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ABSTRACT

The synthesis of various substituted Hantzsch ihyddopyridine derivatives has been achieved usingodified
procedure in the presence of Amberlite IRA 900 &starogeneous catalyst under solvent-free conditicn good
to excellent yields.
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INTRODUCTION

1,4-Dihydropyridine (DHP) [1] scaffold representetheterocyclic unit of remarkable pharmacologéaféitiency.
They are widely used clinically as calcium chanleickers for the treatment of cardiovascular dissasuch as,
nifedipine and nitrendipine are used for the treattrof hypertension and angina pectoris, nisoldipgma potent
vasodilator and nimodipine exhibits selectivity foerebral vasculature [2]. A number of DHP derivedi are
employed as potential drug candidates for thertreat of congestive heart failure [3].

Moreover DHPs also act as NADH mimics for the raduncof carbonyl compounds and their derivativef [4
human body the main metabolic route of dihydrogypeddrugs involve their oxidation to pyridines dgtad by
cytochrome-450 in liver [5]. Additionally, the syrgsis of heteroaromatics by oxidative dehydrogenais of
fundamental importance in organic chemistry. Thebmuitous features always encourage synthetic tetm
explore improved protocols for the synthesis ad agthe oxidation of 1,4-DHPs.

1,4-Dihydropyridines are generally synthesized lantdsch reaction which involves the condensaticaldéhydes,
B-ketoester and ammonia or ammonium acetate. A nuofbmproved methods have been reported in teeditire
for this condensation which involve the use of mweave, ionic liquids, reflux at high temperaturéviSl, I,

Yb(OTf)s, CAN [6], silica gel/NaHSQ[7] and Sc(OTf) [8]. On the other hand, a plethora of reagentehseen
employed for the oxidation of 1,4-DHPs [9-16]. Ipite of potential utility of these reagents, mokthe existing
methods for the synthesis of 1,4-DHPs as well es #tromatization suffer from drawbacks such asyaids, long
reaction times, occurrence of several side produests of stoichimetric amount of reagents, userohg oxidants,
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high temperature and the use of expensive and toaitsition metallic reagents. Therefore, explorthg new
catalytic system preferably in an environmentaliyign method to overcome these drawbacks is aectgaifig task
to the organic chemists.

This work represents the continuation of our steidising heterogeneous solid catalysts in orgaaitsformations
[17]. We introduce an efficient, rapid and cleangadure for the synthesis of 1,4-Dihydropyridinesg Amberlite
IRA 900 as a anion exchange resin, heterogenealiseasable catalyst in a solvent free conditiorth€gnel).

CHj3

kw CH, CI

CH,
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Ar
/J\ EtO NH,OAc, Amberlite IRA 900 EtO | | OEt
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Solvent-free, 60°C
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1 23 3a-f
Scheme-1
MATERIALSAND METHODS

General

Melting points were measured using Buchi B-540 a@pia and are uncorrectétt NMR spectra were recorded on
Avance DPX 300 MHz FT NMR spectrometer. Chemicidftslare expressed imunits relative to tetramethylsilane
(TMS) signal as internal reference.

General Procedurefor the Synthesis of 1,4-dihydropyrines and Polyhydroquinolines 3: Aldehyde (2 mmol)p-
ketoester (2 mmol), N)¥DAc (4 mmol) and Amberlite IRA 900 (50 mg) wererstdl at 68C. After completion of
the reaction as indicated by TLC, Amberlite IRA 988s separated from reaction mixture by simpleatibn due
to its heterogeneous nature and washed with ettgiate for its further use. The crude product wasfipd by
recrystallization from ethanol to yield the higlgyre Hantzsch 1,4-dihydropyridine derivativa¢a-f). The physical
data (M.p., IR, NMR) of known compounds were foulmdbe identical with those reported in the literatu
Spectroscopic data for selected examples are shelow.

