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SOLVENT-FREE SYNTHESIS OF SPIR0[3H-INDOLE-3,2'-THIAZOLIDINEs] 

Submitted by 
(07/23/02) 

Anshu Dandia*, Ruby Singh and Kapil Arya 

Department of Chemistry, University of Rajasthun 
Jaipur-302004, INDIA 

Thiazolidinones14 and spir~[indole-thiazoliidines]~-~ have attracted considerable atten- 
tion because of their wide biological and pharmacological activities. The spiro[indole-thiazolidi- 
none] system has been synthesized earlier by a two-step procedure in 40-60% yield using isatin- 
3-imines as key intermediates, themselves obtained h m  substituted isatins and aromatic amines. 
The classical method involves either the azeotropic removal of water9Jo or reaction in presence 
of dehydrating agent" and use of large amounts of solvents at elevated temperature for several 
hours. Further, the products generally have to be purified by crystallization or column chro- 
matography. Solvent-free methods are of interest because of their high efficiency and selectivity, 
the easy separation and purification of products, the mild reaction conditions and environmental 
acceptability.'* The potential of microwave activation coupled with dry reaction techniques is 
established techn~logy.'~ 

In continuation of our earlier interest,14 we now describe a solvent-free one-pot 
synthesis of some new spiro derivatives (4a-m) incorporating three heterocyclic moieties on 
preparative scale in few minutes (5-8 min) in an open vessel under microwave irradiation using 
unmodified domestic microwave oven. This method is of general applicability. Further, 
indolylimines (2) also represent a novel class of anti-HIV agents which appear to act by 

R 

2 4 1 

AP= 6-CBT = 

Ph (6-Chlorobenzothiazoy l) 
(Antipyryl) 

2a) Ar = AP, X = H; 2b) Ar = AP, X = CH3; 2c) Ar = AP, X = 5,7-diCH3; 2d) Ar = AP, X = 5-CI; 
2e) Ar = 6-CBT, X = H; 2f) Ar = 2-pyridyl, X = 5,7-diCH3; 2g) Ar = 3-FC6H4, X = 5,7-diCH3; 
2h) Ar = 4-FC&, X = 5,7-diCH3; 2i) Ar = 3-CF3,4-C1C&, X = 5,7-diCH3; 2j) Ar = 4-cIc6i&, X = 
5,7-diCH3; 4a) Ar = AP, X = H, R = H; 4b) Ar = AP, X = 5-CH3.R = H; 4c) Ar = AP, X = 5-CH3, R = 
CH3; 4d) Ar = AP, X = 5-C1, R = H; k)  Ar = AP, X = 5-C1. R = CH3; 4f) Ar = AP, X = 5.7-diCH3, R 
= H; 4g) Ar = AP, X = 5,7-diCH3, R = CH3; 4h) Ar = 6-CBT. X = H, R = H 4i) Ar =2-Pyridyl, X = 
5,7-diCH3, R = H; 4j) Ar = 3-Fc6H4, X = 5.7-diCH3, R = H; 4k) Ar = 4-FCA. X = 5,7-diCH3, R = H; 
41) Ar = 3-CF3,4-CIC&3, X = 5.7-diCH3, R = H; 4m) 4-C1C&, X = 5.7-diCH3, R = H 
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inhibiting virus-dependent cell fusion.I5 They also exhibit other diverse biological a~tivities.'~.'' 
The incorporation of fluorine enhances the biological activity by increasing solubility in lipoid 
material and fat deposits in the body.18 Treatment of these imines with thioacids (3) yielded spiro 
compounds (4a-m) using inorganic solid supports such as montmorillonite KSF, alumina (acidic, 
neutral, basic) or silica gel. The montmorillonite KSF is the best solid support, giving the best 
yields (92-97%) in the shortest time and with easiest work-up. The reaction was also carried out 
without adding any support (neat reaction). Although the reaction proceeded efficiently (100% 
conversion, indicated by TLC), the yield of isolated products were lower (70-83%) due to 
tedious work-up procedure which requires first trituration with petroleum ether followed by crys- 

tallization from methanol. Finally, to check the possible intervention of specific (non-thermal) 
microwave effects on reactivity, the reaction of compound 4a canied out using a pre-heated oil- 
bath for the same duration and at the same final temperature (135°C) as measured at the end of 
exposure during the microwave experiment, gave only traces of products (8%), detected by TLC. 
Lower yield (58%) was obtained under conventional heating, even after one hour. 

