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The polymerization of methyl methacrylate (MMA) was investigated using a series of bis(8-
ketoamino)nickel(II) complexes in combination with methylaluminoxane in toluene solution. The
binary catalyst is necessary for initiating MMA polymerization and producing PMMA with high

molecular weights but broad molecular weight distributions. The effects of reaction temperature and

Al:Ni molar ratios on the polymerization of MMA were examined in detail. Both steric bulk and

electronic effects of the substituents around the imino group in the ligand on MMA polymerization

activities could be observed. Relative to electronic effects, the steric hindrance of the ligands displayed

a more significant effect on the catalytic activities, with the catalytic activity sequence observed in the

order4 > 1> 2 > 3 > 5 > 6. Structural analyses of the polymers by 13C NMR spectra indicate that
polymerization yields PMMA with a syndiotactic-rich atactic microstructure. Copyright © 2006 John

Wiley & Sons, Ltd.
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INTRODUCTION

To control the physical properties of polymer, such as
toughness, adhesion, barrier properties, surface properties,
miscibility with other polymers and rheological proper’cies,1
incorporating functional groups into nonpolar polymers
is very important. However, simple coordination of the
monomer functional group to the metal may block monomer
access to vacant coordination sites, therefore functional
monomer coordination insertion polymerization has become
a challenging topic. Polar monomers, such as methyl
methacrylate (MMA), are commonly polymerized though
atom transfer radical and group transfer polymerization
mechanisms catalyzed by selected metallocene catalysts
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such as Cp*,LnR(Cp* = 15-C5(CHj3)s, Ln = Sm, Lu, Yb, R,H
or CH3) and (C,HyInd)ZrMe, /[Ph3C][B(CsF5)4]/Zn(C,Hs),,
providing isotactic or syndiotactic PMMA based on the ligand
structure.?~?

Late transition metal complexes are generally considered
to be more tolerant toward polar media and polar functional
groups due to their less oxophilic nature relative to
early transition metal complexes, and make them likely
targets for the development of catalysts for polar monomer
polymerizations.!'® Nevertheless, there are still few reports
on polar monomer coordination insertion polymerization
catalyzed by late transition metal catalyst. Until recently,
only a limited number of catalysts based on late transition
metal have been used for homo- and copolymerization
of polar monomers. Since the Ni(acac),-MAO catalyst
system was first found to be an effective catalyst for
the aspecific polymerization of MMA,!! a great deal
of attention has been directed to late-transition-metal-
based complexes used as insertion-type polar monomer
polymerization catalysts. Kim and co-workers reported that
late transition metal complexes such as («¢-diimine)nickel(II),
(pyridyl bis-imine)iron(Il) and (pyridyl bis-imine)cobalt(II),
which are widely used for the polymerization of olefins,®

Copyright © 2006 John Wiley & Sons, Ltd.
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will also polymerize polar monomers such as MMA in
combination with methylaluminoxane (MAO) to give syndio-
rich PMMA 1213

In our previous work, we briefly reported that nickel
(I) complexes bearing f-ketiminato ligands [N, O] could
polymerize MMA to give syndio-rich PMMA with relatively
wide molecular weight distributions after activation with
MAO.™ As a continuation of this study, we have synthesized
and characterized a series of new bis(8-ketoamino)nickel(IT)
complexes by changing the steric bulk and electronic
effects of the ligand, and investigated the effects of
catalyst structure and polymerization conditions on the
polymerization activity of methyl methacrylate using bis(g-
ketoamino)nickel(II)-MAO as catalytic systems.

EXPERIMENTAL

Materials

All manipulations involving air- and moisture-sensitive
compounds were performed under a dried and purified
nitrogen atmosphere standard glove box and Schlenk
techniques. Toluene was dried over sodium/benzophenone
and distilled under nitrogen prior to use. Other solvents
were purified using standard procedures. MMA, in which
the inhibitor had been removed by washing twice with
aqueous sodium hydroxide (5 wt%) and twice with water, was
dried over anhydrous MgSO, and distilled over CaH, under
N, atmosphere at reduced pressure (42°C/70 mmHg), then
dissolved in toluene to make a 0.5 g/ml solution. MAO was
prepared by the hydrolysis of trimethylaluminum (TMA)
with Al,(504);18H,0 in toluene; the initial [H,O]:[TMA]
molar ratio was 1.3.

