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ABSTRACT

In Part I, treatment of ■ endo-l,5-ciimethyl-2,3,6 ,7-pentapiienyl- 
2 4tricyclo [3 o2 olo0 5 ]-6-octen-8-one with potassium t^-butoxide in 

dimethyIsulfoxide (DMSO) resulted in the isolation of 3-methyl^l,2,3,^- 
tetraphenyl-l,3-cyclopentadiene and cis-2-methyl-3-phenylacrylic acido 

Similarly, treatment of endo-1 ,2,3,4,3,6 ,7-heptophenyltricyclo- 

[3o 2o1o0^’ -6-octen-8~one with potassium, jfc-butoxide in DMSO resulted in 
the isolation of 1,2,3,4,3-pentaphenylcyclopentadiene and cis-2 ,3- 
diphenylacrylic acido The structures of the products were confirmed by 
spectroscopy and independent synthesiso

The kinetics of the reaction were studied and the over-all 

energy of activation (E^) was calculated.from the Arrhenius plots for 

the two reactionso Termination of the reaction mixtures at shorter 
times yielded various bicyclic compounds e A proposed mechanism was 

presented which was consistent with the experimental results*
Other.carbonyl bridged compounds were also treated with 

potassium t-butoxide in DMSO and the results presented*
In Part II, the synthesis, of various electron-accepting mono

mers was. accomplished* Generally, the monomers are phenyl acrylates or 

methacrylates or styrenes containing.a polycyanoethylene moiety func
tioning as an electron-accepting unit * The electron-accepting monomers 

were copolymerized with N-vinylcarbazole, a good electron-donor, to pro

duce interesting charge-transfer copolymers* The ultraviolet and 

visible spectra in several solvents were reported* Certain solvents,

x



xi
such as- dimethylformamide 9 enhance charge-transfer interactions and 
other solvents, such as tetrahydrofuran, discourage charge-transfer 
formation in the copolymerso '

Many model systems were also investigated and the equilibrium 

constants and extinction coefficients of the complexes were reported.
The monomeric charge-transfer complexes were compared to the charge- 

transfer copolymers and various unique properties of the copolymers were 
noted*



PART I. CYCLOPROPYL ANIONS



INTRODUCTION

Cyclopropylorganometallic Compounds 

A carbonium ion, radical, or carbanion is chiral if the non- 

planar trisubstituted center is nonsuperimposable on its mirror image Jt*

R  c c--- R

R — -V R'

The barrier to inversion is also the barrier to racemization. The car

bonium ion, radical, or carbanion proceeds through a planar transition 

state^ as it inverts. The inverted specie 3̂ is then equivalent 
(superimposable) to the mirror image 4.

An initio calculations (Dewar and Shanshal 1969; Lewis 1969; 
Gordon and Fischer 1968) predict the geometry of a carbonium ion to be 

planar, most calculations also predict the radical to be planar, and 
most calculations predict the carbanion to be nonplanar. Studies of 

the reactivities of bridgehead carbonium ions, radicals, and carbanions 

(Fort and Schleyer 1966; Kawamura, Koyama, and Yonezawa 1973) suggest 
that carbonium ions have a strong preference for planarity, radicals 
exhibit a weak preference for planarity, and carbanions have a strong 

preference for nonplanarity. Chirality, therefore, is probably re

stricted to carbanionic centers.

2



3
Ab initio calculations by Clark and Armstrong (1969) on a cyclo- 

propyl carbanion predict nonplanarity and an inversion barrier of 2 0 .85  

kcal/mole. Dewar and Shanshal (1969) predict a nonplanar eyelopropyl 
radical to have a 4.8 kcal/mole energy barrier to inversion and a non

planar cyclopropyl carbanion to have a 3 6 .6 kcal/mole energy barrier to 
inversion.

The discovery of the configurational stability of cyclopropyl 
carbanions led to extensive studies into the stereochemical properties 
of cyclopropylorganometallic compounds.

Applequist and Peterson (1961) investigated the reactions of 

cis-2-methylcyclopropyllithium 5 and trans-2-methylcyclopropyllithium j6. 
Treatment o f 5̂ and ̂ w i t h  carbon dioxide yielded the corresponding cis-

2-methylcyclopropylcarboxylic acid ̂ 7 and trans-2-methylcyclopropylcar- 
boxylic acid JL Bromination of ̂5 and yielded a mixture of the cis 

and trans bromides, but the products arising from retention of con

figuration (5-»9 ; 6 —*-10) predominated.

9 5 7

i-PrLi
Me Br Li
H

C00H



Major Isomer

The lack of complete stereospecificity in the case of the 

bromination reaction was attributed to some free radical character in 

the bromination process.
Optically active l-bromo-l-methyl-2,2-diphenylcyclopropane 11 

was treated with n-butyllithium to study the configurational stability 
of the resulting cyclopropyllithium compound 12 (Walborsky and Impas- 

tato 1959; Walborsky, Impastato, and Young 1964). The lithio inter
mediate 12 was derivatized with methanol, bromine, iodine, and carbon 

dioxide. The products obtained indicated that the configuration was 
retained as well as optical activity.
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n-BuLi

,COOH

When the Grignard reagent 13 of optically active 1-bromo-l- 

methyl-2,2-diphenylcyclopropane 11 was prepared (Walborsky and Young 

1964) and carbonated, there was obtained an isomeric mixture of an acid 

lA and a hydrocarbon 13. Both products showed only 36# retention of 

configuration. The formation of the Grignard reagent was shown to lead 

to nonstereospecific products, presumably because of a free radical sur
face mechanism.
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11 Mg-MgBr2

13

Ph. Me
Ph' COOH

1.) CO,
Me\ 2 .) H50+ 
MgBr

14

COOH

13

Hydrogen-dueterium exchange reactions run by Walborsky, Youssef, 

and Motes (1962) on optically active l-cyano-2 ,2-diphenyIcyclopropane 1̂6 

in methanol-d indicated that the rate of exchange of protons for deu

teriums was much faster than the rate of racemization. The results are 
best explained by assuming that the intermediate cyclopropyl anion re

tains its asymmetry. This implied that an energy barrier existed be
tween the inverted form of the anion and that deuteration occurred 

faster than inversion. When ether was employed as the solvent, however, 

the nitrile 16 racemized very rapidly.
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slow

The Haller-Bauer cleavage of optically active 1-benzoyl-l- 
methy1-2 ,2-diphenylcyclopropane ]/? by sodium amide in toluene (Walbor- 

sky and Impastato 1962) produced optically active l-methyl-2 ,2-diphenyl- 
cyclopropane l8 . Under these conditions, the cleavage proceeded with 

complete retention of confirguration and optical purity. A carbanion 

intermediate has been suggested to account for the observed stereo

chemistry.
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17 18

MePh
Ph

NaNH,

toluene

Ph Me Ph Me
NHPh Ph

Ph

The reduction of optically active l-bromo-l-methyl-2,2-diphenyl- 

cyclopropane 11 with sodium in liquid ammonia leads to optically active 

1-methy1-2 ,2-diphenylcyclopropane 18 with over-all retention of con
figuration, 1 ,l-diphenyl-2-methylpropane 19,and 1 ,1-diphenylbutane 2̂ 0. 

The latter two products were reduction products of 18 in sodium in 
liquid ammonia.

(Ph) CHC(CH,)HCH

(Ph)2CHCH2CH2CH5



They were explained by the transfer of an electron to one of the phenyl 
rings to form the anion radical 21 which opens and is reduced to the 
dianion. The dianion is rapidly protonated by the solvent. The re
duction sequence is shown below.

H

Ph

18

Na/NH

MePhMeMe
PhPh

21

Ph
Ph

1.)

Ph
Ph

Ph Me
Ph,

During the reduction, no esr signal was observed. However, the pro

posed intermediate anion radical could have been reduced rapidly to the 
dianion, making the effective concentration of the anion radical unde
tectable (Walborsky, Johnson, and Pierce 1968; Walborsky and Pierce 
1968).

Dewar and Harris (1969) encountered similar configurational be

havior when they formed the lithio derivatives 23 and 24 from the
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corresponding bromides ̂  and 22. The lithio derivatives from the re

action of n.-butyllithium with 9 and j22 were treated with ethylene oxide 
and yielded compounds and ̂ 26 with complete retention of configura

tion. When the bromides 9 and 22 were treated with metallic lithium 
followed by ethylene oxide, only partial retention of configuration was 

observed.

n-BuLi

hoch2ch2

The mechanism involves two one electron transfers as shown below. The 
loss of configuration occurred with inversion of the radical interme

diate.

Li Li
R-X  >  R* + LiX  -------- >  R:”

Treatment of the exo 2? and endo 28 tricyclic compounds with 

potassium t-butoxide in t-butanol-d at 90° for four hours resulted in 

stercospecific exchange of the C-3 cyclopropyl hydrogen (Eberbach and 
Prinzbach 1969).
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27
R

R

p 1.) jfc-BuOD KOt-Bu R 
R --------- >

2.) H30+ R

D
R

R = -CO^Me

28
R

R R 2')

R

R

No ring opened compounds were observed, apparently because freely 

dissociated anions do not exist sufficiently long in this solvent 

medium.

Ring Opening Reactions of Cyclopropyl Carbanions 

Woodward and Hoffmann (1965) have predicted the thermal con

certed electrocyclic ring opening of a cyclopropyl carbanion to an 
allyl carbanion to occur in a conrotatory manner. Although many liter

ature examples have appeared concerning cyclopropyl carbanions and their 
subsequent stereospecific reactions with electrophiles, very few ex

amples of cyclopropyl carbanionic ring opening reactions have been 
shown to occur.

Wittig, Rautenstranch, and Wingler (1966) have shown that 

cyclopropyllithium compound 29 produced from the lithiation of the
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corresponding bromide and n-butyllithium opened in 24 hours at 100° to 

yield j50. At 0° in ether, however, no ring opening was observed. Car- 
banion 29 ring opens in a disrotatory manner, the symmetry disallowed 

made. The possibility of a cyclopropyl radical ring opening has not 
been excluded.

Li+

100#
hexane 
24 hours

Br

n-BuLi
Li

Boche, Martens, and Danzer (1969) generated the bicyclo anion 
j51 from the corresponding ether j52 in dg-TKF with potassium metal at 

-40°. The bicyclo anion 31 apparently underwent a conrotatory cyclo
propyl ring opening to yield the cyclononatetraenyl anion 33- A small 

amount (4#) of cyclononatetraenyl anion 34 was also observed probably 
due to either a Woodward-Hoffmann disallowed disrotatory ring opening 
or a nonconcerted ring opening. Anion J>3 was easily distinguished be

cause of the chemical shift (1 1 3.32) and triplet pattern of proton H^. 

Protons and were also distinguished by giving a broad doublet
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pattern at t 2.73- The other protons were located between t3»0 and t3-6. 
Cyclononatetraenyl anion 3^ gave a sharp singlet at t 2.87« The signal 
of is typical of a proton inside a delocalized aromatic ring current 

[for a review of aromaticity see Winstein (1967) and references cited 

therein] . At higher temperatures, carbanion 33 isomerizes to 3^.

32

K
OMe

31 33

34

H,

H,

Savage and Mulvaney (1971) discovered that treatment of trans- 
1,2,3-triphenyIcyclopropane 35 with n-butyllithium, TMEDA, and hexane 
yielded a mixture of cis-36 and trans-1 ,2 ,3-triphenyl-3-deuteriopropene 
37 after quenching with deuterium oxide. The stereochemistry of the 

ring opening of the cyclopropyl carbanion cannot be determined from the 
stereochemistry of the products. There are two different protons that 

could be abstracted from trans-1,2 ,3-triphenyIcyclopropane and the prod

ucts obtained are determined by which pro ton is abstracted. The two 
conrotatory modes of ring opening will also produce the cis and trans 

allyl carbanions, protonation of which will give a mixture of products.
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Ph

35
Ph

n-BuLi D2°
TMEDA 

H Hexane

Ph

Con. 1

Li

Con. 2
Ph Ph

36 (10#) + 37 (90#)

Ph

Ph
Con. 1

Li
Ph

Con. 2Ph

P h - <

Londrigan and Mulvaney (1972) investigated the ring opening of 
the tricyclooctene, and tricyclooctane, 3̂ 9, in potassium t-butoxide

and DMSO. The respective products of the reaction were 40 and 4l. The 

products formed indicate that the cyclopropyl carbanion formed apparent
ly ring opened in a disrotatory manner or nonconcertedly. Conrotatory 

ring opening could not have occurred with the molecular geometry in

volved. The product would have had a trans double bond and a phenyl



ring inside the molecular framework, 42, which is extremely unlikely.

J58 to 40 and 17.7 kcal/mole for the reaction of 39 to j+1. Tricyclo- 
octene, ^ 8 , could ring open to the supposedly bishomoaromatic carbanion, 

43. However, the only product formed was 40 indicating that a discrete 

localized carbanion was formed [for a review of homoaromaticity see 

Winstein (1969) ].

Kinetic studies indicated an of 2 3 .8 kcal/mole for the reaction of

38 -----------> H
Ph 2.) D20
-Ph

Ph 1.) KOt-Bu/DMSO

Ph
40

H Ph

H

Ph 2.) D20

-Ph

Ph 1.) KOt-Bu/DMSO

Ph

H. D. Martin (1974) has independently confirmed these results 

under slightly different reaction conditions and has observed the dis- 

rotatory ring opening, i.e., the symmetry-forbidden opening.
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Eberbach and Prinzbach (1969) have treated tetracyclic compound 

44,with strong base and obtained only 45 from the reaction mixture.
This apparently indicated discrete carbanion formation as opposed to a 
bishomoaromatic carbanion 46 which might be expected to yield a mixture 
of isomers on protonation.

R B"

45

46
R

R = CO Me

Huisgen and Eberhard (1972) have recently presented another 

example of a ring opening reaction of a cyclopropyl carbanion. When 

dimethyl l-methyl--3i3-diphenylcyclopropane-l,2-trans-dicarboxylate 4^ 
was treated with sodium hydride in dimethylformamide one equivalent of 

hydrogen was evolved and a solution of the allyl anion j+8 was produced. 

Protonation with methanolic hydrogen chloride yielded the olefinic 

diester 4^ in 70# yield. This system, however, could not give any in

formation on the steric course of the ring opening.

It was noted that to have a successful cyclopropyl carbanionic 

ring opening, the compound in question must be able to form the cyclo
propyl carbanion easily. The compound also must be able to accommodate 

the negative charge on the termini of the allylic carbanion. If no
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terminal delocalization or stabilization takes place, the cyclopropyl 
carbanion will probably not ring open. This accounts for the very few 
examples of cyclopropyl carbanionic ring openings in the literature.

CC> Me
CC> MeMe

NaH
CO MePh.DMF Ph

Ph

Newcomb and Ford (1973) have investigated the kinetics of the 
conrotatory ring opening of 50 versus the disrotatory ring opening of 

51. They found that the difference between the symmetry-allowed and 
symmetry-forbidden ring opening is at least AAG * of 5.7 kcal/mole.

If there were no symmetry control involved, compound 51 might be ex
pected to ring open faster than its analog Jg), since carbanion is a

weaker base than 53• However, carbanion 50 ring opens in a conrotatory 
4manner 1 .1 x 10 times faster than 5 1, which opened in a disrotatory 

manner.
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NC

Ph

CN

50

Ph
Ph

NC

O l O

51

52

53

Several isoelectronic cyclopropyl analogs have been shown to 

ring open in a conrotatory manner. In a series of elegant experiments, 

Huisgen, Scheer, and Huber (1967) have trapped the dipolar intermediates, 

56 and 5 7) resulting from the thermal conrotatory ring opening of 5^ and 

55 with dimethyl acetylenedicarboxylate to yield the stereospecific 

adducts 58 and 5 9, respectively.



54 cis 56 58 trans

con.
-> H

R = -C02CH^

Ar

H -. J _ - H
R

R
R

\ r
CIS
59

Stereoselective trapping of the l,3-diphenyl-2-azaallyl anion 

6l produced from cis-2 ,3-diphenyl-N-lithioaziridine 60 with trans- 
stilbene _in situ to yield the adducts 62 and jS3 on protonation (Kauff- 

mann, Habersaat, and Koppelmann 1972) also supports the conrotatory ring 

opening.



Li
H

Ph Ph

60

PhH

Ph H
:c=c;

Ph

V H

H
Ph's

H
Ph | H 

;X ,  Ph 
L'H

H Ph

H

Ph'

H

P h z K N X  H
Ph

-H
H Ph

62



RESULTS AND DISCUSSION

The interesting results of Londrigan and Mulvaney (1972) led to 

an investigation into the base catalyzed reactions of 1 ,5-dimethyl-2 ,3 , 
^,6 ,7-pentaphenyltricyclo[3 -2 .1 .0 2 ,Z+]-6-octen-8-one 64 and 1,2,3,4,5,6 , 
7-heptaphenyltricyclo [3-2.1.02’ ^]-6-octen-8-one j65. The base induced 
reactions of these compounds are unknown. If they reacted in potassium 
_t-butoxide and dimethyl sulfoxide as 2 ,3 ,4-triphenyltricyclo [3 .2.1 .0^’ 
-6-octene ^8 to ring open, one might expect an interesting bishomoaro- 

matic carbanion ̂ 66 to be formed. Carbanion would be symmetrically 

substituted and the products of protonation would have provided an in

teresting contrast to Winstein's (1969) unsubstituted bishomoaromatic 
carbanion 6 7.

