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Copper-Catalyzed Aerobic Oxidative Coupling of Aromatic Sulfonyl
Hydrazides with Amines: A New Access to Aromatic Sulfonamides
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Abstract A copper(I)-catalyzed aerobic oxidative coupling of aromatic sulfonyl hydrazides with amines for the synthesis of
aromatic sulfonamides was described. In contrast to previously described methods, this reaction employs copper/O, as the
catalytic system, and generates N, as the only byproduct, which provides an environmentally benign synthetic route for aro-
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1 Introduction

Free radicals could enable reactions that would be diffi-
cult to achieve with typical ionic transformations.!"
Therefore, the invention of powerful catalytic radical-
based reactions for the selective formation of chemical
bonds has attracted considerable attention from synthetic
chemists. In particular, studies on Cu(I)/O, catalytic sys-
tem have demonstrated its abilities to not only transfer one
electron to the corresponding substrate but also to be re-
generated by aerobic oxidation of the Cu(I) species, which
allow the design of unique single electron transfer path-
ways that enable the development of many environmental-
ly benign chemical transformations.!”! Up to date, success
in this area of catalysis is still limited mostly to the con-
struction of carbon-carbon and carbon-heteroatom bonds,!
while fragment coupling methods under Cu(II)/O, catalytic
system that construct hetero-heteroatom bonds are rela-
tively limited,' despite the opportunity to access valuable
structural motifs of biologically active molecules. Sulfon-
amides are an important class of structural moieties widely
present in natural products and pharmaceuticals, such as
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Figure 1 Drugs containing sulfonamide structure motif

amprenavir and celecoxib (Figure 1).°) Given its im-
portance, the preparation of sulfonamide unit has attracted
much attention from the community.'*'” In general, sul-
fonamides can be prepared either by the straightforward
reaction of amines with sulfonic acid derivatives.' or the
alkylation of sulfonamides with organic halides,!” pseudo
halides'™ or alcohol.”” However, the challenges along with
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sulfonamide synthesis originate mostly from the use of
non-stable, hazardous starting materials, generating a large
quantity of toxic byproduct, and the requirement of harsh
conditions. To address this issue, many groups have re-
ported the improved sulfonamide synthesis employing in-
expensive catalyst, starting materials and the reduction of
the amount of environmental unfriendly byproducts. For
instance, Jiang and co-workers reported an efficient cop-
per-catalyzed sulfonamide synthesis from sodium sul-
finates and amines (Scheme 1a).l"" However, 20 mol%
copper catalyst is needed. Sulfonamides synthesis starting
from thios and sodium sulfinates mediated by metal or
iodine reagents were also independently developed by
Pan,!'! Wang," Yuan'"’! and Song"*! groups (Scheme
1b~1c). Recently, copper-catalyzed electrophilic amina-
tion of sodium sulfinates or aminosulfonylation of aryldi-
azonium tetrafluoroborates and DABCO+(S0O,), were also
developed for the efficient synthesis of sulphonamides
(Scheme 1d)."! Besides, IL/peroxide or I1,0s-mediated
sulfonylation of amines also provided alternative ap-
proaches for sulfonamides (Scheme 1¢).l"") With the aim to
synthesize biologically important molecules in an at-
om-economical manner, we believe that developing effi-
cient and environmentally benign strategies for the con-
struction of sulfonamide units via a radical process is still
highly desired. By taking advantage of the stable and read-
ily available nature of sulfonyl hydrazides,!" we herein
report an aerobic oxidative synthesis of sulfonamides from
sulfonyl hydrazines and amines with N, as the only by-
product using 5 mol % copper catalyst (Scheme 1f).

2 Results and discussion

Our investigation began with the reaction of sulfonyl
hydrazine (1a) and piperidine (2a) (Table 1). Initially, a
screening of the catalyst showed that CuBr, was the best
catalyst for this reaction (Entry 1), whereas other com-
monly used copper salts gave lower yields (Entries 2~
5). When other Lewis acids, such as FeCl; and NiCly,
were employed as catalysts, no corresponding product
was obtained (Entries 6~7). Subsequently, a series of
solvents were evaluated. The results suggested that
N,N-dimethylacetamide (DMA) was the best solvent for
this reaction (Entries 8 vs Entries 9~12). Control ex-
periment showed that a higher yield was obtained when
3 equiv. of piperidine was employed (Entry 14). De-
creasing the amount of solvent to 0.1 mL improved the
yield to 84% (Entry 15). Further evaluation of the reac-
tion conditions revealed that a higher reaction tempera-
ture gave a lower yield (Entry 16). Note that replacing
the oxygen atmosphere to air led to a slightly lower
yield (Entry 17).

