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The manuscript explicates simple and convenient protocols for the diastereoselective synthesis of
functionally decorated thioxo-imidazolidines, imidazolidin-2-ones, piperazine-5,6-diones and 4,5-
dihydroimidazoles using b-lactam synthon approach with an extension towards one-pot synthesis.
Since the developed methodology does not employ either the use of Lewis acid conditions or Pd-
catalyzed customary procedures, the developed route can be easily modulated for the synthesis of
functionalized imidazoles with acid-sensitive functionalities and do not suffer from typical intricacies
associated with conventional methods.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Nitrogen containing heterocycles constitute important core
fragments in different natural products and pharmaceutical agents
imparting unique physical and biological properties.1 The chemis-
try of imidazoles, in particular, has attracted more attention re-
cently due to their reactivity and novel biological properties.
Differently substituted imidazoles have been regarded as anti-
helmintic,2 analgesic,3 antibacterial,4 antifungal,5 antiviral,6 anti-
tubercular,7 anticancer8 and COX-2/LOX inhibitors.9 In addition,
many of the substituted diaryl imidazoles are potential inhibitors of
the p38 MAP kinase,10 glucagon11 and CB1 cannabinoid receptor
antagonists12 as well as modulators of P-glycoprotein mediated
multidrug resistance (MDR).13 Fused imidazole derivatives viz.
benzoimidazoles and phenanthroimidazole14 have been used in
fabrication of light emitting devices and dye-sensitized solar cells.15

Recent advances in the areas of green chemistry and organome-
tallic chemistry have extended the utility of imidazoles as ionic
liquids16 and N-heterocyclic carbenes.17 Similarly, imidazolidin-2-
ones have shown potential as HIV protease inhibitor18 with po-
tent activity as 5HT3 antagonists19 implicated in anxiety, emesis
and drug abuse. Di-substituted imidazolidin-2-ones have been
0; fax: þ91 183 2258819 20;
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reported as potent neurokinin antagonists20 while spiro imidazo-
lidin-2-one has shown ability to protect against the epilepsy.21

They are also considered as important chiral auxiliaries to induce
stereoselectivity in reactions.22 The structural motif piperazine
diones has also been considered as a privileged scaffold with a va-
riety of therapeutic potential being an important constituent of
antibiotics, synthetic vaccines and in chemotherapy.23 They also
constitute an important class of herbicides mainly as proto-
porphyrinogen-IX oxidase inhibitors with advantage such as high
resistance to soil leaching, slow development of weed resistance24

and low toxicity.
A number of reports have appeared in the literature for the

synthesis of 1,2,4,5-tetrasubstituted imidazoles.25,26 Generally,
their synthesis involved a four-component condensation of a 1,2-
diketone, a-hydroxyketone or a-ketomonoxime with an aldehyde,
primary amine and ammonium acetate using microwaves,25a het-
eropolyacid,25b BF3$SiO2,25c silica gel/NaHSO4

25d or HClO4eSiO2
25e

and ionic liquids25f Such imidazoles have also been synthesized
by the cycloaddition reaction of mesoionic 1,3-oxazolium-5-olates
with N-(arylmethylene) benzenesulfonamides,26a hetero-Cope
rearrangement,26b condensation of a 1,2-diketone with an aryl ni-
trile and primary amine under microwave irradiation.26c However,
most of these reactions either require protic or Lewis acid condi-
tions, which are not compatible with acid-sensitive functionalities
or require amino acetal or ketal subunits prepared via several
synthetic steps. The reported protocols for the synthesis of
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imidazolidin-2-ones employed palladium catalyzed allylic alkyl-
ation,27 alkene diamination,28 ureidomercuriation29 and rear-
rangement of amino acids using bromine.30 These protocols are
invariably associated with a number of disadvantages ranging from
the isolation of complex mixture of products, alkene isomerization,
preference for (E)-alkene over the (Z)-isomer for the carboamina-
tion along with longer reaction times and incomplete conversions.

Thus, in continuationwith our pursuit for the synthesis of novel
heterocyclic compounds with medicinal potential,31 and our recent
exposure to the prospective of b-lactam synthon approach for the
synthesis of novel heterocyclic compounds,32 we have recently
reported diastereoselective synthesis of thioxo-imidazolidines en
route to multi-functionalized imidazoles.32d The present manu-
script provides a detailed account on the extension of this protocol
for the synthesis of functionalized imidazolines, imidazolidin-2-
ones and piperazine-5,6-diones.
2. Results and discussion

Thus, the treatment of racemic cis-3-azido-azetidin-2-ones 1,
prepared via Staudinger reaction,31a with sodium methoxide in dry
methanol at room temperature resulted in the isolation of equi-
molar diastereomeric mixtures of corresponding b-amino esters 2
and 3. The diastereomeric mixture of 2 and 3 was utilized as such
for further synthetic endeavours viz. an initial Staudinger reaction
with triphenylphosphine followed by the treatment with carbon
disulfide. This synthetic sequence resulted in the isolation of di-
astereomeric mixture of cis and trans (1-aryl-5-styryl-2-thioxo-
imidazolidin-4-yl)-acetic acidmethyl esters 4 and 5 presumably via
intramolecular cyclization of 2-isothiocyanato-3-methylamino-5-
phenyl-pent-4-enoic acid methyl esters (I and II) as shown in
Scheme 1. The careful chromatographic separation of 2-thioxo-
imidazolidines enabled the isolation and characterization of 4 and 5
with the help of spectral data and analytical evidences. The ste-
reochemistry assigned to 4 and 5 was on the basis of coupling
constant J¼9.6 Hz for cis-isomer and J¼5.7 Hz for trans-isomer,
respectively.

The diastereoselectivity in the above sequence of reactions has
been achieved by introducing an electrophilic site viz. iso-
thiocyanate prior to amidolysis of b-lactam ring, which would re-
sult in the preference of intramolecular cyclization over
epimerization as observed in Scheme 1. Thus, the treatment of ra-
cemic 3-azido-azetidin-2-one with triphenylphosphine and carbon
disulphide led to the synthesis of 3-isothiocyanato-1-phenyl-4-
styryl-azetidin-2-one 6. This upon amidolysis with sodium meth-
oxide resulted in diastereoselective synthesis of trans-2-thioxo-
imidazolidines 5 via aminoesters 7 as shown in Scheme 2. The
absence of even traces of 4 as well as 3-thiocarbamic acid O-methyl
ester 8 in the 1H NMR of crude reaction mixture ruled out
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Scheme 2. Diastereoselective synthesis of trans-2-thioxo-imidazolidines.
The diastereoselectively synthesized 5 was further utilized for
the synthesis of structurally diverse 4,5-dihydroimidazoles in
quantitativeyields via usual synthetic steps as depicted in Scheme3.
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The above-developed protocol has been further extended to-
wards the diastereoselective synthesis of functionalized imidazo-
lidin-2-ones and piperazine-5,6-diones. The synthetic approach
involved an initial amidolysis of racemic cis-3-amino-2-
azetidinones 13, obtained from 1 using Zn/NH4Cl reduction pro-
tocol,33 to yield the corresponding a-aminoesters 14 in a diaster-
eoselective manner. The absence of diastereomeric mixture in 13 as
was observed in amidolysis of 1 can thus be attributed to the strong
electron withdrawing nature of azido group, which makes the hy-
drogen at a-position acidic and facilitates enolization. Such enoli-
zation is, however, discouraged by the presence of polar donating
eNH2 group resulting in the isolation of corresponding cis-a-ami-
noesters 14 in a highly diastereoselective manner (Scheme 4).

