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An efficient synthesis oN-heterocyclic aryl sulfides via N#1,10-phenanthrolineatalyze:
direct sulfenylation reactions was reported. Irs ttéaction, heteroarenes such as indoles
pyrroles serve as nucleophiles by installing athiyl group at the C3 and C2 positiar
respectivelyWith readily accessible and free of unpleasanbroéthy
arylsulfinates as sulfur reagents, the metal-flgiedgzed direct sulfenylation df-heteroarene
has been developed. 3-Arylthio-indoles and 2-aigdfiyrroles derivative were obtained
moderate to excellent yields, even on gram scdle.r&action was general for a broad sampe
substrates and demonstrated good tolerance taetyvaf functional groups.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Sulfur-containing compounds are important strudtamatifs
that are widely present in various drugs, pesticidiemd
ingredients, and material molecult8. Therefore, effective
methods for formation of sulfur-carbon bonds haveerb

attracting attentiof.*” Indoles and pyrroles, as vital heterocyclic

structural skeletons, have been widely found in nahtu
compounds and valuable pharmacological dR1F&. Numerous
studies have shown that the introduction of sulfumtaining
groups into indole molecules increases both chdnsiracture
diversity and biological activity of the compourlts®
Therefore, the selective formation of carbon-sulf@¢S) bonds
of indoles has become an important field of orgahiemistry>*
“I'In recent years, direct sulfenylation of indolegtte synthesis
of 3-arylsulfinylindoles have been paid much aitemt Various
sulfur reagents such as arylsulfonyl chloritfé8” sodium
sulfinated*®*¥ sulfenyl halide$>* N-thioimides®®*® thiols®*-
"l disulfides®®” quinone mono-O,S-acetdi&®’ sulfonyl
hydrazided®*®¥ N-hydroxy sulfonamide§” sulfinic acids®"*?
and sulfonium salt§! have been employed for sulfenylation
reactions. Despite the significant advances of tgelfenylation,
most of the established protocols are suffered freome
disadvantages, including some sulfur agents whiehuasstable
to air and moisture, not readily available or haveunpleasant
odour, the use of metal catalysts, some of thesgtioms require
excess additives as well as high temperatures tat igroducts
unfriendly to the environment. To address sucheissit is highly
desirable to develop new sulfenylating agents arfitieit
reaction conditions for the sulfenylation l¢fheteroarenes.

In 2018, Yang co-workers reported an excellent catdhge
directed 3-sulfenylation to prepare 3-arylsulfingdoles, in
which the sulfinic esters were employed as readitgssible and
free of unpleasant odor sulfur reagents in theatsgy Gcheme
1a).°* However, this method still has certain deficiencies,
example: (i) this system only limits to the 3-suljation of
indoles and is not suitable for the 2-sulfenylatigrpyrroles; (ii)
the amount of indoles must be excessive, and thdtseshow the
sulfenylation of indoles is difficult to occur ime presence of
excessive aryl sulfinic esters; (iii) the 3-sulfe&tipn of indoles
afford the only 38-88% vyields for 12 h. As a cons=qe, the
development of efficient protocols for the sulfetion of N-
heteroarenes with good vyields, broad scope of satbstrand
shorter reaction times is highly desirahled remains a synthetic
challenge. Recently, we developed an efficient nebtfoy the
synthesis of sulfinic esters via the copper-catdyreaction of
sulfonyl hydrazides with alcohols in air, and vagaarylsulfinic
esters were obtained in good yieffsBased on our previous
work,*® “hwe herein describe a new strategy to access 3-arylthi
indoles and 2-arylthio-pyrroles by NIAL,10-phenanthroline
catalyzed direct sulfenylation oN-heteroarenes with ethyl
arylsulfinates $cheme 1b). The remarkable achievements of this
catalytic system are: (i) this method is not onlitable for the 3-
sulfenylation of indoles, but also for the 2-suiflation of
pyrroles; (ii) the direct sulfenylation ®-heteroarenes including
indoles and pyrroles proceeds smoothly in the peseof
slightly excessive aryl sulfinic esters to give thesired products
in 43-99% vyields; (iii) the reaction time was shogd to 6 h in
the presence of NJH1,10-phenanthroline as catalyst.
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B S whei 1T control experiment confirmed the essential actibrihe iodine
WS,A’ EtOH ‘(:.:\‘m 0 EtOH i catalyst (entry 15). Subsequently, the R group tiulest on the
N xS N T Aot ” N\ benzenesulfinate such as either methyh-@ropyl group 2b or

(1.8 equiv.) H 2c) was examined, a decrease in yield was observede@n6
] T work 35-88% yields » and 17). However, by employing-butyl group comparable
A s b e o 20% NHLI 7 results were obtained (95%, entry18). Finally, tombination of
N e I . m@p@ 1H-indole (0.3 mmol), ethyl benzenesulfinate (0.4 MmH,|
N ' TN ey N (20 mol%), 1,10-phenanthroline (10 mol%), HOAc (0.5)nat
43-86% yields 60-99% yields 100 °C for 6 h in 1,4-dioxane (2 mL) was found tothe optimal
Scheme 1. Sulfenylation ofN-heteroarenes. reaction conditions.
2 Results and Discussion 2.2. Scope and limitations of substrates
N . . With the optimized conditions in hand, the reaceope with
2.1. Optimization of the reaction conditions respect to substituted indoles was examin€dble 2). The
e ; i obtained results indicated that substituted indbkesring methyl
Table 1. Optimized reaction conditio dtet -
s-Ph and methoxy groups on the aromatic rings reacteti wihyl
\ . Q lodine source benzenesulfinatga affording productsb-3e in good yields. The
N PhSOR  SolventHOAG A introduction of halogens on the aromatic rings jes products
H 2 TPC, th N 3f-3h in good yields, which are potential substratesftother
1a, 0.3 mmol  2a, R = Et; 2b, R = Me 3a transition-metal-catalyzed functionalization. Novimus steric
2¢,R = n-Pr; 2d, R = n-Bu influence was observed when using 2- or 4-substitinéoles as
Entry 2 [(mol%) T Time  Solvent Yield(%9) substrates, giving desired producds3n in 52-91% vyields.
Notably, with H-indole-4-carbonitrile as the substrate, the
! 23 KI20) 8 10 DCE 45 product3j was obtained in 96% yield after 12 h. Furthermare,
2 2a NHJ(20) 80 10  DCE 59 the case of H-pyrrolo[2,3b]pyridine the product3o0 was
3 2a NH.(20) 80 10 DCE 66 provided in 64% yield at 120 °C. When 1-methii-ihdole was
e 2a NHJ(20) 80 10 DCE 82 re_ralt(:jteqr wi(ttha, thte (:esiLed prl;)dut(ﬁp was (gjrovi(zgidaj; Jf%
J yield. To demonstrate the robustness and pradtic is
s 22 NH(20) 80 10 DCE 68 method, a gram-scale reaction laf (5 mmol) and2a (6 mmol)
6 2a NH.(20) 80 10  DCE 82 was conducted affording the prodet(1.021 g) in 95% yield.
7 2a NHJ(20) 80 6 DCE 82 . .
a 4l(20) Table 2. Substrate scope of substituted inddtes
8 2a NHJ(20) 80 6 DCE 82 —— s-Ph
o e} mol% 4
9 2a NH,](20) 100 6 DCE 92 . g 10 mol% 1,10-phen. N\
106 2a  NHJ(20) 100 6 DMSO trace H Ph”~ “OEt 1,4-dioxane, N
11 2a NHJ(20) 100 6 DMF trace 1 2a HOAc, 100 °C, 6 h 3 H
1z 2a NH4|(20) 100 6 EtOH 34 3a, R =H, 98% (95%‘ 1.021 g)[b] _Ph
13 2a  NH4(20) 100 6 toluene 62 3b, R =5-Me, 87% S
14 2a NHJ(20) 100 6 14-dioxane 98 zz §= i'I\OAMeé 33?% \ j N
, = /-Me, %
15  2a - 100 6 1,4-dioxane  trace S-Ph 36 R=7-OMe, 81% NN
16° 2b  NH4J(20) 100 6 1,4-dioxane 68 B 3f R =6-F, 94% 30, 68%
17  2c NHJ(20) 100 6 1,4-dioxane 83 R N 3g,R = 5-Cl, 93% -
H 3h, R = 7-Br, 86% S~
18 2d  NH4(20) 100 6 1,4-dioxane 95 3i, R = 4-N0,,76% N\

