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lodine-mediated synthesis of indole-fused
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C2-amidation of amide-tethered C3-sulfenylindoles

’ M) Check for updates ‘

Cite this: DOI: 10.1039/d50b00842e

Gargi Singh, Mariyaraj Arockiaraj and Venkatachalam Rajeshkumar ) *

A transition-metal-free, iodine-mediated strategy has been developed for the synthesis of biologically sig-
nificant indole-fused benzothiazepinones. This method involves an initial electrophilic C3 iodination of
indole, followed by intramolecular C2 amidation of readily accessible amide-tethered C3-sulfenylindoles
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to afford indole-fused benzothiazepinones in good yields. The protocol exhibits broad substrate compat-
ibility, high functional group tolerance, and scalability. Additionally, the synthetic versatility of the resulting
indole-fused benzothiazepinones was demonstrated through their transformation into the corresponding

Open Access Article. Published on 08 August 2025. Downloaded on 8/23/2025 5:31:01 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

rsc.li/obc sulfoxides and sulfones.

Introduction

Indole-fused heterocycles are crucial structural motifs found
in many natural products and pharmaceuticals.””> These
indole-based annulated heterocycles exhibit a broad spectrum
of biological activities, including antimicrobial,® anticancer,*
antihypertensive,” antiviral,*¥ and anti-inflammatory pro-
perties.® Notably, azepinoindole alkaloids, such as paullones,
are renowned natural products with significant antitumor
activity.” Furthermore, ibogaine and its derivatives are thera-
peutically utilized for the treatment of neurological and psy-
chiatric disorders.® In this context, thiazepine and its deriva-
tives serve as crucial structural motifs in a wide range of med-
icinally significant compounds with diverse pharmacological
activities. These heterocyclic frameworks contribute to the
development of antitumor, antimicrobial, anti-inflammatory,
and CNS-active agents, among others.” This scaffold is also
present in the structures of several commercially available
drugs, including diltiazem, a marketed medicine used to treat
hypertension, also a common calcium channel blocker,'® and
thiazesim, an antidepressant drug.'’ Several dibenzothiaze-
pines, such as metiapine and clotiapine, are potential antipsy-
chotic drugs used to treat schizophrenia and schizoaffective
disorders." Additionally, temocapril is an angiotensin-convert-
ing enzyme (ACE) inhibitor primarily used for the treatment of
hypertension and heart failure® (Fig. 1). Various synthetic
methodologies have been developed to construct indole-
fused benzoazepines. For example, substituted paullones have
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been synthesized through a one-pot Suzuki-Miyaura
cross-coupling of o-aminoarylboronic acid and C2-iodoindolea-
cetic acid, followed by intramolecular amide formation to yield
the 7,12-dihydroindolo[3,2-d][1]benzazepine-6(5H)-one scaffold
(Scheme 1a).** Jia and coworkers reported the synthesis of
benzazepinoindoles by Pd-catalyzed C(sp?)-H imidoylative
cyclization of 3-(2-isocyanobenzyl)-1H-indoles (Scheme 1b)."*
Recently, the synthesis of azepinoindole and oxepinoindole
skeletons was reported using a mild acid-catalyzed cyclization
of dearomatized phenols with tryptamines or tryptophols
(Scheme 1c).*® More recently, a trifluoroacetic acid-mediated
direct assembly of azepino[4,5-bJindoles was achieved via C-H
functionalization and annulation of 2-alkyl tryptamines with
aldehydes (Scheme 1d)."” Despite significant progress in the
synthesis of azepinoindoles,'® a protocol for the synthesis of
indole-fused benzothiazepines has yet to be developed. In our
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Fig. 1 Representative bioactive motifs containing azepinoindoles and
thiazepine framework.
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Selected previous reports on synthesis of indole-fused 7-membered heterocycles
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Scheme 1 Reported methods for the synthesis of azepinoindoles.

initial attempts to synthesize indole-fused benzothiazepines
using 2-(1H-indol-3-ylsulfanyl)-phenylamines and aryl methyl
ketones, the reaction unexpectedly yielded benzo-f-carbolines
through a desulfurative cyclization pathway."

