
In p r e s e n t i n g t h i s 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 of the 

r e q u i r e m e n t s for an a d v a n c e d 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 of 

T e c h n o l o g y , I a g r e e t h a t t h e l i b r a r y of t h e I n s t i t u t e shall m a k e it 

a v a i l a b l e for i n s p e c t i o n a n d c i r c u l a t i o n , in a c c o r d a n c e w i t h its 

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 of t h i s t y p e . I a g r e e t h a t p e r m i s s i o n 

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

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

by t h e D e a n of the G r a d u a t e D i v i s i o n w h e n s u c h c o p y i n g or p u b l i s h i n g 

is s o l e l y for s c h o l a r l y p u r p o s e s a n d d o e s 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 s . It is u n d e r s t o o d t h a t any c o p y i n g f r o m , or 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 f i n a n c 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 M M A R Y 

P a r t I 

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

o n t h e E 2 r e a c t i v i t y of a n o t h e r h a l o g e n h a s b e e n o b t a i n e d f r o m p r o d u c t 

s t u d i e s a n d k i n e t i c s t u d i e s . T h e s e s u b s t i t u e n t s h a v e b e e n s h o w n to 

i n c r e a s e t h e E 2 r e a c t i v i t y w h e n e i t h e r b r o m i n e or c h l o r i n e is in t h e 

b e t a - p o s i t i o n in e i t h e r o p e n c h a i n or c y c l i c d i h a l i d e s . U p to t h i s 

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

s u b s t i t u e n t s . E a r l i e r w o r k e r s c o n c l u d e d t h a t all b e t a - h a l o g e n s i n c r e a s e 

E 2 r e a c t i v i t y a n d t h a t t h i s a f f e c t is p r i m a r i l y due to the i n d u c t i v e 

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

It is p o s s i b l e to m a k e a d i r e c t c o m p a r i s o n of t h e r e l a t i v e e x t e n t s to 

w h i c h b e t a - h a l o g e n s u b s t i t u e n t s e f f e c t E 2 r e a c t i v i t y by i n v e s t i g a t i n g 

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

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

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

a t t a c k at a r a t e c o m p a r a b l e to t h a t of b e t a - h y d r o g e n r e m o v a l . 

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

m a y f o l l o w e i t h e r of two p o s s i b l e p a t h s , s u b s t i t u t i o n , S ^ 2 , or e l i m i n a 

t i o n , E 2 . 

* X C H 2 C H 2 0 H 
X - C H 2 C H 2 - B r + O H E 2 * X - C H = C H 2 



I X 

BY USING HYDROXIDE IONS I T I S P O S S I B L E TO DETERMINE THE EXTENT TO WHICH 

THE REACTION HAS FOLLOWED EACH OF THE TWO PATHS.. T H I S I S BECAUSE THE 

S U B S T I T U T I O N PRODUCT, AN ETHYLENE HALOHYDRIN, I S MUCH MORE REACTIVE 

TOWARD HYDROXIDE THAN THE STARTING HALIDE BUT THE ELIMINATION PRODUCT, 

A VINYL HALIDE, I S MUCH L E S S R E A C T I V E . 

THE DATA OBTAINED IN THE PRESENT S T U D I E S ARE SUMMARIZED IN 

TABLE 1. THE B E T A - S U B S T I T U E N T HALOGENS ARE SEEN TO AFFECT THE E 2 

R E A C T I V I T Y OF THE COMPOUNDS IN THE ORDER 

BR > CI » F 

WITH BOTH BROMINE AND CHLORINE BEING MUCH MORE E F F E C T I V E THAN FLUORINE* 

T H I S I S THE OPPOSITE OF WHAT WOULD B E EXPECTED B Y CONSIDERING THE 

INDUCTIVE EFFECT ONLY. 

THE DATA SEEM E X P L I C A B L E ON THE B A S I S OF TWO FACTORS, A C I D I T Y 

OF THE BETA-HYDROGEN AND S T A B I L I T Y OF THE OLEFIN BEING FORMED. 

THE A B I L I T Y OF HALOGENS TO INCREASE THE A C I D I T Y OF THE B E T A -

HYDROGEN IN THE ORDER 

BR > CI > > F 

MAY B E EXPLAINED BY A CONSIDERATION OF THE FOLLOWING FACTORS: 

( L ) D-ORBITAL RESONANCE. S T A B I L I Z A T I O N OF THE CARBANION I S 

P O S S I B L E BY RESONANCE STRUCTURES OF THE TYPE 

e 

I X - C - C - B R < — > X = C - C - B R 

e ' 
HAVING 10 ELECTRONS IN THE OUTER SHELL of THE HALOGEN ATOM* THE HIGH 

ENERGY NECESSARY to EXPAND THE OCTET of FLUORINE MAY EXPLAIN WHY FLUORINE 

I S THE POOREST of THE THREE HALOGENS STUDIED AT F A C I L I T A T I N G REMOVAL of 



the b e t a - h y d r o g e n by b a s e e v e n t h o u g h it h a s t h e g r e a t e s t e l e c t r o n e g a t i v i t y . 

D i v a l e n t s u l f u r is r e p o r t e d by o t h e r w o r k e r s to be b e t t e r t h a n d i v a l e n t 

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

(2) P o l a r i z a b i l i t y . W i t h r e s p e c t to p o l a r i z a b i l i t y , t h e o r d e r 

of the h a l o g e n s is 

B r > C 1 > > F 

w i t h f l u o r i n e b e i n g m u c h l e s s p o l a r i z a b l e t h a n e i t h e r of the o t h e r two 

h a l o g e n s . 

B o t h of t h e s e e f f e c t s , (l) a n d ( 2 ) , w o u l d g i v e the a c t i v a t i o n 

o r d e r 

Br > C 1 > > F 

w h i c h is t h e same as t h e o r d e r d e t e r m i n e d e x p e r i m e n t a l l y in t h e p r e s e n t 

w o r k . 

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

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

It s e e m s t h e n t h a t all t h e s e r e s u l t s c a n be e x p l a i n e d by a s s u m i n g 

t h a t c h a n g e s in b o t h t h e b e t a - h y d r o g e n a c i d i t y a n d t h e s t a b i l i t y of t h e 

o l e f i n b e i n g f o r m e d are i m p o r t a n t f a c t o r s . 
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C l C H 2 C H 2 B r E 2 2.21 + 0.06 1 2 2 + U 
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F C H 2 C H 2 B r E 2 0 . 050 + 0 . 0 5 0 h 0 . 9 4 ± 0.30 

0.4.95 ± 0 . 0 5 0 b 3 . 5 2 + 0.35 

C H 2 = C H B r 0 . 0 0 H + 0.00Q4 0.27 + 0 . 0 5 C 

, k c a l . / m o l e 
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As"'', e . u . 
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T h e r a t e c o n s t a n t s h a v e b e e n d i v i d e d by a s t a t i s t i c a l f a c t o r o f t w o t o g i v e t h e r a t e c o n s t a n t p e r 
b r o m i n e . 

A t 5 0 . 1 ° C A t 7 5 + 2 ° C 
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CHAPTER I 

INTRODUCTION 

SEVERAL S T U D I E S HAVE SHOWN THAT BOTH BETA-CHLORINE AND BETA-BROMINE 

S U B S T I T U E N T S INCREASE THE RATE OF E2^" (ALKALINE DEHYDROHALOGENATION) 

REACTIONS ( 2 , 3 , 4 ) * THESE DATA HAVE LED TO THE GENERALIZATION THAT THE 

INFLUENCE OF BETA-HALOGEN SUBSTITUENTS I S DUE PRIMARILY TO THE INDUCTIVE 

E F F E C T , WHICH MAKES THE BETA-HYDROGEN ATOMS MORE ACIDIC ( L ) . GOERING 

AND E S P Y ( 4 ) MADE A COMPARISON OF BETA-BROMINE AND BETA-CHLORINE 

SUBSTITUENTS ON E2 R E A C T I V I T Y IN SOME DIHALOCYCLOHEXANES. THEY FOUND THAT 

BOTH BETA-BROMO AND BETA-CHLORO SUBSTITUENTS INCREASE E2 R E A C T I V I T Y , 

THE BETA-BROMO SUBSTITUENT HAVING A SLIGHTLY GREATER E F F E C T THAN THE 

BETA-CHLORO S U B S T I T U E N T . HOWEVER, THERE DID NOT APPEAR TO B E ANY DIRECT 

COMPARISON OF THE R E L A T I V E EXTENT TO WHICH B E T A - S U B S T I T U E N T HALOGENS, 

INCLUDING FLUORINE, AFFECT E2 R E A C T I V I T Y . SUCH INFORMATION HAS BEEN 

OBTAINED BY STUDYING THE REACTIONS BETWEEN BETA-FLUOROETHYL, B E T A -

CHLOROETHYL, AND BETA-BROMOETHYL BROMIDES AND SODIUM HYDROXIDE IN 5 0 

VOLUME PER CENT AQUEOUS DIOXANE. THESE COMPOUND*' WERE STUDIED BECAUSE OF 

THEIR S I M P L I C I T Y WHICH REDUCES THE COMPLICATIONS SOMETIMES ENCOUNTERED 

IN MORE COMPLEX MOLECULES. THE FLUORINE COMPOUND WAS INCLUDED BECAUSE 

^"FOR A THOROUGH D I S C U S S I O N OF THE TERMS E 2 AND S 2 S E E REFERENCE ( L ) . 
1 . C . K . INGOLD, STRUCTURE AND MECHANISM IN ORGANIC CHEMISTRY. 

CORNELL U N I V E R S I T Y P R E S S , ITHACA, NEW YORK, 1953, CHAPTERS V I I AND V I I I . 
2 . S . C . J » O L I V E R AND A. P . WEBER, R E C TRAV. CHIM., 53, 1087 

3 . S . C . J . O L I V E R , I B I D . , P . 1 0 9 3 . 
4 « H. L . GOERING AND H. H. E S P Y , J . AM. CHEM. S O C , 78, 1 4 5 4 ( 1 9 5 6 ) . 
5 « C K . INGOLD, OJD . C I T . , P . 4 4 6 - 7 . 

( 1 9 3 4 ) . 



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

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

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

c o m p a r a b l e to b e t a - h y d r o g e n r e m o v a l ( 6 ) „ By u s i n g h y d r o x i d e i o n s , t h e 

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

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

o b t a i n r a t e c o n s t a n t s for b o t h t h e E 2 a n d S.T2 r e a c t i o n s of t h e s e c o m -
N 

p o u n d s w i t h h y d r o x i d e i o n s a n d a l s o ' v a l u e s for t h e h e a t s a n d e n t r o p i e s 

of a c t i v a t i o n . 

6 . Jo H i n e a n d W . H . B r a d e r , J r . , J . A m . C h e m . S o c . , 7 5 , 3 9 6 ^ 
( 1 9 5 3 ) . 
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E x p e r i m e n t a l 

K i n e t i c s of t h e b e t a - H a l o e t h y l B r o m i d e + S o d i u m H y d r o x i d e R e a c t i o n s . — 

A l l t h r e e of the d i h a l i d e s s t u d i e d w e r e r u n in t h e same m a n n e r . 

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

m i x e d w i t h p u r i f i e d d i o x a n e and a small v o l u m e of d i p h e n y l a m i n e in 

d i o x a n e s o l u t i o n s u c h t h a t the final c o n c e n t r a t i o n of d i p h e n y l a m i n e w a s 

0.001 M . T h e a m i n e w a s a d d e d to p r e v e n t t h e free r a d i c a l p o l y m e r i z a 

t i o n of t h e v i n y l h a l i d e p r o d u c t . In r u n s w h e r e t h i s w a s n o t a d d e d , t h e 

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

g e n a t i o n of p o l y v i n y l h a l i d e . To t h i s t h e r m o s t a t e d m i x t u r e w a s a d d e d a 

t h e r m o s t a t e d s o l u t i o n of the h a l i d e in d i o x a n e (a s t o c k s o l u t i o n w a s 

p r e p a r e d by w e i g h i n g t h e h a l i d e a n d d i s s o l v i n g in d i o x a n e ) . T h e f l a s k 

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

to + 0 . 0 5 ° C ^ . T o t a l v o l u m e s u s e d w e r e n e a r , b u t n o t e x a c t l y , 500 m l . 

s i n c e t h e r e is s o m e s h r i n k a g e in m i x i n g a q u e o u s a n d d i o x a n e s o l u t i o n s . 

T h i s w a s t a k e n into a c c o u n t w h e n t h e r a t e c o n s t a n t s w e r e c a l c u l a t e d . 

F o r t h e r e a c t i o n s at 3 0 ° C , f r o m t i m e to t i m e 50 m l . a l i q u o t s w e r e 

p i p e t t e d into a flask a n d i m m e d i a t e l y t i t r a t e d w i t h h y d r o c h l o r i c a c i d 

s o l u t i o n to t h e p h e n o l p h t h a l e i n e n d p o i n t * S i n c e t h e r e a c t i o n s at 3 0 ° C 

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

1 T h e b a t h has b e e n d e s c r i b e d by J . H i n e a n d W . H . B r a d e r ( 6 ) . 



n e g l i g i b l e . In t h e b e t a - c h l o r o e t h y l b r o m i d e a n d b e t a - b r o m o e t h y l b r o m i d e 

r u n s at 7 0 ° C ^ J h o w e v e r , t h e 5 0 m l . a l i q u o t w a s a d d e d to e x c e s s h y d r o 

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

r e l a t i v e l y f a s t . 

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

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

m e a s u r e d w i t h a s t o p w a t c h or e l e c t r i c t i m e r , b o t h m a r k e d in u n i t s of 

o n e - t e n t h s e c o n d . 

D e t e r m i n a t i o n of t h e V o l u m e C o n t r a c t i o n in F o r m i n g W a t e r - D i o x a n e S o l u 

t i o n s . — T h e e x t e n t of s h r i n k a g e w a s d e t e r m i n e d b y m i x i n g 2 5 . 0 0 m l . of 

a q u e o u s 0 . 0 5 4 2 N s o d i u m h y d r o x i d e s o l u t i o n w i t h 2 5 . 0 0 m l . of p u r e 

d i o x a n e . T w o s e p a r a t e d e t e r m i n a t i o n s g a v e 4 8 . 9 5 a n d 4 8 . 9 0 m l . r e s p e c 

t i v e l y for t h e to t a l v o l u m e . E n o u g h 5 0 v o l u m e p e r c e n t a q u e o u s s o d i u m 

h y d r o x i d e - d i o x a n e s o l u t i o n h a d p r e v i o u s l y b e e n a d d e d to fill t h e b u r e t 

u p to t h e 5 0 . 0 0 m l . m a r k . A f t e r i n v e r t i n g t h e b u r e t s e v e r a l t i m e s a n d 

a l l o w i n g t h e s o l u t i o n to cool to r o o m t e m p e r a t u r e , t h e v o l u m e r e a d i n g o n 

the b u r e t w a s s u b s t r a c t e d f r o m 5 0 . 0 0 m l . to o b t a i n t h e v o l u m e of t h e m i x 

t u r e . S i n c e t h e s o l u t i o n s for k i n e t i c r u n s w e r e m a d e u p by m i x i n g 2 5 0 

m l . of a b o u t 0 . 0 5 N a q u e o u s s o d i u m h y d r o x i d e w i t h 2 5 0 m l . of a b o u t 0 . 0 1 

M h a l i d e in d i o x a n e s o l u t i o n , t h e a c t u a l c o n c e n t r a t i o n s of h a l i d e a n d 

b a s e in t he s o l u t i o n w e r e c a l c u l a t e d by m u l t i p l y i n g t h e k n o w n c o n c e n 

t r a t i o n of t h e b a s e or h a l i d e in t h e 2 5 0 m l , of s o l u t i o n b e f o r e m i x i n g 

by 0 . 5 0 x 5 0 . 0 0 / 4 8 . 9 3 . 

A l i g h t m i n e r a l oil w a s u s e d in p l a c e of w a t e r in t h e c o n s t a n t 
t e m p e r a t u r e b a t h p r e v i o u s l y d e s c r i b e d to p r e v e n t t e m p e r a t u r e f l u c t u a 
t i o n s d u e to e v a p o r a t i o n . 
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D e t e r m i n a t i o n of f for b e t a - H a l o e t h y l B r o m i d e a n d S o d i u m H y d r o x i d e . — T h e 

t e r m f_ is d e f i n e d as t h e f r a c t i o n of the r e a c t i o n t a k i n g p l a c e by 

s u b s t i t u t i o n . U s i n g the _f v a l u e s d e t e r m i n e d e x p e r i m e n t a l l y (by 

a l l o w i n g the r e a c t i o n s to go to c o m p l e t i o n a n d d e t e r m i n i n g t h e t o t a l 

q u a n t i t y of b a s e u s e d up) in c a l c u l a t i n g r a t e c o n s t a n t s i n v a r i a b l y g a v e 

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

the v i n y l h a l i d e p r o d u c t . S e v e r a l a t t e m p t s to check t h e d e t e r m i n a t i o n of 

_f w e r e n o t s u c c e s s f u l . A n a l y s i s of e t h y l e n e o x i d e p r o d u c e d in t h e r e a c 

t i o n w a s n o t p o s s i b l e b e c a u s e t h e o x i d e w a s h y d r o l y s e d to t h e g l y c o l at 

a r a t e c o m p a r a b l e to t h e r e a c t i o n r a t e s b e i n g s t u d i e d ( 7 ) . H y d r a t i o n 

of e t h y l e n e o x i d e to e t h y l e n e g l y c o l a n d t i t r a t i o n of t h e g l y c o l w i t h 

p e r i o d i c a c i d ( 8 ) w a s n o t s u c c e s s f u l d u e to i n t e r f e r e n c e by b r o m i d e i o n . 

T h e v a l u e u s e d in the c a l c u l a t i o n s w a s c a l c u l a t e d by t a k i n g one p o i n t 

a t 9 0 - 9 2 p e r c e n t c o m p l e t i o n (but e a r l y e n o u g h so t h a t no a p p r e c i a b l e 

r e a c t i o n of v i n y l h a l i d e h a d o c c u r r e d ) a n d c h o o s i n g , by s u c c e s s i v e 

a p p r o x i m a t i o n , the v a l u e of _f w h i c h g a v e a v a l u e of k 2 (the s e c o n d 

o r d e r r a t e c o n s t a n t for r e a c t i o n b e t w e e n b a s e a n d h a l i d e ) for t h i s p o i n t 

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

K i n e t i c s of the V i n y l B r o m i d e + S o d i u m H y d r o x i d e R e a c t i o n . — T h i s r e a c t i o n 

a t 3 0 ° C w a s c a r r i e d o u t by m i x i n g t h e r m o s t a t e d s o l u t i o n s of c a r b o n a t e -

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

s m a l l a m o u n t of d i p h e n y l a m i n e to p r e v e n t p o l y m e r i z a t i o n ) , a n d s u f f i c i e n t 

7 . H . J . L i c h t e n s t e i n a n d G . H . T w i g g , T r a n s . F a r a d a y S o c . , 4 4 « 
9 0 5 ( 1 9 4 8 ) . 

8 . J . M i t c h e l l , J r . , I. M . K o l t h o f f , E . S. P r o s k a u e r , a n d A . 
W e i s s b e r g e r , E d i t o r s , O r g a n i c A n a l y s i s , V o l . I, I n t e r s c i e n c e P u b l i s h e r s 
I n c . , N e w Y o r k , N . Y . , 1 9 5 3 , p . 4 1 - 4 7 a n d 1 4 7 - 9 . 
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p u r e d i o x a n e to m a k e a p p r o x i m a t e l y 500 m l * of 50 v o l u m e p e r c e n t a q u e o u s 

d i o x a n e s o l u t i o n * F i f t y m l . a l i q u o t s w e r e p i p e t t e d o u t a n d t i t r a t e d 

w i t h s t a n d a r d HC1 s o l u t i o n to t h e p h e n o l p h t h a l e i n e n d p o i n t . T h e 

r e a c t i o n a t 7 5°C w a s r u n i n e x a c t l y t h e s a m e m a n n e r b u t the t e m p e r a t u r e 

w a s n o t c o n t r o l l e d v e r y a c c u r a t e l y (+2°c) s i n c e it w a s d e s i r e d to o b t a i n 

a n a p p r o x i m a t e r a t e c o n s t a n t to c o m p a r e to t h o s e of t h e d i h a l i d e s . 

T i m e s w e r e m e a s u r e d u s i n g an e l e c t r i c c l o c k w i t h s e c o n d h a n d * 

P r e p a r a t i o n a n d P u r i f i c a t i o n of R e a g e n t s 

b e t a - F l u o r o e t h y l B r o m i d e . — T h i s c o m p o u n d w a s p r e p a r e d a c c o r d i n g to the 

m e t h o d of H o f f m a n (9)* A b o u t 6 0 0 m l « of d r y e t h y l e n e g l y c o l w a s p l a c e d 

in a one l i t e r flask f i t t e d w i t h d r o p p i n g f u n n e l , s i d e a r m , a n d t h e r m o 

m e t e r * A w a t e r - c o o l e d c o n d e n s e r w i t h 250 m l . r e c e i v e r w a s a t t a c h e d . 

T w o m o l e s ( L L 6 g.) of a n h y d r o u s p o t a s s i u m f l u o r i d e ^ w a s a d d e d t o t he g l y 

col a n d t h e m i x t u r e w a s h e a t e d to 170°C to d i s s o l v e t h e s a l t . A f t e r the 

m i x t u r e h a d b e e n c o o l e d to 150°C, 3 0 0 g . of e t h y l e n e b r o m i d e w a s a d d e d 

o v e r a p e r i o d of five h o u r s * T h e e t h y l e n e f l u o r o b r o m i d e w a s r e m o v e d by 

d i s t i l l a t i o n a n d w h i l e t h e r e a c t i o n flask w a s still a t 150°C, 75 g» 

m o r e (total of 2 m o l e s ) of e t h y l e n e b r o m i d e w a s a d d e d s l o w l y , f o l l o w i n g 

w h i c h t h e m i x t u r e w a s h e a t e d to d i s t i l l t h e f l u o r o b r o m i d e * T h e d i h a l i d e 

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

d i s t i l l i n g t w i c e t h r o u g h a 1 6 x l/2 i n c h S t e d m a n t y p e c o l u m n . T h e 

9« F . W« H o f f m a n , J. A m * C h e m . S o c . 70, 2596 (194-8)« 
^ P r e p a r e d by h e a t i n g KF*2H 20 (Baker a n d A d a m s o n , p u r i f i e d ) a t 

130°C for t h r e e d a y s in a v a c u u m o v e n * 
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final p r o d u c t , w e i g h i n g 1 2 . 3 g., b o i l e d a t 6 9 - 7 0 ° C at 7 4 2 m m . a n d h a d 

a r e f r a c t i v e index of 1 . 4 2 1 8 at 2 5 ° C T h e s e p h y s i c a l p r o p e r t i e s c o m p a r e 

f a v o r a b l y w i t h t h o s e r e p o r t e d by Hen n e a n d R e n o l l ( 1 0 ) ; b . p . , 7 1 . 5 - 7 1 . 8 ° C 

a t 7 6 0 m m . a n d n ^ 5 , 1 . 4 2 2 6 1 . 

b e t a - C h l o r o e t h y l B r o m i d e . — T h i s c o m p o u n d w a s a c o m m e r c i a l p r o d u c t a n d 

wa s d i s t i l l e d t h r o u g h t h e S t e d m a n c o l u m n . T h e o b s e r v e d p h y s i c a l 
2 8 

c o n s t a n t s werei b . p . , 1 0 7 - 8 ° C at 7 3 3 m m . , u n c o r r e c t e d ; n ^ , 1 . 4 8 6 3 . 

