
Synthesis of cyclic trisubstituted olefinic monomers
for copolymerization and 2+2 cycloaddition

Item Type text; Thesis-Reproduction (electronic)

Authors Wai, George Kwok Cheung, 1949-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:59:29

Link to Item http://hdl.handle.net/10150/347996

http://hdl.handle.net/10150/347996


SYNTHESIS OF CYCLIC TRISUBSTITUTED OLEFINIC MONOMERS FOR 
COPOLYMERIZATION AND 2+2 CYCLQADDITION

by

George Kwok Cheung Wai

A Thesis Submitted to the Faculty of the
DEPARTMENT OF CHEMISTRY

In Partial Fulfillment of the Requirements 
For the Degree of
MASTER OF SCIENCE

In the Graduate College
THE UNIVERSITY OF ARIZONA .

1 9  7 6



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED = K  C.

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below:

' 7 7 6
H. K. HALL, JR. 

Professor of Chemistry
Date



ACKNOWLEDGMENTS

The author wishes to thank Dr, H, K» Hall, Jr» for the guidance, 
suggestions, considerations, and patience given during the course of 
this investigationo Gifts of maleic anhydride-3-sulfonic acid from 

Dre Ralph House of Chevron and trifluoromethylmaleic anhydride from 

Dr„ D» England of DuPont are deeply appreciated• The partial financial 
support to the author as a recipient of an Eastman Kodak Fellowship is 

also gratefully acknowledged, :

iii



TABLE OF CONTENTS

' Page
ABSTRACT . . . . . . . . . . . . . . . . . . . . . .. . . . . v
INTRODUCTION . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . 1
RESULTS OF MONOMER SYNTHESIS . . . . . . . . . . . . . . . . . . . .  4

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
EXPERIMENTAL . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29

IflS t ITUUieil tcit lOH o e e e o . . . . . . . . o . . . . . . . . o o 29
Dimethyl cyanosuccinate . . . . . . . . . . . . . .  . . . . . . 29
Cyanosuccinic acid V . . . . . . . . . . i . . . . . . . . . . . 30
Cyanosuccinic anhydride III . . . . . . . . . . . . . . . . . .  31
N-phenyl-3-cyanosuccinimide IV . . . . . . . . . . . . . . . . .  31
1-Chloro-l-cyanosuccinic acid .........  . . . . . . . . . . . .  32
3-Chloro-3-cyanosuccinic anhydride VI . . . . . . . . . . . . . .  32
N-pheny1-3-chloro-3-cyanosuccinimide VII . . . . . . . . .  . . . 33
Dimethyl acetylsuccinate VIII . . . . . . . . . . . . . . . . .  34
Dimethyl-1-acetyl-l-chlorosuccinate . . . . . . . . . .  . . . . 3 5
Dimethyl-l-acetylethylene-1,2-dicarboxylate IX .... . . . . . . 35
2-Acetylbicyclo [2.2.1] hept-5-ene-2,3-

dicarboxylic anhydride XI . . . . . . . . . .  . . . . . .  ... 36
Trifluoromethylmaleic anhydride XVII . . .. . . . . .  . . . . . .  37
Phenylmaleic anhydride XVIII . . .  . . . .  . . . . . . . . . . . 37
N,3-diphenylmaleimide XIX . . . . . . . . .  . . . . . . . .  . . 38
3,4-Dichlorosuccinic anhydride . . . . . . . . .  . . :. . . . . . .  38
Chloromaleic anhydride XX . . . . . . . . . . . . . . . .  ....... 39

• N-phenyIchloromaleimide XXI . . . . . . . .  . . . . . ..... 39
APPENDIX: EXPLORATORY EXPERIMENTS ON NICKEL CATALYZED

2+2 CYCLOADDITION . . . . . . . . . . . . . . . . . . . .  40

Experimental . . . . . . . . . . . . . . . . . . . . . . . . . .  43

LIST OF REFERENCES . . . .  . „ . . . . . . . . .  . . . . . .... . . 47

iv



ABSTRACT

Cyclic trisubstituted olefins in the form of a-substituted maleic 
anhydride and N-phenylmaleimides with strong electron-withdrawing groups 

such as cyano, acetyl, carbomethoxy, and benzoyl represent an interesting 
class of potential comonomers and partners for 2+2 cycloaddition„ Ex
haustive attempts involving their synthesis were carried out• There were 
indications that cyanomaleic anhydride and N-phenylcyanomaleimide were 
synthesized but they could not be obtained in pure state. Most of the 
failures in their synthesis can be attributed to the high reactivity of 
the electrophilic double bond involved. Further study of the various 

new intermediates synthesized in this work may prove successful.
One logical route that promises success involves the protection 

of this double bond. Diels-Alder cycloadducts of acyclic trisubstituted t 

olefins having two or more ester functional groups with cyclopentadiene 

were prepared. The subsequent saponification of the ester groups of the 
adduct, and conversion of them to the anhydride-adduct was successfully 

demonstrated in the case of the acetyl group. RetroDiels-Alder by 

pyrolysis might be easily done.

v



INTRODUCTION

It has been found that disubstituted ethylenes with electron- 
withdrawing groups at the 1,1-position are generally more reactive than 
the corresponding monosubstituted olefins in free radical copolymeriza
tion with monosubstituted electron-rich vinyl monomers such as styrene 
and p-methoxystyrene (Otsu, 1971)„ This is probably because the inter
mediate polymerizing radical is stabilized by resonance interaction with 

both substituents. The 192-disubstituted olefins, on the other hand, are 
markedly less reactive than the monosubstituted derivatives. The g- 

substituent gives no resonance stabilization and sterically hinders the 

attacking radical.
Investigations concerning the polymerization of trisubstituted 

olefins have been reported (Noren and' Hall, 1972; Hall and Daly, 1975). 

The belief that steric effects encountered in the 1,2-disubstituted 

olefins would be worse for the trisubstituted olefins was found to be 
incorrect. The third substituent, located at the radical site, provided 
extra stabilization in the transition state during polymerization, with

out any additional steric hindrance. Moreover, if effective electron- 
withdrawing substituents are involved, the extremely electron-deficient 

double bond should be very susceptible to attack by electron-rich 

radicals. This was again confirmed by Hall and Daly (1975) in their 

study of trimethyl ethylenetricarboxylate, tricyanoethylene, and dimethyl 
1-cyanoethylene-l, 2-diearboxylate, in which strong electron-withdrawing 

groups are involved. '
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One exceptional class of 132-disubstituted olefins which shows 

high reactivity during polymerization is the group of cyclic monomers, 
including maleic anhydride and N-phenylmaleimides (Bamford and Barb,
1953)o This is because of their well defined and rigid geometry leading 
to lower steric hindrance with effective resonance«

This brings about the idea of a new class of cyclic trisubstituted 
olefins in the form of 3-substituted electrophilic maleic anhydrides and 

N-phenylmaleimides• The additional electron-withdrawing group should in
crease their reactivity in copolymerication well above those of the non

substituted maleic anhydride and maleimide. The possible electron- 

withdrawing substituents range from cyano, acetyl, carbomethoxy9 methyl 

sulfonate to the weaker trifluoromethyl, phenyl, fluoro, chloro and 

bromo groups«
Another interesting feature of the substituted olefins is that 

they can perform 4+2 and 2+2 cycloaddition reactions in the absence of 

free radical initiators. Substituted olefins with one electron- 
withdrawing group such as acrylonitrile and methyl acrylate, or two such 
substituents in the 1,2-positions such as fumaronitrile and dimethyl- 

fumarate, will react with dienes and enamines to give cycloadducts.

