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Propane-1,2,3-triyl tris(hydrogen sulfate): An alternative,
eco-friendly catalyst for synthesis of substituted pyrimidinones
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ABSTRACT

Propane-1,2,3-triyl tris(hydrogen sulfate) catal yzed simple, onepot, solvent-
free and environmentally benign process for synthesis of substituted
pyrimidinones via Biginelli reaction is described. It was found that the

catalyst is reusable and exhibited remarkable activity.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Glycerol isusualy produced asabyproduct of the
transesterification of atriglycerideinthe production of
naturd fatty acid derivatives. Thesederivativesareuti-
lized inmany areasfrom pharmaceuticalsand food in-
dustry to alternativefuds, e.g., biodiesd, and thus as
the production of glycerol raisesitspricedecreases. In
addition, glycerol has also promising physical and
chemical properties. It hasavery high boiling point and
negligiblevapor pressure; it iscompatiblewith most
organic and inorganic compounds, and does not re-
quirespecid handlingor storage. Glycerol, asother polar
organic solventssuch asDM SO and DMF, allowsthe
dissolution of inorganic sdts, acids, and bases, aswell
asenzymesand transition metal complexes(TMCs),
but it al so di ssol ves organi c compoundsthat are poorly
miscibleinwater and isnon-hazardous. Different hy-
drophobic sol vents such as ethers and hydrocarbons
which areimmisciblein glycerol alow removingthe
productsby simpleextraction. Ditillation of products
isalso feasibledueto the high boiling point of glyc-
erolM. Chemicaly modified glycerolsaregenerdly made
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by treating glycerol with agentsthat can react with hy-
droxyl groups. Such glycerols have physicochemica
propertiesthat differ sgnificantly fromtheparent glyc-
erol, thuswidening their usefulnessin many gpplications
such asinbiodiesd industriesand other industria pro-
cesses, S0 somereviews have appeared recently deal -
ing with the use ofglycerol asasource of commodity
chemicdg?.

Bigindlli reaction, amorethan acentury old reac-
tion cameinto prominence after the discovery and de-
velopment of dihydropyridinesbased cal cium channel
modulator drugssuch asnifedipineusedin cardiovas-
cular diseased®.The pyrimidinone skeletonisaninte-
gra part of many natural or synthetic bioactive materi-
a g4, Pyrimidinones contai ning specific functiond groups
exhibitspecific biological properties. Fused
pyrimidinones containing an arylidene skeleton behave
as potential antitumor agents. A new series of 3,5-
bis(arylidene)-4-pi peridones, ascha coneand ogscar-
rying a variety of aryl and heteroaryl groups,
pyrazolo[4,3-c|pyridines, pyrido[4,3-d]pyrimidinesand
pyrido[ 3,2-c|pyridines, carrying an arylidene moiety,
and aseriesof pyrano[ 3,2-c|pyridines, asflavoneand
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coumarinisosteres, were synthesized and screened for
their invitroantivird and antitumor activitiesat theNa-
tional Cancer Ingtitute (NCI)®.

Very few casesof earlier ingtancesfor thesynthesis
of pyrimidinonederivativesexist where Bigindli-type
condensation was done by the reaction of a,a’-
bis(arylidene)cyclod kanoneswith ureaor thiourea. In
ma ority of the cases, either astrong Brensted acid such
as HCI® or strong Brensted base such as KOH or
sodium a koxide™ hasbeen used for thereaction. Re-
cently, the some methodol ogi es have been devel oped
using stoichiometric amount of TMSCI in
dimethylformamide (DMF)/MeCN as solvent®9, yt-

_—_—
Solvent-free, 80°C

terbium chloride as catalyst™*, and boric acid and glyc-
erol in agueous mediumi*Y, Even then, somedrawbacks
exist inthesesystemssuch asuseof strong acids, which
leads to cleavage of sensitive functional groups,
toxicsol vents, and moi sture-senditivereagents. Asare-
ault, the searchfor anew catdyst for thisBigind li-type
reactionisstill actively pursued. Therefore, wereport
herean efficient, mild, highly convenient, and smooth
procedurefor thesynthesisof substituted pyrimidinone
derivativesby three-component coupling of aromatic
adehydes, cyclopentanone, and ureaor thioureausing
propane-1,2,3-triyl tris(hydrogen sulfate) (FTTH) un-
der solvent-free conditions.(Scheme 1).

