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Polar vinyl monomer polymerization and copolymerization 
with olefins promoted by organometallic catalysts*)

S u m m a ry  — Polymerization of polar vinyl monomers and their copolymeri­
zation with olefins in the presence of organometallic catalysts, in particular 
of the Ziegler-Natta type, including metallocene-based catalysts, has been re­
viewed in terms of the kind of monomer and catalyst and the reaction mech­
anism.

Ziegler-Natta catalysts are commonly known as uni­
que catalysts for polymerization and copolymerization 
of ethylene and a-olefins [1, 2]. Although these catalysts, 
especially their new metallocene generations, greatly ex­
pand the range and versatility of technically feasible 
types of polyolefin materials [3], relatively little attention 
has been paid to homopolymers and copolymers of ole­
fins with polar vinyl monomers which could be obtained 
by using organometallic catalysts.

As with poly(a-olefin)s, the properties of polymers 
derived from polar monomers may be highly dependent 
on the stereoregularity of the polymer backbone. Mo­
reover, copolymers of polar monomers with olefins can 
exhibit some advantageous properties with respect to 
those characteristic of non-polar polyolefins. The lack of 
reactive groups in polyolefins significantly limits many 
of their end uses, especially where adhesion, paintabi- 
lity, printability, or compatibility is required.

In general, there are two ways to functionalize poly­
olefins: direct copolymerization of olefin with a polar 
monomer [4] and chemical modification of preformed 
polymers [5—10].

In view of the importance of functionalized polyole­
fins, organometallic-catalyzed polymerizations and 
copolymerizations of polar monomers with olefins have 
been reviewed including author's own reults.

INSERTION POLYMERIZATION OF ETHYLENE AND 
oc-OLEFINS

After the discovery of the „metallorganische Misch- 
katalysatoren" for low-pressure polymerization of ethy­
lene by Ziegler in 1953 [1] and application of the new
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catalysts for stereospecific polymerization of a-olefins 
by Natta in 1954 [2], polymerization of alkenes under­
went a very rapid development which resulted in an 
enormous growth of the polyethylene production and 
in starting the large-scale production of stereoregular 
poly(a-olefin)s, especially isotactic polypropylene [3].

It was Kaminsky who in the 1980s gave a new impe­
tus to the progress of olefin polymerization and made 
a major contribution towards a breakthrough in the field 
of polyolefins, by introducing extraordinarily active me­
tallocene—methylaluminoxane catalysts [11—13]. Meta­
llocene catalysts, which are capable of producing po­
lyethylene [1 2 ] and a variety of stereoregular poly(a- 
-olefinjs [13—15] are focusing interest from both the 
academic and industrial point of view. These catalysts 
are uniquely suited to study subtle steric factors that 
govern the remarkably high various stereospecificities 
exhibited in polymerization of propylene and other a- 
olefins [16]. In contrast to heterogeneous Ziegler-Natta 
catalysts, polymerization by homogeneous metallocene 
catalysts occurs principally at a uniform type of metal 
center with a defined coordination environment. This 
makes it possible to correlate metallocene structures 
with poly(a-olefin) properties such as molecular weight, 
stereochemical microstructure, crystallization behavior, 
and mechanical properties. Homogeneous metallocene 
catalysts now afford efficient control of regio- and ste­
reoregularities, molecular weights and molecular weight 
distributions, and comonomer incorporation. By provi­
ding a means for the homo- and copolymerization of 
cyclic olefins, cyclopolymerization of dienes and access 
even to functionalized polyolefins, these catalysts gre­
atly expand the range and versatility of technically fe­
asible types of polyolefin materials [17]. Therefore, ho­
mogeneous metallocene catalysts are very promising for 
the future development of the polyolefins technology. 
It has to be emphasized that various companies already 
have metallocene-based polymers on the market. Some
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of them went into production with polyethylene, ste­
reoregular (isotactic and syndiotactic) polypropylene, 
and polyolefin elastomers [18].