T h e p h y s i c a l c o n s t a n t s r e p o r t e d in t h e l i t e r a t u r e (ll) are» b . p . , 

1 0 6 . 7 ° C ; n * , 1 . 4 9 1 7 4 . 

b e t a - B r o m o e t h y l B r o m i d e . — T h i s c o m p o u n d ( e t h y l e n e b r o m i d e ) w a s a 

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

o b s e r v e d p h y s i c a l c o n s t a n t s w e r e : b . p . , 1 2 7 . 5 - 1 2 8 . 0 ° C at 7 3 9 m m . , 
2 8 

u n c o r r e c t e d ; n D , 1 . 5 3 4 5 * T h e s e c o m p a r e f a v o r a b l y w i t h t h o s e r e p o r t e d 

in t h e l i t e r a t u r e ( 1 2 ) w h i c h are» b . p . , 1 3 1 . 5 - 1 3 1 . 7 ° C at 7 6 0 m m . ; 

n * 5 , 1 . 5 3 5 5 . 

V i n y l B r o m i d e ( 1 3 ) . — A n e x c e s s of r e d i s t i l l e d , c o m m e r c i a l e t h y l e n e 

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

a n d i n w h i c h w a s c o n t a i n e d a 2 0 per c e n t a l c o h o l i c p o t a s s i u m h y d r o x i d e 

s o l u t i o n . T h e m i x t u r e w a s s l o w l y h e a t e d t o 6 0 ° C a n d t he g a s e o u s v i n y l 

b r o m i d e e v o l v e d w a s b u b b l e d t h r o u g h w a t e r at 2 5 ° C to r e m o v e e n t r a i n e d 

a l c o h o l . W h e n gas e v o l u t i o n s l a c k e n e d , t h e a l c o h o l i c p o t a s s i u m 

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

1 0 . A . L . H e n n e a n d M . W . R e n o l l , J . A m . C h e m . S o c , 5 8 , 8 8 7 
( 1 9 3 6 ) . ~ ~ ? — ' 

1 1 . C . P. S m y t h , R . W . D o r n t e , a n d E . B . W i l s o n , J r . , J . A m . 
C h e m . S o c , 5 3 , 4 2 4 2 ( 1 9 3 1 ) . ~ — 

1 2 . C , L . W i l s o n a n d A . W . W y l i e , J . C h e m . S o c , 6 0 1 ( l 9 4 l ) . 
• 7 + , 1 3 \ F - S w ^ r t s - N B u l l . A c a d . roy_. B e l g i q u e , 3 8 3 ( l 9 0 l ) ; C h e m . 
Z e n t r a l . , 2 , 8 0 4 ( l 9 0 l ) . — 
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IN AN I C E BATH AND R E D I S T I L L E D TWICE BEFORE U S E , THE SECOND TIME FROM 

MAGNESIUM S U L F A T E . I T WAS STORED IN A BROWN BOTTLE AT 8°CO 

DIOXANE.—DIOXANE WAS P U R I F I E D BY THE METHOD DESCRIBED BY F I E S E R (14). 

A MIXTURE OF 4 1* OF COMMERCIAL DIOXANE, 55 ML. OF CONCENTRATED 

HYDROCHLORIC ACID AND 400 mlo OF WATER WAS REFLUXED 12 HOURS DURING WHICH 

TIME A SLOW STREAM OF NITROGEN WAS BUBBLED THROUGH THE SOLUTION TO 

ENTRAIN ACETALDEHYDEO THE SOLUTION WAS COOLED AND POTASSIUM HYDROXIDE 

P E L L E T S ADDED SLOWLY UNTIL A SATURATED SOLUTION WAS FORMED* THE 

DIOXANE LAYER WAS DECANTED, SHAKEN WITH POTASSIUM HYDROXIDE P E L L E T S TO 

REMOVE MORE WATER, DECANTED INTO A CLEAN F L A S K , AND REFLUXED WITH 

SODIUM 12 HOURS. THE DIOXANE WAS POURED INTO A CLEAN 5 1* FLASK ALONG 

WITH THE REMAINING SODIUM« BOILING CHIPS WERE ADDED AND THE L I Q U I D 

D I S T I L L E D THROUGH A G L A S S - H E L I X PACKED, VACUUM-JACKETED COLUMN* THE 

B«P<» WAS 100-101°C AT 739 MM. THAT REPORTED IN THE LITERATURE (l5) 

I S 101«3°C . 

SODIUM HYDROXIDE S O L U T I O N . — A 50 PER CENT AQUEOUS SOLUTION OF SODIUM 

HYDROXIDE, MADE BY DISSOLVING COMMERCIAL C.PO GRADE SODIUM HYDROXIDE 

P E L L E T S IN WATER, WAS F I L T E R E D THROUGH A MEDIUM MESH F R I T T E D GLASS 

FUNNEL TO REMOVE UNDISSOLVED CARBONATES** THE F I L T R A T E WAS DILUTED 

TO APPROXIMATELY THE D E S I R E D CONCENTRATION AND STANDARDIZED AGAINST 

HYDROCHLORIC ACID SOLUTION WHICH IN TURN HAD BEEN STANDARDIZED AGAINST 

SODIUM CARBONATE. 

14* LO F . F I E S E R , EXPERIMENTS IN ORGANIC CHEMISTRY, PART I I , 2nd 
E D . , DO C . HEATH AND C O * , NEW YORK, N o Y o , 1941. P* 369. 

1 5 ° E . RO SMITH AND M . WOJCIECHOWSKI, Jo R E S . N a t l o Buro S T A N . , 
1 8 , 461 (l937)o 



CHAPTER III 

R E S U L T S 

T h e c o m p a r i s o n of t h e e f f e c t of one h a l o g e n o n t h e r e a c t i v i t y of 

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

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

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

s u b s t i t u e n t w o u l d be e x p e c t e d to be r e m o v e d by n u c l e o p h i l i c a t t a c k at a 

r a t e c o m p a r a b l e to t h a t of b e t a - h y d r o g e n r e m o v a l ( 6 ) . T h e c o m p a r i s o n 

c o n s i s t e d of a stud y of t h e k i n e t i c s of t h e r e a c t i o n s of t h e t h r e e 

h a l o g e n c o m p o u n d s w i t h s o d i u m h y d r o x i d e in 5 0 v o l u m e p e r c e n t a q u e o u s 

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

s u b s t i t u t i o n (s^2) or e l i m i n a t i o n (E2) ( l ) . 

S N 2 O H ' ° \ — • X C H 2 C H 2 0 H C H 2 - C H 2 

OH + X C H 2 C H 2 B R E 2 
— • X C H = C H 2 

It c a n b e s e e n f r o m t h e e q u a t i o n t h a t in t h e r e a c t i o n i n v o l v i n g i n i t i a l 

s u b s t i t u t i o n , a t o t a l of two m o l e s of h y d r o x i d e is e v e n t u a l l y u s e d p e r 

m o l e of o r g a n i c h a l i d e s i n c e the i n t e r m e d i a t e h a l o h y d r i n , X C H 2 C H 2 0 H , is 

v e r y r e a c t i v e t o w a r d b a s e u n d e r the c o n d i t i o n s u s e d . T h e d a t a of S t e v e n s , 

M c C a b e , a n d W a r n e r ( L 6 , 1 7 ) s h o w t h a t t h e r e a c t i v i t i e s of t h e h a l o h y d r i n s 

1 6 . J . Eo S t e v e n s , C . L . M c C a b e , a n d J . C . W a r n e r , J . A m . Chemo 
S o c o , 7 0 , 2 4 4 9 ( 1 9 4 8 ) . 

1 7 . C . L . M c C a b e a n d J , C W a r n e r , i b i d . , 7 0 , 4 0 3 1 ( 1 9 4 8 ) . 
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a r e g r e a t e n o u g h for t h e m to be t r e a t e d as r e a c t i v e i n t e r m e d i a t e s w h o s e 

c o n c e n t r a t i o n s n e v e r b e c o m e c o m p a r a b l e to t h o s e of the r e a c t a n t s or 

p r o d u c t s . 

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

d i h a l i d e r e a c t i o n s w a s f o u n d to be m u c h less t h a n t h a t of t h e d i h a l i d e s 

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

f r o m b e t a - f l u o r o e t h y l b r o m i d e and b e t a - c h l o r o e t h y l b r o m i d e , w o u l d 

c e r t a i n l y be less r e a c t i v e t h a n v i n y l b r o m i d e t o w a r d b a s e . It h a s b e e n 

a s s u m e d t h a t in t h e E 2 r e a c t i o n in all t h r e e c o m p o u n d s the b r o m i n e is 

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

b r o m i n e in s u c h r e a c t i o n s . T h u s , the o v e r a l l r e a c t i o n r a t e w i l l be 

v = k £ 2 [ R B r ] [ 0 " H ] + k ^ 2 [ R B r ] [ 0 " H ] . (l) 

a n d if f is t h e f r a c t i o n of t h e r e a c t i o n g o i n g by t h e S^ 2 p a t h , t h e n 

& = k 2 ( a - x ) [ b - ( 1 + f)x] ( 2 ) 

w h e r e a = [ R B r ] 0 , b = [ 0 ~ H ] 0 , x = [ R B r ] l o s t a t time t, k 2 = o v e r a l l 

r e a c t i o n r a t e c o n s t a n t , k 2 f = k « a n d k 2 ( l - f) = k I n t e g r a t i o n of 

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

u 2 . 3 0 3 afb - ( 1 + f)xl r , x 
k * " tLb - (l + f ) a ] 1 0 9 b(a - x) ' ( 3 ) 

A t t e m p t s to d e t e r m i n e the v a l u e of _f e x p e r i m e n t a l l y by a l l o w i n g 

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

u s i n g the e q u a t i o n , _f = (a - b ) / b , w h e r e a is the m o l e s of s o d i u m 

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

h y d r o x i d e u s e d if no s u b s t i t u t i o n o c c u r s , w e r e u n s u c c e s s f u l . A p p a r e n t l y 
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THE SLOW REACTION OF THE VINYL HALIDE USED UP BASE CAUSING THE RATE 

CONSTANTS CALCULATED BY EQUATION ( 3 ) TO DECREASE AS THE REACTION TIME 

INCREASED. 

ANOTHER ATTEMPT WAS MADE TO DETERMINE £ BY ANALYSING QUANTI

T A T I V E L Y FOR ETHYLENE OXIDE PRODUCED IN THE S U B S T I T U T I O N REACTION. THE 

METHOD OF LUBATTI ( 1 8 ) IN WHICH THE ETHYLENE OXIDE I S D I S T I L L E D FROM 

THE REACTION MIXTURE INTO A SATURATED AQUEOUS MAGNESIUM CHLORIDE SOLU

TION CONTAINING A KNOWN CONCENTRATION OF HYDROCHLORIC ACID WAS U S E D . 

THE HIGH CHLORIDE ION CONCENTRATION AIDS THE ADDITION OF HYDROCHLORIC 

ACID TO THE O X I D E . 

C H 2 - C H 2 + H + C I • C 1 C H 2 C H 2 0 H ( 5 ) 

S I N C E ONE MOLE OF HYDROCHLORIC ACID I S USED UP PER MOLE OF O X I D E , 

T I T R A T I O N WITH BASE INDICATED THE MOLES OF OXIDE P R E S E N T . THE METHOD 

WORKED F A I R L Y WELL EXCEPT I T APPARENTLY WAS D I F F I C U L T TO ACHIEVE 

COMPLETE RECOVERY OF ETHYLENE OXIDE FROM THE AQUEOUS DIOXANE SOLUTION. 

A L S O , ACCORDING TO THE DATA OF LICHTENSTEIN AND TWIGG ( 7 ) , ETHYLENE 

OXIDE I S HYDRATED ( I N THE REACTION MIXTURE) TO ETHYLENE GLYCOL AT A RATE 

WHICH WAS COMPARABLE TO THE REACTION RATES OBTAINED IN THE PRESENT WORK. 

ATTEMPTS TO HYDRATE THE ETHYLENE OXIDE IN THE OXIDE-GLYCOL 

MIXTURE AND DETERMINE THE TOTAL GLYCOL CONTENT BY OXIDATION WITH 

HYDROCHLORIC ACID ( 8 ) PROVED TO B E UNSUCCESSFUL. T H I S WAS SHOWN TO B E 

DUE TO INTERFERENCE BY BROMIDE ION WHICH I S OXIDIZED TO BROMINE AND/OR 

HIGHER OXIDATION STATES UNDER THE CONDITIONS U S E D . 

1 8 . 0 . F . L U B A T T I , J . S O C . CHEM. I N D . , 5 1 , 3&1T ( 1 9 3 2 ) . 
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T h e jf v a l u e s w e r e t h e r e f o r e c a l c u l a t e d by an e x t r a p o l a t i o n 

c a r r i e d o u t by t a k i n g o n e p o i n t p a s t 9 0 p e r c e n t r e a c t i o n (before a n 

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

s u c c e s s i v e a p p r o x i m a t i o n s , t h e v a l u e of j? w h i c h g a v e a v a l u e of k2 for 

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

p o i n t s . T h i s v a l u e of j? w a s t h e n u s e d a l o n g w i t h e q u a t i o n ( 3 ) to 

c a l c u l a t e t h e c o n s t a n t s for the o t h e r p o i n t s . 

F r o m k 2 a n d j?, one m a y c a l c u l a t e , in t h e m a n n e r p r e v i o u s l y 

d e s c r i b e d , v a l u e s of k c 9 a n d k c g . D a t a for all r u n s a re l i s t e d i n 

T a b l e s 2 t h r o u g h 1 0 . A s u m m a r y of the r a t e c o n s t a n t s a l o n g w i t h h e a t s 

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

u s i n g t h e a b s o l u t e r a t e e q u a t i o n (19) 

- A H * A S * 
, _ KT e R T e R 

T 

w h e r e k 2 is the s e c o n d o r d e r r a t e c o n s t a n t in 1 . / m o l e - s e c . ; K is 

B o l t z m a n n ' s c o n s t a n t , 1 . 3 8 0 4-7 x 1 0 - 1 ^ e r g / d e g . ; h is P l a n c k ' s c o n s t a n t , 
- 2 7 

6 . 6 2 4 x 1 0 erg s e c ; e is t h e n a t u r a l l o g a r i t h m b a s e ; T is t e m p e r a 

t u r e i n °A; R is t h e gas l a w c o n s t a n t i n cal» p e r m o l e p e r d e g . ; , A H * 

is the h e a t of a c t i v a t i o n a n d A s"̂  is t h e e n t r o p y of a c t i v a t i o n . 

It m a y be s e e n f r o m T a b l e 1 t h a t t h e E2 r a t e c o n s t a n t s a re 

a p p r o x i m a t e l y 50 p e r c e n t g r e a t e r for t h e d i b r o m o c o m p o u n d ( k ^ w a s 

d i v i d e d by t w o for t h i s c o m p o u n d to g i v e t h e r a t e c o n s t a n t p e r b r o m i n e ) 

1 9 . S. G l a s s t o n e , K. J» L a i d l e r , a n d H . E y r i n g , T h e T h e o r y of 
R a t e P r o c e s s e s , M c G r a w - H i l l Book C o . , I n c . , N e w Y o r k , N . Y . , 1 9 4 1 ? 
p . 1 4 . 
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than for the chlorobromo compound which is about 100 times as 
reactive as the fluorobromo compound. This places the three halogens 
in the order 

Br > CI > F 

with respect to their ability to facilitate removal of the beta-
hydrogen. 

The present values (Tables l) calculated for k c 0 do not appear 
V 

to be accurate enough to indicate definitely any difference in reactivity 
by the SM2 mechanism. 



C H A P T E R IV 

D I S C U S S I O N A N D C O N C L U S I O N S 

T h e t w o m o s t i m p o r t a n t f a c t o r s a f f e c t i n g t h e E2 r e a c t i v i t y 

in t h e s e c o m p o u n d s h a v e b e e n d i s c u s s e d by I n g o l d ( 2 0 ) . T h e y a r e : 

(l) t h e s t a b i l i t y of t h e o l e f i n b e i n g f o r m e d a n d (2) t h e a c i d i t y of 

the h y d r o g e n * T h e s t e r i c f a c t o r d i s c u s s e d b y S c h r a m m (21) a n d B r o w n 

a n d c o w o r k e r s (22, 2 3 ) d o e s n o t s e e m to be i m p o r t a n t i n t h i s w o r k 

b e c a u s e of the r e l a t i v e l y low e n e r g y r e q u i r e d for r o t a t i o n a r o u n d t h e 

c a r b o n - c a r b o n b o n d a n d t h e small s i z e of t h e b e t a - h y d r o g e n s a n d t h e 

a t t a c k i n g b a s e ( O H ) . 

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

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

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

p r o d u c t . T h e s e a r e : (a) s t a b i l i z a t i o n of t h e o l e f i n by r e s o n a n c e a n d 

(b) s t a b i l i z a t i o n of t h e s a t u r a t e d h a l i d e d u e to t h e g r e a t e r e l e c t r o 

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

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

(a) S t a b i l i z a t i o n of the o l e f i n b y r e s o n a n c e . C o m p a r e d to t h e 

s a t u r a t e d d i h a l i d e , t h e o l e f i n f o r m e d f r o m it b y the E 2 r e a c t i o n w i l l 

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

2 0 . I n g o l d , o p . c i t . , C h a p t e r V I I I . 
2 1 . C H . S c h r a m m , S c i e n c e , 1 1 2 , 3 6 7 ( 1 9 5 0 ) . 
2 2 . H . C . B r o w n a n d H . L . B e r n e i s , J . A m . C h e m . S o c . , 75«, 1 0 

2 3 . H . C B r o w n a n d I. M o r i t a n i , i b i d . , 7 5 , 4 - 1 1 2 ( 1 9 5 3 ) . 
( 1 9 5 3 ) . 
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e e 
ix-c=c- < — * x = o c -

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

w h i c h is m o r e e f f e c t i v e t h a n b r o m i n e in t h i s t y p e of r e s o n a n c e ( 2 4 . ) • 

(b) S t a b i l i z a t i o n of t h e s a t u r a t e d h a l i d e d u e to t h e g r e a t e r 

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

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

e l e c t r o n e g a t i v e t h a n s a t u r a t e d c a r b o n ( 2 5 ) • T h u s , if w e c o m p a r e t h e 

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

w h e n a t t a c h e d to the s a t u r a t e d c a r b o n a n d to t h e u n s a t u r a t e d c a r b o n , 

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

a n d c a r b o n in every c a s e s i n c e f l u o r i n e is m o r e e l e c t r o n e g a t i v e t h a n 

c h l o r i n e or b r o m i n e . T h i s w i l l be t r u e b o t h for t h e s a t u r a t e d a n d 

u n s a t u r a t e d h a l i d e s . S i n c e t h e b o n d e n e r g y d e p e n d s o n the s q u a r e of 

t h e e l e c t r o n e g a t i v i t y d i f f e r e n c e ( 2 6 ) , the b o n d e n e r g y l o s t w i l l be 

g r e a t e s t for the f l u o r i d e . A c a l c u l a t i o n w i l l b e a r t h i s o u t . U s i n g 

t h e e q u a t i o n c i t e d by W h e l a n d ( 2 6 ) , 

^ A B = 2 3 ( x A - x B ) 2 k c a l . / m o l e , 

w h e r e is t h e b o n d e n e r g y b e t w e e n a t o m s A a n d B d u e to t h e e l e c t r o 

n e g a t i v i t y d i f f e r e n c e a n d x ^ a n d x ^ are the e l e c t r o n e g a t i v i t i e s of 

a t o m s A a n d B r e s p e c t i v e l y , t h e b o n d e n e r g y due to the e l e c t r o n e g a t i v i t y 

2 4 - . I n g o l d , o p . c i t . , p . 7 5 « 
2 5 - G . Wo W h e l a n d , T h e T h e o r y of R e s o n a n c e a n d Its A p p l i c a t i o n 

to O r g a n i c C h e m i s t r y , 1st e d . , J o h n W i l e y a n d S o n s , i n c . , N e w Y o r k , 
Y o , 1 9 U , P- 1 3 1 , ' 1 7 6 . 

2 6 . G . W . W h e l a n d , i b i d . , p . 84.. 
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d i f f e r e n c e b e t w e e n a s a t u r a t e d c a r b o n a t o m a n d f l u o r i n e w i l l be 

A = 2 3 U « 0 - 2 < , 5 ) 2 = 5 1 o 7 5 k c a l o / m o l e . 

If it is a s s u m e d t h a t t h e e l e c t r o n e g a t i v i t y of c a r b o n to w h i c h f l u o r i n e 

is a t t a c h e d in v i n y l f l u o r i d e is CL1 u n i t g r e a t e r , t he b o n d e n e r g y 

w i l l be 

= 2 3 ( 4 - 0 - 2 c > 6 ) 2 = 4 5 ° 0 8 k c a l . / m o l e « 
A B 

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

b o n d s t r e n g t h by 6<>67 k c a l o / m o l e . T h e c o r r e s p o n d i n g p r e d i c t e d 

d e c r e a s e s in the s t r e n g t h s of a C-Cl a n d C - B r b o n d are 2 o 0 7 a n d 

LOL5 k c a l o / m o l e , r e s p e c t i v e l y o T h i s m e a n s t h a t if t h i s f a c t o r w e r e 

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

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

c h l o r i d e or v i n y l b r o m i d e o 

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

operating i n o p p o s i t e d i r e c t i o n s , the f l u o r i n e t e n d i n g to s t a b i l i z e 

t h e o l e f i n m o r e t h a n c h l o r i n e or b r o m i n e by t h e r e s o n a n c e e f f e c t b u t 

t e n d i n g to d e s t a b i l i z e it c o m p a r e d to c h l o r i n e a n d b r o m i n e by t h e o t h e r 

e f f e c t m e n t i o n e d * P a t r i c k ( 2 7 ) f o u n d t h a t f l u o r o o l e f i n s h a v e h i g h e r 

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

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

r e p o r t e d to h a v e a h e a t of p o l y m e r i z a t i o n a b o u t L 6 k c a l . / m o l e g r e a t e r 

t h a n e t h y l e n e i t s e l f . N o d a t a of t h i s t y p e w a s g i v e n for o t h e r 

h a l o g e n s u b s t i t u t e d e t h y l e n e s , b u t it is w e l l k n o w n t h a t p o l y c h l o r o 

2 7 o Co R« P a t r i c k , T e t r a h e d r o n , 4 , 2 6 ( 1 9 5 8 ) , 
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AND POLYBROMO-OLEFINS DO NOT HAVE THE STRONG TENDENCY TO UNDERGO SUCH 

ADDITIONS REACTIONS AS DIMERIZATION AND NUCLEOPHILIC ADDITION OF 

ALCOHOL CHARACTERISTIC OF POLYFLUORO-OLEFINS. T H I S RESULT INDICATES 

THAT I T I S PROBABLE THAT THE BOND STRENGTH LOST DUE TO ELECTRO

NEGATIVITY DIFFERENCE I S OF GREATER IMPORTANCE HERE THAN THE RESONANCE 

EFFECT MENTIONED ABOVE. 

