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ABSTRACT

A new method for the preparation of sulfonamides from sodium sulfinates and amines is devel-
oped. A stoichiometric amount of m-chloroperbenzoic acid as oxidant and a catalytic amount of
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1-iodopropane provides the corresponding sulfonamides in good yields under mild reaction condi-

tions. In this protocol, 1-iodopropane is first oxidized by m-chloroperbenzoic acid into the correspond-
ing hypervalent iodine intermediate iodosylpropane, which is highly unstable and decomposes at
once to form hypoiodous acid. Then, the following reaction of the generated active hypoiodous acid
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with sodium sulfinates and amines results in the corresponding sulfonamides.

GRAPHICAL ABSTRACT

(0] R2

L ~. CH4(CH,),1, m-CPBA
R'—S—ONa + __N-H
R} CF,CH,0H, r.t. 4h
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Introduction

Hypervalent iodine reagents have found broad application in
organic chemistry and are nowadays frequently used in syn-
thesis as they are nonmetallic oxidation reagents and avoid
the issues of toxicity of many transition metals commonly
involved in such processes."~”! In recent years, the catalytic
utilization of hypervalent iodine reagents has been increas-
ing in importance, with growing interest in the development
of environmentally benign synthetic transformations.®* In
these catalytic reactions, a catalytic amount of an iodoarene
together with a stoichiometric oxidant is used, which con-
siderably decreases the need for expensive hypervalent iod-
ine reagents. However, the use of an alkyl iodide in place of
an iodoarene as catalyst in such reactions has much less
been applied.!"*"'®! Therefore, research to extend alkyl sub-
stituted hypervalent iodine reagent applications in organic
synthesis, especially in catalytic reactions, is still desired.
Sulfonamides are a privileged class of sulfur-containing
compounds, and have found various clinical applications in
medicine, including the use as antibacterials, diuretics, anti-
convulsants, and HIV protease inhibitors.!"”"?*! The classic
method for the synthesis of sulfonamides involves the reac-
tion between an amine and a sulfonyl chloride, in the pres-
ence of a base.***”) However, this method has some
limitations such as the use of hazardous starting materials
and harsh reaction conditions. Recently, oxidative coupling

reactions as alternative methods for obtaining sulfonamides
have been reported.?*°! This is interesting because readily
available sodium sulfinates and amines are used as starting
materials and the method is general and efficient. Very
recently, Marques’s group just developed a novel and con-
venient protocol for sulfonamide synthesis with 1-chloro-
1,2-benziodoxol-3-(1H)-one in the presence of a hypervalent
iodine reagent as the oxidant.*'! Since this is the first
example of a hypervalent iodine reagent mediated sulfona-
mide synthesis, and in order to enrich and extend the scope
of this method, we have investigated a novel oxidative cou-
pling reaction promoted by a catalytic amount of alkyl iod-
ide. Herein, we wish to report a new procedure for
obtaining sulfonamides from sodium sulfinates and amines,
which is promoted by 1-iodopropane combined with the
oxidant m-chloroperbenzoic acid (mCPBA). To the best of
our knowledge, this method has not been reported before.

Results and discussion

In our recent research, we found that the spirocyclization of
phenols can be carried out smoothly and efficiently with
good yields under mild conditions with a catalytic amount
of 1-iodopropane and a stoichiometric oxidant mCPBA.!'®!
On this basis, we first explored the reaction of sodium p-tol-
uenesulfinate (1a) with morpholine (2a) in the presence of a
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Table 1. Optimization of the reaction conditions for the synthesis of sulfonamides.

O /7\RI Oxidant Oﬁ? I\
Me SO,Na + H-N 0O Me S—N [0)

