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Abstract

A facile synthesis of novel monocyclicans and cis-3-oxy/thio/seleno-4-pyrazoly-lactams
(5, 6) is described. The reaction of 2-methoxy/phenosydyl/phenylthio/seleno ethanoic acids
or acetoxyacetyl chloridé with pyrazolyl substituted Schi#f base8a-d using POG and EfN

in refluxing toluene furnished-lactams §, 6). These synthesize@-lactams have been
characterized by spectroscopic techniques viz. NMR, °C and "’Se), FT-IR, mass
spectrometry (EI-MS and HRMS) and elemental analySingle crystal X-ray crystallographic
study oftrans-1-(4-methoxyphenyl)-3-methoxy-4-&hloro-3-methyl-1-phenyl-H-pyrazol-4-
yhazetidin-2-onép has confirmed the molecular structure and theestdremical outcome. The
cis or trans configuration off-lactams %, 6) was assigned with respect to position of C3-H and
C4-H.

Keywords: B-Lactams, pyrazole derivativesrans and cis-3-oxy/thio/seleno-4-pyrazolyi-
lactams, X-ray crystal structure

Introduction

B-Lactam heterocyclic compounds have been reporseslyathons for the synthesis of amino
acids, alkaloids and taxoitland successfully used for medicinal applicatisnsh as cholesterol
acyl transferase inhibitors, thrombin inhibitorsynan cytomegalovirus protease inhibitors,
matrix-metallo protease inhibitors, human leukocykastase inhibitors, cysteine protease
inhibitors, apoptosis inductors, gene activators] geturn nucleator$. The biological activity
usually associated with the nature of the groupkelil to N-1, C-3 and C-4 of thglactam
molecules. Therefore, the construction of novelapgte substitute@-lactams with control of
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functionality, stereochemistry and regioselectiviigs remained a great challenge for the
synthetic organic chemist in order to enhance theactrum of biological activity, potency and
specificity.

Pyrazole substituted heterocycles have a wide eramig applications in agrochemicals,
medicine and the pharmaceutical industry. 3,4-Dsitlded pyrazole derivatives have been
shown to exhibit cyclin dependent kinase inhibit@gtivity and inhibitedin vitro cellular
proliferation in various human ceflsA series of pyrazole derivatives have been showigf
antiproliferative and antiangiogenic activities @mgh human breast (MCF-7) and cervical
carcinoma cell§® Identification of antitumor activity of pyrazole imme ethers has been well
documented. Bonesiet al® synthesized a substituted pyrazole and investigdteir potential
activity as inhibitors of angiotensin coverting gme (ACE) In literature, several reports have
demonstrated substituted pyrazole and their dévesitas inhibitors of GSKB Glycogen
synthase kinaseVEGFR2 kinasé® tyrosinasé; phagocytosis of opsonized blood cElland
arylamine N-acetyltransferade.

Bondocket al,** Radiet al,' Sahuet al,'® Barsoumet al!’ andBurgueteet al'® have
synthesized a series of substituted pyrazole arelr tderivatives possess antifungal,
antimicrobial, antibacterial and anti-inflammataagtivities. 4,5-Disubstituted pyrazoles have
been shown to exhibit potent antiviral activity exgd a broad panel of viruses in different cell
cultures (HEL Cell cultures) including hepatitis virus and Herpes simplex virus typ&2£°
Antidepressant and anticonvulsant activity of pgiazderivatives has been reported by Abdel
Aziz et al?! The recent success of pyrazole derivatives ad@uydeoside analoguésplockers
of divalent metal transporter 1 (DMTF%)and COX-2 inhibitor has further highlighted the
importance of this heterocyclic ring.

3-Methoxyg-lactams have been found to have apoptotic actaginst human leukemia,
breast, prostate and head-neck cancer cells, thdsbittng antitumor activity* 3-
Acetoxy/phenoxyB-lactams serve as the precursors to taxol, taxofarghly promising
anticancer drugs}. 3-Benzyl/phenylthio/selenp-lactams have been reported to be synthons of
biologically important heterocyclé8 Encouraged by the broad spectrum of biologicaViagiof
pyrazole derivatives anfl-lactams, it was planned to incorporate the pyrsdzoloiety into
suitably substitute@-lactams to furnish novel pyrazole substitufieldctam heterocycles.

In literature, very few reports are available foe synthesis of such type of molecules. Butetro
al.?’ have prepared 4-(pyrazol-4/5-yl)carbonyl-2-azeties via nitrilimine cycloaddition.
Parmaret al?® have preparef-lactams based oN-phenyl-3-phenyl-4-formyl pyrazole (PEP).
Banik et al? have recently reported the iodine/bismuth catalysmthesis of pyrrole substituted
N-polyaromaticB-lactams. Therefore, our present studies have l#eected towards the
synthesis of novel monocyclicans andcis-3-oxy/thio/seleno-4-pyrazolyB-lactams.

In previous studies we have demonstrated the ssisttod selenoalkanoic acids useful f&s
lactam precursors*! novel 3-thio/seleng-lactams and their Lewis acid mediated
functionalization’>®® stereoselective synthesis o€iss and trans-3-alkoxy$-lactams®®
spirocyclicp-lactams>®*** (2)- and E)-3-allylidenep-lactams?' 3-ketof-lactamé? and
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bicyclic-p-lactams*® Herein, we report the synthesis of novel monocytians and cis-3-
oxy/thio/seleno-4-pyrazolyp-lactams §, 6).

Results and Discussion

The study began with the chloropyrazolecarbaldeh3derepared from the pyrazolinorie
following a literature proceduf® (Scheme 1). The pyrazole-substituted Sthifaise8a-d were
prepared by stirring equivalent amounts of an gmete primary amine with the aldehy@e
using molecular sieves (4A) in dichloromethane ol 1, Table 1). The structures of the novel
Schiff's bases3a-d were confirmed on the basis of their NMR specttal,(**C) and CHN
elemental analysis.

