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ABSTRACT

1aAcetylnortricyclene and l1l-nortricyclenecarbo=
nitrile were synthesized; Several attempts were made
to homopolymerize and copolymerize l-acetylnortricyclenes
~Attempts to initiate homopolymerization with either
sodium or di-t-butyl peroxide failed, even at 200°,
Free radical copolymerization of l-acetylnortricyclene
and styrene with azoblsisobutyronitrile as initiator
and anionic copolymerization with sodium=naphthalene
as initiator were unsuccessfulo. In both cases only
polystyrene was obtained. Copolymerization of l-acetyle
nortricyclene and vinyl chloride with potassium per-
sulfate as initiator was likewise unsuccessful, re=-
sulting only in poly{vinyl chloride).

1¢1 Copolymers of l-bicyclobutanecarbonitrile
and styrene, and of methyl l-bicyclobutanecarboxylate
and styrene, were prepared by complexing the electron-
poor monomer with zinc chloride. In the case of
l=blcyclobutanecarbonitrile and styreints, the polymer
formed was shown to bé alternating. Homopolymers of

viii



l=bicyclobutanecarbonitrile and of methyl 1-bicyclo-
butanecafboxylate were also prepared with zinc chloride

as initiator. The mechanisms of these polymerizations

were briefly exﬁlorede
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PART. I

SYNTHESIS AND POLYMERIZATION OF NORTRICYCLENE DERIVATIVES



INTRODUCTION

In the past there have been several attempts to
polymerize compounds containing cyclopropane rings via
ring-opening. Most momocyclic cyclopropanes polymerize
poorly or not at all. More success has been had with bl-
cyclic cyclopropane-containing compounds. Pinazzi et al.
(1968) have described low polymers from bicyclo[n.1.0,]
alkanes and Wiberg (1965) and Wiberg et al. (1965) have
shown that methyl and ethyl 1l-blicyclobutanecarboxylates
polymerize when left at room temperature. More recently,
Hall et al. (1971a,=-b) and Swartz and Hall (1971) have re=-
ported that a number of substituted bicyclobutanes can be
homopolymerized and copolymerized to high molecular weight
polymers. The bicyclobutanes which gave the best results
were those with electronegative substituents (COOH, COOR,
CONH

COCH CN) at the bridgehead.,

@cn tnitiator. %
7 CN“n

To extend thls work to other bicyclic systems

29 39

containing strained C-C single bonds, the nortricyclene
system was explored. 1-Acetylnortricyclene (1) and

l-nortricyclenecarbonitrile (2) were synthesized and



several attempts were made to homopolymerize and co-

e,

C=0
CN
b,

polymerize 1-acetylnortricyclene.

(1) (2)

It was desired to prepare l-nortricyclenecarbo-
nitrile (2) in order to compare it with a nitrile pre-
viously prepared by Hall (unpublished work). In the
procedure of Hall, chlorination of 2-norbornanecarbo-
nitrile (3) gave only one product, but it was uncertain
whether chlorination had occured at the 6 or 7 position,
Therefore it was uncertain whether (2) or (4) had been
obtained on treatment of the chloro compound with

potassium t-butoxide.

CN
(3)

f ‘\é 27 (2)
Cl Cl CN KOt~Bu
CN
h R e
& (%)
CN N
In this work, l-nortricyclenecarbonitrile (2) was pre-

pared bx another method and compared to the product

obtained by Hall,



RESULTS AND DISCUSSION

Nortricyclene (2) was prepared by isomerization
of norbornene (1)s. The procedure followed was that of
Schleyer (1958), in which norbornene was refluxed over
a silica=-alumina catalyst and distilled. This resulted
in an equilibrium mixture consisting of 29% norbornene
(1) and 71% nortricyclene (2).

b 510,-41,04 &

P ——

N Catalyst
(1) (2)

The equilibrium mixture was converted to l-acetyl-

nortricyclene (5) and then to l-nortricyclenecarboxamide
(8) as shown below. This was the procedure of Hart and

Martin (1959).

;Egi:27 (1) alcly (3) (4) (5)

r CH 0001
J CHZCl
-o -o

(2) o=0

AES;;;7 \\\\Tr-cv’/;y i
] 25T,

1) NaOBr (cocl), NH
22522}7 02) T AZSZ:;7 '°>ZZ§Z:;7 -70° %252::7
(5) Xn ¢=0 C=0 Cc=

&; @5 0 E @



Treatment of the equilibrium mixture with
aluminum chloride and acetyl chloride in methylene
chloride gave three products: 2-chloro-3-acetylnorbornane
(3), resulting from addition of acetyl chloride to the
double bond of norbornene (1); 2=-chloro-6-acetylnorbor-
nane (4), resulting from addition of acetyl chloride
across the cyclopropane ring of nortricyclene (2); and
i-acetylnortricyclene (5), the Friedel-Crafts product,
2=-Chloro-6-acetylnorbornane (4) was converted to l-acetyl=-
nortricyclene (5) by refluxing with sodium carbonate.

An attempt was also made to use trlethylamline in place
of sodium carbonate, but this was unsuccecsful, 1-Acetyl
nortricyclene (5) was converted to l-nortricyclene-

carboxylic acid (6) by the haloform reaction.

& + 3NaOBr —> + 3NaOH

=0 =0
(5) gH Cery
& + NaOH — & + CHBr,
= O,Na
2
gBr3 _

H+



Treatment of the acid with either thionyl chloride or
oxalyl chloride readily gave l-nortricyclenecarbonyl
chloride (7). 1=Nortricyclenecarboxamide (8) was
obtalned by treatment of the acid chloride with liquid
ammonia. Its melting point agreed with that given by
Hart and Martin.

Attempts to prepare l-nortricyclenecarbonltrile
(9) from l-nortricyclenecarboxamide (8) by reaction with

thionyl chloride and pyridine proved unsuccessful.

& +30012+2@ —_— &'*SOZ‘rZ@
0 N (9) &N

(8) g;z H+ C1

The nitrile was successfully prepared by dehydration of
the amlde with phosphorus pentoxide. .

22
A

C=0 N
(8) fmz (9)
The compound obtailned was shown by 1r, nmr and vpc to
be 1ldentical to the compound prepared by Hall in every
respectes Therefore chlorination of 2-norbornanecarbo-
nitrile had occured at the 6 position,
The acetyl compound being most readlly avallable,

was subjected to the following polymerization conditions:



The monomer was heated with a small amount of
metallic sodium to 20(_)0o The solution turned brown,
but no polymer formed. After three hours, there was
no sodium left in the reactlon vessel and no gas was
evolved on addition of methanol., It seems likely that
the sodium may have reacted with the enol of le-acetyle
nortricyclene.

In another experiment, leacetylnortricyclene
was heated to 200° with a catalytic amount of di=-t=-butyl
peroxides Agaln the solution turned brown, but no
polymer formed.

Whén‘1macetylnortricyclene and styrene were
mixed with a2 catalytic amount of azobisisobutyronitrile
(AIBN) in a sealed tube and heated to 60° overnight,

a solid plug formed. The polymer was dissolved in
benzene, precipitated in methanol, and a film of the
polymer prepared. Howevery; an infrared spectrum of
this film showed only polystyrene.

An anlonic copolymerizstion of l-acetylnortri-
cyclene and styrene was also tried using sodiume=
naphthalene as initiator. As in the free radical case,.
the polymer obtained was shown by ir to be polystyrene.

An attempt was also madé to copolymerize leacetyle
nortricyclene and vinyl chloride. The procedure used

was that of Sorenson and Campbell (1968, p. 227) for



emulsion polymerization with potassium persulfate as
initiator., As before§ the polymer obtained was shown

by ir not to contain any l-acetylnortricycleneo

It must ve concluded that bridgehead-substituted
nortricyclenes are reluctant to polymerize. Evidently,
not enough additional strain is added to the cyclo-
propane ring by the nortricyclene system to encourage

polymerizationo'



EXPERIMENTAL

Norbornene (Union Carbide) was distilled from
sodium. Styrene (Métheson9 Coleman and Bell) was
purified by vacuum distillation and stored under nitrogen
'in a Dry Ice box. Tetrahydrofuran {(Mallinckrodt) was
distilled from lithium aluminum hydrides Naphthalene
(Matheson, Colemanvand Bell) was purified by sublimation.
Sodium (Mellinckrodt), di=t-=butyl peroxide (Matheson,
Coleman and Bell), azobisisobutyronitrile (DuPont),
potassium persulfate (Mallinckrodti, ORR soap (sodium
stearate, sodium oleate and sodium palmitate) (Proctor
and Gamble), vinyl chloride (Matheson), and other
chemicals wére used without further purificatione.

