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Abstract: A new approach to 3-(arylthio)indoles and related com-
pounds has been devel oped, based on the reactions of aryl Grignard
reagents or lithiated heteroaromatics with a phenylsulfonyl-protect-
ed 3,3-bis(indolyl) disulfide. In addition, arational approach to the
3,3-his(indolyl) sulfone core of the alkaloid echinosulfone A has
been accomplished, involving treatment of a 3-lithioindole with
bis(phenylsulfonyl) sulfide as the key step.
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Several synthetic routesto 3-(alkylthio)- or 3-(arylthio)in-
doles are available,! involving for example the use of di-
sulfides,'? quinone-O,S-acetals, ' thiolsin the presence of
molecular oxygen,° sulfenyl chlorides generated in situ,*d
or N-thioalkyl- and N-thioarylphthalimides'® as the
sulfenylating agents. Approaches utilizing sulfonyl
chlorides?®® or chlorosulfonic acid in acetonitrile’ have
also been described. Although these procedures offer
accessto avariety of products, there are still many limita-
tions, in particular concerning the accessibility and stabil-
ity of the reagents. Both 3-(arylthio)indoles and the
related sulfones have attracted considerable interest in
medicinal chemistry. For instance, the sulfone L-737,126
(Figure 1, 1) has been shown to exhibit potent anti-HIV
properties,® triggering further efforts towards the design
and biological evaluation of numerous related deriva
tives It was also demonstrated that several 3-(aryl-
thio)indoles exhibited interesting activities as inhibitors
of tubulin polymerization and growth of MCF-7 human
breast cancer cells.® Despite al these studies, only alim-
ited number of structures featuring a pair of indole units
connected via a single sulfur atom bridge have been de-
scribed.® A compound belonging to this classisthe natural
product echinosulfone A (Figure 1, 2), which has been
isolated from a southern Australian marine sponge,
Echinodictyum.”

Thisbackground prompted usto initiate studies on the de-
velopment of viable routes to the heterocyclic core of
echinosulfone A (2). The only available approaches to
3,3-bis(indolyl) sulfone or the corresponding sulfide are
based on treatment of indole with alkylmagnesium
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halides, followed by introduction of sulfuryl chloride® or
sulfur.®® In our hands these methods gave only very low
yields of pure products after laborious work-up and sepa-
ration procedures, it was therefore desirable to develop
aternative, practical approaches to such systems. To
achieve this end, the readily available 3-bromo-1-(tert-
butyldimethylsilyl)indole (3)8 was subjected to halogen—
metal exchange using tert-butyllithium, followed by treat-
ment of the resulting 3-lithioindole derivative with 0.5
equivalents of bis(phenylsulfonyl) sulfide (Scheme 1).°
This gave 3,3-bis(indolyl) sulfide (4),1° the structure of
which was aso supported by X-ray crystallography
(Figure 2).1* As anticipated, desilylation of 4 with TBAF
in THF gave the parent sulfide 5,2 which was subsequent-
ly oxidized using Oxone® in agueous acetone to give the
target compound 3,3"-bis(indolyl) sulfone (6).12 Interest-
ingly, the sulfide 5 has previously been encountered as a
side-product originating from the reaction of indolyl-
magnesium bromide with ethanesulfenyl chloride in
connection with early synthetic studies towards 3-alkyl-
thioindoles.®

Figure2 Thecrysta structure of the 3,3"-bis(indolyl) sulfide 4
determined at 200 K.

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



2460 H. Shirani et al.

LETTER

Br
% a, b S C
J \
! N N
TBS TBS TBS

3 4
0
o=
S\ _NH q “STN_NH
\ Py
N N
H H
5 6

Scheme 1 Reagents and conditions: (a) t-BuLi, THF, =78 °C,
0.5 h; (b) (PhS0,),S, =78 °C to r.t., 16 h, 57%; (c) TBAF, THF,
0-5 °C, 1 h; then.t., 20 min, 95%; (d) Oxone®, acetone, H,0, r.t.,
4 h, 70%.

