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ABSTRACT 

The p h e n o l i c e x t r a c t i v e s from western hemlock wood (Tsuga h e t e r o p h y l l a 

(Raf.) Sar.) have been examined The t o t a l e x t r a c t i v e content of the wood 

amounted t o 1.5$ of the dry weight. A leucoanthocyanidin and two l i g n a n s , 

conidendrin and h y d r o x y m a t a i r e s i n o l , were i s o l a t e d from the p h e n o l i c f r a c t i o n 

by p r e c i p i t a t i o n of a methanol s o l u t i o n i n t o p e r o x i d e - f r e e ether f o l l o w e d by 

s e p a r a t i o n on s i l i c i c a c i d - c a l c i u m sulphate chromatobars. 

The pigment produced by a c i d treatment of the i s o l a t e d leucoantho­

c y a n i d i n was shown by s p e c t r a l s t u d i e s and a l k a l i n e degradation t o be a 

mixture of c y a n i d i n and an u n i d e n t i f i e d anthocyanidin. The two anthocyanidins 

had i d e n t i c a l R^ values i n d i f f e r e n t s o l v e n t s and s i m i l a r u l t r a - v i o l e t s p e c t r a 

i n e t h a n o l - h y d r o c h l o r i c a c i d s o l u t i o n but the s h i f t of the a b s o r p t i o n maxima 

caused by a d d i t i o n of aluminium c h l o r i d e was n e g l i g i b l e i n the case of the 

unknown compound and amounted t o 30 mji f o r c y a n i d i n . S i m i l a r separations of 

the a b s o r p t i o n maxima a f t e r complexing w i t h aluminium i o n were observed w i t h 

the 3-methyl and 3-isopropyl ethers of the two anthocyanidins. The a l k a l i n e 

degradation products from the leucoanthocyanidin contained p r o t o c a t e c h u i c 

a c i d but no p h l o r o g l u c i n o l . Degradation products of p h l o r o g l u c i n o l , however, 

were present i n the r e a c t i o n mixture. These r e s u l t s suggested t h a t the l e u c o ­

anthocyanidin occurred i n the wood i n dimeric form and t h a t a l k a l i n e degradation 

of t h i s s t r u c t u r e produced a symmetrical hexahydroxyhenzophenone d e r i v a t i v e 

which s p l i t up d i r e c t l y i n t o fragments i d e n t i c a l t o those obtained from phloro­

g l u c i n o l under the same c o n d i t i o n s . 

New i n f o r m a t i o n on the s t r u c t u r e of h y d r o x y m a t a i r e s i n o l was obtained 

by comparison of the i n f r a r e d s p e c t r a of the f u l l y a c e t y l a t e d hydroxymatairesinol 

w i t h t h a t of the reduced compound and by n e u t r a l potassium permanganate 

o x i d a t i o n of t r i m e t h y l h y d r o x y m a t a i r e s i n o l . The r e s u l t s obtained were i n good 
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agreement w i t h only one of the two s t r u c t u r e s p r e v i o u s l y proposed f o r 

hydroxymatairesinol by other workers. 

The NMR s p e c t r a of hydr o x y m a t a i r e s i n o l and s t r u c t u r a l l y r e l a t e d com­

pounds were compared, but the i n t e r p r e t a t i o n of the spectrum of hydroxy­

m a t a i r e s i n o l proved t o be d i f f i c u l t because broad, i n c o m p l e t e l y r e s o l v e d l i n e s 

were obtained due t o the complexity and asymmetry of the molecule. 
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THE CHEMICAL CONSTITUTION OF WOOD 

A l l wood contains c e l l u l o s e , h e m i c e l l u l o s e and l i g n i n . The c e l l u l o s e 

i s the f i b r o u s m a t e r i a l of the c e l l w a l l of woody p l a n t s and c o n s i s t s of chains 

of D-glucopyranose molecules l i n k e d together as (3-glucosides, through p o s i t i o n s 

1 and k of adjacent u n i t s . P h y s i c a l methods i n d i c a t e a degree of p o l y m e r i s a t i o n 

(DP) f o r n a t i v e wood c e l l u l o s e of greater than 3,000 anhydroglucose u n i t s per 

molecule. 

Hemicelluloses are the non-glucan carbohydrate polymers of wood and 

are i n t e r l a c e d w i t h c e l l u l o s e i n the primary and secondary c e l l w a l l s . Hemi­

c e l l u l o s e b u i l d i n g u n i t s are D-xylose, D-mannose, D-glucose, L-arabinose, D-

galactose and c e r t a i n d e r i v a t i v e s of these monosaccharides. The DP of hemi­

c e l l u l o s e s i s c o n s i d e r a b l y lower than t h a t of c e l l u l o s e , .and they are u s u a l l y 

s o l u b l e i n 17-5$ sodium hydroxide s o l u t i o n . 

L i g n i n never occurs alone i n nature but i s always a s s o c i a t e d w i t h 

c e l l u l o s e or other carbohydrates. When wood i s c a r e f u l l y t r e a t e d w i t h 

m i n e r a l a c i d s , the carbohydrates are d i s s o l v e d , l e a v i n g a l i g n i n s k e l e t o n w i t h 

hollow spaces, forming a sponge l i k e system. 

"In the l i g h t of our present knowledge of l i g n i n chemistry, 
l i g n i n may now be d e f i n e d as t h a t i n c r u s t i n g m a t e r i a l of the 
p l a n t which i s b u i l t up mainly, i f not e n t i r e l y , of phenyl 
propane b u i l d i n g stones; i t c a r r i e s the major p a r t of the 
methoxyl content of the wood; i t i s unhydrotysable by a c i d s , 
r e a d i l y o x i d i s a b l e , s o l u b l e i n hot a l k a l i and b i s u l f i t e , and 
r e a d i l y condenses with'.phenols and t h i o compounds", ( l ) 

The purpose of l i g n i f i c a t i o n i n the p l a n t i s a double one. I t cements and 

anchors the c e l l u l o s e f i b e r s together and, at the same time s t i f f e n s them 

and p r o t e c t s them from chemical and p h y s i c a l a t t a c k ( l ) . 

With the exception of a s m a l l p a r t of the l i g n i n , the wood components 

mentioned above are i n s o l u b l e i n organic s o l v e n t s , mainly because of t h e i r 

macro-molecular nature. In a d d i t i o n t o these main s t r u c t u r a l c o n s t i t u e n t s 

there are present i n wood low molecular weight compounds which may be 



removed by e x t r a c t i o n w i t h n e u t r a l s o l v e n t s such as petroleum ether, benzene 

ether, chloroform, acetone, a l c o h o l , and water. These are the s o - c a l l e d "ex 

traneous c o n s t i t u e n t s " which are r e s p o n s i b l e f o r the pronounced d i f f e r e n c e s 

i n c o l o r , odor and p h y s i o l o g i c a l p r o p e r t i e s of d i f f e r e n t woods. The per­

centage composition of some t y p i c a l p l a n t m a t e r i a l s i s summarized i n Table I 

Table I 

Percentage Composition of T y p i c a l P l a n t s (2) 

Component White Spruce Aspen Wheat Straw 

C e l l u l o s e 50.2 1+9.1+3 50-7 
Hemicellulose 16-39 21.18 
Pentosans - - 29.k 
L i g n i n 27.96 18.12 lk.2 
E x t r a c t i v e s 3-75 k.6k 
A c e t y l 1.08 3.Ul 8.3 
Ash 0.29 O.38 7.U 

The most important extraneous components of wood are the v o l a t i l e 

o i l s , r e s i n s , and phenolic compounds. The l a s t group may be f u r t h e r sub­

d i v i d e d i n t o ( i ) anthocyanins, l e u c o a n t h o c y a n ( i d ) i n s , and r e l a t e d pigments 

(flavonoids); and ( i i ) l i g n a n s . 

The v o l a t i l e o i l s i n c l u d e the o d o r i f e r o u s c o n s t i t u e n t s of wood and 

are u s u a l l y l i q u i d at o r d i n a r y temperatures. Commercially, the most im­

portant are the o i l s produced by t u r p e n t i n i n g operations and steam d i s t i l ­

l a t i o n of wood. They are c h i e f l y composed of the terpenes: <x- and fl-pinene, 

limonene, and phellandrene. 

The resinous f r a c t i o n of wood, which i s e x t r a c t a b l e w i t h organic 

s o l v e n t s such as ether, acetone, or a l c o h o l , i s composed of r e s i n acids 

and f a t t y a c i d s , e s t e r s of these w i t h terpenes and other a l c o h o l s , and u n -

s a p o n i f i a b l e m a t e r i a l c o n s i s t i n g of s t e r o l s , a l c o h o l s , waxes and 

resenes. 



Some species of wood c o n t a i n r a t h e r l a r g e amounts of c o l o r e d com­

pounds and at one time a number of these were used as sources of n a t u r a l 

dye s t u f f s (e.g. wood). The c o l o r e d substances may be c l a s s i f i e d as un­

sat u r a t e d hydrocarbons, ketones, quinones and f l a v o n o i d s . 

Flavonoids c o n s t i t u t e a c l a s s of pheno l i c compounds whose s t r u c t u r e i s 

based on the CgC^Cg carbon s k e l e t o n ( i ) and ( l i ) . The range of s t r u c t u r a l 

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

i n the o x i d a t i o n l e v e l of the C3 p o r t i o n of the molecule (Fi g u r e l ) . The 

range of o x i d a t i o n l e v e l extends from the h i g h l y reduced c a t e c h i n type ( i l l ) 

t o the h i g h l y o x i d i z e d f l a v o n o l ( X ) . 

Anthocyanins are the c o l o r i n g m a t e r i a l s i n r e d and blue f l o w e r s , 

i n the r e d autumn leav e s , and i n r e d cabbage. Vegetable tannins which are 

capable of co n v e r t i n g animal sk i n s and hides i n t o l e a t h e r i n c l u d e f l a v o n o i d 

s t r u c t u r e s . 

E a r l i e r i n v e s t i g a t i o n s of the chemical c o n s t i t u e n t s of the wood of 

western hemlock (Tsuga h e t e r o p h y l l a (Raf) Sarg.) have been concerned w i t h the 

he m i c e l l u l o s e and l i g n i n f r a c t i o n s and w i t h the i s o l a t i o n of c o n i d e n r i n i n 

s u b s t a n t i a l q u a n t i t y from the s u l f i t e waste l i q u o r s obtained i n the p u l p i n g 

process. In the most recent work the in n e r bark, cambium, and sapwood 

were examined f o r p o s s i b l e l i g n i n p r e c u r s o r s . 

This t h e s i s describes r e s e a r c h on the i s o l a t i o n and molecular 

s t r u c t u r e of pheno l i c e x t r a c t i v e s of western hemlock wood. Some of the 

compounds i s o l a t e d have been p r e v i o u s l y r e p o r t e d but the p o s t u l a t e d mole­

c u l a r s t r u c t u r e s r e q u i r e d f u r t h e r i n v e s t i g a t i o n . 
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.HISTORICAL INTRODUCTION 



LEUC0ANTH0CYAN(ID)INS 

W i l l s t a t t e r and Nolan (3) discovered the e x i s t e n c e of c o l o r l e s s modi­

f i c a t i o n s o f anthocyanidin pigments i n rose p e t a l s and Rosenheim found s i m i l a r 

compounds i n grape vines and the s k i n of white grapes (h). These c o l o r l e s s 

substances changed i n t o the r e d arithocyanidins on a c i d i f i c a t i o n and the term 

leucoanthocyanin was proposed f o r t h i s group of f l a v o n o i d s (k). 

Robinson (5) suggested and Bate-Smith (6) confirmed t h a t l e u c o -

anthocyanidins g e n e r a l l y have the f l a v a n 3,^-diol s t r u c t u r e ( V ) . 

The f i r s t pure leucoanthocyanidins t o be i s o l a t e d were cyanomaclurin 

(XI) (7,8,9) and p e l t o g y n o l ( X I I ) (10,11). These two compounds had s p e c i a l 

f e a t u r e s of s t r u c t u r a l complexity and y i e l d e d anthocyanidins on a c i d i f i c a t i o n 

which have not been found i n nature (Table I I ) . L a t e r King and Bottomley 

(12) i s o l a t e d m e l a c a c i d i n ( X I I I ) and e s t a b l i s h e d i t s constitution and Keppler 

c a r r i e d out a s i m i l a r study of m o l l i s a c a c a d i n (XIV), (13,1^,15, l 6 ) • 

The most w i d e l y - o c c u r r i n g groups of leucoanthocyanidins r e s i s t e d 

i s o l a t i o n i n pure c o n d i t i o n u n t i l 195̂ - This was due t o the experimental 

d i f f i c u l t i e s a r i s i n g from t h e i r h i g h i n s t a b i l i t y toward t r a c e amounts of 

moisture, l i g h t , oxygen, and other o x i d i s i n g agents such as the peroxide 

content of d i e t h y l ether. I n a d d i t i o n , leucoanthocyanidins seemed t o 

be e a s i l y polymerized and t o r e a c t w i t h aldehydic substances t o form p l a s t i c s 

(2k). With modern techniques ( - ) - l e u c o p e l a r g o n i d i n (XV), (+) - l e u c o c y a n i d i n 
and 

(XVI), and (+)-(-) - l e u c o d e l p h i n i d i n (XVII) were r e c e n t l y i s o l a t e d by 
A 

Ganguly and Seshadri (17,18,19,20,21). 
A l l of these c o l o u r l e s s compounds belonged t o the f l a v a n - 3 , ^ - d i o l 

s t r u c t u r e type (v) and cou l d occur i n more than one form because of asym­

metr i c centers at carbon atoms 2,3 and k . As a consequence, e i g h t o p t i c a l l y 

a c t i v e forms were p o s s i b l e ( f o u r p a i r s of enantiomers). The f i r s t r e p o r t e d 

example of the n a t u r a l occurrence of an enantiomorphous p a i r of f l a v o n o i d s 
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TABLE II. L e u c o a n t h o c y a n i d i n s 

Leucoanthocyanidin Source 
Corresponding Antho­

cyanidin pigment 

C H j f ^ O H 

OH OH 

XI. Cyanomaclunn (7 ,8 ,9 ) 

C r a t a e g u s 

o x y a c a n t h a 
OH 

XVIII. Mormidin (26) 

< 0̂̂ 0̂ ô ^ 
XII. Pe l togyno l (10,11) 

Pel togyne 

po rphy roca rd ia 

OH 

XIII.(-)-Melacacidin (12) 

A c a c i a 

m e la noxy lon 

H O ^ ^ C ^ H 

XIX 

^ ^ O H 

XIV.W-Mollisacacidin (13,14,15) 
(-)-Leucofisetinidin (16) 

Acac ia mo l l i ss ima 

G l e d i t s i a 

Schinopsis a u e b r a c h o -

c o l o r a d o 

W V O H 

XX F iset in id in 

OH OH 

XV (-)-Leucopelargonidin (17) 

Euca lyp tu s 

C a b a p h y l l a OH 

XXI Pe la rgon ld in 

O H O H H 

XVI (+)-Leucocyanidin. 
(18.19) 

T a m a r i n d - s e e d t e s t a 

Butea f rondosa gum 

rt^iOH 

OH 

XXII. C y a n i d i n 

OH 

HO^j^^O^H 
OH OH 

XVII. (+) - Leucodel ph in i d i n 
( 2 0 , 21) 

Euca l yp tus p i l u la r i s 

Ka rada bark 

M y r i c a n a g i 

WAJ^DH 
OH 

XXIII Delphinidin 



was t h a t of (+) - m o l l i s a c c a c i d i n (XIV) (13) and (-) - l e u c o f i s e t i n i d i n i s o ­

l a t e d from two d i f f e r e n t woods (22). The enantiomorphism of the d e x t r a r o t a t o r y 

and l e v o r o t a t o r y forms of the 7, 3 ' , 4 ' - t r i h y d r o x y f l a v a n - 3 , 4 - d i o l was un­

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

s o r p t i o n s p e c t r a and by formation of racemates from equal q u a n t i t i e s of the 

(+) and (-) compounds. Moreover the m e l t i n g p o i n t of the racemate was not 

depressed by admixture w i t h the o p t i c a l l y i n a c t i v e compound prepared from 

n a t u r a l f u s t i n (XXIV) ( 2 3 ) . 

F u s t i n was e x t r a c t e d from wood and hydrogenated t o y i e l d (-) -leuco­

f i s e t i n i d i n (XXV) and f u r t h e r r e d u c t i o n y i e l d e d (+)-7 , 3 ' , 4 ' - t r i h y d r o x y 

f l a v a n - 3 - o l (XXVl) (2h). Hence, w i t h regard t o carbon atoms 2 and 3 the 

c o n f i g u r a t i o n of these three compounds was i d e n t i c a l . Since the t r i m e t h y l -

ether of the l e u c o f i s e t i n i d i n (XXV) formed a c y c l i c acetone d e r i v a t i v e (22) 

and an a c i d borate complex (13) the hydroxyls on carbon atoms 3 and k were 

i n a c i s r e l a t i o n s h i p . The comparison of the r o t a t i o n of f u s t i n (XXIV) 

and f i s e t i n i d - 3 - o l (XXVl) on the one hand and of t a x i f o l i n (XXVIl) and 

c a t e c h i n (XXIX) on the other (26) l e d t o the c o n c l u s i o n t h a t (+) - f i s e t i n i -

d o l corresponded c o n f i g u r a t i o n a l l y to (-) - c a t e c h i n (2k), the m i r r o r image 

of XXX. The absolute c o n f i g u r a t i o n of c a t e c h i n had been e s t a b l i s h e d (27, 

2 8 , 2 9 , 3 0 ) and t h e r e f o r e the c o n f i g u r a t i o n s of the f i s e t i n s e r i e s were a l s o 

determined on an "absolute" b a s i s . 

(+) - M o l l i s a c a c i d i n and (-) - l e u c o f i s e t i n i d i n were assigned the 

2 , 3 - t r a n s - 3 , 4 - c i s - c o n f i g u r a t i o n f o r which two h a l f - c h a i r conformations 

XXXII and XXXIII were p o s s i b l e ( a l s o t h e i r m i r r o r images). They c o n s t i ­

t u t e d an exception among, o p t i c a l l y a c t i v e f l a v o n o i d s which u s u a l l y have 

been found to occur w i t h 2 , 3 - c i s - c o n f i g u r a t i o n ( 2 7 , 3 1 , 3 2 ) . 

On examination of the nuclear magnetic resonance, s p e c t r a (33) of a 

number of f l a v a n - 3 - o l s , f l a v a n - 3 , 4 - d i o l s , and t h e i r d e r i v a t i v e s i t was shown 
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XXIV. ( - ) - F u s t i n XXVII. ( + )-Taxifol in 

XXVl. ( - ) - F i s e t i n i d - 3 - o l XXIX. (-O-Catechin 
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t h a t s p i n - s p i n c o u p l i n g constants between the 2- and 3-, and 3- and k-

protons d e f i n e d the stereochemistry and conformation of the h e t e r o c y c l i c 

r i n g . The low 2,3-cis c o u p l i n g constants suggested t h a t i n the 2,3-cis 

d e r i v a t i v e s one conformation was predominantly populated. I n 2,3-trans 

f l a v a n d e r i v a t i v e s the conformation i n which the 2- and 3- s u b s t i t u e n t s 

are q u a s i e q u a t o r i a l was favoured at room temperature. 

The leucoanthocyanidins were obtained i n c o l o r l e s s c r y s t a l l i n e or 

cream-colored amorphous forms; they darkened and shrank a t e l e v a t e d temperatures 

but d i d not melt. They were i n s o l u b l e i n l i g h t petroleum, ether, chloroform 

and benzene, but were f r e e l y s o l u b l e i n water, ethanol, and acetone and were 

r a p i d l y converted ( e s p e c i a l l y l e u c o c y a n i d i n , XXVIII) t o brown, i n s o l u b l e 

polymers on standing i n contact w i t h moisture and oxygen. With a l c o h o l 

and h y d r o c h l o r i c a c i d they developed an immediate puiyple c o l o r even i n the 

c o l d , and t h i s deepened on standing or on h e a t i n g . A red, i n s o l u b l e phlobaphene 

was obtained as a by-product, which was probably a polymer formed by con­

densation (23,3^). 
An important f e a t u r e of the chemistry of the leucoanthocyanidins 

was t h a t the anthocyanidins produced from them had l o s t the k-hydroxyl 

and r e t a i n e d the 3-hydroxyl group (XXXIV). I t was suggested (35) t h a t the 

mechanism i n v o l v e d was an i n i t i a l a c i d - c a t a l y z e d dehydration t o a f l a v a n -

3-one (XXXV) and Roux and B i l l (36) obtained evidence f o r the i n i t i a l de­

h y d r a t i o n step. The mechanism f o r the r e q u i r e d d i r e c t i o n of dehydration 

was d i s c u s s e d by B i r c h f o r the corresponding tetrahydronaphthalenes (25)• 

The flavan-3-ones, l i k e flavan-3-4-diols, were i n the same o x i d a t i o n s t a t e 

as dih'ydroanthocyanidins so t h a t the f l a v y l i u m s a l t must have been produced 

by o x i d a t i o n . O v e r - a l l mechanistic p o s s i b i l i t i e s were d i r e c t o x i d a t i o n 

and d i s p r o p o r t i o n a t i o n (35,12). The reduced substances from dispropor-

t i o n a t i o n of a flavan-3-one would be at the c a t e c h i n (XXXVl) l e v e l of 
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o x i d a t l o n (39)- Production of anthocyanidins from leucoanthosyanins seemed 

t o be independent of the presence of oxygen i n some cases, but not i n others 

( 3 7 , 3 8 ) . 
The low y i e l d of anthocyanidins from leuco-compounds was g e n e r a l l y 

considered t o be due t o a competing condensation r e a c t i o n l e a d i n g t o tannins 

( U l ) . I f favan-3-ones were in t e r m e d i a t e s , they would be very u n s t a b l e , 

p o l y m e r i z a t i o n would occur by a l d o l - t y p e condensation of the ketone group 

w i t h the p h l o r o g l u c i n o l nucleus s(35)• The p o l y m e r i z a t i o n of favan-3,4-diols 

would a l s o be expected through the very r e a c t i v e 4-hydroxyls groups, s i m i l a r 

t o the a c i d - c a t a l y z e d p o l y m e r i z a t i o n of catechins (3h,kl) (XXXVIII and XXXIX). 

