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bstract

Yttrium(III) nitrate hexahydrate [Y(NO ) .6H O] as a catalyst for organic reaction is described for the first time. The catalytic activity is
3 3 2

emonstrated using Biginelli reaction as a model under solvent-free conditions. Excellent yields of dihydropyrmidinones are obtained at 70 ◦C
ithin a short reaction time (10–50 min) and the catalyst is also recyclable. Other advantages over the classical method include greater substrate

ompatibility, faster reaction rates and easy workup procedures.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Dihydropyrimidinones (DHPMs) and their derivatives are
ell known heterocyclic units in the realm of natural and

ynthetic organic chemistry due to their therapeutic and
harmacological properties [1]. They are medicinally impor-
ant as calcium channel blockers, antihypertensive agents,
lpha-la-antagonists and neuropeptide Y(NPY) antagonists [2].
oreover, several alkaloids containing the dihydropyrimidi-

ones as a core unit have been isolated from marine source,
hich also showed interesting biological properties [3,4].
The classical synthesis of DHPMs was first reported by the

talian chemist Pietro Biginelli in 1893, involving a one pot con-
ensation of an aldehydes, �-ketoester and urea under strongly
cidic conditions [1a]. However, this method suffers from low
ields (20–40%) of desired products. In order to improve the effi-
iency of Biginelli reaction, many Lewis acid catalysts have been
eveloped such as Cu(OTf)2 [5], BF3·OEt2 [6], LaCl3·H2O [7],
rCl4 [8], Sr(OTf)2 [9], In(OTf)3 [10], ZnCl2 [11], FeCl3·6H2O
12], RuCl3 [13] L-proline [14] and Ce(NO3)3·6H2O [15]. More
ecently, the use of PhB(OH)2 in acetonitrile under reflux for 18 h
16], metal triflimide in water for 24 h [17]. Other works have
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een devoted to the use of ionic liquids [18], microwave irra-
iation [19] and ultrasonic mediated methods [20]. However,
n spite of their potential utility, many of the existing proce-
ures require strongly acidic conditions, longer reaction time
nd use of organic solvents. Therefore, the search for milder and
nvironmentally acceptable catalytic method for performing the
iginelli reaction has been the subject of recent focus.

In recent years, development of efficient and new cat-
lytic systems for various organic transformations is an active
ngoing research area and the scope for further improvement
owards milder reaction conditions. To our knowledge, neither
(NO3)3·6H2O nor its derivatives have been explored as a cata-

yst for any of the organic transformations. Herein, we introduce
or the first time Y(NO3)3·6H2O as a novel catalyst for this syn-
hetically useful three component condensation under solvent
ree conditions (Scheme 1). The catalyst exhibited remarkable
ctivity and reusability affording high yields of desired products
ithin a short reaction time (10–50 min).

. Experimental

.1. General
All compounds were identified by comparison of their spec-
ral data and physical properties with those of the authentic
ample and all yields refer to isolated products. Melting points
ere determined in a capillary tube and are uncorrected. 1H
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Table 1. The best result was achieved by carrying out the reac-
tion with (0.05:1:1:1) mole ratio of catalyst, benzaldehyde, ethyl
acetoacetate and urea at 70 ◦C. Although ethanol and acetonitrile
were found to be effective, considering stringent environmental

Table 1
Effect of catalysts under different reaction conditions for condensation of ben-
zaldehyde, ethyl acetoacetate and ureaa

No Solvent Catalyst (mol%) Time Yieldb (%)

1 Toluene Y(NO3)3·6H2O (5) 1 h 74
2 Ethanol Y(NO3)3·6H2O (5) 1 h 98
3 EDC Y(NO3)3·6H2O (5) 1 h 78
4 CAN Y(NO3)3·6H2O (5) 1 h 98
5 THF Y(NO3)3·6H2O (5) 1 h 77
6 H2O Y(NO3)3·6H2O (5) 1 h 30
7 None Y(NO3)3·6H2O (10) 20 min 96
8c None Y(NO3)3·6H2O (5) 20 min 97, 94, 90
9 None Y(NO3)3·6H2O (2) 20 min 77

