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ABSTRACT: For the synthesis of various sequence-controlled copolymers of butadiene with ethyl-
ene, propylene, and styrene, the cyclooctene derivatives, 5-phenylcyclooctene (PCQ), 4-methyl-6-
phenylcyclooctene (MPCO), and 4,6-diphenylcyclooctene (DPCO) were prepared and polymerized
with various catalyst systems. The resulting polymers of PCO had the structure of the 1:1:1
alternating copolymer of butadiene, ethylene, and styrene. Polymerization of MPCO with the cata-
lyst system of WCL(OAr),/Et,;Pb gave high molecular weight polymers having the mer sequence
of butadiene, propylene, and styrene in 1:1:1 alternating fashion. DPCO was also polymerized
to obtain 2:1 alternating copolymer of styrene and butadiene.

Introduction

It is well known that the mer sequence of copoly-
mers always exhibit significant effect on their phys-
ical properties. Thus, many research groups have
explored various methods in attempts to synthesize
the sequence-controlled copolyrers by ring-opening
polymerization,® Ziegler-Natta copolymerization,’
polymer modification® or metathesis polymerization.*

Since its discovery in 1955 as a side reaction
of Ziegler-Natta polymerization, metathesis reaction
have been developed as a unique method to obtain
polyenes from cyclic olefins. Particular to note is
that certain vinyl monomers can be incorporated
into cyclic olefin systems and then converted to
sequence-controlled copolymers by metathesis ring-
opening polymerization. These copolymers of con-
trolled mer sequence are very difficult to obtain
other means and considered to be an apex frontier
in the search for the polymers of new structures.

We have been working on the ring-opening polym-

erization of various prestructured cyclic mono-
mers and the recent interest has been focused on
the substituted cyclooctenes which can be metathe-
sis polymerized to obtain various butadiene-based
alternating terpolymers.® Cyclooctene itself has
been successfully polymerized and the resulting poly-
octenamer is commercially available as an elasto-
mer of unique properties. It is to note that poly-
octenamer is an alternating 1: 2 copolymer of buta-
diene and ethylene.

In the present work we have prepared properly
positioned phenyl-substituted cyclooctenes and po-
lymerized them to obtain butadiene-styrene copoly-
mers of unique composition in controlled mer se-
quence(Scheme I). Methyl-substituted systems are
also included. We hope that the successful effort
in this area leads to the synthesis of sequence-con-
trolled SBR which may have better elastomeric
properties than those of commercial, randomly se-
quenced SBR.

Korea Polymer Journal, Vol. 1, No. 1, pp 1—8(1993)



I. Cho et al

Scheme I
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Experimental
Materials. WCl;, MoCls, and other organome-

tallic compounds were purchased from Aldrich and
used without further purification. WCI,(OAr), were
prepared from WCl; and 2,6-diphenoxyphenol ac-
cording to the procedure described in the literature.’
Commercial tetraethyllead solution sold for gasoline
blending (DuPont) was used after purification by
fractional distillation (58~59 C /1.0 mmHg). All the
solvents and other reagents were purified in the
usual manner.

Preparation of 5,6-Epoxycyclooct-1-ene(ECO).
To a stirred solution of 1,5-cyclooctadiene(170 g,
1.57 mol) in 1.5 L of chloroform, 3-chloroperoxy-
benzoic acid (189 g, 1.1 mol)/chloroform slurry
was added portionwise. The reaction flask was cool-
ed by ice bath during the addition. The reaction
mixture was then stirred for additional 24 hr at
room temperature. The solids were removed by fil-
tration. The filtrate solution was concentrated to
800 mL and washed with 0.5 N NaOH solution
(twice), with aqueous NaHCO; solution, and with
brine. After drying over MgSO,, the solvent was
removed by rotary evaporztor. The crude product
was vacuum distilled to afford ECO: 98 g(0.79 mol,
71.8% yield); b.p. 67 C /8 mmHg; 'H-NMR(CDCl,)
8=5.5(m, 2H), 3.0(m, 2H), 2.5(m, 2H), 2.1(m, 2H),
2.0(m, 4H).

