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General Procedures and Materials

All manipulations were carried out in a nitrogen filled glovebox, or dual manifold nitrogen-
vacuum Schlenk line. Solvents used for synthesis were collected from a solvent purification
system (SPS), degassed with freeze-pump-thaw cycles and stored over 3 A molecular sieves
under an inert atmosphere, unless otherwise stated. All materials were stored under a
nitrogen atmosphere, in a glovebox. Triethyl aluminium (93%) was purchased from Sigma-
Aldrich and was used as received. Group 1 acetate salts were purchased from Sigma Aldrich

or Acros Organics and were dried at 100 °C for 16 hours before use.

All epoxides (cyclohexene oxide (CHO, Acros Organics), propylene oxide (PO, Sigma Aldrich),
vinyl-cyclohexene oxide (vCHO, Sigma Aldrich), tert-butyl glycidyl ether (tBGE, Sigma Aldrich),
allyl glycidyl ether (AGE, Sigma Aldrich) and styrene oxide (SO, Sigma Aldrich)) were purified
by stirring over calcium hydride followed by fractional distillation. Purification of phthalic
anhydride (PA, Sigma Aldrich) was achieved though stirring in dry toluene. The supernatant
was filtered, and the toluene subsequently removed in vacuo. The resultant white powder
recrystallised from hot (60 °C) chloroform and subsequently sublimed under vacuum at 80 °C.
Norbornene anhydride (NBA, Acros Organics) was purified through recrystallisation from dry
ethyl acetate, followed by sublimation at 80 °C. Tricyclic anhydride (TCA) was synthesised
according to a literature procedure, and was purified through recrystallisation from hexane

followed by sublimation at 80 °C.!

The pro-ligand, [LvanH2], was synthesised through the Schiff base condensation reaction of o-
vanillin with 2,2-dimethyl-1,3-propanediamine.? Synthesis of the salen pro-ligand, [LsaH2],

was achieved following a literature procedure.?



Methods

NMR Spectroscopy: *H NMR and ?’Al spectra were obtained using a Bruker Avance Il HD 400
NMR spectrometer. 13C{*H} NMR were obtained with either Bruker AV lll HD 500 MHz NMR,
Bruker NEO 600 MHz with broadband helium cryprobe, or Bruker AVIII 700 MHz with inverse

TCl 1H/13C/15N cryoprobe spectrometers.

GPC analysis: Carried out using a Shimadzu LC-20AD instrument, equipped with a Refractive
Index (RI) detector and two PSS SDV 5 um linear M columns. The eluent used was HPLC-grade

THF, heated to 30 °C, and with a flow rate of 1.0 mL min’.

MALDI-ToF spectrometry: Carried out on a Bruker Autoflex Speed MALDI-ToF spectrometer.
Samples were prepared by preparing a 1:4:1 solution of polymer (10 mg mL? in THF),
dithranol (10 mg mL? in THF) and KTFA (10 mg mL in THF). This solution was spotted twice

on a MALDI plate and allowed to dry completely before analysis was undertaken.

Elemental analysis was carried out by Elemental Microanalysis Ltd, Hameldown Road,

Okehampton Business Park, Exeter Road, Okehampton, Devon, EX20 1UB.

X-Ray Crystallography: Crystallographic data were collected, and structures solved, by Dr.
Ryan Kerr and Dr. Andreas Phanopoulos. Air sensitive crystalline samples were isolated in a
nitrogen filled glovebox and immersed in fluorinated oil. Crystalline samples were mounted
on a MiTeGen Micromount, and cooled to 150 K with dry nitrogen using an Oxford
Cryosystem.* Data was collected using an Oxford Diffraction Supernova diffractometer using
Cu Ko (A = 1.5417 A) or Mo Ko (A = 0.7107 A) radiation. The resulting reflection data was
processed with CrysAlis Pro.> The crystal structures were solved using the SHELXT program

and least-square refined using the SHELXL program within the Olex2 system suite.®®



Synthesis of Complexes

Synthesis of LvanAIOAC

The synthesis of Lu.anAIOAc was conducted using a modified literature preparation.® Under
inert conditions, AlEts (191 mg, 1.67 mmol) was added to a stirred solution of LyanH2 (550 mg,
1.48 mmol) in THF (5 mL) at room temperature, and stirred for 2 hours. Subsequently, glacial
acetic acid (85 ulL, 1.48 mmol) was added, and the reaction was stirred for 16 hours at room
temperature, resulting in the formation of a yellow precipitate. The precipitate was isolated
via centrifuge, and subsequently washed with THF (1 x 10 mL) and hexane (1 x 10 mL) before
being dried under vacuum, to give L\anAIOAc as a pale yellow precipitate (496 mg, 1.09 mmol,

74%). The NMR spectra were consistent with those previously reported.®
Synthesis of LyanAINa(OAc). (1)

Under inert conditions, NaOAc (17 mg, 0.21 mmol) was added to a stirred solution of
LvanAIOAC (95 mg, 0.21 mmol) in chloroform (5 mL) at room temperature, and stirred for 16
hours. The solvent was removed, and the crude product purified by recrystallisation from a
saturated solution of dichloromethane layered with hexane, to give complex 1 as pale yellow
crystals. (72 mg, 0.13 mmol, 64%). Diffraction quality crystals were obtained through the

same recrystallisation method.

1H NMR (CD,Cl,, 400 MHz, 298 K): & 7.94 (2H, s, He), 6.81 (2H, d, J = 7.6 Hz, HY), 6.65 (2H, d, J
= 7.6 Hz, H?), 6.60 (2H, t, J = 7.6 Hz, H¢), 3.70 (4H, s, H), 3.23 (6H, s, H9), 1.57 (6H, s, H"), 1.15
(6H, s, H) ppm. 3C NMR (CD:Cl,, 176 Hz, 298 K): 6 174.2 (C!), 167.5 (C"), 155.7 (C9), 150.8 (C?),
125.6 (C¢), 119.5 (¢f), 114.4 (C% or C°), 114.5 (C? or %), 74.3 (C¥), 55.5 (C?), 35.2 (C), 25.0 (C™),
24.7 (C¥) ppm. 27AI NMR (CD2Cl,, 104 MHz, 298 K): & -1.0 ppm. Anal. Calc. (C2sH30AINaN2Os);

C,55.97; H, 5.64; N, 5.22 %. Found: C, 56.25; H, 5.48; N, 5.29 %.



