Inorg. Chem. 2006, 45, 7348—7356

Inorganic:Chemistry

* Article

Synthesis, Characterization, and Structural Determination of Polynuclear
Lithium Aggregates and Factors Affecting Their Aggregation

Bor-Hunn Huang, Bao-Tsan Ko, Taimur Athar, and Chu-Chieh Lin*

Department of Chemistry, National Chung-Hsing Lbsity,
Taichung 402, Taiwan, Republic of China

Received March 20, 2006

The reaction of [(us,u3-EDBP)Lio]y[(13-"Bu)Li(0.5Et,0)], (1) [EDBP-H, = 2,2'-ethylidenebis(4,6-di-tert-butylphenol)]
with 1 equiv of ROH in toluene gave [(us,u3-EDBP)LisJo[(1s-OR)Li], [R = Bn (2), CH,CH,OEt (3), and "Bu (4)]. In
the presence of 3 equiv of tetrahydrofuran (THF), the hexanuclear compound 1 slowly decomposed to an unusual
pentanuclear Li complex, [(uz2,us-EDBP),Lis(THF),][(xs-"Bu)Li] (5). Further reaction of 5 with ROH gave [(uz,us-
EDBP),Lis(THF)3][(4-OR)Li] [R = Bn (6), "Bu (7), and CH,CH,OEt (8)] without a major change in its skeleton.
Treatment of 2 with an excess of hexamethylphosphoramide (HMPA) yields [(zt2,t.2-EDBP)Li;(HMPA),][(45-OBn)-
Li(HMPA)] (9). Compounds [(/tz,/,t3-EDBP)2LI4(THF)][(‘u4-OCH2CH20Et)Ll]z (10) and [(ﬂz,ﬂz-EDBP)zLM(ﬂrOCHz-
CH,OEt)(HMPA)]~[LI(HMPA)]* (11) can be obtained by the reaction of 3 with an “oxygen-donor solvent” such as
THF and HMPA, respectively. Among the compounds described above, 8 has shown great reactivity toward ring-
opening polymerization of L-lactide, yielding polymers with very low polydispersity indexes in a wide range of
monomer-to-initiator ratios.

Introduction KO'Bu, have been shown to be extremely useful in organic
Alkyllithium reagents and lithium alkoxides play an impor-  SYNthesis. It is well-known that [RLILIOR] complexes
tant role in organic synthesis because of their applications Prepared from the reactions of organolithium compounds
as alkylating and deprotonating reagents as well as initiatorsVith @lcohols have a tendency to form oligomeric structures

in anionic polymerization.In general, organolithium species N the solid staté.The first crystal structure of RELIOR,

form aggregates associated through-lGC bonds. Their _[CHs(C';'z)?Li"—_iOC(CHs)sh. was reported by Boche et al.
aggregation is usually governed by steric factors depending!n 1990 Li derivatives containing alkyl{ CRs) or alkoxide

on the size of the substituents and the presence of hetero{ ~©OR) functional groups have been reported to form at least
atom-containing donor groups, which can be either solvent 12 9éneral structure typés? Factors affecting the molecular
molecules or inter- or intramolecularly coordinated substit- Structure of Li aggregates include (i) the steric bulk and
uents of the organic moiety. These inter- and intramolecular &/€ctron-donation ability of the. atom (C, O, and N) of the
donor groups are known to affect the synthesis and reactivity 192nd (ii) the bonding ability and number of pendant chains
of organolithium reagentEor instance, complexes derived

(2) (a) Caubere, RChem. Re. 1993 93, 2317 and references cited therein.

from RLi and MOR, namely, as superbases suclBad. i (b) Lochmann, L.; Posoisil, J.; Lim, Dletrahedron Lett1966 257.
(c) Schlosser, MJ. Organomet. Chenl967, 8, 9. (d) Lochmann, L.
*To whom correspondence should be addressed. E-mail: cchlin@ Eur. J. Inorg. Chem200Q 6, 1115.
mail.nchu.edu.tw. (3) (a) Setzer, W. M.; Schleyer, P. v. Rdv. Organomet. Cheni985
(1) (a) Beak, P.; Brown, R. Al. Org. Chem1979 44, 4463. (b) Evans, 24, 353. (b) Seebach, D.; Hdsig, R.; Gabriel, JHelv. Chim. Acta
D. A.; Nelson, J. V.; Taber, T. RTopics in Stereochemistryohn 1983 66, 308. (c) Bauer, W.; Winchester, W. R.; Schleyer, P. v. R.
Wiley and Sons: New York, 1983; Vol. 13. (c) House, H.Modern Organometallicsl987, 6, 2371. (d) Wehman, E.; Jastrzebski, J. T. B.
Synthetic Reaction@nd ed.; W. A. Benjamin: Menlo Park, CA, 1972. H.; Ernsting, J.-M.; Grove, D. M.; van Koten, G. Organomet. Chem.
(d) Arnett, E. M.; Moe, K. DJ. Am. Chem. S0d991, 113 7068. (e) 1988 353 133. (e) Wehmschulte, R. J.; Power JPAm. Chem. Soc.
Morton, M.; Wu, M. In Ring-Opening Polymerization: Kinetics, 1997 119 2847. (f) Reich, H. J.; Green, D. P.; Medina, M. A,;
Mechanisms, and SynthesMcGrath, J. E., Ed.; American Chemical Goldenberg, W. S.; Gudmundsson, B; Dykstra, R. R.; Phillips, N.
Society: Washington, DC, 1985. (f) Ooi, T.; Kondo, Y.; Maruoka, H. J. Am. Chem. S0d.998 120, 7201.
K. Angew. Chem., Int. Ed. Engl997, 36, 1183. (g) Boileau, S. In (4) (a) Lochmann, L.; Trekoval, J. Organomet. Chen1987 326, 1.
Anionic Polymerization: Kinetics, Mechanisms, and Synthbk&rath, (b) Schlosser, M.; Strunk, S.etrahedron Lett1984 25, 741.
J. E., Ed.; ACS Symposium Series 166; American Chemical Society: (5) Marsch, M.; Harms, K.; Lochmann, L.; Boche, &1gew. Chem., Int.
Washington, DC, 1981; p 283. Ed. Engl.199Q 29, 308.
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(—OR, —NRy, and—CRy) of the ligand, and (iii) the choice
of the reaction solvent (Lewis basicity). Recently, we have

Lio]o[(us-"Bu)Li(0.5E£O)]. [1; EDBP-H, = 2,2-ethylidene-
bis(4,6-ditert-butylphenol)] reacts with 1 equiv of ROH in

been interested in the preparation of single-componenttoluene, yielding [¢s,us-EDBP)Liy][(15-OR)Li]2 [R = Bn

networks through the use of lithium alkoxides in which the
Lewis basic linker is incorporated as a part of the alkoxide
backbone. Under careful control of kinetic and thermo-
dynamic conditions, Li complexes may exhibit remarkable

(2) and CHCH,OEt (3)].**2In this reaction, a bulky ligand
EDBP* is used to coordinate to the metal center, resulting
in a single active site for ring-opening polymerization (ROP).
Similarly, a hexanuclear specieg{fus-EDBP)Li;],[(#s-OR)-

chemo-, regio-, stereo-, and even chronoselectivity, providedLi], (4; R = "Bu) can be prepared from the reaction lof

by fine tuning of the structural characteristics of the catalytic

with n-butanol. Because Lewis basic solvents such as THF

aggregate. The bulky biphenoxy ligands have been used inand HMPA are commonly used in organic reactions. the

the modification of various transiti@A® and main-group
metals!! but that of LP~12is rather scant. Herein we report
the preparation of a series of mixed-ligand hexanuclear Li
aggregates, which further react with Lewis basic solvents

such as tetrahydrofuran (THF) and hexamethylphosphor-

amide (HMPA) to afford novel solvent-solvated lithium alk-

effect of the presence of THF or HMPA in the structure of
the polynuclear Li aggregates seems to be worthy of investi-
gation. An unusual Li aggregate uf{us-EDBP)Li4(THF)-
(us-"BU)][LI(THF)] (5), is obtained as a white crystalline
solid from the reaction ofl with 3 mol equiv of THF in
toluene, followed by the removal of solvent and crystalliza-

oxide aggregates. The relationship between the structure oftion from hexane. The isolation of thisddgomplex indicates

Li derivatives and their catalytic behavior has been explored.