Preparation of 2-Phenyl-5-cycloocten-1-ol
(PCL). A 2 L round bottom flask equipped with
mechanical stirrer and condenser, magnesium turn-
ings (27.9 ¢ 1.15 mol) were placed under nitrogen
environment. Anhydrous diethyl ether (200 mL) was
poured and bromobenzene (198 g, 1.26 mol) in 250
mL of dry ether was then added dropwise. After
all the magnesium turnings disappeared, 500 mL
of dry THF was added and refluxed for 30 min.
The flask was cooled to —25 C and then Cul (43.8
g 0.23 mol) was added portionwise. After 10 min,
ECO(95 g, 0.77 mol) in 100 mL dry ether was added
dropwise and stirred for 48 hr at room temperature
under nitrogen environment. Cold 10% HCI solu-

tion was poured cautiously with cooling by ice bath.
The insoluble solids were removed by filtration
through celite and washed with ether. The solvent
was evaporated and the residue was dissolved in
ether and washed successively with saturated aque-
ous NaHCO; solution, saturated aqueous NH,CI
solution, and brine. After drying over MgSO,,
the solvent was removed to give the crude product
as viscous liquid. Vacuum distillation gave PCL:
68 g(0.34 mol, 43.7% yield); b.p. 115  /0.01 mmHg;
m.p. 32 C; H-NMR(CDCly) 6=7.1(m, 5H), 5.6(m,
2H), 41(m, 1H), 3.0 (m, 1H), 24 (m, 4H), 1.9 (m,
4H), 1.1 (s, 1H).

Preparation of 2-Phenyl-5-cyclooctenyl Tos-
ylate (PCT). To a solution of PCL (22 g, 0.11
mol) in 100 mL of pyridine, tosyl chloride (25 g,
0.13 mol) was added and stirred for 48 hr at room
temperature. Cold 10% HCI solution was poured
into the reaction flask until the solution became
acidic and the resulting solution was shaken up
with chloroform. The extract was washed with sat-
urated aqueous NaHCO; solution and then with
brine. Recrystallization from ether/hexane gave col-
orless crystals: 25.5 g(0.072 mol, 65% yield; 'H-
NMR(CDCl3) 8=7.0 (m, 5H), 5.6(m, 2H), 5.0(m, 1H),
3.2(m, 1H), 3.0~1.6(m, 11H).

Preparation of 5-Phenylcyclooctene (PCO).

To a solution of PCT (282 g, 79 mmol) in 150
mL of dried ether was added lithium aluminum hy-
dride (LAH) (3.8 g, 0.10 mole) and the resulting
mixture was heated to reflux for 24 hr. Excess LAH
was deactivated with cold 5% HCI solution and the
resulting solution was shaken with ether. The ex-
tract was washed successively with 5% HCI solution,
saturated aqueous NaHCO; solution, aqueous NH,CI
solution, and brine. Drying over MgSO, was follow-
ed by evaporation of the solvent and the crude pro-
duct was distilled to give PCO: 14.4 g(77.3 mmol,
97.7% yield); b.p. 78  /0.15 mmHg; 'H-NMR(CDCly)
8=7.2(m, 5H), 5.7(m, 2H), 2.6(m, 1H), 2.4~22(m,
4H), 1.7(m, 6H).

Preparation of 2-Methyl-8-phenyl-4-cyclooc-
tenyl Tosylate (MPCT). 2-Methyl-8-phenyl-5-cy-
cloocten-1-one (MPCN) was prepared from PCL ac-
cording to the reported method®; PCL was oxidized
to 2-phenyl-5-cyclooctene (PCN) with Jone's rea-
gent, and methylated to 2-methyl-8-phenyl-5-cyclo-
octene (MPCN) with lithium diisopropylamide (LDA)
and methyl iodide.

To a solution of MPCN (15 g, 70 mmol) in 80
mL of dry ether, LAH (0.8 g 21 mmol) was added
and the mixture was refluxed for 2 hr. Work up
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of the reaction mixture gave 2-methyl-8-phenyl-4-
cyclooctenol (MPCL) which was pure enough for
tosylation. To the crude MPCL. was added 100 mL
of pyridine and tosyl chloride (20 g, 0.1 mol). After
stirring for 48 hr at room temperature, cold 10%
HCI solution was poured into the reaction flask un-
til the solution became acidic and the resulting so-
lution was extracted with chloroform. The extract
was washed with saturated aqueous NaHCO; solu-
tion and then with brine. Recrystallization from
ether/hexane gave colorless crystals: 185 g (50
mmol, 714% yield); 'H-NMR(CDCly) 8=75~7.0
(dd, 4H), 7.1~7.0(m, 5H), 5.8~5.5(m, 2H), 4.8~4.6
(m, 1H), 3.4~3.0(m, 1H), 3.0~1.2(m, 7H). 2.4(s, 3H),
1.1~0.9(d, 3H).

