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Reaction of sulfonylated binaphthol [2-hydroxy-2'-tosyloxy-1,1-binaphthyl (1a, Ts-Binol) or 2-hydroxy-2'- 
(phenylsulfonyloxy)-1,1-binaphthyl (1b, Ps-Binol)] with 1 equiv. of ZnEt2 afforded zinc complexes 
[(Ts-Binol)ZnEt]2 (2a) and [(Ps-Binol)ZnEt]2 (2b). Further reaction of zinc complexes 2a and 2b with benzyl alco-
hol (BnOH) gave the zinc benzyloxide [(Ts-Binol)2Zn2(OBn)2]2 (3a) and [(Ps-Binol)2Zn2(OBn)2]2 (3b). Alterna-
tively, the zinc benzyloxides 3a and 3b could also be obtained by reaction of compound 1a or 1b with Zn(OBn)2 (in 
situ reaction of ZnEt2 and BnOH). The complexes were fully characterized by elemental analyses and spectroscopic 
analyses, and complexes 2a, 2b and 3a were further characterized by single-crystal X-ray analyses. The catalytic 
activities of these zinc complexes towards ring-opening polymerization of ε-caprolactone and D,L-lactide were 
studied. 
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Introduction 
The ring-opening polymerization (ROP) of cyclic 

esters[1] provides a convenient method for the synthesis 
of biodegradable polyesters such as polylactide (PLA) 
and poly(ε-caprolactone) (PCL), which have been at-
tracting a considerable attention due to their biocom-
patibility, biodegradability, and good drug penetrabil-
ity.[2] Many metal complexes including alkali metals,[3] 
alkaline earth metals,[4] aluminum,[5] zinc,[6] tin,[7] early 
transition metals,[8] and lanthanides [9] have been used as 
initiators for the ROP of lactide and ε-caprolactone. 

Recently, a diversity of structurally well-defined 
zinc complexes as catalysts for living polymerization of 
lactide and ε-caprolactone were developed. The β-di-
ketiiminate supported zinc complexes have been dem-
onstrated to be efficient catalysts for the ring-opening 
polymerization of lactide with an excellent stereoselec-
tive character.[10] The zinc amide and phenoxide com-
plexes supported by bulky Schiff base ligands were 

synthesized and used as catalysts for the ring-opening 
polymerization of L-lactide to produce isotactic PLA at 
room temperature.[11] The zinc complexes containing 
bisphenolate ligands also showed good catalytic activi-
ties for ROP of L-lactide and ε-caprolactone in a con-
trolled fashion with a low polydispersity.[12] Diphe-
nolate zinc complex as an initiator for lactide polymeri-
zation proceeds to a 96% conversion within 40 h at 
room temperature (PDI＝1.41).[13] We herein report the 
synthesis and characterization of sulfonylated binaph-
tholate supported zinc alkyl and benzylalkoxy com-
plexes. The catalytic activities of new zinc complexes 
toward ROP of ε-caprolactone and lactide are also stud-
ied. 

Experimental 
General remarks 

All syntheses and manipulations of air- and mois-
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ture-sensitive materials were performed under dry argon 
atmosphere using standard Schlenk techniques or in a 
glovebox. Solvents were refluxed and distilled over so-
dium benzophenone ketyl (THF, n-hexane or toluene) or 
P2O5 (dichloromethane) under argon prior to use. 1H 
NMR and 13C NMR spectra were recorded on a Bruker 
AV-300 NMR spectrometer with chemical shifts rela-
tive to the internal TMS. The GPC analyses of polymer 
were performed on a Waters-2414 instrument using 
THF as an eluent running at 1 mL/min. Molecular 
weights and molecular weight distributions were calcu-
lated using polystyrene as standard. 

Synthesis of 2-hydroxy-2'-tosyloxy-1,1-binaphthyl 
(1a)[14]  

