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ABSTRACT

Starch sulfuric acid (SSA) was used as an efficient catalyst in the von
Pechmann condensation of phenols with B-ketoesters leading to the
formation of coumarin derivatives in excellent yields with good
purity.Compared with conventional methods, the main advantages of the
present procedure are milder conditions, shorter reaction time and green
© 2014 Trade Sciencelnc. - INDIA

chemistry procedure.

INTRODUCTION

Thesynthesisof coumarinsand their derivativeshas
attracted considerabl e attention from organic and me-
dicinal chemistsfor many yearsasalarge number of
natura productscontainthisheterocydicnucleus They
arewidely used as additivesin food, perfumes, cos-
metics, pharmaceuticalgY and inthe preparation of in-
secticides, optical brightenerd? and dispersed fluores-
cent and laser dyes?. Thus, the synthesis of this het-
erocydlicnucleusisof much current interest. Coumarins
have been synthesized by several routesincluding von
Pechmanl¥, Perkin®, Knoevenagel'®, Reformatsky!”
and Wittig reactiong®. Thevon Pechmannreactionisa
venerablereaction and it isone of themost smpleand
straightforward methods used to produce coumarins.
Classicdly, theprocess cons sts of the condensation of
phenolswith B-ketoesters in the presence of a variety
of reagents and gives good yields of 4-substituted
coumaring®. Severa acid catalystshavebeenusedin
this reaction including H,SO,, HCIO, % P,O, [
CF,COOH.I* Other methods have utilized ioniclig-
uidg*® and microwaveirradiation™, but these meth-
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ods al so generate strongly acidic by-products and/or
they utilizehighly expensiveand nonrecyclablereagents.
Recently, anumber of heterogeneous catal ystssuch as
Nafion-H™!, zeolite H-BETA, Amberlyst 15,18 mont-
morilloniteday!™, silicasulfuricacid®®, dumind®, wa
ter-tolerant sulfonic acid nanoreactor®, scandium (111)
triflate?!, oxalic acid?, Silica-bonded S-sulfonic
acid®, silicatriflate?d, ZrCl [, samarium(111)1*9, zeo-
litel?, LiBri2, dipyridine copper chloride??,
tetrakis(acetonitril€)copper(l) hexafl uorophosphate™,
Pentafl uorophenylammoniumtriflate®!, PEG-SO,H®,
Polyvinylpolypyrrolidone-supported boron
trifluoride™, and ultrasound irradiation’* have been
employed in the Pechmann condensation.

In recent years, the direction of science and tech-
nology have been shifting moretowards eco-friendly,
natural product resourcesand reusable catalysts. Thus,
natural biopolymers are attractive candidatesin the
searchfor such solid support catal ystS*. Biopolymers,
especially starch and its derivatives have some unique
properties®, which makethem attractive dternatives
for conventiona organic or inorganic supportsfor cata-
Iyticapplicationgd®’.
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Dueto extending our interest in the devel opment of
practica, safe, and environmentdly friendly procedures
for several important organic transformations®“° we
set out to develop a solvent-free preparation of
coumarinsusing aninexpendveand non-polluting cata
lyst. We have recently used melamine-formal dehyde
resin supported H* (MFRH) asapromoting agentin
the synthesisof coumarins.**Hereinwearegratified to
report an efficient and aconvenient method for the syn-
thesisof 4-subdtituted coumarinsusng sarchsulfuricacid
(SSA)catayst in the Pechmann condensation reaction
of phenolswith -ketoesters under solvent-free condi-
tions(Schemel).
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L{e) O3H
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oH R OEt oo

1 2 3
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Scheme 1

Starch sulfuric acid is readily prepared by the
dropwise addition of chlorosulfonic acid to mixture of
starchinn-hexaneat 0°C. It is important to note that,
thisreaction is easy and clean without any work-up
procedure dueto HCI gasisevolved fromthereaction
vessel immediately. This white homogeneous,
nonhygroscopic solid acid is stable under reaction
conditiong(Scheme?2).

