
CHAPTER II  

EXPERIMENTAL

2.1 Instruments and Equipment

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

p r e c o a t e d  w i t h  s i l i c a  g e l  ( M e r c k  K i e s e l g e l  6 0  P F 254) .  C o l u m n  c h r o m a t o g r a p h y  w a s  

c a r r i e d  o u t  o n  s i l i c a  g e l  ( M e r c k  K i e s e l g e l  6 0 ,  7 0 - 2 3 0  m e s h ) .

T h e  ' H -  a n d  13C - N M R  s p e c t r a  w e r e  p e r f o r m e d  i n  d e u t e r a t e d  c h l o r o f o r m  

( C D C I 3)  w i t h  t e t r a m e t h y l s i l a n e  ( T M S )  a s  a n  i n t e r n a l  r e f e r e n c e  o n  t h e  V a r i a n  n u c l e a r  

m a g n e t i c  r e s o n a n c e  s p e c t r o m e t e r ,  m o d e l  M e r c u r y  p l u s  4 0 0  N M R  s p e c t r o m e t e r  w h i c h  

o p e r a t e d  a t  3 9 9 . 8 4  M H z  f o r  ’ h  a n d  1 0 0 . 5 4  M H z  f o r  13c  n u c l e i .  T h e  c h e m i c a l  s h i f t s

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

2.2 Chemicals

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

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

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

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 .

2.3 Preparation of Brominating Agents 

Ethyl tribromoacetate [ 5 , 3 6 ]

O n e  m L  o f  c o n c e n t r a t e d  H 2S O 4 w a s  c a u t i o u s l y  a d d e d  t o  t h e  m i x t u r e  o f  

B r 3C C 0 2 H  1  e q  ( 4 0  m m o l ,  1 1 . 8 7  g )  a n d  E t O H  4 . 5  m L .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  

3 - 6  h  a n d  t h e n  p o u r e d  i n t o  1 0 0  m L  o f  w a t e r  i n  a  s e p a r a t o r y  f u n n e l .  T h e  u p p e r  l a y e r  o f  

c r u d e  e s t e r  w a s  r e m o v e d  a n d  w a s h e d  w i t h  5 0  m L  o f  w a t e r ,  s a t u r a t e d  a q u e o u s  

N a H C 0 3  a n d  w a t e r ,  r e s p e c t i v e l y ,  a n d  d r i e d  o v e r  a n h y d r o u s  ฬ น 2ร 0 4 .
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E th y l trib rom oace ta te :  c o l o r l e s s  o i l  ( 8 2 % ) .  ' H - N M R  ( C D C I 3)  6  ( p p m ) :  1 . 4 0  

( t ,  3 H ,  J  =  7 . 2  H z ,  C H 2C H 3)  a n d  4 . 4 3  ( q ,  2 H ,  J  =  7 . 2  H z ,  C H 2C H 3) .  13C - N M R  

( C D C I 3)  6  ( p p m ) :  1 3 . 7 ,  2 9 . 5 ,  6 5 . 7  a n d  1 6 2 . 1 .

Hexabromoacetone [ 3 7 ]

A n h y d r o u s  N a O A c  7  g  w a s  m i x e d  w i t h  2 0  m L  o f  g l a c i a l  C H 3C O O H .  T h e  

r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a n d  h e a t e d  t o  6 0  °c, a c e t o n e  1 . 4  m L  w a s  a d d e d  a n d  

f o l l o w e d  b y  d r o p w i s e  a d d i t i o n  o f  B r 2 5  m L  o v e r  a  1 0  m i n  p e r i o d  w i t h  s t i r r i n g .  T h e  

m i x t u r e  w a s  t h e n  h e a t e d  t o  9 5  ๐ c  f o r  2  h .  A f t e r  w h i c h  i t  w a s  c o o l e d  t o  R T  a n d  m i x e d  

w i t h  1 0 0  m L  o f  w a t e r  t o  p r e c i p i t a t e  t h e  d e s i r e d  p r o d u c t  a s  w h i t e  s o l i d .  A f t e r  a i r  

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

Hexabrom oacetone :  w h i t e  s o l i d  ( 6 0 % ) ,  13C - N M R  ( C D C I 3)  Ô  ( p p m ) :  2 4 . 6  a n d

1 7 3 . 4 .