@ I~ @ @
POCl, DMF__ DMF MS (4A) 4A
NHz reflux, 5 h 102°C,2t03h SCtioz%thT
CHs

3a-d

R1 = CgHs, 4-OCH3CgH,4, CH,CgHs, 4-CICH,
Scheme 1Synthesis of pyrazolyl substituted Sclsfibase8a-d.

Table 1.Pyrazolyl substituted Schiff base8a-d

Entry R' Schiffs base”  Yield®® (%)
1 C6H5 3a 85
2 4-OCH;CgH4 3b 82
3 CH2C5H5 3c 79
4 4-CICgH4 3d 87

2Yields quoted for pure, isolated productdsolated products characterized by NMR,(**C)
and elemental analysis.

The synthesis of novetans and cis-3-oxy/thio/seleno-4-pyrazoly-lactams5-6 has been
achievedvia Staudinger cycloaddition between the Sc¢hiffases3a-d and a ketene generated
from 2-substituted ethanoic acids or acid chloddeespectively (Scheme 2).

Initially, 2-(phenylthio)ethanoic acid was reactetth Schiffs base3a using phosphorus
oxychloride (POG) and triethylamine (EN) in dry methylene chloride at O °C, but this r&aT
did not afford the desired product. However, whies teaction was performed in refluxing dry
toluene and the progress of the reaction was maaitby thin-layer chromatography (TLC), it
resulted in the exclusive formation tthns3-phenylthio-4-pyrazolyB-lactam5a in excellent
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yield (Scheme 2, Table 2, Entry 1). The target pobdSa was purified by column
chromatography on silica gel using ethyl acetateahe (10:90) as eluant and was identified as
trans-1-(4-methoxyphenyl)-3-phenylthio-4-&hloro-3-methyl-1-phenyl-H-pyrazol-4-
yl)azetidin-2-one on thbasis ofH NMR spectroscopy.

-~

Cl N\N POCI;, Et3N

RX \ / or
Et;N
. | CHs; .
N
% toluene, reflux
4 3 5(@a-m, o-r) 6(n-q, s)
trans-p-Lactams cis-pB-Lactams

X=0,8S,Se

R = CH3CO, CH3, C6H5, C6H5CH2
R! = CgHs, 4-OCHCgHg, CHoCgHs, 4-CICsH,

Scheme 2Synthesis of 3-acetoxy/methoxy/phenoxy/benzyl/gttaio/seleno substituted
4-pyrazolyl$-lactamssa-m,o-rand6n-q,s

To understand the nature of the substituted etbawids or acetoxyacetyl chlorideand the
pyrazole substituted Schif bases3a-d towards Staudinger cycloaddition, the reaction was
performed by altering the R, X and Bubstituents i.e. R =¢85, CsHsCH,, CHs, CH:CO; X =
O, S, Se; R= CeHs, CHCeHs, 4-OCHCgH4, 4-CIGH, (Scheme 2, Table 2, Entries 1-19). A
successful attempt has also been made towards yiiithesis of cis-3-phenoxy/acetoxy-4-
pyrazolyl$-lactams6n, 6s when the nitrogen atom in the Sclifbase3 was substituted with a
benzyl group 3¢) instead of g-methoxyphenyl or phenyl group (Scheme 2 and Tablentry
14, 19). However, 2-methoxyethanoic acid on treatmeth Schiffs base8a-cfurnishedtrans
B-lactams50-g as the major isomers along witlis-B-lactams60o-q as the minor isomers,
respectively (Scheme 2, Table 2, Entry 15-17).

All these newly synthesized monocyclians and cis-3-oxy/thio/seleno-4-pyrazolyi-
lactams B, 6) were purified by column chromatography on silged using ethyl acetate-hexane
(10:90) as the eluant.

The structures of thedeans and cis-3-oxy/thio/seleno-4-pyrazolyfi-lactams %, 6 were
established on the basis of various spectroscagicniques viz FTIR, NMR (H, °C, "'Se),
mass spectrometry (EI-MS and HRMS) and their eleéatemalysis (solig-lactams only). The
IR absorption band in the range 1724-1755dar the C=0 of thé8-lactam ring supported the
formation of pyrazolyl-lactams5, 6 The spatial juxtaposition of the C3-H and C4-Hswa
assignedrans andcis in products5, 6 on the basis of coupling constant valugs (1.2-2.7 Hz
and J = 455.1 Hz C3-H and C4-H), respectively in thél NMR spectrg>*® The
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stereochemistry at-G and G4 of B-lactams5, 6 was established through single crystal X-ray
crystallographic studies o5p (Figure 1)* In the EIMS spectrum otrans-3-methoxy-4-
pyrazolylf-lactam 5p, a peak corresponding to the fragment [M+Naljith low intensity
confirmed the formation of the target product. Tihese peak does not correspond to the
molecular ion peak and appearsnatz 420.2 (100) [M+Nad], while the spectra display the
molecular ion peak [M+H]atm/z398.2 (61), respectively. The other prominent geakich are
present atm/z 362.2 (28) andm/z 271.1 (10.87) corresponds to »[8,0N3:0s]" and
[C13H13CINoNaOT respectively. CHN elemental analysis of the spHactams %d, 5f, 5l, 5m,

6n, 6p, 69 and the HRMS analysis @flactams %a, 5b, 5¢, 5¢ 5g, 5h, 5i, 5j, 5k, 50, 5q, 5r, 60and

6q) further confirmed the formation of the target gwots.

