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ABSTRACT

The [3 + 2] dipolar cycloaddition of 4-halosydnones with 1-haloalkynes opens a straightforward access to 3,5-dihalopyrazoles, valuable scaffolds
for the elaboration of unsymmetrically 3,5-substituted pyrazole derivatives via site-selective Pd-catalyzed cross-coupling reactions. For instance,
the flexible introduction of different (hetero)aryl substituents at the C-5 and C-3 positions of the PMP-protected pyrazole nucleus was achieved
in a one-pot operation via sequential reactions with various boronic acids.

Pyrazoles are important core structures of many pharma-
ceutical and agrochemical substances.1 In conjunction with
a recent drug development program, we needed an efficient
and modular synthetic strategy to assemble a series of 3,5-
bis(hetero)aromatic pyrazoles. Classical approaches to 3,5-
disubstituted pyrazoles are essentially based on the cyclo-
condensation of hydrazine derivatives with 1,3-disubstituted
three-carbon units, including 1,3-diketones and R,�-unsatur-
ated ketones (i.e., ynones).2,3 Because such procedures
generally suffer from a lack of commercially available
derivatives and flexibility, the development of new protocols,
allowing the sequential introduction of (hetero)aryl substit-
uents on prefunctionalized pyrazoles via regioselective cross-
coupling reactions, would be highly desirable.4 However,

while C-5 functionalization of the pyrazole nucleus via
metalation is well documented,5 the higher difficulty of
metalation at the C-3 position makes the functionalization
of this position more challenging.6 Recently, McLaughlin7

suggested the use of the tetrahydropyranyl (THP) group as
a switchable metal-directing N-protecting group to achieve
successive arylations of the pyrazole nucleus at the C-3 and
C-5 positions by the lithiation/boronation/cross-coupling
method.8 In this letter, we propose a conceptually different
strategy based on the direct assembly of N-substituted
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pyrazoles bearing distinguishable halides at the C-3 and C-5
positions via cycloaddition of 4-halosydnones with 1-ha-
loalkynes and subsequent site-selective Suzuki-Miyaura
cross-coupling reactions. Our approach requires the use of
haloalkynes substituted by a removable functional group that
would enable access to pyrazole derivatives with a free C-4
position (Scheme 1).

The 1,3-dipolar cycloaddition of N-substituted sydnones
with acetylenic derivatives has proven to be a powerful
method for the construction of a variety of functionalized
pyrazoles, albeit this procedure often suffers from low
regioselectivities when unsymmetrical alkynes are involved.9

Although 4-halosydnones have been shown to participate
effectively in such a process to yield 5-halopyrazoles,10,11

to the best of our knowledge the use of haloalkynes in
sydnone cycloadditions has not been investigated to date.12,13

We initially planned to develop 3(5)-bromo-5(3)-
iodopyrazole model substrates 3a,b as the most favorable
scaffold candidates for regioselective cross-coupling reac-

tions. We therefore selected PMP-protected 4-halosyd-
nones 1a,b and ethyl halopropiolates 2a,b as potential
cycloaddition partners, anticipating that the carboxylic
ester group would subsequently be easily removed.
However, at this point, predictions regarding the regiose-
lectivities of the envisioned cycloadditions were not
obvious.14,15 As a preliminary experiment, an equimolar
mixture of iodosydnone 1a and bromoalkyne 2a was heated
at 140 °C in xylenes. Delightfully, the reaction was com-
pleted within 15 h, giving rise to a 3:1 mixture of regioiso-
meric 5-iodopyrazoles 3a and 4a in 84% combined yield
(Table 1, entry 1). The pyrazoles were easily separated by
silica gel chromatography, and the structure assignment of
the desired major isomer 3a (63% isolated yield) was made
on the basis of the 1H NMR spectrum of the corresponding
decarboxylated 3-bromo-5-iodopyrazole 5 that revealed a
sharp singlet at 6.6 ppm characteristic of the proton at C-4
of the pyrazole ring. The latter compound 5, our target
candidate for site-selective cross-coupling reactions, was
easily obtained in 65% isolated yield upon treatment of 3a
with 50% aq sulfuric acid at refluxing temperature (Scheme
2). It deserves mention that this cycloaddition strategy could
not provide the regioisomeric 5-bromo-3-iodopyrazoles,
which may reflect the thermal instability of the required
4-bromosydnone 1b (Table 1, entry 2).16 However, the
strategy applied nicely to the preparation of diiodopyrazoles
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Scheme 1. Sydnone Cycloaddition/Cross-Coupling Strategy to
3,5-Bisfunctionalized Pyrazoles
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3c/4c in good yield (86%), albeit with poorer regioselectivity
(Table 1, entry 3).

