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A series of maleamic and citraconamic acids has been made by the reaction of primary and secondary aliphatic and hetero-
cyclic amines with maleic and citraconic anhydrides. Methy! esters have been prepared from several of these acids. It has
been found possible to prepare N-alkylmaleimides and citraconimides by cyclization of the N-alkylmaleamic and citracona-
mic acids under much milder reaction conditions than had formerly been used.

The preparation of numerous maleamic and
citraconamic acids, their methyl esters, and their
imides was undertaken because these substances
were needed as intermediates for various other
projects. Except for a few primary amines!—* the
reaction of aliphatic amines with maleic anhydride
had not been investigated. A few maleamic acids
have been mentioned but not well characterized in
recent patents.®® The reaction of amines with
citraconic anhydride has not been reported.
Although considerable work has been described
both in the literature and in patents on N-aryl-
maleamic acids and imides,” little investigation
has been devoted to the synthesis of N-alkyl-
maleimides and citraconimides. Only the N-
methyl- and N-ethylmaleimides*%® have been
reported in the early literature. One or two other
N-alkylmaleimides have been referred to in some
recent patents, but no descriptions of the method
of preparation or characterization of the products
was given. N-Phenylcitraconimide has been re-
ported by Reissert.1

The presentation of the material of the current
work has been subdivided, for convenience, ac-
cording to the types of compounds involved.
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1. Maleamic and citraconamic acids. A. Maleamic
acids (Table I A). Maleic anhydride reacted with
a variety of primary and secondary aliphatic and
heterocyclic amines, equimolar amounts of the
reactants being used in cold dilute ether solution.

(IIHCONHR
C“HCOOH

(C:H;):0
Maleic anhydride + R NH; ————>

Excellent yields of the crystalline maleamic
acids resulted in most cases. In a few instances, as
with some of the heterocyclic amines, the yields of
the maleamic acids were poorer. The amine salt of
the maleamic acid was obtained as a side product
in some of these runs. A few of these have been
isolated and characterized (see HExperimental
section).

B. Citraconamic acids (Table I B). Several
representative amines reacted with citraconic
anhydride under conditions similar to those de-
scribed above. In these reactions primary amines
invariably gave a mixture of two isomeric amide

CH—CO
I AN (C2H;)20
J /o + R NH, ——>
‘; ¢o
CH;
(\)HCONHR CHCOOH
1 [
|
{::—4:001{ - CONHR
CH; CH,

acids in excellent yields. These mixtures of isomers
could usually be separated by their differential
solubilities in suitable solvents. When secondary
amines were used in this reaction only a single
product was isolated. The latter result is consistent

(10) A. Reissert and F. Tiemann, Ber., 19, 623 (1886).
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TABLE I
A. N-SuesTiTuTED MALEAMIC ACIDS
HOOCCH=CHCONRR'
R
N/ Analyses
AN Yield, Crystn. Carbon, %  Hydrogen, %
No. R’ M.P.° % solvent?® Formula Caled. Found Caled. Found
1 CH,NH’ 167-168 75 Ac C:HiNO; 46.5 46.5 5.4 5.2
2 C.H:NH 123 90 M CeHNO; 50.4 50.5 6.3 6.4
3 n-C;H:NH 98-99 95 M CHuNO; 53.5 53.7 70 7.1
5 n-CeH1sNH 78 95 AcE Ci1oH:NO; 60.3 60.6 8.6 8.5
6 TL-CanNH 84’—85 90 M CqulNOa 63.5 63 . 3 9.3 9.1
7 CeH, NH® 150 80 Ch-E Ci1eHisNOs 60.9 61.0 7.6 7.5
8  CH;CH,NH%’ 142 95 M CuHuNO; 64.4 64.2 54 5.7
9 C:H:CH,CH,NH’ 136-137 90 Ac . CH;sNO; 65.8 65.9 6.0 5.9
10 (C.H;),N¢ 41 80 AcE CsH1sNO; 56.2 56.0 7.6 7.2
11 (n—CeHls)zN 130 60 BE clsH29N03'H20 63 7 63 4 10.2 9 . 7
12 (CH;)JN* 95 80 M-E CsHuNOs 56.8 56.1 6.5 6.2
13 (CH,):N’ 80-81 60 AcE CeHsNO; 59.0 59.1 7.1 7.0
14 O(C.H,) N* 120-121 95 AcE CsH;NO, 51.9 52.1 6.0 6.0
15 CH;N(C,H,).N* 196 95 M CoHNO;-H,0 50.4 50.6 74 7.5
B. N-SussTiTUTED CITRACONAMIC ACIDS
R
/ CHCOOH
CHCON
AN R
R’ or l /
CH,;CCOOH CH;—CCON
RI
16 n-C;H:NH «?140 60 A CsH3NO; 56.1 55.8 7.6 7.0
8122 35 Y 56.7 7.4
17 CsH;CH.NH a 132 60 A C2H;:NO, 65.7 65.8 59 5.4
8 142 35 A 65.7 5.7
18 C:H;NH a 172 65 A CuH;NO; 64.4 64.9 54 5.4
B 184 30 A 64.3 5.2
19 (CH,)N¢ a 110 95 A CoH;sNOs 59.1 59.0 7.1 7.4

