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Recently we have reported that in the presence of cuprous chloride as catalyst
isocyanide (I) reacts with g, y-unsaturated alcohol (II) to produce the correspond-
ing formimidate (III)I).

CuCl

R-N=2C + R'CH=CCHpOH ——— HCOCHC(R)=CHR'----- (i)
R" NR
() (1) ()

The above reaction by cuprous chloride catalyst is not applied to aliphatic sat-
urated alcohols such as ethyl, sec-butyl and t-butyl alcohol. Chlorides of nickel,
cobalt and palladium do not catalyze the above reaction but induce the polymeri-
zation of isocyanide.

In the course of the extension studies, we have now found that metallic cop-
per as well as copper oxides (Cu(I) and Cu(II)) catalyze the reaction of isocy-

anide with various alcohols including saturated alcohols to produce the corre-

sponding formimidates in almost quantitative yields.

RN2C + R'OH 2> H-C-OR' ---------- (i)
NR
This reaction presents a convenient synthetic method of N-substituted form-
imidate. The above reaction can be regarded as the insertion of the isocyanide
carbon atom bearing lone-pair electrons between oxygen and hydrogen of alcohol,
which is a counterpart of the insertion reaction of isocyanide between nitrogen

and hydrogen of amine by copper compound cutnlystuz).
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!
RN=C + 2:.>NH S compe: H-Q—N<g,. ------ (iii)
NR
4 mixture of 28 mmol of cyclohexyl isocyanide, 50 mmol of alcohcl and copper
catalyst- was heated at 120°C for 5 hrs. The reaction mixture was then distilled
to isolate N-~cyclohexylformimidate, which was identified by infra-red and n.m.r.
spectra and elemental analysis. A part of the reaction mixture was subjected to
v.p.c. analysis in brder to examine the by-product and determine the yield of N-
cyclohexylformimidate by means of an internal standard. The results are illus-

trated in Table 1.

TABLE I. Reaction of Cyclohexyl Isocyanide with Alcohol

HN=C + ROH ——— {H}N=CHOR

Products ( Yield % )

ROH
(@) N=cHOR?) &) NucHo
1
¢ CHOH 94 ,
Cu Catalysta) 2—04390H 99 -
(5 mg-stom) L sec~C H OH 98 2
CH ,=CHCH.,0H 95 3
( CHOH 95 2
Cu20 Cats}yst ) g—C4H90H 95 1
(5 mmol) sec—C H OH 94 2
sec~C H,
 4-C ,H OH 94 -
¢ ,H50H 87 11
Cuo(gataly;t J E—C4H90H 81 -
mmol —
ggg-C4H90H 88
£-C ,H 4 OH 91 —

a) Copper powder was prepared by the reduction of CuSO4 with zinc powder according
to the procedure given in Organic Syntheses, Coll. Vol., II, p.432, John Wiley
and Sons. Inc., New York, (1941).

b) Boiling points of N-cyclohexylformimidates, (:}—N:CHOR H R=CZH5, 85°C/27 mm Hg;
R=n-C H,, 81°C/21 mm Hg; R=gsec-C_H,, 90°C/21 mm Hg; R=t-C H_, 93°C/19 mm Hg;
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R= CH,=CHCH, , 105°C/32 mm Hg.
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The N-cyclohexylformimidates were produced almost quantitatively. As a by-prod-
uct, N-cyclohexylformamide was sometimes produced in a quite small yield. In the
cases of copper oxides cata;ysts, N-cyclohexylcarbamates were produced also in
small yields, usually about 1 %.

In the absence of copper catalyst, neither g,y-unsaturated alcohol nor sat-
urated alcohol reacted with cyclohexyl isocyanide. Both alcohol and cyclohexyl
isocyanide remained unchanged and were recovered quantitatively from the heat-
treated reaction mixture.

The catalysis features of copper compounds as well as silver, zinc and cadmi-
um compounds in the isocyanide-alcohol reaction are now being studied in connection

with those of the above metal compounds in the isocyanide-amine reaction.
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