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Phase-Transfer Catalyzed Alkylation and Cycloalkylation
of 3-Substituted-1H-pyrazol-2-in-5-ones in the Absence
or Presence of Carbon Disulphide

A. Kh. Khalil

M. A. Hassan

M. M. Mohamed

A. M. El-Sayed

Chemistry Department, Faculty of Science, Ain Shams University,
Abbasia, Cairo, Egypt

PTC-alkylation of 3-substituted- 1H-pyrazol-2-in-5-ones by different organohalogen
reagents at 25°C in the presence of tetrabutylammonium bromide as-catalyst was
investigated either in the absence or presence of CSs. This work aims to study the
comparative reactivity of N-versus O-versus C-alkylation and cycloalkylation.

Keywords 3-Substituted-1H-pyrazol-2-in-5-ones; alkylation; cycloalkylation; phase-
transfer catalysis (PTC)

INTRODUCTION

Phase-transfer catalysis (PTC) is one of the promising methods in or-
ganic synthesis of specialty chemicals. In the last 20 years, a steadily
increasing number of published articles and patents dealing with phase
transfer catalysis topics and their applications. PTC is not merely im-
portant for substitution reactions, but nowadays it is being extensively
applied in polymer chemistry, heterocyclic chemistry, organometal-
lic and agrochemicals dyes, flavors, perfumes, and pharmaceutical
manufacture.! =3

The technique of PTC has been extensively applied in the organic
synthesis via substitution, displacement, condensation, elimination, re-
dox, polymerization, and Ylide-mediated reactions. The most advan-
tages of using the PTC technique to synthesize organic chemicals are
the enhancement of the reaction rate, carrying out the reaction at
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moderate conditions, and obtaining high selectivity of the main product
with high conversion of the reactants.*?

In continuation of our current research in the field of organic syn-
thesis of some heterocyclic compounds under phase transfer catalysis
conditions (PTC),5-1° we aim here to study the reactivity of N-vs. O-vs.
C-alkylation of 3-substituted-1H-pyrazol-2-in-5-ones.

5-Pyrazolones are very important class of heterocycles due to their
biological and pharmacological activities''? which exhibit an anti-
inflammatory,'® herbicidal,’* fungicidal,'’® and bactericidal,’® plant
growth regulating properties'* and antipyretic'® and protein kinase
inhibitors.1” Also, they are used as a key starting for the synthesis of
commercial arylazopyrazolone dyes.

RESULT AND DISCUSSION

The approach reported here is an extension and continuation of our in-
terest in alkylation of some heterocycles under phase-transfer catalysis
(PTC) conditions.'®19 This work is aiming to study the phase-transfer
catalyzed alkylation of 3-substituted-1H-pyrazol-2-in-5-ones and the
comparative reactivity towards N-versus O-versus C-alkylation upon
treatment with different organo—halogen reagents either under liquid-
solid or liquid-liquid phases in the presence of tetrabutylammonium
bromide (TBAB) as a catalyst in the absence or presence of CS, at 25°C.

3-substituted-1H-pyrazol-2-in-5-ones (la-c) exist in three tau-
tomeric forms (I-III) due to their keto-enol or lactam-lactime tau-
tomerism, while the enol form (II) is the predominate one. This phe-
nomenon is confirmed by spectral data in addition to our results of
PTC-alkylation which are afforded O-monoalkylated products or O- and
N-dialkylated or cycloalkylated products.

R R R
N N "\ oH

H H

() (I (I

1) a, R=CH;,; b, R = C4Hs; ¢, R= pyrid-3-yl

SCHEME 1 Tautomers of 3-substituted-1H-pyrazol-2-in-5-ones (1a—c).

3-Substituted-1H-pyrazol-2-in-5-ones (1a-c) have been synthesized
by heating a mixture of 8-ketoesters with hydrazine hydrate.
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The optimized reaction conditions of our PTC-alkylation are the
treatment of 5-hydroxy-3-substituted-1H-pyrazoles (1a-c) with differ-
ent organo-halogen compounds in a 1:3 molar ratio either in (a) acetoni-
trile as a liquid phase and anhydrous potassium carbonate as a basic
solid phase in the presence of TBAB as a catalyst in the absence or pres-
ence of CSy at 25°C, and/or (b) acetonitrile as a liquid phase and a 30%
aqueous sodium hydroxide solution as an immiscible liquid phase in the
presence of TBAB as a catalyst at 25°C. In both conditions the reaction
needs vigorous and efficient stirring for a limited short time where the
reaction progress was monitored by thin-layer chromatography (TLC).

Methylation of 5-hydroxy-3-phenyl-1H-pyrazole (1b) under the op-
timized PTC conditions in solid-liquid phases by methyl iodide under-
went O-methylation, predominantly to give 5-methoxy-3-phenyl-1H-
pyrazole (2) (Scheme 2), while methylation of 5-hydroxy-3-methyl/or
phenyl-1H-pyrazole (1a, b) by methyl iodide in the presence of carbon
disulphide under the same liquid-solid PTC conditions afforded methyl
5-hydroxy-1,3-dimethyl-1H-pyrazole-4-carbodithioate (3) or methyl 5-
hydroxy-1-methyl-3-phenyl-1 H-pyrazole-4-carbodithioate (4), respec-
tively (Scheme 3). The reaction proceeds via nucleophilic addition of C4
of pyrazolone to CSg followed by simultaneous N- and S-methylation of
the intermediate carbodithioate anion.

PTC-alkylation of 5-hydroxy-3-phenyl-1H-pyrazole (1b) by allyl bro-
mide using anhydrous K;COgs/acetonitrile as solid-liquid phases in the
presence of TBAB as a catalyst underwent O-alkylation only to give
5-(allyloxy)-3-phenyl-1H-pyrazole (5) (Scheme 2).