2.4 General Procedure

2.4.1 Preparation of Alcohols

1-Phenylethanol [ 5 ]

T h e  m i x t u r e  o f  a c e t o p h e n o n e  ( 5 . 1 0  m m o l ,  0 . 6 1  g )  a n d  9 5 %  E t O H  1 0  m L  w a s  

a d d e d  N a B H 4 ( 1 . 4 5  m m o l ,  0 . 2 0  g )  b y  p o r t i o n  a t  l e a s t  5  m i n .  T h e n  t h e  m i x t u r e  w a s  

s t i r r e d  f o r  a d d i t i o n a l  2 0  m i n .  A f t e r  t h e  r e a c t i o n  h a s  c o m p l e t e d  ( m o n i t o r i n g  b y  T L C ,  

h e x a n e : E t O A c  3 : 1 ) ,  t h e  r e a c t i o n  w a s  q u e n c h e d  b y  c a u t i o u s l y  a d d i n g  w a t e r  1 5  m L  i n  

a n  i c e  b a t h .  6 M  H C 1  w a s  s l o w l y  a d d e d  i n t o  t h e  r e a c t i o n  u n t i l  t h e  r e a c t i o n  m i x t u r e  

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

a n h y d r o u s  N a S 0 4 .

1-Phenylethanol:  y e l l o w  o i l  ( 6 0 % ) .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  1 . 5 0  ( d ,  3 H ,  

J  =  6 . 4  H z ,  C H C H 3) ,  1 . 9 1  ( ร ,  1 H ,  C H O H ) ,  4 . 9 0  ( m ,  1 H ,  C H O H )  a n d  7 . 2 6 - 7 . 4 0  ( m ,  

5 H ) .  13C - N M R  ( C D C I 3)  5  ( p p m ) :  2 5 . 2 ,  7 0 . 4 ,  1 2 5 . 4 ,  1 2 7 . 5 ,  1 2 8 . 5  a n d  1 4 5 . 8 .
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Ethyl mandelate [ 5 , 3 6 ]

O n e  m L  o f  c o n c e n t r a t e d  H 2S O 4 w a s  c a u t i o u s l y  a d d e d  t o  t h e  m i x t u r e  o f  

m a n d e l i c  a c i d  ( P h C H ( 0 H ) C 0 2 H )  1  e q  ( 4 0  m m o l ,  6 . 0 9  g )  a n d  E t O H  4 . 5  m L .  T h e  

m i x t u r e  w a s  r e f l u x e d  f o r  3 - 6  h  a n d  t h e n  p o u r e d  i n t o  1 0 0  m L  o f  w a t e r  i n  a  s e p a r a t o r y  

f u n n e l .  T h e  u p p e r  l a y e r  o f  c r u d e  e s t e r  w a s  r e m o v e d  a n d  w a s h e d  w i t h  5 0  m L  o f  w a t e r ,  

s a t u r a t e d  a q u e o u s  N a H C 0 3 a n d  w a t e r ,  r e s p e c t i v e l y ,  a n d  d r i e d  o v e r  a n h y d r o u s  

N a 2S 0 4 .

E th y l m andelate:  c o l o r l e s s  o i l  ( 3 7 % ) .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  1 . 2 2  ( t ,  3 H ,  

J =  6 . 0  H z ,  C H 2C H 3) ,  3 . 8  ( ร ,  1 H ,  C H O H ) ,  4 . 2 1  ( q ,  2 H ,  J  =  9 . 0  H z ) ,  5 . 1 5  ( ร ,  1 H ,  

C H O H )  a n d  7 . 3 3 - 7 . 4 3  ( m ,  5 H ) .  13C - N M R  ( C D C I 3)  ร  ( p p m ) :  1 4 . 0 ,  6 2 . 2 ,  7 2 . 9 ,  1 2 6 . 5 ,

1 2 8 . 6 ,  1 3 8 . 4  a n d  1 7 3 . 7 .

