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ABSTRACT

The one-pot multicomponent synthesis of 3,4-dihydropyrimidinone
derivativesusingstarch sulfuric acid asan environmentally friendly biopolymer-
based solid acid catalyst from aldehydes, B-keto esters and urea/thiourea
without solvent is described. Compared with classical Biginelli reaction
conditions, this new methodhas the advantage of minimizing the cost
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operationa hazardsand environmental pollution, good yields, shorter reaction

timesand simplework-up.

INTRODUCTION

Dihydropyrimidinones are attractive organic
compoundswhich show important biologicd activities
such as antiviral, antitumor, antibacterial and anti-
inflammeatory actiong*3. Themoreconvenient procedure
for the preparation of dihydropyrimidinonesfirst reported
by P. Biginelli in 1893, consists of the one-pot
condensation of -dicarbonyl compounds with aldehydes
and ureaor thioureaunder strongly acidic conditions?.
Onemgor disadvantageof thismethod isthelow yields
especidly inthe caseof aliphatic and some substituted
aomdicadehydes Todrcumvent thisproblem, avariety
of new catd ystshasbeen introduced intheliterature. In
recent years, many protocolsinvolvingtheuseof Lewis
and Brongted aci dssuch asgraphitesupported lanthanum
chloride™, aluminasupported MoQ,1, antimony(l11)
chloride”, copper(ll) tetrafluoroborate®, bismuth
nitratel®, iron(lll) trifluoroacetate and
trifluoromethanesulfonate™®, yttrium(Ill) nitrate
hexahydrate!*, TaBr 2, Trichloroisocynuric
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acid(TCCA)3, PSSAM, chloroacetic acid*®, p-
TsOHe, HCIY, acetic acid*®, silicasulfuric acid®?,
concentrated H,SO,*®, H.BO/?Y, HBF [, chiral
phosphoric acid®, H.PW 0O, 1, H PMo 0O, [*,
Al,O/MeSO,H™, HCIO, doped silica®?, bentonite/
PS-SO.,H nanocomposite®, sulfated tungstate™®,
imidazol-1-yl-acetic acid™®, zeolite-supported HPAEY
and anumber of other catalyst3* arereported. However,
at apractical level, these oftenrequirerelatively harsh
reaction conditions such as high reaction
temperatures,expensiveor highly acidic catalysts, and
prolonged reactiontimes. In most of the cases
stoichiometricamountsof catalyst arerequiredin order
toachievegoodyields. Inaddition, most of thereactions
require tedious work-up procedures and column
purification, which ultimately resultsindiminishedyields
Therefore, inspiteof alargenumber of methodsreported
for thistransformation, thereisstill needto develop a
moreeffident, ample, milder protocol usngconsarvationd
cadyd.

In recent years, the direction of science and


mailto:rezaier4@gmail.com

OCAIJ, 10(6) 2014

Ramin Rezaei et al.

219

technol ogy hasbeen shifting moretowardseco-friendly,
natural product resourcesand reusable catalysts. Thus,
natural biopolymers are attractive candidatesin the
search for such solid support catalystd®. Starchasa
one of the most common and easy to recover
biopolymer becomein the scope of many research®3,

We now report an efficient catalyzed method for
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the synthesis of dihydropyrimidinonesviathethree-
component reaction of f-dicarbonyl compounds with
aldehydes and ureaor thioureaunder mild conditions
(Scheme1). To the best of our knowledge, the use of
starch sulfuricacid (SSA) asacatays for thesynthesis
of dihydropyrimidinones previously has not been
reported.

HOSO3H
WO 19 oso.H 0 R
o o X H
HO5SO
Rs NH
R1CHO+R2)I\/U\R3 + HZNJ\NHZ H own _ |
X=0,S 80°C, Solvent-free R H X

Scheme 1

EXPERIMENTAL

All chemicalsand analytical grade solventswere
purchased from Merck or Flukachemica company.
Mélting pointsweredeterminedin openglasscapillaries
on Mettler 9100 melting point apparatus. Infrared (IR)
spectrawererecorded using a4300 Shimadzu FT-IR
spectrometer. *H NM R and spectrawere recorded on
aBruker 250MHz spectrometer. Mass spectrawere
recorded on a Shimadzu QP 1100 BX mass
spectrometer. All productswere known compounds
and identified by comparing their physical datato their
authentic samples.