Preparation of bis-(8-ketoamino)nickel(II)
complex

Bis-(8-ketoamino)nickel(IT) complexes Ni[R1C(O)CHC(NR3)
R2], (Scheme 1), which were here employed to act as catalysts
precursors for polymerization of methyl methacrylate after
activation with MAO, were synthesized according to the
preparation method for complexes 5 and 6 reported
in our previous work.!* Complexes 1-6 were prepared
using a two-step procedure. The first step consisted of a
condensation reaction between a f-diketo compound and
one equivalent of an aromatic amine to afford the respective
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B-ketoamine ligands. These were subsequently deprotonated
using tert-BuOK, and finally exposed to the desired nickel
for complexation by mixing with [Et;N],[NiBr4] in tert--BuOH
solvent.

Crystal structure determination

The crystals were mounted on a glass fiber using the oil drop
scan method.!® Data obtained with the w—26 scan mode were
collected on a Bruker SMART 1000 CCD diffractometer with
graphite-monochromated Mo-K, radiation (A = 0.71073 A)
at 293 K. The structures were solved using direct methods,
while further refinement with full-matrix least squares on F2
was obtained with the SHELXTL program package.'®!” All
nonhydrogen atoms were refined anisotropically. Hydrogen
atoms were introduced in calculated positions with the
displacement factors of the host carbon atoms.

Polymerization of methyl methacrylate

Solution polymerization of methyl methacrylate was carried
out in a 50 ml two-necked round-bottomed flask containing
a magnetic stir bar and connected with a vacuum system.
In a typical procedure, the appropriate MAO solid was first
introduced into the round-bottomed glass, then 10 ml toluene
and 10ml of a toluene solution of methyl methacrylate
(0.5 g/ml) were syringed into the well-stirred solution in
order. Finally, an appropriate amount of fresh Ni(Il) catalyst
solution (in toluene, 0.005 mol/l) was syringed in to initiate
polymerization. The reaction solution was kept well stirred at
a constant polymerization temperature under nitrogen. After
a given time, polymerizations were stopped by addition
of acidic EtOH (5% v/v solution of HCI). The resulting
precipitated PMMA was collected and treated by filtering,
washing with EtOH several times, and drying in vacuum at
60°C to a constant weight. Polymer yield was determined
by gravimetry. Unless otherwise stated, the total reaction
volume was kept at 21 ml, achieved by varying the amount
of toluene added if necessary.

Characterization of polymer

The weight-average molecular weights (M,,) and molar mass
distributions (M /M,) of the polymers were measured by
gel permeation chromatography (GPC) using a Waters 150C
instrument operated at 40°C using chloroform (CHCl;) as
the solvent and calibrated using polystyrene standards as
the reference. 'H and ®*C NMR spectra were recorded on

R1 R3 R2 Rl R2 R3 Complex
N Me Me 2,6-diisopropylphenyl 1
. ‘0\2+ TN Ph Me 2,6-diisopropylphenyl 2
L e /N'\ e, Me Me Naphthyl 3
0== Ph  Me Naphthyl 4
'\\ Me Me  2,6-dimethylphenyl 5
R2 R3 R1 Me Me  Phenyl 6

Scheme 1.
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an INOVA 500 Hz at 120°C in 0—-C¢H4Cl, and 0-C¢D,Cl,
solution (using TMS as the internal reference for 'H NMR);
chemical shifts were reported in % ppm downfield from
TMS. The triad tacticities of the PMMA microstructure were
determined by using the area ratios of a-methyl carbon
splitting peaks in ®*C NMR spectra. FTIR spectra were
recorded on a Nicolet 205 FTIR using conventional KBr pellets
method.

RESULTS AND DISCUSSION

Synthesis and structure of bis-(8-ketoamino)
nickel(II) complex

Complexes 1-6 were prepared using a two-step procedure.
The first step consisted of a condensation reaction between
a B-diketo compound and one equivalent of an aromatic
amine to afford the respective f-ketoamine ligands which
were subsequently deprotonated using tert-BuOK, and finally
exposed to the desired nickel for complexation by mixing with
[EtsN]2[NiBry] in tert-BuOH solvent.

Single crystals of nickel complexes 1, 3 and 4 suitable
for X-ray structure determination were recrystallized from
toluene—hexane (1:3, v/v). The ORTEP diagrams are shown
in Figs 1-3, respectively. The crystallographic data for
complexes 1, 3 and 4 are summarized in Table 1.

