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Abstract

Unprecedented easy (3 min., room temperature) selgiotive addition of thiols to the
endocyclic double bond of 3-vinyl-, prop-1-enyl-darsopropenyl, including those with bulky
substituents in the position 1 of the pyrazole rimgs been found for the reaction of arenethioles
with 3-alkenyl-5-chloropyrazoles. The reaction meds under solvent-free and catalyst-free
conditions to afford 3-[(2-arylsulfanyl)alkyl]-5-tdropyrazoles in excellent yields. High rate of
the process is likely due to protonation of therlgipe" nitrogen atom of the pyrazole ring to
give a pyrazolium ion which activates the vinyl gpotowards nucleophilic attack by the
simultaneously formed arylthiolate anions.

Keywords: Solvent-free reactions, catalyst-free reacti@nialkenylpyrazoles, arenethiols,
thiylation

Introduction

Pyrazole and its derivatives attract the attentibtihe chemical community mainly on account of
the wide spectrum of their pharmacological actsti® including antibacteridl,antidepressarit,
antiinflammatory? antitumor'® etc. They are widely used as agrochemital$. Pyrazole
derivatives exhibiting acaricidal action and apglien modern practical disinfection and
decontamination are of special importaht¥.

In recent years, increasing interest has beenséatwn polypyrazole constructs which are
promising ligand$® Some pyrazole ligands can be used in transiticlrcatalyzed reactions.
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Pyrazoles are used in supramolecland polymer chemist, in the food industry, as
cosmetic coloring$ and UV stabilize’s and some possess liquid crystal propeflé3They
are also applied in the design of complexes witlisual magnetic propertiés?’

In the search for novel pyazoles as building bdoftk the synthesis of biologically active
and technologically useful substanééghe development of new methods for the preparaifon
functionalized pyrazoles and the synthesis of newazple derivatives present an urgent
challenge.

Alkenylpyrazoles are valuable and promising buidiblocks for the synthesis of diverse
pyrazole derivatives including pyrazole-containingilti-nuclear and annelated heterocyclic
systems:*?43The chemical transformations of alkenylpyrazoles still poorly understood. It
is known thatN-alkenyl- and some 4-alkenylpyrazoles can partteiga polymerizatiorf;?°
complex formatiori” * thiylation? and cycloadditiori>* Imidoalkylation of 1-, 3-, 4-, and 5-
vinylpyrazoles with N-(2,2,2-trichloroethylidene)ethoxycarbonylamines afso reportetf=°
Chemical transformations of the difficult-to-acce3salkenylpyrazole$=® and 3-alkenyl-5-
chloropyrazole® are even less studied and only very few reactimitls oxygen and sulphur
nucleophiles have been publish&f°

We have recently developed methodology for thepgmagion of hitherto unknown 3-
alkenylpyrazole$® possible building blocks for the directed syntkesif substances and
materials for advanced technologies, from the spwading 3-haloalkyl pyrazoles. The aim of
the present work is to study of chemical behavioB-@lkenylpyrazoles in the reactions with
aromatic and aliphatic thiols.

The reactions of 1-vinyl- andi%e-propenylpyrazoles with thiols have been repofféd As
is known®? 1-vinylpyrazoles react with thiols via both ion{in the presence of S, $O
BF3: ELO, p-toluenesulfonic acid) and free radical mechanisimeffordo- andp-adducts.

The reaction turns out to be non-chemoselectivadidal inhibitors (benzoquinone,
hydroquinone, sulfur) did not exclude formationpefidducts’® The vyield ofa-adducts in the
reaction of 1-vinylpyrazole with thiols under iorgonditions did not exceed 53%. Upon heating
from 20°C to 8C®C and in the presence of radical initiators (phoéaliation or AIBN), the
process was considerably accelerated (from 24 HQomin), but without improving the
selectivity.

1-Isopropenylpyrazole reacts with EtSH in the preg of AIBN at 65C for 3.5 h with total
conversion of the initial pyrazole. The yield oéttarge3-adduct was 75%: The reaction with
thiophenol under the same conditions proceeds lwith conversion of the 1l-alkenylpyrazole
(42%) to give the adduct in 74% vyield (based on tbacted alkenylpyrazole). At higher
temperatures conversion of the isopropenylpyrarmesases, but the yield of the target product
dramatically drops due to side reacti6h3here are no essential differences in the reastidn
1-alkenylpyrazoles with aromatic or aliphatic tisitA**

Similar reactions of 1-vinylpyrroles, 1-vinylimidales, and 1-vinylindolé&*® with thiols
also occur in the presence of AIBN. Aromatic thiodaict without catalyst over a longer time
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(18-25 h, 70-80 °C) to delivgradducts'*** N-Vinylpyrroles react with thiophenols giving rise
to bothp- (80%) andr-adducts (20%°

Addition of arenethiols to electron deficient déailbbonds ofa,p-unsaturated carbonyl
compounds or nitriles are catalyzed by sodium letar lithium perchloraté®

We have developed a synthesis of the so far dgaaceessible 3-alkenylpyrazofé$® and
hitherto unknown 3-alkenyl-5-chloropyrazof@sThis enables pioneering data on the chemical
properties of these compounds to be obtained, andllow comparison of their structural
peculiarities and reactivity with those the 1-al@yrazoles.

Results and Discussion

In the present work a series of 3-vinyl-, 3-prodeiaynd 3-isopropenyl-5-chloropyrazole$atg)
from synthesized 2,2-dichlorovinyl-[1-chloro(broratRyllketones and 1,1-dimethylhydrazines
or alkylhydrazines using the methodology develomeently’® (Scheme 1)

R' x R’ R
AlCl3 R2NHNH
X 0 CH,=CCl, X 0 /CI or 2|v|e2N2NH2 /4/_\<L\ R ww, ome M
R/\{)J\CI — RWCl —> (| N — (] N,
R? R' R? R?
1ad 2ad 3a4j 4 a-g
36-50%

1a, 2a: R=R" = H, X = Cl, 3a, 4a: R? = Me, 3b, 4b: R? = Bn, 3d, 4c: R? = j-Pr, 3f, 4d: R? = -C5Hq; 3h, 4e:R?=n-
C7H1s,

1b, 2b: R=R'=H, X =Br, 3¢: R? = j-Pr, 3e: R? = i-C5H4, 3g: R? = n-C;H s,

1c, 2c: R=H, R' = Me, X = Br, 3i, 4f: R? = Me,

1d, 2d: R = Me, R' = H, X = Br, 3j, 4g: R? = Me.

Scheme 1.Reagents, intermediate products and resultingk@+{sl)pyrazolest.

Yields of the target pyrazoles calculated fronrtstg acyl chloridesl, and the synthesis of
3-vinylpyrazoles4a,b were described in our previous publicatf8myrazole4g was obtained as
a mixture ofE-and Z-isomers in a 4:1 ratio. The reactions of 2,2-dictwinylketone2a with
dimethylhydrazine and benzylhydrazine, synthesisntérmediate 3-(1-chloroethyl)pyrazoles
3a,b and final 3-vinylpyrazoleda,b were also described in the previous p&pdrihe reactions
of dichlorovinylketone®a,b with other hydrazines, the reactions of keto2es with dimethyl-
hydrazine, and the synthesis of pyrazole derivatdeej and4c-gare presented here for the first
time.

