
I n p r e s e n t i n g t h e d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t o f 
t h e r e q u i r e m e n t s f o r an advanced d e g r e e f r o m t h e G e o r g i a I n s t i t u t e o f 
T e c h n o l o g y , I ag ree t h a t t h e L i b r a r y o f t h e I n s t i t u t i o n s h a l l make i t 
a v a i l a b l e f o r i n s p e c t i o n and c i r c u l a t i o n i n a c c o r d a n c e w i t h i t s r e g u ­
l a t i o n s g o v e r n i n g m a t e r i a l s o f t h i s t y p e . I ag ree t h a t p e r m i s s i o n 
t o copy f r o m , o r t o p u b l i s h f r o m , t h i s d i s s e r t a t . o n may be g r a n t e d by 
t h e p r o f e s s o r u n d e r whose d i r e c t i o n i t was w r i t t e n o r , i n h i s a b s e n c e , 
b y t h e Dean o f t h e G r a d u a t e D i v i s i o n when such c o p y i n g o r p u b l i c a t i o n 
i s s o l e l y f o r s c h o l a r l y p u r p o s e s and does n o t i n v o l v e p o t e n t i a l f i ­
n a n c i a l g a i n . I t i s u n d e r s t o o d t h a t any c o p y i n g f rom. , o r p u b l i c a t i o n 
o f , t h i s d i s s e r t a t i o n w h i c h i n v o l v e s p o t e n t i a l g a i n w i l l n o t be a l l o w e d 
w i t h o u t w r i t t e n p e r m i s s i o n . 
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S U I & i A R Y 

The p u r p o s e o f t h i s i n v e s t i g a t i o n was t o i m p r o v e t h e me thod o f 

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

i s t r y o f t h e c i n v e r s i o n of t h i s compound t o b e t a - b r o m o s t y r e n e , i n t h e 

s o l v e n t s a b s o l u t e e t h a n o l , d r y a c e t o n e , and w a t e r . 

The i n i t i a l s t e p o f t h i s wo rk was t h e i r r a d i a t i o n o f t r a n s - c i n n a m i c 

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

l a m p . The r e s u l t i n g m i x t u r e o f c i s - and t r a n s - c i n n a m i c a c i d s was a n a l y s e d 

b y an i n f r a r e d t e c h n i q u e . The c o n v e r s i o n t o c i s - i s o m e r was f o u n d t o be 

5>1 - 2 pe r c e n t i n a 1 0 h o u r p e r i o d o f i r r a d i a t i o n . 

The s e p a r a t i o n o f t n e two i s o m e r s was e f f e c t e d b y f r a c t i o n a l e x ­

t r a c t i o n and c r y s t a l l i z a t i o n f r o m n - h e x a n e . The c r u d e c i s - c i n n a m i c a c i d 

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

An i m p r o v e d me thod of p r e p a r a t i o n o f c i s - c i n n a m i c a c i d d i b r o m i d e 

was d e v i s e d . T h i s c o n s i s t e d o f a d d i t i o n o f b r o m i n e t o c i s - c i n n a m i c a c i d 

i n g l a c i a l a c e t i c w h i c h was abou t one m o l a r i n h y o r o g e n b r o m i d e . The 

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

eo iso iner was e f f e c t e d by e x t r a c t i o n w i t h c a r b o n d i s u l f i d e f o l l o w e d b y r e -

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

was 5>0 p e r c e n t o f p r o d u c t o f m . p . 8 6 . 0 - 9 2 . 3 ' ° w h i c h f r ^ m a m i x e d m e l t i n g 

p o i n t c u r v e was c a l c u l a t e d t o be 9 5 • 5 - 1 . 0 p e r c e n t c i s - c i n n a m i c a c i d 

d i b r o m i d e . 

A l k a l i m e t a l s a l t s of c i s - c i n n a m i c a c i d d i b r o m i d e were c o n v e r t e d 

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

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

t r a n s - c i n n a m i c a c i d d i b r o m i d e p r e s e n t i n t h e s t a r t i n g m a t e r i a l . I1 o r t h e 

r u n i n w a t e r t h e p r o d u c t c o n t a i n e d a b o u t 3 p e r c e n t o f c i s - b e t a - b r o m o s -

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

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

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

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

p o n d i n g t r a n s i t i o n s t a t e f o r c i s - c i n n a m i c a c i d d i b r o m i d e . 
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C H A P T E R I 

D I S C U S S I O N 

P r e p a r a t i o n o f c i s - C i n n a m i c A c i d . — c i s - C i n n a m i c a c i d w a s p r e p a r e d i n 

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

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

s i s o f c i s - c i n n a m i c a c i d w a s f i r s t e f f e c t e d b y S t o e n n e r " ' " w h o I r r a d i a t e d 

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

l i g h t t o g i v e a 2 £ - 3 0 p e r c e n t y i e l d o f c i s - c i n n a m i c a c i d ( m . p . 5 8 ° ) . 

L a t e r , G u y , w o r k i n g o n i n f r a r e d a b s o r p t i o n a n d R a m a n s p e c t r a o f c i s -

a n d t r a n s - c i n n a m i c a c i d s , r e p e a t e d S t o e r m e r 1 s m e t h o d o f p r e p a r a t i o n o f 

c i s - c i n n a m i c a c i d . H a v i n g a a n d n i v a r d - ^ i r r a d i a t e d a d i l u t e s o l u t i o n o f 

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

g a v e n o s t a t e m e n t o f y i e l d . 

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

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

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

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

g i v e n b y t n e a u t h o r . 

T a n a s e s c u ' 

( 1 ) R . S t o e r m e r , B e r . , I f 2 , 1 8 7 5 - 7 1 ( l ° 0 y ) . 

( 2 ) h i . J . G u y , B u l l . S o c . C h i m . ( F r a n c e ) , 7 3 1 - U 2 ( 1 9 U 9 ) . 

( 3 ) E . H a v i n g a a n o . R . J . F . N i v a r d , R e c . T r a v . C . - i , - . m . , o 7 , G U o - 5 ' U 

( 1 9 U 3 ) . 

( i i ) J . T a n a s e s c u , B u l l . S o c . C h i m . , U l , 1 0 7 U ( 1 9 2 7 ) . 
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Vaidya^ has s t u d i e d i n d e t a i l the i s o m e r i z a t i o n of t r a n s - t o 

c i s -c innamic a c i d us i ng a quar tz mercury vapor lamp equipped w i t h 

s u i t a b l e f i l t e r s such t h a t l i g h t of on ly 313 mj*. was employed. He 

found t h a t f o r a 0.003 M aqueous s o l u t i o n the convers ion proceeded t o 

72 per cent c i s a c i d a t photochemical e q u i l i b r i u m . The i s o m e r i z a t i o n 

a t the s t a r t of t he r e a c t i o n was zero order i n t rans -c innamic ac id and 

proceeded w i t h a quantum e f f i c i e n c y of O . b l . From i s o l a t i o n of the 

product f rom f i v e days' i r r a d i a t i o n o f a methano l ic s o l u t i o n of t r a n s -

cinnamic a c i d , Vaidya ob ta ined 2^-30 per cent y i e l d of c i s - c innamic a c i d . 

I n t he present work w i t h a n o n - f i l t e r e d quar tz mercury arc lamp, 

a somewhat d i f f e r e n t s t a t e of photochemical e q u i l i b r i u m was a t t a i n e d . 

A p l o t of the percentage convers ion t o c i s - a c i d aga ins t t he t ime of 

exposure i s g i ven i n F igure 1 , p . lw I t w i l l be seen t h a t the r a t e of 

change i s d i r e c t l y p r o p o r t i o n a l t o the t ime of exposure f o r the f i r s t 

6 hou rs , a f t e r wh ich i t g r a d u a l l y f a l l s o f f u n t i l t he e q u i l i b r i u m va lue 

i s reached. The e q u i l i b r i u m p o i n t a f t e r 10 hours exposure corresponds 

t o £6 per cent c i s - and hh per cent t r ans -c innamic a c i d ; however, these 

ac ids c o n s t i t u t e d on ly about 91 per cent of the t o t a l s t a r t i n g a c i d , 

sweet s m e l l i n g o i l y by -p roduc ts being fo rmed. This f o rma t i on of b y ­

products reduces the e f f e c t i v e convers ion t o fJ l-2 per cent i n 10 hours 

exposure. 

Longer pe r iods of exposure inc rease the ex ten t o f by -p roduc t 

f o rma t i on (13 per cent i n 20 h o u r s ) . Moreover the co lo r of t he product 

deepens w i t h exposure t ime from c o l o r l e s s t o y e l l o w (6 hours) t o l i g h t 

(5) B. K. Va idya , Proc. Roy. S o c , (A) 129, 299 (1930) . 
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brown ( 2 0 h o u r s ) . The nature of the by-products was not determined; 

the sweet odor suggests that in part they cons i s t of e s t e r s . I r radiat ion 

of c r y s t a l l i n e trans-cinnamic ac id i s known to g ive cinnamic acid dimers^ 

( a lpha -Trux i l l i c ac id and l e s s b e t a - T r u x i l l i c a c i d ) . 

A pa r t i a l separation of c i s and trans acids from the mixture of 

products from 6 hours i r rad ia t ion was e f f ec t ed by f r ac t iona l ex t rac t ion 

and c r y s t a l l i z a t i o n from n-hexane. The crude product was i so la t ed in a 

y i e l d of 5 2 - 2 per cent which according t o infrared analysis was 7 6 . 5 

per cent c i s - and 2 0 . 9 per cent trans-cinnamic a c i d . Pur i f ica t ion through 

the ani l ine sa l t gave 2 8 - 2 per cent of 99 per cent pure c i s - cinnamic 

ac id (the y i e l d being based on the amount of t rans- cinnamic u s e d ) . An 

a l te rna t ive procedure in which carbon t e t r ach lo r ide was used for the 

ex t rac t ions of the c i s from the crude c i s - trans mixture in place of 

n-hexane gave s imilar r esu l t s but permitted a more ready ext rac t ion 

of the c i s - from the trans-cinnamic ac id . 

