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Zirconium complexes of bipyrrolidine derived Salan 

ligands for the isoselective polymerisation of rac-lactide 
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Herein we report the synthesis and characterisation of a 

series of Zr(IV) 2,2’-bipyrrolidine-salan derived complexes 

and their exploitation for the ring opening polymerisation of 

rac-lactide to afford highly isotactically enriched polymers.  

R,R -α-cis 
S,S Λ-α-cis 
Meso β-cis 

Scheme 1: Synthesis of the complexes under investigation. 
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

 

 
Figure 1: The solid state structures of -Zr(1)(OiPr)2 (left) and Λ-Zr(2)(OiPr)2 

(right) and Zr(3)(OiPr)2 (bottom) ellipsoids are shown at the 30% probability level 

and hydrogen atoms have been removed for clarity.  





 

Table 1 Polymerisation data for rac-LA with initiators Zr(1-3)(OiPr)2 

Entry Initiator Time (h) Conv. (%) d Mn
e Mw/Mn

 e Pm
 f 

1 Zr(1)(OiPr)2
a 0.17 55 16650 1.13 0.70 

2 Zr(2)(OiPr)2
a 0.17 45 15950 1.09 0.71 

3 Zr(3)(OiPr)2
a 0.17 90 81400 1.21 0.66 

4 Zr(3)(OiPr)2
a 0.1 89 60250 1.17 0.65 

5 Zr(1)(OiPr)2
b 4 48 6200 1.08 0.75 

6 Zr(2)(OiPr)2
b 4 51 7250 1.07 0.75 

7 Zr(1)(OiPr)2
b 8 54 8000 1.07 0.80 

8 Zr(2)(OiPr)2
b 8 60 9600 1.06 0.80 

9 Zr(3)(OiPr)2
c 8 85 16500 1.05 0.86 

10 Zr(3)(OiPr)2
c 4 45 7650 1.05 0.85 

11 Zr(3)(OiPr)2
c 6 79 22000 1.04 0.84 

12 Zr(3)(OiPr)2
b 8 94 16400 1.22 0.75 

a Conditions: [M]/[I] = 300, 130 °C, solvent free. b Conditions: [M]/[I] = 100, 

toluene, T = 70 ºC. c Conditions: [M]/[I] = 100, CDCl3, T = 20 ºC. das 

determined via 1H NMR spectroscopy. e Determined from GPC (in THF) 

referenced to polystyrene. f Pm is the probability of isotactic enchainment, 

calculated from the 1H homonuclear decoupled NMR spectra. N.B. Entries 4 

and 11 are using sublimed lactide as a comparison, all others use 

recrystallised lactide. 

 
Figure 2: Semi-logarithmic plots of the polymerisation of L-LA and rac-LA ([LA]0 = 

0.56 mol dm-3) [LA]:[Init] = 100:1, init = Zr(3)(OiPr)2 
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Figure 3: Semi-logarithmic plots of the polymerisation of L-LA ([LA]0 = 0.56 mol 

dm-3) [LA]:[Init] = 100:1, init = Zr(1 or 2)(OiPr)2 
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Scheme 2: Proposed mechanism for the polymerisation of rac-LA with 

Zr(3)(OiPr)2. 
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