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l,-Promoted Direct C—H Sulfenylation of Isoquinolin-1(2H)-

ones with Sulfonyl Chlorides

Cai-Yun Yang,” Xia Li,” Bo Liu,”) and Guo-Li Huang*®

A simple, efficient, and green method for the iodine-promoted
regioselective C-4 sulfenylation of isoquinolin-1(2H)-ones using
commercially available aryl sulfonyl chlorides as the sulfur
source was described under metal- and solvent-free conditions.
The reaction proceeded smoothly under simple conditions to

Introduction

The isoquinolone scaffold as a privileged structural motif
have been widely found in natural products and bioactive
molecules,” and show a wide range of biological
activities."™ Accordingly, an increasing number of atten-
tions has focused on the development of straightforward
access to functionalized isoquinolin-1(2H)-one, and different
functional groups have been introduced into the scaffold
using various catalytic systems. With the aid of directing
group 2-pyridinyl (2-Py), different functional groups have
been introduced into the C3 position of isoquinolin-1(2H)-
one by transition-metal-catalyzed C—H functionalization
(Scheme 1a).”! Recently, Rode™ and Lai® reported the
nitration and chlorosulfonylation reaction at the C5 position
of isoquinolin-1(2H)-one (Scheme 1b). Meanwhile, Hong™
and Patil” developed the catalyst-controlled site-selective
mothed for arylation and alkynylation reaction at the C4/C8
position of this scaffold (Scheme 1¢). In addition, some
approaches for the construction of C—X (X=Li, B, Br, Cl, F)
bonds at the C4 position have also been reported, such as
lithiation,® borylation,"” bromination,” chlorination," and
fluorination" (Scheme 1d). Although great progress has
been achieved in this field, most of these transformations
suffer from expensive transition-metal, multiple steps and
relatively hash reaction conditions.

Significant progress has been made in the formation of
C-S bonds through the direct functionalization of C—H
under different conditions."? In this transformation, various
sulfenylating or thiolating reagents have been used, such as
thiols,"® disulfides,"*'¥ sodium sulfinates," sulfonyl
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obtain 4-arylthioisoquinolin-1(2H)-ones in moderate to good
yields, and showed high regioselectivity, broad substrate scope,
and good functional group tolerance. A radical reaction
mechanism involving ArS® radicals as key intermediates is
proposed for the present transformation.
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Scheme 1. Strategies for the synthesis of functionalized isoquinolin-1(2H)-
one derivatives.
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hydrazides, and sulfonyl chlorides. Among them,
sulfonyl chloride is easily available and inexpensive, does
not have the unpleasant odor of thiols or disulfides, and
usually used as a sulfonylation reagent to build C—S bonds.
In 1988, Nagarajan'® and co-workers first reported the
reaction of isoquinolin-1(2H)-one derivative and p-nitro-
benzenesulfonyl chloride in the presence of Et;N to give the
sulfenylated product in very low yield (10%), and specu-
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lated that the reaction involved an intermolecular reduc-
tion/oxidation process. Very recently, Zhu" developed a
new AgSbFs,-mediated regioselective deoxygenative C—H
thiolation of isoquinolin-1(2H)-ones with diphenyl disulfides
(Scheme 1e). Despite this progress, metal-free-catalyzed
direct C-4 sulfenylation of isoquinolin-1(2H)-ones has not
yet been documented. Based on our continued interest in
direct functionalization of C—H bonds,* herein, we report a
new |,-promoted reaction for the synthesis of C-4 sulfony-
lated isoquinolin-1(2H)-ones with aryl sulfonyl chlorides
under metal- and solvent-free conditions.

Results and Discussion

We selected 2-benzylisoquinolin-1(2H)-one (1a) and p-
toluenesulfonyl chloride (2a) as the reaction substrates for
optimized conditions. The results were summarized in
Table 1. Initially C-4 sulfenylation took place in the presence
of tetrabutylammonium iodide (TBAI, 0.5 equiv.) and diethyl
phosphite ((EtO),P(O)H, 2.0 equiv.) in CH;CN at 80°C under
an air atmosphere for 24 hours, affording product 3aa in
21% vyield (entry 1, Table 1). Inspired by this result, various
additives such as |,, KI, N-iodosuccinimide (NIS) and NH,I
were screened (entries 2-5, Table 1). To our delight, the use
of I, as a additive significantly improved the catalytic
efficiency and gave a good yield (88%). We investigated the
effect of the amount of I, on the reaction, reducing the

catalyst loading from 50 to 30 mol% clearly lowered the
conversion of product from 88 to 47 % (entry 6). It is evident
that the amount of catalyst has remarkable effect on this
reaction. The effect of reaction time has also been inves-
tigated. However, we have tried to shorten the reaction
time from 24 to 18 h, the conversion was obviously lowered
from 88 to 72% (entries7, Table 1). Then, different
phosphorus reagents failed the reaction, using tributyl
phosphine (Bu;P), triphenylphosphane (Ph;P), triethyl
phosphite ((EtO);P) as the additives gave very poor yield
(entries 8-10, Table 1), di-iso-propyl phosphite ((i-PrO),P
(OH)), diphenylphosphine oxide (Ph,P=0), and triphenyl
phosphite ((PhO);P), which were less efficient (entries 11-
13, Table 1). Finally, in order to investigate the solvent effect
on the reaction, the model reaction was carried out in
various solvents at 80°C (entries 14-20, Table 1), gratify-
ingly, the best result (94% yield) was obtained under
solvent-free. However, when the reaction was carried out in
N, atmosphere, the desired product 3aa was not detected
(entry 21). Based on the detailed investigations, the opti-
mised conditions were 0.5 equiv. of |, and 2 equiv. of diethyl
phosphite as the additive at 80 °C under solvent-free and air
atmosphere for 24 h.

