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Abstract

A series of fluorinated spiro[ 1,5-benzothiazepin-2,3'[3'H]-indol1-2' (1'H)-ones have been prepared by the reaction of 2-aminobenzene-
thiols with 1,3-dihydro-3-[2-phenyl/ (4-fluorophenyl)-2-oxoethylidene)-indol-2( 1H)-ones (I) under microwave irradiation in open vessels
using ethtytene giyeat as energy traasfer medium and thermalty t absalue athanol satusated with hydrogen chioride gas. The comparative
studies indicated that the microwave assisted organic synthesis has advantages of significantly reduced reaction time, improved yields and
cleeaner reachons 25 compared 10 ine conveniiond meinph. BH syninesized comprnnis nave heep fnararieized by andyind and Spenrd
data and were screened for their antifungal activity against Alternaria alternata and Fusarium oxysporium and antitubercular activity against
Mycobacteriur tarerculosis T¥8 (R =F, X =F} and tVe (R=F, X =CH,} have stiown above 99% inhibition in reducing fungal growth of

A. alternata while IVa (R=H, X=F) has shown 98% antitubercular activity on primary screening.
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1. Introduction

The syntheses of 1,5-benzothiazepine derivatives consti-
tute an important area of research with a large member of
1,5-benzothiazepines exhibiting a variety of pharmacological
activities. Diltiazem, Clentiazem and Siratiazem ae wnpoi-
tant cardiovascular drugs of this family, which have been
introduced for the treatment of a variety of cardiac ailments.
Recently, reports have appeared that benzazepine analogue
of ditttazem with a trrfiuarametiyt groyp at C-6 shaws excet-
lent potency in vitro and demonstrates pronounced and long
lasting antihypertensive effects in spontaneously hyperten-
sive rats [1].

It has been observed that introduction of a fluorine atom
ox CF, group 10 neteracyclies may act 48 4 pnarmacopnare,
enhancing pharmacological properties of the compounds as
compared 10 Tnear ponfinonnaied anaognes )20 . Incorpora-
tion of fluorine atoms into the indole ring tends to increase
drug persistence by increasing its solubility in lipoid material
amd fat deposits wn tne ‘vody 13}, Tnougn fiuorinaed venzo-
diazepines, e.g., fluordiazepam (4], tifluadam [5,6], flura-
Zepam }7,%). Honhirazepam §9,10), Hewnzepam §1)) and
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triflubazam [12] are in clinical use, a literature survey has
revealed scanty information on the fluorinated 1,5-benzothi-
azepines. A series of 1,5-benzothiazepines having fluorine
and 4-fluorophenyl groups have been found effective in treat-
ing cancer metastasis [13-15]. 8-Fluoro-2-carboxy-4-(4-
fuarophenyl)-2,3-dikydro-{, SHoenzotlinzepine,  recenily
reported from our laboratory was found to be a promising
anti-AIDS agent in preliminary screening {16]. Chemo-
therapeutic applications are also associated with fluorine-
comtaMnE spiro-J-mdore derrvatives vearing a suyphur and
nitrogen containing heterocyclic ring at the C-3 position
through a spiro carbon atom [17,18] [19-27]. However,
there are scanty reports about 3-spiroindolines incorporating
a 1,5-benzothiazepine moiety except from this laboratory
123294

Further utilization of ‘Microwave-Oven Induced Reaction
Eohancement {MORE) themisimy fo1 thghly accelemied
synthesis of divergent types of heterocycles, is of current
interest due to the rapid heating associated with microwave
‘RrmOEY (¥ A Tierutare survey e 1evedietd ot dhere
is only one report about the synthesis of indole derivatives
under microwave conditions §34).

As an extension of our research work on the synthesis of
fluorine containing bioactive heterocycles [16-19,32-37]
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Table 1
Analytical and physical data

Compound R X Time Yield (%) MP (°C) Molecular formula Elemental/analysis * for
nitrogen

Classical Microwave Classical Microwave Found (calculated) (%)
method (h) method (min)  method method

IVa H F 6 12 60 62.4 145 C,,H,sN,SOF 7.51 (7.48)

Ivb F F 5 10 49 53.1 191 C,,H,N,SOF, 7.20 (7.14)

Ve F Cl 4 8 58 65.0 198 C,,H, 4N,SOFCL 6.90 (6.86)

vd F Br 4 8 51.2 56.0 164 C,,H,,N,SOFBr 6.22 (6.18)

IVe F CH, 4 10 54.0 60.0 132 C,3H,7N,SOF 7.27 (7.21)

2 Satisfactory microanalysis were obtained for IVa~e: C+0.05%, H+0.03%.

Table 2
IR, '"H NMR and '°F NMR spectral data of new spiro| [ 1,5]-benzothiazepin-2,3'-[3'H]-indol]-2’ (1'H)-ones (IV)