Results and Discussion
Synthesis and Characterization of Mixed-Ligand Li
Aggregates Recently, we have reported that{us-EDBP)-

(6) (a) Goldfuss, B.; Steigelmann, M.; Rominger,Angew. Chem., Int.
Ed. Engl.200Q 39, 4133. (b) Goldfuss, B.; Khan, S. I.; Houk, K. N.
Organometallics1999 16, 22927. (c) Goldfuss, B.; Steigelmann, M.;
Rominger, F.; Urtel, HChem—Eur. J.2001 7, 4456. (d) Andrews,
P. C.; Fallon, G. D.; Maguire, M.; Peatt, A. @ngew. Chem., Int.
Ed. 200Q 39, 4516. (e) Kennedy, A. R.; MacLellan, J. G.; Mulvey,
R. E.J. Chem. Soc., Dalton Trang800Q 4112.

(7) (a) Reich, H. J.; Borst, J. P.; Dykstra, R. R.; Green, Dl.Rm. Chem.
S0c.1993 115 8278. (b) Sikorski, W. H.; Reich, H. J. Am. Chem.
So0c.2001, 123 6527. (c) Reich, H. J.; Sanders, A. W.; Fiedler, A. T.;
Bevan, M. J.J. Am. Chem. So@002 124, 13386. (d) Reich, H. J.;
Sikorski, W. H.J. Org. Chem.1999 64, 14. (e) Williard, P. G;
MacEwan, G. JJ. Am. Chem. S0d.989 111, 7671. (f) Henderson,
K. W.; Dorigo, A. E.; Liu, Q. Y.; Williard, P. G.; Schleyer, P. v. R.;
Bernstein, P. RJ. Am. Chem. Sod996 118 1339. (g) Sun, C.;
Williard, P. G.J. Am. Chem. So200Q 122, 7829. (h) Qu, B.; Collum,
D. B. J. Am. Chem. So@005 127, 10820. (i) Parsons, R. L., Jr.;
Fortunak, J. M.; Dorow, R. L.; Harris, G. D.; Kauffman, G. S.; Nugent,
W. A.; Winemiller, M. D.; Briggs, T. F.; Xiang, B.; Collum, D. BI.
Am. Chem. So001, 123 9135.

(8) (a) Pauer, F.; Power, P. P. Lithium Chemistry. A Theoretical and
ExperimentalOverview; Sapse, A.-M., Schleyer, P. v. R., Eds.; John
Wiley & Sons: New York, 1995; pp 295392. (b) Sapse, A.-M.; Jain,
D. C.; Rahgavachari, K. Ifithium Chemistry. A Theoretical and
ExperimentalOverview; Sapse, A.-M., Schleyer, P. v. R., Eds.; John
Wiley & Sons: New York, 1995; pp 4566.

(9) (a) Floriani, C.; Corazza, F.; Lesueur, A. C.; GauastiniAGgew.
Chem., Int. Ed. Engll989 28, 66. (b) Corazza, F.; Floriani, C.; Chiesi-
Villa, A.; Gauastini, C.Inorg. Chem.1991, 30, 145. (c) Mazzanti,
M.; Floriani, C.J. Chem. Soc., Dalton Trank989 1793. (d) Tascanco,
P. J.; Schermerhorn, E. J.; Dettelbacher, C.; Macherone, D.; Zubieta,
J.J. Chem. Soc., Chem. Commiifi91, 933. (e) Pastor, S. D.; Spivack,
J. D.J. Heterocycl. Chenil991, 28, 1561.

(10) (a) Chisholm, M. H.; Parkin, I. P.; Folting, K.; Lubkovsky, E. B.;
Streib, W. E.J. Chem. Soc., Chem. CommutP91, 1673. (b)
Chisholm, M. H.; Huang, J. H.; Huffman, J. C.; Parkin, I.IRorg.
Chem.1997, 36, 142. (c) Chisholm, M. H.; Folting, K.; Streib, W. E.;
Wu, D. D.Inorg. Chem.1998 37, 50. (d) Chisholm, M. H.; Huang,
J. H.; Huffman, J. C.; Streib, W. E.; Tiedtke, Polyhedron1997,
16, 2941. (e) Mulford, D. R.; Fanwick, P. E.; Rothwell, I. P.
Polyhedron200Q 19, 35.

(11) (a) Ko, B. T.; Lin, C. C.J. Am. Chem. SoQ001, 123 7973. (b)
Hsueh, M. L.; Wang, Y. S.; Huang, B. H.; Kuo, C. Macromolecules
2004 37, 5155. (c) Hsueh, M. L.; Huang, B. H.; Lin, C. C.
Macromolecule®002 35, 5763. (d) Liu, Y. C.; Ko, B. T.; Lin, C. C.
Macromolecule®001, 34, 6196. (e) Chen, H. L.; Ko, B. T.; Huang,
B. H.; Lin, C. C.Organometallic2001, 20, 5076. (f) Ko, B. T.; Wu,
C. C.; Lin, C. C.Organometallic200Q 19, 1864.

(12) Chisholm, M. H.; Lin, C. C.; Gallucci, J. C.; Ko, B. 3. Chem. Soc.,
Dalton Trans.2003 406.

liberation of one LiBu group upon incorporation of two THF
molecules. ThéBu group coordinated to a Li ion i& can

be replaced by any alkoxy group without drastic changes in
its skeleton. The treatment & with 1 equiv of BnOH,
"BuOH, or 2-ethoxyethanol in THF gives quantitative yields
of 6, 7, or 8, respectively, as shown in Scheme 1. The penta-
nuclear species j6,us-EDBP)LI 4(THF)3][(#s-OR)LI] [OR

= OBn (6) and OBu (7)] can also be prepared by the
addition of excess THF to jg,us-EDBP)Liy][(1s-OR)Li]2
[OR = OBn (2) and OBu (4)], illustrating the liberation of
one LiOR group upon coordination of three THF molecules
to Li ions at ambient temperature. It is worth mentioning
that the alkoxy O bridges four Li atoms. The functional group
of the Li aggregate can be easily converted to an alkoxy
group without a dramatic change in its skeleton. This was
verified by X-ray crystallographic analysis. In additia®,
reacts with 6 mol equiv of HMPA in toluene, yielding asLi
aggregate [{>,u>-EDBP)Li,(HMPA),][(«s-OBn)Li(HMPA)]

9).

