Chinese Journal of Organic Chemistry

% 4’1‘ {h % DOI: 10.6023/cjoc202001007

SN IR TR R N-J5 Bl b 2K SR 75 B R

RSO OB kKA

(TRITE KA AL TR T RHT 2 453007)
CVFE TR B AR BRI 0 RS 461000)

1)

WE B RSB T 5 C—N BRI, K& T —Fh Dess-Martin AL 75 (DMP) i i3k 1 N- 75 BERTHE A% (1
57 B 7%, SRS S KRB A AE N HEAT, AR ALE AR A LA N O E A B R R
Y, Ferb BEEE TR A i A% 8 (0 U AN R R 7 i LASRAS . 3K — 1 B A 28D i 57 28 Jse I8 ] 8 TG < s AR AR 26 A1 T A 55
A N A A& VIR B IR R 5.

R WIS TR D5 C—N BT R, AN ToE R RO T

Hypervalent Organoiodine Promoted Dearylation
Reaction of N-Aryl Sulfonamides
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Abstract An efficient Dess-Martin periodinane (DMP)-promoted dearylation of N-arylsulfonamides was developed through
a highly selective oxidative cleavage of the inert C(aryl)—N bonds in secondary sulfonamides while leaving the S—N bond
unchanged. This metal-free reaction proceeds under mild conditions and provides access to various biologically important
primary sulfonamides, some of which are otherwise unattainable using conventional aminolysis and hydrolysis methods. The
concise and efficient dearylation reaction provides the use of an aryl group as a removable protecting sulfonamide group under
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metal catalyst-free conditions.
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1 Introduction

Sulfonamides'"! are the bioactive moiety of sulfa
drugs,” such as sulfadiazine (SD), sulfathiazole (ST), sul-
famethoxazole (SMZ), sulfadimoxine (SDM), indapamide
and prontosil.”! They are also important intermediates in
synthetic organic chemistry.*! In general, the sulfonyl
moiety of sulfonamides serves as the leaving group and
delivers the sulfonyl or amino group to a new molecule
accompanied by a S—N bond cleavage in reactions.”
However, the regiospecific C—N bond cleavage of sul-

* Corresponding authors. E-mails: Zhangzg@htu.edu.cn; zgs6668@yahoo.com

fonamides is relatively rare. In 1989, Hewson and
co-workers'® isolated six kinds of substituted p-benzo-
quinones by treating N-arylsulfonamides with ceric ammo-
nium nitrate (CAN) via an oxidation/dearomatization/
hydrolysis reaction (Eq. 1). An aryl transfer reaction from
N-arylsulfonamides to three kinds of aryl acceptors via a
regiospecific aryl C—N bond cleavage reaction was re-
ported, in which the sulfonamide moiety also served as the
leaving group (Eq. 2)." A challenging regiospecific C—N
bond cleavage reaction of N-aliphatic substituted alkyl-
sulfonamides was also achieved, and various N-alkyl-

Received January 4, 2020; revised May 16, 2020; published online May 25, 2020.
Project supported by the National Natural Science Foundation of China (Nos. U1604285, 21772032, 21702051), Program for Changjiang Scholars and Inno-
vative Research Team in University (No. IRT1061), Industrial Process Intelligent Control Innovation and Talent Recruitment Base (No. D17007) and the Key

Project of Henan Educational Committee (No. 18A150009).

KRB FE 5 (Nos. U1604285, 21772032, 21702051) L2735 FEIHT A1 BA & & 74 (No. IRT1061) ki #28 s il €137 51 8 H Hu(No. D17007)

I 48 %5 7 JT 2 25 (No. 18 A150009)% B A .

Chin. J. Org. Chem. 2020, 40, 2433~2441 A © 2020 Chinese Chemical Society & SIOC, CAS

2433

http://sioc-journal.cn/



BIHE

R

sulfonamides were easily dealkylated in moderate to good
yields by ultrasonic irradiation in the presence of (diace-
toxyiodo)benzene and iodine (Eq. 3)."! Although remarka-
ble progress has been achieved, it remains a challenge and
highly desirable to develop a regiospecific C—N bond
cleavage reaction' of sulfonamides under mild conditions.

Hewson's work:

. o)
2 /| CAN (4 equiv.), AcOH 7

SSS X . (1)
Ar H R 0 \R

R = Me, CI, Br, H, CO,Me; Ar = Ph, p-Tol

Fan's work:
0 0 Dearomatization
N\ Ar  C—N functionalization NC. EWG

S\
or
JO et

O (0]
or (2)
Ar)I\COZR Ar)LH
Ar = para-substituted anilines
Togo's work:
O . .
/\\S//\ Alkyl Phl(OAc), (3 equiv.), I, (1 equiv.) O\\s// )
RN CICH,CH,CI, 30 ~ 40 °C R™7SNH,

Ultrasound

Hypervalent iodine reagents'” are commercially availa-
ble oxidants that have been widely used in many transfor-
mations in synthetic organic chemistry.'"! Water is also a
useful reagent frequently serving as both solvent and reac-
tant.'?! A regiospecific aryl C—N bond cleavage reaction
of secondary N-arylamides in the presence of 2-iodoxy-

benzoic acid (IBX)!" in the mixed solvent system of
hexa-fluoroisopropanol (HFIP) and H,O has been de-
scribed recently.'*! A series of primary amides were ob-
tained in good yields. Moreover, stereochemistry was no-
taffected during these transformations. The aryl group acts
as a removable protecting group in this reaction.!"” In
search of further applications, we deduced that it was also
possible for N-arylsulfonamides to rapidly access a variety
of useful primary sulfonamides via the oxidative dearoma-
tization/hydrolysis process reported in our previous
works,'"" which may be beneficial for pharmaceutical
process chemistry.!"! Here, we report our recent synthesis
of primary sulfonamides via a Dess-Martin periodinane
(DMP) mediated"” regiospecific oxidative cleavage of
inert C(aryl)—N bonds of electronically neutral secondary

N-aryl-  sulfonamides under mild conditions (Eq. 4).
This work:
)
WP i DMP QP
Pt _—
R H&O HFIP/H,0, 40 °C R/S\NH2 ()

