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Abstract

A series of NNOO-tetradentate enolic Schiff-base ligands were prepared where ligand L1 = bis(benzoylacetone)propane-1,2-diimine,
L2 = bis(acetylacetone)-propane-1,2-diimine, L3 = bis-(acetylacetone)cyclohexane-1,2-diimine. Their further reaction with aluminum tri-
s(ethyl) formed complexes LAlEt (1a, 2a and 3a). The solid structure of complexes 1a, 2a and 3a confirmed by X-ray single crystal anal-
ysis manifested that these complexes were all monomeric and five-coordinated with an aluminum atom in the center. The configurations
of these complexes varied from trigonal bipyramidal geometry (tbp) to square pyramidal geometry (sqp) due to their different auxiliary
ligand architectures. 1H NMR spectra indicated that all these complexes retained their configuration in solution states. Their catalytic
properties to polymerize racemic-lactide (rac-LA) in the presence of 2-propanol were also studied. The diimine bridging parts as well as
the diketone segment substituents had very close relationship with their performance upon the polymerization process. All these com-
plexes gave moderately isotactic polylactides with controlled molecular weight and very narrow molecular weight distributions.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Schiff bases and their metal complexes have been synthe-
sized and characterized because Schiff bases are able to sta-
bilize different metals in various oxidation states,
controlling the performance of metals in a large variety
of useful catalytic transformations [1]. Enolic Schiff-base
ligands prepared from acetylacetone and related b-dike-
tones with mono- or diamines have attracted much atten-
tion in recent years [2]. Because of their distinct
advantages such as ease of synthesis, low cost as well as
variety of coordination sites via different b-diketones and
amines, they have been very important subject of coordina-
tion chemistry.
0022-328X/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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Biodegradable polyesters are prime biomedical materials
as well as potential ecological thermoplastics that have
gained increasing interest over the past decades [3]. These
polymers are usually produced via the ring-opening poly-
merization (ROP) of cyclic esters. Polylactide (PLA) is one
of the most important biodegradable polyesters [4]. Because
lactides have three different stereoisomers (Scheme 1), their
polymers may have different chain configurations. The
physical and mechanical properties of PLAs, as well as their
rate of degradation, are intimately dependent on the chain
stereochemistry [5]. A stereocomplex polymer formed by
an equivalent mixture of poly(L-lactide) (PLLA) and
poly(D-lactide) (PDLA) has many advantages such as higher
melting temperature (230 �C) comparing with the enantio-
pure polylactide (180 �C) [6]. So the direct ring-opening
polymerization (ROP) of racemic-lactide (rac-LA) (rac-LA
is a 1:1 mixture of L-LA and D-LA) via the stereoselective
catalysts become significative challenges and opportunities
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Fig. 2. Molecular structure of 2a.

Table 2
Selected bond distances (Å) and angles (�) for 2a

Al–N(1) 1.984(3) Al–N(2) 2.013(3)
Al–O(1) 1.851(3) Al–O(2) 1.835(3)
Al–C(1) 1.970(4)

O
O

O
O

O
O

O

O

O

O

O

O

L-Lactide D-Lactide meso-Lactide

Scheme 1. Stereoisomers of lactides.
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for chemists. In 1993, Spassky et al. reported a Schiff-base
aluminum complex to polymerize rac-LA in toluene at
70 �C to moderately isotactic polymer [7]. Recently, many
excellent catalysts were synthesized to polymerize rac-LA
in a stereoselective manner [8]. To better explore the poten-
tial applications of enolic Schiff-base ligands as metal-che-
lating agents and their further use as precursors in the
cyclic ester polymerization, we have prepared three
NNOO-tetradentate enolic Schiff-base ligands and their alu-
minum complexes. In this paper, we reported the synthesis,
characterization of the three momomeric Schiff-base alumi-
num complexes, their polymeric performance were also dis-
cussed in detail.