Under the optimized reaction conditions, the substrate
scope of sulfonyl hydrazine 1 was examined. As shown in
Table 2, a variety of sulfonyl hydrazines were tolerated
well to give sulfonamides 3aa~3la in good to excellent
yields. The electron-donating and electron-withdrawing
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(a) Copper-catalyzed amination of sodium sulfinates (Jiang's work)

Cu(ll) (20 mol%)

Il
R'—S—ONa + R2R3NH,
O, or DMSO

I
R1—IS|—NR2R3

(b) Copper-mediated sulfonamide synthesis (Pan's work)
CuCl (1.0 equiv.)

Cu(OAc), (1.0 equiv.)

I
R'—SH + HC(=O0)NHR?R® R1—ﬁ—NR2R3

(c) lodine-mediated sulfonamide synthesis (Wang, Yuan and Song's

work)
o} 0
[l I, (0.5~ 1.0 equiv.) |l
R'—S—ONa + R2R3NH R1—ﬁ—NR2R3
0

(d) Copper-catalyzed electrophilic amination (Tu and Wu's work)

Cu(ll
R'SO,Na or R'N,BF, + DABCO-(SO,), + R2R3NX —>

1l
R1—ﬁ—NR2R3 X =BzO, Cl

(e) I,/TBHP or 1,05 mediated oxidative sulfonamide synthesis

I,/TBHP

L R'—SO,NHNH 2R3
R'SH or 2 b + RZRONH, or 1,05 (1 equiv)

Il
R1—ﬁ—NR2R3

(f) Copper-catalyzed sulfonamide synthesis with O, as the oxidant
(this work)

]

I CuBr; (5 mol%
RI=S—NHNH, + RZRONH CuBrp Gmol),

2
R'—S—NR2R?
N I
Scheme 1 Representive synthetic routes for the construction of
sulfonamides

groups, such as methyl and halides, on the aromatic ring
led to slightly lower yields (3aa~3ba, 3da~3fa); How-
ever, the introduction of a strong electron-donating or
electron-withdrawing group on the aromatic ring resulted
in a decreased yield to 61% and 46%, respectively (3ca
and 3ga). Compared with substrates with para-substi-
tuents, those with ortho- and meta-substituents on the
aromatic ring gave slightly lower yields (3ha ~ 3ja).
Moreover, the bulky substrate 1ja also underwent the
reaction smoothly to give the corresponding sulfonamide
3ja in 75% yield. To our delight, when heteroarene
sulfonyl hydrazide was employed as the substrate, the de-
sired sulfonamide 3la could also be obtained in 59% yield.

Next, we set out to survey the reactivity of diverse
amines for the transformations, and the results were sum-
marized in Table 3. Initially, various six-membered cyclic
amines were tested under the optimized conditions. The
results showed that the steric hindrance had a profound
effect (3ad vs 3ab~3ac), while electronic effect of the
substituent had little effect on the yields (3ae~3af). Next,
the substrate scope of five-membered cyclic amines was
also investigated, providing the desired products 3ag and
3ah in 74% and 62% yields, respectively. Interestingly,
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Table 1 Optimization of the Reaction Conditions”

0,
O\\ /O Catalyst (5 mol%)
O, balloon

o “Soem 0%

N Solvent, 70 °C
H
1a

0.5 mmol

NHNH, +

2a
n mmol

\\//

AT O

Entry Catalyst n/mmol Solvent Yield/%
1 CuBr, 25 CH;CN 66
2 CuCl,*2H,0 25 CH;CN 61
3 Cu(acac), 2.5 CH;CN Trace
4 CuBr 25 CH;CN 39
5 Cul 25 CH;CN 49
6 FeCls 25 CH;CN 0
7 NiCl,*6H,0 25 CH;CN 0
8 CuBr, 25 DMA 73
9 CuBr, 25 THF 41

