 3 3 . a 3 3 . 3 
6 4 0 . 7 4 1 . 9 
S 3 4 . 9 7 7 . 9 

10 2 3.3 2 0 . 7 
12 2 4 . 3 2 2 . 1 
14 1 0 . 3 1 0 . 0 
16 2 1 . 3 1 6 . 0 
I B B . 5 1 2 . 4 
2 0 1 A . 1 1 2 . 9 
2 2 1 6 . 5 1 4 . 3 
2 4 1 1 . 9 4 . 2 
2 6 1 2 . 0 7 . 6 
32 5 . 0 1 . 9 

2 1 1 . 2 1 6 . 8 
4 1 1 . 3 1 2 . 8 
6 1 1 . 4 1 1 . 3 
6 1 1 . 5 1 6 . 7 

12 7 . 4 1 5 . 5 

h = 1 
1 1 3 4 . 9 3 9 . 1 
1 3 6 7 . 7 B 1 . 4 
1 5 1 0 9 . 6 1 4 1 . 5 

2 7 . 1 
1 9 5 0 . 9 4 7 . 6 
1 11 1 5 . 5 1 7 . 6 
1 1 3 2 4 . 0 2 6 . 4 
1 I S 2 6 . 1 3 1 . 2 
1 17 3 . 5 1 . 0 
1 1 9 1 0 . 4 3 1 . 7 
1 2 1 1 7 . 8 1 2 . 6 
1 2 3 1 9 . 0 1 9 . 4 
1 2 5 2 . 6 6 . 2 
1 2 7 B . 6 1 2 . 0 
1 2 9 6 . 3 1 0 . 1 

) 1 B . 5 1 0 . B 
3 3 2 9 . 6 3 6 . 3 
3 5 2 8 . 2 4 0 . 5 
3 7 6 1 . 8 7 3 . 1 
3 9 1 7 . 9 2 0 . 4 
3 11 1 3 . 4 2 0 . 7 

3 15 6 . 7 1 2 . 2 
3 17 2 2 . 5 2 2 . 6 
3 1 9 1 3 . 0 1 1 . 5 
3 2 1 5 . 6 1 1 . 6 
3 2 3 1 1 . 8 1 0 . 9 
3 2 5 8 . 7 9 . 0 
3 2 7 4 . 9 6 . 0 
3 2 9 9 . 1 9.3 
5 1 1 3 . 7 2 2 . 0 

5 3 3 2 . 3 3 9 . 6 
5 7 1 6 . 8 2 1 . 4 
5 11 7 . 5 1 0 . 7 
5 1 3 1 1 . 0 1 4 . 0 
5 1 5 5 . 7 5 . 0 
5 1 7 8 . 3 8 . 3 
5 1 9 6 . 1 7 . 7 
5 2 1 6 . 3 7 . 7 
5 2? 8 . 1 , 6 . 7 
5 2 5 6 . 3 5 . 2 
5 2 7 2 . 9 1 . 4 
7 3 8 . 6 1 5 . 9 
7 7 a . a 1 2 . 2 

1 0 6 9 . 4 9 1 . B 
1 2 4 3 . 7 5 6 . 9 
1 4 3 2 . 7 3 5 . 7 
1 6 7 6 . 7 9 6 . 8 
1 8 1 0 7 . 3 1 1 2 . 9 
I 10 5 3 . 5 5 3 . 6 
1 12 3 3 . 2 3 8 . 8 
1 14 3 1 . 7 2 2 . 3 
1 1 6 4 2 . 9 4 8 . 9 
1 1 8 3 7 . 1 3 5 . 9 
1 2 0 7 . 0 6 . 3 
I ?? 1 0 . 6 1 2 . 6 
1 2 4 1 3 . 8 9 . 6 
1 2 6 1 1 . 9 1 0 . 2 
1 2 6 4 . 8 3 . 9 
I 3 2 5 . 0 1 . 7 
3 0 1 4 . 6 2 2 . 9 

2 2 3 . 7 2 9 . 4 
3 4 3 4 . 0 4 2 . 2 
3 6 2 5 . 2 2 6 . 0 
3 a 9 . 5 1 7 . 9 
3 10 4 1 . 1 4 6 . 1 
3 12 2 3 . a 2 2 . 2 

14 1 7 . 7 1 8 . B 
3 16 1 3 . B 1 4 . 6 
3 18 3 5 . 0 2 5 : 7 
3 2 0 1 3 . 4 i i . a 
3 2 2 1 1 . 3 1 5 . 3 

^ ? 4 7 . 7 1 . 9 
3 2 6 7 . 9 6 . 7 
5 0 1 B . 1 2 9 . 5 
5 2 4 . B 7 . 5 
5 4 1 5 . 5 I B . 3 
5 6 1 8 . 6 2 5 . 6 
5 i n 1 4 . A 1 5 . 4 
5 12 4 . 2 3 . 3 
5 14 1 1 . 2 1 2 . 6 
5 16 4 . 5 5 . 7 
5 2 0 7 . a 7 . 3 
5 2 2 a . 9 1 0 . 2 
5 7 4 2 . 9 1 . 9 
5 2 6 2 . 9 3 . 6 
5 2 8 5 . 0 2 . 6 
7 0 2 . 7 9 . 6 
7 4 8 . 7 1 0 . 5 
7 6 8 . 7 9 . B 
0 2 1 9 . 3 2 3 . 5 
0 4 1 5 7 . 8 1 7 0 . 0 
0 
0 a 2 2 . 7 2 6 . 0 
0 10 7 . 8 2 . 0 
0 12 4 9 . B 5 7 . 3 
0 14 1 7 . 3 1 4 . 0 
Q I A 1 4 . 6 1 5 . 2 
0 18 1 5 . 8 1 9 . 7 
0 2 2 1 4 . 9 1 4 . 9 
0 2 6 a . 7 9 . 2 
0 3 0 9 . 0 5 . 8 
0 3 2 9 . 1 1 2 . 1 

0 1 7 . 1 2 0 . 3 . 
2 2 3 9 . 7 4 4 . 9 

4 6 5 . 7 7 8 . 3 
2 6 B O . 6 8 5 . 6 

a 6 2 . 6 6 9 . 6 
2 10 1 0 . 3 1 2 . 5 

12 3 1 . 4 7 9 . 9 
2 14 2 3 . 9 2 2 . 8 
2 16 6 . 4 4 . 3 
2 I B 1 6 . 8 1 4 . 6 

2 0 5 . 2 7 . 9 
2 2 2 1 9 . 0 1 B . 1 

2 6 8 . 6 6 . 1 
2 2 8 6 . 3 5 . 0 

3 2 5 . 0 4 . 9 
4 0 2 9 . 9 3 5 . 4 
4 2 1 8 . 6 3 3 . 4 
4 4 1 3 . a 3 2 . 0 
4 6 5 5 . 9 5 6 . 5 
4 B 2 0 . 0 2 9 . 6 
4 10 5 . 9 1 1 . 2 
4 14 2 5 . 9 2 5 . 7 
4 18 5 . 6 1 0 . 8 
4 2 0 5 . B 6 . 0 

2 2 6 . 0 1 1 . 1 
4 2 4 7 . 9 5 . 3 

ft 0 1 1 . 0 1 5 . 3 

ft 4 1 1 . 1 1 6 . 5 
6 10 1 1 . 7 1 1 . 6 
6 14 7 . 7 1 1 . 9 

ft 16 6 . 2 5 . 4 

ft 2 0 2 . 9 4 . 6 

ft 2 2 4 . 1 2 . 4 
8 0 4 . 1 a . o 
8 2 2 . 9 2 . 0 
8 6 4 . 1 4 . 2 
0 1 3 8 . 6 8 4 . 5 
0 3 5 7 . 3 7 4 . 3 
o 5 5 6 . 0 6 7 . 8 
0 7 2 9 . 9 3 2 . 1 
0 9 1 2 0 . 8 1 2 1 . 1 
0 11 4 . 7 7 . 6 
0 13 1 6 . 5 1 6 . 4 
0 1 5 5 7 . 1 5 1 . 0 
o 1? 6 1 . 0 5 7 . 6 
0 2 1 1 2 . 5 1 8 . 2 
0 2 3 1 0 . 9 1 6 . 5 
0. 2 5 B . l 1 4 . 7 

0 2 9 8 . 9 1 2 . B 
2 1 8 0 . 8 7 8 . 6 ' 
2 3 8 6 . 9 B 4 . 2 
2 5 4 2 . 9 4 2 . 6 
2 7 1 6 . 4 2 1 . 3 
2 9 8 5 . 8 7 7 . 6 
2 11 6 7 . 6 6 2 . 5 
2 1 3 3 2 . 5 3 0 . 3 
2 15 4 0 . 1 3 9 . 9 
2 17 4 . 7 1 2 . 7 
2 19 4 0 . 7 3 7 . 4 
2 2 1 1 3 . 0 1 3 . 0 
2 2 3 3 . 6 6 . 4 
2 2 5 1 1 . 9 1 5 . 4 
2 2 9 B . l 7 . 1 
4 1 3 3 . 2 3 4 . 1 
4 3 1 6 . B 2 5 . 2 
4 5 2 1 . 8 3 3 . 4 
4 7 1 3 . 9 2 3 . 4 
4 9 5 2 . 4 5 2 . 2 

A— 11— 
4 1 3 1 2 . 2 1 2 . 2 
4 1 5 2 6 . 3 2 6 . 3 
4 17 1 3 . 3 1 2 . 6 
4 1 9 1 3 . 9 1 0 . 6 

, 1 5 . 3 
4 2 3 4 . 8 3 . 5 
4 2 5 1 1 . 0 7 . 0 
4 2 9 5 . 0 3 . 0 
6 3 1 1 . 1 1 5 . 7 
6 5 7 . 9 1 0 . 4 
6 7 1 1 . 3 1 7 . 5 
6 11 4 . 6 1 0 . 2 
6 1 5 8 . 7 1 2 . 5 
6 17 2 . 8 4 . 3 
6 2 1 6 . 4 8 . 0 

-s-a-

h * 2 
1 0 . 2 
I B . 9 
1 1 . 4 

2 . 3 
1 5 . 0 
2 3 . 5 
2 3 . 1 

6 . a 
5 . 2 
4 . 7 

1 9 . 4 
1 9 . 7 

7 . ft 

3 2 . 2 
_ 5 _ * 0 _ 

3 9 . 3 
2 0 . 2 

8 . 3 
1 1 . 1 
1 2 . 3 
2 4 . 0 
1 7 . 1 
14.2_ 

5 . 7 
7 . 6 

2 0 . 6 
2 1 . 9 

—l*X. 
4 4 . 9 
1 6 . 6 

12 2 9 . 3 2 4 . 7 
14 2 . 0 5 . 8 
I A 1 1 . 7 1 7 . A 
18 3 . 2 5 . 1 
2 0 3 . 4 9 . 9 
2 4 4 . 7 7 . 9 
2 6 4 . 8 7 . 8 
2 6 2 . 9 2 . 7 

0 ? . n 1 . A 
2 2 9 . 2 3 5 . 0 
4 2 0 . 0 1 B . 1 
6 3 7 . 1 2 9 . a 
8 1 7 . 7 1 5 . 6 

10 1 5 . 5 9 . 9 
12 2 2 . A 2 5 . a 
14 1 8 . 4 1 3 . A 
16 1 1 . 1 1 1 . 4 
18 1 1 . 6 1 1 . 0 
2 0 8 . 5 8 . 6 
2 2 8 . 8 1 0 . 2 
24 2 . 9 4 . 4 
2 6 1 1 . 2 8 . 9 

2 1 0 . 9 1 0 . 9 
4 8 . 2 1 1 . 5 
6 8 . 3 9 . 9 
B 8 . 4 1 2 . 2 

10 6 . 0 7 . 1 
12 1 4 . 5 1 4 . 0 
14 6 . 3 7 . 9 

0 1 9 . 2 l b . 1 
0 3 1 0 1 . 7 1 3 6 . 3 
0 5 1 5 . 3 2 . 5 
0 7 6 7 . 5 6 9 . 3 
0 9 2 0 . 0 2 7 . 1 
0 11 9 0 . 3 7 6 . B 
Q 11 8 9 . 7 H I . 1 
0 1 5 2 7 . 0 2 8 . 7 
0 17 1 3 . 1 I B . 4 
0 19 2 . 2 3 . 7 
0 2 1 1 6 . B 2 0 . 1 
0 2 3 1 3 . 9 1 7 . 4 
2 1 2 6 . 9 2 9 . 3 
2 3 7 4 . 2 8 0 . 9 
2 5 1 1 . 1 I B . 9 
2 7 4 0 . 7 4 1 . 9 
2 9 1 8 . 1 1 3 . 3 
2 11 5 4 . 4 5 2 . 5 

1 3 4 2 . 9 4 9 . 8 
2 1 5 2 . 1 6 . 1 
2 17 2 5 . 1 2 6 . 3 
2 1 9 4 . 1 4 . 3 
2 2 1 1 3 . 7 1 9 . 0 
2 2 3 1 6 . 6 1 7 . 4 

2 5 4 . 7 9 . 6 
4 1 1 2 . 4 1 4 . 5 
4 3 2 5 . 0 2 9 . 2 
4 5 1 1 . 1 1 6 . 2 
4 7 9 . 3 B . 3 
4 11 1 7 . 3 1 1 . 9 

_2 . f i * 3 _ 
15 1 8 . 8 1 6 . 8 

4 17 1 3 . 9 1 1 . 3 
4 2 1 1 1 . 6 1 1 . 1 
4 2 3 8 . 9 9 . 1 
4 2 5 2 . 9 2 . 9 

ft 3 7 . 3 9 . 6 

6 5 B . 2 8 . 1 
6 ' 13 B . 3 1 1 . 9 
1 1 2 8 . 2 3 4 . 6 
1 3 2 3 . 1 2 2 . 3 
1 5 1 0 . 5 9 . 3 
I 7 5 3 . 5 5 3 . 6 
1 9 2 6 . 9 2 7 . 7 
1 11 3 3 . 5 4 1 . 6 
1 13 2 2 . 7 2 1 . 8 
1 1 5 1 9 . 5 1 9 . 6 
I 17 2 1 . 0 1 7 . 2 
I 1 9 1 0 . 1 7 . 3 
1 2 1 2 . 4 5 . 8 
3 1 2 4 . 4 2 4 . 8 
3 3 1 0 . A _ _ 1 9 . 4 
3 5 2 1 . B 2 0 . 2 
3 7 1 3 . 9 1 3 . 4 
3 9 3 8 . 7 3 8 . 9 
3 11 5 1 . 2 4 9 . 0 
1 1 1 1 . 0 6 . 6 
3 15 1 9 . 9 1 4 . 3 
3 1 9 1 5 . 7 8 . 3 
3 2 1 7 . 8 5 . 4 
3 2 5 6 . 3 8 . B 
3 2 7 4 . 1 4 . 3 
9 t 7 9 . 9 7 A . 0 
5 5 1 2 . 7 1 7 . 6 
5 9 2 1 . 6 2 3 . 3 
5 11 1 5 . 7 1 3 . 9 
5 13 1 4 . 0 1 4 . 2 
5 15 1 4 . 5 1 7 . 3 
5 19 7 . 4 7 . 4 
1 0 5 1 . 9 6 2 . 0 
1 2 1 5 . 7 1 7 . 5 
1 4 7 8 . 9 9 1 . 3 
1 6 1 0 . 4 2 . 9 
i a 1 9 . B 2 2 . 0 
1 10 3 5 . 2 3 9 . 1 
1 12 2 4 . B 2 4 . 3 
1 14 5 7 . 0 5 3 . 9 
1 16 2 3 . 1 2 5 . 3 
1 I B 3 1 . 6 2 9 . 0 
I 2 0 1 9 . 5 2 0 . 9 
1 2 2 5 . 6 8 . 5 
1 2 4 1 6 . 6 2 0 . 7 
1 2 6 4 . 8 8 . 5 
1 2 8 6 . 4 9 . 5 
3 0 6 0 . 2 5 9 . 1 
3 2 2 0 . 9 2 2 . 0 
3 4 2 8 . a 3 3 . 6 
3 6 2 6 . 1 2 4 . a 
3 a I B . 4 2 0 . 1 
3 10 3 9 . 7 3 6 . 1 
3 12 2 3 . 3 2 7 . 4 
3 14 4 8 . 4 4 7 . 2 
3 16 1 6 . 2 1 3 . 1 
3 I B 1 8 . 7 1 6 . 2 

J 20 
3 2 2 8 . 0 6 . 7 

; j 2 4 6 . 2 3 . 9 
3 2 6 4 . 0 3 . B 
3 2 B 4 . 1 5 . 9 
5 0 2 0 . 3 2 3 . 6 
5 2 2 . 3 9 . 1 
5 4 2 . 3 1 0 . 4 
5 1 0 1 5 . 5 1 7 . 7 
5 12 2 . 5 4 . 1 
5 14 3 . 7 1 3 . 7 
5 16 2 . 7 2 . 7 
9 I B 4 . R 6 . B 

h»3 
1 1 2 0 . 7 3 2 . B 
1 3 2 3 . 7 2 7 . 5 
1 5 4 2 . 6 5 3 . 4 
1 7 1 4 . 6 1 7 . 0 
1 9 1 6 . 3 1 4 . 4 
1 11 2 5 . 3 2 8 . 1 
1 13 1 9 . 6 2 1 . 7 
1 1 5 2 3 . 5 2 5 . 7 
1 1 9 1 3 . 4 1 2 . 5 
1 2 1 9 . 0 9 . 9 
1 2 3 9 . 4 7 . 9 
1 2 5 9 . a 5 . 2 
1 2 7 1 . 6 3 . f t 
1 2 9 1 . 6 5 . 0 
3 1 2 2 . 4 1 7 . 5 
3 3 2 7 . 0 2 5 . 9 
3 5 2 7 . 8 2 f t . 8 
3 7 1 9 . 6 1 6 . 0 
3 9 2 0 . 6 1 5 . 7 
3 11 1 1 . 9 1 6 . 2 
3 13 6 . 9 5 . 6 
} 1 9 . 6 1 4 . 4 
t i i 1 1 . 6 1 3 . 2 
3 1 9 1 2 . 2 7 . 7 
3 2 1 4 . 8 9 . 6 
3 2 3 4 . 4 5 . 3 
3 7 9 1 . 6 4 . 0 
3 2 9 1 . 6 3 . 3 
5 1 1 0 . 4 1 0 . 8 
5 3 7 . 4 7 . a 
5 5 7 . 5 8 . 0 
5 7 a . a 7 . 0 
9 9 1 1 . 9 6 . 5 
5 11 2 . 5 7 . 1 
5 1 3 4 . 7 6 . 4 
5 15 4 . 8 6 . 5 
5 17 1 5 . 6 1 3 . 1 
5 1 9 1 5 . 9 1 0 . 7 
5 71 7 . 1 1 . 4 
1 0 1 . 8 6 7 ? 
1 2 1 4 . 5 2 0 . 7 
1 4 1 1 . A 7 1 . 2 
1 6 2 5 . 3 3 0 . 5 
1 6 2 7 . 1 3 1 . 6 
1 10 9 . 4 1 4 . 1 
1 12 4 . 6 1 3 . 7 
1 14 3 . 5 4 . 1 
1 16 6 . 6 7 . 6 

! 18 B . 2 1 2 . 5 
1 2 0 3 . 9 6 . 0 
1 2 2 2 . 1 2 . 3 
1 2 4 2 . 2 2 . 1 
3 0 3 1 . 6 3 0 . 6 

2 7 . 0 1 2 . 6 
3 4 5 . 6 1 2 . 6 
3 6 3 . 3 9 . 3 
3 8 3 . 3 1 3 . 4 
3 10 2 1 . 1 1 6 . B 
3 12 3 . 9 1 . 6 

14 7 . 1 1 3 . 6 
3 16 7 . 4 1 0 . 0 
3 18 1 6 . 2 1 7 . 0 
3 2 0 1 2 . 4 1 1 . 0 
3 2 4 2 . 7 3 . 5 
3 2 6 3 . 6 3 . 0 
J 2 0 3 . 6 3 . B 

0 1 7 . 0 1 5 . 8 
5 2 4 . 5 7 . 7 

4 1 2 . 9 1 4 . 0 
6 7 . 6 8 . B 

9 8 7 . 7 9 . 1 
9 10 1 2 . 1 1 2 . B 
9 12 2 . 1 l . B 
5 14 4 . 8 7 . 0 
5 16 2 . 2 3 . 6 
5 I B 1 5 . 8 1 1 . 5 
5 2 0 1 3 . 3 6 . 8 
0 2 3 3 . 0 3 9 . 1 
0 4 1 6 . 6 2 1 . 7 
0 6 2 9 . 7 3 9 . a 
0 a 3 6 . 3 3 8 . 3 
0 t o 2 . 0 6 . 2 
0 12 5 1 . 1 4 4 . 5 
0 14 1 . 6 3 . 6 
0 16 5 . 3 1 1 . 9 
0 I B 4 . 0 1 1 . 4 
0 2 0 4 . 3 1 0 . 4 
0 2 2 4 . 6 1 6 . 7 
0 2A 4 . 9 9 . 9 
0 2 B 1 . 6 1 . 1 
2 0 4 . 3 0 . 7 
2 2 2 5 . 7 2 5 . 1 
2 4 3 0 . 7 3 2 . B 
2 6 3 9 . 6 3 4 . 7 

3 7 . i L 
10 1 9 . 4 2 1 . B 

2 12 2 2 . 8 2 2 . 2 
2 14 9 . 2 4 . 7 
2 16 2 0 . 1 1 7 . 3 
2 I B 1 7 . 1 1 0 . 3 

7 0 a . 4 7 . 7 
2 2 1 7 . 0 1 3 . 9 

2 2 4 3 . 5 5 . 1 
2 6 5 . 0 6 . 1 

2 2 8 1 . 6 1 . 3 
2 3 0 1 . 6 2 . 3 

0 5 . 7 1 1 . 2 
4 2 8 . 3 1 3 . 4 
4 4 3 . B 1 2 . 1 
4 6 3 . 9 1 4 . 7 
4 8 1 5 . 9 1 7 . 3 
4 10 a . 2 9 . 7 

