
























































































































































































































































CHAPTER 111

A p-OXODITHIOESTERS MEDIATED SYNTHESIS
OF 2-SUBSTITUTED AMINO-4-ARYL-3H-DIHYDRO-
BENZO-[5][1,4]-DIAZEPINES AND 2-(CYCLOAMINO)
-4-ARYL-3H-DIHYDRO-BENZO-[b][1,4]-DIAZEPINES




CHAPTER 11l

A f-oxodithioesters mediated synthesis of 2-substituted amino-4- aryl-3H-
dihydro-benzo-[b][1,4]-diazepines  and  2-(N-cycloamino)-4-Aryl-3H-
dihydro-benzo-[b][1,4]-diazepines

[I1.1 INTRODUCTION

The earliest known benzodiazepines are the minor tranquilizers chlordiazepoxide
and diazepam which are of pharmacological importance.' They constitute an important
family of compounds exhibiting diverse biological activities> and has undergone
extensive chemical investigation. Benzodiazepine compounds have been considered as
the most extensively consumed psychoactive drugs worldwide due to their anxiolytic and
anticonvulsant activity, and are commercially available as drugs, which are widely used
as anticonvulsant, antianxiety, anti-inﬂammatory,4 antibiotics,” sedative, hypnotic
agents,® and anti-HIV agents.” For example, Clozapine, Olanzapine and Quetiapine are
used to treat schizophrenia; Clonazepam, Diazepam, Lorazepam, Nitrazepam, and

Oxazepam are used as antianxiety drugs. In addition, they are the basis of
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cholecystokinin receptor (CCK) A and B antagonists,® oxytocin antagonists,” inhibitors
of protein-DNA interactions'’ and farnesyltransferase inhibitors'' found in therapeutics.'?

Novel benzodiazepine derivatives of general structure 62, were designed by receptor
mapping techniques to identify new glycine antagonists, based on the known

pharmacophore model of the glycine binding site."?
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Similarly, the dihydro benzodiazepines derivatives'* 63 and 64 have generated
considerable interest as CNS active anticonvulsant drugs, also as in vitro non-
nucleoside inhibitors of HIV-1 reverse transcriptase.'>'®

In recent years, Savelli er al'’ described pyrido[2,3-b]-[1,4]diazepinone
structures, which revealed interesting neuroleptic properties. However, because of the
failure of the reactions of simple p-diketones, that is, pentan-2,3-dione or
benzoylacetone with 2,3-diaminopyridine to yield 3H-pyrido{2,3-b][1,4]diazepine
structures'®® acyclic and cyclic f-ketoesters have only been used as precursor since
1974 for a series of pyrido[2,3-b][1,4]diazepin-2-ones'’ and their respective isomers.?

The most commonly employed methods involve the cyclocondensation of 1,2-
diamines with ketones,?' enones,? or # —haloketones? in the presence of acid catalysts
such as BF;-c:therate24 and NaBH,. In 1978, Nardi et al.®® reported the synthesis of 4-

aryl-1,3-dihydro-2H-[1,5]-benzodiazepine-2-thiones 67 by condensation of 1-aryl-3,3-

dimercaptoprop-2-en-1-ones 65 with o-phenylenediamine 66 (Scheme 15).
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Scheme 15

In general, the condensation of o-phenylenediamine with ethyl acetoacetate or
ethyl benzoylacetate has been shown to yield 4-methyl or 4-phenyl-1,3-dihydro-2H-

1% reported a

[1,5]-benzodiazepin-2-ones as the major products.”’ Li-Tao An et a
solvent-free method for the synthesis of 1,5-benzodiazepines 69,70 using o-
phenylenediamine 68 with different ketones in the presence of montmorillonite K10 at
room temperature and under heterogeneous reaction conditions.”” Montmorillonite K10
is one of the most important inorganic solid acids, which has been extensively reported
to promote acid-dependent reactions™ and as carrier of catalyst.*' Among the various
heterogeneous catalyst, silica gel impregnated with sodium bisulfate (SiO,-NaHSOy)

has the advantage, because of low cost, ease of preparation and as eco-friendly catalyst

affording 71°? (Scheme 16).
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Kobayashi and co-workers” have reacted o-phenylenediamine with o-
oxoketenedithioacetals to afford 8-substituted 4-aryl-2-methyithio-1,5-benzodiazepine
72 regioselectively in moderate to good yields (Scheme 17). Similarly the
corresponding thienodiazepine derivatives 74 and 75 were obtained by condensation of

5-substituted-3,4-diaminothiophenes 73 with oxoketene dithioacetals® (Scheme 18).
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Scheme 18

M. Kidwai and P. Mothsra reported the synthesis of [1,4]-benzodiazepine and
[1,5)-benzodiazepine using ethylacetoacetate, aromatic aldehydes and o-
phenylenediamine without using any catalytic reagent at pH 7.% However, many of the

reported methods use drastic reaction conditions, high temperature and involved
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relatively expensive reagents thus leaving enough scope for the development of newer,

milder and more efficient procedure for the synthesis of 1,4-benzodiazepines.

The present work describes two general methods for the synthesis of 2-
substituted amino-4-aryl-3H-dihydro-benzo-{b][1,4]-diazepines and 2-(N-
cycloamino)-4-Aryl-3H-dihydro-benzo-{b][ 1,4]-diazepines. The first method involved
the dethiomethylation of f-oxodithioesters with primary amines while the second
method involved reaction with secondary cyclic amines to give the two different 8-
oxothioamides respectively which were then subsequently subjected to cyclisation

reaction with o-phenylenediamine.



111.2 RESULTS AND DISCUSSION

During our literature survey we found that none of the reported methods for the
synthesis of benzodiazepines involved the use of S-oxodithioesters or f-oxothioamide
as precursors”. We therefore deemed it interesting to attempt the construction of
substituted [1,4]-benzodiazepines using o-phenylenediamine and p-oxothioamide
obtained from B-oxodithioesters. Our attempt to displace the methylthio group from f-
oxodithioesters 76 was achieved by using equimolar amount of aliphatic, alicyclic or
aromatic primary and secondary amines in ethanol to give f-oxothioamide 77. The
thioamide then undergo cyclocondensation with o-phenylenediamine, to give the
corresponding 2-substituted amino-4-aryl-3H-dihydro-benzo-[b][1,4]-diazepines 78(a-
n) (Scheme 19) and 2-(N-cycloamino)-4-aryl-3 H-dihydro-benzo-[b]]1,4]-diazepines
derivatives 80(a-n) (Scheme 20).

The B-oxodithiocarboxylates®® 76 were prepared according to the reported

procedures®*°

with minor modifications. In a typical reaction, a solution of respective
B-oxodithioesters 76 (5 mmol) obtained, is treated with 1 eqv. of primary or secondary
amines (aliphatic, aromatic, alicyclic or cyclic) and ethanol with constant stirring for
about 6 h at room temperature when S-ketothioamide 77 and 79 is formed (monitored
by TLC). To the p-ketothioamide 77 and 79 generated in situ, o-phenylenediamine
(0.01 mole) and catalytic amount of acetic acid (3 mL) was added in presence of dry

ethanol (15 mL) and refluxed for 12-16 h with constant stirring. The completion of the

reaction was monitored by TLC.
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The reaction mixture was concentrated under reduced pressure and poured into
ice-cold saturated solution of NaHCO; (100 mL), extracted with DCM (3 x 50 mL),
washed with H,O (2 x 50 mL) and brine (1 x 50 mL), and dried over anhydrous
Na,SO4. The solvent was evaporated under vacuum to give crude products 78, 80
which were purified by column chromatography over silica gel using hexane/EtOAc
(10:1) as eluent. All compounds 78(a-n) showed characteristic spectral properties for 2-
substituted amino-4-aryl-3H-dihydro-benzo-[b][1,4]-diazepines and 80(a-n) for 2-(N-
cycloamino)-4-aryl-3H-dihydro-benzo-[b][1,4]-diazepines derivatives as showned
(Table II and Table III).

All the products were characterized by 'H and '*C NMR spectroscopy, IR,
melting points and elemental analyses. The formation of Methyl-(4-phenyl-3H-
benzo[b][1,4]diazepin-2-yl)amine 78a was confirmed on the basis of analytical data
and spectral evidences. Thus, it was analyzed for C¢H;sN3 (Expected C, 77.08; H,
6.06; N, 16.85. Found: C, 77.01; H, 6.03; N, 16.22%) and its mass spectrum showed the
molecular ion peak at m/z 249. Its IR spectrum (KBr) exhibited a sharp absorption band
at 1620 cm™ which is characteristic for C=N stretching frequency and one at 3374 cm’
for the N-H stretch. The final structural proof was obtained from its 'H NMR (CDCls),
which showed one singlet at § 3.42 ppm (2H), a doublet at 6 2.48 ppm (3H) and a
distorted quartet at 4.89 ppm (1H) NH proton. The aromatic protons were observed as
multiplets at & 7.25-7.44 ppm (7H) and doublets at 7.67 ppm (2H). >C NMR (CDCl)
showed resonances at ¢ ppm 27.10, 30.23, 164.2 and 164.7 for methyl carbon sp’,
methylene carbon, C-2 and C-4 of the diazepine ring which are in accordance with the
proposed structure. The analytical and spectral data for other 2-substituted amino-4-

aryl-3H-dihydro-benzo-[][1,4]-diazepines 78(b-n) and for 2-(N-cycloamino)-4-aryl-
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3H-dihydro-benzo-[b][1,4]-diazepines 80(a-n) derivatives are in conformity with the
assigned structure, and are described in the experimental section.

In summary, we have developed a highly efficient protocol for the synthesis of
2-substituted amino-4-aryl-3H-dihydro-benzo-[b][ 1,4]-diazepines 78(a-n) and for 2-(N-
cycloamino)-4-aryl-3H-dihydro-benzo-[b][1,4]-diazepines 80(a-n) from B-
oxodithioester as common synthons for the synthesis. Our efforts to extend this
protocol to a wide range of f-oxodithioesters or f-oxothioamide derived from various
cyclic/heterocyclic ketones with primary and secondary amines is currently under

progress.
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Table I1. Synthesis of 2-substituted amino-4-aryl-3H-dihydro-benzo-{b][1,4]-diazepines 78.

Entry 77 R, R; R3 78 yield%
Ry~__0 N T
R; NH:-, C[N/ N:t;

1 77a Ph H CH; 78a 87
2 77b Ph H Et 78b 82
3 77¢ Ph H CH(CH,CHs), 78¢ 58
4 77d Ph H Ph 78d 84
5 77e Ph CH; CH; 78e 63
6 77¢ Ph CHs Et 78§ 77
7 77g 4-MeO-CsH, H Et 78g 87
8 77h 4-MeO-CgH, H Ph 78h 78
9 77 4-Br-C¢H, H Et 78i 85
10 77j 4-Br-CeH,4 H Ph 78j 76
11 77k 4-NO,-CsH4 H Et 78k 75
12 77 4-NO,-CeH, H Ph 781 82
13 77m 4-MeO-Cg¢H, CH; Et 78m 68
14 77n 4-MeO-CgH, CH; Ph 78n 76
15 770 i-Pr H Et 780"

16 77p i-Pr H Ph 78p°

*Yields obtained are determined after work-up and Chromatographic purification.
®Not isolated
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Table II1. Synthesis of 2-(N-cycloamino)-4-aryl-3 H-dihydro-benzo-[b][ 1,4]-diazepines 80.

Entry 79 R, R 80 (yield%)®
Rl s N1
1\%—« ©\/ R,
Ry N—> N= \N
- )
1 79a, X=H Ph H 80a 87
2 79b, X=0 Ph H 80b 74
3 79¢, X=NBn Ph H 80c 62
4 79d, Ph H 80d 58
X=N-(2-Pyridyl)
5 79¢, X=H Ph CH; 80e 63
6 79f, X=0 Ph CH; 80f 77
7 79g, X=H 4-MeO-CeH,4 H 80g 87
8 79h, X=0 4-MeO-C¢H, H 80h 78
9 79i, X=NBn 4-Br-C¢H, H 80i 65
10 79j, 4-Br-C¢Hy H 80j 76
X=N-(2-pyridyl)

11 79k, X=H 4-NO,-C¢H,4 H 80k 85
12 791, X=0O 4-NO,-C¢H, H 801 82
13 79m, X=H 4-MeO-CgHg4 CH; 80m 68
14 79n, X=0 4-MeO-CgH4 CH; 80n 71

15 790, X=H i-Pr Et 800°

16 79p, X=0 i-Pr Ph 80p°

®Yields obtained are determined after work-up and Chromatographic purification.

®Not isolated
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[11.3 EXPERIMENTAL

Melting points were determined on a “Thomas Hoover” capillary melting point
apparatus and are uncorrected. 'H and 3C NMR spectra were recorded on a Bruker
AMX 400 instrument using CDCl; as the solvent. Chemical shifts are reported in ppm
using tetramethylsilane as internal standard. J values are given in Hz. The following
abbreviations are used to describe peak patterns when appropriate: br = broad, s =
singlet, d = doublet, dd = double doublet, dt = double triplet, t = triplet, q = quartet, sept
= septuplet, m = multiplet. IR spectra were recorded on a Perkin-Elmer BX
spectrophotometer. ESI mass spectra were measured on an ion trap analyzer Esquire
3000 (Bruker Daltonics). Masses (MS) are reported in unit of mass over charge (m/z),
the molecular or base peaks and relative intensities are indicated by (M) and (%)
respectively. CHN analyses were recorded on a Vario EL analyser. Column
chromatography was performed using silica gel (60-120 mesh, Merck).

All reactions were performed in oven dried (120°C) glasswares under a positive
dry nitrogen atmosphere. Analytical thin layer chromatography (TLC) were performed
on glass plates coated with ACME’s silica gel containing 13% calcium sulphate as
binder, and various combination of visualization of spots was accomplished by
exposure to UV lamp or iodine vapour or by spraying potassium permanganate (acidic)
solution. Eluents for column chromatography were used after simple distillation of
commercial solvents. All solvent evaporations were done using a rotary evaporator and

a steam bath.
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Chemical Reagents and Solvents:

Commercially available NaH, 50% suspension (SISCO, SPECTROCHEM) was used,
N,N-dimethyl formamide (Aldrich) was purchased bottle grade and dried over CaH,
distilled and store over molecular sieves (4A). Pure (THF) was obtained by keeping the
deperoxidised THF over sodium-benzophenone. Anhydrous ether, chloroform and
dichloromethane (DCM) was obtained by keeping the bottle grade over calcium
chloride over night and finally stored over sodium wire or Type 3A molecular sieve.
Dry benzene was obtained by washing with concentrated sulphuric acid followed by
azeotropic distillation and stored over sodium wire. Sodium tertiary butoxide was

freshly prepared for each reaction.

Starting Materials:

Acetophenone, substituted acetophenones, dimethyl trithiocarbonate (Sigma-Aldrich)
were used for the preparations of f-oxodithiocarboxylate ester. Carbon disulfide (CSy),
dimethyl sulfoxide (DMSQO), and o-phenylenediamine used were analytical reagent
bottle grade. Commercially available, methylamine, ethylamine, aniline, piperidine,
morpholine, N-benzylpiperazine, N-pyridinylpiperazine (E-Merck India Ltd.) were used
directly without further purification. Dimethyl trithiocarbonate bp 225°C (760 mm) was
also prepared in the laboratory according to the reported procedure®' with some
modification. The f-oxodithioester required for the present investigation was prepared
(preferably using protective gloves and mask under fume cupboard) according to the

38-40

earlier reported general procedures™ ™ with minor modification.



69

General procedure for the preparation of dimethyl trithiocarbonate:

A mixture of 30 mL of DMSO, (17 g, 0.3 mole) KOH and 40 mL (50 g, 0.66 mole) of
CS, was stirred in a stoppered vessel at room-temperature overnight. The excess CS;
was decanted and the volume was brought to 90 mL by adding more DMSO. A mixture
of 10 mL of the DMSO solution and bromomethane (3.3 g, 0.013 mole methyl
bromide) was heated on the steam bath for 10 minutes after which the original red
brown colour had turned lighter. About 20 mL of water was added and the product was
extracted with ether. On evaporation, of methy) trithiocarbonate (2.7 g, bp 225°C, 760

mm) was obtained which is a yield of 91 percent based on methyl bromide.

General procedure for the Synthesis of f-oxodithioesters 76:

To a well stirred suspension of NaH (2.5 g, 0.05 mole; 50% suspension in mineral oil)
in dry DMF/Benzene solvent mixture (50 mL, 1:10; Benzene bp 80°C), dimethyl
trithiocarbonate  (3.80 g, 0.027 mole) was added to the solution and the mixture is
refluxed with stirring for 1 hr. A solution of the acetophenone (0.025 mole) in dry
benzene (50 mL) is slowly added dropwise over a period of 3-4 hr, the reaction mixture
is further refluxed for 1 hr. The reaction formed an interface between the two layers
present in the reaction mixture. The reaction is exothermic, and the reaction mixture
was cooled in a water bath at room temperature, and poured into ice-cold water (250
mL). The aqueous layer is separated, washed with benzene (1 x 100 mL), acidified with
3N HCI or 20% acetic acid (20 mL) and extracted with chloroform (2 x 50 mL). The
extract is dried with anhydrous sodium sulfate and the solvent was evaporated to give
the corresponding B-oxodithiocarboxylates 76 in good yields (single spot on TLC),
which is pure enough (>95% purity according to NMR analysis). Purification may be

achieved by column chromatography on silica gel using hexane as eluent.
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Synthesis of Methyl-(4-phenyl-3H-benzo[b][1,4]diazepin-2-yl)amine 78a.

To a solution of respective S-oxodithiopropionic ester 76a (1.7 g, 0.008 mole) in
ethanol (15 mL), methylamine (1.55 g, 0.05 mole) is added and the mixture was stirred
for about 6 hr at room temperature. The B-ketothiopropionamide 77a formed in situ, o-
phenylenediamine (1.64 g, 0.0152 mole) and catalytic amount of acetic acid (5 mL) was
added in presence of dry ethanol (15 mL) and was refluxed for 6-8 hr with constant
stirring, the reaction being monitored by TLC. Under work up, the reaction mixture
was concentrated under reduced pressure and poured into ice-cold water (50 mL),
extracted with diethyl ether (2 x 50 mL), washed with H,O (2 x 50 mL) and brine (1 x
50 mL), and dried over anhydrous Na,SO,. The solvent was evaporated under vacuum
to give 1,4-benzodiazepines 78a which were purified by column chromatography over
silica gel using hexane/EtOAc (10:1) as eluent. Yield 87% (1.06 g); Yellow solid; mp
126-127°C; R;0.74 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3374, 3040, 2210, 1620, 1322,
1175, 1074 cm™; 'H NMR (400 MHz, CDCls): 6 2.48 (d, J = 7.2 Hz, 3H, CHs), 3.42
(s, 2H, CH,), 4.89 (q, /= 7.2 Hz, 1H, NH), 7.25-7.44 (m, 7H, ArH), 7.67 (dd, J = 8.4,
2.1 Hz, 2H, ArH); >C NMR (100 MHz, CDCls): 6 27.10, 30.23, 123.12, 123.24,
128.05, 128.32, 128.46, 128.50, 129.07, 129.32, 130.4, 131.65, 142.54, 146.22, 164.04,
164.68; EIMS (m/z, %): 249 (M + 1, 100); 248 (M", 90); Anal. Calcd for C;sH;sN;
(249): C, 77.08; H, 6.06; N, 16.85. Found: C, 77.01; H, 6.03; N, 16.22%. Compounds

78b-n was synthesized similarly using appropriate amines.

Ethyl-(4-phenyl-3H-benzo[b][1,4]diazepin-2-yl)-amine 78b: Yield 82% (1.12 g);
Pale yellow solid; mp 122-123°C; R, 0.71 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3370,
3040, 2210, 1620, 1322, 1175, 1074 cm™; '"H NMR (400 MHz, CDCls): 6 1.08 (t, J =

7.6 Hz, 3H), 2.85 (q, /= 7.6 Hz, 2H ), 3.48 (brs, 2H, CHy), 4.37 (t, J = 7.6 Hz, 1H,
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NH), 7.20-7.64 (m, 7TH, ArH), 7.88 (dd, J = 8.4, 2.1 Hz, 2H, ArH); C NMR (100
MHz, CDClL): & 16.18, 30.38, 36.29, 123.14, 123.26, 128.14, 128.30, 128.54, 128.58,
129.11, 129.13, 130.21, 131.24, 142.44, 146.23, 164.24, 164.78; EIMS (m/z, %). 263
(M + 1, 100); 262 (M", 90); Anal. Caled for Ci7;H7N; (263): C, 77.58; H, 6.56; N,

15.85. Found: C, 77.41; H, 6.43; N, 15.22%.

(1-Ethyl-propyl)-(4-phenyl-3H-benzo[b][1,4]diazepin-2-yl)-amine 78c: Yield 58%
(0.87g); Pale yellow solid; mp 173-174°C; R, 0.71 (9.5:0.5 hexanes-EtOAc). IR (KBr):
2944, 2457, 2212, 1624, 1326, 1172, 1072 cm™; '"H NMR (400 MHz, CDCl): 6 0.98
(dt, J= 7.7, 2.2 Hz, 3H, CH3), 1.58 (dq, J = 6.4, 1.2 Hz, 2H, CHy), 2.65 (sept, J = 6.2
Hz, 1H), 3.40 (s, 2H, CHy), 4.47 (d, J= 6.8 Hz, 1H, NH), 7.30-7.68 (m, 9H), 7.86 (dd, J
= 8.4, 2.1 Hz, 2H, ArH); "*C NMR (100 MHz, CDCls): & 8.91, 8.96, 29.02, 29.06,
30.38, 53.02, 123.14, 123.26, 128.14, 128.30, 128.54, 128.58, 129.11, 129.13, 130.21,
131.24, 142.44, 146.23, 164.20, 164.72; EIMS (m/z, %): 305 (M + 1, 100); 304 (M,
90); Anal. Caled for CHa3N3 (305): C, 78.65; H, 6.56; N, 7.59. Found: C, 78.42; H,

7.44; N, 7.52%.

Phenyl-(4-phenyl-3H-benzo[b}{1,4]diazepin-2-yl)-amine 78d: Yield 84% (1.22 g);
Yellow solid; mp 134-135°C; R, 0.76 (9.5:0.5 hexanes-EtOAc). IR (KBr): 3440, 3040,
2210, 1620, 1322, 1175, 1074 cm™'; '"H NMR (400 MHz, CDCls): 6 3.48 (s, 2H), 4.88
(brs, 1H, NH), 6.17-7.76 (m, 7H, ArH), 6.54 (dd, J= 8.2, 2.2 Hz, 2H, ArH), 6.62 (d, J =
7.2 Hz, IH, ArH), 7.86 (dd, J = 8.4, 2.1 Hz, 2H, ArH); '°C NMR (100 MHz, CDCl): ¢
27.10, 30.23, 123.12, 123.24, 128.05, 128.32, 128.46, 128.50, 129.07, 129.32, 130.4,

131.65, 142.54, 146.22, 164.04, 164.68; EIMS (m/z, %): 311 (M + 1, 100); 310 (M,



90); Anal. Calcd for CxH17N; 311): C, 79.65; H, 5.54; N, 13.48. Found: C, 79.04; H,

5.43; N, 13.42%.

Methyl-(3-methyl-4-phenyl-3H-benzo[b}]{1,4]diazepin-2-yl)-amine 78e: Yield 63%
(1.02 g); White solid; mp 107-108°C; Ry 0.74 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3440, 3044, 2218, 1624, 1324, 1172, 1076 cm™; '"H NMR (400 MHz, CDCl3): J 1.48
(d, J= 7.2 Hz, 3H, CH3), 1.77 (g, J = 7.2 Hz, 1H, CH), 2.68 (d, /= 7.2 Hz, 3H, CH3),
3.42 (s, 1H, CH), 5.88 (distorted q, /= 7.2 Hz, 1H, NH), 7.05-7.44 (m, 9H, ArH), 7.87
(dd, J = 8.2, 2.1 Hz, 2H, ArH); °C NMR (100 MHz, CDCl;): 6 6.4, 27.16, 27.46,
123.14, 123.26, 128.14, 128.30, 128.54 (2), 129.11 (2), 130.11, 131.24, 142.44, 146.23,
164.26, 164.57; EIMS (m/z, %): 263 (M + 1, 100); 262 (M", 90). Anal. Calcd for

Ci7Hi7N3(263): C, 77.65; H, 6.55; N, 15.98. Found: C, 77.57; H, 6.34; N, 15.82%.

