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Introduction

Pyrazole anions are readily generated via direct meta-
lation at C-5.1 Halogen-metal exchange is an attractive
route to enter ring positions of heteroaromatic systems
not accessible by direct metalation. Thus, 4-lithiopyra-
zoles have been prepared by halogen-lithium exchange
of 4-halopyrazoles,2,3 but in some cases the reaction
proceeds with low chemoselectivity due to competing
deprotonation at C-54,5 or isomerization of the 4-lithiopy-
razole to the corresponding 5-lithiopyrazole.6 These prob-
lems have been solved by introducing protection groups
at C-5.7 Recently, iodine-magnesium exchange with
ethyl- or isopropylmagnesium bromide has been de-
scribed as a mild and efficient method for the generation
of positionally stable aryl8 and heteroaryl magnesium
halides.9-14 We have used this approach and report
herein a protocol for the preparation of 4-substituted
1-(benzyloxy)pyrazoles without protection groups at C-5.
Regiospecific monoiodination of 1-(benzyloxy)pyrazole
followed by iodine-magnesium exchange and reaction
with electrophiles produced the corresponding 4-substi-
tuted 1-(benzyloxy)pyrazoles. The method was extended
to the synthesis of 4-aryl- and 4-heteroaryl-substituted
1-benzyloxypyrazoles by combining iodine-magnesium
exchange, transmetalation with zinc chloride, and pal-
ladium-catalyzed cross-coupling.

Results and Discussion

Introduction of Electrophiles. 1-(Benzyloxy)-4-iodo-
pyrazole (2)15 was prepared in 81% overall yield by
benzylation of 1-hydroxypyrazole (1) followed by iodina-
tion of the crude 1-(benzyloxy)pyrazole using 3 equiv of
iodine monochloride. Treatment of 2 with 1.2 equiv of
i-PrMgBr in THF at 0 °C for 1 h17 produced positionally
stable 1-(benzyloxy)pyrazol-4-ylmagnesium bromide (3)
in virtually quantitative yield.18,19 1-(Benzyloxy)pyrazol-
4-ylmagnesium bromide (3) reacted with several electro-
philes affording 4-substituted 1-(benzyloxy)pyrazoles in
good yields (Table 1). When benzaldehyde was used as
electrophile, a mixture of 1-(benzyloxy)-4-(phenylhydroxy-
methyl)pyrazole (4b) (33%) and 4-benzoyl-1-(benzyloxy)-
pyrazole (4c) (59%), along with benzyl alcohol, was
isolated. Repeating the experiment and including treat-
ment of the crude reaction mixture with NaBH4 produced
4b as the only product in 87% isolated yield (Table 1,
entry 2). Most likely, 4c is formed via hydride transfer
from the initially generated magnesium alcoholate of 4b
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Table 1. Introduction of Electrophiles
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to benzaldehyde, as previously reported for other sys-
tems.20 Accordingly, 4b gave 4c and benzyl alcohol upon
sequential treatment with 0.9 equiv of i-PrMgBr and
benzaldehyde.21 When Ph2PCl was used as the electro-
phile, the initially formed trivalent phosphorus product
was partially oxidized to the corresponding phosphine
oxide 4f upon workup. 1-(Benzyloxy)-4-(diphenylphos-
phinoyl)pyrazole (4f) could be obtained as the only
product in 72% yield if the crude product was treated
with oxygen (Table 1, entry 6).

Introduction of Aryl and Heteroaryl Substitu-
ents. To extend the scope of this methodology, the
preparation of 4-aryl and 4-heteroaryl-1-(benzyloxy)-
pyrazoles via transmetalation and palladium-catalyzed
cross-coupling was investigated. A comparison between
the Corriu-Kumada22,23 (using 3), Stille24 (using 4g), and
Negishi25 (using 5) cross-couplings26 revealed the latter
to be the method of choice. 1-(Benzyloxy)pyrazol-4-
ylmagnesium bromide (3) failed to react with 4-iodotolu-
ene and 4-iodoaniline under Pd(0) catalysis.27 Similar
treatment of 1-(benzyloxy)-4-tributylstannylpyrazole (4g)
resulted in partial destannylation producing 1-(benzyl-
oxy)pyrazole, whereas 1-(benzyloxy)-pyrazole-4-ylzinc chlo-
ride28 (5) produced the desired products in 92% and 62%
yield (Table 2, entries 1 and 3), respectively. Therefore,
5 was coupled with a range of aryl iodides possessing
either electron-donating or -withdrawing groups, afford-
ing the cross-coupled products 6a-g in 62-92% yield
(Table 2, entries 1-7). Furthermore, cross-coupling of 5
with π-excessive 2 or 2-iodothiophene or with π-deficient
2-bromopyridine produced the 4-heteroaryl-substituted
1-(benzyloxy)pyrazoles 6h-j in 57-89% yield (Table 2,
entries 8-10).

In conclusion, we have developed a method that
permits regiospecific introduction of electrophiles in the
4-position of 1-(benzyloxy)pyrazole via iodine-magne-
sium exchange of 1-(benzyloxy)-4-iodopyrazole. The meth-
odology was extended to include the introduction of aryl-
and heteroarylsubstituents by combining iodine-mag-
nesium exchange, transmetalation with ZnCl2 and pal-
ladium-catalyzed Negishi cross-coupling.