Compound IR (cm™ ") "H NMR (3 ppm) 'F NMR (3 ppm)
=CH Ar-H NH NH

IVa 3145, 3060, 2945, 1693, 1458, 1375, 1172 6.8 6.85-7.81 (m, 12H) 8.09 8.32 —119.83

IVb 3130, 3070, 2910, 1710, 1600, 1500, 1460, 7.02 6.80-7.67 (m, 11H) 8.09 8.27 —119.42, —120.23
1375, 1220, 1160, 1105

IVce 3136, 3080, 2970, 1715, 1600, 1480, 1475, 7.05 6.9-7.45 (m, 11H) 8.2 8.4 -119.31
1380, 1180, 1100

vd 3135, 3065, 2965, 1710, 1595, 1485, 1450, 6.98 6.89-7.81 (m, 11H) 8.08 8.36 —118.61
1385, 1175, 1102

Ve 3142, 3035, 2970, 1712, 1600, 1505, 1450, 6.92 6.95-7.6 (m, 11H) 8.17 8.33 ~118.45

1375, 1165, 1095

and our interest on the reactions of 2-aminobenzenethiols
with o,B-unsaturated ketones and analogous compounds
[16,38,39], we wish to report herein, the synthesis of new
fluorinated 2,5-dihydro-4-aryl spiro [1,5-benzothiazepin-
2,3'[3’H]-indole}-2' (1'H)-ones, by thermal methods and
under microwave irradiation.

A comparative study of the two synthetic approaches indi-
cates the versatility of the microwave heating technique, as
the reaction time is decreased to a few minutes besides giving
improved yields and cleaner reactions.

2. Results and discussion

We have investigated the synthesis of a series of new fluor-
inated spiro[1,5]-benzothiazepine indol]-ones, under ther-
mal and microwave reaction conditions (Table 1). IR spectra
of the final products showed characteristic IR absorptions,
3130-3145 (NH), 1693-1715 (NHCO) and 1160-1186
(C-N) cm™"'. '"H NMR spectra displayed signals at § 6.8—
7.02 (S, 1H, =C-H), 6.8-7.81 (m, aromatic protons), 8.08—
8.15 (S, 1H, NH) and 8.27-8.4 (S, 1H, NH) ppm (Table
2) and deuteration further confirmed the presence of NH
peaks. Disappearance of exocyclic C=C at 1620, C=0
absorptions at 1670 cm ™! and retention of NHCO band at
1693—1715 cm ™' indicated the participation of «, B-unsatu-
rated carbonyl system of side chain of I resulting in the

formation of a spiro heterocycle at the position-3 of 2-indol-
inone. Further, the absence of primary amino group absorp-
tions at 3450 and 3350 cm™' affirmed the formation of
1,5-benzothiazepine ring systems.

Presence and position of fluorine was confirmed by '°F
NMR spectra (Table 3). Single fluorine attached to the 4-
position of the phenyl ring (IVb—e) and 8-position of the
benzothizepine ring (IVa,b) appeared at 6 —118.95 to
120.23 ppm. Structure assigned to the spiro compounds was
further corroborated by mass spectra. In the mass spectra of
IVa, IVe, the molecular ion peaks were observed at m/z 374
(1.7%) and 388 (3.9%) corresponding to the molecular
weights of the compounds.

3. Evaluation of antifungal activity

The synthesized compounds were screened for antifungal
activity against Alternaria alternata and Fusarium oxyspor-
ium in three replications by ‘Food poison technique’ [40].
Each of the compounds was dissolved in 20% acetone at 1000
mi 500 ppm concentrations, which was then added in required
quantities to Potato—Dextrose~Agar (PDA) medium, before
dispersing into petri-plates. Standard checks were also pre-
pared by inoculating fungi in a PDA medium for comparison.
After 7 days of incubation at 25°C, radial growth of the colony
was measured in cm. The results obtained are given in Table
3.



A. Dandia et al. / Journal of Fluorine Chemistry 91 (1998) 171-174 173

Table 3
Effect of synthesized compounds (I¥a—e) on the radiat growth of different fungi
Compound R X Radial growth * (in cm) and percent inhibition of Radial growth ® (in cm) and percent inhibition ® of
no. Alternaria alternata Fusarium oxysporium

Control 500 Percent 1000  Percent Control 500 Percent 1000  Percent

(0 ppm) ppm inhibition  ppm inhibition (0 ppm) ppm  inhibition  ppm inhibition
IVa H F 33 1.0 69.7 0.5 84.9 3.6 1.0 71.4 0.5 85.8
IVb F F 5.1 1.7 67.4 0.4 92.1 4.6 2.1 533 1.0 77.8
IVe F Cl 5.1 1.9 64.8 1.4 72.6 4.6 2.0 55.6 1.3 711
vd F Br 5.1 12 76.4 1.0 80.3 4.6 2.2 51.1 1.2 733
IVe F CH, 5.1 13 74.6 0.5 90.1 4.6 24 46.7 14 67.6

