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Abstract

Microporus materials are active catalysts in regioselective synthesis of
pyrimidobenzimidazoles. Five kinds of zeolites were studied and they showed quite different
catalytic activities due to their wide acid sites distributions and various pore structures. Hf
zeolite was found to be the best in activity for synthesis of isomer 5 while the basic catalyst NaY
zeolite found suitable for synthesis of isomers 4. The main acid sites of H-zeolites were Bronsted
acid sites, and H™ was the catalytic acid site. The methodology involves a ring closure by
different ways based on the reaction medium was confirmed by NOE and X-ray studies.
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1 Introduction

Organic synthesis involving green processes and under solvent-free conditions have been
investigated world widely due to stringent environment and economic regulations.' In recent
years, organic reactions on solid supports such as zeolites® or mesoporous molecular sieves®*
have attracted much attention because of advantages these catalysts possess, such as acidic
properties, shape-selectivities, environment friendly nature of catalysts, the easy work-up, the
high purity of the products, and the recycling of catalysts and decrease waste production.’ These
materials are reported to have Bronsted acid sites in the micropores and on the external surface,

and Lewis acid sites predominantly at the internal surface due to the local defects.’

Pyrimido[1,2-a]benzimidazoles represent core structures that are useful templates for the
design of a variety of compounds. From high throughput screening, a number of analogues have

been found to be of pharmacological interest.”"!

Usefulness of alkenenitriles as starting materials
in heterocyclic syntheses has been amply demonstrated.'*'* An extensive literature survey of
reactions of 2-aminobenzimidazole with alkenenitrile leading to the formation of pyrimido[1,2-
a]benzimidazoles indicated that there is a definite need to study the detailed mechanistic pathway
and regiochemistry of the synthetic processes and the development of new methods for the
regioselective synthesis of these compounds. Conventionally, these compounds have been

synthesized by different route.'”'®

However, many of these methodologies suffer from the
drawback of green chemistryl1’?' and have been associated with several shortcomings such as
long reaction times, expensive reagents, low product yields and difficulty in recovery and
reusability of the catalysts. Due to these problems, development of an efficient and versatile
method for the preparation of pyrimido benzimidazole is an important aspect and which is an

active going on research area and there is a scope for the further improvement towards mild
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reaction conditions and improved yields. Reactions under microwave irradiation® are clean, fast
and economical and provide a non-conventional energy source that has the advantage of short
reaction times with high yields and regioselectivity. Our ongoing programme to develop benign
and expeditious methods for organic transformation under solvent-free conditions using
microwaves irradiation,”and our interest in green chemistry, we planned to synthesise a
compound structurally related to the biologically important pyrimido[1,2-a] benzimidazoles by
reacting 2-aminobenzimidazole with malononitrile and cyclohexanone using various type of
zeolites and studied their catalytic effect on reaction mechanism (Scheme 1).