Ethyl-(3-methyl-4-phenyl-3H-benzo[b]{1,4]diazepin-2-yl)-amine 78f: Yield 77%
(1.17 g); White solid; mp 128-129°C; Ry 0.72 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3442, 3041, 2212, 1623, 1325, 1177, 1072 cm™'; "H NMR (400 MHz, CDCl3): 6 1.10 (3,
J=7.6Hz, 3H), 2.42 (g, J=7.6 Hz, 2H ), 2.76 (d, J = 7.2 Hz, 3H, CH;), 1.87 (q, /=
7.2 Hz, 1H, CH), 3.57 (distorted t, J = 6.2, 1.5 Hz, 1H, NH), 7.06-7.66 (m, 9H, ArH),
7.84 (dd, J = 8.2, 2.1 Hz, 2H, ArH); >C NMR (100 MHz, CDCL): 6 16.15, 27.46,
36.38, 52.02, 123.14, 123.26, 128.14 (2), 128.54, 128.58, 129.11 (2), 130.11, 131.24,
142.44, 146.23, 164.26, 164.57; EIMS (m/z, %): 277 (M + 1, 100); 276 (M", 90); Anal.
Caled for CigHi9N3 (277): C, 77.95; H, 6.85; N, 15.18. Found: C, 77.54; H, 6.64; N,

15.12%.



73

Ethyl-[4-(4-methoxy-phenyl)-3H-benzo[b][1,4]diazepin-2-yl}-amine 78g: Yield
87% (1.27 g); White solid; mp 128-129°C; R, 0.75 (9.5:0.5 hexanes-EtOAc). IR(KBr):
3424, 3044, 2218, 1620, 1326, 1171, 1078 cm™"; 'H NMR (400 MHz, CDCl3): 6 1.06 (,
J=17.6Hz, 3H), 2.48 (q, /= 7.4 Hz, 2H ), 3.24 (s, 3H, OCH3), 4.06 (t,J=7.4 Hz, 1H,
NH), 6.80 (dd, J= 8.4, 2.6 Hz, 4H, ArH), 7.06-7.86 (m, 4H, ArH); *C NMR (100 MHz,
CDCl5): 6 16.12, 30.36, 36.43, 56.02, 114.03, 114.62, 123.14, 123.26 (2), 128.14 (2),
129.11 (2), 130.11, 142.44, 146.23, 164.26, 164.57 (2); EIMS (m/z, %): 293 (M + 1,
100); 292 (M*, 90); Anal. Calcd for CisHioN3;0 (293): C, 73.69; H, 6.58; N, 14.31.

Found: C, 73.54; H, 6.54; N, 14.12%.

[4-(4-Methoxy-phenyl)-3H-benzo[b][1,4]diazepin-2-yl}-phenyl-amine 78h: Yield
78% (1.17 g); Brown crystals; mp 96-97°C; R, 0.75 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3440, 3043, 2214, 1626, 1322, 1178, 1078m™; 'H NMR (400 MHz, CDCh): §
2.52 (s, 3H, OCH3), 3.40 (s, 2H, CHy), 4.43(s, 1H, NH), 6.75-7.76 (m, 9H, Ar-H), 7.87
(dd, J = 8.4, 2.1 Hz, 4H, ArH); °C NMR (100 MHz, CDCl): 8 29.6, 56.0, 114.2,
114.12, 115.09, 115.1, 118.3, 123.5, 123.12, 128.3 (2), 129.32 (2), 130.02, 130.04,
142.4, 146.72, 146.87, 164.6, 164.02, 164.30; EIMS (m/z, %): 341 (M + 1, 100); 340
(M, 90); Anal. Caled for CyH,sN30 (341): C, 77.48; H, 5.61; N, 12.45. Found: C,

77.42; H, 5.57; N, 12.42%.

[4-(4-Bromo-phenyl)-3H-benzo[b][1,4]diazepin-2-yl]-ethyl-amine 78i: Yield 85%
(1.34 g); Yellow crystals; mp 120-121°C; R, 0.76 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3440, 3044, 2212, 1626, 1328, 1175, 1072 cm™'; '"H NMR (400 MHz, CDCl3): & 1.06 (t,
J=7Hz, 3H), 2.74 (q, J = 7 Hz, 2H), 3.46 (s, 2H, CH,), 4.18 (t, /= 7.4 Hz, 1H, NH),

7.22-7.46 (m, 6H, ArH), 8.22 (dd, J = 7.4, 2.2 Hz, 2H, ArH); *C NMR (100 MHz,
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CDCly): 6 16.23, 30.27, 36.56, 123.15, 123.14, 128.23 (2), 129.30 (2), 130.12, 130.02,
137.8, 142.4, 146.72, 146.87, 150.04; EIMS (m/z, %): 341 (M + 1, 100); 340 (M", 90);
Anal. Calcd for C,7H;sBrN; (341): C, 59.68; H, 4.73 N, 12.27. Found: C, 59.53; H,

4.67; N, 12.14%.

[4-(4-Bromo-phenyl)-3H-benzo[b]{1,4]diazepin-2-yl]-phenyl-amine 78j: Yield 76%
(1.25 g); Yellow crystals; mp 152-153°C; R, 0.76 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3440, 3044, 2218, 1624, 1326, 1175, 1074 cm™; '"H NMR (400 MHz, CDCl5): 6 1.46 (s,
2H), 4.14 (s, 1H, NH), 6.42 (dd, J = 7.4, 2.2 Hz, 2H, ArH), 7.12-7.46 (m, 7H, ArH),
7.76 (dd, J = 7.4, 2.2 Hz, 4H, ArH); °C NMR (100 MHz, CDCl3): & 29.20, 36.56,
115.03, 115.23, 118.07, 123.15, 123.14, 125.12, 128.23, 128.22, 129.30, 129.32,
130.12, 142.4, 146.72, 146.87, 164.7; EIMS (m/z, %): 389 (M + 1, 100); 388 (M", 90).
Anal. Caled for CyH¢BrN; (389): C, 69.63; H, 4.73 N, 10.24. Found: C, 69.52; H,

4.65; N, 10.18%.

Ethyl-[4-(4-nitro-phenyl)-3H-benzo[b][1,4]diazepin-2-yl]-amine 78k:

Yield 75% (1.20 g); Pale Yellow crystals; mp 91-92°C; R, 0.73 (9.5:0.5 hexanes-
EtOAc). IR (KBr): 3443, 3046, 2217, 1629, 1324, 1177, 1073 cm™; '"H NMR (400
MHz, CDCl3): 6 1.04 (t, J = 7.6 Hz, 3H), 2.12 (t, 1H, NH), 2.74 (q, J = 7.6 Hz, 2H),
3.48 (s, 2H, CHy), 7.88-7.27 (m, 4H, ArH), 7.72 (dd, J = 7.4, 2.2 Hz, 2H, ArH), 8.24
(dd, J = 7.4, 2.2 Hz, 2H, ArH); ’C NMR (100 MHz, CDCl): 6 16.5, 30.23, 36.6,
123.5, 123.12, 128.3, 128.12, 129.32, 129.34, 130.02, 130.04, 137.8, 142.4, 146.72,
146.87, 150.04; EIMS (m/z, %): 308 (M + 1, 100); 307 (M", 90); Anal. Calcd for

Ci7Hi6N4O2 (308): C, 66.28; H, 5.23 N, 18.17. Found: C, 66.23; H, 5.27; N, 18.12%.
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[4-(4-Nitro-phenyl)-3H-benzo[b][1,4]diazepin-2-yl]-phenyl-amine 78l: Yield 82%
(1.52 g); Pale Yellow crystals; mp 124-125°C; R, 0.74 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3440, 3042, 2213, 16249, 1328, 1176, 1072 em™; 'H NMR (400 MHz, CDCl):
J 4.14 (s, 2H), 5.42 (brs, 1H, NH), 7.08-7.27 (m, 9H, ArH), 7.72-8.76 (dd, J = 7.4 Hz,
4H, ArH); °C NMR (100 MHz, CDCls): 6 29.20, 115.03, 115.23, 118.07, 123.15 (2),
123.24 (2), 125.12, 128.23, 128.22, 129.30 (2), 129.32 (2), 130.12, 142.4, 1427,
146.87, 150.7, 164.7; EIMS (m/z, %): 356 (M + 1, 100); 355 (M", 90); Anal. Calcd for

C21HisN4O2 (356): C, 70.78; H, 4.53 N, 15.72. Found: C, 70.63; H, 4.52; N, 15.52%.

Ethyl-[4-(4-methoxy-phenyl)-3-methyl-3H-benzo|b][1,4]diazepin-2-yl]-amine 78m:
Yield 68% (1.04 g); White solid; mp 112-113°C; R;0.72 (9.5:0.5 hexanes-EtOAc). IR
(KBr): 3446, 3042, 2214, 1622, 1327, 1174, 1078 cm™'; '"H NMR (400 MHz, CDCl3): ¢
1.48 (d, J = 7.2 Hz, 3H, CHas), 1.77 (g, J = 7.2 Hz, 1H, CH), 2.68 (d, J = 7.2 Hz, 3H,
CH3), 1.06 (t, , J = 7.2 Hz, 3H), 3.73 (s, CH3, OMe), 5.89 (distorted t, 1H, NH), 6.80 (d,
J = 7.4 Hz, 2H, ArH), 7.02-7.36 (m, 4H, ArH), 7.58 (d, J = 7.4, Hz, 2H, ArH); °C
NMR (100 MHz, CDCl3): 6 5.7, 16.15, 27.46, 36.38, 56.02, 114.1, 114.4, 123.14 (2),
128.14 (2), 128.54, 128.58, 130.11, 130.24, 142.44, 146.23, 164.26, 164.57; EIMS
(m/z, %): 307 (M + 1, 100); 306 (M*, 90); Anal. Calcd for C;oH2 N30 (307): C, 74.25;

H, 6.85; N, 6.89. Found: C, 74.14; H, 6.68; N, 6.12%.

[4-(4-Methoxy-phenyl)-3-methyl-3H-benzo[b][1,4]diazepin-2-yl]-phenyl-amine

78n: Yield 76% (1.17 g); Yellow crystals; mp 118-119°C; R, 0.75 (9.5:0.5 hexanes-
EtOAc); IR (KBr): 3440, 3043, 2214, 1626, 1322, 1178, 1078m™'; 'H NMR (400 MHz,
CDCl3): 6 1.98 (d, 3H, CH3), 3.23 (s, 3H, OMe), 4.07 (q, J = 7.2 Hz, 1H, CH), 4.41

(brs, 1H, NH), 6.80 (d, /= 7.4 Hz, 2H, ArH), 7.02-7.36 (m, 8H, ArH), 7.58 (d, /= 7.4,
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Hz, 2H, ArH); *C NMR (100 MHz, CDCLy): § 5.7, 16.15, 27.46, 36.38, 56.02, 114.1
(2), 115.12 (2), 118.02, 123.14 (2), 128.14 (2), 128.54, 128.58, 130.11, 130.24, 142.44,
146.23, 146.33, 164.26, 164.57; EIMS (m/z, %): 341 (M + 1, 100); 340 (M", 90); Anal.
Calcd for Cp3Hy N3O (355): C, 77.48; H, 5.96; N, 11.82. Found: C, 77.42; H, 5.57; N,

11.64%.

General procedure for Preparation of 2-Aryl/alkyl-4-(NV-cycloamino)-3H-
benzo{b}{1,4}diazepine 80:

A solution of the respective fS-oxodithioesters 76 (0.05 mole) was added to a stirring
suspension of secondary cycloamine (0.01 mole) in ethanol (10 mL) at room
temperature for a period of 5-6 hr. To the reaction mixture of S-oxothioamide 79
formed (monitor by TLC), o-phenylenediamine (0.05 mole) is added with catalytic
amount of acetic acid (3-5 mL) in presence of dry ethanol (15 mL) and was refluxed to
about 90°C for 6-8 hr with constant stirring (monitor by TLC). The reaction mixture is
poured after cooling into saturated NH4Cl solution (50 mL), and extracted with benzene
(2x 25 mL). The combined benzene layer was washed with H,O (3 x 50 mL) and brine
(I x 50 mL), dried over Na,SOs and distilled under reduced pressure to give
benzodiazepines 80 which were purified by column chromatography over silica gel

using hexane/EtOAc (10:1) as eluent.

Synthesis of 2-Phenyl-4-piperidin-1-yl-3H-benzo[b}[1,4]diazepine 80a:

To a suspension of respective 3-oxo-3-phenyl-dithiopropionic acid 76, (2.25 g, 0.025
mole), with piperidine (2.12 g, 0.025 mole) is stirred with 10 mL of ethanol for about 6
hr at room temperature, where 3-Piperidin-4-yl-1-phenyl-3-thioxo-propan-1-one 79a

formed in situ (monitor by TLC). To the reaction mixture, o-phenylenediamine (1.64 g,
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0.0152 mole) is added with catalytic amount of acetic acid (3-4 mL) in presence of dry
ethanol (15 mL) and was refluxed for 6-8 hr with constant stirring (monitor by TLC).
The solvent was evaporated under vacuum to afford product 80a which were purified
by column chromatography over silica gel using hexane/EtOAc (10:1) as eluent. Yield
73% (1.12 g); light brown solid; mp 80-81°C; R, 0.67 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3319, 3027, 1617, 1602, 1326, 1216, 1129, 1072 cm™. 'H NMR (400 MHz,
CDCl3): 0 1.56 (q, J= 7.2 Hz, 2H), 2.75 (t, J = 7.6 Hz, 2H), 4.42 (s, 2H), 7.28-7.36 (m,
7H), 7.68 (d, J = 7.2 Hz, 2H, ArH); °C NMR (100 MHz, CDCL): § 25.12, 25.14,
25.23, 28.22, 46.50, 46.52, 123.22, 123.32, 128.30, 128.32, 128.6, 129.12, 129.14,
131.2, 142.7, 146.11, 164.61, 164.62; EIMS (m/z, %): 303 (M + 1, 100); 302 (M”, 90);
Anal. Caled for C0Hz N3 (303): C, 79.17; H, 6.68; N, 13.86. Found: C, 79.13; H, 6.57,

N, 13.79%. Compounds 80b-n were synthesized similarly.

2-Morpholin-4-yl-4-phenyl-3H-benzo[b][1,4]diazepine 80b: Yicld 74% (1.06 g);
pale yellow crystals; mp 94-95°C; R, 0.72 (9.5:0.5 hexanes-EtOAc). IR(KBr): 3315,
3024, 1616, 1605, 1328, 1214, 1125, 1077 cm™. '"H NMR (400 MHz, CDCl3): § 2.40
(s, 2H), 2.86 (t, J = 7.6 Hz, 2H), 3.75 (t, J = 7.6 Hz, 2H), 7.28-7.36 (m, 7H, ArH), 7.68
(d, J = 7.2 Hz, 2H, ArH); ">C NMR (100 MHz, CDCl): 6 25.71, 28.12, 50.71, 50.72,
71.62, 79.92, 123.22 (2), 128.30 (2), 128.6, 129.12 (2), 131.2, 142.7, 146.11, 164.61,
164.62. 164.67. EIMS (m/z, %): 305 (M + 1, 100); 304 (M", 90). Anal. Calcd for

CioHi9N30 (305): C, 74.77; H, 6.28; N, 13.76. Found: C, 74.73; H, 6.24; N, 13.72%.

2-Pheny!l-4-(4-phenyl-piperazin-1-yl)-3H-benzo|b][1,4]diazepine 80c:
Yield 62% (0.86 g); pale yellow crystals; mp 114-115°C; R, 0.74 (9.5:0.5 hexanes-

EtOAc). IR(KBr): 3314, 3028, 1612, 1605, 1324, 1218, 1124, 1074 cm™. '"H NMR



78

(400 MHz, CDCls): 6 2.42 (s, 2H), 2.86 (t, J = 7.6 Hz, 2H), 3.75 (t, J = 7.6 Hz, 2H),
6.60 (q, J = 7.2 Hz, 1H), 6.56 (d, J = 7.2 Hz, 2H, ArH), 6.88-7.62 (m, 7H, ArH), 7.96
(d, J = 7.2 Hz, 2H, ArH); >C NMR (100 MHz, CDCl5): 6 28.12, 49.30, 49.32, 58.61,
58.62, 113.11 (2), 118.21, 123.10, 123.12, 128.30 (2), 128.6, 129.12 (2), 130.23, 131.2,
142.7, 144.50, 146.11, 164.61, 164.62; EIMS (m/z, %): 380 (M + 1, 100); 379 (M", 90).
Anal. Calcd for CasH24N,4 (380): C, 78.87; H, 6.38; N, 14.76. Found: C, 78.73; H, 6.24,

N, 14.72%.

2-Phenyl-4-(4-pyridin-2-yl-piperazin-1-yl)-3H-benzo[b][1,4]diazepine 80d:

Yield 58% (0.78 g); colourless crystals; mp 127-128°C; R, 0.74 (9.5:0.5 hexanes-
EtOAc). IR (KBr): 3322, 3022, 1614, 1602, 1326, 1224, 1124, 1076 cm™. '"H NMR
(400 MHz, CDCl3): 6 2.41 (s, 2H), 2.78 (t, J = 7.2 Hz, 2H), 3.18 (t, J = 7 Hz, 2H), 6.62
(d, J=7.2 Hz, 2H), 7.12 (m, 10H, ArH), 8.14 (d, J= 7.2 Hz, 1H, ArH); >C NMR (100
MHz, CDCls): 6 28.12, 49.22, 49.25, 58.61 (2), 108.90, 113.11, 118.21, 123.10, 123.12,
128.30 (2), 128.42 (2), 129.02, 130.23, 131.02, 138.4, 142.17, 146.15, 148.91, 161.20,
164.21, 164.62. EIMS (m/z, %): 381 (M + 1, 100); 380 (M", 90). Anal. Calcd for

Ca4H23Ns(381): C, 75.57; H, 6.25; N, 18.36. Found: C, 75.37; H, 6.14; N, 18.12%.

3-Methyl-2-phenyl-4-piperidin-1-yl-3H-benzo[b][1,4]diazepine  80e: Yield 63%
(1.02 g); pale yellow solid; mp 121-122°C; R,0.74 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3041, 2294, 2212, 1623, 1325, 1214, 1128, 1072 cm™'; '"H NMR (400 MHz, CDCls): ¢
1.09 (d, J= 5.2 Hz, 3H), 1.50 (t, /= 7.2 Hz, 2H), 2.75 (t, J= 7.6 Hz, 2H), 3.52 (q, J =
7.2 Hz, 1H, CH), 7.06-7.36 (m, 7H, ArH), 7.87 (d, J = 7.2 Hz, 2H, ArH); "°C NMR
(100 MHz, CDCl3): 6 5.8, 25.20, 25.73 (2), 25.96, 46.78, 46.82, 123.14, 123.26, 128.14

(2), 128.54, 128.58, 129.11 (2), 130.11, 131.24, 142.44, 146.23, 164.26, 164.57; EIMS
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(m/z, %): 317 (M + 1, 100); 316 (M", 90); Anal. Calcd for C31H3N3 (317): C, 79.45; H,

7.30; N, 13.28. Found: C, 79.34; H, 7.14; N, 13.12%.

3-Methyl-2-morpholin-4-yl-4-phenyl-3H-benzo[b][1,4]diazepine 80f: Yield 77%
(1.22 g); pale yellow solid; mp 101-102°C; R, 0.74 (9.5:0.5 hexanes-EtOAc). IR (KBr):
3042, 2290, 2214, 1626, 1324, 1212, 1126, 1074 cm™; '"H NMR (400 MHz, CDCl): 6
1.09 (d, J=5.4 Hz, 3H), 1.53 (t, J="7.2 Hz, 2H), 2.77 (t, J= 7.6 Hz, 2H), 3.53 (g, /=
7.2 Hz, 1H, CH), 7.04-7.38 (m, 7H, ArH), 7.78 (d, J = 7.2 Hz, 2H, ArH); “C NMR
(100 MHz, CDCls): ¢ 5.5, 25.20, 51.23 (2), 71.04, 71.06, 123.14 (2), 128.14 (2),
128.54, 128.58, 129.11, 129.13, 130.11, 131.24, 142.44, 146.23, 164.26, 164.57. EIMS
(m/z, %): 319 (M + 1, 100); 318 (M", 90). Anal. Calcd for CyoHy N3O (319): C, 75.21;

H, 6.63; N, 13.18. Found: C, 75.14; H, 6.57; N, 13.12%.

2-(4-Methoxy-phenyl)-4-piperidin-1-yl-3H-benzo|b][1,4}diazepine 80g:

Yield 87% (1.42 g); yellow solid; mp 126-127°C; R,0.72 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3042, 2290, 2214, 1626, 1324, 1212, 1127, 1070 cm™; '"H NMR (400 MHz,
CDCl3): 6 1.53 (t, J= 7.2 Hz, 2H), 2.77 (t, J = 7.6 Hz, 2H), 3.72 (s, 3H, OMe), 4.22 (s,
2H, CHy), 6.60 (d, J = 7.2 Hz, 2H), 7.04-7.38 (m, 4H, ArH), 7.78 (d, J = 7.2 Hz, 2H).
BC NMR (100 MHz, CDCls): 6 25.20, 25.73, 25.74, 28.94, 46.78, 46.82, 56.04, 114.12
(2), 123.14, 123.26, 128.14 (2), 128.54, 128.58, 129.11 (2), 130.11, 131.24, 142.44,
146.23, 164.26, 164.57; EIMS (m/z, %): 333 (M + 1, 100); 332 (M", 90); Anal. Calcd
for Co1H23N30 (333): C, 75.65; H, 6.95; N, 12.60. Found: C, 75.44; H, 6.74; N,

12.42%.
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2-(4-Methoxy-phenyl)-4-morpholin-4-yl-3H-benzo[b][1,4]diazepine 80h:

Yield 88% (1.52 g); light brown crystals; mp 91-92°C; Ry 0.67 (9.5:0.5 hexanes-
EtOAc); IR(KBr): 3317, 3022, 1617, 1602, 1322, 1217, 1127, 1074 cm™'; '"H NMR
(400 MHz, CDCly): 6 2.73 (t, J = 7.2 Hz, 2H), 3.67 (t, J = 7.6 Hz, 2H), 3.82 (brs, 3H,
OMe), 4.21 (s, 2H, CHy), 6.60 (d, J = 7.2 Hz, 2H), 7.04-7.38 (m, 4H, ArH), 7.78 (d, J =
7.2 Hz, 2H); °C NMR (100 MHz, CDCly): 6 28.12, 50.71, 50.72, 71.62, 79.92, 123.22,
123.32, 128.30, 128.32, 128.6, 129.12, 129.14, 131.2, 142.7, 146.11, 164.61, 164.62.
164.67; EIMS (m/z, %): 335 (M + 1, 100); 334 (M", 90). Anal. Caled for CyoH3 N30,

(335): C,71.67; H, 6.21; N, 12.53. Found: C, 71.51; H, 6.20; N, 12.47%.

2-(4-Bromo-phenyl)-4-(4-phenyl-piperazin-1-yl)-3H-benzo[b][1,4]diazepine 80i:

Yield 65% (0.97 g); brown crystals; mp 132-133°C; R, 0.76 (9.5:0.5 hexanes-EtOAc);
IR(KBr): 3318, 3028, 1614, 1605, 1324, 1216, 1128, 1078 cm™'; '"H NMR (400 MHz,
CDCl3): 6 2.86 (t, J = 7.4 Hz, 2H), 3.75 (t, J = 7.4 Hz, 2H), 4.12 (s, 2H), 6.60 (d, J =
7.2 Hz, 3H, ArH), 7.15-7.82 (m, 11H, ArH); °C NMR (100 MHz, CDCly): 6 28.12,
49.25, 49.32, 58.61, 58.62, 113.11, 113.14, 118.21, 123.10, 123.12, 125.4, 128.30,
128.32, 128.6, 129.12, 129.14, 130.23, 131.02, 142.17, 144.50, 146.15, 164.60, 164.64;
EIMS (m/z, %): 458 (M + 1, 100); 457 (M", 90); Anal. Calcd for CosHy3BrN, (458): C,

65.37; H, 5.25; N, 12.26. Found: C, 65.17; H, 5.14; N, 12.12%.