2. Result and discussion

2.1. Complex formation and complexes structure
characterization

Ligands L1, L2 and L3 were easily synthesized from read-
ily available starting materials, namely primary diamines,
Table 1
Selected bond distances (Å) and angles (�) for 1a

Al–N(1) 1.982(2) Al–N(2) 2.0144(18)
Al–O(1) 1.8469(15) Al–O(2) 1.8197(17)
Al–C(24) 1.982(2)

O(2)–Al–O(1) 87.71(7) O(2)–Al–C(24) 110.08(10)
O(1)–Al–C(24) 98.17(8) O(2)–Al–N(1) 127.90(8)
O(1)–Al–N(1) 89.22(7) C(24)–Al–N(1) 121.83(10)
O(2)–Al–N(2) 88.13(8) O(1)–Al–N(2) 162.99(8)
C(24)–Al–N(2) 98.75(9) N(1)–Al–N(2) 80.38(8)

Fig. 1. Molecular structure of 1a.
1-benzoylacetone and acetylacetone. Reaction of ligands
L1, L2 and L3 with AlEt3 in toluene at 80 �C formed com-
plexes 1a, 2a and 3a, respectively. Complexes 1a and 2a

had identical diimine bridging parts but different enol sub-
stituents: phenyl for complex 1a and methyl for complex
2a; while complexes 2a and 3a had same enol structure but
different diimine bridging parts: propane-1,2-diimine for
complex 2a and cyclohexane-1,2-diimine for complex 3a.
O(2)–Al–O(1) 83.83(11) O(2)–Al–C(1) 110.02(15)
O(1)–Al–C(1) 102.26(16) O(2)–Al–N(1) 142.18(13)
O(1)–Al–N(1) 88.45(12) C(1)–Al–N(1) 107.80(16)
O(2)–Al–N(2) 88.16(12) O(1)–Al–N(2) 150.57(14)
C(1)–Al–N(2) 107.08(16) N(1)–Al–N(2) 80.69(13)

Fig. 3. Molecular structure of 3a.
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Single crystal analysis of 1a showed that 1a was mono-
meric with a five-coordinated aluminum atom in the cen-
ter. The geometry around the Al atom was trigonal
bipyramidal geometry with an average compressed axial
O(1)–Al(1)–N(2) bond angle of 162.99(8)�, and equatorial
O(2)–Al–N(1), C(24)–Al–N(1), and O(2)–Al–C(24) bond
angles of 127.90(8)�, 121.83(10)�, and 110.08(10)�, respec-
tively. Central Al atom is ca. 0.55 Å above the
N(1)N(2)C(24) mean plane in the direction of O(1). The
distances from the Al atom to O(1), O(2), N(1), N(2) and
C(24) were 1.8469(15), 1.8197(17), 1.982(2), 2.0144(18)
and 1.982(2) Å, respectively (Table 1). The molecular struc-
ture of 1a was shown in Fig. 1. The molecular structure of
2a was shown in Fig. 2. The geometry around the Al atom
was distorted square pyramidal with the ethyl group lying
Table 3
Selected bond distances (Å) and angles (�) for 3a

Al–N(1) 1.994(2) Al–N(2) 2.037(2)
Al–O(1) 1.8491(19) Al–O(2) 1.8251(19)
Al–C(12) 1.996(3)

O(2)–Al–O(1) 87.60(9) O(2)–Al–C(12) 109.67(11)
O(1)–Al–C(12) 102.97(11) O(2)–Al–N(1) 136.78(10)
O(1)–Al–N(1) 88.29(9) C(12)–Al–N(1) 113.16(11)
O(2)–Al–N(2) 88.68(9) O(1)–Al–N(2) 155.48(10)
C(12)–Al–N(2) 101.10(11) N(1)–Al–N(2) 77.98(9)