0 Metal-free C(aryl)—N bond cleavage

0 Untouched C(carbonyl)—N bond and N—S bond
o Regiospecific reaction

0 Highly selective

© Mild reaction conditions

2 Results and discussion

Initially, N-arylsulfonamide (1r) was selected as a mod-
el substrate with IBX as the oxidant."*! It was found that
the cleavage reaction can occur regiospecifically on the

Table 1 Survey of the reaction conditions”

o 0 (0]
\\S//\ Conditions \\S/io
N _— NH,
H O
O,N . O,N o
Entry Oxidant (equiv.) Solvent (V. V) 7/°C Time Yield/% of 2r Recovered/% of 1r
1 IBX (1.2) HFIP/H,O (2 1) 25 4h 83 0
2 DMP (1.2) HFIP/H,O (2 1) 25 lh 99 0
3 DMP (1.2) HFIP/H,O (2 1) 40 10 min 96 0
4 DMP (1.2) H,0 40 0.5h 0 95
5 DMP (1.2) HFIP 40 lh 5 85
6 DMP (1.2) HFIP/H,O (1 : 5) 40 25h 80 18
7 DMP (1.2) HFIP/H,O (1 - 1) 40 10 min 98 0
8 DMP (1.2) HFIP/H,O (1 : 3) 40 1.5h 97 0
9 DMP (0.6) HFIP/H,O (1 : 3) 40 3h 43 44
10 DMP (1.2) TFE/H,O (1 : 3) 40 1.5h 5 84
11 DMP (1.2) EtOH/H,O (1 - 3) 40 1.5h 0 96
12 DMP (1.2) DMSO/H,0 (1 : 3) 40 0.5h 0 97
13 DMP (1.2) MeCN/H,0 (1 - 3) 40 0.5h 0 98
14 PIFA (1.2) HFIP/H,O (1 : 3) 40 1.5h 81 12
15 PhIO (1.2) HFIP/H,O (1 : 3) 40 1.5h 72 19
16 PIDA (1.2) HFIP/H,O (1 : 3) 40 1.5h 77 11
17 HTIB (1.2) HFIP/H,O (1 . 3) 40 1.5h 67 26

“ Unless otherwise indicated, all reactions were conducted with 1r (0.2 mmol) in 2 mL of solvent at 40 C.
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C(aryl)™N bond of 1r in the presence of 1.2 equiv. of IBX
in a mixture of HFIP and H,O (V. V=2 : 1) at25 C for
4 h (Table 1, Entry 1). A higher yield (99%) of 2r was ob-
tained when DMP, readily available by warming IBX in an
acetic anhydride-acetic acid mixture,"”! was used, and the
reaction time was shortened to 1 h (Table 1, Entry 2). The
reaction time was shortened to 10 min when the reaction
temperature was 40 ‘C (Table 1, Entry 3). To avoid the
use of expensive HFIP solvents, the reaction was per-
formed in water. As a result, most of 1r was recovered
because DMP is insoluble in water (Table 1, Entry 4). In-
terestingly, a similar result was also observed when using
only HFIP as the solvent (Table 1, Entry 5). These obser-
vations indicated the importance of using both solvents.
Finally, it was found that a HFIP/H,O solvent volume
ratio of 1 © 3 gave a satisfactory yield of 2r at 40 C after
1.5 h (Table 1, Entry 8 vs. Entries 6 and 7). The conversion
of 1r was significantly reduced at a lower DMP loading
(Table 1, Entry 9). Different mixed solvents were also
screened for the conversion, including trifluoroethanol
(TFE)/H,0, EtOH/H,0, dimethyl sulfoxide (DMSO)/H,0,
and MeCN/H,O. These solvents were less efficient than
HFIP/H,0, and most of the starting material was recovered
(Table 1, Entries 10~13). Other hypervalent iodine rea-
gents, such as bis(trifluoroacetoxy)iodo]benzene (PIFA),
PhIO, (diacetoxyiodo)benzene (PIDA), and hydroxy-
(tosyloxy)iodo]benzene (HTIB), afforded slightly lower
yields of 2r than that of DMP under the optimal conditions
(Table 1, Entries 14~17 vs. Entry 8).

The substrate scope of this intramolecular C(aryl)—N
bond cleavage reaction was subsequently investigated un-
der the optimal conditions (Table 1, Entry 8). The key re-
sults are summarized in Table 2. The scope of the R* group
was initially investigated. This method was found to be
applicable for Me groups in the para-, ortho- or me-
ta-position (1a~1c), OMe (1d) and Cl (1e) group at the
para-position, as well as Ph group (1f). However, the reac-
tion did not work when R* was a CO,Et group (1g), and
most of the starting material was recovered. According to
our previous studies, we deduced that the strong electron
withdrawing group (EWG) CO,Et (1g) made the oxidation
reaction difficult at the ortho-position of the amido
group.'"” A similar result was also observed when the aryl
group on the N atom was changed to a 4-methylbenzyl
group (1h). We hypothesized that the benzylamine could
not be oxidized to the corresponding imine under the cur-
rent conditions, which inhibits the subsequent hydrolysis
reaction.''* 8-Aminoquinoline (AQ) group (1i) gave a 42%
yield of the product.

Pleasingly, further investigation of the R' group indi-
cated that the reaction tolerated various substituted aryl
groups with a 4-methylphenyl group serving as the leaving
group. Substituted phenyl groups bearing a Me group in
the para-, ortho- or meta-position afforded the desired
products 2j~2l in 96%~97% yields. Other aryl groups
with OMe (1m), CI (1n), CN (10), CF; (1p), CO,Et (1q),
and NO; (1r) groups in the para-position afforded the de-
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sired products in 79%~97% high yields. Substrate 1s
bearing two Cl groups in the meta-position behaved simi-
larly and afforded the product 2s in 98% yield. Compound
1t also reacted smoothly and generated the corresponding
amide 2t in 95% yield. It is noteworthy that heterocycles
were tolerated for the transformations, but the thio-
phenyl-containing substrate (lu) gave a higher product
yield than a pyridinyl-containing substrate (1v). Alkyl-
sulfonamides 1w and 1x also reacted smoothly under the
optimized conditions to afford the corresponding amides
2w and 2x in 96% and 92% yields, respectively. Further
investigation of the 2-phenyl-N-(p-tolyl)ethene-1-sulfon-
amide showed regiospecific cleavage of the aryl C—N
bond under the optimized conditions, which resulted in the
formation of 2-phenylethene-1-sulfonamide in 83% yield.
A typical aliphatic sulfonic acid experiment with N-aryl
camphor sulfonamide (1z) was also carried out. However,
it gave a 27% low yield of amide 2z. Pleasingly, the sulfu-
ric diamides 1a' and 1b' can be used in this protocol, de-
livering the desired products 2a' and 2b' in 76% and 59%
yields, respectively. In these two transformations, we suc-
cessfully utilized the properties of the electron-
withdrawing and aliphatic groups to selectively cleave the
4-methylphenyl group directly attached to the nitrogen
atom. It is noteworthy that the intermediates 3m and 2m
were isolated in 10% and 58% yield, respectively, with
18% starting material recovered when the reaction of 1m
was quenched after 5 min under the optimal reaction con-
ditions (Eq. 5). This control experiment suggested that the
mechanism of this transformation was an ortho-oxidation
of the aryl group pathway, as discussed in our previous
work. !}