With the optimised conditions in hand, we subsequently
focused on examining the scope and generality of this
protocol (Table 2). Firstly, a wide range of substituted aryl
sulfonyl chlorides was subjected to the reaction with 2-
benzylisoquinolin-1(2H)-one (1a) to produce the corre-

Table 1. Optimization of the reaction conditions.”’
o}
(0] o, 0 N/Bn
N7 Bn . S\(;| conditions =
Z S
: !
1a 2a 3aa Me
Entry Additive 1 Additive 2 Solvent Yield [%]"®
1 TBAI (EtO),P(O)H CH;CN 21
2 I, (EtO),P(O)H CH,CN 88
3 Kl (EtO),P(O)H CH;CN 22
4 NIS (EtO),P(O)H CH,CN 53
5 NH,| (EtO),P(O)H CH,CN 28
69 I, (EtO),P(O)H CH,CN 47
79 I, (EtO),P(O)H CH;CN 72
8 I, Bu,P CH,CN 30
9 l, Ph,P CH,CN 43
10 I, (EtO),P CH,CN 64
1 I, (i-PrO),P(OH) CH;CN 81
12 I, Ph,P=0 CH;CN 85
13 I, (PhO);P CH;CN 85
14 I, (EtO),P(O)H DCE 81
15 I, (EtO),P(O)H DMSO 56
16 I, (EtO),P(O)H Toluene 86
17 I, (EtO),P(O)H 1,4-Dioxane 77
18 I, (EtO),P(O)H THF 85
19 l, (EtO),P(O)H DMF -
20 I, (EtO),P(O)H - 94
21 I, (EtO),P(O)H - N.D.1
[a] Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), additive 1 (0.1 mmol), additive 2 (0.4 mmol), 80°C, 24 h, under air. [b] NMR yield based on 1a using
dibromomethane as the internal standard. [c] I, (0.06 mmol). [d] Run for 18 h. [e] Reaction in N, atmosphere. [f] N.D.=no detection.
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Table 2. Substrate scope of sulfonyl chlorides for the sulfenylation reactions.®”’
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3ac, 61% 3ad, 94%

3ag, 94% 3ah, 83%

o o]
N/Bn N/Bn
= Z

3ak, 97% 3al, 59%

[a] Reaction conditions: 1a (0.20 mmol), 2 (0.40 mmol), I, (0.10 mmol), (EtO),P(O)H (0.40 mmol), 80°C, 24 h, under air. [b] Isolated yields.

sponding product 3aa-3al in moderate to good yields (59-
97%). Notably, benzenesulfonyl chlorides bearing with
electron-donating alkyl and alkoxy groups (Me, t-Bu, OMe)
have proven to be suitable substrates for the reaction to
provide the corresponding products (3aa-3ad) in synthetic
acceptable yields (61-94%). In addition, Halides such as F,
Cl and | were also found compatible for this reaction, and
afforded the desired products in 89-94% yields (3ae-3ag).
Even stronger electron withdrawing substituents such as
—NO,, —CF;, or —CN on the phenyl ring could proceed well,
and gave the corresponding products (3ah, 3ai, 3aj) in
good vyields, which provided the facile generation of a
variety of 4-arylthio-substituted isoquinolin-1(2H)-ones. It is
noteworthy that pyridine-3-sulfonyl chloride reacted
smoothly to afford the corresponding C-4 sulfenylated
product (3al) in moderate yield.

After studying the scope of aryl sulfonyl chlorides in C-4
sulfenylation of 2-benzylisoquinolin-1(2H)-one (1a), we
turned our attention to investigate the scope of substituted
isoquinolin-1(2H)-ones, and the results were summarized in
Table 3. We were pleased to observe that a wide range of
N*-alkylated isoquinolin-1(2H)-ones undergo the reaction
successfully, affording the desired products (4ab-4ae) in
good to excellent yields. To further investigate the func-
tional group tolerance, arylated substituted substrates on
N*-positions of isoquinolin-1(2H)-one reacted smoothly to
give the corresponding C-4 sulfenylated compounds (4 af) in
good yields. Additionally, the reaction of substrate 2a with
several substituted N-unprotected isoquinolin-1(2H)-ones

Eur. J. Org. Chem. 2020, 1-9 www.eurjoc.org

furnished the corresponding products (4aa, 4ag-4aj) in
moderate yields. It is noteworthy that although relatively
low yields were obtained when the N-unprotected isoquino-
lin-1(2H)-ones were subjected to the reaction, it may
provide a significant opportunity for their further trans-
formation on nitrogen atom, especially in pharmacological
demand.

