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INTRODUCTION

N-Alkylsulfonamides have attracted considerable attention
in organic synthesis because of their wide range of biological
activities and pharmacological properties'”. N-Alkylsulfonamides
are useful synthons for the preparation of several nitrogen
containing bioactive natural products, antibiotics and chiral
auxiliaries. A large number of other biologically active com-
pounds contain N-alkylsulfonamide moiety’. The development
of novel synthetic methodologies for the preparation of these
compounds is an attractive area of research in synthetic organic
chemistry. A general method for preparing these compounds
is via aza-Michael addition of sulfonamides to electrophilic
alkenes, which is a perfectly atom-economic and intrinsically
green C-N bond formation reaction®’. In general, the aza-
Michael reaction needs a basic condition or some special
reaction condition®. As a result, a great quantity of catalytic
system has been explored for the conjugate addition of
sulfonamines to electron-deficient olefins, including basic ionic
liquid, MgO/[bmim|Br’, KF/AL,O5*, acetic acid/microwave’,
SiO,-acetonitrile'® and imidazolium-based polymer supported
Gd(OTT);"". Despite their remarkable progress, many of these
methods are associated with some certain drawbacks, such
as large number of reagent, low yields, requirement of high
temperature and stoichiometric amount of catalyst and
hazardous solvents. Therefore, the development for an
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alternative method which is greener and more efficient is still
highly desirable.

Kegging type heteropoly acids (also known as polyoxo-
metalate acids) are promising solid acids which are ease of
modifying the acid strength, act as catalyst both under homo-
geneous and under heterogeneous conditions and present high
capacity and selectivity in various synthetically useful trans-
formations'*"®. Heteropoly acid are often regard as green
catalyst in view of nontoxicity, environmental benign and clean
reaction process'*. The Michael addition of different nucleo-
phile and a:p unsaturated ketone or ester catalyzed by
heteropoly acid had been reported', but the heteropoly acid
catalyzed aza-Michael addition of benzene sulfonamide and
ethyl acrylate ester has not been reported (Scheme-I).

Herein, we reported a new green chemistry procedure for
the synthesis of N-alkylsulfonamide by the aza-Michael
addition of benzene sulfonamide and ethyl acrylate catalyzed
by heteropoly acid.

EXPERIMENTAL

Four kinds of heteropoly acids: H;PWi,, HiSiW ),
H.PMo,,, HsPMo,(V,, were synthesized according the litera-
ture, respectively'®"’. p-Toluene sulfonamide and benzaldehyde
are commercially available.

General procedure: A well-ground mixture of benzene
sulfonamide (2 mmol) and heteropoly acid (100 mg) were
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S——NH,

placed in a 25 mL round bottom flask. Then ethyl acrylate
(2.2 mmol) was added and the mixture was stirred and heated
in oil bath for the times investigated. Subsequently, the reac-
tion mixture was cooled to room temperature, transferred to a
sintered glass funnel and washed with chloroform (60 mL).
After evaporating the solvent from filtrate, the crude product
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was purified by column chromatography on silica gel eluting
with EtOAc: n-hexane (1:3). The catalyst remained on the funnel
was dried and used for the next run under identical reaction
conditions.

Detection method: The product was analyzed by 'H
NMR, GC/MS, FT-IR.

RESULTS AND DISCUSSION

Spectra of product: Colorless oil like ethyl 3-(phenyl-
sulfonamido)-propionate was obtained and analyzed. GC/MS:
m/z (%) 257 (22.7 M*); '"H NMR (CDCl;): 8 1.26 (t, 3H, J =
7.0 Hz),2.58 (t, 2H, J=5.0 Hz), 3.24 (t, 2H, J = 5.0 Hz), 4.11
(q, 2H, J=7.0 Hz), 5.65 (S, 1H), 7.52-7.62 (m, 3H), 7.89 (m,
2H); FT-IR: cm™ 3286, 3059, 2975, 1732, 1447, 1329.

Effect of catalyst: The effect of different heteropoly acid
on the aza-Michael addition of benzene sulfonamide to ethyl
acrylate is investigaed in solvent-free condition and the results
are shown in Table-1. Four kinds of heteropoly acid had been
investigated, among which the H;PW, exhibited the best cata-
lytic activity offering a yield of 93 % in solvent-free condition.
The activity decreased in the order H;PW, > HiSiW,, >
H.,PMo> > HsPMo,(V, as the same as the acidic order decreased.
From Table-1, it can be inferred that the acid properties of the
heteropoly acid catalysts play a very important role in deter-
mining the catalytic performance.

Effect of catalyst amount: The effect of H;PW,, amount
(mol %) on the aza-Michael addition of benzene sulfonamide
to ethyl acrylate had been investigated and the results are shown
in Fig. 1. The yield of N-alkylsulfonamide increased from 34-
93 % as the pw12 mol per cent increased from 0.4-1.7 %. To
keep on increasing the pw12 mol % did not lead to noticeable
change on the yield. This may due to the fact that exceeding a
certain quantity, the additional catalyst did not participate in
the reaction and had no influence on the yield.

Effect of temperature and time: Effect of reaction tempe-
rature on the aza-Michael addition of benzene sulfonamide to
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Fig. 1. Effect of catalyst amount. Reaction condition: benzene sulfonamide
2 mmol, ethyl acrylate 2.2 mmol, no solvent. Reaction temperature
is 60 °C. Reaction time is 2 h

ethyl acrylate had been investigated as the temperature verifying
from room temperature to 80 °C and the results are shown in
Table-2. The yield was low at low temperature and increased
drastically as the temp increased from 25-60 °C. Rising up the
temp after 60 °C, the yield up rose slightly, so the suitable
reaction temperature is 60 °C.

