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An efficient of one-pot oxidative access to 3,4-dihydropyrimidin-2-(1H)-ones directly from aromatic
alcohols under mild conditions is reported. The protocol involves 1-methylimidazolium hydrogen sul-
phate [Hmim]HSO4 catalyzed oxidation of aromatic alcohols to aromatic aldehydes with NaNO3 followed
by their cyclocondensation with 1,3-dicarbonyl compounds and urea in the same reaction vessel at 80 �C
within 2–4 h to afford 3,4-dihydropyrimidin-2-(1H)-ones in 55–97% overall yields. Thus, the present
work utilizing alcohols instead of aldehyde in Biginelli reaction is a valid and green alternative to the clas-
sical synthesis of 3,4-dihydropyrimidin-2-(1H)-ones.

� 2010 Elsevier Ltd. All rights reserved.
One-pot sequential multi-step reactions are of increasing aca-
demic, economical, and ecological interest because they address
fundamental principles of synthetic efficiency and reaction de-
sign.1 Recently, tandem oxidative processes (TOP) in which oxida-
tion of alcohols combined with the subsequent elaboration of the
carbonyl intermediates (aldehyde) have gained considerable atten-
tion among synthetic chemists.2,3 Although a lot of work has been
done for developing bimolecular TOP processes, the literature re-
cords only a few examples of combining alcohol oxidation with a
multicomponent reaction (MCR) in a one-pot process.4

Aldehydes are ubiquitous substrates in many powerful MCRs.
However, they are in general, more volatile, toxic, or unstable,
especially because of aerial oxidation than their corresponding
alcohols. Thus, in many cases aldehydes must be purified just be-
fore their use because the presence of other products affects not
only the concentration of the active aldehyde but also that the
impurities often interfere with chemical reactions involving the
aldehyde. The difficulties associated with the development of
one-pot oxidation–MCR processes are self-evident due to the pres-
ence of mutli-functionalities/multiintermediates and the complex-
ity of the reaction mechanism intrinsic to MCRs. Thus, the use of a
single vessel oxidation–MCR protocol would widen significantly
the versatility and scope of the aldehyde-based MCRs.

Biginelli reaction5 is one of the fundamental strategies involving
a three-component condensation of ethyl acetoacetate, benzalde-
hyde, and urea for the synthesis of 4-aryldihydropyrimidinones
(DHPMs) and their derivatives which occupy an important place
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in the realm of natural and synthetic organic chemistry.6–9 The
reaction can be carried out in a one-pot fashion in alcoholic solu-
tion in the presence of a catalytic amount of hydrogen chloride.
A major drawback of the classical Biginelli reaction is the poor to
moderate yields, particularly when substituted aromatic aldehydes
are employed. In recent years, several synthetic procedures for the
preparation of DHPMs have been made to improve and modify this
reaction.10,11 However, to the best of our knowledge, there has
been only one report on the Biginelli reaction starting directly from
alcohols.4c

Ionic liquids (ILs) are emerging as effective promoters and sol-
vents for green chemical reactions. Especially, one of the most
important advantages of ILs is the behavior of solvophobic interac-
tions that generate an internal pressure which promotes the asso-
ciation of the reagents in a solvent and shows an acceleration of
MCRs in comparison to conventional solvents.12 Recently, Brønsted
acidic ionic liquids have been deemed promising alternatives for
acid catalyzed reactions and play a dual solvent–catalyst role in a
variety of reactions including esterification of carboxylic acids, pro-
tection of alcohols and carbonyl groups, oxidation of alcohols, alco-
hol dehydrodimerization, pinacol/benzopinacol rearrangement,
Mannich reactions, and cleavage of ethers.13,14

Our continued quest for the development of environmentally
friendly alternatives15 along with the recent investigations involv-
ing oxidation of alcohols and the subsequent trapping of carbonyl
intermediates with appropriate nucleophiles in one-pot opera-
tion15d,e has led us to develop a green protocol for the Biginelli
reaction starting directly from alcohols. Herein, we report a
Brønsted acidic ionic liquid [Hmim]HSO4 catalyzed sequential
oxidation of aromatic alcohols with NaNO3 followed by their
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Scheme 1. Preparation of 3,4-dihydropyrimidin-2-(1H)-ones directly from aro-
matic alcohols.
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Scheme 2. Plausible mechanism for one-pot oxidative Biginelli reaction.
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condensation with urea and dicarbonyl compounds in the same
vessel at 80 �C for an overall time period of 2–4 h to afford 3,4-
dihydropyrimidin-2(1H)-ones in 55–97% yields (Scheme 1).

