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Organolithium intermediates

Modern organometallic methods enable the regioflexible
conversion of simple heterocyclic starting materials into fam-
ilies of isomers and congeners. Depending on the choice of
the reagent, 1-methyl-5-(trifluoromethyl)pyrazole (1) un-
dergoes deprotonation and subsequent carboxylation mainly
or exclusively at either the 4-position of the heterocycle or
at the nitrogen-attached methyl group. Similarly, 1-phenyl-
5-(trifluoromethyl)pyrazole (5) and 3-methyl-1-phenyl-5-(tri-
fluoromethyl)pyrazole (8) are selectively attacked by lithium
diisopropylamide at the heterocyclic 4-position and by butyl-
lithium concomitantly at the 4-position and the ortho position

of the phenyl ring. In contrast, metalation of 1-methyl-3-(tri-
fluoromethyl)pyrazole (2) occurs only at the 5-position, what-
ever the organometallic or metal amide base. Further sites
become accessible to functionalization if bromine is intro-
duced into the heterocyclic or aromatic ring. This has been
demonstrated with 4-bromo-1-methyl-5-(trifluoromethyl)pyr-
azole (3), 4-bromo-1-methyl-3-(trifluoromethyl)pyrazole (4),
4-bromo-1-methyl-5-(trifluoromethyl)pyrazole (7) and 1-(2-
bromophenyl)-5-(trifluoromethyl)pyrazole (6).

(© Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

Efficacy and versatility make organometallic methods
particularly suitable for the functionalization of olefinic,
aromatic and heterocyclic core structures.!”2  The
metalation of pyrazole, N-alkylpyrazoles and N-phenylpyr-
azole at the 5-position has been repeatedly reported.l3~ 19
The trapping products qualify as valuable intermediates for
the synthesis of pharmaceuticals and agrochemicals. To
probe further the intriguing steric and electronic properties
of the CF; group,''~1?I we have turned our attention to
trifluoromethyl-substituted pyrazoles. Previously, 5-methyl-
1-phenyl-3-(trifluoromethyl)pyrazole, 3-methyl-1-phenyl-5-
(trifluoromethyl)pyrazole and 1-phenyl-3,4-bis(trifluoro-
methyl)pyrazole have been treated with butyllithium, and
metalation at the 4-position of the azole ring has been
achieved to the extent of 0%, 11% and 95%, respectively.[!?!
Under similar conditions, 3-chloro-1-methyl-5-(trifluoro-
methyl)pyrazole was found to undergo 4-lithiation and sub-
sequent carboxylation in 75% yield.l'4l

