
INTRODUCTION

3,4-Dihydropyrimidin-2(1H)ones are important class of

compounds which are becoming increasing consideration due

to their therapeutic and pharmacological properties1-5. They have

emerged as the integral backbones of several calcium channel

blockers, antihypertensive agents, α-1a-antagonism6, neuro-

peptide Y (NPY) antagonism, antitumor, antibacterial and

antiinflammatory activities7-12.

In oxidation of 3,4-dihydropyrimidin-2(1H)ones and for-

mation of pyrimidine-2(1H)-ones core such as MKC-442, a

HEPT (1-[(2-hydroxyethoxy)methyl]-6-(phenylthio)thymine)

analogue finds application in clinical trials and similar comp-

ounds are also expected to inhibit the HIV virus13. Several

nucleosides containing 5-substituted pyrimidine moiety have

been shown to inhibit the growth of murine mammary

carcinoma virus14. Pyrimidine-cores with extended p-systems

have interesting fluorescent properties and similar compounds

are useful in the development of advanced electronic and

photonic materials15. Furthermore, it is of interest to synthesize

structurally diverse pyrimidines by the oxidation of 3,4-dihydro-

pyrimidin-2(1H)ones16.

In contrast to facile oxidation of typical Hantzsch

dihydropyridines by various oxidative methods17-19, the dehy-

drogenation of 3,4-dihydropyrimidin-2(1H)ones is known to

be nontrivial20,21.

Oxidants such as HNO3
22, PCC, Chloranil, KMnO4/clay23,

DDQ24, Co(NO3)2·6H2O/K2S2O8
25, electrochemical oxidation26

and Pd/C27 as well as Sono-thermal oxidation have been used28.
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None of these oxidations are efficient, particularly for use of

excess corrosive or harmful reagents, hard reaction conditions,

difficulty in product isolation and/or mostly low yields. There-

fore, it is needed to search an alternative procedure.

The heterogeneous photocatalysis reaction with various

semiconductors TiO2, ZnO, CdS, ZnS, etc. has been studied

extensively over the last decades29,30. The semiconductor

particle has also been used as sensitizer for organic photo-

synthetic processes31. Zinc oxide is close to being one of ideal

photocatalysts due to being relatively nontoxicity, cheap and

its holes of strong oxidizing power.

Zinc oxide is a well-known semiconductor with a wide

band gap and high exciton binding energy at room tempe-

rature, having many applications, such as being a photocatalyst,

transducer, varistor, phosphor and transparent conductor32.

ZnO as a photocatalyst has received much attention due to its

low cost and high photo-activity in several photochemical and

photo-electro-chemical processes33,34. ZnO is a semiconductor

with a wide and direct band gap of 3.37 eV and a large excitation

binding energy of 60 meV35.

When absorption of light is occurred by a semiconductor

particle such as ZnO or TiO2 with equal to or higher than the

band gap energy, an electron from the valence band (VB) is

excited to the conduction band (CB) with simultaneous gen-

eration of a hole (h+) in the valence band36,37 (Fig. 1).

The eCB
– and hVB

+ can recombine on the surface or in the

bulk of the particle or can be separated under the built-in

electric field to transfer to different positions on the surfaces,

further being trapped to react with donor or acceptor species
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Fig. 1. Schematic diagram of function of a semiconductor in photocatalytic

reaction

adsorbed on or close to the surfaces. The separation and recom-

bination of photoinduced charge carriers are in competition

process and the photocatalytic reaction is effective only when

photoinduced electrons and holes are trapped on the surfaces,

respectively.

A chemical acceptor species can be photocatalytically

reduced by eCB only if the conduction band potential of the

photocatalyst is more negative than the redox potential of the

acceptor species. In the same way, a chemical donor species

can be photocatalytically oxidized by hVB only if the valence

band potential of the photocatalyst is more positive than the

redox potential of the donor species. Both reactions should

occur simultaneously because electro neutrality has to be

maintained38,39. The surface oxygen species can play important

roles in photocatalytic reactions. Most often, oxygen play the

role of electron trap40,41.