Table 2.3-Oxy/thio/seleno-4-pyrazolyfi-lactamsba-m,o-r and6én-q,s(Scheme 2)

Entry RX R Yield? (%) Mp (°C)
transp-lactams5 cis-B-lactams6

1 CeHsS CeHs 5a (79f - Qil
2 CeHsS  4-CHsOCsH4 5b (74Y - oil
3 CeHsS CH,CeHs 5¢ (69)° - Qil
4 CeHsS 4-CICgH,4 5d (52)° - 164-165
5 CsHsCH,S CsHs 5e (63)C — Oil
6  CgHsCHS  4-CH;OCsH. 5f (68)" - 39-40
7  CeHsCH2S  CHaCeHs 59 (56)° - Qil
8 CeHsSe  4-CH;OCsH, 5h (75) - Qil
9 CeHsSe CH,CeHs 5i (68)° - Qil
10 CeHsCH,Se CsHs 5] (71)0 — Oil
11 CeHsCH.Se  4-CH;0OCgH4 5k (66)C — Oil
12 CeHsO CeHs 51 (62) - 118-119
13 CeHsO  4-CH;OCgH, 5m (57) - 145-146
14 CeHsO CH,CeHs - 6n (61)° 109-110
15 CHzO CeHs 50 (63) 60 (20) Qil
16 CH:sO 4-CH;0CgH, 5p (65)°° 6p (22 84-85/154-155
17 CHzO CH,CeHs 5q (55 60 (28 Qil
18  CHsCOO  4-CH;OCsH. 5r (64)° - oil
19  CHsCOO CH,CeHs - 65 (69)" 123-124

2Yields quoted are for the isolated products charaed by FT-IR, NMRH, **C, "’Se).” The
structure of this molecule was also establishethfsingle crystal X-ray data (Figure £)The
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mass of the products were analyzed on the badi$-MS and HRMS (oily compounds).The
products were characterized on the basis of CHMeaMal analysis (solid compounds).

Thetrans andcis-3-oxy/thio/seleno-4-pyrazolyfi-lactamsb, 6 are air- and moisture-stable,
soluble in solvents such as dichloromethane, cfdomg acetone, toluene and ethyl acetate.
trans-4-Pyrazolylg-lactams5d, 5f, 51, 5m, 5pand cis-4-pyrazolyl$-lactamsén, 6p, 6swere
obtained as stable solids while the rest were obthas yellowish brown oils.

o O

Ketene A l

RX H 9 RX CH3COO
:l/i + P—ClI —_—> :lAj 9/C| j/i
VAR
H CI' ¢ 070 EtzN

RX\H/H 9

¢ + JPCCI
0 HO (I
; )
Cl N,
H LN
I
CH
RN ’
E isomer

"
es)

Rl’N

Ketene A l E isomer

Scheme 3.Plausible mechanism for synthesis of 3-oxy/thiefse-4-pyrazolylp-lactams5, 6.
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All these cycloaddition reactions were found tahioghly stereoselective and indicate that the
presence of different groups in the substrate nesietffect the stereochemical outcome of the
desired pyrazolyp-lactams. The plausible mechanism for the formatérrans- and cis-p-
lactams having a variety of substitutions at th& @esition is depicted in Scheme 3. The
synthesis of pyrazolyp-lactams proceeds with the generation of ketdnley treatment of 2-
methoxy-/phenoxy/benzyl/phenylthio/phenylselenocaathic acids or acetoxyacetyl chloride
with phosphorus oxychloride and triethylamine ifiwxeng toluene. Further, the nucleophilic
attack of the imino nitrogen of tHe-imine on the face of the ketere(RX = GHsO, GHsS,
CeHsSe, GHsCH,S, GHsCH,Se CHO, CH;COOQO) generating the zwitterionic intermedi&e
and C respectively, which on direct ring closure or auatory electrocyclization afforded the
stereoselectiverans andcis-3-oxy/thio/seleno-4-pyrazoly-lactams 9, 6).

The plausible mechanism included above is in a@oare with our earlier publication of
stereoselective synthesis @§ andtrans-3-alkoxy-lactams®® wheremechanistic aspects were
discussed in detail with relevance to reports abédl in the literaturé®>° In the present work,
all the 2-benzyl/phenylthio/seleno ethanoic acit#odre ketenes having/Sealkyl or aryl
groups) on treatment with pyrazolyl substitutednies givedrans-p-lactams as suggested in the
literature*®*°° Whereas, the Bose-Evans ketenes (ha@rajkyl or O-aryl groups) should give
cis-B-lactams, which have been achieved in the synttastss-3-methoxy/acetoxg-lactams
with low yield. However, this cycloaddition did naifford the targeted products at lower
temperature, therefore high temperature selectifieelgrs the formation of predominantians
B-lactams. Further, competition between the rateisomerisation and direct ring closure,
temperature and substituents plays an importarg tolards the stereoselectivity of these
Staudinger cycloadditions which is well documeritetiterature®®*2->°

The crystal structure ofrans1-(4-methoxyphenyl)-3-methoxy-4-fehloro-3-methyl-1-
phenyl-H-pyrazol-4-yl)azetidin-2-one5p was established by X-ray crystallographic analysis
(Figure 1)* It was crystallized from dichloromethane-hexanelX3s a colorless crystalline
solid suitable for single crystal X-ray diffractioA perspective view of the molecular structure
with atom numbering has been given in Figure 1.
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Figure 2. Hydrogen bonding interactions &p.

Table 3.Hydrogen bonding interactions for compolsm

Entry  Intermolecular hydrogen bond (&)  Bond Len(fif

1. 0(2).....H(6) 2.505
2, 0(3).....H(3A) 2.612

A single crystal unit of3-lactam5p exhibit intermolecular hydrogen bonding interacso
with two crystal units. The methoxy oxygen of [J(8f one crystal unit is showing hydrogen
bonding with C4—-H [H(6A)] of the other crystal unitvhereas, carbonyl oxygen of the same
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crystal unit [O(3)] shows hydrogen bonding with thkeenyl hydrogen of the pyrazole ring
[H(3A)] of the other crystal unit respectively (kg 2, Table 3). In comparison to hydrogen
bonding, quite weak intermolecular C—H interactians also present.

Representatives of all these neans andcis-3-oxy/thio/seleno-4-pyrazolyfi-lactams §, 6)
have been submitted for Molecular Docking studies &xamine their binding
affinities/interactions which will be followed by vitro screening of the best fit molecules for
their bioactivities such as antibacterial, antitwmentiviral and antimicrobial activity. Further
elaboration of the pyrazole substitutg@dactams %, 6) to potential spirocyclic and bicyclig-
lactams is underway in our laboratory.

