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Copper-Catalyzed Remote Sulfonylation of 1-Naphthylamides with
Sodium-Sulfinates
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Abstract A simple and mild copper-catalyzed sulfonylation of naphthalen-1-amine with sodium and lithium sulfinates is
reported. In the presence of iodine as oxidant a highly site-selective C—H functionalization at the C(4) position took place.
The reaction proceeded readily mild conditions and various sulfones were synthesized in moderate to high yields.
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1 Introduction

Naphthalenes are important building blocks in organic
synthesis and common structure motifs found in numerous
pharmaceuticals and functional materials.['! For example,
heteroaromatic sulfones are widely found in numerous
potential drugs against various disease, such as human
immunodeficiency virus (HIV)? or neurological disor-
ders.’ Efficient synthesis of sulfones compound has re-
ceived tremendous interests. Traditional approaches for the
synthesis of sulfones include the oxidation of sulfides,™
the alkylation of sulfinates,l®! Friedel-Crafts type sulfonyl-
ation of arenes with sulfonyl chlorides or addition reaction
of sulfonyl-based radicals to olefins and alkynes.[®! Alt-
hough these strategies can sever as promising approaches
for the synthesis of aryl sulfones, they all suffer from the
need of using per-functionalized stating materials such as
aryl halides. Apart from these methods, direct sulfonyla-
tion using the parent arenes as the starting materials may
be attractive since no per-functionalization is required.
During the past decades, transition-metal catalyzed or me-

* Corresponding author. E-mail: xiongys1214@163.com

diated C—H functionlization has become a facial tool in
organic synthesis,/’! and a series of transformations from
C—H to C—C and C-heteroatom bonds has been demon-
strated.®) However, comparing with the widely studied
directing group-assisted C—H functionalization of substi-
tuted benzenes, reports on C—H functionalization on the
naphthalene ring systems are relatively rare.l”’ Several
examples were focused on the transition metal-catalyzed/
mediated C—C,['% C—OI'! and C—N!'"?! bonds for-
mation at the neighboring ortho- and peri-positions of the
directing groups. The more challenging C—S bond for-
mation is largely underexplored, mainly because of the
strong coordination of the metal catalysts to the sulfur rea-
gents. Our group!'*! and Nishihara’s group!'* have reported
copper-catalyzed and palladium-catalyzed peri-selective
direct sulfonylation of 1-naphthylamine with diphenyl di-
sulfide, however they didn’t get para-selective products. In
our continuous research on direct C—S bond formation by
base metal catalysts, we focus on developing methods for
the sulfonylation of 1-naphthylamines C(4)—H bonds in
consideration of the great challenges associated. In recent,

Received June 15, 2021; revised July 21, 2021; published online August 17, 2021.

Project supported by the Department Education Science and Technology Research Project of Jiangxi Province (Nos. GJJ190619, GJJ201143), and the PhD
Research Startup Foundation of Jiangxi Science & Technology Normal University (No. 2019BSQD016).

YLPEE #E T 795 H (Nos. GIJ190619, GJJ201143)FIYLFa R T E K18 L RIS )5 4:(No. 2019BSQDO16) ¥ BT H .

t L[ 55— 1E# (These authors contributed equally to this work).

4370 http://sioc-journal.cn/

A © 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 4370~4377



Chinese Journal of Organic Chemistry

Manolikake’s group'! and Wu’s group!'®! have inde-
pendently reported the remote para-selective sulfonylation
of l-naphthylamines catalyzed by Cu(OAc), through bi-
dentate-chelation induced single-electron-transfer (SET)
pathway. However, those methods not only needed amount
of metal oxidant, but also required sliver cocatalyst and
other additives. Herein we disclose the aerobic copper-
catalyzed remote sulfonylation of 1-naphthylamines to
prepare 4-sulfenyl-1-naphthylamines, which are important
structural motifs present in bioactive molecules with anti-

cancer and antibacterial properties.[!”)
\/

Previous' work
H RSO,CI (3.0 equiv.)
Cu(OAc),"H,0 (20 mol%)

K,COj3 (2.0 equiv.)

>
/
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Cu(OAc);, (20 mol%)

Mn(OAc); (4.0 equiv.)
NaOAc (2.0 equiv.)

RSO;,Na (2.0 equiv.)

O H' Cu(OAc), H,0 (20 mol%) SO,R
K,S,03 (2.0 equiv.
PA\N 25,05 (2.0 equiv.) PA. O
N O Ru(bpy)(PFe); (3mol%) N
or Ag,CO3 (20 mol%)

This work

523}

Scheme 1 Direct C(4)-SO2 bond formation of 1-naphthylamides

RSO,Na (2.0 equiv.)
CuBry( 20 mol%)

