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The reaction of (BDI)MgiPr [BDI = HC(C(Me)=N-
2,6-iPr,CgHz),] with 2’,4’,6’-trimethylacetophenone in tolu-
ene affords the enolate complex [(BDI)Mg(n-OC(=CH,)-
2,4,6-Me;CgH,)], which is found to be an excellent initiator
for the living, syndioselective (o, > 0.95) polymerisation of
methyl methacrylate.

Poly(methylmethacrylate), PMMA, is a commodity polymer
which forms the basis of the Perspex® or Plexiglass® families
of materials. These have a wide range of applications many of
which exploit the high optical clarity of PMMA. The softening
temperature (Tg) is technologically one of the most important
properties of PMMA and this is strongly influenced by the
tacticity of the polymer, i.e. the placements of the ester and
methyl groups aong the polymer backbone. For example, free
radical-generated PMMA is biased towards the syndiotactic
form (rr ~67%) affording a Ty of ca. 105 °C. However, as the
syndiotacticity is increased, the Ty also rises (to ca. 135 °C for
rr > 90%), and this holds clear advantages for applications
where PMMA materials are exposed to higher temperature
environments.

The synthesis of highly syndiotactic PMMA, at temperatures
convenient for its industrial production, has to date proved
elusive, and remains an important technological objective.
Although a small number of syndiospecific initiator systems
have been described,* they invariably require very low reaction
temperatures and therefore are not commercially attractive.
Most of these systems are based on relatively ill-defined
organometallic derivatives of Li, Mg and Al where insight into
the origin of the stereoselectivity is complicated by issues such
as aggregation and ligand exchange. Moreover, control over the
polymerisation is often compromised by intramolecular back-
biting processes.2 Some single-site, living systems capable of
giving highly syndiotactic PMMA have been reported, most
notably based on rare earth metallocenes,'e but these too only
deliver high levels of syndiotacticity at extremely low tem-
peratures.

Recently we described some |ow-coordinate alkyl complexes
of magnesium stabilised by sterically hindered $3-diketiminate
ligands3 and became interested in exploring their potential for
the controlled polymerisation of MMA. Here, we report the
synthesis of a well-defined $-diketiminate magnesium enolate
initiator, and its use for the living, highly syndioselective
polymerisation of MMA under relatively mild conditions.

The coordination polymerisation of MMA iswidely believed
to proceed via an oxygen-bound metal enolate.1e4 Magnesium
enolates are most commonly prepared via nucleophilic attack of
an amide at the carbonyl atom of aketone.> However, precedent
exists for magnesium alkyl-mediated deprotonation,® although
attack of the metal akyl at the carbonyl carbon atom must be
suppressed. We therefore selected to study the moderately
acidic 2',4',6'-trimethylacetophenone, anticipating the mesityl
group to be large enough to inhibit alkoxide formation.”

Addition of 2’,4’,6'-trimethylacetophenone to a thf suspen-
sion of (BDI)MgPr resulted in the isolation of (BDI)Mg-

T Electronic supplementary information (ESI) available: synthetic and
polymerisation details. See http://www.rsc.org/suppdata/cc/b2/b201896a/
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(OC(=CHy)-2,4,6-MesCgH>)(thf),t 1 according to Scheme 1.
DEPT 13C NMR experiments confirm the presence of a non-
metallated olefinic methylene group (6 84.97), and finely-
coupled 1H NMR methylenic resonances at 6 3.58 and 2.98
(3Jun 1.4 Hz) compare favourably with data for a structurally
characterised oxygen-bound titanocene enolate.”? Performing
the reaction in toluene affords the solvent-free, enolate-bridged
binuclear species, 2. The *H NMR resonances of 2 are broad in
benzene-ds, athough in thf-dg 2 converts cleanly into the
monomeric base adduct 1.

