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Abstract—An efficient and eco-friendly synthesis of glycosyl 1,4-dihydropyridines has been achieved by a three-component reaction
of B-keto esters or ketones, enamines and glycosyl aldehydes in the presence of tetrabutylammonium hydrogen sulfate as catalyst in

diethylene glycol.
© 2004 Elsevier Ltd. All rights reserved.

Since the first report of the Hantzsch synthesis of 1,4-
dihydropyridines a number of strategies have been
developed for their synthesis'? due to their important
biochemistry and biological activities. The prominent
biological activities associated with 1,4-dihydropyridines
are as Ca" " channel blockers and their role as drugs for
the treatment of cardiovascular diseases and hyperten-
sion.? The dihydropyridine skeleton is common in many
vasodialator, bronchiodialator, anti-atherosclerotic,
antitumor, hepatoprotective and anti-diabetic agents.*>
They are also known as neuroprotectants, anti-platelet
treatment of aggregators and are important in Alzhei-
mer’s disease as antiischemic agents.® Interest in 1,4-
dihydropyridines also relates to nicotinamide dinucleo-
tide (NADH), a co-enzyme, and its unique ability to
reduce many functional groups in biological systems.
Alternative strategies for their synthesis involving differ-
ent catalysts and conditions have been developed but all
suffer from one or more drawbacks including low yields,
use of costly reagents and drastic reaction conditions. In
continuation of our effort to develop new anti-tubercu-
losis agents®’ from sugars and the report of reversal
of drug resistance®® and anti-tubercular activity®!? in
this class of molecule, we were prompted to synthesize
several glycosylated dihydropyridines.

The synthesis of sugar-substituted dihydropyridines is of
great significance because of their good pharmacokinetic
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and pharmacodynamic properties and the role of sugars
in molecular recognition whereby they can influence
drug receptor interaction in a beneficial manner.'!
Dondoni et al.!? have synthesized glycosyl dihydropyri-
dines using two- or three-component Hantzsch reactions
with C-glycosylated reagents. Their novel method
requires a very high temperature and DMF as solvent
with 48h reflux and the yields are not high in every
reaction. Very recently we encountered a solventless
approach for the synthesis of 1,4-dihydropyridines pub-
lished in Synlett'? Encouraged by this report we carried
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out the reaction of glycosyl aldehyde 1a,'* acetyl acetone
and ammonium acetate under similar conditions to
those of Zolfigol and Safaiee,!> however, a mixture of
three products was obtained and completion of the
reaction required a long time (Scheme 1). Even using
the same substrate, 3-nitrobenzaldehyde 1d and similar
reaction conditions to those reported'® did not give

Table 1. Synthesized glycosyl-, aryl- and heteroaryl-1,4-dihydropyridines

the same result in our hands. The intermediate enamine
2a was a major product (Scheme 2). Hence, we decided
to use the enamine of the f-keto compound 2a (obtained
by reaction of acetylacetone and ammonium acetate in
the presence of IR-120 resin in refluxing toluene!’) and
lequiv of the above keto-ester or diketone, instead of
using 2equiv of the keto compound and lequiv of

Entry Product R R! R? Time Isolated yield (%)
o
1 3a Ot ;Lc CH, CH, 1.5h 98¢
- la
\
o OCHs
2 3b 1d OCH,CH; OCH,CH; 30min®, 1h°, 2min® 932 60°, <50°
NO,
o
Ol ,‘%A
3 3c * Hob CH; CH; 2h 95°
\
o OCH,Ph
[VaVaVs
o lc
4 3d 0 e} CH;, CH; 2.5h 90?
\‘\o "”o)(
o
Ol ﬁ?_
5 3e * H I OCH,CHj, OCH,CH;, 1.5h 98?
N
Y OCH3
o
Ol ,‘%A
6 3f * Hob OCH,CHj, OCH,CHj, 1h 97*
\
o OCH,Ph
[VaVaVs
o lc
7 3g 0 "o OCH,CHj; OCH,CH;, 1.5h 90?
\‘\o "”o)(
Oln /(—a\
8 3h H Ia CH, OCH; 2h 952
N\
o OCHs
o N
9 3i H 1b CH, OCH; 2h 95%
\\
o OCH,Ph
10 3j 1d CH; CH; 1.5h 952
NO,
11 3k | x le CH; CH; 30min 95°
N
12 3] | A le OCH,CHj, OCH,CH;, 35min 90?
_N

#Present method in the presence of catalyst.
° Present method without catalyst.
© As reported earlier.'
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ammonium acetate. Although the formation of side
products was reduced, the yield of the reaction was
not very encouraging. This led us to think of using some
sort of catalyst in a suitable eco-friendly solvent.

