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’ INTRODUCTION

In recent years the ring-opening polymerization (ROP) of
cyclic esters has received increasing attention from both aca-
demic and industrial points of view mainly because the resulting
polymers have found use in high value biomedical applications
because of their biodegradable, biocompatible, and permeable
properties.1 Doubtless, the most commonly studied cyclic ester is
lactide which can be obtained from renewable resources such as
corn starch, thus suggesting its derived polymer, polylactide
(PLA), as a viable alternative to traditional petrochemical
commodity polymers.2 The industrial scale production of PLA
relies on the use of Sn(II) initiators. However, these are difficult
to remove3 from the resultant polymer and there are concerns
over the toxicity of tin.1c This drawback has prompted the
development of “benign” polymerization initiators from which
biomedical grade polymers could be obtained,1,2 and numerous
zinc,4 magnesium,4c,d,5 calcium,6 and iron7 complexes have been
prepared and screened in ROP processes. Even more recently in
this context the alkali metals have emerged as very attractive
alternatives because of their low cost and low toxicity,2d,8 and a
range of Group 1 alkoxides have been prepared and shown to be
active toward the ROP of cyclic esters.2d It is noteworthy that
simple alkoxides (i.e., LiOtBu9 or KOtBu10) exhibit useful activity
in ROP of cyclic esters, but they suffer from undesirable back-
biting and transesterification reactions. More recently, these side
reactions have been minimized by using sterically demanding
diols11-13 which provide a steric barrier around the active metal
center. For example, the lithium11 and sodium12 derivatives of
2,20-ethylidene-bis(4,6-di-tert-butylphenol) (EDBPH2) were
proven to be very active initiators in the ROP of L-lactide,

exhibiting a highly controlled polymerization with low molecular
weight distributions in the resulting polymers. However, most of
these systems exhibit a high structural complexity including the
presence of various chemical environments for the metal centers
and/or the coordination of hydrogen bonded alcohols and
solvent molecules, which makes it difficult to extract information
about the structural features responsible for the controlled
polymerization observed.

In this context, we have recently reported the synthesis of a family
of simple, well-defined Group 1 metal aryloxides supported by the
tris(2-dimethylaminoethyl)amine (Me6TREN) ligand.14 In addi-
tion to a number of tetrameric complexes, use of bulky aryloxide
anions led to the isolation of two sodium complexes exhibiting
simple monomeric structural motifs. In spite of the possible
advantages that this type of monomeric complexes can present
for catalytic applications, well-characterized examples are still rare in
the chemistry of Group 1metal alkoxides or aryloxides.15 Therefore,
those new monomeric complexes, [Na(OArBu)(Me6TREN)] (1)
and [Na(OArMe)(HOArMe)(Me6TREN)] (2) (HOArBu = 2,6-
di(tert-butyl)-4-methylphenol and HOArMe = 2,4,6trimethylphe-
nol) (Figure 1), seemed ideal candidates to be tested as simple
initiators in the ROP of rac-lactide. To extend the scope of our
polymerization studies, herein we also report the preparation of
three new well-defined sodium complexes of 2,6-substituted aryl-
oxide anions, stabilized by the more commonly employed poly-
dentate amines N,N,N0,N0-tetramethylethylenediamine (TMEDA)
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ABSTRACT:Metalation of 2,4,6-tri(methyl)phenol (MeArOH) and
2,6-di(tert-butyl)-4-methylphenol (BuArOH) with NaN(SiMe3)2 in
toluene and in the presence of stoichiometric amounts of the poly-
dentate aminesN,N,N0,N0-tetramethylethylenediamine (TMEDA) and
N,N,N0,N00,N00-pentamethyldiethylenetriamine (PMDETA) affords
three new sodium aryloxide complexes [Na(μ-OArBu)(TMEDA)]2
(3), [Na(μ-OArMe)(PMDETA)]2 (4), and [Na(OAr

Bu)(PMDETA)]
(5). Complexes 3 to 5 have been isolated as crystalline materials in
reasonable yields and characterized in the solid state by X-ray crystallography and in solution byNMR spectroscopy. Complexes 3 to
5 and the related [tris(2-dimethylaminoethyl)amine] (Me6TREN) derivatives [Na(OArMe)(HOArMe)(Me6TREN)] (1) and
[Na(OArBu)(Me6TREN)] (2), recently prepared in our group, are shown to be active as initiators for the ring-opening
polymerization (ROP) of rac-lactide with benzyl alcohol as a co-initiator. However, during the course of the polymerization
reactions intrachain and stereorandom transesterification side-reactions were observed under some of the experimental conditions
tested.
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and N,N,N0,N00 ,N00-pentamethyldiethylenetriamine (PMDETA)
(Figure 1).

