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ABSTRACT KEYWORDS
In the present study we have synthesized some 1-thiocarbomyl pyrazolines 1H-pyrazole-1-
including 3-phenyl-5-(substitutedphenyl)-4,5-dihydro-*H-pyrazole-1- carbothioamides;
carbothioamides using solvent free SIO,:H,PO, catalyzed cyclization of SO,H.PO;
chal cones with thiosemicarbazide under microwaveirradiation. Theyields Environmentally benign
of the 'H-pyrazole-1-carbothioamides are more than 85%. The synthesised reaction:
pyrazole-1-carbothioamides were characterized by their analytical, physical IR and NMR spectra;

and spectral data. The infrared vC=N, C=S, NH (cm™) frequencies, NMR
chemical shifts (5, ppm) H_, H,, H,, C=N, C=S of synthesised 3-phenyl-5-
(substitutedphenyl)-4,5-dihydro-tH-pyrazol e-1-carbothioamides were
correlated with Hammett substituent constants, F and R parameters. From
the results of statistical analyses the effects of substituent on the above
functional group of pyrazole-1-carbothiamides.
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Hammett correlations.

INTRODUCTION

Inthebi- nitrogen fivemembered heterocyclics, the
1-thiocarbomyl pyrazolinesareimportant and they pos-
sess—CS-NH, groupin N, atom of pyrazolinering*-.
Thesethiocarbomyl pyrazolinederivatives possessnu-
meroushiologica activitiessuch as, anti-bacterid®, anti-
fungal!®, anti-depressants”, anti-convul sant®, anti-in-
flammatory!®, anti-tumourl’®, anaesthetici*, analge-
sic?, anti-cancer™ MAO-B inhibitorg'¥, steroidal,
nitricoxidesynthaseinhibitor, anti-vird and cannabinoid
CBI receptor antagonists®. Many solvent assisted or
solvent-free synthetic methodswerereportedinlitera-

turefor synthesisof thiocarbomyl pyrazolinederiva-
tived®131518 |n these synthetic techniques, many
pyrazolinederivativeswere synthesised by cyclization
of cha coneswith hydrazine hydrate*® or phenylhydra-
zineé? or phenyl hydrazine hydrochloride?-%, Simi-
larly 1-pyrazoline-1-cabothi oamideswere synthesised
by cyclization of chalcones with
thiosemicarbazidel®31424  or  substituted
thiosemicarbazide®*®** or hydrazenidium
dithiocyanate®!. Now-a-daysorganic chemists, scien-
tissand researcherspreferred sol vent-freeenvironmen-
tally benign synthesisdueto easy working procedure,
shorter reactiontime, higher yields, lesshazardousness
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and solvent usage?3Y, Based ontheabove advantages,
the greener synthetic methods such as, solvent-freemi-
crowaveirradiation and ultrasonication were used for
synthesisof 1-thiocarbomyl pyrazolines?323, Numer-
ous catalysts had been utilized for synthesis of 1-
thiocarbomyl pyrazoline derivativessuch asLewisac-
ids, bases and their salts*33231, CH,COOH/
CH,COONa®, NaOH/EtOH[*323%] — KOH/
EtOH(2033 negt reaction in ethanol 1% and Basic alu-
minal K CO %31, Thesethiocarbomyl pyrazolinesare
used asgtarting materid for synthesisof thiazole substi-
tuted pyrazoles®®. Recently Chawla et a.,*® have
synthes sed morethan 80% yield of some 3-substituted
phenyl-5-substitutedphenyl-4,5-dihydropyrazol e-1-
carbothioamides by microwaveirradiation method and
evaluated their antimicrobid activities. Thesameyidd
of 5-(1,3-benzodioxol-yl)-3-(substituted) phenyl-4,5-
dihydro-1H-pyrazol -1-carbothioamides have been
synthesi sed by microwave method and studied thean-
ticancer activitiesby Mathew co-workerg™®. Ashok et
al., have been synthesised 80% yields of some 3-(3-
benzoyl-6-hydroxy-3-methylbenzo[ bl furon-5-yl)-5-
(aryl)-4,5-dihydro-1H-pyrazol e carbothicamidesusing
microwaveirradiation techniqueand sudied their anti-
bacterial activitied'>'". More than 60% yields of 1-
thiocarbomyl-2-(2,4-dichloro-5-fluorophenyl)-5-
(substitutedphenyl)-pyrazoline derivatives had been
synthesised by Petil etd.,* usingduminalK ,CO, catar
lyzed cyclization of 2,4-dichloro-5-phenyl chalcones
with thiosemicarbazide under microwaveirradiation.
Spectroscopic data are useful for prediction of the
ground state equilibration of organic compounds. The
ultraviolet spectral absorption maxima(k max, nm) is
dsoutilizedfor prediction of theeffect of substituentg®,
In pyrazolinederivatives (*H pyrazole), theinfrared
stretcheswere used for predicting the effects of sub-
stituents onthe C=N, C-H, N-H™ functional group.
From NM R spectroscopic analysis of the pyrazoline
derivatives, thespatial arrangement of the protonsH.,
H andH_orH_H, , H_andHof thetypesshownin
Figure 1 werepredictableby their frequencieswithmul-
tiplicitiesviz., doublet or triplet or doublet of doublets.
Based on the geometry, the chemical shift of the pro-
tonsof respective pyrazoleshasbeen assigned and the
effectsof substituent will bestudied. Theeffectsof sub-
stituent on the 2-naphthyl based pyrazolinewere stud-
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iedfirst by Sakthinathan et. d.,/?4. Intheir study, they
assigned infrared vC=N(cm™), NMR chemical shifts
(6, ppm) of H, H,, H, C=N values and correlated
with Hammett substituent constants, F and R param-
eters. Inthese correlationsthey observed satisfactory
correlation coefficients. Recently Thirunarayanan et
a = have studied the sol vent-free synthesisand spec-
tral correlations of some 1-phenyl-3-(5-
bromothiophen-2-yl)-5-(substituted phenyl)-2-
pyrazolines. Thereisnoinformation availablefor sol-
vent-free synthesi s of somethiocarbomyl pyrazolines
including 3-phenyl-5-(substitutedphenyl)-4,5-dihydro-
H-pyrazole-1-carbothioamides derivativesby cycliza-
tion of therespective chal conesand thiosemicarbazide
inpresenceof solid SO,:H,PO, catalystinliteraturein
the past. Therefore the authors have taken effortsto
synthes ze somethiocarbomyl pyrazolinesincluding 3-
phenyl-5-(substitutedphenyl)-4,5-dihydro-1H-
pyrazol e-1-carbothioamidesby solvent freemicrowave
assisted cyclization of cha conesand thiosemicarbazide
in presence of SIO,:H,PO,. The purities of these
pyrazolineswere persuaded by their physical constants