2-(4-Bromo-phenyl)-4-(4-pyridin-2-yl-piperazin-1-yl)-3H-benzo[b]}[1,4] diazepine
80j: Yield 76% (1.77 g); Light brown solid; mp 97-98°C; R, 0.76 (9.5:0.5 hexanes-
EtOAc). IR (KBr): 3320, 3022, 1612, 1602, 1328, 1220, 1124, 1074 cm™; '"H NMR
(400 MHz, CDCls): 6 2.75 (t, J = 7.4 Hz, 2H), 3.72 (t, J = 7.4 Hz, 2H), 4.32 (s, 2H),

6.60 (d, J = 7.2 Hz, 3H, ArH), 7.12 (m, 9H, ArH), 8.12 (d, J = 7.2 Hz, 1H); °C NMR
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(100 MHz, CDCl3): & 28.12, 49.25 (2), 58.61 (2), 108.90, 113.11, 118.21, 123.10 (2),
125.4, 128.30 (2), 130.23, 131.02 (2), 131.89, 131.91, 138.4, 142.17, 146.15, 148.21,
161.20, 164.01, 164.64; EIMS (m/z, %): 458 (M + 1, 100); 457 (M", 90). Anal. Calcd
for CpsHysBrNy (460): C, 65.37; H, 5.25; N, 12.26. Found: C, 65.17; H, 5.14; N,

12.12%.

2-(4-Nitro-phenyl)-4-piperidin-1-yl-3H-benzo[b][1,4]diazepine 80k:

Yield 85% (1.42 g); brown crystals; mp 102-103°C; R, 0.69 (9.5:0.5 hexanes-EtOAc).
IR(KBr): 3319, 3028, 1613, 1608, 1329, 1214, 1129, 1077 cm™; 'H NMR (400 MHz,
CDCls): 6 1.58 (t, J = 7.2 Hz, 2H), 2.77 (t, J = THz, 2H), 4.14 (s, 2H), 7.22 (m, 4H),
7.72 (d, J = 8.4 Hz, 2H), 8.32 (d, J = 8.4 Hz, 2H); ">’C NMR (100 MHz, CDCl;): ¢
25.12, 25.14, 25.23, 28.22, 46.50, 46.52, 123.22, 123.32, 128.30, 128.32, 128.6, 129.12,
129.14, 131.2, 142.7, 146.11, 150.2, 164.61, 164.62; EIMS (m/z, %): 348 (M + 1, 100);
347 (M", 90); Anal. Calcd for C,0H20N4O, (348): C, 68.95; H, 5.79; N, 16.05. Found: C,

68.75; H, 5.72; N, 16.02%.

2-Morpholin-4-yl-4-(4-nitro-phenyl)-3H-benzo[b][1,4]diazepine 801:

Yield 82% (1.31 g); brown crystals; mp 152-153°C; R, 0.72 (9.5:0.5 hexanes-EtOAc);
IR(KBr): 3314, 3020, 1616, 1606, 1323, 1212, 1123, 1074 cm™; 'H NMR (400 MHz,
CDCls): ¢ 1.58 (t, J = 7.2 Hz, 2H), 2.77 (t, J = THz, 2H), 4.14 (s, 2H), 7.22 (m, 4H,
ArH), 7.72 (d, J = 8.4 Hz, 2H, ArH), 8.22 (d, J = 8.4 Hz, 2H); "*C NMR (100 MHz,
CDCls): 6 28.22, 50.71, 50.72, 71.12, 71.18, 123.22, 123.32, 128.30, 128.32, 128.6,
129.12, 129.14, 131.2, 137.02, 142.7, 146.11, 150.2, 164.61, 164.62. EIMS (m/z, %):
350 (M + 1, 100); 349 (M", 90); Anal. Calcd for C,9H;sN4O; (350): C, 65.15; H, 5.19;

N, 15.95. Found: C, 65.11; H, 5.12; N, 15.82%.
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2-(4-Methoxy-phenyl)-3-methyl-4-piperidin-1-yl-3H-benzo[b][1,4])diazepine 80m:
Yield 68% (1.01 g); pale yellow crystals; mp 142-143°C; R, 0.68 (9.5:0.5 hexanes-
EtOAc); IR(KBr): 3310, 3021, 1611, 1604, 1327, 1218, 1127, 1076 cm™ . '"H NMR (400
MHz, CDCl3): 6 1.12 (d, /= 5.4 Hz, 3H), 1.53 (t, /= 7.2 Hz, 2H), 2.62 (t, /= 7.6 Hz,
2H), 3.56 (q, /= 7.2 Hz, 1H, CH), 3.87 (brs, 3H, OMe), 6.43 (d, J = 7.2 Hz, 2H, ArH),
7.04-7.38 (m, 7H, ArH), 7.78 (d, J = 7.2 Hz, 2H, ArH); '*C NMR (100 MHz, CDCl): §
5.84, 25.20 (2), 25.74, 25.92, 56.22, 71.62 (2), 114.22 (2), 123.22, 123.32, 123.26,
128.30 (2), 130.03 (2), 131.2, 142.7, 146.11, 164.56, 164.61 EIMS (m/z, %): 347 (M +
1, 100); 346 (M", 90). Anal. Calcd for C5,HasN3O (347): C, 76.06; H, 7.23; N, 12.12.

Found: C, 76.01; H, 7.17; N, 12.01%.

2-(4-Methoxy-phenyl)-3-methyl-4-morpholin-4-yl-3H-benzo[b][1,4]diazepine 80n:
Yield 71% (1.14 g); pale yellow crystals; mp 97-98°C; R, 0.64 (9.5:0.5 hexanes-
EtOAc). IR(KBr): 3318, 3024, 1617, 1606, 1323, 1216, 1129, 1078 cm™. 'H NMR
(400 MHz, CDCl3): 6 1.10 (d, J= 5.4 Hz, 3H), 2.56 (q, J= 7.2 Hz, 1H, CH), 2.94 (t, J =
7.2 Hz, 2H), 3.62 (t, J= 7.6 Hz, 2H), 3.87 (s, 3H, OMe), 6.43 (d, J = 8.2 Hz, 2H, ArH),
7.04-7.38 (m, 4H, ArH), 7.78 (d, J = 8.2 Hz, 2H, ArH); °C NMR (100 MHz, CDCl;): §
5.84, 25.20, 51.22, 51.24, 56.78, 71.62, 71.92, 114.22, 114.24, 123.22, 123.32, 123.26,
128.30, 128.32, 130.03, 130.05, 142.7, 146.11, 164.56, 164.61, 164.62; EIMS (m/z, %):
349 (M + 1, 100); 348 (M", 90). Anal. Calcd for C3;H23N30; (349): C, 72.18; H, 6.63;

N, 12.23. Found: C, 72.15; H, 6.57; N, 12.21%.
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CHAPTER IV

A FACILE SYNTHESIS OF 1-ARYL-3-(/V-
ALKYL/ARYL/CYCLOAMINO)-5-SUBSTITUTED
PYRAZOLES USING g-OXOTHIOAMIDE
GENERATED FROM g-OXODITHIOESTERS




CHAPTER IV

A facile synthesis of 1-Aryl-3-(N-alkyl/aryl/cycloamino)-5-
arylsubstituted pyrazoles using the f-oxothioamide generated
from f-oxodithioester

IV.1 INTRODUCTION

Pyrazoles and its derivatives which formed a large class of the N-heterocycles
have attracted considerable attention in the last two decades since they have become
fairly accessible. This class of compounds, like many N-heterocycles possess important
biological and pharmaceutical activities and exhibit diverse properties.' The synthesis
of 1-N-arylpyrazole ring system continues to attract considerable interest because of its
importance in pharmaceutical and agrochemical industry.? Drugs such as Celebrex’ and
Viagra* contain the 1-N-arylpyrazole moiety. Sulfonamides based on pyrazole are of
particular interest e.g. Orisul 81 which has a prolonged bacteriostatic action.
Compounds such as Isolan 82, Pyrolan 83 and Pyrazoxon 84 which are too toxic for

pharmacology are used as systematic insecticides.” Other compounds containing 1-N-
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arylpyrazole moiety have been shown to exhibit antihyperglycemic, analgesic, anti-
inflammatory, sedative, hypnotic activities”® and some of these compounds have

emerged as potent ligands for estrogen receptors.’

N
H2N—©—302NH N

81
/é_\(cm CHy CHs
N /A /A
HONOE 0 '.“/N o
(H3C)oN CH(CHa)> (HaC)2NOC Ph (OEH,0P H
%2 83 84

Our literature survey revealed that a number of synthetic methods have been developed
for the construction of this important scaffold. An important method for the synthesis of
substituted 1-N-arylpyrazoles involves cyclocondensation of 1,3-dicarbonyl compounds
and their equivalent 1,3-dienophilic synthons such as propargylic ketone, f-
dialkylamino/alkoxy/chloroketones with arylhydrazines™®’ 1,3-dipolar cycloaddition of
diazoalkanes with alkynes,® the reaction of hydrazines with a, f-unsaturated ketones and
others assisted by Microwave induced techniques™ and several other methods.’

The most common route for the synthesis of pyrazoles with different
substituents at C3 and C5 is by the condensation of hydrazine with an unsymmetrical
1,3-diketone 85 path a (Scheme 21).'*'*'® Formation of the requisite 1,3-diketone
would require selective, directed Claisen condensation between compounds such as

14,15
d

those shown in path a. However, it was discovere that acetylenic ketones 86 can

react with hydrazine derivatives in path b to give pyrazoles 87.'*'®
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Alan R. Katritzky et al'® described that condensations of hydrazines? or
hydroxylamine? with p-diketone 88 as equivalent three carbon 1,3-difunctionalized
units, bearing sp or sp® carbons, such as propargylic ketones giving mixtures of 89-92

regioisomers (Scheme 22).

N'R4 R’ ,R4
N~ 3 N
4 LR N
NH,NH,R R’ R2
, 3 84 85
R /U\)ZU\R HONH,
R \ N,o R1 o
Ly R® + [ N
83 1 g A
R ) R
R R3
86 87

Scheme 22
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Earlier work done by Junjappa and Ila has demonstrated the synthetic
application of a-oxoketene dithioacetals™ as useful three-carbon 1,3-electrophiles in
their reactions with symmetrical and unsymmetrical binucleophiles. They investigated
the reaction of a-benzoyl ketene dithioacetal®*® 93a with phenylhydrazine under a
variety of reaction conditions (neutral, acidic, basic). They established the structure of
94a on the basis of its reported®® physical and spectral data, and aiso by its Raney-Ni
dethiomethylation to the known 1,3-diphenylpyrazole 95a.2° Also the pyrazole 98
could be synthesized by an alternate route through BF;.Et;O induced cyclization of the
phenylhydrazone 97 from p-oxodithioacetal 96 which unequivocally confirmed the
regiochemical assignment of the pyrazole 94a (Scheme 23). They further reported**°
the cyclocondensation of common a-oxoketene N,S-acetal 99 precursors with aryl

hydrazines by variation of reaction conditions to obtained isomeric pyrazoles 100 and

101 (Scheme 24).

1
R 2 R1 R2 R1 R2
0 R ArNHNH, N \>7_\S\ Raney-Ni A\
| = N “~sme N, ~~H

MeS~ “SMe  t-BuOK/t-BuOH N EtOH/A N
A /12n Ar 4-5h Ar
93 94 95

88a, 89a, 90a, R'= CgHs; R? = H; Ar = H

Ph Ph
Ph H
o )}\ PhNHNH; R r\?‘\<3Me BF; Et,0 m
. N
Mes” ~spe  EIOH//3h NH “SMe "o /A ‘N~ H
Ph 4-5h Ph
9% 97 98

Scheme 23



94

;R R R
Re-N b © H a n 1

L, —— —— My
N R Mes” “N-R A R
Ar R2

101  ANHNH,/DABCO 99 a ANHNH,/NaH/DMF 100

t-BuOH / 12-16 h /A CyH, /90°C /12
Scheme 24

Recently, a greener and rapid access to the synthesis of substituted pyrazoles in
aqueous medium has been developed.”® Although several 5-alkyl/arylamino-1-
arylpyrazoles have found applications as pharmaceuticals and agrochemical agents

2627 only a few scattered reports are available

exhibiting a range of biological activities,
on the synthesis of 1-aryl-3-(or 5)-N,N-disubstituted aminopyrazoles which are not well

represented in the literature.”’
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IV.2 RESULTS AND DISCUSSION

During the course of our work in the development of efficient general synthetic routes
for five- and six-membered heterocycles utilizing S-oxothioamides obtained from f-
oxodithioester as versatile three-carbon building blocks, we learned that it is possible to
tune the reactivity of these ambident electrophiles toward unsymmetrical
heterobinucleophiles.

Herein, we describe the extension of this protocol to the synthesis of 3-(N-
substituted amino/cycloamino S-aryl/alkyl) pyrazoles using f-oxothioamides 103, 105
which to our knowledge, has not been reported in the literature. During the course of
these studies, we wanted to replace the thiomethyl group in S-oxodithioester with an
amino/cycloamino group, which on further treatment with unsymmetrical
binucleophiles such as phenylhydrazine in ethanol and acetic acid would yield 1-Aryl-
3-N-substituted amino/cycloamino-5-aryl/alkyl pyrazoles 104, 106 by variation of
reaction conditions (Scheme 25, Table IV). The formation of the pyrazoles 104(a-h)
and 106(i-n) was achieved in one pot by refluxing f-oxodithioesters 102 in ethanol with
equimolar quantities of the amines to generate the N-substituted f-oxothioamides 103
and 105 (monitored by TLC). On further addition of phenyl hydrazine, ethanol with
catalytic amount of acetic acid to 103 in refluxing condition, yielded the
cyclocondensed product 3-(N-alkyl/aryl-5-substituted)pyrazoles 104(a-h).

The B-oxodithiocarboxylates” 102 have been prepared following the reported

29,30

procedures with minor modifications.
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All compounds showed characteristic spectral properties for 1-Aryl-3-(N-alkyl/aryl)-5-
arylsubstituted pyrazoles 104(a-h) and for 1-Aryl-3-(N-cycloamino)-5-arylsubstituted
pyrazoles 106(i-n) derivatives as showed (Table IV). All the products were
characterized by 'H and '*C NMR spectroscopy, IR, melting point and elemental
analyses. The formation of (1,5-Diphenyl-1H-pyrazol-3-yl)-methyl-amine 104a was
confirmed on the basis of analytical data and spectral evidences. Thus, it was analyzed
for Ci¢HisN3 (Expected C, 77.08; H, 6.06; N, 16.84. Found: C, 77.04; H, 6.10; N,
16.81) and mass spectrum of it showed the molecular ion peak at m/z 249. Its IR
spectrum (KBr) exhibited a sharp absorption band at 1648 cm™ for C=N, 1621 cm™ for
the C=C stretching in the pyrazole ring and the band at 2944 cm™ confirm the presence
of an aromatic C-H stretching frequency. The final structural proof was obtained from

its "H NMR spectrum (CDCls), which showed a singlet at 8 6.70 (1H, CH) for proton at
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the pyrazole ring moiety, a doublet at 4 2.37 (d, J = 7.6 Hz, 3H) strongly indicates the
methy! protons attached to -NH. The aromatic protons were observed as multiplets at §
7.02-7.84 ppm (10H). The *C NMR spectrum (CDCl3) showed resonances at & ppm
162.5, 93.12 and 142.14 for C-3, C-4 and C-5 of the pyrazole moiety. The above
spectral information clearly confirmed the product 104a. The spectroscopic analysis
was extended to various substituents of 1-Aryl-3-(N-alkyl/aryl/cycloamino)-5-
arylsubstituted pyrazoles 104(b-h) and 106(i-n) and are described in the experimental
section.

In conclusion, we have demonstrated here a new and an efficient procedure for
the synthesis of substituted 1-aryl-3-(N-alkyl/aryl)-5-arylsubstituted pyrazoles 104 and
l-aryl-3-(N-cycloamino)-5-arylsubstituted pyrazoles 106 using f-oxodithioester 102
and S-oxothioamides 103, 105 as common precursors. Our efforts to extend this
protocol to a wide range of S-oxodithioesters or f-oxothioamide derived from various

cyclic/heterocyclic ketones with primary and secondary amines, is under progress.
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?Yields obtained are determined after work-up and Chromatographic purification.

b Not isolated.

Entry Substrate Product Yield®
103, 105 104, 106 (%)
R’ R°HN R2
(¢} l \
R? . N\N g\ -
RHN Ar
] 103a R'=Ph R’=H R*=CH, Ar=Ph, 104a 92
2 103b  R'=Ph R’=H R’=CH,CH; Ar=Ph, 104b 90
3 103¢ R'=Ph R’=H R’=i-Pr Ar=Ph, 104¢ 77
4 103d R'=4-MeOC¢H; R’=H R’=CH,CH; Ar=Ph, 104d 89
5 103e R'=4-BrCg¢H,4 R>=H R’=CH; Ar=Ph, 104e 76
6 103f R'=4-CIC¢H,4 R’=H R’=CH,CH; Ar=Ph, 104f 78
7 103g R'=4-NO,C¢H; R*=H R’=CH; Ar=Ph, 104g 87
8 103h R'=4-NO,C¢H;, R?*=H R’=Ph Ar=Ph, 104h 85
R! X
2{0 O R?
R
~ s N/\ N\ y
X—) Ar
8 105i R'=Me R:=H X=H Ar=Ph, 106i 86
9 105§ R'=Ph R=H X= Ar=Ph, 106j 85
10 105k R'=4-MeOC¢H, R?*=H X=NBn Ar=Ph, 106k 64
11 1051 R'=4-MeOC¢H,; R*=H X=0 Ar=Ph, 106l 71
12 105m  R'=4-BrCg¢H, R*=H X=H Ar=Ph, 106m 78
13 105n R'=4-CIC¢H,4 R*=H X=N-(2- Ar=Ph, 106n 73
pyridyl)
14 1050 R'=i-Pr R*=H X=0 Ar=Ph, 1060°
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IV.3 EXPERIMENTAL

Melting points was determined on a “Thomas Hoover” capillary melting point
apparatus and are uncorrected. 'H and "°C NMR spectra were recorded on a Bruker
AMX 400 instrument using CDCl; as the solvent. Chemical shifts are reported in ppm
using tetramethylsilane as internal standard. J values are given in Hz. The following
abbreviations are used to describe peak patterns when appropriate: br = broad, s =
singlet, d = doublet, dd = double doublet, dt = double triplet, t = triplet, g = quartet, m =
multiplet. IR spectra were recorded on a Perkin-Elmer BX spectrophotometer. ESI
mass spectra were measured on an ion trap analyzer Esquire 3000 (Bruker Daltonics).
Masses (MS) are reported in unit of mass over charge (m/z), the molecular or base
peaks and relative intensities are indicated by (M") and (%) respectively. CHN analyses
were recorded on a Vario EL analyser. Column chromatography was performed using
silica gel (60-120 mesh, Merck).

All reactions were performed in oven dried (120°C) glasswares under a positive
dry argon/nitrogen atmosphere. Analytical thin layer chromatography (TLC) were
performed on glass plates coated with ACME’s silica gel containing 13% calcium
sulphate as binder and various combination of visualization of spots was accomplished
by exposure to UV lamp or iodine vapour or by spraying potassium permanganate
(acidic) solution. Eluents for column chromatography were used after simple
distillation of commercial solvents. All solvent evaporations were done using a

rotaevaporator (BUCHI Rotavapor R 1, vacuum pump V-700) and a steam bath.
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Chapter IV

Chemical Reagents and Solvents:

Commercially available NaH, 50% suspension (Sisco, Spectrochem) was used, N,N-
dimethylformamide (Aldrich) was purchased bottle grade and dried over CaH, distilled
and store over molecular sieves (4A). ‘Super-dry” ethanol prepared’’ is hygroscopic, it
is stored over a Type 4A molecular sieve. Anhydrous ether and dichloromethane
(DCM) was obtained by keeping the bottle grade over calcium chloride over night and
finally stored over sodium wire or Type 3A molecular sieve. Dry benzene was obtained
by washing with concentrated sulphuric acid followed by azeotropic distillation and
stored over sodium wire. Sodium tertiary butoxide was freshly prepared for each

reaction.

Starting Materials:

Acetophenone and substituted acetophenones, dimethyl trithiocarbonate (Sigma-
Aldrich) was used for the preparations of f-oxodithioester. Carbon disulfide (CS,),
dimethyl sulfoxide (DMSO), and phenylhydrazine used were analytical reagent bottle
grade. Commercially available bottle grade, methylamine, ethylamine, pyrolidine,
piperidine, morpholine, 1-Phenyl-piperazine, 1-Pyridin-2-yl-piperazine (secondary
cyclic amines) were used directly without further purification. Dimethyl
trithiocarbonate bp 225°C (760 mm) was also prepared according to the reported
procedure.’? B-oxodithioester required for the present investigation were prepared
(using protective gloves and mask under fume cupboard) according to the earlier

reported general procedures which are given below.
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General procedure for the preparation of dimethyl trithiocarbonate:

A mixture of dimethy! sulfoxide (DMSO, 25 mL), KOH (15 g, 0.3 mole) and 30 mL of
CS; (45 g, 0.60 mole) was stirred in a stoppered vessel at room-temperature overnight.
The excess CS; was decanted and the volume was brought to 90 mL by adding more
DMSO. A mixture of 10 mL of the DMSO solution and bromo methane (methyl
bromide 3.3 g, 0.013 mole) was heated on the steam bath for 10 minutes after which the
original red brown colour had turned lighter. About 20 mL of water was added and the
product was extracted with ether. On evaporation, 2.7 g of methy! trithiocarbonate bp

225°C (760 mm) was obtained which is a yield of 91 percent based on methyl bromide.

General procedure for the synthesis of f-oxodithioesters 102.

To a well stirred suspension of NaH (2.5 g, 50 mmol; 50% suspension) in dry
DMF/Benzene solvent mixture (50 mL, 1:10; Benzene bp 80°C),
dimethyltrithiocarbonate (3.80 g, 27 mmol) is added and the mixture is refluxed with
stirring for 1 h. A solution of the acetophenone (25 mmol in 50 mL dry benzene) is
slowly added dropwise over a period of 3-4 h. The reaction formed an interface
between the two layers present in the reaction mixture. The reaction is exothermic, then
allowed to cool, and poured into ice-cold water (250 mL). It was acidified with 3N HCI
or 20% acetic acid (20 mL) and extracted with diethyl ether (2 x 50 mL).The extract is
dried with anhydrous Na,SO4 and the solvent was evaporated to give the corresponding
B-oxodithiocarboxylates 102 in good yields (single spot on TLC). Purification may be

achieved by column chromatography on silica gel (50 g) using hexane as eluent.
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General procedure for the preparation of 1-Aryl- 3-(N-alkyl/aryl)-S-aryl
substituted pyrazoles 104(a-h).

In a typical reaction, a solution of respective B-oxodithioesters 102 (5.0 mmol)
obtained, is treated with one equivalent of primary amine (5 mmol, either methylamine,
ethylamine or phenyl amine) in dry ethanol (25 mL), with constant stirring for about 6
h at room temperature where a f-ketothioamide 103 is formed (monitor by TLC). To
the B-ketothioamide 103 formed in situ, phenylhydrazine (0.65 g, 6.018 mmol) and
catalytic amount of acetic acid (3 mL) was added in presence of dry ethanol (15 mL)
and was refluxed for 12-16 h with constant stirring, the reaction being monitored by
TLC. The reaction mixture was concentrated under reduced pressure and poured into
ice-cold water, extracted with DCM (3 x 50 mL), washed with H,O (2 x 50 mL), brine
(1 x 50 mL), and dried over Na,SO4. The solvent was evaporated under vacuum to give
pyrazoles 104 which were purified by column chromatography over silica gel using
hexane/EtOAc (10:1) as eluent.

Compounds 104(b-h) were also synthesized similarly using appropriate amines.

Spectral Data of the selected Products:

(1,5-Diphenyl-1H-pyrazol-3-yl)-methyl-amine 104a: Yield 92% (1.47 g); pale yellow
solid; mp 90-91°C; R, 0.80 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3429, 3025, 2944,
2402, 1626, 1560, 1500, 1498, 1256, 1222 cm™; '"H NMR (400 MHz, CDCl3): & ppm
2.37 (d, J= 7.6 Hz, 3H), 4.16 (g, 1H, NH), 6.49 (s, 1H), 7.02-7.84 (m, 10H); °C NMR
(100 MHz, CDCl3): 6 ppm 35.03, 94.73, 118.2 (x 2C), 127.12, 127.35, 128.5, 129.02,
129.07, 129.12 (x 2C), 135.11, 136.3, 139.12, 142.3, 162.8; MS (m/z, %): 249 (M +1,
100); Anal. Caled for CigH;sN3 (249.31): C, 77.08; H, 6.06; N, 16.84. Found: C, 77.04;

H, 6.10; N, 16.81.
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(1,5-Diphenyl-1H-pyrazol-3-yl)-ethyl-amine 104b: Yield 90% (1.24 g); pale yellow
solid; mp 90-91°C; R, 0.78 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3424, 3024, 2943,
2404, 1627, 1562, 1504, 1496, 1257, 1225 cm™; 'H NMR (400 MHz, CDCl3): 8 ppm
1.86 (t, J = 5.4 Hz, 3H), 3.67 (q, J = 7.6 Hz, 2H), 4.15 (q, 1H, NH), 6.32(s, 1H), 7.22-
7.56 (m, 10H); >C NMR (100 MHz, CDCl): 5 ppm 15.03, 44.24, 93.17, 118.08 (x
20), 126.05, 127.02, 127.06, 128.52, 129.04, 129.07, 129.10, 129.12, 136.1, 139.07,
142.01, 162.4; MS (m/z, %): 263 (M + 1, 100). Anal. Calcd for Ci7H;7N;3 (263.14): C,

77.56; H, 6.51; N, 15.94. Found: C, 77.53; H, 6.57; N, 15.90.