DMP (1.2 equiv.) o, 0

\ 7/

2m + S\ (5)
HFIP/H,0 (V:V'=1:3,2mL)  ggo, N
40 °C, 5 min MeO H 0

Recovered: 18% 3m: 10%

Combined with some related previous literatures and our
experiments results,**!*!" especially the cases of 1a, 1d,
le, 1g, 1h and 1i, a possible mechanism was proposed (Eq.
6 and Scheme 1). The DMP was transformed to IBX by
releasing two molecula AcOH in the presence of HFIP and
H,0 by warm (Eq. 6).1''] Then, the IBX generated in situ
oxidized the staring material 1 to generated the intermedi-
ate A. The ortho-oxidation process subsequently occurred
via B and C, and the final product 2 formed after hydroly-
sis reaction (Scheme 1).['”)

OAc o)
AO|_oAc  HFIPIH,0 \\onc
o — 0 ©)
-2AcOH
(0) (0]
DMP IBX
http://sioc-journal.cn/ 2435
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Table 2 Extension of the reaction scope”

O\\S//O = l DMP (1.2 equiv.) 0\\8//0
- NN -
R “H \R2 HFIP/H,O (V:V=1:3,2mL),40°C R Z‘NH2
1
\\ // \\ // O\\ //o \\ //
o A
H
1a: 1 h, 93% 1b: 2 h, 82% 1c: 1 h, 91%”° 1d: 0.5 h, 72%
\\// O\\S//o \\// \\S//
o BAINOR
H H
1e:2 h, 94% 1f: 2 h, 90% 1g: NR° 1h: NR?
\\S// \\// \\// O\\S//O
SN SN
N\ H
1i: 1.5 h, 42% 1j: 10 min, 97% 1k: 10 min, 96% 11: 10 min, 96%

o @

1m: 10 min, 79%°

\\ ’/ g
Et0,C” i

19: 0.5 h, 95%

T

1u: 0.5 h, 96%

o 0O

\S:N
H
Cl
1n: 10 min, 92%

0 0

NG
H
O,N

1r:1.5h,97%

o

1v: 2 h, 21%'

o 0

N

H
NC

10: 10 min, 92%

QL
cl S
SN
H
cl
1s: 1 h, 98%

SN,
S\N
H

1w: 10 min, 96%

Neard

1p: 10 min, 92%

seard

1t: 1 h, 95%

\\ //
oS
H

1x: 10 min, 92%

H N EtO,C
0,0 0.0 Q.0
S N2 \\ // g
XN SN N“7SN
N
H d H H H

1y: 10 min, 83%

12: 0.5 h, 27% 1a': 1 h, 76% 1b' 1 h, 59%

Unless otherwise indicated, all these reactions were conducted with 1 (0.2 mmol) and DMP (1.2 equiv.) in 2 mL of mixed solvent system (Virip * Vio=1 : 3) at
40 C. Compound 2¢ was conducted with 1 (0.2 mmol) and DMP (1.5 equiv.) in 2.0 mL of mixed solvent system (Vurip * Vii,o=1 : 3) at 40 C. ©96% of the
starting material was recovered. ¢ 97% of the starting material was recovered. * Compound 2m was reacted with 1 (0.2 mmol) and DMP (1.5 equiv.) in 2.0 mL of
mixed solvent system (Vupip - Vi,o=1 * 3) at 40 c./ Compound 2v was reacted with 1 (0.2 mmol) and DMP (2.5 equiv.) in 2.0 mL of mixed solvent system

[ VHZO_ 1:1)at60 C.

20 IBX
\ ’

S
RSN -
H R2 AcOH
1
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Scheme 1 Proposed mechanism

© 2020 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2020, 40, 2433~2441



Chinese Journal of Organic Chemistry

ARTICLE

3 Conclusions

In summary, a DMP-promoted highly selective oxida-
tion reaction was developed for the regiospecific cleavage
of the inert C(aryl)—N bond in N-arylsulfonamides while
leaving the S—N bond untouched. Under mild reaction
conditions, a series of electronically neutral and structural-
ly simple secondary N-aryl sulfonamides were rapidly
transformed to useful primary sulfonamides in high yield.
In contrast to the previously reported cleavage of the alkyl
chain on the nitrogen atom of N-allylsulfonamides, an al-
ternative new route to the cleavage of the aryl group of
N-arylsulfonamides was presented. This work is also one
in a series of projects on the use of an aryl group as a re-
movable protecting group in the absence of a metal catalyst
starting from secondary N-arylamides to primary amides,
which are otherwise unattainable using conventional ami-
nolysis and hydrolysis methods. We think these method-
ologies are highly valuable for biochemistry, organic syn-
thetic chemistry, and industrial research.

4 Experimental section

4.1 General information

All reactions were carried out under air atmosphere, un-
less otherwise indicated. Starting materials 1 were synthe-
sized according to the known methods reported in the liter-
atures. Petroleum ether (PE) used refers to the 60~90 C
boiling point fraction of petroleum. Ethyl acetate is abbre-
viated as EA. '"H NMR and *C NMR spectra'® were rec-
orded on Bruker Avance/600 (‘"H NMR: 600 MHz, "*C
NMR: 150 MHz at 25 C) or Bruker Avance/400 (‘H
NMR: 400 MHz, “C NMR: 100 MHz at 25 ‘C) NMR
spectrometers and TMS was used as internal standard. All
high-resolution mass spectra (HRMS) were measured on a
mass spectrometer by using electrospray ionization
(ESI-0a-TOF), and the purity of all samples used for
HRMS (>95%) were confirmed by 'H NMR and "“C
NMR spectroscopic analysis. Melting points were meas-
ured on a melting point apparatus equipped with a ther-
mometer and were uncorrected. The literature value of
melting point for all solid compounds were obtained from
the Scifinder or references. All reactions were monitored
by thin-layer chromatography (TLC) with GF254 silica gel
coated plates. Flash chromatography was carried out on
Si0; (silica gel 200~300 mesh).