12 9 . A 1 0 . 7 
4 14 9 . 9 4 . 6 
4 16 1 2 . 2 6 . 5 
4 18 1 2 . 6 9 . 0 
4 2 0 3 . 5 5 . 8 
4 2 2 3 . 5 4 . 0 
4 ?t\ 4 . 5 3 . 9 

6 4 . 6 3 . 6 

ft 8 2 . 2 4 . 7 

ft 10 2 . 2 2 . 4 
6 16 3 . 6 1 . 9 

5 . 9 
1 7 . 2 
1 2 . 9 
1 3 . 6 
4 0 . 9 

5 . 2 
2 . 3 

1 3 . 0 
5 . 5 

1 3 . 2 

4 . 6 
1 7 . 9 
1 8 . 6 

2 1 9 . 1 1 6 . 2 
2 3 1 6 . 8 1 8 . 7 
2 5 2 7 . 7 2 4 . 2 
2 7 1 9 . 0 2 4 . 7 
7 9 1 1 . 4 1 7 . 7 
2 11 1 9 . 2 1 4 . 1 
2 13 1 1 . 5 6 . 2 
2 1 3 1 2 . 3 1 1 . 1 
2 17 1 9 . 4 1 2 . 9 
2 19 8 . a 8 . a 
7 7 1 9 . 7 7 . 3 
2 2 3 4 . 3 4 . 1 
2 2 5 3 . 5 2 . 6 
2 2 7 3 . 6 4 . 3 
2 2 9 1 . 6 1 . 9 
2 3 1 1 . 6 0 . 3 
* 1 5 . 7 1 2 . 3 
4 3 1 1 . 8 2 0 . 9 
4 5 1 0 . 1 2 0 . 5 
4 7 1 7 . 5 2 3 . 0 
4 9 7 . 0 1 7 . 2 
4 11 9 . 4 1 0 . 2 
4 13 3 . 1 6 . 3 
4 17 1 4 . 8 1 4 . 4 
4 1 9 1 1 . 8 a . 7 
4 2 1 5 . 0 4 . 4 
4 2 7 2 . 2 2 . 7 
6 , 1 3 . 3 7 . 6 
6 3 3 . 4 6 . 2 
6 7 1 . 5 1 0 . 9 
6 9 1 . 5 5 . 0 
6 11 1 . 6 5 . 5 
ft 17 3 . 6 5 . 6 

K«4 
0 2 2 . 0 6 . 6 1 
0 4 1 5 . 9 2 6 . 9 
0 6 5 . 9 3 . 1 
e 8 1 7 . 2 I S . 5 
0 10 1 4 . 1 1 3 . 0 
o 12 8 . 5 5 . 2 
0 14 2 1 . 4 2 0 . 6 
0 16 1 5 . 2 1 3 . 9 
0 18 8 . 7 B . l 
0 2 0 9 . 1 7 . 6 
0 2 2 2 . 1 0 . 5 

2 4 4 . 9 3 . 5 
2 8 2 . 2 2 . 3 

0 2 2 . 4 2 4 . 7 
2 6 . 9 6 . 2 
4 1 1 . 0 9 . 8 
6 a . a 1 0 . 1 
a 1 4 . 2 I S . l 

10 1 5 . 2 1 0 . 3 
12 5 . 4 4 . 3 
14 1 5 . 2 1 2 . 9 
16 3 . 3 6 . 3 
16 1 1 . 1 a . a 
2 0 A . O 6 . 4 
2 4 4 . 9 4 . 2 
2 6 2 . 2 2 . 5 

0 1 1 . 4 1 0 . 3 
2 2 . 5 4 . 6 
4 8 . 2 0 . 7 
6 1 . 9 1 . 6 
a 1 2 . 1 9 . 1 

10 5 . 6 6 . 8 
12 2 . 0 2 . 0 
14 2 . 1 4 . 8 
18 3 . 8 5 . 4 

0 1 1 . 0 4 . 6 
0 3 5 . 4 1 2 . 0 
0 7 1 6 . 1 1 0 . 6 
0 17 1 0 . 3 7 . 3 
0 2 1 9 . 3 1 0 . 7 

1 a . a 9 . 6 
3 9 . 9 1 0 . 1 
5 7 . 4 6 . a 
7 1 0 . 2 9 . 5 
9 1 2 . 0 1 2 . 7 

11 1 0 . 5 8 . 4 
1 3 7 . 9 1 1 . 1 
15 1 0 . 3 1 0 . 2 
17 4 . 0 i . a 
1 9 2 . 1 1 . 0 
2 5 3 . 1 5 . 0 

1 9 . 8 1 0 . 7 
3 1 1 . 5 9 . 3 
4 n . 7 A . A 
7 1 4 . 6 9 . 3 
9 1 2 . 3 1 0 . 7 

11 1 0 . 9 1 1 . 0 
1 3 3 . 6 3 . 5 
1 « 1 . 7 4 . 9 
17 2 . 2 2 . 8 
2 1 2 . 2 2 . 3 

1 9 . 7 8 . 7 
3 4 . 9 0 . 9 
3 4 . 9 5 . a 
1 1 4 . 7 1 9 . 2 
3 2 2 . 0 2 8 . 4 
5 8 . 6 1 0 . 5 
7 2 0 . 2 1 5 . 5 
9 6 . 2 3 . 5 

11 1 3 . 7 1 3 . 5 
1 1 i * . q 1 4 . f t 
I S 3 . 7 1 1 . 3 
17 1 7 . 0 1 6 . 3 
19 2 . 0 2 . 1 
2 1 6 . 6 6 . 5 

1 1 1 . 9 1 9 . 1 
3 1 2 . 1 1 6 . 1 
7 1 2 . 9 1 4 . 9 
9 1 . 7 3 . 1 

11 1 2 . 9 1 2 . 2 
13 1 3 . 5 1 2 . 9 
17 5 . 9 6 . 5 
1 9 6 . 0 5 . 8 
2 1 4 . 9 5 . 6 
2 3 3 . 1 3 . 6 

1 9 . 0 9 . 6 
3 3 . 5 6 . 0 
7 6 . 6 4 . 6 
9 6 . 0 ? . * 

11 6 . 8 7 . 6 
0 8 . 6 1 3 . 0 
7 1 2 . 6 1 7 . 1 
4 1 4 . 3 1 8 . 5 
6 1 6 . 3 1 1 . 9 
a 8 . 4 6 . 5 

10 9 . 2 7 . 2 
12 2 . 3 5 . 7 
1* 1 0 . 9 1 4 . 8 
1 6 5 . 8 1 . 0 
2 0 2 . 9 0 . 7 

0 9 . 7 B . l 
2 1 7 . 6 2 1 . 0 
4 1 1 . 2 1 0 . 2 
6 1 1 . 6 0 . 3 
8 1 2 . 0 7 . 6 

1 0 B . O 6 . 7 
12 1 3 . 2 1 1 . 7 
16 5 . 7 1 . 1 
18 4 . 7 2 . 4 
2 0 1 . 1 1 . 4 

2 2 3 . 1 tti 
2 4 3 . a 3 . 3 

2 9 . 0 9 . 5 
4 6 . 4 3 . 5 
n 4 . 7 6 . 9 

5 10 4 . 7 2 . 8 
5 12 4 . a 8 . 2 



F i g u r e 4. A p e r s p e c t i v e drawing of the molecule w i t h the atom numbering u s e d . The 
c o r r e c t a b s o l u t e c o n f i g u r a t i o n i s shown, the p o s i t i v e d i r e c t i o n o f the 
a - a x i s b e i n g towards the v i e w e r . 



F i g u r e 5. Superimposed s e c t i o n s o f the t h r e e - d i m e n s i o n a l e l e c t r o n - d e n s i t y d i s t r i b u t i o n , 
through the atomic c e n t r e s p a r a l l e l to (100) ; c o n t o u r s f o r c a r b o n and oxygen 
atoms are at i n t e r v a l s o f l e . A - 3 , s t a r t i n g at l e . A " 3 , and f o r the B r atom at 
i n t e r v a l s o f 3e.A~* s t a r t i n g at 3 e . A _ i . The c o r r e c t a b s o l u t e c o n f i g u r a t i o n 
i s shown, the p o s i t i v e d i r e c t i o n of the a - a x i s b e i n g towards the v i e w e r . 
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s t r u c t u r e , was decomposing on exposure to X - r a y s . T h i s s u s p i c 

i o n was c o n f i r m e d by i r r a d i a t i n g samples o f the d e r i v a t i v e w i t h 

u n f i l t e r e d molybenum r a d i a t i o n . A f t e r 10 h r . the d e c o m p o s i t i o n 

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

w h i c h were s e p a r a t e d by t h i n - l a y e r chromatography ( T . L . C . ) . One 

( c a . 40% y i e l d ) was the s t a r t i n g m a t e r i a l , and the o t h e r ( c a . 60% 

y i e l d ) was shown by I . R . , U . V . and N . M . R . s p e c t r o s c o p y to be a 

r e a r r a n g e d p r o d u c t . As a f i n a l check a s i n g l e c r y s t a l was 

i r r a d i a t e d w i t h C u - K ^ r a d i a t i o n under the c o n d i t i o n s of i n t e n s i t y 

measurement; when t h i s c r y s t a l was c r u s h e d i t showed d e p r e s s e d ' 

m e l t i n g p o i n t and g i v e two s p o t s on T . L . C . p l a t e s w h i c h were 

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

i r r a d i a t e d s a m p l e . 

Two p i e c e s o f c h e m i c a l e v i d e n c e were now s u f f i c i e n t to f i x 

the s t r u c t u r e s of both the p-bromophenacyl e s t e r o f h i r s u t i c 

a c i d and the rearrangement p r o d u c t : ( i ) the rearrangement p r o d 

u c t , but not the s t a r t i n g m a t e r i a l , c o n t a i n s an <*?p - u n s a t u r a t e d 

ketone sys tem; ( i i ) each compound c o n t a i n s a h y d r o x y l g r o u p . 

The s t a r t i n g m a t e r i a l i s t h e r e f o r e (2, R=p-bromophenacyl) and 

(2) (15) 

the rearrangement p r o d u c t i s (15, R => p -bromophenacyl ) . 
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Coordinates and Molecular Dimensions:-

Only the parameters from the f i n a l least-squares cycle with 

the counter data are given, since these are the most accurate 

r e s u l t s . The f i n a l p o s i t i o n a l and i s o t r o p i c thermal parameters 

are given in Table 2, together with t h e i r standard deviations 

calculated from the least-squares residuals. 

The bond distances and valency angles are given i n Table 3; 

and the shorter Intermolecular distances in Table 4. The mole

cular packing, including possible hydrogen bonds, i s i l l u s t r a t e d 

in Figure 6. 

The three five-membered rings were examined for planarity. 

The rings were a l l non-planar, and in each case i t was found 

that one of the f i v e possible four-atom planes was much better 

defined than the others; but only f o r the ri n g containing atoms 

1,2,9,10,11 (ring A) was an envelope conformation sharply de

fined. Table 5 summarizes the equations of various planes 

(including the aromatic r i n g ) , deviations from the planes and 

several pertinent dihedral angles. 

Absolute Configuration:-

As a f i n a l step in the analysis the absolute configurations 

of the molecules (both s t a r t i n g material and rearrangement prod

uct) were determined by the anomalous dispersion method. 1* 

Structure factors were calculated for a l l the hkl and hkl re

flexions, using a scattering factor f o r Br of the form: 

f - (fBr + Af ^ r ) + i A f ' B r 
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T a b l e 2. F r a c t i o n a l p o s i t i o n a l parameters and s t a n d a r d ; d e 

v i a t i o n s (each x 1 0 4 ) , i s o t r o p i c t h e r m a l parameters and 

s t a n d a r d d e v i a t i o n s 

Atom X y z <T(x) <5(y) g(z) B <r(B) 

C ( l ) 3075 1321 3699 42 29 7 5.22 0 .78 
C(2) 1897 0751 4030 51 32 9 7.31 0.97 
C(3) 3156 -0038 4357 50 35 8 7 .20 0.91 
C(4) 2486 -1616 4378 51 34 9 8.34 1.02 
C(5) 0743 -1605 4624 63 40 10 11.58 1.27 
C(6) 0540 -0289 4865 60 39 10 10.15 1.18 
C(7) 2318 0539 4705 56 36 10 9.24 1.15 
C(8) 1706 2176 4651 54 41 9 10.16 1.06 
C(9) 0903 2118 4229 47 33 7 6 .50 0.73 
C(10) 1549 3437 4001 46 30 8 6.10 0.83 
C ( l l ) 1931 2801 3627 41 32 7 6 .39 0 .79 
C(12) 0134 2253 3394 47 37 8 8.44 1.01 
C(13) 3106 3672 3332 54 35 9 7.71 0 .98 
C(14) 3588 -2745 4215 63 43 10 12.09 1.21 
C(15) 5639 0191 4297 61 41 10 10.74 1.20 
0(16) 0717 -2896 4873 97 67 14 14 .'75 1.89 
0 ( 1 6 ' ) -0513 -2662 4651 73 55 13 11.39 1.51 
0(17) 2428 0313 5019 80 53 13 9.88 1.52 
0 ( 1 7 ' ) 3806 0370 5083 85 , 45 11 8.39 1.28 
0(18) -1641 2865 3434 32 ! 23 5 8.67 0.60 
0(19) 0076 1321 3114 31 23 5 7.00 0.60 
0(20) -1570 1042 2858 52 33 9 7.46 0.91 
C(21) -1798 2207 2584 48 37 8 8.05 0.93 
0(22) -0652 3260 2574 33 21 5 8.03 0.62 
C(23) -3560 2224 2321 42 31 7 5 .45 0.71 
C(24) -5183 1121 2377 52 35 8 7.67 1.00 
C(25) -6745 1161 2121 47 32 8 6.42 0.84 
C(26) -6821 2062 1832 41 33 7 5 .79 0 .77 
0(27) -5166 3189 1768 43 32 8 6.21 0.84 
C(28) -3594 3129 2028 46 31 7 6.11 0.77 

Br(29) -8947 2132 1463 7 5 1 9 .58 0.09 
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o 
Table 3. Bond distances (A) and valency angles (degrees). 

Standard deviations are about 0.05 A and 3°. 

c [1)-C(2) 1.50 C (5) -C(4)-C(14) 131.6 
c [l ) - C(ll) 1.59 Cl [4) -C(5)-0(16) - 111.0 
c [2)-C(3) 1.60 C [6) -C(5) -0(16) 109.2 
c [2)-C(9) 1.59 C [4) -C(5) -C(6) 114.8 
c [3)-C(4) 1.54 Cl [4) -C(5)-0(16') 123.1 
c [3)-C(7) 1.45 Cl [6) -C(5)-0(16') 122.0 
c [3)-C(15) 1.65 Cl [5) -C(6)-C(7) 98.1 
c [4)-C(5) 1.43 C [5) -C(6)-0(17) 116.8 
c [5)-C(6) 1.50 Cl [7) -C(6)-0(17) 44.7 
c [6)-C(7) 1.51 Cl [6) -0(17)-C(7) 69.8 
c [7)-C(8) 1.59 c [6) -C(7)-0(17) * 65.5 
c (8) -C(9) 1.58 c [3) -C(7)-C(6) 114.7 
c (9)-C(10) 1.53 c [3) -C(7)-C(8) 110.7 
c [lO ) -C(ll) 1.47 Cl [3) -C(7)-0(17) 137.4 
c [11)-C(12) 1.52 Cl [3) -C(7)-0(17') 115.0 
c [11)-C(13) 1.58 Cl [6) -C(7)-C(8) 110.1 
c [4)-C(14) 1.40 Cl [6) - C ( 7 ) - 0 ( 1 7 » ) 95.8 
c [5)-0(16) 1.49 Cl [8) -C(7)-0(17) 108.1 
c [5)-0(16') 1.29 Cl [8) -C(7)-0(17') 109.5 
c [6)-0(17) 1.46 Cl [7) -C(8) -C(9) 99.3 
c [7)-0(17) 1.13 c [2) -C(9)-C(8) 107.7 
c [7)-0(17') 1.66 Cl [2) -C(9)-C(10) 107.7 
c (12)-0(18) 1.30 c [8) -C(9)-C(10) 112.0 
c< [12)-0(19) 1.32 Cl [9) - C ( 1 0 ) - C(ll) 101.0 
0 [19)-C(20) 1.43 Cl [D - C ( l l ) - C Q O ) 106.7 
c< [20)-C(21) 1.46 Cl [D - C(ll ) - C ( 1 2 ) 99.0 
Cl [21)-0(22) 1.24 Cl [1) - C(ll ) - C ( 1 3 ) 111.8 
C [21)-C(23) 1.48 Cl [10 ) - C(ll ) - C ( 1 2 ) 119.2 
C [23)-C(24) 1.49 c [10 ) - C(ll ) - C ( 1 3 ) 116.3 
c [23)-C(28) 1.33 c [12 ) - C(ll ) - C ( 1 3 ) 102.3 
c [24)-C(25) 1.37 c [11 )-C(12)-0(18) 118.9 
c [25)-C(26) 1.32 c [11 )-C(12)-0(19) 130.4 
c [26) -C(27) 1.53 0 [18 )-C(12)-0(19) 110.2 
c [27)-C(28) 1.38 Cl [12 )-O(19)-C(20) 127.9 
c [26) -Br (29) 1.91 0 [19 )-C(20)-C(21) 110.9 

c [20 )-C(21)-0(22) 123.4 
c [ 2 ) - C(l ) - C(ll) 101.1 c [20 )-C(21)-C(23) 120.1 
c [1)-C(2)-C(3) 117.4 0 [22 )-C(21)-C(23) 116.4 
c [1)-C(2)-C(9) 105.4 c [21 )-C(23)-C(24) 117.5 
c [3)-C(2)-C(9) 105.4 c [21 )-C(23)-C(28) 120.3 
c [2)-C(3)-C(4) 109.3 c [24 )-C(23)-C(28) 122.0 
c [2)-C(3)-C(7) 104.0 c [23 )-C(24)-C(25) 115.1 
c [2)-C(3)-C(15) 110.8 c [24 )-C(25)-C(26) 123.7 
Cl [4)-C(3)-C(7) 102.0 Cl [25 )-C(26)-C(27) 121.7 
c [4)-C(3)-C(15) 114.2 c [25 )-C(26)-Br(29) 125.1 
c [7)-C(3)-C(15) 115.6 c [27 )-C(26)-Br(29) 113.1 
c [3)-C(4)-C(5) 104.4 c [26 )-C(27)-C(28) 113.8 
c [3)-C(4)-C(14) 123.7 c [23 )-C(28) -C(27) 123.5 
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Table 4. Shorter intermolecular distances. 

( A l l the crystallographically-independent contacts <3.70 A* are l i s t e d ) 

Atom 
(Molecule 

to 
1) 

Atom in Molecule o 
d(A) 

0(22) 
C(13) 
0(22) 
C(27) 
C(13) 
C(13) 
0(17) 
0(17) 
C(7) 
C(4) 
C(5) 
C(6) 
C(15) 
C(14) 
0(16) 
0(16) 
0(16) 
0(17') 
0(17') 
0(17') 
0(17') 

C(25) 
0(18) 
C(20) 
C(l) 
C(24) 
C(25) 
0(16) 
0(16') 
0(16) 
0(16) 
0(16') 
0(16') 
0(16) 
0(16) 
C(6) 
0(16) 
0(16') 
0(16) 
0(16') 
C(9) 
C(8) 

2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 

3.60 
3.56 
3.35 
3.63 
3.60 
3.64 
3.14 
3.05 
3.64 
3.41 
3.61 
3.64 
3.63 
3.55 
3.70 
3.47 
3.03 
2.63 
2.74 
3.64 
3.12 

Molecule 

1 
2 
3 
4 
5 

Coordinates 

x, y, z 
1+x, y, z 
-x, ?+y, §-z 

|+x,-|-y, 1-z 
|+x, §-y, 1-z 



Figure 6. Projection of the structure along (100), i l l u s t r a t i n g the packing of the mole
cules and the hydrogen bonding between atom 17* and atoms 16 or 16* . 

o o o hydrogen bonding between molecules: • • • hydrogen bonding between molecules 

x,l+y, z and -|+x,£-y,l-z x,l+y, z and i+x,£-y, 1-z 
l-x,t+y,f-z and l-x, -y,£+z l-x,J+y,i-z and |-x, -y, J+z 
l-x,i+y,£-z and £-x, -y,-£+z l-x,fr-y,£-z and \-x, -y,-|+z 
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T a b l e 5. E q u a t i o n s o f p l a n e s . 

Atoms i n p l a n e E q u a t i o n Symbol 

C ( 1 ) C ( 2 ) C ( 9 ) C ( 1 0 ) 0.8096X+0.0972Y+0.5788Z - 9.2875 (A) 
C ( 3 ) C ( 2 ) C ( 9 ) C ( 8 ) 0.8051X+0.5230Y-0.2798Z - -2 .6324 (B) 
C ( 4 ) C ( 5 ) C ( 6 ) C ( 7 ) -0 .5767X+0.3928Y-0.7163Z -12.5574 (C) 
C ( 2 1 ) C ( 2 3 ) C ( 2 4 ) C ( 2 5 ) -

(C) 

C(26)C(27)C(28)C(29) 0 .4973X-0 .6494Y-0 .5753Z - -7 .1831 (D) 

o 
D e v i a t i o n s f rom mean p l a n e s (A) . 

Atom A B Atom C Atom D 

1 -0 .0005 + 3 0.3646 21 0.0236 
2 0.0007 0.0280 4 -0 .0162 23 -0 .0251 
3 + -0 .0168 5 0.0255 24 0.0018 
7 -0 .5183 6 -0 .0240 25 -0 .0109 
8 + 0.0117 7 0.0147 26 0.0021 
9 -0 .0007 -0 .0223 14 -0 .4348 27 -0 .0144 

10 0.0005 + 16' 0.0445 28 0.0066 
11 -0 .6196 16 -0 .5247 29 0.0164 

D i h e d r a l A n g l e s ( d e g r e e s ) . 