(I)H
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Scheme 2

To study the effect of catalyst loading on the
Pechmann condensation reaction of phenolswith 3-
ketoestersthereaction of resorcinol with ethyl acetoac-
etate was chosen asamodel reaction (Table 1). The
resultsshow clearly that starch sulfuricacid(SSA)isan
effective catalyst for thistransformation andin the ab-
sence of catalystafter 7 h, at 80 °Conly 25% of the
expected productwas obta ned when after workup and
recrystallization of the crude product from ethanol
(TABLE 1, Entry 1). Toimprovetheyidd andoptimize
thereaction conditions, thesamereactionwas carriedout

(I)H

n-hexane, 0°C

inthe presence of acatalyticamount of 0.02 g of SSA
undersmilar conditions. Surprisingly, asignificant im-
provement wasobserved and the yield of productwas
dramatically increased to 85%after firring; themixture
wasdtirred for only 30 min (Entry 2). Withthisoptimis-
ticresultinhand, wefurther investigated the bestreaction
conditionsusing different amountsof SSA. Anincrease
inthequantity of SSA from 0.02 gto 0.05g not only
decreased thereaction timefrom 30 minto 5 min, but
alsoincreased the product yield dightly from 85%to
90% (Entry 3). Although the use of excessamount of
0.05 g of SSA permitted the reaction time to be de-
creased to 3min, theyield unexpectedly decreased to
75% and 72% respectively (Entries4, 5). A possible
explanaionfor thelow product yiddisthat the starting
materia or the product may have been destroyed dur-
ing the reaction when an excessamount (0.1 g) of SSA
was used in the exothermic reaction and that 0.05 g
SSA wassufficient to catayzethereaction effectively.

TABLE 1: Conversion of resorcinol to the corresponding
coumarin with ethyl acetoacetatein thepresenceof different
amountsof SSA?2

Entry Starch sulfuricacid (g) Time(min) Yield (%)°

1 0 7h 25

2 0.02 30 85

3 0.05 5 20

4 0.1 3 75

5 0.12 3 72
aReaction conditions: resorcinol (1 mmol), ethyl

acetoacetate(1.1mmol), 80°C, solvent-free; °lsolated yield.

Themodd reaction wasa so examined in various
solventsaswell asunder solvent-free conditionsinthe
presenceof 0.05g of SSA (TABLE 2). Theyield of the
reaction under solvent-free conditionswasthe highest
TABLE 2: Conversion of resorcinol to the corresponding

coumarin in differentsolvents and under solvent-free
conditions

Entry Solvent? Yield®(%)
1 EtOH 75
2 H,O 50
4 n-Hexane 68
5 CHLCN 65
6 Solvent-free® 80

aThereactions were carried out in the presence of resorcinol (1
mmol), ethyl acetoacetate; (1.1 mmol), and SSA (0.05 g) at 65°C
for 10 min; ®lsolated yield; Catalyst was reused for threetimes
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and thereactiontimewasthe shortest. phenols. Thereactionsworked well and theresultsare
To study substituent effectsonthereactivity of the illustrated in TABLE 3. Substrates having electron-do-
phenol, thereactionswere performed onavariety of  nating groupsin parato the site of e ectrophilic substi-

TABLE 3: Sarch sulfuricacid catalyzed synthesisof coumaring®

Entry Substrate Product Time(min) Yield® (%) Mp(°C)(found) Mp(°C)(lit)
HQ HO o_ _O
HG OH R
1 R= CHj 10 95 274-276 280-281%
2 R= CH,Cl 15 85 178-180 187-189%
3 R=Ph 15 78 239-241 243-246%
4 R= Furyl 20 70 244-246 254255
HO HO. O 0]
5 G \Q%/j 5 9 180-182 185-187%°
OH
O O
6 @OH q; 25 80 76-78 78-80%°
O. O
7 M@—QOH " m 15 75 160-162 164-166"°
MeO MeO. o.__0O
8 10 92 170-172 1717
e W
OH
HQ OH HO o_ _0O
9 @7 10 90 236-238 241-243%
H HO. O. O
10 OH W 10 85 248-250 256-257%
HsC CHs
CHs
HQO, CHj HO. 0 0
11 @7 15 82 258-260 263-265%
12 20 80 150-152 154-156%°

aReaction conditions: phenol (1 mmol), g-ketoesters (1.1mmol), SSA (0.05 g) and 80°C; "Isolated yield
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tution gavemaximumyields at 80°C in the minimum
time. Methoxyphenol s (entries 7,8) showed no detect-
able demethylation under the given conditions.Simple
phenol without any substituents (entry 6) required longer
reaction duration, as no electron-donating group is
present. Similarly,1-ngphthol (entry 12) requiresionger
reaction time, dueto the presence of another phenyl
ring. Togeneralizethe protocol, we a so attempted the
condensationreaction using a further variety of -
ketoesters suchas ethyl 4-chloroacetoacetate, ethyl
benzoylacetate and ethyl furoacetate (TABLE 3, en-
tries 2-4). In althese cases, good yiel ds of the corre-
sponding coumarinderivativeswere obtained.