Synthesis of LvanAIK(OAC)2 (2)

Under inert conditions, KOAc (18 mg, 0.18 mmol) was added to a stirred solution of LyanAIOAC
(85 mg, 0.18 mmol) in chloroform at room temperature, and stirred for 16 hours.
Subsequently, the solution was filtered, and the solvent removed under vacuum to give 2 as
a pale yellow powder (102 mg, 0.18 mmol, 98%). Diffraction quality crystals were grown from

a saturated solution of 2 in chlorform, layered with hexane.

1H NMR (CDCls, 400 MHz, 298 K): 6 7.90 (2H, s, H¢), 6.78 (2H, dd, J = 7.9, 1.2 Hz, HY), 6.63 (2H,
d,J=7.9Hz, H’), 6.52 (2H, t, J = 7.9 Hz, H°), 3.75 (4H, s, H), 3.39 (6H, s, HY), 1.53 (6H, s, H"),
1.20 (6H, s, H9) ppm. 3C NMR (CDCls, 151 MHz, 298 K): 6 173.5 (C/), 166.7 (C"), 156.4 (C9),
151.1 (Cb), 125.2 (C?), 120.0 (Cf), 114.1 (C9), 113.7 (CF), 74.0 (C), 55.2 (C9), 35.6 (), 24.9 (CX),
24.2 (C™) ppm. 2’Al NMR (CDCls, 104 MHz, 298 K): 6 -1.2 ppm. Anal. Calc. (C2sH30AIKN2Os); C,

54.34; H,5.47; N, 5.07 %. Found: C, 54.70; H, 5.59; N, 4.74 %.
Synthesis of LyanAIRb(OAC): (3)

Under inert conditions, RbOAc (16 mg, 0.11 mmol) was added to a stirred solution of
LvanAlOAC (55 mg, 0.11 mmol) in chloroform at room temperature, and stirred for 16 hours.
Subsequently, the solution was filtered, and the solvent removed under vacuum. The crude
product was washed with toluene (1 x 10 mL), and subsequently dried under vacuum to give
3 as a pale yellow powder (57 mg, 0.95 mmol, 86%). Diffraction quality crystals were grown

from a saturated solution of 3 in chloroform, layered with hexane.

1H NMR (CDCls, 400 MHz, 298 K): § 7.92 (2H, s, H¢), 6.79 (2H, d, J = 7.9 Hz, HY), 6.66 (2H, d, J =
7.9 Hz, H?), 6.53 (2H, t, J = 7.9 Hz, H°), 3.73 (4H, s, H), 3.46 (6H, s, H9), 1.59 (6H, s, H"), 1.18
(6H, s, H9) ppm. 13C NMR (CDCls, 126 MHz, 298 K): & 173.9 (C/), 167.0 (C"), 156.4 (C?), 151.1

(C?), 125.3 (C?), 120.0 (C), 114.4 (C%). 114.0 (C°), 73.4 (C)), 55.0 (C%), 35.7 (C), 25.1 (CK), 23.8



(C™ ppm. Al NMR (CDCl3, 104 MHz, 298 K): 6 -2.1 ppm. Anal. Calc. (C2sH30AIRbN20s); C,

50.13; H, 5.05; N, 4.68 %. Found: C, 50.17; H, 4.8.; N, 4.61 %.
Synthesis of LyanAlCs(OAc): (4)

Under inert conditions, CsOAc (39 mg, 0.20 mmol) was added to a stirred solution of LyanAIOAC
(95 mg, 0.20 mmol) in chloroform at room temperature, and stirred for 16 hours.
Subsequently the solvent removed under vacuum to give 4 as a pale yellow powder (131 mg,
0.20 mmol, 99%). Diffraction quality crystals were grown from a saturated solution of 4 in

chloroform, layered with hexane.

1H NMR: (CDCls, 400 MHz, 298 K): & 7.94 (2H, s, H¢), 6.80 (2H, d, J = 7.9 Hz, HY), 6.71 (2H, d, J
= 7.9 Hz, H), 6.54 (2H, t, J = 7.9 Hz, H¢), 3.71 (4H, s, H), 3.51 (6H, s, HY), 1.58 (6H, s, H"), 1.18
(6H, s, H%) ppm. 3C NMR (CDCls, 126 MHz, 298 K): & 174.1 (C!) 167.4 (Ch), 156.4 (C9), 151.1
(C?), 125.6 (C?), 120.2 (C), 114.6 (C7). 114.2 (C°), 72.8 (C), 54.8 (C%), 35.7 (C), 25.5 (C¥), 23.9
(C™) ppm. Al NMR (CDCls, 104 MHz, 298 K): & -2.5 ppm. Anal. Calc. (CzsH30AICsN0g); C,

46.45; H, 4.68; N, 4.33 %. Found: C, 46.85; H, 4.55; N, 4.38 %.
Synthesis of LsaAl(OACc)

[LsalAIEt] was synthesised following an adapted literature procedure.'® Under inert conditions,
AlEt3 (113 mg, 0.99 mmol) was added to a stirred solution of [LsaiH2] (493 mg, 0.92 mmol) in
hexane (5 mL) at room temperature, and stirred for 16 hours, resulting in the formation
[LsalAlEt] as a yellow precipitate. The precipitate was isolated via centrifuge, and a crude yield
was recorded (137 mg, 0.23 mmol, 25%). The crude product was subsequently dissolved in
toluene before glacial acetic acid (15 pL, 0.23 mmol) was added, and the reaction was stirred
for 16 hours at room temperature, resulting in the formation of a yellow precipitate. The

precipitate was isolated via centrifuge, and subsequently washed with hexane (1 x 10 mL)



before being dried under vacuum, to give [LsaAI(OAc)] as a pale yellow precipitate (0.117 g,

0.19 mmol, 83%).