Preparation of 4-Methyl-6-phenylcyclooc-
tene (MPCO). To a solution of MPCT (185 g,
50 mmol) in 150 mL of dried ether was added LAH
(072 g, 19 mmol) and the resulting mixture was
refluxed for 24 hr, Excess LAH was deactivated
with cold 5% HCI solution and the resulting solu-
tion was shaken with ether. The extract was
washed successively with 5% HCI solution, saturated
aqueous NaHCO; solution, aqueous NH,Cl solution,
and brine. Drying over MgSO, was followed by e-
vaporation of the solvent and distillation gave color-
less liquid: 8.3 g (42 mmol, 83% vyield); b.p. 82 T/
0.01 mmHg; 'H-NMR(CDCl3) $6=74~7.0 (m, 5H),
59~5.5 (m, 2H), 3.0~2.5 (m, 1H), 2.5~1.2 (m, 9H),
1.0~0.8 (d, 3H)

Preparation of 2,8-Diphenyl-4-cycloocten-
1-one (DPCN). n-Butyllithium (0.13 mol, 51.4 mL
of 25 M hexane solution) was added dropwise to
diisopropylamine (13.0 g, 0.13 mol) in 50 mL of an-
hydrous THF at —78 C . After the addition was com-
pleted, the reaction mixture was allowed to come
to room temperature. The solution was cooled again
to —78 T, followed by the dropwise addition of
25 mL of anhydrous THF solution of PCN (25 g,
0.13 mol), and the resulting mixture was stirred
for 2 hr. The resulting enolate solution was added
dropwise by cannula to 500 ml. of ammonia slurry
of diphenyliodonium chloride (44.3 g, 0.14 mol). Af-
ter standing for 4 hr, ammonia was allowed to e-
vaporate and the remaining solution was quenched
with 5% HCI solution and the resulting solution
was extracted with ether. The extract was washed
successively with saturated aqueous NaHCOj; solu-
tion, aqueous NH,CI solution, and brine. Recrystal-
lization from ether/hexane gave white crystals: 15.2
g (55 mmol, 44.1% yield); m.p. 147 C; 'H-NMR
(CDCly) $=7.30~7.23(m, 5H), 7.05~7.01(m, 3H),
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6.66~6.63(m, 2H), 5.89~5.83(m, 2H), 3.95~3.90(dd,
1H), 3.88~3.82(dd, 1H), 3.38~3.26(m, 1H), 2.52~
241(m, 2H), 2.28~2.21(m, 1H), 2.07~1.94(m, 1H),
1.76~1.68(m, 1H).

Preparation of 2,8-Diphenyl-4-cyclooctenyl
Tosylate (DPCT). To a solution of DPCN (10 g,
38.5 mmol) in 80 mL of dry THF, LAH (0.9 g, 24
mmol) was added and the resulting mixture was
refluxed for 24 hr. The excess LAH was deactivated
cautiously with 5% HCI solution in ice bath. Work
up of the reaction mixture gave 2 8-diphenyl-4-cyclo-
octenol (DPCL). Without further purification the
crude DPCL was added to 50 mL of pyridine and
tosyl chloride (11 g, 58 mmol), and the resulting
mixture was stirred for 48 hr at room temperature.
Cold 10% HCI solution was poured into the reaction
flask until solution became acidic. The solution was
shaken up twice with chloroform. The extracts were
washed with saturated aqueous NaHCOj; solution
and then with brine. Drying over MgSO,; was fol-
lowed by evaporation of the solvent to afford the
crude product as white solid. Recrystallization of
the crude solid product from ether/hexane gave as
white crystals: 85 g (20 mmol, 83% yield).

