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I N T R O D U C T I O N

Montmorillonite is a mineral of phyllosilicate group. It has
two tetrahedral silica systems which form a sandwich with
octahedral alumina. Montmorillonite clay is capable of absorbing
water and as a result, this process can swell the clay. The exact
chemical composition of montmorillonite varies with its origin.
However, it is formulated as sodium calcium aluminium magne-
sium silicate hydroxide (Na,Ca)0.33(Al,Mg)2(Si4O10)(OH)2·nH2O.
Bentonite clay is mostly consists of montmorillonite.

Montmorillonite is a stable, economical and readily
available solid crystalline clay. We have conducted numerous
montmorillonite-mediated or other regents-impregnated with
montmorillonite-mediated reactions successfully. Most of the
reactions were performed in dry conditions. It was very interes-
ting to note that bismuth nitrate supported with montmorillonite
reactions proceeds faster than montmorillonite-mediated
reactions. Microwave-induced reactions help to accelerate
montmorillonite-induced or montmorillonite-other reagents
supported reactions. We describe here our studies on mont-
morillonite-supported reactions.

R E S U L T S A N D   D I S C U S S I O N

Solid surface-mediated reactions or surface-bound
reagents have been used to study many organic reactions. There
are a number of factors that need to address when such a reac-
tion is performed. The pH-value of the solid surface is very
crucial. Solid surfaces can act as Lewis acids or bases during
the reactions. The most common solid used in laboratory
experiment are different forms of clay of which montmorillo-
nite is our choice. Different forms silica gel, florisil, molecular
sieves and alumina are also used. In our reactions, we have

Montmorillonite in combination with other reagent or itself has been
used to perform many organic reactions to obtain diverse organic
compounds. The binding of bismuth nitrate to the free hydroxyl group
of montmorillonite is crucial for the success of these types of reactions.
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identified montmorillonite as our choice for several chemical
transformations. A concise description of the methods that are
developed in our laboratory is discussed in this perspective.
The relationships of the reactions and products with other
pertinent methods are also given to understand the goal of this
research much more efficiently.

One-pot synthesis of βββββ-lactams: Our research group is
engaged in the stereoselective and stereospecifc synthesis and
biological evaluation of new β-lactams for the past many years
[1-22]. In continuation of this study, montmorillonite was used
for the preparation of imines derived from monocyclic aromatic
amines and aromatic aldehydes [23]. The reactants were mixed
with montmorillonite effectively without solvent and the
formation of imines was observed by the disappearance of
carbonyl band in the IR spectrum. The time of the reaction
was depended on the nature of the substrates. Electron donating
groups at the aromatic compounds were helpful to accelerate
the imine formation while electron withdrawing groups at the
aromatic rings retarded the formation of imines. The success
of this reaction to form imine indicated that montmorillonite
acts as dehydrating agent by absorbing water that is formed in
this reaction.

The next aim step of the process was to prepare 3,4-disubs-
tituted β-lactams by the reaction of the in situ generated imine
with acid chloride in the presence of a tertiary base. Acid
chloride (for example, acetoxyacetyl chloride, benzyloxyacetyl
chloride, crotonyl chloride and phenoxyacetyl chloride) and
triethylamine (or N-methylmorpholine) was then added to the
clay-containing imine and the reaction mixture was thoroughly
mixed. After the completion of the reaction, the reaction mixture
was filtered and the solid was washed with dichloromethane.
The organic filtrate was collected and washed with dilute
hydrochloride acid, brine and evaporated. The crude reaction
mixture showed the presence of β-lactams. The stereochemistry
of the β-lactams was found to be identical with the compound
prepared by classical Staudinger cycloaddition method. This
reaction suggests that montmorillonite clay allowed cyclo-
addition reaction of ketenes and imines to proceed effectively
without disturbing it [24-40]. On this basis, it was obvious
that β-lactams can be prepared without the isolation of the inter-
mediate imine in the presence of montmorillonite. However,
the role of montmorillonite (if there was any) in the cycloaddition
reaction was not evaluated.

Nitration of aromatic hydrocarbons: Polyaromatic
compounds are widely distributed in nature. It was demons-
trated by us that suitably functionalized polyaromatic nitrogen-
containing compounds can inhibit cancer cell growth in vitro
and in vivo [41-53]. To introduce nitrogen-containing functional
group in the aromatic ring, the most widely accepted reaction
is nitration. On this basis, electrophilic nitration of the aromatic
hydrocarbon is considered to be one of the widely accepted
reactions. This reaction required strong nitric acid-sulfuric acid,
fuming nitric acid or nitric acid-acetic acid, nitronium fluro-
borate and many other highly corrosive reagents.