N-N Hc N—N Hc
e S S

Figurel: General structureof 1H-pyrazoles

and spectral datapublished earlier inliterature. Also
theauthorshaverecorded theinfrared and NMR spec-
traof these synthesised thiocarbomyl pyrazoline de-
rivativesfor studying theHammett spectra corrdaions.

EXPERIMENTAL

M aterialsand methods

All chemicalsused were purchased from Sigma-
Aldrich and E-Merck chemical companies. Melting
pointsof al pyrazoles have been determined in open
glasscapillarieson Mettler FP51 melting point gppara
tusand are uncorrected. Infrared spectra(KBr, 4000-
400 cmt) have been recorded on BRUKER (Thermo
Nicolet) Fourier transform spectrophotometer. The
NMR spectraof al pyrazolines havebeen recorded on
Bruker AV 400 spectrometer operating at 400 MHz for
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recording *H and 100 MHz for **C spectrain CDCI,
solvent using TM Sasinternd standard. Mass spectra
have been recorded on SHIMADZU spectrometer usng
chemicd ionizationtechnique.

Preparation of SIO,:H,PO, catalyst

TheSO,:H,PO, catayst was prepared by the pro-
cedurepublishedinliterature®. Ina50mL Borosil bea
ker, 2g of silica(10-20u) 2mL of ortho phosphoricacid
weretaken and mixed thoroughly withglassrod. This
mixturewas heated on ahot air oven at 85°C for 1h,
cooled to room temperature, storedinaborosi| bottle
and tightly capped. Thiswas characterized by infrared
spectraand SEM analysis.

Synthesis of substituted pyrazole-1-
carbothioamidederivatives

An gppropriateequi-molar quantitiesof chalcones
(2mmol), thiosemicarbazide (2 mmol) and SO,:H,PO,
(0.5g) weretakenina50mL borosi| besker and closed
withlid. Themixture hasbeen subjected to microwave
irradiation for 4-6 minutesin amicrowaveoven at 550
waits, 2540 MHz frequency (Scheme 1) (Samsung Grill,
GW73BD Microwave oven, 230V A/c, 50Hz,
2450Hz, 100-750W (IEC-705), and then cooled to
room temperature. After separating the organic layer
with dichloromethane, the solid product has been ob-
tained on evaporation. The solid, on recrystallization
from benzene-hexane mixtureafforded glittering prod-
uct. Theinsoluble catalyst has been recycled by wash-
ing with ethyl acetate (8 mL) followed by dryinginan
ovenat 100°C for 1h and reused for further reactions.