(6) H. Stobbet and F. K, Steinberger , Ber . , 5 5 , 2228 (1922) . 
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M E A S U R E S T H E O E R C E N T B V W E I G H T O F T H E C O R R E S O O ^ D I N R C O M P O U N D . 
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The P repa ra t i on o f c is -Cinnamic Ac id D ib romide .— Liebermann' f i r s t 

r e p o r t e d t h e p repa ra t i on o f c i s - c i nnam ic ac id d ibromide (m.p . 9 1 - 9 3 ° ) 

i n y i e l d o f about 3 0 per cent by b rom ina t i on of c i s -c innamic a c i d i n 

carbon d i s u l f i d e i n absence of l i g h t ; the remainder of t h e product was 

t r ans -c i nnamic a c i d d ib rom ide . I n the present work under s i m i l a r con­

d i t i o n s , the y i e l d of t r ans -c i nnamic a c i d d ibromide was about 5 3 per 

c e n t ; however, a t b e s t , on l y impure c i s - c i nnamic a c i d d ibromide was 

ob ta ined i n a y i e l d not exceeding 2 5 per cent of a p roduct of m.p. 

5 5 - 8 0 ° . 

The k i n e t i c s o f t h e a d d i t i o n o f bromine t o t r ans -c innamic a c i d i n 
o 

a c e t i c a c i d as s o l v e n t have been r e p o r t e d by W i l l i ams . dore r e c e n t l y 

Robertson and co-workers^ have s t u d i e d t h i s r e a c t i o n f o r bo th c i s and 

t r ans -c innamic a c i d s . Hydrogen bromide ca ta l yzed t he a d d i t i o n of b r o ­

mine t o t r ans -c innamic a c i d bu t not f o r the c i s a c i d . Since the r a t e of 

a d d i t i o n o f bromine t o " t rans-c innamic a c i d i n presence of hydrogen b r o ­

mide approached the f a s t e r r a t e o f a d d i t i o n t o c i s - c innamic a c i d , the 

authors i n t e r p r e t e d t h e i r r e s u l t s as i n d i c a t i n g t h a t hydrogen bromide 

isomer ized t r ans -c i nnam ic a c i d t o the c i s isomer . None o f the worke rs , 

however, has r e p o r t e d any i s o l a t i o n of product f rom bromina t ions i n 

a c e t i c a c i d . 

( 7 ) C. Liebermann, B e r . , 2 7 , 2 0 3 9 ( l 8 9 h ) . 

( 8 ) D. M. W i l l i a m s , J . Chem. S o c , 9 7 9 ( 1 9 3 2 ) . 

( 9 ) P. w. Rober tson, Li. T. C l a r e , K. J . mchaught, and G. ':/. P a u l , 
J . Chem. S o c , 3 3 5 ( 1 9 3 7 ) . 
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I n p r e l i m i n a r y e x p e r i m e n t s i n t h e p r e s e n t w o r k , a d d i t i o n o f b r o ­

mine t o c i s - c i n n a m i c a c i d i n a c e t i c a c i d gave b y i s o l a t i o n 17 p e r c e n t 

y i e l d o f t r a n s - c i n n a m i c a c i d d i b r o r n i d e and 2 5 p e r c e n t y i e l d o f c r u d e 

c i s - c i n n a m i c a c i d d i b r o r n i d e ( m . p . 8 U - 9 3 ° ) » I n a s i m i l a r e x p e r i m e n t b u t 

i n a c e t i c a c i d w h i c h w^s one m o l a r i n h y d r o g e n b r o m i d e , 1 2 p e r c e n t 

y i e l d o f t r a n s - c i n n a m i c a c i d d i b r o r n i d e and l i 3 p e r c e n t y i e l d o f c r u d e 

c i s - c i n n a m i c a c i d d i b r o r n i d e ( m . p . 8 5 - 9 3 * 5 ° ) we re i s o l a t e d . A c c o r d i n g l y , 

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

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

a c i d d i b r o r n i d e a v e r a g e d a b o u t 2 0 p e r c e n t , w h i l e t h a t o f c r u d e c i s -

c i n n a m i c a c i d d i b r o r n i d e was 60 p e r c e n t o f p r o d u c t o f m . p . 7 5 - 9 U . 5 0 

o r 5 0 p e r c e n t y i e l d o f p r o d u c t o f m . p . 87 -9U»5°« I n t h e s e e x p e r i m e n t s 

t h e r e m a i n d e r o f t h e p r o d u c t was a d a r k c o l o r e d o i l w h i c h c o u l d n o t be 

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

W i l l i a m s 0 " i n h i s w o r k upon t r a n s - c i n n a m i c a c i d r e p o r t e d t h a t t h e mos t 

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

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

c i n n a m i c a c i d . 

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

a s c e r t a i n e d b y i n f r a r e d a n a l y s i s because t h i s compound has an i n f r a r e d 

s p e c t r u m ( i n C S 2 ) w h i c h i s c l o s e l y s i m i l a r t o t h a t o f t r a n s - c i n n a m i c 

a c i d d i b r o r n i d e . C o n s e q u e n t l y a t h e r m a l me thod o f a n a l y s i s b y use o f a 

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

w i t h i n a b o u t one p e r c e n t a c c u r a c y i n t h e v i c i n i t y o f t h e e u t e c t i c com­

p o s i t i o n . By t h i s method t h e 5 0 p e r c e n t y i e l d o f p r o d u c t o f m . p . 8 7 - 9 U . 5 ' 

( w h i c h upon m i x i n g t o g e t h e r gave m . p . 8 8 . 0 - 9 2 . 5 ° ) i s e s t i m a t e d t o c o n t a i n 

9 5 « 5 - 1 . 0 p e r c e n t o f c i s - c i n n a m i c a c i d d i b r o r n i d e . 
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C o n v e r s i o n o f c i s - C i n n a m i c A c i d D i b r o m i d e t o b e t a - B r o m o s t y r e n e * — R e c e n t 

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

t r a n s - c i n n a m i c a c i d d i b r o m i d e , ( m . p . 2 0 0 ° d e c . ) t o b e t a - b r o m o s t y r e n e 

i n t h e s o l v e n t s w a t e r - ^ - , a b s o l u t e e t h y l a l c o h o l ^ 3 a n d d r y a c e t o n e " ^ . 

I t s e e m e d o f i n t e r e s t , t h e r e f o r e , t o a s c e r t a i n t h e s t e r e o c h e m i s t r y o f 

t h e c o n v e r s i o n o f t h e d i a s t e r e o i s o m e r i c c i s - c i n n a m i c a c i d d i b r o m i d e 

( m . p . 9 3 « 5 - 9 5 « 0 ° ) t o b e t a - b r o m o s t y r e n e u n d e r c o m p a r a b l e c o n d i t i o n s . I n 

a d d i t i o n i t ' w a s d e e m e d d e s i r a b l e t o check t h e c o m p o s i t i o n o f t h e b e t a -

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

o 

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

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

t h a t t h i s r e a c t i o n g a v e a n 8J4. p e r c e n t y i e l d o f b e t a - b r o m o s t y r e n e o f 

m . p . - 1 1 t o - 8 ° a n d u p o n d i s t i l l a t i o n g a v e 6I4. p e r c e n t y i e l d o f p r o d u c t 

o f m . p . -8 t o - 7 ° , w h i c h v a l u e i s i n g o o d a g r e e m e n t w i t h t h e r e c o r d e d 

m e l t i n g p o i n t - ^ o f - 7 ° f o r c i s - b e t a - b r o m o s t y r e n e . I n t h e p r e s e n t w o r k 

t h e r e w a s o b t a i n e d a 9 3 * 5 p e r c e n t y i e l d , o f d i s t i l l e d b e t a - b r o m o s t y r e n e 

• w h i c h b y i n f r a r e d a n a l y s i s c o n t a i n e d 9 9 . 5 - 0 . 5 p e r c e n t o f c i s - b e t a -

b r o m o s t y r e n e . 

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

a l k a l i m e t a l s a l t s o f c i s - c i n n a m i c a c i d d i b r o m i d e t o b e t a - b r o m o s t y r e n e 

a r e g i v e n i n T a b l e 1 . S i n c e i t w a s n o t p r a c t i c a b l e a c c o r d i n g t o p r e s e n t 

( 1 0 ) S , J . C r i s t o l a n d w . P . M o r r i s , J . A m . C h e m . S o c . , 7 5 , 261+5 
( 1 9 5 3 ) . ~~ 

( 1 1 ) E . G r o v e n s t e i n , J r . a n d D . L e e , J . A m . C h e m . S o c . , 7 5 , 2 6 3 9 

( 1 9 5 3 ) . ~~ 

( 1 2 ) C . D u f r a i s e , A n n . C h i m . ( P a r i s ) , ( 9 ) 1 7 , 1 9 9 ( 1 9 2 2 ) . 
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t e c h n i q u e s t o p r e p a r e l a r g e a m o u n t s o f t h e n e c e s s a r y d i b r o r n i d e e n t i r e l y 

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

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

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

r e a c t i o n c o n d i t i o n s ; t h e a v a i l a b l e d a t a a r e s h o w n i n T a b l e 2 . I n t h e 

f o u r t h c o l u m n o f T a b l e 1 , t h e a m o u n t o f c i s - b e t a - b r o m o s t y r e n e i n t h e 

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

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

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

p o r t i o n o f i s o m e r s o f b e t a - b r o m o s t y r e n e f r o m t r a n s - c i n n a m i c a c i d d i b r o r n i d e 

i s a s s h o w n i n T a b l e 2 . I f t h e m a x i m u m y i e l d o f b e t a - b r o m o s t y r e n e i n 

e a c n s o l v e n t a s s h o w n i n T a b l e 1 i s u s e d i n t h e p r e v i o u s c a l c u l a t i o n 

a l o n g w i t h t h e y i e l d s o f b e t a - b r o m o s t y r e n e s h o y m i n T a b l e 2 ( t h e s e 

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

0 . 5 p e r c e n t f r o m t h o s e r e c o r d e d i n t h e f o u r t h c o l u m n o f T a b l e 1 . 

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

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

s h o w n i n t h e s i x t h c o l u m n o f T a b l e 1 . T h i s c o l u m n , t h e r e f o r e , r e p r e s e n t s 

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

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

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

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

b e t a - b r o m o s t y r e n e ; t h a t i s , t h e d e c a r b o x y l a t i v e e l i m i n a t i o n i s h e r e , 

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

e t h a n o l . 