Although (trifluoromethyl)pyrazoles are readily access-
ible by condensation!'>~27 or [3 + 2] cycloaddition®! reac-
tions, only one out of eight model substrates studied, 3-
methyl-1-phenyl-5-(trifluoromethyl)pyrazole,*®! could be
prepared according to a literature procedure. The isolation
of 1-methyl-5-(trifluoromethyl)pyrazole (1) in 76% yield has
also been reported. However, these results were not repro-
ducible. In reality, 4-ethoxy-1,1,1-trifluoro-3-butene-2-one
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and methylhydrazine afforded a 3:7 mixture (up to 98%) of
pyrazole 1 and the regioisomeric 1-methyl-3-(trifluoro-
methyl)pyrazole (2). A convenient separation of the two
components could be accomplished after short reaction
times when 4,5-dihydro-5-hydroxy-1-methyl-5-(trifluoro-
methyl)pyrazole, the precursor to isomer 1, was still present,
whereas isomer 2 had already formed.
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The other model substrates were prepared in a straight-
forward manner. Treatment of the isomers 1 and 2 with
bromine in the presence of iron gave 4-bromo-1-methyl-5-
(trifluoromethyl)pyrazole (3; 67%) and 4-bromo-1-methyl-
3-(trifluoromethyl)pyrazole (4; 65%), respectively. Con-
densation of 4-ethoxy-1,1,1-trifluoro-3-buten-2-one with
aniline or 2-bromoaniline gave 1-phenyl-5-(trifluoro-
methyl)pyrazole (5; 78%) and 1-(2-bromophenyl)-5-(tri-
fluoromethyl)pyrazole (6; 78%). Compound 5 was con-
verted into 4-bromo-1-phenyl-5-(trifluoromethyl)pyrazole
(7; 52%) by consecutive reaction with lithium diisopropyl-
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amide (LIDA) and 1,2-dibromo-1,1,2,2-tetrafluoroethane.
3-Methyl-1-phenyl-5-(trifluoromethyl)pyrazole®’! (8; 82%)
was made by condensation of phenylhydrazine with 4-
ethoxy-1,1,1-trifluoro-3-penten-2-one.
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1-Methyl-5-(trifluoromethyl)pyrazole (1) was found to re-
act with butyllithium in tetrahydrofuran at —75 °C exclu-
sively at the methyl group. After carboxylation and neutral-
ization, the acid 9 present in the crude reaction mixture
amounted to 85%. It was isolated in 72% yield. Attack at
N-methyl groups has previously been observed only as a
side reaction when 1-methylpyrazole and 1,3-dimethylpyra-
zole were treated with butyllithium, the resulting NCH,Li
species being reminiscent of dipole stabilized*°~3% organo-
metallic intermediates. Deprotonation of 1-methyl-5-(tri-
fluoromethyl)pyrazole (1) with LIDA followed by carb-
oxylation gave the 1-methyl-5-trifluoromethyl-4-pyrazole-
carboxylic acid (10) in poor yields (25—33%) and, more-
over, contaminated by trace amounts (2—6%) of the
isomeric  1-methyl-5-trifluoromethyl-3-pyrazolecarboxylic
acid (11). Both compounds 10 and 11 could be prepared
selectively starting from 4-bromo-1-methyl-5-(trifluoro-
methyl)pyrazole (3). Halogen/metal permutation with tert-
butyllithium afforded 88% of the acid 10 after carb-
oxylation and 67% of the corresponding aldehyde after
trapping with  N,N-dimethylformamide. Alternatively,
LIDA-promoted deprotonation and subsequent carb-
oxylation produced the brominated acid 12 in 70% yield.
Reduction of the latter compound with zinc gave 1-methyl-
S-trifluoromethyl-3-pyrazolecarboxylic acid (11) almost
quantitatively (93%).
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The transformations in the 3-(trifluoromethyl)pyrazole
series were not compromised by any regioselectivity prob-
lems. Both 1-methyl-3-(trifluoromethyl)pyrazole (2) and 4-
bromo-1-methyl-3-(trifluoromethyl)pyrazole (4) underwent
LIDA-promoted deprotonation solely at the 5-position
(thus making the acids 13 and 15 accessible in 70% and
90% yield), whereas bromo compound 4 reacted with tert-
butyllithium by halogen/metal exchange (giving rise to acid
14 in 85% yield).
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Lithiation and carboxylation were accomplished effici-
ently (62% of acid 16, 52% of the corresponding aldehyde
and 44% of the 4-iodo derivative) when LIDA was em-
ployed in the presence of N,N,N',N'',N''-pentamethyltri-
ethylenediamine (PMDTA). In the absence of this com-
plexand, large amounts (35—75%) of 3-anilino-4,4,4-tri-
fluoro-2-butenenitrile (17; M = H) were formed along with
the trapping product 16. Other examples of basicity-driven
ring opening reactions with pyrazoles are documented in
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the literature.>373 In the present case, the N—N scission
was presumably brought about in a concerted E2 process
whereby LIDA and the 4-lithiated 1-phenyl-5-(trifluoro-
methyl)pyrazole may both have acted as bases (“Bs”). As
a corollary, the product ratio 17/16 was found to increase
progressively as a function of the exposure time (from 0.8
through 0.9 and 1.1 to 2.3 after 5, 15, 45 and 120 min at
=75 °C).
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Although metal anilide 17 (M = Li) must have initially
emerged in the (Z) configuration, the pure (E) isomer of
the nitrile 17 (M = H) was isolated after neutralization.
As previously encountered with monoaza analogs,?’ 3% the
1,5-diaza-1,2-didehydropentadienyl intermediate apparently
requires little energy to confine the area of delocalization
to the l-azapropargyl anion (nitrilomethanide) subunit and
thus to restore free rotation around the CH—C(CF3) axis.
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Concomitant deprotonation at the 4-position of the het-
erocycle and the ortho position of the phenyl ring took
place when 1-phenyl-5-(trifluoromethyl)pyrazole (5) was
treated with butyllithium. A mixture of 18% of the
pyrazolecarboxylic acid 16 (see above) and 45% of 2-(5-tri-
fluoromethyl-1-pyrazolyl)benzoic acid (18) was formed.
The latter product was obtained uncontaminated and in
82% vyield by the consecutive treatment of 1-(2-bromo-
phenyl)-5-(trifluoromethyl)pyrazole (6) with terz-butylli-
thium and dry ice.
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Deprotonation of the 4-bromo compound 7 with LIDA
followed by carboxylation gave 4-bromo-1-phenyl-5-trifluo-
romethyl-3-pyrazolecarboxylic acid (19; 14%), which could
be reduced with zinc to the I-phenyl-5-trifluoromethyl-3-
pyrazolecarboxylic acid (20; 32%). Ring opening producing
derivatives of the nitrile 17 (see above) as unstable interme-
diates appears to compromise the success of both the depro-
tonation and the debromination step.
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A shghtly better result was achieved when 1-(2-br0mo-
phenyl)-5-(trifluoromethyl)pyrazole (6) was submitted to
LIDA-promoted deprotonation and carboxylation. After
neutralization, the acid 21 was isolated in still poor yield
(24%)).
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In contrast to all the other substrates, the last one, 3-
methyl-1-phenyl-5-(trifluoromethyl)pyrazole (8) has only a
single vacant heterocyclic position and, therefore, has only
a limited choice of regioselectivity. Moreover, the possibility
of ring-opening B-eliminations is removed. Nevertheless,
a mixture of two carboxylation products, 2-(3-methyl-5-
trifluoromethyl-1-pyrazolyl)benzoic acid (24; 68%) and
3-methyl-1-phenyl-5-trifluoromethyl-4-pyrazolecarboxylic
acid (22; 12%), was formed when butyllithium in tetrahy-
drofuran was used as the metalating agent. In addition,
trace amounts (3%) of 1-(2-carboxylphenyl)-3-methyl-5-tri-
fluoromethyl-4-pyrazolecarboxylic acid'*! (23) were pre-
sent. The diacid 23 became the sole product (isolated in
65% yield) when a fourfold excess of butyllithium was em-
ployed. Clean ortho metalation of the pyrazole 8 was
achieved with a stoichiometric quantity of butyllithium in
diethyl ether, affording the acid 24 in 82% yield. On the
other hand, lithium 2,2,6,6-tetramethylpiperidide was found
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to abstract protons exclusively from the heterocyclic 4-posi-
tion, thus opening an easy access to the acid 22 (68%) and
the corresponding aldehyde (57%) and iodide (65%) as well.
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Experimental Section

Details regarding standard operations and abbreviations can be
found in previous publications from this laboratory.**=4?1 'H and
19F NMR spectra were recorded at 400 and 376 MHz, the chemical
shifts listed referring to the internal standards (6 = 0.00 ppm) tetra-
methylsilane and trichlorofluoromethane, respectively. Samples
were dissolved in deuterochloroform unless stated otherwise. Mass
spectra were produced by chemical ionization (c.i.) in an ammonia
atmosphere at 96 eV ionization potential and 100 °C source tem-
perature.

1. Starting Materials

1-Methyl-5-(trifluoromethyl)pyrazole (1): At 0 °C, methylhydrazine
(26 mL, 23 g, 0.50 mol) was slowly added to 4-ethoxy-1,1,1-tri-
fluoro-3-buten-2-onel*? (84 g, 0.50 mol) in ethanol (0.25 L). The
mixture was heated to 50 °C for 15 min before the solvents were
evaporated. The oily residue became solid upon exhaustive tritura-
tion with pentanes (3 X 0.10 L). It was then taken up in diethyl
ether (50 mL), treated with concentrated hydrochloric acid (1 mL)
and heated under reflux for 1 h before being poured into water (50
mL). Extraction with diethyl ether (3 X 25 mL), washing of the
combined organic layers with brine (2 X 25 mL), drying and evap-
oration of the solvents gave a colorless liquid which was distilled;
b.p. 97—99 °C (ref.:PT m.p. 68—70 °C); n) = 1.3923; yield: 19.5 g
(26%). '"H NMR: & = 7.47 (s, 1 H), 6.60 (s, 1 H), 4.00 (s, 3 H)
ppm. F NMR: § = —60.9 (s) ppm. MS (c.i.): m/z (%) = 152 (7)
[M + 2], 151 (100) [M + 1], 150 (44) [M*], 149 (21), 131 (12).
CsHsF3N, (150.10): caled. C 40.01, H 3.36; found C 40.04, H 3.43.