I, (3.0 equiv.)
DCE, 80 'C

2 Results and discussion

To explore the possibility of our expected transfor-
mation, we commenced our study with N-(naphthalen-1-
yl)-picolinamide (1a) and sodium benzenesulfinate (2a) as
the model substrates (Table 1). To our delight, the desired
C(4) sulfonylated product 3a was obtained in 20% yield in
the presence of CuBr; (20 mol%) with 2a (2.0 equiv.) in
1,2-dichloroethane (DCE) 2 mL under air at 80 ‘C for 12
h (Table 1, Entry 1). The molecular structure of 3a was
confirmed by NMR spectra. The yield of 3a could be in-
creased up to 55% by employing I, (2.0 equiv.) as the oxi-
dant (Table 1, Entry 2), and then several oxidants were
examined, as shown in Table 1 (Entries 3~9), the sul-
fonylated product 3a was obtained with isolated yield up to
89% when I, (3.0 equiv.) was employed. Motivated by this
result, we screened a series of copper salts and found that
changing the oxidation state or the counterion of the salt
could also execute this transformation, albeit with lower
efficiencies (Table 1, Entries 10~14). Further screening
showed that DCE is the most suitable solvent for the reac-
tion (Table 1, Entries 16~21). However, the desired
product 3a was only obtained in 66% yield when we low-
ering the reaction temperature from 80 to 60 ‘C, and the
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reaction time as longer to 16 h was needed (Table 1, Entry
22). In addition, the control experiment showed that no
product was formed when the reaction was performed in
the absence of the copper salt (Table 1, Entry 15), or the
yield was reduced to 75% in the present of 10% of CuBr;
(Table 1, Entry 23). Consequently, we decided to set re-
acting 1a with 20 mol% of CuBr», sodium sulfinates (2.0
equiv.) and I (3.0 equiv.) in DCE at 80 ‘C for 12 h as the
standard conditions (Table 1, Entry 9).

Table 1 Optimization of the reaction conditions”

CuBr; (20 mol% )

H Oxidant
/ “ONa Solvent, 80 C
Air, 1~24h

Entry Catalyst Oxidant (equiv.) Solvent Yield®/%
1  CuBn — DCE 20
2  CuBn 12 (2.0) DCE 55
3  CuBn2 TBHP (2.0) DCE 32
4 CuBn DTBP (2.0) DCE 27
5 CuBn fzh i)()o Acy DCE 40
6 CuBn BQ (2.0) DCE 17
7 CuBn Ag2COs (2.0) DCE 15
8 CuBn2 1> (1.0) DCE 37
9 CuBn 12 (3.0) DCE 90
10 Cu(OAc) 12 (3.0) DCE 35
11 CuCl 12 (3.0) DCE 47
12 Cu(OTf): 12 (3.0) DCE 27
13 Cu(OAc)*H20 12(3.0) DCE 35
14 CuO 1> (3.0) DCE Trace
15 — 1> (3.0) DCE Trace
16 CuBrn2 12 (3.0) CH3CN 57
17 CuBn2 1> (3.0) THF 33
18 CuBn2 12 (3.0) DMSO 67
19 CuBn2 1> (3.0) DMF 45

20 CuBn 1> (3.0) Toluene 57
21 CuBn2 1> (3.0) MeOH 23
22¢ CuBr 12 (3.0) DCE 66
23¢ CuBn 1> (3.0) DCE 75

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Cu (20 mol%), oxidant
(1.0~3.0 equiv.), solvent (2 mL), under air, 80 “C for 14 h; * Yields of isolated
product; ¢ Stirred at 60 “C; ¢In the presence of CuBr; (10 mol%).

With the optimized reaction conditions in hand, the sub-
strate scope with respect to sodium sulfinates was investi-
gated (Table 2). A broad range of sodium benzenesul-
finates bearing electron-donating groups (Me, MeO and
‘Bu) or electron-withdrawing groups (F, Cl, Br, CF; and
NO) on the phenyl ring underwent the reaction efficiently,
affording the corresponding C(4) sulfonylation products

http://sioc-journal.cn/ 4371
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3b~3i in high yields (Table 2). Moreover, the position of
the substituent also had an effect on the reaction. Sodium
benzenesulfinates that bear either electron-donating group
(Me) or electron-withdrawing groups (F) at the para-
position of the phenyl ring were superior to their or-
tho-substituted counterparts in isolated yields (Table 2, 3b
vs 3j; 3e vs 3k), which is probably due to the steric hin-
drance effect of ortho-position substitution. In addition,
sodium naphthalene-2-sulfinate also proved to be suitable
substrates, providing the corresponding products 31 in
suitable yield. Apart from aromatic sodium sulfinates, less
reactive aliphatic sodium sulfinates, such as sodium cyclo-
propanesulfinate, were tolerated in this transformation,
affording product 3m in moderate yield.

Table 2  Substrate scope of sodium sulfonates 24"

H
e 0
XY N + S
1/\
@* ) o
2

CuBr; (20 mol%)
I, (3 equiv.)

DCE, 80 C
Air, 12~24 h
O\ /,
O /,

'c%w@

3e,R=F, 86%
3f, R=Cl, 89%
39, R=Br, 78%
3h, R=CF3, 79%
3i,R= N02 65%

AT

3j, R=CHjs, 75% 31, 87%

3k, R=F, 78A>
/‘W

3m 56%

3a, R = H, 90%
3b, R = CHj;, 85%
3c, R = OCHj, 84%
3d, R =Bu, 88%

the directing group also gave the desired product in a
moderate yield (3t). To our delight, 5,6,7,8-tetrahydro-
I-naphthylamine could also tolerated in this transfor-
mation, and achieved the product in moderate yield (3s).

Table 3 Substrate scope of N-(naphthalen-1-yl)picolinamides

la,b
“ CuBr; (20 mpl%)
S\ I (3.0 equiv.)
ONa ——————~
DCE, 80 C
Air, 12 ~24 h
\/
3
T
O 22,00
A N N
ssacleaas
R N “
3n,R=Cl, 83% 3r, 78%
30, R =Br, 75%
3p, R = CO,CHjs, 86%
3q, R =CF3, 89%
Ts
T
0 S O
AN
TN M“
_N Z
3s, 83% 3t, 70%

4 Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), CuBr; (0.04 mmol, 0.2
equiv.), I (0.6 mmol, 3.0 equiv.), DCE (2 mL), Air, 80 C, for 12~24 h.
b Isolated yields.