Initially, we studied the tandem oxidative cyclocondensation of
benzyl alcohol (3 mmol), urea (3 mmol) and ethyl acetoacetate
(3 mmol) in the presence of [Hmim]HSO4 (1.2 mmol) with NaNO3

(3 mmol) at 80 �C, disappointingly no reaction took place even
after stirring the reaction mixture for 10 h. However, to our delight,
we observed the formation of 3,4-dihydropyrimidin-2(1H)-ones
when urea and ethyl acetoacetate were added to the reaction after
the oxidation of the alcohol to the aldehyde was complete.

To explore the scope and limitations of this reaction, we ex-
tended the procedure to various aryl substituted alcohols carrying
either electron-releasing or electron-withdrawing substituents in
the ortho, meta, and para positions. Aryl alcohols with a strong
electron-withdrawing group (such as nitro group) required a rela-
tively longer time for completion of the reaction (Table 1, entries 4,
8, 11, and 14) whereas alcohols carrying electron-donating substit-
uents gave excellent yields of DHPMs (Table 1, entries 3, 6, 7, 10,
and 12) in a shorter reaction time. Another important feature of
this procedure is the compatibility with a variety of functional
groups such as ethers, nitro, hydroxyl, and halides under the pres-
ent reaction conditions. Both b-ketoesters and acetylacetone re-
Table 1
Synthesis of 3,4-dihydropyrimidin-2(1H)-onesa

H2N O

NH2R2

O

OMe

HO H

R1

1

2 3

[Hmim]HS

80

Entry Product R1 R2 T

1 4a C6H5 OEt 3
2 4b 2-ClC6H4 OEt 3
3 4c 2-HOC6H4 OEt 2
4 4d 4-O2NC6H4 OEt 4
5 4e 4-ClC6H4 OEt 3
6 4f 4-MeC6H4 OEt 2
7 4g 4-MeOC6H4 OEt 2
8 4h 3-O2NC6H4 OEt 4
9 4i 4-O2NC6H4 Me 4

10 4j 4-MeOC6H4 Me 2
11 4k 4-O2NC6H4 OMe 4
12 4l 4-MeOC6H4 OMe 2
13 4m 4-ClC6H4 OMe 3
14 4n 3-O2NC6H4 OMe 4
15 4o n-Butyl OEt 6
16 4p n-Propyl OEt 6

a Reaction condition: alcohol (3 mmol), urea (3.0 mmol), b-dicarbonyl compound (3 m
b Isolated yields.
acted smoothly under the reaction conditions (Table 1) affording
the corresponding 3,4-dihydropyrimidinones in excellent yields.
Aliphatic alcohols were unreactive under the present reaction con-
ditions (Table 1, entries 15 and 16).

We also attempted the oxidative Biginelli reaction using
[Hmim]NO3 as well as NaNO3–[Hmim]H2PO4 separately under
the same reaction conditions. The reaction was unsuccessful in
the former case indicating the need for an acidic hydrogen which
is absent in [Hmim]NO3 to catalyze the oxidation of alcohols to
aldehyde (Scheme 2). However, the reaction proceeded with
the NaNO3–[Hmim]H2PO4 system but relatively low yields of
N
H

NH

R1

OMe

O

R2

4

O4 - NaNO3

 ºC

ime (h) Yieldb (%) Mp (�C)

Found Reported

94 201–202 202–20310d

.5 92 215–219 215–21810d

97 202–204 201–20310d

62 206–208 207–208.510d

.5 91 214–215 213–21510d

.5 95 214–217 216–21810e

96 207–208 208–20910e

59 230–232 232–23410e

62 227–229 23010d

96 169–171 168–17010d

65 236–238 235–23710d

95 191–193 192–19410d

.5 92 204–207 204–20710d

55 277–279 278–28010f

— 157–15810b

— 155–15711f

mol), NaNO3 (3 mmol) and [Hmim]HSO4 (1.20 mmol) at 80 �C for 2–4 h.16
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3,4-dihydropyrimidin-2(1H)-ones (28–39%) were obtained. This is
probably due to the lower Brønsted acidity associated with
[H2PO4]. Thus, [Hmim]HSO4 plays a dual role, that is, as an acid cat-
alyst and as a solvent for both the oxidation of alcohols and the
subsequent condensation with urea and 1,3-dicarbonyl com-
pounds. A plausible mechanism for the present one-pot oxidative
cyclocondensation of aromatic alcohols, urea, and 1,3-dicrbonyl
compounds is depicted in Scheme 2.

In summary, we have developed a new method for an efficient
Biginelli reaction starting directly from alcohols using NaNO3–
[Hmim]HSO4 system. The protocol involves [Hmim]HSO4 catalyzed
oxidation of alcohols to aldehydes with NaNO3 at 80 �C followed by
their cyclocondensation with the urea and dicarbonyl compounds
to afford 3,4-dihydropyrimidin-2(1H)-ones in a one-pot operation.
Thus, the present work could find useful applications in view of the
power of the Biginelli reaction and that the concept could be ex-
tended as a valid and green alternative to other MCRs involving
aldehyde substrates.