RESULTSAND DISCUSSION

In our organic chemistry research laboratory, we
attempts to synthesize substituted pyrazoline-1-
carbothioamidesby cydlization of substituted cha cones
and thiosemicarbazideinthe presence of SIO,:H.PO,
catayst inmicrowaveirradiation under solvent freecon-
ditions. Hencethe authors have synthesized the substi-
tuted pyrazoline-1- carbothioamidesby the cyclization
of 2mmol of chalcone, 2 mmol of thiosemicarbazidein
microwaveirradiationwith0.5gof SO,:H PO, cata-
lyst at 550 W, 4-6 minutes (Samsung Grill, GW73BD
Microwave oven, 230V A/c, 50Hz, 2450Hz, 100-
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750W (IEC-705), (Scheme 1). During the course of
this reaction SIO,:H,PO, catalyses and leads to cy-
clizesthecha coneswith thiosemicarbazideto elimina
tion of water followed by proton transfer gavethe 1-
pyrazolines-1-carbothioamides. Theyields of the 1-
pyrazolines-1-carbothioamidesin thisreactionaremore
than 85%. The proposed general mechanism of this
reaction isshownin (Scheme 2). The chal cone con-
taining e ectron donating substituent (OCH,) gavehigher
yieldsthan éectron-withdrawing (ha ogens, NO,) sub-

< R Ha Hb
0O H n SiOZ:H3PO4 ;/ E Hc
= ﬂzN‘ LON MW, 550W N‘ R¢

H
H HZN’gS
(1-36)
Scheme 1 : Synthesis of 1-thiocarbomyl pyrazolines by

SiO,:H,PO, catalyzed solvent freecyclization of chalcones
and thiosemicarbazideunder microwaveirradiation

+
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Scheme 2 : The proposed mechanism for the synthesis of
pyrazolines-1-car bothioamidesby SO, H,PO, catalyzed sol-
vent freecyclization of chalconesand thiosemicarbazide un-
der microwaveirradiation.

stituents. Further we haveinvestigated thiscyclization
reaction with equimolar quantities of thestyryl phenyl
ketone (entry 25 ) and thiosemi carbazideunder thesame
condition asabove. Inthisreactiontheobtained yield
was 92%. Theeffect of catalyst on thisreaction was
studied by varyingthe catalyst quantity from0.1gto 1
g.Asthecatalyst quantity isincreased from0.1gto 1
g, the percentage of yield of product isincreased from
85 to 92%. Further increase the catalyst amount be-
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yond 0.4 g, thereisno significant increasing the per-
centage of theproduct. Theeffect of catayst loadingis
shownin (Figure 2). The optimum quantity of catalyst
loading wasfound to be 0.4g. Theresults, analytical
and mass spectral dataaresummarizedin TABLE 1.
Thereusability of thiscatayst was studied for the cy-
clization of styryl phenyl ketone and thiosemicarbazide
(entry 25) ispresented in TABLE 2. Fromthe TABLE
2, first two runs gave 92% product. Thethird, fourth
andfifthrunsof reactionsgavetheyields91.5%, 91.5%
and 91% of 1- pyrazoline-1-carbothiamide. Therewas
no appreciablelossinitseffect of catdytic activity were
observed up tofifth run. Theeffect of solventsonthe

% of product
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Figure2: Effect of catalyst loading

TABLE 1: Analytical, physical constants, yieldsand massfragments of pyrazolines-1- car bothioamides synthesised by
SiO,:H,PO, catalyzed solvent-freecyclization of chalconesand thiosemicarbazider eaction of thetype under microwave

