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A series of novel 1,5-benzothiazepine[7,6-b]-1,8-naphthyridines 3a–j were synthesized by reaction of
substituted 2-amino-thiophenol with different substituted 2-chloro-3-formyl-1,8-naphthyridines 1a–d
under microwave irradiation and solvent-free condition is described. A judicious choice of the reaction
conditions under microwave allowed the final products 3a–j in excellent one-step procedure, whereas
experiments under thermal conditions led to 3a–j in lower yields with tedious work-up. The new
compounds have been characterized with the assistance of elemental analyses, IR, 1H NMR and mass
spectral studies.

Keywords: Microwave irradiation; 1,5-Benzothiazepine[7,6-b]-1,8-naphthyridine; 2-Amino-thiophenol

1. Introduction

The immense chemotherapeutic applications of 1,5-benzothiazepines especially that of
diltiazem in the treatment of ailments of the cardiovascular system and a number of bio-
logical activities have been associated with it, such as inhibitors of antihypertensive [1–3],
antiasthemic [4], analgesic [5], coronary vasodilation [6], cardiovascular [7] and platelate
aggregation inhibitor [8]. Recently, Ahmed [9] patented 1,5-benzothiazepine derivatives as
potential anticancer drugs.

In addition, 1,5-benzothiazepines are used as starting materials for the preparation
of fused heterocyclic rings[10]. Despite their importance from a pharmacological and
synthetic point of view, few methods have been reported for the preparation of 1,5-
benzothiazepines by the reaction of 2-aminothiophenol with α,β-unsaturated ketones [11],
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ω-bromoacetophenones, aromatic aldehydes [12] and by the reaction of α,β-unsaturated
ketones with bis(2-nitrophenyl)disulfide use of TiCl4/Sm catalyst [13].

There are few reports on the use of inorganic solid supports such as alumina, silica gel
and clay as catalysts for the synthesis of 1,5-benzothiazepines under solvent-free condi-
tion. Recently, Danidia [14] reported a solvent-free synthesis of 1,5-benzothiazepines in the
presence of a solid support under microwave irradiation [15–20].

Further, naphthyridines continue to be of great interest due to a wide range of biological
activities, being widely used for the diagnosis and chemotherapy of infectious diseases includ-
ing AIDS. Some of new 1,8-naphthyridines are recently been patented as growth regulators,
fungicides, bactericides, herbicides, insecticides and nemathocides [21–24].

Microwave-assisted reactions are becoming popular for organic chemists [25] and have
recently been reviewed [26]. More interest has been focused on dry media synthesis under
microwave (MW) irradiation and especially by carrying out the experiments with supported
reagents on mineral oxides [27]. This technology provides a promising alternative to envi-
ronmentally unacceptable thermal procedures, which are usually time consuming, unsafe and
cause solvent emission leading to pollution and waste disposal problems. In many cases, the use
of solvent-free methodology or supported reagents under microwaves allows the preparation
of products not accessible by the classical heating method.

Hence, an attempt towards a non-traditional approach to the experimental set up of organic
reactions, and keeping in mind the biological importance of 1,5-benzothiazepines, our interest
in devising solvent-free procedure in the synthesis of sulfur containing novel heterocycles

SCHEME 1
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and their association with microwave activation [28–31], we describe herein, simple, enviro-
friendly method for the synthesis of 1,5-benzothiazepine[7,6-b]-1,8-naphthyridine; 2-amino-
thiophenol (3a–j) compounds using crystalline Bi(NO3)3.5H2O catalyst (scheme 1).

2. Results and discussion

The preparation of compounds 3a–j were accomplished by the reaction sequence shown in
scheme 1.

The Mannich condensation of substituted 1,8-naphthyridines [32] and substituted
2-aminothiophenol in presence of using crystalline Bi(NO3)3. 5H2O catalyst offered
1,5-benzothiazepine[7,6-b]-1,8-naphthyridines in good to excellent yields under MW irra-
diation. Molecules containing sulfur are known to exhibit various pharmacological activities.
We tried to introduce sulfur atom by chlorine from C2 of 1,8-naphthyridines with a SH group.
The reaction proceeds through the condensation of amino group with aldehydic group of 1,8-
naphthyridines, it is the sulfur atom that reacts with the carbon next to the chlorine at C2 of
1,8-naphthyridines, which resulted in the title compounds 3a–j.