Acknowledgments

The authors sincerely thank SAIF, Punjab University, Chandigarh,
for providing microanalyses and spectra. One of us (Garima) is grate-
ful to the CSIR, New Delhi, for the award of a Junior Research
Fellowship.

References and notes

1. (a) Tietze, L. F. Chem. Rev. 1996, 96, 115–136; (b) Tietze, L. F.; Brasche, G.;
Gericke, K. M. Domino Reactions in Organic Synthesis; Wiley-VCH: Weinheim,
2006.

2. (a) Ekoue-Kovi, K.; Wolf, C. Chem. Eur. J. 2008, 14, 6302–6315; (b) Davi, M.; Lebel,
H. Org. Lett. 2009, 11, 41–44; (c) Maki, B. E.; Scheidt, K. A. Org. Lett. 2009, 11, 1651–
1654; (d) Donald, J. R.; Edwards, M. G.; Taylor, R. J. K. Tetrahedron Lett. 2007, 48,
5201–5204; (e) McAllister, G. D.; Oswald, M. F.; Paxton, R. J.; Raw, S. A.; Taylor, R. J.
K. Tetrahedron 2006, 62, 6681–6694; (f) Bromley, W. J.; Gibson, M.; Lang, S.; Raw,
S. A.; Whitwood, A. C.; Taylor, R. J. K. Tetrahedron 2007, 63, 6004–6014.

3. (a) Taylor, R. J. K.; Reid, M.; Foot, J.; Raw, S. A. Acc. Chem. Res. 2005, 38, 851–869;
(b) Raw, S. A.; Reid, M.; Roman, E.; Taylor, R. J. K. Synlett 2004, 819–822; (c)
Blackburn, L.; Pei, C.; Taylor, R. J. K. Synlett 2002, 215–218; (d) Reid, M.; Rowe,
D. J.; Taylor, R. J. K. Chem. Commun. 2003, 2284–2285; (e) Quesada, E.; Taylor, R.
J. K. Tetrahedron Lett. 2005, 46, 6473–6476; (f) Foot, J. S.; Kanno, H.; Giblin, G. M.
P.; Taylor, R. J. K. Synthesis 2003, 1055–1064; (g) Phillips, D. J.; Pillinger, K. S.;
Wei, L.; Taylor, A. E.; Graham, A. E. Chem. Commun. 2006, 2280–2282.

4. (a) Brioche, J.; Masson, G.; Zhu, J. Org. Lett. 2010, 12, 1432–1435; (b)
Ngouansavanh, T.; Zhu, J. Angew. Chem., Int. Ed. 2006, 45, 3495–3497; (c)
Khosropour, A. R.; Khodaei, M. M.; Beygzadeh, M.; Jokar, M. Heterocycles 2005,
65, 767–773.

5. (a) Biginelli, P. Gazz. Chim. Ital. 1893, 23, 360–413; (b) Kappe, C. O. Tetrahedron
1993, 49, 6937–6963.
6. (a) Kappe, C. O. Eur. J. Med. Chem. 2000, 35, 1043–1052; Kappe, C. O. QSAR Comb.
Sci. 2003, 22, 630–645; (c) Kumar, B. R. P.; Sankar, G.; Baig, R. B.;
Chandrashekaran, S. Eur. J. Med. Chem. 2009, 44, 4192–4198.

7. (a) Sidler, D. R.; Larsen, R. D.; Chartrain, M.; Ikemoto, N.; Roberge, C. M.; Taylor,
C. S.; Li, W.; Bills, G. F. PCT Int. Appl. WO99 07695, 1999.; (b) Bruce, M. A.;
Pointdexter, G. S.; Johnson, G. PCT Int. Appl. WO9833791, 1998.

8. (a) Rovnyak, G. C.; Kimball, S. D.; Beyer, B.; Cucinotta, G.; Dimarco, J. D.;
Gougoutas, J.; Hedberg, A.; Malley, M.; McCarthy, J. P.; Zhang, R.; Moreland, S. J.
Med. Chem. 1995, 38, 119–129; (b) Rovnyak, G. C.; Atwal, K. S.; Hedberg, A.;
Kimball, S. D.; Moreland, S.; Gougoutas, J.; O’Reilly, B. C.; Schwartz, J.; Malley,
M. J. Med. Chem. 1992, 35, 3254–3263.

9. (a) Atwal, K. S.; Swanson, B. N.; Unger, S. E.; Floyd, D. M.; Moreland, S.; Hedberg,
A.; O’Reilly, B. C. J. Med. Chem. 1991, 34, 806–811; (b) Grover, G. J.; Dzwonczyk,
S.; Mcmullen, D. M.; Normadinam, C. S.; Slenph, P. G.; Moreland, S. J. J.
Cardiovasc. Pharmacol. 1995, 26, 289–294.

