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Functional Derivatives of Polyisobutene
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The methods of synthesis of isobutene polymers with end groups of different types are examined. It is shown that advances in
the synthesis of these compounds are associated with the progress in the field of the regulation of the cationic

polymerisation and copolymerisation of isobutene and the degradation of isobutene polymers and copolymers. Examples

of the employment of functional derivatives of isobutene polymers in various branches of technology are presented.
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I. INTRODUCTION

Polyisobutene (PIB) and its copolymers (PIBC) together
with dienes occupy an outstanding position among polyolefins
as regards the volume in which they are manufactured and
used. This is due to the availability of the raw materials
and the valuable properties of the polymer. '"Defect-free"
PIB molecules exhibit a relatively high resistance to chemical
and physical influences and are irreplaceable as corrosion
resistant hermetic sealing compounds, additives, oils, and
other materials.! On the other hand, the chemical inertness
of PIB hinders the introduction of functional groups into the
polymer chain. It is known that the introduction of such
groups significantly expands the applications of hydrocarbon
elastomers to which PIB also belongs.?

During the last 5—10 years numerous publications devoted
to the synthesis of PIB with specified end groups by the
cationic polymerisation of isobutene (IB), oxidative degrada-
tion of PIBC with dienes, and other procedures have
appeared. The introduction of reactive groups into PIB and
their subsequent reactions lead to the formation of products
with polar groups, for example, with antioxidant fragments,
graft and block copolymers, etc. i.e. to the variation of the
properties of PIB over a wide range of molecular weights.
This leads to new applications of PIB.

The aim of this review is the systematic account and a
survey of the literature data concerning the method of syn-
thesis of functional derivatives of PIB with specified end
groups and new applications of the modified PIB.

I1. METHODS FOR THE INTRODUCTION OF FUNCTIONAL
GROUPS INTO ISOBUTENE POLYMERS DURING POLYMER-
ISATION

Until recently it was believed that the PIB obtained by the
polymerisation of IB under the influence of acid catalysts
contain mainly t-butyl and unsaturated fragments at the end
of the chain.® However, the latest investigations of the
low-temperature cationic polymerisation of IB in the presence
of complex catalysts and (or) specially introduced additives
indicated the possibility of forming PIB with end groups
different from those indicated above.* Here and henceforth
these products are treated as functional derivatives of PIB.
In terms of their origin, the end groups in PIB can be
divided by convention into "head" groups (formed in the

polymer chain initiation and transfer stages), and "tail"
groups (formed in chain termination steps). Serious
obstacles to the introduction of functional groups into PIB
during the cationic polymerisation of IB arise from the high
reactivity of the intermediate carbonium ions, the high
fluidity, and the difficulty of controlling the PIB formation
processes. The short lifetime of the carbonium ion centres
rules out the possibility of polymerisation via the "living
chain" mechanism, ® which is the traditional method for the
introduction of tail functional groups into polymers based on
anionically active monomers. &’

The synthesis of PIB with specified end groups was a
consequence of a deeper understanding of the mechanism of
the cationic polymerisation of IB and, in particular, of the
chemistry of the chain initiation and termination reactions,
as well as the application of modern methods for the quantita-
tive analysis of polymers.

In contrast to Brdnsted acids, which lead to the formation
of low-molecular-weight products alone® and carboxylate salts
which are relatively inactive in polymerisation, * Lewis acids
and complexes based on them show a high reactivity in the
polymerisation of IB, creating difficulties in the regulation
of the process as a whole and of its individual elementary
stages.

When strong Lewis acids (MX,) are used as the catalyst,
their interaction with the monomers and additives (the
cocatalyst RB) determines the different initiation pathways
and hence also the nature of the head groups (Scheme 1).

Scheme 1
Neecd
RB c=C | le ©
MX, 2 MX, - RB———— R~C|:—f: MX,B, (1)
Ne—e/
MX, ,c=c{ | le. .
MX, -—-n— st—lMxr%1———_)Mxn71_C|_cl Mxr?+1 . (2)

Depending on the pathway in the polymerisation initiation
reaction, the initiator fragments R or MX,_-, are introduced
into the chain with formation of alkyl (phenyl) PIB deriva-
tives [reaction (1)] or polymeric organometallic compounds
[reaction (2)] respectively. The predominance of a partic-
ular reaction pathway depends on the nature of the Lewis
acid, the cocatalyst, their concentrations, and the polymer-
isation conditions." As a rule, these reactions occur under
conditions which absolutely rule out the presence of traces
of proton-donating compounds in the system. However,
such purity has been achieved only in isolated studies using
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special vacuum apparatus and the most sophisticated experi-
mental techniques. *®® In the polymerisation of IB in the
presence of traditional catalysts (AICl; and BF; containing
admixtures of proton donors HB) the head t-butyl groups
are formed both in the initiation of the process by protons
[reaction (1)] and in the chain transfer to the monomer

[reaction (2)] while the tail C—C bonds arise only in the chain

termination by reactions (3) (Scheme 2).

Scheme 2
HB - MX, + CHy »  t-CHPMX,B®, (1)
t- CHPMX, BO 4 nC,Hg » - C,Hy(C;Hg) O MX,, B, (2)
t-CiHy (C,H)) PMX,B® + CHy —  t- CHy(CHg),CH: +  t- CHEMX, B, (3)

where reactions (1), (2), and (3) are elementary initiation,
propagation, and termination steps and k = n - 1.

Since reactions (1) and (3) take place even when aprotic
cocatalysts are used (Cl,, RCI, etc."), the introduction of
head groups other than t-butyl groups into PIB presents
certain difficulties associated both with the elimination of the
influence of proton-donating impurities and with the selection
of catalytic systems or additives which prevent chain trans-
fer to the monomer.

Bearing in mind the decisive contribution of the polymer
chain termination reaction to the formation of head and tail
groups in PIB, %° it is useful to consider the characteristic
features of this reaction.

A characteristic feature of the cationic polymerisation of IB
in the presence of the majority of acid catalysts is intense
chain transfer to the monomer [reaction (2), Scheme 2].°
Quantitative and qualitative analysis of the end groups in
PIB established that on average there is one C=C bond per
macromolecule. 1**2  According to 'H NMR data, ? the
unsaturated groups in PIB can be represented by structures
(I)=(V) with structures (III) and (IV) predominating:

T
~CH—C—CHy—C=CHy; ~CHy—C—Ri
| |
CH, CH CH,
(1Y) (I
G lf R CJH“ CcH.
l ,
~CH,~C—CH=C—CHy; ~C--¢{ = ~C=c/ "
’ “H \Rv
CH, CH,
(1 (V) )

These results significantly supplement and correct the
investigations in which mainly vinylidene C=C bonds were
detected by infrared spectroscopy.!?