1H NMR: (CDCls, 400 MHz, 298 K): & 8.11 (2H, s, H¢), 7.48 (2H, d, J = 2.6 Hz, HY), 7.06 (2H, d, J
= 2.6 Hz, HY), 3.53 (2H, d, J = 11.5 Hz, H or H9), 3.32 (2H, d, J = 11.5 Hz, H or H9), 1.90 (3H, s,
H), 1.40 (9H, s, HY), 1.30 (9H, s, H), 1.15 (3H, s, H"), 0.98 (3H, s, H)) ppm. 13C NMR (CDCl3, 176
MHz, 298 K): & 186.7 (C?), 170.0 (C¥), 163.9 (C"), 140.8 (CF), 137.4 (C®), 130.6 (CY), 127.5 (C),
118.5 (CY), 67.9 (C/), 36.8 (C™), 35.4 (C"), 34.1 (C)), 31.6 (C?), 29.7 (C)), 26.3 (C" or C?), 25.7 (C"
or C°, 20.5 (C9 ppm. Al NMR (CDCls, 104 MHz, 298 K): & 16.3 ppm. Anal. Calc.

(CasH30AINaN;0s); C, 71.81; H, 8.96; N, 4.53 %. Found: C, 70.43; H, 8.92; N, 4.13 %.
Synthesis of LyanAIK(OBz); (5)

The synthesis of LvanAIOBz was carried out in an analogous manner to LvanAlOAc, with benzoic
acid used in place of acetic acid. under inert conditions, benzoic acid (57 mg, 0.47 mmol) was
added to a stirred solution of LyanAlEt (198 mg, 0.47 mmol) in THF (5 mL) and heated for 16
hours at 60 °C, resulting in the formation of a yellow precipitate. The precipitate was isolated
via centrifuge and washed with hexane (1 x 5 mL) to yield L,anAlIOBz as a yellow powder (202
mg, 0.39 mmol, 84%), and was used without further purification. Under inert conditions, KOBz
(35 mg, 0.22 mmol) was added to a stirred solution of LyanAlIOBz (113 mg, 0.22 mmol) in dry
chloroform at room temperature, and stirred for 16 hours. Subsequently, the reaction
solution was filtered, and the solvent removed under vacuum to give 5 as a pale yellow
powder (127 mg, 0.19 mmol, 86%). A *H NMR was taken of the crude product to confirm
formation. Diffraction quality crystals were grown from a saturated solution of 5 in THF
layered with hexane. This complex was not utilised in catalysis and so further characterisation

was not undertaken.



14 NMR: (CDCls, 400 MHz, 298 K): § 8.01 (2H, s, H), 7.73 (4H, d, J = 7.4 Hz, H"), 7.31 (2H, t,
H), 7.23 (4H, t, J = 7.4 Hz, H'), 6.71 (2H, d, J = 7.7 Hz, H¥ or HY), 6.45 (2H, d, J = 7.7 Hz, H? or

H®), 6.37 (2H, t, J = 7.7 Hz, HF), 3.96 (4H, s, H), 3.30 (6H, s, HY), 1.35 (6H, s, H9) ppm.

Representative Polymerization

Inside a nitrogen filled glovebox, the catalyst and desired monomers were added to a dried
vial equipped with a magnetic stirrer bar. The vial was sealed with a melamine-cap containing
a Teflon inlay, and further sealed with first Parafilm M and then electrical insulation tape. This
sealed vial was then heated to 100 °C for the time stated. Aliquoting was performed by first
cooling the polymerisation vial in a cold water bath, before removing ca. 10 uL of the
polymerisation mixture with a syringe in the glovebox. The polymerisations were quenched
by exposing the reaction mixture to air, followed by removal of volatiles. A 'H NMR spectrum
of the crude product was measured in CDCls. GPC samples were prepared by dissolving ca. 10
mg of the crude product in 1 mL HPLC grade THF and filtered before use. Polymers were

purified by precipitation from methanol and dried under vacuum at 40 °C.
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Figure S1. 'H NMR Spectrum (400 MHz, 298 K, CD2Cl2(*)) of complex 1.
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Figure S2. 3C NMR Spectrum (400 MHz, 298 K, CD2Cl>(*)) of complex 1.
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Figure S3. Al NMR Spectrum (104 MHz, 298 K, CD2Cl2) of complex 1.
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Figure S4. 'H COSY NMR Spectrum (400 MHz, 298 K, CD2Cl2) of complex 1.
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Figure S5. *H-13C HSQC NMR Spectrum (298 K, CD2Cl,) of complex 1.
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Figure S6. 'H-13C HMBC NMR Spectrum (298 K, CD2Cl>) of complex 1.
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Figure S7. 'H NMR Spectrum (400 MHz, 298 K, CDCl3(*)) of complex 2.
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Figure S8. 3C NMR Spectrum (151 MHz, 298 K, CDCls(*)) of complex 2.
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Figure S10. *H COSY NMR Spectrum (400 MHz, 298 K, CDCls) of complex 2.
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Figure S11. *H-13C HSQC NMR Spectrum (298 K, CDCl3) of complex 2.

