African Journal of Pure and Applied Chemistry Vol. 3 (9), pp. 202-207, September, 2009

Available online at http://www.academicjournals.org/AJPAC
ISSN 1996 - 0840 © 2009 Academic Journals

Full Length Research Paper

Nano-Titanium dioxide (TiO,) mediated simple and
efficient modification to Biginelli reaction

H. R. Prakash Naik, H. S. Bhojya Naik* and T. Aravinda

Department of Studies and Research in Industrial Chemistry, School of Chemical
Sciences, Kuvempu University, Shankaraghatta-577 451, India.

Accepted 20 August, 2009

We report an efficient titanium dioxide (TiO,) nanopowder catalyzed and microwave induced, much
improved modification to original Biginelli reaction reported in 1893 involving fast reaction kinetics.
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INTRODUCTION

The functionalized quinolines are attractive compounds
for drug discovery since many of them have been shown
to exhibit excellent biological activities (Balasubramanian
and Keay, 1996; Catoen-Chackal et al., 2004; Vazquez et
al., 2004; Chen et al.,, 2004; Chen et al., 2001).
Therefore, the development of facile methodologies for
the synthesis of highly functionalized quinoline
derivatives represents a challenge in medicinal chemistry
(Gilchrist et al.,, 1997; Jones, 1984; Jones, 1996;
Kouznetsov et al., 2005; Ishkawa et al., 2004; Sangu et
al., 2004; Kobayashi et al., 2004; Wang et al., 2004;
Palimkar et al., 2003; Du and Curran, 2003; Jiang and
Yui-Gui, 2002; Amii et al., 2001). For example,
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oxoindeno[1,2-b]quinolines have shown strong binding to
DNA and efficient inhibition DNA topoisomerase 1 that
were associated with their well pronounced anticancer
activities (Deady et al., 2001; Chen et al., 2000; Deady et
al., 2000; Deady et al., 1997), 3-Benzoylquinolines
(Ryabukhin et al., 2007; Basavaiah et al., 2006; Yoon,
2005; Patteux et al., 2003; Mahata et al., 2003; Singh et
al.,, 2002; Singh et al., 2002; Harrowven et al., 2001;
Ishar et al., 1998) are inhibitors of HIV-1 replication
(Normand-Bayle et al., 2005) and cathepsin D (Whitesitt
et al., 1996) and possess antianaphylactic activity (Evans
et al.,, 1987). The Combes synthesis is one of the most
efficient approaches to the quinolines.

Organic synthesis through semiconductor photocatalysis
has become an important research area in
photochemistry in the last two decades (Fox, 2001;Kisch
and Hopfner, 2001). Significant examples of organic
transformations employed for synthetic purposes are



oxidation and reduction reactions, isomerization
reactions, C—H bond activations and C—C and C-N bond
forming reactions (Mills and LeHunte, 1997; Robertson,
1996; Maldotti et al., 2002). Metal oxide semiconductor
colloids are of considerable interest because of their
photocatalytic  properties and resistance against
corrosion. Titanium dioxide, in particular, could be the
photocatalyst of choice for a large variety of applications
because it is cheap, non-toxic, and has redox properties
which are favorable both for oxidation of many organics
and for reduction of a number of metal ions or organics in
aqueous solution. Absorption of light having energy
greater than the band gap (3.2 eV for titanium dioxide)
results in the promotion of electrons from the valence
band to the conduction band of the metal oxide particle,
leaving positively charged holes in the valence band.
These photogenerated electrons and holes (Egnp ~ -
0.5/+2.7 V at pH 8, respectively for TiO,) (Nozik, 1978;
Hagfeldt and Gratzel, 1995) can recombine
nonproductively, or they can migrate to surface trapping
sites where they can react with redox species in solution.
Surface derivatization strategies have been developed for
enhancing the reaction lifetimes, trapping efficiency and
reaction selectivity of the trapped electrons and holes
(Hara and Mallouk, 2000; Rajh et al., 2003). For example,
in titanium dioxide colloids, light-induced chemistry
produces electron—hole pairs that can be used to drive
external redox chemistry with surface derivatized
particles (Jakob et al., 2003).