P l a n e P l a n e 

A C(1)C(11)C(10) 42 .8 
A B 122.7 
B C ( 3 ) C ( 7 ) C ( 8 ) 36 .7 
C C ( 4 ) C ( 3 ) C ( 7 ) 22 .8 
C C(6 )0 (17 )C(7 ) 118.2 

C(3)C(7) and C(2) o r C(8) C(3 )C(7 ) and C(4) o r C(6) 120 * 

* An average o f the f o u r d i h e d r a l a n g l e s . 
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With Cu-K«>< radiation the differences between JFc(hkl)| and 

|Fc(hkl)| were quite small. The i n t e n s i t i e s f or twelve sets 

of planes with r e l a t i v e l y large differences were measured with 

the s c i n t i l l a t i o n counter, and the res u l t s (Table 6) indicate 

unambiguously that the parameters used to calculate the s t r u c t 

ure factors (those of Table 2 referred to a conventional r i g h t -

handed set of axes) represent the true absolute configuration. 

Figure 4 and (2) and (15) therefore depict the correct absolute 

configuration. 

Discussion of X-ray r e s u l t s : -

The present X-ray analysis has established, with the 

assistance of some chemical evidence, the structure and absolute 

configuration of the p-bromophenacyl ester of h i r s u t i c acid as 

(2, R=p-bromophenacyl) . H i r s u t i c acid i s therefore (2, R="H) . 

The ester rearranges on i r r a d i a t i o n with X-rays to form a prod

uct f o r which the X-ray analysis gives the structure and absolute 

configuration as (15, R=p-bromophenacyl). This rearrangement 

proceeds without disrupting the c r y s t a l structure, and produces 

only minor changes in l a t t i c e parameters and in the i n t e n s i t i e s 

of the r e f l e x i o n s . After i r r a d i a t i o n the c r y s t a l contains the 

two d i f f e r e n t molecules d i s t r i b u t e d randomly at the l a t t i c e 

s i t e s , since no sup e r l a t t i c e reflexions or diffuseness were 

observed. Each atomic position determined by the X-ray analysis 

i s therefore the mean of the positions in the separate molecules, 

which coincide very c l o s e l y , except for the outer atoms in rin g C . 

The r e l a t i v e l y high thermal parameters (Table 2) are probably a 
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T a b l e 6. D e t e r m i n a t i o n of the a b s o l u t e c o n f i g u r a t i o n 

(CuKc* r a d i a t i o n ) 

I o ( h k l ) |Fc(hkl)| 2 

h k 1 I o ( h k l ) I o ( h k l ) F c ( h k l ) F c ( h k l ) , I o ( h k l ) |Fc(hk' 

1 1 2 4102 6057 57.6 65.2 0 .68 0 .78 
1 1 11 338 273 19.9 16.9 1.24 1.39 
1 2 5 2328 2220 54.3 50.3 1.05 1.17 
1 2 8 4601 5223 82.6 86.4 0 .88 0.91 
1 2 16 30 46 5 .9 8.6 0 .65 0.47 
1 3 1 173 106 14.4 10.1 1.63 2.03 
1 3 2 814 714 41.2 37 .3 1.14 1.22 
1 3 8 225 164 26 .0 22 .2 1.37 1.37 
1 3 12 267 328 24 .4 27,. 9 0 .81 0.77 
2 1 6 205 108 12.7 9.2 1.90 1.91 
2 1 8 226 168 17.8 15.0 1.35 1.41 
2 3 4 773 572 37.4 33 .6 1.35 1.24 
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r e s u l t of t h i s d i s o r d e r r a t h e r than l a r g e v i b r a t i o n s ; these 

parameters are g r e a t e s t i n r i n g C where the changes i n atomic 

p o s i t i o n accompanying the rearrangement p r o c e s s are l a r g e s t . 

The g e n e r a l shapes of the m o l e c u l e s of the p-bromophenacyl 

e s t e r of h i r s u t i c a c i d , and of the rearrangement p r o d u c t , are 

c l e a r f r o m F i g u r e s 4 and 5. T a b l e 5 d e f i n e s the f ive-membered 

r i n g s as e n v e l o p e s or s l i g h t l y d i s t o r t e d e n v e l o p e s . Not too 

much s i g n i f i c a n c e s h o u l d be a t t a c h e d to the d e t a i l e d shape o f 

r i n g C g i v e n i n T a b l e 5, as t h e r e are u n d o u b t e d l y two c e n t e r s 

at each atomic p o s i t i o n , and o n l y a mean p o s i t i o n has been d e 

r i v e d . 

The measured bond d i s t a n c e s and v a l e n c y a n g l e s are not 

p a r t i c u l a r l y a c c u r a t e as a r e s u l t o f the d i s o r d e r e d arrangement ; 

however they are a c c u r a t e enough to d e f i n e unambiguously 

as an e x o c y c l i c methylene g r o u p , atom 16' as a c a r b o n y l oxygen 

and atom 16 as a h y d r o x y l oxygen, atom 17 as an epoxide oxygen 

and atom 17' as a h y d r o x y l o x y g e n . These f e a t u r e s and the two 

t e r t i a r y methyl groups are i n agreement w i t h the c h e m i c a l and 

s p e c t r o s c o p i c p r o p e r t i e s of h i r s u t i c a c i d and i t s d e r i v a t e s . 

N e a r l y a l l o f the i n t e r m o l e c u l a r d i s t a n c e s ( T a b l e 4) 

c o r r e s p o n d to van der Waals i n t e r a c t i o n s . The two e x c e p t i o n s are 

the 0(17 ' ) -•• 0(16) and 0 ( 1 7 ' ) - - - 0 ( 1 6 ' ) c o n t a c t s of 2.63 and 2.74 A, 

which r e p r e s e n t 0 - H - - - 0 hydrogen b o n d s . The o r i g i n a l c r y s t a l 

does not c o n t a i n any hydrogen bonds s i n c e the i n t e r m o l e c u l a r 

d i s t a n c e between 0(16) and 0(17) i s 3.14 X , and the i n t r a m o l e c u l 

ar d i s t a n c e i s 3.24 A*. However the n a t u r e of the h y d r o g e n - b o n d i n g 
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scheme formed d u r i n g the i r r a d i a t i o n - i n d u c e d rearrangement 

p r o b a b l y has a s t r o n g i n f l u e n c e on the rearrangement p r o c e s s . 

The rearrangement i n v o l v e s o x i d a t i o n of the s e c o n d a r y h y d r o x y l 

at C(5) to a k e t o n e , t o g e t h e r w i t h r e d u c t i o n o f the e p o x i d e 

r i n g . D u r i n g the rearrangement at l e a s t t h r e e bonds are broken 

and f o r m e d , and two hydrogen atoms are s h i f t e d . The hydrogen 

atom s h i f t s p r o b a b l y i n v o l v e a 1,2 s h i f t f rom C(5) to C ( 6 ) , and 

the s h i f t of the secondary h y d r o x y l p r o t o n 0 ( 1 6 ) - H x to the 

t e r t i a r y h y d r o x y l group 0 ( 1 7 ' ) - H x . The t e r t i a r y h y d r o x y l group 

of the rearrangement p r o d u c t can then form i n t e r m o l e c u l a r 

hydrogen bonds e i t h e r w i t h the secondary h y d r o x y l group of the 

s t a r t i n g m a t e r i a l (0-16) or w i t h the keto group of the r e a r r a n g e 

ment p r o d u c t ( 0 - 1 6 ' ) . The n a t u r e o f the hydrogen bonds formed 

and the m o l e c u l a r p a c k i n g ( F i g u r e 6) can account f o r the o b s e r v e d 

m i x t u r e (c_a. 60% rearrangement) ; however a d i s t i n c t i o n between 

an i n t r a - a n d an i n t e r m o l e c u l a r hydrogen atom t r a n s f e r f rom 0(16) 

to 0 (17 ' ) can not be made. 
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INTRODUCTION 

In P a r t II the s t r u c t u r e e l u c i d a t i o n of a s e s q u i t e r p e n o i d 

compound was c a r r i e d o u t . The b i o s y n t h e t i c c l a s s i f i c a t i o n was 

made on the b a s i s of the m o l e c u l a r f o r m u l a , and on the f a c t t h a t 

a l o g i c a l r a t i o n a l e of i t s b i o g e n e s i s c o u l d be made. P r o o f of 

the t e r p e n o i d n a t u r e o f the compound c o u l d be p r o v i d e d by 

s u c c e s s f u l f e e d i n g exper iments w i t h l a b e l l e d m e v a l o n i c a c i d or 

f a r n e s y l p y r o p h o s p h a t e . The u n i q u e r o l e o f m e v a l o n i c a c i d (5) 

as a t e r p e n e p r e c u r s o r has been e s t a b l i s h e d , * and f a r n e s y l 

p y r o p h o s p h a t e , which i s formed by the h e a d - t o - t a i l c o n d e n s a t i o n 

of t h r e e b i o l o g i c a l i s o p r e n e u n i t s (6), 2' 3 i s b e l i e v e d to be a 

p r e c u r s o r of the s e s q u i t e r p e n e s . * The p r e c u r s o r s of o t h e r 

t e r p e n e f a m i l i e s are s i m i l a r l y d e r i v a b l e from c o n d e n s a t i o n s o f 

the b a s i c i s o p r e n e u n i t (6) . 

CH3-CO-SC0A + CH2-CO-SC0A 
CO2H 

(1) (2) 
C H 3 - C O - C H 2 - C O - S C o A 

(3) 

CH2-CO-SC0A 
CO2H * 

C H 3 

CH3 OH 

C02H COSCoA 

(4) 

CH3 

CO2H CH 2 OH 

(5) 

CH, 
Ĉ-CH2-CH2-OP2 TERPENOIDS 

(6) 

The b i o g e n e t i c t h e o r y o f i s o p r e n o i d compounds 4 has p r o v e d 

i n v a l u a b l e i n the e l u c i d a t i o n and c o r r e l a t i o n o f the g r e a t 

v a r i e t y of s t r u c t u r a l t y p e s c h a r a c t e r i s t i c of t h i s c l a s s o f 



1 3 3 

n a t u r a l p r o d u c t s . S i m i l a r l y , o t h e r b i o s y n t h e t i c schemes have 

been proposed to c o r r e l a t e many o f the n o n i s o p r e n o i d compounds. 

An i m p o r t a n t and l a r g e group of n a t u r a l p r o d u c t s w h i c h have 

r e c e i v e d c o n s i d e r a b l e i n v e s t i g a t i o n are the a r o m a t i c compounds. 

The b i o g e n e s i s of a r o m a t i c compounds 1 appears to be l a r g e l y c o n 

f i n e d to two d i s t i n c t pathways. One o f t h e s e , the c a r b o h y d r a t e 

or s h i k i m i c a c i d (8) pathway, can l e a d to numerous c l a s s e s of 

n a t u r a l p r o d u c t s . These c l a s s e s a r i s e f rom e i t h e r a Cg-C-^ o r a 

COiH 

GLUCOSE 

C 6 - C 3 : 

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

l i g n a n s , l i g n i n 
coumarins 

C « - C i : 

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

t r y p t o p h a n 

INDOLE ALKALOIDS 

Cg-Cg aromat ic p r e c u r s o r ; i n c l u d e d i n the Cg-C-^ group are the 

b e n z o i c a c i d s w h i c h can be m e t a b o l i z e d f u r t h e r , f o r example, 

a n t h r a n i l i c a c i d i s the p r e c u r s o r of t r y p t o p h a n which i n t u r n i s 

the p r e c u r s o r of the i n d o l e a l k a l o i d s ; i n c l u d e d i n the C g - C ^ 

group are the amino a c i d s p h e n y l a l a n i n e and t y r o s i n e which are 

a l k a l o i d p r e c u r s o r s , and c i n n a m i c a c i d s which are p r e c u r s o r s of 

coumarins (Cg-Cg monomer), l i g n a n s (Cg-C^ dimer) and l i g n i n 

(Cg-Cg p o l y m e r ) . In a d d i t i o n to the C^ or C^ s i d e c h a i n , a r o m a t i c 

compounds d e r i v e d f rom the s h i k i m i c a c i d (8) pathway are u s u a l l y 

c h a r a c t e r i z e d by the f o l l o w i n g o x y g e n a t i o n p a t t e r n s : none, 4 - , 
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3,4- o r 3,4,5- (numbering w i t h r e s p e c t to the s i d e c h a i n ) . 

The o t h e r w e l l - e s t a b l i s h e d b i o s y n t h e t i c r o u t e to- a romat ic 

compounds i s the a c e t a t e p a t h w a y 1 , - 9 T h i s pathway (see f i g u r e 

1) commences w i t h the c o n d e n s a t i o n of a malonate u n i t (2) w i t h 

the c h a i n s t a r t e r , a c e t y l CoA (1,9 R=»CHg) . The c o n d e n s a t i o n o f 

a n o t h e r malonate u n i t w i t h a c e t o a c e t y l CoA (3, 10 R=CHg) can 

o c c u r at two s i t e s . C o n d e n s a t i o n at the keto group produces a 

b r a n c h e d - c h a i n i n t e r m e d i a t e (4) e s s e n t i a l to the t e r p e n o i d p a t h 

way, whereas c o n d e n s a t i o n at the e s t e r group produces the p o l y -

P~ k e t o i n t e r m e d i a t e (11) i n the a c e t a t e pathway. A c c o r d i n g to 

the a c e t a t e h y p o t h e s i s the p o l y - p - k e t o c h a i n i s b u i l t - u p by 

f u r t h e r h e a d - t o - t a i l c o n d e n s a t i o n s o f a c e t a t e u n i t s . R e d u c t i o n 

of the c a r b o n y l groups w h i l e the c h a i n i s b e i n g c o n s t r u c t e d l e a d s 

to the f a t t y a c i d s and p o l y a c e t y l e n e s . However i f the c a r b o n y l 

groups are r e t a i n e d s e v e r a l c o n d e n s a t i o n modes are p o s s i b l e . 

These are i l l u s t r a t e d f o r the p o l y-P - k e t o c h a i n (12): O - a c y l a t i o n 

can l e a d to f o r m a t i o n o f pyrones ( 1 3 ) ; a l d o l c o n d e n s a t i o n can 

l e a d to " o r c i n o l - t y p e " a romat ic compounds ( 1 4 ) ; and f i n a l l y 

C l a i s e n - t y p e c o n d e n s a t i o n can l e a d to a c y l p h l o r o g l u c i n o l s (15). 

The s i m p l e s t o f the ot -pyrone s t r u c t u r e s , t r i a c e t i c a c i d l a c t o n e 

(16), w h i c h i s d e r i v e d f r o m t h r e e a c e t a t e u n i t s , has r e c e n t l y 

been i s o l a t e d f r o m P e n i c i l l i u m p a t u l u m . 1 0 S i m i l a r l y the s i m p l e s t 

a r o m a t i c compounds, w h i c h are d e r i v a b l e from f o u r a c e t a t e u n i t s , 

are n a t u r a l p r o d u c t s ; * o r s e l l i n i c a c i d (17) and the d e c a r b o x y l a t 

i o n p r o d u c t , o r c i n o l (18) a r i s e f rom a l d o l - t y p e c o n d e n s a t i o n , 

and a c e t y l p h l o r o g l u c i n o l (19) f rom C l a i s e n - t y p e c o n d e n s a t i o n 
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R - C O - S C o A + CH2-CO-SC0A > R - C O - C H 2 - C O - S C o A 
C02H 

(9) (2) (10) 

CH2-C0-SCoA R-CO-CH2-CO-CH2-CO-SCoA CH2-CO-SC0A 
COoH C02H  

4 > > 
( I D 

R-CO-CH2-CO-CH2-CO-CH2-CO-SC0A 

(12) 

OH 
(18) 

F i g u r e 1 
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of the poly -p-keto precursor (12 R=CHg). 

A large number of aromatic compounds can be accommodated 

by the acetate hypothesis i f the following extensions are con

sidered.* The poly-p-keto chain may be p a r t i a l l y reduced p r i o r 

to c y c l i z a t i o n as i l l u s t r a t e d by the products, 6-methylsalicylic 

acid (20) and pelanjuoic acid (21). A l t e r n a t i v e l y oxidation may 

(21) (17) 

occur as in the metabolite (22). In addition to oxidation, C-

and O-alkylation with a C - l unit may occur as in cyclopaldic 

acid (23). Oxidation may also involve hydroxylation and sub

sequent quinone formation as in the product fumigatin (24). In 

(22) (23) (24) 

each of the above examples the c h a r a c t e r i s t i c a l k y l a t i o n and/or 

hydroxylation pattern of o r s e l l i n i c acid (17) has been masked. 

Another mode of oxidation i s the formation of dimeric species 

through oxidative coupling as shown by the coupling of two units 
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(25) (26) 

of methylphloroacetophenone (25) to form the lichen product, 
usnic acid ( 26 ) . This reaction has been carried out in vitro 
by Barton, 1 1 utilizing a one-electron oxidizing agent. Finally, 
oxidative cleavage of the aromatic ring may occur as illustrated 
by penicillic acid (27) which is produced from orsellinic acid 
(17) by Penicillium cyclopium.12 

(17) (27) 

There are two important variants of the acetate hypothesis 
which result in the overlap of the terpenoid and shikimic acid 
pathways1 with the acetate route. First, alkylation by an 
isoprene unit can occur in a fashion analogous to the alkylation 
by a C-l unit; for example, euparin (28) and evodionol (29) are 
acylphloroglucinols containing isoprenoid units. Second, the 
i n i t i a l acid of the poly-p-keto chain, i.e. the chain starter, 
need not always be acetic acid. In fact a large number of nat
ural products appear to be acetate-derived from cinnamic (Cg-Cg) 
or benzoic (Cg-C^) acids as chain initiators. Important examples 
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(28) (29) 

o f the mixed s h i k i m a t e - a c e t a t e pathway i n c l u d e pyrone s t r u c t u r e s 

such as yangonln (30) , s t i l b e n e s , e g . p i n o s y l v i n (31) , b e n z o -

phenones , e g . m a c l u r i n (32) and the f l a v a n o i d s , e g . n a r i n g e n i n (33) . 

(32) (33) 

In each o f the above examples the h y d r o x y l a t i o n p a t t e r n not o n l y 

d i s t i n g u i s h e s the s h i k i m a t e and a c e t a t e - d e r i v e d r i n g s , but a l s o 

i l l u s t r a t e s the c y c l i z a t i o n mode of the a c e t a t e - d e r i v e d p a r t . 

With l o n g e r p o l y-P - k e t o c h a i n s the p o s s i b i l i t i e s of c y c l i z 

a t i o n become more v a r i e d and complex . F o r a c h a i n o f f i v e 

a c e t a t e u n i t s , c y c l i z a t i o n s e n t i r e l y analogous to those o u t l i n e d 
i 

i n f i g u r e 1 are p o s s i b l e , as i l l u s t r a t e d by the a c y l p h l o r o g l u c i n o l s , 

eugenone (34) and e u g e n i n (35) which c o - o c c u r i n the s p e c i e s 



139 

(34) (35) 

E u g e n i a c a r y o p h y l l a t a . 1 3 The chromone s t r u c t u r e (35) i s f o r m a l l y 

d e r i v a b l e f rom the a c y l p h l o r o g l u c i n o l s t r u c t u r e (34) by f u r t h e r 

O - a c y l a t i o n . " O r c i n o l - t y p e " compounds are a l s o r e p r e s e n t e d i n 

n a t u r e , e g . the i s o c o u m a r i n (36) and the C - a c e t y l o r s e l l i n i c a c i d 

(37 ) . P y r o l y s i s or a c i d t reatment of the l a t t e r 1 4 y i e l d s the 

(36) (37) (38) 

c o r r e s p o n d i n g i s o c o u m a r i n (38) . In a d d i t i o n to the above 

c y c l i z a t i o n modes, o t h e r a l d o l c o n d e n s a t i o n s are p o s s i b l e as 
15 

i l l u s t r a t e d by. the p r o d u c t , c u r v u l i n i c a c i d (39) . 

0 , 

(39) 

C h a i n s of s i x to ten a c e t a t e u n i t s are shown i n f i g u r e 2. 

The most i m p o r t a n t group d e r i v a b l e from s i x a c e t a t e u n i t s 1 are 
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(44) 

F i g u r e 2 
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the n a p h t h a l e n e s , e g . <* - s o r i g e n i n ( 4 0 ) , * ® and the c o r r e s p o n d i n g 

n a p h t h o q u i n o n e s . The c y c l i z a t i o n o f a c h a i n of seven a c e t a t e 

u n i t s g i v e s r i s e to a g r e a t v a r i e t y o f n a t u r a l p o l y c y c l i c com-

1 17 

pounds, g r i s e o f u l v i n (41) b e i n g one of the more u n u s u a l s t r u c t 

u r e s . The a n t h r a q u i n o n e s , e g . e n d o c r o c i n (42) , form the l a r g e s t 

group d e r i v a b l e f rom e i g h t a c e t a t e u n i t s . The l i m i t to the 

l e n g t h of the h y p o t h e t i c a l p o l y - P - k e t o c h a i n appears to be about 

ten u n i t s . Such l o n g c h a i n s g i v e r i s e to two impor tant groups 

of a n t i b i o t i c s , * the t e t r a c y c l i n e s , e g . the c h l o r o t e t r a c y c l i n e 

(43) , and the mycinones , e g . d - p y r r o m y c i n o n e (44) . The t e t r a 

c y c l i n e s can be c o n s i d e r e d to be d e r i v a b l e f rom a c h a i n o f n i n e 
18 

u n i t s w i t h the monoamide o f m a l o n i c a c i d i n i t i a t i n g the c h a i n . 

The mycinones are d e r i v a b l e f r o m a c h a i n of t e n u n i t s w i t h 

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

C H 3 C 0 2 H 

The f i r s t d i r e c t e x p e r i m e n t a l v e r i f i c a t i o n of the a c e t a t e 

h y p o t h e s i s was p r o v i d e d by B i r c h ^ 0 who showed t h a t l - C * 4 - a c e t i c 

a c i d was i n c o r p o r a t e d i n t o 6 - m e t h y l s a l i c y l i c a c i d (20) w i t h the 

l a b e l l e d atoms i n the e x p e c t e d p o s i t i o n s . S i n c e t h e n , s i m i l a r 
, ^ g 

l a b e l l i n g e x p e r i m e n t s have v e r i f i e d the a c e t a t e pathway ' f o r 

many n a t u r a l l y o c c u r r i n g compounds. In a d d i t i o n , f e e d i n g ex

p e r i m e n t s w i t h l a b e l l e d m e v a l o n i c * ' 2 * and s h i k i m i c * ' 2 2 a c i d s 

have v e r i f i e d s e v e r a l examples of the mixed a c e t a t e - t e r p e n o i d and 
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a c e t a t e - s h i k i m a t e pathways r e s p e c t i v e l y . F e e d i n g exper iments 

1 23 

have a l s o e s t a b l i s h e d m e t h i o n i n e ' as a source o f C - l f r a g 

ments . 