In contrast to the monodentate alkoxide (&R0OBn and
O"Bu), the reaction product between the bidentate alkoxide
3 (OR = OCH,CH,OEt) and a strong Lewis base such as
THF or HMPA is much more complicated because of the
coordination ability of the ethoxy group. In the presence of
excess THF¥50 equiv) at room temperatur@ produces a
mixture of pentanuclear aggregateJ(is-EDBPYLi4(THF)3]-
[(us-OCH.CH,OEV)LI] (8) and hexanuclear aggregate.jfts-
EDBP)Li4(THF)][(#4s-OCH,CH,OEt)Li], (10). Attempts to
separate these two complexes via recrystallization were
unsuccessful because of their similar solubility. Fortunately,
we were able to obtain two individual single crystals for
X-ray analysis from the mixture. However, it was also found
that compound8 and10 can be independently prepared by
mixing 2-ethoxyethanol, EDBP-{1 THF, and"BuLi in a
1:2:3:5 or 2:2:1:6 ratio, respectively. On the other hand, a
Lis aggregatd.0 can be obtained from the reaction3ivith
3 mol equiv of THF, followed by recrystallization from
hexane. The unexpected Li aggregafecan be considered
as an intermediate in the reaction of compBewith excess
THF, giving complex8. The structure 08 is similar to that
of 6 or 7, except that the O atom of the ethoxy group
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coordinates an additional Li atom. Furthermo8reacts
with 5 mol equiv of HMPA in toluene to afford an ionic
complex [{uz,u-EDBP)LI 4(1s-OCH,CH,OEL)(HMPA)][Li-
(HMPA)4] (11). Complex11 can also be synthesized in 62%
yield by the reaction o8 with 6 mol equiv of HMPA, as
shown in Scheme 2. It is interesting to note that the Li ion
in the [Li(HMPA),4]" cation is surrounded by four HMPA

7350 Inorganic Chemistry, Vol. 45, No. 18, 2006

an

molecules. Complexed—11 have been characterized by
spectroscopic and X-ray diffraction techniques.

Molecular Structure Studies of 4-11. Although syn-
theses of lithium alkoxides/phenoxides had been reported
previously!® most of them lacked structural characterization.
The X-ray structure analysis @f reveals that it has &;
symmetry. Its skeleton is almost the same as that ekcept
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Figure 1. ORTEP drawing o4 (methyl C atoms of théBu groups and
all of the H atoms are omitted for clarity) with thermal ellipsoids drawn at
the 10% probability level. Selected bond distances (A): 1H@)1) 1.937-
(6), Li(1)—0O(3) 1.880(6), Li(1}-O(3A) 1.904(6), Li(2)-O(1) 1.881(5), Li-
(2)—0(2) 2.110(5), Li(2)-O(2A) 1.891(5), Li(3)-0O(2) 1.864(6), Li(3)>
0O(3) 1.869(6), Li(3)-O(1A) 1.959(5), O(2)Li(3A) 1.959(5), O(2)-Li(2A)
1.891(5), O(3)-Li(1A) 1.904(6).

that two benzylalkoxy groups are replaced fiputoxide
groups, as shown in Figure 1. The hexanuclear complex
consists of three different kinds of tricoordinated Li atoms.
The average bond distances of LX) [1.907(6) A], Li-
(2)—0[1.961(6) A], and Li(3Y-0 [1.897(6) A] are all com-
patible with the bond distances observed for com@gi®
The molecular structure @ is shown in Figure 2. The
"BuLi/EDBPLI,/THF ratio in5is 1:2:2. There are four kinds
of Li atoms in the Li complex5. The chemically equivalent
tricoordinated Li atoms Li(1) and Li(3) are both bound to
two O atoms of the same EDBP ligand and éBea group.
While Li(2) and Li(4) are both coordinated by two O atoms
of different EDBP ligands and one THF molecule, Li(5) is
bound to two different EDBP O atoms and o group.
Two O atoms of the EDBP ligands are doubly bridging, and
the others are triply bridging. It is worth noting that the C
atom C(69) of the'Bu group is bridging three Li cations,
Li(2), Li(3), and Li(5), with an average EC(69) bond
distance of 2.193(7) A. This is similar to the values of the
Li—C(61) [2.192(9) A] and L+C(65) [2.197(10) A] bond
distances observed for the triply bridgiffi§u groups in
complex1.'2The Li(2)—O(5) (THF) and Li(4)-O(6) (THF)
bond distances are 1.948(7) and 1.931(6) A, respectively.
The molecular structures & and 7 are shown in Fig-
ures 3 and 4, respectively. According to the X-ray structure,
the LIOBn/EDBPLY/THF ratio in6is 1:2:3. The L complex
6 contains four kinds of Li atoms. Among them, the two

(13) (a) Cetinkaya, B.; Gumrukcu, |.; Lappert, M. F.; Atwood, J. L.; Shakir,
R. J. Am. Chem. Sod98Q 102 2086. (b) van der Schaaf, P. A.;
Hogerheide, M. P.; Grove, D. M.; Spek, A. L.; Koten, &.Chem.
Soc., Chem. Commuh992 1703. (c) Brooker, S.; Edelmann, F. T.;
Kottke, T.; Roesky, H. W.; Sheldrick, G. M.; Stalke, D.; Whitmire,
K. H. J. Chem. Soc., Chem. Commu®891, 144.

Figure 2. ORTEP drawing o6 (methyl C atoms of théBu groups and
all of the H atoms are omitted for clarity) with thermal ellipsoids drawn at
the 20% probability level. Selected bond distances (A): HQ)1) 1.956-
(6), Li(1)—0(2) 1.823(7), Li(1)-C(69) 2.201(7), Li(2)-O(2) 1.866(7), Li-
(2)—0(3) 1.854(7), Li(2)-O(5) 1.948(7), Li(3)-O(3) 1.804(6), Li(3)-O(4)
1.913(6), Li(3)-C(69) 2.200(7), Li(4yO(1) 1.888(6), Li(4-O(4) 1.934-
(6), Li(4)—0O(6) 1.931(6), Li(5X-0O(1) 1.904(6), Li(5)-O(4) 1.876(6), Li-
(5)—C(69) 2.179(7).

con

Figure 3. Molecular structure o6 (methyl C atoms of théBu groups
and all of the H atoms are omitted for clarity) with thermal ellipsoids drawn
at the 20% probability level. Selected bond distances (A): HQ{1)
1.850(6), Li(1)-O(2) 2.243(6), Li(1)-O(5) 2.016(6), Li(1)-O(8) 2.106-
(6), Li(2)—0(2) 1.824(6), Li(2-0O(3) 1.832(6), Li(2)-O(8) 1.878(6), Li-
(3)—0(2) 1.908(6), Li(3)-O(3) 1.909(6), Li(3)-O(6) 1.897(6), Li(4)-O(3)
2.308(6), Li(4)y-0O(4) 1.861(6), Li(4)y-O(7) 1.977(6), Li(4)-0O(8) 2.075-
(6), Li(5)—0O(1) 1.825(6), Li(5)-O(4) 1.843(6), Li(5)-O(8) 2.015(6).

tetracoordinated Li atoms are chemically equivalent while
the three tricoordinated Li atoms are not. Each of the tetra-
coordinated Li atoms Li(1) and Li(4) is bonded by two O
atoms of the same EDBP ligand, one OBn group, and one
THF molecule. Li(2) and Li(5) are both coordinated to two
O atoms of different EDBP ligands and one OBn group; Li(3)
is bonded to two different EDBP O atoms and one THF
molecule. Two O atoms of the EDBP ligands are doubly
bridging, and the others are triply bridging. It is worth noting
that the O atom of the OBn group, O(8), is bridging four Li
cations, Li(1), Li(2), Li(4), and Li(5), with an averageti
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Figure 4. Molecular structure off (methyl C atoms of théBu groups
and all of the H atoms are omitted for clarity) with thermal ellipsoids drawn
at the 10% probability level. Selected bond distances (A): HQJ1)
2.341(14), Li(1)-O(2) 1.873(11), Li(1)}-O(5) 2.034(12), Li(1)-O(6) 2.015-
(11), Li(2)—0O(2) 1.816(13), Li(2)-O(3) 1.860(13), Li(2)-O(5) 2.022(5),
Li(3)—0(3) 1.871(11), Li(3)0O(4) 2.308(12), Li(3)-O(5) 2.093(10), Li-
(3)—0O(7) 1.971(11), Li(4-O(1) 1.903(11), Li(4)-O(4) 1.911(12), Li(4y
0O(8) 1.891(6), Li(5)-0O(1) 1.833(11), Li(5)-0(4) 1.792(12), Li(5r0O(5)
1.880(6).