With cyclic 1,2-disubstituted olefins such as maleic anhydride and N- 

phenylmaleimide, an immense amount of work was done with their 4+2 

cycloaddition, but a limited amount of work has been done with the 2+2 

case o

A few examples of the 2+2 cycloaddition of acyclic trisubstituted 

olefins with electron-withdrawing groups were reported (Hall and Ykman, 

1975)o In their examples, the olefins reacted with enamines to give



unstable substituted cyclobutanes which were formed via a zwitterion 

intermediatee The cyclobutanes were then trapped as stable quaternary 
ammonium salts. A literature search for cyclic trisubstituted olefins 
with a strong a-electron-withdrawing group, such as cyano, acetyl, carbo- 
methoxy, or benzoyl, showed none was ever synthesized. Being more 
planar molecules than the acyclic ones, they should have lower steric 

effects during cycloaddition. Our interest in their 2+2 cycloaddition 

is enhanced since they should react with enamines more readily than the 

acyclic ones. Therefore, this cyclic trisubstituted olefins should be 
an interesting class of compounds for copolymerization to give polymers 
which might have potentially useful properties, as well as for 4+2 and 
2+2 cycloadditions.



RESULTS OF MONOMER SYNTHESIS

I. Attempted synthesis of 3-cyanomaleic anhydride I and N-phenyl-3- 
cyanomaleimide II

A. Via nucleophilic substitution of bromomaleic anhydride and N- 
phenylbromomaleimide.
Our first attempt to synthesize the anhydride I involved nucleo

philic substitution of bromomaleic anhydride with metal cyanides 
including those of Na+ , K+ , Ag+ , and Cu+ in aprotic solvents such 
as acetonitrile and ethyl acetate at room or elevated temperatures.

0 0
NO

0
(I)

Br

These attempts failed to give the desired product I. In most 

cases, there was essentially no reaction, even with heating to 

122°.
Since anhydrides can be hydrolyzed readily to the corresponding 

diacids in the presence of moisture, attention was switched to 
the substitition on N-phenylbromomaleimide with the above 
cyanides hoping to obtain II. The maleimide, besides being a 

more stable compound, can afford aqueous work-up that allows the 

use of such dipolar solvents such as NMP, glyme, DMSO, and DMF 

for solvating the metal cyanides.

4
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To synthesize N-phenylbromomaleimide, bromomaleic anhydride was 
allowed to react with aniline at 0°C, followed by refluxing in 
acetic acid or acetic anhydride.

Extensive studies of this substitution reaction were carried 

out at room or elevated temperatures with different cyanides and 

solvents.

Solvent = NMP, glyme, DMSO and DMF 
In most cases the product isolated was the unreacted starting 

compound. At elevated temperature (78°C), debromination of it 
to give N-phenylmaleimide was observed. If the reaction was 

carried in a partially evacuated sealed tube at 180°C, decomposi

tion was observed with no product isolated.

B. Synthesis of cyanosuccinic anhydride III and N-phenylcyano- 
succinimide IV as intermediates.

0 0

2. Acetic Anhydride

n 0

0 0
II

M+ = Na+ , K+ , Ag+ , and Cu+

1. Via nucleophilic substitution



Although the earlier nucleophilic substituion of bromomaleic 
anhydride and maleimide with the metal cyanides failed to 

give I and II, attempts were also made with the substitution 
of bromosuccinic anhydride and its succinimide hoping that 
they would give III and IV, since the thought of dehydro- 
genating them to give I and II could be done readily.
Several attempts of them at room temperature and with 

heating to 78°C showed no reaction, and the starting com
pound was recovered in the case with the anhydride. De- 

hydrobromination to N-phenylmaleimide was again observed 
when N-phenylbromosuccinimide was heated to 78°C with CuCN 
in NMP.

Via the saponification of dimethyl cyanosuccinate.

The synthesis of dimethyl cyanosuccinate (Hall and Ykman, 

1975), suggested that the two carbomethoxy ester groups could 

be saponified to the diacid and the subsequent anhydrization 

to the cyanosuccinic anhydride should occur readily. To 
begin with, dimethyl cyanosuccinate was prepared by the con

densation of methyl cyanoacetate with methyl chloroacetate.

0 0 III

0 0
IV



It was saponified with 2 equivalents of potassium hydroxide, 
followed by acidifying with concentrated hydrochloric acid. 
The diacid V was stirred in acetic anhydride to give cyano- 

succinic anhydride III.

CN CN/ 1 . Na MoDH x   '
%  2: ^ 1;ch3> ch3o2cch2™
\cO_CH C02CH3

CN 0 •

2: Conc.HCl> ^ 2 ™ ^  Ac2° ?
H2OC C02H

V III 0
IV was synthesized simply by reacting cyanosuccinic anhydride

III with aniline at 0°C followed by refluxing in acetic 

anhydride.

NC ° NC °

t > ‘

Aniline, ether 
2. Acetic anhydride f N0

I

III
0 0

IV

Attempted direct dehydrogenation of cyanosuccinic anhydride III 
and N-phenylcyanosuccinimide IV.

1. Use of dehydrogenation catalysts.

The success in the synthesis of III and IV did not make it

any easier for us to obtain the two desired monomers, I and

II. Our first attempt consisted of refluxing III and IV in

acetonitrile with dehydrogenation catalysts such as Pd/C,

Pt/C, Pb02, and Se02. In the case of anhydride III, all



four reactions gave a black viscous oil, analysis of which 

showed no a,3-unsaturation at the desired position. With 
IV, essentially no reaction was observed with the four
catalysts.

0

V
III 0

n +

0

Dehydrogenatioi 
catalysts

(ID

(I)

IV 0

Use of 2, 3-dichloro-5, 6-dicyanobenzoquinone (DDQ).
DDQ, with its high oxidation potential, is known to be an 

effective dehydrogenating agent. During reaction. III and 

IV were treated separately with an equivalent amount of DDQ 

in acetonitrile and refluxed. Both gave an insoluble yellow 

solid which analysis showed to be 2, 3-dichloro-5, 6- 
dicyanohydroquinol, the end-product of DDQ reduction, 

indicating that dehydrogenation had occurred in both 

reactions.

In the case of III and DDQ, upon heating to 56°C for 15 

minutes only, the reddish-brown solution turned black. 
Analysis of the product was inconclusive.

0 0
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With IV, the reddish-brown solution, when heated to 98°C for 
six hours, turned dark brown. Upon cooling, the hydroquinol 
was filtered off. The brown solid recovered from the fil
trate had a broad range in melting point, indicating the 
possibility that it was a mixture of hydroquinol and the de
sired product II. Analysis of the mixture showed indications 
that N-phenylcyanomaleimide II was present. Its NMR spectrum 
showed a broad singlet at T = 2.52, which was in the range 

for aromatic protons and also for the unusually downfield 
olefinic proton which was deshielded by the strong electron- 

withdrawing groups. The two overlapped.

Isolation of the monomer II by recrystallization, chromato
graphic methods, and even vacuum sublimation with a mercury

-5diffusion pump at pressure of 3.0 x 10 mm and temperature 
of 155°C all failed to give any effective separation.

D. Halogenation and dehydrohalogenation of cyanosuccinic anhydride 
III and N-phenylcyanosuccinimide IV.

The last resort in the synthesis of I and II should be through 

their halogenated intermediates such as 3-chloro-3-cyanosuccinic

.CN

:n

IV II



anhydride VI and N-phenyl-3-chloro-3-cyanosuccinimide VII.
Standard photolytical and anionic halogenation with chlorine 
and bromine failed to give the two products. t-Butyl hypochlorite 
(Teeter and Bell, 1952) did chlorinate the succinimide IV, but 

not the anhydride, III.

VI was finally made by chlorinating the cyanosuccinic acid V with 
sodium hypochlorite. Only oxalyl chloride could anhydridize the 

acid to give VI, thionyl chloride, acetic anhydride, and acetyl 

chloride all failed to give VI.

1. Attempted dehydrochlorination of 3-chloro-3-cyanosuccinic 
anhydride VI.
The success with the synthesis of VI and VII seemed to close 
the gap to the long sought cyanomaleic anhydride I and 
maleimide II. On the contrary, when VI reacted with an

0 Cl
N(

t-BuOCl

0
IV VII

CN CN/CH0CH + NaOClXH2OC co2h h 2oc c o2h
V

0

C1C0C0C1



equivalent of triethylamine at -70°C, the triethylammonium 

chloride that formed was filtered out cold. A reddish solid 
precipitated out when the solution was warmed to room tempera

ture. When the same experiment was repeated with only 0.8 
equivalent of triethylamine, the same red solid and hydro
chloride salt were isolated. The formation of the salt in
dicated that dehydrochlorination of VI did occur, but the 

red solid we suspect to be a homopolymer of I polymerized 
under basic conditions. In an attempt to trap cyanomaleic 
anhydride I, furan was added in addition to VI and triethyl
amine. A light yellowish solid was isolated. Analysis showed 
it to be a mixture of the salt and not the expected adduct, 

but possibly cyanomaleic anhydride itself.

