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ABSTRACT

Thiamine hydrochloride (Vitamin-B,) has been utilized as an effective biodegradable catalyst for the one pot synthesis of
polyhydroquinoline derivatives via four component reaction of dimedone, aldehyde, ethylacetoacetate and ammonium acetate
in ethanol under mild conditions. The method presented here offers several advantages over reported procedures in terms of
environmentally benign catalytic system and excellent product yields (75-98%) of polyhydrogninoline compounds. Aromatic
and heteroaryl aldehyde with electron donating as well as electron withdrawing group undergo smooth reaction to afford the
corresponding polyhydroquinoline derivatives. The synthesized polyhydroquinoline compounds were characterized by IR,
NMR and Mass spectral data. The present article describes the new application of Vitamin-B;.

Keywords: Thiamine hydrochloride (Vitamin-B;), Dimedone, Aldehyde, Ethylacetoacetate, Ammonium acetate, Polyhydro-
gninoline, Green protocol.

1. Introduction in the treatment of Alzheimer’s disease and
chemosensitizer in tumor therapy [7]. These examples
clearly indicate the wvaluable potential of
dihydropyridine (DHPs) derivatives as a source of
valuable drug candidate. Moreover, the oxidation of
these compounds to pyridine has also been extensively
studied [8,9]. They have been meticulously used as a
reducing agent for reductive amination of aldehyde and
ketone [10]. Thus, the discovery of a milder and more
practical route for the synthesis of DHP using green
chemistry technology has great challenge in front of
modern researchers.

Multi-component  reactions (MCRs) has been
extensively used in the synthesis of various bioactive
targets because they provide easy and rapid access to
large libraries of organic compounds with diverse
substitution pattern. As MCRs are one-pot reaction,
they are easier to carry as compare to multistep
synthesis. In 1882, Hantzsch reported first synthesis of
symmetrical 1, 4-dihydropyridine derivatives by
employing multicomponent process [1]. 4-substituted,
1,4-dihydropyridine (1,4-DHP) comprise a large family
of biologically important molecules possessing

pharmacological properties like antihypertensive, =~ The conventional process reported by Hantzsch, does
bronchodilator, antitherosclerotic, vasodilator, hepto- not need the intervention of any additive or reagent and
protective, antidibetic and antitumor agents [2]. They the reaction was originally conducted either in acetic
have commercial importance as calcium channel acid or reflux in alcohol for long period with low to
blockers [3] and exemplified by therapeutic agents moderate yield of DHPs. Many classical methods such
such as nifedine (I), nitrendipine (IT), nimodipine (III), as conventional heating and other improved methods
felodipine (IV) and amiodipine (V) (Fig. 1) [4-6]. involving microwave irradiation (MW) and ultrasound

[11,12] were well documented in literature. Various
catalysts such as iodotrimethylsilane(TMSI) [13], ionic
liquids [14-16], metal triflates [17,18], HY-Zeolite
[19], HCIO4-SiO, [20], organocatalyst [21],

Derivatives of 1,4-dihydropyridine exhibits various
medicinal function such as neuroprotectant, platelet
antiaggregatory activity, cerebral antischemic activity
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Fig. 1. Potentially active 1,4-DHPs.

acid (PTSA) [25], morpholine [26], ZrCl, [27], visible
light [28], silica sulphuric acid [29], Gd(OTf); [30],
Bi(NOs); [31], cellulose sulfuric acid [32], ytterbium
[33], phosphosulfonic acid [34] and protic pyridinium
ionic liquid [35] were reported. However, the use of
drastic reaction conditions, expensive metal catalysts,
lack of biodegrability of catalyst and longer reaction
time are some of the disadvantages of the reported
methods. Therefore, search of a robust, efficient and
cost effective chemical process is of prime importance.