As depicted in Figs1-3, the crystal structures of
complexes 1, 3 and 4 are similar to the analogue

Figure 1.
lengths (A) and angles (deg): Ni(1)-0O(1), 1.8220(12); Ni(1

ORTEP plots of complex 1. Selected bond

)=-N(),
1.9162(12); C(2)—0(1), 1.280(2); C(4)-N(1), 1.318(2); C(6)—N(1),
1.4342(19); C(1)-C(2), 1.505(2); C(2)-C(3), 1.362(3); C(3)-C(4),
1.398(2); O(1)-Ni(1)=N(1), 92.77(5); O(1)-Ni(1)-O(1)#1
180.00(9); N(1)#1-Ni(1)=N(1), 180.00(11); O(1)=Ni(1)=N(1)#1
87.23(5); C(2)-O(1)-Ni(1), 129.15(11); C(6)-N(1)— N|(1),
117.51(10); C(4)-N(1)—-Ni(1), 125.53(11); C(2)-C(3)-C(4),
124.29(15).

Copyright © 2006 John Wiley & Sons, Ltd.
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complexes 5 and 6 we previously reported, and all
share the four-coordination binding mode around nickel(II)
center.

Figure 2. ORTEP plots of complex 3. Selected bond
lengths (A) and angles (deg): Ni(1)-0O(1), 1.8186(13); Ni(1)-N(1),
1.9239(13); C(2)-0(1), 1.279(2); C(4)-N(1), 1.321(2); C(6)-N(1),

1.438(2); C(1)-C(2), 1.500(3); C(2)-C(3), 1.362(3); C(3)-C(4),
1.409(3); C(4)-C(5), 1.513(3); C(7)-C(8), 1.393(3): C(7)-C(13),
1.493(3); O(1)=Ni(1)-N(1), 92.81(6); O(1)-Ni(1)-O(1)#1, 180.0;

)
N(1)#1 =Ni(1)=N(1), 180.0: O(1)#1-Ni(1)-N(1), 87.19(); C(2)-

1
O(1)-Ni(1), 130.10(12); C(6)-N(1)-Ni(1), 117.46(10); N(1)-
C(4)-C(5), 120.67(17); C(4)-N(1)-Ni(1), 125.45(12); C(7)-C(6)-
N(1), 120.06(17).

Figure 3.

lengths A and angles (deg): Ni(1)-0O(1), 1.8365(12); Ni(1)-

1.9193(13); C(2)-0(1), 1.285(2); C(4)-N(1), 1.320(2); C(6)-N(1),
)—

ORTEP plots of complex 4. Selected bond
N(1),

1.437(2); C(1)-C(2), 1.508(3); C(2)-C(3), 1.365(3); C(3)-C(4),
1.406(3); C(4)-C(5), 1.512(3); C(6)-C(7), 1.378(3); O(1)-Ni(1
N(1), 92.37(6); O(1)—Ni(1)-O(1)#1, 180.00(8); N(1)#1-Ni(1
N(1), 180.00(8); O(1)—Ni(1)-N(1 )#1 87.63(6); C(2)-0O(1)-Ni(1)
128.50(12); C(6)-N(1)-Ni(1), 118.05(10); C(4)-N(1)-Ni(1)
C4)-N(1)-C(6), 116.79(14); N(1)-C(4)-C(5),

1)-C (1)

125.14(12);
120.76(17); N(1)-C4)-C(3), 122.94(16); C(11)-C(6)-N(1
121.06(16); C(7)-C(6)-N(1), 121.06(16).
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Table 1. Crystallographic data for complexes 1, 3 and 4
1 3 4

Empirical formula C30H23N2Ni02 C26H32N2Ni02 C22H24N2Ni02
Formula weight 507.25 463.25 407.14
Crystal color and form Dark green Dark brown Dark brown
Crystal system Triclinic Monoclinic Monoclinic
Space group P-1 P2(1)/c P2(1)/c
a(A) 7.4068(9) 10.2883(12) 10.2015(13)
b(A) 7.8616(10) 10.7074(13) 6.9740(9)
c(A) 11.5781(14) 14.6761(18) 17.034(2)
a (deg) 99.734(2) 90 920
B (deg) 94.940(2) 130.600(2) 124.729(2)
y (deg) 107.924(2) 90 90
1% (A3) 625.33(13) 1227.5(3) 996.0(2)
Z 1 1 2
Dc (mg/mS) 1.347 1.253 1.358
Absolute coefficient p (mm™) 0.805 0.814 0.992
F (000) 266 492 428
Crystal size (mm) 0.50 x 0.42 x 0.24 0.50 x 0.35 x 0.30 0.42 x 0.38 x 0.24
Omax (deg) 27.07 27.04 27.02
Index ranges -9<h<9 -13<h<11 -8<h<13