0O(8) bond distance of 2.019(6) A, which is much longer
than the Li-O(3) [1.894(6) A] and Li-O(4) [1.898(6) A]

bond distances observed for other triply bridging OBn groups

in complex2. To the best of our knowledge, only a few
examples of Li complexes with a quarterly bridged alkoxide
O atom have been report&dCoordination of THF molecules
to Li atoms results in a Li(+)O(5) bond distance of 2.016-
(6) A, a Li(3)—0(6) bond distance of 1.897(6) A, and a Li-
(4)—0O(7) bond distance of 1.977(6) A, respectively. As
expected, the O(6)Li(3) (tricoordinated Li) bond distance
is notably shorter than the O(5).i(1) and O(7)-Li(4) (tetra-
coordinated Li) bond distances. Complégiffers from com-
plex 6 only in the replacement of the OBn group with 8D
group. The average HO(5) (us-O"Bu) bond distance is
2.007(8) A. The bond distances Li{(6) (THF) at 2.015-
(11) A, Li(4)—0O(8) (THF) at 1.891(6) A, and Li(3)0(7)
(THF) at 1.971(11) A are all similar to the values observed
for complex 6. The molecular structure o8 (Figure 5)
obtained by X-ray diffraction is similar to that & except
that the OBN group is replaced by a O&HH,OEt group and

more Li atom, Li(5). This bonding makes Li(5) tetracoordi-
nated, with a Li(5)-O(6) bond distance of 2.183(7) A.

In the solid state, compleX which contains two different
types of Li atoms, consists of one lithium bis(phenoxide),
one LiOBn, and three HMPA molecules (Figure 6). Tri-
coordinated Li cations Li(2) and Li(3) are both bound to a
phenyl O atom of the EDBP ligand, a OBn group, and a
molecule of HMPA. The tetracoordinated Li(1) is bound to
two O atoms of the EDBP ligand, a OBn group, and a
molecule of HMPA. The Li(1)}O(4) (HMPA), Li(2)—0O(5)
(HMPA), and Li(3)-0O(6) (HMPA) bond distances are 1.900-

(14) (a) Morris, R. J.; Girolami, G. SPolyhedron1988 7, 2001. (b)
Klinkhammer, K. W.Z. Anorg. Allg. Chem200Q 626, 1217.
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Figure 5. ORTEP drawing oB (methyl C atoms of théBu groups and
all of the H atoms are omitted for clarity) with thermal ellipsoids drawn at
the 20% probability level. Selected bond distances (A): QY1) 2.141-
(7), Li(1)—0(2) 1.874(6), Li(1}O(5) 2.076(7), Li(1)-O(7) 2.015(7), Li-
(2)—0(2) 1.839(6), Li(2)-O(3) 1.825(6), Li(2)-O(5) 1.965(6), Li(3)-O(3)
1.873(6), Li(3)-0(4) 2.202(7), Li(3)-O(5) 2.016(7), Li(3)-O(8) 2.033-
(7), Li(4)—0O(1) 1.895(7), Li(4)0O(4) 1.891(7), Li(4)-O(9) 1.940(7), Li-
(5)—0(1) 1.913(7), Li(5-0(4) 1.918(7), Li(5-O(5) 1.900(7), Li(5)-O(6)
2.183(7).

Cis4
the O atom of the ethoxy group, O(6), is coordinated to one Figure 6. Molecular structure 0B (methyl C atoms of théBu groups

and all of the H atoms are omitted for clarity). Selected bond distances
(A): Li(1) —O(1) 1.932(7), Li(1}-0(2) 1.922(7), Li(1}-O(3) 2.116(7), Li-
(1)—0(4) 1.900(7), Li(2)-O(2) 1.873(8), Li(2)-O(3) 1.849(7), Li(2)-O(5)
(1;)318(7), Li(3)-O(1) 1.861(7), Li(3-O(3) 1.841(8), Li(3)-O(6) 1.838-
(7), 1.818(7), and 1.838(8) A, respectively. Once again, the
O(5)—Li(2) and O(6)-Li(3) (tricoordinated Li) bond dis-
tances are shorter than Of4)i(1) (tetracoordinated Li). The
average L+O(3) (triply bridging OBn) bond distance of
1.935(7) A is longer than those of 1.894(6) and 1.898(6) A
observed in compleR. These results are consistent with our
expectation that in comple® coordination of strong base
HMPA to Li cations would cause their Lewis acidity of Li
to decrease.
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Figure 7. ORTEP drawing ofL0 (methyl C atoms of théBu groups and
all of the H atoms are omitted for clarity) with thermal ellipsoids drawn at
the 20% probability level. Selected bond distances (A): L@)1) 1.777-
(10), Li(1)—0O(3) 2.049(12), Li(1}O(5) 1.876(10), Li(2-O(2) 1.954(11),
Li(2)—0(3) 1.953(11), Li(2-O(7) 1.980(10), Li(2)-O(8) 2.047(12), Li-
(3)—0(3) 1.878(10), Li(3)-O(5) 1.836(12), Li(3)-O(7) 1.875(12), Li(4)
0O(2) 1.866(10), Li(4y-0(6) 1.749(10), Li(4yO(7) 2.011(11), Li(55-0O(1)
1.870(11), Li(5¥-0(2) 2.046(10), Li(51-O(3) 2.067(10), Li(5)-O(4) 1.965-
(12), Li(6)—0O(5) 2.118(11), Li(6)-O(6) 1.863(10), Li(6)-O(7) 2.010(11),
Li(6)—0O(9) 1.963(11).

The ORTEP drawing of compourid is depicted in Figure

Figure 8. Molecular structure of p,u>-EDBP)LI4(us-OCH,CH,OEt)-
(HMPA)]~ (methyl C atoms of théBu groups and all of the H atoms are
omitted for clarity) with thermal ellipsoids drawn at the 10% probability
level. Selected bond distances (A) and bond angles (deg): +@1})
1.878(11), Li(1)-O(2) 1.883(11), Li(1)}O(5) 1.998(11), Li(1)}-O(6) 2.091-
(11), Li(2)—0O(1) 1.859(13), Li(2y-O(4) 1.793(13), Li(2)-O(5) 1.889(12),
Li(3)—0O(3) 1.975(11), Li(3y0O(4) 2.012(10), Li(3)-O(5) 2.038(11), Li-
(3)—0(7) 1.942(10), Li(4y-O(2) 1.851(11), Li(4y-O(3) 1.798(11), Li(4y
0O(5) 1.967(10), Li(5)-0O(8) 1.892(12), Li(5)-O(9) 1.883(13), Li(5)-0O(10)
1.896(12), Li(5-0O(11) 1.900(12); O(8yLi(5)—0(9) 112.1(6), O(8yLi-

7. As determined by X-ray structure analysis, the hexanuclear(5)—0(10) 111.3(6), O(8}Li(5)-O(11) 107.3(6), O(9) Li(5) ~O(10) 106.6-

Li aggregatel0 contains three tricoordinated and three

tetracoordinated Li atoms. In contrast to the tricoordinated

Li atoms, the tetracoordinated Li atoms Li(2), Li(5), and Li-
(6) are additionally coordinated by O atoms of the ethoxy
group O(8) and O(4) and the THF oxygen O(9), with a Li-
(2)—0(8) bond distance of 2.047(12) A, a Li(5{(4) bond
distance of 1.965(12) A, and a Li(6)D(9) bond distance of
1.963(11) A. It was found that there are two doubly bridging
[O(1) and O(6)], two triply bridging [O(2) and O(5)], and
two quadruply bridging [O(3) and O(7)] O atoms. The
average bond distancest®O(3) (u-OCH,CH,OEt) [1.987-
(11) A] and Li—O(7) (u4-OCH,CH,OEt) [1.967(11) A] are
longer than those of EO(3) (us-OCH,CH,OELt) [1.901(9)
A] and Li—O(4) (us-OCH,CH,OEt) [1.915(9) A] of triply
bridging OCHCH,OEt groups in comples.