Based on our earlier observation that phase transfer cata-
lysts work well in such cyclization reactions,'® we chose
tetrabutylammonium hydrogen sulfate (TBAHS) as the
phase transfer catalyst, being acidic in nature, to help in
the dehydration and cyclization steps. To our pleasant
surprise the desired product 3a was obtained rapidly in
almost quantitative yield (98%) in the reaction of alde-
hyde 1a, enamine 2a and acetylacetone in the presence
of TBAHS in diethylene glycol at 80°C (Scheme 2).
The structure of compound 3a was established on the
basis of spectroscopic data and elemental analysis. In
the 'H NMR spectrum, H-4 appeared as a doublet at
0 4.27 having a J value of 9.6Hz. The product 3b
obtained by the method of Zolfigol and Safaiee!? could
be obtained in quantitative yield by our method. To the
best of our knowledge this is the first report of glycosyl
1,4-dihydropyridines being synthesized simply by stir-
ring and pouring the reaction mixture into ice-water
followed by filtration and subsequent purification of
the products.

Similarly, tetrasubstituted 4-glycosyl-1,4-dihydropyri-
dines 3¢ and 3d were synthesized by the reaction of
glycosyl aldehydes 1b!7 and 1c'® with enamine 2a in
quantitative yields. Glycosyl aldehydes 1a, 1b and 1Ic,
on similar reaction with enamine 2b and ethyl acetoace-
tate resulted in the 1,4-dihydropyridines 3e-g, respec-
tively, with carbethoxy substituents at C-3 and C-5 in
very good yields (Table 1).

The reaction was also carried out with glycosyl alde-
hydes 1a and 1b, enamine 2¢ and acetylacetone resulting
in the formation of 4-glycosyl-1,4-dihydropyridines 3h
and 3i (with different substituents at the 3- and 5-posi-
tions), respectively.

That the reaction is equally good with aromatic 1d and
heteroaromatic aldehydes le was evidenced by reaction
of enamines 2a and 2b with acetylacetone and ethyl
acetoacetate separately resulting in very good yields of
the 1,4-dihydropyridines 3j, 3k and 3l, respectively. A
general method for the synthesis and physical data of
prototype compounds are given.'® A comparative study
of the solventless conditions is also given in Table 1.