3j, R = 4-CN, 78%(96%)!
3k, R = 4-CF3, 52% Me
3l, R=4-CO,Me, 77% 3p, 73%

3m, R =2-Me, 81%

3n, R = 2-Me,5-Cl, 91%

Optimization of the conditions utilized 3-sulfenytat of 1H- @ Reaction conditionst (0.3 mmol),2a (0.4 mmol), NHI (20 mol%), 1,10-
indole 1a (0.3 mmol) and ethyl benzenesulfina&a (0.6 mmol)  phenanthroline (10 mol%), 100 °C, 6 h, 1,4-dioxghenl), HOAC (0.5 mL).
as the model reaction, with 20 mol% KI as catalysB@°C in  The yields of isolated products are givéHa (5 mmol) and2a (6 mmol)
dichloroethane (DCE) as solventable 1). The preliminary  were usedt = 12 h9T = 120 °C.
reaction gave desired product 3-(phenylthiblHfhdole 3a in . ) .

45% yield after 10 h (entry 1). When NHwas used as the We _next |nve_st|gated t_he scope of_ substituted ethyl
catalyst, the produ@a was obtained in 59% vield (entry 2). By arylsulfinates. As indicated inTable 3, this protocol was
employing the 0.5 mL of HOAc, a 66% yield was observed@mMenable to ethyl arylsulfinates bearing eithecteta-donating
(entry 3). Additives such as 1,10-phenanthroline BRth were  ©OF €lectron-withdrawing substituents on the phenyg rileading
examined, respectively, 10 mol% of 1,10-phenaniheowas (O the desired product3g-4c in 75-99% yields.It should be
found to be the optimum choice (entries 4-6). A dase in both  noted that the substituent position had no sigaffieffect on the
the amount of2a (0.4 mmol) and reaction time (6 h) had no substrate activity. E_thyl naphthalene-2-su|f|natgs\ah;o sm_table
influence on the reaction yield (entries 7-8). Bgreasing the for this transformation and gave the prodddtin 82% yield.
temperature to 100 °C, the yietd 3a was improved to 92% Notably, the introduction of a methyl group at 2-gios on ethyl
(entry 9). Further screening of solvents reveahed 1,4-dioxane ~arylsulfinate, afforded the desired proddein 60% yield.

was the best choice (98% yield, entrydgl entries 10-13). A

[ Reaction conditionsta (0.3 mmol),2 (entries 1-7, 0.6 mmol; entries 8-18,
0.4 mmol), solvent (2 mL), HOAc (entries 3-17, Orh). ™isolated yield.
[91,10-phenanthroline (10 mol%d§! PPk (10 mol%)®1,10-phenanthroline
(20 mol%).

N




Table 3. Substrate scope of ethyl arysulfindfés

S—Ar
\ o 20 mol% NH,l
. & 10 mol% 1,10-phen. D
H Ar OEt 1,4-dioxane, H
o]
1a 2 HOAc, 100 °C, 6 h 3and 4

3q, R = 4-Me, 75%
3r, R = 4-Bu, 95%
3s, R = 4-OMe, 99%
R 3t, R = 4-F, 90%
3u, R=4-Cl, 94%
3v, R = 4-Br, 96%
3w, R =4-NO,, 80%
3x, R = 4-CF3, 96%
3y, R = 4-OCF3,, 89%
3z, R = 4-CN, 95%
4a, R = 3-Me, 83%
4b, R = 3-CF3, 95%
4c, R = 3-Br, 88%

[ Reaction conditionsta (0.3 mmol),2 (0.4 mmol), NHI (20 mol%), 1,10-
phenanthroline (10 mol%), 100 °C, 6 h, 1,4-dioxéhell), HOAc (0.5 mL).
The yields of isolated products are given.

N

L2 .

4d, 82%
Me

S
Co
N
H
S
N

H 4e,60%

To further expand the scope of this reaction, pgsovere
explored under the optimized conditions. As showmable 4, 1-
methyl-1H-pyrrole underwent reactions with various ethyl
arylsulfinates to generate the corresponding 1-yhéth
(arylthio)-1H-pyrroles products 4f-4m in 54-86% yields.
Moreover, H-pyrrole also underwent this transformation
smoothly, affording the desired products-4q with 48-66%
yields. In addition, 2-methylH-pyrrole was also suitable for this
transformation and gave the produitsdu in 43-70% yields.

Table 4. Substrate scope of pyrrof®s

. NH,I R
R'\/,\N' . Q 1,10-phenanthroline RSN
/ Ar/S\OEt 1,4-dioxane, = S,Ar
1 2 HOAc, 100 °C, 6 h 4
4f R = 4-F, 63%
NMe 2 4g, R = 4-Cl, 69%
@\ J;),—R 4h, R = 4-Br, 77% @Q"e
S 4i, R = 4-NO, 69% FNg
4, R = 4-CN, 86%
4Kk, R = 3-CF4, 66% Am, 54%
41, R = 3-Br, 68%
JNH  Z 4n, R = 4-Br, 66% /NH
_ TR 4o, R=4-NO, 56% —
S 4p, R = 3-Br, 62% S
4q, 48%
H
Me
N S
_— P 4s, R = 4-NO,, 70%
S 4at, 43%

BReaction conditionsl (0.3 mmol),2 (0.4 mmol), NHI (20 mol%), 1,10-
phenanthroline (10 mol%), 100 °C, 6 h, 1,4-dioxéhell), HOAc (0.5 mL).
The yields of isolated products are given.

this work, 63% yield
Scheme 2. Comparison of reaction systems.

