This article was downloaded by: [University of Cambridge]

On: 19 August 2015, At: 05:41

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: 5 Howick Place, London, SW1P 1WG

Phosphorus, Sulfur, and Silicon and the
Related Elements

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gpss20

CHLOROSULFONATION OF N-
ARYLMALEIMIDES

Augusto C. Tomé ? , José A. S. Cavaleiro  , Fernando M. J.
Domingues ® & Richard J. Cremlyn °

————r—— = & Centro de Quimica do Meio Aquético (INIC), Department of
Chemistry , University of Aveiro , 3800, Aveiro, Portugal

® Division of Chemical Sciences , The University of Hertfordshire ,
Hatfield, Hertfordshire, AL10 9AB, England
Published online: 23 Sep 2006.

s pelsnarii s,
- il'lnr. i
TRt

o — e —

To cite this article: Augusto C. Tomé , José A. S. Cavaleiro , Fernando M. J. Domingues & Richard J.
Cremlyn (1993) CHLOROSULFONATION OF N-ARYLMALEIMIDES, Phosphorus, Sulfur, and Silicon and the
Related Elements, 79:1-4, 187-194, DOI: 10.1080/10426509308034412

To link to this article: http://dx.doi.org/10.1080/10426509308034412

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gpss20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10426509308034412
http://dx.doi.org/10.1080/10426509308034412
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Cambridge] at 05:41 19 August 2015

Phosphorus, Sulfur, and Silicon, 1993, Vol. 79, pp. 187-194  © 1993 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

CHLOROSULFONATION OF N-ARYLMALEIMIDES
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N-phenylmaleimides, o-, m- and p- substituted (1) reacted with excess chlorosulfonic acid to give the
corresponding sulphonyl chlorides (2-5). These were condensed with amines and phenols to give
derivatives (7-29) which underwent hydrolysis or ammonolysis to give respectively the sulfamoyl ma-
leamic acids (31-34) and sulfamoyl maleamides (35-39).

Key words: N-arylmaleimides; chlorosulfonation.

INTRODUCTION

The pharmacological and fungicidal activity of imides is well established.! In this
group of compounds, the maleimides are very important and several of them are
pattented for their biological properties.?~> In addition, sulfonyl compounds (namely
sulfonamides, sulfonylureas, and sulfonylhydrazides) have well-established anti-
bacterial,® antifungal,” and herbicidal® activities. With this in mind, and as an
extension of the previous work on this subject,” we decided to synthesise some
new sulfonated N-arylmaleimide derivatives as potentially bioactive compounds.

RESULTS AND DISCUSSION

The N-arylmaleimides (1) used throughout this work were prepared in good yields
following a modification of the method described by Cava et al.’®

The sulfonyl chlorides (2-5) were obtained by reacting the corresponding
N-arylmaleimides with an excess (6 equiv.) of chlorosulfonic acid® (Scheme I, Table
I). This reaction is strongly influenced by the substituents on the aromatic ring.
While with N-phenylmaleimide (1, R = H) the reaction with chlorosulfonic acid,
at room temperature, is slow, with activated N-arylmaleimides (1, R = Me or
MeQ) the chlorosulfonation is extremely fast, even at 0°C. With deactivated
N-arylmaleimides (1, R = Cl), the reaction will proceed only under forcing con-

zf@ Gz,

(2-5)
Scheme I Chlorosulfonation of N-Arylmalelmldes
187
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TABLE 1
N-Arylmaleimide Sulfonyl Chlorides
Comp. R SOClL | yield (%) | M.P. (°C)
2 2-MeO | 3-S0:CI 98 | 17118
3 3-McO | 6-SOCl 69 | 148-149
4 4McO | 3-S0.Ct 74} 129-130
5 4Me 3-80,CI 83 | 149-151

ditions. For instance, after treating N-(4-chlorophenyl)maleimide {1, R = 4-Cl)
with 6 equiv. of chlorosulfonic acid, for 5 hours at 90°C, the substrate was recovered
unchanged. Under more vigorous conditions (5 hours at 130°C) the reaction only
afforded water-soluble products but if the reaction was allowed to proceed for 48
hours at 105-110°C a chlorosulfonated product was isolated which was identified
as the sulfonated maleamic acid (6) from NMR and MS data.