The nmr spectrum of the solid showed singlet at T = 2.40 

corresponding to the olefinic proton. The ir showed nitrile 
and carbonyl absorptions with the possibility of C=C absorp
tion at 1675 cm \  Elemental analysis indicated that it 

might be cyanomaleic acid. Also attempted was the dehydro

chlorination of 1-chloro-l-cyanosuccinic acid with tri
ethylamine to form cyanomaleic acid. However, evidently 

the two carboxylic acid protons were acidic enough to react 
with the amine to form the corresponding ammonium ion



without any further reaction. When reacted with 3 equivalent 
of triethylamine, the NMR spectrum of the product was com

plicated and showed no desired unsaturation.

CN CN/ /CH0CC1 + Et.N  ) CH0CC1
/ 2 \  3 / 2 \  .H2OC C02H H2OC C02 NEt3 H

Attempted dehydrochlorination of N-phenyl-3-chloro-3- 
cyanosuccinimide VII.
When VII was treated with triethylamine in ether, a gummy 
oil with no triethylammonium chloride precipitated out. 

Analysis of the product showed that some kind of reaction 

of the amine base with VII had occurred. The true structure 

could not be determined.

Cl 0 o

NV " \N0 + Et3N y  N0

V

VI1 n
Other weak bases like potassium carbonate in refluxing 

acetonitrile overnight with VII showed only no reaction. 
Other dehydrochlorinating agents like lithium chloride and 
lithium carbonate with lithium bromide in refluxing DMF 

(Kittila, 1967) also failed. Pyrolysis of VII to split out 

hydrogen chloride in the presence of potassium or silver 

carbonate, with subsequent sublimation, failed too to give



II, Since all the above dehydrochlorination attempts were 
carried out in basic medium, the use of non-hasic reagents 
like diphenyl sulfide and sulfur monochloride (Ciganek, Linn 

and Webster, 1970), was tried but also showed no reaction.
Via bis-trimethylsilyl cyanosuccinate.

Also worth mention was the attempted synthesis of bis- 

trimethylsilyl 1-cyano-ethylene-l,2-dicarboxylate through the 
halogenation and dehydrohalogenation of bis-trimethylsilyl 
cyanosuccinate. The silyl succinate was synthesized by reacting 
dimethyl cyanosuccinate with 2 equivalents of potassium hydroxide 

followed by stirring the dried salt with excess trimethy1- 
chlorosilane. The following halogenation and dehydrohalogena
tion of it to its corresponding ethylene and the reaction of 
it with acetic anhydride could give cyanomaleic anhydride I. 
However, the difficulty encountered with the halogenation of 
the silyl ester forced us to abandon this route.

1. 2K0H ^ Me3Si02CC]
C0oSiMe

CN CN/Me3Si02iCCH2CX Et_N

C02SiMe3 C02SiMe3
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IIo Attempted synthesis of 3-acetylmaleic anhydride XII and N-phenyl-3- 

acetylmaleimide XIIIe
A, Via saponification of dimethyl l-aeetylsuccinate VIII and dimethyl 

l-acetylethylene-l,2-dicarboxylate IX.

The success with the synthesis of cyanosuccinic acid by means of 
saponification of the two ester groups of dimethyl cyanosuccinate 

gave us some positive feelings that acetylsuccinic acid or even 
acetylmaleic acid could be made by this more or less similar 
route of saponifying VIII and IX. VIII and the new acyclic tri- 

substituted olefin IX had to be made first.
VIII was synthesized by the condensation of methyl acetoacetate 
with methyl chloroacetate. It was then chlorinated with sodium 
hypochlorite followed by dehydrochlorination with triethylamine.

coch3 x . . coch3

™ 2  I'. Sch^o”cH3 > ® 3 02CCH2CĤ  -SSOCI^
C0oCH„ C09CH,

2 3  VIII

COCH„ COCH,/  Et N /
CHo0oCCHoCCl    — ) CH-O.CCH = C
3 2 2 X  3 2 \

\ co2ch3 co2ch3
IX

The saponification of VIII even under the most controlled con

dition, with the addition of NaOH being monitored by a pH meter, 

■followed by acidification led only to decarboxylation during the 

isolation of the product, The saponification of IX was more 
complicated. Besides the possibility involving the addition
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of hydroxide ion to the double bond, there was partial hydrolysis 
of the ester groups coupled with decarboxylation also.

B. Attempted synthesis of 3-acetylsuccinic anhydride as intermediate. 
Acetylation of maleic anhydride with acetaldehyde in the presence 
of free radical and anionic initiators was attempted (Stetter 

and Schreckenberg, 1973).

In both cases, only maleic anhydride was recovered.

C. Attempted synthesis of N-pheny1-3-acetylsuccinimide as 
intermediate.

1. Under basic medium.
The a-protons in the case of N-phenylsuccinimide being next

to the carbonyl groups are fairly acidic and can be removed

by a strong base. This makes it ideal for condensation with
acylating agents such acetic anhydride and acetyl chloride.

To show that the anion was indeed formed, N-phenylsuccinimide
was treated with an equivalent of sodium hydride in solvents

like NMP, DMSO, and glyme. A near equivalent volume of

hydrogen was measured by the wet-test meter each time the

reaction was run. Following acidification of the solution

0

0

0 + CH3CHO + AIBN — %  >

0 0

CH3CHO + NaCN — )f->

0 0



with dilute hydrochloric acid, only the starting succinimide 
was recovered. These experiments indicated that the sodium 
hydride had to react with the succinimide to give out hydrogen 
gas, since all the solvents used were predried.

However, the acetylation failed to generate the desired 

product. One explanation could be the anion was not made. 

Instead the strong base could have cleaved the N-C bond to 
form some unknown intermediate which on acidification 

generated the starting succinimide again.
The use of weak bases like triethylamine and 1 ,5-diazabicyclo 

[3.4.0]nonene-5 (DBN) in the attempt to form the anion before 
acetylation also led to no reaction.

Under acidic medium.

The above failures under basic conditions prompted us to try 

acetylation catalyzed by a Lewis acid like boron trifluoride. 

N-phenylsuccinimide and maleimide were dissolved separately 

in 1,2-dichloroethane with an excess of acetic anhydride. 

Boron trifluoride was bubbled in while the solution was 

cooled in a dry ice/acetone bath.

0 0 0

0 0
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0 0

10 + Ac^O + BF^
AC

N0

0
0

0
0

O 1
0

f0 + Ac2° + BF3 --X -)
AC

N0

In both cases, a-acetylation or Friedel-Crafts acylation on 
the aromatic ring could have occurred. Because of their high 

melting points and their insolubility in most solvents, the 
products may have been oligomers resulting from ring-opening 

polymerization, or in the case with the maleimide, vinyl 
polymerization or a combination of both.

D. Via cyclopentadiene adduct.
The above failure and the experience learned in the attempted 

synthesis of cyanomaleic anhydride I led us to believe the double 

bond we are trying to make is a highly reactive system. The 
decarboxylation of dimethyl 1-acetyl-succinate VIII and its 

corresponding ethylene IX during saponification convinced us 

that the double bond of IX had to be protected before there could 

be any successful saponification. To do this IX was allowed 

to react with cyclopentadiene to form a Diels-Alders adduct X.
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CH302CCH=C^
COCH

CO^CH^
3

C02CH3 
, C02CH3 
COCH3

X 1. 2KOH
2. HC1

0
co2h

COCH Ac 0
XI

Saponification of X to its diacid and the subsequent anhydridi- 

zation of it with acetic anhydride to give XI went smoothly, but 
with low overall yield. RetroDiels-Alder by pyrolysis was 

attempted to 400°C. The NMR spectrum of it was complicated and 

showed the presence of unreacted starting compound with other 
unidentifiable products having olefinic absorptions.