\ / Solvent, R. T. 8 \__/

la 2a 3a

Entry mCPBA (equiv.) Rl (mol%) Solvent Time (h) Yield (%)
1 15 CHs(CH,),l (10) MeCN 10 34
2 15 - MeCN 10 0
3 - CHs(CH,),l (10) MeCN 10 0
4 15 CHs(CH,),l (10) CH,Cl, 10 12
5 1.5 CHs(CH,),l (10) DMF 10 8
6 15 CHs(CH,),l (10) EtOAc 10 25
7 15 CHs(CH,),! (10) CH;0H 10 37
8 15 CH3(CH,),l (10) CF3CH,0H 10 52
9 15 CH3(CH,),l (15) CF3CH,0H 10 66
10 15 CHs(CH,),l (20) CF5CH,0H 10 78
1 1.5 CH5(CH,),! (30) CF5CH,0H 10 80
12 15 CHs(CH,),l (50) CF3CH,0H 10 81
13 15 CHs(CH,)sl (20) CF3CH,0H 10 62
14 15 CHs(CH,)4l (20) CF5CH,0H 10 54
15 15 CH5(CH,)sl (20) CF3CH,OH 10 47
16 15 CH3CHICH; (20) CF3CH,0H 10 51
17 15 CF5CH,! (20) CF3CH,0H 10 38
18 1.0 CHs(CH,),l (20) CF3CH,0H 10 56
19 2.0 CH5(CH,),l (20) CF3CH,OH 10 77
20 25 CHs(CH,),l (20) CF3CH,0H 10 59
21 Oxone® (1.5) CH3(CH,),! (20) CF3CH,0H 10 41
22 TBHP (1.5) CHs(CH,),l (20) CF3CH,0H 10 35
23 H,0, (1.5) CHs(CH,),l (20) CF3CH,OH 10 61
24 15 CHs(CH,),l (20) CF3CH,0H 6 78
25 15 CHs(CH,),! (20) CF3CH,0H 4 81
26 15 CHs(CH,),l (20) CF3CH,0H 2 66

“Isolated yield.

catalytic amount of 1-iodopropane and a stoichiometric
amount of mCPBA at room temperature. We observed that
on stirring the mixture of 1.0 equiv. of la, 1.5 equiv. of 2a,
and mCPBA with 10mol% 1-iodopropane in MeCN for 10h
the expected product 4-[(4-methylphenyl)sulfonyl]morpholine
(3a) was obtained in 34% yield (Table 1, entry 1). In the light
of the successful formation of 3a, the reaction conditions were
then optimized (Table 1). In the control experiments, 3a was
not formed in the absence of 1-iodopropane or mCPBA
(Table 1, entries 2 and 3). After screening several solvents,
CF;CH,OH was found to be a suitable solvent for the reaction
(entries 1 and 4-8). In CF;CH,OH, the optimal amount of 1-
iodopropane was determined and 20mol% proved to be the
best choice (entries 8-12). Other alkyl iodides can also pro-
mote the reaction. However, they resulted in low yields of 3a
compared with 1-iodopropane (entries 10 and 13-17). Of sev-
eral oxidants, mCPBA was the most effective one and its suit-
able amount was 1.5 equiv. (entries 10 and 18-23). Under the
optimized conditions, the reaction proceeded smoothly and
was completed in 4h (entries 10 and 24-26).

Based on the extensive screening process, we arrived at the
optimal reaction conditions. The oxidative coupling reaction of
1.0 equiv. of sodium sulfinates (1) with 1.5 equiv. of amines
(2) and mCPBA, as well as 20mol% of CH;(CH,),I in
CF;CH,OH proceeded smoothly at room temperature for 4h,
and a series of corresponding sulfonamides (3) were obtained.
The results are summarized in Table 2.

As shown in Table 2, the reaction was compatible with
most of the studied primary and secondary amines when two
sodium sulfinates were treated, which provided the

corresponding products 3 in good yields (Table 2, entries 1-6
and 9-12). The yield decreased to 51% when an allylamine
(2g) was used. This is mainly due to the double bond which is
sensitive to the oxidant mCPBA (entry 7). Similarly, aniline
(2h) was easier oxidized compared with other aliphatic amines,
which resulted in a poor yield (entry 8).