INGOLD (5) HAS ATTRIBUTED THE ACTIVATING INFLUENCE OF B E T A -

HALOGEN TO THE INDUCTIVE E F F E C T , AND GOERING AND E S P Y USE THE SAME 

ARGUMENT TO EXPLAIN WHY BROMINE AND CHLORINE INCREASE THE E 2 R E A C T I V I T Y 

OF SOME 1 ,2-DIHALOCYCLOHEXANES ( 4 ) . HOWEVER, GOERING AND E S P Y FOUND 

BROMINE TO B E A L I T T L E MORE E F F E C T I V E THAN CHLORINE IN T H I S R E S P E C T , 

AND T H I S I S J U S T O P P O S I T E OF WHAT WOULD B E TRUE I F THE INDUCTIVE 

E F F E C T WERE THE ONLY FACTOR. THE RESULTS IN TABLE 1 SHOWING THAT 

FLUORINE REDUCED THE E 2 R E A C T I V I T Y MUCH MORE THAN CHLORINE OR BROMINE 

PROVE THAT THE INDUCTIVE EFFECT CANNOT B E THE CONTROLLING FACTOR. 

ACCORDING TO THESE RESULTS THE ORDER I S 

BR > CI > > F 

WITH RESPECT TO F A C I L I T A T I N G REMOVAL OF THE BETA-HYDROGEN BY B A S E . 

T H I S ORDER I S EXACTLY THAT FOUND ( 2 8 ) FOR THE A B I L I T Y OF THE HALOGENS 

TO F A C I L I T A T E CARBANION FORMATION IN THE BASE-CATALYZED DEUTERIUM 

EXCHANGE OF HALOFORMS. 

2 8 . J . H I N E , N * W. B U R S K E , M. H I N E , AND P . B . LANGFORD, J . AM. 
CHEM. S O C , 79, H 0 6 (1957). 
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In e x p l a i n i n g the r e l a t i v e r a t e s of c a r b a n i o n f o r m a t i o n by 

h a l o f o r m s , t h r e e f a c t o r s w e r e c o n s i d e r e d : B - s t r a i n , d - o r b i t a l 

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

E 2 r e a c t i v i t y o r d e r o b s e r v e d in t e r m s of t h e s a m e f a c t o r s in a d d i t i o n 

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

B - S t r a i n . B r o w n ( 2 9 , 3 0 ) a n d c o w o r k e r s h a v e d e v e l o p e d t h i s 

c o n c e p t . In t h e f o r m a t i o n of a c a r b a n i o n by r e m o v a l of a p r o t o n f r o m 

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

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

b e t a h a l o g e n a n d the b e t a h y d r o g e n s . T h i s is b e c a u s e t h e c a r b a n i o n is 

m o r e n e a r l y p l a n a r t h a n t h e s t a r t i n g m o l e c u l e . H o w e v e r , as H i n e , 

B u r s k e , H i n e , a n d L a n g f o r d ( 2 8 ) p o i n t e d o u t , t h e r e p l a c e m e n t of c h l o r i n e 

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

r e p l a c e m e n t of b r o m i n e by i o d i n e p r o d u c t s an a l m o s t n e g l i g i b l e i n c r e a s e . 

S i n c e i o d i n e is c o n s i d e r a b l y l a r g e r t h a n b r o m i n e , it s h o u l d (if B - s t r a i n 

w e r e t h e c o n t r o l l i n g factor) p r o d u c e a m u c h h i g h e r r e a c t i v i t y ; t h e r e 

f o r e , B - s t r a i n d o e s n o t s e e m to be i m p o r t a n t . I n the b e t a - h a l o e t h y l 

b r o m i d e s B - s t r a i n s h o u l d be e v e n less i m p o r t a n t s i n c e i n i t i a l l y t h e r e are 

two h y d r o g e n s a t t a c h e d to t h e c a r b o n . It is i m p r o b a b l e t h a t t h i s f a c t o r 

is of i m p o r t a n c e in e x p l a i n i n g t h e E 2 r e a c t i v i t y of t h e b e t a - h a l o e t h y l 

b r o m i d e s . 

d - O r b i t a l R e s o n a n c e . I t is p o s s i b l e for r e s o n a n c e of t h e t y p e 

2 9 . H . C B r o w n , H . B a r t h a l o m a y , J r . , a n d M . D . T a y l o r , J . A m . 
C h e m . S o c , 6 6 , A35 ( 1 9 4 4 ) -

3 0 . H . C . B r o w n a n d R . S . F l e t c h e r , i b i d . , 7 1 , 1 8 ^ 5 ( 1 9 4 - 9 ) . 
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IX-C-C-Brl < — > IX=C-G*-Br| 
t t ~ t i ~ 

in w h i c h t h e b e t a - h a l o g e n h a s t e n e l e c t r o n s in its o u t e r shell t o 

f a c i l i t a t e t h e E2 r e a c t i o n by d i s p e r s i n g t h e n e g a t i v e (or p a r t i a l n e g a 

tive) c h a r g e o n t h e b e t a c a r b o n a t o m . B r e h m a n d L e v e n s o n ( 3 1 ) s h o w 

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

a b i l i t y to p r o m o t e loss of a p r o t o n f r o m t h e c a r b o n to w h i c h it is 

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

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

c a s e b e c a u s e in b o t h c a s e s t h e e f f e c t of n e u t r a l a t o m s is b e i n g 

m e a s u r e d . T h e g r e a t e r e f f e c t of s u l f u r is a t t r i b u t e d to t h e a b i l i t y 

of s u l f u r to h o l d t e n e l e c t r o n s in its o u t e r s h e l l . T h i s e f f e c t is 

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

T h e s e w o r k e r s d i d n o t i n v e s t i g a t e a t o m s of h i g h e r a t o m i c n u m b e r in t h e 

sam e g r o u p , b u t t h e i r r e s u l t s fit in w i t h t h e p r e s e n t o n e s , t h a t 

r e s o n a n c e s t r u c t u r e s i n v o l v i n g t e n e l e c t r o n s in t h e o u t e r s h e l l of t h e 

fi r s t p e r i o d e l e m e n t s in b o t h c a s e s (F a n d 0 ) are of s u c h h i g h e n e r g y 

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

D o e r i n g , L e v y , S c h r e i b e r , a n d H o f f m a n n ( 3 2 , 3 3 , 3 4 ) h a v e f o u n d 

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

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

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

3 1 . W . J . B r e h m a n d T . L e v e n s o n , J . A m . C h e m . S o c . , 7 6 , 5 3 8 9 
( 1 9 5 4 ) . 

3 2 . W . E . D o e r i n g a n d L . K. L e v y , J . A m . C h e m . S o c , 7 7 , 5 0 9 

3 3 . W . E . D o e r i n g a n d K. C S h r e i b e r , i b i d . , 7 7 , 5 U ( 1 9 5 5 ) . 
3 4 . W . E . D o e r i n g a n d A . K. H o f f m a n n , i b i d . , 7 7 , 5 2 1 ( 1 9 5 5 ) . 

( 1 9 5 5 ) . 
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p e r i o d e l e m e n t s (s a n d P ) . H o w e v e r , t h e y f o u n d s u l f u r to be m o r e e f f e c 

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

f o u n d a s i m i l a r o r d e r in t h e g r o u p VA " o n i u m " c o m p o u n d s o S i n c e t h e i r 

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

n e u t r a l a t o m s , it is p o s s i b l e t h a t t h i s e x p l a n a t i o n d o e s n o t a p p l y h e r e . 

It is i n t e r e s t i n g to n o t e t h a t t h e y f o u n d t h e f i r s t p e r i o d e l e m e n t , 

n i t r o g e n , to be less e f f e c t i v e t h a n all t h e o t h e r s a n d t h a t in t h e 

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

e f f e c t i v e t h a n t h e o t h e r s i n its a b i l i t y to f a c i l i t a t e r e m o v a l of a n a l p h a 

h y d r o g e n by b a s e . 

P o l a r i z a b i l i t y . T h e h a l o g e n s lie in the same o r d e r w i t h r e s p e c t 

to p o l a r i z a b i l i t y ( F < C l < B r < l ) as t h e y do w i t h r e s p e c t to t h e i r a b i l i t y 

t o p r o m o t e t h e E2 r e a c t i o n s w h i c h w e r e s t u d i e d . T h e v a l u e s l i s t e d in 

t h e l i t e r a t u r e ( 3 5 ) are F , 0 . 9 5 ; C I , 5 - 9 6 7 ; B r , 8 . 8 6 5 ; a n d I, 1 3 . 9 0 0 . 

T h e i m p o r t a n c e of p o l a r i z a b i l i t y t h e n c a n n o t b e o v e r l o o k e d s i n c e in t h e 

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

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

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

It is i m p o s s i b l e to tel l a n y t h i n g d e f i n i t e f r o m t h e p r e s e n t d a t a 

(Table l) f r o m t h e h e a t s a n d e n t r o p i e s of a c t i v a t i o n s i n c e t h e d a t a w e r e 

n o t a c c u r a t e e n o u g h to c a l c u l a t e v a l u e s for t h e E2 r e a c t i o n s of t h e 

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

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

S l a u g h a n d B e r g m a n ( 3 6 ) i n v e s t i g a t e d t h e d e u t e r i u m e x c h a n g e r a t e s 

3 5 * S . S m i l e s , T h e R e l a t i o n B e t w e e n C h e m i c a l C o n s t i t u t i o n a n d 
S o m e P h y s i c a l P r o p e r t i e s , L o n g m a n s , G r e e n , a n d C o . , L o n d o n , 1 9 1 0 , p« 2 7 6 - 7 » 

3 6 . L . H . S l a u g h a n d E . B e r g m a n , J« of O r g . C h e m 0 , ' 2 6 , 3 1 5 8 ( l 9 6 l ) . 
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of (c2H5s)3CH a n d (C2H50)-:3CH a n d f o u n d t h a t c a r b a n l o n f o r m a t i o n w a s 

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

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

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

e f f e c t a n d p o l a r i z a b i l i t y c a n n o t be e x c l u d e d . 

It s e e m s t h e n t h a t a c o m b i n a t i o n of d - o r b i t a l r e s o n a n c e , 

p o l a r i z a b i l i t y , i n d u c t i v e e f f e c t , a n d o l e f i n s t a b i l i t y is n e c e s s a r y to 

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



C H A P T E R V 

R E C O M M E N D A T I O N S 

T h e w o r k by G o e r i n g a n d E s p y (4) is r a t h e r c l o s e l y r e l a t e d to 

t h e p r e s e n t w o r k . T h e y s t u d i e d the d e h y d r o h a l o g e n a t i o n of 1 , 2 - d i h a l o 

(CI a n d Br) d e r i v a t i v e s of c y c l o h e x a n e a n d f o u n d t h a t t h e cis 

c o m p o u n d s u n d e r g o E2 r e a c t i o n m u c h f a s t e r t h a n t h e c o r r e s p o n d i n g t r a n s 

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

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

to be in t h e p r o p e r p o s i t i o n for d o u b l e b o n d f o r m a t i o n 

It w o u l d be i n t e r e s t i n g to c o m p a r e t h e E2 r e a c t i v i t i e s of c i s - 1 -

f l u o r o - 2 - b r o m o c y c l o h e x a n e , c i s - l - c h l o r o - 2 - b r o m o c y c l o h e x a n e a n d c i s - 1 -

b r o m o - 2 - b r o m o c y c l o h e x a n e a n d see if the s a m e d e c r e a s e in E 2 r e a c t i v i t y 

is n o t e d w i t h the f l u o r i n e c o m p o u n d as n o t e d in t h i s w o r k . P o s s i b l y 

t h e S K T2 r e a c t i o n w o u l d be n e g l i g i b l e a n d a m o r e a c c u r a t e E 2 r a t e 
N 

c o n s t a n t c o u l d be c a l c u l a t e d . T h i s w o u l d t h e n m a k e it p o s s i b l e to 

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

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



A P P E N D I X 

T A B L E S 
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M e t h o d of C a l c u l a t i n g S e c o n d O r d e r R a t e C o n s t a n t s . I n f l u e n c e of the _f 

V a l u e U s e d o n t h e V a l u e of t h e Ra t e C o n s t a n t . 

T h e k 2 v a l u e s in T a b l e 4 for the r e a c t i o n b e t w e e n s o d i u m h y d r o x i d e 

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

e q u a t i o n 

, 2 . 3 0 3 . a f b - (l + f)xl 
k * = t|b - ( 1 + f)a] 1 0 9 b (a - x) ' 

w h e r e a is t h e in i t i a l h a l i d e c o n c e n t r a t i o n , b is the i n i t i a l b a s e c o n 

c e n t r a t i o n , x is t h e h a l i d e c o n c e n t r a t i o n l o s t at t i m e t a n d _f is the 

f r a c t i o n of the r e a c t i o n t a k i n g p l a c e b y s u b s t i t u t i o n . I n th i s 

p a r t i c u l a r r u n , a = 0 . 0 1 0 1 9 m o l e / l i t e r a n d b = 0 . 0 2 4 2 0 m o l e / l i t e r . 

U s i n g a n _f v a l u e of 0 . 7 9 . the f o l l o w i n g v a l u e s for k 2 w e r e o b t a i n e d . 

t i m e , h r s . X a - x b - x k 2 

3 . 2 3 3 3 0 . 0 0 1 1 5 7 0 . 0 0 9 0 3 3 0 . 0 2 2 1 3 0 . 1 6 1 2 

5 . 9 6 6 6 0 . 0 0 1 9 4 9 0 . 0 0 8 2 4 1 0 . 0 2 0 7 1 0 . 1 5 9 4 

1 L 6 9 0 0 . 0 0 3 2 8 8 0 . 0 0 6 9 0 2 0 . 0 1 8 3 1 0 . 1 5 9 8 

2 2 . 5 5 0 0 . 0 0 4 9 3 2 0 . 0 0 5 2 5 8 0 . 0 1 5 3 7 0 . 1 5 4 7 

3 5 - 5 0 0 0 . 0 0 6 3 3 3 0 . 0 0 3 8 5 7 0 . 0 1 2 8 6 0 . 1 6 0 5 

T h e a v e r a g e v a l u e for t h e a b o v e k 2 v a l u e s is 0 . 1 5 9 1 l./mole h r . w i t h a n 

a v e r a g e d e v i a t i o n of 1 . 1 p e r c e n t . U s i n g a n _f v a l u e of 0 . 7 4 , t h e 

a v e r a g e k 2 v a l u e w a s 0 . 1 6 6 3 w i t h an a v e r a g e d e v i a t i o n of 2 . 8 p e r c e n t . 

W h e n a h i g h e r _f v a l u e of 0 . 9 0 was u s e d , t h e a v e r a g e k 2 v a l u e w a s 0 . 1 3 8 5 

w i t h a n a v e r a g e d e v i a t i o n of 7 . 1 per c e n t . T h u s it c a n be s e e n t h a t 

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

o p t i m u m _f v a l u e s g i v e l o w e r r a t e c o n s t a n t s . I n b o t h c a s e s , the a v e r a g e 
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d e v i a t i o n is g r e a t e r t h a n t h a t o b t a i n e d u s i n g t h e o p t i m u m _f v a l u e - T h i s 

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



T a b l e 2 . F C H 2 C H 2 B r + N a O H in 50% A q u e o u s D i o x a n e a t 3 0 . 0 ° C . 

( F C H 2 C H 2 B r ) 0 = 0 . 0 1 0 3 9 M HC1 = 0 . 0 5 0 2 M 

( N a O H ) 0 = 0 . 0 2 7 4 1 M 5 0 m l . a l i q u o t s 

T i m e in H o u r s m l . of HC1 1 0 2 k ( l . / m . h r . ) 

2 2 . 8 5 0 2 7 . 1 0 1 . 5 3 4 

1 2 4 . 1 0 2 6 . 4 0 1 . 3 2 6 

3 8 1 . 1 7 2 4 - 3 7 1 . 5 4 8 

6 7 4 . 8 3 2 2 . 2 0 1 . 7 0 2 

2 0 9 0 . 8 1 6 . 7 0 1 . 6 2 7 

A v e r a g e k = ( 1 . 5 4 7 + 0 . 0 9 4 ) x 1 0 " 2 l . / m . h r . 

= ( 4 . 2 9 6 + 0 . 2 6 ) x 1 0 " ^ l . / m . s e c . 

f = 1 . 0 0 
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T a b l e 3 . F C H 2 C H 2 B r + N a O H in 5 0 $ A q u e o u s D i o x a n e at 5 0 . 1 ° C 

( F C H 2 C H 2 B r ) 0 = 0 . 0 0 9 3 6 9 M HC1 = 0 . 1 0 1 9 M 

(NaOH) 0- = 0 . 0 2 5 3 1 M 5 0 m l . a l i q u o t s 

T i m e in M i n u t e s m l . of HC1 1 0 ^ k ( l . / m . m i n . ) 

1 , 5 8 9 1 1 . 4 0 3 - 0 5 4 

4 , 2 2 0 1 0 . 0 4 3 - 1 3 2 

7 , 2 6 3 8 . 7 9 3 . 2 8 0 

1 4 , 3 0 1 7 . 1 5 3 . 1 8 4 

1 8 , 9 0 7 6 . 3 8 3 . 2 4 9 

2 1 , 5 3 7 6 . 0 0 3 . 3 2 6 

A v e r a g e k = ( 3 . 2 0 4 + 0.08l) x 1 0 " ^ l . / m . m i n . 

= ( 5 . 3 4 0 + 0 . 1 4 ) x 1 0 " 5 l . / m . s e c . 

f = 1.00 
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TABLE 4 . F C H 2 C H 2 B R + NAOH IN 50% AQUEOUS DIOXANE AT 7 0 . 0 ° C . 

AVERAGE K = ( 1 5 9 - 1 + 1.8) X 1 0 ~ J L . / M . H R . 

- ( 4 * 4 1 6 + „ 0 5 0 ) X 1 0 " 5 L./M.iec. f - 0.79 

( F C H 2 C H 2 B R ) 0 = 0 . 0 1 0 1 9 M HC1 - 0 . 1 0 9 0 M 

( N A 0 H ) 0 = 0 . 0 2 4 2 0 M 5 0 ML, ALIQUOTS 

TIME IN HOURS ML. OF HC1 1 0 ^ J C ( L . / M . H R . ) 

3 . 2 3 3 3 1 0 . 1 5 1 6 1 . 1 5 

5 . 9 6 6 6 9 - 5 0 1 5 9 - 3 7 

1 1 . 6 5 0 8 . 4 0 1 5 9 - 7 9 

2 2 . 5 5 0 7 . 0 5 1 5 4 . 6 5 

3 5 . 5 0 0 5 . 9 0 1 6 0 . 5 4 
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T a b l e 5 . C l C H 2 C H 2 B r + N a O H in 5 0 $ A q u e o u s D i o x a n e a t 3 0 . 0 ° C 

( c l C H 2 C H 2 B r ) 0 = 0 . 0 1 0 4 3 M HC1 = 0 o l 0 9 0 M 

( N a O H ) 0 = 0 . 0 1 4 2 2 M 5 0 m l . a l i q u o t s 

T i m e in S e c o n d s m l . of HC1 1 0 ^ k ( l . / m . s e c . ) 

7 2 , 3 6 0 8 . 9 0 2 . 2 5 8 

1 0 8 , 7 8 0 8 . 0 2 2 . 2 9 1 

1 5 9 , 1 8 0 7 . 1 5 2 . 2 7 6 

2 0 9 , 5 8 0 6 . 5 0 2 . 2 6 2 

2 7 1 , 0 8 0 5 . 9 0 2 . 2 5 0 

4 4 7 , 3 0 0 4 . 7 8 2 . 2 7 1 

A v e r a g e k = ( 2 . 2 6 8 + 0 . 0 1 1 ) x 1 0 " 4 l . / m . s e c . 

f = 0 . 0 2 8 
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T a b l e 6 . C l C H 2 C H 2 B r + N a O H in 50% A q u e o u s D i o x a n e at 70 .0°C. 

T i m e in S e c o n d s m l . of HCl 2 
1 0 k ( l . / m . s e c . ) 

9 0 0 1 3 . 1 6 1 . 2 6 4 

1 , 8 9 0 1 1 . 8 7 1 . 2 4 7 

3 , 1 2 0 1 0 . 6 1 1 . 2 5 9 

4 , 3 8 0 9 . 5 6 1 . 2 9 5 

6 , 2 4 0 8 . 4 9 1 . 2 4 9 

8 , 4 9 0 7 . 6 5 1 . 2 4 2 

A v e r a g e k = ( 1 . 2 4 5 + 0 . 0 2 2 ) x 1 0 " l . / m . s e c . 

f = 0 . 0 3 

( c l C H 2CH 2Br) 0 = 0.01043 M HCl = 0.0485 M_ 

( N a O H ) 0 = 0o01422 M 50 m l . a l i q u o t s 
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T a b l e 7. B r C H 2 C H 2 B r + N a O H in 50$ A q u e o u s D i o x a n e at 3 0 . 0 ° C . 

( B r C H 2 C H 2 B r ) 0 = 0.008914 M HC1 = 0.0970 M 

(NaOH.) 0 = 0,01455 M 50 m l . a l i q u o t s 

T i m e in Hours m l . of HC1 kCl./m/hr.) 

5.200 6.70 2.519 
12.400 6.00 2.319 

22.683 5.20 2.392 

26.333 5.00 2.377 

35.766 4.55 2.400 

45.983 4.20 2.398 

49.783 4.08 2.420 

53.050 4.02 2.377 

AVERAGE k = 2.400 + 0.035 l./m . H R . 

= 6.667 + 0.098 x 10*^ l./m.sec. 

f = 0.05 



32 

T a b l e 8. B r C H 2 C H 2 B r + N a O H in 50% A q u e o u s D i o x a n e at 7 0 . 0 ° C . 

(BrCH 2CH 2Br) 0 = 0.008531 M HCl = 0.0970 M 

(Na0H) 0 = 0-008540 M 
50 ml. aliquots 

Time in Seconds ml. of HCl 10 k(l./m.sec.) 

