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A N  IMPROVED SYNTHESIS OF METHYL PROPIOLATE-1 ,2 ,3- '3c3 

D a n i e l  F.  L i e b e r m a n  a n d  S u n - S h i n e  Yuan 

K O R  INCORPORATED 

5 6  R o g e r s  S t r e e t ,  C a m b r i d g e ,  MA 0 2 1 4 2  (U .S .A . )  

SUMMARY 

An h i g h  y i e l d  s y n t h e s i s  o f  t h e  t i t l e  compound  from 

13C02 i s  d e s c r i b e d .  A k e y  t o  t h e  s u c c e s s  i s  d i r e c t  fo r rna -  

t i o n  o f  t h e  e s t e r  from t h e  i n t e r m e d i a t e  l i t h i u m  p r o p i o l a t e -  

Key w o r d s :  M e t h y l  P r o p i o l a t e ,  D i r e c t  A l k y l a t i o n ,  Car- 

bon  L a b e l l i n g .  

INTRODUCTION 

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

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

p o u n d s .  P r o p i o l a t e  e s t e r s  a r e  u t i l i z e d  i n  ( 2 a  + 2 a  1,  ( 2 a  + 

4 s  1 ,  a n d  e n e  t y p e  c y c l o a d d i t i o n s  ( 1 - 6 ) .  C a r b o n  a n d  

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

s u b s t i t u t e d  a c r y l a t e s  ( 7 - 9 ) .  T h e  a n i o n  of m e t h y l  p r o p i o l a t e  

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

d u c i n g  2-yn-4-01,? ( 9 ) .  T h e  l a t t e r  r e a c t i o n  t y p e  i s  u s e f u l  

i n  s t e r o i d  s y n t h e s i s  ( 6 , l O ) .  

DISCUSSION 
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T h e  s y n t h e s i s  o f  m e t h y l  p r o p i o l a t e -  ' j c 2  (1) p r e s e n t e d  

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

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

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

a n i o n .  O t h e r  e a s i l y  o b t a i n a b l e  l a b e l l i n g  p a t t e r n s  v i a  tt-,is 

s e q u e n c e  a r e  d 3 C  a n d  2 , 3 - l 3 C 2  p r o p i o l a t e s  ( S c h e m e  1 ) .  T h e  

r e a c t i o n  p r o d u c i n g  3 i s  p r a c t i c a l  c ~ h e n  r u n  on s c a l e s  

a p p r o a c h i n g  o n e  mole. 

2 

T h e  u s e  o f  s o d i u m  a c e t y l i d e  i s  r c l e d  o u t  a &r;i 
b e c a u s e  o f  i t s  e x p l o s i o n  h a z a r d  a n d  t h e  c a p r i c i o u s n e s s  o f  

y i e l d s  g e n e r a l l y  o b t a i n e d  by  t h i s  r o u t e  ( 1 1 - 1 2 ) .  L i t h i u m  

a c e t y l i d e  p r o v i d e s  a c o n v e n i e n t  a n d  s a f e r  a l t e r n a t i v e .  How- 

e v e r ,  t h e  y i e l d  o f  i n e t h y l  p r o p i o l a t e  v i a  Dawson a n d  D u n l a p ' s  

( 1 3 )  n - b u t y l l i t h i u m  r o u t e  i s  o n l y  5 1 %  b a s e d  o n  a c e t y l e n e .  

T h e s e  a u t h o r s  u s e  d i a z o m e t h a n e  a s  t h e  e s t e r i f y i n g  a g e n t .  I n  

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

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

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

I n  t h e  p r o t o c o l  d e s c r i b e d  b e l o w  t h e  c o m p e t i n g  s i d e  

r e e c t i o n s  d u r i n g  e s t e r i f i c a t i o n  a r e  o b v i a t e d  so  t h a t  3 c a n  

b e  i s o l a t e d  i n  85-90% y i e l d .  