The b i o g e n e s i s of 6 - m e t h y l s a l i c y l i c a c i d (20) has been 

s t u d i e d i n c o n s i d e r a b l e d e t a i l . F e e d i n g exper iments w i t h 1 - C * 4 -

a c e t a t e , 2 4 2 - C 1 4 - e t h y l m a l o n a t e , 2 5 0 1 8 - a c e t a t e 2 6 and l a b e l l e d 
27 

a c e t y l coenzyme A have shown t h a t (20) i s d e r i v e d f r o m one 
28 

a c e t a t e and t h r e e malonate u n i t s . In a d d i t i o n , Lynen has 

i s o l a t e d an enzyme e x t r a c t f rom a P e n i c i l l i u m s p e c i e s which 

c a t a l y z e s the r e a c t i o n of one a c e t y l CoA and t h r e e m a l o n y l CoA 

m o l e c u l e s to produce 6 - m e t h y l s a l i c y l i c a c i d (20) . These ex 

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

b i o g e n e s i s * have r e s u l t e d i n the o n l y major m o d i f i c a t i o n to 

B i r c h ' s o r i g i n a l a c e t a t e h y p o t h e s i s , i . e . m a l o n y l CoA i s the 

c h a i n - b u i l d i n g u n i t . I t i s q u i t e l i k e l y t h a t m a l o n y l CoA i s the 

major , i f not s o l e c h a i n - b u i l d e r f o r the a c e t a t e - d e r i v e d a r o m a t i c 

compounds, a l t h o u g h m e t h y l m a l o n y l CoA i s b e l i e v e d to be the 

b u i l d i n g u n i t f o r some of the m a c r o l i d e s . ' ^ 

In a d d i t i o n to d e f i n i n g the c h a i n b u i l d e r , s t u d i e s i n f a t t y 

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

1 30 c a r b o x y l a t i o n of a c e t y l CoA. F u r t h e r , Lynen o b s e r v e d t h a t 

the a c t i v i t y o f the enzyme " f a t t y a c i d s y n t h e t a s e " was quenched 

by s u l f h y d r y l - b l o c k i n g a g e n t s ; and thus he has p o s t u l a t e d a 

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

s u l f h y d r y l - c o n t a i n i n g enzyme. A m o d i f i c a t i o n o f L y n e n ' s model* 

(see f i g u r e 3) a l s o s e r v e s as a u s e f u l w o r k i n g h y p o t h e s i s f o r 
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F i g u r e 3 
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the biogenesis of acetate-derived aromatic compounds. It will 
be noted that in this model the carboxyl groups of the malonate 
units are assumed to be lost during the build-up of the poly-P -

keto chain. There is direct support for this concept for the 
1 31 

biogenesis of fatty acids; ' and i t is quite likely that the 
concept applies to acetate-derived aromatic compounds since there 
have been no verified examples of natural products which retain 
the residual carboxyl groups. However it is important to real
ize that the postulated poly-p-keto intermediates in the acetate 
pathway have never been isolated from nature with the exception 
of the C - 6 unit, 3 , 5-diketohexanoic acid (45)* which is the 
straight-chain form of triacetic acid lactone ( 16 ) . Thus at 
present there is no direct evidence of the. intermediate steps 
in the biogenesis of acetate-derived aromatic compounds; this 

pertains not only to carboxyl loss but also to several of the 
variants of the acetate hypothesis, eg. reduction and alkylation, 
which probably occur at the poly-p-keto stage. 

In addition to the direct experimental verifidiation prov
ided by feeding experiments, the acetate hypothesis is supported 
by two other criteria. One of these is the cooccurrence in a 
single species of several compounds of similar structure, of 

(45) (16) 
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which there are numerous examples.* Another c r i t e r i o n i s that 

the reactions postulated should be chemically sound. This l a t t e r 

c r i t e r i o n i s p a r t i c u l a r l y important to the organic chemist since 

i t forms the basis of the "biogenetic-type synthesis" of natural 

products. In such a synthesis, the chemist need not attempt to 

carry out the reaction under physiological conditions, but can 

choose any desirable set of laboratory conditions to overcome 

the lack of an enzyme system. 

The h i s t o r i c a l development of the acetate hypothesis i s 

remarkable in that i t was f i r s t stated i n 1893 and again in more 
5 

d e t a i l in 1907 by C o l l i e . Unfortunately C o l l i e ' s ideas remain

ed dormant fo r over 50 years u n t i l the hypothesis was independ-
Q 

ently rediscovered by Birch. Birch subsequently elaborated on 
7 8 

the hypothesis ' and i s responsible for much of the experiment

a l v e r i f i c a t i o n . What i s also remarkable i s that C o l l i e developed 

his hypothesis from a consideration of several biogenetic-type 

syntheses, whereas Birch derived the same hypothesis from a 

c o r r e l a t i o n of structures. 
31 

C o l l i e f i r s t observed that treatment of dehydroacetic 

acid (46) under weakly a l k a l i n e conditions (aqueous barium 

hydroxide) yielded the natural product, o r c i n o l (18). As ex-
5 31 

pected, s i m i l a r treatment ' of heptane-2,4,6-trione (47) 

also yielded o r c i n o l (18), but i n addition three other aromatic 

compounds were obtained. The structures of these compounds have 

been e s t a b l i s h e d 5 , 3 2 , 3 3 as (48), (49), (50), and i t i s obvious 

that they arise from an intermolecular condensation of two 



146 

(46) (18) 

molecules of heptane-2,4,6-trione (48) with subsequent c y c l i z a t -

ion (49) and dehydration (50). 

(48) (49) (50) 

Recently, Birch has carr i e d out a biogenetic-type 

synthesis of dihydropinosylvin (53) by alk a l i n e treatment of 

the Y-pyrone (51) or the corresponding trione (52). In addition 

the compound (54) was obtained which would r e s u l t from the 

alternative intramolecular al d o l condensation. Attempts to 

form pinosylvin (55) by an analogous procedure f a i l e d however. 

The biogenetic-type syntheses of acetate-derived aromatic 

compounds has been hindered by the d i f f i c u l t y in preparing 

poly-l>-keto compounds. Pr i o r to work in these laboratories the 
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(53) (54) (55) 

largest members in t h i s series were heptane-2,4,6-trione (47) 
31 

which i s formed by a l k a l i n e hydrolysis of the dimethyl-Y-

pyrone (56), and 3,5-diketohexanoic acid (45) which i s formed in 

(16) (45) 

a s i m i l a r manner from t r i a c e t i c acid lactone (16). The l a t t e r 

reaction has been reversed by treatment of (45) with hydrofluoric 

a c i d . 1 0 B i r c h ^ 5 has attempted to prepare longer poly-p-keto 

chains by ozonolysis of dihydroaromatic compounds. He succeeded 

in i s o l a t i n g the tetraketone (59) from the dihydroindanone ketal 

(57). However attempts to i s o l a t e the pentaketone (59) were 

unsuccessful; and attempts to c y c l i z e (58) or (59) by treatment 
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AXJJUL  ( 5 8 )  

(59) 

with base gave complex mixtures which were not investigated 

further. 

Recently a convenient synthesis of tetra -P-ketones has been 
36 

reported. The reaction sequence involves the formation of a 

diisoxazolylmethane (61) from the addition of two molecules 

of n i t r i l e oxide, RCNO, to diethynylmethane (60), followed by 

c a t a l y t i c reduction to form the imino derivative (62), and sub

sequent acid hydrolysis to the tetraketone (63). In t h i s way 

dibenzoylacetylacetone (63, R = phenyl) has been synthesized. 

R - / ,„ ,„ \ — R R 

1^ U J — T ^ w . 
(60) (61) 

0 0 0 

R^ v v v R 
(62) (63) 

Dibenzoylacetylacetone (64) has also been synthesized from 

acetylacetone by successive aroylation with methyl benzoate in a 
* 37 sodium hydride: 1,2-dimethoxyethane system. A l t e r n a t i v e l y , 

38 
the system sodium amide-liquid ammonia has been used for 
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XX ^ W H . XXX 
CjHs 

CcHs- "̂"̂  ̂ "^^CJ-!* (64) 

s i m i l a r acylations and a l k y l a t i o n s . This l a t t e r system has 

proved very useful f o r synthesizing diketo and t r i k e t o acids by 
10 38 39 

carboxylation ' ' of the corresponding ketones (65). The 

syntheses of the t r i k e t o acids (67) were car r i e d out by f i r s t 

generating the anions (66), followed by rapid removal of the 

l i q u i d ammonia with simultaneous replacement by ether; and f i n 

a l l y the addition of dry ice effected the carboxylation. By 

JUUL NaNH^lNHs DJUUL C°^ether , R * — » R . 

(65) (66) 
C02H 

G 0 R\AY" 0 H 
CÔ H pH 5 

16 hr. 2 5 ° 

(67) 
(68) 

t h i s method the acids (67) with R = CgH5CH=CH, nC 7H 1 5, nCAi^, 

nC 3H ? and CH 3 have been formed in y i e l d s of 52%,30%,14%,2% and 
39 

trace respectively. Treatment of these acids under very mild 

conditions (aqueous buffer, pH 5, 2 5 ° , 16 hr.) resulted in the . 

conversion (ca. 90% yield) to the respective aromatic acids (68) 

pin o s y l v i c , spheropherolcarboxylic, o l i v e t o l c a r b o x y l i c , d i v a r i c 

and o r s e l l i n i c . A l l of these acids except pinosylvic (68, 
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R = CgHr-CH=CH) are n a t u r a l p r o d u c t s , and the l a t t e r was e a s i l y 

d e c a r b o x y l a t e d to the n a t u r a l l y - o c c u r r i n g p i n o s y l v i n (55) , thus 

c o m p l e t i n g a r e m a r k a b l e b i o g e n e t i c - t y p e s y n t h e s i s . The ease 

w i t h w h i c h the p o l y - P - k e t o a c i d (67) c y c l i z e s under e s s e n t i a l l y 

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

i a c y i n the b i o g e n e s i s of a c e t a t e - d e r i v e d a r o m a t i c compounds. 

In these l a b o r a t o r i e s i t was f e l t t h a t a c o n v e n i e n t way o f 

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

p o l y - p - k e t o c h a i n s would be to h o l d the c h a i n s i n the form o f 

condensed p o l y p y r o n e s t r u c t u r e s (see f i g u r e 4 ) . These p o l y p y r o n e 

s t r u c t u r e s c o u l d be c o n s t r u c t e d by s u c c e s s i v e c o n d e n s a t i o n s w i t h 

malonate u n i t s i n a manner analogous to the b i o g e n e s i s of p o l y -

p - k e t o c h a i n s , w i t h the e x c e p t i o n t h a t the r e t e n t i o n o f the 

c a r b o x y l groups i s r e q u i r e d f o r pyrone f o r m a t i o n . The g e n e r a t i o n , 

i n b a s i c media , o f the p o l y-P - k e t o a c i d analogue of the mono

c y c l i c o( - p y r o n e , t r i a c e t i c a c i d l a c t o n e (16) has a l r e a d y been 

34 40 41 

demonstrated. , ' ' and i n f a c t the b i o g e n e t i c - t y p e s y n t h e s e s 
3 1 33 

o f both C o l l i e , and B i r c h were based on the a l k a l i n e t r e a t 

ment o f m o n o c y c l i c pyrone s t r u c t u r e s . T h u s , i n b a s i c media , the 

d i p y r o n e (69) would be e x p e c t e d to genera te a p o l y - P - k e t o c h a i n 

o f f o u r a c e t a t e u n i t s ; the t r i p y r o n e (70) , a c h a i n of f i v e a c e t a t e 

u n i t s ; and the t e t r a p y r o n e (71)* , a c h a i n o f s i x a c e t a t e u n i t s . 

U n f o r t u n a t e l y these c h a i n s do r e t a i n the r e s i d u a l c a r b o x y l groups 

(see f i g u r e 4 ) ; however, i t i s q u i t e l i k e l y t h a t they c o u l d be 

l o s t at some l a t e r s t a g e i n the b i o g e n e t i c - t y p e s y n t h e s i s . 

• f o r n o m e n c l a t u r e based on condensed a r o m a t i c systems see e x p e r i 
mental s e c t i o n . 



15.1 

(16) (45) 

(71) 

F i g u r e 4 
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i i 

A s e a r c h of the l i t e r a t u r e r e v e a l e d t h a t condensed p o l y p y r o n e 
42 

s t r u c t u r e s have been s y n t h e s i z e d , n o t a b l y by Z i e g l e r and 

43 

M e n t z e r . In h i s i n v e s t i g a t i o n s on the s t r u c t u r e o f " r e d - c a r b o n " , 

the p o l y m e r i z a t i o n p r o d u c t of c a r b o n suboxide (CgO^) , Z i e g l e r 

has s y n t h e s i z e d a l a r g e number of condensed p o l y p y r o n e s t r u c t 

u r e s . The c l o s e s t a n a l o g i e s to the pyrones shown i n f i g u r e 4 

are the two s e r i e s ( 7 3 ) , ( 7 4 ) , ( 7 5 ) and (77) , (78) which were s y n 

t h e s i z e d i n a s t e p w i s e manner f rom the 4 - h y d r o x y c o u m a r i n (72) 

(76) (77) (78) 

44 

and the 4 - h y d r o x y t e t r a h y d r o c o u m a r i n (76) r e s p e c t i v e l y . The 

s y n t h e s e s were best c a r r i e d out by f u s i n g e q u i m o l a r q u a n t i t i e s 

of pyrone and the c o n d e n s i n g u n i t , b i s (2, 4 - d i c h l o r o p h e n y l ) 
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o 4 3 
malonate at 250 . Mentzer has s y n t h e s i z e d the p h e n y l d i p y r o n e 
(79) by r e f l u x i n g acetophenone i n d i e t h y l m a l o n a t e ; t h i s pyrone 

44 

(79) has a l s o been s y n t h e s i z e d i n d e p e n d e n t l y by Z i e g l e r u s i n g 

b i s ( 2 , 4 - d i c h l o r o p h e n y l ) malonate as the c o n d e n s i n g r e a g e n t . 

The a r o m a t i c d i p y r o n e (73) has a l s o been s y n t h e s i z e d by 

4 5 

Woods by c o n d e n s i n g c y a n o a c e t i c a c i d w i t h 4 - h y d r o x y c o u m a r i n 

(72) i n r e f l u x i n g t r i f l u o r o a c e t i c a c i d , f o l l o w e d by a c i d 

h y d r o l y s i s o f the imine (80) . 

(72) (80) (73) 

Woods a l s o had o b s e r v e d t h a t t r i a c e t i c a c i d l a c t o n e (16) 

was r e a d i l y a c y l a t e d w i t h a c e t y l c h l o r i d e at the 3 - p o s i t i o n to 

g i v e back d e h y d r o a c e t i c a c i d (46) . In a d d i t i o n E l v i d g e 4 ^ has 

(16) (46) 
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c a r r i e d out a number o f h e t e r o c y c l i c s y n t h e s e s w i t h m a l o n y l 

d i c h l o r i d e ; f o r example, m a l o n y l d i c h l o r i d e condenses r e a d i l y 

w i t h the p - d i k e t o compound, a c e t y l a c e t o n e , to form 3 - a c e t y l - 6 -

h y d r o x y - 2 - m e t h y l - 4 - p y r o n e (81) , an isomer o f d e h y d r o a c e t i c a c i d 

(81) 

(46 ) . I t i s p e r t i n e n t to note t h a t the s y n t h e s i s of (81) i n v o l v e s 

both C - and 0- a c y l a t i o n o f a c e t y l a c e t o n e by m a l o n y l d i c h l o r i d e . 

U t i l i z i n g the i d e a s o u t l i n e d i n the papers mentioned above, 
48 49 

workers i n t h e s e l a b o r a t o r i e s ' have s y n t h e s i z e d the p o l y -

pyrones l i s t e d i n f i g u r e 4; and i n a d d i t i o n have t r e a t e d the 

d i p y r o n e (69) and the t r i p y r o n e (70) under a v a r i e t y o f b a s i c 

c o n d i t i o n s , and have i s o l a t e d and c h a r a c t e r i z e d the a r o m a t i c 

compounds which were f o r m e d . 
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DISCUSSION 

The s y n t h e s e s of the p o l y p y r o n e s l i s t e d i n f i g u r e 4 are 

o u t l i n e d below: 

(70) (71) 

T r i a c e t i c a c i d l a c t o n e (16) was p r e p a r e d by d e a c e t y l a t i o n of 

the c o m m e r c i a l l y a v a i l a b l e d e h y d r o a c e t i c a c i d (46) by the method 
50 51 

of C o l l i e . The d i p y r o n e (69) had p r e v i o u s l y been s y n t h e s i z e d 

i n these l a b o r a t o r i e s by r e f l u x i n g a t r i f l u o r o a c e t i c a c i d s o l 

u t i o n o f t r i a c e t i c a c i d l a c t o n e (16) and a t w o - f o l d excess of 

m a l o n y l d i c h l o r i d e . The t r i p y r o n e (70) had been s y n t h e s i z e d 

f rom the d i p y r o n e (69) i n a s i m i l a r f a s h i o n except t h a t an e i g h t 

f o l d excess of a c i d c h l o r i d e was r e q u i r e d . The s y n t h e s i s of 

d i p y r o n e (69) had a l s o been c a r r i e d out u s i n g the c o n d e n s i n g 

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

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

(70) . In a d d i t i o n p r e v i o u s a t tempts to s y n t h e s i z e the t e t r a -

pyrone (71) f rom t r i p y r o n e by t reatment w i t h m a l o n y l d i c h l o r i d e 
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had f a i l e d . As part of the work reported in t h i s thesis, the 

methods of synthesis, and notably the methods of i s o l a t i o n and 

p u r i f i c a t i o n of the pyrones (36), (69) and (70) were improved; 

and the synthesis of the tetrapyrone (71) was achieved. 

As part of the synthesis of tetrapyrone, the method of 

preparation of tripyrone was investigated. From the s t e a d i l y 

increasing d i f f i c u l t y i n the formation of the polypyrones (69), 

(70),(71), i t was obvious that as the condensed polypyrone 

structure was built-up the r e a c t i v i t y at the acylating positions 

decreased. This was also revealed by the acylation of dipyrone 
51 

and tripyrone with acetyl chloride to give respectively the 

acetyldlpyrone (82) and the acetyltripyrone (83); the synthesis 

of the l a t t e r requiring more vigorous conditions. Acetyltripyrone 
5 1 

(83) has also been isol a t e d in low y i e l d from the attempts to 

prepare tetrapyrone from the condensation of malonyl dic h l o r i d e 

with tripyrone, and was an impurity i n the analogous preparat

ion of tripyrone. 

(82) (83) 

In the investigation of the reagent, malonyl d i c h l o r i d e , 

i t was observed that i t s use was limited by the heat-catalyzed 
42 

formation of a red-brown polymer. The diester reagents were 
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more stable and could be used for synthesizing both tripyrone 

and tetrapyrone. The formation of a melt (230°, 10 min.) of 

dipyrone and bis (2,4-dichlorophenyl)malonate yielded a mixture 

of dipyrone, tripyrone and tetrapyrone in the r a t i o of about 

2:1:0.4. This procedure provides a useful synthesis of both of 

the higher pyrones and has the advantages over the malonyl 

d i c h l o r i d e method of increased y i e l d s and the absence of the 

acetylpolypyrone impurities. Tetrapyrone was also synthesized 

in a s i m i l a r fashion from tripyrone and isola t e d i n about 30% 

y i e l d . The other diester reagents, diphenylmalonate and 

bis(2,4,6-trichlorophenyl)malonate were less e f f e c t i v e in the 

preparation of higher pyrones than bis(2,4-dichlorophenyl)malonate; 

and diethylmalonate was i n e f f e c t i v e . 

Tetrapyrone was characterized by a n a l y t i c a l and spectral 

data. The N.M.R. spectrum was nearly i d e n t i c a l with the spectra 

of the other two polypyrones in t h i s series exhibiting, in 

t r i f l u o r o a c e t i c acid, s i n g l e t peaks at 3.43 (C 1 QH), 3.99 (CgH) 

and 7.45 T. (CgCHg) . The I.R. spectrum in the carbonyl and 

o l e f i n i c stretch regions was also s i m i l a r with peaks at 1755, 

1705, 1645, 1590 and 1555 cm - 1. As expected the U.V. absorption 

was displaced to longer wavelengths than f o r tripyrone with 

maxima at 398,385 and 272 my; and f i n a l l y the mass spectrum show

ed a strong parent peak at m/e = 330. 

Treatment of these condensed polypyrone structures with base 

r e s u l t s i n r i n g opening and subsequent condensation to form 

aromatic compounds. The r e s u l t s which had previously been ob-
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t a i n e d * * * f r o m the r i n g opening experiments with dipyrone (69) 

and acetyldipyrone (82) are summarized i n figure 5. The open 

form of dipyrone (69a) can c y c l i z e v i a either a Claisen or 

aldol-type condensation to give respectively compounds of the 

acetylphloroglucinol (84) or orcinol-type (85). Compounds of 
51 

the l a t t e r type were obtained when dipyrone was treated with 

either IN aqueous potassium hydroxide or IN methanolic potass

ium hydroxide solutions. Under aqueous conditions, the natural 

product o r s e l l i n i c acid (17) was obtained, while from methanolic 

potassium hydroxide solutions methyl o r s e l l i n a t e (86), 2,4-

dicarbomethoxyorcinol (87) and p-O-methylorsellinic acid (88) 

were i s o l a t e d . The formation of methyl esters and ethers under 

the methanolic conditions i s not su r p r i s i n g since the predomin-
53 54 

ant basic species i s probably methoxide anion. ' The Claisen 

condensation mode was effected by the system magnesium methoxide-

methanol to give carbomethoxyacetylphloroglucinol (89). Thus 

both of the c y c l i z a t i o n modes observed in nature f o r a poly -p -

keto chain of four acetate units have been c a r r i e d out in v i t r o . 