With the continuation of our effort, here we report a suc-
cessful approach to the synthesis of seven membered indole-
fused benzothiazepinones through iodine mediated an intra-
molecular C2 amidation of amide-tethered C3 sulfenylindoles
(Scheme 1).

Results and discussion

We started our investigation by choosing 2-((1-ethyl-1H-indol-
3-yl)thio)-N-(p-tolyl)benzamide 2a as a model substrate to syn-
thesize a indole-fused benzothiazepinone 5-ethyl-6-(p-tolyl)-
5,6-dihydro-7H-benzo[6,7][1,4]thiazepino[3,2-b]indol-7-one 3a.
As depicted in Table 1, the initial reaction was conducted
using the substrate 2a (100 mg, 0.268 mmol) in the presence
of I, (1.5 equiv.) and K,CO; (3.0 equiv.) in DCE solvent at room

Org. Biomol. Chem.

temperature and the desired product 3a was isolated in 75%
yield (Table 1, entry 1). Gratifyingly, when the reaction was
conducted at 60 °C, the yield was improved to 78% (entry 2).
Next, when we increased the reaction temperature to 80 °C, the
product 3a was obtained in 80% yield (entry 3). Further
increasing the temperature to 90 °C yielded the desired
product 3a in 84% (entry 4). However, increasing the tempera-
ture to 100 °C resulted in a reduced yield of 76% (entry 5).
Thus, the reaction temperature was set at 90 °C for further
optimization of the reaction conditions. Next, we examined the
effect of iodine loading on the reaction. Reducing the iodine
amount significantly lowered the reaction yield (entries 6 and
7) and prolonged the reaction time. The reaction was further
tested with various bases such as Cs,CO;, Na,CO; and
NaHCO; using 1.5 equivalents of I,. However, these attempts
resulted in the poor yields (entries 8-10). Moreover, the reac-
tion did not proceed when bases such as NaOAc, DABCO,
DBU, DIPEA, and Et;N were used (entries 11-15). After evaluat-
ing various bases, we next investigated the effect of different
solvents to present reaction. The product yield was significantly

This journal is © The Royal Society of Chemistry 2025
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Table 1 Optimization of the reaction conditions®?

S S
@Z—_g reaction conditions m
N HN O ————————> N~ o

J J
2a 3a
Base Temp Time Yield3a®”

Entry Reagent (3 equiv.) Solvent (°C) (h) (%)
1 I,(1.5eq)  K,COs DCE 1t 30 75
2 I, (1.5 eq.) K,CO; DCE 60 26 78
3 I,(1.5eq)  K,COs DCE 80 20 80
4 I, (1.5 eq.) K,CO; DCE 90 15 84
5 I,(1.5eq)  K,COs DCE 100 15 76
6 I, (1.2 eq.) K,CO; DCE 90 20 80
7 I,(1.0eq)  K,COs DCE 90 23 79
8 I, (1.5 eq.) Cs,CO; DCE 90 24 24
9 I,(1.5eq)  Na,CO; DCE 90 24 20
10 I, (1.5 eq.) NaHCO; DCE 90 24 19
11 I,(1.5eq) NaOAc  DCE 90 24 NR
12 I, (1.5 eq.) DABCO  DCE 90 24 NR
13 I,(1.5eq)  DBU DCE 90 24 NR
14 I, (1.5 eq.) DIPEA DCE 90 24 NR
15 I,(1.5eq)  Et;N DCE 90 24 NR
16 I, (1.5 eq.) K,CO; CH,CN 90 24 25
17 I, (1.5 eq.) K,CO3 Dioxane 90 24 22
18 I, (1.5 eq.) K,CO; THF 90 24 NR
19 I,(1.5eq)  K,COs DMF 90 24 NR
20 I, (1.5 eq.) K,CO; DMSO 90 24 NR
21 NIS (1.5 eq.) K,CO, DCE 90 24 30
22 NBS (1.5 eq.) K,COj3 DCE 90 24 Trace
23 I,(1.5eq) — DCE 90 24 NR
24 — K,CO; DCE 90 24 NR

