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Copper-mediated tandem ring-opening/
cyclization reactions of cyclopropanols with
aryldiazonium salts: synthesis of N-arylpyrazoles†

Jidan Liu, * Erjie Xu, Jinyuan Jiang, Zeng Huang, Liyao Zheng and
Zhao-Qing Liu

A general method for the synthesis of structurally diverse N-aryl-

pyrazoles from readily available cyclopropanols and aryldiazonium salts

is disclosed. The reaction was conducted at room temperature within

minutes with a broad substrate scope and excellent regioselectivity.

Pyrazole, a five-membered heterocycle with two adjacent nitrogen
atoms used extensively in agrochemical and pharmaceutical appli-
cations, displays a broad spectrum of biological activities, such as
anti-inflammatory, antimicrobial, antiobesity, antidepressant,
antidiabetic, analgesic, and antiviral activities,1 as exemplified
by the presence of this core structure in several commercial
drugs, including rimonabant, lonazolac and celecoxib, as well as
the insecticide fipronil (Fig. 1).2 In addition to their medicinal
value, N-arylpyrazoles have also been applied as ligands in
transition-metal-catalyzed cross-coupling reactions,3 N-heterocyclic
carbene (NHC) precursors4 and directing groups for C–H bond
functionalizations.5

Due to the important applications of N-arylpyrazole scaffolds,
the construction of these useful compounds has attracted con-
siderable attention during the past few decades.6 Conventional
approaches for the preparation of N-arylpyrazoles mainly focus
on the condensation of arylhydrazines with 1,3-dicarbonyl
or a,b-unsaturated carbonyl compounds.7 Alternatively, the
1,3-dipolar cycloaddition of diazo compounds or their surrogates
with olefins or alkynes8 followed by transition-metal-catalyzed
N-arylation represents another popular approach.9 Although these
strategies can provide efficient routes to prepare N-arylpyrazoles,
some drawbacks, such as harsh reaction conditions, narrow substrate
scope, and poor regioselectivity, limit their synthetic application to
some extent. In order to overcome these problems, several alter-
native strategies involving transition metal catalyzed or mediated
intermolecular coupling reactions have been developed.10

Albeit great achievements have been achieved, further exploration
of convenient, efficient, and mild protocols to afford structurally
diverse N-arylpyrazoles from readily available starting materials is
still highly desirable.

Cyclopropanols are important and useful synthetic inter-
mediates in organic synthesis and can be readily prepared
via Kulinkovich cyclopropanation of the corresponding esters
in one step or Simmons–Smith cyclopropanation of silyl-enol
ethers.11 The tandem radical ring-opening couplings of cyclo-
propanols that proceed via single-electron oxidation can be
easily realized owing to the intrinsic ring strain associated with
the three-membered ring, and many efforts have been devoted
to synthesizing b-functionalized carbonyl compounds with
different single-electron oxidants.12 In these transformations, the
b-keto alkyl radical intermediates generated from the oxidative
ring-opening of cyclopropanols were involved. However, despite
progress in this area, the tandem radical ring-opening/coupling
strategy for the construction of nitrogen-containing heterocycles via
the cyclization with the CQO bond of b-functionalized carbonyl
compounds is quite rare. In 2009, Chiba and co-workers reported

Fig. 1 Representative commercialized bioactive N-arylpyrazoles.
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an efficient Mn(III)-mediated ring-opening coupling reaction of
cyclopropanols with vinyl azides for the synthesis of substituted
pyridines (Scheme 1a).13 Mechanistic studies revealed that
this transformation was initiated with the generation of b-keto
alkyl radical intermediates via the Mn(acac)3-mediated oxidative
radical ring-opening of cyclopropanols, followed by radical addi-
tion to vinyl azides and annulations. In light of our continuous
interest in the chemistry of cyclopropanols and the synthesis of
heterocycles,14 we envisioned that the b-keto alkyl radicals derived
from cyclopropanols may be trapped by aryldiazonium salts
followed by the cyclization with intramolecular carbonyl groups
to afford important nitrogen-containing heterocycles. Herein, we
described a copper-mediated tandem ring-opening/cyclization
reaction of cyclopropanols with aryldiazonium salts for the con-
struction of diversely substituted N-arylpyrazoles (Scheme 1b).
This procedure can be conducted at room temperature with high
efficiency, excellent regioselectivity and broad substrate scope.