Ethyl-4-phenyl-2,6-dimethyl-1,4-dihydr opyridine-3,5-dicar boxylate (3a):

M.p. 158-160°C, IR (KBr): 3335, 1692, 1651, 149239, 1122, 720 cth 'H NMR (250 MHz, CDC}) é: 7.32-7.14
(m, 5H, CHAr), 5.71 (s, 1H, NH), 5.01 (s, 1H, CH)11 (q,J=7.1, 4H, 2CH), 2.36 (s, 6H, 2C¥k), 1.24 (t,J=7.1,
6H, 2CH). **C NMR (62.5 MHz, CDG)) &: 167.6, 145.4, 143.8, 135.6, 128.4, 127.9, 108927, 39.6, 19.5, 14.2.

Ethyl-4-(2-thienyl)-2,6-dimethyl-1,4-dihydr opyridine-3,5-dicar boxylate (3¢):
M.p. 171-173°C, IR (KBr): 3421, 1647, 1512, 148813, 1115, 752 cih 'H NMR (250 MHz, CDC}) &: 7.06-6.79
(m, 3H, CHAr), 6.55 (s, 1H, NH), 5.35 (s, 1H, CH)16 (q,J=7.0 Hz, 4H, 2CH), 2.32 (s, 6H, 2Ch}, 1.28 (1,J=7.0
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Hz, 6H, 2CH). *C NMR (62.5 MHz, CDG)) 5: 167.5, 152.1, 145.0, 143.7, 126.3, 123.1, 108939, 34.3, 19.2,
14.3.

Ethyl-4-(2-furyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicar boxylate (3f):

M.p. 160-162°C, IR (KBr): 3344, 1701, 1649, 148871, 1207, 1120, 727 ¢h*'H NMR (250 MHz, CDC})) &:
7.22 (s, 1H, NH); 6.22-5.94 (m, 3H, CHAr), 5.20 {84, CH), 4.11 (qJ=7.1 Hz, 4H, 2CH), 2.32 (s, 6H, 2C}},
1.27 (t, 6H,J=7.1 Hz, 2CH). *C NMR (62.5 MHz, CDG)) &: 167.5, 158.7, 145.2, 140.8; 110.0, 104.4, 108058,
33.3,19.4, 14.3.

Ethyl-2,7,7-Trimethyl-5-oxo-4-phenyl-1,4,4a,5,6,7,8,8a-octahydr oquinoline-3-car boxylate (3g):

M.p. 205-207 °C, IR (KBr): 3293, 3058, 2958, 161610 cnt. *H NMR (CDCk, 250 MHz)5: 7.75 (s, 1H, NH),
7.34-7.08 (m, 5H, CHAr), 5.07 (s, 1H, CH), 4.10 Jg7.1 Hz, 2H, CH), 2.30 (s, 3H, Ch), 2.22-2.10 (m, 4H,
2CH,), 1.23 (t,J=7.1 Hz, 3H, CH), 1.04 (s, 3H, Ck), 0.93 (s, 3H, CH. *C (CDCk, 63 MHz)&: 196.1, 167.7,
153.5, 150.2, 147.3, 144.4, 128.0, 126.7, 126.6,5,1111.4, 105.7, 59.8, 50.8, 40.4, 36.6, 32.65,297.0, 19.0,
14.2.

Ethyl-2,7,7-trimethyl-5-oxo-4-p-tolyl-1,4,4a,5,6,7,8,8a-octahydr oquinoline-3-car boxylate (3h):

M.p. 260-262°C, IR (KBr): 3294, 3058, 2955, 164610, 1485, 1218 cth *H NMR (CDCk, 250 MHz)s: 7.21 (d,
J=8.1 Hz, 2H, CHAr), 7.01 (d)=8.1 Hz, 2H, CHAr), 6.87 (s, 1H, NH), 5.02 (s, 1€H), 4.04 (9, J=7.1 Hz, 2H,
CH,), 2.33 (s, 3H, CH), 2.26 (s, 3H, Ch), 2.32-2.18 (m, 4H, 2C})l, 1.24 (t, 3HJ=7.1 Hz, CH), 1.09 (s, 3H, Ck),
0.95 (s, 3H, CH). *C (CDC}k, 63 MHz)&: 195.8, 167.6, 149.0, 144.3, 143.7, 135.4, 12826,8, 127.3, 111.9,
106.1, 77.5, 76.5, 59.8, 50.7, 40.8, 36.1, 32.74,287.1, 19.2, 14.2.