According to the methodolody,a-chloroacyl chloridesl were involved into the reaction
with vinylidene dichloride in the presence of AJCFor a-bromopropionyl chloridelb, the
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substitution of bromine by a chlorine atomoiposition under the action of Algtook place and
mixtures of intermediaten{haloalkyl)(dichlorovinyl)ketone&a,b were produced. In these cases
ketones2a,b were introduced into further reactions with hydnas without isolation in pure
form to give mixtures of corresponding intermedi&té1-haloethyl)pyrazole8c,d 3e,f and
3g,h which were transformed without separation in®fihal 3-vinylpyrazolegic-e

The systematic investigations of the reactionsvbeh 3-alkenylpyrazoles and aromatic or
aliphatic thiols showed that arenethiols instanigicted with 3-alkenylpyrazolésa-g to afford
3-[(2-arylsulfanyl)alkyl]pyrazoles in quantitatiwgelds (Table 1). The process was carried out
under solvent-free and catalyst-free conditionsVir8Ad-, 3-propenyl and 3-isopropenyl-
pyrazolesd4a-g all reacted in a couple of minutes under simdanditions to give-adducts.
Side-products including-adducts or oligomers (polyvinylpyrazoles) were detected.

Table 1. Reactiofi of 3-alkenylpyrazoled with thiols5; adducts

R R RV 5.3
R
cl /N,\N + RSSH ——> Cl /ll\l}N
%2 2
4 5 6
Entry 3-Alkenylpyrazoled Thiols5 Adducts6
R R R? R yield, %

1 4a H H Me 5a Ph 6aa 86
2 4a H H Me 5b 4-CICsH4 6ab 94
3 4a H H Me 5¢ 4-BrCgH, 6ac 92
4 4a H H Me 5d 4-MeGsH4 6ad 90
5 4b H H Bn 5a Ph 6ba 89
6 4b H H Bn 5b 4-CICsH,4 6bb 94
7 4b H H Bn 5c 4-BrCgH4 6bc 93
8 4c H H i-Pr 5a Ph 6ca 95
9 4c H H i-Pr 5b 4-CICsH4 6¢cb 95
10 4d H H i-Am 5a Ph 6da 98
11 de H H n-Ht 5a Ph 6ea 98
12 4e H H n-Ht 5b 4-CICsH4 6eb 95
13 Af H Me Me 5a Ph 6fa 97
14 4f H Me Me 5b 4-CICsH4 6fb 98
15 4qg Me H Me 5b 4-CICsH4 6gb 96

16* 4a H H Me 5e n-Pr 6ae 0

17 4a H H Me 5f Bn 6af 0

& Reaction conditionst (1 mmol), thiol5 (1 mmol), solvent-free, r.t., 3 min.
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In contrast to aromatic thiols, alkanetiols didt meact with 3-alkenyl-5-chloropyrazoles
under the same conditions. For example, 1-methyh@l-5-chloropyrazole 4a) did not give
adducts with propylmercaptan or benzylmercaptabl€a, Entries 16, 17).

The structures of sulfur-containing pyrazokesvere proved by IR and NMR spectra, the
composition was confirmed by the data of elemestalysis.

In the'H and**C NMR spectra of produc® signals of the alkenyl grougisypical for the
starting 3-alkenylpyrazoled are absent, while signals of organylsulfanyletmgieties with
characteristic shifts are observed. A feature efthNMR spectra of compoundsa, 6fbis the
presence of diastereotropic protons of &SR andCH, groups which are non-equivalent and
show as multiplets with different chemical shifts.

Furthermore, we directly synthesized 3-(1-pherfdsylethyl)pyrazole7 which is isomeric
and non-identical with compoureta (Scheme 2). Q

Hu SH S
a KOH, DMSO A
>N oy N

rt, 5h

3d 5a 7
Scheme 2Reaction of 3«-chloroethyl)pyrazol&d with thiol 5a.

It was shown previousf{ that 3-¢-chloroalkyl)pyrazoles do not give the correspogdia
alkenylpyrazoles under the action of KOH in DMSOrat This fact allows suggesting, that
reaction in Scheme 2, proceeds by nucleophilic tdubisn of thea-chlorine atom by the thiol
without dehydrochlorination-addition stages.

Comparison of NMR spectra for isométsand 6ca unambiguously proves the direction of
reaction of alkenylpyrazoleswith arenethiol$ and the formation only §-adducts.

Conclusions

In conclusion, an efficient one-pot method for #ymthesis of hitherto unknown pyrazoles via
the atom economical reaction between 3-alkenylmfeszand arenethiols has been developed.
The synthesized pyrazoles combine two biologicedhgvant fragments in their structures (the
azole ring and the sulfanyl group) and represenmgsing building blocks for drug design,
pesticides, and other useful products.

The reaction of arenethiols with 3-alkenylpyrazdkeshemo- and regio-selective. The high rate
of the process is likely due to protonation of thgridine" nitrogen atom of the pyrazole ring to
give a pyrazolium fragment which activates the Vignoup towards nucleophilic attack by the
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simultaneously formed arylthiolate anions (morelaoghilic than neutral thiols) thus generated
are easy added to the activated alkenyl group.

Interestingly, the studied reaction does not regesclassical electrophilic addition of
arenethiols to the double bond. Apparently it isaatocatalytic process which accompanied by
electrophilic assistance to nucleophilic additiobhis reaction allows synthesis of new
derivatives of the pyrazole. Besides, it can enaypeomising route to other pyrazole derivatives
through the activation of alkenyl groups of 3-aldpyrazoles by mild protonation with
subsequent nucleophilic addition of the reagenteealouble bond.

Experimental Section

General. The 'H and **C NMR spectra were recorded on a Bruker DPX-400 tspeeter
(400.13 and 100.6MHz, respectively) inCDCls. Chemical shiftsd) in ppm are reported with
use of the residual chloroform (7.25 fiit and 77.20 forC) as internal standards. IR spectra
were recorded on a Bruker Vertex 70 spectrometérdrregion of 400-4000 ¢l MS analyses
were recorded on a Shimadzu GCMS-QP5050A instrunfemization potential 70 eV).
Monitoring of the reaction progress and the analyd the resulting liquid products were
performed on a chromatograph LHM 80-MD-2 (columr 2000 mm, liquid phase is DC-550,
5% on the recording medium Chromaton N-AW-HMDSeén programming mode temperature
12 deg/min, carrier gas helium). The elemental ymesl were carried out on Flash EA 1112
elemental analyzer. MW activation was carried oith\an Anton Paar Monowave 300 oven at
the temperature control. Commercially availabldaloacylchloridesla-d, thiols 5 and alkyl
hydrazines were used. Alkyl hydrazines were destibbefore reaction.

Synthesis of 2,2-dichlorovinylketone®a-d, 3-(1-chloroethyl)pyrazoles3a,b, and 3-vinyl-
pyrazoles4a,b was presented in a previous papePyrazole derivative8c-j and 4c-g are
described here for the first time.