Further application of this method focus on the substit-
ued PA moiety, N-(naphthalen-1-yl)picolinamide with ei-
ther electron-withdrawing groups, such as chlorine (3n),
bromine (30), trifluoromethyl (3q), ester (3p), or elec-
tron-donating groups, such as methyl (3r), on the pyridine
ring of N-(naphthalen-1-yl)picolinamide, were tolerated in
this transformation, providing moderate to good yields
(Table 3). Additionally, the isoquinoline-1-carboxamide as
4372
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@ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), CuBr; (0.04 mmol, 0.2
equiv.), I, (0.6 mmol, 3.0 equiv.), DCE (2 mL), air, 80 ‘C, 12~24 h. ® Isolated
yields.

The group of Willis and Georg have shown that lithium,
manganese or zinc sulfinates, generated from the reaction
of an organometallic reagent and an appropriate sulfur di-
oxide source are attractive and readily available alterna-
tives to sodium sulfinates and suitable reagents for a vari-
ety of transformations. Therefore the reaction with lithium
p-toluenesulfinate 4 as sulfonylation reagent was investi-
gated in our transformation. The lithium salt was commer-
cial available. To our delight, the copper-catalyzed reaction
of the lithium ulfinate with N-(naphthalen-1-yl)-picolin-
amide (1a), bearing the directing group, furnished the de-
sired sulfone 3b in 85% yield (Scheme 2).

(0]
0 Il
/©/S\o|_i standard conditions
N + standard conditions
| 2 O HsC

N
H
1a 4
T
L o
TN
_N H
3b
85% yield

Scheme 2 Lithium p-toluenesulfinate as the sulfinate regant
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To demonstrate the synthetic of the new method, the re-
action was carried out on a 4 mmol gram scale, and the
desired product was obtained in 82% yield (Scheme 3).
The amide bond can be easily broken in 90% yield without
damaging the C(4) sulfonylated product 3b to obtain 5.

WO
X N + S\ONa standard condition
T Y Q) S
# HaC

1a

992 mg, 4 mmol

o ‘ Ts
TN
_n M

3b

1.32 g, 82% yield

28]

Scheme 3 Gram-scale C—H sulfonylation of 1a and removal of
the directed group

1.42 g, 8 mmol

O Ts
NaOH EtOH HoN
reflux 4 h

5, 90% yield

To shed light on the possible pathway of this sulfonyla-
tion reaction, a number of control experiments were per-
formed as depicted in Scheme 4. It was found that addition
of 2,2,6,6-tetramethylpiperidin-1-yl)oxidanyl (TEMPO)
and 2,6-di-fert-butyl-4-methylphenol (BHT) inhibited the
reaction, and the yield was sharply decreased to 8% or
trace (Scheme 4, a). Since TEMPO and BHT either scav-
enged radical intermediates or deactivated the copper cat-
alyst or I, through redox processes or the formation of
metal-complexes, this result proved the involvement of a
single-electron-transfer (SET) processes and radical trap
were conducted.

On the basis of the control experiments in Scheme 4 and
relevant reports,['>!413] 3 plausible mechanism as depicted
in Scheme 5 was proposed. Firstly, copper salt CuBr, and
N-(naphthalen-1-yl)picolinamide (1a) gave aninicimidaate-
copper(Il) complex A, and then complex A took place an
intermolecular SET between the naphthalen-1-amine and
either copper(Il) or iodine furnishes the radical complex B.
Although both Cu'" and I, were competent oxidants for this
reaction. Oxidation by I was more likely to occur, due to
the higher oxidation potential of I2. Single-electron oxida-
tion of the sulfinate 2, most likely again with I», leaded to
the formation of sulfonyl radical 3,[!! addition of the radi-
cal 3 to intermediate B formed complex C. Loss of proton,
presumably via base-assisted deprotonation gave the ani-
onic copper complex D, which could undergo protonation
to yield the desired product 3 as well as completion of the
catalytic cycle.
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standard conditions
TEMPO

@ 0
S
PA _ O N
H + /©/ ONa
H,C
1a 2b

Ts
PA\N ‘
H

5% (with 3.0 equiv. TEMPO)

/‘ /©/ standard conditions

Ts
PA . ‘
N
H
3b
8% (with 3.0 equiv. BHT)

Scheme 4 Control experiments

§
N N
A SRS
1a
CuBr,
N—Cu(ll)

HX
RSOzNa
so2 o] O
@A g
|
—Cu(ll
N—Cu Il ZN—¢ul)
Rso2
Cu(ll)X; or I,
Cu(ll)X, or I
N—C& ’
B

Scheme 5 Proposed mechanism

3 Conclusions

In summary, a novel, mild and efficient method for the
remote sulfonylation of N-(naphthalen-1-yl)picolinamide
with sodium sulfinates was developed. The copper-
catalyzed reaction is simple to perform and proceeds read-
ily under air. Various functional groups are tolerated and
the desired C(4) sulfonylated N-(naphthalen-1-yl)picolin-
amide were obtained in high yields and regioselectivities.
What is essential for the rapid C—H functionalization with
iodine is the co-oxidant. The facile iodine-mediated oxi-
dant offers new opportunities for the development of novel

http://sioc-journal.cn/ 4373
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mild C—H activations.
4 Experimental section

