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Abstract

A  practical synthesis of cis bislactams has been  executed using
Chloromethylenedimethylammonium chloride (Vilsmeeagent), prepared easily from N, N-
dimethylformamide and Phosphorus Oxychloride imu.sit works out as a versatile acid
activator reagent for the direct [2+2] ketene—imiaéiernate cycloaddition of aromatic acetic
acid and bis-imines in one-pot synthesis under mdldction conditions proving as a high
yielding protocol forbis-g-lactam. This protocol has been proved to be higiding, efficient
and cheap for cidis-p-lactam synthesis. Some of physic-chemical pragerissociated with
bis-p-lactam have been discussed.
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INTRODUCTION

The B-Lactam nucleus is the key to the biological atyivof a large class of compounds

characterized by the presence of this four-memberagl and differentiated by side chains,

unsaturations, heteroatoms, and, in many casethebgresence of five- or six-membered rings.
The successful application pflactam antibiotics in the treatment of infectialiseases has been

well documented for many years [1]. The potents# of somé-lactams as therapeutic agents
for lowering plasma cholesterol levels [2,,34s inhibitors of enzymes such as thrombin [4],
HLE (human leukocyte elastase) gjd the protease, responsible for capsid assemblyigal
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maturation of HCMV (human cytomegalovirus), [&ds been documented as well. PRiactam
structure is also the essential scaffold of sevardhgonists directed to the vasopressin V1
receptor, [7]and 2-azetidinones have been reported to show @gispinducing properties
against human solid tumor cell lines.[8]ue to the large pharmacological potential andafse
the B-lactam systems, intensive research has generatedrous methods for synthesizing this
skeleton. In addition to its use in the synthedisariety of f-lactam antibiotics, th@-lactam
skeleton has been recognized as a useful buildodk by exploiting its strain energy associated
with four member ring [9]. Efforts have been madeekploring such new aspects Bfactam
chemistry using purp-lactams as versatile intermediates for organi¢heges [10]. Ojima et al.
[11] have shown the utility of big-lactams for the synthesis of peptides. The symhesis$-
lactams, in general, has been reported by a step-wonstruction op-lactam rings [12]. In
continuation of our work on the synthesispefactams (Monobactams) [13] and Iflidactams,
[14] we were interested in building Hislactams from bisimines using the Staudinger
cycloaddition reaction employing newer reagents.

Among the various methods available for the synshesf B-lactams, the Staudinger
cycloaddition reaction (ketene—imine cycloadditieaction) is the most widely used [15] mainly
because of the simplicity in reaction procedurdss Thethod has been used for the synthesis of
a large number of monocyclic, bicyclic, tricyclindaspirocyclicB-lactams [16]. The ketenes are
commonly generated in situ from acyl halides inphesence of tertiary amines [17]. In addition
to the utilization of acyl halides, a variety ofhet methods have been described to activate
carboxylic acids [18]. These methods are conveatipruseful when the acid halides are not
commercially available, difficult to prepare or whéhey are unstable. Some acid activating
agents include 1, 1-carbonyldi-imidazole [19], piiwsgene [20], ethyl chloroformate [21],
trifluoroacetic anhydride [22], p-toluenesulfonyhloride [23], phosphorus-derived reagents
[24], cyanuric chloride [25], the Mukaiyama reagi@] and acetic anhydride [27].

Herein this communication, we wish to report thatbgsis of bif-lactams using Vilsmeier
reagent. Chloromethylenedimethylammonium chlorMés(neier reagent) has been known as a
formylating agent [28]. It has also emerged asfAaient synthetic auxiliary for the synthesis of
some important class of organic compounds. Thigenduolid is easily synthesized by reaction of
N, N-dimethylformamide (DMF) and chlorinating agerdguch as POglor SOC} [29]. This
reagent was reported for the synthesis of monobechy A. Jarrahpour [31]. We have extended
its applicability in the synthesis of bislactams by generating it in situ. In our methady, we
have generated this reagent in situ using DMF a@@IPin dichloromethane as reported [32]. In
this paper we wish to describe the versatility andity of the Vilsmeier reagent for the
activation of carboxylic acids in bHactam synthesis under simple and mild reaction
conditions. It has proved to be a high yieldingtpool for the synthesis of bjglactams.

