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Computational Details

All the density functional theory (DFT) calculations were performed using the Gaussian09 package.S
Geometry optimizations were performed using the B3LYP functional of Becke? and the standard split-valence
basis set with a polarization function of Ahlrichs and coworkers (SVP keyword in Gaussian)® for H, N, O and
C atoms whereas 6-311G(d,p)** was employed at the Al center to achieve a better description of the
coordination geometry. Geometry optimizations were performed without symmetry constraints. Transition
states (TSs) were approached through a linear transit procedure using the forming or disappearing C-O bond
as the reaction coordinate. All the geometries discussed in this work were confirmed as minima or TSs by
frequency calculations. Finally, single-point energy calculations in solution were performed with the triple-C
basis set 6-311G(d,p)* for H, N, O, C and Al. Solvent effects were included with the polarizable continuous
solvation model PCM using toluene solvent.>® The influence of the dispersion correction was considered with
the model GD3BJ (B3LYP-D3BJ).%® The Gibbs’ free energy value associated to each structure was calculated
considering the contribute of thermal and electronic energies with the related correction obtained by the SP
energy calculation. This computational approach has been validated by considering the ratio between the
experimental kinetic constants for the reported systemsS”S8 and by using the Boltzmann distribution equation
(Table S4).

The % Vpu reported in the paper have been computed using the SambVca package. The program analyzes the
first coordination sphere around the metal, which is the place where catalysis occurs. The optimized geometry
of the TSs complexes under analysis has been properly oriented. After this alignment step the metal, the
monomer and the growing chain have been removed, and the first coordination sphere (with radius R = 4.0 A)

around the metal is analyzed.
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Scheme S1. List of elements of chirality considered in this work. With OR we called the OMe and with O¢ngo and/or Oexo
we defined the endocyclic and exocyclic O of lactide (A); monomer chiralities (RR-LA and SS-LA) as well as the
monomer enantiofaces (re and si) (B); chirality of the growing chain (RR-chain and SS-chain) (C); octahedral
configuration for fac-mer 1 and fac-mer 2 wrapping mode during the ROP (D).
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Table S1. TSs Gibbs energies (AG, in kcal/mol, with respect to SS-LA + INT2-fm2) for the reaction paths computed for SS-LA
propagation promoted by system (R)-1. Values calculated in toluene. In bold red the low-lying paths

Chain SS Chain SS
Monomer SS Monomer SS
Enantioface re Enantioface si

TS1 TS2 TS1 TS2

A 20.3 18.5 A 17.3 21.9

Mechanism 1 (M1) B 20.4 15.3 Mechanism 1 (M1) B 18.9 19.1

C 16.2 12.1 C 18.4 17.7

TS1 TS2 TS1 TS2

Mechanism 2 (M2) A 20.3 15.3 Mechanism 2 (M2) A 17.3 19.1

B 20.4 18.5 B 18.9 21.9

TS1 TSa  TS2 TS1 TSa  TS2

A 16.2 17.3 18.5 A 18.4 16.4 21.9

Mechanism 3 (M3) B 16.2 17.3 15.3 Mechanism 3 (M3) B 18.4 16.4 19.1

C 20.3 17.3 12.1 C 17.3 16.4 17.7

D 20.4 17.3 12.1 D 18.9 16.4 17.7

Table S2. TSs Gibbs energies (AG, in kcal/mol, with respect to SS-LA + INT2-fm2) for the reaction paths computed for SS-LA
propagation promoted by system (R,R)-2A. Values calculated in toluene. In bold red the low-lying paths.

Chain SS Chain SS
Monomer SS Monomer SS
Enantioface re Enantioface Si
TS1 TS2 TS1 TS2
A 18.8 13.3 A 15.8 20.8
Mechanism 1 (M1) Mechanism 1 (M1)
B 11.3 10.6 B 12.9 16.8
TS1 TS2 TS1 TS2
A 18.8 10.6 A 15.8 16.8
Mechanism 2 (M2) Mechanism 2 (M2)
B 11.3 13.3 B 12.9 20.8
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Table S3. TSs Gibbs energies (AG, in kcal/mol, with respect to RR-LA + INT2-fm1) for all reaction paths computed for RR-LA
propagation promoted by system (R,R)-2A. Values calculated in toluene. In bold red the low-lying paths.

Chain RR Chain RR
Monomer RR Monomer RR
Enantioface re Enantioface si
TS1 TS2 TS1 TS2
A 14.5 12.5 A 15.1 10.0
Mechanism 1 (M1) Mechanism 1 (M1)
B 13.5 14.9 B 20.4 15.3
TS1 TS2 TS1 TS2
A 14.5 14.9 A 15.1 15.3
Mechanism 2 (M2) Mechanism 2 (M2)
B 13.5 12.5 B 20.4 10.0

Table S4. Comparison of the calculated AAG considering various reaction paths based on: a fixed ligand wrapping mode (fac-mer,
first column); different wrapping mode for D and L-LA (second column); our model proposed in the main text (third column) and the
experimental AAGexp for rac-LA ROP promoted by systems (R)-1 and (R,R)-2A.