Benzylation of 5-hydroxy-3-methyl-1H-prazole (1a) under the solid-
liquid PTC conditions gave 1,4-dibenzyl-3-methyl-1H-2-pyrazolin-5-
one (6) via C- and N-dibenzylations and 5-benzyloxy-3-methyl-1H-
pyrazole (7) via O-benzylation that were separated by column chro-
matography using petroleum ether 60-80, ethyl acetate, chloroform
(6:3:1) as eluent, while benzylation of 5-hydroxy-3-methyl-1H-prazole
(1a) in the liquid-liquid PTC conditions gave three products are
1,4-dibenzyl-5-benzyloxy-3-methyl-1 H-pyrazole (8) via C-, N- and O-
benzylation, 1,4-dibenzyl-3-methyl-1H-2-pyrazolin-5-one (6) and 5-
benzyloxy-3-methyl-1H- pyrazole (7) that are separated by column
chromatography, using petroleum ether 60-80, ethyl acetate, chloro-
form (5:3:1) as eluent. Moreover, benzylation of 5-hydroxy-3-phenyl-
1H-prazole (1b) using benzyl chloride in solid-liquid or liquid-
liquid phases under the same PTC reaction conditions gave N- and
O-monobenzylated products 1-benzyl-5-hydroxy-3-phenyl-1H-pyrazole
(9) and 5-benzyloxy-3-phenyl-1H-pyrazole (10) that were separated by
column chromatography using petroleum ether 60-80, ethyl acetate
(2:3) as eluent.
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20 CH3; CH,COOC;Hs CH,COOC,Hjs H

SCHEME 2 Alkylated products (2-20) of pyrazolones (1la—c) in the absence of

CS2.

PTC-benzylation of 1¢ by benzyl chloride using anhydrous KoCOg3 as
a solid phase and acetonitrile as liquid phase in the presence of TBAB
as a catalyst underwent only N-monobenzoylation to give 1-benzyl-5-
hydroxy-3-pyrid-3-yl-1 H-pyrazole (11) (Scheme 2).

On the other hand, benzylation of 5-hydroxy-3-methyl-1H-pyrazole
(1a) uses benzyl chloride in the presence of carbon disulphide TBAB
as a catalyst and anhydrous KyCOs/dry acetonitrile as solid-liquid
phases. The benzylation reaction was monitored by TLC and the
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SCHEME 3 Alkylated products (3, 4 and 12-14) of pyrazolones (1a—c) in the
presence of CS2.

products obtained were separated by column chromatography us-
ing petroleum ether 60-80 and ethyl acetate (7:6) as eluent. The
benzylation reaction was believed to proceed via nucleophilic ad-
dition of C4 of pyrazolone to CSg followed by S-benzylation of
the carbodithioate anion as intermediate to give benzyl 5-hydroxy-
3-methyl-1H-pyrazole-4-carbodithioate (12) and benzyl 1-benzyl-5-
hydroxy-3-methyl-1H-pyrazole-4-carbodithioate (13) via subsequent S-
and N- benzylations. Moreover, Benzylation of 1b, in the presence of
carbon disulphide under the same PTC conditions afforded S- and N-
dibenzylation to give benzyl 1-benzyl-5-hydroxy-3-phenyl-1H-pyrazole-
4-carbodithioate (14) (Scheme 3).

PTC-cyclohexylation of 5-hydroxy-3-phenyl/or-3-(pyrid-3-yl)-1H-
pyrazole (1b, ¢) by cyclohexyl bromide either in solid KoCOg/acetonitrile
phases or NaOH solution/acetonitrile phases and TBAB as a catalyst
affords O-alkylation only to give 5-cyclohexyloxy-3-phenyl/or-3(pyrid-
3-yl)1H-pyrazoles (15a, b), respectively (Scheme 2).

Alkylation of 5-hydroxy-3-phenyl/or-3-(pyrid-3-yl)-1H-pyrazoles
(1b, ¢) by chloroacetonitrile in solid KoCOg and acetonitrile as solid/
liquid phases in the presence of TBAB as a catalyst at room temper-
ature affords, simultaneous O- and N-dialkylations, 1-cyanomethyl-
5-cyanomethyloxy-3-phenyl/or-3-(pyrid-3-yl)-1H-pyrazoles (16a, b)
and O-alkylation, and 5-cyanomethyloxy-3-phenyl/or-3-(pyrid-3-yl)-
1H-pyrazoles (17a, b), respectively. The products 16a and 17a are
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separated by column chromatography using petroleum ether 60-80,
ethyl acetate, chloroform (3:2:5) as eluent. However, products 16a
and 17a are separated by column chromatography using petroleum
ether 60—80 and ethyl acetate (3:2) as an eluent. Also, PTC-alkylation
of 5-hydroxy-3-phenyl-1H-pyrazoles (1b) by chloroacetonitrile in
NaOH solution/acetonitrile as liquid-liquid phases in the presence of
TBAB at room temperature affords O-alkylation product (17a) with
a simultaneous O-, N- and C4-trialkyled product 5-cyanomethyloxy-
1,4-dicyanomethyl-3-phenylpyrazole (18) that is separated by column
chromatography using petroleum ether 60-80, ethyl acetate, and
chloroform (3:2:5) as eluent. However, alkylation of 5-hydroxy-3-(pyrid-
3-yl)-1H-pyrazoles (1e¢) under the same PTC conditions affords the
O-alkylation product, 5-cyanomethyloxy-3-(pyrid-3-yl)-1H-pyrazoles
(17b) only (Scheme 2).

On the other hand, treatment of 5-hydroxy-3-phenyl/or-3-(pyrid-3-
yl)-1H-pyrazoles (1b, ¢) with ethyl bromoacetate (1:3 molar ratio) un-
der the same optimized PTC conditions of liquid-solid phases affords
O-alkylated products only to give ethyl 3-phenyl/or-3-(pyrid-3-yl)-1H-
pyrazol-5-yloxy acetate (19b, ¢). Treatment of 5-hydroxy-3-methyl-1H-
pyrazoles (1a) with ethyl bromoacetate under the same PTC conditions
affords O-alkylated product (19a) and the N-, O-dialkylated product,
diethyl 3-methyl-1H-pyrazol-5-yloxy-1,5-diacetate (20), that separates
by column chromatography using petroleum ether 60—80 and ethyl ac-
etate (7:3) as eluent (Scheme 2).

