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SURFACTANT-CATALYZED ADDITION OF HIGHER
THIOLS TO N-ARYL SUBSTITUTED MALEIMIDES

A. Yildirim
Department of Chemistry, Uludag University, Bursa, Turkey
GRAPHICAL ABSTRACT
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Abstract The cationic-type surfactant-catalyzed conjugate addition reaction of long-alkyl-
chained thiols with N-aryl-substituted maleimides in water as a green reaction medium
afforded the corresponding thia-Michael adducts in moderate to good yields.

[Supplementary materials are available for this article. Go to the publisher’s online
edition of Synthetic Communications® for the following free supplemental resource(s):
Full experimental and spectral details. |

Keywords Alkyl thiols; green chemistry; thia-Michael addition; water

INTRODUCTION

The Michael reaction is one of the most important ways to form C-C bonds. In
this reaction conjugate addition occurs between electron-poor olefins and C nucleo-
philes. The reaction of S nucleophiles (thiols) with polarized double bonds may be
represented as a thia-Michael type addition for the construction of the C-S bond.[!]
Numerous methods have been reported for the conjugated addition of thiols to polar-
ized double bonds through the activation of thiol nucleophiles by bases,[l acids,>!
or ionic liquid systems.*71 Most Michael adducts were obtained in toxic organic

Received September 14, 2013.
Address correspondence to A. Yildirim, Department of Chemistry, Uludag University, Bursa,
16059, Turkey. E-mail: yildirim@uludag.edu.tr

1137



Downloaded by [North Dakota State University] at 14:59 16 October 2014

1138 A. YILDIRIM

solvents.3-19 Generally water alone is a poor solvent for the hydrophobic reagents.
Surface active agents are capable adequately dissolving these reagents in water by
micellar effects.

The solvent is the main component in many organic syntheses. It is used as the
reaction medium, as well as for the separation and purification of the reaction product.
There are many common organic solvents that have adverse health effects. Most of the
halogenated solvents and benzene are strongly carcinogenic. Therefore, knowledge of
alternative, greener solvents is important. Water has been successfully employed as a
versatile and alternative green solvent in a variety of organic reactions and synthesis
methodologies. Kumar et al. developed an efficient methodology for the addition of
thiols to N-aryl maleimides.[!'l They have used only water-soluble 2-mercaptoethanol
and mono-halogenated aromatic thiols as nucleophiles. There are no prior stud-
ies in the literature related to Michael addition of long-hydrocarbon-chained alkyl
thiols to N-aryl maleimides in water. For instance, Jegelka and Plietker used only
1-hexadecanethiol as a nucleophile in benzene solvent.

This article describes a simple and efficient one-pot procedure for the addition
of higher aliphatic thiols to N-aryl-substituted maleimides using cetylpyridinium
bromide (CPB) or cetyl trimethylammonium bromide (CTAB) catalyst and water as
a green solvent under mild and neutral conditions. The reaction in this study pro-
ceeded efficiently at room temperature under micellar catalysis and adduct thus
obtained was isolated by simple vacuum filtration.

RESULTS AND DISCUSSION

The N-Aryl maleimides 1 used in this study were prepared by condensation of
maleic anhydride with different anilines in ether, followed by refluxing the obtained
maleamic acid in acetic anhydride and in the presence of fused sodium acetate to give
the corresponding maleimide. The selected alkyl thiols are insoluble in water. To facil-
itate their dispersion and to accelerate the reaction in water medium, CPB or CTAB
were used as catalyst (10% mmol/mmol). Cationic surfactant, particularly quaternary
ammonium bromide, in aqueous media has been proved to enhance the reactivity of
water-mediated organic reactions via the formation of micelles or vesicular cavities.!!?
As seen in Scheme 1, the addition reactions of the corresponding thiols in the pres-
ence of either CPB or CTAB proceeded with complete chemoselectivity and afforded
only the desired thia-Michael adducts in good yields.