RESULT AND DISCUSSION

Chemistry:

We selected 1, 2-diaminobenzene for the preparabiovarious bisimines from different
aldehydes and this imine were used for the construof bis$-lactams. The bisimine3 a—h
were prepared by refluxing 1, 2-diaminobenzene wathmole equivalent of aldehydes
(benzaldehyde, 2-hydroxybenzaldehyde, 4-hydroxydleehyde, 2-nitrobenzaldehyde, 3-
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nitrobenzaldehyde,  4-methoxybenzaldehyde, 4-fluemabldehyde and  4-N, N-
dimethylaminobenzaldehyde in ethanol for about 1.%50hrs as shown i&cheme laccording to
known method”. Crude bis-imines were recrystallized with hot naeiol.

NH»
Ethanol, Reflux
Oi + R-CHO 1- 1.5 hr.
R—C=—N N—/C—R
NH; H H

1 2a-h 3a-h

2a3a R=GHs , 2e.3e R=3-NGCeH,
2b,3b R=2-OHGH,  2f3f R=4-N,N-CgH3(CHs),
2¢,3c R=4-OHGH,, 29,3y R=4-OMe-GH,,
2d,3d R=2-NQCgH, 2h,3h R=4-F-GH,,

Scheme 1. Synthesis of bis-imines 3 a-h.

Chloromethylenedimethylammonium chloride was prepared from DMF and phosphorus
oxychloride in dry CHCI, as reported®. We have successfully employed the Vilsmeier raige
for the one-step cycloaddition reaction of varioughes3 a-h and phenoxyacetic acid to obtain
bisf-lactams5 a-h (Scheme 2 Solution of Chloromethylenedimethylammonium clde 4
was added to a solution of mixture of acid, imiaes triethylamine in CkCl, between O to -
5°C and the reaction mixture was stirred at roompierature for 10 h. The usual work-up and
then crystallization from hot methanol gave purgfblactams5 a-hin high yields. We found
that this method was very efficient, simple ancanleThe DMF and triethylammonium salt are
two by-products, which were removed by simple agsasork-up. In all cases the cycloaddition

afforded onlycis, cis bisB-lactamss a-h

Me, cl
N—C=0+Cl|—P-ClI
Me H @)

In Situ | CH,Cl,, 0°C

g Me Y H R o © R
R—C=N N=C—R ,N%C| \—i
H ME , Cl, CH.CI,, N N R
1) EGN,0to -C. R %;g
2) RT, 10 Hrs.

3 a-h 5 a-h

3a,5a R=GHs , 3e,5e R=3-NG@CgH,
3b,5b R=2-OHGH, 3f, 5f R=4-N,N-ph(CHz), R'= —o-@
3c,5c R=4-OHGH,, 3g, 5 R=4-OMe-GH,,

3d,5d R=2-NQCgH,4 3h, 5h R=4-F-GHy,,

Scheme 2. General synthesis of bfstactam products 5 a-h.

The cis steriochemistry for bi§-lactam5 a-h was assigned on the basis'sf NMR spectral
analysis. ThéH NMR spectra showed two doublets between 5.305a62 ppm for ci-lactam
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ring protons (J=4.6 to 4.8 Hz fars B-lactam protons). The absence of —CH=N protorts @h
show the azetidinone ring formation. The IR speofrthe bis-imine8 a-hwere compared with
those of the big-lactams in order to draw conclusion on cycloadditiThere were some guide
peaks in the spectrum of the bis-imines and bistas, which were helpful in achieving this
goal. The position and the intensities of thes&kpe@ae expected to change upon cycloaddition.
In the spectrum of bis-imines, the characteristisomption around 1620-1655 thcan be
assigned to (-C=Nazomethine linkage which disappears in the specobtithe bisp-lactams
confirming the acheivment of cycloaddition. In thgectrum of bis-lactams, the characteristic
absorption around 1770-1750 thtan be assigned to (-C=0) linkage. The mass spetthese
compounds displayed a molecular ion peak at thespective m/z values which are
corresponding well with the respective molecularsgaAll the compounds have given the
satisfactory elemental analysis.

