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Abstract: A base-promoted net-[3+2] cycloaddition of nitriles and 1-arylpropynes for the synthesis of
pyrroles is described. The developed method provides convenient access to various 2,5-disubstituted or 2,4,5-
trisubstituted pyrroles in 40% to 96% yields (32 examples). Among methods for the synthesis of pyrroles, the
protocol presented here stands out for its convenience and atom-economy.

Keywords: heterocycles, pyrroles; nitriles; 1-arylpropyne

Introduction

Pyrroles represent one of the most prominent classes of
heterocycles. They are present in numerous natural
products[1] and as key structural units in various
pharmaceuticals.[2] They are also valuable motifs that
exhibit a variety of bioactivities such as antitumor,[3]
antiviral,[4] antifungal,[5] and antihyperlipidemic
activities.[6] Additionally, these privileged heterocycles
are core substructures in agrochemicals[7] and functional
materials.[8] In this regard, significant efforts have been
dedicated to the synthesis of pyrroles.[9] Traditionally,
access to pyrrole rings are based on Knorr,[10]
Hantzsch,[11] and Paal-Knorr reactions.[12] Recently,
many efficient methods, including transition metal-
catalyzed processes[13] and multicomponent reactions,[14]
among others,[15] have been developed to construct
functionalized pyrroles. Despite noteworthy advances,
there remains room for improvement. The strict stand-

ards for trace metal contaminants in active pharmaceut-
ical agents favor the development of transition metal-
free processes.[16] Furthermore, highly functionalized
starting materials and intermediates reduce practicality.
Consequently, there is a demand for modular, efficient,
direct and atom-economical approaches for the synthesis
of functionalized pyrroles.

In line with our long-standing interest in the
functionalization of carbanions derived from weakly
acidic pronucleophiles,[17] we wondered if the reaction
of nitriles with 1-arylpropyne under basic conditions
could lead to pyrroles via a net-[3+2] cycloaddition
reaction. In accordance with our supposition, a variety
of 2,5-disubstituted or 2,4,5-trisubstituted pyrroles are
accessible in the presence of silylamide bases. Com-
pared to base-promoted strategies developed by
Verma,[18] Wan,[19] and Cui[20] (Scheme 1) our method
avoids the use of preformed substrates such as function-
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alized propargyl amines, imines, and ynones. Moreover,
the present work also stands out for its atom-economy.

Results and Discussion

Initially, we optimized the [3+2] cycloaddition reaction
with 1-phenylpropyne 1a and benzonitrile 2a as the
model substrates using THF as solvent at 100 °C for
12 h (Table 1). Among the three silylamide bases tested
[KN(SiMe3)2, NaN(SiMe3)2, LiN(SiMe3)2], KN(SiMe3)2
and NaN(SiMe3)2 were suitable (entries 1 and 2) with
KN(SiMe3)2 the most promising (67% yield).
LiN(SiMe3)2 only led to trace amounts of pyrrole 3aa
(entry 3). These results provide yet another example of
the dramatic impact, but often mysterious role of main
group metal cations on reactivity in organic
transformations.[21] Further screening of different sol-
vents, including CPME (cyclopentyl methyl ether), 1,4-
dioxane, DME, and toluene indicated that toluene was
the best choice, providing the product in 88% yield
(entry 7 vs entries 4–6). Notably, excess base was
critical for this reaction. Only 60% and 38% yield of
cycloadduct was observed when 2 equiv. and 1 equiv. of
KN(SiMe3)2 were employed, respectively (entries 8, 9).
Similarly, a temperature of 100 °C was essential to
maintain high conversion. Lowering the reaction tem-
perature to 80 °C gave only 37% yield of pyrrole
product (entry 10), while no product was obtained when
the reaction was conducted at 60 °C (entry 11). Interest-
ingly, slightly increasing the amount of benzonitrile 2a
to 1.2 equiv. resulted in better yield of 3aa (entries 7 vs.
12, from 88% to 95%). Therefore, the optimized
conditions employed 1.2 equiv. of benzonitrile 2a,

Scheme 1. Base-promoted synthesis of functionalized pyrroles.