Scheme 4. Diastereoselective synthesis of cis-a-aminoesters via base assisted
amidolysis.
The synthesized cis-a-aminoesters 14 were then reacted with
phenyl chloroformate to yield the corresponding cis-2-phenoxy
carbonyl amino-5-phenyl-3-arylamino-pent-4-enoic acid methyl
esters 15, which upon subsequent refluxing in toluene in the
presence of p-toluene sulfonic acid led to the isolation of 1,4,5-
trisubstituted trans-imidazolidin-2-ones 16. Similar protocol in-
volving an initial treatment of 14 with ethyl oxalylchloride with
subsequent heating in toluene in the presence of p-TsOH led to the
diastereoselective formation of 1,2,3-trisubstituted trans-pipera-
zine-5,6-diones 18 in good to excellent yields. The trans-stereo-
chemistry to these products were assigned on the basis of observed
coupling constant viz. J¼5.4 Hz for 16 and J¼2.1 Hz for 18, re-
spectively (Scheme 5).
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Scheme 5. Diastereoselective synthesis of trans-imidazolidin-2-one and piperazine-
5,6-dione.
Since the above methodology involved an initial formation of a-
aminoesters 15 and 17 having appropriately placed electrophilic
and nucleophilic viz. alkoxy and N-aryl amino groups, it was felt
worthwhile to explore the single pot version of the above synthetic
protocols. This could be achieved by introducing an electrophilic
site viz. carbonylamino and ethoxyoxalyl amino prior to the ami-
dolysis of b-lactam ring. Thus the treatment of racemic 3-amino-2-
azetidinone 13 with phenyl chloroformate/ethyl chloro-oxalyl
chloride led to the synthesis of 19/20, respectively. The amidolytic
cleavage of 19 and 20 using sodium methoxide led to the
diastereoselective formation of corresponding trans-imidazolidin-
2-one 16 and piperazine-5,6-diones 18, respectively, without the
isolation of corresponding amino esters 15 and 17. The formation of
diastereomerically pure trans-product, without the formation of
corresponding cis-isomer even in traces as confirmed by 1H NMR of
crude reaction mixture, is a consequence of bringing closer the
latent functionalities involving CeC bond rotation in the amino-
esters as shown in Scheme 6.

Scheme 6. Single-pot synthesis of imidazolidin-2-one and piperazine-5,6-dione.
3. Conclusions

In conclusion, we have urbanized a convenient synthetic pro-
tocol for the diastereoselective synthesis of functionalized thioxo-
imidazolidines, 4,5-dihydroimidazoles, imidazolidin-2-ones and
piperazine-5,6-diones utilizing b-lactam synthon protocol. The
synthesized precursors with latent functionalities can be easily
utilized for further transformations to biologically and medicinally
important imidazole/piperazine based scaffolds. Since the reaction
does not employ protic or Lewis acid conditions, the strategy can be
easilymodulated for the synthesis of imidazoles with acid-sensitive
functionalities. Further, the developed protocol for the synthesis of
imidazolidine-2-ones does not suffer from typical intricacies as-
sociated with conventional methodologies viz. the utilization of
palladium catalyst, alkene isomerization and preference for (E)-
alkene over (Z)-isomer along with incomplete conversions and
longer reaction times.

4. Experimental section

4.1. General

Melting points were determined by open capillary using Veego
Precision Digital Melting Point apparatus (MP-D) and are un-
corrected. IR spectra were recorded on a Shimadzu D-8001
spectrophotometer. 1H NMR spectra were recorded in deutero-
chloroform with Jeol 300 (300 MHz) spectrometers using TMS as
internal standard. Chemical shift values are expressed as parts per
million downfield from TMS and J values are in hertz. Splitting
patterns are indicated as s: singlet, d: doublet, t: triplet, m:
multiplet, dd: double doublet, ddd: doublet of a doublet of
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a doublet, and br: broad peak. 13C NMR spectra were recorded on
Jeol 300 (75 MHz) spectrometers in deuterochloroform using TMS
as internal standard. Mass spectra were recorded on Shimadzu
GCeMS-QP-2000 mass spectrometer. Elemental analyses were
performed on Heraus CHN-O-Rapid Elemental Analyzer. Column
chromatography was performed on a silica gel (60e120 mesh). All
the starting materials as well as the products were racemates.

4.2. Sodium methoxide assisted intermolecular amidolysis of
3-azido-azetidin-2-one

To a solution of 3-azido-b-lactam 1 (1 mmol) in dry methanol
was added a solution of sodium methoxide (0.3 mmol) in dry
methanol. The reaction mixture was allowed to stir at room tem-
perature and the progress wasmonitored using TLC using amixture
of (80:20) hexane/ethyl acetate. On completion, the reaction mix-
ture was quenched with water (10 ml) and extracted with chloro-
form (2�50 ml). The combined organic layers were dried over
anhydrous sodium sulfate and concentrated under reduced pres-
sure to yield diastereomeric mixture of b-amino esters 2 and 3 as
pale yellow viscous liquids.

4.2.1. 2(SR)-Azido-5-phenyl-3(SR)-phenylamino-pent-4-enoic acid
methyl ester (2a) and 2(RS)-azido-5-phenyl-3(SR)-phenylamino-
pent-4-enoic acid methyl ester (3a). Yellow oil. dH (CDCl3,
300 MHz): 3.77 (s, 3H, eOCH3), 3.81 (s, 3H, eOCH3), 4.38 (a pair of
d, J¼3.6, 3.9 Hz, 2H, H4, H40), 4.57 (dd, J¼6.0, 4.3 Hz, 2H, H5, H50),
6.09 (a pair of dd, 2H, J¼6.3, 6.9, 15.9, 16.2 Hz, H6, H60), 6.55e6.66
(m, 6H, H7, H70, 4H, ArH), 7.07e7.17 (m, 4H, aromatic), 7.21e7.44 (m,
12H, aromatic). dC (CDCl3, 75 MHz): 52.7, 52.8, 56.9, 57.0, 64.9, 66.2,
114.1, 114.2, 118.5, 118.8, 124.6, 126.5, 126.6, 126.7, 127.9, 128.0, 128.2,
128.5, 129.2, 129.5, 133.1, 133.8, 136.1, 145.6, 168.8, 168.9. nmax (KBr)/
cm�1 2100, 1750, 1582, 1500. m/z 323 (Mþ).

4.2.2. 2(SR)-Azido-3(SR)-(4-nitro-phenylamino)-5-phenyl-pent-4-
enoic acid methyl ester (2b) and 2(RS)-azido-3(SR)-(4-nitro-phenyl-
amino)-5-phenyl-pent-4-enoic acid methyl ester (3b). Yellow oil. dH
(CDCl3, 300 MHz): 3.78 (s, 3H, eOCH3), 3.81 (s, 3H, eOCH3), 4.36
(a pair of d, J¼3.6, 3.9 Hz, 2H, H4, H40), 4.57e4.61 (m, 2H, H5,
H50),6.09 (a pair of dd, 2H, J¼6.3, 6.9, 15.9, 16.2 Hz, H6, H60),
6.54e6.65 (m, 6H, H7, H70, 4ArH), 7.08e7.16 (m, 4H, H, aromatic),
7.25e7.46 (m, 10H, aromatic). dC (CDCl3, 75 MHz): 52.8, 52.9, 57.0,
57.1, 63.8, 64.2, 115.2, 115.3, 124.2, 126.0, 126.6, 126.7, 128.1, 128.2,
128.5, 128.6, 128.7, 129.0, 129.1, 129.3, 133.3, 134.0, 135.8, 135.9,
144.2, 144.7, 168.7, 168.8. nmax (KBr)/cm�12100, 1750, 1582, 1500.
m/z 368 (Mþ).

