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General Methods: 
All synthetic manipulations were carried out using an inert atmosphere of dry nitrogen using standard 
Schlenk and glovebox techniques. Hexane, toluene and DCM were obtained from MBraun MB-SPS 800 
solvent towers and stored over 3Å molecular sieves and degassed for 1 hour. THF was distilled from 
sodium/benzophenone under dry nitrogen, stored over 3Å molecular sieves, and degassed for 1 hour. 
Deuterated benzene and chloroform were distilled from CaH2, degassed by several freeze-pump-thaw 
cycles and stored over 3Å molecular sieves. The salen pro-ligand H2L was synthesised following a 
standard literature procedure using ethylenediamine and 3,5,-di-tert-butyl salicyaldehyde.2 Rac-
lactide (rac-LA) was recrystallised from dry toluene ([rac-LA]0 = 1 M at 90 oC) and sublimed three times 
under reduced pressure. AgBArF was prepared from a known literature procedure via salt metathesis 
using NaBArF and AgNO3.3 All other reagents were obtained from commercial sources and used as 
received. 

Characterisation Methods: 
NMR spectra were recorded on Bruker Av400 at 298 K unless specified. All chemical shifts were 
determined using residual signals of the deuterated solvents were calibrated vs SiMe4.  

Gel permeation chromatography (GPC) was performed using Agilent 1260 Infinity II Multi-Detector 
GPC System with Agilent PLgel 5µm MIXED-C 300 x 7.5 mm columns, calibrated using a polystyrene 
standard with THF as eluent at a 1 mL min-1 flow rate. Polymer samples were dissolved in GPC grade 
THF and filtered prior to analysis.  

MALDI-ToF mass spectrometry measurements were performed on Waters/Micromass MALDI micro 
MX spectrometer with MassLynx Mass Spectrometry Software using positive ionisation. Polymers 
were dissolved in THF at a concentration of 10 mg mL-1. Dithranol was used as a matrix (10 mg mL-1 in 
THF). Potassium trifluoroacetate (KTFA) was used as cationising agent (| 10 mg mL-1 in THF). The 
solutions of polymer, matrix and salt were mixed in a ratio of 1/1/1 (v/v/v), respectively. The mixed 
solution was spotted on a stainless steel MALDI plate and left to dry for a couple of hours. The spectra 
were recorded using reflectron mode. Data were analysed using mMass3 and considering the 
monoisotopic masses.4 

UV-Visible absorption spectra were measured using an Agilent Technologies Cary 60 
Spectrophotometer operating with WinUV software. The sample was held in a quartz cuvette sealed 
under an inert atmosphere at a path length of 1 cm. Absorption spectra were recorded against a 
baseline of pure solvent (DCM), with a scan rate of 600 nm min-1 and a data interval of 1.0 nm. 
Solutions were prepared at c = 100 µM in DCM. 

General Polymerisation Procedure: 
• For reactions at room temperature: 

In a glovebox, to solution of rac-LA/DCM (144 mg, 1 mmol, 1.0 M, 100 eq) in a PTFE screw-capped vial, 
stock solutions of catalyst/dcm (6.6 mg, 10 µmol, 1 eq) and AgBArF/dcm (9.7 mg, 10 µmol, 1 eq) were 
added. DCM was added to lactide prior to the stock solutions, so the overall final concentration is [LA] 
= 1.0 M). The vial was capped and stirred at room temperature in the glovebox. An aliquot was taken 
by taking 100 µL of solution and quenching in 300 µL hexane.  

• For reactions at 90 oC: 
Same procedure as above but toluene was exclusively used as solvent. Rac-LA was weighted in a vial 
then toluene was added so [LA] = 1 M after addition of the stock solutions of catalysts. The vials were 
taken from the glovebox and set into a pre-heated dry syn, and in this case the reactivity was quenched 
by exposure to air. Integration of the methine protons in the 1H NMR spectrum allowed conversion to 
be determined. The polymer could be precipitated using methanol.  
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Complex synthesis and characterisation: 

Synthesis of 1:5 To a solution of 2HL (200 mg, 0.406 mmol, 
1.0 equiv.) in toluene (4 mL) a solution of Ti(OiPr)4 (115 mg, 
0.406 mmol, 1.0 equiv.) in toluene (1 mL) was added, and 
left to stir at room temperature overnight. The solvent was 
removed in vacuo and resulting yellow solid washed in cold 
hexane and isolated via centrifugation. The resulting 
yellow solid was dried under high vacuum for 2 hours. (235 mg, 0.358 mmol, 88 %).  