“Reaction conditions: all the reactions were performed using 2a
(100 mg, 0.268 mmol) in 2 mL of DCE solvent with different con-
ditions mentioned in the table. ? Isolated yields are reported.

lower when the reaction was carried out in other solvents such
as CH3CN and 1,4-dioxane (entries 16 and 17). Moreover, no
reaction occurred when THF, DMF, or DMSO were used as sol-
vents (entries 18-20). Next, reagents like NIS and NBS were also
evaluated for the present reaction but ineffective to produce the
desired outcome (entries 21 and 22). Furthermore, the reaction
did not proceed in the absence of either a base or iodine
(entries 23 and 24). After systematic investigations, the opti-
mized reaction conditions were identified as entry 4, where the
reaction was performed with 1.5 equivalent of iodine, along
with 3.0 equivalents of K,CO; in 2 mL of DCE at 90 °C.

With the optimized reaction conditions in hand, we next
explored the substrate scope of this protocol to synthesize a
variety of indole-fused benzothiazepinones, as shown in
Table 2. All the reactions proceeded well to synthesize the
library of substrates 3a-z in good yields. Initially, we investi-
gated the unsubstituted indole ring with different substituents
at the R, position under the optimized reaction conditions.
The benzyl group was tested, resulting in the formation of the
desired cyclized product 3b in 70% yield. Then, the incorpor-
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ation of electron-donating methoxy group resulted in yielding
the product 3¢ in 76% yield. Subsequently, we investigated the
influence of fluoro and bromo substituents on the reaction
and observed that the cyclized products 3d-e were obtained in
excellent yields of 74 and 73% respectively. The substrate 2f,
featuring a 2,4-dimethylphenyl group on the amide nitrogen,
underwent annulation under the optimized reaction con-
ditions, leading to the formation of the desired cyclized
product 3f in 71% yield. Further, we examined the substrates
containing electron-withdrawing -CF; and -CN groups at the
para position of the aryl ring attached to the nitrogen of the
amide group. The reactions proceeded smoothly to give the
corresponding products 3g and 3h 48-69% yield. Next, we
examined indole substrates bearing electron-donating groups,
such as methyl (-CH;) and methoxy (-OMe), to the reaction.
The 7-methylindole substrate 2i, featuring a phenyl group on
the amide nitrogen, was well-tolerated under the optimized
conditions, affording the cyclized product 3i in 72% yield.
Similarly, substrates bearing p-tolyl and 3-methoxyphenyl
groups underwent smooth cyclization, producing the corres-
ponding products 3j and 3k in 80 and 73% yields, respectively.
The substrates featuring halogen substitutions (o-Br, p-Br, and
o-I) on the phenyl ring attached to the amide nitrogen under-
went cyclization, affording the desired products 3l-n in the
range of 68-72% yields. In addition, the presence of an elec-
tron-withdrawing -CF; group was tested, and to our delight,
the corresponding product 30 was obtained in 71% yield.
Furthermore, the presence of a 2,4-dimethylphenyl group on the
amide nitrogen led to the formation of the corresponding
cyclized product 3p in 70% yield. Next, substitution of the C5
position of indole with an -OMe group, along with p-tolyl or
4-fluorophenyl on the amide nitrogen, successfully led to the
formation of cyclized products 3q and 3r in 66-68% yields.
Further exploration of the substrate scope revealed that halogen
substitutions on the indole ring was well-tolerated, facilitating
the efficient synthesis of indole-fused benzothiazepinones. The
6-fluoroindole substrates 2s-t, bearing p-Me and m-Cl phenyl
groups on the amide, underwent cyclization smoothly to afford
the respective products 3s and 3t in 73-76% yield. Next, chloro-
substituted indole substrates were subjected to the standard
conditions, delivering the desired cyclized products 3u-x in
good yields ranging from 72-81%. Similarly, bromo-substituted
indole substrates exhibited excellent compatibility with various
substitutions on amide such as p-Me, p-F, m-Cl, and p-Cl
phenyl, yielding the corresponding products 3y-ab in 74-78%
yields. Furthermore, the successful incorporation of an
a-tocopherol moiety into the substrate led to the efficient syn-
thesis of the cyclized product 3ac, which was obtained in 60%
yield. This demonstrates the broad applicability of the reaction
conditions in accommodating biologically relevant functional
groups. Similarly, alkyl groups were well tolerated in the sub-
strate scope, including methyl and ethyl substituents at the
amide nitrogen, which afforded the desired products 3ad-3ae in
58-61% yield. However, the product 3af was not obtained when
a methoxy group was present on the amide nitrogen. Further,
the exact structure of compound 3a was unambiguously con-
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Table 2 Substrate scope for the synthesis of indole-fused be nzothiazepinones®?
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“Reaction conditions: all the reactions were performed us1ng substrates 2a-af (100 mg, 1.0 equlv) in the presence of I, (1.5 equiv.) and K,CO3