Binaphthol (1.43 g, 5.0 mmol), tolylsulfonyl chlo-
ride (1.09 g, 5.0 mmol) and DMAP (0.031 g, 0.25 mmol) 
were dissolved in 20 mL of freshly distilled CH2Cl2 and 
the resulting solution cooled to 0 ℃. To the solution 
was added dry NEt3 (3.47 mL, 25.0 mmol) dropwisely, 
which was then stirred at ambient temperature for 12 h. 
The reaction mixture was neutralized in 1 mol/L HCl 
solution, extracted with CH2Cl2 (10 mL×3), dried over 
anhydrous MgSO4, and filtered. The resulting filtrate 
was then dried under vacuum, and the colorless crystals 
were obtained by recrystallization from a mixed solu-
tion of CH2Cl2 and hexane in 87% yield. 1H NMR 
(CDCl3) δ: 8.08 (d, J＝8.8 Hz, 1H), 7.98 (d, J＝8.4 Hz, 
1H), 7.86 (d, J＝9.2 Hz, 1H), 7.79 (d, J＝8.0 Hz, 1H), 
7.74 (d, J＝9.2 Hz, 1H), 7.54—7.50 (m, 1H), 7.36—
7.24 (m, 7H), 7.19—7.11 (m, 3H), 6.92 (d, J＝8.0 Hz, 
1H), 6.84 (d, J＝8.4 Hz, 1H), 5.02 (br, 1H), 2.38 (s, 3H); 
13C NMR (CDCl3) δ: 151.6, 146.4, 144.7, 133.4, 132.8, 
132.5, 131.0, 130.4, 129.3, 128.9, 128.3, 127.8, 127.6, 
127.5, 126.7, 126.6, 126.2, 124.7, 123.9, 123.3, 121.7, 
118.1, 113.8, 21.6. 

Synthesis of 2-hydroxy-2'-phenylsulfonyloxy-1,1-bi-
naphthyl (1b)[14] 

This compound was prepared as white solid in a 
quantitative yield from binaphthol and benzenesulfonyl 
chloride by using procedures similar to those used for 
the preparation of 1. 1H NMR (CDCl3) δ: 8.09 (d, J＝
8.8 Hz, 1H), 7.99 (d, J＝8.0 Hz, 1H), 7.85 (d, J＝8.8 Hz, 
1H), 7.79 (d, J＝7.6 Hz, 1H), 7.73 (d, J＝8.8 Hz, 1H), 
7.55—7.51 (m, 1H), 7.42—7.25 (m, 7H), 7.18—7.14 
(m, 3H), 6.89 (d, J＝8.4 Hz, 1H), 4.99 (s, 1H); 13C 
NMR (CDCl3) δ: 151.6, 146.3, 135.8, 133.7, 133.4, 
133.3, 132.5, 131.0, 130.5, 128.9, 128.6, 128.3, 127.9, 
127.7, 127.4, 126.8, 126.7, 126.2, 124.6, 124.0, 123.5, 
121.6, 118.0, 113.7. 

Synthesis of zinc alkyl complex 2a•2C7H8 
To a solution of ZnEt2 (2.0 mL, 1.0 mol/L in hexane, 

2.0 mmol) was added a THF solution (20 mL) of com-
pound 1a (0.88 g, 1.0 mmol) at 0 ℃. After stirring at 
room temperature for 12 h, volatile materials were re-
moved in vacuo. The resulting solid was extracted with 

20.0 mL toluene. The extracts were concentrated to 
about 10.0 mL. The colorless crystals were obtained by 
cooling the concentrated solution at 0 ℃ (0.92 g, 87% 
yield). 1H NMR (CDCl3) δ: 7.88 (d, J＝8.4 Hz, 2H), 
7.73—7.66 (m, 4H), 7.43—7.08 (m, 25H), 6.99—6.92 
(m, 2H), 6.76 (d, J＝8.0 Hz, 2H), 6.51 (d, J＝8.4 Hz, 
2H), 2.36 (s, 6H), 2.19 (s, 3H), 0.49 (t, J＝8.0 Hz, 6H), 
－0.23 (br, 4H); IR (KBr) ν: 3055 (m), 1749 (m), 1620 
(m), 1508 (m), 1458 (m), 1361 (s), 1271 (m), 1172 (m), 
1091 (m), 948 (m), 864 (m), 819 (w) cm－1. Anal. calcd 
for C79H72O8S2Zn2: C 70.58, H 5.40; found C 70.90, H 
6.05. 

Synthesis of zinc alkyl complex 2b•2C7H8 

 This complex was prepared as white crystals in 
84% yield from the reaction of 1b with a solution of 
ZnEt2 in hexane by using procedures similar to those 
used for the preparation of 2a. 1H NMR (CDCl3) δ: 7.66
—6.29 (m, 36H), 2.06 (s, 6H), 0.50—0.47 (m, 6H),   
－0.02—－0.04 (m, 4H); IR (KBr) ν: 3055 (m), 2958 
(m), 1595 (m), 1508 (m), 1458 (s), 1354 (m), 1273 (m), 
1203 (m), 1172 (m), 1093 (m), 1018 (s), 958 (m), 819 
(m) cm－1. Anal. calcd for C70H60O8S2Zn2: C 68.68, H 
4.94; found C 68.51, H 4.73. 