2.4.2 Optimum Conditions Study for the Conversion of Benzylic and Allylic
Alcohols to Their Corresponding Chlorides

A  s t i r r e d  s o l u t i o n  o f  a l c o h o l  1  e q  ( 0 . 2 5  m m o l )  a n d  s e l e c t e d  c h l o r i n a t i n g  a g e n t

1 . 5  e q  ( 0 . 3 7 5  m m o l )  i n  d r y  C H 2C I 2 ( 0 . 5  m L )  w a s  s u c c e s s i v e l y  a d d e d  P P I 13 1 . 5  e q  

( 0 . 3 7 5  m m o l )  a t  R T  ( 3 0  ๐ C )  u n d e r  N 2 a t m o s p h e r e .  A f t e r  3 0  m i n ,  t h e  r e a c t i o n  w a s  

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

b y  ' H - N M R  o n  t h e  c r u d e  m i x t u r e  w i t h  t o l u e n e  a s  a n  i n t e r n a l  s t a n d a r d  o r  p u r i f i e d  b y  

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

Benzyl ch lo ride :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  7 . 3 5  ( m ,  5 H ) ,  4 . 5 8

( ร ,  2 H ) .

1 -Phenyethyl ch lo ride :  c o l o r l e s s  o i l .  ’ H - N M R  ( C D C I 3)  §  ( p p m ) :  1 . 8 8  ( d ,  3 H ,  

J =  7 . 2  H z , ) ,  5 . 1 2  ( m ,  1 H ) ,  7 . 3 6  ( m ,  5 H ) .

F u rfu ry l ch lo ride :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  8  ( p p m ) :  4 . 4 9  ( ร ,  2 H ,  

C H 2 C 1 ) ,  6 . 2 0 - 6 . 3 0  ( m ,  2 H ) ,  7 . 3 5 - 7 . 4 5  ( m ,  1 H ) .

D esyl ch lo ride :  c o l o r l e s s  o i l .  ’ H - N M R  ( C D C I 3)  8  ( p p m ) :  6 . 3 2  ( ร ,  1 H )  a n d  

7 . 3 3 - 7 . 9 9  ( m ,  1 0 H ) .
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Trans-c innam yl ch lo ride :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  4 . 2 4  ( d ,  

2 H ,  J  =  7 . 0  H z ) ,  6 . 2 9  ( d t ,  1 H , J =  1 5 . 9 ,  7 . 0  H z ) ,  6 . 6 5  ( d ,  1 H ,  J =  1 5 . 9  H z ) ,  7 . 2 6 - 7 . 4 1  

( m ,  5 H ) .

l-C h lo ro -2 -hexene :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  0 . 9 0  ( t ,  3 H ,  

J =  7 . 1  H z ) ,  1 . 3 7  ( m ,  4 H ) ,  4 . 0 5  ( d ,  2 H ,  J =  7 . 1  H z ) ,  5 . 6 2  ( m ,  1 H ) ,  5 . 7 9  ( m ,  1 H ) .

G erany l ch lo r id e :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  Ô  ( p p m ) :  1 . 7 1  ( ร ,  3 H ) ,  2 . 0 5  

( m ,  4 H ) ,  4 . 0 5  ( d ,  2 H ,  J =  7 . 1  H z ,  C H C H 2C I ) ,  5 . 2 0  ( m ,  1 H ) ,  5 . 4 3  ( m ,  1 H ) .

2.4.2.1 Effects of Chlorinating Agents

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

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

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

a g e n t s :  C C I 4,  C H C I 3,  t r i c h l o r o e t h a n e  ( C I 3C C H 3) ,  h e x a c h l o r o e t h a n e  ( C I 3C C C I 3) ,  2 , 2 , 2 -  

t r i c h l o r o e t h a n o l  ( C I 3C C H 2O H ) ,  t r i c h l o r o a c e t o n i t r i l e  ( C I 3C C N ) ,  h e x a c h l o r o - 2 -  

p r o p a n o n e  ( C I 3C C O C C I 3) ,  t r i c h l o r o a c e t i c  a c i d  ( C I 3C C O 2H ) ,  e t h y l  t r i c h l o r o a c e t a t e  

( C ^ C C C h E t ) ,  2 , 2 , 2 - t r i c h l o r o e t h y l  a c e t a t e  ( C I 3C C H 2O 2C C H 3)  a n d  t r i c h l o r o a c e t a m i d e  

( C I 3C C O N H 2)  w e r e  u t i l i z e d .

