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ABSTRACT

An efficient multicomponent synthesisof 3,4-Dihydropyrimidin-2-(1H) ones
catalysed by BaCl,, under solvent free condition is described herein. The
mild reaction conditions, high yields and shorter reaction period illustrate

the good synthetic utility of this method.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Themulticomponent reactions (M CRs) are one of
themost important protocolsin organic synthesisand
medicinal chemistry. In 1893 Pietro Bigindlli first re-
ported the Bronsted acid or Lewisacid catal ysed syn-
thesisof 3,4-dihydropyrimidin-2(1H)-onesby asmple
one pot condensation reaction of an aromatic a dehyde,
urea and ethylacetoacetatel’. In recent years,
dihydropyrimidinones(DHPMs) and their derivatives
occupied animportant placein medicina and synthetic
organic chemistry, because of their pharmaceutica and
thergpeutic properties such asantibacteria, antifungd,
antivira, antitumor and anti-inflammatory actiong?*l.
Several marine natural products containing the
dihydropyrimidine-5-carboxylate corewerefound to
be potent HIV gp-120-CD4 inhibitors™. Therefore, the
synthesisof thisheterocyclic nucleus hasgained great
importancein organic synthesis.

The multicomponent synthesi s of dihydropyrimi-
dinones, first reported by Bigineli in 1893, suffer from
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low yields (20-50%) of products in the cases of sub-
stituted aromatic and ali phatic aldehydes. In order to
improvetheefficiency of the Bigindlli reaction, different
Lewisacid catalystssuchasZrCl @, BiCl 9, LiBr9,
Mn(OAC),.2H, 0, InCl *2, Cu(OTf),*3,
Zn(OTf),1*4, FeCl,.6H,0*, LiCIO,*® and

CeHs O o0 0
/§ * JJ\/U\ *
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Scheme1: Condensation of benzaldehyde(1), ethylacetoace-
tate (2) and urea (3) catalyzed by BaCl,under solvent free
conditions
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chloroacetic acid™™ have been reported to be effective
for thisone-pot reaction. Recently, therehasbeen re-
ports on the Bronsted base-catalyzed synthesis of
dihydropyrimidines by one-pot three-component
Biginelli-typereaction™®. Biginelli compounds 3,4-
dihydropyrimidine-2-(1H)-onesared so synthesizedin
high yields using lactic acid organocatal yst™. How-
ever, BaCl, has not been reported asan efficient cata-
lystinBiginelli cyclocondensation reaction. Our new
approach reported herein involvesthe use of barium
chlorideascatdyst for the Biginelli condensation reac-
tion under solvent-freeconditions.

EXPERIMENTAL

M aterialsand methods

Reagents were commercially purchased from
Aldrichand used without further purification. Commer-
cia solventswere used after digtillation. Mdting points
weredetermined on a ‘Veego MP-I’ capillary melting
point apparatus and are uncorrected. The IR spectra
wererecorded on aPerkin Elmer 983 and Shimadzu
|R-408 spectrometers. Infrared spectrawererecorded
asthinfilmson KBr plateswithv maxincm. ‘HNMR
spectraweretakenin commercid DM SO-d, onamulti-
nuclear spectrometer with al chemical shiftsbeingre-
ported in parts per million & relative to internal
tetramethylsilane (TMS, 6 0.0). Dataarereported as
follows chemica shift (multiplicity [Snglet (s), doublet
(d), triplet (t), quartet (q), broad (brs), and multiplet
(m)], coupling constants[HZz], and integration). *C
NMR spectrawere taken on amultinuclear spectrom-
eter (200 MHz), using diluted sol utions of each com-
pound in DM SO-d, asthe solvent, and the chemical
shifts are reported in ppm (6 unit) downfield from
tetramethylsilane astheinternal standard. Mass mea-
surementswere carried out with Jeol IM SD-300 spec-
trometer. Masses (MS) are reported in unit of mass
over charge (m/z), the molecular or base peaks and
relative intensities are indicated by (M) and (%) re-
spectively. Elemental analyseswere performed ona
Heracus CHN-O-Rapid A ndyzer. Column chromatog-
raphy was performed on Merck SilicaGel 60 (230-
400 mesh) using analytical reagent grade hexaneand
ethyl acetate aseluents.
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TABLE 1: Effect of amount of catalyst on theyield of the
dihydropyrimidine(4a)