The experimental results are summarized in Table 1. The surfactant CPB is more
soluble in water. Consequently in the presence of its catalytic activity the adducts

o) o)
Surfactant (10%) S~ AN
Aa—N || + HS/\(“); 0.1 1h Ar—N
o} n: 10, 14, 16 0
1 2a-i
Ar: p-HPh
p-OCH3Ph
p-BrPh

Scheme 1. Reaction conditions of zhia-Michael addition.
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Table 1. Aqueous thia-Michael addition in the presence of 10% mmol/mmol

CTAB or CPB

Entry R Thiol (n) Adduct Yield* Yield?
1 H 10 2a 85 98
2 p-OCH; 10 2b 84 89
3 p-Br 10 2c 78 97
4 H 14 2d 80 95
5 p-OCH; 14 2e 85 98
6 p-Br 14 2f 86 86
7 H 16 2g 79 82
8 p-OCHj 16 2h 92 82
9 p-Br 16 2i 84 91

“Yield in the presence of CTAB after crystallization.
"Yield in the presence of CPB after crystallization.

were obtained with slightly great yields than in the presence of catalytic activity of
CTAB. Known surfactants, like those used in this study, form a normal-phase micelle
in water, and the hydrophobic interior part of this micelle acts as a reaction realization
center. It provides an excellent reaction medium for Michael addition reaction by dis-
solving the water-insoluble N-aryl maleimides and higher thiols (Fig. 1). No reaction
occurs in the absence of CTAB and CPB. Because the long-chain thiols are practically
insoluble in water without the assistance of the surface active agents, it seems difficult

qg%??ﬁigo Qgg%???gp

%
ON"""VAI' . ) HS/\(V)/ Michael addition QWM S\,(A)\ M,,WO

Hydrophoblc mtenor : %O

O%ggg%%b 05“8555 o

Hydrophilic exterior

Q s
Ar—N;j] + .,s/\ﬂ/—> Ar— N;;T?s.;‘.‘

O
°© four membered cyclic
transition state

(o] l

S AN
Ar—N

o

Figure 1. Possible addition mechanism via synchronous four-membered cyclic transition state.
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for the reaction to proceed through an ionic mechanism. Nonionic reaction in this
hydrophobic interior probably proceeds via a synchronous four-membered cyclic
transition state (Fig. 1).l12-13]

As a result we can conclude that the thia-Michael addition reaction proceeded
efficiently under milder and greener reaction conditions.

EXPERIMENTAL
Instrumentation and Materials

All reagents and solvents were purchased from either Merck or Sigma-Aldrich
and used without further purification. Thin-layer chromatography (TLC) was per-
formed using silica gel (60 F,s,, Merck, Darmstadt, Germany) plates. Melting points
were recorded on a Biichi melting point B-540 apparatus (Biichi Labortechnik AG in
Flawil, Switzerland). The NMR spectra were measured using a Varian Mercury Plus
spectrometer (400 MHz) (Varian Inc., California, USA) in CDCl; using telramethyl-
silane (TMS) as an internal standard. Chemical shifts (8) are reported in parts per
million (ppm) and J values in hertz.

Typical Experimental Procedure for the Preparation
of Thia-Michael Adducts

To a 100-mL round-bottom flask containing (40mL) of distilled water, were
added CTAB or CPB (10mmol%) and stirred at room temperature. To this mix-
ture 1-dodecanethiol (0.35g, 1.56mmol) was added in one portion, followed by
N-phenylmaleimide (1) (0.3 g, 1.56mmol) added portionwise. Stirring was continued
for an additional 1 h at room temperature. As the reaction completed (monitored
by thin-layer chromatography, TLC) the precipitated product was collected by vac-
uum filtration and dried at room temperature. Thereafter it was crystallized from
ethanol/ethyl acetate as a white crystalline solid.

SUPPORTING INFORMATION

Structural characterization data and NMR spectra are available online.

REFERENCES

1. Azizi, N.; Amiri, A. K.; Ghafuri, H.; Bolourtchian, M. A highly efficient, operationally
simple, and selective thia-Michael addition under solvent-free condition. Green. Chem.
Lett. Rev. 2009, 2, 43-46.