Conclusions

In conclusion, a successful attempt has been n@aadards the synthesis of novel monocyclic
trans andcis-3-oxy/thio/seleno-4-pyrazoly-lactams. Substrate scope was also investigated by
varying the R, Rand X groups R = s, CsHsCH,, CHs, CHsCO; X = O, S, Se; R= GgHs,
CH.CeHs, 4-OCHCeH4, 4-CIGH4. The X-ray crystallographic analysis of compoubd
allowed the stereochemistry at C-3t@nsp-lactamsb to be established.

Experimental Section

General. Melting points were determined in an open capillanymelting point apparatus Perfit
GSI-MP-3. Fourier transform infrared spectra wexeorded on a Thermo Scientific Nicolet iS50
(FTIR) spectrophotometep axin cni?). *H (300 MHz),"*C (75 MHz) and 'Se (57 MHz) NMR
spectra were recorded on JEOL AL 300 (300 MHz) spateter. Chemical shifts are given in
ppm relative to MgSi as an internal standard € 0 ppm) for'H NMR, CDCk (5 = 77.0 ppm)
for *C NMR spectra and M8e ¢ = 0 ppm) for’’Se NMR spectra. The mass spectra (EI-MS
and HRMS) were obtained using a Waters Q-TOF Miassn (YB361) spectrometer
(permissible % error = 5-10 ppm). The elementallyasis (C, H, N) were recorded on Flash
2000 Organic elemental analyzer. Column chromapdgravas performed using Merck silica
gel (60-120 mesh) using ethyl acetate-hexanes @)10s8 eluant system. Reactions were
monitored by analytical thin-layer chromatograpiy.€) using Merck silica gel G using ethyl
acetate-hexanes (10:90) as an eluant system. Boaliation, TLC plates were stained with
iodine vapors or observed under UV light.

The reactions for the preparation of pyrazole stist f-lactams were carried out under dry
and deoxygenated nitrogen atmosphere. Phosphoryshlorde (Merck), triethylamine
(Qualigen), ethyl acetoacetate (Merck), phenylhguie (Hi-media) and all other commercially
available compounds/reagents/solvents were of rdagede quality and used without any
further purification. Dimethylformamide and dichtwnethane were dried and distilled over
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anhydrous calcium chloride (Caffhnd phosphorus pentoxide,(®) respectively. Toluene was
distilled under N from sodium-benzophenone immediately before use.

Starting materials pyrazolong& and pyrazolecarbaldehyd2 were prepared following the
methods described in literatufeThe IR, NMR, mass and elemental analysisIf¢t27-128 °C
(literaturé”® m.p. 128-130 °C)] an@ [138-139 °C (literatur® m.p. 140-141 °C)] are as given in
the cited reference.

Typical procedure for the preparation of Schiff's bases 3a-dA solution of the appropriate
primary amine (1 mmol) and 5-chloro-3-methyl-1-pylebH-pyrazole-4-carbaldehyde (1 mmol)
in the presence of molecular sieves (4 A) in drghylene chloride (15 ml) was stirred at room
temperature. The progress of the reaction was wmuitby TLC. After completion of the
reaction, the reaction mixture was filtered to remthe molecular sieves and the solvent was
evaporated under vacuum to yield the imine, whiels wecrystallized from methylene chloride:
hexane to afford a crystalline solid.

N-[(5’-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)methylene]benzenamine (3a). Yellow
crystalline solid; yield 85%; mp 102-103 °& NMR (300 MHz, CDCJ): 84 2.54 (3H, s, Ch),
6.94-7.47 (10H, m, ArH), 8.29 (1H, s, -N=CHYJC NMR (75 MHz, CDC}): é¢ 14.7, 114.8,
115.8, 118.3, 120.7, 124.8, 125.4, 128.1, 128.9,a,237.7, 150.4, 151.0, 152.8; Anal. Calcd.
for C;7H14CINg: C 69.03, H 4.77, N 14.21%. Found: C 68.87, H 4\N'34.13%.
N-[(5’-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-yl)methylene]-4-methoxybenzenamine

(3b). Yellow crystalline solidyield: 82%; mp 117-119 °CH NMR (300 MHz, CDCY): &y 2.54
(3H, s, CH), 3.70 (3H, s, OCH), 6.75-7.49 (9H, m, ArH), 8.31 (1H, s, -N=CHYC NMR (75
MHz, CDCh): 6¢c 14.7, 55.2, 114.2, 116.0, 121.8, 124.8, 128.2,5,289.1, 137.8, 145.7, 149.2,
149.3, 150.3, 158.0; Anal. Calcd. foggH16CIN3O: C 66.36, H 4.95, N 12.90%. Found: C 66.20,
H 4.92, N 12.85%.
N-[(5’-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-yl)methylene](phenyl)methanamine  (3c).
Yellow crystalline solid; yield 79%; mp 129-131 °& NMR (300 MHz, CDC)): &y 2.54 (3H,

s, CHy), 4.75 (2H, s, Ch), 7.21-7.53 (10H, m, ArH), 8.35 (1H, s, -N=CHYC NMR (75 MHz,
CDCl): éc 14.7, 65.9, 115.3, 124.8, 126.7, 127.4, 127.5,9.2728.1, 128.3, 128.4, 128.9,
137.8, 139.7, 150.3, 152.7, 152.8; Anal. Calcd.GeaH16CIN3: C 69.79, H 5.21, N 13.56%.
Found: C 69.61, H 5.18, N 13.49%.
4-Chloro-N-[(5'-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4’-yl)methylene]benzenamine (3d).
Yellow crystalline solid; yield 87%; mp 153-154 °& NMR (300 MHz, CDC)): &4 2.79 (3H,

s, CHy), 7.16-7.39 (9H, m, ArH), 7.50 (1H, s, N=CHJC NMR (75 MHz, CDCJ): 8¢ 12.8,
108.7, 120.2, 123.7, 126.4, 129.4, 130.2, 132.8,0,3.39.7, 147.3, 149.5, 160.3; Anal. Calcd.
for Ci7H13CIoN3s: C 61.83, H 3.94, N 12.73%. Found: C 61.65, H 3M892.68%.

