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INTRODUCTION

A r e v i e w  a r t i c l e  on  t h e  r e a c t i o n s  o f  o r g a n o t i n  h y 

d r i d e s  w i t h  o r g a n i c  compounds h a s  r e c e n t l y  b e e n  p u b l i s h e d . ^

I n  v ie w  o f  t h i s  f a c t ,  we s h a l l  c o n c e r n  o u r s e l v e s  m a i n l y  w i t h  

t h o s e  r e d u c t i o n s  w h ic h  h a v e  im m e d i a t e  p e r t i n e n c e  t o  t h i s  

w ork .

I n  1957 ,  v a n  d e r  K e rk  r e p o r t e d  t h e  f i r s t  r e d u c t i o n
2

o f  a l k y l  h a l i d e s  by  o r g a n o t i n  h y d r i d e s .  S i n c e  t h e n  s e v e r a l

p a p e r s  on  r e d u c t i o n s  o f  t h i s  t y p e ,  Eq. ( 1 ) ,  i n  w h ic h  Sn i s  a
3

t r i s u b s t i t u t e d  t i n  g r o u p ,  h a v e  a p p e a r e d .

R-X + Sn-H -> R-H + Sn-X (1)

4
R e c e n t l y ,  M enapace  and  K u i v i l a  h a v e  p r o v i d e d  e v i 

d e n c e  f o r  a  f r e e  r a d i c a l  c h a i n  m e ch an ism  f o r  t h e s e  r e a c t i o n s ,  

Eq.  (2)  - ( 6 ) .

Sn-H + Q. - Sn- + Q-H ( 2 )

Sn • + R-X -> Sn-X + R- (3)

R- + Sn-H -> Sn- + R-H (4)

2 Sn. S n -S n (5)

2 R- -> R-R o r  R(+H) + R(-H) ( 6 )

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

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

o r g a n o t i n  h y d r i d e s . When p h e n y l  o r  a - n a p t h y l  i s o c y a n a t e  was 

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

c o r r e s p o n d i n g  a r y l  f o rm am id es  w e re  p r o d u c e d  i n  40-507= y i e l d  , 

Eq.  ( 7 ) .  R

ArN C 0 + 2Ph 3 Sn-H -> ArNH(*l 0 + Ph 3 S n -S n P h 3  (7)

A l d e h y d e s  and k e t o n e s  a r e  r e d u c e d  by o r g a n o t i n  h y -
7 8d r i d e s  t o  t h e  a l c o h o l  ’ , Eq. ( 8 ) .  I n  t h i s  r e a c t i o n  a l a r g e  

v a r i a t i o n  i n  r e a c t i v i t y  h a s  b e e n  found^  among t h e  h y d r i d e s ,

\  W H
2 Sn-H + V = 0  -> S n -S n  + E-OH ( 8 )

t h e  o r d e r  o f  d e c r e a s i n g  r e a c t i v i t y  b e i n g  (C^H3 ) 2 SnH2  ^  

(n -C 4 H9 ) 2 SnH2  ^  n - C ^ S n ^  ^  (C6 H5 ) 3SnH ^ (n -C 4 Hg ) 3SnH .

A c id  c h l o r i d e s  h a v e  a l s o  b e e n  r e d u c e d  by o r g a n o t i n
9

h y d r i d e s .  Van d e r  K e r k ,  N o l t e s  and L u i j t e n  r e p o r t e d  t h a t  

b e n z a l d e h y d e  was o b t a i n e d  f rom t h e  r e d u c t i o n  o f  b e n z o y l  

c h l o r i d e  w i t h  t r i p h e n y l t i n  h y d r i d e ,  E q . ( 9 ) .

(C6 H5 ) 3SnH + C6 H5 C0C1 -> ( C g H ^ S n C l  + C ^ C H O  (9)

K u i v i l a ^  fo u n d  t h a t  when one  mole  o f  t r i - n - b u t y l t i n  h y d r i d e  

was ad d e d  t o  a mole  o f  s u c c i n y l  d i c h l o r i d e  a t  4 0 ° ,  t h e  o n l y  

p r o d u c t  f o u n d  was y - c h l o r o  y - b u t y r o l a c t o n e , E q . ( 1 0 ) .

CH C0C1 CH ------
+ (C H ) SnH - [ - Y "1

CHjCOCl------------------------ CH2---C^ , .0 ' 1

When p h t h a l y l  d i c h l o r i d e  was r e d u c e d  u n d e r  t h e  same

c o n d i t i o n s  w i t h  two m o le s  o f  t h e  h y d r i d e ,  a 557= y i e l d  o f  

p h t h a l i d e  was i s o l a t e d .
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RESULTS AND DISCUSSION 

SCOPE

G e n e r a l

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

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

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

r e a c t i o n  t a k e s ,  Eq. ( 1 1 ) .  I n d e e d  i n  some c a s e s ,  t h e  p r o d u c 

t i o n  o f  e s t e r  i s  t h e  p r e d o m i n a n t  r o u t e ,  Eq. ( 1 2 ) .  The r e l a 

t i v e  y i e l d s  o f  e s t e r  and  a l d e h y d e  a r e  d e p e n d e n t  upon  t h e

RC0C1 + Sn-H -  RCHO + S n - C l  (11)

2 RC0C1 + 2 Sn-H -> RC02 CH2R + 2 S n - C l  (12)

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

e m p lo y e d .  I n  T a b l e  I  a r e  c o m p i l e d  t h e  r e s u l t s  o f  r e d u c t i o n s

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

When an a c i d  c h l o r i d e  i s  m ix ed  w i t h  t r i - n - b u t y l t i n  

h y d r i d e  a t  room t e m p e r a t u r e ,  an  e x o t h e r m i c  r e a c t i o n  f r e q u e n t l y  

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

i s  u s u a l l y  c o m p l e t e  w i t h i n  20 h r s . N o t a b l e  e x c e p t i o n s  a r e  

e t h y l  and  b e n z y l  c h l o r o f o r m a t e s . T h e s e  a r e  e x t r e m e l y  u n r e a c 

t i v e  s u b s t r a t e s  a n d ,  when n o t  u n d e r g o i n g  f r a g m e n t a t i o n  ( s e e  

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

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

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

t e m p e r a t u r e .  The same t y p e  o f  low r e a c t i v i t y  i s  f o u n d  w i t h  

b e n z y l  c h l o r o f o r m a t e ,  t h e  r e a c t i o n  g o i n g  t o  c o m p l e t i o n  i n  

a b o u t  two w e e k s .

Only  two a c i d  b r o m i d e s  h a v e  b e e n  i n v e s t i g a t e d ,  and
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TABLE I

The R e a c t i o n  o f  A c i d  H a l i d e s  w i t h  T r i - n - b u t y l t i n  H y d r i d e  

N e a t  an d  i n  S o l u t i o n  ( 0 . 6 3  M) a t  Ambien t  T e m p e r a t u r e

N e a t  S o l u t i o n

R - i n
R-C0C1

7o Y i e l d  % Y i e l d  
RCHO RC02 CH2R

%
S o l v e n t

Y i e l d
RCHO r c o 2 c h 2r

c h 3 5 95

C2H5 • l b 87° DMB 75 25

MeOAc 90 1 0

(n-C 4 H9 ) ^ S n - C l 27 73

* - C4H9 19 81 DMB 91 9

i - c 3 H7 36 64 DMB 52 48

JL-c 4 H9 e 56 33

PhCH2 C,HcCHq 
6  5 3 55 45

Ph 65 35 m - x y l e n e 85 15

Ph Cf m - x y l e n e 90 l b
J

b
c 2 h 5o 95 1

PhCH2 0 61 l b

RCOBr

C2H5 79 2 1
U

DMB 60 40

Ph 99 l b

£

A l l  y i e l d s  r e p o r t e d i n  t h i s t a b l e ,  e x c e p t t h o s e n o t e d ,  h a v e
b e e n  d e t e r m i n e d  by  g . I . e .  a n a l y s  i s .

b None o b s e r v e d .

C80X by i s o l a t i o n .

2 , 3 - d i m e t h y l  b u t a n e .
0

P r i v a t e c o m m u n i c a t i o n ,  Henry G. K u i v i l a .

Y i e l d  b a s e d  on  i s o l a t i o n  e x p e r i m e n t .
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t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  b e h a v i o r  o f  t h e  b r o m i d e s  i s  

d i f f e r e n t  f rom  t h a t  o f  t h e  c h l o r i d e s .  T h e s e  r e a c t i o n s  a l s o  

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

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

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

As t h e  a l k y l  g r o u p  becomes  l a r g e r  and  more  b r a n c h e d ,  

t h e  y i e l d  o f  a l d e h y d e  i n c r e a s e s .  When one g o e s  f ro m  a c e t y l  

t o  2 , 2 - d i m e t h y l p r o p i o n y l  c h l o r i d e  t h e  a l d e h y d e  y i e l d  i n 

c r e a s e s  f rom 57, t o  567o and  t h e  c o r r e s p o n d i n g  e s t e r  y i e l d  

f a l l s  f rom  95% t o  337,. The u s e  o f  s o l v e n t  e x e r t s  a  p r o f o u n d  

i n f l u e n c e  upon  t h e  c o u r s e  o f  t h e  r e a c t i o n .  When t h e  r e d u c 

t i o n s  a r e  c a r r i e d  o u t  i n  2 , 3 - d i m e t h y l  b u t a n e ,  t o l u e n e ,  m- 

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

t h e  e x p e n s e  o f  t h e  e s t e r .  A 'g o o d  ex am p le  o f  t h i s  i s  t h e  

p r o p i o n y l  c h l o r i d e  r e a c t i o n .  H e r e ,  t h e  n e a t  r e a c t i o n  a f f o r d s  

a l m o s t  a l l  e s t e r ,  b u t  when 2 , 3 - d i m e t h y l  b u t a n e  i s  em ployed  a s  

a  s o l v e n t ,  o n l y  a 25% y i e l d  o f  e s t e r  i s  f o u n d .  V a l e r y l  c h l o 

r i d e  g i v e s  much t h e  same r e s u l t s .  The n e a t  r e a c t i o n  p r o d u c e s  

a n  81%, y i e l d  o f  t h e  e s t e r  b u t  t h e  same r e a c t i o n  c o n d u c t e d  i n  

2 , 3 - d i m e t h y l  b u t a n e  g i v e s  o n l y  a 97, y i e l d  o f  t h e  e s t e r .  An 

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

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

I t  h a s  b e e n  o b s e r v e d  t h a t  i f  an a l d e h y d e  o r  a k e t o n e  

i s  a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  a "m ixed"  e s t e r ,  w hose  a l -  

koxy  f r a g m e n t  i s  d e r i v e d  f rom  t h e  ad d e d  c a r b o n y l  compound,  

i s  f o r m e d ;  Eq. ( 1 3 ) .  F o r  e x a m p l e ,  t h e  a d d i t i o n  o f  one  mole

RC0C1 + 0 + Sn-H -> RCHO + RCOOC^R + S n - C l  + R C O ^ - H

(13)

o f  b e n z a l d e h y d e  t o  a  m i x t u r e  o f  a  m o le  e a c h  o f  p r o p i o n y l  

c h l o r i d e  and t r i - n - b u t y l t i n  h y d r i d e  r e s u l t e d  i n  a 707, y i e l d
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o f  b e n z y l  p r o p i o n a t e ,  Eq.  ( 1 4 ) .  H e re  a g a i n  t h e  p r e s e n c e  o f

EtCOCl + Sn-H + PhCHO -> PhCH2OOCEt + EtCHO +

EtCH2OOCEt + S n - C l  (14)

s o l v e n t  i s  f e l t .  When t h i s  same r e a c t i o n  i s  c o n d u c t e d  i n  

s o l u t i o n  ( 0 . 6 3  M) i n  e i t h e r  t o l u e n e  o r  2 , 3 - d i m e t h y l  b u t a n e  

o n l y  a  347, y i e l d  o f  b e n z y l  p r o p i o n a t e  i s  r e a l i z e d .  T h e s e ,  

and  o t h e r  e x a m p l e s ,  a r e  l i s t e d  i n  T a b l e  I I .

K e t o n e s  i n  g e n e r a l  a p p e a r  n o t  t o  b e  a s  r e a c t i v e  i n  

t h e s e  r e a c t i o n s  a s  a l d e h y d e s .  When c y c l o h e x a n o n e  i s  ad d e d  

t o  t h e  r e a c t i o n  m i x t u r e ,  w i t h o u t  s o l v e n t  u n d e r  t h e  same c o n 

d i t i o n s  a s  i n  t h e  e x p e r i m e n t  w i t h  b e n z a l d e h y d e ,  o n l y  a  1 2 % 

y i e l d  o f  c y c l o h e x y l  p r o p i o n a t e  i s  f o u n d .  A c e t o n e  and a c e t o -  

p h e n o n e  g i v e  somew hat  s m a l l e r  y i e l d s  o f  "mixed"  e s t e r  u n d e r  

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

p r o p i o n a t e  t o  "m ixed"  e s t e r  i n  g a s  c h r o m a t o g r a p h i c  a n a l y s i s .
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TABLE I I

Y i e l d s  o f  E s t e r s  f ro m  t h e  R e a c t i o n  o f  A c id  C h l o r i d e s

wi t h  a T r i - n - b u t y l t i n H y d r i d e  i n t h e  P r e s e n c e  o f

Added C a r b o n y l  Compounds a t  Room T e m p e r a t u r e

S o l v e n t % Y i e l d  % Y i e l
R0C1 R ' R"CO (0.63M) RC02 CH2R r c o 2 CHR’

c h 3 C y c l o h e x a n o n e n e a t 31 5

C2H5 C y c l o h e x a n o n e n e a t 78 1 2

c h 3 C,HcCHO 
6  5 n e a t 25 23

C2H5 C,HcCHO b 5 n e a t 1 0 70

c h 3 £ - c h 3 o c 6 h 4 cho n e a t
U

2 2 2 1

C2H5 C,HcCHOa 
6  5 DMB c 63

C2H5 C,HcCHO 
6  5 DMB c 34

C2H5 C.Hc CHO o 5 E t 3 0 c 13

C2H5 C,Hc CHO b 5 T o l u e n e c 35

C2H5 C y c l o p e n t a n o n e DMB c 3 . 2

C2H5 n - h e p t a l d e h y d e DMB 75 2 2

C2H5 £ - c h 3 c 6 h 4 cho DMB c 39

C2H5 m-CH^C.H,CHO — 3 6  4 DMB c 19

c 2 h 5 m-ClC,H,CHO — 6  4 DMB c 39

C2H5 £ - c i c 6 h 4 cho MeOAc 14 5 . 1

C2H5 £ - c h 3 o c 6 h 4 cho T o l u e n e c 13

C2H5 £ - c h 3 o c 6 h 4 cho Et . ,0 c 2 0

£

T r i m e t h y l t i n  h y d r i d e  was u s e d .  

^ 2 , 3 - d i m e t h y l  b u t a n e .
Q

Y i e l d  n o t  d e t e r m i n e d .
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MECHANISM OF THE FORMATION OF ALDEHYDE

G e n e r a l

The m a in  p u r p o s e  o f  t h i s  w o rk  was t o  a t t e m p t  t o  

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

r i d e s  and  t r i - n - b u t y l t i n  h y d r i d e .  S e v e r a l  m e ch an is m s  c a n  

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

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

we s h a l l  c o n s i d e r  s e p a r a t e l y  t h e  m e c h a n i s m s  o f  a l d e h y d e  and  

e s t e r  f o r m a t i o n .

The M echan ism  f o r  t h e  F o r m a t i o n  o f  A l d e h y d e s

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

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

a  f r e e  r a d i c a l  c h a i n  m ech an isn A  i n v o l v i n g  a b s t r a c t i o n  o f  t h e  

h a l o g e n  a to m  by a t i n  r a d i c a l  a n d  s u b s e q u e n t  r e a c t i o n  o f  t h e  

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

t h e  r e d u c e d  p r o d u c t  and  a n o t h e r  t i n  r a d i c a l ,  E q . (3 )  a n d  ( 4 ) .  

S i n c e  t h e  r e a c t i o n  o f  a c i d  c h l o r i d e s  w i t h  t h e  same h y d r i d e  

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

f r e e  r a d i c a l  m e chan ism  may a l s o  b e  i n v o l v e d  h e r e .  R e s u l t s  

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

s i s t e n t  w i t h  a  f r e e  r a d i c a l  m e c h a n i s m .  E q u a t i o n s  (15)  -  ( 1 7 ) ,

Q- + Sn-H -> QH + Sn- (15)

Sn- +
0

R(>C1 ->
// °

RC- + S n - C l (16)

/ / °
RC- + Sn-H -»

/ ?
RC-H + Sn- - (17)
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c o m p r i s e  o u r  m e c h a n i s t i c  h y p o t h e s i s  f o r  t h e  f o r m a t i o n  o f  t h e  

a l d e h y d e .  I n  t h i s  scheme Q- i s  some f r e e  r a d i c a l  p o s s i b l y  

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

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

a b s t r a c t s  a  h y d r o g e n  a tom  f ro m  t h e  o r g a n o t i n  h y d r i d e  m o l e c u l e  

p r o d u c i n g  an  o r g a n o t i n  f r e e  r a d i c a l .  The t i n  r a d i c a l  c a n  

t h e n  r e a c t  by a b s t r a c t i n g  a  c h l o r i d e  a tom  f rom  t h e  a c i d  c h l o 

r i d e  g e n e r a t i n g  an  a c y l  f r e e  r a d i c a l .  The a c y l  r a d i c a l  c a n  

t h e n  r e a c t  w i t h  a n o t h e r  m o le  o f  o r g a n o t i n  h y d r i d e  t o  fo rm  t h e  

a l d e h y d e  and  a n o t h e r  o r g a n o t i n  r a d i c a l .  E v i d e n c e  f o r  t h i s  

m e c h a n i s m  comes f rom  s t u d i e s  on f r a g m e n t a t i o n ,  f r e e  r a d i c a l  

c a t a l y s i s  and  s u b s t i t u e n t  e f f e c t s .

F r a g m e n t a t i o n

A cy l  r a d i c a l s  h a v e  b e e n  shown t o  b e  i n t e r m e d i a t e s  i n

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

a r e  u s u a l l y  g e n e r a t e d  i n  s o l u t i o n  by  p e r o x i d e s  o r  p h o t o c h e m i -  
11 12c a l l y .  ’ P h o t o l y s i s  o f  a c y l  x a n t h a t e s  c o n s t i t u t e s  a new

m e th o d  f o r  t h e  p r e p a r a t i o n  o f  t h e s e  r a d i c a l s  w h ic h  h a s
13r e c e n t l y  b e e n  r e p o r t e d  by  B a r t o n ,  e t  a l .  P r o b a b l y  t h e

m o s t  i m p o r t a n t  r e a c t i o n  o f  a c y l  r a d i c a l s  i s  d e c a r b o n y l a t i o n
1 1  14a t  m o d e r a t e l y  h i g h  t e m p e r a t u r e s .  ’ They c a n  t h e r e f o r e  be  

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

Eq .  ( 1 8 ) .  F u r t h e r m o r e ,  t h e  f o r m a t i o n  o f  c a r b o n  m o nox ide  may

RC-0 ----- — >  R- + CO (18)

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

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

t r a p ,  i t  was n e c e s s a r y  t o  u s e  an  a c i d  c h l o r i d e  w hose  d e r i v e d  

a c y l  r a d i c a l  w o u ld  d e c a r b o n y l a t e  w i t h  e a s e ,  i . e . ,  one  w h ic h  

w o u ld  y i e l d  a p a r t i c u l a r l y  s t a b l e  a l k y l  r a d i c a l .  The a c i d  

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

A1C1„
3 C6H6 + CC14  *—> (C6H5 ) 3 C-C1

(1)  C0?
( W 3 C-CI  + M§ -  (C6H5 ) 3C-Mg-Cl -̂ y dF r *  ( C g H ^ C - C O ^

/ /
(C6H5 ) 3 C-C02H + S0C12 -> (C6H5 ) 3 C-C-C1

Numerous a t t e m p t s  w e r e  made by  m i x i n g  t o g e t h e r  t h e  

a c i d  c h l o r i d e  an d  h y d r i d e  i n  x y l e n e  an d  h e a t i n g  t h e  r e a c t i o n  

m i x t u r e  t o  1 0 0 -1 1 0 °  i n  a c l o s e d  s y s t e m  a t t a c h e d  t o  a g a s  

b u r e t t e .  I n  e v e r y  c a s e  t h e  am oun t  o f  g a s  c o l l e c t e d  was t o o  

s m a l l  t o  g i v e  a  good i n f r a r - r e d  s p e c t r u m .  H ow e ve r ,  i f  t h e  

h y d r i d e  was a d d e d  s l o w l y ,  t h e r e b y  l i m i t i n g  t h e  a v a i l a b i l i t y  

o f  t h i s  e f f i c i e n t  t r a p ,  e nough  c a r b o n  m o n o x id e  was c o l l e c t e d  

t o  g i v e  t h e  c h a r a c t e r i s t i c  i n f r a - r e d  s p e c t r u m / ' -"’ The y i e l d  

o f  t h e  g a s ,  a s  j u d g e d  f ro m  t h e  vo lum e  was 10-12%. A 5% 

y i e l d  o f  t r i p h e n y l m e t h a n e  was i s o l a t e d  a l o n g  w i t h  a  90% y i e l d  

o f  t r i p h e n y l a c e t a l d e h y d e . E q . ( 1 9 ) - ( 2 2 ) ,  a c c o u n t  f o r  t h e s e  

r e s u l t s .

Ph3 CC0Cl + Sn- -> Ph3CC=0 + S n - C l  (19)

Ph3 CC=0 + Sn-H -> Ph3CCH0 + Sn.  (20)

Ph3 CC=0 ~> Ph3C. + CO (21)

Ph3 C- + Sn-H -> Ph3C-H + Sn- (22)

A c o n t r o l  e x p e r i m e n t  was r u n  on t h e  same s c a l e  u n d e r  

t h e  same c o n d i t i o n s  a s  t h e  e x p e r i m e n t  a b o v e  w i t h  t h e  o r g a n o t i n  

c h l o r i d e  an d  t h e  a c i d  c h l o r i d e  t o  t e s t  w h e t h e r  t h e  c h l o r i d e  i s  

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

i n  t u r n ,  may r e a c t  w i t h  t h e  h y d r i d e ,  Eq. (23 )  - ( 2 5 ) .  A f t e r

4 . 5  h r s . o f  h e a t i n g  t h e r e  was  no e v o l u t i o n  o f  g a s .

Ph3CCOCl + S n - C l  -> Ph3 CC=0 + S n C l 2 " (23)

Ph 3 CC=0 -> Ph 3 C+ + CO (24)

Ph 3 C+ + Sn-H -> Ph 3 C-H + Sn+ (25)

A n o t h e r  t y p e  o f  f r a g m e n t a t i o n  was o b s e r v e d  i n  t h e  

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

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

e v e n  a t  room t e m p e r a t u r e ,  t o  c a r b o n  d i o x i d e  and t h e  more  

s t a b l e  b e n z y l  r a d i c a l .  The b e n z y l  r a d i c a l  t h e n  r e a c t s  w i t h  

t h e  h y d r i d e  t o  p r o d u c e  t o l u e n e ;  E q . (26)  - ( 2 9 ) '  Gas c h r o m a 

t o g r a p h i c  a n l y s i s  i n d i c a t e d  a 397o y i e l d  o f  t o l u e n e  and  a 617,

PhCH2 0C0Cl + • Sn -;- PhCH2 0C 0 + S n - C l (26)

PhCH2 0C 0 ~> PhCH2 • + C0 2 (27)

PhCH2 0C-0 + Sn-H -> PhCH2 0CH0 + Sn- (28)

PhCH2 • + Sn-H -> PhCH3  -f Sn- (29)

y i e l d  o f  t h e  b e n z o y l  f o r m a t e .

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

s e r v e d  by Thynne  and  G r a y ‘d , u s u a l l y  a t  h i g h e r  t e m p e r a t u r e s ,  

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

t h e  t e m p e r a t u r e  u s e d ,  1 2 0 - 1 8 5 ° ,  b r e a k s  down q u a n t i t a t i v e l y  t o  

t h e  m e t h y l  r a d i c a l  and  c a r b o n  d i o x i d e ;  Eq.  ( 3 0 ) -  ( 3 3 ) .
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(CH3 ) 2 0 2  -* 2 CH3 0 . (30)

CH3 0- + H-C0 2 CH3  -> CH3OH + 0=-C0CH3 (31)

CH3 0C-0  -> C02  + CH3 - (32)

CHq - + H-C0oCH„ -> CH, + 0-C0CHo 3 2 3 4 3 (33)

At h i g h e r  t e m p e r a t u r e s  t h e  amount o f  f r a g m e n t a t i o n

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

an  e x p e r i m e n t  c o n d u c t e d  a t  room t e m p e r a t u r e ,  t h e  r e a c t i o n  

was  a l l o w e d  t o  p r o c e e d  f o r  f o u r  d a y s  a t  w h ic h  t i m e  i t  h a d  

o n l y  gone  30% o f  t h e  way t o  c o m p l e t i o n  as  d e t e r m i n e d  by  i n f r a 

r e d  a n a l y s i s .  The r e a c t i o n  m i x t u r e  was s u b j e c t e d  t o  g a s  

c h r o m a t o g r a p h i c  a n a l y s i s  w i t h o u t  q u e n c h i n g  w i t h  t h e  i n j e c t i o n  

p o r t  a t  1 8 0 ° .  I n  t h i s  c a s e  t h e  t o l u e n e  was t h e  m a j o r  p r o 

d u c t  w i t h  o n l y  s m a l l  am oun ts  o f  t h e  f o r m a t e  i n d i c a t e d .  The 

r e a c t i o n  h a d  go n e  t o  c o m p l e t i o n  i n  t h e  i n j e c t i o n  p o r t  a s  

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

m a t e r i a l  i n  t h e  c h r o m a to g r a m .  T h i s  i s  i n  c o n t r a s t  t o  t h e  

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

t u r e  u n t i l  a l l  t h e  h y d r i d e  h a d  b e e n  consum ed .

F r e e  R a d i c a l  C a t a l y s i s

F r e e  r a d i c a l  c a t a l y s i s  h a s  b e e n  d r a m a t i c a l l y  d e -  . 

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

r e a c t s  v e r y  s l o w l y  a t  80°  w i t h  t r i - n - b u t y l t i n  h y d r i d e  so  i t  

p r o v i d e s  a p a r t i c u l a r l y  good model  f o r  c a t a l y s i s .  T h i s  r e a c 

t i o n  was f o u n d  t o  b e  s u b j e c t  t o  f r e e  r a d i c a l  c a t a l y s i s  a s  i s  

shown by t h e  f a c t  t h a t  e t h y l c h l o r o f o r m a t e  u n d e r g o e s  o n l y  5% 

r e d u c t i o n  i n  t h r e e  h o u r s  a t  8 0 ° ,  w h e r e a s  u n d e r  t h e  same c o n 

d i t i o n s  i n  t h e  p r e s e n c e  o f  1 . 6  m o le  p e r  c e n t  o f  a z o b i s i s o -
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b u t y r o n i t r i l e  t h e  r e a c t i o n  i s  c o m p l e t e ,  s e e  T a b l e  I I I .  The 

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

c h l o r i d e .

TABLE I I I

C a t a l y z e d  and  U n c a t a l y z e d  R e a c t i o n  o f  

E t h y l c h l o r o f o r m a t e  w i t h  T r i - n - b u t y l t i n  H y d r i d e  a t  80°  i n

S e a l e d  Ampoules

£

C a t a l y z e d  U n c a t a l y z e d
Time % C o m p le te d  %, C o m p le te d

0 . 5  h r s . 30 0

1 . 5  h r s .  98 -1 0 0  2 -4

3 . 0  h r s .  100 5

1 8 . 5  h r s .  35

1 . 6  m o le  p e r c e n t  o f  a z o b i s i s o b u t y r o n i t r i l e .

F r e e  r a d i c a l  c a t a l y s i s  o f  t h e  r e a c t i o n  o f  b e n z o y l  

c h l o r i d e  w i t h  t h e  o r g a n o t i n  h y d r i d e  i n  m - x y l e n e  i s  n o t  as  

c l e a r l y  e s t a b l i s h e d  f o r  two r e a s o n s .  One i s  t h a t  d e g r e e  o f  

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

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

l y z e d  and  u n c a t a l y z e d  r e a c t i o n s .  The a z o b i s i s o b u t y r o n i t r i l e  

c a t a l y z e d  r e a c t i o n  w e n t  o n l y  some 30-40% f a s t e r  t h a n  t h e  u n 

c a t a l y z e d  r e a c t i o n  w h ic h  was c o m p l e t e  i n  a b o u t  2 0  h r s .  a t  8 0 ° .  