In continuation of our previous studies on photochemical

reactions42-46, in this research we report the photocatalytic

oxidation of 3,4-dihydropyrimidin-2(1H)ones.

EXPERIMENTAL

Chemicals were purchased from Merck, Fluka and Aldrich

chemical companies. The ZnO was purchased from Aldrich

Chemical Co. The ZnO powder was used as received as a photo-

catalyst without further purification. 3,4-Dihydropyrimidin-

2(1H)ones were prepared according to the reported proce-

dure47. The reactions were monitored by TLC. The products

were isolated and identified by comparison of their physical

and spectral data with those reported in the literature. IR spectra

were recorded on FT-IR 680-Jasco-instrument model. 1H NMR

data were obtained on 300 MHz DPX-Brucker model.

Photochemical set containing 400W high pressure

mercury lamp as shown in Fig. 2 was used for photooxidation

experiments.

General procedure for the photocatalytic oxidation of

3,4-dihydropyrimidin-2(1H)ones: Zinc oxide (40 mg) was

added to a solution containing 3,4-dihydropyrimidin-

2(1H)ones (1 mmol) in 20 mL acetonitrile under oxygen

bubbling. The mixture was stirred at room temperature under

irradiation of UV light (400 W high pressure mercury lamp)

 Fig. 2. Photocatalytic setup for photooxidation experiments; (a) power

supply; (b) 400-W high pressure Hg lamp; (c) photoreactor with

aluminium foil as reflector for a full irradiation of catalyst; (d) fan;

(e) magnetic stirrer; (f) 2L pyrex beaker; (g) photolytic cell; (h)

water thermostat

for the appropriate time (4-8 h). The progress of the reaction

was monitored by TLC. After completion of the reaction as

monitored by TLC (CCl4: EtOAc), zinc oxide was separated

by centrifugation. Evaporation of the solvent followed by

chromatography on a silica-gel plate afforded the pure

products.

Ethyl 6-methyl-4-(2,6-dichlorophenyl)pyrimidin-

2(1H)-one-5-carboxylate (4): Pale yellow solid; m.p. 185-

186 ºC. IR (KBr, νmax, cm-1): 3235, 2930, 1700, 1670, 1430,

1200. 1H NMR (DMSO-d6): δ = 0.85 (t, 3H, J = 7.3 Hz), 2.50

(s, 3H), 3.94 (q, 2H, J = 7.3 Hz), 7.17-7-29 (m, 3H), 12.73 (s,

1H). Anal. calcd. (%) for C14H12N2O3Cl2: C 51.40, H 3.70, N

8.56; found (%): C 51.5, H 3.8, N 8.7.

Ethyl 6-methyl-4-(3-bromophenyl)pyrimidin-2(1H)-

one-5-carboxylate (10): Pale yellow solid; m.p. 167-168 ºC.

IR (KBr, νmax, cm-1): 3230, 2900, 1700, 1650, 1470, 1226. 1H

NMR (DMSO-d6): δ = 0.92 (t, 3H, J = 7.2 Hz), 2.41 (s, 3H),

3.88 (q, 2H, J = 7.2 Hz), 7.20-7-45 (m, 3H), 9.25 (s, 1H).

Anal. calcd. (%) for C14H13N2O3Br: C 49.87, H 3.89, N 8.31;

found (%): C 50, H 3.8, N 8.4.

RESULTS AND DISCUSSION

Present investigation during the controlled reactions

showed to us that UV irradiation is nesessary for the effective

progress of the oxidation reactions and without oxygen, the

oxidation reactions were not done at all even with prolonged

reaction times. With this preliminary results, the optimization

of important operationl parameters were performed in the

photo-oxidation reaction of 3,4-dihydropyrimidin-2(1H)ones

(Scheme-I).
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Amount of photocatalyst: To obtain the optimum amount

of ZnO, a photocatalytic oxidation of 3,4-dihydropyrimidin-

2(1H)ones were runned on a typical 3,4-dihydropyrimidin-

2(1H)-one (1 mmol) using various amounts of ZnO. As shown

in Table-1 oxidation times of the selected compounds were

decreased by increasing the photocatalyst amounts, then

reached the lowest time of completion of the oxidation and

finally remain at constant value of 40 mg. It is interesting to

note that this phenomenon has been observed previously in

other photocatalytic reaction48-51. This can be rationalized in

terms of availability of active sites on ZnO surface and the

light penetration of photoactivating light into the suspension.