10 None Without catalyst 1 h 28
11 None YCl3 (5) 20 min 79
12 None Y (SO ) ·8H O (5) 20 min 45
Sch

MR and 13C NMR spectra were recorded on Varian-400 NMR
pectrometer using TMS as internal standard. IR spectra were
ecorded on Perkin-Elmer 100 spectrochem series using KBr
ellets. Mass spectra were recorded on Finnigan mass spec-
rometer (MAT XL95). Y(NO3)3·6H2O (99.9%) was purchased
rom Lancaster (Alfa Aesar) and used as it is. All other sol-
ents and reagents were purchased from Lancaster and S.D. Fine
hemicals Ltd. India and used without any further purification.

.2. General procedure for synthesis of
,4-dihydropyrimidin-2(1H)-ones

A mixture of aldehyde (5 mmol), 1,3-dicarbonyl com-
ound (5 mmol), urea or thiourea (5 mmol) and Y(NO3)3·6H2O
0.25 mmol) was heated at 70 ◦C under stirring. The reaction was
onitored by TLC using ethyl acetate/hexane (4:6) as eluent.
fter completion, the reaction mixture was cooled, poured into

old water and stirred for 5 min. The solid was suction filtered
nd the filtrate was evaporated to get back the original catalyst.
he residual solid was washed with cold water (20 ml × 2 ml)
nd recrystallized from ethyl acetate or ethanol to afford pure
roduct.

.3. Physical and spectral data of unknown products

Compound 4p: Solid, mp 241–243 ◦C. IR (KBr): 3414, 3105,
702, 1628 cm−1. 1H NMR (DMSO-d6): δ = 10.0 (s, 1H, NH),
.90 (s, 1H, NH), 7.23–7.31 (m, J = 8.0 Hz, 5Harom, CH), 5.21
s, 1H, CH), 1.21 (s, 9H, C(CH3)3), 1.13 (s, 9H, C(CH3)3). 13C
MR (DMSO-d6): δ = 28.2, 29.1, 31.5, 43.4, 56.3, 109.1, 121.1,
26.2, 127.3, 145.0, 153.6, 158.2, 203.1. MS: m/z = 314 (M+),
57, 237.

Compound 4q: Solid, mp 198–200 ◦C. IR (KBr): 3436, 3312,
724, 1668 cm−1. 1H NMR (DMSO-d6): δ = 9.61 (s, 1H, NH),
.93 (s, 1Harom, CH), 7.84 (d, 1Harom, CH), 7.56 (s, 1H, NH),
.31 (m, J = 8.0 Hz, 2Harom, CH), 5.41 (s, 1H, CH), 1.23 (s,
H, C(CH3)3), 1.14 (s, 9H, C(CH3)3). 13C NMR (DMSO-d6):
= 28.4, 29.6, 32.1, 43.1, 57.8, 107.1, 121.4, 125.3, 128.6, 129.8,
30.3, 145.7, 153.6, 157.6, 202.1. MS: m/z = 393 (M+), 336, 313,
37.

Compound 4r: Solid, mp 194–196 ◦C. IR (KBr): 3465, 3283,
705, 1644 cm−1. 1H NMR (DMSO-d6): δ = 9.71 (s, 1H, NH),
.53 (s, 1H, NH), 7.0–7.2 (m, 3Harom, CH), 5.42 (s, 1H, CH), 1.2
s, 9H, C(CH3)3), 1.11 (s, 9H, C(CH3)3). 13C NMR (DMSO-

6): δ = 28.4, 29.6, 32.1, 43.8, 56.1, 107.1, 123.6, 124.9, 126.7,
40.3, 153.6, 159.6, 202.8. MS: m/z = 320 (M+), 263, 237.

Compound 4s: Solid, mp 196–198 ◦C. IR (KBr): 3306, 3312,
700, 1657 cm−1. 1H NMR (DMSO-d6): δ = 9.35 (s, 1H, OH),

u

.