Itisan established factintheliteraturethat Pechmann
reaction proceeds throughtrans-esterification and
intramol ecularhydroxyakylation, followed by dehydra-
tion. Thesethree stepsaredl typical acid-catalyzed
reactions. Therefore, the outcome of the Pechmannre-
action dependsvery much on the Bronsted acidity of
the catalysts. We have given aplausiblemechanismfor
the Pechmann condensation of phenolsandB—ketoesters
by starch sulfuricacid in Scheme 3.

HO
\n/\n,ocsz H OC;Hs (ID
9 O oN O 0=8=0
= = NS -
'i' —_— H —»Ho QO\IH o
6 5 U L ocHs
o=$=0 0=5=0 *H e}
o) o)
-C,HsOH
23 Jee
HO” £ :o
N\
o)
Scheme 3

To show the merit of starch sulfuric acidin com-
parison with other reported catalysts, we summarized
some of theresultsfor the synthesisof coumarinsvia
Pechmann condensati on obtained by other workers. It
isclear from TABLE 4 that the current method issm-
pler, efficient, and lesstime consuming for thesynthesis
of coumarin derivatives.

In conclusion, we describeamild and convenient
method for the preparation of some coumarinsby the

TABLE 4: Comparison of theefficienciesof variouscatalystsused in the synthesisof coumarinsvia Pechmann condensation.

Entry Catalyst ConditiondT (°C) Time (min) Yield (%) Reference
1 Oxalic acid Solvent-free/80 35-65 87-97 22
2 Silica-bonded S-sulfonic acid Solvent-free/80 10-15 84-90 23
3 ZrCly Solvent-free/25 5-10 90-98 25
4 LiBr Solvent-free/75 15-90 66-92 28
5 Cu(CH3CN)4PFg Solvent-free/25 5-35 90-98 30
6 PEG-SOzH Solvent-free/25 10-60 78-91 32
7 starch sulfuric acid Solvent-free/80 5-25 70-95 This paper

Pechmanncycl ocondensation reaction of phenolsand
B-ketoesters using cheap, non-toxic, recyclable, easily
availableand solid support biodegradableacid catal yst
under solvent-free conditions. Additionally, thisnew
reaction might be auseful tool for high-throughput or-
ganicsynthess.

EXPERIMENTAL

All chemicalsand analytical grade solventswere
purchased from Merck or Flukachemica company.
Méting pointsof dl coumarinsweredeterminedin open
glass capillaries on Mettler9100 melting point
apparatus.'H NMRand spectra were recorded on a

Bruker250M Hzspectrometer. Infrared (IR) spectra
were recorded using a4300 Shimadzu FT-IR spec-
trometer. Mass spectrawere recorded on a Shimadzu
QP 1100 BX mass spectrometer. All products were
characterized by comparison of their ‘HNMR, IR and
mass spectrawith thoseof authentic samples.

Preparation of starch sulfuricacid

Toamagneticaly stirred mixtureof 5.0g of starch
in 20 mlof n-hexane, 1.0 g of chlorosulfonic acid (9
mmol) was added dropwise at 0 °C during 2 h. HC1
gaswasremoved from thereactionvessd immediately.
After theaddition wascomplete, themixturewasstirred
for 2h. Thenthemixturewasfiltered and washed with30

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIJ, 10(2) 2014

Ramin Rezael et al. 77

ml of acetonitrileand dried at room temperatureto af-
ford 5.25 gof starch sulfuric acid asawhite powder.
Sulfur content of thesampl esby conventiond e ementa
analysis, was0.55mmol/gfor starch sulfuricacid. The
number of H* siteson the starch-SO,H wasdetermined
by acid-base titration was 0.50 meq/g. This value cor-
respondsto about 90% of the sulfur content, indicating
thatmost of the sulfur speciesonthesampleareinthe
form of thesulfonic acid groups.