The chlorosulfonation reaction is highly regioselective®* and the site of sulfonation
is controlled by the position of the activating group on the aromatic ring. When
the methoxy group is in position 2, (1, R = 2-MeO), as a result of the ortho/para
directing effect, the chlorosulfonyl group goes in to the para position (position 5)
which is also the less sterically hindered position. Evidence for this arises from the
'H-NMR spectra of the chlorosulfonyl maleimide (2) and their sulfonamide deriv-
atives, where ortho coupling between protons Ha and Hb and long range meta
coupling between Hb and Hc is visible, thus excluding the possibility of ortho
substitution relative to the methoxy group (Figure 1A).

With the activating group in position 4, (1, R = 4-Me or 4-MeO), chlorosul-
fonation occurs ortho to the methoxy or methyl group. This is also evident from
the 'H-NMR spectra of the sulfonated derivatives with a similar pattern for protons
Ha, Hb and Hc (Figure 1B).

With aromatic rings substituted in position 3, (1, R = 3-MeO) orientation of
chlorosulfonation is not so predictable as one could assume, in principle, that ortho
and para substitution would be similarly favoured. Besides the two regioisomers
would result in a similar pattern for the 'H-NMR spectra of protons Ha, Hb and
Hc (Figure 1C) and (Figure 1D). The problem was solved with a NOE difference
spectra of suifonamide (11). Irradiation of the methoxy group resulted in an increase
on the intensity of the signal of protons Hc and Hb, thus confirming that the
sulfonyl group is in the para position relative to the methoxy group.

We tried, unsuccessfully, to prepare a bis-sulfonyl chloride by reacting the
N-(3-methoxyphenyl)maleimide (1, R = 3-MeO) with 12 equiv. of CISO;H at
130°C but no definite product could be isolated; only water-soluble compounds
were formed.

The sulfonyl chlorides (2—-5) are stable compounds and, after crystallization, can
be stored for months without decomposition.

Careful addition of a primary or secondary amine to ice cooled solutions of the
sulfonyl chlorides (2-5) in acetonitrile, resulted in the formation of the corre-

*The TLC and "H-NMR spectroscopic data of the chlorosulfonyl maleimides and their derivatives
indicated that only one of the possible regioisomers was present.
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0 OMe H, $0,CI Ha
so 2C1 so Cl
(Flg A) (Fig B) (Fig C) (Fig D)
FIGURE 1
poeal
(30)
(2-5) ——p |:§ \ \sozx
S0, X
X= NR'R? (7-25) :°“ (31-34)
X= OAr (26-29) Y=NH; (35-39)
Scheme II  Synthesis of N-Arylmaleimidosulfonyl derivatives
TABLE II
N-Arylmaleimidosulfonamides
Comp. R SO2X Comp. R SO2X
7 2-MeO 5-505NMes 19 4-MeO 3-SO,NHCH,CH,0H
8 2-MeO 5-SO,NEty 20 4-MeO 3-SO5-Piperidino
9 2-MeO 5-SO,NHIPr 21 4Me 3-SO)NMes
10 2-MeO 5-SO,NHPh 22 4-Me 3-SO,NEty
11 3-MeO 6-SOsNMe 23 4Me 3-SO5NHIPr
12 3MeO | 6-SONEty 24 4Me 3-SOoNHPh
13 3-MeO 6-SO,NHIPr 25 4-Me 3-SO2NHCH»CH,OH
14 3-MeO 6-SO,NHPh 26 4-MeO 3-S0~0CgH,4-3-NO»
15 4MeO 3-S0)NMe; 27 4MeO 3-S0,0CgH4-4-NO>
16 4-MeO 3-SO,NEty 28 4MeO 3-S0,0CgH,4-4-Cl
17 4-MeO 3-SO,NHIPr 29 4MeO 3-80,0C(Cl5
18 4MeO 3-SO,NHPh