0
II

Ph
PhPh Me
-Ph

64

KOt-Bu/DMSO

0

Ph Ph
PhPh

Ph

0

,PhPh
Ph

Ph Ph ‘Ph
-Ph

65

66,

Molecular orbital calculations by Winstein (1969) suggested the 

highest electron density of carbanion 67 would be on carbon C-2 or C-4.

21



And, indeed, on protonation over 96% of the product corresponded to 

these results 6̂ .

(

Brown and Occolowitz (1968) found 68 as the exclusive product of the 

protonation of bishomoaromatic carbanion 6 7. Tricyclooctene 38 
yielded only 40 on deuteration. The results indicated that a discrete 

carbanion and not a mixture of carbanions is the major, if not exclu

sive, product of the reaction. Apparently, tricyclic compound 40̂  is 

the thermodynamically stable product of the reaction.

KOt-Bu/DMSO 
Ph * Ph
Ph
Ph Ph

D2°

Another recently investigated and closely related reaction is 

the treatment of 2 ,4-diphenylbicyclo[3 .2 .1 ]-6-octen-3-one with strong 

base (Trimitsis et al. 1973)• The dicarbanionic form 6^ presumably 

forms the bishomoaromatic specie 70. Protonation yielded only the



23
starting material. The evidence for the bishomoaromaticity lies with 
the large (1.05 ppm) upfield shift of the vinyl protons H-6 and H-7 
relative to the starting ketons. There was a smaller downfield shift 

for protons H-l and H-5 (0.43 ppm) attributed to a deshielding ring 

current.

69 70
1. NaH/DMF

2. n-BuLi

H6 H5 Ph

Ph

Ph
h2°

The reaction of 1,5-dimethyl-213,4,6 ,7-pentaphenyltricyclo[ 3.2.
2 41.0. ’ ]-6-octen-8-one 64_ in potassium _t-butoxide and DMSO, however, 

yielded l-methyl-2,3 ,4,5-tetraphenyl-2 ,4-cyclopentadiene 71 in 75# 
yield and 2-methyl-3-phenylpropenoic acid 72 in 43# yield on protonation 

after 72 hours at 70°. Correspondingly, 1,2,3,4,5,6,7-heptaphenyl- 
tricyclo [3.2.1.0^’̂ ]-6-octen-8-one in potassium t-butoxide and DMSO 

yielded 1,2,3,4,5-pentaphenylcyclopentadiene T5 in 78# yield and 2 ,3- 
diphenylpropenoic acid 74_ in 20# yield on protonation after 72 hours at 
70°. The structures of the products were proven by comparison with 

authentic samples, the syntheses of which are described in the experi
mental section. This reaction represents an unusual molecular re
arrangement and fragmentation.
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Ph<
Ph

Ph Ph
Ph

1.) KOt-Bu

2.) H

HOOC

H / x Ph

64 R = Me

65 R = Ph

71

73

72 R = Me

74 R = Ph

The carbonyl bridge of 64 and^65 cleaves very rapidly under the 
conditions used (less than three minutes). Gassman and Zalar (1964) have 
shown the carbonyl cleavage of nortricyclanone ̂ 7 5 , occur in potassium 
jb-butoxide and DMSO to give bicyclo[3.1*0]hexane-3-carboxylic acid 7 6. 

Carbonyl cleavages under other conditions are well substantiated, e.g., 

the Haller-Bauer reaction.

75 - 0 KOt-Bu COOH

d^-DMSO
76

H

Compounds 72, 73, and 74 were synthesized via literature procedures and 

were identical to the products of the cleavage reactions of ̂ 64̂  and ̂6 5. 

Compound 71 was synthesized by the following scheme.
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Ph 1.) LAH/ether

a  2-) TsC1V  a

1.) MeMgl

2.) H30+ 71.

The physical properties of 71 are identical to those listed in the lit

erature for known 7 1.
When the reactions of or ̂ 65 in potassium _t-butoxide were 

terminated after 15 minutes, the corresponding bicyclo carboxylic acids, 
87d and 87e, were obtained and identified as the major products. If 
longer time (three to four hours) were used, the substituted cyclohepta- 

diene carboxylic acids, 88c and 88d, were isolated as the major product.

Me COOH

Me COOH

Ph COOH

Ph
Ph

■PhPh
Ph

88c

Ph COOH

Ph' Hi

88d

The spectroscopic study and isolation of the above products are 
consistent with the mechanism shown in Scheme I. The fact that STd^e 

and 88c,d are the acids, rather than the _t-butyTesters is consistent



26
Scheme I

R CO-B

64 or

65

88b

Ph Ph
Ph

DMSO Ph

i+

8?a

+H R CO-B

-H Ph

88a
Ph

-H

CO-B
V / PhPh Ph

Ph

-H +H
8Zb
+

,CO-B
Ph
Ph

Ph
R

Ph
87c

89b

Ph

CO-BR
Ph

Ph'
Ph

RXCS°H Ph
Hv z R

Ph' ^ H

CO-B

Ph
Ph Ph

R Ph

Ph

Ph

90

Ph

Ph

R v CO-B
+
Ph/ \ H
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with the previously cited work of Gassman and Zalar who suggested that 

the dimsyl anion attacks nucleophilically and the resulting.ester is 
readily hydrolyzed during work-up with water.

0II0 0 O-C-R
II I IR-C-R + CH = S - C H  $1 RH- +. CH -S=CH

2 3 | d ^
I H2°

R-COOH +
CH SOCH 3 3

Compound 8?d was identified by its nmr and ultraviolet absorp

tion characteristic of styryl unit. If the cleavage reaction was done 
in d^-DMSO (three minutes), the proton resonance due to the benzyl pro

ton disappears and the cyclopropyl resonance remains. Longer reaction 

times cause the cyclopropyl resonance to disappear due to exchange or 

ring opening reactions.
Compound 88e was identified by its cis-stilbenyl ultraviolet ab

sorption at 275 nm ( £= 7,440) and nmr data.
Compounds 885 and 88 .̂ were more difficult to identify. Of all 

the isomers of the cycloheptadiene carboxylic acid, 88c fits the nmr and
ultraviolet data best. The benzyl proton signals (singlets) are lo

cated at ?4.57 and t6.50. Compound j38c with both benzyl protons adja- - 
cent to carboxyl group should have signals very close to each other.

The ultraviolet data of 88d support the conjugated cyclohepta

diene carboxylic acid. In this case, the benzyl resonances (singlets 

t4 .9 7 and T5 .60) are close enough to indicate the conjugated diene form.
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Various tricyclooctenones have been studied to determine the

cyclopropyl bond participation in thermal decarbonylation reactions
(Battiste et al. 196?; Clarke and Johnson 1971). It was found that

7the endo isomer 77 decarbonylated at a rate 10 times faster than the 
exo isomer 78 due to the p orbital participation of the bent cyclopropyl 

bonds in stabilizing the transition state.

0

78

Tricyclooctanone 79 was shown to open to 4-cyclohexene-l-car- 

boxylic acid 80 in $0# sulfuric acid solution. It was felt that a con
certed ring opening occurred because of the stereospecificity of the 

opening if d^-sulfuric acid was employed (Battiste and Mackiernan 1972),

H .

H-O^OH

COOH

80

As control experiments the reactions of 6b and 65 were carried 
out in the absence of KOjt-Bu in DMSO at 70 C. for 72 hours and different 

results were obtained. Compound 64 was recovered intact, no reaction



had occurred. Compound 65 decarbonylated giving the corresponding hep- 
taphenyltropylidene in greater than 95% yield. A small amount of tetra- 
cyclone was identified resulting from a retrograde Diels-Alder reaction.

The possibility that this favorable cyclopropyl participation 
occurred in the carbanionic reaction of 64 and 65 was considered briefly. 

There are no literature examples to support a cyclopropylcarbinyl car

banionic ring opening under the conditions utilized. On the contrary, 

the literature examples support the view that this path is not followed.
The generation of a carbanion to a cyclopropyl group yielded 

some interesting results (Roberts and Mazur 1951; Silver et al. I960; 
Lansbury and Pattison 1965; Lansbury et al. 1964). It was found that 
an equilibrium exists between the closed chain 82, form and the open 
chain form.

-  v x
82

The metal counter ion exerts a large effect on the position of equilib

rium. If lithium or magnesium is the counter ion, the open chain form, 

8l, is preferred. If sodium or potassium is the counter ion, the closed 
chain form,82, is preferred. The potassium-carbon bond is ionic and the 

conjugated, cyclic form of the ion pair would be more stable than the 
nonconjugated, open form. However, the carbon-lithium or carbon- 

magnesium bonds possess enough covalent character to make the noncon

jugated, open form of the organometallic the more stable of the isomers.
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Acharya et al. (1969) treated (+)-sabinene 8^ with potassium 

_t-butoxide and DMSO and found (-)-a-thujene Sk as the major (91%) prod
uct. When (+)-sabinene 8^ was treated with ethylenediaminolithium 

(EDL), considerable amounts of p-cymene 85 were found. Its formation 
is thought to proceed through the ring opening of 86 and a subsequent 
hydride, loss to p-cymene.

KOt-Bu
DMS£Z

A

EDL

EDL
85

The route most likely taken in the tricyclooctenone reaction 

sequence (see Scheme I, page 25), therefore, is the cyclopropyl carban- 
ionic ring opening of the bicyclic compound,8 7, to yield the substi

tuted cycloheptadienyl carbanion, 88. The best route for the product 

formation from the cycloheptadienyl stage would be the disrotatory 
electrocyclization (symmetry allowed) to the bicyclic carbanion, 8 9, 

and its stepwise fragmentation to the products. Winstein claims to 

have isolated small amounts of bicyclo[3*2.0]-2-heptane jX) from the re

action of 1,4-cycloheptadiene 91 with strong base (Bates et al. 1969).

91
B H %
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Breslow and Chang (1963) may have encountered a similar mechanis

tic route when they treated 92 with excess potassium and found penta- 
phenylcyclopentadienyl anion and trans-stilbene as products. These 

authors hoped to generate 92a, a potentially aromatic 10rr electron sys
tem, but only the aforementioned products could be isolated, the protons 

on the stilbene having come from the solvent dimethoxyethane. Although 

Breslow and Chang did not suggest a mechanism, a reasonable reaction 
sequence would be the reduction of 92 to 92a, protonation from the sol

vent, formation of the cycloheptadienyl carbanion, electrocyclization of 
the carbanion, and fragmentation of the bicyclic intermediate to give 

the products. It is also quite similar to the reaction sequence pro
posed in Scheme I (see page 25) for the fragmentation of tricyclo- 
octenones 64 and 6 5.

92a

\

xs K

T
Ph PhPh PhPh Ph

Ph PhPh Ph
Ph PhPh Ph PhPh

Because the cyclopentadienyl anion products of the fragmentation

of tricyclooctenones 64 and 65 had a distinctive X the kinetics ofmax
the reaction were investigated. It could be possible to get a rough



quantitative view of the kinetics of the electrocyclization and fragmen

tation steps. To simplify the kinetics, an excess of base (potassium 
_t-butoxide), B , was used. Its concentration over the course of the 

reaction would thus remain essentially constant. Preliminary spectro

graph ic studies showed the initial carbonyl cleavage to 87a occurred 

very rapidly (two to three minutes quantitatively) so the kinetics of 

the reaction that were observed relate to the steps after the initial 
cleavage. The following reaction sequence with the appropriate rate 
constants was set up and the various steady-state approximations made as 
follows.
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The plots of the logarithms of the concentration of the product, 

9 1, as a function of time are linear, indicating that the reaction fol
lows first order or pseudo-first order kinetics under the conditions

• ■ ' 
given. ' The kinetic data are summarized in Tables I and II. The kinet
ics were observed also at other temperatures and an (energy of acti

vation) was obtained from the Arrhenius plots. For the transformation 

of 64 to 71 and 7 2, an E of 27.4 kcal/mole was found and for 65 to 73
and 74 an E of 29.4 kcal/mole was found./v/ a

The kinetics, equation has been simplified by not including the 
rate constants for the equilibrium of the carbanions with their protona- 

ted speciese Although the E^'s are higher than the.E^ Londrigan and 
Mulvaney found for the ring opening of 3 8,the E^'s found in this re
action may also be indicative of the cyclopropyl carbanionic ring open

ing or more likely a mathematical combination of the E^'s of the other 
reaction steps« The reaction sequence could not be broken down easily

to isolate any of the individual k or E values to locate the rate de-a
termining step* The information it does give is the rate of formation 
of the product at various temperatures and an overall E^ for the re

action sequenceo
The kinetics of the fragmentation were not pursued further, but 

instead the potential synthetic utility of the reaction of carbonyl 
bridged compounds in potassium t-butoxide and DMSO was investigated.

The Diels-Alder condensation of 2,3-dimethyl-3,4-diphenylcyclopenta- 

dienone and cyclopentadiene occurred readily to yield 93- When 93 was 

reacted in potassium t-butoxide and DMSO for several days, the substi

tuted indan 9.4 was found as the major products. If the reaction was



Table I. Kate Study, of l,$-dimethy 1-2,3,4,6,7-pen.tapheuyltricyclo-
[ 3 -2 ,l = 0^’4]_6-octen-8-one and Potassium _fc-butoxide in DM80.

3 0 .0

Temperature (°C) 
40.0 5 0 .0

k (sec "*") 1 .3 9 x 10“6 4.28 x 10~6 1.33 x 10*5

(kcal/mole) 27.4

B ] init <*«> -4
3 .3 3 x 10 ~z

[KOt-Bu] (M) 3 .3 3 x lO"^

ph..Table II. Rate Study of 1 ,2 ,3 ,4,5 ,6 ,7-heptaphenyltricyclo[3 -2 .1 .0 ’ ]- 
6-octen-8-one and Potassium _t-butoxide in DM80.

Temperature (°C)
3 0 .0 40.0 5 0 .0

k (sec-1) 9 .0  x 10-7 4.1? x 10-6 1 .6l x 10~^
E (kcal/mole) 29*4

-4
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terminated after a few minutes, the bicyclic acid 95 was found in quanti
tative yield. Apparently, after the carbonyl bridge cleavage occurred, 
the double bond migrated to the six-membered ring. Aromatization then 

occurred on protonation of the reaction mixture and an equivalent of car
bon monoxide was evolved.

0 Me
1.) KOt-Bu/DMSO PhPh

PhPh Me
MeMe CO-B -COH COOH CO-B Ph

95 Ph
Ph'Ph

Me Me

Woodward and Houk (1970) reported the synthesis of 96 by the 

Diels-Alder condensation of 2,5-dimethy1-3,4-diphenyIcyclopentadienone 

with cycloheptatriene. This would have been an interesting compound to 

react with potassium t_-butoxide in DMSO since it has the potential to 

form 97, a bishomoaromatic dianion. However, repeated attempts to syn

thesize 96 failed.

0

96

Me
PhPh

DMSO Ph'Ph ''lie

97.
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Compound 64 was reduced with lithium aluminum hydride in ether 

to the corresponding alcohol, endo-1 ,5-dimethyl-2 ,3,4,6,7-pentaphenyl- 

tricyclo [3.2.1.0^’̂ ]-6-octen-8-ol 98. The reaction of 9§, in potassium 
_t-butoxide and DMSO was run to observe the effect of the disappearance 

of the ketone moiety on the course of the reaction. The only product 
isolated was 1 ,5-dimethy1-2 ,^4,6,7-pentaphenyltricyclo[3 •2 .1.0^’̂ ] -2- 
octen-8-ol, 99j which is analogous to product 40 obtained from ̂ 8 under 

the same reaction conditions. The product, 99, was presumably formed 
from the abstraction of the cyclopropyl proton and the subsequent ring 

opening to carbanion 100, which then formed 101. The cis-stilbenyl un

saturation was manifested in the ultraviolet spectrum by a X at 270max
nm (e = 4,100).

0

MePh
Ph

f—  Ph
:)Lph
LAE/ether

HO KOt-Bu DMSO xz H
Me Me98 PhPh

Ph Ph Ph PhMe
-Ph

HO

Ph
Ph

Ph Me Ph

101

Ph'
Ph

Me100 Ph

Even carbonyl bridged bicyclic compounds react with potassium 

_fc-butoxide in DMSO to form a mixture of cyclohexene-l-carboxylic acids. 