irradiation.
Ha
< R Hb
il SiO,H ON/ Hc
R 4 R;ﬂZN\HI \NHZMW‘ 550W ;’\L R¢
H HNT s
Entry R R’ Product M.W. Yied m.p.(°C) Mass (m/z)
273-274 .
1 CHs CeHs CuH1sN3sS 219 85 27325 219[M*]
182-183 .
2 CHs 4-OCH4CgH4 C1oH15N30S 249 90 182(25] 249[M"]
238-239 .
3 CHs 4-N(CH3),CgHs CisH1gN,S 263 86 238[25] 263[M"]
221-222
4 CHs C4H30(2-Furyl) CgH15N30S 213 88 220- 213[M*]
222[25]
. 119-220 .
5 CHs C4H3S(2-Thienyl) CoH15N3S, 229 87 220[25] 213[M*]
164-165
6 %Téf(f) CeHs CrH17N5S, 291 86 160- 291[M*]
Y 165[32]
CaHLS(2- 254-255
7 T4hi gn ) 4-BrCgH, C1aH16BIN3S, 370 87 250- 370[M*], 372[M*1],
Y 255[32]
214-215
C4H3S(2- 2,45 .
8 43 o Ci7H23N305S, 381 91 210- 381[M™,
Thienyl) (OCH3)3CeH, 215[32]
CaHaS(2- 174-175
9 T“hi ;n ) 4-N(CH3),CgH4 CieH1sN4sS, 330 88 170- 330[M7],
Y 175[32]
220-221
10 CeHs 2,4-Cl,-CgHs CieH1sCloNsS 350 89 217- 350[M"], 352[M*1]
220[33]
218-219 N ot
11 24-BryCaHs 4-CICH, CiHpBRLCIN,S 491 89 216- 491['\29]5'[;‘/'935”' 1,
218[23]
239-240
12 2,4-Br,-CgH3 4-OCH3CgH,4 C17H15BroN3O5S 361 92 236- 361[M +] s 363[M 2+]
238[23]
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Entry R R’ Product M.W. Yied m.p. (°C) Mass (m/z)
13 2.4-Cl,-CaHs 4-CICeH, CiHuClNsS 323 88 212113123%3 p 323[M"], 325[M>], 327[M*]
14 2.4-Cl,-CeHs 4-OCH:CoHs  CoHuCLFNS 381 93 2029%3-1%%; . 381[M"], 383[M*]
15 4-OCHACaHs Cebs CoHiN:OS 311 86 161&;512?26] 311[M"]
16 4-CIC4H, Cebs CiHuCINsS 315 85 1212?'2132[26] 315[M"], 317[M%]
17 3-NO,CeHa CeHs CeHuNO,S 326 85 12%??5%3[26] 326[M"]
18 4-OCH.CHs 4-CICeH, CiHuCINGOS 345 @2 12?1—217286] 360[M"], 362[M?],
19 4-CIC¢H, 4-CICeH, Ci6H13ClIoN3S 350 86 1 417‘_%;;[‘36] 350[M*], 352[M?"], 354[M>*,
20 3NOCeHa 4-CICeH, CoHuCINOS 237 87 4%;2:%%6] 337[M"], 396[M*]
21 2,4-(CHs)-CeHs AFCeH, CiHisFNsS 327 90 2223222%?2 p 327[M"], 329[M%]
22 24(CHg)CeHs 4NO,CeHs CuHNO,S 354 89 20%?3623?;‘ . 354[M"]
23 CiHsO(2-Furyl) CeHs CuHiN:0S 271 @ 1716?1-71778 . 271[M"]
24 CHO@Fuyl)  CHO@Fuyl)  CoHuN:OS 203 92 16136:"1‘;53‘?2 . 203[M"]
%5 2.4-Cly5-F-CaHs Cets CiHuClLFN,S 368 94 11255'[%6 368[M"], 370[M>], 372[M*"]
26 2,4-Cl,-5-F-C¢H, 2-CIC¢H, CiHiClsFNSS 402 90 11355'[?;]6 402[M"], 404[M?"], 408[M*¥], 410[M*€]
27 CeHs CeHs CuHiNsS 281 @2 202(35622([)33] 281[M"]
28 CeHs 2-BrCeHs CiHuBINS 361 88 173-174 361[M"], 363[M*]
170-174[33]
29 CeHs 3-BrCeH, CiHuBIN;S 361 89 2123%2'1%%23] 361[M"], 363]M*]
30 CeHs 4-BrCeH, CiHuBIN;S 361 89 19??;7%3] 361[M"], 363]M*]
31 CeHs 4-CICaH, CeHuCINGS 315 88 17%4?;-7%37[23] 315[M"], 317[M?]
2 CeHs 4FCH, CuHuFN,S 299 89 23?2‘3273[;3] 209[M"], 301[M?]
33 CeHs 2-OCH,CeHa CoHoN:OS 311 92 2121%2'1%%23] 311[M"]
34 CeHs 4-OCH:CeHs CoHoN:OS 311 92 16??;517%3] 311[M"]
35 Cets 2-CHyCeHa CrHiNS 205 9 2121%2'1223] 395[M"]
36 CeHs 24(OCH):CeHs  CisHioNsO:S 341 90 15;?2;5%%3] 341[M"]

TABLE 2: Reusability of fly-ash:H,SO, catalyst on cyclization  cone and thiosemicarbazide with the catajyst
of styryl phenyl ketone (2 mmol) and thiosemicar bazide (2 SiO:H.PO inmicrowaveirradiation
mmol) under microwaveirradiation(entry 27). N '

