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Metal free mono- and 2,3-bis-sulfenylation of indoles in water

with sodium sulfinates as a sulfur source

Changging Liu,*® Jian Fan,* Manyi Wu,? Jiahui Chen,?

Yiming Zhao,* Meihua Xie*"

ABSTRACT An iodine-PPh; mediated sulfenylation of indoles in water with stable and odorless
sodium sulfinates as the sulfur source is described. The reaction could afford monosulfenylated
indoles in moderate to excellent yields under metal free conditions. Moreover, double C-H
sulfenylation of indoles at 2- and 3-positions has also been achieved by using excess sodium
sulfinates under the optimized reaction conditions.
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Introduction

Sulfur-containing moieties exist in a variety of biologically and medicinally active molecules
and introduction of a sulfur moiety into organic molecules is one of the major research areas in
organic synthesis.! Among them, sulfenylated indoles show potent activities such as inhibition of
tubulin polymerization and cell growth, and have a great therapeutic value in the treatment of
cancer, HIV, heart disease, allergies and bacterial diseases (Fig 1).) Numerous synthetic methods
to access sulfenylated indoles have been successfully established by exploiting disulfides, !
sulfenyl halides,™ thiols,”™ and arylsulfonyl chlorides,™ many of which have disadvantages such
as unpleasant odors, air and moisture sensitive, high cost, or difficult to prepare. In this regard,
development of new and practical methods to synthesize sulfenylated indoles is in great demand.
During recent years, sodium sulfinates have been widely used in organic synthesis as the sulfur
source for its nature of stability, odorlessness and safety.l’? However, the usage of sodium

sulfinates for the synthesis of sulfenylated indoles is rare until now.” Especially, double C-H
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sulfenylation in indoles with sodium sulfinates to give 2,3-bis-sulfenyl indoles remains elusive.
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Fig 1 Examples of biologically active 3-(arylsulfanyl)indoles

On the other hand, reactions for organic synthesis that are performed in aqueous conditions
have attracted tremendous attention and are becoming some of the most exciting research areas.
With regard to the green chemistry and environmental protection, it is still challenging and highly
desirable to develop efficient methods for the synthesis of sulfenylated indoles from simple and
readily available starting materials under environmentally benign reaction conditions. To the best
of our knowledge, there are no reports in literature describing the metal-free sulfenylation of
indoles using sodium sulfinates in aqueous medium. Herein, we wish to present an efficient
metal-free synthesis of mono- and 2,3-bis-sulfenylindoles with sodium sulfinates as sulfur sources

in water. Various indoles and sodium sulfinates participated in the reaction to afford the

corresponding products in moderate to excellent yields.

Results and discussion

At the outset of our study, we focused our investigation on indole (1a) as a model reactant
and the experimental results are compiled in Table 1. To our delight, the desired product 3a was
isolated in 55% vyield by treatment of indole (1a) and sodium p-toluenesulfinate (2a, 1 equiv.) in
the presence of 2.0 equiv. of PPhs and 1.0 equiv. of I in refluxing CH,ClI, for 24 h (Table 1, entry
1). A number of organic solvents were examined (Table 1, entries 2-10) and the results show that
1,2-dichloroethane gave the best efficiency in terms of product yield (83% vyield). Surprisingly,
product 3a was isolated in 82% yield when the green and cheap medium of water was used as the
reaction solvent (Table 1, entry 11). Considering the environmental benign and sustainable process

in organic synthesis, we chose water as the solvent for the further optimization. Screening of the
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amount of PPh; or I, showed that less PPhs or I, resulted in a poor yield (Table 1, entries 12 and
14) and increasing the amount of PPh; or I, did not improve the yield of 3a (Table 1, entries 13
and 15). In these cases, 3a was obtained as the sole sulfenylated product when indole reacts with
1.0 equiv. sodium sulfinate. While 3a was obtained only in 52% yield along with the formation of
22% vyield of 2,3-bis-sulfenylindoles 4a when 1.5 equiv. sodium p-toluenesulfinate was used
(Table 1, entry 16). Lower yield of 3a was obtained when the reaction was conducted in air (Table
1, entry 17). Thus, the suitable reaction conditions selected for 3-sulfenylation of indoles are the
following: indole (1 equiv.), sodium sulfinate (1 equiv.), I, (1 equiv.), and PPhs (2 equiv.) in water

at refluxing temperature under argon atmosphere.

Table 1 Optimization of reaction conditions for 3-sulfenylation of indoles®

SO,Na SO CH,
N I,, PPhg, solvent N
+ >
N reflux, 24 h N
H H
CH;
1a 2a 3a
2a I PPh .
Entry . 2 . ’ solvent Yield (%)b
(equiv.) (equiv.)  (equiv.)

1 1 1 2 CH.Cl; 55
2 1 1 2 THF 23
3 1 1 2 toluene 26
4 1 1 2 1,4-dioxane 59
5 1 1 2 CH,CN 42
6 1 1 2 CICH,CH.CI 83
7 1 1 2 acetone Trace
8 1 1 2 ethyl acetate 25
9 1 1 2 DMF (100 °C) 80
10 1 1 2 DMSO (100 °C) 72
11 1 1 2 H.O 82
12 1 1 15 H,O 46
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13 1 1 2.5 H.O 80

14 1 0.5 2 H.,0 18
15 1 15 2 H.,0 76
16° 15 15 3 H.,0 52
17t 1 1 2 H,O 70

®Reaction conditions: 1a (0.25 mmol), sodium p-toluenesulfinate, I, and PPhz in 2 mL
of solvent. "Isolated yield based on 1a. °2,3-bis-sulfenylindoles 4a was isolated in 22%
yield. “Under air.

With the optimal reaction conditions established, the reactions of variously substituted
indoles and sodium sulfinates were investigated to demonstrate the scope and generality of this
method. The results are summarized in Table 2. Sodium sulfinates 2a-2c reacted smoothly with
indole 1a to produce the corresponding 3-sulfenylated indoles (Table 2, 3aa-3ac). Indoles with
electron-donating substituents such as phenyl (Table 2, 3ba-3bd) and methyl (Table 2, 3ca-3cc
and 3da-3dc) gave higher yields in comparison to indole. Various functional groups, such as
methoxyl (Table 2, 3ea-3ec), fluoro (Table 2, 3fa-3fc), ester (Table 2, 3ha), and ketone (Table 2,
3ia), on the aromatic ring of indoles were well tolerated under the standard conditions. More
importantly, 3-sulfenylated indoles with ester (Table 2, 3ga-3gc) or amide (Table 2, 3ja) groups

on the heterocycle might be of anti-HIV activity. !