III. Attempted synthesis of 3-carboxymaleic anhydride XIV and N-phenyl-3- 
carboxysuccinimide as intermediate.
The availability of trimethyl ethylenetricarboxylate (Hall and Daly, 

1975) gave us an opportunity to saponify it, hopefully to get ethyl- 

enetricarboxylic acid, which could then be cyclized to give the 
substituted maleic anhydride XIV.

0 0

X XII



0

CH302CCH=C\C02CH3

2 3
HC1
3NaOH 7 H02CCH=C

XIV

Similar results were obtained to that with the saponification of 

dimethyl 1-acetylethylene-1, 2-dicarboxylate IX. Besides the regular 
decarboxylation phenomenon, there was again partial hydrolysis coupled 
with the possibility of hydroxide ion addition to the double bond. 
Also attempted was the saponification of trimethyl ethanetricarboxy- 
late, where there was also decarboxylation during isolation of 

the product.
Two attempts were made to synthesis N-phenyl-3-carboxysuccinimide.

The first involved the creation of the anion of N-phenylsuccinimide 

with sodium hydride followed by the bubbling of carbon dioxide and 

acidification. The second attempt involved the carboxylation with 
Stiles reagent (CH30Mg0C02CH3) followed by acidification (Martin, 

Watts and Johnson, 1974). No reaction was observed in either case.
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IV. Attempted synthesis of N-phenyl-3-benzoylsuccinimide as intermediate. 

Three attempts involving the addition of benzaldehyde to N- 
phenylmaleimide were made. The reactions was initiated by either 
azobisisobutyronitrile (AIBN), NaCN, or benzoyl peroxide (Stetter 
and Schreckenberg, 1973).

70

0A N0

+ AIBN

+ NaCN

+

+

+ 0CO-OO-CO0 +

0CHO

0CHO

0CHO

RT ,

70'
Polymer

In the first two experiments, no reaction was observed. In the 

reaction initiated by benzoyl peroxide, analysis showed the product 

to be a homopolymer of N-phenylmaleimide.

V. Attempted synthesis of 3-sulfonyl derivatives of maleic anhydride.

A. 3-methylmaleic anhydride sulfonate XV.
Maleic anhydride-3-sulfonic acid, given as a gift by Dr. Ralph 

House of Chevron, was a rather crude compound. Recrystallization 
from 1,2-dichloroethane did seem to purify it. When it was al

lowed to react with triethylamine in ether, the salt, which was 

an oil, precipitated out. Methylation, done by treating the salt 

with methyltriflate (CF^SO^CH^) went smoothly.
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HOSO
0

Et

0

0 CF_C0oCH

0
XV

The analysis of the nmr spectrum of the product showed the 
methoxy protons at T = 6.1 and one olefinic proton at T = 2.40, 
indicating that me thylation did occur. The discouraging thing 

was the presence of a downfield singlet at T = -0.4, roughly 

equal to two protons. The signal was thought to be the two 

carboxylic acid protons formed from the hydrolysis of the 
anhydride functional group. However, when the reaction was 

repeated with protection from moisture, several runs all showed 
the same unexplained downfield signal. Also attempted was the 

one step methylation with excess diazomethane. A similar 
spectrum was obtained as that above with the undesired down
field signal.

HOSO,

S/
0

Ether CH.OSO.,N2 0

B. 3-fluorosulfonylmaleic anhydride XVI.

Purified maleic anhydride-3-sulfonic acid was allowed to react 
with molybdenum hexafluoride (Fluroze) for 2 hours at room 

temperature. The Fluroze used was rather crude. Analysis of 

the product was inconclusive.
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VII.
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HOSO2
MoF,

FSO

0
XVI

Synthesis of trifluoromethylmaleic anhydride XVII.

XVII, first synthesized by D. England (n.d.), was prepared in 30% 
yield by mixing hexafluoropropene expoxide with 2 equivalents of 

acetic anhydride in a Hastelloy bomb and heating at 125°C for 12 

hours.
0

CF + a =20 2 ^
CF

XVII 0

Synthesis of phenylmaleic anhydride XVIII and N,3-diphenylmaleimide 
XIX.
Phenylmaleic anhydride was made in a one-step reaction by refluxing 

phenylsuccinic acid with excess acetic anhydride in the presence of 

selenium dioxide, a dehydrogenating agent, for 3 hours to give a 75% 

yield of XVIII (Hill, 1961).

I 2
ch2

C02h

\a^H

+

0
\

SeO, + Ac20

ii0
XVIII
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The corresponding maleimide was made by mixing phenylmaleic anhydride 

with aniline at 0°C followed by refluxing it with acetic anhydride to 

give a 32% of the product XIX.

0

0 '

1. Aniline

2. Ac.O
N0

0

XIX
VIII. Synthesis of chloromaleic anhydride XX and N-phenyl-3-chloromaleimide 

XXI.
Chloromaleic anhydride XX was sold commerically as a 70% azeotropic 
mixture of XX and maleic anhydride. Several different preparations 
are available in the literature but most of them yield traces of 

maleic anhydride. The best preparation (Clifford, 1947) consists 
of chlorination of maleic anhydride to form 3,4-dichlorosuccinic 

anhydride, followed by pyrolysis at 190°C to split out hydrogen 

chloride to give an overall 68% yield of XX.

0 0

0 +
Cl

CC1
2 hv

Cl

XX

N-phenylchloromaleimide XXI was synthesized by the routine method of 

mixing chloromaleic anhydride with aniline at 0°C followed by re- 

fluxing in acetic anhydride for three hours to give a 52% yield of 
XXI.



CL 1. Aniline
2. Ac 0

A
A

N0
XXI

Other halogenated maleic anhydrides.
Fluoro-maleic anhydride was prepared by Raasch, Miegel and Castle 
(1959) in a multi-step reaction. Bromomaleic anhydride was com- 
merically available from Aldrich.



DISCUSSION

Exploratory experiments have been directed towards the synthesis 

of a new class of cyclic trisubstituted electron-deficient potential 
monomers, namely the 3-substituted maleic anhydrides and their N- 
phenylmaleimides, for polymerization and cycloaddition* Our literature 
search showed a few of the maleic anhydrides with weaker electron- 
withdrawing substituents such as bromo, chloro, fluoro, methyl, phenyl 

and the better trifluoromethyl were knowno None of these can resonance 
establish the charge in the transition intermediate during polymeriza

tion. Maleic anhydride-3-sulfonic acid is also known, but not exten

sively investigated. Other cases with strong electron-withdrawing 

groups such as cyano, carbomethoxy, acetyl and benzoyl are not known.
Extensive attempts to synthesize cyano- and acetylmaleic anhy

dride and their N-phenylmaleimide counterparts were carried out. The 

synthesis of carbomethoxy, benzoyl, and me thy1s ulfony1 substituents were 

carried to a certain extent. Most of the conventional methods that lead 
to their synthesis were attempted. In the case with cyanomaleic anhy
dride, the successful synthesis of the'intermediate 3-chloro-3- 
cyanosuccinic anhydride VI and its succinimide VII convinced us that the
long desired I and II could be obtained by a simple dehycrochlorination

/
with triethylamine which had been highly successful with most acyclic 
trisubstituted olefins. The isolation of the triethylammonium chloride 

salt after the reaction indicates that dehydrochlorination did occur. ■ 

However, it appeared that the desired product homopolymerized under basic

25
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conditions. When an attempt was made to trap cyanomaleic anhydride I 
with furan, the analysis of the product showed indications that it was 
cyanomaleic anhydride I itself instead of the cycloadduct.

0

+
NC Cl

0

NC

0
CN

0

In the case with the dehyrogenation of N-phenylcyanosuccinimide

with DDQ, normal sublimation should be able to separate the maleimide
from the hydroquinol. From these experiments, it is evident that I and

II are highly reactive monomers, which can homopolymerize under thermal

and basic conditions. This was not observed with acyclic trisubstituted
olefins, even in the presence of radical initiators.