Table 4
Crystallographic data for 1a, 2a and 3a

Complex 1a 2

Empirical formula C25H29AlN2O2 C
Formula weight 416.48 2
Temperature (K) 187(2) 1
Wavelength (Å) 0.71073 0
Crystal system Triclinic M
Space group P�1 P

a (Å) 10.7131(10) 1
b (Å) 10.8103(10) 1
c (Å) 11.2956(11) 1
a (�) 80.759(2) 9
b (�) 70.655(2) 1
c (�) 64.820(2) 9
Volume (Å3) 1116.72 3
Z 2 8
Dcalc (Mg m�3) 1.239 1
Absorption coefficient (mm�1) 0.114 0
F(000) 444 1
Crystal size (mm) 0.17 · 0.11 · 0.09 0
h Range (�) 1.91–26.03 1
Limiting indices (hkl range) �13 6 h 6 1, �13 6 k 6 9,

�13 6 l 6 13
�
�

Reflections collected 6260 1
Independent reflections 4299 6
Rint 0.0227 0
Goodness-of-fit on F2 1.017 1
Final R1, wR2 [I > 2r(I)] 0.0546, 0.1183 0
R1, wR2 (all data) 0.0813, 0.1322 0
Largest difference in peak and hole

(e Å�3)
0.282 and �0.202 0
on the axial position and two nitrogen atoms and two oxy-
gen atoms on the basal position. Central Al atom is
ca. 0.55 Å above the N(1)N(2)O(1)O(2) mean plane with
an average compressed axial O(1)–Al(1)–N(2) bond angle
of 150.57(14)� and equatorial O(2)–Al–N(1), C(1)–Al–N(1),
and O(2)–Al–C(1) bond angles of 142.18(13)�,
107.80(16)�, and 110.02(15)�, respectively. The distances
from the Al(1) atom to O(1), O(2), N(1), N(2) and C(1)
were 1.851(3), 1.835(3), 1.984(3), 2.013(3), and 1.970(4) Å,
respectively (Table 2). X-ray single crystal structure analy-
sis of 3a also showed a five-coordination around the alumi-
num center (Fig. 3). The geometry around the Al atom was
a distorted square pyramidal with the ethyl group lying on
the axial position and two nitrogen atoms and two oxygen
atoms on the basal position. Central Al atom is ca. 0.07 Å
above the N(1)N(2)O(1)O(2) mean plane with an average
compressed axial O(1)–Al(1)–N(2) bond angle of 155.48
(10)� and equatorial O(2)–Al(1)–N(1), N(1)–Al(1)–C(12)
and O(2)–Al(1)–C(12) bond angles of 136.78(10)�,
113.16(11)� and 109.67(11)�, respectively. The distances
from the Al atom to O(1), O(2), N(1), N(2) and C(12) were
1.8491(19), 1.8251(19), 1.994(2), 2.037(2) and 1.996(3) Å,
respectively (Table 3). The crystallographic data of com-
plexes 1a, 2a and 3a were listed in Table 4.

The Al–C bond lengths of complexes 1a and 2a were
1.982 Å (1a) and 1.970 Å (2a), respectively. We presumed
that the longer Al–C bond in 1a was due to the conjugated
a 3a

15H25AlN2O2 C18H29AlN2O2

92.35 332.41
87.0(2) 187(2)
.71073 0.71073
onoclinic Monoclinic

21/n P21/n
7.883(2) 8.1424(8)
3.4216(16) 13.4924(14)
4.9483(19) 16.8954(18)
0 90
14.035(2) 102.170(2)
0 90
276.7(7) 1814.4(3)

4
.185 1.217
.127 0.123
264 720
.43 · 0.33 · 0.16 0.38 · 0.18 · 0.12
.96–25.58 1.95–26.03
21 6 h 6 19, �16 6 k 6 15,
10 6 l 6 18

�4 6 h 6 10, �16 6 k 6 16,
�20 6 l 6 18

7120 9958
130 3555
.0488 0.0242
.018 1.029
.0794, 0.1822 0.0640, 0.1667
.1083, 0.2013 0.0755, 0.1775
.758 and �0.687 1.013 and �0.437