It should be noted that 7-azaindol and pyrrole
could also conduct this reaction smoothly to give the corresponding products 3la and 3ma in 83%
and 35% vyields, respectively. 2-Sulfenylated indole 3ka could be isolated in 53% yield when
3-methyl indole was used. Unfortunately, N-tosylindole could not be tolerated in this reaction,

indicating that this reaction involved a nucleophilic process of indoles.

Table 2 Synthesis of monosulfenylindole 3 with sodium sulfinate in water®

R*SO,Na2 R
R 2 2 A
X/ N H>O0, reflux N
X R
1 X=C,N
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3ja, 92% 3ka, 53%

3ma, 35%

3la, 83%
®Reaction condition: 1 (0.25 mmol), 2 (0.25 mmol), I, (0.25 mmol), PPh; (0.5 mmol), H,O (2 mL), Ar, reflux;
Isolated yield based on 1.

Compared to the extensive investigation on the synthesis of 3-sulfenylindoles, synthesis of
2,3-bis-sulfenylindoles is sparse. As far as we know, there are no reports in the literature
describing the direct 2,3-bis-sulfenylation of indoles using sodium sulfinates as sulfenylating
agents in aqueous medium. In the course of the optimization of reaction conditions, we noted that
a mixture of mono- and disulfenylindoles were yielded when indole reacted with 1.5 equiv.
sodium sulfinate in the optimal reaction conditions (Table 1, entry 16). Encouraged by this result,

we further investigated the reaction of indole with excess sodium sulfinate, hoping to provide a
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simple and convenient method for the synthesis of 2,3-bis-sulfenylindoles. Gratifyingly,
2,3-bis-sulfenylindoles 4 were obtained in moderate to excellent yields when indoles 1 were
subjected to 2.5 equiv. sodium sulfinates 2 under the otherwise similar reaction conditions. The

results are summarized in Table 3. The reaction tolerated a variety of indoles 1 and sodium
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sulfinates 2. Indole derivatives could be indole (Table 3, 4a-4c), N-methylindoles (Table 3, 4d-4f),
5-fluoroindole (Table 3, 4g-4i), 5-methoxylindole (Table 3, 4j-4l), methyl indole-5-carboxylate
(Table 3, 4m), and albeit N-tosylindole failed to participate in this reaction to give the desired
product 4. Several commercially available sodium sulfinates 2 such as sodium p-tolylsulfinate,
sodium phenylsulfinate and sodium p-chlorophenylsulfinate could conduct this reaction
successfully to give the desired products. The reaction of 3-sulfenylindole with sodium sulfinate
was also investigated, hoping to install two different sulfur groups on indole. However, a mixture
of two isomers was detected and it was difficult to isolate them from each other when the two

sulfur groups on indole were different.

Table 3 Synthesis of 2,3-bis-sulfenylindoles 4 with sodium sulfinate in water®

S—-R3
R! l,. PPh 1
Ny + R3SO,Na ———> N —5-R3
N H,O0, reflux N
|2 R2
1 R 2 4
Q 5 Q Q
Cl
S S
3 S §:>
@S @ \ s
N N N l}l
H H Me
4a, 89% 4b, 86%
° ’ 4c, 60% 4d, 57%
Cl
SR I <
S

m@

4f, 47%

Q

4e, 61%

"y
N
H
49,

94%
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#Reaction conditions: 1 (0.25 mmol), 2 (0.625 mmol), I, (0.625 mmol), PPh; (1.25 mmol), H,O (2 mL), A, reflux;

Isolated yield based on substrate 1.

To demonstrate the potential applications of the sulfenylation of indole, we scaled up the
reaction to 5 mmol (Scheme 1). The desired product 3-sulfenylindol 3j and 2,3-bis-sulfenylindole

4a could be afforded in 97% vyield (1.23 g) and 64% yield (1.16 g ), respectively.

O
mMe p-CH3CeH4SO,Na 2a (5 mmol) \
N l,, PPhg, H,0 N Me
H
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reflux, 24h H
1c (5 mmol) 3j, 97% (1.23 g)
Me
Q
©j\> p-CH3CgH4SO,Na 2a (12.5 mmol) S
N l,, PPhg, H,0 N_g
H reflux, 48h N
1a (5 mmol) H

4a, 64% (1.16 g)

Scheme 1 Gram-scale experiment

Based on the experimental results and the previous work !, a plausible reaction mechanism
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is shown in Scheme 2. Firstly, in the presence of I, and PPhs, sodium sulfinate 2 was reduced to
disulfide A, which was checked by GC-MS. Then A reacts with |, to give electrophilic sulfenyl
iodide B, which would attack to indole 1 to form intermediate C. Subsequent deprotonation of
intermediate C gives the desired monosulfenylated indole 3. The second sulfenylation of indole
might proceed by the similar mechanism of the reported literature.!**“° 28 product 4 might occur
by initial attack on the 3-position of the indole ring to give rise to 3,3-bis-substituted indolenium
intermediate D, followed by migration of one of the sulfide group from 3-position to 2-position to
generate an episulfonium species E. Finally, release proton of intermediate D affords

2,3-bis-sulfenylindole 4.

I,
RSO,Na —— R.__S.
2% pph, ST R

2 A
S
W e ©ﬁ -
N

1

R
S
(‘ -
N H N
H
3

Scheme 2 A plausible reaction mechanism for mono- and bis-sulfenylation of indole

Conclusions

In summary, we have developed a simple and convenient protocol to access
monosulfenylated and 2,3-bis-sulfenylated indoles in good to excellent yields. The method not
only could proceed without metal catalyst and organic solvent, but also has successfully employed
the stable, readily accessible and ordorless sodium sulfinate as sulfenylating agents. Compared to
the reported routes, this protocol displays broad substrate scope and several functional groups such
as methoxyl, fluoro, ester, ketone, and amide on indole rings are well tolerated. Moreover, the
reaction can be extended to 7-azaindole and pyrrole. Synthetically, the protocol could be scaled up

to 5 mmol with good efficiency, which makes this reaction practical and attractive.
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Experimental
General procedure for the synthesis of 3-sulfenylated indoles 3

Under argon atmosphere, a Schlenk flask equipped with a condenser was charged with 0.25
mmol of indole, 0.25 mmol of sodium sulfinate, 0.25 mmol (63.5 mg) of I,, 0.5 mmol (131 mg) of
PPhs and 2 mL of water. The reaction mixture was stirred at refluxing temperature until complete
consumption of starting material 1 (monitored by TLC) and then cooled to room temperature. The
reaction was quenched with saturated Na,S,03 (5 mL) and extracted with ethyl acetate (3 x 10
mL). The organic extracts were dried over anhydrous Na,SO,. After filtration and removal of the
solvent in vacuo, the crude product was purified by flash column chromatography on silica gel
(ethyl acetate/petroleum ether = 1/10) to give product 3.