823 6.90 3.790 
1,205 

6.29 3.798 1,760 5.54 3.673 2,480 4.74 3.826 
3,275 4-14 3.836 
4,170 3.59 3.773 

Average k = (3.783 + 0 . 0 4 0 ) x 1 0 " l./m.sec. 
f = 0 . 0 5 
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Table 9« H 2C=CHBr + NaOH in 5 0 $ Aqueous Dioxane at 7 5 ° C a . 

(CH 2=CHBr) 0 = 0.01038 M HC1 = 0.0502 M 

(NaOH) 0 = 0.02774 M 50 ml. aliquots 

Time in Hours ml. of HC1 k(l./m,hr.) 

3.233 26.58 0.986 

19-78 22.80 1.002 

Average k = 0.994 + 0.18 l./m.hr. 

= (2.7 + 0.5) x 10"^ l./m.sec. 

Temperature was 75 + 2°C. 
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T a b l e 1 0 . C H 2 = C H B r + N a O H in 50% A q u e o u s D i o x a n e at 3 0 o 0 ° C » 

( C H 2 = C H B r ) 0 = 0 . 0 1 0 6 3 M HCl = 0 . 0 5 0 2 M 

(Na O H ) o = 0 , 0 2 7 7 9 M 50 m l . a l i q u o t s 

T i m e i n H o u r s m l . of HCl 1 0 3 k ( l o / m . h r o ) 

7 2 . 2 7 2 7 . 6 0 5 . H 7 

1 7 1 . 1 7 2 7 . 5 0 3 . 9 6 0 

3 3 3 . 5 8 2 7 . 3 3 3 . 3 5 8 

7 1 9 * 9 5 2 6 . 9 5 3 . 8 9 0 

A v e r a g e k = ( 4 . 0 8 8 + 1 . 4 4 ) x 1 0 " ° l . / m . h r . 

= ( 1 . 1 3 5 + 0 . 4 0 ) x 1 0 ~ 6 l . / m . s e c . 
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P a r t II 

T H E B A S E C A T A L Y S E D D E H Y D R O H A L O G E N A T I O N 

O F b e t a - B E N Z E N E H E X A C H L O R I D E 



SUMMARY 

PART II 

T h e r a t e s of d e u t e r i u m e x c h a n g e of d e u t e r i o - m - d i f l u o r o - , 

d e u t e r i o - m - c h l o r o f l u o r o - , d e u t e r i o - m - d i c h l o r o - a n d d e u t e r i o - 1 , 2 , 4 -

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

t e m p e r a t u r e s . F l u o r i n e is m o r e e f f e c t i v e t h a n c h l o r i n e in f a c i l i t a t i n g 

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

s t u d i e d lie in t h e f o l l o w i n g o r d e r 

C 6 H 3 F 2 D > C 6 H 2 C 1 3 D > C 6 H 3 C 1 F D > C 6 H 3 C 1 2 D . 

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

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

h e x a c h l o r i d e ( c i s - l , 3 » 5 - t r a n s - 2 , 4 « 6 - h e x a c h l o r o c y c l o h e x a n e ) u n d e r g o e s 

b a s i c d e h y d r o c h l o r i n a t i o n by a c a r b a n i o n (ElcB) m e c h a n i s m . O t h e r 

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

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

e t h a n o l . In the p r e s e n t s t u d y , t h e p r o d u c t ( 1 , 2 , 4 - t r i c h l o r o b e n z e n e ) 

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

in " h e a v y " m e t h a n o l w a s f o u n d to c o n t a i n c o n s i d e r a b l e d e u t e r i u m . S i n c e , 

u n d e r t h e same c o n d i t i o n s , d e u t e r i o - 1 , 2 , 4 - t r i c h l o r o b e n z e n e was f o u n d to 

e x c h a n g e d e u t e r i u m for h y d r o g e n a b o u t 100 t i m e s s l o w e r t h a n t h e 

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

a f t e r it w a s f o r m e d * T h e s e r e s u l t s i n d i c a t e t h a t b e t a - b e n z e n e h e x a 

c h l o r i d e r e a c t s w i t h s o d i u m m e t h o x i d e i n m e t h a n o l by t h e E l c B m e c h a n i s m . 

T h e h a l i d e f i r s t r e a c t s w i t h the m e t h o x i d e to g i v e a c a r b a n i o n of b e t a -
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b e n z e n e h e x a c h l o r i d e . T h i s c a r b a n i o n i n v e r t s to give the c a r b a n i o n 

of d e l t a - b e n z e n e h e x a c h l o r i d e ( l . 2 , 3 * 5 - c i s - 2 . 6 - t r a n s - h e x a c h l o r o -

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

d e l t a - b e n z e n e h e x a c h l o r i d e . S i n c e t h e d e l t a i s o m e r has H a n d CI a t o m s 

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

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

d e u t e r i o - 1 , 2 , 4 - t r i c h l o r o b e n z e n e . 



CHAPTER I 

INTRODUCTION 

THE PRESENT WORK WAS UNDERTAKEN IN ORDER TO OBTAIN MORE INFOR

MATION CONCERNING THE A B I L I T Y OF VARIOUS HALOGEN ATOMS ON THE BENZENE 

NUCLEUS TO F A C I L I T A T E CARBANION FORMATION AND TO OBTAIN ADDITIONAL 

INFORMATION ABOUT THE MECHANISM OF THE BASE-CATALYZED DEHYDROCHLORINA-

TION OF BETA-BENZENE HEXACHLORIDE. THE TWO ASPECTS OF THE WORK ARE 

CLOSELY RELATED BECAUSE 1 , 2 ,4 -TRICHLOROBENZENE I S THE MAJOR PRODUCT 

OF THE DEHYDROCHLORINATION REACTION ( L ) . 

M-DIFLUORO, M-CHLOROFLUORO, M-DICHLORO, AND 1 , 2 , 4 - T R I C H L O R O 

BENZENE WERE STUDIED TO DETERMINE THEIR RATES OF EXCHANGE OF DEUTERIUM 

FOR HYDROGEN. THE DIHALIDES WERE S T U D I E D , IN ADDITION TO THE T R I -

HALIDE, TO LEARN MORE ABOUT THE EFFECT OF DIFFERENT HALOGENS IN F A C I L I T A T 

ING CARBANION FORMATION IN AROMATIC COMPOUNDS. THE DEUTERIUM EXCHANGE 

RATE OF FLUOROBENZENE, TRIFLUOROMETHYLBENZENE, anisole, toluene, AND 

BENZENE HAD PREVIOUSLY BEEN STUDIED UNDER RATHER DRASTIC CONDITIONS (2) 

(0.6 M KNH2 IN N H 3 ) BUT APPARENTLY NO S I M I L A R STUDY HAD BEEN MADE OF THE 

M-DIHALOBENZENES MENTIONED ABOVE. THE DEUTERIUM EXCHANGE RATE OF 1 , 2 , 4 -

TRICHLOROBENZENE WAS DETERMINED BECAUSE I T I S DIRECTLY INVOLVED IN THE 

IN THE INTERPRETATION OF THE EXPERIMENTAL RESULTS OBTAINED IN I N V E S T I G A T 

ING THE MECHANISM OF THE DEHYDROHALOGENATION OF BETA-BENZENE HEXACHLORIDE. 

1 . S . J * C R I S T O L , J . AM. CHEM. S O C , 6 9 , 3 3 8 ( 1 9 4 7 ) . 
2 . G . E . HALL, R . P I C C O L I N I , AND J . DO R O B E R T S , J . AM. CHEM. 

S O C , 7 7 , 4 5 4 0 ( 1 9 5 5 ) . 
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B i m o l e c u l a r d e h y d r o h a l o g e n a t i o n c a n o c c u r by e i t h e r of t w o 

m e c h a n i s m s , a c o n c e r t e d one (E2) or a s t e p w i s e o n e ( E l c B ) . I n t h e 

c o n c e r t e d m e c h a n i s m , t h e b a s e a t t a c k s t h e h y d r o g e n o n t he c a r b o n 

a d j a c e n t to t he one b e a r i n g t h e h a l o g e n p r o v i d e d t h e h y d r o g e n a n d h a l o 

g e n c a n a s s u m e p o s i t i o n s t r a n s to e a c h o t h e r (3)* T h e c o n c e r t e d t r a n s 

r e a c t i o n is u s u a l l y f a v o r e d in t he r e a c t i o n s of s a t u r a t e d h a l i d e s if 

it is s t e r e o c h e m i c a l l y p o s s i b l e ( 4 ) • 

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

f r o m t h e c a r b o n a d j a c e n t to t h e one b e a r i n g t h e h a l o g e n . T h i s forms 

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

It is o f t e n p o s s i b l e to u s e two m e t h o d s to d i s t i n g u i s h t h e t w o 

m e c h a n i s m s . O n e c a n t e s t for g e n e r a l b a s e c a t a l y s i s or o n e c a n r u n the 

r e a c t i o n in a d e u t e r a t e d s o l v e n t a n d t e s t t h e p r o d u c t or u n r e a c t e d 

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

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

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

i n g t h e d e h y d r o h a l o g e n a t i o n of b e t a - b e n z e n e h e x a c h l o r i d e d e u t e r i u m 

e x c h a n g e w i t h t h e s o l v e n t h a s b e e n c h o s e n to t e s t for c a r b a n i o n s . 

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

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

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

to t h e l e a v i n g h a l i d e (5)« It h a s , h o w e v e r , b e e n o b s e r v e d in c o m p o u n d s 

3a C K«. I n g o l d , S t r u c t u r e a n d M e c h a n i s m in O r g a n i c C h e m i s t r y , 
C o r n e l l U n i v e r s i t y P r e s s , I t h a c a , N e w Y o r k , 1953, Cho 8 . 

4* So J * C r i s t o l , N . L . H a u s e , a n d J . S . M e e k , J * A m . C h e m . S o c , 
73, 674 (1951) . 

5« D* G . H i l l , B« S t e w a r t , S . W . K a n t o r , W . A . J u d g e , a n d C R . 
H a u s e r , J * A n u C h e m . S o c , 76, 5129 (1954) . 
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s u c h as t r i c h l o r o e t h y l e n e (6) w h e r e the h y d r o g e n is t r a n s t o a c h l o r i n e , 

a n d b e t a - b e n z e n e h e x a c h l o r i d e (7) w h e r e the h y d r o g e n c a n n o t a s s u m e a 

t r a n s p o s i t i o n . T h e c o m b i n a t i o n of all cis H-Cl p a i r s a n d r e l a t i v e l y 

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

m a k e t h i s c o m p o u n d a n e x c e l l e n t one to t e s t for c a r b a n i o n f o r m a t i o n . 

S i n c e C r i s t o l (7) f o u n d s o m e d e u t e r i u m in the u n r e a c t e d s t a r t i n g 

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

it w a s d e c i d e d to r e i n v e s t i g a t e the s y s t e m by t e s t i n g t h e p r o d u c t for 

d e u t e r i u m c o n t e n t as s u g g e s t e d by C r a m ( 8 ) . T h e loss of t h e l a s t t w o 

m o l e s of h y d r o g e n c h l o r i d e f r o m the c o m p o u n d is v e r y f a s t (4) c o m p a r e d 

to t h a t of t h e f i r s t m o l e a n d , t h e r e f o r e , it s e e m s u n l i k e l y t h a t any 

d e u t e r i u m o b s e r v e d in t h e p r o d u c t w o u l d h a v e b e e n p i c k e d u p by o n e of 

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

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

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

d e c i d e d to d e t e r m i n e t h e r a t e of d e u t e r i u m e x c h a n g e of 1 , 2 , 4 - t r i c h l o r o 

b e n z e n e u n d e r the c o n d i t i o n s u s e d in the e l i m i n a t i o n r e a c t i o n . 

6. L . C . L e i t c h a n d H . J . B e r n s t e i n , C a n . J . R e s . , B 2 8 , 35 
( 1 9 5 0 ) . 

7 . So Jo C r i s t o l a n d D . D . F i x , J . A m . C h e m . S o c , 7 5 , 2 6 4 7 ( 1 9 5 3 ) . 
8. D« J . C r a m i n M « S . N e w m a n ' s S t e r i c E f f e c t s in O r g a n i c C h e m i s 

t r y , J o h n W i l e y a n d S o n s , I n c . , N e w Y o r k , No Y * , 1 9 5 6 , p . 3 1 9 - 3 2 1 . 



CHAPTER I I 

PROCEDURE 

EXPERIMENTAL 

K I N E T I C S OF THE EXCHANGE REACTIONS BETWEEN DEUTERIO P I - AND TRIHALO-

KENZENES AND SODIUM METHOXIDE IN METHANOL.—THE EXCHANGE REACTIONS OF THE 

DEUTERIUM D E R I V A T I V E S OF M-DIFLUORO, M-CHLOROFLUORO, M-DICHLORO, AND 

1,2,4-TRICHLORO-BENZENE IN METHANOL WERE ALL CARRIED OUT IN E S S E N T I A L L Y 

THE SAME MANNER. THE OPERATION FOR OBTAINING EACH POINT WILL B E DESCRIBED 

FOR THE DEUTERIO-M-DIFLUOROBENZENE. 

TEN MICROLITERS OF THE DEUTERIUM-SUBSTITUTED HALOGEN COMPOUND 

(MEASUREMENT MADE WITH A SYRINGE CALIBRATED TO 0.2 M I C R O L I T E R ) WAS ADDED 

TO A 12 ML. V I A L . TEN ML. OF 0.09932 M SODIUM METHOXIDE IN METHANOL WAS 

P I P E T T E D INTO THE VIAL AND, AFTER CAREFULLY REMOVING ANY SOLUTION ADHERING 

TO THE i n s i d e OF THE OPENING, THE v i a l w a s s e a l e d . D u r i n g THE e n t i r e 

o p e r a t i o n c a r e w a s t a k e n to i n t r o d u c e t h e l i q u i d s into t h e v i a l i n s u c h 

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

s u r f a c e of t h e n e c k of the v i a l . A f t e r s e a l i n g , the vial w a s c a r e f u l l y 

i n s p e c t e d for any d i s c o l o r a t i o n i n s i d e t he n e c k w h i c h w o u l d i n d i c a t e d e 

c o m p o s i t i o n of the c o n t e n t s . N o d i s c o l o r a t i o n w a s n o t e d . T h e v i a l w a s 

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

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

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

to r e m o v e a n y i m p u r i t i e s f r o m it 1. T h e e n t i r e c o o l i n g a n d w a s h i n g 

1 T h i s p r o c e d u r e w a s n e c e s s a r y b e c a u s e a l i g h t m i n e r a l oil w a s 
u s e d for t h e b a t h l i q u i d in t h e r u n s a t 5 0 Q a n d 7 0 ° C . 
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o p e r a t i o n t o o k 1 - 1 . 5 m i n u t e s . The s e a l e d tip of the v i a l w a s t h e n b r o k e n 

a n d t h e c o n t e n t s p o u r e d into a g l a s s s t o p p e r e d flask c o n t a i n i n g 2 0 m l . 

of 0 . 1 0 4 4 M p e r c h l o r i c a c i d s o l u t i o n to n e u t r a l i z e the b a s e a n d st o p t h e 

d e u t e r i u m e x c h a n g e . T h e n 4 m l . of c a r b o n d i s u l f i d e w a s a d d e d a n d the 

flask w a s t h o r o u g h l y s h a k e n s e v e r a l t i m e s t o i n s u r e c o m p l e t e e x t r a c t i o n , 

a l l o w i n g t w o or t h r e e m i n u t e s b e t w e e n s h a k i n g s for t h e l a y e r s to s e p a r a t e . 

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

1 0 m l . E r l e n m e y e r f l a s k , a n d t h e n i m m e d i a t e l y p o u r e d into a n o t h e r 1 0 m l . 

E r l e n m e y e r flask c o n t a i n i n g dry i n d i c a t i n g s i l i c a g e l . T h i s p r o c e d u r e 

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

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

to t h e w a l l s of the f l a s k in w h i c h t h e e x t r a c t w a s f i r s t p l a c e d . T h e 

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

( S E E T a b l e 12) for d e u t e r i u m a n d h y d r o g e n c o n t e n t . 

T h e e x t r a c t i o n p r o c e d u r e d e s c r i b e d a b o v e WAS f o u n d to b e v e r y 

e f f i c i e n t . ONE OF THE s a m p l e s THUS e x t r a c t e d w a s e x t r a c t e d AGAIN w i t h 4 

m l . OF c a r b o n d i s u l f i d e . T H I S c a r b o n d i s u l f i d e LAYER WAS SEPARATED AND 

DRIED AS B E F O R E . THE i n f r a r e d s p e c t r u m b e t w e e n 2 a n d 15 m i c r o n s i n d i c a t e d 

n e g l i g i b l e a b s o r p t i o n . 

T i m e s r e c o r d e d f o r t h e s e r u n s ( T a b l e s 2 t h r o u g h 9) w e r e m e a s u r e d 

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

T h e c o n s t a n t t e m p e r a t u r e b a t h u s e d for t h e 5 0 ° a n d 7 0 ° r u n s w a s 

c o n s t a n t to + 0 . 1 ° C . A l i g h t m i n e r a l oil w a s u s e d for the b a t h l i q u i d 

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

b a t h . 

R e f l u x i n g w a t e r w a s u s e d for t h e c o n s t a n t t e m p e r a t u r e b a t h at 1 0 0 ° C . 
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K i n e t i c s of t h e R e a c t i o n B e t w e e n b e t a - B e n z e n e H e x a c h l o r i d e a n d S o d i u m 

M e t h o x i d e in M e t h a n o l * — A 0 . 0 1 9 8 9 M s o l u t i o n w a s m a d e by d i s s o l v i n g a 

w e i g h e d q u a n t i t y of t h e h a l i d e in a b s o l u t e m e t h a n o l . T he s o l u b i l i t y in 

m e t h a n o l is q u i t e low a n d t h e h a l i d e d i s s o l v e s v e r y s l o w l y . S o l u t i o n 

w a s f i n a l l y a c c o m p l i s h e d by a d d i n g the h a l i d e to a b o u t 5 0 m l . of m e t h a n o l 

in a 1 0 0 m l . v o l u m e t r i c flask a n d a l t e r n a t e l y h e a t i n g , s t i r r i n g , a n d 

a d d i n g m e t h a n o l u n t i l all of the h a l i d e d i s s o l v e d a n d t h e flask c o n 

t a i n e d 1 0 0 m l . of s o l u t i o n . 

E a c h p o i n t in the r u n w a s d e t e r m i n e d in t h e f o l l o w i n g m a n n e r : F i v e 

m i l l i l i t e r s of t h e h a l i d e s o l u t i o n w a s p i p e t t e d into a 1 2 m l . v i a l a n d 

0 . 5 0 m l . of 0 . 9 8 9 5 M s o d i u m m e t h o x i d e in m e t h a n o l w a s a d d e d by s y r i n g e . 

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

r e m o v e d a n d the vial s e a l e d . T h e v i a l s w e r e t h e n p l a c e d in t h e a p p r o 

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

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

l o n g in t h e r u n at 7 0 ° , s a t i s f a c t o r y r a t e c o n s t a n t s w e r e o b t a i n e d by 

o p e n i n g t h e v i a l , p o u r i n g c o n t e n t s (along w i t h 2 r i n s e s o l u t i o n s ) into 

a n E r l e n m e y e r f l a s k , a n d i m m e d i a t e l y t i t r a t i n g w i t h s t a n d a r d H C 1 . In the 

r u n at 1 0 0 ° , the v i a l c o n t e n t s a n d r i n s e s o l u t i o n s w e r e p o u r e d into 

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

h y d r o x i d e s o l u t i o n . T h e s e r e s u l t s a r e r e c o r d e d in T a b l e s 1 0 a n d 1 1 . 

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

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

c a l i b r a t e d in t e n t h s of s e c o n d s . 

R e a c t i o n B e t w e e n b e t a - B e n z e n e H e x a c h l o r i d e a n d S o d i u m M e t h o x i d e in C H ^ O D 

a t 1 0 0 ° C . — D u e to t h e l i m i t e d a v a i l a b i l i t y of m e t h a n o l - d (CH3OD) a n d 
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b e c a u s e o n l y o ne r e a c t i o n w a s n e c e s s a r y , a p r o c e d u r e d i f f e r e n t f r o m t he 

o n e p r e v i o u s l y d e s c r i b e d for k i n e t i c r u n s b e t w e e n b e t a - b e n z e n e h e x a 

c h l o r i d e a n d s o d i u m m e t h o x i d e w as u s e d . F i v e m l . of m e t h a n o l - d w a s 

p i p e t t e d into a 1 2 m l . v i a l t h a t c o n t a i n e d 0 . 0 2 9 6 g . ( 0 . 1 0 2 m i l l i m o l e s ) 

of b e t a - b e n z e n e h e x a c h l o r i d e . In o r d e r to d i s s o l v e t h e h a l i d e w i t h o u t 

loss of m e t h a n o l - d t h e v i a l w a s s e a l e d and p l a c e d in a b a t h at 1 0 0 ° for 

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

T h e n to s t a r t the r e a c t i o n , t h e via l w a s r e m o v e d f r o m t h e b a t h , c o o l e d , 

w a s h e d w i t h s o a p , r i n s e d t w i c e , a n d o p e n e d . O n e - h a l f m i l l i l i t e r of 

1 . 3 0 3 M s o d i u m m e t h o x i d e in m e t h a n o l - d w a s a d d e d by s y r i n g e . T h e via l 

w a s r e s e a l e d a n d h e a t e d at 1 0 0 ° for 2 5 m i n u t e s . T h i s t i m e c o r r e s p o n d s 

to a b o u t 9 5 per c e n t r e a c t i o n . T h e c o n t e n t s w e r e c o o l e d and 2 m l . of 

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

l i q u i d . T w o m i l l i l i t e r s of c a r b o n d i s u l f i d e w a s a d d e d , t he c o n t e n t s 

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

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

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

P r e p a r a t i o n a n d P u r i f i c a t i o n of R e a g e n t s 

m - D i f l u o r o b e n z e n e . — P i e r c e C h e m i c a l C o . m - d i f l u o r o b e n z e n e w a s u s e d w i t h o u t 
2 9 21 

f u r t h e r p u r i f i c a t i o n . T h e r e f r a c t i v e index ( n D , 1 . 4 3 3 9 ; n * , 1 . 4 3 7 9 ) 

18 

c o m p a r e s f a v o r a b l y w i t h t h a t r e p o r t e d in t h e l i t e r a t u r e (n , 1 . 4 4 0 4 ) ( 9 ) . 