The c a t a l y z e d  r e a c t i o n  p r o d u c e d  s l i g h t l y  more  t h a n  t w i c e  a s  

much e s t e r  (30%) t h a n  t h e  u n c a t a l y z e d  r e a c t i o n  (13%).  We 

c a n n o t  e x p l a i n  t h e s e  o b s e r v a t i o n s  a t  t h i s  t i m e  b u t ,  a s  w i l l  

b e  b r o u g h t  o u t  l a t e r ,  t h e r e  seem t o  b e  a t  l e a s t  two c o m p e t i n g  

m echan ism s  f o r  e s t e r  f o r m a t i o n .
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The r e l a t i v e  r e a c t i v i t i e s  o f  t h e  a c i d  c h l o r i d e s  w e r e  

d e t e r m i n e d  by  a l l o w i n g  e a c h  a c i d  c h l o r i d e  t o  c o m p e te  w i t h  an  

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

A f t e r  a l l  t h e  h y d r i d e  h a d  b e e n  c onsum ed ,  t h e  r e a c t i o n  m i x t u r e  

was a n a l y z e d  by  g a s  c h r o m a t o g r a p h y .  The y i e l d  o f  h y d r o c a r b o n  

f rom  t h e  r e d u c t i o n  o f  t h e  a l k y l  b r o m i d e  was d e t e r m i n e d .  When 

t h i s  amount was s u b t r a c t e d  f rom t h e  amount o f  o r g a n o t i n  h y 

d r i d e  u s e d ,  a s s u m i n g  1007= r e a c t i o n ,  we o b t a i n e d  t h e  amount 

o f  a c i d  c h l o r i d e  w h i c h  h a d  r e a c t e d  w i t h  t h e  h y d r i d e .  W i th  

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

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

The r e l a t i v e  r a t e s  w e re  d e t e r m i n e d  by u s i n g  t h e

s t a n d a r d  e q u a t i o n  w h i c h  was f i r s t  d e s c r i b e d  by  I n g o l d  and 
17Stow , w h e r e  k ^ / k g  r e p r e s e n t s  t h e  r a t i o  o f  r a t e  c o n s t a n t s

l o g  AQ - l o g  A kA/ k B (34)

-  l o § B0 " l o § B

f o r  a b s t r a c t i o n  o f  h a l i d e  by  t h e  t i n  r a d i c a l .  AQ and BQ 

r e p r e s e n t  t h e  i n i t i a l  c o n c e n t r a t i o n s  o f  a c i d  c h l o r i d e  and 

a l k y l  b r o m i d e  r e s p e c t i v e l y ,  and  A and B a r e  t h e i r  r e s p e c t i v e  

f i n a l  c o n c e n t r a t i o n s .

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

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

one  s t e p  i n  w h ic h  t h e  t i n  r a d i c a l  a b s t r a c t s  a  c h l o r i n e  a tom 

f rom  an  a c i d  c h l o r i d e ,  T a b l e  IV.

The r e l a t i v e  r e a c t i v i t i e s  show a  Hammett c o r r e l a t i o n  

w i t h  a r h o  o f  2 . 6 1 ,  i n  m - x y l e n e ,  F i g .  I .  The f a c t  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  f a c i l i t a t e  t h e  r e a c t i o n  r u l e s  o u t  an  

a c y l i u m  i o n  m e ch an is m  an d  i s  c o n s i s t e n t  w i t h  t h e  c o n v e n t i o n a l  

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

s t a t e  i n  f r e e  r a d i c a l  r e a c t i o n s .  S t r u c t u r e  I  d e p i c t s  t h e
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TABLE IV

R e l a t i v e  R e a c t i v i t i e s  o f  A c y l  H a l i d e s  Toward 

T r i - n - b u t y l t i n  H y d r i d e  a t  25°  i n  S o l u t i o n  (0 .6 3 M ) a

R e l a t i v e  R a t e  R e l a t i v e  R a t e  R e l a t i v e ^ R a t e
B e n z o y l  C h l o r i d e  i n  m - x y l e n e  i n  MeOAc i n  DCB s ig m a

£ - c y a n o  ; 6 1 . 4 0  .660

£ - t r i f l u o r o m e t h y l  3 8 . 1 0  .540

m - t r i f l u o r o m e t h y l  9 . 5 0  .430

m - c h l o r o  8 . 2 0  4 2 . 2 0  9 . 7 0  .373

m - f l u o r o  2 . 3 4  .337

£ - c h l o r o  1 . 2 7  5 . 5 6  2 . 9 2  .227

H 1 . 0 0  1 . 0 0  1 . 0 0

m - m e th y l  0 . 9 3 7  . - . 0 6 9

£ - m e t h y l  0 . 2 9 0  - . 1 7 0

£ - m e t h o x y  0 . 1 6 6  0 . 1 1 6  1 0 . 0 8 4  - . 2 6 8

B e n z o y l  B rom ide  331
B e n z y l  B rom ide  2 8 . 7 8
s e c . O c t .  Br 2 . 0 7
P r o p i o n y l  C h l o r i d e  5 . 6 3

As d e t e r m i n e d  by  c o m p e t i t i o n  w i t h  s e c - o c t y l  b r o m i d e  f o r  a n  i n s u f f i c i e n t  amount
o f  t h e  h y d r i d e .  Ul

o - D i c h l o r o b e n z e n e
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S o l v e n t i e t l r y l  A c e t a t e

1 . 0 0

1 .8 0
0 . . 8 0

1 . 5 0

0 . 0 0 m- OFm-Cl
m - C l

p - C l

n-OI-ie
0 .00O /ra- Mb

S o l v e n t s : 

\ O n - x y l e n e

_ l . n o

p -  Me

/p-OI-ie

p-OI-ie - 1.00

. Oo.6020s ig m a.2 0 A

Hammett p l o t s  f o r  t h e  r e a c t i o n  o L \ s u b 3 t i t u t e d  b e n z o y l  

c h l o r i d e s  w i t h  Sn« i n  t h r e e  d i f f e r e n t  s o l v e n t s  a t  25°•
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t r a n s i t i o n  s t a t e  a s  a  r e s o n a n c e  h y b r i d  i n  w h i c h  p o l a r  s t r u c 

t u r e s  make a s i g n i f i c a n t  c o n t r i b u t i o n .  S t r u c t u r e  I I  i s  an 

a l t e r n a t i v e  s h o r t h a n d  r e p r e s e n t a t i o n  o f  t h e  same t r a n s i t i o n  

s t a t e .

0  0  0  0  

RC-C1 Sn- -v—* RC:"  . C l  +Sn ^ R C -  C l : "  Sn+ -r—^ R C -  C]

I I

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

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

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

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

a c y l  r a d i c a l .  I n  p r e v i o u s  w o rk ,  t h e  s o u r c e  o f  t h e  a c y l  r a d i 

c a l  h a s  b e e n  t h e  r e a c t i o n  o f  an a l d e h y d e  w i t h  t h e  e l e c t r o -
18p h i l i c  s p e c i e s ,  t h e  b e n z o y l o x y  r a d i c a l .  I n  s u c h  c a s e s  t h e  

a c y l  c a r b o n  a s su m es  a c y l i u m  i o n  c h a r a c t e r  i n  t h e  t r a n s i t i o n  

s t a t e ,  s t r u c t u r e  I I I .

, H........... 0 - 0 - C —Ph
< / -

I I I

The Hammett c o r r e l a t i o n  a p p e a r s  t o  b e  b e t t e r  w i t h  <5~
19t h a n  w i t h e r  . V a l u e s  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  r  , 

a r e  0 . 9 6 3  and  0 . 9 5 5 ,  r e s p e c t i v e l y .  The v a l u e  o f / / - 7  f o r  t h e  

c o r r e l a t i o n  i s  2 . 6 1  a s  shown i n  F i g .  I .  The/^ ) v a l u e  b a s e d  

on  v a l u e s  was 2 . 0 2 .
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The e f f e c t  o f  s o l v e n t  i n  t h i s  Hammett c o r r e l a t i o n

h a s  b e e n  s t u d i e d  b r i e f l y .  I t  c a n  b e  s e e n  f ro m  T a b l e  IV t h e  

n a t u r e  o f  t h e  s o l v e n t  c a n  e x e r t  a  p r o f o u n d  e f f e c t .  The r h o  

v a l u e  i n  m e t h y l  a c e t a t e ,  4 . 0 ,  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  

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

e f f e c t  c a n  b e  r a t i o n a l i z e d  on  t h e  b a s i s  o f  t h e  w ork  done  i n

t h e s e  t h r e e  s o l v e n t s .  Two e f f e c t s  c a n  b e  o p e r a b l e  h e r e .
20One,  a s  p r e d i c t e d  b y  Howard and I n g o l d  , w o u ld  be  t h a t  an 

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

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

and  t h e r e b y  i n c r e a s e  t h e  r h o  v a l u e .  We do n o t  t h i n k  t h a t  

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

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

s t a n t  ( 6 . 6 8 ) t h a n  m - x y l e n e  ( 2 . 3 7 ) ,  £ - d i c h l o r o b e n z e n e  h a s  an 

e v e n  h i g h e r  d i e l e c t r i c  c o n s t a n t  o f  9 . 9 3  and s u b s t i t u e n t  

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

known t h a t  t h e  r e a c t i v i t y ,  i . e . ,  s e l e c t i v i t y ,  o f  t h e  c h l o r i n e  

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

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

c a r b o n  d i s u l f i d e  a s  c o m p a re d  w i t h  a l k a n e s . A p i  com plex  b e 

tw e e n  t h e  e l e c t r o p h i l i c  C l-  and  t h e  e l e c t r o n  d o n a t i n g  a r o 

m a t i c  n u c l e o u s  i s  fo rm e d ;  E q . ( 3 5 ) .  The c h l o r i n e  r a d i c a l  

t h e n  b ecom es  more  s e l e c t i v e  and a t t a c k  upon t h e  t e r t i a r y  c a r -

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

any  d e t a i l e d  s t u d y  o f  s o l v e n t  e f f e c t s  i n  f r e e  r a d i c a l  r e a c 

t i o n s  i n v o l v i n g  an  e l e c t r o p o s i t i v e  f r e e  r a d i c a l ,  i t  seems

The o t h e r  e f f e c t  may be  a s p e c i f i c  s o l v e n t  e f f e c t
21

w h i c h  i s  n o t  unknown i n  f r e e  r a d i c a l  c h e m i s t r y .  I t  i s

C l . (35)
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r e a s o n a b l e  t o  p o s t u l a t e  t h e  same t y p e  o f  e f f e c t  f o r  t h e s e  

r a d i c a l s  w i t h  s o l v e n t s  o f  o p p o s i t e  p r o p e r t i e s .  The s p e c i f i c  

s o l v e n t  e f f e c t  o f  m e t h y l  a c e t a t e  may b e  t e n t a t i v e l y  e x p l a i n e d  

by  c o m p l e x i n g  o f  t h e  o r g a n o t i n  r a d i c a l  w i t h  a m e thy l  a c e t a t e  

s o l v e n t  m o l e c u l e .  A co m p lex  b e t w e e n  t h e  e l e c t r o p o s i t i v e  t i n  

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

d e p i c t e d  by  Eq. ( 3 6 ) .  T h i s  e f f e c t ,  by  a n a l o g y  w i t h  e l e c t r o -

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

l i z e  t h e  o r g a n o t i n  r a d i c a l  t h u s  m ak ing  i t  more  s e l e c t i v e  i n  

i t s  r e a c t i o n  w i t h  s u b s t i t u t e d  b e n z o y l  c h l o r i d e s .  The more 

s t a b l e  r a d i c a l  w ou ld  t h e n  e x p e r i e n c e  a g r e a t e r  e n e r g y  o f  

a c t i v a t i o n  i n  i t s  r e a c t i o n  w i t h  b e n z o y l  c h l o r i d e s .  The

g r e a t e r  t h e  e n e r g y  o f  a c t i v a t i o n ,  t h e  more b o n d  b r e a k i n g  w i l l
23o c c u r  i n  t h e  t r a n s i t i o n  s t a t e .  T h e r e f o r e ,  as  t h e  r e a c 

t i v i t y  o f  t h e  o r g a n o t i n  r a d i c a l  d e c r e a s e s  t h e  amount o f  bond  

b r e a k i n g  i n  t h e  t r a n s i t i o n  s t a t e  w i l l  i n c r e a s e  and t h e  

t r a n s i t i o n  s t a t e  w i l l  b e  more n e a r l y  d e s c r i b e d  by  i t s  p o l a r  

c o n t r i b u t o r s .  T h i s  w i l l  make t h e  r e a c t i o n  more  s u s c e p t i b l e  

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

Hammett c o r r e l a t i o n .

i n  T a b l e  IV show a much g r e a t e r  r e a c t i v i t y  o f  b e n z o y l  b r o m i d e  

t h a n  b e n z o y l  c h l o r i d e  a s  w ou ld  b e  e x p e c t e d  f rom  a  c o n s i d e r a 

t i o n  o f  t h e  r e s p e c t i v e  bon d  d i s s o c i a t i o n  e n e r g i e s .  An i n 

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

c h l o r i d e  o v e r  b e n z o y l  c h l o r i d e .  From t h e  p o l a r  e f f e c t s  i n  

t h e  r e d u c t i o n  o f  b e n z o y l  c h l o r i d e s  i t  may seem s u r p r i s i n g  

t h a t  t h e  b e n z o y l  compound i s  s l o w e r  t h a n  t h e  a l i p h a t i c  o n e .  

However ,  t h e  a r o m a t i c  n u c l e u s  c a n  o f t e n  f u n c t i o n  a s  an  e l e c -

(36)

The r e s u l t s  o f  o t h e r  c o m p e t i t i v e  e x p e r i m e n t s  l i s t e d
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t r o n  d o n a t i n g  g r o u p ,  e s p e c i a l l y  when i t  i s  i n  c o n j u g a t i o n  

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

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

w o u ld  be  d i m i n i s h e d  by t h e  i n c r e a s e d  e l e c t r o n  d e n s i t y  i n  

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

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

a s  r e a c t i v e  a s  b e n z a l d e h y d e , T a b l e  V.

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

t o  d e r i v e  a r e l a t i v e  r a t e  c o n s t a n t  f o r  t h e s e  b r o m i d e s .  T h i s
4

c a n  b e  co m p ared  w i t h  t h a t  f o u n d  by M enapace  and  K u i v i l a  i n  

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

w i t h  o r g a n o t i n  h y d r i d e s .  We h a v e  found  t h a t  t h e  r a t e  r a t i o

K u i v i l a  f o u n d  a v a l u e  o f  1 2 . 7 0  a t  4 5 ° .  T h i s  i s  good  a g r e e 

m en t  s i n c e  a s m a l l  i n c r e a s e  i n  s e l e c t i v i t y  may b e  e x p e c t e d  

a t  a  l o w e r  t e m p e r a t u r e .

O t h e r  M echanism s  f o r  A ld e h y d e  F o r m a t i o n

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

c a l l y ,  c e r t a i n l y  o n e  i n v o l v i n g  f o r m a t i o n  o f  t h e  a c y l i u m  i o n  

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

t u t e d  b e n z o y l  c h l o r i d e s .  The Hammett c o r r e l a t i o n  shows t h a t  

t h e  r e a c t i o n  o f  a c i d  c h l o r i d e s  i s  f a c i l i t a t e d  by e l e c t r o n  

w i t h d r a w a l .

IV

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

1 3 . 9 0  a t  2 5 ° ,  w h i l e  M enapace  and

F o u r - c e n t e r e d  and  n u c l e o p h i l i c  d i s p l a c e m e n t  m echan ism s
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seem u n l i k e l y  on t h e  b a s i s  o f  t h e  o b s e r v a t i o n s  o f  f r e e  r a d i 

c a l  c a t a l y s i s ,  d e c a r b o n y l a t i o n  and  d e c a r b o x y l a t i o n ,  a s  w e l l  

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

b o n y l  com pounds ,  Eq.  (37 )  and  ( 3 8 ) .

0

//
RC-C1 + R3 Sn-H

R3S n ...........................H

Cl, . C—R 

0 .

->R3 S n - C l  + RC-HIP

(37)

n

JcRC^-Cl + R3 Sn-H

0

I
R-C-Cl

H

SnR3  -> -R3 S n - C l  + RC-HA
(38)
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MECHANISM OF ESTER FORMATION

The s t u d y  o f  t h e  m e c h a n i s m  o f  e s t e r  f o r m a t i o n  t u r n e d  

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

o f  a l d e h y d e .  H ow ever ,  we p r o p o s e  t h a t  t h e  e s t e r  i n  o u r  

r e a c t i o n  i s  a l s o  fo rm ed  by  a f r e e  r a d i c a l  p r o c e s s ,  Eq.  ( 3 9 ) -  

( 4 0 ) .

H
RC=0 + R i= 0

0

R^-OCHR + Sn-H

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

h y d r o g e n  a tom  f rom  a mole  o f  t h e  h y d r i d e ,  a t t a c k s  t h e  oxygen  

a tom  o f  a  p r e v i o u s l y  fo rm e d  a l d e h y d e  m o l e c u l e  t o  fo rm an  a ' - 
a c y l o x y  r a d i c a l  w h ic h  r e a c t s  w i t h  a n o t h e r  mole  o f  o r g a n o t i n  

h y d r i d e  t o  p r o d u c e  t h e  e s t e r  and  a n o t h e r  t i n  r a d i c a l .

T h i s  r e a c t i o n  o f  t h e  a c y l  r a d i c a l  i s  n o t  w i t h o u t
24p r e c e d e n t .  R u s t ,  S e u b o l d  and  Vaughan  r e p o r t e d  t h a t  t h e  

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

a  g r e a t  f a c i l i t y  f o r  a t t a c k i n g  t h e  c a r b o n y l  ox y g en  a tom  o f  

t h e  a l d e h y d e  m o l e c u l e  t o  fo rm  t h e  a J -acy lo x y  r a d i c a l  w h ic h  

t h e n  c o u p l e d  t o  g i v e  t h e  d i e s t e r  o f  t h e  g l y c o l ,  Eq. ( 4 1 ) - ( 4 4 ) .

( t B u ) 2 0 2

t BuO- -I- PhCHO

PhC-0 + PhCHO 

2 PhCOOCHPh

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

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

The b e n z o y l  r a d i c a l  h a s  a l s o  b e e n  shown t o  a t t a c k  t h e  c a r b o n y l

2 t Bu0‘ (41)

t BuOH + PhC=-0 (42)

PhCOO-CHPh (43)

PhCOOCHPh / / / \| (44)
PhCOOCHPh

0

-> RC-OCHR (39)

0

-> rH-0CH2R + Sn- (40)
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o x y g en  o f  q u i n o n e s .

The m a in  e m p h a s i s  i n  t e s t i n g  t h e  v a l i d i t y  o f  t h i s  

m e ch an ism  h a s  b e e n  upo n  t h e  s t u d y  o f  t h e  r e l a t i v e  r a t e s  o f  

e s t e r  f o r m a t i o n  o f  a d d e d  c a r b o n y l  com pounds .  From t h i s  s t u d y  

we h a v e  b e e n  a b l e  t o  i n f e r  t h a t  t h e  a c y l  r a d i c a l  i s  an  i n t e r 

m e d i a t e  i n  t h e  f o r m a t i o n  o f  t h e  e s t e r .

R e l a t i v e  R e a c t i v i t i e s  o f  Added C a r b o n y l  Compounds

The a c y l  r a d i c a l  s h o u l d  d i s p l a y  i t s  e l e c t r o p o s i t i v e

n a t u r e ^  when i t  becom es  t h e  a t t a c k i n g  r a d i c a l  and  r e a c t s

w i t h  a c a r b o n y l  compound.  We h a v e  m e a s u r e d  t h e  e f f i c i e n c i e s

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

r a d i c a l .  A l d e h y d e s  w e r e  a l l o w e d  t o  c o m p e te  i n  p a i r s  and  t h e

r e a c t i o n  p r o d u c t  m i x t u r e  was a n a l y z e d  by  g a s  c h r o m a t o g r a p h y ,

u s i n g  t h e  i n t e r n a l  s t a n d a r d  m e th o d  w h i c h  i s .  d e s c r i b e d  by  
2  6K e u l e m a n s . R e s u l t s  w e re  c a l c u l a t e d  u s i n g  t h e  s t a n d a r d  

e q u a t i o n  o f  I n g o l d  an d  S t o w ^  , E q . ( 3 4 ) .

I n  t h e  d e r i v a t i o n  o f  t h e  a b o v e  e x p r e s s i o n  f o r  t h e  

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

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

same m e ch an ism  and  t h e r e f o r e  h a v e  t h e  same k i n e t i c  o r d e r .  To 

g i v e  an  i n d i c a t i o n  t h a t  t h i s  a s s u m p t i o n  i s  s o u n d  and  t o  demon

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

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

T a b l e  V. As c a n  b e  s e e n  f ro m  t h i s  t a b l e ,  t h e r e  i s  no d e 

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

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

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

a r e  g a t h e r e d  i n  T a b l e  VI and  a Hammett p l o t  i s  f o u n d  i n  F i g u r e  

I I .  The v a l u e  o f  r h o  i s  0 . 4 8 .  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  t h e  a l d e h y d e  f a c i l i t a t e  t h e  r e a c t i o n .  The a c y l  r a d i c a l  a s
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TABLE V

E f f e c t  o f  V a r y i n g  C o n c e n t r a t i o n s  on t h e  R e l a t i v e  R a t e  C o n s t a n t s
£

f o r  jo -M ethy l  B e n z a l d e h y d e  and  B e n z a l d e h y d e  

I n i t i a l  Cone.  I n i t i a l  Cone.  ^
jo -M ethy l  B e n z a l d .  B e n z a l d .  £ - M e t h y l  B e n z a l d .
(mmoles)___________  (mmoles)______   b e n z a l d .

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

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

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

4 . 2 4  ‘ 3 . 9 0  1 . 2 0

a
R e a c t i o n s  r u n  a t  25°  i n  2 , 3 - d i m e t h y l b u t a n e  ( 0 . 6 3  M) w i t h  3 . 7 8  mmoles o f  
(n-C^Hg)^SnH and  p r o p i o n y l  c h l o r i d e .

N3.P'
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TABLE VI

R e l a t i v e  R e a c t i v i t i e s  o f  A l d e h y d e s  and  K e t o n e s  w i t h  

P r o p i o n y l  R a d i c a l  a t  25° i n  2 , 3 - D i m e t h y l  B u t a n e ,  (0 .63M)

clR e l a t i v e  ^
C a r b o n y l  Compound R e a c t i v i t y  S igma

n - h e p t a l d e h y d e  1 . 6 2

m - c h l o r o b e n z a l d e h y d e  1 . 5 7  .373

£ - c h l o r o b e n z a l d e h y d e  1 . 2 6 ^  .227

£ - m e t h y l b e n z a l d e h y d e  1 . 2 5  - . 1 7 0

b e n z a l d e h y d e  1 . 0 0  0 . 0 0

m - m e t h y l b e n z a l d e h y d e  0 . 9 4  - . 0 6 9

£ - m e t h o x y b e n z a l d e h y d e  0 . 4 6 8  - . 2 6 8  (-

c y c l o h e x a n o n e ^  0 .0 9 3

c y c l o p e n t a n o n e  0 . 0 0 5

£
B a s e d  on  a t  l e a s t  two d e t e r m i n a t i o n s .  The r e l a t i v e  r a t e  
c o n s t a n t s  w e r e  r e p r o d u c i b l e  w i t h i n  47o.

S o l v e n t  -  m e t h y l  a c e t a t e .

S igma p l u s  v a l u e .

^Run a t  4 5 ° ;  (k n , / k  n = 1 7 . 8 2 ) .v c y c l o h e x a n o n e  c y c l o p e n t a n o n e

778)  C
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e x p e c t e d  f u n c t i o n s  a s  a  n u c l e o p h i l e ,  a s s u m i n g  a c y l i u m  i o n  

c h a r a c t e r ,  when i t  a t t a c k s  t h e  n o r m a l l y  n u c l e o p h i l i c  ox y g en  

o f  t h e  c a r b o n y l  g r o u p ^ \  s t r u c t u r e  V.

V

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

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

b a b l y  a  c o n s e q u e n c e  o f  c o n j u g a t i o n  b e t w e e n  t h e  f o r m y l  and 

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

VI i n  t h e  g r o u n d  s t a t e .  T h i s  same k i n d  o f  d e v i a t i o n  was
27

f o u n d  by H u y s e r  and  N e c k e r s  i n  t h e i r  s t u d y  o f  t h e  p e r o x i d e

VI

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

i n  w h ic h  t h e y  g o t  a good  c o r r e l a t i o n  w i t h  a l l  s u b s t i t u e n t s  

e x c e p t  £ - m e t h o x y .  The r h o  v a l u e  f o r  t h i s  f r e e  r a d i c a l  r e a c 

t i o n  i s  a l s o  p o s i t i v e  and  i t  a p p e a r s  t h a t  t h e  c o r r e l a t i o n  i s  

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

t u e n t  i s  u s e d .

The r e a s o n  why t h e  p o i n t  f o r  £ - m e t h y l b e n z a l d e h y d e  

l i e s  a b o v e  t h e  b e s t  l i n e  i s  n o t  known. The g r e a t e r  r e a c t i v i t y  

o f  n - h e p t a l d e h y d e  o v e r  b e n z a l d e h y d e  a l s o  p r e s e n t s  some d i f f i 

c u l t y .  T h e r e  i s  e v i d e n c e  a v a i l a b l e  t h a t  t h e  b e n z e n e  r i n g  and  

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

r e q u i r e d  f o r  maximum c o n t r i b u t i o n  f rom a s t r u c t u r e  s u c h  as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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V I I .
28 T h i s  e f f e c t ,  i f  n o t  o v e r b a l a n c e d  by  t h e  i n d u c t i v e

H

V I I

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

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

h e p t a l d e h y d e  a n d ,  t h e r e f o r e ,  l o w e r  r e a c t i v i t y .

The g r e a t e r  r e a c t i v i t y  o f  c y c l o h e x a n o n e  o v e r  c y c l o 

p e n t a n o n e  c a n  b e  i n t e r p r e t e d  i n  t e r m s  o f  t h e  Brown I - s t r a i n  
29t h e o r y  i f  i t  i s  a s s u m e d  t h a t  t h e  c a r b o n y l  c a r b o n  i s

O
d e v e l o p i n g  sp  h y b r i d i z a t i o n  i n  t h e  t r a n s i t i o n  s t a t e ,  w i t h  

c o n c o m i t a n t  d e v e l o p m e n t  o f  new e c l i p s i n g  i n t e r a c t i o n s  i n  

t h e  f i v e - m e m b e r e d  r i n g .

o p p o s e s  c o o r d i n a t i o n  c h a n g e s  o f  4 -> 5 o r  4 3 ,  b u t  a  c o 

o r d i n a t i o n  c h a n g e  o f  3 > 4 ,  a s  i n  o u r  c a s e ,  i s  f a v o r e d  s i n c e  

i t  i n v o l v e s  a d e c r e a s e  i n  i n t e r n a l  s t r a i n ,  Eq.  ( 4 5 ) .

The c y c l o h e x y l  r i n g ,  w h i c h  i s  f r e e  o f  s t r a i n ,

sp
C oord .  3

sp
C o o rd .  3

Sn-H

3sp
C o o rd .  4

(45)
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On t h e  o t h e r  h a n d ,  f i v e - m e m b e r e d  r i n g s  a r e  u n d e r  

some s t r a i n .  I n t r o d u c t i o n  o f  an  a tom w i t h  a  p r e f e r r e d  120° 

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

i n  i n t e r n a l  s t r a i n .  I n  t h e  c y c l o p e n t y l  r i n g ,  t h e r e f o r e ,  

c o o r d i n a t i o n  c h a n g e s  4 ^ - 3  a r e  f a v o r e d  w h i l e  3 -> 4 a r e  n o t .