sponding maleimides (7-25) (Scheme II, Table II) and small amounts of the suc-
cinimide derivatives (30a, X = Y = NR!R?) as a result of the Michael addition
of the amine to the double bond of the imino ring.*! The maleimides were separated
from the corresponding succinimides by column chromatography on silica gel. The
succinimide analogues (30b, X = OC{H,Cl-p, Y = Piperidyl) and (30c, X = NEt,,
Y = NHC¢H,Me-p) were obtained by reacting the corresponding sulfonated mal-
eimides with different amines.
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o 9 SO2NEt,
Nn@sozuun NN@SOzNHR @
HoN
OH OH
) (40) o (41) (42) OMe
FIGURE 2
TABLE III
Maleamic Acids and Maleamides
Comp R SO02X Yield (%) M.P. (°C)
31 2-MeO 5-SO;NEl, 38 | 7174
32 3-MeO 6-SO)NMe, 76 142-143
33 4MeO 3-SOpNEly 68 149-150
34 4MeO | 3-S03CgH43-NO, s6 155-156
35 2-MeO 5-SO2NEty 69 113-114
36 3-MeO 6-SO;NMe 73 156-158
37 3-MeO 6-SOZNEt» 68 181-186
38 4-MeO 3-SOaNEty 64 144-145
39 4-MeO 3-S03CgH,-3-NOy 56 168-169

The reaction of the sulfonyl chloride (4) with phenols, in the presence of tri-
ethylamine, gave good yields of the arylsulfonates (26-29) (Table II).

Compounds of type (40) and (41) have found extensive use in the treatment of
certain intestinal infections.®® Since these compounds are very poorly absorbed and
rapidly excreted, large doses can be administered orally without danger of toxic
effects (Figure 2).

We have prepared unsaturated analogues of compounds (40) by opening the
imino ring of the sulfonated N-arylmaleimides. This was achieved by treatment of
the sulfonated maleimides with aqueous sodium or potassium hydroxide solutions
or with ammonia, at room temperature; the maleamic acid derivatives (31-34) and
the maleamides (35-39), respectively, were obtained (Scheme II, Table III). Sur-
prisingly with the maleimide (12) similar conditions (treatment with aqueous sodium
hydroxide solution at room temperature) gave the corresponding sulfonated aniline
(42) as the main product.

CHARACTERIZATION OF THE COMPOUNDS

All the new compounds were characterized by their NMR and IR spectra and some
of the key compounds were also characterized by microanalysis or mass spectrom-
etry.

In the '"H-NMR spectra of the maleimide derivatives (7-29), the singlet at &
6.8-7.0 ppm is the most characteristic signal and is attributed to the two equivalent
vinylic protons. The protons in the tri-substituted aromatic rings clearly show two
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doublets with coupling constants 2.5 and 8.5 Hz, respectively and a double doublet.
When the imido ring is opened to obtain the maleamic acid derivatives (31-39),
the two vinylic protons are no longer equivalent and give raise to two doublets
with a coupling constant of approximately 13 Hz. This relatively high coupling
constant for cis vinylic protons is characteristic of the maleamic acid derivatives.
The NMR spectra of the compounds (31-39) show a broad signal at § 10--12.5
ppm which is attributed to the NH proton. The frequency of this signal clearly
indicates that the NH proton is involved in a hydrogen bonding.

Another interesting feature in the 'H-NMR spectra of compounds (31-39) is
the high downfield shift observed in the signal of the aromatic protons ortho to
the nitrogen when compared with the corresponding cyclic imides (ca. 1.3 ppm for
proton Hc in the 2- and 3-methoxy derivatives, and 0.5 and 0.3 ppm, respectively
for protons Hb and Hc in the 4-methoxy derivatives), which arises from the ani-
sotropic effect of the carbonyl group adjacent to the aromatic ring.