4.2.3. 2(SR)-Azido-3(SR)-(4-fluoro-phenylamino)-5-phenyl-pent-4-
enoic acid methyl ester (2c) and 2(RS)-azido-3(SR)-(4-fluoro-phe-
nylamino)-5-phenyl-pent-4-enoic acid methyl ester (3c). Yellow oil.
dH (CDCl3, 300 MHz): 3.79 (s, 3H, eOCH3), 3.81 (s, 3H, eOCH3), 4.18
(s, 1H, NH), 4.37 (a pair of d, J¼3.6, 3.9 Hz, 2H, H4, H40), 4.57 (m, 2H,
H5, H50), 6.09 (a pair of dd, 2H, J¼6.3, 6.9, 15.9, 16.2 Hz, H6, H60),
6.60e6.67 (m, 2H, , H7, H70, 4H, ArH), 6.85e6.91 (m, 4H, aromatic),
7.22e7.32 (m, 10H, aromatic). dC (CDCl3, 75 MHz): 52.8, 52.9, 57.2,
57.8, 63.9, 64.3, 115.4, 115.5, 115.6, 115.8, 115.9, 116.1, 124.5, 126.4,
126.6, 126.7, 128.1, 128.2, 128.6, 128.7, 133.2, 134.0, 134.8, 136.0,
141.9,142.4,168.8,168.9. nmax (KBr)/cm�1 2100,1750,1582,1500.m/z
344 (Mþ).

4.2.4. 2(SR)-Azido-3(SR)-(4-chloro-phenylamino)-5-phenyl-pent-4-
enoic acid methyl ester (2d) and 2(RS)-azido-3(SR)-(4-chloro-phe-
nylamino)-5-phenyl-pent-4-enoic acid methyl ester (3d). Yellow oil.
dH (CDCl3, 300 MHz): 3.76 (s, 3H, eOCH3), 3.80 (s, 3H, eOCH3), 4.17
(s, 1H, NH), 4.38 (a pair of d, J¼3.6, 3.9 Hz, 2H, H4 H40), 4.57 (m, 2H,
H5, H50), 6.08 (a pair of dd, 2H, J¼6.3, 6.9, 15.9, 16.2 Hz, H6, H60),
6.56e6.65 (m, 2H, H7, H70, 4H, ArH), 7.08e7.15 (m, 4H, aromatic),
7.23e7.34 (m, 10H, aromatic). dC (CDCl3, 75 MHz): 52.8, 52.9, 57.0,
57.1, 63.8, 64.2, 115.2, 115.3, 124.1, 126.0, 126.6, 126.7, 128.1, 128.2,
128.6, 128.7, 128.8, 129.1, 129.2, 129.3, 133.3, 134.0, 135.8, 135.9,
144.2, 144.7, 168.7, 168.8. nmax (KBr)/cm�12100,1750,1582, 1500.m/z
357(Mþ).

4.2.5. 2(SR)-Azido-5-phenyl-3(SR)-p-tolylamino-pent-4-enoic acid
methyl ester (2e) and 2(RS)-azido-5-phenyl-3(SR)-p-tolylamino-
pent-4-enoic acid methyl ester (3e). Yellow oil. dH (CDCl3, 300 MHz):
2.21 (s, 3H, CH3), 2.23 (s, 3H, CH3), 3.74 (s, 3H, eOCH3), 3.80 (s, 3H,
eOCH3), 4.38 (a pair of d, J¼3.3, 3.9 Hz, 2H, H4, H40), 4.58e4.63 (m,
2H, H5, H50), 6.09 (a pair of dd, 2H, J¼6.3, 6.9, 15.9, 16.2 Hz, H6, H60),
6.56e6.68 (m, 6H, H7, H70, 4ArH), 6.98 (a pair of d, 4H, J¼7.4, 6.3 Hz,
ArH), 7.02e7.34 (m, 10H, H, aromatic). dC (CDCl3, 75 MHz): 20.3,
20.4, 52.8, 52.9, 57.3, 57.4, 64.8, 66.2, 114.4, 114.5, 124.7, 126.5, 126.6,
126.7, 126.8, 127.9, 128.0, 128.2, 128.4, 128.5, 128.6, 129.7, 129.9,
133.0, 133.7, 136.1, 143.2, 168.9, 169.0. nmax (KBr)/
cm�12100,1750,1582, 1500. m/z 337 (Mþ).

4.3. Typical procedure for the preparation of diastereomeric
mixture of thioxo-imidazolidines 4 and 5

To a stirred solution of b-amino esters 2 and 3 (1 mmol) in dry
chloroformwas added a solution of triphenylphosphine (1.2 mmol)
in dry chloroform. On completion of the reaction, carbon disulphide
(5.0 mmol) was added and the solution was allowed to stir for 14 h
and the progress was monitored using TLC. The reaction mixture
was then concentrated under reduced pressure and purified via
column chromatography using (35:65) ethyl acetate/hexane
mixture.

4.3.1. 1-Phenyl-5(RS)-styryl-2-thioxo-imidazolidine-4(RS)-carboxylic
acid methyl ester (5a). Yellow oil. Found: C, 71.35; H, 3.94, N, 4.53.
C19H13NO2S requires C, 71.45; H, 4.10; N, 4.39%. dH (CDCl3,
300 MHz): 3.79 (s, 3H, eOCH3), 4.32 (d, J¼5.7 Hz, 1H, H4), 5.07 (dd,
J¼5.7, 8.4 Hz, 1H, H5), 6.12 (dd, J¼8.4, 15.9 Hz, 1H, H6), 6.48 (d,
J¼15.9 Hz, 1H, H7), 7.17e7.39 (m, 10H, aromatic), 7.42 (s, 1H, NH). dC
(CDCl3, 75 MHz): 52.8, 61.3, 67.2, 120.1, 125.6, 127.8, 128.6, 128.9,
129.2, 132.9, 134.6, 136.3, 136.9, 168.8, 183.0. nmax (KBr)/cm�1 1750,
1500, 1210. m/z 319 (Mþ).

4.3.2. 1-Phenyl-5(SR)-styryl-2-thioxo-imidazolidine-4(RS)-carbox-
ylic acid methyl ester (4a). White solid. Found: C, 71.37; H, 3.98, N,
4.52. C19H13NO2S requires C, 71.45; H, 4.10; N, 4.39%. Mp
153e154 �C. dH (CDCl3, 300 MHz): 3.69 (s, 3H, eOCH3), 4.88 (d,
J¼9.6 Hz, 1H, H4), 5.14 (dd, J¼9.3, 9.6 Hz, 1H, H5), 6.05 (dd, J¼9.3,
15.6 Hz, 1H, H6), 6.50 (d, J¼15.6 Hz, 1H, H7), 6.93 (s, 1H, NH),
7.23e7.37 (m, 10H, aromatic). dC (CDCl3, 75 MHz): 52.7, 60.2, 67.8,
121.0, 126.7, 128.7,128.8,129.1, 129.4,133.1,134.9,136.5,137.2,168.4,
182.9. nmax (KBr)/cm�1 1750, 1500, 1210. m/z 319 (Mþ).