As p r e v i o u s l y  m e n t i o n e d  i t  was f o u n d  t h a t  k e t o n e s  

i n  g e n e r a l  a r e  n o t  a s  good  t r a p s  f o r  t h e  a c y l  r a d i c a l  as  

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

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

a l k y l  g r o u p ,  and s t e r i c  f a c t o r s  p r o b a b l y  a l s o  p l a y  some r o l e .

t
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STUDIES OF OTHER POSSIBLE MECHANISMS 

FOR ESTER FORMATION

The g 1- c h l o r o e s t e r  P r o c e s s

I t  h a s  b e e n  known f o r  some t i m e  t h a t  a c i d  c h l o r i d e s
30w i l l  r e a c t  s l o w l y  w i t h  a l d e h y d e s  t o  g i v e  t h e  a ' - c h l o r o e s t e r  , 

Eq.  ( 4 6 ) .  I n  t h e  a l i p h a t i c  s e r i e s  c a t a l y s i s  by  z i n c  c h l o r i d e  

0  0  o Cl

RC-C1 + RC-H R^-OCHR (46)

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

c a t a l y s i s  i s  a  c o n v e n i e n c e .  I t  was n e c e s s a r y  f o r  us  t o  s t u d y  

t h i s  r e a c t i o n  f rom  two p o i n t s  o f  v i e w .  I t  i s ,  o f  c o u r s e ,  a 

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

c h l o r i d e s  w i t h  o r g a n o t i n  h y d r i d e s  i f  one  a s s u m e s  t h e  a ' -  

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

t e r .  S e c o n d l y ,  i t  w o u ld  be  a mode l  compound f o r  d e t e r m i n i n g  

i f  t h e  a d d i t i o n  o f  t h e  a c y l  r a d i c a l  t o  an  a l d e h y d e  i s  r e v e r 

s i b l e ,  Eq.  (47)  - ( 4 9 ) .  Once t h e  c h l o r e s t e r  i s  p r e p a r e d  we

0  C i  0

RC—OCHR + Sn- > r !>-0CHR + S n - C l  (47 )

0

RC-OtHR RCHO + RC-0 (48)

0  0  

RC—OCHR + Sn-H -> r(!-0CH2R + Sn- (49)

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

f o r m i n g  t h e  i n t e r m e d i a t e  a ' - a c y l o x y  r a d i c a l .  I f  a l d e h y d e  

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

c o n d i t i o n s  t h i s  w o u ld  b e  good  e v i d e n c e  f o r  an  e q u i l i b r i u m  

s u c h  as  d e n o t e d  i n  Eq.  ( 4 8 ) .  On t h e  o t h e r  h a n d ,  i f  no a l 

d e h y d e  i s  a p p a r e n t  t h e n  we c a n  assum e  t h a t  t h e  a d d i t i o n
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r e a c t i o n  o f  t h e  a c y l  r a d i c a l  i s  e . s s e n t i a l l y  i r r e v e r s i b l e  o r  

t h a t  r e a c t i o n  (49)  i s  much f a s t e r  t h a n  r e a c t i o n  ( 4 8 ) .

The a ' - c h l o r o e s t e r  o f  b e n z y l  b e n z o a t e  was p r e p a r e d  

a c c o r d i n g  t o  a  m o d i f i c a t i o n  o f  t h e  m e th o d  r e p o r t e d  by  Adams

a w h i t e ,  f l u f f y  s o l i d  i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  I t  

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

a b s e n c e  o f  b o t h  a l d e h y d e  and  a c i d  c h l o r i d e  a b s o r p t i o n s .  The 

compound i s  n o t  s t a b l e  i n  s o l u t i o n .  I t  i s  p a r t i c u l a r l y  u n 

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

z a t i o n  i n  a 127o s o l u t i o n  o f  2 , 3 - d i m e t h y l  b u t a n e  i s  v e r y  s lo w  

b u t  when an  e q u i m o l a r  amount o f  t h e  o r g a n o t i n  c h l o r i d e  i s  

added  t h e  r a t e  o f  i s o m e r i z a t i o n  i n c r e a s e s .  When t h e  o r g a n o 

t i n  c h l o r i d e  i s  a d d e d  n e a t  t o  t h e  e s t e r ,  a  5 0 / 5 0  m i x t u r e  o f  

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

w i t h i n  f i f t e e n  m i n u t e s .

T h i s  i s o m e r i z a t i o n  b r o u g h t  a b o u t  by  d i s s o l v i n g  t h e  

c h l o r o e s t e r  o r ,  e v e n  m ore  q u i c k l y  by  t h e  a d d i t i o n  o f  t r i - n -  

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

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

and  a l d e h y d e  s i n c e  a  c e r t a i n  amount o f  b e n z o y l  c h l o r i d e  and 

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

e s t e r  i s  c o m p l e t e .

b u t y l t i n  h y d r i d e  i n  a  127. s o l u t i o n  i n  2 , 3 - d i m e t h y l  b u t a n e  o r  

n e a t ,  o n l y  v e r y  s m a l l  am oun ts  o f  b e n z a l d e h y d e  c o u l d  be  d e 

t e c t e d  by g a s  c h r o m a t o g r a p h y  and  i n f r a - r e d  a n a l y s i s ,  Eq.  (51)  .

Eq .  ( 5 0 ) .  The p r o d u c t  was i s o l a t e d  asand V o l l w e i l l e r

ZnCl
PhCOCl + PhCHO PhC-OCHPh

When a ' - c h l o r o b e n z y l  b e n z o a t e  was r e d u c e d  w i t h  t r i - n -

0  Cl 0

:HPh + Sn-H -> PhC—0CH„Ph + S n - C l (51)
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At l e a s t  807, o f  t h e  p r o d u c t  was b e n z y l  b e n z o a t e .

I t  was n e c e s s a r y ,  now, t o  e x a m in e  t h e  r e a c t i o n  o f  

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

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

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

h y d r i d e s .  When e q u i m o l a r  am oun ts  o f  b e n z a l d e h y d e ,  b e n z o y l  

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

c h l o r i d e  w e r e  m ix ed  t o g e t h e r ,  n e a t ,  t h e  r e a c t i o n  was o n l y  

a b o u t  50% c o m p l e t e  a f t e r  t w e n t y - f o u r  h o u r s ,  w h e r e a s  t h e  

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

i s  c o m p l e t e  i n  15 h r s . o r  l e s s ,  Eq.  ( 5 2 ) .

S n - C l  0 Cl 

PhCHO + PhCOCl —  ...V Ph[j—odiHPh (52)

When t r i - n - b u t y l t i n  h y d r i d e  was a d d e d  t o  t h i s  m i x t u r e  t h e  

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

h y d r i d e  _as e v i d e n c e d  by  t h e  f a c t  t h a t  i t  was no l o n g e r  

d e t e c t a b l e ,  24 h r s .  l a t e r ,  i n  t h e  i n f r a - r e d  s p e c t r u m ,  w h e r e 

a s  t h e  a ' - c h l o r o e s t e r  w as .

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

a l d e h y d e  and  p r o p i o n y l  c h l o r i d e ,  i n d i c a t e d  t h a t  t h i s  r e a c t i o n  

was s l o w e r  t h a n  t h e  b e n z a l d e h y d e - b e n z o y l  c h l o r i d e  r e a c t i o n ,  

Eq.  ( 5 3 ) .  F u r t h e r m o r e ,  t h e  a 1- c h l o r o e s t e r  o f  e t h y l  a c e t a t e

S n -C l  fj (f 1

CoHcC0Cl + CoHcCH0 '  * C„H.C-0CHCoH,- (53)2 5 2 5 ^  2 5 2 5 v '

was p r e p a r e d  and  i t s  r e a c t i o n  w i t h  t r i - n - b u t y l t i n  h y d r i d e  

a p p e a r e d  t o  b e  much s l o w e r  t h a n  t h e  b e n z o a t e  r e a c t i o n  g i v i n g  

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

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

t h a t  t h e  a 1- c h l o r o e s t e r  m e chan ism  c a n  b e  d i s c a r d e d  a s  t h e  

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

A l c o h o l  a s  an  I n t e r m e d i a t e  i n  E s t e r  F o r m a t i o n

I t  c a n  b e  p o s t u l a t e d  t h a t  a l c o h o l  i s  f o rm e d  i n  t h e s e  

r e a c t i o n s  and  t h i s  r e a c t s  w i t h  t h e  a c i d  c h l o r i d e  t o  p r o d u c e  

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

f e r e n t  p r o c e s s e s .  One w o u ld  i n v o l v e  t h e  r e d u c t i o n  o f  t h e

a c i d  c h l o r i d e  d i r e c t l y  t o  t h e  a l c o h o l ,  Eq.  (54 )  - ( 5 6 ) .  T h i s

RC0C1 + 3Sn-H -> RCH^H + S n - C l  + S n -S n  (54)

RCH2OH + RC0C1 -> RCH2 0 2CR + HC1 (55)

HC1 + Sn-H -> H2  + S n - C l  (56)

p r o c e s s  c a n  be  e l i m i n a t e d  on t h r e e  g r o u n d s :  ( 1 ) t h e  s t o i c h i 

o m e t r y  f o r  t h e  f o r m a t i o n  o f  e s t e r  r e q u i r e s  t h r e e  m o le s  o f  

h y d r i d e  f o r  two m o le s  o f  a c i d  c h l o r i d e ,  b u t  o n l y  two a r e  u s e d ;  

( 2 ) t h e  h y d r o g e n  c h l o r i d e  fo rm e d  w o u ld  b e  e x p e c t e d  t o  r e a c t  

w i t h  t h e  h y d r i d e ,  l e a d i n g  t o  t h e  f o r m a t i o n  o f  h y d r o g e n  g a s  

w h i c h  i s  n o t  o b s e r v e d ;  (3)  no d i t i n s  (S n -S n )  h a v e  b e e n  o b 

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

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

b e  t h e  r e d u c t i o n  o f  t h e  a l d e h y d e  fo rm ed  i n  t h i s  r e a c t i o n  by 

t h e  h y d r i d e ,  Eq.  (57)  - ( 5 9 ) .  T h i s  p r o c e s s  c a n  b e  e l i m i n a t e d

RC0C1 + Sn-H -> RCHO + S n - C l  (57)

RCHO + 2Sn-H -* RCH^H + S n -Sn  (58)

RCH2OH + RC0C1 -> RCH2 0 2CR + HC1 (59)

on  t h e  same g r o u n d s  a s  t h e  p r e v i o u s  p r o c e s s .  I n  a d d i t i o n ,

i t  h a s  b e e n  fo u n d  i n  s e p a r a t e  e x p e r i m e n t s  t h a t  a l d e h y d e s  i n

t h e  p r e s e n c e  o f  t r i - n - b u t y l t i n  h y d r i d e  w i t h  o r  w i t h o u t  ad d ed  

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

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

t r i - n - b u t y l t i n  h y d r i d e  t a k e s  a b o u t  n i n e  d a y s  t o  go t o  com

p l e t i o n  w h i l e  u n d e r  t h e  same c o n d i t i o n s  t h e  b e n z o y l  c h l o r i d e  

r e a c t i o n  w i t h  t h e  h y d r i d e  i s  c o m p l e t e  i n  15 h r s .

The  O r g a n o t i n  A l k o x i d e  a s  an  I n t e r m e d i a t e  i n  E s t e r  F o r m a t i o n

T h e r e  was one  o t h e r  l i k e l y  c a n d i d a t e  a s  an  i n t e r 

m e d i a t e  i n  t h e  e s t e r  f o r m a t i o n  p r o c e s s ,  and  t h a t  was t h e  

o r g a n o t i n  a l k o x i d e  fo rm ed  b y  a d d i t i o n  o f  t i n  h y d r i d e  t o  t h e  

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

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

b e t w e e n  a l d e h y d e s  and  o r g a n o t i n  h y d r i d e s  t o  fo rm a l k o x i d e s ,

Eq.  ( 6 0 ) ,  c a n  b e  b r o u g h t  a b o u t  a t  m o d e r a t e  t e m p e r a t u r e s  i n
32 33t h e  p r e s e n c e  o f  a z o b i s i s o b u t y r o n i t r i l e  o r  z i n c  c h l o r i d e

Sn-H + RCHO -  Sn-0CH2R (60)

34and  p h o t o c h e m i c a l l y . T h i s  r e a c t i o n  c a n  t a k e  p l a c e ,  i t  

s e e m s ,  by  e i t h e r  a  p o l a r  p a th w a y  o r  a  f r e e  r a d i c a l  p r o c e s s .

The  f r e e  r a d i c a l  p r o c e s s  i s  d e p i c t e d  by Eq. (61)  - ( 6 2 ) .

Sn- + RCHO -> RCH-O-Sn (61)

RCH-O-Sn + Sn-H -> RCH ^O -S n  + Sn.  (62)

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

t h e  t i n  r a d i c a l  a n d ,  a l t h o u g h  i t  seems u n l i k e l y  t h a t  t h e  t i n  

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

a c i d  c h l o r i d e ,  and  i t  was n o t  known i f  t h e s e  a l k o x i d e s  w ou ld  

r e a c t  w i t h  a c i d  c h l o r i d e s  w i t h  any  f a c i l i t y ,  we u n d e r t o o k  a 

s t u d y  o f  t h i s  p o s s i b i l i t y .  One a d d i t i o n a l  p i e c e  o f  i n f o r m a t i o n
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t h a t  made t h i s  p a t h w a y  seem u n l i k e l y  was t h e  o b s e r v a t i o n  o f  
35

Saw yer  t h a t  o r g a n o t i n  a l k o x i d e s  c a n  b e  r e d u c e d  by  o r g a n o 

t i n  h y d r i d e s ,  E q . ( 6 3 ) ,  y i e l d i n g  t h e  a l c o h o l  w h i c h  h a s  b e e n

Sn-H + S n -0 -C H 2R S n - S n  + RCH^H (63 )

shown n o t  t o  b e  an  i n t e r m e d i a t e  i n  e s t e r  f o r m a t i o n .

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

k o x i d e  i n t e r m e d i a t e  i s  d e s c r i b e d  by Eq.  (64 )  - ( 7 0 ) .  As

RC0C1 + Sn- -> RC=0 + S n - C l (64)

RC=0 + Sn-H -> RCHO -l- Sn- (65)

RCHO + Sn- -> RCH-O-Sn ( 6 6 )

RCH-O-Sn + Sn-H -> RCH20Sn + Sn. (67)

RCH20Sn + RC0C1 -> RCH20 2CR + S n - C l ( 6 8 )

RCH20Sn + Sn-H -> RCH2OH + S n -S n (69)

RCH20H + RC0C1 -> RCH20 2CR + HC1 (70)

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

h a v e  fo u n d  i n  o u r  s t u d y  o f  t h i s  r e a c t i o n ,  and  i s  a p o s s i b l e  

m e c h a n i s m ,  i f  r e a c t i o n  ( 6 8 ) i s  much f a s t e r  t h a n  r e a c t i o n  ( 6 9 ) .

We g e n e r a t e d  t h e  r a d i c a l  Sn.. , by  a known f r e e  r a d i c a l
4

p r o c e s s  i n  t h e  p r e s e n c e  o f  b e n z a l d e h y d e  an d  fo u n d  e x t e n s i v e  

a l k o x i d e  f o r m a t i o n .  The r e a c t i o n  o f  p r i m a r y  o c t y l  b r o m i d e  

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

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

t h e  a b s e n c e  o f  a c i d  c h l o r i d e .  The r e a c t i o n  was r u n  n e a t  and 

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

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

by  t h e  c a r b o n y l  a b s o r p t i o n  a t  1700 cm. T h e r e  was a l s o  a
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p r o m i n e n t  b a n d  a t  1050 cm. ^ i n d i c a t i n g  C-0 b o n d .

Gas c h r o m a t o g r a p h i c  a n a l y s i s  i n d i c a t e d  l e s s  t h a n  5% 

o f  b e n z y l  a l c o h o l  an d  a  35% y i e l d  o f  n - o c t a n e .  A l s o  p r e s e n t  

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

and  o r g a n o t i n  b r o m i d e ,  Eq.  ( 7 1 ) .

n -C gH17Br + Sn-H + PhCHO -> n - C g H ^  + S n-0 -C H 2Ph + S n -B r

35% 65% 35%

PhCOCl
nk

S n - C l  + PhC02 CH2Ph 

65% 65%

(71)

When b e n z o y l  c h l o r i d e  was a d d e d  t o  t h e  r e a c t i o n  p r o 

d u c t  m i x t u r e ,  a l a r g e  amount o f  h e a t  was g e n e r a t e d  and t h e  

i n f r a - r e d  s p e c t r u m  was t a k e n  i m m e d i a t e l y .  Now an  e s t e r  c a r 

b o n y l  a t  1730 cm. ^ d o m i n a t e d  t h e  c a r b o n y l  r e g i o n .  The C-0 

s t r e t c h  a t  1050 cm. ^ was a b s e n t .  The r e a c t i o n  o f  t h e  a l 

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

t h a n  t h e  r e a c t i o n  o f  t h e  a l k o x i d e  w i t h  t h e  o r g a n o t i n  h y d r i d e  

a s  e v i d e n c e d  by t h e  s m a l l  amount o f  b e n z y l  a l c o h o l  f o u n d .

Gas c h r o m a t o g r a p h i c  a n a l y s i s  i n d i c a t e d  a  l a r g e  amount  o f  

b e n z y l  b e n z o a t e ,  and  a t h r e e - t o - o n e  r a t i o  o f  o r g a n o t i n  c h l o 

r i d e  t o  o r g a n o t i n  b r o m i d e  p e a k  a r e a s .

H e re  i s  a  m e c h a n i s t i c  p a t h w a y  w h i c h  i s  f e a s i b l e  and 

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

A s t u d y  was t h e n  u n d e r t a k e n  t o  l e a r n  more a b o u t  t h i s  r e a c t i o n  

so  t h a t  we m i g h t  a t  l e a s t  g a i n  some i d e a s  a s  t o  t h e  i m p o r t a n c e  

o f  t h e  a l k o x i d e  a s  an  i n t e r m e d i a t e  i n  t h e  r e a c t i o n  o f  a c i d  

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

T a b l e  V I I  i n d i c a t e s  t h e  r o l e  o f  d i f f e r e n t  a l d e h y d e s
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i n  one  c a s e  and  t h e  r o l e  o f  t h e  r e a c t i v i t y  o f  t h e  h a l i d e  

u s e d  i n  t h e  amount o f  a l k o x i d e  fo rm e d .  T h e s e  r e a c t i o n s  

w e r e  c o n d u c t e d  a t  room t e m p e r a t u r e  by  m i x i n g  e q u i m o l a r  

am oun ts  o f  t h e  b r o m i d e ,  a l d e h y d e ,  h y d r i d e  an d  t h e  i n t e r n a l  

s t a n d a r d .  The y i e l d s  w e r e  d e t e r m i n e d  u s i n g  t h e  i n t e r n a l  

s t a n d a r d  m e th o d  by  g a s  c h r o m a t o g r a p h y .  The amount  o f  a l 

k o x i d e  was d e t e r m i n e d  by  a d d i n g  p r o p i o n y l  c h l o r i d e ,  a f t e r  

a l l  t h e  h y d r i d e  h a d  b e e n  consum ed ,  and  a n a l y z i n g  f o r  t h e  

a p p r o p r i a t e  p r o p i o n a t e  e s t e r .

TABLE V I I

£
Y i e l d s  o f  H y d r o c a r b o n  and  E s t e r s  ( A l k o x i d e s )  i n  t h e  R e a c t i o n  

o f  A l k y l  H a l i d e s  w i t h  T r i - n - b u t y l t i n  H y d r i d e  i n  t h e  

P r e s e n c e  o f  A l d e h y d e s ,  N e a t  and a t  A m bien t  T e m p e r a t u r e s

% Y i e l d  % Y i e l d
R -B r  A ld e h y d e  R-H C ^ C O O C ^ R

1 - BrC8H17
ChHcCH0 

6  5 30 65

i-B rG g H iy ( ch3 ) 2chcho 85 -9 5 5

2 -BrCgH1 7 C,H CHO 
6  5 50 49

C,Hr CH„Br 
6  5 2. C,HcCH0 

6  5 69 37

SiFormed a f t e r  t r e a t m e n t  o f  r e a c t i o n  p r o d u c t  w i t h  p r o p i o n y l  
c h l o r i d e .

We h a v e  fo u n d  t h a t  when b e n z a l d e h y d e  i s  m i x e d ,  n e a t ,  

w i t h  t r i - n - b u t y l t i n  h y d r i d e  a t  room t e m p e r a t u r e  t h e  e n s u i n g  

r e a c t i o n  t a k e s  some 9 t o  10 d a y s  f o r  c o m p l e t i o n .  The b e n z o y l  

c h l o r i d e  and t i n  h y d r i d e  r e a c t i o n  t a k e s  on  t h e  o r d e r  o f  15 

h r s .  u n d e r  t h e  same c o n d i t i o n s .  However ,  we h a v e  a l s o  fo u n d
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t h a t ,  upo n  a d d i t i o n  o f  5 m o le  % o f  e i t h e r  p r o p i o n y l  c h l o r i d e  

o r  p r i m a r y  o c t y l  b r o m i d e  t o  t h e  m i x t u r e  o f  b e n z a l d e h y d e  and  

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

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

c a t a l y s i s  an a d d i t i o n a l  c o m p l i c a t i o n  was e n c o u n t e r e d .  We 

fo u n d  t h a t ,  upo n  a d d i t i o n  o f  an  e q u i m o l a r  amount o f  t r i - n -  

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

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

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

t h e  r a t e  o f  t h e  n e a t  r e a c t i o n  o f  b e n z o y l  c h l o r i d e  w i t h  t h e  

h y d r i d e .  A d d i t i o n  o f  5 m o le  % o f  t h e  t i n  c h l o r i d e  a l s o  c a t a 

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

e x t e n t  t h a t  an  e q u i m o l a r  q u a n t i t y  d o e s .
32As Neumann h a s  f o u n d ,  t h e  f o r m a t i o n  o f  a l k o x i d e s  

f rom a l d e h y d e s  and  o r g a n o t i n  h y d r i d e s  i s  a p p a r e n t l y  c a t a 

l y z e d  by  e i t h e r  f r e e  r a d i c a l  o r  i o n i c  c a t a l y s t s .  We f e e l  

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

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

a s  a Lewis  a c i d .  The  c h l o r i d e  may co m p lex  w i t h  t h e  a l d e h y d e  

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

m o l e c u l e ,  F i g .  I I I .  T h i s  w o u ld  make t h e  c a r b o n y l  c a r b o n  more  

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

Sn-H 
—  >

RCH2OSn + SnCl

F i g .  I l l

To a s c e r t a i n  i f  t h e  p o l a r  p r o c e s s  i s  t h e  m o s t  im

p o r t a n t  p a th w a y  f o r  t h e  f o r m a t i o n  o f  e s t e r  i n  o u r  r e a c t i o n s  

o f  a c i d  c h l o r i d e s ,  we h a v e  c o m p ared  t h e  r a t e s  o f  t h r e e  r e a c -

RCHO + S n -C l

H Cl
r £  : : . - 0  ' • n

H Cl

R i - O - j n
+
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t i o n s  u n d e r  s t a n d a r d c o n d i t i o n s  and f o l l o w e d  t h e  r e a c t i o n s

b y  i n f r a - r e d  a n a l y s i s ,  T a b l e  V I I I

TABLE V I I l a

A C o m p a r i s o n  o f  R a t e s  o f  S e l e c t e d R e d u c t i o n s  i n

D i e t h y l  E t h e r ( 0 . 63M) a t  Ambien t  T e m p e r a t u r e .

H r s .  A f t e r • bE x p e r i m e n t % o f
M ix in g Number R e a c t i o n

19 I > 79

19 I I > 80

19 I I I / ~ 3 5

91 I > 90

91 I I > 85

91 I I I ~ 5 0

R e s u l t s  p r e s e n t e d  i n  t h i s  t a b l e  a r e  t h o s e  o f  H. G. K u i v i l a .  
R e a c t i o n s  I  a n d  I I I  w e r e  r e p e a t e d  by  a u t h o r  and  w e r e  i n  
a c c o r d  w i t h  t h e  a b o v e  r e s u l t s .

Each  e x p e r i m e n t  c o n t a i n e d  e q u i m o l a r  am oun ts  ( 0 . 0 0 3 8  m o l e s )  
o f  r e a c t a n t s  an d  c a t a l y s t  w h e re  u s e d .  The h y d r i d e  em ployed  
i n  e a c h  c a s e  was t r i - n - b u t y l t i n  h y d r i d e .  O t h e r  r e a c t a n t s  

and  c a t a l y s t s  w e r e :

i  ( ch3 ) 2ch c o c i

I I  (CH3 ) 2 CHC0C1 and  ( n - C ^ ) 3SnCl

I I I  (CHo ) oCHCH0 and  (n - C .H n ) „ S n C l3 z — 4 9 3

Q
D e t e r m i n e d  by  i n f r a - r e d  a n a l y s i s .
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The r e s u l t s ,  g i v e n  i n  T a b l e  V I I I ,  show t h a t  t h e  

p o l a r  o r g a n o t i n  c h l o r i d e  c a t a l y z e d  p r o c e s s  i s  n o t  f a s t  

e n o u g h  t o  b e  a p a r t  o f  t h e  m a in  p a t h  o f  e s t e r  f o r m a t i o n .

I t  i s  a l s o  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  t i n  c h l o r i d e  d o e s  

n o t  c a t a l y z e  t h e  a c i d  c h l o r i d e - o r g a n o t i n  h y d r i d e  r e a c t i o n  

n o t i c e a b l y .

R e l a t i v e  R a t e s  o f  A l k o x i d e  F o r m a t i o n

I t  was f e l t  t h a t  t h e  s t u d y  o f  t h e  r e l a t i v e  r a t e s  o f  

a l k o x i d e  f o r m a t i o n  s h o u l d  b e  i n f o r m a t i v e  i n  t h e  a s s e s s m e n t  

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

o f  a c i d  c h l o r i d e s  w i t h  t r i - n - b u t y l t i n  h y d r i d e .  We c a n  com

p a r e  t h e  r e l a t i v e  r a t e s  o f  e s t e r  f o r m a t i o n  f rom  a d d e d  a l 

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

r a t e s  o f  a l k o x i d e  f o r m a t i o n .  I f  t h e  a l k o x i d e  i s  an i n t e r 

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

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

Hammett p l o t  o f  s u b s t i t u t e d  b e n z a l d e h y d e s  i n  t h e s e  e x p e r i 

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

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

t h e  r e s u l t s  g a t h e r e d  i n  T a b l e  IX.

T h e s e  r e a c t i o n s  w e r e  c o n d u c t e d  by  a l l o w i n g  a l d e h y d e s  

t o  c o m p e te  i n  p a i r s  f o r  an  i n s u f f i c i e n t  amount  o f  t r i - n -  

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

s e c o n d a r y  o c t y l  b r o m i d e  and  t h e  h y d r i d e .  The a l k o x i d e  y i e l d s  

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

h a d  b e e n  consumed and  a n a l y z i n g  t h e  r e a c t i o n  m i x t u r e  by  g as  

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

p r o p i o n a t e s .  The r e l a t i v 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 ,  

u s i n g  Eq.  ( 3 4 ) .

The r e l a t i v e  r e a c t i v i t i e s  i n  t h e  o c t y l  b r o m i d e  i n d u c e d
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TABLE IX
£

R e l a t i v e  R a t e s  o f  A l k o x i d e  and  o f  E s t e r  F o r m a t i o n

R e l . R a t e R e l . R a t e C R e l . R a t e R e l . R a t e 6
A ld e h y d e c 2h5 c o c i C8H17,Br S n - C l c h c i 3

ch3 ( ch2 ) 5 cho 1 . 6 2 2 . 1 5 + .04

m-ClC,H.CHO — 6 4 1 . 5 7 5 . 4 2

( 4 . 0 2

+.  42 

+ . 1 6 ) f

3 . 6 5  + . 0 4 4 . 7 2  + . 1 0

jo-ClCgH^ CHO 1 . 26g 1 . 9 3 + . 0 6 8

£ - ch3c6h4 cho 1 . 2 5 1 . 1 8 + .01 1 . 0 5  + . 0 4

C,HeCHO 6 5 1 .0 0 1 .0 0 1 .0 0 1 .0 0

m-CHoC,H.CH0 — 3 6 4 0 . 9 4 1 . 0 3 + .  03

p-CHo0C,H CHO 3 b 4
0 . 4 7 < 0 . 1 6

a As c o n d u c t e d  i n  2 , 3 - d i m e t h y l  b u t a n e ,  (0 .63M) a t  2 5 ° .

^As r e p o r t e d  i n  T a b l e  VI .
£

As d e t e r m i n e d  i n  r e a c t i o n s  w i t h  e q u i m o l a r  am oun ts  ( 0 .0 0 3 8  
m o l e s )  o f  p r i m a r y  o r  s e c o n d a r y  b r o m i d e  w i t h  t r i - n - b u t y l t i n  
h y d r i d e  i n  t h e  p r e s e n c e  o f  a  p a i r  o f  a l d e h y d e s .  A l k o x i d e  
y i e l d s  w e r e  d e t e r m i n e d  by  a d d i n g  CpH^COCl when r e a c t i o n  was 
c o m p l e t e ,  and  t h e n  a n a l y z i n g  f o r  t h e  p r o p i o n a t e s  b y  g . l . c .

^As d e t e r m i n e d  i n  t r i - n - b u t y l t i n  c h l o r i d e  c a t a l y z e d  r e a c t i o n s  
by  a l l o w i n g  a l d e h y d e s  t o  c o m p e te  f o r  t r i - n - b u t y l t i n  h y d r i d e ;  
a n a l y s i s  a s  i n  b .

As d e t e r m i n e d  i n  t h e  r e a c t i o n  w i t h  c h l o r o f o r m  and  t r i - n -  
b u t y l t i n  h y d r i d e  i n  t h e  p r e s e n c e  o f  a  p a i r  o f  a l d e h y d e s ;  
a n a l y s i s  as  i n  b .