10 CuBr, 25 EtOH 36

11 CuBr, 25 DMSO 42

12 CuBr, 25 Tol 33

13 CuBr, 2.0 DMA 73

14 CuBr, 1.5 DMA 75

15 CuBr, 1.5 DMA 84

16%¢ CuBr, 1.5 DMA 79

17*¢" " CuBr, 1.5 DMA 75

“ The reactions were carried out with 1a (0.5 mmol), 2a (n mmol), catalyst
(0.025 mmol), solvent (0.5 mL) at 70 C for 10 h under O, balloon, isolated
yield. * 0.1 mL of DMA was used. ¢ The reaction was carried out at 80 C.
 The reaction was performed under air.

when prolinol was employed as the substrate, the sulfonyl-
ation reaction underwent smoothly to give the correspond-
ing sulfonamide 3ah in a highly specific manner. Moreo-
ver, noncyclic amines were also well-tolerated. When sec-
ondary aliphatic amines were employed as the substrates,
the corresponding products 3ai~3ak were obtained in
67%~72% yields. It is noteworthy that the aromatic amine
with much lower nucleophilicity was also a good substrate
for this transformation, giving sulfonamide 3al in 64%
yield. When primary amines were employed as the sub-
strates, the corresponding sulfonamides 3am~3an were
obtained with lower yields.

To investigate the synthetic applicability of this cop-
per-catalyzed aerobic sulfonamide synthesis, we tested the
scale-up ability by using the reaction of 1la and 2a. As
shown in Scheme 2, the reaction can be easily scaled up to
a gram scale (10 mmol) with similar efficiency.

To gain more insights into this reaction, the radical trap-
ping reagent (TEMPO or 1,1-diphenylethylene) was added
into the reaction of 1a and 2a. It was shown that the for-
mation of sulfonamide 3aa was completely prohibited,
suggesting a radical process maybe involved (Scheme 3).

Based on the control experiments and previous stud-
ies,"” a plausible mechanism for the formation of sulfon-
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Table 2  Substrate scope of sulfonyl hydrazides”

o\\S//O CuBr; (5 mol%) \\ /
| YT NHNH, 4+ Oz balloon O/ O
Z N DMA, 70 °C
1 H
2a
\\ //

o0 T L0

3aa, 84% 3ba, 84% 3ca, 61%
O\\S//o O\\S//O O\\S//o
F Cl Br
3da, 65% 3ea, 77% 3fa, 74%
\\ /
3ga, 46% 3ha, 81% 3ia, 82%
O\\S//o SN // \\ PY
DO T
3ja, 75% 3ka, 78% 3la, 59%

© 2019 Chinese Chemical Society & SIOC, CAS

“ The reactions were carried out with 1 (0.5 mmol), 2a (1.5 mmol), CuBr,
(0.025 mmol), DMA (0.1 mL) at 70 C for 10 h under O, balloon.

Q%?Q CuBr, (5 mol%)
/©/ \NHNHZ . O O, balloon
HaC H DMA (5 mL), 70 °C
1a (10 mmol) 2a (20 mmol)
Q.0

N\ //

L0

3aa (1.77g, 74%)

Scheme 2 Gram-scale synthesis

TsNHNH, + O

1a H
2a

CuBr; (5 mol%), O, balloon
DMA, 70 °C

TEMPO (1 equiv.) or
1,1-Diphenylethylene (1 equiv.)

\\//

A0

trace
3aa

Scheme 3 Radical trapping experiments
amide 3 was proposed (Scheme 4). Aryl sulfonyl hydrazine
1 first coordinates with CuBr, to form copper complex 4,

which then undergoes an elimination step to afford inter-
mediate 5.""%2” Subsequently, intermediate 5 undergoes a

Chin. J. Org. Chem. 2019, 39, 1316~1322



Chinese Journal of Organic Chemistry

ARTICLE

Table 3 Substrate Scope of Amines”

\Y /o
57 CuBr, (5 mol%) 0. o
NHNH, O, balloon 7
+RIRNH———— “NR'R?
H,C ] ) DMA, 70 °C
a HsC
3
O, o 0. o
\ N
%7 7
oo, o
3C 3C
3ab, 84% 3ac, 83%
\\ // O\\ //o
Hs;C OH
3ad, 59% 3ae, 76%
QA 7 AL
S\
O IORS:
K/o HsC
3af, 83% 3ag, 74%
O\\ //O Frzo O\\S/O Bu-n
o U
Bu-n
HaC HsC
3ah, 62% 3ai, 67%
0
\\ // \\s//o
/©/ N/Bn SN
HaC -
3aj, 71% 3ak, 72%
A // AP
S _Bu-n
N~
O O
HsC
3al, 64% 3am, 61%
o\\ 0
ST _But
D
H,sC
3an, 53%

