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THE SEQUENTIAL LITHIATION OF 1-PHENYLPYRAZOLES
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Abgtract - 1-Phenylpyrazols is lithiated exclusively at the -5
position. Suitable 5-substituted 1-phenylpyrazoles underge lithiation
at the ortho positien of the phenyl ring. 5-Thiomethyl-1-{o-tolyl)
pyrazole is laterally lithiated at the ortho methyl group. In the
case of 5-methoxymethyl-1-phenylpyrazole, lithiation cccurs at both
the C-5 methylene group and the ortho position of the phenyl ring
with n-butyllithium, but essentially exclusive lithiation oceccurs at

the G-5 methylene group with LDA.

In continuing work on the synthesis of novel heterocyclic compounds with potential biclogical
activity, we have extended our studies on the lithiation reactions of hetercaromatic
compoundsz_rr. This paper summarises the results of our work on the seguentisl lithiaticn
reactions of 1-phenylpyrazole, as a method of preparing 1-phenylpyrazole substituied at
specific positicns by various functional groups.

Various publications {mainly patents} exist on pyrazole carboxylic acids and pyrazole acetie
acids, in which the -COOH or —GHQCOOH moiety is directly linked %o the pyrazele ring. Such
compounds are reported to possess antiinflammatory, analpgesic and antipyretic activity,
Pyrazolebenzoic acids, such as 2-(3-p-methoxyphenyl-5-pyrazolyl }benzoie acid, its esters

and amides are reported te be plant growth regulatorss. p-{3-Pyrezole Jphenylacetic acids
and p-{1-pyrazole)phenylacetic acidsm, have been patented as antiinflammatory agents.
1-Phenylpyrazole, 1, is reported to lithiate at beth the C-5 position and the ortho
position of the phenyl ring in & ratio of about 4:‘111. We found that by careful control

of the reaction conditions (dry THF as solvent and a reaction temperature of -65%¢ or
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lower) exclusive lithiation at the C-5 position occurs. The pure C-5 methyl, thiomethyl,
methoxymethyl, and carboxylic acid derivatives, 2, were prepared in better than 80% yields,
by rescting the lithio-compound with methyl icdide, dimethyl disulfide, chloromethyl methyl
ether, and oarbon dioxide respsctively. Table | summarizes the data on the 1-phenyl-5-

substituted pyrazoles.
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Table 1
5-8ubstituted 1-Fhenylpyrazoles
o
Yield
Mo g’ g bp c/mm snr dpsctrum 60 Mz (SDCL,), §
22 o, 99 87-88/0.9 2.25(5,3H,C§3), 6.05(d,1H, J=2.0Hz, C=CH}, 7.32(s,5H,
0655), 7.48(d,1H,J=2.0Hz, N=CH).
2v  soH, 95 102-103/0.6  2.10(s,3H,5CH;), 6.15(d,1H,J=2.0Hz,0=CH), 7.10-7.42
(m, 58, GgH ), 7. 52 (d, 15, 1-2. OHz, N=CH) .
2c  CH,O0CH, 80 86-88/0.2 3.22(s,3ﬂ,oc§3), 4.27(5,2H,C§20), 6.28(d,1H,J=2.0Hz,
C=CH}, 7.1-7.55(m,5H,06§5). 7.48(d,1H, J=2,0Hz,¥=CH).
2d  COOH 80 183-184 (mp)  7.03{d,1H,J=2.0Hz,C=CH}, 7.52(5,5H,06§5). 7.70(d,1H,
J=2.0Hz,N=cﬂ)*
2e  S0CH, 50 148-150/0.09  2.83(s,3H,500H,), 6.95(d,1H,J=2.0Hz,6=CH}, 7.52(s,5H,
c6§5), 7.75(d,1H,J=2,0Hz, N=CH).
2f  50,0H; 87 140-141 (mp)  2.87(s,3H,50,0H, ), 7.05(d, H, J=2.0Kz, C=CH), 7.56(s,5H

cégﬁ), 7.68(d,1H, J=2.0Hz, i=CH).
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#icetone - d& as solvent

When ecmpounds 2 (H1= CH,

lithiation at the ortho position on the phenyl group occurred, and compounds 3 (R1: GH3 or

SCHB ; R2= GH3' SGHB, CHQOGH3 and COOH)} were obtained by using appropriate reagents.
The compound 3 (R1: SGH3, R2: CH3} underwent lateral lithiation cleanly ai the ortho methyl

group to give compounds 4 (RT= SGHB. R3= GHB’ E‘-CH3 and COOH) after remction with methyl

or SCH3) were separately treated with n-butyllithium, exclusive

iodide, dimethyl disulfide and carbon dioxide respectively.