Synthesis of zinc benzyloxy complex 3a•C6H14 

The zinc complex 2a (1.06 g, 1.0 mmol) was redis-
solved in toluene (30 mL). To the mixture was added 
BnOH (0.11 mL, 1.0 mmol) at 0 ℃. The mixture was 
stirred at room temperature for another 3 h, and the 
volatile materials were removed in vacuo. The resulting 
solid was extracted with 20.0 mL toluene. The extracts 
were concentrated to about 10.0 mL. The colorless 
crystals were obtained by cooling the concentrated solu-
tion at 0 ℃ (1.11 g, 85% yield). 1H NMR (CDCl3) δ: 
7.89—6.50 (m, 84H), 4.98 (s, 4H), 4.70 (s, 4H), 2.36 (s, 
12H) 4.98 (s, 4H), 4.70 (s, 4H), 2.36 (s, 12H); IR (KBr) 
ν: 3061 (m), 3030 (m), 2926 (m), 2873 (m), 1909 (m), 
1625 (m), 1593 (m), 1454 (m), 1429 (m), 1344 (s), 1300 
(m), 1203 (m), 1166 (m), 1068 (m), 1018 (m), 956 (m), 
860 (m), 819 (w) cm－1. Anal. calcd for C148H132O20-
S4Zn4: C 67.84, H 5.08; found C 67.44, H 5.28. 

The complex 3a can also be prepared through the 
reaction of compound 1a with Zn(OBn)2 (in situ reac-
tion of ZnEt2 and BnOH). A solution of ZnEt2 (1.0 mL, 
1.0 mol/L in hexane, 1.0 mmol) and BnOH (0.21 mL, 
2.0 mmol) in THF (20 mL) was stirred over 3 h. To the 
mixture was added a THF solution (20 mL) of com-
pound 1a (0.44 g, 1.0 mmol) at 0 ℃. The mixture was 
stirred at room temperature for another 3 h, and the 
volatile materials were removed in vacuo. The resulting 
solid was extracted with 20.0 mL toluene. The extracts 
were concentrated to about 10.0 mL. The colorless 
crystals 3a were obtained by cooling the concentrated 
solution at 0 ℃. 

Synthesis of zinc benzyloxy complex 3b 
This complex was prepared as colorless crystal sol-
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ids in 84% yield from the reaction of 2b with BnOH by 
using procedures similar to those used for the prepara-
tion of 3a. 1H NMR (CDCl3) ν: 8.09—6.86 (m, 88H), 
4.97 (s, 4H), 4.70 (s, 4H); IR (KBr) ν: 3061 (m), 3057 
(m), 2958 (m), 2872 (m), 1602 (m), 1595 (m), 1506 (m), 
1456 (m), 1433 (m), 1354 (s), 1273 (m), 1203 (m), 1172 
(s), 1143 (m), 1091 (m), 1018 (m), 958 (m), 862 (m), 
817 (m) cm－1. Anal. calcd for C144H124O20S4Zn4: C 
67.45, H 4.87; found C 67.91, H 4.67. 

The complex 3b can also be prepared through the 
reaction of compound 1b with Zn(OBn)2 (in situ reac-
tion of ZnEt2 and BnOH). 

X-ray structure determinations 
Suitable crystal of complexes 2a, 2b and 3a was 

each mounted in a sealed capillary. Diffraction was 
performed on a Burker SMART CCD area detector dif-
fractometer using graphite-monochromated Mo Kα ra-
diation (λ＝0.71073 Å); An empirical absorption cor-
rection was applied using the SADABS program. All 
structures were solved by direct methods, completed by 
subsequent difference Fourier syntheses, refined aniso-
tropically for all nonhydrogen atoms by full-matrix 
least-squares calculations on F2 using the SHELXTL 
program package. All hydrogen atoms were refined us-
ing a riding model. See Table 1 for crystallographic data. 
CCDC-886299 (2a), -886300 (2b) and -886301 (3a) 
contain the supplementary crystallographic data of this 
paper. These data can be obtained free of charge from 
The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 

Polymerization of ε-caprolactone 
In a typical polymerization procedure, the catalyst 

(20—50 mg) was loaded into the Schlenk flask and the 
solvent was added. ε-CL was added through a gastight 
syringe after the external bath temperature was stabi-
lized. The reaction was quenched by the addition of an 
aqueous acetic acid solution (0.1 mol/L, 2.0 mL). The 
polymer was precipitated out as white crystalline solid 
on pouring the mixture into methanol (50.0 mL), and 
then dried to a constant weight under vacuum. The mo-
lecular weights of the polymers were analyzed by GPC 
techniques. 