3-(p-Tolylthio)-1H-indole (3aa).B? White solid; m.p. 122-123 °C; *H NMR (300 MHz,
CDCly): 58.38 (s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.47-7.41 (m, 2H), 7.25 (t, J = 8.2 Hz, 1H), 7.15
(t, 3 = 7.4 Hz, 1H), 7.00 (g, J = 8.1 Hz, 4H), 2.24 (s, 3H); *C NMR (125 MHz, CDCl5): §136.9,
135.9, 135.2, 131.0, 130.0, 129.5, 126.7, 123.4, 121.3, 120.1, 112.1, 103.7, 21.3; IR (KBr): v (cm'l)
3423, 1492, 1453, 1405, 1335, 1239, 1098, 1007, 800, 746; HRMS (APCI) [M+H]": m/z calcd for
CisH14NS: 240.0841, found: 240.0849.

3-(Phenylthio)-1H-indole (3ab).®! White solid; m.p. 145-146 °C; '"H NMR (300 MHz,
CDCly): 68.43 (s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.50-7.43 (m, 2H), 7.29-7.25 (m, 1H), 7.19-7.05
(m, 6H); BC NMR (125 MHz, d6-DMSO): 0 140.1, 137.6, 133.3, 129.7, 129.5, 126.2, 125.6,
123.0, 121.0, 119.2, 113.2, 100.1; IR (KBr): v (cm'l) 3407, 1576, 1475, 1456, 1408, 1232, 1024,
746; HRMS (APCI) [M+H]": m/z calcd for C14H1,NS: 226.0685, found: 226.0682.

3-((4-Chlorophenyl)thio)-1H-indole (3ac).¥ White solid; m.p. 126-128 °C; *H NMR (300
MHz, CDCl3): &8.46 (s, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.49-7.40 (m, 2H), 7.30-7.28 (m, 1H),
7.20-7.00 (m, 5H); BC NMR (125 MHz, dG-DMSO): 0 139.3, 137.7, 133.5, 130.2, 129.6, 129.3,
127.7, 123.1, 121.1, 119.1, 113.3, 99.6; IR (KBr): v (cm'l) 3396, 1647, 1505, 1473, 1453, 1405,
1383, 1095, 1011, 811, 745; HRMS (APCI) [M+H]": m/z calcd for C14H1,CINS: 260.0295, found:
260.0298.
2-Phenyl-3-(p-tolylthio)-1H-indole (3ba).l*! Dark purple oil; *H NMR (300 MHz, CDCl5):

58.34 (s, 1H), 7.60 (d, J = 6.6 Hz, 2H), 7.52 (d, J = 7.5 Hz, 1H), 7.30-7.23 (m, 4H), 7.13 (t, J =
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7.1 Hz, 1H), 7.08-7.01 (m, 1H), 6.90-6.82 (m, 4H), 2.11 (s, 3H); *C NMR (125 MHz,CDCl,): &
142.5, 136.4, 136.2, 135.0, 131.9, 131.8, 130.3, 129.3, 129.2, 128.8, 126.3, 123.9, 121.7, 120.5,
111.9, 100.2, 21.5; IR (KBI): v (cm'l) 3404, 1488, 1442, 1395, 1324, 1084, 805, 741, 694; HRMS
(APCI) [M+H]": m/z calcd for C,1H1gNS: 316.1154, found: 316.1153.

2-Phenyl-3-(phenylthio)-1H-indole (3bb).E” Faint yellow oil; *H NMR (300 MHz, CDCly):
58.39 (s, 1H), 7.60 (d, J = 6.7 Hz, 2H), 7.53 (d, J = 7.8 Hz, 1H), 7.30-7.27 (m, 3H), 7.23 (s, 1H),
7.15 (t, J = 7.1 Hz, 1H), 7.08-7.00 (m, 5H), 6.95-6.90 (m, 1H); **C NMR (125 MHz,CDCly): &
142.6, 139.8, 136.4, 131.8, 131.6, 129.4, 129.3, 129.2, 128.7, 126.0, 125.2, 123.9, 121.7, 120.4,
111.8,99.7; IR (KBn): v (cm'l) 3407, 3057, 1581, 1477, 1452, 1442, 1397, 1320, 1297, 1224, 739,
693; HRMS (APCI) [M+H]": m/z calcd for C5H16NS: 302.0998, found: 302.0996.

3-((4-Chlorophenyl)thio)-2-phenyl-1H-indole (3bc). Brown oil; '"H NMR (300 MHz,

CDCl3): 58.49 (s, 1H), 7.66 (d, J = 6.7 Hz, 2H), 7.58 (d, J = 7.7 Hz, 1H), 7.41-7.34 (m, 4H), 7.23
(d, J = 8.0 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.08-7.05 (m, 2H), 6.98-6.96 (m, 2H); *C NMR (125
MHz,CDCly): 6142.7,138.4, 136.4, 131.7, 131.4, 130.9, 129.5, 129.4, 129.3, 128.6, 127.3, 124.0,
121.8, 120.3, 111.9, 99.3; IR (KBr): v (cm'l) 3407, 1476, 1452, 1444, 1087, 1008, 816, 740, 692;
HRMS (APCI) [M + H] : m/z calcd for CyoH1sCINS: 336.0608, found: 336.0616.

3-(Methylthio)-2-phenyl-1H-indole (3bd). Purple solid; m.p. 97-98 °C; *H NMR (300 MHz,
CDClg): 68.35 (s, 1H), 7.85 (t, J = 7.6 Hz, 3H), 7.51 (t, J = 7.3 Hz, 2H), 7.43-7.40 (m, 2H),
7.25-7.21 (m, 2H), 2.31 (s, 3H); *C NMR (125 MHz,CDCl5): 5140.2, 136.1, 132.4, 131.4, 129.1,
128.8, 128.6, 123.5, 121.1, 120.1, 111.6, 105.3 20.2; IR (KBr): v (cm'l) 3431, 1655, 1450, 1440,
1392, 1224, 772, 736, 696; HRMS (APCI) [M+H]": m/z calcd for CisH1;,NS: 240.0841, found:
240.0845.