High y i e l d s of anthocyanidins were obtained by Laumas and Seshadri (40)who 

f i r s t converted the f l a v a n - 3 , 4 - d i o l s i n t o f l a v-3-en-3-ol acetates (XXXVIl), 

so t h a t self-condensations were i n h i b i t e d by the lowered r e a c t i v i t y of the 

a c e t y l a t e d phenolic r i n g s . 

Under anhydrous c o n d i t i o n s two anthocyanidins of s i m i l a r c o l o r a t i o n 

but w i t h d i f f e r e n t r a t e s of m i g r a t i o n on paper chromatograms were generated 

from each f l a v a n - 3 , 4 - d i o l (36). The anthocyanidin w i t h the higher R f value 

was found t o be the 3-ol ether d e r i v a t i v e (XXXIVb). Ether formation 

occurred p r i o r t o conversion i n t o the corresponding anthocyanidin, and was 

promoted by anhydrous c o n d i t i o n s . I n the presence of moisture ether 

formation was almost completely i n h i b i t e d . 

The anthocyanidins obtained from the leuco-anthocyanidins were 

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

and by a l k a l i n e degradation. The p r o d u c t i o n of d i s t i n c t i v e c o l o r s w i t h 

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

f l a v o n o i d compounds. The use of paperchromatography i n the study of p l a n t 

pigments has become wide-spread because of t h e i r c h a r a c t e r i s t i c s o l u b i l i t i e s , 

v a l u e s , and c o l o r s i n v i s i b l e and u l t r a - v i o l e t l i g h t . (h2,U3). 
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Anthocyanidin e l e c t r o n i c a b s o r p t i o n s p e c t r a were of l i m i t e d value 

f o r i d e n t i f i c a t i o n . Only s m a l l d i f f e r e n c e s occurred i n the a b s o r p t i o n 

maxima of the oxonium forms, but the s h i f t i n A caused by complexing 

w i t h aluminium c h l o r i d e i n the case of anthocyanidins w i t h o-phenolic 

hydroxyl groups wasmore c h a r a c t e r i s t i c (126). The a l k a l i n e degradation 

products of anthocyanidins were i d e n t i f i e d by paperchromatography (XXXIV, 

XL, X L I ) . 

Robinson (kh) considered the f l a v o n o i d s k e l e t o n t o be b u i l t up 

from two parts," Cg and Ccp, i n biogenesis (XL, X L I I , X L I I I ) . The b i o ­

synthesis of q u e r c e t i n (XLIV) and c y a n i d i n (XXXIV) have been i n v e s t i g a t e d . 

B i r c h and Donovan (U5) c a r r i e d out b i o g e n e t i c experiments w i t h the u n i c e l l u l a r 

green algae which appeared t o form q u e r c e t i n through a pathway i n v o l v i n g 

condensation of c a f f e i c a c i d and p h l o r o g l u c i n o l . Neish and co-workers 

(k6) used buckwheat p l a n t s as experimental m a t e r i a l s i n c e they were r e a d i l y 

grown and contained r u t i n , a 3-rhamno-glucoside of the f a v o n o l q u e r c e t i n , 

i n the l e a v e s . By the use of s p e c i f i c a l l y l a b e l l e d cinnamic a c i d and 

g e n e r a l l y l a b e l l e d phenylalanine i t was shown t h a t the phenyl propanoid 

s k e l e t o n gave r i s e t o the B - r i n g , plus carbons 2,3 and k of q u e r c e t i n as 

a u n i t . The formation of q u e r c e t i n was s t u d i e d i n another experiment by 

feeding l a b e l l e d acetate t o buckwheat and the q u e r c e t i n (XLIV) was degraded 

by f u s i o n w i t h potassium hydroxide i n t o p h l o r o g l u c i n o l (XL) and protocatechuic 

a c i d ( X L V I I I ) . Methyl- and c a r b o n y l - l a b e l l e d acetates were found t o be 

e q u a l l y good precursors of q u e r c e t i n . This meant t h a t acetate must have 

been used as a 2-carbon u n i t , and was not degraded t o 1-carbon fragments i n 

the b i o s y n t h e t i c process. 

B i r c h and Donavan (U5) noted t h a t the s t r u c t u r e of a l a r g e number 

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

e x p l a i n e d by assuming t h a t they o r i g i n a t e d by c y c l i z a t i o n of p o l y k e t o a c i d s 
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formed by head to t a i l condensation of acetate units. The finding that ring 

A came from acetate could have meant either that phloroglucinol was f i r s t 

formed from three acetate molecules and then condensed with the phenyl-

pfopanoid unit, or that the acetates condensed directly with the phenyl-

propanoid compound i n a stepwise manner. The former alternative was e l i ­

minated by the finding that buckwheat did not 1 in&orporate radioactive 

phioroglucinal directly into quercetin (V/). 

Grisebach (k&) investigated the biogenetic relationship between 

quercetin and cyanidin i n buckwheat with the help of C 1^ labelled .compounds. 

These studies indicated that flavonol was not a precursor to anthocyanin 

i n buckwheat. Grisebach also investigated the biogenesis of cyanidin i n red 

cabbage (̂ 9,50) and the results obtained were in good agreement with those 

reported by Neish and co-workers. 

LIGNANS 

A number of phenolic compounds, called lignans, have been found among 

the alcohol-soluble components of various woods. The term was .originated by 

Haworth (51) to describe a family of plant products which seemed to be formed 

by joining certain derivatives of n-propyl benzene (XLIX) at the /3-carbon , 

atoms of the side chain (L). This structure was found i n a variety of modi­

fications, including the l^-diarylbutane (LI), 1-phenyltetralin (LIl) , 

diphenylfuran (LIII), and furanofuran (LXV) types. The aromatic rings of the 

lignans were a l l oxygenated and carried hydroxy!, methpxyl",-, or methylene-

dioxy groups. The side chains existed i n varying degrees of oxidation and 

in some eases were further modified by cyelization to tetrahydrefuran or 

tetrahydronaphthalene derivatives. In relationship to other non-carbohydrate 

plant products lignan appeared to be the dimer stage intermediate between 

monomeric propylphenol units and l i g n i n (52). Erdtman (53) suggested that 
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l i g n a n s as w e l l as l i g n i n s were formed by dehydrogenation of simple primary 

CgC^ pr e c u r s o r s . N a t u r a l l y o c c u r r i n g t r i m e r s and tetramers have not been 

reported. 

Lignans have been found w i d e l y d i s t r i b u t e d i n the vegetable kingdom 

but the r o l e they p l a y i n the p l a n t has not been e s t a b l i s h e d . The l i g n a n s 

have been c l a s s i f i e d i n t o f i v e p r i n c i p a l groups (A-E, Table I I I ) on the b a s i s 

of the s t r u c t u r e formed by the s i d e chains of the two combining CgC^ u n i t s . 

They are almost always designated by t r i v i a l names. The c l a s s i f i c a t i o n used 

i n Table I I I i s e s s e n t i a l l y t h a t of Haworth ( 5 * 0 -

Lignans g e n e r a l l y have been obtained from wood e x t r a c t s , but i n some 

cases, e s p e c i a l l y when the s t a r t i n g materialbwas ground wood, e x t r a c t i o n w i t h 

ether d i d not remove, or only i n c o m p l e t e l y removed, e t h e r - s o l u b l e l i g n a n s -

This has been a t t r i b u t e d to the presence of an e t h e r - i n s o l u b l e "membrane" 

substance i n the wood and not t o adso r p t i o n ( 5 5 ) - The l i g n a n s were s p a r i n g l y 

s o l u b l e i n l i g h t petroleum, s o l u b l e i n ether, acetone, and lower a l c o h o l s 

and s e v e r a l y i e l d e d sodium and potassium . s a l t s . Chromatography and counter-

c u r r e n t e x t r a c t i o n have been employed s u c c e s s f u l l y i n the s e p a r a t i o n of 

mixtures of r e l a t e d l i g n a n s . Many l i g n a n s were e a s i l y isomerized, e s p e c i a l l y 

i n the presence of acid s or a l k a l i and some were s e n s i t i v e t o s l i g h t ( 5 6 ) . 

Recently i t was found i n t h i s l a b o r a t o r y t h a t some l i g n a n s were a l s o sen­

s i t i v e t o the oxygen of the a i r . Since s e p a r a t i o n of l i g n a n s was o f t e n 

found t o be d i f f i c u l t they have been p u r i f i e d i n some cases v i a e s t e r or ether 

d e r i v a t i v e s . The u l t r a v i o l e t a b s r o p t i o n s p e c t r a were not c h a r a c t e r i s t i c 

and, i n the absence o f double bonds conjugated w i t h the aromatic n u c l e i , 

the s p e c t r a were very s i m i l a r t o the ab s o r p t i o n of the aromatic p o r t i o n s 

of the molecules ( 5 5 ) - The i n f r a r e d a b s o r p t i o n was, of course, more s u i t ­

able f o r c h a r a c t e r i z a t i o n . Dimorphism occurred f r e q u e n t l y i n the l i g n a n 

f i e l d . Almost a l l i s o l a t e d l i g n a n s were o p t i c a l l y a c t i v e , but the s p e c i f i c 
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T A B L E L I G N A N S 
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r o t a t l o n was s t r o n g l y dependent upon the s o l v e n t used. The s t r u c t u r e s of 

many l i g n a n s have been v e r i f i e d by comparison of the o p t i c a l r o t a t i o n , 

m e l t i n g p o i n t s and degradation products of the s y n t h e t i c and n a t u r a l com­

pounds and t h e i r d e r i v a t i v e s . The aromatic r i n g s of l i g n a n s were s u b s t i ­

t u t e d r e a d i l y g i v i n g bromo and n i t r o d e r i v a t i v e s (52). The h y d r o x y l groups 

were r e a d i l y methylated and a c e t y l a t e d . The l a c t o n e r i n g was opened by h e a t i n g 

w i t h aqueous a l k a l i t o form the s a l t of the hydroxy a c i d and upon a c i d i f i c a t i o n 

the r i n g was again c l o s e d . 

A. The Chemistry of Conidendrin 

The e a r l i e s t discovered and most thoroughly s t u d i e d l i g n a n was c o n i ­

dendrin ( i i V ) . I t was found t o occur w i d e l y i n nature and was f i r s t i s o l a t e d 

by Lindsey and T o l l e n s i n 1892 (57) and c h a r a c t e r i z e d i n 1921 by Holmberg 

(58). The xhypobromite o x i d a t i o n of methylatedconidendrin gave a n e u t r a l 

substance and two a c i d s . The a c i d s were shown to.be dimethylconidendreic 
/ 

a c i d (LVT) and 2 - v e r a t r o y l v e r a t r i c a c i d ( L V T l ) . The n e u t r a l substance was 

only r e c e n t l y i d e n t i f i e d as 6,7-dimethoxy-(3,k-dimethoxyphenyl)-2-naphthal-

dehyde ( L V I I l ) (59)-

Holmberg (6l) a l s o e s t a b l i s h e d the presence of two methoxyl groups 

by a n a l y s i s and two f r e e h y d r o x y l groups by a c e t y l a t i o n and m e t h y l a t i o n . 

The r a p i d r i n g c l o s u r e of the opened la c t o n e and the ready conversion of 

the d i b a s i c a c i d t o an anhydride showed t h a t the l a c t o n e r i n g was f i v e -

membered. Oxi d a t i o n t o the d i b a s i c a c i d showed the presence of a hydroxy-

methyl group, which must be on a carbon atom adjacent t o the carbon atom 

c a r r y i n g the c a r b o x y l group. These f a c t s , and the observation t h a t c o n i ­

dendrin e m p i r i c a l l y was a dimer of coniferaldehyde l e d Erdtman t o suggest one 

of two formulae (LIX and LX) f o r conidendrin ( 6 l ) . 

As a f u r t h e r t e s t of the proposed s t r u c t u r e s , Erdtman dehydrogenated 

the d i b a s i c a c i d (LVl) w i t h l e a d t e t r a - a c e t a t e t o the phenylnaphthalene 

http://to.be
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d i b a s i c a c i d ( L X l ) but he was unable t o determine whether the l a c t o n e r i n g 

contained the c a r b o x y l group on carbon 2 or on carbon 3 • 

The c o r r e c t p o s i t i o n of the l a c t o n e r i n g was e s t a b l i s h e d by Haworth 

( 6 2 , 6 3 ) and the c o r r e c t s t r u c t u r e was confirmed by s y n t h e s i s of the two p o s s i b l e 

naphthalene d e r i v a t i v e s (Figures 2 and 3 ) which were compared w i t h the c o r r e s ­

ponding naphthalene d e r i v a t i v e prepared from dimethylconidendrin by dehydro-

genation. A mixed m e l t i n g p o i n t then demonstrated t h a t conidendrin correspon­

ded to s t r u c t u r e LX. 

Demethylation of conidendrin was e f f e c t e d w i t h p y r i d i n e h y d r o c h l o r i d e . 

The products, ex.- and (I- nor-conidendrin, possessed a n t i o x i d a n t p r o p e r t i e s 

f o r o i l s and f a t s {6h,65,66). Holmberg ( 6 7 ) noted t h a t c o n i d e n r i n , when 

heated dry or t r e a t e d w i t h a l c o h o l a t e s , Was transformed t o another compound 

w i t h d i f f e r e n t m e l t i n g p o i n t and o p t i c a l r o t a t i o n . A l s o methylated conidend­

r i n c o u l d be changed t o an isomer. These isomeric forms have been designated 

/3 i n the l a t e r l i t e r a t u r e ( 5 2 ) . The hydroxy aci d s form the two methylated 

conidendrins had d i f f e r e n t m e l t i n g p o i n t s and o p t i c a l r o t a t i o n s . Emde and 

Schartner ( 6 8 ) e x p l a i n e d the i s o m e r ! z a t i o i i of c o n i d e n d r i n by i n v e r s i o n of 

c o n f i g u r a t i o n at the carbon atom c a r r y i n g the c a r b o x y l group. I n co n i d e n d r i n 

the c o n f i g u r a t i o n of the l a c t o n e r i n g j u n c t i o n i s t r a n s , and the g u a i a c y l 

group has been suggested t o be trans t o the l a c t o n e methylene group, t h a t 

i s 2,3-trans^ 3 , ^ t r a n s (LXTJ), and i n / 3-conidendrin the l a c t o n e r i n g 

j u n c t i o n i s c i s , t h a t i s S , 3 ^ c i s , t h a t i s 2 > 3 - c i s - 3 , k - t r a n s ( L X T l l ) ( 6 9 , 7 0 ) . 

B. The Chemistry of M a t a i r e s i n o l 

Matair res i n o l , a b u t y r o l a c t o h e l i g h a n (LXIV), was i s o l a t e d from c o n i ­

ferous woods along With conidendrin ( 6 3 , 7 1 , ? 2 , 7 3 ) • 
The m a t a i r e s i n o l s t r u c t u r e was v e r i f i e d by the synthesis of (-), 

(+), and ( + ) ^ m a t a i r e s i n o l dimethylethers ( 7 3 ) - O x i d a t i o n of the dimethyl 

ethers w i t h a l k a l i n e permanganate gave a 5 5 $ > y i e l d of v e r a t i c a c i d ( 7 2 , 6 3 ) 
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F lGURE 2. Synthesis of Dimethyl A r o m a t i z e d LIX. 
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F I G U R E 3 . S y n t h e s i s of Dimethyl A r o m a t i z e d L X . 
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which served to demonstrate the presence of two v e r a t r y l n u c l e i . O x i d a t i o n 

of d i m e t h y l m a t a i r e s i n o l w i t h l e a d t e t r a - a c e t a t e i n a c e t i c a c i d caused c y c l o -

dehydrogenation and y i e l d e d a mixture of two naphthalene l a c t o n e (LXVIII 

and LXIX). (63) • The mixture occurred because e i t h e r of the two aromatic 

n u c l e i c o u l d be i n v o l v e d i n the r i n g c l o s u r e . The s t r u c t u r e s of the lactones 

were confirmed by syntheses (62,63). 

C. The Stereochemistry of Conidendrin and M a t a i r e s i n o l 

D i m e t h y l m a t a i r e s i n o l was isomerized by prolonged h e a t i n g w i t h strong 

a l k a l i t o an e q u i l i b r i u m mixture c o n t a i n i n g the s a l t s of the hydroxy aci d s 

corresponding to d i m e t h y l m a t a i r e s i n o l and t o an isomeric s t r u c t u r e , dimethyl-

i s o m a t a i r e s i n o l (78,79)• 

Haworth and Atkinson suggested t h a t the i s o m e r i s a t i o n c o n s i s t e d i n 

i n v e r s i o n about the asymmetric carbon atom, carbon 2, adjacent t o the 

carbonyl group and t h a t the i n v e r s i o n occurred without opening of the 

l a c t o n e r i n g under m i l d c o n d i t i o n s . The two isomers had c l o s e l y s i m i l a r 

p r o p e r t i e s and both were dehydrogenated s i m i l a r l y w i t h l e a d t e t r a - a c e t a t e 

(78). The t e r t i a r y hydrogen atoms (on carbons 2 and 3) on the l a c t o n e r i n g 

were trans i n m a t a i r e s i n o l (LXXIX) and c i s i n i s o m a t a i r e s i n o l ( L X X V I l ) , s i n c e 

r e d u c t i o n w i t h l i t h i u m aluminium hydride gave the l e v o r o t a t o r y - and meso-

d i o l s , r e s p e c t i v e l y (80). 

The behaviour of a - c o n i d e n d r i n (LX and L X I l ) and m a t a i r e s i n o l 

(LXIV and LXXIX) were compared i n the r e a c t i o n s concerned i n the epimeriza-

t i o n . In both compounds the t e r t i a r y hydrogen atoms on the l a c t o n e r i n g are 

i n t rans p o s i t i o n w h i l e they are c i s i n /3-conidendrin (LXIIJ) and i s o m a t a i -

r e s i n o l ( L X X V I l ) . 

I t was found (67) t h a t the conidendrin hydroxy a c i d corresponding 

t o the /3-conidendrin (LXX) l a c t o n i s e d more r a p i d l y than the one c o r r e ­

sponding t o ct-conidendrin ( L X X I l ) on a c i d i f i c a t i o n . In the case of the 
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m a t a i r e s i n o l isomers (78), the i s o m a t a i r e s i n o l i c a c i d (LXXVl) l a c t o n i s e d more 

sl o w l y than the m a t a i r e s i n o l i c a c i d ( L X X V I I l ) . The d i f f e r e n c e was c o n s i s t e n t 

w i t h the ease of r o t a t i o n around the n-propylbenzene j u n c t i o n . I n conidendrin 

hydroxyacids t h i s r o t a t i o n was prevented because of the p h e n y l t e t r a l i n 

s t r u c t u r e , w h i l e i n the m a t a i r e s i n o l i c acids the diphe n y l butane s k e l e t o n 

allowed the f r e e r o t a t i o n around carbon 2 - carbon 3 s i n g l e bond. Since the 

r a t e of l a c t o n i z a t i o n of hydroxyacids was more r a p i d i n a c o n f i g u r a t i o n which 

allowed a c l o s e r approach of the -CH^OH 'and -COOH group, i n the case of the 

conidendrin hydroxyacids ( p h e n y l t e t r a l i n skeleton) the c i s - c o n f i g u r a t i o n (LXX 

and LXXI), and i n the case of the m a t a i r e s i n o l hydroxyacids (en,00 -diphenyl 

butane s k e l e t o n ) , the t h r e o - c o n f i g u r a t i o n ( L X X V I I l ) , favored l a c t o n i z a t i o n . 

Although no d i s c u s s i o n o f the conformation fe a t u r e s of the two c o n i ­

dendrin isomers ( O L andf}), has so f a r appeared i n the l i t e r a t u r e i t seemed 

worthwhile t o mention here t h a t examination of molecular models i n d i c a t e d t h a t 

the "cyclohexene r i n g " i n n a t u r a l l y o c c u r r i n g a-conidendrln ( L X I l ) was i n a 

h a l f - c h a i r conformation (LXXIV) w h i l e the isomeric /3-conidendrin (LXII$)was 

i n a boat conformation (LXXV). These suggestions o r i g i n a t e d from the f a c t 

t h a t i t was impossible t o co n s t r u c t the boat form of O L-conidendrin or the 

h a l f - c h a i r conformation of the iso m e r i c p-conidendrin from a t o n i c models 

( D r i e d i n g Stereomedels, W. Buechi, S w i t z e r l a n d ) . 