The ratio of trisubstituted and vinylidene C=C bonds in
IB dimerisation and trimerisation processes is probably con-
trolled by steric factors.® The transition state in the forma-
tion of structure (III) is slightly compressed owing to the
interaction of the hydrogen atoms of the methyl groups not
linked by chemical bonds:

\/
/\ /\
/\/ \/

\/
'\ \

The two hydrogen atoms shown below this scheme tend to
approach one another as soon as a double bond is formed.
In contrast to this, the transition state in the formation of
structure (I) is much less deformed, which compensates for
the difference between the heats of formation of the olefins.
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When the internal stress cannot be relieved by the rotation
of the interaction groups, compound (I) is formed in this
case as the main product (Table 1).

Table 1. Characteristics of unsaturated PIB.

Content of C=C bonds, l

R % of theoretical Method of #x
Catalyst + additive My, — o determination| Refs.

I . n

substituted ‘ vinylidenc |

j
11,504 (KY -2 12 w0 | I
CuSO,- 110 163 60 | 40 1.3 [i6]
(,;so SC ol £80 44 45 1 2]
BF. 1950 46 20 H i 12
BE..CIT.Cot 500 40 20 1 [12]
BIF.- o0 070 Al 13 1 ’ [121
AlCl, T 67 | 9 i o1z
RCI-BO O EN(ClI 500 0 | 100 1 Lo

*Mp represents the number-average molecular weights of
the PIB.
*+1) 'H NMR;

2) infrared spectroscopy; 3) ozonolysis.

Depending on the polymerisation conditions and the nature
of the catalysts, the ratio of the trisubstituted and vinylidene
double bonds in PIB varies within wide limits.

Compounds (I) and (III), formed initially in the PIB
obtained in the presence of BF;, can probably undergo a
skeletal rearrangement and isomerisation to compounds (II),
(IV), and (V) (Scheme 3, a and b), which agrees with the
results of studies of the model system tri-isobutylene +
AlBr; + DBr.!® The conclusion that compound (V) is formed
is based on the fact that the unsaturation detected by 'H NMR
(which is insensitive to tetrasubstituted C=C bonds) is much
less marked than the unsaturation measured by hydrogenation
methods. The low content of vinylidene C=C bonds and the
predominance of compound (IV) among the trisubstituted ole-
fins in the PIB obtained in the presence of AICl; are probably
associated with multistage polymer chain termination.
According to Puskas et al.'? and Slobodin and Matusevich, °
it includes the anomalous "tail to tail" addition of isobutene
and the subsequent methyl shift (Scheme 3, c).

Scheme 3
_u®
fe—= () + (),
cn;, CH,

a5 SE¢ 112—‘c—<,nﬂ ﬁ(m +uv)
Chi, CH. ® (I‘n -u®
1 e/ :

~C—i H»—'( —
| \(m3

i,

Gty Gty s
b al "
R, Ng—cu-——‘(]‘.u FTZ v+,
oy Y

cl Cli; CH
. ] 3 3 R 3 2,1-CHj shift
A~ C—CHy—C—(C—C(H, T=——>
iso- ¢Hg | CHy § CH,
CHy CHy  Clly
CH, GH, ®
5 ® i
— AE—CHy~C——C—CH,—Cl, == (1) + (1\);

CH, CH, CH,

a) 1,3-CH3 shift; b) 1,2-H and 1,2-CH3 shifts; ¢) anomalous “tail to tail” addition of isobutene;
the symbol ~

denotes the PIB chain.
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The anomalously high content of compound (I) in the PIB
obtained in the presence of 2,6-di-t-butylpyridine (Table 1)
is a consequence of the complete suppression of the reaction
involving chain transfer to the monomer. The aromatic base
then serves as a kind of trap, *””*® which selectively abstracts
a proton from the CH; group of the growing carbonium ion
and does not interact with the sterically less accessible pro-
tons of the CH, groups (Scheme 4).

Scheme 4
(CHy)sC\ (CHg)sC
@ 7/ :\ o/ =\
~CH,—C(CH, N — ~CH,C(CH3)=CH,+ HN
2 ( a)2+ \_/ 2 ( 3) 2+ \/—/ -
(CHg)sC” (CHg)sC’

Apart from its influence on the character of the terminal
double bonds, 2,6-di-t-butylpyridine promotes an increase
of the molecular weight of the PIB (by an order of magnitude)
and a narrowing of its polydispersity (by a factor of 2—3).
Other sterically hindered aromatic compounds such as
2,4,6-tri-t-butylphenol®® and 1,3,5-trimethylbenzene?° can
behave in the isobutene polymerisation reaction as mediators
in the chain transfer step to the monomer in accordance with
Scheme 5 and can broaden the molecular weight distribution.

Scheme 5
CH, CHy
®
~CHyp~C(CH,); + —>» ~CHy=—C(CH)==CH, +
CH, qu
CHy GHy
CH. 2]

-+ —>CH,

CHy

In the polymerisation of isobutene in the presence of
anisole, 2! 2-alkyl- and 2,4-dialkyl-phenols, !*?? and certain
methylbenzenes, 20 the chain transfer to the monomer is
accompanied by the alkylation of the aromatic compounds by
the growing carbonium ion with formation of aromatic poly-
isobutene compounds in accordance with Scheme 6:

Scheme 6
H
N(]HZ—%(CHJ)2 + @——) ~9CH,—C(CH3)y R —
R
cr,
oy ~CH, +c? .
CH,y

The molecular weight of the functional PIB derivatives is
determined by the process temperature and varies from

400 to 200000. The relative contents of the unsaturated
and aromatic groups in PIB depends on the ratio of the rates
of the competing reactions, which is to a large extent deter-
mined by the nature of the catalyst and of the aromatic
hydrocarbon (Table 2).

Russian Chemical Reviews, 54 (7), 1985

The relative rate constants for the transfer of the polymer
chain to methylbenzenes increase with increasing basicity of
the aromatic hydrocarbons in the sequence toluene <
m-xylene < hemimellitol. ?° The presence of aromatic frag-
ments in PIB has been demonstrated by ‘H and *°C NMR and
by the EPR of the phenoxy-radicals, obtained on oxidation
of the polymers by PbO,,'® and by ultraviolet spectroscopy
in combination with gel-permeation chromatography.?* The
maximum content of the aromatic end groups in the products
has been obtained by polymerisation in the presence of
2,6-dialkylphenols.'® The contribution of the alkylation
reaction increases at lower temperatures and in the presence
of the SnCl, catalyst it becomes dominant.