@ A = ethanol; Ae = acetone; & = ethylacetate; B = benzene; Ch = chloroform; E = ether; M = methanol. ® C¢Hy =
cyclohexyl. ¢ Reported by M. Frankel et al. J. Am. Chem. Soc., 75, 330 (1953). ¢ Reported by M. L. Stein et al. Ricerca Sci.,
22, 1007 (1952); Chem. Abstr., 47, 6872 (1953). ¢ Pyrrolidino. 7 Piperidino. ¢ Morpholino. #* N’-Methylpiperazino. * The a
and 8 designations have been used arbitrarily to specify the different isomers. The a symbol was used for the isomer which
was less soluble in aleohol and which was obtained in larger amount. No assignment of specific structures of the two isomers
has been attempted so far. 7 Kjeldahl nitrogen analyses were obtained for the following compounds: No. 1: Caled.: 10.7%, N;
Found: 10.5. No. 8: Caled.: 6.89, N; Found: 6.6. No. 9: Caled.: 6.69; N; Found: 6.3.

with the findings of other investigators!* who
showed that the reaction of secondary amines with
camphoric anhydride gave only one product.

IXI. Methyl esters of the acids (Table II). Methyl
esters of several of the maleamic and citraconamic
acids were prepared by refluxing an acetone sus-
pension of the dry potassium salt of the acids with
excess methyl iodide for a period of six to twelve
hours.

11I. Malevmides and citracontmides (Table 11I).
Only the N-methyl- and N-ethylmaleimides?®®
were reported in the older literature and these
were made by a rather drastic pyrolytic decompo-
sition of the alkylammonium salts of malic acid or
of the N-alkylmaleamic acids. These procedures

CH,—COOH-NH,R CH—CO\
—> NR
-3 H:0 ﬁ /
HO—CH—COOH H—CO

entailed elevated reaction temperatures and yields
were not high. Even the more recent procedure re-
ported by Coleman and co-workers* used high
temperatures and called for heating maleamic
acids for two or more hours at 180°. Yields were
poor and accompanied by considerable polymer
formation. Repetition of Coleman’s* method in
these laboratories led to similar findings. It has
now been found that the milder reaction conditions
used by Searle’ for the preparation of N-aryl
maleimides worked very well for the cyclization of
N-alkylmaleamic acids to N-alkylmaleimides also,
and yields of 50-709, were readily obtained.

CHCONHR CHCO
(CH:CO):0 AN
——— NR
NaOCOCH; /
HCOOH  1br at100° HCO

(11) K. Auwers and H. Schnell, Ber., 26, 1524 (1893).
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TABLE II
MeTaYL EstERs oF MaLEAMIC AcIDS
CH;00CCH=CHCONRR'

Carbon, % Hydrogen, %
No NRRy M.P.-B.P.° Yield, 9 Formula Caled. Found Caled. Found
20 n-Propylamino?® 122/1 u 60 CoH;sNO; 58.4 58.7 8.1 7.6
21 n-Butylamino 85/1 p 75 CoHisNOs 58.4 58.1 8.1 7.7
22 n-Amylamino 110/10 60 C1oH 1N O, 60.3 60.4 8.5 8.5
23 n-Hexylamino 53 60 CiHsNO; 61.9 62.2 8.9 8.8
24 n-Octylamino 64 90 CiHuNO; 64.7 64.7 9.6 9.4
25 Benzylamino 132/4 u 70 C:H13NO, 65.7 65.7 6.0 6.3
26 Dimethylamino 60/2 u 70 C:H;NO; 53.4 53.5 7.0 6.5
27 Diethylamino® 124/2 u 60 CsH;3NO; 56.2 56.1 7.6 7.5
28 Piperidino® 56 85 CioHi:NOs 60.9 61.0 7.6 8.0
@ Citraconic methyl ester obtained from the alpha isomer, m.p. 140°. ® See Ref. (d) Table I (A). ¢ Crystallized from ether/
pentane.
TABLE III
N-SuBsTITUTED MALEIMIDES AND CITRACONIMIDES
H—C——CO
t AN
/N——R
R—C———CO
. Yield, Carbon, % Hydrogen, %
No. R R’ M.P.-B.P.° % Formula Caled. Found Caled. Found
29 Methyl®? H 96 60 C:H;NO, 54.1 54.3 4.5 4.7
30 n-Propyl® H 80 60 C/HNO, 60.4 60.1 6.4 5.9
31 n-Butyl H 97/8 mm. 60 CsHiuNO, 62.7 62.4 7.2 7.2
32 n~-Hexyl H 115/5 mm. 50 CieH s NO, 66.3 65.7 8.3 8.5
33 n-Octyl H 142/5 mm. 60 CpH;sNO, 68.9 68.9 9.1 9.2
34 Benzyl® H 93 70 C1HgNO; 70.6 70.6 4.8 4.9
35 Phenyl%® CH; 98 60 CuHNO, 70.6 70.8 4.8 4.9
36 Benzyl® CH; 29 60 CH;;NO, 71.5 71.3 5.5 5.6