2.4.2.2 Effects of PPh3 and Chlorinating Agent Ratio

V a r i o u s  r a t i o s  o f  P P I 13 a n d  c h l o r i n a t i n g  a g e n t  f o r  t h e  s y n t h e s i s  o f  b e n z y l  

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

( b a s e d  o n  t h e  a l c o h o l s  1  e q ) .  A f t e r  3 0  m i n ,  t h e  y i e l d  o f  c h l o r i d e s  i n  t h e  c r u d e  m i x t u r e  

w a s  q u a n t i f i e d  b y  ' H - N M R  w i t h  t h e  a d d i t i o n  o f  t o l u e n e  a s  a n  i n t e r n a l  s t a n d a r d .  T h e  

s e l e c t e d  c h l o r i n a t i n g  a g e n t  w a s  C I 3C C O N H 2.

2.4.2.3 Effects of Reaction Time

T h e  r a t i o s  o f  P P I 13 a n d  C I 3C C O N H 2 f o r  t h e  s y n t h e s i s  o f  t h e  c h l o r i d e s  w e r e  

v a r i e d  ( b a s e d  o n  a l c o h o l s  1  e q )  a s  f o l l o w s :  1 : 1 ,  1 : 1 . 5 ,  1 : 2 ,  1 . 5 : 1 . 5 ,  1 . 5 : 2 ,  2 : 2 ,  2 : 3 ,  2 : 4  

a n d  2 . 5 : 2 . 5 ,  r e s p e c t i v e l y .  D e t e r m i n e  t h e  y i e l d  o f  t h e  c h l o r i d e s  b y  ' H - N M R  i n  t h e  

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

t i m e  a t  R T  ( 3 0  ° C )  u n d e r  N 2 a t m o s p h e r e .

2.4.3 Optimum Conditions Study for the Conversion of Benzylic and
Allylic Alcohols to Their Corresponding Bromides

A  s t i r r e d  s o l u t i o n  o f  a l c o h o l  1  e q  ( 0 . 2 5  m m o l )  a n d  s e l e c t e d  b r o m i n a t i n g  a g e n t

1 . 5  e q  ( 0 . 3 7 5  m m o l )  i n  d r y  C H 2C I 2 ( 0 . 5  m L )  w a s  s u c c e s s i v e l y  a d d e d  P P I 13 1 . 5  e q  

( 0 . 3 7 5  m m o l )  a t  R T  u n d e r  N 2 a t m o s p h e r e .  A f t e r  3 0  m i n ,  t h e  r e a c t i o n  w a s  q u e n c h e d  b y  

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

p e r f o r m e d  b y  ' H - N M R  o n  t h e  c r u d e  m i x t u r e  w i t h  t o l u e n e  a s  a n  i n t e r n a l  s t a n d a r d  o r  

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

Benzyl b rom ide:  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  8  ( p p m ) :  4 . 5 2  ( ร ,  2 H ) ,  7 . 1 9 -

7 . 3 6  ( m ,  5 H ) .

1-Phenyethyl brom ide:  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  8  ( p p m ) :  2 . 0 6  ( d ,  3 H ,  

J =  7 . 0  H z ) ,  5 . 2 4  ( q ,  1 H ,  J -  7 . 0  H z ) ,  7 . 3 1 - 7 . 4 9  ( m ,  5 H ) .

F u rfu ry l brom ide:  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  8  ( p p m ) :  4 . 4 1  ( ร ,  2 H ) ,  5 . 8 8  

( m ,  1 H ) ,  6 .8 8  ( m ,  1 H )  a n d  7 . 2 1  ( d ,  1 H ,  J =  1 0 . 0  H z ) .

Desyl b rom ide:  c o l o r l e s s  o i l .  * H - N M R  ( C D C I 3)  8  ( p p m ) :  6 . 4 5  ( ร ,  1 H ) ,  7 . 3 0 -  

8 . 1 5  ( m ,  1 0 H )

Trans-c innam yl brom ide:  c o l o r l e s s  o i l .  * H - N M R  ( C D C I 3)  8  ( p p m ) :  3 . 8 0  ( d ,  

2 H ,  J =  7 . 1  H z ) ,  6 . 5 0  ( t ,  1 H ,  1/ =  7 . 0  H z ) ,  7 . 1 0  ( d ,  2 H ,  J =  7 . 0  H z ) ,  7 . 9 0  ( d ,  3 H ,  J  =
7 . 1  H z ) ,  8 . 0 1  ( d ,  1 H ,  J =  7 . 0  H z ) .