The ring-open form of acetyldipyrone (82a) can s i m i l a r l y 

c y c l i z e v i a two condensation modes to give compounds of the 

diacetylphloroglucinol (90) and the a c e t y l o r c i n o l type (91). 
Treatment of acetyldipyrone with methanolic potassium hydroxide 

51 
solution gave the expected al d o l condensation product, 
orcacetophenone (92); however from the methanol-magnesium 

52 
methoxide system only the degradation product, dicarbomethoxy-

o r c i n o l (87) was i s o l a t e d . 
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The styryldipyrone (93) has also been prepared by workers 
55 

In these laboratories and base treatment has given structures 

representative of the stilbenes (94) and the flavanones (95). 

The s e l e c t i v i t y in the condensation modes was achieved as for 

the dipyrone (69). The dihydrostyryldipyrone (96), when 

s i m i l a r l y treated, gave structures representative of d i h y d r o s t i l -
55 

benes and dihydrochalcones. 

As part of the work reported i n t h i s thesis, tripyrone (70) 

was treated under the basic conditions described above, and the 

aromatic products formed were is o l a t e d and characterized. The 

ring-open form of tripyrone (70a) can c y c l i z e i n many ways, the 

three a l d o l condensation modes (3 -> 9, 7 -H> 2, 10*4) and the 

three Claisen-type condensation modes (3 -> 8, 5 — ^ 1 , 10 12) 

are i l l u s t r a t e d i n figu r e 6. From subsequent O-acylation and 

dehydration various oxygen-containing heterocyclic structures 

are possible as shown i n figure 6. Empirically, a large number 

of aromatic compounds were formed, and those which were isolated 



161 



162 

in s u f f i c i e n t quantity and purity to be characterized are given 

in figure 7. 

From the treatment of tripyrone with IN aqueous potassium 

hydroxide at 25° only one aromatic compound was iso l a t e d , and 

th i s was shown to be the degradation product, orcacetophenone 

(92). Proof of structure was provided by comparison of spectral 

properties, m.p. and undepressed mixed m.p. with authentic mat-
51 56 e r i a l previously prepared by the method of Hoesch. This 
51 

compound has been is o l a t e d from base treatment of acetyldipyrone 

(82); i t i s quite l i k e l y that i n the base treatment of tripyrone 

i t formed v i a acetyldipyrone (82) since t h i s degraded pyrone was 

also is o l a t e d from the reaction mixture. 

From the treatment of tripyrone with IN methanolic potass

ium hydroxide at 25° several aromatic compounds were isola t e d 

and characterized (see figure 7). The t o t a l y i e l d of aromatic 

products was ca. 15-20%, however about one-third of t h i s was de

graded material. Orcacetophenone (92) was again isolated, and 

another degradation product, 2,4-dicarbomethoxyorcinol (87) was 
also i s o l a t e d . This l a t t e r compound (87) had previously been 

51 
isola t e d from base treatment of dipyrone (69); the s t r u c t u r a l 

assignment was made on the basis of spectral and a n a l y t i c a l data, 

and on the s i m i l a r i t y of the U.V. spectrum (>jnax:316,262sh, 247sh, 
57 58 

232 my) with that of the known compound, ' 3,5-dihydroxy-2, 

4-dicarboxyphenylacetic acid trimethyl ester (97) Amax: 314, 

260 i n f l , 247sh, 228 my. 
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(87) (97) 

In a d d i t i o n to these d e g r a d a t i o n p r o d u c t s , s i x new a r o m a t i c 

compounds were o b t a i n e d (see f i g u r e 7 ) . A l l o f these compounds 

appear to a r i s e v i a the a l d o l c y c l i z a t i o n mode 10 --> 4, of the 

open form of t r i p y r o n e (70a, f i g u r e 6 ) . F u r t h e r , the compounds 

can be grouped i n t o t h r e e p a i r s w i t h the i s o c o u m a r i n s t r u c t u r e s 

(99) , (101) , (103) p r o b a b l y a r i s i n g v i a the c o r r e s p o n d i n g 

phenylpropanone s t r u c t u r e s (98) , (100) and (102) d u r i n g the 

a c i d w o r k - u p . Compounds of both type (98) and (99) o c c u r i n 
1 

n a t u r e , p r o b a b l y a r i s i n g v i a the same c y c l i z a t i o n modes. 

The c h a r a c t e r i s t i c p r o p e r t i e s of each of t h e s e compounds 

are i n e x c e l l e n t agreement w i t h the s t r u c t u r a l a s s i g n m e n t s . A l l 

compounds e x h i b i t e d a p o s i t i v e f e r r i c c h l o r i d e t e s t , and f o r 

each the m o l e c u l a r weight was i n d i c a t e d by a s t r o n g p a r e n t 

peak i n the mass s p e c t r u m . The s a t u r a t e d c a r b o n y l groups of 

compounds (98) , (100) , (102) appeared i n the i n f r a r e d spect rum 
-1 

at 1700-1710 cm whereas the c o n j u g a t e d e s t e r c a r b o n y l s a p p e a r 

ed at 1660-1670 cm and the hydrogen-bonded i s o c o u m a r i n c a r 

b o n y l s o f (99) , (101) , (103) at 1675-1685 c m ' 1 . The N.M.R. 

s p e c t r a d e f i n e d a l l o f the p r o t o n s f o r each o f the compounds. 

The .hydrogen-bonded h y d r o x y l groups were i n d i c a t e d by sharp 

s i g n a l s at v e r y low f i e l d ( -1 .2 to - 2 . 8 T ) whereas the f r e e 
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CH,0 
OCH, 

(98) R=R'=H 
(100) R~CR3,R*-H 
(102) R = H , R ' = C 0 2 C H 3 

(99) R=H 
(103) R=C0 2 CH 3 

(101) 

h y d r o x y l s (98,99) appeared as broad s i g n a l s at c a . + 0 .5 T. . The 

m e t h y l e t h e r s and e s t e r s appeared at 5.97-6". 17 T w i t h the e x 

c e p t i o n of the k e t a l m e t h y l e t h e r of (101, 6 .68 T . ) . The p r o t o n s 

on the a r o m a t i c r i n g s as w e l l as the o l e f i n i c p r o t o n s of (99) , 

(103) e x h i b i t e d s i g n a l s i n the r e g i o n 3 . 5 1 - 3 . 7 2 T . The C H g - C O -

C H 2 - A r system o f (98) , (100) , (102) was c h a r a c t e r i z e d by a 

m e t h y l peak at 7 . 82 - 7 .84 X and a methylene peak at 6 . 0 0 - 6 . 3 7 1 . 

The methyl group of the system CH 3-8=C-Ar o f the i s o c o u m a r i n s 

(99) and (103) appeared r e s p e c t i v e l y at 7.78 and 7 . 7 5 T , whereas 

the system C H g - C - C H ^ - A r of the m e t h o x y d i h y d r o i s o c o u m a r i n (101) 

was c h a r a c t e r i z e d by a m e t h y l peak at 8.37 X and a methylene 

peak at 6.84 T . 

The u l t r a v i o l e t s p e c t r a of these compounds was a l s o d i a g n o s 

t i c . The p h e n y l p r o p a n o n e s (98) and (100) and the methoxydihydro 

i s o c o u m a r i n (101) a l l e x h i b i t U . V . s p e c t r a c h a r a c t e r i s t i c of the 

n a t u r a l p r o d u c t s o r s e l l i n i c a c i d 5 9 ' 6 0 (17) , "Xmax: 300(6 4 , 0 0 0 ) , 

260 (€ 12,600) and C - a c e t y l o r s e l l i n i c a c i d 1 4 ' 6 1 (37) , Amax: 305 

(€ 6200) , 270 (G 12 ,900) . F o r compounds (100) , (101) t h i s p r o 

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

62 
i t has r e c e n t l y been shown t h a t compounds of s t r u c t u r e (104, 
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R=R'=H) and (104, R=Me, R'=H) have o r s e l l i n i c acid U.V.'s whereas 

(17) (37) (104) 

compound (104, R=H, R'=Me) has a di f f e r e n t U.V. spectra (A max: 

282, 245sh). The presence of a second carbomethoxy group 

attached to the r i n g a l t e r s the U.V. spectra; however the spectra 

of (102, Tvmax: 316, 265sh, 248, 231 my) was very s i m i l a r to that 

of 2,4-dicarbomethoxyorcinol (87), thus suggesting the second 

carbomethoxy group was located ortho to both hydroxyl groups. 

A p o s i t i v e Gibbs t e s t 6 3 , 6 4 , 6 5 f o r (102) confirmed t h i s assign

ment. The isocoumarin (99) i s a known compound and the U.V. 

spectrum (Amax: 324, 289, 278, 257sh, 245, 237 mp) and m.p. 

250-253° are in agreement with that r e p o r t e d . 1 4 ' 6 1 The U.V. 

spectrum of compound (103), ^raax: 340, 325sh, 303, 291, 274sh, 

257, 250sh, 214sh rap, was t y p i c a l of an isocoumarin structure 

despite the effe c t of the carbomethoxy group. The location of 

the carbomethoxy group was again established by a po s i t i v e 

Gibbs test. 

As f i n a l proof of the isocoumarin structure (103), i t was 

converted to (102) by aqueous sodium hydroxide treatment accord-
61 

ing to Hassall, followed by methylation with diazomethane. 
61 

Hassall has effected a si m i l a r conversion of the isocoumarin 

(99) to C - a c e t y l o r s e l l i n i c acid (37). 
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It i s not surp r i s i n g that isocoumarin and methoxydihydro-

isocoumarin formation has occurred during the acid work-up. 
14 

Ra i s t r i c k has converted the natural product, C - a c e t y l o r s e l l i n i c 

acid (37) to the isocoumarin (99), by acid treatment; and on 

acid work-up of a methanolic solution containing t h i s acid (37) 

he obtained the methoxydihydroisocoumarin (105). 

(37) (99) (105) 

Treatment of tripyrone with IM methanolic magnesium methoxide 

solution.at 25° also resulted in the formation of many aromatic 

compounds ( t o t a l y i e l d 10-15%); however d i f f e r e n t c y c l i z a t i o n 

modes were preferred and degradation was more severe. The com-, 

pounds which were isola t e d in s u f f i c i e n t quantity and purity to 

be characterized are shown in figure 7. In addition c h a r a c t e r i s t i c 

properties of two other compounds (110) and (111) are given; 

however s t r u c t u r a l assignments f o r these two compounds could 

not be made and i t i s quite l i k e l y that the properties reported 

are not those of homogeneous compounds. Once again, 2,4-dicarbo-, 
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methoxyorcinol (87) was isolat e d and i d e n t i f i e d by comparison 
51 

with an authentic sample. Another "dipyrone product", methyl 

o r s e l l i n a t e , (86) was also is o l a t e d and i d e n t i f i e d by comparison 

of i t s spectral properties, m.p. and undepressed mixed m.p. with 
51 

an authentic sample. 
Four new compounds were characterized. Unfortunately each 

of these contains carbomethoxy groups attached to the ring, thus 

obscuring the c h a r a c t e r i s t i c U.V. spectra of orcacetophenone, 

acetylphoroglucinol or 6,8-dihydroxychromones. Nevertheless 

the c h a r a c t e r i s t i c properties of each of the compounds (106,107, 

108,109) provide good support for the s t r u c t u r a l assignments 

made. 

A l l of the compounds exhibited a po s i t i v e f e r r i c chloride 

test, and fo r each the molecular weight was indicated by a 

strong parent peak in the mass spectrum. Compound (106) i s 

believed to be the "acetyldipyrone product", 3-acetyl-4-carbometh 
\ 

oxyorcinol. The acetyl function was defined by the I.R. (1645 cm 

and N.M.R. spectra (7.47 IT, 3H) , as was the carbomethoxy group 

(1675 cm - 1, 5.95T). The N.M.R. spectra also characterized the 

hydrogen-bonded hydroxyl groups (-1.35, -0.10X), the r i n g 

methyl (7.70t) and the aromatic proton (3.68T). F i n a l l y , a 

posi t i v e Gibbs test suggested the location of the carbomethoxy 

group. 

The U.V. spectrum of compound (108), "Amax: 327, 265sh, 250, 

236sh, was very s i m i l a r to that of compound (106). In addition 
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(106) (108) (39) 

the Ar-CH^CO^Me group was d e f i n e d by the I.R. (1725 c m - 1 ) and 

N.M.R. s p e c t r a ( 6 . 2 9 , 6 . 3 1 t ) . The o t h e r c a r b o n y l groups and 

p r o t o n s were d e f i n e d as f o r (106) , and a p o s i t i v e G i b b s t e s t 

s u g g e s t e d the p o s i t i o n of the carbomethoxy g r o u p . T h i s compound 

(108) a r i s e s f rom the a l d o l c y c l i z a t i o n mode 3 -> 9 ( f i g u r e 6) 

and i s i n f a c t the 4-carbomethoxy d e r i v a t i v e o f the n a t u r a l 
15 

p r o d u c t , c u r v u l i n i c a c i d (39 ) . Thus another of the " n a t u r a l l y -

o c c u r r i n g " c y c l i z a t i o n modes f o r a p o l y - p - k e t o c h a i n o f f i v e 

a c e t a t e u n i t s has been demonstra ted i n v i t r o . 

The major p r o d u c t i s o l a t e d f rom the magnesium methoxide 

t reatment of t r i p y r o n e was the d i c a r b o m e t h o x y a c e t y l p h l o r o g l u c i n o l 

(107) . A l l o f the f u n c t i o n a l groups were e s t a b l i s h e d f r o m the 

I.R. and N.M.R. s p e c t r a . Compound (107) p r o b a b l y a r i s e s v i a 

c l e a v a g e o f the s t r u c t u r e (112, R=C02Me) which i n t u r n i s formed 

f rom the open f o r m o f t r i p y r o n e (70a) v i a the C l a i s e n c y c l i z a t i o n 

(107) (112) (109) 
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mode 10 — 1 2 ( f i g u r e 6) . The s t r u c t u r e (112) i s c a p a b l e of 

f u r t h e r O - a c y l a t i o n and d e h y d r a t i o n to form carbomethoxy d e 

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

The chromone analogue o f (112, R^CC^Me) was not i s o l a t e d ; 

however compound (109) i s b e l i e v e d to be the chromone analogue 

o f s t r u c t u r e (112, R=H). 

The N . M . R . spec t rum of (109) was v e r y s i m i l a r to t h a t o f 

the i s o c o u m a r i n s t r u c t u r a l isomer (103) ; i n a d d i t i o n a d i s t i n c t 

i o n between t h e s e two compounds c o u l d not be made on t h e b a s i s 

o f t h e i r I . R . s p e c t r a . However the U . V . a b s o r p t i o n was d i a g n o s t i c ; 

whereas (103) has a U . V . spect rum not u n l i k e t h a t of the p a r e n t 

i s o c o u m a r i n (99) , (109) has a spectrum (Amax: 315sh, 280sh, 257, 

225 DIM) v e r y s i m i l a r to that o f the c a r b o m e t h o x y p h l o r o g l u c i n o l 

(89) , A m a x : 317sh, 280sh, 256 m p , 6 6 and not u n l i k e t h a t of the 

(109) (89) (35) 

n a t u r a l l y - o c c u r r i n g chromone, e u g e n i n (35) , A m a x : 318 ,288 ,257 , 
67 

248,228 mp. A n e g a t i v e G i b b s t e s t sugges ted the p o s i t i o n 
of the carbomethoxy group to complete the s t r u c t u r a l a s s i g n m e n t . 

Thus another s t r u c t u r a l type formed from the i n t r a m o l e c u l a r 

c o n d e n s a t i o n o f a c h a i n o f f i v e a c e t a t e u n i t s has been c a r r i e d 

out i n v i t r o . The n a t u r a l l y - o c c u r r i n g chromones, e g . e u g e n i n (35) , 
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p r o b a b l y a r i s e v i a the c o n d e n s a t i o n mode 5 —> 11 ( f i g u r e 6) 

f o l l o w e d by subsequent O - a c y l a t i o n and d e h y d r a t i o n . The 

carbomethoxychromone (109) c o u l d a r i s e v i a the same c y c l i z a t i o n 

mode; however s i n c e the d e g r a d a t i o n p r o d u c t (103) was the major 

compound i s o l a t e d , i t i s more p r o b a b l e t h a t (109) a r i s e s v i a 

c y c l i z a t i o n on to one of the r e s i d u a l c a r b o x y l g r o u p s , i . e . 

10 12; i n n a t u r e , p r e s u m a b l y , the c a r b o x y l groups Cg and C 1 2 

are not p r e s e n t i n the p o l y - p - k e t o c h a i n and the o n l y C l a i s e n 

mode p o s s i b l e i s 5 -> 11. 

The r e s u l t s r e p o r t e d i n t h i s t h e s i s show t h a t the t r i p y r o n e 

(70) i s a c o n v e n i e n t means o f h o l d i n g a c h a i n o f f i v e a c e t a t e 

u n i t s t o g e t h e r . From the base t reatment o f t r i p y r o n e f o u r 

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

i n i c a c i d and chromone, w h i c h are b e l i e v e d to a r i s e i n n a t u r e 

f rom a p o l y - p - k e t o c h a i n of f i v e a c e t a t e u n i t s , have been i s o l a t e d . 

In a d d i t i o n , p r e v i o u s l y r e p o r t e d w o r k 4 ^ ' ^ 1 showed t h a t base 

t reatment o f the d i p y r o n e (69) r e s u l t e d i n the two s t r u c t u r a l 

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

i . e . o r s e l l i n i c a c i d and a c e t y l p h l o r o g l u c i n o l . F u t u r e work i n 

t h i s f i e l d w i l l i n v o l v e : the o p e n i n g of the t e t r a p y r o n e (71) , 

w h i c h s h o u l d g e n e r a t e a c h a i n of s i x a c e t a t e u n i t s , the c o n 

s t r u c t i o n of l a r g e r p o l y p y r o n e s t r u c t u r e s , and the s e a r c h f o r 

new b a s i c systems to e f f e c t more e f f i c i e n t c y c l i z a t i o n s . 

The c o n s t r u c t i o n of l a r g e r p o l y p y r o n e s t r u c t u r e s w i l l r e 

q u i r e c o n s i d e r a b l e e f f o r t s i n c e these compounds are q u i t e i n 

s o l u b l e and thus d i f f i c u l t to h a n d l e . An attempt to p r e p a r e 
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the pentapyrone (113) by condensation of bis(2,4-dichlorophenyl) 

malonate with tetrapyrone f a i l e d , although traces of the 

pentapyrone were indicated by T.L.C. evidence. Acetyltetrapyrone 

(114) was prepared by re f l u x i n g a t r i f l u o r o a c e t i c acid solution 

of tetrapyrone and a large excess of acetylchloride. Perhaps 

the synthesis of the pentapyrone (113) might be accomplished by 

acylation of (114) with ethylchloroformate. A l t e r n a t i v e l y , 
67 

acylation of acetyltetrapyrone (114) with acetic anhydride 

might extend the poly-p-keto chain by one unit ( p a r t i a l s t r u c t 

ure 115). The synthesis of acetylpentapyrone ( p a r t i a l structure 

116) from tetrapyrone.might also be accomplished in two steps, 

eg. acylation with ethylchloroformate followed by condensation 
•4 

with ethylacetylacetate. 

(114) (113) (115) 

(116) 

A more p r o f i t a b l e approach to the problem of constructing 

larger polypyrone structures might be to couple two condensed 
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(119) 

pyrone structures together. For example, acylation of tripyrone 
(70) with the tripyrone acid chloride (117) could give the 
bi_s-tripyrone (118) . In this regard, the monocyclic acid 

72 
chloride (119) has been prepared, and its acylating properties 
are under investigation. Base opening of (118) would give rise 
to a poly-p-keto chain of ten acetate units, and thus the 
biogenetic-type synthesis of tetracyclic structures representat
ive of the tetracyclines (43) and mycinones (44) would be 
possible. Work towards this goal is proceeding in these labora
tories. 

Before attempting the syntheses of compounds such as (118) 
a more crit i c a l examination of systems for opening condensed 
polypyrones should be made. The real weakness in the biogenetic-
type synthetic scheme based on condensed polypyrones is that the 
conditions for generating the poly-P-keto chains might preferably 
degrade these chains rather than promote intramolecular con-

39 
densations. Harris has shown that poly-p-keto chains of four 
acetate units cyclize to aromatic compounds under essentially 
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physiological conditions, and he has postulated that such 

c y c l i z a t i o n s may require no enzyme c a t a l y s i s . However the 

formation and the retention of poly-p-keto chains do require 

enzyme c a t a l y s i s ; thus i t i s doubtful that chains much longer 

than four acetate units w i l l actually be i s o l a t e d . If t h i s 

proves to be the case, then the polypyrone structures s t i l l pro

vide an a t t r a c t i v e alternative f o r the biogenetic-type syntheses 

of acetate-derived aromatic compounds. 

i 
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EXPERIMENTAL 

M e l t i n g p o i n t s were de termined on a K o f l e r hot s tage m i c r o 

s c o p e . U l t r a v i o l e t s p e c t r a ( U . V . ) were d e t e r m i n e d i n e t h a n o l i c 

s o l u t i o n s u s i n g a C a r y 14 s p e c t r o p h o t o m e t e r ; and i n f r a r e d 

s p e c t r a ( I . R . ) were taken i n n u j o l w i t h a P e r k i n Elmer 137B 

s p e c t r o p h o t o m e t e r . N u c l e a r magnetic resonance s p e c t r a ( N . M . R . ) 

were taken on a V a r i a n A60 Mc i n s t r u m e n t i n d e u t e r i o c h l o r o f o r m 

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

used as the i n t e r n a l s t a n d a r d . The mass s p e c t r a were d e t e r m i n e d 

on an A t l a s s p e c t r o m e t e r . E l e m e n t a l m i c r o a n a l y s e s were c a r r i e d 

out by D r . A . B e r n h a r d t and h i s a s s o c i a t e s at the Max P l a n c k 

I n s t i t u t e , M u l h e i m , Ruhr , West Germany, and by M r . P Borda of 

t h i s depar tment . 