Table 5
Polymerization data of rac-LA using 1a, 2a and 3a in toluene at 70 �Ca

Entry Complex [LA]0/[Al]/[iPrOH] Time (h) Conversionb (%) Mn (calculated) Mn
c (GPC) Mn

d Pme PDIc

1 1a 35/1/1 31 93 4.7 7.8 4.55 0.77 1.02
2f 1a 35/1/1 8 90 4.5 7.4 4.30 0.73 1.23
3g 1a 35/1/1 2.5 91 4.6 7.0 4.05 0.71 1.29
4 1a 40/1/1 32 90 5.2 9.3 5.38 0.74 1.05
5 2a 22/1/1 24.8 88 2.8 5.7 3.28 0.72 1.03
6 2a 42/1/1 27 90 5.5 8.8 5.08 0.72 1.05
7 2a 57/1/1 50 85 6.6 11.9 6.89 0.73 1.06
8 3a 72/1/1 41.5 86 8.9 17.2 10 0.65 1.25
9 3a 100/1/1 32 63 9.0 17.3 9.86 0.65 1.28

10 3a 100/1/2 32 65 4.5 8.6 5.0 0.65 1.22
11 3a 100/1/4 32 62 2.2 4.5 2.6 0.65 1.22

a All reactions performed with [LA]0 = 0.48 mol L�1.
b Measured by 1H NMR.
c Determined from GPC and calibrated by PS standard.
d Calculated from the value of Mn determined by GPC according to formula Mn = 0.58Mn(GPC) [10].
e Pm is the probability of meso linkages [12].
f Reaction at 90 �C.
g Reaction at 110 �C.
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Fig. 4. Kinetic plots of the rac-lactide conversion with the reaction time
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effect of the phenyl substituent in the enol segment. Com-
paring with 2a, the Al–C bond length of complex 3a

(1.996 Å) was much longer, indicating a weaker bond.
The difference in the bond lengths between 2a and 3a

resulted from the different bridging parts they contained.
We hypothesized that the shorter bond length was resulted
from the weaker steric repulsion between the bridging part
and ethyl group in 2a. To figure out whether these com-
plexes retained their monomeric structures as they had in
solution state, we investigated the 1H and 27Al NMR spec-
tra of these complexes. The 1H NMR spectra of 1a–3a
showed one set of resonance peak and the 27Al NMR spec-
tra of 1a–3a showed resonance peak at about 32 ppm, indi-
cating that all the ethyl complexes retained their
conformation with the five-coordinated monomeric Al cen-
ter in the solution states [9].

2.2. Polymerization

Complexes 1a, 2a and 3a were used as precursors in the
racemic-lactide polymerization to examine the influence of
different diimine bridging parts and enol substituents on
their catalytic performance, respectively. The polymeriza-
tion results were collected in Table 5. The polymerization
process was investigated by kinetic studies. The data of
conversions vs. time were collected in Figs. 4–6. First-order
kinetics in monomer was observed in all cases. The num-
ber-average molecular weight (Mn) also followed a linear
relationship in monomer conversion (Fig. 7). All the three
complexes provided the characteristic features of the living
propagation as it was seen in the linear correlations
between Mn and conversion, linear semi-logarithmic
kinetic dependencies (Figs. 4–6), as well as by the low poly-
dispersities less than 1.1. The apparent polymerization rate
constant (kapp) were obtained from these figures. The kapp

values for 1a, 2a and 3a were 0.085 h�1 (Table 5, entry
1), 0.047 h�1 (Table 5, entry 6) and 0.046 h�1 (Table 5,
entry 8), respectively. The polymerization rate constants
(kp) could be calculated from the equation kp = kapp/[Al]
correspondingly. The kp values for 1a, 2a and 3a were
5.95 L mol�1 h�1, 3.87 L mol�1 h�1 and 6.56 L mol�1 h�1,
respectively. To determine the order in Al, kapp was plotted
vs. the concentration of Al using 2a (Fig. 8). From this
plot, kapp increased linearly with the increasing of the Al



0.0

0.5

1.0

1.5

2.0

2.5

time/h

L
n

{[
M

] 0
-[

M
] e

q
}/

{[
M

] t
-[

M
] e

q
}

0 10 20 30 40

Fig. 6. Kinetic plots of rac-lactide conversion with reaction time using 3a/
2-propanol, [LA]/[Al] = 72.