According to the above results, a plausible reaction path-
way is proposed in Scheme 1. Thus, 1-iodopentane is first
oxidized by mCPBA into the corresponding hypervalent iod-
ine intermediate iodosylpropane, which is highly unstable
and decomposes at once to form hypoiodous acid."* Then,
the following reaction of the active hypoiodous acid with
sodium sulfinate results in the active sulfonyl iodide, which is
immediately attacked by the nucleophilic amine to yield the
desired product sulfonamide. The reduced by-product HI is re-
oxidized into the hypoiodous acid by mCPBA to complete the
recycling reaction. To corroborate the above mechanism, we
used a stoichiometric amount of hypoiodous acid to treat la
and 2a in CF;CH,OH. A 55% yield of product 3a was
obtained. Finally, a stoichiometric amount of the radical scav-
enger 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO), was
added to the reaction mixture of 1a, 2a, mCPBA, and I, under
the optimized conditions. It was found that the reaction
occurred still very well, indicating that the reaction may not
undergo a radical pathway.

Conclusions

We have developed a new and convenient procedure for the
synthesis of sulfonamides from sodium sulfinates, amines,
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Table 2. Preparation of sulfonamides from sodium sulfinates and amines promoted by 1-iodopropane.

(@)

i R CH4(CH,),1, m-CPBA I R?
RI—S—ONa + _N- (CH)l, m- > R—S—NT{
- ~N
R3 CF;CH,OH, r.t. 4h g R?
1a-1b 2a-2h 3a-31
Entry Sodium sulfinates 1 Amines 2 Products 3 Yield (%)?
1 i /N anY 81
Osozmla O\_/NHZa @i_Nuosa
2 1a - i 77
" ~ O 3b
3 1a NH 2c —< >—§— NO 3 8
o C
4 1a N A 71
_ /" @E_NL3d
5 1a ©/\NH: < > ?_NH 75
Ze E \_©3e
6 Ta E}Nﬁlzf O E‘””O 68
b 3f
7 1a JNHZg Q (- 51
8 1a PhNH, D @_ﬁ @ 30
2h 2y 3h
9 PhSO,Na 2a B\ 78
1t .
10 1b 2d QE_N/— 67
6 \—3j
1 1b 2e Qﬁj_w 73
O
3k
12 1b 2f Qﬁ"” O 66
o 31

“Isolated yields.

R'SO,I

R2R3NH
R'SO,Na 2 0 R
1_Q—
1 R'—S N\R3
3
HOI HI
[RI=0 |
mCPBA
mCPBA
RI

Scheme 1. Proposed mechanism for the synthesis of sulfonamides promoted
by alkyl iodide.

and mCPBA in the presence of catalytic amounts of 1-iodo-
propane at room temperature. This method has some
advantages such as mild reaction conditions, simple proced-
ure, and affording a series of sulfonamides mostly with good
yields. Furthermore, the use of alkyl iodide in the sulfona-
mide synthesis will extend the scope of alkyl substituted
hypervalent iodine reagents in organic synthesis.

Experimental section

General
IR spectra were recorded on a Thermo-Nicolet 6700 instru-
ment; "H NMR and "C NMR spectra were measured on a

Bruker-AVANCE III (500 MHz) spectrometer; Mass spectra
were determined on Waters-GCT Premier, Thermo-
DECAX-60000 LCQ Deca XP and Thermo-ITQ 1100 mass
spectrometers. Sodium sulfinates, amines, alkyl iodides,
mCPBA, and solvents were commercially available. The
Supplemental Materials contains sample "H and '*C NMR
spectra for the known products 3 (Figures S1-S10).

General procedure for the synthesis of sulfonamides
Sodium sulfinates 1 (1.0 mmol), amines 2 (1.5mmol), 1-
iodopropane (0.2mmol), and mCPBA (1.5mmol) were
added successively into CF;CH,OH (5.0mL). The suspen-
sion mixture was vigorously stirred at room temperature for
4h. Upon completion, the reaction mixture was quenched
by addition of sat. aq. Na,S,0; (3mL), sat. aq. Na,CO;
(8mL) and H,O (10mL), respectively. The mixture was
extracted with CH,Cl, (3x20mL) and the combined
organic phase was dried over anhydrous Na,SO,, filtered,
and concentrated under reduced pressure. The residue was
then purified on a silica gel plate (3:1 petroleum ether-ethyl
acetate) to furnish the products 3.