Nuclear magnetic resonance (nmf) spectra were
determined on either a Varian model A=60 spectrometer
at 60 MHz or on a Varian model HA-100 spectrometer at
100 MHz using tetramethylsilane as an internal stahdarde
Infrared (ir) spectra were obtained with a Perkin-Elmer
337 grating infrared spectrophotometer. A polystyrene
film was used to calibrate the 1nstfumento Vapor phase
éhromatography (vpc) was carried out on a Varian Aerograph
series 1700 with a 5 foot 3% SE=30 Verapore 30/120 mesh

column and a Leeds and Northrup speedomax H recorder.

9



10
Melting points were determined on a Mettler Mel=temp
apparatus. Inherent viscosities were determined with
an Ostwald-Fenske viscometer. The concentration of

all solutions was 0.1 g per dl with solvents as indicated.

Nortricyclene

The procedure of Schleyer (1958) was used.
Norbornene (240 g, 2.52 mol) was purified by distillation
from_sodiﬁm and was then refluxed over 2.0 g of crushed
silica-slumina catalyst (Houdry code 24 CP=15) for two
hourse The 1lsomerization was followed by vapor phase
chromatography This resulted in an equilibriﬁm mixture
consisting of 71% nortricyclene and 29% norbornenes.
Continued refiuxing resulted in polymerization. When
isomerization was complete, the mixture wés distilleds

yield, 133.2 g (55.5%),

i-Acetylnortricyclene

The procedure of Hart and Martin (1959) was
used. Anhydrous aluminum chloride (77.2 g, 0058 mol)
was added to 200 mi of methylene chloride in a flask.
Acetyl chloride (50,0 gy 0.64 mol) in 100 ml of methylene
chloride was added dropwise for 1.5 hours to the aluminum
chloride solutione. The mixture wés stirred constantly
and the temperature maintained at approximately 50 with

an lce water bathe The solution was stirred for one



i1
hour until it became élearo The nortricyclene-norbornene
mixture (55.4 g, 0,58 mol) in 152 ml of methylene
chloride was added dropwise to this solution at 50 for
1.5 hours. The mixture was stirred for 15 more minutes
at 50 and then warmed for 1.25 hours with stirring to
room temperature¢ |

A 20% hydrochloric acid solution (400 ml) was
added dropwise to destroy the remaining aluminum chloride
and acetyl chloride. A gray precipltate formed at first,.
but it redissolved as more hydrochloric acid was added.
The layers were separated. The water layer was extracted
twice with 100 ml portions of methylene chloride. The
combined brganic layers were then washed twice with
100 ml of water, twice with 100 ml of saturated sodium
bicarbonate solution, once more with 100 ml of water,
and dried overnight over magnesium sulfate. The methylene
chloride was bolled off.under asplrator pressure ahd
the resultant yellow olil redissolved in benzZene. The * .
benzene was then distilled away to remove gll of the
methylene chloride; yield, 69.6 g of yellow oil.

Sodium carboﬁate monohydrate (74.4 gy 0.76 mol)
in 375 ml of water was heated to reflux with mechanical
stirring. The above o0il (52.2 g) was added dropwise
for 30 minutes, The resulting heterogeneous mixture

was refluxed and stirred for 15 minutes more and then
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the layers were separated. The Watef layer was extracted
twice with 90 ml of diethyl ether and the comblned
organic layers dried overﬁight over magnesium sulfate.
The agueous layer was acidified with nitric acid and
silver nitrate was added to test for chloride ion., A
white precipitate of silver chloride was obtained
indicating that sodium carbonate had been successful in
eliminating HCl from chhlorOQSWacetylnorbornane to
give l=acetylnortricyclene.

The brown organic solution was distilled under
full vacuum pumpe. It yielded a colorless liquide.
Vapor phase chromatography showed one ma jor peak,
assigned to l-acetylnortricyclene, one lower boiling
impurity, and two higher boiling impurities presumed
to be 2=chloro=6-acetylnorbornane and Z2=chloro-=3-acetyl-
norbornane. Two other low boliling impurlties were
also present, but their peaks were very small. It was
thought that one of these lower bolling compounds night
be Z2-acetylnorbornene, resulting from elimination of
HC1l from Z-chloro=3=acetylnorbornane, but an nmr spectrum
(neat) showed no vinyl protons.

The crude l=acetylnortricyclene from seversl
preparations (80 ml) was fractionated through a spinning
band column at 2 mm. This resulted in 7 ml of a low

boiling fraction with considerable amounts of the low
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boiling impurity, 30 ml of a medium boiling fraction,
approximately 95% 1-acetylnortricyclene, and 40 ml of
a high boiling fraction, rich in high boiling impurities.
The middle fraction from above was further fractlonated
through a glass helices packed column into five fractlons
varying in degree of purlty. The third fraction was
better than 994 pure l-acetylnortricyclene. The high
and low bolling fractions from the spinning band frac-
tionation were combined and refractionated through the
glass helices packed column into six fractions. The
high boiling impurities were completely elimlinated
from these fractlons.

The infrared spectrum of the purified l-acetyl-
nortricyclene (neat) clearly indicated the presence of
the cyclopropane carbon-hydrogen stretch at 3060 cm“1
and of the carbonyl stretch located o to the cyclo-

1

propane ring at 1675 cm ~, The nmr spectrum (neat)

showed a singlet (integration 4)at 8.55 T due to

, & doublet (integration 2) at 8.43 T due to

H
H
. .
225::;‘H , & singlet (integration 2) at 8.02 T due to

, & singlet (integration 3) at 7.94 T due to



-0 » and a multiplet (integration 1) at 7.84% T due

Hy

i
@

1=Nortricyclenecarboxylic acid

The procedure of Hart and Martin (1959) was used,
The acid was prepared from l-acetylnortricyclene using
the haloform reaction. Bromine (7.56 ml, 0.14 mol)
was added dropwise to 18,9 g (0.47 mol) of sodium
hydroxide in 126 ml of water at 0° with stirring. This
resulted in a yellow solution of sodium hypobromite.

The yellow solution was added dropwise to 6.30 g (0.05
mol) of 1l-acetylnortricyclene., The mixture was stirred
at 0° for 30 minutes and then at room temperature for

3 hours. The color slowly changed from yellow to color=-
less,

The colorless solution was acidifled with dilute
hydrochloric acid until a white precipitate of l-nortri-
cyclenecarboxylic acid formed, Sodium bisulfite was
added to destroy any excess bromine.

NaHSO3 + Br, + H,0 —_— NaHSO, + ZHBr
The aqueous solution was extracted three times with
diethyl ether in which the acid dissolved and the com-
bined ether layers were extracted three times with 103%

sodlum hydroxlide. The agqueous layers were combined and

14

to
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acidified with hydrochloric acid. The resulting white
precipitate was filtered off; yield, 4.7 g of the crude
acid, mp 112-114° (1it. mp 119-120°, Hart ahd Martin,
1959). The crude acid-was recrystallized from diethyl
ether at =80% yield, 2.90 g (40%).

The infrared spectrum of the acid in chloroform
showed avbroad OH absorption above 3000 cn™! and a strong

carbonyl absorption at 1665 em™t,

i=Nortricyclenecarboxamide

The procedure of Hart and Martin (1959) was used.
l1=Nortricyclenecarboxylic acid (2.31 g; 0.017 mol) was
dissolved in diethyl ether and added dropwise to 3.0
ml (50% excess) of dxalyl chloride, to form the acid
chloride. The mixture was stirred until evolution of
gas ceased., 1t was then warmed to reflux for a few
minutes to insure that the reaction was complete and
filtefedo The solvent was removed on a rotéry evap-
orator leaving a yellow oil.