If 1,2,3,4,5-pentaphenyl[2.2.l]-2-hepten-7-one 102 and potassium _fc- 

butoxide in DMSO were reacted together, some of the known acid,



l,2,3»^,5-pentaphenyl-2-cyclohexene-l-carboxylic acid, 10J) (Allen, Van- 
Alien, and Jones 1946), was isolated along with a mixture of other iso
mers. In the case of 1,4-dimethy1-2 ,3,5-triphenylbicyclo[2 .2.1] -2-hep- 
ten-7-one, 104, a mixture of acids was found, but they were not 

separated and isolated in sufficient yield to be characterized.
0

Compound 105 was reacted with potassium _b-butoxide in DMSO 

under the same conditions with the hope of generating delocalized car-

Ph v , COOH

DMSO

0w

103

Ph DMSO
Mixture of acids

banions 106 and 107. Upon protonation a mixture of acids was formed 
which was not further characterized.

DMSO

B

Ph

Ph
Me



In conclusion, an investigation of the reaction of potassium _t- 

butoxide in DM80 on 1 ,5-dimethyl-2 ,3,4,6,7-pentaphenyltricyclo[3 - 2 .1.0^’ 

^]-6-octen-8-one 64 and l,2,3,4,5,6,7-heptaphenyltricyclo[3°2.1.0^'^]- 

6-octen-8-one 6̂  has led to the discovery of an unusual molecular re
arrangement and fragmentation reaction. The reaction was studied to 
learn the intermediates and to determine the mechanism. The kinetics of 
the reaction were studied, but failed to give any particular information 
about any individual steps in the reaction sequence. When the same re

action conditions were applied to other bridged carbonyl compounds, 

cleavage of the carbonyl occurred with subsequent double bond isomeri- 
zations.

By selection of the proper substituents of a tricyclooctenone, 

one might be able to construct a wide variety of cyclopentadienes, pro- 

penoic acids, and other intermediates. It is also known that iron (II) 
chloride reacts in DM80 with the cyclopentadienyl carbanioh to yield bis 

(cyclopentadienyl) iron. Addition of anhydrous iron chloride at the end 
of the reaction time might produce a series of new substituted ferro- 
cenes.



EXPERIMENTAL

Melting points were determined on a Fisher-Johns melting point 

apparatus and are uncorrected. Nuclear magnetic resonance (nmr) spectra 
were determined on a Varian A-6 0 spectrometer at 60 MHz using tetra- 
methylsilane as an internal standard. Either a Perkin-Elmer Infracord 

or Perkin-Elmer model 337 was used to determine infrared spectra. Ul
traviolet spectra were obtained from a Cary 14 model spectrometer.

Carbon and hydrogen microanalyses were performed by Huffmann 
Laboratories, Inc., Wheatridge, Colorado. Molecular weight data were 
obtained using a Hitachi-Perkin-Elmer RHU-6E mass spectrometer.

Mallinckrodt anhydrous reagent grade ether was used without 

further purification. Reagent grade benzene and toluene were refluxed 

over sodium metal 24 hours prior to final distillation and stored over 
4A molecular sieves. Reagent grade dimethyl sulfoxide (DM80) was re

fluxed over.calcium hydride three hours prior to final distillation at 
reduced pressure and stored over 4A molecular sieves.

Matheson, Coleman, and Bell practical grade potassium t-butoxide 

was used without further purification.
Deuterium oxide (99->8 atom % deuterium) and d^-dimethyl sulf

oxide (99-5 atom °/o deuterium) were obtained from Stohler Isotope Chem
icals.

All other solvents or reagents were used without further puri

fication.
39
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1 ,2 ,5-1riphenylcyclopropene 

This compound was prepared in yield according to the pro

cedure of Breslow and Dowd (1963) with the exception tha.t elution 
chromatography of the crude 1 ,2 ,3-triphenylcyclopropene was not neces

sary. The compound was identified by its mass spectrum, nmr, and melt
ing point.

2 ,5-Dimethyl-3,4-diphenylcyclopentadienone Dimer 
This compound was prepared in 12% yield according to the pro

cedure of Allen and VanAllen (1950) and identified by its nmr, ir, and 
melting point.

2,3,4,3-Tetraphenylcyclo- 
pentadienone (Tetracyclone)

This compound was prepared in 85% yield according to the pro

cedure of Allen and VanAllen (1950) and identified by its ir and melting
point.

' 8 ,6-Piphenylfulvene 

This compound was prepared in 65% yield according to the pro

cedure of Wagner and Hunt (l9$l) and identified by its ir and melting
point.

endo-1, 5-Dimethyl-2 ,3 )4,6 ,7-pentaphenyl-
 — ------ ;---T T ~ ---- ------------"
tricyclo,r3 -2.1 .0 ’ l-6-octen-8-one ̂ 4.

This compound was prepared in 93% yield according to the pro

cedure of Anderson and Hassner (1971) and identified by its ig nmr, 

mass spectra, and melting point.
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endo-l,2,3,4,5)6,7-Heptaphenyl-

o Lltricyclo [3o2olo0 ’ ]-6-octen-8-one 65

This compound was prepared in 85% yield according to the pro
cedure of Battiste (1961) and identified by its ir, nmr, and mass spec
trum.

endo-l,7-Dimethyl-8 ,9-diphenyltricyclo

[5 .2 ,1 .0 ’ ]-4,8-decadien-10-one 93

This compound was prepared in 87% yield according to the pro
cedure of Houk (1970) and identified by its ir, nmr, and melting point.

1 ,4-Dimethyl-2 ,3,5-triphenylbicyclo
[2 .2 .1]-2-hepten-7-one 104

This compound was prepared in 90% yield according to the pro
cedure of Allen and VanAllen (1942) and identified by its ir and melting 
point.

1 ,2,3)4,5-Pentaphenylbicyclo
[2.2 .1]-2-hepten-7-one 102

This compound was prepared in 92% yield according to the pro

cedure of Allen and VanAllen (1943) and identified by its ir, nmr, and 
melting point.

endo-l,5-Dimethy1-2,3)4,6,7-penta-

phenyltricyclo [3 .2 .1 .0 ? ]-6-octen-8-one 
^Tand Potassium Jt-butoxide in DMS0

Potassium jb-butoxide (0 o500 g, 0.0046 mol) was added to a solu

tion of 64 (0 .3 2 8 g, 0.0010 mol) in DM80 (15 ml) with stirring under



nitrogen. The deep blue reaction mixture was stirred, for 72 hours at 

70°o The reaction mixture was then poured into 100 ml of water and ex
tracted three times with ether. The aqueous solution was acidified with 

dilute hydrochloric acid and extracted three more times with ether. The 
first set of ether extracts were combined and* dried over sodium sulfate. 
Removal of the solvent and recrystallization of the resulting solid from 

95% e.thanol afforded 0 .2 8 8 g (.75%) of l-methyl-2,^,4,$-tetraphenyl-2,4- 
cyclopentadiene 71  ̂ melting point 182 - 183°. The product's ir and nmr 
spectra were identical to an authentic sample and a mixed melting point 
gave no depression.• The second set of ether extracts were also combined 
and dried over sodium sulfate. Removal of the solvent and recrystalli

zation from 95%> ethanol afforded O.O69 g (k5%) of cis-2-methyl-3-phenyl- 
acrylic acid 72, melting point 8l - 82°. The product's ir and nmr 

spectra were identical to an authentic sample and a mixed melting point 
gave no depression.

P b-endo-1 , 2,'3,4,3 ,6 ,7-Heptaphenyltricyclo[5 .2 .1 .0  ’ ] -
6-octen-8-one. .6 -̂ arid Potassium't_-Butoxide in DM80

Potassium _t-butoxide (0.51Q g 0.0046 mol) was added to a solu
tion of 6^ (0 .6 5 2 g, 0 .0 0 1 0 mol) in DM80 (15 ml) with stirring under 

nitrogen. The deep blue reaction mixture was stirred at 70° for 72 

hours. The reaction mixture was poured into 100 ml of water and ex

tracted three times with ether. The combined ether extracts were dried 

over sodium sulfate. Removal of the solvent and recrystallization from 

95%> ethanol/benzene afforded 0.348 g (78%) of 1 ,2,3,4,5-pentaphenyl- 

cyclopentadiene 73, melting point 253 - 255°. The products ir and nmr



were identical to an authentic sample and a mixed melting point gave no 

depressiono The aqueous mixture was acidified with dilute hydrochloric. 
acid and extracted three times with ether* The combined extracts were 

dried over sodium sulfate* Removal of the solvent and recrystallization 

from 95$ ethanol afforded 0 *0^3 g (20%) of cis-2 ,3~diphenylacrylic acid 
Tjbj melting point 172 — 175°* The product's ir and nmr spectra were 
identical to an authentic and a mixed melting point gave no depression*

l-Methyl-2,3,4,5-tetraphenyl-2,4-cyclopentadiene Ĵ l,

To 2*00 g (0*0052 mol) of tetracyclone in 80 ml of ether was 
added 1*00 g (0*0264 mol) lithium aluminum hydride with stirring under 

nitrogen* The solution was stirred for 24 hours at room temperature*
The reaction mixture was worked up successively with ethyl acetate, ab

solute ethanol, and finally excess water* Dilute hydrochloric acid was 
added to acidify the solution* The mixture was extracted two times with 

ether and the combined extracts dried over sodium sulfate* The solvent 
was removed and the resulting alcohol recrystallized from benzene/ 

hexane yielding 1*80 g (90$) of l-hydroxy-2 ,3 ,4,5-tetraphenyl-2 ,4-cyclo- 

pentadiene, melting point 150 - 1510.. ■

To 1*10 g (0*00285 mol) of l-hydroxy-2,3,4,5-tetrapheny1-2,4- 
cyclopentadiene in 25 ml of benzene was added 0*540 g (0*00285 mol) of 

jo-toluenesulfonyl chloride* The mixture was stirred at room temperature 

and 3 ml (0*0373 mol) of pyridine added slowly* The reaction mixture 

was stirred for one hour and then the solvent was removed* The re

sulting solid tosylate ester was recrystallized from cyclohexane
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yielding 1 .2 0 g (75%) of 2,3,4,5-tetraphenyl-2,4-cyclopentadiene-l- 
tosylate, melting point 164 - 165°.

• To 0.24 g (0 .0 1 0 mol) of magnesium turnings in 20 ml of ether 

was added 1.4l g of methyl iodide (0 .0 1 0 mol) with stirring under nitro

gen. The exothermic Grignard reaction proceeded smoothly until almost 

all of the magnesium was consumed. At this point, 0.25 g (0.0048 mol) 

of 2,3)4,5-tetraphenyl-2,4-cyclopentadiene~l-tosylate in 20 ml of ether 

was added slowly and allowed to react one hour after completion of the. 

addition. The reaction mixture was worked up with dilute hydrochloric 
acid and extracted two times with ether. The combined ether extracts 
were dried over sodium sulfate. Evaporation of the solvent left a 
brown solid, that was recrystallized from 95% ethanol/benzene and yielded 
0 .0 3 0 g (l6%, 0 .00078 mol) of 1-methy1-2 ,3,4,5-tetrapheny1-2 ,4-cyclopen- 

tadiene 7 1, melting point 183-5 - 184°.

trans-2-Methyl-3-phenylacrylic Acid 72

This compound was prepared in 52% yield according to the pro
cedure of Cohen and Whiteley (1901) and identified by its nmr and melt

ing point.

1,2,3,4,5-Pentaphenylcyclopentadiene 73

This compound was prepared in 6l% yield according to the pro
cedure of Rio and Sanz (1966) and identified by its nmr and melting 
point.



cds--2 j 3-Diphenylacrylic Acid 7^

This compound was prepared in 52% yield according to the pro

cedure of Buckles and Bremmer (1965) and identified by its nmr and melt
ing pointc

1 ,2 ,5 ,4,5 ,6 ,7-Heptaphenylbicyclo[ 4.1.0]- , 
4-hepten-2-carboxylic Acid 87e

To 0o510 g (4o56 mmol) of potassium _t-butoxide in 15 ml of DM80 
was added 0.652 g (l.OO mmol) of 65 under nitrogen with stirring. The 

dark blue reaction solution was heated at 70° for 15 minutes and the 
reaction mixture was poured into 100 ml of water. The aqueous solution 

was acidified with dilute hydrochloric acid and extracted three times 
with ether. The combined ether extracts were dried over sodium sulfate. 
The solvent was removed and the resulting solid recrystallized from 100% 
ethanol yielding 0.295 (44%) of 1 ,2 ,3 ,4 ,5 ,6 ,7-heptaphenyIbicyclo[4.1.0] 

-4-hepten-2-carboxylic acid S^e, melting point 370° (sub). The ultra

violet spectrum (THF) had m̂ax at 245 nm (e == 20,400) and 275s( £ =

7)440). The nmr spectrum (CDCl^) showed peaks centered at t3»00 (mul- 

tiplet, 35H) assigned to the aromatic protons; t6c17 (singlet, 1H) 

assigned to the benzyl proton; t6»43 assigned to the cyclopropyl pro
ton; T-2.00 (singlet, 1H) assigned to the carboxylic acid proton. ' The 
ir spectrum (KBr pellet) showed a carboxylic acid carbonyl stretch at 

I7IO cm. ^ and a broad -CH stretch at 3500 cm \
Anal. Calcd. for C^H^gO^ 1 C, 89-54; H, 5-6 8; 0 , 4.78; mol. wt. 

670.
Found: C, 89-72; H, 5-90; mol. wt. (mass spectrum) 6 7 0.
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When the reaction was carried out under the same conditions in 

dg-DMSO,. there was obtained 0 .60$ g (90%) and the low field signal at 

6ol7 due to the benzylic proton at C-3 was absent in the nmr«' .

2,9-Dimethyl-l,3,4,6,7-pentaphenylbicyclo 
[4oloO]-4-heptene-2~carboxylic Acid 87d

To 0o510 g (4o56 mmol) of potassium_t-butoxide in 15 ml of DMSO 
was added 0.528 g (l.OO mmol) of ̂ 64, under nitrogen with stirring. The 

dark blue solution was heated at 70° for 15 minutes and the reaction 
mixture was poured into 100 ml of water. The aqueous solution was 
acidified with dilute hydrochloric acid and extracted three times with 
ether. The combined ether extracts were dried over sodium sulfate. The 

solvent was removed and the resulting solid recrystallized from chloro

form yielding 0.490 g (90%) of colorless needles of 2,5-dimethyl-l,3,4,
6 ,7-pentaphenylbicyclo.[4.1 .0 ]~4~heptene^2-carboxylic acid S^d, melting 

point 278 -- 280°. The ultraviolet spectrum (dioxane) had Amax at 217 

nm ( e = 9,200) and 254 (s) ( e = 1,950). The nmr spectrum (CDCl^) 
showed peaks centered at t3.00 (multiplet, 25H) assigned to the aromatic 

protons; t 4.82 (singlet, IE) assigned to the benzyl proton; T 5°30  

(singlet, IE) assigned to the cyclopropyl proton; t 8.46 (singlet, 3E) 

assigned to the allylic methyl protons; T9.27 (singlet, 3E) assigned to
the tertiary methyl protons; t -2.10 (singlet, IE) assigned to the car- 

boxylic acid proton. The ir spectrum (KBr. pellet) showed a carboxylic 

acid carbonyl stretch at 1700 cm ^ and a broad -0E stretch at 3500 cm 

Anal. Calcdo for O^E^O^: C, 8 7.90; E, 623; mol. wt. 546.

Found: C, 87.84; E, 6.27; mol. wt. (mass spectrum) 546.
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When the reaction was carried out under the same'conditions in 

dg-DMSO, there was obtained 0.480 g (88%) and the low field signal at t 

4.82 due to the benzylic proton at C-3 was absent in the nmr.

Rate Studies of Reaction of endo-1 ,3-Dimethyl-2 ,3,4,6,
: . ■ ' 2 4 ' ■

7-pentaphenyl-tricyclo[3 .2 .1 .0  V ]-6-octen-8-one 64
and Potassium _t-Butoxide in DMSO

A 3 .0 0 ml solution containing 0 .000530 g (1 .0x10 ^ mmol) of jS4
-1  ' ? and 0.0112 g (1.0x10 mmol) of potassium t_-butoxide in DMSO was pre

pared in a dried cuvette. The cuvette was placed in a constant temper

ature bath (30°, 40°, or 50°). The visible absorbance spectrum was 

taken at the desired time intervals noting particularly the absorbance 
at 370 nm which is characteristic of the 1-methyl-2 ,3,4,5-tetraphenyl- 

cyclopentadienyl anion. . It should be noted that at this wavelength 
Beer's law is obeyed and 6>4 showed no absorption. The data are listed 

in Table I. The energy of activation calculated from the Arrhenius 
plot is summarized also in Table I.

