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1. Additional computational details 

The Gibbs energies calculated for the carbon dioxide insertion (TS2) are corrected for the 

translational entropy contributions following the Martin procedure1 modified by us2 for the ROP of 

CHO/CO2. In addition to the standard computational method reported in the main text, we 

employed also the computational approach used by Cramer3 and the optimized geometries using 

the B3LYP-D3BJ4,5 functional, with LANL2DZ6 for Zn and 6-31G(d) for all the other atoms were 

refined with single-point (SP) energies using ωB97XD,7 with SDD8 for Zn and 6-311+G(d,p) for all 

other atoms. Solvation was considered in the SP calculation using the SMD9 model in toluene. The 

calculated enantioselectivity for BD1-Dsyn species using three different computational protocols are 

reported in Table S1. 

 

Table S1 DFT enantioselectivities (Gibbs energies, kcal/mol) for the propagation promoted by BDI1-

Dsyn at different levels of theory for geometry optimization and single-point calculations. 

Propagation BDI1-Dsyn 

Enantioselectivity ΔΔGenantio (kcal·mol-1) 

O
p

ti
m

iz
ati

o
n

 

B3LYP/SVP/SDD 2.9 
B3LYP-D3BJ(PCM)/SDD/ 

6-311G(d,p) Sin
gle-p

o
in

t 

B3LYP/SVP/SDD 2.9 
ωB97XD(SMD)/SDD/ 

6-311G+(d,p) 

B3LYP-D3BJ/LANL2DZ/ 

6-31G(d) 
2.1 

ωB97XD(SMD)/SDD/ 

6-311G+(d,p) 
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The conformations of the growing chains were optimized through a conformational study. The 

analysis was performed on a model of (S)-PCHC, a trans-(S,S)-(2-methoxycarbonyloxycyclohexyl) 

methyl carbonate, as reported in Scheme S1. Conformational energy calculations were carried out 

using computational methods on the model of Scheme S1 which is defined by five torsion angles: 

θ1, θ2, θ2’, θ3, and θ3’. The dihedral angle θ1 was fixed at approximately 60° (G+) in this analysis due 

to the chemical structure, as it is determined by the four O-(S)CH-(S)CH-O atoms, with (S)C and (S)C 

attached to the cyclohexyl ring. Deviations from this value lead to significant distortions in the O-C-

H bond angles, departing from the ideal 109° geometry. For the dihedral angles θ3 and θ3’, an initial 

value of 180° (T) was assumed, as it is a common minimum for dihedral angles involving ester and 

carbonate bonds. The conformational energy of (S)-PCHC was then calculated as a function of the 

torsion angles θ2 and θ2’, with θ1, θ3, and θ3’ allowed to optimize freely. The results of this analysis 

reveal a shallow energy minimum zone. The global minimum occurs at θ2 = -150° (A-) and θ2’ = -150° 

(A-). This result is mirrored for the (R)-PCHC chain, where the global minimum occurs at θ2 = +150° 

(A+) and θ2’ = +150° (A+). Following identification of the minima for (S) and (R) growing chains, we 

located the transition state and intermediate structures. It is important to note that although the 

initial guess was based on the global minimum, the dihedral angles underwent slight changes during 

the optimization although remaining in the shallow minimum zone. Finally, as expected, the freely 

optimized θ3 and θ3’ values remained close to 180° (T) without significant deviations. 

 

Scheme S1 Portion of the chain of (S)-PCHC and definition of the torsion angles θ1, θ2, θ2’ θ3, θ3’. 

Hydrogen atoms are not shown. 
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1.1 Details of ASM analysis 

The activation strain model analysis10,11 has been performed separating the transition states of 

interest into two fragments. The catalyst precursor + growing chain has been chosen as Fragment 1 

(the example of BDI1-Danti is reported in Fig. S2, left), the monomer as Fragment 2 (Fig. S2, right). 

Single-point calculations of each fragment have been performed using the methods explained in the 

main text, without solvent. Subtraction of the energetic values obtained from these calculations 

have been subtracted by the energy calculated for reference structures. 

