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Abstract—Aliphatic primary amines react exothermally with dichloromaleimide or N-phenyldichloro-
maleimide yielding N-alkyl-2-alkylamino-3-chloromaleimides. The main factors which determine the
remarkable ease of exchange of imide nitrogen are the nucleophilicity of amide nitrogens and inductive
effect of chlorine of the chloromaleimides.

INTRODUCTION

THE reaction of dihalomaleimides has received considerable attention. Dichloro-
maleimide(I) reacts with aniline to give 2-anilino-3-chloromaleimide(Il) and with
ammonia to give 2-amino-3-chloromaleimide.! Dichloromaleimides react with
tertiary arylamines in the presence of sodium cyanide to give 4-(2-cyano-3-maleimidyl)
arylamines,? while with tertiary amines in methanol or acetic acid to give N-(N-
substituted 2-oxy-3-maleimidyllammonium betaines (I1).3  Dichloromaleimides
react with hydrogen sulfide to give 1,4-dithiins(IV).*
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The reaction of I with aliphatic primary amines have not been reported, so it was
of interest to know whether I would react with the amines in a fashion analogous to
the reaction of I with hydrogen sulfide. Some interesting transformations were
observed in this investigation.

RESULTS AND DISCUSSION
Treatment of I (1 mole) with laurylamine (3 moles) in ethanol at room temperature
gave a reaction product quantitatively which was not the anticipated 1,4-diazine but
2-chloro-N-lauryl-3-laurylaminomaleimide(V).
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The reaction of I with the amine (molar ratio, 1:2) gave 73% of V and an equi-
molecular mixture of these also gave V in 67% yield (based on the amine). These
results suggest that the rate of substitution of chlorine and that of the transimidation
are comparable.

Similar results were obtained from other aliphatic primary amines (Table 1), while
aromatic amines and piperidine gave 2-amino-3-chloromaleimides (Table 2).

The reaction of II with aliphatic primary amines also gave transimidation products
(Table 3), although the reaction was slow at room temperature.

The remarkable ease of conversion of 2-chloromaleimides into N-alky!l-2-chloro-
maleimides has not been reported, but similar results were observed in the reaction
of phthalimides,>® and the following scheme of reaction between N-substituted
phthalimides and amines was considered.
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Barker and Wragy® suggest that the main factors which determine the end products
are the electronic characteristics of R and R’ and such relevant properties as solubility
of their derivatives in the reagent used or volatility at the reaction temperature.

N-Carboethoxyphthalimide has excellent properties for the phthaloylation of
amino acids under mild conditions and the reaction mechanism is discussed in
detail.®
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The reaction is facilitated by electron-attracting properties of the carbamate residue
and the sterically favoured position of the reacting groups.®

The scope and limitations of the reaction of dichloromaleimides with amines were
studied. Equimolecular mixture of succinimide and n-butylamine gave N-butyl-
succinamide (m.p. 191-193°, yield, 83%;). Treatment of N-phenylmaleimide with one
equivalent of cyclohexylamine gave N-cyclohexyl-N'-phenylmaleamide (yield, 64 9;)
under the conditions used in the reaction of I with amines. N-Phenyldichloromale-
imide reacted with some aliphatic primary amines to give the same compounds as
those shown in Table 1 (yield, 87-93%).

The reaction of N-benzyldichloromaleimide with laurylamine gave V (yield, 75%),
while the reaction with cyclohexylamine gave N-benzyl-2-chloro-3-cyclohexylamino-
maleimide and the reaction of N-lauryldichloromaleimide with cyclohexylamine
gave 2-chloro-3-cyclohexylamino-N-laurylmaleimide. These results suggest that
steric effects may be important in the first step (A) of the transimidation, because



TABLE |. N-ALKYLMALEIMIDE

Cl Cl
NH + RNH, N—R
1 RNH
Yield, Carbon, % Hydrogen, % Nitrogen, % Chlorine, %

R M.p. % Formula Found Calcc Found Calee Found Calc. Found  Cale.

Me 167-169° 73 C¢H,CIN,0,4 4142 4126 417 402 1584 1600 2042 20:34
Bt 62-64° 75  C4H,CIN,0, 47-34 4744 551 548 1383 1383 1745 17-50
n-Bu 35-36° 95  C,3H,,CIN,0, 5605 5570 749 740 1082 10-83 1368 1370
n-C,H, 62-63° 96  C,H,,CIN;O, 6949 69-60 1077 10-64 5-68 5-80 1-50 734
cyclo-C4H,, 152-154° 88  C,4H;CINO, 6207 6182 773 746 901 901 1147 1141
Ph-CH, 97-98° 98  C,3H,;CIN,0, 6636 6615 471 463 8-56 857 1081 1085
Ph-CH,CH, 124-125° 94  CyH,,CIN,0, 6807 6769 534 504 805 790 1009 999

TABLE 2. 2- AMINO-3-CHLOROMALEIMIDE
Cl Cl
NH + RNH, —— ][é NH
Cl RNH
Yield, Carbon, % Hydrogen, %, Nitrogen, % Chlorine, %,

RNH, M.p. % Formula Found Calc. Found Calc. Found Calc. Found  Calc.
Aniline 196-197> 91 C,cH,CIN,0O, 54-28 5400 324 317 12:63 12-58 1575 1593
p-Toluidine 180-182° 64 C,,H,CIN,O, 55-40 5581 345 381 11-54 11-84 1491 1508
p-Anisidine 231-233° 88  C, H,CIN,O, 5242 5236 379 359 1102 1109 1401 1405
B-Naphthylamine 219-220° 98  C,H,CIN,0, 6140 6166 330 333 1003 10-28 1312 1300
Piperidine 128-129° 93 C,H,,CIN,0, 50-50 5035 528 513 1259 1305 1641 16-52