0 6 12 18 24
0

3

6

9

ka
p

p
/1

0-2
(h

-1
)

[Al]/10-3(molL-1)

Fig. 8. kapp with the concentration of the 2a/2-propanol initiator for the
rac-LA polymerization.

X. Pang et al. / Journal of Organometallic Chemistry 692 (2007) 5605–5613 5609
concentration, indicating that the order in Al was first
order. Therefore, the polymerization of rac-LA using 2a

followed an overall kinetic equation:

�d½LA�=dt ¼ kp½LA�½Al�:
Complex 3a had the longest Al–C bond among the three

complex, Lin et al. [11] reported that the stronger the
metal–alkoxide bond, the slower the reaction time. It was
hypothesized that complex that containing the weaker
Al–C bonds (longer bond length) was easier to cleave when
coordinated with the incoming monomer. So the complex
would have higher activity. Complex 3a which containing
the longest Al–C bond had the highest activity (Table 5,
entry 9). Complexes 1a and 2a had identical diimine bridg-
ing part but different enol substituents. Comparing with 2a,
1a with the phenyl group has slightly higher activity. Com-
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2a/2-propanol, [LA]/[Al] = 42, and (c) complex 3a/2-propanol, [LA]/[Al] = 72
plexes 2a and 3a had identical enol structure but different
diimine bridging parts. Complex 2a had higher stereoselec-
tivity but lower activity than 3a. It was postulated that the
more rigid diimine bridging part in 3a could not offer
enough steric hindrance; it made the incoming monomer
easier to insert and coordinate with the Al center. The
homonuclear decoupled 1H NMR spectrum in the methine
region of polylactide samples by 1a manifested the polymer
chain were most predominantly isotactic (Fig. 9) and the
Pm value was 0.77 [12]. Recently, some interesting work
[13] reported that in the presence of an excess of 2-propa-
nol, polymers with narrow polydispersities and controlled
molecular weights, which could be predicted from the
monomer/alcohol ratio were formed via alcohol exchange.
These catalytic systems showed the ‘‘immortal’’ character.
To explore the potential ‘‘immortal’’ character of our
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catalytic system, we have investigated the polymerization
of rac-LA with different [2-propanol]/[3a], the results man-
ifested that 3a was active in the ‘‘immortal’’ polymeriza-
tion. There was a linear relationship between the Mn

values of the PLA and the 2-propanol added. In fact, the
Mn values increased proportionally to the amount of 2-
propanol added and the polydispersities were still very
low (Table 5, entries 10 and 11).

The influence of temperature on the polymerization rate
was also investigated using 1a/2-propanol. The stereoselec-
tivity decreased with the increasing temperature, while the
polymerization rate increased. The Pm values and the
apparent polymerization rate constants (kapp), the poly-
merization rate constants (kp) at the different temperatures
were collected in Table 6. The activation energy of the
polymerization was calculated by fitting these values
contained in Table 3 to the Arrhenius equation (kp =
Ae�Ea/RT). A value of 68.6 kJ mol�1 for the activation
energy was deduced by means of an adequate representa-
tion of lnkp vs. 1/T.