To examine the practicality of the reaction system, the
l,-promoted C-4 sulfenylated reaction was conducted on a
gram scale, and the desired product 3aa was obtained in a
good yield of 84 %, thus highlighting the synthetic utility of
this methodology (Scheme 2a). To gain insight into the
reaction mechanism, several control experiments were
carried out. When the model reaction took place in the
absence of |, (Scheme 2b), the desired product (3aa) was
not detected, and the same result was obtained without
(EtO),P(O)H  (Scheme 2c). Notably, p-toluenesulfonyl
chloride (2a) was replaced with sodium 4-meth-
ylbenzenesulfinate (3a) for this reaction, affording the
desired products in relatively low yield (17%, Scheme 2d).
However, when 2-benzylisoquinolin-1(2H)-one (1a) reacted
with p-toluenethiol (4a) or p-toluene disulfide (5a) under
standard conditions, respectively, the sulfenylated product
also did not obtained (Scheme 2e). In addition, when a
radical-trapping reagent (TEMPO) was employed in the
model reaction, the direct sulfenylation was suppressed
(Scheme 2f), suggesting that the reaction possibly involves
a radical process.

3 © 2020 Wiley-VCH GmbH
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Table 3. Substrate scope of isoquinolin-1(2H)-ones for the sulfenylation reactions.?”

I (0.5 equiv.) NG
N (EtO),P(O)H (2.0 equiv.)
+ TsCl 5
A 80 °C, 24 h, solvent-free
4
,n Bu
— =

S@L
Me Me Me

4aa, 79% 4ab, 90% 4ac, 87% 4ad, 78%
- CH2COE /©/
= _ _
S s 3
Me \©\
4ae, 73% 4af, 86% 'V'e 4ag, 21%
o}
NH
= =
0! S@L
4ah, 78% . 4ai, 61% Me 4aj, 57%

[a] Reaction conditions: 1 (0.20 mmol), 2a (0.40 mmol), |, (0.10 mmol), (EtO),P

(O)H (0.40 mmol), 80°C, 24 h, under air. [b] Isolated yields.

Based on these preliminary mechanistic studies and
relevant reports,"”><7 a plausible reaction mechanism is
proposed, as shown in Scheme 3. Firstly, the reaction was
initiated by the reduction of aryl sulfonyl chlorides (2) with
the assistance of iodine and diethyl phosphite to generate
the electrophilic ArSI species. Subsequently, the homolysis
of ArSl possibly would yield an ArS°® radical intermediate
under heating. Next, the reactive ArS® radical intermediates
could couple with isoquinolin-1(2H)-one substrate leading
to a formation of an arene-SAr radical intermediate, in
which the radical could be stabilized by the adjacent
nitrogen atom. Finally, a subsequent loss of proton from the
latter was coupled with ArSl to afford the desired sulfeny-
lated product, and accompanied by the formation of the
ArS® radical and HI.

Conclusion

In summary, we have successfully described an iodine-
promoted direct C—S bond coupling of the C(sp*)—H bond of
isoquinolinones with aryl sulfonyl chlorides under metal-
and solvent-free conditions. C-4 sulfenylation employ inex-
pensive and easily available arylsulfonyl chloride as sulfur
source, and are applicable to a broad range of substrates,
affording the products in moderate to excellent yields.
Preliminary mechanistic studies indicate that this procedure
is likely to proceed via radical processes. These methods

Eur. J. Org. Chem. 2020, 1-9 www.eurjoc.org

provide an alternative and facile synthetic route to access a
series of 4-arylthio-substituted isoquinolin-1(2H)-one deriva-
tives, which might have potential applications in organic,
material and pharmaceutical areas.

Experimental Section

General Information: All chemicals were purchased from the
Wencai New Material Technology and Merck in high purity and
were used directly without any purification. Solvents were
freshly distilled prior to use. All reactions were carried out
under air atmosphere unless noted. '"H NMR and "C NMR
spectra were recorded with a Bruker Avance Il 500 MHz
spectrometer in CDCl; or DMSO-d; solution. High resolution
mass (HRMS) spectra were measured with a VG Auto Spec-3000
spectrometer. Melting points (mp) were determined with a
digital electrothermal apparatus without further correction. TLC
analyses were performed on commercial glass plates bearing a
0.25 mm layer of Merck silica gel 60 F254. Silica gel (200-
300 mesh) was used for column chromatography.