At the beginning of the new century, a shift in emphasis
in chemistry is apparent with the desire to develop
environmentally benign routes to a myriad of materials
(Anastas and Williamson, 1998). Green chemistry
approaches hold out significant potential not only for
reduction of byproducts, a reduction in the waste
produced, and lowering of energy costs but also in the
development of new methodologies toward previously
unobtainable materials, using existing technologies (Cave
et al., 2001). Of all of the existing areas of chemistry,
medicinal and pharmaceutical chemistry, with their
traditionally large volume of waste/product ratio, are
perhaps the most ripe for greening (Sheldon, 1997).

Our Approach is to develop a rapid and efficient
scientifically based framework for greener preparation of
these dihydropyrimidinone fused benzoquinolines in a
manner that renders the materials less mobile in the
environment and reduces or eliminates the use and
generation of hazardous substances. The areas of
opportunity are being exploited to engage green
chemistry: (i) Choice of solvent, (ii) The catalytic agent
employed, finally we found microwave (MW) irradiation
as an efficient and selective mode of activation in rapid
and efficient synthesis.

Experimental section

All reagents were used as obtained commercially. Thin-layer
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chromatography was performed using commercially prepared 60-
mesh silica gel plates and visualization was effected with short
wavelength UV light (254 nm). 'H NMR spectra were recorded in
DMSO-ds on EM-390 (400MHz) NMR spectrometer and mass
spectra were recorded on MASPEC low resolution instrument
operating at 70eV and JELO JSM-35 JF instrument was used to
take SEM photographs.

Preparation of semiconductor titanium dioxide nanoparticles
in colloidal solutions

Titanium dioxide nanoparticles used in the experiments above were
produced according to the reported procedure (Fendler, 1998) in
the following manner. TiO. nanoparticles are prepared by the
hydrolysis of titanium tetrachloride. TiCls + 2H,0 = TiOz| + 4HCI
Obtained stable colloidal solution of nanoparticles, were then
centrifuged for a length of time dependent on the expected particle
size and density as well as the centrifuge rotor dimensions and
revolutions per minute (rpm) selected. The well defined below 100
nm sized TiO; particles were obtained by mixing the reactants for 2
h followed by 30 min centrifugation at 10000 rpm in a Centra-CL2
equipped with a swinging bucket rotor.
A dry, 50-mL flask was charged with 2-chloro/mercapto/seleno-3-
formylquinoline (5 mmol), methyl acetoacetate (5 mmol),
urea/thiourea (5 mmol), and titanium dioxide (TiO2) nanopowder
(500 mg) in presence of 10 ml of ethanol. The mixture was well
mixed and then irradiated in a SANYOEM-350S microwave oven at
300W or 150W for a designated time as required for completing the
reaction (determined by TLC) in Table 1. Then, after being cooled
to room temperature, under these conditions, the reaction mass
was poured on crushed ice solid material was filtered off and the
crude product was purified by recrystallization from DMF. The
similar reaction procedure has been followed for other derivatives.

Methyl [6-(2-chloroquinolin-3-yl)-4-methyl-2-0x0-1,2,3,4-
tetrahydropyrimidin-5-ylJacetate (4a of 2a&3a)

Yield 81%, pale yellow solid, mp(°C) 211-213, "H NMR (DMSO d),
6 8.08 (d, 1H, Ar-H), 7.60 (d, 1H, Ar-H), 7.46 (d, 1H, Ar-H), 7.61 (d,
1H, Ar-H), 8.38 (d, 1H, Ar-H), 2.8 (s, 2H, CH), 3.61 (s, 3H, CHj),
1.25 (t, 3H, CHg), 2.1 (s, 1H, NH), 3.45 (s, 1H, CH); 2.2 (s, 1H, NH);
m/z (%) [M]+ : [345]+ ;Elemental anlysis, Found: C, 59.12; H, 4.57;
N, 12.06. Calculated for C17H16CIN3Os: C, 59.05; H, 4.66; N, 12.15.