Figure S12. *H-3C HMBC NMR Spectrum (298 K, CDCls) of complex 2.
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Figure S13. *H NMR Spectrum (400 MHz, 298 K, CDCls(*)) of complex 3.
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Figure S14. 13C NMR Spectrum (400 MHz, 298 K, CDCls3(*)) of complex 3.
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Figure S15. 2’Al NMR Spectrum (104 MHz, 298 K, CDCls) of complex 3.
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Figure S16. 'H COSY NMR Spectrum (400 MHz, 298 K, CDCls) of complex 3.
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Figure S17. *H-13C HSQC NMR Spectrum (298 K, CDCl3) of complex 3.
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Figure S18. *H-13C HMBC NMR Spectrum (298 K, CDCls) of complex 3.
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Figure S19. 'H NMR Spectrum (400 MHz, 298 K, CDCls(*)) of complex 4.
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Figure S20. 3C NMR Spectrum (126 MHz, 298 K, CDCls(*)) of complex 4.
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Figure S21. 2’Al NMR Spectrum (104 MHz, 298 K, CDCl3) of complex 4.
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Figure S22. 'H COSY NMR Spectrum (400 MHz, 298 K, CDCls) of complex 4.
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Figure S23. *H-13C HSQC NMR Spectrum (298 K, CDCl3) of complex 4.
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Figure S24. *H-13C HMBC NMR Spectrum (298 K, CDCl3) of complex 4.
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Figure S26.13C NMR Spectrum (176 MHz, 298 K, CDCl3(*)) of [LsaAl(OAc)].
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Figure S27. Z7Al NMR Spectrum (104 MHz, 298 K, CDCl3) of [LsaAl{OAC)].
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Figure S28. 'H COSY NMR Spectrum (400 MHz, 298 K, CDCls) of [LsaiAl(OAC)].
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Figure S31. *H NMR (400 MHz, 298 K, CDCls (*)) of complex 5.



Crystallographic Data for Complexes 1, 3, 4 and 5.
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Figure S32. Molecular structure of complex 1. Obtained from X-ray diffraction experiments with thermal
ellipsoids presented at 50% probability and H atoms omitted for clarity (Atom colour scheme: Al (orange), Na
(purple), O (red), N (blue), C (greyscale/black). A) Structure of the dimer, showing acetate co-ligands bridging
between two molecules of the complex. B) Structure of one half of the dimer, showing a ‘bowl’ confirmation
ligand, and aluminate centre. Note that the two molecules within the dimer are related by symmetry in the
crystal structure. C) Schematic showing key binding of both metals and acetate groups.
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Figure $33. Molecular structure of complex 3. Obtained from X-ray diffraction experiments with thermal
ellipsoids presented at 50% probability and H atoms omitted for clarity (Atom colour scheme: Al (orange), Rb
(purple), O (red), N (blue), C (greyscale/black). A) Structure of the dimer, showing acetate co-ligands bridging
between two molecules of the complex. B) Structure of one half of the dimer, showing a ‘bowl’ confirmation
ligand, and aluminate centre C) Schematic showing key binding of both metals and acetate groups.



A) B)

0(6)

o6 o =0

N-_ @ o \ .-~
:‘N": <\0,.Cs

0(7)0
)~

_--Oops

— —In

Figure S34. Molecular structure of complex 4. Obtained from X-ray diffraction experiments, with thermal
ellipsoids presented at 50% probability and H atoms omitted for clarity (Atom colour scheme: Al (orange), Cs
(purple), O (red), N (blue), C (black). A) Structure of the monomeric unit, showing acetate co-ligands bridging
between molecules in the extended polymeric crystal structure. B) Schematic showing key binding of both
metals and acetate groups
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Figure S35. Molecular structure of complex 5. Obtained from X-ray diffraction experiments, with thermal
ellipsoids presented at 50% probability and H atoms omitted for clarity (Atom colour scheme: Al (orange), K
(purple), O (red), N (blue), C (greyscale/black). A) Structure of the dimer, showing benzoate co-ligands bridging
between two molecules of the complex, and a molecule of THF bound to K(2). B) Schematic showing key binding
of both metals, benzoate groups, and THF coordination.



Table S1. Selected bond lengths and angles for complex 1.

Bond

Bond Length (A)

Bond

Bond Angle (°)

Al(1a) — Na(1a)
Al(1a) — N(1a)
Al(1a) — N(2a)
Al(1a) - O(2a)
Al(1a - 0(3a)
Al(1a) — O(5a)
Al(1a) —0O(7a)

3.284
2.059(18)
2.0350(17)
1.8494(15)
1.8481(15)
1.8967(15)
1.8694(16)
2.5018(17)
2.3521(16)
2.3756(15)
2.5013(18)
2.4098(17)
2.2934(16)

0O(7a) — Al(1a) -
N(1a) — Al(1a) -
N(1a) — Al(1a) -
N(2a) — Al (1a) —
O(2a) — Al(1a) —
O(1a) — Na(1a) -
0O(2a) — Na(1a) —
O(3a) — Na(1a) -
O(6a) — Na(1a) —
O(6a) — Na(1a) —

( ) -

O(6a) — Na(1la

0O(5a)
N(2a)
0(2a)
0O(3a)
0O(3a)
O(2a

O(3a

O(1a

)
)
O(4a)
)
0(2a)

(
(
(
(
(
(

0]

169.21(7)

86.40(6)
145.34(7)
88.74(6)



Table S2. Selected bond lengths and angles for complex 2.