X-Ray analysis§ of crystals of 2 (grown from heptane)
revealed the structure shown in Fig. 1. The complex has a
central eight-membered MgOCCMgOCC ring, the like of
which has not previously been structurally characterised.{ This
eight-membered ring adopts a ‘boat-like' conformation with
C(30)/0(30)/C(30")/O(30") coplanar to within 0.03 A and the
two metal atoms 0.45[Mg’] and 0.57 A [Mg] *above' thisplane.
The geometry at each Mg centre is distorted tetrahedral with
anglesin the range 91.5(1)-124.4(1)° and the two Mg—C bonds
are both long [Mg-C(31) 2.318(3), Mg’'—-C(31) 2.317(3) A].
Combined with theintra-ring C-O and C—C bond lengths of ca.
1.29 and 1.37 A, respectively, these lengths indicate a degree of
delocalisation across the O—C—C unit but with a distinct bias
towards an oxygen-metallated enolate. Related oxo-alyl
bridged binuclear complexes of zinc and palladium have been
reported previously, but neither shows the core bond order
observed for 2. Aswould be expected for alate transition metal,
the palladium cation [{ (PPhs).Pd} »(u-CH,COPh),]2*+ contains
carbon-metallated bonds,® whereas Boersma concluded that in
[(Brzn(u-CH>COO'BuU)-THF),] the enolate cannot redlistically
be described as either C- or O-metallated.®

Addition of MMA to toluene or chloroform solutions of 2 at
—30 °C leadstto rapid polymerisation. Using 400 equivalents of
monomer, for example, >95% conversion is attained within 10
min. The resultant PMMA exhibits narrow molecular weight
distributions (=1.1) and measured molecular weights are in
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Scheme 1 Reagents and conditions: (i) "BuLi, toluene, —78 °C; iPrMgCl;

(ii) 2,4,6-Me3CeHC(=0)CHs, th; (iii) 2,4,6-MesCeHC(=0)CHa, toluene;
(iv) thf.
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Fig. 1 The molecular structure of 2. Selected bond lengths (A) and angles
(°); Mg=O(30) 1.908(2), Mg'-O(30’) 1.921(2), Mg-C(31’) 2.318(3), Mg'—
C(31) 2.317(3), Mg-N(1) 2.067(2), Mg—N(1) 2.082(2), Mg-N(3)
2.085(2), Mg'—N(3) 2.085(2), O(30)-C(30) 1.294(3), O(30")-C(30)
1.287(3), C(30)—C(31) 1.366(4), C(30")-C(31’) 1.373(4); N(1)-Mg-N(3)
92.78(8), N(1")-Mg'—N(3") 91.52(8), O(30)-Mg—-C(31) 101.39(9), O(30")—
Mg—-C(31) 98.67(9), Mg-O(30)-C(30) 153.5(2), Mg'—O(30")-C(30)
157.3, O(30)-C(30)-C(31) 124.6(2), O(30')-C(30')-C(31) 124.8(2),
C(30)-C(31)-Mg’ 120.4(2), C(30)-C(31")-Mg 118.6(2).

50000 (1.13)
40000
_ 30000
20000

10000

0+
0 100 200 300 400 500

Mg/l

Fig. 2 A graph of M, (determined by GPC, vs. PMMA standards) vs. the
number of equivalents MMA (—30 °C; CDCly).

good agreement with theoretical values calculated from the
molar ratio of monomer:initiator (Fig. 2). Analysis of the
product by *H NMR spectroscopy shows that the polymer is
highly syndiotactic with an rr:rm:mm triad ratio of 92:8:0 (o,
= 0.96). In accord with the high degree of syndiotacticity, the
material was found to display a Ty of 135 °C (by thermal
mechanical analysis).

A further demonstration of the living nature of the polymer-
isation is the linear relationship between monomer conversion
and number average molecular weight (Fig. 3). Throughout the
reaction polydispersities are consistently low and the syndio-
tactic content of the polymers remainsin the range 91-93% rr.
The ability of the BDI ligand to afford high levels of tacticity
control by a chain-end control mechanism is noteworthy:
similarly impressive control has been seen using analogous zinc
complexes in lactide polymerisation.19|

In conclusion, to our knowledge, complex 2 represents the
first example of a well-defined magnesium initiator for the
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Fig. 3 The relationship between M, (determined by GPC, vs. PMMA
standards) and monomer conversion (determined by 1H NMR); MMA:2 =
400:1; —30 °C; CDCls.