’RESULTS AND DISCUSSION

Synthesis and Characterization of Sodium Aryloxide
Complexes 3, 4, and 5. All the new complexes (3-5) have
been synthesized by simple metalation reactions. Thus, upon
addition of a 1:1 stoichiometric amount of the desired phenol to a
toluene solution ofNaN(SiMe3)2 and the appropriate Lewis base
(Scheme 1) the new complexes were obtained cleanly in reason-

able isolated yields, with the exception of a 1:1:1 reaction mixture
of MeArOH, NaN(SiMe3)2, and TMEDA (A) which did not
result in a soluble complex. We have recently observed a similar
situation for a related lithium aryloxide complex,16 and suggest
that such insolubility is attributed to the formation of high
molecular weight oligomeric complexes because of the availabil-
ity of only a bidentate donor ligand.17

The structural characterization of the new complexes has been
carried out by a combination of X-ray crystallography and NMR
spectroscopy. Complexes 3 and 4 are dimeric and crystallize in
the centrosymmetric space group P1 (see Figure 2 and Table 1).
Although both complexes possess a similar and perfectly planar
central Na2O2 ring [sum of endocyclic angles: 359.8� (3) and
360.0� (4)], the coordination geometry around the metal centers
differs because of the different denticity of the N-donor ligands.
Thus, in the TMEDA complex 3 the metal centers are four-
coordinate exhibiting a distorted tetrahedral geometry [mean
deviation from 109.5�: 26� for Na(1) and 25� for Na(2)],
whereas the five-coordinate Na atoms in the PMDETA derivative
4 have a distorted trigonal bipyramidal geometry. In spite of these
differences in coordination number and geometry the Na-O or
Na-N bond distances remain similar for both complexes
[average distances: Na-O 2.307 (3), 2.293 Å (4) and Na-N
2.692 (3), 2.646 Å (4)]. This observation probably reflects a
balance between the electronic saturation of the metal centers,
four (3) versus five-coordinated (4), and the steric hindrance
generated by the ortho alkyl substituents of the phenolate bridges,
tBu (3) versus Me (4). The Na-O bond lengths found for the
central rings in 3 and 4 are marginally longer than those
previously found in the related dimers [Na(μ-OC6H3-2,6-

tBu2)-
(THF)2]2 (2.276 Å),18 [Na(μ-OC6H3-2,4,6-

tBu3)(Et2O)]2
(2.226 Å),19 and [Na{μ-OC6H3-2,6-(CF3)2}(THF)2]2 (2.264
Å).20 Another point of interest is the presence of short Na 3 3 3C
interactions in complex 3. Thus, the aromatic rings are slightly bent
toward the metal centers, facilitating Na-C(ipso) interactions

Figure 1. Ligands employed in this work (top), and schematic repre-
sentations of the previously reported Me6TREN complexes (bottom).

Scheme 1. Synthesis of New Complexes

Figure 2. ORTEP diagrams of complexes 3 (left) and 4 (right), ellipsoid probability at 30% and hydrogen atoms omitted for clarity. Selected bond
distances [Å]: 3 Na(1)-O(1) 2.364(2), Na(1)-O(2) 2.258(2), Na(2)-O(1) 2.254(2), Na(2)-O(2) 2.352(2), Na(1)-N(1) 2.745(3), Na(1)-
N(2) 2.639(3), Na(2)-N(3) 2.701(3), Na(2)-N(4) 2.682(2); 4 Na(1)-O(1) 2.238(2), Na(1)-O(2) 2.300(2), Na(2)-O(1) 2.300(2), Na(2)-
O(2) 2.333(2), Na(1)-N(1) 2.745(2), Na(1)-N(2) 2.564(2), Na(1)-N(3) 2.674(2), Na(2)-N(4) 2.568(2), Na(2)-N(5) 2.663(2), Na(2)-
N(6) 2.662(2).
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[Na(1)-C(40) 3.097(3) and Na(2)-C(20) 3.123(3) Å] com-
parable to those described as Na-C π-bonding interactions in
the above-mentioned complex [Na(μ-OC6H3-2,4,6-