In the case of compound 4 (R1= SCH,, R3= SCH,) further lithiation with n=butyllithium

3 3
followed by remction with dimethyl disulfide gave the thioacetal 3 (R1: RE: RA: SCHB).
We have previously reported the preparation of the ortho-benzecic acids 74 by the lithiation
af 1-phenyl-3,5-dimethylpyrazole, & (R1: GHj) and i-phenyl-3-methyl-5-methoxypyrazole, 6 ,
(R1= OCHB), followed by reaction with carbon dioxidej. As expected, the 1-(o-tolyl)-3-methyl-
5-methoxypyrazole 7B {obtained from the 1ithio derivative of & (RW: OGHB) with methyl iedide)

gave the orthe Iithiomethyl derivative 8 (H2= Li), with p-butyllithium, and provided the

compounds 8 (H2= CH

4 or COOH) with methyl iodide or carbon dioxide.

H, H,
h Iy
% R mr'=ocH N\T/‘-ZCH,
| T
c\HsJ :
/
O\n' '\N\ CH,
i ALOH i CH,R?

1-Phenyl-5-methoxymethylpyrazole, 2¢, with n-butyllithium, followed by methyl iodide gave a
1:1 mixture of compounds 9 and 10 (as determined from the nmr spectrum of the preduct).
When lithium diisopropylamide was used as the lithiating agent, almost exclusive formation

of compound ¢ occurred.

— 945 —



{ S cnoen,

[_"?&\c))CH’ Ar:;)&‘c+uocu,

Teble 2 summarizes the data on the 1-(p-substituted phenyl)-5-substituted pyrazoles prepared.

1

H“ Rz

CH3 SCrI3
GH3 SOCH3
CH3 SOQCH3
GH3 COOH
SCH3 CH3
SCH3 SCH3

3

CH3 GH20E}H3

Yield

#
92

a0

81

85

86

T

55

Table 2

(o-Substituted phenyl}-5-substituted Pyrazoles

QR‘

bp °c/um

118-120/0,5

143144 /0.4

123-125 (up)

169=170 {(mp}

109-110/0.6

161-163/1.0

123-124/0.8

RZ

nmr spectrum 60 MHz (cD013),6

2.17(5,3H,C§3),

1H, C=CH), 7.10-7.47(m,AH,06§4). 7.58(broad s,

2.33(s,3%,50H,), 6,13 (broad s,

H, N=CH).

2.26(5,3H,CH3), 2.73(s.3H.SOC§3),

J=2.0Hz, C=CH} 7.37-8.40(m,5H.06§L

2.20(s,34, CH ), 3.20(s,3H, SO CH. ), 6.28(4,1H,

6.23(d,1H,

and N=CH).

7=2.0Hz, G=CH), 7.37-8.40(m, 5K, CyH, and N=CH).
2.18(3,3H.C§3}, 6.20{broad s,1H,C=CH), 7.27-
8.12(m.5H,06§A and H=CH), 9.43(s,1H,CO0H).
2.13(5,3H.G§3). 2.37(5.3H,SC§3), 6.38(4,1H,
J=2.0Hz, C=CH), 7.40(S.AH,C6§A), 7.72(d,1H,
J=2.0Hz, B=CE).

2.35(5,3H,Scﬂ3), 2.38(5.3H,SC§3). 6.43(d,1H

J=2.0Hz,C=CH), 7.27-7.50(m,4H,C 7.75{d,

el )
1H, J=2.0Hz, N=CH).
2.35{(s,3H,3CH, ), 3.33(5,3H,00§3). 4.28(s,2H,

CHQO 6.38(d4,1%,7=2,0Hs,C=CH}, 7.30-7.67(m,
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CH

fes)

CH.

CH

SOCH

30, CH

SCH

OCH

SCH

SCH

SCH.