Treatment of equimolar amounts of 5-hydroxy-3-methyl-1H-
pyrazole (1a) and 1,2-dibromoethane in acetonitrile/anhydrous KyCOg
as liquid-solid phases and in the presence of TBAB as a catalyst
at 25°C yielded 5-(2-bromoethoxy)-3-methyl-1H-pyrazole (21a) and 6-
methyl-2,3-dihydropyrazolo[5,1-b]-oxazole (22a) which are separated
by column chromatography using ethyl acetate:petroleum ether 60—
80 (3:2) as eluent. Whenever under the same PTC reaction conditions,
5-hydroxy-3-phenyl-1H-pyrazole (1b) yields only 6-phenyl-2,3-dihydro-
pyrazolo[5,1-b]-oxazole (22b). Moreover, 5-hydroxy-3-(pyrid-3yl)-1H-
pyrazole (1c¢) yields a mixture of 5-(2-bromoethoxy)-3-(pyrid-3yl)-1H-
pyrazole (21e) and 6-(pyrid-3-yl)-2,3-dihydro-pyrazolo[5,1-b]-oxazole
(22¢) which are separated by column chromatography using petroleum
ether 60-80, ethyl acetate, and chloroform (2:8:1) as eluent
(Scheme 4).

On the other hand, under the same PTC-reaction conditions, alky-
lation of pyrazole (1a) by ethylene dibromide in acetonitrile/NaOH
solution as liquid-liquid phases affords the corresponding O-mono-
alkylation product (21a) while pyrazole (1¢) yields a mixture of 21¢
and 22c.
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SCHEME 4 Cycoalkylated products (21-27) of pyrazoles (1a—c) in the absence
or presence of CS2.

On the other hand, treatment of 3-phenyl-2-pyrazolin-5-one (1b)
with 1,2-dibromoethane in the presence of carbon disulphide in acetoni-
trile/anhydrous KoCOj3 as liquid-solid phases and TBAB as a catalyst
at room temperature affords 4-(1,3-dithiolan-2-ylidene)-5-phenyl-2,4-
dihydro-3 H-pyrazol-3-one (23) (Scheme 4).

PTC-Alkylation of 5-hydroxy-3-methyl/or-3-(pyrid-3-yl)-1H-pyraz-
oles (1a, ¢) by 1,4-dibromobutane in acetonitrile/anhydrous KsCOj3
as liquid-solid phases or in acetonitrile/NaOH solution as liquid-
liquid phases in the presence of TBAB as a catalyst at room temper-
ature yields 2-methyl/or-3-(pyrid-3-yl)-5,6,7,8-tetrahydropyrazolo[5,
1-b][1,3]-oxazepines (24a, ¢). However, liquid-liquid PTC-alkylation of
5-hydroxy-3-phenyl-1H-pyrazole (1b) with 1,4-dibromobutane yields
either 2-phenyl-5,6,7,8-tetrahydropyrazolo[5,1-b][1,3]Joxazepine (24b),
while under solid-liquid PTC conditions affords 5-(4-bromobultyloxy)-
3-phenyl-1H-pyrazole (25) only as O-monoalkylated product. It’s wor-
thy to mention that oily crude products of 24a, ¢ are first obtained
and passed through a column using petroleum ether 60-80, ethyl ac-
etate, chloroform (6:3:2), and petroleum ether 60—80, ethyl acetate (2:3)
as eluents. Then the organic solvents are evaporated to give the pure
crystalline solids.

On the other hand, treatment of 5-hydroxy-3-methyl/or phenyl-1H-
pyrazole (1a, b) with 1,4-dibromobutane in the presence of carbon
disulphide in dry acetonitrile/anhydrous KyCOg3 as liquid-solid phases
and TBAB as a catalyst at room temperature probably proceeds via
nucleophilic addition of C4 of pyrazolone to CSs followed by alkylation
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of the intermediate carbodithiolate anion to give 4-(1,3-dithiepan-2-
ylidene)-5-methyl-2,4-dihydro-3 H-pyrazol-3-one (26) and 2-(4-bromo-
butyl)-4-(1,3-dithiepan-2-ylidene)-5-phenyl-2,4-dihydro-3 H-pyrazol-3-
one (27), respectively (Scheme 4).

EXPERIMENTAL

All melting points reported are uncorrected. IR spectra were recorded
using Perkin Elmer’s Spectrum RXIFT-IR spectrophotometer, USA (v
in cm~1). The NMR spectra were recorded on Bruker Avance DPX400
spectrometer using deuterated chloroform (CDCl3) as a solvent and
TMS as an internal standard (chemical shifts in § values in ppm. El-
emental analyses were preformed on Perkin Elmer 2400, series IT mi-
croanalyzer, USA. The used 1R, NMR spectrophotometers and CHN-
microanalyzer are located at Chemistry Dept., Faculty of Science, King
Abdulaziz University, Jeddah, Saudi Arabia.

Condensation of 3-Ketoester with Hydrazine Hydrate:
Synthesis of 5-Hydroxy-3-substituted-1H-pyrazoles (1a—c)

A solution of ethyl acetoacetate, (0.01 mol, 1.54 g), ethyl benzoylacetate
(0.01 mol, 1.92 mL) or ethyl nicotinoylacetate (0.01 mol, 1.94 g) and
hydrazine hydrate (0.01 mol, 0.48 g, 100%) in ethanol (50 mL) is refluxed
for 6 h then the solvent was evaporated. The solid residue is crystallized
from ethanol to give the corresponding pyrazole (1a—c), respectively as
white crystals. The results are listed in Tables I and II.

General Procedure of PTC-Alkylation

(A) Alkylation in the Absence of Carbon Disulphide

(1) In liquid-solid phases. In a 150 mL conical flask fitted with a rub-
ber stopper, a suspension of 5-hydroxy-3-substituted-1H-pyrazoles (1,
0.01 mol), anhydrous potassium carbonate (0.02 mol, 2.76 g) and tetra-
butylammonium bromide (TBAB, 0.003 mol, 0.9 g) in dry acetonitrile
(50 mL) stirred at 25°C for 30 min, then the organo-halogen compound,
and the alkylating agent, (0.03 mol) was added and the reaction mixture
efficiently stirred at room temperature. The progress of the reaction
was monitored by TLC during the entire reaction time. After the reac-
tion completion, the organic layer was separated by filtration and the
solvent was evaporated. The residue crystallizes from the proper sol-
vent or separates by column chromatography using silica gel (80-120
mesh) and proper eluent to give one or more pure products. Also, the
KsCOg precipitate dissolves in water (100 mL) and acidifies by dilute
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TABLE I The Physical Data of Alkylated Products Compounds 1-27