(1,5-Diphenyl-1H-pyrazol-3-yl)-isopropyl-amine 104c: Yield 77% (1.16 g); yellow
solid; mp 106-107°C; R 0.71 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3427, 3062, 2942,
2406, 1620, 1516, 1503, 1445, 1378, 1258 cm™; 'H NMR (400 MHz, CDCL): § ppm
1.77 (dd, J = 8.2, 2.4 Hz, 3H), 2.87 (sept, J = 6.8 Hz, 1H), 4.07 (d, IH, NH), 6.78 (s,
1H), 7.22-7.54 (m, 10H), 7.84 (d, J= 7.6 Hz, 2H); *C NMR (100 MHz, CDCls): & ppm
23.74, 23.83, 50.2, 93.5, 118.40 (2), 126.3, 127.02, 127.18, 127.24, 128.14, 129.2,
129.4, 136.12, 136.40, 139.82, 142.3, 162.5; MS (m/z, %): 277 (M + 1, 100); Anal.
Calcd for Ci3H9N; (277.36): C, 77.95; H, 6.90; N, 5.15. Found: C, 77.31; H, 6.87; N,
15.22.

Ethyl-[5-(4-methoxy-phenyl)-1-phenyl-1H-pyrazol-3-yl]-amine 104d: Yield 89%
(1.37 g); pale yellow crystals; mp 122-123°C; Ry 0.76 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3429, 3025, 2944, 2402, 1626, 1560, 1500, 1498, 1256, 1222 cm™; 'H NMR
(400 MHz, CDCls): 6 ppm 1.87 (t, J = 5.4 Hz, 3H), 3.12 (q, J = 7.2 Hz, 2H), 3.87 (s,
3H, OCHzs), 4.42 (t, 1H, NH), 6.14 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H), 7.10-7.56 (m, 7H,
ArH), 7.86 (d, J= 7.6 Hz, 2H); °C NMR (100 MHz, CDCls): & ppm 15.03, 44.17,

56.12, 94.17, 114.05, 118.08, 118.11, 126.05, 128.18, 128.21, 128.24, 129.10, 129.12,
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136.1, 139.07, 142.08, 162.40, 162.46; MS (m/z, %): 293 (M + 1, 100); Anal. Calcd for

CisH1oN30(293.12): C, 73.69; H, 6.51; N, 14.34. Found: C, 71.31; H, 6.32; N, 14.45.

[5-(4-Bromo-phenyl)-1-phenyl-1H-pyrazol-3-yl}-methyl-amine  104e: Yield 82%
(1.27 g); Brown solid; mp 141-145°C; Ry 0.84 (9.5:0.5 hexanes-EtOAc); IR (KBr):
3433, 3044, 2960, 2406, 1618, 1527, 1518, 1440, 1334, 1225 cm™; '"H NMR (400
MHz, CDCls): & ppm 2.45 (d, J = 7.6 Hz, 3H), 4.02 (q, 1H, NH), 6.72 (s, 1H), 7.04-
7.34 (m, SH, ArH), 7.48 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H); '*C NMR (100
MHz, CDCl3): 6 ppm 35.20, 93.14, 114.15, 118.16 (2), 124.02 (2), 126.05, 129.10 (2),
136.1, 139.07, 142.02, 142.08, 148.22, 162.12; MS (m/z, %): 327 (M + 1, 100); Anal.
Calcd for Cy16H14BrN; (327.04): C, 58.55; H, 4.36; N, 12.85. Found: C, 58.52; H, 4.23;
N, 12.62.

[5-(4-Chloro-phenyl)-1-phenyl-1H-pyrazol-3-yl]-ethyl-amine 104f: Yield 78%
(1.02 g); Yellow solid; mp 96-97°C; R;0.76 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3436,
3048, 2968, 2404, 1614, 1524, 1516, 1442, 1336, 1228 cm™; 'H NMR (400 MHz,
CDCl5): & ppm 1.87 (t, J = 5.4 Hz, 3H), 3.12 (q, J= 7.2 Hz, 2H), 4.04 (t, 1H, NH), 6.70
(s, 1H), 7.02-7.24 (m, 9H, ArH), 7.46 (d, J = 8.2 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H); °C
NMR (100 MHz, CDCl3): 8 ppm 35.20, 93.14, 114.15, 118.16 (2), 124.02, 124.07,
126.05, 128.04, 129.10 (2), 136.1, 139.07, 142.02, 142.08, 148.22, 162.12 ; MS (m/z,
%): 297 M + 1, 100); Anal. Calcd for C7H;6CIN; (297.10): C, 68.57; H, 5.46; N,

14.15. Found: C, 68.52; H, 5.23; N, 14.42.

Methyl-[5-(4-nitro-phenyl)-1-phenyl-1H-pyrazol-3-yl}-amine 104g: Yield 87% (1.22
g); pale yellow solid; mp 114-115°C; R/0.87 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3432,

3042, 2962, 2408, 1619, 1523, 1510, 1441, 1338, 1245 cm™; 'H NMR (400 MHz,
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CDCl3): & ppm 2.55 (s, 3H, CH;), 5.54 (g, 1H, NH), 6.68 (s, 1H), 7.04-7.54 (m, SH),
7.78 (d, J = 8.4 Hz, 2H), 8.26 (d, J = 8.2 Hz, 2H). '*C NMR (100 MHz, CDCls): § ppm
35.06, 93.17, 114.05, 118.08 (2), 124.02, 124.07, 126.05, 129.10 (2), 136.1, 139.07,
142.02, 142.08, 148.02, 162.4; MS (m/z, %): 294 (M + 1, 100). Anal. Calcd for

CisH1aN4O2(294.35): C, 65.35; H, 4.76; N, 19.05. Found: C, 65.27; H, 4.53; N, 19.02.

[5-(4-Nitro-phenyl)-1-phenyl-1 H-pyrazol-3-yl}-phenyl-amine 104h: Yield 85%
(1.20 g); pale yellow solid; mp 140-141°C; R/ 0.86 (9.5:0.5 hexanes-EtOAc); IR (KBr):
3430, 3047, 2964, 2406, 1615, 1528, 1518, 1446, 1334, 1242 cm™'; 'H NMR (400
MHz, CDCl3): 8 ppm 5.58 (brs, 1H, NH), 6.34 (s, 1H), 6.87 (d, /= 7.6 Hz, 2H), 7.04-
7.58 (m, 8H, ArH), 7.70 (d, J = 8.4 Hz, 2H), 8.26 (d, J = 8.4 Hz, 2H); '*C NMR (100
MHz, CDCl;): & ppm 35.06, 93.17, 115.07, 115.12, 118.02 (2), 118.11, 124.02, 124.07,
126.05, 127.22, 128.12, 128.22, 129.10, 129.12, 136.1, 139.07, 142.02, 142.08, 148.02,
162.4; MS (m/z, %): 356 (M + 1, 100); Anal. Calcd for C;1H¢N4O2 (356.15): C, 70.75;

H, 4.54; N, 15.72. Found: C, 70.72 H, 4.51; N, 15.52.

Procedure for preparation of 1-Aryl- 3-(N-cycloamino)-4,5-substituted pyrazoles
106(i-n).

A solution of respective f-oxodithioesters 102 (5 mmol) is treated with one equivalent
of secondary cyclic amine (5 mmol) [either piperidine, morpholine, i-Phenyl-
piperazine or 1-Pyridin-2-yl-piperazine] in 50 mL dry ethanol. The reaction mixture
was refluxed with constant stirring for about 6-7 h, where f-ketothioamide 105 is
formed (monitor by TLC). To the pf-ketothioamide 105 obtained in situ,
phenylhydrazine (0.65 g, 6.0 mmol) and catalytic amount of acetic acid is added in
presence of dry ethanol (15 mL) and was refluxed for 12-16 h with constant stirring, the

reaction being monitored by TLC. The reaction mixture was concentrated under
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reduced pressure and poured into ice-cold water, extracted with CHxCl, (3 x 50 mL),
washed with H;O (2 x 50 mL) and brine (1 x 50 mL), and dried over Na;SO4. The
solvent was evaporated under vacuum to give pyrazoles 106(i-n) which was purified by
column chromatography over silica gel using hexane/EtOAc (10:1) as eluent.

Compounds 106(j-n) were also synthesized similarly using appropriate cyclic amines.

1-(5-Methyl-1-phenyl-1H-pyrazol-3-yl)-piperidine 106i: Yield 86% (1.65 g); yellow
crystals; mp 98-99°C; R, 0.69 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3066, 2942, 2417,
1545, 1528, 1453, 1424, 1304, 1252, 1206 cm™; '"H NMR (400 MHz, CDCl;): 8 ppm
1.45-1.48 (m, 2H), 1.50-1.56 (m, 4H), 2.54 (s, 3H, CHs), 2.80 (t, /= 7.4 Hz, 2H), 2.82
(t, J = 7.4 Hz, 2H), 6.25 (s, 1H), 7.02-7.74 (m, 5H); '*C NMR (100 MHz, CDCls): &
ppm 7.22, 25.08, 25.14, 26.20, 54.04, 54.3, 94.6, 118.07, 118.12, 126.2, 126.6, 129.05,
129.16, 136.3, 163.31; MS (m/z, %): 241 (M + 1, 100); Anal. Calcd for CsH;oN;O

(241.37): C, 74.95; H, 7.96; N, 17.41. Found: C, 74.77; H, 7.75; N, 17.52.

4-(1,5-Diphenyi-1H-pyrazol-3-yl)-morpholine 106j: Yield 85% (1.45 g); pale yellow
solid; mp 80-81°C; R, 0.67 (9.5:0.5 hexanes-EtOAc); IR (KBr): 3060, 2946, 2410,
1549, 1527, 1450, 1421, 1308, 1256, 1201 cm™; 'H NMR (400 MHz, CDCls): § ppm
2.32 (t, J= 6.4 Hz, 4H), 3.62 (t, J = 6.4 Hz, 4H), 6.05 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H),
7.02-7.74 (m, 8H), 8.22 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl): & ppm
58.23, 58.38, 71.23, 71.42, 93.6, 118.2 (2), 123.4, 126.2, 127.14, 127.15, 128.2, 128.5,
129.12, 129.4, 136.12, 139.6, 142.22, 162.31; MS (m/z, %): 305 (M + 1, 100). Anal.
Calcd for CisHgN3O (305.37): C, 74.95; H, 6.61; N, 13.76. Found: C, 74.77; H, 6.53;

N, 13.72.
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1-[5-(4-Methoxy-phenyl)-1-phenyl-1H-pyrazol-3-yl}-4-phenyl-piperazine 106k:
Yield 64% (0.76 g); Brown crystals; mp 162-163°C; R, 0.76 (9.5:0.5 hexanes-EtOAc).
IR (KBr): 3084, 2940, 2418, 1550, 1522, 1416, 1418, 1372, 1340, 1297, 1233 cm™; 'H
NMR (400 MHz, CDCl5): & ppm 2.86 (t, J= 5.4 Hz, 4H), 3.31 (s, 3H, OMe), 3.26 (t, J
= 5.4 Hz, 2H), 3.86 (t, J = 5.4 Hz, 2H), 6.47 (s, 1H), 6.77 (d, J = 8.4 Hz, 2H), 7.12 -
7.27 (m, 10H), 7.67 (d, J = 8.4 Hz, 2H); >C NMR (100 MHz, CDCly): 5 ppm 56.11,
57.12,57.23,57.18 (2), 93.6, 113.11, 113.14, 114.12, 114.08, 118.0 (2), 126.2, 127.15
(2), 128.2 (2), 129.4, 129.12, 129.18, 129.20, 136.12, 139.6, 142.22, 144.5, 162.31;
MS (m/z, %): 410 (M + 1, 100); Anal. Calcd for Co6Hy6N4O (410.21): C, 76.06; H, 6.38;

N, 13.65. Found: C, 76.02; H, 6.27; N, 13.62.

4-[5-(4-Methoxy-phenyl)-1-phenyl-1H-pyrazol-3-yl}-morpholine  1061: Yield 71%
(0.96 g); light brown crystals; mp 121-122°C; R, 0.88 (9.5:0.5 hexanes-EtOAc); IR
(KBr): 3086, 2948, 2416, 1553, 1520, 1415, 1410, 1378, 1348, 1293, 1236 cm™; 'H
NMR (400 MHz, CDCls): 8 ppm 2.86 (t, J = 5.4 Hz, 4H), 3.31 (s, 3H, OMe), 3.67 (t, J
= 5.4 Hz, 2H), 6.68 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H), 7.12 -7.27 (m, 7H, ArH), 7.47 (d,
J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl;): 8 ppm 56.11, 58.38, 58.40, 71.22, 93.6,
114.08 (2), 118.12 (2), 126.2, 127.15, 127.17, 128.5, 128.7, 129.4, 129.12, 136.12,
139.6, 142.22, 162.31; MS (m/z, %): 335 (M + [, 100); Anal. Calcd for C;0H2N350;

(335.40): C, 71.62; H, 6.31; N, 12.53. Found: C, 71.72; H, 6.33; N, 12.62.

1-[5-(4-Bromo-phenyl)-1-phenyl-1 H-pyrazol-3-yl]-piperidine 106m: Yield 78%
(1.14 g); pale yellow solid; mp 137-138°C; R,0.82 (9.5:0.5 hexanes-EtOAc); IR (KBr):
3059, 2951, 2414, 1558, 1529, 1417, 1416, 1381, 1353, 1296, 1233 cm™; '"H NMR (400

MHz, CDCl3): § ppm 1.41-1.46 (m, 2H), 1.52-1.58 (m, 4H), 2.78 (t, J = 7.4 Hz, 2H),
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2.82 (t, J = 7.4 Hz, 2H), 6.87 (s, 1H), 7.36-7.42 (m, 9H), 7.47 (d, J = 8.4 Hz, 2H); 1°C
NMR (100 MHz, CDCls): & ppm 25.04, 25.18, 26.20, 54.3, 54.04, 94.6, 118.12 (2),
123.12, 126.2, 129.01, 129.06, 129.15, 132.05 (2), 135.23, 139.04, 142.12, 163.31; MS
(m/z, %): 382 (M + 1, 100); Anal. Calcd for CaoHz0BrN; (382.30): C, 62.46; H, 5.27; N,

10.93. Found: C, 68.72; H, 5.34; N, 10.62.

1-[5-(4-Chloro-phenyl)-1-phenyl-1 H-pyrazol-3-ylj-4-pyridin-2-yl-piperazine 106n:
Yield 73% (0.76 g); Yellow crystals; mp 156-157°C; R;0.72 (9.5:0.5 hexanes-EtOAc);
IR (KBr): 3082, 2944, 2416, 1552, 1526, 1414, 1417, 1370, 1342, 1292, 1238 cm™; 'H
NMR (400 MHz, CDCls): 8 ppm 3.76 (t, J = 5.4 Hz, 2H), 3.86 (t, /= 5.4 Hz, 2H), 6.60
(d, J = 8.2 Hz, 1H), 6.62 (sept, J = 7.2, Hz, 2H), 6.76 (s, 1H), 7.38-7.87 (m, 9H, ArH),
7.44 (d, J= 7.2 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H); >C NMR (100 MHz, CDCls): & ppm
56.11, 57.12, 57.16, 57.32, 57.37, 93.6, 113.11, 114.06, 114.08, 162.31, 118.0, 126.2,
127.14 (2), 128.5 (2), 129.12, 129.20 (2), 129.4, 136.12, 139.6, 142.22, 144.5; MS (m/z,
%): 415 (M + 1, 100); Anal. Caled for CyH2CINs (415.16): C, 69.36; H, 5.38; N,

16.85. Found: C, 69.28; H, 5.27; N, 16.72.
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(1 5-Daphenyl 1H-pyrazol-3yi)etwi-amne I

Figure 1. '"H NMR spectra of compound (1,5-Dipheny}-1H-pyrazol-3-yl)-methyl-amine.
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Figure 25.: Compound 104d.
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CHAPTER V

B-OXODITHIOESTERS AS HIGHLY EFFICIENT
SYNTHONS FOR THE SYNTHESIS OF SUBSTITUTED-
(3-METHYL-4-PHENYL-3H-THIAZOL-2-YLIDENE)-3,4-

DIHYDRO-2H-NAPHTHALEN-1-ONE AND 1-ARYL-3-(V-
CYCLOAMINO)4,5-DIHYDRO-3aH-
BENZO[g]INDAZOLE DERIVATIVES USING
SUBSTITUTED a-TERALONES




CHAPTER -V

p-oxodithioesters as highly efficient synthons for the synthesis of
substituted-(3-Methyl-4-phenyl-3 H-thiazol-2-ylidene)-3,4-dihydro-2 H-
naphthalen-1-one and 1-aryl-3-(N-cycloamino)-4,5-dihydro-1H-
benzo[g]indazole derivatives using substituted o-tetralones

V 1. INTRODUCTION AND REVIEW

f-oxodithioester, generally known as polarised f-oxodithioesters have been used as
versatile three carbon synthons for the synthesis of different variants of heterocyclic
structures of biological importance. The thiazole and indazole ring systems are common
structural motifs in a number of biologically active molecules. In light of this broad
array of biological activity, the development of new efficient and more viable routes for
thiazole and indazole class of compounds would be of great relevance to both synthetic
and medicinal chemists. The syntheses of thiazole and indazole derivatives are well

documented and their methods of preparation are manifold and varied. A survey of the
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literature revealed that the synthesis of thiazole and indazole derivatives using f-
oxodithioester are not reported yet. In this chapter we report a facile synthetic entry to
substituted-(3-Methyl-4-phenyl-3 H-thiazol-2-ylidene)-3,4-dihydro-2 H-naphthalen-1-
one and 1-aryl-3-(N-cycloamino)-4,5-dihydro-1H-benzo[g)indazole derivatives using -
oxodithioesters.

Thiazole ring systems originate in nature as a consequence of peptide
modification containing cysteine side chain residue and are the product of
cyclodehydration and redox reactions. Thiazole and its derivatives are very useful
compounds in various fields of chemistry', numerous natural aromas contain thiazole
derivatives like tomato, roasted coffee and roasted peanuts.? Several antibiotics, such as
althiomycine and micrococcin contain a thiazole ring. An example is the thiazole
moiety which is present not only in the skeleton of vitamin B, 107 and Penicillin 108
and also in the structures of various drugs. > The use of combinatorial chemistry has
recently been at the forefront of chemical science due to its impact on the drug
discovery process® in which thiazoles derived via traceless cleavage of modified Rink

resin bound substrates has been reported.’

® Q
NH,CIH
N HOOC ° 5
—~ )@ Oc B’ﬁ BN
N= N N° 'R
B OH S H
S
108
107 _ - -
R = C4H4CHy-(penicillin G), CgHsCH(NH;)-(ampicillin),
Vitamine By CgHsOCH,~( penicillin V)

These thiazole bearing substrates are particularly desirable structures which

has found broad application in drug development? for the treatment of inflammation,’
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hypertension,® bacterial® and HIV infections.'® Since the thiazole ring is present in the
structures of many biologically active compounds, methods for its synthesis still hold
the interest of chemists. A wide range of variously substituted thiazoles, such as those

11-19

bearing ester, carboxy,”® aminoalkyl,”’ and methyl-triphenylphosphonium?®

2324 2627
L,

functions and ary aryl-alkylamino,? and aryl-heterocyclic?®* substituents, can be
obtained in the reactions of thioamides derived from aliphatic, aromatic, and
heterocyclic acids with appropriately functionalized carbonyl compounds.

Hantzsch and Traumann®® described a general method of synthesis for 2-
aminothiazoles by condensation of thiourea with a-halocarbonyl derivatives. However,
Liebscher in a comprehensive monograph'® described the most important methods for
the synthesis of 1,3-thiazoles 111, including those starting with thioamides. Thiazole

derivatives® were synthesized in the reactions of thioamides 109 with 2-chlorooxiranes

110, which are isomeric with a-chlorocarbonyl compounds (Scheme 26).

0
Cl H OH
S 110
X - !y
R” NH, R AR
109 111
R =Me, R| =i-Pr, R, =H (77%)
R =Me, R; =H, R, =t-Bu (67%)
Scheme 26

Murugan and co-worker employed the reaction of 1,3-dichloropropene 112 (mixture of
cis and trans isomers) with sodium thiocyanate which initially gave the 3-chloro-2-

propenylthiocyanate 113 and underwent a [3.3]-sigmatropic rearrangement to give the
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1-chloro-2-propenylisothiocyanate intermediate which readily rearranged (1,3-halogen
shift) to give 3-chloro-1-propenylisothiocyanate 114. On chlorination of this mixture

gave 2,4-dichloro-5-chloromethylthiazole 115 and 2-chloro-5-chloromethylthiazole

116°%*! (Scheme 27).

H H
Cl H
C,/%H NaSCN J)\ls ol ~ f‘f
H o N P
114 S
112 113 l
Cl
N
/B -HCI N
CI\/Q)\C' — /s»\Cl
116 115
Scheme 27

Robert P. Hammer et al reported® the successful method of incorporating the thiazole
and thiazole N-oxide phosphoramidites into DNA, though significant deoxygenation of
the N-oxide occurredlduring DNA assembly. The thiazole C-nucleoside analogue 120
was synthesized by the Hantzsch cyclization method from chlorosugar 117 via the

substituent nitrile 118 which provided the thioamide 119 to form the thiazole ring

(Scheme 28).
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describe an expeditious syntheses of 1,3-thiazoles 123 which

are readily obtained from thioamides 121 and a-tosyloxyketones 122 in the presence of

montmorillonite K-10 clay in processes that are accelerated by exposure to microwaves.

Similarly, in the case of diketone, as exemplified by the reaction of 3-tosyloxypentane-

2,4-dione 124 with thioamides 121, the formation of 5-acetyl-4-methyl-2-aryi-1,3-

thiazole derivatives 125 are obtained in excellent yields (Scheme 29).

Ar

NH,
121

K-10 Clay

MW

0]
! /U\/OTs Ar

I
S»\Ar

122
0] 0]
123 (88-96%)
Me Me
OTs
124

Me
7Y
Me S)\Ar
O

Ar= 4"C]C6H4, 4'MCOC6H4

Ar= Ph, 4-C]C6H4, 4-MCOC6H4, 4-MCC6H4

125 (86-89%)

Scheme 29
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Considerably less has been reported for the preparation and utilization of related
benzoannulated indazoles, like 4,5-dihydro-2H-benz[glindazoles 126,** 4,5-dihydro-
2H-benz[elindazoles 127, 2H-benz[glindazoles 128,*" and NH-, 2H-, or 3H-
benz[e)indazoles 129, the N-substituted 2H-benz[elindazoles 129 have not been

reported.