D e u t e r i o - m - D i f l u o r o b e n z e n e . — S i x t e n t h s m i l l i l i t e r of m - d i f l u o r o b e n z e n e 

a n d 2 . 4 0 m l . of 1 . 3 2 7 M s o d i u m m e t h o x i d e in m e t h a n o l - d w e r e s e a l e d i n a 

9 . G . S c h i e m a n n a n d R . P i l l a r s k y , B e r . , 6 2 , 3 0 3 5 ( 1 9 3 0 ) . 
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v i a l h a v i n g a t o t a l v o l u m e of 1 2 m l . T h e v i a l w a s p l a c e d in a 5 0 ° b a t h for 

9 7 h o u r s at w h i c h t i m e it w a s r e m o v e d a n d t h o r o u g h l y w a s h e d w i t h s o a p a n d 

w a t e r . T h e c o n t e n t s w e r e a d d e d to a 3 m l . of w a t e r in a 1 0 m l . E r l e n 

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

h a l i d e l a y e r . T h i s l a y e r w a s s e p a r a t e d a n d a g a i n t r e a t e d w i t h 3 m l . of 

w a t e r . A f t e r v i g o r o u s s h a k i n g , t h e h a l i d e layer w a s s e p a r a t e d a n d d r i e d 

w i t h a s m a l l q u a n t i t y of s i l i c a g e l . A b o u t 0 . 4 5 m l . of p r o d u c t w a s 

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

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

m - C h l o r o f l u o r o b e n z e n e . - - D i s t i l l a t i o n P r o d u c t s I n d u s t r i e s W h i t e L a b e l m -

c h l o r o f l u o r o b e n z e n e w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . T h e r e f r a c -
2 9 

t i v e i n d e x ( n ^ , 1 . 4 9 0 9 ) c o m p a r e s f a v o r a b l y w i t h t h a t r e p o r t e d in t h e 

l i t e r a t u r e ( n 2 7 , 1 . 4 9 1 1 ) ( 1 0 ) . 

D e u t e r i o - m - C h l o r o f l u o r o b e n z e n e . — S i x - t e n t h s of a m i l l i l i t e r of m -

c h l o r o f l u o r o b e n z e n e a n d 2 . 4 0 m l . of 1 . 3 2 7 M s o d i u m m e t h o x i d e in m e t h a n o l - d 

w e r e s e a l e d i n a 1 2 m l . v i a l a n d h e a t e d for 1 8 h o u r s at 1 0 0 ° C . T h e p r o d u c t 

w a s s e p a r a t e d a n d p u r i f i e d in e x a c t l y t h e same m a n n e r as the d e u t e r i o - m -

d i f l u o r o b e n z e n e d e s c r i b e d a b o v e . A b o u t 0 . 4 5 m l . of cl e a r l i q u i d p r o d u c t 

w a s o b t a i n e d . 

m - D i c h l o r o b e n z e n e . - - D i s t i l l a t i o n P r o d u c t s I n d u s t r i e s W h i t e L a b e l m-dichloro-

b e n z e n e w a s u s e d w i t h o u t p u r i f i c a t i o n . T h e r e f r a c t i v e index (n5̂ 1 . 5 4 3 0 ) 

30 
c o m p a r e s f a v o r a b l y w i t h t h a t i n t h e l i t e r a t u r e (n , 1 . 5 4 2 0 ) ( l l ) . 

1 0 . H . S . B o o t h , H . M . E l s e y , a n d P. E . B u r c h f i e l d , J . A m . C h e m . 
S o c , 5 7 , 2 0 6 4 ( 1 9 3 5 ) . 

1 1 . S . S. J o s h i a n d G . D . T u l i , J . I n d i a n C h e m . S o c , 2 8 , 4 5 0 
( 1 9 5 1 ) . 
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Deuterio-m-Dichlorobenzene.—six-tenths of a m i l l i l i t e r of m-dichloro-

benzene and 2 . 4 . 0 ml. of 1 . 3 2 7 M sodium methoxide in methanol-d were 

sealed in a 1 2 ml. vial and heated for 6 8 hours at 1 0 0 ° C . The product 

was separated and purified in the same manner as the deuterio-m-difluoro

benzene described above. About 0 . 4 . 0 ml. of clear product was obtained. 

1 ,2 ,4-Trichlorobenzene.—Dist i l la t ion Products Industries White Label 

1 ,2 ,4- t r ichlorobenzene was d i s t i l l ed and dried over s i l i c a gel . The 

product was clear and melted at L6-17°C The value reported in the 
27 

l i t e ra tu re i s 1 7 - 1 8 ° ( 1 2 ) . The refract ive index (n* , 1 . 5 6 8 5 ) compares 

favorably with that in the l i te ra ture (n* , 1 . 5 7 H ) ( l l ) . 

Deuterio-1.2,4-Trichlorobenzene.--Three-fourths of a m i l l i l i t e r of re

d i s t i l l e d 1,2,4- t r ichlorobenzene and 3 . 0 0 ml. of 1 . 3 0 3 M sodium methoxide 

in methanol-d were sealed in a 1 2 ml. vial and heated for 1 0 hours at 

1 0 0 ° C . The product was purified in the same manner as the deuterio-m-

dif luorobenzene described above. About 0 . 5 5 ml. of clear product was 

obtained. 

1 ,3«5-Trichlorobenzene.—Dist i l la t ion Products Industries White Label 1 , 3 , 5 -

trichlorobenzene was used without additional purif icat ion. The melting 

point, 6 2 - 3 ° , compares favorably with the 63° value found by Olivier ( 1 3 ) . 

beta-Benzene Hexachloride.—This compound was obtained from E. I . Du Pont 

de Nemours and Co., Inc . and was used without further purif icat ion. The 

melting point, 3 0 4 - 5 ° , f a l l s within the range of values (297° to 3 1 2 ° ) 

reported in the l i te ra ture ( 1 4 ) . 

1 2 . S. C J . Olivier, R e c . t r a v . c h i m . , 3 9 , 4 9 9 ( 1 9 2 0 ) . 
1 3 . S. C . J . O l i v i e r , R e c . t r a v . c h i m . , 3 7 , 3 1 3 ( 1 9 1 8 ) . 
1 4 * E . H . H u n t r e s s , O r g a n i c C h l o r i n e C o m p o u n d s , J o h n W i l e y a n d S o n s , 

I n c . , N e w Y o r k , N . Y., 1 9 4 8 , p . 5 0 5 - 6 . 
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M e t h a n o l . — C o m m e r c i a l m e t h a n o l w a s p u r i f i e d by the m e t h o d of F i e s e r ( L 5 ) « 

T w o a n d o n e - h a l f l i t e r s of m e t h a n o l w a s p l a c e d in a 5 l i t e r flask w h i c h 

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

w a s a d d e d a n d the m i x t u r e r e f l u x e d for two h o u r s . A 30 x 3/4 i n c h , 

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

t h e d i s t i l l a t e b o i l i n g a t 64.5 to 6 5 . 0 ° C w a s c o l l e c t e d . S p e c i a l c a r e 

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

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

M e t h a n o l - d . — T h i s c o m p o u n d , C H 3 0 D , w a s o b t a i n e d f r o m M e r c k , S h a r p e , a n d 

D o h m e of C a n a d a , L i m i t e d , a n d w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . T h e 

i n d i c a t e d i s o t o p i c p u r i t y w a s 99 per c e n t . N u c l e a r m a g n e t i c r e s o n a n c e 

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

" l i g h t " m e t h a n o l w e r e m a d e to check t h e i s o t o p i c p u r i t y 1 . It w a s f o u n d 

t h a t t h e c o m m e r c i a l p r o d u c t c o n t a i n s o n l y 95-1 per c e n t m e t h a n o l - d . 

C a r b o n D i s u l f i d e . — B a k e r A n a l y s e d , R e a g e n t G r a d e , c a r b o n d i s u l f i d e w a s 

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

S o d i u m M e t h o x i d e S o l u t i o n . — T h e a p p r o x i m a t e l y 1 M s o d i u m m e t h o x i d e 

s o l u t i o n s in m e t h a n o l or m e t h a n o l - d w e r e m a d e by w e i g h i n g o u t c a r e f u l l y 

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

I s o t o p i c A n a l y s i s 

In o r d e r to a n a l y s e q u a n t i t a t i v e l y for the p r o t i u m a n d d e u t e r i u m 

c o m p o u n d s s t u d i e d , a P e r k i n E l m e r M o d e l 2 1 I n f r a r e d S p e c t r o p h o t o m e t e r 

w a s u s e d . 

1 5 - L . F . F i e s e r , E x p e r i m e n t s in O r g a n i c C h e m i s t r y , 3rd e d . , 
D . C . H e a t h a n d C o . , B o s t o n , M a s s . , 1 9 5 5 , p . 2 8 9 -

•l-The a u t h o r is g r a t e f u l to M r . J a m e s H o u s t o n a n d M r . R o y D u c k e t t 
for the n . m . r . a n a l y s i s . 
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For the p r o t i u m c o m p o u n d s a b s o r p t i o n b a n d s t h a t w o u l d be u s e f u l 

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

( m - d i f l u o r o , m - c h l o r o f l u o r o , m - d i c h l o r o , a n d 1 , 2 , 4 - t r i c h l o r o b e n z e n e ) 

in the f o l l o w i n g m a n n e r . T h e s p e c t r u m for t h e p u r e p r o t i u m c o m p o u n d w a s 

d e t e r m i n e d in c a r b o n disulfide^" s o l u t i o n at a c o n c e n t r a t i o n s u c h t h a t 

t h e o p t i c a l d e n s i t y d i d n o t e x c e e d 0.90 at any w a v e l e n g t h . T h e n t h r e e 

v i a l s w e r e p r e p a r e d , e a c h c o n t a i n i n g a small q u a n t i t y of the " l i g h t " 

h a l i d e a n d a s o l u t i o n of s o d i u m m e t h o x i d e in m e t h a n o l - d . T h e s e w e r e 

a l l o w e d to r e a c t for d i f f e r e n t l e n g t h s of t i m e at a s u i t a b l e t e m p e r a t u r e 

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

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

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

d e c r e a s e d in t h e p r e s e n c e of t h e s o d i u m m e t h o x i d e - m e t h a n o l - d w a s 

s e l e c t e d as t h e one u s e f u l in a n a l y s i n g for the p r o t i u m c o m p o u n d . It 

w a s p o s s i b l e in e v e r y c a s e to f i n d an a b s o r p t i o n b a n d s u i t a b l y s e p a r a t e 

f r o m the o t h e r s , w h i c h c o u l d be u s e d for a n a l y s i s of the k i n e t i c r u n 

m i x t u r e s . 

In o r d e r to s e l e c t a s u i t a b l e b a n d for u s e in the d e u t e r i u m 

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

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

i n c r e a s e d in i n t e n s i t y w i t h i n c r e a s i n g r e a c t i o n time for e a c h of the 

t h r e e v i a l s . A g a i n in e v e r y case it w a s p o s s i b l e to f i n d a n a b s o r p t i o n 

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

C a r b o n d i s u l f i d e w a s s e l e c t e d as the s o l v e n t b e c a u s e it w a s f o u n d 
n o t to a b s o r b in t h e i n f r a r e d r e g i o n at w a v e l e n g t h s u s e f u l in t h e s e 
a n a l y s e s . I n a d d i t i o n it is i n s o l u b l e in m e t h a n o l a n d c o u l d be u s e d to 
e x t r a c t t h e h a l o g e n c o m p o u n d s from m e t h a n o l s o l u t i o n s u s e d in k i n e t i c r u n s . 
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is n e g l i g i b l e a n d w h i c h w a s s u i t a b l e for u s e in a n a l y s i s . 

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

b a n d s r e p o r t e d in T a b l e 22 w e r e d e t e r m i n e d in t h e f o l l o w i n g m a n n e r . A 

s o l u t i o n of the p r o t i u m or d e u t e r i u m c o m p o u n d in c a r b o n d i s u l f i d e w a s 

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

l e n g t h u n d e r i n v e s t i g a t i o n w a s b e t w e e n 0.2 a n d 0 . 6 . T h e d r u m d r i v e 

g e a r s o n t h e i n s t r u m e n t w e r e c h a n g e d to g i v e a s c a l e r e a d i n g of 80 i n c h e s / 

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

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

a p p e a r e d as a p l a t e a u i n s t e a d of a p e a k a n d t h e m i d p o i n t of t h e p l a t e a u 

w a s t a k e n as t h e w a v e l e n g t h of m a x i m u m a b s o r p t i o n . 

D e t e r m i n a t i o n of E x t i n c t i o n C o e f f i c i e n t s a n d I s o t o p i c P u r i t y 

T h e m e t h o d of d e t e r m i n i n g the e x t i n c t i o n c o e f f i c i e n t s a n d i s o t o p i c 

p u r i t i e s for t h e h a l o g e n c o m p o u n d s w i l l be i l l u s t r a t e d for the c a s e of 

1 , 2 , 4 - t r i c h l o r o b e n z e n e * 

A n e x p r e s s i o n of B e e r ' s L a w w a s u s e d . 

O . D . = 6 1 C , (l) 

w h e r e O . D . is t h e o p t i c a l d e n s i t y , 6 is t h e m o l a r e x t i n c t i o n c o e f f i c i e n t , 

1 is t h e cell l e n g t h in c e n t i m e t e r s , a n d C is the s o l u t e c o n c e n t r a t i o n 

in m o l e s / l i t e r . T h e d e s i g n a t i o n 6 „ r e f e r s to t h e e x t i n c t i o n c o e f f i c i e n t 
n 

of t h e " l i g h t " h a l i d e at the h y d r o g e n w a v e l e n g t h a n d 6^ to t h a t of t h e 

d e u t e r i o h a l i d e at the d e u t e r i u m w a v e l e n g t h . 

To o b t a i n 6 „ for 1 , 2 , 4 - t r i c h l o r o b e n z e n e , t w o s a m p l e s of the p u r i f i e d 
n 

c o m p o u n d w e r e p r e p a r e d by d i s s o l v i n g 10 m i c r o l i t e r o f t h e p u r i f i e d " l i g h t " 

h a l i d e in 1.50 m l . of c a r b o n d i s u l f i d e . The o p t i c a l d e n s i t y of e a c h 
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s o l u t i o n w a s t h e n d e t e r m i n e d a t 9 - 1 3 5 m i c r o n s . T h e v a l u e s for t h e two 

s o l u t i o n s w e r e i d e n t i c a l , 0 . 4 4 4 - T h e m o l a r i t y of t h e t w o s o l u t i o n s 

w a s 
_ ( D ) ( m l . ) / M . W . _ 1 - 4 4 6 x 0 . 0 1 0 / 1 8 1 . 4 6 _ ̂  f o x 

M - Y " 0 . 0 0 1 5 0 ~ ° ' 0 5 3 1 2 ^ 

a n d t h e e x t i n c t i o n c o e f f i c i e n t w a s 

e = °'D' = °*444 = 167.2 C3) 
toH I X C 0 . 0 5 x 0 . 0 5 3 1 2 L ° F U * K : > ) 

S i n c e no p u r e s a m p l e of d e u t e r i o - l , 2 , 4 - t r i c h l o r o b e n z e n e w a s 

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

p o u n d i n t h e f o l l o w i n g m a n n e r . T w o s o l u t i o n s , e a c h c o n t a i n i n g 2 0 m i c r o 

l i t e r of the h a l i d e i n 0 . 7 5 m l . of c a r b o n d i s u l f i d e , w e r e p r e p a r e d . T h e 

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

0 . 2 1 2 5 ( E q u a t i o n 2 ) . It w a s a s s u m e d t h a t t h e r e w a s no a b s o r p t i o n d u e to 

t h e p u r e d e u t e r i u m c o m p o u n d a t the h y d r o g e n w a v e l e n g t h , 9 * 1 3 5 m i c r o n s . 

E v e n if t h i s a s s u m p t i o n is n o t v a l i d , it h a s b e e n s h o w n b y H i n e , B u r s k e , 

H i n e , a n d L a n g f o r d ( L 6 ) for the case of d e u t e r i o - h a l o f o r m s t h a t the 

v a l u e s of k are c o m p l e t e l y i n d e p e n d e n t of the v a l i d i t y of t h e a s s u m p 

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

w a v e l e n g t h m a x i m u m . T h i s w a s d o n e by s h o w i n g t h a t t h e r a t i o of the t r u e 

f r a c t i o n of d e u t e r a t i o n to t h e v a l u e u s e d for t h e f r a c t i o n is a 

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

v a l u e of t h e e x t e n t of d e u t e r a t i o n . O p t i c a l d e n s i t i e s w e r e t h e n 

d e t e r m i n e d for the t w o s o l u t i o n s at t h i s w a v e l e n g t h a n d t h e a v e r a g e 

v a l u e w a s 0 . 2 3 0 . T h e p r o t i u m c o m p o u n d c o n c e n t r a t i o n in t h e m i x t u r e i s , 

t h e r e f o r e , 

1 6 . J . H i n e , N . W . B u r s k e , M . H i n e , a n d P. B . L a n g f o r d , J . A m . 
C h e m . S o c , 7 9 , H 0 6 ( 1 9 5 7 ) . 
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H 
s i n c e 

C T o t a l = C D + C H ' 

C D = 0 . 2 1 2 5 - 0 . 0 2 7 5 1 = 0 . 1 8 5 0 m o l e / l i t e r 

T h e o p t i c a l d e n s i t i e s a t t h e d e u t e r i u m w a v e l e n g t h , 8 . 4 3 0 m i c r o n s , 

for t h e two s o l u t i o n s a b o v e a v e r a g e d 0 . 3 1 2 . T h e r e f o r e , 

P = CLDJ. = 0 . 3 1 2 
b D 1 C D 0 . 0 5 x 0 . 1 8 5 0 * * * * * * 

U s i n g C n a n d C u , t h e f r a c t i o n d e u t e r i u m c o m p o u n d i n t h e m i x t u r e w a s 
Q 

D _ 0 . 1 8 5 0 _ N RT„NA 

P " C n + " 0 . 1 8 5 0 + 0 . 0 2 7 5 1 ~ U / U * 
u n 

M e t h o d of D e t e r m i n i n g H y d r o g e n to D e u t e r i u m R a t i o in K i n e t i c R u n s . 

In t h e k i n e t i c r u n s it w a s n o t n e c e s s a r y to d e t e r m i n e t h e i n d i v i d u a l 

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

o f the t w o c o n c e n t r a t i o n s , C±/CD' D a s e - c a " k a l y z e d d e u t e r i u m e x c h a n g e 

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

n o t u s e d u p a n d its c o n c e n t r a t i o n r e m a i n s c o n s t a n t . U s i n g a n e q u a t i o n 

d e r i v e d by H i n e , P e e k , a n d O a k e s ( 1 7 ) , 

t C D 

1 7 . J« H i n e , R . C * P e e k , J r . , a n d B . D . O a k e s , J . A m . C h e m . S o c . , 
7 6 , 8 2 7 ( 1 9 5 4 ) . 
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a n d k n o w i n g the f r a c t i o n of d e u t e r i u m in t h e s t a r t i n g m a t e r i a l , p 0 , a 

p l o t of t v e r s u s t h e log f a c t o r in e q u a t i o n (U) should g i v e a s t r a i g h t 

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

T h e m e t h o d of d e t e r m i n i n g p 0 (see p a g e 5 0 ) has b e e n d e s c r i b e d . 

T h e Cpj/Cp w a s d e t e r m i n e d for e a c h p o i n t in t h e k i n e t i c r u n s by i n f r a r e d 

a n a l y s i s of the c a r b o n d i s u l f i d e e x t r a c t of t h e r e a c t i o n m i x t u r e . In 

o r d e r to do t h i s , a b a s e l i n e w a s f i r s t r u n by p l a c i n g c a r b o n d i s u l f i d e 

in e a c h of the 0.05 c m . c e l l s a n d r e c o r d i n g the a b s o r p t i o n , if a n y , at 

t h e w a v e l e n g t h s to be u s e d for a n a l y s i s of t h e h y d r o g e n a n d d e u t e r i u m 

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

cell a n d the w a v e l e n g t h s e t at a v a l u e s l i g h t l y l o w e r t h a n t h e p r e d e t e r 

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

to g i v e a s c a l e r e a d i n g of 80 i n c h e s / m i c r o n a n d t h e w a v e l e n g t h s l o w l y 

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

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

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

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

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

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

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

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

w a s r e p e a t e d a t the w a v e l e n g t h of the o t h e r (H or D) a b s o r p t i o n . T h e 

l i n e w i t h s l o p e e q u a l to 2.303/k. T h u s t h e r a t e c o n s t a n t w a s c a l c u l a t e d 

k, = 2.303 
s l o p e 

e q u a t i o n u s e d to c a l c u l a t e d e r i v e d 
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as f o l l o w s . 

D, H = eTti c. 'H ( 5 ) 

D 'D 
( 6 ) 

SOLVING EACH FOR 1 AND SETTING THE TWO EQUAL ONE G E T S ; 

6 D C D 

FROM WHICH 

VALUES THUS CALCULATED ARE RECORDED IN TABLES 1 2 THROUGH 1 9 * 

METHOD OF CALCULATING RATE CONSTANTS FOR DEHYDROHALOGENATION OF B E T A -

BENZENE HEXACHLORIDE. 

S I N C E THREE MOLES OF BASE ARE USED PER MOLE OF HALIDE, THE RATE 

E X P R E S S I O N I S 

w h e r e x is t h e c h a n g e i n h a l i d e c o n c e n t r a t i o n , a t t i m e t, a is t h e i n i t i a l 

h a l i d e c o n c e n t r a t i o n a n d b is t h e in i t i a l b a s e c o n c e n t r a t i o n . T h i s can 

b e i n t e g r a t e d to g i v e 

as = k 2(a - X ) ( B - 3x) 

tCb - 3a) 2.303 (8) 
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w h i c h r e a r r a n g e s to 

, _ 2.303 . 3a(b - 3x) C q ) 
1 ~ k a(b - 3a) 1 0 9 b(3a - 3x) ( 9 ) 

It c a n be se e n t h a t a p l o t of t v e r s u s the log f a c t o r s h o u l d 

g i v e a s t r a i g h t line w i t h s l o p e 2 . 3 0 3 / k 2 ( b - 3 a ) • I n p r a c t i c e t h e b e s t 

l i n e w a s d r a w n t h r o u g h t h e p o i n t s p l o t t e d f r o m t h e d a t a i n T a b l e s 10 a n d 

11 a n d t h e slo p e t h u s d e t e r m i n e d u s e d to c a l c u l a t e k 2 : 

v - 2.303 r i n N 
k * " s l o p e ( b - 3a) ' ( l 0 ) 

S e e F i g u r e (2) for a p l o t of t h e d a t a in T a b l e 10: D e h y d r o h a l o g e n a t i o n 

of b e t a - B e n z e n e H e x a c h l o r i d e a t 7 0 ° C . 