2 Result and discussion

We found that the reaction of substituted or unsubstituted aminobenzimidazoles 1 with
alkenenitrile 2 proceeds by two possible pathways depending on the reaction conditions. In
conventional manner alkenenitrile 3a were treated with aminobenzimidazoles 1 under reflux in
N, N-dimethylformamide or ethanol for 72 hrs., the reaction being monitored by TLC. When the
reaction under reflux in N,N-dimethylformamide was stopped after 18 hours, spectral data
showed that traces of the starting materials, unconjugated enaminic nitrile 7, traces of conjugated
enaminic nitrile 8 and some of the pyrimidobenzimidazole 5 were in the mixture. However, after
48 hrs of reaction, all the starting materials had been used up and the intermediate enaminic
nitriles converted to the final product in near quantitative yield. When the reaction was carried
out in ethanol for 72 days, the unconjugated adduct 7 was the sole product. Compounds 8 show
broad twin  stretching bands in the IR  spectra  between  3150-3450
cm” due to NH,, intense stretching bands due to C=N between 1640-1650 cm™ and to C = C
between 1600-1610 cm™, while in compound 7 shows absorption band at 3180-3460 cm™ due to
NH,, 2300-2320 cm™ (C=N) and absence of C=C at 1600-1620 cm™ confirm the formation of 7.
In '"H NMR spectra CH protons showed at 3.42 ppm further confirmed the formation of 7. In
microwave irradiation 2-aminobenzimidazole (1a) react with alkenenitrile in presence of HY
zeolite gave  7'-amino-8'H-spiro  [cyclohexane-1,5"-pyrimido[1,2-a]benzimidazole]-6'-carbo-
nitrile 5a-e in good yield. While NaY zeolite give 6'-amino-8'H-spiro[cyclohexane-1,7'-
[1,2,4]triazolo[4,3-a]pyrimidine]-5'-carbonitrile (4) in quantitative yield.(Scheme 1).
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The reaction of aminobenzimidazoles with alkenenitrile may proceed by two possible
mechanistic pathways (Schemes 2 or 3) depending on whether the initial attack of the
alkenenitrile is by ring nitrogen (Scheme 2) or by the nitrogen of the side chain (Scheme 3), to
give the isomeric pyrimidobenzimidazoles 4 or 5. In order to distinguish between the isomeric
benzimidazoles 4 and 5, 1H nuclear Overhauser effect (NOE) experiments involving the spectral
substitution technique (difference NOE)**** was used. Enhancement of the H-6 signal (26%)
was observed when the C-12 methine proton was irradiated in compound 5a, whereas irradiation
of H-6 induced enhancement of H-7 (23%) and H-12 (20%) signals, thus indicating that H-6 and
H-12 protons are in close spatial proximity. These results confirm that the
pyrimidobenzimidazoles obtained in this work are of structure 5. The NOE experiment also

permitted the unambiguous assignment of all the proton signals in structure 5.

X-Ray crystallographic analyses of reaction products from the reaction of 2-
aminobenzimidazoles and dimethyl allene- 1,3-dicarboxylate’® have proved that the product

obtained results from the attack of the alkene by the ring nitrogen in case of HY zeolite.
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In basic medium using NaY zeolite the ring nitrogen is protected by the base and not available to
attack on alkenenitrile, so the side chain nitrogen attack and yielded the 4 and no enhancement of

signal was observed in NOE. This involves the condensation of carbonyl compound with active



methylene reagent to afford the corresponding B—arylacrylonitrile derivative (6) followed by
addition of exocyclic amino function of 2-aminobenzimidazole (1) to the activated double bond

system in (6) to form Michael adduct (7) which undergoes intramolecular cyclization to give (4).
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X-ray crystallographic analysis of the product of multi-component reaction of (1), (2) and (3) has
proved the structure (4) [27] The assignment of structure 5 and 4 obtained in this work is thus

confirmed conclusively.

Five kinds of zeolites were studied, and the results were listed in Table 1. It is obvious to
observe that both low conversion and selectivity was obtained when catalyst was not employed
in reaction mixture. However, they could be improved by using these zeolites. For sake of
comparisons we prepared a range of pyrimidobenzimidazole in the same optimized reaction
conditions using conventional heating. Microwave conditions showed the beneficial effect on the

reaction with considerably decreased reaction time and increasing yield.

Table 1. Effect of various zeolite and reaction method on synthesis of pyrimidobenzimidazole

Entry | Compound Reaction Method | Time Temp. Yield (%)*
no. conditions (min.) (°C)
1. Sa Hp A 600 R.T. 62
2. Hp MW 4 140 86
3. Sa HUSY A 720 R.T. 45
4. HUSY MW 15 140 68




5. Sa HY A 1200 R.T. 38
6. HY MW 18 140 64
7. Sa HM A 1080 R.T. 47
8. HM MW 20 140 55
9. Sa HZSM-5 A 720 R.T. 58
10. HZSM-5 MW 7 140 72
11. 4a NaY A 900 R.T. 64
12. NaY MW 6 140 88
13. 4a CeY A 1080 R.T. 45
14. CeY MW 10 140 68
15. 4a LaY A 1320 R.T. Mixture of products
16. LaY MW 15 140 40
17. 4a Neat A 1440 R.T. Traces of Products
18. Neat MW 8 140 45
“=Tsolated yeild

As shown in Table 1 that HB exhibited the high conversion while HM showed low

conversion under microwave irradiation. The percentages of conversion and the selectivity for
the target product 5 could be arranged in the order HB> HZSM-5>HUSY > HY> HM. In case of

basic zeolite the product selectivity of targeted product was NaY> CeY> LaY. Since the number

and strength of acid site in zeolite increase with metal cation exchanged in the order of H' < Na"

< Ce? < La*" [23b]. Such results could be explained by the difference of zeolite channel

structures and acidic properties.