/Rg R ,RZ RJ /RZ
N-N Ri_ N N-N N-N
alsclissalise
126 127 128 129

Beam et al reported® the dilithiated 1-tetralone carboalkoxyhydrazones 131 derived
from a hydrazone 130 was prepared in excess of lithium diisopropylamide and
condensed with a variety of aromatic ester followed by acid cyclisation of C-acylated

intermediate 132 to give alkyl 4,5-dihydro-2H-benz[glindazole-2-carboxylate 133

(Scheme 30).
Li
NH_
0 N' COOR;3 Ni‘N\COOR;;
N,, THF
130 131
R,COOCH,
Li
LCOOR N
NN 3 N COOR,
/ Vs R4 H}Ot reflux (:Q\WRA
o}
133 132

Scheme 30
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Junjappa and lla reported‘m the synthesis of annulated 3-(or 5) amino pyrazoles
compounds 135 and 136 using the a-oxoketene N,S-acetals 134 derived from cyclic

ketones when reacted with phenylhydrazine in presence of different bases as shown

(Scheme 31).
PhNHNH, N_N/Ph
NaH/DMF N P N/\\o
CeHg /90°C/ 12 h —
(0] SMe 135
_o
Ph_
PhNHNH, N"‘\l
134 DABCO / t-BuOH < O~N )
_°
reflux /12 h
136
Scheme 31

Although numerous methods for the synthesis of substituted thiazoles and indazoles
and their corresponding derivatives have been developed, the search for new and

efficient synthetic routes for these classes of compounds continues to attract a lot of

attention.
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V. 2. RESULTS AND DISCUSSIONS

During our literature survey we found that the synthesis of thiazole and indazole
starting from f-ketodithioesters and f-ketothioamides have not been reported. We thus
became interested in exploring the possibility employing these easily available starting
materials for the synthesis of substituted thiazole and indazole (Scheme 32). Herein, we
reported the synthesis of thiazole compounds 140(a-1) and indazole compounds 142(a-
h) using the f-ketodithioesters 138 starting from 3,4-dihydro-2 H-naphthalen-1-one (or

a-tetralone) to diverse substituted a-tetralones 137.

S

A o s

O  HyCS” “SCH4

R! R’
I. NaH, DMF/Hexane SMe
2
R 2. dilLHCI R
R

3
R NH,R
137 HN/ % 138 EtOH /&
N/
EtOH /A
o) s (0] S
1 1
R N/w R NH
K/X 2 R*
R? R
R® R®
141(a-h)
139(a-1)
PhNHNH, / DABCO o
t-BuOH / AcOH, KOH / C¢Hg / 80-90°C /12h Ph)k/sr
reflux 15h
P R
- (0] N
O SOOR A
R2 K/x R2
R R3
142(a-h) 140(a-1)

Scheme 32
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The pB-oxodithioester are potential C3 fragments which are employed as
versatile master key intermediate in a one-pot sequential reaction strategy for the
synthesis. It is generally prepared by the reaction of a-tetralone 137 with carbon
disulfide in basic media (NaH) using DMSO as solvent at 80°C for 2 h. The reaction
mixture was then cooled to 0°C and dimethyl sulfate was added simultaneously
followed by careful workup of the reaction mixture which affords only 30% yield of
methyl-1-tetralone-2-dithiocarboxylate 138. However, we prepared them using a
modified procedure, and in this method a-tetralones 137 was treated with dimethyl
trithiocarbonate by carrying out the reaction in benzene/dimethylformamide (10:1) at
room temperature in the presence of sodium hydride. The reaction was completed
within an hour, showing a single spot on TLC to give the corresponding f-
oxodithiocarboxylates 138 in excellent yields. The enhancement in the reaction rate in
DMF can be explained by the stabilizing effect of the polar solvent on the intermediate
thiolate ion. The f-oxodithiocarboxylate or f-oxodithioester 138 is an interesting 1,3-
dielectrophilic synthon for the synthesis of a variety of heterocyclic compounds.*' This
reactivity is due to leaving group ability of SMe when reacting with nucleophiles such
as primary amine or secondary amine. Thus, when equimolar amount of primary amine
or secondary amine in ethyl alcohol is added to the reaction mixture, it generated in situ
N-substituted S-ketothioamide 139 and 141 (monitored by TLC). The primary amines
used in this synthesis are methyl amine, ethyl amine and phenyl amine while the
secondary cyclic amines used are piperidine, morpholine, 1-Phenyl-piperazine, 1-
Pyridin-2-yl-piperazine respectively.

The probable mechanism for the formation of thiazole 140 from g-
ketothioamide 139 in the presence of phenacyl bromide is shown in Scheme 33. The

two nucleophilic centres in thioamides are localized on the heteroatoms (sulfur and
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nitrogen) and due to the presence of those active centres*? the f-ketothioamide have the
operational simplicity for reaction with 1,2-dielectrophilic reagent. The presence of
phenacyl bromide as a dielectrophilic reagent, promotes condensation in step I and
cyclization in step 11, affording a five membered ring. It is observed that the process
tolerates both electron-donating and electron-withdrawing substituents in a-tetralones
137. Thus the reaction of S-ketothioamides 139(a-1) with dielectrophilic reagents such
as phenacyl bromide, proceeded efficiently at ambient temperature, which on
dehydration giving a series N-substituted (3,4-dihydro-2H-naphthalen-1-one)-3H-

thiazol-2-ylidene 140(a-1) compounds (Table V, Scheme 33).

Scheme 33

All the products were characterized by 'H and '*C NMR spectroscopy, IR, melting
points and elemental analyses. The formation of 2-(3-Methyl-4-phenyl-3 H-thiazol-2-
ylidene)-3,4-dihydro-2 H-naphthalen-1-one 140a was confirmed on the basis of
analytical data and spectral evidences. Thus, it was analyzed for C50H;7NOS (Expected
C, 75.20; H, 5.36; N, 4.39; Found: C, 75.24 H, 5.34; N, 4.36) and its mass spectrum

showed the molecular ion peak at m/z 319. Its IR spectrum (KBr) exhibited a sharp
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absorption band at 1690 cm™ which is characteristic for carbony! stretching frequency
and one at 1660 cm™ for the C=N group. The final structural proof was obtained from
its "H NMR (CDCls), which showed two singlets at § 2.46 ppm (3H) and & 6.62 ppm
(1H) and were assigned to -CH; and C-5 of thiazole moiety. The two triplets was
observed at & 2.24 ppm (J = 5.8 Hz) and 4 2.58 ppm (J = 5.8 Hz) assignable to 2H, CH;
of the 3,4-Dihydro-2H-naphthalen-1-one protons. The aromatic protons were observed
as multiplets at & 7.12-7.36 ppm (8H) and 7.62-7.76 ppm (1H). °C NMR (CDCls)
showed resonances at J ppm 146, 117 and 114 for C-1, C-3 and C-4 of the thiazole ring
which are in accordance with the proposed structure. The analytical and spectral data
for other thiazole derivatives 140(b-1) are in conformity with the assigned structure, and

are described in the experimental section.
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Preparation of diverse N-substituted(3,4-dihydro-2H-naphthalen-1-one)-3H-

thiazol-2-ylidene 140(a-I)

R‘l

R4
o N
\
m/\}m\

Q2
Ls
140(a-1)
Entry  Substrate R R’ R* R’ Product  Yield®
139(a-1) 140(a-1) %
1 139a H H H Me 140a 77
2 139b H H H Et 140b 78
3 139¢ H H H Ph 140c 84
4 139d Me H Me Me 140d 82
5 139 Me H Me Et 140e 74
6 139f Me H Me Ph 140f 82
7 139g H H OH Me 140g 85
8 13%h H H OH Et 140h 86
9 139i H H OH Ph 140i 87
10 139j OMe OMe H Me 140j 73
11 139k OMe OMe H Et 140k 78
12 1391 OMe OMe H Ph 1401 82

*Yields obtained are determined after work-up and Chromatographic purification.
All the compounds were characterized by IR, 'H NMR, >C NMR and MS.
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To further extend the scope of the reaction using S-ketothioamide derived
from f-ketodithioester 138 of a-tetralone, the f-ketothioamide 141 were reacted with
phenyl hydrazine with a view to synthesized 1-aryl-3-(N-cycloamino)-4,5-annulated
indazoles 142 (Scheme 32) under DABCO-catalyzed conditions which were obtained in
good yields.

The probable mechanism for the formation of indazoles 142 from pg-
ketothioamide 141 js shown in Scheme 34. In the presence of a weaker and sterically
crowded base such as DABCO, phenylhydrazine undergoes abstraction of the less
hindered NH; proton, resulting in the formation of the anion 143, which undergoes 1,4-
addition elimination with B-ketothioamide 141 to give the intermediate adduct 145.*
Subsequent intramolecular cyclization of adduct 144 affords the 3-
(cycloamino)indazole 146. The f-ketothioamide 144 carrying a cycloamino group was
next subjected to cyclization with phenylhydrazine under varying conditions. Best
results were obtained when the reaction of 141 with phenylhydrazine was effected in
the presence of a catalytic amount of acetic acid, yielding the corresponding 1-aryl-3-

(N-cycloamino)-4,5-dihydro-1 H-benzo[g]indazoles 142(a-h) (Table VI).

DABCO
PANH-NH, —=28¢0 &

143

1 4-addtion R1MN/\,

146 145

Scheme 34
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The formation of 1-aryl-3-(NV-cycloamino)-4,5-dihydro-1H-benzo[glindazoles 142(a-h)
was confirmed on the basis of analytical data and spectral evidences. Thus, it was
analyzed for 142a (C;;Hy3N3) (Expected C, 80.21; H, 7.04; N, 12.76; Found: C, 80.17,
H, 7.06; N, 12.72) and the mass spectrum of it showed the molecular ion peak at m/z
329. Its IR spectrum (KBr) exhibited a sharp absorption band at 1665 cm™ which is
characteristic for C=N stretching frequency and one at 1570 cm™ for a C=C bond in the
indazole moiety. The final structural proof was obtained from its '"H NMR spectrum
(CDCl3), which exhibited two triplets at 6 2.79 ppm (2H) and § 2.88 ppm (J = 5.8 Hz,
2H) assignable to CH; protons, a multiplet at 1.50-1.56 (m, 6H) for CH; protons on a
pyridinyl system. The aromatic protons were observed as multiplets at 6 7.12-7.34 ppm
(8H) and one doublet at 7.76 ppm (J = 8.4 Hz, 1H). The >C NMR spectrum (CDCls)
showed resonances at  ppm 162.1, 104.02, 141.6 for C-3, C-4 and C-35 of the indazole
ring respectively. The analytical and spectral data for other indazole derivatives 142(b-

h) are described in the experimental section.
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Table VL Preparation of 1-aryl-3-(N-cycloamino)-4,5-dihydro- 1 H-benzo[g]

indazoles 142(a-h)

Entry Intermediate 141(a-h) Product 142(a-h) Yield
%
o] S Ph\N N
R -
N R! '
Reoge BEOAS
RS
R3
Ph_
N-f‘\‘>\
X N
1 a, R,R,R’=H,X=H @:j Q 142a 64
Ph_
NN
N
2 b, RLRLR*=H,X=0 Oy e 142b 68
Ph_
N-N
3 ¢, R, R%, R*=H, X =N-Bn O‘ AN
Ay
142¢ 72
Ph‘N—N
4 d, R\, RL R =H, AT
X = N-2-(pyrid O‘ LN
-2-(pyridyl) N/ 142d 76
Ph
-
5 e, R'=Me, R%=H, R* = Me, Me N
OO0 e w0
Men.
6 f, R'=Me, R%=H, R* = Me y N~
i s ’ > e N
X=0 L © 142f 64
Me
7 g R'=Me,R>=H,R’=Me, ey
X =N-Bn MeNf\ 1428 72
Y
Me
8 h, R'=Me, R*=H, R® = Me, PN

X = N-2-(pyridyl)

MeNCN > 142h

78

*Yields obtained are determined after work-up and Chromatographic purification .
All the compounds were characterized by IR, '"H NMR, >C NMR and MS.
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V. 3. EXPERIMENTAL

Melting points was determined on a “Thomas Hoover” capillary melting point
apparatus and are uncorrected. 'H and *C NMR spectra were recorded on a Bruker
AMX 400 instrument using CDCl5 as the solvent. Chemical shifts are reported in ppm
using tetramethylsilane as internal standard. J values are given in Hz. The following
abbreviations are used to describe peak patterns when appropriate: br = broad, s =
singlet, d = doublet, dd = double doublet, dt = double triplet, t = triplet, g = quartet, m =
multiplet. IR spectra were recorded on a Perkin-Elmer BX spectrophotometer. ESI
mass spectra were measured on an ion trap analyzer Esquire 3000 (Bruker Daltonics).
Masses (MS) are reported in unit of mass over charge (m/z), the molecular or base
peaks and relative intensities are indicated by (M") and (%) respectively. CHN analyses
were recorded on a Vario EL analyser. Column chromatography was performed using
silica gel (60-120 mesh, Merck).

All reactions were performed in oven dried (120°C) glasswares under a positive
dry argon/nitrogen atmosphere. Analytical thin layer chromatography (TLC) were
performed on glass plates coated with ACME’s silica gel containing 13% calcium
sulphate as binder and various combination of visualization of spots was accomplished
by exposure to UV lamp or iodine vapour or by spraying potassium permanganate
(acidic) solution or 2% ninhydrin solution. Eluents for column chromatography were
used after simple distillation of commercial solvents. All solvent evaporations were
done using a rotaevaporator (BUCHI Rotavapor R II, vacuum pump V-700) and a

steam bath.
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Chemical Reagents and Solvents:

Commercially available NaH, 50% suspension, t-BuOH (Sisco Spectrochem) was used,
N,N-dimethylformamide (Aldrich) was purchased bottle grade and dried over CaH,
distilled and store over molecular sieves (4A). ‘Super-dry’ ethanol prepared is
hygroscopic; it is stored over a Type 4A molecular sieve. Commercially available
solvents such as benzene, dichloromethane (DCM), etc., were purified either by simple
distillation / distillation under reduced pressure before use. Anhydrous ether and
dichloromethane (DCM) was obtained by keeping the bottle grade over calcium
chloride over night and finally stored over sodium wire or Type 3A molecular sieve.
Dry benzene was obtained by washing with concentrated sulphuric acid followed by
azeotropic distillation and stored over sodium wire. Sodium tertiary butoxide was

freshly prepared for each reaction.

Starting Materials:

Substituted a-tetralones, dimethyl trithiocarbonate was purchased from Sigma-Aldrich
and was used for the preparations of f-oxodithioester. Carbon disuifide (CS,), dimethyl
sulfoxide (DMSO), phenacyl bromide, DABCO (Aldrich) used were analytical reagent
bottle grade. Commercially available, methylamine, ethylamine, aniline, piperidine,
morpholine, N-benzylpiperazine, N-pyridinylpiperazine were used directly without
further purification. Trithiocarbonate esters (dimethyl trithiocarbonate bp 225°C, 760
mm) was also prepared according to the reported procedure.* f-ketothioester required
for the present investigation were prepared (using protective gloves and mask under

454647

fume cupboard) according to the earlier reported literature procedures with some

minor modifications as shown below.
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General procedure for the synthesis of f-Oxodithioester 138:

a-tetralone 137 (6.0 mmol) was added to a suspension of NaH (50% suspension in
mineral oil, 1.94 g, 40 mmol) in DMF/benzene solvent mixture (50 mL, 1:10; benzene
bp 76-80 °C). Dimethy! trithiocarbonate (20 mmol) was added to the solution and
stirred well for about 1 hour. The reaction formed at the interface between the two
layers present in the reaction mixture. The reaction was exothermic and the reaction
was cooled in a water bath at room temperature. After 1 hr, the reaction mixture was
acidified with 3N HCI (20 mL), the precipitated dithiocarboxylates were extracted with
chloroform (2 x 150 mL).The extract is dried with sodium sulfate and evaporated to

give the product 138.

General procedure for the synthesis of f-Oxothioamide 139:

The #-oxodithiocarboxylates 138 was treated with equimolar amount of primary amine
(methyl amine / ethyl amine / phenyl amine, 10 mmol) in ethanol (15 mL) and the
reaction mixture was refluxed with stirring for 2 hr. It was cooled to room temperature,
poured over water (2 x 50 mL), quenched with saturated solution of NaHCO; (1 x 25
mL), extracted with DCM (2 x 50 mL). The extract is dried with anhydrous Na,SO, and
the solvent was evaporated to give the corresponding f-oxothioamide 139 in good
yields (single spot on TLC). Purification may be achieved by column chromatography

on silica gel (50 g) using hexane as eluent.
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General procedure for the synthesis of 2-(cycloamino-1-carbothioyl)-3,4-dihydro-
2H-naphthalen-1-one or f-Oxothioamide 141:

The B-oxodithiocarboxylates 138 was treated with equimolar amount of secondary
amines (piperidine, morpholine, N-benzylpiperazine, N-pyridinylpiperazine, 10 mmol)
in ethanol (15 mL) and the reaction mixture was refluxed with stirring for 2 hr. It was
cooled to room temperature, poured over water (2 x 50 mL), quenched with saturated
solution of NaHCO;5 (1 x 25 mL), extracted with DCM (2 x 50 mL). The extract is dried
with anhydrous Na;SO, and the solvent was evaporated to give the corresponding f-
oxothioamide 141 in good yields (single spot on TLC). Purification may be achieved by

column chromatography on silica gel (50 g) using hexane as eluent.

General procedure for the synthesis of 2-(3-Methyl-4-phenyl-3H-thiazol-2-
ylidene)-3,4-dibydro-2 H-naphthalen-1-one 140a:

To a magnetically stirred mixture of 8-Oxothioamide 139a (5.0 mmol) in benzene (10
mL) and KOH (0.62 g, 10 mmol), phenacyl bromide (1.10 g, 5.0 mmol) was added in
drop wise. The reaction mixture was reflux to 80-90°C for 4-5 hours and left at room
temperature over night (monitored by TLC). It was poured over water (2 x 50 mL) and
extracted with DCM (3 x 50 mL), brine (1 x 50 mL) and dried over Na,;SO4. The
solvent was evaporated under vacuum to give crude products which were purified by
column chromatography over silica gel using hexane/EtOAc (10:1) as eluent affording
140a: Yield 77 % (1.05 g); colourless crystals, mp 202-203°C; IR (KBr): 3350, 2944,
1710, 1660, 1498, 1286, 1178; 'H NMR (400 MHz, CDCL): 6 ppm 2.24 (t, J = 5.8 Hz,
2H, CH,), 2.46 (s, 3H, CH3), 2.58 (t, J = 5.8 Hz, 2H, CHy), 6.62 (s, 1H, C-5 of
thiazole), 7.21-7.66 (m, 9H, ArH), 7.78 (d, J = 8.4 Hz, 2H, ArH); >C NMR (100 MHz,
CDCl): 6 ppm 22.5, 28.4, 35.7, 100, 114.11, 117.33, 126, 127, 128, 129, 134, 136.12,

141.40, 146.5, 187.21; MS (CI) m/z = 319; Anal. Calcd for C3H,sNOS (319): C, 75.20;
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H, 5.36; N, 4.39; Found: C, 75.24 H, 5.34; N, 4.36. Other compounds 135(b-1) were
also prepared using similar procedure.
2-(3-Ethyl-5-phenyl-3H-thiazol-2-ylidene)-3,4-dihydro-2 H-naphthalen-1-one
(140b): Yield 78 % (1.12 g); white crystals, mp 127-128°C; IR (KBr): 3354, 2947,
1708, 1664, 1495, 1288, 1174; 'H NMR (400 MHz, CDCls): 6 ppm 1.04 (t, 3H, CH3),
2.28 (t,J= 5.8 Hz, 2H, CHy), 2.58 (t, /= 5.8 Hz, 2H, CH;), 2.68 (g, 2H, CH3), 6.65 (s,
1H, CH of thiazole), 7.12-7.34 (m, 8H, ArH), 7.76 (d, J = 8.4 Hz, 2H, ArH), BC NMR
(100 MHz, CDCl;): 6 ppm 13.5, 22.5, 22.56, 28.41, 43.7, 100.12, 114.11, 117.33,
126.03, 126.21, 126.47, 127.23, 127.73, 128.43 (x 2C), 129.22, 134.14, 136.12, 141.34,
146.23, 187.27; MS (CI) m/z = 333; Anal. Calcd for C3H;sNOS (333): C, 75.67; H,

5.73; N, 4.23; Found: C, 75.64 H, 5.64; N, 4.16.

2-(3,5-Diphenyl-3H-thiazol-2-ylidene)-3,4-dihydro-2 H-naphthalen-1-one  (140c¢):
Yield 84% (1.36 g); light brown crystals, mp 167-168°C; IR (KBr): 3357, 2947, 1712,
1664, 1490, 1288, 1172; 'H NMR (400 MHz, CDCls): 6 ppm 2.26 (t, J = 5.8 Hz, 2H,
CHy), 2.57 (t, J = 5.8 Hz, 2H, CH), 6.62 (s, 1H, CH of thiazole), 6.46 (d, J = 8.4 Hz,
2H), 7.12-7.34 (m, 10H, ArH), 7.49 (t, J = 7.4 Hz, 1H, ArH), 7.76 (d, J = 8.4 Hz, 1H,
ArH); >C NMR (100 MHz, CDCls): é ppm 22.5, 28.4, 43.7, 100.05, 115.21, 115.28,
117.33, 118.5, 120.2, 126.03, 126.18, 126.24, 127.23, 128.13(x 2C), 128.54, 129.21,
129.32, 129.42, 134.14, 136.12, 141.34, 146.23, 152.5 187.27; MS (CI) m/z = 381,
Anal. Calcd for C,sHigNOS (381): C, 78.69; H, 5.03; N, 4.63; Found: C, 78.64 H, 5.04;
N, 4.61.

5,7-Dimethyl-2-(3-methyl-5-phenyl-3H-thiazol-2-ylidene)-3,4-dihydro-2 H-
naphthalen-1-one (140d). Yield 82 % (1.13 g); brown crystals, mp 120-121°C; IR

(KBr): 3354, 2948, 1707, 1657, 1494, 1280, 1175; '"H NMR (400 MHz, CDCl3): 6 ppm
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2.26 (t, J= 5.8 Hz, 2H, CH,), 2.32 (s, 3H, CH3), 2.57 (t, J = 5.8 Hz, 2H, CHy), 6.62 (s,
1H, CH of thiazole), 6.46 (d, J = 8.4 Hz, 2H, ArH), 7.09 (s, 1H, ArH), 7.12-7.34 (m,
6H, ArH), 7.37 (s, 1H, ArH); °C NMR (100 MHz, CDCls): § ppm 15.23, 21.2, 21.6,
22.8, 28.4, 35.7, 100.12, 114.21, 117.24, 126.04, 126.24, 127, 128.21(x 2C), 129.52,
129.58, 135.03, 135.62, 137.52, 139.25, 146.5, 187.01; MS (CI) m/z = 347; Anal.
Calcd for CoHpNOS (347): C, 76.04; H, 6.09; N, 4.03; Found: C, 76.10 H, 6.03; N,
4.06.

2-(3-Ethyl-5-phenyl-3 H-thiazol-2-ylidene)-5,7-dimethyl-3,4-dihydro-2 H-
naphthalen-1-one (140e): Yield 74 % (1.02 g); brown crystals, mp 134-135°C; IR
(KBr): 3350, 2942, 1710, 1652, 1492, 1284, 1176; 'H NMR (400 MHz, CDCls): 6 ppm
1.04 (t, 3H, CH3), 2.26 (t, J = 5.8 Hz, 2H, CHy), 2.32 (s, 3H, CH3), 2.57 (t, J= 5.8 Hz,
2H, CH,), 2.68 (q, 2H, CH,), 6.62 (s, 1H, CH of thiazole), 6.46 (d, J = 8.4 Hz, 2H),
7.09 (s, 1H, ArH), 6.68-7.30 (m, 8H, ArH); °C NMR (100 MHz, CDCl): é ppm
13.15, 15.14, 21.2, 22.8, 28.4, 35.7, 43.4, 100.27, 114.21, 117, 126.04, 126.17, 127.04,
128.21(x 2C), 129.62, 129.8, 135.03, 135.25, 135.36, 137.52, 146.5, 187.14; MS (CI)
m/z = 361; Anal. Calcd for C;3H;3NOS (361): C, 76.43; H, 6.40; N, 4.04; Found: C,
76.30 H, 6.40; N, 4.06.
2-(3,5-Diphenyl-3H-thiazol-2-ylidene)-5,7-dimethyl-3,4-dihydro-2 H-naphthalen-1-
one (140f): Yield 82% (1.28 g); pale yellow crystals, mp 148-149°C; IR (KBr): 3356,
2948, 1712, 1655, 1490, 1282, 1172; 'H NMR (400 MHz, CDCls): 4 ppm 2.26 (t, J =
5.8 Hz, 2H, CH,), 2.32 (s, 3H, CH3), 2.58 (t, J = 5.8 Hz, 2H, CH,), 2.64 (q, 2H, CH,),
6.68 (s, 1H, CH of thiazole), 7.10 (s, 1H, ArH), 7.12-7.34 (m, 6H, ArH), 7.38 (s, 1H,
ArH); °C NMR (100 MHz, CDCL): J ppm 15.14, 21.2, 21.9, 22.8, 28.4, 35.7, 43.4,
114.21, 115.12, 117.03, 118.07, 120.21, 126.34, 126.36, 127.2, 128.21, 128.34, 129.02,

129.22, 134.11, 135.26, 135.43, 137.52, 139.21, 146.15, 152.09, 187.64; MS (CI) m/z =
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409. Anal. Calcd for Cx7H»3NOS (409): C, 79.14; H, 5.64; N, 3.48; Found: C, 79.10 H,
5.50; N, 3.36.
5-Hydroxy-2-(3-methyl-5-phenyl-3H-thiazol-2-ylidene)-3,4-dihydro-2 H-
naphthalen-1-one (140g): Yield 85% (1.20g); yellow crystals, mp 131-132°C; IR
(KBr): 3350, 3342, 1708, 1656, 1492, 1285, 1176; 'H NMR (400 MHz, CDCl3): § ppm
2.26 (t, J= 5.8 Hz, 2H, CH,), 2.42 (s, 3H, CH3), 2.62 (t, J = 5.8 Hz, 2H, CH;), 4.97(s,
1H, OH), 6.68 (s, 1H, CH of thiazole), 7.02 (d, J = 7.6 Hz, 2H, ArH), 7.12-7.34 (m,
7H, ArH); ’C NMR (100 MHz, CDCl): & ppm 18.6, 22.2, 35.06, 100.6, 114.22,
117.12, 121.11, 122.02, 126.21, 126.24, 127.72, 127.81, 128.2, 128.10, 128.12, 128.42,
137.32, 146.52, 157.12, 187.04; MS (CI) m/z = 335: Anal. Calcd for CyH,;7;NO,S

(335): C,71.62; H, 5.11; N, 4.18; Found: C, 71.44 H, 5.12; N, 4.14.