Bond Bond Length (A) Bond Bond Angle (°)
Al(1) — K(1) 3.665 0O(7) — Al(1) — O(5) 167.84(10)
Al(1) = N(1) 2.077(2) N(1) - Al(1) = N(2) 90.84(10)
Al(1) —N(2) 2.038(2) N(1) - Al(1) = 0(2) 89.49(9)
Al(1) - 0(2) 1.842(2) N(2) — Al(1) = O(3) 90.13(9)
Al(1) - 0(3) 1.854(2) 0(2) - Al(1) - 0(3) 89.57(9)
Al(1) - 0(5) 1.905(2) O(1)-K(1)-0(2) 57.79(6)
Al(1)-0(7) 1.869(2) 0(2) - K(1)-0(3) 56.95(6)
K(1) - 0(1) 2.718(2) 0(3) - K(1)-0(4) 56.31(6)
K(1) - 0(2) 2.7220(19) 0(1) - K(1) — O(6) 117.58(7)
K(1) - O(3) 2.738(2) 0(2) - K(1) —O(6) 71.81(6)
K(1) — O(4) 2.853(2) 0(6) — K(1) — O(16) 119.62(7)
K(1) — O(6) 2.673(2) 0(13) — Al(2) — O(15) 169.18(10)
K(1) - O(16) 2.582(2) N(3) — Al(2) = N(4) 89.64(10)
Al(2) = K(2) 3.519 N(3) — Al(2) — O(10) 87.84(9)
Al(2) = N(3) 2.067(2) N(4) - Al(2) - O(11) 89.24(10)
Al(2) - N(4) 2.040(2) 0(10) - Al(2) - O(11) 93.25(9)
Al(2) - O(10) 1.853(2) 0(9) - K(2) —0(10) 57.91(6)
Al(2) - O(11) 1.843(2) 0(10) - K(2) —O(11) 60.70(6)
Al(2) - 0(13) 1.871(2) 0(11) - K(2) —0(12) 57.68(6)
Al(2) - O(15) 1.907(2) 0(9) —K(2) — 0(14) 120.95(7)
K(2) — 0(9) 2.781(2) 0(10) — K(2) —0O(14) 74.83(6)
K(2) — O(10) 2.668(2) 0(6) — K(2) —0(14) 155.60(7)
K(2) - 0(11) 2.649(2)

K(2) —0(12) 2.809(2)
K(2) — O(14) 2.662(2)
K(2) — O(6) 2.728(2)




Table S3. Selected bond lengths and angles for complex 3.

Bond Bond Length (A) Bond Bond Angle (°)
Al(1) — Rb(1) 3.819 0O(7) — Al(1) — O(5) 167.42(7)
Al(1) - N(1) 2.0445(18) N(1) — Al(1) - N(2) 90.17(7)
Al(1) —N(2) 2.0900(17) N(1) - Al(1) = 0(2) 89.92(7)
Al(1) - 0(2) 1.8632(15) N(2) — Al(1) = O(3) 89.37(7)
Al(1) - 0(3) 1.8456(15) 0(2) - Al(1) - 0(3) 90.56(6)
Al(1) - 0(5) 1.9103(16) O(1) —Rb(1) - 0(2) 54.45(4)
Al(1)-0(7) 1.8678(15) 0(2) —Rb(1) = 0(3) 54.45(4)
Rb(1)-0(1) 2.9229(16) O(3) —Rb(1) = 0O(4) 55.44(4)
Rb(1) — O(2) 2.8828(14) O(1) —Rb(1) — O(6) 110.30(5)
Rb(1) - O(3) 2.8780(13) 0(2) —Rb(1) = O(6) 67.54(5)
Rb(1) — O(4) 2.8018(15) 0(6) —Rb(1) — O(16) 122.50(5)
Rb(1) - O(6) 2.7858(19) 0(13) — Al(2) — O(15) 167.69(7)
Rb(1) — O(16) 2.6979(17) N(3) — Al(2) = N(4) 89.55(7)
Al(2) —Rb(2) 3.678 N(3) — Al(2) — O(10) 89.44(7)
Al(2) = N(3) 2.0450(19) N(4) - Al(2) - O(11) 87.96(7)
Al(2) - N(4) 2.0728(18) 0(10) - Al(2) - O(11) 93.01(7)
Al(2) —0(10) 1.8418(15) 0(9) —Rb(2) - 0(10) 55.55(4)
Al(2) - O(11) 1.8561(15) 0(10) —Rb(2) — O(11) 57.17(4)
Al(2) - 0(13) 1.8720(16) 0(11) - Rb(2) — 0(12) 55.38(4)
Al(2) - O(15) 1.8936(16) 0(9) —Rb(2) — 0(14) 113.89(5)
Rb(2) — 0(9) 2.8800(16) O(10) — Rb(2) — 0(14) 70.76(5)
Rb(2) — 0(10) 2.7934(16) O(6) —Rb(2) —0(14) 161.57(5)
Rb(2) - O(11) 2.8135(14)

Rb(2) - O(12) 2.8872(16)
Rb(2) — O(14) 2.7746(17)
(

Rb(2) — O(6)

2.8786(16)



Table S4. Selected bond lengths and angles for complex 4.

Bond Bond Length (A) Bond Bond Angle (°)
Al(1) - Cs(1) 3.979 0(7) - Al(1) - O(5) 165.76(7)
Al(1) —N(1) 2.065(2) N(1) - Al(1) = N(2) 90.90(8)
Al(1) —N(2) 2.0451(19) N(1) - Al(1) = 0(2) 89.04(7)
Al(1) - 0(2) 1.8417(16) N(2) — Al(1) = O(3) 89.48(7)
Al(1) - 0(3) 1.8453(16) 0(2) - Al(1) - 0(3) 90.54(7)
Al(1) - 0(5) 1.8719(17) O(1)-Cs(1)-0(2) 50.82(4)
Al(1)-0(7) 1.9084(16) 0(2) - Cs(1)-0(3) 50.45(4)
Cs(1)-0(1) 3.0356(18) 0(3)—Cs(1)-0(4) 50.64(4)
Cs(1) - 0(2) 3.0694(15) O(1) - Cs(1) - 0O(6) 107.28(6)
Cs(1) = 0(3) 3.0763(15) 0(2) - Cs(1) - 0O(6) 65.57(5)
Cs(1) —0(4) 3.0975(18) 0(6) — Cs(1) — O(8) 127.57(5)
Cs(1) — O(6) 2.9220(19)

Cs(1) — O(8) 3.0478(17)




Table S5. Selected bond lengths and angles for complex 5.