We began our investigations with the use of 1-phenylcyclo-
propanol 1a and aryldiazonium tetrafluoroborate 2a as model
substrates to optimize the reaction conditions and these results
are summarized in Table S1 (see the ESI†). Encouragingly,
treating 1-phenylcyclopropanol 1a with aryldiazonium tetra-
fluoroborate 2a in the presence of 20 mol% Cu(OAc)2 in MeCN
at room temperature under N2 gave the expected N-arylpyrazole
3 in 18% yield (Table S1, ESI,† entry 1). The yield of the desired
product was dramatically improved (82%) by increasing the
loading of Cu(OAc)2 to 1.0 equiv. (Table S1, ESI,† entry 4).
Extensive solvent screening revealed that MeCN was important
since reactions conducted in other solvents, such as DMSO, DMF,
toluene, DCE, and 1,4-dioxane, generated the desired product in
less than 5% yield (Table S1, ESI,† entries 6–10). Among various
copper salts tested, Cu(OAc)2 gave the highest yield, whereas the
others were far less effective (Table S1, ESI,† entries 11–17),
indicating that the counter ions of copper salts have a remarkable
impact on the reaction yield. Subsequently, various other metal
salts were also examined, and it was observed that only the acetate-
type metal salts, such as Fe(OAc)2, Mn(OAc)2, and Mn(OAc)3, could
efficiently promote the reaction to deliver the desired product in
moderate yields (Table S1, ESI,† entries 18–26).

With the optimized reaction conditions in hand, we set out to
investigate the scope and generality of the reaction between various
aryldiazonium tetrafluoroborates and 1-phenylcyclopropanol 1a.
As shown in Table 1, aryldiazonium salts bearing either

electron-withdrawing groups or electron-donating groups at the
para-position of the benzene rings produced the corresponding
N-arylpyrazoles in moderate to good yields (Table 1, 3–15). It
should be mentioned that the halogens in N-arylpyrazoles 3–6
remained intact, offering new possibilities for cross-coupling-
type manipulations. Similar yields could be achieved with ortho-
and meta-substituted aryldiazonium salts, indicating that this
transformation is not sensitive to steric effects (Table 1, 16–23).
Disubstituted aryldiazonium salts were also compatible to
generate the desired N-arylpyrazole derivatives in yields ranging
from 71% to 78% (Table 1, 24–26). Unfortunately, diazonium
salts possessing other aromatic motifs such as 3-thienyl and
3-pyridinyl were not suitable substrates for the reaction.

Next, the substrate scope with respect to cyclopropanol
was also tested, and the results are summarized in Table 2.
Phenylcyclopropanols with different substituents on the phenyl
rings, such as p-Me, p-OMe, p-F, p-Cl, p-Br, p-CO2Me, m-Me,
m-Cl, o-Me, and o-Br, reacted smoothly with 2a to give the
desired N-arylpyrazoles in moderate to good yields. A slightly
decreased yield was observed for cyclopropanol with a strong
electron-withdrawing CF3 group (Table 2, 32). Alkyl substituted
cyclopropanols were also viable for this reaction, generating
the corresponding products 38–42 in 71% to 85% yields.
Functional groups, such as alkyl bromide, alkene, aryl ether
and alkylsulfonamide, were all well tolerated (Table 2, 43–46).
In addition, thiophene- and benzothiophene-containing cyclo-
propanols were also compatible to deliver the expected N-aryl-
pyrazoles in 66% and 63% yields, respectively. It is worth
mentioning that when 1,2-disubstituted cyclopropanols were
employed, the desired 1,3,5-trisubstituted pyrazoles 49–52
could be obtained in better yields than those of 1-substituted
cyclopropanols, which could be attributed to the formation of

Scheme 1 Ring-opening coupling of cyclopropanols to construct
N-heterocycles.