2-(3-Ethyl-5-phenyl-3H-thiazol-2-ylidene)-5-hydroxy-3,4-dihydro-2 H-naphthalen-
1-one (140h). Yield 86% (1.27 g); light brown crystals, mp 128-129°C; IR (KBr):
3354, 3340, 1690, 1651, 1494, 1282, 1172; 'H NMR (400 MHz, CDCls): 6 ppm 1.12 (t,
3H, CH3), 2.27 (t, J = 5.8 Hz, 2H, CHy), 2.42 (s, 3H, CH3), 2.57 (t, J = 5.8 Hz, 2H,
CH,), 2.69 (g, 2H, CH,), 5.06(s, 1H, OH), 6.68 (s, 1H, CH of thiazole), 7.02 (d, /= 7.6
Hz, 2H, ArH), 7.12-7.34 (m, 7H, ArH); >C NMR (100 MHz, CDCl;): 6 ppm 13.17,
18.2, 22.2, 43.5, 100.43, 114.25, 117.12, 121.40, 122.12, 126.21, 126.36, 127.72,
127.81, 128.12(x 2C), 128.42, 134.91, 137.83, 146.52, 157.24, 187.04; MS (CI) m/z =
349: Anal. Calcd for C2;H19NO3S (349): C, 72.18; H, 5.49; N, 4.01; Found: C, 72.14 H,
5.45; N, 4.04.
2-(3,5-Diphenyl-3H-thiazol-2-ylidene)-5-hydroxy-3,4-dihydro-2 H-naphthalen-1-
one (140i): Yield 87% (1.28 g); pale yellow crystals, mp 105-106°C; IR (KBr): 3352,

3344, 1695, 1657, 1495, 1287, 1174; 'H NMR (400 MHz, CDCls): 6 ppm 2.27 (t, J =
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5.8 Hz, 2H, CH2), 2.42 (s, 3H, CH3), 2.57 (t, J = 5.8 Hz, 2H, CHz), 4.89 (s, 1H, OH),
6.62 (t, J = 7.6 Hz, 1H, ArH), 6.48 (d, J = 7.6 Hz, 2H, ArH), 6.68 (s, 1H, CH of
thiazole), 7.12-7.34 (m, 10H, ArH); 13C NMR (100 MHz, CDCl;): 6 ppm 18.6, 22.2,
35.06, 100.6, 114.22, 115.08, 115.12, 118.10, 120.09, 122.02, 126.21, 126.52, 127.76,
127.81, 128.02 (x 2C), 128.12, 128.42, 129.03, 129.24, 134.4, 137.32, 146.32, 157.42,
187.20; MS (CI) m/z = 397: Anal. Calcd for CasHoNO,S (397): C, 75.54; H, 4.81; N,
3.68; Found: C, 75.44 H, 4.72; N, 3.61.
6,7-Dimethoxy-2-(3-methyl-4-phenyl-3H-thiazol-2-ylidene)-3,4-dihydro-2 H-
naphthalen-1-one (140j). Yield 73% (0.98 g); pale yellow crystals, mp 220-221°C; IR
(KBr): 3352, 2941, 1687, 1660, 1492, 1288, 1171; '"H NMR (400 MHz, CDCls): 6 ppm
2.27 (t, J= 5.8 Hz, 2H, CH,), 2.47 (s, 3H, CH3), 2.57 (t, J = 5.8 Hz, 2H, CH,), 3.87 (s,
3H, OMe), 5.72 (s, 1H, CH of thiazole), 6.72 (s, 1H, ArH), 7.11-7.32 (m, 6H, ArH);
C NMR (100 MHz, CDCL): 6 ppm 22.5, 28.7, 32.02, 35.7, 56.12, 56.38, 100.21,
115.12, 116.24, 117.33, 126.21, 126.42, 127, 128.02(x 2C), 129.42, 134.22, 136.12,
145.41, 146.15, 153.14, 187.21; MS (CI) m/z = 379: Anal. Calcd for CyH»NOsS

(379): C, 69.63; H, 5.58; N, 3.69; Found: C, 69.24 H, 5.44; N, 3.56.

6,7-Dimethoxy-2-(3-ethyl-4-phenyl-3 H-thiazol-2-ylidene)-3,4-dihydro-2 H-

naphthalen-1-one (140Kk): Yield 78% (1.22 g); yellow crystals, mp 182-183°C; IR
(KBr): 3350, 2944, 1682, 1664, 1490, 1282, 1174; 'H NMR (400 MHz, CDCls): 6 ppm
1.12 (t, 3H, CH3), 2.27 (t, J = 5.8 Hz, 2H, CH,), 2.57 (t, J = 5.8 Hz, 2H, CH>), 2.69 (q,
2H, CH,), 3.82 (s, 3H, CH3), 5.72 (s, IH, CH of thiazole), 6.71 (s, 1H, ArH), 7.12-7.36
(m, 6H, ArH); >C NMR (100 MHz, CDCls): 6 ppm 13.6, 22.5, 28.7, 35.7, 43.5, 56.12,

56.38, 100.21, 114,11, 115, 116.24, 117.33, 126.03, 126.06, 127.05, 128.04, 128.32,
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129.42, 134.22, 136.12, 145.41, 146.15, 187.21; MS (CI) m/z = 393: Anal. Calcd for

C2H»NO;S (393): C, 70.23; H, 5.87; N, 3.56; Found: C, 70.14 H, 5.54; N, 3.50.

2-(3,4-Diphenyl-3H-thiazol-2-ylidene)-6,7-dimethoxy-3,4-dihydro-2 H-naphthalen-
1-one (1401). Yield 82 % (1.18 g); yellow crystals, mp 124-125°C; IR (KBr): 3354,
2945, 1687, 1667, 1482, 1283, 1177; 'H NMR (400 MHz, CDCls):  ppm 2.28 (t, J =
5.8 Hz, 2H, CHy), 2.59 (t, J = 5.8 Hz, 2H, CHy), 3.87 (s, 3H, OMe), 5.72 (s, IH, CH of
thiazole), 6.42 (d, J = 7.6 Hz, 2H, ArH), 6.70 (s, 1H, ArH), 7.11-7.32 (m, 9H, ArH);
*C NMR (100 MHz, CDCl3): § ppm 22.5, 28.7, 56.12, 56.38, 94.3, 109.72, 115.12,
115.21, 11546, 116.12, 118.2, 126.22 (x 2C), 127.71, 127.14, 128.04 (x 2C), 129.42,
134.22, 136.12, 143.2, 145.41, 146.15, 150.2, 152.22, 153.30, 187.21; MS (CI) m/z =
441: Anal. Calcd for C7H3NOsS (441): C, 73.44; H, 5.25; N, 3.19; Found: C, 73.41;
H, 5.14; N, 3.16.

General procedure for preparation of 1-aryl-3-(V-cycloamino) annulated
indazoles 142a-h. A solution of respective pS-ketothioamide 141 (5 mmol),
arylhydrazine (6 mmol), and DABCO (0.67 g, 6 mmol) in 50 mL of +~BuOH with a
catalytic amount of acetic acid (3 mL) was refluxed for 12-16 h with constant stirring,
the reaction being monitored by TLC. The reaction mixture was concentrated under
reduced pressure and poured into ice-cold water, extracted with DCM (3 x 50 mL),
washed with H;O (2 x 50 mL) and brine (1 x 50 mL), and dried over Na,SO4. The
solvent was evaporated under vacuum to give indazole 142, which were purified by
column chromatography over silica gel using hexane/EtOAc (10:1) as eluent.
1-Phenyl-3-piperidin-1-yl-4,5-dihydro-1H-benzo|glindazole 142a: Yield 64 %
(1.02 g); white crystals, mp 98-99°C; IR (KBr): 3354, 2940, 1665, 1570, 1174; 'H

NMR (400 MHz, CDCl;): 6 ppm 1.50-1.56 (m, 6H), 2.79 (t, J= 5.8 Hz, 2H, CH,), 2.88
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(t, J = 5.8 Hz, 2H, CH,), 7.12-7.34 (m, 8H, ArH), 7.76 (d, J = 8.4 Hz, 1H, ArH); °C
NMR (100 MHz, CDCls): & ppm 18.31, 25.5(2), 26.36, 33.6, 54.17, 54.36, 104.24,
118.87, 118.9, 126.07, 126.11, 126.9, 128.41, 128.43, 129.10, 129.27, 135.14, 138.12,
139.7, 141.62, 162.16; MS (CI) m/z = 329; Anal. Caled for CpHasN3 (329.41): C,

80.21; H, 7.04; N, 12.76; Found: C, 80.17, H, 7.06; N, 12.72.

3-Morpholin-4-yl-1-phenyl-4,5-dihydro-1H-benzo[g]lindazole 142b: Yield 68 %
(1.14 g); pale yellow crystals, mp 131-132°C; IR (KBr): 3352, 2942, 1664, 1572, 1170;
'H NMR (400 MHz, CDCls): 6 ppm 2.58 (t, J = 5.8 Hz, 2H, CH,), 2.86 (t, /= 5.8 Hz,
2H, CHy), 2.98 (t, J = 6.2, Hz, 4H, CHy), 3.67 (t, J = 6.2, Hz, 4H, CH,), 7.12-7.34 (m,
8H, ArH), 7.76 (d, J = 8.4 Hz, 1H, ArH); >C NMR (100 MHz, CDCl;): 6 ppm 18.31,
33.6, 58.91, 58.97, 71.46, 71.62, 104.24, 118.87, 118.97, 126.07, 126.11, 126.9, 128.41,
128.43, 129.10, 129.41, 135.14, 138.12, 139.7, 141.62, 162.16; MS (CI) m/z = 331,
Anal. Calcd for Cy Hy N3O (331.17): C, 76.11; H, 6.37; N, 12.68; Found: C, 76.14, H,
6.32; N, 12.63.

1-Phenyl-3-(4-phenyl-piperazin-1-yl)-4,5-dihydro-1H-benzo[g]indazole 142¢: Yield
72 % (1.20 g); white crystals, mp 162-163°C; IR (KBr): 3354, 2944, 1667, 1573, 1172;
'"H NMR (400 MHz, CDCl3): 6 ppm 2.67 (t, J = 5.8 Hz, 2H, CHy), 2.78 (t, J = 5.8, Hz,
4H, CHy), 3.25 (t, /= 6.2, Hz, 4H, CH,), 3.57 (t, J=6.2, Hz, 4H, CH,), 6.59 (d, /= 8.4
Hz, 1H, ArH), 7.01-7.34 (m, 11H, ArH), 7.76 (d, J = 8.4 Hz, 1H, ArH); *C NMR (100
MHz, CDCl3): 6 ppm 18.31, 33.6, 57.51, 57.58, 57.72, 57.78, 104.24, 113.16, 113.18,
118.02, 118.07, 118.23, 126.07, 126.11, 126.9, 128.41, 128.43, 129.12, 129.17, 129.40,
129.56, 135.14, 138.12, 139.7, 141.62, 144.5, 162.16; MS (CI) m/z = 406, Anal. Calcd

for Cy7Hy6N4 (406.22): C, 79.78; H, 6.46; N, 13.78; Found: C, 79.75, H, 6.50; N, 13.75.
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1-Phenyl-3-(4-pyridin-2-yl-piperazin-1-yl)-4,5-dihydro-1H-benzo[g]indazole 142d:
Yield 76 % (1.22 g); white crystals, mp 140-141°C; IR (KBr): 3356, 2943, 1665, 1572,
1173; 'H NMR (400 MHz, CDCls): 6 ppm 2.68 (t, J = 5.8 Hz, 2H, CH,), 2.87 (t, J =
5.8, Hz, 4H, CHy), 3.26 (t, J = 6.2, Hz, 4H, CH,), 3.29 (t, J = 6.2, Hz, 4H, CH,), 6.59
(d, J=8.4 Hz, 1H, ArH), 7.01-7.34 (m, 10H, ArH), 7.76 (d, J = 8.4 Hz, 1H, ArH), 8.12
(d, J = 8.4 Hz, 1H, ArH); >C NMR (100 MHz, CDCl;): é ppm 18.32, 33.26, 57.55(2),
57.78 (2), 104.26, 108.12, 113.18, 118.19, 118.32, 126.07, 126.14, 126.17, 128.41,
128.43, 129.40, 129.67, 135.14, 138.12, 138.28, 139.7, 141.62, 148.91, 161.14, 162.16;
MS (Cl) m/z = 407; Anal. Calcd for CycHysNs (407.22): C, 76.64; H, 6.18; N, 17.19;
Found: C, 76.58, H, 6.23; N, 17.14.

6,8-Dimethyl-1-phenyl-3-piperidin-1-yl-4,5-dihydro-1H-benzo|g]indazole 142e:
Yield 80 % (1.31 g); yellow crystals, mp 144-145°C; IR (KBr): 3357, 2940, 1662,
1570, 1175; '"H NMR (400 MHz, CDCl3): 6 ppm 1.50-1.55 (m, 6H), 2.35 (brs, 3H,
CH3), 2.58 (t, J = 5.8, Hz, 2H, CH,), 2.68 (t, J = 5.8 Hz, 2H, CH;), 2.88 (t, /= 5.8 Hz,
2H, CHa), 6.78 (t, J = 2.5 Hz, 1H, ArH), 7.21-7.36 (m, 6H, ArH); °C NMR (100 MHz,
CDCl): 6 ppm 15.31, 18.6, 21.50, 25.71, 25.98, 26.24, 27.21, 54.71, 54.97, 104.03,
118.05, 118.84, 124.10, 126.8, 129.50, 129.67, 129.81, 135.02, 135.7, 136.02, 137.7,
139.71, 141.6, 162.14; MS (CI) m/z = 357; Anal. Calcd for CsH27N3 (357.20): C,

80.63; H, 7.60; N, 11.75; Found: C, 80.67, H, 7.64; N, 11.70.

6,8-Dimethyl-3-morpholin-4-ylI-1-phenyl-4,5-dihydro-3aH-benzo[g]indazole 142f:
Yield 64 % (1.02 g); yellow crystals, mp 176-177°C; IR (KBr): 3348, 2944, 1664,
1573, 1172; '"H NMR (400 MHz, CDCl3): 6 ppm 2.35 (brs, 3H, CHs), 2.57 (t, J = 5.8,
Hz, 2H, CH»), 2.94 (t, J = 6.2, Hz, 4H, CH,), 3.67 (t, J= 6.2 Hz, 4H, CH,), 6.82 (t, /=

2.5 Hz, 1H, ArH), 7.21-7.36 (m, 6H, ArH); >C NMR (100 MHz, CDCl;): 6 ppm 15.01,
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18.20, 21.7, 27.4, 37.6, 58.7, 58.81, 71.29, 71.87, 118.05, 118.84, 124.10, 126.8,
129.70, 129.92, 129.81, 135.02, 135.7, 136.02, 137.7, 139.71, 141.6, 162.14; MS (CI)
m/z = 359; Anal. Calcd for Cy3H,sN30 (359.20): C, 76.86; H, 7.01; N, 11.69; Found: C,
76.82, H, 7.05; N, 11.63.

6,8-Dimethyl-3-morpholin-4-yl-1-phenyl-4,5-dihydro-1H-benzo|g]indazole 142g:
Yield 72 % (1.07 g); yellow crystals, mp 157-158°C; IR (KBr): 3349, 2942, 1666,
1572, 1174; '"H NMR (400 MHz, CDCls): § ppm 2.32 (brs, 3H, CHs), 2.65 (t, J = 5.8,
Hz, 2H, CH,), 2.88 (t, J = 5.8, Hz, 2H, CH,), 3.29 (t, /= 6.2, Hz, 4H, CH,), 3.57 (t, J =
6.2 Hz, 4H, CH,), 6.59 (d, /= 8 Hz, 2H, ArH), 6.78 (t, /= 2.5 Hz, 1H, ArH), 7.01-7.36
(m, 9H, ArH); >C NMR (100 MHz, CDCl): 6 ppm 15.01, 18.04, 21.20, 27.7, 57.3,
57.64, 58.15, 58.72, 104.22, 113.02, 113.52, 118.0, 118.12, 118.52, 125.10, 126.8,
127.02, 129.4(x 2C), 129.29, 129.57, 135.02, 135.7, 136.02, 137.7, 139.71, 141.6,
144.57, 162.14; MS (CI) m/z = 434; Anal. Calcd for CH3oN4 (434.25): C, 80.16; H,

6.96; N, 12.89; Found: C, 80.18, H, 6.91; N, 12.83.

6,8-Dimethyl-1-phenyl-3-(4-pyridin-2-yl-piperazin-1-y})-4,5-dihydro-1H-

benzo|glindazole 142h: Yield 78 % (1.17 g); yellow crystals, mp 150-151°C; IR
(KBr): 3348, 2946, 1660, 1577, 1170; '"H NMR (400 MHz, CDCl3):  ppm 2.38 (brs,
3H, CH3), 2.68 (t, J= 5.8 Hz, 2H, CH,), 2.87 (t, J = 5.8, Hz, 4H, CH,), 3.29 (t, /= 6.2,
Hz, 4H, CH3), 3.58 (t, J = 6.2 Hz, 4H, CH,), 6.78 (1, J = 2.5 Hz, 1H, ArH), 6.60-7.46
(m, 9H, ArH), 8.12 (d, J = 8 Hz, IH, ArH); *C NMR (100 MHz, CDCl3): § ppm 15.01,
18.04, 21.20, 27.7, 57.13, 57.38, 58.17, 58.41, 104.12, 108.2, 113, 118.0, 118.12,
125.10, 126.8, 129.4(x 2C), 129.29, 129.63, 135.02, 135.7, 136.21, 137.7, 138.31,
139.71, 141.6, 161.04, 162.57; MS (CI) m/z = 435; Anal. Calcd for CygHoNs (435.57):

C, 77.26; H, 6.73; N, 16.08; Found: C, 77.23, H, 6.76; N, 16.02.
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Figure 29. 'H NMR spectra of 1-Oxo-1,2,3,4-tetrahydro-naphthalene-2-carbothioic acid amide.
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Figure 30. "C NMR Spectra of 3-Morpholin-4-yl-1-phenyl-4,5-dihydro-1H-benzo[glindazole.
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CHAPTER VI

SYNTHESIS OF SUBSTITUTED-(3,4-DIHYDRO-1H-
NAPHTHALEN-2-YLIDENE)-THIAZOLIDIN-4-ONE
DERIVATIVES AND 5-SUBSTITUTED ARYLIDENE-3-
ALKYL/ARYL-2-SUBSTITUTED-(1-OX0-3,4-DIHYDRO-1H-
NAPHTHALEN-2-YLIDENE)-THIAZOLIDIN-4-ONES




CHAPTER VI

Synthesis of substituted-(3,4-dihydro-1H-naphthalen-2-ylidene)-
thiazolidin-4-one derivatives and 5-substituted arylidene-3-
alkyl/aryl-2-substituted-(1-ox0-3,4-dihydro-1 H-naphthalen-2-
ylidene)-thiazolidin-4-ones

VI. 1. INTRODUCTION AND REVIEW

Heterocycles bearing nitrogen, sulphur and thiazole moieties constitute the core structure
of a number of biologically interesting compounds. The chemistry of thiazolidin-4-one
ring systems is of considerable interest as it is a core structure in various synthetic
pharmaceuticals displaying a broad spectrum of biological activities.' Thiazolidin-4-one
derivatives are known to exhibit diverse bioactivities such as antidiarrheal,”
anticonvulsant,® antimicrobial,* antidiabetic,” antihistaminic,® anticancer,’ antiHIV,} Ca®
channe! blocker,” PAF antagonist,'’ cardioprotective,” anti-ischemic,'? cycloxygenase
inhibitory,"® anti-platelet activating factor,'® non-peptide thrombin receptor antagonist’’

and tumor necrosis factor a-antagonist activities.'® Also 2-imino-thiazolidin-4-ones have
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19 In a random screening of commercial

been found to have antifungal activity.
compounds, a compound with a 4-thiazolidinone core structure for example compounds
MKT 077 143 and HP-236 144 have been registered as antitumor and antipsyshotic agents
while compound 145 and 146 have antimycobacterial activity. Another compound
containing thiazolidin-4-one moiety known as CP-060 147, is a novel type of Ca”
antagonist®’ possessing both Ca®* overload inhibition and antioxidant activity.”’
Thiazolidinones derivatives like CP-060 and its analogues being antidiabetic drugs are
used for the treatment of diabetes.” Recently the glycoprotein-independent apoptosis

induction by a novel synthetic compound 148 used as cancer resistant drug which

selectively kills cancer cell was reported by Fang and co-workers.”
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Monforte and co-workers designed and synthesised the new 2,3-diaryl-1,3-thiazolidin-4-
ones 152,* which has led to the development of highly potent anti-HIV-1 agents by
reacting a suitable 2,6-dihalo-substituted benzaldehyde 151 with an equimolar amount of a
(hetero)aromatic amine 149 in the presence of an excess of mercaptoacetic acid 150in

refluxing toluene (Scheme 35).%

R
HO toluene Ar l
SH \
ArNH, + \IC])/\ + H 71)@ N
1
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(0] R O%\/

149 150 151 152

Scheme 35

Bing Yan and co-workers demonstrated”® a new application of fluorous benzaldehydes 153
in a two-step reaction sequence for the preparation of 4-thiazolidinone 156 by a three
component reaction of benzaldehyde 153, amine 154, and mercaptoacetic acid 155 under
mild room-temperature conditions.”® They employed boronic acid 157 and thiol 159 for
the palladium-catalyzed coupling reactions to introduce new functional group to the
heterocyclic systems. The microwave-assisted reactions were carried out using
Pd(dppf)Cl, as a catalyst, K,CO5 as a base and 4:4:1 acetone /toluene /water as a cosolvent
giving biaryl-substituted-4-thiazolidinones 158 and thioaryl-substituted-4-thiazolidinones

160 (Scheme 36).
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Recently, a three-step reaction protocol reported by Geronikaki et al.’ showed that the
first step of the synthetic procedure was carried out by reaction of appropriate amines 161
with chloroacetyl chloride 162 in DMF at room temperature for 2 hr or by heating in dry
benzene for 3 hr.**?* 2-Chloro-N-(thiazole substituted) acetamides efficiently reacted with
ammonium thiocyanate in refluxing ethanol to produce 2-(thiazol-2-ylimino)thiazolidin-4-
ones or 2-(heteroarylimino)thiazolidin-4-ones 163.”’ The final compounds 164 were
obtained by refluxing products 163 with commercially available aromatic aldehydes and

anhydrous sodium acetate in glacial acetic acid®®*** (Scheme 37).
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(b) NH,4SCN, EtOH, reflux, 1-3 hr; (¢) RC{H,CHO, MeCOOH, MeCOONa,
reflux 2-4 hr.

Scheme 37

Rangappa er al. reported the condensation of the synthon 1-[2-amino-1-(4-methoxy-
phenyl)-ethyl]-cyclohexanol 165 with aromatic and heterocyclic aldehydes and
thioglycolic acid using DCC which gave compound 166 and it was used as

antimicrobials® (Scheme 38).

