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Joseph P. Kennedy, S. Y. Huang** and Robert Alan Smith
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Summary
The title head-functionalized block copolymer was

synthesized by first preparing a polyisobutylene carry-
ing a (cH;), C=CH, - head-group and -Cl end-group, and
subsequently starting the block copolymerization of a-
methylstyrene from the -Cl terminus.

Introduction

Recent leads (KENNEDY, et al. 1977a,b) concerning
controlled initiation and termination of cationic ole-
fin polymerizations have been exploited for the synthe-~
sis of functional block copolymers F~A,-B;, where F =
olefin function and An, Bpn are polyolefin blocks such
as polyisobutylene PIB, polystyrene PSt and Poly(o-
methylstyrene) PaMeSt. This preliminary communication
deals specifically with the synthesis and characteri-
zation of (CH;), C=CHCH, -PIB-b-PoMeSt.

The synthesis of (CH;),C=CH-CH, -PIB-b-PaMeSt is
based on combination of three leads previously devel-
oped in our laboratories: 1. Controlled initiation of
isobutylene polymerization by the (CH,;), C=CHCH, C1/BCl,
initiating system which gives rise to allyl head~-groups,
2. Controlled termination (i.e., termination in the
absence of chain transfer to monomer) of isobutylene
polymerization in the presence of BCl4e counter-anions
which results in -Cc(CH;),Cl end-groups, and 3. Con-
trolled initiation of olefin polymerization including
o-methylstyrene by tertiary chlorines in conjunction
with Et, AlCcl. The equations help to visualize the syn-
thesis sequence:
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(cH;), C=CHCH, + BCl, = (cm)fg‘-iiCH‘-'—'é@Hz 130149
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NNN&CHZ %( CH3 ) 2
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I
I + Et,alcl + (CH3)2C=CHCHZAmmPIBAmmCHZ%(CH3)Z EtzAlclf
II
II + 0-MeSt —> (CH;), C=CHCH, ~nanPIB e MA PaMeSEAM |

Experimental

BCl; was used as received. 1l-Chloro-3-methyl-
2-butene was dried with CaH, and distilled under vacuum.
Et, AlCl was refluxed over NaCl and distilled under re-
duced pressure. Isobutylene was dried by passing the
gas over molecular sieves (48 and Bao. a-Methylsty-
rene was dried with CaH, and distilled under nitrogen
atmosphere.

Details of GPC analyses, membrane osmometry, and
vapor pressure osmometry will be published later.

The synthesis of (CH,;), C=CHCH, ~~~PIB~~~CH, C{CH;), Cl
was carried out at -52°C in a dry box under nitrogen
atmosphere using "baked out" flasks charged with i-C,Hg
(2.0M) and (CH;),c=CHCH,cl (3.0 x 107*M) in CH,Cl, sol-
utions. After thermoequilibrium BCl, (4.0 x 1072M) in
CH, Cl, was added to the stirred charges. Reactions
were gquenched after 30 mins by few ml of prechilled
methanol, the precipitated polyisobutylenes were rap-
idly filtered and washed with CH,Cl,. The yield of I
was 23-25% and Mp (by VPO) = 14,000-16,000.

A subsequent blocking step was carried out by
dissolving I (2.4g) in methylcyclohexane, adding CH, Cl,
(38 vol.% in final charge of 90 ml) and a~MeSt (0.8 M),
cooling the stirred charge to -52° and commencing
blocking by introducing Et,Alcl (2.2 x 1073M) in CH,Cl,
solution. Blocking was terminated after 30 mins with
a few ml methanol. Yield was 55%, Mp (by osmometry) =
31,000.