Table 2. Methods of synthesis of polyisobutene with aromatic
end fragments at —78 °C.
Relative
Reaction conditions content of
104 | tail groups
. Catalyst mw= [_inPIB, % Refs.
aromatic hydrocarbon solvent C=C | Ars*

(CH;),AICI CeHsCHy*** toluene 0.1 90 10 [23]
CoH;AICI CgHsCH3 toluene 8.5 50 50 (20}
CoHsAICI,-HCL CsHsCHj toluene 5.9 | 40 | 60 | [20]
C,oH;AICH-H,0 CeH;CH3 toluene 5.1 40 | 60 | [20]
3CgH-CHj3-2A1Cl;- HC1{ CgH;CH; toluene 0.9 | 20 | 80 | [20]
AICI3(SnCly) 2,6-dimethylphenol chloroethane 1.1 0 [100 [19]
AlCl;(SnCly) 2,3,5,6-tetramethylphenol | chloroethane — 40 60 | [19]
AlCly( SrCly) 2,6-di-isopropylphenol chloroethane - — 90 {19}
AICl;(snCly) 2,6-di-t-butylphenol chloroethane 0.7 — 99 [19]
AlCl;(SnCly) 2-methylphenol chloroethane — — 2.4 [19[
AICIL;(SnCly) phenol — | — 2.2 [19]
AICL+50CH, 2-s-butylphenol**** methyl chloride| 0.3 — 19.81 [22]
AICI;+-S0Cl, 2-s-butylphenol**** heptane 0.46| — 32.5] [22

*MW = molecular weight.
*k%425 OC, Fkkk-70 °C,

**Ar = aromatic fragments.

Another example of the use of reactions involving chain
transfer to a specially introduced reagent in order to obtain
a tail functional group other than an unsaturated group
(suppression of chain transfer to the monomer) is provided
by the polymerisation of IB in the presence of alkyl chlorides.
As in the case of aromatic compounds, ?° alkyl chlorides
participate in the competitive (relative to the monomer) inter-
action with the growing centre, leading to the formation of
PIB with end fragments in accordance with Scheme 7:

Scheme 7
CH,
l"TP;a Ral ~CH,—C%-C1-|—R@
~CH2_(I:— . CHyg
e, —2G _CH,—C=CH,+ t-CHE .
s,

The ratio of the products?®* is determined by the relative
concentrations of RCI1 and the monomer and by the rate con-
stants for the corresponding reactions. However, the
increase in the concentration of RCl entails not only an
increase in the chlorine content in the polymer with retention
of a high yield of the product?® but also a significant decrease
of its molecular weight. In contrast to RCl (a pure chain
transfer agent), o-olefins (chain terminating agents) do not
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influence the molecular weight of the product, but signif-
icantly reduce the yield (the length of the kinetic chain) as
a consequence of the allyl termination reaction® with forma-
tion of saturated PIB in accordance with Scheme 8:

Scheme 8
CHjp CHj
|= | @
~CH,—C - CH,—CH = CH, —> ~CH,—C—H 4 CH—CH=CH, ,
[ |
CHs R CHg R

Many compounds exhibit both effects to a greater or lesser
extent, the effects being quantitatively expressed in terms
of empirical poisoning and chain transfer coefficients

(Table 3). The knowledge of these quantities provide
valuable information about the character of the polymer chain
termination reaction under the influence of various additives,
which determine the number, size, and nature of the end
groups in the PIB molecules formed.

Table 3. Empirical chain transfer and poisoning coefficients
in the synthesis of functional derivatives of PIB.?7*

Caefficients
Compound o © N
poisoning |cham transfer
Propene 4.9 0
But-1-ene 6.2 0
Pent-1-enc 9.7 0
Hex-1-ene [R] 0
Oct-2-ene 20.8 12.1
Butadiene 76 20
2,5-Dimethylhexa-2,4-diene 26.7 15.2
2,3-Dimethylbuta-1,3-diene 107 26
Cyclohexadicne 103 18
Isoprene 140 60
Piperylenc 170 327
Cyclopentadiene 900 —
2-Methylcyclopentadiene 585 -
Cyclohexene 5.3 27
Cyclo-octone 11 312
Cyclopentene 16.3 27
1-Methylcyclohexene 14.7 43.4
1-Methylcycloheptene 66.7 340
{-Methylcyclopentene 280 286
2-Methylpent-l-ene 3.5 53.8
2-Ethylhex-1-enc 247 248
2,4,4-Trimethylpent-1-ene 66.7 700
2,4,4-Trimethylpent-2-cne 66.7 34.6
3-Methylbut-1-ene 0 0
4-Methylpent-1-ene 29 0
3,3-Dimethylbut-1-ene 0 o
Vinyleyclohexene 3.7 6.7
{ndan 10.8 —
Indene 99 210
Norbornene 19.4 57.9
Norbornadiene 16
1,5-Cyclo-octadiene 9 1.8
Allyl chloride 0 6.2
Methylaliyl chloride 1.6 6.9
2-Chlorobutadiene 6.6 245
Crotyl chloride 11.2 975
Isopropy! chloride o )
Isobuty] chloride 12.5 134
t-Butyl chloride 14 757
Isopropyl bromide 0 0
Isobutyl bromide 1.8 15
t-Butyl bromide 3:5 714

*#Initiator—AICl; in CH,Cl; solvent—n-pentane; -78 °C.

Wider possibilities, from the standpoint of the preparation
of functional PIB derivatives, arise from the chain termina-
tion reaction at the initiator fragment. Depending on the
nature of the complex initiator MXn + RO*BS-, one dis-
tinguishes termination by a Lewis acid fragment X (for the
systems BCly + H,0, 22 R,AICl + RCl, ?® and R,AICI + Cl, ?%)
and termination by the cocatalyst B fragment (for the com-
bination TiCl, + H,0, TiCl, + CCI3CO0OH, and SnCl, +
CeHsOH *3%31y  The pathways followed in the above poly-
mer chain termination reactions depend on the strength of
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the donor—acceptor interactions of the components of the
initiating system. When it is high (BF; + H,0), chain
transfer to the monomer with retention of the BF;OH™
counterion is preferable, as stated above. 12 With decrease
in the stability of the complex initiators (based on titanium
and tin compounds), the initiation and chain termination
proceed with participation of the activated Lewis acid RB,
i.e. the cocatalyst behaves as a kind of telogen, forming
head and tail groups in the PIB. An additional complexity
from the standpoint of the formation of end groups of a
specified kind is introduced by systems of the type indicated
above, which permit different pathways in the fragmentation
of RB, for example, the dissociation of the C—~0O and O—H
bonds in ROH. *?