General procedure for the synthesis of pyrazole deratives 3c-h and 4c-e

A mixture of triethylamine (50 mmol, 5.05 g) anctborresponding alkylhydrazine (50 mmol)
was added dropwise to a of dichlorovinylketon@a or 2b or to a mixture of
dichlorovinylketones2a and 2b (50 mmol§® in diethyl ether (150 mL) for 20 min. After
completion of the exotherm, the reaction mixtures\stirred for 5 h and poured into water (150
mL). The organic layer was separated and the Wayer was extracted with diethyl ether (3 x
50 mL). The organic layer combined with the extraeis dried over Caglfiltered off. After
evaporating of diethyl ether 3-(1-chloroethyl)pywkes 3d, 3f, 3h or mixtures of 3-(1-
haloethyl)pyrazole8c and3d, 3e and3f, 3g and3h or mixtures of 3-(1-bromo-1-methylethyl)-
5-chloro-1-methyl-H-pyrazole 8i) and 5-chloro-1-methyl-3-(1-methylethenyl#jyrazole
(4f) were wused for further dehydrohalogenation withcadditional purification. The
corresponding 3-(1-chloroethyl pyrazoles or mixsu 3-(1-haloethyl)pyrazoles or mixture
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pyrazoles 8i) and @f) in DMF (20 mL) was exposed under MW irradiatidib@°C) for 10-20
min. Then the reaction mass was diluted with wg2é0 mL) and extracted with diethyl ether (3
x 50 mL). The extract was dried over MgSé&nd filtered off. Diethyl ether was evaporated off
and the target 3-alkenylpyrazole{f) colourless liquidvere distilled in vacuum.

Mixture of 3-(1-bromoethyl)-5-chloro-1-(1-methylethyl)-1H-pyrazole (3c) and 5-chloro-3-
(1-chloroethyl)-1-(1-methylethyl)-1H-pyrazole (3d).Colourless liquid, bp 112-11& (25 mm
Hg), (9.7 9,3¢ 8.2 g, 77%3d 1.5 g, 14.5%), rati@c (88%) :3d (12%), is determined from the
intensity signals of the protons of the group<CfCl andCHBr in the*H NMR spectrum; IR
(Vmax CMiY): 3cand3d: 3131 (=C-hpyy), 2950, 2919, 2855 (Git), 1601, 1515¢=C, C=N).

3c.’H NMR (400.13 MHz, CDG)): 84 6.25 (s, 1H, ¥, 5.19 (g,J 6.9 Hz, 1H, CHBr), 4.60 (spt,
J 6.6 Hz, 1H, NCH), 1.98 (d] 6.9 Hz, 3H, CH), 1.42 (d,J 6.6 Hz, 6H, CH). MS (El, 70 eV),
m/z (%): 250 (M, 2), 235 (9), 208 (4), 193 (35), 178 (62), 136(100

3d.'H NMR (400.13 MHz, CDG)): 84 6.23 (s, 1H, ¥, 5.18 (q,J 6.9 Hz, 1H, CHCI), 4.35 (spt,
J 6.8 Hz, 1H, NCH), 1.82 (dl 6.9 Hz, 3H, CH), 1.44 (d,J 6.8 Hz, 6H, CH). **C NMR (100.61
MHz, CDCk): 8¢ 152.8 (%), 125.8 (C), 101.7 %, 58.3 (CHCI), 52.7 (NC}}, 50.1 (CH),
24.6 CHs), 21.6 (CH). MS (EI, 70 eV), m/z (%): 206 (M 15), 171 (50), 129 (100).
5-Chloro-3-(1-chloroethyl)-1-(1-methylethyl)-HH-pyrazole (3d).Synthesized from ketoné&a
and 1l-methylethylhydrazineColourless liquid (7.9 g, 76 %), bp 112-2€3(24 mm Hg), IR
(Vmax CMY): 3131 (=C-hby), 2950, 2919, 2855 (Cit), 1601, 1515 ¢=C, C=N). 'H NMR
(400.13 MHz, CDGJ): 8 6.25 (s, 1H, F), 5.10 (q,J=6.9 Hz, 1H, CHCI), 4.61 (sp#=6.7 Hz,
1H, NCH), 1.82 (dJ=6.9 Hz, 3H, CH), 1.46 (d,J=6.7 Hz, 6H, 2CH). MS (El, 70 eV), m/z (%):
206 (M, 15), 171 (50), 129 (100). Elemental anal. CatmdGsH1,CloN,: C, 46.40; H 5.84; Cl,
34.24; N, 13.53. Found: C, 46.47; H, 5.77; Cl, 8418, 13.39.

Mixture of 3-(1-bromoethyl)-5-chloro-1-(3-methylbutyl)-1H-pyrazole (3e) and 5-chloro-3-
(1-chloroethyl)-1-(3-methylbutyl)-1H-pyrazole (3f). Colourless liquid (12.5 3¢ 10.3 g, 67%;
3f. 2.2 g, 16.8%), bp 145-14C (25 mm Hg), ratide (63%) :3f (37%) is determined from the
intensity signals of the protons of the group<efCl andCHBr in the 1H NMR spectrum; IR
(Vmax CMiY): 3eand3f: 3132 (=C-hpyy), 2952, 2920, 2858 (Cit), 1603, 1517¢=C, C=N).

3e.’H NMR (400.13 MHz, CDQ): &4 6.28 (s, 1H, ¥), 5.19 (g,J 6.9 Hz, H, CHBr), 4.09 (t,J
7.6 Hz, H, NCH,), 1.86 (d,J 6.9 Hz, 31, CH3), 1.77 (m, 3H, CH, C}J), 0.93 (d,J 6.7, 6H,
2CH).

3f. 'H NMR (400.13 MHz, CDG): &4 6.28 (s, 1H, ¥), 5.12 (q,J 6.8 Hz, H, CHCI), 4.16 (q,J
7.2 Hz, H, NCH,,), 1.92 (dJ 6.8 Hz, 3, CH3), 1.58 (m, 3H, CH, C}j, 0.95 (d,J 6.7 Hz, 6H,
2CHa). ). °C NMR (100.61 MHz, CDG): 8¢ 153.6 (%), 127.4 (C), 102.5 %), 52.3 (CHCI),
48.0 (NCH), 38,8 (CH), 26.01 (C}), 25.1 (CH), 22.6 (CH).
5-chloro-3-(1-chloroethyl)-1-(3-methylbutyl)-1H-pyrazole (3f). Synthesized from ketoneén
and 3-methylbutylhylhydrazin€olourless liquid (7.3 g, 62 %), bp 145-2€7(25 mm Hg). IR
(Vmax CMY): 3131 (=C-hby), 2950, 2919, 2855 (Cit), 1601, 1515 ¢=C, C=N). 'H NMR
(400.13 MHz, CDGJ): 84 6.26 (s, 1H, F), 5.09 (q,J=6.9 Hz, 1H, CHCI), 4.10 (m]=6.8, 1.3
Hz, 2H, NCH), 1.83 (d,J=6.9 Hz, 3H, CH), 1.72 (mJ=6.9, 6.8 Hz, 2H, C}J, 1.62 (m,J=6.9,
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6.8 Hz, 1H, CH), 0.95 (dJ=6.9, 6H, 2CH). **C NMR (100.61 MHz, CDG): 8¢ 153.6 (C3),
127.4 (C), 102.5 C*), 52.3 (CHCI), 48.0 (NC}), 38.8 (CH), 26.01 (Ch), 25.1 (CHy), 22.6
(CHs). MS (El, 70 eV), m/z (%): 234 (M 0,4), 219 (2.5), 199 (100), 177 (98), 163 (28)1 1
(30), 129 (85). Anal. Calcd for GH16CloN2: C, 51.08; H 6.86; Cl, 30.15; N, 11.91. Found: C,
50.07; H, 6.76; CI, 30.31; N, 11.90.

