Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Tetrahedron
Letters

Tetrahedron Letters 45 (2004) 8945-8947

An efficient unprecedented synthesis of novel
functionalized imidazoles from secondary amino-/V-carbothioic
acid (phenyl-p-tolylimino-methyl)amides and
dimethyl acetylenedicarboxylate

Alka Marwaha, Parvesh Singh, Mohinder P. Mahajan* and D. Velumurugan®

Department of Applied Chemistry, Guru Nanak Dev University, Amritsar 143005, Punjab, India

Received 24 February 2004; revised 9 September 2004; accepted 16 September 2004
Available online 14 October 2004

Abstract—The synthesis of functionalized imidazoles in a single-pot from the reactions of secondary amino-N-carbothioic acid (phen-
yl-p-tolylimino-methyl)amides with dimethyl acetylenedicarboxylate is reported. A plausible mechanistic pathway for the formation

of the imidazoles is proposed.
© 2004 Elsevier Ltd. All rights reserved.

Imidazoles are common components of a large number
of natural products and pharmacologically active mole-
cules.! The prevalence and prominence of this moiety
makes a method, which expedites their preparation
highly valuable. Despite synthetic interest in these hetero-
cycles over the past century, few methods have emerged
for the synthesis of highly functionalized imidazoles.” In
addition, many of the methods utilize intermediates,
which are difficult to prepare such as a-functionalized
carbonyl, a-diamino compounds® or o-functionalized
oxiranes® and most of the examples published to date
for the synthesis of imidazoles are devoid of any
additional functionality. Such poorly represented func-
tionalized imidazoles having masked amine and carbo-
methoxy functionalities are nevertheless potential
heterocyclic precursors for the synthesis of purine ana-
logues,*® or insecticides.” More recently, the Diels—
Alder reaction of imidazoles with 1,2,4,5-tetrazines to
prepare the cytotoxic marine natural product zarzissine®
has been published.

It has been observed that simple modifications of frag-
ments linked to thiocarbonyl groups result in the crea-
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tion of new reactive centers leading to diverse
functionalization possibilities”. Reactions of acetylenic
esters with carbothioic acid amides, popularly known
as thioamides, have been shown to generate various
heterocyclic compounds such as thiazolidinones, '° thiaz-
olinones,'! thiazonones,!%'? thiazolotriazinediones,2b-!3
thiazines'* and so on. Recently, Nakano et al. reported
reactions of thioamides with 2 and Sequiv of dimethyl
acetylenedicarboxylate leading to the formation of pyr-
role and thiophene derivatives, respectively.!> Pradere
et al. reported the cyclocondensation reaction of N’-(thio-
acyl)formamidines with dimethyl acetylenedicarboxylate
leading, via sequential cycloaddition—cycloreversion—
cycloaddition reactions, specifically to functionalized
4,5-dihydro-6 H-1,3-thiazines and 6H-1,3-thiazines.'*
Nevertheless, there is no precedent for imidazole deriva-
tive formation. As part of our continuing interest in the
synthesis of biologically important heterocycles,'® this
present letter describes a single-pot synthesis of func-
tionalized imidazole derivatives by the reaction of thio-
amides 1 with dimethyl acetylenedicarboxylate.

A solution of thioamides 1 (I mmol) and dimethyl acetyl-
enedicarboxylate (1.2mmol) in dry dichloromethane
was stirred for 2-3h. The reaction mixture was purified
by silica gel column chromatography to give imidazole
derivatives 2 (Scheme 1). The products isolated were
characterized as imidazoles on the basis of analytical
data and spectral evidence.!”
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The 'H NMR spectra of the products showed the
absence of one of the methoxy groups and the presence
of a secondary amine moiety. Their elemental analysis
did not show the presence of sulfur. The "H NMR spec-
trum of compound 2a, for example, exhibited singlets at
0 3.08 (6H) and 3.63 (3H) corresponding to the -NMe,
and the -OMe protons, respectively, and a multiplet for
the aromatic protons at 6 7.06-7.35 (9H). The signals
for the NMe, and carbonyl carbons appeared at ¢ 42.7
and 160.3 ppm, respectively. The IR spectrum showed
a carbonyl absorption at 1680cm~' whilst the mass
spectrum exhibited a molecular ion peak [M'] at
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Figure 1. ORTEP representation of 2a.

mlz = 335 for C,gH,10,N3. The assigned structure was
unambiguously established with the help of X-ray crys-
tallographic studies'® (Fig. 1).