Subsequently, to gain insight into the mechanisrser@es of
control experiments were performedclieme 3). With the
addition of radical scavenger TEMPO (3 equiv.) unstandard
reaction conditions, the 3-sulfenylation was not ptately
inhibited and still gave the desired prodat in 15% vyield.
Moreover, when hydroquinone and 2,6-di-tert-butyl-4-
methylphenol (BHT) as radical scavengers were ushd, t
reactions proceeded smoothly and gave yields of 608656%,
respectively. So we speculated that this may not lradical
mechanistic pathway Stheme 3a). When benzyl 4-methyl
benzenesulfinate as sulfur reagent was subjectétetstandard
conditions, the desired produBf was formed in 30% yield,
while 40% vyield of benzyl alcohol was also detectgddC-MS
(Scheme 3b). When only ethyl benzenesulfinate as substrate is
used, 1,2-dp-tolyldisulfane can be obtained in 26% yield under
normal reaction conditionsS¢heme 3c). Subsequently, the 1,2-
di-p-tolyldisulfane was employed instead of benzyl 4
methylbenzenesulfinate, the desired prod#zctvas obtained in
25% vyield, thus suggesting that this reaction mayolve a
mechanistic pathway of 1,2-di-p-tolyldisulfane fotina
(Scheme 3d). In addition, in the presence of HI (40% aqueous
solution), the target product was also obtained 986 lyield,
indicating that iodine anion isessential during 8asulfenylation
of indole Scheme 3e).

SPh
(0]
A I Standard conditions A\
[a] RN - . 3a
N Ph OEt TEMPO (3 equiv.), 15% N
1a H 2a Hydrochinone (3 equiv.), 56% H
BHT (3 equiv.), 60%
g—Tol
(0]
A\ I Standard conditions
[b] @ *_S. _——————— Ny +
N Tol”~“OCH,Ph GC-MS detection N PhCHZOH
1a H H
3q, 30% 43%
[c] @ Standard conditions h/S\S’Ph
Ph”~"OEt

26%
SPh

2a
N Standard conditions
[d (:E,} + ph/S\s’Ph - 3a, 25%
1a H

\ 0 SPh
le] @:} * oS okt ©[\$ 3a, 19%
N
1a 2a H

Iz __

20 mol% HI (40% aq.)
10 mol% 1,10-phen
1,4-dioxane,

HOAc, 100 °C, 6 h

Next, we compared our approach to Zhou and Yang et.&cheme 3. Control experiments

reported 3-sulfenylation of indoles using ethyl bemesulfinate

as the sulfur sourd®! and these results were summarized in

Scheme 2. When 1-methyl-H-pyrrole as substrate reacted with
ethyl benzenesulfinate in EtOH at 90 °C, the degmeduct4d

On the basis of the above investigatiorss, possible
mechanistic pathway is depicted Stheme 4. The reaction is
initiated by the protonation of ethyl arylsulfinateder acidic

was not observedStheme 2a). Instead, this reaction proceeds conditions and addition of iodine anion resultingintermediate

smoothly under our standard conditions to give tesired
product in 63% yield $cheme 2b). Therefore, the developed
catalytic system has a much wider substrate scoppaed to
above reported method.

(1), which subsequently goes through the loss of hanel to
form arylsulfinic iodide (). The intermediate I() is
successively reduced into the intermediaték) @nd (V) in the
presence of hydroiodic actf® Moreover, the aryl
hypoiodothioite (V) produces diaryl disulfide and elemental



4

iodine by reversible reaction. Next, the intermesligtV)
directly reacts with H-indole by electrophilic substitution to
afford the desired produ& In addition, H-pyrrol reacts with
the intermediate ) by electrophilic addition to produce the
desired product.

®
g H o Q—~,© oH
S, 8! — Ar—S-OEt
l -EtOH
HI Q
A~ S oH SN

(m (I

I2
HI 1

H S— Ar ) . | |
/§ Ar”
(V)ﬁ+ “ " H(Vl)
ArSSAr +1,
l H* l-HI
3 4

Scheme 4. Proposed mechanism.
3. Conclusions

In summary, we realized a NWL,10-phenanthroline direct
sulfenylation reaction oN-heteroarenes including indoles, and
pyrroles. In contrast to classical reactions, thaction features
remarkably metal-free conditions, readily availabkthyl
arylsulfinates as sulfur reagents, and facile ssith of 3-
arylthio-indoles and 2-arylthio-pyrroles. The goaéactivity,
broad substrate scope, and scalability of this oteBuggest that
this protocol can be a powerful alternative to thdsteng
methodologies for the synthesis of structurally edbe N-
heterocyclic aryl sulfides. Importantly, the grastale synthesis
was also accomplished.

4. Experimental Section
4.1. Materials and instruments

Unless otherwise noted, all synthetic steps were padgd
under air atmosphere using Schlenk tubes. The ialster
obtained from commercial sources were used withotthédu
purification. 1,4-Dioxane was distilled from Na/benkepone.
Melting points were determined with a fusiometer ame not
corrected.'H NMR and**C NMR spectra were recorded on a
Bruker Advance Il HD 400 MHz spectrometer in CRCI
solution. All chemical shifts were reported in pp felative to
the internal standard TMS (0 ppm).

4.2. General Procedure for the NH,l/1,10-Phenanthroline
Catalyzed direct sulfenylation of N-heteroarenes with ethyl
arylsulfinates

A Schlenk tube (25 mL) was charged with indole (Or8at),
ethyl arylsulfinate (0.4 mmol), NM (20 mol%), and 1,10-
phenanthroline (10 mol%). 1,4-Dioxane (2 mL) and HOBG (

Tetrahedron

acetate (5 mL x 3). The combined organic layers weed over
anhydrous MgS©and concentrated in vacuo. The crude was
purified by flash column chromatography with,@} (petroleum
ether/EtOAc) giving desired produ@a-z and4a-r.

4.3. 3-(Phenylthio)-1H-indole [ 3a] *®

White solid, mp 121.3-122.%; '"H NMR (400 MHz, CDCJ)
58.33 (s, 1H), 7.61 (d} = 8.0 Hz, 1H), 7.46-7.38 (m, 2H), 7.29-
7.22 (m, 1H), 7.15 (td) = 7.8, 3.2 Hz, 3H), 7.10 (d,= 6.8 Hz,
2H), 7.04 (t,J = 7.2 Hz, 1H);"®C NMR (101 MHz, CDG)) §
139.34, 136.61, 130.81, 129.22, 128.82, 125.97,9024.23.18,
121.04, 119.80, 111.71, 102.95.