It was discovered that montmorillonite-impregated with
bismuth nitrate is able to nitrate numerous aromatic hydro-
carbons effectively. For examples naphthalene, anthracene,
phenanthrene, pyrene, chrysene and dibenzofluorene were

nitrated regioselectively with montmorillonite-impregnated
with bismuth nitrate at room temperature [54,55]. Ferric nitrate
and cupric nitrate were also used, but the success of nitration
was very weak. Silica gel and alumina were used as surface
instead of montmorillonite for this reaction. But, the results
were not encouraging. Polyaromatic nitro compounds were
then converted to a series of new compounds for structure-
activity study by our group for the development of novel anti-
cancer agents [40-53]. Bismuth nitrate was found to be an
excellent reagent and catalyst not only for the aromatic nitration
reaction, but also too many other useful reactions developed
at our laboratory [56-72].

Nitration of estrogens: Estrone and estradiol control
numerous fundamental functions of human life. Nitration of
estrone with nitric acid was a complicated process and prepa-
ration of nitro derivative in good yield was not possible by
this method. Montmorillonite-impreganeted with bismuth
nitrate was found to be the reagent of choice for the nitration of
estrone [73]. Because of the activation created by the phenolic
hydroxy group, nitration by this method produced isomeric
nitro estrones. No oxidation of the aromatic ring or keto group
was observed under this condition.

To functionalize the phenolic hydroxy group of estradiol
by alkylation with a strong base and alkylating agent was a
problematic procedure. However, nitroestradiol was alkylated
easily in the presence of potassium carbonate and a relatively
long side chain to produce phenolic ether type of molecules
[74]. The ethers with the aromatic nitro group at the 3-position
was found to be important anticancer agents. No oxidation of
the aromatic ring, alcoholic hydroxyl groups or dehydration
and further alkylation at the 5-membered ring of estradiol was
observed under these conditions.

Nitration of βββββ-lactams: Montmorillonite-bismuth nitrate
impregnated method was also applied to nitrate specific aro-
matic rings that are part in β-lactam rings. It was found that
the p-anisyl group present in the nitrogen of a β-lactam ring
undergoes facile nitration with this reagent combination
without rupturing the ring [75]. This study was fascinating
since strong nitric acid breaks the ring and preparation of the
nitro derivative of the β-lactamsis not possible by this method.
Oxidation of the p-anisyl ring to quinones or N-unsubstituted
β-lactam was not observed. Non-activated aromatic rings in
β-lactams were not affected.

Nitro β-lactams were important starting materials for the
preparation of diverse heterocycles. Indium-induced reduction
of the aromatic nitro group in β-lactams was used successfully
for the preparation of important heterocyclic molecules through
reduction and nucleophilic reaction pathways [76].

Nitration of eugenol: Eugenol, a constituent of natural
product, clove was nitrated to a single nitro derivative with
montmorillonite-bismuth nitrate impregnated method [77]. The
4-position of the aromatic ring with respect to methoxy group
present in eugenol was nitrated. It was surprising to note that
the phenolic hydroxy group had no effect in this reaction. Under
these conditions, no oxidation of the aromatic rings, alkene
group, dinitration or non-regioselective nitration was observed.
The functinalized eugenol had anibacterial activity similar to
that of tetracycline [78].
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Glycosylations: Ferrier rearrangement is very important
for the preparation 2,3-unstaturated oxygen-glycosides. Reac-
tion of glycal and alcohol in the presence of an acid produced
2,3-unsaturated pyranosides. Acidic reagents or catalysts were
used for this purpose. Hydrochloric acid, sulfuric acid, BF3·Et2O,
SnBr4, EtAlCl2 were used in the Ferrier rearrangement with
much success. However, this reaction, in general, produced a
mixture of isomers. In some examples, the yields were poor.
A facile montmorionite-catalyzed or montmorionite bound
with bismuth nitrate was used for Ferrier rearrangement of
numerous alcohols with glycals derived from galactose and
glucose [79]. Most of the catalysts or acidic reagents failed to
yield products with galactose derivatives [80-87]. It was
gratifying to note that alcohols react with glycal obtained from
galactose in the presence of montmorionite and produces
glycosides in good yield.

