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Abstract—A novel strategy for the synthesis of 3-sulfanylsubstituted 1-(arylamino)-pyrrolidine-2,5-dione derivatives via the
alumina-catalyzed Michael addition of mercaptans to N-anilinomaleimides is described. The utilization of alumina in the synthesis
offers important advantages such as good yields, convenience and mild conditions. © 2002 Elsevier Science Ltd. All rights
reserved.

Several very mild and highly selective organic transfor-
mations have been achieved on the surface of alumina.1

For example, epoxide ring opening,2 elimination
reactions3 and conjugate additions4 have been reported.
Alumina induced intramolecular additions of hydroxyl
groups to carbonyl conjugated double bonds have been
reported,5 but no comparable alumina promoted inter-
molecular additions of alcohols or mercaptans to �,�-
unsaturated carbonyl compounds have been observed.
We report herein an alumina-catalyzed intermolecular
Michael addition of mercaptans to N-anilinomale-
imides. Michael additions of thiols to �,�-unsaturated
carbonyl compounds are important reactions in organic
synthesis.6

Famoxadone, a new agricultural fungicide, is a member
of the oxazolidinone fungicides (Fig. 1).7 As part of our
discovery effort toward new agricultural fungicides, we
are interested in the synthesis of 3-sulfanylsubstituted

1-(arylamino)-pyrrolidine-2,5-dione derivatives 1 (Fig.
1). Although numerous derivatives originated from the
parent oxazolidinone heterocycle have been synthe-
sized, the corresponding 3-sulfanylsubstituted 1-(aryl-
amino)-pyrrolidine-2,5-dione derivatives have not been
evaluated until hitherto. Our synthetic strategy is out-
lined in Scheme 1. The preparation of N-aminomale-
imides has been reported.8 The key step of the synthesis
is the Michael addition of mercaptans to N-aminomale-
imides.

The N-aminomaleimides were prepared from maleic
anhydride and the corresponding hydrazines in a two-
step one-pot reaction. The Michael addition of mercap-
tans to N-alkylmaleimides has been reported.9

However, under those conditions reaction of either
benzenethiol or mercaptoacetic acid with N-anilino-
maleimide gave very low yields of the Michael addition
product. Later we found that the Michael addition of
mercaptans to N-aminomaleimides was achieved in
good yields in the presence of neutral alumina (Aldrich-
activated, neutral, Brockman I, standard grade, 150
mesh). In the absence of alumina, the reaction gave
very low yields of products and many side products
were formed. The surface of alumina probably induced
the polarization of the C�O bond for the Michael
addition. Alumina has also been reported to catalyze a
Michael addition of secondary amines to exocyclic �,�-
unsaturated ketones.10 Attempts to extend this reaction
to amines were unsuccessful. Treatment of N-anili-
nomaleimides with amines afforded 1-aryl-2-(3-car-
boxyamideacryloyl)-hydrazines (Scheme 2) in good
yields.

Figure 1. General structure of the 3-substitutedsulfanyl-1-
(arylamino)pyrrolidine-2,5-dione derivatives 1 and the known
fungicide Famoxadone.

* Corresponding author.

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (01 )02401 -7



N

O

O

N
H

F

F

F

F

F

Cl

F

Cl

F

F

F

N

Cl

Br

SO2NH2

S
O

O

S
O

O

CN

       No.                           R1           Isolated Yield(%)

1a

1b

1c

1d

1e

1f

1g

1h

1i

1j

60

43

69

58

68

61

81

98

23

67

R1

S. Cheng, D. D. Comer / Tetrahedron Letters 43 (2002) 1179–11811180

Scheme 1.

Scheme 2.

Research Laboratories and Dr. Juerg Ehrler of Novar-
tis Crop Protection for their intellectual input.

Table 1. N-Arylaminomaleimide intermediates prepared
for library synthesis

A rapid solution-phase parallel synthesis was developed
based on this methodology and used to synthesize a 300
member library. A set of 10 N-(arylamino)-maleimides
were prepared from maleic anhydride and the corre-
sponding hydrazines.11 All products were obtained as
colored crystalline solids with an average yield of 62%
(Table 1). A set of 30 commercially available mercap-
tans were selected for the Michael addition step (Table
2). The parallel synthesis were then performed in an
10×30 array of 13×125 mm screw-cap tubes.12 All final
compounds were purified using a reverse phase HPLC
system and were analyzed by HPLC and mass spec-
trometry. 200 Compounds were obtained in greater
than 85% purity in multimilligram quantitities.