.30 (s, 1H, NH), 7.60 (s, 1H, NH), 7.12 (d, J = 8.0 Hz, 2Harom,
H), 6.62 (d, J = 8.0 Hz, 2Harom, CH), 5.43 (s, 1H, CH), 1.21

s, 9H, C(CH3)3), 1.10 (s, 9H, C(CH3)3). 13C NMR (DMSO-
6): δ = 28.5, 29.3, 32.1, 45.4, 56.3, 108.7, 115.1, 127.4, 135.6,
53.6, 156.8, 158.0, 203.7. MS: m/z = 330 (M+), 273, 237.

Compound 4t: Solid, mp 197–199 ◦C. IR (KBr): 3430, 3300,
705, 1660, 1531, 1356 cm−1. 1H NMR (DMSO-d6): δ = 10.0
s, 1H, NH), 8.52 (s, 1H, NH), 7.6–7.8 (m, 3Harom, CH), 5.41
s, 1H, CH), 1.24 (s, 9H, C(CH3)3), 1.14 (s, 9H, C(CH3)3).
3C NMR (DMSO-d6): δ = 27.3, 29.1, 31.1, 44.4, 55.3, 107.3,
23.3, 126.3, 131.4, 131.7, 144.4, 147.1, 153.6, 157.6, 201.9.
S: m/z = 393.5 (M+), 336.5, 301, 237.
Compound 4u: Solid, mp 194–195 ◦C. IR (KBr): 3441, 3296,

665, 1613 cm−1. 1H NMR (DMSO-d6): δ = 9.71 (s, 1H, NH),
.92 (s, 1H, NH), 6.6–6.7 (m, J = 8.0 Hz, 3Harom, CH), 5.93 (s,
H, O2CH2), 5.41 (s, 1H, CH), 1.2 (s, 9H, C(CH3)3), 1.1 2 (s, 9H,
(CH3)3). 13C NMR (DMSO-d6): 28.1, 28.8, 32.5, 41.6, 44.7,
2.4, 107.3, 109.5, 111.3, 120.7, 121.8, 146.1, 147.1, 153.9,
58.1, 202.7. MS: m/z = 358 (M+), 301, 237.

. Results and discussion

To evaluate the effect of catalyst under different reaction con-
itions, the reaction of benzaldehyde, ethyl acetoacetate and urea
as selected as a model reaction and the results are presented in
2 4 3 2

a Reaction condition: benzaldehyde (5 mmol), ethylacetoacetate (5 mmol),
rea (5 mmol) and catalyst in solvent (25 ml, entries 1–6) at 70 ◦C.
b Isolated yield.
c Catalyst was recycled for three times.
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Table 2
Y(NO3)3·6H2O-catalyzed synthesis of dihydropyrimidinones under solvent free conditions

No R1 R2 R3 X Yield (%) Time (min) Mp (◦C) found Mp (◦C) reported

4a C6H5 CH3 OC2H5 O 97 20 207–208 206–2089

4b 4-O2NC6H4 CH3 OC2H5 O 94 10 208–210 211–21311

4c 4-HOC6H4 CH3 OC2H5 O 93 30 237–239 237–2389

4d 4-CH3OC6H4 CH3 OC2H5 O 95 40 202–203 202–20312

4e 4-Me2NC6H4 CH3 OC2H5 O 94 12 256–258 253–2549

4f 4-ClC6H4 CH3 OC2H5 O 93 10 216–217 215–216
4g C7H5O2

a CH3 OC2H5 O 92 45 194–196 –
4h 4-Cl-3-O2NC6H3 CH3 OC2H5 O 85 30 239–241 –
4i 4-CH3C6H4 CH3 OC2H5 O 80 45 213–214 205–2069