4.1 Reagents and solvents

All starting materials were purchased from commerical
sources and used without further purification. Solvents for
column chromatography were technical standard. Chro-
matography column chromatography was performed with
silica 200~400 mesh. '"H NMR, '3C NMR and "°F NMR
spectra were recorded on a Bruker Avance 400 MHz spec-
trometer. Chemical shifts in "H NMR spectra are reported
downfield from the internal standard MesSi (TMS).
Chemical shifts in '3C NMR spectra are reported relative to
the central line of the chloroform signal (6 77.0). High
resolution mass spectra were obtained with a Shimadzu
LCMS-IT-TOF mass spectrometer. Analytical thin-layer
chromatography (TLC) was performed using EM separa-
tions percolated silica gel 0.2 mm layer UV 254 fluorescent
sheets.

4.2 Typical procedure of the Cu(ll)-catalyzed cou-
pling of sodium sulfinate

An oven dried 10 mL tube was charged with a magnetic
stirring bar, N-(naphthalen-1-yl)picolinamide derivative 1
(0.2 mmol, 1.0 equiv.), sodium sulfonate 2 (0.4 mmol, 2.0
equiv.), CuBr; (8.9 mg, 0.04 mmol, 0.2 equiv.), I, (152mg,
0.6 mmol, 3.0 equiv.) and DCE (2 mL). The reaction was
stirred at 80 ‘C until the complete consumption of 1 as
monitored by TLC analysis (typically 12~24 h). The reac-
tion mixture was then diluted with water and extracted
with ethyl acetate. After the combined organic layers were
washed with brine, dried over Na,SO4 and concentrated
under reduced pressure, the residue was purified by flash
column chromatography on silica gel to afford pure prod-
uct 3.

N-(4-(Phenylsulfonyl)naphthalen-1-yl)picolinamide
(3a): White solid, m.p. 193~194 °C; 'H NMR (400 MHz,
CDCl;) 0: 11.12 (s, 1H), 8.77~8.67 (m, 3H), 8.60 (d, J=
8.3 Hz, 1H), 8.35 (d, /=7.8 Hz, 1H), 8.19~8.12 (m, 1H),
7.96 (d, J=4.0 Hz, 3H), 7.64 (d, J/=12.8 Hz, 2H), 7.59~
7.54 (m, 1H), 7.48 (d, J=14.6 Hz, 3H); *C NMR (101
MHz, CDCl3) 6: 162.28, 149.27, 148.22, 142.03, 138.42,
138.00, 132.90, 131.22, 130.99, 129.41, 129.06, 128.27,
127.25, 127.06, 125.97, 125.29, 122.69, 120.85, 115.18;
HRMS (ESI) calcd for C22H17N203S [N["‘H:rr 3890960,
found 389.0967.

N-(4-Tosylnaphthalen-1-yl)picolinamide (3b): White
solid, m.p. 231~232 ‘C; 'H NMR (400 MHz, CDCL) ¢:
11.04 (s, 1H), 8.65 (s, 3H), 8.51 (d, /=7.0 Hz, 1H), 8.29
(d, J=5.9 Hz, 1H), 8.13~8.03 (m, 1H), 7.90 (s, 1H),
7.85~7.73 (m, 2H), 7.56 (s, 2H), 7.50 (s, 1H), 7.19 (s,
2H), 2.28 (s, 3H); *C NMR (101 MHz, CDCls) d: 162.28,
149.33, 148.23, 143.80, 139.09, 138.23, 137.98, 131.47,
130.90, 129.69, 129.38, 128.18, 127.35, 127.02, 126.00,
125.38, 122.69, 120.81, 115.23, 21.50; HRMS (ESI) calcd
for C23H19N203S [N["‘H:rr 403.11 16, found 403.1119.
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N-(4-((4-Methoxyphenyl)sulfonyl)naphthalen-1-yl)-
picolinamide (3¢): White solid, m.p. 216~217 C; 'H
NMR (400 MHz, CDCls) J: 10.78 (s, 1H), 8.71 (d, J=4.3
Hz, 1H), 8.48 (d, J=7.9 Hz, 1H), 8.34 (d, /=10.7 Hz,
2H), 8.11 (d, J/=7.9 Hz, 1H), 7.94 (d, J=7.7 Hz, 1H),
7.65~7.57 (m, 2H), 7.57~7.51 (m, 2H), 7.30 (d, /=8.8
Hz, 2H), 6.87~6.80 (m, 2H), 3.78 (s, 3H); '*C NMR (101
MHz, CDCl3) 6: 162.21, 159.03, 149.84, 148.14, 137.77,
133.17, 132.70, 132.31, 130.40, 130.08, 126.95, 126.67,
126.62, 126.19, 126.05, 122.51, 120.91, 118.46, 114.91,
55.32; HRMS (ESI) caled for Cy3HioN,O4S [M+H]"
419.1066, found 419.0987.