2 Crystallized from ether. * Reported in references 2 and 8. It was prepared there by a different procedure. ¢ Ref. 10.

The method of Searle” worked equally well for
the conversion of N-alkyleitraconamic acids to
N-alkylcitraconimides. The same N-alkylcitracon-
imide was obtained by the cyclization of either of
the two isomeric N-alkylcitraconamic acids or of a
crude mixture of the two.

CH—CONHR
il and/or
CH;—C——COOH
CHCOOH CH—CO

|

(CHCO):20 \NR
/

NaOCOCH; ﬂ:
CH;—CCONHR CHy—C—-CO

EXPERIMENTAL!?

Only a few typical procedures are described here in detail*
The chemical and physical properties and analyses of the
products are collected in Tables I-III.

N-n-Propylmaleamic actd. A solution of 6 g. (0.1 mole) of
freshly distilled n-propylamine in 100 cc. of anhydrous ether
was added dropwise over 0.5 hr. to a well stirred solution of
10 g. (0.1 mole) of maleic anhydride in 300 ce. of anhydrous
ether at 0°. A white precipitate of N-n-propylmaleamic acid
was formed immediately upon addition of the amine. The re-
action mixture was stirred for 1 hr. longer. The precipitate

(12) All melting and boiling points are uncorrected.

was collected, washed with ether, and recrystallized from a
methanol-ether mixture. The purified sample melted at 99°
and was obtained in 959 yield.

N-n-Propylcitraconamic acids (o and B isomers). When 0.1
mole quantities of n-propylamine and freshly distilled citra-
conic anhydride were combined according to the method de-
seribed above, a 95% yield of a crude mixture of amide—acid
isomers was obtained. A solution of 16.5 g. of the crude mix-
ture in 150 cc. of boiling absolute ethanol gave, on cooling, 8
g. of thick needle crystals melting at 140° (alpha isomer).
Concentration of the filtrates gave 2.5 g. of a mixture of the
isomeric acids. The mother liquors were evaporated to dry-
ness and the residue upon recrystallization from ethyl ace-
tate gave 5.5 g. of prisms melting at 122° (befa isomer).

Mono(N'-methylpiperazinoamide) of maleic acid. By the
procedure described above 0.1 mole amounts of maleic an-
hydride and N-methylpiperazine gave 19.5 g. (98-100%)
of the corresponding amide acid. This product was re-
crystallized from methanol-ether mixtures and the mono-
hydrate melted at 196°.

Monopiperidinoamide of maleic acid. In a similar reaction
maleic anhydride and piperidine reacted to give the cor-
responding amide acid. This was isolated and purified by
recrystallization from mixtures of acetone, ether, and
hexane. The purified sample melted at 80-81° and was ob-
tained in 50-609, yield.

In this case and a few others, unusual difficulty was en-
countered in obtaining a pure product in high yield. In
several of these cases formation of the amine salt of the amide
acid appeared to be a complicating factor. It is not under-
stood why this should have been true in only a very few of all
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the compounds made of this type. Several examples of the
amine salts of the amide acids, which were obtained in a re-
latively pure state, are given below.

N-Ethylmaleamic acid ethylammonium salt. This byproduet
was obtained in 159, yield from the mother liquors of N-
ethylmaleamic acid and was recrystallized from a methanol/
ether mixture; m.p. 235°. It was soluble in water and de-
colorized permanganate readily.

Anal. Caled. for CsHy6N20s5: C, 51.4; H, 8.03. Found: C,
51.3; H, 8.14.