Crude products were purified by selective solvent
extraction. First the reaction product was extracted
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{soxhlet) with n-pentane. The n-pentane-insoluble
fraction was subsequently extracted by a series of
acetone/dioxane mixtures as follows: The n-pentane-
insoluble fraction (l1g) was stirred in acetone (100 ml),
allowed to settle, and an aliquot (10 ml) withdrawn of
the supernatant. The amount of polymer and its compo-
sition was determined. Then the volume of the with-
drawn aliguot was replaced by an equal volume of di-
oxane (10 ml) and the procedure repeated until the
medium consisted predominantly of dioxane. Further
details will be given in a subsequent publication.

Results and Discussion

Isobutylene polymerization coinitiated by BCl,
proceeds in the absence of chain_transfer to monomer
and with termination by the BCl, counter-anion {KEN-
NEDY et al. 1977a,b). Orienting experiments showed
that (CH;),C=CHCH, Cl in conjunction with BCl, initiates
the polymerization of isobutylene at or below -50°.
The presence and position of olefinic unsaturation in
PIB prepolymer was proven by two sets 0f experiments.
First the PIB prepolymer obtained with the (cH;),cC=
CHCH, C1/BCl; /i~C,H; system was analyzed for unsatu-
ration by epoxidation/titration (DREYFUSS and KENNEDY
1975) . Results of these analyses indicated 0.8 -1.3
unsaturation per mole of PIB (details to be published
later). Second, the prepolymer was oxidatively de-
graded by aggressive periodation (KENNEDY and METZLER
1977) and the M, of surviving fragments determined.
The Mn of the prepolymer did not noticeably change upon
this treatment which indicates terminal unsaturation.

Initiation o 1sobu%§Hene polymerization by the
allyl cation (CH,;), 8ot oy=® may occur at the tertiary
or primary carbenlum center. According to appropriate

model experiments initiation is kinetically controlled

and proceeds predominantly from the primary site (KEN-

NEDY et al. 197

CH,
Mac'" w8 Mo é ~CH~CH, -M°
CH3 CH3

On the basis of background information and the
above experiments we are confident that our PIB pre-
polymer contains a (CH;), C=CHCHy head-group and a
tertiary chlorine end-group. Proof positive that the
terminal group is in fact a tertiary chlorine was ob-
tained by initiating the polymerization of a-MeSt by
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the prepolymer using Et, A1Cl coinitiator. Moreover,
preliminary experiments showed that &MeSt polymer-
ization initiated by t-BuCl/Et, AlCl at -30° occurs
essentially in the absence of chain transfer to monomer
(the 1/DPp versus 1/M plot exhibits negligible inter-
cept) . Thus blocking of aMest from the (CH;), C=CH-
CH, ~-PIB-Cl prepolymer in conjunction with Et, A1Cl at
-50° is expected to proceed in the absence of chain
transfer to monomer.

Our proposition that the (CH;), C=CHCH, -PIB-Cl
prepolymer initiates blocking of aMeSt and produces
(CH,; ) , C=CHCH, -PIB-b-PaMeSt in the absence of chain
transfer to monomer is corroborated by molecular weight
and composition analyses. For example, a prepolymer
with My = 14,000 was used to initiate the blocking of
aMeSt and after selective extraction the M, and compo-
sition of the end product was determined: ﬁn = 31,000,
PIB/PoMeSt (wt.% by NMR) = 48/52. If all the PIB is
incorporated into the diblock copolymer and if no PoMeSt
is present

- Mn prepolymer
My diblock =

Fraction prepolymer in diblock
or 14,000/0.48 = 29,200. The agreement between the
calculated (29,200) and experimental value (31,000) is

quite good which indicates very little homopolymer con-
tamination of either component in the diblock copolymer.

Further, GPC analyses of prepolymers and diblocks
showed smooth monomodal distributions. If homopolymer
of either component were present, a multimodal MWD or
shoulder would appear in the UV or RI traces of the GPC
analyses,

Table I shows representative data. A detailed
account of the synthesis and characterization of (CH;),=
CHCH; -PIB-b-Block where Block = PSt and PaMeSt will be
published.
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