Elemental analysis

Reaction Solvent cale./found %
Compd period M. formula m. p.°C cryst.
no. (in h) (m. wt.) (color) (yield %) C H N
la — C4HgN5O 218-220 E 4897 6.16  28.55
(98.10) (60) 48.72 6.03 2841
1b — Cy9HgN20O 238-240 E 6749 503 1749
(160.18) (65) 67.31 496 17.33
1c — CgH7N30 260-261 E 59.62 4.38  26.07
(161.16) (55) 59.44 432 25.92
2 8 C10H19N2O 188-120 P 80-100 68.94 578 16.08
(174.20) (White) (37 68.78 573 1594
3 6 C7H;9)N20Sy 152-154 P 80-100 41.56 4.98 13.85
(202.30) (Yellow) (57) 4137 490 13.76
4 6 C19H19N2OS,  187-188 E 5452 458 10.60
(264.37) (Yellow) (66) 54.38 449 1046
5 12 C12H19N50 141-142 P 80-100 71.98 6.04 13.99
(200.24) (Yellow) (67) 71.90 6.00 13.81
6 24 C1gH13N2O 88-89 E 77.67 652 10.06
(278.36) (White) (44) 77.46 6.49 9.97
7 24 C11H19N2O 135-136 E 70.19 643 14.88
(188.23) (White) 17 70.03 6.41 14.67
8 24 Co5H94N2O 184-185 E 81.49 6.57 7.60
(368.48) (White) (8) 81.33 6.52 7.51
9 26 C16H14N2O 149-150 E 76.78 564 11.19
(250.30) (White) (45) 76.67 5,53 11.02
10 26 C16H14N2O 167-169 E 76.78 564 11.19
(250.30) (White) (35) 76.69 560 11.07
11 24 Cy15H13N30 159-160 P 80-100 71.70 5.21 16.72
(251.29) (white) (42) 7153 519 16.58
12 18 C19H19N2OSs  208-210 E 5452 458 10.60
(264.37) (Yellow) (16) 54.38 4.50 10.47
13 18 C19H13N2OSs  149-150 E 64.38 5.12 7.90
(354.50) (Yellow) (28) 64.19 5.08 7.72
14 12 Co4Hg)N20OSs  155-156 E 69.20 4.84 6.72
(416.55) (yellow) (28) 7122 5.3 6.88
15a 48 Cy15H13N2O 128-130 P60-80 7435 749 11.56
(242.32) (White) (65) 7427 743 11.49
15b 36 C14H17N30 140-141 P 80-100 69.11 7.04 17.27
(243.31) (White) (35) 69.03 7.00 17.08
16a 24 Cy13H1oN4O 84-85 E 65.54 4.23 23.52
(238.24) (White) 37 65.41 4.20 23.42
16b 35 C19HgN50 123-124 E 60.25 3.79  29.27
(239.24) (White) (34) 60.16 3.72 29.14
17a 18 C11HgN3O 149-150 E 66.32 4.55 21.09
(199.21) (White) (44) 66.17 4.50 21.00
17b 35 C190HgN,O 152-153 E 60.00 4.03 27.99
(200.20) (White) (25) 59.77 4.01 27.76

(Continued on next page)



Downloaded by [Tulane University] at 08:53 31 December 2014

488

A. Kh. Khalil et al.

TABLE I The Physical Data of Alkylated Products Compounds 1-27

(Continued)
Elemental analysis
Reaction Solvent cale/found %
Compd period M. formula m. p.°C cryst.
no. (in h) (m. wt.) (color) (yield %) C H N
18 18 C15H11N50 142143 E 64.98 4.00 25.26
(277.29) (White) (23) 64.83 3.98 25.12
19a 36 CgH19No03 79-80 E 52.17 6.57 15.21
(184.20) (White) (38 52.03 6.52 15.08
19b 6 C13H14N2Og3 166-167 P 80-100 63.40 5.73 11.38
(246.27) (White) (65) 63.28 5.64 11.19
19¢ 24 C12H13N303 120-121 E 5829 5.30 16.99
(247.25) (Yellow) (41) 58.11 5.25 16.74
20 36 C12H18N2O5 199-120 E 53.33 6.71 10.36
(270.29) (White) (25) 53.17 6.68 10.23
21a 16 CgHygN3OBr 171-172 E 35.15 4.42 13.66
(205.06) (White) (35) 35.04 437 1351
21c 36 C10H190N3OBr 111-113 E 4480 3.76 15.67
(268.11) (White) 37 4468 3.71 1543
22a 16 CgHgN2O 162-163 E 58.05 6.50 22.57
(124.14) (White) (25) 57.87 6.46 22.27
22b 12 C11H19N2O 102-103 P 80-100 70.95 599 15.04
(186.21) White (60) 70.37 5.87 14.93
22¢ 36 C10HgN3O 139-140 E 64.16 4.85 2245
(187.20) (White) (24) 64.02 4.80 22.27
23 10 C12H19N20Sq 173-175 P 60-80 5494 3.84 10.68
(262.36) (yellow) (55) 54.77 3.78 1041
24a 24 CgH13N20 — E 63.13 795 1841
(152.20) 0il (55) 63.99 7.48 18.22
24b 14 C13H14N5O 95-96 P80-100 72.87 6.59 13.07
(214.27) (Yellow) (60) 72.66 6.51 12.99
24¢ 36 C12H13N30 88-89 E 66.96 6.09 19.52
(215.26) (White) (25) 66.74 6.02 19.37
25 18 C13H15N2OBr 135-136 P 80-100 5290 5.12 9.49
(295.18) (White) (67) 52.73 5.04 9.27
26 6 C9H15N5S50 195-196 P 80-100 47.34 5.30 12.27
(228.34) (Yellow) (54) 4426 553 12.73
27 6 C1gHo1NoOSoBr  173-175 P 60-80 50.82 4.98 6.58
(425.41) (Yellow) (65) 50.68 4.90 6.40

P: petroleum ether; E: ethanol.

hydrochloric acid (10%) to separate and identify the acidic products in
the solid phase, if any. The results are listed in Tables I and II.