For comparison, the reaction was also carried out in presence of different solid support
including silica gel, acidic alumina, basic alumina, neutral alumina and molecular sieves
(5A◦) (table 1).

The reaction has also been carried out without adding any support under neat condition,
which could be expected to be the most economical method. But unfortunately lower yields
were obtained. From the results, it is obvious that Bi(NO3)3. 5H2O is the most effective solid
for the synthesis of 1,5-benzothiazepine[7,6-b]-1,8-naphthyridines (3a–j), where as acidic
alumina, basic alumina, neutral alumina, molecular sieves (5A◦) were ineffective in giving
products in good yields.

Finally, in order to check the possible intervention of specific (non-thermal) MW effects,
the reaction was performed also under thermal conditions in the presence of a solvent. It was
observed that, the yields were significantly lower than those obtained using the MW method
(experimental section). The synthesized compounds were characterized by elemental analysis,
IR and 1H NMR spectroscopy and mass spectrometry.

The IR spectra of the products 3a–j did not reveal the presence of primary amino group in the
region 3218 cm−1. On the other hand, the absorption bands were observed in the region 1596–
1663 cm−1 for (C=N). The N-H bending vibrations were observed as a sharp medium to strong
band at 1500–1558 cm−1 in compounds 3a–j. The C-S-C linkage of the seven membered ring
caused a weak and sharp absorption band at 685–748 cm−1 in all the compounds confirming
the formation of 3a–j.

Table 1. Yield of 1,5-benzothiazepine[7,6-b]-1,8-naphthyridines in the
presence of various supports.

Catalyst in mol (%) Yield (%)

Bi(NO3)3. 5H2O (20) 78
Silica gel (30) 56
Acidic alumina (30) 25
Basic alumina (35) 5
Neutral alumina (40) 18
Molecular sieves (5 A◦) (45) 27
None 20
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The 1H NMR spectra showed a singlet at δ 8.53 ppm due to NH of benzothiazepine. A
multiplet due to aromatic protons appeared at δ 7.30–8.05 ppm. Absence of NH2 protons also
confirmed the formation of 3a–j. A proton of the methoxy group was observed at δ 4.02 ppm.
The methyl protons, whenever present, were observed at their usual position (δ 2.26–2.33 ppm)
as a singlet. The structures of compounds 3a–j were further confirmed by their mass spectrum,
as an example compound 3a exhibit the molecular ion peak [M+] at m/z 265.

3. Experimental section

Melting points were determined in an open capillary tube and uncorrected. Elemental anal-
yses were carried out using Perkin-Elmer 240C CHN-analyser. IR spectra were recorded
on FT-IR spectrophotometer. 1H-NMR spectra were run on a NMR spectrometer (chemical
shifts in δ ppm). Mass spectra were recorded on a LC MS mass spectrometer. The purity of
the compounds was checked by thin layer chromatography (TLC).

3.1 General MW procedure for the synthesis of 1,5-benzothiazepine
[7,6-b]-1,8-naphthyridines (3a–f )

The substituted 1,8-naphthyridine 2a (1.91 g, 1 mmol), 2-aminothiophenol (1.25 g, 1 mmol)
were transformed into a 100 mL beaker, and 20 mol% Bi(NO3)3. 5H2O were mixed thoroughly
with a glass rod; the color changes to yellow. Then the contents were irradiated in a MW oven
for about 8–9 min at an interval of 1 min at 160 W. The completion of reaction was monitored
by TLC. Once complete, the mixtures were cooled, treated with (50 mL) water and ethyl
acetate (25 mL). The organic layer was separated from the aqueous one and organic phase
was washed with saturated solution of sodium bicarbonate (2 × 20 mL) and water, dried over
anhydrous Na2SO4,filtered. The filtrates were concentrated to yield a yellow colour product.
It was recrystalised from MeOH to give pure 3 as a yellow solid. The same procedure was
used for the synthesis of 3b–j. The physico-chemical data for the synthesized compounds are
as shown below.