“ The reactions were carried out with 1a (0.5 mmol), 2 (1.5 mmol), CuBr,
(0.025 mmol), DMA (0.1 mL) at 70 C for 10 h under O, balloon.

single electron oxidation to produce the sulfonyl radical 6
with the extrusion of molecular nitrogen.!""'®) Meanwhile,
coordination of Cu(Il) to the amine 2 gives intermediate 7
which could be trapped by sulfonyl radical 6 to deliver the
desired product 3. Meanwhile, one molecule of Cu(l) is
generated, which could be reoxidized to Cu(Il) by aerobic
oxidation."

3 Conclusions

We have developed a copper-catalyzed aerobic denitro-
genative amination protocol and demonstrated its utility
over a wide range of sulfonyl hydrazides and amines. In
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NHNH2 \
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Scheme 4 Proposed mechanism for the formation of sulfona-
mide

contrast to previously described methods, this reaction
employs copper/O, as the catalytic system, utilizes easily
available starting materials and generates N, as the only
byproduct, which provides an environmentally benign and
low-cost synthetic route for sulfonamides. In addition, the
operational simplicity and mild reaction conditions allow
for the synthesis of a diverse collection of valuable sul-
fonamides products with moderate to excellent yields.

4 Experimental section

4.1 Instruments and reagents

NMR spectra were recorded on 300 or 400 MHz NMR
spectrometer with CDCl; as the solvent and tetrame-
thylsilane (TMS) as the internal standard. Chemical shifts
were reported downfield from TMS at 0.00 and referenced
to the CDCl; at § 7.26 (for '"H NMR) or 77.16 (for "*C
NMR). Melting points were determined on a melting point
apparatus and are uncorrected. The amines were commer-
cially available and were used without further purification.
DMA was distilled over calcium hydride under reduced
pressure.

4.2 Experimental method

To a solution of sulfonyl hydrazine 1a (93 mg, 0.5
mmol) and piperdine 2a (128 mg, 1.5 mmol) in distilled
DMA (0.1 mL) was added CuBr, (5 mg, 0.025 mmol) at
room temperature. Then, the reaction mixture was stirred
at 70 ‘C for 10 h under an oxygen balloon. After the reac-
tion was completed, the resulting mixture was extracted
with EtOAc (10 mL X 3), washed with aqueous NaCl,
dried with Na,SO,4. Then the solvent was removed under
reduced pressure, and the resulting mixture was purified by
silica gel column chromatography (Hexane/EtOAc,
ViV=4:1~11:.1) to afford the desired product 3aa
(100 mg, 84%) as a white solid.

1-Tosylpiperidine (3aa):l'"* Isolated yield 84% (100
mg). White solid, m.p. 118~120 ‘C; '"H NMR (400 MHz,
CDCl;) 0: 1.40~1.44 (m, 2H), 1.61~1.66 (m, 4H), 2.43
(s, 3H), 2.97 (t, J=5.6 Hz, 4H), 7.31 (d, J=8.0 Hz, 2H),
7.63~7.65 (m, 2H); *C NMR (100 MHz, CDCl;) J: 21.6,
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23.7,25.3,47.1, 127.9, 129.7, 133.5, 143.4; MS (EI) m/z:
239 (M.

1-(Phenylsulfonyl)piperidine (3ba):!""! Isolated yield
84% (95 mg). White solid, m.p. 116~119 ‘C; '"H NMR
(400 MHz, CDCls) ¢: 1.40 (m, 2H), 1.75~1.56 (m, 4H),
2.98 (t, J=4.0 Hz, 4H), 7.55~7.47 (m, 2H), 7.62~7.55
(m, 1H), 7.80~7.70 (m, 2H); “C NMR (100 MHz,
CDCly) o: 23.6, 25.2, 47.0, 127.7, 129.0, 132.7, 136.3; IR
(KBr) v: 694, 822, 1500, 1601, 2915 cm™'; MS (EI) m/z:
225 (M.