Methyl [6-(2-chloroquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-ylJacetate (4a of 2a&3b)

Yield 86%, pale yellow solid, mp (°C) 215-217, 'H NMR (DMSO d),
5 8.05 (d, 1H, Ar-H), 7.61 (d, 1H, Ar-H), 7.43 (d, 1H, Ar-H), 7.68 (d,
1H, Ar-H), 8.33 (d, 1H, Ar-H), 2.9 (s, 2H, CHy), 3.67 (s, 3H, CHs),
1.20 (t, 3H, CHs), 2.0 (s, 1H, NH), 3.48 (s, 1H, CH); 2.0 (s, 1H, NH);
m/z (%) [M]+ : [361]+ ;Elemental anlysis, Found: C, 56.34; H, 4.40;
N, 11.68. Calculated for C47H16CIN3O2S: C, 56.43; H, 4.46; N,
11.61.

Ethyl [6-(2-chloroquinolin-3-yl)-4-methyl-2-o0xo0-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4a of 2b&3a)

Yield 79%, pale yellow solid, mp(¢C) 219-221, '"H NMR (DMSO d),
6 8.01 (d, 1H, Ar-H), 7.63 (d, 1H, Ar-H), 7.41 (d, 1H, Ar-H), 7.58 (d,
1H, Ar-H), 8.35 (d, 1H, Ar-H), 2.85 (s, 2H, CH, COO), 3.66 (s, 3H,
CHg), 4.25 (q, 2H, CHy), 1.25 (t, 3H, CHg), 6.1 (br, s, 1H, NH), 3.49
(s, 1H, CH); 6.4 (br, s, 1H, NH); m/z (%) [M]+ : [359]+ ;Elemental
anlysis, Found: C, 59.91; H, 5.12; N, 11.76. Calculated for
C18H180|N303: C, 60.09; H, 5.04; N, 11.68.
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Table 1. Reaction time data of both conventional and MW methods.

Compound Time (Hours)-Conventional Time (Minutes)-

heating MW

4a of 2a and 3a 1.5 5-8

4a of 2a and 3b 1.7 6-9

4a of 2b and 3a 2.1 5-9

4a of 2b and 3b 1.6 7-10

4b of 2a and 3a 1.8 6-9

4b of 2a and 3b 2.0 5-8

4b of 2b and 3b 2.1 6-7

4b of 2b and 3a 1.8 5-9

4c of 2a and 3b 1.6 6-8

4c of 2a and 3a 1.8 7-10

4c of 2b and 3a 2.3 6-7

4c of 2b and 3b 2.2 7-10
Ethyl [6-(2-chloroquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4- Ethyl [6-(2-mercaptoquinolin-3-yl)-4-methyl-2-ox0-1,2,3,4-

tetrahydropyrimidin-5-yl]acetate (4a of 2b&3b)

Yield 75%, pale yellow solid, mp(°C) 225-226, '"H NMR (DMSO d),
6 7.95 (d, 1H, Ar-H), 7.68 (d, 1H, Ar-H), 7.45 (d, 1H, Ar-H), 7.55 (d,
1H, Ar-H), 8.39 (d, 1H, Ar-H), 2.81 (s, 2H, CH2), 3.59 (s, 3H, CHj),
4.21 (g, 2H, CHy), 1.26 (t, 3H, CHs), 2.0 (s, 1H, NH), 3.41 (s, 1H,
CH); 2.1 (s, 1H, NH); m/z (%) [M]+ : [375]+ ;Elemental anlysis,
Found: C, 57.48; H, 4.75; N, 11.10. Calculated for C1gH13CIN3O.S:
C,57.52; H, 4.83; N, 11.18.