^ T h i s  r e a c t i o n  was r u n  i n  t h e  same m a n n e r  a s  d e s c r i b e d  i n  b ,  
w i t h  t h e  e x c e p t i o n  o f  s o l v e n t .  H e re  3 m l . o f  2 , 3 - d i m e t h y l  
b u t a n e  and  2 m l .  t r i - n - b u t y l t i n  c h l o r i d e  w e r e  u s e d .

^ S o l v e n t  7  m e t h y l  a c e t a t e .
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r e a c t i o n  y i e l d e d  a  Hammett  c o r r e l a t i o n  w h i c h  g a v e  a  r h o  o f  

a p p r o x i m a t e l y  1 . 8 5 ,  F i g .  IV.

N o te  t h a t  i n  a l l  f o u r  c a s e s  s t u d i e d  o r g a n o t i n  c h l o 

r i d e  c a t a l y s i s  s e r v e s  t o  l o w e r  t h e  r e l a t i v e  r a t e  c o n s t a n t s  

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

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

m in ed  i n  t h e  c h l o r o f o r m  s y s t e m  i s  w i t h i n  e x p e r i m e n t a l  e r r o r  

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

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

r e s p o n s i b l e  i n  e a c h  c a s e  f o r  t h e  f o r m a t i o n  o f  a l k o x i d e .  I t  

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

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

h a l i d e  c a t a l y z e d  r e a c t i o n s  i n  t h e  f o r m a t i o n  o f  t h e  a l k o x i d e  

i n  t h e s e  e x p e r i m e n t s .  One t h i n g ,  h o w e v e r ,  i s  c l e a r  f ro m  

t h e s e  r e s u l t s :  t h e  r e l a t i v e  r a t e s  o f  a l k o x i d e  f o r m a t i o n  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  r e l a t i v e  r a t e s  o f  e s t e r  

f o r m a t i o n  i n  t h e  p r o p i o n y l  c h l o r i d e  s y s t e m .  We i n f e r  f rom 

t h e s e  r e s u l t s  t h a t  t h e  a l k o x i d e  i n t e r m e d i a t e  r o u t e  i s  n o t  

t h e  m a in  p a t h w a y  i n  t h e  f o r m a t i o n  o f  e s t e r .  I t  i s  f e l t ,  

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

m e d i a t e  m e c h a n i s m  c o u l d  b e  a  m a j o r  p a th w a y  t o  e s t e r  f o r m a t i o n .  

From t h e  d a t a  i n  T a b l e  I  i t  i s  o b v i o u s  t h a t  t h e  u s e  o f  s o l v e n t  

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

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

t h i s  c a s e  some t h r e e  t i m e s  a s  much e s t e r  i s  fo rm ed  a s  i n  2 , 3 -  

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

t h e  y i e l d  o f  e s t e r  h a s  a l s o  b e e n  o b s e r v e d  i n  t h e  b e n z o y l  

c h l o r i d e  r e a c t i o n ,  T a b l e  X.
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Hammett p l o t  f o r  a l k o x i d e  f o r m a t i o n  o f  

s u b s t i t u t e d  b e n z a l d e h y d e s  a t  2 0 ° .

Figure IV
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The E f f e c t  o f  Added T r i - n - b u t y l t i n  C h l o r i d e  on t h e  

Y i e l d  o f  B e n z y l  B e n z o a t e  i n  t h e  R e a c t i o n  Between  

B e n z o y l  C h l o r i d e  an d  T r i - n - b u t y l t i n  H y d r i d e  a t  6 0 - 6 5 °

A r e a / A r e a  % Y i e l d
S o l v e n t E s t e r / l . S .  (x M oles  I . S . ) E s t e r

5 ml T o l u e n e .00087 20

4 . 5  ml T o l u e n e  
0 . 5  ml S n -C l

.00155 36

4 ml T o l u e n e  
1 . 0  ml S n -C l

.0 0 1 7 2 40

3 . 5  ml T o l u e n e
1 . 5  ml S n -C l

.00141 33

3 0 .0038  mole  o f  e a c h  r e a c t a n t  u s e d ;  a n a l y s i s  by  g . l . c .
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EFFECT OF TRI-N-BUTYLTIN CHLORIDE ON ALDEHYDES 

G e n e r a l

We h a v e  p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t i o n  e v i d e n c e  

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

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

d r i d e .  We h a v e  a l s o  fo u n d  t h a t  a l d e h y d e s  i n  t h e  p r e s e n c e  

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

c h r o m a t o g r a p h y  ow ing  t o  w h a t  a p p e a r s  t o  b e  a p o l y m e r i z a t i o n  

r e a c t i o n  o f  t h e  a l d e h y d e  i n  t h e  i n j e c t i o n  p o r t .  We h a v e  

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

f o r m a t i o n  i n  m i x t u r e s  o f  p r o p i o n a l d e h y d e  an d  e t h a n o l .

P r o b le m s  E n c o u n t e r e d  i n  Gas C h r o m a t o g r a p h i c  A n a l y s i s  o f  

A l d e h y d e s .

T h i s  p r o b l e m  was f i r s t  o b s e r v e d  d u r i n g  s t u d y  o f  

t h e  e f f e c t  o f  t e m p e r a t u r e  on t h e  t r a p p i n g  e f f i c i e n c y  o f  

c y c l o h e x a n o n e  i n  t h e  r e a c t i o n  o f  p r o p i o n y l  c h l o r i d e  w i t h  

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

o u t  when t h e r e  was no a p p a r e n t  d i f f i c u l t y  i n  d e t e r m i n i n g  

t h e  a l d e h y d e  y i e l d ,  T a b l e  X I .  A ld e h y d e  p e a k s  o f  r e a s o n a b l e  

s i z e  w e re  n o t e d  i n  t h e s e  c h r o m a to g r a m s .  I n  l a t e r  e x p e r i 

m e n t s ,  h o w e v e r ,  i t  b ecam e o b v i o u s  t h a t  l i t t l e  i f  any  a l 

d e h y d e  was i n d i c a t e d  on t h e  c h r o m a t o g r a m s ,  T a b l e  X I I ,  even  

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

i n d i c a t e d  t h e  p r e s e n c e  o f  p r o p i o n a l d e h y d e .  The y i e l d s  o f  

t h e  a l d e h y d e  i n  T a b l e  X I I  a r e  t h e r e f o r e  t h o s e  d e t e r m i n e d  b y  

d i f f e r e n c e  a s s u m in g  1007o r e a c t i o n .  To t e s t  t h e  v a l i d i t y  o f  

d e t e r m i n i n g  y i e l d  by  d i f f e r e n c e  we h a v e  c o m p ared  t h e  r e l a t i v e  

a r e a s  o f  n - p r o p y l  p r o p i o n a t e  and  p r o p i o n a l d e h y d e  p e a k s  i n  

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

w o rk  s i n c e  t h e s e  w e r e  a l l  done  u n d e r  t h e  same c o n d i t i o n s .
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We o b t a i n e d  f rom t h i s  c o m p a r i s o n  a h y p o t h e t i c a l  a r e a  f o r  t h e  

a l d e h y d e  b a s e d  on  t h e  known a r e a  o f  t h e  e s t e r  w h i c h ,  when 

com pared  t o  t h e  a r e a  g i v e n  by t h e  i n t e r n a l  s t a n d a r d ,  g a v e  

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

f e r e n c e  i n  T a b l e  X I I ,  25°  - 5.47°; 4 5 °  - 197>; 90°  - 337,.

TABLE XI

A S t u d y  o f  t h e  T r a p p i n g  o f  C y c l o h e x a n o n e  a t  D i f f e r e n t  

T e m p e r a t u r e s  i n  t h e  R e a c t i o n  o f  P r o p i o n y l  C h l o r i d e
g

and T r i - n - b u t y l t i n  H y d r i d e ,  N e a t

A r e a  r a t i o :  A r e a  r a t i o :
c 2h5 c o o ( ch2 ) 2ch3/  c 2h5 c o o ( ch 2 ) 2ch3/

T e m p e r a t u r e  C^^CHO

25° 1 3 .2 0  4 . 8 0

45° 2 . 8 8  2 . 2 9

90° 1 . 2 0  - 0 . 9 0

g

Run on a 0 . 0 0 3 8  m o le  s c a l e  w i t h  e q u i m o l a r  q u a n t i t i e s  o f  
e a c h  r e a c t a n t .

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

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

t o  a n a l y z e  a l d e h y d e s  i n  t h e  p r e s e n c e  o f  t h e  c h l o r i d e  i n  s y n 

t h e t i c  m i x t u r e s ,  we fo u n d  t h a t  we c o u l d  o n l y  a c c o u n t  f o r  a 

p a r t  o f  t h e  a l d e h y d e ,  so m e t im e s  o n l y  40-507 , .
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TABLE X I I

A S t u d y  o f  t h e  T r a p p i n g  o f  C y c l o h e x a n o n e  a t  D i f f e r e n t  T e m p e r a t u r e s  

i n  t h e  R e a c t i o n  o f  P r o p i o n y l  C h l o r i d e  and  T r i - n - b u t y l t i n  H y d r i d e ,  N e a t
a

7o Y i e l d ,  % Y i e l d  % Y i e l d  °L Y i e l d  o f  R e c o v e r e d
T e m p e r a t u r e  °C C2H..CH0 C2H^C02C^H^^ C y c l o h e x a n o n e

25 10 78 12 85

45 18 69 1 3 . 2  93

90 36 50 1 3 . 5  84

ciT h i s  e x p e r i m e n t  i s  a  r e p e a t  o f  t h a t  d e s c r i b e d  i n  T a b l e  X I .

^ Y i e l d  d e t e r m i n e d  by d i f f e r e n c e ,  a s s u m in g  1007, r e a c t i o n  s i n c e  l i t t l e ,  i f  a n y ,  
p r o p i o n a l d e h y d e  was  d i s c e r n a b l e  i n  t h e  g a s  c h r o m a t o g r a p h .
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T r i - n - b u t y l t i n  C h l o r i d e  a s  a  C a t a l y s t  i n  A c e t a l  F o r m a t i o n

We c o u l d  f i n d  no  e v i d e n c e  o f  co m p lex  f o r m a t i o n  b e 

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

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

a s  n - h e x a n e  o r  e t h y l  a c e t a t e .  When t h i s  s y s t e m  was s t u d i e d  

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

f o r m a t i o n  f rom  p r o p i o n a l d e h y d e  and  e t h a n o l  b y  t h e  c h l o r i d e .  

The r e s u l t s  a r e  r e p o r t e d  i n  T a b l e  X I I I .
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TABLE X I I I

The E f f e c t  o f  T r i - n - b u t y l t i n  C h l o r i d e  on  t h e

S y s t e m :

A b s o r b a n c e

C a r b o n y l  A b s o r p t i o n  o f  P r o p i o n a l d e h y d e  i n  E t h a n o l

S y s te mC ^ C H O  (0.105M)
S n - C l

A mu ( 6 )

Time
A f t e r
M ix in g A b s o r b a n c e

C ^ C H O  (0 .090M)

Time 
A f t e r  
M ix in gA mu ( <£ )

. 379 280 ( 3 . 6 0 ) 0 h r . 1 . 1 5 4 286 (13 ) 0 h r .

.390 280 ( 3 . 7 0 ) 1 h r . .765 284 ( 8 . 5  ) 1 h r .

.368 282 ( 3 . 5 0 ) 3 . 7 h r . .499 280 ( 5 . 5 5 ) 3 . 7 h r .

. 3 5 4 280 ( 3 . 3 7 ) 5 . 5 h r . .362 280 ( 4 . 0 2 ) 5 . 5 h r .

. 3 5 4 282 ( 3 . 3 7 ) 2 2 .8 h r . .2 0 2 275 ( 2 . 2 4 ) 2 2 .8 h r .

.176 275 ( 2 . 0 0 ) 30 h r .

.182 275 ( 2 . 0 3 ) 35 h r .

As r e a d  on  a Beckman D. U. S p e c t r o p h o t o m e t e r .

-P'
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EXPERIMENTAL

A l l  e x p e r i m e n t s  i n v o l v i n g  o r g a n o t i n  h y d r i d e s  w e re  

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

i n f r a - r e d  s p e c t r a  w e re  d e t e r m i n e d  w i t h  a  P e r k i n - E l m e r  Model  

21 o r  3 3 7 ,  r e c o r d i n g  d o u b l e - b e a m  s p e c t r o p h o t o m e t e r  w i t h  

s o d iu m  c h l o r i d e  o p t i c s .  E x p e r i m e n t s  i n v o l v i n g  g a s  c h r o m a 

t o g r a p h y  w e r e  c a r r i e d  o u t  by  u s i n g  an F.  and  M. S c i e n t i f i c  

Company,  Model  300 g a s  c h r o m a t o g r a p h .

MATERIALS

A c id  C h l o r i d e s

I n  many c a s e s  t h e  a c i d  c h l o r i d e s  u s e d  w ere  c o m m e rc i 

a l l y  a v a i l a b l e  i n  h i g h  p u r i t y .  When n o t  a v a i l a b l e  t h e y  w e re  

r e a d i l y  p r e p a r e d  i n  q u a n t i t a t i v e  y i e l d s  f rom t h e  a p p r o p r i a t e  

c a r b o x y l i c  a c i d  and  t h i o n y l  c h l o r i d e .

S o l v e n t s

I n  a l l  c a s e s ,  t h e  s o l v e n t s  u s e d  w e re  c o m m e r c i a l l y  

a v a i l a b l e  w i t h  an  e x c e l l e n t  d e g r e e  o f  p u r i t y .

A l d e h y d e s

A l l  a l d e h y d e s  u s e d  w e re  c o m m e r c i a l l y  a v a i l a b l e .  T h e i r  

p u r i t y  was c h e c k e d  p e r i o d i c a l l y  by  g a s  c h r o m a t o g r a p h y  a f t e r  

d i s t i l l a t i o n .  A l l  a l d e h y d e s  w e r e  s t o r e d  u n d e r  n i t r o g e n  i n  

t h e  r e f r i g e r a t o r .

E s t e r s

Some e s t e r s  w e re  c o m m e r c i a l l y  a v a i l a b l e ,  b u t  i n  m o s t  

c a s e s  t h e y  w e re  p r e p a r e d  by  l i t h i u m  a luminum h y d r i d e  r e d u c t i o n  

o f  t h e  a p p r o p r i a t e  a l d e h y d e  o r  c a r b o x y l i c  a c i d  t o  fo rm  t h e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

a l c o h o l  p o r t i o n  w h ic h  was t h e n  a c y l a t e d  by t h e  a p p r o p r i a t e  

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

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

c o p y .  The p u r i t y  i n  e a c h  c a s e  was a t  l e a s t  95%.

O r g a n o t i n  H y d r i d e s

The o r g a n o t i n  h y d r i d e s  w e re  p r e p a r e d  by r e d u c t i o n  o f  

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

h y d r i d e .  T r i - n - b u t y l t i n  h y d r i d e  was a l s o  p r e p a r e d  by  r e d u c 

t i o n  o f  b i s ( t r i - n - b u t y l t i n )  o x i d e .  The t r i - n - b u t y l t i n  c h l o 

r i d e  and  t h e  b i s - o x i d e  w e r e  o b t a i n e d  t h r o u g h  t h e  c o u r t e s y  o f  

M e t a l  and  T h e r m i t  C h e m i c a l s ,  I n c .

T r i - n - b u t y l t i n  H y d r i d e  f rom T r i - n - b u t y l t i n  C h l o r i d e . ^

A 500 m l .  f l a s k  i n  an  i c e  b a t h  was f i t t e d  w i t h  a s t i r r e r ,  

d r o p p i n g  f u n n e l  and a n i t r o g e n  i n l e t  was c h a r g e d  w i t h  150 m l .  

o f  a n h y d r o u s  d i e t h y l  e t h e r ,  t h e r e  was a d d e d  3 . 8  g .  ( 0 . 1  m o l e s )  

o f  f i n e l y  d i v i d e d  l i t h i u m  a luminum h y d r i d e .  T r i - n - b u t y l t i n  

c h l o r i d e ,  6 5 . 0  g .  ( 0 . 2  m o l e s )  i n  150 m l .  o f  a n h y d r o u s  e t h e r  

was a d d e d  o v e r  a  p e r i o d  o f  a b o u t  an h o u r  w i t h  s t i r r i n g .  When 

a d d i t i o n  was c o m p l e t e ,  t h e  i c e  b a t h  was rem oved  a n d  t h e  m i x 

t u r e  was a l l o w e d  t o  s t i r  a t  room t e m p e r a t u r e  u n d e r  n i t r o g e n  

f o r  f rom  t h r e e  t o  n i n e  h o u r s .  The m i x t u r e  was t h e n  h y d r o l y z e d  

w i t h  i c e  w a t e r  an d  t h e  e t h e r  l a y e r  s e p a r a t e d .  The e t h e r  l a y e r  

was t h e n  w a s h e d  a b o u t  s i x  t i m e s  w i t h  w a t e r  and  f i n a l l y  t h r e e  

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

w a t e r .  The e t h e r  l a y e r  was t h e n  d r i e d  o v e r  m agnes ium  s u l f a t e  

f o r  a t  l e a s t  t h r e e  h o u r s .  The m agnes ium  s u l f a t e  was f i l t e r e d  

and  t h e  s o l v e n t  removed on  a r o t a r y  e v a p o r a t o r .  The r e s i d u e  

was d i s t i l l e d  a t  8 1 - 8 3 ° / 0 . 5  mm. Y i e l d s  w e r e  i n  t h e  r a n g e  o f  

60-807, .  The h y d r i d e  was t h e n  s t o r e d  i n  c a r e f u l l y  c l e a n e d ,  

e v a c u a t e d  a m p o u l e s .
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T r i - n - b u t y l t i n  H y d r i d e  f rom  B i s ( t r i - n - b u t y l t i n )

O x id e .  The p r o c e d u r e  f o l l o w e d  was t h a t  o f  C o n s i d i n e  and  
3 6

V e n t u r a  and  was e s s e n t i a l l y  t h e  same a s  t h a t  f rom  t h e  

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

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

e v e r y  mole  o f  o x i d e .  The y i e l d s  o b t a i n e d  w e re  g e n e r a l l y  

h i g h e r  t h a n  i n  t h e  a b o v e  m e th o d ,  b e i n g  on t h e  o r d e r  o f  

90%.

T r i m e t h y l t i n  H y d r i d e  f rom  T r i m e t h y l t i n  C h l o r i d e .

Twenty  g .  o f  t h e  c h l o r i d e  i n  30 m l .  o f  d i - n - b u t y l  e t h e r  was 

a d d e d  f rom  an  a d d i t i o n  f u n n e l  t o  a  s t i r r i n g  s u s p e n s i o n  o f  

4 g .  o f  l i t h i u m  a lum inum  h y d r i d e  i n  30 m l .  o f  t h e  d i b u t y l  

e t h e r  u n d e r  n i t r o g e n  a t  a  t e m p e r a t u r e  o f  1 0 0 ° .  The t r i 

m e t h y l t i n  h y d r i d e  d i s t i l l e d  f rom  t h e  r e a c t i o n  m i x t u r e  a s  

i t  was f o r m e d .  The h y d r i d e  p r e p a r e d  i n  t h i s  m anner  was u s e d  

i m m e d i a t e l y .  The m a in  f r a c t i o n  d i s t i l l e d  a t  60° a t  a t m o s 

p h e r i c  p r e s s u r e ,  a n d  t h e  y i e l d s  w e r e  on t h e  o r d e r  o f  5 0 -6 0  %.
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REDUCTION OF ACID HALIDES

P r o c e d u r e

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

e q u i p m e n t  a n d ,  f o r  t h e  m o s t  p a r t ,  a t  room t e m p e r a t u r e .  The 

a c i d  c h l o r i d e  was p l a c e d  i n  a  g l a s s - s t o p p e r e d  E r l e n m e y e r  

f l a s k  f o l l o w e d  by  s o l v e n t  when u s e d .  The o r g a n o t i n  h y d r i d e  

was u s u a l l y  a d d e d  b y  p i p e t .  The f l a s k  was t h e n  f l u s h e d  w i t h  

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

f a s t e n e d .  I f  t h e  r e a c t i o n  was e x o t h e r m i c ,  t h e  f l a s k  was 

c o o l e d  i n  an i c e  b a t h  i n  m o s t  c a s e s .  Y i e l d s  w e r e  d e t e r 

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

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

P h e n y l a c e t y l  C h l o r i d e  - To a  s o l u t i o n  c o n t a i n i n g  3 . 7  g .  

( 0 . 0 2 4  m o l e s )  o f  t h e  a c i d  c h l o r i d e  i n  15 m l .  t o l u e n e  was 

a d d e d  s l o w l y  6 . 6  g .  ( 0 . 0 2 4  m o l e s )  o f  t h e  h y d r i d e .  The r e a c 

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

a few m i n u t e s  t h e  r e a c t i o n  m i x t u r e  became warm and  was c o o l e d  

i n  a n  i c e  b a t h .  The r e a c t i o n  was a l l o w e d  t o  p r o c e e d  a t  room 

t e m p e r a t u r e  f o r  f i v e  d a y s .  D i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e  

y i e l d e d  1 . 5 8  g . , 55% o f  p h e n y l a c e t a l d e h y d e , m .p .  3 3 - 3 4 ° ,  and  

5 g .  o f  t r i - n - b u t y l t i n  c h l o r i d e .  The r e s i d u e  was i d e n t i f i e d  

a s  t h e  e s t e r  | 3 - p h e n y l e t h y l  p h e n y l a c e t a t e . T h i s  was an  o i l  

w hose  i n f r a - r e d  s p e c t r u m  was i d e n t i c a l  t o  t h a t  o f  a  p u r e  s y n 

t h e t i c  s a m p l e .  The y i e l d  o f  t h e  e s t e r  was 2 . 3  g . ,  407o.

A c e t y l  C h l o r i d e  - To 0 . 3 0  g .  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  

a c i d  c h l o r i d e  was a d d e d  1 . 1  g .  ( 0 .0 0 3 8  m o l e s )  o f  t h e  t r i - n -  

b u t y l t i n  h y d r i d e .  The r e a c t i o n  became v e r y  e x o t h e r m i c  and  

was i m m e d i a t e l y  c o o l e d  i n  an i c e  b a t h .  The r e a c t i o n  was com

p l e t e  w i t h i n  24 h r s . and  was a n a l y z e d  by g a s  c h r o m a t o g r a p h y .
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The y i e l d  o f  a l d e h y d e  a n d  e s t e r  i n  T a b l e  I  was  f o u n d  by  com

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

I s o b u t y r y l  C h l o r i d e  ( N e a t )  -  To a  s o l u t i o n  c o n t a i n i n g  

0 . 3 6 8 0  g .  ( 0 . 0 0 3 6 7  m o l e s )  o f  n - h e p t a n e ,  and  0 . 3 8 7 0  g .  ( 0 . 0 0 3 6 4  

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

t i n  h y d r i d e .  The r e a c t i o n  was e x o t h e r m i c  a t  room t e m p e r a t u r e .  

Gas c h r o m a t o g r a p h i c  a n a l y s i s  g a v e  a  y i e l d  o f  0 . 0 0 1 1 7  m o l e s ,

64%, o f  t h e  e s t e r ,  i s o b u t y l  i s o b u t y r a t e .  The b a l a n c e ,  36%,, 

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

I s o b u t y r y l  C h l o r i d e  ( S o l u t i o n )  -  To a  s o l u t i o n  c o n 

t a i n i n g  0 . 3 8 2 2  g .  ( 0 . 0 0 3 8 1  m o l e s )  o f  n - h e p t a n e ,  0 . 3 8 8 1  g .  

( 0 .0 0 3 6 5  m o l e s )  o f  t h e  a c i d  c h l o r i d e  a n d  5 . 0  m l .  o f  2 , 3 - d i -  

m e t h y l  b u t a n e  was a d d e d  1 . 1  g .  ( 0 . 0 0 3 8  m o l e s )  ~of t r i - n - b u t y l 

t i n  h y d r i d e .  T h i s  r e a c t i o n ,  a t  room t e m p e r a t u r e  a f f o r d e d  a 

y i e l d  o f  0 . 0 0 0 8 8  m o l e s ,  48% o f  t h e  e s t e r ,  a s  d e t e r m i n e d  by  

g a s  c h r o m a t o g r a p h y .  A 52% y i e l d  o f  t h e  a l d e h y d e  was d e t e r 

m ined  by  d i f f e r e n c e .

V a l e r o y l  C h l o r i d e  ( N e a t )  -  To 0 . 3 7 4 5  g .  ( 0 . 0 0 3 7 4  m o l e s )  

o f  n - h e p t a n e  and  0 .4 4 7 3  g .  ( 0 . 0 0 3 7 1  m o l e s )  o f  t h e  a c i d  c h l o 

r i d e  was  a d d e d  1 . 1  g .  o f  t h e  h y d r i d e .  The r e a c t i o n  was 

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

f o r d e d  0 . 0 0 1 5 0  m o l e s ,  81%, o f  t h e  e s t e r ,  a s  d e t e r m i n e d  by g a s  

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

f e r e n c e ,  19%, was  t h e  y i e l d  f o r  t h e  a l d e h y d e .

V a l e r o y l  C h l o r i d e  ( S o l u t i o n )  -  To a s o l u t i o n  o f  0 . 3 6 6 0  

g .  ( 0 .0 0 3 6 5  m o l e s )  o f  n - h e p t a n e ,  0 . 4 4 8 5  g .  ( 0 .0 0 3 7 3  m o l e s )  o f  

t h e  a c i d  c h l o r i d e  and  5 . 0  m l .  o f  2 , 3 - d i m e t h y l  b u t a n e  was  a d d e d

1 . 1  g .  o f  t h e  h y d r i d e .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  g a v e  a 

y i e l d  o f  0 . 0 0 0 1 6  m o l e s ,  9%, o f  t h e  e s t e r ,  h e n c e  a 91%, y i e l d  o f  

t h e  a l d e h y d e .
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E t h y l  C h l o r o c a r b o n a t e  -  To 4 . 9  g .  ( 0 .0 4 5  m o l e s )  o f  

t h e  c h l o r o c a r b o n a t e  was a d d e d  1 3 . 2  g .  ( 0 . 0 4 5  m o l e s )  o f  t r i -  

n - b u t y l t i n  h y d r i d e .  The r e a c t i o n ,  w h ic h  was n o t  e x o t h e r m i c ,  

was a l l o w e d  t o  p r o c e e d  a t  room t e m p e r a t u r e  f o r  a p p r o x i m a t e l y  

s i x  w e e k s .  The r e a c t i o n  was n o t  c o m p l e t e  a t  t h i s  t i m e ,  b u t  

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

f o r m a t e  and  t h e  o r g a n o t i n  c h l o r i d e .  A s i g n i f i c a n t  amount o f  

c h l o r o f o r m a t e  was a l s o  i s o l a t e d .  When t h i s  r e a c t i o n  was 

a l l o w e d  t o  go t o  c o m p l e t i o n ,  e t h y l  f o r m a t e  was p r o d u c e d  i n  

n e a r l y  q u a n t i t a t i v e  y i e l d s .

B e n z o y l  C h l o r i d e  ( N e a t )  - To 0 . 5 0  g.  ( 0 .0 0 3 6  m o l e s )  

o f  t h e  a c i d  c h l o r i d e  was a d d e d  1 . 1  g .  ( 0 .0 0 3 8  m o l e s )  o f  t r i -  

n - b u t y l t i n  h y d r i d e .  The e x o t h e r m i c  r e a c t i o n  was c o m p l e t e  

w i t h i n  24 h r s . a t  room t e m p e r a t u r e .  The i n f r a - r e d  i n d i c a t e d  

t h e  p r e s e n c e  o f  b o t h  t h e  e s t e r ,  1730 cm. ^ and  t h e  a l d e h y d e ,

1700 cm. \  Gas c h r o m a t o g r a p h i c  a n a l y s i s  a l s o  i n d i c a t e d  b o t h  

p r o d u c t s .  A 357, y i e l d  o f  t h e  e s t e r  was d e t e r m i n e d  by com

p a r i n g  t h e  p e a k  a r e a s  o f  t h e  o r g a n o t i n  c h l o r i d e  and  b e n z y l  

b e n z o a t e .  The 657= y i e l d  o f  a l d e h y d e  was d e t e r m i n e d  by d i f 

f e r e n c e  f ro m  1007o r e a c t i o n .

B e n z o y l  C h l o r i d e  ( S o l u t i o n )  - T h i s  r e a c t i o n  was 

c a r r i e d  o u t  i n  t h e  same m a n n e r  a s  t h e  n e a t  r e a c t i o n  and  w i t h  

e s s e n t i a l l y  t h e  same m o l a r  q u a n t i t i e s  e x c e p t  5 . 0  m l .  o f  m- 

x y l e n e  was a dded  t o  t h e  r e a c t i o n  m i x t u r e .  Gas c h r o m a t o g r a p h y  

g a v e  a y i e l d  o f  20% o f  t h e  b e n z y l  b e n z o a t e  and 807, o f  b e n -  

z a l d e h y d e  d e t e r m i n e d  i n  t h e  same m anner  a s  i n  t h e  n e a t  r e a c t i o n .