General experimental procedure for sulfenylation of isoqui-
nolin-1(2H)-ones with aryl sulfonyl chlorides: A 10 mL round
bottom flask equipped with a magnetic stir bar was charged
with a mixture of isoquinolinones (0.2 mmol), aryl sulfonyl
chlorides (0.4 mmol, 2.0 equiv.), molecular iodine (l,) (0.1 mmol,
0.5 equiv), and diethyl phosphite (0.4 mmol, 2 equiv). The vial
was capped, and the reaction mixture was stirred at 80°C for
24 h. Upon completion, saturated NaHSO; (5 mL) and distilled
deionized H,0 (10 mL) was added, and the mixture was
extracted with ethyl acetate (3x15 mL). The combined organic

4 © 2020 Wiley-VCH GmbH
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Scheme 3. Proposed mechanism.

layer was washed with saturated NaCl, dried over anhydrous
MgSO,, and concentrated in vacuo. The crude product was
purified by SiO, column chromatography to afford the desired
products.

2-Benzyl-4-(p-tolylthio)isoquinolin-1(2H)-one (3aa): Chroma-
tography (EtOAc/petroleum ether=1:8), R=0.6. White solid,
yield: 88%, m.p. 99-101°C. '"H NMR (500 MHz, CDCl,) =8.48 (d,
J=8.0Hz, 1H), 7.90 (d, J=8.0 Hz, 1H), 7.64-7.60 (m, 2H), 7.51 (t,

Eur. J. Org. Chem. 2020, 1-9 www.eurjoc.org

J=7.6 Hz, 1H), 7.35 (d, J=4.4 Hz, 4H), 7.32-7.30 (m, 1H), 7.00 (s,
4H), 5.25 (s, 2H), 2.26 (s, 3H) ppm. *C NMR (126 MHz, CDCl;) 6=
162.2, 139.0, 137.2, 136.4, 135.7, 133.5, 132.9, 129.8, 129.0,
128.5, 128.1, 128.1, 127.5, 126.7, 126.6, 1253, 107.9, 51.9,
20.9 ppm. HRMS (ESI): Calcd for C,3H,0NOS [M+H*1: 358.1260,
Found 358.1264.

2-Benzyl-4-((4-(tert-butyl)phenyl)thio)isoquinolin-1(2H)-one
(3ab): Chromatography (EtOAc/petroleum ether=1:8), R;=0.5.
Yellow solid, yield: 86%, m.p. 140-142°C. '"H NMR (500 MHz,
CDCl;) 6=8.49 (d, J=8.0Hz, 1H), 7.94 (d, J=8.0 Hz, 1H), 7.67-
7.62 (m, 2H), 7.54-7.50 (m, 1H), 7.35 (d, J=4.4 Hz, 4H), 7.33-7.30
(m, TH), 7.23-7.19 (m, 2H), 7.02 (d, J=8.5 Hz, 2H), 5.25 (s, 2H),
1.25 (s, 9H) ppm. 3C NMR (126 MHz, CDCl;) §=162.2, 148.8,
139.1, 137.3, 136.3, 133.7, 132.9, 128.9, 128.5, 128.1, 128.1,
127.5, 126.5, 126.1, 126.1, 125.4, 107.7, 51.9, 34.4, 31.2 ppm.
HRMS (ESI): Calcd for C,H,sNOS [M-+H']: 400.1730, Found
400.1735.

2-Benzyl-4-((4-methoxyphenyl)thio)isoquinolin-1(2H)-one
(3ac): Chromatography (EtOAc/dichloromethane=1:100), R;=
0.3. White solid, yield: 61%, m.p. 76-78°C. '"H NMR (500 MHz,
CDCl;) 6=8.50-8.44 (m, 1H), 7.92 (d, J=8.1 Hz, 1H), 7.65-7.57
(m, 2H), 7.52-7.46 (m, 1H), 7.34 (d, /=4.4 Hz, 4H), 7.31-7.26 (m,
1H), 7.13-7.08 (m, 2H), 6.78-6.72 (m, 2H), 5.23 (s, 2H), 3.72 (s,
3H) ppm. *C NMR (126 MHz, CDCl;) 8=162.1, 158.3, 1384,
137.1, 136.4, 132.8, 129.1, 128.9, 128.4, 128.0, 128.0, 127.4,
127.2, 126.5, 125.2, 114.7, 109.0, 55.3, 51.8 ppm.HRMS (ESI):
Calcd for C,5H,0NO,S [M+ H*1: 374.1209, Found 374.1206.

2-Benzyl-4-(m-tolylthio)isoquinolin-1(2H)-one (3ad): Chroma-
tography (EtOAc/petroleum ether=1:8), R;=0.4. Colorless oil,
yield: 94%. '"H NMR (500 MHz, CDCl;) §=8.50 (d, J=8.9 Hz, 1H),
7.90 (d, J=7.8Hz, 1H), 7.66-7.59 (m, 2H), 7.55-7.49 (m, 1H),
7.38-7.33 (m, 4H), 7.31 (dd, J=6.1, 2.6 Hz, 1H), 7.07 (t, J=7.7 Hz,
1H), 6.91 (d, J=8.2 Hz, 2H), 6.86 (d, J=7.8 Hz, 1H), 5.26 (s, 2H),
2.23 (s, 3H) ppm. *C NMR (126 MHz, CDCl;) §=162.2, 139.2,
138.9, 137.2, 136.9, 136.3, 1329, 128.9, 128.8, 128.4, 128.0,
128.0, 127.5, 126.7, 126.5, 126.5, 125.3, 123.3, 107.3, 51.8,
21.3 ppm. HRMS (ESI): Caled for C,5H,NOS [M+H'1: 358.1260,
Found 358.1263.