N-(4-((4-(tert-Butyl)phenyl)sulfonyl)naphthalen-1-yl)-
picolinamide (3d): White solid, m.p. 232~233 C; 'H
NMR (400 MHz, CDCls) d: 11.10 (s, 1H), 8.80 (d, J=6.7
Hz, 1H), 8.71 (d, /=8.3 Hz, 2H), 8.58 (d, /=8.3 Hz, 1H),
8.36 (d, J/=7.7 Hz, 1H), 8.19~8.13 (m, 1H), 7.97 (t, J=
7.6 Hz, 1H), 7.89 (d, J=8.6 Hz, 2H), 7.67~7.62 (m, 2H),
7.59~7.53 (m, 1H), 7.47 (d, J=8.6 Hz, 2H), 1.27 (s, 9H);
13C NMR (101 MHz, CDCl3) 6: 162.27, 156.76, 149.38,
148.22, 139.05, 138.24, 138.00, 131.65, 131.04, 129.53,
128.19, 127.17, 127.01, 126.10, 125.53, 122.72, 120.83,
115.36, 35.11, 30.98; HRMS (ESI) calcd for CosH2sN>03S
[M-+H]" 445.1586, found 445.1584.

N-(4-((4-Fluorophenyl)sulfonyl)naphthalen-1-yl)pico-
linamide (3e): White solid, m.p. 213~214 °C; 'H NMR
(400 MHz, CDCl;) d: 11.15 (s, 1H), 8.76~8.68 (m, 3H),
8.59 (d, /=8.3 Hz, 1H), 8.38 (d, J=7.8 Hz, 1H), 8.21~
8.15 (m, 1H), 7.99 (d, J/=7.0 Hz, 3H), 7.71~7.61 (m,
2H), 7.58 (d, J=7.5 Hz, 1H), 7.14 (t, J=8.5 Hz, 2H); 3C
NMR (101 MHz, CDCls) J: 166.43 (d, J=254.0 Hz),
163.89, 162.30, 149.29, 148.23, 138.59, 138.21, 138.18,
138.00, 131.24, 130.86, 130.11(d, J=9.3Hz), 130.02,
129.33, 128.37, 127.14, 127.07, 126.02, 125.12, 122.71,
120.96, 116.47, 116.25 (d, J=22.6 Hz), 115.19; 'F NMR
(376 MHz, CDCl3) o: —104.64; HRMS (ESI) calcd for
C2H 6FN,03S [M+H]" 407.0866, found 407.1409.

N-(4-((4-Chlorophenyl)sulfonyl)naphthalen-1-yl)picol-
inamide (3f): White solid, m.p. 211~212 C; '"H NMR
(400 MHz, CDCls) d: 11.14 (s, 1H), 8.80~8.69 (m, 2H),
8.66 (d, J=6.7 Hz, 1H), 8.59 (d, J=7.5 Hz, 1H), 8.35 (d,
J=6.6 Hz, 1H), 8.16 (d, J/=6.0 Hz, 1H), 7.97 (s, 1H), 7.89
(d, J=17.0 Hz, 2H), 7.65 (s, 2H), 7.57 (s, 1H), 7.43 (d, J=
6.9 Hz, 2H); '*C NMR (101 MHz, CDCl;) §: 162.30,
149.20, 148.24, 140.55, 139.49, 138.68, 138.01, 131.40,
130.41, 129.38, 129.29, 128.71, 128.44, 127.17, 127.10,
125.93, 125.03, 122.70, 120.95, 115.10; HRMS (ESI)
caled for CpHi6CIN,OsS [M+ H] " 423.0570, found
423.0550.

