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Abstract: Three novel mixed-ligand lithium aggregates, [(µ3-EDBP)Li2]2[(µ3-nBu)Li(0.5Et2O)]2 (1), [(µ3-EDBP)-
Li 2]2[(µ3-OBn)Li]2 (2), and [(µ3-EDBP)Li2]2[(µ3-OCH2CH2OCH2CH3)Li] 2 (3), have been synthesized and
structurally characterized. The reaction of 2,2′-ethylidene-bis(4,6-di-tert-butylphenol) (EDBP-H2) with 3.6 molar
equiv of nBuLi gives1 in high yield.1 further reacts with benzyl alcohol and 2-ethoxyethanol respectively to
yield the corresponding products2 and3. Experimental results show that2 and3 efficiently initiate the ring-
opening polymerization ofL-lactide in a controlled fashion, yielding polymers with very narrow polydispersity
indexes in a wide range of monomer-to-initiator ratios.

Introduction

Alkyllithiums and lithium alkoxides play an important role
in organic syntheses due to their applications as alkylating and
deprotonating reagents and also as catalysts in polymerization.1

In particular, the complexes derived from RLi and MOR named
as superbases such asnBuLi‚KOtBu have been shown to be
extremely useful in organic syntheses.2 It is well known that
complexes [RLi‚LiOR] are prepared from the reactions of
organolithium compounds with alcohols and have the tendency
to form oligomeric structures in the solid state.3 The first crystal
structure of RLi‚LiOR, [CH3(CH2)3Li ‚LiOC(CH3)3]4, was re-
ported by Boche et al. in 1990.4 Since then, only a few of RLi‚
LiOR aggregates have been structurally characterized.5

Because of its biodegradable, biocompatible, and permeable
properties, polylactide (PLA) is of great interest for many
applications in the medical field.6 The major polymerization
method employed to synthesize these polymers has been the
ring-opening polymerization (ROP) of lactides. Aluminum
alkoxides7 are often used for the controlled polymerization of
lactones; however, they exhibit low activity in lactide polym-

erization. Zinc,8 stannous,9 yttrium10 and trivalent lanthanide
derivatives11 have been reported to be effective initiators of ROP
of lactones/lactides giving polymers with both high molecular
weights and high yields. However, the cytotoxicity and dif-
ficulties in removal of the catalyst from the resulting polymer
have limited their utilization when a medical-grade polymer is
required. Recently, magnesium alkoxides have also been
reported to be active toward the ROP of lactides.12

(1) (a) Beak, P.; Brown, R. A.J. Org. Chem.1979, 44, 4463. (b) Evans,
D. A.; Nelson, J. V.; Taber, T. R.Topics in Stereochemistry; John Wiley
and Sons: New York, 1983; Vol. 13. (c) House, H. O.Modern Synthetic
Reactions, 2nd ed.; W. A. Benjamin: Menlo Park, CA, 1972. (d) Arnett,
E. M.; Moe, K. D. J. Am. Chem. Soc.1991, 113, 7068. (e) Morton, M.;
Wu, M. In Ring-Opening Polymerization: Kinetics, Mechanisms, and
Synthesis; McGrath, J. E., Ed.; American Chemical Society: Washington,
DC, 1985. (f) Ooi, T.; Kondo, Y.; Maruoka, K.Angew. Chem., Int. Ed.
Engl.1997, 36, 1183. (g) Boileau, S. In Anionic Polymerization: Kinetics,
Mechanisms, and Synthesis; McGrath, J. E., Ed.; ACS Symposium Series
166, 1981; p 283.

(2) (a) Lochmann, L.; Pospisil, J.; Lim, D.Tetrahedron Lett.1966, 257.
(b) Schlosser, M.J. Organomet. Chem.1967, 8. 9. (c) Lochmann, LEur.
J. Inorg. Chem.2000, 6, 1115.

(3) (a) Lochmann, L.; Trekoval, J.J. Organomet. Chem.1987, 326, 1.
(b) Schlosser, M.; Strunk, S.Tetrahedron Lett.1984, 25, 741.