1H NMR: (400 MHz, CDCl3, d (ppm)): 8.27 (s, 2H, HC=N) 7.48 (d, 2H, HCc/e, 4JHH = 2.5 Hz) 7.16 (d, 2H, 
HCc/e, 4JHH = 2.5 Hz) 4.13 (hep, 2H, OCH(CH3)2, 3JHH = 6.1 Hz), 3.96 (s, 4H, CH2), 1.49 (s, 18H, C(CH3)3) 1.32 
(s, 18H, C(CH3)3), 0.66 (d, 12H, OCH(CH3)2, 3JHH = 6.0 Hz). 13C{1H}6 NMR (101 MHz, CDCl3, d (ppm)): 163.6 
(Ca), 163.5 (HC=N), 138.3 (Cd/f), 137.3 (Cd/f), 129.9 (Cc/e), 127.7 (Cc/e), 122.0 (Cb), 72.6 (OCH(CH3)2), 58.6 
(CH2), 35.6 (Cf/dC(CH3)3), 34.2 (Cf/dC(CH3)3), 31.1 (Cf/dC(CH3)3), 29.8(Cf/dC(CH3)3), 26.0 (OCH(CH3)2). EA for 
C38H60N2O4Ti. Expected: C, 69.49; H, 9.21; N, 4.27. Found: C, 68.85; H, 8.74; N, 4.97. 

 

In-situ characterisation: 

1 (1 equiv.) +AgBArF (1 equiv) in C6D6:  

1H NMR (400 MHz, C6D6): 8.40 (s, 8H, CiH), 7.70 (d, 2H, Cc/e, 
4JHH = 2.4 Hz), 7.69 (s, 4H, CjH), 7.65 (s, 2H, N=CH), 7.24 (d, 
2H, Cc/e, 4JHH = 2.4 Hz), 3.91 (m, 1H, CH(CH3)2), 3.56 (m, 1H, 
CH(CH3)2), 3.15-3.20 (br m, 4H, CH2), 1.53 (s, 18H, CH3), 
1.28 (s, 18H, CH3), 0.48 (br m, 6H, CH(CH3)2), 0.30 (br m, 6H, 
CH(CH3)2). 13C NMR (101 MHz, C6D6): 164.7 (Ca), 160.6 
(C=N), 142.9 (Cd/f), 137.8 (Cd/f), 135.5 (Ci), 131.8 (Cc/e), 128.5 (Cc/e) 126.6 (C-F), 123.9 (C-B), 122.0 (Cb), 
117.8 (Cj) 65.9 (diethyl ether), 57.9 (CH2) 35.8 (C(CH3)3), 34.4 (C(CH3)3), 31.3 C(CH3)3), 30.1 (C(CH3)3), 
24.1 (CH(CH3)2), 24.3(CH(CH3)2), 15.6 (diethyl ether). 
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Figure S1: 1H NMR (400 MHz, CDCl3) for 1 (data available at DOI: 10.14469/hpc/8765). 

 

Figure S2: 13C NMR spectrum (101 MHz, CDCl3) for 1 (data available at DOI: 10.14469/hpc/8765). 
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Figure S3: {1H-13C}-HSQC (CDCl3) NMR spectrum for 1 (data available at DOI: 10.14469/hpc/8765). 

 

Figure S4: {1H-13C}-HMBC spectrum (CDCl3) for 1 (data available at DOI: 10.14469/hpc/8765).
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Figure S5: 1H NMR spectrum of 1-AgBArF in-situ generated by addition of equimolar AgBArF to 1 in 
C6D6 (data available at DOI: 10.14469/hpc/9854) 

  

Figure S6: 13C NMR spectrum of 1-AgBArF in-situ generated by addition of equimolar AgBArF to 1 in 
C6D6. 
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Figure S7: HSQC NMR spectrum of 1-AgBArF in-situ generated by addition of equimolar AgBArF to 1 

in C6D6. 

 
 

Figure S8: HMBC NMR spectrum of 1-AgBArF in-situ generated by addition of equimolar AgBArF to 1 
in C6D6.  
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Figure S9: 1H NMR spectra (toluene-d8)of 1-AgBArF at variable temperature (213 K < T < 293 K), 
selected area shown in Figure S10 and Figure S11. 