0 0 
NC

0 + Et3N-> r\V 0 + Et^NHCl Oligomers

N0 + DDQ
NC,
-> r A N0 ---^ Oligomers

A
0

A third promising approach involved protection on the double bond 

prior to saponification and anhydride formation and subsequent thermolysis 

to the desired monomers. The success in the synthesis of the intermediate 

XI seems to support this route, although the final pyrolysis of this
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anhydride adduce with an acetyl substituent led to complicated mixtures 

of products. Further studies had to be continued.

X

CH302CCH=C/\C02CH3

Cyclopentadiene
2K0H
HC1

0

:o

0

0
X = C02H, CeN, C02CH3, 0CO, or CH^CO.

Our attempts with the 3-sulfonyl derivatives of maleic anhydride 

were facilitated by the availability of maleic anhydride-3-sulfonic acid. 

The methylation of it with methyl triflate and diazomethane was success
ful with the exception of the presence of a downfield singlet at T = -0.4 

in the nmr spectrum, which could not be explained. The fluorination of 
it might be improved with purified fluroze. The above problems might be 
eliminated if the properties of the starting sulfonic acid are known. 
Details are not available for the synthesis of it and the impurities 

present.
The copolymerization of the 3-substituted maleic anhydride and 

N-phenylmaleimide of trifluoro-methyl, phenyl, and chloro groups with 

monosubstituted electron-rich olefins such as styrene and p-methoxystyrene 

were done in the presence of 1 mole percent of azobisisobutyronitrile 

(AIBN), and the absence of solvents. In the cases with the three anhy

drides, during the preliminary mixing of the two monomers, colorization 

of the solution (charge-transfer complex) appeared and the polymerization
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mixture became warm. The less reactive 3-substituted maleimides, being 

deactivated by nitrogen, required heating at 68°G for 12—18 hours to 
complete the polymerization. In all cases, the polymers formed were of 

low molecular weight. The best result was the one with trifluoromethyl- 
maleic anhydride and styrene, which had an n^ ^  = 0.09. Since the 
maleimides used and phenylmaleic anhydrides are solids, solution poly

merization is necessary in order to improve their molecular weights..
Since the synthesis of maleic anhydrides and imides with strong electron- 

withdrawing are not completed, data of the monomer reactivity are not 

available. Further study in the synthesis, polymerization, and cyclo- 

addition of them should be continued.



EXPERIMENTAL

Ins t rumen t a t i on

All boiling and melting points are uncorrectedo Capillary melt
ing points were determined on a Thomas-Hoover melting point apparatus„ 

Infrared spectra were obtained using a Perkin-Elmer 337 spectrophotometer 
with KBr pellets or NaCl plates, A Varian T60 was used to obtain NMR 
spectra. Mass spectra were obtained on a Hewlett-Packard 5930A Dode- 
capole mass spectrometer. Elemental analyses were performed by.Galbraith 

Laboratories, Inc,, Knoxville, Tennessee and Chemalytics, Inc,, Tempe, 
Arizona, The gas chromatograms were obtained on a Varian Aerograph 1700 

instrument using the following columns: (A) 3% SE 30 on 80-100 mesh

Chromosorb W AW/DMCS HP, 5 ft, x 0,25 in,; and (B) 5% Carbonax 20M on 
80-100 Mesh Chromosorb W AW/DMCS, 5 ft, x 0,25 in.

Dimethyl cyanosuccinate 

In a 3-liter 3-necked round-bottomed flask with a mechanical 

stirrer and a 250 ml addition funnel, 1,8 liter of anhydrous methanol 

was treated with 46 g (2,0 moles) of metallic sodium while the solution 

is cooled in an ice-bath. After all the sodium had dissolved, 198 g 

(2,0 moles) of methyl cyanoacetate was added in through the additional 

funnel, A second solution of 110 g (1,0 mole) of methyl chloroacetate 

with 200 ml of methanol was added slowly while the solution temperature 

was maintained at 0°C, The addition took about 2 hours. Upon stirring 

overnight at room temperature, an orange-red solution resulted. After
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rotary evaporated off-the methanol, the residue was poured onto 1.5 kg of 

ice and water. Concentrated hydrochloric acid was added until the solu
tion was acidic to litmus. This aqueous solution was extracted with 4- 
100 ml portions of methylene chloride. The combined organic extracts 

were dried over MgSO^, and decolorized with activated charcoal. The 
suspension was filtered to give a yellow solution and the methylene 

chloride was stripped away on the rotary evaporator. The orange oil re

maining was distilled on a short-path apparatus and the product collected
between 55°C and 95°C9 (0.05 mm), and redistilled on a spinning band
column. The desired succinate, 86 g (51%), was obtained as a colorless 
liquid, bp 82-86°C (0.08 mm) .

nmr (CDC1-) T; 6.98 (d, 2H); 638 (s, 3H); 6.25 (s, 3H); 6.06 
(t, 1H).

ir (neat): C-H, 2940 cm s; CEN, 2245 cm \  m; C=0,
1740 cm™1, s,

mass spectrum (70 Ev): molecular ion 171 calccL : 171

anal, calcd. for C^HgNO^: C9 49.12; H, 5,30; N 9 8.18.

Found: C, 49.10; H 9 5.25; N 9 8.24.

Cyanosuccinic acid V 
28.15 g (0.4 mole) of potassium hydroxide was dissolved in 

60 ml of distilled water and cooled in an ice-bath. 32.5 g (0.19 mole) 

of dimethyl cyanosuccinate was added in slowly through an additional 

funnel. After stirring for 2 hours9 a light yellowish solution resulted. 

Concentrated hydrochloric acid was added until the solution was acidic to 
litmus. A large amount of white solid9 presumably potassium chloride9 
precipitated. The aqueous solution was extracted with 6-60 ml portions
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ethero The combined extracts were dried over MgSO.„ The suspension was 
filtered and the ether was rotary evaporated; the colorless oil that re
sulted was vacuum pumped overnight to give 19,8 g (70%) of a crude white 

crude,
nmr (d^-acetone) T: 7,20 (d, 2H); 5,75 (t9 1H); -1,06 (s9 2H),
ir (Nujol): 0-H, 2920 cm"1, broad; GEN, 2215 cm"1, m; C=0,

1725 cm-1, s. )

Cyanosuccinic anhydride III

7,5 g (62,5 mole) of cyanosuccinic acid V was stirred with
15 ml of acetic anhydride for 2 hours at 55°C, After cooling, the solution

was vacuum pumped to remove the acetic acid that was formed. The white 

precipitate that formed was filtered and washed with ether, 5,4 g (69%) 

of III was recovered. It was recrystallized with acetic anhydride, mp 

113-5°C, .
nmr (d^-acetone) T: 6,48 (d, 2H); 5,22 (t, 1H),

ir (KBr): C-H, 2995 cm"1, 2965 cm"1, and 2930 cm"1, s; CBN,
2275 cm , m; anhydride, 1875 cm- and 1700 cm , s.

mass spect. (70 Ev) : molecular ion 125 m/ ; calcd, : 125 m/e°

■ anal, calcd. for C^H^NO^; C, 48,01; H, 2.42.

Found: C, 47.88; H, 2.56.