Entry BaCl,(mol%) yield(%)?
1 5 65
2 10 79
3 20 96
4 25 96
4l solated yield

General procedurefor thepreparation of dihydro-
pyrimidine (4a-m)

To a mixture of aldehyde 1 (10 mmol), B-
dicarbonyl compound 2 (10 mmol) and ureaor thio-
urea 3 (12 mmol), BaCl,.2H,0O (20 mol %) was
added at room temperature. After it was stirred for
5 min, theresulting mixturewas heated at 100°C in
apreheated oil bath for 20-30 min (monitored by
TLC). The reaction mixture was brought to room
temperature, crushed ice and 100 mL of cold water
was added and stirred for 5-10 min. The solid was
filtered under suction (water aspirator), washed with
ice-cold water (100 mL), and thenrecrystallized from
hot ethanol to afford pure product. The structures
werefully established from spectral and analytical
datawhich are given below.

5-ethoxycar bonyl-6-methyl-4-phenyl-3,4-dihydro-
pyrimidin-2(1H)-one(4a)

m.p. 208-209°C (209-210°C); IR (KBr): 3228,
3105, 1709, 1605, 1240 cm™; *H NMR: 6 9.21 (s,
1H, NH), 7.76 (s, 1H, NH), 7.23-7.34(m, 5H, C_H)),
5.15(s, 1H, CH), 3.97 (9, J=7.1Hz, 2H, OCH,CH,),
2.25(s,3H,CH,), 1.09(t, J=7.1Hz, 3H, OCH,CH,);
BCNMR: 6 165.2; 152.1, 148.3, 144.7,128.3, 127 .2,
126.1,99.2,59.1, 53.8, 17.7, 14.0; EIMS: m/z: 260
(M%), 232, 184, 156, 138, 43; Anal. Calcd. for
C_H,N.O,: C, 64.60; H, 6.20; N, 10.76. Found: C,
64.64; H, 6.25; N, 10.92.
5-ethoxycar bonyl-6-methyl-4-phenyl-3,4-dihydro-
pyrimidin-2(1H)-thione(4b)

m.p. 190-192°C (191-193°C); IR (KBr): 3259,
3195, 3100, 1710, 1690 cm; 'HNMR: 6 10.37 (s, 1H,
NH); 9.68(s, 1H,NH), 7.19-7.35(m, 5H), 5.17 (s, 1H),
4.07(q,J=7.1Hz, 2H), 228 (s, 3H), 1L.10(t, J=7.1
Hz, 3H), And. Cdcd. for C H, N.,O,S: C, 60.85, H,

14" 16 2

5.84, N, 10.14; Found: C, 60.83, H, 5.82, 10.13.
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5-ethoxycar bonyl-4-(2-hydr oxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one(4c)

m.p. 199-200°C (200-202°C); IR (KBr): 3317,
3090, 1380, 1280, 1114 cmr®; 'H NMR: & 9.36 (s,
1H, OH), 9.12 (s, 1H, NH), 7.65 (s, 1H, NH), 7.02-
6.62 (m, 4H, CH,), 5.05 (s, 1H, CH), 3.99 (q, J =
7.1Hz, 2H, OCH,CH,), 2.28 (s, 3H, CH,), 1.11(t, J
=7.0Hz, 3H, OCH,CH,).

5-ethoxycar bonyl-4-(2-hydr oxyphenyl)-6-methyl-
3,4-dihydr opyrimidin-2(1H)-thione(4d)

m.p. 181-182°C (183-185C); IR (KBr): 3060,
2959, 1741, 1361, 1246 cm?; 'H NMR: 6 9.40 (s,
1H, OH), 9.14 (s, 1H, NH), 7.68 (s, 1H, NH), 7.03-
6.66 (m, 44, CH,), 5.07 (s, 1H, CH), 3.43 (q, J =
7.2Hz,2H,0CH,CH,), 2.30(s,3H,CH,), 1.15(t, J
=7.1Hz, 3H, OCH,CH,).

5-ethoxycar bonyl-4-(4-dimethylaminophenyl)-6-
methyl-3,4-dihydropyrimidin-2(1H)-one(4e)

m.p. 253-254°C (256-258°C) ; IR (KBr): 3200,
3100, 1700, 1685 cm; *H NMR: 6 8.90 (s, 1H, NH),
8.95(s, 1H,NH), 7.19(d, J=9.1Hz, 2H, Ar), 6.62 (d,
J=9.1Hz, 2H,Ar),5.18(s, 1H,CH),4.0(q,J=7.6
Hz, 2H, -OCH,), 2.87 (s, 6H, N(CH,),), 2.25 (s, 3H,
CH,),1.20(t,J=7.6 Hz, 3H, CH,),; EIMS: m/z (%):
303 (75), 274 (100), 257 (15), 230 (78), 155 (20).