 

1H NMR spectra (toluene-d8) of 1-AgBArF at variable temperatures (233 K < T< 293 K) show multiple 
species proposed to be in equilibrium at room temperature as deduced from the characteristic signals 
of the BArF counter-anions (8.70 ppm < d < 8.00 ppm, Figure S10) and the OiPr groups (3.30 ppm < d 
< 4.25 ppm, Figure S11). Among the signals of interest, the signals related to the protons in ortho 
positions of BArF moiety shows that the counter-anion is experiencing at least three different 
environments at 233K (Figure S10). Similarly, the signals attributed to the isopropyl proton [i.e. CH-
(CH3)2] of one of the OiPr group show broad resonances and at least two different environments 
(Figure S11). The different species are proposed to be different isomers of 1-Ag+ as described in Figure 
S27-S28. 
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Figure S10:1H NMR spectra (toluene-d8, 8.06 ppm < d < 8.70 ppm) of 1-AgBArF showing different 
environments for the BArF counter-anions (signals attributed to Ha) at variable temperature (213 K < 
293 K) and suggesting multiple species in equilibrium.  

 

Figure 11: 1H NMR spectra (toluene-d8, 8.06 ppm < d < 8.70 ppm) of 1-AgBArF showing different 
environments for the OiPr groups (O-CH-(Me)2) at variable temperature (213 K < 293 K) and suggesting 
multiple species in equilibrium.  
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Polymerisation data: 

Table S1: Data for rac-LA ROP initiated by 1 at 90oC toluene. 

Entry Time 
(h) 

Conversiona 
(%) 

Mn(calc.)
b 

(kg mol-1) 
Mn(exp.)

c 

(kg mol-1) Ðc 

1 1 12 1.7 1.2 1.54 
2 2 24 3.5 1.9 1.62 
3 4 44 6.3 4.0 1.28 
4 10 54 7.8 5.0 1.41 
5 24 73 10.5 6.6 1.29 

Reaction conditions: 1/AgOTf/rac-LA = 1:1:100 with [rac-LA]0 = 1 M in toluene, 1 and AgOTf = 5 mmol 
(1 equiv.) reaction at 90oC.aDetermined from the relative integrals in the 1H NMR (PLA = 5.30 – 5.10 
ppm and LA = 5.07 – 4.96 ppm). bCalculated using formula Mn(calc.) = conv. (%)*144.13(g mol-1). cGPC 
analysis in THF with flow rate 1 mL min-1 calibrated using narrow-Mn polystyrene standards and Mn(exp) 
corrected by factor 0.58.7  
 

 

Figure S12: 1/rac-LA = 1:100 with [rac-LA]0 = 1 M in toluene and, 1 = 5 mmol reaction at 363 K. Black - 
plot of number-average molecular weight (Mn) vs conversion (%). Red - plot of the PDI values vs. 
conversion. 
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Table S2: Data for rac-LA ROP initiated by 1 + AgBArF at room temperature in DCM. 

Entry Time 
(min) 

Conversiona 
(%) 

Mn(calc.)
b 

(kg mol-1) 
Mn(exp.)

c 

(kg mol-1) Ðc 

1 10 24 3.4 1.8 1.5 
2 20 38 5.5 4.9 1.3 
3 30 53 7.6 6.8 1.3 
4 40 59 8.5 8.0 1.2 
5 50 70 10.2 8.2 1.2 
6 60 76 10.9 9.5 1.2 
7 70 83 12.0 10.3 1.2 

Reaction conditions: 1/AgBArF/rac-LA = 1:1:100 with [rac-LA]0 = 1 M in DCM, 1 and AgOTf = 5 mmol (1 
equiv.) reaction at 90oC. aDetermined from the relative integrals in the 1H NMR (PLA = 5.30 – 5.10 ppm 
and LA = 5.07 – 4.96 ppm). bCalculated using formula Mn(calc.) = conv. (%)*144.13(g mol-1). cGPC analysis 
in THF with flow rate 1 mL min-1 calibrated using narrow-Mn polystyrene standards and Mn(exp) 
corrected by factor 0.58.7  
 
 
 

 

Figure S13: 1/AgBArF/rac-LA = 1:1:100 with [rac-LA]0 = 1 M in DCM, 1 and AgBArF = 5 mmol reaction 
at 298 K. Black - plot of number-average molecular weight (Mn) vs conversion (%). Red - plot of the 
PDI values vs. conversion. 
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Figure S14: rac-LA conversion (%) versus time (min) for rac-LA ROP initiated by 1-AgBArF as per Table 
S2. 