Run 1 2 3 4 5 |Rspectral study

Yield 92 92 915 915 91 Thesynthesisof pyrazoline-1-carbothicamidesare
_ _ _ shown in Scheme 1. In the present study, the authors
yield also studied with methanol, ethanol, have chosen aseries of pyrazoline-1-carbothioamide
dichloromethaneand tetrahydrofuranfromeachcom- - yqivatives namely 3-phenyl-5-(substitutedphenyl)-4,5-
ponent of thecatalyst (entry 25). Similarly theeffectof gy iro-1H-pyrazole-1-carbothioamidle (entries 25-33)
microwaveirradiationwas studied ontheeach compo-  ¢or ydying the substituent effectson the spectral data,
nent of thecatalysts. Theeffect of solventsontheyields  Theinfrared vC=N, NH, C=Sand CF stretchi ng fre-
of pyrazoline-1-carbothioamide was presented in quencies(cm) of these pyrazoline-1-carbothioamides

TABLE3. Fromthetablethehighestyidld of pyrazoline-  (entries 25-33) have been assigned and are presented
1-carbothioamide obtained fromthecyclizationof chd- i TABLE 4. These datawere correl atedi22.2325-31.3-42)
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TABLE 3: Theeffect of solventsin conventional heatingand without solvent in microwaveirradiation on yield of pyrazoline-

1-car bothiamide (entry 27)
Solvents . : .
Microwaveirradiation
MeOH EtOH DCM THF
Si0, PA SPA SO, PA SPA SO, PA SPA SO, PA SPA SiO, PA SPA
69 53 68 72 58 72 73 60 76 75 61 78 72 70 92

MeOH=Methanol; EtOH=Ethanol; DCM= Dichloromethane; THF=Tetrahydrofuran; PA=Phosphoric acid; SPA=SiO,:H PO,

TABLE 4: Thespectroscopicdataof 1- thiocarbomyl pyrazolines(entries27-35).

IR(v, cm-1) 'H NMR(8,ppm) 3C NMR(5,ppm)
Entry X

C=N C=S NH (dd'ﬁ‘H) (dd'ng) (dd"*:H) X C=N C=Ss X
27 H 1578 1366 3558  3.123 3.917 5.971 - 15648 17619  ---
28 2-Br 1590 1357 3528  3.291 3.871 6.017 -- 15572 17713 -
29 3Br 1583 1361 3534  3.326 3971 6.107 - 15515 17692  ---
30 4-Br 1582 1376 3394  3.150 3.899 5.996 - 15554 17791  ---
31 4-Cl 1576 1375 3387  3.041 3.901 5.893 - 15428 17654  ---
32 4F 1548 1366 3356  3.214 3971 5.904 - 15479 17597  --
33  2-0OCH; 1590 1375 3433  3.861 3.904 6.107  3.791 15607 177.67 55.47
34  40CH; 1598 1378 3365  3.795 3.807 5917 3071 15678 177.17 56.72
35 2-CH; 1585 1378 3448  3.017 3617 6.197 2471 15549 17659 2173

with Hammett substituent constants and Swain-
Lupton’s®! parameters. In this correlation the struc-
ture parameter Hammett equation employedisasshown
inequation (1).

vV=pco+v, 1)
wherev_ isthefrequency for the parent member of the
series.

The observed vC=N stretching frequencies (cm?)
are correlated with various Hammett substituent con-
gantsand Fand R parametersthrough singleand multi-
regression andysesinduding Svain-Lupton’si® param-
eters. Theresultsof gatistical anayssof sngleparam-
eter corrdation areshownin TABLE 5. Thecorrela
tion of vC=N (cm™) frequencies of 3-phenyl-5-
(substitutedphenyl)-4,5-dihydro-1H-pyrazole-1-
carbothioamidewith Hammett substituent congtants, F
and R parameterswere satisfactory, excludingH, 4-F
and 2-CH, substituents. When these substituents were
includedintheregresson, they reduced the correlation
considerably. A satisfactory correl ation was obtained
for vC=S (cm) frequencies of 3-phenyl-5-
(substitutedphenyl)-4,5-dihydro-1H-pyrazole-1-
carbothioamide with Hammett 6 and o* substituent
constants excluding 4-Br and 4-Cl substituents.
Hammett o constant and R parametershas shown sat-

isfactory correlation for the vNH stretches (cm™) of
these of 3-phenyl-5-(substitutedphenyl)-4,5-dihydro-
1H-pyrazole-1-carbothioamides. The remaining
Hammett substituent congtantsand F parametersshown
poor correlation. Thefailurein correlation wasdueto
theinability of transmittance of inductiveand field ef-
fectsof the substituent on the spectra group frequen-
ciesvC=N, C=S,NH and (cm*) and isassociated with
theresonance-conjugative structureshownin Figure 3.
Someof thesingle parameter correlationsof vC=Sand
NH (cm?) frequencies of 3-phenyl-5-
(substitutedphenyl)-4,5-dihydro-1H-pyrazole-1-
carbothi oamideswith Hammett substituent constants,
Fand R parameterswerefail. So, theauthorsthink that
itisworthwhileto seek themulti-regression anadysisof
these frequencieswith Swain-Lupton’s“? constants.
Themulti-regress onsgavesatisfactory correlaion with
inductive, resonanceand field effects of the substitu-
ents. The corresponding multi-regression equationsare
givenin(2) —(7).