The structure of the products (2a-j) and (4a-m) was established by mixture mps and 
spectral studies (Tables 1-3). The IR spectra of intermediates (2a-j) show characteristic absorp- 
tion bands at 3350-3320 (N-H), 2960-2850 (C-H), 1620-1610 (C=N) and 1730-1720 (C=O) cm- 
I ,  while the compounds 2a-d show a additional C=O absorption band at 1660-1650 cm-I. The 
formation of spiro thiazolidinones (4h-m) was confi ied by the appearance of two carbonyl 
absorption bands at 1735-1725 and 1705-1700 cm-', while 4a-g show three C=O absorption 
bands at 1735-1725, 1705-1700 and 1660-1650 cm-I. The spiro compounds (4c, 4e, 4g where R 
= CH,) contain two chiral centers, hence exist in two diastereomeric forms, which was c o n f i e d  
by appearance of two sets of signals in 'H NMR due to CHCH3, CHCH, and N€J protons; e. g. 

the compound 4c exhibits two sets of doublet (J = 4.5 Hz) due to CH-CH, at 6 1.67h.97, quartet 
(J = 4.5 Hz) due CHCH, at 6 4.69/4.35 and a broad singlet at 9.1 U9.49 in 75%/25% corre- 
sponding to two diastereomeric forms 4c and 4c'. The positions of the other signals are given in 
Table 3. However, the complex multiplets of aromatic and other methyl protons of the two 
diastereomers could not be resolved. The mass spectrum of 2a shows molecular ion peak at m/z 

332 (100%) along with other fragments at 304 (28), 289 (35), 255 (41), 180 (30). 11 1 (21), 97 
(28), 71 ( I @ ,  57 (39). The mass spectrum of spiro compound 4a shows molecular ion peak at 
m/z 406 (100%) along with 378 (M+-CO, 9.3), 332 (M+ -C,H,OS, 25.5), 277 (10.2), 230 (22.5), 

157 (30.4), 112 (40.3), 77 (lo), 43 (75). 
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Table 1. Physical and Analytical Data of Compounds (2a-j) 
Cmpd Yield mP Elemental Analysis (Found) 

(%) ("C) C H N 

2a 97 

2b 96 

2c 97 

2d 96 

2e 96 

2f 97 

2g 96 

2h 95 

2i 96 

2j 97 

129- 131 

153-155 

278-280 

245-247 

148-150 

179-18 1 

188- 190 

223-225 

238-240 

260-262 

68.67 (68.84) 

68.36 (68.53) 

70.00 (69.80) 

62.29 (62.13) 

57.50 (57.35) 

83.72 (83.54) 

71.64 (71.48) 

71.64 (71.49) 

57.95 (57.79) 

67.60 (67.76) 

4.81 (4.80) 

5.20 (5.19) 

5.55 (5.54) 

4.09 (4.08) 

2.55 (2.54) 

6.04 (6.06) 

4.85 (4.84) 

4.85 (4.86) 

3.40 (3.41) 

4.57 (4.56) 

16.86 (16.82) 

16.18 (16.22) 

15.55 (15.58) 

15.30 (15.26) 

13.41 (13.38) 

13.02 (13.05) 

10.44 (10.42) 

10.44 (10.41) 

7.95 (7.93) 

9.85 (9.83) 

Table 2. Physical and Analytical Data of Compounds (4a-m) 
Cmpd Yield Time mP Elemental Analysis (Found) 