Bond Bond Length (A) Bond Bond Angle (°)
Al(1) = K(1) 3.5995(6) O(7) - Al(1) - 0O(5) 166.72(6)
Al(1) = N(1) 2.0646(15) N(1) = Al(1) = N(2) 90.64(6)
Al(1) —N(2) 2.0584(16) N(1) - Al(1) - 0(2) 88.45(6)
Al(1)-0(2) 1.8519(14) N(2) - Al(1) = O(3) 90.18(6)
Al(1) -0(3) 1.8364(12) 0(2) - Al(1) - 0O(3) 90.85(6)
Al(1) - 0(5) 1.9060(15) O(1)-K(1)-0(2) 57.90(4)
Al(1)-0(7) 1.8784(14) 0(2) - K(1)-0(3) 58.54(4)
K(1) - 0(1) 2.7808(16) 0(3) - K(1)-0(4) 57.45(4)
K(1) - O(2) 2.6588(13) 0O(1) - K(1) — O(6) 111.08(5)
K(1) - O(3) 2.7137(14) 0(2) - K(1) —O(6) 67.27(4)
K(1) - O(4) 2.7698(18) 0(6) — K(1) —0O(14) 122.00(5)
K(1) — O(6) 2.8365(15) 0(13) — Al(2) — O(15) 168.42(6)
K(1) - O(14) 2.6320(14) N(3) — Al(2) = N(4) 89.11(6)
Al(2) = K(2) 3.6286(6) N(3) — Al(2) — O(10) 89.27(6)
Al(2) = N(3) 2.0383(15) N(4) - Al(2) - O(11) 90.03(6)
Al(2) — N(4) 2.0743(16) 0(10) — Al(2) - O(11) 91.55(6)
Al(2) —0O(10) 1.8399(13) 0(9) —K(2) - 0(10) 57.08(4)
Al(2) - 0(11) 1.8432(12) 0(10) —K(2) - O(11) 57.78(4)
Al(2) —0O(13) 1.9152(14) 0(11) —K(2) - 0(12) 56.73(4)
Al(2) - O(15) 1.8982(14) 0(9) —K(2) — O(16) 104.05(5)
K(2) — 0(9) 2.7923(15) 0(10) — K(2) — O(16) 65.59(4)
K(2) — O(10) 2.7330(12) 0(6) — K(2) — O(16) 156.19(5)
K(2) - 0(11) 2.7296(13) 0(16) —K(2) - 0O(17) 79.95(5)
K(2) - 0(12) 2.8129(14)

K(2) —O(16) 2.6571(15)
K(2) - O(6) 2.8076(14)
K(2) - 0(17) 3.146(2)




Table S6. Summary of Cr

stallographic Refinement Data for complexes 1 - 5.

Complex 1 2 3 4 5

Local Code 013rwfk20 063ap20 014rwfk20 016rwfk20 021rwfk21

CCDC Deposition 2096248 2096249 2096250 2096251 2096252

Number

Crystal data

. C2sH30AIN2NaOs: | CsoHeoAl2K2N4O16 | CsoHeoAl2NaO16Rb | C2sH30AICSN20s:C

Chemical formula 2(CHCla) CHCls -CHCls HCls C74H76A12K2N4017

M: 706.33 1224.54 1317.28 765.77 1425.54

Crystal system, space Triclinic, -1 Triclinic, P1 Triclinic, P1 Monoclinic, Monoclinic,

group P2i/c P21/n
10.7960 (5), 12.4551 (6), 12.5460 (3), 14.9518 (2), 15.0779 (2),

a,b,c (A) 11.9409 (8), 15.8089 (10), 15.7343 (4), 12.8871 (1), 30.1479 (4),
14.6196 (7) 16.1748 (8) 16.4513 (5) 16.7675 (2) 17.5249 (3)
66.034 (5), 65.273 (5), 64.372 (3),

o, B,7(°) 84.098 (4), 82.478 (4), 82.396 (2), gg' 98.577 (1), 38' 114.699 (2),
69.361 (5) 76.607 (5) 76.638 (2)

74 (A3) 1609.86 (17) 2812.1 (3) 2846.84 (15) 3194.72 (6) 7237.5(2)

V4 2 2 2 4 4

Radiation type Cu Kal Mo Ko Cu Ka Cu Ka Cu Ka

i (mm) 4.17 0.41 4.42 12.03 1.98

Crystal size (mm) 0.17x0.14 x 0.17x0.11 x 0.36x0.20 x 0.26x0.18 x 0.49x0.13 x

¥ 0.05 0.08 0.12 0.18 0.07

Data collection

Absorption correction

Tmin, Tmax

No. of measured,
independent and

Multi-scan CrysAlis PRO 1.171.39.46 (Rigaku Oxford Diffraction, 2018) Empirical absorption
correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm.

0.893, 1.000

12886, 6670,

0.969, 1.000

21284, 13911,

0.731, 1.000

30073, 11825,

0.670, 1.000

15348, 6656,

0.778, 1.000

44644, 14927,

observed [/ > 26(/)] 5365 8926 10423 6283 11897
reflections
Rint 0.031 0.040 0.032 0.028 0.051
(sin 0/1)max (A?) 0.631 0.696 0.631 0.632 0.630
Refinement

. 121 .061, 0.12 .032, 0. .02 . . A1
No. of reflections 6670 13911 11825 6656 14927
No. of parameters 404 715 715 404 900
No. of restraints 1 0 0 3 0
A)max, A)min (€ A3) 0.50,-0.34 0.38,-0.39 0.67,-0.50 0.70,-1.29 0.58,-0.28
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Figure S36. Temperature stability of complex 2.*H NMR of complex 2 (400 MHz, MeCN-ds(*), 298K) before and
after heating for 16 hours at 100 °C, with an internal standard (mesitylene, #). No significant change was
observed in the NMR integrals, when compared to the internal standard, before and after the heating period.
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Figure S37. DOSY NMR spectrum (500 MHz, CDCI3, 298K) of complex 2. Use of D value obtained from this
experiment in the Stokes-Einstein equation yields a solvation radius of 6.0 A.