A general feature of the olefin polymerization with 
heterogeneous and homogeneous Ziegler-Natta catalysts 
is the insertion reaction of the coordinating monomer 
into the metal-carbon (Mt-C) bond. A vacant coordina­
tion site at the metal atom allows the monomer to ap­
proach the metal atom and to form an intermediate 
7t-complex. The metal-carbon bond in the catalyst is 
stable in the uncomplexed state; however, coordination 
of an olefin molecule results in a mixing of d orbitals 
of the metal with n antibonding orbitals of the olefin. 
The resulting hybridized orbital is sufficiently lower in 
energy relative to the original metal d orbitals so that 
an electron can easily be excited into it from the Mt-C 
bond, the resultant alkyl radical attaches itself in a con­
certed way to the nearest C atom of the bound olefin 
which is the essence of the matter in the insertion poly­
merization of olefins (Eqn. 1) [19—21].

z ' S

INSERTION POLYMERIZATION OF FUNCTIONALIZED 
a-OLEFINS AND THEIR COPOLYMERIZATION WITH 

a-OLEFINS BY ZIEGLER-NATTA CATALYSTS

Polymerization of monomers containing heteroatoms 
in the presence of Ziegler-Natta catalysts has been less 
investigated than insertion polymerization of unsatura­
ted hydrocarbons. Because of the very high reactivity

of organometallic complexes that polymerize olefins, he­
teroatoms usually hinder the insertion reaction of C=C 
bonds into Mt-C bonds. However, some monomers con­
taining heteroatoms have been homopolymerized 
and/or copolymerized with olefins according to the in­
sertion mechanism, by using typical Ziegler-Natta cata­
lysts, by minimizing the interaction between the mono­
mer's heteroatom and the catalyst. This has been accom­
plished by various methods allowing active sites to re­
main susceptible to the insertion reaction: the hetero­
atom in the monomer is separated from the C=C bond 
by more than one methylene group, the heteroatom in 
the monomer and the Mt-C bond in the catalyst are 
sterically shielded, the electron-donating ability of the 
heteroatom in the monomer is lowered by particular 
groups attached to it, the heteroatom has low reactivity, 
the heteroatom is complexed with the catalyst activator, 
and the labile hydrogen atom, like the one in the hy­
droxyl group, is made to react with the catalyst activator 
or other compound. An interesting new approach con­
cerning the last-mentioned aspect involves the copo­
lymerization of borane-containing monomers with ole­
fins, the resulting copolymers are then converted into 
various functional polymers in postpolymerization pro­
cesses [22—25]. Therefore, monomers capable of under­
going the insertion polymerization with Ziegler-Natta 
catalysts are, in principle, monomers in which the he­
teroatom (X) is not electronically interacting with the 
double bond to be polymerized [CH2=CH-(CH2)x-X]. 
Representative examples of insertion polymerization of 
functionalized a-olefins and their copolymerization with 
a-olefins are shown in Table 1.

Insertion polymerizations of Si- and Sn-containing a-

T a b l e  1. INSERTION POLYMERIZATION OF FUNCTIONALIZED oc-OLEFINS AND THEIR COPOLYMERIZATION WITH a-OLEFINS 
IN THE PRESENCE OF CONVENTIONAL ZIEGLER-NATTA CATALYSTS^

Monomer ' Catalyst Ref.

CH2=CH-CIT2-SiH3 TiCI4—AlEt3 26, 27
CH2=CH-CH2-SiMe3 TiCLi—А1Е1з 26, 27
CH2=CIT-(CI-I2)x-N(/-Pr)2; x = 1,2,3,5,9 5 -TiCbT/3 A1C13—Al(/-Bu)2Cl 28
CIT2=CH-(CH2)3-NMe2b) 5 -TiCl3-A lE t2Cl 28
CIT2=CH-(CH2)3-NEt2ll) 5 -TiCl3“ AlEt2Cl 28
CH2=CH-(CH2)3-0 -SiMe3 5 -TiCbT/3 AICI3—A1(/-Bu)2C1 28
CIT2=CIT-SiH2Et VCI3—AlEt3 29
CH2=CIT-CH2-SiMe3 TiCLi—AlEt3 30
CH2=CH-(CH2)9-I TiCb—AlEt2Cl 31
СН2=СН-СбН4-Гс> TiCLt—AlEt3 32, 33
СН2=СН-СбН4-С1с) TiCU—AlEb 32, 33
СН2=СН-СбН4-ВР1> TiCl4—AlEb 32,33
CH2=CH-C6H4-P1> TiCU—AlEt3 32,33
C H 2 = C H -(C H 2 )4-B (C 8H i 5 ) /C H 2 = C H -R g> TiCb—AlEt2Cl 25
CH2=CIT-(CH2)x-C6H2(0-M3u)2-0A lEt2/ 
/СН2=СН-СНз; x = 2—5° MgCb/TiCh—AlEt3/Ph2Si(OMe)2 34

