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Scheme 1. Synthesis of compounds 5.
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A copper-catalyzed one-pot synthesis of alkynyl imidates and alkynyl thioimidates via coupling reactions
of terminal alkynes with trichloroimidates, generated in situ from trichloroacetonitrile and benzyl alco-
hols or thiols, is reported.

� 2013 Elsevier Ltd. All rights reserved.
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Alkynyl imines and alkynyl imidates represent an important class
of functionalized alkynes because of their applications in the synthe-
sis of a broad range of biologically important compounds. Alkynyl
imidates are versatile intermediates, which are used to synthesize
different types of N-heterocyclic systems.1–8 Furthermore, they
can react with conjugated dienes to give bicyclic compounds.9,10

Despite their synthetic importance, relatively few methods
have been described for the preparation of alkynyl imidates and
alkynyl thioimidates. One such important methodology involves
metal-catalyzed coupling reactions of imidoyl halides,11,12 diaryl-
nitrones,13 or the palladium-catalyzed reaction product of bromo-
benzene and tert-butyl isocyanide14 with organometallic reagents
derived from 1-alkynes. Alternatively, alkynyl imines have been
prepared via imination of the corresponding alkynyl ketones.2,15

Herein, we report an efficient procedure for the synthesis of
alkynyl imidates and alkynyl thioimidates via the Cu-catalyzed,
three-component coupling reaction of trichloroacetonitrile, benzyl
alcohol (thiol), and terminal alkynes (Scheme 1).16

In our initial investigations, phenylacetylene (1a), trichloroace-
tonitrile (2), and benzyl alcohol (3a) were selected as model sub-
strates. Several catalysts including CuI, CuBr, CuCl, and copper
powder were tested with CuI giving the best results. Among
several solvents screened, acetonitrile proved to be the best. When
this reaction was performed in MeCN in the presence of one
equivalent of Et3N at room temperature for eight hours, the desired
product, benzyl 3-phenylpropiolimidate (5a), was obtained in 84%
yield (Scheme 1). Thus, the optimized reaction conditions are as
follows: 10 mol % of CuI, 1 mmol of alkyne, 1 mmol of Et3N,
1 mmol of benzyl alcohol (thiol), and 1 mmol of trichloroacetoni-
trile in MeCN at room temperature.

Phenylacetylene readily participates in the coupling to furnish
the corresponding 3-phenylpropiolimidates in good yields
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Scheme 2. A mechanism for the formation of products 5.
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(Scheme 1). Aliphatic acetylenes served as low yielding substrates
compared to phenylacetylene.

The structures of products 5a–i were assigned by IR, 1H NMR,
and 13C NMR spectroscopies and by mass spectrometry data. The
1H NMR spectrum of 5a exhibited two singlets for the methylene
(4.45 ppm) and NH (5.10 ppm) protons, along with characteristic
multiplets for the phenyl protons. The 13C NMR spectrum of 5a
exhibited 12 signals in agreement with the proposed structure.
The mass spectrum of 5a displayed a molecular ion peak at
m/z = 235. The NMR spectra of compounds 5b–i were similar to
those of 5a, except for the substituents, which showed characteris-
tic signals in the appropriate regions of the spectra.

A mechanism for the formation of products 5 is given in Scheme
2. Yellow copper acetylide 6, formed from 1 and CuI, takes part in a
nucleophilic addition reaction with trichloroimidates 4, generated
in situ from trichloroacetonitrile and benzyl alcohols or thiols, to
afford tetrahedral intermediate 7. This intermediate is converted
into 5 by the elimination of CuCCl3.

In conclusion, we have demonstrated that under ligand-free
conditions, CuI catalyzes the coupling reaction of trichloroacetoni-
trile and benzyl alcohols with terminal alkynes to produce alkynyl
imidates. Replacement of the alcohols with benzyl thiols furnishes
alkynyl thioimidates. The potential diversity of this type of reaction
and readily available starting materials and catalyst are the main
advantages of this methodology.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2013.07.
029.
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at room temperature under an N2 atmosphere. After completion of the reaction
[about 8 h; TLC (EtOAc/hexane, 1:5) monitoring], the mixture was diluted with
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Benzyl 3-Phenylpropiolimidate (5a): Cream powder, mp: 121–124 �C; yield:
0.20 g (84%). IR (K Br) (mmax, cm�1): 3438, 2123, 1611, 1396, 1270, 1139, 1081.
1H NMR (500 MHz, CDCl3): dH = 4.45 (2H, s, CH2), 5.10 (1H, s, NH), 7.25–7.34
(3H, m, Ph), 7.47–7.50 (4H, m, Ph), 7.60 (1H, t, 3J = 7.5 Hz, Ar), 7.97 (2H, d,
3J = 7.9 Hz, Ar). 13C NMR (125.7 MHz, CDCl3): dC = 47.0 (CH2), 77.6 (C), 85.4 (C),
122.5 (C), 128.7 (2 CH), 129.2 (CH), 129.3 (2 CH), 129.4 (2 CH), 132.5 (2 CH),
134.4 (CH), 135.3 (C), 161.7 (C). MS: m/z (%) = 235 (M+, 2), 158 (8), 144 (43),
134 (23), 101 (100), 91 (70), 77 (54). Anal. Calcd for C16H13NO (235.10): C,
81.68; H, 5.57; N, 5.95. Found: C, 81.39; H, 5.63; N, 6.04. Benzyl 3-Phenylprop-
2-ynimidothioate (5g): Pale yellow powder, mp: 151–153 �C; yield: 0.20 g
(81%). IR (K Br) (mmax, cm�1): 3452, 2133, 1620, 1401, 1370, 1218. 1H NMR
(500 MHz, CDCl3): dH = 4.39 (2 H, s, CH2), 5.10 (1H, s, NH), 7.25–7.33 (4H, m,
Ph), 7.43 (2H, d, 3J = 7.5 Hz, Ar), 7.48 (2H, d, 3J = 7.5 Hz, Ar), 7.90 (2H, d,
3J = 7.9 Hz, Ar). 13C NMR (125.7 MHz, CDCl3): dC = 46.7 (CH2), 77.7 (C), 85.4 (C),
122.5 (C), 128.8 (2 CH), 129.2 (CH), 129.3 (2 CH), 130.8 (2 CH), 132.5 (2 CH),
132.7 (CH), 141.0 (C), 160.7 (C). MS: m/z (%) = 251 (M+, 6), 174 (8), 160 (43),
123 (53), 101 (100), 91 (72), 77 (34). Anal. Calcd for C16H13NS (251.35): C,
76.46; H, 5.21; N, 5.57. Found: C, 76.79; H, 5.26; N, 5.63.
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