4-[(4-Methylphenyl)sulfonyllmorpholine 3a

White solid.®"! IR (KBr): 2853, 1453, 1346, 1165, 1114, 941,
815, 734, 545cm™". 'H NMR (500 MHz, CDCl;) & (ppm):
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7.63 (d, J=8.2Hz, 2H), 7.35 (d, J=8.2Hz, 2H), 3.73 (t,
J=4.7Hz, 4H), 2.98 (t, J=4.7Hz, 4H), 2.44 (s, 3H). 1*C
NMR (125 MHz, CDCl;) & (ppm): 143.9, 132.1, 129.7, 127.9,
66.1, 45.9, 21.6. MS (ESI): m/z (%) 242 (M +1).

1-[(4-Methylphenyl)sulfonylipiperidine 3b

White solid.®"! IR (KBr): 2929, 2831, 1453, 1338, 1168, 1093,
932, 813, 725, 550cm~'. "H NMR (500 MHz, CDCl;) & (ppm):
761 (d, J=82Hz, 2H), 731 (d, J=82Hz, 2H), 293 (t,
J=5.5Hz, 4H), 2.41 (s, 3H), 1.66-1.53 (m, 4H), 1.41-1.34 (m,
2H). C NMR (125 MHz, CDCL3) & (ppm): 1432, 133.0, 129.4,
1274, 46.8, 25.0, 233, 21.2. MS (ESI): m/z (%) 240 (M + 1).

1-[(4-Methylphenyl)sulfonyl]pyrrolidine 3c

White solid.?”! IR (KBr): 2983, 1466, 1331, 1154, 816, 695,
549cm~'. '"H NMR (500 MHz, CDCl;) § (ppm): 7.70 (d,
J=8.2Hz, 2H), 7.31 (d, J=8.1Hz, 2H), 3.20 (t, J=6.8 Hz,
4H), 2.42(s, 3H), 1.76-1.70 (m, 4H). '*C NMR (125MHz,
CDCl3) 6 (ppm): 143.5, 134.0, 129.8, 127.9, 48.1, 25.5, 21.7.
MS (ESL): m/z (%) 248 (M + 23).

N,N-Diethyl-4-methylbenzenesulfonamide 3d

Pale yellow solid.”® IR (KBr): 2978, 2930, 1464, 1330, 1154,
815, 697, 548cm™'. '"H NMR (500 MHz, CDCl3) & (ppm):
7.68 (d, J=8.3Hz, 2H), 7.29 (d, J=82Hz, 2H), 3.23 (t
J=7.2Hz, 4H), 2.40 (s, 3H), 1.12 (t, J=7.2Hz, 6H). °C
NMR (125 MHz, CDCl3) 6 (ppm): 142.9, 137.5, 129.5, 127.2,
42.0, 21.5, 14.0. MS (ESI): m/z (%) 228 (M +1).

N-Benzyl-4-methylbenzenesulfonamide 3e

White solid.*®! IR (KBr): 3270, 1456, 1325, 1168, 1066, 875,
746, 684, 552cm”'. '"H NMR (500 MHz, CDCl;) & (ppm):
7.76 (d, J=8.3Hz, 2H), 7.33-7.23 (m, 5H), 7.24-7.20 (m,
2H), 4.95 (d, J=5.3Hz, 1H), 4.12 (d, J=6.2Hz, 2H), 2.46
(s, 3H). °C NMR (125 MHz, CDCl;) § (ppm): 143.5, 136.8,
136.2, 129.7, 128.6, 127.9, 127.8, 127.4, 47.2, 21.6. MS (ESI):
m/z (%) 279 (M +17).

N-Cyclopentyl-4-methylbenzenesulfonamide 3f

Pale yellow solid.*®) IR (KBr): 3255, 2966, 2868, 1326, 1159,
1090, 813, 688, 566cm™'. '"H NMR (500 MHz, CDCl;) §
(ppm): 7.78 (d, J=8.2Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 5.28
(d, J=7.2Hz, 1H), 3.54 (dd, J=13.6, 6.8 Hz, 1H), 2.42 (s,
3H), 1.76-1.69 (m, 2H), 1.62-1.55 (m, 2H), 1.47-1.30 (m,
4H). *C NMR (125MHz, CDCl;) § (ppm): 143.0, 137.8,
129.6, 127.1, 55.0, 33.2, 23.0, 21.5. MS (ESI): m/z (%)
240 (M +1).