C H A P T E R III 

R E S U L T S 

T h e r e s u l t s o b t a i n e d for t he r e l a t i v e e f f e c t of h a l o g e n s o n t h e 

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

s u m m a r i z e d in T a b l e 1 . T h e r e a c t i o n s f o l l o w p s e u d o f i r s t - o r d e r 

k i n e t i c s a n d for the d i h a l o c o m p o u n d s , c a n be w r i t t e n , 

C 6 H 3 X 2 D + O C H 3 «± C 6 H 3 X 2 + DOCH3 (ll) 
k_. •1 

k, 
C 6 H 3 X 2 " + HOCH3 =j±_ C 6 H 3 X 2 H + O C H 3 (12) 

A n i n t e g r a t e d f o r m of t h e f i r s t o r d e r r a t e e q u a t i o n 

/a 2o303 -t k, = ; ^ log P o + Pol 7^ (13) 

h a s b e e n d e s c r i b e d in C h a p t e r II a n d t h e r e a c t i o n s s t u d i e d g a v e 

a c c e p t a b l y p r e c i s e r a t e c o n s t a n t s w h e n k 1 w a s d e t e r m i n e d f r o m t h e s l o p e 

of t h e l i n e o b t a i n e d by p l o t t i n g t v e r s u s t h e log t e r m in e q u a t i o n ( l3)» 

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

e v e n t h o u g h in m o s t c a s e s t h e r e a c t i o n s w e r e f o l l o w e d b e y o n d 50 p e r 

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

d i c h l o r o b e n z e n e at b o t h t e m p e r a t u r e s u s e d , 100° a n d 120°C. B o t h r e a c t i o n s 

S i n c e t h e r e a c t i o n s w e r e r u n i n p u r e C H 3 0 H s o l v e n t , k _ 1 w i l l 
be n e g l i g i b l e a n d k 2 w i l l be c o m p a r a t i v e l y l a r g e . 
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w e r e f o l l o w e d to a b o u t 55 per cent c o m p l e t i o n a n d the l a s t p o i n t in b o t h 

c a s e s w a s a l i t t l e low, i n d i c a t i n g the p o s s i b i l i t y of a c o m p l i c a t i o n 

a f t e r 50 per cent r e a c t i o n . T h i s d e v i a t i o n is n o t s e r i o u s , h o w e v e r , 

s i n c e in b o t h c a s e s the e r r o r e s t i m a t e d g r a p h i c a l l y w a s a b o u t + 4 p e r 

c e n t . In a d d i t i o n , the p o i n t s for t h e s e two r u n s w e r e s o m e w h a t m o r e 

e r r a t i c t h a n t h e o t h e r s a n d t h e a p p a r e n t d o w n w a r d t r e n d m a y n o t be real''". 

S o m e d i f f i c u l t y w a s e x p e r i e n c e d in o b t a i n i n g the p 0 v a l u e ( f r a c 

t i o n d e u t e r i u m in t h e d e u t e r i o c o m p o u n d a t z e r o time) for t h e m - d i f l u o r o 

c o m p o u n d . W i t h all t h e o t h e r c o m p o u n d s s t u d i e d t h e v a l u e s o b t a i n e d in 

t h e o r i g i n a l i s o t o p i c a n a l y s i s (chapter I I , p . 50) w e r e u s e d . H o w e v e r , 

in t h i s c a s e it w a s n e c e s s a r y to m a k e u p s o l u t i o n s for p o i n t s e x a c t l y 

like t h o s e u s e d in o b t a i n i n g p o i n t s at t i m e t e x c e p t t h a t i m m e d i a t e l y 

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

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

(0.674 v s . 0.749) for p 0 b u t d i d g i v e a s t r a i g h t line w h i c h w e n t t h r o u g h 

t h e o r i g i n w h e n the c u r v e w a s d r a w n . T h i s s e e m e d to be a b e t t e r m e t h o d 

s i n c e t h e c u r v e m u s t go t h r o u g h the o r i g i n if t h e k i n e t i c s o b e y e q u a t i o n 

(13). 

It c a n be s e e n f r o m T a b l e 1 t h a t t h e c o m p o u n d s lie in t h e o r d e r 

C 6 H 3 F 2 D > C 6 H 2 C 1 3 D > C 6 H 3 C 1 F D > C 6 H 3 C 1 2 D 

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

a t o m s are a l m o s t 50 t i m e s as e f f e c t i v e as two o r t h o c h l o r i n e a t o m s in 

N o n e of the d e v i a t i o n s o b s e r v e d c a n be a t t r i b u t e d to a s e c o n d 
o r d e r r e a c t i o n u s i n g u p b a s e . T h i s p o s s i b i l i t y w a s t e s t e d e x p e r i m e n t a l l y 
a n d a f t e r 50 per c e n t e x c h a n g e , t h e q u a n t i t y of b a s e in the r e a c t i o n m i x 
t u r e h a d n o t d e c r e a s e d . 
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f a c i l i t a t i n g r e m o v a l of d e u t e r i u m . T h e a d d i t i o n of a t h i r d c h l o r i n e 

to m - d i c h l o r o b e n z e n e still d o e s n o t o v e r c o m e t h i s e f f e c t . 

It w a s of p a r t i c u l a r i n t e r e s t to d e t e r m i n e t h e r a t e o f d e u t e r i u m 

e x c h a n g e for t h e 1 , 2 , 4 - t r i c h l o r o b e n z e n e s i n c e it is t h e m a j o r p r o d u c t 

in t h e b a s e - c a t a l y s e d d e h y d r o h a l o g e n a t i o n of b e t a - b e n z e n e h e x a c h l o r i d e ( l ) . 

In t h i s i s o m e r of 1 , 2 , 3 , 4 . , 5 , 6 - h e x a c h l o r o c y c l o h e x a n e , all c h l o r i n e a t o m s 

a r e t r a n s to e a c h o t h e r , a n d it is a p p a r e n t l y i m p o s s i b l e for it to 

u n d e r g o d e h y d r o h a l o g e n a t i o n by t h e o r d i n a r y E 2 m e c h a n i s m . C r i s t o l a n d 

Fix ( 7 ) c a r r i e d o u t t h e d e h y d r o h a l o g e n a t i o n of t h i s c o m p o u n d u s i n g 

C$H 5 O D ( 7 0 p e r c e n t i s o t o p i c p u r i t y ) s o l v e n t a n d , a f t e r 5 0 p e r c e n t 

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

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

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

s p e c t r o m e t e r . T h e y f o u n d t h a t a b o u t 0 . 0 8 p e r c e n t of t h e h a l i d e 

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

r e c t i n g for t h e n a t u r a l h y d r o g e n to d e u t e r i u m r a t i o . 

Their r e s u l t s could be explained by a s s u m i n g t h a t a c a r b a n i o n w a s 

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

d e u t e r i u m f r o m t h e s o l v e n t . 

It w a s d e c i d e d to i n v e s t i g a t e t h e p r o d u c t s ( 1 , 2 , 4 - - a n d 1 , 3 , 5 -

t r i c h l o r o b e n z e n e ) of t h e r e a c t i o n for d e u t e r i u m c o n t e n t r a t h e r t h a n 

a t t e m p t i n g to i n v e s t i g a t e t h e r e c o v e r e d s t a r t i n g m a t e r i a l . T h i s w a s d o n e by 

a l l o w i n g a w e i g h e d q u a n t i t y of b e t a - b e n z e n e h e x a c h l o r i d e to r e a c t w i t h 

s o d i u m m e t h o x i d e in 9 9 p e r c e n t C H 3 O D (see C h a p t e r I I , p.kk for d e t a i l s ) 

to a b o u t 9 5 p e r c e n t c o m p l e t i o n . T h e i n f r a r e d s p e c t r u m of t h e carboff 

7 . S . J . C r i s t o l a n d D . D . F i x , J . A m . C h e m . S o c . , 7 5 , 2 6 4 7 ( 1 9 5 3 ) . 
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d i s u l f i d e e x t r a c t of t h i s r u n is s h o w n in F i g u r e 8. A c o m p a r i s o n of 

t h i s s p e c t r u m to t h o s e for b o t h " l i g h t " a n d " h e a v y " 1 , 2 , 4 - a n d 1 , 3 , 5 -

trichlorobenzen.es (Figures 3 , 4 5 5 , 6 ) i n d i c a t e s t h a t all a b s o r p t i o n b a n d s 

c a n be a s s i g n e d to t h e s e c o m p o u n d s e x c e p t t h o s e at 2 . 7 8 , 3 - 2 6 , 3 - 4 3 , and 

3 . 5 5 m i c r o n s . T h e l a t t e r are w e a k and are d u e to small q u a n t i t i e s of 

m e t h a n o l a n d m e t h a n o l - d e x t r a c t e d a l o n g w i t h t h e t r i h a l o b e n z e n e s . 

A m o n g the a b s o r p t i o n b a n d s f o u n d in t he c a r b o n d i s u l f i d e e x t r a c t of 

the p r o d u c t , t h e one a t 8 . 4 3 0 m i c r o n s is d ue to d e u t e r i o - l , 2 , 4 - t r i c h l o r o -

b e n z e n e . 

A n o t h e r p o s s i b l e e x p l a n a t i o n for t h e a p p e a r a n c e of a n a b s o r p t i o n 

b a n d a t 8 . 4 3 0 m i c r o n s is t h a t some o t h e r r e a c t i o n p r o d u c t , n o t c o n t a i n 

ing d e u t e r i u m , is f o r m e d in the d e h y d r o h a l o g e n a t i o n w h i c h h a p p e n s to 

a b s o r b at this w a v e l e n g t h . T h i s p o s s i b i l i t y w a s e l i m i n a t e d by c a r r y i n g 

o u t a r e a c t i o n in e x a c t l y t h e same m a n n e r as t h e one in m e t h a n o l - d b u t 

u s i n g m e t h a n o l as s o l v e n t . T h i s s p e c t r u m is s h o w n in F i g u r e 7 a n d 

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

S i n c e t h e e x t i n c t i o n c o e f f i c i e n t s for t h e p r o t i u m a n d d e u t e r i u m 

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

r a t i o c a n be m a d e u s i n g t h e o p t i c a l d e n s i t i e s o b t a i n e d f r o m F i g u r e 8 . 

5i =

 Dh 8 d = 0 . 6 0 3 x 3 3 . 7 3 = , 

C n Dn 6 U 0 , 0 8 2 x 1 6 7 . 2 i , 4 ° 
D JJ hi 

T h e r e f o r e , a b o u t 4 0 per c e n t of t h e 1 , 2 , 4 - t r i c h l o r o b e n z e n e p r o d u c t 

c o n t a i n s d e u t e r i u m . T h i s e s t i m a t e of t h e d e u t e r i u m c o n t e n t of t h e ' 

1 , 2 , 4 - j t r i c h l o r o b e n z e n e is b e l i e v e d to be r e l i a b l e w i t h i n 2 5 per c e n t ; 

t h a t i s , the m a t e r i a l c o n t a i n s 4 0 + 1 0 per c e n t d e u t e r i o - 1 , 2 , 4 - t r i c h l o r o -

b e n z e n e . T h e i n f r a r e d s p e c t r u m of a s y n t h e t i c m i x t u r e c o n t a i n i n g 2 5 p e r 

http://trichlorobenzen.es
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c e n t d e u t e r i o - l ? 2 , 4 - t r i c h l o r o b e n z e n e a n d 7 5 p e r c e n t p r o t i o - 1 . 2 . 4 -

t r l c h l o r o b e n z e n e is s h o w n in F i g u r e 9 . T h e r e a p p e a r s to b e a g r e a t e r 

h y d r o g e n to d e u t e r i u m r a t i o of the t r i c h l o r o b e n z e n e c o m p o u n d s in t h i s 

m i x t u r e t h a n in t h e p r o d u c t of the r e a c t i o n b e t w e e n b e t a - b e n z e n e 

h e x a c h l o r i d e a n d s o d i u m m e t h o x i d e in m e t h a n o l - d (Figure 8 ) . 



C H A P T E R IV 

D I S C U S S I O N A N D C O N C L U S I O N S 

T h e r a t e c o n s t a n t s g i v e n in T a b l e 1, C h a p t e r I I I , i n d i c a t e 

c l e a r l y t h a t in the p r e s e n t w o r k f l u o r i n e is m o r e e f f e c t i v e t h a n 

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

n u c l e u s . T h u s , the r e a c t i v i t y o r d e r is 

C 6 H 3 F 2 D > C 6 H 2 C l 3 D > C 6 H 3 C 1 F D > C 6 H 3 C l 2 D 

w i t h the r e l a t i v e r a t e s at 100° b e i n g 48.7: 1 2 . 1 : 7.5: 1, r e s p e c 

t i v e l y . T h e r e p l a c e m e n t of one c h l o r i n e o n d i c h l o r o b e n z e n e by 

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

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

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

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

t h a t c h a n g i n g the h a l o g e n to a m o r e e l e c t r o n e g a t i v e h a l o g e n or a d d i t i o n 

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

H a l l , P i c c o l i n i , a n d R o b e r t s (2) h a v e i n v e s t i g a t e d t h e d e u t e r i u m 

e x c h a n g e e f f e c t of f l u o r o , t r i f l u o r o m e t h y l , m e t h o x y , methyl* a n d 

h y d r o g e n s u b s t i t u e n t s o n b e n z e n e . In l i q u i d a m m o n i a s o l u t i o n s u s i n g 

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

s u b s t i t u e n t s ( p a r t i c u l a r l y t h o s e o r t h o to the d e u t e r i u m ) w e r e a b l e to 

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

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

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

t h e y c o n s i d e r e d m i n o r . T h i s e x p l a n a t i o n is r e a s o n a b l e in v i e w of the 

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

o r t h o > m e t a ^ pa r a 

in t h e e f f e c t i v e n e s s of the v a r i o u s g r o u p s to p r o m o t e d e u t e r i u m e x c h a n g e . 

F o r e x a m p l e , t h e f i r s t o r d e r r a t e c o n s t a n t s for d e u t e r i u m e x c h a n g e of 

orjtfio. m e t a , a n d p a r a - d e u t e r i o f l u o r o b e n z e n e are U x 10 L, x 10 ̂  a n d 
-5 -1 

2 x 10 s e c . , r e s p e c t i v e l y . In v i e w of t h e s e f a c t s , in all p r o b a b i l i t y 

it is t h e h y d r o g e n o r t h o to th e two h a l o g e n s in the c o m p o u n d s s t u d i e d 

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

A n y e x p l a n a t i o n of th e p r e s e n t r e s u l t s b a s e d o n th e e l e c t r o m e r i c 

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

b e y o n d t h e o c t e t . T h i s is t h o u g h t to be e n e r g e t i c a l l y u n f a v o r a b l e ( l 6 ) . 

A c c o r d i n g to R o b e r t s a n d c o w o r k e r s (18) b o t h f l u o r o b e n z e n e a n d 

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

p o t a s s i u m a m i d e s o l u t i o n s . The chlorobenzene carbanion, b u t n o t the 

f l u o r o b e n z e n e c a r b a n i o n , in th i s s t r o n g l y b a s i c s o l u t i o n t e n d e d to lose 

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

of l i q u i d a m m o n i a , u s i n g lower b a s e c o n c e n t r a t i o n s , a n d u s i n g c o m p o u n d s 

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

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

i n v o l v i n g b e n z y n e f o r m a t i o n . 

1 6 . J . H i n e , N * W . B u r s k e , M . H i n e , a n d P. B . L a n g f o r d , Jo A m . 
Ch e m - S o c . , 7 9 , H 0 6 ( 1 9 5 7 ) . 

1 8 . J . D . R o b e r t s , D , A . S e m e n o w , H . Eo S i m m o n s , J r . , a n d L* A . 
C a r l s m i t h , Jo A m . C h e m . S o c . , 7 8 , 6 0 1 ( 1 9 5 6 ) . 
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H u i s g e n and c o w o r k e r s C19) s t u d i e d t h e r a t e of c a r b a n i o n f o r m a 

t i o n of s o m e m o n o - a n d d i s u b s t i t u t e d b e n z e n e s * S u b s t i t u e n t s i n c l u d e d 

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

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

(for e x a m p l e o r t h o - d i b r o m o b e n z e n e ) a n d l i t h i u m p i p e r i d i d e to f o r m the 

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

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

a d d i t i o n of a s e c o n d b r o m i n e in the m e t a p o s i t i o n to b r o m o b e n z e n e 

i n c r e a s e d the r a t e of c a r b a n i o n f o r m a t i o n f r o m 4 . 4 6 x 1 0 ^ l./mole s e c . 

to 1 0 0 0 x 1 0 ^ l./mole s e c . S u b s t i t u t i o n of f l u o r i n e for one of t h e s e 

b r o m i n e s i n c r e a s e d the r a t e to 9 , 6 5 0 x 1 0 ^ l./mole s e c T h e s e d a t a 

are n o t s t r i c t l y c o m p a r a b l e to the p r e s e n t o n e s , p a r t l y b e c a u s e of the 

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

q u i r e m e n t s of t h e piperidide.Ion, b u t they do s h o w a s o m e w h a t s i m i l a r 

g e n e r a l t r e n d . 

S i n c e in the p r e s e n t c a s e the r e a c t i o n s f o l l o w e d f i r s t - o r d e r 

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

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

r e a c t i o n s are i n d e e d t h o s e of c a r b a n i o n f o r m a t i o n f r o m t h e d i - or t r i -

h a l o b e n z e n e a n d m e t h o x i d e i o n s . 

T h e r e are two p o s s i b l e m e c h a n i s m s for b i m o l e c u l a r e l i m i n a t i o n s 

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

a t o m s w h i c h fit a p a r t of t h e o b s e r v e d e x p e r i m e n t a l facts c o n c e r n i n g 

t h e s e r e a c t i o n s (l, 2 0 ) . T h u s , in t h e e l i m i n a t i o n of H X f r o m o r g a n i c 

1 9 » R . H u i s g e n , W - M a c k , K. H e r b i g , N . O t t , a n d E . A n n e s e r , B e r . , 
9 3 , 4 1 2 ( I 9 6 0 ) . 

2 0 . F o r a g e n e r a l d i s c u s s i o n of e l i m i n a t i o n r e a c t i o n s see J . 
H i n e , P h y s i c a l O r g a n i c C h e m i s t r y , M c G r a w - H i l l Book C o . , I n c . , N e w Y o r k , 
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h a l o g e n c o m p o u n d s , a c o n c e r t e d m e c h a n i s m w h e r e the e l e c t r o n s f r o m t h e 

b e t a C - H b o n d a r e f o r m i n g the d o u b l e b o n d b e t w e e n t h e t w o c a r b o n s 

s i m u l t a n e o u s l y w i t h t h e r e m o v a l of the h a l o g e n as a n e g a t i v e i o n 

^ H 
0 / - ^ ' v \ / e 
B + r C - C - C = C + B H + X (l) 

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

6 ^ i ? i k 2 \ / © 
B + - C - C - & B H + - C - C - • C = C + X 2 

X ^1 X 

a r e p o s s i b l e . 

A l t h o u g h b o t h m e c h a n i s m s w i l l f o l l o w s e c o n d - o r d e r k i n e t i c s ( f i r s t 

o r d e r in b a s e , f i r s t - o r d e r in h a l i d e ) , t h e r e are t w o w a y s to d e t e r m i n e 

w h i c h of t h e t w o m e c h a n i s m s is f o l l o w e d . O n e c a n r u n t h e r e a c t i o n in a 

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

T h i s w i l l i n d i c a t e w h e t h e r or n o t t h e f i r s t s t e p in E q u a t i o n (2) is 

a p p r e c i a b l y r e v e r s i b l e . If C has m o r e t h a n one h y d r o g e n o r if t h e r e 

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

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

m a t i o n is to e x a m i n e the r e a c t i o n for g e n e r a l b a s e c a t a l y s i s . I n 

E q u a t i o n ( 2 ) , if kz is m u c h l a r g e r t h a n k « 1 9 t h e r e a c t i o n v e l o c i t y w i l l 

be e q u a l to k , [ h a l i d e ] [ B ] a n d w i l l e x h i b i t g e n e r a l b a s e c a t a l y s i s . O n 

t h e o t h e r h a n d , if k_, is m u c h l a r g e r t h a n k 2 , t h e r e a c t i o n w i l l e x h i b i t 

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

s h o w s t h a t no i n t e r m e d i a t e c a r b a n i o n is b e i n g f o r m e d in e q u i l i b r i u m w i t h 

t h e r e a c t a n t . It d o e s n o t , h o w e v e r , r u l e o u t t h e p o s s i b i l i t y of t h e 

f o r m a t i o n of a c a r b a n i o n t h a t is u s u a l l y t r a n s f o r m e d to p r o d u c t . 
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In u t i l i z i n g d e u t e r i u m e x c h a n g e to i n v e s t i g a t e t h e m e c h a n i s m s of 

e l i m i n a t i o n r e a c t i o n s , S k e l l a n d H a u s e r ( 2 L ) s t u d i e d t h e r e a c t i o n of b e t a -

p h e n y l e t h y l b r o m i d e w i t h s o d i u m e t h o x i d e in " h e a v y " e t h a n o l . T h e u n 

r e a c t e d b r o m i d e r e m a i n i n g a f t e r p a r t i a l r e a c t i o n c o n t a i n e d no a p p r e c i a b l e 

a m o u n t of d e u t e r i u m a n d t h e y c o n c l u d e d t h a t a o n e - s t e p e l i m i n a t i o n (E2) 

h a d o c c u r r e d . It is to be n o t e d t h a t in t h i s c o m p o u n d ; a m o l e c u l a r 

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

t r a n s to e a c h o t h e r is e a s i l y p o s s i b l e . T h i s f a c i l i t a t e s t h e o n e - s t e p 

m e c h a n i s m ( 2 2 ) . Hill a n d c o w o r k e r s (5) i n v e s t i g a t e d t h i s s a m e r e a c t i o n 

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

b r o m i d e - 2 D , w h e n a l l o w e d to r e a c t w i t h p o t a s s i u m a m i d e in l i q u i d a m m o n i a 

d i d n o t e x c h a n g e d e u t e r i u m for h y d r o g e n . 

M a n y h a l o g e n c o m p o u n d s c o n t a i n i n g b e t a h y d r o g e n are k n o w n to 

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

a n d N o y e s ( 2 3 ) f o u n d t h a t t r i c h l o r o e t h y l e n e u n d e r w e n t e x t e n s i v e d e u t e r i u m 

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

L e i t c h a n d B e r n s t e i n ( 6 ) f o u n d t h a t 1 , 1 , 2 , 2 - v t e t r a c h l o r o e t h a n e w h e n 

a l l o w e d to r e a c t w i t h C a ( O D ) 2 in D 2 0 g a v e t r i c h l o r o e t h y l e n e p a r t l y l a b e l e d w i t h 

d e u t e r i u m . T h e e x t e n t of e x c h a n g e w a s e s t i m a t e d by C r i s t o l ( 7 ) f r o m t h e 

d a t a of L e i t c h a n d B e r n s t e i n to be 1 0 to 15 per c e n t . 