! CH3, Et CH3CH2, /-Pr (СНз)гСП, '-Bu — (СНз)2С1 ICH2, /-Bu — (СПз)зС, Нх — СНз(СН2)5, B(C8PIi5) — 9-bornbicyclo[3.3.1]nonane. 
’ Complexed with stoichiometric amount of AlEt2Cl. c) o-, in-, and p-Isomers. J > p-Isomer. e) Copolymerization; R = H, Me, Et, Fix; in order to recover 
the OH functionality in the copolymer, the protecting borane-containing group was removed by the Na0FI/H20 2 treatment.  ̂ Copolymerization; 
functionalized а -olefin was derived from the reaction of 4-(o>alkenyl)-2,6-di-/-butylphenol with triethylaluminum (1:1 by mole); in order to recover 
the OH functionality in the copolymer, the protecting AlEt2 group was removed by the HCl/ethanol treatment.
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olefins are well known [26—30]. Among the N-contai- 
ning olefins, only tertiary amines have been polymeri­
zed and copolymerized (involving the insertion mecha­
nism), with the exception of allyl amines [28, 30]. 
co-N,N-Dimethylamino-substituted and co-N,N-diethyl- 
amino-substituted a-olefins could be polymerized by 
using Ziegler-Natta catalysts after having been comple- 
xed with the Lewis acid [28, 30]. Among the unsaturated 
О-containing compounds, alkoxystyrenes deserve atten­
tion [35]. Olefinic monomers containing -OSi and -NSi 
groupings undergo insertion polymerization [28, 30, 36]. 
Halogen (F, Cl, Br, or I)-containing monomers can un­
dergo insertion polymerization only when the halogen 
atom is situated far away from the C=C bond; this 
concerns ш-halo-a-olefins [31] and halostyrenes [32, 33, 
37, 38].

RADICAL POLYMERIZATION OF POLAR VINYL MONOMERS

In the case of monomers in which heteroatoms are 
directly bound to (CH2=CH-X) or are conjugated with 
the double bond (CH2=CH-C=X, CH2=CH-OX), poly­
merization promoted by Ziegler-Natta catalysts takes 
place, but in principle no insertion mechanism operates 
in this case. Active sites of Ziegler-Natta catalysts, which 
may be capable of promoting the radical polymerization 
and/or copolymerization of heteroatom-containing mo­
nomers with olefins, are formed in some systems, de­
pending on the kind of monomers and catalysts used.

Monomers in which the heteroatom is directly bound 
to be olefinic carbon atom (CH2=CH-X) such as vinyl 
chloride can be polymerized with modified Ziegler-Na­
tta catalysts by the radical mechanism [39—43]. Dehy­
drochlorination is a problem in this case [44], although 
it can be reduced by using a modified activator such as 
dialkylaluminum alkoxide or substituted dialkylalumi- 
num alkoxide like AlEt2OCH2CH2NR2 [39], or by addi­
tion of the Lewis base such as tetrahydrofuran to the 
polymerization system [40—43]. But the essential role 
of the Lewis base present in the polymerization system 
with the Ziegler-Natta catalysts, e.g., VOCl3-AlEt3 (or 
AlEt2Cl), is the acceleration of generating free radicals 
capable of initiating the vinyl chloride polymerization 
(Eqn. 2) [43].

RADICAL COPOLYMERIZATION OF POLAR VINYL 
MONOMERS WITH OLEFINS AND CONJUGATED DIOLEFINS

Polar monomers in which the heteroatom is conjuga­
ted with the olefinic double bond undergo copolymeri­
zation with olefins [46, 47] or conjugated diolefins [48— 
52] when initiated with Ziegler-Natta catalysts. One of 
the possible reaction schemes of the formation of initia­
ting radicals is presented in Eqn. (3) in which PM de­
notes a polar monomer acting as the Lewis base against 
the organoaluminum compound [52].