Methyl [6-(2-mercaptoquinolin-3-yl)-4-methyl-2-0x0-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4b of 2a&3a)

Yield 65%, pale yellow solid, mp(°C) 232-234, '"H NMR (DMSO d),
5 7.91 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H), 7.43 (d, 1H, Ar-H), 7.68 (d,
1H, Ar-H), 7.38 (d, 1H, Ar-H), 2.9 (s, 2H, CHy), 3.65 (s, 3H, CHs),
1.27 (t, 3H, CHs), 2.0 (s, 1H, NH), 3.41 (s, 1H, CH), 2.1 (s, 1H, NH),
11.1 (s, 1H, SH); m/z (%) [M]+ : [343]+ ;Elemental anlysis, Found:
C, 59.39; H, 4.88; N, 12.15. Calculated for C47H17N303S: C, 59.46;
H, 4.99; N, 12.24.

Methyl [6-(2-mercaptoquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4b of 2a&3b)

Yield 68%, pale yellow solid, mp(¢C) 218-220, 'H NMR (DMSO d),
5 7.98 (d, 1H, Ar-H), 7.61 (d, 1H, Ar-H), 7.38 (d, 1H, Ar-H), 7.71 (d,
1H, Ar-H), 7.35 (d, 1H, Ar-H), 2.7 (s, 2H, CH,), 3.6 (s, 3H, CHs),
1.21 (1, 3H, CHs), 2.1 (s, 1H, NH), 3.45 (s, 1H, CH), 2.2 (s, 1H, NH),
11.4 (s, 1H, SH); m/z (%) [M]+ : [359]+ ;Elemental anlysis, Found:
C, 56.85; H, 4.68; N, 11.59. Calculated for C17H17N30.S,: C, 56.80;
H, 4.77; N, 11.69.

Ethyl [6-(2-mercaptoquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl]Jacetate (4b of 2b&3b)

Yield 63%, pale yellow solid, mp(°C) 205-207, 'H NMR (DMSO d),
5 8.2 (d, 1H, Ar-H), 7.72 (d, 1H, Ar-H), 7.49 (d, 1H, Ar-H), 7.62 (d,
1H, Ar-H), 7.8(d, 1H, Ar-H), 2.75 (s, 2H, CH,), 3.51 (s, 3H, CHs),
4.18 (q, 2H, CH.), 1.23 (1, 3H, CHs), 2.3 (s, 1H, NH), 3.48 (s, 1H,
CH), 2.0 (s, 1H, NH), 11.3 (s, 1H, SH); m/z (%) [M]+ : [373]+
;Elemental anlysis, Found: C, 57.95; H, 5.05; N, 11.27. Calculated
for C13H19N302$2: C, 57.88; H, 5.13; N, 11.25.

tetrahydropyrimidin-5-yl]acetate (4b of 2b&3a)

Yield 61%, pale yellow solid, mp(°C) 213-214, "H NMR (DMSO d),
5 7.85 (d, 1H, Ar-H), 7.79 (d, 1H, Ar-H), 7.48 (d, 1H, Ar-H), 7.65 (d,
1H, Ar-H), 7.7 (d, 1H, Ar-H), 2.71 (s, 2H, CHy), 3.55 (s, 3H, CHs),
4.22 (q, 2H, CH.), 1.21 (t, 3H, CHs), 2.1 (s, 1H, NH), 3.35 (s, 1H,
CH), 2.2 (s, 1H, NH), 11.7 (s, 1H, SH); m/z (%) [M]+ : [357]+
;Elemental anlysis, Found: C, 60.39; H, 5.29; N, 11.81. Calculated
for C13H19N30381 C, 60.49; H, 5.36; N, 11.76.