(9%) (mid ("C) C H N 

4a 

4b 

4c 

4d 

4e 
4f 

4g 

4h 

4i 

4j 
4k 
41 

4m 
~~~~ 

78a 

94b 

80a 

9 9  

93 

97 

96 

96 

95 

83a 

92b 

90 

97 

96 

95 

93 
~~ ~ 

4a 

6" 

5 a  

7b 

6 

6 

5 

6 

5 

3a 

5b 

6 

5 

6 

5 

5 
~ 

305-307 

307-309 

325-327 

328-330 

323-325 

330-332 

315-317 

157-159 

214-216 

230-232 

265-267 

257-259 

276-278 

62.06 (61.90) 4.43 (4.44) 13.79 (13.76) 

62.85 (62.69) 4.76 (4.75) 13.33 (13.30) 

63.59 (63.74) 5.06 (5.05) 12.90 (12.87) 

57.27 (57.13) 3.86 (3.85) 12.72 (12.69) 

58.14 (58.29) 4.18 (4.17) 12.33 (12.35) 

63.59 (63.43) 5.06 (5.07) 12.90 (12.87) 

64.28 (64.13) 5.35 (5.36) 12.50 (12.53) 

52.71 (52.85) 2.58 (2.57) 10.85 (10.82) 

62.76 (62.60) 4.61 (4.62) 12.92 (1 2.95) 

62.60 (62.45) 4.34 (4.33) 8.1 1 (8.09) 

62.60 (62.44) 4.34 (4.33) 8.1 1 (8.12) 

53.52 (53.40) 3.28 (3.27) 6.57 (6.55) 

60.33 (60.47) 4.18 (4.19) 7.82 (7.80) 

aNeat Reaction; Montmorillonite KSF 
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Cmpd 

2a 

2b 

2€ 

2d 

2e 

2f 

2g 

2h 

2i 

2j 

4a 

4b 

OPPI BIUEFS Volume 35, No. 4,2003 

Table 3. 'H and 13C NMR Spectra of Compounds (2a-j) and (4a-m) 
'H NMR 

(8) 
'3C NMR 
(6) 

2.04 (s, 3H, CHJ, 3.08 (s, 3H, N-CHJ, 
6.81-7.80 (m, 9H, Ar-H), 
9.05 (bs, lH, NH*) 

2.03 -2.28 (bs, 6H, 2 x CH,), 3.12 (s, 3H, 
N-CH,), 6.83-7.79 (m, 8H, Ar-H), 
9.08 (bs, lH, NH*) 

N-CH,), 6.79- 7.70 (m, 7H, Ar-H), 
9.10 (bs, lH, NH*) 

2.02 - 2.48 (bs, 9H, 3 x CH,), 3.14 (s, 3H, 

2.05 (s, 3H, CHJ, 3.17 (s, 3H, N-CH,), 
6.81- 7.70 (m, 8H, Ar-H), 
9.12 (bs, lH, NH*) 

6.89- 7.88 (m, 7H, Ar-H), 
9.10 (bs, lH, NH*) 

2.17 - 2.31 (bs, 6H, 2 x CH,), 6.81-7.85 
(m, 6H, Ar-H), 9.12 (bs, lH, NH*) 

(m, 6H, Ar-H), 9.13 (bs, lH, NH*) 

(m, 6H, Ar-H), 9.14 (bs, lH, NH*). 

(m, 5H, Ar-H), 9.15 (bs, lH, NH*) 

(m, 6H, Ar-H), 9.13 (bs, lH, NH*) 

2.18 -2.34 (bs, 6H, 2 x CH,), 6.89-7.65 

2.16 -2.32 (bs, 6H, 2 x CH,), 6.85-7.70 

2.17 -2.34 (bs, 6H, 2 x CH,), 6.88-7.70 

2.15- 2.35 (bs, 6H, 2 x CH,), 6.84-7.55 

2.09 (s, 3H, CH,), 3.24 (s, 3H, N- CH,), 
3.80-4.48 (dd, 2H, Jz14.8 Hz, -C%-), 
6.86-7.90 (m, 8H, Ar-H), 
9.13 (bs, IH, NH*) 

2.1 1-2.28 (b~, 6H, 2 x CH,), 3.21 (s, 
3H, N-CH,) 3.78-4.45 (dd, 2H, J=14.6 Hz, 
-C%-) 6.85-7.92 (m, 8H, Ar-H), 9.16 
(bs, lH, NH*) 

1 1.1 (C-Cq), 33.6 (N-CH& 122.2, 
123.4, 124.8, 125.2, 126.7, 128.4, 129.1, 
130.9, 132.7, 135.3, 138.4, 144.6, 147.8, 
148.5 (14 aromatic carbons), 158.2 
(C=N), 171.7, 176.9 (two C=O). 

121.4, 123.8, 126.2, 127.1, 128.9, 130.2, 
132.8, 135.6, 136.1, 141.2, 142.3, 143.9 
(12 aromatic carbons), 159.4, 160.2 
(two C=N), 169.1 (C=O) 

10.5 (C-CH,), 32.5 (N-CH,), 34.9 
(-CH,), 72.6 (spiro carbon), 115.7, 
116.9, 117.3, 117.9, 124.3, 124.8, 125.1, 
127.3, 129.1, 134.4, 134.8, 153.7, 156.2, 
159.9 (14 aromatic carbons), 170.7, 
171.7,176 (three C=O) 
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Table 3. Continu ed... 

