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Aluminum Methyl, Alkoxide and α-Alkoxy Ester Complexes 

Supported by 6,6’-Dimethylbiphenyl-Bridged Salen Ligands: 

Synthesis, Characterization and Catalysis for rac-Lactide 

Polymerization 

Chao Kan, Jilei Ge and Haiyan Ma* 

The synthesis and characterization of aluminum alkyl and alkoxide complexes bearing racemic 6,6’-dimethylbiphenyl-

bridged salen-type ligands, and their catalysis in the ring-opening polymerization (ROP) of rac-lactide are reported. 

Reactions of AlMe3 with various amounts of the proligands L
1−4

H2 (6,6’-[(6,6’-dimethyl-[1,1’-biphenyl]-2,2’-

diyl)bis(nitrylomethilidyne)]-bis(2-R1-4-R2-phenol): L1
H2, R1 = R2 = Me; L2

H2, R1 = tBu, R2 = Me; L3
H2, R

1 = R2 = cumyl; L4
H2, R1 

= Br, R2 = tBu) afforded the corresponding mono- and dinuclear aluminum methyl complexes [L1−3AlMe (1−3), L1−4Al2Me4 

(4−7)]. Aluminum alkoxide complexes L
2AlOiPr (8), L

2AlOBn (9), and α-alkoxy ester complexes L
2Al(OCMe2CO2Me) (10), 

L
2Al[(S)-OCHMeCO2Me] (11) were prepared via in situ alcoholysis of the parent aluminum methyl complex 2 with the 

corresponding alcohols. The molecular structures of mononuclear complexes 1−3, dinuclear complex 6, alkoxide 

complexes 8-9 and α-alkoxy ester complexes 10-11 were established by single-crystal X-ray diffraction studies. Two broad 

resonances at about 69−70 ppm and 25−41 ppm were observed in the 27Al NMR spectra of complexes 10 and 11, indicating 

the existence of both four- and five-coordinate aluminum centers in solution, which is resulted from the dissociation of 

one N donor of the salen ligand, accompanied by an association and dissociation equilibrium of the carbonyl group of the 

α-alkoxy ester ligand to the aluminum center. Complex 11 is also a rare example of O-lactate model complex that mimics 

the first insertion of L-LA. All complexes were investigated for the ROP of rac-LA at 110 oC in toluene. The polymerization 

initiated by complexes 1−3 in the presence of iPrOH showed living features, affording PLAs with narrow molecular weight 

distributions (PDIs = 1.03–1.05) and 65−73% isotacticities. Particularly, complex 8 showed an “immortal” behavior for the 

polymerization of rac-LA in the presence of excess alcohol. Compared with the mononuclear counterparts, the tetra-

coordinate dinuclear aluminum complexes enabled a few fold boosts in activity, but gave atactic PLAs with broadened 

PDIs.  

 

Introduction 

Polylactide (PLA) is among the most important synthetic polymers, 

and its renewability, biodegradability and biocompatibility makes it 

an attracting material not only for biomedical applications, but also 

for using in packaging, agriculture as a commodity plastic.1 The 

chain microstructure of PLA is one of the crucial factors that 

influence its physical, mechanical and degradable properties.2 

Isotactic poly(lactide) (iPLA) derived from rac-lactide (rac-LA) 

possesses good physical and mechanical properties when compared 

with the commercially available homochiral PLA, such as higher 

melting temperatures (205~210 °C vs. 170 °C of PLLA)3 and better 

crystallinity.4 To date, many efforts have been devoted to obtaining 

highly isotactic PLA via stereoselectively catalytic ROP of rac-LA.5 

However, only a few examples of adopted metal initiators proved to 

be isoselective, and most of them are derived from aluminum 

complexes.6 Isoselective initiators based on zinc,7 indium,8 gallium,9 

potassium,10 copper,11 group 4 metals12 and rare-earth metals13 are 

still rare.  

Aluminum complexes bearing chiral or achiral salen-type ligands 

are by far the most successful systems in generating isotactic PLA 

from rac-LA. The pioneering work of Spassky and coworkers 

discovered that an enantiomerically pure, chiral complex (R)-

(SalBinap)AlOCH3 was highly isoselective for the ROP of rac-LA (Pm = 

0.88).6a Coates’ group found that a similar racemic complex rac-

(SalBinap)AlOiPr was more favorable for the isoselective ROP of rac-

LA, producing predominantly isotactic stereoblock PLAs.6c Upon 

changing the chiral bridge from binaphthyl to biphenyl, Gibson and 
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coworkers observed that the tacticity control in the ROP of rac-LA 

initiated by the corresponding racemic aluminum complex was 

partly lost, although companied by an increase of the activity.14 

Apparently, the increase of the flexibility of the chiral bridge is not 

favorable for the isoselectivity but is beneficial for the activity of 

these salen aluminum complexes toward rac-LA polymerization. 

Moreover, based on the structures of O-lactate model complexes, 

the active species of aluminum initiators bearing salen-type ligand 

with an achiral bridge have been well studied by Nomura’s and 

Chen’s groups (Chart 1).15 The flexible nature of the alkanediyl 

bridge in these species enables a configurational inversion of the Al 

center after the insertion of a disfavored lactide isomer, which 

indicates a chain-end control mechanism. In contrast to this, 

although aluminum complexes with chiral salen-type ligands play a 

very important role in the isoselective ROP of rac-LA, a further 

study concerning the active species remains unknown. Therefore, in 

this work, two methyl groups were introduced at the 6,6’ positions 

of the biphenyl bridge and the corresponding aluminum complexes 

were synthesized, with an aim of obtaining an optimization in both 

isoselectivity and activity. Meanwhile, the structures of aluminum 

O-lactate model complexes bearing salen-type ligands with a chiral 

bridge (6,6’-dimethyl-1,1’-biphenyl or binaphthyl) were studied in 

detail, in order to have a better understanding on the 

polymerization mechanism.  

Chart 1. Aluminum O-lactate model complexes bearing achiral salen-type 

ligands 

 

Dinuclear metal complexes exhibit distinctively catalytic 

properties toward rac-LA polymerization and they are relatively 

scarce versus the well-defined mononuclear analogues. In most 

cases, dinuclear catalysts show cooperative effect between the two 

metal centers, which normally leads to higher polymerization 

activities and even some unexpected effects.16 In order to learn 

more about the catalysis of bimetallic systems, we also studied the 

ROP of rac-LA initiated by the dinuclear complexes bearing the 

same 6,6’dimethylbiphenyl bridged salen-type ligands.  

Results and discussion 

Synthesis and Characterization of Mono- and Dinuclear Aluminum 

Methyl Complexes 

The reactions of racemic 6,6’-dimethylbiphenyl bridged salen-type 

proligands L1–3
H2 with AlMe3 in a 1:1 molar ratio in toluene at 110 

oC afforded the corresponding mononuclear aluminum methyl 

complexes 1–3 as yellow solids after recrystallization with a mixture 

of toluene and n-hexane (Scheme 1). The reaction of proligand L4
H2 

with AlMe3 via the same method mainly yielded the target complex 

L
4AlMe, but further purification failed to give an analytically pure 

product due to its poor solubility in common organic solvents. The 
1H NMR spectra of complexes 1–3 indicate the absence of 

diastereomers, despite that two stereogenic centers are involved in 

the structure. Notably, complex 1 with methyl groups substituted at 

the ortho-positions of phenolate rings shows fluxional behavior in 

solution, and broad signals accounting for the ligand framework are 

displayed thoroughly in the 1H NMR spectrum at ambient 

temperature. In contrast, two sets of proton resonances are 

displayed for the two half parts of the salen ligands of complexes 2 

and 3, indicating that they possess an asymmetric and rigid 

configuration in solution.  

When proligands L1–4
H2 were treated with two equiv. of AlMe3 in 

toluene at 110 oC, the desired dinuclear complexes 4–7 could be 

obtained (Scheme 1), as evidenced by the appearance of the methyl 

resonance in the upfield region (−0.48 to −0.75 ppm) and an 6:1 

integral ratio of this signal to that of the two imine protons in the 1H 

NMR spectra. Complexes 4–6 could be isolated readily in high yields 

(70–74%) via recrystallization with a mixture of toluene and n-

hexane; whereas complex 7 was only obtained in a very poor yield 

(10%) due to necessarily repeated recrystallization processes. The 

resonances of two methyl groups on the biphenyl moiety and the 

imine protons both display as one singlet in the 1H NMR spectra, 

indicative of the symmetric nature of complexes 4–7 in solution. 

Unexpectedly, the four Al-CH3 groups of complexes 4–7 resonate as 

two singlets in the upfield region, suggesting the inequivalent 

environments of the two methyls on each aluminum center, likely 

arising from the restricted rotation of the biphenyl moiety.17  
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Scheme 1 Synthesis of the mono- and dinuclear aluminum methyl complexes 1-7. 

 

Diffraction-quality crystals of complexes 1-3 and 6 were obtained 

from their saturated toluene/n-hexane solutions and further 

characterized by single-crystal X-ray diffraction studies. ORTEP 

views of the molecular structures of complexes 2, 6 with selected 

bond lengths and angles are shown in Figs. 1 and 2. The molecular 

structures of complexes 1, 3 are shown in Fig. S2, S3 (see ESI). 