(4) Marsch, M.; Harms, K.; Lochmann, L.; Boche, G.Angew. Chem.,
Int. Ed. Engl.1990, 29, 308.

(5) (a) Goldfuss, B.; Steigelmann, M.; Rominger,Angew. Chem., Int.
Ed. 2000, 39, 4133. (b) F. Andrews, P. C.; Fallon, G. D.; Maguire, M.;
Peatt, A. C.Angew. Chem., Int. Ed.2000, 39, 4516. (c) Kennedy, A. R.;
MacLellan, J. G.; Mulvey, R. E.J. Chem. Soc., Dalton Trans.2000, 22,
4112.

(6) (a) Vert, M. Macromol. Symp.1986, 6, 109. (b) Hovestadt, W.;
Muller, J. A.; Hocker, H.Makromol. Chem. Rapid Commun.1990, 11, 271.
(c) Hutchinson, F. G.; Furr, B. J. A. InHigh Value Polymers; Fawcett, A.
H., Ed.; The Royal Society of Chemistry: Science Park, Cambridge, 1991.
(d) Hovestadt, W.; Keul, H.; Hocker, H.Polymer 1992, 33, 1941. (e)
Neuwenhuis, J.Clin. Mater. 1992, 10, 59. (f) Muller, H. M.; Seebach, D.
Angew. Chem., Int. Ed. Engl.1993, 32, 477. (g) Vert, M.; Li, S. N.;
Spenlchauer, P.; Guerin, P.J. Mater. Sci., Pure Appl. Chem.1995, A32,
757. (h) Fujisato, T.; Ikada, Y.Macromol. Symp.1996, 103, 73.

(7) (a) Endo, M.; Aida, T.; Inoue, S.Macromolecules1987, 20, 2982.
(b) Duda, A.; Florjanczyk, Z.; Hofman, A.; Slomkowski, S.; Penczek, S.
Macromolecules1990, 23, 1640. (c) Aida, T.; Inoue, S.Acc. Chem. Res.
1996, 29, 39. (d) Kowalski, A.; Duda, A.; Penczek, S.Macromol. Rapid.
Commun.1998, 19, 567. (e) Ko, B. T.; Lin, C. C.Macromolecules1999,
32, 8296.

(8) (a) Dittrich, W.; Schulz, R. C.Angew. Makromol. Chem.1971, 15,
109. (b) Aida, T.Prog. Polym. Sci.1994, 19, 469. (c) Cheng, M.; Attygalle,
A. B.; Lobkovsky, E. B.; Coates, G. W.J. Am. Chem. Soc.1999, 121,
11583. (d) Chamberlain, B. M.; Cheng, M.; Moore, D. R.; Ovitt, T. M.;
Lobkovsky, E. B.; Coates, G. W.J. Am. Chem. Soc.2001, 123, 3229.

(9) (a) Kim, S. H.; Han, Y. K.; Kim, Y. H.; Hong, S. I.Makromol. Chem.
1992, 193, 1623. (b) Sawhney, A.; Pathak, C. P.; Hubbell, J. A.
Macromolecules1993, 26, 581. (c) Zhang, X.; MacDonald, D. A.; Goosen,
M. F. A.; McAuley, K. B. J. Polym. Sci. Part A: Polym. Chem.1994, 32,
2965. (d) Han, D. K.; Hubbell, J. A.Macromolecules1996, 29, 5233. (e)
Kricheldorf, H. R.; Kreiser-Saunders: I.; Stricker, A.Macromolecules2000,
33, 702.

(10) (a) McLain, S. J.; Ford, T. M.; Drysdale, N. E.Polym. Prepr. (Am.
Chem. Soc. DiV. Polym. Chem.)1992, 33, 463. (b) Leborgne, A.; Pluta, C.;
Spassky, N.Macromol. Rapid Commun.1994, 15, 955. (c) Stevels, W.
M.; Ankone, M. T.; Dijkstra, P. J.; Feijen, J.Macromolecules1996, 29,
3332. (d) Li, S. M.; Rashkov, I.; Espartero, L.; Manolova, N.; Vert, M.
Macromolecules1996, 29, 57.