Thiamine hydrochloride popularly known as vitamin-
B: is a colorless organosulfur compound having
molecular formula C;;H;7;N4sOS (MW 265)
synthesized by bacteria, fungi, and plants. Sunflower is
one of the best source of vitamin-B;. Molecular
structure of VB shows presence of aminopyrimidine
and a thiazole ring linked by a methylene bridge
(Fig. 2). It is soluble in polar solvents such as water,
methanol, glycerol etc. and insoluble in less polar
organic solvents. It is stable in acidic medium but
unstable in alkaline medium [36,37]. The best-
characterized form of thiamin is thiamine
pyrophosphate (TPP), a coenzyme in the catabolism of
sugars and amino acids (Fig. 3). It has been found that
catalytic activity of VBI is due to possibility of
formation of N-heterocyclic carbene as an intermediate
under alkaline media, as observed in benzoin
condensation. Due to structural features it has
important role as biocatalyst and now a day it has been
used as a powerful catalyst for varieties organic

transformations [38-49]. In present work the
application of thiamin hydrochloride for the
multicomponent  synthesis of polyhydroquinoline
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derivatives from aldehyde, ethylacetoacetate and
ammonium acetate has been discussed.

2. Experimental
2.1. General

All of the products are known compounds and were
identified by comparison of their physical and spectral
data with those of reported. Melting points were
recorded in open capillary using paraffin bath and are
uncorrected. Progress of the reaction was using thin
layer chromatography(TLC) in petroleum ether: ethy
cuetale (4.5: 0.5) solvent system. IR spectra were
recorded using KBr disc. '"HNMR spectras were
recorded 300 MHz instrument using CDCl; solvent
and TMS as a internal standard.
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Fig. 2. Thiamine hydrochloride (VB1).

NH, CH;
N)YN*\ OH OH
P G 0-P—P-0
H,C” N o

Fig. 3. Thiamine pyrophosphate.
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2.2. General procedure for the synthesis of
polyhydroquinoline 5 (a-1)

A mixture of dimedone (5Smmol), aromatic aldehyde
(5mmol), ethyl acetoacetate (Smmol), ammonium
acetate (5.5 mmol ) and vitamin-B; (0.2 equiv.)
was refluxed in ethanol (5ml) for specified time
(Scheme 1). After completion of the reaction (as
indicated by TLC, solvent system: petroleum
ether:ethyl acetate= 4.5:0.5), reaction mixture was
poured in ice (10 g). Solid product was separated and
further purified by recrystalization in ethanol to
afforded the pure crystalline polyhydro quinoline
products.

Spectral data of representative polyhydrogniline
derivative (5I):

m.p. = 191-193°C. IR (KBr): v= 3415, 3410, 3350,
3316, 2810, 1717, 1650, 1410, 1308, 860,757 cm .
'HNMR (CDCL): 8= 8.88 (s, 1H), 7.12-7.59 (m, 5H),
491 (s,1H), 4.15 (q, 2H, J = 7.2), 1.20 (s, 3H), 1.18
(s, 3H) 2.21 (s, 6H), 2.12 (s, 2H), 1.9 (s, 2H), 1.72
(t, 3H) ppm. Mass: m/z=455.2, C22H28N303C1, M.W .=
453.5.

3. Results and Discussion

In continuation to our research on development of
novel methodologies for synthesis of biologically
active compounds [50-55], we explored the catalytic
efficiency of vitamin-B; for the multicomponent
synthesis of 1,4-DHP derivatives by the reaction of
active methylene group containing compound,
aromatic aldehyde and ammonium acetate.

For reaction optimization, the reaction of diemidone (5
mmol), ethyl acetoacetate (5 mmol), benzaldehyde (5
mmol) and ammonium acetate (5.5mmol) in the
absence of catalyst was investigated. No product was
observed even after 18 h under solvent-free conditions.
Then the same reaction was performed using vitamin-
B (10 mol%) as a catalyst, only 18% of product has
been isolated after 10 hours. So, we have studied the
effect of solvents for formation of Sa. Various solvents
such as ethyl alcohol, N,N-dimethyl formamide,
acetonitrile, water and 1,4-dioxane were tested with
varying amount of VB; (Table 1). Results obtained
were clearly indicated that when the reaction was
conducted in ethanol using 20mol% vitamin-By,
excellent yield of 5a (98%, Table 3. entry 1) was
obtained after 40 min under reflux conditions.