- The infrared spectrum (neat) showed cyclopropane
carbon-hydrogen stretch at 3055 en™t and carbonyl
stretch at 1775 em™t, |

1=Nortricyclenecarbonyl chloride was dissolved in
diethyl ether and added dropwise to excess liquid

ammonia. The mixture was warmed to room temperature and

the white crystals were washed with water to remove
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ammonium chloride. The remalning crystals were dissolved
in hot ethanol and the solution was evaporated to dryness
on a rotary evaporator; yield, 1.4 g (61%), mp 222«2250
deco (1ite mp 219-222° dec., Hart-and Martin, 1959). Re-
crystallization-was ﬁnnecessaryo |

The infrared spectrum of the amide in a-KBr

pellet showed nitrogen-hydrogen stretch at 3350 c:m“’1

and 3175 cmgi9 nitrogen-hydrogen bend at 1620 cmai9

and carbonyl stretch at+1665 em”™ 1,

i=Nortricyclenecarbonitrile

l=Nortricyclenecarboxamide (1.4 g, 0,01 mol)
was placed in a test tube connected to a cold trap
and mixed with an excess of phosphorus pentoxide., The
cold trap was placed in a Dry Ice-acetone bath and
the test tube was heated with a bunsen burner under
full vacuum pump, until the material in the tube turned
black., The cold trap yielded a solid which formed a
liguid when warmed to room temperature., The liquid
was taken up in diethyl ether and dried over molecular
sieves, The solvent was removed by rotary evaporation
leaving a yellow oil, which proved ﬁo be the nitrile.
The infrared spectrum (neat) showed eyclopropane

carbon-hydrogen stretch at 3075 cm™+

stretch at 2240 ecm™r. The nmr spectrum {(neat) showed a-

and carbon=nitrogen

S
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singlet at 8.65 T (integration 4) due to

a singlet at 8.52 T (integration 2) due to ;25;;2%

a singlet at 8.21 T (integration 2) due to

and a singlet at 7.93 T (integration 1) due to ézgzz%?

The ir.and.nmr spectra and the vpc retention time were
jdentical in every respect to Hall's material (unpublished

work).

Attempted Homopolvmerization
of 1-Acetylnortricyclene

l1-Acetylnortricyclene (3 ml) was placed in a
test tube.and the test tube flushed with nitrogen. A
small chunk of metallic sodium was added and the test
tube heated to 200° under nitrogen. After 3 hours the
resulting yellow=brown solution was cooled to room
temperature, Methanol was then added. There was no
sodium left in the bottom of the test tube, and no gas
was released upon addition of methanol. No precipitate
of polymer was observed and vapor phase chromatography
of the methanol solution showed only two peaks, pre-
sumably due to the methanol and to the l-acetylnortri-

cyclene,
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i=Acetylnortricyclene (3 ml) was placed in a
test tube with 3 drops of di-~t-butyl peroxide and heated
under nitrogen slowly to 200°, The liguid turned brown,

but no polymer formed.

Attempted Free Radical Copolymerization
of i=Acetylnortricvelene and Styrene

To 0.75 ml of styrene in a test tube was added
10 mg of azobisisobutyronitrile. The tube was evacuated,
sealed and heated overnight to 65°, A solid plug formed.
The plug was dissolved in benzene and precipitated in
excess methanol. It was blended and filtered. The
white powder was dissolved in benzene9 precipitated in
methanol, blended, and filtered agsin; yield, 0.35 g
The above procedure was repeated with 0.25 ml of l-acetyl=
nortricyclene added; yield; 0.35 go

Films of the above two polymers were prepared
and the infrared spectra conmpared. The spectra were
identical and no carbonyl absorption was obseréedo
Evidently the l=gcetylnortricyclene was not incorporated
into the polymer.:

Using a viscometer in an oil bath at 3209 the
inherent viscosities of thé two-polymers were determined
in benzene., The inherent viscoslty of the polyner
prepared in the absence of i-acetylnortricyclene was
0,58 and the inherent viscosity of the polymer prepared

in the presence of l-acetylnortricyclene was 0,39,
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Attempted Anionic Copolymerization
oft 1=Acetylnortricyclene and Styrene

Tetrahydrofuran (50 ml) was refluxed under
nitrogen to remove oxygene Naphthalene (1 g, 7.8 mmol)
and 0,18 g (7.8 mmol) of sodium were added to tﬁe
tetrahydrofuran. The mixture was stirred for 2 hours
giving a green solutione

A 25 ml test tube was flamed out under nitrogen
and fitted with a three way stopcock. The nitrogen
was first passed through sulfuric acid and then through
reduced copper oxide in order to remove all water and
oxygen, Oxygen=free tetrahydrofuran (20 ml) was placed
in the tube. The initiator solution was added dropwlse
until the solution turned green. The test tube was then
cooled in an ice water bathe Styrene (1.5 ml) was then
added., The solution turned colorless. At lce bath
temperature, more initiator was added until the solution
turned wine red indicating the presence of the styryl
anion, The solution was left under positive nitrogen
pressure overnight. By the next morning, the solution
was again colorless., It was poured into methancl and
the polystyrene precipitated. Thé'polymer was then
blended.and filtered; yield, 1.26 g

i=Acetylnortricyclene (0.25 ml) was added to a
25 ml test tube fitted with a three way stopcock. It

was degassed and covered with nltrogen., Oxygen-free
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tetrahydrofuran (10 ml) was added followed by 0.75 ml
of styrene., The initiator solution was then added drop-
wise until thé red color of the styryl anion persisted.
The test tube was left overnight under positive nitrogen
pressure. By the next morning, the solution was again
colorless. It was poured into methanol and the polymer
precipitated; The polymer was then blended and filtered;
yield, 0.35 & |

Films of the above two polymers were prepared
and the infrared spectra compared. The spectra were
identical and no carbonyl absorption was observede.
Evidently the leascetylnortricyclene was not incorporated
_into the polymer, |

Using a viscometer in an oll bath at 3109 the
inherent viscosities of the two polymers were determined
in benzene. The inherent viscoslity of the polymer
prepared in the absence of l-acetylnortricyclene was
0.20 and the inherent viscoslty of the polymer prepared
in the presence of l=acetylnortricyclene was 0,10,

Attempted Free Radical Copolymerization
of 1-Acetylnortricyclene and Vinyl Chloride

The procedure of Sorenson and Campbell (1968,
Po 227) was used. A 0.5% soap solution was prepared
by dissolving 0.5 g of ORRBR soap in 100 ml of oxygen=

free water (refluxed under nitrogen). The soap solution



(30 ml) and 0,08 g of potassium peréulfate were added
to a thick-walled bottle of 250 ml capacitys The mixture
was frozen in a Dry Ice-acetone bath and 10 g of vinyl
chloride dripped in'through a Dry Ice condenser. The
bottle was sealed with a bottle cap, warmed to 50O in a
water bath and stirred overnight. A milky white emulsion
resulted. The bottle was ooole& in a Dry Ice-acetone
bath, opened9 and warmed to room temperature. The
polymer was then precipitated in a sodium chloride
solution., The poly{vinyl chloride), a white powder,
was filtered off, washed séveral times with hot water
to remove excess s08D, waéhed with methanol, dissolved
“in “tetrahydrofurany flltered, precipitated in methanol,
blended, and filtered; yield, 3.7 g« The above procedure
was Yyepeated with 3 g of degassed l=gacetylnortricyclene
addeds yleld, 3.3 ge

Films of the above two polymers Were-prepared
and the infrared spectira compared. The spectra were
identical and no carbonyl absorption was observed.
Evidently the l-acetylnortricyclene was not incorporated
into the polymer.

Using a viscometer in an oil bath at 3109 the
inherent viscosities of the two polymers were determined
in tetrahydrofuran. The inherent viscosity of the polymer

prepared in the absence of l-acetylnortricyclene was



0,39 and the inherent viscosity of the polymer prepared

in the presence of lwacéﬁylnortrioyclene was 0,58,
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PART. II1

1¢1 ALTERNATING COPOLYMERS OF BICYCLOBUTANES
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INTRODUCTION

Certain 1:1 alternating copolymers have been
known for many years. These result from the copoly-
merization of electron-rich monomers with electron—
poor monomers. An example of this 1s the free radical

copolymerization of maleic anhydride and styrene,

O + 1 —R-.—-> CH,=CH 1
‘S S aN|

Other examples are the copolymerization of sulfur
dioxide and ot oclefins and the copolymerization of
p~dioxene or vinyl ethers and maleic anhydride. 1In the
latter case, Iwatsuki and Yamashita (1965) have proposed
the formation of a charge-transfer complex to explain

why alternating copolymers are obtained.