4,5-Dihydro-5-hydroxy-1-methyl-5-(trifluoromethyl)pyrazole: An
analogous reaction performed on a 25 mmol scale was stopped be-
fore the acid treatment. The solid material obtained after thorough
trituration was rapidly dried; yield: 1.3 g (31%). '"H NMR: § = 6.74
(s, 1 H), 3.61 (br.s, 1 H), 3.24 (d, J = 18.5Hz, 1 H), 2.98 (s, 3 H),
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2.90 (d, J = 18.5 Hz, 1 H). Due to slow spontaneous dehydration
the material was too fragile to be sent for microanalysis.

1-Methyl-3-(trifluoromethyl)pyrazole (2): A solution of methylhy-
drazine (16 mL, 14 g, 0.30 mol) and 4-ethoxy-1,1,1-trifluoro-3-
buten-2-one*’ (50 g, 0.30 mol) in methanol (0.15 L) was heated
under reflux for 4 h before being poured into water (0.50 L). Ex-
traction of the aqueous phase with diethyl ether (3 X 0.10 L), wash-
ing of the combined organic layers with water (3 X 50 mL) and
brine (2 X 50 mL), drying, evaporation of the solvents and frac-
tional distillation afforded a colorless liquid; b.p. 66—68 °C/18 Torr;
[n]E = 1.4000; yield: 22.0 g (49%). '"H NMR: § = 741 (d, J =
1.1 Hz, 1 H), 6.51 (d, J = 2.4 Hz, 1 H), 3.97 (s, 3 H) ppm. '°F
NMR: § = —62.4 (s) ppm. MS (c.i.): m/z (%) = 152 (6) [M™* +2],
151 (100) [M + 1], 150 (36) [M '], 149 (12), 131 (14). CsHsF3N,
(150.10): caled. C 40.01, H 3.36; found C 39.91, H 3.33.

1-Bromo-1-methyl-5-(trifluoromethyl)pyrazole (3): 1-Methyl-5-(tri-
fluoromethyl)pyrazole (1; 11 g, 75 mmol), bromine (10 mL, 32 g,
0.20 mol) and iron powder (2.2 g, 40 mmol) were mixed at 0 °C
and heated to 100 °C for 1 h before being treated with a solution
of sodium thiosulfate (40 g, 0.25 mol) in water (0.25 L). The aque-
ous phase was extracted with diethyl ether (3 X 0.10 L). The com-
bined organic layers were washed with water (2 X 50 mL) and brine
(50 mL), dried and the solvents evaporated. Upon distillation a
colorless liquid was collected; b.p. 65—66 °C/70 Torr; [n]y =
1.4519; yield: 11.5 g (67%). '"H NMR: & = 7.48 (s, 1 H), 4.01 (q,
J = 1.1 Hz, 3 H) ppm. '"°F NMR: § = —59.0 (s) ppm. MS (c.i.):
mlz (%) = 231 (7) [M™* + 1], 230 (94) [M*], 228 (100), 227 (23),
211 (14). CsH4BrF;N, (229.00): caled. C 26.22, H 1.76; found C
26.16, H 1.80.

4-Bromo-1-methyl-3-(trifluoromethyl)pyrazole (4): 1-Methyl-3-(tri-
fluoromethyl)pyrazole (2; 11 g, 75 mmol) was submitted to the
same treatment as described in the preceding paragraph except that
the mixture was heated to 100 °C for 4 h. After distillation, the
product crystallized from pentanes (at —25 °C) as colorless plate-
lets; m.p. 28—30 °C; b.p. 84—85 °C/14 Torr; yield: 11.2 g (65%). 'H
NMR: § = 7.47 (s, 1 H), 3.95 (s, 3 H) ppm. ’F NMR: § = —62.5
(s) ppm. MS (c.i.): miz (%) = 231 (22) [M + 1], 230 (96) [M*], 228
(100). CsH4BrF;N; (229.00): caled. C 26.22, H 1.76; found C 26.58,
H 1.72.

Pyrazole 4 was also prepared by condensation of 3-bromo-4-
ethoxy-1,1,1-trifluoro-3-buten-2-one*¥ (50 mmol) with methylhy-
drazone (50 mmol). However, due to the extensive formation of by-
products, the expected compound 4 could be isolated in a yield of
only 11%.

1-Phenyl-5-(trifluoromethyl)pyrazole (5): A solution of 4-ethoxy-
1,1,1-trifluoro-3-buten-one3! (25 g, 0.15 mol) and phenylhydrazine
(15 mL, 16 g, 0.15 mol) in ethanol (75 mL) was heated for 2 h
under reflux and then the volatiles were evaporated. The residue
was taken up in dichloromethane (0.10 L) and concentrated hydro-
chloric acid (5.0 mL) was added. The mixture was stirred at 25 °C
for 1 h. After washing of the organic layer with a saturated aqueous
solution (2 X 25 mL) of sodium hydrogen carbonate, distillation
under reduced pressure gave a colorless liquid; m.p. —12 to =9 °C;
b.p. 81—82 °C/14 Torr; [n] = 1.5010; yield: 24.8 g (78%). 'H
NMR: § = 7.70 (d, J = 1.1 Hz, 1 H), 7.48 (s, 5 H), 6.81 (d, J =
1.6 Hz, 1 H) ppm. ’F NMR: § = —57.9 (s) ppm. MS (c.i.): m/z
(%) = 230 (4) [M* + NHy], 214 (8) [M™* + 2], 213 (100) [M* +
1], 212 (27) [M*]. C,oH;F3N, (212.17): caled. C 56.61, H 3.33;
found C 56.79, H 3.24.