Methyl [6-(2-selenoquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4c of 2a&3b)

Yield 58%, pale brown solid, mp(2C) 236-237, 'H NMR (DMSO d),
5 7.91 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H), 7.31 (d, 1H, Ar-H), 7.65 (d,
1H, Ar-H), 7.31 (d, 1H, Ar-H), 2.6 (s, 2H, CH,), 3.5 (s, 3H, CHs),
1.25 (t, 3H, CHs), 2.0 (s, 1H, NH), 3.45 (s, 1H, CH), 2.2 (s, 1H, NH),
11.5 (s, 1H, SH); m/z (%) [M]+ : [406]+ ;Elemental anlysis, Found:
C, 50.31; H, 4.15; N, 10.28. Calculated for Ci7H17N3O.SSe: C,
50.25; H, 4.22; N, 10.34.

Methyl [6-(2-selenoquinolin-3-yl)-4-methyl-2-ox0-1,2,3,4-
tetrahydropyrimidin-5-ylJacetate (4c of 2a&3a)

Yield 52%, pale brown solid, mp(°C) 245-247, 'H NMR (DMSO d),
5 7.91 (d, 1H, Ar-H), 7.59 (d, 1H, Ar-H), 7.31 (d, 1H, Ar-H), 7.75 (d,
1H, Ar-H), 7.31 (d, 1H, Ar-H), 2.75 (s, 2H, CH,), 3.5 (s, 3H, CHs),
1.26 (1, 3H, CHs), 2.1 (s, 1H, NH), 3.41 (s, 1H, CH), 2.0 (s, 1H, NH),
11.3 (s, 1H, SH); m/z (%) [M]+ : [390]+ ;Elemental anlysis, Found:
C, 52.25; H, 4.31; N, 10.70. Calculated for C17H17N3O3Se: C, 52.31;
H, 4.39; N, 10.77.

Ethyl [6-(2-selenoquinolin-3-yl)-4-methyl-2-o0x0-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4c of 2b&3a)

Yield 49%, pale brown solid, mp(2C) 262-265, 'H NMR (DMSO d),
5 8.05 (d, 1H, Ar-H), 7.75 (d, 1H, Ar-H), 7.41 (d, 1H, Ar-H), 7.69 (d,
1H, Ar-H), 7.78 (d, 1H, Ar-H), 2.72 (s, 2H, CH,), 3.6 (s, 3H, CHs),
4.3 (g, 2H, CHy), 1.26 (t, 3H, CHj3), 2.3 (s, 1H, NH), 3.38 (s, 1H,
CH), 2.2 (s, 1H, NH), 11.4 (s, 1H, SeH); m/z (%) [M]+ : [404]+
;Elemental anlysis, Found: C, 53.41; H, 4.81; N, 10.30. Calculated
for C13H19N303862 C, 53.47; H, 4.74; N, 10.39.
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Scheme 1. synthetic route for the synthesis of quinoline conjugated dihydropyrimidinones.

Ethyl [6-(2-selenoquinolin-3-yl)-4-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl]acetate (4c of 2b&3b)

Yield 51%, pale brown solid, mp(°C) 251-253, 'H NMR (DMSO d),
0 7.86 (d, 1H, Ar-H), 7.7 (d, 1H, Ar-H), 7.5 (d, 1H, Ar-H), 7.6 (d, 1H,
Ar-H), 7.4 (d, 1H, Ar-H), 2.75 (s, 2H, CH,), 3.7 (s, 3H, CH3), 4.41 (q,
2H, CHy), 1.21 (t, 3H, CH3), 2.2 (s, 1H, NH), 3.32 (s, 1H, CH), 2.1
(s, 1H, NH), 11.6 (s, 1H, SeH); m/z (%) [M]+ : [420]+ ;Elemental
anlysis, Found: C, C, 51.39; H, 4.51; N, 09.85. Calculated for
C18H19N30288e: C, 5143, H, 456, N, 10.00.