Comparison of the experimental and calculated (quantum-
chemical analysis of the = C* or MX,;, complex with alcohols
by the CNDO/2 method in terms of the Santry—Pople—Segal
parametrisation) data shows that the pathway in the frag-
mentation of ROH bound in a complex depends on the nature
of R and the strength of the acid. An increase in the
acidity of MX, and in the degree of branching of the group R
promotes the preferential fragmentation of the alcohol at the
C~-0 bond with incorporation of the OH group in the poly-
mer.*? For SnCl, + C¢HsOH, *! chain termination via the
elimination of phenoxy-groups is determined primarily by the
effect of the (p—p)y conjugation of the oxygen atom with the
aromatic ring, which hinders the rupture of the C(phenyl)—
oxygen bond. Since the elimination of the ligands from the
MXpB~ counterion depends on the energy of their binding
to the metal and on the stability of the Lewis acid formed,
it is possible for the ligand X to be eliminated and then
incorporated in the polymer chain in the form of an end
group. Reactions of this type occur when relatively weak
Lewis acids (BCl;, R,AlCl) are used as initiating systems. ?®
Numerous model investigations carried out on di- and tri-
isobutenes®® in the presence of catalysts—cocatalyst systemsa“
and also the results of the physicochemical analysis of the
polymers established that Cl and R are eliminated from the
[BCI1 R]™ and [R3;AlIC1]™ counterions respectively in accord-
ance with the scheme:

Scheme 9
Clly

——BeX  ~CH,—C—Cl--BCLYX, (Refs.28, 35)
Cil
CHs,

(CaligAICI ~~CH2—([:—H FCH, - AICALY,, (Ref.33)

&,
CH,

CINC ey 6y (CH,AICL (Ref.36)
g
CH, CH;

NCHQ_C@ (ArsAICI ? _ ~Cl rr‘chr - ARAIC, (Ref.37)

CIH3 CHs3
CH,

(CHp=CHpMCL? »Cf:z—l(}CH-— CH, - (CH,~ CH),AICI,

| (Refs.38, 39)

CH,
] CHy ___

(CHy), I AlCI- | i ”
LN ~CHC— T (CHy,AICE, (Ref40)
CH,

CH,

(C.HISIR3)ATCH,1AICI 2 | ,
s - CH,—C—CH,—Ar—SiR,+(C,H),AlCI

&, (Refs.41, 42)



714

where X = OH, Cl, etc., R' are alkyl radicals, and Ar are
fragments of aromatic hydrocarbons.

Because of the absence of chain transfer to IB, the use of
these catalysts in absolutely dry systems leads to extensive
possibilities not only for the introduction of the specified
tail groups into the PIB but also for the synthesis of PIB
with functional head groups. The combination of controlled
initiation and chain termination methods in the polymerisation
of isobutene leads to monofunctional and aw-bifunctional PIB
depending on the conditions®’ (Table 4).

Table 4. The synthesis of certain aw-bifunctional PIB.
Initiating system T,°C  [lo3MW of PIB aw-Bifunctional PIB Refs.
T
Cl,--BCl, —ino— — Cl—CH,—C—PIB —CH,— | [43]
——100 ]
CH;,
CH,
|
—lc—CI
CH,
CH,=CH—CH(CH,)Cl4- —30— — CH,=CH—CH(CH;)— PIB — | [38]
—Al(CH=CH,)3 ——TE —CH=CH,
(CH,),C=CH—CH,CI-+BCl, | —50 | 9.3—14.3 | (CHg),C=CH—CH,— PIB — | [44]
—C(CH,),Cl
CH, C‘H,
!
Cl—C—(CH,)s—C—Cl+ _:%3— 9.0—22.0 | CgH;— PIB —CgHs [45]
i |
CH, CH,
--(CyH;)5A1
CH, C‘Hg
CHg Crl« —»;»8~ 3.1--100.0 Cl—(l‘,—CHz— PIB —C— 146,
CI—F—CGH.—’(Z—CI+BC13 clr-ls cIH, 4
CH; CH;3 CT’
—CsH;—C— PIB —CH,—
CH,3
cle
—C—Cl
|
CH;

The formation reactions of aw-divinyl-PIB, and a-chloro-
w-vinyl-PIB are based on the principle of controlled chain
initiation and termination by the Cl, CH,=CH-CH(CH3), and
(CH,;),C=CH—CH, cations in the first stage and fragment
anions Cl and CH=CH, in the second respectively. It has
been shown®® that in such cases polymerisation is initiated
slowly owing to the greater stability of the primary cationic
species compared with the growing PIB carbonium ion. In
contrast to the systems indicated, the dihalides combine the
functions of the initiator and chain transfer agent. The
degree of chain transfer to the monomer in the system is
slight, while chain transfer to p-bicumenyl chloride is the
dominant polymer chain termination reaction. *®"*°

The reactions (Scheme 10) result in the formation of
bifunctional PIB containing in the middle of the chain one
p-phenylene group and two terminal Cl atoms. 46

The scheme for the formation of aw-dichloro-PIB resembles
the cationic telomerisation reaction of isobutene, **~%2 but the
products differ by significantly higher molecular weights
and have a narrow molecular weight distribution with a
width of 1.46—1.70, %783
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It is noteworthy that a number of patents deal with the
synthesis of PIB having specified end groups. However,
owing to the lack of a detailed specification of the experi-
mental conditions, their value is reduced and they are there-
fore not quoted here.

Scheme 10
C{H:, ('Tf 1y C‘Hs CH,
| .
c1—c-c6H,—c‘:—c1 +BCly c1—|c—cﬁH,—c@Bc1§9 —ZoCHe_,
|
CH;  CH, CH, CH,
VD) (vin
?Ha (iH3 CHj
| ~
——— Cl—C—CyH,—C—PIB —CH,— C¢BCIg ~Yher e9
1
CH,  Ch, CH,
(VI
C{Ha (iHa CHy
|
s BCl C17C|~CU.H4— ¢ PIB—CH,—C—Cl 2
CH,  CH, CH,
ax)
Hy chs CH,
N | i
= BCL 7 C—CiHy—C—PIB —CHt,—C—C1 —fs0- Gl
|
CH, CHj; CHy
(X)
iy (iH, iy CH,
— - BCIP® C]-—CHZ—- PIB —C—C;H,—C— PIB —CHZ—L:~C1 U7 or Wi or 1)
| |
CH, CH, CH, CH,
(XT)
CHy cIH3 C|H, CH,
I
—= Ot PIB —C—C,H,—C—PIB —CH,—C—Cl
1 |
CH, CH, CH, CH,

(X11)

111. DEGRADATION AS A METHOD OF SYNTHESIS OF
FUNCTIONAL DERIVATIVES OF ISOBUTENE POLYMERS

The degradation of PIB and PIBC was investigated pre-
viously only with the aim of demonstrating the structure
(composition) of the compounds®*®® or to estimate the
stability of PIB in relation to various physical influences.
The free-radical decomposition of PIB proceeds with forma-
tion of a complex range of products.’*®’ Furthermore,
specific degradation of polymers can serve as a convenient
method of synthesis of functional PIB.