T A B L E 1 . O L E F I N S F R O M T H E A L K A L I M E T A L S A L T S O F C I S - C I N N A M I C A C I D D I B R O M I D E 

R U N S O L V E N T Y I E L D O F B E T A - C O M P O S I T I O N O F C A L C U L A T E D A M O U N T O F C O M P O S I T I O N O F B E T A -
B R O M O S T Y R E N E C I N N A M I C A C I D D I B R O M I D E C I J S - B E T A - B R O M O S T Y R E N E B R O M O S T Y R E N E 

% % C I S - D I B R O M I D E D U E T O T R A N S - D I B R C M I D E F O U N D C A L C U L A T E D D U E T O 
% % C I S C I S D I B R O M I D E 

% C I S 

I A C E T O N E 85.0 95.5 - 1 . 0 h.S -f 1 . 0 I I . 7 0 

I I A C E T O N E 7 2 . 8 95.5 - 1 . 0 U . 5 ± 1 . 0 I I .7 0 

I A B S . E T H A N O L 6 1 * . 7 95.5 - 1 . 0 3 . 9 i 0 . 9 2 . 8 0 

I I A B S . E T H A N O L 5U.5 95.5 - 1 . 0 3 . 9 i 0 . 9 3.7 0 

I W A T E R (JaOh) 35.6 95.5 ^ 1 . 0 0.99- 0 . 2 0 . 1 0 

I I W A T E R (i\ia01-l) 3U.5 95.5 1 1 . 0 0 . 9 9 1 0 . 2 0.05 0 

I I I l ; V A T E R ( I ^ A H C O ^ 8U.0 90.9 - 1 . 0 2 . 0 0 i 
0 . 2 I I . 9 2 . 9 



10 

T a b l e 2. O l e f i n s f r o m t h e Sodium S a l t o f t r a n s - C i n n a m i c A c i d D i b r o r n i d e 

S o l v e n t y i e l d o f b e t a - C o m p o s i t i o n o f K e f 
b r o m o s t y r e n e b e t a - b r o m o s t y r e n e 

c i s t r a n s 

A b s . e t h a n o l 58a 86.5 13.5 11 

h a t e r o0.5 22 78 11 

Ace tone 93.5 99.5 0.5 P r e s e n t 
o r k 

a From t h e d a t a o f C r i s t o l and N o r r i s ( R e f . 10) f o r use o f sod ium ; 
t a t e as b a s e . 



1 1 

R U N I A N D I I I N W A T E R G A V E O N L Y T R A N S - B E T A - B R O R O O S T Y R E N E F R O M 

C I S - C I N N A M I C A C I D D I B R O M I D E ; H O W E V E R , I N T H E S E R U N S A L A R G E E X C E S S O F 

S O D I U M H Y D R O X I D E W A S E M P L O Y E D A N D T H I S A L K A L I M I G H T B E E X P E C T E D T O D E S T R O Y 

1 3 

P R E F E R E N T I A L L Y A N Y C I S - B E T A - B R O M O S T Y R E N E F O R M E D . C R I S T O L J H A S R E P O R T E D 

T H A T T H E C I S - I S O M E R U N D E R G O E S E L I M I N A T I O N O F R B R W I T H S O D I U M H Y D R O X I D E 

I N I S O P R O P Y L A L C O H O L 2.5x10^ T I M E S F A S T E R T H A N T H E T R A N S - I S O M E R . 

A C C O R D I N G L Y R U N I I I W A S M A D E U S I N G S O D I U M B I C A R B O N A T E A S B A S E . F R O M 

T H I S R U N A B O U T 3 P E R C E N T O F C I S - B E T A - B R O M O S T Y R E N E R E S U L T E D F R O M T H E 

S A L T O F C I S - C I N N A M I C A C I D D I B R O M I D E I N W A T E R . 

C O M P A R I S O N O F T H E P R E S E N T W O R K U P O N C I S - C I N N A M I C A C I D D I B R O M I D E 

W I T H P R E V I O U S W O R K U P O N T R A N S - C I N N A M I C A C I D D I B R O M I D E ( S E E T A B L E 2) 

S H O W S T H A T W H I L E B O T H D I A S T E R E O I S O M E R S U N D E R G O D E C A R B O X Y L A T I V E E L I M I N A T I O N 

I N A S T E R E O S P E C I F I C T R A N S M A N N E R I N D R Y A C E T O N E , T H E C I S D I B R O M I D E R E A C T S 

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

D I B R O M I D E . T H E A P P A R E N T E X P L A N A T I O N I S T H A T F O R T H E C O N C E R T E D S T E R E O -

S P E C I F I C T R A N S M E C H A N I S M O F E L I M I N A T I O N , " ^ ' " ^ C I S - C I N N A M I C A C I D D I B R O M I D E 

H A S A M O R E F A V O R A B L E T R A N S I T I O N S T A T E F O R E L I M I N A T I O N T H A N I T S D I A S T E R E O -

I S O M E R B E C A U S E O F L E S S S T E R I C H I N D R A N C E I N I T S T R A N S I T I O N S T A T E ( T H E A L P H A -

B R O M I N E A N D B E T A - P H E N Y L G R O U P S A R E F U R T H E R A P A R T ) . S E E F I G U R E 2 I N 

W H I C H O N E E N A N T I O M O R P H O N L Y I S S H O W N F O R E A C H D I A S T E R E O I S O M E R . T H E 

P R E D I C T I O N C O U L D B E M A D E T H A T C I S - C I N N A M I C A C I D D I B R O M I D E U N D E R G O E S 

D E C A R B O X Y L A T I V E E L I M I N A T I O N I N A C E T O N E , E T H A N O L , A N D P R O B A B L Y W A T E R 

F A S T E R T H A N D O E S I T S D I A S T E R E O I S O M E R . 

(13) S . J . C R I S T O L , L E C T U R E A T T H E F O U R T H C O N F E R E N C E O N R E A C T I O N 
M E C H A N I S M S , B R Y N dawr C O L L E G E , S E P T . 10, 1952. 
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trans-Cinnamic Acid 
Dibrornide 

cis-Cinnamic Acid 
Dibrornide 

Figure 2 . The Stereospecific trans Decarboxylative Elimination of 
cis- and trans-Cinnamic Acid Dibromides to beta-Bromostyrenes. 
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CHAPTER II 

EXPERIMENTAL DETAILS3 

Materials Used and Methods of Purification 

Benzene: Commercial grade was washed three times with concentrated 

HgSO^ and three times with water and distilled, b.p. 7 9 - 5 -

8 0 . 5 ° (atm.press). 

trans-Cinnamic acid: Eastman Kodak Co., was recrystallized from ben­

zene to give white crystals of m.p. 1 3 2 . 5 - 1 3 U . 0 0 . A 

crystallization from CCl^ gave similar results. 

n-Hexane: Commercial grade, from Matheson Co., Inc. 

Cyclohexane: Commercial grade, from Matheson Co., Inc. 

n-Pentane: Pure grade, 9 9 mol. per cent minimum, from Phillips 

Petroleum Co. 

n-Pentane: Commercial grade, from Phillips Petroleum Co. The term 

n-pentane in this thesis refers to this commercial grade 

unless the designation "pure" n-pentane is given. 

Aniline: Reagent grade, Merck Co., Inc., was distilled from zinc dust, 

b.p. 1 8 1 . 5 - 1 8 2 . 5 ° (atm.press.). 

Bromine: Baker's "Analyzed Reagent", J. T. Baker Chemical Co. 

Acetic Acid: Glacial commercial grade was refluxed over and distilled 

from chromium tri-oxide, b.p. 1 1 7 - 1 1 8 ° (atm. press.). 

a All melting points are uncorrected and were determined upon 
samples in capillary tubes with a 3 6 0 ° melting point thermometer in a 
stirred silicone oil bath. 
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Diethyl Ether: Commercial anhydrous diethyl etrer W ' S washed with 

(lU) L. F. Fieser, "Experiments in Organic Chemistry", 2 N D . ed., 
D. C. Heath and Co., Inc., New York, 1 9 U L « P« 3 5 9 . 

acidic ( L - L ^ S O ^ ) solution of ferrous sulfate, dried over an­

hydrous magnesium sulfate, then distilled, b.p. 3k° (atm. 

press.). 

Hydrogen Bromide: Anhydrous grade from Matheson Co., Inc. 

Carbon Disulfide: Commercial grade. For infrared analysis the carbon 

d.isulfide was distilled., b.p. 1|6° (atm. press.). 

Absolute Ethanol: Commercial absolute etnanol was purified by the method 

described by Fieser-^ and stored in a brown screw-cap bottle 

whose cap was lined with tinfoil. 

Acetone: Commercial grade was dried over anhydrous MgSO^. 

trans-Cinnamic Acid Dibrornide: Half of the amount used came from D. 

E. Lee's^ preparation and the rest from the bromination of cis-

cinnamic acid. It was recrystallized from chloroform to give 

white crystals of m.p. 1 9 6 - 1 9 7 ° (dec). 

Sodium Bicarbonate: Arm and Hammer, Church & Co. 

Potassium Acetate: Reagent grade, Derek and Co., Inc. was dried for one 

hour in vacuum oven at 7 0 ° . 

Sodium Hydroxide: Commercial grade was dissolved in small amount of water, 

filtered to remove sodium carbonate, and then diluted with dis­

tilled water. 
U 

Isooctane: Practical grade, 9 9 . 5 + per cent pure, from Eastman Kodak Co., 

was washed two times with concentrated B^SO^ and three times 

with water, distilled b.p. 9 8 . 0 - 9 8 . 5 ° (atm. press.) and stored 

over sodium wire. 



1 5 

Methanol: Commercial grade from Merck Co., Inc. 

Apparatus for Irradiations 

The apparatus used for the irradiations vras made by the Hanovia 

Chemical and Mfg. Co. of Newark, N. J. It consisted of a high pres­

sure quartz mercury arc lamp (type LL) which had an arc length of 

3 0 cm. and a diameter of 2 cm. The lamp operated on about 1 0 0 0 watts 

and was run at such a temperature that the current "was between 3 * 8 to 

il.2 anperes. Proper cooling was demanded to keep the current in the 

desired range. This was accomplished in part by having the lamp in an 

air-conditioned room (for summer operation) with a stream of air blowing 

over the quartz arc. Additional cooling and protection of the sample 

being irradiated was effected by running 'water through the inner cell 

compartment. A drawing of the quartz cell is shown in Figure 3 « The 

solution of sample was placed in the outer cell compartment which held 

3 2 5 ml. cf solution. The characteristics of the mercury arc and the 

light obtained therefrom are given in Table 3 , the data being supplied 

by the manufacturer. 



F i g u r e > c h e o i a i , i c D . i a f T ' r n o f i , n a r t 7 C e l l v.i.t/> M o r c u r y L q m p . 
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Table 3 . Radiation Data7'" and Characteristics of Lamp T y p e LL. 