2-Benzyl-4-((4-fluorophenyl)thio)isoquinolin-1(2H)-one (3ae):
Chromatography (EtOAc/petroleum ether=1:8), R;=0.4. White
solid, yield: 93%, m.p. 105-107 °C. '"H NMR (500 MHz, CDCl,) =
8.49 (d, J=7.9 Hz, 1H), 7.86 (d, J/=8.1 Hz, 1H), 7.63 (d, J=5.5 Hz,
2H), 7.53 (t, J=7.6 Hz, 1H), 7.36 (d, J=4.3 Hz, 4H), 7.32 (dd, J=
8.8, 4.6 Hz, 1H), 7.08 (ddt, J=8.2, 5.1, 2.5 Hz, 2H), 6.93-6.88 (m,
2H), 5.26 (s, 2H) ppm. C NMR (126 MHz, CDCl;) § =162.1, 161.3
(d, Jg=122.8 Hz), 139.1, 136.9, 136.3, 133.0, 132.1 (d, J=
12.6 Hz), 129.0, 128.5 (d, J(s=15.8 Hz), 128.4, 128.1, 127.9 (d,
Jer=30.8 Hz), 126.6, 125.1, 116.3, 116.1, 107.7, 51.9. ppm. HRMS
(ESI): Calcd for C,,H,,FNOS [M+H"]: 362.1009, Found 362.1012.

Benzyl-4-((4-chlorophenyl)thio)isoquinolin-1(2H)-one (3 af):
Chromatography (EtOAc/petroleum ether=1:8), R;=0.4. White
solid, yield: 89%, m.p. 124-126°C. "H NMR (500 MHz, CDCl;) 6 =
8.50 (d, J=9.0 Hz, 1H), 7.82 (d, J=8.1 Hz, 1H), 7.66-7.61 (m, 2H),
7.56-7.51 (m, 1H), 7.36 (d, J=4.4 Hz, 4H), 7.34-7.30 (m, 1H),
7.17-7.13 (m, 2H), 7.02-6.98 (m, 2H), 5.26 (s, 2H) ppm. *C NMR
(126 MHz, CDCl;) 6=162.2, 139.5, 136.8, 136.2, 135.9, 133.1,
131.5, 129.1, 129.0, 128.6, 128.2, 128.1, 127.8, 127.4, 126.6,
125.1, 106.7, 51.9 ppm. HRMS (ESI): Calcd for C,,H,,CINOS [M+
H*]: 378.0714, Found 378.0720.

2-Benzyl-4-((4-iodophenyl)thio)isoquinolin-1(2H)-one (3 ag):
Chromatography (EtOAc/petroleum ether=1:8), R;=0.4. White
solid, yield: 94%, m.p. 157-159°C. "H NMR (500 MHz, CDCl;) 6 =
8.50 (d, J=8.0 Hz, 1H), 7.81 (d, J=8.0 Hz, 1H), 7.66-7.61 (m, 2H),

5 © 2020 Wiley-VCH GmbH
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7.56-7.51 (m, 1H), 7.50-7.46 (m, 2H), 7.36 (d, J=4.0 Hz, 4H),
7.34-7.30 (m, 1H), 6.83-6.78 (m, 2H), 5.25 (s, 2H) ppm. *C NMR
(126 MHz, CDCl;) 8=162.2, 139.5, 137.9, 137.6, 136.8, 136.2,
133.1, 129.0, 128.6, 128.2, 128.1, 127.9, 127.8, 126.6, 125.1,
106.4, 90.0, 51.9 ppm. HRMS (ESI): Calcd for Cp,H,,INOS [M+H*
1: 470.0070, Found 470.0072.

2-Benzyl-4-((4-nitrophenyl)thio)isoquinolin-1(2H)-one (3 ah):
Chromatography (EtOAc/dichloromethane=1:100), R;=0.3.
Yellow solid, yield: 83%, m.p. 174-176°C. 'H NMR (500 MHz,
CDCl;) 6=8.56-8.52 (m, 1H), 8.06-8.01 (m, 2H), 7.74 (d, J=
7.9 Hz, 1H), 7.69-7.63 (m, 2H), 7.60-7.55 (m, 1H), 7.37 (d, J=
4.4 Hz, 4H), 7.35-7.31 (m, 1H), 7.15-7.10 (m, 2H), 5.28 (s, 2H)
ppm. C NMR (126 MHz, CDCl;) §=162.1, 147.5, 145.4, 140.2,
136.4, 136.0, 133.4, 129.1, 128.9, 128.3, 128.1, 126.6, 125.4,
124.6, 124.2, 104.6, 52.0 ppm. HRMS (ESI): Calcd for C,,H,,N,0,S
[M+H"]: 389.0954, Found 389.0960.