vey(Cm?) = 1587.85(x11.142)-24.3290, (£7.812)-4.549 o,
(£1.125) )
(R=0.934, P> 90%, n=9)

v, (cm?) =1590.38(x9.269)-30.842F (+2.398)-12.312R

(£6.257) (€)
(R=0.955, P> 95%, n=9)
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TABLES5: Resultsof satistical analysisof infrared v(em™) C=N, C=S, NH, NMR chemical shifts (8 ppm) of H_,H,,H ,C=N
and C=Sof pyrazoline- 1-var bothioamideswith Hammett o, ¢*, o, o, congtantsand F and R parameter s(entries27-35).

Frequency Constants r | p s n Correlated derivatives
vC=N c 0.902 1581.78 -14.074 1418 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 2-OCHs;, 4-OCH3, 2-CH;
o* 0.902 158141 -6.875 1474 8  H,2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs, 4-OCH3, 2-CH,
o) 0.903 1588.60 -22.938 1421 7 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs;, 4-OCH3
oR 0.905 158221 4173 1507 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 2-OCHs, 4-OCHj, 2-CH,
F 0.905 159218 -32.138 1280 7 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj,
R 0.901 1583.76 8.693 1496 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 2-OCHs;, 4-OCH3, 2-CH;
vC=S c 0.904 1370.87 -13.565 730 7 H, 2-Br, 3-Br, 4-F, 2-OCHj;, 4-OCH3, 2-CH,
G 0.906 1370.08 -11.752 635 7 H, 2-Br, 3-Br, 4-F, 2-OCHa;, 4-OCHj;, 2-CH;
o) 0.813 1374.11 -11.908 799 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
OR 0.819 1368.09 -8.044 825 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3, 4-OCHj3, 2-CH4
F 0.833 1374.12 -11.382 792 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
R 0.823 1367.56 -8.706 817 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
VvNH c 0.823 3441.71 63.781 80.54 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
G 0.884 344573 83.146 73.05 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHg, 4-OCHj3, 2-CH4
o) 0.835 3487.80 -131.702 7755 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
OR 0.905 3305.09 228.096 6853 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
F 0.886 3493.99 -142889 7483 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
R 0.906 3519.48 244.49 6148 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
SH, c 0.906 3.345 -0.667 026 7 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-CHj3
o 0.906 3.308 -0.426 026 7 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-CH;
o) 0.871 3.296 0.112 033 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHa;, 2-CHj;
OR 0.907 2.996 -1.213 021 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3, 4-OCHj3, 2-CH4
F 0.855 3.283 0.070 033 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
R 0.907 2.999 -1.037 023 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
SHp c 0.904 3.864 0.171 010 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCH3
o 0.903 3.871 0.094 010 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs;, 4-OCH,;
G 0.906 3.761 0.342 0.08 8 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHa;, 4-OCHs;, 2-CH;
OR 0.811 3.855 -0.067 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
F 0.906 3.772 0.261 0.08 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
R 0.813 3.851 -0.069 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs;, 4-OCHj3, 2-CH4
SH, c 0.817 6.015 -0.066 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3, 4-OCHj3, 2-CH4
o 0.803 6.021 0.007 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
G 0.904 6.082 -0.214 010 8 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs;, 4-OCHs;, 2-CH;
OR 0.809 6.025 0.050 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
F 0.904 6.084 -0.209 010 8 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHs;, 4-OCHs;, 2-CH;
R 0.829 0.042 0.099 011 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
3CN c 0.905 155.661 -1.566 070 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCHg, 4-OCHj3, 2-CH4
o 0.904 155.57 -0872 074 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH3;
G 0.905 156.29 -2.163 069 7 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj,
OR 0.889 155.49 -0.374 084 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
F 0.905 156.24 -1.829 070 8 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCH3
R 0.808  155.49 -0.311 084 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
6CS c 0.900 176.89 -0.004 09 7 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-CH;
o 0.903 176.89 0.046 068 7 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-CH;
G 0.902 176.68 0.667 067 7 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj,
OR 0.882 176.69 -0.761 067 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
F 0.802 176.87 0.068 068 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHj3, 2-CH4
R 0.801 176.45 -0.580 068 9 H, 2-Br, 3-Br, 4-Br, 4-Cl, 4-F, 2-OCH3;, 4-OCHs;, 2-CH;
r = correlation co-efficient; p = dope; | = intercept; s= standard deviation; n = number of substituents
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v._(cm?) = 1371.83(+9.623)-16.317, (+4.761)-13.830 o
(£5.991) )
(R=0.944, P> 90%, n=9)