The 1H NMR spectrum of the LA oligomers (Fig. 10)
prepared with a molar ratio of [rac-LA]:[1a]:[2-propa-
nol] = 10:1:1 after quenching with a little acetic acid in
5 h showed that the integral ratio of the two peaks at
1.24 ppm (the methyl protons of the isopropoxycarbonyl
end group) and 4.35 ppm (the methine proton neighboring
the hydroxyl end group) was close to 6:1. This indicated
that the polymer chains were end-capped with an isopropyl
ester and a hydroxyl group [14] and the ring-opening
occurred through a so-called coordination-insertion mech-
anism [15].
Table 6
Kinetic results of rac-LA polymerization at different temperature using 1a

T (�C) kapp (h�1) kp (L mol�1 h�1) Pm

70 0.085 5.95 0.77
90 0.32 22.4 0.73

110 1.60 112 0.71
3. Conclusion

Three enolic Schiff-base aluminum complexes derived
from b-diketone and diamine were synthesized. Single crys-
tal data manifested that all these complexes had five-coor-
dination around the aluminum center. Complex 3a which
containing the longest Al–C bond had the highest activity
in the ROP of rac-lactide polymerization. These complexes
polymerized lactides in good controlled manner and in
some cases affording moderately isotactic polylactide (com-
plexes 1a and 2a). Their different performances in the rac-
LA polymerization were due to their different diimine
bridging parts and substituent groups in the enol segment.
First-order kinetics in both monomer and initiator were
observed.

4. Experimental

4.1. General

All experiments were carried out under argon using
Schlenk techniques. Starting materials for the synthesis of
ligands L1, L2 and L3 were purchased from Aldrich Inc.
and used without further purification. Chiral diamines
were used as racemates. All solvents were purified from a
Mbraun SPS system. Racemic-lactide (Purac) was purified
by recrystallization from ethyl acetate and dried under
vacuum at room temperature before use. NMR spectra
were recorded on Bruker AV 400 M in CDCl3 at 25 �C.
Chemical shifts were given in parts per million from tetra-
methylsilane. Gel permeation chromatography (GPC)
measurements were conducted with a Waters 515 GPC
with CHCl3 as the eluent (flow rate: 1 mL min�1, at
35 �C). The molecular weights were calibrated against
polystyrene (PS) standards. Crystallographic data were col-
lected on a Bruker APEX CCD diffractometer with graph-
ite-monochromated Mo Ka radiation (k = 0.71073 Å) at
187 K. The structure was refined by the full-matrix least-
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squares method on F2 using the SHELXTL-97 crystallo-
graphic software package. Anisotropic thermal parameters
were used to refine all nonhydrogen atoms. Hydrogen
atoms were located in idealized positions. Crystals suitable
for X-ray diffraction were grown from a mixture of toluene
and hexane at �10 �C. The crystallographic data and the
results of refinements were summarized in Table 1.

4.2. Ligand synthesis

General procedure. A solution of diamine (0.1 mol L�1)
in ethanol (50 mL) was added dropwise to a stirred solu-
tion of b-diketone (0.2 mol L�1) in ethanol (100 mL). The
reaction mixture was refluxed for 10 h before cooling to
room temperature. After removal of the solvent under vac-
uum, a crystalline solid was produced and purified by
recrystallization in ethanol (Scheme 2).

Ligand L1. Ligand L1 was obtained as a white crystalline
solid in 85% yield. 1H NMR (400 M, CDCl3): d 7.86 (d,
4H, ArH), 7.42 (m, 6H, ArH), 5.70 (b, 2H, CHCOH),
3.93 (m, 1H, (CH3)CHN), 3.48 (m, 2H, CH2N), 2.09
(d, 6H, CH3C@N), 1.42 (d, 3H, (CH3)CHN) ppm. 13C
NMR (100 M, CDCl3): d 187.0 (ArCOH), 163.9,
163.2 (CH3C@N), 139.1, 129.6, 127.2, 125.9 (ArC), 91.8
(CHCOH), 49.2 ((CH3)CHN), 48.8 (CH2N), 18.5
(CH3C@N), 18.1 ((CH3)CHN) ppm. Elemental Anal. Calc.
for L1: C, 76.21; H, 7.23; N, 7.73. Found: C, 76.10; H, 7.21;
N, 7.60%.