The U . V . maxima are r e p o r t e d i n m i l l i m i c r o n s ; A(base) 

r e f e r s to the s p e c t r a o b t a i n e d a f t e r a d d i n g 1 drop of aqueous 

p o t a s s i u m h y d r o x i d e s o l u t i o n to the e t h a n o l i c U . V . sample . I . R . 
-1 

peaks are r e p o r t e d i n cm ; and the N . M . R . peaks are r e p o r t e d 

i n X u n i t s w i t h the c o u p l i n g c o n s t a n t s , J , r e p o r t e d i n c y c l e s / s e c ; 

the ass ignments of the N . M . R . peaks and the c o u p l i n g c o n s t a n t s 

are e n c l o s e d i n b r a c k e t s . The mass spectrum d a t a are r e p o r t e d 

as m/e. S t a n d a r d a b b r e v i a t i o n s f o r peak i n t e n s i t y ( I . R . ) and 

shape ( N . M . R . , U . V . ) are u s e d . 

O r g a n i c s o l v e n t s were r o u t i n e l y removed on a r o t a r y e v a 

p o r a t o r at 4 5 ° ( i n v a c u o ) . T h i n - l a y e r chromatography ( T . L . C . ) 

was c a r r i e d out w i t h s i l i c a g e l G ( a c c . to S t a h l ) p l a t e s . F o r 

p r e p a r a t i v e purposes 20 x 60 x 0 .10 cm p l a t e s were run a l o n g 
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the 60 cm a x i s w h i l e i n c l i n e d at a 1 5 ° a n g l e . 

The f e r r i c c h l o r i d e t e s t s were run u s i n g a 1% e t h a n o l i c 

f e r r i c c h l o r i d e s o l u t i o n . The G i b b s t e s t s were c a r r i e d out by 

d i s s o l v i n g a s m a l l q u a n t i t y (<Cl mg.) of compound i n e t h a n o l , * ' 3 

a d d i n g a s m a l l q u a n t i t y (-=̂ 1 mg.) of the r e a g e n t , 2 , 6 - d i c h l o r o - p -

b e n z o q u i n o n e - 4 - c h l o r i m i n e ( B . D . H . ) , and then 2 m l . of sodium 

b o r a t e b u f f e r , pH 9 . 2 4 . 6 2 

50 
T r i a c e t i c a c i d l a c t o n e (16) , ( 4 - h y d r o x y - 6 - m e t h y l ° < - p y r o n e ) : 

100 g . of d e h y d r o a c e t i c a c i d (46, Eastman O r g a n i c ) was 

d i s s o l v e d i n 165 m l . 90% s u l f u r i c a c i d by warming on a steam 

b a t h . The r e a c t i o n f l a s k was p a r t i a l l y immersed i n a 1 5 0 ° o i l 

b a t h ; the s o l u t i o n was s t i r r e d m a g n e t i c a l l y , and n i t r o g e n was 

blown through the f l a s k . The temperature o f the r e a c t i o n m i x t 

ure was brought up to 1 3 0 ° and then kept at 1 3 0 - 1 3 6 ° f o r 5 m i n . 

The r e s u l t i n g deep r e d d i s h - b r o w n s o l u t i o n was c o o l e d r a p i d l y i n 

an i c e - b a t h and then added to 700 m l . of i c e - w a t e r . C r y s t a l l 

i z a t i o n was e s s e n t i a l l y complete w i t h i n 5 m i n . The w h i t e p r e 

c i p i t a t e was c o l l e c t e d i n a Buchner f u n n e l and washed w i t h 

500 m l . i c e - w a t e r . R e c r y s t a l l i z a t i o n (3 c rops ) f rom e t h y l 

a c e t a t e gave a 60% y i e l d (45g.) of s l i g h t l y d i s c o l o r e d (orange 

t i n g e ) but sharp m e l t i n g t r i a c e t i c a c i d l a c t o n e (16) ; m . p . 190-

1 9 1 ° ; T . L . C . ( c h l o r o f o r m : a c e t i c a c i d 4 : 1 ) : R f = 0 . 3 0 ; f e r r i c 

c h l o r i d e : n e g a t i v e ; I . R . ( n u j o l ) : 3100-2600 m, 1720s, 1660s, 

1630s, 1590m, 1540m, 1510 m, 1490m, 1340m, 1300s, 1250s, 1190m, 
47 

1150m, 1040w, 990s, 880m, 843s, 815m, 730w, 690w; U . V . : 
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284(e 6 , 500 ) ; N . M . R . ( t r i f l u o r o a c e t i c a c i d ) : 3.48m ( C 5 H , l o n g 

range c o u p l i n g w i t h methyl group and C^H) , 3 .79d (CgH, J a a2 c . p . s . ) , 

7 .53s ( m e t h y l ) ; A n a l . Found: C57 .28 , H 4 . 9 0 , CgHgO-j r e q u i r e s : 

C 57 .14 , H 4 . 7 6 . 

D i p y r o n e (69) , ( 4 - h y d r o x y - 7 - m e t h y l - 2 , 5 - d i k e t o 1 , 6 - d i o x a n a p h t h a l e n e ) : 

To 100 g . of t r i a c e t i c a c i d l a c t o n e . ( 0 . 8 moles) i n 300 m l . 

t r i f l u o r o a c e t i c a c i d (Matheson Coleman & B e l l ) was added 222 g : 

(1 .6 moles) o f m a l o n y l d i c h l o r i d e ( A l d r i c h ) . The deep r e d -

brown s o l u t i o n was r e f l u x e d g e n t l y under anhydrous c o n d i t i o n s 

f o r 5 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 i n an i c e - b a t h and 

then 130 m l . of c o l d e t h y l a c e t a t e added. A f t e r 10 m i n . c h i l l 

i n g the f i n e brown p r e c i p i t a t e was c o l l e c t e d and washed w i t h 

e t h y l a c e t a t e , c r u d e y i e l d 100 g . 

The crude d i p y r o n e was p u r i f i e d f u r t h e r by d i s s o l v i n g i t 

i n 13 l i t e r s o f c h l o r o f o r m and f i l t e r i n g the s o l u t i o n through a 

400 g . s i l i c a g e l column (35 x 5 cm. d i a . ) at the r a t e o f 2 

l i t e r s p e r h o u r . The column was washed w i t h an a d d i t i o n a l 10 

l i t e r s of c h l o r o f o r m . The d i p y r o n e was r e c r y s t a l l i z e d f rom 

c h l o r o f o r m (2 c rops ) to g i v e 82 g . d i p y r o n e (53% y i e l d ) . The 

51 

major i m p u r i t y , a c e t y l d i p y r o n e (69) ( c h a r a c t e r i s t i c f l u o r e s 

cence under U . V . i r r a d i a t i o n ) was p r e s e n t i n the l a t e r f r a c t i o n s , . 

and the second c r o p s . The e a r l i e r f r a c t i o n s were c o l o r l e s s and 

s h a r p m e l t i n g ; m . p . 2 3 0 - 2 3 2 ° ; T . L . C . ( c h l o r o f o r m - a c e t i c a c i d 

4 : 1 ) : R f = 0 . 6 5 ; f e r r i c c h l o r i d e : p o s i t i v e , dark r e d ; I . R . ( n u j o l ) : 

3200m,3050m,1755s,1690s,1625s,1560s,1340m,1285w,1200s,1170s, 
1125m,1100m,1050s,990m,860m,793m,770m,740m,720m; U . V . : 3 2 9 ( 5 7 ,300 ) , 
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271 (C 11 ,800 ) ; N . M . R . ( t r i f l u o r o a c e t i c a c i d ) : 3.30m (C g H) , 4 .02s 

(C3H), 7 .44s ( m e t h y l ) ; mass s p e c . : 1 9 4 ( p a r e n t ) ; A n a l . Found: 

C 55 .90 , H 3 . 1 9 , C r t H c O c r e q u i r e s : C 55 .65 , H 3 . 1 2 . 
9 6 5 

T r i p y r o n e (70) , ( l - h y d r o x y - 7 - m e t h y l - 3 , 5 , 1 0 - t r i k e t o 4 , 6 , 9 - t r i o x a -
phenanthrei ieTl  

To 10 g . o f d i p y r o n e (0 .05 mole) i n 20 m l . t r i f l u o r o a c e t i c 

a c i d was added 58g. m a l o n y l d i c h l o r i d e (0 .4 m o l e ) . The r e a c t i o n 

m i x t u r e was r e f l u x e d ( 1 0 0 ° o i l bath) f o r 1.5 h r . under anhydrous 

c o n d i t i o n s . The r e a c t i o n f l a s k was c o o l e d and the b l a c k s l u d g e 

t r i t u r a t e d w i t h 50 m l . e t h e r . The l i g h t brown powder was 

c o l l e c t e d and washed w i t h e t h e r . 

The c rude t r i p y r o n e was p u r i f i e d f u r t h e r by chromatography 

on a 100 g . s i l i c a g e l c o l u m n . The sample was i n i t i a l l y put on 

the column w i t h 12 l i t e r s of hot benzene . E l u t i o n w i t h c h l o r o 

form (7 l i t e r s ) y i e l d e d d i p y r o n e i n the f i r s t f r a c t i o n s (2g.) 

f o l l o w e d by t r i p y r o n e . R e c r y s t a l l i z a t i o n from acetone (2 c rops ) 

gave 2 .7 g . (20% y i e l d ) o f t r i p y r o n e . The major i m p u r i t y was 
51 

a c e t y l t r i p y r o n e which appeared i n the second c r o p . The f i r s t 

c r o p c o n t a i n e d t i n y y e l l o w n e e d l e s ; m . p . 2 6 0 ° d e c ; T . L . C . 

( c h l o r o f o r m - a c e t i c a c i d 4 : 1 ) : R^ = 0 .30 ; f e r r i c c h l o r i d e : p o s i t i v e 

(weak); I . R . ( n u j o l ) : 3200w, 1755s, 1720s, 1635 m, 1570(sh)m, 

1540s, 1325m, 1290w, 1220m, 1185m, 1170m, 1110m, 1045m, 1028m, 

1010W, 975w, 880w, 860w, 830w, 802m, 770w, 740m; U . V . : 392 i n f l . 

(G 5100), 370 (e 8 , 900 ) , 360 (€ 8 ,900 ) , 281(fe 8 ,700) , 255sh 

(fe 5 , 6 0 0 ) ; N . M . R . ( t r i f l u o r o a c e t i c a c i d ) : 3.30m ( C g H ) , 3 .96s 

(C2H) , 7 .43s ( m e t h y l ) ; mass s p e c : 262 ( p a r e n t ) ; A n a l . Found: 
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C 54 .95 , H 2 . 5 9 , C ^ H g C ^ r e q u i r e s : C 54 .97 , H 2 . 3 1 . 

F o r an a l t e r n a t e s y n t h e s i s o f t r i p y r o n e f rom d i p y r o n e 

w h i c h g i v e s b e t t e r y i e l d s , see under the t e t r a p y r o n e s e c t i o n . 

T e t r a p y r o n e (71) , ( 4 - h y d r o x y - 9 - m e t h y l - 2 , 5 , 7 , 1 2 - t e t r a k e t o  
1 , 6 , 8 , 1 1 t e t r a o x a c h r y s e n e ) : 

A t t e m p t s to s y n t h e s i z e t e t r a p y r o n e f rom the c o n d e n s a t i o n 

of t r i p y r o n e w i t h m a l o n y l d i c h l o r i d e y i e l d e d o n l y t r a c e amounts 

of the d e s i r e d p r o d u c t . The major r e a c t i o n w h i c h accompanied 

these a t tempts was the h e a t - c a t a l y z e d p o l y m e r i z a t i o n o f m a l o n y l 

d i c h l o r i d e to form a r e d - b r o w n p o l y m e r ; m . p . 3 3 0 ° d e c ; I . R . 

( n u j o l ) : 1755vs, 1710(sh)s , 1625s, 1540s, 800m, 1300-850w. 

T r i f l u o r o a c e t i c a c i d d i d not appear to c a t a l y z e t h i s p o l y m e r i z a t 

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

d i o x a n o r c h l o r o f o r m was used as s o l v e n t . P y r i d i n e c a t a l y z e d 

the p o l y m e r i z a t i o n r a t h e r than the c o n d e n s a t i o n r e a c t i o n ; and 

aluminum c h l o r i d e was i n e f f e c t i v e as a c a t a l y s t . 

42 

The use of m a l o n i c a c i d d i e s t e r s as C3O2 c o n d e n s i n g u n i t s 

was more s u c c e s s f u l . A s e r i e s of p r e l i m i n a r y e x p e r i m e n t s were 

c a r r i e d out u s i n g d i p y r o n e and a number o f d i e s t e r s . Treatment 

of d i p y r o n e w i t h r e f l u x i n g d i e t h y l m a l o n a t e ( 2 1 5 ° o i l b a t h ) , o r 

w i t h r e f l u x i n g 10% s u l f u r i c a c i d / d i e t h y l m a l o n a t e s o l u t i o n r e s u l t e d 

i n no c o n d e n s a t i o n . The f u s i o n of d i p y r o n e w i t h v a r i o u s a r y l 

d i e s t e r s r e s u l t e d i n the f o r m a t i o n of s u b s t a n t i a l amounts of 

t r i p y r o n e and t e t r a p y r o n e . The o r d e r of r e a c t i v i t y f o r the 

d i e s t e r s was: b i s ( 2 , 4 , 6 - t r i c h l o r o p h e n y 1 ) m a l o n a t e < d i p h e n y l m a l o n a t e 

< b i s (2 , 4 - d i c h l o r o p h e n y l ) m a l o n a t e T h e r e a c t i o n s were c a r r i e d out 
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by f u s i n g a m i x t u r e of d i p y r o n e and d i e s t e r at 2 3 0 ° . The r e a c t 

i o n s were o v e r w i t h i n 10 to 30 m i n . when the melt s o l i d i f i e d 

due to the p o l y m e r i z a t i o n o f the d i e s t e r . The use of the r e s 

p e c t i v e p h e n o l s to m a i n t a i n the melt r e p r e s s e d the c o n d e n s a t i o n ; 

and the use of d i e t h y l c a r b i t o l f o r the same purpose d i d not 

i n c r e a s e the y i e l d . The use of an aluminum c h l o r i d e - s o d i u m 

69 

c h l o r i d e 5 :1 mel t was a l s o u n s u c c e s s f u l . The most s u c c e s s f u l 

experiment was as f o l l o w s : a m i x t u r e o f 100 mg. d i p y r o n e (0 .5 

mmoles) and 508 mg. b i s ( 2 , 4 - d i c h l o r o p h e n y l ) m a l o n a t e (1.3mmoles) 

was heated ( 2 3 0 ° o i l bath) f o r 10 m i n . ; T . L . C . i n d i c a t e d the 

r a t i o o f d i p y r o n e : t r i p y r o n e : t e t r a p y r o n e to be about 2 : 1 : 0 . 4 . 

On a l a r g e s c a l e t h i s r e a c t i o n c o u l d be used to p r e p a r e both 

t r i p y r o n e and t e t r a p y r o n e . F o r o u r p u r p o s e s , t e t r a p y r o n e was 

s y n t h e s i z e d f rom t r i p y r o n e and p u r i f i e d i n the f o l l o w i n g manner. 

A m i x t u r e of 300 mg. t r i p y r o n e (1 .1 mmoles) and 550 mg. 

b i s ( 2 , 4 - d i c h l o r o p h e n y l ) m a l o n a t e (1 .4 mmoles) was heated ( 2 5 0 ° 

o i l bath) f o r 2 m i n . T . L . C . of the r e a c t i o n m i x t u r e i n d i c a t e d 

the r a t i o of t r i p y r o n e : t e t r a p y r o n e was about 2 : 1 . The m i x t u r e 

was then chromatographed on a 30g. s i l i c a g e l c o l u m n . The sample 

was put on the column w i t h 4 l i t e r s of hot benzene and the 

pyrone m a t e r i a l s were e l u t e d w i t h 8 l i t e r s of c h l o r o f o r m ; 

b i s ( 2 , 4 - d i c h l o r o p h e n y l ) m a l o n a t e (175 mg.) was e l u t e d w i t h the 

benzene . Most of the t r i p y r o n e (160 mg.) was e l u t e d w i t h the 

f i r s t two l i t e r s of c h l o r o f o r m ; a m i x t u r e 90-95% pure i n t e t r a 

pyrone was c o l l e c t e d f rom the l a s t 6 l i t e r s o f c h l o r o f o r m 

(125 m g . ) . The t e t r a p y r o n e was p u r i f i e d f u r t h e r by s u b l i m i n g 

o f f the t r i p y r o n e i m p u r i t y (0 .01 mm. H g , 1 9 5 ° , 4 h r . ) . C h a r c o a l -
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i n g an acetone s o l u t i o n o f the r e s i d u e , f o l l o w e d by r e c r y s t a l l i z -

a t i o n f rom acetone gave t e t r a p y r o n e as t i n y y e l l o w p r i s m s ; m . p . 

2 8 0 ° d e c ; T . L . C . ( c h l o r o f o r m - a c e t i c a c i d ) : R f •» 0 . 1 5 ; f e r r i c 

c h l o r i d e : v e r y weak; I . R . ( n u j o l ) : 1755s, 1705s, 1645m, 1590m, 

1555s, 1320w, 1290w, 1240m, 1210w, 1165w, 1135w, 1120m, 1055w, 

1030w, 1005w, 965vw, 860w, 805m, 700vw, 678w; U . V . : 420 i n f l . 

(G 6 , 0 0 0 ) , 398 (G 9 , 8 0 0 ) , 385 (G- 9 , 8 0 0 ) , 332sh (£ 4 , 6 0 0 ) , 272 

(G 8 ,600 ) ; N . M . R . ( t r i f l u o r o a c e t i c a c i d ) : 3 .43s ( C 1 Q H ) , 3 .99s 

( C ^ K ) , 7 .45s ( m e t h y l ) ; mass s p e c : 330 ( p a r e n t ; A n a l . Found: 

C 54 .67 , H 2 . 0 2 , C 1 5 H 1 6 C > 9 r e q u i r e s : C 54 .56 , H 1 .83 . 

At tempts to p r e p a r e pentapyrone (113) f rom t e t r a p y r o n e by 

an analogous p r o c e d u r e were u n s u c c e s s f u l , as T . L . C . o f the 

r e a c t i o n m i x t u r e i n d i c a t e d o n l y t r a c e amounts o f a compound b e 

l i e v e d to be p e n t a p y r o n e . 

A c e t y l t e t r a p y r o n e (114) : 

1 m l . a c e t y l c h l o r i d e was added to a s o l u t i o n o f 20mg. 

t e t r a p y r o n e (71) i n 1 m l . t r i f l u o r o a c e t i c a c i d , and the s o l u t i o n 

was r e f l u x e d ( 1 0 0 ° o i l bath) under anhydrous c o n d i t i o n s f o r 24 

h r s . Hydrogen c h l o r i d e gas was g i v e n o f f and a y e l l o w compound 

p r e c i p i t a t e d . The r e a c t i o n m i x t u r e was c o o l e d ; the p r e c i p i t a t e 

\ a s c o l l e c t e d and washed w i t h water and then a c e t o n e ; m . p . 3 3 0 ° 

d e c ; I . R . ( n u j o l ) : 1750vs, 1640s, 1600s, 1540vs, 1130s, 1000s, 

920m, 860m, 810s, -687m; U . V . : "Xmax: 397, 265 mn; mass s p e c : 

j 
372 ( p a r e n t ) . The a c e t y l t e t r a p y r o n e was v e r y i n s o l u b l e i n a l l 

the common s o l v e n t s ; i t s u b l i m e d at 2 3 0 ° (0 .1 mm H g )jb u t o n l y 

v e r y s l o w l y . 
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B i s ( 2 , 4 - d i c h l o r o p h e n y l ) m a l o n a t e : 

A m i x t u r e o f 10.4 g . (0 .1 mole) m a l o n i c a c i d (Eastman) ; 

32 .6 g . (0 .2 mole) 2 , 4 - d i c h l o r o p h e n o l (Eastman) and 30 .6 g . (0 .2 

mole) phosphorus o x y c h l o r i d e ( B . & A . ) was r e f l u x e d ( 1 2 0 ° o i l bath) 

f o r 3 h r . The r e a c t i o n m i x t u r e was p o u r r e d i n t o i c e - w a t e r and 

the c r y s t a l l i n e m a t e r i a l c o l l e c t e d . The p r o d u c t was t a k e n up 

i n 600 m l . e t h e r and the o r g a n i c l a y e r e x t r a c t e d w i t h sodium 

b i c a r b o n a t e , washed, d r i e d and the s o l v e n t removed i n v a c u o . R e 

c r y s t a l l i z a t i o n f rom b e n z e n e : n - h e x a n e gave a 70% y i e l d of c o l o r 

l e s s n e e d l e s ; m . p . 9 9 - 1 0 0 ° ; T . L . C . ( c h l o r o f o r m - a c e t i c a c i d 4 : 1 ) : 

R f = 0 . 9 ; I . R . ( n u j o l ) : 1775vs, 1750m, 1585m, 1245m, 1215s, 

1150s, 1135vs, 1095vs, 1060m, 965w, 940w, 872m, 845m, 825m, 783s, 

698w, 685w; N . M . R . ( d e u t e r i o a c e t o n e ) : 2 .40q (2H, J - 2 , 1 ) , 2 .60d 

(4H, J=1 .8 ) , 5 .82s (2H) ; A n a l . Found: C 46 .08 , H 2 . 1 9 , C l 35 .99 , 

C 1 K H C v C l . r e q u i r e s : C 45 .72 , H 2 . 0 5 , C l 3 5 . 9 9 . 15 8 4 4 

D i p h e n y l m a l o n a t e : 

A s o l u t i o n o f 9.4 g . (0 .1 mole) p h e n o l ( B . D . H . ) i n 30 m l . o f 

c h l o r o f o r m was heated to a g e n t l e r e f l u x ( 7 5 ° o i l b a t h ) , and a 

s o l u t i o n o f 14.0 g . (0 .1 mole) m a l o n y l d i c h l o r i d e i n 15 m l . 

c h l o r o f o r m s l o w l y added o v e r 2 h r . R e f l u x i n g was c o n t i n u e d f o r 

a f u r t h e r 30 m i n . and then excess m a l o n y l d i c h l o r i d e d e s t r o y e d 

w i t h w a t e r . , The c h l o r o f o r m l a y e r was c o n c e n t r a t e d i n v a c u o , 

100 m l . water added and the aqueous s o l u t i o n e x t r a c t e d w i t h 

e t h e r . The o r g a n i c l a y e r was e x t r a c t e d w i t h sodium b i c a r b o n a t e , 

washed, d r i e d and the s o l v e n t removed i n v a c u o . C r y s t a l l i z a t i o n 
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f rom e t h a n o l (3 c r o p s ) gave 10.3 g . (80% y i e l d ) o f d i p h e n y l m a l o n a t e . 

