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It has been reported recently that nitroalkanes catalyse a
cationic polymerization of N-vinylcarbazole at or above its m.p., and it
is postulated that initiation involves proton transfer from catalyst to
-onn-erl. We have found that a solution polymerization with somewhat
similar characteristics can be effected instantly at or below room
temperature by addition of traces or more of compounds hitherto unknown
to catalyze addition polymerization, The following compounds were most
effective: p-chloranil, o-chlormnil, p-bromsnil, 2,3-dichloro-5,6-
dicyanobenzoquinone, 1,kL,5,8-tetrachloroanthraquinone, 7,7,8,8-tetra-
cyanoquinodimethane, tetracyanoethylene, chlorine, bromine, iodine,
nitrogendioxide, and the bromide salts of the Wurster ions of 1,4
diaminodurene and 1,6-diaminopyrene. Longer induction periods were
encountered with trichloroacetonitrile, pyromellitic anhydride, p-iodanil,
and p-benzoquinone. We believe this to be the first reported example of
a polymerization initiated by a radical-cation,

A 90% yield of poly(N-vinylcarbazole) was recovered by filtering
off precipitate formed at room temperature by adding 3 ml, Eastman
reagent grade 1,1,2,2-tetrachloroethane (contains elemental chlorine) to
1 g. N-vinylcarbazole dissolved in 10 ml., spectroquality acetonitrile.
The infrared spectrum of the polymer was the same as that of thermslly
polymerized N-vinylcarbazole, Polyvinylcarbazole remained dissolved when
prepared in methylene chloride, chloroform, benzene, ethylether,
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thiophene, or styrene. Polymers prepared at room temperature with 2,3-
dichlore-5,6-dicyancbenzoquinone in acetonitrile, with trichlorocaceto-
nitrile in acetonitrile, with chlorine (as above) in 1:1 acetonitrile-
methylenechloride, and with chlorine (as above) in methylenechloride at
-40°C, had molecular weights®?> of 350, 3890, 4830 and 16100 (18700)
respectively. Their elemental content corresponded to theoryz’h.

A dark material, presumed to be charge-transfer co-plexs s Vas
observed to form on the surface of a pinch of powdered p-chloranil or
tetracyanoquinodimethane gently dropped into a solution of N-vinyl-
carbazole, Streams of powdery polymer were observed to rise up from such
surfaces or those of Wurster salts when acetonitrile was used as the
solvent, The polymerization was qualitatively unaffected by the presence
of comparatively large amounts of thiophene, a potent retarder of
conventional cationic propagation6, acrylonitrile, a radical or
anionically readily polymerized monomer, and styrene, a monomer readily
polymerized by all known mechnnisms7. Polymerization was retarded or
inhibitéd by addition of small amounts of water, aniline, N ,N-dimethyl-
aniline, triethylamine, N-methylquinolinium chloride or lithium chloride
(dissolyed in acetonitrile), No polymerization occurred in reagent grade
methanol, acetone, tetrahydrofuran, or N,N-dimethylformamide,

The effects of water and a-ineal indicate that the polymeriza-
tion catalyzed by nitroalkanes and the compounds we describe involve a
cationic mechanism, It seems unlikely, however, that proton transfer is
involved in the initiation of the polymerization we have observed because
most of the catalysts do not contain hydrogen and they are probably too
electroﬁ)hilic to serve as transfer agents for protons from other possible
sources,

We suggest that this is a cationic polymerization initiated by
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a Wurster radical-cation formed by oxidation of N-vinylcarbazole, The
proposed scheme for a polymerization catalyzed by a compound kmown to

form charge-transfer complexes is shown below,

M(onomer) + O(xidant) — M,O0(CT complex) — w0
—

.+ .+ + [l .+
KT e — w -0 L

. o°

This scheme 1s consisient with the lmown formation of Wurster
ions as secondary products following formation of charge-transfer .
complexes of amines with quinonese. Many of the catalysts are imown to
form charge-transfer complexes with aromatic amines, The halogens and
Wurster sglts are the main azceptions9. Halogens, however, are known to
react with aromatic amines to yield Wurster ions as principal products:®.
A Wurster ion of an amine other than monomer probably initiates polymeriza-
tion by adding to monomer or exchanging an electron with monomer to form
the Wurster ion of N-vinylcarbaszole,

The initiation and propagation probably do not involve inter-
mediates with independent radical and ionic functions such as those
formed in polymerisations involving reduced monowers':* Tt is reasonable
to assume that the positive charge of the wni'stn ion of N-vinylcarbazole
is concentrated about the nitrogen atom and that a separation of ionic
and radical functions would involve a quaternarization of the nitrogen
atom and consequently a deactivation of the reactivity of the cationic
function of the radical-cation (s.g. ;;lcn-cnz—-» );;-cﬂ-cuz.). In
polymerizations of N-vinylcarbazole in styrene and acrylonitrile, the
enviromment of the radical-cation consists almost entirely of molecules
which are susceptible to free radical initiated polymerization. The
inertness of these solvents indicates the absence of an intermediate
with a localized carbon-radical function. This also suggests that neo
separation of radical and ionic functions of the Wurster ion occurs,
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and it is consistent with the properties of known Wurster 1on312.

The similarity of polymerizations induced by differently
constituted catalysts suggoet; that in the course of propagation and
termination no interaction other than ionic association occurs between
the cation consisting of the polymeric adduct of Wurster ion with monomer
and the ‘anion representing reduced catalyst. This is reasonable, even
for cases likely to involve radical-anions such as those formed by
reducticon of quinones, since anions of this type are known to be capable

of co-existing with a Wurster ion for a timel>

much longer than that
required to complete a polymerization., Addition of chloride ion
probably results in the formation of an ion-pair involving this anion
regnrdldas of the oxidant used to produce the Wurster ion, and the
retarding effect of methylquinolinium and lithium chloride on the
polynrilution may be due to common ion suppression of dissociation of
this lon-pair at an early stage of polymerization,

The scope and mechanism of this polymerization are being
studied in more detail., One might expect monomers which are not as
readily loxidized as aromatic amines to be less susceptible to the
polyleriization we have described, N-vinyl-2-pyrrolidone and N-vinyl-
phthnl:l.liide were polymerized by chlorine and quinones, but not as readily
as N-vinylcarbazole, The application of oxidative catalysis dces not
appear to be limited to the polymerization of N-vinylated monomers, A
polymer of L-vinylpyridine in the form of a charge-transfer complex with

p-chlorsnil was cbtained from the reaction of monomer with this quinone,
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