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Summary 

cu-Ketoacids can be easily synthesized with satisfactory yields and selectiv- 
ities by carbonylation of aryl halides and secondary benzyl halides under 
very mild conditions. The reactions are catalyzed by Coz (CO), in alcoholic 
solvents; the presence of a methyl source (dimethyl sulfate or methyl iodide) 
is necessary for the carbonylation of the aryl halides. Base, temperature and 
solvent have large effects on the course of the reaction. 

The one step synthesis of a-ketoacids or their derivatives from organic 
halides is one of the most promising developments of the carbonylation 
reaction. While the cobalt-catalyzed double carbonylation of benzyl halides 
has been known for several years [ 1,2] , use of phosphine-palladium complexes 
in the presence of amines is required to extend the reaction to aryl and vinyl 
halides [3] . 

We report here our preliminary results on the synthesis of cr-ketoacids by 
cobalt-catalyzed double carbonylation of aromatic and heteroaromatic halides 

(es. 1). 

ArX+CO+ROH 
C~~W%I/C~OW, 

CHBZ 
) ArCOCOOH + ArCOOH (1) 

(2’ 15--2O”C;P(CO) 1 atm; X = Cl, Br; Z = I, (CH,OSO,)) 

We have also found a new route to cu-keto-fl-arylbutanoic acids, which is 
easier and more efficient than that previously reported (eq. 2) [2] , 

R’OH/H? 0 
ArCH(CHJ)X + CO M 

Base/Co(CO); 

ArCH(CHJ)CO COOH + ArCH(CH3)COOH + Ar(CH2),COOH (2) 
(T 10-25°C; P(C0) l-l.8 atm; X = Cl, Br; Base = Ca(OH)2, NaOH, LiOH) 
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Both reactions occur very readily in aqueous alcoholic media under atmos- 
pheric pressure of CO at room temperature or below, using catalytic amounts 
of Co,(CO), . The main requirements for formation of aromatic cY-ketoacids 
are: (1) the presence of at least a stoichiometric amount of dimethyl sulfate 
or methyl iodide; (2) the use of Ca(OH), as base and of linear Cz -C4 alcohols 
as solvents. 

Alkaline hydrolysis at the end of the reaction is essential to liberate the 
cw-ketoacids, which are mainly present as compounds of type I. 

AI--C -COOH 

II 
CH-C - COOH 

II 
0 

(I) 

These products were identified by GC/MS and by comparison with the 
product obtained by reaction of phenylglyoxylic with pyruvic acid in aqueous 
ethanol (eq. 3). 

C&H$OCOOH + CH,COCOOH 
Ethanol/H, 0 

(1) C6Hs;CooH 

(2) HCl HCCOCOOH 

TABLE 1 

CARBONYLATION OF ARYL HALIDES ArX a 

Entry Ar X Solvent Total yield ArCOCOOH/ArCOOH 

(B) 

1 Ph 
25 PII 
a Ph 
4 Ph 
5 Ph 
6 Ph 
7c Ph 

8 

9 

lad cv* 
11 +- 

12 
@? 
00 

13 
Q 

14e 
Q- 

Br 
Br 
BI 
Br 
Br 
Br 
Br 

Br 

BI 

BX 

BI 

Cl 

Cl 

Cl 

Ethanol 70.0 
Ethanol 98.3 
Methanol 18.2 
n-Propanol 29.0 
n-Butanol ao.5 
t-Butanol traces 
Ethanol 70.4 

Ethanol 62.6 

Ethanol 43.2 

Ethsnol 21.9 

Ethanol 82.5 

Ethanol 16.4 

Ethanol 96.0 

Ethanol 74.5 

6.1 
0.1 
0.2 

>90 
>90 
n.d. 

0.82 

5.2 

1.6 

5.5 

1.9 

2.8 

1.3 

1.2 

c Unless otherwise indicated sll reactions were carried out in alcohol (25 ml)/water (2 ml) with WOW, 
(6 g). dimethyl sulfate (80-40 mmol). ArX (26 mmol). Co,(CO), (1 mmol) at 20°C under 1 atm of CO. 
? * 40°C. No wketoacid was detected in a reaction at 66OC. c Methyl iodide (6.7 g) was used instead of 

dimethyl sulfate. d T 10”~. e T 10°C in ethanol (50 ml)/water (4 ml). 
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TABLE 2 

DOUBLE CARBONYLATION OF a-HALO ARYLETHANES ArCH(CH,)X= 

Entry Ar X Solvent ArCH(CHs)COCOOHb Monocarbonyb 
ation products. 