Since the h a l f - c h a i r conformation i n the t e t r a l i n s e r i e s was ener­

g e t i c a l l y the more favoured conformation, t h i s a n a l y s i s a f f o r d e d an explan­

a t i o n ( a t l e a s t from the thermodynamic p o i n t of view) of the f a c t t h a t the 

-isomer i s the more s t a b l e form of conidendrin. 

D. The Chemistry of Hydroxymatairesinol 

Freuderiberg (7^>75,76) claimed t h a t the s o l u b l e n a t i v e l i g n i n or 

Braun's l i g n i n ( e thanol s o l u b l e p a r t of l i g n i n ) was not t r u e l i g n i n but con­

t a i n e d 30 t o kofo of a l l g n a n which c r y s t a l l i z e d w i t h d i f f i c u l t y and f o r which 



LXXII 2(a) 3(a):4(a) LXXIII 2fe):3(a):4(a) LXXIV a - Con idendr in 
(half cha i r ) ( b o a t ) (half cha i r ) 

2 • 3 - t r a n s - 3 • 4 - t r a n s - C o n i d e n d r i n h y d r o x y a c i d 
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he proposed the s t r u c t u r e of a hydroxymatairesinol (LXV or L X V l ) . This l i g n a n 

was o p t i c a l l y a c t i v e , d i d not c r y s t a l l i s e but formed a c r y s t a l l i n e potassium-

acetate adduct, and was r e a d i l y transformed i n t o conidendrin i n the presence 

of a c i d . On hydrogenation w i t h hydrogen and p a l l a d i u m i n e t h y l a c e t a t e mataire­

s i n o l (LXIV) was obtained (56). A strong peak at 17̂ 5 cm -I i n the i n f r a r e d 

spectrum i n d i c a t e d the presence of a l a c t o n e r i n g . Freuderiberg and Knopf 

a l s o i s o l a t e d from spruce wood a l l o - h y d r o x y m a t a i r e s i n o l , an isomer of hydroxy­

m a t a i r e s i n o l which was a c r y s t a l l i n e compound a l s o gave conidendrin i n the 

presence of a c i d , and m a t a i r e s i n o l on hydrogenation. The i n f r a r e d spectra-

of the two hydroxymatairesinols were s i m i l a r but the s p e c i f i c r o t a t i o n of the 

allo-compound was somewhat more p o s i t i v e than t h a t of the h y d r o x y m a t a i r e s i n o l 

(56). Assuming s t r u c t u r e LXV f o r hydroxymatairesinol the allo-hydroxymataire­

s i n o l c o u l d have been an o p t i c a l isomer (epimer) w i t h c o n f i g u r a t i o n LXXX or 

LXXXI. On the other hand i f hydroxymatairesinol had s t r u c t u r e LXVI, the 

allo-compound c o u l d a l s o have been a geo m e t r i c a l isomer of the hydroxymataire­

s i n o l (LXVI). 

E. The L i g n a n - L i g n i n I n t e r r e l a t i o n s h i p i n B i o s y n t h e s i s 

Haworth (51) drew a t t e n t i o n t o the f a c t t h a t the presence of the CgC^ 

group i n l i g n a n s and the c u r r e n t view t h a t l i g n i n was b u i l t up of such 

phenyl propane b u i l d i n g s t o n e s i n d i c a t e d a c l o s e r e l a t i o n s h i p between l i g n a n s 

and l i g n i n . The low content of p e n o l i c hydroxyl groups i n l i g n i n , however, 

i n d i c a t e d a d i f f e r e n t type of condensation of the phenylpropane u n i t s i n 

l i g n i n and l i g n a n s . I t has been suggested (8l) t h a t under normal c o n d i t i o n s 

l i g n i n was formed and under p a t h o l o g i c a l c o n d i t i o n s , l i g n a n s were formed. 

I n 19̂ 9 Freudenberg began experiments on l i g n i f i c a t i o n by studying the f o r ­

mation of l i g n i n - l i k e products i n v i t r o from c o n i f e r y l a l c o h o l by enzymatic 

dehydrogenation. The f i r s t step of the a c t i o n of the enzyme c o n s i s t e d i n 

the removal of the hydrogen atom of the p h e n o l i c hydroxyl group of the 
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c o n i f e r y l a l c o h o l (LXXXIl) w i t h the formation of r a d i c a l s (LXXXIII t o L I I I V l ) 

(82). The d i m e r i z a t i o n of these r a d i c a l s occurred r e a d i l y and the intermediates 

that were f i r s t i d e n t i f i e d were the dimers d e h y d r o d i c o n i f e r y l a l c o h o l (LXXXVIl), 

p i n o r e s i n o l (LXXXVTIl), and q u a i a c y l g l y c e r o l - (3-coniferylether (LXXXIX). 

Freudenberg c a l l e d these dimers secondary l i g n i n b u i l d i n g u n i t s 

because i n a second step, which c o n s i s t e d i n f u r t h e r dehydration and con­

densation they form l i g n i n - l i k e products. R e c e n t l y there was r e p o r t e d (83, 

8h) the presence of s m a l l amounts of c o n i f e r y l a l c o h o l and the three dimers 

i n f r e s h woody cambial sap. The question now a r i s e s whether the b a s i c s t r u c t ­

ures of the above-mentioned secondary b u i l d i n g stones are i n c o r p o r a t e d as 

such i n t o the l i g n i n molecule or are rearranged t o a s t i l l unknown combinations 

i n the molecule. I n t h i s connection, Freudenberg's experiment w i t h p i n o r e ­

s i n o l , which i s a tet r a h y d r o f u r o f u r a n - t y p e l i g n a n i s of i n t e r e s t . The de-

hydrogenated polymer of the p i n o r e s i n o l d i d not show the presence of the 

p i n o r e s i n o l s t r u c t u r e and the polymer was o p t i c a l l y i n a c t i v e . I t i s not 

p o s s i b l e t h a t the o p t i c a l l y a c t i v e l i g n a n s are combined as such i n t o the 

l i g n i n , because o p t i c a l l y a c t i v e l i g n i n has never been found (75)-

Purves and co-workers (85,86,87) and Chudokov and co-workers (88) 
have c a r r i e d out o x i d a t i o n experiments on l i g n i n from which they obtained 

a mixture of benzenepolycarboxylic a c i d s . Using r a d i o a c t i v e formaldehyde-

t r e a t e d l i g n i n they have obtained benzene hexa-(XCl), penta-, and t e t r a -

c a r b o x y l i c a c i d s . From these r e s u l t s they drew the c o n c l u s i o n t h a t a 

minor p a r t of the l i g n i n macromolecule c o n s i s t e d of lignam elements i n which 

the ^-carbon atoms of the phenylpropane u n i t s were d i r e c t l y j o i n e d . (62). 

An hydroxymethyl s u b s t i t u t i o n i n O L - p o s i t i o n of the l i g n a n per­

mits easy c y c l i z a t i o n t o a cyclohexane r i n g which, on o x i d a t i o n , y i e l d s 

benzene hexa- and p e n t a c a r b o x y l i c acids due t o the f i v e or s i x f o l d sub­

s t i t u t i o n of the r i n g (XC-XCl). 
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Zaburin and Tishchenko (89) claimed t h a t the experiments (85,86,88) 

showed systematic e r r o r s so t h a t conclusions as t o the y i e l d of benzene-

pe n t a c a r b o x y l i c a c i d i n the o x i d a t i o n of l i g n i n c o u l d be h e l d i n doubt. 

These authors found t h a t the o x i d a t i o n of l i g n i n y i e l d e d a mixture of only 

a s m a l l amount of b e n z e n e t r i - and t e t r a c a b o x y l i c acids but no penta-analog 

was detected. 
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I . I s o l a t i o n of Phenolic C o n s t i t u e n t s from Western Hemlock Wood. 

I n p r e l i m i n a r y experiments s e v e r a l attempts were made t o apply pre­

v i o u s l y r e p o r t e d procedures t o the i s o l a t i o n and s e p a r a t i o n of the phenolic 

c o n s t i t u e n t s of the d e f a t t e d wood. The leucoanthocyanidin i s o l a t i o n methods 

used by Laumas and Seshadri on the gum of Butea frondosa ( l 8 ) and by Manson 

on b l a c k spruce ( P i c e a mariana BSP) (1^5) proved t o be un s u c c e s s f u l because 

the leucoanthocyanidin of the hemlock wood was i n s o l u b l e i n e t h y l a c e t a t e . 

The supposed 'leucoanthoiayanidin f r a c t i o n " i s o l a t e d by these methods (0.o6</o 

and 0 .3$ y i e l d r e s p e c t i v e l y ) was a c t u a l l y found t o be a mixture of l i g n a n s , 

and the e t h y l a c e t a t e - i n s o l u b l e r e s i d u e gave the c h a r a c t e r i s t i c leucoantho­

c y a n i d i n r e a c t i o n s . The method of Pigman and co-workers (lk6) was found t o 

be u s e f u l but the product (0.k^>) was red-brown i n c o l o r and appeared t o be 

p a r t i a l l y polymerized and o x i d i z e d . The absolute methanol-ether method 

desc r i b e d by Kranen, F i n l a y s o n and Hayward (1^7) proved t o be the most use­

f u l f o r the i s o l a t i o n of undegraded l e u c o c y a n i d i n m a t e r i a l , which was ob­

t a i n e d as a cream-colored powder ( 0 . 4 $ y i e l d ) . 

On the b a s i s of these p r e l i m i n a r y experiments the f r a c t i o n a t i o n pro­

cedure o u t l i n e d i n Figure 2k was devised f o r the i s o l a t i o n of both l i g n a n 

and leucoanthocyanidin compounds. 
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I I . Hemlock Leucoanthoayanidin 

F r a c t i o n s F and G obtained as shown i n F i g u r e 2k d i f f e r e d i n methoxyl 

content (1^.30$ and 5-̂ 8$> r e s p e c t i v e l y ) and the more pronounced c o l o r from 

f r a c t i o n G obtained on a c i d treatment. These r e s u l t s i n d i c a t e d t h a t f r a c t i o n 

G was probably more c l o s e l y r e l a t e d t o the known leucoanthocyanidins and t h e r e ­

f o r e t h i s f r a c t i o n was used i n subsequent i n v e s t i g a t i o n s . This m a t e r i a l gave 

on paperchromatograms an elongated spot extending from R^ 0.00 t o about 0.50 

i n s olvent systems S-2, S-3, and S-k u s i n g spray reagents R - l , R-2, R-L and 

R-7 . The weak re d c o l o r ( s t r o n g e s t at R^ 0.0) obtained w i t h v a n i l l i n -

h y d r o c h l o r i c a c i d (R-L) i n d i c a t e d t h a t seme of the m a t e r i a l present possessed 

a p h l o r o g l u c i n o l nucleus w i t h a vacant p o s t i o n para t o a f r e e h y d r o x y l group 

(90). The s l i g h t pink c o l o r obtained w i t h p - t o l u e n e s u l f o n i c a c i d ( R - l ) 

and g l y c e r o l - h y d r o c h l o r i c a c i d (R-7) i n d i c a t e d a compound having the f l a v a n -

d i o l s t r u c t u r e ( 9 l ) -

The s t r u c t u r e of the i s o l a t e d leucoanthocyanidin was f u r t h e r i n v e s t i ­

gated i n two p r i n c i p a l l y d i f f e r e n t ways: ( i ) by conversion i n t o the corresponding 

anthocyanidin and ( i i ) by d i r e c t a l k a l i n e degradation. 

When the leucoanthocyanidin was t r e a t e d w i t h i s o p r o p y l a l c o h o l 0.03 

normal i n h y d r o c h l o r i c a c i d according t o the procedure of Roux (36), two antho-

cyanidins w i t h s i m i l a r pink c o l o r s but w i t h d i f f e r e n t r a t e s of m i g r a t i o n on 

paperchromatograms were obtained. The substance w i t h lower R f value c o r r e ­

sponded t o c y a n i d i n (XXII) and the other was suspected t o be the 3-isopropyl 

ether of c y a n i d i n . To confirm t h i s s u p p o s i t i o n the a c i d treatment of the 

For convenience the numerous so l v e n t systems ( S ) , spray reagents (R), and 
absorbents*and supporting media (M) used i n chromatography are d e s c r i b e d 
i n d e t a i l i n Tables X, X I , and X I I and are r e f e r r e d t o elsewhere i n t h i s 

t h e s i s by letter-number symbols. 
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FIGURE 4. Rj Values of Cyanidin and Its Derivatives 

Obtained by Acid Treatment of the Leucoanthocyanidin 

of Hemlock Wood in Various Solvents. 

The paperchromatogram was run in S-1. See Table IV 

for sample identification. 
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leucoanthoayanidin was c a r r i e d out i n i s o p r o p y l a l c o h o l , methyl a l c o h o l 

(both dry, and i n the presence of water), acetone, dioxane, e t h y l a c e t a t e , 

and a c e t i c a c i d . The r e s u l t s of the chromatographic examination of the pro­

ducts are shown i n Table IV and Fi g u r e 4. When the r e a c t i o n was repeated 

w i t h a u t h e n t i c c y a n i d i n only the spot w i t h 0.50 showed up on the paper-

charomatogram. The " t a i l e d " spots which appeared on the solvent f r o n t (Figure 

4, p o s i t i o n 1 to 5) were c h a r a c t e r i s t i c of the polymers formed from l e u c o ­

anthocyanidins by condensation (23,24). 

Table IV 

Rf Values of Anthocyanidins from Hemlock Wood Prepared i n Various Solvents 

Sample No. Solvents R f V a l u e s a 

(0.03 N i n HC1) Lower Spot Higher Spot 

1 I s o p r o p y l a l c o h o l 0.50, 0.49 0.81 
2 Dry Methanol 0.50, 0.49 0.72 
3 Aqueous Methanol 0.50, 0.49 0.72 
4 Acetone 0.46 O.67 
5 E t h y l a c e t a t e 0.50 0.70 
6 Dioxane 0.50̂  -
7 A c e t i c A c i d 0.50° -
8 C y a n i d i n 0.50 — 

a Developing Solvent S - l . 

b These spots were i n v i s i b l e i n d a y l i g h t a f t e r 
the paperchromatogram was a i r - d r i e d , but they 
appeared i n dark c o l o r under the UV lamp. A f t e r 
long standing they became v i s i b l e i n d a y l i g h t 
w i t h a greenish-grey c o l o r . 

These r e s u l t s agreed w i t h the theory (36) t h a t the i n i t i a l step i n the 

conversion of flavan-3,4-diols i n t o anthocyanidins (XXXIV) induced by hydro­

c h l o r i c a c i d was a dehydration of the 3,4-diol group i n the h e t e r o c y c l i c 

r i n g , t h a t i s , a l o s s of the hyd r o x y l group a t carbon 4 and a hydrogen atom 

at carbon 3- Ether formation, probably at the 3 p o s i t i o n of the flavan-3,4-

d i o l (36), occurred p r i o r t o the conversion i n t o anthocyanidin and was 
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promoted by anhydrous c o n d i t i o n s , s i n c e i n aqueous methanol ether formation 

was decreased. 

Absorption s p e c t r a were recorded . according t o the procedure of 

Harborne (92) f o r two reference samples- of c y a n i d i n , anthocyanidin from the 

wood, and the methyl - and i s o p r o p y l ethers of the wood anthocyanidin a f t e r 

chromatographic s e p a r a t i o n . I n Table V are l i s t e d the wavelengths of maximum 

abs o r p t i o n of the anthocyanidins and the s h i f t e d maximum absorptions of t h e i r 

aluminium complexes. The s p e c t r a obtained are reproduced i n Figur e s 5, 6 

and 7. 

Table V 

Absorption Maxima of Anthocyanidins. 

Compounds Rf Values 
i n S - l 

max 
(mu) 

* m a x ( A l C l 3 ) A * m a x 

(mu) (mu) 

D a h l i a c y a n i d i n O.5O 
Sy n t h e t i c c y a n i d i n O.5O 
Wood anthocyanidin 0.50 

Wood anthocyanidin 
methyl ether O.72 

Wood anthocyanidin 
i s o p r o p y l ether 0.8l 

550.0 
550.0 
550.0 

5U2.0 

5̂ 3-0 

58O.O 
580.0 
(562.1+ 
(580.1+ 
(568.8 
( e 

(567.2 
(593 

30 
30 
12.5 30. i+ 
26.8 
c 

21+.2 
50 

a Concentration was 2.1+6 x 1 0 M i n 95$ ethanol c o n t a i n i n g 
0.01 ml of concentrated h y d r o c h l o r i c a c i d per 100 ml. 

b A f t e r a d d i t i o n of 0.1 ml of % aluminium c h l o r i d e i n 
ethanol per c e l l . 

c A shoulder occurred at about 600 mu but was not c l e a r l y 
d e f i n e d . 

I t was observed t h a t on a d d i t i o n of aluminium c h l o r i d e t o the ethanol-

h y d r o c h l o r i c a c i d s o l u t i o n of the wood anthocyanidin a v i o l e t - b l u e c o l o r 

was obtained i n s t e a d of the b r i g h t b l u e which was c h a r a c t e r i s t i c of pure 
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c y a n i d i n . The ab s o r p t i o n spectrum of the wood anthocyanidin showed a strong 

band w i t h A m o v at 550-0 mu (band W, Fi g u r e 6) w h i l e the corresponding 

aluminium complex gave a broader band w i t h at 562.5 rap. and a shoulder 

at 58O.k mu (band C, Fi g u r e 6). A s i m i l a r r e s u l t was obtained w i t h the i s o ­

p r o p y l ether of the wood anthocyanidin (Figure 7)• The uncomplexed ether had 

? V m a x at 5^3-0 mu (band PW) and a d d i t i o n of aluminium c h l o r i d e caused t h i s t o 

s h i f t t o 567-2 mp. w h i l e a shoulder appeared a t about 593 niu (band CFW). I n 

the case of the methyl ether of the wood anthocyanidin, the a d d i t i o n of a l u ­

minium c h l o r i d e caused a s h i f t of ̂ g ^- from 5^2.0 mu t o 568.8 mu, and the 

appearance of a shoulder a t about 600 muj i n t h i s case,' however, the shoulder 

was not c l e a r l y d e f i n e d . 

A reasonable i n t e r p r e t a t i o n of these r e s u l t s was provided i f one 

assumed t h a t the wood anthocyanidin was a mixture of c y a n i d i n and another, 

u n i d e n t i f i e d , anthocyanidin which had an abso r p t i o n maximum s i m i l a r t o t h a t 

of c y a n i d i n (550-0 mu) and the same values i n various s o l v e n t s , but l a c k e d 

an adjacent p a i r of phen o l i c hydroxyl groups. I n t h i s b a s i s the ab s o r p t i o n 

spectrum of the wood anthocyanidin-aluminium complex (band C, Fi g u r e 6) r e ­

s u l t e d from s u p e r p o s i t i o n of two band i n d i c a t e d approximately by A and B 

i n F i g u r e 61. Band B represented the aluminium complex of c y a n i d i n and band A 

represented the unknown and uncomplexed anthocyanidin. S i m i l a r l y the i s o ­

p r o p y l and methyl ethers of the unknown anthocyanidin and those of c y a n i d i n 

gave combination a b s o r p t i o n bands (e.g. E and F, Fi g u r e 7) on treatment 

w i t h aluminium c h l o r i d e due t o the f a c t t h a t only the c y a n i d i n ethers formed 

aluminium complexes. A q u a n t i t a t i v e " d i f f e r e n c e spectrum" was t h e r e f o r e 

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

minium complex (Fig u r e 5) from the o p t i c a l d e n s i t y of the wood anthocyanidin 

aluminium complex (Fig u r e 6) and the r e s u l t (curve C, Fi g u r e 8) i n d i c a t e d 

c l e a r l y the presence of a second anthocyanidin compound (probably uncomplexed) 
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F IGURE 5 Absorp t ion Spec t ra of Dahl ia (D) and 

Synthet ic (S) C y a n i d i n and Their Aluminium Complexes 
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400 500 600 
Wavelength, m\x 

FIGURE 6 . Absorption Spectra of Wood Anthocyan id in 

(W) and Aluminium Complexed Wood An thocyan id in ( C ) . 

A and B are assumed. 
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567 
543 I 

400 500 600 
Wavelength, mu , 

FIGURE 7. Absorpt ion Spectra of the Isopropyl Ether 

of the Wood Anthocyanidin (PW) and the Corresponding 

Aluminium Complex (CPW). E and F are assumed. 
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FIGURE 8 Di f ference Spect rum of Hemlock A n t h o ­

cyan id in . (A) A lumin ium chlor ide complexed wood antho­

cyanid in. (B) A lumin ium chloride complexed dahlia cyanidin. 

(C) From curves A and B by sub t rac t ion . 
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w i t h an absorption maximum at 536 mu. 