As shown in Fig. 1, in the solid state the aluminum center of 

complex 2 is five-coordinated by the tetradentate {ONNO}2− ligand 

and one methyl ligand. Two largest angles around the aluminum 

center are O2–Al1–N1 = 169.00(10)° and O1–Al1–C1 = 123.24(11)°, 

which give a τ value of 0.77.18 The τ values of 0.89 and 0.82 of 

complexes 1, 3 are obtained accordingly. Obviously, in these 

mononuclear complexes, the aluminum center adopts a distorted 

trigonal bipyramidal coordination geometry (tbp). In complex 2, the 

two axial positions are occupied by N1 and O2, and the equatorial 

positions are occupied by the other three atoms. Such an 

orientation leads to a slightly elongated Al1–N1 bond (2.078(2) Å) 

relative to Al1–N2 bond (1.989(2) Å), thus a weaker interaction 

between the aluminum center and N1. 

Moreover, complexes 1–3 show a C1 symmetry in the solid state, 

and both enantiomers are found in the centrosymmetric crystal 

structures. As expected, an Sa configuration of the 6,6’-

dimethylbiphenyl moiety exclusively leads to a Δ configuration of 

the aluminum center, and vice versa Ra leads to Λ. The dihedral 

angles of the two aromatic planes defined by biphenyl moieties in 

complexes 1–3 being 62.7°, 61.9°, 70.3° respectively, are obviously 

smaller than those of the free ligands (for instance, 89.4o in L2
H2, Fig. 

S1 in ESI).19  

 

Fig. 1 Molecular structure of 2 (all hydrogen atoms omitted for clarity; 
thermal ellipsoids drawn at the 50% probability level). Selected bond lengths 
(Å) and angles (deg): Al1–O1 1.765(2), Al1–O2 1.834(2), Al1–N1 2.078(2), 
Al1–N2 1.989(2), Al1–C1 1.972(3), O1–Al1–O2 89.38(9), O1–Al1–N1 
87.67(9), O1–Al1–N2 122.69(10), O2–Al1–N1 169.00(10), O2–Al1–N2 
87.03(9), O1–Al1–C1 123.24(11), O2–Al1–C1 96.82(11), N2–Al1–N1 85.65(9), 
C1–Al1–N1 93.66(11), C1–Al1–N2 113.98(11). 

As depicted in Fig. 2, complex 6 shows a dinuclear feature in 

which both Al atoms are four-coordinate via bonding to one N 

donor and one O donor of the ligand as well as two methyl ligands, 

adopting a distorted tetrahedral geometry. The dihedral angle of 

the biphenyl moiety (110.7o) in complex 6 is significantly larger than 

those in this type of proligands (e.g. L
2
H2, 89.4o), thus allowing 

sufficient separation of the two aluminum fragments. The average 

Al–Me bond length in complex 6 is about 1.95 Å, which is consistent 

with those of the other dinuclear aluminum methyl complexes.20 
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Although the coordination environments of the two aluminum 

centers are similar, complex 6 also shows a C1 symmetry in the solid 

state.  

 

Fig. 2 Molecular structure of 6 (all solvent molecules and hydrogen atoms 
omitted for clarity; thermal ellipsoids drawn at the 50% probability level). 
Selected bond lengths (Å) and angles (deg): Al1–O1 1.759(2), Al1–N1 
1.996(3), Al1–C1 1.944(4), Al1–C2 1.939(4), Al2–O2 1.772(3), Al2–N2 
1.968(3), Al2–C3 1.952(4), Al2–C4 1.956(4), O1–Al1–N1 93.55(11), O1–Al1–
C1 116.21(17), O1–Al1–C2 105.12(15), C1–Al1–N1 104.57(16), C2–Al1–N1 
118.22(16), C1–Al1–C2 117.19(19), O2–Al2–N2 92.93(12), O2–Al2–C3 
111.64(16), O2–Al2–C4 110.38(15), C3–Al2–N2 109.51(15), C4–Al2–N2 
108.40(16), C3–Al2–C4 120.44(18). 

Synthesis and Characterization of Aluminum Alkoxide Complexes 
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Scheme 2 Synthesis of the alkoxide complexes 8, 9 and α-alkoxy ester 

complexes 10, 11. 

Due to generally better controllability and higher activities of metal 

alkoxide complexes toward rac-LA polymerization, aluminum 

alkoxide complexes L2AlOiPr (8), L2AlOBn (9) were also synthesized 

(Scheme 2). 

The alcoholysis of the in situ generated complex 2 with iPrOH in 

toluene was completed in 12 hours at 60 oC. The crude product was 

recrystallized readily with n-hexane to afford yellow crystals. The 

disappearance of the signal at −0.55 ppm assignable to Al–CH3 

protons of complex 2 and the appearance of a multiplet at 3.98 

ppm attributable to the methine proton of an isopropoxy group 

indicate unambiguously the formation of isopropoxide complex 8. 

Notably, in the 1H NMR spectrum of complex 8, the methyl 

resonances of the isopropyl group appear as two broad peaks with 

quite different chemical shifts (1.25 and 0.51 ppm), where the 

unusually low chemical shift of one signal is likely due to a shielding 

effect of neighboring aromatic rings. In the solid state (Fig. 3), 

complex 8 possesses a mononuclear structure with a tbp geometry, 

which is quite similar to that of complex 2.  

 

Fig. 3 Molecular structure of 8 (all hydrogen atoms omitted for clarity; 
thermal ellipsoids drawn at the 50% probability level). Selected bond lengths 
(Å) and angles (deg): Al1–O1 1.8253(14), Al1–O2 1.7692(14), Al1–O3 
1.7164(15), Al1–N1 1.9790(17), Al1–N2 2.0646(17), O1–Al1–O2 91.16(6), 
O1–Al1–O3 100.56(7), O2–Al1–O3 122.04(8), O1–Al1–N1 88.19(6), O2–Al1–
N1 119.86(7), O3–Al1–N1 117.09(8), O1–Al1–N2 173.80(7), O2–Al1–N2 
88.54(6), O3–Al1–N2 84.81(7), N1–Al1–N2 86.59(7).  

A similar reaction of the in situ generated complex 2 with benzyl 

alcohol gave the corresponding complex L
2AlOBn (9) as yellow 

crystals after recrystallization with toluene (Scheme 2). The CH2 

protons on the benzyloxy group display as a broad signal at 4.81–

4.65 ppm in the 1H NMR spectrum, indicative of a relatively free 

rotation of Al–O (Bz) bond. As shown in Fig. S4 (see ESI), complex 9 

also possesses a mononuclear structure in the solid state. 

Interestingly, the two enantiomers of complex 9 crystallize 

separately. The τ value of complex 9 (0.96) is larger than that of 

complex 8 (0.86) and suggests almost a perfect tbp geometry 

around the aluminum center in complex 9. 

Synthesis and Characterization of Aluminum α-Alkoxy Ester 

Complexes 

To gain a better understanding on the structures of active species 

generated in the polymerization of lactides, the isobutyrate 

complex L
2Al(OCMe2CO2Me) (10) and O-lactate complex L

2Al[(S)-

OCHMeCO2Me] (11) were synthesized via in situ alcoholysis of the 

parent aluminum methyl complex 2 with the corresponding α-

hydroxy esters (Scheme 2). Noticeably, complex 11 mimics the 

product of the first insertion of an L-LA monomer.21 

Complex 10 was recrystallized with a mixture of toluene and n-

hexane. As illustrated in Fig. 4, two pairs of enantiomers are found 

in the unit cell of complex 10, which can be denoted as Δ-Ra, Λ-Ra, 

Δ-Sa and Λ-Sa. Ortep views of two typical isomers are further shown 

in Fig. 5 (denoted as isomers 10a and 10b). In all isomers, the 

aluminum center is six-coordinated by the tetradentate ligand and  
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Fig. 4 Isomers of complex 10 in the unit cell.  

 

 
Fig. 5 Molecular structures of 10a (top) and 10b (bottom) (all hydrogen 
atoms omitted for clarity; thermal ellipsoids drawn at the 50% probability 
level). Selected bond lengths (Å) and angles (deg): Al1–O1 1.847(2), Al1–O2 
1.8291(19), Al1–O3 1.817(2), Al1–O4 2.0296(19), Al1–N1 2.007(2), Al1–N2 
2.073(2), Al2–O8 1.8056(19), Al2–O9 2.023(2), O4–Al1–N1 175.93(9), O2–
Al1–O4 88.70(8), O3–Al1–O4 82.35(8), O2–Al1–N1 94.90(9), O3–Al1–N1 
94.33(9), O6–Al2–O9 171.56(9). 

the κ2-α-alkoxy ester ligand. In isomer 10a (Λ-Ra), the axial positions 

are occupied by the carbonyl oxygen and one nitrogen donor of the 

salen ligand (O4−Al1−N1 = 175.93(9)°), while in isomer 10b (Λ-Sa), 

the axial positions are occupied by the carbonyl oxygen and one 

oxygen donor of the salen ligand (O6–Al2–O9 = 171.56(9)°). The Al–

O (carbonyl) bond lengths (2.0296(19) Å (10a), 2.023(2) Å, (10b)) 

are similar, but shorter than that observed in the salen aluminum 

complex shown in Chart 1 reported by Nomura’s group (Al–O 

(carbonyl) = 2.165 Å).15a 

Surprisingly, only one set of peaks are displayed in the 1H NMR 

spectrum of complex 10 and no resonances belonging to another 

pair of enantiomers could be detected. The two half fragments of 

the tetradentate ligand are still asymmetric, showing resonances 

similar to that of complex 2 but more separated from one another. 

On account of the inherent axial chirality of the {ONNO}2−
 ligand, an 

epimerization of the chiral metal center in complex 10 in solution 

probably due to a fast configuration interconversion is therefore 

assumed. To verify this hypothesis, variable temperature 1H NMR 

spectra of complex 10 were determined in toluene-d8 in the 

temperature range of −40 oC to 80 oC (Fig. S27 in ESI). However, 

except for slight shifts of some signals with the variation of 

temperature and certain broadening of all signals observed at 80 oC, 

no extra peaks appear and the asymmetric pattern of the 

tetradentate ligand is retained within the entire temperature range. 