4.4. 5-Methyl-3-(phenyithio)-1H-indole [ 3b] ©*

White solid, mp 160.9-161%C; '"H NMR (400 MHz, CDCJ)
5 8.19 (s, 1H), 7.32 (s, 1H), 7.27 (= 2.8 Hz, 1H), 7.18 (d] =
8.4 Hz, 1H), 7.08-7.03 (m, 2H), 7.02-6.92 (m, 4H), 2A813H);
¥C NMR (101 MHz, CDG)) ¢ 139.61, 134.87, 131.08, 130.47,
129.48, 129.20, 128.82, 125.72, 124.77, 119.20,4111.01.84,
21.55;

4.5. 5-Methoxy-3-(phenylthio)-1H-indole [ 3c] '

Pale yellow oil;"H NMR (400 MHz, CDCJ) & 8.38 (s, 1H),
7.40 (d,J = 2.8 Hz, 1H), 7.28 (d] = 8.8 Hz, 1H), 7.18-7.13 (m,
2H), 7.11-7.02 (m, 4H), 6.90 (dd,= 8.8, 2.8 Hz, 1H), 3.76 (s,
3H); °C NMR (101 MHz, CDGCJ) & 155.24, 139.46, 131.47,
130.08, 128.83, 125.77, 124.83, 113.71, 112.57,2402.00.90,
55.91.

4.6. 7-Methyl-3-(phenyithio)-1H-indole [ 3d] ©*

Blue oil; *H NMR (400 MHz, CDCJ) 5 8.28 (s, 1H), 7.45 (d,
J=7.2 Hz, 1H), 7.38 (s, 1H), 7.14-7.01 (m, 7H), 2.473H);
3C NMR (101 MHz, CDGJ) 5 139.36, 136.16, 130.57, 128.80,
128.77, 125.93, 124.87, 123.67, 121.16, 120.92,4B]17103.11,
16.54.

4.7. 7-Methoxy-3-(phenylthio)-1H-indole [ 3¢] "

Blue solid, mp 115.2-116.T; 'H NMR (400 MHz, CDCJ) &
8.62 (s, 1H), 7.40 (d] = 2.8 Hz, 1H), 7.20 (d] = 8.0 Hz, 1H),
7.17-6.99 (m, 6H), 6.68 (dJ = 7.6 Hz, 1H), 3.95 (s, 3H)1,3'C
NMR (101 MHz, CDC)) & 146.41, 139.48, 130.66, 130.31,
128.78, 127.16, 125.92, 124.82, 121.43, 112.31,140302.88,
55.54.

4.8. 6-Fluoro-3-(phenyithio)-1H-indole [ 3f] *¥

White solid, mp 161.7-162.%; 'H NMR (400 MHz, CDC))
5 8.36 (s, 1H), 7.50 (dd,= 8.8, 5.2 Hz, 1H), 7.46 (d,= 2.8 Hz,
1H), 7.19-7.14 (m, 2H), 7.13-7.04 (m, 4H), 6.91 (ddd; 9.6,
8.8, 2.0 Hz, lH),13C NMR (101 MHz, CDCJ) 5 161.80, 138.97,
136.59, 136.46, 131.02, 130.98, 128.89, 126.06,0829.20.80,
120.70, 110.03, 109.79, 103.42, 98.28, 98.01.

4.9. 5-Chloro-3-(phenyithio)-1H-indole [ 3g] "°%

White solid, mp 167.2-168°C; 'H NMR (400 MHz, CDC))
8 8.45 (s, 1H), 7.59 (dl = 1.6 Hz, 1H), 7.51 (d] = 2.8 Hz, 1H),
7.35(d,J = 8.4 Hz, 1H), 7.21 (dd} = 8.4, 2.0 Hz, 1H), 7.20-7.15
(m, 2H), 7.11-7.04 (m, 3H)**C NMR (101 MHz, CDG)) §
138.79, 132.15, 128.94, 126.00, 125.16, 123.70,6423.20.68,
119.20, 112.82, 112.50, 102.85.

mL) were added under a@atmosphere, the tube was sealed and4'10l 6-Bromo-3-(phenylthio)-1H-indole [ 3h] [100]

heated in an oil bath at 16C for 6 h. The crude mixture was
allowed to cool to room temperature. Then, ethyltateeand
saturated aqg. solution of NaCl (5 mL) were addedtaedayers
separated. The aqueous phase was washed three tithexthvyi

White solid, mp 160.9-161.%; 'H NMR (400 MHz, CDC))
8 8.43 (s, 1H), 7.56 (dl = 1.2 Hz, 1H), 7.47-7.40 (m, 2H), 7.27-
7.22 (m, 1H), 7.19-7.12 (m, 2H), 7.07 @3= 8.0 Hz, 3H):"*C



NMR (101 MHz, CDC})) & 138.81, 137.35, 131.26, 128.90,
128.12, 126.06, 125.14, 124.40, 121.11, 116.79.,691403.57.

4.11. 4-Nitro-3-(phenylthio)-1H-indole [ 3i]

Yellow solid, mp 148.7-149.5C; 'H NMR (400 MHz,
CDCl) 5 9.14 (s, 1H), 7.73 (d] = 7.6 Hz, 1H), 7.68 (d] = 8.0

5
White solid, mp 137.6-138.8C; 'H NMR (400 MHz,
CDCly) 6 8.35 (s, 1H), 7.61 (dl = 8.0 Hz, 1H), 7.47 (d] = 2.0
Hz, 1H), 7.42 (dJ = 8.0 Hz, 1H), 7.28-7.23 (m, 2H), 7.18-7.13
(m, 1H), 7.03 (dJ = 8.4 Hz, 2H), 6.97 (d] = 8.0 Hz, 2H), 2.24
(s, 3H);®*C NMR (101 MHz, CDGCJ) § 136.59, 135.60, 134.77,
130.53, 129.61, 129.25, 126.39, 120.96, 119.84,651.1.03.68,

Hz, 1H), 7.58 (dJ = 2.4 Hz, 1H), 7.34-7.26 (m, 1H), 7.20-7.13 21.00.

(m, 2H), 7.13-7.02 (m, 3H)**C NMR (101 MHz, CDG)) &
143.47, 139.15, 138.98, 135.07, 128.90, 127.01,5125.22.09,
120.29, 117.97, 117.07, 103.63.