Table S7. Data for the ROCOP of PA and CHO with complexes 1 —-4.7

Time | Conversion TOF¢ Kobs (x10%)? M, cec [D]¢ My, mf
Entry | Catalyst (m) (%) TON® (h) ((s‘l) ) (ke mo[l'li (kg mol)
1 1 15 45 180 720+ 9 0.91+0.02 9.3 [1.06] 22.1
2 2 15 67 268 1072+ 6 1.50 £ 0.03 14.3 [1.06] 33.0
3 2 25 >99 400 - - 20.1[1.06] 49.3
4 3 15 71 284 1136+ 6 1.53+£0.03 14.4 [1.06] 34.9
5 4 15 54 216 875+ 8 1.18 £ 0.03 10.4 [1.05] 26.6

a Conditions: [Cat]:[PA]:[CHO] = 1:400:2000, T = 100 °C. Turnover number (TON) = number of moles of anhydride
consumed/number of moles of catalyst. Determined by 'H NMR through comparison of resonances associated with PA (8.10
— 7.85 ppm) and PCHPE (7.65 — 7.30 ppm). € Turnover Frequency (TOF) = TON/time (hours). ¢ Observed rate constant for a
linear fit of the data (See Figure $2S, B), without error weighting. ¢ Determined by GPC, in THF at 30 °C, using narrow
dispersity polystyrene standards. f Theoretical M, value. Determined through (TON x Mpy(repeat unit = 246.26 for

PCHPE))/(number of equivalent of catalyst x 2 (as each catalyst contains 2 acetate groups)).
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Figure $38. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of CHO and PA. Conversion of PA
(%) = ((J7.65-7.30 ppm)/(J8.10-7.30 ppm))*100. TONEpoxide = TONanhydride = Conv.(%)*400.
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Figure $39. *H NMR spectrum (400 MHz, CDCls, 298 K) of purified PCHPE.
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Figure S40. MALDI-ToF spectrum of PCHPE obtained with complex 2. Observed end group weight = 198.45 g mol”
1, calculated end group weight = 197.30 g mol™. Observed (average) distance between peaks = 246.11 g mol?,
theoretical Mq(repeat unit) = 246.26 g mol™. Minor peaks attributed to minor cyclohexanol initiating species.
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Figure S41. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of CHO and TCA. Conversion of TCA
(%) = ((J4.90-4.50 ppm/2)/(J5.90-5.50 ppm))*100. TONEepoxide = TONanhydride = Conv.(%)*400. Spectroscopic data

is consistent with prior literature reports.'?
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Figure S42. *H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of CHO and NBA. Conversion of NBA
(%) = (J4.90-4.50 ppm/(J6.40-5.90 ppm))*100. TONepoxide = TONanhydride = Conv.(%)*400. Spectroscopic data is
consistent with prior literature reports.
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Figure S43. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of tBGE and PA. Conversion of PA (%)
= ([7.75-7.35 ppm/(J8.05-7.35 ppm))*100. TONepoxide = TONanhyaride = Conv. (%)*400. Spectroscopic data is

consistent with prior literature reports.
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Figure S44. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of SO and PA. Conversion of PA (%) =
(J7.70-7.50 ppm/(J8.00-7.90 ppm + [7.70-7.50 ppm))*100. TONepoxidke = TONanhyaride = Conv. (%)*400.

Spectroscopic data is consistent with prior literature reports.'*
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Figure S45. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of PO and PA. Conversion of PA (%) =
([7.75-7.40 ppm/(J8.10-7.40 ppm)*100. TONepoxide = TONanhydride = Conv. (%)*400. Spectroscopic data is
consistent with prior literature reports.
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Figure S46. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of vCHO and PA. Conversion of PA (%)
= (J7.80-7.40 ppm/(/8.10-7.40 ppm)*100. TONepoxide = TONanhydride = Conv. (%)*400. Spectroscopic data is

consistent with prior literature reports.'
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Figure S47. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of AGE and PA. Conversion of PA (%)
= (J7.80-7.40 ppm/(J8.10-7.40 ppm)*100. TONepoxide = TONanhyaride = Conv. (%)*400. Spectroscopic data is
consistent with prior literature reports.
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Figure $48. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of CHO and COxz (1 bar). Conversion
of CHO to PCHC (%) = ((J4.90-4.35 ppm/(J4.90-4.35 ppm + [3.25-3.00 ppm)*100. TONecrc = Conv.(%)*2000.
Selectivitypche (%) = ([4.90-4.35 ppm/([4.90-4.35 ppm + [4.10-3.90 ppm))*100. Spectroscopic data is consistent

with prior literature reports.?
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Figure S49. 'H NMR spectrum (400 MHz, CDCls, 298 K) of reaction mixture of CHO and COz (20 bar). Conversion
of CHO to PCHC (%) = ((J4.90-4.35 ppm/(f4.90-4.35 ppm + [3.25-3.00 ppm)*100. TONpcc = Conv.(%)*2000.
Selectivitypche (%) = ([4.90-4.35 ppm/([4.90-4.35 ppm + [4.10-3.90 ppm))*100. Spectroscopic data is consistent
with prior literature reports.?
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Figure S50. GPC traces for polymers corresponding to Table 2, Entries 1-10. It should be noted that the polymer
molecular mass distributions are bimodal, owing to the presence of monofunctional (acetate) and bifunctional
(diol or diacid, present as a result of residual H20 in epoxide or anhydride) initiators.