3.2 Conventional method

To a mixture of substituted, 18-naphthyridine 2a (1.91 g, 1 mmol), 2-aminothiophenol (1.25 g,
1 mmol) and 20 mol% Bi(NO3)3. 5H2O and 30 mL methanol were taken in 100 mL round
bottom flask, kept reflux for about 10–12 h after the completion of the reaction confirmed by
TLC, reaction mixture was concentrated then poured into ice cold water (50 mL) and ethyl
acetate (25 mL). The organic layer was separated from the aqueous one and organic phase
was washed with saturated solution of sodium bicarbonate (2 × 20 mL) and water, dried over
anhydrous Na2SO4 and filtered. The filtrates were concentrated to yield a yellow color product.
It was recrystalized from MeOH to give pure 3 as an yellow solid. The same procedure was
used for the synthesis of 3b–j.

3.3 Physical and spectral data of the products

3.3.1 1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3a). Solid. Yellow 78%. Time;
8 min (MW), 10 h (CM), mp: 240–242 ◦C. FT-IR (KBr): 1608 (C=N) cm−1. 1H NMR (DMSO-
d6, 300 MHz): δ (ppm) = 7.32 (d, 1H, J = 8.0), 7.35 (d, 1H, J = 8.0), 7.37 (d, 1H, J = 8.0),
7.40 (d, 1H, J = 8.0), 7.48 (d, 1H, J = 8.0), 7.55 (d, 1H, J = 8.5), 7.58 (d, 1H, J = 8.5),
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7.64 (d, 1H, J = 8.5), 7.78 (d, 1H, J = 8.6). Mass, m/z (relative intensity): 263 (M+). Calcd.
(%) for C15H9N3S: C; 68.42, H; 3.45, N; 15.96, S; 12.18. Found: C; 68.41, H; 3.43, N; 15.94,
S; 12.15.

3.3.2 12-Methyl-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3b). Solid. Yellow
78%. Time; 8 min (MW), 10 h (CM), mp: 228–231 ◦C. FT-IR (KBr): 1615 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 2.36 (s, 3H, CH3), 7.23 (d, 1H, J = 8.0), 7.27
(d, 1H, J = 8.0), 7.35 (d, 1H, J = 8.0), 7.45 (d, 1H, J = 8.0), 7.61 (d, 1H, J = 8.5), 7.67
(d, 1H, J = 8.5), 7.72 (d, 1H, J = 8.6), 7.89 (d, 1H, J = 8.6). Mass, m/z (relative intensity):
277 (M+). Calcd. (%) for C16H11N3S: C; 69.29, H; 4.00, N; 15.15, S; 11.56. Found: C; 69.26,
H; 3.98, N; 15.14, S; 11.52.

3.3.3 12-Methoxy-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3c). Solid. Yellow
76%. Time; 8 min (MW), 11 h (CM), mp: 254–256 ◦C. FT-IR (KBr): 1605 (C=N) cm−1. 1H
NMR (DMSO-d6, 300 MHz): δ (ppm) = 4.02 (s, 3H, OCH3), 7.33 (d, 1H, J = 8.0), 7.36
(d, 1H, J = 8.0), 7.58 (d, 1H, J = 8.5), 7.61 (d, 1H, J = 8.5), 7.65 (d, 1H, J = 8.5), 7.68
(d, 1H, J = 8.5), 7.73 (d, 1H, J = 8.6), 7.91 (d, 1H, J = 8.6). Mass, m/z (relative intensity):
291 (M+). Calcd. (%) for C16H11N3OS: C; 65.51, H; 3.78, N; 14.32, S; 10.93. Found: C;
65.52, H; 3.75, N; 14.30, S; 10.90.