-10<k<10 -10<k<13 —-8<k<8

-14<I<14 -16<1<18 -21<I<21
Number of permutations 162 146 126
Goodness-of-fit on S (F?) 1.117 1.067 1.029
Final R indices [I > 20 (I)] 0.0310; 0.0807 0.0308; 0.0822 0.0282; 0.0763
R indices (all data) 0.0330; 0.0826 0.0415; 0.0915 0.0367; 0.0825

0.365 and —0.171

0.523 and —0.224

0.254 and —0.178

Largest differential peak and hole (e/ A_3)

R = Y UFI-IF Y 1FoL; Ry = [Y,,(Fo? — F2)2/ 3\, (Fo2)?1M2.

Effect of polymerization temperature

In order to test the necessity of adding the Ni complexes
with MAO for MMA polymerization, blank experiments
were first conducted by mixing MMA with either bis(g-
ketoamino)nickel(IT) or MAO alone or without either bis(8-
ketoamino)nickel(IT) or MAO at 50°C for 20 h. It was found
that MMA did not polymerize in each case described above.
In this study, therefore, binary-component catalysts are
necessary to initiate MMA polymerization, and MAO used
as a cocatalyst plays an important role in promoting the
polymerization of MMA.

Polymerization of MMA with bis-(8-ketoamino)nickel(II)
(1-4) complexes in combination with MAO were carried
out at different polymerization temperatures (T,) with
constant ratios of monomer to Ni complex and MAO to
Ni complex. The results are summarized in Table2. All
the catalysts showed moderate activities, and the catalytic
activities obviously depend on polymerization temperature.
The highest activity values were achieved at about 50 °C, but
led to a sharp decrease as T}, was increased to 70 °C.

As shown in Table 2, these compounds catalyzed the
polymerization of MMA to give high molecular weight

Copyright © 2006 John Wiley & Sons, Ltd.

polymers with rather broad molecular weight distribu-
tions. With increasing T,, the molecular weights of the
polymers increase and with polydispersities similar to the
results obtained with the Ni(acac),-MAO catalyst reported
by Coutinho ef al.!® Interestingly, the polydispersity value
broadens continuously as T}, increases; the reason for this
phenomenon is not clear. We suggest that the MMA poly-
merization mechanism may be accompanied by other poly-
merization mechanisms at higher polymerization tempera-
tures.

Making a comparison between the catalyst features of
these Ni complexes for MMA polymerization at 50°C
(see Table 2), the catalytic activity sequence was found
to be 4>1>2>3>5>6. This is contrary to the
expected steric effects of the ketoamino ligand, which
are in the order 6 >5>3>2>1>4. It is evident that
steric bulk has an effect on the activities. Smaller sub-
stituents on the imino group favor higher catalytic activ-
ity. Among these nickel B-ketoamine catalysts, catalyst
4 with phenyl on the imino group exhibited the high-
est activity, and catalyst 6 with 2,6-diisopropyl phenyl
substituents on the imino group showed the lowest
activity.

Appl. Organometal. Chem. 2006; 20: 264-271

267



268

X. He and Q. Wu

Table 2. Influence of the reaction temperature on the
polymerization of MMA catalyzed by 1-4-MAQO systems?

T, Yield M, M,/

Run Catalyst (°C)* (%) Activity® (g/mol)d M,¢
1 1 0 trace 0 nd nd
2 1 25 6.52 6.52 x 10* 0.67 x10° 2.89
3 1 50 229 229x10° 0.94 x10° 3.76
4 1 70 163 1.63x10° 1.33x10° 521
5 2 0 3.38 3.38 x10* 0.49 x 10° 2.56
6 2 25 9.30 9.30 x 10* 0.88 x 10° 4.61
7 2 50 204 2.04x10° 1.66x10° 5.96
8 2 70 9.10 9.10 x 10* 1.84 x 10° 6.12
9 3 0 trace 0 nd nd
10 3 25  trace 0 nd nd
11 3 50 17.7 3.54 x10* 0.99 x10° 3.01
12 3 70 149 299 x10* 1.25x10° 4.68
13 4 0 trace 0 nd nd
14 4 25 0.99 990 x 10° 1.07 x 10° 3.98
15 4 50 377 3.77x10° 158 x10° 5.02
16 4 70 243 243x10° 1.87x10° 6.11
17 5¢ 0 0.84 1.20x10° 0.38 x10° 2.30
18 5¢ 25 1.72 3.59 x 10° 0.65 x 10° 2.60
19 5¢ 50 13.0 1.86x10* 0.83 x 10° 4.34
20 5¢ 70 230 9.54x10° 1.45x10° 6.01
21 6° 0 050 0.75x10° 0.42 x10° 246
22 6° 25 093 1.33x10° 0.60 x10° 293
23 6° 50 540 7.65x10° 0.74 x 10° 5.64
24 6° 70 340 4.89x10° 1.54x10° 6.07