The thermocatalytic degradation of PIB via a mechanism
involving depolymerisation under the influence of aluminium
chloride complexes has been described.® "®* Depending on
the conditions, it is initiated in accordance with a "random
law" via the homolytic dissociation of a C—C bond of the
polymer with subsequent redox interaction of the polymer
radical and the cation of the complex [Scheme (11), reaction
(1)] or in accordance with the "end group" law via the
interaction of the complex with the terminal C—C bond of the
polymer [reaction (2)]:

56— 58

Scheme 11
CIHa (-}Ha CIHx CH;
B S e CHy Gty M RN
|
CHs CH, CH,3 CIHS
cH,
o (1)
= ~CH,C [R'AICII® + Mo
CH,
CH G
£ S+ 8-
~CH=¢( & —RIRACWT ey co RAICLI® |
\CH,

g dn, (2)
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The reaction obeys the general rules for electrophilic pro-
cesses and in the presence of aromatic hydrocarbons can take
place at temperatures below the ceiling temperature for the
decomposition of PIB, which is 50 °C.%*7¢® The study of the
decomposition of PIB in the range from -78° to 200 °C,
catalysed by aluminium chloride, showed®* that the polymer
with terminal C=C and C—Cl bonds undergoes degradation
from the end of the chain in the presence of ring-alkylating
methyl- and isopropyl-benzenes with formation of aromatic
polyisobutylene compounds having the general formula
C,Hg(CyHg)s-14CsH, and t-butyl derivatives of alkylbenzenes.
The activating role of the aromatic hydrocarbon in reducing
the PIB decomposition temperature below the limiting tem-
perature apparently consists in promoting the fragmentation
of the PIB macrocations at the preterminal C—C bond in the
coupled alkylation reaction {Scheme 12, reaction (1)] and in
binding the IB evolved by alkylating the alkylbenzene with
the olefin [reaction (2)]:

Scheme 12
CHy iﬂa <|:n3 "
~C—CH—C® Al(‘,l? — N(|] 210 - iso- o, (1)
CH, Cify Clly
Q R
R
fLAct, . (2)
is0- CHg + CgHsR ——>= CyHgCeHylt o

When sterically hindered aromatic compounds (mesitylene,
tri-isopropylbenzene) are used and also when the reactions
are carried out in the absence of alkylbenzenes, the PIB
remains indifferent to the action of an acid catalyst under the
experimental conditions at temperatures below 50 °C.%*

More extensive possibilities for the introduction of func-
tional groups into PIB in the degradation process arise from
the oxidative cleavage of polymers or copolymers with dienes
either at the C=C bonds®’:*® or at the aromatic fragment in
the centre of the PIB chain®® (Table 5).

Table 5. The synthesis of aw-bifunctional PIB derivatives
by the oxidative cleavage of polymers.

Polymer Oxidant Functional derivative Refs.

CgHg_n[C(CHs)s— PIB —C(CHs)z- |CFsCOOH—H,0,
.Cl]p, wheren = 2,3

HOOC—PIB —COOH [69]

Isobutene-piperylene 03 + pyridine HOOC—PIB —COOH [67,
copolymer 70]
Ditto 03 OCH—PIB —COOH [71]

RuOg4 + co-oxidant HOOC— pIB —COOH [72]
Isobutene-2,3-dimethyl- RuOy4 + co-oxidant CH,—C— piB —C—CH, | {72}
buta-1,3-diene copolymer i i

0 0
CHs—ﬁ— PiB —COOH | [69}

Isobutene-isoprene O,
copolymer

The oxidation of linear and three-arm star PIB having the
general formula C¢H_n[C(CH;),—PIB—C(CH;),Cll,, where
n = 2 or 3, with the CF;COOH—-H,0, mixture in the CCl,—H,0
two-phase system at 60 °C lowers the molecular weight of the
polymer by a factor of two (for n = 2) or three (for n = 3)
as a result of the cleavage of the aromatic ring and the forma-
tion of PIB with terminal ~COOH groups. °°
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When high-molecular-weight PIBC, containing 2—4 wt.% of
piperylene, are ozonised in the presence of pyridine, PIB
with molecular weights of 1800—4000, containing up to 1.8
COOH groups per macromolecule, are formed®’ in accordance
with the scheme:

Scheme 13

I
~(—?—mg—)— ( —CH,—CH= ca—ciﬂ—) 2,
CHs n CH,

m

o
—_— HOOC—CHQ—(—(!:——CHQ—)—C‘H—COOH
. CHs n CHy

The preparation of these products includes three stages:

(1) cleavage of the double bonds with formation of aldehyde
and acid groups; (2) oxidation of the aldehydes to acids
and peracids; (3) reduction of the peracids to acids.

For the process to be selective, it is necessary to maintain
an equimolar ratio of ozone to the diene fragments in the
polymer. When this ratio is disturbed, either the degrada-
tion of the isobutene chain takes place in the presence of an
excess of ozone or the copolymer undergoes incomplete
degradation at the diene units if there is insufficient oxi-
dant.”?

In the controlled ozonisation of PIBC with piperylene in the
absence of pyridine, aldehydoacids are formed,’* while in
the presence of pyridine the producis are dicarboxylic.®”
€870 As a result of a detailed study of the ozonolytic
degradation of PIBC with piperylene, the Enjay Company
(USA) developed the industrial manufacture of liquid PIB
with terminal carboxy-groups.®’ The nature of the terminal
functional groups introduced into PIB by this method is
determined not only by the ozonolysis conditions but also by
the type of the diene fragment in the copolymer. ®®

When isobutene copolymers are ozonised with subsequent
thermal decomposition of the ozonides, ketoacids are formed™
via the scheme

Scheme 14
CHs
~(C~CH2—)— —CHy—C=CH—CH,—\ ~ — 2
‘C‘Hs n ( ClHa ,\)m
CH,
——— HOOC— cnr(JC—cm_)_cr[zcmo
clna n CH,

A decrease in the electronegativity of the substituent at
the double bond in the copolymer increases its reactivity
with respect to ozone (Table 6).

Table 6. The rate constants for the addition of ozone to the
double bond in PIBC with dienes.”™

Copolymer 10 k, litre mole ! 51

PIBC with isoprene 10.0
PIBC with penta-1,3-diene 2.9
Brominated PIBC with jsoprene 1.0
Chlorinated PIBC with isoprene 0.8
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For example, the preparative possibilities of the synthesis of
functional PIB derivatives in the course of oxidative degrada-
tion are extended when PIBC with 2,3-dimethylbuta-1,3-diene
are used. ’> Their oxidation in the presence of catalytic
amounts of RuO, gives rise to almost quantitative yields of
diketones (Scheme 15):

Scheme 15

?Ha
~(—?—CH,—)— ( —CH,—«|:=(I:—CH,—) -
CH, n CH, CHj

m

oxidation
RuO,

o
—_— CHa—[C—CH,—(—F—CH,—)—CH,—C—CH,

i [

CHs n (o]

When the distribution of diene units with the 1,4-configura-
tion in the copolymer is statistical, their content determines
the average molecular weight of the degradation products
(Table 7). The nature of the diene fragments in the
copolymer does not affect the character of the molecular
weight distribution of the PIB, which is narrower than in the
initial polymer (the Mw/Mn ratio varies from 1.15 to 1.4).