The molecular structure of compléxd shows that it is an
ionic compound composed of LIOGAH,OEt, EDBPL},

and HMPA in a 1:2:5 ratio. As can be seen, the anionic part

consists of one LIOCKCH,OEt, two EDBPLj, and one
HMPA molecules (Figure 8). Except for the O atom of the
OCH,CH,OEt group that is quadruply bridging, the EDBP
O atoms are doubly bridging. The average-O(5) (us-
OCH,CH,OEt) bond distance of 1.973(11) A is similar to
the values observed in complé&g. Coordination of HMPA

to tetracoordinated Li atom Li(3) results in a Li(3P(7)
(HMPA) bond distance of 1.942(10) A, which is slightly
longer than the Li(1)}O(4) (HMPA) bond distance of 1.900-
(7) A 'in the neutral comple®. In the cationic portion, Li-
(5) is coordinated by four HMPA molecules, resulting in a
distorted tetrahedral arrangement with an average ti(b)
(HMPA) bond distance of 1.893(12) A.

(6), O(9)-Li(5)—0O(11) 111.7(6), O(1BLi(5)—O(11) 107.8(6).

ROP of L-Lactide Using Complex 8 as an Initiator.As
the depletion of petrochemical feedstock draws near, the
demand for the production of useful and environmentally
friendly polymers is increasing for a sustainable future.
Recently, poly(lactides) have attracted a great deal of interest
because of their utility in the preparation of biocompatible
and biodegradable materials with a wide range of applica-
tions. Metal alkoxides have been used as effective initiators
for lactide polymerization, giving polymers with high molec-
ular weights in high yield$>2° A bulky ligand such as
EDBP has been used in our group for the preparation of the
catalyst/initiator with a single active site for ROP of lactide

(15) (a) Endo, M.; Aida, T.; Inoue, $Angew. Makromol. Chemi971, 15,
109. (b) Duda, A.; Florjanczyk, Z.; Hofman, A.; Slomkowski, S.;
Penczek, SMacromolecules99Q 23, 1640. (c) Aida, T.; Inoue, S.
Acc. Chem. Red.996 29, 39. (d) Kowalski, A.; Duda, A.; Penczek,
S. Macromol. Rapid Commuri998 19, 567. (e) Ko, B. T.; Lin, C.
C. Macromoleculesl999 32, 8296.

(a) Chisholm, M. H.; Eilerts, N. W.; Huffmann, J. C.; lyer, S. S.;

Pacold, M.; Phomphrai, KI. Am. Chem. So2000 122, 11845. (b)

Chisholm, M. H.; Huffmann, J. C.; Phomphrai, K. Chem. Soc.,

Dalton Trans.2001, 222.

(17) (a) Dittrich, W.; Schulz, R. CAngew. Makromol. Chen1971, 15,
109. (b) Aida, T.Prog. Polym. Sci1994 19, 469. (c) Cheng, M.;
Attygalle, A. B.; Lobkovsky, E. B.; Coates, G. W. Am. Chem. Soc.
1999 121, 11583. (d) Chamberlain, B. M.; Cheng, M.; Moore, D. R.;
Qvitt, T. M.; Lobkovsky, E. B.; Coates, G. WI. Am. Chem. Soc.
2001 123 3229.

(18) (a) Kim, S. H.; Han, Y. K.; Kim, Y. H.; Hong, S. Makromol. Chem.
1992 193 1623. (b) Sawhney, A.; Pathak, C. P.; Hubbell, J. A.
Macromoleculesl993 26, 581. (c) Zhang, X.; MacDonald, D. A.;
Goosen, M. F. A.; McAuley, K. BJ. Polym. Sci., Part A: Polym.
Chem.1994 32, 2965. (d) Han, D. K.; Hubbell, J. AMacromolecules
1996 29, 5233. (e) Kricheldorf, H. R.; Kreiser-Saunders, I.; Stricker,
A. Macromolecule00Q 33, 702.

(16)
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Table 1. ROP ofL-Lactide Initiated by Compoun8é (0.05 mmol, 3 h
in CH.Cl, (15 mL) at 0°C)
O

(o) =
[8] B
(¢} > \/O\/\O {)J\‘/O\[I/\O),H
e :
O
O
entry [M]o/[8]o PDI Mp(obsd} Mn (NMR)®  CY (%)
1 50 1.06 5200 (3000) 2800 96
2 75 1.07 7600 (4400) 3900 91
3 100 1.07 10800 (6300) 4900 94
4 150 1.06 15600 (9000) 9600 93

a Obtained from GPC analysis and calibrated by a polystyrene standard.
Values in parentheses are the values obtained from GPC time£20.58.
b Obtained from*H NMR analysis.

and lactoned! The ROP ofi-lactide by8 (0.05 mmol) as
an initiator was systematically examined in &Hp (15 mL)
at 0°C, as shown in Table 1. It was found that polymeriza-
tion of L-lactides proceeded smoothly, and com@eacted
as an efficient initiator for the ROP aflactide. Conversion
of L-lactide reached more than 91% witt8 h (entries +4).
However, the polydispersity indexes (PDIs) of paky(
lactide)s (PLLAS) obtained at @C were quite low, ranging
from 1.06 to 1.07, and a linear relationship between the
number-average molecular weighd{) and the monomer-
to-initiator ratio (My/lo) was observed. ThtH NMR spec-
trum of PLLA reveals the presence of one £HH,0Et ester
and one hydroxy chain end with the/Hi/Hg/Hgy, ratio of
3:2:2:3, suggesting that an initiation occurs through insertion
of the OCHCH,OEt group from compound into L-lactide.
Furthermore, the homonuclear decouglddNMR spectrum
reveals only one resonance @t.16 ppm in the methine
region, indicating that epimerization of the chiral centers in
PLLA did not occur.

In conclusion, we have discovered several novel Li aggre-

Huang et al.

skeleton. Experimental results also show that compdind
efficiently initiates the ROP of-lactide with a narrow PDI.
Studies are presently underway to investigate the use of alter-
native solvent systems as well as anions that carry covalently
attached Lewis basic sites.