2-Benzyl-4-((4-(trifluoromethyl)phenyl)thio)isoquinolin-1(2H)-
one (3ai): Chromatography (EtOAc/petroleum ether=1:8), Ri=
0.4. White solid, yield: 89%, m.p. 145-147°C. '"H NMR (500 MHz,
CDCl;) 6=8.52 (dd, J=8.1, 1.0 Hz, TH), 7.80 (d, /=8.0 Hz, 1H),
7.68-7.63 (m, 2H), 7.58-7.53 (m, 1H), 7.42 (d, J=8.4 Hz, 2H), 7.37
(d, J=4.4 Hz, 4H), 7.35-7.30 (m, TH), 7.12 (d, J=8.3 Hz, 2H), 5.27
(s, 2H) ppm. *C NMR (126 MHz, CDCl;) =162.1, 142.7, 139.9,
136.4 (d, Jo;=35.9 Hz), 133.2, 129.0, 128.7, 128.3, 128.2, 128.1,
127.9, 126.6, 125.8 (q, J;=3.8 Hz), 125.5, 124.9, 105.5, 52.0.
ppm. HRMS (ESI): Calcd for CyH,,F;NOS [M+H™1: 412.0977,
Found 412.0981.

4-((2-Benzyl-1-oxo-1,2-dihydroisoquinolin-4-yl)thio)benzoni-
trile (3 aj): Chromatography (EtOAc/petroleum ether=1:6), Ri=
0.3. Yellow solid, yield: 76 %, m.p. 128-130°C. 'H NMR(500 MHz,
DMSO-ds) 6 =8.36-8.31 (m, 2H), 7.76 (ddd, J=8.3, 7.1, 1.2 Hz,
1H), 7.73-7.67 (m, 3H), 7.63-7.58 (m, 1H), 7.41-7.33 (m, 5H),
7.32-7.25 (m, 3H), 5.27 (s, 2H) ppm. *C NMR (126 MHz, DMSO-
ds) 6=161.5, 145.3, 142.8, 137.6, 136.8, 133.9, 133.3, 132.6,
129.1, 128.5, 128.3, 128.1, 128.1, 126.9, 126.5, 126.3, 124.7,
119.2, 108.1, 103.0, 51.8 ppm. HRMS (ESI): Calcd for C,5H,,N,0S
[M+H"]: 369.1056, Found 369.1050.

2-Benzyl-4-(phenylthio)isoquinolin-1(2H)-one (3ak): Chroma-
tography (EtOAc/petroleum ether=1:8), R;=0.5. White solid,
yield: 97 %, m.p. 97-99°C. 'H NMR (500 MHz, CDCl;) =28.50 (d,
J=8.6 Hz, 1H), 7.88 (d, J=8.1 Hz, 1H), 7.66-7.60 (m, 2H), 7.52 (t,
J=7.5Hz, 1H), 7.36 (d, J=4.7 Hz, 4H), 7.33-7.30 (m, 1H), 7.19 (t,
J=7.6Hz, 2H), 7.12-7.06 (m, 3H), 5.26 (s, 2H) ppm. *C NMR
(126 MHz, CDCl;) 6=162.4, 139.5, 137.5, 137.3, 136.5, 133.1,
129.4, 129.2, 129.1, 128.7, 128.3, 128.2, 128.0, 127.8, 126.7,
126.3, 125.7, 125.5, 107.3, 52.1 ppm. HRMS (ESI): Calcd for
Cy,H,5NOS [M +H*1: 344.1104, Found 344.1106.

2-Benzyl-4-(pyridin3-ylthio)isoquinolin-1(2H)-one (3al): Chro-
matography (EtOAc/petroleum ether=1:2), R;=0.3. Yellow oil,
yield: 59%. '"H NMR (500 MHz, CDCl;) §=28.50 (d, J=9.0 Hz, TH),
8.40 (s, TH), 8.34 (d, J/=3.9 Hz, 1H), 7.84 (d, J=8.0 Hz, 1H), 7.69-
7.61 (m, 2H), 7.56-7.50 (m, 1H), 7.36 (d, /=4.4 Hz, 4H), 7.34-7.30
(m, 2H), 7.09 (dd, J=8.0, 4.7 Hz, 1H), 5.26 (s, 2H) ppm. *C NMR
(126 MHz, CDCl;) 6=162.1, 147.3, 146.8, 139.7, 136.6, 136.1,
134.5, 133.7, 133.2, 129.0, 128.7, 128.2, 128.0, 127.8, 126.6,
124.9, 123.7, 105.7, 51.9 ppm. HRMS (ESI): Calcd for C,,H,,N,0S
[M+H"]: 345.1056, Found 345.1053.

4-(p-Tolylthio)isoquinolin-1(2H)-one (4aa):"**' Chromatogra-
phy (EtOAc/petroleum ether=1:2), R;=0.3. Pink solid, yield:
79%, m.p. 165-167 °C."H NMR (500 MHz, CDCl;) 6=11.00 (s, TH),
8.47-8.42 (m, 1H), 7.99 (d, J=8.1 Hz, 1H), 7.71-7.63 (m, 2H),
7.57-7.51 (m, 1H), 7.10-6.99 (m, 4H), 2.27 (s, 3H) ppm. "*C NMR
(126 MHz, CDCl;) 6=163.9, 138.2, 135.7, 135.3, 133.4, 133.4,
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129.8, 127.8, 127.5, 126.9, 126.4, 125.6, 108.5, 20.9 ppm. HRMS
(ESI): Calcd for C;¢H,,NOS [M+H"]: 268.0791, Found 268.0794.