(2) In liquid-liquid phases. A solution of 5-hydroxy-3-substituted-
1H-pyrazoles (1a-c, 0.01 mol) in dry acetonitrile (50 mL) was mixed
with sodium hydroxide solution (10 mL, 30% aqueous solution), and



(28nd 3xau U0 panu1IuU0)))

"(9D) €5°19T (8D) 8¥°G¥1

‘(suoqaed-[Auayd) 0T

pue ¢'62T ‘L'82T ‘9°GaT ‘(YD)
31'16 ‘((HD-0) 33'9¢ ¥ 1DAD

‘(19389 ‘0D)E 991
“(2D)9°T9T°(?D) L'64T (VD)
9°LST “(D-Ud) $'961-9°L3T

‘(9D)8°TTT “(°HD0)6°09
‘(*HDS) €'7¢ (Y|HD) 331 :0SINA

(YD) 7L'19T “(5D) 07T
‘(suoqaes [Kuayd) T1€T ‘G631

(H-V

‘HS ‘W) 09°L-SF'L (FHO—S

‘HE ‘s) gL°¢ ‘(HO ‘HI ‘s) €¥'¢
‘(*HD—N ‘HE ) 32 :¥1DaD

(|HD—N ‘HE ‘s) L9°¢ (FHD—S
‘HE ‘S) 89°% ‘(YHD-D ‘HE 5)
S¥'g ‘(HO ‘HI S) 20'T :€[DAD
‘(HN ‘HI
‘s peoiq) 9g'6 pue ‘(H-IV ‘HS
‘wr) 8% L—T¥'L ‘(H-7D ‘HI ‘8)
3L'S ‘(FHD-0 ‘HE ‘S) SL°€ “¢[DAD
(HN
‘HI ‘S) 96°0T ‘(H-D-PL&d
‘HI ) 66'8 ‘(H-2Q-PLidd
‘HI ‘P) 198 ‘(H-"D-pudd
‘HI ‘P) 808 ‘(H-9D-puikd
‘HI ‘W) ¥4 (H-7D ‘HT
‘s) £0°9 ‘(HO ‘HI ‘S) ¢¥'€ :0OSINA

‘(AN ‘HT ‘peoiq) (9" ‘(HV
‘HS ‘W) g4°L-0%'L ‘(HO ‘HI ‘S)

"(HO ‘peoiq)

€862 ‘(N=D) ST9T
(D=D) 09T (S=D) 7L31 i4

“(HO ‘PeoIq) LS0€

pue 026 ‘(N=0D) €391

“(D=D) T9GT ‘(97eO01

-31poqaed jo S=D) 8931 €
(HO) 9%3¢
‘(oryeydire ‘HD) 0793
‘(N=D) TSST “(D=D) 91ST (4
2T

"(HN 10 HO) 0%€€-03€€

‘( ouo-urjozeaid
30 0=D) 0991 ‘(N=D

‘G831 ‘¥'921 (D) 69°L8 :0OSINA $€'L ‘(H-"D ‘HI ‘) 96°S :0SINA 10 D=D) S09T1-06ST qr
B ‘(FIN ‘HI ‘Pe0q) 3801
(5D) 9'T9T “(8D) 6'68T (H-"D *HI '8) 1¢'S (HO ‘HI 5)
‘"D) €9°66 (°HD) ¥8'TT :0OSINA ge'e (Y°HD ‘HE ) 60°3 :0SINA e
(% @ouepunqe) S (wdd) ¢ YINN-Dg; (wdd) ¢ YINN-H (;—uo ur ) Y[ "ou
‘pdwon

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

LZ-1 spunodwo)) jo eye( (exdads 1 ATIVL

489



‘(HO
‘(AN ‘HI ‘D #¥'2T ‘(H—IV 10 HN) g¥s¢€ ‘8v€€ (HO)

‘HS ‘W) $%°L-8%°L ‘(UdCHOS €70€ pue 8187 ‘(10389
‘Hg S) €9'F ‘(°HD ‘HE 0=0D) 83LT ‘(N=D) G191
‘8)89'2 ‘(HO ‘HI ‘9) €8°0 :€[DAD  “(D=D) 8GST (S=D) 0831 41
(0=D) T'6%T “(¢D) (H-7D pue H—1V ‘H6
L9¥%T ‘(D—IV) ¥9°2€T ‘ST 731 ‘wr) 09'8-8G°9 ‘(*HON ‘HG ‘S) ‘(HD) 880¢€ pue (0=D)
‘(Yd®HD ‘D 39°0€ F1DAD 8%'% ‘(HO ‘HI 19) L8'T ‘€[DAD G99T ‘(N=D ‘D=D) 8LST It
‘(H—1V ‘“HOT ‘wn) (HD) 7808
0%'2-90°2 ‘(H-7D ‘HI ®) $L°S pue €68z ‘(HN) $68%
‘(*HD—O0 ‘Hg ‘S) €T°S¢1DAD  ‘(N=D) 0191 ‘(D=D) 9691 (1
(H—IV ‘“HOT ‘W) 6€°2-30°L (HD)
pue ‘(°H-7D ‘HE ) 00°G 080§ ‘8292 (0=0D) 089T
‘(*HD—N ‘H% ‘S) $9°¢ (10D ‘(N=D) S09T ‘(D=D) ¥8S1 6
(H—IV
‘HST ‘W) 95°L-09°9 (—¥HO—O0
‘HZ S) #%'% ‘(-°HO—N “(oryewore ‘H)) 3808
‘H% ‘P) €€ ‘(*HD-"D ‘HS ‘P) pue 065 ‘(Pueydie
00°¢ ‘(°HD ‘HE ) 81°3 :610AD ‘HD) 6893 ‘(N=D) 86ST 8
(HN ‘HI ‘Peoiq) 8L°TT ‘(H—IV
‘HG ‘W) 68 L-FT°L (H-TD (HN) 08¥¢ ‘(Pnewore
‘HI S) 9%°G “(-°HDO ‘H ‘S) ‘HD) 620¢ ‘(oryeydire
80°G ‘(°HD ‘HE ) 91°3 :¢10AD ‘HD) 6893 ‘(N=D) ¥#¥ST L
“(21) 99 (-EHD%H%D (HO ‘"I ‘s) €6'L ‘(H—IV “(oryeWwOrE ‘HD) 880€
00T1) 16 (13) SI1°(¥3) ‘HOT ‘W) $3'L—31 L ‘(-°HD—N pue 1g0g ‘(Preydie
88T ‘(CHOSHD—IN ‘Hz ‘P) 92°¢ (?HD-7D ‘HE ‘P) ‘HD) 3263 PUe 0683
‘GT) 48T ‘(€T “+IN) 8L% G6'2 ‘(FHO ‘HE ‘S) 80°G :¢10AD  (0=D) TL9T ‘(N=D) 909T 9

