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Abstract—N-chlerocarbonyl dibenz[b flazepine in conjunction with AgSbF, initiated the cationic
polymerization of x-methylstyrene in methylene chloride, Polymer samples obtained this way contained
terminal dibenzazepine units. Chain exiension occurred wpon irradiating these polymers with wv. in
benzene solution containing benzophenone or benzil, via cyclobutane formation.

INTRODUCTION
It has been shown that triplet sensitization of
N-acyl derivatives of the dibenz[b,flazepine ring
system using appropriate sensitizers such as benzo-

phenone and benzil may result in the formation of
their cyclobutane derivatives [1}.
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This type of reaction may be used for controlled

chain extension or block copolymer formation

when structurally related dibenzazepine derivatives
are attached to polymer chains as terminal units.
Such incorporation of specific groups at the end
of polymer chains may be realized in several ways.
The photolysis of manganese carbonyl in conjunc-
tion with N-bromo-acetyldibenz[b.flazepine affords
a highly convenient photochemical initiating system
for free radical polymerizations yielding chain-ended
functionalized polymers as shown below [2].
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An additional method of obtaining terminally
functionalized polymers is based on the use of the
azo initiator, N-|4,4"-azo-bis-(4-cyanopentanoyl)]-
bis-dibenz[b,f] (ADBA) [3). The azo compound is a
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useful initiator for thermally and photochemically
induced free radical polymerizations, yielding poly-
meric products having dibenzazepine end-groups.
Whether or not the product polymer possesses one
or two photochemically active end-groups depends
on the ratio of disproportionation and combination
in the polymerization of the particular monomer.
In both cases, photosensitized chain extension may
be accomplished according to reaction (i) with R
representing a preformed polymer chain.
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*For Part 3 of this series, see Eur. Polym. J. 23, 737 (1987).
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In other work [4], ABDA was used as a {ree radical source in conjunction with an todonium salt or a silver
salt in the promoted cationic polymerization of n-butyl vinylether. Since the azo initiator possesses

dibenzazepine groups, this procedure made it possible to synthesize poly(n-butyl vinylether) having the
appropriate functionality for subsequent photochemically induced chain extension.
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Alternatively, terminally monofunctionalized and terminaily mono- and bifunctionalized polymers may be
synthesized by chain transfer or via anionically prepared model prepolymers, respectively [2, 5).

It has been shown [6, 7] that oxocarbenium ions with low nucteophilic counterions can easily be prepared
by reacting an acid chloride with a stoichiometric amount of a corresponding silver salt. Initiation will then
ensue provided that cationicalty polymerizable monomers are present.

O O
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R—C—Cl+ApgX -+ R—C*X~ + AgCl (8)
0
R~—(".l *X° +M - Polymer (9)

X =8bF, , PF;, AsF, etc.

N-Chlorocarbonyl dibenz[b,flazepine, referred to as CDBA, is an organic acid halide which reacis
with silver salts in the same manner to yield initiating cations; the resulting polymeric product carries the
photochemically active N-acyldibenzazepine moiety attached to the ends of polymer chains.
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The present paper presents results which support
the initiation mechanism proposed and demonstrate
the feasibility and scope of chain extension via
terminal dibenzazepine units.

EXPERIMENTAL PROCEDURES
Materials

Iminostilbene (dibenzazepine) (Fluka) was purified by
column chromatography on neutral alumina with an eluting
mixture of methylene chloride—cyclohexane (1:1). Benzo-
phenone and benzil were recrystallized from methanol,
All solvents were purified by conventional drying and
distillation procedures. «-Methylstyrene (x-MeSt) was puri-
fied by washing with 10% (wjv) aqueous NaOH and water
to remove stabilizer, and then drying aver CaCl,. Tt was
then fractionally distilled over calcium hydride. Phosgene
(Fluka) was used as raceived.

CDBA was obtained by the reaction of iminostilbens
with phosgene, Iminostilbene {19.3 g) was dissolved in hot
toluene (100 ml). The solution was cooled 10 room tempera-
ture and a solution of phosgene in toluene (12.5%, w/w)
(160 g) was added. The mixture was maintained at reflux
for 5hr and, after addition of a few drops of methanol,
evaporated to dryness at reduced pressure. Recrystallization
of the residual solid from benzene with addition of
petroleum ether yielded colourless erystals m.p. 155°.

