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Summary

Epichlorohydrin (ECH) was polymerized by an activated monomer
mechanism (AM) in the presence of benzoin (B) and « -methylol
benzoinmethylether (MBME), respectively. Spectroscopic studies
showed that polymers obtained via this initiation method
contained benzoin terminal groups.

Introduction
Benzoin and derivatives are frequently used as
photoinitiators for vinyl polymerization [1]. Upon irradiation,

these compounds undergo A -cleavage yielding benzoyl and
substituted benzyl radicals.

I hv I 1
PRC-CPh  —¥—>  PhC. + .CPh

Py
D

R'= H, alkyl, substituted alkyl
R= H,alkyl, substituted alkyl

Both radicals are capable of initiating vinyl polymerization
[2]. However, they may exhibit different reactivities and roles
if the radical and monomer concentrations are varied. Monomer
structure also influences the reactivity.

The attachment of structurally related benzoin and its
derivatives to the polymer main and side chains would afford a
convenient procedure for block and graft copolymer formation,
respectively. We have recently reported [3,4] the synthesis of
polymers containing photoactive benzoin terminal groups using
azobenzoin initiators. These prepolymers were successfully
employed [5] in the preparation of block copolymers.

It has been shown that oxiranes can be polymerized in the
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presence of hydroxyl containing compounds by the activated
monomer (AM) mechanism [6,7]. The propagation in these systems
can be represented by the following reaction;

+

ROH + H-6<] —> RO OH + H

By its nature, this process may be adapted so that hydroxy
group containing functional molecules, monomers and polymers
are used as initiators to yield telechelic, macromonomer and
block copolymers, respectively [71. We have recently
synthesized block copolymers by combination of AM and free
radical polymerization mechanism [9]. In the first stage
polyepichlorohydrin (PECH) containing a central azo linkage
have been synthesized by use of a functional initiator in AM
polymerization. This central linkage is then decomposed in the
presence of a comonomer to give block ceopolymers.

In the present work, the following benzoin type
photoinitiators were used in the AM polymerization of
epichlorohydrin (ECH) to produce polymers with terminal
photoactive groups.

2 i
Ph-C-C-Ph Ph-C-C-Ph
O CI‘,HZOH
(B) (MBME)

Experimental
Materials

Benzoin (B) (Aldrich) was used without further purification.
*® ~Methylol benzoin methyl ether (MBME) was purified according
to the described procedure [10]. Epichlorohydrin (ECH) was
purified by fractional distillation. The middle fraction (80
vol %) was collected (bp=116°C at 760 mm Hg, n,=1.438 purity
99.5 % by GLC).

Polymerization Procedure

1.14 g (5.38 x 1073 mol) of B was dissolved in 4 ml of
methylene chloride and 0.2 ml of BF, THF complex was added.
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To this solution 14.7 g (0.162 mol) of ECH was added dropwise
within 48 hours, with constant stirring, at room temperature.
At the end of this period, the viscous liguid was washed with
5 % ageous NaHCO; in order to neutralise the catalyst and
subsequently with three portions of methanol to remove traces
of unreacted initiator and low molecular weight (presumably
cyclic) ECH oligomers, if present. Isolated polymer was dried
on the vacuum line at room temperature for 24 hours.

The same procedure was used for polymerization with
substituted benzoin (MBME) as initiator.

Analysis

GPC chromatograms were obtained by using LKB 2150 HPLC
chromatograph with the set of 4 columns: 1000, 500, 100 and
100 A. THF was used as the eluent, the reported curves were
obtained with RI and UV detection. 'H~NMR spectra were recorded
using Bruker 200 AC spectrometer, in CDCl, solution with
tetramethylsilane as the internal standard. UV spectra were
recorded with Hewlett Packard 8452 A spectrophotometer.