SCH

)

S0CH

)

CHz OGH3 a2

CH2 OCH3 80

COOH

CH

CH

56

91

a3

CH,BCH, 65

2

3

CH,COCH 65

2

CH,COOCH, 95

2

3

CH, COOGH3 75

2

SD2 GI—I3 GH2 GOOCH3 86

OCH

OCH3

C.H

84

CH,COCH 85

2
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Table 2 {contd)

167/0.05

171-172/0.07

147-149 (mp)

88-90/0.1

115-116/0.6

135-137/0.7

83-85 (mp)

184-185/1.0

197-199/0.6

87-88 (mp}

88-90/0.1

122-123 (mp)

AH,0624), 7.70(d,1H, J=2.0Hz, N=CH).
2.80(s,3H,50CH, ), 3.27(s,3H,00H;), 4.26(s,2H,
CH,0), 6.97(d,1H,J=2.0Hz,0=CH), 7.33-7.67(z,
4H,GGH, ), 7.80(d, 1H, J=2.0Hz, N=CH ).

2.88(3,3H,5020§3). 3.27(5,3H,00ﬁ3), 4.25(s,2H,
CH,C), 7.08{d.1H,J=2.0Hz,C=CH), 7.43-7.62(m,

AH.C{)EA), 7.78(d,1H, J=2.0Hz, N=CH}.

2.32(3,3H.SC§3

-8.08(m.5H.06§L and K=CH)

2.17(2,3H,CH, ), 2.30(s,3H, GH;),3.75(s, 34, 0CH,

), 6.47(d,1H,J=2.0Hz,C=CH), 7.38
*

b
5.42 (s, 1H, C=CH), 7.27(S.LH,CSEA).
1.06(t,3H,J=7.0Hz,cHzc§3), 2.25(S,BH.SGﬁ3),
2.38(q,2H.J=7‘OHZ,C§2GHB). 6.28(d,1H, J=2.CHz,
C=CH), 7.20—7.38(m,4H,06§A), 7.65(d,1H,J=2,0lz,
N=CH).
1.90(s, 3H, CH, SCH

277=3
cgzscﬁa), 6.35(d,1H, J=2.0Hz,C=CH}, 7.33-7.60

R 2.33(s,3H.Sc§3). 3.57(s,2H,

(m.LH.C6§4),7.70(d,1H,J=2.OHz,N:C§).
2.43(5.3H,SC§3), 3.50(5,2H,c§2000H), 6.35(d, 14,

J=2.0Hz,C=CH}, 7.33-7.53(m,4H,C K J, 7.68(4,14,

o
J=2.0Hz,N=CH), 10.4 (broad s,1H,CO0H).
2.35(s.3H.3c§3). 3.53(s,2H, CH,C00CH, ), 3.65(s,
3H,OC§3). 6.36(a,14,J=2.00z,C=CH), 7.35-7.52
{n,4H,CH,), 7.70(d, 15, J=2.0kz, N=CH).
2.87(s, 38, SOCH,
COOCH,), 6.98(d,1H,J=2.0Hz,0=CE), 7.20(s, 4H,

)» 3.61(s, 5H,CIL,CO0CH; and CH,

Cell,)s 7.83(d,1H, J=2. Oz, N=Cf).

2.97(s,34, 50,00, ), 3.55(s,2H, CH,CO0CH, ), 3.68

3

(s, 3H, CHL,COOCK, ), 7.18(d,1H,J=2.0Hz, C=CH),

3

7.63{s. 4K, CH,

), 7.85(d,1H,J=2.0Hz,N=CH).
1.11(t,3H,J=8.DHz,CH20§3), 2.32(5,3H,C§3),
2.AB(q,2H,J=S.0Hz,C§20HB). 3.85(s,3H.Oc§3),
5.46(s,1H, 0=CH), 7.35(s, 4, O H, ).
2.35(s,3H,CH,), 3.63(s,2H, CJ,C00H), 3.98
(s.3H,OC§3), 5.66(s,1H,6=CH), 7.38(s,LH,06§L).
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Table 2 (contd)
17.0 {broad s,1H,CO0H).
52 H SCH, CH(SCH,), 70 165-167/0.1 2.05(s, 6, CHSCH, ), 2.40(s,3H, 8CH, ), 4.66(s,
TH.GESCHB), 6.35{d, 1H, J=2 .OHz, G=CH), 7.23-
7.53(m.4H,06§A), 7.68{d,1H, J=2 .0Hz, N=CH).