Paal-Knorr method: Paal-Knorr method was used for
the preparation of pyrroles [88-92]. This reaction required a
primary amine, an active diketone and acidic reagents. We
demonstrated montmorillonite-mediated pyrrole synthesis
starting from primary amines and hexane 2,5-dione [93]. An
initial nucleophilic reaction of the amine with the keto group
in the presence of a montmorillonite and subsequent dehydration
was responsible for the success of this reaction. The time required
to complete the reaction was dependent on the basicity of the
amine. The more basic amines reacted faster than the less weak
amino compounds. Sterically crowded amines reacted slower
than non-crowded amines.

Oxidation:  Montmorillonite-supported bismuth nitrate
was able to oxidize diverse allylic and benzylic alcohols to
carbonyl compounds. Bismuth nitrate in the absence of mont-
morillonite was not effective [94].

Deprotection of oximes: Oximes were deprotected to
carbonyl compounds with montmorillonite-supported bismuth
nitrate. In this reaction, molar proportion of bismuth nitrate
was required. An excess (3 equivalent) amount bismuth nitrate
was required to deprotect oximes to carbonyl compounds in
the absence of montmorillonite [95].

Microwave-Induced method: Some of the reactions
described herein with montmorillonite or montmorillonite-
bismuth nitrate were performed in domestic and automated
microwave oven. It was also found that montmorillonite-induced
reactions under microwave were slower than montmorillonite-
bismuth nitrate-induced microwave-mediated reactions.
Although the cause of rate acceleration by montmorillonite-
bismuth nitrate under microwave or without microwave was
not studied systematically, we believe the free hydroxyl group
present in montmorillonite can bind bismuth nitrate very
effectively. As a result of this binding synergistic effects were
possible. An excellent acceleration of reaction rates was
understandable under microwave irradiation method. It was
argued that microwaves can activate polar reactants very
rapidly because of rapid rise in temperature and radiation
effects. Moreover, this method was performed in the absence of
any solvent in the microwave oven. Earlier methods on micro-
wave-induced reactions required polar solvents. It appeared
that the montmorillonite-bound reactants or montmorillonite-
bismuth nitrate-bound reactants react at a much rate than those

reactions in which such a suitable solid surface is absent. The
presence of solid absorbent (montmorillonite) also inhibited
the reactants to decompose in the microwave because of high
temperature. Such reductions in the solvent and faster reactions
were considered a great way to save energy and environment.
In many examples, the isolation of products became much
more convenient than the classical procedures methods. Some
of the advantages of microwave-mediated reactions were
described in our scientific endeavors previously [96-101].

Conclusion

We demonstrated montmorillonite-supported bismuth
nitrate-induced diverse reactions for the synthesis of diverse
compounds under environmentally benign conditions [102-
104]. Most of the montmorillonite-mediated reactions
produced requited products in excellent yields. Therefore,
products were obtained easily from the reaction mixtures.
Montmorillonite and bismuth nitrate are readily available and
economical. The reactions were fast since most of these were
also tested under microwave-irradiation. The methods described
herein are closely related to several of our methods and products:
molecular iodine-catalyzed reaction, ketene-imine reaction,
azetidinone, heterocycles and polycyclic aromatic compounds.

A C K N O W L E D G E M E N T S

The author is grateful to many students and scientists who
have participated in these projects. He is also grateful to numerous
funding societies that include NIH, NCI, Kleberg Foundation,
Stevens Institute of Technology, University of Texas M.D.
Anderson Cancer Center, University of Texas-Pan American,
University of Texas Health Science Center at San Antonioand
Community Health System of South Texas.

R E F E R E N C E S

1. B.K. Banik, Heterocyclic Scaffolds I, Topics Heterocyclic Chemistry,
Springer, vol. 22, pp. 1-379 (2010).

2. B.K. Banik, ed., β-Lactams: Synthesis and Biological Evaluation,
Topics Heterocyclic Chemistry, Springer, vol. 30, pp. 1-226 (2012).

3. B.K. Banik, Tetrahedron, 68, 10632 (2012);
https://doi.org/10.1016/j.tet.2012.10.036.

4. I. Banik and B.K. Banik, Microwave-Induced Chemical Manipulation
of β-Lactam, Springer, vol. 88, pp. 781-1007 (2012).

5. B.K. Banik, Beta Lactams: Novel Synthetic Pathways and Applications,
Springer, pp. 1-419 (2017).

6. P.T. Parvatkar, P.S. Parameswaran and B.K. Banik, ed.: B.K. Banik,
Solid Phase Synthesis of β-Lactams: Results and Scope, In: Beta Lactams:
Novel Synthetic Pathways and Applications, pp. 253-284 (2017).