4.2 Synthesis
4.2.1 Synthesis of 1

Taking synthesis of 1a as an example, to a
round-bottom flask (25 mL) were added benzenesulfonyl
chloride (0.593 mL, 4.66 mmol) and p-toluidine (499 mg,
4.66 mmol), and then the mixture was stirred well for 1 h
in 0.5 mL of pyridine solution at 80 ‘C (the whole process
was closely monitored by TLC). After the completion of
the reaction, the reaction was quenched by 1 mol/L HCl
solution (10 mL). The mixture was extracted with di-
chloromethane (5 mL X3). After filtration and concentra-

[17]
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tion, the crude product was purified by a short flash silica
gel column chromatography [eluent: F(ethylacetate) :

V(petroleum ether)=1 : 2] to give N-(p-tolyl)benzene-
sulfonamide (1a) as light yellow solid (1128 mg, 98%).
m.p. 119~121 C (it"™ 118~120 C); '"H NMR (400
MHz, CDCls) d: 7.76 (d, J=7.2 Hz, 2H), 7.53 (t, J=7.4
Hz, 1H), 7.43 (t, J="7.8 Hz, 2H), 7.03 (d, /=28.4 Hz, 2H),
6.95 (d, J/=8.4 Hz, 2H), 2.27 (s, 3H).

N-(m-Tolyl)benzenesulfonamide (1b): White solid
(1127 mg, 98%). m.p. 92~94 C (lit." 94~95 C); 'H
NMR (400 MHz, CDCls) 6: 7.79 (d, J=7.2 Hz, 2H), 7.53
(t, J=7.4 Hz, 1H), 7.44 (t, J=7.4 Hz, 2H), 7.8 (t, J=7.7
Hz, 1H), 6.89 (dd, /=18.2, 9.4 Hz, 4H), 2.26 (s, 3H).

N-(o-Tolyl)benzenesulfonamide (1¢): White solid (1093
mg, 95%). m.p. 123~124 C (1it"' 122~123 C); 'H
NMR (400 MHz, CDCls) ¢: 7.74 (d, J=7.2 Hz, 2H), 7.55
(t, J=7.4 Hz, 1H), 7.43 (t, J/=7.8 Hz, 2H), 7.31 (d, J/=8.0
Hz, 1H), 7.17~7.11 (m, 1H), 7.08 (d, J=4.0 Hz, 2H),
6.53 (s, 1H), 1.99 (s, 3H).

N-(4-Methoxyphenyl)benzenesulfonamide (1d): White
solid (1201 mg, 98%). m.p. 88~89 C (lit.*” 88~
90 ‘C); 'H NMR (400 MHz, CDCl3) §: 7.72 (d, J=7.2 Hz,
2H), 7.52 (t, J=7.4 Hz, 1H), 7.42 (t, J=7.7 Hz, 2H),
7.01~6.96 (m, 2H), 6.85 (s, 1H), 6.77~6.72 (m, 2H),
3.74 (s, 3H).

N-(4-Chlorophenyl)benzenesulfonamide (1e): Off-white
solid (1244 mg, 100%). m.p. 121~122 C (lit.*" 120~
121 C); '"H NMR (400 MHz, CDCl3) &: 7.77 (d, J=17.6
Hz, 2H), 7.56 (t, J=7.0 Hz, 1H), 7.45 (t, J=7.8 Hz, 2H),
7.20 (d, J/=8.4 Hz, 2H), 7.05~6.97 (m, 3H).

N-Phenylbenzenesulfonamide (1f): White solid (1031
mg, 95%). m.p. 102~105 C (1it.”* 100~102 C); 'H
NMR (600 MHz, CDCl;) ¢: 7.78 (d, J=7.2 Hz, 2H), 7.53
(t, J=7.5 Hz, 1H), 7.44 (t, J=7.8 Hz, 2H), 7.25~7.22 (m,
2H), 7.12 (t, J=1.5 Hz, 1H), 7.07 (d, J/=7.2 Hz, 2H), 6.82
(s, 1H).

Ethyl 4-(phenylsulfonamido)benzoate (1g): White solid
(1351 mg, 95%). mp. 138~ 141 C (it 141 ~
143 C); '"H NMR (600 MHz, DMSO-d;) J: 10.86 (s, 1H),
7.82 (dd, J/=17.8, 6.6 Hz, 4H), 7.62 (t, J=7.5 Hz, 1H), 7.56
(t, J=7.8 Hz, 2H), 7.22 (d, J/=8.4 Hz, 2H), 4.23 (q, J=7.0
Hz, 2H), 1.26 (t, J/=6.9 Hz, 3H).

N-(4-Methylbenzyl)benzenesulfonamide (1h): White
solid (1119 mg, 92%). m.p. 82~83 C (lit.**! 84 C); 'H
NMR (600 MHz, DMSO-dy) ¢: 8.10 (t, J=6.3 Hz, 1H),
7.81 (d, J/=7.8 Hz, 2H), 7.63~7.56 (m, 3H), 7.09 (dd, J=
20.4, 7.8 Hz, 4H), 3.93 (d, J/=6.0 Hz, 2H), 2.25 (s, 3H).

N-(quinolin-8-yl)benzenesulfonamide (1i): Yellow green
solid (1191 mg, 90%). m.p. 131~133 C (lit.*" 132.5~
133 “C); '"H NMR (600 MHz, CDCl;) d: 9.25 (s, 1H), 8.71
(dd, /=4.2, 1.8 Hz, 1H), 8.03 (dd, J=38.5, 1.5 Hz, 1H),
7.90 (d, J=7.2 Hz, 2H), 7.82 (dd, J=6.9, 2.1 Hz, 1H),
7.43~7.35 (m, 4H), 7.32 (t, J=7.8 Hz, 2H).

