CrossMark

4 click for updates

Organic &
Biomolecular
Chemistry

Accepted Manuscript

View Article Online

View Journal

This article can be cited before page numbers have been issued, to do this please use: C. Liu and L.
Ding, Org. Biomol. Chem., 2015, DOI: 10.1039/C40B02575J.

This is an Accepted Manuscript, which has been through the

Organic& Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.
Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’mm apply. In no event shall the Royal Society of Chemistry be held

, responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c4ob02575j
http://pubs.rsc.org/en/journals/journal/OB
http://crossmark.crossref.org/dialog/?doi=10.1039/C4OB02575J&domain=pdf&date_stamp=2015-01-05

Page 1ot Jgurnal Name

Published on 05 January 2015. Downloaded by Selcuk University on 08/01/2015 17:11:20.

o

-
@

n
S

N
S

Cite this: DOI: 10.1039/cOxx00000x

WWW., I’SC.OI‘g/XXXXXX

Organic & Biomolecular Chemistry

Dynamic Article; Litks

ne

J

ARTICLE TYPE

Byproduct Promoted Regioselective Sulfenylation of Indoles with

Sulfinic Acids

Cong-Rong Liu,** Liang-Hui Ding®

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

An unprecedented method to synthetise 3-sulfenylindoles is
demonstrated via byproduct promoted sulfenylation of
indoles with sulfinic acids in the absence of external catalyst.
The reaction selectively afforded structurally diverse indole
thioethers in good to excellent yields in 1,2 - dichloroethane at
80°C.

The indole moiety is an important unit because of its presence in
many bioactive relevant molecules, such as colchicines,
combretastatin A-4, indolyl-3-glyoxamide D-24851 and 2-aryl-3-
arylcarbonylindole.* Developing efficient synthetic approaches to
construct differently substituted indole derivatives is one of the
most exciting topics in organic synthesis.”> Among them, the
direct carbon-hydrogen bond functionalization is a more
convenient method for the formation of carbon-carbon and
carbon-heteroatom bonds on indole rings.® In this regard, the
sulfenylation of indoles has been developed for the synthesis of
3-sulfenylindoles, some of which are important drugs assessed in
several disease areas, including bacterial infection, cancer, HIV,
obesity, heart diseases and allergies.* Various sulfenylating
agents such as sulfonium salts,® quinone mono-0,S-acetals,
®sulfonyl hydrazides,” sulfinates,® disulfides,® sulfenyl halides,*
N-thioimides,”* thiols’* and arylsulfonyl chlorides™ were
smoothly coupled with indoles. However, many of these
sulfenylating agents are impractical due to the accessibility,
substrate compatibility, stability. Moreover, many reported
sulfenylation reactions of indoles frequently require catalysts,
harsh reaction conditions or excess sulfenylating agents.
Therefore, a new general and flexible approach for the
sulfenylation of indoles is still necessary.

Sulfinic acids are readily accessible and they have been
employed to form sulfones which have versatile applications in
medicinal chemistry.14 Moreover, sulfinic acids can be reduced to
disulfides ,which are conventional sulfenylating agents. So we
envisioned that sulfinic acids might serve as potential
sulfenylating agents to couple with indoles under certain reaction
conditions. To our knowledge, there are no examples describing
the sulfenylation of indoles using sulfinic acids as potential
sulfenylating agents. Herein we report an efficiend synthesis of 3-
sulfenylindoles via byproduct promoted sulfenylation of indoles
with sulfinic acids in the absence of external catalysts.

To get the optimized reaction conditions, several Brensted
acids (10 mol%) were examined in the model reaction of indole
la with benzenesulfinic acid 2a using tetrabutylammonium

iodide as additive in 1,2 - dichloroethane at 80 °C. To our delight,
so TSOH was identified as the acid of choice, which promoted the
formation of 3-sulfenylindole 3a in 69% vyield (Table 1, entry 1).
Nevertheless, the yield decreased dramatically when replacing
tetrabutylammonium iodide with sodium iodide or potassium
iodide (Table 1, entries 5 and 6). A number of common solvents
ss were examined, but no better yield was obtained. (Table 1, entries
7-15). A high vyield was obtained when the loading of
Tetrabutylammonium iodide was increased to 1.2 equivalent
(Table 1, entriy 16). Further efforts to increase the yield of 3-
sulfenylindole 3a by increasing the loading of TsOH to 0.2
s0 equivalent resulted in a higher yield 98% (Table 1, entriy 17).

