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ABSTRACT

A simple protocol was established to synthesize various coumarins using
Tetramethylammonium hydroxide as a phase transfer catalyst in water. For
coumarin synthesis, the active methylene compounds such as diethyl
melonate, meleno nitrile, ethyl aceto acetate, was used with salicylalde-
hyde, and 2-hydroxy-1-naphthal dehydein the presence of catal ytic amount
of piperidine in water and Tetramethylammonium hydroxide. This process
isapractical synthetic method for the preparation of various 3-substituted
coumarins and benzocoumarins. Theinfluence of surfactant in water onthe
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Knoevenagel is demonstrated. The products formed were 100% pure and
high yield and coumarin product could simply be separated viafiltration.
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INTRODUCTION

Coumarin (2H- 1-benzopyran-2-one) and coumarin
derivativesarenatura compounds® and areimportant
chemicalsintheperfume, cosmetic, and pharmaceutica
industrid production’. Knoevenagd reaction®, acen-
tury old reaction, isone of themost common synthetic
methodsto produce coumarins. The processcong stsof
condensation of salicylicddehydeswithmaonicacid or
estersgiving thecoumarin-3-carboxylic acidsor esters
that successvely undergo decarboxylation. Thereaction
was cata yzed by weak bases or by suitable combina-
tions of aminesand carboxylic or Lewis® acidsunder
homogeneous conditions. Surfactantswere useful for
micdlar reactiong®, emuls on polymerization®9, phase-

transfer reactions®tY, and other organic syntheses.

Thewell known synthetic routesto coumarinsin-
cluding the Perkin, Raschig, Pechmann, Knoevenagel
and Wittig reactions suffer from therequirement for the
useof drastic conditions(acidic or basic), multiplesteps,
complicated synthetic operationsand lengthy work-up
procedures.

Theam of the present paper istorevea that under
surfactant and water system the Knoevenagel conden-
sation could besuccessfully gppliedtothesynthesisof a
number of coumarins and the scope of the method is
very broad. Wereport avery simple, fast and genera
procedure where the condensation of saicyla dehyde,
2-hydroxy-1-nagphtha dehydeor itsderivativeswith vari-
ousactive methylene compounds (ethyl aceto acetate,
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diethyl mel onateand meeno nitrileetc) inthe presence
of catalyticamount of piperidineunder surfactant-water
system |eading to the synthesis of coumarins (Scheme
1). Surfactant-water system offers severa advantages.
solventsareoften expensive, toxic, difficult toremovein
caseof gprotic dipolar solventswith high boiling point,
and areenvironmentally polluting agents. Water assol-
vent preventstherisk of hazardousexplosonswhenre-
actiontakesplacein surfactant-water sysem. Thereac-
tions(i.ethesynthesisof coumarins) wereusudly com-
plete 15-20 hr that gaveimproved yield over conven-
tiond methods. Moreover, thework-up procedureissim-
ply reduced to therecrystalization of product from sol-
vent if required. Experimentd resultsaregivenin TABLE
1. Theuseof tetramethylammonium hydroxide offered
severd dgnificant advantages such aslow cost, greater
el ectivity, and easy isolation of products. To the best of
our knowledge, tetramethylammonium hydroxideinwa-
ter has not been employed in Knoevenagel method of
coumarin synthesis. Thiswork was encouraged by our
previousinvestigation on new routesand new synthesis
of variousheterocyclic compoundg*>22,