2-Methyl-3-(p-tolylthio)-1H-indole (3ca).®! Yellow solid. m.p. 96-98 °C; 'H NMR (300
MHz, CDCls): §8.23 (s, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.33 (d, J = 7.9 Hz, 1H), 7.18-7.11 (m, 2H),
6.96 (s, 4H), 2.51 (s, 3H), 2.24 (s, 3H); *C NMR (125 MHz,CDCls): §141.6, 136.2, 135.9, 134.9,
130.8, 130.0, 126.3, 122.6, 121.1, 119.4, 111.3, 100.1, 21.3, 12.5; IR (KBr): v (cm'l) 3396, 1542,
1488, 1453, 1399, 1287, 1224, 1087, 800, 748; HRMS (APCI) [M+H]": m/z calcd for C;gH16NS:
254.0998, found: 254.0999.

2-Methyl-3-(phenylthio)-1H-indole (3cb).**! White solid; m.p. 113-114 °C. *H NMR (300

MHz, CDCl3): §8.25 (s, 1H), 7.54 (d, J = 7.1 Hz, 1H), 7.34 (d, J = 7.9 Hz, 1H), 7.25-7.12 (m, 4H),
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7.05-7.02 (m, 3H), 2.51 (s, 3H); *C NMR (125 MHz,CDCl3): §141.8, 139.8, 135.9, 130.8, 129.3,
126.0, 125.1, 122.7, 121.2, 119.4, 111.3, 99.6, 12.5; IR (KBr): v (cm™) 3404, 1657, 1636, 1561,
1476, 1457, 1437 1081, 743; HRMS (APCI) [M+H]*: m/z calcd for CisH1NS: 240.0841, found:
240.0846.

3-((4-Chlorophenyl)thio)-2-methyl-1H-indole (3cc).®? Yellow solid; m.p. 88-89 °C; 'H
NMR (300 MHz, CDCls): §8.16 (s, 1H), 7.42 (d, J = 7.7 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H),
7.14-7.00 (m, 4H), 6.86 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H); *C NMR (125 MHz,CDCl5): 5141.7,
138.4, 135.9, 130.7, 130.5, 129.2, 127.2, 122.8, 121.3, 119.2, 111.3, 99.3, 12.5; IR (KBr): v (cm'l)
3400, 1468, 1406, 1381, 1290, 1093, 1015, 803, 743; HRMS (APCI) [M+H]": m/z calcd for
CisH13CINS: 274.0452, found: 274.0445.

1-Methyl-3-(p-tolylthio)-1H-indole (3da). Yellow solid; m.p. 112-113 °C; *H NMR (500
MHz, CDCl): 67.52 (d, J = 8.0 Hz, 1H), 7.25 (d, J = 12.0 Hz, 1H), 7.19-7.16 (m, 2H), 7.09-7.04
(m, 1H), 6.92 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 3.66 (s, 3H), 2.13 (s, 3H); *C NMR
(125 MHz, CDCls): 6136.4, 134.9, 133.8, 133.4, 128.7, 128.4, 125.0, 121.4, 119.3, 118.7, 108.6,
100.0, 32.0, 19.8; IR (KBr): v (cm'l) 1487, 1330, 1257, 1229, 1081, 805, 741; HRMS (APCI)
[M+H]": m/z calcd for C16H16NS: 254.0998, found: 254.0996.

1-Methyl-3-(phenylthio)-1H-indole (3db). Yellow solid; m.p. 74-75 °C; *H NMR (300 MHz,
CDCly): §7.52 (d, J = 7.5 Hz, 1H), 7.28-7.20 (m, 3H), 7.06-7.01 (m, 5H), 6.94 (d, J = 6.0 Hz, 1H),
3.69 (s, 3H); BC NMR (75 MHz, CDClg): 6138.6, 136.5, 134.0, 128.7, 127.6, 124.6, 123.6, 121.5,
119.5, 118.6, 108.7, 99.3, 32.0; IR (KBr): v (cm'l) 1581, 1505, 1481, 1436, 1336, 1260, 1242, 738,
HRMS (APCI) [M + H] : m/z calcd for C1sH14NS: 240.0841, found: 240.0833.

3-((4-Chlorophenyl)thio)-1-methyl-1H-indole (3dc). Yellow solid; m.p. 115-116 °C; ‘H
NMR (300 MHz, CDCls): §7.57 (d, J = 7.6 Hz, 1H), 7.41-7.25 (m, 3H), 7.19-7.09 (m, 3H), 7.00
(d, J = 8.2 Hz, 2H), 3.85 (s, 3H); *C NMR (125 MHz, CDCls): 5 137.2, 136.5, 134.0, 129.3,
128.4, 127.6, 125.9, 121.6, 119.6, 118.5, 108.8, 98.9, 32.1; IR (KBr): v (cm'l) 1508, 1475, 1369,
1242, 1008, 811, 747; HRMS (APCI) [M+H]": m/z calcd for CisH13CINS: 274.0452, found:
274.0460.

5-Methoxy-3-(p-tolylthio)-1H-indole (3ea).®? Yellow oil; *"H NMR (300 MHz, CDCls): §
8.31 (s, 1H), 7.39 (d, J = 2.6 Hz, 1H), 7.27 (d, J = 8.8 Hz, 1H), 7.05-6.95 (m, 5H), 6.89 (m, 1H),

3.77 (s, 3H), 2.24 (s, 3H); *C NMR (125 MHz, CDCls): & 155.5, 136.0, 135.0, 131.8, 131.6,
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130.4, 129.9, 126.4, 113.9, 112.8, 103.1, 101.2, 56.2, 21.3; IR (KBr): v (cm™) 3415, 1484, 1288,
1204, 1169, 1030, 920, 806; HRMS (APCI) [M+H]": m/z calcd for C1sH1gNOS: 270.0947, found:
270.0938.

5-Methoxy-3-(phenylthio)-1H-indole (3eb).B Yellow solid; m.p. 76-78 °C; *H NMR (300
MHz, CDCl): §8.35 (s, 1H), 7.42 (d, J = 2.6 Hz, 1H), 7.30 (d, J = 8.8 Hz, 1H), 7.18-7.04 (m, 6H),
6.91 (m, 1H), 3.77 (s, 3H); °C NMR (125 MHz, CDCly): & 155.5, 139.8, 131.8, 130.4, 129.1,
126.0, 125.1, 114.0, 112.9, 102.5, 101.2, 56.2; IR (KBr): v (cm™) 3411, 1623, 1575, 1473, 1436,
1281, 1201, 1168, 1032, 737; HRMS (APCI) [M+H]": m/z calcd for C;sH1,NOS: 256.0791, found:
256.0785.