Table 7. The properties of the initial copolymers and the
products of their oxidative degradation.’!

Initial copolymer Functional PIB derivative

— P f diene, —
- Fl/ ¥, CO“::lte?%; iene, F.wt% #, i
Isoprene
60 — 1.2 20.6 4800 0.81
65 1.8 1.2 20.6 4150 0.9
40 2.84 2.2 17.6 2500 0.92
53 — 6.3 10.3 1080 0.95
Penta-1,3-diene

38 — 2.3 10.0 2400* 0.97*
38 — 2.3 10.0 2350 1.85
40 — 1.8 -— 3500 1.88
35 — 3.6 12.0 4700 1.9
45 2.54 2.0 — 2900* 0.95*
45 2.54 2.0 — 2900 1.9

Notation: M,, is the viscosity-average molecular weight,

My /Mp the width of the molecular weight distribution, F the
content of vinyl units relative to the total number of C=C
bonds, and f the functionality with respect to the carboxy-
group [number of carboxy-groups per unit].

*Obtained on ozonolysis in the presence of pyridine.

The functionality with respect to the carboxy-group
[the number of carboxy-groups per unit] varies from 0.81 to
1.9 as a function of the conditions in the synthesis and the
products contain mono-, bi-, and poly-functional derivatives
of PIB (Table 8). The presence of "anomalous" fractions
with a functionality in excess of one (in the case of a ketoacid)
or more than two (in the case of a dicarboxylic acid) is due
to the deviations from the 1,4-structure of the copolymer’
in the course of the cationic copolymerisation of the diene
with IB. The presence of diene units with 1,2- and 3,4-con-
figurations in the copolymer (Table 7) leads to the formation
of formaldehyde and formic acid in the ozonolysis products
in accordance with Scheme 16:
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Scheme 16
CHg Cng
|
~CH,—(]:=CH—CH,— PIB —CHy—C—PIB —CH,—C=CH—CH,~ + Oy —
CH;, CH=CH,
i
- HOOC—CH,— PIB —CH,—C— PIB—CH,—C—CH; + H,CO or
I
COOH (o]
CIHa
HOOC—CH,—PIB —CHZ——(II— PIB --CH,—C—CH; + H—COCH ,
|
HCO
Table 8. Characteristics of carboxyl-containing PIB. n
L Content of fractions (wt.%) for different functionalities
Functional PIB derivative b
n
R 2 2 >2
HOOC—PIB —C—CH;s 4800 |12.48]70.0 17.5 — — —
('I)
HOOC—PIB —C—CH,4 2300 | 6.23]70.63 — 5.87 17.25 —
i
O
HOOC—PIB —-COOH 2300 | 6.23|18.3 — 70.85 — 4.62

*Relative to aldehyde groups.

Thus the nature and the number of functional groups in
the PIB obtained by the oxidative degradation of the prod-
ucts of the cationic polymerisation and copolymerisation of
IB depend to a large extent on the composition and structure
of the initial polymers. The development of this method of
synthesis of functional derivatives of PIB is therefore associ-
ated with the improvement of procedures for the regulation
of both the oxidative degradation and copolymerisation pro-
cesses.

IV. REACTIONS OF ISOBUTENE POLYMERS VIA END GROUPS

The PIB with one or two reactive end groups obtained in
polymerisation or degradation processes are modified by
polymer-analogue transformations in order to obtain other
functional PIB derivatives (Table 9). These reactions are
carried out under conditions which rule out the decomposition
and cross-linking of the PIB macrochains. The presence of
even one C=C terminal bond in low-molecular-weight PIB
makes it possible to introduce into the polymer various
groups (chlorine, aromatic groups, etc.).

In contrast to IB, which combines quantitatively with HCI,
PIB with a molecular weight of 800 is only partially hydro-
chlorinated (in solution in toluene the degree of conversion of
PIB after 3 h is not more than 50% at 0 °C), while in aliphatic
solvents it is totally inactive.’® With increase in solvent
polarity or in the presence of weak Lewis acids (FeCl;, SnCl,,
etc.) the degree of conversion of PIB with respect to the end
group increases to 86%.

The alkylation of aromatic hydrocarbons (benzene, tolu-
ene, ®* and phenol) by PIB with terminal C=C and C—Cl bonds
on treatment with acid catalysts leads to the formation of
aromatic polyisobutene compounds. In the case of 1-iso-
propyl-4-methylbenzene, ionic hdyrogenation of PIB takes
place under these conditions’’ in accordance with Scheme 17,
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which involves the formation of a macrocation [reaction (1)],
hydride transfer [reaction (2)], and cycloalkylation of the
aromatic ring attached to the second generation carbonium
ion [reaction (3)]:

Scheme 17
~CHy—C~CH, |
|
CHy Cli,
W R m @
CH, S HYA® 22 ~CH,—C AP ==
| i
~CH,—C—Cl CH,
|
CH,
CHs CHg
3 i o= . :
CaHhCyH,CHs ~HC—EH e T —-(|:9A3 o
! —
CH, CHg
CH,
s '3
g RN
— | |'cHy +H AR
HeC™ N7
He” CHy~

In contrast to catalytic hydrogenation by molecular hydro-
gen under severe conditions, ’® the ionic hydrogenation reac-
tion takes place at room temperature without high pressure
and leads to the formation of PIB with isobutyl and indan
groups at the end of the chain in equimolar proportions.

The presence of the latter in the products has been demon-
strated by ultraviolet spectroscopy and model reactions of
di-isobutylene. "

The high-molecular-weight alkenylsuccinic anhydride has
been obtained in yields up to 58% by the condensation of an
unsaturated PIB (molecular weight 800—1000) with maleic
anhydride (230 °C, 10 h).®®" Reactions involving hydro-
silylation with trichlorosilane and alkylchlorosilanes in the
presence of the H,PtCly catalyst with formation of Si—Cl and
(on reduction) Si—H groups are of interest.’’ Various
sulphur-containing PIB derivatives can be obtained by the
addition of sulphur dichloride, 4-chloro-5-chlorosulphenyl-
3-methyltetrahydrophthalic anhydride, or 9-chloro-10-chloro-
sulphenylstearic acid.®? PIB chlorination, sulphonation,
oxidation, and epoxidation reactions, accompanied not only by
the modification of the terminal C=C bonds but also by a
change in the chemical nature of the chain are likewise
known.! Analogous reactions can evidently be achieved with
aw-divinyl-PIB obtained by the dehydrochlorination of
aw-dichloro-PIB in the presence of t-C,H,OK.®? It has been
shown® that the epoxidation of PIB containing the vinyl C=C
bonds at the end of the chain with the aid of m-C1C;H,COOOH
and subsequent treatment with ZnBr, lead to a polymeric
dialdehyde.