The availability of active sites increases with the suspension

of photocatalyst loading, but the light penetration and hence

the photoactivated volume of the suspension shrinks. More-

over, the increase in the time of oxidation at higher photocatalyst

loading may be due to deactivation of activated molecules by

collision with ground state molecules. Shielding by ZnO may

also take place (eqn. 1).

ZnO* + ZnO → ZnO + ZnO* (1)

where ZnO* is the ZnO with active species adsorbed on its

surface and ZnO is the deactivated form.

TABLE-1 
EFFECTS OF PHOTOCATALYST AMOUNTS OF ZINC OXIDE 
ON THE OXIDATION OF TYPICAL 3,4-DIHYDROPYRIMIDIN-

2(1H)-ONE AT ROOM TEMPERATUREa 

Entry Amount of ZnO (mg) Time (h) Yields (%)b 

1 10 7.0 86 

2 20 5.5 88 

3 40 4.5 90 

4 60 6.5 85 

5 80 8.0 83 
a5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-
one as typical DHPMs were used; bIsolated yields. 

 
Photocatalytic oxidation of dihydropyrimidinones: In

obtained optimum conditions, the photocatalytic reactions

(Scheme-I) proceed efficiently in high yields. The results are

summarized in Table-2. As shown in case of 3,4-dihydropyri-

midin-2(1H)ones including electron withdrawing substituents

have longer reaction time than electron donor substituents.

TABLE-2 
PHOTOCATALYTIC OXIDATION OF 3,4-DIHYDROPYRIMIDIN-

2(1H)-ONES WITH ZnO/O2 SYSTEM 

Entry R Productsa 
Time, h 

(Yield, %)b 
m.p. 
(ºC) 

1 C6H5 

N
H

N

O

EtO2C

Me

 

6 (92) 
133-
134 

2 3-OHC6H4 

N
H

N

O

EtO2C

Me

OH

 

5 (90) 
182-
184 

 

3 4-OCH3C6H4 

N
H

N

O

EtO2C

Me

OCH3

 

6.5 (80) 
151-
153 

4 2,6-Cl2C6H3 

N
H

N

O

EtO2C

Me

Cl Cl

 

4.5 (94) 
185-
186 

5 2-NO2C6H4 

N
H

N

O

EtO2C

Me

NO2

 

8 (75) 

184-
186 
(Ref. 
52) 

6 4-NO2C6H4 

N
H

N

O

EtO2C

Me

NO2

 

8 (70) 
152-
154 

7 4-CH3C6H4 

N
H

N

O

EtO2C

Me

CH3

 

4 (92) 

136-
138 
(Ref. 
28) 

8 2-ClC6H4 

N
H

N

O

EtO2C

Me

Cl

 

5 (85) 
165-
167 

9 2-OCH3C6H4 

N
H

N

O

EtO2C

Me

OCH3

 

4 (85) 
121-
123 

10 3-BrC6H4 

N
H

N

O

EtO2C

Me

Br

 

4 (94) 
167-
168 

aCharacterized by spectral analysis and comparison with those reported 
in the literature28,52; bYields refer to isolated and purified products. 

 
Conclusion

From the results obtained from photocatalytic oxidation

of 3,4-dihydropyrimidin-2(1H)-ones with ZnO/O2 system and

compared with the results obtained by thermal oxidation, it

concluded that photooxidation can effectively increase the rate

of oxidation. Easy reaction progress, moderate reaction times

and good to excellent yields are some of the advantages of

this oxidative method.
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