C h a r a c t e r i s t i c s : 

B u r n e r t u b e r a n g e 9 0 0 - 1 2 0 0 w a t t s 

R a d i a t i o n d a t a a p p l i e s t o 1 0 5 0 w a t t s 

T e m p e r a t u r e : q u a r t z t u b e 3 8 0 ° C 

T o t a l r a d i a t i o n ( a l l w a v e l e n g t h s ) 7 9 0 w a t t s 

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

V a l u e s g i v e n o n a p e r c e n t 

b a s i s w i t h t o t a l r a d i a t i o n 

e q u a l t o 1 0 0 p e r c e n t . T o 

f i n d e n e r g y a t a n y w a v e 

l e n g t h , t a k e p e r c e n t o f 

t o t a l r a d i a t i o n a b o v e . 

I n f r a r e d ( b a n d s a n d c o n t i n u u m ) 5 3 • 9 

V i s i b l e r e d - o 2 3 U A 0 . 1 ; 

y e l l o w - 5 7 0 0 A 0 . 7 

g r e e n - 5 1 | 6 0 A 1 ; . 8 

b l u e - 1 1 9 6 0 i R 3 5 8 A 1 L . 1 I 

T o t a l v i s i b l e I 0 . 3 

u l t r a v i o l e t I4.OL/5 < i 3 9 0 5 A 3 - 6 3 

3 o 0 0 A 7 . 8 0 

3 3 U 1 A 0 . 8 2 

3 1 3 0 A 5 . 3 8 

3 0 2 5 A 2 . 9 2 

2 9 6 7 A 1 . 1 6 

2 9 2 5 , 2 8 9 3 & 2 8 0 3 A 1 . 1 0 

2 7 5 2 & 2 7 0 0 A . 6 5 

2 6 ^ 2 A 1 . 8 5 

2 5 7 1 ^ . 6 5 

2 5 3 7 A I . 8 0 

2 1 | 8 2 , 2 U 0 0 , 2 3 6 0 , 2 3 0 0 A 1 . 7 5 

1 9 1 2 , 1 8 1 | 9 A . 1 8 

T o t a l u l t r a v i o l e t 2 9 . 8 0 

A c c u r a c y o f d a t a : I n f r a r e d - 1 p e r c e n t ; v i s i b l e - 5 p e r c e n t ; 

u l t r a v i o l e t : s t r o n g b a n d s - 8 p e r c e n t ; w e a k 

b a n d s - 1 5 p e r c e n t . D a t a w a s e v e n e d t o t o t a l 

t o 1 0 0 p e r c e n t . 

The data were supplied by the Research Laboratory o f Ranovia Chemical 
and i . i f p . Co. o f Newark, N. J . 
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Purification of trans-Cinnamic Acid 

Eastman Kodak white-label grade trans-cinnamic acid I4GO g. 

( 2 , 7 moles) was refluxed for one hour with four liters of pure dry 

benzene and then was cooled in an ice-water bath for two hours. A 

yield of 362 g. (2.1+5 moles or 9 0 . 5 per cent yield) of well-formed white 

crystals m.p. 1 3 2 . 5 - 1 3 U . 0 0 were recovered after filtration. 

Preliminary Irradiation Experiments 

Experiment 1 . — Purified trans-cinnamic acid, 5 0 g. ( 0 . 3 3 8 mole), m.p. 

1 3 2 . 5 - 1 3 ^ . 0 ° , in 3 0 0 ml. of ethanol was irradiated for 1 0 hours. Evapo­

ration of the solvent was carried out in an evaporating dish on a water 

bath with the aid of an inverted funnel, connected to a water-aspirator, 

over the dish. This experiment was repeated for 5 U . 5 g. ( O . 3 6 8 mole) of 

cinnamic acid in 3 2 5 ml. ethanol for 2 0 hours. See Figure 1 for the 

product analysis. 

Experiment 2 . — Irradiation of purified trans-cinnamic -cid, 7 2 . 5 g« (O.I4.8O 

mole), m.p. 13U.5-13i-i .«0°, in 3 2 5 ml. methanol was conducted for 2 0 hours. 

Similar experiments were repeated for 10-hour, 6-hour, and 3-hour periods 

of irradiation. Evaporation of methanol was performed as mentioned be­

fore, irom the infrared analysis of the resulting crude products, the 

per cent of the cis-isomer in the irradiated mixture was plotted against 

the irradiation time (see Figure 1 , p. k)• 

An irradiation period -of six hours, yielded a 1x9 per cent trans­

formation while an irradiation period of ten hours yielded a transformation 
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of 5-1.5 per cent and that for 20 hours 51.7 per cent (these yields being 

based upon the amount of starting acid). As a result of these data and 

in order to economize on time, an irradiation period of six hours in sol­

vent methanol was chosen for preparative purposes. 

Preparation of cis-Cinnamic Acid. 

cis-Cinnamic acid was made by irradiation of a methanolic solution 

of trans-cinnamic acid with ultraviolet light. From the irradiated mix­

ture of cis- and trans-c innamic acids, the separation of cis-isomer was 

effected by several extractions of the mixture with n-hexane (or cyclohexam 

and then preparation of the aniline salt of the crude cis-cinnamic acid. 

Elimination of the cis- acid from its aniline salt was brought about by 

extraction of the ethereal solution of the salt with hydrochloric acid 

solution. The detailed procedure is given below. 

General Procedure for Preparation of cis-Cinnamic Acid 

1. Irradiation 

Recrystallized trans-cinnamic acid was completely dissolved in 

350 ml. of methanol and 5 ml* of this solution titrated with 13•9 ml. of 

0,ii.92 'A sodium hydroxide to a phenolphthalein endpoint. A 325 ml. por­

tion (calculated from the titration to contain 6o g. trans-cinnamic acid) 

was irradiated for six hours in the above described ultraviolet light 

apparatus. Then the methanol was evaporated from a dish on a water bath 

with an inverted funnel connected to a water-aspirator over the evaporating 

dish. 

2. Isolation 

The isolation of cis-cinnamic acid from the irradiated mixtures 
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was effected by selective extraction of the cis-isomer with n-hexane 

and by fractional crystallization of the resulting hexane solution. 

Procedure: After evaporation of methanol from the irradiated mixture 

of acids, a h,85 g. (3«28 moles) portion was extracted with three one-

liter portions of n-hexane (at roan temperature). The solvent was 

recovered by distillation and the last 1 0 0 ml. of it was evaporated 

over a water bath; I4.8 g. (O .32I4. mole) of yellow colored crystals with 

a melting point of 5 3 - 6 5 ° was obtained. 

The unextracted crystals were refluxed for two hours with 1 . 5 

liters of n-hexane and the portion of the crystals ( 2 2 [ i g. of m.p. 7 5 - 1 2 0 ° ) 

which remained undissolved v/as separated by decantation. The solution 

upon cooling to room temperature deposited 1 1 0 g. of crystals of m.p. 

6 5 - 9 5 ° • From complete evaporation of the mother liquors, 1 0 0 g. of yellow 

crystals of m.p. [ | 8 - 5 5 ° were obtained. 

The 2 2 [ | g. of crystals which remained unextracted in the previous 

procedure was again refluxed with n-hexane (l liter) for two hours. There 

were obtained l!±5 g« of crystals (m.p. 1 1 0 - 1 3 0 ° ) which were undissolved 

in the hot hexane, 1+3 g» of crystals (m.p. 8 0 - 1 0 5 ° ) which crystallized 

at room temperature from the hexane, and 2 9 g. (m.p. i i 8 - 5 0 ° ) which were 

recovered by evaporation of the solvent. 

The crystals which "//ere obtained by crystallization of the above 

two hot n-hexane extracts at room temperature were combined to give 1 5 3 g« 

( I 1 0 + I i 3 g«) of crystals of m.p. 6 5 - 1 0 5 ° . These crystals were refluxed 

for one hour with one liter of n-hexane to give 9 g», m.p. 1 1 0 - 1 2 5 ° , of 

undissolved crystals, 9 1 g* of crystals of m. p. 7 8 - 1 1 0 ° obtained from 

cooling the hexane solution to r om temperature, and k3 g» of crystals 
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of m.p. L , 8 - 6 0 ° recovered by evaporation of the solvent. The 9 1 g« batch 

of crystals so obtained r:as extracted with 8 0 0 ml. of boiling n-hexane 

to give 2k g. of undissolved crystals of m.p. 1 1 0 - 1 2 0 ° , I 4 . 6 . 5 g. of crystals 

of m.p. 8 2 - 1 1 0 ° obtained by cooling the solvent to room temperature, and 

1 8 g. of crystals, m.p. 5 > 0 - 6 0 ° , frcm evaporation of the solvent. 

The lj.6.5 g. batch of crystals so obtained was finally extracted 

with 5 0 0 ml. of boiling n-hexane to give 7 g. of undissolved crystals of 

m.p. 1 1 5 - 1 2 5 ° , 2 8 g. of crystals (m.p. 9 0 - 1 2 0 ° ) deposited upon cooling 

to room temperature, and 1 1 . 5 g « of crystals (m.p. 5 0 - 6 5 ° ) from evaporation 

of the solvent. The 2 8 g . portion of crystals was combined with crude 

crystals frcm another irradiation. 

As final results from the Jj.85 g. of starting material there were 

collected the following products which are shown together with their 

infrared analyses where determined: 

( 1 ) 2 1 9 . 5 g . of m.p. U S - 6 8 ° , ( 7 6 . 5 per cent cis- and 
( 2 0 . 9 per cent trans-cinnamic acid 

( 2 ) 2 8 . 0 g . of m.p. 9 0 - 1 2 0 ° 

( 3 ) 1 8 5 . 0 g. of m.p. 1 1 0 - 1 3 0 ° , ( 1 U . 7 per cent cis- and 
( 8 5 . 2 per cent trans-cinnamic acid. 

The infrared analysis of a batch of crystals of m.p. 7 0 - 9 0 ° gave 

5 5 . 1 per cent cis- and kk»k per cent trans-cinnamic acid. 

3 . Purification 

The purification of isolated cis-cinnamic acid was successfully 
1 c 1 

accomplished by the formation of its aniline salt ̂ 3 followed by 

( 1 5 ) The formation of the aniline salt of trans-cinnamic acid 
fails under the sane conditions. 
C. Liebermann, Ber., 2 3 , 2 5 l 5 ( 1 8 9 0 ) . 

(Io) F. Eisenlohr and \>. Mass, Z. Physik Chem., (A) 1 7 3 » 2 5 2 ( 1 9 3 5 ) . 
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decomposition of the salt with hydrochloric acid. 