Experimental Section

General Procedures All manipulations were performed under
a dry N, atmosphere using standard Schlenk techniques. All
glassware was flame-dried under vacuum before use. Solvents were
dried and degassed according to established literature precedents
and then stored over 4-A molecular sieves before udactide,
n-butanol, benzyl alcohol, 2-ethoxyethanol, hexamethylphosphor-
amide (HMPA), and deuterated solvents were purified before use.
2,2-Ethylidenebis(4,6-dtert-butylphenol) (EDBP) antBulLi (2.5
M in hexane) were used as purchaseds,j(s-EDBP)Liy][(z3-"-
Bu)Li(0.5E£0)]2 (1) and [{us,us-EDBP)Li]o[(1s-OR)Li]2 [R = Bn
(2) and CHCH,OEt (3)] were prepared according to the reported
method!!? 'H NMR spectra were recorded on a Varian Mercury-
400 (400 MHz) or a Varian Gemini-200 (200 MHz) spectrometer
with chemical shifts given in ppm from the internal tetramethyl-
silane. Microanalyses were performed using a Heraeus-€BiN
RAPID instrument. IR spectra were obtained on a Bruker Equinox
55 spectrometer. The gel permeation chromatography (GPC) mea-
surements were performed on a Hitachi L-7100 system equipped
with a differential Bischoff 8120 RI detector using THF (high-
performance liquid chromatography grade) as an eluent. Molecular
weight and molecular weight distributions were calculated by using
polystyrene as the standardCgution! HMPA is a carcinogenic
material)

[(#3,13-EDBP)Li ] [(3-O"Bu)Li] » (4). n-Butanol (0.18 mL,
2.0 mmol) was added slowly to an ice cold solution°@) of 1
(1.10 g, 1.0 mmol) in toluene (20 mL). The mixture was stirred
for 2 h and then dried in vacuo. The residue was extracted with
25 mL of hexane, and the extract was then concentrated to ca. 5 mL
and cooled to-20 °C, giving a white crystalline solid. Yield: 0.82 g

gates. Their structures have been elucidated by spectroscopi&w%)- Crystals suitable for X-ray structure determination were

techniques as well as X-ray diffraction. It is interesting to

note that, in the presence of Lewis basic solvents such as

THF and HMPA, hexanuclear Li complexek<4) engender
rearrangement and solvation to yield various kinds of
solvated Li aggregates, with their nuclearities being dramati-
cally dependent on the basicity of the solvent. Treatment of
5 with a variety of alcohols in THF gives pentalithium alk-
oxide complexesg—8) by simple displacement of the alkyl
group with an alkoxy group without drastic changes in its

(19) (a) McLain, S. J.; Ford, T. M.; Drysdale, N. Bolym. Prepr. (Am.
Chem. Soc., Di Polym. Chem.1992 33, 463. (b) Leborgne, A.;
Pluta, C.; Spassky, \Macromol. Rapid Commuri994 15, 955. (c)
Stevels, W. M.; Ankone, M. T.; Dijkstra, P. J.; Feijen,Macromol-
ecules1996 29, 3332. (d) Li, S. M.; Rashkov, |.; Espartero, L.;
Manolova, N.; Vert, M.Macromoleculesl996 29, 57.

(20) (a) Jedlinski, Z.; Walach, WMakromol. Chem1991, 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.
Macromoleculed999 32, 2400. (c) Simic, V.; Spassky, N.; Hubert-
Pfalzgraf, . G.Macromoleculed997, 30, 7338. (d) Deng, X.; Yuan,
M.; Xiong, C.; Li, X. J. Appl. Polym. Sci1999 73, 1401.

(21) (a) Wu, J.; Yu, T.-L.; Chen, C.-T,; Lin, C.-Coord. Chem. Re 2006,
250, 602 and references cited therein. (b) Hsueh, M.-L.; Huang, B.-
H.; Yu, T.-L.; Wu, J.; Lin, C.-C.Macromolecule005 37, 9482.

(22) Mn(GPC) is multiplied by a factor of 0.58, giving the actudj, of
poly(lactide). Baran, J.; Duda, A.; Kowalski, A.; Szymanski, R.;
Penczek, SMacromol. Rapid Commuri997, 18, 325.
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obtained from a saturated hexane solution at room temperature.
Anal. Calcd for GgH10¢0sLis: C, 76.96; H, 10.07. Found: C, 76.45;
H, 10.26.1H NMR (—20 °C, CDCk, ppm): 6 7.51 (d, 2H, Ph,)
= 2.4 Hz); 7.23 (d, 2H, Ph] = 2.4 Hz); 7.22 (d, 2H, Ph] = 2.4
Hz); 7.02 (d, 2H, Ph) = 2.4 Hz); 5.64 (q, 2H, B(CH3), J=7.2
Hz); 3.68, 3.60 (m, 4H, OB,CH,CH,CHjy); 1.54 (d, 3H, CH(El3),
J = 7.2 Hz); 1.48, 1.38, 1.29, 1.20 (s, 72HBu); 1.42 (br, 4H,
OCH,CH,CH,CHy); 1.27 (br, 4H, OCHCH,CH,CHs); 0.87 (t, 6H,
OCH,CH,CH,CH3). IR (KBr, cm™1): 3492.4 (m), 2960.9 (s),
2906.5 (s), 2870.3 (s), 1618.7 (m), 1475.6 (s), 1466.4 (s), 1438.9
(s), 1414.7 (m), 1389.3 (m), 1361.4 (s), 1293.2 (s), 1263.3 (s),
1235.0 (s), 1199.8 (m), 880.4 (m), 829.7 (m), 745.7 (m), 531.1 (s).
Mp: 142—-144°C (dec).

[(425-EDBP).Li o THF) [(u=-"BU)Li] (5). THF (0.48 mL,
6.0 mmol) was added slowly to a solutionDf2.20 g, 2 mmol) in
15 mL of toluene. The mixture was stirredrfb h and evaporated
to dryness in vacuo. The residue was extracted with 20 mL of
hexane, and the extract was concentrated to a saturated solution
followed by cooling to—20 °C to give colorless crystals. Yield:
1.37 g (62%). Anal. Calcd for gH11806Lis: C, 77.95; H, 10.27.
Found: C, 78.27; H, 10.32H NMR (C¢De, ppm): 6 7.69 (d, 4H,
Ph,J = 2.8 Hz); 7.34 (d, 4H, PhJ) = 2.8 Hz); 5.60 (q, 2H,
CH(CHg), J= 7.2 Hz); 2.88 (m, 8H, OH,CH,); 1.80 (d, 6H, CH-
(CH3), J = 7.2 Hz); 1.60, 1.52, 1.50, 1.49, 1.45, 1.42 (s, 72H,
C(CH3)3); 1.35 (m, 2H, CHCH,CH,CHg); 1.23 (m, 2H, CH-
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CH,CH,CHg); 1.05 (m, 8H, OCHCH,); 0.86 (t, 3H, CHCH,- (s), 1437.1(s), 1415.9 (s), 1386.4 (s), 1360.3 (s), 1333.6 (m), 1299.5

CH,CHg); —0.24 (m, 2H, ®,CH,CH,CHz). IR (KBr, cm™3): (s), 1265.5 (s), 1234.4 (s), 1199.4 (s), 1141.1 (m), 1047.1 (s), 1028.2

3490.8 (m), 2959.3 (s), 2906.0 (s), 2871.4 (s), 1620.4 (m), 1475.9 (s), 903.9 (m), 879.6 (s), 834.9 (s), 785.6 (s), 748.5 (m), 681.5

(s), 1439.3 (s), 1415.6 (m), 1388.9 (m), 1361.3 (s), 1294.3 (s), (M), 603.6 (m), 533.7 (s), 467.9 (s). Mp: 14648 °C (dec).

