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ABSTRACT

N-Carbethoxymaleimide (I), a convenient intermediate to
maleoylamino acids in aqueous solution, also undergoes facile
reaction with amines in ether. Thermolyses of the resulting
imide-amides at 170-180" C gave N-substituted maleimides.
N,N-Dimethyl-1,3-propanediamine reacted with I to give XI
directly. Copolymers prepared and studied were those of di-
vinyl ether with N-carbethoxymaleimide, maleoylglycine,
maleoyl-DL-alanine, maleoyl-DL-phenylalanine, maleoyl-L-
phenylalanine, maleoyl-DL-methionine and maleoyl-DL-
leucine, These copolymers were characterized by elemental
analyses to establish the comonomer ratios, by viscosity
measurements, and in certain instances by determination of
molecular weight by membrane osmometry after esterifica-
tion with diazomethane.
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INTRODUCTION

The study of biomaterials and their potential use in medicine is
rapidly expanding, Within recent years a number of synthetic poly-
anions have been found to have antineoplastic activity, Perhaps the
most promising polycarboxylate anion is the 1:2 divinyl ether-maleic
anhydride copolymer originally prepared by Butler [ 1]. This co-
polymer, in addition to its potent antitumor activity, has been found
to have a broad spectrum of biological activity and has been the
subject of several recent reviews [ 2-4],

Antitumor activity of varying degree appears to be the general
property of copolymers related in structure to the divinyl ether—
maleic anhydride copolymer. The corresponding 1:2 divinyl ether—
citraconic anhydride copolymer [ 5] (NSC 133788), the 1:1 furan—
maleic anhydride copolymer [6] (NSC 119166) and its half-amide
half-ammonium salt [ 7] (NSC 119167); the 1:1 furan—itaconic anhydride
copolymer (NSC 119165) and its half-amide half-ammonium salt [ 7]
(NSC 119168) are all active against lymphoid leukemia cells.

Further efforts to modify the structure of the divinyl ether-maleic
anhydride copolymer by the post reaction of the preformed copolymer
with several primary amines have been made { 8]. Alternately, the
copolymerization of divinyl ether with maleimide derivatives, where
the imide nitrogen is bonded to an amino acid moiety, was of particu-
lar interest since polyelectrolytes could be obtained having potential
biological activity.

N,
—>  etc.

(1)
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It has been well established that certain 1,4-dienes undergo a bi-
molecular, alternating inter-intramolecular copolymerization with
certain alkenes, as illustrated in Eq. (1). It was the object of this
work to extend the cyclocopolymerization studies to the copolymeri-
zation of maleoylamino acids with divinyl ether, to determine the
physical properties of the copolymers, and to have the copolymers
evaluated for their antitumor activity.

EXPERIMENTAL

Melting points and softening points were taken on a Fisher-John
or Thomas Hoover melting point apparatus and are uncorrected.
Boiling points are uncorrected. Intrinsic viscosities were measured
by using an Ubbelohde type viscometer. Molecular weights were ob-
tained on a Mechrolab Model 502 high- speed membrane osmometer.
The proton nuclear magnetic resonance (NMR) spectra were recorded
on a Varian A-60-A high-resolution instrument with tetramethyl-
silane as internal standard. Infrared spectra were recorded on a
Beckmann IR8 or IR10 spectrophotometer. Polarimetric measure-
ments were done on a Rudolph polarimeter, Elemental analyses
were carried out by Galbraith Laboratories, Inc, {Knoxville, Tenn.)
or by Heterocyclic Chemical Corp. (Harrisonville, Mo.).

N-Carbethoxymaleimide {I)

I was prepared in 96% yield by reacting maleimide with ethyl
chloroformate in the presence of triethylamine in ethyl ether [9].
Purification was carried out by distillation (bp 116°C/0.3 Torr);
mp 59-61°C (lit. [ 9] mp 58-59°C).

