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Abstract A straightforward and concise method was developed for
the efficient and rapid synthesis of iodo-3H-pyrazoles by the FeCl3/I2-
mediated propargylic substitution of tertiary propargylic alcohols with
p-toluenesulfonyl hydrazide and subsequent cyclization under mild
conditions. The method constitutes a novel approach to the synthesis
of various iodo-3H-pyrazoles with a wide substrate scope and in high
yields.

Key words propargylic alcohols, tosyl hydrazide, iodopyrazoles, cy-
clization, iodination

Transition-metal-catalyzed cascade reactions of propar-
gylic alcohols have received considerable attention, be-
cause many complicated molecules can be directly con-
structed by these reactions from readily accessible starting
materials under mild conditions.1 Among such reactions,
Lewis acid catalyzed nucleophilic substitutions of propar-

gylic alcohols with various nucleophiles to achieve carbon–
carbon and carbon–heteroatom bond formations have been
extensively studied.2 Nevertheless, compared with the wide
range of applications of amine nucleophiles in C–N bond
formation, the substitution of propargylic alcohols, particu-
larly tertiary propargylic alcohols, with hydrazines as nu-
cleophiles has rarely been reported,3 even though propar-
gylic hydrazide products have been converted into useful
compounds that contain one or two nitrogen atoms and
that exhibit various biological activities.4 The first conve-
nient method for the preparation of propargylic hydrazides
from tertiary propargylic alcohols through scandium-cata-
lyzed hydrazination in MeNO2–H2O was reported by Yoshi-
matsu and co-workers in 2012 (Scheme 1, a).5 However,
when tertiary propargylic alcohols were used as substrates,
R3 was limited to a PhS group, and the presence of
Bu4NHSO4 as an additive was required.

Our group has made great efforts to synthesize hetero-
cycles by using propargylic alcohols as substrates,6 and we
have reported a novel FeCl3-catalyzed domino regioselec-

Scheme 1  Reactions of tertiary propargylic alcohols 1 with p-toluenesulfonyl hydrazide (2)
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tive propargylic substitution/aza-Meyer–Schuster rear-
rangement reaction for the synthesis of acrylonitriles from
trimethylsilyl-substituted tertiary propargylic alcohols and
p-toluenesulfonyl hydrazide (Scheme 1, c).7 We have also
developed a one-pot synthesis of pyrazoles from the same
starting materials through a four-step cascade sequence
(Scheme 1, d).8 More recently, Chen and co-workers report-
ed the Y(OTf)3-catalyzed stereoselective synthesis of α,β-
unsaturated hydrazones from tertiary propargylic alcohols
and p-toluenesulfonyl hydrazide (Scheme 1, b).9 As part of
our ongoing efforts to expand the synthetic utility of tertia-
ry propargylic hydrazides, we report a highly efficient
FeCl3-catalyzed substitution of tertiary propargylic alcohols
to give propargylic hydrazides, and the synthesis of iodo-
3H-pyrazoles (Scheme 1, e). 3H-Pyrazole derivatives are
used extensively in syntheses of cyclopropenes, carbene in-
termediates, and diazoalkenes; they can also undergo rear-
rangements, cycloadditions, or Diels–Alder reactions.10

However, approaches to this family of heterocycles usually
rely on the cycloaddition of diazo compounds, which al-
ways presents danger.11 To the best of our knowledge, there
are few reports on the preparation of iodo-3H-pyrazoles or
their derivatization.