2-Methyl-N-(p-tolyl)benzenesulfonamide (1j): Light
yellow solid (1144 mg, 94%). m.p. 123~125 C (lit.!*
126 C); '"H NMR (400 MHz, CDCl;) d: 7.95 (d, J=8.1
Hz, 1H), 7.40 (t, J=7.5 Hz, 1H), 7.24 (s, 1H), 7.17 (s, 1H),
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6.99 (d, J/=8.3 Hz, 2H), 6.92 (d, J=28.5 Hz, 2H), 2.65 (s,
3H), 2.22 (s, 3H).

3-Methyl-N-(p-tolyl)benzenesulfonamide (1k): Yellow
solid (1156 mg, 95%). m.p. 114~118 ‘C; "H NMR (400
MHz, CDCL;) ¢: 7.61 (s, 1H), 7.56 (d, J=7.2 Hz, 1H),
7.32~7.25 (m, 2H), 7.11 (s, 1H), 7.01 (d, J/=8.4 Hz, 2H),
6.96 (d, /=8.8 Hz, 2H), 2.32 (s, 3H), 2.25 (s, 3H); HRMS
(ESI) caled for Ci,H;sNO,S [M~+H]" 262.0896, found
262.0885.

4-Methyl-N-(p-tolyl)benzenesulfonamide (11): White
solid (1155 mg, 95%). m.p. 114~116 C (lit*! 116~
117.5 C); '"H NMR (400 MHz, CDCLy) 6: 7.69 (d, J=8.4
Hz, 2H), 7.42 (s, 1H), 7.19 (d, J=8.4 Hz, 2H), 7.00 (s,
4H), 2.34 (s, 3H), 2.24 (s, 3H).

4-Methoxy-N-(p-tolyl)benzenesulfonamide (1m): White
solid (1351 mg, 96%). m.p. 105~107 C (lit.** 109.5~
110 C); '"H NMR (400 MHz, CDCL;) §: 7.68 (d, J=8.8
Hz, 2H), 7.03 (d, /=38.0 Hz, 2H), 6.94 (d, J=8.4 Hz, 2H),
6.88 (d, /=8.8 Hz, 2H), 6.63 (s, 1H), 3.82 (s, 3H), 2.27 (s,
3H).

4-Chloro-N-(p-tolyl)benzenesulfonamide (1n): Yellow
solid (1296 mg, 99%). m.p. 84~85 C (lit.*"! 88 C); 'H
NMR (400 MHz, CDCl;) o: 7.68 (d, J=28.8 Hz, 2H), 7.39
(d, J/=28.8 Hz, 2H), 7.04 (d, J=8.0 Hz, 2H), 6.96 (d, J=
8.4 Hz, 3H), 2.28 (s, 3H).

4-Cyano-N-(p-tolyl)benzenesulfonamide (1o): Light
yellow solid (887 mg, 70%). m.p. 149~152 °C; 'H NMR
(600 MHz, CDCls) J: 7.85 (d, J=8.4 Hz, 2H), 7.72 (d, J=
8.4 Hz, 2H), 7.05 (d, /=28.4 Hz, 3H), 6.95 (d, /=8.4 Hz,
2H), 2.28 (s, 3H); °C NMR (150 MHz, CDCl;) §: 143.2,
136.6, 132.9, 132.8, 130.3, 128.0, 123.0, 117.4, 116.7,
21.0; HRMS (ESI) caled for C4H;,N,NaO,S [M—I—Na]+
295.0512, found 295.0511.

N-(p-Tolyl)-4-(trifluoromethyl)benzenesulfonamide
(1p): Light yellow solid (1409 mg, 96%). m.p. 123~
125 C (1it*! 123.7~124.6 ‘C); '"H NMR (400 MHz,
CDCl;) 4: 7.85 (d, J=8.4 Hz, 2H), 7.70 (d, J=8.4 Hz,
2H), 7.07 (d, J=8.0 Hz, 2H), 6.95 (d, /=8.4 Hz, 2H), 6.59
(s, 1H), 2.29 (s, 3H).

Ethyl 4-(N-(p-tolyl)sulfamoyl)benzoate (1q): Light yel-
low solid (929 mg, 97%). m.p. 108~120 ‘C; 'H NMR
(400 MHz, CDCl;) d: 8.11~8.05 (m, 2H), 7.83~7.77 (m,
2H), 7.03 (d, J=8.0 Hz, 2H), 6.98~6.92 (m, 2H), 6.86 (s,
1H), 4.39 (q, J=7.1 Hz, 2H), 2.27 (s, 3H), 1.39 (t, J=7.2
Hz, 3H); "C NMR (150 MHz, CDCl3) §: 165.3, 142.9,
136.1, 134.5, 133.3, 130.2, 130.1, 127.4, 122.9, 61.9, 21.0,
14.3; HRMS (ESI) caled for C,¢H;;NNaO,S [M+Na]"
342.0770, found 342.0766.

4-Nitro-N-(p-tolyl)benzenesulfonamide (1r): Light yel-
low solid (1293 mg, 95%). m.p. 180~182 C (lit.”
179~180 C); 'H NMR (600 MHz, CDCLy) J: 8.27 (d,
J=9.0 Hz, 2H), 7.89 (d, /=8.4 Hz, 2H), 7.08 (d, /=8.4
Hz, 2H), 6.95 (d, J/=8.4 Hz, 2H), 6.57 (s, 1H), 2.30 (s,
3H).

3,5-Dichloro-N-(p-tolyl)benzenesulfonamide (1s) White
solid (1351 mg, 95%). m.p. 124~126 C (lit*' 123~
125 “C); 'H NMR (400 MHz, CDCl;) J: 10.30 (s, 1H),
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7.94 (t, J=1.8 Hz, 1H), 7.66 (d, /=2.0 Hz, 2H), 7.08 (d,
J=8.4 Hz, 2H), 6.97 (d, J/=28.4 Hz, 2H), 2.21 (s, 3H).

N-(p-Tolyl)naphthalene-2-sulfonamide (1t): Light yel-
low solid (1329 mg, 96%). m.p. 107~109 C (lit.B”
127.5 °C); '"H NMR (600 MHz, CDCL;) 6: 8.36 (d, J=1.2
Hz, 1H), 7.87 (t, J=8.4 Hz, 3H), 7.77 (dd, /=8.4, 1.8 Hz,
1H), 7.61 (t, J=7.2 Hz, 1H), 7.56 (t, J=7.2 Hz, 1H), 7.01
(d, J=17.4 Hz, 5H), 2.24 (s, 3H); *C NMR (150 MHz,
CDCl;) 0: 136.1, 135.6, 135.0, 133.7, 132.1, 130.0, 129.5,
129.4, 129.0, 130.0, 130.0, 127.6, 122.5, 20.9; HRMS
(ESI) caled for C;H;sNNaO,S [M-+Na] ™ 320.0716,
found 320.0714.