* Lit.! m.p. 196-197°
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TABLE 3. N-ALKYL-2-ANILINO-3-CHLOROMALEIMIDE

Cl O
|

NH + RNH, —
1

N—R

PhNH O PhN O
Yieid, Carbon, %, Hydrogen, % Nitrogen, % Chiorine, %

R M.p. % Formula Found Calc. Found Calc. Found Calc. Found Calc.
Me 152-153° 57  C,,H,CIN,0, 5566 5582 385 383 1206 1184 1498 1498
Et 124-126° 51  C,,H,,CIN,0, 5764 5748 434 442 1088 1118 1418 1414
n-Bu 88-89° 80 C,H,;CIN,0O, 60-05 60-32 5-54 542 995 1005 12:70 12-72
iso-Bu 126-127° 19 C,.H,;CIN,0, 60-10 60-32 5-50 542 1002 1005 12:67 1272
-C,;H,, 69-70° 97  C;;H,,CIN,0, 6744 6758 813 799 712 717 918 907
cyclo-C¢H,, 147-148° 38 C,¢H,,CIN,0, 6305 6304 559 562 9-22 991 11-63 1163
Ph-CH, 130-i31° 9% C,,H,;CIN,0, 6515 6529 421 419 893 896 ii-40 ii-34

2404

T¥IY] "L PUB IHSYAVH "A ‘YaQ Y



The reaction of dichloromaleimides with amines 4055

also failed to do so.

basicity of the two amines is the same (Pka, 10-6) and even more basic piperidine
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In the second step (B), inductive effect of chlorine facilitate the attack of more
nucleophilic amide nitrogen at the amide carbon and resonance effect of vinylic
chlorine may be important for the stabilization of the intermediate. It seems reason-
able to assume that the transimidations of phthalimides are also effected by an

electron withdrawing phenyl group.

TABLE 4. NMR SPECTRA OF 2-CHLOROMALEIMIDES

Cl
N—R’
RN
t value
R R’
Ph H 2:94(m), 0-60, —0-68; 5:1:1
p-McOC,H, H 6:72(s), 3-18(q), 0-82, —0-53;3:4:1:1°
p-MeC.H, H 7-75(s), 3-0%(s), 0-75, —0-59;3:4:1:1°
Ph C,H, 8-81(t), 6-48(q), 2Hm); 3:2:6
Me CH, 7-04s), 6:77(d), 465; 3:3:1
Et C,H, 8-86(t), 8:75(t), 6:5(m), 4-7; 3:3:4:1

cyclo-CgH,, cyclo-CoH,, 9:0-77(m), 4-85; 22:1
cyclo-C¢H,, C¢H,-CH, 9-1-8-85(m), 5-50(s), 49, 2:92(s); 11:2:1:5

Ph C¢H,-CH, 5-46(s), 3-2-2-65(m), 2-86(s); 2:6:5
Ph-CH, C¢H,-CH, 5-60(s), 5-46(d), 4-26(1), 297(s); 2:2:1:10
¢ in DMSO

The NMR spectra of some compounds obtained are shown in Table 4. The IR
spectra of the compounds in Tables 1, 2, 3 indicate characteristic bands of maleimide
ring.3

EXPERIMENTAL

All m.ps are uncorrected. IR spectra were obtained in Nujol. NMR spectra were determined in CDCl,,
unless otherwise stated, containing TMS as internal standard.

N-Alkyl-2-alkylamino-3-chloromaleimides and 2-amino-3-chloromaleimides

A soln of 1:66 g (0-01 mole) dichloromaleimide in 30 ml EtOH was treated with a soln of 0-03 mole of
an amine in 10 ml EtOH at 60° for 2 hr, the soln was cooled to precipitate the product. Sometimes, it was
necessary to dilute the cooled reaction mixture with water to obtain the product. The yellow ppt was
filtered off, and recrystallized from EtOH. The results are shown in Tables 1 and 2.
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The reactions of N-substituted dichloromaleimides with amines were also carried out as described
above.

N-benzyl-2-chloro-3-~cyclohexylaminomaleimide : m.p. 97-99°, yield, 76%. (Found: C, 63-47; H, 6:15;
N, 849; C1, 1142. C,H ,CIN, 0, requires: C, 64-04; H, 601; N, 8-79; Cl, 11-42%).

2-Chloro-3~cyclohexylamino-N-laurylmaleimide: m.p. 51-53°, yield, 81%. (Found: C, 6635; H, 9-61;
N, 704; Cl, 8-93. C,,H,,CIN,0, requires: C, 66:57; H, 940; N, 706; Cl, 8-87%).

N- Alkyl-2-anilino-3-chloromaleimide (Table 3)

A mixture of 2:23 g (0-01 mole) 2-anilino-3-chloromaleimide, 0-01 mole of an amine and 50 mi EtOH
was heated to 60-65° for 2 hr, poured into 50 ml water, and refrigerated. The yellow solid which precipi-
tated was filtered off, and recrystallized from EtOH.

N-Cyclohexyl-N'-phenylmaleamide

A mixture of 1-73 g (001 mole) N-phenyimaleimide, 097 g (001 mole) cyclohexylamine, and 30 ml
EtOH was heated to 65-70° for 2 hr, cooled to precipitate the product, and filtered. Recrystallization of
the product from EtOH yielded 1-8 g as colourless crystals, m.p. 149-151°. (Found: C, 70-58; H, 7-50;
N, 10-20. C,(H;,N, 0, requires: C, 70:56; H, 7-40; N, 10-29%).
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