tBu3)-
(OEt2)]2 [3.004(2) Å].19 In addition, the metal centers in 3

are further stabilized by intramolecular Na 3 3 3CH3 interactions,
with the two shortest Na 3 3 3C distances, Na(1) 3 3 3C(50)
2.961(4) Å� and Na(2) 3 3 3C(29) 3.090(4) Å; values close to
the range found for the sodium silanide complex [NaSi-
(SiMe3)3]2 (2.85-3.05 Å).21

In contrast, compound 5 (Figure 3 and Table 1) exhibits a
monomeric structural motif in the solid state crystallizing in the
monoclinic space group P21/n. The coordination geometry
around the sodium center is again far from ideal tetrahedral,
with angles ranging from 135� to 75�. As expected for a terminal
phenolate, the Na-O bond length [2.100(2) Å] is shorter than
those above-discussed for complexes 3 and 4 with bridging
aryloxides. It is also shorter than the values previously reported
by us for the monomeric sodium aryloxides [Na(OArBu)(Me6-
TREN)] (1), 2.262(3) Å, and [Na(OArMe)(HOArMe)(Me6-
TREN)] (2), 2.270(2) Å,14 this most likely being a consequence
of the lower coordination number of the sodium center in
complex 5 (four- vs five-coordinate). Consequently, the Na-N
bond distances in 5 are also significantly shorter (ca. 0.2 Å) than
those found for the dimeric complexes 3 and 4, and similarly,
slightly shorter than those found in the Me6TREN complexes
mentioned above.
In the solution state, crystalline samples of complexes 3-5 are

soluble in C6D6; hence a NMR spectroscopic study of all
complexes was possible. In all cases the available spectroscopic
data are consistent with the solid state structure and in particular
with the high pseudosymmetry of all these complexes. For
example, 1H NMR of complexes 3-4 displays only one set of

Table 1. Crystal Data for the Structures Reported

3 4 5

mol formula C42H78N4Na2O2 C36H68N6Na2O2 C24H46N3NaO

mol wt 717.07 662.94 415.63

cryst syst triclinic triclinic monoclinic

space group P1 P1 P21/n

radiation (λ, Å) 0.71073 0.71073 0.71073

a (Å) 10.1610(4) 11.4470(2) 10.1480(4)

b (Å) 12.5230(4) 13.6090(3) 15.6060(6)

c (Å) 18.2140(6) 15.0490(3) 17.1010(7)

R (deg) 75.212(2) 94.0880(10) 90

β (deg) 82.060(2) 106.3490(10) 94.186(2)

γ (deg) 84.557(2) 114.6690(10) 90

V (Å3) 2215.11(13) 1995.78(7) 2701.06(19)

Z 2 2 4

Dcalc (g cm
-3) 1.075 1.103 1.022

μ (mm-1) 0.082 0.087 0.076

temp, K 150(2) 150(2) 150(2)

θ range (deg) 3.513-27.485 4.19-27.52 5.31-27.47

index ranges (h, k, l) -13,13; -16,16; -22,23 -14,14; -17,17; -18,19 -12,13; -20,20; -22,22

no. reflcns collected 29124 28124 38548

no. indep reflcns (Rint) 10071 (0.1327) 9114 (0.0806) 6136

R1, wR2 [I > 2σ(I)]a 0.0684, 0.1649b 0.0529, 0.1268c 0.062, 0.1434d

R1, wR2 (all data)
a 0.1307, 0.2094b 0.0919, 0.151c 0.1344, 0.1938d

GOF 1.009 1.022 1.058

restraints/parameters 0/451 0/431 0/274

ΔF(max,min), e Å-3 0.324, -0.338 0.216, -0.265 0.229, -0.27
a R1 = ∑||Fo|- |Fc||/∑|Fo|, wR2 = {∑w(Fo

2- Fc
2)2/∑w(Fo

2)2}1/2, w = 1/[σ2(Fo)
2þ (aP)2þ bP], where P = (Fo

2þ 2Fc
2)/3. b a = 0.0878, b = 1.1043.

c a = 0.0680, b = 0.4427. d a = 0.0654, b = 1.4148.