10. (a) Suzuki, I.; Iwata, Y.; Takeda, K. Tetrahedron Lett. 2008, 49, 3238–3241; (b)
Ma, Y.; Qian, C.; Wang, L.; Yang, M. J. Org. Chem. 2000, 65, 3864–3868; (c)
Chitra, S.; Pandiarajan, K. Tetrahedron Lett. 2009, 50, 2222–2224; (d) Lu, J.; Bai,
Y. J. Synthesis 2002, 466–470; (e) Chen, X.; Peng, Y. Catal. Lett. 2008, 122, 310–
313; (f) Dabiri, M.; Salehi, P.; Baghbanzadeh, M.; Shakour, I. M.; Otokesh, S.;
Ekrami, T.; Doosti, R. J. Iran. Chem. Soc. 2007, 4, 393–401.

11. (a) Madhane, P. G.; Joshi, R. S.; Nagargage, D. R.; Gill, C. H. Tetrahedron Lett.
2010, 51, 3138–3140; (b) Shobha, D.; Chari, M. A.; Mano, A.; Selvan, S. T.;
Mukkanti, K.; Vinu, A. Tetrahedron 2009, 51, 10608–10611; (c) Bose, D. S.;
Fatima, L.; Mereyala, H. B. J. Org. Chem. 2003, 68, 587–590; (d) Zhang, H.; Zhou,
Z.; Yao, Z.; Xu, F.; Shen, Q. Tetrahedron Lett. 2009, 50, 1622–1624; (e)
Polshettiwar, V.; Varma, R. S. Tetrahedron Lett. 2007, 48, 7343–7346; (f)
Wang, M.; Jiang, H.; Wang, Z. J. Chem. Res. 2005, 691–693.

12. (a) Welton, T. Chem. Rev. 1999, 99, 2071–2084; (b) Wasserscheid, P.; Keim, W.
Angew. Chem., Int. Ed. 2000, 39, 3772–3789; (c) Sheldon, R. Chem. Commun.
2001, 2399–2407.

13. (a) Kochi, M. Green Reaction Media for Organic Synthesis; Blackwell, 2005; (b)
Wasserscheid, T.; Welton, T. Ionic Liquids in Organic Synthesis; Wiley-VCH:
Weinheim, 2003.

14. (a) Cole, A. C.; Jensen, J. L.; Ntai, I.; Tran, K. L. T.; Weaver, K. J.; Forbes, D. C., Jr.;
Davis, J. H. J. Am. Chem. Soc. 2002, 124, 5962–5963; (b) Zhu, H. P.; Yang, F.; Tang,
J.; He, M. Y. Green Chem. 2003, 5, 38–39; (c) Hajipour, A. R.; Rafiee, F.; Ruoho, A.
E. Synlett 2007, 1118–1120; (d) Zhao, G.; Jiang, T.; Gao, H.; Han, B.; Huang, J.;
Sun, D. Green Chem. 2004, 6, 75–77.

15. (a) Yadav, L. D. S.; Rai, A.; Rai, V. K.; Awasthi, C. Tetrahedron 2008, 64, 1420–
1429; (b) Garima; Srivastava, V. P.; Yadav, L. D. S. Green Chem. 2010, 12, 1460–
1465; (c) Yadav, L. D. S.; Garima; Srivastava, V. P. Tetrahedron Lett. 2010, 51,
739–743; (d) Yadav, L. D. S.; Srivastava, V. P.; Patel, R. Synlett 2010, 1047–1050;
(e) Patel, R.; Srivastava, V. P.; Yadav, L. D. S. Adv. Synth. Catal. 2010, 352, 1610–
1614.

16. A typical procedure for the formation of 3,4-dihydropyrimidin-2-(1H)-ones 4: A
mixture of an aryl alcohol (3 mmol), sodium nitrate (3 mmol), and
[Hmim]HSO4 (1.20 mmol) was heated with stirring at 80 �C for 5–30 min in
a round-bottomed flask. After oxidation of the aromatic alcohol (monitored by
TLC, n-hexane/ethyl acetate, 80:20), b-dicarbonyl compound (3 mmol) and
urea (3.0 mmol) were added. The mixture was heated with stirring at 80 �C for
1.5–4 h. On completion of the reaction, as indicated by TLC (n-hexane/ethyl
acetate: 60:40), the reaction mixture was cooled to rt, then cold water was
added. The precipitated product was separated by simple filtration. The crude
product was recrystallized from ethanol to obtain an analytical sample of 4.
The structure of the products was confirmed by comparison of their mp, TLC,
IR, and 1H NMR data with authentic samples obtained commercially or
prepared by the literature method.10b,d–f,11f


	Biginelli reaction starting directly from alcohols
	Acknowledgments
	References and notes