EXPERIMENTAL 

Carbon- ' 13c  d i o x i d e  ( 9 0  mol X I 3 C )  w a s  o b t a i n e d  from KOR 
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I n c .  M e t h y l  p r o p i o l a t e  was  o b t a i n e d  f r o m  F a r c h a n  D i v i s i o n  

o f  S t o r y  C h e m i c a l  Company. Gas l i q u i d  c h r o m a t o g r a p h y  was 

p e r f o r m e d  on a B e n d i x - 3 0 0 0  e q u i p p e d  w i t h  a 6 f t .  x 2mm 

g l a s s  co lumn p a c k e d  w i t h  10% O V - 1 7  on Gas  Ch,rom-Q 1 0 0 / 1 2 0  

mesh;  o v e n  20°C, f l a m e  i o n i z a t i o n  d e t e c t o r ,  a t  2 O p s i  f l o w  

r a t e .  

P r o t o n  m a g n e t i c  r e s o n a n c e  ( P M R )  d a t a  were r e c o r d e d  on e 

V a r i a n  EM 3 6 0 ,  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  

Carbon m a g n e t i c  r e s o n a n c e  (CWP) d a t a  were r e c o r d e d  on a 

B r u k e r  HFX 100 a t  22 N e g a h e r t z  ( i n  C D C 1 3 ) .  l l a s s  s p e c t r a  

d a t a  w e r e  a c q u i r e d  w i t h  a V a r i a n - M a t  44. 

A ~ e t v l e n e - ~ ~ C ~  (1). P r e p a r e d  by t h e  method o f  Whaley 

a n d  O t t  ( 1 4 ,  s e e  a l s o  1 5 ) .  To a s t a i n l e s s  s t e e l  chamber  

( 1 5 0  x 900 m m )  w i t h  e x t e r n a l  t h e r m o c o u p l e  and  h e a t e r  was 

a d d e d  l i t h i u m  ( 3 3 6  g, 48 m o l l .  Vacuum was a p p l i e d  w h i l e  t h e  

r e a c t i o n  chamber  was b r o u g h t  t o  650°C. F o l l o w i n g  i s o l a t i o n  

f r o n !  t h e  vacuum system, c a r b o n - 1 3 C  d i o x i d e  (141: L ,  6 m o l l  

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

chamber  b e t w e e n  650-7OO0C ( t i r e  a p p r o x i m a t e l y  6 h r ) .  A f t e r  

a d d i t i o n  o f  a l l  t h e  ~ a r b o n - ~ ~ C  d i o x i d e  t h e  t e m p e r a t u r e  was 

r a i s e d  t o  750-8@O0C f o r  1 h o u r ,  w i t h  t h e  r e a c t i o n  c h a m b e r .  

o p e n  t o  t h e  vacuum sys tem.  A f t e r  c o o l i n g ,  t h e  l i t h i u m  

a c e t y l i d e - ’  3 C 2  was c a r e f u l l y  h y d r o l y z e d  w i t h  8L C 0 2 - f r e e  

d i s t i l l e d  w a t e r .  I n  c o l l e c t i n g  1 w a t e r  v a p o r  was t r a p p e d  

w i t h  a D r y  I c e / a c e t o n e  t r a p ,  1 w a s  t r a p p e d  i n  a p a i r  o f  

l i q u i d  n i t r o g e n  t r a p s ,  and h y d r o g e n  was removed v i a  t h e  
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vacuum system. The p r o d u c t  was  f u r t h e r  d r i e d  by p a s s i n g  i t  

t h r o u g h  a U- tube  c o n t a i n i n g  P205 on g l a s s  wool  and  s t o r e d  i n  

g a s  b o t t l e s  a t  s u b a t m o s p h e r i c  p r e s s u r e .  Y i e l d  6 8 . 5  L ,  95% 

b a s e d  on c a r b o n - 1 3 C  d i o x i d e .  

M e t h v l  P r o ~ i o l a L e - ~ ~ C ~  (3 ) .  L i t h i u m  p r o p i o l a t e - 1 3 C 3  

(2) was p r e p a r e d  by t h e  method o f  Dawson a n d  D u n l a p  a s  f o l -  

l o w s :  I n  a 2 L 3 n e c k  f l a s k  w i t h  m a g n e t i c  s t i r r i n g  1 ( 8 . 6  

L ,  0.36 m o l l  was  f r o z e n  a t  -196OC. To t h i s  w a s  t r a n s f e r r e d  

by c a n n u l a  7 5 0  mL p r e c h i l l e d  (-78OC) d r y  t e t r a h y d r o f u r a n  

( T H F ) ,  b r o u g h t  t o  -78OC a n d  p l a c e d  u n d e r  p o s i t i v e  N 2  p r e s -  

sure .  O n e  h u n d r e d  a n d  f i f t y  m i l l i l i t e r s  n - b u t y l l i t h i u m  ( 2 . 4  

M i n  h e x a n e )  i n  a 250 mL p r e s s u r e - e q u a l i z i n g  f u n n e l  was  

i n t r o d u c e d  o v e r  40  m i n u t e s .  