(11) (a) Jedlinski, Z.; Walach, W.Makromol. Chem.1991, 192, 2051.
(b) Chamberlain, B. M.; Sun, Y.; Hagadorn, J. R.; Hemmesch, E. W.;
Young, V. G., Jr.; Pink, M.; Hillmyer, M. A.; Tolman, W. B.Macromol-
ecules1999, 32, 2400. (c) Simic, V.; Spassky, N.; Hubert-Pfalzgraf, I. G.
Macromolecules1997, 30, 7338. (d) Deng, X.; Yuan, M.; Xiong, C.; Li,
X. J. Appl. Polym. Sci.1999, 73, 1401.

7973J. Am. Chem. Soc.2001,123,7973-7977

10.1021/ja010604i CCC: $20.00 © 2001 American Chemical Society
Published on Web 07/27/2001



Recently, we became interested in understanding the role of
lithium alkoxide addition to alkyllithium as well as its reactivity,
and as a result we report herein the synthesis, characterization,
and catalytic studies of novel lithium derivatives [(µ3-EDBP)-
Li2]2[(µ3-nBu)Li(0.5Et2O)]2 (1), [(µ3-EDBP)Li2]2[(µ3-OBn)Li]2

(2), and [(µ3-EDBP)Li2]2[(µ3-OCH2CH2OCH2CH3)Li] 2 (3).

Results and Discussion

Syntheses and Crystal Structure Studies.The unusual
lithium aggregate, [(µ3-EDBP)Li2]2[(µ3-nBu)Li(0.5Et2O)]2 (1),
is obtained as a white crystalline solid in 89% yield from the
reaction of 2,2′-ethylidene-bis(4,6-di-tert-butylphenol) (EDBP-
H2) with 3.6 molar equiv ofnBuLi in diethyl ether, followed
by the removal of solvent and crystallization from hexane as
shown in Scheme 1. Compound1 stands as the first example
in which nBuLi forms an aggregate in the presence of lithium
biphenoxides and has been characterized by spectroscopic
studies as well as by X-ray structure determination. Although
many syntheses of lithium alkoxides have been reported, their
structural characterization is greatly limited in the literature when
it comes to lithium phenoxides.13 The crystal structure of1
consists of two six-membered, Li3O2C, rings linked by three
Li2O2, two Li2OC, and Li2C2 cores as displayed in Figure 1.
Both of the oxygen atoms of two EDBP ligands are bridged to
three lithium atoms. It is interesting to note that twonBu groups
are unequally coordinated to two lithium atoms with average
distances of Li(3)-C 2.146(10) Å and Li(4)-C 2.306(10) Å.
The asymmetric coordination of these twonBu groups is
compensated by the coordination of an excess diethyl ether on
Li(4), thereby making Li(4) four-coordinated.

The nBu groups coordinated to lithium in compound1 can
be replaced by almost any alkoxy group without any dramatic
changes in its skeleton. The reaction of compound1 with 2
molar equiv of benzyl alcohol (BnOH) at ambient temperature
yields [(µ3-EDBP)Li2]2[(µ3-OBn)Li]2 (2) in 75% yield. As
depicted in Figure 2, the hexanuclear species2 consists of three
different kinds of three-coordinated Li atoms, where Li(1) and
Li(6) are bonded to the two oxygen atoms of two EDBP ligands.
Li(2) and Li(5) are each bonded to one oxygen atom of two

EDBP groups and one OBn group, and Li(3) and Li(4) are each
bonded to one EDBP oxygen and two OBn groups. All of the
six oxygen atoms are triply bridged. It is worth noting that
Li(1), Li(2), Li(5), and Li(6) atoms are surrounded by the
sterically bulky EDBP ligands, but Li(3) and Li(4) are rather
sterically less hindered; therefore, these two Li atoms attain the
ability to act as Lewis acids. Indeed, the reaction of compound
1 with 2 molar equiv of 2-ethoxyethanol yields [(µ3-EDBP)-
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Scheme 1

