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Synthesis of 1-Aminoimidazo[5,1-alisoquinolinium Salts Based on
Multicomponent Reactions of Isocyanides
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A novel pseudo-four-component condensation yielding 1-aminoimidazo[5,1-a]isoquinolinium salts from
isocyanides, isoquinoline, and sulfonic or bromic acids is described. The method offers several advantages
including high yields of products and an easy experimental workup procedure.

Introduction

Multicomponent reactions (MCRs), because of their
productivity, simple procedures, convergence, and facile
execution, are one of the best tools in combinatorial
chemistry.! Therefore, the design of novel MCRs has
attracted great attention from research groups working in
various areas such as drug discovery, organic synthesis, and
material science. MCRs that involve isocyanides are by far
the most versatile reactions in terms of scaffolds and number
of accessible compounds.2 As a result; the number of new
MCRs in recent years is growing rapidly.’

Bridgehead nitrogen heterocycles are of interest because
they constitute an important class of natural and non-natural
products, many of which exhibit useful biological activity.*
Imidazol[5,1-alisoquinolinium salts are used as orally effec-
tive blood sugar lowering agents in the treatment of
diabetes.” Several methods have been reported for the
synthesis of 1-aminoimidazo[5,1-a]isoquinoline. However,
they all rely on multistep reactions; their yields are low, and
the reaction times are very long.> For example, 3-dimethyl-
amino-1-formylimidazo[5,1-alisoquinoline IV was synthe-
sized through a multistep pathway as illustrated by Scheme
1, Starting with isoquinoline I, which was subjected to
oxidation to give isoquinoline-2-oxide (II). The reaction of
IT with TMSCN under reflux conditions in acetonitrile for 6
days afforded the cyano derivative ITL® The Vilsmeier
reaction of nitrile III afforded the expected product IV in
38% yield.>®

Although the reaction of isocyanides and pyrydinium
triflates has been previously reported,Sg there is no literature
precedence for the reaction of isocyanides and isoquinoline
with various sulfonic acids or HBr under the MCRs strategy.

In continuation of our interest in isocyanide-based multi-
component reactions,”® we report the synthesis of 1-aminoimi-
dazo[5,1-alisoquinolinium sulfonates via one-pot pseudo-four-
component reaction of an isocyanide 1, isoquinoline 2, and
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various sulfonic acids 3 in CH,Cl, at ambient temperature
without the use any catalyst in high yields (Scheme 2).

Results and Discussion

The structures of the products were deduced from their
IR, mass, '"H NMR, and '*C NMR spectra. Finally, the
structure of 4a was confirmed unambiguously by single-
crystal X-ray analysis (Figure 1). Note that the cyclohexyl
carbon atoms have a high thermal parameter, which is
common for such a group.”® We tried to refine these atoms
in two positions with reducing occupancy, and although this
model converged satisfactorily, the R value did not decrease.
Apparently, the reported R value is the best refinement that
we can achieve.

As indicated in Table 1, the scope of the reaction was
explored by the reaction of various alkyl and aryl isocyanides
and sulfonic acids to produce l-aminoimidazol5,1-aliso-
quinolinium sulfonates.

The variability of the MCR with respect to the amine
component was also investigated. However, pyridinum and
1,10-phenantroquinolinium sulfonates were generated, and
nucleophilic attack by isocyanide does not occur (Scheme 3).

The reaction proceeds under mild conditions and is
compatible with a wide range of functional groups. Two

Scheme 1. Synthesis of 3-Dimethylamino-1-formylimidazo-
[5,1-alisoquinoline via Multistep Pathway
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Scheme 2. Synthesis of 1-Aminoimidazo[5,1-a]isoquino-
linium Sulfonates via One-Pot Pseudo-Four-Component
Reaction of Isocyanide, Isoquinoline, and Sulfonic Acid
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Figure 1. Single-crystal X-ray structure of 4a.
Table 1. Multicomponent Synthesis of
1-Aminoimidazo[5,1-a]isoquinolinium Sulfonates
entry isocyanide sulfonic acid product yield
(%)
1 cyclohexyl p-toluenesulfonic acid 4a 90
2 tert-butyl p-toluenesulfonic acid 4b 80
3 benzyl p-toluenesulfonic acid 4c 88
4 1,1,3,3-tetramethyl-butyl p-toluenesulfonic acid 4d 83
5 2,6-dimethyl-phenyl p-toluenesulfonic acid 4e 75
6  cyclohexyl (—)-camphorsulfonic acid ~ 4f 91
7 2,6-dimethyl-phenyl (—)-camphorsulfonic acid  4g 77
8  cyclohexyl phenylsulfonic acid 4h 96
9  cyclohexyl methansulfonic acid 4i 86

substituents in the products can be varied independently of
each other. Representative examples of this reaction are
shown in Figure 2.
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To illustrate the need for sulfonic acid, the reaction of
cyclohexyl isocyanide and isoquinoline was studied in the
absence of sulfonic acid. Under these conditions, no product
was obtained even after 24 h. Obviously, sulfonic acid is an
important component of the reaction.