3-((4-Chloropheny)thio)-5-methoxy-1H-indole (3ec).®? White solid; m.p. 81-82 °C; *H
NMR (300 MHz, CDCl3): §8.41 (s, 1H), 7.43 (d, J = 2.6 Hz, 1H), 7.31 (d, J = 8.8 Hz, 1H),
7.13-7.10 (m, 2H), 7.01-6.98 (m, 3H), 6.92 (m, 1H), 3.79 (s, 3H); *C NMR (125 MHz, CDCly): &
155.6, 138.3, 131.8, 130.9, 130.1, 129.2, 127.3, 114.1, 113.0, 102.1, 101.1, 56.2; IR (KBr): v (cm™)
3357, 1472, 1278, 1207, 1158, 1087, 803; HRMS (APCI) [M+H]*: m/z calcd for C;sH;5CINOS:
290.0401, found: 290.0394.

5-Fluoro-3-(p-tolylthio)-1H-indole (3fa).B White solid; m.p. 129-130 °C; *H NMR (500
MHz, CDCl3): §8.39 (s, 1H), 7.51 (t, J = 2.6 Hz, 1H), 7.34 (m, 1H), 7.25-7.24 (m, 1H), 7.03-6.98
(m, 5H), 2.26 (s, 3H); *C NMR (125 MHz, d°-DMSO0): §158.5 (Jr.c = 232.4 Hz), 135.9, 135.2,
135.0, 134.2, 130.4, 130.2 (Jr.c= 9.9 Hz), 126.6, 114.5 (Jrc = 9.6 Hz), 111.2 (Jr.c= 26.0 Hz),
103.8 (Jr.c = 23.6 Hz), 101.2 (Jec= 4.5 Hz), 21.2; IR (KBr): v (cm™) 3419, 1484, 1261, 1157,
1088, 1026, 802; HRMS (APCI) [M+H]": m/z calcd for CysH1sFNS: 258.0747, found: 258.0745.

5-Fluoro-3-(phenylthio)-1H-indole (3fb).** White solid; m.p. 112-113 °C; 'H NMR (300
MHz, CDCl): §8.40 (s, 1H), 7.52 (d, J = 2.5 Hz, 1H), 7.35 (m, 1H), 7.27-7.23 (m, 1H), 7.20-7.15
(m, 2H), 7.10-6.97 (m, 4H); *C NMR (125 MHz, d®-DMSO0): 6. 158.6 (Jr.c = 232.6 Hz), 139.7,
135.3, 134.2, 130.3 (Jr.c = 9.9 Hz), 129.8, 126.7, 125.8, 114.5 (Jr.c= 9.7 Hz), 111.3 (Jpc= 25.9
Hz), 103.8 (Je.c = 23.7 Hz), 100.4 (Jr.c = 4.5 Hz); IR (KBr): v (cm™) 3415, 1573, 1484, 1449,
1262, 1155, 1023, 813, 734; HRMS (APCI) [M+H]": m/z calcd for C1,H1;FNS: 244.0591, found:
244.0593.

3-((4-Chlorophenyl)thio)-5-fluoro-1H-indole (3fc). White solid; m.p. 124-126 °C; *H NMR

(300 MHz, CDCls): 58.44 (s, 1H), 7.53 (d, J = 2.6 Hz, 1H), 7.37 (m, 1H), 7.21 (m, 1H), 7.15-7.12

This article is protected by copyright. All rights reserved.



Accepted Article

(m, 2H), 7.05-6.98 (m, 3H); *C NMR (125 MHz,d®-DMSO): & 158.6 (Jr.c = 232.8 Hz), 138.9,
135.5, 134.2, 130.4, 130.0 (Jr.c= 9.9 Hz), 129.7, 127.8, 114.6 (Jr.c= 9.6 Hz), 114.4 (Jr.c= 25.9
Hz), 103.7 (Je.c = 23.7 Hz), 99.9 (Jec = 16.9 Hz); IR (KBr): v (cm™) 3422, 1485, 1475, 1264,
1161, 1090, 1026, 865, 806; HRMS (APCI) [M+H]": m/z calcd for CyH;oCIFNS: 278.0201,
found: 278.0195.

Ethyl 3-(p-tolylthio)-1H-indole-2-carboxylate (3ga). White solid; mp 116-117 °C; *H NMR
(500 MHz, CDCly): §9.50 (s, 1H), 7.59 (d, J = 8.1 Hz, 1H), 7.42 (d, J = 8.3 Hz, 1H), 7.33 (t, J =
7.5 Hz, 1H), 7.13-7.10 (m, 3H), 6.98 (d, J = 8.0 Hz, 2H), 4.41 (q, J = 7.1 Hz, 2H), 2.25 (s, 3H),
1.33 (t, J =7.2 Hz, 3H); BC NMR (125 MHz, CDCl3): 6162.0, 136.3, 135.7, 134.5, 130.4, 129.9,
128.9, 128.3, 126.4, 122.2, 121.7, 112.5, 111.8, 61.9, 21.4, 14.7; IR (KBr): v (cm'l) 3314, 1677,
1505, 1490, 1329, 1253, 812, 744; HRMS (APCI) [M+H]": m/z calcd for C1gH1gNO,S: 312.1053,
found: 312.1058.

Ethyl 3-(phenylthio)-1H-indole-2-carboxylate (3gb). White solid; mp 113-114 °C; 'H
NMR (500 MHz, CDCls): §9.54 (s, 1H), 7.62 (d, J = 8.6 Hz, 1H), 7.44 (d, J = 8.3 Hz, 1H), 7.34 (t,
J=7.2Hz, 1H), 7.17-7.15 (m, 4H), 7.14-7.12 (m, 1H), 7.09-7.06 (m, 1H), 4.40 (q, J = 7.1 Hz, 2H),
1.30 (t, J = 7.2 Hz, 3H); ®*C NMR (125 MHz, CDCl3): §161.9, 138.4, 136.3, 130.5, 129.2, 129.1,
127.6, 126.5, 125.7, 122.1, 121.9, 112.6, 110.9, 61.9, 14.6; IR (KBr): v (cm™) 3316, 1674, 1508,
1493, 1331, 1261, 807, 742; HRMS (APCI) [M+H]": m/z calcd for Cy7H3sNO,S: 298.0896, found:
298.0893.