D,L-Lactide polymerization 
A typical polymerization procedure was exemplified 

by the synthesis of entry 3 (Table 3) using complex 3a 
as an initiator at 50 ℃. D,L-lactide (0.360 g, 2.5 mmol) 
was added to an toluene (5 mL) solution of complex 3a 
(0.0180 g, 0.0125 mmol). The reaction was quenched by 
the addition of an aqueous acetic acid solution (0.1 
mol/L, 2.0 mL). The polymer was precipitated out as 
white crystalline solid on pouring the mixture into 
methanol (50.0 mL), and then dried to a constant weight 
under vacuum. The molecular weights of the polymers 
were analyzed by GPC techniques. 

Table 1  Crystallographic data for complexes 2a, 2b and 3a 

 2a•2C7H8 2b•2C7H8 3a•C6H14 

Formula C43H32O4SZn C84H76O8S2Zn2 C74H52O10S2Zn2

Formula weight 710.12 1408.31 1296.02 
Crystal system Triclinic Monoclinic Triclinic 
Space group P-1 P21/c P-1 
a/Å 10.7461(6) 10.6817(16) 12.864(2) 
b/Å 13.0700(7) 23.721(4) 14.732(2) 
c/Å 14.4450(8) 14.610(2) 18.414(3) 
α/(°) 98.0650(10)  67.501(2) 
β/(°) 103.9160(10) 104.521(3) 85.480(2) 
γ/(°) 106.8560(10)  78.524(2) 
V/Å3 1835.86(17) 3583.6(10) 3159.6(9) 
T/K 293(2) 293(2) 293(2) 
Z 2 2 2 
Dcalcd/(g•cm－3) 1.285 1.305 1.362 
μ/mm－1 0.767 0.785 0.886 
F(000)  736 1472 1336 
θ range/(°) 1.97 to 26.00 2.15 to 26.05 1.52 to 26.00 
reflns collected 10416 20165 23887 

unique reflns 
7100  
(Rint＝0.0172) 

7047  
(Rint＝0.0402) 

12135 
(Rint＝0.0856)

Parameters 507 435 747 
Goodness of fit 1.095 1.038 1.067 
R1 [I＞2σ(I)] 0.0424 0.0503 0.0779 
wR2 [I＞2σ(I)] 0.1225 0.1374 0.2004 
Largest diff. peak 
and hole/(e•Å－3)

0.805 and  
－0.292 

0.756 and  
－0.536 

1.084 and  
－0.492 

Results and Discussion 
Synthesis and structure of zinc complexes containing 
sulfonylated binaphtholate ligands 

Reaction of sulfonylated binaphthol with 1 equiv. of 
ZnEt2 was performed in THF, affording the dinuclear 
zinc complexes [(Ts-Binol)ZnEt]2 (2a) and [(Ps-Binol)- 
ZnEt]2 (2b). Further reaction of zinc complexes 2a and 
2b with BnOH gave the tetranuclear zinc benzyloxide 
[(Ts-Binol)2Zn2(OBn)2]2 (3a) and [(Ps-Binol)2Zn2- 
(OBn)2]2 (3b). Alternatively, the zinc benzyloxides 3a 
and 3b could also be obtained by reaction of compound 
1a or 1b and Zn(OBn)2 (in situ reaction of ZnEt2 and 
BnOH) (Scheme 1). The complexes were fully charac-
terized by elemental analyses and spectroscopic analy-
ses, and complexes 2a, 2b and 3a were further charac-
terized by single-crystal X-ray analyses. 