Procedure: In a l+-liter round-bottom flask a portion of 1 2 5 g . (0 . 8 U 5 

mole) from the above 21+9 » 5 g» of crude cis-cinnamic acid (m.p. 1+8-68°) 

was dissolved in 60o ml. pure benzene and 1 0 0 g. (1 . 0 7 5 miles), of 

freshly distilled aniline was auded. The flask was shaken for a period 

of 1 0 minutes; a yellow-colored cotton-like salt was formed. After fil­

tration, the salt was washed with one liter of n-pentane; 82 g. of white 

salt was obtained with a melting point of 8 2 . 5 - 8 1 + . 0 ° . The w. ite aniline 

salt was dissolved in 5 0 0 ml. ether, U 0 ml. of concentrated hydrochloric 

acid with 120 ml. water was added, and the mixture was shaken in a large 

separatory funnel. The ether layer was separated and washed with two 

100 ml. portions of 5 P e r cent hydrochloric acid and two times with 

1 0 0 ml. portions of water. The combined aqueous layers were washed 

with 1 0 0 ml. of ether; the ether layer was combined with the first ether 

extract. The ether solution was dried over anhydrous MgSO^ overnight. 

After filtration, the ether solution was evaporated on a water bath to 

give 61 g. (0 .1+12 mole; of crystals of m.p. 60-6i+°» The same proce­

dure applied to a second batch of 130 g. (0.88 mole) of crude cis-

cinnamic acid (m.p. l+6-b8°) gave 7 5 g« of crystals of m.p. 5 8 - 0 2 ° . 

Infrared analysis of a mixture of these crystals (m.p. 58-ol+°) gave 

9 9 per cent cis- and 1 per cent trans-cinnamic acid. 

Purification of Samples of cis- and trans-Cinnamic Acids 

for Infrared Analysis 

A portion (18 g . ) of cis-cinnamic acid crystals (m.p. 60-6l+°) 

purified by the above aniline salt procedure was dissolved in 1 5 0 ml. 

diethyl ether in a 5 0 0 ml. separatory funnel. The ether solution was 
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washed with three 60 ml. portions of 3 N HC1 solution and then with 

two 5 0 ml. portions of water. CaSO^ was used to dry the ether layer. 

After filtration, the ether was evaporated on a water bath at 5 0 ° . 

Pale brown-colored crystals were obtained. 

These crystals were dissolved in $0 ml. boiling n-hexane, an 

oil remaining undissolved in the solvent; therefore, 1 0 0 ml. more of 

boiling n-hexane were added, but the oil did not dissolve. This solu­

tion was then refluxed for half an hour with one teaspoonful of char­

coal, filtered hot through a heated sintered-glass funnel, and the 

charcoal washed with 3 0 ml. of hot n-hexane. The combined hexane 

solutions were transferred to an Erlenmeyer flask and cooled in an 

icebox for 20 minutes. Light yellow crystals were farmed and were 

collected by filtration. 

In a further attempt at purification these crystals were dis­

solved in I4.0 ml. of ethanol and 5 5 ml. of distilled water and refluxed 

with one spoonful of charcoal. Filtration and washing of the charcoal 

was carried nut in a heated sintered-glass funnel. After the solution 

was cooled in the ice-box, it was filtered to recover crystals. These 

crystals were covered with a yellow oil which passed through the funnel 

upon pressing the crystals with a spatula. These crystals were recry-

stalized once more from 1 5 0 ml. boiline n-hexane to yield 5«5< g. very 

white crystals of cis-cinnamic acid (m.p. 6?-o8°). 

Once recrystallized trans-cinnamic acid (10 g. of m.p. 1 3 2 . 5 -

1314.00) wao recrystallized two more timas from 100 ml. of boiling pure 

benzene.. Five grams of very white crystals of trans-cinnamic acid, 

m.p. 1 3 2 - 1 3 3 ° , were recovered. 
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Infrared Analysis of cis- and trans-Cinnamic Acids 

The infrared spectrophotometer used in the present vrork .vas the 

Perkin-Elmer, Model 2 1 , Recording Infrared Spectrophotometer, a double 

beam instrument with rock salt prisms. The cells used were 3 mm. cells 

with NaCl windovre. For qualitative and quantitative analysis the machine 

wras zeroed and set at 1 0 0 per cent transmission with, both cells filled 

with solvent. 

Spectrum in Carbon Disulfide.— The recrystallized and dried (in vacuum 

oven at 5 0 ° for one hour) trans-cinnamic acid ( I . 3 8 9 U g. m.p, 1 3 2 - 1 3 3 ° ) 

was dissolved in 1 0 0 ml. of distilled carbon disulfide in a 1 0 0 ml. vol­

umetric flask; likewise 0 . 6 9 1 + 7 g. of purified and dried (in vacuum oven 

at 3 5 ° Tor an hour) cis-cinnamic acid (m.p. 67-o8°) was dissolved in 

5 0 ml. of distilled carbon disulfide in a 5 0 ml. volumetric flask. The 

concentration of both solutions was accordingly the same. 

Since the solutions proved too concentrated for the 3 MIL, cell, 

8 ml. of each solution was diluted to 1 0 0 ml. with carbon disulfide. 

The corresponding spectra are given in Figure !+• 

Qu a ntit at ive Analys i s.— On the basis of the above spectra of cis- and 

trans-cinnamic acid, carbon disulfide was selected as solvent and the 

absorption maxima at 1 0 . 1 2 9 and 1 1 + . 1 2 5 microns were selected for the 

trans isomer and the maxima at 12.080 and llwl+35 microns for the cis 

isomer. The optical densities of solutions of cis- and trans-cinnamic 

acid at various known concentrations were determined at the above wave 

lengths, the optical densities being read directly from the recording 

paper. 
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Figure h» Infrared Spectra: cis-cinnamic acid 
trans-cinnamic acid carbon disulfide 
Uoncentration of the solutions v/as 0.111 r./l. in carbo/i 
disulfide vrith 3 mrn. rock salt cell. 
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From the data of optical densities. D, the apparent extinction 

coefficient, E, was calculated according to the equation: 

E = D/C 

where C = concentration of solutions in g./l. 

The data for the extinction coefficients and optical densities 

are given in Table h» From this table, it is seen that the extinction 

coefficients are satisfactorily constant over the range of concentrations 

studied. Average values of E were used in tne analysis of the unknown 

samples. 

If D is the total optical density and if E, and E represent the 
T> c 

extinction coefficients of trans- and cis-cinnamic acids respectively, 

then at wave lengths X and *\ the following relationships hold: 
D = ^ Ct) * ( Cc) ( V a t w a v e l e n g t h 

D' = (Ct) (E't; * (Cc) (E«c) at wavelength X 

From these two equations the unknown concentrations and 

C c may be calculated as follows: 
C t = (E'e) (D)-(£c) (D') (a) 

(Et) (E-C)-(EC) (E.t) 

and 

C c = (Et) (D')-(E't) (D) (b) 
(Et) (E'c)-(Ec) (E« t)" 

The wave leng ths \ and-Amust be those at which the cis and 

trans isomers have different extinction coefficients (at least at one 

of the wave lengths); accordingly they were chosen at a maximum for the 

cis acid and at a maximum for the trans acid. Two pairs of wave lengths 

were used in the present work, namely, 1 0 . 1 2 9 and 1 2 . ) 8 0 microns for one 
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pair and l U . 1 2 5 and microns for the other pair. Data calculated 

with these pairs are given in Table 5 « 

Known synthetic mixtures were somewhat more accurately analyzed 

at the two lower wave lengths and accordingly, t.ois pair of wave lengths 

only was used for other analyses reported in this thesis. The infrared 

technique used here for analysis probably was accurate within three or 

four per cent. 
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Table 1+. Infrared Data of cis- and trans-Cinnamic Acid Solutions for 

Various Concentrations at the Four Selected Maxima, in 3 ram. 

Cell. 

stave Lengths Concentration cis- Isomer trans- Isomer 
(in microns) in g./l. D E D E 

5.53oO 0.198 0 . 0 3 5 8 

2.6612 0 . 0 9 5 0 . 0 3 5 7 

10.129 1.6608 0 . 0 5 9 0 . 0 3 5 5 0 . 5 7 2 0.3kh 
1.1072 O . 3 8 O 0 . 3 U 3 
0.6o£ 3 0.222 0.336 

5.5360 0 . 1 8 5 0.03314 
2.6012 0 . 5 7 1 0 . 2 1 5 7 0 . 0 9 0 0.0338 

12.080 1.6608 0 . 3 1 7 0.2089 0 . 0 5 5 0.0331 
1.1072 O . 2 3 6 0 . 2 1 3 1 

0 . 6 6 5 3 0 . 1 3 2 (0.198) 

5.5360 0 . 2 3 7 ( 0 . o b / 3 8 ) 

2.6612 O.lOli 0.0391 0.861 O . 3 2 3 

H + . 1 2 5 1.6608 0.061+ 0 . 0 3 8 5 0 . 5 3 0 0.319 
1.1072 0.01+0 O . O 3 6 I 0 . 3 5 0 0.316 
O.6o53 0 . 0 2 5 0 . 0 3 7 5 0.191+ (0.292) 

5.5360 0.790 0 . 1 U 3 

2.6612 0.861+ 0 . 3 2 5 O . 3 8 I + O.ll+U 
H i . L . 3 5 1.6608 0 . 5 5 2 0 . 3 3 2 0 . 2 3 1 0.11+1 

1.1072 0 . 3 8 U 0 . 3 U 7 O . I 6 3 0.11+7 
0.6653 0 . 2 1 3 0 . 3 2 0 0 . 0 8 5 (0.128) 
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Table 5* Per Cent Yield of cis- and trans-Cinnamic Acids Obtained 

from Irradiation Experiments in Ethanol and Methanol for 

Various Times of Exposure. 