R
0 CHO O VB,
2 O/\ _ =
N EtOH, 80 °C
0]
(0]
1 3
NH4OAC
4
Scheme 1.

Table 1. Effect of solvent and catalyst conentration for the formation of ‘5a’

Entry Solvent Amount of VB (mol%) Time (h) Yield of 5a (%)?
None 18 -

1 Solvent-free

10 10 18
2 Water 10 7.5 30

10 40 min 72
3 Ethanol 15 40 min 81

20 40 min 98
4 DMF 20 2.5 65
5 Acetonitrile 20 6 58
6 1,4-dioxane 20 10 46

solated yield.
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After optimization of the reaction, we have conducted
the reactions using various aromatic aldehydes with
diverse functionalities (Table 3). It has been observed
that aromatic aldehyde carrying electron withdrawing
substituent underwent smooth reaction and excellent
yields of the products were obtained in shorter reaction
time as compare to electron donating substituents

bearing aromatic aldehydes (Table 3, entry 5).

In addition, heteroarylaldehyde such as 5-chloro-3-
methyl-1-phenyl-1H-pyrazole-4-carbaldehyde undergo

cyclocondensation under present reaction conditions to
afford the corresponding dihydropyrimidine derivative
in 79 % yield (Table 3, entry 12).

The tentative mechanism to rationalize the
formation of DHPs is represented in Fig. 4. Vit-B,
supposed to facilitate the Knoevenogel condensation
for the formation of ‘A’ or ‘C’ and the Michael
addition ‘B’ to ‘A’ or ‘D’ to ‘C’ followed by
cyclocondensation to afford polyhydroquinoline
derivatives.

Table 2. Comparison of the results for the formation of ‘5a’ with the reported procedures.

Entry Catalytic system Time Yield (%)* Ref.
1. p-TSA/EtOH/rt 2 hr 93 [25]
2 ZrCl4/EtOH/rt 2 hr 94 [27]
3. L-proline/EtOH/reflux 6 hr 92 [21]
4, Morpholine/solventfree/rt 60 min 95 [26]
5 HY-Zeolite 2.0 hr 93 [19]
6. VBI/EtOH/80 °C 40 min 97 ---

solated yield of the product after recrystalization.

Table 3. Synthesis of polyhydroquinoline via multicomponent reaction of diemidone, aldehyde, ethyl acetoacetate and
ammonium acetate catalyzed by VB;.

m.p. (°C)

Entry Aldehyde DHP  Time (min) Yield (%)** Ref.
Found Reported
1 CsHsCHO Sa 40 98 202-204 202-205 [21]
2 2-CIC¢H4CHO 5b 30 83 204-205 206-208 [27]
3 3-NO,CcH4CHO 5¢ 25 95 177-179 176-179 [21]
4 4-CIC¢H4CHO 5d 60 90 233-235 230-232 [21]
5 4-MeOC¢H4CHO Se 65 92 253-255 252-254 [21]
6 4-MeCs¢H4CHO 5f 120 89 259-261 258-260 [21]
7 C¢ Hs CH=CH CHO 5g 50 81 204-206 204-206 [27]
8 3-Me0,4-HOCcH3;CHO 5h 85 90 208-209 208-210 [21]
9 /O CHO 5i 40 86 245-246 245-247 [27]
10 4-HOC¢H4+CHO 5j 120 93 232-234 234-237 [21]
11 4-NO,CsH4CHO 5k 30 98 242-244 241-243 [21]
Me CHO
12 1\?/_§\ 51 45 79 191-193 - -
el
Ph

solated yield of the product.

YProducts were characterized by IR, "THNMR, Mass and by comparing physical constants with those of reported in literature.
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Fig. 4. Plausible mechanism of synthesis of polyhydroquinoline derivatives.

4. Conclusions

In conclusion, we have developed a new application of
vitamin-B; for Hantzch multicomponent synthesis of
polyhydroquinoline with diverse functional groups.The
present method offers several advantages such as
excellent yield of products, operational simpicity and
biodegradable catalytic system over the reported
procedures.
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