Table 1 Substrate scope with aryldiazonium tetrafluoroboratesa,b

a Reaction conditions: 1a (0.3 mmol), 2 (0.2 mmol), and Cu(OAc)2

(0.2 mmol) were stirred in 1.0 mL MeCN at room temperature for
5 min under N2. b Isolated yields.
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thermodynamically more stable secondary alkyl radicals via the
oxidative radical ring-opening of 1,2-disubstituted cyclopropa-
nols. The regioselectivity of the coupling was further confirmed
by single-crystal X-ray analysis of 49. Finally, cyclopropanol
derived from an anti-inflammatory drug, ibuprofen, partici-
pated smoothly in this transformation to provide the desired
product 53 in a synthetically useful yield.

To gain more insights into the reaction mechanism, several
control experiments were conducted. First, the reaction of 1a

with 2a in the presence of 3.0 equiv. of 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) or 2,6-di-tert-butyl-4-methylphenol
(BHT) afforded only a trace amount of the desired product 3,
thus indicating that a radical pathway might be involved in
this transformation (Scheme 2, eqn (1)). To trap the possibly
formed b-keto alkyl radical in this reaction, 1,4-benzoquinone
(3 equiv.) was subjected to the reaction and the expected
coupling product 54 was observed (Scheme 2, eqn (2)). This
result supports the generation of the b-keto alkyl radical during
the reaction.

Based on the above control experiments and literature
precedents,13,15 a plausible mechanism for copper-mediated
tandem ring-opening/cyclization of cyclopropanols with aryl-
diazonium salts is proposed in Scheme 3. Initially, the coordi-
nation of the hydroxyl group of cyclopropanol 1a to Cu(OAc)2

leads to the formation of a Lewis base-acid complex A, which
undergoes an inner-sphere electron-transfer to produce the
cyclopropoxy radical B with the elimination of CuOAc and
AcOH.15a Subsequently, the oxygen-centered radical B undergoes
ring-opening to generate a b-keto alkyl radical C. The in situ
generated b-keto alkyl radical C can be readily trapped by aryldiazo-
nium salt 2a to afford a radical cation D.15b,c Next, the radical cation
D is reduced to intermediate E via single-electron transfer,12j,15d,16

which is followed by a formal 1,3-hydrogen atom transfer (1,3-HAT)
process to give a phenylhydrazone F. Finally, the intarmoleculer
nucleophilic attack of the amino group on the ketone in
intermediate F followed by the elimination of water from
intermediate G yields the desired N-arylpyrazole 3.

Table 2 Substrate scope with cyclopropanolsa,b

a Reaction conditions: 1 (0.3 mmol), 2a (0.2 mmol), and Cu(OAc)2

(0.2 mmol) were stirred in 1.0 mL MeCN at room temperature for
5 min under N2. b Isolated yields.

Scheme 2 Control experiments.

Scheme 3 Plausible mechanism.
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In conclusion, we have developed a general method for the
synthesis of various N-arylpyrazoles from readily available
cyclopropanols and aryldiazonium salts through a copper-
mediated tandem ring-opening/cyclization reaction. This
procedure can be conducted at room temperature with high
efficiency, excellent regioselectivity and broad substrate scope
with respect to cyclopropanol and the aryldiazonium salt sub-
strate. Due to the importance of this structural motif as well as
the easy availability of starting materials and the simplicity of
the reaction conditions, we expect that the protocol will find
broad applications in synthetic and medicinal chemistry.
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M. A. Berliner, Tetrahedron Lett., 2006, 47, 3727–3731.

4 A. Schmidt and A. Dreger, Curr. Org. Chem., 2011, 15, 2897–2970.
5 (a) T. Asaumi, N. Chatani, T. Matsuo, F. Kakiuchi and S. Murai, J. Org.

Chem., 2003, 68, 7538–7540; (b) N. Umeda, K. Hirano, T. Satoh and
M. Miura, J. Org. Chem., 2009, 74, 7094–7099; (c) V. S. Thirunavukkarasu,
K. Raghuvanshi and L. Ackermann, Org. Lett., 2013, 15, 3286–3289;
(d) S.-S. Zhang, C.-Y. Jiang, J.-Q. Wu, X.-G. Liu, Q. Li, Z.-S. Huang, D. Li
and H. Wang, Chem. Commun., 2015, 51, 10240–10243; (e) T.-J. Gong,
M.-Y. Xu, S.-H. Yu, C.-G. Yu, W. Su, X. Lu, B. Xiao and Y. Fu, Org. Lett.,
2018, 20, 570–573.
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