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Abstract

An efficient method for the exclusive one-pot synthesis of novel pyrazolo [4,3-c][1,5]-
benzothiazepines (7a-e) possessing a spiro-3H-indoline nucleus is described. The investigation
of the reaction between substituted 0-aminothiophenols (5a-e) with 3-pyrazolidinyl-2H-indol-2-
one (3) to form the title products has been found interesting in view of the fact that different
reaction sites are available in the key intermediate 3 which may lead to a mixture of products.
Conventionally, 3 did not undergo reactions with 5a-e even under drastic conditions of
prolonged reflux using strong acidic or basic catalysts in high boiling organic solvents for many
days. However, the exclusive formation of the title products in a satisfactory yield (71 %) was
achieved under microwave irradiation coupled with various inorganic supports indicative of a
very strong specific microwave effect.
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Introduction

The 1,5-benzothiazepine class of compounds are important as calcium channel blockers of
proven utility such as Diltiazem and those in which the fused benzene ring is substituted at
various positions have been found to have enhanced pharmacological properties." A literature
survey reveals the enhanced bioactivity of annulated 1,5-benzothiazepines.””

The research on the chemistry of indoles has been a focus of attention for chemists for a long
time, due to their wide spread occurrence in nature and diversified biological activities.’
Furthermore, those compounds in which indole-3-carbon is in the form of a spiro atom exhibit
enhanced bioactivity.”” Five and six membered ring containing spiro-3 indole derivatives have
been extensively studied'®"® but those incorporating a seven membered thiazepine ring have

received very little attention.'*

ISSN 1424-6376 Page 105 ©ARKAT USA, Inc



General Papers ARKIVOC 2005 (i) 105-113

Along with indoles a wide spectrum of pharmacological activities are associated with
pyrazole derivatives."> Conventionally, the fusion of a pyrazole ring with a thiazepine nucleus
requires harsh conditions such as refluxing with organic solvents in presence of acids or bases.
Many research groups have studied the reactions and only three types of
pyrazolobenzothiazepines are known, fused at the b or ¢ faces of the seven membered ring,
requiring multistep tedious synthetic procedures.'®'®

To the best of our knowledge there is no report on the synthesis of pyrazolo-1,5-
benzothiazepines incorporating a spiro indole moiety. Hence, for the aforementioned reasons and
in a continuation of our search for better and improved cardiovascular drugs,” we investigated
the synthesis of novel spiro [indole-pyrazolo[4,3-C][1,5]benzothiazepines] with the assumption
that the incorporation of more than one bioactive heterocyclic moiety into a single framework
may result into the production of novel heterocycles with enhanced bioactivity.

For this purpose, variously substituted 0-aminothiophenols (5 a-e) were reacted with 3-
pyrazolidinyl-2H-indol-2-one (3), which is an important synthetic building block for the
synthesis of a wide variety of 3-spiro indolines and condensed indole derivative.’ No attention
has been paid on the investigation of the above reaction which has been found to be interesting in
view of the different reaction sites available in 3 which may lead to a number of products
depending upon the reaction conditions as studied earlier in reaction of indolylidene chalcones
with other nitrogen containing nucleophiles.”

Under conventional conditions, no reaction was found to occur between 3 and 5a-e even on
extended reflux for many days in organic solvents with strong acidic or basic catalyst (toluene +
TFA, ethanol + HCI, piperidine). Conventional synthesis of 1,5-benzothiazepines by the reaction
of 0-aminothiophenols with a,B-unsaturated carbonyl compounds has been well documented in
the past." *

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

Hence, in continuation of our earlier interest on the synthesis of various biodynamic spiro-3-
indole derivatives under MW irradiation®® and in an attempt towards the synthesis of novel
spiro[indole-pyrazolo [4,3-c] [1,5] benzothiazepines], we studied the reaction of 3 with 5a-e
under microwave irradiation coupled with solid supports and under neat conditions. (Scheme 1)