ΔEStrain (Frag,1) = ΔE (Frag,1) - ΔE(Reference) 

ΔEStrain (Frag,2) = ΔE(Frag,2) - ΔE(Reference) 

ΔEStrain has then been calculated as the sum of the ΔEStrain values of each fragment: 

ΔEStrain = ΔEStrain (Frag,1) + ΔEStrain (Frag,2) 

 

1.2 Details of %VBur analysis 

The %VBur of the octants (1/8 of a sphere, see Fig. S3) in each TS reported in the main text have been 

calculated by using a sphere radius of 5.0 Å and mesh size of 0.10. The acetate and CHO atoms were 

deleted from the TSs. H and Zn atoms were not included in the calculation. For BDI-M species we 

used: Zn atom as center of the sphere; C2 of the ligand backbone as negative z; C4 of 2,6-

dimethylphenyl substituent for xz-plane definition. For BDI1-D we added two dummy atoms in the 

following positions: dummy atom 1 in the middle of the Zn-Zn bond; dummy atom 2 forming a 90° 

angle with Zn and dummy atom 1. The %VBur were calculated by using the SambVca 2.1 tool,12 

choosing: dummy atom 1 as center of the sphere; dummy atom 2 as positive z; Zn atom for xz-plane 

definition. 
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Fig. S1 Gibbs energies (kcal/mol) for the minimum energy path of CHO ring-opening promoted by 

BDI1-M by using the R,R- (right) and S,S-configured growing unit (left). Gibbs energies calculated 

with respect to the INT3-MR,R species. The presence of an entire growing unit ((OR)CO2
-) is simulated. 

 

 

Fig. S2 Example of the fragments chosen for the ASM analysis. Fragment 1: Catalyst precursor + 

growing chain (left), fragment 2: monomer (right). 
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Fig. S3 Illustrative 3D representation of quadrants (left) and octants (right) in the calculated sphere 

for the %VBur analysis. 

 

 

 

 

 

Fig. S4 DFT optimized geometries for TS1-M with the attack to S (A) and R (B) CHO stereocenters 

with the steric maps calculated by %VBur for the initiation steps promoted by BDI1-M. 
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Fig. S5 Optimized structures BDI1-Danti (left) and BDI1-Dsyn (right) precursors. 
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Fig. S6 Gibbs energetic profile (kcal/mol) of the initiation reaction for the copolymerization of CHO 

and CO2 at BDI1-Danti. Gibbs energies calculated with respect to the more stable BDI1-Danti species. 

The paths leading to the formation of R,R-chain and S,S-chain are reported respectively in blue and 

red. 

  



S10 

 

 

 

Fig. S7 Gibbs energetic profile (kcal/mol) of the initiation reaction for the copolymerization of CHO 

and CO2 at BDI1-Dsyn. Gibbs energies calculated with respect to the more stable BDI1-Dsyn species. 

The paths leading to the formation of R,R-chain and S,S-chain are reported respectively in blue and 

red. 

 

  



S11 

 

 

Fig. S8 Minimum energy path for the CHO ring-opening on a S,S-configured growing unit, by BDI1-

Dsyn (left) and BDI1-Danti (right). Gibbs energies (kcal/mol) calculated with respect to the more stable 

INT3-Danti-R,R species. The paths leading to R,R- and S,S-chain formation are reported respectively in 

blue and red. 
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Fig. S9 Optimized structures of the RDS of BDI1-Dsyn species for the propagation of the ROCOP of 

CO2 and epoxides, with unmodified system (A and B) and after replacement of -CF3 with -CH3 (C and 

D). The presence of NCI between a hydrogen of the growing chain and F atom of the catalyst is 

indicated by arrows.  
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Table S2 ASM results for selected TSs leading to the enantioselectivity of the initiation (TS1) and 

propagation (TS1’) steps for ROCOP of CO2 and CHO promoted by BDI5-Dsyn. 

 Initiation Propagation  

 TS1-DR,R TS1-DS,S ∆∆E TS1’-DR,R TS1’-DS,S ∆∆E 

∆EStrain 73.6 75.4 1.9 73.6 76.9 3.3 

∆EStrain(Cat+chain) 47.6 47.4 -0.2 46.8 48.7 1.9 

∆EStrain(Mon) 21.9 23.9 1.7 26.9 28.3 1.4 
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