RESULTS AND DISCUSSION

Over recent years, semiconductor oxide nanoparticles
mediated catalytic reactions have attracted tremendous
interest throughout scientific communities due to their
higher efficiency, ease of handling, low cost, stability, and
recoverability of the reagent from water. In this paper, we
describe a general and practical route for the Biginelli
cyclocondensation reaction using TiO, nanoparticles as
the efficient photo-catalyst under microwave irradiation
technique. Two different sets of reaction conditions were
examined: (i) Traditional ethanol reflux; (i) Microwave
conditions. This is a novel, one-pot combination that not
only preserves the simplicity of Biginelli’'s one-pot
reaction but also consistently produces excellent yields of

the dihydropyrimidine-2(1H)-ones (Scheme 1). In a
typical general experimental procedure by using
traditional conditions, a solution of &-dicarbonyl

compound, an aldehyde, and urea in ethanol was heated
under reflux in the presence of a catalytic amount of TiO,
nanoparticles for a certain period of time required to
complete the reaction (TLC), resulting in the formation of
dihydropyrimidinone. The reaction mixture was then
poured into crushed ice, and the solid product separated
was filtered and recrystallized. To study the generality of
this process, times taken for the synthesis of
dihydropyrimidinones were studied and are summarized
in Table 1. Many of the pharmacologically relevant
substitution patterns on the aromatic ring could be

introduced with high efficiency. A variety of substituted
aromatic, aliphatic, and heterocyclic aldehydes carrying
either electron-donating or - withdrawing substituents
afforded high vyields of products in high purity. Acid
sensitive aldehydes such as furfural worked well without
the formation of any side products. Thiourea has been
used with similar success to provide the corresponding
dihydropyrimidine-(2H)-thiones, which are also of much
interest with regard to biological activity. Thus, variations
in all three components have been accommodated very
comfortably. However, under the present reaction
conditions  4-ketoaldehydes do not produce the
corresponding dihydropyrimidinones; instead they lead to
multiple products whose identities are yet to be
established.

Here, in continuation of our work (Prakash Naik et al.
2009; Prakash Naik et al. 2009; Prakash Naik et al. 2009)
the TiO, nanoparticles were prepared according to the
reported procedure, so just to check their size we went
for SEM and AFM images finally we found their size is
well below 100 nm (Figure 1). Use of just TiO,
nanoparticles in refluxing EtOH is sufficient to push the
reaction forward. Higher amounts of TiO, nanoparticles
improved the result to a greater extent.

The yields are, in general, very high regardless of the
structural variations in dicarbonyl compound, aldehyde,
or urea. The crude products obtained are of high purity
(>95% by H NMR). Another important aspect of this
procedure is survival of a variety of functional groups
such as NO,, Cl, OH, OCHj; and conjugated C = C double
bond under the reaction conditions. Presumably, the
reaction may proceed through the TiO, nanoparticles
catalyzed formation of an acyl imine intermediate or N-
alkylidene urea formed by reaction of the aldehyde with
urea, the key rate-determining step. Interception of the
iminium ion by ethyl acetoactate produces an openchain
ureide  which  subsequently cyclizes to the
dihydropyrimidinones. Because of the 4f empty orbital in
the titnium ion, a complex can be formed through a
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Scheme 2. Proposed reaction mechanism where R=quinoline.

coordinative bond and stabilized by titanium dioxide. So
we propose a mechanism similar to that of Kappe (Kappe
et al., 1998; Singh et al., 1999) for the Biginelli reaction
as in Scheme 2.

Conclusion

In conclusion, we developed novel pathway for the
synthesis of dihydropyrimidin-2(1H)-ones by nano TiO,
catalyzed, three-component condensation provides an
efficient and much improved modification of Biginelli’'s
reaction. Moreover, this method offers several
advantages including high yields, short reaction times,
and a simple work-up procedure.

R
CO,CHg
-H, | /I\Q-I
X NTIX
H
ACKNOWLEDGMENTS

One of the authors (H. R. P. Naik) thankful to Indian
Institute of Science, Bangalore, for the spectral data,
University of Mysore for elemental analysis facility and
SC/ST cell Kuvempu University for awarding Junior
Research Fellowship (JRF).