Experimental Section

General Methods. All reactions involving air-sensitive re-
agents were performed under N2 using syringe-septum cap
techniques. All glassware was flame-dried prior to use. Flash

column chromatography (FC) was performed using silica gel
(Merck, 40-63 mesh). TLC was performed using Merck silica
gel 60 F254 aluminum sheets. The sheets were visualized under
UV light (254 nm) and by spraying with ammonium cerium
molybdate.29 Melting points are uncorrected. All new compounds
were colorless, unless otherwise stated. NMR spectra were
recorded in CDCl3 on a 300 MHz Varian spectrometer with
tetramethylsilane/CDCl3 as internal standards. The multiplicity
of 13C NMR signals were assigned from APT spectra.

Materials. All solvents and reagents were obtained from
Fluka or Aldrich and used without further purification except
THF, which was distilled from Na/benzophenone under nitrogen,
and DMF, which was sequentially dried with and stored over 3
Å molecular sieves.30 A 1.0 M solution of ZnCl2 in THF was
prepared by flame-drying ZnCl2 in vacuo and dissolving it in
dry THF. A 1.3 M solution of isopropylmagnesium bromide (i-
PrMgBr) in THF was prepared as previously described31 and
titrated prior to use.32 Pd(PPh3)4 was prepared as previously
described.33

Preparation of 1-(Benzyloxy)-4-iodopyrazole (2). 1-Hy-
droxypyrazole (1)34 (2.74 g, 32.6 mmol) and N-ethyldiisopropyl-
amine (4.23 g, 32.7 mmol) were dissolved in CH2Cl2 (35 mL) and
cooled to 0 °C. Benzyl bromide (5.63 g, 32.8 mmol) was added,
and the reaction mixture was stirred at room temperature for
16 h. NaOH (1 M, 50 mL) was added, and the reaction mixture
was extracted with CH2Cl2 (3 × 50 mL). The organic phase was
washed with NaOH (1 M) and water, dried over MgSO4, and
concentrated in vacuo. The crude product was dissolved in CHCl3
(100 mL), K2CO3 (13.5 g, 97.8 mmol) was added, and the reaction
mixture was treated with iodine monochloride (15.9 g, 97.8
mmol) dissolved in CHCl3 (15 mL). After 12 h of stirring at room
temperature, the reaction was quenched with Na2SO3 (1 M, 75
mL) and extracted with CH2Cl2 (3 × 75 mL). The organic phase
was dried over MgSO4 and evaporated. Two sequential low
temperature (-78 °C) recrystallizations from EtOAc/heptane (1:
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Table 2. Introduction of Aryl and Heteroaryl Groups
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20, 20 mL and 7 mL) gave 7.92 g (81%) of 1-(benzyloxy)-4-
iodopyrazole (2), mp 40-41 °C (EtOAc/heptane). Rf (EtOAc/
heptane, 1:4) 0.44. δΗ (CDCl3): 7.40-7.28 (m, 5H), 7.32 (d, J )
0.9 Hz, 1H), 7.04 (d, J ) 0.9 Hz, 1H), 5.27 (s, 2H). δC (CDCl3):
138.6 (dd, 1JC-3,H-3 ) 195.8, 3JC-3,H-5 ) 8.2 Hz, C-3), 133.3 (s),
129.6 (d), 129.4 (d), 128.7 (d), 126.8 (dd, 1JC-5,H-5 ) 199.2,
3JC-5,H-3 ) 3.2 Hz, C-5), 80.8 (t), 53.0 (dd, 2JC-4,H-5 and 2JC-4,H-3
7.9 and 6.7 Hz, C-4). Anal. Calcd for C10H9IN2O: C, 40.02; H,
3.02; N, 9.33. Found: C, 40.14; H, 2.84; N, 9.24.

Iodine-Magnesium Exchange of 2 Followed by Reac-
tion with an Electrophile. General Procedure. To a stirred
solution of 1-(benzyloxy)-4-iodopyrazole (2) (300 mg, 1.0 mmol)
in dry THF (1 mL) at 0 °C was added 1.3 M i-PrMgBr in THF
(0.92 mL, 1.2 mmol) over 2 min. Stirring was continued for 1 h
at 0 °C before the electrophile (1.5 equiv) was added. After 1 h
at room temperature, the mixture was quenched with saturated
aqueous NH4Cl (5 mL). Water (5 mL) was added to dissolve the
formed precipitate before extraction with CH2Cl2 (3 × 10 mL)
and drying of the combined organic phases (MgSO4). Filtration
and concentration in vacuo gave the crude products, which were
purified by flash column chromatography, using EtOAc/heptane
as eluent.

Palladium-Catalyzed Cross-Coupling of 5 with Aryl
Halides. General Procedure. To a stirred solution of 1-(ben-

zyloxy)-4-iodopyrazole (2) (300 mg, 1.0 mmol) in THF (1 mL) at
0 °C was added 1.3 M i-PrMgBr in THF (0.92 mL, 1.2 mmol)
over 2 min. Stirring was continued for 1 h at 0 °C before 1 M
ZnCl2 in THF (1.5 mL, 1.5 mmol) was added. After 1 h of stirring
at room temperature, the aryl halide (1.5 mmol) and Pd(PPh3)4
(0.02 mmol) in DMF (2.5 mL) were added. The mixture was
heated to 80 °C (oil bath) for 1 h and quenched with saturated
aqueous NH4Cl (5 mL). Water (5 mL) was added to dissolve the
formed precipitate before extracting with Et2O (3 × 15 mL).
Drying of the combined organic phases (MgSO4), filtration, and
concentration in vacuo gave the crude products which were
purified by flash coloumn chromatography using EtOAc/heptane
as the eluent.
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