N-Allyl-4-methylbenzenesulfonamide 3g

White solid.*”) '"H NMR (500 MHz, CDCl3) & (ppm): 7.76
(d, J=7.8Hz, 2H), 7.32 (d, J=7.8Hz, 2H), 573 (ddt,

J=16.4, 10.8, 5.6Hz, 1H), 5.13 (dd, J=18.2, 13.6 Hz, 2H),
4.62 (s, 1H), 3.60 (s, 2H), 2.43 (s, 3H). '>*C NMR (125 MHz,
CDCl3) 6 (ppm): 143.6, 137.0, 133.1, 129.9, 127.2, 117.8,
45.8, 21.8. MS (ESI): m/z (%) 212 (M +1).

4-Methyl-N-phenylbenzenesulfonamide 3h

White solid.””) '"H NMR (500MHz, CDCl;) & (ppm):
7.93-7.55 (m, 3H), 7.44-6.88 (m, 7H), 2.31 (s, 3H). >*C NMR
(125MHz, CDCl3)  (ppm): 143.8, 136.8, 136.1, 129.6, 129.2,
127.3, 125.0, 121.3, 21.5. MS (ESI): m/z (%) 248 (M + 1).

4-(Phenylsulfonyl)morpholine 3i

White solid.?*! IR (KBr): 2988, 1459, 1347, 1260, 1168,
1109, 949, 746, 693, 532cm™*. '"H NMR (500 MHz, CDCl,)
0 (ppm): 7.79-7.72 (m, 2H), 7.66-7.62 (m, 1H), 7.60-7.52
(m, 2H), 3.73 (t, J=4.8 Hz, 4H), 3.00 (t, J=4.8 Hz, 4H). °C
NMR (125 MHz, CDCl3) 6 (ppm): 135.0, 133.0, 129.1, 127.9,
66.0, 45.8. MS (ESI): m/z (%) 228 (M +1).

N,N-Diethylbenzenesulfonamide 3j

Colorless viscous oil.'*”} IR (KBr): 2988, 1449, 1333, 1157,
1020, 732, 692, 579cm '. '"H NMR (500 MHz, CDCl;)
(ppm): 7.82-7.75 (m, 2H), 7.57-7.51 (m, 1H), 7.48 (t,
J=7.5Hz, 2H), 3.23 (q, J=7.2Hz, 4H), 1.11 (t, J=7.2Hz,
6H). °C NMR (125MHz, CDCl3) § (ppm): 140.3, 132.2,
129.0, 126.8, 42.1, 14.0. MS (ESI): m/z (%) 214 (M +1).

N-Benzylbenzenesulfonamide 3k

White solid.!*”! IR (KBr): 3334, 1328, 1162, 1098, 1061, 750,
688cm~'. '"H NMR (500 MHz, CDCl;) § (ppm): 7.86 (d,
J=72Hz, 2H), 7.59-7.52 (m, 1H), 7.50-7.43 (m, 2H),
7.27-7.20 (m, 3H), 7.20-7.16 (m, 2H), 543 (t, J=6.2Hz,
1H), 4.12 (d, J=6.3 Hz, 2H). '*C NMR (125 MHz, CDCl;)
(ppm): 139.9, 136.2, 132.6, 129.0, 128.5, 127.8, 127.6, 126.8,
47.0. MS (ESI): m/z (%) 265 (M + 17).

N-Cyclopentylbenzenesulfonamide 31

Pale yellow solid.”®! IR (KBr): 3234, 2978, 1448, 1319, 1152,
1092, 722, 687, 592, 555cm ™~ ". '"H NMR (500 MHz, CDCl;) &
(ppm): 7.93-7.87 (m, 2H), 7.61-7.54 (m, 1H), 7.54-7.48 (m,
2H), 5.08 (d, J=7.2Hz, 1H), 3.59 (dd, J=13.8, 6.8Hz, 1H),
1.80-1.70 (m, 2H), 1.64-1.56 (m, 2H), 1.50-1.28 (m, 4H). *C
NMR (125MHz, CDCl;) § (ppm): 140.9, 132.4, 129.2, 127.0,
55.1, 33.3, 23.2. MS (ESI): m/z (%) 226 (M + 1).
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