Ethyl 3-((4-chlorophenyl)thio)-1H-indole-2-carboxylate (3gc). White solid; mp 134-135
°C; 'H NMR (500 MHz, CDCl3): §9.47 (s, 1H), 7.60 (d, J = 8.2 Hz, 1H), 7.46 (d, J = 8.3 Hz, 1H),
7.38-7.35 (m, 1H), 7.18-7.12 (m, 3H), 7.09-7.06 (m, 2H), 4.40 (q, J = 7.2 Hz, 2H), 1.33 (t, J=7.1
Hz, 3H); *C NMR (125 MHz, CDCl;): §161.6, 137.0, 136.2, 131.5, 130.3, 129.3, 129.2, 128.8,
126.7, 122.1, 121.9, 112.6, 110.2, 61.9, 14.6; IR (KBr): v (cm™") 3298, 1682, 1511, 1476, 1333,
1257, 809, 749; HRMS (APCI) [M+H]": m/z calcd for Cy;HisCINO,S: 332.0507, found:
332.0510.

Methyl 3-(p-tolylthio)-1H-indole-5-carboxylate (3ha). White solid; mp 166-167 °C; ‘H
NMR (500 MHz, CDCls): §8.73 (s, 1H), 8.40 (s, 1H), 7.98-7.96 (m, 1H), 7.53 (d, J = 2.5 Hz, 1H),
7.44 (d, J = 8.6 Hz, 1H), 7.04-6.98 (m, 4H), 3.90 (s, 3H), 2.25 (s, 3H); *C NMR (125 MHz,

CDCl3): 6168.4, 139.5, 135.5, 135.4, 132.3, 130.0, 129.3, 126.8, 124.8, 123.4, 122.9, 111.8, 105.8,
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52.4, 21.3; IR (KBr): v (cm™) 3285, 1692, 1612, 1292, 1209, 804, 744; HRMS (APCI) [M+H]":
m/z calcd for C;7;H16NO,S: 298.0896, found: 298.0891.

1-(3-(p-Tolylthio)-1H-indol-5-yl)ethanone (3ia). White solid; mp 144-145 °C; 'H NMR
(500 MHz, CDCl5): §9.06 (s, 1H), 8.25 (s, 1H), 7.94-7.92 (m, 1H), 7.54 (d, J = 2.5 Hz, 1H), 7.46
(d, J = 8.6 Hz, 1H), 7.05-6.98 (m, 4H), 2.62 (s, 3H), 2.25 (s, 3H); *C NMR (125 MHz, CDCly): &
199.2, 139.7, 1355, 135.3, 132.5, 131.1, 130.0, 129.2, 127.0, 123.4, 122.3, 112.2, 106.1, 27.1,
21.3; IR (KBr): v (cm™) 3258, 1660, 1612, 1358, 1277, 907, 801; HRMS (APCI) [M+H]": m/z
calcd for C17HsNOS: 282.0947, found: 282.0948.

3-(p-Tolylthio)-1H-indole-2-carboxamide (3ja). White solid; mp 102-103 °C; 'H NMR
(500 MHz, CDCl3): §10.45 (s, 1H), 8.29 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.3 Hz,
1H), 7.35-7.32 (m, 1H), 7.18-7.15 (m, 1H), 7.03-6.99 (m, 4H), 6.26 (s, 1H), 2.25 (s, 3H); °C
NMR (125 MHz, CDClg): 6 163.3, 136.4, 135.9, 132.9, 132.7, 130.6, 130.3, 127.1, 126.0, 122.1,
121.3, 113.0, 104.3, 21.3; IR (KBr): v (cm'l) 3182, 1647, 1564, 1486, 1348, 799, 744; HRMS
(APCI) [M+H]": m/z calcd for Cy6H15 N,OS: 283.0900, found: 283.0904.

3-methyl-2-(p-tolylthio)-1H-indole (3ka). white solid; m.p. 79-81 °C; 'H NMR (300 MHz,
CDCly): 67.93 (s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.29-7.20 (m, 2H), 7.17-7.11 (m, 1H), 7.04-6.97
(m, 4H), 2.40 (s, 3H), 2.27 (s, 3H); *C NMR (125 MHz, CDCl;): §136.8, 135.8, 133.2, 129.8,
128.5, 127.1, 123.3, 122.2, 119.5, 119.3, 110.8, 20.9, 9.4; IR (KBr): v (cm™) 3380, 1716, 1699,
1683, 1656, 1049, 676; HRMS (ESI) [M+H]": m/z calcd for CisH1sNS: 254.0998, found:
254.1004.

3-(p-Tolylthio)-1H-pyrrolo[2,3-b]pyridine (3la). White solid; mp 151-152 °C; 'H NMR
(500 MHz, CDCls): 612.48 (s, 1H), 8.40 (d, J = 4.3 Hz, 1H), 7.95 (d, J = 7.7 Hz, 1H), 7.70 (s,
1H), 7.15-7.12 (m, 1H), 7.04-6.70 (m, 4H), 2.25 (s, 3H); *C NMR (125 MHz, CDCls): §149.7,
143.4, 135.5, 135.4, 132.3, 130.0, 129.0, 126.9, 122.7, 117.1, 102.3, 21.3; IR (KBr): v (cm™) 3127,
1493, 1407, 1271, 797, 764, 512; HRMS (APCI) [M+H]": m/z calcd for C14H13N,S: 241.0794,
found: 241.0795

2-(p-Tolylthio)-1H-pyrrole (3ma). colorless oil; *H NMR (500 MHz, CDCl5): §8.38 (s, 1H),
7.06-7.05 (m, 2H), 7.02-7.00 (m, 2H), 6.98-6.97 (m, 1H), 6.84-6.82 (m, 1H), 6.31-6.30 (m, 1H),
2.26 (s, 3H); *C NMR (125 MHz, CDCls): & 137.1, 134.9, 129.8, 126.6, 124.1, 119.7, 114.8,

110.0, 21.2; IR (KBr): v (cm™) 3419, 1486, 1041, 927, 806; HRMS (APCI) [M+H]": m/z calcd for
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C11H12NS: 190.0685, found: 190.0686.

General procedure for the synthesis of 2,3-bis-sulfenylated indoles 4

A Schlenk flask equipped with a condenser was charged with 0.25 mmol of indole, 0.625
mmol of sodium sulfinate, 0.625 mmol (159 mg) of I,, 1.25 mmol (327 mg) of PPhz and 2 mL of
water under argon atmosphere. The reaction mixture was stirred at refluxing temperature until
complete consumption of starting material 1 (monitored by TLC) and then cooled to room
temperature. The reaction was then quenched with saturated Na,S,03 (5 mL) and extracted with
ethyl acetate (3 x 10 mL). The organic layer was dried over anhydrous Na,SO,. After filtration
and removal of the solvent in vacuo, the crude product was purified by flash column
chromatography on silica gel (ethyl acetate/petroleum ether = 1/10) to give product 4.