MeO NH, HO
DCC, THF oMo

N
oo

165 166

OH + RCHO + HSCH,COOH

Scheme 38
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Dommisse and co-workers’® demonstrated the synthesis of 2-[2-
carboxymethylthio-2-(4-chloro-phenyl) ethyl]-2-(4-chloropheny!)-4-thiazolidinone 169
in a two way process by (a) refluxing a mixture of chalcone 167, thioglycolic acid and
ammonium carbonate in dry benzene or (b) by formation of the thioether 168 via
refluxing the chalcone 167 and thioglycolic acid in dry benzene and they showed that
condensation of thioether 168 with thioglycolic acid and ammonium carbonate

furnished 169 (Scheme 39).

Cl
o Y
O HSCH,COOH
ol s SCH,COOH

dry benzene

0]
167 Ci 168
Q Cl
S [
S
HSCH,COOH, (NH,),CO; SCH,CO0H  HSCH;COOH, (NH4),CO;3
dry benzene dry benzene
Cl
169
Scheme 39

Although considerable amount of work has been done for the synthesis of 4-
thiazolidinones derivatives. However, there seems to be enough scope for further work,
hence it seems of interest to synthesize thiazolidin-4-one bearing aryl residue by
application of the same protocol using the f-ketodithioesters and f-ketothioamides

chemistry (Scheme 40).
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V1. 2. RESULTS AND DISCUSSIONS

Thiazolidin-4-ones 176(a-I) were easily prepared using a-tetralone 170 on reaction with
dimethyl trithiocarbona‘te 171 forming B-ketodithioester 172 as a key intermediate in
one-pot sequential reaction strategy. The reactivity is due to the displacement of SMe
group when reacting with nucleophiles and subsequent formation of N-substituted f-

ketothioamides 174 on treatment with primary amines 173 (Scheme 40).

0O
R1 “
R2
R3

X
0] S 4
MeS”lSMe o NH,R 1 o S
SMe 173 R NH
La
NaH, DMSO R? R2 R
R3 3
R

170 172 174(a-1)
o}

o) s B'\)Loa

R’ AN 175
N @]
R? R* THF / K,CO;4 /RT
R3
176(a-1)
Scheme- 40

In the first step of the reaction, the a-tetralone 170 reacts with equimolar amount of
dimethyl trithiocarbonate 171 in basic media (NaH) using DMF/benzene (1:10) as
solvent at 80°C for 2 hr. The reaction mixture was then cooled to 0°C and acidified
simultaneously affording compound 172. The f-ketodithioester 172 is an interesting
reactive intermediate for the synthesis of a variety of heterocyclic compounds.'> The
easy displacement of the thiomethyl group render the thiocarbonyl carbon as soft
electrophilic centre for nucleophilic attack. Thus when equimolar amount of primary

amine in ethy! alcohol is added to the reaction mixture /n sifu generated N-substituted
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f-ketothioamide 174. Interestingly, the two nucleophilic centres in thioamides are
localized on the heteroatoms (sulfur and nitrogen). The presence of those active
centres,” allowed the S-ketothioamide to undergo a facile cyclisation reaction with 1,2-
dielectrophilic reagent. Thus the presence of a-bromoester 175 as a dielectrophilic
reagent promotes condensation and cyclization to gave a five membered ring, which on
dehydration, a thiazolidin-4-one derivative 176 was afforded (Scheme 40). It was
observed that the process tolerates both electron-donating and electron-withdrawing
substituents in the a-tetralones. The treatment of 1-Oxo0-1,2,3,4-tetrahydro-naphthalene-
2-carbothioic acid amide 174a with a-bromoester leads to the formation of 3-Methyl-
2-(1-0x0-3,4-dihydro- 1 H-naphthalen-2-ylidene)-thiazolidin-5-one 176a In all cases, the
reactions of f-ketothioamides 174(a-1) with a-bromoester proceeded efficiently in dry
THF using K;COj; as a required base under mild conditions of room temperature to
afford  the  corresponding  substituted-(3,4-dihydro-1H-naphthalen-2-ylidene)-
thiazolidin-4-ones 176(a-}) compounds in good yields (Table VII).

All the products were characterized by 'H and C NMR spectroscopy, IR,
melting point and elemental analyses. The spectral analysis for 3-Methyl-2-(1-0x0-3,4-
dihydro-1 H-naphthalen-2-ylidene)-thiazolidin-5-one 176a, for example was analysed
for CisHi3NO,S (Expected: C, 64.82; H, 5.06; N, 5.40; Found: C, 64.62 H, 5.14; N,
5.38) and its mass spectrum showed the molecular ion peak at m/z 259. Its IR spectrum
(KBr) exhibited a strong absorption peak at 1690 cm™ and 1680 cm™ assignable to
carbony! group at the a-tetralone ring system and the C-5 of the thiazolidinone ring.
The "H NMR spectrum (CDCls) of it, displayed two singlets at  2.48 (3H) and 6 3.86
(2H) ppm for proton -CHj3 of methyl group and -CH,- on the thiazolidin-4-one ring. In
all cases, the two triplets was observed at § 2.24 ppm (/= 5.8 Hz) and 6 2.58 ppm (J =

5.8 Hz) assignable to 2H, CH, of the 3,4-Dihydro-2H-naphthalen-1-one protons. The



157

aromatic proton appeared as multiplet at 6 7.12-7.78 (3H), and a doublet appeared for
one aromatic proton at & 7.78 ppm which is deshielded by the carbony! group. 3¢
NMR showed expected resonances at § 165, 149 and 38 ppm for C-1, C-3 and C-4 of
the thiazolidin-4-one moiety. Some common features obtained are >C peaks at 22.5
and 28.4 ppm corresponding to 3,4-dihydro methylene carbons of the naphthalene
moiety, and 126, 127, 128, 129, 134 ppm for phenyl carbons. The analytical and
spectral data analysis for other substituted-(3,4-dihydro-1H-naphthalen-2-ylidene)-
thiazolidin-4-one derivatives 176(b-l) are in conformity with the assigned structure, and
are described in the experimental section.

The investigation was further extended to the synthesis of substituted 5-
arylidene-3-alkyl/aryl-2-(1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-
one 178(a-l) derived from substituted-(3,4-dihydro-1H-naphthalen-2-ylidene)-
thiazolidin-4-one derivatives 176(a-l1). Interestingly, the acidic hydrogen at the
thiazolidin-4-one moiety on treatment with piperidine base undergo condensation with
various aromatic benzaldehydes 177(a-1) in ethanol solution under refluxing condition
for about 8 hours, to afford a series of S-arylidene-3-alkyl/aryl-2-(1-0x0-3,4-dihydro-
1H-naphthalen-2-ylidene)-thiazolidin-4-one 178(a-1) (Table VIII, Scheme 41). The
purity of the compounds is monitored by TLC technique. The structures of the
compounds are confirmed on the basis of their elemental analysis and spectral data.
Spectral analysis of 5-Benzylidene-3-methyl-2-(1-0x0-3,4-dihydro-1H-naphthalen-2-
ylidene)-thiazolidin-4-one 178a showed IR stretching frequencies at 1710 and 1689 cm’
" assignable to carbonyl group, 1647 cm™' characteristic of olefin (C=C) and 1482 cm”
'for ring (C=C) stretching. 'H NMR showed resonances for a proton singlet at & 6.82
ppm (1H), the two triplets was observed at 8 2.24 ppm (J= 5.8 Hz) and 6 2.58 ppm (J=

5.8 Hz) and the broad multiplet for aryl substitutions at & 7.04-7.34 ppm. °C NMR
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signals are observed at 131.5 and 161.4 ppm for a carbon sp? at C-4 and for the
carbonyl carbon at C-5 of the thiazolidinone moiety. The other peaks obtained at 22.5
and 28.4 ppm corresponding to 3,4-dihydro methylene carbons of naphthalene ring and
126, 127, 128, 129, 134 ppm for phenyl carbons. Thus, 5-Benzylidene-3-methyl-2-(1-
ox0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-one 178a was analyzed for
C21H17NO,S (Expected: C, 72.60; H, 4.96; N, 4.03; Found: C, 72.62 H, 4.94; N, 4.05)
and its mass spectrum showed the molecular ion peak at m/z 347. The analytical and
spectral data analysis for other diverse substituted S5-arylidene-3-alkyl/aryl-2-
substituted-(1-o0x0-3,4-dihydro- 1 H-naphthalen-2-ylidene)-thiazolidin-4-one compounds
178(b-1) are in conformity with the assigned structure (Table VIII), and are described

in the experimental section.

0 S
R = R_
o K\O
R? R*
R? Pip / EtOH /60°C
8 hr
176(a-1) 178(a-)
Scheme- 41

In summary, we have developed a simple and efficient method utilising S-
ketodithioester 172 and S-ketothioamide 174 as versatile intermediates for the synthesis
of substituted-(3,4-dihydro- 1 H-naphthalen-2-ylidene)-thiazolidin-4-one  derivatives
176(a-1) and substituted S-arylidene-3-alkyl/aryl-2-(1-0x0-3,4-dihydro-1H-naphthalen-

2-ylidene)-thiazolidin-4-ones 178(a-1).
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TABLE VII
(0] S
R Z }o
R? ¢
R3
176

Table VII. Preparation of diverse substituted-(3,4-dihydro-1H-naphthalen-2-ylidene)-
thiazolidin-4-one (176).

Entry  Substrate R’ R’ R’ R* Product  Yield®

170(a-1) 176(a-1) %

1 170a H H H Me 176a 82
2 170b H H H Et 176b 67
3 170¢ H H H Ph 176c¢ 68
4 170d Me H Me Me 176d 81
5 170e Me H Me Et 176e 65
6 170f Me H Me Ph 176f 73
7 1702 H H OH Me 176g 77
8 170h H H OH Et 176h 88
9 170i H H OH Ph 176i 84
10 170 OMe OMe H Me 176j 63
11 170k OMe OMe H Et 176k 80
12 1701 OMe OMe H Ph 1761 78

?Yields obtained are determined after work-up and Chromatographic purification
All the compounds were characterized by IR, '"H NMR, °C NMR and MS.
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Table Preparation of substituted S-arylidene-3-alkyl/aryl-2-substituted-
VIIL (1-0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-thiazolidin-4-one 178.
Entry Substrate  Aryldehyde Product Time/hr  Yield®
176(a-1) 177(a-1) 178(a-1) %
CHO 0 S~
1 176a @ @C(( 31:;@ 1782 8 64
CHO o] sm
2 176b ©/ @i‘;\% Et o) 178b 10 62
CHO
30 176 CIO/ @ij/( 178¢ 12 56
CHO
4 176d B,O \Qé/( 1784 10 67
CHO
Me ~
5 176 FO/ WEF;@\F 178¢ 12 52
Me
CHO o} sm
Me /
6 176f HOQ Wsho OH 178 8 58
Me
CHO 0 sm
¥
7 176¢ HO/©/ N.O T ToH  178g 12 63
OH
7 N0
8 176 Meo/@f Qij/( N oMe  178h 12 57
OH
CHO 0 Sf\©\
P
. N .
9 176i MeOO w NSO™"ome  178i i 54
OH
CHO O s~
MeO P fm
10 176 o /©/ Mo € 178j 8 65
OMe
CHO 0 $-
MeQ >
1 176k B,Q 2,(;@& 178k 12 70
OMe
CHO QO s~
MeO _
2 17l O/ ° WN(;@\F 8t 10 69
F Ph
OMe

® Yields obtained are determined after work-up and Chromatographic purification,
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VI. 3. EXPERIMENTAL

Melting points was determined on a “Thomas Hoover” capillary melting point
apparatus and are uncorrected. 'H and C NMR spectra were recorded on a Bruker
AMX 400 instrument using CDCl; as the solvent. Chemical shifts are reported in ppm
using tetramethylsilane as internal standard. J values are given in Hz. The following
abbreviations are used to describe peak patterns when appropriate: br = broad, s =
singlet, d = doublet, dd = double doublet, dt = double triplet, t = triplet, q = quartet, m =
multiplet. IR spectra were recorded on a Perkin-Elmer BX spectrophotometer. ESI
mass spectra were measured on an ion trap analyzer Esquire 3000 (Bruker Daltonics).
Masses (MS) are reported in unit of mass over charge (m/z), the molecular or base
peaks and relative intensities are indicated by (M") and (%) respectively. CHN analyses
were recorded on a Vario EL analyser. Column chromatography was performed using
silica gel (60-120 mesh, Merck).

All reactions were performed in oven dried (120°C) glasswares under a positive
dry argon/nitrogen atmosphere. Analytical thin layer chromatography (TLC) were
performed on glass plates coated with ACME’s silica gel containing 13% calcium
sulphate as binder and various combination of visualization of spots was accomplished
by exposure to UV lamp or iodine vapour or by spraying potassium permanganate
(acidic) solution or 2% ninhydrin solution. Eluents for column chromatography were
used after simple distillation of commercial solvents. All solvent evaporations were
done using a rotaevaporator (BUCHI Rotavapor R II, vacuum pump V-700) and a

steam bath.
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Starting Materials:

Commercially available solvents such as THF, diethyl ether, chloroform, DMF, etc.,
were purified either by simple distillation / distillation under reduced pressure before
use. Dimethyltrithiocarbonate, substituted 1-tetralones was purchased from Sigma-
Aldrich Chemie and purity as supplied, for a-tetralone bp 127-128°C (13 mm Hg, mp
2°C, d 1.096). B-ketodithioester required for the present investigation were prepared

32,33,34

according to the earlier reported literature procedures with some minor

modifications as described below.

General procedure for the synthesis of f-Oxodithioester 172 and

f-Oxothioamide 174 compounds:

To a well stirred suspension of NaH (2.5 g, 50 mmol; 50% suspension) in dry
DMF/Benzene solvent mixture (50 mL, 1:10; Benzene bp 76°C),
dimethyltrithiocarbonate (3.80 g, 27 mmol) is added and the mixture is refluxed with
stirring for 30 min. A solution of a-tetralone 170 (0.9 g, 6.0 mmol) in dimethyl
sulfoxide (10 mL) is then slowly added drop wise over a period of 1 h. and refluxing
was continued for another 2-3 h. The reaction mixture was allowed to cool, and poured
into ice~-cold water (250 mL). It was acidified with 3N HCI or 20% acetic acid (20 mL)
and extracted with chloroform (2 x 50 mL). The extract is dried with anhydrous Na;SO4
and the solvent was evaporated to give the corresponding f-oxodithiocarboxylates 172
(single spot on TLC). The S-oxodithioester 172 was dissolved in ethanol 30 mL, and
was treated with a primary amine [methyl amine (5.0 mmol) / ethyl amine (0.7 mL, 5.0
mmol) / benzyl amine (0.55 mL, 5.0 mmol)] under refluxing condition and stirring was
continued for 3 hr at 70°C. It was cooled to room temperature, poured over water (2 x

50 mL), quenched with saturated solution of NaHCO; (1 x 25 mL), extracted with
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diethyl ether (2 x 50 mL). The extract is dried with anhydrous Na,SO4 and the solvent
was evaporated to give the corresponding f-oxothioamide 174 in good yields (single
spot on TLC). Purification may be achieved by column chromatography on silica gel
(50 g) using hexane as eluent.

General procedure for the Preparation of 3-Methyl-2-(1-0x0-3,4-dihydro-1H-
naphthalen-2-ylidene)-thiazolidin-4-one 176a. To a stirred equimolar solution of 1-
tetralone-2-carbothioic acid methylamide 174a (1.14 g, 7 mmol) in dry THF (20 mL),
bromo-acetic acid ethyl ester 175a (0.95 g, 5 mmol) was added drop wise over 30 min,
followed by addition of anhydrous K,COs (0.87 g, 6 mmol) under nitrogen atmosphere.
Stirring was continued for a period of 6 hr at room temperature (monitored by TLC).
The reaction mixture was concentrated under reduced pressure and poured into ice-cold
water (100 mL) and extracted with chloroform (2 x 50 mL). The chloroform layer was
washed with water (2 x 25 mL), dried over anhydrous Na,SO4 and evaporated to give
crude product 176a which were purified by passing through silica gel column using
hexane : ethyl acetate (9:1) as eluent. Similarly other compounds 176b-1 were also

prepared following the same procedure.

3-Methyl-2-(1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-one 176a:
Brown crystals (1.21 g, 82 %); mp 167-168°C; IR (KBr): 3352, 2946, 1690, 1685,
1650, 1498, 1230; 'H NMR (400 MHz, CDCl;): & ppm 2.24 (t, J = 5.8 Hz, 2H, CHy),
2.58 (t, J = 5.8 Hz, 2H, CH,), 2.82 (s, 3H, CH3s), 3.96 (s, 2H, CHy-thiazolidinone),
7.27-7.48 (m, 3H, ArH), 7.76 (d, J=7 Hz, 1H, ArH); °C NMR (100 MHz, CDCL): &
ppm 22.2, 28.4, 29.1, 36.74, 105, 126.03, 128.14, 129.13, 134.24, 136.22, 141.40,
149.5, 165.21, 187.04; MS (CI) m/z = 259. Anal.Calcd. for Ci4H13NO,S (259.32): C,

64.82; H, 5.06; N, 5.40; Found: C, 64.62 H, 5.14; N, 5.38.
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3-Ethyl-2-(1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-one  176b:
Brown crystals (1.01 g, 67 %); mp 156-156°C; IR (KBr): 3353, 2948, 1694, 1686,
1657, 1496, 1238; '"H NMR (400 MHz, CDCl3): 6 ppm 1.30 (t, 3H, CH3), 2.24 (t, J =
5.8 Hz, 2H, CH,), 2.58 (1, J = 5.8 Hz, 2H, CH), 3.24 (q, J = 7 Hz, 2H, CHy), 3.92 (s,
2H, CH,-thiazolidinone), 7.27-7.38 (m, 3H, ArH), 7.78 (d, J = 7 Hz, 1H, ArH); 3¢
NMR (100 MHz, CDCl): 6 ppm 129, 22.2, 28.4, 36.74, 37.12, 105.23, 126.12,
128.14, 129.13, 134.24, 136.22, 141.40, 149.5, 165.21, 187.04; MS (CI) m/z = 273.
Anal.Calcd. for CysHsNO,S (273.07): C, 66.16; H, 5.18; N, 5.14; Found: C, 66.62 H,
5.14; N, 5.28.
2-(1-Oxo0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-phenyl-thiazolidin-4-one

176c: Colourless crystals (1.01 g, 68 %); mp 163-164°C; IR (KBr): 3358, 2944, 1695,
1686, 1656, 1494, 1235; '"H NMR (400 MHz, CDCl;): & ppm 2.24 (t, J = 5.8 Hz, 2H,
CHy), 2.58 (t, J = 5.8 Hz, 2H, CH,), 3.86 (s, 2H, CH,-thiazolidinone), 7.07-7.78 (m,
9H, ArH); >C NMR (100 MHz, CDCly): 6 ppm 22.2, 28.4, 36.74, 37.12, 105.23,
120.41, 120.44, 124.42, 126.12, 128.11, 128.14, 129.13, 134.24, 136.22, 140.11,
141.40, 149.5, 165.21, 187.04; MS (CI) m/z = 321. Anal.Caled. for C;oH;sNO,S

(321.37): C, 71.11; H, 4.78; N, 4.34; Found: C, 71.22 H, 4.64; N, 4.38.

2-(5,7-Dimethyl-1-ox0-3,4-dihydro-1 H-naphthalen-2-ylidene)-3-methyl-

thiazolidin-4-one 176d: Brown crystals (1.01 g, 82 %); mp 137-138°C; IR (KBr):
3354, 2944, 1692, 1684, 1652, 1496, 1233; 'H NMR (400 MHz, CDCl5): 6 ppm 2.24 (1,
2H, J = 5.8 Hz, CHy), 2.34 (s, 3H, CH3), 2.59 (t, J = 5.8 Hz, 2H, CH,), 3.86 (s, 2H,
CH,-thiazolidinone), 7.08 (s, 1H, ArH), 7.32 (s, 1H, ArH); *C NMR (100 MHz,

CDCl3): 0 ppm 15.12, 21.2, 21.87, 22.46, 29.10, 36.84, 105.13, 127.11, 127.34, 135.12,
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135.64, 135.97, 137.52, 149.15, 165.81, 187.08; MS (CI) m/z = 287. Anal.Calcd. for

Ci6H17NO,S (287.32): C, 66.82; H, 5.96; N, 4.87; Found: C, 66.72 H, 5.84; N, 4.38.

2-(5,7-Dimethyl-1-o0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-ethyl-thiazolidin-
4-one 176e: Brown crystals (0.94 g, 65 %); mp 143-144°C; IR (KBr): 3352, 2947,
1690, 1687, 1655, 1498, 1238; 'H NMR (400 MHz, CDCl;): 6 ppm 1.28 (t, 3H, CH3),
222 (t, J= 5.8 Hz, 2H, CH,), 2.35 (brs, 3H, CHj3), 2.63 (t, J = 5.8 Hz, 2H, CH,), 3.24
(g, 2H, CHy), 3.76 (2H, s, CH»-thiazolidinone), 7.04 (1H, s, ArH), 7.34 (1H, s, ArH);
>C NMR (100 MHz, CDCl):  ppm 12.92, 21.22, 21.83, 22.43, 29.18, 36.7, 36.84,
105.10, 127.12, 135.12, 135.62, 135.95, 137.57, 149.17, 165.84, 187.10; MS (CI) m/z =
301. Anal.Calcd. for C;7H;oNO,S (301.12): C, 67.74; H, 6.36; N, 4.67; Found: C, 67.72
H, 6.38; N, 4.58.
2-(5,7-Dimethyl-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-phenyl-
thiazolidin-4-one  176f: Brown crystals (1.31 g, 73 %); mp 124-125°C; IR (KBr):
3352, 2940, 1692, 1682, 1652, 1496, 1236; 'H NMR (400 MHz, CDCl;):  ppm 2.21 (t,
J=15.8 Hz, 2H, CH;), 2.35 (brs, 3H, CHs), 2.62 (t, J = 5.8 Hz, 2H, CH,), 3.74 (2H, s,
CHa-thiazolidinone), 7.02-7.38 (m, 7H, ArH), 7.76 (d, J = 8 Hz, 2H, ArH); *C NMR
(100 MHz, CDCls): é ppm 15.92, 21.22, 21.83, 22.43, 29.18, 36.7, 36.84, 100.08,
120.04, 120.12, 124.24, 128.02, 128.27, 135.12, 135.62, 137.57, 140.02, 149.17,
157.04, 165.84, 187.10; MS (CI) m/z = 349. Anal.Calcd. for C2;H9NO:S (349.45): C,

72.18; H, 5.46; N, 4.04; Found: C, 72.22 H, 5.38; N, 4.22.

2-(5-Hydroxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-methyl-thiazolidin-4-
one 176g: White crystals (1.35 g, 77 %); mp 136-137°C; IR (KBr): 3351, 3342, 2944,

1697, 1684, 1658, 1495, 1234; 'H NMR (400 MHz, CDCL): 6 ppm 2.21 (t, J = 5.8 Hz,
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2H, CH,), 2.56 (t, J = 5.8 Hz, 2H, CHy), 2.73 (s, 3H, CHj), 3.46 (s, 2H, CHo-
thiazolidinone), 5.25 (s, 1H, OH), 6.92-7.12 (m, 3H, ArH), 7.32 (d, /= 8 Hz, 1H, ArH);
3C NMR (100 MHz, CDCls): 6 ppm 12.61, 18.24, 22.88, 29.26, 36.44, 105.14, 121.42,
122.26, 128.11, 137.02, 149.14, 157.02, 165.80, 187.04; MS (Cl) m/z = 275.
Anal.Calcd. for C;,H;3NOsS (275.24): C, 61.22; H, 4.76; N, 5.08; Found: C, 61.24 H,

4.72; N, 5.03.

3-Ethyl-2-(5-hydroxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-

one 176h: Brown crystals (1.25 g, 88 %); mp 132-133°C; IR (KBr): 3354, 3340, 2940,
1691, 1682, 1654, 1497, 1234; '"H NMR (400 MHz, CDCl3): 6 ppm 1.26 (t, 3H, CHa),
224 (t, J = 5.8 Hz, 2H, CHy), 2.58 (t, J = 5.8 Hz, 2H, CHy), 3.24 (q, J = 7 Hz, 2H,
CH,), 3.84 (s, 2H, CHy-thiazolidinone), 5.24 (s, 1H, OH), 6.92-7.12 (m, 2H, ArH), 7.32
(d, J= 8 Hz, 1H, ArH); *C NMR (100 MHz, CDCls): § ppm 12.61, 18.2, 22.88, 36.44,
37.21, 105.10, 121.43, 122.21, 1274, 128.12,‘ 137.02, 149.15, 157.2, 165.80, 187.04;
MS (CI) m/z = 289. Anal.Calcd. for CisH;sNO;S (289.36): C, 62.42; H, 5.26; N, 4.84;

Found: C, 62.47 H, 5.24; N, 4.32.