4.3.3. 1-(4-Nitro-phenyl)-5(RS)-styryl-2-thioxo-imidazolidine-4(RS)-
carboxylic acid methyl ester (5b). Yellow oil. Found: C, 59.43; H,
4.35, N, 11.12. C19H17N3O4S requires C, 59.52; H, 4.47; N, 10.96%. dH
(CDCl3, 300 MHz): 3.86 (s, 3H, eOCH3), 4.31 (d, J¼5.7 Hz, 1H, H4),
5.10 (dd, J¼5.7, 8.4 Hz, 1H, H5), 6.17 (dd, J¼8.4, 15.6 Hz, 1H, H6), 6.51
(d, J¼15.6 Hz, 1H, H7), 6.54 (s, 1H, NH), 7.23e7.36 (m, 5H, H, aro-
matic), 7.76 (d, 2H, J¼8.7 Hz, ArH), 8.20 (d, 2H, J¼8.7 Hz, ArH). dC
(CDCl3, 75 MHz): 52.7, 61.3, 67.1, 120.4, 125.3, 127.6, 128.7, 128.6,
129.0, 132.6, 134.7, 136.5, 136.6, 168.7, 182.9. nmax (KBr)/cm�1 1750,
1500, 1210. m/z 384 (Mþ).

4.3.4. 1-(4-Nitro-phenyl)-5(SR)-styryl-2-thioxo-imidazolidine-4(RS)-
carboxylic acid methyl ester (4b). Yellow solid. Found: C, 62.56; H,
3.24, N, 7.72. C19H12N2O4S requires C, 62.63; H, 3.32; N, 7.69%. Mp
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158e160 �C. dH (CDCl3, 300 MHz): 3.71 (s, 3H, eOCH3), 4.89 (d,
J¼9.9 Hz, 1H, H4), 5.31 (dd, J¼9.6, 9.9 Hz, 1H, H5), 6.03 (dd, J¼9.6,
15.9 Hz, 1H, H6), 6.61 (d, J¼15.9 Hz, 1H, H7), 6.86 (s, 1H, NH),
7.24e7.37 (m, 5H, aromatic), 7.74 (d, 2H, J¼9.0 Hz, ArH), 8.21 (d, 2H,
J¼9.0 Hz, ArH). dC (CDCl3, 75 MHz): 52.9, 60.6, 68.4, 121.8, 127.1,
127.4, 128.8, 129.6, 129.9, 135.5, 135.9, 136.7, 137.7, 168.5, 183.0. nmax
(KBr)/cm�1 1751, 1510, 1200. m/z 384 (Mþ).

4.3.5. 1-(4-Fluoro-phenyl)-5(RS)-styryl-2-thioxo-imidazolidine-
4(RS)-carboxylic acid methyl ester (5c). Yellow oil. Found: C, 63.87;
H, 4.72, N, 8.04. C19H17FN2O2S requires C, 64.03; H, 4.81; N, 7.86%. dH
(CDCl3, 300 MHz): 3.86 (s, 3H, eOCH3), 4.34 (d, J¼5.7 Hz, 1H, H4),
5.10 (dd, J¼5.7, 8.7 Hz, 1H, H5), 6.17 (dd, J¼8.7, 15.6 Hz, 1H, H6), 6.50
(d, J¼15.6 Hz, 1H, H7), 6.68 (s, 1H, NH), 7.02e7.36 (m, 9H, H, aro-
matic). dC (CDCl3, 75 MHz): 52.8, 60.7, 68.6, 115.4, 115.7, 123.8, 126.1,
126.5, 128.0, 128.9, 133.5, 134.6, 135.7, 168.9, 182.0. nmax (KBr)/cm�1

1750, 1500, 1210m/z 357 (Mþ).

4.3.6. 1-(4-Fluoro-phenyl)-5(SR)-styryl-2-thioxo-imidazolidine-
4(RS)-carboxylic acid methyl ester (4c). White solid. Found: C,
63.93; H, 4.65, N, 8.03. C19H17FN2O2S requires C, 64.03; H, 4.81; N,
7.86%. Mp 156e158 �C. dH (CDCl3, 300 MHz): 3.69 (s, 3H, eOCH3),
4.89 (d, J¼9.9 Hz, 1H, H4), 5.12 (dd, J¼9.3, 9.9 Hz, 1H, H5), 6.07 (dd,
J¼9.3, 15.6 Hz, 1H, H6), 6.48 (d, J¼15.6 Hz, 1H, H7), 6.94 (s, 1H, NH),
7.01e7.37 (m, 9H, H, aromatic). dC (CDCl3, 75 MHz): 50.7, 58.3, 66.2,
113.8, 114.1, 119.3, 124.8, 124.9, 126.8, 127.8, 132.0, 133.1, 135.3, 166.6,
181.3. nmax (KBr)/cm�1 1750, 1500, 1210. m/z 357 (Mþ).

4.3.7. 1-(4-Chloro-phenyl)-5(RS)-styryl-2-thioxo-imidazolidine-
4(RS)-carboxylic acid methyl ester (5d). Yellow oil. Found: C, 61.00;
H, 4.42, N, 7.67. C19H17ClN2O2S requires C, 61.20; H, 4.60; N, 7.51%. dH
(CDCl3, 300 MHz): 3.78 (s, 3H, eOCH3), 4.33 (d, J¼5.7 Hz, 1H, H4),
5.07 (dd, J¼5.7, 8.4 Hz, 1H, H5), 6.10 (dd, J¼8.4, 15.9 Hz, 1H, H6), 6.47
(d, J¼15.9 Hz, 1H, H7), 7.16e7.38 (m, 9H, H, aromatic), 7.42 (s, 1H,
NH). dC (CDCl3, 75 MHz): 53.1, 61.1, 68.7.7, 124.2, 126.7, 128.5, 128.7,
128.9, 129.1, 133.1, 134.9, 136.0, 136.5, 169.3, 182.0. nmax (KBr)/cm�1

1750, 1500, 1210. m/z 373 (Mþ).

4.3.8. 1-(4-Chloro-phenyl)-5(SR)-styryl-2-thioxo-imidazolidine-
4(RS)-carboxylic acid methyl ester (4d). White solid. Found: C,
61.02; H, 4.43, N, 7.65. C19H17ClN2O2S requires C, 61.20; H, 4.60; N,
7.51%. Mp 163e164 �C. dH (CDCl3, 300 MHz): 3.70 (s, 3H, eOCH3),
4.86 (d, J¼9.9 Hz, 1H, H4), 5.14 (dd, J¼9.6, 9.9 Hz, 1H, H5), 6.04 (dd,
J¼9.6, 15.9 Hz, 1H, H6), 6.50 (d, J¼15.9 Hz, 1H, H7), 6.68 (s, 1H, NH),
7.25e7.35 (m, 9H, H, aromatic). dC (CDCl3, 75 MHz): 52.7, 60.2, 67.9,
121.0,126.7,128.7,128.7,128.8,129.1,133.2,135.0,136.5,137.3,168.2,
183.1. nmax (KBr)/cm�1 1750, 1500, 1210. m/z 373 (Mþ).

4.3.9. 5(RS)-Styryl-2-thioxo-1-p-tolyl-imidazolidine-4(RS)-carbox-
ylic acid methyl ester (5e). Yellow oil. Found: C, 72.13; H, 3.83, N,
4.62. C19H13NO2S requires C, 72.05; H, 4.53; N, 4.20%. dH (CDCl3,
300 MHz): 2.31(s, 3H, CH3), 3.86 (s, 3H, eOCH3), 4.32 (d, J¼5.7 Hz,
1H, H4), 5.12 (dd, J¼5.7, 8.7 Hz, 1H, H5), 6.19 (dd, J¼8.7, 15.6 Hz, 1H,
H6), 6.50 (d, J¼15.6 Hz, 1H, H7), 6.53 (s, 1H, NH), 7.16 (d, 2H,
J¼8.4 Hz, ArH), 7.22e7.31 (m, 7H, aromatic). dC (CDCl3, 75 MHz):
21.2, 52.8, 60.2, 67.1, 120.3, 125.4, 127.7, 128.8, 128.7, 129.1, 132.7,
134.8, 136.4, 136.7, 168.8, 183.1. nmax (KBr)/cm�11750, 1500, 1210m/
z 333 (Mþ).