Schemel: Synthesisof dihydropyrimidinonederivativeswith propane-1,2,3-triyl tris(hydrogen sulfate) under solvent-free

CHO o
X
7 é J]\ HO3SO™ Y 0SO3H
2Ry P + + H,N NH, OSOzH
1 2 3
X:0,S
conditions
EXPERIMENTAL
General

All chemicalsand analytical grade solventswere
purchased from Merck or Flukachemica company.
Mélting pointsof al productsweredetermined in open
glasscapillarieson Mettler 9100 melting point appara
tus. Infrared (IR) spectrawere recorded using a4300
Shimadzu FT-IR spectrometer. 'HNMR spectrawere
recorded on aBruker 400MHz spectrometer. All prod-
uctswere characterized by comparison of their melting
pointsIR and *HNM R spectrawith those of authentic
samples.

Prepar ation of propane-1,2,3-triyl tris(hydrogen
sulfate)

A 250 ml suction flask charged with glyceral (8.30
g, 90.22 mmol) was equipped with agasinl et tubefor

conducting HCl gasover an adsorbing solutioni.e water.
Chlorosulfonicacid (~20.0 ml, ~300 mmol) was added
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insmall portionsover aperiod of 30 minat 0°C. HCI
gas evolved from the reaction vessel immediately
(Scheme 2). After completion of the addition of
chlorosulfonicacid, themixturewas shakenfor 30 min;
meanwhile, theres dua HCl wasexhausted by suction.
Then, themixturewas concentrated under vacuum, and
washed with ether (10 ml) threetimesand dried under
vacuum. PTTH (26.40) was obtained as yellow ail,
which was stored in acapped bottle. IR: 3374, 2944,
1657, 1510, 1110, 1043 cm*. According to the re-
aults, theefficiency of the coupling of glycerol wasesti-
mated to ~88% viaspectrophotometric anaysis. Also,
according to the Boehm back-titration analysis, the
percentage of three sulfur atom presented in the Pro-
pane-1,2,3-triyl tris(hydrogen sulfate), asthe proposed
catalyst synthesized according to the recommended
procedure was estimated to quantity of 87.67%.

General procedure for the synthesis of
pyrimidinonederivatives

Toadtirred durry of aromatic a dehyde (2 mmal),
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cydopentanone (1 mmol), and urea(thiourea) (1 mmol)
was added PTTH (0.1 g, 0.03 mol %) and heated at
80 °C.Progress of the reaction was monitored by TLC
for thespecified timeperiod (TABLE 2).After comple-
tion of thereaction, the reaction mixture was cool edto
room temperatureand diluted with water (5mL).Then
the crude product (solid) waswashed with 5 mL water
for remova of additional PTTHthat might be adhering
to the product. The crude product was then directly
recrystalized from EtOH.

Compound 4a

M.p. 232-234 °C. IR (KBr) 3420, 3215, 1900,
1708, 1565, 1480, 1071, 820 cmr*;*H NMR: 6=18.75
(s,1H),7.30-7.15(m,9H), 6.65 (s, 1 H),5.17 (s, 1
H), 2.85-2.70 (m, 2 H), 2.50 (m, 1 H), 2.12—-1.97 (m,
1H) ppm. MS (ESI) [M+ H]* 303.

Compound 4b

M.p. 254-256 °C.IR (KBr): 2943, 1677, 1496,
1215, 1040 cmr*; 'H NMR: 8= 8.75 (s, 1 H), 7.33—
7.10(m, 4 H), 7.01-7.85 (m, 5 H), 6.70 (s, 1 H), 5.49
(s, 1H), 3.79(s, 3H), 3.75 (s, 3H), 2.77-2.66 (m, 2
H), 2.35-2.30 (m, 1 H), 1.99-1.90 (m, 1 H) ppm.
MS (ESI) [M+ H]*363.

Compound 4c

M.p. 240-242 °C.IR (KBr) 3419, 3318, 1676,
1599, 1506, 1460, 850 cm; 'H NMR: 8= 8.75 (s, 1
H), 7.26-7.14 (m, 9 H), 6.58 (s, 1 H), 5.10 (s, 1 H),
2.80-2.71 (m, 2 H), 2.39-2.30 (m, 1 H), 2.25 (s, 6
H), 2.00-1.96 (m, 1 H) ppm. MS (ESI) [M+ H] *331.

Compound 4d

M.p.250-252 °C. IR (KBr) 3400, 3210, 1890,
1715, 1550, 1485, 1060, 835 cmr;*H NMR: 6= 8.85
(s,1H),7.45-7.25 (m,9 H), 6.62 (s,  H), 5.16 (s, 1
H), 2.85-2.70 (m, 2 H), 2.45-2.36 (m, 1 H), 2.05—
1.96 (m, 1H) ppm. MS(ESI) [M+ H] * 371.

