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Use of trimethylphosphine-palladium complexes renders the product-forming step in palladium-catalysed 
methoxycarbonylation of benzyl chloride or iodobenzene rate-determining and allows for its direct observation; the 
product-forming step is alcoholysis of an acylpalladium complex and not reductive elimination of a 
methoxycarbonylpalladium intermediate. 

Although mechanistic information relevant to the syntheti- 
cally useful Pd-catalysed alkoxycarbonylation of organic 
halides to esters'--7 (equation 1) is available, a central 
question, the nature of the product-forming step, still remains 
to be resolved. Here we present results bearing on this 
problem. 

Pdo 
R'X + CO + R20H + B + R'C02R2 + BH+X- (1) 

B = base (usually a tertiary amine) 

Reaction (1) can proceed by two main mechanisms (Scheme 
l), both involving oxidative addition of the organic halide to 
PdO as the first step. Path (a) proceeds by CO insertion into the 
Pd-C bond followed by base-assisted alcoholysis of the 
acylpalladium complex, whereas in path (b) an alkoxy- 
carbonylpalladium complex is generated and forms the ester 
by reductive elimination. Precedents for steps in both 
processes are known. CO insertion into Pd-C bonds to form 
acylpalladium complexes in inert solvents3~+10 (i. e. not in 
alcohol-base) and their alcoholysis3~~~ have been demon- 
strated, whereas formation of a methoxycarbonylpalladium 
complex under conditions similar to those employed in 
methoxycarbonylation of alkyl halides is known12 (equation 
2). 

(PPh3)2PdC12 + CO + MeOH + NEt3 + 
t r an~-ClPd(PPh~)~CO~Me + HNEt3+Cl- (2) 

Upon treatment of PhCH2Pd(PPh3)2C1 with methanol, 
triethylamine (NEt3), and CO (50 Ib in-2) methyl phenylacet- 
ate is formed, but no intermediates could be isolated or 
observed. Since nucleophilic attack on an acylpalladium 
complex should be retarded by an increase in the electron 
density on the metal, and since C-C bond formation by 
reductive elimination from Pd" is preceded by phosphine 
dissociation,13 we reasoned that utilization of the small, basic 

PMe3 ligand instead of PPh3 may render the product-forming 
step, whatever it may be, rate-determining and allow for 
intermediate isolation. 

truns-PhCH,Pd( PMe3)2C1 
(1) 

trans-PhCH2COPd( PMe3)2Cl 
(2) 

PhCH2Pd( PMe3)2C02Me 
(3) 

Addition of a stoicheiometric amount of benzyl chloride to a 
solution of Pd(PMe3)41d in pentane at 0 "C resulted in 
instantaneous formation of t r~ns -PhCH~Pd(PMe~)~Cl  (1)t 
which was isolated by filtration at -40 "C. Treatment of (1) 
with CO (50 lb in-2) in methanol-Et3N (1 : 1 v/v) at 25 "C 
for 3 h resulted in quantitative formation of trans- 
PhCH2COPd(PMe3)2C1 (2)T with no detectable PhCH2Pd- 
(PMe3)2C02Me (3). Heating of this solution at 80 "C for 1 h 
resulted in quantitative formation of PhCH2C02Me, accom- 

0 R1lPdX R'OH, B y e  
(a) 

R'CO'R' + Pdo 

R' Pd C02R' (b) 

R'X + Pdo R'PdX 

Base 

Scheme 1. Phosphine ligands are omitted for clarity. 

t This compound is fully characterized based on 1H and 31P n.m.r. 
and i.r. spectra, and elemental analysis. 
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PdLL + PhCHzCI 

fast 1 
I 

CO, NEt3, MeOH 

I 

i l  
L L 

CO, NEt3, MeOH I 
PhCHzCO-Pd-CL 

I 
I 

P hCHz -Pd - C I 
I fast 

L L 

C I H gC0 Me 

L 

slow CO, NEt3, MeOH I 
I 

I 
PhCHz-Pd-COzMe - PhCHZCO2Me + PdLz 

Scheme 2. L = PMe,. All steps are essentially irreversible. 

panied by Pd(PMe3)4 and Pd metal [formed by disproportion- 
ation of Pd(PMe3)2]. When (2) was partially decomposed 
under an atmosphere of 13CO under the same conditions, 
there was no incorporation of 13CO into the recovered 
complex or the product ester, demonstrating the irreversibility 
of the CO insertion reaction into Pd-C. Complex (2) can be 
also directly and quantitatively obtained by reaction of 
Pd(PMe3)4 with PhCH2Cl and CO in methanol-NEt3 at 25 "C, 
again with no trace of (3). t run~-PhCH~Pd(PMe~)~Co~Me 
(3)t was prepared separately by treatment of (1) with 
C1HgCO2Me at 25 "C. It is thermally stable and heating at 
80 "C does not result in reductive elimination of 
PhCH2C02Me. All these observations taken together 
(Scheme 2) indicate that path (a) involving rate-determining 
methanolysist of (2) is operative and not (b). In fact, (2) is the 
only Pd complex observed by 31P n.m.r. spectroscopy under 
actual catalysis conditions [50 lb in-2 CO, 80 "C, MeOH- 
NEt3, 1 : 1, PhCH2Cl : Pd(P$~le~)~, 50: 13. 

f Although the details of the alcoholysis process are not dealt with 
here, it can, in principle, proceed by nucleophilic attack at the acyl 
ligand or at the metal. Reductive elimination of acyl chloride prior to 
alcoholysis is not likely in these relatively electron-rich systems. We 
could not detect, for example, any acetyl chloride upon heating 
trans-MeCOPd(PMe,),CI at 80 "C under high vacuum. 

Similar results are obtained when iodobenzene is used 
instead of benzyl chloride. Oxidative addition yields truns- 
PhPd(PMe3)21t which reacts with CO at 25 "C in methanol- 
NEt3 to form tr~ns-PhCOPd(PMe~)~Clt exclusively, which in 
turn forms PhC02Me at 80 "C. Thus, the acylpalladium 
mechanism for alkoxycarbonylation is probably quite 
general ,§ with possible exceptions being reactions involving 
palladium complexes containing Pd-C bonds of low aptitude 
for migratory insertion, such as n-allylpalladium com- 
pounds. 15 
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be operative with ligands other than PMe,. 
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