Table 1. Optimization of Reaction Conditions *

H
N
)+ PhSOM

additive, acid

solvent, 80°C

H
N
oy,

SPh
la 3a
Entry | Solvent | Additive (eq) Acid(eq) Yield(%)

1 DCE n-BuyNI (1.0) | TsOH (0.1) 69
2 DCE n-BuyNI (1.0) | HCI(0.1) 47
3 DCE n-BuyNI (1.0) | TfOH (0.1) 63
4 DCE n-BuyNI (1.0) | HySO, (0.1) 55
5 DCE Nal (1.0) TsOH (0.1) 23
6 DCE Kl (1.0) TsOH (0.1) 11
7 MeCN | n-BugNI (1.0) | TsOH (0.1) 27
8 MeNO, | n-BuyNI (1.0) | TsOH (0.1) 14
9 Toluene | n-BusNI (1.0) | TsOH (0.1) 38
10 DMA | n-BusNI (1.0) | TsOH (0.1) 43
11 DMSO | n-BusNI (1.0) | TsOH (0.1) 40
12 DMF n-BuyNI (1.0) | TsOH (0.1) 43
13 Dioxane | n-BusNI (1.0) | TsOH (0.1) 32
14 EtOH | n-Bu,NI (1.0) | TsOH (0.1) 30
15 H,0 | n-BuyNI(1.0) | TsOH (0.1) 40
16 DCE | n-BusNI(1.2) | TsOH (0.1) 87
17 DCE | n-Bu,NI (1.2) | TsOH (0.2) 98
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# Reaction conditions: indole 1a (0.20 mmol), benzenesulfinic acid 2a 4 2e (4-CICgH,) 3n 90
(0.24 mmol), additive , acid, solvent (1.0 mL), 80 °C (oil bath), 12 h. °
Isolated yield. 5 2f (4-BrCgHy) 30 89
Encouraged by our preliminary findings, we investigated the 6 29 (4-1C¢H,) 3p 88
s substrate scope for the sulfenylation of indoles with
benzenesulfinic acid (2a). Under the optimized reaction ! 2h (4-MeCsH) 3q %4
conditions, a number of indoles bearing either electron- 8 2i (4-MeOCgH,) 3r 84
withdrawing groups (ClI, Br, NO,, and CO,Me) or electron- 9 2j (2-naphthyl) 3s 96
donating groups (Me, Ph, and OMe) on the N-1, C-2, C-4, C-5 or
10 C-6 positions of the indole rings, were transformed into their 10 2k (Me) st 80
corresponding 3-phenylthioindoles in good to excellent yields 11 2l (CH,);CH3 3u 70
(tEflb|e 2): Lower yle!ds was obtained when strong electron 12 2m CH,Ph 3y 77
withdrawing groups, like a carbomethoxy group or nitro group,

were present at the C-5 position in the indole (table 2, entries 8 2 Reaction conditions: indole 1a (0.20 mmol), Sulfinic acid 2 (0.24 mmol),
15.and 9). 30 n-Bu;NI (0.24 mmol), TsOH (0.040 mmol), DCE (1.0 mL), 80 °C (oil
bath), 12 h. ® Isolated yield.

