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Coisotactic parameters of two steps in a propagating
process, one from styrene (St) unit to methyl methacrylate
(MMA) unit and the other from MMA unit to St unit, were
experimentally determined in alternating copolymerization
of MMA with St under the copolymerization conditions giving
highly coheterotactic poly(MMA-g47+ -St). The former step
resulted in highly syndiotactic addition and the latter, in
highly isotactic addition.

Highly coheterotactic alternating copolymer has been successfully
prepared by radical copolymerization of methyl methacrylate (MMA) with
styrene (St) in the presence of boron trichloride excess to MMA at low
temperature below —60°C.1) In order to make clear the stereoregulation
mechanism to give the copolymer with the highest coheterotacticity ever
reported, we have experimentally determined coisotactic parameters (Bovey's
o parameter : the probability of isotactic dyad addition) by carrying out

the copolymerization of MMA and styrene—d2 in which two methylene protons

are solely deuterated. The results indicate that the propagating process
from St unit to MMA unit is highly syndiotactic and that from MMA unit to
2)

St unit, highly isotactic.

Methylene deuterated styrene (CGHSCH=CD2, St—dz) was synthesized by
the dehydration of 1-phenylethanol-dg (CGHSCHOHCD3), which was prepared
from acetophenone—d3 (CGHSCOCD3) by the reduction with LiAlH4.3)
Alternating copolymerization was carried out as previously reported.l)
MMA-centered triad cotacticity (fSM, fym. and fIM)4) and meso dyad content
(Pm)4’5) were determined from 1H NMR spectrum measured‘at 399.8 MHz and
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St-centered one (fgg, fyg, and fIS),4) from 13Cc NMR spectrum measured at
22.5 MHz as previously reported.

Stereoregulation of alternating copolymerization involves two
different steps. Coisotactic parameters of two steps in a propagating
process, one from St unit to MMA unit and the other from MMA unit to St

6) and 02’, respectively. These parameters

unit, have been defined as ”1‘
can be experimentally determined as follows. On a 400 MHz lH NMR spectrum
of the alternating copolymer of MMA with St—d2 the methylene proton peaks
are originally derived from the methylene protons of MMA. Therefore, the
meso dyad content (Pm) of the methylene proton of P(MMA—aZt—St—dz) gives
directly the o 1’ parameter, while that of P(MMA—dS—aZt—St) obtained by
using a methylene-~-deuterated MMA (MMA—dS) gives the 02’ parameter as shown
in Eqs. 1 and 2. Since the synthesis of the deuterated MMA is more
difficult than that of St—dz, the 02’ parameter was determined by Eq. 8
using al’ and the Pm of P(MMA-q7¢-St). K. Hatada et al. determined
coisotactic parameters for the copolymers of MMA—d8 with other methacryl-

ates by examining a copolymerization of a large amount of MMA—d8 with

a trace of other methacrylate.7) In the present work, because of the
*
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alternation both ¢ parameters can be determined directly without any
assumption of polymerization mechanism.

There are two kinds of propagation processes a) and b) in Fig. 1 to
give coheterotactic poly(MMA-gl£-St)s. Although the alternating copolymers
obtained by both processes can not be differentiated, the stereoregulation
mechanism is opposite each other. Experimental determination of the
o parameters can reveal this difference.

Both poly(MMA-alt-St-dg) (M =4.3 x10%, M, /M =1.8)8) and poly(MMA-alt -
St) (Mn=5.0 x104, Mw/Mn=2.3)8) were synthesized under the same conditions
to give the highly coheterotactic alternating copolymer. The MMA- and St-
centered triad cotacticities of both copolymers are summarized in Table 1,
which are coincident each other fairly well. Thus, the deuteration of
~methylene protons has not any effect on the stereoregulation in
propagation. The methylene proton region of a 1H NMR spectrum of
poly(MMA—aZt—St—dz) is shown in Fig. 2 (a) as . -well as that of poly(MMA-
alt -St) in (b). The racemo methylene peaks (r) of poly(MMA—aZt—St—dz) are
dominant in Fig. 2 (a), while those of poly(MMA-zl1t+-St) are comparable to
the meso peaks (m) in Fig. 2 (b). The Pm values measured from these
spectra are 9 and 46 mol%, respectively. Since the alternating regulation
of these polymers was excellent based both on the absence of methoxyl
proton peaks at 6=3.8 and 3.54) as shown in Fig. 2 and on 50 mol% of MMA
content in copolymer (fM), the coisotactic parameter o 1', from St unit to
MMA unit, was determined to be 0.09, and the 02' was calculated to be 0.85
from Eq. 3.9) Therefore, the stereoregulation giving the highly
coheterotactic poly(MMA-glt-St) proceeds through the type b) process in
Fig. 1. Thus, the step from St unit to MMA unit is highly syndiotactic and
that from MMA unit to St unit, highly isotactic.
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Table 1. Cotacticitiesa) of alternating copolymers of MMA with styreB?wiz
(or styrene) prepared in the presence of excess BC13 to MMA

[BC1.] Polym. MMA-centered triad St-centered triad meso dyad
Comonomers o~ 3- _temp

[MMA] 5C fsm fim fim s fus  Tis P
MMA, St 1.4 -90 11 8 3 10 87 3 46
MMA, St—dzc) 1.4  -100 9 89 2 9 8 3 9

a) mol%. b) MMA ratio in monomer feed = 0.5.

c) Degree of deuteration of poly(MMA-alt-St-d.) is ca. 98 mol%.

5)
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Fig. 2. Methylene proton region of ]H NMR spectra of highly coheterotactic
po]y(MMA—aZt—St-dz) (a) and poly(MMA-qZt-St) (b) prepared by using BC]3 at
-95 °C and [BC13] /[MMA] =1.4 (at 399.8 MHz and 55 °C in CDC13).
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