P r o p i o n y l  C h l o r i d e  ( N e a t ) - To a s o l u t i o n  o f  0 . 3 5 0 0  g .  

( 0 . 0 0 3 8  m o l e s )  o f  p r o p i o n y l  c h l o r i d e  and 0 . 4 8 0 8  g .  ( 0 .0 0 4 8  

m o l e s )  o f  t h e  i n t e r n a l  s t a n d a r d ,  n - h e p t a n e ,  was a d d e d  1 m l .  

( 0 . 0 0 3 8  m o l e s )  o f  t h e  h y d r i d e .  - The r e a c t i o n  m i x t u r e ,  a f t e r  

b e i n g  f l u s h e d  w i t h  n i t r o g e n  and  s t o p p e r e d ,  was p l a c e d  i n  a  25°
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c o n s t a n t  t e m p e r a t u r e  b a t h .  A f t e r  s i x  d a y s  t h e  r e a c t i o n  m i x 

t u r e  was  a n a l y z e d  by  g a s  c h r o m a t o g r a p h y .  T h e r e  was no e v i 

d e n c e  o f  p r o p i o n a l d e h y d e .  An 877, y i e l d  o f  n - p r o p y l  p r o p i o n a t e  

was  r e a l i z e d  u n d e r  t h e s e  c o n d i t i o n s .

P r o p i o n y l  C h l o r i d e  ( I s o l a t i o n  E x p e r i m e n t )  -  To 4 . 2  g . 

( 0 . 0 4 5  m o l e s )  o f  t h e  a c i d  c h l o r i d e  was a d d e d  w i t h  e x t e r n a l  

c o o l i n g  1 3 . 2  g .  ( 0 . 0 4 5  m o l e s )  o f  t r i - n - b u t y l t i n  h y d r i d e .

A f t e r  24 h r s . t h e  r e a c t i o n  m i x t u r e  was d i s t i l l e d  a t  a s p i r a t o r  

p r e s s u r e  and m os t  o f  t h e  p r o d u c t  c o l l e c t e d  i n  a d r y  i c e  t r a p .  

The s u b s t a n c e  c o l l e c t e d ,  2 . 5  g .  (807.) , was n - p r o p y l  p r o p i o 

n a t e  w i t h  o n l y  a t r a c e  o f  t h e  a l d e h y d e  as  i n d i c a t e d  by  g a s  

c h r o m a t o g r a p h y .

P r o p i o n y l  C h l o r i d e  i n  M e th y l  A c e t a t e  - To a  s o l u 

t i o n  c o n t a i n i n g  0 . 3 8 7 2  g .  ( 0 .0 0 3 8 6  m o l e s )  o f  n - h e p t a n e ,

0 . 3 0 4 2  g .  ( 0 .0 0 3 2 9  m o l e s )  o f  t h e  a c i d  c h l o r i d e  and  5 . 0  m l .

o f  t h e  s o l v e n t  was a d d e d  1 . 1  g .  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  h y d r i d e .

Gas c h r o m a t o g r a p h i c  a n a l y s i s  i n d i c a t e d  a y i e l d  o f  0 . 0 0 0 1 5  

m o l e s ,  97, o f  t h e  e s t e r  and a 917c y i e l d  o f  t h e  a l d e h y d e ,  

d e t e r m i n e d  by  d i f f e r e n c e .

P r o p i o n y l  C h l o r i d e  i n  T r i - n - b u t y l t i n  C h l o r i d e  - To 

a  s o l u t i o n  c o n t a i n i n g  0 . 3 8 7 4  g .  ( 0 .0 0 3 8 7  m o l e s )  o f  n - h e p t a n e ,  

0 . 3 3 0 5  g .  ( 0 .0 0 3 5 7  m o l e s )  o f  t h e  a c i d  c h l o r i d e  and  5 . 0  m l .

o f  t h e  s o l v e n t  was a d d e d  1 . 1  g .  o f  t h e  h y d r i d e .  A f t e r  t h e

r e a c t i o n  was c o m p l e t e ,  t h e r e  was a n o t i c e a b l e  s e p a r a t i o n  o f  

t i n  m e t a l .  The r e a c t i o n  m i x t u r e  was c e n t r i f u g e d  an d  t h e  s o l u 

t i o n  d e c a n t e d .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  c l e a r  

s o l u t i o n  g a v e  a  y i e l d  o f  0 . 0 0 1 2 0  m o l e s  o f  t h e  e s t e r ,  737,. The 

b a l a n c e ,  277,, was a l d e h y d e .

P r o p i o n y l  Brom ide  ( N e a t )  - To a m i x t u r e  o f  0 . 3 6 5 6  g.  

( 0 . 0 0 3 6 5  m o l e s )  o f  n - h e p t a n e  and  0 . 6 3 9 5  g .  ( 0 . 0 0 4 6 6  m o l e s )  o f
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t h e  a c i d  b r o m i d e  was a d d e d  1 . 1  g .  o f  t r i - n - b u t y l t i n  h y d r i d e .  

T h i s  r e a c t i o n  was v e r y  e x o t h e r m i c  and  was a l l o w e d  t o  p r o c e e d  

a t  room t e m p e r a t u r e .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  u s i n g  t h e  

i n t e r n a l  s t a n d a r d  m e th o d  showed a  y i e l d  o f  0 . 0 0 0 8 0  m o l e s  o f  

n - p r o p y l  p r o p i o n a t e .  T h i s  c o r r e s p o n d s  t o  21% y i e l d  o f  t h e  

e s t e r .  The r e m a i n i n g  79% was a t t r i b u t e d  t o  t h e  a l d e h y d e .

P r o p i o n y l  B rom ide  ( S o l u t i o n )  - To a s o l u t i o n  o f  

0 . 3 9 5 8  g .  ( 0 . 0 3 9 5  m o l e s )  o f  n - h e p t a n e  and  0 . 8 0 8 2  g.  ( 0 .0 0 4 4 4  

m o l e s )  o f  t h e  a c i d  b r o m i d e  i n  5 . 0  m l .  o f  2 , 3 - d i m e t h y l  b u t a n e  

was a d d e d  1 . 1  g .  o f  t h e  h y d r i d e .  T h i s  r e a c t i o n  a l s o  was  v e r y  

e x o t h e r m i c  and  was a l l o w e d  t o  go t o  c o m p l e t i o n  a t  room 

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

0 . 0 0 0 7 7  m o l e s ,  41%, o f  t h e  e s t e r  and  a 59%, y i e l d  o f  t h e  

a l d e h y d e  by  d i f f e r e n c e .

B e n z o y l  B rom ide  - To 0 . 7 1  g .  o f  t h e  a c i d  b r o m i d e  

( 0 .0 0 3 8  m o l e s )  was a d d e d  1 . 1  g .  o f  t r i - n - b u t y l t i n  h y d r i d e  

( 0 . 0 0 3 8  m o l e s ) .  The r e a c t i o n  was v e r y  e x o t h e r m i c  and was 

p l a c e d  i n  a 25° t e m p e r a t u r e  b a t h .  Gas c h r o m a t o g r a p h i c  

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

and  b e n z a l d e h y d e .
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REACTIONS OF ACID CHLORIDES IN THE 

PRESENCE OF AN ADDED CARBONYL COMPOUND

A c e t y l  C h l o r i d e  i n  t h e  P r e s e n c e  o f  C y c l o h e x a n o n e .

To a c o o l e d  s o l u t i o n  o f  0 . 3 7 5 8  g .  ( 0 . 0 0 3 8  m o l e s )  o f  c y c l o 

h e x a n o n e ,  . 3 0  g .  ( 0 . 0 0 3 8  m o l e s )  a c e t y l  c h l o r i d e  and  0 . 4 3 8 2  g .  

( 0 . 0 0 3 9  m o l e s )  o f  t h e  i n t e r n a l  s t a n d a r d ,  c h l o r o b e n z e n e  was  

a d d e d  1 m l .  ( 0 . 0 0 3 8  m o l e s )  o f  t r i - n - b u t y l t i n  h y d r i d e .  A f t e r  

t h e  r e a c t i o n  m i x t u r e  was f l u s h e d  w i t h  n i t r o g e n  an d  s t o p p e r e d ,  

i t  was p l a c e d  i n  a c o n s t a n t  t e m p e r a t u r e  b a t h  a t  2 5 ° .  I t  was 

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

m a n n e r .  The y i e l d s  o b t a i n e d  w e r e :  5% o f  c y c l o h e x y l  a c e t a t e ,

317o o f  e t h y l  a c e t a t e ,  and  64% a c e t a l d e h y d e  by  d i f f e r e n c e .

The y i e l d  o f  a c e t a l d e h y d e  a c t u a l l y  shown on  t h e  c h r o m a to g r a m  

was 107o.

P r o p i o n y l  C h l o r i d e  i n  t h e  P r e s e n c e  o f  B e n z a l d e h y d e .

To a  s o l u t i o n  o f  0 . 3 4 4 5  g .  (0 .0 0 3 7  m o l e s ) ,  o f  p r o p i o n y l  c h l o 

r i d e ,  0 . 4 1 4 2  g .  ( 0 .0 0 3 9  m o l e s )  o f  b e n z a l d e h y d e ,  and  .33 2 0  g .  

( 0 . 0 0 3 3  m o l e s )  o f  t h e  i n t e r n a l  s t a n d a r d ,  n - h e p t a n e ,  was a d d e d  

1 m l .  o f  t r i - n - b u t y l t i n  h y d r i d e .  About a  week l a t e r  t h e  

r e a c t i o n  m i x t u r e  was a n a l y z e d  by g a s  c h r o m a t o g r a p h y  by  t h e  

u s u a l  m e th o d .  A g a in  t h e  a l d e h y d e  p e a k  was m i s s i n g ,  b u t  was 

e s t i m a t e d  by d i f f e r e n c e ,  s i n c e  t h e  i n f r a - r e d  s p e c t r u m  (No. 

4510 )  showed t h e  c h a r a c t e r i s t i c  a l d e h y d e  a b s o r p t i o n  f o r  p r o 

p i o n a l d e h y d e  a t  2800 ,  1720 and  1430 cm. ^ . The y i e l d s  w e r e :  

10% n - p r o p y l  p r o p i o n a t e ,  70% b e n z y l  p r o p i o n a t e  and  20% p r o 

p i o n a l d e h y d e  .

A c e t y l  C h l o r i d e  i n  t h e  P r e s e n c e  o f  B e n z a l d e h y d e .  To 

a  m i x t u r e  o f  0 . 3 2 2 3  g .  ( 0 .0 0 4 1  m o l e s )  o f  a c e t y l  c h l o r i d e ,  

0 . 4 2 2 0  g .  ( 0 . 0 0 4 1  m o l e s )  o f  b e n z a l d e h y d e  and  0 . 4 4 2 2  g .  ( 0 . 0 0 3 8
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m o l e s )  o f  t h e  i n t e r n a l  s t a n d a r d ,  c h l o r o b e n z e n e , was a d d e d  

1 m l .  o f  t r i - n - b u t y l t i n  h y d r i d e .  The r e a c t i o n  f l a s k  was 

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

s t o p p e r e d  s e c u r e l y  and  p l a c e d  i n  a 25° c o n s t a n t  t e m p e r a t u r e  

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

n e g a t i v e  h y d r i d e  t e s t .  The m i x t u r e  was a n a l y z e d  by  g as  

c h r o m a t o g r a p h y .  The y i e l d s  w e r e :  18% a c e t a l d e h y d e  (527o by 

d i f f e r e n c e ) ,  25% e t h y l  a c e t a t e  and  23% b e n z y l  a c e t a t e .

A c e t y l  C h l o r i d e  i n  t h e  P r e s e n c e  o f  A n i s a l d e h y d e .

T h i s  r e a c t i o n  was c a r r i e d  o u t  as  a b o v e  u s i n g  0 . 2 9 8  g.

( 0 .0 0 3 8  m o l e s )  o f  a c e t y l  c h l o r i d e ,  0 . 5 4 3 6  g .  ( 0 . 0 0 4 0  m o l e s )  

o f  a n i s a l d e h y d e  and  0 . 4 1 4 1  g .  ( 0 .0 0 3 7  m o l e s )  o f  t h e  i n t e r n a l  

s t a n d a r d ,  c h l o r o b e n z e n e .  A f t e r  36 h r s . t h e  r e a c t i o n  m i x t u r e  

was a n a l y z e d  i n  t h e  same m anner  a s  t h e  e x p e r i m e n t  a b o v e .

The y i e l d s  a s  d e t e r m i n e d  w e r e :  8% a c e t a l d e h y d e , (577. by  d i f 

f e r e n c e )  , 637. a n i s a l d e h y d e  r e m a i n i n g  ( w h ic h  a g a i n  p o i n t s  up 

o u r  d i f f i c u l t y  i n  a n a l y z i n g  f o r  a l d e h y d e s ) ,  22% o f  e t h y l  

a c e t a t e ,  and  21% o f  a n i s y l  a c e t a t e .

Amounts o f  T r a p p i n g  i n  t h e  P r o p i o n y l  C h l o r i d e  R e a c - 

t i o n  w i t h  T r i - n - b u t y l t i n  H y d r i d e  i n  t h e  P r e s e n c e  o f  an  Added 

C a r b o n y l  Compound U nder  S t a n d a r d  C o n d i t i o n s . A p p r o x i m a t e l y  

e q u i m o l a r  q u a n t i t i e s ,  0 . 0 0 3 8  m o l e s ,  o f  t h e  a c i d  c h l o r i d e ,  

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

d i s s o l v e d  i n  5 . 0  m l .  o f  s o l v e n t .  To t h i s  m i x t u r e  1 . 0  m l .  o f  

t h e  h y d r i d e  was a d d e d .  The r e a c t i o n  f l a s k  was f l u s h e d  w i t h  

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

s t a n t  t e m p e r a t u r e  b a t h  a t  2 5 ° .  The f l a s k  r e m a i n e d  i n  t h e  b a t h  

u n t i l  a l l  t h e  o r g a n o t i n  h y d r i d e  was co n s u m ed .  The s o l u t i o n  

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

and  a d d i n g  i t  t o  an  e t h e r e a l  s o l u t i o n  o f  s u l f u r i c  a c i d .  

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

f rom  t h e  a d d e d  c a r b o n y l  compound was d e t e r m i n e d  by g as  

c h r o m a t o g r a p h y  u t i l i z i n g  t h e  i n t e r n a l  s t a n d a r d  m e th o d .  P e r t i 

n e n t  d a t a  f o r  t h e s e  e x p e r i m e n t s  a r e  g i v e n  i n  T a b l e  XIV.
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TABLE XIV

Amounts o f  T r a p p i n g  i n  t h e  P r o p i o n y l  C h l o r i d e  ( 0 . 0 0 3 8  m o l e s )  

R e a c t i o n  w i t h  T r i - n - b u t y l t i n  H y d r i d e  ( 0 . 0 0 3 7  m o l e s )  i n  t h e  P r e s e n c e  o f  an 

Added C a r b o n y l  Compound u n d e r  S t a n d a r d  C o n d i t i o n s ,  ( 0 .6 3 M ) ,  25°C

Added
C a r b o n y l RCHO
Compound (mmoles)

c y c l o h e p t a n o n e 3 . 8 8

C^H,CH0 o 0 4 . 1 6

C,Hc CH0 6 5 4 . 0 5

C,HcCH0 6 5
3 . 8 1

C.Hc CH0 o 5 3 . 7 7

(CH3 )(CH2 ) 5CHO 3 . 8 4

m-ClCr H.CHO— 6 4 3 . 8 1

£ - ch3 c 6h4 cho 3 . 5 2

p-CHo0C^H.CH0 •£- 3 o 4 3 . 7 9

£-CH3OC6H'4 CHO 3 . 9 5

£-CH3OC6H4 CHO 3 . 8 4

£ - C l C 6H4 CH0 3 . 7 6

m-CH-C.H,CHO — 3 6 4 3 . 0 4

c o n t i n u e d  -

c 2h 5c o c i

(mm oles)

I n t e r n a l
S t a n d a r d
(mmoles) S o l v e n t

3 . 6 4 3 . 4 0 DMBb

4 . 1 6 3 . 7 9 DMB

.35  m l . 3 . 7 3 (C2H5 ) 2°

.40  m l . 3 . 8 4 C6H5 CH3

.30 ml . 3 . 9 3 DMB

3 . 8 4 3 . 8 3 DMB

3 . 5 2 3 . 7 9 DMB

3 . 6 5 3 . 8 4 DMB

.35 m l . 3 . 7 6 (c 2h 5 ) 2o

.40  m l . 3 . 8 2 C6H5CH3

.32  ml .  

.40  m l .

3 . 8 4

3 . 7 2

Cr Ht-CH^6 5 3 
MeOAc

.32  m l . 3 . 7 5 DMB

C2H5 C02CH2Ra

% y i e l d (mmoles)

3 . 2 ( . 1 2 )

6 3 . 4 C (260)

13 ( . 4 9 )

3 4 . 6 ( 1 . 3 1 )

3 3 . 7 ( 1 . 1 8 )

22d ( 1 . 4 3 )

3 8 . 7 ( 1 . 3 6 )

3 8 . 7 ( 1 . 3 6 )

20 ( . 7 5 )

13 ( . 5 0 )

14 ( . 5 2 )

5 .  l e ( . 1 9 )

19 ( . 5 3 )

ON
h- 1
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TABLE XIV - c o n t i n u e d

^ i e l d  b a s e d  on  a c i d  c h l o r i d e  u n l e s s  amount o f  a l d e h y d e  was l e s s  t h a n  0 . 0 0 3 7  m o l e s .  
I n  m o s t  c a s e s  t h e  y i e l d  o f  n - p r o p y l  p r o p i o n a t e  was s m a l l .  Main r e a c t i o n  p r o d u c t  
was p r o p i o n a l d e h y d e .

b
2 , 3 - d i m e t h y l  b u t a n e .

c
R e d u c t i o n  was c a r r i e d  o u t  w i t h  (CH^J^Sn-H.

d
75% n - p r o p y l  p r o p i o n a t e .

e
14% n - p r o p y l  p r o p i o n a t e .

N)
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PREPARATION OF TRIPHENYLACETYL CHLORIDE

P r e p a r a t i o n  o f  T r i p h e n y l m e t h y l  C h l o r i d e . T h i s  com-
37po u n d  was p r e p a r e d  b y  t h e  m e th o d  d e s c r i b e d  by  V ogel  f rom  

b e n z e n e  an d  c a r b o n  t e t r a c h l o r i d e  i n  40-507o y i e l d s .

P r e p a r a t i o n  o f  T r i p h e n y l a c e t i c  A c i d . T r i p h e n y l 

m e t h y l  c h l o r i d e  was t r e a t e d  w i t h  pow dered  magnes ium  t o  fo rm 

t h e  G r i g n a r d  r e a g e n t  and  t h i s  i n  t u r n  was c a r b o x y l a t e d  w i t h

c a r b o n  d i o x i d e  g a s  a c c o r d i n g  t o  t h e  m e thod  d e s c r i b e d  by 
38

Zook . S u b s e q u e n t  h y d r o l y s i s  and r e c r y s t a l l i z a t i o n  o f  t h e  

p r o d u c t  r e s u l t e d  i n  an  86% y i e l d .

P r e p a r a t i o n  o f  T r i p h e n y l a c e t y l  C h l o r i d e . The c a r 

b o x y l i c  a c i d  was t h e n  a l l o w e d  t o  r e a c t  w i t h  t h i o n y l  c h l o r i d e  

t o  fo rm  t h e  a c i d  c h l o r i d e  i n  q u a n t i t a t i v e  y i e l d s .  The p r o 

d u c t  was r e c r y s t a l l i z e d  i n  t h e  manner  d e s c r i b e d  by N o r r i s  
39and  C r e s s w e l l .
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FRAGMENTATION EXPERIMENTS

The R e a c t i o n  o f  T r i p h e n y l a c e t y l  C h l o r i d e  w i t h  T r i - n -  

b u t y l t i n  H y d r i d e . - I n t o  a 50 m l .  f l a s k  a t t a c h e d  t o  a g a s  

b u r e t  and  a  d r o p p i n g  f u n n e l  c o n t a i n i n g  6 . 6  g .  ( 0 . 0 2 2  m o l e s )  

o f  h y d r i d e  i n  5 m l .  o f  x y l e n e ,  was  p l a c e d  5 . 5  g .  ( 0 . 0 1 8  m o l e s )  

o f  t h e  a c i d  c h l o r i d e  d i s s o l v e d  i n  50 m l .  o f  x y l e n e .  The f l a s k  

was p r e h e a t e d  t o  100°  and  t h e  e x p a n d e d  g a s  i n  t h e  b u r e t  was 

rem ove d .  W h i l e  m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  1 0 0 - 1 1 0 ° ,  t h e  

h y d r i d e  was ad d ed  s l o w l y  o v e r  a p e r i o d  o f  two h o u r s .  A f t e r  

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

a p r e v i o u s l y  e v a c u a t e d  g a s  c e l l  and  i t s  i n f r a - r e d  s p e c t r u m ,

(No. 3 5 3 5 ) , was t a k e n .  C h a r a c t e r i s t i c  c a r b o n  m onox ide  a b 

s o r p t i o n s  a t  2250 and  2000 cm. ^ s e r v e d  t o  i d e n t i f y  t h e  g a s .

The vo lum e o f  t h e  g a s  c o l l e c t e d ,  45 ml . ,  c o r r e s p o n d s  t o  a 107> 

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

f o rm e d .  T h i s  was f o u n d  t o  be  t r i p h e n y l a c e t a l d e h y d e  c o n t a m i 

n a t e d  by  t r i p h e n y l m e t h a n e . The s o l v e n t  was  s t r i p p e d  o f f  

u n d e r  r e d u c e d  p r e s s u r e  and  t h e  r e s i d u a l  s o l i d  m a t e r i a l  was 

f i l t e r e d  and  r e c r y s t a l l i z e d  f rom e t h a n o l .  The w h i t e ,  f l u f f y  

m a t e r i a l ,  4 . 3  g . ,  m .p .  1 0 2 - 1 0 4 ° ,  showed s t r o n g  c a r b o n y l  a b 

s o r p t i o n  a t  1720 cm. \  an  a l d e h y d i c  h y d r o g e n  s t r e t c h  b e t w e e n

2900 and 2800 cm. ^ (2 b a n d s )  and  a c h a r a c t e r i s t i c  a l d e h y d e
-1

a b s o r p t i o n  a t  1445 cm. , (No. 3 6 0 3 ) .  The m o t h e r  l i q u o r  was 

s u b j e c t e d  t o  co lumn c h r o m a t o g r a p h y  on a c i d i c  a l u m i n a .  T h r e e  

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

e t h e r  ( 3 0 - 6 0 ° )  and  d i e t h y l  e t h e r .  The f i r s t  f r a c t i o n ,  0 . 2 5  g . ,  

57> y i e l d ,  was i d e n t i f i e d  a s  t r i p h e n y l m e t h a n e .  I t  m e l t e d  a t  

9 2 -9 4 °  and  showed no m e l t i n g  p o i n t  d e p r e s s i o n  when m ix e d  w i t h
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an  a u t h e n t i c  s a m p l e .  The s e c o n d  f r a c t i o n ,  0 . 1  g . ,  was t r i -  

p h e n y l a c e t a l d e h y d e , m .p .  1 0 2 - 1 0 5 ° .  T h i s  b r o u g h t  t h e  t o t a l  

w e i g h t  o f  t h e  a l d e h y d e  t o  4 . 4  g .  w h ic h  i s  a  907, y i e l d .  The 

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

The B e h a v i o r  o f  T r i p h e n y l a c e t y l  C h l o r i d e  and  T r i - n -  

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

d e s c r i b e d  i n  t h e  d e c a r b o n y l a t i o n  r e a c t i o n ,  5 . 5  g .  ( 0 .0 1 8  

m o l e s )  o f  t h e  a c i d  c h l o r i d e  was d i s s o l v e d  i n  50 m l .  o f  x y l e n e .  

I n t o  t h e  a d d i t i o n  f u n n e l  was p l a c e d  5 . 6  g .  ( 0 .0 1 8  m o l e s )  o f  

t h e  c h l o r i d e  i n  5 - 8  m l .  o f  x y l e n e .  The c l o s e d  s y s t e m  was 

h e a t e d  t o  1 0 5 - 1 1 0 °  f o r  o n e - h a l f  h o u r  t o  e q u i l i b r a t e  t h e  s y s 

tem an d  t h e  e x p a n d e d  g a s  was e x p e l l e d .  The s o l u t i o n  o f  t h e  

c h l o r i d e  was a d d e d  o v e r  a p e r i o d  o f  one  h o u r  and t h e  r e a c t i o n  

m i x t u r e  was h e a t e d  f o r  an  a d d i t i o n a l  3 1 / 2  h r s .  w i t h  no 

a p p a r e n t  e v o l u t i o n  o f  g a s .

B e n z y l  C h l o r o f o r m a t e . - To 0 . 6 2  g .  ( 0 .0 0 4 0  m o l e s )  

o f  t h e  c h l o r o f o r m a t e  was  a dded  1 . 1  g .  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  

h y d r i d e .  The r e a c t i o n  was n o t  e x o t h e r m i c  and  a t  room t e m p e r a 

t u r e  t o o k  a b o u t  two w eeks  t o  go t o  c o m p l e t i o n  i n  a  f l a s k  w i t h  

a  Bunsen  v a l v e .  When t h e  r e a c t i o n  was c o m p l e t e  0 . 3 4 5 9  g .  

( 0 . 0 0 3 4 5  m o l e s )  o f  t h e  i n t e r n a l  s t a n d a r d ,  n - h e p t a n e  was added  

and  t h e  r e a c t i o n  m i x t u r e  was a n a l y z e d  by g a s  c h r o m a t o g r a p h y ,  

u s i n g  t h e  i n t e r n a l  s t a n d a r d  m e th o d .  A y i e l d  o f  0 . 0 0 1 4 5  m o les  

(397,) o f  t o l u e n e  and 0 . 0 0 2 3 1  m o le s  (617>) o f  b e n z y l  f o r m a t e  

was f o u n d .
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C a t a l y s i s  o f  t h e  R e d u c t i o n  o f  E t h y l  C h l o r o f o r m a t e . - 

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

o f  1 . 4 8  g .  ( 0 . 0 1 4  m o l e s )  o f  e t h y l  c h l o r o f o r m a t e ,  4 . 4  g .

( 0 . 0 1 5  m o l e s )  o f  t r i - n - b u t y l t i n  h y d r i d e .  F o u r  1 m l .  p o r t i o n s  

w e r e  removed  to  g l a s s  a m p o u l e s ,  f l u s h e d  w i t h  n i t r o g e n  and  

s e a l e d .  S am ples  f o r  t h e  c a t a l y z e d  r e a c t i o n  w e r e  p r e p a r e d  i n  

t h e  same way e x c e p t  t h a t  0 . 0 3 9 5  g .  ( 0 . 0 0 0 2 4  m o l e s )  o f  a z o -  

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

A l l  a m p o u le s  w e re  im m ersed  s i m u l t a n e o u s l y  i n  an o i l  b a t h  a t  

8 0 ° .  The a m p o u le s  w e re  removed i n  p a i r s  a t  a p p r o p r i a t e  t i m e  

i n t e r v a l s  and  a n a l y z e d  d i r e c t l y  by g a s  c h r o m a t o g r a p h y .  The 

e x t e n t  o f  r e a c t i o n  was d e t e r m i n e d  by  t h e  r e l a t i v e  a r e a s  o f  

p e a k s  due t o  s t a r t i n g  m a t e r i a l ,  t h e  c h l o r o c a r b o n a t e  and  t h e  

f o r m a t e .  R e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  fo u n d  i n  T a b l e  I I I .

C a t a l y s i s  o f  B e n z o y l  C h l o r i d e  R e d u c t i o n .  - A s o l u 

t i o n  c o n t a i n i n g  1 . 2 3 9  g .  ( 0 .0 0 8 8  m o l e s )  o f  b e n z o y l  c h l o r i d e  

and  2 . 2  g .  ( 0 . 0 0 7 8  m o l e s )  o f  t r i - n - b u t y l t i n  h y d r i d e  i n  1 0 . 0  

m l.  o f  m - x y l e n e  was  d i v i d e d  i n t o  two e q u a l  p a r t s .  To one  

p a r t  was a d d e d  0 . 0 3 9  g .  ( 0 . 0 0 0 2  m o l e s )  o f  a z o b i s i s o b u t y r o -  

n i t r i l e .  S e v e r a l  1 m l .  p o r t i o n s  w e r e  rem oved  f rom  e a c h  p a r t ,  

p l a c e d  i n  an  a m p o u le ,  f l u s h e d  w i t h  n i t r o g e n  and  s e a l e d .  A l l  

am pou les  w e r e  p l a c e d  s i m u l t a n e o u s l y  i n  an  80°  o i l  b a t h .  