&

+ -
[o].. e
O \
@)

In recent years, some success has been had.in
inducing formation of 1:1 alternating copolymers by
complexing electron-poor monomers, such as acrylonitrile,
methacrylonitrile, methyl acrylate, or methyl meth-

acrylate with a metal halide such as zinc chloride or
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aluminum sesquichloride to make it even more electro-
philic and copolymerizing with an electron-rich mononer,
such as styrene, butadiene, or isoprene., Such poly-
merizations can be carried out with or without the
presence of a free radical inltiator. A good review
of this method has been given by Gaylord (1970). The
mechanism proposed by Gaylord and Takahashi (1968) to
explain why alternating copolymers are obtalned involves
formation of a donor-acceptor complex followed by homo=
polymerization of this complex. In these polymerizations,

f-ci + - cH,

CH, H=-CN 'ZnCl2

high molecular weight 1:1 copolymers are obtained re-
gardless of the monomer feed ratio. Hence, the polymers
are assumed to be alternating. In the case of poly-
(methyl methacrylate-co-styrene) prepared in this way,
more definitive proof that the polymer formed i1s indeed
alternating can be obtained via nmr (Ito and Yamashita,
1965 and Hirooka et al., 1968). Although equimolar
copolymers are obtalned at low temperatures and low
donversions, when the temperature is ralsed or when
polymerization i1s carried to high conversion, a non-
equimolar polymer results. Takahashi and Gaylord (1970)

attribute this to the formation of homopolymer or randon
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copolymer simultaneously wlth, but at different rates
from the formation of the alternating copolymer. In
some cases, the alternating copolymer can be separated
from the non-~alternating copolymer by fractionation
(Gaylord and Antropiusova, 1970).

Since Hall et al., (1971a,-b) and Swartz and Hall

(1971) have found that bicyclobutanes polymerize in a simi=-
lar manner to their vinyl analogs, it was desired to see if
they could also be made to form 1:1 alternating copolymers
as the corresponding vinyl monomers doe. In this work, 1:1
copolymers were made from l=bicyclobutanecarbonitrile (1)
and styrene and from methyl l1-bicyclobutanecarboxylate (2)
and styrene, using zinc chloride as the complexing agent,
In the case of l1l-bicyclobutanecarbonitrile and styrene,
the polymer was shown to be alternating by varying the
monomer feed ratios and observing the amount of each

monomer in the copolymer,

<E;>—CN <£;>-c02cn3

(1) (2)



RESULTS AND DISCUSSION

Preliminary Experiments with Vinyl Monomers
in Bulk

Several Copolymerizations of acrylonitrile and
other olefins with Lewls acids were attempted in order
to gain experience with this type of polymerization. The
attempted copolymerization of acrylonitrile and l-hexene
in bulk with an equivalent of boron trifluoride and azo=
bisisobutyronitrile at room temperature yielded no polymers
Apparently, l-hexene was too unreactive to be copolymer-
izeds The attempted copolymerization of acrylonitrile and
styrene in bulk with an equivalent of boron trifluoride
and azobisisobutyronitrile at room temperature was also
unsuccesgsful, yielding only polystyrene, perhaps by a
cationic mechanism. Copolymerization of acrylonitrile
and styrene in bulk with an equivalenﬁ of zinc chloride
was successful@ The method used was that of Yabumoto,
Ishii and Arita (1969). The nmr spectrum of the polymer
indicated that it contained more acrylonitrile than
styrene, but since the polymerization was carried to
full conversion; this was to be expected,

Polymerizations of Bilcyclobutanes
in Bulk

The above procedure for acrylonitrile, styrene
and zinc chloride was applied to the copolymerization

27
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of l-bicyclobutanecarbonitrile and styrene in bulk
with an équivalent of zinc chloride at room temperature.
A few mg of benzoyl peroxide were also added. The
polymer obtained was insoluble in zll solvents tried.
However, elemehtal analysis of the polymer indicated
that 1ebicyolcbutaneoafbonitrile and styrene were
present in equimolar amounts.

To establish that monomers:.other than styrene
could be used, 1l=bicyclobutanecarbonitrile and vinyl
butyl ether were copolymerized in buiko A catalytic
amount of zinc chloride preoduced no polymer, but when
& full equivalent of zinc chloride was used, polymer
férmeds The polymér was gsoluble in Ne-methylpyrrolidone
after sodium methoxide in methanol was added, It was
precipitatéd by addition to methanole An‘nmr spectrum
showed that the vinyl butyl ether had been incorporated
into the polymers,

A copolymer ofAmethyl l=bicyclobutancarboxylate
and styrene prepared in bulk with a catalytic amount
of zinc chloride was soluble in chloroform, but a co=
polymer prepared in bulk with a full equivalent of zinc
chloride was mostly insolubiee

A number of homopolymerlzations were also carried

out, 1=Bicyclobutanecarbonitrile was homopolymerized
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with a catalytic amount of zinc chloride. Most of the
resulting polymer was insoluble in all solvents tried.

An infrared spectrum of the small amount that was

soluble showed evidence for both CN and C=C=N. The
polymerization was repeated with a full equivalent of

zinc chloride. This polymer was insoluble in all solvents
tried.

The fact that l1-bicyclobutanecarbonitrile poly=-
merized with zinc chloride in the absence of a free rad-
ical initiator could indicate a cationic polymerization.
This could theoretically lead to two types of linkages

in the polymer, both of which were observed in the

(@—9\/\%@
NN @ @———QV\N_O

An alternative mechanism could involve formation

infrared spectrum.

of a charge—transfer complex followed by spontaneous
polymerization as has been suggested for the homopoly-

merization of acrylonitrile (Gaylord and Takahashi, 1968),

Niz: + -i:
CNeee oZnClz

This mechanism, however, fails to explain the presence

of ketenimine linkages in the polymer.
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The inability to find a solvent for the homo=-
polymer or the copolymer suggests that they may be cross-
linked or highly branched. The following mechanlsms

could be possible:

ZnCl2 ZnCl2

ZnCl

M/WQM’VV l :
=CwNA~ArA
8=N—én012 W\NO @
<E;>CN <E;>—CN
N

e €] e
Z|nCl2 ZlnCl2 ZnCl2
=C=} =C=N
=N c= con /¢ J<::> I '*<:> N~
znCl, | 2nCT) | 2nCY, |y N

NCAL v 1S)

=Ce=
l

, N © i i
@% : <>§ :

A free radical mechanism might also be invoked

to explain the observed crosslinking..

%——_} M/\_,H-i-

Toe = EE
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Methyl 1-bicyclobutanecarboxylate was homo=-

polymerized with a catalytic amount of zinc chloride

and with a full equivalent of zinc chloride, In both

cases, most of the polymer remailned insoluble. This

could be explained, as in the case of l1l-bicyclobutane=-

carbonitrile, in terms of branching via a catlonic

mechanism or by crosslinking via a free radical mechanisme.

AAAAN<:>%:6VVV
0
CH3

:gg-O-ZnClz

rd

N

Sy

4

ZnCl

o5

2

) O
CH3

c
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3

CH -O-C-O-ZnCl2

e

CH,=0=C=0-ZnCl

3 | e 2

C=-0-CH
il 3



A summary of the above results 1s presented in
Table 1. Where zinc chloride is listed as a reactant,

a full eguivalent was used., Where it 1s on the arrow,.
a catalytic amount was used.

One way to resolve the mechanism problem would be
to determine whether the monomers in the copolymer of 1=
bicyclobutanecarbonitrile and styrene are connected head
to head or head to tail. If the mechanism is elther free
radical or complex, one would expect-head to tail linkages,
but if the mechanism is cationic, one would expect head to

head linkages. Thls has not yet been explored.,

AnA~nCH ('jH + a __9
27 )

head to tail

®
MCHzciH + —_ MCHZ CH‘<>@
&

¢ CN

head to head

Polymerization of Bicyclobutanes
in Solution

One logical way around the problem of insoluble

polymers was to run the polymerizations in a solvent.



Table 1, Summary of Polymerizations in Bulk.