In conclusion, the utilization of alumina in the synthesis
of the title compounds offers important advantages
such as good yields, convenience and mild conditions.
The solution-phase parallel synthesis of libraries pro-
vides a practical and efficient methodology for the
rapid synthesis of the title compounds. This method is
general and flexible and could be used to make very
large libraries. The structural properties of these deriva-
tives may provide important leads as agricultural
fungicides.
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Table 2. Thiols used for Michael addition step K.-S.; Pan, J.-F.; Chen, K. Tetrahedron Lett. 2000, 41,
6815; (f) Castelli, V.v. A.; Cort, A. D.; Mandolini, L.;
Reinhoudt, D. N.; Schiaffino, L. Chem. Euro. J. 2000, 6,
1193; (g) Kobayashi, S.; Ogawa, C.; Kawamura, M.;
Sugiura, M. Synlett 2001, 983.

7. (a) Sternberg, J. A.; Geffken, D.; Adams, J. B., Jr.;
Postages, R.; Sternberg, C. G.; Campbell, C. L.; Moberg,
W. K. Pest. Manag. Sci. 2001, 57, 143; (b) Sternberg, J.
A.; Geffken, D.; Adams, J. B., Jr.; Postages, R.; Stern-
berg, C. G.; Campbell, C. L.; Moberg, W. K. ACS Symp.
Ser. 1998, 686, 216.

8. (a) Feuer, H.; Rubinstein, H. J. Am. Chem. Soc. 1958, 80,
5873; (b) Feuer, H.; Asunskis, J. P. J. Org. Chem. 1962,
27, 4684.

9. (a) Igarashi, Y.; Watanabe, S. J. Chem. Soc. Jpn. 1990,
11, 1284; (b) Shih, H.; Rankin, G. O. J. Heterocyclic
Chem. 1977, 14, 349; (c) Briere, J.; Charpentier, P.;
Dupas, G.; Queguiner, G.; Bourguignon, J. Tetrahedron
1997, 53, 2075.

10. Pelletier, S. W.; Venkov, A. P.; Finer-Moore, J.; Mody,
N. V. Tetrahedron Lett. 1980, 21, 809.

11. Example procedure: N-anilinomaleimide(2a): Maleic any-
hydride (5.0 g, 51.0 mmol) was dissolved in anhydrous
THF (100 mL) and phenylhydrazine (5.5 g, 5.0 mL, 51.0
mmol) was added in an N2 atmosphere. The yellow
solution was stirred for 2 h at room temperature. Thionyl
chloride (7.3 g, 4.5 mL, 61.2 mmol) was then added to
the mixture over 2 min. The reaction was then heated to
65°C over 30 min and stirred for an additional 30 min at
65°C. The resulting brown mixture was allowed to cool
and concentrated in vacuo to give a dark-brown oily
solid. Minimal dry EtOH was added to create a thick
suspension. The solid was vacuum filtered and washed
twice with dry EtOH. The resulting orange crystalline
solid was dried overnight in vacuo to yield N-anilino-
maleimide(2a) (6.0 g, 63%, >95% pure by LC/MS), mp
145–148, 13C NMR (DMSO-d6, 300 MHz) � 113.284,
119.698, 121.046, 129.115, 140.838, 143.698, 167.014; 1H
NMR (DMSO-d6, 300 MHz) � 6.55 (d, 1H, J=3.0 Hz),
6.89–6.86 (m, 1H), 7.28–7.24 (m, 4H), 7.79 (d, 1H, J=3.0
Hz); C10H8N2O2=188.19; MS: [M+H]+=189.

12. Example procedure: 3-phenylsulfanyl-1-phenylamino-
pyrrolidine-2,5-dione (1,R1,R2=Ph): N-Anilinomaleim-
ide(I) (0.037 g, 0.2 mmol) was dissolved in distilled
DMF (1 mL) and benzenethiol (0.066 g, 0.6 mmol) was
added. Neutral alumina (0.110 g) was added and the
mixture was stirred at 80°C for 1 h. Mixture was allowed
to cool and was filtered through a 0.2 micron filter to
remove the alumina. The resulting solution was then
directly injected onto a reverse phase HPLC purification
system and purified. Pure fractions were collected and
concentrated in vacuo to yield 3-phenylsulfanyl-1-phenyl-
amino-pyrrolidine-2,5-dione (1,R1,R2=Ph) as a white solid
(0.039 g, 66%, 99% pure by LC/MS), 1H NMR (CDCl3,
300 MHz) � 2.78 (dd, 1H, J=4.3 Hz and J=4.1 Hz),
3.23 (dd, 1H, J=9.2 Hz and J=9.1 Hz), 4.05 (dd, 1H,
J=9.1 Hz and J=4.2 Hz), 6.53–7.53 (m, 10H);
C16H14N2O2S=298.37; MS: [M+H]+=299.
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