Typical procedure for preparation of pB-lactams 5, 6.Phosphorus oxychloride (PO£I0.69
mmol, 1.5 equiv.) was added dropwise to a solutib&-substituted ethanoic acid (0.55 mmaol,
1.2 equiv.), Schifs base (0.46 mmol, 1 equiv.) and triethylamine §In8nol, 3 equiv.) under
nitrogen atmosphere, at refluxing temperature, wghstant stirring. The reaction mixture was
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refluxed for 3-4 h. The solvent was evaporatedtheccrude product was extracted with £CH.
The organic layer was washed with water (3 x 1Q &) HCI (3 x 10 ml), 5% NaHC{(3 x 10

ml) and brine (3 x 10 ml), then dried (}£») and concentrated. The residue was purified by
silica gel column chromatography with hexane/Et@2@:10) as eluant to afford pure products.
1-Phenyl-3-phenylthio-4-(8-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one

(5a). Yellowish brown oil; yield 79%; IRVpax cmit): 1741 (C=0);"H NMR (300 MHz, CDCJ):

8 2.21 (3H, s, Ch), 4.45 (1H, d3JnH 2.4 Hz, C4—H), 4.74 (1H, dJuH 2.7 Hz, C3-H), 6.94-
7.48 (15H, m, ArH);*C NMR (75 MHz, CDGJ): ¢ 13.0, 54.4, 58.9, 111.7, 116.7, 119.8, 124.5,
124.7, 125.1, 126.1, 127.0, 128.2, 128.3, 129.0,212129.4, 131.8, 132.6, 137.2, 137.8, 148.0,
162.6; HRMS (El)m/z[M+H] Calcd. for GsH21CIN3OS: 446.1093. Found: 446.1058.
trans-1-(4’-Methoxyphenyl)-3-phenylthio-4-(5-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-
yl)-azetidin-2-one (5b)Yellowish brown oil; yield 74%; IRV(nay cm™): 1737 (C=0);"H NMR
(300 MHz, CDC}): 8y 2.19 (3H, s, Ch), 3.64 (3H, s, OCH), 4.42 (1H, d3Jyy 2.4 Hz, C4-H),
4.69 (1H, d3Jun 2.4 Hz, C3-H), 6.64-7.43 (14H, m, ArH))C NMR (75 MHz, CDCJ): 8¢ 12.9,
29.6, 54.2, 55.0, 55.1, 58.7, 111.7, 114.3, 11118,0, 124.5, 124.6, 126.0, 128.0, 128.1, 128.8,
129.1, 130.5, 130.6, 131.8, 131.9, 132.5, 137.7,914156.3, 161.8; HRMS (Elm/z [M+H]
Calcd. for GeH23CIN3O,S: 476.1199. Found: 476.1131.
1-Benzyl-3-phenylthio-4-(3-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4’-yl)-azetidin-2-one

(5¢). Yellowish brown oil; yield 69%; IRVmaxs cmi*): 1752 (C=0):'H NMR (300 MHz, CDC}):

8n 2.07 (3H, s, Ch), 3.65 (1H, d3JHH 15 Hz, CH), 4.10 (1H, d3JnH 2.4 Hz, C4—H), 4.38 (1H,

d, 3JuH 1.8 Hz, C3-H), 4.62 (1H, dJnH 15 Hz, CH), 6.67-7.48 (15H, m, ArH)}*C NMR (75
MHz, CDCL): 6c 12.6, 44.9, 52.9, 58.4, 111.2, 124.8, 126.2, 121/28.2, 128.5, 128.7, 129.0,
129.2, 131.0, 134.2, 134.3, 137.9, 148.6, 164.9;M8R(EIl): m/z [M+H] Calcd. for
C26H235CIN3OS: 460.1250. Found: 460.1236.
1-(4'-chlorophenyl)-3-phenylthio-4-(3-chloro-3'-methyl-1’-phenyl-1H-pyrazol-4'-yl)-azeti-
din-2—one (5d).White crystalline solid; yield 52%; mp 164-165 I&; (Vmax, CM*): 1726 (C=0);

'H NMR (300 MHz, CDGJ): 8 2.20 (3H, s, Ch), 4.90 (1H, dJnH 1.8 Hz, C3-H), 5.29 (1H, d,
3J4H 1.8 Hz, C4-H), 6.82-7.46 (14H, m, ArHYC NMR (75 MHz, CDC}): ¢ 13.0, 55.7, 85.7,
110.8, 114.6, 114.8, 115.5, 118.2, 121.1, 122.8,712126.1, 128.4, 129.0, 129.5, 129.7, 129.9,
130.0, 135.5, 137.7, 148.0, 156.9, 161.4; Analc€&br GsH14CIoN3OS: C, 62.50; H, 3.99; N,
8.75; S, 6.67%. Found: C, 62.32; H, 3.91; N, 8%7.61%.
trans-1-Phenyl-3-benzylthio-4-(5-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-

one (5e).Yellowish brown oil; yield 63%; IRVnax cm™): 1740 (C=0);"H NMR (300 MHz,
CDCl): 84 2.08 (3H, s, Ch), 3.82-3.93 (2H, ntJuH 13.5 Hz, CHS), 4.15 (1H, d*JxH 2.7 Hz,
C4-H), 4.46 (1H, d®InH 2.7 Hz, C3—H), 6.96-7.45 (15H, m, ArHJC NMR (75 MHz, CDC})):