N-Cyclohexylmaleamic acid cyclohexylammonium salt. The
mother liquor from the crystallization of the N-cyclohexyl-
maleamic acid from methanol yielded the byproduct on
addition of anhydrous ether. Recrystallized from methanol/
ether; m.p. 181°,

Anal. Caled. for C;sHunN,O;: C, 65.3; H, 8.83. Found: C,
65.4; H, 8.73.

N-n-Octylmaleamic acid methyl ester. A solution of 12 g.
(0.05 mole) of N-n-octylmaleamic acid and 2.8 g. (0.05 mole)
of potassium hydroxide in 100 cc. of absolute alcohol was
evaporated to dryness in vacuo. A suspension of the dry
potassium salt in 150 cc. of dry acetone containing 20 ce. of
methyl iodide was refluxed for 6 hr. The precipitated potas-
sium iodide was removed and the filtrate evaporated. The
ester was taken up in ether, washed with 5% sodium bicar-
bonate solution, and dried over anhydrous potassium car-
bonate. On evaporation to a small volume and cooling, the
ester separated as a waxy solid melting at 64°. The yield was
90%.

N-n-Butylmaleimide. A mixture of 34 g. (0.2 mole) of N-n-
butylmaleamic acid, 100 ce. of acetic anhydride, and 10 g. of
sodium acetate was heated on a steam bath (at 100°) for 1
hr. This reaction mixture was poured into 300 cc. of ice
water and stirred for 2 hr. The aqueous mixture was ex-
tracted with ether and the ether layer was dried over an-
hydrous sodium sulfate. The ether was evaporated and the
residue was distilled in vacuo. The product, N-n-butylmale-
imide, boiled at 97-99°, at 8 mm. and a yield of 17 g. (55—
609,) was obtained.

The distillation residue from this preparation gave 3 g.
of a solid. After recrystallization from ethanol 1-2 g. of
crystals was obtained which melted at 270-272°. This sub-
stance was insoluble in water or dilute sodium bicarbonate
solution, and decolorized dilute potassium permanganate
solution instantly. On the basis of these results and the
analytical data given below this compound seemed to be
N,N'’-di-n-butylfumaramide. The trans configuration about

(13) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, John Wiley and Sons, Inc., (1954) p. 8.
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the double bond was confirmed by an infrared peak at 10.2
mp.18

Anal. Calcd. fOI‘ 012H22N202Z C, 638, H, 9.7. Found: C,
64.0; H, 9.6.

The alcohol filtrates from the above diamide upon con-
centration gave 1 g. of another solid. This was recrystallized
from mixtures of alecohol, ether, and hexane and melted at
198~-199°. It was insoluble in water, but soluble in dilute
sodium bicarbonate and in alcohol, and it decolorized dilute
potassium permanganate solution instantly. Infrared spectra
showed this, too, has a trans (10.2 mu peak)!® configuration
about the double bond. This would be then the trans isomer
of the starting (c7s) maleamic acid.

Anal. Caled. for CsH32NO;: C, 56.2; H, 7.6. Found: C,
56.1; H, 7.5.

Similarly the distillation residues from the work up of the
cyclization of several other maleamie acids gave products
analogous to those obtained with the N-n-butyl compound.

N,N'-di-n-Hexylfumaramide. This product melted at 241-
242° after recrystallizations from ethanol. It decolorized
dilute potassium permanganate solution rapidly and had the
characteristic ¢rans infrared peak at 10.3 mg.1?

Anal: Caled. for CieHyoN2Os: C, 68.2; H, 10.9. Found: C,
67.8; H, 11.1.

Small amounts of the frans amide acid seemed to be
present in this run, too, but were not obtained in analyti-
cally pure form.

N,N'-di-n-Octylfumaramide. This product ecrystallized
from ethanol, melted at 230-231°, and had the ¢rans infrared
peak at 10.2 my.

Anal. Caled. for CeoHysN:Oq: C, 71.0; H, 11.3. Found: C,
71.0; H, 11.5.

N-Benzylcitraconimide. A mixture of 22 g. (0.1 mole) of the
mixture of isomeric N-benzylcitraconamic acids, 6 g. of
anhydrous sodium acetate, and 100 ce. of acetic anhydride
was heated: with stirring until the internal temperature
reached 60-70°. Heating and stirring were maintained for 1
hr. This reaction was mildly exothermal. After cooling, the
reaction mixture was poured into ice water and stirred for 4
hr. Free acid was neutralized with sodium carbonate and
the product was extracted with ether. After washing with
sodium bicarbonate and drying over potassium carbonate,
evaporation of the ether layer gave the N-benzyleitracon-
imide. The dark product was recrystallized from methanol,
after treating with Darco, and gave colorless crystals melt-
ing at 29° and boiling at 189-190° at 26 mm.
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