Ro
<EE>—CN + }é o+ ZnCl2 ~——> 1insoluble

polymer

ZnCl
<£E;>-CN + C::\\ —2% no polymer

OBu

<ég;>_CN + \ + ch12 ————> soluble polymer

OBu (NMP + NaOCH

3)
in_c_l_2.> lubl 1
co soluble polymer
e— 2%y + \¢ (CHCL,)
partially
<E;>».002033 + }5 + 2nCl, ——> soluble

polymer
ZnCl2
CN ———> insoluble polymer

(DMF)
<E;>—CN + ZnCl2 ———> 1insoluble polymer

ZnCl2
COZCH3 > partially soluble polymer
(DMF)

<E;>_0020H3 + ZnCl2 ~—————> 1insoluble polymer

NMP=N-methylpyrrolidone

DMF=Dimethylformamide
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The solvent chosen was tetramethylenesulfone because |
of its remarkable inertness to active reagents and
because of its excellent solvating properties for both
monomers ahnd polymers. Most of the following polymer-
izations were carried out with stirring such that the
zinc chloride dissolved in the solvent. (In the pre=-
vious polymerizations, especially when a full eguivalent
of zinc chloride was used, most of the zinc chloride
precipitated yielding a heterogeneous mixtures) Free
radical initiators were used when polymerizations
proceeded slowly without them. Initiators were only
necessary in three cases: copolymerization of l-bicyclo=
butanecarbonitrile and styrene with a catalytic amount
of zinc chloride, copolymerization of methyl 1l=bicyclo-
butanecarboxylate and styrene with a catalytic amount
of zinc chloride, and GOpolymerizatian of methyl
1®bioyclobutanecarboxylate and styrene with an equive-
alent of zinc chioridea

i«Bicyclobutanecarbonitrile and methyl 1l<bicyclo=-
butanecarboxylate were homopolymerized and copolymerized
with styrene, using both a catalytic amount of zinc
chloride and a full eguivalent of zinc chloride. These
polymerizations were carried out in tetramethylenesulfone,
In all cases, soluble polymers were obtained. The

results of these polymerizations are listed in Tables
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2 and 3. It is interesting to noteg-as in the case of
polymerization of acrylonitrile with zinc chloride
(Gaylord, 1970}, that a much higher molecular weight
polymer of l-bicyclobutanecarbonitrile was obtained with
zinc éhloride than with free radical initiation.(ﬁall
et ale, 1971a),

In order to determine whethér these zinc chloride
induced polymerizations were proceéding by a free radical
or cationic mechanism, homopolymers of 1=bicyclobutane-
carbonitrile and copolymers of l=bicyclobutanecarbonitrile
and styrene were prepared with an equivalent of zine
chloride and with either 10% 1,3-dimethoxybenzene or
10% carbon tetrachloride added, in tetramethylenesulfonee
If the mechanism were cationic, 1,3=-dimethoxybenzene
would be expected to act as a chainatransfér agent,
thereby lowering the molecular weight of the polymer
ob“’céinede If the mechanism were free radicsl, carbon
tetrachloride would be expected to act as a chain-
transfer agent, thereby lowering the molecular welght
of the polymer obtalned. As can be seen from Tables
2 and 3, a lower inherent viscosity was obtained for
the homopolymer with 1,3-dimethoxybenzene, but not
with carbon tetrachloride. The small difference; however,
is hardly conclusive evidence for a cationic mechanisme

In the copolymers, no change in inherent viscosity
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was observed for either the polymer prepared in the
presence of iQdeimethoxybenzene or the polymer prepared
in the precsence of carbon tetraéhloridee This lends
support to a chargemtransfer complex mechanisme.

It can be seen from Table 3, that when l<bicyclo=
butaneéarbonitrile and styrene were copolymerized with
an equivalent of zine chloride in tetramethylenesulfone,
a 131 copolymer was obtained. In order to see if 1:1
copolymers would be obtained at all monomer feed ratios,
the following two polymerizations were cagrried oubs
1=-Bicyclobutanecarbonitrile/styrene/zinc chloride (1/3/1),
and 1?bicydlobutanecarbonitrile/sty?ene/zinc chloride
(3/1/3). The results are listed in Table 3. As can be
seen,in the 1/3/1 case, sarried to less than 10% con=-
version, the copolymer contained more styrehe than
l=bieyclobutanecarbonitrile (27.4% i=bicyclobutane=
carbonitrile)s but in the 3/1/3 case, carried to 85%
conversion, the polymer was approximately 1:1 (53.7%
1=bicyolobutanecérbon1trile)e’It may be concluded from
these results that at monomer feed ratios between'so%
and 75% l-bilcyclobutanecarbonitrile, a 1:1 essentially
alternating copolymer is obtained. It is interesting
to néte that in the 1/1/1 case an equimolar copolymer
was obtained even at 63% conversion, and in the 3/1/3
case an equimolar copolymer was obtained at 80% con=

version (based on 1:1 copolymer). It is not possible
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to carry the aérylonitrile»styrenewziné’chloride poly=
merization to such high conversion and still obtain
an eguimolar copolymere |

As can bé seen from Tables 2 and 3, the inherent
viscosities of most of the polymers prepared in solution
is quite large. They are, for the most part; high
molecular weight film—forming polymers.

An attempt was made to use ethylaluminum sesqui-
chloride in place of zinc chloride in the copolymerization
of lmbicyclobuténecarbonitrile and styrene, but it was
unsuccessfule.

An attempt was made to homopolymerize l-bicycloe
pentanecarhonifrile with an equivalent of zinc chloride
using azobisisobutyronitrile as the initiator at 6O°9
but no polymer was obtained; When the polymerization
wag repeated with styrene present; only polystyrene

was obtainede



Table 2, Summary of Homopolymerizatlons in Tetramethylenesulfone.

Monomers Chain
D4 Mole Transfer Tgmpo Anglysis Analysis %
Lewls Acid Ratio Initiator Agent ¢ Time Calc’d* Fsund®* Ninh Yield
BBCN/ZnCl,  lscat None None R.T. 2 Days 75 92p C 750 %Z% C 5.77 33%
. @37/’2 g o H
17,71% N 18,28% N
BBCN/ZaClp 131 None None RoTo 1 Day 75.92% C 75. 28% C 5,82 88%
’ 6s37% H 6,37% H
17,71% N 18,35% N
BBCN/ZnCly  1:1 None DMB RoTo 2 Days 75.92% C 75.59% C 4,88 ~100%
6,37% H 6,49% H
17.71% N 17.92% N
BBCN/ZnClZ 131 None CCly R.Te 2 Days 75.92% C 75.92% C 6,68 ~100%
6.37% H 6,40%Z H
17.71% N 17.68% N
MBBC/ZnCl, 1scat None None R.To 3 Daye 64,27% C 64:,91% C 5,13 62%
- 7.19% H 7.20% H
i 28.54% 0 27.89% 0
MBBC/ZnCl,  1sl None Nome RoTo 3 Days 64.27% C 6U4.64% C L. 64 L5%
7.19% H 7.04% E
28,54% 0 28,32% O
BBON=1=Bicyclobutanecarbonlitrile #galevlated
MBBC=Methyl l-blcyclobutanecarboxylate for 131

cat=Catalytic amcunt
DMB=1,3-Dimethoxybenzene .
R. Ta_Reom temperature

- ¥¥%gd justed values

(without Zn012}

8¢



Table 3, Summary of Copelymerizstions in Tetramethylenesulfone

Monomers Chein
+ Mole Transfer Temp. Analysis Analysis %
Lewls Acid Ratio Initiator Agent °¢ Time Calc®d®* Found** hinh Yield
BBCN/S/ZnCl, 1slzcat Benzoeyl Nore 609 1 Week 85,20% C 86,20% C 0,95 20%
Peroxide 7.15% H 7.16% H
7.64% N 6,647 N
BBCN/S/ZnCl, 1sl:l None None Ro,T. 4 Days 85,20% C 85.27% C 2,23 63%
7.15%2 H 7,00% H :
7.64% N 7.73% N
BBCN/S/ZmCl2 1:¢3:1 Nene None R.To 1 Day 85.20% C 88.34% C === <10%
| , 7.15% H 7.52% H . based
7.6L% N. L ALE N on 1:1
BBCN/3/ZnCl, 3:1:3 None Noene R.T. 2% Hrs 85,20% C 84,79% C 2,85 85%
, 7:15% H 7.02% H based
7.64% N 8,19% N on 1:1
BBCN/S/ZnClz 1121 " Nene DMB R.To 2 Days 85@20% C 85+38% C 2,31 38%
- 7.15% H 7.17% H
7.64% N 7.45% N
BBCN/S/ZnCls 1:1:1 Neme ~ CCly R.T. 2 Days 85.,20% C 85.24% C 2:.47 38%
7.15% H 7.,17% H
7.64% N 7.59% N
BRBCN=1-Bicyclobutanscarbonitrile *caleulated
S=Styrene for 1:1
cat=Catalytic amount ®##ad justed values
DMB=1,3-Dimethoxybenzene (without ZnCl,)

6€

Bangﬁaem temperature



Table 3. Continued

Monomers Chaimn
4 Hole Transfer Temp. Analysis Analysis %
Lewls Acid Ratie Initiator Agent le Time Calc®d® Found%*'hinh Ii@lq