# Acetone - dé was used as a solvent

The methyl ester 4d, was made by treating the acetic acid 4ic, with diazcmethane; and the
sulfoxides 2e, 3b, 3h and 4e. and the sulfones 2f, 3¢, 3i and 4f, were prepared by the
usual method by reaction with m-chloreperbenzoic acid and the appreopriate steichiometry.

lany of these compounds showed biological activity and this activity (antiinflammatory,

anzlgesic and antipyretic), will be described in a later pubiic&tion.

EXPERIMENTAL

Melting peints were taken on a Thomas Hoover "UniMelt" capillary melting point apparatus, and
are uncorrscted. Nmr specira were recorded as CDClBSolut.ions using a Varian EM-360 spectro-
meter, with TM3 as the internal reference, and are recorded as §units. Representative
experiments are described. The elemental analyses of all compounds are within acceptable

limits.

5-Thiomethyl-1-phenylpyrazole, (2b)

n-Butyllithium {96 ml of & 2.1 molar solution in n-hexane, 0.202 mole) was added over 15 min

to a stirred, cold (dry ice-acetone bath} solution of 1-phenylpyrazole (28.8g, 0.2 mole)} in

dry THF (500 ml) in a nitrogen atmosphere, maintaining the temperature below -10%. The
reaction mixture was stirred for an additional hour at —7500, and dimethyl disulfide (20.ég,
19.4 ml, 0.22 mole) was added at such a rate as to keep the reaction temperature below 107G,
The reaction mixture was stirred an additional 15 min at -7500 and then allowsd to reach
ambient temperature. The reaction mixture was stirred under nitrogen overnight, and concentrated
on a rotary evaporator. The residus was stirred with dilute (10%) hydrochleric acid, and

)

extracted with ethyl acetate (three times). The combined organic extracts were dried (MgSOL

filtered, and concentrated. The residue was distilled under reduced pressure to give 36 g

(95%) of compound 2b, as a yellow oil, bp 102-103%¢/0.éun.
5-Thiomethyl-t-o-tolylpyrazole, (3e

n-Butyllithium (275 ol of a 1.6 molar solution in n-hexane, 0.44 mole) was added slowly to

a stirred, cold (dry ice-acetons bath) solution of 5-thiomethyl-1-phenylpyrazole (76g, 0.4
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mole) in dry THF (800 ml), in a nitrogen atmosphere, maintaining the tempersture below -70°%c,
The 1ithioc compound precipated from solution. After stirring for 1 h at -70%, methyl iodide
(68.16g, 30 ml, 0.48 mole) was added slowly, when an exothermic reaction cceurred. The resction
mixture was stirred at -500() for 15 ming, then allowed to warm to room temperature, and
stirred overnight. The reaction mixture was concentrated on a rotary evaporator, the regidue

B

filtered, and concentrated. The residue was distilled under vacuum to give 70.5g {86%)

taken up in ethyl acetate and washed with water. The organic layer was dried (MgSO

of a pale yellow oil, bp 109-11060/0.6“1]11.

5_Phiomethyl-1-(o=phenylacetic acid)pyrazole, (4e)

n-Butyllithium (85.6 ml of a 1.6 molar soluticn in n-hexane, 0.137 mole) was added slowly to
a stirred, cold {dry ice-acetone bath) solution of 5-thiomethyl-1-o0-tolylpyrazocle (25.5g,
0.125 mole) in dry THF (250 ml} in a nitrogen atmosphere, maintaining the temperature below
-70%G, After stirring for 1 h at -79°C, the resction mixture was poured with vigorous
stirring into excess powdersd dry ice, and the mixture stirred and zllowed to reach room
temperature. The reaction mixture was concentrated on a retary evaporator, and the residue
triturated with excess ether. The lithium salt was separated by filtration, and washed well
with ether. The salt was dissolved in water and the solution cooled in an ice-tath and
acidified with eonc. hydrochloric acid, and extracted with ethyl acetate (three times). The
combined organic layers were dried (MgSOA), filtered, and concentrated. The residual oil
wag dissolved in warm ether {300 ml) and then concentrated %o about 70 ml, end stirred in

an ice beth, when the acid, 20g (65%) crystallised, mp 83-85%,

5-Methoxymethyl-1-phenylpyrazole, (2¢)

