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ABSTRACT: A direct cyanation of terminal alkynes for the synthesis of
propionitrile derivatives, with the aid of silver salt using water additive, has
been achieved. The cyano source used is N-isocyanoiminotriphenylphos-
phorane, which is nontoxic, safe, and easy to handle. This protocol is characterized by its operational simplicity, high efficiency
with excellent yields, broad substrate scope, and greater functional group tolerance.

Nitrile functionality represents one of the most promising
active units, which is not only present in natural products

from plant/animal sources but is also present in a large number of
clinically used drugs and polymers and serves as a valuable
synthetic precursor in organic chemistry.1 One of the most
important nitrile compounds is propiolonitrile, which is
characterized by assembly of two important functionalities,
alkyne and nitrile, and has been identified as a versatile building
block for decades.2 Molecules obtained from derivatizing these
two functional units possess great importance both in chemical
and biological aspects.3 Therefore, the development of practical
methods for its preparation is of great importance. In this line,
few groups have converted propargylic systems to propionitrile
under metal or metal-free conditions.4 Direct cyanation5 of
terminal alkynes, however, opens a new avenue to approach
propionitrile using both organic and inorganic cynating reagents
(Scheme 1). The methodologies, however, suffer from the
limitations to use toxic cyanide salts, moisture sensitive reagents,

or harsh conditions. Therefore, safe, moisture stable, convenient
approaches to propiolonitriles from simple starting materials is of
great interest in modern organic synthesis.
Over the past few decades isocyanide has shown spectacular

rise in its application as reactive intermediate in organic synthesis
because of its ability to act as one carbon unit in the insertion
reaction and as the coupling partner.6 Among innumerable
applications of isocyanide, the most striking feature is to acts as
“cyano” source and have advantages over others being nontoxic,
commercially available, easy to handle, and environmentally
benign. Accordingly, a plethora of examples has been reported
for the introduction of nitrile unit using isocyanides into
heteroarenes,7 imines,8 aldehydes,9 alkyl halogens,10 and N N-
dimethyl-2-alkynylaniline.11 One of the bench stable isocyanides,
N-isocyanoiminotriphenylphosphorane (NIITP), was reported
by Fehlhammer andWeinberger in 1980, which opened the door
for extensive use of isocyanides as these are bench-stable, safe,
easy-to-handle, and odorless solids.12 Since its inception, the
synthetic potency has been extensively explored, but they are
restricted to act as a “CNN” building block in base-mediated
heterocyclic synthesis.13 However, from the first application of
NIITP for converting acid chloride to α-diazoketone, NIITP is
still a great choice due to safety and ease of handling.14 As our
journey is to explore the silver-catalyzed σ-activation of
isocyanides15 and alkynes,16 herein we reported a silver-
promoted intermolecular direct cyanation of terminal alkynes
with NIITP via cleavage of its N−NC bond, thereby providing a
safe, moisture-stable, and convenient method for the synthesis of
propiolonitriles.
We started our investigations by studying the reaction of 1-

ethynyl-4-methoxybenzene (1a) with NIITP (2) in the presence
of a quantitative amount of silver carbonate (Table 1). To our
delight we get our desired 3-(4-methoxyphenyl)propiolonitrile
(3a) in 24% yield using MeCN as solvent (entry 1). A solvent
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Scheme 1. Preparation of Propiolonitriles
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screening then conducted to improve the yield; accordingly,
PhCl, DCE, and THF, were tested and found unsuitable for the
conversion (entries 2−4). Switching to DMF as solvent
marginally raised the yield of 3a to 26% (entry 5). Interestingly
use of AgOTf was particularly propitious affording 3a in 76%
yield (entry 6). Other silver salts were soon tested for further
improvement of the product outcome. Likewise AgNO2,
Ag3PO4, and AgNO3 were chosen and found ineffective in the
title conversion and afforded 3a in 18−50% yield (entries 7−9).
We next turned our attention to use Lewis acids as promoter of
the reaction. In this context, Sc(OTf)3 totally halted the reaction
(entry 10); however, Bi(OTf)3 and Ga(OTf)3 were less effective
in direct cyanation process and yielded 3a in 24% and 35%,
respectively (entries 11−12). Interestingly, product yield was
totally diminished when silver loading was dropped to 30%,
which showed that silver is necessary in stoichiometric amount
(entry 13). Either removal of water as additive or replacement
withmethanol totally resisted the reaction or afforded 3a in lower
yield (entries 14−15). We also probe to test the fate of the
reaction temperature by carrying out reaction at 100 or 60 °C,
which did not lead to the improvement of the yield (entries 16−
17).
We therefore proceeded with the best condition involving