7. S. Basu and B.K. Banik, ed.: B.K. Banik, Beta Lactams as Clinically Active
Molecules, In: Beta-Lactams: Novel Synthetic Pathways and Appli-
cations, Springer, pp. 285-310 (2017).

8. B.K. Banik, Synthesis and Biological Studies of Novel β-Lactams,
CRC Book, pp. 31-72 (2013).

9. B.K. Banik, A. Ghatak and F.F. Becker, J. Chem. Soc., Perkin Trans. 1,
2179 (2000);
https://doi.org/10.1039/b002833i.

10. B.K. Banik, A. Ghatak and F.F. Becker, Heterocycles, 53, 2769 (2000);
https://doi.org/10.3987/COM-00-9019.

11. B.K. Banik and F.F. Becker, Tetrahedron Lett., 41, 6551 (2000);
https://doi.org/10.1016/S0040-4039(00)01126-6.

12. S. Chandra, R.N. Yadav, L. Lareeb and B.K. Banik, Chem. Educ., 20,
4 (2015);

13. A. Ghatak and B.K. Banik, Heterocycl. Lett., 1, 99 (2011).
14. I. Banik, F.F. Becker and B.K. Banik, J. Med. Chem., 46, 12 (2003);

https://doi.org/10.1021/jm0255825.

162  Banik et al.

https://doi.org/10.1016/S0040-4039(00)01126-6


15. B.K. Banik, F.F. Becker and I. Banik, Bioorg. Med. Chem., 12, 2523 (2004);
https://doi.org/10.1016/j.bmc.2004.03.033.

16. B.K. Banik, Curr. Med. Chem., 11, i (2004);
https://doi.org/10.2174/0929867043364892.

17. B.K. Banik, I. Banik and F.F. Becker, Bioorg. Med. Chem., 13, 3611 (2005);
https://doi.org/10.1016/j.bmc.2005.03.044.

18. B.K. Banik and F.F. Becker, Mol. Med. Rep., 3, 315 (2010);
https://doi.org/10.3892/mmr_00000257.

19. B.K. Banik, I. Banik and F.F. Becker, Eur. J. Med. Chem., 45, 846 (2010);
https://doi.org/10.1016/j.ejmech.2009.11.024.

20. B.K. Banik, Int. Innov., 50 (2011).
21. B.K. Banik, Int. Innov., 114 (2012).
22. B.K. Banik, S. Samajdar and F.F. Becker, Mol. Med. Rep., 3, 319 (2010);

https://doi.org/10.3892/mmr_00000259.
23. K. Ramos and B.K. Banik, Heterocycl. Lett., 1, 27 (2011).
24. A.K. Bose, B.K. Banik and M.S. Manhas, Tetrahedron Lett., 36, 213 (1995);

https://doi.org/10.1016/0040-4039(94)02225-Z.
25. B.K. Banik, M.S. Manhas, S.N. Newaz and A.K. Bose, Bioorg. Med. Chem.

Lett., 3, 2363 (1993);
https://doi.org/10.1016/S0960-894X(01)80956-2.

26. B.K. Banik, M.S. Manhas and A.K. Bose, J. Org. Chem., 58, 307 (1993);
https://doi.org/10.1021/jo00054a007.

27. A.K. Bose, B.K. Banik, S.N. Newaz and M.S. Manhas, Synlett, 897 (1993);
https://doi.org/10.1055/s-1993-22643.

28. B.K. Banik, H. Aguilar and D. Cordova, Heterocycles, 71, 2321 (2007);
https://doi.org/10.3987/COM-07-11134.

29. D. Bandyopadhyay, M. Xavier and B.K. Banik, Heterocycl. Commun.,
15, 229 (2009).

30. D. Bandyopadhyay and B.K. Banik, Helv. Chim. Acta, 93, 298 (2010);
https://doi.org/10.1002/hlca.200900212.

31. H. Mohamed and B.K. Banik, Heterocycl. Lett., 1, 23 (2011).
32. R. Rodriguez and B.K. Banik, Heterocycl. Lett., 1, 31 (2011).
33. A.L. Shaikh, O. Esparza and B.K. Banik, Helv. Chim. Acta, 94, 2188 (2011);