5-ethoxycar bonyl-4-(4-dimethylaminophenyl)-6-
methyl-3,4-dihydr opyrimidin-2(1H)-thione (4f)

m.p. 209-210°C (209-210°C); IR (KBr): 3327,
3169, 2986, 1671, 1650, 1616, 1580, 1524, 1466,
1364, 1322, 1188, 1099 cm™; 'H NMR: 6 10.23 (s,
1H, NH), 9.54 (s, 1H, NH), 7.01 (d, 2H, J= 8.4 Hz,
ArH), 6.66 (d, 2H, J = 8.4 Hz, ArH), 5.05 (s, 1H,
CH), 3.99 (q, 2H, J= 6.8 Hz, OCH_CH,), 2.86 (s,
6H, N(CH,),),2.27(s,3H,CH,), 1.12(t, 3H, J=6.8
Hz, OCH,CH,); *C NMR: § 173.8, 165.3, 149.9,
144.3, 131.2, 127.1, 112.2, 101.2, 59.5, 53.5, 40.1,
17.1, 14.1; EIMS: m/z: 320.1; Anal. Calcd. for
C,H,,N.O,S: C, 60.21; H, 6.63; N; 13.16. Found:
C, 60.28; H, 6.60; N; 13.18.
5-ethoxycar bonyl-6-methyl-4-(4-methylphenyl)-
3,4-dihydropyrimidin-2(1H)-one(4g)

m.p. 204-206°C (205-206°C); IR (KBr): 3165,
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1688, 1633 cm™; *HNMR: 6 9.15 (s, 1H, NH), 7.80
(s, 1H, NH), 7.10 (s, 4H, CH,), 5.09 (s, 1H, CH),
3.96 (g, J= 7.1 Hz, 2H, OCH,CH,), 2.23 (s, 3H,
CH.-CH,), .08 (t, J=7.1Hz, 3H, OCH.CH,); *C
NMR: & 165.3, 152.2, 148.1, 141.9,136.3, 128.8,
126.1,99.5,59.1, 53.7, 20.6, 17.7, 14.1; EIMS: m/z
(%): 274 (M*, 28), 183 (100); Anal. Calcd. for
C.H,O,N,: C,65.66; H, 6.62; N; 10.22. Found: C,
65.39; H, 6.69; N; 10.13.

5-ethoxycar bonyl-4-(4-methoxyphenyl)-6-methyl-
3,4-dihydropyrimidin2(1H)-one(4h)

m.p. 200-202°C (199-201°C); IR (KBr):
3241,1700, 1637 cm; *H NMR: 8 9.17 (s, 1H, NH),
7.68(s, 1H, NH), 7.15 (d, J= 8.6 Hz, 2H; arom CH),
6.88 (d, J=8.5Hz, 2H; arom CH), 5.09 (s,1H, CH),
3.98(q, J=7.0Hz, 2H, OCH2), 3.71 (s, 3H, OCH,),
2.24 (s, 3H, CH,), 1.10 (t, J = 7.0 Hz, 3H, CH,);
Anal. Caled. for C .H,N,O,: C, 62.07; H, 6.20; N,
9.66. Found: C, 61.65: H, 6.21; N 9.58.

5-ethoxycar bonyl-4-(4-hydr oxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one(4i)

m.p. 237-238°C (236-238°C); 'H NMR: § 9.34
(s, 1H, OH), 9.10 (s, 1H, NH), 7.64 (s, 1H, NH),
7.03-6.65 (M, 4H, C.H,), 5.02 (s, 1H, CH), 3.96 (q,
J=7.0Hz, 2H, OCH,CH,), 2.21 (s, 3H, CH,), 1.08
(t, J=7.0Hz, 3H, OCH,CH,).

