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Abstract Potassium tribromide wrapped around polyethylene glycol
({K*PEGa00}Brs’) was easily prepared by two step reaction of PEGago
with KBr followed by the addition of molecular bromine to give PEG
embedded potassium tribromide as a dark viscous oil. The synthesized
material was found to be an efficient, cost effective, environmentally
benign and recyclable catalyst for the library synthesis of nitrogen
containing heterocyclic compounds via multicomponent coupling
reaction. The method offers a set of advantages such as facile synthesis,
low cost, recycling ability and high product yields.
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Introduction

Synthesis of diverse range of heterocyclic compounds, particularly those possessing a number of
biological as well as pharmacological applications is an important goal in the fields of organic
synthesis and chemical biology. Multicomponent reactions (MCRs) serve as a rapid and efficient
tool for the synthesis of such multi-functionalized ring systems by one pot operation [1-3]. These
reactions offer a number of potential advantages over conventional multistep synthesis in terms
of rapid synthesis, reduction of chemical waste, lower cost and simple isolation, purifications
procedures. Heterocyclic compounds such as 1,5-benzodiazepines [4-6], benzimidazoles [7-9]

imidazolines [10-12] and 2-oxazolines [13-16] constitute the largest diversity of organic
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molecules in medicinal chemistry because of their remarkable biological activities including
anticonvulsant, anti- anxiety, and hypnotic agents. Some of the analogous of these heterocyclic
compounds have been used widely for the synthesis of valuable fused rings compounds such as
triazolo, oxazino or furano-benzodiazepines. Furthermore, they are used in photography and also
as anti-inflammatory agents. More recently, the area of biological interest of 1,5-
benzodiazepines has been extended to antibiotics, and various diseases such as cancer, viral
infection (HIV) and cardiovascular disorders [17-18]. Recently, one-pot syntheses of these
heterocyclic compounds by condensation reactions employing several metal based and metal free
catalytic systems have been reported [19-20]. However, in most of the cases, high loadings (up
to 33 mol %) [21] of expensive catalysts and difficult recovery of the catalysts make the utility of
these methods limited. The development of simple and environmentally benign synthetic
methods for efficient preparation of these heterocyclic compounds and their libraries is therefore
a significant challenge. Liquid polyethylene glycols (PEG’s), have extensively been used as
novel green solvents in synthetic organic chemistry. In addition, polyethylene glycols, also
known as a “poor chemist’s crown ethers” have been used as phase-transfer catalysts for
catalytic reactions and have the tendency to form complexes with metal cations [22-23]. Based
on the metal cation coordination ability of PEGs, recently we have developed a novel PEG
wrapped potassium tribromide via a unique host—guest complex approach and utilized it for the
synthesis of functionalized piperidines via multi-component coupling reaction [24]. In
continuation to our on-going research, herein we report an efficient methodology for the
synthesis of diverse range of heterocyclic compounds such as 5-benzodiazepine derivatives 4,
benzimidazoles 6, imidazolines 9 and oxazolines 10 via the one-pot multi-component coupling

which are essential components of various bio-active molecules (Scheme 1).
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Scheme 1: Synthesis of heterocyclic compounds catalyzed by 1

Experimental Section

Materials and Instrumentation. All the substrates, reagents, and solvents were
commercially available and were used without further purification. *H and 3C NMR spectra
were recorded at 500 MHz for CDClI3s solutions. GC-MS (HP 5890, series Il) analysis were
carried out by using mass selective detecter (MSD) (30m x 0.30 mm); 50-250 °C, 8 °C/min,
and GC (GC, Agilent 6820) analysis was carried out using a silicon OV-17 column (50 m x
0.26); 50-250 °C, 5 min isothermal, 8 °C/min, FID 250 °C. The bromine content of the

catalyst 1 was determined according to the literature [28].

Synthesis of [{K*PEGa00}Brs] 1

To a 100 mL round bottomed flask, cooled in an ice bath and equipped with a dropping funnel
and a condenser, were added, successively, 20 mL of MeOH and KBr (5 g) while maintaining
the internal temperature between 10-15 °C. Molecular bromine, 10 mL, was then added by the
dropping funnel (drop-wise). The solution was stirred for 10 minutes and the crude brown
mixture became orange. Commercial PEGaoo (20 g) was then added and the resulting mixture
was stirred for 60 min 10 °C. The solvent was removed under reduced pressure and PEG
embedded tribromide 1 was successively washed with Et.O and dried under vacuum.