Fuirther evidence concerning the s t r u c t u r e of the hemlock leuc o ­

anthocyanidin was provided by a l k a l i n e degradation (93,9^95) . The degra­

d a t i o n products and reference compounds were chromatographed on paper i n 

four d i f f e r e n t s o l v e n t systems (S-3, S-6, S-8, S-9), and R-3 was used as 

spray reagent. The degradation products from c y a n i d i n and the leucoanthocyan­

i d i n contained protocatechuic a c i d but p h l o r o g l u c i n o l and r e s o r c i n o l were 

detected only i n the case of c y a n i d i n . The paperchromatogram i s shown i n 

F i g u r e 9-

A c o n t r o l a l k a l i n e degradation of p h l o r o g l u c i n o l i n d i c a t e d t h a t the 

two pink spots w i t h Rf values of 0.09 and 0.17 and the yellow spot w i t h Rf 

O.9O ( i d e n t i f i e d as r e s o r c i n o l ) were degradation products of p h l o r o g l u c i n o l 

i t s e l f (Table V I ) . 

From these r e s u l t s i t was concluded t h a t the p h l o r o g l u c i n o l nucleus 

must be present i n the hemlock leucoanthocyanidin i n a f o r m - d i f f e r e n t from 

t h a t i n which i t occurs i n l e u c o c y a n i d i n s from other sources. 

This c o u l d be e x p l a i n e d i f one assumed t h a t the hemlock leucoanthocyan­

i d i n e x i s t e d i n a dimeric form s i m i l a r to XXXVIII as was suggested r e c e n t l y 

by Freudenberg (hi). The a l k a l i n e degradation of such a s t r u c t u r e , e.g. 

XCII., would t h e o r e t i c a l l y produce a symmetrical hexahydroxybenxophenone . 

( X C I I l ) which would be a very l a b i l e substance ( i t has not been de s c r i b e d 

i n the l i t e r a t u r e ) . The r i n g system of t h i s h y p o t h e t i c a l intermediate would 

s p l i t up d i r e c t l y t o fragments s i m i l a r t o those obtained from p h l o r o g l u c i n o l 

under the same c o n d i t i o n s and not v i a the l i b e r a t i o n of f r e e p h l o r o g l u c i n o l 

(Figure 10). This would a l s o e x a p l a i n the absence of r e s o r c i n o l i n the 

r e a c t i o n mixture. The pink-orange spot detected at Rf = O.92 i n the a l k a l i n e 

degradation product of the leucoanthocyandin (Table VI) was c l e a r l y not due 

t o the presence of r e s o r c i n o l and w i l l be d i s c u s s e d l a t e r . 
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F I G U R E 9 P a p e r c h r o m a t o g r a p h y of t h e Alkal ine 

D e g r a d a t i o n P r o d u c t s . 

1 Ph lo rog luc i no l . 
2 A lka l i d e g r a d e d p h l o r o g l u c i n o l . 

3 D e g r a d a t i o n products of dahl ia c y a n i d i n . 

4 Degradat ion products of synthet ic c y a n i d i n . 

5. Degradat ion products of w o o d l e u c o a n t h o ­

cyan id in 

6. P ro toca techu i c a c i d 

7. Resorc ino l 

The c h r o m a t o g r a m w a s run in 5 - 3 and s p r a y e d 

w i th R - 3 



TABLE VI. ALKALINE DEGRADATION PRODUCTS. 

NAME FORMULA PRODUCTS OBTAINED ON ALKALINE DEGRADATION 

of Or ig inal Compounds f rom R 1 N G A from RING B 

1 
DAHLIA 

CYANIDIN OH OH 

R f = 0.72 

"XT 
Rf = 0.90 

Unknown 

" a " 

R f =017 

Unknown 

" b " 

R f =009 

— 

COOH -a. 
OH 

R f =0.84 

— 

2 
SYNTHETIC 

CYANIDIN 

CI ( f ^ P H 

R f =072 

"XT 
Rf =0.90 

Unknown 

" a " 

R, =0.17 

Unknown 

•*b" 

R f =0.09 

— 

COOH 

R f = 0 .84 

— 

3 
PHLORO­

GLUCINOL OH 
"XT 

OH 

Rf =0.72 

H O 0 H 

Rf =0.90 

Unknown 

" a " 

R f =0.17 

Unknown 

" b" 

Rf =009 

— — — 

4 
WOOD 

LEUCOANTHO­
CYANIDIN 

" L A C " 
Unknown 

" a " 

R f =0.17 

Unknown 
, 4 b " 

R f =0.09 

Unknown 

" c " ? 

Rf =0.92 

COOH 

D« 
OH 

Rf =0.84 

Unknown 

" c " 

R f =0.92 

Color of Spots w i th 
Diazonium Salt ( R - 3 ) yel low yel low pink pink 

pink-
orange whi te pink-

orange 
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Unknown compound "a" 

( R f =017) 

Unknown compound " b " 
CR f ^ 0 . 0 9 ) 

F i g u r e l O P r o p o s e d A l k a l i n e D e g r a d a t i o n of a 
D i m e n c L e u c o a n t h o c y a n ( i d ) i n . 
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The evidence obtained here concerning the molecular s t r u c t u r e of the 

western hemlock leucoanthocyanidin may be summarized i n the f o l l o w i n g p o i n t s : 

(1) From the study of the u l t r a v i o l e t s p e c t r a , i t was c l e a r , 

t h a t the leucoanthocyanidin on a c i d treatment produced c y a n i d i n and a 

second pigment w i t h the same R̂ . value but w i t h a d i f f e r e n t a b s o r p t i o n 

maximum when complexed w i t h aluminium. One might have assumed t h a t the 

second pigment was not an anthocyanidin, but a humic a c i d s i m i l a r t o t h a t 

r e p o r t e d by Raudnitz (96). However, t h i s d i d not appear t o be the case s i n c e 

the v i s i b l e spectrum of Raudnitz's humic a c i d showed two c h a r a c t e r i s t i c maxima 

at 5U8 mu and 1+59 m u> w h i l e both c y a n i d i n and the wood anthocyanidin had 

minimum at 1+59 m u -

The second pigment might a l s o have been a decomposition product of 

c y a n i d i n i t s e l f which s t i l l r e t a i n e d the r e d c o l o r but d i d not form an alumi­

nium complex. I n t h i s connection i t was observed t h a t the c y a n i d i n obtained 

from the wood decomposed much more r e a d i l y i n h a n d l i n g than d i d c y a n i d i n i s o ­

l a t e d from D a h l i a . No e x p l a n t i o n of t h i s phenomenon was found. 

(2) I t was e s t a b l i s h e d by Roux t h a t i n t r o d u c t i o n of i n c r e a s i n g 

numbers of hydroxyl groups i n t o the f l a v a n s t r u c t u r e decreased the Rf v a l u e s , 

and the stepwise masking of the h y d r o x y l groups i n anthcoyanidins by methy-

l a t i o n c o rrespondingly i n c r e a s e d the Rf values i n aqueous solv e n t s (97)-

The hypsochromic s h i f t caused by i n t r o d u c i n g O-methyl groups was r e p o r t e d 

t o be between 8-9 mu (98). This agreed w i t h the r e s u l t s r e p o r t e d here 

(Table V ) . The s h i f t was 8 mu on i n t r o d u c t i o n of an O-methyl group i n the 

p o s i t i o n of c y a n i d i n , t h a t i s , the a b s o r p t i o n maximum of c y a n i d i n was 

550 mu w h i l e t h a t of cyanidin-3-methyl ether was 5̂ 2 mp. 

The unknown anthocyanidin pigment, t h e r e f o r e , probably had f i v e 

h y droxyl groups as does c y a n i d i n (same Rf v a l u e s ) . The p o s i t i o n s of the 

two h y d r o x y l groups i n r i n g B, however, were d i f f e r e n t from those i n 
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c y a n i d i n . E i t h e r they were disposed i n meta p o s i t i o n s as, f o r example, i n 

m o r i n i d i n ( X V I I I , Table I I ) , o r , more l i k e l y , the 3-hydroxyl group of the 

normally o c c u r r i n g 3' , V - v i c i n a l p a i r was methylated and the e x t r a h y d r o x y l 

groups was present at the 2' - p o s i t i o n . 

(3) The presence of two d i f f e r e n t anthocyanidins i n the mixture 

from the a c i d - t r e a t e d leucoanthocyanidin suggested t h a t the dimeric l e u c o ­

anthocyanidin was cons t r u c t e d from two d i f f e r e n t f l a v a n monomers. I f the 

two B r i n g s i n the dimer d i f f e r e d i n s u b s t i t u t i o n upon sodium hydroxide f u s i o n 

two d i f f e r e n t c a r b o x y l i c acids would show up i n the degradation mixture. As 

shown i n Table VI and Fi g u r e 9, i n a d d i t i o n t o protocatechuic a c i d the presence 

of another compound (orange-pink spot, R f = O.92) was detected by paper 

chromatography. This u n i d e n t i f i e d compound probably represented the second 

c a r b o x y l i c a c i d . 

The suggested s t r u c t u r e of the dimeric hemlock wood leucoanthocyanidin 

and the p o s t u l a t e d degradation pathway are summarized i n F i g u r e 11. 

Although there was no c o n c l u s i v e evidence f o r the nature and 

l o c a t i o n of the R group i n the second c a r b o x y l i c a c i d , the methoxyl content 

(5-^$>) of the leucoanthocyanidin i n d i c a t e d t h a t R probably was a methoxyl 

group. The c a l c u l a t e d methoxyl content of a monomethyl dimer was U-9T$-
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XCIII 

( R f =.0.72) 

H O O C ^ J ^ - R 

(R = 092 ) 
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NaOH 
A 

Unknown Compound " a " 
( R f = 017 ) 

Unknown Compound " b " 
( R f =009) 

FIGURE 11. Sugges ted S t ruc tu re and Degradat ion Produc ts of 
Hemlock Leucoanthocyan id in . 
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I I I . Hemlock Lignans 

A. Separation of Lignans 

Since f r a c t i o n s B, C, D and E f i g u r e 24) appeared t o be s i m i l a r 

on chromatographic examination they were combined and evaporated t o a 

s o l i d cream-colored foam. I t proved to be extremely d i f f i c u l t t o separate 

the l i g n a n s due t o the complexity of the mixture of compounds present. This 

was i l l u s t r a t e d by the f a c t t h a t the l i g n a n mixture was examined by paper­

chromatography i n eighteen d i f f e r e n t s olvent systems (S-2 to'S-19) but only 

benzene-acetic acid-water (S-15) was found t o give s u i t a b l e s e p a r a t i o n of 

l i g n a n s detected by d i a z o t i z e d s u l f a n i l i c a c i d (R-3) as spray reagent. 

The R f values obtained are l i s t e d i n Table V I I . 

Table V I 

Rf.Values of Lignans i n the Methanol E x t r a c t of Hemlock Wood 

Spot Rf v a l u e s 8 . C o l o r w i t h R-3 

a 0.660 brownish-pink 
b 0.399 brownish-pink 
c 0.271 pink 
d O.I69 orange 
e 0.116 orange 
f 0.064 orange 
S 0.030 orange-red 

( h , i , j , k ) b 0.000 yellow 

i r r i g a t i o n time 7 h r s . , s o l v e n t S--15 

b 
These spots appeared a f t e r 13 hrs . i r r i g a t i o n time. 

When the chromatograms were developed f o r 12 and 18 hours (the 

solvent was allowed t o d r a i n o f f the paper) three more yellow spots appeared 

i n the lower Rf r e g i o n ( h , i , and j ) . The t r a v e l l e d d istances of spots on 

chromatograms developed f o r 7, 13 and 18 hours are p l o t t e d i n F i g u r e 12 

f o r comparison. 
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F I G U R E 12. Separat ion of Lignans wi th T ime 

of Deve lopment . 

The c h r o m a t o g r a m s were run in S-15 and 

s p r a y e d w i th R-3 

d = H y d r o x y m a t a i r e s i n o l 
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A two-dimensional chromatogram was run i n solvent S-15 f o r 2k and 38 hours 

and spots a, b and c (Table V I I ) were allowed t o d r a i n o f f the paper 

(Figure 13). 

The c o l o r s produced on spraying w i t h d i a z o t i z e d s u l f a n i l i c a c i d 

(R-3) were c h a r a c t e r i s t i c of the phenols present (Table VII) (56,77) • A 

lemon yellow c o l o r i n d i c a t e d p-hydroxyphenyl groups i n compounds g i v i n g 

spots w i t h very low Rf values (h, i , j , and k ) . The orange c o l o r i n d i c a t e d 

t h a t compounds d, e, f w i t h R̂ . values O.169, 0.116, and 0.06L r e s p e c t i v e l y 
possessed an oL-hydroxyguaiacyl nucleus, and the pink c o l o r obtained w i t h 

compounds a, b, and"c w i t h Rf values 0.660, 0.399, a n d 0.271 showed^them t o 

be g u a i a c y l d e r i v a t i v e s w i t h a methylene or methine group i n the alpha po­

s i t i o n . The G i e r e r t e s t (99) f o r the o t-hydroxyguaiacyl nucleus a l s o was 

p o s i t i v e . 

S e v e r a l attempts were made to separate the l i g n a n s on a p r e p a r a t i v e 

s c a l e . C e l l u l o s e columns (M-5) i r r i g a t e d w i t h S-15 gave some s e p a r a t i o n but 

r e q u i r e d s e v e r a l days f o r development and the evaporation of the a c e t i c a c i d 

from hundreds of f r a c t i o n s at low temperature proved t o be extremely t e d i o u s , 

moreover, the a c i d i c developing s o l v e n t system was u n d e s i r a b l e because of 

the easy conversion of hydroxymatairesinol i n t o c o n i d e n d r i n i n the presence 

of a c i d . The s i l i c i c a c i d - p l a s t e r - o f - P a r i s - n y l o n powder column (M-9) 

used w i t h solvent system S-22 gave a very good s e p a r a t i o n of c o n i d e n d r i n 

from .the l i g n a n mixture but here a l s o an a c i d i c s o l v e n t was r e q u i r e d and the 

f r a c t i o n s from the column contained some f o r e i g n m a t e r i a l , p o s s i b l e d i s s o l v e d 

from the nylon powder, and t h e r e f o r e t h i s s e p a r a t i o n method was not f u r t h e r 

used. Wo s e p a r a t i o n occurred on C e l i t e , alumina, or s i l i c a g e l columns. 

Counter-current d i s t r i b u t i o n (12 u n i t s ) u s i n g the organic and 

aqueous l a y e r s of benzene-acetic acid-water s o l v e n t mixture (S-15) as 

d i s t r i b u t i o n system was a l s o a p p l i e d . The organic phase contained only 
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F IGURE 13 Separa t ion of L ignans by T w o -

d imens iona l Paper C h r o m a t o g r a p h y , 

S-15 w a s used as i r r iga t ing solvent in both 

d i r ec t i ons and R - 3 as spray r e a g e n t . 
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non-phenolic m a t e r i a l , the aqueous f r a c t i o n I contained p h e n o l i c m a t e r i a l s , 

which gave ye l l o w and orange c o l o r s w i t h diazonium s a l t s , and f r a c t i o n s V I I 

to X I I contained'pure conidendrin. The chromatographic a n a l y s i s i s i l l u s t r a t e d 

i n F i g u r e i k . 

A s i m i l a r r e s u l t was obtained from counter-current d i s t r i b u t i o n 

between ether and an aqueous s o l u t i o n of sodium carbonate. 

Since only p a r t i a l s e p a r a t i o n of the l i g n a n s was obtained w i t h the 

conventional methods a new technique was devised, namely the use of t h i n -

l a y e r chromatography (TLC) and chromatobars f o r s e p a r a t i o n and i d e n t i f i c a t i o n 

of the l i g n a n s . The advantages of the t h i n l a y e r chromatoplate ( u s i n g S-2h 

and R-9) over a paperchromatogram were t h a t the developing time wasi decreased 
from 18 hours t o 3 hours, good s e p a r a t i o n of the l i g n a n mixture was obtained 

i n n e u t r a l solvent systems, and the.spots c o u l d be made v i s i b l e i n c h a r a c t e r i s t i c 

c o l o r s ( w i t h R-9) as i n d i c a t e d i n F i g u r e 15 and Table V I I I . 

By means of the chromatobar technique f o l l o w e d by repeated 

p u r i f i c a t i o n on t h i c k l a y e r chromatoplates u s i n g solvent system S-2U a 

second l i g n a n was i s o l a t e d i n a d d i t i o n t o conidendrin. This was shown 

t o be hydroxymatairesinol by comparison > w i t h an authe n t i c sample k i n d l y 

s u p p l i e d by Dr. H.L. Hergert and Mr. G.M. Barton. The sep a r a t i o n of 

conidendrin and hydroxymatairesinol on chromatobars i s i l l u s t r a t e d i n 

Fig u r e 16. 

Se v e r a l e f f o r t s were made t o i s o l a t e other l i g n a n s but on l y p a r t i a l l y 

separated f r a c t i o n s were obtained. 

The l i g n a n f i r s t i s o l a t e d , conidendrin (LX) p r e v i o u s l y r e p o r t e d i n 

western hemlock by Brauns (100), was obtained i n 0.1$ y i e l d which i s lower 

than t h a t r e p o r t e d (0.15 - 0.2$) by Goldschmid and Hergert (77). The 

conidend r i n was i d e n t i f i e d by i t s m e l t i n g p o i n t , chromatograms, i n f r a r e d 

spectrum and methoxyl content. 
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A B 

FIGURE 15. Thin L a y e r Chromatography of Lignans 

in Solvent S-24. (A) With spray reagent R - 9 . 

(B) With sp ray reagent R-3 or R - 8 . p= p ink ( 

g - green , o = o range, b = brown , y = ye l low. 
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Table V I I I 

Colors and R f Values of Li§ 'nans i n TLC w i t h Three D i f f e r e n t Spray Reagents* 

Spray reagent R - 9 Spray reag gent R - 9 Spray reagent R - 3 
% ' C o l o r C o l o r R f Color 

0.928 pink 0.90k green- 0.904 orange 
0.866 pink yellow 

0.715 pink 0.715 0.715 orange 

0.679 green O.6U9 green- 0.64-9 orange 
0.619 pink yellow 

o . 4 6 i green 
0-379 green O.388 green- 0.388 orange 
0.296 pink yellow 

0.194 pink 0.139 green- 0.139 orange 
0.136 brownish yellow 

o.o42 brownish 0.033 green- 0.033 yellow 
yellow 

The TLC-plate was run i n S-24 

I t was rep o r t e d by Wise and Jahn (101) t h a t conidendrin c r y s t a l l i z e d 

i n two forms, one m e l t i n g a t 238°C and another (the s t a b l e form) m e l t i n g at 

255-256°C. The conidendrin i s o l a t e d during t h i s research was found t o melt 

at 239-240°C a f t e r r e c r y s t a l l i z a t i o n from aqueous acetone. 

The next l i g n a n i s o l a t e d was c h a r a c t e r i z e d as hyd r o x y m a t a i r e s i n o l . 

This compound was f i r s t i s o l a t e d by Freudenberg and Knopf (56) from spruce 

wood ( P i c e a excelsa) and more r e c e n t l y Goldschmid and Hergert (77) rep o r t e d 

the occurrence of t h i s compound i n western hemlock wood. 

The hydroxymatairesinol (HMR) was obtained as a c o l o r l e s s amorphous 

powder from ethylacetate-petroleum ether; e f f o r t s t o o b t a i n i t i n c r y s t a l l i n e 

form' were u n s u c c e s s f u l . The product softened a t 95°C but d i d not melt. I t 

was l e v o r o t a t r y [cx]̂ 5 - 11.5 + 2° ( c , 4.0 i n t e t r a h y d r o f u r a n ) . 
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F IGURE 16. S e p a r a t i o n of C o n i d e n d r i n and 

Hydroxymata i res ino l ' on C h r o m a t o b a r s . 

F r a c t i o n s I and II: Hyd roxyma ta i r es i no l (HMR) 

F rac t i on III Conidendrin and HMR 

F r a c t i o n s IV and V Con idendr in 
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The r e p o r t e d o p t i c a l r o t a t i o n s were -10.4° and 11.0° ( c , 4.0 i n t e t r a -

hydrofuran) (56,77) • C a l c d . f o r C2oH22°7;: C C H 3 , 16.58$. Found 0CH3, l6-57$-
The product was examined on paper- and t h i n l a y e r chromatograms i n va r i o u s 

solvent systems and the r e s u l t s obtained are l i s t e d i n Table IX. 