Ampoules w e r e  rem oved  a t  i n t e r v a l s  and  a n a l y z e d  by  i n f r a - r e d  

s p e c t r o s c o p y .  The  r e a c t i o n  was m o n i t o r e d  by  o b s e r v i n g  t h e  

b a n d s  a t  1810 cm. ^ ( o r g a n o t i n  h y d r i d e ) , 1780 cm. ^ ( a c i d  

c h l o r i d e ) , 1730 cm. ^ ( e s t e r ) , and 1700 cm. ^ ( a l d e h y d e ) .

The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  p r e s e n t e d  i n  T a b l e  XV.
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TABLE XV

AIBN C a t a l y z e d  an d  U n c a t a l y z e d  R e a c t i o n  o f  B e n z o y l  C h l o r i d e  

and  T r i - n - b u t y l t i n  H y d r i d e  i n  m - x y l e n e  a t  80°

A L te r  I n t e n s i t y  o f  A b s o r p t i o n  a t  1810 cm. ^

M i x in g  U n c a t a l y z e d  C a t a l y z e d

0 . 5  h r .  s t r o n g  s t r o n g

2 h r .  .50  .35

4 h r .  .45  .15

7 . 5  h r .  .15 .07

The u n c a t a l y z e d  r e a c t i o n  was c o m p l e t e  i n  a b o u t  10 

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

r e a c t i o n  t h e r e  was much more e s t e r  fo rm ed  t h a n  i n  t h e  u n 

c a t a l y z e d  r e a c t i o n .  T h i s  o b s e r v a t i o n  was c o n f i r m e d  by gas  

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

o r g a n o t i n  c h l o r i d e  and  t h e  e s t e r .  The u n c a t a l y z e d  r e a c t i o n  

g a v e  a y i e l d  o f  13% e s t e r  w h i l e  t h e  c a t a l y z e d  r e a c t i o n  

a f f o r d e d  a  30% y i e l d  o f  b e n z y l  b e n z o a t e .

The R e a c t i o n  o f  B e n z a l d e h y d e  w i t h  T r i - n - b u t y l t i n

H y d r i d e  w i t h  F r e e  R a d i c a l  C a t a l y s i s . - T h i s  r e a c t i o n  was
32c o n d u c t e d  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  by Neumann. To

a m i x t u r e  o f  0 . 8 3 3  g .  ( 0 .0 0 7 8 5  m o l e s )  o f  b e n z a l d e h y d e  and 

0 . 0 3 8  g .  ( 0 .0 0 0 2 3  m o l e s )  o f  a z o b i s i s o b u t y r o n i t r i l e  was added

2 . 2  g .  ( 0 . 0 0 7 6  m o l e s )  o f  t h e  h y d r i d e .  The r e a c t i o n  m i x t u r e  

was p l a c e d  i n  g l a s s  a m pou le s ,  f l u s h e d  w i t h  n i t r o g e n ,  s e a l e d  

and p l a c e d  i n  an  o i l  b a t h  a t  8 0 ° .  A f t e r  24 h r s .  t h e  m i x t u r e  

s t i l l  showed  a v e r y  s t r o n g  h y d r i d e  b a n d  a t  1810 cm. A

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

A f t e r  48 h r s .  t h e  r e a c t i o n  was s t i l l  n o t  c o m p l e t e  and  t h e
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a b s o r p t i o n  o f  t h e  a l c o h o l  i n d i c a t e d  s t r o n g l y  t h a t  a l c o h o l  

was a  m a j o r  p r o d u c t  i n  t h i s  r e a c t i o n .
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RELATIVE RATE DETERMINATIONS ON ACID CHLORIDES 

P r o c e d u r e
*

The r e l a t i v e  r a t e  c o n s t a n t s  o f  t h e  a c i d  c h l o r i d e s  

l i s t e d  i n  T a b l e  IV w e r e  d e t e r m i n e d  by  a l l o w i n g  e a c h  a c i d  

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

c i e n t  amount o f  t r i - n - b u t y l t i n  h y d r i d e .  When a l l  t h e  h y 

d r i d e  was consumed t h e  r e a c t i o n  m i x t u r e  was a n a l y z e d  f o r  

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

b r o m i d e  by  g as  c h r o m a t o g r a p h y  u s i n g  a 4 - f o o t  by  1 / 4  i n c h  

co lum n p a c k e d  w i t h  10% S i l i c o n e  r u b b e r  on 6 0 - 8 0  mesh 

C hromosorb  P.

The two c o m p e t i t o r s ,  t h e  i n t e r n a l  s t a n d a r d ,  n -  

h e p t a n e  and  t h e  h y d r i d e  w e r e  w e i g h e d  o u t  i n t o  t h e  r e a c t i o n  

f l a s k .  The s o l v e n t  was t h e n  a d d e d  by  means  o f  a  p i p e t t e .

The f l a s k  was t h e n  f l u s h e d  w i t h  n i t r o g e n ,  t i g h t l y  s t o p p e r e d  

and  p l a c e d  i n  a c o n s t a n t  t e m p e r a t u r e  b a t h  a t  25 + 0 . 0 1 ° C .

The y i e l d  o f  h y d r o c a r b o n  was d e t e r m i n e d  by  t h e
2  6i n t e r n a l  s t a n d a r d  m e t h o d .  C a l i b r a t i o n  c u r v e s  w e r e  p r e 

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

p u r e  c o m p o n e n t ,  whose  c o n c e n t r a t i o n  was t o  b e  d e t e r m i n e d  i n  

t h e  r e a c t i o n  m i x t u r e s ,  and  an  i n t e r n a l  s t a n d a r d  i n  t h r e e  o r  

f o u r  a c c u r a t e l y  known p r o p o r t i o n s .  The r a t i o s  o f  t h e  a r e a s  

o f  t h e  p e a k s  f o r  t h e  c o m p o n en t  and  t h e  i n t e r n a l  s t a n d a r d  

w e r e  t h e n  p l o t t e d  a g a i n s t  t h e  r a t i o s  o f  t h e  am oun ts  a c t u a l l y  

p r e s e n t .  The r e a c t i o n  m i x t u r e ,  w h i c h  c o n t a i n e d  a known 

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

and  t h e  r a t i o  o f  t h e  com p o n en t  t o  t h e  i n t e r n a l  s t a n d a r d  p e a k  

a r e a s  was d e t e r m i n e d .  The c o n c e n t r a t i o n  o f  t h e  com ponen t  

was t h e n  c a l c u l a t e d .  The  a r e a s  w e r e  d e t e r m i n e d  b y  m u l t i p l y 
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i n g  t h e  p e a k  h e i g h t  by  t h e  p e a k  w i d t h  a t  t h e  m i d - p o i n t .  The 

num ber  o f  m o l e s  o f  t h e  h y d r o c a r b o n  was s u b t r a c t e d  f rom t h e  

number  o f  m o l e s  o f  t h e  h y d r i d e  u s e d  g i v i n g  t h e  number  o f  

m o le s  o f  a c i d  c h l o r i d e  w h ic h  h a d  r e a c t e d  w i t h  t h e  o r g a n o t i n  

h y d r i d e  a s s u m in g  1 0 0 % r e a c t i o n .

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

t h e  e q u a t i o n  o f  I n g o l d  and  S t o w ^ :

l o g  Ap
~T~

l o g  B0  

B

i n  w h i c h :  AQ = t h e  i n i t i a l  c o n c e n t r a t i o n  o f  h a l i d e  A

A = t h e  f i n a l  c o n c n e t r a t i o n  o f  h a l i d e  A 

BQ = t h e  i n i t i a l  c o n c e n t r a t i o n  o f  h a l i d e  B.

B = t h e  f i n a l  c o n c e n t r a t i o n  o f  h a l i d e  B

The r e l a t i v e  r a t e  c o n s t a n t s  o b t a i n e d  f o r  e a c h  s e t  

o f  c o m p e t i t o r s  i s  g i v e n  i n  T a b l e  XVI. I n i t i a l  and  f i n a l  

c o n c e n t r a t i o n s  f o r  a l l  c o m p e t i t i v e  r e a c t i o n s  a r e  g i v e n  i n  

T a b l e  X VII .

= k A /k B
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TABLE XVI

R e l a t i v e  R a t e s  o f  A c i d  C h l o r i d e s ,  B ro m id es  and  A l k y l  B rom ides  

w i t h  T r i - n - b u t y l t i n  H y d r i d e  a t  2 5 °C (0.63M)

No. C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t A B

1 C,HcC0Cl 
6  5 2-BrC 8 Hr / m - x y l e n e 0 . 4 4 2

2 C.HcC0Cl 
6  5 2 -BrC 8 Hi 7 m - x y l e n e 0 . 5 2 4

3 £ - c i c 6 h4 c o c i 2 -B rC 0 H.^ o 1  / m - x y l e n e 0 . 6 5 1

4 £ - c i c 6 h 4 c o c i 2 -BrCoH,- , o I  / m - x y l e n e 0 . 6 4 5

5 C,HcC0Br 
6  5 2 - BrC8H17 m - x y l e n e 9 7 . 7 7

6 m-ClC,H.C0C1 — 6  4 2 -BrC 8 Hi 7 m - x y l e n e 4 . 0 5

7 m-ClC,H,COC1 — 6  4 2 -BrC 8 Hi 7 m - x y l e n e 3 . 8 7

8 £ - c n c 6 h 4c o c i 2-B rC gH1 7 m - x y l e n e 3 3 . 2 7

9 £-CNC6 H4 COCl 2-BrCgH1 7 m - x y l e n e 2 5 . 9 5

1 0 C,HcC0Br 
6  5 C.HcCH„Br 

6  5 2 m - x y l e n e 1 0 . 5 1

1 1 C,HcC0Br 
6  5 C,HcCH„Br 

6  5 2
m - x y l e n e 1 2 . 3 8

1 2 m-CH0 C,H.COC1 — 3 6  4 2 - BrC8H17 m - x y l e n e 0 . 4 2 6

13 m-CH3 C6 H4 COCl 2 -B rC o H , ,  o 1  / m - x y l e n e 0 . 4 8 1

14 p-CH„C,H.COC1 -1-  3 b 4 2 -B rC 0 Hn o 1  / m - x y l e n e 0 . 1 2 7

15 £ - c h 3 c 6 h 4 c o c i 2_BrC8H17 m - x y l e n e 0 . 1 5 2

16 £ - c h 3 o c 6 h 4 c o c i 2-BrC8H17 m - x y l e n e 0 . 0 9 0

17 £-CH 3 OC6 H4 COCl 2-BrCgH1 7 m - x y l e n e 0 . 0 6 9

18 £ -C F 3 C6 H^COCl 2 -BrCgH 1 7 m - x y l e n e 2 1 . 1 0

19 p - c f , c . h .COC1 J-  3 o 4 2 -BrCgH1 7 m - x y l e n e 1 5 . 7 0
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TABLE XVI - continued

a x p .
Nq_. C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t k A/ k B

2 0 m-CF0 C,H.COCl — 3 6  4 2 -B rC 8 Hi 7 m - x y l e n e 4 . 3 0

2 1 m-CF0 C,-H/ COC1 — 3 6  4 2 - B r C . H , ,O 1 / m - x y l e n e 4 . 8 5

2 2 m-FC6 H4 COCl 2 -B rC gH1 7 m - x y l e n e 1 . 1 2

23 m-FCr H,C0C1 — 6  4 2 -B rC QH ^  o i  / m - x y l e n e 1 .1 3

24 2 - c i c 6 h 4 c o c i 2 -B rC 8 Hi 7 m - x y l e n e 0 .6 4 7

25 £ - c i c 6 h 4 c o c i 2 -B rC 8 Hi 7 m - x y l e n e 0 . 6 7 2

26 C^Hc CH0Br o 5 z C2 H5 C0C1 m - x y l e n e 5 . 5 0

27 C,HcCH„Br 
6  5 2 C2 H5 C0C1 m - x y l e n e 4 . 7 2

28 C,Hc CH„Br 
6  5 2 C .H cC0C1 

6  5 m - x y l e n e 2 9 .6 5

29 C,HcCH„Br 
6  5 2 C,H,-C0C1 

6  5 m - x y l e n e 2 7 . 9 0

30 C^HcCOCl o 5 2 -B rC gH1 7 MeOAc 0 . 5 3 2

31 c 6 h 5 c o c i 2-BrCgH 1 7 MeOAc 0 . 5 3 5

32 £ - C l C 6 H4 C0Cl 2 - BrC 8 Hl 7 MeOAc • 3 . 2 2

33 £ - C l C 6 H4 C0Cl 2 - BrC8Hi 7 MeOAc 2 . 7 1

34 m-ClC 6 H4 C0Cl 2 - B r CgHi 7 MeOAc 2 4 . 2 0

35 m-ClC,H,C0C1 — 6  4 2-BrC„Hn ^O 1 / MeOAc 2 0 . 6 5

36 p-MeO C , H .COC1 
6  4 2 - BrC8H17

MeOAc 0 . 0 7 0

37 p-MeOC^H,COC1 o 4 2 - BrC8H17
MeOAc 0 . 0 5 3

38 C,Hc COCl 
6  5 2 -B rC 8Hi 7 o - C l 0 C,H, — 2 6  4 O'. 750

39 C.HcCOCl 
6  5 2 - BrC8H17 o - C l 0 C,H. — z o 4 0 . 6 7 4

40 £ - c i c 6 h 4c o c i 2 - BrC8H17 ° ‘ C12C6H4 2 . 2 2
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TABLE XVI - continued

E x p . 
No. C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t k A/ k B

41 £ - c i c 6 h 4c o c i 2 -Br-C8 Hi 7 —-C 12C6H4 1 .9 3

42 £-MeOC6 H4COCl 2-BrC„H, ,o 1  / - " C12C6H4
0 . 0 5 8

43 £-MeOC6 H4COCl 2 - BrC8H17 o - c 1 2 C6 H 4 0 . 0 6 2

44 m-ClC 6 H4COCl 2 - B r C „ H , _ o 1  / ° - C12C6H4 7 . 1 1

45 m-ClCr H, C0C1 — 6  4 2 -Br C8 Hi 7 o - C l 2 C6H4 6 . 7 1
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TABLE XVII
I n i t i a l  and F i n a l  C o n c e n t r a t i o n s  o f  S u b s t r a t e s  Used  i n  

R e l a t i v e  R a t e  D e t e r m i n a t i o n s  o f  A c id  C h l o r i d e s

E x p . 
No.

I n i t i a l  Cone .  
R-C 6 H 4 COX 

(mmoles)

I n i t i a l  Cone.  
R-Br

(mm oles)

I n i t i a l  Cone .  
(C4 H9 ) 3 Sn-H 

(mmoles)

Cone.  I . S  
n - h e p t a n e  

(m m oles )

1 3 . 8 4 5 . 1 9 3 . 7 9  ' 3 . 3 0
2 3 . 8 0 3 . 8 5 3 . 8 0 3 . 6 3
3 5 .0 6 5 . 2 4 3 . 7 2 3 . 6 7

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

5 3 . 8 5 7 .6 3 3 . 7 6 3 . 6 4
G 3 .8 5 3 . 8 4 3 . 7 - 3 . 7 6

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

9 3 . 6 7 5 . 3 6 3 . 5 8 3 . 7 9

1 0 3 .81 7 . 4 6 3 . 6 7 3 . 8 2

1 1 3 .7 7 8 . 6 6 3 . 5 6 4 . 1 3  -
1 2 3 .9 3 3 . 7 9 3 . 6 9 3 . 8 4

13 3 . 9 9 3 . 7 1 3 . 6 2 3 . 8 7

14 3 . 8 9 3 . 6 7 3 . 8 0 3 . 9 7

15 3 . 9 4 3 . 8 0 3 . 5 1 3 . 8 7
16 7 .8 7 3 . 8 7 3 . 8 3 3 . 9 5

17 8 . 1 8 3 . 7 7 3 . 6 0 3 . 9 7

18 3 . 8 8 7 . 7 4 3 . 7 1 4 . 1 7

19 3 .7 3 7 . 7 6 3 . 4 9 3 . 7 8

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

2 1 3 . 7 2 7 . 8 0 3 . 6 7 3 . 8 5
2 2 3 . 8 1 4 . 0 0 3 . 6 4 4 . 0 2

23 3 . 8 4 5 . 1 4 3 . 6 6 3 . 8 3

24 3 . 8 7 3 . 7 6 3 . 6 7 3 . 7 3
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TABLE XVII - continued

E x p . 
No.

P eak  A re a s  
R - H / I .  S.

R-H
(mmoles)

1 .913 2 . 6 7

2 .710 2 . 2 9

3 .706 2 . 2 9

4 .590 1 . 9 9

5 .060 0 . 2 0

6 .288 1 . 0 0

7 .250 0 . 8 7

8 .148 0 . 0 5

9 .117 0 . 0 4

1 0 .180  " 0 . 8 6

1 1 .166 0 . 8 7

1 2 .660 2 . 2 5

13 .636 2 . 1 9

14 .852 3 . 0 0

15 .816 2 . 8 1

16 .840 2 . 9 4

17 .815 2 . 8 b

18 .162 0 . 5 8

19 .190 0 . 6 4

2 0 .472 1 . 5 2

2 1 .417 1 . 4 3

2 2 .495 1 . 7 7

23 .595 2 . 0 1

24 .635 2 . 0 9

(mmoles)  F i n a l  Cone.
r - c 6 h 4 cox r - c 6 h 4cox

r e a c t e d  (mmoles)

1 . 1 2 2 . 7 2

1 . 3 1 2 . 4 9

1 . 4 3 3 . 6 3

1 . 5 3 2 . 4 1

3 . 5 6 0 . 2 9

2 . 7 8 1 . 0 7

2 . 6 5 1 . 4 3

3 . 2 9 .47

3 . 1 8 .49

2 . 8 1 1 . 0 0

2 . 6 9 1 . 0 8

1 . 4 4 2 . 4 9

1 . 4 3 2 . 5 6

0 . 8 0 3 . 0 9

0 . 7 0 3 . 2 4

0 . 8 9 6 . 9 8

0 . 7 2 7 . 4 6

3 . 1 3 0 . 7 5

2 . 8 5 0 . 8 8

2 . 3 1 1 . 4 2

2 . 2 4 1 . 4 8

1 . 8 7 - ' 1 . 9 4

1 . 6 5 2 . 1 9

1 . 5 8 2 . 2 9

F i n a l  Cone.  
R-Br  

(mmoles)

2 . 5 2  

.156

2 . 9 5

1 . 7 8  

7 . 4 3

2 . 8 4  

2 . 9 7  

7 . 2 5

4 . 9 6

6 . 6 0

7 . 7 9

1 . 5 4

1 . 5 2  

0 . 6 9  

0 . 9 9  

0 . 9 3  

0 . 8 9  

7 . 1 6

7 . 1 2  

6 . 2 2  

6 . 3 7  

2 .2 3

3 . 1 3

1 . 6 7
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E x p . 
No.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

TABLE XVII - continued

I n i t i a l  Cone.
r - c 6 h 4cox

(mmoles)

3 . 8 9

7 . 5 4

6 . 9 0  

8 . 3 0

8 . 8 1

4 . 0 8

3 . 6 9

3 . 8 0  

3 .95

3 . 8 0

3 . 8 2

7 . 5 2  

8 . 3 6

4 . 0 9

3 . 8 6

3 . 8 5

3 . 8 5

7 . 4 8  

8 . 0 4

3 . 7 1

3 . 8 4

I n i t i a l  Cone .  
R-Br

(mmoles)

3 . 7 6  

3 . 4 1  

4 . 1 1

3 . 6 0

3 . 7 6

3 . 8 2

3 . 8 8

3 . 8 1

3 . 9 4

4 . 8 1

4 . 7 0

3 . 7 8

3 .7 3

3 . 7 4

3 . 7 9

3 . 8 1

3 . 8 1

3 . 6 7

3 . 7 6

4 . 8 9

4 . 7 4

I n i t i a l  Cone 
CC4 H9 ) gSn-H

(mmoles)

3 . 5 9

3 . 7 3

3 . 7 6

3 . 8 7

3 . 7 5

3 . 7 3

3 . 9 4

3 . 7 3

4 . 0 8

3 . 7 7

3 . 6 5

3 . 8 0  

4 . 0 0

3 . 7 4

3 . 7 2

3 . 7 1

3 . 7 9

3 . 7 4

3 . 7 4

3 . 7 3

3 . 4 9

Cone.  I . S .  
n - h e p t a n e  

(mmoles)

3 . 7 0

3 . 5 2

3 . 8 0

3 . 6 1

3 . 8 1

2 .7 8

3 . 9 0

3 . 6 6

4 . 0 8

3 . 8 9

3 . 7 6

3 . 7 5

3 .8 7

3 . 7 6

3 . 8 1

3 . 7 7

3 . 6 9

3 . 8 6

3 . 9 4

3 . 8 4

3 . 7 4
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TABLE XVII - continued

(mmoles)  F i n a l  Cone .  F i n a l  C o n e . 
Exp.  P e a k  A r e a s  R-H R-C 5 H4 COX R-C^H^COX R -B r
No. R - H / I .  S. (mmoles) r e a c t e d (mmoles) (mmoles

25 .613 2 . 0 2 1 . 5 7 2 . 3 2 1 . 7 4

26 .530 2 . 3 2 1 . 4 1 6 . 1 3 1 . 0 9

27 .523 2 . 5 1 1 . 2 5 5 . 6 5 1 . 6 0

28 .717 3 . 2 3 0 . 6 4 7 . 6 6 0 . 3 7

29 .670 3 . 1 8 0 . 5 7 8 . 2 4 0 . 5 8

30 .988 2 . 2 1 1 . 5 2 2 . 5 6 1 . 6 1

31 .697 2 . 4 2 1 . 5 2 2 . 1 7 1 . 4 6

32 .347 1 . 1 4 2 . 5 9 1 . 2 1 2 . 6 7

33 .374 1 . 3 5 2 .7 3 1 . 2 2 2 . 5 9

34 .119 0 . 4 1 3 . 3 6 0 . 4 4 4 . 4 0

35 . 1 2 1 0 . 4 1 3 . 2 4 0 . 5 8 4 . 2 9

36 .876 3 . 0 1 0 . 7 9 6 . 7 3 0 . 7 7

37 .924 3 . 1 7 0 . 8 3 7 .5 3 0 . 5 6

38 .563 1 . 8 8 1 . 8 6 2 .2 3 1 . 8 6

39 .608 2 . 1 0 1 . 6 2 2 . 2 4 1 . 6 9

40 .391 1 . 3 2 2 . 3 9 1 . 4 6 2 . 4 9

41 .445 1 . 4 6 2 . 3 3 1 . 5 2 2 . 3 5

42 .885 3 . 0 3 0 . 7 2 6 . 7 6 0 . 6 4

43 .853 2 . 9 9 0 . 7 5 7 . 2 9 0 . 7 7

44 .274 0 . 9 4 2 . 7 9 0 . 9 2 3 . 9 5

45 .234 0 . 7 9 2 . 7 0 1 . 1 4 3 . 9 5
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RELATIVE RATE DETERMINATIONS OF ALDEHYDES 

IN THE PROPIONYL CHLORIDE REACTION

P r o c e d u r e

The r e l a t i v e  r a t e  c o n s t a n t s  f o r  t h e  a l d e h y d e s  l i s t e d  

i n  T a b l e  VI w e re  d e t e r m i n e d  by  a l l o w i n g  t h e  a l d e h y d e s  t o  

c o m p e te  i n  p a i r s  f o r  an i n s u f f i c i e n t  am ount  o f  t h e  p o s t u l a t e d  

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

t h e  a p p r o p r i a t e  p r o p i o n a t e  e s t e r .  The r e a c t i o n s  w e r e  c o n 

d u c t e d  a t  25 I  0 . 0 1 ° C .  The p r o c e d u r e ,  a n a l y s i s  and  c a l c u 

l a t i o n  o f  t h e  r e l a t i v e  r a t e  c o n s t a n t s  was t h e  same a s  t h a t  

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

o f  t h e  a c i d  c h l o r i d e s .

The r e l a t i v e  r a t e  c o n s t a n t s  o b t a i n e d  f o r  e a c h  s e t  o f  

c o m p e t i t o r s  i s  g i v e n  i n  T a b l e  X V I I I .  I n i t i a l  and  f i n a l  c o n 

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

T a b l e  XIX. The d a t a  u s e d  i n  p l o t t i n g  t h e  c a l i b r a t i o n  c u r v e s  

a r e  g i v e n  i n  T a b l e  X XII .  Two i n t e r n a l  s t a n d a r d  c u r v e s  h a v e  

b e e n  r e p r o d u c e d  ( p a g e s  90 and 9 1 ) .
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TABLE XVIII
C o m p e t i t i v e  E x p e r i m e n t s  a t  25° i n  5 m l .  o f  S o l v e n t  on 

a  0 . 0 0 3 8  Mole  S c a l e  U s in g  P r o p i o n y l  C h l o r i d e  

an d  T r i - n - b u t y l t i n  H y d r i d e

I n t e r n a l
Exp.
No. C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t kA/ k B

S t a n d a r d  
Curve  No.

1 e y e l o h e x a n o n e e y e l o p e n t a n o n e DMBa 1 2 . 3 0 b 18 , 19

2 c y c l o h e x a n o n e c y c l o p e n t a n o n e DMB 1 7 . 71b 18 , 19

3 e y e l o h e x a n o n e e y e l o p e n t a n o n e DMB 1 7 . 94b 18, 19

4 C,Hc CH0 
6  5 e y e l o h e x a n o n e DMB 1 1 . 0 0 c 2 2 , 23

5 C.HcCH0 
6  5 e y e l o h e x a n o n e DMB 1 0 . 54c 2 2 , 23

6 c h 3 ( c h 2 ) 5 cho C ,H c CH0 
6  5 DMB 1 .5 3 2 2 , 24

7 c h 3 ( c h 2 ) 5 cho C,H c CH0 
6  5 DMB 1 . 7 0 2 2 , 24

8 m-ClC,H,CHO — 6  4 C .H c CH0 
6  5 DMB 1 .5 7 2 2 , 26

9 m-ClC,H.CHO — 6  4 C.Hc CH0 
6  5 DMB 1 . 5 7 2 2 , 26

1 0 £-MeC 6 H4 CHO C,H c CHO 
6  5 DMB 1 . 2 6 2 2 , 27

1 1 £-MeC 6 H4 CHO C.H c CH0 
6  5 DMB 1 .2 5 2 2 , 27

1 2 £ - c i c 6 h 4 ch o C ,H r CHO 
6  5

MeOAc 1 . 2 5 3 0 , 33

13 £ - c i c 6 h 4 cho C,H cCHO 
6  5 MeOAc 1 . 2 7 3 0 , 33

14 C,Hc CHO 
6  5 e y e l o h e x a n o n e DMB 1 0 . 8 6 3 0 , 32

15 m-MeC6 H4 CHO c 6 h 5 cho DMB 0 . 9 2 3 0 , 37

16 m-MeC6 H4 CHO C.H cCH0 
6  5 DMB 0 . 9 6 3 0 , 37

17 c h 3 ( c h 2 ) 5 cho £-MeOC6 H4 CHO C6H5 CH3 5 . 1 6 3 0 , 31

18 c h 3 ( c h 2 ) 5 cho £-MeOC6 H4 CHO C6H5 CH3 2 . 8 1 3 0 , 31
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TABLE XVIII - continued

I n t e r n a l
ILAp .

No. C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t k A^ k B
a c a n a a r a  
C u rv e  N o .

19 c h 3 ( c h 2 ) 5cho £-MeOC6 H4 CHO C,HcCH„ 
6  5 3 3 . 8 5 3 0 ,  36

2 0 c h 3 ( c h 2 ) 5cho £-MeOC6 H4 CHO C,HcCH0  
6  5 3 3 . 0 6 3 0 ,  36

2 1 £-MeC 6 H4 CH0 C,HcCH0 
6  5 DMB 1 . 2 7 2 9 ,  30

2 2 _^MeC6 H4 CHO C.HcCH0 
6  5 DMB 1 . 2 0 29 ,  30

23 m-CIC.H,CHO — 6  4 C^H,-CHO 
6  5 DMB 1 . 8 4 4 0 ,  30

24 m-ClC,H.CHO — 6  4 C,Hc CH0 
6  5 DMB 1 . 6 9 4 0 ,  30

2 , 3 - d i m e t h y l  b u t a n e  

b 45 °C
Q

T r i m e t h y l t i n  H y d r i d e  was u s e d .
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TABLE XIX

I n i t i a l  and F i n a l  C o n c e n t r a t i o n s  o f  

Added C a r b o n y l  Compounds
clUsed i n  R e l a t i v e  R a t e  D e t e r m i n a t i o n s

(mmoles)

E x p . 
No.