Mixture of 3-(1-bromoethyl)-5-chloro-1-(1-heptyl)-1H-pyrazole (3g) and 5-chloro-3-(1-
chloroethyl)-1-(1-heptyl)-1H-pyrazole (3h).Colourless liquid (10.2 §§g 7.7 g, 50%3h 2.2 g,
18.5%), bp 142-150C (15 mm Hg), ratidg (72%) :3h (28%) is determined from the intensity
signals of the protons of the groups@Cl andCHBr in the'H NMR spectrum; IR \(nax cni’):
3gand3h. 3135, 3100 (=CH), 2964, 2979, 2875 (& 1510 (C=C, C N).

3g.'H NMR (400.13 MHz, CDG): 84 6.24 (s, H, H), 5.16 (q,J 6.9 Hz, H, CHBr), 4.05 (tJ
7.0 Hz, H, NCH,), 1.98 (d,J 6.9 Hz, 31, CH3), 1.80 (ddJ 7.0, 6.8 Hz, ®I, CHy), 1.27 (m, &I,
4CH,), 0.84 (t,J 6.9 Hz, 3, CHy).

3h.*H NMR (400.13 MHz, CDG): 8 6.24 (s, H, H, 5.05 (q,J 6.9 Hz, H, CHCI), 4.05 (tJ
7.0 Hz, H, NCH,), 1.98 (d,J 6.9 Hz, 31, CH3), 1.80 (ddJ 7.0, 6.8 Hz, B, CHy), 1.27 (m, &,
4CHy), 0.85 (t,J 6.9 Hz, 3, CH).

5-Chloro-3-(1-chloroethyl)-1-heptyl-1H-pyrazole (3h). Colourless liquid (10.2 g, 78%), bp
142-144C (15 mm Hg), IR ¥max cmi’): 3h: 3135, 3100 (=CH), 2964, 2979, 2875 (G 1510
(C=C, C=N)."H NMR(400.13 MHz, CDGJ): 64 6.24 (s, H, H%, 5.05 (q,J=6.9 Hz, H, CHCI),
4.05 (t,J=7.0 Hz, H, NCH,), 1.98 (d,J= 6.9 Hz, 31, CH3), 1.80 (ddJ=7.0, 6.8 Hz, H, CH>),
1.27 (m, &1, 4CH,), 0.85 (t,J=6.9 Hz, 3, CHy). **C NMR (100.61 MHz, CDG): 8¢ 153.6
(C3), 127.4 (C), 102.6 (%, 52.3 (CHCI), 48.0 (NCH, 38,75 (CH), 26.0 (CH, 25.1 (CH),
22.6 (CHy).

Anal. Calcd for C1;H20ClN2: C, 54.76; H 7.66; Cl, 26.94; N, 10.64. Found5@.,46; H, 7.75;
Cl, 26.81; N, 10.80.

General procedure for the synthesis of pyrazole deratives 3i,j

Dimethylhydrazine (100 mmol, 6.1 g) was added drgpwio a solution of dichlorovinylketone
2c,d (50 mmol, 12.3 df in diethyl ether (150 mL) for 20 min. Then the ¢céan mass was
treated as described f8c-h and4c-e
3-(1-Bromo-1-methylethyl)-5-chloro-1-methyl-H-pyrazole (3i). Obtained in mixture with
pyrazole4df (80%3i and 20%4f). The mixture was used for further synthesis witheeparation.
Light yellow liquid (10.1 g 92%), (8.7 @i, 1.4 g,4f).

3i.’"H NMR (400.13 MHz, CDG): 814 6.41 (s, 1H, P, 3.82 (s, 3H, NCh), 1.95 (s, 6, CHx).

13C NMR (100.61 MHz, CDG): 8¢ 156.6 (%), 135.4 (C), 128.1 (C=), 113.6 (Chl, 101.7 C%,
32.6 (NCH), 19.8 CH3).MS (El, 70 eV), m/z (%): 236 (K 9), 157 (55), 143 (100).

4f. 'H NMR (400.13 MHz, CDG)): 84 6.31 (s, 1H, F), 5.44 (s, 1H, =CH), 5.06 (s, 1H, =CH),
3.82 (s, 3H, NCH), 2.09 (s, B, CHs). *C NMR (100.61 MHz, CDG): 8¢ 152.1 (?), 136.4
(C°), 127.7 €%, 112.2 (=CH), 101.4 (=CH), 36.1 (NGH19.7 (CH).
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3-(1-Bromopropyl)-5-chloro-1-methyl-1H-pyrazole (3j). Light yellow liquid, (9.3 g, 78%)'H
NMR (400.13 MHz, CDG)): 84 6.26 (s, 1H, P, 4.90 (t,J=7.4 Hz, H, CHBr), 3.81 (s, 3H,
NCHs), 2.20 (m,J=7.4, 7.2 Hz, B, CHy), 1.04 (t,J=7.2 Hz, 3H, CH). *C NMR (100.61 MHz,
CDCl): 8¢ 152.9 (3, 128.0 (C), 102.9 (%, 49.2 (CHBr), 36.2 (NCH), 32.0 (CH), 12.7
(CHz). MS (EI, 70 eV), m/z (%): 236 (M 0.4), 207 (1), 157 (100), 128 (38). Anal. Calod f
C7H10BrCIN,: C, 35.40; H 4.24; Br, 33.64; Cl, 14.93; N, 11.FPaund: C, 35.28; H, 4.38; Br,
33.44; Cl, 14.68; N, 11.64.