Figure 1. Molecular structure of1 as 10% ellipsoids (methyl carbons
of the tert-butyl groups and all of the hydrogen atoms are omitted for
clarity). Selected bond lengths (Å): Li(1)-O(2) 1.885(7), Li(1)-O(3)
2.045(7), Li(1)-O(4) 1.900(7), Li(2)-O(2) 1.825(7), Li(2)-O(3)
1.927(7), Li(2)-C(65) 2.135(10), Li(3)-O(3) 1.849(8), Li(3)-C(61)
2.128(9), Li(3)-C(65) 2.164(10), Li(3)-C(62) 2.353(8), Li(4)-O(1)
2.043(8), Li(4)-O(5) 2.064(8), Li(4)-C(61) 2.318(10), Li(4)-C(65)
2.293(10), Li(5)-O(1) 1.876(7), Li(5)-O(4) 1.944(7), Li(5)-C(61)
2.131(9), Li(6)-O(1) 1.909(7), Li(6)-O(2) 2.177(7), Li(6)-O(4)
1.865(7).

Figure 2. Molecular structure of2 as 20% ellipsoids (methyl carbons
of the tert-butyl groups and all of the hydrogen atoms are omitted for
clarity). Selected bond lengths (Å): Li(1)-O(1) 1.891(5), Li(1)-O(2)
1.877(6), Li(1)-O(6) 2.077(6), Li(2)-O(1) 1.862(6), Li(2)-O(2)
1.920(6), Li(2)-O(3) 1.867(6), Li(3)-O(2) 1.930(6), Li(3)-O(3)
1.896(6), Li(3)-O(4) 1.947(6), Li(4)-O(3) 1.918(6), Li(4)-O(4)
1.911(6), Li(4)-O(5) 1.964(6), Li(5)-O(4) 1.836(6), Li(5)-O(5)
1.943(5), Li(5)-O(6) 1.865(6), Li(6)-O(1) 2.075(5), Li(6)-O(5)
1.876(5), Li(6)-O(6) 1.891(5).
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Li2]2[(µ3-OCH2CH2OCH2CH3)Li] 2 (3). The X-ray structure
determination of3 reveals that its structure is similar to that of
2, except that the oxygen atoms of two ethoxy groups are further
coordinated to the sterically less hindered lithium atoms, Li(3)
and Li(4) (Figure 3). This bonding makes Li(3) and Li(4) four-
coordinated, whereas Li(1), Li(2), Li(5), and Li(6) are three-
coordinated.

Ring-Opening Polymerization ofL-Lactide. Though many
lithium alkoxides have shown excellent catalytic activity toward
ROP of lactones and lactides,14 this process is often accompanied
by backing reactions, leading to the formation of macrocycles
and thereby resulting in very broad or multimodal molecular
weight distribution. To solve this problem, several strategies
have been designed. One successful approach is to use suitable

bulky ligands to interact coordinatively with the active initiating
ion pair and therefore provide a steric barrier to a certain extent
around that ion pair to minimize the side reactions. This strategy
has been successfully applied in the anionic polymerization of
(meth)acrylates15 and the ring-opening polymerization of lac-
tones/lactides.16

In this context, ROP ofL-lactide employing2 (0.05 mmol)
as initiator is systematically examined in CH2Cl2 (10 mL) at 0
and 25°C as shown in Table 1. It was found that complex2 is
an efficient initiator for the ROP ofL-lactide. ROP of lactide
goes to completion within 1 h atroom temperature (entries 1
and 2), and the reaction rate decreases with the decrease in
temperature (entries 3-6). However, the polydispersity indexes
(PDIs) of poly(L-lactide)s obtained at 0°C are quite narrow,
ranging from 1.06 to 1.12, and a linear relationship between
the number-average molecular weight (Mn) and the monomer-
to-initiator ratio (M/I) existed (Figure 4), implying the controlled
character of the polymerization process which is further
confirmed by the polymerization resumption experiment (entry
7). It is worth noting that the1H NMR spectrum (Figure 5) of
PLA shows one benzyl ester and one hydroxy chain end

(14) (a) Kasperczyk, J.Macromolecules1995, 28, 3937. (b) Xie, W.;
Chen, D.; Fan, X.; Li, J.; Wang, P.; Cheng, H. N.; Nickol, R. G.J. Polym.
Sci.: Part A, Polym. Chem.1999, 37, 3486.
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Sci.: Part A, Polym. Chem.1999, 37, 1-10 and references therein.