We were able to also demonstrate that 2-cyclohexyl-1-
cyclohexylamino-imidazo[5, 1-alisoquinolin-2-ium bromide 7
successfully synthesized by the reaction of cyclohexyl isocya-
nide with isoquinoline and HBr in 53% yield (Scheme 4).

The possible mechanism of the formation of product is
shown in Scheme 5.

To clarify the proposed mechanism, a mixture of reactants
(0.1 mmol) was dissolved in CDCl; (0.7 mL) in a 5 mm
NMR tube, and the progress of the reaction was monitored

Scheme 3. Synthesis of Pyridinum and 1,10-Phenantroquinolinium Sulfonates
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Figure 2. Structure of products 4a—i.

Scheme 4. Synthesis of 2-Cyclohexyl-1-cyclohexylamino-
imidazo[5,1-alisoquinolin-2-ium Bromide
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by recording the "H NMR of mixture after approximately 5,
80, 180, and 255 min. The starting compound (isoquinoline),
intermediate (isoquinolinium sulfonate), and product (com-
pound 4a) can be easily distinguished in the 'H NMR spectra
by means of the characteristic signals of the N=CH, (6 =
9.27 ppm), NH™=CH,, (6 = 9.81 ppm), and N=CH—N (9
= 10.13 ppm) protons, respectively.

The 'H NMR experiment did not help to elucidate the
possibly intermediate in proposed mechanism; however, the
NMR data clearly showed that the first reaction step is

Scheme 5. Proposed Mechanism

protonation of isoquinoline with PTSA and that the second
is the nucleophilic addition of isocyanide to the activated
NH"=CH, bond of isoquinolinium sulfonate (Figure 3).
In conclusion, we have developed a new and efficient
approach to the synthesis of a wide range of 1-aminoimi-
dazo[5,1-alisoquinolinium salts from various isocyanides
with isoquinoline in the presence of various sulfonic acids.
The reaction has been shown to display good functional
group tolerance and is high yielding, and product isolation
is very straightforward. We hope that this approach may be
of value to others seeking novel synthetic fragments with
unique properties for medicinal chemistry programs.

Experimental Section

Typical Procedure for Preparation of Toluene-4-sul-
fonate 2-Cyclohexyl-1-cyclohexylamino-imidazo[5,1-a]-
isoquinolin-2-ium (4a). To a magnetically stirred solution
of isoquinoline (0.13 g, 1 mmol) and p-toluenesulfonic acid
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Figure 3. 300 MHz 'H NMR spectrum of isoquinoline, isoquinolinium sulfonate, and reaction mixture after approximately 5, 80, 180, and

255 min.

(0.19 g, 1 mmol) in CH,Cl, (3 mL) was added cyclohexyl
isocyanide (0.22 g, 2 mmol). The resulting mixture was
stirred for 24 h at room temperature. The solvent was
removed under vacuum, and the residue was crystallized
from a CH,Cl,/ethyl acetate (1:2) mixture and washed with
ethyl acetate. Product 4a was obtained in the form of
colorless crystals (0.47 g, yield 90%). mp: 171—173 °C. IR
(KBr) (Vmax /cm™1): 3230 (NH), 2925, 2852, 1639, 1617,
1453, 1209. MS m/z (%): 347 M — MeCeH,SO5, 5), 265
(100), 222 (20), 183 (85), 155 (75), 129 (50), 107 (25), 91
(55), 67 (75), 39 (70). "H NMR (300 MHz, CDCl): Oy (ppm)
1.17—2.02 (20H, m, 10CH, of two cyclohexyls), 2.31 (3H,
s, CH3), 2.93 (1H, m, CH-N of cyclohexyl), 3.80 (1H, brs,
NH), 4.52 (1H, m, CH—N of cyclohexyl), 6.92 (1H, d, 3 Jan
= 7.1 Hz, H—Ar), 7.10 (2H, d, *Jyy = 7.6 Hz, H—Ar),
7.52—7.59 (3H, m, H—Ar), 7.82 (2H, d, *Jyn = 7.6 Hz,
H—Ar), 8.34 (1H, d, *Juy = 7.4 Hz, H—Ar), 8.51 (1H, d,
3Jua = 7.1 Hz, H—Ar), 10.34 (1H, s, CH=N"). °C NMR
(75 MHz, CDCl;): O¢ (ppm) 21.30 (CH3), 24.4, 25.0, 25.4,
25.7, 33.8, 34.1 (C-cyclohexyls), 55.8 (CH—N of cyclo-
hexyl), 58.0 (CH—N of cyclohexyl), 118.2, 119.8, 122.2,
122.8, 123.4, 125.1, 126.0, 127.5, 128.0, 128.5, 128.8, 129.1,
129.3, 139.3, 143.6 (C—Ar). Anal. Calcd for C50H37N305S:
C, 69.33; H, 7.18; N, 8.09. Found: C, 69.21; H, 7.25; N,
8.01.

