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ABSTRACT: Among the different classes of useful heterocyclic molecules, the spiro-
lactams synthesised from indole derivatives were extensively explored due to their bioactivity
and utility in an array of scientific domain like drug design and organic synthesis. In the
present study, several spiro B-lactams have been synthesised by Staudinger (2+2)
cycloaddition reaction of N-methyl isatin derived Schiff bases with various acid chlorides in
the presence of triethylamine and anhydrous dichloromethane. Two new distinctive
diastereomeric spiro -lactams were prepared by the above reaction.
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INTRODUCTION:

The B-lactam skeleton has gained significant interest among synthetic as well as medicinal
chemists over the last decade, as it represents the core structure of synthetic and natural p-
lactam antibiotics. The importance of the B-lactam unit as a synthon has been recognised in
the synthesis of a variety of natural B-lactam antibiotics and other spirocyclic lactam
derivatives'". The constant need for new drugs displaying broader antibacterial activity and
the necessity for new B-lactam antibiotics to combat microorganisms that have built up
resistance against traditional drugs have sustained the interest of organic chemists for
decades’. Spiro azetidin-2-ones have created continuous interest to the synthetic and
medicinal chemists". B-Lactams function as antibacterial agents by inhibiting the synthesis of
bacterial cell walls"'. Recent studies have shown that spiro B-lactams have antiviral and
antibacterial properties"". The goal of the present study is to synthesise spiro B-lactams via
the Staudinger (2+2) cycloaddition method using isatin derivatives and acid chlorides in the
presence of triethylamine and anhydrous dichloromethane.
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We have demonstrated significant research on B-lactams for the past more than 30
years X *Xxitxiixxiil “Nevy synthetic routes and medicinal properties of p-lactams have been
available through our independent research™™. Although a number of methods are available
for the preparation of B-lactams, cycloaddition of imines with acid chloride (equivalent) in
the presence of tertiary amines remains the best choice™*. This reaction produces B-lactams
stereoselectivity. The stereochemistry of the products depends on numerous factors. Out of
these factors, structures of the reactants (acid chloride and imine), condition of the
experiments, order of addition of the reagents and temperature of the reaction affects the
stereochemistry of the products™*. However, stereochemistry remains the same regardless of
the conditions of the experiments in some examples™". In the present investigation, first
Schiff bases were synthesised (3a-b) (Scheme-I) and then, Staudinger (2+2) cycloaddition
reaction was carried out using these Schiff bases in dry dichloromethane with acid chlorides
4a-c in the presence of tricthylamine to afford two types of diastereomeric B-lactams 5a-c and
6a-c (Scheme-II).
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Scheme-I. Synthesis of Schiff bases from N-methyl isatin and aromatic amines
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Scheme-I1. Synthesis of fused spiro B-lactams

EXPERIMENTAL.:

The progress of the reaction was monitored by thin layer chromatography on silica gel coated
aluminum plates (Merck) as adsorbent and UV light as visualizing agent. The purity of the
compounds was monitored by TLC and UV light as visualizing agents. *H NMR spectra were
recorded on Varian 500 MHz NMR spectrophotometer using CDCI3/DMSO-d6 as solvent
and TMS as an internal standard (chemical shifts in 6 ppm).

GENERAL PROCEDURE:

For the Synthesis of Diastereomeric p-Lactams

A solution consisting of acid chloride (1.5 mmol) in dichloromethane (2 mL) was added to
imine (1 mmol) and triethylamine (3 mmol). The reactants were stirred for 10-12h at cold
conditions. The reaction mixture, washed with saturated sodium bicarbonate solution (10
mL), dilute hydrochloric acid (10%, 10 mL), brine (10 mL), dried with anhydrous sodium
sulfate and evaporated to obtain the crude product. The proton NMR was performed to
calculate the ratio of the isomeric B-lactams. The pure products were then obtained via
column chromatography over silica gel using ethyl acetate-hexanes (1:4) as the solvent.
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RESULTS AND DISCUSSION:

Among the heterocyclic molecules, isatin has an activated carbonyl group with indole
skeleton. The reactivity of this carbonyl group was used by our group during the preparation
of pyrrole-substituted isatins. In the step one of the current methodology, N-methyl isatin 1
condensed with different aromatic amines 2 in anhydrous toluene in the ratio of 1:1 to
prepare various Schiff bases 3 (Scheme-I). The reactants were refluxed to produce the imines
in excellent yield. Subsequently, Staudinger (2+2) cycloaddition reaction was performed
using Schiff bases 3a-b in dry dichloromethane with acid chlorides 4a-c in the presence of
triethylamine to afford two types of diastereomeric -lactams 5a-c and 6a-c in more than
90% yields (Scheme-II).