1264.4 (s), 1236.1 (s), 1200.3 (m), 1046.2 (m), 879.4 (m), 830.3  [(u2,u3-EDBP).Li s(THF) 3][(#4-O"Bu)Li] (7). THF (10 mL) was

(m), 785.3 (m), 538.8 (s). Mp: 131133 °C (dec). added slowly to4 (1.06 g, 1.0 mmol). The mixture was stirred for
[(#2,u3-EDBP),LI 4(THF) 3][(u#4-OBN)Li] (6). THF (10 mL) was 1 h at room temperature and evaporated to dryness in vacuo. The

added slowly t® (1.13 g, 1.0 mmol). The mixture was stirred for  residue was extracted with 50 mL of hot hexane, and the extract

1 h at room temperature and evaporated to dryness under vacuumwas concentrated to ca. 10 mL and cooled-@0 °C to furnish a

The residue was extracted with 50 mL of hot hexane, and the extractwhite crystalline solid. Yield: 0.86 g (72%). Crystals suitable for

was concentrated to ca. 15 mL and cooled20 °C to give a X-ray structure determination were obtained from a hot hexane

white crystalline solid. Yield: 1.02 g (83%). X-ray quality crystals

solution. Anal. Calcd for &H12:0gLis: C, 76.23; H, 10.18.

were grown from a hot saturated hexane solution. Anal. Calcd for Found: C, 75.84; H, 10.1XH NMR (CDCl;, ppm): 6 7.33 (d,

CroH11OsLis: C, 77.05; H, 9.74. Found: C, 76.65; H, 9.381
NMR (CDCls, ppm): 6 7.34 (d, 4H, PhJ = 2.8 Hz); 6.98 (d, 4H,
Ph,J = 2.8 Hz); 7.19-7.32 (m, 5H, Ph); 5.26 (q, 2H, {CH3), J
= 6.8 Hz); 4.81 (s, 2H, OB,Ph); 3.04 (m, 12H, O8,CH,, J =
2.8 Hz); 1.55 (m, 12H, OCHCH,, J = 2.8 Hz); 1.48 (d, 6H, CH-
(CHs), J = 6.8 Hz); 1.3, 1.23 (s, 72H, C{d3)3). IR (KBr, cmY):

4H, Ph,J = 2.0 Hz); 6.99 (d, 4H, Ph) = 2.0 Hz); 5.18 (q, 2H,
CH(CHa), J = 7.2 Hz); 3.65 (t, 2H, OB,CH,CH,CHs, J = 6.8
Hz); 3.13 (m, 12H, O@L,CH,, J = 3.2 Hz); 1.59 (m, 12H,
OCH,CH,); 1.49 (d, 6H, CH(®l3), J = 7.2 Hz); 1.35 (m, 2H,
OCH,CH,CH,CHs); 1.21 (m, 2H, OCHCH,CH,CH3)); 1.39, 1.23
(s, 72H, C(Gl3)3); 0.88 (t, 2H, OCHCH,CH,CH3, J = 7.2 Hz).

3489.9 (m), 2959.1 (s), 2904.3 (s), 2874.0 (s), 1626.5 (m), 1464.5 IR (KBr, cm™1): 3488.0 (m), 2955.3 (s), 2905.4 (s), 2871.4 (s),

Table 2. Crystallographic Data of the Structure DeterminatiordefL1

4 5 6 7
empirical formula @8H 10d_i 606 C72H113Li 506 C79H11d_i 508 C76H 121Li 503
fw 1061.16 1109.32 1231.44 1197.43
cryst syst monoclinic triclinic monoclinic orthorhombic
space group C2lc P1 P2(1)h P2(1)2(1)2(1)
alA 11.1282(13) 13.6331(14) 13.5458(7) 13.6569(9)
b/A 24.288(3) 14.5892(16) 19.4938(10) 19.4510(13)
c/A 25.495(3) 19.921(2) 29.5675(15) 29.4656(18)
o/deg 90 69.698(2) 90 90
pldeg 99.113(2) 80.975(2) 91.8430(10) 90
yldeg 90 79.289(2) 90 90
VIA3 6804.0(14) 3633.0(7) 7803.5(7) 7827.3(9)
z 4 2 4 4
Deated (Mg/md) 1.036 1.014 1.048 1.016
abs coeff/mm? 0.062 0.061 0.064 0.062
F(000) 2320 1216 2688 2624
reflns collected 19 167 20712 43 796 44 560
indep refins 6698R(int) = 0.0518] 14081 R(int) = 0.0367] 15333IR(int) = 0.0536] 15288 R(int) = 0.0516]
data/restraints/param 6698/0/361 14081/0/754 15333/0/829 8000/0/803
R12 0.0873 0.0793 0.0779 0.0593
WR2 0.2522 0.2020 0.2221 0.1530
GOF 1.161 1.039 1.067 1.043
min, max residual density/(ePf 0.450,—0.236 0.465;-0.296 0.444-0.325 0.441-0.229

8 9 10 11
empirical formula GGHIZIU 509 C55H10d_i3N906P3 C72H114Li 509 C94H 187Li 5N15011P5
fw 1213.43 1102.21 1165.27 1893.14
cryst syst monoclinic triclinic monoclinic monoclinic
space group P2(1)h P1 Cc P2(1)lc
alA 13.4259(7) 11.3654(9) 22.535(2) 21.8309(19)
b/A 19.2911(10) 13.9750(10) 19.1567(18) 24.2606(19)
c/A 29.6849(16) 22.8886(18) 18.9544(18) 23.288(2)
o/deg 90 79.727(2) 90 90
pldeg 92.5030(10) 78.357(2) 114.063(2) 96.353(2)
yldeg 90 84.433(2) 90 90
VIA3 7681.1(7) 3496.5(5) 7471.5(12) 12258.4(18)
z 4 2 4 4
Deaicd (Mg/md) 1.049 1.047 1.036 1.026
abs coeff/mm? 0.065 0.132 0.065 0.128
F(000) 2656 1200 2544 4136
reflns collected 43 415 20 007 21 050 64 009
indep reflns 15087R(int) = 0.0962] 13572IR(int) = 0.0406] 12915R(int) = 0.0720] 21556[R(int) = 0.2304]
data/restraints/param 15 087/0/812 13 572/0/685 12 915/0/785 21 556/0/1180
R1P 0.0679 0.0849 0.0583 0.0757
wR2 0.1455 0.2116 0.0893 0.1338
GOH 1.078 1.079 0.960 1.063
min, max residual density/e & 0.471,—-0.313 0.599;-0.386 0.213;-0.239 0.302;-0.210

AR1 = |Z(IFol — IFel)/ZIFoll. ®WR2 = {T[W(Fo? — FAZ/T[W(Fe?)F} Y2 w = 0.10.¢ GOF = [YW(Fo? — F)(Nrfins — Npapam3] /2
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1617.5 (m), 1476.0 (s), 1439.8 (s), 1415.6 (m), 1388.8 (m), 1361.2 (s), 1082.4 (m), 1066.8 (m), 1041.6 (m), 905.5 (m), 877.8 (m),
(s), 1294.6 (s), 1264.4 (s), 1236.0 (s), 1200.5 (s), 1156.9 (M), 1047.5831.5 (m), 804.1 (m), 784.7 (m), 751.2 (m), 634.9 (m), 577.0 (m),

(s), 904.9 (s), 829.9 (s), 747.3 (s), 699.1 (s), 597.3 (s), 526.1 (S).
Mp: 150-152°C (dec).

[(#2,13-EDBP):Li 4(THF) 3][(#4-OCH,CHLOEL)LI] (8). A n-
BuLi solution (8.0 mL, 2.5 M in hexane, 20.0 mmol) was slowly
added to a mixture of EDBP (3.52 g, 8.0 mmol), 2-ethoxyethanol
(0.38 mL, 4 mmol), and THF (0.96 mL, 12 mmol) in toluene (20
mL) at 0°C. The mixture was stirred fdl h atroom temperature

537.0 (m). Mp: 176-172°C (dec).