N-(p-Tolyl)thiophene-2-sulfonamide (1u): White solid
(1351 mg, 95%). m.p. 113~115 C (1it.*" 115 C); 'H
NMR (400 MHz, CDCl;) ¢: 7.52 (dd, J=5.0, 1.4 Hz, 1H),
7.47 (dd, J=4.2, 1.4 Hz, 1H), 7.07 (d, J=8.4 Hz, 2H),
7.04~6.98 (m, 3H), 6.79 (s, 1H), 2.29 (s, 3H).

N-(p-Tolyl)pyridine-3-sulfonamide (1v): White solid
(1063 mg, 92%). mp. 189 ~192 C (it 188 ~
190 ‘C); 'H NMR (400 MHz, CDCl;) J: 10.32 (s, 1H),
8.83 (d, /=1.6 Hz, 1H), 8.76 (dd, /=5.0, 1.4 Hz, 1H),
8.08~8.06 (m, 1H), 7.60~7.58 (m, 1H), 7.05 (d, /=8.4
Hz, 2H), 6.97 (d, J=8.4 Hz, 2H), 2.19 (s, 3H); °C NMR
(150 MHz, DMSO) ¢: 153.3, 147.0, 135.8, 134.7, 134.3,
134.1, 129.7, 124.3, 121.2, 20.3; HRMS (ESI) calcd for
C1,H;5N,0,S [M+H]" 249.0692, found 249.0691.

1-Phenyl-N-(p-tolyl)methanesulfonamide (1w): Brown
solid (1143 mg, 94%). mp. 107 ~ 108 C (Lit.”"
108 C); '"H NMR (400 MHz, CDCls) §: 7.37~7.32 (m,
3H), 7.27 (d, J=1.6 Hz, 1H), 7.25 (s, 1H), 7.14 (d, J=
8.0 Hz, 2H), 7.04 (d, /=28.4 Hz, 2H), 6.30 (s, 1H), 4.29 (s,
2H), 2.33 (s, 3H).

N-(p-Tolyl)butane-1-sulfonamide (1x): Brown solid
(988 mg, 93%). m.p. 78~80 ‘C; 'H NMR (400 MHz,
CDCl;) d: 7.16~7.09 (m, 4H), 6.71 (s, 1H), 3.09~3.02
(m, 2H), 2.32 (s, 3H), 1.84~1.74 (m, 2H), 1.45~1.35 (m,
2H), 0.89 (t, J=7.4 Hz, 3H); >C NMR (150 MHz, CDCl5)
0: 135.3, 134.3, 130.3, 121.3, 51.1, 25.6, 21.6, 20.9, 13.6;
HRMS (ESI) caled for C;H;;NNaO,S [M + Na] -
250.0872, found 250.0872.

(E)-2-Phenyl-N-(p-tolyl)ethene-1-sulfonamide  (1y):"**!
Claybank liquid (1260 mg, 99%); 'H NMR (400 MHz,
CDCl;) o: 7.44 (d, J=15.2 Hz, 1H), 7.38~7.28 (m, 5H),
7.14 (d, J=8.4 Hz, 2H), 7.06 (d, /=8.0 Hz, 2H), 6.83 (d,
J=15.6 Hz, 1H), 2.25 (s, 3H).

1-((1S,4S)-7,7-Dimethyl-2-oxobicyclo[2.2.1 heptan-1-
yl)-N-(p-tolyl)methanesulfonamide (1z): White solid (1197
mg, 80%). m.p. 134~136 C; 'H NMR (600 MHz,
CDCl;) d: 7.66 (s, 1H), 7.15 (dd, J=25.2, 8.4 Hz, 4H),
3.36 (d, J=15.6 Hz, 1H), 2.83 (d, /=15.6 Hz, 1H), 2.47~
2.43 (m, 1H), 2.32 (s, 3H), 2.19~2.03 (m 4H), 1.98 (d,
J=18.7 Hz, 1H), 1.52~1.43 (m, 1H), 0.95 (s, 3H), 0.86
(s, 3H); HRMS (ESI) caled for C,;HpNO;S [M+H]"
322.1471, found 322.1481.

Ethyl 4-((NV-(p-tolyl)sulfamoyl)amino)benzoate (1a'):
The product was isolated by flash chromatography [eluent:
V(ethylacetate) . V(petroleum ether)=1 : 10] as a white
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solid (481 mg, 72%). m.p. 154~157 C (lit.*! 159~
160 “C); '"H NMR (600 MHz, DMSO-d;) 6: 10.65 (s, 1H),
10.29 (s, 1H), 7.84 (d, J=8.4 Hz, 2H), 7.22 (d, J=9.0 Hz,
2H), 7.05 (d, J/=8.4 Hz, 2H), 6.98 (d, /=8.4 Hz, 2H), 4.26
(q, J=7.0 Hz, 2H), 2.19 (s, 3H), 1.28 (t, J=7.2 Hz, 3H).
N-(4-Methylbenzyl)-N'"-(4-methylphenyl)sulfuric ~ dia-
mide (1b'"): The product was isolated by flash chromatog-
raphy [eluent: F(ethylacetate) : V(petroleum ether)=1 :
10] as a white solid (407 mg, 70%). m.p. 109~111 °C; 'H
NMR (400 MHz, DMSO-dy) o: 9.57 (s, 1H), 7.79 (t, J=
6.4 Hz, 1H), 7.12~7.02 (m, 9H), 3.96 (d, /=6.0 Hz, 2H),
2.24 (d, J=1.6 Hz, 6H); °C NMR (100 MHz, DMSO-d;)
0: 136.3, 136.1, 134.9, 131.6, 129.3, 128.7, 127.6, 118.8,
45.4, 20.7, 20.3; HRMS (ESI) calcd for C;sH;sN,NaO,S
[M-+Na]” 313.0981, found 313.0981.
4.2.2 Synthesis of 2

Taking synthesis of 2a as an example, to a round-bottom
flask (25 mL) was added N-(p-tolyl)benzenesulfonamide
(1a) (49.4 mg, 0.2 mmol) and DMP (102 mg, 0.24 mmol),
then the mixture was well stirred for 0.5 h in 2 mL of
mixed-solvent (Vurp - Vi,o=1 : 3) at 40 C (the whole
process was closely monitored by TLC). After the reaction
stopped, saturated sodium bicarbonate and carbon dichlo-
ride were added for extraction. Then the organic solvent
was concentrated in vacuo. The residue was purified by
flash column chromatography with EA and PE as eluent to
give primary amide 2a as light yellow solid (29 mg, 93%).