General experimental for the library synthesis of heterocyclic compounds
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A mixture containing desired substrates as mentioned in Table 1 and catalyst 1 (10 mol%, 0.1
mmol) was stirred at room temperature under a nitrogen atmosphere. The reaction was
monitored by TLC. At the end of the reaction, catalyst was easily recovered by extracting the
reaction mixture with diethyl ether. The combined organic layer was washed with water, brine
solution and dried over anhydrous sodium sulphate. The solvent was removed under reduced
pressure and the residue so obtained was purified by column chromatography (SiO2) by using
EtOAC : hexane (1:4) as eluent to afford pure product.

Procedure for Regeneration and Reuse of 1 (Recycle 1). The filtrate originating from the
above reaction containing [PEG.KBr] was treated with bromine and the resulting mixture was
stirred to give [PEG.KBr3] 1. The regenerated catalyst 1 was successively used for the

subsequent runs.

Result and discussion
In our investigations, we used PEGaoo, Which being liquid, can easily allow reactions to be run
under solvent free conditions. The PEGaoo-wrapped tribromide 1 was readily synthesized by

treating PEGao0 with KBr followed by its reaction with bromine (Scheme 2).
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1. Scheme 2: Synthesis of tribromide 1
We began this study by examining the condensation of o-phenylenediamine 2 with acetone in the
presence of catalytic amount of 1 (10 mol %) under the solvent free conditions. The mixture was
stirred at room temperature. The progress of the reaction was monitored by TLC. After
completion of the reaction, the product was isolated by extraction with diethyl ether followed by
usual workup to afford 2,2,4-trimethyl-2,3-dihydro-1H-benzo-b-[1,4]diazepine 4a in 98 % vyield.
The recovered PEG wrapped potassium bromide [K*{PEG}Br] can readily be separated and
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converted to 1 for recycling experiments. In view of the success of the above reaction, we
explored the scope of this reaction by varying the substrates under similar reaction conditions.
The results of these experiments are summarized in Table 1. The reaction proceeded very cleanly
under described experimental conditions and afforded excellent yield of the desired products.
Further, cyclic ketones such as cyclohexanone and cyclopentanone reacted effectively to produce
the corresponding fused ring benzodiazepines (Table 1, entry 3,4). In a controlled blank
experiment between o-phenylenediamine and acetone, no reaction occurred in the absence of
catalyst 1. Similarly no reaction was taken place by using PEGasoo alone under identical
conditions. However, in the presence of KBr, the reaction between o-phenylenediamine and
acetone afforded very poor yield of the desired product under otherwise similar reaction
conditions. All the products were identified by comparing their physical and spectral data with
the reported values.

To extend the scope of the reaction, we also studied the condensation of o-phenylenediamine 2
and aromatic aldehydes 5 under described experimental conditions. The results of these
experiments are presented in Table 2. The progress of the reaction was monitored by TLC and
products were analyzed by GC. In all cases, the reaction was found to proceed smoothly and
provided high product yields without any evidence for the formation of any side product. The
electronic effect of the substituents had marginal effect and therefore all the aromatic aldehydes
bearing either electron-withdrawing or electron-donating functional groups were found to be
suitable for the reaction (Table 2).

Furthermore we carried out the condensation of the aromatic aldehydes 5 with ethylene diamine
7 or ethanolamine 8 under identical reaction conditions. The reaction proceeded efficiently and
provided the corresponding imidazolines 9a-9k and 2-oxazolines 10a-10k respectively in high to
excellent yields. The results of these experiments are presented in Table 3.

The mechanism of the reaction is not clear at this stage, in analogy to the existing reports by
using organic ammonium tribromides as catalyst [24], It is believed that the reagent 1 release Br*
in situ which can act as oxidant [25-27] in the reaction medium and lead to the formation of
benzimidazoles as shown in Scheme 3. The possible mechanism for the synthesis of 1,5-
benzodiazepine could involve an intramolecular imine—enamine cyclization promoted by reagent

1, as shown in Scheme 3.
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Scheme 3: Probable mechanism for the synthesis of 1,5-benzodiazepine 4, benzimidazole 6

2.

Conclusion

In summary, we have developed a very simple, inexpensive and easily recyclable catalyst i.e.
potassium tribromide wrapped around PEGaeo for the one-pot synthesis of nitrogen containing
heterocyclic library compounds such as 1,5-benzodiazepines, benzimidazoles, imidazoles and 2-
oxazolines by using a catalytic amount of tribromide wrapped around PEGuao. The developed
method has a number of advantages over the reported tribromides in terms of its easy synthesis,
low cost, readily available precursors, higher stability, higher efficiency, versatility for the

synthesis of a range of heterocyclic compounds and high product yields.