REFERENCES

Amii H, Kishikawa Y, Uneyama K (2001). Org. Lett. 3: 1109-1112.

Anastas P, Williamson T (2003). Green Chemistry, Frontiers in Benign
Chemical Synthesis and Procedures; Oxford Science Publications:
1998.

Balasubramanian M, Keay JG (1996). In ComprehensiVe Heterocyclic



Chemistry Il; Katritzky AR, Rees CW, Scriven EFV Eds. Pergamon
Press: Oxford, 1996; Vol. 5: 245-300.

Basavaiah BD, Reddy RJ, Rao JS (2006). Tetrahedron Lett., 47: 73-77.

Catoen-Chackal S, Facompre M, Houssin R, Pommery N, Goossens
JF, Colson P, Bailly C, Henichart JP (2004). J. Med. Chem., 47:
3665-3673.

Cave GWYV, Raston CL, Scott JL (2001). Chem. Commun. 2159-2169.

Chen J, Deady LW, Desneves J, Kaye AJ, Finlay GJ, Baguley BC,
Denny WA (2000). Bioorg. Med. Chem., 8: 2461-2466.

Chen YJ, Fang KC, Sheu JY, Hsu SL, Tzeng CC (2001). J. Med.
Chem., 44: 2374-2377.

Chen YL, Chen IL, Lu CM, Tzeng CC, Tsao LT, Wang JP (2004).
Bioorg. Med. Chem., 12: 387-392.

Deady LW, Desneves J, Kaye AJ, Finlay GJ, Baguley BC, Denny WA
(2001). Bioorg. Med. Chem. 9: 445-452.

Deady LW, Desneves J, Kaye AJ, Finlay GJ, Baguley BC, Denny
WA(2000). Bioorg. Med. Chem. 8: 977-984.

Deady LW, Kaye AJ, Finlay GJ, Baguley BC, Denny WA (1997). J. Med.
Chem. 40: 2040—2046.

Du W, Curran DP (2003). Org. Lett., 5: 1765-1768.

Evans D, Cracknell ME, Saunders JC, Smith CE, Wiliamson WRN,
Dawson W, Sweatman WJF(1987). J. Med. Chem. 30: 1321-1327.
Fendler JH (1998). Nanoparticles and Nanostructured Films:
Preparation, Characterization and Applications”, John Wiley & Son

Ltd.

Fox MA (2001). in: Electron Transfer in Chemistry, Vol. 1, ed. V. Balzani
(Wiley-VCH, 2001) ch. 8.

Gilchrist TL (1997). Heterocyclic Chemistry, 3rd ed.; Adison-Wesley
Longman: Essex; pp 158-164.

Hagfeldt A, Gratzel M (1995). Chem. Rev. 95: 49-58.

Hara M, Mallouk TE (2000). Chem. Commun. 1903-1908.

Ishkawa T, Manabe S, Aikawa T, Kudo T, Saito S (2004). Org. Lett. 6:
2361-2364.

Jakob M, Levanon H, Kamat PV (2003). Nano Lett. 3: 353-356.

Jiang B, Yui-Gui S (2002). J. Org. Chem. 67: 9449-9451.

Jones G (1984). In ComprehensiVe Heterocyclic Chemistry; Katritzky
AR, Rees AR, Eds.; Pergamon: Oxford, 1984; Vol. 2, p 395.

Jones G (1996). In ComprehensiVe Heterocyclic Chemistry 1l; Katritzky
AR, Rees CW, Scriven EFV, Eds.; Pergamon Press: Oxford, Vol.
5:167-243.

Kappe CO, Falsone SF (1998). Synlett, 718-721.

Kisch H, Hopfner M (2001). in: Electron Transfer in Chemistry, Vol.4,
ed. V. Balzani (Wiley-VCH, 2001) ch.6.

Kobayashi K, Yoneda K, Miyamoto K, Morikawa O, Konishi H (2004).
Tetrahedron, 60: 11639—-11645.