General procedurefor thepreparation of starch
sulfuricacid

Toamagneticaly stirred mixtureof 5.0g of starch
in 20 ml of n-hexane, 1.0 g of chlorosulfonic acid (9
mmol) was added drop wise at 0 °C during 2 h. HC1
gaswasremoved from thereaction vesse immediately.
After theaddition wascomplete, themixturewas stirred
for 2 h. Thenthe mixturewasfiltered and washed with
30 ml of acetonitrileand dried at room temperatureto
afford 5.25 g of starch sulfuric acid asawhite powder.
Sulfur content of thesamplesby conventiona eementa
andysis, was0.55 mmol/gfor starch sulfuricacid. The
number of H* sitesonthe starch-SO,H was determined
by acid-base titration was 0.50 meq/g. This value
corresponds to about 90% of the sulfur content,
indicating that most of the sulfur speciesonthesample

areintheform of thesulfonic acid groups.

General procedure for the synthesis of
dihydropyrimidinones

SSA (0.05 g) was added to amixture of aldehyde
(1 mmal), B-dicarbonyl compound (1 mmol) and urea
or thiourea (1.5 mmol). Theneat reaction mixturewas
heated with stirring for appropriate time at 80 °C
(progress of thereaction was monitored by TLC).At
theend of reaction, SSA washed and filtered off with
water and ethanol to remove urea(or thiourea) from
thesurface of the catalyst. Then, thecatalyst dried and
was maintained for new runs. The filtrate was
concentrated and the crude product wasrecrystallized
from ethanol to afford the pureproduct. Productswere
identified by comparison with melting points of the
authentic compounds. Theisolated catalyst wasdried
at 70 °C overnight and was reused in the next runs
without further purification. Thecatdyst could bereused
at least threetimeswithout an appreci able decrease of
theyield and reactionrate.

RESULTSAND DISCUSSION

Starch sulfuricacid (SSA) isreadily prepared by
thedropwiseaddition of chlorosulfonicacidto mixture
of starchin n-hexane at 0 °C. It is important to note
that, thisreactionis easy and clean without any work-
up procedure due to HCI gas is evolved from the
reaction vessel immediately. Thiswhite homogeneous,
nonhygroscopic solid acid is stable under reaction
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conditions (Scheme2).
OH
O=|S=O (|DH
] -HC 0=—S=—0

n-hexane, 0°C

+ |
OH (@]
Scheme 2

Weareinterested in sudying Biginelli reactionwith
theaimto develop an operationally ssmplemethod for
the synthesisof some DHPM . We started our study of
the one-pot three-component Biginelli condensation
usinggarchsulfuricacid (SSA) asthecatdyst (Scheme
1), by examining the conditionsfor thereaction using
benzal dehyde, ethyl acetoacetate and ureato afford the
corresponding DHPM product. In order to optimize
the reaction conditionswe conducted thisreaction in
different solventy TABLE 1). By usngwater and ethanol
assolvent, thecatayst | edto thegood conversion butin
longer reaction times. The best resultswere obtained
under solvent-freeconditionsyidding Bigindliproducts
inexcellent conversgonin shorter reactiontimes (entry
7,TABLE 1). No product wasformed in the absence
of the catalyst (entry 5, TABLE 1) whereas in the
presenceof starch sulfuricacid (0.05 g), under thesame
conditionsyield increased to 60% (entry 6, TABLE
1).Theyield of dihydropyrimidinoneincreased with
increasing theamountsof thecatalyst from0.05t0 0.1
0.Theuseof 0.15 g of SSA permitted thereactiontime
to be decreased to 5min, the yield unexpectedly
decreased to 75% (entry 8, TABLE 1). A possible
explanationfor thelow product yiddisthat thestarting
materid or the product may havebeen destroyed during
the reaction when an excessamount (0.15 g) of SSA
wasused intheexothermicreactionandthat 0.1 g SSA
was sufficient to catal yzethereaction effectively. The
reaction temperature was a so optimized, below 80 °C
thereaction proceeded dow givingardaively low yidd
and noimprovement was observed above 80 °C(entries
9-11, TABLE1). All further studieswere carried out
under solvent-freeconditionswith 0.1g catalyst at 80
°C. Varying the amount of reactants, the best result was
obtained when themolar ratio of benzal dehyde, ethyl
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acetoacetate and ureawas 1.0:1.0:1.2.