In view of the immense utility of the green synthetic approach, we also carried out the
improved neat synthesis of key intermediate (3) under microwave irradiation. A vessel
containing neat mixture of isatin (1) and 3-methyl-1-phenyl-2-pyrazolin-5-one (2) was placed on
an alumina bath (the temperature of reaction mixture inside the alumina bath reached 102 °C,
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whereas in the neat reaction without using alumina the bath reached only 65 °C) and irradiated
for 6-8 minutes to give 3 in quantitative yield. TLC studies indicated 100% conversion of
reactants and formation of a single product and were therefore used as such for further reaction.
The previously reported”’ conventional synthesis afforded the major product spiro[dipyrazolo-
pyran-3H-indol]-2H-one (4) along with (3) and required a tedious work-up procedure for
isolation of the product. (Scheme 1)
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Scheme 1

Intermediate 3 synthesized ‘in situ’ was reacted with 5a-e under MW irradiation. In this
context suitability of different solid supports was examined that included acidic, basic or neutral
alumina, silica, montmorillonite KSF and K10 (Table 1).

The reaction has also been performed under neat conditions (without solvent, support or
catalyst), however, no reaction occurred under neat conditions, which could be made successful
by adding a few drops of DMF. The role of DMF can be explained as a energy transfer agent and
homogenizer to increase the reaction temperature.”*This method has an advantage of complete
elimination of the use of solvent for absorption of reactant and desorption of product from
recyclable solid support. However, the product is formed in comparatively lower yield and
purity, which requires further crystallization in this case as compared to solid supported method.

From the results obtained in Table 1, it is clear that montmorillonite K10 is the most
adaptable and simplest catalyst for synthesizing 7, since comparatively a higher yield was
achieved in shorter reaction time by this method as also observed earlier in clay supported
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reactions .Consequently, this condition was extended to the synthesis of 7b-e. The identity of the
compounds synthesized by various methods was confirmed.

Finally, in order to check the possible intervention of ‘specific (non-thermal) microwave
effects’” the best results obtained under microwave irradiation were extrapolated to
conventional heating. In the case of compound 7a the reaction was carried out using a preheated
oil-bath, under the same reaction conditions (time, temperature, pressure and vessel). It was
found that reaction did not occur and the reactants remained unchanged even on extended

reaction times, thus suggesting that the effect of microwaves is not simply thermal.*

Table 1. Comparative study for synthesis of 7a (X=0OC,Hs), (A) thermal method (B) MWI
method

A

Exp.  Thermal Heating Time Temp® (°C) Yield® (%)

1 Ethanol + dry HCI gas 5 days Reflux Nil

2 Toluene + TFA 5 days Reflux Nil

3 Ethanol + piperidine 5 days Reflux Nil

4. Montmorillonite K10 7 min 142 Nil

5 Montmorillonite K10 420 min 142 Nil

B

Exp  Medium MW Power Time Temp® (°C)  Yield® (%)
(Watts) (min)

I. Montmorillonite K10 640 7 142 71

2. Montmorillonite KSF 640 10 138 60

3. Acidic Alumina 640 15 135 63

4. Basic Alumina 640 17 132 58

5. Neutral Alumina 640 20 127 56

6. Silica Gel 640 12 142 58

7. Neat 640 15 63 Nil

8. Neat + € DMF 640 16 112 66

Results and Discussion

The reaction of 3 with 5 under microwave irradiation afforded compounds 7. The IR spectra of the
products 7a-e did not reveal the presence of primary amino group as two bands in the region 3450-
3150 cm™' were absent. On another hand, the presence of absorption bands in the region 3150-
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3100 cm” (NH) and only one carbonyl absorption at 1695-1680 cm™(CONH) confirmed the
formation of 7a-e instead of the Michael adduct 6.

"H NMR spectra showed a singlet at & 2.68-2.82 ppm assigned to three protons of the methyl
group attached to the pyrazole nucleus. Two broad signals at & 8.08-8.12 and 6 8.25-8.30 ppm
due to NH of benzothiazepine and indole respectively were observed which were exchangeable
with deuterium. A multiplet due to aromatic protons appeared at & 6.24-7.55 ppm. Absence of
NH; and CH protons also confirmed the formation of spiro products 7.