living, highly syndioselective polymerisation of MMA under
relatively mild reaction conditions. The effect of varying the
ancillary ligand substituents upon operating temperature and
syndiotacticity will be reported in due course.
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3.72 (s, br, 1H, OC(Ar")=CHH), 4.10 (s, br, 1H, OC(Ar")=CHH), 4.84 (s,
1H, HC{C(Me)NAr},), 6.60 (s, br, 2H, mesityl m-H), 7.00-7.13 (m, 6H,
HC{C(Me)NAr}, m, p-H). Andl. Calc. (found) for CgoH10sN4O-Mgy: C,
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02018964/ for crystallographic data in CIF or other electronic format.

9 A search of the October 2001 release of the CCDC found no examples of
a comparable eight-membered di-magnesium ring system.

|| The analogous magnesium system, while highly active for lactide
polymerisation, also gives rise to trans-esterification side reactions.11

1 tBuLi-AlRs: (a) K. Hatada and T. Kitayama, Polym. Int., 2000, 49, 11
and references therein; (b) RsP-AIR3: T. Kitayama, E. Masuda, M.
Yamaguchi, T. Nishiura and K. Hatada, Polym. J., 1992, 24, 817; (c)
RLi: Z.-K. Cao, Y. Okamoto and K. Hatada, Kobunshi Ronbunshu,
1986, 43, 857; (d) RMgX: Z.-K. Cao, K. Ute, T. Kitayama, Y. Okamoto
and K. Hatada, Kobunshi Ronbunshu, 1986, 43, 435; K. Hatada, H.
Nakanishi, K. Ute and T. Kitayama, Polym. J., 1986, 18, 581; (e)
[Cp* 2Sm(u-H)]2: H. Yasuda, H. Yamamoto, M. Y amashita, K. Y okota,
A. Nakamura, S. Miyake, Y. Kai and N. Kanehisa, Macromolecules,
1993, 26, 7134; (f) duminium amides: G. L. N. Péron, R. J. Peace and
A. B. Holmes, J. Mater. Chem., 2001, 11, 2915 and references
therein.

2 For areview, see: K. Hatada, T. Kitayamaand K. Ute, Prog. Polym. i,
1988, 13, 189.

3 V. C. Gibson, J. A. Segd, A. J. P. White and D. J. Williams, J. Am.
Chem. Soc., 2000, 122, 7120.

4 T. P. Davis, D. M. Haddleton and S. N. Richards, J. Macromol. Sci.,
Rev. Macromol. Chem. Phys., 1994, C34, 243.

5 H. B. Mekelburger and C. S. Wilcox, Comprehensive Organic

Synthesis, ed. B. M. Trost and |. Fleming, Pergamon, Oxford, 1991, val.

1, ch. 4.

R. Han and G. Parkin, J. Am. Chem. Soc., 1992, 114, 748.

This ketone has been employed previously in the successful synthesis of

enolates of (a) magnesium: J. F. Allan, K. W. Henderson, A. R. Kennedy

and S. J. Teat, Chem. Commun., 2000, 1059 and (b) titanium: P. Veya,
C. Floriani, A. Chiesi-Villaand C. Rizzoli, Organometallics, 1993, 12,
4892.
8 P. Veya, C. Floriani, A. Chiesi-Villaand C. Rizzoli, Organometallics,
1993, 12, 4899.
J. Dekker, P. H. M. Budzelaar, J. Boersma, G. J. M. van der Kerk and
A. L. Spek, Organometallics, 1984, 3, 1403.
10 M. Cheng, A. B. Attygalle, E. B. Lobkovsky and G. W. Coates, J. Am.
Chem. Soc., 1999, 121, 11583.

11 M. H. Chisholm, J. C. Huffman and K. Phomphrai, Dalton Trans., 2001,
222; B. M. Chamberlain, M. Cheng, D. R. Moore, T. M. Ovitt, E. B.
Lobkovsky and G. W. Coates, J. Am. Chem. Soc., 2001, 123, 3229.

~N o

©

CHEM. COMMUN., 2002, 1208-1209

1209