N-phenyl-3-eyanosuccinimide IV

4.0 g (40 mole) of cyanosuccinic anhydride III was dissolved 
in 45 ml of anhydrous ether and cooled in an ice-bath. 4.2 g (46 mole) of 

aniline was added in slowly with stirring. The oily solid first formed,
after stirring for 3 hours, gave way to a fine white solid. It was then

vacuum-filtered, and 7.0 g of it was collected. This was then stirred



with 20 ml of acetic anhydride at 75°C for an hour. Upon cooling, 50 ml
of water was used to hydrolyze the excess acetic anhydride. The. white
solid that formed was filtered and air-dried. 6.5 g (80%) of the white
solid was collected, mp 172-40C. It was purified by vacuum-sublimation.

nmr (d -acetone) T: 6.70 (d, 2H); 5.48 (t, 1H); 2.68 (s, 5H).o
ir (KBr): C-H, 2910 cm \  m; CBN, 2225 cm \  w; C=0, 1715 cm \
mass spect (70 Ev): molecular ion 200
Calcd.: 200 m/

anal. calcd. for ^2.1®8^2^2: ^6.00; H, 4.00; N, 14.00.
Found: C, 66.18; H, 3.98; N, 13.66.

l-Chloro-l-C'yanosuccinic acid 

7.65 g (53.5 mole) of cyanosuccinic acid, V, was dissolved in 

15 ml of water. Upon cooling, in an ice-bath, 90 ml (63 mmole) of a 

5.25% solution of sodium hypochlorite was added in through an additional

funnel in a period of an hour. After stirring for 1-1/2 hours, the

solution was acidified with concentrated hydrochloric acid and extracted 
with 4-60 ml portions of ether. The combined extracts were dried over 
MgSO^. The suspension was filtered and the ether rotary evaporated; it 
was further vacuum pumped for 5 hours to yield 8.0 (84%) of a white 

solid which decomposed readily at temperatures above 350C. 

nmr (dg-acetone) T: 6.47 (s, 2H); -1.66 (s, 2H).

3-Chloro-3-cyanosuccinic anhydride VI 

4.3 g (25 mole) of the crude chlorocyanosuccinic acid was 
stirred magnetically with 8.0 g of oxalyl chloride in an ice-bath. Two 

drops of DMF were added to initiate the reaction. The solution was
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stirred cold overnight. The excess oxalyl chloride was pumped off.. The 
yellowish solid that formed was collected on a sintered glass'funnel and 
further washed with anhydrous ether. 1.45 g (36%) of a white solid, mp

97-99°C was recovered.
nmr (d^-acetone) T: 6.26, 6.13 (2s, 2H).
ir (KBr): C-H, 3410 cm \  3215 cm \  broad; Ge n , 2345 cm \  m;

anhydride, 1700 and 1674 cm- -̂, s.

mass spect (70 Ev): molecular ion 133
Calcd.: 133 (P-26).
anal, calcd. for C^HgClNO^: C, 37.61; H, 1.25; Cl, 22.26; N, 8.78 .

Found: C, 33.29; H, 2,28; Cl, 20.18; N, 7.66.

(Chemical analysis matches that of chlorocyanosuccinic acid of  ̂

C5H4C1N04 : C, 33.78; H, 2.25; Cl, 20.00; N, 7.70).

N-phenyl-3-chloro-3-cyanosuccinimide VIT

1.0 g (5.0 mole) of N-phenylcyanosuccinimide IV was dis
solved in 10 ml of acetonitrile and cooled in an ice-bath. 0.65 g (8.0 
mmole) of t-butyl hypochlorite (Teeter and Bell, 1952) was added dropwise. 
The solution was then stirred overnight at room temperature. The dark 
brown solution upon evaporating off the solvent gave 0.85 g (72%) of a 

dark greenish solid. It was purified by vacuum sublimation, mp 150-2°C. 

nmr (d^-acetone) T: 6.22, 6.00 (2s, 2H); 2.52 (s, 5H).

ir (KBr): C-H, 2990 cm"1, w; C=N, 2335 cm"1, w; C=0, 1780 cm"1 ,s.
m ■mass spect (70 Ev): molecular ion 234

Calcd.: 234.5 ”7 ^

anal, calcd. for C11H7C1No0„: C, 56.29; H, 2.98; Cl, 15.14;
N, 11.94. 11 7

Found: C, 57.51; H, 3.08; Cl, 14.88; N, 11.85.



Dimethyl acetylsuccinate VIII 

In a 2000 ml 4—necked flask, 194.32 g (1.677 mole) of 
methyl acetoacetate was dissolved with 1.2 liter of absolute methanol and 

cooled in an ice-bath. 28.41 g (1.677 mole) of sodium was then added in 
small pieces while the solution was stirred mechanically. After all the 

sodium metal had dissolved, 100 g (0.92 mole) of methyl chloreacetate was 

added dropwise in 2 hours and the solution was stirred overnight to give 
a orange colored solution with a large amount of white solid (NaCl). After

rotary evaporation of the methanol, the resulting slurry was poured onto
600 g of ice and water. Hydrochloric acid was added until the solution 
was acidic. This aqueous solution was extracted with 5-100 ml portions 
of ether. The combined extracts were then backwashed with 100 ml of
saturated potassium chloride and then dried over MgSO^. The suspension

was filtered and the ether evaporated. The yellow organic residue was 
distilled through a short path apparatus and all materials boiling under 

95°C (0.08 mm) were collected and further fractionated on a spinning band. 
The desired succinate, 73.4 g (41%) was a colorless liquid, bp 72-78°C 
(1.5 mm).

nmr (CDC1J T: 7.70 (s, 3H); 7.10 (d, 2H); 6.36 (s, 3H); 6.30
(s, 3H); 4.93 (t, 1H).

ir (neat): C-H, 2990 cm \  s; C=0, 1740 cm s ,
mass spect (70 Ev); molecular ion 188 /6

Found : 188 “/e
anal, calcd. for cgH12°5: 51.06; H, 6.43

Found: C, 51.04; H, 6.47
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Dimethyl 1-a.cetyl-l-chlorosuccinate

36o38 g (0.193 mole) of the dimethyl acetyl succinate VIII was

dissolved in 12 g of acetic acid and 20 ml of water. The solution was
cooled in an ice-bath. Through an additional funnel9 285 ml (0.20 mole)
of a 5.25% solution of sodium hypochlorite was added in dropwise. After

stirring for an hour, the solution was acidified with hydrochloric acid.
This aqueous solution was extracted with 4-100 ml portions of ether.

The combined extracts were dried.over MgSO^. The suspension was filtered

and rotary evaporated off the ether. The light yellowish residue was
spinning band distilled and the product, 25.10 g (60%), was a colorless

liquid, bp 50-55°C (0.03 mm).
nmr (CDCL ) T: 7.58 (s, 3H); 6.60 (s, 2H); 6.30 (s, 3H); 6.16

(s, 3H).
-1 -1 ir (neat): C-H, 2940 cm , M; C=0, 1720 cm , s.

anal a calcd. for CgH^O Cl: C, 43.16; H, 4.98; Cl, 15.92.

Found: C, 42.88; H, 4.86; Cl, 16.08.

Dimethyl l-acetylethylene-l,2-dicarboxylate IX 

19.92 g (0.09 mole) of dimethyl 1-acetyl-l-chlorosuccinate 

was dissolved in 120 ml of anhydrous ether and cooled in an ice-bath.

9.10 g (0.09 mole) of triethylamine was added dropwise in about half an
hour. It was then stirred for 4 hours. The white solid which was tri-

ethylammonium chloride was first filtered off and the filtrate was washed 

with 60 ml of ether. To the combined filtrate and ether wash, 60 ml of 

water was used to rid off any dissolved salt. The ether layer was dried 
over MgSO^o The suspension was filtered off and the ether rotary 

evaporated off. The residue was first distilled on a short path
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apparatus and redistilled on a spinning band* The desired product, 15*58
g (80o4%) was a light yellowish liquid, bp 88-95°C (lo5 mm)»

nmr (CDCl^) T: 7.66 (d, 3H); 6.21 (q, 6H); 3.30 (d, 1H). Two
isomers.

ir (neat)o C-H, 2990 cm s; C=0, 1725, s. C=G, 1640, W.. 3
mmass spect. (70 Ev): molecular ion 186