2-Methyl-4-(p-tolylthio)isoquinolin-1(2H)-one (4ab): Chroma-
tography (EtOAc/petroleum ether=1:4), R;=0.2. Yellow solid,
yield: 90%, m.p. 145-147°C. "H NMR (500 MHz, CDCl,) 6=8.49-
8.43 (m, 1H), 7.91 (d, J=7.9 Hz, 1H), 7.65-7.59 (m, 2H), 7.53-7.48
(m, TH), 7.03 (t, J=2.7 Hz, 4H), 3.65 (s, 3H), 2.26 (s, 3H) ppm. *C
NMR (126 MHz, CDCl;) 6=162.6, 140.1, 137.4, 135.6, 133.7,
132.7, 129.8, 128.1, 127.4, 126.6, 126.3, 125.3, 107.3, 37.1,
20.9 ppm. HRMS (ESI): Caled for C;,H;(NOS [M+H"]: 282.0947,
Found 282.0954.

2-Ethyl-4-(p-tolylthio)isoquinolin-1(2H)-one (4ac): Chromatog-
raphy (EtOAc/petroleum ether=1:6), R;=0.4.Yellow oil, yield:
87%. 'H NMR (500 MHz, CDCl;) §=8.46 (d, J=7.3 Hz, TH), 7.90
(d, J=8.1 Hz, 1H), 7.64-7.58 (m, 2H), 7.53-7.47 (m, 1H), 7.03 (s,
4H), 4.10 (q, J=7.2 Hz, 2H), 2.26 (s, 3H), 1.42 (t, J=7.2 Hz, 3H)
ppm. “C NMR (126 MHz, CDCl;) §=161.9, 139.0, 137.3, 135.6,
133.8,132.7, 129.8, 128.2, 127.4, 126.6, 126.5, 125.2, 107.4, 44.6,
20.9, 14.7 ppm. HRMS (ESI): Caled for C,gH,;sNOS [M+H™]:
296.1104, Found 296.1110.

2-Butyl-4-(p-tolylthio)isoquinolin-1(2H)-one (4ad): Chroma-
tography (EtOAc/petroleum ether=1:8), R;=0.5. Yellow solid,
yield: 78%, m.p. 104-106°C. '"H NMR (500 MHz, CDCl,) &=28.46
(d, J=8.9Hz, 1H), 7.90 (d, J=7.9 Hz, 1H), 7.64-7.58 (m, 2H),
7.52-7.47 (m, 1H), 7.02 (s, 4H), 4.07-4.01 (m, 2H), 2.26 (s, 3H),
1.80 (p, J=7.6 Hz, 2H), 1.42 (dq, J=14.8, 7.4 Hz, 2H), 0.97 (t, J=
7.4 Hz, 3H) ppm. C NMR (126 MHz, CDCl;) §=162.1, 139.5,
137.2, 135.5, 133.8, 132.7, 129.8, 128.2, 127.3, 126.5, 126.5,
125.2, 107.0, 49.3, 31.4, 20.9, 20.0, 13.8 ppm. HRMS (ESI): Calcd
for C,0H,,NOS [M+H¥1: 324.1417, Found 324.1421.

Ethyl-2-(1-oxo0-4-(p-tolythio)isoquinolin-2(1H)-yl)acetate
(4ae): Chromatography (EtOAc/petroleum ether=1:4), R;=0.4.
White solid, yield: 73%, m.p. 132-134°C. 'H NMR (500 MHz,
CDCl;) 6=8.44 (d, J=8.9 Hz, 1H), 7.92 (d, J=8.1 Hz, 1H), 7.63 (t,
J=7.6 Hz, 1H), 7.55 (s, 1H), 7.50 (t, J=7.6 Hz, 1H), 7.06 (d, J=
8.3 Hz, 2H), 7.02 (d, /=8.3 Hz, 2H), 4.74 (s, 2H), 4.26 (q, J=
7.1 Hz, 2H), 2.26 (s, 3H), 1.30 (t, J=7.1 Hz, 3H) ppm. *C NMR
(126 MHz, CDCl;) 6=167.8, 162.2, 139.4, 137.4, 135.7, 1334,
133.1, 129.8, 128.3, 127.6, 126.7, 126.1, 125.4, 107.9, 62.0, 50.1,
20.9, 14.1 ppm. HRMS (ESI): Caled for C,yH,oNO;S [M+H™]:
354.1158, Found 354.1161.