MBBC/S/ZnCl, 13l:cat Benzoyl None 60° 3 Days 77.75% C 81.87% C =ww= 55%
Peroxide 7.46% H 7,39% H
’ . ' 14’079% 0 10@715'% 0

MBBC/S/ZnCl, 13i:l None None R.T. 3 Days com= 11%

MBBC/S/ZnCl, 1313l Benzoyl
Peroxide None 60° 4 Days 77.75% C 79 39% o o®39 A

7467 B 7,699 H
14;?97 0 12:92% 0

" MBBC=Methyl imbicyclobut@nec&rboxylate , #*ecaloulated

S=Styrene _ ‘ for 131
cat=Catalytic amount #¥%gd Justed values
R.T.=Room temperature (without ZnCly)

ot



EXPERIMENTAL

i=Bicyclobutanecarbonitrile, supplied by Dr.
Hall, was freed of phenothiazine stabilizer and dimethyle
formamide by dissolving in diethyl ether, washing with
water, drying for several hours over neutrsl alumina,.
and vacuum distilling twice from molecular sieves. It
was then stored uhder nitrogen in a Dry Ice boxe.. Methyl
1mbicyclobutanecahboxylata was prepared by the procedure
of Hall et al. (1971b)} and stored under nitrogen in a
Dry Ice boxe Styrene (Matheson, Coleman and Bell) was
freed of inhibitof by vacuum distillation and stored
under nitrogen in a Dry Ice BOX@ Acrylonitrile (Matheson,
Coleman and Bell) was likewise freed of inhibitor by
vacuum:distillation from phosphorus pentoxide andvstored
under nitrogen in a refrigerator. Tetramethylenesulfone
(Aldrich) was distilled from phosphorus pentoxide to
remove water. Zinc chloride (Métheson9 Coleman and
Bell), benzoyl peroxide (Matheson, Coleﬁan and Bell),
azobiglsobutyronitrile {(Dupont), and all other chemicals
were used without further purificatione.

Nuclear maghetic resonance {nmr) spectra Weré
determined on either a_Varian.model A=60 spectrometer

at 60 MHz or a Varian model HA-100 spectrometer at
b
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100 MHz using tetramethylsilane as an internal or
external standard. infrared (ir) spectra were obtained
wlth a Perkin<Elmer 337 grating infrared spectrophoto-
meter. A polystyrene film was used to calibrate the
instrument. Vapor phase chromatography (vpec) was
carried out on a Varian Aerograph serles 1700 with a
5 foot 3% SE=30 Verapore 30/120 mesh column and a Leeds
and Northrup speedomax H recorder. All polyﬁers sub-
jected to elemental analysis were dried in an Abderhalden
drying pistol with boiling iyleneo Elemental analyses
were carried out by Galbraith Laboratories9 Ince,
Knoxville, Ténnessee@ Calculated values are based on
Al:i éompositionb In all cases, a small amount of zinc
chloride was held by the polymer despite several re=
precipitations. Therefore, adjusﬁéd values are withe
out zinc chloride., Inherent viscosities were determined
with an Ostwald=Fenske viscometer at 3000 The concen-
tration of all solutions was 0.1 g per dl in dimethyl-
formamideo.

Copolymerization of Acrylonitrile
and Styrene in Bulk

The procedure of Yabumoto et al,. (1969) was
useds A test tube was flushed with nitrogen and charged
with 1.2 g (12 mmol) of zinc chloride, 0,58 ml (12 mmol)

of acrylonitrile and 1.0 ml (12 mmol)} of styrene. The
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solution was stirred and heated to 6boo A solid plug |
readily formed. The plug was dissolved in acetone and
preciplitated in methanol. An infrared spectrum of a
polymer film showed that the polymer contained both
acrylonitrile and styrene. An nmr spectrum of the
polymer in deuterated abetone indicated, by comparison
of the integration of aromatlc and aliphatic protons,
that there was more acrylonitrlie than styrene in the
polymer,

Copolymerization of i-Bicyclobutanecarbonitrile
and Styrene in Bulk

1mBicyclobutanecarbonitrilé (0.5 mly, 5.6 mmol)
aad 0.67 ml (5.6 mmol) of styrene were mixed in a test
tube under nitrogen ét mBOoe The mixture was allowed
to warm until the styrene just melted. Then 0.8 g
(5.6 mmol) éf zinc chloride and a few mg of benzoyl
peroxide were added@. The mixture was allowed to warm
slowly to room temperature. After a few hours, the
mixture was hard. The test tube'was brokeq and the hard
plug ground up. The particles were stirred in diethyl
ether for several hours to remove any zinc chloride
and the ether was then added to methanol, but no pre-
cipitate formed. The polymer swelled in dimethylform=-
amide but only a small fraction would dissolve, Thé

remaining gel was washed with methanol and filtered.
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An infrared gpectrum of the polymer'in a KBr pellet
showed the presesence of both'i=bicyclobutanecarbonitrile
and styrene., The following solvents were tried on the
polymer at*room temperatures Dimethylformamide, chloro«
form, acetone, dimethylsulfoxide, water, carbon tetra-
chlorids, hexafluorolisopropanol, diethyl ether, benzene,
hexamethylphosphoramide9 tetramethylenesulfone9Vszethylm
pyrrolidone and sulfuric acid. The following solvents t
were tried at their boiling points or at léooglemethylw
pyrrolidone9 chibroform9 acetone, hexamethylphosphoramide,
methanesulfonic acid, and hexafluoroiospropancl. In
none eof these solvents was the polymer soluble.. It was
also found to be insoluble in Nemethylpyrrolidone in the
presence of sodium methoxide and methanol,
Anal. Calcds for'cljﬁmm;cgssezo; Ho70175 Ny7.64,

Founds | Cy856l63 Hy7.273 Nyg76150

Copolymerization of i-=Bicyclobutanecarbonitrile
and Vinyl Butyl Ether in Bulk

A Catalytic Amount of Zinc Chlorlde., . 1-«Blicyclo=

butanecarbonitrile (0.5 ml, 5.6 mmol),. 0,74 ml (5.6 mmol)
of vinyl butyl ether, and a catalytic amount of zinc
chloride were placed in-a test tube under nitregen. The
test tube was stoppered and placed in a refrigerator.
After several daysg'only a small amount of polymer had

formed. The test tube was warmed to room temperature,
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After four days, therg was sﬁill liﬁtle polymer. Vapor
phase chromatography of the liquid showed the presence
of only starting materials. The small émount of polymer

which had formed was insoluble in Nwmethylpyrrolidonee

An Equivalentlof Zinc Chlorldes 1=Bicyclo=
butanecarbonitrile (0.5 mly, 5.6 mmol), 0,74 ml (5.6 mmol)
of vinyl butyl ether, and 0.8 g (5.6 mmol) of zinc chloride
were mixed in a test‘tube under nitrogen. The test tube
was stopperedy; and placed in a refrigerator. It poly-
meriéed rapidlyeg The polymer was ground up and soaked
in tetrahydrofurannfor three days to remove the zinc
chlorides The tetrahydrofuran mixﬁure was filtered and
the polymer placed iﬁ N-methylpyrrolidone, When sodium
methoxide in methanol was added, the polymer turned brown
and dissolved., It was precipitated in methanol. An
infrared spectium of the polymer in a KBr pellet and an
nmr spectrum, run in deuterated dimethylsulfoxide9_showed
that vinyl butyl ether had been incorporated into the
polymers

Copolymerization of Methvl 1mEicyclobutanecarboxylate
and Styrene in Bulk

A Catalytic Amount of Zinc Chlorides Methyl i-

bicyclobutanecarboxylate (0,45 g, 4.0 mmol), O.46 ml
(4.0 mmol) of styrene,,and a catalytic amount of zinc

chldride were pléced in a test tube under nitrogen.
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The test tuﬁe was stoppered and placed in a refrigerator
for two days. At the end of this time, since no polymer
had formed, more zinc chloride was added and the test
tube éllowed to warm to room temperature. After two
weeks, the liguld was very viscous. It was dissolved in
chloroform and the polymer precipitated in methanol. An
infrared spectrum of a polymer film showed the presence
of both methyl 1l=bicyclobutanecarboxylate and styrene in
the polymers

An Egquivalent of Zinc Chloride. Methyl 1=

bicyclobutanecarboxylate (0o45 g, 4.0 mmol), Oo46 ml
(4.0 mmol) of styrene and 0,55 g (4.0 mmol) of zinc
chloride were mixed in a test tube under ﬁitrogeno The
test ﬁube was stoppered and placed in a refrigerator
for three days. It polymerized to a solid plug which
was partially soluble in dimethylformamide. The plug
was dissolved and precipitated in nmethanol.