4.12. 3-(Phenylthio)-1H-indole-4-carbonitrile [ 3j] ™%

White solid, mp 156.3-158.C; H NMR (400 MHz, DMSO-
ds) 6 12.33 (s, 1H), 8.05 (d,= 2.8 Hz, 1H), 7.86 (dd] = 8.4, 0.8

4.20. 3-((4-(Tert-butyl)phenyl)thio)-1H-indole [ 3r] ©%

Pale yellow solid, mp 153.4-153°€; 'H NMR (400 MHz,
CDCly) 6 8.34 (s, 1H), 7.64 (d] = 8.0 Hz, 1H), 7.46-7.39 (m,
2H), 7.28-7.23 (m, 1H), 7.20-7.15 (m, 3H), 7.07-7.@8 @H),
1.24 (s, 9H)1,3C NMR (101 MHz, CDCJ)) & 147.95, 136.45,
135.73, 130.59, 130.35, 129.28, 125.79, 122.99,842119.74,

Hz, 1H), 7.58 (dd,) = 7.6, 0.8 Hz, 1H), 7.39-7.31 (m, 1H), 7.23 111.55, 34.32, 31.32.

(t, J = 7.6 Hz, 2H), 7.13-7.01 (m, 3H}*C NMR (101 MHz,

4.21. 3-((4-Methoxyphenyl)thio)-1H-indole [35] ¥

DMSO-de) § 139.52, 137.13, 136.51, 128.90, 127.70, 127.47,

125.55, 125.01, 122.16, 117.76, 117.74, 101.0869.
4.13. 3-(Phenylthio)-4-(trifluoromethyl)-1H-indole [ 3K]

White solid, mp 190.2-190%; ‘*H NMR (400 MHz, CDC))
88.70 (S, 1H), 7.58 (dl = 8.0, 1H), 7.54 (d) = 8.0, 2H), 7.27 (t,
J=8.0, 1H), 7.14 (t) = 8.0, 2H), 7.03 (d] = 8.0, 2H).*C NMR

White solid, mp 138.0-138%; 'H NMR (400 MHz, CDC))
8 8.34 (s, 1H), 7.62 (dl = 8.0 Hz, 1H), 7.45-7.36 (m, 2H), 7.27-
7.20 (m, 1H), 7.16-7.09 (m, 3H), 6.75-6.71 (m, 2H)13(s,
3H);®C NMR (101 MHz, CDGCJ)) & 157.88, 136.56, 133.79,
130.14, 128.67, 123.05, 120.89, 119.76, 115.28,6014.11.64,
104.71, 55.46.

(101 MHz, CDC}) 6 140.51, 137.85, 135.11, 128.55, 125.64,4 9o 3-((4-Fluorophenyl)thio)-1H-indole [3{] [94]

124.64, 121.91, 119.74, 119.67, 119.61, 119.55,9B15.02.06.
F NMR (376 MHz, CDG)) 5 -57.58.

4.14. Methyl 3-(phenylthio)-1H-indole-4-carboxylate [ 3l]

White solid, mp 188.2-188%; '"H NMR (400 MHz, CDCJ)
89.14 (S, 1H), 7.47 (d = 8.0, 2H), 7.39 (s, 1H), 7.22 (t= 8.0,
1H), 7.12 (tJ = 8.0, 2H), 7.02 (&) = 8.0, 3H), 3.58 (s, 3H}C
NMR (101 MHz, CDC)) & 169.63, 140.18, 137.57, 133.91,
128.61, 125.60, 125.38, 125.24, 124.64, 122.20,102215.21,
101.98, 51.97.

4.15. 2-Methyl-3-(phenylthio)-1H-indole [ 3m] *°%!

White solid, mp 118.3-1208C; 'H NMR (400 MHz, CDC))
8 8.16 (s, 1H), 7.54 (dl = 7.6 Hz, 1H), 7.29 (d] = 8.0 Hz, 1H),
7.21-7.14 (m, 2H), 7.14-7.08 (m, 3H), 7.05-6.99 (i),2.45 (s,
3H); ®C NMR (101 MHz, CDG)) & 141.29, 139.45, 135.54,
130.38, 128.80, 125.58, 124.62, 122.27, 120.79,0619.10.79,
99.35, 12.24.

4.16. 5-Chloro-2-methyl-3-(phenylthio)-1H-indole [3n] "”

White solid, mp 135.9-136.°C; 'H NMR (400 MHz, CDC))
8 8.28 (s, 1H), 7.51 (d] = 2.0 Hz, 1H), 7.23 (t, 1H), 7.19-7.09
(m, 3H), 7.08-6.98 (m, 3H), 2.48 (s, 3HJC NMR (101 MHz,
CDCl;) 6 142.84, 138.94, 133.88, 131.73, 128.92, 126.73,612
124.87,122.61, 118.59, 111.81, 99.47, 12.33.

4.17. 3-(Phenylthio)-1H-pyrrolo (2,3-b) pyridine [30] %%

Pale yellow solid, mp 147.6-147°C; '"H NMR (400 MHz,
CDCly) 8 11.67 (s, 1H), 8.41 (dd,= 4.8, 1.2 Hz, 1H), 7.95 (dd,
=7.6, 1.2 Hz, 1H), 7.70 (s, 1H), 7.22-7.12 (m, 3H}477.03 (m,
3H); °C NMR (101 MHz, CDG)) & 149.27, 143.45, 138.89,
132.02, 128.93, 128.67, 126.15, 125.21, 122.31,971@01.58.

4.18. 1-Methyl-3-(phenylthio)-1H-indole [ 3p] %%
White solid, mp 116.7-118%; *H NMR (400 MHz, CDCJ)

§7.66 (d,J = 8.0 Hz, 1H), 7.41-7.31 (m, 2H), 7.21-7.14 (m, 3H),

7.13-7.10 (m, 4H), 3.80 (s, 3H)’C NMR (101 MHz, CDG)) &
138.63, 135.96, 129.32, 128.79, 127.53, 126.72,3P26.24.12,
121.20, 120.52, 110.32, 31.25.

4.19. 3-(P-tolylthio)-1H-indole [ 3q] ¥

White solid, mp 148.5-149.0 odH NMR (400 MHz, CDCJ)
8 8.39 (s, 1H), 7.59 (dl = 8.0 Hz, 1H), 7.48-7.41 (m, 2H), 7.29-
7.24 (m, 1H), 7.19-7.14 (m, 1H), 7.11-7.06 (m, 2HB966.83
(m, 2H);130 NMR (101 MHz, CDGJ) 6 162.24, 159.81, 136.62,
134.15, 134.12, 130.62, 128.98, 128.05, 127.97,262321.10,
119.65, 115.98, 115.76, 111.76, 103.52.