Table 1. Reaction Optimization Studies.[a]

Entry Solvent Base 1a:2a Yield[b] (%)

1 THF KN(SiMe3)2 1:1 67
2 THF NaN(SiMe3)2 1:1 63
3 THF LiN(SiMe3)2 1:1 trace
4 CPME KN(SiMe3)2 1:1 73
5 1,4-Dioxane KN(SiMe3)2 1:1 49
6 DME KN(SiMe3)2 1:1 72
7 Toluene KN(SiMe3)2 1:1 88
8[c] Toluene KN(SiMe3)2 1:1 60
9[d] Toluene KN(SiMe3)2 1:1 38
10[e] Toluene KN(SiMe3)2 1:1 37
11[f] Toluene KN(SiMe3)2 1:1 –
12 Toluene KN(SiMe3)2 1:1.2 95
[a] Reactions were conducted with 1a (0.1 mmol), 2a (0.1–0.12 mmol), base (0.3 mmol), solvent (1 mL), 12 h.
[b] Isolated yields.
[c] 2 Equiv. of KN(SiMe3)2.
[d] 1 Equiv. of KN(SiMe3)2.
[e] 80 °C.
[f] 60 °C.

RESEARCH ARTICLE asc.wiley-vch.de

Adv. Synth. Catal. 2023, 365, 1–7 © 2023 Wiley-VCH GmbH2

These are not the final page numbers! ��

Wiley VCH Montag, 13.11.2023

2399 / 327178 [S. 2/7] 1

 16154169, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adsc.202301053 by H

angzhou C
ity U

niversity, W
iley O

nline L
ibrary on [03/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://asc.wiley-vch.de


1 equiv. of 1-phenylpropyne 1a, and 3 equiv. of KN-
(SiMe3)2 in toluene at 100 °C for 12 h (entry 12 in
Table 1).

With the optimized reaction conditions in hand, we
examined the scope of the net [3+2] cycloaddition
reaction beginning with the nitrile partner. As depicted
in Table 2, benzonitriles possessing alkyl groups (4-Me
and 4-tBu) were well tolerated to afford products 3ab
and 3ac in 93% and 87% yield, respectively. In
addition, aryl nitriles bearing electronically diverse
substituents, including electronegative and electron
withdrawing groups (4-F, 4-CF3, 4-OCF3) gave the
annulated products (3ad, 3ae, 3af) in 57–91% yields.
Substrates 1g–1i with electron-donating substituents at
the para position (� NMe2, � OPh, � OMe) afforded 2,5-
disubstituted pyrroles 3ag–3ai in 73–92% yields.
Notably, sterically hindered aryl nitriles bearing 2-OMe
and 2-Ph groups were also applicable in this protocol,
giving the pyrrole products 3aj–3ak in 75–81% yields.
1-Naphthonitrile and 2-naphthonitrile gave 3al and
3am in 83 and 63% yields, respectively. Benzonitriles
containing 4-phenyl, 4-morpholino, and 4-(4’-pentyl-
phenyl) groups provided 3an–3ap in 57–96% yields.

Heterocyclic 2-pyridylnitrile was also a suitable sub-
strate in this transformation, furnishing the correspond-
ing product 3aq in 80% yield. We were interested to
determine if aliphatic nitriles were applicable to this
method. Such substrates can be deprotonated in the
presence of silyl amide bases (Et� CN has a pKa value
of 32.5 in DMSO), raising concerns.[22] Of note,
aliphatic nitriles, such as cyclopropanecarbonitrile,
cyclopentanecarbonitrile, and the sterically congested
pivalonitrile, were all suitable in this protocol, affording
the desired products 3ar–3at in 76–92% yields. To
examine the scalability of this transformation, 6 mmol
of 1a was combined with 1.2 equiv. of cyclopropane-
carbonitrile (2r) under optimal reaction conditions and
the pyrrole product 3ar was isolated in 87% yield
(0.955 g).