Figure 3. ORTEP diagram of complex 5, ellipsoid probability at 30%
and hydrogen atoms omitted for clarity. Selected bond distances [Å] and
angles [deg]: Na(1)-O(1) 2.100(2), Na(1)-N(1) 2.431(3), Na(1)-
N(2) 2.478(2), Na(1)-N(3) 2.438(2), O(1)-Na(1)-N(1) 123.-
91(9), O(1)-Na(1)-N(2) 135.81(9), O(1)-Na(1)-N(3) 120.16(9),
N(1)-Na(1)-N(2) 75.37(8), N(1)-Na(1)-N(3) 111.22(8),
N(2)-Na(1)-N(3) 76.22(8).
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resonances for each of the phenolate and N-donor ligands, in
agreement with the presence of a (noncrystallographic) inver-
sion center in the middle of the Na2O2 rhombi.
ROP of rac-Lactide. All sodium aryloxide complexes (1-5)

were screened as initiators in the ROP of rac-lactide in dichloro-
methane solution at room temperature (Table 2). Experiments
were carried out in both the absence and the presence of benzyl
alcohol (BnOH) as a co-initiator and with a variety of monomer/
initiator ratios.
As anticipated, all the complexes were found to be very active

in the ROP of rac-lactide, achieving almost complete conversions
in relatively short reaction times when a 100:1 (monomer/
initiator) ratio was used, and with the Me6TREN complexes 1
and 2 being significantly faster than those based on the TMEDA
and PMDETA supporting ligands. However, a particular com-
ment is required for complex 2 (entry 2) which, apart from being
comparatively slower than the other Me6TREN derivative 1 (57%
vs 99% conversion after 5 min), generates a final reaction mixture
containing small amounts of cyclic oligomers,22 pointing to the
presence of intrachain transesterification side reactions whichwill be
discussed later. It should be noted that for all initiators, only modest
control was observed under these experimental conditions as can be
inferred from the relatively high polydispersity indexes (PDI) and
the slightly unpredictable molecular weights of the resulting poly-
mers (entries 1-5 in Table 2).
For related Group 1 metal catalysts an improvement of the

control over polymerization has been observed upon addition of
benzyl alcohol as co-initiatior,11b,23 For the complexes 1-5,
when benzyl alcohol is added to the reaction media, before the

addition of the monomer, a much faster reaction was observed
with complete conversions achieved after only 5 min of reaction
for all the initiators under evaluation. Most importantly, the
resulting polymers exhibit much more predictable molecular
weights and lower PDI’s (entries 6-10 in Table 2). Also the
formation of small cyclic oligomers previously observed for
complex 2 in the absence of benzyl alcohol is suppressed. As
observed previously,11b,23 when benzyl alcohol is used as co-
initiator, the 1H NMR of the resulting polymers exhibit hydroxyl
and benzyl ester ending group. An observation consistent with
activation of the benzyl alcohol through hydrogen bond coordi-
nation to the phenolate oxygen atom, followed by insertion of the
benzyl oxide group in to the lactide carbonyl as the first steps in
the ROP mechanism (Scheme 2).
Another point of interest arises from the analysis of the

methine region of the homonuclear decoupled 1HNMR of these
polymers, which can be used to obtain information about their
microstructure.24 In this study, the probability of racemic en-
chainment (Pr) for all polymers is within the range 0.37-0.43,
which indicates a small isotactic bias (a value of 0.5 is expected for
a perfectly atactic polymer). However, we must note that even
when the iii tetrad, indicative of isotactic enchainment of lactide
units (-RRRR- or -SSSS-), is almost always the most prominent
signal there is an unusual enhancement of the isi tetrad (Figure 4,
top). We25 and others5a,26 have found previously that this
enhancement might be related to the presence of stereorandom
transesterification during the course of the polymerization reac-
tion (Scheme 3, top), which accounts for an increase of the
intensity of the iss, sss and ssi tetrads, all of which have an