(3.0 equiv.) in 2 mL of 1,2-dichloroethane solvent at 90 °C.
2.68 mmol) under optimized reaction conditions.
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b Isolated yields are reported. °Yield of gram-scale reaction of substrate 2a (1.0 g,

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 Single-crystal X-ray structure of 3a (CCDC 2426072).

firmed through single-crystal X-ray analysis (CCDC 2426072;
Fig. 2).

To showcase the potential applicability of this synthetic
approach, a reaction was conducted on a gram scale using 2-
((1-ethyl-1H-indol-3-yl)thio)-N-(p-tolyl)benzamide 2a (1.0 g,

2.68 mmol) under the standard reaction conditions.
Gratifyingly, the transformation proceeded efficiently,
affording 3a in 70% yield as illustrated in Table 2.

Furthermore, we demonstrated the synthetic versatility of
indole-fused benzothiazepinones by oxidizing sulfur atom
present in the ring®® using m-CPBA under mild conditions.
The corresponding sulfoxides and sulfones were obtained
using 1 eq. and 4 eq. of m-CPBA, respectively, as illustrated in
Scheme 2. To gain further insight into the proposed mecha-
nism, a control experiment was conducted using a substrate
2ag derived from 2-phenylindole. However, when this substrate
was subjected to the standard reaction conditions, the corres-
ponding cyclized product was not obtained (Scheme 3a).
Based on this observation and prior literature reports,® a
plausible reaction mechanism is proposed using substrate 2a,
as illustrated in Scheme 3b. Initially, the substrate 2a under-

goes iodination at the C3 position of the indole, leading to the
m-CPBA @—& m-CPBA

formation of an iminium ion intermediate I.
R = \\g—‘% ; )f ;
@—& (4 0 equiv) [} (1 0 equiv) @_&
DCM rt,6h \ DCM rt,4h
)C O *C

N
g )© g
4a', 80% 4b', 78% 4c', 79%

Scheme 2 Synthetic transformation of indole-fused benzothiazepi-
nones to corresponding sulfoxides and sulfones.
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Scheme 3 Control experiment and plausible reaction mechanism.

Subsequently, the amide nitrogen undergoes an intra-
molecular nucleophilic attack at the C2 position of the indole,
generating the seven-membered intermediate II. This inter-
mediate then undergoes aromatization in the presence of a
base, yielding the desired cyclized product, indole-fused ben-
zothiazepinone 3a.

Conclusions

In conclusion, we have successfully developed a transition-
metal-free, iodine-mediated protocol for the synthesis of bio-
logically significant indole-fused benzothiazepinones through
intramolecular C2 amidation of readily accessible amide-teth-
ered C3-sulfenylindoles. This transformation proceeds via an
electrophilic C3 iodination of indole, facilitating intra-
molecular cyclization to afford the target benzothiazepinones
in good yields. The developed protocol is compatible with a
broad substrate scope, demonstrating high functional group
tolerance and scalability. Furthermore, the synthetic versatility
of the obtained indole-fused benzothiazepinones was explored
through their transformation into the corresponding sulfox-
ides and sulfones. Given the structural relevance of benzothia-
zepinone scaffolds in medicinal chemistry, this approach pro-
vides a valuable synthetic tool for the development of bioactive
molecules and pharmaceutical intermediates.
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data for this paper.*?
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