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Abstract—1-Benzenesulfonyl-5-aminoindole 5, prepared from 5-nitroindole 3, was condensed with alkyl isothiocyanates and sepa-
rately with carbon disulfide and alkyl bromides/iodides to furnish efficiently the corresponding N-alkyl-thioureidoindoles 6a—c and
the alkyl N-(indol-5'-yl)dithiocarbamates 9a—e, respectively. Their cyclisation using N-bromosuccinimide (NBS) and 1,8-diazabicy-
clo[5.4.0Jlundec-7-ene (DBU), in the cold, followed by indolic N-deprotection, furnished regioselectively the 2-alkylamino- and the 2-
alkylthiothiazolo[5,4-¢]indoles 8a—c and 11a—e, respectively, in good overall yields.

© 2005 Elsevier Ltd. All rights reserved.

Thiazoles are important heterocycles and continue to be
synthetic targets because thiazolyl (hetero)arenes and
several classes of annulated thiazoles display a diverse
array of biological activities. The cruciferous phytoalex-
ins, camalexins and spirobrassinins, are examples of
thiazolyl heteroarenes,! whereas annulated thiazoles
comprise the cytotoxic thiazoloquinazolines, -quino-
lines, -acridines, -acridones, 2-cyano-thiazolobenzodiox-
ins, 2-(4-amino)phenyl- and 2-cyanobenzothiazoles and
thiazolocarbazoles,> the cytotoxic thiazoloquinazoli-
nones,’ the antitumor and antitubercular thiazoloimi-
dazoles,* the central dopamine agonists thiazoloindans
and -benzopyrans,’ the thiazolooxindole-based CDK-2
inhibitors® and the thiazolothiazepine-based HIV-1
integrase inhibitors.”

Motivated by the bioactive potential of annulated thiazo-
les, we have recently reported a new synthetic route to
thiazolocarbazoles.® In continuation, we became inter-
ested in thiazoloindoles (TIs), only two isomeric types
of which appear to have been synthesised up to now.
Thus, for preparing polymethine dyes, 2,7,8-trimeth-
ylthiazolo[5,4-elindole 1 was synthesised by the
Fischer indole reaction of N-(2-methyl-6-benzo-
thiazolyl)hydrazine with 2-butanone.’ Later, in search
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of serotonin antagonists, the S5-substituted thiazolo-
[5,4-flindole 2 was synthesised from 1-acetyl-6-amino-
indoline in four steps in ca. 8% overall yield.'* We be-
came interested in developing a new synthetic route to
the [5,4-¢]-TI ring contained in 1, in which we would
construct the thiazole nucleus on the benzene ring of
an indole, in contrast to the construction of the pyrrole
nucleus on the benzene ring of a benzothiazole, as was
used in the synthesis of 1. As a result, we have been able
to develop a new synthesis of 2-alkylamino- and 2-alkyl-
thio[5,4-¢]-T1s. Our successful findings are presented in
this letter.

CH,CH,CeHyF(p-)
2

Our plan was to cyclise N-alkylthioureidoindoles.
Accordingly, commercially available 5-nitroindole 3
was reduced (hydrazine hydrate, palladised charcoal,
refluxing methanol)!'? to 5-aminoindole (90%) which
was then condensed with methyl isothiocyanate in
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refluxing dry methanol to furnish 5-(N-methyl)thi-
oureidoindole efficiently (92%). However, when we at-
tempted cyclisation using bromine in acetic acid in the
cold!? or on montmorillonite K10 clay-para-toluenesulf-
onic acid (TsOH) at 60 °C,%® it underwent complete
decomposition in both the cases. In order to overcome
this difficulty, 5-nitroindole was first protected as its
N-benzenesulfonyl derivative 4 (96%) and then reduced
to the 5-amino derivative 5 by transfer hydrogenation
using 10% palladised charcoal and either ammonium
formate!''® (75%) or hydrazine hydrate''® (94%). The
amine 5 was then condensed separately with methyl,
ethyl and benzyl isothiocyanates in refluxing dry metha-
nol to give the respective l—benzene sulfonyl-5-(N-alkyl-
thloureldo)mdoles 6a—c'3 in ca. 90% yields. The
conspicuous appearance of, (i) a '>*C NMR signal at §
181-182 for the thiocarbonyl carbon, (ii) the peaks aris-
ing from the loss of H,S (34 m.u.), RNH, (31/45/
107 m.u.) and RNCS (73/87/149 m.u.) from the respec-
tive molecular ion-peaks in their mass spectra and (iii)
supportive NMR and analytical data consolidated the
structures of 6a—c.

Since, in the case of thiazolocarbazoles, bromine in ace-
tic acid had earlier been shown by us to lead to both
angular and linear cyclisations and additionally to cause
nuclear bromination,* whereas clay-TsOH at 60 °C re-
sulted in regioselective cyclisations,®® 6¢, as a representa-
tive substrate, was adsorbed on clay-TsOH and heated
at 60 °C for a few hours, but unfortunately it remained
completely unchanged.

Since, inter alia, NBS—-DBU'42 and NBS-Et;N'4® had
been used previously for the cyclisation of the phyto-
alexin brassinin, an (indol-3’-yl)methyldithiocarbamate,
to the corresponding indolothiazine, cylobrassinin, we
decided to try NBS for the cyclisation of thioureido-
(hetero)arenes to thiazolo(hetero)-arenes. Accordingly,
each of 6a—c was separately treated with NBS in dichlo-
romethane at —10°C and then with DBU, and the
substrates cyclised rapidly and regioselectively to 6-
benzenesulfonyl-2-alkylamino-thiazolo[5,4-¢]indoles 7a—c
in good yields.'> Subsequent indolic N-deprotection'®
using methanolic potassium carbonate furnished the
2-alkylaminothiazolo[5,4-e]indoles 8a—c!” in 48-62%
overall yields starting from 3 (Scheme 1).