https://doi.org/10.1002/hlca.201100225.
34. I. Banik, S. Samajdar and B.K. Banik, Heterocycl. Lett, 1, 55 (2011).
35. D. Bandyopadhyay, M. Yanez and B.K. Banik, Heterocycl. Lett., 1, 65 (2011).
36. I. Banik, F.F. Becker and B.K. Banik, Heterocycl. Lett., 1, 79 (2011).
37. I. Banik, A. Okawa and B.K. Banik, Heterocycl. Lett., 1, 83 (2011).
38. R.S. Fonseca, S. Mukherjee and B.K. Banik, Heterocyclic Lett., 1, 97 (2011).
39. A. Nambiar, R. Rodriguez, R.N. Yadav and B.K. Banik, Heterocycl. Lett.,

4, 417 (2014).
40. B.K. Banik, I. Banik and L. Hackfeld, Heterocycles, 59, 505 (2003);

https://doi.org/10.3987/COM-02-S76.
41. F.F. Becker and B.K. Banik, Bioorg. Med. Chem. Lett., 8, 2877 (1998);

https://doi.org/10.1016/S0960-894X(98)00520-4.
42. B.K. Banik and F.F. Becker, Curr. Med. Chem., 8, 1513 (2001);

https://doi.org/10.2174/0929867013372120.
43. B.K. Banik and F.F. Becker, Bioorg. Med. Chem., 9, 593 (2001);

https://doi.org/10.1016/S0968-0896(00)00297-2.
44. F.F. Becker, C. Mukhopadhyay, L. Hackfeld, I. Banik and B.K. Banik,

Bioorg. Med. Chem., 8, 2693 (2000);
https://doi.org/10.1016/S0968-0896(00)00213-3.

45. B.K. Banik, M.S. Venkatraman, I. Banik and M.K. Basu, Tetrahedron
Lett., 45, 4737 (2004);
https://doi.org/10.1016/j.tetlet.2004.04.087.

46. K.R. Landis-Piwowar, D. Chen, Q.C. Cui, V. Minic, F.F. Becker, B.K.
Banik and Q.P. Dou, Int. J. Mol. Med., 17, 931 (2006);
https://doi.org/10.3892/ijmm.17.5.931.

47. B.K. Banik, C. Mukhopadhyay, C.R. Logan and F.F. Becker, Synth.
Commun., 37, 3895 (2007);
https://doi.org/10.1080/00397910701572209.

48. B.K. Banik, C. Mukhopadhyay and F. Becker, Oncol. Lett., 309 (2010);
https://doi.org/10.3892/ol_00000055.

49. B.K. Banik and F.F. Becker, Eur. J. Med. Chem., 45, 4687 (2010);
https://doi.org/10.1016/j.ejmech.2010.07.033.

50. B.K. Banik, M. Basu and F. Becker, Oncol. Lett., 1033 (2010);
https://doi.org/10.3892/ol.2010.167.

51. D. Bandyopadhyay, S. Mukherjee, J. Granados, J. Short and B.K. Banik,
Eur. J. Med. Chem., 50, 209 (2012);
https://doi.org/10.1016/j.ejmech.2012.01.055.

52. D. Bandyopadhyay, J. Sanchez, A.M. Guerrero, F.-M. Chang, J.C.
Granados, J.D. Short and B.K. Banik, Eur. J. Med. Chem., 89, 851 (2015);
https://doi.org/10.1016/j.ejmech.2014.09.072.

53. F.F. Becker and B.K. Banik, Front. Med. Pharm. Chem., 2, 55 (2014);
https://doi.org/10.3389/fchem.2014.00055.

54. S. Samajdar, F.F. Becker and B.K. Banik, Tetrahedron Lett., 41, 8017 (2000);
https://doi.org/10.1016/S0040-4039(00)01397-6.

55. B.K. Banik, S. Samajdar, I. Banik, S.S. Ng and J. Hann, Heterocycles,
61, 97 (2003);
https://doi.org/10.3987/COM-03-S62.

56. D. Bandyopadhyay, J.C. Granados, J.D. Short and B.K. Banik, Oncol. Lett.,
3, 45 (2012);
https://doi.org/10.3892/ol.2011.436.

