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SYNTHETIC COMMUNICATIONS, 24(22), 3261-3268 (1994) 

SOLID-LIQUID PHASE TRANSFER AND COBALT OR 
PALLADIUM COMPLEX CATALYZED SYNTHESIS OF 

ANHYDRIDES FROM ACYL CHLORIDES 

Jin-Xian Wang(Chin-Hsien Wang)*, Yulai Hu and Wenfeng Cui 
Institute of Chemistry, Department of Chemistry, 
Northwest Normal University, Lanzhou 730070, China 

Abetract: Acyl chloride can efficiently be converted into 
anhydride under solid liquid phase transfer catalyeis by 
using bis(tripheny1phosphine)cobalt dichloride or bis 
(tripheny1phospine)palladium dichloride as catalyst. 

INTRODUCTION 

It has been shown that phase tranafer catalysis is a 
useful method in synthetic organic chemistry. In 1976, 
Cassar and Alper first used this technique in organometallic 
chemistry's2. Now, the applications of phase transfer 
catalysis in organometallic chemistry have midely been 
developed3-4. Several reviewe have appeamiFB. 

Carboxylic acid anhydrides are very important reagent8 
in organic chemistry. Anhydrides have previously been 

+To whom correspondence should be addressed. 

Copyright 0 1994 by Marcel Dekker, Inc. 
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3262 WANG, HU, AND CUI 

prepared by the reaction of acylhalides and carboxylates’O 
or the dehydration of carboxylic acids”. Pluequellec et al., 
have shown that anhydrides can be obtained from 
corresponding acyl chloride under liquid- liquid phase 
transfer condition at -1OT using aqueous NaOH as base12. 

RESULTS AND DISCUSSION 

In this paper, we wish to report that acyl chloride can 
be converted into corresponding anhydride under solid 
liquid phase transfer catalysis by using cobalt or 
palladium complex as catalyst. In our research, we have 
found that some aromatic acid anhydrides can be obtained 
from corresponding acyl chlorides under PTC condition. 

When a mixture of acyl chloride, sodium bicarbonate, 
bis(tripheny1phosphine)cobalt or bis( triphenylphosphine) 
palladium dichloride, tetrabutylammonium bromide and 
acetonitrile are stirred and heated for 12 hours, 
anhydrides can be formed in good yield (Scheme I, Table I) . 
The effects of base and catalysts are shown in Table I[. 

Co(PPh,),CI,/NaHCO,/Bu,NBr 
2R-P-Cl 2 R-$-0-$-R 

0 CHSCN 0 0  

1 2 

Scheme I 

Take the reaction of benzoyl chloride for example,without 
tetrabutylammonium bromide,the reaction of benzoyl chloride 
with sodium bicarbonate catalyzed by bis( triphenylphosphine) 
cobalt dichloride gives benzoic acid( 69 % ) and benzoic 
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ANHYDRIDES FROM ACYL CHLORIDES 3265 

anhydrede ( 26 % ). If the tetrabutylammonium bromide is 
added, benzoic anhydride can be obtained in yield of 94 %. 

This shows that the exsistence of tetrabutylammonium 
bromide in reaction mixture is essential to produce 
anhydride in high yield. When bie(tripheny1phosphine)cobalt 
dichloride is taken away from the reaction mixture, the 
yield of benzoic anhydride is only 44 % , but the 
corresponding acid is the only product for three other acyl 
chlorides. Without sodium bicarb0 nate and 
tetrabutylammonium bromide, benzoyl chloride is heated at l20C 
in the preeence of bie( triphenephosphine)cobal t dichloride, 
both benzoic anhydride and benzoic acid can not be obeerved. 
All this shows that bis(tripheny1phosphine)cobalt dichloride 
and sodium bicarbonate take part in the reaction and indica- 
tes that sodium carboxylate may be the intermediate. However, 
the replacement of benzoyl chloride with benzoic acid 
allows the reaction of the acid with sodium bicarbonate and 
bis(tripheny1phoephine)cobalt dichloride and 
tetrabutylammonium bromide at 120 C to give no benzoic 
anhydride. Without sodlum bicarbonate and tetrabutylammonium 
bromide,the reaction is replaced with benzoic acid by using 
bis( tripheny1phoephine)cobalt dichloride as catalyet, benzoic 
anhydride is not also formed. In the light of therre facte, we 
tentatively propoee the mechaniem in scheme 1. 

We have also found that the mixture of benzoyl chloride 
(20 mmol), benzoic acid (20 mmol), sodium bicarbonate (20 

mmol), bia(tripheny1phoephine)cobalt dichloride (10 mmol), 
tetrabutylammonium bromide (0.8 mmol) and acetonitrile are 
etirred and heated for 12 houre, benzoic anhydride can be 
obtained in yield of 88%. When the eame reaction i8 carried 
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3266 WANG, HU, AND CUI 

2R-C-C1 

J 
R-S-Co(PPh3)tC1 

R-i-O-Qf 3 

Q C l  

Scheme lt 

out without the bis(triphenylpho8phine)cobalt dichloride 
the yield of benzoic anhydride is only 40%. 

On the besie of theee experiment8 12*18v'61 we tentatively 
propose the mechanism shown in Scheme I .  Initial interaction 
of acyl chloride 1 with Co(PPh8),C1, 2 would give a complex 3 17, 
Reaction of second molecule 1 with Q+HCOG farmcs R- -0- OH vii- 0 0  
4 which elimination of COa, generatee R- -OH 6. The latter ie 
then converted to R-$-O-Q* 6 Is by reaction with the Q'HCOs. 

The complex 3 reacts with the 6 rapidly to afford the product 

R- -0- -R 
0 0  

8 
0 

7 and Co(PPH,),Cl, 2 ia regenerated. l i v  

EXPERIMENTAL 

IR apectra were measured for KBr disc8 using a Alpha 
Centauri FT-IP spectrophotometer. 'HNMR epectra (80 MHz) 
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ANHYDRIDES FROM ACYL CHLORIDES 3267 

were recorded in CDC1, using a FT- 80 spectrometer. 
Microanalyses were measured using a Carlo Elba 1106 
microelemental analyser . 

General Procedure for the Preparation of Anhydridee: 
Sodium bicarbonate, tetrabutlammonium bromide and 
acetonitrile are placed in a three flask eguiped with 
stirrer and condenser, Acyl chloride and bis(tripheny1- 
phosphine)cobalt dichloride or bie(tripheny1phosphine)- 
palladium dichloride are added. The mixture is stirred 
a t  120C for 12 houre. The reaction mixture is cooled 
and poured into cold watre. The deposit ie collected 
by filtration and washed with agueous NaOH dilute HCl, 
water. After dried, the products can be obtained. 

Acknowledgment We wieh to thank the National Natural 
Science Foundation of China for financial eupport . 
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