We believe that monp-lactam is initially formed by the reaction of thest stable bis-imine ¥
approach) with ketene. The approach of the ketertha Staudinger cycloaddition reaction is
such that the steric interaction between the aryujg of the imine and phenoxy group of the
ketene is minimum in

| st Approach

11 nd Approach Q ? @
N
x
HC
NN
o HC\

Ketene Generated Insnu\© Q

Scheme 3. Approaches in the formation dfis, cis bis-B-Lactam.

the transition stateScheme 3 resulting in the formation otis-B-lactam. However, the
formation of trang-lactam is unfavorable due to severe steric intemadetween the aryl group
of imine and phenoxy group of ketene in the trémsitstate. The mong@-lactam further
undergoes cycloaddition reaction with the secondeoute of ketene to give bjslactam
(Scheme 3. The approach of the second ketene towards timeiis from the opposite site of the
preformed azetidinone ring to give lfidactamb5a. In this approach, the ketenes are generated
not from the acid chlorides but directly from thertwoxylic acid using Vilsmeier reagent. Thus,
the Staudinger reaction of imines with carboxylaa using Vilsmeier reagedtas an activator
proceeded smoothly under milder reaction conditiéssacid chlorides are usually unstable, this
approach is quite practical as starting carboxgtd can be easily handled and stored as
compared to respected acid chloride.

In vitro antimicrobial screening:
The agar cup plate method using Hi-Media agar nmedias employed to study the antibacterial
activity of 5 (a-h) againstS. aureusp. vulgaris P. aeruginosaand E. coli. Preparation of
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nutrient broth, subculture, base layeedium, agar medium and peptone water was doneeas t
standard procedure. Each test compo{ttdmg) was dissolved in dimethylformamide (50 mL,
1000pug/mL), which was used as samgl@ution. Sample size for all the compounds wasdix
at 0.1 ml. Using a sterilized cork borer, cupsre scooped out of Agar medium contained in a
petri dish which was previously inoculated with theeroorganisms. The test compound solution
(0.1 mL) was added in the cups and the petri digl@esubsequently incubated at 37 °C for 48
h. Ampicillin and Streptomycin were used as refeeemlrugsand dimethylformamide as a
negative control. Zones of inhibition produced lagle compound wemaeasured in mm, and the
results are listed in Table 1.

The prepared compounds were examined against taimstach of Gram-positive and Gram-

negative bacteria. The test results, presentedabieTl, suggest that compourds 5c, 5f and

5h are highly active against two strains each of Gparsitive and Gram-negative bacteria

showing the broadest spectrum of antibacterial/égtiThe rest of the compounds were found to

be moderately active, slightly active or inactivgaimst the tested microorganisms. The results
show that the prepared compounds are toxic agdiediacteria.

Table 1. Antibacterial activity of compounds (5a)5h).

Gram (+) bacteria Gram (-) bacteria
Compd. A B C D
5a +++ ++ - -
5b +++ +++ +++ ++
5¢c ++ ++ + +
5d ++ - - +
5e + - + -
5f +++ ++ +++ ++
59 ++ - - +
5h + ++ + +
AMP +++ ++ ++ +++
STREP +++ +++ +++ +++

AMP: Ampicillin; STREP: Streptomycin. A: S.aureuB; P.vulgaris; C: E.coli; D: P.aeruginosa. Inactive-
(inhibition zone < 5 mm); slightly active = + (iddiiion zone 5-10 mm); moderately active = + + (bition zone
10-15 mm); highly active = + + + (inhibition zonels mm).