2,3-Bis-(p-tolylthio)-1H-indole (4a).” Yellow oil; *"H NMR (300 MHz, CDCls): §8.23 (s,
1H), 7.57 (d, J = 7.7 Hz, 1H), 7.29-7.18 (m, 4H), 7.15-7.02 (m, 5H), 6.96 (d, J = 7.9 Hz, 2H), 2.31
(s, 3H), 2.24 (s, 3H); ®*C NMR (125 MHz, CDCl3): §138.2, 137.1, 135.3, 135.0, 134.9, 131.2,
130.6, 130.5, 130.4, 129.9, 127.3, 123.9, 121.5, 120.1, 111.3, 108.7, 21.5, 21.3; IR (KBr): v (cm™?)
3392, 1490, 1442, 1393, 1337, 1332, 1229, 1084, 1013, 804, 742; HRMS (APCI) [M+H]": m/z
calcd for C,oHooNS,: 362.1032, found: 362.1040.

2,3-Bis-(phenylthio)-1H-indole (4b).”?! White solid; m.p. 85-86 °C; 'H NMR (300 MHz,
CDCly): 68.37 (s, 1H), 7.61 (d, J = 7.9 Hz, 1H), 7.35-7.21 (m, 7H), 7.18-7.06 (m, 6H); *C NMR
(125 MHz, CDClg): §138.5, 137.3, 134.9, 134.0, 130.4, 130.1, 129.8, 129.2, 127.7, 127.0, 125.6,
124.3,121.7, 120.4, 111.7, 109.6; IR (KBr): v (cm™) 3384, 1580, 1480, 1442, 1227, 1083, 1019,
751; HRMS (APCI) [M+H]": m/z calcd for CyH16NS,: 334.0719, found: 334.0718.

2,3-Bis-((4-chlorophenyl)thio)-1H-indole (4c). Yellow solid; m.p. 68-69 °C; 'H NMR (300
MHz, CDCl3): 68.45 (s, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.36-7.24 (m, 2H), 7.19-7.07 (m, 7H), 6.98
(d, J = 8.5 Hz,2H); C NMR (125 MHz, CDCl3): § 137.3, 136.9, 133.8, 133.3, 133.2, 131.5,
131.1,130.1, 129.9, 129.2, 128.3, 124.7, 122.0, 120.3, 111.8, 109.9; IR (KBr): v (cm™) 3407, 1473,
1437, 1390, 1339, 1226, 1089, 1006, 811, 741; HRMS (APCI) [M+H]": m/z calcd for
C20H14CI,NS;,: 401.9939, found: 401.9942.

5-Fluoro-2,3-bis-(p-tolylthio)-1H-indole (4d). White solid; m.p. 128-130 °C; *H NMR (300

MHz, CDCly): §8.14 (s, 1H), 7.28-7.25 (m, 2H), 7.22-7.19 (m, 2H), 7.11 (d, J = 7.9 Hz, 2H),
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7.04-6.90 (m,5H), 2.33 (s, 3H), 2.26 (s, 3H); *C NMR (125 MHz, d°-DMSO0): & 158.6 (Je.c =
233.7 Hz), 137.5, 136.3, 135.6, 134.8, 134.7, 131.8, 130.9, 130.6 (Jrc= 9.9 Hz), 130.5, 129.3,
127.3, 114.3 (Jr.c= 9.5 Hz), 112.5 (Jr.c= 26 Hz), 108.2 (Jr.c= 4.6 Hz), 104.2 (Je.c = 23.6 Hz),
21.4, 21.3; IR (KBr): v (cm™) 3442, 1489, 1433, 1259, 1100, 1024, 800; HRMS (APCI) [M+H]":
m/z calcd for C,,H1gFNS,: 380.0937, found: 380.0931.

5-Fluoro-2,3-bis-(phenylthio)-1H-indole (4e). White solid; m.p. 99-100 °C; *H NMR (300
MHz, CDCly): §8.34 (s, 1H), 7.29-7.28 (m, 4H), 7.25-7.19 (m, 3H), 7.17-7.05 (m, 5H), 7.02-6.95
(m, 1H); °C NMR (125 MHz, CDCls): & 159.1 (Je.c = 236.4 Hz), 138.0, 136.4, 134.0, 133.6,
131.3 (Jr.c=10.0 Hz), 130.7, 129.9, 129.2, 128.1, 127.0, 125.7, 112.7 (Jr.c = 26.4 Hz), 112.4 (Jrc
= 9.3 Hz), 108.9 (Jrc = 4.7 Hz), 105.2 (Jrc = 23.8 Hz); IR (KBr): v (cm™) 3381, 1581, 1490,
1474, 1435, 1278, 1156, 846, 803, 739; HRMS (APCI) [M+H]": m/z calcd for CyHisFNS,:
352.0624, found: 352.0626.

2,3-Bis-((4-chlorophenyl) thio)-5-fluoro-1H-indole (4f). White solid; m.p. 157-158 °C; ‘H
NMR (500 MHz, CDCl3): 6 8.42 (s, 1H), 7.28 (m, 1H), 7.23-7.17 (m, 5H), 7.12-7.11 (m, 2H),
7.04-7.00 (m, 1H), 6.98-6.96 (m, 2H); *C NMR (125 MHz,d>-DMSO0): §158.5 (Jr.c = 234.6 Hz),
137.5, 135.3, 134.9, 134.6, 132.5, 130.8, 130.7, 130.5 (Jr.c = 10.0 Hz), 130.2, 129.7, 128.3, 114.7
(Jrc=9.4 Hz), 113.1 (Jpc= 26.2 Hz), 107.7 (Jr.c= 4.6 Hz) 158.5 (Jr.c= 23.9 Hz); IR (KBr): v
(cm™) 3431, 1556, 1475, 1259, 1087, 1026, 803; HRMS (APCI) [M+H]": m/z calcd for
C20H13CI,FNS;: 419.9845, found: 419.9852.

5-Methoxy-2, 3-bis-(p-tolylthio)-1H-indole (4g). White solid; m.p. 142-143 °C; 'H NMR
(300 MHz, CDCls): 68.16 (s, 1H), 7.25-7.16 (m, 3H), 7.08-6.95 (m, 7H), 6.86 (m, 1H), 3.78 (s,
3H), 2.30 (s, 3H), 2.25 (s, 3H); *C NMR (125 MHz, d°-DMSO): & 155.3, 137.1, 135.4, 135.2,
133.9, 133.2, 132.7, 130.8, 130.5, 130.4, 129.3, 129.0, 114.6, 113.9, 107.9, 100.8, 56.1, 21.3, 21.2;
IR (KBr): v (cm™) 3396, 1624, 1488, 1421, 1284, 1208, 1172, 1014, 806; HRMS (APCI) [M+H]":
m/z calcd for Cy3H2,NOS,: 392.1137, found: 392.1133.