dc 12.9, 29.7, 35.3, 54.8, 56.0, 111.7, 116.8, 12824.6, 124.7, 125.1, 126.0, 127.3, 128.2,
128.6, 128.9, 129.0, 129.1, 129.2, 137.2, 137.%,713147.9, 162.9; HRMS (ElIm/z [M+H]
Calcd. for GeH23CIN3OS: 460.1250. Found: 460.1289.
trans-1-(4’-Methoxyphenyl)-3-benzylthio-4-(8-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4’'-
yl)-azetidin-2-one (5f).Yellowish solid; yield: 68%; mp 39-4@; IR (Vimax cM): 1743 (C=0);
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'H NMR (300 MHz, CDCY): 64 2.05 (3H, s, Ch), 3.63 (3H, s, OCHJ, 3.79-3.90 (2H, ddJun
19.2 Hz, CHS), 4.09 (1H, d3Juu 2.4 Hz, C4-H), 4.37 (1H, &Jun 2.4 Hz, C3-H), 6.66-7.40
(14H, m, ArH);13C NMR (75 MHz, CD(J): 8¢ 12.8, 35.2, 54.6, 55.0, 56.0, 111.8, 114.3, 118.0,
1245, 125.7, 127.2, 128.0, 128.5, 128.8, 129.0,7,3.37.6, 137.8, 147.8, 156.3, 161.8; Anal.
Calcd. for GH24CIN3O,S: C, 66.18; H, 4.94; N, 8.58%. Found: C, 65.974187; N, 8.47%.
trans-1-Benzyl-3-benzylthio-4-(5-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-

one (5g).Yellowish brown oil; yield 56%; IR nax cm™): 1756 (C=0);'"H NMR (300 MHz,
CDCL): 84 1.92 (3H, s, Ch), 3.66 (1H, d2JHH 13.2 Hz, CHS), 3.79 (1H, d3JxH 14.7 Hz,
CH.N), 3.85 (1H, d2JHH 13.5 Hz, CHS), 3.99 (1H, d3JuH 2.4 Hz, C4-H), 4.07 (1H, dJhH

2.4 Hz, C3-H), 4.52 (1H, dJnH 14.7 Hz, CHN), 7.04-7.47 (15H, m, ArH)**C NMR (75 MHz,
CDCh): 8¢ 12.6, 35.1, 45.2, 54.2, 55.1, 111.4, 124.7, 12620,.2, 127.9, 128.1, 128.5, 128.7,
128.9, 134.8, 134.8, 137.5, 137.9, 148.3, 165.1;M8R(EIl): m/z [M+H] Calcd. for
C,7H25CIN3OS: 474.1406. Found: 474.1375.
trans-1-(4’-Methoxyphenyl)-3-phenylseleno-4-(5chloro-3'-methyl-1’-phenyl-1H-pyrazol-
4'-yl)-azetidin-2-one (5h).Yellowish brown oil; yield 75%; IR nax cm): 1735 (C=0);*H
NMR (300 MHz, CDCY): 8y 2.15 (3H, s, CH), 3.65 (3H, s, OCH), 4.43 (1H, d3J 2.4 Hz,
C4-H), 4.65 (1H, d®Juy 2.1 Hz, C3-H), 6.64-7.62 (14H, m, ArHY'C NMR (75 MHz, CDCJ):

oc 13.1, 23.5, 29.3, 29.8, 37.0, 43.6, 43.7, 48.45,5%8P.1, 54.5, 55.1, 71.2, 108.0, 112.2, 114.5,
118.0, 124.7, 126.0, 126.2, 128.2, 128.8, 129.®.3,2130.9, 135.6, 138.0, 148.0, 156.4,
162.6,164.6, 172.4, 174.0Se NMR: 8se 350.5; HRMS (El): m/z [M+H] Calcd. for
Co6H23CIN3O,Se: 524.0644. Found: 524.0699.
1-Benzyl-3-phenylseleno-4-(5chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one

(5i). Yellowish brown oil; yield 68%; IRV(nax cm): 1724 (C=0);H NMR (300 MHz, CDCJ):

81 2.02 (3H, s, Ch), 3.63 (1H, d3IHH 14.7 Hz, CHPh), 4.08 (1H, d®JnH 2.1 Hz, C4—H), 4.39
(1H, d,3JHH 2.1 Hz, C3-H), 4.53 (1H, dJhH 14.7 Hz, CHPh), 6.61-7.60 (15H, m, ArH}*C
NMR (75 MHz, CDC}): oc 12.6, 29.8, 32.0, 44.1, 45.1, 50.1, 53.3, 81.2,3,1124.8, 126.1,
127.2, 127.6,127.7, 128.2, 128.3, 128.6, 128.9,01229.4, 129.5, 132.1, 134.4, 136.6, 150.3,
160.3, 164.1; HRMS (El))m/z [M+Na] Calcd. for GgH22CINsNaOSe: 530.0514. Found:
530.0625.
1-Phenyl-3-benzylseleno-4-(chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one

(5j). Yellowish brown oil; yield 71%; mp 118-119 °C; IRy, cm): 1741 (C=0);'H NMR
(300 MHz, CDC}): 84 2.10 (3H, s, Ch), 3.93-4.03 (2H, ¢*JHH 12 Hz, CH), 4.24 (1H, d3JH