These features to a great extent exclude the suspicion of the 

fluxional behavior of the chiral 6,6’-dimethylbiphenyl bridge,22 and 

further indicates that the epimerization of the chiral metal center in 

solution is more likely due to a dynamic process involving the α-

alkoxy ester ligand. Nevertheless, a significant downfield shift of the 

carbonyl resonance (193.6 ppm) in the 13C NMR spectrum of 

complex 10 is observed when compared to that of methyl 

isobutyrate (176.1 ppm), which normally suggests a stable 

coordination of the carbonyl to the metal center. Thereby, it seems 

that we are in a conflict situation. 

We then turned to 27Al NMR spectroscopy to get some insight 

into the coordination environment of the aluminum center in 

complex 10. For a comparison purpose, the 27Al NMR spectra of the 

mononuclear aluminum complex 2 and the dinuclear complex 5 

were also determined. Surprisingly, two different resonances are 

observed in the 27Al NMR spectrum of complex 10 (Fig. S28B in ESI), 

with one broad peak at about 70 ppm (w1/2 = 2657 Hz) and a 

shoulder at about 25–39 ppm; while only one broad peak at about 

72-74 ppm is observed in the 27Al NMR spectra of complexes 2 and 

5 (Fig. S28A in ESI). It is generally accepted that for aluminum 

complexes bearing with salen-type ligands, four-coordinate 

aluminum center has a chemical shift centered at ∼70 ppm, five-

coordinate at ∼40 ppm and six-coordinate at ∼0 ppm.6e,6f,15b,23 For 

instance, Feijen’s group reported that the aluminum isopropoxide 

complex with a rac-cyclohexylsalen ligand displays a single 

resonance at 35.45 ppm, in line with a five-coordinate aluminum 

center.6e Duda and coworkers proposed a four-coordinate Al center 

of the living lactide oligomer derived from the (SalBinap)AlOiPr 

complex for displaying a single Al resonance at 67 ppm.6f Tolman’s 

group also reported a series of five-coordinated salen aluminum 

complexes with Al resonances at about 35 ppm.23c Thus, by taking 

into consideration the 27Al NMR data of the dinuclear complex 5 

and the related salen aluminum complexes reported in 

literatures,6e,6f,15b,23 it is conceivable that for complex 10 the main Al 

resonance at about 70 ppm could be attributed to a four-coordinate 

aluminum center, while the shoulder at 25–39 ppm to a five-

coordinate aluminum center. Moreover, the Al resonance at ∼74 
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ppm of complex 2 further reals the dissociation of one nitrogen 

donor of the {ONNO}2− ligand in solution, likely the one occupying 

the axial position of the trigonal bipyramid (having a weaker 

interaction with Al center), although a five-coordinate metal center 

of complex 2 is found in the solid state. In Duda’s work, the 

dissociation of two nitrogen donors of the SalBinap ligand was even 

proposed to account for the four-coordinate aluminum center of 

the living lactide oligomer.6f Based on these results, the four-

coordinate aluminum center of complex 10 could be constructed 

either by a κ3-{ONNO}2−
 ligand and a κ1-α-alkoxy ester ligand, or by 

a κ2-{ONNO}2− ligand and a κ2-α-alkoxy ester ligand. In the latter 

case, in combination with the inherent axial chirality of the salen 

ligand, the κ2-chelating mode of the α-alkoxy ester ligand would 

lead to the generation of diastereomers, which however are not 

observed in our work. Therefore, we suggest that in the four-

coordinate structure the chiral salen ligand is tridentately 

coordinated and the α-alkoxy ester group acts as a monodentate 

ligand.  

A comparison of the hydrodynamic radius of complex 10 (rH = 

6.03 Å) determined by DOSY experiments with the X-ray radius 

estimated from its solid-state structure (rX‑ray= 6.90 Å) suggests that 

the complex should be monomeric in solution.24 Thus, the five-

coordinate metal center detected in the 27Al NMR spectrum of 

complex 10 is unlikely resulted from any aggregation of aluminum 

species, but most likely a coordination of the carbonyl group of the 

α-alkoxy ester ligand instead based on the corresponding 13C NMR 

data. The coexistence of both four- and five-coordinate aluminum 

centers of complex 10 in solution indicates the dynamic 

coordination of this group. The hemilabile coordination mode of the 

carbonyl group in an α-alkoxy ester has also been reported in 

literatures. As shown in Chart 1, by varying the substituents on the 

phenolate rings, the coordination mode of the carbonyl group of 

the α-alkoxy ester ligand is different.15 Our group also reported 

some zinc O-lactate complexes bearing chiral aminophenolate 

ligands, where a hemilabile chelating interaction of the carbonyl 

group has been observed in single crystal cell unit, as indicated by 

quite different distances of zinc to carbonyl oxygen (2.525(4) Å vs. 

2.212(4) Å).25 Although the 13C NMR spectrum of complex 10 

suggests the stable coordination of carbonyl group to aluminum, 

the 27Al NMR data do indicate an equilibrium between dissociation 

and association states of the carbonyl group, which also explain 

well the “disappearance” of diastereomers in solution as 

characterized by 1H and 13C NMR spectroscopy. The disagreement 

among different NMR spectroscopy is likely due to the different 

NMR time scales adopted in the measurement. 

Similar structure features are also found for complex 11. As 

depicted in Fig. 6, in the solid state the aluminum center of 11 is six-

coordinated by the tetradentate {ONNO}2− ligand and two oxygen 

atoms from (S)-lactate. Four isomers are found in the unit cell, 

which can be denoted as Δ-SaS, Λ-SaS, Λ-RaS and Δ-RaS due to the 

existence of an extra stereogenic center from (S)-lactate. The Al–O 

(carbonyl) bond lengths (2.039(2) Å (11a), 2.0238(2) (11b)) are 

slightly longer than those of complex 10. Again, despite of the 

presence of three stereogenic centers, only a pair of diastereomers 

in a 1:1 molar ratio is observed in solution via 1H NMR spectroscopy. 

For instance, two peaks accounting for the methine proton of the 

lactate fragment are displayed at 4.48 and 4.29 ppm, and the 

methoxy group also shows two resonances at 3.06 and 2.90 ppm. In 

the 13C NMR spectrum of complex 11, resonances of the carbonyl 

group appear at 189.8 and 189.0 ppm, which further indicate the 

coordination state of the carbonyl group. Similarly, two different Al 

resonances at about 69 and 25–41 ppm are observed in the 27Al 

NMR spectrum of complex 11. Therefore, a fast equilibrium 

between four- and five-coordinate metal centers arising from the 

dissociation and association of the carbonyl group is also suggested 

for complex 11 in solution. 

 
Fig. 6 Molecular structures of 11a (top) and 11b (bottom) (all hydrogen 
atoms omitted for clarity; thermal ellipsoids drawn at the 50% probability 
level). Selected bond lengths (Å) and angles (deg): Al1–O1 1.822(2), Al1–O2 
1.849(2), Al1–O3 1.812(2), Al1–O4 2.039(2), Al1–N1 2.063(3), Al1–N2 
2.005(3), Al2–O8 1.808(2), Al2–O9 2.038(2), O4–Al1–N2 176.94(10), O1–
Al1–O2 91.47(10), O2–Al1–O3 95.16(10), O1–Al1–N1 85.33(10), O3–Al1–N1 
87.99(10), O6–Al2–O9 172.33(10). 

Ring-Opening Polymerization of rac-LA by Complexes 1–3, 8–11 

Mononuclear complexes 1–3 and 8–11 could effectively initiate the 

ROP of rac-LA, producing PLAs with narrow PDIs. The main results 

of the polymerization studies are summarized in Table 1. Complex 1 

with ortho-methyl groups on the phenolate rings displayed the 

highest catalytic activity among three mononuclear aluminum 

methyl complexes. In the absence of alcohol, the polymerization 

went to 96% monomer conversion within 72 h at 110 oC in toluene 

(Table 1, entry 1). Complex 2 proved to be much less active than 

complex 1 (Table 1, entry 3), and a monomer conversion of 78% 

was reached after 132 h; whereas complex 3 bearing ortho-cumyl 

groups proved to be relatively more active than complex 2 (92% 

after 132 h, Table 1, entry 5). In general, the ROP of rac-LA initiated 
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by these mononuclear aluminum methyl complexes gave broadly 

distributed polymers (Mw/Mn = 1.40–2.06) with molecular weights 

higher than the calculated values, indicating an insufficient 

initiation. The resultant PLAs are isotactic-enriched with Pm values 

between 0.66 and 0.60. A decreasing tendency of the isoselectivity 

with the increase of the steric bulkiness of the ortho-substituents 

on the phenolate rings could be observed for complexes 1–3, which 

is similar to Gibson’s result.14 Unfortunately, the introduction of 

two methyl groups at the 6,6’-positions of the biphenyl bridge has 

little influence on the isoselectivity when compared with the bald 

biphenyl bridged salen aluminum complexes.14  

In order to acquire better initiation efficiencies and well-

controlled polymerization procedures, rac-LA polymerizations were 

initiated by aluminum isopropoxides generated in situ via strictly 

controlling the molar ratio of complexes 1–3 and iPrOH. The 

polymerizations were much faster when compared with those 

without iPrOH (Table 1, entries 2, 4 and 6). For example, a monomer 

conversion of 96% could be achieved by complex 1 within 72 h, 

while the addition of iPrOH significantly shortened the 

polymerization time to 24 h to reach a similar conversion of 92% 

(Table 1, entries 1 and 2). All the resultant polymers are isotactic 

enriched (Pm = 0.65−0.73) and possess very narrow molecular 

weight distributions (PDI = 1.03−1.05). For the catalytic system 

2/iPrOH, a linear relationship of Mn of the PLA samples versus 

monomer conversion is observed (Fig. S35 in ESI). Meanwhile, the 

polydispersity indices are ranging from 1.03 to 1.06, suggesting 

“living” characters of the polymerization process. 