The appearance of two one-proton doublets at § 7.25/
7.39/7.27 and 6 7.20/7.32/7.20 (refer to H-4 and H-5,
respectively, of the TI skeleton) with J = 8.5 Hz consoli-
dated their angular structures, since the corresponding
protons, H-4 and H-8, of the alternative linear [4,5-f]-
TI structures would have appeared as one-proton sing-
lets. Also, the shift of the '>C NMR signals of C-8 from
0 108 in 7a—c¢ to ca. § 100 in 8a—c was a pointer to the
cleavage of the N-benzenesulfonyl group.

This success prompted us to extend this methodology
for a similar synthesis 2-alkylthiothiazoloindoles. There-
fore, 5 was separately treated with carbon disulfide and
each of methyl, ethyl, n-propyl, n-butyl and i-butyl bro-
mides/iodides in the presence of pyridine and triethyl-
amine to furnish efficiently, the respective alkyl
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Scheme 1. Reagents and conditions: (i) NaOH, n-BuyN"HSO,",
CH,Cl,, rt, 1 h, PhSO,CI, 3 h; (ii) HCO,NH,, 10% Pd-C, MeOH,
reflux, 6-7 h; or (iii) NH,NH»-H,0, 10% Pd-C, MeOH, reflux, 3 h; (iv)
RNCS (1.2 equiv), dry MeOH, reflux, 3-7h; (v) NBS (1 equiv),
CH,Cl,, —10 °C, 5-10 min, DBU (2 equiv), stir, 30 min; (vi) K,CO; (4
equiv), MeOH-H,O (3:1), reflux, 6-8 h.

N-(1'-benezensulfonylindol-3’-yl)dithiocarbamates 9a—e.'®
The molecular weights of 9a—e were determined from
FAB-MS, which recorded peaks corresponding to
(M+H), (M+H-H,S) and (M+H-RSH), thereby
additionally consolidating the presence of the alkyl
dithiocarbamate side-chain in each of them. The appear-
ance of the thlocarbonyl carbon at ¢ 197 for 9a and ¢
201 for 9b—e in their *C NMR spectra lent addi-
tional support to the derived structures.

The cyclisation of 9a—e by similar treatment with NBS—
DBU, as in the cases of 6a—c, furnished only the angu-
larly cyclised products, viz 2-alkylthio-6-benzenesulfo-
nylthiazolo[5,4-¢]indoles 10a—e in very good yields. In
10a—e, the disappearance of the thiocarbonyl carbon sig-
nals and the appearance of signals at 6 164-165 were
suggestive of cyclisations occuring. Also, the appearance
of two one-proton, doublets at 6 7.8 and 8.0 with
J=9Hz in 10a—e demonstrated angular cyclisations.
Subsequent indolic N-deprotection using methanolic
potassium carbonate resulted in the smooth formation
of the 2-alkylthiothiazolo[5,4-¢]indoles 11a—e!° in 64—
71% overall yields starting from 3 (Scheme 2). Cleavage
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Scheme 2. Reagents and conditions: (i) CS, (1.2 equiv), Py-Et;N,
0°C, 30-45min, RX (1.2 equiv; R=Br for 6d and I for the
remainder), 2-3 h; (ii)) NBS (1 equiv), CH,Cl,, —10°C, 5-10 min,
DBU (2 equiv), stir, 30 min; (iii) K,CO; (4 equiv), MeOH-H,O (3:1),
reflux, 6-8 h.
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Table 1. Regioselective synthesis®® of 2-alkylamino-TIs 8a—c and 2-alkylthio-TIs 11a—e starting from 5

Thioureidoindoles Time (h); yields (%) N-SO, Ph-TIs Yields (%) 2-Alkylamino-TIs Yields (%)
6a 3.0; 90 Ta 70 8a 85

6b 4.5, 92 7b 78 8b 95

6¢ 7.0; 89 Te 75 8c 90
Indolyldithiocarbamates Yields (%)

9a 95 10a 85 11a 98

9b 98 10b 82 11b 95

9¢ 93 10c 85 11c 94

9d 90 10d 86 11d 92

9e 90 10e 84 11e 96

@ All products were identified by IR, 'H and '3C NMR, DEPT 135, MS, elemental analysissHRMS, and in some cases additionally by HMQC and

HMBC spectra.
b Refer to isolated pure products.

of the benzenesulfonyl groups was apparent from
appropriate MS and NMR data, as well as from the
lowering of the chemical shift of C-§8 from ¢ 107-108
in 10a—e to 6 101 in 11a—e. A typical cyclisation proce-
dure!’® and the yields of both types of condensation
products as well as the TIs (Table 1) are presented.

In conclusion, we have developed an expedient and effi-
cient five-step, regioselective synthesis of both 2-alk-
ylamino- and 2-alkylthiothiazolo[5,4-¢Jindoles, which
involves the construction of the thiazole nucleus on
the benzene ring of precursor indoles. However, the bio-
active potential of the synthesised TIs remains to be
explored.
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Data of a representative member, 11¢: mp 90-92 °C; IR
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NMR (CDCl5): 6 1.08 (3H, t, J = 7.5 Hz), 1.86 (2H, sextet,
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