In our previous studies, we found that FeCl3 is an effi-
cient catalyst for propargylic substitution. To prepare prop-
argyl hydrazides with high efficiency, we screened various
solvents and temperatures (Table 1). Initially, the tertiary
propargylic alcohol 1a and p-toluenesulfonyl hydrazide (2)
were treated with FeCl3 (10 mol%) in dichloromethane at
room temperature; this gave the target product 3a in 89%
yield (Table 1, entry 1), whereas CH2Cl2 at reflux decreased
the yield to 50% (entry 2). Changing the solvent to MeCN re-

sulted in an unsatisfactory yield of 3a (entry 3). To our de-
light, the reaction in MeNO2 gave a 95% yield of 3a at room
temperature (entry 4); raising the reaction temperature
gave lower yields (entries 5 and 6). A test with PhCl as the
solvent was unsuccessful (entry 7). In contrast, reducing
the amount of FeCl3 to 5 mol% led to a decrease in the yield
of 3a to 84% (entry 8). Therefore, the optimal conditions for
this reaction were determined to be MeNO2 as the solvent,
at room temperature, with FeCl3 (10 mol%) as the catalyst
for about six hours (entry 4).

We next optimized the I2-mediated synthesis of 4-iodo-
3,3-dimethyl-5-phenyl-4,5-dihydro-3H-pyrazole (4a) from
hydrazide 3a (Table 2). We were pleased to find that the
propargyl hydrazide 3a could be smoothly converted into
the pyrazole 4a by treatment with three equivalents of I2
and NaHCO3 in MeCN (Table 2, entry 1; 94% yield). Reducing
the amounts of catalysts or changing the solvent resulted in
unsatisfactory yields (entries 2–5). Therefore, the optimal
reaction conditions for the cyclization of propargyl hydra-
zides are three equivalents of I2 and NaHCO3 as catalyst and
base, respectively, with MeCN as the solvent at room tem-
perature in air (entry 1).

Table 2  Optimization of Reaction Conditions for the I2-Mediated Cy-
clization of Propargylic Hydrazide 3aa

Next, we evaluated the scope of the reaction under the
optimal conditions by placing various substituents at vari-
ous positions on the propargylic alcohol 1 (Scheme 2). A va-
riety of propargyl hydrazides 3 and the corresponding
iodo-3H-pyrazoles 4 were successfully obtained. Propargyl-
ic alcohols with a terminal aromatic group (R3 = Ph) reacted
better than did those with an alkyl group (3a versus 3c and
3d; 4a versus 4c and 4d). In addition, the presence of a long
chain at the propargyl position reduced the yield slightly
(3b and 4b; 72 and 90% yield, respectively). Substrates with
a phenyl and a methyl group in the propargyl position re-
acted smoothly to afford the desired products (3e–g, 78–
90% yield; 4e–g, 80–91% yield). Product 3h decomposed
over the course of column chromatography; however, 4h

Table 1  Optimization of Reaction Conditions for the Propargylic Sub-
stitutiona

Entry Solvent Temp (°C) Time (h) Yieldb (%)

1 CH2Cl2 25 20 89

2 CH2Cl2 reflux  2 50

3 MeCN 25 12 75

4 MeNO2 25  6 95

5 MeNO2 30  2 90

6 MeNO2 60  0.1 74

7 PhCl 25 24 20

8c MeNO2 25 14 84
a Reaction conditions: 1a (0.5 mmol), 2 (0.75 mmol), solvent (5 mL), r.t., in 
air.
b Isolated yield based on 1a.
c FeCl3 (5 mol%).
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was obtained in a moderate 54% yield by a one-pot synthe-
sis starting from 1h and 2. On replacing a cyclohexyl group
with a cyclopentyl group, we obtained 3i successfully in
83% yield, but this could not be converted into the iodo-3H-
pyrazole 4i. Interestingly, the present method was also
compatible with a large-ring propargyl alcohol as the sub-
strate, albeit with moderate efficiency (3j, 66% yield; 4j,
46% yield). Replacement of the phenyl group at R3 in 3e
with a butyl group was also tolerated (3k, 63% yield; 4k,
80% yield).

To demonstrate the synthetic utility of this method,
derivatization reactions of the iodo-3H-pyrazole 4a were
carried out (Scheme 3). Under classic conditions, the Sono-
gashira, Suzuki, and Heck reactions all proceeded smoothly
to give the corresponding products 5, 6, and 7 in 85, 90, and
91% yield, respectively.

