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Abstract

N-phenylmaleimide (PMI), a compound for strengthening the heat resistance of ABS resin, is a yellow crystal. Therefore,
copolymers modified with PMI exhibit color, which limits their use. In order to overcome such disadvantage, the demand
for N-cyclohexylmaleimide (CHMI), which has similar properties to PMI and also is a white crystal, is increasing. However,
CHMI is difficult to industrialize due to the formation of various by-products during synthesis, which requires an additional
purification process resulting in a low yield. In this study, composite catalysts were developed to improve these problems

and industrially produce CHMI. Finally, CHMI was synthesized with a 85% yield and at least 99.5% purity.
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2.1. 7171 A Al

ATl AREE= 315E<] maleic anhydride (99%), cyclohexyl-
amine (99%), triethylamine (99%), xylene (99%), sulfuric acid (95%),
phosphoric acid (85%), acetic acid (99%), p-toluenesulfonic acid (99%),
sodium carbonate (99%)+= 171 3}8+2] A|3%-S zinc acetate (99%), zinc
chloride (98%), tin chloride (98%), phenothlazme (99%)<= Sigma
AldrichAHe] A& T8kl 71 AAl glo] AHE-3kith NMR 4
Gl 2= Aldrich AF] CDCLE ARSI A9 =49 7234
< 918l 'H, *C nuclear magnetic resonance (ASCEND 400MHz, Bruker)
S AHESIRL, SRS HPLCE ol §310] BAsIg0m, 24 271
k23 ¢t} HPLC column: Eclipse XDB-C18 (5.0 pm, 4.6 x 250 mm),
1) with
0.1% phosphoric acid, flow rate: 1.0 mL/min, oven temperature: 40 C.

detector: UV 220 nm, mobile phase: acetonitrile: water (1 :

2.2. N-Cyclohexylmaleiamic acid (CHMA)2| &M

Mechanical stirrer”} 425 4-neck 500 mL & Z2}~=°f maleic
anhydride (30.0 g, 0.306 mole), xylene (120.0 mL)S F3}aL, W5
2571 60 C7) Al 523tk Maleic anhydride”} xyleneol| 2+513]
O™ cyclohexylamine (CHA) (34.7 mL, 0.303 mole)E 30 min®l 2
A HAs] A7psid 27 & YR EE 60 CTE 1418484 30 min
Zb wyksle] Mol 1A CHMAS 93

B 74 mp. 151~154 T, '"H NMR (400 MHz, CDCl;) & 8.12
(s, 1H), 6.55 (d, J = 12 Hz, 1H), 628 (d, J = 12 Hz, 1H), 3.80 (m,
1H), 2.01 (m, 2H), 1.93 (m, 2H), 1.75 (m, 3H), 1.21(m, 3H), *C NMR
(100 MHz, CDCI3) & 166.6, 165.3, 135.5, 132.9, 50.0, 31.9, 25.2, 24.8.

2.3. N-Cyclohexylmaleimide (CHMI)2| &+

N-Cyclohexylmaleiamic acid (0.303 mol)7} 3% Z&t2~=e] pho-
sphoric acid (7.0 g, 0.061 mol), triethylamine (3.71 g, 0.036 mol), =
SHEX] A phenothiazine (20.0 mg)= €1l 9 255 160 CTE %
3to] W2 Z 33t} HPLCE #4131 N-cyclohexylmaleiamic acid
7} 5% olaprt HH Ao % Wsto] §kg-S FA et Xylene A%
At thE ZfAFol 0]43Ek] IM sodium carbonate £ 50 mLE
MAS 3 SEE 5] xylene S5 F=Th 50 mL E2 o H o] A
gt 3 xylene & ¢t S5stel AlASE, 222 crude CHMI A
(& 95%, <= 97%)% ALt} 31 =52 CHMI= 3 SH3H
(95~110 C/1.0 torr) A2l 1A|(46.2 g, & 85%, == 99.5%)=
A=t

A A mp. 88~91 C, 'H NMR (400 MHz, CDCLy) & 6.60 (s,
2H), 3.88 (m, 1H), 2.02 (m, 2H), 1.81 (m, 2H), 1.63 (m, 3H), 1.25(m,
3H), *C NMR (100 MHz, CDCls) 8 1709, 133.9, 50.8, 29.9, 25.9, 25.0.
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Table 1. Basic Operation Conditions for CHMI Synthesis

Reactor 500 mL reactor with Dean-Stark trap
Catalyst amount used 0.2 equiv.
Agitation 2,000 rpm
Solvent Mixed xylene
Reaction temperature 160 C
Reaction time 10 h
o o o
C)k\y(o + RNH, —— Ci'j\(‘)” -H:o CfK'(N_R
o] o o]

Anhydride Amic acid

Figure 1. General synthetic scheme of cyclic imide.
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Figure 2. Mechanism of CHMI dormation.
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Figure 3. CHMI conversion rate with Brensted-Lowry acid catalyst
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Figure 4. CHMI conversion rate with Lewis acid catalyst.
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Figure 5. CHMI conversion rate with Lewis acid/triethylamine com-
posite catalyst.
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Figure 6. CHMI conversion rate with Brensted-Lowry acid/triethyla-
mine composite catalyst.
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