Yield Selectivity Yield (%)d 
(% c (96) 

1 Ph 

2 Ph 
3 Ph 
4 Ph 
5 Ph 
6 Ph 
7 i-B&$, 
8 i-BuCsH, 
9 i-BuCsH, 

10e 
11 f 

i-BuCsH, 
i-BuCsH, 

Br 
Br 
Br 
Br 
Br 
Cl 
Br 
Cl 
Cl 
Cl 
Cl 

t-Butanol 25 1.0 71.6 89.5 8.4 

t-Butsnol 25 1.8 72.2 91.4 6.8 
t-Butanol 65 1.0 40.0 61.6 25.0 
Ethanol 55 1.0 - - 70.0 

t-Amy1 alcohol 25 1.8 84.0 90.0 9.0 
t-Amy1 alcohol 40 1.8 38.5 96.2 1.5 

t-Butanol 10 1.8 64.6 92.3 5.4 
t-Butanol 16 1.8 61.9 91.7 5.6 

i-Propanol 16 1.0 41.6 64.0 23.4 
t-Butanol 16. 1.0 49.7 71.0 20.3 

t-Butanol 16 1.0 42.0 60.0 28.0 

t-Butanol 26 1.0 40.9 87.0 6.1 

0 

%nless otherwise indicated all reactions were carried out using ArCH(CHs)X (16 mmol). Co,(CO), 
(1 mmol), Ca(OH), (26 mmol). alcohol (40 ml), H,O (6 ml). bThe linear isomer was never detected. 
CDetarmined by g.1.c. and ‘H NMR of the crude acid fraction. dMixture of linear and branched acids in 
entries l-652; only the branched isomer was found in cases 7-11. eBase = NaOH. fBase = LiOH. 

The presence of compounds such as I among the reaction products shows 
that double carbonylation of dimethyl sulfate or methyl iodide takes place 
under the condition8 used. Some unontimized results are listed in Table 1. 

As far as the double carbonylation of secondary benzyl halide8 is concerned, 
it is noteworthy that: (1) no addition of a methyl source is required; (2) 
branched alcohols are the best solvents; Ca(OH)* is the most effective base, 
but NaOH and LiOH can also be used. Some preliminary results are sum- 
marized in Table 2. Two cu-keto+arylbutanoic acids of pharmaceutical interest 
were synthesized by use of this reaction (entries 7-12) 1431. 

For both reactions the nature of the solvent and the temperature strongly 
affect the yields and selectivities, and it was therefore possible to achieve good 
selectivities towards either carboxylic acids, or cu-ketoacids simply by changing 

SCHEME 1 

COKO), + 
ROHIOH- ArX 

CHjX - cH3cocco~4 - [CH,C~CCOI,COOR] - 

co 
CH,CoKO),COOR - CH,COKO)~COOR 

ROH IOH- 
ArCOOR + 

I I 

tb) 

Al. tOAr 

(II) 

I 

((1) 

ArCOCOOR + CH$o(CO), 
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the reaction conditions. This suggests to us that the same catalytic complexes 
are responsible for both mono and double carbonylation. On the basis of the 
mechanism proposed for the monocarbonylation of aryl halides [6], Scheme 1 
can be suggested for the double carbonylation of these substrates. 

The ArCOCOOH/ArCOOH ratio is accounted for by the relative importance 
of reductive elimination from an aroyl complex of Co* (II) (path a) compared 
with that of the nucleophilic attack of base on the same intermediate (path 
b) PI - 

As previously reported [2,8] , we believe the mechanism is completely dif- 
ferent in the case of secondary benzyl halides, the enolization of the acyl- 
cobalt carbonyl intermediate then probably being the key step (eq. 4). 

[A,;,-;~‘~(coL,] _ 
[ 

co 
Ar C=CCo(CO), - 

II 
1 

H,C 0 H$ OH 

(4) 

OH- 
Ar C =CCOCo(CO), 

I I 

- ArCH-CCOO- t Co(CO),- 

I II 

The stabilization of the enol form arising from the presence of the methyl 
group could account for the surprising ease of this double CO insertion. 
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