Found: 186

anal, calcd. for ^g^o°5: C, 51.61; H , 5.37
Found: C, 51.86; H, 5.57

2-Acetylbicyclo [2.2.1] hept-5-ene-2,3-dicarboxylic
anhydride XI

14.0 g (75.2 mole) of dimethyl l-acetylethylene-l,2-dicarboxylate 

IX was dissolved in 60. ml of anhydrous ether and magnetically stirred in 

the cold room (-3°C) . 15 g (230 mmole) of cyclopentadiene was added in
dropwise with stirring for overnight. After stripping off the ether, gc 
analysis showed four peaks of which two was the bicyclopentadiene, one 
for the unreacted olefin IX, and the broad, desired cycloadduct X. 
(Spinning band distillation did not give any effective separation.)
The mixture was added dropwise to a 60 ml K0H solution (0.16 mole) and 

stirred for two hours in an ice-bath. The aqueous solution was extracted 

with 2-60 ml portions of ether to rid off the excess bicyclopentadiene 

and then acidified with concentration hydrochloric acid. It was then 

extracted with 5-50 ml portions of ether and dried over MgSO^. After 

filtering off the suspension and rotary evaporated off the ether, the 
residue was vacuum pumped for 5 hours. The nmr spectrum was complicated 

but showed off the downfield carbo^ylic acid protons. 20 ml of acetic 

anhydride was then added to the residue and stirred overnight at room



temperature6 The presumably carboxylie acid adduct first precipitated 

out but redissolved with stirring. In acetic anhydride, the solution was 
short-path distilled. The product, 1.62 g (10.3%) was light yellowish 
oil, bp 50-78°C (0.03 mm), was collected. The residue left in the pot 
weighed 8.4 g.

nmr (CDC1„) T: 8.43 (m, 2H); 6.63 and 6.70 (m, 3H); 6.23-6.63
(m, 1H); 5.73 (m,lH); 5.47 (m, 1H); 3.47 (m, 2H).

-1 -1 ir (neat): C-H, 2970 cm , s; C=N, 2260 cm , w; anhydride,
1775 and 1650 cm™1, s.

Trifluoromethylmaleic anhydride XVII —

306 g (3.0 mole) of acetic anhydride with 250 g (1.5 mole) of 
hexafluoropropene expoxide was charged into a 1-liter Hastelloy bomb.

After heating to 1250C for 12 hours and the excess acetic anhydride dis
tilled off, the black residue was distilled with a short-path apparatus 

and redistilled on a spinning band. The product, XVII, 50 g (30%) was a

colorless liquid which turned light orange on standing, bp 80-82°C (62 mm) .

nmr (CDCl^) T: 2.89 (q, 1H).
-1ir (neat): 1730 cm , 0=0, broad.

anal, calcd. for C^HF^O^: C, 36.17; H, 0.61; F, 34.34.

Found: C, 36.36; H, 0.79;. F, 34.59.

Phenylmaleic anhydride XVIII 

50 g (0.25 mole) of phenylsuccinic acid (Aldrich) was stirred 

with 200 ml of acetic anhydride together with 27.3 g (0.26 mole) of 

selenium dioxide. The solution was refluxed for three hours. The black 

solution that resulted was vacuum filtered while hot. Upon cooling,

33.44 g (75%) of a light orange crystal was collected. It was
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further purified by recrystallizing from acetic anhydride, mp 119 - 

120.5°C.

nmr (CDCl^) T: 3.02 (s, 1H); 2.50 (m, 3H); 2.03 (m, 2H).
-1 -1 ir (KBr): C-H, 3150 cm , w; anhydride, 1810 and 1755 cm ,

s, C-C, 1680 cm"""*", w.

N,3-diphenylmaleimide XIX
5.75 g (0.03 mole) of phenylmaleic anhydride XVIII was dissolved 

in 40 ml of acetic acid. 2.90 g (0.03 mole) of aniline was added drop- 

wise while the solution was cooled in an ice-bath. A large amount of 
yellow solid precipitated out. The mixture was then refluxed for 3-1/2 

hours. A greyish precipitate that formed upon cooling was filtered off.
About 60 ml of water was added to the filtrate to precipitate out the 
product. Crystals that first formed at the interphase were filtered and 

dried. 2.2 g (30%) of a light orange crystal was recovered, mp 113-115°C.
nmr (CDClp T: 3.25 (s, 1H); 2.63 (s, 3H); 2.12 (m, 2H).

ir (KBr) : C=0, 1705 cm s; G=C , 1670 cm \  w..

anal, calcd. for C^IL^NOg: C, 77.09; H, 4.45; N, 5.62.

Found: C, 76.88; H, 4.45; N, 5.56.

3,4-Dichlorosuccinic anhydride 
70 g (0.715 mole) of maleic anhydride was stirred mechanically in 

650 ml of carbon tetrachloride with refluxing. Chlorine gas was bubbled 

in gently overnight under irradiation of a UV lamp. The white crystals 
that.formed was filtered off.. 84 g (70%) of it was collected, mp 95-97°C.
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Chloromaleic anhydride XX 

42 g (0,25 mole) of the crude 3,4-dichlorosuccinic anhydride was 
distilled with a short apparatus at atmospheric pressure. The bath 

temperature was 195°Co After the white fumes (HC1) had stopped evolving, 

the solution was cooled. The product was collected by distillation again 

at full vacuum. 23.7 g (68%) of the colorless liquid was redistilled to
rid off the small amount of solid that was formed. A flame-test showed

it to be a chloride9 bp 106-109°C (40 mm) . 
nmr (CDCl^) T: 2.86 (s, 1H).
ir (neat) : C-H9 3100 cm \  m; anhydride9 1830 cm ^ and 1760 cm \  

s; C=C9 168Q cm~l9 m.
anal, calcd. for C^HO^Cl; C9 36.26; H 9 0.76; Cl9 26.75.

Found: C9 36.29; H, 0.74; Cl9 26.88.

N-phenylchloromaleimide XXI 

9.27 g (70 mmole) of pure chloromaleic anhydride XX was dissolved 

in 25 ml of acetic acid. The solution was stirred in an ice-bath while

6.6 g (70 mmole) of aniline was added in dropwise. After stirring for 

an hour, the solution was heated to 115°C for one more hour. Upon 

cooling, crystals began to form. More, crystals precipitated out upon 

the addition of ether. 9.52 g (63%) of light yellowish crystal was re
covered, mp 170-2°C.

nmr (d^-DMSO) T: 4.52 (s, 1H); 2.65 (s,5H).
ir (KBr); C-H, 3100 cm"1, w; 0=0, 1720 cm-1, s.



APPENDIX

EXPLORATORY EXPERIMENTS ON NICKEL 
CATALYZED 2+2 CYCLOADDITION

In the synthesis and polymerization of l-bicyclobutahecarbonitrile 

(Hall, Smith and Plorde, 1973)» there was a need of method of large scale 
synthesis of.cyclobutanecarbonitrile as a possible intermediate. At 

300°C and 1000 atm ethylene pressure9 a large excess of ethylene over 
acrylonitrile (17:1-30:1) was used in order to minimize the competing 

cyclodimerization of acrylonitrile. At best, they could get a 30% con
version to cyclobutanecarbonitrile. Kinetic studies; of this reaction 
showed that at 300°C, reasonable rates of cycloaddition of the two could 

be obtained, but the equilibrium amount of the product was very small.

It was, therefore, necessary to look for a catalyst which could give 

higher rates at a lower temperature and also allow a higher equilibrium 

concentration of the desired product. A catalyst search revealed an 

extraordinary catalytic activity of Ni(0) compounds in the cyclization 

of olefins (Schrauzer, 1964). The catalytic dimerization of butadiene 

to cis-l,2-divinylcyclobutane by Ni(0) was reported (Heimbach and 
Brenner, 1967). The refluxing of nickel carbonyl and acrylonitrile gave 
a 1:2 red crystalline bis (acrylonitrile)-nickel (Schrauzer, 1959).

In order to study the catalytic behavior of Ni(0) on 2+2 cyclo

addition, two model compounds, l,7-dicyano-l,6-heptadiene XXII and 1- 

cyano-1,6-heptadiene XXIII, were synthesized.
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CH=CHCN CH=CHCN

VCR-CHCN
XXII XXIII

Compound XXII was equivalent to two molecules of acrylonitrile linked by
a three carbon chain. Compound XXIII was equivalent to a molecule of 
acrylonitrile linked to a molecule of ethylene by another three carbon 
chain. In both cases the motion of the two olefinic groups is restricted 
by the chain which should in some ways facilitate our study in the nickel 
complexation of the two double bonds.