(16) Lofgren, A.; Albertsson, A. C.; Dubois, P.; Jerome, R.J. Macromol.
Sci. ReV. Macromol. Chem. Phys.1995, C35, 379-418 and references
therein.

(17) See Supporting Information.
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Mn of polylactide. Baran, J.; Duda, A.; Kowalski, A.; Szymanski, R.;
Penczek, S.Macromol. Rapid Commun.1997, 18, 325.

Table 1. Ring-Opening Polymerization ofL-Lactide Initiated by Complex2 or 3

entry initiator [M]o/[I] o CH2Cl2 (mL) temp (oC) time (h) Mw/Mn Mn (GPC)a Mn (calcd)b Mn (NMR)c conv (%)c

1 2 150 10 25 1 1.43 22100 (12800) 10800 >99
2 2 150 20 25 1 1.24 15200 (8800) 10300 95
3 2 50 10 0 6 1.06 6300 (3700) 3500 3600 98
4 2 100 10 0 6 1.07 12000 (7000) 6900 7200 96
5 2 150 10 0 6 1.11 16700 (9700) 10400 98
6 2 200 10 0 6 1.12 23900 (13900) 14100 98
7 2 50 (50)d 10 0 6 (6) 1.11 11200 (6500) 7200 7400 99
8 3 100 10 0 6 1.06 12400 (7200) 6800 6800 95

a Obtained from GPC analysis and calibrated by polystyrene standard. Values in parentheses are the values obtained from GPC times 0.58.18

b Calculated from the molecular weight ofL-lactide times [M]o/2[I] o times conversion yield.c Obtained from1H NMR analysis.d Prepolymerization
of LA with 2 for 6 h, followed by the addition of another portion of LA.

Figure 3. Molecular structure of3 as 10% ellipsoids (methyl carbons
of the tert-butyl groups and all of the hydrogen atoms are omitted for
clarity). Selected bond lengths (Å): Li(1)-O(2) 1.869(8), Li(1)-O(1)
1.892(7),Li(1)-O(6) 2.146(8), Li(2)-O(3) 1.818(9), Li(2)-O(1)
1.881(8), Li(2)-O(2) 1.943(8), Li(3)-O(2) 2.034(9), Li(3)-O(7)
1.931(9), Li(3)-O(3) 1.933(9), Li(3)-O(4) 1.949(10), Li(4)-O(3)
1.951(9), Li(4)-O(4) 1.961(8), Li(4)-O(5) 2.024(9), Li(4)-O(8)
2.026(9), Li(5)-O(4) 1.836(8), Li(5)-O(6) 1.859(8), Li(5)-O(5)
1.914(7), Li(6)-O(5) 1.870(7), Li(6)-O(6) 1.882(8), Li(6)-O(1)
2.064(9).

Figure 4. Polymerizatin ofL-lactide initiated by2 in CH2Cl2 at 0°C.
The relationship betweenMn (O) (Mw/Mn (×)) of the polymer and initial
mole ratio [LA]0/[2]0 is shown.
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with an integral ratio of 5:1 between He and Hc, suggesting that
the initiation occurs through the insertion of the benzyl alkoxy
group from compound2 into L-lactide and the backing reactions
do not occur in our condition. This is further verified by the
following experimental results. First, the homonuclear decoupled
1H NMR spectrum reveals only one resonance atδ 5.16 ppm
in the methine region.17 Second, if cyclization occurs during
polymerization, the PDIs of the resulting PLA will be much
higher. However, the PDIs of the PLA obtained are in a very
narrow range. Furthermore, epimerization of the chiral centers
in PLA does not occur as observed by the homonuclear
decoupled 1H NMR studies in the methane region. The
formation of3 suggests that the ROP ofL-lactide initiated by2
may proceed by the coordination ofL-lactide on Li(3) and
Li(4), leading to intermediateA, followed by the attacking of
the benzyl alkoxy group on the carbonyl group of lactide, as
shown in Scheme 2. Additionally, compound3 has also shown
excellent activity toward the ROP ofL-lactide (entry 8). Further
study of its catalytic activity is currently underway.