N-(4-((4-Bromophenyl)sulfonyl)naphthalen-1-yl)picol-
inamide (3g): White solid, m.p. (225~226 C; 'H NMR
(400 MHz, CDCls) o: 11.15 (s, 1H), 8.74 (d, J=12.7 Hz,
2H), 8.66 (d, J=8.7 Hz, 1H), 8.59 (d, /=8.3 Hz, 1H), 8.36
(d, J=7.7 Hz, 1H), 8.17 (d, J=7.7 Hz, 1H), 7.98 (t, J=
7.3 Hz, 1H), 7.82 (d, J=8.5 Hz, 2H), 7.66 (d, J=6.9 Hz,
2H), 7.58 (t, J=9.2 Hz, 3H); *C NMR (101 MHz, CDCl;)
0: 162.30, 149.24, 148.25, 141.13, 138.71, 138.02, 132.37,
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131.45, 130.37, 129.32, 128.79, 128.46, 128.05, 127.19,
127.11, 125.94, 125.06, 122.72, 120.96, 115.11; HRMS
(ESI) caled for C2,H 6BrN,O5S [M+H]" 467.0065, found
467.0057.
N-(4-((4-(Trifluoromethyl)phenyl)sulfonyl)naphthalen-1-
yl)picolinamide (3h): White solid, m.p. 229~230 C; 'H
NMR (400 MHz, CDCl3) ¢: 11.17 (s, 1H), 8.79 (d, J/=8.4
Hz, 1H), 8.73 (d, /=4.2 Hz, 1H), 8.68 (d, /=7.4 Hz, 1H),
8.64 (d, J=8.4 Hz, 1H), 8.37 (d, J/=7.8 Hz, 1H), 8.20~
8.16 (m, 1H), 8.09 (d, J=8.2 Hz, 2H), 7.98 (d, /=7.7 Hz,
1H), 7.73 (d, /=8.3 Hz, 2H), 7.69~7.64 (m, 2H), 7.58 (d,
J=6.7 Hz, 1H); 3C NMR (101 MHz, CDCls) &: 162.34,
149.29, 148.28, 145.78, 139.06, 138.05, 134.75, 134.42,
131.91, 129.82, 129.48, 128.62, 127.76, 127.29, 127.14,
126.30, 126.27, 126.24 (q, J=3.3 Hz), 126.20, 125.99,
125.00, 122.77 (q, J=271.5 Hz), 121.04, 115.14; '"F NMR
(376 MHz, CDCI3) 6: —63.21; HRMS (ESI) calcd for
Ca3H6F3N>05S [M+H]" 457.0834, found 457.0828.
N-(4-((4-Nitrophenyl)sulfonyl)naphthalen-1-yl)picol-
inamide (3i): White solid, m.p. 226~227 ‘C; 'H NMR
(400 MHz, CDCl;) é: 11.19 (s, 1H), 8.80 (d, /=8.4 Hz,
1H), 8.73 (d, /=4.3 Hz, 1H), 8.64 (d, /=8.4 Hz, 2H), 8.36
(d, J=17.7 Hz, 1H), 8.29 (d, J=8.7 Hz, 2H), 8.19 (d, J=
7.8 Hz, 1H), 8.13 (d, J=8.7 Hz, 2H), 7.99 (t, J=7.2 Hz,
1H), 7.67 (d, J=6.7 Hz, 2H), 7.61~7.55 (m, 1H); *C
NMR (101 MHz, CDCl3) ¢6: 162.35, 150.15, 149.20,
148.28, 147.89, 139.37, 138.07, 132.21, 129.43, 129.14,
128.79, 128.49, 127.39, 127.19, 125.94, 124.76, 124.32,
122.78, 121.14, 115.10; HRMS (ESI) caled for CoHis-
N,O3S [M+H]" 434.0811, found 434.0853.
N-(4-(o-Tolylsulfonyl)naphthalen-1-yl)picolinamide (3j):
White solid, m.p. 210~211 ‘C; 'H NMR (400 MHz,
CDCls) d: 11.14 (s, 1H), 8.76 (d, J=8.4 Hz, 1H), 8.72 (d,
J=4.0 Hz, 1H), 8.58~8.51 (m, 2H), 8.36 (d, /=7.8 Hz,
1H), 8.33~8.28 (m, 1H), 8.17 (d, J=8.4 Hz, 1H), 7.97 (t,
J=8.3 Hz, 1H), 7.64 (t, J=7.5 Hz, 1H), 7.6~7.54 (m,
2H), 7.42 (t, J=7.3 Hz, 2H), 7.18 (d, J=6.8 Hz, 1H),
2.41 (s, 3H); 3C NMR (101 MHz, CDCl;) §: 162.29,
149.41, 148.25, 139.91, 138.31, 137.99, 133.25, 132.78,
131.59, 130.94, 129.41, 129.10, 128.09, 127.03, 126.33,
125.89, 125.31, 122.71, 120.80, 114.80, 20.13; HRMS
(ESI) caled for Co3H;9N»03S [M+H]" 403.1116, found
403.1119.
N-(4-((2-Chlorophenyl)sulfonyl)naphthalen-1-yl)picol-
inamide (3k): White solid, m.p. 211~212 ‘C; '"H NMR
(400 MHz, CDCl3) é: 11.17 (s, 1H), 8.80 (d, /=8.4 Hz,
1H), 8.71 (d, J=8.5 Hz, 2H), 8.54 (d, J/="7.7 Hz, 1H), 8.46
(d, J=8.5 Hz, 1H), 8.36 (d, J=7.7 Hz, 1H), 8.17 (d, J=
8.4 Hz, 1H), 7.97 (t, J=7.6 Hz, 1H), 7.66~7.60 (m, 1H),
7.55 (dd, /=164, 8.1 Hz, 3H), 7.48 (t, J=7.6 Hz, 1H),
7.35 (d, J=7.7 Hz, 1H); 3C NMR (101 MHz, CDCl5) é:
162.25, 149.29, 148.22, 139.14, 138.66, 138.00, 134.34,
133.65, 133.01, 132.18, 130.87, 129.34, 129.29, 128.18,
127.14, 127.06, 126.87, 125.61, 124.72, 122.69, 120.93,
114.67; HRMS (ESI) calcd for CoH6CIN,OsS [M+H]"
423.0570, found 423.0536.
N-(4-(Naphthalen-2-ylsulfonyl)naphthalen-1-yl)picol-
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inamide (31): White solid, m.p. 218~219 ‘C; 'H NMR
(400 MHz, CDCls) d: 11.13 (s, 1H), 8.82~8.75 (m, 2H),