 

 

Figure S15: Ln( [rac-LA]0 / [rac-LA]t) vs time (min) for rac-LA ROP initiated by 1-AgBArF as per Table 
S2. 
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Figure S16: Overlay of molar mass distribution as per data in Table S2 from GPC analysis. 

 

 

Figure S17: MALDI-ToF spectrum of PLA (1500 < m/z < 5500) showing peaks spaced by 144 
(conditions as per Entry 2, Table S2, data available at DOI: 10.14469/hpc/8762). 
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n Mn(K) Mn(exp) |DMn| 
13 1967.5800 1967.7570 0.17 
14 2111.5223 2111.1631 0.36 

 

n Mn(Ag) Mn(exp) |DMn| 
12.5 1967.4914 1967.7570 0.27 
13.5 2111.5337 2111.1631 0.37 

Figure S18: MALDI-ToF spectrum (zoom) of PLA suggesting formation of linear polymers (as per 
Table S2, Entry 2, data available at DOI: 10.14469/hpc/8762). 
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Figure S19: Plot of rac-LA conversion vs. time showing i) addition of AgBArF to 1/rac-LA (1:100) after 
30 min triggers rac-LA ROP, and ii) addition of bipy after 80 min stops rac-LA ROP. 
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Reactivity Study 

 

Figure S20: 1H NMR spectrum overlay (400 MHz, C6D6, full spectrum) of the reaction 1 + AgBArF (1:1) 
in C6D6 showing the formation of stable 1-AgBArF up to 6 hours at room temperature (signal 
integrations for spectra a) and b) as per Figure S1 and Figure S5, respectively, data available 
at DOI: 10.14469/hpc/9854). 

 

Figure S21: 1H NMR spectrum overlay (400 MHz, C6D6, in the range 3.00 - 8.50 ppm (zoom from 
Figure S8) of the reaction 1 + AgBArF (1:1) in C6D6 showing the formation of 1-AgBArF (signal 
integrations for spectra a) and b) as per Figure S1 and Figure S5, respectively, data available 
at DOI: 10.14469/hpc/9854)  
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Figure S221H NMR spectrum overlay (400 MHz, C6D6) indicating the changes when 1 equiv. AgBArF is 
added to 1 and then 2 equiv. bipy are added, reforming 1 alongside a hypothesised (bipy)2AgBArF 
complex. 
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DOSY NMR experiments 

 

Figure S23: DOSY (500 MHz, C6D6) NMR spectrum of 1 suggesting a monomeric species in 
solution (molecular weight estimated using in-house calibration curve). 
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Figure S24:DOSY NMR spectrum of 1-AgBArF (in-situ generated by equimolar addition 1 + AgBArF) 
showing formation of a single aggregated species.  
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Figure S25: DOSY NMR spectrum (C6D6, 500 MHz) in line with the formation of 1 and cationic complex 
(bipy)2Ag+ upon addition of 2 equiv. of bipy to 1-AgBArF (in-situ generated).  
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UV-Vis Spectroscopy 

 

Figure S26: UV-vis absorption spectra of 1 (blue), 1- AgBArF (in-situ generated, orange) and 
AgBArF (grey) in DCM (c = 100 µM), data available at DOI: 10.14469/hpc/8763. 
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Computational details 
 

General considerations: DFT calculations were performed using Gaussian 16 (revision C01).8 Unless 
stated otherwise, calculations were performed at 298.15K (default) and used the ωB97xD density 
functional (which includes a second-generation dispersion and long-range corrections) with Def2-SVP 
basis set (from the Basis Set Exchange).9 Unless stated otherwise, self-consistent reaction cavity 
continuum solvation model was used with benzene as the solvent [scrf=(cpcm, solvent=benzene)]. All 
transition states were characterized by normal coordinate analysis revealing precisely one imaginary 
mode corresponding to the intended reaction. For V-Ag+-TS and VII’-Ag+-TS IRC calculations were 
performed which also confirmed the identity of the transition states. Full coordinates for all the 
stationary points are available at DOI: 10.14469/hpc/8729. 