3.3.4 13-Methyl-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3d). Solid. Yellow
75%. Time; 9 min (MW), 12 h (CM), mp: 226–227 ◦C. FT-IR (KBr): 1630 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 2.30 (s, 3H, CH3), 7.19 (d, 1H, J = 8.0), 7.25
(d, 1H, J = 8.0), 7.38 (d, 1H, J = 8.5), 7.46 (d, 1H, J = 8.5), 7.55 (d, 1H, J = 8.5), 7.61
(d, 1H, J = 8.5), 7.68 (d, 1H, J = 8.6), 7.75 (d, 1H, J = 8.6). Mass, m/z (relative intensity):
277 (M+). Calcd. (%) for C16H11N3S: C; 69.29, H; 4.00, N; 15.15, S; 11.56. Found: C; 69.28,
H; 4.01, N; 15.12, S; 11.52.

3.3.5 12-Chloro-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3e). Solid. Yellow
76%. Time; 8 min (MW), 11 h (CM), mp: 253–256 ◦C. FT-IR (KBr): 1645 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 7.24 (d, 1H, J = 8.0), 7.29 (d, 1H, J = 8.0),
7.47 (d, 1H, J = 8.5), 7.56 (d, 1H, J = 8.5), 7.59 (d, 1H, J = 8.5), 7.65 (d, 1H, J = 8.5),
7.70 (d, 1H, J = 8.6), 7.78 (d, 1H, J = 8.6). Mass, m/z (relative intensity): 297 (M+). Calcd.
(%) for C15H8ClN3S: C; 60.50, H; 2.71, N; 14.11, S; 10.77. Found: C; 60.48, H; 2.73, N;
14.08, S; 10.75.

3.3.6 6-Methyl-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3f). Solid. Yellow
75%. Time; 8 min (MW), 10 h (CM), mp: 226–229 ◦C. FT-IR (KBr): 1659 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 2.28 (s, 3H, CH3), 7.30 (d, 1H, J = 8.0), 7.37
(d, 1H, J = 8.0), 7.49 (d, 1H, J = 8.5), 7.56 (d, 1H, J = 8.5), 7.63 (d, 1H, J = 8.5), 7.72
(d, 1H, J = 8.5), 7.79 (d, 1H, J = 8.6), 7.94 (d, 1H, J = 8.6). Mass, m/z (relative intensity):
277 (M+). Calcd. (%) for C16H11N3S: C; 69.29, H; 4.00, N; 15.15, S; 11.56. Found: C; 69.27,
H; 3.97, N; 15.12, S; 11.52.

3.3.7 8-Methyl-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3g). Solid. Yellow
77%. Time; 9 min (MW), 11 h (CM), mp: 228–230 ◦C. FT-IR (KBr): 1647 (C=N) cm−1.
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1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 2.33 (s, 3H, CH3), 7.26 (d, 1H, J = 8.0), 7.35
(d, 1H, J = 8.0), 7.54 (d, 1H, J = 8.5), 7.60 (d, 1H, J = 8.5), 7.68 (d, 1H, J = 8.5), 7.72
(d, 1H, J = 8.5), 7.76 (d, 1H, J = 8.6), 7.88 (d, 1H, J = 8.6). Mass, m/z (relative intensity):
277 (M+). Calcd. (%) for C16H11N3S: C; 69.29, H; 4.00, N; 15.15, S; 11.56. Found: C; 69.26,
H; 4.02, N; 15.13, S; 11.54.

3.3.8 6,12-Dimethyl-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3h). Solid. Yel-
low 74%. Time; 9 min (MW), 12 h (CM), mp: 231–234 ◦C. FT-IR (KBr): 1663 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 2.26 (s, 3H, CH3), 2.43 (s, 3H, CH3), 7.34 (d, 1H,
J = 8.0), 7.47 (d, 1H, J = 8.5), 7.55 (d, 1H, J = 8.5), 7.67 (d, 1H, J = 8.5), 7.70 (d, 1H,
J = 8.5), 7.74 (d, 1H, J = 8.6), 7.82 (d, 1H, J = 8.6). Mass, m/z (relative intensity): 291
(M+). Calcd. (%) for C17H13N3S: C; 70.08, H; 4.50, N; 14.42, S; 11.01. Found: C; 70.05, H;
4.52, N; 14.40, S; 10.98.