OPPI BRIEF'S 

Cmpd 

N4C' 

4d 

W4e!' 

4f 

4d4g' 

4h 

4i 

4j 

4k 

'H NMR '3C NMR 
(6) (6) 

Diastereomeric ratio (3 : 1) 1.67A.97 
(d, 3H, CH-CH,, 54.5 Hz), 2.08-2.39 
(bs, 9H, 3 x CH,), 3.22 (s, 3H, N-CH,), 
4.6914.34 (9, lH, J4.5Hz, -CH-CH,), 
6.70-7.89 (m, 8H, Ar-H), 9.11D.49 
(bs, 1H, NH*) 
2.08 (s, 3H, CH,), 3.19 (s, 3H, N-CH,), 10.3 (C-CH,), 32.1 (N-CH,), 35.1 
3.81-4.42 (dd, 2H, -C%-, J=14.2 Hz), 
6.84-7.90 (m, 8H, Ar-H), 9.19 
(bs, lH, NH*) 

(-CHJ, 72.9 (spiro carbon), 116.8, 
117.9, 118.3, 123.6, 124.4, 125.7, 126.8, 
128.1, 129.7, 134.8, 135.1, 154.2, 155.9, 
159.4 (14 aromatic carbons), 171.2, 
172.4,177.4 (three C=O) 

Diastereomeric ratio (3:l) 1.70 D.99 
(d, 3H, CH-CH,, J 4 . 7  Hz), 2.06 (s, 3H, 
CH,), 3.18 (s, 3H, N-CH,), 4.7U4.38 
(9, lH, J4 .7  Hz, -CH-C%), 6.68-7.91 
(m, 8H, Ar-H), 9.21D.43 (bs, lH, NH*) 
2.12-2.56 (bs, 9H, 3 x CH,), 3.21 (s, 3H, 
N-CH,) 3.82-4.58 (dd, 2H, 5~14.8 Hz, 

(bs, 2H, J= 14.8 Hz, -C%-), 6.85-7.93 
-CH,-), 6.84-7.93 (m, 7H, Ar-H), 9.15 

(m, 7H, Ar-H), 9.15 (bs, lH, NH*) 
Diastereomeric ratio (3:l) 1.64A.91 (d, 3H, 
CH-CH,, Jd.6 Hz), 2.08-2.53 (bs, 9H, 
3 x CH,), 3.19 (s, 3H, N-CH,), 4.72/4.35 

8H, Ar-H), 9.19/9.45 (bs, lH, NH*) 
3.84-4.51 (dd, 2H, J=15.1 Hz, -C%-), 

(4, lH, J4 .6  Hz, -CH-CH,), 6.69-7.88 (m, 

6.80-7.81(m, 7H, Ar-H), 9.14 
(bs, lH, NH*). 

2.17- 2.33 (bs, 6H, 2 x CH,), 3.82-4.55 
(dd, 2H, Jz13.9 Hz, -C\-), 6.84-7.86 
(m, 6H, Ar-H), 9.13 (bs, lH, NH*) 
2.16-2.30 (bs, 6H, 2 x CH,) ,3.83-4.56 
(dd, 2H, J=13.6 Hz, -C%-), 6.85-7.88 
(m, 6H, Ar-H), 9.16 (bs, IH, NH*) 

2.15-2.29 (bs, 6H, 2 x CH,) ,3.86-4.59 
(dd, 2H, Jz13.7 Hz, -C%-), 6.89-7.90 
(m, 6H, Ar-H), 9.18 (bs, lH, NH*) 

34.2 (-CHJ, 73.1 (spiro carbon), 122.9, 
124.4, 126.2, 127.4, 128.5, 129.8, 130.1, 
132.4, 135.8, 136.7,142.1, 144.2 (12 
aromatic carbons), 168.2, 170.1, 176.8 
(two C--O and N-C=N) 

12.1,2l.5(twoCH3),33.1 (-CHJ, 72.9 
( s p h  carbon), 113.1, 115.4, 119.2, 123.7, 
126.8, 129.2, 130.3, 133.7, 134.5, 139.8, 
143.4, 150.3 (12 aromatic carbons), 
169.9, 175.7 (two C=O) 
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Table 3. Continu ed... 
CmPd 'H NMR 

(6) 
41 2.16-2.31 (bs, 6H, 2 x CH,) ,3.85-4.61 

(dd, 2H, J=13.8 Hz, -C$-), 6.90 -7.92 
(m, 5H, Ar-H), 9.15 (bs, IH, NH*) 
2.18-2.33 (bs, 6H, 2 x CH,), 3.85-4.60 4m 
(dd, 2H, J=13.9 Hz, -C$-), 6.86-7.88 
(IQ 6H, Ar-H), 915 (bs, IH, NH*) 

* D,O exchangeable NH. 

EXPERIMENTAL SECTION 

Mps were determined in open glass capillaries and are uncorrected. IR spectra were recorded on 
a Perkin-Elmer (model-577) in KBr pellets. 'H NMR (CDCl, + TFA) and 13C NMR (DMSO-d,) 
were obtained on Jeol (model FX 9OQ) at 89.55 and 22.49 MHz, respectively, using TMS as 
internal reference for 'H NMR and 13C NMR. Mass spectra of representative compounds (h and 
4a) were recorded on MS-50 Kratos mass spectrometer at 70 eV. Elemental analyses for C, H 