In spite of the different initiating groups, polymerization 

behaviors of complexes 8–11 are similar. High monomer 

conversions around 85% could be reached within 80–96 h. A slight 

increase in the isotacticity of the resultant polymers is also 

observed (Pm = 0.65–0.68) when compared with those obtained by 

complex 2 with or without iPrOH.  

For a purpose of investigating the exact influence of ligand 

substituents on the polymerization rate of rac-LA, polymerization 

kinetics was systematically investigated with complexes 1–3 in the 

presence of iPrOH by adopting an initiator/iPrOH/monomer ratio of 

1:1:100 ([rac-LA]0 = 1.0 mol/L) at 110 °C in toluene. The 

semilogarithmic plots for these polymerizations are shown in Fig. 

S36 (see ESI). To our surprise, curved lines consisting of two linear 

stages are obtained for complexes 1 and 2; while a simply linear 

relationship is obtained for complex 3 thoroughly. Such a two-

stage-kinetics has previously been reported by Okuda’s group for 

the ROP of L-LA initiated by rare earth metal silylamido 

complexes,26 but it is quite unusual for aluminum initiators. In the 

case of complex 1, the kapp value of the first stage is (18.9 ± 1.5) × 

10−2 h−1, which is more than two times higher than that of the 

second stage ((8.60 ± 0.39) × 10−2 h−1). Moreover, the turn point 

appears at a monomer conversion of ca. 50%. As for complex 2, the 

turn point emerges earlier when a monomer conversion of 30% is 

just reached. Taking all these features into consideration, it seems 

that the first stage becomes shorter with the increase of the steric  

 

 

Table 1  ROP of rac-LA initiated by complexes 1–3, 8–11.a 

Entry Cat. [LA]0/[Cat.]0/[iPrOH]0 Time (h) Conv.b (%) Mn,cacld
c (× 104) Mn

d (× 104) PDId Pm
e kapp (×10−2 h−1) 

1 1 100:1:0 72 96 1.38 3.09 2.06 0.66  
2 1 100:1:1 24 92 1.33 1.62 1.05 0.73 8.60 ± 0.39 
3 2 100:1:0 132 78 1.12 1.17 1.48 0.63  
4 2 100:1:1 120 91 1.31 1.68 1.04 0.65 1.89 ± 0.11 

5 3 100:1:0 132 92 1.33 1.56 1.40 0.60  
6 3 100:1:1 60 90 1.30 1.46 1.03 0.65 3.94 ± 0.18 
7 8 100:1:0 96 86 1.24f 1.39 1.05 0.68 1.98 ± 0.03 
8 8 100:1:1 81 85 0.61f 0.69 1.06 0.66 2.13 ± 0.07  
9 8 100:1:2 64 83 0.40f 0.46 1.06 0.68 2.73 ± 0.02 

10 8 100:1:3 88 92 0.33f 0.35 1.08 0.66 2.91 ± 0.04  
11 9 100:1:0 78 84 1.21 1.42 1.06 0.68 2.21 ± 0.12 
12 10 100:1:0 81 84 1.21 1.70 1.04 0.65 2.17 ± 0.15   

13 11 100:1:0 83 86 1.24 1.45 1.05 0.66 2.21 ± 0.06  
a [rac-LA]0 = 1.0 M, toluene, 110 °C; b Determined by 1H NMR spectroscopy; c 

Mn,cacld = ([rac-LA]0/[cat.]0) × 144.14 × Conv.%; d Determined by 

GPC with polystyrenes as standards; e 
Pm is probability of forming a new m-dyad, determined by homonuclear decoupled 1H NMR 

spectroscopy; f Mn,cacld = {[rac-LA]0/([iPrOH]0 +[cat.])} × 144.14 × Conv.%. 

 

bulkiness of the aluminum complexes. Therefore, it is suspected 

that such a two-stage-kinetics might be resulted from some 

bimolecular processes or aggregations of aluminum species. To 

verify this suspicion, kinetics of rac-LA polymerization initiated by 

well-defined isopropoxide complex 8 was systematically 

investigated at various initiator concentrations (0.01, 0.008, 0.0067 

and 0.0057 mol/L) with respect to a constant monomer 

concentration ([rac-LA]0 = 1.0 mol/L). Due to very low monomer 

conversions, the first stage of each polymerization run could not be 

clearly presented. However, from the intercepts at Y axis, it is 

obvious that, with the decrease of initiator concentration, the first 

fast-polymerization stage becomes shorter and tends to vanish (Fig. 

S37A in ESI). By plotting ln kapp versus ln [8], a linear line with a 

slope of 1.13 was obtained for the second stage of polymerization 

(Fig. S37B in ESI), indicating first-order kinetics in both monomer 

and initiator concentrations, thus the monomeric nature of the 

aluminum active species in the second stage. Based on these results, 

it is reasonable to suggest that, some extent of aggregation or 

coorperation of aluminum species might occur in the earlier stage 

of rac-LA polymerization when a less sterically hindered initiator is 

adopted and meanwhile the initiator concentration is also relatively 

high.27 Since different active species are suggested to be involved in 
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different polymerization stages, a variation of stereoselectivity is 

more or less expected. However, it is found that the polymers 

obtained at different polymerization stages possess almost the 

same tacticity. Probably, the aggregation or coorperation of 

aluminum species may have little influence on the selectivity, or 

most likely the difference of the stereoselectivities is not 

remarkable on the basis of the inherently moderate isotacticity of 

these complexes. 

Immortal polymerization provides a convenient approach for 

efficiently preparing PLAs with various molecular weights,28 thus 

the reaction of complex 8 with as high as 50 equiv. of iPrOH was 

monitored by 1H NMR spectroscopy. In the spectrum, no signals 

attributable to the free salen ligand are observed (Fig. S29 in ESI). A 

set of resonances could be assigned to the salen ligand moiety, but 

are obviously different from those of complex 8. Except for the 

strong resonances at 3.86, 3.45 and 1.09 ppm assignable to iPrOH, 

no other signals accounting for the isopropoxyl group of a metal 

complex could be found. All these indicate that in the presence of 

excess isopropanol the unexpected ligand dissociation does not 

occur and a fast exchange between Al-OiPr and free iPrOH takes 

place instead. The ROP of rac-LA was then promoted by complex 8 

at 110 oC upon adding an excess of iPrOH as a chain transfer agent. 

The immortal polymerization was evidenced by the small PDI values 

(1.06–1.08) as well as a good agreement between the observed Mn 

values and the calculated ones (Table 1, entries 8, 9 and 10).29 Due 

to the low activities of these series of mononuclear complexes, rac-

LA polymerizations in both high monomer and alcohol loadings are 

not further investigated. 

The 1H NMR spectrum of a purified rac-LA oligomer obtained by 

complex 8 clearly shows the existence of both terminal groups of 

(CH3)2CHO– and HOCH(CH3)CO–, according to the resonances at 

about 1.22, 4.95 ppm for the former and 1.48, 4.37 ppm for the 

latter (Fig. S38 in ESI). Moreover, a series of peaks end-capped with 

an isopropoxy and a hydroxyl group dominate in the ESI-TOF mass 

spectrum (Fig. S39 in ESI), indicating an initiation via Al–OiPr 

bonding as well as a coordination-insertion polymerization.30  

To get more insight into the mechanism of stereoselective rac-LA 

polymerization initiated by these racemic salen aluminum 

complexes, the tetrad signals of a typical PLA sample obtained by 

complex 1 (Table 1, entry 2) was analyzed via homonuclear 

decoupled 1H NMR spectroscopy. As depicted in Fig. S40 (see in ESI), 

the integrals of sis, sii, iis, and isi tetrad peaks give an approximate 

ratio of 1:1.7:1.5:1.6. The relatively small sis signal and a close 

intensity ratio of sii : iis : isi to 1:1:1 suggest that the polymer main 

chain is stereoblock-enriched.6c,7a Coates and coworkers reported 

that the formation of stereoblock PLAs via rac-LA polymerization 

initiated by rac-(SalBinap)AlOiPr is resulted from a combination of 

enantiomorphic site control and polymer exchange mechanisms.6c 

Accordingly, a similar polymerization procedure proceeded via a 

polymer exchange process between two enantiomeric active 

centers is suggested to be involved in the polymerization initiated 

by these chiral salen aluminum complexes.31  

 

Table 2  ROP of rac-LA initiated by complexes 4-7.a 

Entry Cat. [LA]0/[Cat.]0 Time (h) Conv.b (%) Mn,cacld
c (×104) Mn

d (×104) PDId Pm
e 

1 4 100:1 10 90 0.65 2.46 1.19 0.56 
2 4 200:1 22 92 1.33 3.73 1.26 0.56 
3 5 100:1 14 90 0.65 2.59 1.27 0.54 
4 5 200:1 24 87 1.25 4.34 1.23 0.53 

5 6 100:1 16 89 0.64 2.34 1.22 0.50 
6 6 200:1 24 85 1.23 4.24 1.25 0.50 
7 7 100:1 24 67 0.49 1.97 1.16 0.49 

a [rac-LA]0 = 1.0 M, toluene, 110 °C; b Determined by 1H NMR spectroscopy; c 
Mn,cacld = ([rac-LA]0/[Al]0)× 144.14 × Conv.%; d Determined by 

GPC with polystyrenes as standards; e 
Pm is probability of forming a new m-dyad, determined by homonuclear decoupled 1H NMR 

spectroscopy. 