Preparation of 4,6-Diphenylcyclooctene
(DPCO). To a solution DPCT (8 g, 19 mmol) in
150 mL of dry THF was added LAH (0.3 g, 8 mmol)
and the resulting mixture was refluxed for 24 hr.
Excess LAH was deactivated with cold 5% HCI so-
lution and the resulting solution was taken up twice
with ether. The extracts were collected and washed
in succession with 5% HCI solution, saturated
aqueous NaHCO; solution, aqueous NH,CI solution,
and brine. Drying over MgS0, was followed by evap-
oration of the solvent and viscous liquid was ob-
tained. Column chromatography of the liquid with
silica gel and recrystallization from hot methanol
gave white solid: 3.8 g (15 mmol, 79% vield); m.p.
38 C; 'H-NMR(CDCly) 86=7.3(m, 4H), 7.2(1, 3H),
7.1(t, 1H), 6.9(m, 2H), 5.9(m, 1H), 5.9(m, 1H), 3.2(m,
1H), 3.9(m, 1H), 3.8(m, 1H), 2.4(m, 4H), 2.0(m, 1H),
1.8(m, 1H), 1.7(m, 1H).

Polymerization. Into the rubber septum-
sealed ampoule containing degassed monomer, one of
0.05 N chlorobenzene solutions of WClg, 2-chloro-
ethanol-treated WCl;” or MoCl; was injected by sy-
ringe. Immediately after 0.02 N solution of cocatalyst
was injected, the ampoule was heated or cooled
to the polymerization temperatures.

In the case of WCl, (OAr),, 5-fold excess of cata-
lysts were dissolved in toluene to be 0.05 N. The
corresponding amount of cocatalyst was added at
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Scheme 11
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Table 1. Polymerization on PCO

Catalyst Monomer
system /Cat.  Temp. Time Yield n’
(mole ratio) (mole ratio) (C) (hr) (%) (dl/g
WCI/EtAICIL. 500/1 20 24 32 042
1/8)
WCI#/EtAICL 250/1 10 24 12 09
(1/12)
WCls*/EtAICk 500/1 10 48 Trace —
(1/12)
WCl#/EtAICI,  1000/1 10 48 Trace —
(1/20)
WCI¢/EtAICH; 250/1 —10 48 10 083
(1/12)
WCI#/EtAICl, 500/1 —10 24 7 078
(1/20)

*“WCls was treated with one equivalent of CICH,CH.
OH. %0.25 g/dL in CHCl; at 30 TC.

80 C and the resulting sclution was allowed to
stand for 5 minutes at that tempeature. Then the
required amount of the catalyst solution was added
to the degassed ampoules containing 0.2~0.5 g of
monomer.

The polymerization was terminated with a small
amount of methanol. The resulting polymer was re-
precipitated twice from the chloroform or dichloro-
methane solution into large amount of methanol.
The reprecipitated was dried at 40 C under re-
duced pressure to constant weight.

Measurement. 'H-NMR and “C-NMR spectra
were recorded on Bruker AM-300 spectrometer and
Bruker AM-500 spectrometer. FT-IR spectra were
taken on Bomem FT-IR ME-100. Inherent viscosi-
ties were measured on Ubbelohde-type viscometer
(Schott Model CT-050 and D-6238). Thermal transi-
tions were measured with a Perkin-Elmer Delta
series DSC 7 thermal analyzer under nitrogen at-
mosphere. Analysis by gas chromatography was per-
formed with a Perkin-Elmer Delta series DSC 7
thermal analyzer under nitrcgen atmosphere. Anal-
ysis by gas chromatography was performed with
HP5890.

Results and Discussion
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Figure 1. '"H-NMR and IR spectra of poly(PCO).

Polymerization of 5-Phenylcyclooctene (PCO).
PCO was polymerized within a few seconds on the
injection of cocatalyst solution, but conversions
were low(Schem II). The polymerization conditions,
yields, and inherent viscosities are summarized in
Table I. "H-NMR spectrum of the polymer was sim-
ilar to that of PCO(Figure 1). IR spectrum of the
polymer was also similar to that of the monomer,
except the band at 970 cm™! (=C-H out-of-phase
bending in frans double bond). These spectral data
indicate that PCO underwent ring-opening meta-
thesis polymerization giving polymers which have
the structure corresponding to 1:1:1 alternating
copolymer of butadiene, styrene, and ethylene. The
BC-NMR spectrum of poly(PCO) is shown in Figure
2. The resonance peaks were assigned to the corre-
sponding carbons of poly(PCO) based on the chemi-
cal shift values of unsubstituted cis-cyclooctene'
and poly(1-octenylene)."! The peaks of vinyl carbons
(at 129.6~130.3 ppm) appear as two triplets due
to the influence of two configurations (cis and trans)
and three sequences (head-to-tail, tail-to-tail, and
head-to-head).