In conclusion we have developed a novel method using
tetrabutylammonium hydrogen sulfate, a cheap and eas-
ily available phase transfer catalyst, and diethylene gly-
col as an eco-friendly solvent for the synthesis of several
4-substituted dihydropyridines having the same or dif-
ferent substitutents at the 3- and 5- positions.
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1353cm ™. '"H NMR (200MHz, CDCl3) 6 = 6.52 (s, 1H,
NH), 5.83 (d, /=3.9Hz, 1H, H-1"), 4.49 (d, J=3.9Hz,
1H, H-2"), 4.27 (d, J = 9.6Hz, 1H, H-4), 3.80 (dd, J = 3.1,
9.6Hz, 1H, H-4"), 3.41 (d, J = 3.1Hz, 1H, H-3'), 3.26 (s,
3H, OCHa3), 2.38 and 2.36 (each s, 6H, 2 x COCHj3), 2.30,
2.19 (each s, 6H, 2 x C=CCH3), 1.35, 1.26 (each s, 6H,
(CH;),C). *C NMR (50MHz, CDCl;) é =200.7, 199.2
(C OCH3), 145.2, 141.6 (N-C=C), 111.5 (N-C=0), 110.0,
109.2 (C(CH3),), 105.0 (C-1'), 83.4 (C-2), 82.4 (C-4"), 80.9
(C-3%), 56.4 (OCH3), 36.1 (C-4), 30.0, 28.6 (COCHS3), 26.9,
26.4 (C(CHs3),), 20.5, 18.4 (C=CCHj;); Anal. Calcd for
C19H,7NOg-H,0 (383): caled C, 59.53; H, 7.62; N, 3.65.
Found: C, 59.33; H, 7.23; N, 3.60%. 3c: Colourless foam,
yield 95%, [oc}g) —78 (¢=0.15, CHCl;); FAB MS:
miz =442 [M+H]", IR (KBr) 3295, 3034, 2946, 1592,
1473, 1353em™!. '"H NMR (200MHz, CDCl3) 6 = 7.34
(m, 5H, ArH), 5.85 (d, J = 3.9Hz, 1H, H-1'), 4.57 (m, 2H,
H-4, OCH ,Ph), 4.35 (d, J=3.9Hz, 1H, H-2'), 4.38 (d,
J=11.5Hz, 1H, OCHgPh), 3.87 (dd, J = 3.1, 9.5Hz, 1H,
H-4"), 3.69 (d, J=3.1Hz, 1H, H-3'), 2.37, 2.35 (each s,
6H, 2 x COCHj3), 2.17, 2.09 (each s, 6H, 2 x C=CCH3),
1.39, 1.32 (each s, 6H, (CH;),C), '*C NMR (50
MHz, CDCl3) 6 =201.0, 199.2 (COCHs3), 145.0, 1414
(N-C=C), 1379 (ArC), 128.7, 128.1, 127.9 (ArCH),
111.6(N-C=C), 110.3, 109.3 (C(CHs),), 104.9 (C-1'),
82.3 (C-2"), 82.2 (C-4"), 81.7 (C-3), 71.3 (OCH,Ph), 35.9
(C-4), 30.0, 29.1 (COCH»), 27.0, 26.4 (C(CHs3),), 20.6, 18.5
(C=CCHj3;). C,5sH3NO4CH,CH,OH (486): Anal. Calcd
for C, 61.72; H, 7.40; N, 2.88. Found: C, 61.42; H, 7.08; N,
2.79%. 3d: Colourless foam, yield 90%, [oc]lz)0 —59(c=0.11,
CHCl;), FABMS: m/z=422 (M+H)"; IR (Neat)
3284, 2934, 1586, 1466, 1363cm™'. '"H NMR (200 MHz,
CDCl3): 6 =6.10 (br s, 1H, exchangeable NH), 5.40 (d,
J=5.0Hz, 1H, H-1"), 4.48 (dd, J = 8.0, 2.2Hz, 1H, H-3),
4.23 (d, J=9.8Hz, 1H, H-4), 4.18 (d, 1H, J=5.0Hz, H-
2"), 3.96 (dd, J=6.6, 1.0Hz, 1H, H-4"), 3.22 (dd, J=9.7,
1.0Hz, 1H, H-5’), 2.19, 2.16 (each s, each 6H, 2 x COCH;
and 2 x C=CCH3), 1.46, 1.32 (each s, 12H, (CH;),C). *C
NMR (50 MHz, CDCls); 6 = 200.9, 199.7 (COCH3), 143.8,
143.6 (N-C=C), 110.0 (N-C=C), 109.5, 109.3, 108.7
((CH;),0), 96.8 (C-1"), 71.3 (C-3"), 71.2 (C-2"), 70.6 (C-4"),
69.4 (C-5"), 36.9 (C-4), 29.8, 29.1 (COCH;), 29.4, 26.1,
25.4, 24.8 (C(CH3),), 19.9, 19.2 (C=CCHs;). Anal. Calcd
for Cy,H3NO7H,0 (439): C, 60.13; H, 7.57; N, 3.18.
Found: C, 60.00; H, 7.20; N, 3.00%. 3e: Colourless foam,
yield 98%, ESMS: m/z = 448 [M+Na]*, IR (KBr) 3351,
1669, 1489, 1380cm~!. 'H NMR (200MHz, CDCly)
0=5281 (d, J=3.5Hz, 1H, H-1"), 455 (d, J=17.7Hz,