X-ray diffraction revealed that complexes 2a (Figure 
1) and 2b (Figure 2) were an isostructural centrosy- 
mmetric dimeric geometry with a Zn2O2 core bridging 
through the oxygen atom of substituted binaphthol. The 
zinc metal centers in complexes 2a and 2b adopt a four 
coordinate distorted tetrahedral environment with 
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Scheme 1  Synthesis of zinc complexes 
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Figure 1  Molecular structure of zinc complex 2a•2C7H8. Hy-
drogen atoms and solvents are omitted for clarity. Select bond 
lengths (Å): Zn—O(1) 1.964(2); Zn—O(2) 2.395(2); Zn—O(1A) 
2.027(2); Zn—C(21) 1.950(2). 

coordination to two bridging binaphtholate oxygen at-
oms, one oxygen atom of the sulfonyl group, and a me-
thylene carbon atom of the ethyl group. The bridging 
oxygen atoms bond to the two metal centers asymmet-
rically with the Zn(1)—O(1) bond distance of 1.964(2) 
Å in complex 2a, being shorter than the Zn(1)—O(1A) 
distance of 2.027(2) Å. Similarly, the Zn(1)—O(1) dis-
tance of 1.969(2) Å in 2b is shorter than the Zn(1)—
O(1A) distance of 2.024(2) Å. The Zn(1)—O(2) bond  

 

Figure 2  Molecular structure of zinc complex 2b•2C7H8. Hy-
drogen atoms and solvents are omitted for clarity. Select bond 
lengths (Å): Zn—O(1) 1.969(2); Zn—O(2) 2.406(2); Zn—O(1A) 
2.024(2); Zn—C(21) 1.952(4). 

lengths in complex 2a [2.395(2) Å] and complex 2b 
[2.406(2) Å] are much longer than the distances of the 
bridging Zn—O bonds. The Zn—C(21) distances of 
1.950(2) Å in complex 2a and1.952(4) Å in complex 2b 
are compared with those of 1.947(2) and 2.008(3) Å in 
the biphenolate zinc complex [(μ,μ-biphenolate)Zn(μ- 
OCH(iPr)2)2Zn2Et2][13] and zinc alkyl complex contain-
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ing NNO-tridentate Schiff base ligand.[11b]  
The zinc complexes 3a (Figure 3) was a centrosym-

metric tetranuclear complex. The two zinc metal centers 
in complexes 3a adopt a five coordinate distorted trigo-
nal bipyramidal environment, and other two zinc metal 
centers adopt a four coordinate distorted tetrahedral en-
vironment. The another feacture of the complex 3a is 
that the Zn(1), O(9), Zn(2), and O(10) atoms are copla-
nar with the torsional angle of 2.3(2)° in Zn(1)-O(9)- 
Zn(2)-O(10).  

 
Figure 3  Molecular structure of zinc complex 3a•C6H14. Hy-
drogen atoms and solvents are omitted for clarity. Select bond 
lengths (Å): Zn(1)—O(1) 1.929(5); Zn(1)—O(3) 2.223(5); Zn(1)
— O(9) 2.033(5); Zn(1) — O(10) 1.943(5); Zn(1) — O(9A) 
2.194(4); Zn(2)—O(5) 1.826(5); Zn(2)—O(9) 2.007(4); Zn(2)—
O(10) 1.973(5); Zn(2)—O(1A) 2.019(5). Select torsional angles 
(°): Zn(1)-O(9)-Zn(2)-O(10) 2.3(2); Zn(1)-O(1)-Zn(2A)-O(9A) 
15.67(18). 

Ring-opening polymerization of ε-caprolactone 
The catalytic activities of zinc benzyloxides 3a and 

3b towards ROP of ε-caprolactone were firstly exam-
ined, and results are listed in Table 2. It was found that 
the zinc complexes showed a good catalytic activities at 
20 ℃ (Table 2, Entries 1—4). Furthermore, zinc com-
plex 3a as an initator for ROP of ε-caprolactone was 
examined within 10 h at 20 ℃ in the monomer-to-ini-
tiator ratio ([M]0/[Zn]0) range of 100—600. Results re-
vealed that the linear relationship was associated with 
the Mn and [M]0/[Zn]0 ratio and the narrow polydisper-
sity index (PDI) ranging from 1.04 to 1.09 of the poly-
mers ([M]0/[Zn]0 ratio of 100—500, Figure 4), implying 
the highly controlled and ‘‘living’’ character of the po-
lymerization process. The [M]0/[Zn]0 ratio of 600 devi-
ated from the linear relationship, maybe owing to the 
lower conversion of monomer (Table 2, Entry 9). In fact, 
the ε-caprolactone polymerization reaction proceeds in a 
living fashion, and Mn of poly(CL) increases linearly in 
proportion to the reaction time, while Mw/Mn values 
remain almost intact in respect to the reaction time 
(Figure 5). 