2 Each observation an average of three replications.

° Percent inhibition = (radial growth in control (cm) — radial growth in treatment (cm) )/ (radial growth in control (¢m)) X 100,

The results indicate that the incorporation of fluorine in a
compound increases the antifungal activity against A. alter-
7@36. USTHHTun: TR At miore it ayams. A,
aliternata than F. oxvsporium {Table 3). For the given com-
poonbs, ConCENITANOD # IR DI Was SHPENDT 1D SO pom.
IVb and IVe are the most effective compounds against A.
aliternata showing above 90% inhibition.

4. Evaluation of antitubercular activity

IVa was tested for antitubercular activity against Myco-
bacterium tuberculosis [41,42]. Primary screening was con-
ducted at 12.5 ug/mt agamst M. fupercuiosis 11 37 Rv m
BACTEC 12B medium using the BACTEC 460 radiometric
system. Controls received 50 pl DMSO Rifampin was
included as a positive drug control. It was used for compari-
son at minimum inhibitory concentration, MIC RMP =0.25
pg/ml, 98% inhibition vs. M. tuberculosis. IVa was found
to possess 98% antibacterial activity against M. tuberculosis
and its advanced screening is under progress. Primary screen-
ing of remaining compounds is under progress.

5. Experimental

Melting points were determined in open glass capillaries
and were uncorrected. IR spectra (KBr) were recorded on a
Magna IR-550 spectrophotometer. 'H and '"F NMR were
recorded on a Jeol (model-FX90 Q) using CDCl, as solvent
ar 89.55 and 84.25 MHz, respectively. TMS was used as
internat reference for '"H NMR and hexaftaorovenzene as
external reference for 'F NMR. Mass spectra were recorded
ca a Jeat D-300 mass sgectrometer at an fancsation gatential
of 7¢ e V. Al caomgaunds were (ested far gurtty, carried adt
in silica gel ‘G” coated glass plates using sclvent system,
benzene:ethanol:ammonia (7:2:1), homogenous on TLC.
Tie mtrowave dCCelTaar redU iy were CaTTar vut usling
induced microwave convection system operating at 1200 W
generaing 2450 W2 frequenty. SFwon) Ui promo)
methyl-2-aminobenzene-thiols (IIb—e) were prepared by lit-

erature methods from p-substituted aniline by carrying out
thiocyanation with ammonium thiocyanate/copper thiocya-
TR AL Fve O-sindiintind L anmindvemaitirn oies, Wndh th
tiydrotysis with KOH and subseguent acidification gave 3-
supsHneh 2 umimvremzensimos 555 . Tap wus synine-
sized by the Knoevenagel reaction of indole-2,3-dione with
the appropriate acetophenone in the presence of diethylamine
as basic catalyst followed by dehydration in concentrated
hydrochloric acid and glacial acetic acid medium [44].

5.1. 8-Substituted-2,5-dihydro-4-aryl spiro[1,5-
benzothiazepin-2,3'-{3' H]-indol]-2'(1' H)-ones (IVa—e)

Compounds T¥a-e (Scheme 1) were prepared by two
methods: (i) Thermal and (ii) microwave irradiation.

5.1.1. Thermal method

A solution of 1,3-dihydro-3-[2-aryl-2-oxoethylidene]-
indol-2(H)-one (1 mmol) in ethanol (15 ml) was saturated
with hydrogen chloride gas. When the red coloured solution

Mw,cthykne glycol, piperidine/
A, ethanol, hy drogen chloride gas

o

X=F,Cl, Br, CH,
RNF

Scheme 1.
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turned brown, a solution of 5-substituted-2-aminobenzene-
thiol (1 mmol) in absolute ethanol (5-10 ml) was added
dropwise with continuous stirring and the reaction mixture
was then refluxed on a steam bath for 4-6 h. Progress of the
reaction was monitored by TL.C. Solid obtained on cooling
was filtered, washed with saturated NaHCO; and crystallized
from methanol to obtain the title compounds (IVa—e).

5.1.2. Microwave method

A mixture of I (1 mmol) and 5-substituted-2-aminoben-
zenethiol (1 mmol) in ethylene glycol (10 ml) containing a
catalytic amount of piperidine was placed in a microwave
oven (1200 W, 2450 MHz using 20% power) and irradiated
for 8—12 min. The irradiation was completed with a short
interruption of 1 min to avoid overheating of the solvent.
Progress of the reaction was monitored by TLC. Reaction
mixture was cooled and poured over crushed ice, and the
solid thus separated was filtered, washed with water, dried
and crystallised from methanol to obtain the title compounds
(IVa—e).
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