4.23. 3-((4-Chlorophenyl)thio)-1H-indole [ 3u] 1**

White solid, mp 137.6-138%; 'H NMR (400 MHz, CDC))
8 8.39 (s, 1H), 7.57 (dl = 8.0 Hz, 1H), 7.48 (d] = 2.8 Hz, 1H),
7.44 (d,J = 8.4 Hz, 1H), 7.30-7.25 (m, 1H), 7.20-7.14 (m, 1H),
7.11 (d,J = 8.4 Hz, 2H), 7.01 (d] = 8.8Hz, 2H);"*C NMR (101
MHz, CDCL) & 137.92, 136.63, 130.84, 130.68, 128.92, 128.88,
127.23, 123.35, 121.20, 119.64, 111.80, 102.56.

4.24. 3-((4-Bromophenyl)thio)-1H-indole [ 3] ©*®

White solid, mp 149.5-151.%C; 'H NMR (400 MHz, CDCJ)
8 8.39 (s, 1H), 7.61-7.54 (m, 1H), 7.50-7.42 (m, 2HR177.23
(m, 3H), 7.22-7.13 (m, 2H), 6.95 (dd,= 8.8, 2.4 Hz, 2H)*C
NMR (101 MHz, CDCJ) & 138.65, 136.61, 131.76, 130.86,
128.88, 127.51, 123.35, 121.21, 119.62, 118.43,811102.36.

4.25. 3-((4-Nitrophenyl)thio)-1H-indole [ 3w] ™

Yellow solid, mp 121.2-121.7C; '"H NMR (400 MHz,
CDCL) & 8.71 (s, 1H), 8.02-7.96 (m, 2H), 7.58-7.45 (m, 3H),
7.36-7.26 (m, 1H), 7.23-7.15 (m, 1H), 7.15-7.08 (rhi);2"*C
NMR (101 MHz, CDCJ) & 150.00, 144.98, 136.72, 131.38,
128.54, 125.20, 123.98, 123.64, 121.51, 119.30,101200.19.

4.26. 3-((4-(Trifluoromethyl)phenyl )thio)-1H-indole [ 3x] ™!

White solid, mp 134.0-134%; '"H NMR (400 MHz, CDCJ)
8 8.46 (s, 1H), 7.56 (d] = 7.6 Hz, 1H), 7.49-7.43 (m, 2H), 7.37
(d, J = 8.4 Hz, 2H), 7.34-7.22 (m, 1H), 7.21-7.16 (m, 1HY37
(d, J = 8.2 Hz, 2H);"*C NMR (101 MHz, CDG)) & 136.67,
131.16, 128.86, 125.67, 125.63, 125.59, 125.55,30258.23.49,
121.35, 119.55, 111.91, 101.3% NMR (376 MHz, CDG)) 5 -
62.75.

4.27. 3-((4-(Trifluoromethoxy)phenyl)thio)-1H-indole [ 3y] !



6 Tetrahedron
Pale yellow solid, mp 122.3-125°C; '"H NMR (400 MHz,  117.72, 116.26, 116.04, 108.57, 34.12. HRMS (ESITG&Z
CDCly) & 8.49 (s, 1H), 7.59 (d] = 8.0 Hz, 1H), 7.50-7.41 (m, calculated for GH;;FNS (M + H)" 208.0591, found 208.0587.

2H), 7.31-7.25 (m, 1H), 7.21-7.15 (m, 1H), 7.08 Jd; 9.2 Hz, o - P [107]
2H). 6.99 (d.J = 8.4 Hz, 2H):™“C NMR (101 MHz, CDG) 5 4.35. 2-((4-Chlorophenyl)thio)-1-methyl-1H-pyrrole] 4g]

146.75, 146.73, 138.25, 136.66, 131.01, 128.95,0127123.36, Pale yellow liquid*H NMR (400 MHz, CDCJ): § 7.16 (d,J =
121.60, 121.59, 121.22, 119.58, 111.85, 10Z855NMR (376 8.8 Hz, 2H), 6.92-6.82 (m, 3H), 6.56 (dbi= 3.6, 1.6 Hz, 1H),
MHz, CDCE) 5 -62.17. 6.22 (dd,J = 3.6, 2.8 Hz, 1H), 3.54 (s, 3HJC NMR (101 MHz,
4.28. 4-((1H-indol-3-yl)thio)benzonitrile [37] [103] CDCly): &6 137.82, 131.14, 129.15, 126.91, 126.39, 119.91,

116.81, 108.69, 77.16, 34.12.
White solid, mp 165.9-166.°C; '"H NMR (400 MHz, CDC)) .
5 8.70 (s, 1H), 7.56-7.45 (m, 3H), 7.38 (d= 8.6 Hz, 2H), 7.30 +36- 2-((4-Bromophenyl)thio)-1-methyl-1H-pyrrole{4h]

(t,J=7.6 Hz, 1H), 7.18 (U = 7.6 Hz, 1H), 7.09 (d] = 8.8 Hz, Pale yellow liquid;'H NMR (400 MHz, CDCJ): § 7.31 (d,J =
2H); “C NMR (101 MHz, CDCJ) & 147.31, 136.70, 132.24, g g Hz, 2H), 6.89 (tJ = 2.2 Hz, 1H), 6.81 (d] = 8.8 Hz, 2H),
131.36, 128.63, 125.54, 123.55, 121.42, 119.34,2r1912.04, g6 (dd,J = 4.0, 2.0 Hz, 1H), 6.23 (8 = 3.2 Hz, 1H), 3.55 (s,
107.64, 100.27. 3H). “C NMR (101 MHz, CDG): & 138.56, 132.04, 127.20,
4.29. 3-(m-Tolylthio)-1H-indole [4a] £ 126.43, 119.95, 118.91, 116.64, 108.71, 77.16, B4HRMS
(ESI-TOF) m/z calculated for GH;;BrNNaS (M + Na)
White solid, mp 125.1-125.%; H NMR (400 MHz, CDCJ) 289.9610, found 289.9616.

5 8.37 (s, 1H), 7.62 (d] = 8.0 Hz, 1H), 7.49-7.40 (m, 2H), 7.25 N b .
(s, 1H), 7.19-7.14 (m, 1H), 7.03 &= 7.6 Hz, 1H), 6.98 (s, 1H), 37 2((3-Bromophenyljthio)-1-methyl-1H-pyrrolef4i]

6.91-6.83 (m, 2H), 2.22 (s, 3H)'C NMR (101 MHz, CDCJ) § Pale yellow liquid;*H NMR (400 MHz, CDC)): § 7.22-7.16
139.07, 138.59, 136.59, 130.77, 129.30, 128.71,612625.90, (m, 1H), 7.09-7.02 (M, 2H), 6.92—-6.82 (m, 2H), 6.57, (c= 3.6,
123.14, 123.12, 120.98, 119.83, 111.67, 103.0®1. 1.6 Hz, 1H), 6.23 (dd) = 3.6, 2.8 Hz, 1H), 3.55 (s, 3|—|53:C
4.30. 3-((3-(Trifluoromethyl)phenyl)thio)-1H-indole [ 4b] [94] NMR (101 MHz, CDC)): & 141.82, 130.36, 128.36, 128.08,

126.59, 124.07, 123.23, 120.17, 116.13, 108.80167734.15.
White solid, mp 107.5-108%; 'H NMR (400 MHz, CDC))  HRMS (ESI-TOF)m/z calculated for GH;BrNNaS (M + Na)’
§8.42 (s, 1H), 7.49 (dl = 7.9 Hz, 1H), 7.38 (d] = 2.6 Hz, 1H),  289.9610, found 289.9615.