Ring-opening polymerization of D,L-lactide 
The catalytic activities of zinc complexes towards 

ROP of D,L-lactide were examined, and results are 
listed in Table 3. From the table, we can see that the 
catalytic activities of zinc complexes increase with in-
creasing temperature (Table 3, Entries 1—3). Further-
more, zinc complex 3a as an initator for ROP of 
D,L-lactide was examined at 50 ℃ in the monomer- 
to-initiator ratio ([M]0/[Zn]0) range of 100—500. Re-
sults revealed that the molecular weight of polymers 
increased as the monomer to initiator ratio increased. 
The molecular weights distribution of polymers  

Table 2  Ring-opening polymerization of ε-caprolactone initiated by zinc complexes 3a—3ba 

Entry [Zn]0 [M]0/[Zn]0 Solvent Temp./℃ Mn
b Mn (NMR)c PDIb Conv./% 

1 3a 100∶1 toluene 0 13190 (7386) — 1.08 49 
2 3a 100∶1 toluene 20 12411 (6950) — 1.06 91 
3 3a 100∶1 toluene 50 13565 (4254) — 1.13 79 
4 3b 100∶1 toluene 20 11214 (6279) 7500 1.12 81 
5 3a 200∶1 toluene 20 26386 (14776) 12500 1.07 84 
6 3a 300∶1 toluene 20 40702 (22793) 21600 1.09 86 
7 3a 400∶1 toluene 20 64151 (35925) 32300 1.04 83 
8 3a 500∶1 toluene 20 95151 (53285) 53900 1.05 81 
9 3a 600∶1 toluene 20 94460 (52898) 51500 1.03 69 

10d 3a 400∶1 toluene 20 — — — ＜10% 
11e 3a 400∶1 toluene 20 13269 (7430) 9000 1.09 29 
12f 3a 400∶1 toluene 20 28476 (15946) 14800 1.06 51 
13g 3a 400∶1 toluene 20 48562 (27194) 27500 1.07 70 

a Solvent: toluene (5 mL); reaction time: 10 h. b Obtained from GPC analysis and calibrated by polystyrene standard. Values in parenthe-
ses are the values obtained from GPC times 0.56. c Obtained from 1H NMR analysis. d Reaction time: 2 h. e Reaction time: 4 h. f Reaction 
time: 6 h. g Reaction time: 8 h. 
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Table 3  Ring-opening polymerization of D,L-lactide initiated by zinc complexes 3a—3ba 

Entry [Zn]0 [M]0/[Zn]0 Temp./℃ Mn
 b Mn (NMR)c PDIb Conv./% 

1 3a 100∶1 0 N.D.d — N.D.d ＜10% 
2 3a 100∶1 20 9136 (5299) 4500 1.12 45 
3 3a 100∶1 50 17422 (10105) 9800 1.09 96 
4 3b 100∶1 50 18572 (10772) 10200 1.16 63 
5 3a 200∶1 50 24851 (14414) 13600 1.02 92 
6 3a 300∶1 50 28674 (16683) 15400 1.02 88 
7 3a 400∶1 50 29811 (17290) 18200 1.02 91 
8 3a 500∶1 50 30151 (17488) 20700 1.04 71 

a Solvent: toluene (5 mL); reaction time: 10 h. b Obtained from GPC analysis and calibrated by polystyrene standard. Values in parenthe-
ses are the values obtained from GPC times 0.58. c Obtained from 1H NMR analysis. d N.D.: not determined. 

 
Figure 4  Polymerization of ε-caprolactone initiated by 3a in 
toluene at 20 ℃. The relationship between Mn (■) [PDI (●)] of 
the polymer and the initial mole ratio [M]0/[Zn]0 is shown. 

 

Figure 5  Polymerization of ε-caprolactone initiated by 3a in 
toluene at the mole ratio [M]0/[Zn]0 of 400∶1. The relationship 
between Mn (■) [PDI (▲)] of the polymer and date at various 
time points is shown. 

obtainted ranging from 1.02 to 1.09. However, the mo-
lecular weights are lower than the theoretical values 
when the ratio of D,L-lactide to catalyst is high due to 
transesterification.  

Conclusions 
A series of zinc alkyl and benzylalkoxy complexes 

containing sulfonylated binaphtholate ligands were 

synthesized and used as initiators for the ring opening 
polymerization of ε-caprolactone and D,L-lactide. The 
results of the study on the catalytic activity showed that 
the new zinc benzyloxides exhibited a high controllabil-
ity for the ring opening polymerization of ε-caprolac-
tone with a high molecular weight and narrow molecu-
lar weight distribution in a living fashion. 
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