Since the isoselectivity of these series of aluminum complexes 

toward rac-LA polymerization is partly lost when compared to the 

one bearing a binaphthyl-bridged salen ligand, the α-alkoxy ester 

model complex rac-(SalBinap)Al(OCMe2CO2Me) was prepared on an 

NMR scale and characterized spectroscopically, with an attempt to 

find some structural difference between these two systems. The 

NMR scale reaction of rac-(SalBinap)AlMe with methyl 2-

hydroxyisobutyrate afforded the target α-alkoxy ester complex. Only 

one set of peaks in the 1H and 13C NMR spectra (Fig. S30 and S31 in 

ESI) as well as two peaks at about 70 and 34 ppm in the 27Al NMR 

spectrum are observed (Fig. S32 in ESI), which suggest the same 

coordination patterns of the salen and α-alkoxy ester ligands in rac-

(SalBinap)Al(OCMe2CO2Me) as those in complex 10. Therefore, the 

structural features of these two systems are basically the same; the 

poor isoselectivity of the chiral aluminum complexes reported in 

this work is likely caused by the less sterically hindered 6,6’-

dimethylbiphenyl bridge, rather than the dissociation of one N 

donor of the ligand and an equilibrium between the association and 

dissociation states of the carbonyl group in the active species. 

As mentioned above, although the rigid chiral bridge in these 

complexes results in a dissociation of one N donor of the chiral 

salen ligand in solution, unlike the achiral ones, the chiral salen 

ligand moiety in these aluminum complexes shows no fluxional 

behavior in a broad temperature range, which is then suggested to 

be the original of an enantiomorphic site control. 

Ring-Opening Polymerization of rac-LA by Complexes 4–7 

The dinuclear aluminum complexes 4–6 could enable 3–6 fold 

boosts in activity toward rac-LA polymerization in comparison with 

their mononuclear aluminum counterparts,16 but lead to atactic 

PLAs (Pm = 0.50–0.56) (Table 2). For instance, monomer conversions 

of nearly 90% could be reached within 10 to 16 h at a [rac-

LA]0/[initiator]0 ratio of 100, and within 22 to 24 h at a ratio of 200 

(Table 2, entries 1 to 6). Among them, complex 4 with ortho-methyl 
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groups on the phenolate rings displays the highest catalytic activity 

(Table 2, entry 1). The introduction of electron-withdrawing bromo-

substituents in complex 7 leads to a much lower activity, with a 

conversion of 67% reached only within 24 h at a [rac-

LA]0/[initiator]0 ratio of 100 (Table 2, entry 7). 

As shown in Table 2, the experimental molecular weights of 

resultant PLAs are much higher than the theoretical values, 

obviously due to an insufficient initiation of aluminum methyl 

complexes. Thereby, the end-groups of typical rac-LA oligomer 

were analyzed via 1H NMR spectroscopy and MALDI-TOF mass 

spectrum. However, both methods gave no conclusion on the 

initiating group (Fig. S41 in ESI). In attempts to generate in situ the 

corresponding metal-alkoxide species, we found that the treatment 

of typical dinucear complex 6 with one equiv. of alcohols such as 
iPrOH, BnOH and tBuOH all led to partial dissociation of the salen 

ligand, even in the presence of the rac-LA (Fig. S33 and S34 in ESI). 

Thus, it seems that these series of dinuclear aluminum complexes 

are quite sensitive toward proton sources. Most likely, during the 

polymerization process the active species were generated by 

reacting with impurities (brought with the monomers, e.g. lactic 

acid, hydrolyzed lactide, water)32 via the cleavage of Al–Oaryl as well 

as Al–Me bonds. This explains well the unusually low activity of 

complex 7. With electron-withdrawing groups on the phenolate 

rings, all these bonds become stronger, therefore less reactive, 

resulting in slow initiation efficiency.  

Conclusions 

A series of mononuclear aluminum complexes [L1−3AlMe] (1−3), 

dinuclear aluminum complexes [(L1−4)2Al2Me4] (4−7), well-defined 

alkoxide complexes L
2AlOiPr (8), L

2AlOBn (9) and α-alkoxy ester 

complexes L
2Al(OCMe2CO2Me) (10), L

2Al[(S)-OCHMeCO2Me] (11) 

have been synthesized and fully characterized. X-ray diffraction 

studies of typical aluminum complexes revealed that, in the solid 

state the mononuclear aluminum methyl and alkoxide complexes 

all possess a five-coordinate metal center with a distorted trigonal 

bipyramidal geometry (tbp); while the dinuclear complexes possess 

four-coordinate aluminum centers adopting distorted tetrahedral 

geometries. Complexes 10 and 11 are the first examples of 

aluminum α-alkoxy ester complexes bearing a chiral bridged salen 

ligand, and their solid structures reveal that the aluminum center is 

six-coordinated with the tetradentate ligand and the α-alkoxy ester 

ligand that chelates onto the Al center in a κ
2-O (alkoxide), O 

(carbonyl) fashion. The presence of two Al resonances in the 27Al 

NMR spectra of complexes 10 and 11 suggests an exchange process 

between four- and five-coordinate aluminum species in solution, 

which is likely resulted from an association/dissociation equilibrium 

of the carbonyl group of the α-alkoxy ester ligand. All of these 

aluminum complexes exhibit moderate catalytic activity toward the 

ROP of rac-LA. The polymerization initiated by 1−3/iPrOH shows 

living features, affording isotactic enriched PLAs (Pm = 0.65−0.73) 

with narrow molecular weight distributions. Detailed kinetic studies 

suggested that some extent of aggregation or coorperation of 

aluminum species might occur in the earlier stage of rac-LA 

polymerization when a less sterically hindered initiator such as 

complex 1 or 2 is adopted and meanwhile the initiator 

concentration is relatively high. Complexes 8–11 showed similar 

performances as the 2/iPrOH catalytic system, and in the presence 

of excess isopropanol the polymerization initiated by complex 8 

could even take place in an immortal manner. Owing to less 

hindered metal centers and undesired dissociation reactions, the 

dinuclear aluminum complexes only afforded atactic PLAs, but 

resulted in 3–6 fold boosts in activity. 

Experimental Section 

General considerations 

All manipulations were carried out under a dry argon atmosphere 

using standard Schlenk-line or glovebox techniques. Toluene and n-

hexane were refluxed over sodium benzophenone ketyl prior to use. 

Benzene-d6, toluene-d8, chloroform-d, and other reagents were 

carefully dried and stored in a glovebox. Proligand L
1–3

H2 were 

synthesized according to literature methods.33 rac-LA (Aldrich) was 

recrystallized with dry toluene and then sublimed twice under 

vacuum at 80 °C. iPrOH was dried over calcium hydride prior to 

distillation. All other chemicals were commercially available and 

used after appropriate purification. 25 mL Schlenk tube used in the 

polymerization were dried under vacuum with gas flame, and 

exposed to a vacuum-argon cycle three times.  

NMR spectra were recorded on Bruker AVANCE spectrometers at 

25 °C (1H, 400 MHz; 13C, 100 MHz; 27Al, 130.3 MHz) unless otherwise 

stated. Chemical shifts for 1H and 13C NMR spectrum were 

referenced internally using the residual solvent resonances and 

reported relative to tetramethylsilane. 27Al chemical shifts were 

referenced to an external 1.1 M solution of Al(NO3)3 in D2O. 

Elemental analyses were performed on an EA-1106 instrument. 

Spectroscopic analyses of polymers were performed in CDCl3. Gel 

permeation chromatography (GPC) analyses were carried out on an 

Agilent instrument (L1200 pump, Optilab Rex injector) in THF at 

35 °C at a flow rate of 1 mL/min. Calibration standards were 

commercially available narrowly distributed linear polystyrene 

samples that cover a broad range of molar masses (103 < Mn < 7 × 

105 g/mol). The Mn values were reported without correction. 

Synthesis of proligands and aluminum complexes 

{ONNO
tBu, Br

}H2 (L
4
H2). A 100 mL round bottom flask with 

magnetic stirrer bar was charged with 3-bromo-5-tert-butyl-2-

hydroxybenzaldehyde (1.60 g, 6.23 mmol), 2,2’-diamino-6,6’-

dimethyl-1,1’-biphenyl (0.69 g, 3.10 mmol) and 30 mL of ethanol. 

Then the mixture was refluxed for 16 h and an orange precipitate 

was formed during the reaction. The orange solid was isolated by 

filtration, washed with cold ethanol and then dried under vacuum 

(1.35 g, 63%). 1H NMR (CDCl3, 400 MHz, 298 K): δ 12.74 (s, 2H, 

ArOH), 8.45 (s, 2H, N=CH), 7.54 (d, 2H, J = 2.2 Hz, ArH), 7.37 (t, 2H, J 

= 7.6 Hz, ArH), 7.27 (d, 2H, J = 7.6 Hz, ArH), 7.22 (d, 2H, J = 2.2 Hz, 

ArH), 6.09 (d, 2H, J = 7.6 Hz, ArH), 2.08 (s, 6H, ArCH3), 1.25 (s, 18H, 

C(CH3)3). 13C NMR (CDCl3, 100 MHz, 298 K): δ 161.7 (ArC=N), 155.4 

(ArCOH), 146.5, 142.7, 137.3, 133.6, 133.4, 129.2, 128.9, 128.2, 

119.5, 115.8, 110.5 (all ArC), 34.2 (C(CH3)3), 31.4 (C(CH3)3), 20.0 

(ArCH3). Anal. Calcd. for: C36H38O2N2Br2: C, 62.62; H, 5.55; N,4.06. 

Found: C, 62.39; H, 5.57; N, 4.02%. 

