March 2009

Trade Science Ine.

Volume 5 Issue 1

CHEMISTRY
A Tndéian Yournal

— Full Paper

OCAIJ, 5(1), 2009 [14-18]

Montmorillonite K-10 catalysed one-pot thr eecomponent condensation for
thesynthesisof tetr ahydr obenzo[b]pyransand pyrano[2,3-d]pyrimidines

Sandeep V.Shinde*!, Wamanrao N.Jadhav?, Rajesh H.Tale?, Nandkishor N. Karade?
!Dnyanopasak College, Parbhani-431401, M ahar ashtra, (INDIA)
2School of Chemical Sciences, Swami Ramanand Teerth M arathwada Univer sity, Nanded- 431 606, M ahar ashtra, (INDIA)
E-mail : sv_shinde97@r ediffmail.com
Received: 13" January, 2009 ; Accepted: 18" January, 2009

ABSTRACT

A clean and simple synthesis of tetrahydrobenzo[ b] pyrans and pyrano[2,3-
d] pyrimidinederivatives was accomplished in good to excellent yields via
one-pot, three component condensation of cyclic 1,3-dicarbonyl compounds,
aromatic aldehydes and malonitrile in ethanol solvent catalyzed by mont-

morilloniteK-10. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Multi-component reactions (M CRs) areof increas-
ingimportancein organic and medicinal chemistry!¥,
Selectivity, alom economy, time saving, environmenta
friendliness, cost effectivenessand reconciliation of
molecular complexity with experimental smplicity are
someof thesignificant advantagesof MCR strategies
over conventiond linear type synthesis?. Thedevelop-
ment of MCRsfor the generation of combinatorial li-
brariesof heterocyclic compoundsisin current demand
from theviewpoint of drug discovery process?.

4H-Benzo[ b] pyransrepresent aheterocyclicring
system of considerableinterest because of severd bio-
logica activitiesassociated with thisscaffold“. Some
analogues have been found to act as anti-cancer,
antianaphylactic, diuretic, gpasmolytic and anti-coagu-
lant agent!®. Furthermore, the sub-structural unit of
4Hbenzo[ b pyransisprevdently found in natura prod-
ucts and photo-activematerid §¢. Thisvaluableclass
of heterocyclesisgenerally prepared by base (triethy-
lamine or piperidine) catalyzed three component con-
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densations of malonitrile, aldehyde and dimedonein
organic solventslike DMF7 or acetic acid®. Theutili-
zation of water asreaction medium for the synthesis of
4H-benzopyransisreported using hexadecyl trimethyl
ammonium bromide® and S-proling*” asthecatalyss.
Thesolvent freereaction conditionslikemicrowaveir-
radi ation™ and solid state heating have also beenintro-
duced for thesynthesisof 4H-pyrang*. Although most
of these processes offer distinct advantages, they suffer
from certain drawbacks such aslong reaction time, un-
satisfactory yieldsdueto side product formation, need
of special apparatus, use of toxic organic solventsand
tediouswork-up procedure. Therefore, the devel op-
ment of new, efficient methodsfor the preparation of
4Hbenzo[ b pyransisdesired.

Thelast two decades havewitnessed an explosive
growthin the application of heterogeneous catalysis
brought about by inorganic solids such asmontmorillo-
niteK-10%3, Thecommercialy availablemontmorillo-
niteK-10isaninexpensive, non-toxic and recyclable
inorganic solid material possessing both Bronsted and
Lewisacidity. In continuation of our work on MCRs
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TABLE 1: Formation of pyrano[2,3-d]pyrimidinesin ethanol