Maleoylamino Acids (II-VI)

Monomers II-VI (Table 1) were prepared by using a modification
of the method reported by Keller and Rudinger [ 9] and is illustrated
by the following example. To a stirred mixture of 5.30 g (0.05 mole)
NazCO; (in the case of IV and VI, a combination of 0.05 mole NaOH
and 0.05 mole NaHCO; was used) and 4.45 g (0.05 g mole) DL-alanine
in 50 ml H.0 was added 8.46 g (0.05 mole) of I while the reaction was
cooled by an ice-water bath. After dissolution (10-15 min), the water
was removed on the rotary evaporator (ca. 50°C) and the residue
dried in a vacuum oven at 50°C. The resulting solid was triturated
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with boiling ether (three times, 50 ml) to remove the urethane and
acidified with 50 m1 3 N HC1l, The mixture was concentrated on the
rotary evaporator (below 50° C/1.5 Torr) and dried under vacuum at
room temperature. In the case of IV and V, the crude product was
isolated by filtration and decantation, respectively. The residue was
treated with hot EtOAc (two times, 50 ml), the organic extract concen-
trated to ca, 30 ml, and the product precipitated with petroleum ether
(PE). Recrystallization from benzene gave 5.2 g (61%) of Illa,

Reaction of N-Carbethoxymaleimide I with Primary

Amines

Products VII-X (Table 2) were prepared as illustrated by the fol-
lowing example. To a stirred solution of 5.3 g {31 mmole) of I in 150
ml of ether at 0-3" C was added a solution of 3,2 g (31 mmole) of ethyl
glycinate in 5 ml ether, After stirring for 2 hr at 0-3°C, the product
was collected by filtration, thoroughly washed with ether, and vacuum-
dried to yield 7.2 g (84%) of N-(2-carbethoxy-1-methyl)-N'-carbethoxy-
maleamide [ VII]; mp 133-134,5° C. Recrystallization from CHCls/
ether did not raise the melting point, The NMR spectrum (CDCl;)
showed 6 1,32 (2 overlapping t, 6, 2CHs), 4.17 (s, 2, CHz), 4.04-4,46
(2 overlapping q, 4, 2CHz), 6.30 and 6.54 (2d, 2, HC=CH, J = 17 Hz).

A solution of 0.5 g (1.8 mmole) of VII in 5 ml dimethylformamide
(DMF) was heated at 110°C for 30 min; the reaction mixture was
poured into 50 ml H20 and the resulting white platelets collected by
filtration and vacuum-dried to yield 0.25 g (50%) of N-(2-carbethoxy-
1-methyl)-N'-carbethoxyfumaramide, mp 191° C (dec.). Recrystalli-
zation from ethanol did not alter the melting point. NMR (DMSO-ds)
showed 6 1,21 (t, 3, CHs), 1.25 (t, 3, CHs ), 3.97 (d, 2, NHCHz, J = 6
Hz), 4.12 (q, 2, CHz ), 4.16 (q, 2, CH. ), 6.97 and 7.25 (2d, 2, HC=CH,
J = 15 Hz), 8.88 (t, 1, NHCH,, J = 6 Hz), and 10.89 (s, 1, NHCO; Et).

Analysis. Caled for C;,Hs N2Og: C, 48.53%; H, 5.92%; N, 10.29%,
Found: C, 48,98%; H, 6.24%; N, 10,59%.

Thermolysis of the Imide-amide Derivatives of

Maleic Acid

Compounds XII-XVI (Table 3) were obtained as illustrated by the
following example. A 25-ml round-bottomed flask equipped with a
magnetic stirrer and an air cooled condenser was charged with 3.00 g
(11 mmole) of VII, The flagsk was submerged into a preheated oil bath
and kept at 180° C for 30 min. After cooling the product mixture was



09: 06 25 January 2011

Downl oaded At:

STUDIES IN CYCLOCOPOLYMERIZATION, XIV 499

TABLE 3. Thermal Products from the Imide-amide Derivatives of
Maleic Acid

0
/7
A\N
0
No. R Bp ("C/Torr) Mp (°C) Yield (%)
XII —~CH:CO; Et 75-78/0.05 36
XII1 COOCH 123/0.05 9a
!
—-CHCH
2
X1V —~CH>CH,CHCH, 76-79/3.00 24

XV 87.5-89¢C 50

XVI @ 129-130d 51

aSatisfactory combustion and spectral analyses were obtained for
this compound.

bLit. [ 12] bp, 104-105°C/12 Torr.