V0U 3 + РМ-А1ЕЮ2 — V0C12 + PM • Al CI3 + EL (3 )

However, the copolymerization of polar vinyl mono­
mers and olefins or conjugated diolefins can proceed 
also in systems without a transition metal compound, 
i.e., in the presence of the organoaluminum compound 
alone. Organoaluminum compounds catalyze the free- 
radical copolymerization of polar monomers with elec­
tron-donating monomers [53, 54]. Formation of a com­
plex between a polar monomer, e.g., acrylonitrile, and 
organoaluminum compound, e.g. AlEtCl2 (Eqn. 4) [55, 
56], causes an increase in the electron-accepting proper­
ties of the monomer and hence an increase in its 
susceptibility to the copolymerization with the olefin 
(Eqn. 5) or the conjugated diolefin (Eqn. 6) as the elec­
tron-donating monomer; the copolymerization tends to 
produce an alternating copolymer.

CH2=CH-ON +AlEtCl2 — -  CH2=CH-C=N-AIEIQ2 14)

CH2=CH CH2=CH

C=N ■ A lE K l2 + П CH3

- C H 2-CH--C H 2-CH—

Ć=N - At Et Cl2 CH3 n

CH2=CH
n i + n CH2=CH-CH=CH2

C-N • AlEtCl2 1 1

сн2-сн-сн2-сн=сн-сн2

ON-AlEtC l2

(5)

(6 )

Organoaluminum compounds produce also free radi­
cals by homolytic cleavage of the Al-C bond in the 
complexed polar monomer (Eqn. 7).

V0C13 +■ THF - Al Et3 — -  V0C12 + THF ■ AlEl2Cl + EF (2 )

It is to be emphasized in this connection that alkyl 
radicals normally formed during the reduction of the 
transition metal compound in Ziegler-Natta catalyst sy­
stems do not initiate the radical polymerization of ole­
fins, in cotrast to that of polar monomers. Most of the 
modified Ziegler-Natta catalysts for polar monomer 
polymerization are characterized by low activities and 
the lack of stereospecificity, producing polymers with 
properties which are very similar to those of polymers 
obtained by more conventional producers [45].

CH2=CH -O N  • AIEIC12 —  CH2=CH -O N  ■ AlCl2 + Et' ( 1 )

These radicals initiate a spontaneous copolymeriza­
tion presented by Eqn. (5) [57, 58] and Eqn. (6) [59—62]. 
The presence of the transition metal compound in the 
system results in acceleration of the copolymerization 
rate, since initiating radicals are more readily formed 
according to Eqn. (3) rather than Eqn. (7).

Attempts to copolymerize polar vinyl monomers, 
complexed with organoaluminum compounds, with ole­
fins in the presence of Ziegler-Natta catalysts were made 
[63] prior to the disclosures of the spontaneous altema-



POLIMERY 1997,42, nr 10 607

tin g  c o p o ly m e riz a tio n s  o f acry lo n itrile , co m p le x e d  b y  
o rg a n o a lu m in u m  c o m p o u n d , w ith  p ro p y le n e  [6 4 — 66] 
a n d  v in y l ch lo rid e  [6 6 ]. T h e la tte r  s tu d ie s  [6 7 , 6 8 ] h a v e  
re v e a le d  a fo rm a tio n  o f re sp e c tiv e  c h a rg e -tra n sfe r  c o m ­
p le x e s  b e tw e e n  th e  p o la r  m o n o m e r , c o m p le x e d  w ith  
o rg a n o a lu m in u m  c o m p o u n d , a n d  olefin  (E q n. 8 ) w h ich  
a re  su sce p tib le  to  ra d ic a l p ro p a g a tio n .