3.3.9 6-Chloro-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3i). Solid. Yellow
70%. Time; 9 min (MW), 12 h (CM), mp: 256–258 ◦C. FT-IR (KBr): 1596 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 7.20 (d, 1H, J = 8.0), 7.35 (d, 1H, J = 8.0),
7.47 (d, 1H, J = 8.5), 7.52 (d, 1H, J = 8.5), 7.66 (d, 1H, J = 8.5), 7.74 (d, 1H, J = 8.5),
7.78 (d, 1H, J = 8.6), 7.94 (d, 1H, J = 8.6). Mass, m/z (relative intensity): 297 (M+). Calcd.
(%) for C15H8ClN3S: C; 60.50, H; 2.71, N; 14.11, S; 10.77. Found: C; 60.48, H; 2.70, N;
14.13, S; 10.78.

3.3.10 8-Chloro-1,5-benzothiazepine [7,6-b]-1,8-naphthyridines (3j). Solid. Yellow
72%. Time; 8 min (MW), 10 h (CM), mp: 263–265 ◦C. FT-IR (KBr): 1580 (C=N) cm−1.
1H NMR (DMSO-d6, 300 MHz): δ (ppm) = 7.27 (d, 1H, J = 8.0), 7.32 (d, 1H, J = 8.0),
7.54 (d, 1H, J = 8.5), 7.67 (d, 1H, J = 8.5), 7.71 (d, 1H, J = 8.5), 7.78 (d, 1H, J = 8.5),
7.82 (d, 1H, J = 8.6), 7.96 (d, 1H, J = 8.6). Mass, m/z (relative intensity): 297 (M+.). Calcd.
(%) for C15H8ClN3S: C; 60.50, H; 2.71, N; 14.11, S; 10.77. Found: C; 60.49, H; 2.67, N; 14.08,
S; 10.75.

4. Conclusion

In conclusion, we have developed a simple, practical and very region-selective method for the
synthesis of 1,5-benzothiazepine[7,6-b]-1,8-naphthyridines derivatives using the inexpensive,
oxygen and moisture-tolerant, and easily available Bi(NO3)3. 5H2O catalyst. The reaction
offers several advantages including high yields of the products and it makes the present method
as a useful addition to the present methodologies.

Acknowledgements

One of the author (T. R. Ravikumar Naik) is thankful to UGC, New Delhi, for awarding
Rajiv Gandhi Research Fellowship and SIFC, IISc, Bangalore for 1H NMR and mass spectral
studies.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Synthesis of novel 1,5-benzothiazepine[7,6-b]-1,8-naphthyridines under microwave irradiation 595

References
[1] M. Takeda, A. Oishi, H. Nakajima, T. Nagao. (Tanabe Seiyaku Co. Ltd.) Jpn. Kokai Tokyo Koho JP. 61, 103, 828

(1986), [86, 103 828] (Cl A61 K31/55), 1986, Appl. 84/225, 030, 1984; Chem. Abstr., 105, 183965 (1986).
[2] H.A. Salim, R. Abdul, S. Mohamed, G. M. Dahab. J. Appl. Toxicol., 13(2), 85 (1993); Chem. Abstr., 118, 204993

(1993).
[3] A. Lochead, J.C. Muller, C. Hoornaert, C. Denys. Eur. Pat. Appl., EP320, 362 (ClA61 K31/55) 14 Jun (1989),

FR Appl 87/17, 044, 08 Dec (1987) pp. 13; Chem Abstr., 112, 172330 (1990).
[4] H. Ben, S. Ruben, S. Melissa, M. Kenneth. Life Sci., 51(26), 2049 (1992); Chem. Abstr., 118, 52185 (1993).
[5] H.F. Miranda, T. Pelissier, F. Sierralta. Gen. Pharmacol., 24(1), 201 (1993); Chem. Abstr., 118, 22558 (1993).
[6] K. Weiss, P. Fitscha, A. Gazso, D. Gludovacz, H. Sinzinger. Prog. Clin. Biol. Res., 301, 353 (1989); Chem.