Table IX 

Chromatographic Tests of Hydroxymatairesinol (HMR) 

Solvents Rf Spray Reagent C o l o r 

Paper- S-3 0.90 
Chromato­ S-15 0.17 R-3 Oranj 
gram S-25 0.45 

S-26 0-59 

Thin 
l a y e r S-23 0.52 + 0.02 
chromato-S-24 0.17 + 0.02 R-9 Pink 
gram 

B. S t r u c t u r a l A n a l y s i s of Hydroxymatairesinol (HMK) 

Hydroxymatairesinol i n the presence of a c i d was converted i n t o 

c o n i d e n d r i n n e a r l y q u a n t i t a t i v e l y . This r e a c t i o n i n d i c a t e d t h a t the 

s t r u c t u r e of these l i g n a n s were v e r y c l o s e l y r e l a t e d . The p o s i t i v e 

oc-hydroxyl q u a i a c y l t e s t i n d i c a t e d t h a t HMR possessed an hydroxyl group 

alpha t o a phenyl r i n g which was very l i k e l y the p o i n t of r i n g c l o s u r e 

i n the formation of conidendrin. (LX). The i n f r a r e d spectrum showed 

the presence of a five-membered l a c t o n e r i n g i n HMR s i m i l a r t o t h a t i n 

conidend r i n ( F i g u r e 29)• 

These r e s u l t s agreed w i t h those of Freudenberg and Knopf who pro­

posed two p o s s i b l e s t r u c t u r a l formulae, (LXV and LXVl) f o r HMR (56)- Gold-

schmid and Hergert (77) r e c e n t l y p o i n t e d out, t h a t on the b a s i s of the 

p o s i t i v e G i e r e r t e s t s t r u c t u r e LXV should be p r e f e r r e d . 
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F u r t h e r i n f o r m a t i o n on the s t r u c t u r e of HMR was obtained i n three 

d i f f e r e n t ways: 

( i ) Comparison of the i n f r a r e d s p e c t r a of the f u l l y a c e t y l a t e d 

HMR w i t h t h a t of the reduced and a c e t y l a t e d HMR. 

( i i ) Nuclear magnetic resonance s p e c t r o s c o p i c study of HMR and 

s t r u c t u r a l l y r e l a t e d known compounds (con i d e n d r i n and v a n i l l y l a l c o h o l ) 

( i i i ) N e u t r a l potassium permanganate o x i d a t i o n of t r i m e t h y l HMR. 

The five-membered l a c t o n e r i n g of HMR was reduced by l i t h i u m 

aluminium hydride t o the corresponding d i o l as i n d i c a t e d by the complete 

disappearance of the lac t o n e carbonyl s t r e t c h i n g frequency a t 1750 cm"-1-

i n the i n f r a r e d spectrum and the appearance of a broad peak i n the 3100-

3600 cm"l- r e g i o n due t o the strong hydrogen-bonding e f f e c t ( F i g u r e 17)-

This r e d u c t i o n product was t h e r e f o r e a t r i o l ( X C V I l ) . The dimethyl ether 

of t h i s t r i o l (XCVIIl) was p r e v i o u s l y obtained by Haworth and Woodcock from 

c a t a l y t i c hydrogenation of o l i v i l dimethyl ether (XCIX) (107) but the 

t r i o l i t s e l f (XCVIl) has not been p r e v i o u s l y r e p o r t e d . 

Both the o r i g i n a l and reduced hydroxymatairesinol were a c e t y l a t e d 

and the i n f r a r e d s p e c t r a of both acetate d e r i v a t i v e s showed bands i n the 

regions 1760-1770 cm"-*- and 1730-1740 cm" 1 i n d i c a t i n g the presence of 

pheno l i c acetoxy carbonyl ( v i n y l e s t e r type, C=C-0rC=0) and a l i p h a t i c 

acetoxy carbonyl groups r e s p e c t i v e l y ( F i g u r e 17)• 

According t o the proposed formulae LXV and XCVIl a l i p h a t i c acetoxy 

and aromatic acetoxy groups would be present i n the f u l l y a c e t y l a t e d com­

pounds i n the r a t i o s of 1:2 f o r HMR acetate and 3:2 f o r reduced HMR ace t a t e . 

As expected the a l i p h a t i c carbonyl band of the HMR-acetate was the weaker 

(Figu r e 18, B) w h i l e i n the reduced HMR-acetate the two bands had about 

equal i n t e n s i t y (D i n Fi g u r e 18). 

The s i t u a t i o n was complicated however i n the case of the HMR-acetate 
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FIGURE 17. In f ra red Spect ra of H y d r o x y m a t a i r e s i n o l (HMR) 

and Der iva t i ves . 
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because the carbonyl a b s o r p t i o n of the five-membered l a c t o n e (1750 cm"-'-) 

c o n t r i b u t e d a l s o t o the a c e t y l carbonyl band i n t e n s i t y ( F i g u r e 18, A and 

B). The " d i f f e r e n c e spectrum" ( F i g u r e 18, C) was obtained by s u b t r a c t i o n 

of the l a c t o n e a b s o r p t i o n (A) from the HMR-acetate curve (B). The d i f f e r e n t 

i n t e n s i t i e s of the two peaks (1737 and 1770 cm"-1-) i n the " d i f f e r e n c e spectrum" 

(C) was then i n good agreement w i t h the p r e d i c t e d 1:2 r a t i o p r oving the 

exist e n c e of only one a l i p h a t i c h y droxyl group i n HMR. 

The 60 Mc/sec. NMR sp e c t r a of v a n i l l y l a l c o h o l , c o n i d e n d r i n and 

hydroxymatairesinol are compared i n F i g u r e 19- The i n t e r p r e t a t i o n of 

the spectrum of HMR proved t o be very d i f f i c u l t because broad, not f u l l y 

r e s o l v e d l i n e s were obtained due t o the complexity and assymetry of the 

HMR molecule. Only a few of the many l i n e s c o u l d be i d e n t i f i e d . Aromatic 

r i n g protons appeared at *C= 3-22 and 3-32 as a doublet, and the sharp l i n e 

a t T=6.23 represented the two methoxyl groups on the two benzene r i n g s . 

(The v e r y weak s p l i t t i n g was caused by c o u p l i n g w i t h one v i c i n a l proton 

(103)). 

One of the s t r u c t u r e s of HMR suggested by Freudenberg (LXV) was 

f u r t h e r confirmed by n e u t r a l potassium permanganate o x i d a t i o n of the t r i ­

methyl HMR. I f HMR had s t r u c t u r e LXVI, the only product t o be expected 

from o x i d a t i o n of the t r i m e t h y l ether (CVl) would be v e r a t r i c a c i d (CIV). 

I f , however, HMR possessed s t r u c t u r e LXV then the two products v e r a t r i c 

a c i d and v e r a t r i c a c i d methyl e s t e r (CV) would be expected i n the o x i d a t i o n 

mixture from t r i m e t h y l HMR ( C I I l ) . 

Since the o x i d a t i o n r e q u i r e d v e r y c a r e f u l c o n t r o l because of the 

easy h y d r o l y s i s of the expected methyl e s t e r product n e u t r a l o x i d a t i o n 

media (acetone p l u s magnesium sulphate or aqueous magnesium sulphate ) 

were employed. Benzoin methyl ether ( C V I l ) was used as a model compound 

i n the study of the o x i d a t i o n and s i n c e both benzoic a c i d ( C V I I l ) and 



FIGURE 18. Infrared Spectra of HMR , Reduced HMR 

and Their Ace ta te De r i va t i ves (A) H M R , (B) H M R -

ace ta te , (C) B - A , (D) Reduced H M R - a c e t a t e 
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benzoic a c i d methyl e s t e r (CIX) were i s o l a t e d and i d e n t i f i e d by TLC, the 

o x i d a t i o n technique was considered t o be d e f i n i t i v e . C o n t r o l o x i d a t i o n s 

were a l s o c a r r i e d out on the reference compound v e r a t r i c a c i d methyl ester" 

(CV) i n both media and a very s m a l l amount of decomposltionvproduct was 

observed by TLC. 

Both v e r a t r i c a c i d and i t s methyl e s t e r were detected by TLC 

among the o x i d a t i o n products from hydr o x y m a t a i r e s i n o l t r i m e t h y l ether. 

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

Since the c o n d i t i o n s employed i n the met h y l a t i o n d i d not a l t e r the l a c t o n e 

r i n g of hydr o x y m a t a i r e s i n o l as judged from a comparison of the i n f r a r e d 

s p e c t r a of HMR and of C I I and C I I I ( F i g u r e 31) i t f o l l o w e d t h a t hydroxy­

m a t a i r e s i n o l had s t r u c t u r e LXV and s t r u c t u r e LXVI was r u l e d out. 

The s t r u c t u r e of a l l o - h y d r o x y m a t a i r e s i n o l remains u n c e r t a i n . 

Since i t r e a d i l y y i e l d e d the same m a t a i r e s i n o l (LXIV) as HMR on hydro-

genation (56) i t seemed most probable t h a t the s t r u c t u r e and c o n f i g u r a t i o n 

of the la c t o n e r i n g s were the same i n a l l three compounds and t h a t HMR 

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

represented by formulae LXXX and LXXXI. The assignment o f c o n f i g u r a t i o n 

of the b e n z y l a l c o h o l group i n HMR w i l l r e q u i r e f u r t h e r i n v e s t i g a t i o n . 
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SUGGESTIONS FOR FURTHER,WORK 
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A. Leuc oanthocyani d i ns. 

1. Chromatography of the wood anthocyanidin mixture and reference 

compounds on both paper- and chromatoplates c o n t a i n i n g aluminium c h l o r i d e 

to separate and i d e n t i f y the anthocyanidin compounds detected i n the present 

work. 

2. I d e n t i f i c a t i o n of the new hemlock anthocyanidin by means of chromato­

graphic i n v e s t i g a t i o n of the u n i d e n t i f i e d a l k a l i n e degradation product and by 

comparison w i t h the a v a i l a b l e hydroxylated and methylated benzoic acids i n at 

l e a s t f o u r d i f f e r e n t s o l v e n t systems. 

3• NMR i n v e s t i g a t i o n of hemlock leucoanthocyanidin and r e l a t e d compounds. 

B. Lignans 

1. I n v e s t i g a t i o n of the c o l o r s obtained i n the formaldehyde-sulphuric 

a c i d r e a c t i o n w i t h a s e r i e s of phen o l i c compounds of known s t r u c t u r e i n order 

t o f i n d out what s t r u c t u r a l f e a t u r e s are r e s p o n s i b l e f o r the formation of the 

d i f f e r e n t c o l o r s . This might provide s u f f i c i e n t knowledge t o p r e d i c t the 

s t r u c t u r a l elements of the u n i d e n t i f i e d l i g n a n s detected i n the present work. 

2. M e t h y l a t i o n of HMR w i t h diazomethane and r e d u c t i o n of dimethyl-HMR 

w i t h l i t h i u m aluminium hydride t o o b t a i n the t r i o l d e r i v a t i v e f o r comparison 

of i t s p h y s i c a l and chemical p r o p e r t i e s t o t h a t of the known t r i o l obtained 

from dimethyl o l i v i l by c a t a l y t i c hydrogenation. 

3. F u r t h e r nuclear magnetic resonance spectroscopic study of hydroxy­

m a t a i r e s i n o l and i t s acetylated,: methylated, reduced, reduced-acetylated 

and other d e r i v a t i v e s . 

k. Although the s t r u c t u r e of HMR i s now w e l l e s t a b l i s h e d by Freuden-

berg's c o l o r and t r a n s f o r m a t i o n r e a c t i o n s and by the spectroscopic evidence 

and o x i d a t i v e degradation i n t h i s t h e s i s , the complete synthesis of HMR 

would be r e q u i r e d as f i n a l v e r i f i c a t i o n of the s t r u c t u r e . Two d i f f e r e n t 
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routes ( A and B) are suggested f o r the t o t a l s y n t h e s i s . The b a s i c ideas of 

the syntheses are summarized as f o l l o w s : 

(A) C 6 - C + C 2 C6 - C 3 

2C 6- C 3 • C 6 - C 3 - C 3 - C 6 

( B ) C 3 + c 3 C 3 - C 3 

c 6 + c 3 - c 3 + c 6 - c 6 - c 3 - c 3 - c 6 

The d e t a i l s of the suggested syntheses are shown i n F i g u r e 20 and 21. 
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HO-CH jCH^ -COOH 

B 2 / p (152) 

A c O — C H ^ - C H — C O - B r 
Br 

PhCHgOH 
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AcO—C H^-Cj H—COOOi j Ph 

Br 

N C - C H - C O O C 2 H 5 

Na 

OHC—CH—COOC 2 H & 

P h H^COOO-C H-C H^-OA c 

SnCI. NC—CH-C 

HCI 
(155) 

Ph ChLpOC-C H-C H 2 O A c 

H 
2 / Cat 

HO-C Hg-C H—COOCg H 5 

HOOC-CH—CH2-OAC 

SOCIr C l - C H j C H-COOC^ H 5 

CI • OC-CH—CHgOAc 

continued 
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Cl-CHgCH—COOC^ 

CI - OC-CH—CHg-OAc 
+ 2 

AICI. 

H 3 C Q ^ > ^ C H 2 C J H - C 0 0 ^ H 5 

HC-OH 

^ > C H 3 
OCH-

C O O C 2 H 5 

H - C H ^ A c 

1 Hydrolysis 
2 Acidi f icat ion. 

1. Hydrolysis 
2. Acidi f icat ion-

H ^ \ 

^ C o l ^ j i ^ H 
c=o 
I 

*2 

k ^ b C H 3 

OCH3 

N a B H 4 (156) 

OCH3 

FIGURE 21. Suggested Synthetic Route B to Dimethyl 

Hydroxymata i res ino l . 
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EXPERIMEWTAL 
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I . M a t e r i a l s . 

A. S o l v e n t s . 

A l l s o l v e n t s were reagent grade and were d i s t i l l e d through a 

22 cm Vigreaux column "before use unless otherwise s t a t e d . Peroxide-

f r e e ether was prepared by d i s t i l l i n g anhydrous ether from l i t h i u m a l u ­

minium hydride and s t o r i n g i n the dark i n a r e f r i g e r a t o r . 

B. Reagents 

Diazomethane 

Diazomethane was generated from N-methyl-N-nitroso-p-toluene-

sulfonamide ( D i a z a l d , A l d r i c h Chemical Co.) and the ether s o l u t i o n obtained 

(lOh, 105) was used immediately. 

H y d r o c h l o r i c A c i d i n I s o p r o p y l A l c o h o l 

Dry hydrogen c h l o r i d e gas was bubbled i n t o 50 ml of anhydrous i s o p r o p y l 

a l c o h o l (b.p. 8l.5°C) and the s o l u t i o n was t i t r a t e d w i t h standardized sodium 

hydroxide s o l u t i o n . An a l i q u o t of the a l c o h o l s o l u t i o n was then d i l u t e d 

t o 0.03 N w i t h more i s o p r o p y l a l c o h o l 

D i a z o t i z e d S u l f a n i l i c A c i d 

D i a z o t i z e d s u l f a n i l i c a c i d was prepared according t o Cramer (106) 

and the a i r - d r i e d s o l i d product was s t o r e d i n the r e f r i g e r a t o r . A s o l u t i o n 

of 0.1 g of the diazonium s a l t i n 20 ml of 10$ sodium carbonate s o l u t i o n 

was prepared immediately before use. 

Quinone Monochlorimide 

p-Amino-phenol h y d r o c h l o r i d e was prepared frcm t e c h n i c a l grade 

p-amino-phenol by treatment w i t h concentrated h y d r o c h l o r i c a c i d and ( 

repeated r e c r y s t a l l i z a t i o n s w i t h a l t e r n a t e c h a r c o a l treatments. The pure 

product was used f o r the p r e p a r a t i o n of quinone monochlorimide as d e s c r i b e d 
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by Willstatter and Meyer (107)- The yellow product was stored i n the 

refrigerator. 

Silver Oxide 

Dry silver oxide was prepared according to Young's procedure 

(108,109) and used within a week of preparation. 

Hydroxamic Acid-Ferric Chloride Reagent 

This test reagent for organic esters was adapted from that used in 

a spot test described by Feigl (110, 150). 

Reagent A: A saturated alcoholic solution of hydroxylamine hydrochloride 

(50 ml) was mixed with 50 ml of a saturated alcoholic solution of potassium 

hydroxide, and the resulting solution was f i l t e r e d . Water, 10 ml, was 

added to the f i l t r a t e and the reagent was stored in the refrigerator. 

Reagent B: Reagent grade f e r r i c chloride, 1 g, was dissolved i n 

50 ml of a 50 per cent solution of hydrochloric acid i n ethanol. 

C. Reference Compounds 

Isolation of Cyanidin Chloride (Cyanidin) from Dahlia (Dahlia variabilis . 

var. Smokey). 

The air-dried, powdered, defatted, dark-red dahlia petals were 

treated with dry hydrogen chloride gas and then extracted with methanol 

(107)• The red solution was evaporated to dryness below kO°C bath temper­

ature. The residue, a dark red powder, was a mixture of about eleven 

different plant pigments which were separated on a cellulose column, 

and the cyanidin-glucoside (cyanin) was obtained i n a pure state. The 

glucoside was hydrolyzed with boiling 2 N hydrochloric acid and the 

cyanidin chloride separated as a dark red powder from the cooled reaction 

mixture in 60$ yield; ^ m a x> 550 mu; ? V m a x , AICI3, ;580mu; Rf values: 
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0.50 I n a c e t i c a c i d - w a t e r - h y d r o c h l o r i c a c i d (30:10:3) ( S - l ) , and 0.22 i n 

formic a c i d - w a t e r - h y d r o c h l o r i c a c i d (5:3:2) on papergrams. The r e p o r t e d 

values were 0.1+9 and 0.22 r e s p e c t i v e l y (92). The i n f r a r e d spectrum 

(potassium bromide p e l l e t ) i s shown i n F i g u r e 32. 

Synthesis of Cyanidin C h l o r i d e (Cyanidin) 

(a) C y a n i d i n c h l o r i d e was s y n t h e s i z e d from r e d u c t i v e l y a c e t y l a t e d 

q u e r c e t i n pentaacetate according t o the procedure of King and White ( i l l ) 

i n 3$ y i e l d , (b) Procedure (a) was m o d i f i e d and a c e t i c acid-water-hydro­

c h l o r i c a c i d (30:10:3) was used i n s t e a d of 3N h y d r o c h l o r i c a c i d - i s o p r o p y l 

a l c o h o l s o l u t i o n and the r e a c t i o n mixture was heated i n an open f l a s k i n s t e a d 

of i n sealed tubes. The y i e l d of pure c y a n i d i n was thereby i n c r e a s e d t o 10$ 

of the t h e o r e t i c a l v a l u e . 

The u l t r a v i o l e t a b s o r p t i o n maxima and R^ values of these products 

were i d e n t i c a l w i t h those of n a t u r a l c y a n i d i n c h l o r i d e i s o l a t e d from 

d a h l i a p e t a l s . 

Methyl V e r a t r a t e 

P u r i f i e d v e r a t r i c a c i d (m.p. l8l°C) was methylated w i t h f r e s h l y 

prepared e t h e r e a l diazomethane s o l u t i o n . The product was obtained a f t e r 

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

i n 96.6$ y i e l d , and melted at 59-59'5°C. The r e p o r t e d m e l t i n g p o i n t was 

59-0oc (112). 
Conidendrin Dimethyl Ether 

a-Conidendrin (a g i f t of the Crown-Zellerbach C o r p o r a t i o n , Camas, 

Washington) w i t h m.p. 254-256°C was methylated w i t h diazomethane (100, 113, 
I l k ) and the dimethyl conidendrin was obtained as a white powder, which 

melted a t 178-179°C. C a l c u l a t e d f o r C22^2k°6:0CH
3; 32.25$. Found: 0CH3 

32.48$. Wo hydroxyl band appeared i n the i n f r a r e d spectrum of the methylated 
product. 
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Benzoin Methyl Ether 

Benzoin (Eastman-Kodak) (m.p. 136-137°C) was methylated by Purdie's 

method (115) w i t h the m o d i f i c a t i o n s t h a t f r e s h l y i g n i t e d ' T J r i e r i t e " was 

added t o the r e a c t i o n mixture and r e f l u x i n g was continued f o r hh hours. 

A yellow o i l was i n i t i a l l y obtained as me t h y l a t i o n product. The i n f r a ­

red spectrum was taken as a f i l m on a sodium c h l o r i d e p l a t e and no hyd r o x y l 

band was apparent. 

C a l c u l a t e d f o r C-j^H-^C^: OCR"3, 13-70$; Found: 0CR"3 12.56$. 

The o i l c r y s t a l l i z e d a f t e r standing a t room temperature f o r three weeks, and 

the c o l o u r l e s s c r y s t a l s melted a t k8°C. The re p o r t e d m e l t i n g p o i n t was 

^9°C (112). 
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I I . Analyses 

A. M e l t i n g P o i n t s 

The c o r r e c t e d m e l t i n g p o i n t s were observed (+ 0.5°C) w i t h a hot 

stage p o l a r i z i n g microscope (Wetzlar, No. 4 8 l l L , E r n s t L e i t z , Germany). 

B. Methoxyl' Determination 

Analyses f o r methoxyl groups were c a r r i e d out by Mrs. A.E. A l d r i d g e , 

M i c r o a n a l y t i c a l Laboratory, Department of Chemistry, U n i v e r s i t y of B r i t i s h 

Columbia. 

C . S p e c i f i c R o t a t i o n 

O p t i c a l r o t a t i o n was measured at the wavelength of the sodium D 

l i n e on a L i p p i c h p o l a r i m e t e r (Model 219, O.C Rudolph and Sons, C a l w e l l , 

N.J.). 

D. Colour Tests  

Test f o r <x,ff-Unsaturated Lactones 

Tests were c a r r i e d out according t o Haynes ( l l 6 , 117) u s i n g T o l l e n ' s 

reagent, ammonical s i l v e r n i t r a t e , and the Legal r e a c t i o n . 