Compound XXII was first synthesized by Muscio (n.d.) and Otton 
(nod.)* Muscio reacted cyanomethyltriphenylphosphonium chloride with 

potassium t-butoxide followed by the addition of glutaric dialdehyde. 

However9 this reaction could not be duplicated by Otton. Otton used a 
stronger base, sodium hydride, to react with the cyanomethy11iipheny1- 
phosphonium chloride followed by the addition of the dialdehyde. His 

best yield was 21%. In both cases, the intermediate ylid was made in 
situ. Actually the separate step of isolating the cyanomethylenetri- 

•phenylphosphorous ylid and then allowing it to react with glutaric 

dialdehyde offered a much better yield (58%) of the dinitrile XXII.

(i) t-BuO-K/t-BuOH

0„£=CHCN . + (CEL)

CHO

03P+CH2CN C1

NaH/ THE



42

(2) 0 P CH2CN Cl

03P=CHCN

+

/H,)

NaOH
CEO

-> 03p=chcn
CH=CHCN

(CH,),
z

>  ( ^ 3
CEO CE=CECN 

XXII
The new compound XXIII was synthesized by reacting cyanomethylene- 

triphenylphosphorous ylid with 5-hexenal. 5-hexenal was made in a two- 
step reaction. First, allyl magnesium bromide was allowed to react with 

acrolein to form 1,5-hexadien-3-ol (Butz, Butz and Gaddis, 1940). A 
[3,3]-sigmatropic shift of 1,5-hexadien-3-ol at 370°C transformed it to 

5-hexenal (Viola and Levassiur, 1965).

CE2=CECE2Br

C
1. Mg, ether \
2. CE2=CECE0/

370°C

74%

, CE=CE,
57%

CEO

03P=CECN + / CH=CE,

(CE2)3
CEO

( ^ 2)3

CE=CE,

CE=CECN
80%

XXIII

Several attempts have been made to complex the dinitrile XXII
with nickel carbonyl. Otton was able to isolate a yellowish solid whose

-1 -1ir spectrum showed a strongly split C=N at 2205 cm and 2235 cm . Chem

ical analysis of the solid showed roughly a 1:1 nickel:dinitrile complex.
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In the case with the mononitrile XXIII, the reaction with nickel 

carbonyl in ether turned black during reflux in several attempts• After 
work-up, no complex but the starting compound was isolated* The black 
color was due to the decomposition of nickel carbonyl to nickel metal„
No reaction occurred again when the two were mixed at room temperature 
and allowed to stand for seven days» Under UV irradiation for 48 hours, 
the 2+2 cycloaddition of XXIII was not observed. Further attempts should 
be made to run the same reaction of XXIII and nickel carbonyl neat.

Otton carried out his complexation of XXII in the absence of solvents. 

Thermocyclization of XXIII should also be attempted.

Experimental

Cyanomethylenetriphenylphosphorous ylid
33.75 g (0.10 mole) of cyanomethyltriphenylphosphonium chloride, 

made from triphenylphosphine and chloroacetonitrile, was dissolved in 

200 ml of water. Any undissolved particles were filtered off. To the 
filtrate, about 100 ml of a 1.0 N NaOH solution was added dropwise until 
the salt solution was neutral. It was extracted with 2-100 ml portions 
of chloroform and back-washed with a 100 ml saturated solution of KC1. 

After the extract was dried with MgSO^. and filtered, the solvent was 

rotary evaporated off. The yellowish solid left was recrystallized from 

150 ml of benzene. The product, 17<> 68 g (58.6%), was a white crystalline 

solid, mp 190.5-192.5°C.

ir (KBr): C=N, 2110 cm-1, s.



19 7-Dicyano-l9 6~heptadiene XXII
4*0 g (40 mmole) of freshly distilled glutaric dialdehyde in 20 ml

of distilled THE was slowly added to a solution of 26 g (86 mmole) of
cyanomethylenetriphosohorous ylido In 60 ml of THE9 the solution was

stirred and refluxed under nitrogen for 1-1/2 hours. The resulting brown

solution was cooled and then rotary evaporated to remove THE. The product
was extracted with 2-75 ml portions of petroleum ether. After evaporating

off the solvent, the residue was spinning band distilled. 3.2 g (58%) of

the product was light yellowish liquid, bp 92-108°C (0.07 mm).
nmr (CDC1 ) T: 8.06-8.60 (m,2H); 7.26-8.02 (m, 4H) ; 4.53, 4.71

(2s, 2H); 3.06-3.76 (m, 2H).
ir (neat): C-H, 2980 cnf1, s; CeN, 2205 cm-1, s.

anal, calcd. for C, 74.14; H, 7.34; N, 18.66.
Found: C, 73.94; H, 6.90; N, 19.16.

1,5-Hexadien-3-ol
10.20 g (0.42 mole) of magnesium turnings with 150 ml of anhydrous 

ether were added to a 2-1 flask with the presence of a few crystals of 

iodine. The reaction was initiated by grinding a few pieces of turnings

in a solution of 2 g allyl bromide and 50 ml of ether. When this solu

tion started to bubble, it was poured quickly in the flask and stirred 

vigorously. In a period of 4 hours, 27 g (0.23 mole) of allyl bromide 

in 600 ml of ether was slowly added. The solution was then refluxed 

gently under nitrogen for 30 minutes. 7.43 g (0.115 mole) of acrolein 

was added in another 30 minutes. Stirring was continued for 15 minutes 

after the addition of acrolein and the mixture was allowed to stand over
night. On the following day the mixture was decomposed in 1 kg of ice
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and water. Dilute sulfuric acid was added to dissolve the sludge. After 

drying the organic phase over MgSO^ and removing the solvent, the crude 

alcohol was short-path distilled at 45-65°C (25 mm). Spinning band dis
tillation gave 9.60 of a colorless liquid (74%) based on acrolein, bp 
68-75°C (53 mm).

nmr (CDCl ) T: 7.73 (t, 2H); 7.10 (s, 1H); 5.97 (q, 1H); 4.63-
5,10 (m, 4H); 3.82-4.56 (m, 2H).

ir (neat): 0-H, 3290 cm \  s; C-H, 2850 cm m; C=C, 1640 cm s.

5-Hexenal
A 60 cm Pyrex column packed with nichrome wire was heated by 

a Variac to 370°C. 5.0 g (50 mmole) of 1,5-hexadien-3-ol was distilled
at atmospheric pressure, bath temperature 138°C, 2.90 g (57%) of a color
less liquid was obtained.

nmr (CDCl.) T: 7.43-8.40 (m, 6H); 4.80-5.16 (m, 2H); 4.00-
. 4.53 (m, 1H); 0.23 (s, 1H).

ir (neat): aldehydic C-H, 2700 cm \  s; c=0, 1735 cm s;
C=C, 1635 cm-^ , m.

1-Cyano-l,6-heptadiene XXIII

57.72 g (0.19 mole) of cyanomethylenetriphenylphosphorous ylid 
was stirred with 125 ml distilled THF. The solution was heated to 45°C 

under nitrogen. 18 g (0.18 mole) of 5-hexenal in 30 ml of THF was added 

in an hour’s time, followed by refluxing for 30 more minutes. After 

cooling the THF was rotary evaporated off and petroleum ether was used 

to extract the product- Crude distillation yielded 18.5 g (80%) of an 
impure light yellowish liquid, bp 58-98°C (20 mm). It was redistilled 
on a spinning band, bp 88-92°C (20 mm).
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nmr (CDC1 ) T: 8.38, (q, 2H); 7.81 (quintet, 4H); 4.47-5.20,

(m, 2H); 3.90-4.43 (m, 1H); 3.0-3.57 (m, 1H).
—  1 — I __ "1ir (neat): C-H, 2890 cm , s; C=Nv 2215 cm , s; C=C, 1640 cm ,s.

anal, calcd. for CgH^N: C, 79.29; H, 9.15; N, 11.56.

Found: C, 79.34; H, 9.13; N, 11.68.
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