Typical experimental procedurefor thesynthesis
ofcoumarins

A mixture of phenol (1 mmol), B-ketoester
(1.2mmoal) and starch sulfuric acid (0.05 g) wasground
and heated to 80°C. After completion of the reaction
(monitored by TLC), themixturewascooled to room
temperature and extracted with EtOAc (2x5mL).The
solution was concentrated and the crude product was
recrystallized from ethanol yielding each of
purecoumarins.All the coumarin derivativesarewell
knowninliterature and wereidentified by comparison
of their physical and spectra data

4-(Chloromethyl)-5, 7-dihydr oxy-2H-chr omen-2-
one:(2)

'H NMR (250 MHz, DMSO-d,): 5.11 (s, 2H,
CH,CI),6.25(d, J=2.60, 1H,ArH), 6.29(d, J= 2.60,
1H,ArH), 6.35 (s, 1H, C=CH), OH not observed, IR
(KBr): 3157, 1655 cm™. EIMS: m/z: 226 (M*).

5,7-Dihydroxy-4-phenyl-2H- chr omen-2-one: (3)

'H NMR (250 MHz, DMSO—dG): 5.74 (s, 1H,
C=CH), 6.15(d, J=2.55, 1H,ArH), 6.26 (d, J=2.55,
1H,ArH),7.31-7.38 (m, SH,ArH), OH not observed,
IR (KBr): 3155, 1660 cm™. EIMS: m/z 255.

5,7-Dihydr oxy-4-trifluor omethyl-2H-chr omen-2-
one: (4)

H NMR (250 MHz, DMSO-d,): 6.24 (d, J =
2.62,1H,ArH), 6.34 (d, J=2.62, 1H, ArH), 6.50 (s,
1H, C=CH), OH not observed, IR (KBr): 3158, 1665
cm™. EIMS: nVz 246 (M*).

7-Hydr oxy-4-methyl-2H-chromen-2-one: (5)
'H NMR (250 MHz,DMSO-d,): 2.65 (s, 3H,

Me), 6.41 (s, 1H, C=CH), 6.91-7.72 (m, 3H, ArH),
ArH3155, 1690 cmr™, EIMS; miz: 176 (M)

= Fyl| Peper
7-M ethoxy-4-methyl-2H-chr omen-2-one: (8)

'H NMR (CDCl,): 2.59(s, 3H, Me), 4.22 (s, 3H,
OMe), 6.51 (s, 1H, C=CH), 7.01-7.51 (m, 3H, ArH),
IR, (KBr): 1685 cm’. EIMS: mVz: 190 (M*).

7,8-Benzo-4-methyl-2H-chromen-2-one:(12)

'HNMR (CDCl,): 2.71(s, 3H, Me), 651 (s, 1H,
C=CH), 7.50-8.91 (m, 6H, ArH), IR, (KBr): 1675
cml EIMS: m/z 210 (M*).

REFERENCES

[1] R.O.Kennedy, R.D.Zhorenes; Coumarins: Biology,
Applications and Mode of Action, John Wiley and
Sons,Chichester, (1997).

[2] M.Zabradnik; The Production and Application of
Fluorescent Brightening Agents, John Wiley and
Sons, New York, (1992).

[3] D.H.Murray, JMendez, S.A.Brown; The Natural
Coumarins: Occurrence, Chemistry and Biochem-
istry., John Wiley and Sons, New York, (1982).

[4] H.Von, Pechmann, C.Duisberg; Chem.Ber., 17,
929-979 (1884).

[5] J.R.Johnson; Org. React., 1, 210-266 (1942).

[6] GJones; Org., React., 15, 204-599 (1967).

[7] R.L.Shirner; Org. React., 1, 1-37 (1942).

[8] (&) N.S.Narasimhan, R.S.Mali, M.V.Barve; Syn-
thesis., 906-909 (1979); (b) |.Yavari, R.Hekmat-
Shoar, A.Zonouzi; Tetrahedron Lett., 39, 2391-2392
(1998).

[9] A.Russdll, JR.Frye; Org.Synth., 21, 22-27 (1941).

[10] M.Bulut, C.Erk; Dyes Pigments., 30, 99-104
(1996).

[11] A.Robertson, W.F.Sandrock, C.B.Henery; J.Chem.
Soc., 2426-2432 (1931).

[12] A.J.Nadkarni andN.A. Kudav, Indian J.Chem.,
Sect. B., 20, 719-720 (1981).

[13] M.K.Potdar, S.S.Mohile, M.M.Salunkhe; Tetrahe-
dron Lett., 42, 9285-9287 (2001).