[([lz,[lz-EDBP)le 4([!4-OCHQCHzoEt)(HMPA)][LI-
(HMPA) 4] (11). HMPA (1.05 mL, 6.0 mmol) was added slowly
to a solution of3 (1.09 g, 1.0 mmol) in toluene (20 mL). The mix-
ture was stirred fiol h and evaporated to dryness under vacuum.
The residue was extracted with 50 mL of hot hexane, and the extract
was concentrated to ca. 10 mL and cooled-t20 °C to yield a

and evaporated to dryness under vacuum. The residue was washeghite solid. Yield: 1.18 g (62%). Crystals suitable for X-ray dif-

twice with 10-mL portions of hexane, and the precipitate was dried
in vacuo to give a white solid. Yield: 3.13 g (65%). X-ray-quality
crystals were grown from a hot saturated hexane solution. Anal.
Calcd for GgH12100Lis: C, 75.22; H, 10.05. Found: C, 75.44; H,
9.96.'H NMR (CDCl;, ppm): 6 7.29 (d, 4H, PhJ = 2.4 Hz);
6.99 (d, 4H, PhJ = 2.4 Hz); 5.04 (g, 2H, B(CHg), J = 7.2 Hz);
3.97 (t, 2H, O®H,CH,OEt, J = 4.4 Hz); 3.48 (t, 2H, OCKCH,-
OEt,J = 7.2 Hz); 3.26 (m, 12H, OB,CH,); 3.20 (g, 2H, OEi,-
CHs, J=7.2 Hz); 1.64 (m, 12H, OC}KCH,); 1.43 (d, 6H, CH(El5),
J=17.2 Hz); 1.40, 1.23 (s, 72H, C{)3); 0.29 (t, 3H, OCHCHj,
J = 7.2 Hz). IR (KBr, cnt?): 2960.3 (s), 2904.5 (s), 2868.5 (s),
1474.3 (s), 1439.0 (s), 1388.2 (m), 1360.3 (s), 1331.7 (m), 1300.3
(s), 1264.4 (s), 1232.8 (s), 1198.5 (m), 1120.0 (m), 1104.0 (s),
1082.2 (m), 1066.8 (m), 1041.9 (m), 905.3 (m), 877.8 (m), 831.2
(m), 803.9 (m), 784.7 (m), 577.0 (m), 534.9 (m). Mp: 18B2°C
(dec).

[(#2,12-EDBP)Li2(HMPA) 5][(#3-OBn)Li(HMPA)] (9). HMPA
(2.05 mL, 6.0 mmol) was added slowly to a solution20f1.13 g,
1.0 mmol) in toluene (20 mL). The final mixture was stirred for
1 h and evaporated to dryness under vacuum. The residue wa:
extracted with 50 mL of hot hexane, and the extract was concen-
trated to ca. 5 mL and cooled t620 °C to yield a white solid.
Yield: 0.88 g (80%). Crystals suitable for X-ray diffraction were
grown in a hot saturated hexane solution. Anal. Calcd for
C55H105N906P3Li3: N, 11.65; C, 59.82; H, 9.54. Found: N, 11.44;
C, 59.93; H, 9.60!H NMR (C¢Dg, ppm): ¢ 7.32-7.86 (m, 9H,
Ph); 5.77 (g, 1H, €(CHs), J = 7.2 Hz); 5.46 (s, 2H, OB,Ph);
2.22 (d, 54H, N(CH)2, J4—p = 9.2 Hz); 1.94 (d, 3H, CH(H3), J
= 7.2 Hz); 1.89, 1.59 (s, 36H, C{%)3).

[(p2,u3-EDBP),Li f(THF)][( #4-OCH,CH,OEt)Li] » (10). THF
(0.24 mL, 3.0 mmol) was added slowly to a solutiordof1.09 g,
1.0 mmol) in 10 mL of toluene. The mixture was stirred for 1 h
and evaporated to dryness in vacuo. The residue was extracted wit
40 mL of hexane, and the extract was concentrated to ca. 10 mL
and cooled to—20 °C to produce a white solid. Yield: 0.91 g
(78%). Crystals suitable for X-ray diffraction were grown from a
saturated hexane solution. Anal. Calcd fephdi1/OoLis: C, 74.21;
H, 9.86. Found: C, 73.71; H, 9.284 NMR (CDCl;, ppm): 6
6.98-7.39 (m, 8H, Ph); 5.57 (g, 2H, F(CH5)), 4.77 (br, 2H,
CH(CHg)); 3.76-3.95 (m, 4H, OGi,CH,OEt); 3.45 (m, 4H,
OCH,CH,OEY); 3.43 (m, 4H, OE,CH,); 3.16-3.32 (m, 4H,
OCH,CHj); 1.70 (m, 4H, OCHCH,); 1.46 (d, 6H, CH(C®l3), J =
6.8 Hz); 1.40, 1.30, 1.28, 1.25, 1.24, 1.20, 0.75 (s, 72H, GI§H
0.85 (t, 6H, OCHCHg3, J = 7.2 Hz). IR (KBr, cnTl): 2958.8 (s),
2904.4 (s), 2868.4 (s), 1472.5 (s), 1439.0 (s), 1388.3 (m), 1360.0

fraction were grown from a saturated hexane solution. Anal. Calcd
for C94H187N15011P5Li5: N, 11.10; C, 59.64; H, 9.96. Found: N,
11.70; C, 59.49; H, 9.38H NMR (CgDg, ppm): 6 6.91-7.13 (m,

8H, Ph); 5.14 (q, 2H, 8(CHy), J = 7.2 Hz); 3.86 (br, 2H, O8,-
CH,OEt); 3.08 (br, 2H, OE,CHj); 2.58 (d, 90H, N(CH)2, Ju—p

= 8.8 Hz); 1.49 (d, 6H, CH(H3), J= 7.2 Hz); 1.40, 1.19 (s, 72H,
C(CHa)3); 0.21 (br, 3H, OCHCHy).

Polymerization of L-Lactide Initiated by 8. A typical polym-
erization procedure is exemplified by the synthesis of PLLA-50
(the number 50 indicates the designed [b/f8]o) at 0 °C. The
conversion yield (96%) of PLLA-50 was analyzed Byt NMR
spectroscopic studies. To a rapidly stirred solutior8Bd0.06 g,
0.05 mmol) in dichloromethane (5 mL) was added a solution of
I-lactide (0.36 g, 2.5 mmol) in dichloromethane (10 mL). The
reaction mixture was stirred at°C for 3 h, during which time an
increase in the viscosity was observed. The mixture was then
quenched by the addition of an aqueous acetic acid solution (0.35
N, 10 mL), and the polymer was precipitated as a white solid by

Spouring the mixture intm-hexane (50 mL). Yield: 0.26 g (72%).

X-ray Crystallographic Studies. Suitable crystals of—11were
sealed in thin-walled glass capillaries under adtmosphere and
mounted on a Bruker AXS SMART 1000 diffractometer. Intensity
data were collected in 1350 frames with increasingwidth of
0.3 per frame). The absorption correction was based on symmetry-
equivalent reflections using tt®ADABSrogram. 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 usin§HELXTL
package. All non-H atoms were located from successive Fourier
maps, and H atoms were refined using a riding model. Anisotropic
thermal parameters were used for all non-H atoms, and fixed

H’sotropic parameters were used for H atoms. Crystallographic data

are given in Table 2.
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Supporting Information Available: Further details of the
crystal structure determination éf-11 (CIF), the polymerization
of L-lactide initiated by8 in CH,CI, at 0°C (Figure S1), and the
IH NMR spectrum of PLLA-100 initiated by8 (Figure S2).
This material is available free of charge via the Internet at
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(s), 1300.9 (s), 1265.0 (s), 1232.6 (s), 1198.4 (m), 1120.0 (s), 1104.21CO60467W
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