Table 2. Physical data of synthesized compounds

Cmpd R! R® Carbonyl Reaction Time M.P. | Yield
no. compound (X) medium (Min.) (°C) (%)
4a H H NaY Zeolite 6 2407 88

o
4b H H :>: NaY Zeolite 5 170 92
o




4c CH; CH; <:>:O NaY Zeolite 5 205 85

4d CH; CH; } NaY Zeolite 8 225 82
O

5a H H <:>:O H-Beta Zeolite 4 285 86

5b H H :>: H-Beta Zeolite 4 296 90
0

5c CH; CH; <:>: H-Beta Zeolite 8 272 82

o

5d CH; CH; :>: H-Beta Zeolite 6 340 84
(@]

5e H H i H-Beta Zeolite 7 325 79

3 Conclusions

In conclusion, we have demonstrated that HB and NaY zeolite is a new efficient and
green catalyst for synthesis of pyrimidobenzimidazole derivatives via a three-component reaction
of 2-aminobenzimidazole, cabonyl compound and alkenenitrile using microwave irradiation. The
remarkable advantages offered by this method are: catalyst is inexpensive, non-toxic, easy
handling and reusable, simple work-up procedure, short reaction time, high yields of product
with better purity and green aspect by avoiding toxic catalyst and hazardous solvent.

4 Experimental
Melting points were determined. Thin layer chromatography on silica gel 'G' coated glass

plates using benzene, ethanol (8: 2) as eluent was used for monitoring the progress of the
reactions. IR spectra (KBr) were recorded on a Magna FT IR—550 spectrophotometer, 'H and °C
NMR spectra [CDCI3] were taken on a Bruker —300DX spectrometer at 300 and 200 MHz
respectively, using TMS as an internal standard for PMR as external standard and mass spectra
were recorded on Jeol D-300 spectrometer at an ionisation potential of 70 e.v. Microwave
assisted reactions were carried out on Maxidigest MX 350 Prolabo (50 W), operating 2450 MHz
frequency. Perkin—Elmer 2400 automatic CHNS analyzer used for elemental analyses. All
anilines were purchased used as received. NaY, HUSY, HZSM-5, HM and HJ} zeolite were
obtained from Zeolyst International, Netherland. The SiO,/Al,O5 ratio is 5.12 in NaY, 8.10 in




HUSY, 60 in HZSM-5, 20 in HM. HP zeolite was prepared by following the methods described
in literature®.

General Procedure

Synthesis of 4'-amino-1'H-spiro[cyclohexane-1,2'-(pyrimido[1,2-a]benzimidazole)]-3'-
carbonitrile (4)This was carried out following the procedures below.

(a) Conventional method: 2-Aminobenzimidazole (1) (.01 mol), malononitrile (2) (.01 mol) and
cyclohexanone (3) (.01 mol) and NaY zeolite (2g) were heated to refluxed in ethanol (50 ml) for
appropriate time (TLC control). The reaction mixture was kept overnight at room temperature
and the resulting precipitate of 4 was filtered off, washed with ethanol, dried and recrystallised
from ethanol.

(b) Microwave heating: Pyrex glass vial contaning an equimolar (.01 mol) mixture of 1, 2 and 3
was mixed with NaY zeolite (2g) was placed in a screw capped Teflon vessel. Microwave
irradiation was applied for 3-10 min at 140°C. After the completion of reaction (TLC analysis),
recyclable zeolite was separated by filtration after eluting the product with ethanol under reduced
pressure and the residue was washed with methanol give pure product in high yield (Table 2).
7'-amino-8'H-spiro  [cyclohexane-1,5'-pyrimido[1,2-a]Jbenzimidazole]-6'-carbonitrile (5) This
was carried out following the procedures below.