Effect of the reaction time was investigated in a range of
0.5-2.5 h. The results are shown in Table-2. The yield of N-
alkylsulfonamide raised as the reaction time increased from
0.5-2.0 h and then the yield increased slightly upon further
increasing the reaction time from 2.0-2.5 h.

Reusability of heteropoly acid: The reusability of hetero-
poly acid catalyst on the aza-Michael addition of benzene sulfona-
mide to ethyl acrylate has been investigated through conducting
recycling experiments. The results are shown in Fig. 2. As can
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Fig. 2. Reusability of heteropoly acid. Reaction condition: benzene
sulfonamide 2 mmol, ethyl acrylate 2.2 mmol, heteropoly acid 100
mg (1.7 mol %), no solvent

TABLE-1
CATALYTIC ACTIVITIES OF HETEROPOLY ACIDS IN THE AZA-MICHAEL ADDITION OF BSA TO ETHYL ACRYLATE
Entry Catalyst Time Temperature (°C) Yield (%) Selectivity (%)
1 H;PW,,-nH,O 2 60 93 99
2 H,SiW,,-nH,0 2 60 87 99
3 H,PMo,,.-nH,0 2 60 75 99
4 HsPMo,,V,-nH,0 2 60 62 99

Reaction condition: BSA 2mmol, ethyl acrylate 2.2mmol, heteropoly acid 100mg (1.7mol %), no solvent.
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TABLE-2
EFFECT OF REACTION TEMPERATURE AND TIME ON THE
AZA-MICHAEL ADDITION OF BENZENE SULFONAMIDE

TO ETHYL ACRYLATE
Entry Temp. (%) Time (h) Yield (%) Selectivity (%)
1 25 2.0 22 99
2 40 2.0 49 99
3 60 2.0 93 99
4 80 2.0 95 99
5 60 0.5 36 99
6 60 1.0 59 99
7 60 1.5 74 99
8 60 2.0 93 99
9 60 2.5 94 99

Reaction condition: BSA 2 mmol, ethyl acrylate 2.2 mmol, no solvent,
heteropoly acid 100 mg (1.7 mol %).

be seen, the yield of N-alkylsulfonamide remained almost
unchanged after the catalyst had been recycled for 5 times.
This may due to the stability and high activity of the H;PW,
catalyst. The result demonstrated that H;PW, is a recyclable
and environmental friendly catalyst for the synthesis of N-alkyl-
sulfonamide.

Conclusion

The aza-Michael addition of benzene sulfonamide to ethyl
acrylate can be effectively catalyzed by heteropoly acid in
solvent-free condition. H;PW, has been proved to be the most
efficient catalyst for the synthesis of N-alkyl sulfonamide with
good yield and selectivity and ease of product isolation, reusa-
bility of the catalyst as well as compliance with green chemistry
protocols.

REFERENCES

o —

10.
11.

12.
13.
14.

15.

16.
17.
18.
19.

G. Cardillo and C. Tomasini, Chem. Soc. Rev., 25, 117 (1996).

I.L. Chen, K.M. Chang, C.L. Miaw, C.H. Liao, J.J. Chen and T.C. Wang,
Bioorg. Med. Chem., 15, 6527 (2007).

M. O'Neil, PE. Heckelman and F. Budavari, The Merck Index: An
Encyclopedia of Chemicals, Drugs and Biologicals, Merck, Whitehouse
Station, NJ, edn. 13 (2001).

S. Hong and T.J. Marks, Acc. Chem. Res., 37, 673 (2004).

K.M. Amore, N.E. Leadbeater, T.A. Miller and J.R. Schmink, Tetrahedron
Lett., 47, 8583 (2006).

S.D. Bull, S.G. Davies, S.D. Ballester, G. Fenton, P.M. Kelly and A.D.
Smith, Synlett, 1257 (2000).

A.Zare, A.K. Nezhad, A.R.M. Zare and A. Parhami, Arkivoc, 105 (2007).
A.Zare, A. Hasaninejad, M.H. Beyzavi, A.R. Moosavi-Zare, A. Khalafi-
Nezhad, M. Roshankar, E. Fiouzi and S. Azad, Phosphorus Sulfur Silicon
Rel. Elem., 184, 1702 (2009).

N.E. Leadbeater and J.R. Schmink, Tetrahedron, 63, 6764 (2007).

C. Mukherjee and A.K. Misra, Lett. Org. Chem., 4, 54 (2007).

R. Alleti, W.S. Oh, M. Perambuduru, C.V. Ramana and V.P. Reddy,
Tetrahedron Lett., 49, 3466 (2008).

1.V. Kozhevnikov, Chem. Rev., 98, 171 (1998).

N. Mizuno and M. Misono, Chem. Rev., 98, 199 (1998).

D. Sloboda-Rozner, P.L. Alsters and R. Neumann, J. Am. Chem. Soc.,
125, 5280 (2003).

X. Chen, J. She, Z. C. Shang, J. Wu and P.Z. Zhang, Synthesis, 3931
(2008).

H. Wu, J. Biol. Chem., 43, 189 (1920).

A. Tézé and G. Hervé, Inorg. Synth., 27, 85 (1990).

J.W. Ma, XK. Ye and Y. Wu, Acta Chim. Sin., 51, 860 (1993).

A.M. Khenkin, A. Rosenberger and R. Neumann, J. Catal., 182, 82
(1999).