The IR spectra of the sulfonated maleimides show the characteristic absorption
pattern for the carbonyl group in the cyclic imides (a strong band at 1710 and a
weak band at 1770 cm~*) and for the sulfonyl group (1170 and 1370 cm~1). As
expected, the IR spectra of the maleamic acids (29-32) and the maleamides (33—
37) differ considerably from the IR spectra of the corresponding maleimides, spe-
cially in the range of 1600-1800 cm~*'. In contrast with the very strong absorption
at 1710 cm ! for the maleimides, the maleamic acids show two medium intensity
absorptions at 1700 (CO,H) and 1635 cm~! (CONHATr). The maleamides show
two medium intensity absorptions at 1620 (CONH,) and 1650 cm~! (CONHAr).

EXPERIMENTAL

Melting points were determined with a Reinch Termovar electric apparatus and are uncorrected.
NMR spectra were recorded on Varian XL 200, Brucker AC-200 and Brucker AMX 300, using tetra-
methylsilane as internal standard and CDCI; unless otherwise stated. MS were recorded on a VG
AutoSpec-Q instrument and IR spectra were measured as KBr pellets on a Perkin-Elmer 683 Infrared
Spectrophotometer. Microanalysis were carried by courtesy of Shell Research Ltd, Sittingbourne, Kent,
England.

Yields, melting points and microanalysis or MS data of selected compounds are presented in Table
Iv.

Synthesis of the N-Arylmaleimides
N-(4-methoxyphenyl)maleimide (1, R = 4-MeO). To a suspension of maleic anhydride (20.1 g; 0.21
mol) in diethyl ether (250 ml), a suspension of p-anisidine (24.6 g; 0.2 mol) in diethyl ether (300 ml)
was added dropwise. A suspension formed which was stirred overnight at room temperature. The solid
was then filtered through a sintered glass funnel, washed with diethyl ether and dried in the oven at
100°C. The N-(4-methoxyphenyl)maleamic acid was obtained as a cream powder (44.0 g; 99.4%), m.p.
181-182°C. A mixture of the maleamic acid (44.0 g; 0.2 mol), fused sodium acctate (10 g) and freshly
distilled acetic anhydride (125 ml) was heated in an oil bath at 95-100°C for 1.5 hours. After cooling
down to room temperature, the suspension was added to cold water, the solid filtered off and washed
with water. The solid was then dissolved in dichloromethane (120 ml), washed with water and dried
over anhydrous sodium sulphate. After concentration, the compound was recrystallized from cyclo-
hexane. A first crop of 31 g of the maleimide (m.p. 149-150°C) was obtained. The mother liquor was
concentrated and purified by silica column chromatography. A second crop of the maleimide (2.7 g)
was eluted with dichloromethane/petroleum ether (3/2) along with some unreacted maleamic acid (6.0
g). The combined yield, based on consumed maleamic acid, was 97%.

The other N-arylmaleimides used throughout this work were prepared following the same method.
(R, Yield, m.p. °C): (2-OCH,, 95, 122-123); (3-OCHj;, 90, 66-67.5); (4-CH,, 97, 149-150.5); (4-Cl,
94, 115-116.5).
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TABLE IV
Physical data for the compounds 7 to 29
Yield M. P. Molecular Microanalysis or MS
Comp (%) °0) Formula Found (Cale.) %
C H N