2-(p-Tolyl)-4-(p-tolylthio)isoquinolin-1(2H)-one (4af): Chroma-
tography (EtOAc/petroleum ether=1:10), R;=0.4. White solid,
yield: 86%, m.p. 124-126°C. '"H NMR (500 MHz, CDCl,) § =8.52-
8.48 (m, 1H), 7.95 (d, J=7.9 Hz, 1H), 7.72 (s, 1H), 7.66 (td, J=8.3,
7.8, 1.3 Hz, 1H), 7.56-7.50 (m, 1H), 7.33 (q, J=8.3 Hz, 4H), 7.09
(d, J=8.3 Hz, 2H), 7.04 (d, J=8.1 Hz, 2H), 2.42 (s, 3H), 2.27 (s,
3H) ppm. *C NMR (126 MHz, CDCl,) 8=162.0, 139.7, 1384,
138.0, 137.3, 135.7, 133.5, 133.1, 130.0, 129.8, 128.7, 127.7,
126.7, 126.5, 125.4, 107.7, 21.2, 20.9 ppm.

5-Methyl-4-(p-tolylthio)isoquinolin-1(2H)-one (4ag):"® Chro-
matography (EtOAc/petroleum ether=1:2), R;=0.3. Pink solid,
yield: 21 %. "H NMR (500 MHz, CDCI3) §=11.09 (s, 1H), 8.43 (d,
J=7.7Hz, 1H), 7.61 (s, 1H), 7.47 (d, J=6.8 Hz, 1H), 7.42 (t, J=
7.6 Hz, 1H), 7.04 (d, J=8.1 Hz, 2H), 6.95 (d, J=8.2 Hz, 2H), 2.86
(s, 3H), 2.27 (s, 3H) ppm. >C NMR (126 MHz, CDCl;) d=164.4,

138.0, 137.5, 137.0, 136.7, 135.8, 135.1, 129.9, 127.6, 127.1,
126.7,125.4,107.2, 23.4, 20.9 ppm.
6-Methoxy-4-(p-tolylthio)isoquinolin-1(2H)-one (4ah): Chro-

matography (EtOAc/petroleum ether=1:1), Ry=0.2. Pink solid,
yield: 78%, m.p. 237-239°C. "H NMR (500 MHz, CDCl;) §=11.08
(s, TH), 8.34 (d, J=8.9Hz, 1H), 7.65 (s, TH), 7.36 (d, J=2.5 Hz,
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1H), 7.12-7.06 (m, 3H), 7.03 (d, J=28.1 Hz, 2H), 3.79 (s, 3H), 2.27
(s, 3H) ppm. *C NMR (126 MHz, CDCl;) =163.6, 163.6, 140.6,
136.0, 135.9, 133.3, 129.9, 129.8, 127.2, 119.9, 116.9, 108.3,
106.7, 55.5, 20.9 ppm. HRMS (ESI): Calcd for C;;H,(NO,S [M+H*
1: 298.0896, Found 298.0900.

6-Chloro-4-(p-tolylthio)isoquinolin-1(2H)-one (4 ai):"® Chroma-
tography (EtOAc/petroleum ether=1:1), R,=0.2. Pink solid,
yield: 61%. '"H NMR (500 MHz, DMSO-d) §=11.91 (d, J=5.5 Hz,
1H), 8.24 (d, J=8.5Hz, 1H), 7.77 (d, J=6.0 Hz, 1H), 7.73 (d, J=
2.0 Hz, 1H), 7.57 (dd, J=8.5, 2.1 Hz, 1H), 7.09 (s, 4H), 2.22 (s, 3H)
ppm. “C NMR (126 MHz, DMSO-d,) 8=161.6, 139.7, 139.7,
138.7, 135.9, 133.4, 130.5, 130.4, 127.8, 127.0, 125.6, 124.1,
104.0, 20.9 ppm.

6-Bromo-4-(p-tolylthio)isoquinolin-1(2H)-one (4 aj):"® Chroma-
tography (EtOAc/petroleum ether=1:1), R,=0.2. Pink solid,
yield: 57%. '"H NMR (500 MHz, DMSO-ds) §=11.91 (d, J=5.4 Hz,
1H), 8.15 (d, J=8.5Hz, 1H), 7.90 (d, J=1.9 Hz, 1H), 7.76 (d, J=
6.0 Hz, 1H), 7.70 (dd, J=8.5, 1.9 Hz, 1H), 7.09 (s, 4H), 2.22 (s, 3H)
ppm. C NMR (126 MHz, DMSO-d,) 8=161.7, 139.8, 139.6,
135.9, 133.4, 130.6, 130.5, 130.4, 127.9, 127.2, 127.0, 125.9,
103.8, 20.9 ppm.

Supporting Information

(See footnote on the first page of this article): Full experimental
details, 'H and "C NMR spectra can be found in the
supplementary content section of this article’s web page.
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lodine-promoted regioselective C-4
sulfenylation of isoquinolin-1(2H)-
ones using commercially available aryl
sulfonyl chlorides as the sulfur source
under metal- and solvent-free condi-
tions was described. These methods
provide an alternative and facile

up to 97% yield

synthetic route to access a series of 4-
arylthio-substituted isoquinolin-1(2H)-
one derivatives in moderate to good
yields. This is a useful, time-efficient,
and scalable procedure for the con-
struction of C(sp?)—S bonds.
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