2 Polymerization conditions: Ni =5 x 10-3mmol; MMA = 0.05mol;
[AIL[Ni] = 600; t,, = 1 h (for 1 and 2); [Al]:[Ni] = 600; t, = 5 h (for 3);
[AIL[Ni] = 620; t, = 1 h (for 4).

bPolymerization temperature. © Activity in gPMMA (mol Ni h)~1.
dSolvent: chloroform; temperature: 40°C; M,, are the relative
weight-average molecular weight, and calibration with polystyrene
standards.

¢ The polymerization results catalyzed by 5 and 6—- MAO:!* t, = 7 h;
[AI][Ni] = 945; n.d.: not determined.

Effect of Al:Ni ratio

For binary catalysts, the ratio of both catalyst components will
influence the polymerization activity. As shown in Fig. 4, the
polymer yields increase sharply with increases in the Al:Ni
ratio up to 700, but further increases in the Al/Ni molar ratio
lead to lower yields. As for the catalytic activity, the optimum
Al:Ni molar ratio range is 600—900.

H and 3C NMR spectra of polymer

Figures 5 and 6 show typical 'H and '®C NMR spectra
for PMMA obtained from the 1-MAO catalyst system
at 50°C and determined at 120°C in 0-CgHyCl,. As
seen in Fig.5, in the 0.8-3.8 ppm range, three groups
of hydrogen protons appear, which are assigned to
the hydrogen protons of a-methyl(H,), methoxy(Hgy) and
methenes(H,) in the MMA units, respectively. The 3C
NMR spectrum also shows the characteristic chemical-shift

Copyright © 2006 John Wiley & Sons, Ltd.
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Figure 4. Influence of [A:[Ni] ratios on the vyields of

polymerization of MMA catalyzed by (1-6)-MAO systems at
50°C.
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Figure 5. '"H NMR spectrum of PMMA in 0-CgH4Cl, and
0-CD4Cl, at 120°C obtained by 1-MAQO system at 50 °C.

signals of the carbon types in MMA units. The chemical-
shift signals appearing around 175.79-177.84 ppm (c),
18.25-22.24 ppm (a), 52.78—-54.63 ppm (e), 49.52-51.37 ppm
(d) and 43.73—-45.60 ppm (b) can be assigned to the resonances
of ester carbonyl (C=O0), a-methyl («—CHj), methoxy
(-OCHj;), methenes (-CH,-) and quaternary carbons in
MMA units, respectively.

The triad tacticities were determined by using the
area ratios of a-methyl(e«—CHj) carbon splitting peak in
BC NMR spectra, and the resulting analyses of rr, mr,
mm stereo-triad distributions obtained using the bis(g-
ketoamino)nickel(IT)(1-6)-MAO catalytic system at 50 °C are

Appl. Organometal. Chem. 2006; 20: 264-271
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Figure 6. 3C NMR spectrum of PMMA in 0-CgH4Cl, and 0-CgD4Cl, at 120 °C obtained by 1-MAO system at 50°C.

Table 3. «-Methyl triad tacticity of PMMA obtained with (1-6)-MAQO catalysts in toluene at 50°C?

Triad Fractions® (%) Triad Tests Sum,d P(r/m)+
Catalyst (mm) (mr) (rr) AC B¢ P (r/m) P (m/r) P(m/r) L (m) L (r)
1 41 29.2 66.7 0.28 1.28 0.781 0.180 0.960 1.281 5.568
2 3.8 34.6 61.6 0.23 0.81 0.814 0.219 1.033 1.229 4.564
3 0.4 33.8 65.8 0.02 0.09 0.977 0.204 1.181 1.024 4.893
4 2.3 33.3 64.4 0.14 0.53 0.879 0.205 1.084 1.138 4.868
5 6.5 33.8 59.7 0.38 1.36 0.722 0.221 0.943 1.385 4.533
6 2.7 31.3 66.0 0.17 0.73 0.853 0.192 1.045 1.173 5.217

a[MMA] = 0.05 mol, [Ni] = 5 x 10~ mmol; Tp =50°C; tp = 1h (for 1,2 and 4); t, = 5 h (for 3); f, =7 h (for 5 and 6).