A plausible mechanism underlying the formation of the
imidazole derivatives is shown in Scheme 2 and is
thought to involve the intermediacy of cyclic azomethine
ylide 6. Sulfur being a strong nucleophile attacks one of
the acetylenic carbons of dimethyl acetylenedicarboxyl-
ate to give a 1:1 adduct, which undergoes N-H proton
migration to generate 3. Intramolecular cyclization then
gives thiocarbonyl ylide 4 = 5. The ylide 5 is then con-
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verted to the thermodynamically stable azomethine ylide
6 as proposed by Nakano et al. in the reactions of thio-
amides with dimethyl acetylenedicarboxylate.!> Intra-
molecular cyclization of 6 affords a Dbicyclic
intermediate 7, which after elimination of a thioalde-
hyde molecule finally yields imidazoles 2.

In conclusion, the reactions of thioamides 1 with di-
methyl acetylenedicarboxylate result in a single-pot
and exclusive synthesis of novel imidazole derivatives
via a cyclic azomethine ylide intermediate. The method
reported herein assumes significance because of the reg-
iospecific introduction of latent amine and carbometh-
oxy (-CO,Me) groups, which are amenable to further
elaboration through N-C and N-heteroatom bond for-
mation and hence lead to concise syntheses of purine
analogues. Further studies on the scope and limitations
of these reactions are in progress.
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. (@)  5-Dimethylamino-2-phenyl-3-p-tolyl-3 H-imidazolIe-4-

carboxylic acid methyl ester (2a): mp 139-140°C. Yield:
71%; IR(KBr) vmax: 1689cm~'; 'H NMR (200 MHz,
CDCl;, MegSi): 6 2.38 (s, 3H, —-CH3), 3.08 (s, 6H,
-N(CHs),), 3.63 (s, 3H, -OCH3), 7.06-7.35 (m, 9H,
arom); °C NMR (200MHz, CDCl;, Me,Si): & 21.2
(-CH3y), 42.7 (-N(CHs;),), 50.7 (-OCHs3), 108.7, 127.8,
127.9, 128.7, 128.9, 129.2, 129.9, 135.6, 138.2, 148.1, 158.6
(-C=N), 160.3 (-C=0); MS: m/z: 335. Anal. Calcd for
CyH»10,N3: C, 71.64; H, 6.27; N, 12.54. Found: C, 71.59;
H, 6.30; N, 12.61; (b) 5-Morpholin-4-yl-2-phenyl-3-p-tolyl-
3H-imidazole-4-carboxylic acid methyl ester (2b): mp 142—
143°C. Yield: 70%; IR (KBr) vmax: 1689cm™'; '"H NMR
(200 MHz, CDCl;, Me,Si): 6 2.41 (s, 3H, —-CH3); 3.48 (m,
4H, -CH,-N-CH»-); 3.60 (s, 3H, —-OCH3); 3.89 (m, 4H,
~CH,-O-CH,-); 7.05-7.33 (m, 9H, arom); '*C NMR
(200 MHz, CDCl3, MeySi): 6 21.3 (-CHj3), 45.4 (-CH,-N-
CH,), 50.9 (-OCHy), 67.1 (-CH,-O-CH,), 110.2, 127.7,
128.0, 128.9, 129.0, 129.4, 129.7, 135.5, 138.5, 147.9, 157.7
(-C=N), 160.0 (-C=0); MS: m/z: 377. Anal. Calcd for
C,,H»303N3: C, 70.03; H, 6.10; N, 11.14. Found: C, 69.90;
H, 6.27; N, 11.20.

Crystal data and structure refinement for 2a: CCDC
reference:  CCDC 235730, empirical  formula:
CyH5N30,; formula weight:  335.40; temperature:
293(2)K; wavelength: 0.71073 A; crystal system: mono-
clinic; spacegroup: P2;; unit cell dimensions: a=
5.9295(6)A, a=90° b=10.0750(10)A, b=92.603(2)°,
¢=14.9191(15)A, g=90° volume: 890.34(15)A%; Z: 2;
density (calculated): 1.251g/m?> absorption coefficient:
0.082mm~"; F000): 356; 0 range for data collection:
2.44-28.03°, index ranges: —7<h<7, —13<k<13,
—19 <1< 17; reflections collected: 5480; independent
reflections: 3626[R(int) = 0.0164]; completeness to 0:
28.03°, 95.6%.

Refinement method: full-matrix least-squares on F?; data/
restraints/parameters: 3626/1/230; goodness-of-fit on F*:
1.031; final R indices [I>20(])]: R1=0.0482, wR2 =
0.1183; R indices (all data): R1 =0.0565, wR2 = 0.1245;
absolute structure parameter; 2.0(17); largest diff. peak
and hole: 0.170 and —0.205¢ A3,
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