The scope of 1-arylpropynes was next examined
with p-tolunitrile (2b) as outlined in Table 3. 1-Phenyl-
propynes possessing methyl and tert-butyl groups at the
para position afforded 3bb–3cb in 67–71% yields.
Additionally, 1-arylpropynes bearing electronically-di-
verse substituents (4-F, 4-OCF3, 4-NMe2, 4-OPh, 4-
OMe) provided the desired products (3db, 3eb, 3fb,
3gb, 3hb) in 56–82% yields. A sterically hindered
substrate bearing a 2-Ph group on the phenyl group of
1-phenylpropyne gave the annulated product 3ib in
52% yield. Arylpropynes with extended π-systems, such
as 1-(prop-1-ynyl)naphthalene (1j) and 2-(prop-1-
ynyl)naphthalene (1k) were both excellent substrates
and produced products 1jb and 1kb in 90% and 92%

Table 2. Scope of Aryl and Alkyl Nitriles.[a,b]

[a] Reaction conditions: 1a (0.1 mmol), aryl nitrile (0.12 mmol),
KN(SiMe3)2 (1.0 mol/L in THF, 0.3 mL, 0.3 mmol), toluene
(0.1 M), 100 °C, 12 h.

[b] Isolated yield.

Table 3. Scope of 1-Arylpropynes.[a,b]

[a] Reaction conditions: 1-arylpropyne (0.1 mmol), 2b
(0.12 mmol), KN(SiMe3)2 (1.0 mol/L in THF,
0.3 mL,0.3 mmol), toluene (0.1 M), 100 °C, 12 h.

[b] Isolated yield.
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yield, respectively. Importantly, the reaction was also
applicable to 1,3-diarylpropynes, including 1,3-diphe-
nylpropyne and 1-phenyl-3-(2’-thienyl)-propyne, to fur-
nish the 2,3,5-trisubstituted pyrroles (3lb and 3mb),
albeit with somewhat diminished yields (40–60%).
Overall, a wide range of functionalized pyrroles were
synthesized via a net-[3+2] annulation of readily
available aryl nitriles with 1-arylpropyne or 1,3-diaryl-
propynes.

Based on our past efforts with deprotonation of
weakly acidic pro-nucleophiles,[17] we favor a mecha-
nism that involves reversible deprotonation of the 1-
arylpropyne (Scheme 2). Addition of the resulting
propargylic anion to the nitrile generates a metalated
imine. Attack of the metalated imine on the alkyne leads
to a carbanion that is protonated, perhaps by the
liberated HN(SiMe3)2. The KN(SiMe3)2 can than de-
protonate and aromatize the pyrrolide. The pyrrolide is
protonated upon workup to furnish the pyrrole. We
cannot, however, rule out the possibility of a concerted
[3+2] cycloaddition reaction.

Conclusion
In summary, a transition metal-, ligand-, and additive-
free method is presented for the rapid synthesis of
pyrroles. The reaction involves the condensation of 1-
arylpropynes and aryl nitriles mediated by KN(SiMe3)2
leading to valuable functionalized pyrroles. The avail-
ability of the starting materials, as well as atom-
economy make this net [3+2] cycloaddition process
particularly attractive. A wide range of 2,5-diaryl-1H-
pyrroles, including 2,3,5-triaryl-1H-pyrroles, were pre-
pared in 40% to 96% yields (32 examples). Due to its
ability to access desirable N� H free pyrrole building
blocks in one step via tandem C� C and N� C bond-
formations, we envision that this protocol will find wide
application in the chemical sciences. Further studies to
activate arylpropyne for the synthesis of useful building
blocks are underway in our laboratories.

Experimental Section
General Procedure A
An oven-dried 10 mL vial equipped with a stir bar was charged
with 1-arylpropyne (0.1 mmol, 1.0 equiv.) under a nitrogen
atmosphere in a glovebox. The arylnitrile (0.12 mmol,
1.2 equiv.), dissolved in 1 mL of dry toluene, was added to the
reaction vial followed by addition of KN(SiMe3)2 (1.0 mol/L in
THF, 0.3 mL, 0.3 mmol, 3.0 equiv.) by syringe at room temper-
ature to give a homogeneous, clear solution. Upon addition of the
base, the color of the reaction mixture turned to brown. The vial
was capped, removed from the glovebox, placed in an oil bath at
100 °C and stirred for 12 h. After that time, the vial was removed
from the bath, cooled to room temperature and the reaction
mixture was quenched with three drops of saturated NH4Cl
solution and the vial was opened to the air. The resulting solution
was passed through a short pad of silica gel and eluted with ethyl
acetate (1 mL×3). The combined organic solution was concen-
trated under reduced pressure. The crude material was loaded
onto a silica gel column and purified by flash chromatography.
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