Entry Ar Reactiontime (h)  Yield (%)? M. P. (°C) found M. P. (°C) reported
6a CeHs- 10 73 226-227 2251
6b 4-MeO-CgH, 10 76 202-203 not available
6c 4-Cl-CgH,- 10 80 194-195 not available
6d 3-NO,-CeHa- 10 79 213-214 not available
3 solated yield after recrystalization
and clay catdysig*, herein wewish to report another CHO
remarkable catalytic activity of montmorillonite K-10 Q CN
for the one-pot three component condensation of o N . <
malonitrile, aldehyde and dimedoneto form varioudy Az CN
substituted 4H-benzo[ b pyrans (SCHEME 1). (1) O R @) 3)
Inaninitia experiment amixtureof benzal dehyde o N
(3mmol), maonitrile(3mmol) and dimedone (3mmol) M%n_tlrgwtgmt | JR
inethanol (15mL) wasrefluxed in the presenceof cata: - "> O
lytic quantity of montmorillonite K-10 (20% wt.) for Etg'_"l’lﬁlé’x’ CN
10 hrs. After the completion of reaction, theinsoluble
montmorillonite K-10 wasfiltered from thereaction 0" "NH,
mixture. Theresulting filtratewas poured into crushed (4a-])
SCHEME1

iceand the crude product wasrecrystal lized from etha-
nol to afford (4a) in83%yield. Thefiltered catalyst,
montmorillonite K-10 waswashed with acetone sev-
erd timesand subjected to thermal activation at 120°C.
Thereuse of recycled montmorillonite K-10for sec-
ond and third timeresultedintheformation of (4a) with
69 % and 48 % yied respectively (TABLE 1, entry 5).

In order to study theinfluenceof different acid cata-
lystsonthereaction, other acidswerea so investigated
for theformation of (4a). In absence of any acid cata-
lyst, theabovereaction resulted in theformation of prod-
ucts such as 2-(4-methoxybenylidene)-5,5-dimethyl
cyclohexane-1,3-dione (34% yield) and 2-(4-methoxy
benzylidene)malonitrile (53 % yield), due to the
Knoevenagel condensation reaction between
anisa dehydeand dimedoneor maonitrilerespectively.
However, when the reaction was subjected to the tregat-
ment of different acid catalysts such as PTSA,
amberlyst-15, montmorillonite K SF, montmorillonite K -
10 and zeolite-HY, the desired product was obtained
in17, 38, 64,82 and 57 % yidds, respectively. Ineach
case, thereaction mixturewasrefluxed for 10 hrsand
20 % weight of the catalyst with respect to the total
weight of dl thereactantswasconsidered. Thus, mont-
morilloniteK-10 wasfound to be, abovedl, theexcel-
lent heterogeneousacid catdyst for thesynthesisof (4a).

Withthisresult in hand, other aromatic a dehydes

have been reacted with mal onitrile and dimedone un-
der smilar experimenta conditionsand theresultsare
listedin TABLE 2. It isimportant to notethat thereac-
tion is applicable only to malonitrile whereas
ethylcynoacetate and cynoacetamide failed to react
under Smilar experimentd conditions. Benza dehydeand
other aromatic al dehydes containing e ectron-donating
groups (such as methoxy, hydroxyl groups) or elec-
tron-withdrawing groups (such asnitro, halide) were
employed and reacted well to give acorresponding
4Hbenzo[b] pyransingoodtoexcdlentyidds. Indl the
cases, the reactions proceeded smoothly with 20 %
weight of montmorillonite K-10with respect to theto-
tal weight of al thereactants. Thestructuresof the prod-
uctswereconfirmed from spectroscopi c dataand melt-
ing points and found to be comparable with those of
literature data. The IR spectraexhibited sharp bandsat
3335 cm? (NH,) and 2187 cm? (CN). The NMR
spectrashowed the absence of methylene protons of
the dimedone and the presence of characteristic peak
at 6=4.17- 4.54 ppm for H-4 of 4(a-j).

Having succeeded with dimedone, thereaction of
barbituric acid (2 mmol), anisal dehyde (3 mmol) and
ma onitrile(3mmaoal) inethanol (15mL) usng montmo-
rillonite K-10 (20 % wt.) was examined (SCHEME
2). After refluxing theabovereaction mixturefor 8 hours,
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SCHEME 3: M echanism of tetrahydr obenzo[b]pyran for -
mation

theformation of corresponding pyrano[2,3-d] pyrim-
idines(6b) wasredizedin 73%yield. Theresultsare
summarized in TABLE 2 for thereactionsof other a-
dehydes.