[14] (a) B.Tyagi, M.K.Mishra, R.V.Jasra; JMol.Catal.
A: Chem., 286, 41-46 (2008); (b) M.Katkevics,
A.Kontijevskis, |.Mutule, E.Stna; Chem.
Heterocycl Compd., 43, 151-159 (2007).

[15] D.A.Chaudhari; Chem.Ind., 568-575 (1983).

[16] E.A.Gunnewegh, A.J.Hoefnegal, H.Van Bekkum;
J.Mol.Catal. A: Chem., 100, 87-92 (1995).

[17] S.Frere, V.Thiery, T.Besson; Tetrahedron Lett., 42,
2791-2794 (2001).

[18] M.Dabiri, PSalehi, M.A .Zolfigol, M.Baghbanzadeh;

— @)u;am'c CHEMISTRY

Hn Tndéan g%wumé



78 Coumarin synthesis viapechmann condensation utilizing starch sulfuric acid as

OCAIJ, 10(2) 2014

FPull Paper ==

Heterocycles., 71, 677-682 (2007).

[19] J.Azizian, A.A.Mohammadi, |.Bidar, PMirzaei;
Monatsh.Chem., 139, 805-808 (2008).

[20] B.Karimi, D.Zareyee; Org.Lett., 10, 3989-3992
(2008).

[21] K.Jung, Y.J.Park, J.S.Ryu; Synth.Commun., 38,
4395-4400 (2008).

[22] N.D.Kokare, J.N.Sangshetti, D.B.Shinde; Chin.
Chem. Lett., 18, 1309-1312 (2007).

[23] K.Niknam, D.Saberi, M .Baghernejad; Chin. Chem.
Lett., 20, 1444-1448 (2009).

[24] F.Shirini, K.Marjani, H.Taherpour Nahzomi,
M.A.Zolfigol; Chin. Chem. Lett., 18, 909-911
(2007).

[25] GV.M.Sharma, J.Janardhan Reddy, P.Sree Lakshmi,
P.RadhaKrishna; Tetrahedron Lett., 46, 6119-6121
(2005).

[26] S.S.Bahekar, D.B.Shinde; Tetrahedron Lett., 45,
7999-8001 (2004).

[27] A.Hegedus, Z.Hell; Catal.Lett., 112, 105-108
(2006).

[28] S.Kumar, A.Saini, J.S.Sandhu; Arkivocxv., 18-23
(2007).

[29] B.Rajitha, V.Naveen Kumar, P.Someshwar;
Arkivocxii., 23-27 (2006).

[30] E.Soleimani, M.Khodaei, N.Batooie, S.Samadi; J.
Heterocyclic Chem., 49, 409-412 (2012).

[31] N.Montazeri, S.Khaksar, A.Nazari, S.S.Alavi,
S.M.Vahdat, M. Tgjbakhsh; J.Fluorine Chem., 132,
450-452 (2011).

[32] GM.Nazeruddin, M.S.Pandharpatte, K.B.Mulani;
C.R.Chimig, 15, 91-95 (2012).

[33] M.Mokhtary, F.Ngjafizadeh; C.R.Chimie., 15, 530-
532 (2012).

[34] C.Gutierrez-Sanchez, V.Calvino-Casilda, E.Perez-
Mayoral; J.Cejka, Catal. Lett., 128, 318-327
(2009).

[35] JH.Clark, D.J.Macquarrie; Green Chemistry and
Technology, Blackwell, Abingdon, (2002).

[36] A.Buléon, P.Colonna, V.Planchot, S.Ball; Int J
BiolMacromol., 23, 85-112 (1998).

[37] K.Huang, L.Xue,Y.C.Hu, M.Y.Huang, Y.Y.Jiang;
React.Funct.Polym., 50, 199-203 (2002).

[38] R.Rezaei, M.K.Mohammadi, N.Rastin; Chin. J.
Chem., 28, 993-996 (2010).

[39] R.Rezaei, M.Karami; Chin.Chem.Lett., 22, 815-818
(2011).

[40] R.Rezaei, M.Heidary, M.N.Soltani Rad, S.Behrouz;
Chin.J.Chem., 29, 1221-1226 (2011).

[41] R.Rezaei, L.Dorosty, M.Rgjabzadeh, R.Khalifeh;
Chin.Chem.Lett., 22, 1313-1316 (2011).

Onganic CHEMISTRY o
Au Tudian Yournal