Abstr., 111, 70642 (1989).
[7] Y. Hiroki, F. Koichi, S.Yasuo, K. Takuro, K. Hiroyuki, N. Hiroshi. Eur. Pat. Appl., EP 353, 032 (ClCO7D281/10),

31 Jan (1990), JP Appl. 88/185, 097, 25 Jul (1988) pp. 67; Chem. Abstr., 114, 122434 (1991).
[8] N.K. Ahmed. Can. Pat. Appl., CA 2,030, 159 (Cl. A61k31/55) 23 May (1991); US Appl. 441, 083, 22 Nov.

(1989) pp. 43.
[9] N.K. Ahmed. Eur. Pat. Appl., EP430, 036 (ClA61k31/55), 05 Jun (1991); US Appl. 440, 121, 22 Nov (1989);

7pp; Chem. Abstr., 116, 717 (1992).
[10] G. Torrini, G.P. Zeechini, M.P. Paradisi. Heterocycles., 27(2), 401 (1988).
[11] A. Levai, R. Bognar. Acta Chim. Acad. Sci. Hung., 88, 293 (1976).
[12] D.M. Rao, T. Giridhar, R.B. Reddy, G.V.P.C. Mouli. Indian J. Heterocycl. Chem., 5, 145 (1995).
[13] W. Zhong, X. Chen, Y. Zhang. Synth. Commun., 30, 4451 (2000).
[14] A. Dandia, M. Sati, A. Loupy. Green Chem., 4, 599 (2002).
[15] R. Kumar, D. Kumar, A.K. Chakraborti. Synthesis, 299 (2007).
[16] G.L. Khatik, G. Sharma, R. Kumar, A.K. Chakraborti. Tetrahedron, 63, 1200 (2007).
[17] S. Rudrawar, R.C. Besara, A.K. Chakraborti. Synthesis, 2767 (2006).
[18] A.K. Chakraborti, S.V. Chankeshwara. Org. Biomol. Chem., 4, 2769 (2006).
[19] A.K. Chakraborti, R. Gulhane. Tetrahedron Lett., 44, 3521 (2003).
[20] A.K. Chakraborti, R. Gulhane. J. Chem. Soc. Chem. Commun., 1896 (2003).
[21] G. Roma, M.D. Braccio, G. Grossi, F. Mattioli, M. Ghia. Eur. J. Med. Chem., 35, 1021 (2000).
[22] M. Badawneh, P.L. Ferrarini, V. Calderone, C. Manera, E. Martinotti, C. Mori, G. Saccomanni, L. Testai. J. Med.

Chem., 36, 925 (2001).
[23] J.T. Leonard, R. Gangadhar, S.K. Sridhar. Biol Pharm Bull., 25, 798 (2002).
[24] A.S. Noravyan, E.G. Paronikyan, S.A. Vartanyan. Khim-Farm. Zh., 19, 790 (1985).
[25] A.R. Katritzky, C. Cai, K. Suzuki, S.K. Singh. J. Org. Chem., 69, 811 (2004).
[26] B.A. Roberts, C.R. Strauss. Acc. Chem. Res., 38, 653 (2005).
[27] B. Boruah, J. Boruah, D. Prajapati, J.C. Sandhu, A.C. Gosh. Tetrahedron Lett., 37, 4203 (1996).
[28] T.R. Ravikumar Naik, H.S. Bhojya Naik, M. Raghavendra, S.R. Gopala krishna Naik, ARKIVOC., xv, 84 (2006).
[29] M. Raghavendra, T.R. Ravikumar Naik, H.S. Bhojya Naik, B.S. Sherigara. J. Sulfur Chem., 28, 165 (2007).
[30] M. Raghavendra, H.S. Bhojya Naik, B.S. Sherigara. J. Sulfur Chem., 27, 347 (2006).
[31] B.P. Nandeshwarappa, D.B.Aruna Kumar, H.S. Bhojya Naik, K.M. Mahadevan. J. Sulfur Chem., 26, 373 (2005).
[32] T.R. Ravikumar Naik, H.S. Bhojya Naik, S.R. Gopala Krishna Naik. J. Sulfur Chem., 28, 393 (2007).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