Test f o r the ct-Hydroxyguaiacyl Nucleus 

oL-Hydroxyguaiacyl groups were detected by t h e i r r e a c t i o n w i t h 

quinone monochlorimide i n weakly a l k a l i n e s o l u t i o n (99)• 

Test f o r the Methylenedioxyphenyl Group 

The methylenedioxyphenyl group was detected w i t h g a l l i c a c i d i n 

s t r o n g l y a c i d i c s o l u t i o n ( l l 8 ) . 

Test f o r E s t e r s 

The o r i g i n a l t e s t (110) was adapted f o r use as a chromatographic 

spray reagent. The e s t e r t o be t e s t e d was spotted on a t h i n - l a y e r chromato-

p l a t e and was developed i n a s u i t a b l e s o l v e n t . The d r i e d p l a t e was sprayed 
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with reagent A and heated in an oven for 15 minutes at 120°C. After cooling 

the plate was sprayed with reagent B. A violet colour on a pale yellow 

background was developed by organic esters such as methylbenzoate and methyl-

veratrate. 
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I I I . Spectra 

A. U l t r a v i o l e t Spectra 

A l l u l t r a v i o l e t s p e c troscopic measurements were made on a Cary 

r e c o r d i n g spectrophotometer (Model ih) i n 95$ ethanol c o n t a i n i n g 0.01 ml 

of concentrated h y d r o c h l o r i c a c i d per 100 ml. F i v e per cent aqueous 

aluminium c h l o r i d e s o l u t i o n (0.1 ml)' was added per c e l l when measuring 
A 

the a b s o r p t i o n maxima s h i f t s caused by complex formation a t v i c i n a l 

h y droxyl groups (92). 

B. I n f r a r e d Spectra 

I n f r a r e d s p e c t r a were recorded on a Perkin-Elmer Model 21 I n f r a ­

r e d Spectrometer i n potassium bromide windows, p a r a f f i n o i l (Nujol) m u l l s , 

or as f i l m deposited on sodium c h l o r i d e p l a t e s from an appropriate solvent.. 

C. Nuclear Magnetic Resonance Spectra 

The nuclear magnetic resonance s p e c t r a were run on a 60 Mc high 

r e s o l u t i o n spectrometer ( V a r i a n A s s o c i a t e s , Palo A l t o , C a l i f o r n i a ) i n 

deuteroacetone w i t h t e t r a m e t h y l s i l a n e as i n t e r n a l r e f e r e n c e . 
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IV. Chromatography 

Se v e r a l types of chromatographic methods were used i n the i s o l a t i o n 

and i d e n t i f i c a t i o n experiments. Paperchromatography was conducted by 

the descending and ascending techniques, one- and two-dimensionally, i n 

glass tanks or i n a Reco A-125 Chromatocab at room temperature. For 

p r e p a r a t i v e purposes, chromatobars (119), conventional column chromato­

graphy, thin-(TIL'-C)and thick-(TkLC) l a y e r chromatography were a p p l i e d . 

The supporting m a t e r i a l s and adsorbents, s o l v e n t s , and spray 

reagents used are summarized i n Tables, X, XI and X I I r e s p e c t i v e l y . Since 

separations on r e c t a n g u l a r chromatobars (119) were not e f f i c i e n t because 

of unsymmetrical zone d i s t r i b u t i o n , c y l i n d r i c a l chromatobars were pre­

pared i n d i a l y s i s t u b i n g . The supporting rod was omitted from the center 

of the bar and an e x t e r n a l supporting devise was a p p l i e d ( F i g u r e 22). 

The composition and dimensions of various chromatobars and chromato-

p l a t e s are summarized i n Table X I I I . 
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Table X 

Supporting M a t e r i a l s and Adsorbents f o r Chromatography 

No. Supporting M a t e r i a l s and Adsorbents Used as Ref. 

M-l Paper (Whatman No. l ) Sheet -

M-2 Formamide paper (Whatman No. l ) Sheet 56 

M-3 Borate-acetate paper (Whatman No. l ) Sheet 120 

R-k S i l i c i c a c i d - p l a s t e r - o f - P a r i s 
(For composition, see Table X I I I ) o r 
S i l i c a Gel G (Merck and Co. Darmstadt) 

TLC a 

TkLC b 

CCB C 

121,122,123 
t h i s work 

119 

M-5 C e l l u l o s e powder (Whatman, Standard) Column -

M-6 C e l i t e No. 535 (Johns-Manwille) Column -

M-T Alumina (Merck, "Acid washed, chromato­
graphic grade", 100 mesh) Column -

M-8 S i l i c a g e l . (B.D.H. "for chromatography") Column -

M-9 S i l i c i c a c i d - p l a s t e r - o f - P a r i s - n y l o n 
powder d (60:15:20) Column t h i s work 

T h i n - l a y e r chromatoplates 

'Thick-layer chromatoplates 

C y l i n d r i c a l chromatobars 

LA g i f t of the DuPont Company of Canada 
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Table XI 

Solvents f o r Chromatography 

- R a t i o of 
No S o l v e n t s a Volumes Ref. 

S - l A c e t i c a c i d - w a t e r - h y d r o c h l o r i c a c i d 30:10:3 6 
S-2 1-Butanol-water (50 ml of organic phase 

plus 1 ml of ethylene g l y c o l ) 8:2 124 

s-3 1-Butanol-acetic acid-water 4:1:5 125 
s-4 1-Butanol-27$ a c e t i c a c i d 1:1 126 
S-5 0.3 Sulfurous a c i d - 127 
s-6 I s o p r o p y l alcohol-NHo-water 8:1:1 128 
S-7 1-Butanol-acetic acid-water 4:1:1 129 
s-8 Benzene-propionic acid-water 2:2:1 128 
s-9 m-Cresol-acetic- acid-water 50:2:48 129 
S-10 E t h y l a c e t a t e - a c e t i c a c i d - f o r m i c 

a c i d water 18:3:1:4 130 
S - l l Benzene-ligroin-methanol-water 50:50:1:50 131 
S-12 Ethanol-ammoni a-water 80:4:16 132 
S-13 2$ A c e t i c a c i d - 133 
S-l4 n-Amyl a l c o h o l s a t u r a t e d w i t h water - 135 
S-15 Benzene-acetic-acid-water 8:2:1 135 
s-16 1-Butanol-acetone-water 4:5:1 136 
s-17 a-Bromo-naphthalene-90$ a c e t i c a c i d 1:1 137 
s-18 M e t h y l e t h y l ketone s a t u r a t e d w i t h 

water - 138 
s-19 D i s t i l l e d water - 139 
s-20 A c e t a l s a t u r a t e d w i t h formamide - 56 
s-21 1-Butanol s a t u r a t e d w i t h water - 120 
s-22 Chloroform-acetic a c i d 9:1 140 
s-23 Benzene-ethylacetate 3:7 b 
S-24 Benzene-ethylacetate 7:3 b 
S-25 Benzene-ethylacetate 2:8 b 
S-26 Benzene-ethanol-water 150:35:15 b 
S-27 5$ A c e t i c a c i d • b 

S - l t o S-19 and S-26, S-27, were used on papergrams ( M - l ) , S-20 on 
formamide'treated paper (M-2), S-21 on borate-acetate paper (M-3) and 
S-22 to S-25 f o r chromatoplates and chromatobars (M-4). 

This work 
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Table X I I 

Spray Reagents f o r Chromatography 

Wo. Spray Reagents Ref. 

R - l 3$ p-Toluene s u l f o n i c a c i d i n ethanol 91 
R-2 2$ F e r r i c c h l o r i d e i n methanol 125 
R-3 D i a z o t i z e d s u l f a n i l i c a c i d (DSA) 128 
R-U V a n i l l i n - h y d r o c h l o r i c a c i d 129 
R-5 A n i l i n e - p h t h a l i c a c i d ikl 
R-6 P h l o r o g l u c i n o l - h y d r o c h l o r i c a c i d lU2 
R-7 G l y c e r o l - h y d r o c h l o r i c acid-methanol 1̂ 3 
R-8 1$ Potassium permanganate i n 2$ ikk 
R-9 S u l f u r i c acid-formaldehyde (9:l) ikO 
R-10 Hydroxylamine-ferric c h l o r i d e 110 

* R - l t o R-7 were used on papergrams ( M - l ) . R-3 was a l s o used on t r e a t e d 
papers (M-2, M-3), and chromatoplates (M-4). R-8, R-9, R-10 were used 
on chromatoplates and chromatobars o n l y (U-k). 

Table X I I I 

Composition and Dimensions of Chromatoplates and Chromatobars 

Dimensions (mm) Composition of S l u r r y 
Use 

Length Width Thick­ S i l i c i c P l a s t e r - o f - Water 
ness acid a(g) P a r i s D ( g ) ml 

TLC C 300 150 0.25 30 7-5 60 
TkLC 300 10.0 120 30 240 
CCB l a r g e 300 - 210 90 450 
CCB sm a l l 300 27 d - 105 5̂ 225 

a M a l l i n c k r o d t , 100 mesh 

Gypsum, Lime and A l a b a s t i n e Company L i m i t e d , Vancouver, B.C. 
c S i l i c a Gel G was a l s o used as s u p p l i e d by Brinkman Instrument I n c . , 
Great Neck, L . I . , W.Y. 

Diameter 
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22 Dis t r i bu to r for C h r o m a t o b a r s 
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V. E x t r a c t i o n of Western Hemlock Wood. 

A. C o l l e c t i o n and P r e p a r a t i o n of Wood Samples. 

1. A western hemlock t r e e , grown on the U n i v e r s i t y of B r i t i s h 

Columbia Endowmentland, 8.1 cm. i n diameter, having 36 annual r i n g s , was 

cut a t 51 cm. above the ground, and a 91 cm piec e was immediately c l e a r e d 

of bark and cambium and cut i n t o f o u r l e n g t h s . These samples were p l a c e d 

i n p olyethylene bags and st o r e d i n the dark at room temperature u n t i l 

r e q u i r e d . A l l samples were examined w i t h i n two months of c o l l e c t i o n . 

Immediately a f t e r f e l l i n g (not more than 2 hours) one of the 

samples was shaved t o very t h i n s t r i p s w i t h a draw-knife and these were cut 

i n t o short pieces w i t h s c i s s o r s . The f i n e l y d i v i d e d sample thus obtained 

was s t o r e d under n i t r o g e n u n t i l r e q u i r e d . 

The other three samples were reduced t o m a t c h s t i c k s , d r i e d i n 

a i r a t 32°C, then ground i n a Wi l e y m i l l t o pass a 40-mesh screen, and s t o r e d 

i n a i r - t i g h t j a r s . 

2. Four western hemlock t r e e s , a g i f t of the Powell R i v e r Co. 

L i m i t e d were s e l e c t e d and f e l l e d i n the Gordon Pasha Lake watershed, near 

Powell R i v e r , B.C. The fo u r t r e e s measured as f o l l o w s : 

Ring count Diameter Bark Thickness 

•1 203 16" 3/4" 
2 125 15" 1/2" 
3 101 13 1/2" 1/2" 

'k 111 12 1/2" 1/2" 

Wood samples from these trees were reduced to sawdust with a 

table saw and the air-dried sawdust was stored in polyethylene bags. No 

attempt was made to separate heartwood and sapwood in the sample. 

Methanol extraction of the hemlock wood samples, prepared under 
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the various c o n d i t i o n s d e s c r i b e d above and chromatographic examination 

of the e x t r a c t s r e v e a l e d a co n s i d e r a b l e v a r i a t i o n i n the p r o p o r t i o n of 

leucoanthocyanidin present and the r a t e a t which the anthocyanidins were 

generated on a c i d treatment. No f i r m c o r r e l a t i o n c o u l d be e s t a b l i s h e d , 

however, between these t e s t s and the age or h i s t o r y of the sawdust sample. 

The wood sample prepared by method 2, t h e r e f o r e , was used i n a l l subsequent 

experiments. 

B. E x t r a c t i o n of F a t s , Waxes and R e l a t e d Compounds. 

The a i r - d r i e d sawdust was e x t r a c t e d i n 2 kg batches i n a Soxh l e t -

type apparatus shown i n F i g u r e 23, which was designed so t h a t the d i s t i l l a t e 

was cooled t o 18 - 20°C before r e t u r n i n g t o the e x t r a c t i o n chamber. The 

e x t r a c t o r was cons t r u c t e d of g l a s s except f o r two short Tygon t u b i n g connections 

to the siphon tube which permitted s l i g h t f l e x i b i l i t y f o r assembly. 

E x t r a c t i o n w i t h petroleum ether (b.p. 30-60°C) was continued 

f o r a p e r i o d of 2 weeks. The e x t r a c t became dark yellow i n c o l o r w i t h i n a 

few days, and was then d r a i n e d o f f and r e p l a c e d w i t h a f r e s h p o r t i o n of 

petroleum ether. The combined e x t r a c t s were concentrated by d i s t i l l a t i o n 

under reduced pressure and below 50°C bath-temperature t o dryness. The 

y i e l d of amorphous, yellow r e s i d u e was 0.142$ on the b a s i s of the a i r -

d r i e d wood. 

The petroleum ether e x t r a c t e d sawdust was d r i e d i n a stream of 

p u r i f i e d n i t r o g e n and the e x t r a c t i o n was continued i n the same apparatus 

w i t h chloroform. The coloured e x t r a c t was dra i n e d o f f and r e p l a c e d w i t h 

f r e s h chloroform from time t o time and t h i s o p e r a t i o n was repeated u n t i l 

no more c o l o r a t i o n of the chloroform took place (10 to 15 days). The 

re s i d u e from the chloroform e x t r a c t s was recovered as des c r i b e d above 

and amounted t o 0.407 $ of the weight of the a i r - d r i e d wood. 
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The n i t r o g e n - d r i e d sawdust was then e x t r a c t e d w i t h p e r o x i d e - f r e e 

ether f o r two weeks w i t h s e v e r a l s o l v e n t changes. The y i e l d of r e s i d u e 

from the c o l l e c t e d e x t r a c t s amounted t o 0.053$ of the a i r - d r i e d wood. 

The completely d e f a t t e d sawdust was f i n a l l y n i t r o g e n - d r i e d u n t i l the 

odor of ether was no longer detectable and was s t o r e d i n the dark i n 

polyethylene bags. 

C. E x t r a c t i o n of P h e n o l i c C o n s t i t u e n t s . 

Anhydrous solvents were used throughout and a l l evaporations 

t o dryness were conducted at temperatures from -5° t o +5°C i n an atmosphere 

of p u r i f i e d n i t r o g e n . 

In a t y p i c a l experiment saydust (530 g) which had been pre-

e x t r a c t e d as d e s c r i b e d above i n s e c t i o n B, was shaken mechanically w i t h 

anhydrous methanol at room temperature w i t h frequent solvent changes. The 

methyl a l c o h o l e x t r a c t was evaporated t o dryness, and the r e s i d u e was 

e x t r a c t e d s u c c e s s i v e l y w i t h petroleum ether (b.p. 30-60°C) (A ) , benzene 

(B), chloroform (C), ether (D), e t h y l a c e t a t e ( E ) , acetone (F), and methyl-

a l c o h o l (G). ( F i g u r e 2h). A s m a l l amount of i n s o l u b l e dark brown m a t e r i a l 

(H) was obtained as a f i n a l r e s i d u e . The e x t r a c t s were evaporated t o 

dryness and the residues were r e - e x t r a c t e d s u c c e s s i v e l y w i t h the s o l v e n t s 

named above and d r i e d again by evaporation. The y i e l d s of the v a r i o u s 

f r a c t i o n s of the methanol e x t r a c t are given i n Table XIV. F r a c t i o n s 

B, C, D, and E showed the chromatographic behavior and gave q u a l i t a t i v e 

t e s t s t y p i c a l of a mixture of l i g n a n s w h i l e f r a c t i o n s F and G responded t o 

the t y p i c a l t e s t s f o r leucoanthocyanidins. 



Methanol ext ract of de fa t ted 
w o o d , evaporated to dryness 

Benzene soluble 
( F r a c t i o n B ) * 

Chloroform soluble 
(Fract ion C) 

E the r so lub le 
(Frac t ion D) 

EtOAc so lub le 
(F rac t ion E) 

Benzene ex t rac t ion 

Benzene e x t r a c t e d 
r e s i d u e 

Chloroform ext ract ion 

Chloroform ex t rac ted 
residue 

Ether e x t r a c t i o n 

E t h e r e x t r a c t e d 
r e s i d u e 

Ethylacetate extraction 

E tOAc e x t r a c t e d 
res i due 

Soluble 

Acetone ex t rac t i on 

Insoluble 

Acetone soluble 
(F rac t i on F) 

Metnanol s o l u b l e 
(F rac t i on G) 

- Leucoan thocyan id i n 

F I G U R E 24. F r a c t i o n a t i o n of the Methanol E x t r a c t 

of Hemlock Wood. 

Fract ion A is the petro leum ether ex t rac t wh ich d id 

not contain phenolic sub tances 
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Table XIV 

Y i e l d s of the F r a c t i o n s from the Methanol E x t r a c t o f Wood. 

F r a c t i o n from , Y i e l d based Y i e l d based OCEA 
on Wood $ on t o t a l MeOH 

e x t r a c t $ 

A Petroleum ether 0.035 2.40 
B Benzene 0.042 2.80 15.92 
C Chloroform 0.850 55-10 12.17 
D Ether 0.021 1.30 15-35 
E E t h y l a c e t a t e 0.220 14.61 16.13 
F Acetone 0.136 8.90 14.3 
G Me t h y l a c l o h o l 0.212 14.05 5.48 

T o t a l 1.516 99-25 

Larger q u a n t i t i e s of the l i g n a n mixture corresponding t o f r a c t i o n s 

C, D, and E were obtained from the methanol e x t r a c t as f o l l o w s : 

The e x t r a c t was evaporated t o dryness at -5 t o +5°C and the dark 

brown s t i c k y r e s i d u e was e x t r a c t e d w i t h p e r o x i d e - f r e e ether. The yel l o w -

green ether s o l u t i o n was f i l t e r e d from a l i g h t brown powder. The powder 

was washed w i t h ether and e x t r a c t e d w i t h 100 ml of dry acetone. A f t e r 

f i l t r a t i o n the acetone s o l u t i o n was concentrated t o about 25 ml and p r e c i ­

p i t a t e d i n t o 2 l i t e r s of pe r o x i d e - f r e e ether. The f i l t e r e d ether s o l u t i o n 

was evaporated t o give a pale yellow s o l i d i f i e d foam which f a i l e d t o c r y s t a l l i z e 

from s e v e r a l s o l v e n t s . 

F u r t h e r amounts of leucoanthocyanidin corresponding t o f r a c t i o n s 

F and G were obtained d i r e c t l y from the methanol e x t r a c t as f o l l o w s : 

The e x t r a c t was concentrated t o about 25 ml under reduced pressure 

and 75 ml of dry acetone was added. The dark yellow s o l u t i o n was purged w i t h 

n i t r o g e n and allowed to stand i n the r e f r i g e r a t o r overnight. The sm a l l 

amount of p r e c i p i t a t e which separated was f i l t e r e d o f f and the f i l t r a t e 
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was concentrated t o about 25 ml and added drop by drop t o 2 l i t e r s of peroxide-

f r e e ether, s t i r r e d w i t h a r a p i d stream of n i t r o g e n . A l i g h t brown, f l o c c u l e n t 

p r e c i p i t a t e s e t t l e d out a f t e r standing i n the r e f r i g e r a t o r f o r a few hours. 

The p r e c i p i t a t e was separated and d r i e d under n i t r o g e n t o give a cream-

c o l o r e d powder, 0.4 <$> of the weight of dry wood. 

The i n f r a r e d spectrum of the hemlock leucoanthocyanidin ( p o t a s ­

sium bromide p e l l e t ) i s shown i n F i g u r e 32 together w i t h t h a t of a 

s y n t h e t i c l e u c o c y a n i d i n prepared by Mr. G. Barton, F o r e s t Products La­

b o r a t o r y , Vancouver, B.C., by sodium borohydride r e d u c t i o n of dihydro-

querce'tin. The two s p e c t r a show some d i f f e r e n c e s , p a r t i c u a l r l y i n the 

r e g i o n 900-1200 cm"l, where the s y n t h e t i c product has a broad, not c l e a r l y 

d e f i n e d band, however i n the region 11300-4000 cm'1- the p r i n c i p a l a b s o r p t i o n 

band are i n reasonable good agreement. The spectrum of the t e t r a m e t h y l 

ether of leucocyandin .prepared by Ganguly and Seshadri (19) a l s o shown 

i n F i g u r e 32 contained bonds at 1230 and 1030 cm"-'- which i n d i c a t e d t h a t 

the hemlock leuco-compound probably contained methoxyl groups. 