“(FIN ‘HI ‘Peoiq) £2°01 ‘(H—IV
‘HS W) $5°2-9¢°L ‘(H-"D ‘HI
‘s) 66°G ‘(-°HDO ‘HE ‘PXP) 63'S

Pu® L3'G “(=*HD ‘HE P) €L'F “(HN) 671¢ ‘(oneydire
(=HO— ‘HT W) LG'¥ :¥[0AD ‘HD) 09€Z ‘(N=0D) 99T g
(% ®ouepUNqgE) S (wdd) ¢ JINN-D¢; (wdd) ¢ YINN-H; (o ur a) g1 ‘ou

‘pdwo)

(ponunyuo)) 1zg-1 spunoduwo) jo eye( [e13oeds I ATAVL

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

490



(280d 3xau uo panuiguo)))

(8T) €9 (32)
L2 “(00T) €0T “(02) T€T
(68) 69T ‘(L8 ‘+IN) 66T

"(83) LS (63) 69 “(98) LL
(8T) 18 (93) 16 “(00T)
SOT “(82) 6¥T (9) L9T

(3) 661 (0°¢ ‘+IN) 8€3
(0T
G0T “(02) 09T ‘(¥8) 191
(00T) €91 ‘(89 ‘+IN) ¥%¢

"(63) 99
‘(31) LL “(3T) 30T
(00T) 09T ‘(3°€ ‘+IN) &¥&

‘(HN ‘HT ‘9) 28'6 ‘(H—1IV ‘HS
‘w) 8¢°L—5¢"L ‘(H-YD ‘HI ‘S)
0T°9 ‘(°HDO ‘HZ ‘S) 66'F :£10AD

(H-1Apu4d ‘HY

‘w) 92°8 ‘08°L ‘08°L “(H-7D ‘HT

‘s) 66° ‘(°HO—O ‘HG ‘S) 86'F
‘(*HO—N ‘HZ S) L8'% ¥1DAD

(H—IV

‘HS ‘W) 85 L—FFL (H-7D ‘HI

‘S) ¥6°q ‘(°HO—O0 ‘H% ‘S) 66'F
‘(CHD—N ‘Hg ‘s) 06'% :€10dD

(H—IV
‘HS ‘w) §5°L-93°L (H-"D ‘HI
‘s) 96°G ([£xaY0Lo-SHD—O
‘HI ‘W) 9% ‘(H—I£xay0[04d
‘HE ‘W) L0°g ‘(H—I£xaY0[04d
‘He ‘W) 6T ‘(H—I£xay0[04d
‘HE ‘W) GG'T ‘(H—ILxaY0[04d
‘He ‘w) 9¢°T (1DAD
(HO
‘HT 19) 936 ‘(H—IV ‘HST
‘wr) T%'L-8°9 ‘(*HON ‘HG ‘S)
€9'% ‘(PHOS ‘HE ) 89°¢ ¥1DAD
(H—IV ‘HOT ‘W) T%'L—6T'L
pue (*HDN ‘Hg ‘S) 363G
‘(THDS ‘HE ‘8) 9% (FHD ‘HE
‘s) €9°2 ‘(HO ‘HI ‘9 L3'T :£10AD

(HN) 1¥3¢ ‘(HD)
9€1€ ‘S¥6% ‘(N=D)
0963 ‘(N=D ‘D=D) 1,81 eLr

(HD) §¥1¢
‘1668 ‘(N="D) 0983
‘(N=D ‘0=0) 06ST ‘05ST q91

(HD) g¥1€
LG63 ‘(N="D) 0933
‘(N=D ‘D=0) 06ST ‘0SST 91

‘(HN) Lg€€ ‘(HO) €868
‘9682 ‘(N=0 ‘D=D) 8951 qst

(HN) L€€¢€ ‘(HD) €363
‘968% ‘(N=D ‘D=)D) 8941 eg|

‘(HO

“1q) G81¢ ‘(HD) 8508

pue 828z ‘(N=D) L09T
“(D=D) 0LST (S=D) 9531 4!

‘(HO

19) 133€ Pue (HD) L30E

pue 284z ‘(N=D) ¥191
“(D=D) 0LST (S=D) 8L3T g1

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

491



"(08) €9 ‘(98)LL ‘(€2)
16 ‘(00T) SOT “(8%) 8TT
“8%) L¥T (T9) TIT (89)
LT (¥8) 0% ‘(89 ‘+IN) 8%%
"(00T) QS PU® ‘(FL) LS
‘(8L) 69 (82) LL(€B)18
‘(92)58 (18) L6 (L3)
30T (0%) 90T (13) 63T
(92) 67T ‘(LT ‘+IN) 972

(0T) €5 “(82)

L2 4(98) LOT “(9T) 6¥1
“00T) LLT “(S'T “+IN) #81

(29)

GG pue (00T) LS (86)

69 ‘(8%) TL “(€8) $8 “(€T)

16 (02) S6 (92) L6 (99)

G0T “(38) €11 (99) LaT

“19) 6%1 “(ST) L9T “(0T)
€15 ‘(93) 88% ‘(S ‘+IN) 643

(89) 1S ‘(¥2) SL

09) 9L “(8€) LL ‘(0%) 8L

‘(16) €01 “(16) 0T ‘(€3)

GOT “(33) BET (89) 091
(00T) 003 ‘(T ‘+IN) T0%

(H-1Apudd ‘Hy ‘w) $8'8

‘66'8 ‘G8°L PE’L ‘(H-7O ‘HI

‘s) 90°'9 ‘(CHDO—*D ‘HG S)

18°% ‘(19380 SHDO ‘HE D) 9%
‘(1989 €D ‘HE ‘D 63T ¥1DAD

(AN ‘HT “19) 8%°6 ‘(H—IV

‘HS ‘W) 19°L-G€°L ‘(H-7D

‘HI ‘S) 90°9 ‘(°HDO-9D ‘HG S)