RESULTSAND DISCUSSION

Intheinitia exploratory experiments, thereaction of
sdlicylaldehyde, 2-hydroxy-1-naphthal dehyde (2.0 g,
0.0164 mol) and ethyl aceto acetate (2.134 g, 0.0164
mol) was carried out in the presence of surfactant Tet-
ramethylammonium hydroxide (0.15g, 10 mol %) and
catdyliticd amount of piperidineinwater toaffordthe 3-
acetyl coumarin. Intheexperimentscarried out to estab-
lishtheoptima amount of surfactant, thereactionwitha
10 mol% surfactant |oading gavegoodyield (TABLE
1). However the same result was observed, when 20
mol % of surfactant was used and thereaction timewas
asofoundto besame. Further increasingamount of the
surfactant did not changetheisolated yield and reaction
time. Theconventiona method of preparationwasa so
studied and it wasfound that, water gavethe samere-
sultsasethanol. Apart from highyie dstheother advan-
tageintheuseof surfactant wasitshigh solubility inwater
which makestheisolation of the product from reaction
mixtureeasy. Similarly by adopting optimized reaction
conditions, the various coumarinswas prepared with
cyano ethyl acetate, melenonitrile, diethyl melonateetc
inpresenceof 10 mol% surfactant inwater (Scheme 1).
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Theresultsarereportedin TABLE 1. Theconventiond
method of synthesizing coumarins via Knoevenagel
method requirelargeamount of ethanol. For example, to
synthesize1gm coumarinutilizes50ml (indudingasme-
dium, washingand recrystd lization). Another important
factor inknoevenagd isthereflex temperaturewas not
suitablefor preparing coumarinswhen ethanol wasused
assolvent. Whenreplacing ethanol withwater inthepres-
enceof suitablephasetransfer catalystitispossbleto
get productsingoodyidd at reflex temperature.

CHO R,
1L, - ==
R/ OH R, PTClwater | Piperidine/reflux
@)
R
©f\13
@) ¢}

(2a-f)

PTC/water | Piperidine/reflux
R
O e

(4a- d)
Scheme 1
Ry R, Rs R,

2a& 4a COCH; COOEt COCH3 H
2b& 4b COOEt COOEt COOEt H
2c& 4c CN CN CN H

2d COOEt COOEt COOCH; OH

4d COOCH; COOCH; COOCH; H

2e COOCH; COOCH; COOCH; OH

2f CN CN CN OH

EXPERIMENTAL

All themelting pointswererecorded in open capil-
laries. Thepurity of thecompoundswaschecked by TLC
onslicagd and waspurified by column chromatogra-
phy. *H NMR spectrawas recorded on a Bruker-400
Hz spectrometer usng TMSasan interna standard. IR
spectrawas obtained using aFTS-135 spectrometer in-
strument. Mass spectrawas recorded on a JEOL SX
102/DA-6000 (10 kV) FAB mass spectrometer.
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General procedurefor thesynthesisof coumarins
Synthesisof 3-Acetyl coumarin (2a)
Thesdicyladehyde(2.0g, 0.0164 mol) and ethyl

TABLE 1: Knoevenagel reaction between salicylaldehyde,
2-hydroxy-1-naphthaldehydeand ethyl aceto acetate, cyano
ethyl acetate, diethyl melonate catalysed by 10 mol % tet-
ramethylammonium hydroxidein water.

Timel Yield/ M.p.°C/

Entry Products hr (%) M.p.OCLit

(@]
118120

AN

O (e}

(0]
93-95
2b 9 0 (oo
192-194
2 8 86 (189.190)
172-174
2d 17 87 (73.175)
266-268
2e 14 8 65070
252-254
of 13 82 549.051)
115116
4a 158 417.118)
188-190
4p 18 8  (1g6-189)
200-292
4c 15 81 596 208)
172-174
4d 187 (68170)
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acetoacetate (2.134 g, 0.0164 mol) and catlytical
amount of piperidinewasdissolvedin20ml water. Tetra
methyl ammonium hydroxide (0.15g, 10 mol %) was
added to the reaction mixture and refluxed on water
bath for the appropriate time (TABLE 1). After the
completion of reaction asindicated by TLC, thereac-
tion mixture was cooled to room temperature and
poured into water (150 cm?®) and the product obtained
wasfiltered and recrystallised by water. All other com-
poundsweresimilarly prepared

3-Acetyl coumarin (2a)

Whitecrystdlinesolid; IR (KBr): v= 1758 (C=0)
cm?, 1750 (C=0) cm™; *H NMR (400 MHz, CDCI,):
0=27(s,3H,CH,), 7.4 (m, 2H, ArH), 7.8 (m, 2H,
ArH), 8.6 (s, 1H, CH) ppm; *C NMR (300 MHz,
CDCl,): 197.1(C=0), 163 (C=0), 151, 149, 131.6,
128.5,127,126.6, 120, 125.7, 22.8 ppm; MS. m/z =
189 (M+1).