CLit, [ 13] mp, 89-89.8°C.

dLit, [ 14) mp, 134°C.

treated with 25 ml ether, filtered, the filtrate washed with 10 ml of H.O
and dried (MgSO.:). Removal of ether on the rotary evaporator and short
path distillation gave 0.73 g (36%) of XII as a clear liquid.

Copolymerization of Maleoylamino Acids with Divinyl
Ether

Copolymers XVII-XXIII (Table 4) were obtained by employing the
technique represented by the following example. To a 30 ml Pyrex




"D .L°9g 1 9u0jaTE ulg

& *UOTIN[OS JUBYISOIO[YIIP-~-Z ‘] Ul AIJPWOWSO dueIqUEIT £q paulWIdjap OT X LT = nﬁm

=71

2 “(HO®W ‘s¢°8 = 9) 661 = J[v],

N *sasayjuaged ur sanfea pajel

a -noTe) "9ualp Yora J0] uieyd rdwijod ay) I9jus SIoWOUOW oMm) JeYy) uonydwnsse ay) woaj PoIEmMOIED,

M ‘udjjos 03 uedaq JowAod ay) YdTym je srmjeradwaf,,

« "D ,L°12 3% (N €0°1) IDEN Snoanbe ur jjes umipogy

m *UOTIBIJUIIUOD IB[/d[oW ¢ 0T 1B JOJELIUT SEB Pasn Sem NIV (D 0¢g e 1y $g .kuﬁwd

H

=)

M ¥6°9 ¢2'¢ 298¢
(98°9) (¥6'%) (¥6°2S) 161 3610 08 ouozuog *H°D Axoy3aqred-N [A08TEIN [IITXX
19°¢ 9L°9  BO'LS suejuad
(69°5) (8g°9) (£9°8G) o082 - Gl -IOUIH 1:2 ANa auronal-I(-[A0dTEIN XX
0£'S  §6°¢  0L'8¥
(0g'g) (¥e°9) (66°6%) LLI F1°0 06 1y g AWa  euruoTPW-TQ-TA08TBIN  IXX
LY LTS 2509
(00°¢) (£0°9) (82°%9) 81Z 90°0 88 JI9U} AWa  auruerejAusyd-T-[A09[BIN XX
£6°v L6V 6F°S9
(00°¢) (g0°s) (82°'%9) GI2 - 08 19yl AWa ouruerejfusyd-Ta-140eT8IN  XIX
09’9 20°S 6z
(98°9) (v6'%) (¥6°2S) ¥¥2 LZ°0 L6 Relinle ANa autue[e-1q-1A09TBIN MIAX
82°L L9V 6E°9F
(Le'L) (¥2°'%) (8c°08) Ggg £€°0 £6 193y ANA sutdA[3[4ooTeIN  IIAX
(LN (%) H (%) D o(D.) QAM\HE (%) judajos JUDA[OS Jawirodoo Jayja [AuTAIQ *'ON

din 1:.:_ uots uoiye)}  uoI)eZIID
pPuno: ~-I9auo) -tdrosag -wikjoq

o pue pofeo ‘sisAjeuy

(=)

[Te]

stowA[odo) aprwraTeW-1oWd [AUTAId *§ TTHV.L

1102 Alenuer Gz 90:60 @IV Papeo |uwog



09: 06 25 January 2011

Downl oaded At:

STUDIES IN CYCLOCOPOLYMERIZATION, XIV 501

polymerization tube was added 1.55 g (10 mmole) of II, 16 mg of 2,2'-
azobisisobutyronitrile (AIBN), and 15 ml of DMF., To the solution
0.92 ml (10 mmole) of freshly distilled divinyl ether (DVE) was added;
the tube was degassed three times by the freeze-thaw technique and
sealed. The polymerization tube was placed in a constant tempera-
ture bath and the reaction allowed to proceed for 24 hr at 50" C. The
contents were then poured with vigorous stirring into 400 ml ether.
The white powder was collected by filtration, dried, and reprecipi-
tated by pouring an acetone solution into ether. The complete re-
moval of DMF was achieved by heating the copolymer under vacuum
(110°C/0.01 Torr) to yield 1.78 g (93%) of XVIL

Esterification of the Maleoylamino Acid-Divinyl

Ether Copolymers with Diazomethane

The esterified copolymers XVIIa-XXIIIa (Table 5) were obtained
as represented by the following general procedure. To 0.5 g of the
copolymer dissolved in 25 ml methanol was added, in parts via a
pipet an etheral solution of diazomethane [ 15]. The addition of the
diazomethane solution was continued until the characteristic yellow
color persisted. Upon loss of color, the insoluble methyl esters
were collected by filtration, reprecipitated from ether, and dried
(110°C/0.01 Torr). All methyl esters except XVIIa and XXIa were
soluble in acetone. These insoluble copolymers, however, were
soluble in DMF,

RESULTS AND DISCUSSION

Monomer Synthesis

Preliminary studies concerning the preparation of the maleoyl-
amino acid monomers II-VI indicated that purification was facilitated
by removing the urethane by-product prior to acidification. After
acidification and removal of solvent the product could usually be
separated from major impurities by dissolution in hot benzene.
However, under these conditions no maleoyl derivative of glutamic
acid was detected whereas the maleoyl derivatives of valine and
serine could not be isolated. In general, the DL-isomers were
found more amenable to crystallization than the L-isomers which
in most instances were obtained as oils.

Due to the difficulty encountered to purify these maleimide
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derivatives as well as the limited applicability of the synthetic method
it became desirable to investigate alternate synthetic routes [ 10], A
procedure which showed promise is illustrated by Eq. (1). The imide-
amide derivatives of maleic acid (VII-X) were readily obtained in
ether at room temperature, The rate of ring opening of I seemed to
be in the same order as the basicity of the amine. Formation of

XI was surprising, since ring closure of VII was not observed in the
presence of triethylamine. In solution at elevated temperature VII
was observed to give rise to a number of products with isomerization
to the fumaric acid derivative comprising the major process. Maxi-
mum isomerization (50%, 110°C) was obtained within 30 min in DMF,
Cyclization was finally achieved by heating neat samples of the imide-
amide compounds at 170-180° C for 30 min., Table 3 summarizes the
results of this study.

Polymer Synthesis

High conversions at a reasonable reaction rate were obtained
when the polymerization reactions were carried out in the presence
of onefold excess of DVE, The resulting copolymers were soluble
in most polar solvents, only XVII being soluble in water, Infrared
and nuclear magnetic resonance spectral analyses of the copolymers
showed lack of unsaturation or pendant vinyl groups. Solubility of
the copolymers demonstrates lack of crosslinked products and,
finally, elemental analyses are consistent with a 2:1 repeating unit
illustrated by the general formula XXIV. Elemental analyses results

?OZH

CH-R
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and some physical constants of the copolymers are shown in Table 4.
In order to further characterize these copolymers they were treated
with diazomethane and the molecular weights of some of the meth-
ylated copolymers, determined by membrane osmometry, indicate a
degree of polymerization of the order of 47-388 for the employed
polymerization conditions. Taken together, these facts strongly
support the proposed polymeric structure and eliminate other pos-
sible structures that could result from the functionality of the
mOnomers,
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