Table 2. Results for the ROP of rac-Lactidea

entry initiator ([Lact]0/[Na]0):[BnOH]0 t (min) %conv.b Mw
c Mn,theorethical Mn

c PDIc Pr
d

1 1 100:0 5 99 57000 14391 37000 1.54 0.47

2 2 100:0 5 57* 9710 8427 7480 1.30 0.47

3 3 100:0 30 97 74400 14188 28400 2.61 0.47

4 4 100:0 30 99 44400 14391 26200 1.69 0.43

5 5 100:0 30 90 160700 13180 106000 1.51 0.45

6 1 100:1 5 99 16400 14363 11700 1.40 0.43

7 2 100:1 5 99 14400 14363 9810 1.46 0.43

8 3 100:1 5 99 25300 14363 15500 1.63 0.37

9 4 100:1 5 99 17800 14363 11900 1.50 0.40

10 5 100:1 5 98 21800 14220 14200 1.54 0.43

11 1 300:0 5 82* 21900 35560 13800 1.59 0.47

12 1 300:1 5 86 30900 37260 24100 1.28 0.44

13 1 300:1 10 85* 32400 36828 25700 1.26 0.45

14 2 300:1 5 99* 11500 42876 9210 1.25 0.41

15 3 300:1 15 80 36100 34668 28200 1.27 n.d.

16 3 300:1 30 81 35100 35100 27200 1.28 n.d.

17 3 300:1 45 81 37000 35100 30100 1.23 0.46

18 4 300:1 30 84* 31500 36396 26500 1.19 0.49

19 4 300:1 45 98* 29400 42336 21100 1.39 0.46

20 5 300:1 45 74* 26200 10584 21600 1.21 0.45

21e 1 100:1 5 99 21300 14363 25000 1.42

22e 3 100:1 5 68 9560 9899 7130 1.34

23e 3 100:1 10 71 14400 10331 9810 1.46
aAll the polymerizations were carried out in CH2Cl2 (5 mL) at 25 �C unless otherwise stated. [rac-lactide]0 = 0.5M. Reaction quenched by the addition
of 1 mL of 0.35 M acetic acid solution in hexanes. bDetermined by 1H NMR analysis; those marked with an asterisk (*) contain cyclic oligomers in the
final reaction mixtures. cDetermined by GPC in THF, relative to polystyrene standards (uncorrected data). d Pr is the probability of racemic
enchainment calculated by analysis of the homonuclear decoupled 1H NMR spectra (according to ref 24). e Polymerizations using L-lactide.
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analogous chemical shift to the isi tetrad, but which should not be
present in the 1H NMR for the polymerization of rac-lactide in
the absence of transesterification and/or epimerization side
reactions during the polymerization. However, the latter can be
excluded in our case as complexes 1 and 3 yielded perfectly
isotactic polymers when enantiomerically pure L-lactide was used
(entries 21-23 in Table 2). Unambiguous observation of iss, sss,

and ssi tetrads come from the 13C{1H} NMR spectrum of these
polymers (Figure 4, bottom) supporting the above argument.
Finally, complexes 1-5 were tested using a lower catalyst

loading, 300:1:1 monomer/initiator/benzyl alcohol ratio
(entries 11-20 in Table 2). The results obtained are much more
difficult to interpret. In general the polymerization reaction
progress rapidly initially. Typically conversions of about 80%
were reached after about 15 min of reaction, then the polymer-
ization progress is almost stopped and then for the vast majority
of the complexes studied the formation of cyclic oligomers was
observed. As was previously commented, an intrachain transes-
terification mechanism accounts for the formation of cyclic
oligomers in the ROP of rac-lactide (Scheme 3, bottom).
In conclusion, three new sodium aryloxide complexes stabi-

lized by the polyamine ligands TMEDA and PMDETA have
been prepared and characterized in both solution and the solid
state. These new sodium complexes, together with two pre-
viously prepared in our group containing the tetradentate ligand
Me6TREN, were proven to be highly active in the ROP
polymerization of rac-lactide although only moderate control
over the polymerization was found. However, when benzyl
alcohol is used as co-initiator in the polymerization reaction,
complete conversions were achieved after only 5 min of reaction,
and significantly better control was observed. In spite of this, the
detailed study of the microstructure of the final polymers
revealed the presence of stereorandom interchain transesterifica-
tion side reactions during the course of the polymerization
reaction. When lower catalysts loadings were employed, small
cyclic oligomers indicative of intrachain transesterification were
present in the final reaction mixtures.