7 41 186-187 C13H4N205S 50.24(50.32)  4.53(4.55)  8.93(9.03)
8 55 146-147 CisHi8N205S | 53.53(53.24)  542(536)  8.28(8.28) |
9 59 155-156 C14H16N205S 51.91(51.84)  4.97(4.97) 8.57(8.64)
10 60 195-196 Cy17H14N2055 56.45(56.98)  3.86(3.94)  7.66(7.82)
11 56 143-144 C13H14N205S 310(M1), 266, 203, 202, 174, 159
12 86 oil C15H1gN205S 338(M™), 266, 203, 202, 174, 159
13 80 138-140  C14H16N205S 51.09(51.84)  4.89(4.97)  834(8.64)
14 98 184-185 C17H14N205S 57.43(56.98) 3.99%(3.94) 7.71(7.82)
15 37 188-189 C13H14N205S8 50.17{50.31) _ 4.49(4.55) _ 8.97(5.03)
16 87 139-140 C1sH18N2058 53.34(53.24) _ 539(536) _ 8.32(8.28)
17 78 198-199 C14H16N2055 51.45(51.84) 4.94(4.97) 8.52(8.64)
13 % 199-200 C17H4N2058 358(M), 263, 202, 187, 172
19 76 128-130 C13H14N205S 4741(47.85) 429(432) 8358.58)
20 73 177-179 C16H18N2058 54.99(54.85)  5.23(5.18)  7.94(7.99)
21 2 139-140 C13H14N2048 53.20(53.05) 479479 943 (9.52)
22 80 81-83 C15H(gN204S 322(M*), 307, 250, 186, 158
23 68 177-179 C14H16N204S 54.57(54.53)  5.26(5.23)  9.02(9.08)
24 80 158-159 C7H14N2048 5092(59.64) 435(4.12) 8.17(8.18)
25 72 133-135 C13H1aN2058 4991(50.32) 4.53(4.55) 8.89(5.03)
26 90 201-202 C17H[2N2OgS 404(M™), 266, 202, 187, 172
27 94 164-165 C17H]2N2OgS 5031(50.50) 2.91(2.99)  6.87(6.93)
28 9i 121-122 C17H12CINO6S 393(MY), 266, 202, 187, 172
29 88 273-275 C7HgCISNOgS 38.69(3841)  1.49(1.52)  2.62(2.63)

Chlorosulfonation of the N-Arylmaleimides
N-(3-chlorosulfonyl-4-methoxyphenyl)maleimide (4). The N-(4-methoxyphenyl)maleimide (1, R =
4-MeO) (10.16 g; 0.05 mol) was slowly added to ice-cold chlorosulfonic acid (20.0 ml; 0.3 mol) with
constant stirring. As HCI evolved from the reaction mixture this was allowed to warm up to room
temperature and left for two hours. The mixture was then slowly and carefully poured onto crushed
ice, with stirring. The precipitate was filtered off and washed with cold water. After drying in a vacuum
desiccator, the product (11.2 g; 74%) was used in the subsequent reactions without further purification.
A small sample was dissolved in chloroform, the organic solution washed with water, dried (Na,SO,)
and concentrated, and the pure product precipitated with petroleum ether. Cream powder, m.p. 129—
130°C, 'H-NMR 4.10 (s, 3H, OCHs,), 6.87 (s, 2H, HC—=CH), 7.22 (4, 1H, H®, J = 8.2), 7.67-7.73
(dd, 1H, H), 7.99 (d, 1H, H?, J = 2.8)

N-(3-chlorosulfonyl-4-chlorophenyl)maleamic acid (6). Chlorosulfonic acid (5.0 ml, 75 mmol) was
added to N-(4-chiorophenyl)maleimide (1, R = 4-Cl) (2.08 g, 10 mmol) and the red solution was stirred
for 48 hr at 105-110°C, protected from moisture with a silica gel tube. The mixture was then carefully
poured onto crushed ice, with stirring. The yellow precipitate was filtered off, washed with water and
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dissolved in CHCI,. The organic solution was washed again with water, dried over sodium sulfate and,
after concentration, the product was precipitated by addition of hexane. The maleamic acid was filtered,
washed with hexane and dried to give a yellow powder (0.34 g, 10.5%), m.p. 149-151°C. '"H NMR
(D; acetone) 6.39 (d, 1H, HO,CCH=CHNR, J = 12.42), 6.66 (d, 1H, HO,CCH=CHNR, J = 12.42),
7.83 (d, 1H, H°, J = 8.76), 8.10-8.14 (dd, 1H, H"), 8.69 (d, 1H, H2, J = 2.58), 10.54 (br, 1H, NH)