Mechanistically, the formation of tetrahydro
benzo[ b]pyranswill proceed through Knoevenage con-
densation followed by Michad addition. Asearlier men-
tioned theformation of Knoevenagd condensation prod-
uctssuch as (4) and (5) were observed in absence of
thecatayst, montmorilloniteK-10. Thisfact issupported
by theliterature evidencethat Knoevenagel condensa-
tion of aromatic a dehydewith maonitrileand dimedone
cantake place evenin absence of any catalyst!*S. The
formation of tetrahydrobenzo[b]pyransis, therefore,
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TABLE 2: MontmorilloniteK-10 catalysed synthesisof 4H-
benzo[b]pyrans(4a-j) in ethanol under refluxing conditions

; . .a Mp Mp(°C)
Product Ar I?ien?gnr(])nYl;Id (°C) reported
") ) found (i
(4a9) CeHs 10 83 223-225 226-228
(4b) 4-MeOCgH, 11 82 200-202 198-200
(4c) 4-HOCgH, 13 76 212-213 214-215
(4d) 4-MeCgH, 12 81 214-216 214-216
(4e) 4-NMeCgH, 10 80 223-224 220-222
(4f) 4-MeO-3- 12 83 239-242 237-238
(49) OH-CgH3 10 87 207-209 207-209
(4h) 4-CICeH,4 13 78 222-224 224-226
(4) 2-NO,CH, 13 84 208210 210-212
(4)) 3-NO,CeH4 12 80 131-133 130-132

3 solated yields after recrystalization.

relied onthesuccessof Michad additionreaction. Based
upon thishypothesis, we carried out theindependent
reaction of isolated cyano-ol efin with dimedonein ab-
sence of montmorilloniteK-10. Inthiscase, thereac-
tion did not take place and the unreacted cyano-olefin
and dimedonewerequantitatively recovered. Thus, this
experiment indicatesthat montmorilloniteK-10ises-
sential for promoting Michael addition. Therole of
montmorillonite K-10isto enhancethe nucleophilic
character of thereactive methylene carbon of dimedone
or malonitriletofacilitatethe Michael additionfor the
formation of key intermediate (6). Finally (6) under-
goesintramol ecular cyclisation viathe nucleophilic a-
tack of ~OH group on the cyano moiety toform tetrahy
drobenzo[ b]pyrans.

Insummary, ahighly efficient methodol ogy for the
synthesis of 4H-benzo[b]pyrans and pyrano[2,3-
d] pyrimidines by three component condensations of
aromatic adehyde, ma onitrileand cyclic 1,3-dicarbonyl
compoundsinthe presenceof cataytic quantity of mont-
morillonite K-10isreported. High yields of the prod-
ucts, smple product i sol ation technique, recyclability
of thecatadyst and overal .green. reactionconditions
areimportant features of thismethodol ogy.

EXPERIMENTAL

Mnotmorillonite K-10 was purchased from
Lancaster Chemica sand used asreceived without any
pretreatment or activation. Melting pointswere deter-
mined on an e ectrotherma melting point apparatusand
areuncorrected. 1H NMR spectrawere obtained with
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aVarian 400-MHz spectrometer with TMSasanin-
ternal standard. The IR spectrawererecorded (KBr)
on aPerkin-Elmer FT-IR spectrophotometer.

General procedure for the preparation of
4HBenzo[b]pyransand pyrano[2,3-d]pyrimidines

A mixture of an aromatic aldehyde (3 mmol),
maonitirle(3 mmoal), appropriatecyclic 1,3-dicarbonyl
compounds (3 mmol) and montmorillonite K-10 (20
mole %) in ethanol (20 ml) wasrefluxed for thetimeas
mentioned in TABLE 1. The progress of thereaction
was monitored by thin layer chromatography. After the
completion of thereaction, the mixturewas cooled to
room temperature and montmorillonite K-10 wasfil -
tered off. Theresulting filtrate was then poured into
crushed ice and the crude product was purified by re-
crystdlization using ethanol (95%). Dataof thesdected
compoundsare shown bel ow.