1-((4-Methoxyphenyl)sulfonyl)piperidine (3ca):!"’ Iso-
lated yield 61% (78 mg). White solid, m.p. 111~112 C;
'H NMR (400 MHz, CDCly) J: 1.41~1.43 (m, 2H),
1.61~1.65 (m, 4H), 2.96 (t, J=5.6 Hz, 4H), 3.87 (s, 3H),
6.97~7.00 (m, 2H), 7.68~7.70 (m, 2H); *C NMR (100
MHz, CDCl;) d: 23.7,25.3,47.1,55.7, 114.2, 128.2, 129.9,
163.0; IR (KBr) v: 698, 822, 1602, 2924 cm '; MS (EI)
m/z: 255 (M").

1-((4-Fluorophenyl)sulfonyl)piperidine (3da): Iso-
lated yield 65% (79 mg). White solid, m.p. 131~132 C;
'H NMR (300 MHz, CDCly) d: 1.39~1.47 (m, 2H),
1.61~1.69 (m, 4H), 2.99 (t, J/=7.2 Hz, 4H), 7.18~7.23
(m, 2H), 7.75~7.80 (m, 2H); *C NMR (75 MHz, CDCL,)
0: 23.6, 25.3, 47.0, 116.3 (d, J=22.5 Hz), 130.4 (d, J=9
Hz), 132.7 (d, J=3 Hz), 165.2 (d, J=252.8 Hz); IR (KBr)
v: 696, 821, 1249, 1361, 1520, 1602, 2917 cm™'; MS (EI)
m/z: 243 (M").

1-((4-Chlorophenyl)sulfonyl)piperidine (3ea):!""! Isolat-
ed yield 77% (100 mg). White solid, m.p. 112~113 C;
'H NMR (400 MHz, CDCly) J: 1.41~1.47 (m, 2H),
1.62~1.68 (m, 4H), 2.99 (t, J=5.6 Hz, 4H), 7.48~7.52
(m, 2H), 7.68~7.71 (m, 2H); “C NMR (100 MHz,
CDCly) o: 23.6, 25.3, 47.0, 129.2, 129.4, 135.2, 139.2; IR
(KBr) v: 694, 841, 1246, 1502, 2924 cm™'; MS (EI) m/z:
260 (M.

1-((4-Bromophenyl)sulfonyl)piperidine  (3fa):!'’? Iso-
lated yield 74% (113 mg). White solid, m.p. 123~124 C;
'H NMR (400 MHz, CDCly) d: 1.33~1.39 (m, 2H),
1.54~1.60 (m, 4H), 2.91 (t, J=5.6 Hz, 4H), 7.53~7.56
(m, 2H), 7.58~7.61 (m, 2H); “C NMR (100 MHz,
CDCly) o: 23.6, 25.3, 47.0, 127.7, 129.3, 132.4, 135.7. IR
(KBr) v: 696, 824, 1602, 2929 cm™'; MS (EI) m/z: 304
M.

1-((4-Nitrophenyl)sulfonyl)piperidine (3ga): Isolated
yield 46% (62 mg). White solid, m.p. 179~180 C; 'H
NMR (400 MHz, CDCl;) 6: 1.43~1.49 (m, 2H), 1.62~
1.69 (m, 4H), 3.06 (t, J=5.6 Hz, 4H), 7.93~7.96 (m, 2H),
8.36~8.40 (m, 2H); *C NMR (100 MHz, CDCl;) 6: 23.5,
25.3, 47.1, 1244, 128.9, 142.9, 150.2; IR (KBr) v: 698,
704, 829, 1156, 1204, 1601, 2933 cm '. HRMS calcd
C11H14N,0,4S 270.0674; found 270.0671.

1-(o-Tolylsulfonyl)piperidine (3ha):!'"’® Isolated yield
81% (97 mg). White solid, m.p. 119~121 ‘C; '"H NMR
(300 MHz, CDCl;) d: 1.52~1.55 (m, 2H), 1.59~1.66 (m,
4H), 2.64 (s, 3H), 3.15 (t, J=5.4 Hz, 4H), 7.30~7.33 (m,
2H), 7.43~7.45 (m, 1H), 7.90 (d, J=9 Hz, 1H); *C NMR
(75 MHz, CDCly) 0: 20.8, 23.9, 25.5, 46.1, 126.0, 130.3,

[17d]
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132.7, 132.8, 136.3, 138.1; IR (KBr) v: 698, 769, 1506,
2926 cm™'; MS (EI) m/z: 239 (M").