CH2=CH -O N  ■ AlEtCl2 + CH2=CH-R

tl
CH2 CH2II — i (O)

R-CH CH-ON-AlEtCl2 1

\
© ©
CH2 CH2

R-CH CH-C=N А1ЕГС12

CATIONIC POLYMERIZATION OF POLAR VINYL 
MONOMERS

V in yl e th e rs  h a v e  b e e n  p o ly m e riz e d  in  th e  p re se n ce  
o f Z ie g le r -N a tta  c a ta ly s ts  o f th e  T iC l4 — A IR 3  ty p e  (w ith  
A IR 3  u s e d  in  a lo w e r  a m o u n t th a n  th a t of th e  tra n sitio n  
m e ta l c o m p o u n d ) [69] a n d  o f th e V C I4 — A IR 3 —  
A IR 3  T H F  ty p e  [70] to  y ield  h ig h ly  iso ta ctic  p o ly m e rs . 
C a tio n ic  m e c h a n is m  h a s  b een  p ro v e d  to  o p e ra te  in  th ese  

p o ly m e riz a tio n s  w h ich  in v o lv e s  F rie d e l-C ra fts  c a ta ly s t 's  
sp ecies . A lso  N -v in y lca rb a z o le  h a s  b een  ca tio n ica lly  p o ­
ly m e riz e d  u sin g  T iC l4 — A IR 3  a n d  T iC l3 — A IR 2 CI c a ta ­
lysts  [71 ].

It is w o r th  n o tin g  in  th is co n n e ctio n  th a t a lso  h y d r o ­
ca rb o n  m o n o m e rs  w h ic h  a re  ca p a b le  of fo rm in g  re la ti­
v e ly  s tab le  c a rb o -ca tio n s , e.g. a ce n a p h th y le n e , u n d e rg o  
easily  ca tio n ic  p o ly m e riz a tio n  w ith  Z ie g le r-N a tta  c a ta ­

lysts  [72 ].

METALLOCENE-CATALYZED INSERTION POLYMERIZATION 
OF FUNCTIONALIZED oc-OLEFINS AND THEIR 

COPOLYMERIZATION WITH «-OLEFINS

A d v a n c e s  to w a rd  p o ly m e riz in g  p o la r  m o n o m e rs  b y  
Z ie g le r -N a tta  c a ta ly s ts  h a v e  re ce n tly  b e e n  m a d e  w ith

ca tio n ic  m e ta llo ce n e  ca ta ly s ts  w ith o u t a n  o rg a n o m e ta llic  
a c tiv a to r . T h e  c a ta ly s ts  a p p e a re d  to  b e  c o n sid e ra b ly  m o ­
re  to le ra n t o f fu n ctio n a l g ro u p s  th a n  e ith e r  h e te ro g e n e o ­
u s Z ie g le r-N a tta  ca ta ly sts  o r  h o m o g e n e o u s  m e ta llo ce n e  
ca ta ly sts  a c tiv a te d  b y  m e th y la lu m in o x a n e  [1 7 ]. H e n ce , 
a v a rie ty  o f fu n ctio n a liz e d  a -o le fin s  a n d  d io lefin s h a v e  
b een  p o ly m e riz e d  su cce ssfu lly  via th e  in se rtio n  m e c h a ­
n ism  in th e  p re se n ce  o f b o ra n e -a c tiv a te d  z irco n o ce n e  
ca ta ly sts . S o m e e x a m p le s  o f s u c h  p o ly m e riz a tio n  a re  

g iv e n  in  T able 2  [73].
N e v e rth e le ss , m e th y la lu m in o x a n e -a c tiv a te d  m e ta llo ­

ce n e -b a se d  Z ie g le r-N a tta  c a ta ly s ts  h a v e  a lso  b e e n  s u c ­
cessfu lly  a p p lie d  to  p ro m o te  th e  co p o ly m e riz a tio n  of  
fu n ctio n a liz e d  a -o le fin s  w ith  e th y le n e , p ro p y le n e  a n d  
h ig h e r a -o le fin s . E x a m p le s  co n ce rn in g  th e  c o p o ly m e ri­
z a tio n  of fu n ctio n a liz e d  a -o le fin s  w ith  a -o le fin s  a re  p re ­
sen te d  in T ab le  2  [2 5 , 7 4 , 75 ].