57. L. Iglesias, C. Aguilar, D. Bandyopadhyay and B.K. Banik, Synth. Commun.,
40, 3678 (2010);
https://doi.org/10.1080/00397910903531631.

58. S. Rivera, L. Iglesias, D. Bandyopadhyay and B.K. Banik, Heterocycl.
Lett., 1, 73 (2011).

59. S. Rivera, D. Bandyopadhyay and B.K. Banik, Heterocycl. Lett., 1, 43
(2011).

60. N. Srivastava, S.K. Dasgupta and B.K. Banik, Tetrahedron Lett., 44, 1191
(2003);
https://doi.org/10.1016/S0040-4039(02)02821-6.

61. D. Bandyopadhyay and B.K. Banik, Heterocycl. Lett., 1, 17 (2011).
62. D. Bandyopadhyay and B.K. Banik, Org. Med. Chem. Lett., 2, 15 (2012);

https://doi.org/10.1186/2191-2858-2-15.
63. J. Lerma and B.K. Banik, Heterocyclic Lett., 1, 35 (2011).
64. D. Adler, P. Nguyen, N. Srivastava and B.K. Banik, Heterocycles, 61,

101 (2003);
https://doi.org/10.3987/COM-03-S63.

65. D. Alvarez and B.K. Banik, Heterocycl. Lett., 1, 37 (2011).
66. D. Bandyopadhyay, R.S. Fonseca and B.K. Banik, Heterocycl. Lett.,

1, 75 (2011).
67. B.K. Banik and M. Cardona, Tetrahedron Lett., 47, 7385 (2006);

https://doi.org/10.1016/j.tetlet.2006.07.150.
68. S. Rivera, D. Bandyopadhyay and B.K. Banik, Tetrahedron Lett., 50,

5445 (2009);
https://doi.org/10.1016/j.tetlet.2009.06.002.

69. N. Srivastava and B.K. Banik, J. Org. Chem., 68, 2109 (2003);
https://doi.org/10.1021/jo026550s.

70. B.K. Banik, I. Garcia and F.R. Morales, Heterocycles, 71, 919 (2007);
https://doi.org/10.3987/COM-06-10957.

71. D. Bandyopadhyay, S. Maldonado and B.K. Banik, Molecules, 17, 2643
(2012);
https://doi.org/10.3390/molecules17032643.

72. B.K. Banik, A.T. Reddy, A. Datta and C. Mukhopadhyay, Tetrahedron
Lett., 48, 7392 (2007);
https://doi.org/10.1016/j.tetlet.2007.08.007.

73. A. Bose, W.P. Sanjoto, S. Villarreal, H. Aguilar and B.K. Banik,
Tetrahedron Lett., 48, 3945 (2007);
https://doi.org/10.1016/j.tetlet.2007.04.050.

74. D. Bandyopadhyay, G. Rivera, J.L. Sanchez, J. Rivera, J.C. Granados,
A.M. Guerrero, F.-M. Chang, R.K. Dearth, J.D. Short and B.K. Banik,
Eur. J. Med. Chem., 82, 574 (2014);
https://doi.org/10.1016/j.ejmech.2014.06.010.

75. S. Samajdar, F.F. Becker and B.K. Banik, ARKIVOC, 27 (2001);
https://doi.org/10.3998/ark.5550190.0002.804.

76. B.K. Banik, S. Samajdar and I. Banik, Tetrahedron Lett., 44, 1699 (2003);
https://doi.org/10.1016/S0040-4039(02)02823-X.

77. L. Canales, D. Bandyopadhyay and B.K. Banik, Org. Med. Chem. Lett.,
1, 9 (2011);
https://doi.org/10.1186/2191-2858-1-9.

78. G. Eyambe, L. Canales and B.K. Banik, Heterocycl. Lett., 1(S), 154-
157 (2011).

79. B.K. Banik, I. Banik and R.N. Yadav (Unpublished Results).
80. B.K. Banik, M.S. Manhas and A.K. Bose, Tetrahedron Lett., 38, 5077

(1997);
https://doi.org/10.1016/S0040-4039(97)01130-1.

81. B.K. Banik, O. Zegrocka, M.S. Manhas and A.K. Bose, Heterocycles, 46,
173 (1997);
https://doi.org/10.3987/COM-97-S66.