TABLE 1: Bigindli reaction of benzaldehyde (1 mmoal), ethyl
acetoacetate (1 mmol), urea (1.2 mmoal), over starch sulfuric
acid under different conditions

Catalyst Time Yield

Entry  Solvent T(°C) © (min) (%)
1  Acetonitrile Reflux 0.1 150 80
2  Ethanal Reflux 0.1 45 85
3 THF Reflux 0.1 120 50
4  Water Reflux 0.1 30 85
5 Solvent-free 80 - 120 0
6 Solvent-free 80 0.05 120 60
7  Solvent-free 80 0.1 8 20
8 Solvent-free 80 0.15 5 75
9  Solvent-free r.t 0.1 180 35

10 Solvent-free 60 0.1 30 50
11  Solvent-free 100 0.1 8 90

Thestructura variationsin the aldehydeshad no
ggnificant effect ontheyield and with a dehydesbearing
sengitivefunctiona groupslikeCl, NO,, and OCH, the
reaction proceeded smoothly to afford the
corresponding productsin excellent yields (entries2- 4
TABLE 2). SSA aso worked well even with anacid-
sensitive aldehyde such asfurfural without leading to
theformation of any sdeproducts(entry 7, TABLE 2).
Thereaction of other 1,3-dicarbonyl compounds such
as acetylacetone was a so run with benzal dehyde and
urea in the presence of SSA under solvent- free
conditionsand the corresponding dihydropyrimidinone
wasobtainedinhighyidds(entry STABLE 2). Thiourea
has been also used with success to providethe
corresponding dihydropyrimidin-2-(1H)-thionesin high
yields(entries9-11, TABLE 2). It is well known that
for Bigindli reaction, aromatic ddehydeworksvery well,
but aliphatic aldehyde works hard, however it is
noteworthy that catalyzed thereaction with aliphatic
adehyde. Reaction wasvery dow and practically did
not giveany product at 80 °C.

Themechanism of theBigind|i reaction established
byKappeproposed that the key step in this
cyclocondensationprocess shouldinvolvetheformation
of N-acyliminiumion intermediate. The suggested
mechanism for the Biginellireaction catal yzed by SSA
under sol vent-freeconditionsisoutlined in Scheme 3.

A comparative study was performed for the use of
SSA with someof thereported cataystsfor the Biginglli
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reection (TABLE4). Inmost methods, thereactionwas
performed in solvent such as acetic acid, dioxaneand
toluene. Thus, SSA promoted the reactions more
effectively than the other catalysts and should be
considered as one of the best choicefor selectingan
economically convenient, user friendly catayst.

In conclusion, we have shown an efficient SSA
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catalyzed one-pot synthesis of 3,4-dihydropyrimidin-
2- (1H)-ones and thione ana ogs by multicomponent
Bigindlli reactionsunder solvent-free conditions, usng
commercialy available substrates. The attractive
featuresof thisprotocol areitsgreen-nesswith respect
to solvent-freereaction, recyclability of catalyst, mild
reaction conditions, short reactiontimesand high yield.