I n i t i a l  Cone .  
C o m p e t i t o r  A 

(mmoles)

C o n e . 
I .  S.

(mmoles)
P eak  A r e a s  
P r o d u c t  A /IS

(mmoles)  
e s t e r  
f rom  A

F i n a l  
C o n e . 
o f  A

1 3 . 8 8 3 . 3 6 .27 0 . 8 7 3 . 0 1
2 3 . 9 1 3 . 4 1 .33 1 . 0 9 2 . 8 2

3 3 . 8 3 3 . 5 2 .17 0 . 5 8 3 . 2 5

4 3 . 7 7 4 . 0 4 .57 1 . 9 2 1 .8 5

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

6 5 . 8 5 3 . 7 9 .47 1 .2 5 4 . 6 0

7 8 . 7 9 3 . 8 0 . 56 1 . 5 0 7 .2 9

8 3 . 3 4 3 . 8 0 .31 0 . 9 7 2 .3 7

9 4 . 0 1 3 .80 .3 4 1 . 0 6 2 .9 8

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

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

1 2 3 . 4 8 3 . 8 6 .04 0 . 1 4 3 . 3 3

13 6 . 8 6 3 . 8 0 . 066 0 . 2 3 6 . 6 3

14 3 . 8 7 3 .7 7 .13 0 . 4 0 3 . 4 7

15 3 . 5 6 3 . 9 5 . 166 0 . 4 7 3 . 0 9

16 4 . 1 7 3 . 8 2 .185 0 . 5 4 3 . 6 3

17 3 . 8 1 3 .8 5 .1 3 8  ' 0 . 3 8 3 . 4 6

18 3 . 8 5 3 . 9 2 .0 7 2 0 . 2 0 3 . 6 5

19 3 . 6 9 3 . 7 4 .147 0 . 3 7 3 . 3 2

2 0 3 . 8 1 3 . 8 9 . 086 0 . 2 3 3 . 5 8

2 1 3 . 8 6 3 . 9 6 .157 0 . 5 5 3 . 3 1

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

23 3 . 2 8 3 . 7 6 . 2 2 0 . 7 5 2 .5 3
24 4 . 0 0 3 . 7 2 .19 0 . 6 7 3 . 3 3

a 0. 0038 m o le s  o f  R^ Sn-H and ETC0C1 w e r e  u s e d  i n  e a c h c a s e .
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TABLE XIX - continued

(mmoles)
I n i t i a l  Cone.  (mmoles )  F i n a l

Exp .  C o m p e t i t o r  B P e a k  A r e a s  o f  e s t e r  Cone .
No. (mmoles) P r o d u c t  B / IS f ro m  B B

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

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

3 1 7 . 9 0 .045 0 . 1 6 1 7 . 7 4

4 7 . 5 0 . 1 4 0 . 4 9 7 . 0 1

5 8 . 3 5 . 1 2 0 . 4 6 7 . 8 9

6 3 . 8 5 .17 0 . 5 5 3 . 3 0

7 3 . 8 6 .13 0 . 4 2 3 . 4 4

8 5 . 2 5 .32 1 . 0 3 4 . 2 2

9 6 . 4 7 .36 1 . 1 4 5 . 3 5
1 0 3 . 8 0 .16 0 . 5 0 3 . 3 0

1 1 3 . 7 0 .09 0 . 2 8 3 . 4 2
1 2 4 . 1 7 .0 4 0 . 1 4 4 . 0 3
13 3 . 8 0 .035 0 . 1 1 3 . 6 9

14 7 . 5 4 . 0 2 0 . 0 8 7 . 4 6

15 3 . 8 7 .167 0 . 5 3 3 . 3 4
16 3 . 5 8 .181 0 . 5 5 3 . 0 3

17 7 . 7 3 .047 0 . 1 5 7 . 5 8
18 9 . 9 7 .058 0 . 2 0 9 . 7 7
19 7 . 8 5 .0 6 0 0 . 2 0 7 . 6 5
2 0 9 . 3 5 .057 0 . 1 9 9 . 1 6
2 1 4 . 2 6 .1 4 4 0 . 4 8 3 . 7 8

2 2 3 . 9 0 .17 0 . 5 1 3 . 3 9
23 5 . 1 2 .2 3 8 0 . 7 1 4 . 4 1

24 6.5-0 . 2 1 0 . 6 7 5 . 8 3
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RELATIVE RATE DETERMINATIONS OF ALDEHYDES IN 

THE ALKYL BROMIDE REACTION

P r o c e d u r e

The r e l a t i v e  r a t e  c o n s t a n t s  f o r  t h e  a l d e h y d e s  l i s t e d  

i n  T a b l e  IX w e re  d e t e r m i n e d  by  a l l o w i n g  t h e  a l d e h y d e s  t o  com

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

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

h y d r i d e .  The o r g a n o t i n  a l k o x i d e s  r e s u l t i n g  f rom t h e  r e s p e c 

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

an  e x c e s s  o f  p r o p i o n y l  c h l o r i d e  was a d d e d  ' t o  t h e  r e a c t i o n  

m i x t u r e  a f t e r  a l l  t h e  h y d r i d e  h a d  b e e n  consum ed .  The  r e a c 

t i o n s  w e r e  c o n d u c t e d  a t  25 i  0 . 0 1 ° C .  The p r o c e d u r e ,  a n a l y 

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

same as  t h a t  d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  

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

The r e l a t i v e  r a t e  c o n s t a n t s  o b t a i n e d  f o r  e a c h  s e t  

o f  c o m p e t i t o r s  i s  g i v e n  i n  T a b l e  XX. I n i t i a l  and  f i n a l  c o n 

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

T a b l e  XXI.
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TABLE XX - continued

E x p . 
No. RX

1

C o m p e t i t o r  A C o m p e t i t o r  B S o l v e n t kA/ k B

I n t e r n a l  
S t a n d a r d  
C u rv e  No

13

14

2 -BrC 8 Hi 7

2 - B r C8Hi7

m-ClC,H,CHO— 6  4

m-ClC,H,CH0— 6  4

C.HcCH0 
6  5

C.H^CHO 
6  5

3
2

3
2

ml
ml
ml
ml

DMB
S n - C l
DMB
S n - C l

4 . 1 8

3 . 8 5

4 0 ,

4 0 ,

30

30

15 2 - B r C8Hi7 n - h e p t a l d e h y d e p-CHo0C.H.CH0 3 6  4
DMB 1 0 . oc 3 6 , 31

16 2 - BrC8Hi7 n - h e p t a l d e h y d e £ - c h 3 o c 6 h 4 cho DMB 1 0 . oc 3 6 , 31

17 SnCl m-ClC,H.CHO — 6  4 C,HcCH0 
6  5 DMB 3 . 6 2 4 0 , 30

18 SnCl m-ClCc H.CHO — 6  4 C,Hc CH0 
6  5 DMB 3 . 6 8 4 0 , 30

19 SnCl £ - c h 3 c 5 h4 cho C.Hc CH0 
6  5 DMB 1.01 29 , 30

20 SnCl p-CH„C^-H. CHO 3 6  4 C.Hc CH0 
6  5 DMB 1 . 0 9 29 , 30

aT h e s e  r e a c t i o n s  w e r e  c a t a l y z e d  by  t h e  a l k y l  b r o m i d e  r e a c t i o n  w i t h  t r i - n - b u t y l t i n  
h y d r i d e  o r  by t r i - n - b u t y l t i n  c h l o r i d e  a t  2 5 ° ,  ( 0 .6 3 M ) .

3 2 , 3 - d i m e t h y l  b u t a n e

' n o t  p r e c i s e l y  d e t e r m i n e d ;  1 0 . 0  i s  a  minimum.
oo
Ln
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TABLE XXI
I n i t i a l  an d  F i n a l  C o n c e n t r a t i o n s  o f  Added C a r b o n y l  Compounds

ci
Used i n  R e l a t i v e  R a t e  D e t e r m i n a t i o n s

(mmoles)

E x p . 
No.

RX 
C o n e . 

(mmoles)

I n i t i a l  C o n e . 
C o m p e t i t o r  A 

(mmoles)

C o n e .
I . S .

(m m oles )
P eak  A re a s  
P r o d u c t  A / l . S .

(mmoles)  
e s t e r  
f ro m  A

F i n a l  
Cone,  o f  

A

1 3 . 6 9 3 . 6 6 3 . 8 4 .143 0 . 5 5 3 . 1 1

2 3 . 7 6 6 . 7 2 3 . 7 8 .2 8 0 0 . 9 8 5 . 7 4

3 3 . 7 6 4 . 1 5 3 . 8 8 .150 0 . 5 8 3 . 5 7

4 3 . 7 5 3 . 9 9 3 . 7 4 .193 0 . 6 2 3 . 3 7

- 5r 3 . 8 0 3 . 7 6 3 . 6 7 .535 1 . 8 4 1 . 9 2

6 3 . 7 6 4 . 0 1 3 . 9 2 .470 1 . 7 1 2 . 3 0

7 3 . 8 1 4 . 3 9 3 . 7 6 .299 0 . 8 3 3 . 5 6

8 3 . 8 1 5 . 0 0 3 . 7 7 .3 19 0 . 8 9 4 . 1 1

9 3 . 8 2 5 . 5 9 3 . 7 9 .3 72 0 . 9 5 4 . 6 4

1 0 3 . 7 7 8 . 7 8 3 . 6 6 .488 1 . 2 1 7 . 5 7

1 1 3 . 8 0 3 . 6 9 2 . 7 9 .746 1 . 9 3 1 . 7 6

1 2 3 . 8 0 4 . 0 4 3 . 7 5 .560 1 . 9 5 2 . 0 9

13 3 . 7 5 3 . 4 9 3 . 7 8 .620 2 . 1 7 1 . 3 2

14 3 . 9 0 ' 3 . 9 8 3 . 8 9 .513 1 . 8 5 2 . 1 3

15 3 . 8 6 3 . 6 8 3 . 7 5 .328 0 . 7 5 2 . 9 3
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TABLE XXI
I n i t i a l  an d  F i n a l  C o n c e n t r a t i o n s  o f  Added C a r b o n y l  Compounds 

U sed  i n  R e l a t i v e  R a t e  D e t e r m i n a t i o n s

E x p , 
No.

1

2

3

4

5

6

7

8 

9

10

11

12

13

14

15

I n i t i a l  Cone .  
C o m p e t i t o r  B 

(m m oles )

4 . 3 0

3 . 7 0  

3 . 7 6  

3 . 9 1  

4 . 9 6

6 . 7 1  

4 . 0 0  

4 . 1 4  

3 . 9 9  

3 . 8 4  

5 . 3 8  

6 . 4 6  

5 . 0 9  

6 . 4 0  

7 . 6 4

P eak  A r e a s  
P r o d u c t  B / l . S .

. 0 9 6

. 0 8 5

. 1 4 0 ,

. 1 7 2

. 1 7 4

. 220

. 2 4 0

. 2 3 4

. 1 0 9

. 0 7 9

. 3 4 8

. 2 7 0

. 3 5 7

. 3 1 0

(mmoles)  
o f  e s t e r  

f ro m  B

0 . 3 1  

0 . 2 7  

0 . 4 5  

0 . 5 2  

0 . 5 1  

i 0 . 7 1  

0 . 7 3  

0 . 7 2  

0 . 3 4  

0 . 2 4  

0 . 7 8  

0 . 8 3  

1.10 
0 . 9 7

(mmoles)  
F i n a l  

Cone,  o f  
B

3 . 9 9  

3 . 4 3  

3 . 3 1  

3 . 3 9  

4 . 4 5  

6 . 00  

3 . 2 7  

3 . 4 2  

3 . 6 5

3 . 6 0

4 . 6 0  

5 . 6 3

3 . 9 9  

5 . 4 3
OO

I
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TABLE XXI - continued

I n i t i a l  Cone .  (mmoles)
Exp.  C o m p e t i t o r  B P eak5 A r e a s  o f  e s t e r
No. (mmoles)  P r o d u c t  B / l . S .  f rom  B

16 9 . 4 5

17b 5 . 6 4  .369  1 . 1 3

I 8 b 6 . 8 2  .390  1 . 2 2

19b 3 . 8 7  .487  1 . 4 7

20b 3 . 8 2  .4 7 4  1 . 4 2

0 . 0 0 3 8  m o le s  o f  ( C ^ H g ^ S n -H  

b T h e s e  e x p e r i m e n t s  w e r e  c a t a l y z e d  by  (C ^ H g)^ S n-C l

(mmoles)  
F i n a l  

Cone,  o f  
B

4 . 5 1

5 . 6 0

2 . 4 0

2 . 4 0

oo
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Internal Standard Ourve Ho. 37

1.20

1.00

0.30

0 .60

0.40

0 .2 0

0.00  L-------- 1--------- 1--------- 1---------1__
0 . 4 0 0 7 6 0 u . oO 

Moles of m-Methyl Benzyl Propionate x 10^,
1.000 .2 0

Moles of n-Heptane x 10^
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Internal Standard Curve No. 3«

l.uu

O.BO

0 . 6 0

0.40

0 . 2 0

0.00
U. 20 0 . 6 0 O.BO 1.00

Moles of n-Octane x 10-V 
Moles of n-Heptane x 10^
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Column

A

A

A

A

TABLE XXII 

I n t e r n a l  S t a n d a r d  C u rv e  D a t a

C urve
No.

4

S u b s t r a t e

i s o b u t y l
i s o b u t y r a t e

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

a c e t a l d e h y d e

e t h y l a c e t a t e

b e n z a l d e h y d e

I n t e r n a l
S t a n d a r d

t o l u e n e

t o l u e n e

c h l o r o -
b e n z e n e

c h l o r o -
b e n z e n e

c h l o r o -
b e n z e n e

(mmoles)  
S u b s t r a t e /  

( m m o l e s ) I . S ,

.805

.500

.250

.160

1 . 1 9
0 . 3 9 0
0 . 2 8 0
0 . 1 1 0

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

1 . 0 8
0 . 6 3
0 . 4 3
0 . 3 1

1 . 0 6
0 . 6 3
0 . 5 2
0 . 3 4

P e a k  A r e a  
S u b s t r a t e /  

P e a k  A re a  I . S

1 . 5 0
0 . 7 0 0
0 . 3 2 0
0 . 220

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

0 . 4 2
0 . 12
0 . 1 1
0 . 0 9

0 . 8 2
0 . 4 3
0 . 3 1
0. 21

0 . 9 5
0 . 5 5
0 . 4 7
0 . 2 9 NO

I
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TABLE XXXI - continued

(mmoles )  P e a k  A re a
1 C u rv e  I n t e r n a l  S u b s t r a t e /  S u b s t r a t e /

Column No. S u b s t r a t e  S t a n d a r d  (m m o l e s ) ! . S . P e a k  A r e a  I . S .

A 6  b e n z y l  c h l o r o -  1 . 0 3  1 . 3 1
a c e t a t e  b e n z e n e  0 . 6 5  0 . 7 8

0 . 4 9  0 .58
0 . 3 1  0 . 3 8

A 7 p r o p i o n -  n - h e p t a n e  1 . 1 1  0 . 4 9
a l d e h y d e  0 . 5 2  0 . 2 3

0 . 3 6  0 . 1 6
0 . 7 9  0 . 3 8

A 8  n - p r o p y l  n - h e p t a n e  0 . 9 5  0 . 8 6
p r o p i o n a t e  0 . 5 0  0 . 4 4

0 . 3 5  0 . 3 1
0 . 8 1  0 . 7 5

A 9 c y c l o h e x a n o n e  n - h e p t a n e  0 . 9 2  0 . 7 3
0 . 5 0  0 . 4 1
0 . 3 7  0 . 2 7
0 . 8 2  0 . 6 7

A 10 c y c l o h e x y l  n - h e p t a n e  0 . 9 1 5  1 . 0 7
p r o p i o n a t e  „ 0 . 5 0 5  0 . 6 0

0 . 3 5 6  0 . 4 2
0 . 7 8  0 . 9 7

A 11 a n i s a l d e h y d e  c h l o r o -  0 . 9 7 5  1 . 0 6
b e n z e n e  0 . 5 2  0 . 5 5 8

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

A

A

A

A

i

TABLE XXII  -  c o n t i n u e d

C urve
No.

12

13

14

15

16

S u b s t r a t e

c y c l o h e x y l
a c e t a t e

a n i s y l
a c e t a t e

b e n z y l
p r o p i o n a t e

n - h e p t y l
p r o p i o n a t e

n - h e p t a l d e -
h y d e

I n t e r n a l
S t a n d a r d

c h l o r o -
b e n z e n e

c h l o r o -
b e n z e n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

(mmoles)  
S u b s t r a t e /  

( m m o l e s ) I . S ,

0 . 9 3 6
0 . 5 0
0 . 3 4 2
0 . 7 2 5

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

1 . 1 6  
0  .72 
0 . 5 0  
0 . 3 6

1 . 2 6
0 . 7 3 4
0 . 6 0 8
0 . 5 4 4
0 . 3 1 5

1 . 010
0 . 7 0 5
0 . 5 8 8
0 . 5 4 0

P e a k  A re a  
S u b s t r a t e /  

P e a k  A r e a  I . S ,

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

0 . 9 0  
0 . 5 7  
0 . 3  77..
0 . 7 7

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

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

0 . 7 2 7
0 . 5 3 0
0 . 3 9 3
0 . 3 3 0

VO
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TABLE XXII - continued

Column
C urve

No. S u b s t r a t e
I n t e r n a l
S t a n d a r d

(mmoles)  
S u b s t r a t e /  

( m m o l e s ) I . S .

P eak  Are 
S u b s t r a t e  

P e a k  A re a

B 17 i s o b u t y r a l - n - h e p t a n e 0 . 9 4 5 0 . 4 6 0
d e h y d e 0 . 7 2 8 0 . 3 5 0

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

B 18 c y c l o  p e n t y l n - h e p t a n e 0 . 9 8 4 1 . 0 6
p r o p i o n a t e 0 . 7 8 9 0 . 8 7 0

0 . 5 8 5 0 . 6 5 0
0 . 3 8 4 0 . 4 0 0

B 19 c y c l o h e x y l - n - h e p t a n e 1 .0 0 0 1 . 0 5
p r o p i o n a t e 0 . 8 1 0 0 . 8 6

0 . 5 8 5 0 . 6 3 4
0 . 3 8 0 0 . 3 8 2

B 2 0 c y c l o h e x a n o n e n - h e p t a n e 0 . 9 8 0 . 6 7 0
0 . 7 9 5 0 . 5 5 2
0 . 5 6 2 0 . 4 0 4
0 . 3 8 7 0 . 2 5 3

B 2 1 n - p r o p y l  - n - h e p t a n e 1 .0 3 0 . 9 2 9
p r o p i o n a t e 0 . 7 9 2 0 . 7 1 6

0 . 5 1 0 0 . 4 5 1

B 2 2 c y c l o h e x y l - n - h e p t a n e 1 .0 3 1 . 2 7
prop ionate-*- .708 .787

.502 .604

.347 .4 2 4
VO
L n
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Column

B

B

B

B

B

TABLE XXII - continued

(mmoles)  P eak  A r e a
C urve  I n t e r n a l  S u b s t r a t e /  S u b s t r a t e /

N o. S u b s t r a t e   S t a n d a r d  ( m m o l e s ) I . S . P e a k  A r e a  I . S ,
I

23 b e n z y l  n - h e p t a n e  1 . 1 3 .  1 . 3 6
p r o p i o n a t e  . 820  1 . 0 0

.565  . 670

.419  . 506

24 n - h e p t y l  n - h e p t a n e  1 . 0 2  1 . 4 9
p r o p i o n a t e  .733  1 . 0 1

0 . 5 0 0  .797
. 3 8 4  ; .505

25 n - p r o p y l  n - h e p t a n e  1 . 0 1  .945
p r o p i o n a t e  . 7 2 4  . 6 6 6

.5 0 6  .483

.347  .325

26 m - c h l o r o -  n - h e p t a n e  1 . 0 2  1 . 2 5
b e n z y l  .7 1  .9 4
p r o p i o n a t e  .4 9  .58

.3 2  .26

27 £ - m e t h y l -  n - h e p t a n e  1 . 0 0  1 . 2 2
b e n z y l  . 696  .885
p r o p i o n a t e  . 469  .523

.326  .339

28 t o l u e n e  n - h e p t a n e  . 9 3 0  .750
.507  .400
.3 1 4  .256  voOv

i
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Column

B

C

C

C

C

i

TABLE XXII  -  c o n t i n u e d

Curve
No. S u b s t r a t e

29 n - h e p t a n e

30 b e n z y l
p r o p i o n a t e

31 a n i s y l
p r o p i o n a t e

32 c y c l o h e x y l  
p r o p i o n a t e

33 £ - c h l o r o -  
b e n z y l  
p r o p i o n a t e

34 n - p r o p y l  
p r o p i o n a t e

I n t e r n a l
S t a n d a r d

t o l u e n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

(mmoles)  
S u b s t r a t e /  

( m m o l e s ) I . S ,

1 . 0 7
.493
.238

1 . 0 0
.727
.495
.346

1 . 01
.730
.503
.350

1 . 0 1
.735
.497
.355

.945

.675

.3 2 4

1 . 01
.733
.505
.353

P e a k  A re a  
S u b s t r a t e /  

P e a k  A r e a  I . S ,

1 . 3 3
.618
.300

1 . 1 7  
.900  
.614  
.425

1 .21
.906
.616
.425

1 . 1 8  
.895  
.593  
.409

.930

.7 20

.380

.935

.710

.493

.360
*̂1
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Column

C

C

C

C

C

TABLE XXII - continued

Curve
No.

35

36

37

38

39

40

S u b s t r a t e

t o l u e n e

n - h e p t y l
p r o p i o n a t e

m - m e t h y l -
b e n z y l
p r o p i o n a t e

n - o c t a n e

jD -m ethy l -
b e n z y l
p r o p i o n a t e

m - c h l o r o -
b e n z y l
p r o p i o n a t e

I n t e r n a l
S t a n d a r d

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

n - h e p t a n e

(mmoles)  
S u b s t r a t e /  

( m m o l e s ) I . S ,

.8 9 2

.703

.477

.355

1 . 1 3
.708
.464
.346

0 . 9 2 0
.734
.476
.121

.913

.670

.468

.350

1 . 0 4
.440
.349

.944

.460

.331

P e a k  A re a  
S u b s t r a t e /  

P e a k  A r e a  I . S .

.706

.570

.376

.285

1 . 6 9
1. 02

.697

.503

1 . 2 7
.995
.646
.155

1 . 0 4
.750
.531
. 3 9 4

1 . 2 0
. 5 2 0
.329

1 . 1 7
.512
.333

VOco
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TABLE XXII - continued

(mmoles)  P e a k  A r e a
C u rv e  I n t e r n a l  S u b s t r a t e /  S u b s t r a t e /

Column No. S u b s t r a t e  S t a n d a r d  ( m m o l e s ) I . S . P e a k  A r e a  I . S ,

C 41 n - p e n t y l  n - h e p t a n e  .637  .933
p e n t o a t e  . 4 5 4  .637

.335  .473

C 42 i s o b u t y l  n - h e p t a n e  .676  .792
i s o b u t y r a t e  .457  .525

. 3 3 0  .385

C 43 b e n z y l  n - h e p t a n e  . 9 1 1  .782
f o r m a t e  .4 6 2  .356

.000 .000

A 2 f t .  20% S i l i c o n e  R u b b e r  on 6 0 - 8 0  C hrom osorb  P

B 4 f t .  20%, S i l i c o n e  R ubbe r  on  6 0 - 8 0  Chrom osorb  P

C 4 f t .  10%, S i l i c o n e  R u b b e r ,  Se -3 0  on  6 0 -8 0  P.  (F & M S c i e n t i f i c  C o . )

“' ' D i f f e r s  i n  r a t e  o f  p r o g r a m  f ro m  C u rv e  No. 19.
2

D i f f e r s  i n  r a t e  o f  p r o g r a m  f rom  C u rv e  No. 21 .

%

VO
v O
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THE PREPARATION AND REACTIONS OF a ' -CHLOROESTERS

P r e p a r a t i o n  o f  t h e  a 1- c h l o r o e s t e r  o f  B e n z y l  Ben-  
30 31z o a t e .  ’ I n  an  E r l e n m e y e r  f l a s k  1 4 . 0 6 4  g .  ( 0 . 1 0 0  m o l e s )  

o f  b e n z o y l  c h l o r i d e  was m ix ed  w i t h  1 0 . 6 2 7  g .  ( 0 . 1 0 1  m o l e s )  

o f  b e n z a l d e h y d e . A p i n c h  o f  f r e s h l y  f u s e d  z i n c  c h l o r i d e  was 

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

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

m i x t u r e  t o o k  on  an  amber  c o l o r  and  g a v e  o f f  a  l a r g e  amount 

o f  h e a t .  I t  was a l l o w e d  t o  s t i r  a t  room t e m p e r a t u r e  f o r  

a b o u t  24 h o u r s .  A f t e r  t h i s  t i m e  i t  was r e f r i g e r a t e d  and  

s m a l l  a m oun ts  o f  w h i t e  s o l i d  b e g a n  t o  fo rm .  A d d i t i o n  o f  n -  

h e x a n e  t o  t h i s  m i x t u r e  p r o d u c e d  l a r g e  am oun ts  o f  a  w h i t e  

f l u f f y  p r e c i p i t a t e  w h i c h  was f i l t e r e d  q u i c k l y  and  s t o r e d  

u n d e r  n i t r o g e n  i n  t h e  r e f r i g e r a t o r .  T h i s  compound i s  v e r y  

u n s t a b l e  on s t a n d i n g  a t  room t e m p e r a t u r e  e v e n  u n d e r  n i t r o g e n .  

I n f r a - r e d  s p e c t r u m  (No. 903) o f  a 127, s o l u t i o n  o f  t h e  e s t e r  

i n  2 , 3 - d i m e t h y l  b u t a n e  i n d i c a t e d  a l l  e s t e r  a b s o r p t i o n s ,  1730 ,  

1255 ,  1060 and 1080 cm. A c id  c h l o r i d e  an d  a l d e h y d e  a b 

s o r p t i o n s  w e re  a b s e n t .  When t h i s  s o l u t i o n  was a l l o w e d  t o  

s t a n d  f o r  24 h r s . s m a l l  am oun ts  o f  t h e  a c i d  c h l o r i d e  an d  a l 

d eh y d e  becam e v i s i b l e  i n  t h e  i n f r a - r e d  s p e c t r u m  (No. 9 0 4 ) .  

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

d u c e d  g r e a t e r  a m oun ts  o f  t h e  a c i d  c h l o r i d e  and  a l d e h y d e ,

(No. 9 0 5 ) .

B e h a v i o r  o f  a ' - c h l o r o b e n z y l  B e n z o a t e  i n  t h e  P r e s e n c e  

o f  T r i - n - b u t y l t i n  C h l o r i d e .  I n  S o l v e n t . A s o l u t i o n  c o n t a i n 

i n g  0 . 9 4 3 2  g .  ( 0 . 0 0 3 8 1  m o l e s )  o f  t h e  e s t e r  and  1 . 0  m l .  o f  t h e  

o r g a n o t i n  c h l o r i d e  i n  10 m l .  o f  2 , 3 - d i m e t h y l  b u t a n e  was r e a d  

i m m e d i a t e l y  up o n  m i x i n g .  The i n f r a - r e d  s p e c t r u m  (No. 906)
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i n d i c a t e d  a s i g n i f i c a n t  am ount o f  a l d e h y d e  was p r e s e n t  f rom 

t h e  a b s o r p t i o n  a t  1700 cm. . A f t e r  a b o u t  20 m i n . ,  a  deep  

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

N e a t .  When t h e  same amount o f  t h e  e s t e r  was m ixed  

w i t h  1 . 0  m l .  o f  t h e  o r g a n o t i n  c h l o r i d e ,  n e a t  and  t h e  i n f r a 

r e d  s p e c t r u m  (No. 907) r e a d  i m m e d i a t e l y  a 5 0 / 5 0  m i x t h r e  o f  

e s t e r  and  a l d e h y d e  was i n d i c a t e d .

The R e a c t i o n  o f  q ' - c h l o r o b e n z y l  B e n z o a t e  w i t h  T r i -  

n - b u t y l t i n  H y d r i d e . To a s o l u t i o n  o f  0 . 9 6 2 2  g .  ( 0 .0 0 3 8 9  

m o l e s )  o f  t h e  e s t e r  i n  1 0  m l .  o f  2 , 3 - d i m e t h y l b u t a n e  was ad d ed

1 . 1  g .  ( 0 .0 0 3 7 8  m o l e s )  o f  t h e  h y d r i d e .  The r e a c t i o n  was

a l l o w e d  t o  p r o c e e d  f o r  a b o u t  two weeks  u n d e r  n i t r o g e n .  I n f r a 

r e d  s p e c t r u m  (No. 934) o f  t h e  r e a c t i o n  m i x t u r e  i n d i c a t e d  a

s m a l l  amount  o f  b e n z a l d e h y d e  by a  s h o u l d e r  a t  1700 cm. . Gas 

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

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

b e n z y l  b e n z o a t e .  A n e a t  r e a c t i o n  c a r r i e d  o u t  w i t h  t h e  same 

q u a n t i t i e s  and  i n  t h e  same way p r o d u c e d  t h e  same r e s u l t s .