18'F% ‘(19380 SHDO ‘HE D) L%
‘(19989 €D ‘HE ‘D 0T :¢[DAD

‘(HN ‘HIT “19) €6°6

‘(H-7D ‘HI ‘¢) 89°S ‘(CHDO-9D

‘HE ‘S) L% ‘(49389 CHDO ‘HE

‘D) ¥ ‘(SHD-¥D ‘HE ‘S) €56
‘(980 €D ‘HE ‘D 83T ¥1DAD

(H—V

‘HS ‘W) ¢9°L—€%°L ‘(CHDO ‘He

‘s) L0'G ‘(PHON ‘HG ‘S) €8'F
‘(THD-7D ‘HE ‘S) TF°¢ F10aD

“(H-14pudd ‘g ‘u)
99'8 ‘98°L ‘G¥'L ‘(H-"D ‘HI 9)
€1°9 ‘(°HDO ‘HE ‘S) 86'% (10D

(9 ®ouEpUNqE) SN

(wdd) ¢ HIN-Dgr

(wdd) ¢ YINN-H;

261
‘(HN) 1988-03€¢€
‘(HD) 0STE-1€63
‘(1989 0=D) GFLI-LELT
‘(N=D ‘D=0) 809T—GLST q61
61
‘(HD)
031€ ‘8963 ‘(N="D)
6€33 ‘(N=D ‘D=D) T.9T 8T
“(HN) %3¢ ‘(HD)
9€1¢ ‘G765 ‘(N=D)
0583 ‘(N=D ‘D=D) 1281 qLT
:\Eo GM \C MH ‘ou
‘pdwo)

(ponuppuo)) 1g-1 spunodwo)) jo eye( [e130ds 1 ATAVL

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

492



(28nd 3xau U0 panu1guo)))

(3) 99 “(®)
L9(6) TIT ‘¥ “+IN)
ST ‘(00T ‘T+IND) €91

"(82) 16 “(ST) 9L
“0T) L. “(00T) 20T°(98
‘4N 98T ‘(2T ‘T+IN) L8

(62) 9L (S¥) €01
“6T) 6%T “(00T)
19T “(93) L8T ‘(L “+IN) L9%

*(00T) GS Pue ($9)

09 (G2) 69 (69) €L F9)

€8 (88) L6 (88) €11

‘¥3) 631 ‘(3T) 6%T (9)
G8T “(9) 992 (€ ‘+IN) 122

(HN

J0 HO ‘HI ‘S) LT'6 ‘(H—IV ‘HS

‘w) g¢°2—%¥°L ‘(°HOS ‘HG ‘D
§G'¢ “(°HDS ‘HE ‘D 0%°¢ E1DAD

‘(H-pudd ‘Hyp ‘ur)

G6'8 ‘€9'8 ‘308 1€L ‘(H-"D

‘HI ‘S) ¥2°S “(°HDO ‘HE ‘D
80°G ‘(°HON ‘H3ZD 9¢'% :€1DAD

(H—IV

‘HS ‘W) G.°L-S5L (H-TD

‘HT ‘s) 04°S ‘(CHDO ‘HG ‘P
€0°S (°HDN ‘HZ VD €€ ¥10AD

(H-7D ‘HT ‘8) 6T°¢ (°HDO ‘H3

‘D g6% (“HON ‘Hz ‘D 8TV
‘(|HD-%D ‘HE ‘8) 61°G F1DAD

(H-14pukd ‘gy ‘w)

88'8 ‘69’8 ¥8°L ‘9F'L ‘(H-"D

‘HI ‘s) 60°9 ‘(°HDO ‘HE ‘D
SS'¥ ‘(I9CHD ‘HE ‘D TL'E *€[DAD

(H-7D ‘HI ‘9) 17'S “(°HOO ‘Ho

‘D IZ¥ ‘(AdCHD ‘HEG ‘D) 99°€
‘(|HD-€D ‘HE ) 932 F1DAD

(H7D

‘HI ‘) 89°S ‘(°HDO-%D ‘Hg

‘s) L% ‘(CHDO—N ‘HG ) 19'%

‘(19989 THDOXG ‘HY PX2) 0¥

‘(FHO-8D ‘HE ‘S) GT'G ‘(10980
EHDOXG ‘H9 9%3) 92°T -¢10dD

‘(HN 10 HO)
L¥¥€ ‘(HD) 861¢€ ‘L¥0E
‘ge8% ‘(N=D ‘0=D) 9991

"(HD) 0ET€ ‘850€ ‘€L6G
‘1682 ‘(N=0 ‘D=D) 0LST

(HN)
8L2¢ ‘(HD) 631€ ‘L963
‘8193 ‘(N=D ‘D=D) 8851

(HN)
8L2€ ‘(HD) 631¢ ‘L96%
‘8193 ‘(N=D D=D) 88ST

‘(HD) g€1¢€ ‘650¢€
‘G867 ‘(1980 0=D) LELT
‘(N=D ‘D=0D) 809T ‘GLGT

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

44

€6

2G¢%

qsc

44

218

Blg

0g

493



(e10zRILd-G)))

%8°€91 ‘(er0zeakd-g))

81 ‘(Auayd-1D)

€1°631 ‘(D-o1ewWwoIR) 06831

LS'83T ‘G981 ‘(dr0zerkd-$D)

6¥L8 ‘(£xo[£nq-1D—0)

12'89 ‘(A-¥D)

P8¢ ‘(AXo[AMq-$)) G365
‘(£x0-14q-D) G8° L5 10D

¢

(H—IV ‘HS W) 9G°L—LV'L
(N-®HOD ‘HZ ‘D 19°¢ ‘(*HO—SX3
‘HY ‘W) 9¢°¢ (1g%HD ‘HE ‘D 10°€
‘(1Amqouoaq o TFD-CHD-€G
‘ouaderyytp Jo SHD-*HD-L S
‘HS ‘W) 3T°3-68°T E[DAD
"(HN ‘HT ‘s) 34'8 ‘(?HDO—S
‘Hg ‘D 9¢'€ ‘(CHDO—S ‘HZ ‘D LT'€
(|HD-8D ‘HE ‘s) g¥'g ‘(duaderyyrp
SHD-CHD-L‘S ‘HY ‘W) 16T :¥1DAD

13

(HN ‘HT

‘s) $8°6 ‘(H—IV ‘HS ‘W) 8G'L—-9€ L

‘(H-7D ‘HI ) €6°¢ (CHD—O0

‘HE ‘D ¥T'V ‘(Id-°HD ‘HE ‘D &v'€
(*HD-THD-€'¢ ‘HY ‘W) 36'T 10D

“(H-14pu4d ‘Hy ‘W) 868 ‘G0°8

‘2e’L ‘(H-"D ‘HI ) 08°S “(°HO—O

‘HE ‘D 1€°S ‘(°HO—N ‘HS

‘D e’y (*HD—D—0 ‘HG W) 123G

(HD) G¥1¢

‘090€ ‘3965 ‘€885 ‘(ouo-
[oze1fd-g ‘0=D) 6991 L3

‘(HN 19) 81€¢

‘(HD) €9T€ ‘090€ ‘L16%
‘(oprwre o141 ‘0=D)