v._(cm™) =1371.81(+5.064)-20.695F (3.107) — 20.191R
(+4.346) ©)
(R=0.957, P > 95%), n=9)

v, (cm) = 3321.23(52.588)-69.5810, (+31.265)+20.1500,
(+4.212) 6)
(R=0.958, P> 95%, n=9)

v, (cm) =3526.45(:44.889)-39.854F (+11.609)+22.236R
(£12.706) @
(R=0.967, P> 95%), n=9)

'H NMR spectral study

The'H NMR spectraof synthesised 3-phenyl-5-
(substitutedphenyl)-4,5-dihydro-1H-pyrazole-1-
carbothioamide derivatives (entries 25-33) under in-
vestigation have been recorded in deuteriochloroform
solution employing tetramethylsilane(TMYS) asinternd
gandard. Thesigndsof thepyrazolinering protonshave
been assigned. They have been calculated asAB or
AA’ systems respectively. The chemical shifts (ppm) of
H_ areat higher fieldsthanthoseof H and H_inthis
seriesof 1-thiocarbomyl pyrazolines. Thisisduetothe
deshidding of H, andH_whichareindifferent chemica
aswell asmagneticenvironment. TheseH_protonsgave
anAB pattern and the H, proton doubl et of doubletin
most caseswaswell separated fromthesignalsH_ and
thearométicprotons Theass gned chemicd shifts(ppm)
of the pyrazolinering H_, H and H_protons are pre-
sentedinTABLE4.

In nuclear magnetic resonance spectra, the*H or
the *C chemical shifts (8, ppm) depend on the el ec-
tronic environment of the nuclel concerned. These
chemica shiftshave been correlated with reactivity pa-
rameters. Thusthe Hammett equation may beusedin
theformasshownin(8).

Logdé=Logd,+ po (8)
Where §, isthe chemical shift of the corresponding
parent compound.

Theassigned H_, H, and H_proton chemical shifts
(ppm) of synthesi zed 3-phenyl-5-(substitutedphenyl)-
4,5-dihydro-H-pyrazol e-1-carbothioamides have
been correlated with variousHammett sgmaconstants.
Theresultsof statistical analysig?-232831.38-42 gre pre-
sentedin TABLES. The H, proton chemical shifts (S,
ppm) with Hammett 6, 6*, o, constantsand F param-
eters gave satisfactory correlations. The Hammett 6,

@Wu'c CHEMISTRY —

congtant and R parameter has shown poor corrd ations.
Thefailurein correlationisassociated with the conju-
gativestructureshowninFigure 3.

TheH, proton chemical shifts (6, ppm) of 3-phe-
nyl-5-(substitutedphenyl)-4,5-dihydro-*H-pyrazol e-1-
carbothioamidederivaiveswithHammett 6, 6*, o, con-
stantsand F parameters had shown satisfactory corre-
lation. All correlaion gavepositivep values. excluding
Hammett o* constants. The poor correlationisdueto
the absence or incapability The resonance component

/ C

N —_— Q_CH3
/'L i

H,N™ s

Figure3: Theresonance-conjugativestructure

of thesubgtituentswerefail in corrdaion. Thisisdueto
theinability of transmittance of resonance effects of
substituent on the H, proton chemical shiftsanditis
associated with the conjugative structureshownin Fg-
ure3.

Theresultsof satistica andysisof H_proton chemi-
cal shifts (8, ppm) with Hammett substituentsare pre-
sented in TABLE 5. TheH, proton chemicd shiftswith
Hammett 6, and F parameters gave satisfactory cor-
relaionexdudingH subgtituent. Theremaining Hammett
substituent constantsand R parameter has shown poor
correlation with H_ chemical shifts (5, ppm) of the
pyrazoline-1-carbothioamides. Thefailurein correla-
tion wasthereasons stated earlier and associated with
conjugativestructure shownin Figure 3.