{ONNO
Me, Me

}AlMe (1). In a glovebox, the solution of proligand 

L
1
H2 (0.477 g, 1.00 mmol) in 5 mL of toluene was added slowly to a 

solution of AlMe3 (0.50 mL, 2.0 M in toluene, 1.00 mmol) at room 
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temperature. Then the mixture was taken out of the glovebox and 

stirred in a 110 oC oil bath for 48 h. All of the volatiles were 

removed under vacuum. The resultant yellow solids were 

recrystallized with a mixture of toluene and n-hexane at room 

temperature to afford yellow crystalline solids in 69% yield (0.356 g). 

1H NMR (C6D6, 400 MHz, 298 K): δ 7.82 (br s, 1H, N=CH), 7.75 (br s, 

1H, N=CH), 7.01–6.68 (m, 7H, ArH), 6.31 (br, 3H, ArH), 2.51 (s, 6H, 

ArCH3), 1.98 (s, 6H, ArCH3), 1.95 (br s, 3H, ArCH3), 1.85 (br s, 3H, 

ArCH3), −0.54 (s, 3H, AlCH3). 13C NMR (C6D6, 100 MHz, 298 K): δ 

136.9, 130.9, 129.3, 128.6, 128.5, 125.6 (all ArC), 21.4 (ArCH3), 20.2 

(ArCH3), 19.6 (ArCH3), 16.6 (ArCH3) (due to the broadening of 

signals, only partial carbon signals could be observed). Anal. Calcd. 

for: C33H33AlO2N2⋅0.41 C7H8: C, 77.71; H, 6.60; N, 5.05. Found: C, 

77.74; H, 6.76; N, 4.92%.  

{ONNO
tBu, Me

}AlMe (2). Following a procedure similar to that 

described for 1, L
2
H2 (0.561 g, 1.00 mmol) in 5 mL of toluene was 

treated with a solution of AlMe3 (0.50 mL, 2.0 M in toluene, 1.00 

mmol) to give yellow solids after workup. Yellow crystals could be 

obtained after recrystallization with a mixture of toluene and n-

hexane at room temperature in 63% yield (0.380 g). 1H NMR (C6D6, 

400 MHz, 298 K): δ 7.78 (s, 1H, N=CH), 7.72 (s, 1H, N=CH), 7.33 (s, 

1H, ArH), 7.27 (s, 1H, ArH), 7.01−6.95 (m, 1H, ArH), 6.88 (d, 1H, J = 

7.2 Hz, ArH), 6.83 (d, 1H, J = 7.2 Hz, ArH), 6.73−6.64 (m, 2H, ArH), 

6.35 (s, 1H, ArH), 6.32 (s, 1H, ArH), 6.25 (d, 1H, J = 6.8 Hz, ArH), 2.08 

(s, 3H, ArCH3), 2.04 (s, 3H, ArCH3), 1.98 (s, 3H, ArCH3), 1.80 (s with 

shoulder, 12H, ArCH3, C(CH3)3), 1.71 (s, 9H, C(CH3)3), −0.55 (s, 3H, 

AlCH3). 13C NMR (C6D6, 100 MHz, 298 K): δ 171.4 (ArC=N), 167.7 

(ArC=N), 166.2, 162.4, 148.3, 148.2, 141.9, 141.5, 137.0, 136.9, 

135.7, 134.3, 131.8, 131.5, 131.2, 130.9, 129.1, 128.7, 128.5, 124.9, 

124.0, 123.8, 122.5, 120.4, 119.5 (all ArC), 35.6 (C(CH3)3), 30.0 

(C(CH3)3), 29.9 (C(CH3)3), 20.6 (ArCH3), 20.5 (ArCH3), 19.6 (ArCH3), 

−8.0 (br, AlCH3). 27Al NMR (CDCl3, 130.3 MHz, 298 K): δ 74 (w1/2 = 

2398 Hz). Anal. Calcd. for: C39H45AlO2N2: C, 77.97; H, 7.55; N, 4.66. 

Found: C, 77.74; H, 7.43; N, 4.75%. 

{ONNO
cumyl, cumyl

}AlMe (3). Following a procedure similar to that 

described for 1, L
3
H2 (0.893 g, 1.00 mmol) in 5 mL of toluene was 

treated with a solution of AlMe3 (0.50 mL, 2.0 M in toluene, 1.00 

mmol) to give yellow solids after workup. Yellow crystals could be 

obtained after recrystallization with a mixture of toluene and n-

hexane at room temperature in 58% yield (0.540 g). 1H NMR (C6D6, 

400 MHz, 298 K): δ 7.83 (s, 1H, N=CH), 7.62 (s, 1H, N=CH), 7.38–7.24 

(m, 7H, ArH), 7.18–6.97 (m, 15H, ArH), 6.95–6.90 (m, 1H, ArH), 6.78 

(d, 1H, J = 8.0 Hz, ArH), 6.71 (br s, 4H, ArH), 6.58 (d, 1H, J = 8.0 Hz, 

ArH), 6.19 (d, 1H, J = 7.6 Hz, ArH), 2.19 (s, 3H, ArCH3), 2.08 (s, 3H, 

ArCH3), 1.91 (s, 6H, cumyl-CH3), 1.85 (s, 3H, cumyl-CH3), 1.69 (s, 3H, 

cumyl-CH3), 1.45 (s, 6H, cumyl-CH3), 1.44 (s, 6H, cumyl-CH3), −0.97 

(s, 3H, AlCH3). 13C NMR (C6D6, 100 MHz, 298 K): δ 171.4 (ArC=N), 

166.6 (ArC=N), 166.0, 161.9, 151.1, 151.0, 150.8, 147.94, 147.87, 

141.4, 138.1, 136.9, 136.8, 136.4, 134.0, 131.0, 130.7, 129.7, 129.4, 

129.3, 127.3, 127.1, 126.9, 125.9, 125.6, 125.0, 124.4, 122.4, 119.6, 

119.3 (all ArC), 43.4 (CMe2Ph), 42.4 (CMe2Ph), 31.0 (cumyl-CH3), 

30.9 (cumyl-CH3), 30.8 (cumyl-CH3), 30.7 (cumyl-CH3), 28.7 (cumyl-

CH3), 27.4 (cumyl-CH3), 19.6 (ArCH3), −7.8 (br, AlCH3). Anal. Calcd. 

for: C64H64AlO2N2: C, 83.54; H, 7.01; N, 3.04. Found: C, 83.18; H, 

7.16; N, 3.06 %. 

{ONNO
Me, Me

}Al2Me4 (4). Following a procedure similar to that 

described for 1, L
1
H2 (0.477 g, 1.00 mmol) in 5 mL of toluene was 

treated with a solution of AlMe3 (1.00 mL, 2.0 M in toluene, 2.00 

mmol) to give yellow solids after workup. Yellow crystals could be 

obtained after recrystallization with a mixture of toluene and n-

hexane at room temperature in 70% yield (0.410 g). 1H NMR (C6D6, 

400 MHz, 298 K): δ 7.57 (s, 2H, N=CH), 6.90–6.87 (m, 4H, ArH), 6.85 

(t, 2H, J = 7.6 Hz, ArH), 6.63 (dd, 2H, J1 = 7.6 Hz, J2 = 1.2 Hz, ArH), 

6.31 (d, 2H, J = 1.2 Hz, ArH), 2.27 (s, 6H, ArCH3), 1.98 (s, 6H, ArCH3), 

1.90 (s, 6H, ArCH3), −0.51 (s, 6H, AlCH3), −0.80 (s, 6H, AlCH3). 13C 

NMR (C6D6, 100 MHz, 298 K): δ 172.8 (ArC=N), 162.2, 146.6, 140.4, 

140.2, 133.3, 130.5, 130.2, 130.0, 129.8, 125.9, 124.4, 118.6 (all 

ArC), 20.5 (ArCH3), 20.2 (ArCH3), 16.3 (ArCH3), −8.79 (AlCH3), −9.27 

(AlCH3). Anal. Calcd. for: C36H42Al2O2N2: C, 73.45; H, 7.19; N, 4.76. 

Found: C, 73.28; H, 7.19; N, 4.84%. 

{ONNO
tBu, Me

}Al2Me4 (5). Following a procedure similar to that 

described for 1, L2
H2 (0.561 g, 1.00 mmol) in 5 mL of toluene was 

treated with a solution of AlMe3 (1.00 mL, 2.0 M in toluene, 2.00 

mmol) to give yellow solids after workup. Yellow crystals could be 

obtained after recrystallization with a mixture of toluene and n-

hexane at room temperature in 74% yield (0.495 g). 1H NMR (C6D6, 

400 MHz, 298 K): δ 7.71 (s, 2H, N=CH), 7.27 (d, 2H, J = 2.2 Hz, ArH), 

6.91–6.85 (m, 4H, ArH), 6.51 (dd, 2H, J1 = 7.1 Hz, J2 = 1.9 Hz, ArH), 

6.25 (d, 2H, J = 2.2 Hz, ArH), 1.99 (s, 6H, ArCH3), 1.91 (s, 6H, ArCH3), 

1.53 (s, 18H, C(CH3)3), −0.48 (s, 6H, AlCH3), −0.91 (s, 6H, AlCH3). 13C 

NMR (C6D6, 100 MHz, 298 K): δ 173.4 (ArC=N), 162.8, 147.2, 141.1, 

140.0, 136.8, 133.7, 130.6, 130.2, 129.9, 125.7, 124.5, 119.8 (all 

ArC), 35.2 (C(CH3)3), 29.6 (C(CH3)3), 20.4 (ArCH3), −9.40 (AlCH3), 

−9.49 (AlCH3). 27Al NMR (CDCl3, 130.3 MHz, 298 K): δ 72 (w1/2 = 

1728 Hz). Anal. Calcd. for: C42H54Al2O2N2: C, 74.97; H, 8.09; N, 4.16. 

Found: C, 74.71; H, 7.93; N, 4.12%.  