Acknowledgment. We gratefully acknowledge financial
support from the Iran National Science Foundation (INSF)
and Research Council of Shahid Beheshti University.

Supporting Information Available. Experimental pro-
cedures, IR, mass, 'H, and '*C NMR for all compounds,
crystallographic data, and ORTEP/X-ray structures for 4a
(CIF). This material is available free of charge via the Internet
at http://pubs.acs.org.

References and Notes

(1) Terrett, N. K. Combinatorial Chemistry; Oxford University
Press: New York, 1998.

(2) (a) Isonitrile Chemistry; Ugi, 1., Ed.; Academic Press Inc: New
York, 1971. (b) Multicomponent Reactions; Zhu, J., Bienayme,
H., Eds.; Wiley-VCH: Weinheim, Germany, 2005.

(3) (a) Orru, R. V. A.; Greef, M. Synthesis 2003, 1471. (b)
Doemling, A. Curr. Opin. Chem. Biol. 2002, 6, 306. (c)
Bienayme, H.; Hulme, C.; Oddon, G.; Schmitt, P. Chem.—Eur.
J. 2000, 6, 3321.

(4) Swinbourne, J. F.; Hunt, H. J.; Klinkert, G. Adv. Heterocycl.

Chem. 1987, 23, 103.
(5) (a) Kuhla, D. E.; Inc., P. U.S. Patent 4,163,745, 1979. (b)

Bower, J. D.; Ramage, G. R. J. Chem. Soc. 1955, 2834. (c)
Blatcher, P.; Middlemiss, D. Tetrahedron Lett. 1980, 21, 2195.
(d) Paudler, W. W.; Chao, C. I. P.; Helmick, L. S. J. Heterocycl.
Chem. 1972, 9, 1157. (e) Sasaki, K.; Tsurumori, A.; Hirota, T.
J. Chem. Soc., Perkin Trans. 1998, 1, 3851. (f) Zimmer, H.;
Glasgow, D. G.; McClanahan, M.; Novinson, T. Tetrahedron



446 Journal of Combinatorial Chemistry, 2008 Vol. 10, No. 3 Shaabani et al.

Tetrahedron Lett. 2002, 43, 9151. (f) Shaabani, A.; Yavari, 1.;
Teimouri, M. B.; Bazgir, A.; Bijanzadeh, H. R. Tetrahedron
2001, 57, 1375. (g) Shaabani, A.; Soleimani, E.; Maleki, A.

Lett. 1968, 9, 2805. (g) Berthet, J.-C.; Nierlich, M.; Ephri-
tikhine, M. Eur. J. Org. Chem. 2002, 375.

(6) Mahmoud, S.; Sheha, M.; Aboul-Fadl, T.; Farag, H. Arch.
Pharm. Pharm. Med. Chem. 2003, 336, 258. Monatsh. Chem. 2007, 138, 73. (h) Shaabani, A.; Soleimani,
(7) (a) Shaabani, A.; Soleimani, E.; Rezayan, A. H. Tetrahedron E.; Darvishi, M. Monatsh. Chem. 2007, 138, 43. (i) Shaabani,
Lett. 2007, 48, 2185. (b) Shaabani, A.; Soleimani, E.; Khavasi, A.; Maleki, A.; Moghimi-Rad, J. J. Org. Chem. 2007, 72, 6309.
(8) (a) Shaabani, A.; Soleimani, E.; Khavasi, H. R. Tetrahedron

H. R.; Hoffmann, R. D.; Rodewald, U. C.; Poittgen, R.
Tetrahedron Lett. 2006, 47, 5493. (¢) Shaabani, A.; Soleimani,
E.; Maleki, A. Tetrahedron Lett. 2006, 47, 3031. (d) Shaabani,
A.; Teimouri, M. B.; Arab Ameri, S. Tetrahedron Lett. 2004,
45, 8409. (e) Shaabani, A.; Teimouri, M. B.; Bijanzadeh, H. R.

Lett. 2007, 48, 4743. (b) Lllgen, K.; Nerdinger, S.; Behnke,
D.; Friedrich, C. Org. Lett. 2005, 7, 39.

CC700196H