H i n e , W i e s b o e c k , a n d G h i r a r d e l l i ( 2 4 ) i n v e s t i g a t e d t h e d e u t e r i u m 

e x c h a n g e of d e u t e r i o - 2 , 2 - d i h a l o - l , l , l - t r i f l u o r o e t h a n e s . N o a p p r e c i a b l e 

2 1 . P. S . S k e l l a n d C . R . H a u s e r , J . A m . C h e m . S o c , 6 7 , L 6 6 L ( 1 9 4 5 ) . 
2 2 . C» K. I n g o l d , S t r u c t u r e a n d M e c h a n i s m in O r g a n i c Chemistry-, 

C o r n e l l U n i v e r s i t y P r e s s , I t h a c a , N . Y . , 1 9 5 3 , p - 4 6 7 . 
2 3 « S. I. M i l l e r a n d R . M . N o y e s , J r . , J . A m . C h e m . S o c , 7 4 , 

6 3 6 ( 1 9 5 2 ) . 
2 4 ° J * H i n e , R . W i e s b o e c k , a n d R . G . G h i r a r d e l l i , J . A m . C h e m . S o c . , 

8 3 , 1 2 1 9 ( 1 9 6 1 ) . 
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S I D E REACTIONS OCCURRED AND THE FOLLOWING ORDER OF E F F E C T I V E N E S S IN 

F A C I L I T A T I N G DEUTERIUM EXCHANGE BY HALOGENS WAS OBSERVED 

BR > I > C I 

C R I S T O L ( L ) STUDIED THE ALKALINE DEHYDROHALOGENATION OF BENZENE 

HEXACHLORIDES AND FOUND THAT THE BETA ISOMER, IN WHICH ALL THE CHLORINES 

AND TRANS TO EACH OTHER, 

REACTS MUCH MORE SLOWLY THAN THE ALPHA, GAMMA, AND DELTA I S O M E R S , WHICH 

HAVE AT LEAST ONE TRANS HC1 P A I R . HE INDICATED THAT THE BETA ISOMER 

REACTS F I R S T BY FORMING A CARBANION WHICH SUBSEQUENTLY DECOMPOSES TO GIVE 

A PRODUCT THAT RAPIDLY LOSES TWO MORE MOLES OF HYDROGEN CHLORIDE. 

C R I S T O L , HAUSE, AND MEEK (4) D I S C U S S THE REASONS WHY THE C I S ARRANGEMENT 

HAS A RELATIVELY LOW A C T I V I T Y . S T E R I C REPULSIONS AND REPULSION OF THE 

NEGATIVE BASE ION BY THE C I S CHLORINE ARE SAID TO BE MINOR E F F E C T S . THE 

MAJOR E F F E C T I S SAID TO B E DUE TO THE FACT THAT BETWEEN 7 AND 14 KCAL. L E S S 

ACTIVATION ENERGY ARE REQUIRED TO PRODUCE THE TRANSITION STATE FOR THE 

CONCERTED TRANS ELIMINATION 

6 0 , se , 
B— H— C— C — • — C I 

t i 

THAN FOR PRODUCING THE TRANSITION STATE OF THE F I R S T S T E P IN THE C I S 

ELIMINATION 

B — — H — — 0 C -
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T h e a c t i v a t i o n e n e r g y t h e y d e t e r m i n e d , w h i c h is a b o u t 1 0 k c a l . h i g h e r 

for t h e b e t a c o m p o u n d , t e n d s to s u b s t a n t i a t e t h i s . 

C r i s t o l a n d F i x (7) t e s t e d t h e p o s s i b i l i t y of c a r b a n i o n f o r m a t i o n 

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

in " h e a v y 1 1 e t h a n o l . A f t e r 5 0 p e r c e n t r e a c t i o n , the u n r e a c t e d h a l i d e 

i s o l a t e d w a s f o u n d to c o n t a i n d e u t e r i u m in a b o u t 0 . 0 8 p e r c e n t of t h e 

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

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

h e x a c h l o r i d e . 

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

e l i m i n a t i o n s are s t e r i c a l l y p o s s i b l e if the a c i d i t y of the b e t a h y d r o g e n 

is s u f f i c i e n t l y h i g h . F o r e x a m p l e , H i n e a n d K a p l a n ( 2 5 ) f o u n d t h a t t h e 

b a s i c d e c o m p o s i t i o n of l , l , l , 3 - t e t r a n i t r o - 2 - p h e n y l p r o p a n e t o n i t r o f o r m 

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

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

c a r b a n i o n f o r m e d by loss of one of t h e h y d r o g e n s o n c a r b o n t h r e e . T h e i r 

c o n c l u s i o n is t h a t i n a c i d s o l u t i o n t h e E l c B m e c h a n i s m is o p e r a t i n g . 

I n i n v e s t i g a t i n g the r a t e s of d e h y d r o h a l o g e n a t i o n of 2 , 2 - d i h a l o -

1 , 1 , 1 - t r i f l u o r o e t h a n e s , H i n e , W i e s b o e c k , a n d R a m s a y ( 2 6 ) f o u n d a 

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

by t h e t w o h a l o g e n s (i, Br, or Cl) a n d t h e s t r o n g l y e l e c t r o n - w i t h d r a w i n g 

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

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

2 5 . J » H i n e a n d L . A . K a p l a n , J . A m . C h e m . S o c , 8 2 , 2 9 1 5 ( I 9 6 0 ) . 
2 6 . J . H i n e , R . W i e s b o e c k , a n d 0 . B . R a m s a y , J . A m . C h e m . S o c , 8 3 

1 2 2 2 ( I 9 6 L ) . 



6 8 

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

r e l a t i v e l y s t a b l e c a r b a n i o n . 

A l s o , B o r d w e l l a n d K e r n ( 2 7 ) f o u n d t h e s e c o n d - o r d e r r e a c t i o n b e 

t w e e n h y d r o x i d e ions a n d t r a n s - 2 - ( p - t o l y l s u l f o n y l ) - c y c l o h e x y l p -

t o l u e n e s u l f o n a t e g a v e l - p - t o l y l s u l f o n y l - l - c y c l o h e x e n e r a t h e r t h a n 3 -

j D - t o l y l s u l f o n y l ~ l - c y c l o h e x e n e . T h i s p r e f e r e n c e for cis e l i m i n a t i o n 

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

g r o u p a t t a c h e d t o the sa m e c a r b o n a n d to the p_-tolylsulfoxyl g r o u p 

a t t a c h e d t o the a d j a c e n t c a r b o n . T h e s e a u t h o r s s p e c u l a t e t h a t - N 0 2 , 

- C N , -COR, a n d - C 0 2 R g r o u p s a l s o c a n a c t i v a t e t h e h y d r o g e n e n o u g h to 

ca u s e cis e l i m i n a t i o n . W e i n s t o c k , P e a r s o n , a n d B o r d w e l l (28) in d i s 

c u s s i n g t h e s e r e s u l t s s t a t e t h a t if the h y d r o g e n - c a r b o n b o n d is su f 

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

f i c i e n t l y s t r o n g , the E l c B m e c h a n i s m w i l l o p e r a t e . H o w e v e r , t h e y 

c o n c l u d e t h a t t h e a b o v e r e a c t i o n s are E2 b e c a u s e g e n e r a l b a s e c a t a l y s i s 

w a s o b s e r v e d * 

In a r e a c t i o n v e r y c l o s e l y r e l a t e d to t h e p r e s e n t w o r k o n b e t a 

b e n z e n e h e x a c h l o r i d e , G o e r i n g , R e l y e s , a n d H o w e (29) f o u n d t h a t 

e l e c t r o n w i t h d r a w i n g g r o u p s in the p a r a p o s i t i o n in e i t h e r c i s - or 

t r a n s - 2 - C h l o r o c y c l o h e x y l p h e n y l s u l f o n e 

1 O n e of t h e p r o d u c t s w a s f o u n d t o b e f l u o r i d e i o n s . 
2 7 . F . G . B o r d w e l l a n d R . J . K e r n , J . A m . C h e m . S o c , 7 7 , 1 H 1 ( 1 9 5 5 ) . 
2 8 . J . W e i n s t o c k , R . G . P e a r s o n , a n d F . G . B o r d w e l l , J . A m . C h e m . 

S o c , 7 8 , 3 4 7 3 ( 1 9 5 6 ) . 

2 9 ° H . L . G o e r i n g , D . I. R e l y e a , a n d K. L . H o w e , J . A m . C h e m . S o c , 
7 9 , 2 5 0 2 ( 1 9 5 7 ) . 
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ci s o 2 _ / / \y-Y so 2 

i n c r e a s e t h e r a t e of clehydrochlorination. B o t h are s a i d to u n d e r g o a 

cis e l i m i n a t i o n by a two s t e p p r o c e s s i n v o l v i n g a b s t r a c t i o n of the 

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

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

in 8 0 p e r c e n t e t h a n o l at h y d r o x i d e i o n c o n c e n t r a t i o n s of 0 . 0 0 4 to 0 . 0 3 M . 

T h e t r a n s c o m p o u n d is v e r y s i m i l a r to b e t a - b e n z e n e h e x a c h l o r i d e , t h e 

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

c a u s e c a r b a n i o n f o r m a t i o n . 

W e i n s t o c k , B e r n a r d i , a n d P e a r s o n ( 3 0 ) s t u d i e d the d e u t e r i u m e x c h a n g e 

of c y c l o h e x y l - l - d p - t o l y l s u l f o n e 

a n d f o u n d t h e d e u t e r i u m e x c h a n g e r a t e to b e 1 0 to 1 0 t i m e s s l o w e r t h a n 

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

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

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

3 0 . J . W e i n s t o c k , J . L . B e r n a r d i , a n d R . G . P e a r s o n , J . A m . C h e m . 
S o c , 8 0 , 4 9 6 1 ( 1 9 5 8 ) . 

,3 
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E F F E C T OF THE TOSYLATE GROUP WHICH WOULD CERTAINLY MAKE THE DEUTERIUM MORE 

A C I D I C . THEIR CRUDE ESTIMATES INDICATE THAT THE TOSYLATE COMPOUNDS THEY 

STUDIED COULD NOT EXCHANGE HYDROGEN MORE THAN L/LOO AS FAST AS THE ' 

ELIMINATION REACTION. T H I S WOULD TEND TO RULE OUT THE CARBANION MECHANISM 

FOR THESE COMPOUNDS. HOWEVER. HINE AND RAMSAY ( 3 1 ) HAVE FOUND THAT A 

2-METHOXY SUBSTITUENT INCREASES THE RATE OF DEUTERIUM EXCHANGE OF CYCLO

HEXYL P - T O L Y L SULFONE BY A FACTOR OF 5 0 0 , A CONSIDERABLY LARGER FACTOR 

THAN THAT ESTIMATED BY WEINSTOCK, BERNARDI, AND PEARSON ( 3 0 ) FOR THE MUCH 

MORE STRONGLY ELECTRON WITHDRAWING TOSYLATE S U B S T I T U E N T . HINE AND 

RAMSAY USE THE TAFT EQUATION TO ESTIMATE THE RATE WHICH WOULD B E E X 

PECTED FOR THE DEUTERIUM EXCHANGE OF THE TOSYLATE COMPOUND AND FOUND THAT 

THE RATE OF C I S ELIMINATION I S SLOWER THAN WOULD B E PREDICTED FOR CARBANION 

FORMATION. P O S S I B L Y THE LARGE TOSYLATE GROUP I S R E S P O N S I B L E FOR T H I S 

RETARDING E F F E C T . 

FROM THE ABOVE D I S C U S S I O N , I T CAN B E CONCLUDED THAT THE "DEUTERIUM 

EXCHANGE T E S T " AND THE " K I N E T I C T E S T " FOR THE ELCB MECHANISM WILL NOT 

N E C E S S A R I L Y , IN EVERY C A S E , TELL I F T H I S MECHANISM I S IN OPERATION. FOR 

EXAMPLE, I F THE CARBANION FORMED ALMOST INVARIABLY DECOMPOSES TO PRODUCT 

RATHER THAN REACTING WITH SOLVENT, NEITHER T E S T WILL INDICATE T H I S 

MECHANISM. THE CARBANION MECHANISM, THOUGH, CAN B E OBSERVED IN CASES 

WHERE THE HYDROGEN I S E A S I L Y LOST AND THE OTHER GROUP I S DIFFICULTLY L O S T . 

I T I S B E L I E V E D THAT THE PRESENT OBSERVATION, THAT THE 1 , 2 , 4 - T R I C H L O R O -

BENZENE PRODUCED FROM THE DEHYDROCHLORINATION OF BETA-BENZENE HEXACHLORIDE 

IN METHANOL-D CONTAINS DEUTERIUM,GIVES ADDED LIGHT ON THE MECHANISM OF 

3 1 . J . HINE AND 0 . B . RAMSAY, J . AM. CHEM. S O C * , 8 4 , 9 7 3 ( 1 9 6 2 ) . 
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t h i s e l i m i n a t i o n r e a c t i o n . F i r s t , h o w e v e r , it is of i m p o r t a n c e to l e a r n 

w h e t h e r t h e d e u t e r i u m w a s a l r e a d y in t h e 1 , 2 , 4 - t r i c h l o r o b e n z e n e w h e n it 

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

f o r m e d , v i a a base-catfelysed e x c h a n g e w i t h t h e s o l v e n t . I n v i e w of t h e 

f a c t t h a t t h e r a t e c o n s t a n t for t h e d e u t e r i u m e x c h a n g e of 3 - d e u t e r i o -

1 , 2 ,U ~ t r i c h l o r o b e n z e n e w i t h l i g h t m e t h a n o l in t h e p r e s e n c e of a s o d i u m 

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

o r d e r r a t e c o n s t a n t for t h e d e h y d r o h a l o g e n a t i o n of b e t a - b e n z e n e h e x a 

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

in t h e t r i c h l o r o b e n z e n e c o u l d h a v e g o t t e n t h e r e by s u b s e q u e n t e x c h a n g e 

of a n i n i t i a l l y u n d e u t e r a t e d p r o d u c t . N e v e r t h e l e s s , an e s t i m a t e of t h e 

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

e x c h a n g e w i l l be m a d e . T h e r a t e - c o n t r o l l i n g s t e p in t h e e x c h a n g e 

r e a c t i o n w o u l d be t h e r e m o v a l of a p r o t o n f r o m the 3 - p o s i t i o n of 1 , 2 , 4 -

t r i c h l o r o b e n z e n e by a m e t h o x i d e i o n . T h i s w o u l d be f a s t e r t h a n t h e 

r e m o v a l of t h e d e u t e r o n f r o m 3 - d e u t e r i o - l , 2 , 3 - t r i c h l o r o b e n z e n e , a 

r e a c t i o n w h o s e r a t e c o n s t a n t has b e e n f o u n d to be 2« 4 4 - x 10 ^ l . / m o l e 

s e c in m e t h a n o l a t 1 0 0 ° , b e c a u s e of a k i n e t i c i s o t o p e e f f e c t . I t s e e m s 

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

l a r g e r t h a n a b o u t 5 ° 5 , a " f u l l " i s o t o p e e f f e c t at 1 0 0 ° , c o r r e s p o n d i n g to 

a k / k of 8.3 a t 2 5 ° ( 3 2 ) , a n d it m a y b e m u c h s m a l l e r . T h e r e f o r e , t h e 

r a t e c o n s t a n t for r e m o v a l of a p r o t o n f r o m the t r i c h l o r o b e n z e n e by 

m e t h o x i d e i o n s in m e t h a n o l at 100° s h o u l d be no l a r g e r t h a n 1 3 « 4 x 10 ^ 

3 2 . L . M e l a n d e r , I s o t o p e E f f e c t s o n R e a c t i o n R a t e s , R o n a l d P r e s s 
C c , N e w Y o r k , N . Y., I 9 6 0 , p p . 2 0 - 2 2 . 
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l . / m o l e s e c . S i n c e it is d e s i r e d to e s t i m a t e t h e r a t e c o n s t a n t i n 

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

In s e v e r a l c a s e s d e u t e r o x i d e ions in h e a v y w a t e r h a v e b e e n f o u n d to r e 

m o v e p r o t o n s f r o m c a r b o n 2 0 to 4 5 per c e n t f a s t e r t h a n h y d r o x i d e ions 

in l i g h t w a t e r ( 3 3 . 3 4 J 3 5 , 3 6 ) . T h i s is a c a s e in w h i c h t h e r e is an 

i s o t o p i c c h a n g e in t h e n a t u r e of the b a s e as w e l l as in t h a t of t h e s o l v e n t . 

L o n g a n d W a t s o n ( 3 7 ) h a v e f o u n d a c e t a t e ions to r e m o v e p r o t o n s f r o m 

m e t h y l a c e t y l a c e t o n e 3 0 p e r c e n t f a s t e r in l i g h t w a t e r t h a n i n h e a v y 

w a t e r . I n a n y e v e n t , s i n c e a c h a n g e in t h e i s o t o p i c n a t u r e of o n e -

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

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

d e u t e r i u m i s o t o p e e f f e c t s w o u l d n o t b e e x p e c t e d to be so s t r o n g in 

m e t h a n o l as in w a t e r . T h e r e f o r e , it s e e m s u n l i k e l y t h a t the r a t e c o n s t a n t 

for t h e r e m o v a l of t h e d e u t e r o n f r o m 3 - d e u t e r i o - l , 2 , 4 _ t r i c h l o r o b e n z e n e 

by m e t h o x i d e i o n in m e t h a n o l - d w i l l b e m o r e t h a n 1 3 * 4 . x 1 0 ^ l . / m o l e s e c . 

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

b e t a - b e n z e n e h e x a c h l o r i d e is t h e s a m e i n m e t h a n o l - d as i n l i g h t m e t h a n o l , 

t h e c o n c e n t r a t i o n s of s o d i u m m e t h o x i d e a n d of 1 , 2 , 4 - t r i c h l o r o b e n z e n e c a n 

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

c h l o r i d e w a s d e h y d r o c h l o r i n a t e d in m e t h a n o l - d . T h e n by u s i n g the a v e r a g e 

c o n c e n t r a t i o n of t h e r e a c t a n t s o v e r v a r i o u s 1 0 0 s e c . t i m e i n t e r v a l s a n d 

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

3 3 . W . E . N e l s o n a n d J . A . V . B u t l e r , J . C h e m . S o c , 9 5 7 ( 1 9 3 8 ) . 
3 4 « S . H . M a r o n a n d V . K. La M e r , J . A m . C h e m . S o c , 6 0 , 2 5 8 8 ( 1 9 3 8 ) . 
3 5 . 0 . R e i t z , 2% p h y s i k , C h e m . , A 1 8 3 , 3 7 1 (1939TT~ 
3 6 . 0 . R e i t z , i b i d . , A 1 7 7 , 8 5 ( 1 9 3 6 ) . 
3 7 . F . A . L o n g a n d D . W a t s o n , j . C h e m . S o c . , 2 0 1 9 ( 1 9 5 8 ) . 
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it can be shown that not more than 1 0 . 7 per cent deuteration of the 
trichlorobenzene could have occurred after the trichlorobenzene was 
formed- (see the Appendix for this calculation). Hence most of the 
4 0 + 1 0 per cent deuterium found must have already been in the 1 , 2 , 4 -

trichlorobenzene when it was formed. 
In view of Cristol and Fix's observation that there is deuterium 

exchange with the beta-benzene hexachloride ( 7 ) and the present 
observation that there is deuterium in the 1,2,4-trichlorobenzene formed, 
the following reaction mechanism seems plausible. 
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T h e p r e s e n c e of d e u t e r i u m in the t r i c h l o r o b e n z e n e c a n be e x p l a i n e d 

by a s s u m i n g t h a t t h e c a r b a n i o n of t h e b e t a i s o m e r of b e n z e n e h e x a c h l o r i d e 

i n v e r t s to g i v e the c a r b a n i o n of t h e d e l t a i s o m e r w h i c h a b s t r a c t s 

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

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

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

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

t h e p r o d u c t w i l l be a d e u t e r i o - t r i c h l o r o b e n z e n e * 



A P P E N D I X 

T A B L E S 
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METHOD OF ESTIMATION OF THE EXTENT OF HYDROGEN-DEUTERIUM EXCHANGE BY THE 

TRICHLOROBENZENE PRODUCT DURING THE DEHYDROCHLORINATION OF BETA-BENZENE 

HEXACHLORIDE IN METHANOL-D. 

I N THE DEHYDROCHLORINATION OF BETA-BENZENE HEXACHLORIDE IN 

METHANOL-D, I T WAS FOUND AFTER ABOUT 95 PER CENT REACTION THAT 40 + 10 

PER CENT OF THE 1 ,2 ,4 -TRICHLOROBENZENE PRODUCT CONTAINED DEUTERIUM ( S E E 

P« 50 ) . S I N C E THE RATE CONSTANT FOR THE DEHYDROHALOGENATION REACTION 

AND THAT FOR THE DEUTERIUM-HYDROGEN EXCHANGE REACTION OF 1 ,2 ,4 -

TRICHLOROBENZENE ARE KNOWN.IT I S P O S S I B L E TO ESTIMATE WHETHER THE DEU

TERIUM IN THE PRODUCT GOT THERE BY METHOXIDE-CATALYSED EXCHANGE WITH THE 

SOLVENT AFTER THE PRODUCT WAS FORMED OR WHETHER I T WAS THERE DUE TO A 

METHOXIDE-CATALYSED REACTION BETWEEN SOLVENT AND THE STARTING B E T A -

BENZENE HEXACHLORIDE. 

DURING THE TIME OF THE REACTION (25 MINUTES AT 100°) THE B E T A -

BENZENE HEXACHLORIDE AND SODIUM METHOXIDE CONCENTRATION S CONTINUOUSLY 

DECREASED WHILE THE 1 ,2 ,4 -TRICHLOROBENZENE CONCENTRATION CONTINUOUSLY 

INCREASED. THUS, WE ARE DEALING WITH CONSECUTIVE SECOND ORDER REACTIONS. 

THE K I N E T I C EQUATION FOR THE DEHYDROCHLORINATION REACTION ( S E E P .59) I S 

w h e r e a a n d b are the i n i t i a l h a l i d e a n d b a s e c o n c e n t r a t i o n s , r e s p e c t i v e l y . 