7.37-7.29 (m, 2H), 7.22-7.16 (m, 2H), 7.13-7.05 (rhl);3"C 1 P N .
NMR (101 MHz, CDCl) & 141.11, 136.66, 131.18, 129.16, 4.38. 1-Methyl-2-((3-(trifluoromethyl)phenyl)thio)-1H-pyrrol €] 4]

128.90, 128.84, 123.39, 122.43, 122.38, 121.62,5821121.26, Pale yellow liquid:*H NMR (400 MHz, CDCJ): & 7.37-7.27
119.46,111.91, 101.51. (m, 2H), 7.22 (s, 1H), 7.05 (d,= 7.2 Hz, 1H), 6.92 (dd] = 2.4,
4.31. 3-((3-Bromophenyl)thio)-1H-indole [4c] 1.6 Hz, 1H), 6.59 (dd] = 3.6, 1.6 Hz, 1H), 6.25 (dd,= 3.6, 2.8

Hz, 1H), 3.56 (s, 3H)**C NMR (101 MHz, CDCJ)): § 141.14,
White solid, mp 117.8-118%; '"H NMR (400 MHz, CDCJ)  129.46, 128.58, 128.57, 126.72, 122.11, 122.07,0622.22.03,
8 8.34 (s, 1H), 7.58 (dl = 7.6 Hz, 1H), 7.41 (d] = 2.8 Hz, 1H), 122.02, 121.98, 120.31, 115.84, 108.94, 77.16, 134HRMS
7.40 (d,J = 8.4 Hz, 1H), 7.27-7.21 (m, 2H), 7.20-7.11 (m, 2H), (ESI-TOF) mVz calculated for GH;;F;NNaS (M + Na)
7.03-6.92 (m, 2H);"®C NMR (101 MHz, CDCJ) & 141.96, 280.0378, found 280.0379.
12550 19131 15012, 1288 12091 T SAAEAZ5 4001 ety 2 raphtlen 200 1o

4.32. 3-(Naphthalen-2-ylthio)-1H-indole [4d] [94] Colorless quuid;lH NMR (400 MHz, CDCJ): 6 7.74 (d,J =
8.0 Hz, 1H), 7.69 (d) = 8.4 Hz, 1H), 7.64 (d) = 8.0 Hz, 1H),

White solid, mp 188.2-188.%C; H NMR (400 MHz, CDC)) 7.45-7.35 (m, 2H), 7.33 (d,= 1.6 Hz, 1H), 7.13 (dd] = 8.8, 2.0
88.43 (s, 1H), 7.71 (dl = 7.2 Hz, 1H), 7.63 (t) = 8.4 Hz, 2H), Hz, 1H), 6.92 (tJ = 2.2 Hz, 1H), 6.63 (dd] = 3.6, 1.6 Hz, 1H),
7.55 (dd,J = 7.6, 5.0 Hz, 2H), 7.50-7.44 (m, 2H), 7.39-7.32 (m,6.27 (dd,J = 3.6, 2.8 Hz, 1H), 3.57 (s, 3HL)3C NMR (101 MHz,
2H), 7.30-7.25 (m, 2H), 7.14 @,= 7.4 Hz, 1H);13C NMR (101 CDCl): & 136.66, 133.95, 131.60, 128.72, 127.86, 127.12,
MHz, CDCk) 6 136.84, 136.68, 133.89, 131.47, 130.83, 129.25126.66, 126.26, 125.45, 124.34, 123.52, 119.83,3117108.61,
128.38, 127.81, 127.05, 126.46, 125.18, 124.91,612323.23, 77.16, 34.21.

121.10, 119.85, 111.73, 102.99. 4.40, 1-Methyl-2-((4-nitrophenyl)thio)-1H-pyrrole[41]
4.33. 3-((2,5-Dimethyl phenyl)thio)-1H-indole [ 4€] 1! _
Pale yellow solid, mp 82.6-83.%C 'H NMR (400 MHz,

Pale yellow solid, mp 135.8-136°€; 'H NMR (400 MHz, CDCly): 6 8.06 (d,J =8.8 Hz, 2H), 7.00 (d] =8.8 Hz, 2H), 6.98
CDCly) & 8.43 (s, 1H), 7.60 (d] = 8.0 Hz, 1H), 7.49-7.41 (m, (dd,J= 2.8, 2.0 Hz, 1H), 6.61 (dd,= 3.6, 1.6 Hz, 1H), 6.29 (dd,
2H), 7.30-7.24 (m, 2H), 7.19-7.13 (m, 1H), 7.01Jds 7.6 Hz, J = 3.6, 2.8 Hz, 1H), 3.58 (s, 3HYC NMR (101 MHz, CDCJ):
1H), 6.78 (d,J = 7.6 Hz, 1H), 6.57 (s, 1H), 2.45 (s, 3H), 2.04 (5,8 149.62, 145.40, 127.17, 124.99, 124.19, 120.57%.541
3H); **C NMR (101 MHz, CDCJ) & 137.87, 136.66, 135.95, 109.22, 77.16, 34.11. HRMS (ESI-TORyz calculated for
131.64, 130.80, 129.88, 129.46, 126.10, 125.60,082320.94, C.;H1;N,O,S" (M + H)" 235.0536, found 235.0541.

119.88, 111.66, 102.73, 21.20, 19.62. 4.41. 4-((1-Methyl-1H-pyrrol-2-yi)thio)benzonitrile] 4m]

4.34. 2-((4-Fluorophenyl)thio)-1-methyl-1H-pyrrol e[ 4f
( phenyl)thio) Y pyrrolef4f] Pale yellow liquid;'H NMR (400 MHz, CDCJ): & 7.46 (d,J =

Pale yellow quuid,lH NMR (400 MHz, CDCJ): 6 6.99-6.89 8.4 Hz, 2H), 7.01-6.91 (m, 3H), 6.58 (dds= 3.6, 1.6 Hz, 1H),
(m, 4H), 6.88-6.84 (m, 1H), 6.56 (d#i= 3.6, 1.6 Hz, 1H), 6.21 6.27 (dd,J = 3.6, 2.8 Hz, 1H), 3.56 (s, 3HJC NMR (101 MHz,
(t, J= 7.6 Hz, 1H), 3.55 (s, 3H}°C NMR (101 MHz, CDG)): 5  CDCl): & 147.02, 132.48, 127.01, 125.28, 120.49, 118.92,
162.40, 159.97, 133.99, 133.95, 127.70, 127.62,2026119.63, 114.66, 109.10, 108.40, 34.07. HRMS (ESI-T@#) calculated
for C;,H1N,S™ (M + H)" 215.0637, found 215.0639.