The 'H NMR data of the crude products was used to determine the ratio of the
products. In general, isomeric ratio was 1:1 regardless of the substituents. The compounds
5a-c and 6a-c were separated using column chromatography (15% EtOAc/Hexane solvent).
They are unique in structures as a 4-membered cyclic amide is fused with a five-membered
cyclic amide in a spiro derivative.

CONCLUSION:

The present study focused mainly on the synthesis of beneficial scaffolds like fused spiro 3-
lactams from isatin derivatives in excellent yields. Structurally these spiro p-lactams are
novel and sterically congested.

ACKNOWLEDGMENT:

BKB acknowledges the financial support for this research project from US National Institutes
of Health.

REFERENCES:

i Durkheimer W.; Blumbach J.; Lattrell R. and Scheunemann K.H.; Chemistry and

Biology of g-lactam Antibiotics; Angew. Chem. Int. Ed.; 1985, 24, 180.

I Lukacs G. (ed.): Coulton S. and Hunt E.; “Recent Progress in the Chemical Synthesis

of Antibiotics and Related Microbial Products,” vol. 2, Springer-Verlag, Berlin 1993,

p. 621.

iii Southgate R.; The synthesis of natural g-lactam antibiotics; Contemp. Org. Synth.; 1994,

1, 417.

iv Janecki T.; Btaszczyk E.; Studzian K.; Janecka A.; Krajewska U. and Rozalski M.;

Novel Synthesis, Cytotoxic Evaluation, and Structure—Activity Relationship Studies

of a Series of a-Alkylidene-y-lactones and Lactams; J. Med. Chem.; 2005, 48, 3516.

Y Page M.1I. (ed.): “The Chemistry of S-lactam,” Chapman and Hall, London 1992,
Vi Greenberg A.; Breneman C.M.; Liebman J.F. (eds.): Bose A.K.; Manhas M.S.; Banik

B.K. and Srirajan V.; The Amide Linkage: Selected Structural Aspects in Chemistry,

Biochemistry, and Material Science , Wiley-Interscience, New York 2000, p. 157-

214.

vii Suffness M.; Taxol Science and Applications; CRC Press, Boca Raton, FL 1995.

viii  Banik B.K.; Samajdar S. and Banik I.; A facile synthesis of oxazines by indium-
induced reduction-rearrangement of the nitro B-lactams; Tetrahedron Lett.; 2003, 44,
1699.

IX Banik I.; Becker F.F. and Banik, B. K.; Stereoselective Synthesis of B-Lactams with
Polyaromatic Imines: Entry to New and Novel Anticancer Agents; J. Med. Chem.;
2003, 46, 12.

X Banik B.K.; Becker F.F. and Banik I.; Synthesis of anticancer -lactams: mechanism
of action; Bioorg. Med. Chem.; 2004, 12, 2523.

592



Xi

Xii

Xiii

Xiv

XV

XVi

XVii

xviii

Xix

XX

XXi

XXii

xxiii

XXV

XXV

XXVi

XXVil

XXVili

593

B. K. Banik et al. / Heterocyclic Letters Vol. 14| No.3|590-594|May-July|2024

Banik B.K.; Banik I. and Becker F.F.; Stereocontrolled synthesis of anticancer 3-
lactams via the Staudinger reaction; Bioorg. Med. Chem.; 2005, 13,3611.

Georg G. I. (ed.): Georg G.I. and Ravikumar V.T.; “The Organic Chemistry of 3-
Lactams,” VCH publishers, New York 1992.

Banik B.K.; Lecea B.; Arrieta A.; Co’zar A. de. and Cossio F.P.; On the
Stereodivergent Behavior Observed in the Staudinger Reaction between
Methoxyketene and (E)-N-Benzylidenearyl Amines; Angew. Chem., Int. Ed. 2007,
46, 3028.

Banik B.K.; Aguilar H. and Cordova D.; Unprecedented Stereocontrol of f-Lactam
Formation Derived from N-Cinnamylidenearylamine; Heterocycles; 2007, 71, 2321.
Banik B.K.; Zegrocka O.; Manhas M.S. and Bose A.K.; A Facile lodine-catalyzed
Glycosylation: Enantiomerically Pure f-Lactams with the Thienamycin Side Chain;
Heterocycles; 2009, 78, 2443.

Rivera G.; Bandyopadhyay D.; Jaggi S.; Gonzalez R.C. and Banik B.K.; An
Expeditious Synthesis Of 3-Amino B-Lactams Derived From Polyaromatic
Compounds; Heterocycl. Commun.; 2009, 15, 323.