The chromatographic s e p a r a t i o n and u l t r a v i o l e t s p e c t r a of the 

anthocyanidin s o l u t i o n s prepared by a c i d treatment of the hemlock leuco­

anthocyanidin i n s e v e r a l d i f f e r e n t solvents are shown i n Table IV and V 

and F i g u r e 4, 6, 7 and 8. 
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V I . Separation o f Lignans on C y l i n d r i c a l Chromatobars 

F r a c t i o n C (6.7 g) was d i s s o l v e d i n 30 ml of e t h y l a c e t a t e i n a 

150 ml beaker, and t h i s s o l u t i o n was loaded on three f r e s h l y prepared c y l i n d r i ­

c a l chromatobars (CCB l a r g e , Table X I I I ) by d i p p i n g the bars i n t o the so­

l u t i o n t o a depth of 0.5 cm. Without d r y i n g , the loaded bars were p l a c e d 

i n d i s t r i b u t o r s set up i n c l o s e d g l a s s tanks ( F i g u r e 22) and i r r i g a t e d w i t h 

S-25- When developed, the wet bars were d r i e d i n a stream of n i t r o g e n , 

then were covered w i t h aluminium f o i l except f o r a 2 cm wide s t r i p along 

the 30 cm a x i s and sprayed w i t h a very t h i n f i l m of reagent R-9- A f t e r 

l o c a t i o n of zone the sprayed l a y e r (about 0.5 mm deep) was immediately 

scraped o f f , and the zones were separated w i t h a k n i f e . Since the 

se p a r a t i o n was not sharp (zones overlapped each other) the columns were 

cut up i n t o s u b t r a c t i o n s s m aller than the v i s i b l e zone. The zones were 

powdered, p l a c e d i n g l a s s tubes, and e l u t e d w i t h e t h y l a c e t a t e f o l l o w e d 

by methanol and acetone. 

Samples f o r t h i n l a y e r chromatographic a n a l y s i s were taken 

from the f i r s t few c oncentrated drops of the e l u a t e s . The r e s u l t of the 

f i r s t chromatobar s e p a r a t i o n i s shown i n F i g u r e 25- The corresponding 

f r a c t i o n s of the three bars were combined and fo u r new f r a c t i o n s were 

obtained ( i , I I , I I I and I V ) . These s o l u t i o n s were concentrated ( F i g u r e 26) 

to about 10 ml and were rechromatographed on four bars as be f o r e . Thin 

l a y e r chromatographic t e s t s were c a r r i e d out on the f r a c t i o n s from the 

second set of four chromatobars ( I t o IV) and the r e s u l t s are shown i n 

Fi g u r e 27 and 28. 

The two f i r s t f r a c t i o n s from bar IV were evaporated to dryness 

and the pale cream-colored r e s i d u e was d i s s o l v e d i n 5 ml of e t h y l a c e t a t e 

and p r e c i p i t a t e d i n t o 500 ml petroleum ether (b.p. 30-60°C). The r e s u l t i n g 
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p r e c i p i t a t e was f i l t e r e d o f f and d r i e d , t o g i v e 100 mg of a c o l o r l e s s 

powder which f a i l e d t o c r y s t a l l i z e from any s o l v e n t s . I t was i d e n t i f i e d 

as hydroxymatairesinol on the b a s i s of comparisons of i t s p h y s i c a l and 

chemical p r o p e r t i e s w i t h those of an auth e n t i c sample. The i n f r a r e d 

spectrum (potassium bromide p e l l e t ) i s shown i n F i g u r e 29, 30 and 31 

f o r comparison w i t h other f l a v o n o i d s . 

The f o u r t h and f i f t h f r a c t i o n s from bar TV were concentrated t o 

small volume and allowed t o stand i n r e f r i g e r a t o r . The r e s u l t i n g white 

powder was f i l t e r e d o f f and d r i e d . I t was i d e n t i f i e d as conidendrin. 

The ".infrared spectrum of the conidendrin i s o l a t e d i s shown i n F i g u r e 

29, i t was i d e n t i c a l w i t h t h a t of an auth e n t i c sample. 
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1 2 3 4 5 6 7 8 9 10 

Frac t ions 

FIGURE 2 5 . First Separa t ion of Fract ion C on 

Chromatobars . 

Chromatoplate M - 4 , developed with S - 2 4 , sp rayed 

wi th R - 9 . b = b r o w n , g = g reen, p= pink. 
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I II i n i v 

Frac t ions 

F I G U R E 26. Comb ined F r a c t i o n s I to IV of 

L ignans f rom First Ch roma toba r S e p a r a t i o n . 

The T L C - p l a t e w a s run in S - 2 4 and w a s 
s p r a y e d wi th R - 9 . 

F rac t i ons III and IV : Conidendr in and h y d r o x y ­

m a t a i r e s i n o l . 



-103-

1.0 

Fract ions 

F I G U R E 27. Thin Laye r C h r o m a t o g r a p h y of F rac t i ons from 

C h r o m a t o b a r s I and II. The plates were i r r i g a t e d w i th 

S - 2 4 , sprayed with R - 9 , and hea ted in an oven at 110°C 

for 15 minutes p= p ink, g = green 
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Fract ions 

F I G U R E 28 Thin Layer Chromatography of the F r a c t i o n s 

from Chromatobars III and IV Jh& p lates were i r r iga ted 

with S - 2 4 sp rayed with R - 9 and hea ted in an o v e n 

at 110°C for 15 minutes p= pink, g= green 
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V I I . Reactions and D e r i v a t i v e s 

A. Western Hemlock Leucoanthocyanidin 

Attempted I s o l a t i o n of Anthocyanidins 

Leucoanthocyanidin, 1.25 g, was d i s s o l v e d i n 750 ml of i s o p r o p y l 

a l c o h o l and 7-57 ml of 3-2 N h y d r o c h l o r i c a c i d i n i s o p r o p y l a l c o h o l was 

added and the mixture was r e l f u x e d on a steam bath at 80°C f o r 50 minutes. 

The carmine-red s o l u t i o n was concentrated t o about 10 ml under reduced 

pressure i n a n i t r o g e n stream at room temperature and was adsorbed on c e l l u l o s e 

powder which was then d r i e d i n a vacuum d e s i c c a t o r over s o l i d sodium hydroxide. 

The d r i e d powder was loaded on the top of a powdered c e l l u l o s e column which 

was developed w i t h s o l v e n t system S - l . A f t e r s e p a r a t i o n the pink band was 

removed, d r i e d , and e l u t e d w i t h methanol and examined by paperchromatography 

i n s o l v e n t S - l . I n a d d i t i o n t o a b r i g h t pink spot at R^ 0.51 a brown-red 

phlobaphene spot appeared at the solvent f r o n t . A f t e r a second chromatographic 

s e p a r a t i o n no 'phlobaphene showed up on the papergram but o n l y the pure pink spot. 

The b r i g h t r e d s o l u t i o n was concentrated under reduced pressure at room temper­

ature and a n e a r l y c o l o r l e s s f l o c c u l e n t p r e c i p i t a t e appeared. A papergram 

of the s o l u t i o n again i n d i c a t e d the phlobaphene spot at the s o l v e n t f r o n t . 

The p r e c i p i t a t e was f i l t e r e d o f f and the s o l u t i o n was concentrated f u r t h e r . 

The white p r e c i p i t a t e appeared again and a f t e r standing f o r 30 minutes the 

s o l u t i o n became c o l o r l e s s i n d i c a t i n g t h a t the anthocyanidin c h l o r i d e s had 

decomposed. 

A l k a l i n e Degradation of Hemlock Leucoanthocyanidin 

Leucoanthocyanidin i s o l a t e d from wood, c y a n i d i n from d a h l i a p e t a l s , 

and s y n t h e t i c c y a n i d i n were degraded by the three d i f f e r e n t methods de s c r i b e d 

by Tayean and M a s q u i l i e r (93), H a r r i s and R i c k e t s (9*0 and M a s q u i l i e r and 

P o i n t (95)- The degradation products and reference compounds were 
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examined by paperchromatography i n solvent systems S-4, S-6, S-8 and 

S-9 usin g spray reagent R-3- The r e s u l t s are shown i n F i g u r e 9-

B. Lignans 

T r i - O - a c e t y l - h y d r o x y m a t a i r e s i n o l 

A c e t y l a t i o n of curde hydroxymatairesinol w i t h a c e t i c anhydride 

and p y r i d i n e f o r 48 hours at room temperature, and i s o l a t i o n of the product 

by pouring ,ohto crushed i c e gave a s t i c k y gum which d r i e d t o a powder i n a 

d e s i c a t o r • over potassium hydroxide. On r e c r y s t a l l i z a t i b n from e t h y l - a c e t a t e -

petroleum ether a white powder was obtained i n 9*>$> y i e l d which softened at 

about 80-82°C but d i d not melt. The i n f r a r e d spectrum ,showed no hyd r o x y l 

a b s o r p t i o n . 

Tri-0-benzoyl-hydroxymatairesinol 

Treatment of crude hydroxymatairesinol w i t h benzoyl c h l o r i d e and 

p y r i d i n e a t room temperature f o r 48 hours and i s o l a t i o n of the product i n 

the u s u a l manner gave an o i l having a pleasant odor. The o i l c r y s t a l l i z e d 

from petroleum ether as a c o l o r l e s s powder, and melted at 155-15T°C The 

i n f r a r e d spectrum (KBr p e l l e t ) i s shown i n Fi g u r e 30. 

Reduction of Hydroxymatairesinol 

Crude hydroxymatairesinol was t r e a t e d w i t h l i t h i u m aluminium 

hydride under n i t r o g e n at 40°C f o r 24- hours and i s o l a t i o n of the product by 

et h y l - a c e t a t e e x t r a c t i o n , and petroleum ether p r e c i p i t a t i o n gave a white 

powder i n 20,'.2$ y i e l d which .'^softened at 88-90°C. The i n f r a r e d spectrum 

showed no lac t o n e r i n g carbonyl band, but a broad, hydrogen bonded 

hyd r o x y l band at 3380 cm"-*-. 

A c e t y l a t i o n of Reduced Hydroxymatairesinol 

The reduced hydroxymatairesinol was a c e t y l a t e d i n the u s u a l manner 

and a white powder was obtained w i t h softened a t 69~T2°C. The i n f r a r e d 
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spectrum showed no hydroxyl band but two strong acetate carbonyl bands at 

1760 and 1735 cm"1. 

Conversion of Hydroxymatairesinol t o Conidendrin 

Treatment of crude hydroxymatairesinol w i t h formic a c i d according t o the 

procedure of Freudenberg and Knopf (56) y i e l d e d c o n i d e n d r i n m e l t i n g at 238-

2kO°C. The i n f r a r e d spectrum was i d e n t i c a l t o t h a t of a u t h e n t i c c o n i d e n d r i n 

(F i g u r e 2 9 ) . 

Dimethylhydroxymatairesinol 1 

P u r i f i e d h y droxymatairesinol d i s s o l v e d i n ether-methanol was methylated 

w i t h diazomethane i n the u s u a l manner. The product f a i l e d t o c r y s t a l l i z e 

i n v a r i o u s s o l v e n t s and was p r e c i p i t a t e d i n t o petroleum ether. The white 

powder softened at 85-87°C. C a l c u l a t e d f o r C 2 2H26°7 : OCH^, 3 0 . 8 $ . 

Found: OCH3, 27-42$. The i n f r a r e d spectrum showed hydroxyl a b s o r p t i o n 

at 3470 cm" 1 ( F i g u r e 3 1 ) . 

T r i m e t h y l h y d r o x y m a t a i r e s i n o l 

Dimethylhydroxymatairesinol was f u r t h e r methylated according t o Purdie"' s 

method w i t h the m o d i f i c a t i o n t h a t D r i e r i t e was added t o the r e a c t i o n mixture 

and r e f l u x i n g was continued f o r 44 hours. The product was an o i l y r e s i d u e which 

co u l d not be induced t o c r y s t a l l i z e . On p r e c i p i t a t i o n i n t o petroleum ether 

a yellow s t i c k y powder was obtained which softened at ca. 80°C, c a l c u l a t e d 

f o r C23H28O7: 0CH3, 3 7 . 2 6 $ , Found: OCH^, 30-36$. The i n f r a r e d spectrum 

showed no hydroxyl band (Fig u r e 31)• 

Potassium Permanganate O x i d a t i o n of T r i m e t h y l h y d r o x y m a t a i r e s i n o l and 

R e l a t e d Compounds (l48). 

P r e l i m i n a r y o x i d a t i o n s t u d i e s were c a r r i e d out on methylbenzoin, c o n i ­

dendrin dimethylether, and v e r a t r i c a c i d methyl e s t e r as f o l l o w s : 

(a) Methylbenzoin (100 mg, 0 .44 mM) was d i s s o l v e d i n 5 m l of acetone^ 

300 mg of magnesium sulphate i n 5 ml of water was added and the mixture was 
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s t i r r e d m a g n e t i c a l l y w h i l e ikO mg (2mM) of potassium permanganate i n k ml 

of water was added drop by drop. The r e a c t i o n was allowed to proceed at 

50°C f o r 5 hours then the mixture was cooled and sulphur d i o x i d e gas was 

introduced u n t i l a c l e a r , c o l o r l e s s s o l u t i o n was obtained. The a c i d i c 

s o l u t i o n was e x t r a c t e d 5 times w i t h ether and the ether e x t r a c t was washed 

w i t h s a t u r a t e d sodium bicarbonate s o l u t i o n , then w i t h water, d r i e d over anhy­

drous sodium sulphate and evaporated t o dryness. A mixture of c o l o r l e s s 

c r y s t a l l i n e and yellow o i l y products was obtained i n 72.2$ y i e l d . This 

mixture contained unreacted methylbenzoin and methylbenzoate as shown by 

TLC u s i n g a u t h e n t i c samples f o r comparison, S-23 as developing s o l v e n t and 

R-10 as spray reagent. The aqueous sodium bicarbonate s o l u t i o n was a c i d i f i e d 

w i t h h y d r o c h l o r i c a c i d , e x t r a c t e d w i t h ether, washed w i t h water, d r i e d and 

evaporated. A c o l o r l e s s c r y s t a l l i n e product was obtained i n 72.2$ y i e l d , 

which was i d e n t i f i e d as benzoic a c i d by t h i n l a y e r chromatography and by 

mixed m e l t i n g p o i n t . 

(b) The o x i d a t i o n was repeated on 67.8 mg of d i m e t h y l c o n i d e n d r i n , 500 mg 

of potassium permanganate and 900 mg of magnesium sulphate. Four o x i d a t i o n 

products were detected but not i d e n t i f i e d because of the l a c k of reference 

samples. 

(c) Potassium permanganate o x i d a t i o n was c a r r i e d out on v e r a t r i c a c i d 

methylester i n dry acetone, and i n the aqueous medium and the o x i d i z e d 

samples were examined by t h i n l a y e r chromatography as d e s c r i b e d i n ( a ) . 

T r i m e t h y l h y d r o x y m a t a i r e s i n o l (66-5 mg) was d i s s o l v e d i n 20 ml of 

acetone and 900 mg of magnesium sulphate was added i n 10 ml of water, 

f o l l o w e d by hlO mg of potassium permanganate i n 20 ml of water". The r e a c t i o n 

mixture was s t i r r e d and kept at 50°C f o r h hours and then was worked up as i n 

(a) except t h a t the sodium bicarbonate e x t r a c t i o n was omitted. The ether 

e x t r a c t was concentrated and examined by t h i n l a y e r chromatography as b e f o r e . 
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Standard samples of veratric acid and veratric acid methyl ester were used 

as reference compounds. 

The chromatographic examination showed that the oxidation product con­

tained unreacted starting material and about 10 to 12 unidentified inter­

mediate oxidation products. It was taken up i n 25 ml of dry acetone and 

kOO mg of solid potassium permanganate and 900 mg of solid magnesium 

sulphate were added and the oxidation procedure was carried out as before. 

The f i n a l oxidation product was examined on a thin layer chromatoplate. 
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APPENDICES 



- I l l -

Appendix I 

C a l c u l a t a t i o n of the Proton Nuclear Resonance S h i e l d i n g Values ( T ) « 

The T-Values were c a l c u l a t e d according to the conventional 

method (IU9) and as f o l l o w s : 

T ( i n ppm) = 10.000 - 10 6 V o b s . - ̂ Me^Si 

^Me^Sr 

where ^Me^Si- = 60 x 10^ cps, and $ Q l 0 s _ - ^Me^Si w e r e measured as a 

di s t a n c e i n mm between the observed and standard peaks and were converted t o 

cps u n i t s upon m u l t i p l i c a t i o n w i t h a conversion f a c t o r ( f ) obtained from s i d e 

band measurements. 

Table XV 

Constants f o r f Value C a l c u l a t i o n 

Compound Side band Average f 
(cps) d i s t a n c e (cps/mm) 

(mm) 

V a n i l l y l a l c o h o l 300.2 2U3.U3 1.23 
Conidendrin 300.2 2^6.80 1.22 
HMR 300.2 2U6.51 1-22 
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Table XVI 

T - V a l u e s from NMR Spectrum of V a n i l l y l A l c o h o l s 

Number of peaks 
^obs 
mm 

- ̂ Me^Si 
cps. cps/ 6 0 

T 
(ppm) 

1 9*+.b l i b . 3 b 1.939 8.061 
2 96.3 118.45 1.974 8.026 
3 97-9 120.42 2.007 7.993 
4 99-9 122.88 2.048 7.952 
5 153-4 188.68 3-145 6.238 
6 184.5 225.71 3.762 6.238 
7 199-1 244.89 4.082 5.918 
8 203.2 249.94 4.166 5.83^ 
9 212.1 260.88 4.348 5-652 

10 215.9 265.56 4.426 5.574 
11 219.9 270.48 4.508 5.492 
12 326.8 401.96 6.699 3.301 
13 335.8 413.03 6.884 3.116 
14 355.7 437 7.292 2.708 

Table XVII 

T - V a l u e s from NMR Spectrum of Conidendrin 

sr of peaks 
^obs 

mm 
- ̂ Me ^ S i 

cpc cps/ 6 0 (ppm) 

1 97-6 119.07 I . 9 8 5 8.015 
2 99-6 121.51 2.025 7-975 
3 101.3 123•59 2.060 7.940 
4 . 103.2 125.90 2.098 7.902 
5 122.1 148.96 2.483 7.517 
6 123.6 150.79 2.513 7.487 
7 143.1 174.58 2.910 7.O9O 
8 I87.O 228.14 3.802 6.159 
9 I88.9 230.46 3-841 5.927 

10 200.3 244.37 4.073 5.927 
11 205.9 251.20 4.187 5.813 
12 299.9 365.88 6.098 3.902 
13 335-1 433.22 7.220 2.780 
14 364.2 444.32 7.405 2.595 

15 377.3 454.21 7 .570 2.430 



-113-

Table X V I I I 

TT-Values from NMR Spectrum of Hydroxymatairesinol (HMR) 

imber 
peaks 

^obs 
mm 

- ̂ Me ^ S i 
cps cps/60 

T 
(ppm) 

1 52.1+ 63.93 1.066 8-93^ 
2 56.3 68.69 1.1U5 8.855 
3 5T-8 70.52 1.175 8.826 
1+ 63-2 77-10 1.285 8.715 
5 9T-8 119.32 1.989 8.011 
6 98.9 120.66 2.011 7.989 
7 100.5 122.61 2.01+1+ 7-956 
8 102.5 125.05 2.081+ 7-916 
9 135.5 165.31 2-755 7-21+5 
10 1U1.I+ 172.51 2.875 7.125 
11 1T0.8 208.37 3-1+73 6.527 
12 185.5 226.31 3-772 6.228 
13 200.6 21+1+.73 I+.079 5-921 
Ik 213.0 259.86 ^•331 5.669 
15 217-7 265.59 I+.I+27 5-573 
16 222.1 2T0.96 1+'. 516 5.U8I+ 
IT 231.6 282.55 I+.709 5.291 
18 31^.7 383.93 6-399 3.601 
19 321.8 392.60 6.5^3 3-^57 
20 328.5 1+00. TT 6.680 3.320 
21 333-3 1+06.63 6-777 3.223 
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Appendix I I 

I n f r a r e d Spectra 

Table XIX 

Index of I n f r a r e d Spectra 

Compound Symbol O r i g i n F i g u r e 
Hydroxymataires i n o l HMR I s o l a t e d 29,30,31 
Hydroxymatairesinol-

benzoate HMRB Synthesized 30 
Dimethylhydroxymatairesinol DMHMR Synthesized 31 
Trimethylhydroxy­

m a t a i r e s i n o l TMHMR Synthesized 31 
Conidendrin I s o l a t e d 29 
Conidendrin a 
Hemlock leucoantho­

c y a n i d i n LAC I s o l a t e d 32 
S y n t h e t i c l e u c o y a n i d i n LAC b 32 
Tetramethyl ether of 

leucocyanidin c 32 
D a h l i a c y a n i d i n I s o l a t e d 32 

A g i f t from the Crown-Zellerbach Corp., Camas, Washinton. 

A g i f t from Dr.J.A.F. Gardner, F o r e s t Products L a b o r a t o r i e s , B.C. 

From gum of Butea frondosa; a g i f t from Dr. T.R. Seshadri, 
U n i v e r s i t y of D e l h i . 



H 

FIGURE 29 Infrared Spectra of Lignans f rom Hemlock Wood 





FIGURE 31 Infrared Spect ra of Hydroxymata i res ino l and Der i va t i ves . 
( DM = dimethyl; TM = t r imethyl ) 
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FIGURE 3. Resonance Structures of the Nitroxy Group. 
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FIGURE 4 . Modes of Scission of the Nitroxy Group. 

TABLE IV. Reaction Mechanisms. 

