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DOUBLE CARBONYLATION REACTIONS OF METHYL- AND PHENYLPALLADIUM(II)

COMPLEXES IN THE PRESENCE OF SECONDARY AMINES AFFORDING a-KETO AMIDES

Fumiyuki OZAWA and Akio YAMAMOTO*
Research Laboratory of Resources Utilization, Tokyo Institute of

Technology, 4259 Nagatsuta, Midori-ku, Yokohama 227

The reactions of Eggg_s_-PdR(X)(PMeth)2 (R=Me, X=1I and R = Ph,
X = Br) with carbon monoxide in the presence of secondary amines,
R'2NH, were found to give a-keto amides, RCOCONR'Z, as double
carbonylation products under mild conditions in good yields and

selectivities.

Carbonylation reactions of organic compounds such as alkenes, and alkyl and
aryl halides constitute a very important process used in industry as well as in
academic laboratories.l) In general, these types of reactions give mono carbonyla-

2) 3 of aryl and vinyl

tion products; for example, alkoxycarbonylation and amidation
halides catalyzed by Pd-PPh3 complexes afford esters and amides, respectively.

On the other hand, precedents of double carbonylation reactions are extremely
limited.?"®)  we now report that the reactions of trans-PdR(X) (PMePh,), (R = Me and
X =1 (l); R=Ph and X = Br (2))6) and carbon monoxide in the presence of secondary
amines, R'2NH (EtzNH, piperidine, and morpholine), give a-keto amides as double

carbonylation products in good yields and selectivities under mild conditions.

trans—PdR(x)(PMeth)2 + R'ZNH + CO ——> RCOCONR'2 + RCONR'2 (1)
l: R=Me, X=1 (1) (I1)
Ef R = Ph, X = Br (major) (minor)

In a typical procedure, THF (1 ml) and EtZNH (0.97 mmol) were added to a 50 ml

stainless-steel autoclave containing trans-PdMe(I)(PMeth)2 (0.074 mmol) under an
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atmosphere of nitrogen. After evacuation, CO gas (10 atm) was introduced and the
mixture was magnetically stirred at room temperature. After 1 day, N,N-diethyl-
pyruvamide (0.88) and N,N-diethylacetamide (0.07 mol/mol of complex)

were obtained as identified by means of GLC and GC-mass spectrometry comparing with
authentic samples. Typical results are given in the table. The following several
characteristic features of the carbonylation reactions emerge from these experiments.
(1) More basic amines such as EtZNH and piperidine are favorable for obtaining

double carbonylation products (runs 1-4). (2) The reaction carried out under pressured
CO gives double carbonylation products in higher yields than the reaction under
atmospheric pressure (runs 1 and 2). (3) Nonpolar solvents such as toluene give

higher yields of the double carbonylation products than polar solvents (runs 4-7).

Table. Carbonylation of Methyl- and Phenylpalladium Complexes in the

Presence of Aminesa)

. co Products ratio Total
Run Complex Amine (atm) Solvent T TT yield (%)
1 1 Et_NH 10 THF 93 7 95
~ 2
2 1 Et. NH 1 THF 79 21 51P)
~ 2
3 %, Piperidine 10 THF 82 18 77
4 1y Morpholine 10 THF 56 44 93
5 }/ Morpholine 10 Toluene 94 6 80
6 1 Morpholine 10 DMF 46 54 91
7 1 Morpholine 10 CH,Cl 41 59 67
~ 2772
8 2, EtZNH 10 THF 96 4 74

a) Reactions have been carried out using complex(~0.1l mmol), amine(~l mmol),
and-solvent(l ml) in a stainless-steel autoclave(50 ml) at room temperature

for 1 day. b) Formation of trans-Pd(COMe) I(PMePh,), in the system was confirmed.

The first stage of the present carbonylation reaction must be the single
insertion of carbon monoxide into the Pd-C bond to give acetyl- and benzoylpalladium
complexes as supported by isolation of Egggg_-Pd(COMe)I(PMePhZ)2 (run 2)2) Attack on
the acetyl- or benzoylpalladium complex by amine gives acetamide or benzamide. The
second CO insertion into the acyl-palladium intermediate yielding RCOCO-Pd species

followed by attack of the amine would give the a-keto amide:
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R' NH
R-Pd(X)L, + CO ——> RCO-PA(X)L, ——2—> RCONR', (+ PdH(X)L,)
(L = PMePh,) +CO (2)
R',NH

RCOCO-Pd(X)L2 —_— RCOCONR'2 (+ PdH(X)Lz)

In this reaction the attack of the amine on the acylpalladium species must be
a slow process since Egg_q_s_-?d(COMe)I(PMeth)2 could be isolated in run 2 carried out
in the presence of 10 molar excess of diethylamine. Attack on the RCOCO-Pd species
by amine, on the other hand, should be a rapid process. This assumption is reasonable
in view of the more acidic nature of the doubly carbonylated species than the
acylpalladium complex.

However, in view of the scarcity of precedents of double CO insertion into M-C
bond the following alternative mechanism which involves the intermediate RCO-Pd(CO)-
(X)Ln attacked by amine should be also considered, since the attack on the coordinated

8)

CO ligand by amine to give a carbamoyl species is a known process.

co +R'2NH
- - . E— -Pd - v
RCO Pd(X)L2 ———=> RCO Pd(CO)(X)Ln THX RCO-Pd~CONR 2(L)n
reductive (3)
elimination
RCOCONR'2

From the presently available data neither mechanism can be excluded. Further
study of the reaction mechanism is in progress.

It is only a simple extension from the present finding to design a catalytic
system involving the double carbonylation and we did find a catalytic system to
produce o-keto amides from aryl halides, cabon monoxide and amines using palladium
complexes coordinated with appropriate ligands. The details of the new catalytic

double carbonylation reaction will be reported separately.
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