5-Chloro-3-ethenyl-1-(1-methylethyl)-H-pyrazole (4c).Obtained from mixture o8c and3d
or 3d, the reaction time was 20 min. Colourless lig&d 6 g, 61%), bp 56-58 (1 mm Hg). IR
(Vmax CMY): 3137, 3018, 3091 (=CH), 2944, 2852 (G 1638, 1505 (C=C, C=NYH NMR
(400.13 MHz, CDGJ): &y 6.65 (dd,J 11.0, 17.1 Hz, B, CH=), 6.30 (s, H, H%), 5.65 (ddJ 1.1,
17.1 Hz, 1H, =CH)), 5.27 (ddJ 1.1, 11.0, 1H, =Ch), 4.62 (sptJ 6.7 Hz, 1H, CH), 1.45 (d1 6.7
Hz, 6H, 2CHs). *C NMR (100.61 MHz, CDG): 8¢ 150.3 (?), 129.3 (CH=), 126.5 (G, 115.4
(=CHy), 101.0 %, 50.3 (NCH), 22.1(Hzs). Anal. Calcd for GH1:CINy: C, 56.31; H 6.50; Cl,
20.78; N, 16.42. Found: C, 56.37; H, 6.58; Cl, 2018, 16.39 %.
5-Chloro-3-ethenyl-1-(3-methylbutyl)-1H-pyrazole (4d).Obtained from mixture oBe and 3f
or 3f, the reaction time was 20 min. Colourless liq@idi(g, 85%), bp 79-82C (15 mm Hg)H
NMR (400.13 MHz, CDGJ): 8 6.61 (ddJ 11.1, 17.7 Hz, 1H, B=), 6.29 (s, H, H%, 5.62 (dd,
J 1.2, 17.7 Hz, 1H, =C}), 5.26 (dd,J 1.2, 11.1 Hz, 1H, =C}), 4.08 (t,J 7.5 Hz, 2, NCH,),
1.71 (m,J 7.5, 6.8 Hz, 2H, Ch), 1.62 (m,J 6.8, 6.5 Hz, 1H, CH), 0.94 (d,6.5 Hz, 6H, 2CH).
13C NMR (100.61 MHz, CDG): 8¢ 150.5 (3), 129.2 (CH=), 127.4 (§, 115.6 (=CH), 101.3
(C%, 47.8 (NCH), 38.8 (CH), 25.9 (Ch), 22.5 CHs) ppm. Anal. Calcd for GH1sCIN2: C,
60.45; H 7.61; Cl, 17.84; N, 14.10. Found: C, 601377.58; CI, 17.53; N, 13.89 %.
5-Chloro-3-ethenyl)-1-heptyl-H-pyrazole (4e). Obtained from mixture of3g and 3h, the
reaction time was 10 min. Colourless liquid (7.1 58%), bp 165-169C (25 mm HQ). IR {max
cm?): 3137, 3100 (=CH), 2964, 2957, 2857 (Gdl 1504 (C=C, C=N)'H NMR (400.13 MHz,
CDCl): 8y 6.58 (dd,J 11.0, 17.7 Hz, H, CH=), 6.25 (s, H, HY), 5.62 (ddJ 2.7, 17.7 Hz, 1H,
=CHy), 5.24 (dd,J 2.7, 11.0 Hz, 1H, =C}}, 4.02 (t,J 7.4 Hz, 2H, NCH), 1.77 (m, 21, CHy),
1.25 (m, &1, 4CH,), 0.82 (t,J 6.9 Hz, 3, CHs). **C NMR (100.61 MHz, CDG): 6c 150.4 (C3),
129.1 (CH=), 127.4 (§, 115.5 (=CH), 101.2 (%), 49.2 (NCH), 31.7 (CH), 30.0 (CH), 28.9
(CHy), 26.5 (CH), 22.6 (CH), 14.1 CHg). Anal. Calcd for GH1oCIN2: C, 63.56; H, 8.45; Cl,
15.64; N, 12.35. Found: C, 63.69; H, 8.57; Cl, 5512, 12.57 %.
5-Chloro-1-methyl-3-(1-methylethenyl)-H-pyrazole (4f). Obtained from mixture oBi and4f
The reaction time was 20 min. Colourless liquidB8g, 68%), bp 56C (1 mm HQ). IR ¥max
cm?): 3137, 3100 (=CH), 2964, 2957, 2857 (Gdl 1504 (C=C, C=N)'H NMR (400.13 MHz,
CDCl): 8y 6.31 (s, H, HY), 5.44 (s, H, = CH), 5.06 (s, 1H, =CH), 3.82 (s, 3H, gH2.09 (s,
3H, CH). **C NMR (100.61 MHz, CDG): 8¢ 152.1 (%), 136.4 (C), 127.7 €%, 112.2 (=CH),
101.4 (=CH), 36.1 (NCk}, 19.7 (CH). Anal. Calcd for GHoCIN,: C, 53.68; H, 5.79; Cl, 22.64;
N, 17.89. Found: C, 53.33; H, 5.62; Cl, 22.28; B.,04 %.
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5-Chloro-1-methyl-3-[prop-1-en-1-yl]-1H-pyrazole (4g). The reaction time was 20 min.
Colourless liquid (6.42 g, 82% from pyrazdpg, (mixture ofE andZ-isomers). The ratio E/Z
isomer 4:1; bp 86C (2 mm Hg).'H NMR (400.13 MHz, CDG): &4 6.31-6.14 (m, B,
CH=CH, H%, 3.82, 3.78 (s, 3H, NC§} 1.96, 1.86 (dJ=6.4 Hz, 31, CHs). *C NMR (100.61
MHz, CDCh): 8¢ 150.3 C3), 127.9 (C), 122.8 (%), 109.6 (=CH), 104.8 (=CH), 100.9 (=CH),
37.3, 35.9 (NCH), 18.2 (CH). Anal. Calcd for GHoCIN,: C, 53.68; H, 5.79; ClI, 22.64; N,
17.89. Found: C, 53.63; H, 5.82; Cl, 22.48; N, 57.6
5-Chloro-1-methyl-3-(1-methylethenyl)-H-pyrazole (4f). Obtained from mixture a8i and4f.
The reaction time was 20 min. Colourless liquidB8g, 68%), bp 56C (1 mm HQ). IR ¥max
cm?): 3137, 3100 (=CH), 2964, 2957, 2857 (Gl 1504 (C=C, C=N)'H NMR (400.13 MHz,
CDCl): 84 6.31 (s, H, HY, 5.44 (s, H, = CHp), 5.06 (s, 1H, =Cb), 3.82 (s, 3H, Ch), 2.08 (s,
3H, CH). **C NMR (100.61 MHz, CDG): 8¢ 152.1 (%), 136.4 (C), 127.7 €%, 112.2 (=CH),
101.4 (=CH), 36.1 (NCk}, 19.7 (CH). Anal. Calcd for GHoCIN,: C, 53.68; H, 5.79; Cl, 22.64;
N, 17.89. Found: C, 53.33; H, 5.62; Cl, 22.28; B.,04 %.
5-Chloro-1-methyl-3-[prop-1-en-1-yl]-1H-pyrazole (4g). The reaction time was 20 min.
Colourless liquid (6.42 g, 82% vyield, from pyraz8je mixture ofE andZ-isomers, the ratio E/Z
isomer 4:1), bp 86C (2 mm Hg).'H NMR (400.13 MHz, CDG): &y 6.31-6.14 (m, B,
CH=CH, H%, 3.82, 3.78 (s, 3H, NC#}{ 1.96, 1.86 (d)=6.4 Hz, 31, CHs). **C NMR (100.61
MHz, CDCk): 8¢ 148.5 (%), 127.5 (C), 126.8 (%, 107.7 (=CH), 103.94 (=CH), 36.9, 35.6
(NCHs), 14.8, 14.38 (CH). Anal. Calcd for GHgCIN2: C, 53.68; H, 5.79; CI, 22.64; N, 17.89.
Found: C, 53.63; H, 5.82; Cl, 22.48; N, 17.65 %.

