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Boric acid: A green, mild and efficient catalyst for the synthesis
of polyhydroquinoline under solvent-free conditions
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ABSTRACT

Boric acid was found to be an efficient and versatile catal yst for the synthe-
sis of a wide range of polyhydroquinolines via one-pot four component
condensation of aldehydes, cyclic 1,3-dicarbonyl compounds and ammo-
nium acetate in good to excellent yields under solvent-free conditions.
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INTRODUCTION

Compoundscontaining4-aryl-1, 4-dihydropyridine
(DHP) nucleuscomprisealargefamily of medicinaly
important compoundg®. The most prominent of these
isthenifedipine class of Ca?*-channel antagonistsand
their second generation analogs?. In addition, 1,4
dihydropyridinesexhibit severd important gpplications
inthefield of pharmaceuti calssuch asneuroprotectant,
anti-aggregatorsagent, cerebral antiischemic agentfor
thetreatment of Alzheimer’sdiseaseand aschemo sen-
sitizer intumor therapy®. Hantzsch one-pot three com-
ponent condensation of 1,3-dicrbonyl compounds, a-
dehyde, and ammonium acetate providesthemogt effi-
cient accessto DHPderivatives?. However, theclas-
sica Hantzsch synthesisof DHP derivativesgenerally
resulted inlow yields. Owingto the biologicd signifi-
cance of DHP, thereisarenewed interest in Hantzsch
reaction and consequently severd improved procedures
including different catalystssuch asmolecular iodine,
HCIO,-SI0,, organo-catalyst, and expensive metal
triflates, Y b(OTf),, have been reported™%. However,
thepractica gpplicability of many of thesemethodssuffer
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fromthelimitations such asunsatisfactory yieds, harsh
reaction conditions, useof expensve/sengtive cataysts
(sometimesevenin giochometricamount) and hightem-
perature. Moreover, till datethereisno report onthe
synthesisof polyhydroquinolinesinatruly catalytic pro-
cess under sol vent-free conditions at room tempera-
ture. Thusthe development of efficient, general and
milder protocol for the synthesispolyhydroquinolinesin
anenvironmentaly benign manner isstill highly desired.

Boricacidisinexpensive, commercidly available
and considered to be “green”” compound™Y. Boric acid
has been successfully employed in various useful or-
ganictransformationg*?. Herein, wewish to report fur-
ther application of boric acid for the efficient synthesis
of polyhydroquinolinesviamuti-component Hantzsch
reaction. Thereactionswere carried out under solvent-
free conditionsusing inexpensiveboric acidin acata
lytic quantity.

Thefour component condensation reaction invol v-
ing 4-chlorobenza dehyde, dimedone, ethyl acetoacetate
and ammonium acetate usng 20 mol % of boricacid at
room temperaturewasinitially considered asthe model
reaction. Thisreaction was carried out under solvent-
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TABLE 1: Boric acid: A green, mild and efficient catalyst for the synthesis of polyhydroquinolines under solvent-free

conditions
Entry 1 Ar Time (h) Product Yield (%)? M.p. (°C) found M. p. (°C) (Lit.)
1 (1a) CeHs 10 5a 92 202-205 202-204°
2 (1b) 4-MeOCgH, 10 5b 86 252-254 257-259°
3 (1)  3,4,5-(Me0);CeH, 10 5¢c 87 197-199 199-200"
4 (1d) 4-HOCgH,4 10 5d 90 234-237 232-234°
5 (1e) 4-CICgH,4 10 5e 87 232-234 230-232°
6 (1f) 4-BrCqH, 10 5f 81 251-253 253-255°
7 (19) 4-MeCgH,4 10 59 83 258-260 260-261°
9 (1h) 4-NO,CgH, 10 5h 91 241-243 242-244%
10 (1i) 3-NO,CeH,4 10 5i 84 176-179 177-178"
11 (1)) 2- NO,CgH, 10 5i 81 208-211 206-208"

3 solated yields after crystallization

CHO

SCHEME1

free conditionsand the formation of the corresponding
polyhydroquinalines(TABLE 1, entry 5€) derivetivewas
realizedin 10 hreflux timewith 92 %yield. Theopti-
mized reaction conditionsreved ed that thecatayst |oad-
ing can bereduced to 5 mol % but reaction required
longer reaction timeup to 28 hto obtain the maximum
yield of polyhydroquinolines.

With good result being obtained inthereactionwith
4-chlorobenza dehyde, next, using our optimized reac-
tion conditions the structurally diverse aromatic,
heteroaromatic aswell asdiphatic a dehydeswere con-
verted into corresponding polyhydroquinolinesderiva-
tivesingood to excellent yieldsat room temperature
(SCHEME 1). Theresultsare presented in TABLE 1.
AsshowninTABLE 1, thearomatic dedhydesbearing
electronreleasingaswdll ase ectron withdrawing sub-
stituentsreacted efficiently to afford the corresponding
polyhydroquinalinederivativesinhighyields. Moreover,
heteroaromatic aldehydes such as 2-pyridyl and 2-
thieny aldehyde were al so underwent Hantzsch con-
densation smoothly giving highyid dsof the correspond-
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ing product without any unwanted sidereaction.

The reaction conditions presented here are ex-
tremely mild and productswereobtainedin highyields
and purity under-sol vent-free conditions. Moreover, in
contrast to many reported procedures, the present
methodol ogy relies on the use of catalytic amount of
environmentally benign boric acid which makesit an
attractive and environmentally benign approach. Thus
we havedevel oped general, and high yiel ding one-pot
synthesis of awide range of polyhydroquinoline de-
rivativesunder solvent-free conditions.

EXPERIMENTAL

Synthesisof polyhydroquinolinederivatives

To a mixture of aldehyde, ethylacetoacetate,
dimedone and ammonium acetatein themolar ratio of
1:1:1:1.5was added boric acid (0. 2 mmol) and re-
sulting mixture was heated at 90°C whilestirring for
10h. After completion of thereaction asindicated by
TLC, the reaction mixture was poured into ice cold
water and solid product wasfiltered. The crude prod-
uct waswashed withwater severd timeand recrystaised
fromethanal.
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