Rate Studies of Reaction of endo-1,2,354,5,6,7-Hepta-
. phenyltricyclo[3 -2 .1 .0 ’ ]-6-octen-8-one 65 

and Potassium t-Butoxide in DMSO

The same technique and concentrations as above were used. . The 

amount of product was determined by measuring the absorbance at 340 nm. - 
Data may be found in Table II.
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endo~l,7-Dimethyl- 8 ,9-diphenyltricyclo[5o2o1 o0^9^]-3 ̂8- 
decadien-10-one 93 and Potassium t-Butoxide in DMSO

To 0o510. g (4.3>6 mmol) of potassium jt-butoxide in 15 ml of DMSO 
was added 0.326 g (l.OO mmol) of 93? under nitrogen with stirring. The 
solution was heated to 70° for five minutes and the reaction mixture was 
poured into 100 ml of water. The aqueous solution was acidified with 

dilute hydrochloric acid and extracted three times with ether. The com

bined ether extracts were dried over sodium sulfate. The solvent was 

removed and the resulting solid recrystallized from 100$ ethanol yield

ing 0 .3 2 0 g (93$) of 2 ,5-dimethyl-3 ?4-diphenylbicyclo [4.3.0]-4,7- 
nonadiene-2-carboxylic acid 95? melting point ,188 - 189°« The -runr
spectrum (CDCl^) showed peaks centered at t 2,97 (multiplet, 10H) 

assigned to the aromatic protons; t 4.00 and t 4.40 (multiplets., 2H)
assigned to the vinyl protons; t 5-73 (singlet, 1H) assigned to the

benzylic proton; t 6.6 5 ,(multiplet, 2H) assigned to the bridge protons; 

r 7»93 (multiplet, 2H) assigned to the allyllic protons; t 8.33 (sin
glet, 3H) assigned to the allyllic methyl protons; t 8 .6 7 (singlet, 3H) 

assigned to the tertiary methyl protons; t 0.00 (broad singlet, IE)

assigned to the carboxylic acid proton. The ir spectrum (KBr pellet)
showed a carboxylic acid carbonyl stretch at 1700 cm  ̂and a broad OH

-1stretch at 3500 cm

Anal. Calcd. for ^24^24^2^ 8 3,6 8; H, 7.00; mol. wt. 3^4.
Found: C, 8 3.5 6; H, 7.19; mol. wt. (mass spectrum) 3^4.

When the reaction was allowed to continue for 48 hours and then 

worked up, 0.244 g (82$) of 1,4-dimethyl-2 ,3-diphenylindan, melting 

point 137 - 138°.. was obtained. The nmr spectrum (CCl^) showed peaks
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centered at x3«10.(multiplet, 10H) assigned to the aromatic protons; t 

7ol0 (triplet, 4H); assigned to the a-indan protons; t7-90 (quintet, 2H) 

assigned to the g-indan protons; t 8<,10 (singlet,; 6H) assigned to the
benzyl protons. The ir spectrum showed no carbonyl stretch or -OH 
stretch absorptions.

Anal. Calcd. for c23^2 2" 92.60; H, 7.40; mol. wt. 298.
Found: C, 92.87; H, 7*21; mol. wt. (mass spectrum) 298-

Lithium Aluminum Hydride Reduction of endo-1,3-
— —  —  ̂ " p h

Dimethyl-2,3,4,6,7-pentaphenyltricyclo[3 .2 .1 .0  9 ]- 
. 6-octen-8-onej64 in'Ether

To I.O56 g (2 .0 0 mmol) of ̂ 64 in 10 ml of ether was added 0 .0 5 0 g 

Cl. 50 mmol) of lithium aluminum hydride under nitrogen with stirring.
The reaction mixture was stirred at room temperature for 24 hours and 

worked up successively with ethyl acetate, 100% ethanol, and water. The 

resulting solution was extracted three times with ether and the combined 

ether extracts dried over sodium sulfate. The solvent was removed and 
the solid residue was recrystallized from ethanol/benzene yielding

O.6IO g (60%) of endo-1 ,5-dimethyl-2 ,3 ?4,6 ,7-pentaphenyltricyclo[3 »2 .1 . 

0^’̂ ]-6-octen-8-ol, - melting point 234 - 235°. The nmr spectrum (CCl^) 
showed peaks centered at t 3 „00 (multiplet, 25H) assigned to the aro

matic protons; t6-27 (doublet, 1H) assigned to the bridge proton; T 

6 ,9 0 (singlet, 1H), assigned to the cyclopropyl proton; ?7.80 (doublet, 
IH) assigned to the hydroxyl proton; T 9 .2O (singlet, 6H) assigned to
the tertiary methyl protons. The ir spectrum (KBr pellet) showed a

-1broad -OH stretching at 3500.cm and no carbonyl absorption. The
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-1broad -OH stretching at 3500 cm and no carbonyl absorption. The 

ultraviolet gave a shoulder at 275 nm ( e = 1 0,100).
Anal. Calcd. for C ^ H ^ O : C, 90.58;. H, .6.42; mol. wt. 530.

Found: C, 90.69; H, 6.6 6; mol. wt. (Mass spectrum) 530.

endo-1 ,5-Dimethy1-2 ,3,4,6,7-pentaphenyl-
p ZT " 'tricyclo[3 «>2 ole0 ’ l-6-octen-9-ol and 

Potassium t_~Butoxide in DMSO

To 0o510 g (4*36 mmol) of potassium t_-butoxide in 15 ml of DMSO 

was added 0 .5 3 0 g (l.OO mmol) of ̂ 8 with stirring under nitrogen. The 
deep red reaction mixture was heated to 70° for two hours and poured 

into 100 ml of water. The solution was acidified with saturated ammo

nium chloride solution and extracted three times with ether. The com

bined ether extracts were dried over sodium sulfate. The solvent was 

removed and the solid recrystallized from 100% ethanol yielding 0 .2 3 g 
(44%) of l,5-dimethyl-2,3,4,6,7-pentaphenyltricyclo[3.2.1.0^'^ -2- . 

octen-8-ol 9 8, melting point 285 - 287°o . The nmr spectrum (CDCl^) 
showed peaks centered at t 3 .0 0 (multiplet, 25H) assigned to the aro

matic protons; T5 .9O (singlet,. 1H) assigned to the bridge proton; t 

7.87 (singlet, IE) assigned to the hydroxyl proton; T 6.73 (singlet, IE) 
assigned to the benzyl proton; t 8.40 (singlet, 3E) assigned to the cy- 

clopropyl methyl protons; t 8 .9 1 (singlet, 3H) assigned to the tertiary 

methyl protons. The ir spectrum (KBr pellet) showed a broad -OH 
stretching at 3500 cm ^ and an overall pattern different from the 

starting material. The ultraviolet spectrum showed a shoulder at 270 

nm ( & = 4,100).
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Analo Calcde for C^H^O: C, 90»5 8; H, 6*42; 0 , 3 -0 0; mol. wt. 530»
Founds C, 90.62; H, 6.63; mol. wt. (mass spectrum) 530. '

Attempted Diels-Alder Condensation- of 2 ,5-Dimethyl-
3 ,4-diphen,ylcyclopentadienone and Cycloheptatriene

The procedure of Woodward and Houk (1970) was followed in an

attempt to obtain the Diels-Alder adduct of 2,5-dimethyl-334-diphenyl-

cyclopentadienone and cycloheptatriene, however, none of the adduct was
isolated. •

Diels-Alder Condensation of 6 ,6-Diphenylfulvene 
and 2 ,5-Diniethyl-3 34-diphenylcyclopentadienone

To 2.60 g (loOO mmol) of 2,5-dimethyl-3,4-diphenyIcyclopenta-

dienone dimer in 20 ml of refluxing toluene was added 2.30 g (l.OO mmol)
•  i  .  .  ‘  ‘

of 6 ,6-diphenylfulvene with stirring under nitrogen. The reaction was 

heated for two hours and cooled. The solvent was removed and the solid 

residue recrystallized from ethanol/benzene yielding 2 .1 6 g (44%) of 

the Diels-Alder adduct, melting point 205 - 206°. This compound was 

identified by its ir, nmr, and melting point.

1 ,2 ,3,4,5-Fentapheny1 [2 .2 .1]-2-hepten-
7-one 102 and Potassium t^-Butoxide in DM80

To 0.244 g (0 .5 0 0 mmol) of 102 in 8 ml of DM80 was added 0 .1 1 2  

g (l.OO mmol) of potassium t-butoxide with stirring under nitrogen.

The reaction mixture was stirred for 15 minutes and poured into 50 ml of 

water. The solution was acidified with dilute hydrochloric acid. The 
resulting precipitate was collected, dried, and recrystallized from 95%
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ethanol yielding 0.148 g (58%) of isomeric 1,2,3v4,5-pentaphenylcyclo- 
hexene-l-carboxylic acids, melting point 142 - 148°. These acids were 

dissolved in ether/benzene (is2, vsv) and eluted on a neutral alumina 
column (250 g). The 1,2,3,4,5-pentaphenyl-2-cyclohexene-l-carboxylic 
acid isomer was isolated in O.O56 g (23%) yield and was identified by 
its ir, nmr, and melting point. A mixed melting point with an authentic 

sample (Allen et. al. ,1946) , gave no depression. Ah ir of the "mixture ' 

of acids showed no strained' carbonyl stretching (1773 cm-f). absorption- 
in the near ir. ,

l,2,3,4,5-Pentaphenyl-2-cyclohexene- 
1-carboxylic acid 10J

This compound was prepared in 2&% yield according to the pro

cedure of Allen et al. (1946) and identified by its ir, nmr, and melting 
point.

l,4-Dimethyl-2,3,5-triphenylbicyclo[2.2.11 - 
2-hepten-7r-one 104 and Potassium t-Butoxide in DM80

To 0.182 g (0 .5 0 0 mmol) of 104 in 8 ml of DM80 was added 0.112 

g (l.OO mmol) of potassium _t-butoxide with stirring under nitrogen. The 

reaction mixture was stirred for 15 minutes and poured into 50 ml of 
water. The solution was acidified with dilute hydrochloric acid. The 

resulting precipitate was collected, dried, and recrystallized from 95% 

ethanol yielding 0 .1 0 5 g (55%) of isomeric 1 ,4-dimethy1-2 ,3 ,5-tripheny1- 

cyclohexene-l-carboxylic acids, melting point 95 - 105°. Efforts to . 
recrystallize or chromatograph these isomers into the constituent acids 

failed. An ir spectrum (KBr pellet) showed no strained carbonyl stretch
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.(1773 cm and did show a carhoxylic acid carbonyl stretch at 1700

-1Cm e

Analc Calcde for ^27^26^2 ’ 84.8l; H, 6.8l; 0, 8 .3 8 ; mol wt. 3 8 2.
Founds C, 84.67; 6 .7 8; mol. wt. (mass spectrum) 382.

1,4-Dimethy1-2,3,3,6 ,7-pentaphenyl-3 ?3-
cycloheptadiene-l-carboxylic Acid 88c

To 0.510 g (4.56 mmol) of potassium jfc-butoxide in 15 ml of DM80

was added 0.528 g (1.00 mmol) of 6̂4 under nitrogen with stirring. The
dark reddish-blue solution was heated at 70° for three hours and the
reaction mixture poured into 100 ml of water. The aqueous solution was

acidified with dilute hydrochloric acid and extracted three times with

ether. The combined ether extracts were dried over sodium sulfate. The ■
solvent was removed and the resulting solid recrystallized twice from

benzene yielding 0 .0 9 9 g (l8$) of 1 ,4-dimethy1-2 ,3 ,5 ,6 ,7-pentaphenyl-3 ,
5-cycloheptadiene-l-carboxylic acid 88c , melting point 294 - - 296°. The

■ ultraviolet spectrum had ^max at 273 nm (e = 14,700) (THF). The nmr
spectrum (CDC1 ) showed peaks centered at tJ.OO (multiplet, 25H)3
assigned to the aromatic protons; t 4.57 (singlet, 1H) assigned to a

benzyl proton; t6.50 (singlet, IE) assigned to the other benzyl proton;

t 8 .0 6 (singlet, 3H) assigned to the allylic methyl protons; T9 .48

(singlet, 3H) assigned.to the tertiary methyl protons. The ir showed a
broad -OH stretch at 3500 cm ^ and a carboxylic acid carbonyl stretch 

-1at I7OO cm .. No strained carbonyl stretch was detected.
Anal. Calcd. for C, 8 7.90; E, 6.23; 0, 5 .8 6; mol. wt. .

546.

Found: 0, 8 7.79; E, 6.39; mol wt. (mass spectrum) 546.



54
1 ,2 ,3 ,4,5 ,6 ,7-Heptaphenyl-3,5-

cycloheptadiene-l-carboxylic Acid 88d

To do510 g (4„56 mmol) of potassium _t-butoxide in 15 ml of DM80 

was added O .652 g (l.OO mmol) of endo-1,.2,3,4,3,6 ,7-heptaphenyltricyclo-
2 Ij.I3«»2olo0 9 ]-6-octen-8-one 6 5, with stirring under nitrogen» The deep

blue reaction mixture was stirred at 70° for three hours* The reaction
mixture was poured into 100 ml of water* The solution was acidified

with dilute hydrochloric acid and extracted three times with ether* The
combined ether extracts were dried over sodium sulfate* The solvent was
removed and the resulting solid recrystallized twice from 100% ethanol

yielding 0.140 g (22%) of 1 ,2 ,$,4,5,6,7-heptaphenyl-3 ,5-cyclohexadiene-
1-carboxylic acid 88d, melting point $8l -• 384°* The ultraviolet
spectrum had  ̂ at 270 (s) (e = 18,800)(THF)„ The nmr spectrum * max . '
(CDCl^) showed peaks centered at t 3«,10 (multiplet, 35H) assigned to the

aromatic protons; ^4*97 (singlet, 1H) assigned to a benzyl proton; t

5«60 (singlet, IE) assigned to the other benzyl proton. The ir spectrum

(KBr pellet) showed a broad -OH stretch at 3500 cm ^ and a carboxylic
—1acid carbonyl stretch at 1700 cm * No strained carbonyl stretch was 

detected.
Anal. Calcd. for C, 89.54; E, 5 .6 8; 0, 4.78; mol. wt.

670.
Found: C, 8 9.3 1; H, 5 *8 2; mol. wt. (mass spectrum) 6 7 0.
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^endo-l,7-Dime thy 1-8,9,11,11-tetraph.enyltricyclo-
 ---- :-------- p"?------— ---------    —

' [5«2.1»0 1-5-Cll) ,4,8,-decatrien-10-
one 105 and Potassium _t-Butoxide ■ in DMSO

To 0.510 g (4.56 mmol) of potassium _b-butdxide in 15 ml of DMSO
was added 0.490 g (1 .0 0 mmol) of endo-1 ,7-dimethyl-8 ,9 <1 1,H-tetra-

2 6phenyltricyclo [5 o2 olo0 \ ]-3 (ll),^,8-decatrien-lO-one, 105, under nitro-
ogen with stirring. The mixture was stirred for JO minutes at 70 and 

poured into 100 ml of water. The solution was acidified with dilute 

hydrochloric acid and extracted three times with ether, The combined 
ether extracts were dried over sodium sulfate. The solvent was removed 
and the solid recrystallized from 100% ethanol, A mixture of isomeric 

acids were found but efforts to separate any distinguishable component - 

failed. The ir (KBr pellet) showed no strained carbonyl stretch. The 

nmr showed four major methyl singlet absorptions at T 8 ,0 0, ? 8 ,1 0

(allylie methyls) and r 8 ,8 0, t 8.90 (tertiary methyls). These two 

sets of methyls probably correspond to the two modes of carbonyl cleav
age and the two product types they generate.

Thermal Reaction of endo-1,5-Dimethy1-2,3,A,6 ,7~
_  — “  ' ~ 2 4

pentaphenyltricycTo[Jo2«1»0 ? 1-6-octen-
8-0tie 64- in DMSO

A solution of 64 (0.0528 g, 0.10 mmol) in J ml of DMSO was 

stirred for 72 hours under nitrogen at 70°. The solution was poured in

to water and the precipitate collected. Recrystallization.from benzene 

yielded 0.045 g (55%) of 64. A mixed melting point with an authentic 

sample gave no depression.



Thermal Reaction of endo-1,2,3,4,$,6,7-Pentaphenyl-
56.

2 4tric.yclo[3«2«'1.0 ;r ]-6-octen-8-one 65  ̂in DMSO

A solution-of 65 (O0O652 g, 0,10 mmol) in 3 ml of DMSO was 

stirred for 72 hours under nitrogen at 70°, The solution, was poured in

to water and the precipitate collected. Recrystallization from.benzene 

yielded {96%) of 1,2,3,4,3,6,7-heptaphenyltropylidene* A mixed melting 

point with an authentic sample gave no depression, A small amount (2%) 

of tetracyclone was identified by its visible spectrum.



PART II. CHARGE-TRANSFER MONOMERS AND POLYMERS



INTRODUCTION

Molecular TT-complexes result from the interaction of n-donors 
and 7r-acceptors. A TT-donor or it-acceptor is usually defined as an 

ethylenic or benzenoid molecular system possessing either an enriched or 
deficient electron density. This situation comes about by conjugation 

of the tr-system with either electron-donating or electron-withdrawing 
substituents, respectively. Molecular complexes may or may not be 
isolable, depending on the strength of the it-interaction. There are 
several excellent monographs (Foster 1969; Andrews and Keefer 1964; Rose 

1967; Rappoport 1970).