Benzenesulfonamide (2a): The product was isolated by
flash chromatography [eluent: F(ethylacetate) : V(petro-
leum ether)=1 : 5] as a light yellow solid (29 mg, 93%).
m.p. 149~152 C (1it®® 152~153 C); '"H NMR (600
MHz, DMSO-dq) o: 8.41 (d, J/=7.8 Hz, 2H), 8.06 (d, J=
7.8 Hz, 2H), 7.73 (s, 2H).

2-Methylbenzenesulfonamide (2j): The product was
isolated by flash chromatography [eluent: JV{(ethylace-
tate) . V(petroleum ether)=3 I 10] as a light yellow solid
(33 mg, 97%). m.p. 154~156 C (lit.*" 154~157 C);
'H NMR (400 MHz, CDCl;) J: 7.84 (d, J=8.0 Hz, 1H),
7.50~7.45 (m, 1H), 7.36 (t, J/=7.6 Hz, 4H), 2.59 (s, 3H).

3-Methylbenzenesulfonamide (2k): The product was
isolated by flash chromatography [eluent: JV{(ethylace-
tate) . V(petroleum ether)=3 I 10] as a light yellow solid
(33 mg, 96%). m.p. 103~107 C (lit.*” 106~109 C);
'H NMR (400 MHz, CDCl;) 6: 7.66~7.60 (m, 2H),
7.48~7.38 (m, 2H), 7.29 (s, 2H), 2.38 (s, 3H).

4-Methylbenzenesulfonamide (21): The product was
isolated by flash chromatography [eluent: JV{(ethylace-
tate) . V(petroleum ether)=3 I 10] as a light yellow solid
(33 mg, 96%). m.p. 136~140 C (1it®" 138.5 C); 'H
NMR (400 MHz, CDCls) o: 7.73~7.68 (m, 2H), 7.36 (d,
J=28.0 Hz, 2H), 7.26 (s, 2H), 2.37 (s, 3H).

4-Methoxybenzenesulfonamide (2m): The product was
isolated by flash chromatography [eluent: V(ethyl- ace-
tate) . V(petroleum ether)=1 : 5] as a white solid (30 mg,
79%). m.p. 109~110 C (lit.** 110~112 C); '"H NMR
(600 MHz, DMSO-dq) J: 7.75 (d, J=9.0 Hz, 2H), 7.20 (s,
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2H), 7.08 (d, J/=8.4 Hz, 2H), 3.82 (s, 3H), 1.23 (s, IH).
4-Chlorobenzenesulfonamide (2n): The product was
isolated by flash chromatography [eluent: F(ethylace-
tate) . V(petroleum ether)=3 : 10] as a light yellow solid
(62 mg, 92%). m.p. 138~140 C (lit.*" 142~144 C);
'H NMR (600 MHz, DMSO-d,) §: 7.82 (d, J=8.4 Hz,
2H), 7.65 (d, J=9.0 Hz, 2H), 7.45 (s, 2H).
4-Cyanobenzenesulfonamide (20): The product was iso-
lated by flash chromatography [eluent: V(ethyl- acetate) :
V(petroleum ether)=3 : 10] as a light red solid (33 mg,
92%). m.p. 161~164 C (lit.* 167~168 C); '"H NMR
(600 MHz, DMSO-d) o: 8.07 (d, J=8.4 Hz, 2H), 7.97 (d,
J=8.4 Hz, 2H), 7.65 (s, 2H).
4-(Trifluoromethyl)benzenesulfonamide  (2p):  The
product was isolated by flash chromatography (eluent:
V(ethylacetate) : V(petroleum ether)=3 : 10) as a light
yellow solid (41 mg, 92%). m.p. 175~176 C (lit.*"
176~177 “C); '"H NMR (600 MHz, DMSO-d) J: 8.03 (d,
J=8.4 Hz, 2H), 7.98 (d, J/="7.8 Hz, 2H), 7.61 (s, 2H).

Ethyl 4-sulfamoylbenzoate (2q): The product was
isolated by flash chromatography [eluent: F(ethylace-
tate) . V(petroleum ether)=3 : 10] as a light brown solid
(44 mg, 95%). m.p. 97~98 C (lit* 97~115 C); 'H
NMR (400 MHz, DMSO-dg) ¢: 8.13 (d, J/=8.8 Hz, 2H),
7.95 (d, J=8.4 Hz, 2H), 7.56 (s, 2H), 4.35 (q, /=7.1 Hz,
2H), 1.33 (t, J/=7.2 Hz, 3H).

4-Nitrobenzenesulfonamide (2r): The product was iso-
lated by flash chromatography [eluent: V(ethylace- tate) :
V(petroleum ether)=1 : 5] as a light yellow solid (39 mg,
97%). m.p. 180~182 C (lit.*! 178~180 C); '"H NMR
(600 MHz, DMSO-dg) o: 8.41 (d, J=7.8 Hz, 2H), 8.06 (d,
J=17.8 Hz, 2H), 7.73 (s, 2H).

3,5-Dichlorobenzenesulfonamide (2s): The product was
isolated by flash chromatography [eluent: F(ethylace-
tate) . V(petroleum ether)=3 : 10] as a white solid (44
mg, 98%). m.p. 158~160 C (lit.*' 158~160 C); 'H
NMR (600 MHz, DMSO-dy) 6: 7.93 (t, J=2.1 Hz, 1H),
7.80 (d, J/=1.8 Hz, 2H), 7.65 (s, 2H).