Compound 4e

M.p.220-222°C. IR (KBr) 3418, 3320, 2235,
1675, 1605, 1520, 1455, 850 cm?; H NMR: 6=
8.90 (s, 1H), 7.90-7.45 (m, 9 H), 6.75 (s, 1 H), 5.35
(s, 1 H), 2.85-2.70 (m, 2 H), 2.48-2.40 (m, 1 H),
2.05-1.95 (m, 1 H) ppm. MS (ESI) [M+ H] * 352.

Compound 4f
M.p. 230-232 °C. IR (KBr) 3390, 3215, 1875,

= Fyl| Peper

1720, 1550, 1485, 1356, 1085, 855 cm'?, 'H NMR:
6=8.85 (s, 1 H), 8.27-8.02 (m, 4 H), 7.88-7.45 (m,
5H), 6.81(s, 1 H), 5.50 (s, 1 H), 2.97-2.80 (M, 2 H),
2.53-2.45 (m, 1 H), 2.10-2.03 (m, 1 H) ppm. MS
(ESI) [M+ H]* 393.

Compound 4g

M.p. 218-220 °C.IR (KBr) 3395, 1688, 1560,
1506, 1460, 852 cmrt,'H NMR: &= 10.30 (s, 1 H),
9.18 (s, 1 H), 8.29-8.27 (d, J= 8.7 Hz, 2 H), 8.19-
8.17(d, J=8.8Hz,2H), 7.54 (m, 4 H), 7.09 (s, 1 H),
2.93-2.86 (m, 2 H), 2.52-2.49 (m, 1 H), 2.13-2.08
(m, 1H) ppm. MS (ESI) [M+ H]* 409.

Compound 4h

M.p. 294-296 °C. IR (KBr) 3380, 1670, 1545,
1525, 1475, 850 cmt,*H NMR: 6= 9.34 (s, 1 H),
8.63(s,1H),8.60(s,1H),851(s,1H), 7.49-7.30
(m, 8 H),5.39 (d, = 3.6 Hz, 1 H), 4.08 (d, J= 11.3
Hz, 1 H), 2.71-2.67 (m, 2 H), 1.56-1.52 (m, 1 H),
1.41-1.36 (m, 1 H), 1.15-1.09 (m, 1 H), 1.09-1.02
(m, 1H) ppm. MS (ESI) [M+ H]* 463.

Compound 4i

M.p. 208-210 °C. IR (KBr) 3375, 1685, 1555,
1515, 1465, 1365, 845 cmrt,'H NMR: 5= 8.85 (s, 1
H), 7.39-7.32 (m, 4 H), 7.20-7.14 (m, 5 H), 6.68 (s,
1 H), 5.22 (s, 1 H), 2.88-2.70 (m, 2 H), 2.44-2.37
(m, 1 H), 2.12-1.95 (m, 1 H) ppm. MS (ESI) [M+
HJ* 339.

Compound 4

M.p. 280-283 °C. IR (KBr) 3380, 1675, 1550,
1510, 1460, 1370, 830 cm™,'H NMR: 6= 10.5 (s, 1
H), 8.85(s, 1 H), 7.65-7.15 (m, 9 H), 6.98 (s, 1 H),
5.45 (s, 1 H), 2.85-2.64 (m, 2 H), 2.49-2.40 (m, 1
H), 2.10 (m, 1 H) ppm. MS(ESI) [M+ H]* 431.

RESULTSAND DISCUSSION

PTTH was readily prepared by addition of
chlorosulfonic acidto glycerol while keeping thetem-
peratureat 0 °C. Thereaction iseasy and clean, and
needs no specia work-up procedure because HCI gas
isevolved fromthereaction vessel immediately. This
liquid catalyst issafe and easy to handle (Scheme 2).

Toevduatethefeasbility of PTTH forBigindli-type
condensation reactionamodd reaction (Scheme 1) with
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Scheme?2: Synthesisof propane-1,2,3-triyl tris(hydrogen sulfate)

TABLE 1: Bigindli-typereaction of benzaldehyde (2.0 mmol),
cyclopentanone (1.0mmoal), urea (1.0 mmol), over PTTH un-
der different conditions

Entry Solvent (°-£3) Cazg;yst &T:S \E(',/? ;j
1 Solvent-free 80 - 180 30
2 Solvent-free 80 0.05 15 50
3 Solvent-free 80 0.1 15 90
4 Solvent-free 50 0.1 120 60
5 Solvent-free 25 0.1 120 35
6 Acetonitrile Reflux 0.1 360 55
7 THF Reflux 0.1 360 40
8 Ethanol Reflux 0.1 360 75
9 Water Reflux 0.1 360 70
a building block ratio of 2:1:1 of

benzal dehyde,cyclopentanone, and urearespectively to
give(E)-7-benzylidene-4-phenyl-3,4,6, 7-tetrahydro-
1H-cyclopenta] d] pyrimidin-2(5H)-one (4a), was con-
ducted under different conditions.