G erany l b rom ide :  c o l o r l e s s  o i l .  ' H - N M R  ( C D C I 3)  8  ( p p m ) :  1 . 6 0  ( ร ,  3 H ,  

C H C H j ) ,  1 . 6 8  ( ร ,  3 H ) ,  1 . 7 2  ( ร ,  3 H ) ,  2 . 0 7  ( m ,  2 H ) ,  4 . 0 2  ( d ,  2 H ,  J =  7 . 0  H z ,  C l ^ C l ) ,

5 . 0 7  ( m ,  1  H ) ,  5 . 5 3  ( m ,  1 H ) .
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2.4.3.1 Effects of Brominating Agents

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

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

b r o m i n a t i n g  a g e n t s :  C B r 4,  C H B r 3,  B r 3C C O C B r 3,  B ^ C C C ^ H ,  B r 3C C C > 2E t ,

t r i c h l o r o b r o m o m e t h a n e  ( B r C C l j ) ,  d i b r o m o a c e t i c  a c i d  ( B r 2H C C O O H )  a n d  

b r o m o e t h a n e  ( B r C E ^ C E b )  w e r e  u t i l i z e d .

2.4.3.2 Effects of PPh3 and Brominating Agent Ratio

T h e  r a t i o s  o f  P P h 3 a n d  b r o m i n a t i n g  a g e n t  f o r  t h e  s y n t h e s i s  o f  b e n z y l  b r o m i d e  

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

a l c o h o l s  1  e q ) .  A f t e r  3 0  m i n ,  t h e  y i e l d  o f  b r o m i d e s  i n  t h e  c r u d e  m i x t u r e  w a s  

d e t e r m i n e d  b y  ' H - N M R  w i t h  t h e  a d d i t i o n  o f  t o l u e n e  a s  a n  i n t e r n a l  s t a n d a r d .  S e l e c t e d  

b r o m i n a t i n g  a g e n t s  w e r e  B ^ C C C h E t  a n d  B r 3C C O C B r 3.

2.4.3.3 Effects of Reaction Time

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

a g e n t  c a n  p r o c u r e  u s i n g  s u i t a b l e  r a t i o s  o f  P P h 3 a n d  b r o m i n a t i n g  a g e n t  a s  f o l l o w s :  

1 . 5 : 1  a n d  1 . 5 : 0 . 3  e q  i n  t h e  c a s e  o f  u t i l i z i n g  B ^ C C C h E t  a n d  B r 3C C O C B r 3,  

r e s p e c t i v e l y .  T h e  t i m e  v a r i a t i o n s  a r e  a s  f o l l o w s :  5 ,  1 5  a n d  3 0  m i n  a t  R T  u n d e r  ฬ 2 
a t m o s p h e r e .  T h e  b r o m i d e  p r o d u c t  i n  t h e  c r u d e  m i x t u r e  w a s  q u a n l i f i e d  b y  ' H - N M R  

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

2.5 Comparative Reactivity Study of Halogénation between Benzylic and
Allylic Alcohols

T h e  r e l a t i v e  r e a c t i v i t y  o f  P P I 13/ C I 3C C O N H 2,  P P h 3/ B r 3C C 0 2 E t  a n d  

P P h 3/ B r 3C C O C B r 3 w i t h  t w o  a l c o h o l s  w a s  f u r t h e r  s t u d i e d  b y  c o m p e t i n g  t w o  s e l e c t e d  

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

I n  c a s e  o f  P P h s / C f j C C O N E b ,  a  s t i r r e d  s o l u t i o n  o f  t w o  s e l e c t e d  a l c o h o l s  ( 1  e q  

e a c h )  i n  d r y  C H 2C I 2 ( 0 . 5  m L )  w e r e  s u c c e s s i v e l y  a d d e d  P P h 3 ( 2  e q )  a n d  C I 3C C O N H 2 
(2  e q ) .
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I n  c a s e  o f  P P h 3/ B r 3C C C > 2E t  a n d  P P h 3/ B r 3C C O C B r 3,  a  s t i r r e d  s o l u t i o n  o f  t w o  

c h o s e n  a l c o h o l s  ( 1  e q )  i n  d r y  C H 2C I 2 ( 0 . 5  m L )  w e r e  a d d e d  P P I 13 ( 1 . 5  e q )  a n d  

B r 3C C 0 2 E t  ( 1 . 0  e q )  o r  B r 3C C O C B r 3 ( 0 . 3  e q )  u n d e r  t h e  s a m e  c o n d i t i o n  a s  t h e  

c h l o r i n a t i o n .
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