MS: 323 (M*), 305, 225, 206, 126, 99

Reaction of the Sulfonyl Chlorides with Amines

N-(3-diethylsulfamoyl-4-methoxyphenyl)maleimide (16). Diethylamine (2.1 ml; 0.02 mol) was slowly
added to a solution of the sulfonyl chloride (4) (3.02 g; 0.01 mol) in acetonitrile (25 ml) at 0°C, and
the mixture was stirred at this temperature for two hours. The diethylamine hydrochloride precipitate
was filtered off with suction, washed with cold acetonitrile (10 ml), and discarded. The combined
acetonitrile solutions were evaporated under reduced pressure. The solid residue was dissolved in
dichloromethane and purified by silica column chromatography, using dichioromethane as eluent. The
pure sulphonamide was recrystallized from dichloromethane/petroleum ether or from methanol. Yellow
crystals (2.95 g; 87%), m.p. 139-140°C. 'TH-NMR 1.13 (t, 6H, CH,CH,), 3.36 (q, 4H, CH,CH,), 3.96
(s, 3H, OCH,), 6.86 (s, 2H, HC=CH), 7.07 (d, 1H, H°, J = 8.6), 7.44-7.49 (dd, 1H, H®), 7.90 (4,
1H, H3, J = 3.0)

Reaction of the Sulfonyl Chlorides with Phenols
N-(3-(4-nitrophenylsulfonate)-4-methoxyphenyl)maleimide (27). A stirred mixture of the sulfonyl chlo-
ride (4) (3.02; 0.01 mol) and 4-nitrophenol (1.39 g; 0.01 mol) in acetonitrile (25 ml) was left for one
hour at 55-60°C. Triethylamine (1.4 ml; 0.01 mol) was then added dropwise to the reaction mixture
and the reaction allowed to proceed for a further 45 minutes at this temperature. After cooling to room
temperature, the solid triethylamine hydrochloride was filtered off with suction, washed with cold
acetonitrile and discarded. The combined solutions were evaporated under reduced pressure. The solid
residue was dissolved in a small amount of dichloromethane and purified by chromatography on a silica
column, using dichloromethane as eluent. The solvent was evaporated and the residue was recrystallized
from ethanol. Yellow crystals (3.78;94%), m.p. 164-165°C. 'H-NMR (D,-acetone) 4.07 (s, 3H, OCH,),
7.03 (s, 2H, HC=CH), 7.46-7.50 (m, 3H, H> + H* + H*), 7.76-7.81 (dd, 1H, H°), 7.87 (d, 1H,
H2,J = 2.5), 8.27-8.31 (m, 2H, H* + H>)

Hyadrolisis of the N-Arylmaleimide Derivatives

Synthesis of the maleamic acid (33). To a solution of the diethylsulfamoylarylmaleimide (16) (1.02 g;
3.0 mmol) in acetonitrile (20 ml) 10% aqueous NaOH (2.0 ml) was added and the mixture stirred at
room temperature for three hours. The sodium salt of the maleamic acid (33) precipitated out and was
filtered off and washed with acetonitrile. The solid was dissolved in water and the solution acidified
with 10% HCI. The resultant suspension was extracted with chloroform and the combined organic
extracts were concentrated and dried over sodium sulfate. Removal of the solvent under vacuum afforded
a white solid which was recrystallized from chloroform/petroleum ether. White crystals (0.73 g; 68%),
m.p. 149-150°C. 'H-NMR (D-acetone) 1.05 (t, 6H, CH,CH,), 3.33 (q, 4H, CH,CHs;), 3.96 (s, 3H,
OCH,), 6.37 (d, 1H, HC=CHR, J = 12.75), 6.69 (d, 1H, HC=CHR, J = 12.75), 7.24 (d, 1H, H5,
7 = 9.02), 7.95-8.01 (dd, 1H, H®), 8.15 (d, 1H, H?, J = 2.71), 10.38 (br, 1H, NH)