Time Solvent Per Cent3 

(in hours) cis trans Average 
cis 

3 Methanol 2 ? . o 
3 3 . 0 

o9.y 
oo. 2 3 0 . 3 

0 
I I 15.8 

5 2 . 6 
1x3.5 
U 5 . 1 h9.3 

1 0 n 5 1 . 1 
5 2 . 0 

1x0.9 
39.3 5 1 . 5 

1 0 it 5 2 . 0 
1x5.2 

39.9 
1x2.6 1x8.0 

2 0 5 0 . 2 
5 3 . 1 

1x1.3 
3 5 . 2 5 1 . 7 

1 0 Ethanol 1x8.8 
5 8 . 0 

1x2.0 
1x0. o 5 3 . lx 

1 0 I I 1x9.o 
5 0 . 7 

U 0 . 9 
l i l i . l 5 0 . 1 

2 0 ii 1x7 .0 

58.7 
38.8 
3 7 . 2 53 

2 0 ti U8.U 
5 l . o 

3 7 . 8 kh.l 5 o 

a For each time shown two sets of analyses are given, the first refers 
to analysis at 1 0 . 1 2 9 and 1 2 . 0 8 0 microns, and tne second to analysis 
at l i t . 1 2 5 and l l i . 1x35 microns. 
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Preparation of cis-Cinnamic Acid Dibrornide 

Preliminary Eromination Experiments. 

Experiment 1. Bromination in Carbon Disulfide as solvent! — rurified 

cis-cinnamic acid, 8 g. (0.05U moles), m.p. 00-08°, was dissolved in 

o[| g. (51.2 ml.) of freshly distilled carbon disulfide. Pure bromine, 

23,5" g. (O.lbJ moles), was dissolv d in 50 g. (L|0 ml.) of carbon disul­

fide. The solution of cis-cinnamic acid in carbon disulfide was added 

to the bromine solution dropwise through a dropping funnel into a "th>ree-

neck flask. The second neck of the three-neck flask "-~s connected to a 

condenser and the third to a mechanical stirrer. The reaction was carried 

out in the dark for an hour and lf5 minutes. The mixture was transferred 

to a thick-walled bottle. Crystals had formed. The bottle, wrapped in 

a towel, was shaken on a snaking machine for three hours then was left 

over night. It was again shaken for one hour the next morning. In order 

to remove the carbon disulfide and the bromine vap or ŝ-? nitrogen pas was 

bubbled lor four hours through tne bottle whicn was connected with an 

aspirator. The residue was extracted with 150 ml. of carbon disulfide 

and filtered; 10 g. (0.0325 moles) of crystals m.p. 195° (dec), was col­

lected. A reddisn oil was obtained from the filtrate. It was dissolved 

in 5>0 ml. of benzene and 300 ml. of n-hexane was added. A powder, 2 g. 

(0.00o5> moles), of m.p. 120-125° was collected after t e filtration. On 

evaporation of the n-hexane 2.5 g. (0.0091 moles) of powder, m.p. o2-o5°, 

was collected. 

(17) J. ..islicenus, Ann., 27 2, 17 (lu92). 
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These crystals upon fusion witn sodium gave a positive test for bromine. ' 

A second identical run gave about the same amount of trans-c inn am i c 

acid dibromide, 11 g. or ob per cent yield of product (m.p. 185-191°), 

and. I4 g. or 2i| per cent of product, m.p. 55-80°. 

Experiment 2. Bromination in Glacial Acetic Acid. — cis-Cinnamic acid, 

10 g. (0.0675 moles), m.p. 6 0 - 0 8 ° , was dissolved in 30 ml. acetic acid 

and a solution of bromine (15 g.,0.09U mole.) in 30 ml. of acetic acid 

was prepared. The bromine solution was added In three portions to the 

first solution within a fifteen minute period. The temperature during 

the addition of bromine rose spontaneously to a maximum of 5l°. The 

reaction was stirred for 30 minutes and was then left over night. This 

reaction was carried out in the dark. Acetic acid and bromine vapors 

were evaporated with the help of an aspirator connected to a filtration 

flask heated by a water bath. The remaining brown oil was extracted with 

50 ml. carbon disulfide; 2 g. (0.0065 moles) of a product with a m.p. 

of 192-195° (dec.) remained undissolved in carbon disulfide. T..e evap­

oration of the carbon disulfide w-s carried out in the same manner as the 

evaporation of the acetic acid. The residue remaining after the evapora­

tion of the carbon disulfide was extracted again with h.O ml. more of 

carbon disulfide; 1 g. of material m.p. 190-195° (dec), remained undis­

solved. After evaporation of solvent and a tnird extraction •..ith carbon 

disulfide, 0.5 g« m.p. 190-195° remained undissolved. After complete 

evaporation of carbon disulfide, an oil remained which was extracted 

with 50 ml. of hot n-hexane. Some undissolved oil was isolated by 

(18) R . L. Shriner and R . C. Fuson, "The Systematic Identifica­
tion of Organic Compounds, "J. niley and Sons Inc., hew York, ( I 9 I 1 6 ) 
3rd ed., p. 52. 
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mechanical separation from the solvent. This oil was re-extracted with 

5 0 ml. hot n-hexane and t e solvent was aL.ain separated from the undis­

solved oil. The two 5>0 ml. portions 0 1 ' n-hexane were combined and cooled 

in an ice bath. Upon rubbing the walls of the vessel with a glass rod, 

white gummy mass precipitated. An attempt was made to collect this mass 

by suction filtration. In the filtration flask 1 g . , m.p. 9 0 . 0 - 9 2 . 5 ° } of 

white crystals wrere formed. The gummy mass had a strong acetic acid, like 

odor and was left over night in the desk in an evaporating dish for 

complete evaporation of acetic acid. The next morning it was dry, and 

was extracted with IfO ml. n-hexane. The solution was cooled slowly; 

h g. of crystals, m.p. 8 U - 8 7 0 , was collected. After complete evaporation 

of the n-hexane, 6.L g., of crystals, m.p. 7 0 - 8 1 + , was obtained, from 

the re-extraction of the lx g., m.p, 8 1 + - 3 7 ° . with 3 0 ml. of hot n-hexane, 

3 . 2 g. of white crystals, m.p. 8 8 - 9 3 ° * was isolated. 

Experiment 3 » Bromination in Glacial Acetic Acid in the Presence of H D T . — 

cis-Cinnamic acid, 1 0 g. ( 0 . 0 6 7 5 moles), m.p. 6 6 - 6 8 ° , was dissolved in 2 5 

ml. of acetic acid. In another 2 5 ml. portion of acetic acid, I4 g. ( 0 . 0 1 + 9 5 

moles) of HBr gas was bubbled through and 1 8 g. ( 0 . 1 1 2 moles) of bromine 

was added. The same procedure was followed as in Experiment 2 in acetic 

acid. 

B-esults from this experiment: 

3 . 5 g. ( 1 7 % ) , m.p. 1 9 0 - 5 ° dec. 

plus an oil. 
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Results of Experiment 3 : 

2.5 g. (12;,), m.p. 191-3° (dec.) 

5.5 g. (21%), m.p. 91.0-93.5° 

3.5 g. ( IOJL), m.p. 85-90°. 

General Method of Bromination of cis-Cinnamic Acid. 

Procedure. — cjls--Cinnamic acid, 100 g. (0.675 moles), m.p. 66-68°, was 

dissolved in 250 ml. of purified acetic acid. In another 300 ml. portion 

of acetic acid 36 g. (0.UU5 moles) of KBr and 190 g. (1.19 moles) of 

bromine were dissolved. The second solution was added in three portions 

to the first solution wit?'in a period of 10 minutes. The maximum tempera­

ture of the reacting mixture was found to be 75°• The reaction was con­

tinued for 8 hourr in a red-colored flask made of low-actinic glassware. 

After this 8 hour period the contents of the flask v/ere added to a 5-liter 

separatory funnel containing 3 liters of ice water with an excess of ice. 

It was extracted with three i|00 ml. portions of diethyl ether. The ether 

layer was then washed with 600 ml. of a solution of NaHSd^a in order to 

destroy the excess bromine. Trie eti er layer was next washed two times 

with water and then stored overnight over anhydrous magnesium sulfate. 

The ether layer, after filtration, w-'s evaporated and the remaining 

residue was extracted three times with carbon disulfide. The carbon 

disulfide was removed by evaporation and the residue was extracted with 

n-hexane. 

(a) Anhydrous i V^SO^ (80 g.) was dissolved in 600 ml. water. To 
this, 55.5 ml. (1 mole) of 36 N hUSO^ were slowly added. A strong odor 
of S0 9 developed. 
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The crystallization of the crude dibrornide obtained from the evap­

oration of carbon disulfide was effected by a selective extraction of the 

cis isomer from t:,e oily by-product with boiling n-hexane. The residue 

of tne evaporation of carbon disulfide was extracted with two portions 

of 600 ml. boiling n-hexane. An oil remained undissolved in the solvent 

which was separated by decantation. The solution upon cooling in an 

icebox deposited white crystals. It was later found that slow evapora­

tion of the solvent at r-'-om temperature was a better process for crystal­

lization. Filtration of t!ie f'-rmed crystals and concentration of the 

solvent, followed by cooling in an icebox, gave more crystals. 

The results of this experiment are as follows: 

lil g. (0.133 mole), 1 9 . 7 %, m.p. 1 9 3 - 1 9 5 ° 

3k g. (0.11 mole), 16.35% m.p. 9 3 - 5 - 9 U . 5 0 

3 g. ( 0 . 0 0 9 7 5 mole), l . l i 3 ^ m.p. 9 0 - 9 l i ° 

66 g. ( 0 . 2 1 1 ; mole), 3 1 . 7 %, m.o. 8 7 - 9 3 ° 

2 0 g. ( 0 . 0 6 5 mole), 9.62;,, m.p. 75-91° 

Total 1 2 3 g. 5 9 . 3 of crystals of m.p. 7 5 . 0 - 9 U . 5 0 * 

Completeness of Bromination at the end of 6 hours. — The theoretical 

excess of bromine in the above reaction w s 32 g. Tne volume of the sol­

ution was 6 5 0 ml. Crystals of potassium iodate, I . ! i 3 g«. (three times 

the theoretical amount) were dissolved in 3 0 nil. of distilled water. 

Two milliliters of solution was removed from the bromination reaction 

with a pipette and was added to the potassium iodate solution. The 

resulting solution was titrated with 2 9 . o ml. of 0 . 1 1 5 N sodium thiosulfate 

in presence of starch as indicator. This titration shows th-t the reaction 

was 9k per cent complete at the end of 6.0 hours. 



35 

From the intergrated form of the second order reaction lav/: 
k = 2«303 a (b -xO 

(b-a)t l o e b (a-x) 

the percent of bromination at the end of 8 hours was calculated to be 

97.2 per cent. 

The per cent of trans-cinnamic acid dibromide recovered in five 

similar runs was 20-1 per cent and that of the crude cis-cinnamic acid 

dibromide was o0-2 per cent. 