4-(4-chlor ophenyl)-5-(ethoxycar bonyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one(4j)

m.p. 215-216°C (216-217C); IR (KBr): 3241,
1700, 1645 cm®; 'H NMR: 5 9.26 (s, 1H, NH), 7.79
(d, J=3.1Hz, 1H,NH), 7.40 (d, J=0.5Hz, 2H arom
CH), 7.25(d, J=8.5Hz, 2H; arom CH), 5.14 (s, 1H,
CH), 3.99 (9, J= 7.0 Hz, 2H, OCH,), 2.25 (s, 3H,
CH,),1.09(t,J=7.0Hz,3H, CH,); Anal. Calcd. for
C_H..N,O.Cl: C,57.14; H, 5.10; N 9.52. Found: C,
56.99; H, 5.09; N, 9.60.
5-ethoxycar bonyl-4-(3,4-dimethoxyphenyl)-6-
ethyl-3,4-dihydropyrimidin-2(1H)-one(4k)

m.p. 173-175°C (174-175°C); IR (KBr): 3253,
1721, 1687 cm*;*H NMR: 6 8.90 (s, 1H, NH), 7.25
(s,1H, NH), 6.80-6.85(m, 3H), 5.25 (s, 1H), 4.05(q,
J=7.1Hz, 2H), 3.85(s, 6H), 2.30 (s, 3H), 1.15(t, J=
7.1Hz, 3H); BCNMR: § 165.7, 157.1, 147.9, 145.8,
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139.6, 135.8, 120.6, 114.8, 113.9, 106.7, 59.7, 56.5,
49.6,17.4, 13.5; EIMS: m/z (%): 320 (M*), 292, 273,
247,138, 97.Andl. Calcd. for C H, N.O.: C, 59.99;
H, 6.90; N, 8.74. Found: C, 59.84; H, 6.25; N, 8.92.
5-ethoxycar bonyl-6-methyl-4-(3,4-dioxymethy-
lenephenyl)-3,4dihydr opyrimidin-2(1H)-one(4l)

m.p. 189-190°C (188-190°C); IR (KBr): 3353,
1701, 1647 cm?; *tHNMR: 6 1.15 (t, J= 7.1 Hz, 3H),
2.35(s, 3H),4.10 (g, J= 7.1 Hz, 2H), 5.95 (s, 2H),
6.75-6.85 (m, 3H), 8.25 (s, 1H, NH), 8.90 (s, 1H,
NH); *CNMR: 6 13.7,17.9,49.8,59.7,91.5, 106.7,
113.9, 114.9, 120.4, 135.8, 145.8, 147.9, 156.6,
165.9; EIMS: m/z: 304 (M*), 275, 258, 231, 183, 69.
Anal. Calcd. for C H,N,O.: C, 59.21; H, 5.30; N,
9.21. Found: C, 59.24; H, 5.23; N, 9.32.
5-ethoxycar bonyl-6-methyl-4-naphthyl-3,4-dihy-
dropyrimidin-2(1H)-one(4m)

m.p. 246-247°C (247-248°C); IR (KBr): 3253,
1699, 1647, 1435 cmr®; *HNMR: § 0.95 (t, J= 7.1 Hz,
3H), 2.45 (s, 3H), 3.95 (g, J = 7.1 Hz, 2H), 6.91 (s,
2H), 7.45-7.60 (m, 5H), 7.85 (t, J= 8.2 Hz, 1H), 7.95
(d, J=8.2Hz, 1H), 8.35(d, J= 8.2 Hz, 1H), 9.15 (s,
1H, NH); *C NMR: § 13.0, 17.1, 46.6, 59.5, 106.7,
123.9,124.8,125.6, 126.0, 126.4, 126.9, 128.9, 132.8,
133.6,134.1,139.7, 156.8, 165.7; EIMS: m/z: 310 (M*),
217, 176, 231, 133, 69. Andl. Calcd. for CH_N,O;;
C, 69.66; H, 5.85; N, 9.03. Found: C, 69.60; H, 5.23;
N, 9.03. Found: C, 69.60; H, 5.23; N, 9.22.

RESULTSAND DISCUSSION

Barium Chlorideisaninexpensive and commer-
cidly available compound that can beused in practice
without any specid precautions. Previoudly, thereac-
tion of benza dehyde (1) (1.06g, 10 mmol), ethyl aceto-
acetate (2) (1.30g, 10 mmol) and urea(3) (0.72g, 12
mmol) wasinvestigated using 20 mol% BaCl, at 100°C
under solvent free conditions (Scheme 1). Thesolid
masswas heated under the sametemperaturefor 30min
(monitored by TLC). Theresulting solid was crushed,
washed with cold water (200 mL) and filtered under
suction (water aspirator). The solid masswasdried and
recrystd lized fromhot ethanol to afford theandyticaly
pure product (4a) with 96% yield (TABLE 1). The
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TABLE 2: Bigindli reaction of benzaldehyde(1), ethylaceto-
acetate (2) and urea(3) catalyzed by BaCl,under different
solvent conditions