Homopolymerization of 1-Bicyclobutanecarbonitrile
in Bulk

A Catalytlic Amount of Zine Chloride. I1=Bicyclo=

butanecarbonitrile {0s5 m19»5@6 mmol) and a catalytic
amount of zinc chloride were placed in a test tube
under nitrogen. The test tube was stoppered and placed
in a reffigeratorq After four days, the liquid in the

tube was hard. The test tube was broken and the polymer
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ground up and washed with diethyl etﬁer to remove the
zinc chloride. The following solvents were tried.cold
and hote: dimethylsulfoxide, Nemethylpyrrolidone, dimethyle
formamide, and hexafluoroisopropanole In all cases; a
small amount dissolved, but most of the polymer only
swelled, That which did dissolve was precipitated in
methanol and an infrared spectrum taken in a KBr pellet,

1

The gpectrum showed CN' at 2240 cm ~ and C=C=N- at 2000

cmmle The polymef was soluble in Nemethylpyrrolidcne

4

after sddium methoxide in methanol was added., However,

when the solvent was poured into methanol, no precipitate
formed. Evapofation of the methanol and Nemethylpyrrolidons
followed by washing with water to remove the sodiun
methoxide gave only a little residues An infrared spectrum
of thé residue showed the presence of poly{l-bicyclo=
butanecarbonitrile), but most of the polymer must have

been destroyed by the bases

An Equivsalent of Zinec Chloridee i1=Bicyclo-

butanecarbonitrile (0.5 ml, 5.6 mmol) and 0.8 g (5.6 mmol)
of” zinc chloride were placed in a teét tube under nitro%
gene The test tube was stoppered and placed in a refrige-
erator. Polymer formed rapidly. The polymer was -
ground up and soaked three days in tetrahydrofuran to
remove the zinc chloride. The polymer did not dissolve

in Nemethylpyrrolidone to any appreciable degree, even



after sodium methoxide in methanol had been added. The
mixture was filtered, and what liﬂtle polymer had
dissolved was precipitated in methanol. An infrared
spectrum of this polymer in a KBr pellet showed poly
(1=bicyclobutanecarbonitrile).

Homopolymerization of Methyl i-Bicyclobutanecarboxylate
in Bulk -

A Catalytic Amount of Zinc Chloride,. Methyl 1-

bicyclobutanecaﬁboxylate (045 g, 4,0 mmol) was placed
in a test tube with.a catalytic amount of zinc chloride
under nitrogen. The test tube was stoppered and left
for three days in a refrigerator. It polymerized to
..a very viscous liguid. The polymer was dissolved in

dimethylformamide and poured into methanol., Some of

the polymer remained insoluble and a substantial amount

seemed to have been lost in the precipitation process,
for when the methanol was evaporated, only a small

residue remained.

An Fguivalent of Zinc Chloride. Methyl 1-
bicyclobutanecarboxylate (045 gy 4.0 mmol) and 0.55 g
(4,0 mmol) of zinc chloride were placed in a test tube
under nitrogen. The test tube was stoppered and placed
in a refrigerator for three days. It polymerized, but

most of the polymer was insoluble in dimethylformamide.

Lg
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Homopolymerization of Methyl 1-Bicyclobutanecarboxvylste
in Tetrametvhylenegzulfone

A Catalytic Amount of Zinc Chloride., Methyl 1=

bidyclobuﬁanécarhoxyléte (0ol ml, 450 mmol) and a cat-
alytic amount of zinc chloride were mixed with several ml
of teﬁramethylanesulfone in a tést tube under nitrogen.
After three days at room temperature, a viscous liguid had
formed., It was dissolved in chloroform and precipitated
in methanol. The polymer was_redissolved in chloroform,
precipitated in methanol, and dried; yield, 0.3 g (62%).
An infrared spectrum of & polymer film showed it to be
poly(methyl l-bicyclobutanecarboxylate); NMinh, 5913@
Anal. Caled. for 06H8022 Cobla273 Hy7.195 0,28.54,

Founds : Cy630965 Hy7.09; 0,27.48; Cl,1,86,

Ad justeds Cob6L4.91s H,7.20; 0,27.89,

An Equivalent of Zinc Chloride. Methyl 1=

bicyclobutanecarboxylate (694 ml, 4.0 mmol) and 0.55 g

(4.0 mmol) of zinc chloride were mixed with several ml of
tetramethylenesulfone in a test tube under nitrogen.

After three- days at room temperature, z rubbery plug had
formed. The plug was dissolved in dimethylformamide and
precipitated in methancl. The poiymer was redissolved in
dimethylformamide, precipitated in methanol, and dried;
yleld, 0.2 g (45%)o An infrared spectrum of a polymer film
showed it to be poly(methyl 1mbicyclpbutanecarbaxylate)g
‘hiﬂhg‘@e6ne



Anal, Calecd. for 06H8028 Cyb4,275 Hy7019; 0,28.54,
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Founds C964959; Hg7.033 0,28,303 Cl,0.08,

Ad justeds Cy 64,645 Hy7.04; 0,28,32,

Copolymerization of Methyl 1=Bicyclobutanecarboxylate

and Styrene in Tetramethylenesulfone

A Catalvitic Amount of Zinc Chloride, Methyl

bicyclobutanecarboxylate (0.4 ml, 4,0 mmol), 0.46 ml

(4.0 mmol) of styrene, and a catalytic amount of zinc

1@

chloride were mixed with several ml of tetramethylene-

sulfone in a small flask under nitrogen. The mixture

was stlrred at rodm?temperature for three days. The

solution had not become very viscous, so a small amount

of benzoyl peroxide was added, and the solution heated

to 60°. After three days, the solution was very viscous,

It was poured into methanol, dand the polymer filtered

and dried. The polymer was very powdery, indicating

low molecular weights yield, 0.5 g (55%). An infrared

spectrum of a polymer film and an nmr spectrum, run

in deuﬁerated chloroform, showed both monomers to be

present in the polymefa

Anal. Calecd. for Clquéozs Cs77:753 He 7465 O,14.79,
Found: 09?9002;'H9?913; Qg mmmmm s
Ad justed: Cy81.878 Hy7639; 0,107,

An Eguivalent of Zinc Chloride., Methyl 1=

bicyclobutanecarboxylate (0.4 ml, 4.0 mmol), 0.46 ml

Cl, 1.7k,
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(4,0 mmol) of styrene and 0.55 g (4.0 mmol) of zinc
chloride were mixed with several ml of tetramethylene-
sulfcne in a small flask under nitrogens. The solution
was stirred at room temperature for three days. The
solution had not become very viscous, but was poured into
methanol anywaya The pclymer was filtered off. It was
very powdery, indicating low molecular weilght: yield,
0.1 g (11%)s An infrared spedtrum of a polymer film
and an nmr spectrum, run in deuterated chloroform,
showed both monomers to be present in the polymere.
The above polymerization was repeated with a

few mg of benzoyl peroxide added. After two days; the
solution was not ﬁery viscous., so é few moreing of
benzoyl peroxide were added and the solution heated to
60°, After four days, the solution was still not very
viscous, but was poured into.methanol anyway. The |
polymer was filtered‘off9 dried, dissolved in dimethyl=
formamide, reprecipitated in methanol; filtered, and
dried againg yield, O.4 g (44%)., An infrared spectrum
of a polymer film showed both monomers to be present in
the polymers; hinh, 0+39%. _
Anal. Calecd. for Ciaﬁléozg»cs77o7és Hy7.465 0,14.79,

Found: Cy7602035 Hy7.385 0,12.405 CL,0.35,

Ad justed: Cy79639s Hy7.69; 0,12,92,
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Homopolymerizatlon of 1mBicyclobutanécarbonitrile
in Tetramethylenesulfone

A Catalytic Amount of Zinc Chloriae@ 1=Bicyclo-
butanecarbonitrile (0.5 ml; 5.7 mmol) and a catalyﬁic
amount of zinc chloride were mixed with several ml of
tetramethylenesulfone in a small flask under nitrogen.
The solution was stirred at room temperature for two
days. After this period of time, the solution was véry
viscous., It was poured into methanol and the polymer
was blended, filtered, dried, dissolved in dimethyl-
formamide, reprecipitated in methanol;, and dried againg
yield, 0,15 g (33%)s An infrared spectrum of a polymer
film showed it to be poly(l-bicyclobutanecarbonitrile)s
Tinh, 5,77, |
Anale Caled. for CHN; C;75592; He60375 Nyl7.716

 Found: C,72.54; Hy6.113 N,17.59; C1,<0.1.
Ad justed: | Cs750372 Hy6035¢ N,18,28,

An Bauivalent of Zinc Chlorides 1=Bicycloe

butanecarbonitrile (0.5 ml, 5.7 mmol) and 0,78 g (5.7 mmol)
of zinc chloride were mixed with several ml of tetra-
.methylenesulfone in a small flask under nitrogen. The
solution was stirred at room temperature for one daye.