If an electron donor (D) and an electron acceptor (A) interact 

to form a molecular complex by the transfer of an electron from the 
donor to the acceptor, the complex can be visualized as a combination of 

a no-bond form (D:A) and a dative or charge-transfer form (D+#A *) 
(Mulliken 1952).

D + A ^  D:A -<--->- D+*A"*

The electronic spectrum of such a complex contains a new band, 

referred to as the charge-transfer band, which is absent in the spectrum 

of either component. It arises from the energy required to transfer an 

electron from the donor to the acceptor in the molecular complex. Weak 

complexes exhibit an enhancement of the absorption bands of the compo

nents.



59
Dewar, cited by Foster (1969), described charge-transfer com

plexes using simple molecular orbital theory. The lowest energy charge- 
transfer band in TT-complexes results from the electron transfer from the 
highest occupied molecular orbital (HOMO) of the donor to the lowest un

occupied molecular (LUMO) orbital of the acceptor. Briegleb (1961) gave 

a quantum mechanical picture of a "n-molecular complex. In the ground 
state, the wave function (Ycomplex^) of the complex is given by

YcompleXy = aY (D,A) + bY (D+-,A~-)

where 4^(D,A) is the no-bond wave function and Y^(D *,A *) is the dative,
2 2or charge-transfer, wave function. In a weak complex a )£> b . The 

charge-transfer band arises from the absorption of the proper quantum of

energy (hv>CT) at the ground state,

hvCTYcomplex^  Ycomplex^

generating the excited state ( _ ). The wave function of the ex-compleXg
cited state is described by

Ycomplex _ = a* (D+*, A“*) - b*Y(D,A) ili 1 o

2 2where a*/-"a, and b*— b, and a* b* . Therefore, in the ground state, 

the no-bond (D,A) structure dominates in contribution and in the excited 

state, the dative structure (D *,A *) dominates in contribution to the 

wave function.
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In most cases, the molecular complex is weak and the no-bond 

picture dominates. However, when complexes are formed with very strong 

electron acceptors, such as tetracyanoethylene (TCNE) or tetracyanoquino- 
dimethane (TCNQ), actual electron transfers in the ground state occur. 
There are many known molecular complexes and most of these do not ex
hibit electron transfers that are detectable in the esr. Typical strong 
acceptors are polycyano ethylenes, benzenoid, or quinoid compounds while 
donors can range from halogens and amines to polynucleararomatic com
pounds .

In solution, the formation of a complex (DA) is an equilibrium 

process and can be represented by an equilibrium constant, Keq

D + A ^ ^ DA

K + {DA] =  [DA]___________
eq P] M  {[dq ]-[d a ] [ao ]-[da]}

|A], [D], [DA] are the molar concentrations of free (uncomplexed) ac
ceptor, donor, and complex, respectively. [D̂ ] and [ A^] are the total 

concentrations of the donor and acceptor (both free and uncomplexed).
The intensity of the electronic absorption band resulting from 

complex formation is related to the equilibrium equation. Benesi and 
Hildebrand (19^9) modified the equation by using D in large excess, 
therefore,

K = [DA]_______
eq ([a0 ] - m  p])
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since DA = substitution into the above equilibrium expression
yields

y - fAo-'1 = 1 + 1
- O.D. e K e IDJeq

A straight line is obtained if one plots 1/D versus [Aj 1/0.D. 
with the slope being l/K^e and the intercept, 1/ e. This enables one 
now to find the equilibrium constants for various donors and acceptors 
and gives a rough quantitative feel for the complex formation. Some typ

ical complexes, charge-transfer bands, and K s are given in Table III.eq
McConnell, Ham, and Platt (1953) quantified the relationship be

tween the energy of the charge-transfer transition and the electron 
donating ability of the donor (determined by its ionization potential,

I ) and the electron attracting ability of the acceptor (determined by 
P

its electron affinity, E^). Thus,

hvCT = Ip " EA " W

where h i s  the charge-transfer absorption maxima, h is Planck's 

constant and W is the dissociation energy of the charge-transfer ex
cited state, the ground state being very small. The larger the E^ of 

the acceptor and the greater the electron donating ability of the donor,
i.e., small 1 ,̂ the lower the energy of the charge-transfer transition 

resulting in a longer wavelength of the absorbed light.



Table III. Typical Polycyanoethylene Charge-Transfer Complexes.
Taken from Sheppard and Henderson (1967, p.4449).

ir-Acceptor it- Donor Solvent Keg max

TONE

Tricyanovinylbenzene 
■(TCVB)

TCVB

p-Fluorotricyano
vinylbenzene

Hexame thylbenzene 
Hexamethylbenzene

N ,N-Dimethy1-p- 
toluidine (DMT)
DMT

CH2C12
CH2C12

CH^CN

CH CNi>

263

1 2 .6

■ 7-7

4— 8

545 nm 
440'nm

565

590 .

4390
1600

' 290

700-

1200



Besides the interest in the microscopic properties of charge- 
transfer complexes, the macroscopic physical properties are also of 

considerable interest. Electrical conductivity of charge-transfer com

plexes has been investigated and they have been typically classified as 
semiconductors. Recent attention has been gained by Ferraris et al.

(1973)5 who claimed crystals of tetrahiofulvalene (TTF) and tetracyano- 
quino dime thane (TCNQ) charge-transfer complex were superconductors at 
66°K, exhibiting a resistivity, P, of 6.8 x 10-^ ohm-cm, and good con
ductors at room temperature, where P is 7*4 x 10”^ ohm-cm. .Silicon, a 

semiconductor, exhibits a typical resistivity of 10^-10^ ohm-cm. Re

sistivity,. p, is defined as

p =  R A /1

2where R is the resistance of the material, A is the area in cm , and t 

is the thickness in the direction of the current flow of the sampleo
One of the more interesting problems in recent organic chemistry 

has been the extension of the charge-transfer phenomena to polymers. It 

has been shown that certain polymers, e.g., poly(N-vinylcarbazole), are 
photoconductors and that the photoconductivity can be enhanced by the 

addition of electron deficient compounds such as aromatic nitro com
pounds , cyano compounds, and quinones (Hoegl 196$). Ordinarily, the 
addition of an electron deficient compound to the polymer, known as 

doping, occurs after the polymer has been synthesized. To date, little 

effort has been devoted to the copolymerization of a good donor and a 

good acceptor monomer. Modification of existing copolymers by removal
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of a group has been, accomplished (Mulvaney and Eupp 1972; Mulvaney and 
Gromelski 1973; Chang 1974)» The goal of this research was the synthe

sis of a copolymer containing both donor and acceptor.units that might 

be capable of semi- or photoconducting properties. Any new charge- 
transfer bands in the visible or ultraviolet spectrum would be indica

tive of the copolymer subunit interactions and might be related to the 
electrical properties they exhibit.

The mechanism of electrical conduction in organic materials is 
best explained by the band theory. In the solid state, the energy 

levels are closely spaced and as such are thought of as bands. The 

higher band is called the conduction band and the lower band is called 

.the valence band. An energy differential exists between the two and is 
the energy of activation for conduction. In metals (conductors) the 

conduction band is partially filled and electrons move freely when an 

electric potential is applied. In insulators, the valence band being 

full, the energy of activation is.large and electrons have great diffi

culty bridging the gap so they can flow in the conduction band. In 
semiconductors, the valence band is also full and the conduction band 
empty, but the energy of activation is small enough that the proper 

potential will cause an electron to jump to the conduction band. In 

photoconductors, the transitional energy to bridge the gap is supplied 
by the photon. The best organic semiconductors are charge-transfer 
complexes. Photoconductors are also charge-transfer complexes and can 

be thought of as a special case of semiconductors.
Since poly(N-vinylcarbazole) has been used as a light-sensitive 

and photoconductive layer for electrophotography (Hoegl, Ling, and
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Schlesinger 1966) and xerographic plates of photoconductive fibers 
(Rank-Xerox 1966), it seemed natural to use the N-vinylcarbazole as the 
donor and vary the acceptor to maximize charge-transfer interactions.

Copolymers 108 and 109 were synthesized previously and 108 ex

hibits enhanced photoconductivity, relative to poly(N-vinylcarbazole) 

while 109 is a poor photoconductor. Apparently, this is due to the 
fact that the 5 ,5-dinitrobenzoate group is a better electron acceptor 
than the 2 ,4-dinitrophenoxy group.

If a -CH^CH^OCrrO unit is inserted between the acceptor group and the 

polymer chain of 108, producing copolymer 110, the photoconductivity of 

110 relative to 108 decreased. When the same unit is inserted between 

the acceptor group and the polymer chain of 109, producing copolymer 1 1 1, 

there was no photoelectric response. Modification of a N-vinylcarba- 
zole-vinyl acetate copolymer produced 112 which was photoelectrically 

worse (by a factor of 2) than p-chloranil doped poly(N-vinylcarbazole).
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RESULTS AMD DISCUSSION.

N-vinylcarbazole and acrylates or methacrylates can be copoly
merized in tetrahydrofuran to yield copolymers having a definite tenden

cy for alternation (North and Whitelock.1968)„. If the acrylate can be 

modified in such a way as to have an electron acceptor group incorpor- 
rated into the molecule, a possible route to the synthesis of charge- 
transfer copolymers would be realized. Since polycyano compounds 
function as good electron acceptors, it was decided to limit the scope 
of the research to polycyanoethylene groups attached to the acrylate or 

methacrylate moiety. Certain styrene with electron withdrawing sub

stituents para to the double bond also have a tendency to alternately 

copolymerize with N-vinylcarbazole (Tazuke and Tamane 1971)• In this 
work various styrenes containing polycyanovinyl groups were also syn
thesized for the first time and copolymerized with N-vinylcarbazole.

Preliminary experiments indicated that the 1,l-dicyano-S-phenyl- 

ethylene unit would be a good starting place. If the model system con
sisting of 1 ,l-dicyano-2-phenylethylene and N-ethylcarbazole was 

dissolved in acetonitrile (Table IV), one obtained a yellow solution 
from two previously colorless ones. Comparing this system to the methyl

3 ,5-dinitrobenzoate and N-ethycarbazole system (which is the model 
system for copolymer 108) in the same table, one notes an increase in e 
at longer wavelength. At higher concentration, one actually obtains a 

charge-transfer band at 430 nm ( e = 3,333)» Since the



Table IV. Model N-Ethylcarbazole tt- Complex Systems»

1 :1 tr- Complexes 
(CH^CN, 0.01 M)

X nm . max, e NME Shift (5%, DCCl^) 
a-methylene H, 6

EPE Color

Ethyl Carbazole 3,320 3 ,800 4.248
(EtCbz) 3,450 4,300

Methyl 3)5-Di- 3,320 21,700 4.175 (- 3 Hz) No Yellow-
nitrobenzoate/EtCbz 3,460 22,800 Orange

l,l-Dicyano-2- 3,l4o . 41,300 4.216 (-0.5 Hz) No Yellow
phenylethylene/EtCbz 3,450 8 ,260

3 ,800 11
4,000 ' 9

Tricyanovinyl 3,320 47 ,330 4.192 (- 2 Hz) No Eed
benzene/EtCbz 3,450 46,900

(3 ,800) (3,940)
(4,ooo) . (23)

Tetracyano- 3,320 11 ,000 4.267 (+3 Hz) Yes Blue
ethylene/EtCbz 3,450 12,600

3 ,800 19
4,000 20
5,050 14

00
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3 ,5-dinitrobenzoate unit is a good electron acceptor and leads to a good 
photoconducting copolymer, the 1 ,l-dicyano-2-phenylethylene looked like 
an interesting group to put on a monomer. The most logical route to ob

tain the monomer of interest starts with the condensation of o- or p- 
hydroxybenzaldehyde, with malononitrile to yield the o- or p- hydroxy- 

benzylidine malononitrile (113 or 114). These phenols should easily be 
converted to the acrylate 113 or methacrylate 116 via the reaction of 
the potassium salt of the phenol and acryloyl or methacryloyl chloride 
in ether using a modified procedure of Ringsdorf and Greber (1959)•

0

2.)
MeOH, ^  
-£L0 H

113 or 114

Several problems arise at this point that may cause future diffi
culties. The first problem is the incorporation of the acryloxy or 

methacryloxy group ortno or para to the dicyanovinyl group. This ester 

group may be electron donating enough to decrease the electron accept

ing ability of the dicyano-vinyl group. A model system of N-ethyl- 
carbazole and 4-(2',2'-dicyanovinyl)phenyl acetate (Table V) showed 
enhancement at the lower wavelengths. An enhancement, E in Tables V 

and VI, is a weak tt-interaction between the donor and acceptor which



70
Table V. . Model N-Ethylcarbazole ir-Complex Systems in THF„
MDNB —  Methyl 3)5-Dinitrobenzoate; DCCB —  l-Carbomethoxy-2,2-dicyano- 
vinylbenzene; DOPE —  l,l-Diphenyl-2,2-dicyanoethylene; DCVB —
2,2-Dicyanovinylbenzene; TCVAc- —  4-(l',21,2'-Tricy anovinyl)phenyl 
Acetate; DCVAc —  4(21,28-Dicyanovinyl)phenyl Acetate; TCVB —  1,2,2,- 
tricyanovinylbenzene.

Tf-Complex System Solvent C-T X (nm)■ max
" r£ ' K + eq

EtCbz-MDHB THE _ 450 3,333 0.131
EtCbz-DCCB THE 475 50 0 .6 2 0

EtCbz-DCPE THE E+ -

EtCbz-DCVB THE E — — -
EtCbz-TCVAc THE 520 59 3.76
EtGbz-DCVAc THE E — — —
EtCbz-TCVB THE 493 770 6 .5 0

EtCbz-TCMB THE HR - —
EtCbz-DTCB THE HR — —

* EtCbz-N-EthyIcarbazole.

# Determined experimentally utilizing method of Merrifield and Phillips 
(1958)-

+ Determined experimentally utilizing method of Merrifield and Phillips
(1958)-

+4- E = Enhancement of component absorptions.



Table VI. Copolymer Absorptions in THF, DMF, and Thin Films.
DCVA — , 4-(2 ',2 1-Dicyanovinyl)phenyl Acrylate; DCVM —  4-(2!,2'-Dicyanovinyl)phenyl Methacrylate; 
DCPA —  4-(1!-Phenyl-2',2'-dicyanovinyl)phenyl Acrylate; DCPM —  4-(1'-Phenyl-21,2'-dicyanovinyl)- 
phenyl Methacrylate;. TCVA —  4- (1 1,2.', 2 1 -Tricyano vinyl) phenyl Acrylate; o-DCVA —  2-(2,,2'- 
Dicyanovinyl)phenyl Acrylate; DCVS —  4-(2',2 1-Dicyanovinyl)styrene; TCVS—  4-(11,21,21-Tricyano- 
vinyl)styrene; VCbz — N-Vinylcarbazole.

Copolymer . ^inh
Mole,
%VCbz O O <j ■ ^max’

THF 
nm e

DMF 
■ Xmax’ nm E Thin Film Xmax

VCbz-DCVA ' 0 .0 8 0 56 19 320 7 ,260 330
454

.3,860  
3,000

E*

VCbz-DCVM . 0 .0 9 2 57 14 328 • 9,050 328
340s
435s
453

7 ,100
6 ,000
3 ,300
5 ,830

E

VCbz-DCPA 0 .06l 50.4 ■ 1 1 .3 324 10,000 324
340
466

16,500
13,900

1 ,620

E

VCbz-DCPM 0.04? 55 8.5 330 ‘ 
343

6 ,830
7 ,010

330
342
46o

15,700
16,200

2 ,770

E

VCbz-TCVA O.O83 62 15-7 315
365s
420s

7 ,360
1 ,980

132

330 ■ 
344 
497 
526

5 ,630
5,460
5,400
6,150

440 nm

VCbz-o-DCVA 0 .0 3 2 58 . 3 .1 .,, 330s 3,460 320 . 6,200 — —



Table VI? Continued«

Copolymer 11 inh
Mole
%VCbz

°/o
conv.

THF
-X , nm emax ,

DMF ,
X , nm e max Thin Film Xmax

VCbz-DCVS 0.11 50 25 . 320 3,700 321 11,900 E

VCbz-TCVS 5 830 20,400
340s 19,700 —  —

588 4oo

Homo (VCbz) 0.14 100 25 329 1,330
341 . .1 ,280

* E = Enhancement of the component absorptions«

< 3
(V)
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causes an increased intensity of the absorption bands of the two com

ponents. The E and values in Table V were obtained utilizing a pro
cedure developed by Merrifield and Phillips (1958). and e refer to
the equilibrium constant and the extinction coefficient, respectively, 
of the w-complex extrapolated to infinite concentration of the donor. 
Although quantitative data was not obtained, the results appeared to be 

almost as good as with the 1,l-dicyano-2-phenylethylene and N-ethyl- 
carbazole system.