I n  a 3 L 3 n e c k  f l a s k  w i t h  s e a l e d  m e c h a n i c a l  s t i r r i n g ,  

carbon-13C d i o x i d e  ( 8 . 6  L ,  0 .36  mol l  was  f r o z e n  a t  -196OC. 

To t h i s  was  t r a n s f e r r e d  by c a n n u l a  5 0 0  mL p r e c h i l l e d  (-78OC) 

d r y  THF, b r o u g h t  t o  - 7 8 O C  a n d  p l a c e d  u n d e r  p o s i t i v e  N 2  p r e s -  

sure .  The s o l u t i o n  o f  l i t h i u m  a c e t y 1 i d e - l 3 C 2  was  

t r a n s f e r r e d  by c a n n u l a  i n t o  t h e  carbon-13C d i o x i d e  s o l u t i o n .  

As t h e  a d d i t i o n  p r o c e e d e d ,  a w h i t e  p r e c i p i t a t e  i n d i c a t e d  t h e  

f o r m a t i o n  o f  2.  A d d i t i o n  w a s  c o m p l e t e  i n  1 0  m i n .  After  1 h 

a t  -78OC t h e  s u s p e n s i o n  w a s  b r o u g h t  t o  25OC; 2 , f j - d i - w -  

b u t y l - 4 - m e t h y l p h e n o l  ( 5 0  mg, 0 . 2  mmol) w a s  a d d e d  a s  i n h i b i -  

t o r  and  600 mL t e t r a g l y m e  was  a d d e d  f o r  s o l v e n t  e x c h a n g e .  

The THF was  removed u n d e r  r e d u c e d  p r e s s u r e  w i t h  some d i f f i -  

c u l  t y  . 
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To t h e  s u s p e n s i o n  o f  2 i n  t e t r a g l y m e  was added  t e t r a b u -  

tylammonium hydrogen  s u l f a t e  ( 2  g ,  6 mnol) and  me thy l  Q- 

t o l u e n e s u l f o n a t e  ( 1 1 0  m L ,  0 .72  m o l l .  A f t e r  s t i r r i n g  o v e r -  

n i g h t  i n  a s e a l e d  f l a s k ,  t h e  t i t l e  compound was d i s t i l l e d  a t  

55OC, 1 T o r r  t o  p roduce  27 .6g;  y i e l d  89%.  Y i e l d s  r anged  

f rom 85-90% o v e r  f o u r  r u n s  on ace ty l ene -13C2  and carbon-13C 

d i o x i d e .  

G L C  d a t a :  R e t e n t i o n  t i m e ;  me thy l  p r o p i o l a t e  7 .25  m i n . ,  - 3 7.25 m i n .  

' H  N M R  d a t a  i n  ppm: 
J = 2 5 9 ,  5Hz a c e t y l e n i c  H ;  3.31 d d ,  J = 3 1 0 ,  5Hz a c e t y l e n i c  
H .  

3.80 d ,  J=4Hz me thy l  H ;  3.31 dd ,  

13C N M R  d a t a  i n  ppm: 153.585 d d ,  5 ~ 7 8 . 1 3  66.40Hz CI1;  
153.585 d ,  J=125.OHz CB1. 76.879 t ,  Jz15.62Hz C#3; 
73.672 d d ,  J = 4 4 . 9 2 ,  29.3bHz C#2. 

MS d a t a  (m/e r e l a t i v e  i n t e  s i t y ) :  m e t h y l  p r o p i o l a t e :  
( 8 4 ,  0 .58 )  M'* ( 6 9 ,  1 .721  MP-15; ( 5 3  
C p p o u n d  3: ( 8 7 ,  0 .60)  M ; ( 7 2 ,  4 .061  M -15 ;  ( 5 6 ,  100)  

190)  M -31. 

M -31.  
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