(a) Conventional method: 2-Aminobenzimidazole (1) (.01 mol), malononitrile (2) (.01 mol) and
cyclohexanone (3) (.01 mol) and H zeolite (2g) were heated to refluxed in ethanol (50 ml) for
appropriate time (TLC control). The reaction mixture was kept overnight at room temperature
and the resulting precipitate of 4 was filtered off, washed with ethanol, dried and recrystallised
from ethanol.

(b) Microwave heating: Pyrex glass vial contaning an equimolar (.01 mol) mixture of 1, 2 and 3
was mixed with Hf zeolite (2g) was placed in a screw capped Teflon vessel. Microwave
irradiation was applied for 3-10 min at 140°C. After the completion of reaction (TLC analysis),
recyclable zeolite was separated by filtration after eluting the product with ethanol under reduced

pressure and the residue was washed with methanol give pure product in high yield (Table 2).

Acknowledgement
Authors are thankful to IOCL, R & D Center, Faridabad, Haryana, India for financial supports

References and notes
Corma, A.; Garcia, A. Chem. Rev. 2003, 103, 4307.

Sen, S. E.; Smith, S. M.; Sullivan, K. A. Tetrahedron 1999, 55, 12657.
Sayari, A. Chem. Mater. 1996, 8, 1840.
Ko, K. Y.; Park, S. T.; Choi, M. J. Bull. Korean Chem. Soc., 2000, 21, 951.

el e



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

Gerard, V. S.; Notheisz, F. Heterogeneous Catalysis in Organic Chemistry, Elsevier,
2000.

Jansen, J. C.; Creyghton, E. J.; Njo, S. L.; Koningsveld, H.; Van Bekkum, H. Catal.
Today 1997, 38, 205.

(a) Shaaban, M. Heterocycles 2009, 75(12), 3005; (b) Abdel-hafez, A. A. Arch Pharm
Res. 2007, 30(6), 678.

(a) De Araujo, J.E.; Huston, J.P.; Brandao, M. Eur. J. Pharm. 2001, 432, 43; (b) Khan,
S.; Whelpton, R.; Micheal-Titus, A.T. Neurosci. Lett. 1996, 205, 33.

(a) Wonda, N.; Michal, Z. Arch. Pharm. 1999, 337, 249; (b) Trapani, G.; Farnco, M.;
Latrofa, A.; Genchi, G.; Iacobazzi, V. Eur. J.Med. Chem. 1997, 32, 83.

(a) Khan, S.; Brooks, N.; Whelpton, R.; Micheal-Titus, A.T. Eur. J. Pharm. 1995, 282,
229.

(a) Lazarono, S.; Popham, A.; Birdsall, N.J.M. Mol. Pharm. 2002, 62, 1492; (b) Frolov,
A.N. Russian J. Gen. Chem. 2001, 71, 553;

(a) Fleming, F.F.; Wei, G.; Zhang, Z.; Steward, O. W. J. Org. Chem. 2007, 72 (14), 5270,
(b) Peppe, C.; de A. Mello, P.; Das Chagas, R. P. Journal of Organometallic Chemistry
2006, 691 (11), 2335..

(a) Fleming, F.F.; Zhang, Z.; Wang, Q.; Steward, O. W.; Org. Lett. 2002, 4 (15), 2493;
(b) Landor, S. R.; Landor, P. D.; Fomum, Z. T.; Mbafor, J. T.; Nkengfack, A. E. J. Chem.
Soc., Perkin Trans. 1, 1983, 223.

Fomum, Z. T.; Mbafor, J. T.; Landor, S. R.; Landor, P. D. Tetrahedron Lett. 1981, 4127.
(a) Nawrocka, W.; Sztuba, B.; Uszkiewicz, H.; Kowalska, M.W.; Wietrzyk, J.; Nevozhai,
D.; Opolski, A. Polish J. Chem. 2005, 79, 709, (b) Krasovsky, A.L.; Hartulyari, A.S.;
Nenajdenko, V.G.; Balenkova, E.S. Synthesis 2002, 133.