An important intermediate in the synthesis of functional
PIB is a carboxyl-containing polymer obtained in the oxidative
degradation of PIBC containing dienes’ or on oxidation in the
presence of RuO, of PIB with aromatic fragments at the ends
of the chain.®® When aw-dicarboxy-PIB is treated with
thionyl chloride, it is readily converted into the correspond-
ing bifunctional acid chloride.’*®® PIB with carboxy-acid
chloride groups have been used for the synthesis of low-
molecular-weight polymers with hydroxy-, phenolic,
phosphorus-containing, amine, and amidoamine reactive end
groups (Table 9). A method of synthesis of dihydroxy-

PIB by the hydroboration of aw-divinyl-PIB with subsequent
oxidation in an alkaline medium has been described.®® The
product reacts further with isocyanates, *5®° chlorosilanes ®*
and other reagents. This extends the series of functional
PIB. However, one should note that the use of methods for
introducing functional groups into high-molecular-weight
PIB obtained beforehand is sometimes restricted by the
decrease in the reactivity of the end groups with increasing
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Table 9. Modification of PIB via end groups.
Initial groups in PIB* Reagents I Groups in modificd P18 Rels
l |
t-Cilly~ CH,—C=CH, [HCl (cat.) 1 Callg ~ C{CTE) L {75
| Cal R (cat) =Gy~ Gl R {65767
CHs Hy (cat) | Gl ~CLLCHCH, i
‘ il ~
] | ~Cli=CCli o IRE
| i i
4N ! Cli, 7
o o o | oo :
HSiCh RTINS Lot
i CH,
RSCL i =0~ OGO SR
? c
[ e L
CIC(CI) e ~ CHLC(CI 1,0 - CLOK LT~
|
| Cliy '
CICILC (ClE;) ; ~ CHp— ALOI P CICHLCc ) - G ; -
—CCI):CL
Gl
CHg=:CCl~ CHyC = Cly  |m-Cl—Cgl1,COs11 i O s .
: | j
CHy CH,4 ! CIL CHCH, ~ CLLOTE Gl (s
CH, L
Blly; O(NaOID | HOCHLCHCH, ~CHLCHCHLOH]  [n5)
Cllg cll,

- CHy~ CHR {Ruo. 1= Cal by ~ COOT |16
RCelly~ CeHR RuO, HOOC ~ COOIL {86}
HOOC ~ COOH SOCI, CIOC ~C0C] [74.50]

LiAllT, HOCH, ~CH,OH 174
HOROI1 HOROC{O) ~ 1O OROH {74]
TLNRNT, TLARNHC (O ~ [57)
~C{OINHRNH,
CIl—CH=-R HOCHCHOC (O} ~ {74}
i j
0 R
~C(O)YOCTICHLOI |
| i
R |
CIC{0Y ~C(0)CH S f s i
i1S—P (ORI, [ OnRP GOy ~ l [8%)
| S
!
| ~Cop Pron, !
ROIT i RO ~ i 1 [39]
' Ty
1HOROH HOROC(0) ~ C1OIOROL [38]
HOCH; ~ CH,OH CISi(CHals (C114),Si0CT, ~ 185}
~ CILOSI(CH 4
CHLNCO CALNTICIO)O ~ Lo
~OCIOINTICL. |
CIC(OINCO I 6eNCO0 ~0roNCo 1osa)
| |
0 0 OCH—-CH—Cl, ~ 184}
~ |
Cl!:—C—CH, ~ CH,C—CH, |ZnBr, ClH,
i i ~Cll,~ CH ~ClO
CHs CH, \
i CHy

*The symbol ~ denotes ~[CH,=C(CH3),~1],.

molecular weight of the polymer’®®® or by the decomposition

of the polymer chain under the reaction conditions.®* These
features distinguish the reactions of PIB involving end
groups from the reactions of its low-molecular-weight
analogues.
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V. APPLICATIONS OF THE FUNCTIONAL DERIVATIVES OF
ISOBUTENE POLYMERS

The employment of functional derivatives of PIB in the
traditional applications of PIB which have a single double
bond at the end of the chain (electrically insulating oils,
components of inorganic and synthetic oils, additives to such
oils, cooling and lubricating liquids, and ingredients of com-
pound preparations for different purposes!:®1:°2) is of great
practical interest. This is because the introduction of
functional groups into PIB by the methods described above
results in a significant improvement of certain useful proper-
ties of the polymer. For example, low-molecular-weight
PIB containing heteroatomic fragments at the ends of the chain
are characterised by an increased resistance to oxidation com-
pared with unsaturated PIB (octol) (Table 10).

Table 10. Oxidation of functional derivatives of low-molecu-
lar-weight PIB at 200 °C and an O, pressure of 250 mmHg. ™

Inductive period

End groups in PIB in oxidation

reaction, min
t- CHo~, ~C‘=CH2, ~ HC=C(CHa), 0

CH;,

~COOH, ~C(0O)CH,3 10
~OH 35
~NH, 45
~ C(O)SP(0) (OR). 55
~ CeH,OH 135

The products of the hydrogenation of PIB 7° and aromatic
polyisobutene compounds®**? exhibit a high resistance to
mechano- and thermo-oxidative degradation. The presence
of phenolic fragments in the functional PIB derivatives
imparts to them the properties of antioxidants.??

PIB with terminal carbonyl and carboxy-groups, used as
viscosity controlling additives to oils, show a greater thick-
ening capacity than their unsaturated analogues. Functional
derivatives of PIB increase the viscosity index without influ-
encing the setting temperature of the petroleum oil and
improve its thermal and mechanical stability. "

Polyisobutylene with phosphorodithioate end groups
(1.5 wt.% of phosphorus and 2.7 wt.% of sulphur) show a
polyfunctional activity in lubricating oils, exhibiting not only
thickening but also antioxidant, antitear, and antiwear
properties. Additives of this type can be regarded as essen-
tial materials for creating lubricating oil compositions with
improved properties and with a reduced number of compo-
nents. The high thermo-oxidative stability of these polymers
is associated with the formation of phosphorodithioate radicals,
which inhibit the decomposition of PIB. ¢

Ashless additives, which are the products of the interaction
of polyisobutylenesuccinic anhydride with amines, i.e.