Table 1: One-pot synthesis of 5-benzodiazepines 4 catalyzed by PEG-wrapped KBr3 1.2

R
NH, o H Ri 2
N
+ R2 .
NH, Rl)JV @[ jRZ
3 N=
2 y R

Entry Substrate Product Reaction | Yield
Time (h) | (%)°
_ _ 0.5 98
1. 2 + 3a (R1=CHg3, Ro=H) |4a 10 42 ¢
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2. 2 + 3b (R1=Ph, R2=H) 4b 0.5 96
O
3. 2+ é 4c 0.5 93
3c

0]

. - é ad 05 03
3d

2 + 38 (R]_:CH\?H

5 Ro=CH(CHs): ae 0.5 0
6. 2 + 3f (Ri=Et, R.=Me) | 4f 05 o1
7 2 +3g (Ri=Et, R;=H) | 4g 05 90

4Reaction conditions: substrate 2 (1 mmol), 3 (2.5 mmol), catalyst 1 (10 mol%) at room

temperature under nitrogen atmosphere; °Isolated yields; using KBr as catalyst.
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Table 2: One-pot synthesis of benzimidazoles 6 catalyzed by PEG-wrapped KBr3 12
o

N —
= \
\\R H

6

5

Entry Substrate Product Reaction | Yield
Time (h) | (%)°
1 2 +5a (R=H) 6a 4.0 90
2 2 + 5b (R=p-Me) 6b 4.5 89
3 2 +5c (R=p-OMe | 6¢ 4.0 90f
4 2 +5d (R=p-NO2) | 6d 4.0 90
5 2+ 5e (R=p-Cl) 6e 4.0 92
6 2 +5f (R=m-NO2) | 6f 4.0 85

Reaction conditions: substrate 2 (1 mmol), 5 (1 mmol), catalyst 1 (10 mol%) at room

temperature under nitrogen atmosphere; lsolated yields.
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Table 3: One pot synthesis of imidazolines 9 and oxazolines 10 catalyzed by 1?

5 * HN X

7; X=NH2 9; X=NH

8; X=0OH 10; X=0
Entry | Substrate Product Reaction Yield

Time (h) (%)°

1 7 +5a 9a 1.0 95
2 7+5b 9b 1.0 94
3 7+5C 9c 1.0 94
4 5d +7 ad 1.0 95
5 S5e+7 %e 1.0 95

7+
6 QCHO 59 |9 1.0 90
7 7+ @ oh 1.0 93

CHO 5h
8 7 + 5i (R=0-Cl) 9i 1.0 95
7 + 5j (R=p-
9 9j 1.0 85
N(Me2)
N CHO
10 | 9k 1.0 80
11 8 + 5a 10a 1.0 95

12 8 +5b 10b 1.0 94
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13 [8+5¢C 10c 1.0 94
14 | 8+5d 10d 1.0 95
15 | 8+5e 10e 1.0 95
16 |8+5g 10g 1.0 90
17 | 8+5h 10h 1.0 93
18 |8 +5i 10i 1.0 95
19 |8+5) 10 1.0 85
20 |8+5k 10k 1.0 80

4Reaction conditions: substrate 5 (1 mmol), 7 or 8 (1 mmol), catalyst 1 (10 mol%) at room

temperature under nitrogen atmosphere; °Isolated yields.

ACKNOWLEDGMENT
We are thankful to the Director, IIP for his kind permission to publish these results. SV
acknowledges the CSIR, New Delhi for the award of his Research Fellowship.
ABBREVIATIONS
PEG400, polyethylene glycol (MW400); TLC, thin layer chromatography.
References
[1]. Zhu, J.; Bienayme, H. Multicomponent Reactions; 1% ed .; Wiley: Weinheim, 2005;
[2]. Nair, V. Chem.; Rajesh, C.; Vinod, A.; Bindu, U. S.; Streekenth, A. R.; Mathen, J. S;
Balagopal, L. Acc Chem. Res. 2003, 36, 899.;
[3]. Ramén, D. J.; Yus, M. Angew. Chem., Int. Ed. 2005, 44, 1602; d) Démling, A. Chem.
Rev. 2006, 106, 17.
[4].  Schutz, H. In Benzodiazepines; Springer: Heidelberg, 1982; Vol. 2,p 240.
[5]. Smalley, R. K. In Comprehensive Organic Chemistry; Barton, D., Ollis, W. D., Eds.;
Pergamon: Oxford, 1979; Vol. 4, p 600.