82. B.K. Banik, M.S. Manhas and A.K. Bose, J. Org. Chem., 59, 4714 (1994);
https://doi.org/10.1021/jo00096a004.

83. B.K. Banik, O. Zegrocka, M.S. Manhas and A.K. Bose, Heterocycles, 78,
2443 (2009);
https://doi.org/10.3987/COM-09-11729.

Asian Journal of Organic & Medicinal Chemistry  163

https://doi.org/10.1016/0040-4039(94)02225-Z
https://doi.org/10.1016/S0960-894X(01)80956-2
https://doi.org/10.1016/S0960-894X(98)00520-4
https://doi.org/10.1016/S0968-0896(00)00297-2
https://doi.org/10.1016/S0968-0896(00)00213-3
https://doi.org/10.1016/S0040-4039(00)01397-6
https://doi.org/10.1016/S0040-4039(02)02821-6
https://doi.org/10.1016/S0040-4039(02)02823-X
https://doi.org/10.1016/S0040-4039(97)01130-1


84. B.K. Banik and M.S. Manhas, Tetrahedron, 68, 10769 (2012);
https://doi.org/10.1016/j.tet.2012.01.078.

85. B.K. Banik, S. Samajdar, I. Banik, O. Zegrocka and F.F. Becker, Heterocycles,
55, 227 (2001);
https://doi.org/10.3987/COM-00-9100.

86. I. Banik, S. Samajdar and B.K. Banik, Heterocycl. Lett., 1(S), 47 (2011).
87. S. Samajdar, I. Banik and B.K. Banik, Heterocycl. Lett., 1(S), 41 (2011).
88. B.K. Banik, S. Samajdar and I. Banik, J. Org. Chem., 69, 213 (2004);

https://doi.org/10.1021/jo035200i.
89. D. Bandyopadhyay, J. Cruz, R.N. Yadav and B.K. Banik, Molecules,

17, 11570 (2012);
https://doi.org/10.3390/molecules171011570.

90. D. Bandyopadhyay, G.S. Rivera, I. Salinas, H. Aguilar and B.K. Banik,
Molecules, 15, 1082 (2010);
https://doi.org/10.3390/molecules15021082.

91. D. Bandyopadhyay, S. Mukherjee and B.K. Banik, Molecules, 15, 2520
(2010);
https://doi.org/10.3390/molecules15042520.

92. A. Shaikh and B.K. Banik, Helv. Chim. Acta, 95, 839 (2012);
https://doi.org/10.1002/hlca.201100202.

93. S. Samajdar, F.F. Becker and B.K. Banik, Heterocycles, 55, 1019 (2001);
https://doi.org/10.3987/COM-01-9211.

94. S. Samajdar, F.F. Becker and B.K. Banik, Synth. Commun., 31, 2691 (2001);
https://doi.org/10.1081/SCC-100105397.

95. S. Samajdar, M.K. Basu, F.F. Becker and B.K. Banik, Synth. Commun.,
32, 1917 (2002);
https://doi.org/10.1081/SCC-120004840.

96. B.K. Banik, K.J. Barakat, D.R. Wagle, M.S. Manhas and A.K. Bose, J.
Org. Chem., 64, 5746 (1999);
https://doi.org/10.1021/jo981516s.

97. D. Bandyopadhyay, S. Mukherjee, R. Rodriguez and B.K. Banik, Molecules,
15, 4207 (2010);
https://doi.org/10.3390/molecules15064207.

98. D. Bandyopadhyay, J. Cruz and B.K. Banik, Tetrahedron, 68, 10686
(2012);
https://doi.org/10.1016/j.tet.2012.06.009.

99. D. Bandyopadhyay, A. Chavez and B.K. Banik, Curr. Med. Chem., (2017);
https://doi.org/10.2174/0929867324666170320121142.

100. D. Bandyopadhyay and B.K. Banik, Curr. Med. Chem., (2017). (In press).
101. B.K. Banik, Curr. Med. Chem., (2017). (In press).
102. D. Bandyopadhyay and B.K. Banik, Green Synthetic Approaches for

Biologically Relevant Heterocycles, Elsevier, Academic Press (UK),
pp. 517-552 (2014).

103. A.K. Bose, M.S. Manhas, S.N. Ganguly, A.H. Sharma and B.K. Banik,
Synthesis, 11, 1578 (2002);
https://doi.org/10.1055/s-2002-33344.

104. A.K. Bose, B.K. Banik, N. Lavlinskaia, M. Jayaraman and M.S. Manhas,
Chemtech, 27, 18 (1997).

164  Banik et al.