1H, H-4), 446 (d, J=39Hz, 1H, H-2), 415 (q,
J=6.9Hz, 4H, 2 x OCH,CH3), 3.89 (dd, J=3.1, 7.6Hz,
1H, H-4'), 3.49 (d, J=3.0Hz, 1H, H-3'), 3.27 (s, 3H,
OCH3), 2.31, 2.25 (each s, 6H, 2 x C=CCHs), 1.77 (s, 1H,
NH), 1.41, 1.33 (each s, 6H, (CH3),C), 1.30 (t, J = 7.3Hz,
6H, 2xOCH,CH;). *C NMR (50MHz, CDCl;) =
168.7, 168.4, (CO), 145.1, 1449 (N-C=C), 111.3
(C(CH3),), 105.0 (C-1), 101.1, 100.0 (N-C=C), 84.4
(C-2"), 82.5 (C-4"), 81.3(C-3), 61.7, 60.13 (OCH,CHj),
57.2 (OCH,); 33.7 (C-4); 27.0, 26.5 (C(CHs3),), 19.6, 19.1
(C=CCH3), 14.7 (OCH,CH3). Anal. Calcd. for
C21H31N08'H20 (443) C, 5687, H, 750, N, 3.16.
Found: C, 57.41; H, 7.10; N, 3.15%. 3f: Colourless foam,
yield 97%, o] +14 (c = 0.13, CHCls); ESMS: m/z = 524
[M+Na]*, IR (KBr) = 3342, 1596, 1480, 1380cm~'. 'H
NMR (200MHz, CDCl;) 6 = 5.82 (d, J = 3.8Hz, 1H, H-
1), 472 (d, J = 7.9Hz, 1H, H-4), 4.59 (d, J = 11.9Hz, 1H,
OCH_Ph), 4.53 (d, J=13.0Hz, 1H, OCHzPh), 4.45
(d, J=3.8Hz, 1H, H-2)), 4.12 (q, J=7.0Hz, 4H,
2 x OCH>CH3); 4.00 (dd, J = 3.0, 8.0Hz, 1H, H-4"), 3.78
(d, J = 3.0Hz, 1H, H-3'), 2.29, 2.17 (each s, 6H, 2 x C=C—
CH;), 1.54, 142 (each s, 6H, (CH;),C), 1.13 (t,
J=7.08Hz, 6H, 2xOCH,CH;). '*C NMR (50MHz,
CDCl) 6 =168.7, 168.4 (COO); 145.1, 144.8 (N-C=C);
138.7 (Ar-C); 128.5, 127.7, 127.2 (ArCH); 111.4 ((CHs),
C); 105.0 (C-1"); 100.94, 100.67 (N-C=C); 82.7 (C-2');
82.5 (C-4'); 82.0 (C-3'); 71.4 (OCH,Ph); 60.1, 59.9
(OCH,CH,); 33.4 (C-4); 27.1, 26.6 (C(CH3),), 19.8, 19.2
(C=CCHs;); 14.7, 14.6 (OCH,CHj3). Anal. Calcd. for
C,7H;35NOg (501): C, 64.65; H, 7.03; N, 2.79. Found: C,
64.43; H, 7.03; N, 2.44%. 3h: Colourless foam, yield 95%,
[0]& —121 (¢ =0.18, CHCl3); ESMS m/z = 382 [M+H]",
IR (KBr) 3319, 1677, 1610, 1482, 1379cm~'. '"H NMR
(200MHz, CDCl3) 6 = 5.85 (d, J = 3.9Hz, 1H, H-1), 4.47
(d, J=3.9Hz, 1H, H-2'), 442 (d, J=9.5Hz, 1H, H-4),
3.81 (dd, J=3.1, 9.5Hz, 1H, H-4)), 3.72 (s, 3H,
COOCHS,), 3.40 (d, J=3.3Hz 1H, H-3'), 3.24 (s, 3H,
OCH3), 2.38, 2.36 (each s, 6H, C=CCH;), 2.18 (s,
3H, COCH,), 1.62 (s, 1H, NH), 1.39, 1.26 (each s, 6H,
(CH;),C). '*C NMR (50 MHz, CDCl;) é =200.8 (CO),
168.1 (COO), 1451 (NC=COCH;), 1443 (N-
C=COOCH3), 110.8 (C(CH3)»), 109.5, 109.0 (NC=CH,),
104.6 (C-17), 100.2 (NC=C), 83.5, 83.1 (C-2’), 81.9, 81.6
(C-4"), 80.5, 80.2 (C-3"), 56.8, 55.9 (COOCH;), 51.1
(OCH,), 35.5, 34.5 (C-4), 30.8, 29.6 (COCHj3), 26.4, 25.8
(C(CH3),), 19.3, 184 (C=CCH;). Anal. Calcd. for
C19oH»NO; (381): C, 59.83; H, 7.14; N, 3.67. Found: C,
59.96; H, 7.24; N, 3.62%.
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