Kouznetsov VV, Vargaz Mendez LY, Melendez Gomez CM (2005).
Curr. Org. Chem., 9: 141-161.

Mahata PK, Venkatesh C, Syam Kumar UK, lla H, Junjappa H (2003).
J. Org. Chem. 68: 3966-3975.

Maldotti A, Molinari A, Amadelli R (2002). Chem. Rev. 102: 3811-3815.

Mills A, LeHunte S (1997). J. Photochem. Photobiol. A. 108: 1-7.

Normand-Bayle M, Benard C, Zouhiri F, Mouscadet JF, Leh H, Thomas
CM, Mbemba G, Desmaele D, Angelo D (2005). J. Bioorg. Med.
Chem. Lett. 15: 4019-4022.

Nozik A (1978). J. Ann. Rev. Phys. Chem. 29: 189-195.

Palimkar SS, Siddiqui SA, Daniel T, Lahoti RJ, Srinivasan KV (2003). J.
Org. Chem. 68: 9371-9378.

Patteux C, Levacher V, Dupas G (2003). Org. Lett., 5: 3061-3063.

Prakash Naik HR, Bhojya Naik HS, Ravikumar Naik TR Aravinda
T, Lamani DS (2009). Phosphorus, Sulfur, and Silicon and the
Related Elements. 184(8): 2109 -2114.

Naik et al. 207

Prakash Naik HR, Bhojya Naik HS, Ravikumar Naik TR, Bindu PJ, Raja
Naik H, Aravinda T, Lamani DS (2009). Medicinal Chemistry. 5(2):
148-157.

Prakash Naik HR, Bhojya Naik HS, Ravikumar Naik TR, Raghavendra
M, Aravinda T, Lamani DS (2009). Phosphorus, Sulfur, and Silicon
and the Related Elements.184(2): 460-470.

Rajh T, Makarova OV, Thurnauer MC (2003). Surface modification of
TiO2: a route for efficient semiconductor assisted photocatalysis, in:
M.-l.  Barton (Ed.), Synthesis, Functionalization and Surface
Treatment of Nanoparticles, ASP, Stevenson Ranch, CA, p. 147.

Robertson PKJ (1996). J. Cleaner Prod. 4: 203-208.

Ryabukhin SV, Plaskon AS, Volochnyuk DM, Tolmachev AA (2007). For
the synthesis of 3-(2-hydroxybenzoyl)quinoline. Synthesis, 1861—
1871.

Sangu K, Fuchibe K, Akiyama T (2004). Org. Lett., 6: 353-355.

Sheldon RA (1997). Chem. Ind. 12: 1023-1026.

Singh G, Singh L, Ishar MPS (2002). Tetrahedron, 58: 7883—-7890.

Singh G, Singh R, Girdhar NK, Ishar MPS (2002). Tetrahedron 58:
2471-2480. Harrowven DC, Sutton BJ, Coulton S (2001).
Tetrahedron Lett. 42: 2907-2910. Ishar MPS, Kumar K, Singh R
(1998). Tetrahedron Lett. 39: 6547-6550.

Singh K, Singh J, Deb PK, Singh H (1999). Tetrahedron, 55: 12873-
12876.

Vazquez MT, Romero M, Pujol MD (2004). Bioorg. Med. Chem., 12:
949-956.

Wang J, Fan X, Zhang X, Han L (2004). Can. J. Chem. 82: 1192—-1196.

Whitesitt CA, Simon RL, Reel JK, Sigmund SK, Phillips ML, Shadle JK,
Heinz LJ, Koppel GA, Hunden DC, Lifer SL, Berry D, Ray J, Little SP,
Liu X, Marshall WS, Panetta JA (1996). Bioorg. Med. Chem. Lett. 6:
2157-2162.

Yoon K, Ha SM, Kim K (2005). For recent syntheses of 3-
benzoylquinoline derivatives, J. Org. Chem. 70: 5741-5744.