1-(m-Tolylsulfonyl)piperidine (3ia):!'"’®! Isolated yield
82% (98 mg). White solid, m.p. 136~137 ‘C; '"H NMR
(300 MHz, CDCL3) d: 1.38~1.46 (m, 2H), 1.61~1.68 (m,
4H), 2.44 (s, 3H), 2.99 (t, J=5.1 Hz, 4H), 7.37~7.44 (m,
2H), 7.54~7.56 (m, 2H); °*C NMR (75 MHz, CDCl;) d:
21.5, 23.7, 25.3, 47.1, 125.0, 128.1, 128.9, 133.5, 136.4,
139.2. IR (KBr) v: 691, 792, 1316, 1590, 2921 cm™'; MS
(EI) m/z: 239 (M").

1-(Mesitylsulfonyl)piperidine (3ja): Isolated yield 75%
(100 mg). White solid, m.p. 184~185 °C; '"H NMR (400
MHz, CDCl;) 6: 1.55~1.59 (m, 6H), 2.30 (s, 3H), 2.62 (s,
6H), 3.13 (t, J=5.2 Hz, 4H), 6.94 (s, 2H); °C NMR (100
MHz, CDCl;) 6: 21.0, 22.8, 24.1, 25.3, 45.0, 131.9, 132.1,
140.5, 142.4; IR (KBr) v: 697, 853, 1020, 1516, 2927
cm”'; MS (EI) m/z: 267 (M").

1-(Naphthalen-2-ylsulfonyl)piperidine (3ka): Isolated
yield 78% (107 mg). White solid, m.p. 133~134 C; 'H
NMR (300 MHz, CDCl3) 6: 1.36~1.44 (m, 2H), 1.61~
1.69 (m, 4H), 3.06 (t, J=5.4 Hz, 4H), 7.59~7.68 (m, 2H),
7.74~7.77 (m, 1H), 7.91~7.97 (m, 3H), 8.32 (s, 1H); "°C
NMR (75 MHz, CDCl;) d: 23.6, 25.3, 47.1, 123.2, 127.6,
128.0, 128.8, 129.0, 129.2, 129.3, 132.4, 133.8, 134.9; IR
(KBr) v: 698, 859, 1517, 2929 cm '. HRMS calcd
Cy5H,,NO,S 275.0980; found 275.0977.

1-(Thiophen-2-ylsulfonyl)piperidine (3la): Isolated yield
59% (68 mg). White solid, m.p.160~161 ‘C; 'H NMR
(400 MHz, CDCls) 6: 1.42~1.48 (m, 2H), 1.65~1.71 (m,
4H), 3.04 (t, J=5.6 Hz, 4H), 7.13~7.15 (m, 1H), 7.51~
7.52 (m, 1H), 7.59~7.61 (m, 1H); >C NMR (100 MHz,
CDCly) 6: 23.6, 25.2, 47.1, 127.6, 131.8, 132.2, 137.1. IR
(KBr) v: 698, 1067, 1127, 2927 ecm '. HRMS calcd
CoH3NO,S, 231.0388; found 231.0385.

4-Methyl-1-tosylpiperidine (3ab): Isolated yield 84%
(106 mg). White solid, m.p. 165~166 °C; '"H NMR (400
MHz, CDCL3) d: 0.90 (d, J=5.6 Hz, 3H), 1.26~1.31 (m,
3H), 1.61~1.67 (m, 2H), 2.20-2.26 (m, 2H), 2.43 (s, 3H),
3.71-3.75 (m, 2H), 7.31 (d, J=8.0 Hz, 2H), 7.62~7.65
(m, 2H); *C NMR (100 MHz, CDCl;) 6: 21.2, 21.6, 30.3,
33.5, 46.5, 127.9, 129.7, 133.5, 143.4. IR (KBr) v: 696,
1091, 1519, 2926 c¢cm ' HRMS caled C;3H;oNO,S
253.1136; found 253.1131.