Based on the experimental results presented above, the
reaction mechanism shown Scheme 4 is proposed. First, the
propargylic alcohol 1 reacts under iron catalysis to yield a

Scheme 2  Synthesis of propargyl hydrazides 3 and the corresponding iodo-3H-pyrazoles 4. Reagents and conditions: 1 (0.5 mmol), 2 (0.75 mmol), FeCl3 
(10 mol%), MeNO2 (5 mL), r.t., air, then 3 (0.5 mmol), I2 (1.5 mmol), NaHCO3 (1.5 mmol), MeCN (5 mL), air, 25 °C. a 3h decomposed over the course of 
column chromatography. b 4h was synthesized in one pot by reacting 1h and 2 for 12 h; upon completion of the reaction, MeNO2 was removed in vacuo 
and the crude residue was treated with iodine and NaHCO3 in MeCN.
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Scheme 3  Derivatization reactions of the iodo-3H-pyrazole 4a
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propargylic cation. Next, propargylic substitution occurs re-
gioselectively by attack on the terminal nitrogen atom (–NH2)
of hydrazide 2 to give the substitution product 3. Coordina-
tion of the I+ catalyst with the alkyne activates the triple
bond of 3 to nucleophilic attack by the substituted nitrogen
atom of the hydrazide (–NHTs); subsequent elimination of
one molecule of 4-toluenesulfonic acid leads to the forma-
tion of the final product 4.

Scheme 4  Plausible reaction mechanism

In conclusion, we have developed a highly efficient
method for the synthesis of propargyl hydrazides and their
corresponding iodo-3H-pyrazoles from tertiary propargylic
alcohols and p-toluenesulfonyl hydrazide.12 The reactions
are high-yielding with a broad substrate scope and proceed
under extremely mild conditions. The present method
complements conventional reactions for the preparation of
this family of compounds, and has potential applications in
medicinal chemistry.
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residue was purified by column chromatography on silica gel to
give a white solid; yield: 156 mg (95%); mp 117–119 °C. IR
(film): 3461, 3130, 2180, 1598, 1499 cm–1. 1H NMR (400 MHz,
CDCl3): δ = 1.29 (s, 6 H), 2.41 (s, 3 H), 3.67 (s, 1 H), 6.15 (s, 1 H),
7.26–7.38 (m, 7 H), 7.82 (d, J = 8.0 Hz, 2 H). 13C NMR (100 MHz,
CDCl3): δ = 21.5, 27.0, 53.2, 83.3, 91.7, 122.4, 128.2, 128.3,
128.3, 129.3, 131.7, 135.3, 143.8. HRMS (ESI): m/z [M + H]+ calcd
for C18H21N2O2S: 329.1318; found: 329.1320.
4-Iodo-3,3-dimethyl-5-phenyl-3H-pyrazole (4a)
Propargyl hydrazide 3a (164 mg, 0.5 mmol), I2 (381 mg, 1.5
mmol), and NaHCO3 (126 mg, 1.5 mmol) were added to a 10 mL
round-bottomed flask. MeCN (5 mL) was added, and the

mixture was stirred at r.t. in air until the reaction was complete
(TLC). Sat. aq Na2S2O3 was added to quench the reaction, and the
mixture was diluted with H2O (10 mL). The aqueous phase was
extracted with EtOAc (3 × 10 mL). The combined organic layers
were dried (Na2SO4), the solvent was removed under vacuum,
and the crude residue was purified by column chromatography
(silica gel) to give a yellow solid; yield: 140 mg (94%); mp 138–
140 °C. IR (film): 3102, 1597, 1489 cm–1. 1H NMR (400 MHz,
CDCl3): δ = 1.47 (s, 6 H), 7.47–7.53 (m, 3 H), 8.26–8.28 (m, 2 H).
13C NMR (100 MHz, CDCl3): δ = 21.3, 97.5, 111.3, 128.2, 128.5,
129.5, 130.6, 154.0. HRMS (ESI): m/z [M + H]+ calcd for
C11H12IN2: 299.0040; found: 299.0042.
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