System AAGcalc® AAGcalcb AAGearc* AAGexpd
(R)1 4.0 0.2 1.8 2.0
(R,R)-2A \ 3.6 22 2.3

Calculated considering only fac-mer wrapping mode "Calculated considering only Mechanism 1 °Calculated with our model
dExperimental value calculated using the ratios kzr/kss= 20 for (R)-1) and kss/krr =25 for (R,R)-2A within Arrhenius equation.
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Table S5. TSs Gibbs energies (AG, in kcal/mol, with respect to SS-LA + INT2-fm1) for all reaction paths computed for SS-LA insertion
into the Al-RR-chain bond for system (R,R)-2A. Values calculated in toluene. In bold red the low-lying paths.

Chain RR Chain RR
Monomer SS Monomer SS
Enantioface re Enantioface si
TS1 TS2 TS1 TS2
A 17.4 10.5 A 14.0 194
Mechanism 1 (M1) Mechanism 1 (M1)
B 14.5 10.3 B 16.7 18.4
TS1 TS2 TS1 TS2
A 17.4 10.3 A 14.0 18.4
Mechanism 2 (M2) Mechanism 2 (M2)
B 14.5 10.5 B 16.7 194

Table S6. TSs Gibbs energies (AG, in kcal/mol, with respect to RR-LA + INT2-fm2) for all reaction paths computed for RR-LA
insertion into the Al-SS-chain bond for system (R,R)-2A. Values calculated in toluene. In bold red the low-lying paths.

Chain SS Chain SS
Monomer RR Monomer RR
Enantioface re Enantioface ST
TS1 TS2 TS1 TS2
A 16.0 16.6 A 13.9 10.7
Mechanism 1 (M1) Mechanism 1 (M1)
B 12.0 15.6 B 14.6 13.7
TS1 TS2 TS1 TS2
A 16.0 15.6 A 13.9 13.7
Mechanism 2 (M2) Mechanism 2 (M2)
B 12.0 16.6 B 14.6 10.7
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SS-LA on SS-chain
fm2 fm1

TS1

AG = 11.3 kcal/mol AG = 18.8 kcal/mol
A B

Figure S1. Optimized DFT geometries for the RLS of SS chain + SS-LA polymerization promoted by (R,R)-

2A corresponding to the nucleophilic addition (TS1). The energetic preference of fin2 wrapping mode (A) with
respect to finl (B) is due to lower steric interactions reported with arrows.

Ll

Axial conformation Equatorial conformation
AAG=1.8 kcal/mol

Figure S2. Structures of the two possible conformations adopted by LA monomers (in figure, the R,R) as
isolated molecule. Axial conformation is more stable of 1.8 kcal/mol. In red, the oxygen atoms, in white the
carbon atoms and in yellow are highlighted the carbon constituting the methyl moieties.

S7



SS-LA on SS-chain RR-LA on RR-chain

TS1

e
AG = 11.4 kcal/mol AG =11.9 kcal/mol

A B

Figure S3. Optimized DFT geometries for the RLS of S§S chain + SS-LA polymerization (fin2 wrapping mode)
vs. RR chain + RR-LA polymerization (fm2 wrapping mode) promoted by (R,R)-2B. Both correspond to the
nucleophilic addition (TS1).

RR-LA on RR-chain RR-LA on SS-chain SS-LA on RR-chain SS-LA on SS-chain

e TS2

5"*&

AG = 14.4 kcal/mol AG = 14.9 kcal/mol AG = 15.2 kcal/mol AG = 16.2 kcal/mol
A B C D

Figure S4. TSs geometries for the RLS of the (R)-1 of (A) isotactic and (B) heterotactic insertion on RR-LA
corresponding to TS2 and TS1 respectively, and (C) isotactic and (D) heterotactic insertion on SS-LA, both
corresponding to TS1. H atoms omitted for clarity.
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SS-LA on SS-chain RR-LA on RR-chain RR-LA on SS-chain SS-LA on RR-chain

AG =11.3 kecal/mol AG = 13.5 kcal/mol AG =13.9 kcal/mol AG = 14.5 kcal/mol

A B Cc D

Figure S5. TSs geometries for the RLS of the (R,R)-2A of (A) isotactic and (B) insertion of respective RR-LA
and SS-LA corresponding both to TS1, and heterotactic insertion on SS-LA (C) and RR-LA (D), both
corresponding to TS1. H atoms omitted for clarity.
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