b Observed in 1*C NMR spectra of a-methyl carbon resonance; from low to high field in the spectra (5 = 23.0-18.0 ppm).
¢ A = 2(mm)/(mr) = 1 for site control mechanism and B = 4(mm)(rr)/ (mr)? = 1 for chain-end control mechanism.!®

dif stereoregulation follows a Bernoullian distribution, P(r/m) 4+ P(m/r) = 1.20

listed in Table 3. All the above catalyst systems produced
PMMAs with similar microstructures, and the analyses
of the rr, mr, mm stereo-triad distributions indicate that
these catalytic systems initiate MMA polymerization to
yield PMMA with syndiotactic-rich atactic microstructures

Copyright © 2006 John Wiley & Sons, Ltd.

(rr content is between 59 and 67%). The variation of
substituents on the ligand imino group has little influence
on the syndiotacticity (as rr triad) of PMMA. The similarity
in polymer microstructures suggests that chain initiation and
chain growth most likely proceed along similar pathways for

Appl. Organometal. Chem. 2006; 20: 264-271
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all bis(B-ketoamino)nickel(II)/MAO catalyst systems used in
this study.

Study of the mechanism

Based on the proposed mechanism for acrylate poly-
merization catalyzed by neutral palladium complex
[Pd(CsFs5)Br(NCMe),], reported by Sen?! and neutral pal-
ladium complex [Pd,(pu-X)2(CeFs),L;] [L = tetrahydrothio-
phene (tht), X = Cl], reported by Espinet,? together with
the result that distributions of rr, mr and mm stereo-triads
of the poly(methyl methacrylate) in this study had a syndio-
rich atactic microstructure similar to that of PMMA prepared
with a free radical initiator,”®~%® we can suggest that the poly-
merization of MMA with bis(8-ketoamino)nickel(II)-MAO
catalyst runs using a similar radical polymerization mecha-
nism (as shown in Scheme 2).

1 R3 2
‘\(N\

MAO

i
CO,Me
R U M‘D/ ’

COOCH,

- ———
Suimoisd urey) :

CO,Me

&
?3+ z
W

uonIsueI urey))

(15<C02Me

A/ R3 B-H elimination
—_—

J)\L)KR Me

N1 C homolytic splitting
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The first step involves the 2,1-type insertion of methyl
methacrylate into the Ni-R bond to form stable alkyl
complexes that act as a kind of reservoir of radical species and
of Ni—-H, providing a slow but steady supply of catalytically
active species. In the second step the nickel-carbon bond
of the alkyl complex homolyzes and generates radicals.
The radicals initiate further polymerization and bring about
polymer growth and MMA will form new radicals by
successive addition of methyl methacrylate monomer to the
alkyl radical. The growing radical chain is in equilibrium
with the corresponding nickel-bound polymeric alkyl. The
third step is that the growing radical will recombine with
[Ni] and then follow chain termination by g-H elimination
occurring from the f-H elimination of the methyl group and
the methylene group in MMA because of its facility. The fast
formation of nickel hydride produces a high concentration of
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Scheme 2. Proposed mechanism of MMA polymerization catalyzed by bis(8-ketoamino)nickel(ll)-MAO system.
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hydride species and leads to its immediate decomposition,
and the initiator is consumed irreversibly in the stages of the
reaction, in addition. It is worth noting that nickel-carbon
bond homolysis can compete with the insertion of methyl
methacrylate into the Ni-H bond, but it is reversible and, at
any given time, the concentration of radicals is low.

CONCLUSIONS

We have synthesized a series of new bis(8-ketoamino)
nickel(I) complexes and examined their catalytic behavior
for the polymerization of MMA. All these nickel complexes
can act as catalyst precursors after activation with MAO for
polymerization of MMA with moderate activities, and pro-
duce PMMA with a syndiotactic-rich atactic microstructure
with wide polydispersity (M,,/M, > 2). Distributions of rr,
mr and mm stereo-triads of the polymers were examined by
NMR. P(r/m)+ P(m/r) is approximately 1, indicating that
the microtacticity distributions of PMMA can be considered
to obey Bernoullian statistics. Based on the literature and
the result in this study, a radical polymerization mecha-
nism has been proposed for MMA polymerization with the
bis(B-ketoamino)nickel(I)-MAO catalyst system.
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