2.4 Hz, C4-H), 4.52 (1H, d)uH 2.4 Hz, C3-H), 6.96-7.43 (15H, m, ArHJC NMR (75 MHz,
CDCl): 8¢ 13.4, 14.6, 23.2, 27.9, 29.8, 29.9, 30.2, 32.45,4%0.8, 54.8, 54.9, 55.5, 112.5,
117.1, 117.2, 124.7, 125.1, 125.2, 126.5, 127.8,712129.0, 129.2, 129.4, 129.6, 129.8, 136.0,
137.7, 137.9, 138.3, 138.6, 148.4, 148.5, 163.8.@6HRMS (EI): m/z [M+H] Calcd. for
Cz6H23CIN3OSe: 508.0694. Found: 508.0660.
trans-1-(4’-Methoxyphenyl)-3-benzylseleno-4-(5chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-
yl)-azetidin-2-one (5k).Yellowish brown oil; yield 66%; IRVnayx cmY): 1748 (C=0):"H NMR
(300 MHz, CDC}): 8 2.04 (3H, s, Ch), 3.59 (3H, s, OCHJ, 3.86-3.95 (2H, ddJy 15.6, 15.9
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Hz, CHSe), 4.20 (1H, d®Juy 2.1 Hz, C4-H), 4.46 (1H, dJan 2.7 Hz, C3-H), 6.65-7.38 (14H,
m, ArH); 3¢ NMR (75 MHz, CDG)): 6¢ 12.7, 27.2, 29.5, 39.0, 55.1, 111.8, 114.3, 11129,4,
125.8, 126.8, 128.0, 128.4, 128.8, 128.9, 130.7,613138.1, 147.8, 156.2, 162.8'Se NMR:
35 330.1; HRMS (El)m/z[M+H] Calcd. for G/H2sCIN3O,Se: 538.0800. Found: 538.0756.
1-Phenyl-3-phenoxy-4-(5chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one (5I).
White crystalline solidyield 62%:; IR ¢max cm™): 1767 (C=0);H NMR (300 MHz, CDCJ): 4
2.25 (3H, s, Ch), 4.98 (1H, d3JH 1.8 Hz, C4-H), 5.37 (1H, dJxH 1.8 Hz, C3-H), 6.86-7.50
(15H, m, ArH);13C NMR (75 MHz, CDCJ): 6¢c 13.0, 55.6, 85.2, 110.9, 114.8, 115.3, 117.2,
120.1, 122.5, 124.8, 124.9, 126.5, 128.5, 129.9,312129.7, 129.9, 136.7, 137.6, 148.3, 156.9,
157.1, 162.0, 166.2; Anal. Calcd. forsH,0CIN3O,: C, 69.85; H, 4.69; N, 9.77%. Found: C,
69.69; H, 4.63; N, 9.68%.
trans-1-(4’-Methoxyphenyl)-3-phenoxy-4-(3-chloro-3’-methyl-1'-phenyl-1H-pyrazol-4'-yl)-
azetidin-2-one (5m).White crystalline solid; yield 57%; mp 145-146; IR (vmay cmi): 1726
(C=0);'H NMR (300 MHz, CDC})): 54 2.07 (3H, s, Ch), 3.64 (3H, s, OCH}, 4.42 (1H, d3Ju