Ethyl-4-(4-methoxyphenyl)-2,7,7-trimethyl-5-0x0-1,4,4a,5,6,7,8,8-aoctahydr oquinoline-3-car boxylate (3i):

M.p. 256-258°C, IR (KBr): 3449, 3348, 3101, 297841, 1489, 1207 cth 'H NMR (CDCk, 250 MHz)s: 7.23 (d,
J=6.7 Hz, 2H, CHAr), 6.8 (s, 1H, NH); 6.75 (d, 28% 6.7, CHAr); 5.00 (s, 1H, CH), 4.08 (q, 2857.1 Hz, CH),
3.74 (s, 3H, OCH), 2.35 (s, 3H, Ch), 2.28-2.17 (m, 4H, 2C}), 1.23 (t,J=7.1 Hz, 3H, CH), 1.06 (s, 3H, Ch),
0.94 (s, 3H, CH). **C (CDCL, 63 MHz,)$: 195.9, 167.6, 157.7, 148.8, 143.5, 139.7, 138289, 113.2; 106.1,
59.8; 50.7, 40.8, 35.7, 32.6, 29.5, 27.1, 19.2.14.

RESULTSAND DISCUSSION

Recently, we have reported Biginelli condensatieaction is facilitated in the presence of a ca@lgmount of
Amberlyst 15 DRY and Triethyl ammonium acetate (FgAs cation exchange resin and ionic liquid retpely
[18, 19]. Very recently Mustafa A. and co-worke28] reported that alumina sulfuric acid (ASA) cgsals one-pot
synthesis of DHPsia Hantzsch condensation from aldehydes, 1,3-dicgttmmmpounds, and ammonium acetate.
A literature survey clearly shows that there is@ort on the application of Amberlite IRA 900 asb catalyst for
classic Hantzsch condensation reaction. Here, \8b i report the capacity of Amberlite IRA 900 asemtial base
catalyst for the one-pot synthesis of 1,4-dihydragiges and their analoguegia solvent-free Hantzsch
condensation protocol.

In the efforts to develop an efficient and envir@mtally benign method for the synthesis of DHPsnitgated our
study with the base-catalyzed Hantzsch condensatosubjecting catalytic amount of Amberlite IRA®@ the
mixture of 2-furaldehyde (1 equiv.), which usual@yves good yields of the corresponding product,yleth
acetoacetate (2 equiv.) and ammonium acetate (2.equethanol at room temperature. Unfortunatéhg resulted
yield was very poor even after 24 h of stirring. See the effect of reaction, various solvent systesare tested at
different temperatures. We found that the synthesiBHP 3f was efficiently catalyzed by Amberlite IRA 900 in
solvent free condition at elevated temperatureiteptb a good yield of product (Tablg entry 6). The reaction
condition was then optimized by conducting the tieacin different temperatures and employing difer catalyst
loadings. The different experiments show that thst besult was obtained by the application of 50ofmgmberlite
IRA 900 in solvent free condition at 60°C. Otheraamts of the catalyst substantially reduced thédyis side
products were formed.

In order to study the scope and generality of thethodology, a variety of substituted aromatic kjdkes were
subjected to the previous reaction with 2-furaldiEhyUnfortunately, it was observed that even uraggimized
conditions, that the corresponding 1,4-DHPs weotaisd in very moderate yields due to the formatibrmany
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other side products, also, the starting mate2#lvas still present in the crude products (accordmdH NMR
spectra). In comparison, good yield was obtaineém®-thiophenecarboxaldehyde was employed (Tabéntry
5). However, the reaction of other aromatic aldesykbd to lower yields.

Table 1: Amberlite IRA 900 Catalyzed Hantzsch Synthesis of 1,4-dihydropyridines Under Optimized Reaction Conditions®

Entry DHP Ar Time(h) Yield® (%) M.P. (°C)

Found  Reported™*
1 3a GHs 4 62 158-160 158-160
2 3b  2-(OCH)-CeH, 7 47 141-143 140-142
3 3c 4-(NQ)-CsH, 5 56 130-132 129-131
4 3d 3-(NQ)-CsH, 6 60 162-164 162-164
5 3e 2-thienyl 2 85 171-173 171-173
6 3f 2-furyl 3 90 160-162 160-161

#The reactions were carried out at 60°C using aldiehf2 mmol), ethyl acetoacetate (2 mmol), ammoaicegtate (4 mmol) and Amberlite IRA
900 (50 mg) under solvent-free conditidh&elds were measured By NMR spectra.