and N were performed on a Heraeus Car10 Erba 1108 analyzer. All compounds were found 
homogeneous by TLC in various solvent systems. The induced microwave convection system 
operated at a frequency of 2450 MHz. The oven has a range of microwave output energy of 700 
Watts. Indole-2,3-di0nes~~ and 2-amino-6-chloro-benzothiazole were prepared according to the 
literature procedures*'. Montmorillonite KSF and thioacids viz. mercapto acetic acidL2-mercapto 
propionic acid were Aldrich products and used as received. 

Synthesis of 3-Heteroaryl Imino-W-indol-2-ones and 3-(fluoroaryl) imino-W-indol-2-ones 
(2a-j).- An equimolar (0.01 mole) mixture of appropriate indole-2,Zdione (1) and the amine was 
ground thoroughly in an agate mortar. Grinding was continued until the completion of reaction 
(1-2 min). Complete conversion was determined by TLC, which also showed the formation of a 
single product. The intermediates 2, obtained in reasonable purity (TL,C), were used as such for 
the next step without further purification. For spectral studies, elemental analyses and biological 
screening the compounds 2 were crystallized from methanol. 
Synthesis of 3'-Substituted Spiro[3H-indole-3,2'-thiazolidine]-2(~-4'-diones (4a-m).- 
Spiro compounds (4a-m) were synthesized by (a) neat reaction or (b) using montmorillonite KSF 
as inorganic solid support. 
Neat Reaction.- An equimolar mixture (0.01 mole) of appropriate intermediate anil (2) and 
thioacid (3) was irradiated at 640 watts in a microwave oven until the completion of the reaction 
(TLL!). To the cream colored solid mass was added methanol (5  mL) and the resultant shiny 
crystals were collected and found to be pure by TLC. 
Using Montmorillonk- Appropriate anil(2,O.Ol mole) and thioacid (3,O.Ol mole) were intro- 
duced in a beaker (100 mL) and dissolved in methanol (5 mL). Montmorillonite KSF (5 gm) was 
then added and the mixture was swirled for a while followed by removal of solvent under gentle 
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vacuum. The dry powder thus obtained was irradiated in a microwave oven at power output of 
640 watts for an appropriate time (monitored by TLC, Table 2). The product was extracted with 
methanol and the excess solvent was removed on a rotary evaporator to give shiny crystals which 
were found to be pure by TLC. 
Synthesis of 3-(4-Chloro-3-trlfluoromethylphenyl)-2-(~~uo~phenyl)~o~~e4one.- 
An equimolar mixture (0.01 mole) of Cfluorobenzaldehyde and ~-amino-2-chlorobemtrifluo- 
ride was ground thoroughly in an agate mortar until (1-2 min) a solid mass was obtained (TLC, 
single spot). To the intermediate imine so obtained mercapto acetic acid (0.01 mole) was added 
and the mixture was adsorbed on montmorillonite KSF. The dry mixture was irradiated in a 
microwave oven for the appropriate time (5 min). The product was extracted with methanol and 