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 gave c o l o r l e s s n e e d l e s ; m . p . 4 6 - 4 7 ° 
70 o 

( c f . r e p o r t e d m . p . 50 ) ; I . R . ( n u j o l ) : 1780vs, 1750vs, 1595m, 

1490s, 1360s, 1340s, 1255m, 1200vs, 1150s, 1125vs, 1060m, 1025m, 

1005w, 965m, 955m, 940m, 910m, 845m, 820m, 760s, 750s, 705s, 

695s; N . M . R . ( d e u t e r i o a c e t o n e ) : 2 .68 , 2.74m (10H), 6 .05s (2H) ; 

A n a l . Found: C 70 .33 , H 4 . 9 1 , c i 5 H
1 2 ° 4 r e ( * u i r e s : c 7 0 . 3 0 , H 4 . 7 2 . 

B i s ( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) m a l o n a t e : 

A s o l u t i o n o f 5 .0g (0 .025 mole) 2 , 4 , 6 - t r i c h l o r o p h e n o l ( E a s t 

man) i n 20 m l . o f c h l o r o f o r m was heated to a g e n t l e r e f l u x , and 

a s o l u t i o n o f 3 .0 g . (0 .021 mole) m a l o n y l d i c h l o r i d e i n 5 ml 

c h l o r o f o r m added s l o w l y o v e r 15 m i n . R e f l u x i n g was c o n t i n u e d 

f o r a f u r t h e r 15 m i n . and then the excess m a l o n y l d i c h l o r i d e 

d e s t r o y e d w i t h w a t e r . The c h l o r o f o r m l a y e r was taken to d r y n e s s 

i n vacuo and the r e s i d u e t a k e n up i n 150 m l . benzene . The 

benzene l a y e r was e x t r a c t e d w i t h sodium b i c a r b o n a t e , washed, 

d r i e d and c o n c e n t r a t e d iri v a c u o . C r y s t a l l i z a t i o n f rom benzene 

(3 c r o p s ) gave a 65% y i e l d (3 .8 g . ) o f d i e s t e r . R e c r y s t a l l i z a t -
o 

i o n f rom benzene gave c o l o r l e s s p r i s m s ; m . p . 154-156 ; I . R . ( n u j o l ) : 

3100w, 1795s, 1780s, 1570m, 1420w, 1400w, 1385m, 1330s, 1255m, 

1230s, 1195w, 1155m, 1135w, 1105vs, 1075w, 960w, 938m, 920w, 

875w, 862s, 822s, 805m, 790m; N . M . R . ( d e u t e r i o c h l o r o f o r m ) : 2 .59s 

(4H) , 5 .95s (2H) ; A n a l . Found: C 39 .12 , H 1 .21 , C l 45 .92 , 

C 1 5 H 6 ° 4 C 1 6 r e < * u i r e s : c 38 .92 , H 1 .31 , C l 4 5 . 9 5 . 

I t i s i n t e r e s t i n g to n o t e t h a t b i s ( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) 
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malonate i s u n s t a b l e i n s e v e r a l common o r g a n i c s o l v e n t s . When 

e t h e r was used i n the work-up v e r y l i t t l e of the d i e s t e r was 

i s o l a t e d ; at tempted 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 f a i l e d w i t h 

d e g r a d a t i o n o f the d i e s t e r ; and the N . M . R . spec t rum o f a sample 

of the d i e s t e r i n d e u t e r i o a c e t o n e i n d i c a t e d c o n s i d e r a b l e d e g r a d 

a t i o n had o c c u r r e d i n t h i s s o l v e n t a l s o . 

Base Treatment o f T r i p y r o n e (70) : 

1. IN KOH (aqueous) : 

A s o l u t i o n of 200 mg. t r i p y r o n e i n 120 m l . IN aqueous p o t 

ass ium h y d r o x i d e was m a g n e t i c a l l y s t i r r e d under n i t r o g e n at room 

temperature f o r 2 h r . The s o l u t i o n was i n i t i a l l y a dark green 

c o l o r w h i c h g r a d u a l l y changed to orange o v e r a few m i n u t e s . 

A f t e r 2 h r . the s o l u t i o n was c o o l e d ( i c e - b a t h ) , a c i d i f i e d (pH2) 

w i t h dropwise a d d i t i o n of h y d r o c h l o r i c a c i d (11 m l . ) and then 

e x t r a c t e d w i t h c h l o r o f o r m . E v a p o r a t i o n of the o r g a n i c l a y e r 

y i e l d e d 15 mg. of r e s i d u e , which was shown by T . L . C . ( c h l o r o f o r m : 

a c e t i c a c i d 4 :1) to c o n t a i n a number o f minor components i n 

c l u d i n g t r i p y r o n e . 

The aqueous l a y e r was f r e e z e - d r i e d and the r e s i d u e e x t r a c t 

ed w i t h r e f l u x i n g acetone to y i e l d 140 mg. o f c rude m a t e r i a l , 

w h i c h was shown by T . L . C . to c o n t a i n two major components. The 

two components were s e p a r a t e d by p r e p a r a t i v e T . L . C . ( c h l o r o f o r m -

a c e t i c a c i d 9 : 1 ) . One of these components was t r i p y r o n e ; the 

o t h e r (Rf=0 .7 , c rude y i e l d 30 mg.) was r e c r y s t a l l i z e d f rom 

benzene to g i v e c o l o r l e s s n e e d l e s ; m . p . 1 5 7 - 1 5 8 ° . Comparat ive 
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T . L . C . , I . R . , U . V . and N . M . R . s p e c t r a , and undepressed mixed 

51 

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

was orcace tophenone (92) . 

The above r e a c t i o n was r e p e a t e d w i t h a s o l u t i o n o f 1 g . 

t r i p y r o n e i n 1 l i t e r of IN aqueous p o t a s s i u m h y d r o x i d e . A f t e r 

3 days the s o l u t i o n was worked up as b e f o r e to y i e l d o v e r 500 

mg. of s t a r t i n g m a t e r i a l a l o n g w i t h about 50 mg. of a c e t y l 

d i p y r o n e (82) . 

2. IN KOH/MeOH: 

A m i x t u r e o f 1 g . t r i p y r o n e i n 1 l i t e r of IN m e t h a n o l i c 

p o t a s s i u m h y d r o x i d e was m a g n e t i c a l l y s t i r r e d under n i t r o g e n at 

room temperature f o r 2 d a y s . The s o l u t i o n was i n i t i a l l y a 

b r i g h t green c o l o r , g r a d u a l l y c h a n g i n g to b r i g h t orange d u r i n g 

the f i r s t h o u r . A f t e r 1 day a l l o f the s o l i d had gone i n t o 

s o l u t i o n . A f t e r 2 days the s o l u t i o n was c o o l e d ( i c e - b a t h ) , 

a c i d i f i e d (pH2) by d r o p w i s e a d d i t i o n o f h y d r o c h l o r i c a c i d (80 m l . ) 

and then c o n c e n t r a t e d in v a c u o . The s o l u t i o n was d i l u t e d w i t h 

200 m l . water and then e x t r a c t e d w i t h c h l o r o f o r m . 

The above r e a c t i o n was r e p e a t e d t w i c e . The combined aqueous 

l a y e r s were f r e e z e - d r i e d and the r e s i d u e e x t r a c t e d w i t h r e f l u x -

i n g acetone to y i e l d c a . 1 g . of c rude m a t e r i a l , which was shown 

by T . L . C . and I . R . s p e c t r a to c o n s i s t l a r g e l y o f t r i p y r o n e . 

A n o t h e r major component was i s o l a t e d (95 mg.) by p r e p a r a t i v e T . L . C . 

( b e n z e n e - e t h e r 4 : 1 ) ; r e c r y s t a l l i z a t i o n from e t h y l a c e t a t e : n -

hexane gave c o l o r l e s s n e e d l e s ; m . p . 1 5 7 - 1 5 8 ° ; T . L . C (benzene-
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e t h e r 4 : 1 ) : R f = 0 . 5 5 ; f e r r i c c h l o r i d e : p o s i t i v e (dark r e d ) ; 

G i b b s t e s t : p o s i t i v e ( p u r p l e ) ; I . R . ( n u j o l ) : 3200s, 1620s, 

1575s, 852m, 827m; U . V . : 315sh (€3 ,200) , 282 (€ 6 ,700 ) , 231sh 

(€ 5 , 000 ) , 221 (e 7 , 4 0 0 ) ; N . M . R . ( d e u t e r i o a c e t o n e ) : - 3 . 0 0 b ( I H , 

H-bonded OH) , 0 .93b ( 1 H , 0 H ) , 3.76m (2H, a r o m a t i c ) , 7 .40s ( m e t h y l ) , 

7 .48s ( m e t h y l ) . C o m p a r a t i v e T . L . C . , s p e c t r a l d a t a and u n d e p r e s s -
51 

ed mixed m . p . w i t h an a u t h e n t i c sample proved the a r o m a t i c 

component was orcace tophenone (92) . 

The combined c h l o r o f o r m l a y e r s were washed, d r i e d and the 

s o l v e n t removed in vacuo to y i e l d c a . 2 g . of c rude m a t e r i a l . 

The m a t e r i a l was i n i t i a l l y f r a c t i o n a t e d by e l u t i o n f rom a 

s i l i c a g e l column w i t h benzene, c h l o r o f o r m and acetone s o l v e n t s . 

F u r t h e r f r a c t i o n a t i o n was c a r r i e d out by p r e p a r a t i v e T . L . C . u s i n g 

the s o l v e n t systems: b e n z e n e - e t h e r 4 : 1 , e t h e r , and carbon 

t e t r a c h l o r i d e : c h l o r o f o r m : a c e t i c a c i d 1 0 : 9 : 1 . In a d d i t i o n to 

the f r a c t i o n a t e d m a t e r i a l t h e r e was 120 mg. of r e l a t i v e l y i n 

s o l u b l e m a t e r i a l , m . p . 255-260 d e c . Comparat ive T . L . C , s p e c t r a l 

d a t a and undepressed mixed m . p . i d e n t i f i e d t h i s compound as 

t r i p y r o n e . T h i s d a t a combined w i t h the T . L . C . e v i d e n c e of the 

r e s i d u e from the aqueous l a y e r s i n d i c a t e s t h a t c a . 30% s t a r t i n g 

m a t e r i a l was p r e s e n t i n the r e a c t i o n m i x t u r e . 

From the f r a c t i o n a t i o n p r o c e d u r e a l a r g e number ( c a . 20) 

of compounds were i n d i c a t e d , and of these 7 were i s o l a t e d i n 

s u f f i c i e n t p u r i t y and q u a n t i t y to be c h a r a c t e r i z e d by s p e c t r a l 

d a t a . The s p e c t r a l d a t a and p r o b a b l e s t r u c t u r e s f o r these com

pounds are p r e s e n t e d below. The y i e l d s g i v e n are the w e i g h t s 
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of the m a t e r i a l c o l l e c t e d from the l a s t c h r o m a t o g r a p h i c s t e p 

and p r o b a b l y r e p r e s e n t minimum r e a c t i o n y i e l d s i n each c a s e . 

2 , 4 - d i c a r b o m e t h o x y o r c i n o l (87) : 

Y i e l d : 12 m g . ; T . L . C . (benzene: e t h e r 4:1) : R f =-0.60; r e -

c r y s t a l l i z a t i o n f r o m benzene: n-hexane gave c o l o r l e s s n e e d l e s ; 

m . p . 1 0 8 - 1 1 0 ° ; f e r r i c c h l o r i d e : p o s i t i v e ; G i b b s t e s t : p o s i t i v e 

( p u r p l e ) ; I . R . ( n u j o l ) : 1670s, 1650s, 1620m, 1575m, 1260s, 

1240s, 1200m, 1095m, 970m, 852w, 830m, 815m, 715w; U . V . : 316 

(e 6 , 300 ) , 262sh ( £ 11 ,400) , 247sh ( £ 15 ,600) , 232 ( £ 2 1 , 6 0 0 ) , 

T ^ b a s e ) : 310sh (€ 8 ,000) , 286 (e 10 ,000) , 250sh ( £ 13 ,000) ; 

N . M . R . ( d e u t e r i o a c e t o n e ) : - 1 . 9 4 b ( I H , H-bonded h y d r o x y l ) , - l - . 0 5 b 

( I H , H-bonded h y d r o x y l ) , 3 .62s ( I H , a r o m a t i c ) , 5 .98s ( e s t e r 

m e t h y l ) , 6 .09s ( e s t e r m e t h y l ) , 7 .60s ( m e t h y l ) , ( d e u t e r i o c h l o r o -

f o r m ) : - 2 . 6 5 s , - 1 . 6 2 s , +3 .68s , 6 . 0 1 s , 6 . 09s , 7 . 56s , ( t r i f l u o r o 

a c e t i c a c i d ) : 3 . 4 8 s , 5 . 8 5 s , 5 . 9 1 s , 7 . 5 3 s ; mass s p e c : 240 ( p a r e n t ) ; 

A n a l . Found: C 5 5 . 2 7 , H 5 .24 , C - Q H ^ O g r e q u i r e s : C 55 .00 , H 5 .05 . 

By c o m p a r a t i v e T . L . C , s p e c t r a l d a t a and undepressed mixed 

m . p . , the above d i e s t e r (87) was shown to be i d e n t i c a l w i t h one 
51 

of the p r o d u c t s p r e v i o u s l y i s o l a t e d f rom the t reatment o f 

d i p y r o n e (69) w i t h IN m e t h a n o l i c p o t a s s i u m h y d r o x i d e s o l u t i o n . 

The s t r u c t u r a l assignment was made on the b a s i s o f the above 

d a t a , and on the s i m i l a r i t y o f the s p e c t r a l p r o p e r t i e s ( p a r t i -
, , x 57,58 

c u l a r l y U . V . ) w i t h those of the known compound 3 , 5 - d i h y -
d r o x y - 2 , 4 - d i c a r b o x y p h e n y l a c e t i c a c i d t r i m e t h y l e s t e r (97) : 

U . V . : 314 (£ 7 , 600 ) , 260 i n f l . , 247sh (€ 15 ,000) , 228 (£ 2 1 , 7 0 0 ) ; 
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I.R. ( n u j o l ) : 1730s, 1675s, 1600m, 1580m, 1310m, 1270vs, 1260vs, 

1200vs, 1175s, 1100m, 1135vw, 1060vw, 990vw, 980w, 950vw, 905vw, 

870vw, 828s, 755vw; N.M . R . ( d e u t e r i o c h l o r o f o r m ) : - 2 . 9 2 s ( I H , H -

bonded h y d r o x y l ) , - 2 . 0 0 s ( I H , H-bonded h y d r o x y l ) , 3 .60s ( I H , 

a r o m a t i c ) , 5 . 9 8 s , 6 . 1 2 s , 6 .30s (9H, e s t e r m e t h y l s ) , 6 .12s (2H, 

m e t h y l e n e ) . 

2 - c a r b o m e t h o x y - 3 , 5 - d i h y d r o x y p h e n y l p r o p a n - 2 - o n e (98) : 

Y i e l d : 30mg. ; T . L . C . ( b e n z e n e - e t h e r 4 : 1 ) : R f = 0 . 2 0 ; r e 

c r y s t a l l i z a t i o n f r o m e t h y l a c e t a t e : n-hexane gave c o l o r l e s s 

p r i s m s ; m . p . 1 2 6 - 1 3 1 ° ; f e r r i c c h l o r i d e : p o s i t i v e (dark r e d ) ; 

G i b b s t e s t : p o s i t i v e ( b l u e - p u r p l e ) ; I . R . ( n u j o l ) : 3410s, 3290s, 

1700s, 1670vs, 1625s, 1610s, 1320s, 1260s, 1218s, 1190s, 1160s, 

1100s, 1055m, 945m, 853m, 835w, 797m, 730m; U . V . : 303 (£ 5 ,520 ) , 

265 (€ 11 ,900) j 225sh (€. 14 ,400) , 215 (20 ,700) , A (base) : 330sh 

(€ 6 ,000 ) , 305 (€ 9 , 0 0 0 ) , 254sh (t 2 5 , 0 0 0 ) , 246 (€ 2 8 , 0 0 0 ) ; 

N.M . R . ( d e u t e r i o a c e t o n e ) : - 1 . 5 1 s ( I H , H-bonded h y d r o x y l ) , +0.5b 

( h y d r o x y l ) , 3 . 6 6 d , 3 .73d (2H, a r o m a t i c , J=2.4 c p s ) , 6 .00s (2H, 

m e t h y l e n e ) , 6 .05s ( e s t e r m e t h y l ) , 7 .83s ( m e t h y l ) ; mass s p e c : 

224 ( p a r e n t ) ; A n a l . Found: C 58 .97 , H 5 .48 , C i i L A r e q u i r e s 
•L A 12 o 

C 58 .92 , H 5 .40 . 

The s t r u c t u r a l assignment was made on the b a s i s of the 

above d a t a and by the s i m i l a r i t y o f the U . V . s p e c t r a w i t h t h a t 

of the known a c i d s , 2 - c a r b o x y - 3 , 5 - d i h y d r o x y p h e n y l p r o p a n - 2 - o n e 
61 

(37) : 305 (G 6 , 2 0 0 ) , 270 (£ 12 ,900) , and o r s e l l i n i c a c i d (17) : 
60 

300 (e 4 , 0 0 0 ) , 260 ( 6 12 ,600 ) . 
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6,8-dihydroxy-3-methyl isocoumarin (99): 

Yi e l d 40 mg.; T.L.C. (benzene:ether 4:1): R f - 0.40; re-

c r y s t a l l i z a t i o n from ethyl acetate gave discolored prisms, m.p. 

216-243° dec,; r e c r y s t a l l i z a t i o n from acetone:water gave color

less needles; m.p. 250-253°; f e r r i c c h l o r i d e : p o s i t i v e (dark red); 

Gibbs test: p o s i t i v e (blue); I.R. (nujol): 3250m, 1685s, 

1625s, 1580m, 1240s, 1180s, 1070m, 963m, 867m, 838m, 795m; U.V.: 

324 (G 6,200), 289 (5,200), 278 (7,000), 257sh (12,000), 245 

(49,000), 237 (42,000), ^(base): 344 (€ 8,600), 300(11,400), 

280sh (13,000), 263sh (28,000), 253sh (32,000), 245 (37,000); 

N.M.R. (deuterioacetone): -1.17b (IH, H-bonded hydroxyl), +0.47b 

(hydroxyl), 3.62s (3H, aromatic, o l e f i n i c ) , 7.78s (methyl); 

mass s p e c : 192 (parent); Anal. Found: C 61.90, H 4.41, C 1 0 H g 0 4 

requires: C 62.50, H 4.20. 

6,8-dihydroxy-3-methyl isocoumarin (99) i s a known compound 

and the above data are in agreement with that reported: m.p. 

244-248° 1 4, 245-248° 6 1 ; U.V.: 317 (6,300), 276(29,000), 260 

(31,000), 244 (56,000), 237 (45,000). 6 1 

2-carbomethoxy-3-hydroxy-5-methoxyphenyl propan-2-one (100): 

Yield: 8 mg; T.L.C. (benzene:ether 4:1): R f - 0.45; sub

limation at 85° (0.01 mm. Hg) followed by r e c r y s t a l l i z a t i o n from 

benzene:n-hexane gave c o l o r l e s s needles; m.p. 101-103°; f e r r i c 

c h l o r i d e : p o s i t i v e (red-brown); Gibbs t e s t : p o s i t i v e (purple); 

I.R. (nujol): 3400w, 1710s, 1660s, 1620m, 1585m, 1310s, 1270m, 

1230s, 1165m, 1110s, 960w, 880w, 815s, 780m, 720m; U.V.: 315 
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315 (e 2,800), 258 (€ 11,300), A(base): 350sh (€ 1,400), 

303 (e 2,800); N.M.R. (deuteriochloroform): -1.51s (IH, H-bonded 

hydroxyl), 3.51s (IH, aromatic), 3.72s (IH, aromatic)*, 6.06s 

(methyl), 6.15s (methyl), 6.37s (2H, methylene), 7.83s (methyl); 

mass s p e c : 238 (parent, C^H^Og) . 

3,6-dimethoxy-8-hydroxy-3-methyl-3,4-dihydroisocoumarin (101): 

Yiel d : 23 mg.; T.L.C. (benzene:ether 4:1): Rf=0.55; re

c r y s t a l l i z a t i o n from n-hexane gave c o l o r l e s s cubes; m.p. 99-101°; 

f e r r i c chloride: p o s i t i v e (dark red); Gibbs test: p o s i t i v e 

(purple); I.R. (nujol): 1675s, 1640m, 1590w, 1510m, 1315s, 1285m, 

1245w, 1220m, 1190m, 1165s, lllOvw, 1070s, 1040s, 970vw,•950vw, 

935w, 915w, 855m, 815w, 785s, 755w, 725vw, 690w, 680w; U.V.: 

303 (G 5,800), 268 (13,300), 228sh (12,800), 216 (21,400), A(base): 

337 (8,000), 268 (10,000), 237sh (28,000); N.M.R. (deuterioace-

tone): -1.28s (IH, H-bonded hydroxyl), 3.65s (2H, aromatic), 

6.17s (methyl), 6.68s (methyl), 6.84s (2H, methylene), 8.37s 

(methyl); mass s p e c : 238 (parent); Anal. Found: C 60.49, H 6.12, 
C12 H14°5 r e a . u i r e s : c 60.50, H 5.92. 

