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ABSTRACT:Using Co{PPh,),CL, aa catalyst, the  carbonylation of 

benzyl halide with CO (1 atm) in a binary system (aq.NaOH/CsH,) 

in the  presence of tetrabutylammonium bromide as phase transfer 

catalyst for 10 h gives the corresponding carboxglic acid in 

goud to excellent yields. The effects of phase transfer 

catalyst and reaction temperature on the reactions have been 

investigated. The reaction mechanism is briefly discussed. 

Since the first publicatjon om organometallic phase 

transfer catalysis I l l ,  the  field has develnped sufficiently 

rapidly to justify an account a t  ?his time. Several 

similar artlalca hnve b e n  ;lublished {Z-t?]. 

- _I . - - . 

I T o  whonk correspuudracs should be addressed 

1743 

Copyright 0 1994 by Marcel Defier, Inc. 
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1744 HU ET AL. 

The carbonylation of bentyl halide under phase transfer 

catalyris, which gives the corresponding carboxylic acid, has 

been widely investigated recently 17-10]. Several catalysts such 

88 CO&O)e 17-8,11-14, Pd(PPha)mCImI1~1 Y Fe(CO)ollOl , cOc1, 

INaBH. 1161, CoCl./Mn-Fe 1171, CO(NO~)~/KCN 1181, OJ(CO)~NO 1191, 

BhCia [ZO], BhCI(CO)(PPh& (211 etc., have been used in the field. 

Despite the good yields of carboxylic acid, the catalyrts are 

very expensive and difficult to obtain becauae of harsh 

reaction conditions. In the course of searching for cheaper 

effective catalysts, we have found that Co(PPha)&lr can be 

used ail an effective catalyst for the carbonylation of benxyi 

halides under phase transfer catalysis. Here, we report the 

syntheds of correrponding carboxylic acids by carbonglation 

of beneyl halides using Co(PPh,)nClnlCOIBu,N+Br- /NaOH/CaHs 

system. 

Results and discussion 

Treatment of benzyl halides with CO (1 atm) in the presence 

of catalytic amounts of Co(PPh,),CI, and Bu,N+Br- in a binary 

system (aq.NaOH/C,H, ) for  10 h givee the correapondlng 

carboxylic acid, The reactions are ahown in Scheme 1 and the 

results are summarized in Table 1 

Co(PPka),CI=/PTC 
RCR,X + co----- + RCHpCOOE 

CsH,/aq.NaOH,10 h 

Scheme 1 
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BENZYL HALIDES 1745 

Table 1. Co(PPha),C1,-Phase transfer catalymd 

carbonylation of benzyl halides" 

Entry Substrate PTC T. Productb Yield" 

No. (C) (%I 

66 

66 

66 

66 

86 

40 

66 

66 

56 

88 

l8 

98 

41 

9s 

47 

88 

44 

50 

"Molar ratio: Hubatrate/Co(PPha)sCI./PTC = 2U/l.%6/l. 
bProducta were identified by IE, NMB, and elemental analyuia. 

-Yield are oi isolated, Pure Products and are based on benzyl 

halide. 

Experiments show that the phaee tranrfer catalyst and the 

temperature greatly affect the reaction. Taking the 

carbonylation of bencyl ehloride for an example. the 

experiments for the eelection of phase transfer catalysts 

indicate that Bu.N+Br-, of all phaee transfer catalysts examined, 

is the best one. The catalytic effectiveness of different 

phaee transfer catalyete was compared. It is found that the 

activities of the eatalgste are in the following sequence. 

Bu.N+B~->C~H,-CH~N(CH~)~C~>PEG-~OO>C~~H (CH&Er 
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1746 HU ET AL. 

The carboxylic acid can not be obt'ained in the absence of 

phase transfer catalyst. The experiments also show that the 

yield of phenylacetic acid will increase with the elevation of 

temperature below 66% (entry 6,6,1) and will decrease above 6bi.C. 

Thus the optimum temperature is 56 . Under the optimal 

condition, 1. e., Bu,N+Br- as phase transfer catalyst a t  6 6 C ,  the 

reuse of cobalt catalyst has been carried out. 

The results show that the yield of phenylacetic acid will 

decrease from 80% to 6% after three timer using of the 

cobalt catalyst. In view of the fact, we replenished some of 

cobalt catalyet into organic phase after the reaction and 

continued the reaction. The experiments have it that 29 q0 

additional cobalt catalyst, which base on the amount of initial 

cobalt catalyst, is enough to maintain 77 qo yield of 

phenylacetic acid. According to  a previous report by H.Alper 11) 

and our experiments, we tentatively propose a mechanism for 

the reaction (Scheme 2). The combination of Co(PPh,),Cl,, CO 

and B,N+OH-gfves the complex (A), which reacts with ArCH,X 

generating the main intermediate complex( B) . Then, the 

carboxylic acid 3s obtained from the reaction between OH- and(B). 

I 

Organic  Phase i Aq.  Phase 

I ! 

! ' LArCH2ro- 

Scheme 2 
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BENZYL HALIDES 1747 

Experiment 

The following typical procedure is as follows: The mixture 

of cobalt catalyst (1.25 mmol), BurN+OH- (1 mmol),benzene (ZOml) 

and catalytic amount of reductive reagent was stirred under CO 

atmosphere (1 atm) at  room temperature for 3- 4 h. After 

vigorous stirring for one hours a t  66%, benzyl chloride in 

benzene solution (10 ml) was added drop wiae to the above 

mixture in about 2.6 h and stirring was continued for 8 h. The 

layers were separated, the aqueourr phase wan acidified with 

hydrogen chloride,and extracted with diethyl ethes( 3 x 1Oml). 

The ethereal extract was dried(MgSO,), and concentrated. The 

pure product (yield 6 8 ~ ~ )  waa obtained after recrgatalllzation 

from diethyl ether. 
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