Optimised geometry pictures were generated from Gaussian files using CYLView 2.0 available at 
http://www.cylview.org.10 

NCI surfaces were created using JMol 13.2.8 and cub files (SCF total density, grid: fine) generated from 
GaussView 6.1.1. The following parameters were used to create the NCI surface (a low cut-off of 0.02 
was used to remove the covalent density surrounding the Ti and Ag atoms and a relatively large 
surface cut-off of 0.8 was used): 

isosurface parameters [0.8, 1.0, 0.0002, 0.02, 0.95, 1.0] NCI “”; 
colorscheme "bgyor";color isosurface range 0.04 -0.04 

Electrostatic Potential Surfaces were generated using Multiwfn3.8 and the associated scripts.11 

GoodVibes 3.0.2 has been used to calculate Gibbs free energies (DG298) in Table S4 to take into 
consideration the deviation that could be due to low frequencies.12 

Natural Bond Orbital (NBO) analysis were carried out using the NBO 6 program.13  

Natural orbitals and molecular orbitals were plotted using Gaussview 6.1.1. 

 

Methods: For computational efficiency, the OiPr groups of 1 were replaced by OMe (referred to as I) 
and the weakly coordinating counter-anion BArF was omitted.14 The molecular structure for the trans 
configuration of I was deduced from the molecular structure (deduced from X-Ray diffraction) of a 
dichloro titanium salen complex bearing the same ligand.15 The molecular structure for the cis-beta 
configuration of I was deduced form the molecular structure (deduced from X-Ray) of a dimeric 
titanium salen complex bearing the same ligand.16 

Attempts to coordinate an Ag+ atom to the oxygen atoms of the phenolate moieties (i.e. k2 
coordination) as previously observed for unsubstituted Cu salen complexes was unsuccessful due to 
the bulkiness of the tBu groups.17 Instead, the Ag+ atom was found to coordinate with the phenolate 
moiety via cationic-P interactions as well as with one of the oxygen atom of one of the methoxy 
groups forming complex I-Ag+. The calculated Ag – Carene distances (e.g. d(Ag - Cipso) = 2.64 Å, d(Ag-
Cortho) = 2.87 Å ) where found below 3.90 Å (value usually considered to establish hapticity, the sum of 
the van der Waals radii of silver and carbon being 3.80 Å).18 The calculated Ag-Carene distances lie within 
the range of distances experimentally observed for structurally characterized Ag+-arene complexes,14 
and metal salen complexes coordinating Ag+ atoms in a similar fashion [e.g. 2.47 Å < d(Ag-Carene) < 2.70 
Å].17c, 19 In addition, the electrostatic potential surface of I supports such a coordination of an Ag+ atom 
above and shifted away from the phenolate ring centroid (i.e. short Ag-Cipso distance), in agreement 
with previous theoretical studies for cation-P interactions of phenol and catechol with mono 
cations.20 The resulting coordination of Ag+ leads to elongated and shortened Ti-O(Me) bonds in I-Ag+, 
compared to distances observed in I. 
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Figure S27: Different interactions of I in trans configuration (trans-I) with Ag+ (data available at DOI: 
10.14469/hpc/8749). 

 

 

 

Figure S28:Different interactions of I in a cis-b configuration (cisb-I) with Ag+ (data available at DOI: 
10.14469/hpc/8749). 
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Figure S29: Optimised geometries (H atoms omitted) of trans-I and trans-I-Ag+ (wB97xD/Def2-SVP, 
cpcm=benzene) showing binding of Ag+ and elongation of one Ti-O(OMe) bond (data available at DOI: 
10.14469/hpc/8749) 

 

  

 
  

Figure S30: Optimised geometries (H atoms omitted) of I in cisb-configuration and binding with Ag+ 
(wB97xD/def2-svp, cpcm = benzene, data available at DOI: 10.14469/hpc/8749). 
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Figure S31: Relative Gibbs free energies of trans-I and cisb-I showing the trans configuration being the 
most stable (data available at DOI: 10.14469/hpc/8749) 

As a mononuclear species in solution (in line with the DOSY experiments, see Figure S20), I preferably 
adopts a trans-configuration (referred to as trans-I) along with a mer-coordination of the salen ligand 
(Figure S28), as generally observed for other Ti(IV) salen complexes,21 including dialkoxide 
derivatives,22 dihalogenato derivatives, 15, 23 dialkyl aderivatives24 and oxo derivatives.25 

 

 

 