4j 3-O2NC6H4 CH3 OC2H5 S 88 35 205–206 206–2079

4k C6H5 CH3 OCH3 O 96 20 208–209 212–2139

4l 4-CH3OC6H4 CH3 OCH3 S 82 45 149–150 150–15212

4m 4-HOC6H4 CH3 OCH3 O 93 30 229–230 260(dec)11

4n 2-Furyl CH3 OCH3 O 85 50 214–216 217–21911

4o C6H5 C6H5 OC2H5 S 80 50 156–157 157–1596

4p C6H5 C(CH3)3 C(CH3)3 O 91 40 241–243 –
4q 3-BrC6H4 C(CH3)3 C(CH3)3 O 80 45 198–200 –
4r 2-Thienyl C(CH3)3 C(CH3)3 O 73 45 194–196 –
4s 4-HOC6H4 C(CH3)3 C(CH3)3 O 70 20 196–198 –
4 7
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t 4-Cl-3-O2NC6H3 C(CH3)3 C(CH3)3 O
u C7H5O2

a C(CH3)3 C(CH3)3 O

a Piperanal.

egulations, solvent free reactions are desired. Therefore, we
ntended the Biginelli reaction under solvent free conditions
entries 7–10). The effect of different catalyst on the reaction
ystem was tested and the results showed that the catalytic activ-
ty of yttrium(III) nitrate hexahydrate was better than that of the
ttrium(III) chloride and yttrium(III) sulfate octahydrate. It may
e due to the strong electron withdrawing ability of the nitrate
on, which reduced the density of the electron cloud around
ttrium(III) ion. So yttrium(III) ion could accept the electron
asily favoring the reaction to proceed smoothly.

The activity of the recycled catalyst was also examined under

he optimized conditions and the desired product were obtained
n 97, 94, 90% yields after 1–3 runs, respectively (entry 8c). The
ecycled catalyst after each run was characterized by FT-IR. It
howed the same characteristic peaks at 721, 835 and 1393 cm−1

s
y
a
f

Scheme 2
3 30 197–199 –
0 35 194–195 –

N–O stretch) indicating coordinated nitrate ion similar to the
riginal unused catalyst.

In order to study the generality of the procedure, a series
f Biginelli compounds having different steric and electronic
roperties were synthesized using the optimized conditions.
he results are presented in Table 2. The three-component con-
ensation reaction proceeds smoothly at 70 ◦C under solvent
ree conditions and was completed in 20 to 50 min (entries
a–4u). Aromatic aldehydes containing both electron donating
nd electron withdrawing groups afforded high yields of the
esired products with high purity. More importantly acid sen-

itive aldehydes such as 2-furfural, which normally gives low
ields underwent smooth condensation without formation of
ny side products (entry 4n). Thiourea also gives similar results
or the generation of S-analogues of dihydropyrimidinones. The

.
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ffect of 1,3-dicarbonyl compound having different steric and
lectronic properties, such as ethyl benzoyl acetate and methyl
cetoacetate was also investigated and high yields were obtained
entries 4k–4o). Therefore, the present protocol has the ability
o tolerate the variations in all the three components.

The catalyst was subjected for the three-component conden-
ation of sterically hindered 1,3-diketone, aldehydes and urea,
hich is a challenging task. It exhibited remarkable activity

ffording moderate to good yields of bulky dihydropyrimidi-
ones within a short reaction time (entries 4p–4u have not been
reviously reported).

According to the mechanism suggested by Kappe [21],
proposed reaction mechanism for the Y(III)-catalyzed

iginelli condensation via acyl imine intermediate is pre-
ented in Scheme 2. The reaction of the aldehydes and
rea/thiourea generates an acylimine intermediate (5) stabilized
y Y(NO3)3·6H2O through a coordinate bond owing to its empty
rbital. Interception of this iminium ion intermediate by acti-
ated 1,3-dicarbonyl compound (6) produces an open-chain
reide (7) which subsequently undergo cyclization and dehy-
ration to afford the corresponding dihydropyrimidinone (4).

. Conclusion

In conclusion, Y(NO3)3·6H2O has shown to be an excellent
atalyst for one pot synthesis of large size dihydropyrim-
dinones under solvent free conditions. The protocol offers
everal advantages such as catalyst recyclability, high yields
f product, short reaction time, simple work up procedures
nd easy isolation making it an important supplement to the
xisting methods. Further work is in progress to extrapolate the
atalytic activity of Yttrium(III) nitrate hexahydrate to other
rganic transformations.
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