1-(2-Bromophenyl)-5-(trifluoromethyl)pyrazole (6): Prepared from
2-bromophenylhydrazine! (28 g, 0.15 mol) as described in the pre-
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ceding paragraph; colorless cubes; m.p. 26—28 °C (from pentanes);
b.p. 115—117 °C/13 Torr; yield: 34.1 g (78%). '"H NMR: § = 7.76
(d,J=1.1Hz 1 H), 7.73 (dt, J = 7.7, 1.1 Hz,), 7.4 (m, 3 H), 6.82
(d,J = 1.1 Hz, 1 H) ppm. '’F NMR: § = —59.6 (s) ppm. MS (c.i.):
mlz (%) = 310 (5) [M* + NH,], 294 (17), 293 (95) [M* + 1], 292
(38) [M*], 291 (100), 290 (21). C,(HBrFsN, (291.07): caled. C
41.26, H 2.08; found C 41.28, H 2.25.

4-Bromo-1-phenyl-5-(trifluoromethyl)pyrazole (7): Diisopropyl-
amine (3.5 mL, 2.5g, 25 mmol), N,N,N',N'',N''-pentamethyldi-
ethylenetriamine (5.2 mL, 4.3 g, 25mmol) and 1-phenyl-5-(tri-
fluoromethyl)pyrazole (5; 5.3 g, 25 mmol) were added consecutively
to a solution of butyllithium (25 mmol) in tetrahydrofuran (35 mL)
and hexanes (15 mL) kept in a dry ice bath. After 5 min at —75
°C, the mixture was treated with 1,2-dibromotetrafluoroethane (3.0
mL, 6.5 g, 25 mmol), the volatiles were evaporated, the residue dis-
solved in hexanes (0.10 L) and filtered through a pad of silica gel
(40 mL). Upon distillation under reduced pressure, a faintly yellow
liquid was collected; b.p. 79—81 °C/1 Torr; yield: 3.8 g (52%). 'H
NMR: § = 7.71 (s, 1 H), 7.5 (m, 3 H), 7.4 (m, 2 H) ppm. °F
NMR: 6 = —56.6 (s) ppm. MS (c.i.): m/z (%) = 310 (2) M+ +
NH,], 293 (93) [M* + 1], 292 (41) [M*], 291 (100), 290 (32).
CoHgBrFsN, (291.07): caled. C 41.26, H 2.08; found C 41.20, H
2.07.

2. Transformations of Trifluoromethyl-Substituted 1-Methylpyra-
zoles

(5-Trifluoromethyl-1-pyrazolyl)acetic Acid (9): A solution con-
taining 1-methyl-5-(trifluoromethyl)pyrazole (1; 3.0 g, 20 mmol)
and butyllithium (20 mmol) in tetrahydrofuran (50 mL) and hex-
anes (12 mL) was stored for 45 min at —75 °C before being poured
onto an excess of freshly crushed dry ice. After evaporation of the
volatiles, the residue was dissolved in 1.0 M aqueous sodium hy-
droxide (0.10 L). A small sample was withdrawn, acidified and
treated exhaustively with diazomethane. According to gas chroma-
tography (30 m, DB-FFAP, 90 °C; 30 m, DB-1701, 120 °C; penta-
decane as a calibrated internal standard) the mixture contained
85% of acid 9 (or its methyl ester). The bulk of the aqueous phase
was washed with diethyl ether (2 X 25 mL), acidified with concen-
trated hydrochloric acid to pH 2, saturated with sodium chloride
and extracted with diethyl ether (3 X 50 mL). The combined or-
ganic layers were washed with brine (25 mL), dried and the solvents
evaporated. The solid left behind was crystallized from an ethyl
acetate/hexanes mixture; m.p. 83—85 °C; yield: 2.8 g (72%). 'H
NMR: 8 = 7.62 (d, J = 1.3Hz, 1 H), 6.71 (d, J = 1.3Hz, 1 H),
5.14 (s, 2 H) ppm. '’F NMR: § = —60.3 (s) ppm. MS (c.i.): m/z
(%) = 212 (6) [M* + NHy], 196 (33) [M™" + 2], 195 (100) [M* +
1], 194 (1) [M "], 150 (7). CcHsF3N,O0, (194.11): caled. C 37.13, H
2.60; found C 37.08, H 2.44.

1-Methyl-5-trifluoromethyl-4-pyrazolecarboxylic Acid (10): With
gentle shaking, a precooled solution of zerz-butyllithium (40 mmol)
in pentanes (25 mL) was added to 4-bromo-1-methyl-5-(trifluoro-
methyl)pyrazole (3; 4.6 g, 20 mmol) in diethyl ether (50 mL) kept
in a dry ice bath. After 5 min at —75 °C, the mixture was treated
with carbon dioxide and worked up as described in the preceding
paragraph. The product was isolated as small, colorless cubes; m.p.
122—124 °C (from chloroform and hexanes); yield: 3.4 g (88%). 'H
NMR: § = 8.01 (s, 1 H), 4.11 (q, J = 1.9 Hz, 3 H) ppm. '°’F NMR:
8 = —57.7 (s) ppm. MS (c.i.): m/z (%) = 213 (17), 212 (82) [M™* +
NH,], 196 (16) [M™* + 2], 195 (97) [M* + 1], 194 (23) [M '], 178
(10), 177 (100). C¢HsF3N,O, (194.11): caled. 37.13, H 2.60; found
C 37.09, H 2.70.

When 1-methyl-5-(trifluoromethyl)pyrazole (1; 3.0 g, 20 mmol) was
added to a solution of lithium diisopropylamide (20 or 40 mmol)
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in tetrahydrofuran (35 mL) and hexanes (15 mL) and, after 45 min
or 2h at =75 °C, the mixture was allowed to react with dry ice,
25-33% of acid 10 and 2—6% of acid 11 (see below) were present.
They were identified and quantified by gas chromatography (30 m,
DB-FFAP, 90 °C; 30 m, DB 1701, 120 °C; pentadecane as a cali-
brated internal standard) after prior alkaline extraction, neutraliza-
tion and treatment with diazomethane until the yellow color per-
sisted.

When tert-butyllithium in diethyl ether was again used as the
metalating reagent (see above), but N,N-dimethylformamide (1.5
mL, 1.4 g, 20 mmol) was employed instead of carbon dioxide, 1-
methyl-5-trifluoromethyl-4-pyrazolecarbaldehyde was obtained after
hydrolysis, ethereal extraction and crystallization as tiny needles;
m.p. 56—58 °C (from hexanes); yield: 2.4 g (67%). '"H NMR: § =
10.03 (s, 1 H), 8.00 (s, 1 H), 4.07 (g, J = 1.1 Hz, 3 H) ppm. °F
NMR: § = —58.3 (s) ppm. MS (c.i.): m/z (%) = 196 (3) [M* +
NH,], 179 (23) [M* + 1], 178 (19) [M*], 177 (100), 159 (11).
CsHsF3N,O (178.11): caled. C 40.46, H 2.83; found C 40.42, H
2.91.