{ONNO
cumyl, cumyl

}Al2Me4 (6). Following a procedure similar to 

that described for 1, L3
H2 (0.894 g, 1.00 mmol) in 5 mL of toluene 

was treated with a solution of AlMe3 (1.00 mL, 2.0 M in toluene, 

2.00 mmol) to give yellow solids after workup. Yellow crystals could 

be obtained after recrystallization with a mixture of toluene and n-

hexane at room temperature in 72% yield (0.720 g). 1H NMR (C6D6, 

400 MHz, 298 K): δ 7.65 (s, 2H, N=CH), 7.57 (d, 2H, J = 2.4 Hz, ArH), 

7.27–7.21 (m, 12H, ArH), 7.19 (m, 2H, ArH), 7.16 (s, 4H, ArH), 7.01 

(m, 2H, ArH), 6.89 (d, 2H, J = 7.8 Hz, ArH), 6.77 (t, 2H, J = 7.8 Hz, 

ArH), 6.68 (d, 2H, J = 2.4 Hz, ArH), 6.59 (d, 2H, J = 7.8 Hz, ArH), 1.66 

(s, 6H, ArCH3), 1.65 (s, 6H, cumyl-CH3), 1.63 (s, 12H, cumyl-CH3), 

1.60 (s, 6H, cumyl-CH3), −0.746 (s, 6H, AlCH3), −0.751 (s, 6H, AlCH3). 

13C NMR (C6D6, 100 MHz, 298 K): δ 172.0 (ArC=N), 162.4, 150.7, 

150.6, 146.3, 141.4, 138.9, 138.5, 137.9, 135.0, 131.1, 130.1, 129.7, 

129.3, 128.57, 128.55, 127.0, 126.2, 126.0, 125.7, 125.4, 123.7, 

119.1 (all ArC), 42.6 (CMe2Ph), 42.4 (CMe2Ph), 31.1 (cumyl-CH3), 

30.9 (cumyl-CH3), 29.7 (cumyl-CH3), 28.6 (cumyl-CH3), 20.4 (ArCH3), 

−8.54 (AlCH3), −9.02 (AlCH3). Anal. Calcd. for: C68Al2H74O2N2: C, 

81.24; H, 7.42; N, 2.79. Found: C, 81.62; H, 7.61; N, 2.51%. 

{ONNO
Br, tBu

}Al2Me4 (7). Following a procedure similar to that 

described for 1, L4
H2 (0.690 g, 1.00 mmol) in 5 mL of toluene was 

treated with a solution of AlMe3 (1.00 mL, 2.0 M in toluene, 2.00 

mmol) to give yellow solids after workup. Yellow crystals could be 

obtained after recrystallization with a mixture of toluene and n-

hexane twice at room temperature in 10% yield (0.080 g). 1H NMR 

(C6D6, 400 MHz, 298 K): δ 7.84 (d, 2H, J = 2.4 Hz, ArH), 7.36 (s, 2H, 

N=CH), 7.01 (d, 2H, J = 2.4 Hz, ArH), 6.79–6.75 (m, 2H, ArH), 6.74 (t, 

2H, J = 7.6 Hz, ArH), 6.56 (d, 2H, J = 7.6 Hz, ArH), 1.78 (s, 6H, ArCH3), 
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1.18 (s, 18H, C(CH3)3), −0.58 (s, 6H, AlCH3), −0.71 (s, 6H, AlCH3). 13C 

NMR (C6D6, 100 MHz, 298 K): δ 172.1 (ArC=N), 158.9, 145.2, 141.7, 

140.4, 139.0, 132.2, 130.2, 129.7, 129.3, 123.6, 119.9, 116.4 (all 

ArC), 34.0 (C(CH3)3), 31.2 (C(CH3)3), 20.3 (ArCH3), −8.83 (AlCH3), 

−9.57 (AlCH3). Anal. Calcd. for: C40H48Al2Br2O2N2: C, 59.86; H, 6.03; 

N, 3.49. Found: C, 59.65; H, 6.05; N, 3.53%. 

{ONNO
tBu, Me

}Al(O
i
Pr) (8). In a glovebox, the solution of proligand 

L
2
H2 (0.561 g, 1.00 mmol) in 5 mL of toluene was added slowly to a 

solution of AlMe3 (0.50 mL, 2.0 M in toluene, 1.00 mmol) at room 

temperature. Then the mixture was taken out of the glovebox and 

stirred in a 110 oC oil bath for 48 h. A solution of iPrOH (60.0 mg, 

1.00 mmol) in 2 mL of toluene was added to the above reaction 

mixture at room temperature and stirred in a 60 oC oil bath for 12 h. 

All of the volatiles were removed under vacuum. The resultant 

yellow solids were recrystallized with n-hexane at room 

temperature to afford yellow crystalline solids in 58% yield (0.372 g). 

1H NMR (C6D6, 400 MHz, 298 K): δ 7.85 (s, 1H, N=CH), 7.72 (s, 1H, 

N=CH), 7.37 (d, 1 H, J = 2.0 Hz, ArH), 7.28 (d, 1H, J = 7.6 Hz, ArH), 

7.24 (d, 1 H, J = 2.0 Hz, ArH), 7.15 (t, 1H, J = 7.6 Hz, ArH, overlapped 

with C6D6 signal), 6.98 (d, 1H, J = 7.6 Hz, ArH), 6.72 (d, 1H, J = 7.6 Hz, 

ArH), 6.64 (t, 1H, J = 7.6 Hz, ArH), 6.39 (s, 1H, ArH), 6.29 (s, 1H, ArH), 

6.18 (d, 1H, J = 7.6 Hz, ArH), 3.98 (m, 1H, OCH(CH3)2), 2.08 (s, 3H, 

ArCH3), 2.03 (s, 3H, ArCH3), 2.00 (s, 3H, ArCH3), 1.89 (s, 3H, ArCH3), 

1.81 (s, 9H, C(CH3)3), 1.77 (s, 9H, C(CH3)3), 1.25 (br s, 3H, 

OCH(CH3)2), 0.51 (br s, 3H, OCH(CH3)2). 13C NMR (C6D6, 100 MHz, 

298 K): δ 171.4 (ArC=N), 167.2 (ArC=N), 166.6, 162.3, 148.9, 148.6, 

141.3, 141.1, 137.1, 136.3, 136.0, 134.0, 131.7, 131.6, 131.5, 129.9, 

129.2, 128.6, 125.0, 124.7, 124.2, 123.8, 119.9, 119.3 (all ArC), 63.1 

(OCH(CH3)2), 35.9 (C(CH3)3), 35.7 (C(CH3)3), 30.2 (C(CH3)3), 29.9 

(C(CH3)3), 20.7 (OCH(CH3)2), 20.5 (OCH(CH3)2), 19.8 (ArCH3), 19.6 

(ArCH3). Anal. Calcd. For C41H49AlN2O3: C, 76.37; H, 7.66; N, 4.34. 

Found: C, 75.67; H, 7.75; N, 4.37%. 

{ONNO
tBu, Me

}Al(OBn) (9). Following a procedure similar to that 

described for 8, a solution of BnOH (108.0 mg, 1.00 mmol) was 

added instead. After workup, the resultant yellow solids were 

recrystallized with toluene at room temperature to afford yellow 

crystalline solids in 61% yield (0.420 g). 1H NMR (C6D6, 400 MHz, 298 

K): δ 7.76 (s, 2H, N=CH), 7.30 (s, 1H, ArH), 7.27 (s, 1H, ArH), 7.15 

(s,1H, ArH, overlapped with C6D6 signal), 7.03–6.96 (m, 5H, ArH), 

6.92 (d, 2H, J = 6.4 Hz, ArH), 6.73 (d, 1H, J = 7.6 Hz, ArH), 6.65 (t, 1H, 

J = 7.6 Hz, ArH), 6.33 (s, 1H, ArH), 6.17 (s, 1H, ArH), 6.16 (d, 1H, J = 

7.6 Hz, ArH), 4.81–4.65 (m, 2H, OCH2Ph), 2.07 (s, 3H, ArCH3), 2.04 (s, 

3H, ArCH3), 2.02 (s, 3H, ArCH3), 1.89 (s, 3H, ArCH3), 1.78 (s, 9H, 

C(CH3)3), 1.73 (s, 9H, C(CH3)3). 13C NMR (C6D6, 100 MHz, 298 K): δ 

171.7 (ArC=N), 167.6 (ArC=N), 166.4, 162.3, 148.8, 148.4, 147.0, 

141.3, 140.9, 137.2, 136.14, 136.11, 134.2, 131.8, 131.6, 130.0, 

129.3, 128.9, 128.7, 127.6, 126.2, 125.3, 125.2, 124.3, 124.2, 123.9, 

120.0, 119.4 (all ArC), 66.2 (OCH2Ph), 35.8 (C(CH3)3), 35.7 (C(CH3)3), 

30.3 (C(CH3)3), 30.0 (C(CH3)3), 20.6 (ArCH3), 20.5 (ArCH3), 19.8 

(ArCH3), 19.6 (ArCH3). Anal. Calcd. for: C45H49AlN2O3: C, 78.01; H, 

7.13; N, 4.04. Found: C, 77.36; H, 7.10; N, 4.06%. 