The inductive effect (see Table V, page 70) exerts a strong 

influence over ir-complexing capabilities. If the p-tricyanovinylanisole 

and N-ethylcarbazole model system were considered, no charge-transfer 
band or enhancement was observed. The electron donating ability of the 

p-methoxy group drastically decreases the electron accepting ability of 
the trycyanovinyl group. Even more extreme is the p-tricyanovinyl-N,N- 
dimethyltoluidine and N-ethylcarbazole model system. The purple com

pound 117 probably has resonance structure II as the dominant component, 

removing the possibility of ir-complexation of the tricyanovinyl group. 

Structure II is so dominant, in fact, that it takes concentrated hydro

chloric acid to produce the colorless amine hydrochloride salt (Mc- 

Kusick et al. 1958).

Me Me 
X N /

117

NC CN

Structure I

->

NC CN

Structure II
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The second problem to be considered was the possibility of 

cross-linking by the dicyanovinyl group. 1,l-Dicyano-2-phenylethylene

is incorporated into various copolymers (Narkis and Kohn 1967). Since 
very few examples of tetrasubstituted ethylenes are known to polymerize 
(Sorenson and Campbell 1961), modification of monomers 115 and 116 with 
a fourth group on the dicyanophenylethylene moiety might eliminate this 
potential problem. Monomers 118 and 119 were synthesized similarly. 
These may prove to be less successful than hoped because of the steric 

hindrance involved in obtaining good u-overlap in the complex. Indeed, 
model systems do show TP-interaction, but with less absorptivity (E), 

Table V.

CH (CN)
NH, OAc

HO
° IIS 

c A x
CN ^ 2 °

-CNCN OH Cl.
Et 0

119

The next synthetic step was the incorporation of a third cyano 

group into the dicyanophenylethylene moiety. The hydrocyanation re
action of a, &-unsaturated ketones, nitriles, diesters, and dinitriles 
is well known (e.g., McRae and Bannard 1963). The hydroxyl group tends 

to make the succeeding reactions more difficult. Addition of the 

cyanide to the p-hydroxybenzylidine malonitrile occurs facilely at room
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temperature in a few minutes and protonation yields the tricyanoethane,

At this point, two methods (Sansen, Englehardt, and Middleton 1958) are 

generally utilized to oxidize the tricyanoethane to the tricyanovinyl 
group. The first one tried was the N-bromosuccinimide method. This 
method not only oxidized the ethane to the ethylene, but the free bro

mine that was produced also brominated the phenol at the ortho position 
and a mixture of products resulted. Oxidation with lead tetraacetate in 
glacial acetic acid and dimethylformamide (DMF) was the method of choice, 

giving high yields and no by-products. The difficult step came in the 
conversion of the p-tricyanovinylphenol 121 to the p-tricyanovinylphenyl 

acrylate 122. Normally, a base such as potassium hydroxide or potassium 
methoxide in methanol is employed to form the potassium salt of the 

phenol. In this case, the previously employed nucleophiles prefer to 
attack the very electrophilic double bond or one of the three cyano 

groups. A new method had to be used to obtain the product. It was 

realized that lithium 2 ,2 ,6 ,6-tetramethyIpiperidide has a high proton 

abstracting ability and a very low nucleophilicity (Olofson and

120.
OH

+ other 
products

l.)NaCN/H 0, DMF
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Dougherty 1973)• Both lithium 2 ,2 ,6 ,6-tetramethyIpiperidide and 
2,2,6,6-tetramethylpiperidine (TMP) were tried in the presence of tri- 

cyanovinylphenol and acryloyl chloride in tetrahydrofuran. Surprisingly, 
the TMP method gave the highest yields (ca. 50%). When diethyl ether 
was used instead of TKF, approximately 50% of the product was the 
Michael adduct 123. No Michael adduct was formed using THF as the sol

vent.

121

A model system (see Table V) of p-tricyanovinylphenyl acetate

and N-ethylcarbazole gave a ^max at 520 nm (e = 59)• This is quite
similar to the tricyanovinylbenzene system except that the K was lesseq
(3*76 as opposed to 6 .50). The decrease in K could result from a de-eq
crease in electron acceptability of the tricyanovinyl group due to an 

inductive effect of the p-acetoxy group. Steric effects of the p- 
acetoxy group may also hinder obtaining maximum n-overlap in the com
plex.

The importance of the steric effect on "n-complexes can be illus

trated by the model system (Table V) consisting of N-ethylcarbazole and 

l-carbomethoxy-l-phenyl-2,2-dicyanoethylene. The carbomethoxy group is 

roughly as electron withdrawing as a cyano group, yet the m̂ax of the
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model system is 475 nm ( e= 50) and the (THF) of the complex is only
0 .620, almost 1 /1 0 that of the analogous tricyanovinylbenzene (K^ = 

6.50).
The synthesis of another series of polycyano compounds was un

dertaken in an effort to avoid the problems of an unfavorable inductive 

effect of the acryloxy or methacryloxy substituent. p-VinyIbenzaldehyde 
124 was synthesized from p-chlorostyrene and the p-vinyIbenzaldehyde 

further condensed with malononitrile to form 4-(2*,2 '-dicyanovinyl)- 
styrene 1̂ 25. Tricyanovinylstyrene 126 was prepared from the hydro- 
cyanation and oxidation reactions of 125. The yield of the 

tricyanovinylstyrene was low, probably due to the polymerization of the 

product and starting material by the acetate radicals of the lead tetra

acetate. Purification of the tricyanovinylstyrene 126 proved to be 

difficult since it likes to form charge-transfer complexes with DMF in 
which it is produced. The tricyanovinylstyrene 126 is purified readily 

by vacuum sublimation to give brilliant yellow crystals.

126
1. Mg, THF 1. NaCN, DMF ]
2. DMF CH2(CN)2 2.H0Ac/Pb(0AC

Piperidine^ K Z ) 1  ^ X D

CN

Homopolymerizations of the acrylates and methacrylates proved to 

be fruitless, only starting materials being recovered. In some cases, 

very small amounts of an oil were obtained, but they could not be iso
lated for analysis. The dicyanovinylstyrene 125 gave small amounts 

(ca. 10%) of a material with a melting point greater than 300° that was

CN 125
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insoluble in most solvents. An nmr spectrum could not be obtained be

cause of the solubility problem. The solid was probably a cross-linked 

material. There was not enough of the tricyanovinylstyrene 126 to 
attempt a homopolymerization.

Copolymerizations of the monomers with N-vinylcarbazole were . 

carried out in THE with AIBN as an initiator. Hydrocarbon solvents such 
as benzene and toluene did not work as well as THE in getting higher 

molecular weight material. Generally, the copolymers were approximately 
1 :1 in composition. Nmr analysis of the polymer solutions indicated a 
strong alternating tendency. Poly(N-vinylcarbazole) has a broad proton 

absorption due to a single proton at t 5 .0  due to the shielding effects . 
of an adjacent carbazole unit. Alternation with a different monomer re

moves this effect and the peak disappears (Yoshimoto et al. 1969; Wil

liams 1970). All the copolymers showed only the slightest resonance at 

t5.0.

Poly(N-vinylcarbazole) is quite brittle and-is not a good poly

mer for fabrication. Copolymerization with other monomers might improve 

the mechanical properties. The copolymers that were synthesized (Table 
VI) all exhibit fairly low molecular weights and as such were not very 
good at forming films. It was noticed that their toughness relative to 

higher molecular weight poly(N-vinylcarbazole) was superior. Conversion 

of the monomers to the copolymers was a problem and might be due. to

addition of the radicals to the electron acceptor groups. It may also
\ ' reflect a fundamental rate problem in the copolymerization process. The

copolymerization of a-methylacrylophenone and N-vinylcarbazole with AIBN

also led to low (6 .6%) conversions (Chang 1974). Conversions might
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increase by sealing the components in am ampule and heating them for ex

tended periods of time or using a bulk polymerization method.
The copolymers were all colored,., the dicyano ones being yellow - 

and the tricyano copolymers dark red or rust colored. Solutions of the 
copolymers proved to be very interesting. The solvent played a large 

role in determining the extent of ir-complexation that occurred. Chang
(1974) noted that THF was a poor solvent for ir-complex formation and, 

indeed, the data support this contention. Table VI (page ?l) shows the 

absorptions of the copolymers in the ultraviolet and visible regions.
The copolymers dissolved in THF show much less ir-interaction, the ex

tinction coefficients, £s, being quite lower than those taken in DMF. 

Many of the charge-transfer bands are absent or very weak in THF. The 

magnitude of the extinction coefficients in DMF indicate a good charge- 

transfer interaction of the copolymers. Model compounds were made at 
approximately 100 times the concentration ,in order to match the 
values of the dilute solutions of the copolymers.

Individually, the best charge-transfer copolymers were the 
poly(p-tricyanovinylphenyl acrylate-N-vinylcarbazole) and poly(p- 

tricyanovinylstyrene-N-vinylcarbazole)- copolymers. The dicyano copoly

mers gave lesser degrees of tt-interactions, the dicyanovinylphenyl 
acrylate and methacrylate being the best of this group. The substitu

tion of a phenyl for a proton on the dicyanovinyl group leads to a low
er £, presumably due to the steric problems in attaining a ^-complex.

The poly(o-dicyanovinylphenyl acrylate-N-vinylcarbazole) copolymer is 

very poor in Tr-complexation probably because the polymerization pro

ceeded through the dicyanovinyl group (127-*128), eliminating its future
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electron accepting ability. Infrared data shows a pronounced lack of 
conjugated -CN stretch relative to the ester carbonyl stretch. The 

ratio of the conjugated -CN stretch to the carbonyl stretch (1:10.7) is

The poly(o-dicyanovinylphenyl acrylate-N-vinylcarbazole) copolymer was 
synthesized to check the effect of the location of the acceptor group 

relative to the carbazyl unit. It is still not known whether the geom

etry of the copolymer can be adjusted to maximize the n-complexation. 

The poly(dicyanovinylstyrene-N-vinylcarbazole) copolymer gave a fair tt- 

interaction, mainly consisting of an enhancement of the carbazole ab
sorption.

Thin films of the copolymers were made and the visible absorp

tion spectra taken. Only the poly(p-tricyanovinylphenyl acrylate-N- 
vinylcarbazole) copolymer exhibited a charge-transfer band at X ^ of 
440 nm. There was not enough p-tricyanovinylstyrene-N-vinylcarbazole 

copolymer to make a film although solution spectra indicate that it 

would probably have a charge-transfer band at a wavelength greater than 

440 nm. The extinction coefficient could not be determined accurately 

due to the lack of uniformity of the film thicknesses. Generally, all

much higher than the ratio of the corresponding poly(p-DCVA-VCb^) co

polymer (1:2.2), thus supporting this interpretation.

127
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the films showed enhancements of the carbazole absorption with the ab
sorption tailing off into the visible region.

It was not possible to obtain photoresponse times on the copoly
mers that were synthesized. They would- prove to be very interesting 

compared to the corresponding spectral data,

Enomoto and Hatano (1974) found that complexation of poly(N- 
vinyIcarbazole) with electron acceptors occurred to a lesser extent than 
in the ethylcarbazole model systems.. But in this study the copolymers 

showed stronger absorptions than the corresponding model systems at 
dilute concentrations. The doping of the poly(N-vinylcarbazole) prob

ably only occurred on the outer regions of the polymer particles, 
whereas the copolymers have the advantage of the acceptor group being 

incorporated into the polymer molecule in a fairly alternating manner, .

The stronger copolymer w-complexes were formed with the stronger elec

tron acceptor (i.e.,the tricyanovinyl unit), This is probably as strong 

a ^-interaction as one can get before an actual electron transfer occurs 
in the m-complex. In this event, N-vinylcarbazole would rapidly homo- 

polymerize cationicly (Mikawa et aL 1970; Bawn, Ledwith and SambhL1971)* 
There are numerous possibilities for Tr-complexed copolymers or 

copolymers with strong electron accepting groups incorporated into the 

molecule. The semi- and photoconducting possibilities are obvious, It 

should be easy to copolymerize styrene with a tricyanovinyl acrylate or 
styrene and get polymer beads with strong electron accepting groups 
available. One would then be able to attempt separations of electron 
donors by chromatography. One could do the same with a donor and have 

a method for separating electron acceptors. The tricyanovinyl compounds



82
could not be separated on alumina or silica gel columns since they ap
peared to react or be held very tenaciously. Columns of the aforemen

tioned type would be valuable in aiding in their separation from a 
mixture of compounds. "

The tricyanovinyl group complexes very well with tertiary amines 

and compounds containing this group might be used for a colorimetric 
test for tertiary amine alkaloids if they exhibit a distinctive Xmax
Again, chromatographic columns of copolymers could separate these amines 

in bulk more easily than other methods.

In conclusion, the synthesis of various electron accepting mono

mers has been accomplished. The monomers have been copolymerized with 

N-vinylcarbazole to yield charge-transfer copolymers. The ultraviolet 
and visible spectra have been taken and analyzed. Spectral results in 
TKF indicate weak subunit t r - interact ions, but in DMF the ^-interactions 

are maximized. The solution and thin film spectra are somewhat differ

ent. Apparently, when a medium that encourages m-complexation and chain 
flexibility is not present, the copolymer chain collapses into a more 
disordered state.



EXPERIMENTAL

Melting points were determined- on a Fisher-Johns melting point 

or Mel-Temp apparatus and are uncorrected. Nuclear magnetic resonance 
(nmr) spectra were determined on a Varian Model T-60 (60MHz) NMR spec

trometer using tetramethylsilane as an internal standard. Infrared (ir) 

spectra were determined using a Perkin-Elmer Infracord or a Perkin- 

Elmer Model 337 Grating Infrared Spectrometer and calibrated with a 

polystyrene film. Ultraviolet and visible absorption spectra were 
determined utilizing a Cary 14 recording spectrometer. A Varian E-3 

EPR spectrometer was used to determine the epr spectra. Viscosities 
were determined using Ubbelohde type viscometers. Inherent viscosities 
(dl/g) were determined in 0 .5$ solution at 3 0.0°.

Elemental analysis were determined by Huffman Laboratories, Inc. 

Wheatridge, Colorado.
• Tetrahydrofuran (THE, J. T. Baker Go.) was distilled from 

lithium aluminum hydride under nitrogen, stored over 3-4 molecular sieves 

under nitrogen, and passed through an alumina column prior to use. Ben
zene and toluene (J. T. Baker Co.) were distilled from sodium under 
nitrogen and stored over 3A molecular sieves under nitrogen. Dimethy1- 

formamide (DMF, Matheson, Coleman, and Bell Co.) was distilled from KOH 

and stored under nitrogen. Acetonitrile (Mallinckrodt Chemical Works) 
was distilled from calcium hydride under nitrogen and stored over 3A 

molecular sieves under nitrogen,.
83
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Azobisisobutryronitrile (AIBN, Matheson, Coleman, and Bell Co.) 

was recrystallized from methanol. Hexane, ligroin, glacial acetic acid, 

sodium cyanide, potassium hydroxide, and potassium metal were all used 
without further purification. Acetyl chloride, 100% ethanol, cyclo- 

hexane, pyridine,piperidine, and 2,2,6,6~tetramethyIpiperidine (TMP) 

were all used without further purification. Methyl benzoylformate, p- 
hydrobenzophanone, sodium sulfate, tetracyanoethylene (Aldrich Chemical 

Co.), acryloyl chloride (Aldrich Chemical Co.), p-chlorostyrene (Aldrich 
Chemical Co.), p-hydroxybenzaldehyde, and 3?5~dinitrobenzoyl chloride 

were all used without further purification. Salicaldehyde and malononi- 
trile were distilled under reduced pressure before use.

N-Vinylcarbazole (Polysciences, Inc.) in methylene chloride was 

washed three times with 3% NaOH, three times with distilled water, and 

recrystallized twice from methanol.

4-(219 2 ’-Dicyanovinyl)phenol 114

This compound was prepared in 75% yield according to the pro

cedure of Schiemenz (1962). The. compound was identified by its ir, nmr, 
and melting point.

2-(2?, 2 1-Dicyanovinyl)phenol .113

This compound was prepared in 80% yield according to the pro

cedure of Schiemenz (1962). The compound was identified by its ir, nmr, 
and melting point.
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Potassium 4-(2',2 '-Dicyanovinyl)phenoxide 

To 1 .6 8 0 g of potassium hydroxide (30 mmol) in 50 ml of methanol 
was added 5*10 g (JO mmol) of 4-(2',2'-dicyanovinyl)phenol with stirring. 
The bright yellow solution was filtered, the solvent removed, and the 
resulting solid vacuum dried to yield 6.24 g (90%) of potassium 4- 
(2 1,2 '-dicyanovinyl)phenoxide.

Potassium 2-(2 1,2 '-Dicyanovinyl)phenoxide 

To 1.680 g (30 mmol) of potassium hydroxide in 50 ml of methanol 
was added 5 .1 0 g (30 mmol) of 2-(2 1,2 .'-dicyanovinyl)phenol with stirring. 
The orange-yellow solution was filtered, the solvent removed, and the 

resulting solid vacuum dried to yield 5 .9 0 g (85%) of potassium 2- 
(2 1,2 '-dicyanovinyl)phenoxide.