Figure S32: Relative Gibbs free energies (DG298) of heterobimetallic Ti-Ag species I-Ag+ for trans- and 
cisb-configurations showing the trans configuration trans-I-Ag+ being the most favourable (data 
available at DOI: 10.14469/hpc/8749). 
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Table S3: Relative Gibbs free energies (DG298) for I and I-Ag+ using wB97xD/Def2-SVP and M06-
2X/Def2-SVP showing the trans configurations being the most favoured (data available at DOI: 
10.14469/hpc/8749)  

 
wB97xD/Def2-SVP M06-2X/Def2-SVP 

DG298 
(Hartree) 

DG298 
(kcal/mol) 

DOI: DG 
(Hartree) 

DG 
(kcal/mol) 

DOI: 

trans-I -2584.472732 0 (ref) 10.14469/hpc/8750 -2584.122713 0 (ref) 10.14469/hpc/8756 
cisb-I -2584.469182 +2.23 10.14469/hpc/8751 -2584.11909 +2.3 10.14469/hpc/8757 

trans-I-Ag+ -2731.338962 0 (ref) 10.14469/hpc/8752 -2730.881513 0 (ref) 10.14469/hpc/8758 
cisb-I-Ag+ -2731.331514 +4.7 10.14469/hpc/8753 -2730.873595 +5.0 10.14469/hpc/8759 
cisb-I-Ag’+ -2731.331304 +2.4 10.14469/hpc/8754 -2730.87914 +1.5 10.14469/hpc/8760 
cisb-I-Ag’’+ -2731.33518 +4.8 10.14469/hpc/8755 -2730.874385 +4.5 10.14469/hpc/8761 

 

Table S4: Relative Gibbs free energies (DG298) for I and I-Ag+ calculated using Gaussian (rigid-rotor 
harmonic oscillator RRHO treatment) and GoodVibes (quasi-harmonic oscillator treatment, using 
Grimme or Truhlar treatment) at wB97xd/Def2-SVP, cpcm=benzene level. 

 Gaussian 16 (C01) GoodVibesa 
Grimmeb Truhlarc 

trans-I 0 (ref) 0 (ref) 0 (ref) 
cisb-I +2.23 +1.86 + 1.50 

trans-I-Ag+ 0 (ref) 0 (ref) 0 (ref) 
cisb-I-Ag+ +4.67 +4.65 +4.93 
cisb-I-Ag’+ +2.37 +2.75 +2.90 
cisb-I-Ag’’+ +4.81 +4.97 +5.08 

a) Using GoodVibes with a frequency cut-off value of 100 wavenumbers; b) Grimme treatment using a mixture 
of RRHO (above cut-off value) and free rotor vibrational entropies (below cut-off value) along with a damping 

function close to the cut-off value; c) Using Truhlar treatment where low frequencies are adjusted to the cut-off 
value (i.e. 100).  

python3 -m goodvibes salen/*.log -f 100 –qs truhlar 

 
python3 -m goodvibes salen/*.log -f 100 –qs grimme 
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Figure S33: Molecular electrostatic potential surface (EPS) of I showing high electronic density areas 
(in blue) able to favour attractive electrostatic interactions with an Ag+ atom. 

 

  
Natural O(OMe) filled lone pair orbital 

LP O(OMe): sp1.49 

occupancy: 1.9 

Natural Ag unfilled lone vacancy orbital 
LV Ag: sp0.03d0.02 

occupancy: 0.02 
Figure S34: Selected natural orbital plots showing an orbital interaction (2nd order perturbation, ~ 10 
kcal/mol) between the oxygen atom of the methoxy group and the Ag+ atom in in trans-I-Ag+

 (data 
available at DOI: 10.14469/hpc/8745) 

 

 

Figure S35: Non-Covalent Interactions (NCI) surfaces showing cation-P interactions between Ag+ and 
the phenolate moiety (see aforementioned details for parameters). 
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Figure S36: Selected molecular orbitals plots for I (isovalue = 0.02 a.u.). 

 

 

 

 
 

  
Figure S37: Selected molecular orbitals plots for I-Ag+ (isovalue = 0.02 a.u.) showing electronic density 
distributed on one of the phenolate moieties of the salen ligand and the silver atom in HOMO-1. 
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Figure S38: Potential energy surface (PES) corresponding to L-lactide opening (nucleophilic attack on 
si face) using trans-I-Ag+ (referred to as I-Ag+ for clarity), data available at DOI:  10.14469/hpc/8730. 