CONCLUSION

In conclusion, we have  shown the  application and rsatdity  of
chloromethylenedimethylammonium chloride (Vilsmereagent) as an acid activator for the
synthesis of big-lactams under mild reaction condition via ketengne cycloaddition
reactions. The Vilsmeier reagent was easily prepaem cheap and available materials in situ.
It works out as a versatile acid activator reagentthe direct [2+2] ketene—imine alternate
cycloaddition of aromatic acetic acid and bis-insine one-pot synthesis under mild reaction
conditions proving as a high vyielding protocol fdne synthesis ofbis--lactams. The
antimicrobial screening data revealed that compsbbgd5c, 5fand5h are highly active against
two strains each of Gram-positive and Gram-negdiaateria showing the broadest spectrum of
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antibacterial activity. The rest of the compoundsrevfound to be moderately active, slightly
active or inactive against the tested microorgasism

MATERIALS AND METHODS

The solvents and reagents used in the synthetik were of analytical grade obtained from
Qualigens India and were purified by distillation arystallization where necessary and their
boiling or melting points were compared with thaiéable literature valuedelting points were
determined in open capillaries and are uncorrec¢tédNMR spectra were recorded on a Perkin
Elmer FT-NMR Cryo-magnet Spectrometer 400 MHz (Bmk instrument using
tetramethylsilane (TMS) as an internal standard BRIEO-d; as a solvent. Chemical shifts are
given in parts per million (ppm). Infrared specivare recorded on Schimadzu-IR Prestige 21.
Mass spectra were recorded on a Waters MicromaBoQMicro spectrometer. The reactions
were monitored and the purity of products was cadakut on pre-coated TLC plates (Silica gel
60 F254, Merck), visualizing the spots under ulivket light and iodine chamber.

Experimental:

General procedure for the preparation of bis-imines3 a—h:

A mixture of freshly distilled benzaldehyde (2.7826.3 mmol) and 1, 2-diaminobenzene (2.20
g, 17.5 mmol) in ethanol (30 mL) was refluxed fotoll1.5 hrs. The completion of the reaction

was monitored by thin layer chromatography. Afteagpearance of the starting materials, the
reaction mixture was allowed to attain the roompgerature during which solid precipitated out.

It was filtered out and recrystallized from hot tratol. It was obtained as a yellow crystalline
solid. Following this procedure bisimin8b—h were prepared in excellent yield.

N, N-dibenzylidinebenzene-1, 2-diamine (3 a):

It was obtained as yellow solid, 87%. M.P., 12@°€2 IR (KBr): 3990, 2970, 2950, 1625, 1355
cm’. 'H NMR (CDCk): 6.95-7.60 (m, 14H, Ar), 9.30 (s, 2H, -CH=N). M®/z: 284 (M,
100%), 285 (72%), 286 (28%). Anal. Calc. foqdieN2: C, 84.48, H, 5.67, N, 9.85, Found: C,
84.42, H,5.71, N, 9.88.

N, N-bis (2-hydroxybenzylidine) benzene-1, 2-diamine (8):

It was obtained as Orange solid, 85%. M.P., 138Q4IR (KBr): 3985, 2972, 2944, 1626,
1352 cm’. *H NMR (CDCk): 12.10 (s, 2H, OH), 6.90-7.55 (m, 12H, Ar), 9(852H, -CH=N).
MS: m/z: 316 (M, 100%), 317 (67%), 318 (24%). Anal. Calc. foridieN,O2: C, 75.93, H,
5.10, N, 8.86, O, 10.11. Found: C, 75.98, H, 5N,53.90, O, 10.15.

N, N-bis (4-hydroxybenzylidine) benzene-1, 2-diamine (8):

It was obtained as Dark Yellow solid, 82%. M.P581160C, IR (KBr): 3980, 2975, 2948,
1620, 1350 cim. 'H NMR (CDCk): 12.05 (s, 2H, OH), 6.90-7.50 (m, 12H, Ar), 930 2H, -
CH=N). MS: m/z: 316 (M, 100%), 317 (65%), 318 (28%). Anal. Calc. fosdisN.O,: C,
75.93, H, 5.10, N, 8.86, O, 10.11. Found: C, 75:8%.16, N, 8.88, O, 10.14.