2. Bonollo, S.; Lanari, D.; Pizzo, F.; Vaccaro, L. Sc(I1I)-catalyzed enantioselective addition of
thiols to o.,B-unsaturated ketones in neutral water. Org. Lett. 2011, 13, 2150-2152.

3. Barbero, M.; Cadamuro, S.; Dughera, S. O-Benzenedisulfonimide as a reusable Bronsted
acid catalyst for hetero-Michael reactions. Synth. Commun. 2013, 43, 758-767.

4. Yadav, J. S.; Reddy, B. V. S.; Baishya, G. Green protocol for conjugate addition of thiols to
o,B-unsaturated ketones using a [Bmim]PF¢/H,O system. J. Org. Chem. 2003, 68, 7098-7100.



Downloaded by [North Dakota State University] at 14:59 16 October 2014

10.

11.

12.

13.

Thia-MICHAEL ADDITION OF FATTY THIOLS 1141

. Kumar, A.; Ahmad, I.; Rao, M. S. A simple and efficient thia-Michael addition to o,f3-

unsaturated ketones catalyzed by Yb(OTf);in [bmim][BF,]. J Sulf. Chem. 2009, 30,
570-577.

. Ranu, B. C.; Dey, S. S. Catalysis by ionic liquid: A simple, green, and efficient procedure

for the Michael addition of thiols and thiophosphate to conjugated alkenes in ionic liquid,
[pmIm]Br. Tetrahedron 2004, 60, 4183-4188.

. Sarda, S. R.; Jadhav, W. N.; Shete, A. S.; Dhopte, K. B.; Sadawarte, S. M.; Gadge, P. J;

Pawar, R. P. Phosphonium ionic liquid—catalyzed Michael addition of mercaptans to o.,p3-
unsaturated ketones. Synth. Commun. 2010, 40, 2178-2184.

. Nishide, K.; Ohsugi, S.; Shiraki, H.; Tamakita, H.; Node, M. Use of odorless thiols: Formal

asymmetric Michael addition of hydrogen sulfide to o-substituted o,B-unsaturated car-
bonyl compounds. Org. Lett. 2001, 3, 3121-3124.

. Liu, Y.; Sun, B.; Wang, B.; Wakem, M.; Deng, L. Catalytic asymmetric conjugate addition

of simple alkyl thiols to o,B-unsaturated N-acylated oxazolidin-2-ones with bifunctional
catalysts. J. Am. Chem. Soc. 2009, 131, 418-419.

Jegelka, M.; Plietker, B. a-Sulfonyl succinimides: Versatile sulfinate donors in Fe-catalyzed,
salt-free, neutral allylic substitution. Chem. Eur. J. 2011, 17, 10417-10430.

Kumar, V.; Mitra, R.; Bhattarai, S.; Nair, V. N. Reaction on water: A greener approach for
the thia-Michael addition on N-aryl maleimides. Synth. Commun. 2011, 41, 392-404.
Shinde, P. V.; Kategaonkar, A. H.; Shingate, B. B.; Shingare, M. S. Surfactant-catalyzed
convenient and greener synthesis of tetrahydrobenzo[a]xanthene-11-ones at ambient tem-
perature. Beilst. J Org. Chem. 2011, 7, 53-58.

(a) Oh, H. K.; Ku, M. H.; Lee, H. W. Kinetics and mechanism of the addition of ben-
zylamines to o-cyano-B-phenylacrylamides in acetonitrile. Bull. Korean Chem. Soc. 2005,
26, 935-938; (b) Kim, S. I.; Back, H. W.; Um, I. H. Kinetics and mechanism of Michael-
type reactions of ethyl propiolate with alicyclic secondary amines in H,O and MeCN:
Solvent effect on reactivity and transition-state structure. Bull. Korean Chem. Soc. 2009, 30,
2909-2912; (¢) Kim, S. I.; Hwang, S. J.; Park, Y. M.; Um, 1. H. Michael-type reactions of
1-(X-substituted phenyl)-2-propyn-1-ones with alicyclic secondary amines in MeCN and
H20: Effect of medium on reactivity and transition-state structure. Bull. Korean Chem.
Soc. 2010, 37, 1199-1203.