5-Methoxy-2, 3-bis-(phenylthio)-1H-indole (4h). White solid; m.p. 91-92 °C; 'H NMR (300
MHz, CDCly): §8.40 (s, 1H), 7.18-7.15 (m, 5H), 7.13-7.07 (m, 5H), 7.04-7.00 (m, 2H), 6.87 (m,
1H), 3.73 (s, 3H); *C NMR (125 MHz, CDCls): 5§155.6, 138.6, 135.1, 134.2, 132.4, 131.2, 129.8,
129.7,129.2, 127.5, 126.8, 125.5, 115.0, 112.7, 109.0, 101.4, 56.2; IR (KBr): v (cm™) 3373, 1623,

1580, 1487, 1425, 1281, 1205, 798; HRMS (APCI) [M+H]": m/z calcd for C»1H1sNOS,: 364.0824,
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found: 364.0818.

2,3-Bis-((4-chlorophenyl) thio)-5-methoxy-1H-indole (4i). White solid; m.p. 134-135 °C;
'H NMR (300 MHz, CDCl5): 58.38 (s, 1H), 7.27-7.22 (m, 1H), 7.19-7.06 (m, 6H), 6.98-6.92 (m,
4H), 3.79 (s, 3H); *C NMR (125 MHz, CDCly): §155.9, 136.9, 133.7, 133.5, 133.4, 132.2, 131.3,
131.1, 130.9, 129.8, 129.2, 128.0, 115.5, 112.7, 109.2, 101.1, 56.2; IR (KBr): v (cm™) 3307, 1633,
1579, 1474, 1425, 1289, 1165, 1087, 802; HRMS (APCI) [M+H]*: m/z calcd for C,,H1cCLNOS;:
432.0045, found: 432.0041.

1-Methyl-2,3-bis(p-tolylthio)-1H-indole (4j). Yellow oil; *H NMR (300 MHz, CDCly): &
7.65 (d, J = 7.4 Hz, 1H), 7.30-7.30 (m, 2H), 7.15 (t, J = 6.8 Hz, 1H), 7.02-6.91 (m, 8H), 3.75 (s,
3H), 2.23 (s, 3H), 2.22 (s, 3H); *C NMR (75 MHz, CDCl;): 5138.5, 136.3, 135.0, 134.9, 134.8,
132.3, 130.0, 129.5, 129.3, 128.0, 127.1, 123.9, 121.0, 120.4, 111.4, 110.2, 31.2, 21.1, 21.0; IR
(KBr): v (cm™) 1490, 1445, 1326, 1220, 1087, 1011, 805, 744; HRMS (APCI) [M+H]*: m/z calcd
for C,3H2,NS,: 376.1188, found: 376.1185.

1-Methyl-2,3-bis(phenylthio)-1H-indole (4k). White solid; m.p. 80-81 °C; 'H NMR (300
MHz, CDCl,): & 7.58 (d, J = 7.6 Hz, 1H), 7.31-7.22 (m, 2H), 7.09-7.01 (m, 8H), 6.96-6.94 (m,
3H), 3.69(s, 3H); *C NMR (75 MHz, CDCl5): §137.4, 134.8, 133.2, 128.1, 127.6, 126.3, 125.5,
125.1, 123.9, 122.9, 120.0, 119.3, 110.0, 109.2, 30.1; IR (KBr): v (cm™) 1584, 1472, 1451, 1326,
1226, 1154, 744, 684; HRMS (APCI) [M+H]": m/z calcd for CxHigNS,: 348.0875, found:
348.0871.

2,3-Bis((4-chlorophenyl)thio)-1-methyl-1H-indole (4l). White solid; m.p. 80-81 °C; 'H
NMR (300 MHz, CDCly): 6 7.56 (d, J = 7.5 Hz, 1H), 7.31-7.28 (m, 2H), 7.15-7.11 (m, 1H),
7.06-6.98 (m, 4H), 6.91-6.85 (m, 4H), 3.72 (s, 3H); *C NMR (75 MHz, CDCl5): §138.5, 136.9,
134.2, 133.9, 132.4, 131.0, 129.4, 129.0, 128.8, 128.7, 127.9, 124.4, 121.4, 120.2, 110.8, 110.4,
31.2; IR (KBr): v (cm™) 1475, 1333, 1232, 1081, 999, 808, 732; HRMS (APCI) [M+H]": m/z
calcd for C,1H16CIoNS,: 416.0096, found: 416.0094.

Methy! 2,3-bis(p-tolylthio)-1H-indole-5-carboxylate (4m). White solid; mp 172-173 °C; 'H
NMR (500 MHz, CDCls): 68.38 (s, 1H), 8.33 (t, J = 0.75 Hz, 1H), 7.91-7.89 (m, 1H), 7.28-7.26
(m, 3H), 7.11 (d, J = 8.0 Hz, 2H), 7.05-7.03 (m, 2H), 6.98 (d, J = 8.1 Hz, 2H), 3.88 (s, 3H), 2.33 (5,
3H), 2.25 (s, 3H); *C NMR (125 MHz, CDCls): 5168.0, 139.5, 138.8, 137.8, 135.5, 134.5, 132.0,

130.7, 130.3, 129.9, 129.1, 127.4, 125.0, 123.6, 122.4, 111.0, 108.9, 52.3, 21.4, 21.2; IR (KBIr): v
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(cm™) 3273, 1689, 1490, 1440, 1291, 1246, 976, 807; HRMS (APCI) [M+H]*: m/z calcd for

C24H22NO,S,: 420.1086, found: 420.1081.
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Metal free mono- and 2,3-bis-sulfenylation of indoles in water

with sodium sulfinates as a sulfur source

Changging Liu, Jian Fan, Manyi Wu, Jiahui Chen, Yiming Zhao, Meihua Xie*

An iodine-PPh; mediated sulfenylation of indoles in water with stable and odorless sodium
sulfinates as the sulfur source is described. The reaction could afford monosulfenylated indoles in
moderate to excellent yields under metal free conditions. Moreover, double C-H sulfenylation of
indoles at 2- and 3-positions has also been achieved by using excess sodium sulfinates under the

optimized reaction conditions.

1 S—-R*
R*SO,N N
(1Se02ui\7) - | _ N—R2 28 examples
R ) quiv. X~ N up to 98% yields
XIR I, PPhs R
] fl

N reflx S-R¢

R4802Na \
_ . > S—R#4 13 examples
X=CN (ZF'fz e_q:"") N up to 94% yields

R3
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