After many trials, we decided to employ other maesactive p-ketoesters such as dimedor2d (5,5-
dimethylcyclohexan-1,3-dione) as a second equitalgthh ethyl acetoacetate. Thus, the reaction oiza&lehyde
(1 equiv.), dimedone (1 equiv.), ethyl acetoacetatequiv.) and ammonium acetate (2 equiv.) inpesence of 50
mg of Amberlite IRA 900 in solvent free conditiont #0°C affords after only 2h, the corresponding
polyhydroquinoline in excellent yield (Scherlg So, the reaction was amenable to a wide rangearhatic and
heteroaromatic aldehydes and gave in all casesd#éiseged products in very good yields and the resate
summarized in Table. It is noteworthy that the reactions proceedech daster rate with electron donating
aldehydes (entries 1-4) and were slightly slow wathctron withdrawing ones (entry 6) with the exaap of
polyhydroquinoline3k (entry 5) which gave the desired product in excligeld. Good yields were also achieved
for heterocyclic aldehydes such as 2-furaldehydéryer). However, aliphatic aldehydes such as #eltgde and
isobutyraldehyde afforded very poor results.

0 (0}
Ar
. EtO . NH,4OAc, Amberlite IRA 900
Solvent-free, 60°C
H o HsC ¢}
1 2a 2d 0 Ar o}
| | OEt
N CH
N 3
3g-n
Scheme-2

In a typical procedure, 2 mmol of aldehyde, 2 mmbdimedone, 2 mmol of ethyl acetoacetate and 4 hoho
ammonium acetate were mixed in solvent free comlitn the presence of 50 mg of Amberlite IRA 90@ aime

reaction mixture was stirred for 1-5 h at 60°Cenfivork-up, it produced the corresponding polyhgdiiaolines

3(g-n) in good yields.
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Table 2: Amberlite |RA 900 Catalyzed Hantzsch Synthesis of polyhydroquinolines Under Optimized Reaction Conditions®

. S M.P. (°C)

Entry DHP Ar Time(h) Yied® (%) Found  Reported®®
1 3g GHs 2 79 205-207 202-204
2 3h  4-(CHj)-CeH,4 2 94 26(-262 26(-262
3 3i 4-(OCH)-CgH, 1 87 256-258 255-257
4 3j 4-(OH)-GH,4 1 95 232-234 232-234
5 3k 4-(Br)-CsH, 2 96 251-25¢ 253-254
6 3l 4-(NQ)-CeH4 7 90 240-242 242-244
7 3m  2-furyl 2 74 246-248 248-249
8 3n  Styryl 2 67 20€-20¢ 20€-207

#The reactions were carried out at 60°C using aldigng2 mmol), ethyl acetoacetate (2 mmol), dime@@memol), ammonium acetate (4 mmol)
and Amberlite IRA 900 (50 mg) under solvent-freeditipbns.’lsolated yields.

A plausible mechanism of the Amberlite IRA 900 éatad Hantzsch condensation is shown in Sche3phédsed
on the previous reports, our observations and éthiesults.

NH4OAC

OEt

OEt

Scheme-3: Plausible mechanism for the formation of Polyhydroquinoline derivative

CONCLUSION

In conclusion, we have successfully developed ay ead efficient method to prepare a variety ofidssituted-
1,4-dihydropyridine derivatives from the reactiohdifferent aromatic or heteroaromatic aldehydg&etoesters
and ammonium acetate in the presence of catalytauat of Amberlite IRA 900 under solvent free cdiudis. The
catalytic activity of Amberlite IRA 900 is notabénd the use of low cost, commercially availablearats for the
synthesis of Hantzsch products in good to excelNeglts is also significant under the aspect ofirmmentally
benign processes. These advantages make Amb&AO00 as a powerful catalyst for the synthesi4 dfDHPs
and their analogs.
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