1-Methyl-5-trifluoromethyl-3-pyrazolecarboxylic Acid (11): A slurry
containing 4-bromo-1-methyl-5-trifluoromethyl-3-pyrazolecarbox-
ylic acid (12; 2.7 g, 10 mmol; see below) and zinc (3.3 g, 50 mmol)
in 10% aqueous sodium hydroxide (50 mL) was vigorously stirred
at 25 °C for 1 h. The mixture was filtered and worked up as de-
scribed above (see acid 9). Colorless platelets were collected; m.p.
127—129 °C (after sublimation); yield: 1.8 g (93%). 'H NMR: § =
7.23 (s, 1 H), 4.11 (s, 3 H) ppm. "’F NMR: § = —61.4 (s) ppm.
MS (c.i.): m/z (%) = 213 (31), 212 (100) [M* + NH,], 196 (20)
[M* + 2], 195(79) [M™* + 1], 194 (17) [M*], 177 (38). C¢H5F3N,0,
(194.11): caled. C 37.13, H 2.60; found C 37.06, H 2.66.

4-Bromo-1-methyl-5-trifluoromethyl-3-pyrazolecarboxylic Acid (12):
At =75 °C, diisopropylamine (2.8 mL, 2.0 g, 20 mmol) and 4-
bromo-1-methyl-5-(trifluoromethyl)pyrazole (3; 4.6 g, 20 mmol)
were added consecutively to butyllithium (20 mmol) in tetrahy-
drofuran (40 mL) and hexanes (15 mL). After 5 min, the mixture
was poured onto an excess of freshly crushed dry ice and treated
further as described above (see acid 9) to afford colorless cubes;
m.p. 143—145 °C (from ethyl acetate and hexanes); yield: 3.8 g
(70%). "H NMR: § = 4.15 (s, 3 H) ppm. ’F NMR: § = —59.3
ppm. MS (c.i.): m/z (%) = 275 (16) [M* + 1], 274 (100) [M*], 273
(23), 272 (100), 271 (6), 257 (49), 255 (48). CcH4BrF;N,0, (273.01):
caled. C 26.40, H 1.48; found C 26.04, H 1.59.

1-Methyl-3-trifluoromethyl-5-pyrazolecarboxylic Acid (13): Diiso-
propylamine (2.8 mL, 2.0 g, 20 mmol) and 1-methyl-3-(trifluoro-
methyl)pyrazole (2; 3.0 g 20 mmol) were added consecutively to a
solution of butyllithium (20 mmol) in tetrahydrofuran (40 mL) and
hexanes (15 mL) kept in a dry ice/methanol bath. After 2 h at —75
°C, the mixture was poured onto an excess of freshly crushed, solid
carbon dioxide. The workup procedure followed the example de-
scribed above (see acid 9). The product was collected as colorless
needles; m.p. 130—131 °C (after sublimation); yield: 3.2 g (70%).
'H NMR: § = 7.24 (s, 1 H), 4.27 (s, 3 H) ppm. ’F NMR: § =
—62.8 (s) ppm. MS (c.i.): miz (%) = 212 (2) M + NH,], 195 (89)
[M* + 1], 194 (69) [M*], 172 (34). C¢HsF3N,0, (194.11): caled. C
37.13, H 2.62; found C 37.21, H 2.60.

1-Methyl-3-trifluoromethyl-4-pyrazolecarboxylic Acid (14): Ob-
tained from 4-bromo-1-methyl-3-(trifluoromethyl)pyrazole (4;
4.6 g, 20 mmol) and terz-butyllithium (40 mmol) as described above
(see acid 10); colorless prisms; m.p. 200—201 °C (from ethyl acetate
and hexanes; ref.:[**) m.p. 199—200 °C); yield: 3.3 g (85%) ppm. MS
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(ci): mlz (%) = 195 (21) [M* + 1], 194 (37) [M*], 178 (7), 177
(100), 155 (23).

4-Bromo-1-methyl-3-trifluoromethyl-5-pyrazolecarboxylic Acid (15):
Prepared from 4-bromo-1-methyl-3-(trifluoromethyl)pyrazole (4;
4.6 g, 20 mmol) and lithium diisopropylamide (20 mmol) as de-
scribed above (see acid 12); colorless prisms; m.p. 194—196 °C
(from ethyl acetate and hexanes); yield: 4.9 g (90%). 'H NMR: § =
4.27 (s, 3 H) ppm. ’F NMR: 8 = —62.9 ppm. MS (c.i.): m/z (%) =
275 (13) [M™* + 1], 274 (100) [M*], 273 (18), 272 (97), 271 (6), 255
(21). C¢H4BrF3N,0, (273.01): caled. C 26.40, H 1.48; found C
26.15, H 1.08.

3. Transformation of Trifluoromethyl-Substituted 1-Arylpyrazoles

(E)-4,4,4-Trifluoro-2-phenylamino-2-butenenitrile (17): Diisopropyl-
amine (2.8 mL, 2.0 g, 20 mmol) and 1-phenyl-5-(trifluoromethyl)-
pyrazole (5; 4.2 g, 20 mmol) were added consecutively to a solution
of butyllithium (20 mmol) in tetrahydrofuran (25 mL) and hexanes
(15 mL) kept in a dry ice bath. After 6 h at —75 °C, the mixture
was allowed to reach 0 °C. It was concentrated, poured into water
(0.10 L) and extracted with diethyl ether (3 X 50 mL). The com-
bined organic layers were washed with brine (2 X 25 mL), dried
and the solvents evaporated. The residue was crystallized; yellow
stars; m.p. 97—99 °C (from chloroform and hexanes; yield: 3.2 g
(75%). '"H NMR: § = 7.45 (t, J = 7.9 Hz, 2 H), 7.30 (t, J = 7.5 Hz,
1 H), 7.20 (d, J = 7.5 Hz, 2 H), 6.21 (br. s, | H), 4.76 (s, 1 H) ppm.
YF NMR: § = —67.9 ppm. MS (c.i.): m/z (%) = 231 (13), 230
(100) [M™* + NHy], 214 (11) [M* + 2], 2 13 (83) [M* + 1], 212
(47) [M*]. C,oH;F3N, (212.17): caled. C 56.61, H 3.33; found C
56.46, H 3.40.