Polymerization of 4-Methyl-6-phenylcyclo-
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Figure 2. ¥C-NMR spectrum of poly(PCO).

Table II. Polymerization of MPCO with Various
Catalyst Systems

Catalyst Monomer
system /Cat.  Temp. Time Yield
(mole ratio) (mole ratio) (C) (hr) (%) (dL/
Ly
WClg/Et;Al 50/1 40 48 Trace —
1/4)
WCls/Et,AICI 100/1 40 24 57 011
1/4)
WCI/EtAICL 100/1 40 24 63 0.15
1/4)
MoCls/EtzAl 50/1 40 48 — —
(1/4)
WCI,(OAr)#/Pb(Et);, 100/1 15 24 97 0.56
(1/2)
WCL(OAr)#/Sn(Bu), 50/1 15 24 62 0.21
1/2)

?0Ar denotes 2,6-diphenylphenoxy group.
205 g/dL in toluene at 15 T.

Scheme III
CHy

Catalyst * A

— - n
_—

Ph CH; Ph

MPCO poly(MPCO)

octene (MPCO). Polymerizations were carried out
with various catalyst systems such as WCls, MoCls,
and W(OAr),Cls. The results of polymerizations are
summarized in Table II. These catalyst systems are
well known to exhibit good activity in ring-opening
polymerization of cyclic olefins(Scheme III). How-
ever, the catalyst system based on MoCls was not

Korea Polym. J., Vol. 1, No. 1. 1993

S
T T L
6 5 4

-1 T T T L
7 3 2 1 0
8 in ppm
T T T T ‘( T T T l T LI I T 1 ] 71 7T ] T
4000 3300 2600 1900 1200 500

Wavelength in cm™!
Figure 3. 'H-NMR and IR spectra of poly(MPCO).
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Figure 4. "C-NMR spectrum of poly(MPCO).

active for the polymerization of MPCO, whereas
other two catalyst systems were active. W(OAr).Cl,-
based catalyzed system was found to be most active.

The structure of poly(MPCO) was confirmed by
IR, 'H-NMR, and “C-NMR spectra (Figures 3 and
4). In IR spectrum, the absorption band appeared
at 970 c¢cm ! corresponding to the =C-H out-of-
plane bending of frans double bonds was absent
in the IR spectrum of monomer. This discrepancy
lets us confirm that metathesis reaction occurred.
The 'H-NMR spectrum of the polymer shows phen-
yl protons (7.4~7.1 ppm), vinyl protons (54~5.1
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Scheme IV
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Figure 5. C-H COSY spectrum of poly(MPCO).

ppm), benzyl protons (2.6 ppm), allyl and methine
protons (25~15 ppm), and methyl protons (0.8
ppm) in the correct proportion of ring-opened mers.
These spectral data indicate that the ring-opening
metathesis polymerization occurred cleanly and the
polymers had the structure ¢f 1:1:1 alternating
copolymers of butadiene, propylene, and styrene.
It should be noted, however, that heterogeneity in
the arrangement of mers can still occur due to the
presence of head-to-head, head-to-tail, and tail-to-
tail sequences as shown in Schem IV.

We calculated the expected BC-NMR chemical
shift values of poly (MPCO) based on the measured
values of the unsubstituted poly(l-octenylene). On
the basis of the calculated values we could assign
the “C-NMR peaks shown in Figure 4. There is

e
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Figure 6. "C-NMR spectrum of hydrogenated poly-
(MPCO).

Scheme V
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CH3 Ph CH3 Ph

poly(MPCO) hydrogenated poly(MPCO)

some discrepancy between the calculated and ob-
served values, but the relevant patterns of both
values are well exhibited.

C-H COSY spectrum shown in Figure 5 was also
analyzed. Each signal of carbons was correlated
with that of protons on them. 1’-Carbon peak of
phenyl ring (146 ppm) having no proton shows no
interaction in C-H COSY spectrum. Based on C-H
COSY spectrum, each peak of 'H-NMR and "C-
NMR was assigned as summarized in Table IIL
In order to ascertain the chemical shift values of
allylic carbon (Cs; and C;) peaks, a samples of poly
(MPCO) was catalytically hydrogenated'?(Scheme
V) and ®C-NMR spectrum of the resulting poly-
mers was recorded (Figure 6), observing the dis-
appearance of peaks corresponding to C;(42 and 36
ppm) and C(31 and 26 ppm). IR and 'H-NMR spec-

Table III. Analysis of 'H-NMR and '*C-NMR Spectra of Poly(MPCO)

(in ppm)

1/2 3 4 5 6 7 8 9 phenyl

H 5.2 1.8 1.3 16, 1.1 26 1.5 1.8 08 7.2~71
BC o 129~132 42, 36 31 44 43 39 31, 26 20 127~129, 146

Korea Polym. J,, Vol. 1, No. 1, 1993
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Figure 7. DSC thermogram of poly(MPCO).