Ligand L2. Ligand L2 was obtained as a white crystalline
solid in 83% yield. 1H NMR (400 M, CDCl3): d 5.01 (b,
2H, CHCOH), 3.75 (m, 1H, (CH3)CHN), 3.34 (t, 2H,
N N N

Ph Ph

OH HO OH

L1 L2

Scheme 2. Ligands prep

1a: R1= -CH(CH3
2a: R1= -CH(CH3
3a: R1= -CH(CH2

AlEtN N

R2 R2

OH HO

R1

Scheme 3. Synthetic pathway for
CH2N), 2.03 (s, 6H, CH3COH), 1.91 (d, 6H, CH3C@N),
1.32(d, 3H, (CH3)CHN) ppm. 13C NMR (100 M, CDCl3):
d 194.8 (CH3COH), 162.7, 162.0 (CH3C@N), 95.7
(CHCOH), 49.5 ((CH3)CHN), 49.3 (CH2N), 28.6
(CH3COH), 19.3 (CH3C@N), 18.4 ((CH3)CHN) ppm. Ele-
mental Anal. Calc. for L2: C, 65.51; H, 9.30; N, 11.75.
Found: C, 65.30; H, 10.05; N, 11.68%.

Ligand L3. Ligand L3 was obtained as a yellow crystal-
line solid in 87% yield. 1H NMR (400 M, CDCl3): d 5.17 (s,
2H, CHCOH), 3.22 (t, 2H, CH), 2.06 (b, 4H, cyclohexane
H), 2.00 (s, 6H, CH3COH), 1.84 (s, 6H, CH3C@N), 1.45
(m, 2H, cyclohexane H), 1.28(m, 2H, cyclohexane
H) ppm. 13C NMR (100 M, CDCl3): d 195.2 (CH3COH),
163.1 (CH3C@N), 95.7 (CHCOH), 58.0 (cyclohexane C),
33.3 (cyclohexane C), 29.1 (CH3COH), 24.8 (CH3C@N),
19.0 (cyclohexane C) ppm. Elemental Anal. Calc. for L3:
C, 69.03; H, 9.41; N, 10.06. Found: C, 69.42; H, 9.25; N,
10.31%.

4.3. Complex synthesis

General procedure. AlEt3 (0.2 mmol, 0.023 g) in toluene
(5 mL) was added to the stirred toluene solution (3 mL)
of ligand (0.2 mmol) at room temperature (RT). The reac-
tion was maintained at 80 �C for 12 h, the reaction mixture
was then slowly cooled to RT (Scheme 3). The toluene was
removed under vacuum.

Complex 1a. Complex 1a was obtained as a yellow solid
in 87% yield. 1H NMR (400 M, CDCl3): d 8.00 (m, 4H,
ArH), 7.40 (m, 6H, ArH), 5.86 (s, 1H, CHCOAl), 5.81 (s,
1H, CHCOAl), 4.05 (m, 1H, (CH3)CHN), 3.51 (m, 1H,
N N N

OH HOHO

L3

ared in this paper.

)CH2-,   R2=Ph;
)CH2-,   R2=CH3;
)4CH-,   R2=Ph.

3

R2 R2

O O

R1

Al

N N

preparation of 1a, 2a and 3a.
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CH2N), 3.46 (m, 1H, CH2N), 2.21 (s, 3H, CH3C@N), 2.19
(s, 3H, CH3C@N), 1.36 (d, 3H, (CH3)CHN), 0.89 (t, 3H,
AlCH2CH3), �0.30 (q, 2H, AlCH2CH3) ppm. 13C NMR
(100 M, CDCl3): d 174.9, 174.5 (ArCOAl), 173.0, 170.6
(CH3C@N), 139.4, 130.5, 128.6, 127.5 (ArC), 97.6, 97.1
(CHCOAl), 54.1 ((CH3)CHN), 52.4 (CH2N), 23.8
(CH3C@N), 22.6 ((CH3)CHN) 20.5 (AlCH2CH3), 10.6
(AlCH2CH3) ppm. Elemental Anal. Calc. for 1a: C,
72.09; H, 7.02; N, 6.73. Found: C, 71.77; H, 7.05; N, 6.55%.