’EXPERIMENTAL SECTION

General Procedures. All experimental manipulations were per-
formed under an atmosphere of dry, oxygen-free argon, using standard
Schlenk and glovebox techniques. All solvents were degassed, eluted
over activated alumina columns and stored under argon prior to use.
Sodium hexamethyldisilazide [NaN(SiMe3)2], 2,4,6-trimethylphenol,
and 2,6-di(tert-butyl)-4-methylphenol were bought from Aldrich and
used without further purification. N,N,N0 ,N0-tetramethylethylenedia-
mine (TMEDA) and N,N,N0,N0 0,N00-pentamethyldiethylenetriamine
(PMDETA) were bought from Aldrich and stored over 4 Å molecular
sieves prior to use. Complexes 1 and 2 have been prepared according to

Scheme 2. Proposed Mechanism for the Polymerization of rac-Lactide Initiated by Complexes 1- 5 under Benzyl Alcohol
Activation

Figure 4. 1H homonuclear decoupled NMR for the methine region of
the polymer in entry 9 (top). 13C{1H} NMR region of the same
polymer (bottom).
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literature procedures.14 1HNMR spectra were recorded on a Bruker 300
MHz, 400 or 500 MHz spectrometers at room temperature and
referenced to residual protio solvent peaks, unless otherwise stated.
Benzene-d6 and toluene-d8 (Aldrich) were degassed and stored over 4 Å
molecular sieves. Coupling constants J are given in hertz. Elemental
analysis was performed by Mr. A. K. Carver at the Department of
Chemistry, University of Bath, on an Exeter Analytical CE440 Elemental
Analyzer. Analyses that were acceptable within the standard variances
were not collected for complexes 3 and 5 even when rigorous exclusion
of air was undertaken. This deviation has been previously observed for
other Group 1 metal aryloxide complexes,27 and might be attributed to
several factors including excess “trapped” solvent or the imcomplete
combustion of the samples. Gel Permeation Chromatography (GPC)
analyses were performed on a Polymer Laboratories PL-GPC 50
integrated system using a PLgel 5 μmMIXED-D 300� 7.5 mm column
at 35 �C, tetrahydrofuran (THF) solvent (flow rate, 1.0 mL/min). The
PDI was determined from Mw/Mn, where Mn is the number average
molecular weight and Mw the weight average molecular weight. The
polymers were referenced to 11 narrow molecular weight polystyrene
standards with a range of Mw 615-5680000 Da.
Preparation of [Na(μ-OArBu)(TMEDA)]2 (3). N,N,N0 ,N0-Tetra-

methylenediamine (0.136 mL, 0.908 mmol) was added to a solution of
NaN(SiMe3)2 (0.136 mL, 0.908 mmol) and 2,6-di-tert-butyl-4-methyl-
phenol (0.200 g, 0.908 mmol) in toluene (10 mL). The resulting
solution was stirred for 15 min at room temperature to give a colorless
solution with fine precipitate. The precipitate was redissolved by heating,
and the resulting solution was then left to cool to room temperature to
yield a crop of crystals which were isolated by filtration, washed with cold
hexane (2 � 5 mL), and dried in vacuo (0.223 g, 68%). Anal. Calcd for
C42H78N4Na2O2: C, 70.33; H, 10.97; N 7.82. Found C, 68.70; H, 10.90;
N, 7.64. 1H NMR (C6D6): δ 7.22 [s, 2H, H(Ar)], 2.47 [s, 3H, Me(Ar)],
1.92 [s, 4H, NCH2,], 1.88 [s, 12H, NMe2], 1.61 [s, 18H,