Polymerization procedures

Polymerizations were carried out under dry N,. Appro-
priate stock solutions of AgSbF, and CDBA in CH, Cl, were
prepared. The polymerizations were initiated by mixing the
twe solutions and a given amount of monomer, by means
of a syringe, in a reaction vessel sealed under N,. Upon
mixing at the defined reaction temperature, the precipitation
of ApCl was quickly completed. After a given time of
reaction, the polymerization was terminated by addition
of methanol. The polymer was filtered through Sartorious
membrane filler to remove AgCl, and precipitated in
methanol, All polymers were then reprecipitzted from
CH,Cl, inte methanol several times before use in the chain
extension experimenis,

Photosensitized chain extension experiments

Appropriate solutions of purified polymers and sensitizers
in benzene contained in 10 mm i.d. pyrex glass tubes were
degassed in the usual manner before irradiation in a 450 W
Annular  Photoreactor (Applied Photophysics) emitting
nominally at 350 nm. After irradiation, the tubes were
opened and polymers recovered by precipitation into
methanol.

Molecular weight measurements
GPC chromatograms were obtained using a Knauer M64
instrument with tetrahydrofuran as elvent and a flow rate of

! ml min~', Molecular weights were calculated by reference
to polystyrene standards.

RESULTS AND DISCUSSION

Typical data for the polymerization of «-MeSt
initiated by dibenzazepine oxocarbenium initiator
are given in Tabie 1, which shows that the cationic
polymerization of «-MeSt can be initiated readily by
the interaction of CDBA with AgSbF,.

Samples of poly(z-methylsiyrene) (PMeSt) obtained
by initiation with dibenzazepine oxocarbenium ions
were subjected to benzophenone or benzil photo-
sensitized chain extension as described previously for
related polymers, and gave evidence for the ability
of dibenzazepine chain-ends to participate in cyclo-
addition [equation (1), R = PMeSt). Typical results
are given in Table 2; it is clear that the average
molecular weights were increased depending on the
experimental conditions. The chain extension was
also indicated by GPC measurements, as can be
seen from Fig. 1. The chromatogram obtained with
the polymer irradiated by u.v. is shifted to the
higher molecular weight range with respect to the
chromatogram of the unirradiated polymer.

It should be noted that chain extension was
accomplished in a similar way in the case of polymers
produced by free radical mechanism [2, 3]. In these
cases, the observed increase in average molecular

Table 1. Polymerization* of z-Me5t by the dibenzazepine oxo-
carbeniutn initiator in CH,CI,

Temperatore  Time  Conversion b T _

{'C) {min) (%) {gmol) M, M,
-10 30 34 — -

0 30 Mo — —
+10 15 252 1300 1.6
+10 30 46.2 1460 1.5
+10 45 48.2 1450 1.5
+10 90 60 1600 1.5

[CDBA] = 5 x 10" ' mol/], [AgSbF =5 10 *mol/l, [x-McS1] =
4.1 mol/l.

“Determined by GPC.
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Table 2. Photosensitized chain extension of PMeSt with dibenzazepine terminal groups. Solvent:
benzene, [Sensitizer] = 0.1 mol/

M (g/moly
[PMeSt] Photolysis Before Increase in A,
(gl Sensitizer litne (rnin) rhotolysis After (%)
100 Benzophenone 120 1100 1500 36
100 Benzophenone 120 1600 2050 28
100 Benzophenone 240 1600 2200 315
100 Benzophenone 480 1600 2500 56
150 Benzil 480 1600 2100 k1|
150 Benzophenone 120 1600 2200 35
*Determined by GPC,
PMeSt chains synthesized by means of

l l
14 14 18
Vgiml

Fig. 1. GPC traces (solvent THF) of PMeSt synthesized
by initiation with the dibenzazepine oxocarbenium ion.
(A) Before, (B) after photolysis.

weight was much more pronounced, however,
because each macromolecule contained one or two
dibenzazepine groups depending on the termination
mode of the particular monomer involved.

dibenzazepine oxocarbenium initiation can possess
only one photoactive terminal group, provided
initiation is exclusively by the addition mechanism.
Macromolecules generated by hydride transfer
initiation and after chain transfer are expected to
possess no dibenzazepine groups. That the fraction of
macromolecules having the desired end-groups was
quite high, however, became evident from the chain
extension experiments.
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