Spectral data of selected products

2-Amino-5,6,7,8-tetrahydro-5-oxo-4-(4'-N, N-
dimethylaminophenyl)-4H-benzo[b]-pyran-3-
carbonitrile

Crystdlineyelow solid, Mp 221-223°C (Lit. Mp 220-
222°C) IR (KBr): 3387, 3312, 2961, 2853, 2189,
1687, 1604, 1456, 1253, 1038, 967, 843, 768cm™.
1HNMR (CDCL,): 6 =0.91(s, 3H), 1.00 (s, 3H), 2.19
(d,J=Hz,2H), 2.39 (d, J=Hz, 2H), 3.08 (s, 2H, br.),
3.33(s, 6H), 4.00 (s, 1H), 6.60 (d, J=Hz, 2H), 6.87
(d,J=Hz, 2H)

2-Amino-5,6,7,8-tetrahydr o-5-ox0-4-(4'-chloro
phenyl)-4H-benzo[b]-pyran-3-car bonitrile

Crystdlineyellow solid, Mp 208 - 210°C (Lit. Mp 207-
209°C) IR (KBr): 3379, 3193, 2953, 2173, 1604,
1596, 1398, 1227, 1032, 857, 738 cm™. IHNMR
(CDCl,):6=0.95(s, 3H), 1.01 (s, 3H),2.25(d, J=7
Hz, 2H), 2.43 (d, J= 7 Hz, 2H), 3.33 (s, 2H, br.),
4.17(s, 1H), 7.16 (d, J = Hz, 2H), 7.31 (d, J = Hz,
2H)

2-Amino-5,6,7,8-tetr ahydr o-5-o0x0-4-(4'-methoxy
phenyl)-4H-benzo[b]-pyran-3-carbonitrile

Crystdlineydlow solid, Mp 200-202°C (Lit. Mp: 198-
200°C) IR (KBr): 3373, 3191, 2962, 1654, 1598,
1406, 1253, 1154, 1034, 969, 768 cm™. IHNMR
(CDCI,): 6 =0.88 (s, 3H), 0.96 (s, 3H), 2.03 (d, J

= Fyl) Paper

=7.2 Hz, 2H), 2.16 (d, J= 7.3 Hz, 2H), 3.48 (s, 2H,
br.), 3.64 (s, 3H), 4.05 (s, 1H), 6.90 (m, 4H).

2-Amino-5,6,7,8-tetrahydro-5-ox0-4-(3" -
nitrophenyl)-4H-benzo[b]-pyran-3-carbonitrile

Crystalineyellow solid, Mp 211-213°C (Lit. Mp 210-
212°C) IR (KBr): 3432, 3335, 3203, 2958, 2875,
2187, 1659, 1598, 1533, 1377, 1252, 1039, 908, 824,
733cm™. IHNMR (CDCI,): 6=0.94 (s, 3H), 1.03 (s,
3H), 2.12 (d, J= 7.1 Hz, 2H), 2.23 (d, = Hz, 2H),
3.36(s, 2H, br.), 4.40 (s, 1H), 7.64 (m, 2H), 8.02 (m,
2H).

7-Amino-2,3,4,5-tetr ahydr o-5-(4'-chlor ophenyl)-
2,4-dioxo-1H-pyrano[2,3-d]pyrimidine-6-
carbonitrile

Crystaline yellow solid, Mp 194-195°C. IR (KBr):
3379, 3217, 3090, 2926, 2850, 2204, 1755, 1575,
1422,1228, 1201, 1091, 839, 808, 792 cmt. IHNMR
(CDCl,): 6 =4.26 (s, 1H), 7.16 (s, 2H, br), 7.24 (d,
2H, J=8.47 Hz), 7.35 (d, 2H, J=8.45 Hz), 11.08
(s,2H, br), 12.10 (s, 1H, br).

7-Amino-2,3,4,5tetrahydr 0-5-(3"-nitrophenyl)-2,4-
dioxo-1H-pyrano[2,3-d]pyrimidine-6-car bonitrile

Crystaline yellow solid, Mp 213-214°C IR (KBr):
3529, 3371, 3167, 3032, 2957, 2856, 2193, 1753,
1602, 1562, 1425, 1199, 829, 680 cm™. IHNMR
(CDCIl,): 8 = 4.47 (s, 1H), 7.28 (s, 2H, br), 7.61 (t,
1H,J=7.90Hz), 7.75(d, 1H, J=7.82 Hz), 8.09 (m,
2H), 11.11 (s, 1H, br), 12.17 (s, 1H, br).
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