General procedure for the synthesis of 1-alkyl-3-[farylsulfanyl)alkyl]-1 H-pyrazoles 6.
3-Alkenyl-5-chloropyrazolel (1 mmol) and aromatic thid@ (1 mmol) were mixed and kept for
1-3 min. The resulting pyrazoléswere washed with hexane and dried under vacuum.
5-Chloro-1-methyl-3-[2-(phenylsulfanyl)ethyl]-1H-pyrazole (6aa). Obtained from vinyl-
pyrazoleda (0.14 g) and benzenethiba (0.11 g). Colourless oil, bp 210-22€ (15 mm Hg),
0.22 g, 86% yield'H NMR (400.13 MHz, CDG)): 8y 7.49-7.14 (m, 5H, gHs), 6.03 (s, 1H,
H%y), 3.75 (s, 3H, NCH), 3.17 (t,J 7.4 Hz, 2H, §H,), 2.87 (t,J 7.4 Hz, 2H,CH,CH,S). °C
NMR (100.61 MHz, CDG)): 8¢ 150.5 (%), 136.2 (€), 129.1 (G°), 128.9 (C®), 127.2 C%pyr),
126.1 (C), 103.6 (%y), 35.9 (NCH), 33.2 (¥H,), 28.7 (CH,CH,S). Anal. Calcd for
C12H13CIN,S: C, 57.02; H, 5.18; CI, 14.03; N, 11.08; S 12.68. ahuC, 57.06; H, 5.19; ClI,
14.05; N, 11.04; S, 12.65 %.
5-Chloro-3-{2-[(4-chlorophenyl)sulfanyl]ethyl}-1-mehyl-1H-pyrazole (6ab). Obtained from
vinylpyrazole4a (0.14 g) and 4-chlorobenzenethidd (0.14 g). Colourless oil (0.26 g, 94%), bp
243-246 € (15 mm Hg).*H NMR (400.13 MHz, CDG): 84 7.26, 7.20 (AABB', J 6.6 Hz, 4H,
CeHa), 6.00 (s, 1HH"y,), 3.74 (s, 3H, NCh), 3.12 (t,J 7.5 Hz, 2H, §H,), 2.83 (t,J 7.5 Hz,
2H, CH,CH,S). **C NMR (100.61 MHz, CDG): 8¢ 150.4 (%), 134.8 (€), 132.2 (C), 131.0
(C%9), 129.1 (C%), 127.5 (%y), 103.7 (*pyr), 36.1 (NCH), 33.6 (¥Hy), 28.8 CH,CH;,S).
Anal. Calcd forC;,H1,CIoN,S: C, 50.18; H, 4.21; ClI, 24.69; N, 9.75; S, 11.16. kanC, 50.22;
H, 4.20; Cl, 24.65; N, 9.76; S, 11.18 %.
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3-{2-[(4-Bromophenyl)sulfanyl]ethyl}-5-chloro-1-metyl-1H-pyrazole (6ac).Obtained from
vinylpyrazole4a (0.14 g) and 4-bromobenzenethta (0.19 g). Colourless oil (0.30 g, 92%), bp
259-264°C (15 mm Hg)!H NMR (400.13 MHz, CDG): 84 7.32, 7.14 (AABB', J 8.7 Hz, 4H,
CeHa), 5.96 (s, 1HH"%y), 3.69 (s, 3H, NCH), 3.09 (t,J 7.3 Hz, 2H, §H,), 2.80 (t,J 7.3 Hz,
2H, CH,CH,S). **C NMR (100.61 MHz, CDG): ¢ 150.2 (%), 135.5 (), 131.9 (€), 131.0
(C3), 127.3 (%pyr), 119.9 (), 103.6 (*pyr), 36.0 (NCH), 33.3 (£H,), 28.6 CH,CH,S). Anal.
Calcd forC12H12BrCIN,S: C, 43.46; H, 3.65; N, 8.45; S, 9.67. Founy:43.49; H, 3.65; N, 8.46;
S, 9.64 %.

