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OPP REPORTS 
(by John L .  F e r r a r i ,  A s s o c i a t e  E d i t o r )  

A N H Y D R I D E  FORMATION WITH T H I O N Y L  C H L O R I D E  
1 

Submit ted  by J e r r y  M .  Adduci and Rene S .  Ramirez 

Department of Chemistry 
Roches t e r  I n s t i t u t e  of l’echnology 
Roches t e r ,  N e w  York 14623 

2RCOOH + S0Cl2 - > ( R C 0 ) 2 0  t SO2 t H C 1  

The r e a c t i o n  of a monocarboxyl ic  a c i d  w i t h  t h i o n y l  

c h l o r i d e  i n  a 2 t o  1 mole r a t i o  a p p e a r s  t o  be  a g e n e r a l  method 

f o r  p r e p a r i n g  symmetr ica l  a c i d  anhydr ides .  Tab le  I summarizes 

y i e l d s  of  anhydr ides  p repa red  by t h i s  method. 

It  has  been  r e p o r t e d  t h a t  monocarboxyl ic  a c i d s  and t h i o n y l  

c h l o r i d e  y i e l d  anhydr ides  only  i n  t h e  p re sence  of  p y r l d i n e .  ’ 
Thiony l  c h l o r i d e  has  been  used as a d e h y d r a t i n g  agen t  for t h e  

p r e p a r a t i o n  o f  anhydr ides  of d l - ,  t r i-  and t e t r a c a r b o x y l i c  

a c i d s  4-6 and t h e i r  s i l v e r  s a l t s 2  t o  form 5- and 6-membered 

r i n g s .  
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R e a g e n t  

n - C , H g L i  

C6HcjL.i 

n-C,,HgLi 

C g H g L i  

n - C 4 H g L i  

C 6 H 5 L i  

n - C b H g L i  

n - C , H g L i  

n -C ,HgLi  

C6H5Li  

n - C 4 H g L i  

C 6 H 5 L i  

n - C 4 H g L i  

n - C 4 H 9 L i  

A l k y l t i n  C a r b o x y l a t e s  S o l v e n  

E t 2 0  

THF 

THF 

TliF 

E t 2 0  

E t Z O  

E t , / T H  
1:1 

E t 2 0  

THF 

THF 

E t 2 0  

THF 

E t 2 0  

THF 

[ n - C4H9]  S n  [ OCOCH 3 1  

[n-C,Hg] 3SnOCO(CH2)20COSn [ C 4 H 9 - n ]  

[n-C,Hg] ISnOCO(CH2) bOCOSn [C,Hg-nJ 

[ n -C,H9 ] +OCO ( CH2 ) *OCOSn [ C4Hq - n ]  

n -C4H9 ] SnOCO(CH2) ,OCO - 
n - C 4 H 9  ] zSnOCO( CH2 ) 8OCO 
U 

- 
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OC - 
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- 70 

- 70 

- 

0 

0 

- 

-70 

- 

25 

25 
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- 70 
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- 70 

- 

2 5  

25 
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1 4  

- 
15 
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16 

17 
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14 
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15 

1 s  

- 

1 6  

17 

- 

Ketone 

n - C, Hg CCH 3 4 0  

C6H 5 kCH 3 

0 I 34 

1 

0 

n-C4HgC(CH2) ,CC4H9-n  27 ----I- 
n-C4H9: (CH2)8~Ct+Hg-n  36 

0 0  

I, : 0 

n-C4HqC (CH2) ,CC4 H g  -n 16 
1 

f l f l  
n - C 4 H 9 C ( C H 2 ) 8 C C 4 H 9 - n  28  

C6H5: (CH2)  8:C6H5 18 

0 0 

A l l  r eac t ions  w e r e  t h ree  h o u r s .  

H y d r o l y s i s  t e m p e r a t u r e ,  0 ° C .  

Ihe k e t o n e s  and t i n  c o m p o u n d s  w e r e  i so l a t ed  c h r o m a t o g r a p h i c a l l y .  

E l u t i o n  w i t h  p e t r o l e u m  e t h e r  r e su l t ed  i n  R3C6H5Sn and R 2 ( C 6 H 5 ) 2 S n  m i n e r a l  o i l  m i x t u r e s .  The t i n  
c o m p o u n d s  w e r e  t h e n  p u r i f i e d  b y  d i s t i l l a t i o n .  
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OPP REPORTS 

SYNTHESIS OF ACID ANHYDRIDES 

STARTING MATERIALS~ PRODUCTS 

Acid (mole) Benzene mp, ,bP. 
m l .  