Crystal Structure of Nitrile 17: The compound crystallized from a
chloroform/hexanes mixture in the orthorhombic space group
Pbn2,. At Z = 4, a = 7.2381(14), b = 7.525(2), ¢ = 17.556(4) A
and M, = 212.18, the calculated density, pce became
1.474 g-em ™. The structure was solved by direct methods as imple-
mented in the program SIR97.47 A total of 5393 reflections were
collected on a Stoe IPDS diffractometer using Mo-K,, radiation
(A =0.71073 A), pu = 0.131 mm™"', no absorption correction being
made. Using 2128 reflections with I = 2o(/), the final full-matrix
least-squares refinement*®! of 136 variables converged to R; =
0.0563 {wR, = 0.0818, w = [c%(F3)]"'}. The residual electron den-
sity fell in the range Ap = [—0.351,+0.238] e A3, Hydrogen atoms
were located and refined isotropically, whereas the remainder of the
atoms were optimized anisotropically. CCDC-179870 contains the
supplementary crystallographic data for this work. These data can
be obtained free of charge at www.ccde.cam.ac.uk/conts/retriev-
ing.html [or from the Cambridge Crystallographic Data Centre, 12,
Union Road, Cambridge CB2 1EZ, UK; Fax: (internat.) +44-1223/
336-033; E-mail: deposit@ccdc.cam.ac.uk].

1-Phenyl-5-trifluoromethyl-4-pyrazolecarboxylic Acid (16): Diiso-
propylamine (2.8 mL, 2.0 g, 20 mmol), N,N,N',N'',N''-pentame-
thyldiethylenetriamine (4.2 mL, 3.5 g, 20 mmol) and 1-phenyl-5-
(trifluoromethyl)pyrazole (5; 4.2 g, 20 mmol) were added consecut-
ively to a solution of butyllithium (20 mmol) in tetrahydrofuran (25
mL) and hexanes (10 mL) kept in a dry ice bath. After 5 min at
—75 °C, the mixture was poured onto an excess of freshly crushed
carbon dioxide, before being worked up as described above (see
acid 9). The product was purified by recrystallization; colorless
cubes; m.p. 132—134 °C (from chloroform and hexanes; ref.:[4°]
m.p. 129—131 °C); yield: 3.2 g (62%). 'H NMR: & = 8.22 (s, | H),
7.5 (m, 3 H), 7.4 (m, 2 H) ppm. "F NMR: § = —55.9 ppm. MS
(c.i.): mlz (%) = 257 (73) [M* + 1], 256 (100) [M*], 239 (33).
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Treatment of the acid 16 (10 mmol) with ethereal diazomethane
gave the methyl ester as a colorless viscous oil; m.p. 21—23 °C; b.p.
60—61 °C/0.1 Torr; yield: 2.5 g (93%). 'H NMR: § = 8.12 (s, | H),
7.5 (m, 3 H), 7.4 (m, 2 H), 3.92 (s, 3 H) ppm. ?’F NMR: § = —56.0
ppm. MS (c.i.): m/z (%) = 288 (4) [M™ + NHy], 272 (19) [M* +
2], 2 71 (100) [M* + 1], 270 (23) [M*], 239 (15). C;,HoF;N,
(270.21): caled. C 53.34, H 3.36; found C 53.41, H 3.15.

1-Phenyl-5-trifluoromethyl-4-pyrazolecarbaldehyde: 1-Phenyl-5-(tri-
fluoromethyl)pyrazole (5; 4.2 g, 20 mmol) was treated as described
in the preceding paragraph (see acid 16) but at the end N,N-di-
methylformamide (3.1 mL, 2.9 g, 40 mmol) was added rather than
carbon dioxide. At 25 °C, the mixture was poured into water (0.10
L) and extracted with diethyl ether (3 X 50 mL). The combined
organic layers were concentrated, absorbed on silica gel (20 mL)
and eluted with a 1:9 (v/v) mixture of ethyl acetate and hexanes
from a column filled with more silica (0.20 L). Crystallization af-
forded small yellow cubes; m.p. 93—95 °C (from chloroform and
hexanes); yield: 2.5 g (52%). '"H NMR: & = 10.15 (s, 1 H), 8.21 (s,
1 H), 7.5 (m, 5 H) ppm. '°’F NMR: § = —55.2 ppm. MS (c.i.): m/
z (%) = 241 (36) [M* + 1], 2 40 (100) [M "], 239 (93) [M*], 238
(14). C;H;F;3N,0 (240.18): caled. C 55.01, H 2.94; found C 55.21,
H 2.62.

4-lodo-1-phenyl-5-(trifluoromethyl)pyrazole: The iodo derivative
was prepared from 1-phenyl-5-(trifluoromethyl)pyrazole (5; 4.2 g,
20 mmol) using iodine (2.6 g, 20 mmol) instead of carbon dioxide
(see acid 16) or N,N-dimethylformamide (see preceding paragraph)
to intercept the organometallic intermediate. The product was isol-
ated by column chromatography (under identical conditions to
those reported in the preceding paragraph) as a colorless viscous
oil (after distillation); b.p. 73—75 °C/0.2 Torr; yield: 3.0 g (44%)).
'"H NMR: 8 = 7.75 (s, 1 H), 7.5 (m, 3 H), 7.4 (m, 2 H) ppm. '°F
NMR: § = —55.8 (s) ppm. MS (c.i.): m/z (%) = 340 (15) [M* +
2], 339 (65) [M* +1], 338 (46) [M™'], 213 (29). C,oHg¢F;IN,
(338.07): caled. C 35.53, H 1.79; found C 35.28, H 1.65.