In the 13C NMR spectrum of the representative compound 7a, sharp signals were observed
at 0 6.0 (CHs), 13.9 (OCH,CHs) 54.3 (spiro carbon), 65.8 (OCH,CH3), 113-152 (aromatic ring
carbons), 163.4 (CONH). Formation of the spiro compound 7a was further confirmed by its mass
spectrum in which the molecular ion peak [M]" appeared at m/z 454 (30.8 %) corresponds to its
molecular weight, along with base peak at 411 [M'-CONH] (100 %).

Experimental Section

General Procedures. Melting points were determined in open glass capillaries and are
uncorrected. Thin layer chromatography on silica gel ‘G’ coated glass plates using benzene:
ethyl acetate (8: 2) as eluent was used for monitoring progress of the reactions. IR spectra (KBr)
were recorded on a Magna FT IR-550 spectrophotometer, IH and 13C NMR spectra [CDCl; +
DMSO-ds | were taken on a Jeol FX 90Q spectrometer at 89.55 and 22.49 MHz respectively,
using TMS as an internal standard for PMR. Mass spectra were recorded on Jeol D-300
spectrometer at an ionisation potential of 70 e.v. Microwave assisted reactions were carried out
on a BPL BMO model, operating at 700 W, generating 2450 MHz frequency 5-substituted-2-
aminobenzenethiols,”’ (5a-e) were prepared according to literature reported methods.

1,3-dihydro-3-(2-methyl-5-oxo0-4-phenylpyrazolidene)-2H-indol-2-one (3) was synthesized by
two routes.

Conventional synthesis. An equimolar mixture of isatin (1) (0.01 mol; 1.47 gm) and 2.,4-
dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one (2) (0.01 mol, 1.74 gm) in absolute ethanol
(30 ml) was refluxed for 6-8 hours. (TLC indicated formation of two products). The crude
product was subjected to crystallization from benzene. A violet coloured compound which was
obtained from the benzene soluble portion was identified as 3. M.p., 216°C (Rep.27 218°C; yield
22%). The benzene insoluble portion on recrystallization from ethanol gave white crystals of
spiro compound (58%). m.p., 172 °C. (Rep27 170 °C)

Microwave-induced synthesis. A neat mixture of equimolar quantities (0.001 mol) of 1 and 2 in
a beaker was placed on an alumina bath and irradiated inside a microwave oven for 6 minutes
(TLC). The product was extracted with methanol and extract was concentrated on roto-
evaporator and left in refrigerator when violet crystals of 3 separated, which were found to be
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pure on TLC and used as such for further reactiona. For analytical studies and biological
screening it was recrystalized from an appropriate solvent.
Spiro[indole-pyrazolo[4,3-c][1,5]benzothiazepines] (7a-e). Title products 7a-e were prepared
by MW-assisted method under solvent-free conditions.

Conventional synthesis. Under thermal conditions, the reaction did not occur in basic
(piperidine), acidic (conc. HCl / TFA) and neutral medium (toluene) even on prolonged reflux in
high boiling/ volatile organic solvents such as toluene, ethanol for many days.

Microwave assisted synthesis. An equimolar mixture of 3 (0.001 mol, 0.327 gms) and 5a
(0.001 mol, 0.169 gms) was adsorbed on solid support [montmorillonite K10/KSF/basic
alumina/acidic alumina/ silica gel (20% by weight of the reactants)] via a solution of methanol.
The dry free flowing powder was kept on an alumina bath and irradiated inside the microwave
oven for an appropriate time (TLC) (Table-2). The recyclable inorganic solid support was
separated after eluting the product with ethanol and excess solvent was evaporated on a
rotoevaporator to give crystals of 7a, which were filtered and found pure on TLC.