TABLE 2: Synthesisof 3,4-dihydropyrimidin-2 (1H)-ones, catalyzed by starch sulfuricacid

. : . M.p. (°C)
Entry Ry R, Rs X Yied (%) Time (min)
Found Reported
1 CsHs CH; OCHs O - - 192-194 198-200[15]
2 4-CICgH, CH; OCHs O - - 208-210 211-213[15]
3 4-NO,CgH4 CH; OCHs O - - 200-202 205-207[32]
4 4-CH3;0C¢H, CH; OCHs O - - 194-196 201-203[18]
5 4-CH3CeH,4 CH; OCHs O - - 210-212 212-214[25]
6 Ph CH=CH CH; OCHs O - - 226-228 232-235[19]
7 2-Furyl CH; OCHs O - - 195-197 201-203[36]
8 CsHs CHs CH; O - - 228-230 233-236[37]
9 CsHs CH; OCHs S - - 204-206 208-210[5]
10 4-CICgH, CH; OCHs S - - 214-216 208-210[38]
11 4-CH3;0C¢H, CH; OCHs S - - 143-145 150-152[5]
S,
/’E P I HA\ ; ! RO Sy
HNT X H,NT SxoH 77 0=570 —> P
o H,N™ X
?
OC,H e 0 i
0= als H°
Cl) /H' P /'L C,Hs0 NH cyclization C2Hs0 | r
O=F "N & HNT X © X N7 X
o H 2 HoN H,0 H
X:0,S
Scheme 3

Thespectral data
5-(Ethoxycarbonyl)-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2(1H)-one(TABLE 2, entry 1)
IR (KBr): 3240, 1725, 1635 cm*; *H NMR: 6 =
9.20 (s, 1H, NH), 7.75 (s, 1H, NH), 7.10-7.28 (m,
5H, arom CH), 5.14 (s, 1H, CH), 3.97 (q, 2H, OCH,),

2.25(s, 3H, CH,), 1.09 (t, 3H, OCH.CH,).
4-(4-Chlor ophenyl)-5-(ethoxycar bonyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one(TABLE 2, entry
2)

IR(KBTr): 3240, 1723, 1643 cm?; *H NMR: ¢ =
9.26 (s, 1, NH), 7.79 (s, 1H, NH), 7.40-7.30 (m, 4H,
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TABLE 3: Bigindli reaction with benzaldehyde, ethylacetoacetate and ureawith different catalysts

Entry Catalyst Condition Time Yield (%) References
1 TaBrs Solvent free/100 °C 40 min 97 12
2 Trichloroisocynuric acid (TCCA) Ethanol/ Reflux 12h 94 13
3 Montmorillonite KSF Solvent free/100 °C 48h 77 17
4 BF;.OEt,/Cu(OAC), Acetic acid/65 °C 18h 71 18
5 Silica-sulfuric acid Ethanol/Reflux/ 6h 91 19
6 H3PM 01,049 Acetic acid/Reflux 5h 20 25
7 Bentonite/PS-SO;H nanocomposite Solvent-free/100 °C 30 min 89 28
8 Sulfated tungstate Solvent-free/80 °C 60 min 92 29
9 Imidazol-1-yl-acetic acid. Solvent-free/100 °C 35min 90 30
10 Starch sulfuric acid (SSA) Solvent free/100 °C 10 min 90 Thiswork

arom CH), 5.14 (s, 1H, CH), 3.99 (q, 2H, OCH,),
2.25(s, 3H, CH,), 1.09 (t, 3H, OCH_CH,).
5-(Ethoxycar bonyl)-6-methyl-4-(4-nitr ophenyl)-
3,4-dihydropyrimidin-2(1H)-one(TABLE 2, entry
3)

IR (KBr): 3239, 1724, 1645, cmr®; *H NMR: 6 =
9.27 (s, 1H, NH), 8.20 (d, 2H, arom CH), 7.91 (s,
1H, NH), 7.50 (d, 2H, arom CH), 5.18 (d, 1H, CH),
3.79 (g, 2H, OCH,), 2.25 (s, 3H, OCH,CH,), 1.10
(t,3H, CH,).
5-(Ethoxycarbonyl)-4-(4-methoxyphenyl)-6-
methyl-3,4-dihydropyrimidine-2(1H)-one(TABLE
2, entry 4)

IR (KBr): 3241, 1718, 1636 cm!; 'H NMR: 0 =
9.15 (s, 1H, NH), 7.76 (s, 1H, NH), 7.15 (d, 2H,
arom CH), 6.92 (d, 2H, arom CH), 5.12 (s, 1H, CH),
3.96 (g, 2H, OCH,), 3.76 (s, 3H, CH,-OCH,), 2.24
(s,3H,CH,), 1.10(t, 3H, CH,).