GROUP-TRANSFER POLYMERIZATION OF POLAR VINYL 
MONOMERS WITH METALLOCENE CATALYSTS

N e u tra l o rg a n o la n th a n id e  m e ta llo ce n e s  [7 6 — 80] a n d  
ca tio n ic  z irco n o ce n e  o rg a n ic  d e riv a tiv e s  [81] p ro v e d  
to  b e  e x c e lle n t c a ta ly s ts  fo r  p o ly m e r iz a tio n  o f p o la r  
v in y l m o n o m e rs  in  w h ich  th e  h e te ro a to m  is co n ju g a te d  
w ith  th e  d o u b le  b o n d , su ch  as a c ry la te s  a n d  m e th a c ry ­
lates.

A n  a ch ira l o rg a n o la n th a n id e  su ch  a s  b is (p e n ta -  
m e th y lc y c lo p e n ta d ie n y l)s a m a riu m  h y d rid e  d im e r  
[(C p  2 S m H )2 ] w a s  s h o w n  to  efficien tly  c a ta ly z e  th e  li­
v in g , h ig h ly  sy n d io sp e c ific  p o ly m e riz a tio n  o f m e th y l  
m e th a cry la te  [7 6 — 8 0 ]. C o m p le x a tio n  o f th e  c a ta ly s t w ith  
th e m o n o m e r h a s  b een  p ro p o s e d , in v o lv in g  its ca rb o n y l  
g ro u p , fo llo w ed  b y  1 ,4 -a d d itio n  o f  th e  L n -R  fu n ctio n a ­

lity to g e n e ra te  a n  en o la te  [7 6 ]. F u th e rm o re , an  e ig h t-  
-m e m b e re d -rin g  in te rm e d ia te  h a s  b e e n  p o s tu la te d  to  
fo rm  w h ich  sh o u ld  stab ilize  th e  en o l ch a in  e n d , a lso  
allo w in g  e n ch a in m e n t of th e  m o n o m e r . T h e  ch a in  en d  
b in d s to  th e m e ta l in  an  en o l fo rm , w h ile  th e  p e n u lti­
m a te  m e th y l m e th a c ry la te  u n it c o m p le x e s  w ith  th e  m e t­
al a t its ca rb o n y l g ro u p  (E q n . 9 ) [76 ].

T a b l e  2. INSERTION POLYMERIZATION OF FUNCTIONALIZED a-OLEFINS AND THEIR COPOLYMERIZATION WITH a-OLEFINS 
IN THE PRESENCE OF METALLOCENE CATALYSTS3’

Monomer Catalyst Ref.

CH2=CH-CIT2-C[0-SiMe2(/-Bu)]2CH3 [Cp*2ZrMe]+[B(C6F5)4]- 73
CH2=CH-(CH2)3-N(/-Pr)2 [Cp*2ZrMe]+[B(CgF5)4]' 73
(CH2=CH-CH2)2CH-0-SiMe3 [Cp‘2ZrMe]+[B(C6F5)4r 73
CH2=CH-(CH2)4-B(C8Hi5)b) Cp2ZrCI2— [Al(Me)-0]x 25
CH2=CH-(CH2)4-B(C8Hi5)b) En(Ind)2ZrCl2— [Al(Me)-0]x 25
CH2=CH-(CH2)9-OAl<b,c’ (BuCp)2ZrCl2—[Al(Me)-0]x 74
CIT2=CH-(CH2)9-OAl<b,,;) Et(Ind)2ZrCl2— [Al(Me)-0]x 74
CH2=CH-(CH2)9-OAl<b'c> Me2Si(Ind)2ZrCl2—[Al(Me)-0]x 75

a’ Me — СНз, /-Pr — (СНз)гСН, /-Bu — (СНз)зС, Bu — СНз(СН2)з, E n -----CH2CH2-, Cp — CsFIs, Cp* — C.sMe.s, Ind — C9H7(l-indenyl), BfCgHis)
— 9-borabicyclo[3.3.1]nonane. b’ Copolymerization with ethylene or a-olefin. c) CH2=CIT-(CH2)ę>-OIT pretreated with [Al(Me)-0]x.
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MeO Me CH2-  
\ \ y  
C-C// \