In conclusion, we have discovered three novel lithium
aggregates, and their structures have been characterized by X-ray
diffraction. While these three compounds are potential catalysts
toward polymerization, compounds2 and3 have been demon-
strated to efficiently initiate the “controlled” ROP ofL-lactide.

Experimental Section

General. All manipulations were carried out under a dry nitrogen
atmosphere. Solvents, benzyl alcohol, 2-ethoxyethanol,L-lactide, and
deuterated solvents were purified before uses. 2,2′-Ethylidene-bis(4,6-

di-tert-butylphenol) andn-BuLi (2.5 M in hexane) were purchased and
used without further purification.1H and 13C NMR spectra were
recorded on a Varian VXR-300 (300 MHz for1H and 75 MHz for
13C) or a Varian Gemini-200 (200 MHz for1H and 50 MHz for13C)
spectrometer with chemical shifts given in ppm from the internal TMS
or center line of CHCl3. Microanalyses were performed using a Heraeus
CHN-O-RAPID instrument. Infrared spectra were obtained from a
Bruker Equinox 55 spectrometer. The GPC measurements were
performed on a Hitachi L-7100 system equipped with a differential
Bischoff 8120 RI detector using THF (HPLC grade) as an eluent.
Molecular weight and molecular weight distributions were calculated
using polystyrene as standard.

[(µ3-EDBP)Li 2]2[(µ3-nBu)Li(0.5Et2O)]2 (1). To an ice cold solution
(0 °C) of 2,2′-ethylidene-bis(4,6-di-tert-butylphenol) (0.88 g, 2.0 mmol)
in diethyl ether (20 mL) was slowly added ann-BuLi (2.88 mL, 2.5 M
in hexane, 7.2 mmol) solution. The mixture was stirred for 1 h and
was then concentrated in vacuo. The residue was extracted with hot
hexane (20 mL), and the extract was then concentrated to ca. 10 mL.
Colorless crystals were obtained on cooling to-20 °C overnight.
Yield: 0.98 g (89%). Anal. Calcd forC72H116O5Li 6: C, 78.38; H, 10.6.
Found: C, 78.03; H, 9.07.1H NMR (C6D6, ppm): δ 7.77, 7.64, 7.45,
7.25 (d, 8H, Ph); 5.66 (q, 2H, CH(CH3), J ) 7.2 Hz); 3.20 (q, 4H,
OCH2CH3, J ) 6.8 Hz); 1.71 (d, 6H, CH(CH3), J ) 7.2 Hz); 1.48-
1.55 (m, 8H, CH2CH2); 0.99 (t, 6H, OCH2CH3, J ) 6.8 Hz); 0.96 (t,
6H, CH2CH3); 1.51, 1.46, 1.34, 0.90 (s, 72H, C(CH3)3); -0.56 (m, 4H,
LiCH2).