CHO
O O H,N

* )J\/U\ * : °
H3C OEt HoN

3

(1) (2) )

20mol% BacCl, l solvent

(0]
EtO | NH
HsC N’go
H
(4a)
Entry Solvent time Yield(%)®
1 Water 5h 50
2 Acetonitrile 3h 91
3 Benzene 6h 73
4 Tetrahydrofuran 4h 81
5 Ethanol 3h 83
6 No solvent 30 min 96
bl solated yield

reaction proceeds very smoothly in ashorter time pe-
riod. The structure of 5-ethoxycarbonyl-6-methyl-4-
phenyl-3,4-dihydropyrimidin-2(1H)-one (4a) was con-
firmedwiththehelp of andytical and spectroscopic data

Further weinvestigated the effect of theamount of
catalyst on theyield of thereaction (TABLE 1). In-
crease of BaCl, from 5%to 20% increasestheyield of
thereaction 65% to 96%. Further increase of catalyst
hasno effect ontheyield of thereaction. Thusthereac-
tionisoptimizedto 20 mol% BaCl.,

Asan extensveinvestigation, we have el aborated
theBaCl,, catalyzed one-pot Biginelli reaction under dif-
ferent solvents by taking the mixture of benzal dehyde
(2), ethylacetoacetate (2) and urea(3) asarepresenta
tiveexample. The corresponding dihydropyrimidinone
(4a) wasobtained in moderateto goodyied. Theaque-
ouscondition requiresrefluxingwith longer time (5h) of
reactionwhichended findly with50%overdl yidd. Re-
fluxing the samereaction mixture under acetonitrile af-
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TABLE 3: Bigindli reaction of aldehyde(1), ethylacetoacetate
(2) and ureaor thiourea (3) catalyzed by BaCl, under solvent
freeconditions

R o) (O] X
/g * )J\/U\ * )J\
H O CHg OEt HoN NH

@ ) ®3)

2

20mol% BaCIzlloo °c

R
Etozcjl\)\N,H
HsC N/& X
!
(4a-m)

Entry R X yield() MPCO) :“e&ﬁg
4a CgHs O 9% 208-209 209-210%
4b CgHs S 9 190-192 191-193*
4c  2-OHCgH, O 95 199-200 200-202'°
4d  2-OHCgH, S 8 181-182 183-185”
4e 4-Me,NCgH, O & 253-254 256-258%
4 4-Mey,NCgH, s 8 209-210 209-210%
4g 4-CH3CgH4 O 92 204-206  205-2067
4h  4-CH30 CgHy O 9% 200-202 199-201%*
4i  4-HOCgH,4 O 92 237-238 236-238%
4j 4-CICgH, o 2 215-216 216-217%

H3CO
4k :©/ O 9 173-175  174-175°

H3CO

0
4 <:©/ o ® 189-191 188-190°

0
4m o 8 246-247  247-248°

L

‘|solated yield

fordsgoodyield of (4a) (91%). However, thiscondi-
tion also requireslonger heeting (3-4h) andtheyield of
dihydropyrimidine (4a) in both the conditionsarefound
still lesser than the sol vent free condition which needs
only 30 minutesheating a 100°Cwithanexcdlentyield
of 96%. The samereaction wasa so carried out in tet-
rahydrofuran, benzene, ethanol etc. Theyield of the
sol vent-free condition wascompared with different sol -
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vent conditions (TABLE 2). The products obtained
under solvent-free conditionsare of high purity and do
not require any chromatographic separation. The sol-
vent-free conditionsare much better interms of yield
and shorter reaction times. In addition, the reactions
arevery clean, and no side product was obtained in
any run. The same processwas successfully extended
toawiderangeof structurally varied aldehydes, urea
or thiourea, and 3-ketoestersto afford the correspond-
ing dihydropyrimidinones (4a-m) ingood to excel lent
yields (TABLE 3). All the known compounds were
checked further by comparison with the m.p. of the
literature reports.

CONCLUSION

In conclusion, we have successfully described the
synthesisof dihydropyrimidinesby athree component
condensationinonepot using catd yticamount of barium
chloride under solvent free condition. The present pro-
cedurehasmany obviousadvantagesincludingsmplicity
of themethodol ogy, easeof productisolaion (only smple
filtration), good yieldsand shorter reaction period.
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