2,4-dicarbomethoxy-3, 5^-dihydroxyphenyl propan-2-one (102): 

Yiel d : 20 mg; T.L.C. (benzene:ether 4:1): Rf = 0.40; re

c r y s t a l l i z a t i o n from benzene:n-hexane gave c o l o r l e s s needles; 

m.p. 149-151°; f e r r i c c h l o r i d e : p o s i t i v e (dark red); Gibbs 

t e s t : p o s i t i v e (blue-purple); I.R. (nujol): 1710m, 1665s, 1610m, 

1570m, 1330s, 1255s, 1235s, 1215s, 1165m, 1095s, 975w, 950w, 

840w, 820w, 720w; U.V.: 316 (€ 3,100), 265sh (9,800), 248 (11,800), 
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231 (14 ,600 ) , ^ \ (base) : 348 ( 5 , 4 0 0 ) , 272 (16 ,300) , 249 (17 ,200) ; 

N . M . R . : - 2 . 6 2 s ( I H ) , - 1 . 7 8 s ( I H , H-bonded h y d r o x y l s ) , 3 .64s ( I H , 

a r o m a t i c ) , 5 .97s ( e s t e r m e t h y l ) , 6 .11s (5H, e s t e r m e t h y l , 

m e t h y l e n e ) , 7.84 ( m e t h y l ) ; mass s p e c : 284 ( p a r e n t , C j ^ H j g O ) . 

The s i m i l a r i t y o f the U . V . s p e c t r a o f (102) and 2 , 4 - d i -

c a r b o m e t h o x y o r c i n o l (87) a l s o s u g g e s t s t h a t the second carbome-

thoxy group i s l o c a t e d at the 4 - p o s i t i o n . 

7 - c a r b o m e t h o x y - 6 , 8 - d l h y d r o x y - 3 - m e t h y l i s o c o u m a r i n (103) : 

Y i e l d : 95 mg. ; T . L . C . (benzene: e t h e r 4 : 1 ) : R f =» 0 .50 ; r e 

c r y s t a l l i z a t i o n f rom e t h y l a c e t a t e gave c o l o r l e s s n e e d l e s ; m . p . 

1 9 6 - 1 9 8 ° ; f e r r i c c h l o r i d e : p o s i t i v e (dark r e d ) ; G i b b s t e s t : 

p o s i t i v e ( b l u e ) ; I . R . ( n u j o l ) : 1685s, 1650s, 1625(sh)m, 1570s, 

1280m, 1245m, 1225s, 1150m, 1080s, 980w, 945vw, 865m, 830m, 

815m, 785w; U . V . : 340 (£ 7 , 7 0 0 ) , 325sh ( 6 , 2 0 0 ) , 303 (8 ,300 ) , 

291 ( 8 , 4 0 0 ) , 274sh (12 ,000) , 257 (39 ,000) , 250sh (34 ,000) , 214sh 

(10 ,100) , A ( b a s e ) : 352 ( 8 , 7 0 0 ) , 272 (25 ,000) , 246 (27 ,000) ; 

N . M . R . ( d e u t e r i o c h l o r o f o r m ) : - 2 . 7 8 s ( I H ) , - 2 . 4 2 s ( I H , H-bonded 

h y d r o x y l s ) , 3 .72s ( I H , a r o m a t i c ) , 3 .86s ( I H , o l e f i n i c ) , 6 .00s 

( e s t e r m e t h y l ) , 7 .75s ( m e t h y l ) ; mass s p e c . ; 250 ( p a r e n t ) ; A n a l . 

Found: C 57 .73 , H 4 . 5 1 , C 1 2
H i o ° 6 r e a . u i r e s : C 57 .60 , H 4 . 0 3 . 

The s t r u c t u r a l assignment was made on the b a s i s of the above 

d a t a and by the c o n v e r s i o n o f (103) to the c o r r e s p o n d i n g p h e n y l 

propanone (102) . The r i n g o p e n i n g was c a r r i e d out (see below) 
61 

by a method used by H a s s a l l to e f f e c t a s i m i l a r c o n v e r s i o n of 
r 

6 , 8 - d i h y d r o x y - 3 - m e t h y l i s o c o u m a r i n (99) to 2 - c a r b o x y - 3 , 5 - d i h y d r o -
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x y p h e n y l p r o p a n - 2 - o n e (37 ) . The c o n v e r s i o n not o n l y e s t a b l i s h e s 

the i s o c o u m a r i n r i n g system but a l s o proves t h a t the l o c a t i o n of - •-. 

the e s t e r groups o f (102) and (103) are the same. Thus the 

carbomethoxy group of (103) i s p r o b a b l y l o c a t e d at p o s i t i o n 7 

of the i s o c o u m a r i n r i n g system (see a b o v e ) . 

The c o n v e r s i o n o f (103) to (102) : 

A s o l u t i o n o f 5 mg. compound (103) i n 2 m l . aqueous 0.02 M 

sodium h y d r o x i d e was r e f l u x e d ( 1 3 0 ° o i l bath) f o r 20 m i n . The 

s o l u t i o n was c o o l e d , a c i d i f i e d and e x t r a c t e d w i t h 20 m l . e t h e r ; 

and the e t h e r l a y e r washed, d r i e d and the s o l v e n t removed i n 

v a c u o . The U . V . s p e c t r u m of the r e s i d u e (TVniax: 323, 265 i n f 1. , 

246, 232) was v e r y s i m i l a r to t h a t o f compound (102) . 

T h r e e - q u a r t e r s of the r e s i d u e was taken up i n 2 m l . e t h e r , 

c o o l e d ( i c e - b a t h ) and t r e a t e d w i t h diazomethane at 0 ° . The 

excess reagent was i m m e d i a t e l y d e s t r o y e d w i t h d i l u t e h y d r o c h l o r i c 

a c i d and the e t h e r l a y e r was washed, d r i e d and the s o l v e n t r e 

moved i n v a c u o . C r y s t a l l i z a t i o n f rom b e n z e n e : n - h e x a n e gave 

n e e d l e s , m . p . 1 4 5 - 1 5 0 ° . The r e a c t i o n p r o d u c t was shown to be 

compound (102) by T . L . C . , undepressed mixed m . p . and s u p e r i m p o s -

a b l e I . R . s p e c t r a . 

3 . IM M g ( 0 C H 3 ) 9 / M e 0 H : 

A magnesium methoxide s o l u t i o n was p r e p a r e d by a d d i n g 6.0 

g . o f magnesium powder (B.D..-H. reagent ) to 225 m l . anhydrous 

m e t h a n o l ^ 1 and r e f l u x i n g the m i x t u r e f o r 1 h r . The s o l u t i o n was 
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c o o l e d to room temperature and a s l u r r y of 1.0 g . t r i p y r o n e i n 

25 m l . methanol added. The s o l u t i o n was s t i r r e d at room temper

a t u r e under n i t r o g e n f o r 2 d a y s , and then the s o l v e n t was c o n 

c e n t r a t e d i n v a c u o ; 100 m l . water was added, the s o l u t i o n was 

c o o l e d i n an i c e bath and then a c i d i f i e d by dropwise a d d i t i o n o f 

c a . 40 m l . h y d r o c h l o r i c a c i d . The aqueous s o l u t i o n was e x t r a c t 

ed w i t h c h l o r o f o r m . 

The above r e a c t i o n was r e p e a t e d ; and the combined aqueous 

l a y e r s were f r e e z e - d r i e d and the r e s i d u e e x t r a c t e d w i t h r e f l u x 

i n g acetone to y i e l d c_a. 0 .2 g . o f c r u d e m a t e r i a l . Two a r o m a t i c 

compounds were i s o l a t e d by p r e p a r a t i v e T . L . C . w i t h b e n z e n e : e t h e r 

4 :1 s o l v e n t s y s t e m . By compar ison w i t h a u t h e n t i c samples these 

compounds were shown to be m e t h y l o r s e l l i n a t e (86, y i e l d 7 mg.) 

and 2 , 4 - d i c a r b o m e t h o x y o r c i n o l (87, y i e l d 8 m g . ) , both o f w h i c h 

51 

had been p r e v i o u s l y o b t a i n e d by base t rea tment o f d i p y r o n e (69) . 

Both of these compounds were a l s o i s o l a t e d from the c h l o r o f o r m 

e x t r a c t (see below) and the t o t a l y i e l d s f o r (86) and (87) were 

20 mg. and 9 mg. r e s p e c t i v e l y . S i n c e 2 , 4 - d i c a r b o m e t h o x y o r c i n o l 

(87) was a l s o i s o l a t e d from the m e t h a n o l i c p o t a s s i u m h y d r o x i d e 

t rea tment of t r i p y r o n e i t s c h a r a c t e r i s t i c p r o p e r t i e s are g i v e n 

above. 

R e c r y s t a l l i z a t i o n of m e t h y l o r s e l l i n a t e (86) f rom benzene 

gave c o l o r l e s s p r i s m s ; m . p . 1 4 1 - 1 4 3 ° ; T . L . C . ( b e n z e n e : e t h e r 4 : 1 ) : 

R f = 0 . 6 0 ; G i b b s t e s t : p o s i t i v e ( p u r p l e ) ; I . R . ( n u j o l ) : 3340m, 

1645s, 1620m, 1585m, 1495w, 1320s, 1305s, 1260s, 1200m, 1170s, 

1160s, l l l O w , 1060w, 955w, 855w, 840w, 803m; U . V . : 300 ( £ 4 , 4 0 0 ) , 
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264 (13 ,000) , 217 (18 ,000) , A ( b a s e ) : 306 (21 ,000) , 240 ( 8 , 2 0 0 ) ; 

N.M.R. ( d e u t e r i o c h l o r o f o r m ) : - 1 . 7 1 s ( I H , H-bonded h y d r o x y l ) , 

0 .28bd ( I H , h y d r o x y l ) , 3 .75s (2H, a r o m a t i c ) , 6 .10s ( e s t e r m e t h y l ) , 

7.53 ( m e t h y l ) , d e u t e r i o a c e t o n e : - 1 . 5 8 s , +1 .03s , 3 . 7 3 s , 6 . 11s , 

7 . 5 4 s ; mass s p e c : 182 ( p a r e n t ) . 

The combined c h l o r o f o r m l a y e r s were washed, d r i e d and the 

s o l v e n t removed in vacuo to g i v e c a . 1.2 g . c rude m a t e r i a l . 

F r a c t i o n a t i o n was c a r r i e d out by p r e p a r a t i v e T . L . C . u s i n g the 

s o l v e n t sys tems: b e n z e n e : e t h e r 4 : 1 , carbon t e t r a c h l o r i d e : c h l o r o 

f o r m : a c e t i c a c i d 1 0 : 9 : 1 . In a d d i t i o n to the f r a c t i o n a t e d m a t e r 

i a l t h e r e was 50 mg. o f r e l a t i v e l y i n s o l u b l e m a t e r i a l . T . L . C . 

and N.M.R. e v i d e n c e i n d i c a t e d t h i s m a t e r i a l was a 1:3 m i x t u r e 

of t r i p y r o n e and an u n i d e n t i f i e d p r o d u c t . U n f o r t u n a t e l y the 

u n i d e n t i f i e d p r o d u c t decomposed upon at tempted p u r i f i c a t i o n by 

T . L . C ; however i t s s o l u b i l i t y and T . L . C . c h a r a c t e r i s t i c s , and 

i t s N.M.R. s p e c t r u m : 3 .26s ( I H ) , 5 .91s (3H), 7 .29s (3H) , 7 .43s 

(3H) suggest t h a t i t i s a new pyrone p r o d u c t , perhaps the methyl 

e t h e r of the a c e t y l d i p y r o n e (82 ) . 

From the f r a c t i o n a t i o n p r o c e d u r e a l a r g e number ( c a . 20) 

of compounds were i n d i c a t e d , o f these 8 were i s o l a t e d i n s u f f i 

c i e n t p u r i t y and q u a n t i t y to be c h a r a c t e r i z e d by s p e c t r a l d a t a . 

As mentioned above, two of t h e s e , m e t h y l o r s e l l i n a t e (86) and 

2 , 4 - d i c a r b o m e t h o x y o r c i n o l (87) were i s o l a t e d f rom the aqueous 

l a y e r as w e l l . F o r the o t h e r s , the s p e c t r a l p r o p e r t i e s , and i n 

most c a s e s , p r o b a b l e s t r u c t u r e s , are g i v e n below. The y i e l d s 

g i v e n are the w e i g h t s of the m a t e r i a l c o l l e c t e d f rom the l a s t 
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c h r o m a t o g r a p h i c s t e p , and thus p r o b a b l y r e p r e s e n t minimum r e a c t 

i o n y i e l d s . 

2 - a c e t y l - 4 - c a r b o m e t h o x y o r c i n o l (106) : 

Y i e l d : 12 m g . ; T . L . C . ( b e n z e n e : e t h e r 4 : 1 ) : R f = 0 . 5 5 ; r e 

c r y s t a l l i z a t i o n f rom n-hexane gave c o l o r l e s s p r i s m s ; m . p . 9 6 - 9 8 ° ; 

f e r r i c c h l o r i d e : p o s i t i v e , dark r e d ; G i b b s t e s t : p o s i t i v e ( p u r p l e ) ; 

I . R . ( n u j o l ) : 3420m ( s h a r p ) , 1675s, 1645m, 1570m, 1245m, 1165s, 

802m; U . V . : 325 (C 3 , 9 0 0 ) , 265sh (8 ,100 ) , 249 (14 ,200) , A(base): 

353 ( 9 , 9 0 0 ) , 300 ( 8 , 6 0 0 ) , 266 (11 ,100 ) ; N . M . R . ( d e u t e r i o c h l o r o 

f o r m ) : - 1 . 3 5 s ( I H , H-bonded h y d r o x y l ) , - 0 . 1 0 s ( I H , H-bonded 

h y d r o x y l ) , 3 .68s ( I H , a r o m a t i c ) , 5 .95s ( e s t e r m e t h y l ) , 7 .47s 

( m e t h y l ) , 7 .70s ( m e t h y l ) , d e u t e r i o a c e t o n e : 3 . 6 6 s , 5 . 9 0 s , 7 .54s , 

7 . 7 7 s ; mass s p e c : 224 ( p a r e n t ) . 

3 , 5 - d i c a r b o m e t h o x y a c e t y l p h l o r o g l u c i n o l (107): 

Y i e l d : 104 m g . ; T . L . C . ( e t h e r ) : R f = 0, ( carbon t e t r a c h l o r i d e : 

c h l o r o f o r m : a c e t i c a c i d 1 0 : 9 : 1 ) : R f = 0 .60 ; r e c r y s t a l l i z a t i o n f rom 

b e n z e n e : n - h e x a n e gave c o l o r l e s s n e e d l e s ; mp. 1 7 2 - 1 7 3 ° ; f e r r i c 

c h l o r i d e : p o s i t i v e , dark r e d ; G i b b s t e s t : n e g a t i v e (brown) ; I . R . 

( n u j o l ) : 1640s, 1570s, 1320s, 1240s, 980m, 970m, 955m, 910m, 

870m, 815s, 690s; U . V . : 270sh ( 2 0 , 1 0 0 ) , 256 (41 ,700) , 'A(base): 

317 (22 ,200) , 277 (26 ,600 ) ; N . M . R . ( d e u t e r i o c h l o r o f o r m ) : - 5 . 3 8 b d 

(2H, H-bonded h y d r o x y l s ) , - 4 . 0 8 b d ( I H , H-bonded h y d r o x y l ) , 6 .02s 

(6H, 2 e s t e r m e t h y l s ) , 7 .29s ( m e t h y l ) ; mass s p e c : 284 ( p a r e n t ) ; 

A n a l . Found: C 50 .49 , H 4 . 5 9 , C 1 2 H 0 r e q u i r e s C 50 .71 , H 4 . 2 6 . 
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4 -carbomethoxymethyl c u r v u l i n a t e (108): 

Y i e l d : 14 m g . ; T . L . C . ( b e n z e n e : e t h e r 4 : 1 ) : R f - 0 .45 ; r e 

c r y s t a l l i z a t i o n f rom benzene: n-hexane gave c o l o r l e s s n e e d l e s ; 

m . p . 1 1 0 - 1 1 2 ° ; f e r r i c c h l o r i d e : p o s i t i v e , p u r p l e ; G i b b s t e s t : 

p o s i t i v e ( b l u e - p u r p l e ) ; I . R . ( n u j o l ) : 3400w ( s h a r p ) , 1725vs, 

1680s, 1645s, 1565m, 1330s, 1255s, 1220s, 1170vs, 820m; U . V . : 

327 (£ 5 , 650 ) , 265sh (11 ,400) , 250 (19 ,200) , 236sh (16 ,000) , 

"X(base) : 353 (14 ,100) , 305 (11 ,700) , 263 (14 ,600 ) ; N . M . R . 

( d e u t e r i o c h l o r o f o r m ) : - 0 . 6 6 s ( I H , H-bonded h y d r o x y l ) , +0.34s 

( I H , H-bonded h y d r o x y l ) , 3 .61s ( I H , a r o m a t i c ) , 5 .90s ( e s t e r 

m e t h y l ) , 6 .29s (2H, methylene) 6 .31s ( e s t e r m e t h y l ) , 7 .44s 

( m e t h y l ) ; mass s p e c . 282 ( p a r e n t ) . 

2 - m e t h y l - 5 , 7 - d i h y d r o x y - 8 - c a r b o m e t h o x y c h r o m o n e (109): 

Y i e l d : 8 m g . ; T . L . C . ( b e n z e n e : e t h e r 4 : 1 ) : R f - 0 . 4 5 ) ; r e 

c r y s t a l l i z a t i o n f rom benzene: n-hexane gave c o l o r l e s s n e e d l e s ; 

m . p . 1 7 8 ° d e c . ; f e r r i c c h l o r i d e : p o s i t i v e , dark r e d ; G i b b s t e s t : 

n e g a t i v e (brown) ; I . R . ( n u j o l ) : 3200w, 1675s, 1620m, 1585m, 

1330s, 1180m, 1130w, 970w, 860w, 805w; U . V . : 280sh (€ 8 ,000 ) , 

257 (26 ,000) , 225 (17 ,200 ) , ^A(base): 324 (10 ,500) , 279 (16 ,200 ) ; 

N . M . R . ( d e u t e r i o c h l o r o f o r m ) : - 3 . 7 1 s ( I H , H-bonded h y d r o x y l ) , 

- 2 . 4 2 s ( I H , H-bonded h y d r o x y l ) , 3 .68s ( I H , a r o m a t i c ) , 3 .88 ( I H , 

a r o m a t i c ) , 6 .01s ( e s t e r m e t h y l ) , 7 .60s ( m e t h y l ) ; mass s p e c . : 

250 ( p a r e n t ) . 

The c h a r a c t e r i s t i c p r o p e r t i e s of compounds (110) and (111) 

are g i v e n below. Both of these compounds were d i f f i c u l t to 
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p u r i f y and appear to be u n s t a b l e ; f o r these r e a s o n s t h e r e may be 

some i n c o n s i s t e n c i e s i n the r e p o r t e d p r o p e r t i e s , and a l s o no 

s t r u c t u r a l ass ignments have been made. 

Compound (110) ; 

Y i e l d : 12 m g . ; T . L . C . ( e t h e r ) : R f =0, (carbon t e t r a c h l o r i d e : 

c h l o r o f o r m : a c e t i c a c i d 1 0 : 9 : 1 ) : R f = 0 . 3 0 ; s u b l i m a t i o n at 6 0 ° 

(0 .01 mm. Hg) gave c o l o r l e s s p r i s m s ; m . p . 9 2 - 9 3 ° ; f e r r i c c h l o r i d e : 

n e g a t i v e ; G i b b s t e s t : n e g a t i v e ; I . R . ( n u j o l ) : 1725s, 1640s, 1620m, 

1570m, 1330w, 1290m, 1240m, 1155w, 995m, 985w, 940w, 778w, 710w, 

700w; U . V . : 311 (G 8 ,700) , 228 ( 6 , 7 0 0 ) , "X(base): 283 ( 9 , 5 0 0 ) ; 

N . M . R . ( d e u t e r i o c h l o r o f o r m ) : - 5 . 7 6 s ( I H ) , +4.01s ( I H ) , 5 .97s (2H), 

6 .25s (3H) , 7 .71s (3H) ; mass s p e c : 250 ( p a r e n t ) . 

Compound (111) : 

Y i e l d : 70 mg; T . L . C . ( e t h e r ) : Rf=-0, ( carbon t e t r a c h l o r i d e : 

c h l o r o f o r m : a c e t i c ) : . R^=0.55; r e c r y s t a l l i z a t i o n f r o m e i t h e r d i -

m e t h y l s u l f o x i d e o r d i m e t h y l f o r m a m i d e gave c o l o r l e s s p r i s m s ; m . p . 

1 5 4 - 1 5 5 ° , 1 6 1 - 1 6 2 ° (at 1 5 4 ° c r y s t a l s t r u c t u r e b r e a k s down and 

n e e d l e s f o r m ) ; f e r r i c c h l o r i d e : p o s i t i v e , d a r k r e d ; G i b b s t e s t : 

n e g a t i v e (brown) ; I . R . ( n u j o l ) : 1730s, 1680s, 1640-1610s, 1550m, 

1310s, 1240-1225s, 1105m, 1090m, 982m, 952m, 850m, 820m; U . V . : 

307 (£ 7 , 0 0 0 ) , 270sh (16 ,500) , 260 (26 ,200) , A (base) : 350 ( 7 , 0 0 0 ) , 

272 (23 ,400) , 258 (22 ,800 ) ; N . M . R . ( t r i f l u o r o a c e t i c a c i d ) : 2 .65s 

( I H ) , 5 .87s (8 o r 9 H ) , 7 .60s (3H) , ( d i o x a n ) : - 2 . 8 0 b d ( I H ) , 3 .15s 

( I H ) , ( d i m e t h y l f ormamide) : 2 .82bd (IH) , ( 6 . 0 7 ) ; mass s p e c : 340 

( v e r y weak) , 308 (perhaps p a r e n t ) . 
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