tBu(Ar)] ppm.
Preparation of [Na(μ-OArMe)(PMDETA)]2 (4). 2,4,6-Tri-

methylphenol (0.200 g, 1.500 mmol) was added to a solution of
NaN(SiMe3)2 (0.289 g, 1.500 mmol) and N,N,N0 ,N00 ,N0 0-pentamethyl-
diethylenetriamine (0.305 mL, 1.500 mmol) in toluene (10 mL). The
resulting solution was stirred for 15 min at room temperature, then the
solution was gently concentrated (ca. 2 mL), a small amount of
precipitate was redissolved by heating, and the resulting solution was
then left to cool to 253K to yield a crop of crystals which were isolated by
filtration, washed with cold hexane (2 � 5 mL), and dried in vacuo
(0.252 g, 52%.). Anal. Calcd for C36H68N6Na2O2: C, 65.21; H, 10.34; N
12.68. Found C, 65.30; H, 10.50; N, 12.80. 1H NMR (C6D6): δ 7.09 [s,

2H, H(Ar)], 2.44 [s, 3H, p-Me(Ar)], 2.43 [s, 6H, o-Me(Ar)], 2.02 [s,
12H, NMe2], 1.93 [m, 8H, NCH2], 1.75 [s, 3H, NMe] ppm.
Preparation of [Na(OArBu)(PMDETA)] (5).N,N,N0 ,N0 0 ,N0 0-Pen-

tamethyldiethylenetriamine (0.142 mL, 0.680 mmol) was added to a
solution of NaN(SiMe3)2 (0.132 g, 0.680 mmol) and 2,6-di-tertbutyl-4-
methylphenol (0.150 g, 0.680 mmol) in toluene (10 mL). The resulting
solution was stirred for 20 min at room temperature to give a colorless
solution with fine precipitate. The precipitate was redissolved by heating,
and the resulting solution was then left to cool to room to yield a crop of
crystals which were isolated by filtration, washed with cold hexane (2�
5 mL) and dried in vacuo (0.104 g, 34%). Anal. Calcd for
C24H46N3NaO: C, 69.34; H, 11.16; N 10.11. Found C, 67.20; H,
10.90; N, 9.80. 1H NMR (C6D6): δ 7.38 [s, 2H, H(Ar)], 2.65 [s, 3H,
Me(Ar)], 1.89 [s, 3H, NMe], 1.82 [s, 12H, NMe2], 1.81 [s, 18H,
tBu(Ar)], 1.68 [s, 8H, NCH2] ppm.
Solution Polymerization of rac-Lactide. In a typical run the

initiator (0.025 mmol) was dissolved in dichloromethane (5 mL) to
which rac-lactide (2.5 mmol, 0.36 g) was added, and the vessel left to
stir at room temperature for the prescribed time. The mixture was then
quenched by the addition of a solution of acetic acid in hexane
(0.35 M, 1 mL), and the polymer was precipitated on pouring into n-
hexane (50mL) to give white solids. The solvents were removed and the
resulting solid washed with methanol to remove any excess monomer
and dried in vacuo. 1H NMR spectroscopy (CDCl3) and GPC
(THF) were used to determine tacticity and molecular weights (Mn

and Mw) of the polymers produced; Pr (the probability of heterotactic
linkages) were determined by analysis of the methine region of the
homonuclear decoupled 1H NMR spectra according to literature
procedures.24

General X-ray Crystal Structure Information. Suitable single
crystals of compounds 3-5 were mounted on glass fibers using
perfluoroether oil. Data collections were carried out on an Enraf Nonius
Kappa CCD diffractometer, equipped with a Oxford Cryosystems
cooling device, and graphite-monochromated Mo-KR radiation (λ =
0.71069 Å). Data were corrected for Lorentz and polarization effects.
The structures were solved by direct methods, and refined using full-
matrix least-squares on F2 with all non-hydrogen atoms assigned
anisotropic displacement parameters. Hydrogen atoms were included
at calculated positions throughout and refined using a riding model, with
Uiso set to 1.2-times (1.5-times for methyl-H)Uequiv of the carrier carbon
atom. In the final stages of refinement a weighting scheme was
introduced and refinement continued until convergence was achieved.
Programs used were SHELXL-9728 as implemented in the WINGX29

Scheme 3. Inter- (top) and Intra-Chain (bottom) Transesterification Side Reactions Leading to the Presence of Disyndiotactic
Tetrads and to the Formation of Cyclic Oligomers Respectively
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package. Experimental data relating to all the structure determinations
are presented in Table 1.
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