2-(5-Trifluoromethyl-1-pyrazolyl)benzoic Acid (18): At —75 °C, tert-
butyllithium (40 mmol) in pentanes (25 mL) was added to 1-(2-
bromophenyl)-5-(trifluoromethyl)pyrazole (6; 5.8 g, 20 mmol) in
diethyl ether (50 mL). After 5 min, the mixture was poured onto
an excess of freshly crushed dry ice. The product was isolated as
described above (see acid 9); colorless stars; m.p. 121—123 °C (from
ethyl acetate and hexanes); yield: 4.2 g (82%). 'H NMR: § = 8.14
(dd, J = 7.8, 1.6 Hz, 1 H), 7.7 (m, 2 H), 7.63 (td, J = 7.8, 1.4 Hz,
1 H), 7.48 (d, J = 7.8 Hz, 1 H), 6.8 (m, 1 H) ppm. "°’F NMR: § =
—59.2 (s) ppm. MS (c.i.): m/z (%) = 270 (12) [M™ + NHy], 257 (5)
[M* + 1], 239 (22), 212 (93), 84 (100). C;;H,;F3N,0, (256.18):
calcd. C 51.57, H 2.75; found C 51.48, H 3.01.

The acid 18 (2.6 g, 10 mmol) was converted into the methyl ester
using ethereal diazomethane; white waxy mass; m.p. 29—31 °C; b.p.
76—718 g/0.1 Torr; yield: 2.5 g (93%). '"H NMR: § = 8.09 (dd, J =
7.8, 1.8 Hz, 1 H), 7.71 (td, J = 7.8, 1.5Hz, 1 H), 7.67 (td, J = 7.8,
1.8 Hz, 1 H), 748 (d, J = 7.8 Hz, 1 H), 6.81 (d, J = 1.8 Hz, 1 H),
3.68 (s, 3 H) ppm. 'F NMR: § = —59.3 (s) ppm. MS (c.i.): m/z
(%) = 271 (24) [M* + 1], 270 (69) [M '], 240 (27), 239 (100), 212
(20). C,HoF3N,0, (270.21): caled. C 53.34, H 3.36; found C 53.61,
H 3.13.

4-Bromo-1-phenyl-5-trifluoromethyl-3-pyrazolecarboxylic Acid (19):
Diisopropylamine (1.4 mL, 1.0 g, 10 mmol), N,N,N',N'',N''-penta-
methyldiethylenetriamine (2.1 mL, 1.7 g, 10 mmol) and 4-bromo-1-
phenyl-5-(trifluoromethyl)pyrazole (7; 3.0 g, 10 mmol) were added
consecutively to a solution of butyllithium (10 mmol) in tetrahy-
drofuran (20 mL) and hexanes (5 mL) kept in a dry ice bath. After
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S min at —75 °C, carboxylation, neutralization and crystallization
were carried out as described above (see acid 9); colorless needles;
m.p. 163—164 °C (after sublimation); yield: 0.47 ¢ (14%). 'H
NMR: § = 7.5 (m, 3 H), 7.44 (d, J = 7.8 Hz, 2 H) ppm. °F NMR:
§ = —56.5 ppm. MS (c.i.): m/z (%) = 356 (4), 355 (27), 354 (72)
[M* + NH,], 353 (30), 352 (79), 339 (5), 338 (37), 337 (99) [M* +
1], 336 (80) [M*], 335 (100), 334 (68). C;;HsBrF;N,0, (335.08):
caled. C 39.43, H 1.80; found C 39.42, H 1.90.

1-Phenyl-5-trifluoromethyl-3-pyrazolecarboxylic Acid (20): Zinc
powder (0.14 g, 2.0 mmol) was added to a solution of 4-bromo-1-
phenyl-5-trifluoromethyl-3-pyrazolecarboxylic acid (19; 0.35 g,
1.0 mmol) in 10% aqueous sodium hydroxide (5.0 mL). After 6 h
of vigorous stirring at 25 °C, the reaction mixture was filtered to
remove unconsumed zinc, acidified to pH 2, saturated with sodium
chloride and extracted with diethyl ether (3 X 5 mL). The com-
bined organic layers were dried and the solvents evaporated. Color-
less platelets were obtained upon crystallization; m.p. 132—133 °C
(from ethyl acetate and hexanes); yield: 82 mg (32%). 'H NMR:
5 =8.21(s, 1 H), 7.5 (m, 3 H), 7.4 (m, 2 H) ppm. ’F NMR: § =
—55.9 (s) ppm. MS (c.i.): m/z (%) = 275 (28), 274 (47) [M* +
NH,], 273 (24), 259 (21), 258 (49), 257 (100) [M* + 1], 256 (86),
255 (31). C1H;F;3N,0, (256.18): caled. C 51.57, H 2.75; found C
51.55, H 2.72.

1-(2-Bromophenyl)-5-trifluoromethyl-4-pyrazolecarboxylic Acid (21):
The procedure specified above (see acid 16), applied to 1-(2-bromo-
phenyl)-5-trifluoromethyl)pyrazole (6; 5.8 g, 20 mmol), afforded
the expected product; colorless prisms; m.p. 130—132 °C (from di-
ethyl ether and pentanes); yield: 1.6 g (24%). '"H NMR: § = 8.29
(s, 1 H), 7.7 (m, 1 H), 7.4 (m, 3 H) ppm. '’F NMR: § = —57.6 (s)
ppm. MS (c.i.): m/z (%) = 338 (28), 337 (91), 336 (42) [M*], 335
(92), 334 (17), 272 (23), 76 (100). C;oHsBrFsN,O, (335.08): calcd.
C 39.43, H 1.80; found C 39.26, H 1.81.

3-Methyl-1-phenyl-5-trifluoromethyl-4-pyrazolecarboxylic Acid (22):
2,2,6,6-Tetramethylpiperidine (5.6 mL, 4.0 g, 40 mmol) and 3-
methyl-1-phenyl-5-(trifluoromethyl)pyrazole!?”! (8; 9.0 g, 40 mmol)
were added consecutively to a solution of butyllithium (40 mmol)
in tetrahydrofuran (75 mL) and hexanes (25 mL) cooled to —25
°C. After 2 h at —25 °C, the mixture was poured onto an excess of
freshly crushed dry ice and was worked up as described above (see
acid 9) to afford colorless needles; m.p. 149—151 °C; yield: 7.4 g
(68%). '"H NMR: § = 7.5 (m, 3 H), 7.4 (m, 2 H), 2.57 (s, 3 H)
ppm. F NMR: § = —59.2 (s) ppm. MS (c.i.): m/z (%) = 288 (12)
[M* + NHy], 272 (32) [M* + 2], 271 (45) [M™* + 1], 270 (100)
[M*]. C1,HoF;3N,0, (270.21): caled. 53.34, H 3.36; found C 53.66,
H 3.13.