8.73~8.64 (m, 3H), 8.36 (d, /=7.8 Hz, 1H), 8.18~8.11
(m, 1H), 7.97 (t, J=7.8 Hz, 2H), 7.89~7.80 (m, 3H), 7.59
(t, J=12.9 Hz, 5H); *C NMR (101 MHz, CDCI;) 4:
162.30, 149.31, 148.23, 138.95, 138.47, 137.99, 134.87,
132.09, 131.37, 130.95, 129.44, 129.41, 129.36, 128.96,
128.53, 128.30, 127.87, 127.51, 127.05, 125.98, 125.31,
122.70, 122.48, 120.82, 115.19; HRMS (ESI) caled for
CaH19N203S [M+H]" 439.1116, found 439.1066.
N-(4-(Cyclopropylsulfonyl)naphthalen-1-yl)picolinamide
(3m): White solid, m.p. 197~198 °C; 'H NMR (400
MHz, CDCl3) d: 11.12 (s, 1H), 8.98~8.92 (m, 1H), 8.72
(d, J=4.5 Hz, 1H), 8.65 (d, J=8.3 Hz, 1H), 8.34 (d, J=
7.8 Hz, 1H), 8.28 (d, J/=8.3 Hz, 1H), 8.24~8.19 (m, 1H),
8.00~7.94 (m, 1H), 7.74 (p, J=6.6 Hz, 2H), 7.60~7.54
(m, 1H), 2.75 (t, J/=8.1 Hz, 1H), 1.38 (d, J/=6.6 Hz, 2H),
1.05~0.96 (m, 2H); '3C NMR (101 MHz, CDCl) ¢:
162.31, 149.28, 148.23, 137.97, 131.30, 130.37, 129.83,
128.33, 127.11, 127.04, 126.12, 125.41, 122.65, 121.04,
115.36, 33.26, 6.20; HRMS (ESI) calcd for CioH17N>O3S
[M-+H]" 353.0960, found 353.0958.
5-Chloro-N-(4-tosylnaphthalen-1-yl)picolinamide (3n):
'H NMR (400 MHz, CDCl;) J: White solid, m.p. 209~
210 C; 10.86 (s, 1H), 8.75 (d, J=7.3 Hz, 1H), 8.69 (d,
J=28.2 Hz, 2H), 8.58 (d, J/=8.3 Hz, 1H), 8.32 (d, J=28.3
Hz, 1H), 8.11 (d, J/=7.0 Hz, 1H), 7.96 (d, /=8.2 Hz, 1H),
7.86 (d, J=8.1 Hz, 2H), 7.65 (d, J="7.2 Hz, 2H), 7.28 (s,
2H), 2.37 (s, 3H); 3*C NMR (101 MHz, CDCls) J: 161.42,
147.47, 147.33, 143.86, 139.02, 137.91, 137.72, 135.99,
131.83, 130.85, 129.70, 129.37, 128.24, 127.37, 127.12,
126.00, 125.44, 123.71, 120.67, 115.47, 21.50; HRMS
(ESI) caled for CyH;sCIN,OsS [M+H]" 437.0727,
found 437.0673.
5-Bromo-N-(4-tosylnaphthalen-1-yl)picolinamide (30):
White solid, m.p. 218~220 C; 'H NMR (400 MHz,
CDCls) d: 10.86 (s, 1H), 8.78 (s, 1H), 8.75 (d, J=6.5 Hz,
1H), 8.68 (d, J=28.3 Hz, 1H), 8.58 (d, J=8.3 Hz, 1H),
8.26 (d, J=8.3 Hz, 1H), 8.15~8.07 (m, 2H), 7.86 (d, J=
8.2 Hz, 2H), 7.65 (d, J=5.6 Hz, 2H), 2.37 (s, 3H); 13C
NMR (101 MHz, CDCl3) ¢6: 161.57, 149.53, 147.82,
143.86, 140.69, 139.01, 137.88, 131.84, 130.85, 129.71,
129.37, 128.24, 127.37, 127.12, 126.00, 125.45, 124.97,
124.07, 120.66, 115.49, 21.51; HRMS (ESI) calced for
C23H28BI'N203S [NI‘“H]+ 4800143, found 481.0161.
5-(Methoxycarbonyl)-N-(4-tosylnaphthalen-1-yl)picol-
inamide (3p): White solid, m.p. 206~207 ‘C; '"H NMR
(400 MHz, CDCls) d: 11.03 (s, 1H), 9.30 (s, 1H), 8.78~
8.66 (m, 2H), 8.61~8.52 (m, 2H), 8.44 (d, /=28.1 Hz,
1H), 8.13 (d, J=7.6 Hz, 1H), 7.84 (d, J=8.2 Hz, 2H), 7.64
(d, J/=6.6 Hz, 2H), 7.25 (s, 2H), 4.02 (s, 3H), 2.35 (s, 3H);
13C NMR (101 MHz, CDCls) 6: 164.77, 161.30, 152.15,
149.48, 143.88, 139.18, 138.94, 137.81, 131.92, 130.81,
129.71, 129.33, 128.81, 128.27, 127.36, 127.17, 125.99,
125.42,122.34, 120.69, 115.50, 52.84, 21.50; HRMS (ESI)
caled for CosHyN»OsS [M + H] " 461.1171, found
461.1172.
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5-Trifluoromethyl-N-(4-tosylnaphthalen-1-yl)picolinam-
ide (3q): White solid, m.p. 219~220 °C; 'H NMR (400
MHz, CDCls) 6: 10.94 (s, 1H), 9.00 (s, 1H), 8.74 (d, J=
6.8 Hz, 1H), 8.68 (d, /=8.3 Hz, 1H), 8.58 (d, /=8.3 Hz,
1H), 8.50 (d, /=8.2 Hz, 1H), 8.26~8.21 (m, 1H), 8.10 (d,
J=6.8 Hz, 1H), 7.86 (s, 1H), 7.84 (s, 1H), 7.67~7.60 (m,
2H), 7.26 (d, J=8.1 Hz, 2H), 2.35 (s, 3H); 3C NMR (101
MHz, CDCl3) 6: 160.83, 152.20, 145.47, 145.43, 145.39,
145.35, 143.92, 138.91, 137.61, 135.54, 135.51, 135.48,
135.45, 132.17, 130.75, 129.72, 129.34, 128.31, 127.38 (q,
J=3.3 Hz), 127.23, 126.02, 122.63 (q, J=271.5 Hz),
120.59, 115.67, 21.50; F NMR (376 MHz, CDCl;) §: —
62.49; HRMS (ESI) caled for CoH;sF3sN,03S [M+H]"
471.0990, found 471.0970.