0 CH2
Cp*2Sm ^C-Me

0-C
N0Me

Me

CH2< 1  
+ _.C=0

MeO

MeO Me CH2 -

W
// \

0 CH?* i © I 
Cp*? 2r OMe4 t

0-C

OMe

1 1 )

MeO 0 
C

MeO Me CH2-C-CH2-  

C-C Me 

0 4CH2 

Cp2Śm C-Me

No -c
S0Me

(9)

By using chiral organolanthanide ćmsfl-metallocenes 
for the methyl methacrylate polymerization, highly ste­
reoregular poly(methyl methacrylate)s were obtained; a 
syndiotactic or an isotactic polymer could be obtained, 
depending on the architecture of the metallocene cata­
lyst [80].

The applicability of organolanthanide metallocenes as 
polymerization catalysts can also be seen from the re­
sults of block copolymerization of ethylene and methyl 
methacrylate. The persistence of lanthanide-alkyl bond 
has been utilized to prepare ethylene copolymers with 
polar poly(methyl methacrylate) blocks. For this purpo­
se, ethylene is being introduced as the first monomer 
to the polymerization system with a samarocene cata­
lyst, and then methyl methacrylate is polymerized 
which leads to block copolymer formation (Eqn. 10) 
[76—78].

nCH2=CH2

I  Cp2 SmR

Cp2 Sm+CH2-CH2^ R

I Me 0
i u

1 m CH2=C— C-OMe

MeO Me
Cp2 Sm-0-Ć=Ć-CH2-

0 OMe 
C

—C-CH2 

Me

-k h 2- ch2v r

. m- 1

ПО)

The application of achiral cationic zirconocene com­
pounds to the methyl methacrylate polymerization, e.g. 
a mixture [Cp*2ZrMe(THF)]+[BPh4]‘ and Cp*2ZrMe2 in 
methylene chloride solution, has led to the formation of 
syndiotactic poly(methyl methacrylate) [81]. The species 
responsible for propagation are believed to be the bi­
metallic ones, involving cationic zirconium enolate and 
neutral zirconocene which facilitates the process. Propa­
gation is postulated to occur via the Michael reaction 
between the coordinating monomer and the cationic 
enolate [81]:

CONCLUDING REMARKS

Ziegler-Natta and related coordination catalysts 
which are commonly considered to be olefin polymeri­
zation catalysts can be used for promoting the polyme­
rization of polar vinyl monomers of various types.

Monomers containing a heteroatom which is not elec­
tronically interacting with the double bond to be poly­
merized [CH2=CH-(CH2)x-X] can undergo polymeriza­
tion in the presence of Ziegler-Natta catalysts, including 
metallocene-based catalysts, involving an insertion me­
chanism, characteristic of that operating in olefin poly­
merization. This makes it possible to easily obtain block 
copolymers of olefins with polar vinyl monomers.

Monomers containing a heteroatom which is electro­
nically interacting with the double bond to be polyme­
rized, via direct bond (CH2=CH-X) and via conjugated 
bond (CH2=CH-C=X, CH2=CH-C=X), can be polymerized 
by Ziegler-Natta and related catalysts; however, no in­
sertion mechanism but rather a radical propagation me­
chanism operates in this case. Moreover, the radical 
copolymerization of conjugated polar vinyl monomers 
with olefins can be carried out in the presence of Zie­
gler-Natta catalysts. Some monomers with the vinyl gro­
up directly bound to the heteroatom (CH2=CP1-X), 
which are capable of forming relatively stable carbo-ca- 
tions, can be polymerized cationically.

Conjugated polar monomers like acrylates and met­
hacrylates can be polymerized with metallocene cata­
lysts via the group-transfer mechanism. In the case of 
application of the lanthanide metallocene catalysts 
which contain the relatively stable Ln-C bond block 
copolymerization of ethylene (propagation via insertion 
mechanism) and methyl methacrylate (propagation via 
group-transfer mechanism) is possible.

Recent progress in the polymerization of heteroatom- 
containing monomers with the aid of metallocene cata­
lysts shows new perspectives for the polar vinyl mono­
mer enchainment involving its vinyl group in copolyme­
rization systems with olefins.
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