After this perlod of time, the solution was hard. It.

was dilssolved in dimethylformamlde and precipitated in
methanol. The polymer was blended, filtered, dried,

redissolved in dimethylformamide, precipitated in
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methanol and dried again; yield, Oobig (88%)s An infra-
red spectrum of a polymer film showed it to be poly
(1-bicyclobutanecarbonitrile)s hinh, 5.82,

Ansle. Caled. for C5H5Ns Cs75:928 Hy6.378 Ny17.710
Found: Co7loOls Hyb6o265 Ng180055 CL,<0els
Ad justed: " Cy756285 Hy6.373 Ny18.35.

Copolymerization of ‘1=-Bicyclobutanecarbonitrile
and Styrene in Tetramethylenesulfone

A Catalytic Amount of Zinc Chloride. 1-Bicyclo=

butanecarbonitrile (0.5 mly; 5.7 mmol), 0,66 ml (5.7 mmol)
of styrene and a catalytic amount of zine chloride were
mixed with several ml of tetramethylenesulfone in a
small flask under nitrogen. The sélutiocn was stirred

at room temperature for four days. After this pefiod

of timey no polymer had formed; so the solution was
heated to 60°, After two days, still noc polymer had
formed, sé a little benzoyl peroxide was added., After
ohe week, the solution was falirly viscous. It ﬁas
dissolved in dimethylformamide and poured into methancl.
The polymer was filtered, dried, redissolved in dimethyle
formamide, precipitated in methanol and dried againg
yield,0.9 g (90%)0. An 1nffared spectrum of a polymer
film showed both monomers to be presents Ninh, 0095

Anal. Calcd., for C C9850203 H97015§ Ng?@él‘l’o

133N
Founds ' | C, 84,255 Hy7.003 Ny6.,493 C1,0,68,

Ad Justeds C3866205 Hy7e1b3 Ny 6,64,
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An Equivalent of Zinc Chloride, 1=Bicyclo=

butanecarbonitrile (0.5 ml, 5.7 mmol), 0.66 ml (5.7 mmol)
of styrene, and 0.78 g (5.7 mmol) of zinc chloride were
mixed with several ml of tetramethylenesulfone in a

sﬁall f}ésk under nitrogen. The sclution was stirred

at room temperature for four days. After this period

of time, the solution was very viscous. It was di3w
solved in dimethylformamide and poured into methanole

The polymer was filtered, dried, redissolved in dimethyl-
formamides preciﬁiﬁated in methanoly filteredvand dried
againg yield, 0.6 g (63%}« An infrared spectrum of a
polymer film showed both monomers to be present in the
polymers Winh, 2.23.

Iégéie Calecd. for C

' 13H13N3 09850203 H97@15g N;?eéq'o
Founds C985802; H96098; Ng?e?ig 01909289
Adjus'tedg C98502?‘9’ H;,?eOOg N97a730

Homopolymerization of 1l-Bicyclobutanecarbonitrile
in the Presence of a Chain-Transfer Azent

1g,3-Dimethoxybenzene, 1-Bicyclobutanecarbo-

nitrile (0.5 ml, 5.7 mmol) and 0.05 ml (10%) of 1,3~
dimethoxybenzene were mixed with several ml of tetra=
methylenesulfone in a small flask under nitrogen. To this
solution was added 0,78 g (5.7 mmol) of zinc chloride. The
solution was stirred at room temperature for two dayse.

The resulting polymer was dissolved in dimethylformamide,
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precipitated in methanol, blended, filteredg dried,
redigsolved in dimethylformamide, precipitated in
methanol, blended, filtered, énd dried againg yleld,

0.5 g (100%)s Thinh, 4.88,

Ansl. Caleds for CGHANi C,75.923 Hy60375 Np17.71c
Founds Cy72.913 Hy6.265 Ny17.28;5 Clg0619.
Ad justeds:  Cy75.593 Hy6.493 Ny17.92,

Carbon Tetrachloride. The above procedure was

repeated using 0.05 ml (10%) of carbon tetrachloride

in place of the 193mdimethoxybenzéne; yield, 0s5 g

(100%)s inh, 6,68,

Anale.. Caled. for C5H5Nz C97559ég He6637; Ngl7e710
Founds C,7H,19: HgéeZSg‘N§17028; Cl,0625,
Ad justeds Cy75.925 H 6,403 N,17.68,

COpolymerization‘of 1nBicyclobutanecarbonitrile
and Styrene in the Presence of a Chain-Transfer Agent

1.3=Dimethoxybenzene, l«Bicyclobutanecarbo=

nitrile (0.5 ml,. 5,7 mmol), 0,66 ml (5.7 mmol) of styrene,
and 0.1 ml (10%) of 1,3-dimethoxybenzene were mixed

with several ml of tetramethylenesulfone in a small

flask under nitrbgen@ To this solﬁtion was added 0,78 g
(5.7 mmol) of zinc chloride. The solution was stirred

at room temperature for two days. The resulting polymer
was dissolved in dimethyiformamide, precipltated in

methanol, blended,; flltered, dried, redissolved in



56
dimethylformamide, precipitated in niethanol9 and dried
agalng yield, 0.4 g (38%): hinh, 2.31,

Anal. Calcd. for Cy5Hy 5N C,850205 Hy7.155 Ny7.64e
Founds Cy850185 Ho7e153 Ny7o433 Cly==e=,
Ad justeds Cy85.38;5 Hy70175 No7ol5e |

Carbon Tetrachloride., The above procedure was

repeated using 0.1 ml {10%) of carbon tetrachloride in
place of the lgjwdimethoxybenzene; yield, 0.4 g (38%);
hinh, 2.47.
Anal. Calcd. for 013H13Ns C;85:.205 Hy7.153 Ny7.64,
Found s Cy 834635 H,7.02; N,7.433 CL,0.49,
Ad justeds Cy85.242 Hy7.175 Ng7.59.

Copolymerization of i«Bicveleobutanecarbonitrile
and Styrene ath Different Monomer Feed Batlios

1:3:1, 1i-Bicyclobutanecarbonitrile (0,25 ml,
2,9 mmol), 0,99 ml (8.5 mmol) of styrene, and 0.39 g
(2.9 mmol) of zinc chloride were mixed with tetramethylene-
sulfone in a small flask under nitrogen. The solution
was stirred at room temperature for 24 hours. The
polymer was precipitated in methanol, filtered, and

dried; yield, <0.05 g &10%, based on a 1:1 copolymer),

anale Caleds for CpgH,4N: €,85.205 Hy7.153 Ny 706k
Found.s  Cy 80,493 Hy6.85;5 Ny3.773 Cly2.54,
Ad justeds .  0,88.345 H,7.525 N,l4o1l,

This corfesponds to 27.4% 1=bicyclobutanecarbonitrile

in the copolymere
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2&&&29 i=Bicyclobutanecarbonitrile (0,75 ml,. |

8¢5 mmol), 033 ml (2;9 mmol) of styrene, and 1.16 g
(8.5 mmol) of zinc chloride werelmixed with seversl
ml of tetramethylenesulfonelin a small flask under |
nitrogen. The solution was stirred at room temperature
for 2.5 hours. The poclymer was precipitated in methanol,,
blended, filtered, dissolved in dimethylformamidey
reprecipitated in methanol, blended, filtered, and
drieds. The polymer was then extracted in a soxhlet
with methanol for two days and dried agaling yileld,
0clt5 g (85%, based on a 1:1 copolymer)s Ninh, 2.85.

Anal. Caled. for G qHy5Ns C,85.205 Hy7e153 Ny 706k,
FPounds = 2Zin,11065 Co82.87: H,6:,865 N,8,00; CL,1.17.
Ad justed: . C98‘}4’o79; Hg?@OZg N980190

This corresponds to 53.7% l=-bilecyclobutanecarbonitrile

in the copolynmer,
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