24::

International Journal of Heterocyclic Chemistry, Vol. 8 No. 3, pp. 14-25 (Summer 2018 )
]

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

Landquist, J. K. In Comprehensive Heterocyclic Chemistry; Katritzky, A. R., Ress, C. W.,
Eds.; Pergamon: Oxford, 1984, Vol. 1,p 166.

Zarrinmayeh, H.; Nunes, A. M.; Ornstein, P. L.; Zimmerman, D. A.; Gackenheimer, S.
L.; Bruns, R. F.; Hipskind, P. A.; Britton, T. C.; Cantrell, B. E.; Gehlert, D. R. J. Med.
Chem. 1998, 41, 2709.;

Gravatt, G. L.; Baguley, B. C.; Wilson, W. R.; Denny, W. A. J. Med. Chem. 1994, 37,
4338;

Jayashankara, B.; Rai, K. M. L. Arkivok, 2008, 11, 75.

Grimmett M. R. In Comprehensive Heterocyclic Chemistry, Katcizky A. R, Rees C. W.
Scriven E. F. V., Eds, Pergamon: Oxford, 1996,Vol. 3, pp 77-220.

Greenhill J V, Lue L, In Progress in Medicinal Chemistry, Ellis G P, Luscombe D K,
Eds, Elsevier: New York, 1993, Vol. 3.;

Preston P. N. Chem. Rev. 1974, 74, 179-314.; ¢) Touzeau, F.; Arrault, A.; Guillaumet, G.;
Scalbert, E.; Pfeiffer, B. Rettori, M. C. Renard, P.; Merour, J. Y. J. Med. Chem.. 2003,
46, 1962-1979.

Gravatt, G. L.; Baguley, B. C.; Wilson, W. R.; Denny,W. A. J. Med. Chem. 1994, 37,
4338.;

Kim, J. S.; Gatto, B.; Yu, C.; Liu, A,; Liu, L. F.; La Voie, E. J. J. Med. Chem.1996, 39,
992.;

Roth, T.; Morningstar, M. L.; Boyer, P.L.; Hughes, S. H.; Buckheit, R. W., Jr.; Michejda,
C. J. Med. Chem. 1997, 40, 4199.;

Horton, D. A.; Bourne, G.T.; Smythe, M. L. Chem. Rev. 2003, 103, 893.

Merluzzi, V.; Hargrave, K. D.; Labadia, M.; Grozinger, K.; Skoog, M.; Wu, J. C.; Shih,
C.-K.; Eckner, K.; Hattox, S.; Adams, J.; Rosenthal, A. S.; Faanes, R.; Eckner, R. J.;
Koup, R. A.;Sullivan, J. L. Science 1990, 250, 1411-1413;

Di Braccio, M.; Grossi, G.; Romoa, G.; Vargiu, L.; Mura, M.; Marongiu, M. E. Eur. J.
Med. Chem. 2001, 36, 935-949.

Isambert, N.; Duque, M. M. S.; Plaguevent, J.-C.; Génisson, Y.; Rodriguez, J.;
Constantieux, T. Chem. Soc. Rev. 2011, 40, 1347-13576. ;

D’Souza D M, Miiller T. J. J. Chem Soc Rev, 2007, 36, 1095-1120.

Clarke, P. A.; Zaytsev, A. V.; Whitwood, A. C. Synthesis 2008, 3530-3532.



International Journal of Heterocyclic Chemistry, Vol. 8 No. 3, pp. 14-25 (Summer 2018 ) 1125

[22]. For recent reviews dealing with poly(ethylene glycol), see: a) Dickerson, T. J.; Reed, N.
N.; Janda, K. D. Chem. Rev., 2002, 102, 3325;

[23] Chen, J.; Spear, S. K.; Huddleston, J. G.; Rogers, R. D. Green Chem., 2005, 7, 64.

[24]. Choudhury L. H.; Parvin T.; Khan, A. T. Tetrahedron 2009, 65, 9513-9526 and
references cited therein.

[25]. Du L. H, Wang Y. G. Synthesis 2007, 5, 675-678.;

[26]. Bahrami K, Khodaei M. M, Kavianinia, | Synthesis 2007, 4, 547-550.;

[27]. Ghorbani-Vaghei, R.; Veisi, H. Mol Divers 2010, 14, 249-256.

[28]. Mendham, J.; Denney, R. C.; Barnes, J. D.; Thomas, M. J. K. Vogel’s Textbook of
Quantitative Chemical Analysis, Revised 6th ed.; Pearson Education: Upper Saddle
River, NJ, 2003; pp 401-402 and 458.