LG9T “(N=0 ‘DO=D0) §¥ST 96
(HN)

61€¢€ ‘(HO) 921€ ‘8€0€

‘8,82 ‘(N=0D ‘0=0) 0951 j14
(HD)

GY1E ‘¥90€ ‘9963 ‘€183

‘(*HD—D—N ‘HZ ‘W) 6'T :¥1DAD ‘(N=D ‘D=0D) 899T—8%3T %%
(H—IV ‘HS ‘W) $1°L-9%°L
‘(H-"D ‘HI ) €0'9 ‘(°HO—O
‘HZ ‘D 92'% ‘(°HO—N ‘Hg
D 607 ((HO—D—0 ‘HE ‘W) L0'G
‘(*HD—D—N ‘Hg ‘W) 06'T :¥1DAD q¥3
(9 @ouepunqe) S (wdd) ¢ YINN-Dgr (wdd) ¢ YINN-H (- ut 4) gI "ou
‘pdwo)

#T0¢ Jequieseq T€ £5:80 e [Aisieaun auen ] Aq pspeojumoqg

(panunguo)) Lg-1 spunodwo) jo eje( [expoa2ds [ HTAV.L

494



Downloaded by [Tulane University] at 08:53 31 December 2014

Alkylation of Pyrazolones 495

tetrabutylammonium bromide (TBAB, 0.003 mol, 0.90 g) was stirred
for 30 min. Next, the organo-halogen compound (0.03 mol) was added
and the reaction mixture was vigorously stirred at room temperature.
The progress of the reaction was monitored by TLC over the entire
reaction period. After completion of the reaction, the organic layer was
separated, dried by anhydrous MgSOy, and the solvent was evaporated.
The residue was crystallized from the proper solvent or separated by
column chromatography using silica gel and the proper eluent. The
results are listed in Tables I and II.

(B) Alkylation in the Presence of Carbon Disulphide

In a round bottle flask (100) fitted with a condenser, a suspension of
5-hydroxy-3-substituted-1H-pyrazoles (1, 0.01 mol), anhydrous KsCOs3
(0.02 mol, 2.76 g), tetrabutylammonium bromide (TBAB, 0.003 mol,
0.90 g) and carbon disulphide (10 ml) in dry acetonitrile (50 ml) was
efficiently stirred at room temperature for 30 min. The organo-halogen
compound (0.03 mol) was added and the reaction mixture was vigor-
ously stirred at 25°C. The progress of the reaction was monitored by
TLC over the entire reaction period. After the reaction completion, the
organic layer was separated by filtration and the solvent was evapo-
rated. The residue was crystallized from the proper solvent or separated
by column chromatography. The results are listed in Tables I and II.

REFERENCES

[1] E. V. Dehmlow and S. S. Dehmlow, Phase Transfer Catalysis (VCH Publisher, New
York, 1983).

[2] C. M. Stark, C. Liotta, and M. Halpern, Phase Transfer Catalysis, Fundamentals,
Application and Industrial Perspectives (Chapman & Hall, New York, 1994).

[3] Y. Sasson and R. Neumann, Handbook of Phase Transfer Catalysis (Chapman &
Hall, New York, 1997).

[4] W. P Weber and G. W. Gokel, Phase-Transfer Catalysis in Organic Chemistry
(Springer, New York, 1977).

[56] H. H. Freedman, Pure Appl. Chem., 58, 857 (1986).

[6] S.A.Shiba, N. M. S. Harb, M. A. El-Kassaby, M. A. Hassan, and M. M. Abou El-regal,
Phosphorous, Sulfur, and Silicon, 104, 15 (1995).

[7] S.A.Shiba, N. M. S. Harb, M. A. El-Kassaby, M. A. Hassan, and M. M. Abou El-regal,
Indian J. Chem., 35B, 426 (1996).

[8] M. A. Hassan and D. Dépp, Heterocycles, 45, 451 (1997).

[9] M. A. Hassan, M. M. Mohamed, and S. A. Shiba, Phosphorus, Sulfur, and Silicon,
157, 97 (2000).

[10] S.A.Shiba, M. M. Mohamed, M. A. Hassan, and A. M. El-Sayed, Phosphorus, Sulfur,
and Silicon, 158, 91 (2000).
[11] S. Scheibye, A. A. El-Barbary, S. O. Lawesson, H. Fritz, and G. Rihs, Tetrahedron,

38, 3753 (1982).



Downloaded by [Tulane University] at 08:53 31 December 2014

496

[12]
[13]
[14]

(15]
[16]

[17]
(18]

[19]

A. Kh. Khalil et al.

A. Weissberger, R. H. Wiley, and P. Wiley, The Chemistry of Heterocyclic Compounds:
Pyrazolinones, pyrazolidones and derivatives (Jhon Wiley, New York, 1964).

S. P. Hiremath, K. Rudresh, and A. R. I. Saundan, Indian J. Chem., 41B(2), 394
(2002).

S. Joerg, G. Reinhold, S. Otto, S. H. Joachim, S. Robert, and L. Klaus, Ger. Offen.
(1988); C.A. 108, 167465 (1988).

P. N. Dhol, T. E. Achary, and A. Nayak, J. Indian Chem. Soc., 52, 1196 (1975).

F. R. Souza, V. T. Souaza, V. Ratzlaff, L. P. Borges, M. R. Olivera, H. G. Bonacorso,
N. Zanatta, M. A. P. Martina, and C. F. Mello, Eur. J. Pharma., 451(2), 141 (2002).
dJ. Singh and R. Tripathy, PCT Int. Appl., 138 (2001).

A. Khalil, M. A. Hassan, M. M. Mohamed, and S. A. Shiba, Phosphorus, Sulfur, and
Silicon, 57, 97 (2000).

A. Khalil, M. A. Hassan, M. M. Mohamed, S. A. Shiba, and M. K. Abou EL-Regal,
Phosphorus, Sulfur and Silicon, 178, 1497 (2003).