3-Methyl-1-tosylpiperidine (3ac): Isolated yield 83%
(105 mg). White solid, m.p. 134~135 °C; '"H NMR (400
MHz, CDCl5) J: 0.76~0.86 (m, 1H), 0.88 (d, J=5.6 Hz, 3
H), 1.60~1.76 (m, 4H), 1.86~1.91 (m, 1H), 2.18~2.24
(m, 1H), 2.43 (s, 3H), 3.59~3.66 (m, 2H), 7.31 (d, J=8.0
Hz, 2H), 7.62~7.65 (m, 2H); “C NMR (100 MHz,
CDCly) d: 19.1, 21.6, 24.8, 30.8, 32.2, 46.6, 53.4, 127.8,
129.7, 133.6, 143.4; IR (KBr) v: 696, 843, 1519, 2923
cm . HRMS caled Ci;3Hi9NO,S  253.1136; found
253.1133.

2-Methyl-1-tosylpiperidine (3ad): Isolated yield 59%
(75 mg). White solid, m.p. 115~117 ‘C; '"H NMR (400
MHz, CDCL3) §: 1.08 (d, J=5.6 Hz, 3H), 1.42~1.50 (m,
2H), 1.52~1.61 (m, 4H), 2.41 (s, 3H), 2.94~3.01 (m,
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1H), 3.67~3.72 (m, 1H), 4.21~4.25 (m, 1H), 7.26~7.28
(m, 2H), 7.69~7.72 (m, 2H); “C NMR (100 MHz,
CDCly) d: 15.5, 18.3, 21.6, 25.4, 30.5, 40.4, 48.6, 127.1,
129.7, 138.6, 142. 9; IR (KBr) v: 696, 822, 1249, 1360,
1521, 1603, 2918 cm ~'. HRMS calcd C;3H;oNO,S
253.1136; found 253.1130.
1-Tosylpiperidin-4-ol (3ae): Isolated yield 76% (97 mg).
White solid, m.p. 107~109 ‘C; 'H NMR (300 MHz,
CDCl3) 6: 1.61~1.70 (m, 2H), 1.89~1.92 (m, 2H), 2.43
(s, 3H), 2.81~2.89 (m, 2H), 2.99 (s, 1H), 3.28~3.35 (m,
2H), 3.73~3.77 (m, 1H), 7.32 (d, J=10.4 Hz, 2H), 7.64
(d, J=10.8 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 21.6,
33.3, 43.3, 65.8, 127.7, 129.7, 133.2, 143.6. IR (KBr) v:
696, 821, 1250, 1363, 1520, 2916 cm '. HRMS calcd
C1,H,,NOsS 255.0929; found 255.0923.
4-Tosylmorpholine (3af):""! Isolated yield 83% (101
mg). White solid, m.p. 137~138 ‘C; '"H NMR (300 MHz,
CDCly) : 2.45 (s, 3H), 2.99 (t, J=4.8 Hz, 4H), 3.74 (t, J=
4.8 Hz, 4H), 7.34 (d, J=8.1 Hz, 2H), 7.64 (d, J=8.1 Hz,
2H); *C NMR (75 MHz, CDCl3) §: 21.6, 46.1, 66.2, 128.0,
129.9, 132.3, 144.1; MS (EI) m/z: 241 (M").
1-Tosylpyrrolidine (3ag):!"*! Isolated yield 74% (83 mg).
White solid, m.p. 161~162 C; 'H NMR (400 MHz,
CDCly) 6: 1.73~1.76 (m, 4H), 2.43 (s, 3H), 3.21~3.25
(m, 4H), 7.31~7.33 (m, 2H), 7.70~7.73 (m, 2H); "*C
NMR (100 MHz, CDCl3) d: 21.6, 25.3, 48.0, 127.7, 129.7,
134.1, 143.4; MS (EI) m/z: 225 (M").
(1-Tosylpyrrolidin-2-yl)methanol (3ah): Isolated yield
62% (79 mg). White solid, m.p. 169~170 ‘C; '"H NMR
(400 MHz, CDCl;) 6: 1.42~1.48 (m, 1H), 1.66~1.83 (m,
4H), 2.44 (s, 3H), 3.23~3.29 (m, 1H), 3.62~3.69 (m,
3H), 7.28~7.35 (m, 2H), 7.72~7.75 (m, 2H); *C NMR
(100 MHz, CDCl;) d: 21.6, 24.3, 29.0, 29.8, 50.1, 61.9,
65.9, 127.7, 129.9, 134.0, 143.9; IR (KBr) v: 694, 1089,
1518, 1315, 1598, 2921 cm'. HRMS caled C,H;;NO;S
255.0929; found 255.0921.
N,N-Dibutyl-4-methylbenzenesulfonamide (3ai):"**! Iso-
lated yield 67% (95 mg). White solid, m.p. 167~168 C;
'H NMR (300 MHz, CDCL3) 0: 0.83 (t, J=7.5 Hz, 6H),
1.17~1.29 (m, 4H), 1.39~1.51 (m, 4H), 2.36 (s, 3H),
3.03 (t, J=17.5 Hz, 4H), 7.22 (d, J=8.4 Hz, 2H), 7.62 (d,
J=8.4 Hz, 2H); >C NMR (75 MHz, CDCl;) 6: 13.8, 20.1,
21.6, 30.9, 48.1, 127.2, 129.6, 137.3, 143.0; IR (KBr) v:
698, 1065, 1126, 2925 cm™'; MS (EI) m/z: 283 (M").
N,N-Dibenzyl-4-methylbenzenesulfonamide ~ (3aj):!'*"
Isolated yield 71% (125 mg). White solid, m.p. 138~
139 °C; '"H NMR (400 MHz, CDCl;) §: 2.40 (s, 3H), 4.09
(s, 4H), 7.17~7.26 (m, 4H), 7.26~7.34 (m, 8H), 7.63 (d,
J=8.4 Hz, 2H); C NMR (100 MHz, CDCl;) J: 21.6,
50.7, 127.4, 127.7, 128.5, 128.7, 129.8, 135.8, 137.9,
143.4; MS (EI) m/z: 351 (M").
N,N-Diallyl-4-methylbenzenesulfonamide (3ak):'*
Isolated yield 72% (90 mg). White foam; 'H NMR (400
MHz, CDCl;) o: 2.43 (s, 3H), 3.80 (d, J=6.3 Hz, 4H),
5.24~5.04 (m, 4H), 5.61 (m, 2H), 7.29 (t, J=6.5 Hz, 2H),
7.70 (d, J=8.3 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
21.6, 49.4, 119.0, 127.2, 129.8, 132.7, 137.5, 143.3; MS
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(ED) m/z: 251 (M").