20  
"D Yield 

% 

Acetic ( 0 . 4 )  -- 
Propionic (0.2) -- 
Diphenylacetic (0.1) 25 

Bromoacetic (0.1) 35 

Trimethylacetic (0.2) 40 

Palmitic ( 0 . 0 5 )  60 

Benzoic (0.05 30 

Chloroacetic (0.2) 30 

138 

166 

96 

40 

188  

61-62 

40-44 

38-40 

1.3884 

1 .4038 

81b 

80b 

7 Bg 

76' 

71' 

87f 

57d 
e -- 

a) In all runs, a 2:l ratio of acid:thionyl chloride was used; 

b) Anhydride purified by fractional distillation. 

c) Anhydride purified by vacuum distillation. 

d) Reflux time was 20 hrs.,from pet ether. 

e) Yield could not be determined. The anhydride could not be 

reflux time was 60 hrs. except as otherwise noted. 

separated completely from the starting acid; from 7 : 3  pet 
ether:chloroform. 

f )  From pet ether. 

g) From g:1 pet ether:benzene. 
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EXPERIMENTAL7 

T y p i c a l  p r o c e d u r e s  for a l i q u i d  and  a s o l i d  a n h y d r i d e  a r e  

d e s c r i b e d  be low.  

A c e t i c  Anhydr ide .  A c e t i c  a c i d  ( 2 4  g . ,  0 . 4  m o l e )  was r e f l u x e d  

w i t h  t h i o n y l  c h l o r i d e  ( 2 3 . 8  g . ,  0 . 2  m o l e )  f o r  20 hrs. F r a c -  

t i o n a l  d i s t i l l a t i o n  y i e l d e d  1 6 . 6  g .  ( 8 1 % )  o f  a c e t i c  a n h y d r i d e ,  

b p .  1 3 8 O ,  n:' 1 .3884 ( l i t .8  bp .  138" ,  n:' 1 . 3 9 0 1 ) .  

a c i d  ( 3 . 4  g . )  was r e c o v e r e d .  The I R  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 known s a m p l e  of  a c e t i c  a n h y d r i d e . '  

s p e c t r u m  showed a s i n g l e  s i g n a l  a t  2 . 1 5  ppm. 

A c e t i c  

The nmr 

D i p h e n y l a c e t i c  A n h y d r i d e .  3 i p h e n y l a c e t i c  a c i d  ( 2 1 . 2  g . ,  0 . 1  

m o l e )  i n  25 m l .  o f  b e n z e n e  was r e f l u x e d  w i t h  t h i o n y l  c h l o r i d e  

( 5 . 9  g . ,  0 . 0 5  m o l e )  f o r  20 h r s .  The b e n z e n e  was removed u n d e r  

vacuum and  t h e  c r u d e  a n h y d r i d e  ( 1 9 . 9  g . )  was r e c r y s t a l l i z e d  

f rom a p e t r o l e u m  e t h e r - b e n z e n e  ( 9 : l )  m i x t u r e  g i v i n g  1 5 . 9  g .  

( 7 8 % )  of  d i p h e n y l a c e t i c  a n h y d r i d e ,  mp. 96" ( l i t .8  mp. 9 8 " ) .  

The I R  s p e c t r u m  showed s t r o n g  a b s o r p t i o n s  a t  1810 and  1740  cm-l 

i n d i c a t i v e  of  a n  a n h y d r i d e  g r o u p .  The nmr s p e c t r u m  e x h i b i t e d  

a r o m a t i c  a b s o r p t i o n s  c e n t e r e d  a t  7 . 1 8  ppm (10 H) and  a s i n g l e t  

a t  4 .95  ppm (1 H). The s p e c t r u m  was c o n s i s t e n t  w i t h  t h e  

s t r u c t u r e  of d i p h e n y l a c e t i c  a n h y d r i d e .  
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MONO- AND DIKETONES FROM ALKYLTIN CARBOXYLATES 
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0 0 
II II 

[;-C H 3 Sn[OCRI2 t 4 R t L i  -> 2R'-C-R t [n-C H ] SnRf2  t 2 L i 9  4 9 2  - 4 9 2  

0 0 
I1 It 

[n-C4H9]3SnOC(CH2)nCOSn[C4Hg-~]3 t 4 R ' L i  -> 

II t [n-C H 3 S n R f 2  t 2Li20 
0 4 9 2  

R = CH3,  ;-C4H9 R '  = n - C 4 H g ,  C 6 H 5  n = 2, 4 ,  8 
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