The T r i - n - b u t y l t i n  C h l o r i d e  C a t a l y z e d  R e a c t i o n  Be- 

tw een  B e n z a l d e h y d e  and B e n z o y l  C h l o r i d e . E q u i m o l a r  am oun ts  

( 0 .0 0 3 8  m o l e s )  o f  b e n z a l d e h y d e ,  0 . 4 0  g .  and b e n z o y l  c h l o r i d e ,  

0 . 5 3  g .  w e r e  m ix e d  n e a t  w i t h  0 . 5 0  m l .  o f  t h e  o r g a n o t i n  c h l o 

r i d e  and  t h e  r e a c t i o n  was m o n i t o r e d  i n  t h e  i n f r a - r e d ,  by com

p a r i n g  i n t e n s i t i e s  o f  b a n d s  a t  1780 cm. \  a c i d  c h l o r i d e ;
-1  -1 1730 cm. , c h l o r o e s t e r  and  1700 cm. , b e n z a l d e h y d e .  A f t e r

24 h r s .  t h e  r e a c t i o n  a p p e a r e d  t o  b e  a l i t t l e  o v e r  50%, com

p l e t e  and  a f t e r  48 h r s .  t h e  r e a c t i o n  a p p e a r e d  t o  h a v e  gone  t o  

75% o f  c o m p l e t i o n .

P r o p i o n y l  C h l o r i d e  and  P r o p i o n a l d e h y d e . E q u i m o l a r  

am oun ts  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  a l d e h y d e  and  a c i d  c h l o r i d e  w e re  

m ixed  w i t h  0 . 5  m l .  o f  t h e  o r g a n o t i n  c h l o r i d e  and  t h e  r e a c t i o n
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was m o n i t o r e d  p e r i o d i c a l l y  i n  t h e  i n f r a - r e d .  A f t e r  48 h r s . ,  

t h e  a c i d  c h l o r i d e  c a r b o n y l  a b s o r p t i o n  a t  1770 cm. ^ s t i l l  

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

r e a c t i o n  s t i l l  h a d  n o t  gone  t o  507, o f  c o m p l e t i o n .

P r e p a r a t i o n  o f  a 1- c h l o r o e t h y l  A c e t a t e .  T h i s  compound
40was p r e p a r e d  by  t h e  m e thod  d e s c r i b e d  by U l i c h  an d  Adams 

f rom  a c e t y l  c h l o r i d e  and  p a r a l d e h y d e  i n  t h e  p r e s e n c e  o f  z i n c  

c h l o r i d e .  The p r o d u c t  d i s t i l l e d ,  i n  bantam-ware a p p a r a t u s ,  

1 2 0 - 1 2 2 °  a t  a t m o s p h e r i c  p r e s s u r e .  The i n f r a - r e d  s p e c t r u m  

(No. 1753) shows a l l  e s t e r  a b s o r p t i o n s .

The R e a c t i o n  o f  a ' - c h l o r o e t h y l  A c e t a t e  w i t h  T r i - n -  

b u t y l t i n  H y d r i d e . To 0 . 9 2  g .  ( 0 .0 0 7 5  m o l e s )  o f  t h e  c h l o r o -  

e s t e r  was a d d e d  2 . 2  g .  ( 0 .0 0 7 5  m o l e s )  o f  t h e  h y d r i d e .  No 

n o t i c e a b l e  h e a t  was e v o l v e d .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  

i n d i c a t e d  t h a t  t h e  r e a c t i o n  h ad  s t i l l  n o t  g o n e  t o  c o m p l e t i o n  

a f t e r  t h r e e  days  a s  h y d r i d e  was s t i l l  i n  e v i d e n c e .  M a jo r  

p r o d u c t ,  a s  i d e n t i f i e d  by  r e t e n t i o n  t i m e ,  was t h e  e s t e r .
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THE REACTION OF ALKYL BROMIDES 

IN THE PRESENCE OF ALDEHYDES

P r o c e d u r e

T h e s e  r e a c t i o n s  w e r e  r u n  on  a 0 . 0 0 3 8  m o le  s c a l e .

The a l k y l  b r o m i d e  was a l l o w e d  t o  r e a c t  w i t h  t r i - n - b u t y l t i n  

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

deh y d e  b o t h  n e a t  and i n  s o l u t i o n .  A l l  t h e s e  r e a c t i o n s  w e re  

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

u n d e r  n i t r o g e n .  When a l l  t h e  h y d r i d e  h a d  b e e n  consum ed ,  a s  

e v i d e n c e d  by  t h e  l a c k  o f  an  a b s o r p t i o n  b a n d  i n  t h e  i n f r a 

r e d  s p e c t r u m  a t  1810 cm. \  a  Q .0 038  m o l e  am ount o f  p r o p i o -  

n y l  c h l o r i d e  was a d d e d  t o  t h e  r e a c t i o n  m i x t u r e .  The r e a c t i o n  

o f  t h e  a c i d  c h l o r i d e  w i t h  t h e  o r g a n o t i n  a l k o x i d e  a l w a y s  

g e n e r a t e d  a l a r g e  amount o f  h e a t .  The m i x t u r e  was a n a l y z e d  

by  g as  c h r o m a t o g r a p h y  u s i n g  t h e  i n t e r n a l  s t a n d a r d  m e th o d .

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

o f  t h e  b ro m i d e  was d e t e r m i n e d .  The  y i e l d  o f  t h e  p r o p i o n a t e  

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

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

t o  t h e  amount o f  a l k o x i d e  f o rm e d .  R e s u l t s  p e r t i n e n t  t o  t h e s e  

e x p e r i m e n t s  a r e  fo u n d  i n  T a b l e  X X I I I .
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TABLE XXIII

R e s u l t s  o f  R e a c t i o n s  o f  A l k y l  B ro m id e s  w i t h

T r i - n - b u t y l t i n  H y d r i d e  ( 0 . 0 0 3 8  m o l e s )  i n  t h e  P r e s e n c e  o f
aA l d e h y d e s  a t  Room T e m p e r a t u r e

I . S . RH Sn-OCF^R
RBr (mmoles) RCHO (mmoles) (mmoles) (mmoles)(7> y i e l d ) (mmoles )  (7> y i e l d ) S o l v e n t

l -B rC g H 1 7  ( 3 . 9 7 ) ( ch3 ) 2chcho ( 3 . 7 4 ) 3 . 9 7 3 . 4 6 (93) 0 . 1 8 ( 5) n e a t

l - B r C gH1 7  ( 3 . 9 0 ) ( ch3 ) 2chcho ( 3 . 8 7 ) 3 . 9 0 3 . 1 3 (84) ° ( < 5) DMBd

l - B r C QH, n ( 3 . 7 6 )  o l  / C,H_CH0 
6  5 ( 3 . 7 6 ) 4 . 0 7 1 . 1 0 (30) 2 . 2 8 (62) n e a t

1 - B r C p H . ,  ( 3 . 9 3 )o 1  / C.HcCHO 
6  5 ( 3 . 9 1 ) 4 . 0 7 1 . 8 3 (50) 0 . 9 4 (26) DMB

2 -B rC QH ^  ( 3 . 8 3 )  o 1  / C,Hr CH0 
6  5 ( 3 . 9 1 ) 3 . 7 3 1 .8 3 (50) 1 . 7 9 (49) n e a t

C6 H5 CH3  ( 3 . 8 1 ) C,Hc CH0 
6  5 ( 3 . 7 3 3 . 7 4 2 . 5 4 (69) 1 . 3 8 (37) n e a t

A l l  y i e l d s  w e re d e t e r m i n e d  by g . l . c . a n a l y s i s u s i n g  t h e i n t e r n a l s t a n d a r d m e t h o d .

^ Y i e l d s  o f  a l k o x i d e s  w e r e  d e t e r m i n e d  a s  t h e  r e s p e c t i v e  p r o p i o n a t e  by  a d d i n g  t o  t h e  
r e a c t i o n  m i x t u r e  p r o p i o n y l  c h l o r i d e .

Q
P e a k  a r e a  t o o  s m a l l  f o r  an  a c c u r a t e  d e t e r m i n a t i o n .  

d 2 , 3  d i m e t h y l  b u t a n e .
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A COMPARISON OF RATES OF VARIOUS 

TRI-N-BUTYLTIN HYDRIDE REACTIONS

Time o f  C o m p l e t i o n  f o r  C e r t a i n  R e a c t i o n s  w i t h  T r i - n - b u t y l t i n  

H y d r i d e .

P r o c e d u r e . N e a t  r e a c t i o n s  w i th  t h e  h y d r i d e  w e re  r u n  

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

E q u i m o l a r  q u a n t i t i e s  o f  h y d r i d e  an d  s u b s t r a t e  w e r e  m i x e d ,  t h e  

r e a c t i o n  f l a s k  was f l u s h e d  w i t h  n i t r o g e n  and  s t o p p e r e d .  The 

r e a c t i o n  was a l l o w e d  t o  p r o c e e d  a t  room t e m p e r a t u r e  and  was 

f o l l o w e d  by  i n f r a - r e d  s p e c t r o s c o p y .  The r e s u l t s  a r e  g a t h e r e d  

i n  T a b l e  XXIV.

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

b u t y r a l d e h y d e  w i t h  T r i - n - b u t y l t i n  Hydr i d e .

T h i s  e x p e r i m e n t  i s  a  q u a l i t a t i v e  c h e c k  on  t h e  r e s u l t s  

p r e s e n t e d  i n  T a b l e  V I I I .  I n  t h e  a c i d  c h l o r i d e  r e a c t i o n ,  e q u i 

m o l a r  am oun ts  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  h y d r i d e ,  1 . 1 0  g .  w e r e  m ix e d  

w i t h  0 . 4 2  g .  o f  t h e  a c i d  c h l o r i d e  i n  5 . 0  m l .  o f  d i e t h y l  e t h e r .  

I n  t h e  a l d e h y d e  r e a c t i o n  e q u i m o l a r  am oun ts  ( 0 . 0 0 3 8  m o l e s )  o f  

t h e  h y d r i d e ,  1 . 1 0  g . ,  0 . 2 7  g .  o f  t h e  a l d e h y d e  and  1 . 2 3  g .  o f  

t r i - n - b u t y l t i n  c h l o r i d e  i n  5 . 0  m l .  o f  d i e t h y l  e t h e r  w e re  

m ix e d .  The r e a c t i o n  f l a s k s  w e r e  f l u s h e d  w i t h  n i t r o g e n ,  s t o p 

p e r e d  and  t h e  r e a c t i o n  was a l l o w e d  t o  p r o c e e d  a t  room t e m p e r a 

t u r e .  The r e a c t i o n  was f o l l o w e d  by  i n f r a - r e d  a t  c e r t a i n  t i m e  

i n t e r v a l s .  The s p e e d s  o f  t h e  r e a c t i o n s  w e r e  c om pared  by  com

p a r i n g  t h e  r a t i o  o f  t h e  b a n d s  a t  1810 and  1480 cm. ^ . The 

p e r t i n e n t  d a t a  i s  p r e s e n t e d  i n  T a b l e  XXV.
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TABLE XXIV

Times  o f  C o m p l e t i o n  f o r  C e r t a i n  R e a c t i o n s  w i t h
clT r i - n - b u t y l t i n  H y d r i d e ,  N e a t ,  a t  Room T e m p e r a t u r e

S u b s t r a t e _________ Time o f  C o m p l e t i o n  a f t e r  m i x i n g

C,Hc C0Cl 
6  5 18 h r s  .

c 2 h 5 c o c i 18 h r s  .

C.Hc CH0 
6  5 9 ■- 1 0  d a .

c 2 h 5cho 1 0  d a .

C,HcCH0 
6  5 ( S n - C1 ) b 18 - 19 h r s . C

c 2 h 5cho ( S n - C l ) b 18 - 19 h r s . b

a - 1R e a c t i o n  f o l l o w e d  i n  i n f r a - r e d  by Sn-H s t r e t c h i n g  1810 cm.
E q u i m o l a r  am oun ts  o f  s u b s t r a t e  and h y d r i d e  w e r e  u s e d  ( 0 . 0 0 3 8
m o l e s ) .

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

M ain  r e a c t i o n  p r o d u c t  was  a l k o x i d e  w i t h  v e r y  s m a l l  am ounts  
o f  a l c o h o l  i n  e v i d e n c e .

^Main p r o d u c t  was a l k o x i d e  w i t h  a s i g n i f i c a n t  amount o f  
a l c o h o l  p r e s e n t .
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TABLE XXV

C o m p a r i s o n  o f  t h e  R a t e  o f  R e a c t i o n  o f  (CH^^CHCOCl w i t h  T r i -  

n - b u t y l t i n  H y d r i d e  and  (CH^^CHCHO w i t h  t h e  H y d r i d e  i n  t h e  

P r e s e n c e  o f  T r i - n - b u t y l t i n  C h l o r i d e .

I n t e n s i t i e s  a t  1810 c m / ' 1'Time   :------------ —  ----------1—
Af. I n t e n s i t y  a t  1480 cm.
M ix in g  ( ch3 ) 2c h c o c i  (ch3 ) 2chcho

9 h r .  1 . 0  1 .3

1 4 . 5  h r .  .9 3  1 . 5

19 h r .  . 5 0  .85

72 h r .  . 1 0  .53

95 h r .  . 1 2  .37
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CATALYZED REACTION OF ISOBUTYRALDEHYDE AND 

TRI-N-BUTYLTIN HYDRIDE

C a t a l y s i s  by  P r i m a r y  O c t y l  B r o m i d e . To a s o l u t i o n  

c o n t a i n i n g  0 . 3 1 8 2  g .  ( 0 . 0 0 4 4 1  m o l e s )  o f  t h e  a l d e h y d e ,  0 . 3 8 5 5  

g .  ( 0 . 0 0 3 8 5  m o l e s )  o f  n - h e p t a n e  and  0 . 0 4 0 6  g .  ( 0 .0 0 0 2 1  m o l e s )  

o f  t h e  b r o m i d e  was  a d d e d  1 . 0  m l .  o f  t h e  h y d r i d e .  The r e a c 

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

A f t e r  f i v e  d a y s  t h e  i n f r a - r e d  s p e c t r u m  i n d i c a t e d  t h a t  a l l  t h e  

h y d r i d e  h a d  b e e n  co n s u m ed .  T h e r e  i s  a  s m a l l  amount o f  a l c o 

h o l  i n d i c a t e d  i n  t h e  s p e c t r u m .  A d d i t i o n  o f  0 . 4  m l .  o f  p r o -  

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

o t h e r m i c  r e a c t i o n .  A n a l y s i s  by g a s  c h r o m a t o g r a p h y  showed a 

y i e l d  o f  0 . 0 0 2 4 6  m o l e s ,  67% o f  t h e  p r o p i o n a t e .

C a t a l y s i s  by  P r o p i o n y l  C h l o r i d e . T h i s  r e a c t i o n  was 

r u n  on  t h e  same s c a l e  a s  a b o v e  and  i n  t h e  same m an n e r  e x c e p t  

5  m o le  p e r c e n t  o f  p r o p i o n y l  c h l o r i d e  was u s e d  t o  c a t a l y z e  

t h e  r e a c t i o n .  The i n f r a - r e d  s p e c t r u m  a f t e r  f i v e  d a y s  i n d i 

c a t e d  t h a t  a l l  t h e  h y d r i d e  h ad  b e e n  consum ed .  A f t e r  a d d i t i o n  

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

showed a y i e l d  o f  0 . 0 0 2 8 6  m o l e s ,  77%, o f  t h e  p r o p i o n a t e .
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GAS CHROMATOGRAPHIC ANALYSIS OF ALDEHYDES

A n a l y s i s  o f  S y n t h e t i c  M i x t u r e s  C o n t a i n i n g  A l d e h y d e s  an d  T r i -  

n - b u t y l t i n  C h l o r i d e .

P r o c e d u r e . S y n t h e t i c  m i x t u r e s  o f  k e t o n e s ,  e s t e r s  

and  a l d e h y d e s  w e r e  p r e p a r e d .  To t h e s e  m i x t u r e s  w e r e  a d d e d  

v a r i o u s  a m oun ts  o f  t r i - n - b u t y l t i n  c h l o r i d e .  A r e a s  o f  e a c h  

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

number  o f  m o l e s  o f  e a c h  com p o n en t  was  d e t e r m i n e d  f rom  a 

p r e v i o u s l y  p r e p a r e d  i n t e r n a l  s t a n d a r d  c u r v e .  The m a t e r i a l  

b a l a n c e  o f  a l l  s u b s t r a t e s  s a v e  a l d e h y d e s  was  g o o d .  T h o se  

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

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

a r e  g a t h e r e d  i n  T a b l e  XXVI.

A S tu d y  o f  t h e  T e m p e r a t u r e  E f f e c t  i n  C y c l o h e x a n o n e  T r a p p i n g  

R e a c t i o n  w i t h  P r o p i o n y l  C h l o r i d e  a n d  T r i - n - b u t y l t i n  H y d r i d e .

To a  m i x t u r e  o f  0 . 9 5  g .  ( 0 . 0 1 0  m o l e s )  o f  p r o p i o n y l  

c h l o r i d e  and  0 . 9 5  g .  ( 0 . 0 1 0  m o l e s )  o f  c y c l o h e x a n o n e  was  a d d e d  

3 m l .  ( 0 . 0 1 1  moles)  o f  t h e  h y d r i d e .  T h r e e  o n e - m l .  p o r t i o n s  

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

f l u s h e d  w i t h  n i t r o g e n ,  and  s e a l e d .  One was  p l a c e d  i n  a  25° 

c o n s t a n t  t e m p e r a t u r e  b a t h ,  t h e  o t h e r  i n  a  45°  b a t h  a n d  t h e  

T h i r d  o n e  i n  a  90° c o n s t a n t  t e m p e r a t u r e  b a t h .  A f t e r  53 h r s .  

t h e  a m p o u le s  w e r e  rem oved  an d  a n a l y z e d  b y  g a s  c h r o m a t o g r a p h y .  

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

S i n c e  no i n t e r n a l  s t a n d a r d  was  u s e d ,  r a t i o  o f  a r e a s  w e r e  d e 

t e r m i n e d  a s  l i s t e d  i n  T a b l e  X I .
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TABLE XXVI

A n a l y s i s  o f  A ld e h y d e s  i n  Gas C h r o m a to g r a p h y  i n  

S y n t h e t i c  M i x t u r e s  C o n t a i n i n g  T r i - n - b u t y l t i n  C h l o r i d e '

M i x t u r e  S u b s t r a t e  (mmoles)______

I  C y c l o h e x a n o n e  ( 3 . 7 8 )

C y c l o h e x y l  p r o p i o n a t e  ( 3 . 7 5 )  

n - p r o p y l  p r o p i o n a t e  ( 3 . 8 8 )  

p r o p i o n a l d e h y d e  ( 4 . 5 7 )

S n - C l  ( 3 . 2 6 )

I I  p r o p i o n a l d e h y d e  ( 3 . 6 6 )

S n - C l  ( 1 . 9 1 )

I I I  i s o b u t y r a l d e h y d e  ( 1 . 4 0 )

S n - C l  ( 3 . 9 0 )

IV i s o b u t y r a l d e h y d e  ( 2 . 7 6 )

S n - C l  ( 7 . 9 0 )

V^ b e n z y l  a c e t a t e  ( 1 . 6  )

b e n z a l d e h y d e  ( 1 . 8  )

S n - C l

A c c o u n t e d  f o r  
(mmoles)

3 . 6 5  

3 . 8 0  

3 . 6 0

3 . 0 0

2 . 8 7

.62

2 . 3 5

2 . 2 9

1 . 8

1 . 8

1 . 0

A c c o u n t e d  f o r
%_________

97

100
93

65

78

44

85

83

100^

100C

5 8 c

I .  S.
C u rv e  No,

9

10

17

17

17

6

5

A n a l y s i s  b y  t h e  i n t e r n a l  s t a n d a r d  m e th o d .

:>T h i s  m i x t u r e  was f i r s t  c h e c k e d  a g a i n s t  t h e  a p p r o p r i a t e  I . S .  C u r v e s  w i t h o u t  a d d e d  
S n - C l  and  a c c o u n t a b i l i t y  was e x c e l l e n t .  c B e f o r e ;  ^ a f t e r  a d d i t i o n  o f  S n - C l .
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The R e a c t i o n  o f  P r o p i o n y l  C h l o r i d e  w i t h  T r i - n - b u t y l t i n  

H y d r i d e  i n  t h e  P r e s e n c e  o f  C y c l o h e x a n o n e  a t  2 5 ° .

To a  c o o l e d  m i x t u r e  o f  0 . 3 8 5 5  g .  o f  c y c l o h e x a n o n e ,  

( 0 . 0 0 3 9 2  m o l e s ) ,  t h e  i n t e r n a l  s t a n d a r d ,  n - h e p t a n e ,  0 . 3 7 5 0  g . , 

( 0 . 0 0 3 7 4  m o l e s )  and  0 . 3 3 3 4  g . , ( 0 . 0 0 3 6 0  m o l e s )  o f  t h e  a c i d  

c h l o r i d e  was a dded  1 m l . ,  ( 0 . 0 0 3 8  m o l e s )  o f  t h e  h y d r i d e .

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

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

A f t e r  t h r e e  d a y s  t h e  r e a c t i o n  m i x t u r e  was a n a l y z e d  by  g a s  

c h r o m a t o g r a p h y .  O nly  a t r a c e  o f  a l d e h y d e  was  d i s c e r n i b l e  

on t h e  c h r o m a t o g r a m s .  The y i e l d s  a s  e s t a b l i s h e d  by  t h e  

i n t e r n a l  s t a n d a r d  m e th o d  w e r e :  n - p r o p y l  p r o p i o n a t e  - 78%,,

c y c l o h e x y l  p r o p i o n a t e  - 1 2 % and r e c o v e r e d  c y c l o h e x a n o n e  - 

85%.

The R e a c t i o n  o f  P r o p i o n y l  C h l o r i d e  w i t h  T r i - n - b u t y l t i n  

H y d r i d e  i n  t h e  P r e s e n c e  o f  C y c l o h e x a n o n e  a t  4 5 ° .

The p r o c e d u r e  was t h e  same a s  t h a t  e m p loyed  f o r  t h e  

r e a c t i o n  a t  25° w i t h  1 m l . o f  t h e  h y d r i d e  b e i n g  u s e d  and

0 . 3 8 8 0  g .  ( 0 .0 0 3 9 5  m o l e s ) ,  o f  c y c l o h e x a n o n e ,  0 . 4 0 9 6  g . , 

( 0 .0 0 4 1 0  m o l e s )  o f  n - h e p t a n e  and 0 . 3 5 3 3  g .  ( 0 . 0 0 3 8 2  m o l e s )  

o f  t h e  a c i d  c h l o r i d e .  The r e a c t i o n  f l a s k  was p l a c e d  i n  a 

c o n s t a n t  t e m p e r a t u r e  b a t h  a t  4 5 ° .  T h r e e  d a y s  l a t e r  t h e  

r e a c t i o n  m i x t u r e  was  a n a l y z e d  by g a s  c h r o m a t o g r a p h y .  A ga in  

o n l y  a t r a c e  o f  t h e  a l d e h y d e  p e a k  c o u l d  b e  n o t i c e d  on  t h e  

c h ro m a to g r a m .  The y i e l d s  a s  e s t a b l i s h e d  by  t h e  i n t e r n a l  

s t a n d a r d  m e thod  w e r e :  n - p r o p y l  p r o p i o n a t e ,  697,; c y c l o h e x y l

p r o p i o n a t e ,  13.2%>; r e c o v e r e d  c y c l o h e x a n o n e ,  937>.
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The R e a c t i o n  o f  P r o p i o n y l  C h l o r i d e  w i t h  T r i - n - b u t y l t i n  

H y d r i d e  i n  t h e  P r e s e n c e  o f  C y c l o h e x a n o n e  a t  9 0 ° .

The p r o c e d u r e  was t h e  same a s  t h a t  u s e d  i n  t h e  e x 

p e r i m e n t  a t  25° w i t h  1 m l .  o f  t h e  h y d r i d e  b e i n g  u s e d ,  0 . 3 7 8 6  

g .  ( 0 . 0 0 3 o 5  m o l e s )  o f  c y c l o h e x a n o n e ,  0 . 3 8 1 8  g .  ( 0 .0 0 3 8 0  m o l e s )  

o f  n - h e p t a n e  and  0 . 3 4 4 6  g .  ( 0 .0 0 3 7 3  m o l e s )  o f  t h e  a c i d  c h l o 

r i d e .  The r e a c t i o n  f l a s k  was p l a c e d  i n  a c o n s t a n t  t e m p e r a t u r e  

b a t h .  The  y i e l d s  a s  e s t a b l i s h e d  by  t h e  i n t e r n a l  s t a n d a r d  

m e th o d  w e r e :  n - p r o p y l  p r o p i o n a t e ,  50%; c y c l o h e x y l  p r o p i o n a t e ,

13.5%; r e c o v e r e d  c y c l o h e x a n o n e ,  84%,. I n f r a - r e d  s p e c t r u m  

(No. 451 1 )  showed d e f i n i t e  a l d e h y d e  a b s o r p t i o n s  a t  2800,  1720 

and  1430 cm. T h e r e f o r e  t h e  y i e l d  o f  t h e  a l d e h y d e  was d e 

t e r m i n e d  by  d i f f e r e n c e  f rom  1 0 0 % r e a c t i o n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 1 3

SUMMARY

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

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

a s  a l d e h y d e s .  The r e l a t i v e  amount o f  t h e s e  p r o d u c t s  i s  

d e p e n d e n t  upon t h e  a c i d  c h l o r i d e  u s e d  a s  w e l l  a s  t h e  e x p e r i 

m e n t a l  c o n d i t i o n s  e m p lo y e d .  The u s e  o f  s o l v e n t  e n h a n c e s  t h e  

y i e l d  o f  a l d e h y d e  a t  t h e  e x p e n s e  o f  e s t e r .

The m e ch an ism  o f  t h i s  r e a c t i o n  h a s  b e e n  s t u d i e d  and  

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

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

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

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

t h e  Hammett c o r r e l a t i o n  r e s u l t i n g  from t h i s  w o rk  i s  c o n s i s 

t e n t  w i t h  t h e  f o r m a t i o n  o f  a n  a c y l  r a d i c a l .  A s t u d y  o f  

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

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

s p e c i f i c  s o l v e n t  e f f e c t  i n  t h i s  r e a c t i o n .  The rh o  v a l u e  o f  

2 . 6 1  fo u n d  i n  m - x y l e n e  and  £ - d i c h l o r o b e n z e n e  i s  q u i t e  d i f 

f e r e n t  f r o m  4 . 0  w h ic h  was fo u n d  i n  m e t h y l  a c e t a t e .  T h i s  

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

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

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

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

on t h e  c a r b o n y  o x y g en  o f  an  a l d e h y d e .  When o t h e r  c a r b o n y l  

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

an d  t h e  o r g a n o t i n  h y d r i d e ,  one  o b t a i n s  a l o n g  w i t h  t h e  u s u a l  

e s t e r  a n d  a l d e h y d e  a  "mixed"  e s t e r  w hose  a l k o x y  f r a g m e n t  i s  

d e r i v e d  f rom t h e  a d d e d  c a r b o n y l  compound .  We h a v e  m e a s u r e d  

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

o f  0 . 4 8 .  O t h e r  p a t h w a y s  t o  t h e  f o r m a t i o n  o f  e s t e r  h a v e  b e e n  

c o n s i d e r e d .  O r g a n o t i n  h y d r i d e s  add  t o  c a r b o n y l  compounds t o  

f o rm  o r g a n o t i n  a l k o x i d e s ,  w h i c h  r e a c t  r a p i d l y  w i t h  a c i d  c h l o 

r i d e s .  The  r e l a t i v e  r a t e s  o f  a l k o x i d e  f o r m a t i o n  f rom  s u b 

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

a  r h o  v a l u e  o f  1 . 8 ,  i n  c o n t r a s t  t o  t h e  v a l u e  0 . 4 8  f o r  e s t e r  

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

T r i - n - b u t y l t i n  c h l o r i d e  h a s  b e e n  fo u n d  t o  b e  an 

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

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

w i t h  p r o p i o n a l d e h y d e  and  e t h a n o l  and c a t a l y z e s  a ' - c h l o r o e s t e r  

f o r m a t i o n  f rom  t h e  r e a c t i o n  b e t w e e n  an  a c i d  c h l o r i d e  and  an 

a l d eh y d e . .
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