3-Methyl-N-(4-tosylnaphthalen-1-yl)picolinamide (3r):
White solid, m.p. 206~207 °C; 'H NMR (400 MHz,
CDCl;) 0: 11.44 (s, 1H), 8.76~8.68 (m, 2H), 8.59 (d, J=
8.5 Hz, 2H), 8.15 (d, J=7.7 Hz, 1H), 7.87 (d, J=8.2 Hz,
2H), 7.72 (d, J/=7.4 Hz, 1H), 7.67~7.59 (m, 2H), 7.50~
7.43 (m, 1H), 7.31~7.26 (m, 2H), 2.88 (s, 3H), 2.37 (s,
3H); 3C NMR (101 MHz, CDCl3) J: 163.68, 146.14,
145.56, 143.73, 141.59, 139.19, 138.72, 136.76, 131.02,
129.66, 129.41, 128.09, 127.31, 126.87, 126.61, 126.14,
125.29, 121.03, 114.89, 21.49, 20.81; HRMS (ESI) calcd
for C24H21N2058 [IV["’H]Jr 4171273, found 417.1279.

N-(4-Tosyl-5,6,7,8-tetrahydronaphthalen-1-yl)picolin-
amide (3s): White solid, m.p. 216~217 ‘C; 'H NMR (400
MHz, CDCl3) ¢: 10.34 (s, 1H), 8.62 (d, J/=4.1 Hz, 1H),
8.50 (d, /=8.8 Hz, 1H), 8.30 (d, /=7.8 Hz, 1H), 8.17 (d,
J=8.8 Hz, 1H), 7.93 (t, J=7.4 Hz, 1H), 7.73 (d, J=8.0
Hz, 2H), 7.50 (d, /=5.4 Hz, 1H), 7.28 (d, J/=8.0 Hz, 2H),
291 (t, J=5.9 Hz, 2H), 2.77 (t, J=6.1 Hz, 2H), 2.41 (s,
3H), 1.86~1.78 (m, 2H), 1.72~1.67 (m, 2H); '3C NMR
(101 MHz, CDCl;) ¢: 162.06, 149.54, 148.13, 143.63,
140.45, 138.71, 137.97, 137.84, 133.92, 129.56, 128.50,
127.93, 127.54, 126.82, 122.54, 117.10, 26.67, 24.87,
21.67, 21.56; HRMS (ESI) caled for C3H123N,03S [M+
H]" 407.1429, found 407.1499.

N-(4-Tosylnaphthalen-1-yl)quinoline-2-carboxamide (3t):
White solid, m.p. 208~219 °C; 'H NMR (400 MHz,
CDCl3) 0: 11.55 (s, 1H), 9.79 (d, J/=7.0 Hz, 1H), 8.75 (d,
J=8.2 Hz, 2H), 8.62 (t, J=6.2 Hz, 2H), 8.19 (d, /=79
Hz, 1H), 7.96~7.90 (m, 2H), 7.88 (d, J=8.2 Hz, 2H),
7.83~7.75 (m, 2H), 7.64 (d, J/=8.2 Hz, 2H), 7.30~7.26
(m, 2H), 2.37 (s, 3H); '3C NMR (101 MHz, CDCI;) 4:
163.76, 146.64, 143.76, 140.00, 139.23, 138.62, 137.76,
131.36, 130.98, 130.88, 129.68, 129.47, 129.35, 128.14,
127.55, 127.43, 127.35, 127.07, 126.96, 126.32, 125.58,
125.36, 121.08, 115.25, 21.48; HRMS (ESI) calcd for
Co7HaN>O5S [M+H]" 453.1273, found 453.1274.
4.3 Control experiments procedure

To a 5 mL tube equipped with a magnetic stirring bar,
N-(1-naphthyl)picolinamide 1 (49.6 mg, 0.2 mmol), sodi-
um sulfinate (2b) (71.2 mg, 0.4 mmol), CuBr; (8.9 mg,
0.04 mmol), 2,2,6,6-tetramethylpiperidineoxy (TEMPO,
93.7 mg, 0.6 mmol) and DCE (2 mL) were added. No spe-
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cial precautions were taken to exclude moisture and air.
The reaction was stirred at 80 ‘C for 12 h. The reaction
mixture was then diluted with water and extracted with
ethyl acetate. After the combined organic layers were
washed with brine, dried over Na;SO4 and concentrated
under reduced pressure, the residue was purified by flash
column chromatography on silica gel to afford the pure
product 3a (4.1 mg, 5% yield).

To a 5 mL tube equipped with a magnetic stirring bar,
N-(1-naphthyl)picolinamide 1 (49.6 mg, 0.2 mmol), sodi-
um sulfinate (2b) (71.2 mg, 0.4 mmol), CuBr; (8.9 mg,
0.04 mmol), butylated hydroxytoluene (BHT, 132 mg, 0.6
mmol) and DCE (2 mL) were added. No special precau-
tions were taken to exclude moisture and air. The reaction
was stirred at 80 “C for 12 h. The reaction mixture was
then diluted with water and extracted with ethyl acetate.
After the combined organic layers were washed with brine,
dried over Na,SOs, and concentrated under reduced pres-
sure, the residue was purified by flash column chromatog-
raphy on silica gel to afford the pure product 3a (6.4 mg,
8% yield).

Supporting Information 'H NMR, *C NMR and °F
NMR spectra of compounds 3. The Supporting Information
is available free of charge via the Internet at http://sioc-
journal.cn.
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