Cleavage of disulfides with organolithium or organomag-
nesium reagents is awell established approach to unsym-
metrical sulfides. Hence, it was anticipated that treatment
of suitably protected 3,3"-bis(indolyl) disulfides with C-
metallated aromatics or heteroaromatics would constitute
a route suitable for the preparation of a variety 3-(aryl-
thio)- or 3-(heteroarylthio)indoles, as well as unsymmet-
rical 3,3-bis(indolyl) sulfides. Consequently, the known
disulfide 7 was prepared employing a modification of a
literature procedure,'* and the reported yield of 23% could
be improved considerably to 60-80%, simply by passing
a stream of air through the reaction mixture for several
hoursin order to facilitate the desired disulfide formation.
The crude product may thereafter be conveniently puri-
fied by trituration with diisopropyl ether. We were
pleased to note that the disulfide 7 proved to be remark-
ably stable under certain anhydrous basic conditions, as
N-protection with benzenesulfonyl chloride using stan-
dard phase-transfer conditions'™ involving potassium
hydroxide, produced compound 8 in good yield, without
cleavage of the disulfide linkage (Scheme 2).
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Scheme 2 Reagents and conditions: (@) H,NCSNH,, 1,, NaOH,
EtOH, H,0, air, r.t. 18-24 h, 60-80%; (b) PhSO,Cl, n-Bu,NHSO,,
KOH, CH,Cl,, 0°C, 1 h, thenr.t., 1.5 h, 72%.
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With useful amounts of the disulfide 8 available, experi-
ments involving lithiated heterocycles or aryl Grignard
reagents were undertaken. Treatment of the 3-lithioindole
(derived from 3) with the disulfide 8, gave the unsymmet-
rically protected 3,3-bis(indolyl) sulfide 9 (Table1) in
moderate yield. Several other new 3-(heteroarylthio)- and
3-(arylthio)indoles (10-17) were prepared in a similar
manner, and the results are summarized in Table 1.

In a further extension, it was demonstrated that the N-
phenylsulfonyl group present in the resulting 3-thioindole
products may be readily cleaved using aqueous potassium
hydroxide in dioxane. Thiswasiillustrated by the conver-
sion of 2,3-bis(indolyl) sulfide (10) into the parent sulfide
18 (Scheme 3), which displayed spectral datafully consis-
tent with the assigned structure.?? This compound has
been previously claimed as a product obtained by heating
the indole with elemental sulfur at 115-125 °C for 48
hours.?® However, comparison of our data with those giv-
en in the literature clearly disprove the previous assign-
ment. In particular, a resonance (singlet) in the reported
!H NMR data (DMSO-dy) at § = 4.77% is not consistent
with the spectrum obtained for 18. Further detailed studies
would be needed to provide full insight in this reaction.
The formation of 18 during the heating of indole with
sulfur is also contradicted by the fact that it iswell estab-
lished that this operation, when performed either in DMF
or without solvent, gives predominantly apentacyclic sys-
tem, namely 5H,10H-[1,2,3,4]tetrathiocino[5,6-b:8,7-
b’]diindole,?* the structure of which has also been later
corroborated by an independent synthesis, and finally
supported by X-ray crystallography.?

H H
N N
! ik
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Scheme 3 Reagents and conditions: (@) 1 M KOH (ag)—dioxane
(2:1), 80 °C, 15 min, 77%.

In conclusion, new and convenient synthetic routesto var-
ious 3-thioindoles incorporating both heterocyclic and
carbocyclic moieties have been devised, involving reac-
tions of lithiated heterocycles or aryl Grighard reagents
with the 3,3"-bis(indolyl) disulfide 8. These procedures
offer efficient access to 3-thioindoles which are not prac-
tically available by the existing approaches. Further stud-
ies probing additional synthetic applications of the
disulfide 8 and related compounds are in progress.
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Tablel Reactionsof Metallated Heterocycles and Aromatics with Disulfide 8

Entry Substrate Reagents and conditions Product Yield (%)
Br
L @Z—§ (i) t-BuLi, THF, —78 °C? s~ 47
N (i) 8,-78°Ctor.t., 16 h | N,
| N TBS
TBS /
3 PhO,S
9
N
(i) BuLi, THF, —78 °C s
, \ (i) CO, (@) [\ 38
(iii) t-BuLi, THF, =78 °C®
N (iv) 8, -78°Ctor.t. N
PhO,S
10
s z
<0
3 % (i) BuLi, THF, —78 °C l 76 (11)7
(i) 8,78 °Ctor.t. N 79 (12)
z PhO,S
2=S.0 112=S
1272=0
s S
4 M (i) BuLi, THF, —78 °C | 80
Z . B (i) 8, -78°Ctor.t. N
PhOZS/
13

B S
5 r (i) Mg, I, (cat.), THF, reflux @ -
Q O (i)8,0°Ctort. |
Br
6 OO (i) Mg, 1, (cat.), THF, reflux S o
‘ (i) 8,0°Ctor.t. ‘
S
Br. .
(i) Mg, 1, (cat.), THF, reflux \ on
! \©\ (i) 8,0°Ctor.t. € 77
CO,Et S
8 (i) i-PrMgCl, THF, —20 °C to 0 °C* I -
(i) 8,-78°Ctor.t.

2Yields of isolated products, based on disulfide 8.
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