4.3.10. 5(SR)-Styryl-2-thioxo-1-p-tolyl-imidazolidine-4(RS)-carbox-
ylic acid methyl ester (4e). White solid. Found: C, 71.85; H, 4.38, N,
4.32. C19H13NO2S requires C, 72.05; H, 4.53; N, 4.20%. Mp
160e162 �C. dH (CDCl3, 300 MHz): 2.30 (s, 3H, CH3), 3.69 (s, 3H,
eOCH3), 4.86 (d, J¼9.9 Hz, 1H, H4), 5.10 (dd, J¼9.9, 9.6 Hz, 1H, H5),
6.17 (dd, J¼9.6, 15.9 Hz, 1H, H6), 6.48 (d, J¼15.9 Hz, 1H, H7), 6.57 (s,
1H, NH), 7.15 (d, 2H, J¼8.4 Hz, ArH), 7.23e7.31 (m, 7H, aromatic). dC
(CDCl3, 75 MHz): 21.1, 52.6, 60.3, 68.1, 121.5, 126.7, 127.4, 128.6,
129.7, 129.9, 135.2, 135.3, 136.9, 137.6, 168.4, 183.3. nmax (KBr)/cm�1

1751, 1510, 1200. m/z 333 (Mþ).

4.4. Typical procedure for the diastereoselective synthesis of
1,2,4,5-tetrahydroimidazoles

To a stirred solution of 3-azido-b-lactams (1 mmol) in dry
chloroformwas added a solution of triphenylphosphine (1.2 mmol)
in dry chloroform. On completion of the reaction, carbon disulphide
(5.0 mmol) was added and the progress was monitored using TLC
using a mixture of (70:30) hexane/ethyl acetate. The synthesized 3-
isothiocyanato-b-lactams were purified using column chromatog-
raphywith a solution of (5:95) ethyl acetate/hexane. The purified 3-
isothiocyanato-b-lactam (1 mmol) was dissolved in dry methanol
and a solution of sodium methoxide (0.3 mmol) was added to it.
The reaction mixture after completion was quenched with water
(10 mmol) and extracted with chloroform (2�50 ml). The com-
bined organic layers were dried over anhydrous sodium sulfate,
concentrated under reduced pressure and purified via column
chromatography using a solution of (35:65) ethyl acetate/hexane to
yield trans-thioxo-imidazolines 5. To the stirred solution of thioxo-
imidazolines (1.0 mmol) in dry acetone were added K2CO3

(5.0 mmol) and the alkyl halide (1.2 mmol) at room temperature.
On completion of the reaction as monitored by TLC, the reaction
mixture was filtered, washed with water (25 ml) extracted with
dichloromethane (2�25 ml). The combined organic layer was dried
upon anhydrous sodium sulfate and concentrated under reduced
pressure to form the corresponding 1,2,4,5-tetrahydroimidazoles.

4.4.1. 1-(4-Fluoro-phenyl)-2-methylsulfanyl-5(SR)-styryl-4,5-
dihydro-1H-imidazole-4(SR)-carboxylic acid methyl ester (9). Yellow
oil. Found: C, 64.73; H, 5.29, N, 7.44. C20H19FN2O2S requires C, 64.85;
H, 5.17; N, 7.56%. dH (CDCl3, 300 MHz): 2.11 (s, 3H, CH3), 4.92 (t,
J¼9.0, 10.2 Hz, 1H, H5), 5.05 (d, J¼10.5 Hz, 1H, H4), 6.04 (dd, J¼9.0,
15.9 Hz, 1H, H6), 6.45 (d, J¼15.9 Hz, 1H, H7), 6.51 (d, 2H, J¼8.2 Hz,
ArH), 6.82 (d, 2H, J¼8.2 Hz, ArH), 7.16e7.28 (m, 5H, ArH). dC (CDCl3,
75 MHz): 18.9, 53.0, 71.6, 72.4, 117.2, 117.6, 125.3, 128.2, 129.9, 130.1,
130.4, 130.7, 137.6, 137.7, 166.2, 171.5. m/z 370 (Mþ).

4.4.2. 1-(4-Fluoro-phenyl)-2-prop-2-ynylsulfanyl-5(SR)-styryl-4,5-
dihydro-1H-imidazole-4(SR)-carboxylic acid methyl ester (10).
Yellow oil. Found: C, 67.50; H, 3.72, N, 7.31. C19H17FN2O2S requires C,
67.68; H, 3.87; N, 7.18%. dH (CDCl3, 300 MHz): 2.24 (t, J¼1.5, 2.7 Hz,
1H, acetylinic), 3.65 (s, 3H, eOCH3), 3.94 (dABq, 2H, J¼1.5, 2.7,
11.2 Hz, CH2), 4.95 (dd, J¼9.0, 10.2 Hz, 1H, H5), 5.05 (d, J¼10.5 Hz,
1H, H4), 6.08 (dd, J¼9.0 Hz, 15.9 Hz, 1H, H6), 6.44 (d, J¼15.9 Hz, 1H,
H7), 7.00 (d, 2H, J¼9.0 Hz, ArH), 7.16e7.28 (m, 7H, H, aromatic). dC
(CDCl3, 75 MHz): 37.0, 53.3, 71.8, 72.9, 73.3, 80.0, 117.5, 117.8, 125.1,
128.1, 129.8, 130.0, 130.1, 130.2, 137.3, 137.4, 166.4, 171.8. m/z 391
(Mþ).

4.4.3. 2-Ethylsulfanyl-1-(4-fluoro-phenyl)-5(SR)-styryl-4,5-dihydro-
1H-imidazole-4(SR)-carboxylic acid methyl ester (11). Yellow oil.
Found: C, 65.48; H, 5.60, N, 7.44. C21H21FN2O2S requires C, 65.60; H,
5.51; N, 7.29%. dH (CDCl3, 300 MHz): 1.27 (t, J¼7.2 Hz, 3H, CH3), 3.15
(q, J¼7.2 Hz, 2H, CH2), 4.95 (t, J¼9.0, 10.2 Hz, 1H, H5), 5.02 (d,
J¼10.5 Hz, 1H, H4), 6.07 (dd, J¼9.0, 15.9 Hz, 1H, H6), 6.47 (d,
J¼15.9 Hz, 1H, H7), 6.53 (d, 2H, J¼8.2 Hz, ArH), 6.87 (d, 2H, J¼8.2 Hz,
ArH), 7.12e7.31 (m, 5H, ArH). dC (CDCl3, 75 MHz): 15.9, 19.7, 53.2,
71.8, 72.5, 117.8, 118.3, 125.8, 128.0, 129.9, 130.2, 130.8, 131.2, 137.6,
137.9, 166.5, 171.9. m/z 384 (Mþ).

4.4.4. 1-(4-Fluoro-phenyl)-2-methylsulfanyl-5-styryl-4,5-dihydro-
1H-imidazole-4-carboxylic acid methyl ester (12). Yellow oil. Found:
C, 65.69; H, 5.29, N, 7.01. C22H22FN2O2S requires C, 66.65; H, 5.34; N,
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7.07%. dH (CDCl3, 300 MHz): 4.04(d, J¼1.4 Hz, 2H, eCH2e), 3.64 (s,
3H, eOCH3), 4.93 (d, J¼9.0, 9.6 Hz, 1H, H5), 5.05 (d, J¼9.6 Hz, 1H,
H4), 5.17 (m, 2H, allylic eCH2e), 5.7 (m, 1H, CH), 6.07 (dd, J¼9.0,
15.9 Hz, 1H, H6), 6.45 (d, J¼15.9 Hz, 1H, H7), 7.04 (d, 2H, J¼8.6 Hz,
ArH), 7.16e7.28 (m, 7H, H, aromatic). dC (CDCl3, 75 MHz): 28.2, 53.3,
63.2, 67.9, 115.9, 117.5, 117.8, 125.1, 128.1, 129.8, 130.0, 130.1, 130.2,
132.7, 137.3, 137.4, 166.4, 171.8. m/z 397 (Mþ).