{ONNO
tBu, Me

}Al(OCMe2CO2Me) (10). Following a procedure 

similar to that described for 8, a solution of methyl 2-

hydroxybutyrate (118.0 mg, 1.00 mmol) was added. After workup, 

the resultant yellow solids were recrystallized with n-hexane at 

room temperature to afford yellow crystalline solids in 42 % yield 

(0.293 g). 1H NMR (C6D6, 400 MHz, 298 K): δ 7.88 (s, 1H, N=CH), 7.87 

(s, 1H, N=CH), 7.34 (d, 1H, J = 1.6 Hz, ArH), 7.26 (d, 1H, J = 1.6 Hz, 

ArH), 7.05 (t, 1H, J = 7.6 Hz, ArH), 6.96 (d, 1H, J = 7.6 Hz, ArH), 6.91 

(d, 1H, J = 7.6 Hz, ArH), 6.78 (t, 1H, J = 7.6 Hz, ArH), 6.67 (d, 1H, J = 

7.6 Hz, ArH), 6.59 (s, 1H, ArH), 6.48 (s, 1H, ArH), 6.46 (d, 1H, J = 7.6 

Hz, ArH), 3.06 (s, 3H, COOCH3), 2.18 (s, 3H, ArCH3), 2.05 (s, 3H, 

ArCH3), 2.01 (s, 3H, ArCH3), 1.84 (s, 9H, C(CH3)3), 1.80 (s, 3H, ArCH3), 

1.69 (s, 9H, C(CH3)3), 1.29 (s, 3H, OC(CH3)2), 1.05 (s, 3H, OC(CH3)2). 
13C NMR (C6D6, 100 MHz, 298 K): δ 193.6 (COO), 168.7 (ArC=N), 

168.0 (ArC=N), 166.0, 164.9, 150.8, 149.9, 141.7, 140.2, 137.3, 

136.6, 134.2, 133.8, 132.3, 131.7, 131.4, 131.3, 128.5, 127.6, 127.5, 

124.5, 123.1, 122.5, 121.5, 121.4, 119.4, 118.7, 110.5 (all ArC), 72.5 

(OC(CH3)2), 54.2 (COOCH3), 35.7 (C(CH3)3), 31.0 (C(CH3)3), 30.6 

(C(CH3)3), 30.3 (OC(CH3)2), 28.4 (OC(CH3)2), 20.72 (ArCH3), 20.66 

(ArCH3), 20.0 (ArCH3), 19.9 (ArCH3). 27Al NMR (CDCl3, 130.3 MHz, 

298 K): δ 70 (w1/2 = 2657 Hz), 35 (w1/2 = 2731 Hz). Anal. Calcd. For 

C43H51AlN2O5·(0.2 C6H14): C, 73.75; H, 7.91; N, 3.81. Found: C, 74.24; 

H, 7.94; N, 3.66%. 

{ONNO
tBu, Me

}Al[(S)-OCHMeCO2Me] (11). Following a procedure 

similar to that described for 8, a solution of methyl (S)-lactate 

(108.0 mg, 1.00 mmol) was added. After workup, the resultant 

yellow solids were recrystallized with n-hexane at room 

temperature to afford yellow crystalline solids in 39% yield (0.267 g). 

1H NMR (C6D6, 400 MHz, 298 K): δ 7.87 (s, 1H, N=CH), 7.83 (s, 1H, 

N=CH), 7.82 (s, 1H, N=CH), 7.78 (s, 1H, N=CH), 7.34 (s, 2H, ArH), 7.24 

(s, 2H, ArH), 7.02 (d, 1H, J = 2.0 Hz, ArH), 7.00 (d, 1H, J = 2.0 Hz, 

ArH), 6.97–6.91 (m, 3H, ArH), 6.83 (d, 1H, J = 7.6 Hz, ArH), 6.78 (d, 

1H, J = 7.6 Hz, ArH), 6.74 (d, 1H, J = 7.6 Hz, ArH), 6.70 (d, 2H, J = 7.2 

Hz, ArH), 6.56 (d, 2H, J = 7.2 Hz, ArH), 6.47 (d, 1H, J = 7.6 Hz, ArH), 

6.45 (s, 3H, ArH), 4.48 (q, 1H, J = 6.8 Hz, OCH(CH3)2), 4.30 (q, 1H, J = 

6.8 Hz, OCH(CH3)2), 3.06 (s, 3H, COOCH3), 2.90 (s, 3H, COOCH3), 2.17 

(s, 3H, ArCH3), 2.15 (s, 3H, ArCH3), 2.03 (s, 3H, ArCH3), 1.84 (s, 3H, 

ArCH3), 1.81 (s, 18H, C(CH3)3), 1.71 (s, 9H, C(CH3)3), 1.69 (s, 9H, 

C(CH3)3), 1.17 (d, 3H, J = 6.8 Hz, OCHCH3), 1.16 (d, 3H, J = 6.8 Hz, 

OCHCH3). 13C NMR (C6D6, 100 MHz, 298 K): δ 189.8 (COO), 189.0 

(COO), 169.7, 169.4, 167.7, 167.5 (ArC=N), 165.73, 165.69, 164.8, 

150.4, 150.1, 150.0, 149.6, 141.58, 141.55, 140.6, 137.4, 137.0, 

136.8, 136.7, 134.6, 134.3, 133.9, 132.4, 132.1, 131.6, 131.5, 131.4, 

131.3, 128.7, 128.5, 127.6, 127.5, 124.2, 124.0, 123.5, 123.3, 122.9, 

122.6, 122.0, 121.28, 121.23, 119.7, 119.5, 119.4, 110.4 (all ArC), 

69.4, 68.4 (OCHCH3), 53.6, 53.4 (COOCH3), 35.65, 35.60, 35.57 

(C(CH3)3), 30.3, 30.19, 30.16, 30.1 (C(CH3)3), 21.7, 21.5 (OCHCH3), 

20.74, 20.70, 20.6, 19.92, 19.91 (ArCH3). 27Al NMR (CDCl3, 130.3 

MHz, 298 K): δ 69 (w1/2 = 1548 Hz), 36 (w1/2 = 2740 Hz). Anal. Calcd. 

For C42H49AlN2O5·(0.5 C6H14&0.2 C7H9): C, 74.27; H, 7.74; N, 3.73. 

Found: C, 74.10; H, 7.74; N, 3.71%.  

Typical polymerization procedures 

In a Braun Labstar glovebox, an initiator solution from a stock 

solution in toluene was injected sequentially into a series of 10 mL 

Schlenk tube loaded with rac-LA and suitable amounts of dry 

solvent. Then each Schlenk tube was taken out of the glovebox and 

immerged into a 110 oC oil bath. After specified time intervals, the 

reaction mixture was quenched by adding excess amount of wet 

petroleum ether, and then dissolved in dichloromethane. All of the 

volatiles in the aliquots were removed, and the residue was 

subjected to monomer conversion determination, which was 

monitored by integrating monomer versus polymer methine 
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resonances in 1H NMR spectrum (CDCl3, 400 MHz, 298 K). The 

precipitates collected from the bulk mixture were dried in air, 

dissolved with dichloromethane, and sequentially precipitated into 

methanol. The obtained polymer was further dried in a vacuum 

oven at 60 °C for 16 h. Each reaction was used as one data point. In 

the cases where iPrOH was used, the solution of initiator was 

injected into the solution of rac-LA and iPrOH in toluene. Otherwise, 

the procedures were the same. 

Oligomerization Experiment 

Oligomerization of rac-LA was carried out in toluene at 110 °C with 

complex 8 as the initiator under the condition of [rac-LA]:[8] = 20:1. 

The reaction mixture was stirred for 24 h, the mixture was then 

quenched by adding wet petroleum ether. The precipitated 

oligomers were collected, dried under vacuum, and used for 1H 

NMR and ESI-TOF MS analysis. 

X-ray Crystallography  

Singe crystals suitable for X-ray analysis were obtained from a 

saturated ethanol solution for proligand L
2
H2 or from saturated 

toluene/n-hexane solutions for complexes 1-3, 6, 8-11 at room 

temperature. Diffraction data were collected on a Bruker SMART 

APEX II diffractometer with graphite-monochromated Mo-Kα (λ = 

0.71073 Å) radiation. All data were collected at about 130 K or 140 

K using the ω-scan techniques. All structures were solved by direct 

methods and refined using Fourier techniques. An absorption 

correction based on SADABS was applied.34 All non-hydrogen atoms 

were refined by full-matrix least squares on F
2 using the SHELXTL 

program package.35 Hydrogen atoms were located and refined by 

the geometry method. Cell refinement, data collection, and 

reduction were done by Bruker SAINT.36 Structure solution and 

refinement were performed by SHELXS-97
37 and SHELXL-97,38 

respectively. Crystal data and details of data collection and 

structure refinement for the different compounds are given in 

Tables S1-S4. The crystallographic data (excluding structure factors) 

are available as Supporting Information, as CIF files. 
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Aluminum Methyl, Alkoxide and α-Alkoxy Ester Complexes Supported by 

6,6’-dimethylbiphenyl-bridged Salen Ligands: Synthesis, Characterization and 

Catalysis for rac-Lactide Polymerization 

 

Chao Kan, Jilei Ge and Haiyan Ma* 

Shanghai Key Laboratory of Functional Materials Chemistry and Laboratory of Organometallic 

Chemistry, East China University of Science and Technology, 130 Meilong Road, Shanghai 

200237, P. R. China 

 

A series of mono- and dinuclear aluminum complexes bearing racemic 

2,2’-diamino-6,6’-dimethylbiphenyl-bridged salen ligands could efficiently catalyze 

the ROP of rac-LA, producing the isotactic enriched and atactic PLA, respectively. 

The dissociation of one N donor and the association/dissociation equilibrium of the 

carbonyl group of α-alkoxy ester ligand was found in the model O-lactate 

mononuclear complexes. 
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