5-Chloro-1-methyl-3-{2-[(4-methylphenyl)sulfanyl]lehyl}-1H-pyrazole (6ad).Obtained from
vinylpyrazole4a (0.14 g) and 4-methylbenzenethial (0.12 g). Colourless oil (0.23 g, 90%), bp
230-234°C (15 mm Hg)H NMR (400.13 MHz, CDG): 8 7.24, 7.06, (AABB', J 8.2 Hz, 4H,
CeHa), 6.00 (s, IHH%y,), 3.72 (s, H, NCH), 3.09 (t,J 7.3 Hz, 2H, §H,), 2.82 (t,J 7.3 Hz, 2H,
CH,CH.S), 2.28 (s, 3H, CH. *C NMR (100.61 MHz, CDG): 8¢ 150.7 (%), 136.4 (C),
132.3 (©), 130.6 (€®), 129.8 (C°), 127.4 (%py;), 103.7 (%), 36.0 (NCH), 34.1 (¥'Hy), 28.9
CH,CH,S), 20.9 (CH). Anal. Calcd forC;3H;5CIN,S: C, 58.53; H, 5.67; Cl, 13.29; N, 10.50; S,
12.02. Foundc, 58.58; H, 5.66; CI, 13.33; N, 10.51; S 12.00 %.
1-Benzyl-5-chloro-3-[2-(phenylsulfanyl)ethyl]-H-pyrazole (6ba). Obtained from vinyl-
pyrazoledb (0.22 g) and benzenethibh (0.11 g). Colourless oil (0.29 g, 89%), bp 266-270
(15 mm Hg)*H NMR (400.13 MHz, CDG)): 84 7.86-7.65 (m, 10H, &sS, GHs), 6.59 (s, 1H,
H%y), 5.77 (s, 2H, NCb), 3.69 (t,J 7.3 Hz, 2H, §H,), 3.42 (t,J 7.3 Hz, 2H,CH,CH,S). °C
NMR (100.61 MHz, CDG): ¢ 151.1 Cpyr), 136.1 (), 129.6 (Cg), 129.1 (Csn), 129.0 (Cy),
128.8 (Can), 127.9 (Can), 127.9 C%hyr), 127.3 (Gar), 126.2 €%, 104.2 C*yr), 52.6 (NCH),
33.3 (£°Hy), 28.8 CH,CH,S). Anal. Calcd forC;1gH;7/CIN,S: C, 65.74; H, 5.21; Cl, 10.78; N,
8.52; S, 9.75. Found, 65.79; H, 5.22; CI, 10.75; N, 8.50; S, 9.77 %.
1-Benzyl-5-chloro-3-{2-[(4-chlorophenyl)sulfanyl]ehyl}-1H-pyrazole (6bb). Obtained from
vinylpyrazole4b (0.22 g) and 4-chlorobenzenethidd (0.14 g). Colourless oil (0.34 g, 94%), bp
275-279 € (5 mm Hg).'H NMR (400.13 MHz, CDGQ): 8y 7.79-7.67 (m, 9H, 4-CIg,S,
CeHs), 6.56 (S, 1HH"%y:), 5.76 (s, 2H, NCH), 3.65 (t,J 7.4 Hz, 2H, §H,), 3.38 (t,J 7.4 Hz,
2H, CH,CH,S). **C NMR (100.61 MHz, CDG): 8¢ 150.8 (%), 136.1 (Cy), 134.7 (Ciy),
132.1 %), 130.9 (C°), 129.3 (), 129.0 (C%), 128.70 (C%y), 127.9 (Cgy), 127.3
(C*%), 104.1 (%py), 52.6 (NCH), 33.5 (¥H,), 28.7 (CH,CH.S). Anal. Calcd for
Ci1g8H16CIN,S: C, 59.51; H, 4.44; Cl, 19.52; N, 7.71; S, 8.83. @, 59.53; H, 4.45; ClI,
19.50; N, 7.69; S, 8.85 %.
1-Benzyl-3-{2-[(4-bromophenyl)sulfanyl]ethyl}-5-chbro-1H-pyrazole (6bc). Obtained from
vinylpyrazole4b (0.22 g) and 4-bromobenzenethtal (0.19 g). Colourless oil (0.38 g, 93%), bp
288-292 T (15 mm Hg),.'H NMR (400.13 MHz, CDG): &y 7.86-7.66 (m, 9H, 4-BrgH,S,
CeHs), 6.56 (S, 1HH"%y:), 5.76 (s, 2H, NCH), 3.65 (t,J 7.7 Hz, 2H, §H,), 3.38 (t,J 7.7 Hz,
2H, CH,CH,S). **C NMR (100.61 MHz, CDG): 8¢ 150.8 (%), 136.2 (Cy), 132.3 (Ciy),
132.0 (G®), 131.1 (C°9), 129.5 (%), 128.8 (C%gn), 127.9 (Cgy), 127.3 (C%;), 120.0 CY9),
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104.2 (%y), 52.7 (NCH), 33.4 (¥Hy), 28.7 CH,CH,S). Anal. Calcd foiC1gH16BrCIN,S: C,
53.02; H, 3.96; N, 6.87; S, 7.86. Fouat):53.06; H, 3.97; N, 6.87; S, 7.84 %.
5-Chloro-1-(1-methylethyl)-3-[2-(phenylsulfanyl)ettyl]-1H-pyrazole (6ca). Obtained from
vinylpyrazole4c (0.17 g) and benzenethibh (0.11 g). Colourless oil (0.27 g, 95%). 1Rnfx
cm™): 3130 (=C-hpyr), 3085, 3076, 3058 (=C+y, 2980, 2933 (Chik), 1584, 1514(=C, C=N).
'H NMR (400.13 MHz, CDG)): 84 7.19-7.13 (m, 5H, §1s), 6.02 (s, H, Hy), 4.58 (sptJ) 6.6
Hz, 2H, NCH), 3.17 (tJ 7.3 Hz, 2H, &€Hy), 2.90 (t,J 7.3 Hz, 2H,CH>CH,S), 1.43 (d,J 6.6 Hz,
6H, 2CHz). **C NMR (100.61 MHz, CDG): ¢ 150.4, (%), 136.4 (0), 129.6 (G°), 129.0
(Ch, 126.1 (C°), 124.3 (C,y), 103.4 %), 50.1 (NCH), 33.4 (SH>), 29.0 CH,CH,S), 22.1
(CHs). Anal. Calcd for GH17CIN,S: C, 59.88; H, 6.10; Cl, 12.62; N, 9.98; S, 11.42. kaiuC,
59.53; H, 6.17; Cl, 12.69; N, 10.12; S, 11.33 %.
5-Chloro-3-{2-[(4-Chlorophenyl)sulfanyl]ethyl}-1-(1-methylethyl)-1H-pyrazole (6¢b).
Obtained from vinylpyrazoldc (0.17 g) and 4-chlorobenzenethki) (0.14 g). Colourless oil
(0.29 g, 95%). IRVmax, CM"): 3131 (=C-hby), 3104, 3070 (=C-Hh), 2980, 2933, 2876 (Citb),
1578, 1513(=C, C=N).’H NMR (400.13 MHz, CDG): &y 7.39-7.18 (AABB', J 8.7 Hz, 4H,
CeHa), 6.00 (s, H, H'%y), 4.59 (sptJ 6.7 Hz, 2H, NCH), 3.14 (t,J 7.3 Hz, 2H, §H,), 2.87 (t,J
7.3 Hz, 2H,CH,CH,S), 1.43 (d,) 6.7 Hz, 61, 2CH3). *C NMR (100.61 MHz, CDG): 8¢ 150.1
(C3y), 134.9 (0), 132.1 (€), 130.9 (G%), 129.1 (%), 125.7 (Cyyr), 103.3 %), 50.1 (NCH),
33.7 ($°Hy), 28.9 CH,CH,S), 22.1 (CH). Anal. Calcd for G4H16CIbN,S: C, 53.34; H 5.12; Cl,
22.49; N, 8.89; S, 10.17. Found; 53.28; H 5.03; CI, 22.35; N, 8.69; S, 10.03 %.
5-Chloro-1-(3-methylbutyl)-3-[2-(phenylsulfanyl)ethyl]-1H-pyrazole (6da). Obtained from
vinylpyrazole4d (0.20 g) and benzenethibh (0.11 g). Colourless oil (0.30 g, 98%). 1Rnfx
cm’): 3131 (=C-h), 3104, 3069 (=C-H), 2980, 2933, 2876 (Ci), 1578, 1513 (=C,
C=N).'H NMR (400.13 MHz, CDG): 8,4 7.37-7.16 (m, 5H, §1s), 6.04 (s, H, H'py), 4.07 (t,J
7.6 Hz, 2H, NCH), 3.18 (t,J 7.0 Hz, 2H, €Hj), 2.88 (t,J 7.0 Hz, 2H,CH,CH,S), 1.69 (m, 2H,
CH,), 1.61 (m, 1H, CH), 0.95 (d] 6.4 Hz, 61, 2CH3). *C NMR (100.61 MHz, CDG): ¢
150.4, (%), 136.2 (€), 129.4 (&), 128.8 (G%), 126.4(C), 125.9 (Coy), 103.4 (%), 47.3
(NCHy), 38.5 CHy), 33.2 (CHS), 28.7 (CHCH,S), 25.6 (CH), 22.3(H3). MS (El, 70 eV), m/z
(%): 308 (M, 0.1), 286 (46), 253 (15), 157 (52), 143 (80), 1AMO). Anal. Calcd for
Ci16H21CINLS: C, 62.22; H 6.85; CI, 11.48; N, 9.07; S, 10.38. Feu, 62.17; H 6.73; Cl, 11.26;
N, 9.01; S, 10.33 %.