' 4-(2 1,2 '-Dicyanovinyl)phenyl Acrylate 115

To 2 .0 8 g (TO mmol) of potassium 4-(2 ',2 '-dicyanovinyl)phenoxide 

in 2 0 .ml of dry ethyl ether was added 1 .3 5 g (15 mmol) of acryloyl 
chloride dropwise with stirring under nitrogen. The reaction mixture 

was stirred for one hour and filtered. The pale yellow filtrate was 
cooled to 0° and the solvent removed yielding crude crystals of 4- 

(2',2'-dicyanovinyl)phenyl acrylate. The solid was recrystallized from 
benzene/hexane two times yielding 1 .8 6 g (83%) of product, melting 

point 8 9 .5 - 90.5°• The nmr spectrum (CDCl^) showed peaks centered at 
t2.00 (doublet, J= 8 Hz, 2H) and t2.60-(doublet, J= 8 Hz, 2H) assigned 

to the aromatic protons; 12.23 (singlet, 1H) assigned to the dicyano

vinyl proton; t3.6? (multiplet, 3H) assigned to the acrylate vinyl



protons - The ultraviolet spectrum (.100$. ethanol) had X at 234 nm■ max
( e = 12,480) and 323 nm ( e = 14,500) . The ir (KBr) spectrum showed a 

conjugated -ON stretch at 2190 cm and a conjugated ester carbonyl 
stretch at 1750 cm

Anal. Calcd. for C15H8N202: c 3 69.62; H, 3 „5 7; N, 12.50; 0, 14.30;
mol. wt. 224..

Found: C, 6 9.6 2; H, 3*77; N, 1 2.2 2; mol. wt. (mass spectrum) 224z.

2-(2 1,2'-Dicyanovinyl)phenyl Acrylate 113a

To 2 .0 8 g (10 mmol) of potassium 2-(2 1,2 1-dicyanovinyl)phenoxide 

in 20 ml of dry ethyl ether was added 1 .3 5 g (15 mmol) of acryloyl 
chloride dropwise with stirring under nitrogen. The reaction mixture 

was stirred for one hour and filtered. The pale yellow filtrate was 

cooled to 0 and the solvent removed yielding crude crystals of 2- 

(2 ',2 '-dicyanovinyl)phenyl acrylate. The solid was recrystallized from 
benzene/hexane yielding 0 .2 0 g (10$) of the product, melting point 

ll4 - I150. The nmr spectrum (CDCl^) showed peaks centered at Tl.80  

(multiplet, 1H) and t2.60 (multiplet, 3#) assigned to the aromatic pro

tons; t2.10 (singlet, 1H) assigned to the dicyanovinyl proton; t 3 .7 0  

(multiplet, 3H) assigned to the acrylate vinyl protons. The ultraviolet 
spectrum (100$ ethanol) had a X a t  295 nm (e = 9 ,850). The ir {KBr) 
spectrum showed a conjugated -ON stretch at 2200 cm and a conjugated' 

ester carbonyl stretch at 1740 cm

Anal. Calcd. for C^^HgN^O^: C, 6 9.6 2; H, 3*57; N, 12.-50; 0 , -14.30;
mol. Wt. 224.

Found: C, 69*48; H, 3*65; N, 12.64; mol. wt. (mass spectrum) 224.



4-(2',2'-Dicyanovinyl)phenyl Acetate 
This compound was' prepared in yield according to the pro

cedure of Moriella and Bauer (1958). The compound was identified by its 
ir, nmr., and melting point.

4-(l',2 ',2 '-Tricyanovinyl)phenol 121

To 5.10 g (50 mmol) of 4-(2 r, 2 '-dicyanovinyl)phenol in 20 ml of 
dimethylformamide was added 10 ml of aqueous 4N sodium cyanide over a 
period of two minutes with stirring under nitrogen. The reaction mix
ture was stirred for 20 minutes and 30 ml of glacial acetic acid was 

added. Five minutes later 13.30 g (30 mmol).of lead tetraacetate was 

added in 2 g portions. The reaction mixture was stirred an additional 
hour and poured into 500 ml of ice water with stirring and the result

ing precipitate collected and recrystallized from benzene/hexane three 

times yielding 4.10 g (70%) of 4-(l1,2 ',2 '-tricyanovinyl)phenol 121, 
melting point 140 -145° d. The nmr spectrum (d-6  acetone) showed 

peaks centered at t2.00 (doublet, J = 9 Hz, 2H) and t 2.90 (doublet,

J = 9 Hz, 2H) assigned to the aromatic protons; t 0 .0 0 (broad singlet,
IH) assigned to the hydroxyl proton. The ir (KBr) showed a broad -OH •

-1 -1stretch at 3000 -• 2500 cm and a conjugated -ON at 2200 cm
Anal. Calcd. for C_- HJT 0: 0 , 6 7.8O; H, 2.57; N, 21.42; 0, 8.21;

-L-L j j 

mole Wte 195«
Founds C, 67*97; H, 2.40; N, 21.47; mol. wt. (mas spectrum) 195«
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4-(l',2',2'-Tricyanovinyl)phenyl Acrylate 122

To 1.95 g (10 mmol) of 4-(l' ,2 ',2'-tricyanovinyl)phenol 1.21 and
0 .9 0 g of acryloyl chloride (10 mmol) in 20 ml of freshly distilled

tetrahydrofuran was added 1,40 g (10 mmol) of 2 ,2 ,6 ,6-tetramethyl-
piperidine dropwise at 0° with stirring under nitrogen. The reaction

mixture, was filtered after 30 minutes and the solvent removed leaving a
pale yellow oil. The oil was recrystallized from hexane yielding 1.32

g (53%) of 4-(l',2 ',2 '-tricyanovinyl)phenyl acrylate 1 2 2, melting
point 108 - 109°. The nmr (CDC1 ) showed peaks centered at t 2 .1 0. • 3
(doublet, J = 9 Hz, 2H) and t 2 . ? 0  (doublet, J = 9 Hz, 2H) assigned to 
the aromatic protons; t 3 .8 0 (multiplet, 3H) assigned to the vinyl pro

tons. The ir (KBr) showed a conjugated -ON stretch at 2190 cm and a 

conjugated ester carbonyl stretch at 17.40 cm The ultraviolet

spectrum (THF) had a at 24? nm ( e = 3 574o) and 350 nm (e =10,200).
Anal. Calcd. for C, 6 7„5 0; H, 2.81; N, 16.84; 0 , 12.85;

r

mol. wt. 249.

Found: C, 67.27; H, 295; N, 1 6.5 0; mol. wt. (mass spectrum) 249;

4-(2',2 '-Dicyanovinyl)phenyl Methacrylate ll6

To 2 .0 8 g (10 mmol) of potassium 4-(2 ',2 1-dicyanovinyl)- 

phenoxide in 20 ml of dry ethyl ether was added 1 .5 0 g (15 mmol) of 
methacryloyl chloride dropwise with stirring under nitrogen. The re- • 

action mixture was' stirred for one hour and filtered. The pale yellow 

filtrate was cooled to 0° and the solvent removed yielding crude 

crystals of 4'-i(2 1,2 '-dicyanovinyl)phenyl methacrylate 116. The solid 

was recrystallized from ethanol/benzene yielding 2 .1 0 g. (88%), melting



point 105 —  105.5°. The nmr spectrum (CDC1 ) showed peaks centered at 
t 2e00 (doublet, J = 9 Hz, 2H) and t 2«70 (singlet, 1H) -assigned to the 
dicyanovinyl proton; t3<.26 and 73.83 (multiplets, 2H) assigned to the 
methacrylate vinyl protons; t7=90 (singlet, 3H) assigned to the allylic
methyl protons. The ir (KBr) showed a conjugated -CN stretch at 2190
-1 -1cm and a conjugated ester carbonyl stretch at 1735 cm . The ultra

violet spectrum (100% ethanol) had a  ̂ ' at 318 nm (e = 14,800).^ max
Anal. Calcd. for c1zfH10N202s C’ 70.6; H, 4.20; N, 11.7 8; 0, 13*43; 

mol. wt. 238.

Founds. C, 7 0.3 2; H, 4.30; N,. 11.65; mol wt. (mass spectrum) 238.

4~(l?-Phenyl-2 ! ,2 *-dicyanovinyl)phenol 

This compound was prepared in 85% yield by modifying the pro

cedure of McElvain and Clemens (1963)* The nmr spectrum (CDCl^) showed

peaks centered at t2 .6 0, t3 o10 (doublets, J = 9 Hz, 4H) and t2 .5 0 (mul-
tiplet, 5H) assigned to the aromatic protons; t3*60 (broad singlet, 1H)

assigned to the hydroxyl proton. The' ir (KBr) showed a broad -OH stretch
—1 —1 at 3100 cm • and a conjugated -CN stretch at 2190 cm

Anal. Calcd. for c16H10N20s 78.00; H, 4.06; N, 11.40; 0, 6.54;
mol. wt. 246.

Founds C, 7 7*8 3; H, 4.16; N, 11.35; mol. wt. (mass spectrum) 246.

Potassium 4-(l1-Phenyl-2 1,2 1-dicyanovinyl)phenoxide 

To 25 ml of methanol was added 0.39 g (10 mmol) of potassium 
metal in small pieces under nitrogen at.0°. After the metal had com

pletely reacted, 2.46 g (10 mmol) of 4-(l1-phenyl-2 ’,2 ’-dicyanovinyl)~ 

phenol was added. The solution .was stirred for five minutes and
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was filtered- The solvent was removed and the solid vacuum, dried 

yielding 2-50 g (87%) of potassium 4-(1 1-phenyl-2 1,2 '-dicyanovinyl)-r 

pehnoxide- .

4-(1'-Phenyl- 2 ', 2 '-dicyanovinyl)phenyl Acrylate 118

To 2 .8 2 g (10 mmol) of potassium 4-(1 '-phenyl-2 1,2 1-dicyano- 

vinyl)phenoxide in 25 ml of dry ethyl ether was added 1 -35 g (15 mmol) 
of acryloyl chloride under1 nitrogen. The solution was stirred for one 
hour and filtered. The pale yellow filtrate was cooled to 0° and the 

solvent removed. The solid residue was reCrystallized from benzene/ 
hexane yielding 2-34 g (?8%) of 4-(l1-phenyl-2 1,2 '-dicyanoviriyl)phenyl 

acrylate ll8 , melting point 122-5 - 123.5°- The nmr spectrum (CDCl^) 
showed peaks centered at x2 .6 0 (multiplet, 9H) assigned to the aromatic 

protons and T3 .7O (multiplet, 3k) assigned to the vinyl protons. The 

ir (KBr) showed a conjugated -CN stretch at 2200 cm ^ and a conjugated 
ester carbonyl stretch at 1740 cm The ultraviolet spectrum (100/ 

ethanol) had a ^max at 231 nm ( e= 9 -300) and 307 nm (e = 1 1,300).

Anal. Calcd. for O - ^ H ^ N ^ ;  C, 7 6.0 0; H, 4.00; N, 9-33; 0, 10.67; 
mol. wt. 3 0 0.

Found; C, 7 5-7 7; H, 3 -9 8; W, 9 -2 6; mol. wt. (mass spectrum) 3 00.

4-(l1-Phenyl-21,21-dicyanovinyl)- 
phenyl Methacrylate _̂19

To 2.82 g (10 mmol) of potassium 4-(l'-phenyl-2 ',2 '-dicyano- 

vinyl)phenoxide in 25 ml of dry ethyl ether was added 1 .6 0 g (15 mmol) 

of methacryloyl chloride under nitrogen. The solution was stirred for 

an hour and filtered. The pale yellow filtrate was cooled to 0° and the
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solvent removed. The solid residue was recrystallized from benzene/

hexane yielding 2 .3 6 g (750/°) of 4-(11 -phenyl-21,21 -dicyanovinyl)phenyl
methacrylate llg, melting point 101 - 102°. The nmr spectrum (CDC1 )
showed peaks centered at t2 .6 0 (multiplet, 9H) assigned to the aromatic
protons; T3 .6 5 (multiplet, 1H) and t4.20 (multiplet, J = 1 Hz, 3H)

assigned to the vinyl protons; t7.95 (doublet, J = 1 Hz, 3H) assigned

to the allylic methyl protons. The ir (KBr) showed a conjugated -ON

stretch at 2190 cm and a conjugated ester carbonyl stretch at 1730 

— 1cm . The ultraviolet spectrum (100% ethanol) had a X at 230 nm' max
(e = 9 ,200) and 303 nm ( e = 1 1,100).

Anal. Calcd. for c20H1zfN2°2;'' C’ 76.45; H, 4.45; N, 10.20; 0, 8 .90; 
mol. wt. 314.

Found: C, 76.22; H, .4.30; N, 10.05; mol. wt. (mass spectrum) 314.

4-(l'-Phenyl-2 1,2 *-dicyanovinyl)phenyl Acetate 

This compound was prepared in 65% yield according to the pro
cedure of Moriella and Bauer (1958). The nmr spectrum (CDC1 ) showed

1
peaks centered at t2 .6 0 (multiplet, 9H) assigned to the aromatic protons
and t7-?0 (singlet, 3H) assigned to the methyl protons. The ir (KBr)
showed a conjugated -ON stretch at 2200 cm ^ and an ester carbonyl

—2.stretch at 1765 cm . The ultraviolet spectrum had a \ at 227 nmmax
(e = 8 ,950) and 323 nm (e = 1 0,000).

Anal. Calcd. for-C gH ^  02:/ C, 75-00; H, 4.l6; W, 9.73; 0, 11.11; 

mol. wt.- 288.

Found: C, 75-15; H, 4.23; N, 9-58; mol. wt. (mass spectrum) 288.



l-Carbomethoxy-2,2-dicyanovinylbenzene
The procedure of McElvain and Clemens (I963) was modified to

condense malononitrile and methyl benzoylformate.' The product, 1-

carbomethoxy-2,2-dicyanovinylbenzene, melting point 72 - 7 2.5°, was
formed in 35% yield. The nmr spectrum (CDCl^) showed peaks centered at

t2.43 (multiplet, 5H) assigned to the aromatic protons and t6 .0 5

(singlet, 3H) assigned to the methyl protons. The ir (KBr) showed a
-1conjugated -CN stretch at 2200 cm , and a conjugated ester carbonyl 

stretch at 1730 cm \  The ultraviolet spectrum (100% ethanol) had a 

^ m a x ' ^^3 nm (e = 5,730) and 310 nm (e = 9 ,560). .

Anal. Calcd. for C12H8N202J C’ 67-90; H, 3.77; N, 1 3.2 1; 0 , 1 5.1 2;
mol. wt. 202. ■

Founds C, 67.99; H, 3.76; N, 1 3.0 8; mol. wt. (mass spectrum) 202.

■ 1 ,2,2-Tricyanovinylbenzene

This compound was prepared in 86% yield according to the pro
cedure of Sansen et al. (1958), and identified by its ir, nmr, and 
melting point.

l-Methoxy-4-(2',2 1-dicyanovinyl)benzene 

This compound was prepared in 84% yield according to the pro
cedure of Schiemenz (1962), and identified by its ir, nmr, and melting 
point.

l-Methoxy-4-(l',2 ',2 l-tricyanovinyl)benzene 

To 1.84 g (10 mmol) of l-methoxy-4-(2',2'-dicyanovinyl)benzene 

in 15 ml of dimethylformamide was added 3-0 ml of 4N sodium cyanide
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(12 mmol) dropwise with stirring under nitrogen. The mixture was . . .  

stirred for 20 minutes and .25 ml of glacial acetic acid added. After 
10 minutes, 4.43 g (10 mmol) of lead tetraacetate was added in small 

portions and the reaction mixture allowed to stir for an additional 
hour. The solution was then poured into 200 ml of ice water and the 
resulting precipitate collected and recrystallized from cyclohexane 

yielding 0 .8 6 g (4l$>) of product, melting point 122 - 123°. ■ The com
pound was identified by its ir, nmr, and melting point. Sansen et al.

(1958) reported a yield of 1% and a melting point of 122 - 123°.

Methyl 3;5-Dinitrobenzoate 

This compound was prepared in 68% yield according to the pro
cedure of Shriner, Fuson, and Curtin (1967), and identified by its 
melting point.

1-(N,N-Dimethylamino)-4- 
(1 ',2 ',2 1-tricyanovinyl)benzene 11?

This compound was prepared in 88% yield according to the pro

cedure of Sansen et al. (1958) and identified by its melting point.