[(µ3-EDBP)Li 2]2[(µ3-OBn)Li] 2 (2). Benzyl alcohol (0.21 mL, 2
mmol) was added slowly to an ice cold solution (0°C) of [(µ3-EDBP)-
Li 2]2[(µ3-nBu)Li(0.5Et2O)]2 (1) (1.10 g, 1.0 mmol) in toluene (20 mL).
The mixture was stirred for 2 h and was then dried in vacuo. The residue
was extracted with 25 mL of hot hexane, and the extract was then
concentrated to ca. 10 mL and cooled to-20 °C to furnish a white
crystalline solid. Yield: 0.85 g (75%). Crystals suitable for X-ray
structure determination were obtained from a hot saturated toluene
solution. Anal. Calcd for C74H102O6Li 6: C, 78.71; H, 9.10. Found: C,
77.95; H, 9.01.1H NMR (C6D6, ppm): δ 7.83, 7.60, 7.48, 7.24 (d, 8H,
Ph); 6.99-7.05 (m, 10H, Ph); 6.02 (q, 2H, CH(CH3), J ) 6.8 Hz);
4.73 (d, 2H, OCH2Ph); 4.40 (d, 2H, OCH2Ph); 1.75 (d, 6H, CH(CH3),
J ) 6.8 Hz); 1.54, 1.42, 1.34, 0.90 (s, 72H, C(CH3)3).

[(µ3-EDBP)Li2]2[(µ3-OCH2CH2OEt)Li] 2 (3). 2-Ethoxyethanol (0.19
mL, 2 mmol) was added slowly to an ice cold solution (0°C) of [(µ3-

Figure 5. 1H NMR spectrum of PLA-50 initiated by complex2.

Scheme 2
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EDBP)Li2]2[(µ3-nBu)Li(0.5Et2O)]2 (1) (1.10 g, 1.0 mmol) in toluene
(20 mL). The mixture was stirred for 1 h and was then dried under
vacuum. The residue was extracted with 30 mL of hot hexane, and the
extract was then concentrated to ca. 15 mL and cooled to-20 °C to
yield a white solid. Yield: 0.93 g (85%). Crystals suitable for X-ray
diffraction were grown in a hot saturated toluene solution. Anal. Calcd
for C68H106O6Li 6: C, 74.71; H, 9.77. Found: C, 74.56; H, 9.70.1H
NMR (C6D6, ppm): δ 7.75, 7.54, 7.43, 7.26 (d, 8H, Ph); 5.88 (q, 2H,
CH(CH3), J ) 6.8 Hz); 3.99 (m, 4H, OCH2CH2OEt); 2.98 (m, 4H,
OCH2CH2OEt); 3.29 (q, 4H, OCH2CH3); 1.70 (d, 6H, CH(CH3), J )
6.8 Hz); 1.60, 1.54, 1.33, 0.99 (s, 72H, C(CH3)3); 0.61 (t, 6H,
OCH2CH3).

Polymerization of L-Lactide Initiated by 2. A typical polymeri-
zation procedure was exemplified by the synthesis of PLA-100 (the
number 100 indicates the designed [LA]0/[2]0) at 0°C. The conversion
yield (96%) of PLA-100 was analyzed by1H NMR spectroscopic
studies. A solution of [(µ3-EDBP)Li2]2[(µ3-BnO)Li]2 (2) (0.056 g, 0.05
mmol) in CH2Cl2 (4 mL) was added to a rapidly stirring solution of
L-lactide (0.72 g, 5 mmol) in CH2Cl2 (6 mL). The reaction mixture
was stirred at 0°C for 6 h. Volatile materials were removed in vacuo,
and the residue was redissoved in toluene (10 mL). The mixture was
then quenched by the addition of an aqueous acetic acid solution (0.35
N, 10 mL), and the polymer was precipitated on pouring inton-hexane
(40 mL) to give white crystalline solids. Yield: 0.62 g (86%).

X-ray Crystallographic Studies. Suitable crystals of1, 2, and3
were sealed in thin-walled glass capillaries under nitrogen atmosphere

and mounted on a Bruker AXS SMART 1000 diffractometer. Intensity
data were collected in 1350 frames with increasingω (width of 0.3°
per frame). The absorption correction was based on the symmetry
equivalent reflections using the SADABS program. The space group
determination was based on a check of the Laue symmetry and
systematic absences and was confirmed using the structure solution.
The structure was solved by direct methods using a SHELXTL package.
All non-H atoms were located from successive Fourier maps, and
hydrogen atoms were refined using a riding model. Anisotropic thermal
parameters were used for all non-H atoms, and fixed isotropic
parameters were used for H atoms.
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