Complex 2a. Complex 2a was obtained as a yellow solid
in 79% yield. 1H NMR (400 M, CDCl3): d 5.12 (s, 1H,
CHCOAl), 5.02 (s, 1H, CHCOAl), 3.91(m, 1H,
(CH3)CHN), 3.32 (t, 2H, CH2N), 2.02 (s, 3H, CH3COAl),
2.00 (s, 3H, CH3COAl), 1.97 (d, 6H, CH3C@N), 1.26 (d,
3H), 0.93 (t, 3H, AlCH2CH3), �0.39 (q, 2H,
AlCH2CH3) ppm. 13C NMR (100 M, CDCl3): d 181.0,
179.2 (CH3COAl), 173.7, 170.0 (CH3C@N), 99.7, 99.2
(CHCOAl), 53.4 ((CH3)CHN), 51.6 (CH2N), 25.83
(CH3COAl), 22.7 (CH3C@N), 20.7 ((CH3)CHN), 14.1
(AlCH2CH3), 9.8 (AlCH2CH3) ppm. Elemental Anal. Calc.
for 2a: C, 61.62; H, 8.62; N, 9.58. Found: C, 61.20; H, 8.34;
N, 9.83%.

Complex 3a. Complex 3a was obtained as a yellow solid
in 82% yield. 1H NMR (400 M, CDCl3): d 5.05 (s, 1H,
CHCOAl), 4.79 (s, 1H, CHCOAl), 3.82 (m, 1H, CH),
3.07 (t, 1H, CH), 2.49 (b, 1H, cyclohexane H), 2.10 (b,
1H, cyclohexane H), 2.02 (s, 3H, CH3COAl), 1.98 (s, 3H,
CH3COAl), 1.89 (s, 6H, CH3C@N), 1.80 (m, 2H, cyclohex-
ane H), 1.40 (m, 4H, cyclohexane H), 0.92 (t, 3H,
AlCH2CH3), �0.17 (q, 2H, AlCH2CH3) ppm. 13C NMR
(100 M, CDCl3): d 181.0, 176.4 (CH3COAl), 165.6, 162.7
(CH3C@N), 101.1, 99.0 (CHCOAl), 63.4, 57.7, 33.7, 33.0
(cyclohexane C), 28.8, 26.7 (CH3COAl), 25.7, 25.6
(CH3C@N), 24.6, 24.4 (cyclohexane C) 18.7 (AlCH2CH3),
10.0 (AlCH2CH3) ppm. Elemental Anal. Calc. for 3a:
C, 65.04; H, 8.79; N, 8.43. Found: C, 64.83; H, 8.96; N,
8.75%.

4.4. Polymerization of rac-LA

General procedure. Under the protection of argon, the
rac-LA (2.24 mmol, 0.323 g), 2-propanol (0.06 mmol, in
0.5 mL of toluene), complex (1a, 2a or 3a) (0.06 mmol in
0.2 mL of toluene), and toluene (3.8 mL) were added to a
dried reaction vessel equipped with a magnetic stirring
bar, respectively. The vessel was placed in an oil bath at
70 �C. Conversion of the monomer was determined on
the basis of 1H NMR spectroscopic studies. The polymers
were isolated by precipitation into cold methanol, then fil-
trated and dried under vacuum at room temperature for
24 h.

5. Supplementary material

CCDC 290873, 654187 and 654188 contain the supple-
mentary crystallographic data for 1a, 2a and 3a. These data
can be obtained free of charge from The Cambridge Crys-
tallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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