4.5. Typical procedure for the sodium methoxide assisted
intermolecular amidolysis of 3-amino-azetidin-2-one

To a solution of 3-amino-b-lactam 13 (1 mmol) in dry methanol
was added a solution of sodium methoxide (0.3 mmol) in dry
methanol. The reaction mixture was allowed to stir at room tem-
perature and the progress wasmonitored using TLC using amixture
of (60:40) hexane/ethyl acetate. On completion, the reaction mix-
ture was quenched with water (10 ml) and extracted with chloro-
form (2�50 ml). The combined organic layers were dried over
anhydrous sodium sulfate and concentrated under reduced pres-
sure to yield cis-a-amino ester 14 as pale yellow viscous liquid.

4.5.1. 2(SR)-Amino-5-phenyl-3(RS)-phenylamino-pent-4-enoic acid
methyl ester (14a). Yellow liquid. Found: C, 72.87; H, 6.92, N, 9.52.
C18H20N2O2 requires C, 72.95; H, 6.80; N, 9.45%. Yield: 90%. dH
(CDCl3, 300 MHz): 3.68 (s, 3H, eOCH3), 4.42 (dd, J¼5.4, 9.0 Hz, 1H,
H2), 4.7 (d, J¼5.4 Hz, 1H, H1), 6.15 (dd, J¼9.0, 15.9 Hz, 1H, H3), 6.68
(d, J¼15.9 Hz, 1H, H4), 6.83e7.04 (m, 5H, ArH), 7.14e7.30 (m, 5H,
ArH). dC (CDCl3, 75 MHz): 50.4, 61.0, 61.8, 112.4, 116.5, 123.6, 126.2,
127.3, 127.7, 128.4, 129.5, 134.7, 143.5, 172.0. m/z 296 (Mþ).

4.6. Typical procedure for the diastereoselective synthesis of
imidazolidin-2-one and piperazine-5,6-dione

To a stirred solution of cis-a-amino ester (1 mmol) in a dry
chloroform was added phenyl chloroformate/ethyloxalyl chloride
(1 mmol) at 0 �C and the solution was allowed to stir for 2 h. The
progress of reaction was monitored by using TLC and on comple-
tion, the reaction mixture was treated with a saturated solution of
sodium bicarbonate and extracted with chloroform (2�50 ml). The
combined organic layer was dried over anhydrous sodium sulfate
and concentrated under reduced pressure to yield cis-2-phenoxy
carbonyl amino-5-phenyl-3-arylamino-pent-4-enoic acid methyl
esters 15/cis-2-(ethoxy oxalyl amino)-5-phenyl-3-arylamino-pent-
4-enoic acid methyl esters 17. Compound 15/17 was then refluxed
in toluene in the presence of p-toluene sulfonic acid for 12 h. On
completion, as evidenced by TLC, the reaction mixture was con-
centrated under reduced pressure and purified via column chro-
matography using a mixture of ethyl acetate/hexane (60:40) to
yield the corresponding imidazolidin-2-one 16/piperazine-5,6-
dione 18, respectively.

4.6.1. 2(SR)-Phenoxycarbonylamino-5-phenyl-3(RS)-phenylamino-
pent-4-enoic acid methyl ester (15a). Yellow Liquid. Found: C,
72.03; H, 5.93; N, 6.60. C25H24N2O4 requires C, 72.10; H, 5.81; N,
6.73%. Yield: 82%. dH (CDCl3, 300 MHz): 3.68 (s, 3H, eOCH3), 4.68
(dd, J¼4.8, 6.0 Hz, H2), 4.96 (dd, J¼4.8, 7.2 Hz, H1), 6.02 (dd, J¼6.0,
15.9 Hz, H3), 6.69 (d, J¼15.9 Hz, H4), 6.83e7.04 (m, 5H, ArH),
7.14e7.28 (m, 10H, ArH), 7.87 (d, J¼7.2 Hz, NH, exchangeable with
D2O). dC (CDCl3, 75 MHz): 54.5, 57.9, 69.0, 112.5, 116.9, 123.3, 124.0,
125.7, 126.2, 127.1, 127.3, 128.5, 129.7, 130.0, 131.4, 133.3, 135.7, 160.1,
170.7. m/z 416 (Mþ).

4.6.2. 2(SR)-(Ethoxyoxalyl amino)-5-phenyl-3(RS)-phenylamino-
pent-4-enoic acid methyl ester (17a). Yellow Liquid. Found: C,
69.56; H, 6.24, N, 7.39. C22H24N2O4 requires C, 69.46; H, 6.36; N,
7.36%. Yield: 85%. dH (CDCl3, 300 MHz): 1.32 (t, J¼7.2 Hz, 3H, CH3),
3.68 (s, 3H, eOCH3), 4.31 (q, J¼7.2 Hz, 2H, CH2), 4.66 (dd, J¼4.8,
6.0 Hz, H2), 4.93 (dd, J¼4.8, 7.2 Hz, H1), 6.06 (dd, J¼6.0, 15.9 Hz, H3),
6.62 (d, J¼15.9 Hz, H4), 7.14e7.40 (m, 10H, ArH), 7.82 (d, J¼7.2 Hz,
NH, exchangeable with D2O). dC (CDCl3, 75 MHz): 12.7, 19.7, 56.5,
58.5, 69.2, 112.3, 116.9, 123.3, 126.2, 127.4, 127.7, 128.4, 129.3, 130.1,
133.0, 160.2, 160.3, 183.4. m/z 380 (Mþ).

4.6.3. 2-Oxo-1-phenyl-5(SR)-styryl-imidazolidin-4(RS)-carboxylic
acid methyl ester (16a). White solid. Found: C, 70.66; H, 5.71, N,
8.75. C19H18N2O3 requires C, 70.79; H, 5.63; N, 8.69%. Mp
221e222 �C. Yield: 68%. dH (CDCl3, 300 MHz): 3.68 (s, 3H, eOCH3),
4.95 (dd, J¼5.4, 6.2 Hz, 1H, H3), 5.38 (dd, J¼5.5, 9.0 Hz, 1H, H4), 5.42
(d, J¼8.94 Hz, 1H, NH, exchangeable with D2O), 6.10 (dd, J¼6.1,
16.04 Hz, 1H, H2), 6.72 (d, J¼16.04 Hz, 1H, H1), 7.00e7.24 (m, 6H,
ArH), 7.30e7.65 (m, 4H, ArH). dC (CDCl3, 75 MHz): 52.6, 59.8, 60.4,
117.9,122.1,126.6,128.5,128.7,129.4,134.2,134.5,135.7,138.2,156.7,
163.2. nmax (KBr)/cm�1 1759, 1697. m/z 322 (Mþ).