4.42. 2-((4-Nitrophenyl)thio)-1H-pyrrole [ 4n] %!

Yellow solid, mp 85.7-86.9C;'H NMR (400 MHz, CDC)): &
8.49 (s, 1H), 7.99 (dl = 9.2 Hz, 2H), 7.07—7.03 (m, 1H), 7.01 (d,
J = 9.2 Hz, 2H), 6.66—6.58 (m, 1H), 6.38 {or 3.0 Hz, 1H)*C
NMR (101 MHz, CDC)): 5 149.93, 145.23, 124.99, 124.06,
123.16, 119.85, 112.51, 111.186. 1

4.43. 2-(Naphthalen-2-ylthio)-1H-pyrrole[ 40]

2.

Colorless liquid;'H NMR (400 MHz, CDC)): & 8.31 (s, 1H), 3
7.74 (d,J = 8.0 Hz, 1H), 7.68 (d] = 8.4 Hz, 1H), 7.63 (d] = 8.0 a
Hz, 1H), 7.45-7.34 (m, 3H), 7.16 (dii= 8.4, 2.0 Hz, 1H), 6.99—
6.92 (m, 1H), 6.67-6.59 (m, 1H), 6.35 (= 3.0 Hz, 1H).*C 5.
NMR (101 MHz, CDC)): & 136.64, 133.85, 131.64, 128.69,
127.84, 127.16, 126.69, 125.56, 124.56, 123.92,062218.87, 6.
110.63. HRMS (ESI-TOF)Wz calculated for @H;,NS" (M + 7
H)" 226.0685, found 226.0686. 8.
4.44. 2-((4-Bromophenyl)thio)-1H-pyrrolef 4p] %

Pale yellow liquid;"H NMR (400 MHz, CDCJ): & 8.27 (s, 10.
1H), 7.30 (dJ = 8.8 Hz, 2H), 6.96-6.92 (m, 1H), 6.86 {ds 8.4 11.

Hz, 2H), 6.59-6.53 (m, 1H), 6.32 (@= 3.0 Hz, 1H)*C NMR

(101 MHz, CDCJ): 6 138.59, 131.98, 127.44, 122.26, 119.11, 12.

119.09, 114.94, 110.75. HRMS (ESI-TOFRjz calculated for

CiHiBINNaS (M + Na) 275.9453, found 275.9453. 13.

4.45. 2-((3-Bromophenyl)thio)-1H-pyrrole] 4q] 14.
Pale yellow liquid;"H NMR (400 MHz, CDCJ): & 8.28 (s, y 3

1H), 7.23-7.17 (m, 1H), 7.11 @,= 1.8 Hz, 1H), 7.05 ( = 7.8 o

Hz, 1H), 6.99-6.86 (m, 2H), 6.62-6.51 (m, 1H), 6.33)(g,3.0

Hz, 1H).”*C NMR (101 MHz, CDC): 5 141.85, 130.30, 128.50, 17.

128.31, 124.29, 123.17, 122.45, 119.34, 114.40,851HRMS s

(ESI-TOF) m/z calculated for GH;sBrNNaS (M + Na)
275.9453, found 275.9448. 19

4.46. 2-Methyl-5-(p-tolylthio)-1H-pyrrol e[ 4r]

20.
Pale yellow liquid;"H NMR (400 MHz, CDCJ): & 7.89 (s, 1
1H), 7.01 (d,J = 8.0 Hz, 2H), 6.96 (d] = 8.4 Hz, 2H), 6.43 (1] '
= 3.0 Hz, 1H), 5.99-5.90 (m, 1H), 2.26 (s, 3H), 2.28). °C 22.
NMR (101 MHz, CDCJ): 5 135.98, 135.27, 132.03, 129.75,
126.23, 119.21, 114.01, 108.36, 77.16, 20.98, 13HRMS 23.
(ESI-TOF) mVz calculated for GH,NS™ (M + H)" 204.0841,
found 204.0839.
4.47. 2-Methyl-5-((4-nitrophenyl)thio)-1H-pyrrole[ 4 24.
25.

Yellow solid, mp 76.5-76.%C;'H NMR (400 MHz, CDCJ): 6
8.18 (s, 1H), 7.98 (d] = 8.8 Hz, 2H), 7.02 (d) = 8.8 Hz, 2H),
6.49 (t,J = 3.0 Hz, 1H), 6.05 (] = 2.6 Hz, 1H), 2.32 (s, 3HYC

NMR (101 MHz, CDC)): ¢ 150.57, 145.12, 133.57, 124.87, 26.

123.99, 120.60, 110.08, 109.18, 13.42. HRMS (ESIJTO&
calculated for GH;;N,0,S" (M + H)" 235.0536, found 235.0539.

4.48. 2-Methyl-5-(naphthal en-2-ylthio)-1H-pyrrol e[ 4t]

27.
Pale yellow liquid;'"H NMR (400 MHz, CDCJ): & 7.97 (s, -
1H), 7.72 (dJ = 8.0 Hz, 1H), 7.66 (d] = 8.8 Hz, 1H), 7.63 (d] '
= 8.0 Hz, 1H), 7.46-7.42 (m, 1H), 7.42-7.32 (m, 2H)77dd,J 29,
= 8.8, 2.0 Hz, 1H), 6.51 (I = 2.8 Hz, 1H), 6.00 (&) = 2.6 Hz,
1H), 2.25 (s, 3H).”*C NMR (101 MHz, CDCJ)): & 137.17, 30.
133.84, 132.36, 131.59, 128.60, 127.82, 127.12,6P26.25.43, 31.
124.48, 123.65, 119.65, 113.27, 108.59, 13.44. HRME@SI-
TOF) m/z calculated for GH;sNNaS (M + Na) 262.0661,
found 262.0665. 32.
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Highlights

» With readily accessible and free of unpleasant odor ethyl arylsulfinates as
sulfur reagents, the metal-free-catalyzed direct sulfenylation of N-heteroarenes
has been developed.

» 3-Arylthio-indoles and 2-arylthio-pyrroles derivatives were obtained in
moderate to excellent yields, even on gram scale.

* The reaction was general for a broad scope of substrates and demonstrated

good tolerance to a variety of functional groups.