Naphthalene-2-sulfonamide (2t): The product was
isolated by flash chromatography [eluent: F(ethylace-
tate) . V(petroleum ether)=3 : 10] as a light yellow solid
(40 mg, 95%). m.p. 212~215 C (lit."* 213~215 C);
'H NMR (600 MHz, DMSO-d) o: 8.42 (d, J=12 Hz,
1H), 8.12 (dd, J=11.7, 8.7 Hz, 2H), 8.02 (d, J=7.8 Hz,
1H), 7.88 (dd, J=38.7, 2.1 Hz, 1H), 7.70~7.63 (m, 2H),
7.44 (s, 2H).

Thiophene-2-sulfonamide (2u): The product was
isolated by flash chromatography [eluent: F(ethylace-
tate) . V(petroleum ether)=3 © 10] as a light yellow solid
(31 mg, 96%). m.p. 140~142 C (lit.*! 142~144 C);
'H NMR (400 MHz, DMSO-d;) J: 7.83 (dd, J=5.0, 1.4
Hz, 1H), 7.64 (s, 2H), 7.55 (dd, /=3.7, 1.4 Hz, 1H), 7.13
(dd, J=5.2,3.6 Hz, IH).

Pyridine-3-sulfonamide (2v): The product was isolated
by flash chromatography [eluent: FV(ethylacetate) :
V(petroleum ether)=3 : 10] a light yellow solid (7 mg,
21%). m.p. 108~109 C (lit.*" 109~110 C); 'H NMR
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(600 MHz, DMSO-dg) o: 8.98 (d, J/=1.8 Hz, 1H), 8.78
(dd, J/=4.8, 1.2 Hz, 1H), 8.21~8.17 (m, 1H), 7.67~7.58
(m, 3H).

Phenylmethanesulfonamide (2w): The product was iso-
lated by flash chromatography [eluent: V(ethylacetate) :
V(petroleum ether)=3 : 10] as a light brown solid (33 mg,
96%). m.p. 96~99 C (lit*” 99~100 ‘C); '"H NMR
(600 MHz, DMSO-ds) 6: 7.39~7.33 (m, 5H), 6.84 (s, 2H),
4.26 (s, 2H).

Butane-1-sulfonamide (2x):'**! The product was isolated
by flash chromatography [eluent: JF{(ethylacetate) :
V(petroleum ether)=3 : 10] as a reddish brown semi-solid
(25 mg, 92%). 'H NMR (400 MHz, CDCl;) : 4.72 (s, 2H),
3.24~3.04 (m, 2H), 1.91~1.79 (m, 2H), 1.54~1.42 (m,
2H), 0.96 (t, /=7.4 Hz, 3H).

(E)-2-Phenylethene-1-sulfonamide (2y): The product
was isolated by flash chromatography [eluent:
V(ethylacetate) : V(petroleum ether)=2 : 10] as a light
yellow solid (30 mg, 83%). m.p. 139~142 C (lit.*
140~141 °C); "H NMR (600 MHz, DMSO-dj) J: 7.69~
7.66 (m, 3H), 7.45~7.41 (m, 5H), 7.31 (d, J=15.6 Hz,
2H), 7.23 (d, J=15.6 Hz, 2H), 7.11 (s, 3H).

((1S,45)-7,7-Dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-
methanesulfonamide (2z): The product was isolated by
flash chromatography [eluent: F(ethylacetate) : V(petro-
leum ether)=2 : 1] as a colorless semi-solid (12.4 mg,
27%). "H NMR (400 MHz, DMSO-d,) : 6.86 (s, 2H), 3.39
(d, J/=14.8 Hz, 1H), 2.96 (d, /=14.8 Hz, 1H), 2.45~2.28
(m, 2H), 2.05 (t, J=4.4 Hz, 1H), 1.98~1.84 (m, 2H),
1.56~1.34 (m, 2H), 1.04 (s, 3H), 0.80 (s, 3H).

Ethyl 4-(sulfamoylamino)benzoate (2a'): The product
was isolated by flash chromatography [eluent: V(ethylace-
tate) . V(petroleum ether)=3 : 10] as a reddish brown
solid (37 mg, 76%). m.p. 157~159 “C; 'H NMR (600
MHz, DMSO-dg) 6: 10.11 (s, 1H), 7.86 (d, /=9.0 Hz, 2H),
7.34 (s, 2H), 7.21 (d, J=9.0 Hz, 2H), 4.27 (q, J=7.2 Hz,
2H), 1.30 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
CoH 5N,0,S [M+H]" 245.0591, found245.0583.

N-(4-Methylbenzyl)sulfuric diamide (2b'): The product
was isolated by flash chromatography [eluent: V(ethylace-
tate) . V(petroleum ether) =3 ! 10] as a colorless
semi-solid (24 mg, 59%). '"H NMR (400 MHz, DMSO-d,)
0: 7.22 (d, J=8.0 Hz, 2H), 7.12 (d, J=8.0 Hz, 2H), 6.96
(t, J=6.4 Hz, 1H), 6.59 (s, 2H), 4.02 (d, /=6.8 Hz, 2H),
2.28 (s, 3H); *C NMR (100 MHz, DMSO-d;) J: 135.9,
135.6, 128.7, 127.7, 45.9, 20.7; HRMS (ESI) calcd for
CgH,N,NaO,S [M+Na]" 223.0512, found 223.0511.

4-Methoxy-N-(4-methyl-3,6-dioxocyclohexa-1,4-dien-1-
yl)benzenesulfonamide (3m): The product was isolated by
flash chromatography [eluent: V(ethylacetate) : V(petro-
leum ether)=1 : 10] as a yellow solid (6 mg, 10%). m.p.
112~115 °C; '"H NMR (400 MHz, CDCL;) 6: 7.86 (d, J=
9.2 Hz, 2H), 7.63 (s, 1H), 6.99 (d, /=8.8 Hz, 2H), 6.54 (d,
J=1.6 Hz, 1H), 6.48 (s, 1H), 3.87 (s, 3H), 2.02 (d, J/=1.6
Hz, 3H); "C NMR (100 MHz, CDCl3) §: 186.5, 181.5,
164.1, 148.4, 138.1, 129.9, 129.2, 114.7, 110.8, 55.8, 16.1;
HRMS (ESI) caled for C4H;3sNNaOsS [M + Na] *
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330.0407, found 330.0400.

Supporting Information 'H NMR and/or *C NMR
spectra of compounds 1 and 2. The Supporting Information
is available free of charge via the Internet at http://sioc-
journal.cn/.
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