W e shall l e t x be the c h a n g e i n h a l i d e c o n c e n t r a t i o n at t i m e t . In t h i s 

p a r t i c u l a r r e a c t i o n a = 0 . 0 1 8 4 9 m o l e / l i t e r a n d b = 0 . 1 1 8 5 m o l e / l i t e r . 
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T h e k 2 v a l u e for th i s r e a c t i o n is 2 3 9 x 10 l./mole s e c . B y s u b s t i t u t i n g 

t h e v a l u e for a, b , a n d k 2 into t h e a b o v e e q u a t i o n a n d r e a r r a n g i n g w e g e t 

log b " 3 x = 6.98 x 1 0 " * t + 0 . 8 0 6 8 a — x 

By c h o o s i n g small t i m e i n t e r v a l s of 100 s e c . a n d u s i n g t h e e s t i m a t e d 

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

m a x i m u m e s t i m a t e d r a t e c o n s t a n t for h y d r o g e n - d e u t e r i u m e x c h a n g e in the 

1 , 2 , 4 - t r i c h l o r o b e n z e n e of 13* 4 x 10 * l. / m o l e s e c , the t o t a l c o n c e n 

t r a t i o n of d e u t e r i o - l , 2 , 4 - t r i c h l o r o b e n z e n e c a n be c a l c u l a t e d by u s i n g t h e 

e q u a t i o n 

| ^ = k 2 [ C 6 H 3 C l 3 ] [ N a 0 C H 3 ] 

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

t . s e c 3 (a - x ) X b - 3 x A x x 10' 

0 0 . 8 0 6 8 0.0000 0 . 1 1 8 5 

100 0 . 8 7 6 6 0 . 0 0 4 6 0 . 1 0 4 7 0.35 
2 0 0 0 . 9 4 6 4 0 . 0 0 7 8 0.0951 0.83 
3 0 0 1 . 0 1 6 2 0.0100 0. 0 8 8 5 1.08 
4 0 0 1.0860 0 . 0 1 1 7 0 . 0 8 3 4 1.23 
500 1 . 1 5 5 8 0.0130 0.0795 1.31 
6 0 0 1.2256 0 . 0140 0. 0 7 6 5 1.36 
7 0 0 1 . 2 9 5 4 0.0147 0.0744 1.38 
8 0 0 1.3652 0.0154 0.0723 1 . 3 9 

9 0 0 1.4350 0.0159 0 . 0 7 0 8 1 . 4 1 

1 0 0 0 1.5048 0.0165 0 . 0 6 9 6 1 . 4 2 

1 2 0 0 1 . 6 4 4 4 0.0170 0.0675 2.83 
1 5 0 0 1.8538 0 . 0 1 7 6 0 .0657 4 . 1 8 

T o t a l 1 8 . 7 7 

A 
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A to ta l maximum of 0.001877 moles per l i t e r of trichlorobenzene product 

would have exchanged by the time the reaction was terminated. However, 

since the start ing concentration of benzene hexachloride was 0.01849 

mole / l i te r and the reaction went to 95 per cent completion, 0.0176 mole/ l i ter 

of trichlorobenzene product had been formed. Therefore, the per cent 

deuteration by exchange i s 0.00188 x 100/0.176 or 10.7 per cent* I t 

seems then that only about one-fourth of the deuterio-1,2,4-trichlorobenzene 

found in the product was formed by exchange and th is value i s a maximum 

one because a maximum value for the estimated rate of hydrogen-deuterium 

exchange was used. 



T a b l e 1. K i n e t i c C o n s t a n t s for D e u t e r i u m E x c h a n g e a n d D e h y d r o h a l o g e n a t i o n i n M e t h a n o l . 

1 0 6 k 2
( a ) 

C o m p o u n d 5 0 . 0 ° 7 0 . 0 ° 1 0 0 ° 1 2 0 ° ^ H ^ , k . c a l . / m o l e A S * , e . u . 

C 6 H 3 F 2 D 2 . 8 8 + 0 . 0 4 9 7 8 . 0 + 3 5 . 3 2 7 . 3 + 0.2 - 4 . 3 + 0.7 

C 6 H 3 C 1 F D 4 . 4 7 + 0 . 1 3 151.0 + 2.8 2 9 - 2 + 0 . 5 - 2 . 9 + 1 . 4 

C 6 H 3 C 1 2 D 2 0 . 2 + 0.77 1 5 3 . 0 + 6 . 4 2 8 . 6 + 1.0 - 8 . 6 + 2.8 

C 6 H 2 C 1 3 D 4 . 7 8 + 0 . 2 3 2 4 4 - 0 + 5 . 8 3 2 . 8 + 0 . 5 7 . 6 + 1 . 5 

- C 6 H 6 C 1 6 ^ 3 . 2 9 + 6 . 4 2 3 , 9 0 0 + 7 4 0 3 5 . 7 + 0.1 2 9 . 3 ± 0 . 4 

(a) l . / m o l e s e c 

(b) D e h y d r o h a l o g e n a t i o n i n M e t h a n o l , l./mole s e c 
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T a b l e 2 . C 6 H 3 F 2 D + C H 3 O N a in C H 3 O H at 5 0 . 0 ° C . 

( C 6 H 3 F 2 D ) 0 = 0 . 0 0 9 8 9 1 M 1 0 m l . s a m p l e s 

( C H 3 0 N A ) 0 = 0 . 0 9 6 7 6 M % D = 6 7 . 4 

6 H = 2 4 3 * 7 6 D = 5 8 7 . 6 

O p t i c a l D e n s i t i e s 

T i m e s in H o u r s H C o m p o u n d D C o m p o u n d °}/CD l o g t' P o + Potc^/Cp)] 

2 0 9 . 2 5 0 . 1 1 6 0 . 3 4 4 0 . 8 1 5 0 . 0 8 7 4 3 

3 0 7 . 3 7 0 . 0 6 8 0 . 1 6 1 1 . 0 2 0 0 . 1 3 3 9 

3 8 4 . 5 8 0 . 0 9 5 0 . 1 9 4 1 . 1 8 1 0 . 1 6 7 0 

4 7 7 . 4 5 0 . 1 5 8 0 . 2 7 0 1 - 4 1 3 0 . 2 1 0 6 

6 2 0 . 5 8 0 . 2 3 8 0 . 3 8 8 1 . 4 7 9 0 . 2 2 3 2 

( f r o m plot) = ( 1 . 0 0 + 0 . 0 1 3 ) 
- 3 - 1 x 1 0 * h r . 

* 1 = ( 2 . 7 9 + 0 . 0 4 ) ; 
I N - 7 - 1 x 1 0 s e c 

* 2 = ( 2 8 . 8 + 0 . 4 ) x 1 0 l . / m o l e s e c . 
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T a b l e 3 . C 6 H 3 F 2 D + C H 3 0 N a in C H 3 0 H at 1 0 0 ° C * 

( C 6 H 3 F 2 D ) 0 = 0 . 0 0 9 1 3 9 M 1 0 m l . s a m p l e s 

( C H 3 0 N a ) 0 0 . 0 9 0 3 0 M % D = 6 7 . 4 

e H = 2 4 3 . 7 6 D = 5 8 7 . 6 

T i m e s in H o u r s 

Optical D e n s i t i e s 
H C o m p o u n d D C o m p o u n d C l / C D logLPo + Po(C H/c 

0 . 9 1 6 6 0 . 1 6 2 0 . 3 6 9 1.058 0 . 1 4 2 1 

1 . 6 4 2 0 . 1 9 2 0 . 3 2 6 1 . 4 1 9 0 . 2 1 2 2 

2 . 1 9 3 0.2.13 0.277 1 . 8 5 5 0 . 2 8 4 2 

2 . 9 0 5 0 . 2 2 9 0 . 1 9 0 2 . 9 0 7 0 . 4 2 0 5 

5 . 2 0 0 0 . 0 9 8 0 . 0 3 7 6 . 3 8 5 0 . 6 9 7 0 

k. ( f r o m plot) = (3.18 + 0.12) x 10" 1 n r . 

k, = (883 ± 32) x 10" 7 s e c . " 1 

k 2 = (9780 + 353) x 10" 7 l./m. s e c . 



T a b l e 4 . C 6 H 3 C 1 F D + C H 3 O N a in C H 3 O H a t 7 0 . 0 ° C 

C C 6 H 3 C I F D ) 0 = 0 . 0 0 8 8 8 3 M 1 0 m l . s a m p l e s 

( C H 3 O N a ) 0 0 . 0 9 4 3 5 M % D = 7 4 - 0 

e H = 1 2 9 . 7 e D = 3 3 9 . 6 

T i m e s i n H o u r s H C o m p o u n d D C o m p o u n d l o g [ p 0 + Po(c }/c D 

2 2 . 3 5 0 . 0 7 0 0 . 4 5 2 0 . 4 0 5 5 0 . 0 1 7 0 

1 6 0 . 6 0 0 . 1 1 6 0 . 4 0 9 0 . 7 4 2 5 0 . 1 1 0 6 

3 5 3 . 6 0 0 . 1 6 7 0 . 3 2 5 1 . 3 4 5 0 . 2 3 9 4 

5 6 9 - 3 0 0 . 2 1 0 0 . 2 4 2 2 . 2 7 2 0 . 3 8 4 0 

8 3 2 . 6 0 0 . 2 3 4 0 . 1 6 6 3 . 6 9 1 0 . 5 4 0 5 

1 0 7 5 . 2 0 0 . 1 2 4 0 . 0 6 5 5 . 0 0 0 0 . 6 4 7 9 

k 1 ( f r o m p l o t ) = ( 1 . 5 2 + 0 . 0 4 3 ) x I O " 3 nr."" 1 

= ( 4 . 2 2 + 0 . 1 2 ) ; 
- 7 - 1 x 1 0 s e c . 

= ( 4 4 . 7 + 1 . 3 ) x 
n 

10~ l./m. s e c 
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TABLE 5 . C 6 H 3 C 1 F D + CH3ONA IN C H 3 0 H AT 1 0 0 ° C . 

( C 6 H 3 C I F D ) 0 = 0 . 0 0 8 5 0 2 M 1 0 ML. SAMPLES 

( C H 3 O N A ) 0 0 . 0 9 0 3 0 M % D = 7 4 . 0 

e R = 1 2 9 . 7 e D = 3 3 9 . 6 

OPTICAL D E N S I T I E S 

T I M E S IN HOURS H COMPOUND D COMPOUND 
V C D L O G [ P 0 + PoCCj/c, 

3 . 0 6 7 8 0 . 0 9 2 0 . 4 4 4 . 0 . 5 4 2 0 . 0 5 7 7 

6 . 1 0 0 0 . 1 2 0 0 . 3 7 9 0 . 8 2 8 0 . 1 3 1 3 

9 . 4 5 0 0 . 1 2 8 0 . 2 8 5 1 . 1 7 6 0 . 2 0 6 8 

1 3 . 2 0 0 0 . 1 5 2 0 . 2 4 9 1 . 5 9 8 0 . 2 8 4 0 

1 6 . 9 7 0 0 . 0 7 4 0 . 0 9 0 2 . 1 5 3 0 . 3 6 7 5 

2 0 . 5 7 0 0 . 1 3 1 0 . 1 2 9 2 . 6 5 9 0 . 4 3 2 5 

K., (FROM PLOT) = ( 4 8 . 9 + 0 . 8 9 ) X 1 0 ~ 3 N R . " 1 

- ( 1 3 6 + 2 . 5 ) X 1 0 " 7 S E C . " 1 

K 2 
= ( 1 5 1 0 + 2 8 ) X 1 0 L . / M . S E C 

D 
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T a b l e 6 . C 6 H 3 C 1 2 D + C H 3 O N a in C H 3 O H at 1 0 0 ° C 

( C 6 H 3 C I 2 D ) 0 = 0 . 0 1 5 9 4 M 1 0 m l . s a m p l e s 

( C H 3 0 N a ) 0 0 . 0 8 9 7 6 M % D = 6 7 . 2 5 

6 H = 1 2 6 . 9 
6 D 

= 3 0 4 . 7 

T i m e i n H o u r s 
O p t i c a l D e n s i t i e s 

H C o m p o u n d D C o m p o u n d 
S A D i o g [ p 0 + P o t e s t 

1 7 . 2 0 0 0 . 0 7 1 0 . 2 2 7 0 . 7 5 0 8 0 . 0 7 0 9 3 

4 7 * 9 8 3 0 . 0 7 1 0 . 1 5 0 1 . 1 3 6 0 . 1 5 7 3 

6 8 . 7 8 3 0 . 0 7 3 0 . 1 2 0 1 . 4 6 0 0 . 2 1 8 6 

9 5 . 6 3 3 0 . 0 9 3 0 . 1 3 3 1 . 6 7 9 0 . 2 5 5 7 

H O . 5 5 0 . 1 1 0 0 . 1 1 2 2 . 3 5 9 0 . 3 5 3 9 

k 1 ( f r o m plot) = ( 6 . 5 2 + 0.26) x 1 0 ~ 3 n r . - 1 

= ( 1 8 . 1 + 0.72) -7 - 1 x 1 0 s e c . 

k 2 
= ( 2 0 2 + 7 . 7 ) x 1 0 l./m. s e c . 
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TABLE 7 . C 6 H 3 C 1 2 D + CH 3 O N A in C H 3 0 H AT 1 2 0 ° C 

C C 6 H 3 C I 2 D ) 0 = 0 . 0 1 5 4 1 M 1 0 m l . sa m p l e s 

( C H 3 0 N A ) 0 = 0 . 0 8 6 7 5 M % D = 6 7 . 2 5 

6 , , = 1 2 6 . 9 
H 

6 D = 304 . 7 

T i m e i n H o u r s 
O p t i c a l D e n s i t i e s 

H. C o m p o u n d D C o m p o u n d 
C P / C D logLPo + P 0 ( C p / c D : 

3 . 7 0 0 0 . 0 5 6 0 . 1 8 4 0 . 7 3 0 6 0 . 0 6 5 8 8 

8 . 7 0 0 0 . 0 7 6 0 . 1 3 5 1 . 2 9 5 0 . 1 8 8 5 

1 3 . 0 3 0 . 1 3 2 0 . 1 3 8 2 . 3 0 0 0 . 3 4 6 0 

.13-117 0 , 1 0 7 0 . 1 2 4 2 , 0 7 1 0 . 3 1 4 8 

18.15 0 . 1 0 8 0 . 1 1 3 2 . 2 9 5 0 . 3 4 5 6 

2 0 . 9 1 7 0 . 1 0 0 0 . 1 0 2 2.355 0.3533 

k t ( f r o m PLOT) = ( 4 7 . 8 + 2 . 0 ) x 1 0 ~ 3 h r . " 1 

= (133 ± 5 . 6 ) x 1 0 " 7 s e c . 1 

k 2 = ( 1 5 3 0 + 64) x " 7 
1 0 " l./m. s e c . 
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T a b l e 8 . C 6 H 2 C 1 3 D + C H 3 O N a in C H 3 O H at 7 0 . 0 ° C . 

( C 6 H 2 C I 3 D ) 0 = 0 . 0 1 5 H M 10 m l . s a m p l e s 

( C H 3 O N a ) 0 = O o 0 9 3 7 9 M % C 1 = 8 7 . 0 6 

G u = 1 6 7 . 2 
6 D = 3 3 . 7 3 

O p t i c a l D e n s i t i e s 

T i m e in H o u r s H C o m p o u n d D C o m p o u n d 
C H / / C D l o g [ p 0 + P O C C J / C Q ) , 

9 7 . 0 0 0 0 . 0 8 2 0.047 0 . 3 5 2 0 0 . 0 7 0 8 2 

1 6 7 . 3 7 0 . 2 6 0 0.110 0 . 4 7 6 9 0 . 1 1 9 2 

1 9 0 . 6 5 0 . 5 6 9 0 . 1 8 0 0 . 6 3 7 5 0 . 1 5 4 0 

3 1 1 . 5 5 0 . 5 8 5 0 . 1 4 8 0 . 7 9 7 2 0 . 1 9 4 4 

K 1 ( f r o m plot) = (1.61 + 0 . 0 8 ) 
-3 -1 

x 1 0 ; h r . 

= ( 4 . ^ 8 + 0.22) x 10 s e c . 

k 2 
= ( 4 7 . 8 + 2 . 3 ) > : 1 0 l./m. s e c . 
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T a b l e 9. C 6 H 2 C 1 3 D + C H 3 0 N a i n C H 3 O H a t 100°C« 

( C 6 H 2 C 1 3 D ) 0 = 0 . 0 1 4 4 9 M 10 m l . s a m p l e s 

( C H 3 O N a ) 0 = 0 . 0 8 9 7 6 M % D = 8 7 . 0 6 

e H = 1 6 7 , 2 e D =33.73 

O p t i c a l D e n s i t i e s 

T i m e i n H o u r s H C o m p o u n d D C o m p o u n d C f / C D l o 9 [ P o + P o ( C H / C D ) ] 

1.200 0.345 0.253 0.2751 0.04530 
2 . 4 0 0 0.344 0.175 0.3964 0.08483 

3.833 0.540 0.204 0.5339 0,1256 

4.950 0.330 0.090 0.7395 0.1802 

6.883 0 . 4 1 3 0.089 0.9362 0.2268 

k 1 ( f r o m p l o t ) 

k 2 

= (7.90 + 0.19) 

= (219 + 5.2) x 

= (2440 + 58) x 

-2 -1 x 10 * h r . 1 

-7 -1 10 s e c . 
—7 

10 l./m. s e c . 
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T a b l e 1 0 . b e t a - B e n z e n e H e x a c h l o r i d e + C H 3 0 N a in C H 3 0 H a t 7 0 . 0 ° C . 

( b e t a - B . H . C . ) 0 = 0 . 0 1 7 1 8 M 5 . 5 0 m l . s a m p l e s 

( C H 3 0 N a ) 0 = 0 . 0 8 5 4 5 M HC1 0 . 0 7 5 8 2 M 

T i m e i n H o u r s m l . H C l 

1 . 9 2 5 5 . 8 2 0 . 0 3 6 0 7 

3 . 9 5 0 5 . 2 2 0 . 0 7 8 0 5 

6 . 1 3 3 4 . 7 7 0 . 1 2 0 4 

7 . 8 5 0 4 . 5 0 0 . 1 3 6 4 

1 0 . 1 1 7 4 - 2 3 0 . 1 9 2 0 

1 2 . 9 0 8 3 . 9 9 0 . 2 3 5 4 

kz ( f r o m plot) = 1 . 1 8 3 + 0 . 0 2 3 l./m. h r . 

k 2 = ( 3 . 2 8 6 + 0 . 0 6 4 ) X 1 0 ~ 7 l./m. h r . 
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TABLE 1 1 . BETA-BENZENE HEXACHLORIDE + CH3ONA IN CH 3OH AT 1 0 0 ° C 

( B E T A - B . H . C . ) O = 0 . 0 1 6 4 4 M 5 . 5 0 M L . SAMPLES 

( C H 3 0 N A ) 0 = 0 . 0 8 1 7 9 M HCL = 0 . 0 7 5 8 2 M 

TIME IN SECONDS ML. HCL 
3a ( B - 3x) 

1 0 9 b (3a - 3x) 

1 7 8 5.33 0.06934 

344 4.73 0.1247 
6 8 0 3.85 0.2499 

940 3-55 0.3418 

1 1 8 8 3.35 0.3845 
1610 3.00 0.5982 

k z (FROM PLOT) = 239,100 + 7,400 X 10" L . / M . S E C . 
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T a b l e 1 2 . E x t i n c t i o n C o e f f i c i e n t s for A r o m a t i c H a l i d e s 

C o m p o u n d E x t i n c t i o n C o e f f i c i e n t 
1 . / c m . m o l e 

W a v e l e n g t h in 
M i c r o n s 

C 6 H 3 F 2 D 

C 6 H 3 F 2 H 

C 6 H 3 C 1 F D 

C 6 H 3 C 1 F H 

• C 6 H 3 C 1 2 D 

C 6 H 3 C 1 2 H 

C 6 H 2 C 1 ? D 

C 6 H 2 C 1 3 H 

5 8 7 . 6 

2 4 3 . 7 

3 3 9 . 6 

1 2 9 . 7 

3 0 4 . 7 

1 2 6 . 9 

3 3 - 7 3 

1 6 7 . 2 

9 . 8 1 2 

1 1 . 7 5 5 

1 0 . 9 3 3 

8 . 1 6 5 

1 3 - 4 8 4 

1 0 . 0 0 1 

8 . 4 3 0 

9 . 1 3 5 



F i g u r e 1 . L o g F a c t o r of E q u a t i o n ( 4 ) v e r s u s T i m e for D e u t e r i u m E x c h a n g e of C$H3F-

in CH3OH at 1 0 0 ° C . 

S l o p e = 7 . 2 5 , k = ( 3 . 1 8 + 0 . 1 2 ) x 1 0 ' 1 h r . ' 1 



0 . 2 5 

F i g u r e 2 . D e h y d r o h a l o g e n a t i o n of b e t a - B e n z e n e h e x a c h l o r i d e at 7 0 . 0 ° C in M e t h a n o l 

S l o p e = 5 4 . 5 + 0.73 k 2 = 1.18 + 0.023 l./m. h r . 
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F i g u r e 3. T h e I n f r a r e d S p e c t r u m of 1 , 3 j 5 - T r i c h l o r o b e n z e n e . 

F i g u r e J+* T h e I n f r a r e d S p e c t r u m of D e u t e r i o - l , 3 5 5 - T r i c h l o r o b e n z e n e . 
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F i g u r e 7 . T h e I n f r a r e d S p e c t r u m of t h e R e a c t i o n P r o d u c t of b e t a -
B e n z e n e H e x a c h l o r i d e + C H 3 0 N a in C H 3 0 H at 1 0 0 ° C . 

F i g u r e 8 « T h e I n f r a r e d S p e c t r u m of the R e a c t i o n P r o d u c t of b e t a -
B e n z e n e H e x a c h l o r i d e + C H 3 O N a in C H 3 O D at 1 0 0 ° C . 
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FIGURE 9 . THE INFRARED SPECTRUM OF A MIXTURE OF THREE PARTS 1 , 2 , U - T R I 
CHLOROBENZENE AND THE ONE PART DEUTERIO-1 ,2 ,U-TRICHLOROBENZENE. 
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V I T A 

P a u l B r o o k s L a n g f o r d w a s b o r n o n A u g u s t 1 1 , 1 9 3 0 in L o c k e s b u r g 

A r k a n s a s , t h e s o n of B e r n i e (nee P o t t s ) a n d J o h n B r o o k s Langford.. 

He a t t e n d e d p r i m a r y a n d s e c o n d a r y s c h o o l s in L o c k e s b u r g a n d g r a d u a t e d 

f r o m h i g h s c h o o l in M a y , 1 9 4 8 . He e n t e r e d S o u t h e r n S t a t e C o l l e g e in 

M a g n o l i a , A r k a n s a s in S e p t e m b e r , 194-8 a n d a f t e r two y e a r s t r a n s f e r r e d 

to O k l a h o m a S t a t e U n i v e r s i t y in S t i l l w a t e r , O k l a h o m a w h e r e he 

r e c e i v e d t h e B a c h e l o r of S c i e n c e d e g r e e in C h e m i s t r y in J u n e , 1 9 5 2 . 

A f t e r t e a c h i n g a n d d o i n g r e s e a r c h t h e r e for t w o y e a r s he r e c e i v e d t h e 

M a s t e r of S c i e n c e d e g r e e in C h e m i s t r y in A u g u s t , 1954-* He e n t e r e d 

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

f e l l o w s h i p s f r o m t h e N a t i o n a l S c i e n c e F o u n d a t i o n a n d I n s t r u c t o r s h i p s 

in t h e S c h o o l of C h e m i s t r y w h i c h s u p p o r t e d h i s w o r k u n t i l J u n e , 1 9 6 2 * 

In J u n e , 1 9 5 9 he w a s m a r r i e d to B e v e r l y J o y c e A r n a u of A t l a n t a . He 

h a s a c c e p t e d a p o s i t i o n as A s s i s t a n t P r o f e s s o r of C h e m i s t r y a t D a v i d 

L i p s c o m b C o l l e g e i n N a s h v i l l e , T e n n e s s e e . 


