
222 J. Chem. Soc., Dalton Trans., 2001, 222–224 DOI: 10.1039/b008158m

This journal is © The Royal Society of Chemistry 2001

D
A

LTO
N

C
O

M
M

U
N

IC
A

T
IO

N

Monomeric metal alkoxides and trialkyl siloxides:
(BDI)Mg(OtBu)(THF) and (BDI)Zn(OSiPh3)(THF). Comments
on single site catalysts for ring-opening polymerization of
lactides†

Malcolm H. Chisholm,*a John C. Huffman b and Khamphee Phomphrai a

a Department of Chemistry, the Ohio State University, Columbus, Ohio 43210, USA
b Molecular Structure Center, Indiana University, Bloomington, Indiana 47405, USA

Received 10th October 2000, Accepted 20th December 2000
First published as an Advance Article on the web 15th January 2001

The monomeric alkoxide (BDI)Mg(OtBu)(THF) and
triphenylsiloxide (BDI)Zn(OSiPh3)(THF) have been
prepared and characterized and shown to reversibly
dissociate THF in solution on the NMR time scale; both
compounds are active precursors for the ring-opening
polymerization of lactide and the rate of polymerization is
notably faster for the magnesium complex though in the
polymerization of rac-lactide only the zinc complex shows
selectivity for heterotactic tetrads.

We describe here our preparation and characterization of two
monomeric compounds of general formula LnM(OR) which
serve as catalyst precursors for the ring-opening polymerization
of lactides. In this case Ln represents the combination of the
bidentate anionic ligand formed by deprotonation of 2-[(2,6-
diisopropylphenyl)amino]-4-[(2,6-diisopropylphenyl)imino]-
pent-2-ene, hereafter referred to as BDI, and one tetrahydro-
furan, THF, molecule. The metals are magnesium for R = tBu
and zinc for R = SiPh3. The present report is of particular inter-
est with respect to the recent reports of lactide polymerizations
involving LnM(OR) precursors, where Ln = a sterically demand-
ing tris(3-alkylpyrazolyl)borate or tris(indazolyl)borate and
M = Mg or Zn,1 and the dimeric precursor complex [(BDI)-
Zn(µ-OiPr)]2.

2

The preparation of the two new compounds is shown in
Scheme 1.4 In both cases the compounds are isolated as white
hydrocarbon-soluble, air- and moisture-sensitive crystalline
solids. The molecular structure of the magnesium compound,
1, was determined by a single-crystal X-ray diffraction study 5

and an ORTEP view of the pseudo-tetrahedral coordination
about the magnesium atom is given in Fig. 1. The central
N2ZnO2 core in the zinc complex (BDI)Zn(OSiPh3)(THF), 2, is
believed to have a similar structure to that seen for N2MgO2 in
Fig. 1. The THF ligands in compounds 1 and 2 are labile to
exchange with added THF as judged by variable temperature
dynamic 1H NMR studies. The lability of the THF ligand is
greater in compound 2 relative to 1 and exchange with free
THF is believed to occur by a dissociative interchange mechan-
ism as the VT 1H NMR spectra of 1 in CD2Cl2 can most readily
be accommodated by the equilibrium shown in eqn. (1).4 See
Fig. 2. For the zinc complex the equilibrium (1) is not frozen
out at �70 �C in CD2Cl2.

(BDI)M(OR)(THF) (BDI)M(OR) � THF (1)

Both compounds act as precursors for the ring-opening
polymerization of lactides (-lactide and rac-lactide). The
polymerization brought about by the magnesium complex is
much faster than that of the zinc complex. In CD2Cl2 as solvent
100 equivalents of rac-lactide are polymerized by 1 in less than

† Dedicated to Ron Snaith, in memoriam.

10 minutes at room temperature while for 2 the polymerization
proceeds to ca. 90% completion in 30 hours. These results paral-
lel the previous findings employing related (η3-trispyrazolyl-
borate)MOR precursors. Upon initiation of polymerization the
THF ligand is displaced. The active species in polymerization
catalysis is then (BDI)M(OP), where OP is the growing poly-
(lactide) chain, which can take up lactide in a manner akin to
the equilibrium reaction shown in eqn. (1) involving (BDI)-
M(OR) and THF.

The slow polymerization brought about by 2 can be traced to
the slow initiation step involving insertion of lactide into the
Zn–OSiPh3 bond. This result parallels the observations
reported by Coates and co-workers in comparing the ROP of

Fig. 1 ORTEP 7 drawing of (BDI)Mg(OtBu)(THF) shows a pseudo-
tetrahedral Mg core. Selected bond distances (Å) and bond angles (�):
Mg1–O33 1.844(2), Mg1–O38 2.048(2), Mg1–N2 2.054(2), Mg1–N6
2.059(2), O33–Mg1–O38 98.77(9), O33–Mg1–N2 127.8(1), O33–Mg1–
N6 126.1(1), O38–Mg1–N2 103.79(9), O38–Mg1–N6 105.15(9), N2–
Mg1–N6 92.20(9).
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Scheme 1

Fig. 2 VT 1H NMR spectra (CD2Cl2, 400 MHz) after addition of 1.2
equivalents of THF to 1 where $a and $b are CHMeMe� and CH�Me�-
Me� protons, and @a, @b, @c and @d are nonequivalent CHMeMe�,
CH�Me�Me�, CH�Me�Me�, and CHMeMe� protons.

lactides by (BDI)ZnN(SiMe3)2 and [(BDI)Zn(µ-OiPr)]2 where
the latter was much faster.2 We attribute the difference in the
rate of initiation of ROP by 1 and 2 to a combination of the
basicity of RO� ligands, tBuO > Ph3SiO, and the electrophilic-
ity of the metal centers, Mg2� > Zn2�. The polymerization reac-
tions employing (BDI)Zn(OSiPh3)(THF) as an initiator [or
(BDI)ZnN(SiMe3)2] and rac-lactide reveal that the poly(lactide)
is greatly enhanced in the heterotactic tetrads isi and sis as a
result of the preference of the consecutive alternate insertion of
- and -lactide units into the growing chain.2 Rather interest-
ingly no such preference for heterotactic polymer is seen in the
polymerization of rac-lactide employing the magnesium com-
plex 1 as a catalyst precursor. See Fig. 3. In the 13C{1H} spec-
trum we find some formation of tetrad sequences usually
derived from polymerization of meso-lactide (see Fig. 3) which
could arise from back-biting in the polymer chain since poly-
merization of -lactide shows only iii tetrads. Given that Mg2�

and Zn2� are of a very similar size and that the stereoselective
polymerization leading to heterotactic polylactide with isi and
sis tetrads by the zinc catalyst results from end-group control,
we must conclude that the ring-opening event is less selective in
the case of magnesium. This would be consistent with our ear-
lier studies in comparing the ROP of lactides by closely related
Mg and Zn complexes where kROP for Mg was much faster than
for Zn.1b A faster reaction rate is usually less discriminating.
However, the steric demands at a metal center such as Mg2� or
Zn2� are much greater for a η3-(3-tBupz)3BH ligand relative to
the η2-BDI ligand. Thus, the influence of “end-group control”
in the ROP of lactides is more influenced by the detailed nature
of the geometry of the transition state leading to ring-opening
than to the overall steric impedance at the metal center.
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Clearly much work needs to be done to gain a full under-
standing of the factors that are truly important in the molecular
design of single-site catalyst precursors for stereoselective ROP
of lactides.
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