Banik B.K.; Samajdar S. and Becker F. F.; Asymmetric synthesis of anticancer -
lactams via Staudinger reaction; Mol. Med. Rep.; 2010, 3, 319.

Aguilar H. and Banik B.K.; Stereoselectivity Of 3,3-Disubstituted -Lactam
Formation Via Staudinger Reaction; Heterocycl. Commun.; 2009, 15, 365.
Bandyopadhyay D.; Xavier M. and Banik B.K.; Highly Stereoselective 3-Lactam
Synthesis Via The Staudinger Reaction Using Polyaromatic Imines; Heterocycl.
Commun.; 2009, 15, 229.

Banik B. K.; Negi M.; Manhas M.S. and Bose A.K.; Chemoenzymatic preparation of
intermediates for the taxol side chain and analogs; Mol. Med. Rep.; 2010, 3, 317.
Banik B.K. and Becker F.F.; Selective anticancer activity of B-lactams derived from
polyaromatic compound; Mol. Med. Rep.; 2010, 3, 315.

Banik B.K.; Banik I. and Becker F.F.; Asymmetric synthesis of anticancer 3-lactams
via Staudinger reaction: Utilization of chiral ketene from carbohydrate; Eur. J. Med.
Chem. 2010, 45, 846.

Bandyopadhyay D. and Banik B.K.; Microwave-Induced Stereocontrol of 3-Lactam
Formation with an N-Benzylidene-9,10-dihydrophenanthren-3-amine via Staudinger
Cycloaddition; Helv. Chim. Acta; 2010, 93, 298.

Bandyopadhyay D.; Rivera G.; Salinas I.; Aguilar H. and Banik B.K.; Remarkable
lodine-Catalyzed Synthesis of Novel Pyrrole- Bearing N-Polyaromatic B-Lactams;
Molecules; 2010, 15, 1082.

Shaikh A.L.; Orlando E. and Banik B.K.; An Efficient Synthesis of Optically Active
trans-(3R,4R)-3-Acetoxy-4-aryl-1-(chrysen-6-yl)azetidin-2-ones Using (+)-Car-3-ene
as a Chiral Auxiliary; Helv. Chim. Acta; 2011, 94, 2188.

Shaikh A.L. and Banik B.K.; A Novel Asymmetric Synthesis of 3-(1H-Pyrrol-1-yl)-
Substituted B-Lactams via a Bismuth Nitrate-Catalyzed Reaction; Helv. Chim. Acta;
2012, 95, 839.

Shaikh A.L.; Yadav R.N. and Banik B.K.; Microwave-Induced Enantiospecific
Synthesis of trans-(3R,4R)-3-Acetoxy-4-aryl-1-(chrysen-6-yl)azetidin-2-ones via the
Staudinger Cycloaddition Reaction of (+)-Car-3-ene with Polyaromatic Imines;
Russian J. Org. Chem.; 2020, 56, 910.

Yadav R.N.; Shaikh A.L.; Das A.; Ray D. and Banik B.K.; Asymmetric Synthesis of
3-Pyrrole Substituted B-Lactams Through p-Toluene Sulphonic Acid-catalyzed



XXiX

XXX

XXXI

XXXIii

B. K. Banik et al. / Heterocyclic Letters Vol. 14| No.3|590-594|May-July|2024

Reaction of Azetidine-2,3-diones with Hydroxyprolines; Curr. Organocatal.; 2022, 9,
337.

Yadav R.N.; Shaikh A.L. and Banik B.K.; Stereoselective Synthesis of Trans Acetoxy
B -Lactams under Sonication; Heterocycl. Lett.; 2023, 13, 241.

Bose A.K.; Lal B.; Dayal B. and Manhas M. S.; A stereoselective synthesis of a-
alkoxy-pB-lactams; Tetrahedron Lett.; 1974, 30, 2633.

Alcaide B. and Vicente-Rodriguez A.; A convenient trans-stereoselective synthesis of
phenanthridine derived 2-azetidinones using the Staudinger ketene-imine
cycloaddition; Tetrahedron Lett., 1999, 40, 2005.

Afonso A.; Rosenblum S.B.; Puar M.S. and McPhail A.T.; Beta-lactams derived from
the reaction of phenanthridines and 11H-dibenzo[b,e]azepin-11-one with
phenylvaleryl chloride. Synthesis of fused analogs of the cholesterol absorption
inhibitor Sch 48461; Tetrahedron Lett.; 1998, 39, 7431.

Received on August 5, 2024.

594