N, N-bis (2-nitrobenzylidine) benzene-1, 2-diamine (3)d
It was obtained as Orange solid, 88%. M.P., 122Q2IR (KBr): 3970, 2965, 2940, 1625,
1345 cn'. '"H NMR (CDCk): 6.85-7.60 (m, 12H, Ar), 9.10 (s, 2H, -CH=N). M&/z: 374 (M,
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100%), 375 (76%), 376 (27%). Anal. Calc. fosolNsOs: C, 64.17, H, 3.77, N, 14.97, O,
17.10. Found: C, 64.20, H, 3.80, N, 14.95, O, 17.13

N, N-bis (3-nitrobenzylidine) benzene-1, 2-diamine (3)e

It was obtained as Orange solid, 86%. M.P., 142Q4IR (KBr): 3974, 2970, 2940, 1630,
1347 cnt. *H NMR (CDCk): 6.80-7.55 (m, 12H, Ar), 9.10 (s, 2H, -CH=N). M&/z: 374 (M,
100%), 375 (73%), 376 (28%). Anal. Calc. fopdi14N4O4: C, 64.17, H, 3.77, N, 14.97, O,
17.10. Found: C, 64.22, H, 3.81, N, 14.97, O, 17.14

N, N-bis (4-N, N-dimethylbenzylidine) benzene-1, 2-diame (3 f):

It was obtained as Brown solid, 79%. M.P., 140-C43R (KBr): 3981, 2975, 2944, 1635, 1340
cm™. *H NMR (CDCk): 3.44 (s, 12H, N-Ch), 6.75-7.65 (m, 12H, Ar), 9.14 (s, 2H, -CH=N).
MS: m/z: 370 (M, 100%), 371 (73%), 372 (30%). Anal. Calc. forldeN4 C, 77.80, H, 7.07,
N, 15.12. Found: C, 77.80, H, 7.07, N, 15.12.

N, N-bis (4-methoxybenzylidine) benzene-1, 2-diamine (§:

It was obtained as Yellow solid, 76%. M.P., 115Cl IR (KBr): 3966, 2967, 2945, 1640,
1345 cnt. *H NMR (CDCh): 3.95 (s, 2H, O-Me), 6.77-7.60 (m, 12H, Ar), ® (s, 2H, -CH=N).
MS: m/z: 344 (M, 100%), 345 (72%), 346 (25%). Anal. Calc. foridoN.O.: C, 76.72, H,
5.85, N, 8.15, O, 9.23. Found: C, 76.76, H, 5.878 M9, O, 9.26.

N, N-bis (4-fluorobenzylidine) benzene-1, 2-diamine (B):

It was obtained as Yellow solid, 86%. M.P., 1050) IR (KBr): 3975, 2981, 2950, 1650,
1355 cnt. 'H NMR (CDCk): 6.76-7.45 (m, 12H, Ar), 9.18 (s, 2H, -CH=N). M8&/z: 316 (M,
100%), 317 (65%), 318 (28%). Anal. Calc. fosl1eN.O2: C, 74.99, H, 4.41, N, 8.75. Found:
C, 75.05, H, 4.46, N, 8.78.