Inview of theinability of theHammett  constants
to produce satisfactory correlation individudly, the au-
thorsthink that it isworthwhileto seek multiple corre-
lationsinvolving either o, and o, constants or Swain-
Lupton’s'* Fand R parameters. Thecorrelation equa:
tionsfor H__proton chemica shifts (6, ppm) aregiven
in(9)-(14).
8H P = 3.059(20.165) - 0.298(0.0415, — 1.319
(£0.448)0,, 9
(R=0.977, P> 95%, n=9)
8H_P™ = 3.092(+0.147) - 0.552(=0.321) F — 1.344
(£0.418) R
(R=0.979, P > 95%, n=9)
dH, P = 3.777(0.067) + 0.361 (£0.160) 5,+0.062

(10)
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(0.011)5,

(R=0.966, P> 95%, n=9)

3H %™ = 3.790(0.063) + 0.349 (20.0165) F +0.214
(£0.018) R

(R=0.966, P > 95%, n=9)

8H °m = 6,077(:0.080) - 0.223(:0.020)s, - 0.029
(£0.002)c,,

(R=0.942, P> 90%, n=9)

8H °m = 6,081(0.073) - 0.220 (20.091) F +0.022
(£0.020) R

(R=0.946, P > 90%, n=9)

3C NMR spectra

Chemistsand physicd organic chemistry research-
erg?.2328:31.3-42 haye made extensive study of *CNMR
spectrafor alarge number of ketones, styrenes and
keto-epoxides. Inthelr investigations, they studied the
linear Hammett corre ation of the chemica shifts(ppm)
of vinyl and carbonyl carbonswith Hammett ¢ con-
gants, Fand R parametersusing singleand multi-linear
regression analyses. In the present investigation, the
chemicd shifts(, ppm) of pyrazoline-1-carbothicamide
ring C=N and C=Scarbon havebeen assigned and are
presented in TABLE 4. Attempts have been madeto
correl atethe above assigned carbon chemicd shifts (6,
ppm) with Hammett substituent constants, field and
resonance parameterswith thehel p of singleand multi-
regression analysesto study the reactivity through the
effect of substituents.

Thechemicd shifts(5, ppm) observed for theC=N
and C=Sof synthesised pyrazoline-1-carbothicamides
have been correlated with Hammett substituent con-
gantsand theresultsof Satistical andysisare presented
in TABLE 5. The C=N chemical shifts (5, ppm) has
shown satisfactory correlation with Hammett o, 6%, 5,
substituent constants and F parameters excluding 2-
CH, substituents. The resonance components of the
substituentswerefail in correlations. Thisisduetoin-
capability of transmittance of the resonanceeffect of
the substituents onthe C=N carbon chemical shifts (5,
ppm). Thechemical shifts (5, ppm) observed for the
C=Scarbonof the pyrazoline-1-carothioamides has
been corrdated satisfactorily with Hammett 6, 6* and
o, constants excluding H, 2-OCH,, 4-OCH, and 2-
CH, substituents. Theremaining Hammett substituent
constant, F and R parameterswerefailingin correla
tions. Thefailureinthe correlation wasdueto therea-
son stated earlier and it is associated with the reso-

(1)

(14)

(13)

(14)

—= Pyl Peper

nance - conjugative structureshownin Figure 3.
Inview of theinability of somec constants to pro-

duceindividually satisfactory correlation, theauthors

think that, it isworthwhileto seek multiplecorrelation

involving either ¢, o or Fand R parameters®l. The

generated corrdation equationsaregivenin (15) to (18).

8., ®™ = 156.08(0.513)-2.558(0.128)c,-1.29

(+0.138)c,,

(R=0.963, P> 95%, n=9)

0. (ppm) =155.97(% 0.446)-2.471(+0.115) F -1.832

(£0.162)R (16)

(R=0.969, P> 95%, n=9)

8. PPM = 176.588(+0.521)+0.448(+0.132)0,-0.568

(+0.143)c,, 17)

(R=0.926, P> 90%, n=9)

8. PP™ =176.784(:0.500)-0.223 (+0.029) F -0.662

(£0.14)R

(R=0.956, P> 95%, n=10)

(15)

(18)

CONCLUSION

Some pyrazolines-1-carbothioamidesincluding 3-
phenyl-5-(substitutedphenyl)-4,5-dihydro-H-
pyrazole-1-carbothioamides have been synthesi sed by
microwaveass sted SO,:H,PO, catalyzed solvent free
cyclization of chal conesand thiosemicarbazide. The
yields of the synthesized pyrazolines-1-
carbothioamides are morethan 85%. The correlation
study of infrared v(cm?) of C=N, C=Sfrequencies,
'H and *C NMR chemical shifts (3, ppm) of H__and
C=N, C=S, of 3-phenyl-5-(substitutedphenyl)-4,5-
dihydro-tH-pyrazol e-1-carbothi oamides have shown
satisfactory correlationsin both single and multi-re-
gression analyses.
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