For analytical and spectral studies the product was recrystallized from ethanol. Likewise the
compounds 7b-e were also prepared following the same procedure, using montmorillonite K10
as the solid support.
7a. Yield (91%), m.p.=148-150°C; IR (KBr)/ cm-', 3410 (NH), 1690(C=0), 1610 (C=N), 1180
(C-N); "H NMR (CDCls) & ppm 2.69 (s, 3H, pyrazole CH3), 1.28 (t, J=7 Hz, 3H, CHs), 4.02 (q,
J=7 Hz, 2H, CH,), 6.25-7.46(m, 12 H, Ar-H), 8.08(s, 1H, benzothiazepine NH), 8.25 (s, 1H,
indole NH) D,O exchangeable; *CNMR (CDCl;) & : 6.0 (CH3), 13.9 (OCH,CH;), 54.3 (spiro
carbon), 65.8 (OCH,CHj), 103.6-149.8 (aromatic carbons), 163.4 (CONH); MS [m/z (%
relint.)]: 454 (M, 30.8 %),456 ([M'+2], 21.6%), 452(68.4%),438(74.6%),411([M"-CONH]
100%);Anal. Calc. For Cy6H220,N4S (MW=454), C: 68.69, H: 4.86, N: 12.33, Found C: 68.70,
H: 4.88, N: 12.34%.
7b. Yield (88%), m.p.=152-154°C; IR (KBr)/ cm-', 3415 (NH), 1695(C=0), 1615(C=N), 1168
(C-N); '"H NMR (CDCl;) & ppm 2.73 (s, 3H, pyrazole CH3), 3.91 (s, 3H, OCHj3), 6.28-7.52 (m,
12 H, Ar-H), 8.10(s, 1H, benzothiazepine NH), 8.27 (s, 1H, indole NH) D,0O exchangeable;
BCNMR (CDCL) 6:7.8 (CHs), 55.9 (spiro carbon), 57.8 (OCHsj), 111.3-149.3 (aromatic
carbons), 151.8(C-OCHj3), 164.3 (CONH); Anal. Calc. For C5H;0N4O,S (MW=440), C: 68.18,
H: 4.59,N: 12.72, Found C: 68.16, H: 4.58, N: 12.69%.
7¢. Yield (72%), m.p.=260-263°C; IR (KBr)/ cm-', 3410 (NH), 1680(C=0), 1610(C=N), 1175
(C-N); 'H NMR (CDCls3) & ppm 2.80 (s, 3H, pyrazole CHs), 2.30 (s, 3H, CHz), 6.44-7.55 (m, 12
H, Ar-H), 8.12(s, 1H, benzothiazepine NH), 8.25 (s, 1H, indole NH) D,0O exchangeable;
BCNMR (CDCL) 8:7.4 (CHs), 23.9 (CHs), 55.9 (spiro carbon), 109.2-145.4 (aromatic
carbons),164.8 (CONH); Anal. Calc. For C5H20N4O,S (MW=424), C: 70.75, H: 4.73, N: 13.20,
Found C: 70.73, H: 4.75, N: 13.24%.
7d. Yield (68%), m.p.=215-218°C; IR (KBr)/ cm-', 3400 (NH), 1680(C=0), 1620 (C=N), 1185
(C-N); '"H NMR (CDCl5) & ppm 2.68 (s, 3H, pyrazole CHs), 6.27-7.39 (m, 12 H, Ar-H), 8.11(s,
1H, benzothiazepine NH), 8.30 (s, 1H, indole NH) D,0 exchangeable; "CNMR (CDCl3) & : 8.2
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(CH3), 54.8 (spiro carbon),112.6-148.2 (aromatic carbons),164.7 (CONH); Anal. Calc. For
C24H170N4SCI (MW=444), C: 64.77, H: 3.84, N:12.59, Found C: 64.79, H: 3.85, N:12.61%.

7e. Yield (79%), m.p.=138-141°C; IR (KBr)/ cm-', 3405 (NH), 1695(C=0), 1615(C=N), 1170
(C-N); '"H NMR (CDCls) & ppm 2.82 (s, 3H, pyrazole CHs), 6.30-7.60 (m, 12 H, Ar-H), 8.11(s,
1H, benzothiazepine NH), 8.28 (s, 1H, indole NH) D,0O exchangeable;BCNMR (CDCly)
0 : 7.5(CH3), 55.7 (spiro carbon), 110.4-147.5 (aromatic carbons), 165.3 (CONH); Anal. Calc.
For Cy4sH;7;ON4SBr (MW=488), C: 58.89, H: 3.48, N: 11.40, Found C: 58.90, H: 3.50,
N:11.37%.
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