A typical procedure for the preparation of bisfi-lactams 5 a—h:

In a 100 ml Round bottom flask, (1.0 g, 3.52 mnim$-imine 3a was charged followed by (10
ml) dichloromethane. To it (1.07 g, 7.04 mmol), Rineyacetic acid followed by (1.42 g, 14.08
mmol), triethylamine was charged. It was chilled30C. To a separate 50 ml flask, (1.2 g, 8.04
mmol), POC4 solution in (10 ml) dichloromethane was preparBlde solution was cooled to
10°C and a solution of DMF (0.50 g, 6.7 mmol), inmb dichloromethane was added over 10
minutes maintaining the temperature between 1Gt&€ 1When the addition was complete, the
mixture was allowed to stir at room temperature30rmin. This Vilsmeier solution was then
added gradually to the above prepared bis-iminaitisol over 15 min, maintaining the
temperature between 0 and -5°C. After the additi@s complete, the reaction mixture was
allowed to warm up to room temperature and stifoed10 h. The reaction mixture was then
washed with water (2 x 20 ml), saturated sodiunationate solution (20 ml) and saturated brine
solution (20 ml). The organic layer was then dreer anhydrous N&O,, and concentrated to
give the crude big-lactams. It was recrystallized from hot methamogive pure big-lactams.
Following this procedure oth@rlactamss b—hwere prepared
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1-(2-(2-ox0-3-phenoxy-4-phenylazetidin-1-yl) phenyd3-phenoxy-4-phenylazetidin-2-one
5(a):

This compound was obtained as white solid, 78%, 82p-223C, IR (KBr): 3120, 2965, 2970,
1760, 1365 cm. *H NMR (DMSO-dg): 5.22 (d, 1H, J=4.8 Hz), 5.55 (d, 1H, J=4.8 Hz)34(9,
1H, J=4.6 Hz), 5.67 (d, 1H, J=4.6 H$50-8.61 (m, 22H, Ar-H). MS: m/z: 552 (IM100%),
553 (71 %), 544 (52 %). Anal. Calc. ford23N.04: C, 78.24, H, 5.11, N, 5.07, O, 11.58.
Found: C, 78.28, H, 5.16, N, 5.11, O, 11.62.

4-(2-hydroxyphenyl)-1-(2-(2-(2-hydroxyphenyl)-4-oxe3-phenoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(b):

This compound was obtained as white solid, 80%, 82p—223C, IR (KBr): 3300, 3122, 2960,
2965, 1765, 1368 cm 'H NMR (DMSO-<g): 5.25 (d, 1H, J=4.8 Hz), 5.58 (d, 1H, J=4.8 Hz),
4.98 (d, 1H, J=4.6 Hz), 5.86 (d, 1H, J=4.6 HZ}5-8.45 (m, 20H, Ar-H), 11.10 (s, 2H, -OH).
MS: m/z: 584 (M, 100), 585 (68%), 586 (30%). Anal. Calc. fossN.Os: C, 73.96, H, 4.83,
N, 4.79, O, 16.42. Found: C, 73.98, H, 4.87, N14@, 16.47.

4-(4-hydroxyphenyl)-1-(2-(2-(4-hydroxyphenyl)-4-oxe3-phenoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(c):

This compound was obtained as Buff white solid, 883p. 186—-18€, IR (KBr): 3300, 3120,
2962, 2964, 1758, 1366 ¢m'H NMR (DMSO-dg): 5.27 (d, 1H, J=4.8 Hz), 5.57 (d, 1H, J=4.8
Hz), 4.95 (d, 1H, J=4.6 Hz), 5.88 (d, 1H, J=4.6 ,Hz347-8.50 (m, 20H, Ar-H), 11.12 (s, 2H, -
OH). MS: m/z: 584 (M, 100), 585 (73%), 586 (42%). Anal. Calc. fogld,sN.Os: C, 73.96, H,
4.83, N, 4.79, O, 16.42. Found: C, 73.99, H, 4M4%.82, O, 16.48.

4-(2-nitrophenyl)-1-(2-(2-(2-nitrophenyl)-4-oxo-3-enoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(d):

This compound was obtained as yellow solid, 77%p. i82—184C, IR (KBr): 3122, 2975,
2970, 1755, 1366 cth 'H NMR (DMSO-de): 5.21 (d, 1H, J=4.8 Hz), 5.52 (d, 1H, J=4.8 Hz),
4.88 (d, 1H, J=4.6 Hz), 5.82 (d, 1H, J=4.6 HZ}2-8.20 (m, 20H, Ar-H). MS: m/z: 642 (M
100%), 643 (62%), 644 (26%). Anal. Calc. fosld26N40s: C, 67.29, H, 4.08, N, 8.72, O, 19.92.
Found: C, 67.32, H, 4.12, N, 8.77, O, 19.98.