Analysis of cis-Cinnamic Acid Dibromide 

Infrared Spectra. — Selected whiter and higher melting crystals of t.ie 

cis-cinnamic acid dibromide sample was dissolved in carbon disulfide 

and recrystalized by slow evaporation of carbon disulfide. Very pure 

hexagonal crystals, m.p. 93»5-9Uo°> were obtained. The trans-cinnamic 

acid dibromide sample was recrystallized from boiling chloroform. The 

crystals, m.p. 198.5-200.0° (dec), were white in color. The infrared 

spectra of the above samples in very dilute solutions of carbon disul­

fide were determined (Figure 5 ) » The t ;o spectra were very similar; 

therefore it was decided to analyze t..e samples in another way. 

Mixed Melting Point Curve. — Several mixtures (ca. 0 . 1 5 grams) of pure 

cis- and trans-c innam i c acid dibromide were weighed in small bottles and 

were then melted for 10 minutes in the oven at 100°. They were allowed 

to recrystallize at room temperature. Melting points for different mix­

tures are shown in Table 6. From these data, melting points were plotted 

against the per cent of cis-cinnamic acid dibromide (Figure 6). The two 

dibromides form a eutectic of m.p. near 90° containing about 92 per cent 

cis-cinnamic acid dibromides. 
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Figure 5» Infrared spectra: cis-cinnamic acid dibrornide 
and trans-cinnamic and dibrornide .t concentration of 1 . 5 5 2 
g./l. in carbon disulfide with 3 m.ii. rocr. salt cell. 
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Table 6. Melting Points3 of cis- trans-Cinnamic Acid Dibromide Mixtures 

Per cent cis-Isomer Melting Points 
Initial - Final 

100.00 93.5-95.0° 

98.60 91.5-9ii.5° 

9 7 . 5 0 91.0-9li.O° 

9 5 . 5 6 89.0-92.5° 

9k.hP 89.0-92.5° 

9 3 . 3 5 88.0-91.5° 

91.68 88.0-92.0° 

87 - 5 0 89.0-103.0° 

75.00 89.0-162.0° 

5 0 . 0 0 90.5-176.0° 

0.00 196.0-198.0° 

aThe melting points are uncorrected and were determined with a 
3 6 0 ° immersion thermometer which read 0 . 5 ° lower than a Bureau of Stan­
dards thermometer at 20°C. The melting points were run in capillary tubes 
in a stirred silicone oil bath at a r-te of 1 to 2°/min. for samples which 
melted at 108° or lower and at higher rates of heating (up to 5°/min. for 
pure trans-cinnamic acii dibromide) for the higher melting samples since 
these melted with decomposition. 

in Various Proportions 
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1 0 0 9 0 6 0 7 5 ' 

P e r c e n t c i s - c i n n a m i c a e i i d i b r o r n i d e 

F i g u r e 6, M i x e d m e l t i n g p o i n t c u r v e n p o n S y n t h e t i c m i x t u r e s o f c i s -

a n d t r a n s - C i n n a m i c Acid D i b r a m i d e s . 
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Purity of cis-Cinnamic Acid Dibromide Used for the Transformations to 

beta-Bromostyrene. — The 5U0 g. of cis-cinnamic acid dibromiae, from 

individual batches of m.p. 8 7 . 0 - 9 U . 5 0 > w a s completely granulated to form 

a homogeneous mixture. This sample was dried in a vacuum oven for one 

and one-half hours at a temperature of 55° • The melting point of this 

mixture was checked as mentioned before at 8 8 . 0 - 9 2 . 5 ° . This melting 

point could represent either 95*5 per cent of cis-cinnamic acid dibromide 

or 91.7 per cent cis-iscmer. In order to ascert-i in which side of the 

eutectic the unknown sample lies a mixture of 1.0 part of pure cis and 

10.0 parts of the unknown sample was made and the lelting point with the 

same procedure was found to be 88 -93° . 

In 1 g. of prepared (l to 10 parts) mixture: 

the cis isomer is 0.955 + 0 . 1 = 1.055 g. 

the trans isomer is = 0.0lf5 g. 

Total 1.1 g. 

and the cis isomer in the mixture is 1.055 ^ „ ,< 
I T T ^ * 1 0 0 " 9 b / 0 t 

From the plotted curve the melting point of 9b per cent cis-is rnier 

is 92 .8° for complete melting. By similar calculations a sample prepared 

from 10 parts of 91.7 Pr-r cent cis with 1 part of pure cis wovld contain 

92.3 per cent cis-isomer w'uild be the eutectic point ( 9 0 . 5 ° ) > and so the 

prepared cis-cinnamic dibromide seems to be 95*5 - 1 per cent pure cis. 

Conversion of cis-Cinnamic Acid Dibromide to beta-Bromostyrene 

bjsta-bromostyrene from cis-Cinnamic Acid Dibromide in Acetone. — In a 

2 liter, 3 necked flask equipped with a stirrer, a dropping funnel, and 

a reflux condenser was placed 90 g. (0 .292 mole) of cis-cinnamic acid 
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dibrornide (m.p. 9 0 . 0 - 9 2 . 5 ° and ranelted gave 8 8 . 0 - 9 2 . 5 ° ) 80 g. (0.9^5 

mole) of sodium bicarbonate, and. 1000 ml. of acetone (dried over anhydrous 

magnesium sulfate). The mixture was stirred and heated at reflux for 8 

hours. The acetone was then removed under reduced pressure using a water 

pump. 'The residue c ntaining about 3 0 ml. of acetone was added to a 

large separatory funnel containing 2 . 5 liters of water. Tne resulting 

oil was extracted with three 200-ml• portions of "pure11 n-pentane. The 

pentane extracts were washed t^ree times with 2 0 0-ml• portions of 0 . 5 d 

sodium thiosulfate, and finally with one 5 0 o - m l . portion of water. The 

pentane layer after drying overnight over an ydrous calcium chloride was 

distilled through an eight inch column packed wit1 glass helices. Finally 

the remaining nil was distilled in vacuo through a Claisen flask with an 

indented side am. Care was taken not to heat the flask above 80° while 

the beta-bromostyrene remained undistilled. There was obtained L 5 » 5 g« 

( 6 5 . 0 per cent) pale yellow beta-bromostyrene, b.p. 5 U - 5 8 0 ( 1 . 3 mm.) 

n-jĵ ^ 1.O070. In a second run under the same conditions the yield of beta-

bromostyrene was 72.8 per cent, U-Q - 1.6070. 

During all steps of the reaction the solution containing beta-

bromostyrene was kept in darkness. 

beta-Dromostyrene from cis-Cinnamic Acid jjibromide in Dthanol. — In 

1000 ml. of absolute et;anol, 90 ^ ( 0 . 2 9 2 mole) of cis-cinnamic acid 

dibrornide (m.p. 90.o— 9 2.5° and remelted gave m.p. 0 6 . 0 - 9 2 . 5 ° ) were dis­

solved; II4.O g. (l.i.i.2 moles) of dry potassium acetate (dried in vacuum 

oven for one hour at a temperature of 7 0 ° ) was added. T^e mixture was 

stirred and refluxed for 3 hours. The ethanol was distilled at atmospheric 



pressure; the time required for the distillation v r n s one and one-half 

hours. The lavb U O ml. of ethanol and the pale yellow oil were transferred 

to a large separabory funnel containing 2 . 5 ' liters of water. Tre resulting 

oil was extracted with three 2 5 u - m l • portions of "pure" n-penbane. The 

pentane extracts were washed two times witl 2>^-ml. p art iong of 0 . 5 -

sodium thiosulfate, and finally with three UOO-rnl. portions of water. 

The pentane after drying over night over anhydrous calcium chloride was 

distilled through tne short, helices-packed column. Finally the re- .aining 

oil was distilled in vacuo through a Claisen flask oitr indented side-am. 

Care was taken not to heat tne flask above 8 0 ° while the teta-bromostyrene 

remained undistilled. There was obtained. 3 U » o 3 g. ( 6 ) 4 . 7 3 per cent) of 

bcta-bromostyrene b.p. 5 3 - 6 8 ° ( . 1 . 7 mm.), n_y ̂  I . 0 O 6 6 . In a second run 

under the same conditions the yield of beta-bromostyrene was 5 1 j . 5 per 

cent, 1 . 6 0 5 7 . 

beta-Bromostyrene from. cis-Cinnamic Acid Dibromide in ...ater. — cis-

Cinnamic acid dibromide, 90 g. (0.299 mole), m.p. 9 0 . 0 - 9 2 . 5 ° and romelted 

gave m.p. 8 3 . 0 - 9 2 . 5 ° j was treated, as described above except trot water and 

sodium hydroxide were used in place of etoanol and potassium acetate. In 

all 1 0 0 0 ml. ( 1 . 2 3 3 moles) of 1 . 2 3 3 If sodium hydroxide were used. The 

addition of sodium hydro:-:ide was made slo.;ly uring the heating of the 

solution, one ana one-half hours were reouired to bring tie solution uo 

to ?8 - 2° and tne solution was maintained at this tenpe- ature f ->r 3'D 

minutes. Upon cooling, the solution was extracted directly with "pure" 

n-pentane and. worked up ̂  previously described for toe reactions in 

ethanol and acetone. After the vacuo distillation there was obtained 

1 9 . O 3 • > ( 3 5 . 0 per cent) of bet~-br-mostyrene, b.p. U 3 - 5 0 ( 0 . 3 mm.), 
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riy., l.oO / l . I n the second run under t he same procedure the y i e l d of 
2 l" 

beta-bromostyrene was 3h.b per c e n t , n ^ ' ^ I .0O72. 

From the de te rm ina t i on of one r e f r a c t i v e i nd i ces and infrared 

spectrum of toe products f rom to e r e a c t i o n i n w - t o r i t was f'-una that 

tr.e b et a-br om o s t y r ene wao pure trans-isoner. The loss of t he c i s - i somer 

i s probab ly t o be a t t r i b u t e d t o a c o i t i o n of excess a l k a l i . Th is a d d i t i o n 

of t r ie excess a l k a l i was done as f o l l o w s : At t he s t a r t of the r e a c t i o n 

I 4 O O m l . of t h e above sodium hydrox ide s o l u t i o n was aaded. T!-'e cha rac te r ­

istic p ink c o l o r o f the phenolphthale in immediate ly d isappeared. The 

a d d i t i o n of a l k a l i v/as con t inued u n t i l 1000 m l , i n a l l had been 3 d d e d ; 

t he solution v/as still c o l o r l e s s a t t h i s t i m e . Upon he - t i ng the s o l u t i o n 

at 7b - 2J for 30 minutes the p ink color r e t u r n e d . Pheno lph tha le in seems 

to be an u n r e l i a b l e i n d i c a t o r under the r e a c t i o n c o n d i t i o n s . 