Having secured a reliable preparative method to the
dihalogenopyrazole 5, we next focused our attention on its
application in Suzuki-Miyaura reactions. Gratifyingly, early
investigations involving a series of aryl and heteroaryl
boronic acids as coupling partners including 3-pyridyl,
4-pyridyl, 2-furyl, 2-thienyl, and 3-thienyl boronic acids
established the cross-coupling reaction to be highly site-
selective of the C-5 position, the desired monocoupled
products being exclusively formed. Thus, an optimal set of
reaction conditions (1.1 equiv of the boronic acid, 10 mol
% Pd(PPh3)4, 2 equiv of K3PO4, DMF-H2O (4:1), 50 °C,
2-3 h) was determined that allowed access to a diversity of
5-(hetero)aromatic pyrazoles 6 in good to excellent isolated
yields. Illustrative examples are shown in Table 2. It should
be noted that the poor yield obtained in the case of
indolylpyrazole 6g is due to the inherent instability of the
requisite N-Boc(2-indolyl)boronic acid (Table 2, entry 7).

We then investigated the reactivity of the remaining
halogen atom at C-3 toward Suzuki-Miyaura cross-coupling
reactions. As we anticipated the possibility of introducing
two different (hetero)aryl substituents at the C-5 and C-3
positions of the pyrazole nucleus in a one-pot sequential
fashion, preliminary test experiments were made using the
same set of reaction conditions and, preferably, using the
same Pd catalyst. The cross-coupling of 3-bromo-5-(2-
thienyl)-pyrazole 6e with 3-pyridylboronic acid was thus

investigated as a model reaction. Pleasingly, the desired
coupling reaction proceeded as expected with optimal
conditions being 1.3 equiv of the boronic acid and 80 °C
for the reaction temperature. Under these conditions, the bis-
heteroaromatic pyrazole 7a was obtained in 77% isolated
yield (Scheme 3).

One-pot double Suzuki-Miyaura cross-coupling reactions
are rare17 and often require additional base, catalyst, or ligand
to cross-couple the second boronic acid efficiently. To our
delight, a sequential addition, one-pot protocol for the
synthesis of 7a could be set up as follows: dihalogenopy-
razole 5 (1.0 equiv) and 2-thienylboronic acid (1.1 equiv)
underwent the Suzuki-Miyaura cross-coupling reaction
under the previous conditions (10 mol % Pd(PPh3)4, 2 equiv
of K3PO4, DMF-H2O (4:1), 50 °C). Once the reaction had
reached completion as judged by TLC (ca. 2 h), 3-pyridyl-

Table 1. [3 + 2]-Cycloaddition of PMP-Protected Halosydnones
with Halopropiolates

entry sydnone alkyne ratio yield of 3 (%)b yield of 4 (%)b

X1 (1) X2 (2) 3:4a

1 I (1a) Br (2a) 3:1 3a; 63 4a; 21
2 Br (1b) I (2b) c 3b; NDd 4b; ND
3 I (1a) I (2b) 1.5:1 3c; 58 4c; 28
a Ratio determined by 1H NMR analysis of the crude product mixture.

b Isolated yields. c See text. d ND: not detected

Scheme 2. Decarboxylation of 4-Ethoxycarbonylpyrazole 3a

Table 2. Suzuki Site-Selective Coupling of
3-Bromo-5-iodopyrazole 5 with Various Boronic Acidsa

a Reactions conducted on 0.2 mmol scale. Conditions: 1.1 equiv of
(Het)Ar1B(OH)2, 10 mol % Pd(PPh3)4, 3 equiv of K3PO4, DMF-H2O (4:
1), 50 °C, 2-3 h. b Isolated yields. c Reaction performed at 80 °C.

Scheme 3
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boronic acid (1.3 equiv) was added, and the reaction was
left to stir overnight at 80 °C to afford 7a in 54% isolated
yield. Most importantly, the developed protocol was also
efficient in the preparation of a large array of 3,5-bis(het-
ero)arylpyrazoles in satisfying yields. It is worth noting that
yields of illustrative examples shown in Scheme 4 refer to

single runs and are for pure, isolated products. The low yield
obtained in the synthesis of 7f was attributed to the poor
stability of (p-CO2Me)phenyl boronic acid under the reaction
conditions.

Finally, as illustrated with the synthesis of 8 (Scheme 5),
it was shown that the PMP-protecting group may be easily
removed with ceric ammonium nitrate,18 thus expanding the
synthetic potential of our strategy.

In summary, we have developed an efficient three-step
synthetic entry to unsymmetrical 3,5-bis(hetero)aromatic
pyrazole derivatives with an inherent scope for diversifica-
tion. The procedures are simple and seem well suited for
the rapid generation of compound libraries of analogues from
a given set of readily available 4-halosydnones, 1-haloalkynes
and boronic acids.
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Scheme 4. One-Pot Suzuki Bis-Coupling of
3-Bromo-5-iodopyrazole 5 with Different Boronic Acidsa

a Reactions conducted on 0.2 mmol scale. Conditions: 1.1 equiv of
(Het)Ar1B(OH)2, 10 mol % Pd(PPh3)4, 3 equiv of K3PO4, DMF-H2O (4:
1), 50 °C, 3 h; then 1.3 equiv of (Het)Ar2B(OH)2, 80 °C, 18 h

Scheme 5. Deprotection of N-PMP-Pyrazole 7e
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