2-(5-Hydroxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-phenyl-thiazolidin-4-
one 176i: Brown crystals (1.17 g, 84 %); mp 122-123°C; IR (KBr): 3350, 3342, 2944,
1698, 1680, 1656, 1496, 1233; 'H NMR (400 MHz, CDCls): 6 ppm 2.21 (t, J = 5.8 Hz,
2H, CHy), 2.56 (t, J = 5.8 Hz, 2H, CHy), 2.73 (s, 3H, CHs), 3.78 (s, 2H, CHy-
thiazolidinone), 5.27 (s, 1H, OH), 6.94-7.16 (m, 3H, ArH), 7.30 (d, J = 8 Hz, 1H, ArH);
C NMR (100 MHz, CDCL3): 6 ppm 12.61, 18.2, 22.88, 36.44, 37.21, 100.10, 120.41,

120.46, 121.43, 122.21, 124.17, 128, 128.22, 137.23, 149.15, 157.2, 165.80, 182,
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187.04; MS (CI) m/z = 337. Anal.Calcd. for C;gH;sNOsS (337.16): C, 67.64; H, 4.48,;
N, 4.15; Found: C, 67.47 H, 424; N, 4.02.
2-(6,7-Dimethoxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-methyl-
thiazolidin-4-one 176j: Yellow solid (0.87 g, 63 %); mp 157-158°C; IR (KBr): 3357,
2940, 1692, 1686, 1658, 1496, 1232; 'H NMR (400 MHz, CDCl3): 6 ppm 2.28 (t, J =
5.8 Hz, 2H, CHy), 2.59 (t, J = 5.8 Hz, 2H, CHy), 2.72 (s, 3H, CH3), 3.63 (s, 3H, OMe),
3.76 (s, 2H, CH,-thiazolidinone), 6.51 (1H, s, ArH), 6.84 (1H, s, ArH); °C NMR (100
MHz, CDCls): é ppm 22.80, 29.08, 36.41, 37.12, 56.02, 56.23, 105.10, 115.10, 116.2,
129.4, 134.7, 145, 149.5, 153.2, 165.5, 187.10; MS (CI) m/z = 319. Anal.Calcd. for

CicH17NO4S (319.14): C, 60.14; H, 5.37; N, 4.39; Found: C, 60.12 H, 5.34; N, 4.16.

2-(6,7-Dimethoxy-1-0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-3-ethyl-thiazolidin-
4-one 176k: Pale yellow solid (1.04 g, 80 %); mp 127-128°C; IR (KBr): 3354, 2948,
1690, 1684, 1657, 1494, 1238; '"H NMR (400 MHz, CDCls): 6 ppm 1.20 (t, J = 7 Hz,
3H, CHs), 2.26 (t, J = 5.8 Hz, 2H, CHy), 2.57 (t, J = 5.8 Hz, 2H, CHy), 2.72 (s, 3H,
CHs), 3.64 (s, 3H, OMe), 3.76 (s, 2H, CH,-thiazolidinone), 6.52 (1H, s, ArH), 6.86
(1H, s, ArH); >C NMR (100 MHz, CDCL3): 6 ppm 12.57, 22.80, 36.41, 37.12, 56.02,
56.23, 105.10, 115.10 (x 2C), 116.2, 129.4, 134.7, 145, 149.5, 153.2, 165.5, 187.10;
MS (CI) m/z = 333. Anal.Calcd. for Cy7H,oNO4S (333.40): C, 61.24; H, 5.76; N, 4.20;
Found: C, 61.54 H, 5.64; N, 4.16.
2-(6,7-Dimethoxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-3-phenyl-
thiazolidin-4-one  1761: Brown crystalline solid (0.98 g, 78 %); mp 151-152 °C; IR
(KBr): 3353, 2946, 1690, 1684, 1656, 1492, 1237; 'H NMR (400 MHz, CDCls): 6 ppm
1.20 (t, J=7 Hz, 3H, CH3), 2.26 (t, J= 5.8 Hz, 2H, CH,), 2.57 (t, /= 5.8 Hz, 2H, CH;),

2.72 (s, 3H, CHs), 3.64 (s, 3H, OMe), 3.76 (s, 2H, CHa-thiazolidinone), 6.52 (s, 1H,
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ArH), 6.86 (s, 1H, ArH), 7.02-7.34 (m, 3H, ArH), 7.65 (d, J = 8 Hz, 1H, ArH); 3¢
NMR (100 MHz, CDCl;): 6 ppm 28.17, 36.71, 37.12, 56.32, 56.42, 100.5, 115.12 (x
2C), 116.22, 120.02, 124.2, 128.01 (x 2C), 129.04, 134.3, 140.04, 145.2, 153.2, 157,
162.8, 187.18; MS (CI) m/z = 381. Anal.Calcd. for C2;H;9NO4S (381.10): C, 66.12; H,
5.02; N, 3.62; Found: C, 66.24 H, 5.04; N, 3.56.

General procedure for the preparation of substituted 5-arylidene-3-alkyl/aryl-2-
substituted-(1-o0xo-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-ones
178a-1:  Substituted-2-(1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-thiazolidin-4-one
176 (0.5 mmol) and benzaldehyde 177 (0.6 mmol) were dissolved in 10 mL of absolute
ethanol. About 50 uL of piperidine (0.5 mmol) was added to the reaction mixture, and
was, refluxed for 10-12 hr at 70°C with constant stirring, the reaction being monitored
by TLC. The reaction mixture was concentrated under reduced pressure and poured
into ice-cold water (50 mL), extracted with diethyl ether (2 x 50 mL), washed with H,O
(2 x 50 mL) and brine (1 x 50 mL), and dried over anhydrous Na,SO,. The solvent was
evaporated under vacuum to give product 178 which were purified by column

chromatography over silica gel using hexane/EtOAc (10:1) as eluent.

S-Benzylidene-3-methyl-2-(1-0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-

thiazolidin-4-one 178a: Yield 64 %, yellow crystals, mp 142-143°C; IR (KBr): 2970,
2945, 1710, 1689, 1667, 1482, 1244; 'H NMR (400 MHz, CDCls): 6 2.28 (t, J = 5.8
Hz, 2H, CHy), 2.59 (t, J = 5.8 Hz, 2H, CHy), 3.02 (s, 3H, CH3), 6.76 (s, 1H, CH), 7.11-
7.32 (m, 8H, ArH), 7.87 (d, J= 7.6 Hz, 1H, ArH); °C NMR (100 MHz, CDCls): 6 ppm
22.5, 28.7, 29.30, 114.02, 114.86, 126.22 (x 2C), 126.41, 127.71, 127.14, 128.04,

128.17, 129.42, 131.10, 133.12, 134.20, 134.92, 136.12, 141.2, 161.41, 187.02; ESI-
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MS m/z = 347 (M + 1). Anal.Calcd. for C;;H;7NO,S (347.12): C, 72.60; H, 4.96; N,

4.03; Found: C, 72.62 H, 4.94; N, 4.05.

5-Benzylidene-3-ethyl-2-(1-0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-thiazolidin-
4-one 178b: Yield 62 %, pale yellow crystals, mp 136-137°C; IR (KBr): 2971, 2944,
1710, 1687, 1664, 1484, 1245; '"H NMR (400 MHz, CDCl5): 6 ppm 1.47 (t, J = 7 Hz,
3H, CHj3), 2.28 (t, /= 5.8 Hz, 2H, CHy), 2.59 (t, /= 5.8 Hz, 2H, CH), 2.74 (q, /= 7.4
Hz, 2H, CH,), 6.74 (s, 1H, CH), 7.12-7.34 (m, 8H, ArH), 7.87 (d, J = 7.6 Hz, 1H,
ArH); ®C NMR (100 MHz, CDCly): § ppm 12.34, 22.5, 28.7, 37.30, 114.02, 114.86,
126.18 (x 2C), 126.41, 127.71, 127.14, 128.04, 128.17, 129.42, 131.10, 133.12, 134.20,
134.92, 136.12, 141.4, 141.7, 161.41, 187.02; ESI-MS m/z = 361 (M + 1). Anal.Calcd.

for C2H19NO,S (361.42): C, 73.10; H, 5.36; N, 3.89; Found: C, 73.12 H, 5.84; N, 3.84.

5-(4-Chloro-benzylidene)-2-(1-0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-3-

phenyl-thiazolidin-4-one  178¢: Yield 56 %, pale yellow crystals, mp 104-105 °C;
IR (KBr): 2974, 2944, 1710, 1684, 1662, 1480, 1241; 'H NMR (400 MHz, CDCky): J
ppm 2.28 (t, J = 5.8 Hz, 2H, CH,), 2.59 (t, J = 5.8 Hz, 2H, CHy), 6.76 (s, 1H, CH),
7.12-7.46 (m, 11H, ArH), 7.64 (dd, J = 8.4, 2.4 Hz, 2H, ArH); *C NMR (100 MHz,
CDCls): 0 ppm 109.02, 120.14, 120.24, 124.10, 126.22 (x 2C), 126.41, 127.71, 127.14,
128.04, 128.08, 128.17 (x 2C), 129.42, 131.10, 133.12, 133.47, 134.20, 134.92, 136.12,
141.4, 141.7, 150.7, 158.6, 161.41, 187.02; ESI-MS m/z = 443 (M + 1). Anal.Calcd. for

Ca6H 3CINO,S (443.92): C, 70.34; H, 4.09; N, 3.18; Found: C, 70.32 H, 4.04; N, 3.12.
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5-(4-Bromo-benzylidene)—2-(5,7-dimethyl-1-0xo—3,4-dihydro-lH-naphthalen-Z-

ylidene)-3-methyl-thiazolidin-4-one 178d: Yield 67 %, white solid, mp 164-165°C;
IR (KBr): 2970, 2945, 1710, 1689, 1667, 1482, 1244; 'H NMR (400 MHz, CDCLs): &
ppm 2.28 (t, J = 5.8 Hz, 2H, CHy), 2.59 (t, J = 5.8 Hz, 2H, CHy), 2.87 (s, 3H, CH;),
6.72 (s, 1H, CH), 7.11-7.32 (m, 6H, ArH), 7.87 (s, 1H, ArH); '3C NMR (100 MHz,
CDCls): 6 ppm 15.67, 21.3, 22.5, 28.7, 29.30, 114.02, 114.86, 122.02, 126.23 (x 2C),
127.71, 127.14, 128.04, 128.17, 129.42, 131.10, 133.12, 134.20, 134.92, 136.12, 141.2,
161.41, 187.02; ESI-MS m/z = 454 (M + 1). Anal.Calcd. for Cy3H20BrNO,S (454.38):

C, 60.86; H, 4.46; N, 3.13; Found: C, 60.82 H, 4.41; N, 3.15.

2-(5,7-Dimethyl-1-o0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-3-ethyl-5-(4-fluoro-

benzylidene)-thiazolidin-4-one 178e: Yield 52 %, yellow crystals, mp 156-157°C; IR
(KBr): 2971, 2944, 1710, 1687, 1664, 1484, 1245; 'H NMR (400 MHz, CDCl3): 6 ppm
2.28 (t, J= 5.8 Hz, 2H, CHy), 2.37 (s, 3H, CH3), 2.59 (t, J= 5.8 Hz, 2H, CHy), 6.76 (s,
1H, CH), 7.12-7.34 (m, 6H, ArH), 6.98 (d, J = 7.6 Hz, 2H, ArH); °C NMR (100 MHz,
CDCl): 6 ppm 12.34, 15.20, 21.21, 22.8, 28.7, 37.26, 114.02, 114.86, 127.71, 127.14,
128.04, 129.42, 130.2 ( x 2C), 131.10, 133.12, 135.4, 135.6, 135.82, 139.24, 1414,
141.7, 161.41, 187.02; ESI-MS m/z = 407 (M + 1). Anal.Caled. for C4HypFNO,S

(407.12): C, 70.74; H, 5.44; N, 3.48; Found: C, 70.72 H, 5.404; N, 3.38.

2-(5,7-Dimethyl-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-5-(4-hydroxy

benzylidene) -3-phenyl-thiazolidin-4-one 178f: Yield 58 %, yellow crystals, mp 96-
97°C; IR (KBr): 2974, 2942, 1714, 1684, 1662, 1482, 1244; 'H NMR (400 MHz,
CDCls): 6 ppm 2.28 (t, J= 5.8 Hz, 2H, CH,), 2.37 (s, 3H, CH;), 2.59 (t, J= 5.8 Hz, 2H,

CHy), 5.68 (s, 1H, OH), 6.74 (s, 1H, CH), 7.10-7.32 (m, 6H, ArH), 6.98 (d, /= 7.6 Hz,
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2H, ArH); >C NMR (100 MHz, CDCl;): 6 ppm 15.20, 21.21, 22.8, 28.7, 109.8, 115.02
(x 2C), 120.4, 120.8, 127.81, 127.90, 128.04, 129.42, 130.2 (x 2C), 131.10, 133.12,
135.4, 135.6, 135.82, 137.6, 139.24, 141.4, 141.7, 156.10, 158.4, 161.41, 187.02; ESI-
MS m/z = 453 (M + 1). Anal.Calcd. for Co3sH23NO;S (453.12): C, 74.14; H, 5.12; N,
3.09; Found: C, 74.12 H, 5.08; N, 3.05.
5-(4-Hydroxy-benzylidene)-2-(5-hydroxy-1-oxo-3,4-dihydro-1H-naphthalen-2-
ylidene)-3-methyl-thiazolidin-4-one 178g: Yield 63 %, yellow crystals, mp 112-
113°C; IR (KBr): 2978, 2940, 1710, 1684, 1662, 1482, 1244; '"H NMR (400 MHz,
CDCls): 6 ppm 2.27 (t, J = 5.8 Hz, 2H, CH,), 2.56 (t, J = 5.8 Hz, 2H, CHy), 2.75 (s, 3H,
CH3), 5.67 (s, 1H, OH), 6.62 (d, J = 7.4 Hz, 2H, ArH), 6.67 (d, J = 7.6 Hz, 1H, ArH),
6.87 (s, 1H, CH), 7.12-7.34 (m, 7H, ArH),; *C NMR (100 MHz, CDCl;): § ppm 18.4,
225, 29.7, 115.02 (x 2C), 121.4, 122.2, 127.71, 128.64, 131.10, 131.24, 133.14,
134.20, 136.12, 141.4, 141.7, 157.2, 161.21, 161.41, 182.02, 187.02; ESI-MS m/z =379
(M + 1). Anal.Caled. for C;;H;7NO,S (379.42): C, 66.49; H, 4.52; N, 3.68; Found: C,
66.43, H, 4.48; N, 3.64.

3-Ethyl-2-(5-hydroxy-1-o0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-5-(4-methoxy-
benzylidene)-thiazoldin-4-one  178h: Yield 57 %, yellow crystals, mp 137-138°C;
IR (KBr): 2974, 2940, 1710, 1684, 1662, 1482, 1244; 'H NMR (400 MHz, CDCL): &
ppm 1.27 (t, J = 7 Hz, 3H, CH3), 2.27 (t, J = 5.8 Hz, 2H, CH,), 2.56 (t, J= 5.8 Hz, 2H,
CH,), 3.07 (q, J = 7.4 Hz, 2H, CHy), 3.75 (s, 3H, OMe), 5.67 (s, 1H, CH), 6.72 (d, J =
7.4 Hz, 2H, ArH), 6.87 (s, 1H, ArH), 7.12-7.34 (m, 7H, ArH), 7.87 (d, /= 7.6 Hz, 1H,
ArH); C NMR (100 MHz, CDCl3): 6 ppm  12.34, 22.5, 28.7, 37.30, 56.0, 114.02 (x
20), 114.54, 121.4, 122.2, 127.71, 128.64, 131.10, 133.14, 134.20, 136.12, 1414,
141.7, 157.2, 161.21, 161.41, 182.02, 187.02; ESI-MS m/z = 407 (M + 1). Anal.Calcd.

for C23H21NO4S (407.12): C, 67.79; H, 5.46; N, 3.48; Found: C, 67.74 H, 5.41; N, 3.42.
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2-(5-Hydroxy-1-o0x0-3,4-dihydro-1 H-naphthalen-2-ylidene)-5-(4-methoxy-
benzylidene)-3-phenyl-thiazolidin-4-one 178i: Yield 54 %, brown crystals, mp
172-173°C; IR (KBr): 2980, 2944, 1711, 1686, 1665, 1488, 1248; 'H NMR (400 MHz,
CDCls): 6 ppm 2.27 (t, J = 5.8 Hz, 2H, CHy), 2.56 (t, J = 5.8 Hz, 2H, CH,), 3.75 (s, 3H,
OMe), 5.12 (s, 1H, OH), 6.72 (d, J = 7.4 Hz, 2H, ArH), 6.80 (s, 1H, CH), 7.10-7.32 (m,
8H, ArH), 7.67 (d, J = 7.6 Hz, 2H, ArH); '*C NMR (100 MHz, CDCl;): § ppm 18.23,
22.84, 56.0, 114.02 (x 2C), 114.54, 120.3, 120.8, 121.4, 122.2, 127.71, 127.82, 127.86,
127.92, 128.64, 131.10, 133.14, 134.20, 136.12, 141.4, 141.7, 157.2, 161.21, 16141,
182.02, 187.02; ESI-MS m/z = 455 (M + 1). Anal.Calcd. for C2;H21NO,S (455.12): C,
71.19; H, 4.65; N, 3.08; Found: C, 71.14 H, 4.61; N, 3.02.
5-(4-Chloro-benzylidene)-2-(5,7-dimethoxy-1-0x0-3,4-dihydro-1H-naphthalen-2-
ylidene)-3-methyl-thiazolidin-4-one 178j: Yield 65 %, yellow crystals, mp 91-
92°C; IR (KBr): 2974, 2940, 1710, 1682, 1660, 1480, 1242; 'H NMR (400 MHz,
CDCl;): 6 ppm 2.28 (t, J= 5.8 Hz, 2H, CH,), 2.57 (t, J= 5.8 Hz, 2H, CH,),

2.74 (s, 3H, CHs), 3.74 (s, 3H, OMe), 6.52 (s, 1H, ArH), 6.84 (s, 1H, CH), 6.92 (s, 1H,
ArH), 7.21-7.34 (m, 4H, ArH); >C NMR (100 MHz, CDCL3): § ppm 18.20, 22.82,
29.31, 56.01, 56.07, 105.4, 107.6, 114.02, 119.14, 127.21, 127.47, 128.14 (x 2C),
131.10, 133.14, 133.20, 133.32, 138.14, 141.4, 160.02, 161.21, 162.41, 187.02; ESI-
MS m/z = 441 (M + 1). Anal.Calcd. for C3HCINO4S (441.4): C, 62.52; H, 4.56; N,
3.18; Found: C, 62.47 H, 4.58; N, 3.22.
5-(4-Bromo-benzylidene)-2-(5,7-dimethoxy-1-o0xo-3,4-dihydro-1 H-naphthalen-2-
ylidene) -3-ethyl-thiazolidin-4-one  178k: Yield 70 %, yellow crystals, mp 147-
148°C; IR (KBr): 2982, 2949, 1711, 1687, 1662, 1484, 1244; '"H NMR (400 MHz,

CDCl3): 6 ppm 1.27 (t, J = 7 Hz, 3H, CH3), 2.29 (t, J = 5.8 Hz, 2H, CH,), 2.58 (t, J =
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5.8 Hz, 2H, CH,), 2.76 (s, 3H, CH3), 3.04 (q, J = 7.4 Hz, 2H, CH,), 3.76 (s, 3H, OMe),
6.54 (s, 1H, ArH), 6.79 (s, 1H, CH), 6.89 (s, 1H, ArH), 7.19-7.38 (m, 4H, ArH); °C
NMR (100 MHz, CDCls): é ppm 12.92, 18.20, 22.82, 37.21, 56.01, 56.08, 105.4, 107.6,
114.02, 119.14, 122,14, 128.4 (x 2C), 131.10, 131.46, 133.14, 133.20, 133.32, 138.14,
141.4, 160.02, 161.21, 162.41, 187.02; ESI-MS m/z = 441 (M + 1). Anal.Calcd. for
C24H»nBrNO4S (499.13): C, 57.62; H, 4.52; N, 2.80; Found: C, 57.59 H, 4.57; N, 2.75.
2-(5,7-Dimethoxy-1-0x0-3,4-dihydro-1H-naphthalen-2-ylidene)-5-(4-fluoro-
benzylidene) -3-phenyl-thiazolidin-4-one 1781: Yield 69 %, yellow crystals, mp
124-125°C; IR (KBr): 2976, 2947, 1710, 1685, 1662, 1484, 1244; 'H NMR (400 MHz,
CDCl3): 6 ppm 2.29 (t, J = 5.8 Hz, 2H, CH>), 2.58 (t, J = 5.8 Hz, 2H, CH,), 3.74 (s,(éH,
OMe), 6.57 (s, 1H, ArH), 6.76 (s, 1H, CH), 6.86 (s, 1H, ArH), 6.94-7.38 (m, 7H, ArH),
7.64 (d, J = 7.6 Hz, 2H, ArH); *C NMR (100 MHz, CDCk): é ppm 18.20, 22.82,
56.01(x 2C), 105.4, 107.6, 115.02 (x 2C), 119.14, 120.10, 120.25, 127.82, 127.94,
128.4 (x 2C), 131.10, 131.46, 133.14, 133.20, 133.32, 138.14, 141.4, 150.12, 158.10,

160.02, 161.21, 162.41, 187.02; ESI-MS m/z = 441 (M + 1). Anal.Calcd. for

CasH2FNO,S (487.11): C, 68.86; H, 4.56; N, 2.87; Found: C, 68.78 H, 4.62; N, 2.92.
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Figure 37. '"H NMR spectra of 2-(6,7-Dimethoxy-1-ox0-3,4-dihydro-1H-naphthalen-2-

ylidene)-3-methyl-thiazolidin-4-one 176j.
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Figure 38. '"H NMR spectra of 3-Ethyl-2-(5-hydroxy-1-0xo-3,4-dihydro-1H-naphthalen-2-
ylidene)-5-(4-methoxy-benzylidene)-thiazolidin-4-one 178h.
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Figure 39: Compound 176f.
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Figure 41: Compound 176i.
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Figure 43: Compound 176j.
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Figure 40: Compound 178d.

Figure 42: Compound 178g.
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Figure 44: Compound 178;j.
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ABBREVIATIONS

Ac Acetyl Me Methyl
AcOH Acetic acid NBS N-Bromosuccinimide
AIBN 2,2°-Azobisisobutyronitrile N-Bn N-benzyl
Ar Aryl N-(2-pyridyl) Pyridin-2-yl
Bn Benzyl NMR Nuclear magnetic resonance
Boc, BOC tert-Butyloxycarbonyl NOE Nuclear Overhauser effect
brs broad singlet Ph Phenyl
s-Bu sec-Butyl HPLC High performance liquid
t-Bu tert-Butyl chromatography
Bz Benzoyl HIV Human immunodeficiency virus
Cl Chemical ionization h/hr hour
CDCl; Chloroform D IR Infrared
Cp Cyclopentadienyl LDA Lithium diisopropylamide
DABCO 1,4-Diazabicyclo[2.2.2]octane PPA Polyphosphoric acid
DBE Double bond equivalent ppm parts per million
DBU 1,8-Dizabicyclo[5.4.0Jundec-7- | Pr Propyl

ene i-Pr iso-Propyl
DCC N,N-dicyclohexylcarbodiimide PTC Phase transfer catalysis
DCM dichloromethane PTSA p-Toluenesulfonic acid
DMF N,N-Dimethylformamide PSSA Polystyrene sulfonic acid
DMS Dimethyl sulfide Pip piperidine
DMSO Dimethy! sulfoxide Py pyridine
DNA Deoxyribonucleic acid RT/rt room temperature
3D Three dimensional Rf Retention factor or Ratio of front
EtOH Ethanol THF Tetrahydrofuran
ESR Electron spin resonance T™S Trimethylsilyl, tetramethylsilane
ESI Electron spray ionisation TLC Thin layer chromatography
Et Ethyl Ts p-Toluenesulfonyl. Tosyl
m-CPBA meta-Chloroperoxybenzoic acid | UV Ultraviolet
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