Considering I-Ag+ as initiator, ring-opening of L-lactide (L-LA, si face) was investigated considering a 
well-studied coordination-insertion mechanism. One molecule of L-LA was found to favorably bind to 
the cationic silver atom of I-Ag+ leading to intermediate II-Ag+ (DDG = -4.7 kcal/mol) featuring a 
suitable orientation of the monomer with regards to the methoxy ligand. This favors nucleophilic 
attack by the elongated Ti-OMe bond onto the lactide carbonyl via transition state III-Ag+-TS at 18.9 
kcal/mol on the potential energy surface (i.e energy barrier = 23.6 kcal.mol-1). To some extent,  the 
coordination of the Ag+ provides an electrophilic assistance rendering the OMe group more labile and 
favoring nucleophilic attack.26 The resulting intermediate IV-Ag+ features a tetrahedral anionic moiety 
coordinated to Ag+ along with a cationic titanium center stabilized by the dative coordination of an 
oxygen atom of the methoxy group. Due to the hard and oxophilic nature of the titanium center, this 
intermediate rearranges to form the more stable intermediate V’-Ag+ where the anionic ligand is 
coordinated to Ti and the cationic charge localized on the silver atom. After free rotation of the anionic 
ligand along the Ti-O bond (VI’-Ag+), the silver atom was found to be suitably positioned to favor ring-
opening via transition state VII’-Ag+-TS at on only -0.3 kcal/mol on the PES. As previously observed, it 
results intermediate VIII’-Ag+, featuring an anionic alkoxide ligand coordinated to Ag+ along with a 
cationic titanium center stabilized by the dative coordination of an ester oxygen atom. Migration of 
the anionic ligand to Ti leads to the stable intermediate IX-Ag+ (DDG = -7.6 kcal/mol). Overall, such an 
Ag-assisted Ti-mediated L-LA ring-opening occurs with an overall energy barrier of 23.2 kcal/mol, in 
line with a reaction occurring at room temperature. Alternatively, ring opening of intermediate IV-Ag+ 
(i.e. without prior migration of the anionic ligand to Ti) has been found to occur via transition state V-
Ag-TS at 17.8 kcal/mol on the PES, which also represents a possible pathway (blue path).  
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Figure S39: Optimised geometry of III-Ag+-TS showing nucleophilic attack of the Ti-OMe to the 

carbonyl of L-LA coordinated to Ag+ (data available at DOI: 10.14469/hpc/8734). 

 
Figure S40: Optimised geometry of VII’-Ag+-TS showing ring-opening of ligand coordinated to Ti 

along with interaction with Ag+ (data available at DOI: 10.14469/hpc/8741). 

 
Figure S41: Optimised geometry of V-Ag+-TS showing ring-opening of ligand coordinated to Ag+ (data 

available at DOI: 10.14469/hpc/8736).  
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 I trans-I-Ag+ II-Ag+ 
    

Wiberg bond Index    
Ti-O(1) 0.81 0.47 0.49 
Ti-O(2) 0.85 1.01 1.00 
O(1)-Ag -- 0.10 0.06 

Ag-O(c=o) -- -- 0.06 
    

NBO charges    
Ag -- + 0.94 + 0.92 
O(1) -0.73 -0. 92 -0.91 
O(2) -0.72 -0.66 -0.66 

Figure S42: Selected NBO analysis data showing a lower Wiberg bond index and higher negative charge 
on O(1) atom in heterobimetallic species (i.e. I-Ag+ and II-Ag+ as per Figure S35) compared to I, 
suggesting a higher nucleophilicity of the OMe group, data available at DOI: 10.14469/hpc/8744. 
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Figure S43: Selected natural orbital plots showing orbital interactions (2nd order perturbation) in in II-
Ag+

 between i) the oxygen atom of the methoxy group and the Ag+ cation (LP O(OMe) à LV Ag = 10.7 
kcal.mol-1) and, ii) the oxygen atom of lactide carbonyl and the Ag+ cation (LP O(C=O) à LV Ag = 8.50 
kcal.mol-1), data available at DOI: 10.14469/hpc/8744. 
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Figure S44: Intrinsic Reaction Coordinate (IRC) for V-Ag+-TS (data available at DOI: 
10.14469/hpc/8736). 

 

 

Figure S45: Intrinsic Reaction Coordinate (IRC) for VII’-Ag+-TS (data available at DOI: 
10.14469/hpc/8741). 
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