Scheme VI
Ph
Catalyst
O — Y
Ph Ph  Ph
DPCO poly(DPCO)

Table IV. Polymerization of DPCO with Various
Catalyst Systems

Catalyst Monomer
system /Cat.  Temp.Time Yield n,,’
(mole ratio) (mole ratio)) © hr % (dL/

WCL/ELAICI 50/1 25 48 Trace —
1/

WCL(OAN#/EtLAICT  50/1 25 48 Trace -
(1/2)

WCL(OAr)?/Pb(Et), 50/1 15 24 84 033
1/2)

WCIL(OAr),*/Pb(Et), 100/1 15 24 87 062
(1/2)

WCL(OAr)/Sn(Bu)s  50/1 15 24 62 023
1/2)

“QAr denotes 2,6-diphenylphenoxy group.
0.5 g/dL in toluene at 15 T.

tra of the hydrogenated poly(MPCQO) exhibit no
characteristic double bond peaks, confirming that
the hydrogenated poly(MPCQO) have the structure
of 2:1:1 alternating terpolymer of ethylene, pro-
pylene, and styrene.

Poly(MPCO) was soluble in common solvents
such as THF, methylene chloride and toluene. The
polymers were rubbery at room temperature and
a single glass transition appears at —3.6 C on the
DSC thermogram (Figure 7). The melting transition

Korea Polym. J., Vol. 1, No. 1, 1993
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Figure 8. 'H-NMR and IR spectra of poly(DPCO).

was not observed suggesting that the polymers
were not crystalline.

Polymerization of 4,6-Diphenylcyclooctene
(DPCO). DPCO was polymerized with WClg or W
(OAr),Cly catalyst systems(Scheme VI). The results
are summarized in Table IV. The WCl; system
shows poor activity, whereas W(OAr),Cl, system
was highly active. The activity of W(OAr),Cl,/Et,Pb
catalyst was higher than that of W(OAr),Cl/iBu,Sn
or W(OAr),Cl/Et:Al It is well recognized that in
ring-opening polymerization of cyclic olefins any
substituents on the cyclic moiety usually exhibit
unfavorable effect upon the polymerizability.” How-
ever, we observed that DPCO which has two
phenyl sustituents could be polymerized to high
molecular weight polymers with W(OAr),ClL/Et,Pb
catalyst.

The structure of poly(DPCO) was analyzed by
IR, 'H-NMR, and "“C-NMR spectra (Figures 8 and
9). The absoption of trans out-of-plane bending of
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Figure 9. "C-NMR spectrum of poly(DPCO).
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Figure 10. DSC thermogram of poly(DPCO).
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double bonds at 911 cm ' as well as ¢is bending
at 742 cm™' appeared in [R spectrum of poly
(DPCO). Other spectra were also consistent with
the expected structure which should have been re-
sulted when metathesis polymerization was opera-
tive. There still remain, however, certain degree
of complications due to variation in mer order
(head-to-tail and head-to-head) as in the cases of
poly(PCO) and poly(MPCO). We assigned all the
peaks in BC-NMR spectrum (Figure 9) and ob-
served that the environments of all the phenyl
groups become virtually identical when polymeri-
zed.

Poly(DPCO) was soluble in common solvents
such as methylene chloride, THF, and toluene. The
polymers were transparent and glassy. Only one
glass transition temperature was detected at 39.2

C by DSC (Figure 10). The polymer appeared to
be amorphous and no melting transition was ob-
served. Although polystyrene and polybutadiene are
not miscible, the alternating nature of two mono-
mers makes the polymer be homogeneous phase.
On the glass transition of copolymers, it is inter-
esting to note that the measured 7, of poly(DPCO)
was almost coincided with the value calculated by
the equation of Wood,"

T,=(—78+128 S)/(1—05S)

where S is weight fraction of styrene.
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