5-Chloro-1-heptyl-3-[2-(phenylsulfanyl)ethyl]-1H-pyrazole (6ea). Obtained from vinyl-
pyrazole4e (0.23 g) and benzenethidh (0.11 g). Colourless oil (0.33 g, 98%). Rnf, cm):
3132 (=C-hpy), 3071, 3058 (=C-Hh), 2956, 2928, 2856 (Ct), 1584, 1513(=C, C=N).'H
NMR (400.13 MHz, CDGJ): 8y 7.33-7.11 (m, 5H, §1s), 5.99 (s, H, Hy,), 4.01 (t,J 7.4 Hz,
2H, NCH), 3.14 (t,J 7.8 Hz, 2H,CH,S), 2.86 (tJ 7.8 Hz, 2H,CH>CH,S), 1.25 (m, 1H, 5CH)),
0.85 (t,J 6.9 Hz, 3, CHs). *C NMR (100.61 MHz, CDQ): ¢ 150.6 (3,r), 136.3 (¢), 129.7
(C*®), 129.0 (C®), 126.8 (C), 126.2 (Cypy), 103.5 C*yr), 49.1 (NCH), 33.5 CH.S), 31.8
(CH,CH,S), 30.0 (CH), 28.9 (CH), 28.9 (CH), 26.6 (CH), 22.7 (CH), 14.2 (CH). MS (ElI, 70
eV), m/z (%): 336 (M, 63), 301 (92), 251 (24), 227 (37), 214 (30), (#8), 179 (22), 129 (67),
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123 (100). Anal. Calcd for gH2:sCIN,S: C, 64.17; H 7.48; Cl, 10.52; N, 8.31; S, 9.52. Faund
64.12; H 7.63; Cl, 10.26; N, 8.11; S, 9.33 %.
5-Chloro-3-2-[(4-chlorophenyl)sulfanyllethyl-1-hepyl-1H-pyrazole (6eb). Obtained from
vinylpyrazole4e (0.23 g) and 4-chlorobenzenethidl (0.14 g). Colourless oil (0.35 g, 95%). IR
(Vimax €MY): 3133 (=C-hpyr), 3107, 3070, 3042 (=C+q), 2928, 2856 (Chl), 1573, 1513(=C,
C=N).'H NMR (400.13 MHz, CDG): 84 7.28, 7.21 (AABB’, J 8.7 Hz, 4H, GH.), 6.01 (s, H,
H'%,yr), 4.04 (t,J 7.2 Hz, 2H, NCH), 3.15 (t,J 7.4 Hz, 2H,CH,S), 2.87 (t,J 7.4 Hz, 2H,
CH,CH,S), 1.28 (m, 1H, 5CH,), 0.87 (t,J 7.4 Hz, 31, CHs). **C NMR (100.61 MHz, CDG):

8c 150.2 (3y), 134.8 (€), 132.1 %, 130.9 (C?), 129.0 (G%), 126.7 (Cpyr), 103.4 o),
48.9 (NCH), 33.6 (CHS), 31.7 CH,CH,S), 29.9 (CH), 28.8 (CH), 28.7 (CH), 26.4 (CH),
22.6 (CH), 14.1 (CH). MS (EI, 70 eV), m/z (%): 370 (M 74), 335 (97), 285 (25), 227 (42),
214 (58), 157 (72), 129 (100).Anal. Calcd forgd»4CloN,S: C, 58.22; H, 6.51; CI, 19.09; N,
7.54; S, 8.63. Found:, 58.14; H, 6.69; Cl, 19.26; N, 7.31; S, 8.43 %.
5-Chloro-1-methyl-3-[1-methyl-2-(phenylsulfanyl)ettyl]-1H-pyrazole (6fa). Obtained from
vinylpyrazole4f (0.16 g) and benzenethibh (0.11 g). Colourless oil, (0.26 g, 97%). R4
cm'): 3135 (=C-hby), 3110, 3072, 3045 (=C4d), 2927, 2860 (Ckk), 1570, 1515 (=C,
C=N).'H NMR (400.13 MHz, CDG)): & 7.37-7.16 (m, 5H, §&1s), 6.05 (s, H, H'%y:), 3.78 (s,
3H, NCH), 3.30 (m, 1HCH), 3.05 (m, 2HCH,S), 1.37 (d,J 6.6 Hz, 31, CH3). Anal. Calcd for
Ci3H1sCINLS: C, 58.53; H, 5.67; Cl, 13.29; N, 10.50; S, 12.02uar C, 58.17; H, 5.43; ClI,
13.20; N, 10.31; S, 12.13 %.
5-Chloro-3-{2-[(4-chlorophenyl)sulfanyl]-1-methylethyl}-1-methyl-1H-pyrazole (6fb).
Obtained from vinylpyrazoldf (0.16 g) and 4-chlorobenzenethish (0.14 g). Colourless oil
(0.29 g, 98%). IR{nax cm): 3133 (=C-hb,), 3108, 3070, 3043 (=C+), 2981, 2934, 2860
(CHai), 1573, 1513¢=C, C=N).*H NMR (400.13 MHz, CDG): &y 7.21-7.13 (AABB’, 4H,
CeHa), 5.95 (s, H, H*%y), 3.69 (s, 3H, NCH), 3.18 (m, IHCH), 2.95 (m, 2HCH,S), 1.28 (d]
6.5 Hz, 31, CHs). Anal. Calcd for GH14CIbN,S: C, 51.83; H, 4.68; Cl, 23.54; N, 9.30; S, 10.64.
Found:C, 51.67; H, 4.53; Cl, 23.26; N, 9.11; S, 10.46 %.
5-Chloro-3-{2-[(4-chlorophenyl)sulfanyl]propyl}-1-methyl-1H-pyrazole  (6gb). Obtained
from vinylpyrazole4g (0.16 g) and 4-chlorobenzenethtsth (0.14 g). Colourless oil (0.29 g,
96%). IR {max cMY): 3131 (=C-hby), 3110, 3072, 3040 (=C+r), 2983, 2931, 2856 (Cit),
1575, 1515 ¢=C, C=N).'H NMR (400.13 MHz, CDGQ): &y 7.26-7.13 (AABB’, 4H, GH.),
5.97 (s, H, H'%yr), 3.69 (s, 3H, NCH), 3.39 (m, 1HCH), 2.81, 2.63 (m, 2H;H,), 1.21 (d,J 6.6
Hz, 3H, CH3). Anal. Calcd for GgH14CIN,S: C, 51.83; H, 4.68; Cl, 23.54; N, 9.30; S, 10.64.
Found:C, 51.30.17; H 4.37; CI, 23.18; N, 9.14; S, 10.38 %.
5-Chloro-1-(1-methylethyl)-3-[1-(phenylsulfanyl)ettyl]-1H-pyrazole (7). Potassium
hydroxide (5 mmol, 0.30 g) and benzenettsal(1.5 mmol, 0.17 g) was stirred for 20 min in
DMSO (1.5 mL). Then pyrazoled (1.5 mmol, 0.31 g) was added and the reactionurexivas
stirred for 5 h at rt. A mixture was poured intoteraand extracted with dichloromethane (3 x 10
mL). The extract was dried over MggaQlichloromethane was evaporated to give the target
pyrazole derivative as yellow oil (0.35 g, 82%fH NMR (400.13 MHz, CDG): &y 7.32-717
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(m, 5H, GHs), 6.13 (s, H, H%,), 4.56 (m, J 6.6, 6.7 Hz, 1H, NCH), 4.44 (q, J A 1H,
CHS), 1.58 (d, J 7.0 Hz, 3H, GH 1.40 (d, J 6.6 Hz, 3H, G} 1.34 (d, J 6.7 Hz,18, CHs). °C
NMR (100.61 MHz, CDGJ): 8¢ 153.8 (), 135.2 (€), 132.3 (€°), 128.7 (C), 127.1 %),
125.8 (C), 102.1 (%), 50.2 (NCH), 41.6 (CHS), 22.1, 21.0, 21.2 {EHVIS, m/z (%) 280
(M+, 12), 171 (84), 129 (100), 109 (11). Anal. Cafod C,sH:7CIN,S: C, 59.88; H, 6.10; ClI,
12.62; N, 9.98. Found: C, 59.95; H, 6.07; Cl, 121259.77 %.
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