stoichiometric the use of AgOTf with 10 equiv of water as
additive in DMF solvent. We investigate the scope and limitation
of the reaction on aryl acetylenes containing both electron-
donating/withdrawing substituents (Scheme 2). Likewise 4-
substituted Me (1c) and tBu (1d) aryl acetylene smoothly
converted to corresponding propionitrile derivatives (3c−d) in
84% and 66% yield, respectively. Halogen-containing acetylenes
(1e−g) were suitable feedstock for the direct cyanation process
but afforded halogen-containing propionitrile derivatives 3e−g
in somewhat lower yields (48−63%). Next electron withdrawing
groups like −CF3 and −CN were tested for title conversion,
which afforded 3h and 3i in good yields. Sensitive functional
groups like ester (1j), keto (1k), and aldehyde (1l) were well

effective for product formation 3j−l but in moderate reactivity
(49−55%). Similarly 3- and 2-substituted aryl acetylenes did not
resist the reaction and gave propionitrile derivative 3m−p in high
yield (65−83%). Reactivity of disubstituted acetylene was
equally potent and delivered 3r and 3q in 75% yields. Substrate
scope was then extended to naphthalene (1s) and fluorene (1t)
derivatives, which afforded corresponding propionitrile deriva-
tives in moderate yields. We were also curious to check the
feasibility of reaction on some heterocyclic (1u) and olefinic (1v)
alkynes, which furnished 3u−v in good yield. In addition, we also
tested some aliphatic alkynes, which indeed converted into
corresponding propionitrile derivatives, but in moderate to good
reactivity, and afforded 4a−f in 34−59% yields.
Gram-scale synthesis of 3c was achieved in 75% yield

demonstrating the practicability of the transformation. Further,
we investigated the follow-up chemistry using propiolonitrile 3c
as a substrate (Scheme 3). The synthetic utility of 3c was
demonstrated by preparation of a series of heterocycles, such as
1,2,3-triazole (5), pyrrole (6), and benzofuran (7), in good to
high yields. Additionally, acrylonitriles (8−9) were efficiently
synthesized from 3c upon treatment with phenol or 1-
methylimidazole under mild conditions.
On the basis of previous results,15b,d and our experimental

observations, we have proposed a plausible mechanism shown in
Scheme 4. Initially, the alkyne 1b reacts with AgOTf to generate
the silver acetylide I. In the next step, insertion of isonitrile 2
(NIITP) into the silver−carbon bond of I produced an acetylinic
imido complex II. Finally, the complex II give the target
compound 2b with the release of AgOH and triphenylphosphine
azaylide.
In summary, we have developed a safe, efficient approach for

the synthesis of propiolonitriles derivatives starting from simple
terminal alkynes via a direct C−H cyanation process. In the

Table 1. Optimization of the Reaction Conditionsa,b

entry [M] cat. additive solvent temp yield (%)b

1 Ag2CO3 H2O CH3CN 80 24
2 Ag2CO3 H2O PhCl 80 17
3 Ag2CO3 H2O DCE 80 12
4 Ag2CO3 H2O THF 80 6
5 Ag2CO3 H2O DMF 80 26
6 AgOTf H2O DMF 80 76
7 AgNO2 H2O DMF 80 18
8 Ag3PO4 H2O DMF 80 25
9 AgNO3 H2O DMF 80 50
10 Sc(OTf)3 H2O DMF 80 0
11 Bi(OTf)3 H2O DMF 80 24
12 Ga(OTf)3 H2O DMF 80 35
13c AgOTf H2O DMF 80 16
14 AgOTf DMF 80 np
15 AgOTf CH3OH DMF 80 67
16 AgOTf H2O DMF 100 58
17 AgOTf H2O DMF 60 67

aReaction conditions: 1a (0.5 mmol), 2 (1.0 mmol), and additive (10
equiv) for 6 h, under Ar. bIsolated yield. cAgOTf (30 mol %).

Scheme 2. Substrate Scope of Alkynea,b

aReaction conditions: 1 (0.5 mmol), 2 (1.0 mmol), and AgOTf (0.5
mmol) and H2O (5 mmol) in DMF (5 mL) at 80 °C for 6 h, under Ar.
bIsolated yield.
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reaction, NIITP served as a nontoxic, facile “CN” source. The
synthetic value of this compound was evaluated by utilizing them
in various organic transformations. Further studies on the
utilization of NIITP are ongoing in our group.
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