n-Butyllithium (100 mi of a 2.22 molar solution in p-hexane, 0.22 mole) was added slowly to
a stirred, cold (dry ice-acetone bath) solution of 1-phenylpyrazcle (28.8g, 0.2 mole) in dry
THF {750 ml), in a nitrogen atmosphere, maintaining the temperature below -70%0, After
stirring for 1 h at -’TOOG, the reaction mixiture was added slowly toc a cold (—7500), stirred
solution of chloromethyl methyl ether (32.2g, 0.4 mole) in dry THF (150 ml), in a nitrogen
atmosphere, maintaining the temperature at -75°C. The reaction mixture was stirred at -70°¢
for 1 h and then allewed to reach room temperature. Stirred at room temperature for 3 h and
then concentrated on a rotary evaporator. The residue was dissolved in methylene chloride
{500 ml), washed with brine (three times), dried (MgSOL), filtered and concentrated., The
residue was distilled under reduced pressure to give 30g (80%) of a colourless oil, bp

86-88°0/0.2mm.
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Reaction of 2c with n-butyllithium and methyl iedide

n-Butyilithium (13.2 ml of a 1.6 molar solution in n-hexane, 0.021 mole) was added slowly to
a stirred, cold (dry ice-acetone bath) solution of S-methoxymethyl-1-phenylpyrazole (3.76g,
0.02 mole) in dry THF (100 ml), in a nitrogen atmosphere, maintaining the temperature below
-?Ooc. After stirring for 1 h at -70°G, a solution of methyl iodide (2.98g, 0.021 mole) in
dry THF {20 ml) was added over 30 min. There was an sxothermic reaction and the temperature
To8s to -35°C. The resction mixture was allowed to reach Toom temperature and stirred for an
additional 2 h. The reaction mixture was concentrated, the residus taksn up in methylene
chloride, washed with brine ({three times), dried (MgSDd). filtered and concentrated to give
4.33g of an cil, whose nmr spectrum showed a 1:1 mixture of 9 and 10. Distillation under
reduced prassurs gave 2.6g (64%) of a clear oil, bp 86-88°C/0.08mm, whose nmr spectrum showed

the same 1:1 mixture of 9 and 10. The nnr (CDC1,) spectrum : § 1.43(d,3H,CHCH, of ), 2.04

3 =3
(s,3H,phenyl CHy of 10}, 3.76 and 3.20(5,3,3H,3H.OC}_I_3 of 9 and 10J, 4.23(5,2H.C§20CH3 of 107,
4.38(q,TH,CHCH, of 9), 6.43(d,1H,pyrazole H), 7.27 to 7.43{(m,phenyl H), and 7.63{d,1H,

3
pyrazole H).

Reaction of Zc with LDA and methyl iodide

n-Butyliithium (45 nl of a 2.22 molar solution in n-hexane, 0.1 mole) was added to a stirred
sclution of diisopropylemine (10.62g, 0.105 mole) in dry THF {100 ml) in a nitrogen
atmosphere, mainitaining the temperature at 0%C. The reaction mixture was stirred st 0%

for 1 h, and then cooled to -70°C, The prepared solution of LDA was then added in a nitrogen
atmosphers to a stirred, cocled (dry ice-acetone bath) solution of 5-methoxymethyl-1-phenyl-
pyrazole {9.4g, 0.05 mole) in dry THF (300 ml), maintaining the temperature below -70°C,

The reaction mixturs was stirred at this temperature for 1 h and a sclution of methyl lodide
{14.9g, 0.105 mole) in dry THF (100 ml),then added, while maintaining the temperature at
-70%¢. The reaction mixture was stirred at ~70%¢ for 1 h, then at reom temperature for 3 h,
and concentrated under vacuum. The residue was dissclved in methylene chloride, washed

with brine (three times), dried (MgSDA), and concentrated, to give 10.5g of an oil, whose
nmr spectrum showed that it was mainly compound 9. Distillation under reduced pressure

),

gave 10g {47%) of a colourless eil, bp 90-92°C/0,1mm ; nmr (CDGL,):d 1.40(d,3H, CHCH

3 3

3.13(s,3H,00H, ), 4.42(q,7H,CHCH,), 6.40(d,VH,pyrazole H), 7.40(s,5H,phenyl H), 7.60

=3 3
{d,1H, pyrazole E).
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