The acid (22; 10 mmol) was converted into the methyl ester using
diazomethane; colorless needles; m.p. 81—83 °C; yield: 2.0 g (70%).
'"H NMR: § = 7.5 (m, 3 H), 7.4 (m, 2 H), 3.91 (s, 3 H), 2.50 (s, 3
H) ppm. ’F NMR: § = —56.3 (s) ppm. MS (c.i.): m/z (%) = 285
(39), 284 (100) [M*], 253 (58). C3H;F3N,0, (284.24): caled. C
54.93, H 3.90; found C 55.30, H 4.31.

3-Methyl-1-phenyl-5-trifluoromethyl-4-pyrazolecarbaldehyde: This
compound was prepared from 3-methyl-1-phenyl-5-(trifluoro-
methyl)pyrazole %! (8; 40 mmol) as described above (see the acid
22), only with carbon dioxide being replaced by N,N-dimethylfor-
mamide (3.9 mL, 3.7 g, 50 mmol). Partitioning between water and
diethyl ether followed by distillation gave a colorless liquid which
crystallized as small prisms; m.p. 46—47 °C (from pentanes at 0
°C); b.p. 87—89 °C/1 Torr; yield: 5.8 g (57%). 'H NMR: § = 10.2
(m, 1 H), 7.5 (m, 3 H), 7.4 (m, 2 H), 2.56 (s, 3 H) ppm. '°F NMR:
8 = —54.7 (s) ppm. MS (c.i.): m/z (Yo) = 255 (22) [M™* + 1], 254
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(100) [M™*], 253 (72). C1,HoF3N,0, (254.21): caled. C 56.70, H
3.57; found C 56.69, H 3.59.

4-Iodo-3-methyl-1-phenyl-5-(trifluoromethyl)pyrazole: This com-
pound was prepared from 3-methyl-1-phenyl-5-(trifluoromethyl)-
pyrazole %1 (8; 9.0 g, 40 mmol) as described above (see the acid
22), only with carbon dioxide being replaced by iodine (5.1 g,
40 mmol). The product was purified by distillation and crystalliza-
tion after washing with a saturated aqueous solution of sodium
thiosulfate and extraction with diethyl ether (3 X 50 mL); colorless
needles; m.p. 51—53 °C (from pentanes at 0 °C); b.p. 93—95 °C/0.2
Torr; yield: 9.1 g, (65%). '"H NMR: § = 7.5 (m, 3 H), 7.4 (m, 2 H),
2.36 (s, 3 H) ppm. ’F NMR: § = —56.4 (s) ppm. MS (c.i.): m/z
(%) = 371 (5), 370 (21) [M* + NHy], 355 (11), 354 (51), 353 (100)
[M* + 1], 352 (58) [M*], 351 (24). C,;HgF3IN, (352.09): caled. C
37.52, H 2.29; found C 37.53, H 2.54.

1-(2'-Carboxyphenyl)-3-methyl-5-trifluoromethyl-4-pyrazolecarb-
oxylic Acid (23): 3-Methyl-1-phenyl-5-(trifluoromethyl)pyrazole!*!
(8; 4.5 g, 20 mmol) was added to an ice-cold solution of butyl-
lithium (80 mmol) in tetrahydrofuran (50 mL) and hexanes (50
mL). After 2 h at 0 °C, the mixture was poured onto an excess of
freshly crushed dry ice and was worked up as described above (see
the acid 9). Colorless stars were obtained; m.p. 205—207 °C; yield:
4.1 g (65%). '"H NMR (D3CSOCD5): § = 8.16 (dd, J = 7.6, 1.6 Hz,
1 H), 7.82 (td, J = 7.6, 1.6 Hz, 1 H), 7.76 (td, J = 7.6, 1.0 Hz, 1
H), 7.59 (dd, J = 7.6, 1.0 Hz, 1 H), 2.44 (s, 3 H) ppm. °"F NMR
(D3;CSOCD3): & = —55.5 (s) ppm. MS (c.i.): mlz (%) = 332 (4)
[M* + NHy], 316 (26), 315 (100) [M™ + 1], 314 (9) [M*], 297 (34),
271 (12). C3HoF;3N,04 (314.22): caled. C 49.69, H 2.89; found C
49.79, H 2.89.

2-(3-Methyl-5-trifluoromethyl-1-pyrazolyl)benzoic Acid (24): 3-
Methyl-1-phenyl-5-(trifluoromethyl)pyrazolel?”! (8; 4.5 g, 20 mmol)
was added to an ice-cold solution of butyllithium (20 mmol) in di-
ethyl ether (35 mL) and hexanes (15 mL). After 6 h at 0 °C, the
mixture was poured onto an excess of freshly crushed dry ice and
worked up as described above (see the acid 9) to afford colorless
needles; m.p. 117—119 °C (from ethyl acetate and hexanes); yield:
4.4 ¢ (81%). '"H NMR: § = 8.11 (dd, J = 7.8, 1.6 Hz, 1 H), 7.67
(td, J = 7.8, 1.6 Hz, 1 H), 7.59 (td, J = 7.8, 1.3 Hz, 1 H), 7.46 (d,
J =7.8Hz 1 H), 6.56 (s, 1 H), 2.34 (s, 3 H) ppm. ’F NMR: § =
—59.4 (s) ppm. MS (c.i.): miz (%) = 271 (6) [M* + 1], 270 (6)
[M™], 253 (14), 227 (15), 226 (100). C,>,HoF3N,O, (270.21): caled.
C 53.34, H 3.36; found C 53.65, H 3.18.

Treatment of the acid 24 (10 mmol) with ethereal diazomethane
gave the methyl ester, which was collected as a colorless oil after
distillation; b.p. 90—92 °C/0.5 Torr; [n]® = 1.5033; yield: 2.3 ¢
(81%). '"H NMR: & = 8.06 (dd, J = 7.8, 1.8 Hz, 1 H), 7.64 (td, J =
78, 1.8Hz, 1 H), 7.58 (td, J = 7.8, 1.4Hz, 1 H), 746 (d, J =
7.8 Hz, 1 H), 6.59 (s, 1 H), 3.69 (s, 3 H), 2.36 (s, 3 H) ppm. '°F
NMR: § = —59.4 (s) ppm. MS (c.i.): m/z (%) = 285 (46), 284 (77)
[M™*], 253 (100). Cy3H;;F3N,0, (284.24): caled. C 54.93, H 3.90;
found C 54.93, H 3.79.
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