4.6.4. 1-(4-Nitro-phenyl)-2-oxo-5(SR)-styryl-imidazolidin-4(RS)-
carboxylic acid methyl ester (16b). White solid. Found: C, 62.02; H,
4.73, N, 11.49. C19H17N3O5 requires C, 62.12; H, 4.66; N, 11.44%. Mp
225e227 �C. Yield: 69%. dH (CDCl3, 300 MHz): 2.34 (s, 3H, eCH3),
3.69 (s, 3H, eOCH3), 4.95 (dd, J¼5.4, 6.3 Hz, 1H, H3), 5.32 (dd, J¼5.2,
9.0 Hz, 1H, H4), 5.41 (d, J¼8.90 Hz, 1H, NH, exchangeable with D2O),
6.17 (dd, J¼6.4, 16.04 Hz, 1H, H2), 6.75 (d, J¼16.08 Hz, 1H, H1),
7.14e7.30 (m, 5H, ArH), 7.90 (d, J¼8.2 Hz, 2H, ArH), 8.17 (d, J¼8.2 Hz,
2H, ArH). dC (CDCl3, 75 MHz): 52.9, 59.9, 60.7, 117.5, 122.4, 126.5,
128.6, 128.8, 129.5, 134.1, 134.7, 135.4, 144.3, 156.1, 163.2. nmax (KBr)/
cm�1 1759, 1697m/z 367 (Mþ).

4.6.5. 1-(4-Fluoro-phenyl)-2-oxo-5(SR)-styryl-imidazolidin-4(RS)-
carboxylic acid methyl ester (16c). White solid. Found: C, 67.10; H,
5.07, N, 8.11. C19H17FN2O3 requires: C, 67.05; H, 5.03; N, 8.23%. Mp
215e216 �C. Yield: 68%. dH (CDCl3, 300 MHz): 3.67 (s, 3H, eOCH3),
4.96 (dd, J¼5.4, 6.1 Hz, 1H, H3), 5.35 (dd, J¼5.4, 9.0 Hz, 1H, H4), 5.40
(d, J¼9.0 Hz, 1H, NH, exchangeable with D2O), 6.14 (dd, J¼6.2,
16.08 Hz, 1H, H2), 6.72 (d, J¼16.04 Hz, 1H, H1), 6.95e7.30 (m, 7H,
aromatic), 7.62 (d, J¼8.2 Hz, 2H, ArH). dC (CDCl3, 75 MHz): 52.9, 60.1,
60.8, 117.4, 122.0, 126.7, 128.6, 128.9, 129.7, 134.3, 134.9, 135.2, 147.7,
156.4, 163.5. nmax (KBr)/cm�1 1759, 1697. m/z 340 (Mþ).

4.6.6. 1-(4-Chloro-phenyl)-2-oxo-5(SR)-styryl-imidazolidin-4(RS)-
carboxylic acid methyl ester (16d). White solid. Found: C, 63.82; H,
4.78, N, 7.90. C19H17ClN2O3 requires C, 63.96; H, 4.80; N, 7.85%. Mp
224e225 �C. Yield: 72%. dH (CDCl3, 300 MHz): 3.69 (s, 3H, eOCH3),
4.97 (dd, J¼5.1, 6.3 Hz, 1H, H3), 5.38 (dd, J¼5.3, 9.0 Hz, 1H, H4), 5.42
(d, J¼8.96 Hz, 1H, NH, exchangeable with D2O), 6.12 (dd, J¼6.3,
16.04 Hz, 1H, H2), 6.71 (d, J¼16.04 Hz, 1H, H1), 7.14e7.30 (m, 7H,
ArH), 7.58 (d, J¼8.2 Hz, 2H, ArH). dC (CDCl3, 75 MHz): 52.5, 60.3,
60.5, 117.5, 122.5, 126.4, 128.0, 129.1, 129.4, 134.0, 134.6, 135.6, 136.2,
156.1, 163.5. nmax (KBr)/cm�1 1759, 1697. m/z 356 (Mþ).

4.6.7. 2-Oxo-5(SR)-styryl-1-p-tolyl-imidazolidin-4(RS)-carboxylic
acid methyl ester (16e). White solid. Found: C, 71.27; H, 6.06, N, 8.37.
C20H20N2O3 requires C, 71.41; H, 5.99; N, 8.33%. Mp 219e220 �C.
Yield: 75%. dH (CDCl3, 300 MHz): 2.31 (s, 3H, eCH3), 3.68 (s, 3H,
eOCH3), 4.93 (dd, J¼5.4, 6.2 Hz, 1H, H3), 5.33 (dd, J¼5.4, 9.0 Hz, 1H,
H4), 5.43 (d, J¼8.92 Hz, 1H, NH, exchangeable with D2O), 6.18 (dd,
J¼6.2, 16.08 Hz, 1H, H2), 6.73 (d, J¼16.04 Hz, 1H, H1), 7.11 (d,
J¼8.28 Hz,2H,ArH),7.28e7.40 (m,7H,ArH). dC (CDCl3, 75 MHz):20.9,
52.7, 59.9, 60.9, 117.2, 122.3, 126.7, 128.5, 128.7, 129.6, 134.2, 134.9,
135.6, 136.1, 156.2, 163.4. nmax (KBr)/cm�11759, 1698. m/z 336 (Mþ).

4.6.8. 5,6-Dioxo-4-phenyl-3(SR)-styryl-piperazine-2(RS)-carboxylic
acid methyl ester (18a). White solid. Found: C, 68.66; H, 5.11, N, 7.91.
C20H18N2O4 requires C, 68.56; H, 5.18; N, 8.00%. Mp 233e234 �C.
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Yield: 68%. dH (CDCl3, 300 MHz): 3.78 (s, 3H, eOCH3), 4.30 (dd,
J¼2.3, 5.0 Hz, 1H, H4), 4.92 (dd, J¼2.3, 6.8 Hz, 1H, H3), 6.34 (dd,
J¼6.8, 15.6 Hz,1H, H2), 6.52 (d, J¼15.6 Hz,1H, H1), 7.00e7.30 (m, 8H,
aromatic), 7.64 (m, 2H, ArH), 8.10 (d, J¼5.0 Hz, NH, exchangeable
with D2O). dC (CDCl3, 75 MHz): 52.7, 59.7, 60.4, 117.2, 122.5, 126.7,
128.1, 128.9, 129.2, 134.1, 134.4, 135.8, 136.2, 156.0, 163.2, 171.9 nmax
(KBr)/cm�1 1749, 1693, 1681. m/z 350 (Mþ).

4.6.9. 4-(4-Nitro-phenyl)-5,6-dioxo-3(SR)-styryl-piperazine-2(RS)-
carboxylic acid methyl ester (18b). White solid. Found: C, 60.66; H,
4.20, N, 10.66. C20H17N3O6 requires C, 60.76; H, 4.33; N, 10.63%. Mp
238e239 �C. Yield: 66%. dH (CDCl3, 300 MHz): 3.79 (s, 3H, eOCH3),
4.32 (dd, J¼2.0, 5.1 Hz, 1H, H4), 4.93 (dd, J¼2.0, 6.6 Hz, 1H, H3), 6.35
(dd, J¼6.6,15.9 Hz,1H, H2), 6.50 (d, J¼15.9 Hz,1H, H1), 7.14e7.30 (m,
5H, aromatic), 7.90 (d, J¼8.2 Hz, 2H, ArH), 8.10 (d, J¼5.1 Hz, NH,
exchangeable with D2O), 8.17(d, J¼8.2 Hz, 2H, ArH). dC (CDCl3,
75 MHz): 52.9, 59.8, 60.6, 117.3, 122.6, 126.8, 128.2, 128.8, 129.3,
134.0, 134.6, 135.6, 144.4, 156.1, 163.0, 171.5. nmax (KBr)/cm�1 1749,
1693,1681. m/z 395 (Mþ).