found to be pure on TLC, mp = 270"C, yield = 92% molecular formula C,,&ClF4NOS, 'H 

Ar-H), IR (cm-I) : 3030,2950,2870,1710, 1560,1450. 
NMR (CDC1, + TFA): 6 3.98 (dd, 2H, 5~13.7 Hz, -C$-), 5.02 (s, lH, CH), 7.01-8.52 (m, 7H, 

Acknowledgement.- Financial assistance from UGC, New Delhi is gratefully acknowledged. 
We are also thankful to the Head RSIC, Lucknow, India for providing spectral data and 
elemental analyses. 

REFERENCES 

1. S. P. Singh, S. S. Parmar, K. Raman and I. Stenberg, Chem. Rev., 81,175 (1981). 

2. H. Naik, S. K. Naik, S. S. Meher and A. Nay& J. Indian Chem. SOC., 60,674 (1983). 

3. M. Shah, K. Parikh and H. Parekh, Indian J. Chem., 37B, 73 (1998). 

4. 0. S. Grass, A. Chimirri, P. Monoforte, G. Fenech, M. Zappalar and A. M. Monoforte, 
F u m c o  Ed. Sci., 43,85 1 (1988); Chem Abstr., 110,50734~. 

5 .  G.  C. Rovnyak, V. L. Narayanan, and R. D. Haugwitz, US patent 4 053 613; Chem. Abstr., 
88,22889r (1978). 

6. M. H. Khan, S. Tewari, K. Begum and Nizamuddin, Indiun J. Chem., 37B, 1073 (1998). 

7. S. Ali and M. Alam,Arch. Phurmucul Res., 17,131 (1994). 

8. M. Rajopadhye and F. D. Popp, J. Heterocycl. Chem., 24,1637 (1987). 

9. M. Rajopadhye and F. D. Popp, J. Heterocycl. Chem., 21,289 (1984). 

10. S. C. Jain, J. Sinha, S. Bhagat, B. R. Babu, S. Bali and W .  Errington, Actu Cryst., (255,1826 
( 1999). 

11. K. Mogilaiah and R. Babu Rao, Indiun J. Chem., 37B, 894 (1998). 

407 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



OPPI BRIEFS Volume 35, No. 4,2003 

12. F. Y. Kwong, C. W. Lai and K. S. Chan, Tetrahedron Lett., 43,3537 (2002). 

13. S. Caddick, Tetrahedron, 51, 10403 (1995); A. Loupy, A. Petit, J. Hamelin, F. T. Boullet, P. 
Jacquault and D. Mathe, Synthesis, 1213 (1998); R. S. Varma, Green Chemistry, 43 (1999). 

14. A. Dandia, H. Taneja and R. Singh, J. Chem. Res. (S), 272 (2000); S. Paul, R. Gupta, A. 
Loupy, B. Rani and A. Dandia, Synth. Commun., 31,711 (2001); A. Dandia, H. Sachdeva 
and R. Singh, Synth. Commun., 31, 1879 (2001); A. Dandia, R. Singh, H. Sachadeva and K. 
Arya, J. Fluorine Chem. 111,61(2001). 

15. J. M. Smallheer, M. J. Otto, C. A. h a r d l y ,  R. A. Earl, M. J. Myers, P. Pennev, D. C. 
Montefiori and M. A. Wuonola, Antiviral Chem. Chemother, 4 2 7  (1993) Chem. Abstr., 
119, 13091f (1993). 

16. G. Singh, N. Siddiqui and S. N. Pandeya, Arch., Pharmucol. Res., 15,272 (1992). 

17. E. Piscopo, M. V. Diurno, M. Antonucci, F. Imperadrice, G. Claifano, M. T. Cataldi and R. 
Nebulosi, Boll.-Soc., Ital., Biol., Sper., 61, 1565 (1985), Chem. Abstr., 105 (1986). 

18. R. Filler, ChemTech, 4,752 (1974). 

19. A. Loupy and L. Perreux, Tetrahedron, 57,9199 (2001). 

20. F. Piozzi and G. Favini, Atti Accad. Naz. Lincei, Cl. Sci. Fis., Mat. Nat. Rend, 18,647 
(1955). 

21. P. N. Bhargava and B. T. Baliga, J. Indian Chem. SOC., 35,807 (1958). 

******** 

408 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


