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In the preceding communication (1), we have reported that
primary and secondary amines react with isocyanide in the
presence of copper compound as the catalyst to produce amidines

in almost quantitative yields.

SDN—H+FVN2C-*——>'§>N—%:H (i)
N—R“

In view of the fact that carbon monoxide is isoelectronic
with isocyanide (2), the above finding prompted us to explore

the possibility of the reaction of amine with carbon monoxide

il

by copper catalyst.
C: == R-N=C:

R-N
Isocyanide
0=C: =—— (0O=C:

Carbon monoxide

Now we have found that copper compounds as well as metal-

lic copper catalyze the reaction of primary and secondary
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amines with carbon monoxide producing the corresponding N-

alkylformamides. It seems quite interesting to note that these

2.>N—H + co —= R

(R:H or Alkyl)

RPN—%—H (i)

two reactions of amine by copper catalyst are characterized by
a common feature, i.e., the carbon atoms bearing a lone pair of
electrons, the carbon atoms of isocyanide(eq.(i}) and of carbon
monoxide{eq.(ii)), are inserted between nitrogen and hydrogen
of amine.

Reaction of amine with carbon monoxide has hitherto been
studied by many groups of workers. Transition metal compounds,
e.g., metal carbonyls, metal halides and organometallic com-
pounds, of Groups IVa, Va, Vla, VliIa, and VIII of the Periodic
Table have been employed as the catalyst (3-9), and the pro-
ducts are the compounds having nitrogen-carbonyl linkage, i.e.,
isocyanates and N-alkylformamides, urcas and oxamides. Copper
is located outside the typical transition metals of Groups from
IV to VIII in the Periodic Table, and the copper catalysis in
the amine-carbon monoxide reaction is distinguished from other
catalysts by the highly selective production of N-elkylform-
amide. As a by-product, N-alkyl derivative of urea was sometimes
formed, however, its yield is quite low(below a frw percent),
much lower than that in the carbonylations with nickel (3) and
palladium catalysts (9). The urea formation with copper cata-
lyst may be ascribed to the presence of a small amount of

oxygen probably arising from incomplete removal of air from
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the reaction system.

The copper catalyzed reaction of amine with a gaseous
mixture of carbon monoxide and oxygen has been described in a
patent (10), in which N-alkyl derivatives of ureas instead of
N-alkylformamides are formed.

Some results of the copper catalyzed reaction of amine
with carbon monoxide are given in Table 1.

In Method A, 60 ml. of 40 % aqueous solution of dimethyl-
amine and a copper catalyst were placed in a magnetically-stirred
200 ml stainless steel asutoclave, to which carbon monoxide was
compressed up to 60 atm., at room temperature. The content of
autoclave was then stirred and heated at a given temperature.
In Method B, 10 ml of amine and a catalyst were placed in a 50
ml stainless steel pressure tube, to which carbon monoxide was
compressed up to 60 atm., at room temperature. The content. of
tube was heated without stirring and shaking. After cooling,
gas was vented and the contents of autoclave or pressure tube
was subjected to distillation. N-alkylformamide was isolated
by distillation, which was identified by boiling point, reten-
tion time of v.p.c., elemental analysis, infra-red spectrum,
and n.m.r. spectrum. In Method B, neither stirring nor shaking
was applied during reaction. Consequently, a much improved
yield of product may be expected for the reaction with stirring.

The carbonylation of allylamine by copper catalyst yields
N-allylformamide. This offers a sharp contrast with the allyl-
amine carbonylation by cobalt carbonyl catalyst in which cycli-
zation to 2-pyrrolidinone occurs (11)., With copper compound

catalyst, some amines, e.g., piperidine, are carbonylated even
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at ordinary pressure of carbon monoxide at room temperature.

By the carbonylation of the present studies, ammonia(as
28 % ammonia water) is also carbonylated to formamide. On the
other hand, the copper catalyzed carbonylation of aromatic
amines including aniline, N-alkylanilines and pyrrole has not
been observed yet.

Mechanistic studies and the extension of this reaction are

peing carried out, which will be published in the near future.
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