When attemptswere madeto carry out the model
reactionin absenceof cadyst, wefound that only 30%
yield of the product was obtained even after heating at
80 °C for 3 h with recovery of starting material (entry
1, TABLE1).

Theyidd of pyrimidinonederivativeincreased with
increasing theamountsof the catalyst from0.05t0 0.1
0. Higheramountsof the catalyst did not improved the
yield(entry 2- 3, TABLE 1).Also, theyield increased
from 35% to 90% by increasng the temperaturefrom
25 °C to 80 °C(entry 3- 5, TABLE 1).The reaction
wasd 0 examinedin solventssuch asacetonitrile, THF,
ethanol, and water(entry 6- 9, TABLE 1). Inthe pres-
enceof solventsreaction wasduggish.All further sud-
ieswerecarried out under solvent-freeconditionswith
0.1gcatalystat 80°C.

Scope and generality of thisprotocol weredemon-
strated by subjecting abroad range of building block
combinationssuch asarometic a dehydes carrying both
€l ectron-donating or e ectron-withdrawing substituent,
and urealthiourea. All the building block combination
reacted very well, giving moderate-to-excellent yields
of thedesired products under optimized reaction con-
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ditions.

Thestructura variationsin the aldehydeshad no
significant effect ontheyield and with aldehydes bear-
ing sensitivefunctiona groupslike OCH,, Cl andNO,
the reaction proceeded smoothly to afford the corre-
sponding productsinexcdlent yieds (entries 2, 4, 6, 8,
and 9, TABLE 2). Thereaction proceeded compara-
tively faster with a dehyde conatining p-methoxy group
and required only 10 min to give
correspondingsubstituted pyrimidinonesin excellent
yields(entry 2, TABLE 2).Thioureahasbeen also used
with successto providethe corresponding productsin
low yields(entries 7-10, TABLE 2).

TABLE 2: Solvent-freeBigindlli reactionsover PTTH

Substrate Time

Entry ” Product  Yield (%) (min) References
1 H (0] 4a 90 15 9
2 4-OMe O 4b 95 10 9
3 4-Me O 4c 92 15 9
4 4Cl O 4d 90 20 9
5 4CN O de 85 20 11
6 3NO, O Af 83 20 9
7 H S 4q 85 20 9
8 2-Cl S 4h 80 20 9
9 4-NO, S 4 75 30 9

10 2-F S 4 85 30 9

There aretwo possible mechanismsfor thisreac-
tion, pathA and path B (Scheme3). InpathA, initially
a crossed adol condensation takes place between
cyclopentanone and aldehyde, followed by Michael
addition of urea, to ultimately form pyrimidinone de-
rivatives. In path B, thearyl aldehydesreact with urea
or thioureato form thearyl-imineintermediates, which
then react with arylidene cyclopentanoneto give the
find product. Thehighly solving action of PTTH onthe
reactants makesthem readily availabletointeract, and
the carbonyl carbon of the aldehydewill be activated
because of theintermolecular hydrogen bonding with
thehydroxyl groupsof PTTH. Inaddition, theformed
intermediates could be stabilized by severa types of
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complexationsand hydrogen bonding with the hydroxyl

groupsof PTTH (Scheme 3).
TABLE 3: Reusability study
Run no Yield(%)
Fresh 90
Firgt recycle 89
Second recycle 86
Third recycle 83
Fourth recycle 80

Inorder to recover the catalyst totally,after wash-
ing of the reaction mixture with water, the separated
aqueous|ayercontaining the catalyst waswashed with
diethyl ether (3<5 ml) and concentrated under vacuum
conditions.For reusability experimentsrecovered cata
lyst wasused and resultsaregivenin Table4. There-
sultsindicatethat the catalyst was reusablefour times
without any significant lossof activity.

CONCLUSION

We have devel oped an efficient and environmen-
tally benign strategy for the synthesis of substituted
pyrimidinonesusing PTTH asacatalyst. Thismethod
offerssevera advantagesincluding highyield of prod-
ucts, short reactiontime, low cost, cleaner reaction pro-
fileand easeof preparation of catayst and ease of prod-
uct isolation. Also the catal yst was successfully recov-
ered and recycled at | east for threerunswithout signifi-
cantlossinactivity.
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