5-(Ethoxycar bonyl)-6-methyl-4-(4-methylphenyl)-
3,4-dihydropyrimidin-2(1H)-one(TABLE 2, entry
5)

IR (KBr): 3242, 1715, 1633 cm*; *H NMR: 6 =
9.16 (s, 1H, NH), 7.80 (s, 1H, NH), 7.16-7.12 (m,
4H, arom CH), 5.09 (s, 1H, CH), 3.96 (q, 2H,
OCH,CH,), 2.27 (s, 3H, CH,-CH,), 2.21 (s, 3H,
CH,), 1.08 (t, 3H, OCH,CH,).
5-(Ethoxycarbonyl)-6-methyl-4-styryl-3,4-
dihydropyrimidin-2(1H)-one(TABLE 2, entry 6)

IR (KBr): 3246, 1704, 1650 cnm?; 'HNMR: 6 =
9.12(s, 1H, NH), 7.79(s, 1H, NH), 7.42-7.25 (m,5H,
arom CH), 6.33 (d, 1H, HC=CH), 6.20 (dd, 1H, CH=
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CH),4.74 (d, 1H, CH), 4.09 (g, 2H, OCH,), 2.20 (s,
3H, CH,), 1.10(t, 3H, OCH,CH.,).
5-(Ethoxycarbonyl)-4-(2-furyl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-one(TABLE 2, entry 7)

IR (KBr): 3239, 1705, 1644 cm*; *H NMR: 6 =
9.22 (s, 1H, NH), 7.74 (s, 1H, NH), 7.53(d, 1H, furyl
CH), 6.30-6.08 (d, 2H, furyl-CH), 5.20 (s, 1H, CH),
4.02 (g, 2H, CH,CH,), 2.22 (s, 3H, CH,), 1.12 (t,
3H, OCH,CH,).
5-Aceto-6-methyl-4-phenyl-3,4-dihydr opyrimidin-
2(1H)-one(TABLE 2, entry 8)

IR (KBr): 3241, 1715, 1643 cm*; *H NMR: 6 =
9.20 (s, 1H, NH), 7.76 (s, 1H, NH), 7.35-7.25 (m,
5H, arom CH), 5.25 (s, 1H, CH), 2.24 (s, 3H,
CH_CO), 2.07 (s, 3H, CH,).
5-(Ethoxycar bonyl)-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2(1H)-thione(TABLE 2, entry 9)

IR (KBr):3258, 1671,1576 cm,'H NMR: ¢ =
10.33 (s, 1H, NH),9.64 (s, 1H, NH), 7.35-7.19 (m,
5H, CH,), 5.16 (d, J=3.5Hz, 1H, CH), 4.05 (q,
J=7.0Hz, 2H, OCH,CH,), 2.28 (s, 3H, CH,), 1.09 (t,
J=7.0Hz, 3H, OCH_CH,).
4-(4-Chlor ophenyl)-5-ethoxycar bonyl-6-methyl-
3,4-dihydropyrimidin-2(1H)-thione (TABLE 2,
entry 10)

IR (KBr): 3255, 1657, 1560 cm®; *H NMR: 6 =
10.36 (s, 1H, NH), 9.65 (s, 1H, NH), 7.43-7.19 (m,
4H,CH,), 5.16 (s, 1H, CH), 4.00 (g, J=6.5Hz, 2H,
OCH.CH,), 2.25(s, 3H, CH,), 1.08 (t, J=6.5Hz, 3H,
OCH,CH,).
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5-Ethoxycar bonyl-4-(4- methoxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-thione (TABLE 2,
entry 11)

IR (KBr): 3250, 1651, 1598, 1561 cmr’;*H NMR:
§=10.29 (s, 1H, NH), 9.59 (s, 1H, NH), 7.14-6.87
(m, 4H, C,H,),5.10 (s, 1H, CH), 3.95 (q, J=7Hz, 2H,
OCH,CH,), 3.71 (s, 3H, OCH,),2.27 (s, 3H,
CH,),1.09 (t, J7Hz, 3H, OCH,CH.,).
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