4.6.10. 4-(4-Fluoro-phenyl)-5,6-dioxo-3(SR)-styryl-piperazine-
2(RS)-carboxylic acid methyl ester (18c). White solid. Found: C,
65.13; H, 4.76, N, 7.67. C20H17FN2O4 requires C, 65.21; H, 4.65; N,
7.60%. Mp 234e235 �C. Yield: 67%. dH (CDCl3, 300 MHz): 3.80 (s, 3H,
eOCH3), 4.33 (dd, J¼2.0, 5.1 Hz, 1H, H4), 4.91 (dd, J¼2.0, 6.6 Hz, 1H,
H3), 6.34 (dd, J¼6.6, 15.9 Hz,1H, H2), 6.51 (d, J¼15.9 Hz,1H, H1), 6.95
(d, J¼8.2 Hz, 2H aromatic), 7.14e7.30 (m, 5H, aromatic), 7.62 (d,
J¼8.2 Hz, 2H aromatic), 8.09 (d, J¼5.1 Hz, NH, exchangeable with
D2O). dC (CDCl3, 75 MHz): 52.7, 59.6, 60.4, 117.4, 122.6, 126.7, 128.3,
128.9, 129.3, 134.1, 134.8, 135.6, 136.0, 156.0, 163.2, 172.4. nmax (KBr)/
cm�1 1749, 1693, 1681. m/z 368 (Mþ).

4.6.11. 4-(4-Chloro-phenyl)-5,6-dioxo-3(SR)-styryl-piperazine-
2(RS)-carboxylic acid methyl ester (18d). White solid. Found: C,
62.30; H, 4.57, N, 7.37. C20H17ClN2O4 requires C, 62.42; H, 4.45; N,
7.28%. Mp 243e244 �C. Yield: 71%. dH (CDCl3, 300 MHz): 3.82 (s, 3H,
eOCH3), 4.34 (dd, J¼2.2, 5.2 Hz, 1H, H4), 4.90 (dd, J¼2.2, 6.8 Hz, 1H,
H3), 6.35 (dd, J¼6.8, 15.6 Hz, 1H, H2), 6.50 (d, J¼15.6 Hz, 1H, H1),
7.14e7.30 (m, 7H,ArH), 7.58 (d, J¼8.20 Hz, 2H,ArH), 8.10 (d, J¼5.2 Hz,
NH, exchangeable with D2O). dC (CDCl3, 75 MHz): 52.8, 59.7, 60.4,
117.2,122.5,126.7,128.4,128.7,129.4,134.1,134.9,135.8,136.0,156.1,
163.5, 172.1. nmax (KBr)/cm�11749, 1693, 1681. m/z 384 (Mþ).

4.6.12. 5,6-Dioxo-3(SR)-styryl-4-p-tolyl-piperazine-2(RS)-carboxylic
acid methyl ester (18e). White Solid. Found: C, 69.28; H, 5.66, N,
7.70. C21H20N2O4 requires C, 69.22; H, 5.53; N, 7.69%. Mp
239e240 �C. Yield: 73%. dH (CDCl3, 300 MHz): 2.53 (s, 3H, eCH3),
3.81 (s, 3H, eOCH3), 4.37 (dd, J¼2.1, 5.0 Hz, 1H, H4), 4.91 (dd, J¼2.1,
6.9 Hz, 1H, H3), 6.37 (dd, J¼6.9, 15.9 Hz, 1H, H2), 6.55 (d, J¼15.9 Hz,
1H, H1), 7.12 (d, J¼8.28 Hz, 2H, ArH), 7.23e7.37 (m, 7H, ArH), 8.09 (d,
J¼5.0 Hz, NH, exchangeable with D2O). dC (CDCl3, 75 MHz): 20.7,
52.5, 59.9, 60.6, 117.1, 122.3, 126.5, 128.4, 128.7, 129.6, 134.1, 134.9,
135.6, 136.0, 156.2, 163.8, 172.3. nmax (KBr)/cm�11749, 1693,1681.m/
z 364 (Mþ).

4.7. Typical procedure for single-pot synthesis of imidazoli-
din-2-one and piperazine-5,6-dione

To a stirred solution of 3-amino-b-lactam (1 mmol) in a dry
chloroform was added phenyl chloroformate/ethyloxalyl chloride
(1 mmol) at 0 �C and the solution was allowed to stir for 2 h. The
progress of reactionwasmonitored byusing TLC and on completion,
the reactionmixturewas treatedwitha saturated solutionof sodium
bicarbonate and extracted with chloroform (2�50 ml). The com-
bined organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure to yield (2-oxo-1-phenyl-4-
styryl-azetidin-3-yl)-carbamic acid phenyl ester 19 and N-(2-oxo-
1-aryl-4-styryl-azetidin-3-yl)-oxalamic acid ethyl ester 20, re-
spectively, purified via column chromatography using a mixture of
(30:70) ethyl acetate/hexanemixture. To a stirred solution of 19 and
20 (1 mmol) in dry methanol was added a solution of sodium
methoxide (0.3 mmol) in dry methanol. The reaction mixture was
allowed to stir at room temperature and theprogresswasmonitored
using TLC. On completion, the reaction mixture was quenched with
water (10 ml) and extracted with chloroform (2�50 ml). The com-
bined organic layers were dried over anhydrous sodium sulfate and
concentrated under reduced pressure to yield imidazolidin-2-one
16 and piperazine-5,6-dione 18, which were recrystallized using
a mixture of (20:80) chloroform/hexane mixture.

4.7.1. (2-Oxo-1-phenyl-4(RS)-styryl-azetidin-3(SR)-yl)-carbamic
acid phenyl ester (19a). Yellow liquid. Found: C, 74.87; H, 5.41, N,
7.21. C24H20N2O3 requires C, 74.98; H, 5.24; N, 7.29%. Yield: 86%. dH
(CDCl3, 300 MHz): 4.64 (dd, J¼6.0, 4.8 Hz, H2), 4.92 (dd, J¼4.8,
7.2 Hz, H1), 6.08 (dd, J¼6.0, 15.9 Hz, H3), 6.61 (d, J¼15.9 Hz, H4),
7.07e7.31 (m, 15H, ArH), 7.82 (d, J¼7.2 Hz, NH, exchangeable with
D2O). dC (CDCl3, 75 MHz): 57.4, 59.2, 120.3, 121.4, 123.3, 124.1, 125.5,
126.2,127.2,127.7,128.4,128.7,128.9,134.6,140.8,153.1,157.6,179.9.
m/z 384 (Mþ).

4.7.2. N-(2-Oxo-1-phenyl-4(RS)-styryl-azetidin-3(SR)-yl)-oxalamic
acid ethyl ester (20a). Yellow liquid. Found: C, 69.15; H, 5.58, N,
7.56. C21H20N2O4 requires C, 69.22; H, 5.53; N, 7.69%. Yield: 89%. dH
(CDCl3, 300 MHz): 1.31 (t, J¼7.2 Hz, 3H, CH3), 4.30 (q, J¼7.2 Hz,
CH2), 4.64 (dd, J¼4.8, 6.0 Hz, H2), 4.92 (dd, J¼4.8, 7.2 Hz, H1), 6.08
(dd, J¼6.0, 15.9 Hz, H3), 6.61 (d, J¼15.9 Hz, H4), 7.10e7.24 (m, 6H,
ArH), 7.30e7.32 (m, 4H, ArH), 7.82 (d, J¼7.2 Hz, NH, exchangeable
with D2O). dC (CDCl3, 75 MHz): 12.8, 56.3, 58.5, 59.6, 120.3, 123.6,
124.2, 126.3, 127.4, 127.8, 128.5, 128.7, 134.6, 140.8, 160.2, 160.3,
170.5. m/z 364 (Mþ).
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