(a) Lipson, V.V.; Orlov, V.D.; Desenko, S.M.; Shishkina, S.V.; Shishkin, O.V;
Shirobokova, M.G. Chem. Heterocycl. Compd. 2000, 36, 1039; (b) Asobo, P.F.; Wahe,
H.; Mabafor, J.T.; Nkengfack, A.E.; Fonum, Z.T.; Sopbue, E.F.; Dépp, D. Chem. Soc.
Perkin Trans. | 2001, 457; (c) Wahe, H.; Asobo, P.F.; Cherkasov, R.A.; Fomum, Z.T.;
Dopp, D.; Nkengfack, A.E.; Folefoc, G.N. Arkivoc, 2003, 15, 170.

(a) Wahe, H; Asobo, P.F.; Cherkasov, R.A.; Fomum, Z.T.; D6pp, D. Arkivoc, 2004, 16,
130; (b) Anisinova, V.A.; Osipova, M.M.; Spasov, A.A.; Turchaeva, A.F.; Dudchenko,
G.P.; Larionov, N.P.; Kovalev, S.G. Pharm. Chem. J. 2002, 36, 468;

(a) Al-Afaleq Eljazi, I. Synth. Commun. 2000, 30, 1985; (b) Dawood, K.M.; Farag, A.M;
Kandeel, Z.E. J. Chem. Res. (S) 1999, 88.

Selvam, N. P.; Perumal, P. T. Tetrahedron Lett. 2006, 47, 7481.



20.

21.

22.

23.

24.

25.

26.
27.

28.

Das, B.; Laxminarayana, K.; Ravikanth, B.; Rao, B. R. J. Mol. Catal. A: Chem. 2007,
261,180.

Anastas, P. T. Green Chemistry Theory and Practice, Oxford University Press: New
York, 2000.

(a) Loupy, A. Microwaves in Organic Synthesis, 2nd Edition, (Ed); Wiley-VCH:
Weinheim, 2006; (b) Kappe, C. O.; Dallinger, D. Nature Rev. Drug Discov. 2006, 5, 51;
(c) Kappe, C. O.; Stadler, A. Microwaves in organic and medicinal chemistry, Wiley-
VCH, 2005; (d) Leadbeater, N. E. J. Chem. Soc., Chem. Commun. 2005,2881; (e) Kappe,
C. O. Angew. Chem. Int. Ed. 2000, 43, 6250; (f) Varma, R. S. Green Chem. 1999, 1, 43.
(a) Dandia, A.; Singh, R.; Arya, K. Letters in Organic chemistry 2009, 6, 100; (b) Arya,
K.; Dandia, A. Bioorg. Med. Chem. Lett. 2008, 18, 114; (c) Arya, K.; Dandia, A. Letters
in Organic chemistry 2007, 4, 378; (d) Arya, K.; Dandia, A. Bioorg. Med. Chem. Lett.
2007, 17, 3298; (e) Dandia, A.; Singh, R.; Khaturia, S. J. Fluorine Chem. 2007, 125(12),
1835; (f) Dandia, A.; Singh, R.; Khaturia, S. Bioorg. Med. Chem. 2006, 14, 1303; (g)
Dandia, A.; Singh, R.; Sarawgi, P. Org. Prep. Proced. Int. 2005, 37, 397; (h) Dandia, A.;
Arya, K.; Sati, M.; Gautam, S. Tetrahedron, 2004, 60, 5253.

Shamma, M.; Hindenlag, D. M. Carbon-13 NMR Shift Assignments of Amines and
Alkaloids, Plenum Press, New York, 1979.

Lewis, G. C.; Nelson, G. L. *C NMR for Organic Chemists, Wiley-Interscience, New
York, 1972.

Doad, G. J. S.; Okor, D.I.; Scheinmann, F. J. Chem. Soc., Perkin Trans. 1 1988, 2993.
Dandia, A.; Sarawgi, P.; Binghamb, A. L.; Drakec, J. E.; Michael, B.; Ratnani, R. J.
Chem. Res 2007, 155.

(a) Breck, D. W. Zeolite Molecular Sieves; Wiley: NewYork, 1974; (b) Csicsery, S. M.
Zeolite Chemistry and Catalysis; 340 Rabo, J. A., Ed.; ACS Monograph 171;
Washington, DC, 1976, 680; (c) Dyer, A. An Introduction to Zeolite Molecular Sieves;
Wiley: New York, 1988.





