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Abstract

A smooth and efficient oxidation of isonitriles to isocyanates by sulfoxides is catalyzed by
trifluoroacetic anhydride. Using DMSO as the oxidant and 5 mol-% TFAA (dichloromethane, −60
°C to 0 °C), the process is complete in a few minutes, forming dimethylsulfide as the only
byproduct. The newly-formed isocyanates may be used directly or isolated in high purity by
solvent evaporation.

As part of a program to redirect intermediates in the Pummerer reaction of sulfoxides into
useful new multicomponent processes, we serendipitously discovered a fast and gentle
catalytic oxidation of isonitriles to isocyanates that promises to be of utility to synthetic
chemists. Besides using inexpensive, readily available reagents, the method generates
volatile and innocuous byproducts often making possible direct isolation of the desired
isocyanate without extractive workup.

Given the broad synthetic utility of isocyanates,1 dozens of procedures have been described
for preparing them, including several routes from isonitriles. Isonitrile-to-isocyanate
oxidations have been reported using mercuric oxide,2 lead tetraacetate,3 and ozone,4 as well
as halogen- or acid-catalyzed oxidations by dimethylsulfoxide (DMSO)5 and pyridine-N-
oxide.6 However, recent interest in highly functionalized isocyanates drives the continuing
demand for new synthetic methodology.7 Here we report that isonitriles are rapidly oxidized
to isocyanates using DMSO in the presence of catalytic quantities of trifluoroacetic
anhydride (TFAA, eq 1). Unlike the halogen-catalyzed DMSO oxidations reported earlier,
which require prolonged heating at reflux and have been proposed to involve isonitrile-
halogen adducts, the TFAA-catalyzed oxidations occur rapidly at low temperature by a
different mechanism.
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(1)

Initial attempts to generate and trap the putative sulfonium intermediates in Pummerer
reactions led us to investigate the reaction of TFAA with dibenzyl sulfoxide in the presence
of nucleophilic isonitriles such as t-BuNC (1:1:1 mixtures in CH2Cl2, 0 °C to rt, 10 min). In
each case, the only isolable product obtained was dibenzylsulfide in near-quantitative yield.

Mechanistic considerations suggested that sulfoxide reduction might be accompanied by
oxidation of the isonitrile either to the corresponding isocyanate R–N=C=O or its
hexafluoroacylal R–N=C(OCOCF3)2. Real-time monitoring of the reaction mixture by IR
unambiguously established the formation of isocyanate (2257 cm−1). A plausible
mechanism for the overall redox process is shown in Scheme 1.

The proposed mechanism predicts that isocyanates should form using DMSO as oxidant and
catalytic quantities of TFAA, although unlike the halogen-catalyzed DMSO oxidations of
isonitriles reported earlier,5,6 the mechanism does not involve an isonitrile adduct with the
catalyst. In accordance with Scheme 1, a sample of t-butylisonitrile was treated with DMSO
(1.1 equiv) and TFAA (0.05 equiv) at low temperature (CH2Cl2, −60 °C to rt, 10 min),
whereupon a strong isocyanate band was observed in the IR and trapping with t-butylamine
afforded di-t-butylurea in 96% yield. The scope and generality of the method are indicated
by results summarized in Table 1.

Since the only byproducts accompanying isocyanate formation, dimethylsulfide and residual
TFAA, are volatile, it was of interest to determine whether some isocyanates might be
isolated directly in nearly pure form by careful evaporative workup. Entries 5 and 6 in Table
1 show that cyclohexyl isocyanate 2e and ethyl isocyanatoacetate 2f can be isolated in
excellent yields by rotary evaporation of solvent. In each case, the only byproduct detectable
by NMR is a few percent of residual DMSO.8

The examples in Table 1 indicate that alkyl, cycloalkyl and aryl isonitriles were smoothly
transformed into isocyanates using catalytic amounts of TFAA, with one exception.
Oxidations of morpholinoethylisonitrile 1d using 5–20% TFAA returned substantial
amounts of starting isonitrile.

To test whether amine/anhydride interactions interfered with catalysis, the oxidation was
conducted using 1.1 equiv of TFAA. While the isonitrile was completely consumed, no
characteristic stretching frequency for the isocyanate group in 2d was detected.
Neverthteless, addition of t-butylamine to the crude product afforded the expected urea.9

In conclusion, the method reported here is simple and easy to use, and represents a very
mild, rapid and environmentally acceptable procedure for preparing isocyanates from
isonitriles. Not to be overlooked is the concomitant and equally useful synthetic conversion
of sulfoxides to sulfides.
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Scheme 1.
Proposed mechanism for the oxidation of isonitriles by sulfoxides
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Table 1

Oxidation of Isonitriles 1 to Isocyanates 2.

isonitrile isocyanate (% yield) derivativea (% yield)

1a R = t-Bu 2a (t-BuNH)2CO (96)

1b R = n-Bu 2b n-BuNHCONH-t-Bu (95)

1c R = p-CH3OC6H4 2c p-CH3OC6H4NHCONH–t-Bu (61)

1d R = β-morpholinoethyl 2d β-morpholinoethylNHCONH–t-Bu (67)b

1e R = cyclohexyl 2e (94) —

1f R = CH2CO2Et 2f (95) —

a
Spectroscopic data for all derivatives matched literature values.

b
1.1 equiv TFAA was used in this experiment.
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