Table 2. Regioselective Sulfenylation of Indoles with benzenesulfinic

Acid (2a) ® donating groups were introduced into the sulfenylation product
by employing arylsulfinic acid bearing such groups on the
N ﬂ n-BULNI, TSOH X N aromatic ring. Furthermore, alkylsulfinic acids also could
Ri/\/L/) + PhSO,H ’—OR@ 35 smoothly react with indole la to give the corresponding 3-
= DCE, 80°C alkylthioindoles, and as expected, lower yieldes were given for
SPh the sulfenylation of indoles with these less reactive sulfinic acids
1 2a 3a- (table 3, entries 10-12).
Entry 1(R) 3 Yield (%)b During these reactions, we observed that the colors of mixtures
1 1a(H) 3a 08 a0 were purple (Table 1,2 and 3), So we speculated that there was
iodine produced. To gain insight into the reaction mechanism,
2 1b (1-Me) 3b 99 four control experiments were set up under various reaction
3 1c (2-Me) 3c 87 conditions. No reaction occurred upon treatment of indole la
4 1d (2-Ph) 3d 93 with  benzenesulfinic acid 2a in the absence of
ss tetrabutylammonium iodide (Scheme 1, a). Under the optimized
> le (4-Br) 3e % reaction conditions, benzensulfinic acid was reduced into
6 1f (5-Br) 3f 98 diphenyldisulfane 4a in 96% yield, while iodide ion was oxidized
7 1g (5-OMe) 3g 90 into iodine (scheme 1, b). In the presence of 1.2 equivalents
3 1h (5-CO,Me) ah 86 iodine, |r:1dole 1a smoothly reacted with diphenyldisulfane 4a to
9 1i (5-NO,) 3i 70 CE} . phsop — 2" No reaction .
10 1j (6-CI) 3] 97 DCE, s0°c
2 Reaction conditions: indole 1 (0.20 mmol), benzenesulfinic acid 2a la 2a
20 (0.24 mmol), n-BuyNI (0.24 mmol), TsOH (0.040 mmol), DCE (1.0 mL),
80 °C (oil bath), 12 h. ® Isolated yield. n-BuNI, TsOH

PhSOH ———  pps—sph + 1, b
: F : - H DCE, 80°C, 12h
Next, we examined the reactivity of various sulfinic acids

toward indole (1a) (Table 3). A range of arylsulfinic acids 2a 4a: (96%)
smoothly reacted with indole 1a to give the corresponding 3- N | H
25 arylthioindoles in good to excellent yields (table 3, entries 1-9). It Cl/) + PhS—SPh —;» P c
is noteworthy that both electon-withdrawing and electron- DCE, 80°C, 12h
Table 3. Regioselective Sulfenylation of Indole (1a) with Sulfinic Acids * ] SPh
la 4a 3a:99%
H H
N N H
Cl/} + RSO,H N-BusNILTSOH p Cl“} \ s sen n-Bu NI, TSOH y )
DCE, 80°C / DCE, SOOC, 12h 0 reaction d
SR
la 2 3k-v 50 ta -
Entry 2(R) 3 Yield (%)
Scheme 1 Control Experiments
1 2b (3-O,NCgHy) 3k 92
5 2¢ (4-0;NCeHa) 3l 9% give the corresponding 3-phenylthioindole 3a in 99% vyield
7T (scheme 1, c). No reaction occurred upon treatment of indole 1a
3 2d (4-FCeHy) 3m 83 ss with diphenyldisulfane 4a in the optimized reaction conditions
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(Scheme 1, d).

On the basis of the above experimental results and previous
relevant mechanistic studies,’™ we proposed the reaction pathway
depicted in Scheme 2. Initially, diphenyldisulfane (4) is generated
from sulfinic acid 2 in the presence of TsOH and n-Bu,NI. Then
4 reacts with |, to give the sulfenyl iodide 5, which is attacked by
1 to give thioether 3 and HI. HI react with 2 to give 4 and
regenerate iodine to promoted the reaction continually.

/b

RISO,H RIS—sRL
n-BugNI, TSOH |
2
2 \ \/
@ \ RISI
1
SR 5
X NH
R
W

Scheme 2 Proposed Reaction Pathway

Conclusions

In summary, we have developed an unprecedented method to
synthesise 3-arylthioindoles and 3-alkylthioindoles from indoles
and sulfinic acids. In the presence of 10 mol% TsOH and 1.2
equivalent n-BusNI , a range of aryl- and alkylsulfinic acids
smoothly underwent sulfenylation with indoles to give
structurally diverse indole thioethers in good to excellent yields.
The byproduct I, acted as an efficient catalyst for this kind of
transformation.
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