Ammonolisis of the N-Arylmaleimide Derivatives

Synthesis of the maleamide (38). Ammonia (25%, 1.5 ml) was added to a solution of the diethylsul-
famoylarylmaleimide (16) (1.02 g; 3.0 mmol) in acetonitrile (20 ml) and the mixture stirred at room
temperature for four hours. The solvent was evaporated under vacuum at room temperature. The
residue was dissolved in chloroform and purified by silica column chromatography, using a gradient of
chloroform/acetone mixture as eluent. A first fraction containing some of the starting material was
isolated. The second fraction contained the pure maleamide, which after concentration, was precipitated
by addition of dichloromethane. Yellow crystals (0.68 g; 64%), m.p. 144-145°C. 'H-NMR (Dg-acetone)
1.06 (t, 6H, CH,CH,), 3.33 (q, 4H, CH,CH,), 3.93 (s, 3H, OCH,), 6.26 (d, 1H, HC=CHR, J =
13.37), 6.40 (d, 1H, HC=CHR, J = 13.37), 7.17 (d, 1H, H%,J = 8.97), 7.91- 797(dd 1H, Hﬁ) 8.17
(d,1H, B, J = 265) 12.40 (br, 1H, NH)

Microanalysis: Found (Calc.) % C, 50.77 (50.69); H, 6.00 (5.96); N, 11.78 (11.82)

Synthesis of Succinimide (30b). To a solution of maleimide (28) (0.39 g; 1 mmol) in acetonitrile (8
ml) piperidine (0.3 ml; 3 mmol) was added. The mixture was left overnight at room temperature, with
stirring. The reaction mixture was then diluted with CHCIl, and washed with dilute hydrochloric acid.
After concentration, the product was purified by TLC using CHC; as eluent. The succinimide was
obtained as a colorless oil (0.37 g; 77%) which on standing turned into a low melting solid.
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'H-NMR 1.48-1.67 (m, 6H piper.), 2.49-2.56 (m, 2H, piper.), 2.77-2.85 (m, 2H, piper.), 2.77-2.85
(dd, 1H, COCH(R)CH,CO, J = 4.9 and J = 18.7), 2.96-3.05 (dd, 1H, COCHRCH,CO, J = 9.1 and
J = 18.7), 3.90-3.95 (dd, 1H, COCHRCH,CO, J/ = 4.9 and J = 9.1), 4.01 (s, 3H, OCH,), 7.04-7.31
(AB, 4H, p-CI-CH,0), 7.15 (d, 1, H5, J = 8.9), 7.54-7.58 (dd, 1H, H5,J = 2.6 and J = 8.9), 7.78
(d, 1H, H2, J = 2.6).

MS: 478 (M+), 393, 266, 202, 187, 172, 111

Synthesis of Succinimide (30¢). To a solution of maleimide (16) (0.68 g; 2 mmol) in acetonitrile (10
ml) p-toluidine (0.32 g, 3 mmol) was added. The solution was refluxed for 6 hours, and then diluted
with CHCl, and washed with dilute hydrochloric acid. After concentration, the mixture was purified
by TLC using CHC, as eluent. Some of the starting maleimide (0.12 g, 17.7%) was recovered. The
succinimide (0.68 g, 93% based on consumed maleimide) was recrystallized from ethanol, to yield a
cream powder, m.p. 146-147°C.

"H-NMR 1.13 (t, 6H, CHCH), 2.27 (s, 3H, ArCH,, 2.77-2.85 (dd, 1H, COCHCRCH,CO, J = 5.2
and F = 18.0), 3.31-3.43 (m, SH, CH,CH, and COCHCRCH,CO)}, 3.95 (s, 3H, ArOCH.), 4.44-4.47
(m, 2H, COCHCRCH,CO and NH), 6.58-7.08 (AB, 4H, Me-C,H,-NHR), 7.06 (d, 1H, H*,J = 8.8),
7.43-7.47 (dd, 1H, H%, J = 2.6 and J = 8.8), 7.91 (d, 1H, H*, J = 2.6)

MS: 445 (M +), 430, 338, 323, 309, 266, 133
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