1. Electrophilic substitution on oxygen 

Reaction Mode of 
Mechanisms Scission 

O. .O 
N A — O + NO? b p f 

A : O v R 
* R 

2. Nucleophilic substitution on carbon: 

• V 
B:^»^-ONO 2 • B : C + NO3 S N C 

3 . Nucleophilic substitution on nitrogen: 

B . ^ » N ~ B:NC>2+ RO" S N N 3 
OR 

4. (b- Hydrogen elimination: 

B: + H - C - C - O N O , —*• B:H*+ > C = C < + NC£ E C =C 1 

5. OL-Hydrogen elimination: 

B: + H - C ^ — O N 0 2 * B:H*+ > 0 = O + NO£ ^ 0 = 0 2 
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H 

PhCH 2 ON0 2 + OH PhCH 2 OH + N 0 3 (23) 

t - B u O N 0 2 + 2 H 2 0 t - B u O H + H 3 0 + N 0 3 (24) 

1 8 O H + ^ b - 0 - N 0 2 H 1 8 0 - C ^ - + NO~ ( S N C ) ^ 

V - N C - 0 - N 0 2 + l 8 O H ~ •^C — O" + H l 8 O N 0 2 ( S N N ) (26) 

o. ..o 
N« + * N 
7 

OR 
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--OR 
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Figure 5. 

A : Energy Levels of Molecular O r b i t a l s and Possible E l e c t r o n i c 
Transitions f o r N i t r i t e E s t e r s . 

B: Typical E l e c t r o n i c Spectrum of a N i t r i t e Ester (2-butyl 
n i t r i t e i n ether (95)). The dotted l i n e s represent the 
estimated separation of the various t r a n s i t i o n s . 

( * 

Figure 6. 

A: Energy Levels of Molecular O r b i t a l s and Possible E l e c t r o n i c 
Transitions f o r N i t r a t e E s t e r s . 

B: Typical E l e c t r o n i c spectrum of a Ni t r a t e Ester (2-butyl 
n i t r a t e i n ethanol (95)). The dotted l i n e s represent 
the estimated separation of the various t r a n s i t i o n s . 
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TABLE IX. Structural Properties* of Nitrogen-Oxygen 

Compounds. 

NH =o 
Valence 

electrons 11 
N-O 1.150 A 

Valence 

;?•• 
:N -
>• 

• • 

N">. 
•o. 

il 
N+ 
II 

' P ; 
electrons 18 17 16 

O N O 115.4° 134.1° 180.0° 
N—O 1.236A 1.188 A 1.1 «v4 A 

H v ° 
H V C - \ H 

• • 

H O 
V vP " J? 

:F-N:. 
- N 6 

Valence 
electrons 24 24 24 24 
<^L O N O 127° 130° 125° 

N-O 1.22 A 1.206 A 1.23 A 
X - N 1.48 A • 1.405 A 1.35 A 

" -C-N-. 
/ v 

IT O 

« « 

:p-N ^ 

Valence 
electrons 24 24 
/_ ONO 1205° 
N - O 1.24A 
X - N 1.25A 

Valence H ° CH 

/ ° 
- N : 

CH, 

*.?.-N: 

electrons 30 30 30 • 

4 - O N O — - - 125.3° 
N - O -- 1.26 A 
X - N 1.36A 

Values taken from (133) 
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FIGURE 7. Correlation of /L. ONO and X — N 0 2 Bond Length 

in ( R ' ) n X N 0 2 Compounds. 
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H3C C \ Q / H * N ° 2 + H~C cf 
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NOo 
(86) 
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C H , C H 3 

:H. + H N O , (87) 

H / 0\/ C H 3  

H // 
O 

C H , 

:H-, 

T 
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H 3 

C H , 

+ 
H + 

:H. 

Q 

O 

(88) 

NO c A r ' 
^ H 

XXVII XXXVIII 

Molecule • : 
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reactivity 
toward NOo 1.0 

:N 
/ C H 3 

NH 

1.4 

C H , 
H 

24 

H 3 C - p / ; 

30 

(89) 
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can 
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•ONOo HfcL , > O N O 

N O - can 
XL ( A t r a n s ) 

N 0 2 
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O. H 

N 0 2 

XLII ( q r a n s ) 

(97) 
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FTGURE 8 . Thin-layer Chromatography of Ni t rat ion Products 
f rom c i s - and trans-1,2-Accnaphthencdiols ( M-3 } S-1 , R - 1 ) 

TABLE XII Ni t rat ion Products f rom a s - a n d t rans-1 ,2-
Acenaph thened io l s . 

Product F o r m u l a R f N 

Symbol Isomer Number Empir ical 
( M - 3 

s - i 
R-1 ) 

M.P (°C) 
Obt. Calc. 

c i s - XXXVI 0.69 129.5-132.5 10.03 
A /~- [_J 1~\ M 10.15 A 

trans- XL 
C 1 2 H 8 ° 6 N 2 

0.79 98-100 10.07 
10.15 

c is - XXXVII 0.32 9 5 - 9 8 12.50 
B • C 1 2 H 7 ° 8 N 3 13.10 B 

trans - XLI 
• C 1 2 H 7 ° 8 N 3 

0.47 oil 11.81 
13.10 

C 
cis - XXXVIII 

C 1 2 H 7 C 4 N 
0.02 8 .89 

6.10 C 
t rans - XLII 

C 1 2 H 7 C 4 N 
0 . 0 5 210 - 215 6.36 

6.10 



FIGURE 9 . Infrared Spectra of Ni t rat ion Products of c i s - and 

t rans -1, 2 —Acenaphthencdio l . 
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—< • • • • > • • • r 
A B C D E F G H I J 

F f G U R E 10. Chromatographic Pat tern of Representat ive Ni t rate 

E s t e r s . TLCj M-3 , S - 1 , R -2 . The compounds and calculated 

Rfvi > AF° , and K values are l i s ted in Table X IV . 
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C D E 

- 1 1 1 1 1 1 1 1 1 1 I T 1 

4 - ° 5 - ° t ( p p m ) 

F I G U R E 13. Tentat ive C o r r e l a t i o n of and Mechanism in 
H 

the React ion of N i t ra te Esters w i th Pyr id ine at 25°. 

A : c js-1,2-Accnaphthenediol D i n i t r a t e (XXXVI) 
B .- trans-1, 2-Accnaphthcncdio l Dini t rate (XL ) 

C : meso -Hydrobenzo in Dini t rato (XXIX) 
D: d i - Hydrobenzoin Din i t ra te (XXXI) 
E : Benzyl N i t ra te 

F-. Isoidide Din i t ra te (XVIII) (165) 
G : Isosorbide Dinitrate (XIX) (165) 
H : IsomannTde Dinitrate (XX) (165) 
I : t rans-1,2-Cvclohexancdiol Dinitrate ( XXII) 
J : Ethyl Nitrate . 
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Methanol . 
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FIGURE 14. Bcnzenoid Absorpt ion of Benzylalcohol (A) , 

Bcnzylnitrate (B) in Hexane Solution . 
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11 

FIGURE 16. Cor re la t ion of the Frequency of Band 
the Solvent Ionization Potential 

eV 

w i th 

FIGURE 17. Correlat ion of the Frequency of Band II with 
the Solvent Ionization P o t e n t i a l . 
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Figure 18. Chromatographic Separation of Photolysis Products of N i t r a t e 
Esters (TLC; M-3, S-6). 

A. cis-1,2-Acenaphthenediol D i n i t r a t e f : fluorescence (UV) 
B. trans-1,2-Acenaphthenediol D i n i t r a t e y yellow 
Q. Ac enaphthenequinone o: orange 
c. meso-Hydrobenzoin D i n i t r a t e r : red 
D. dl-Hydrobenzoin D i n i t r a t e br: brown 
K. B e n z i l (1 f2—Diketo—1,2-diphenylethane) br-a: brown absorption (UV) 
E. Benzoin n i t r a t e gr-gy: green-gray 
F. Isosorbide D i n i t r a t e 
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Figure 19. Chromatographic Separation of Photolysis Products of N i t r a t e 
Esters (TLCj M-3, S-10). 

A. cis-l,2-Acenaphthenediol D i n i t r a t e 
B. trans-1,2-Acenaphthenediol D i n i t r a t e 
Q. Acenaphthenequinone 
C. me s o—Hydrobenz o i n D i n i t r a t e 
D. dl-Hydrobenzoin D i n i t r a t e 
K. B e n z i l (l,2-Diketo-l,2-diphenylethane) 
E. Benzoin n i t r a t e 
F. Isosorbide D i n i t r a t e 

f : fluorescence (UV) 
y: yellow 
o: orange 
r : red 
br: brown 
br-a: brown absorption 
gr-gy: green-gray 
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FIGURE 2 0 . Chromatographic Separat ion ( M - 3 , S - 1 , R - 3 ) of 

Photolysis Products of N i t ra te E s t e r s . 

A : cis-1 2-Acenaphthcncdiol Din i t ra te; B : trans-1,2-Acenaphthene -

diol Dinitrate; C: meso - j D: dj - Hydrobenzoin Din i t ra te ; 

E: Benzoin N i t ra te ; F: IsosorbidCdinitratc ; G : o r t o - N i t r o -

phenol; f : f luorescence (UV) j y : yel lowj b: brown ; 

colour less before spray ing , whi te spot cn pink b a c k ­

ground after spraying with R-3 



-99 -

FIGURE 21 Chromatographic Separa t ion of Products f rom 

Photo lys is of meso —Hydrobcnzo in Din i t rate fn Benzene 

So lu t i on . ( M-3 j S-5 ) 

f: f luorescence (UV) • y : ye l l ow ; o : o r a n g e ; 

o-br: orange brown; brown = br . 
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FIGURE 22 . Phenolic Products Isolated f rom Photolyzed ( in C g H 6 ) 

meso-Hydrobenzo in D in i t ra te . 

f: f luorescence ( U V ) ; y: yeJIowj o.- orange j 

o-br.- orange brown; b: b r o w n . 



FIGURE 2 3 . Infrared Spectra of mcso-Hydrobcnzoin Dinitrate (A) 

Nitrobenzene (B) and Photolysis Products of A (C and D ) . 



—103 — 



T 1 i 1 1 1 1 1 j i i 1 1 1 1 1 r 
2000 

j , I | I I 1 I 1 l ! I I ! I I L 

I I i I . 1 I I 1 I I ! I I I 1 1 I 
3500 2500 T900 1700 1500 1300 1100 900 700 

cnrr1 

FIGURE 25 . Infrared Spect ra of 2,6-Din i t ro-4-Phenylphenol (A) 
and Photolytic Produc ts f r om meso -Hyd robcnzo in D in i t r a te 
(F , K and N ). 
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FIGURE 26 . NMR Spectra of 1,2-Diphenylethane Der iva t i ves . 
A : meso-Hydrobenzoin, B: meso-Hydrobenzoin D in i t ra te , C : Product from 

B Irradiated in Ether Solution . 
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FIGURE 27. Possible Mechanism of 
Dinitrate. 

Photolysis of mcso-Hydrobenzoin 
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FIGURE 2 8 . P r imary Photochemical React ions of 

N i t ra te E s t e r s (NE) . 
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FIGURE 29. Rates of Photoreact ion of (A) Benzyl N i t ra te , (B) dl- and (C)meso-
Hydrobenzoin D in i t ra tes , ( D) t r a n s - and (E) cjs-l^-AcenaphtheriedioI D i -
n i t ra tes in Benzene Solut ion at 2 5 ° . 
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FIGURE 30. Triplet-Triplet Energy Transfer Between Benzophenone 
and Naphthalene (180) and Singlet-Singlet Energy Transfer 
within 1,2 Accnaphthenediol Dinitrates. 
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FIGURE 31. Ra tes of Photoreact ions of meso-Hydrobenzo in 

Dini t rate (A) and Benzyl Ni trate (B) in Ethanol and of m e s o -
CO 

Hydrobenzoin Din i t rate in E t h e r A a t 24.2°C. 



— 127 -

FIGURE 3 3 . L ight Energy Emi t ted by S o u r c e (A) and A b s o r b e d by 
mcso Hydrobenzoin Dinitrate (B) and Solvent Benzene (C) in the P h o t o -
react ion at 2 4 . 2 ° C . 
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FIGURE 3 4 . Steady State ESR Spect ra of I r radiated cis - (A) 

and t r a n s - ( B ) 1,2-Acenaphthenedio l D in i t ra tes and m e s p - ( C ) 

and dl-(D) Hydrobenzoin Dinitrates in Benzene Solut ion at 

Room Temperature 



F I G U R E 3 5 . ESR Signa ls of Irradiated trans-1 2-Accnaphthene 

diol Din i t rate. Obtained Ini t ial ly (A) and After Ten Days in 

the Dark ( B and C ). 
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F I G U R E 36 . ESR Spect rum of N 0 2 (A) in Solid Argon (214) 

and ( B ) Generated from t rans -1 1 2 -Acenaph thened io l Dini t rate 

in E P A at 77°K . 
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FIGURE 37. ESR Spectra of I r rad ia ted t rans -1 ,2 - Ace naphthene-
diol Dini t rate (0.1 M ) (A) and NO ( 0 . 2 M ) ( B ) in Benzene 
So lu t i on . 
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FIGURE 3 8 . ESR Spectrum and Components of Irradiated 

trans-1,2-Accnaphthcncdiol D in i t ra te . 

TABLE XXVI . Observed Components of ESR Spectra of 

I r rad ia ted N i t ra te E s t e r s . 

r , K / 1 u . ,. , Sp l i t t i ng {A ) L i n e Width ( A H ) Component Multiplicity g value 
M c / s gauss < gauss 

— 
A t r ip le t 2.00121 -0,1353 29.41 7.95 

? 4 - 3 3 

B tr iplet 2.00302 S;055fr 12.96 5.16 C singlet 2.00162 — — 8.36 
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FIGURE 39. Rates of Generation of Components of 

ESR Spectrum of Irradiated Nitrate E s t e r . 
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FIGURE 4 0 . ESR Spectrum of Acenaph thene tTT 
Triplet State in E P A . 



t A B L E XXVII. Me l t i ng Points and NMR Spectra of 2 ,4-Din i t rophcnylhydraz.ones. 

Parent 
Compound 

F o r m u l a • 
M.R ( "C ) NMR Spect ra in Tr i f luoroacet ic Ac id 

Parent 
Compound 

F o r m u l a • * 
Reported 

Obtained — s— 
9 8 7 6 5 4 3 2 1 0 

— 
OoN „ 

N-HN<Q)NO2 ~ ;N-R 
H' c b H 

192-193 195-197 a ' b c 
I ! , „ , I I 

Formaldehyde d ^ C = N — R 
i - r 

166 167-168 
d 

II „„ll 
Acetaldchyde 

f 
HgC - C =N — R 

eH 
168 165.0-165.5 f 

II m.l l l l I 

Propion-
aldehyde 

i h CH-RCH0-C = N—R 155 154-155 .9 h i 
ll „ il l lllllll III 

Acetone 
H 3 C N 

j / C = N - R 
H^C 

128 126-127 

I I „ „ I I 
j 

Benzaldehyde 
C 6 H 5 N * * 

^C=N — R 
H 

237 238-239 Insoluble in tr i f luoroacetic acid 

1 2 3 4 5 6 7 8 9 10 

* Reference (196) 
* * Calculated for C ^ H ^ C ^ : C , 54.55 ; H, 3.52; N, 19.57°/o. Found: C , 54.28 ; H, 3.69; N, 19.43 %> . 



TABLE XXVIII. Melt ing Points and NMR Spectra of 

Ni t rophenols . 

COMPOUND 
m.p. ( ° C ) NMR Spectra in Acetone 

COMPOUND 
Obt. Rep. Ref. — s — 

9 8 7 6 
I . 1 1 

*>© XLVIil 
44.5-

45.0 
44 .9 197 

llll <nl,ll III 

• 

In ' 
H0<0>NO2 XLIX 

114.5-

115.5 
114 197 

0 2 N 

HC<̂2>N02 L 116.5 113 (97 

llll 
^ N 

C2N 
LI 

63.5-

64.0 
6 3 -

64 
m 

HC<Q)N02 
0 2 N 

Lll 123 122.5 •97 

q,N 
Llll 

6 0 -

62 
67 

O ^ 

0 2 N 
LIV 

157-

158 

154-

155 ,ll 1, 

0 2 N 
LV 

208 

209 

201 

202 
^ 6 

1 1 



FTGURE 4 2 . Infrared Spectra of Ethy lcarbonatcs of 1,2-Dipheny! -
ethane Der i va t i ves . A : meso-Hydrobenzoin; B : meso-Hydrobcnzo in 
Di-( Ethylcarbonatc) ; C : Benzoin j D: Benzoin Ethylcarbonate. 
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8.42 g t-AD 

Nitrated below 0°C 

12.46g crude yellow 
oi ly product 

Extracted with boil ing 
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9.0 g ye l low 
solid extract 

brown oily residue 

washed with cold McOH 
I 

4.3 g white 
solid residue 

3.7g y e l l o w 
oily ex t rac t 

Chromatograph'd on S i 0 2 

Early , fractions Late fractions 

2.1 g white 2.1 g 
yel low oil 

crystalline prod. 
yel low oil 

(i) Chromat'd on S i 0 2 

(ii) Chromat'd on A^Og 
Chromatid on SiOo 

Pure dinitrate 

I 
Recryst 'd f rom 
petroleum ether 

Early ' tract's Late ' tract's 

yellow oi l orange solid 

Chromat'd on A l 2 0 3 

A 
t -ADDN 

Yield: 4.51g( 36.1 %>) 
Mp : 98.0-100.0°C 
TLC High R f 

Middle 

Recryst 'd from 

tract's 

B Byproduct 
Y ie ld : 0 .80 g 

Mp: oil 
TLC: Middle Rf 

MeOH 

Byproduct 
Yield: 0.15 g 

M p : 210-215°C 
TLC : Low R f 

FIGURE 4 3 . Flow Sheet of Separation of Ni t rat ion P r o d u c t s f rom 
trans-1,2-Acenaphthenediol . ( t - A D ) 



T A B L E X X X . At tempted Syntheses of Aromat ic Nitrate Es te rs from 
Cycl ic and Ethylcarbonates. 

Carbonates Sample 
(mg) 

* 
Solvent 

(ml) 

A g N 0 3 

(mg) 

React ion 
Cond i t i on* * 

M.P. (°C) 

Carbonates Sample 
(mg) 

* 
Solvent 

(ml) 

A g N 0 3 

(mg) 

React ion 
Cond i t i on* * 

Start ing 
Material 

Expecte d 
N i t ra te 

E s t e r 

P roduc t 
Obtained 

Carbonates Sample 
(mg) 

* 
Solvent 

(ml) 

A g N 0 3 

(mg) 
Temp. 

C O 
Time 
(hrs) 

Start ing 
Material 

Expecte d 
N i t ra te 

E s t e r 

P roduc t 
Obtained 

O 
ii 

O O 
H--j £-H 

cis-1i2-Acenaphthenediol 
Carbona te (LVI) 

5.4 5.0 14.4 6 0 20 231 128-130 228 -234 

<J2*> 

\ - 2 - H 

0 © 
Benzoin Ethylcarbonate (LVII) 

43.0 5.0 179 Bp. 3 7 4 - 7 6 7 7 - 7 8 7 6 - 7 8 

H ^ o ^ 5 

o=c t o b cT 
H—6 C - H 

meso-Hydrobenzoin 
- Di (Ethylcarbonate) (LVIII) 

50.7 5.0 142 Bp 3 113.5-115.5 148.5-149.5 116.5-118.5 

* Accton i t r i le 
Procedure accord ing t o Boschan (37) 

file:///-2-H
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FIGURE 4 4 . Reported Power Output and Observed S p e c t r a l 

Distr ibut ion for G .E . -H85-A3 Medium Pressure Mercury -Arc Lamp. 

a 
3 

. 2 6 0 0 2 8 0 0 3 O 0 0 3200 3 4 0 0 3600 3800 4 0 0 0 \(A) 

EIGURE 4 5 . Repor ted Power Output . f o r GE-A-H6 High 
Pressure Mercury-Arc Lamp. 



Symbol R f 

0.8 

F 

E 

0.7-

0.6-

0.4 

0.2-

B 
A •0 

U, n d e r A f te r 
UV Spray Rea. 

C o l o u r 

b r - a 

w - f 

w —f 

bl-f 

w - f 

y - a 

bl 

br 

FIGURE 4 8 . TLC ( M - 5 , S - 1 , R-1) of 

t r a n s - 1 , 2-Acenaphthenediol Dini t rate 

Rhotolysed in Benzene So lu t i on . 
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FIGURE 4 9 . ESR Tube 
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F I G U R E 5 0 . Solid Sta te Infrared Spectra of t rans-1 ,2-Acenaphthencd io l Dini t rate and One of 
Its Photo lys is P roduc t s . ( t - A D D N ; ;— fluorescent photolysis Product ( O ) . 
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FIGURE 51. TLC ( M - 5 . S - 6 ) of trans 1 2 Acenaphthencdiol 

Dinitrate after Photolysis in Benzene So lu t i on . 

I. in Quartz Cell (0.01 M) II. Quartz ESR Tube (0.1 M) 

III. in Corcx Cell (0.01 M) 
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F IGURE 52. UV Spectrum of A c e t a l d e h y d e from the Photolysis 
of me so — Hydrobenzoin Dini t rate in E thano l ' 