4-(l',2 *,2 1-Tricyanovinyl)phenyl Acetate 
To 1.95 g (10 mmol) of 4-(l',2 1,2 1-tricyanovinyl)phenol in 10 ml 

of benzene was added 1 .6 0 g (20 mmol) of acetyl chloride. Two ml of 
pyridine was added dropwise with stirring at 0° and allowed to react for 
one hour. The reaction mixture was heated on a steam bath for 20 min

utes and poured into ice water. The benzene layer was separated and the 

aqueous phase extracted with benzene. The combined benzene extracts



were dried over sodium sulfate and the solvent removed. The resulting 
solid was recrystallized from ethanol yielding 2 .0 0 g (80%) of 4-

assigned to the methyl protons. The ir (KBr) showed a conjugated -ON

ultraviolet spectrum (THF) had a at 235 nm (e = 6,030), 258 nm
(e = 9 ,300), and 400 nm (e = 2 0,900).

mol. wt. 237-

Found: C, 6 5-7 9; H, 3 -1 1; N, 17-47; mol. wt. (mass spectrum) 237-

Lead Tetraacetate 

This compound was prepared in 75% yield according to the pro
cedure of Bailor (1939) and identified by its melting point.

Methacryloyl Chloride 

This compound was prepared in 65% yield according to the pro
cedure of Rehberg, Dixon, and Fisher (1945) and identified by its boiling 
point and refractive index.

4-(2',2'-Dicyanovinyl)styrene 12^

To 13.8 g (100 mmol) of p-chlorostyrene in 20 ml of THF in a 100 
ml three-necked flask was added 2.40 g (100 mmol) of magnesium turnings 

and 0 .2 0 g of ethylene bromide with stirring under nitrogen. The vigor

ous Grignard reaction was moderated with an external water bath until

(l1,2 ',2 '-tricyanovinyl)phenyl acetate, melting point 93 - 94.5°- The 
nmr spectrum (CDCl^) showed peaks centered a t T l .90 and T2 .6 5 (doublets 

J = 9 Hz, 4H) assigned to the aromatic protons and T7-65 (singlet, IE)

—  1 —1 stretch at 2200 cm and an ester carbonyl stretch at 1750 cm . The

Anal.



all of the magnesium was consumed. An ice bath was applied to the re

action vessel and 10 g (137 mmol) of dimethylformamide in 30 ml of THE1 

was added slowly. The reaction mixture was stirred for two additional, 
hours and worked up with saturated ammonium chloride solution. The 

ether layer was separated and the solvent removed under rotary evapo-f 
ration leaving a yellow oil. The yellow oil was diluted with 50 ml of 
ethanol.(±00%) and filtered to remove any polymeric precipitate.: To the 

cooled solution of p-vinyl-benzaldehyde 124 was added 6 .6 0 g of malo- 
nonitrile and two drops of piperidine. The resulting precipitate was 

collected and dried yielding 6 .3 0 g (35%) of crude 4-(2 1,2 !-dicyano- 

vinyl) styrene 125. Elution of the 4-(-2 8,2 ̂ dicyanovinyl) styrene 12^ 

on neutral alumina with ethyl acetate yielded pure product, melting 
point 113 — 114°. The nmr spectrum (CDCl^) showed a peak centered at • 
t I - 6 ?  (singlet, 1H) assigned to the dicyanovinyl proton; t2.30 and 

t2.50 (doublets, J = 6 Hz, 4H) assigned to the aromatic protons;, t 4.00 

(multiplet, 3H) assigned to the vinyl protons. The ir (KBr) showed a 
conjugated -ON stretch at 2190 cm \  The ultraviolet spectrum (THE) 

had a at 230 nm (e = 1 0,000) and 358 nm (e =3 2,500)..

Anal. Calcd. for ^22^8^2" 80.00; H, 4.45; N, 15.55; mol. wt.
l8o.

Found: C, 79-92; H, 4.71; N, 15.30; mol. wt. (mass spectrum) l8 0.

4-(lf ,2! ,2f-Tricyanovinyl)styrene 126.,

- To 0.540 g (3 mmol) of 4-(2 *,2 ’-dicyanovinyl)styrene 125 in 15 

ml of dimethylformamide was added 1 .5 ml of aqueous 4N sodium cyanide 

solution (6 mmol) with stirring under nitrogen. . The reaction mixture



was stirred for 20 minutes and 10 ml of glacial acetic acid was added.

After 10 minutes, 1.33 g (3 mmol) of lead tetraacetate was added at 0°
and stirred for 30 minutes. The reaction, solution was then poured into
70 ml of ice water and the resulting precipitate collected. - The solid
residue was sublimed at 105° and 0.10 mm Eg to yield 0.124 g (20%) of
4-(1 ' , 2  f,2 1-tricyanovinyl)styrene 1 26, melting point 124 — 125°. The
nmr spectrum (CDCl^) showed peaks centered at t1 .9 0 and t2 .3 5 (doublets,
J = 8 Hz, 4H) assigned to the aromatic protons and t3 .8 0 (multiplet, 3H)

assigned to the vinyl protons. The ir (KBr) showed a conjugated -ON

stretch at 2190 cm \  The ultraviolet spectrum (THF) had a X at 243• max
nm (e = 1 1,000) and 350 nm (E = 9 ,000).

Anal. Calcd. for C, 7 6.0 8 ; H, 3*42; N, 20.50; mol. wt.

203.
Founds C, 7 6.0 0; H, 3.53; N, 2 0.2 7; mol. wt. (mass spectrum) 205«

Attempted Polymerization of 
4-(2 T,2 '-Dicyanovinyl)phenyl.Acrylate 115

To a solution of 4~(2f,2 1-dicyanovinyl)phenyl acrylate (0.448 g, 

2 mmol) in 1 0 .0 ml of benzene was added 2 .2  mg (0*5% to monomers) of 
AIBN. The solution was heated to reflux for 24 hours under nitrogen and 

attempts to precipitate the solution into methanol or hexane failed.

Only starting material was recovered.

Attempted Polymerization of 
4-(2 1,2 ’-Dicyanovinyl)phenyl Methacrylate 116

To a solution of 4-(2 ’,2 f-dicyanovinyl)phenyl methacrylate 

(0.476 g, 2 mmol) in 1 0 .0 ml of benzene was added 2.4 mg (0 .5%> to



monomers) of AIBN. The solution was heated to reflux for 24 hours under 

nitrogen and attempts to precipitate the solution into methanol or 

hexane failed. Only starting material was recovered.

Attempted Polymerization of 
4-(11-Phenyl-2 ',2'-dicyanovinyl)phenyl Acrylate ll8

To a solution of 4-(1 1-phenyl-2 1,2 1-dicyanovinyl)phenyl acrylate 

(0 .6 0 0 g, 2 mmol) in 1 0 .0 ml of benzene was added 3«0 mg (0 .5$ to mono
mers) of AIBN. The solution was heated to reflux for 24 hours under 

nitrogen and attempts to precipitate the solution into methanol or 
hexane failed. Only starting material was recovered.

Attempted Polymerization of 4-(1 1-Pheny1- 
2 ',2 !-dicyanovinyl)phenyl Methacrylate 11^

To a solution of 4-(1 1-phenyl-2 ',2 1-dicyanovinyl)phenyl meth
acrylate (0 .6 2 8 g, 2 mmol) in 1 0 .0 ml of benzene was added 3«l4 mg (0 .5% 
to monomer) of AIBN. The solution was heated to reflux for 24 hours 

under nitrogen and attempts to precipitate the solution into methanol 

or hexane failed. Only starting material was recvoered.

Attempted Polymerization of 
4-(l',2 ',2 1-Tricyanovinyl)phenyl Acrylate 122

To a solution of 4-(l',2 ',2 'r-tricyanovinyl)phenyl acrylate 
(0.498■g, 2 mmol) in 1 0 .0 ml of benzene was added 2.49 mg (0 .5$ to mono
mer) of AIBN. The solution was heated to reflux for 72 hours under 

nitrogen and attempts to precipitate the solution into methanol or 

hexane failed. Only starting material was recovered.



Attempted Polymerization of 
4-(2',2'-Dicyanovinyl)styrene 125

To a solution of 4-(21,21-dicyanovinyl)styrene (O.36O. g, 2 mmol) 

in 10.0 ml of benzene was added 1.80 mg {0.5% to monomer) of AIBN. The 
solution was heated to reflux for 30 hours under nitrogen and attempts ■ 
to precipitate the solution into methanol or hexane failed. A small 

amount of insoluble material (ca. 10%) was isolated from the benzene and 
melted at 300°.

Co-polymerization of N-Vinylcarbazole and .
4-(2',2'-Dicyanovinyl)phenyl Acrylate 11^

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4- 
(2 1,2 '-dicyanovinyl)phenyl acrylate (0.224 g, 1 mmol) in 1 0 .0 ml of 
freshly distilled THF was added 2.1 mg of AIBN (0.5% to monomers). The 

solution was heated to reflux for 24 hours under nitrogen and precipi

tated into hexane three.times for purification. The resulting material 

was dried in a drying pistol and yielded 0 .0 8 g (19% conversion) of
copolymer, melting point ' 131 — 170°. The ir (KBr) showed a conjugated

— 1 — 1-ON stretch at 2200 cm and an ester carbonyl stretch at l?4o cm
Elemental analysis indicated that the copolymer was 44 mole % of the
acrylate. The was 0 .0 8. Solution and thin film ultraviolet and
visible absorptions were taken and the results are listed in Table VI.

Copolymerization of N-Vinylcarbazole and4-T2'T2'^Dicyanovinyl)phenyl Methacrylate ll6

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4- 

(2 ',2 '-dicyanovinyl)phenyl methacrylate (0 .2 3 8 g, 1 mmol) in 1 0 .0 ml of
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freshly distilled THF was added 2.2 rag of AIBN (0.5% to monomers). The 
solution was heated to reflux for 24 hours under nitrogen and precipi

tated into hexane three times for purification. The resulting material 
was dried in a drying pistol and yielded 0 .0 6 g (l4%> conversion) of co
polymer, melting point 149 - l80°. The ir (KBr) showed a conjugated

—  1 - —1-CW stretch at 2190 cm and an ester carbonyl stretch at 1730 cm
Elemental analysis indicated that the copolymer was 43 mole °/o of the 

methacrylate. The (THF) was 0.092. Solution and thin film ultra

violet and visible absorptions were taken and the results are listed in 
Table VI.

Cbpolymerization of N-Vinylcarbazole and 
4-(l',2',2'-Tricyanovinyl)phenyl Acrylate122

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4- 
(l.1,2',2'-tricyanovinyl)phenyl acrylate (0.249 g, 1 mmol) in 10.0 ml of 
freshly distilled THF was added 2.2 mg of AIBN (0.5% to monomers). The 

solution was heated to reflux for 24 hours under nitrogen and precipi

tated three times into hexane for purification. The resulting material 
was dried in a drying pistol and yielded 0.07 g (1 5-7% conversion) of

copolymer, melting point .145 — 165°. The ir (KBr) showed a conjugated
_1

-ON stretch at 2190 cm and an ester carbonyl stretch at 1?40 cm . 

Elemental analysis indicated that the copolymer was 38 mole °/o of the 

acrylate. The (THF) was O.Q8 3. Solution and thin film ultra
violet and visible absorptions were■taken and the results are listed in 
Table VI.
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Copolymerization of N-Vinylcarbazole and 

4-(l'-Phenyl-2',2'-dicyanovinyl)phenyl Acrylate ll8

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4- 
(1 1-phenyl-2 1,2 '-dicyanovinyl)phenyl acrylate (0 .3 0 0 g, 1 mmol) in 1 0 .0  

ml of freshly distilled TEF was added 2.5 mg of AIBN (0.5% to monomers). 

The solution was heated to reflux for 24 hours under nitrogen and pre
cipitated three times into hexane for purification. The resulting 
material was dried in a drying pistol and yielded O.O56 g (1 1.3% con
version) of copolymer, melting point .132 — l6l°. The ir (KBr) showed a

1 ^conjugated -CN stretch at 2185 cm and an ester carbonyl stretch at 
—11750 cm . Elemental analysis indicated thatthe copolymer was 49.6

mole % of the acrylate. The p . .• was 0 .06l. Solution and thin film -inh
ultraviolet and visible absorptions were taken and the results are 
listed in Table VI.

Copolymerization of H-Vinylcarbazole and 4-(l’- - 
Pheny1-21,2'-dicyanovinyl)phenyl Methacrylate 119

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4- 
(1 1-phenyl-2 1,2 '-dicyanovinyl)phenyl methacrylate (0.314 g, 1 mmol) in 
10.0 ml of freshly distilled THE was added 2.3 mg of AIBN (0.5% to mono
mers). The solution was heated to reflux for 24 hours under nitrogen 

and precipitated three times into hexane for purification. The result

ing material was dried in a drying pistol and yielded 0.043 g (8 .5% 
conversion) of copolymer, melting point 140 - 132°. The ir (KBr) 

showed a conjugated -CN stretch at 2200 cm and an ester carbonyl 

stretch at 1730 cm \  Elemental analysis indicated that the copolymer 

was 47 mole % of the methacrylate. The tl , was 0.047 (THE). Solution
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and thin film ultraviolet and visible absorptions jwere taken and the 
results are listed in Table VI.

Copolymerization of N-Vinylcarbaz'ole and 
' 4-(2',2'-Dicyanovinyl)styrene 12^

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 4-
(2',2'-dicyanovinyl)styrene (0.l8o g, 1 mmol) in 10.0 ml of freshly dis

tilled THF was added 1.8 mg of AIBN (0.5%> to monomers). The solution 
was heated to reflux for 24 hours under nitrogen and precipitated three 

times into hexane for purification. The resulting material was dried in 

a drying pistol and yielded 0 ,0 9 3 g (23% conversion) of copolymer,

melting point . 158 — 176°. The ir (KBr) showed a conjugated -CN stretch 
-1at 2190 cm . Elemental analysis indicated that the copolymer was 50

mole °/o of the styrene. The h w a s  0 .1 1 (THE). Solution and thin

film ultraviolet and visible absorptions were taken and the results are 

listed in Table VI.

Copolymerization of N-Vinylcarbazole and 
^-(B1,2'-Dicyanovinyl)phenyl Acrylate 113a

To a solution of N-vinylcarbazole (0.193 g, 1 mmol) and 2- 
(2 ',2 !-dicyanovinyl)phenyl acrylate (0.224 g, 1 mmol) in 1 0 .0 ml of 
freshly distilled THE was added 2.1 mg of AIBN (0.5% to monomers). The 

solution was heated to reflux for 24 hours under nitrogen and preci

pitated three times into hexane for purification. The resulting 

material was dried in a drying pistol and yielded 0 .0 1 3 g (3 «1% con
version) of Copolymer, melting point " 118 - 137°. The ir (KBr) showed

—  1a weak conjugated -CN stretch at 2180 cm and an ester carbonyl stretch
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at 1730 cm \  Elemental analysis indicated that the copolymer was 42 
mole % of the acrylate. The p (THE) was 0.032. Solution and thin 

film ultraviolet and visible absorptions were taken and the results are 
listed in Table VI.

Copolymerization of N-Vinylcarbazole and 
4-(l',2 ',2 '-Tricyanovinyl)styrene 126

To a solution of N-vinylcarbazole (O.0386 g, 0 .2 0 mmol) and 

4-(1 ',2 ',2 1-tricyanovinyl)styrene (0.4l0 g, 0 .2 0 mmol) in 4.0 ml of 
benzene was added 0.40 mg of AIBN (0.3$ to monomers). The solution was 
heated to reflux for 20 hours under nitrogen and precipitated into 

ligroin for purification. The resulting material was dried and yielded 

0.0039 g (9% conversion) of copolymer, melting point 165 — 229°. The 
ir showed a conjugated -CN stretch at 2190 cm . There was only enough 

material for a visible spectrum which is located in Table V. It indi

cates that the material is a copolymer. Crystals of a dark red charge-, 

transfer complex, melting point 86 - 88°, twere also obtained from the 
reaction. In DMF, a 0 .0 0 1 g/3ml solution gave a ^maX °T 390 nm (very 
broad) e = 8 ,0 0 0, and a slight charge-transfer band at 600 nm (e = 15)«

Model System Studies 

The procedure of Merrifield and Phillips (1958) was employed to 
find the charge-transfer bands, their extinction coefficients, and their 

equilibrium constants of the.following donor-acceptor pairs in THE: N-
ethylcarbazol and methyl 3 ,5-dinitrobenzoate, N-ethylcarbazole and 4- 

(2 1,2 1-dicyanovinyl)phenyl acetate, N-ethylcarbazole and 4-(1 1,2 1,2 1- 

dicyanovinyl)phenyl acetate, N-ethylcarbazole and



4-(l1-phenyl-2 ',2 1~dicyanovinyl)phenyl acetate, N-ethylcarbazole and 1- 
methoxy-4-(l',2',2'-tricyanovinyl)benzene, N-ethylcarbazole' and 1-N,N- 

dimethylamino-4-(l1,2',2'-tricyanovinyl)benzene, N-ethylcarbazole and 
. 1-carbornetho3cy-2 ,2-dicyanovinylbenzene, and N-ethylcarbazole and 1 ,2 ,2- 

tricyanovinylbenzene. The results are summarized in Table V.

Nmr studies were also conducted on some of the above systems at 
Jfo concentration in CDCL^ to compare resonance shifts of the complexed 

and uncomplexed .species. . The results are summarized in Table IV.
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