~CH:CfCHz—CH—C<O
| | ,N~(CH2)"NH,
CHy CH,—C(\\O
have found extensive applications. A characteristic feature
of succinimide additives to motor oils is their effective
detergent and dispersing action. °®

The employment of PIB with carboxy- and keto-end groups
as plasticising additives to rubbers makes it possible to
improve the frost resistance and the physicomechanical prop-
erties of vulcanised chloroprene rubber. *®
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Oils based on aromatic polyisobutylene compounds are
distinguished by a low setting temperature.?’ Saturated
PIB are also used as lubricating materials in various branches
of industry, medicine, and cosmetics. ’®

An advantage of hydrogenated PIB is that, when they are
employed as dielectric fluids, the useful life of condensers
is 3—4 times longer than in the case where octol (unsatu-
rated PIB) is used as the condenser oil. ’®

High-molecular-weight PIB has a high chemical stability
and resistance to ageing but is inadequately compatible with
inorganic fillers. Since polymers are used in mixtures with
fillers in techniques designed to protect against corrosion
and to ensure hermetic seals, *> the presence of functional
groups in PIB is important for the improvement of the com-
patibility of the mixture components. Functional derivatives
of PIB are of greatest interest for the preparation of various
gasket and film materials and also compound mixtures,
hermetic seals, non-drying putty, adhesive tapes, greases,
and dyes, among other general purpose technical materials.
By altering the polarity of the macromolecules as a result of
the introduction of functional end groups into PIB, it is
apparently possible to eliminate also the disadvantage of poly-
isobutene hermetic seals such as low cohesive strength and
instability in relation to oils, fats, lubricants, and many
solvents. %2

Examples of the effective employment of PIB with carboxylic
end groups for the modification of polymeric composites
based on the acrylonitrile-butadiene-styrene copolymer,
which are produced industrially, have been described. ’

Apart from the traditional applications of PIB, the synthesis
of their functional derivatives gives rise to prospects for the
creation of liquid rubbers of a new type.? The combination
of the saturation of the isobutene chain, which imparts a high
chemical stability, impermeability to gases, and compatibility
with certain polymers to articles based on high-molecular-
weight polymers with the advantages arising from the ease
of working with liquid rubbers containing highly reactive
groups should ensure a wide variety of applications of these
compounds. The hardening of oligoisobutenedicarboxylic
acid by epoxy-compounds in the presence of tertiary amines as
catalysts is accompanied by the formation of rubbers with a
regular three-dimensional network. *°

The presence of the reactive acid chloride group in PIB
permits the subsequent grafting of starch via the CH,0H
groups®® and also the preparation of a PIB block copolymer
with polystyrene by reaction with the "living" polymer. %

Depending on the number and nature of the reactive
groups, functional derivatives of PIB can be used as prepoly-
mers in the synthesis of block copolymer of the type PIB-A,
A-PIB-A, and (PIB)nAm, where A are blocks of a polymer
differing in its nature from PIB. For example, the diblock
(PIB—-PST) and triblock (PST—PIB—PST) copolymers have
been obtained by initiating the cationic polymerisation of
styrene with alkyl derivatives under the influence of the
PIB-Cl + alkylaluminium halide macromolecular initiator. *°

Monofunctional PIB with a terminal chlorine atom attached
to a teritary carbon atom reacts to form an IB block copolymer
with styrene having a molecular weight up to 80000—100000
with a conversion up to 98% after the addition of Al1(C,H;),Cl
and styrene.!®® Functional derivatives of diblock copolymers
of isobutene with styrene or a-methylstyrene have been
synthesised by an analogous procedure. PIB with a molec-
ular weight from 9300 to 14300, having a tertiary Cl atom at
one end of the chain and the (CH;),C=CH—-CH,~ or CH,=
CH—-C(CH;),~ group at the other, was used as the prepoly-
mer.*” It has been shown'’! that chain transfer to o-meth-
ylstyrene with formation of a homopolymer does not occur in
this instance and the product is characterised by a unimodal
molecular weight distribution.
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The reaction of bifunctional PIB having terminal chlorine
atoms (whose molecular weights are in the range 30000—
100000) with a-methylstyrene in the presence of (C,H;),AlCl
leads to a triblock copolymer consisting of a central PIB
block and two terminal poly-a-methylstyrene blocks. *®

The polymeric Grignard reagent synthesised on the basis
of aw-dichloro-PIB has been used to prepare a new poly-
(isobutene—block—methyl methacrylate) block copolymer*? in
accordance with the scheme

Scheme 18
“l') CH,OH(HCI)
CICH,—C(CHy);— PIB —CH,—C(CHj),Cl — 2 (THE) _,

——— CIMg—CH,—C(CHj)y— PIB —CH,—C(CH)=CH, —2*2»
—» ~ PMMA—CH,—C(CHg)y— P1B —CH,;—C(CHg),=CH, ,

where MMA is methyl methacrylate and PMMA is poly(methyl
methacrylate) .

By virtue of the presence of polystyrene, poly-o-methyl-
styrene, poly(methyl methacrylate), and other blocks in the
products, they have the properties of thermoelastoplastics. "
This leads to promising new applications of isobutene poly-
mers.

The methods for the introduction of functional end groups
into PIB reflects the characteristic features of the synthesis
and properties of the polymer. The inapplicability to PIB of
the method for the introduction of functional groups tradi-
tional for polymers based on anion-active monomers and based
on the principle of "living polymerisation" as well as the
limited possibility for polymer-analogue transformations via
the terminal double bond have given rise to the use of new
procedures. These include the cationic polymerisation of
IB, regulated at the level of elementary chain intitiation and
termination (transfer) stages, using specially selected com-
plex catalysts, weak electron-donating compounds (chain
transfer agents), proton traps, etc., which makes it pos-
sible to synthesise PIB with specified functional groups at
the end of the chain. The picturesque term "molecular
engineering” given to this method for the introduction of
functional groups into PIB !°2 neatly reflects the high level
of the solution of the problem: together with the specified
functionality and the distribution of functional groups, a
specific molecular weight, molecular weight distribution, and
microstructure of the polymer are ensured. In other words,
one is dealing with the synthesis of functional derivatives
of PIB regulated at different levels.

By means of further development of research into the con-
trolled cationic polymerisation of IB in the absence of protic
initiation and chain transfer to the monomer, it is possible
to approach and even surpass the synthetic possibilities of
"living" systems as regards the preparation of a wide variety
of block and grafted copolymers. 1°2

The synthesis of cationic copolymers (susceptible to regu-
lation) of IB with diene (1,4-addition) and triene (1,6-addi-
tion) monomers and subsequent oxidative degradation under
specially selected conditions also lead to extensive possibilities
for the synthesis of functional PIB derivatives. Despite the
large number of stages involved and their complexity, the
oxidative degradation methods can compete successfully with
polymerisation procedures for the synthesis of functional
PIB derivatives, particularly in the synthesis of high-molec-
ular-weight dihydric alcohols and dicarboxylic acids. The
range of chemical reactions and applications of PIB as her-
metic seals, oils, additives, etc. can be significantly extended
by modifying the polymer at the end groups. The presence
of reactive groups in functional PIB derivatives makes it
possible to combine this polymer chemically with "incompatible"
plastics and elastomers to form polymeric products with a
unique set of properties.
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