4-(3-nitrophenyl)-1-(2-(2-(3-nitrophenyl)-4-oxo-3-menoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(e):

This compound was obtained as yellow solid, 72%y.B05-207C, IR (KBr): 3118, 2971,
2969, 1765, 1365 cm *H NMR (DMSO-<g): 5.20 (d, 1H, J=4.8 Hz), 5.54 (d, 1H, J=4.8 Hz),
4.89 (d, 1H, J=4.6 Hz), 5.95 (d, 1H, J=4.6 HZ)50-8.26 (m, 20H, Ar-H). MS: m/z: 642 (M
100%), 644 (65%), 645 (24%). Anal. Calc. fogd,6N4Og: C, 67.29, H, 4.08, N, 8.72, O, 19.92.
Found: C, 67.34, H, 4.11, N, 8.74, O, 19.97.

4-(4-N, N-dimethylphenyl)-1-(2-(2-(4-N, N-dimethylfenyl)-4-oxo-3-phenoxyazetidin-1-yl)-

phenyl)-3-phenoxyazetidin-2-ones 5(f):

This compound was obtained as white solid, 69%, ®A—194C, IR (KBr): 3120, 2965, 2970,
1755, 1365, 1040 ¢ 'H NMR (DMSO-ds): 3.12 (s, 12H, N-Ch), 5.28 (d, 1H, J=4.8 Hz), 5.59
(d, 1H, J=4.8 Hz), 4.92 (d, 1H, J=4.6 Hz), 5.98 1Hl, J=4.6 Hz)6.65-8.45 (m, 20H, Ar-H).
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MS: m/z: 638 (M, 100%), 639 (61%), 640 (23%). Anal. Calc. fofsgN4sOs: C, 75.21, H,
6.00, N, 8.77, O, 10.02. Found: C, 75.25, H, 6M053.80, O, 10.06.

4-(4-methoxyphenyl)-1-(2-(2-(4-methoxyphenyl)-4-0x8-phenoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(g):

This compound was obtained as white solid, 71%, &Zp—180C, IR (KBr): 3122, 2965, 2970,
1762 cnm. 'H NMR (DMSO-de): 3.89 (s, 6H, O-C#), 5.25 (d, 1H, J=4.8 Hz), 5.55 (d, 1H, J=4.8
Hz), 4.78 (d, 1H, J=4.6 Hz), 5.91 (d, 1H, J=4.6 HZp2-8.40 (m, 20H, Ar-H). MS: m/z: 612
(M*, 100%), 613 (73%), 614 (30%). Anal. Calc. fogtsN.Os: C, 74.49, H, 5.26, N, 4.57, O,
15.67. Found: C, 74.49, H, 5.26, N, 4.57, O, 15.67.

4-(4-fluorophenyl)-1-(2-(2-(4-fluorophenyl)-4-oxo-3phenoxyazetidin-1-yl)-phenyl)-3-
phenoxyazetidin-2-ones 5(h):

This compound was obtained as white solid, 76%, 6p—162C, IR (KBr): 3130, 2971, 2975,
1768 cnt. 'H NMR (DMSO-dg): 5.25 (d, 1H, J=4.8 Hz), 5.58 (d, 1H, J=4.8 Hz)54(8, 1H,
J=4.6 Hz), 5.97 (d, 1H, J=4.6 HH,52-8.32d (m, 20H, Ar-H). MS: m/z: 588 {M100%), 589
(76%), 590 (34%). Anal. Calc. forsgH6FN204: C, 73.46, H, 4.45, N, 4.45, O, 10.87. Found:
C, 73.46, H, 4.45, N, 4.45, O, 10.87.
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