N,4-Dimethyl-N-phenylbenzenesulfonamide  (3al):1**!
Isolated yield 64% (84 mg). White solid, m.p. 86~88 C;
'H NMR (400 MHz, CDCL;) d: 2.41 (s, 3H), 3.16 (s, 3H),
7.05~7.13 (m, 2H), 7.20~7.33 (m, 5H), 7.42 (d, J=8.2
Hz, 2H); >C NMR (100 MHz, CDCl;) d: 21.6, 38.2, 126.7,
127.3, 128.0, 128.9, 129.4, 133.6, 141.7, 143.6; MS (EI)
m/z: 261 (M ).

N-Butyl-4-methylbenzenesulfonamide (3am):'"*! Isolat-
ed yield 61% (69 mg). White solid, m.p. 123~124 C;'H
NMR (300 MHz, CDCl3) o: 0.85 (t, J=7.2 Hz, 3H),
1.25~1.33 (m, 2H), 1.39~1.47 (m, 2H), 2.43 (s, 3H),
2.94 (q, J=6.9 Hz, 2H), 7.31 (d, J=8.1 Hz, 2H), 7.75 (d,
J=38.1 Hz, 2H); >C NMR (75 MHz, CDCl;) §: 13.6, 19. 8,
21.6, 31.7, 43.0, 127.2, 129.8, 137.2, 143.4; MS (EI) m/z:
227 (M.

N-(Tert-butyl)-4-methylbenzenesulfonamide ~ (3an):!"*!
Isolated yield 53% (60 mg). White solid, m.p. 103~
105 “C; '"H NMR (300 MHz, CDCl;) 6: 1.23 (s, 9H), 2.42
(s, 3H), 4.43~4.45 (m, 1H), 7.26~7.29 (m, 2H), 7.76~
7.78 (m, 2H); *C NMR (75 MHz, CDCl;) é: 21.6, 30.3,
54.6,127.1,129.6, 140.7, 142.9; MS (EI) m/z: 227 (M").

Supporting Information '"H NMR and ">C NMR spectra
for compounds 3aa~3an and 3ba—~3la. The Supporting
Information is available free of charge via the Internet at
http://sioc-journal.cn/.
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