For a t h i r d r u n in water 95 g . (O.306 mole) of c i s - c innamic ac id 

dibrornide (m.p. 8 6 - 9 6 ° ) a was suspended i n IrGO m l . d i s t i l l e d , wa te r . 

Sodium b i c a r b o n a t e , 8I4. g . (l.O m o l e ) , was d i s s o l v e d in 600 ml. d i s t i ] l e d 

water and aaded in a peri00 of t h i r t y minutes t o t he slowly heated and 

s t i r r e d suspension of d ibrorn ide. The r e a c t i o n w-s heated t o 75> - 2° i n 

1.15 hours ana kept at t h i s temoer~ture f o r 20 m inu tes . The e x t r a c t i o n 

with pure n-pentane and the vacuo d i s t i l l a t i o n ( b . p . l i b .5 -57 .5 at 0 . 3 -

0.8 mm.) were performed as descr ibed on page 111. A y i e l d of 8h per cent 

a Tois cinnamic a c i d dibrornide i s of d i f f e r e n t p u r i t y f r m t h a t 
used i n the otner r u n s , k sample of 0.1i2 g . of t h i s dibr jmic-e of m.p. 
8o-9o° upon f u s i o n with O.OI4O g . of poire c i s -c innamic ac id dibrornide gave 
a m e l t i n g p o i n t of 88.0-93»5°« Accord ing to the mixed-melting p o i n t 
curve of F igu re 6 , page 38 , the impure c i s dibrornide should con ta in 90.9 
per cent c i s - c innamic a c i d d ibramide and upon dilution w i t h the pure c i s 
dibrornide should c o n t a i n 91»7 per cent c i s and be comole te ly mol ten at 
9 2 . 5 ° . 



h3 

(L j.6 .5 g.) of beta-bromostyrene v; s obtained. The refractive index of 

this product was n-=, I . o 0 o 7 . 
J J 

beta-BrQUOstyrene from trans-Cinnamic Acid Dibromide in Acetonel- — T 0 

two liters of dry acetone (dried over anhyorous magnesium sulfate) was 

added 1 0 0 g. ( 0 . 3 2 5 mole) of trans-cinnamic acid, dibromide m.p. 1 9 o ° 

(dec.) and 9 0 g. ( 1 . 0 7 moles) of sodium bicarbonate. The mixture was 

stirred and refluxed for 8 hours. The acetone was distilled under re­

duced pressure. The remaining oil containing about 5 0 ml. of acetone 

was added to 3 h 0 0 ml. of water. The solution was extracted wit* three 

2 0 0-ml. portions of "pure" n-pentane. The pentane extracts were washed 

with two 2 5 0 - m l . portions of 0 . 5 M sodium thiosulfate, and finally with 

one 5>00-ml. portion of water. The pentane layer, after drying overnight 

with anhydrous calcium chloride, was distilled through the short, helices-

packed column. From the vacuum distillation 5 5 . 0 1 g. ( 9 3 . 5 per cent) 
25 

of beta-bromostyrene, b.p. 5 3 - 5 6 ° ( 1 . 5 mm.;, n T )
 9 1 . 5 9 0 0 - 1 . 5 9 8 2 , was col­

lected. During all steps of the reaction to e solution containino- cis-

beta-bromostyrene was kept in darkness. 

Infrared Analysis for cis-trans-Isomer5 of beta-Bromostyrene 

Pure trans-beta-bromostyrene was prep ired by crystallization of 

a sample of beta-bromostyrene prepared from cis-cinnamic acid dibromide 

In acetone. The crystallization was made in the apparatus shown In 

Figure 7 « Nitrogen gas was supplied at such pressure as t~ prevent the 

passage of the solution through the fritted glass while crystallization 

was taking place. Connection to a water aspirator by turning t ;e tnree-

way stopcock permitted filtration to be effected. 
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In this apparatus 8 ml. of trans-beta-bromoswyrene was dissolved 

in 25 ml. pure methanol. For 10 minutes the tube 7»as cooled at -30° - 2° 

whereupon a white powder formed. The solvent was removed by application 

of the vacuum of a water aspirator and the powder w s recrys tallized 

from 15 ml. of methanol. The crystallization was repeated for another 

8 ml. of trans-bet•?-bromostyrene• The two recrystallized samples were 

combined to give 10-12 ml. of product. Using the vacuum of an oil pump, 

the trans-beta-bromostyrene was dried for 3 hours at 0° to give a product 

of n D
2^ l.o07h,. 

The same general procedure for the crystallization of trans-beta-

bromostyrene was applied to tne ci s-beta-bromostyrene prepared from trans-

cinnamic acid dibrornide in acetone. The crystallization was initiated 

at 70° and continued at -U5° Tor 30 min. using for solvent "pure" n-pentane 

One recrystallization only was made. The crystals were dried at 0° with 
25 

an oil pump for 3 hours n^ ̂  1.5982. 

The results of the refractive indices for the cis- and "trans-isobers 

seem to be higher than those, 1.5980 and 1.6071 respectively, reported"'"'" 

In the literature, tor this reason the refractive index of redistilled 

water avas checked. The result was n T j^ 1.3309 but the reported value"'"'7' 

is n-j-,̂  1.3306. If this connection of -0.0003 I s applied to our valued 

for trie beta-brcmostyrenes, the resulting indices are in agreement with 

the reoorted values. 
(19) F. ... hasburn, International Critical Tables, .:.icGr-w-HIll Co., 

Inc., new York (1930), Vol."VII. p. 52" 
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The infrared spectra were determined with the same spectrophotometer 

described in the cis-trans-cinnamic acid analysis and with 0.1-mm. rock 

salt cells and solutions which contained O . I 4 O O g. of beta-bromostyrene 

per 2.00 ml. of pure isooctane. These spectra agreed vrith those wnich 

are reported. For quantitative analysis O . I 4 O O g. samples of beta-

bromostyrene were dissolved in 0.00 ml. of pure isooctane. Empirical 

calibration curves were prepared (Figure 7) based upon synthetic mixtures 

(Table 7) of the above pure cis- and trans-beta-bromostyrene. Plots of 

optical density versus percentage composition were almost linear for the 

two cis- bands and were linear up to an optical density of 0.0 for the 

two trans bands. The absorption maxima at IO . 0 J 4 6 and 13.0 8 8 microns for 

trans-beta-bromostyrene, and at 12.008 and 13.012 microns for the cis-

isomer were used in the analysis. The optical densities at these wave 

lengths for all of the samples of beta-bromostyrenes prepared by the 

decarboxylative elimination reactions in the different solvents are re­

ported in Table 8. and the corresponding per cent compositions in Table 9* 

The average deviation of the individual values from the average value of 

the four values was 0.8 per cent or less, the maximum deviation of any of 

the individual values was 1.5 per cent. 



F i g u r e 7 . A p p a r a t u s used f o r R e c r y s t a l l i z a t i o n 
o f b e t a - B r o m o s t y r e n e s . 
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Table 7* Optical Densities for Various Compositions of cis- and trans-

beta-3romostyrenes at Four oave Lengths (O.I4I1 g. Samples/b.00 

ml. of Isooctane) in 0.1 mm. Cells 

Per cent of <ave lengths in microns 
cis-Isomer lO.oiio 12.068 13.012 13.b88 

100.00 0.003 0.208 0.Sli3 0.026 

7U.90 0.201 0 . 1 ^ 1 0.L18 0.227 

5 0 . 1 + 0 0.375 0 . 1 1 1 + 5 0.296 0 . 1 + 1 5 

25.32 0 . 5 5 U 0 . 0 0 8 0.165 0.590 

1 7 . 25 0.o02 0.050 0.123 0.652 

7.80 0.661 0.030 0.070 0.709 

0.00 0.702 O.Olo 0.029 0.71+0 
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Table 8. Optical Densities for the Prepared beta-Bromostyrenes at Four 

Run Solvent Used for ./ave lengt/i in microns 
Ko. Preparation 10.61-8 12.0o8 13.012 13.688 

I Acetone 0 . 6 7 7 0 . 0 2 5 0 . 0 5 5 0 . 7 2 6 

II Acetone 0.676 0 . 0 2 ] ) . 0 . 0 5 U 0 . 7 3 0 

I Absolute Ethanol 0 . 0 9 2 0 . 0 2 1 0 . 0 h k 0 . 7 3 3 

II Absolute Ethanol 0.679 0 . 0 2 2 0 . 0 1,6 0 . 7 3 5 

I Tvater 0 . 7 0 2 0 . 0 1 7 0 . 0 3 0 0 . 7 5 2 

II hater 0 . 7 0 3 0 . 0 1 7 0 . 0 3 2 0 . 7 5 3 

III hater11 0 . 6 7 8 0.02L 0.0l>8 0 . 7 2 2 

AcetoneA O.Olu 0 . 2 0 7 0 . 5 5 1 0 . 0 2 7 

From trans-cinnamic acid dibromide. 

Third run With sodium bicarbonate. 

¥ave Lengths 
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Table 9. P̂ r Cent of cis-beta-Bromostyrene in the bata-Bromostyrenes from 

the Sodium or Potassium Salts of cis- and trans-Cinnamic Acid 

Dibrornides 

Run 
no. 

Solvent Used for 
Preparation I O . G I I S 

have len 
1 2 . 0 6 8 

gths in 
^ 1 3 . 0 1 2 

microns 
1 3 . 0 8 8 Average 

I Abs. Ethanol 2 . 5 2 . 3 2 . 7 3 . 0 2 . 7 5 

I I Abs. Ethanol U . 5 3 . 5 3 . 2 3 . 5 3 . 7 0 

I Acetone 5 . 0 U . 5 U . 5 I 1 . 8 k.70 
I I Acetone 5 . 0 5 . o i i . 5 L i . 2 i i . 7 0 

I "Water 0 . 0 o . i 5 0 . 0 0 . 2 5 0 . 1 0 

I I •..ater 0 . 0 0 . 0 0 . 0 0 . 2 0 0 . 0 5 

I I I hater 5 . 5 5 . o 3 - 3 5 . 5 U . 8 3 

Acetone- "̂ 9 9 . 0 1 0 0 . 0 9 9 . 0 1 0 0 . 0 9 9 . 5 0 

From the trans-cinnamic acid dibrornide re-etion. 
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