Results and Discussion
Benzoin (B) and ¢ -methylol-benzoinmethylether (MBME) were

used as initiators of AM polymerization of ECH catalysed with
BF; THF complex.

o Oi:{ — H-O::I
. CH,CI (I?T IOH CH,CI
H—Oq + PnC-(ll-OH — Ph-C-CIJ-O—CH-CH2-OH + H
Ph Ph
, ¢ CHCI
H-O
(")H CH,CI
I I
PhC—(IZ-O{CH-CHZ-O-]-nH
Ph

PECH
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Figure 1. Gel permeation chromatograms of the reaction mixture
(with MBME as initiator) at different conversions.
(a) [ECH] added/[MBME], = 5, (b) [ECH] added/[MBME],= 25.
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Figure 2. Gel permeation chromatogram of the isolated and
purified (by washing with methanol) product of the
polymerization (with MBME as initiator) by UV and RI dedection.
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In both cases reaction was carried out by slow addition of
ECH to the solution of B or MBME in methylene chloride, in the
presence of the catalyst. At these conditions, both initiators
were consumed at the early stages of the reaction, as evidenced
by the decrease of corresponding signals in GPC chromatograms
of the reaction mixtures at different conversions (Fig.1).
After termination of the polymerization the products (viscous
liquids) were extracted with methanol in order to remove the
possibly present traces of unreacted initiators. The GPC curve
for purified product is shown in Fig.2.

The products were analysed by 'H-NMR and UV spectroscopy. In
'H-NMR spectra, the group of signals at 3.5-3.8 ppm,
corresponding to CH,, CH and CH,Cl groups of the PECH chain
appears, together wit a signals in the range of 7.2-7.5 ppm,
corresponding to aromatic protons in benzoin moiety (end
group). Additionally, for the products prepared with MBME as
initiator (BME-PECH), the singlet at 3.36 ppm appears. As this
signal is absent in the spectra of polymers prepared with B as
initiator (B-PECH), it was assignad to CH;0 group in the
incorporated MBME moiety.
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Figure 3. UV absorption spectra of methylene choride solutions
containing (a) B (6.6 x 10 mol 1"y, (b) B-PECH (1.33 g 1),
(c) MBME (2.3 x 103 mol 1'') and (d) MBME-PECH (2.03 g 1)
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In the UV analysis (Fig.3), the spectra of initiators were
recorded as reference. In the UV spectrum of BME-PECH,
absorption band at 340 nm (& = 2.05 x 10° mol!' 1 cm)
corresponding to n —p J1* appears together with a much stronger
absorption with a maximum at 250 nm. In the spectrum of B-PECH
only the slight shoulder 1is observed at 340 nm and the
extinction coefficient measured at 340 nm is considerably lower
(€= 0.93 x 102 mol” 1 cm’'). These values were consequently
used to calculate the content of aromatic end groups in
polymers.

Further studies on the use these polymers as photoinitiators
are now in progress and will be published elsewhere.

References

1. S.P.Pappas, U.V.Curing: Science and Technology, Technology
Marketing Corp., Norwalk, Connecticut, 1978

2, L.H.Carlblom and S.P.Pappas, J.Polym.Sci.,Polym.Chem.Ed.,
15, 1381 (1977)

3. A.Onen and Y.Yagci, J.Macromol.Sci.-Chem.,A27, 743 (1990)

4. A.Onen and Y.Yagci, Angew.Makromol.Chem., 181, 191 (1990)

5. Y.Yagci and A.Onen, J.Macromol.Sci.-Chem.,A28, 129 (1991)

6. Y.Yagci, A.Onen and W.Schnabel, Macromolecules, 24, 4620
(1991)

7. S.Penczek, P.Kubisa and R.Szymanski, Makromol.Chem.,
Macromol.Symp.,3, 203 (1986)

8. P.Kubisa, Makromol.Chem., Macromol.Symp., 13/14, 203 (1986)

9. Y.Yagci, I.E.Serhatli, P.Kubisa and T.Biedron,
Macromolecules, 26, 2397 (1993)

10.K.D.Ahn, K.J.Ihn and I.C.Kwon, J.Macromol.Sci.-Chem., A23
359 (19886)

Received: 18 April 1994/Revised version: 26 May 1994/
Accepted: 11 June 1994