2.4 Hz, C4-H), 4.69 (1H, dJun 2.4 Hz, C3-H), 6.48-7.49 (14H, m, ArHYC NMR (75 MHz,
CDCly): 6¢c 11.2, 40.4, 55.2, 86.8, 114.1, 114.4, 119.0, 121vP.4, 122.6, 126.4, 128.0, 129.0,
129.4, 134.2, 139.7, 147.6, 156.3, 157.5, 165.(0alAGalcd. for GgH2.CIN3O3: C, 67.90; H,
4.82; N, 9.14%. Found: C, 67.72; H, 4.77; N, 9.06%.
1-Phenyl-3-methoxy-4-(5-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4’-yl)-azetidin-2-one (50).
Yellowish brown oil; yield 63%:; IRVfnax cm*): 1731 (C=0);:H NMR (300 MHz, CDCY): &4
2.18 (3H, s, CH), 3.53 (3H, s, OCH}, 4.64 (1H, d3JHH 1.8 Hz, C4—H), 4.81 (1H, dJuH 1.8
Hz, C3-H, 6.97-7.45 (10H, m, ArH}?*C NMR (75 MHz, CDC)): &¢c 13.0, 54.6, 57.9, 88.7,
88.8, 111.8, 116.9, 124.4, 124.6, 125.6, 128.1,902899.2, 137.1, 137.8, 147.8, 163.2; HRMS
(EI): m/z[M+Na] Calcd. for GoH1sCIN3NaO,: 390.0985. Found: 390.0936.
trans-1-(4’-Methoxyphenyl)-3-methoxy-4-(8-chloro-3'-methyl-1’-phenyl-1H-pyrazol-4'-yl)-
azetidin-2-one (5p).Colorless crystalline solid; yield 65%; mp 84-&5 IR (vmax cmi'): 1745
(C=0); 'H NMR (300 MHz, CDCJ): 84 2.19 (3H, s, Ch), 3.55 (3H, s, OCh), 3.69 (3H, s,
OCHs), 4.64 (1H, d3J4y 1.2 Hz, C4-H), 4.79 (1H, ¢Jun 1.2 Hz, C3-H), 6.72-7.47 (9H, m,
ArH); 3¢ NMR (75 MHz, CDCY): 6¢ 13.1, 53.6, 54.8, 55.2, 58.0, 58.7, 84.7, 88.9,9,1114.5,
118.1, 118.3, 124.7, 125.8, 128.0, 128.2, 128.9,02.30.7, 130.8, 137.9, 148.0, 156.5, 162.8,
163.2; MS-EI (n/2: 420 (100, [M+Na]), 398 (61, [M+H]), 362 (28, [GiH20N30s]"), 249 (4,
[C13H13CIN,O]). Anal. Calcd. for GH»CINzOs: C, 63.40; H, 5.07; N, 10.56%. Found: C,
63.33; H, 5.07; N, 10.81%.
1-Benzyl-3-methoxy-4-(5chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one (5Q).
Yellowish brown oil; yield 55%; IRVmax cm?): 1739 (C=0);"H NMR (300 MHz, CDC})): &4
2.07 (3H, s, CH), 3.45 (3H, s, OCH), 3.78 (1H, d3JnH 14.7 Hz, CH), 4.19 (1H, dJxH 1.8
Hz, C4-H), 4.63 (1H, IHH 1.8 Hz, C3-H), 4.70 (1H, dJH 14.7 Hz, CH), 7.07-7.44 (10H,
m, ArH); °C NMR (75 MHz, CDCJ): 8¢ 13.6, 30.6, 32.0, 45.5, 54.5, 58.6, 89.3, 12528.8,
129.6, 129.7, 129.8, 158.1, 166.5; HRMS (Bi)z[M+H] Calcd. for GiH»:CIN3O,: 382.1322.
Found: 382.1306.
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trans-1-(4’-Methoxyphenyl)-3-acetoxy-4-(5-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4’-yl)-
azetidin-2-one (5r)Yellowish brown oil; yield 64%; IRVnax cm®): 1743 (C=0)H NMR (300
MHz, CDCk): 84 2.09 (3H, s, Ch), 2.21 (3H, s, CH), 3.68 (3H, s, OCh), 4.80 (1H, d3Jyy 1.8
Hz, C4-H), 5.58 (1H, d3Jyy 1.8 Hz, C3-H),6.71-7.46 (15H, m, ArH}>C NMR (75 MHz,
CDCly): 8¢ 12.9, 20.4, 29.7, 55.7, 60.8, 80.6, 111.0, 11418.5, 124.9, 126.3, 128.3, 128.9,
130.2, 137.8, 148.2, 156.8, 160.3, 169.2, 169.1,.47HRMS (EIl): m/z [M+Na] Calcd. for
C22H20CIN3NaO4: 448.1040. Found: 448.0980.
1-Benzyl-3-phenoxy-4-(5chloro-3'-methyl-1'-phenyl-1H-pyrazol-4’-yl)-azetidin-2-one (6n).
White crystalline solidyield 61%; mp 109-110 °C; IRv{ax cmi'): 1733 (C=0);"H NMR (300
MHz, CDCh): 8y 2.29 (3H, s, Ch), 3.92 (1H, d3JnH 14.4Hz, CH), 4.78 (1H, d3JmH 4.8 Hz,
C4-H), 4.85 (1H, d®HH 14.4 Hz, CH), 5.40 (1H, dJHH 4.8 Hz, C3-H), 6.77-7.43 (15H, m,
ArH); °C NMR (75 MHz, CDGJ): 8¢ 13.7, 29.8, 44.6, 53.1, 81.8, 109.0, 114.5, 115214,
122.0, 124.8, 127.1, 128.1, 128.7, 128.8, 128.9,212129.5, 134.5, 138.0, 149.5, 156.7, 164.4;
Anal. Calcd. for GgH2.CIN3O2: C, 70.34; H, 5.00; N, 9.47%. Found: C, 70.19;4:B8; N,
9.39%.
1-Phenyl-3-methoxy-4-(5-chloro-3'-methyl-1'-phenyl-1H-pyrazol-4’-yl)-azetidin-2-one (60).
Yellowish brown oil; yield 20%; IRVmax cm™): 1742 (C=0);"H NMR (300 MHz, CDC}J): &4
2.19 (3H, s, CH), 3.41 (3H, s, OCH), 4.74 (1H, d3mH 5.1 Hz, C4-H), 5.18 (1H, dJHH 3.6
Hz, C3-H), 6.97-7.52 (10H, m, ArH}*C NMR (75 MHz, CDCJ): 5c 13.2, 13.6, 22.2, 28.8,
28.9, 29.1, 29.6, 53.0, 58.5, 58.7, 84.0, 114.$.2,1116.6, 123.9, 124.2, 124.3, 124.6, 127.4,
127.7, 128.3, 128.5, 128.7, 129.1, 157.5; HRMS: (Bfg [M+Na] Calcd. for GoH1sCIN3NaO;:
390.0985. Found: 390.0936.
cis-1-(4-Methoxyphenyl)-3-methoxy-4-(8-chloro-3'-methyl-1’-phenyl-1H-pyrazol-4'-yl)-
azetidin-2-one (6p) Colorless crystalline solid; yield 22%; mp 154-185 IR (Vmax cMY): 1749
(C=0); 'H NMR (300 MHz, CDCJ): 84 2.21 (3H, s, Ch), 3.45 (3H, s, OCH), 3.79 (3H, s,
OCHs), 4.79 (1H, dJuy 4.8 Hz, C4-H), 5.20 (1H, dJuy 4.8 Hz, C3-H), 6.77-7.57 (9H, m
ArH); **C NMR (75 MHz, CDGJ): 8¢ 13.9, 53.6, 55.2, 58.7, 84.7, 109.9, 114.5, 118247,
128.0, 128.9, 130.8, 138.2, 156.5, 163.2; Analc@alor G31H,,CIN3Os: C, 63.40; H, 5.07; N,
10.56%. Found: C, 63.30; H, 5.02; N, 10.49%;
1-Benzyl-3-methoxy-4-(5chloro-3'-methyl-1'-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one (6q).
Yellowish brown oil; yield 28%; IRV cmi): 1755 (C=0);'H NMR (300 MHz, CDCJ): &y
2.20 (3H, s, CH), 3.32 (3H, s, OCHJ, 3.78 (1H, d3JnH 14.4 Hz, CH), 4.52 (1H, dJxH 4.5
Hz, C4-H), 4.57 (1H, d®JuH 4.5 Hz, C3-H), 4.71 (1H, dJnH 14.7 Hz, CH), 7.07-7.48 (10H,
m, ArH); *C NMR (75 MHz, CDCJ): 5c 13.9, 44.3, 52.7, 58.5, 85.5, 109.7, 124.7, 12128,0,
128.7, 128.9, 134.8, 138.2, 149.9, 166.1; HRMS:(El)z [M+H] Calcd. for G3H,:CIN3O,:
382.1322. Found: 382.1306.
1-Benzyl-3-acetoxy-4-(5chloro-3'-methyl-1’-phenyl-1H-pyrazol-4'-yl)-azetidin-2-one (6s).
White crystalline solidyield 69%; mp 123-124 °C; IRv{ax cmit): 1731 (C=0):"H NMR (300
MHz, CDCk): 84 2.08 (3H, s, Ch), 3.85 (1H, d>JHH 14.7 Hz, CHN), 4.68 (1H, d3JHH 4.8 Hz,
C4-H), 4.82 (1H, d®JvH 14.7 Hz, CHN), 5.68 (1H, d3JxH 4.8 Hz, C3-H), 7.04-7.27 (10H, m,
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ArH); **C NMR (75 MHz, CDCJ): &¢ 19.6, 44.7, 60.2, 60.9, 70.1, 128.1, 128.3, 128289,
132.3, 134.2, 165.0, 168.8, 170.1, 172.1; Analc@alor GoHoCIN3Os: C, 64.47; H, 4.92; N,
10.25%. Found: C, 64.32; H, 4.87; N, 10.13%.
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