Ethyl coumarin-3-carboxylate (2b)

Whitecrystalinesolid; IR (KBr): v=1760 (C=0)
cm?, 1745 (C=0) cm*; *H NMR (300 MHz, CDCI,):
0=14(t,3H,CH,),4.4(q, 2H, CH,), 7.4 (m, 2H,
ArH), 7.8 (m, 2H, 2H), 8.6 (s, 1H, CH) ppm; 2C
NMR (300 MHz, CDCl,): 166.2 (C=0), 163 (C=0),
153, 151.2, 128.6, 128.3, 127, 125.8, 122.6, 121.8,
60.1, 14.3. ppm; MS: m/z=219 (M+1).
3-Cyano coumarin (2c)

Ydlow crystdlinesolid; IR (KBr): v=1760 (C=0)
cm™, 2258 (CN) cm™, *H NMR (400 MHz, CDCI.):
0=7.5(m, 2H, ArH), 7.8 (m, 2H, ArH), 8.7 (s, 1H,
CH) ppm; *CNMR (300 MHz, CDCl,): 163 (C=0),
160, 151.2, 128.7, 128.3, 126.5, 125.6, 121.5, 118
(CN), 100.4, ppm; MS: m/z=172 (M+1).

Ethyl benzocoumarin-3-car boxylate (4a)

Yellow crystdlinesolid; IR (KBr): v=1765 (C=0)
cm™, 1750 (C=0) cm*; *"H NMR (400 MHz, CDCI.,;
0=14(t,3H,CH,), 44 (q, 2H, CH,)), 7.4 (d, 1H,
ArH), 7.5 (t, 1H) 7.7 (t, 1H) 7.9 (d, 1H) 8.1 (d, 1H)
8.3 (d, 1H) 9.3 (s, 1H, CH) ppm; 2C NMR (300
MHz, CDCl,): 166 (C=0), 163(C=0), 152.5, 151.2,
132.3,130,129.3,128.6, 127.8,123.7,122.8, 122 4,
117.5,117.3, 60, 14.1. ppm; MS: m/z =269 (M+1).

3-Acetyl benzocoumarin (4b)
Yelow crystdlinesolid; IR (KBr): v=1765 (C=0)
cm?, 1746(C=0) cm*; *H NMR (400 MHz, DM SO-
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d6). 6 =2.7 (s, 3H, CH,), 7.6 (m, 2H, ArH), 7.8 (d,
1H,ArH), 8.1 (d, 1H,ArH), 8.3(d, 1H,ArH), 8.6 (d,
1H,ArH), 9.3(s, 1H, CH) ppm; *CNMR (300 MHz,
CDCl,): 197.1 (C=0), 163.5 (C=0), 151.2, 150.7,
132.2, 132, 130.2, 129, 128.9, 127, 123.6, 123,
117.7,117.4, 22. 5 ppm; MS: m/z =239 (M+1).
3-Cyano benzocoumarin (4c)

Ydlow crystdlinesolid; IR (KBr): v=1768 (C=0)
cmrt, 2256 (CN) cm?; *H NMR (400 MHz, DM SO-
d6): 6 =7.6 (m, 1H, ArH), 7.9 (d, 1H, ArH), 8.0 (d,
1H,ArH), 8.4 (d, 1H, ArH), 8.7 (d, 2H, ArH), 9.3 (s,
1H, CH) ppm; *C NMR (300 MHz, CDCl,): 163
(C=0),160.6,151.3,132.2,130.2,129.1, 128.6, 127,
123.8,122.4,117.6, 117.5, 117.2, 100.3 5 ppm; MS:
m/z =222 (M+1).

CONCLUSION

Insummary, themethod |eadsto anotableimprove-
ment in reaction conditionsfor coumarin synthesisby
Knoevenagel condensation inwater and Tetramethyl
ammonium hydroxide (10 mol %) as phase transfer
catalyst at reflux temperature.
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