Table S8. Data for the ROCOP of epoxide and anhydrides with complex 2 at full anhydride conversion. ¢

Time Conv b M, 6pc [D]° Mn, .9
Entry Monomer (m) (%) TON (kg mol) (kg mol)
1 CHO /PA 26 >99 400 20.1[1.06] 49.3
2 CHO /TCA 120 >99 400 13.4[1.21] 66.4
3 CHO / NBA 120 >99 400 13.5[1.13] 52.4
4 tBGE / PA® 90 90 360 25.5[1.19] 55.6
5 SO/ PA 165 >99 400 14.5[1.21] 53.6
6 vCHO / PA 75 >99 400 58.3 [1.07] 55.2
7 AGE / PA® 85 99 398 27.4[1.18] 49.6

a Conditions: [Cat]:[PA] = 1:400, 1 mL epoxide, [Cat] = 4.9 mmol, T = 100 °C. bTurnover number (TON) = number of moles of
anhydride consumed/number of moles of catalyst. Determined by H NMR. ¢ Determined by GPC, in THF at 30 °C, using
narrow dispersity polystyrene standards. ¢ Theoretical M, value. Determined through (TON x M,(repeat unit))/(number of
equivalent of catalyst x 2 (as each catalyst contains 2 acetate groups)). € Significant transesterification was observed after
full anhydride conversion; data given before full conversion is reached.
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Figure S51. Plot of [PA]: vs. Time at a range of [2]. A linear relationship is observed in all cases. All reactions
repeated in triplicate, with average values of [PA]: plotted and error ia/\/n.
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Chart S1. Structures of catalysts relating to Table 3, Entries 9, 11 and 14.



Computational Details

Density Functional theory (DFT) calculations were performed using Gaussian16 suite of codes (revision
A.03). Geometries were fully optimised without any symmetry or geometry constraints. The nature of
all the stationary points as minima or transition states (first-order saddle points) on the potential
energy surface was verified by calculations of the vibrational frequency spectrum. All transition states
were characterised by precisely one negative frequency corresponding to the intended reaction and

were further confirmed by intrinsic reaction coordinate (IRC) calculations.

Free enthalpies were first calculated at 298.15 K and a standard-state concentration in solution of 1

M within the harmonic approximation for vibrational frequencies.

Using the GoodVibes software, free enthalpies were recomputed using Grimme quasi-harmonic
approximation, with a cut off frequency of 50 cm?, and a temperature (T = 373.15 K) and

concentration correction applied (at [Cat] = 4.94 mM or [CHO]O = 9.88 M)).1> 16

Geometry optimisations were carried out using wb97xD functional. The 6-31+G(d,p) basis set was
used for C and H atoms, 6-311G+(d) for Al, K, O and N atoms. Solvent effects in cyclohexene oxide
were computed using the cpcm continuum model, using modified parameters for THF (eps=16,

epsinf=1.867)."

Full coordinates for all structures, together with computed energies and vibrational frequency data,
are available via the corresponding Gaussian 09 output files, stored in the open-access digital

repository: DOI:10.6084/m9.figshare.14955234.



https://figshare.com/s/8660bab957cf827b29ec

Table S9. Summary of uncorrected computed structures

Structure

G (Hartrees)

AG (Kcal mol?)

CHO
|

-309.679573
-2715.724047

Reference (I + CHO) -3025.403620 0.0
I -3025.402824 +0.5
Pre-TSiik -3025.400396 +2.0
TStk -3025.348112 +34.8
Post-TSiik -3025.365273 +24.1
1k -3025.36664 +23.2
I -3025.391953 +7.3
Pre-TSiu -3025.388626 +9.4
TSk -3025.365923 +23.7
a1 (/post-TSiial) -3025.407460 -2.4
9wb97xD/C H O= 6-31+g(d,p)/K Al = 6-311+g(d)/solvent = modified THF eps=16 epsinf=1.867.
Table $10. Correction computed structures
Corrections
T T+ [Cat] T+ [CHOJ
Structure
G AG G AG G AG
(Hartrees) (Kcal molt) (Hartrees) (Kcal mol?) (Hartrees) (Kcal mol?)
CHO -309.6890640 - -309.6912960 - -309.6823140 -
I -2715.742497 - -2715.744729 - -2715.735747 -
Reference | -3025.431561 0.0 -3025.436025 0.0 -3025.418061 0.0
Ik -3025.42225 +5.8 -3025.424482 +7.2 -3025.415500 +1.6
Pre-TSrik -3025420565 +6.9 -3025.422797 +8.3 -3025.413815 +2.7
TSk -3025.367957 +39.9 -3025.370189 +41.3 -3025.361207 +35.7
Post-TSiik | -3025.384582 +29.5 -3025.386814 +30.9 -3025.377832 +25.2
Ik -3025.38668 +28.2 -3025.388912 +29.6 -3025.379930 +23.9
I -3025.411441 +12.6 -3025.413673 +14.0 -3025.404691 +8.4
Pre-TSii -3025.408603 +14.4 -3025.410835 +15.8 -3025.401853 +10.2
TSk -3025.385207 +29.1 -3025.387438 +30.5 -3025.378457 +24.9
I -3025.42782 +2.3 -3025.430052 +3.7 -3025.421070 +1.9

9wb97xD/C H O= 6-31+g(d,p)/K Al = 6-311+g(d)/solvent = modified THF eps=16 epsinf=1.867. 2 Temperature correction, T =

373.15 K. ¢ Catalyst concentration = 4.94 mM. 9 Epoxide (CHO) concentration = 9.88 M.



— .
\ chain

AG (kcal mol*) \
I \
| 4237 \F24.1  +23.2
| ——

I/ \ PostTS; lik
”IIII TS|_|| \\ | oz (o) ,0/
7 K N o, /
L \ N\,
XK 8
; \\ N, \0, |\“
/" N\ O.¢
1 Ay
+9.4 1 \
+73 - | N
L preTSy chain
e I : shuttles to Al \
P ! \ | e
0.0 -~ 05 20
—tem T reTS,. \
I ! pret N\ -2.4
N
1
| 00 p/ ><:N\‘|//9<}|(/
! (0} 4 V)
N 0./ e
7| N ’K\ + I o) {
N | o | \ z ~
lol oo
>3 ﬂ/ ~ I
> 1
|
Epoxide on K Epoxide on
— % — —%
e 7
oY 0o oo Cat) s
N 0\ lll N | 0\ II N 0. l,’
’ /N1 N PN
>C ,K~0 K
N 1NN
0| 4 1]
\
N Q0

Figure S52. Computed Reaction Profile for epoxide ring-opening. wbh97xD/C H O= 6-31+g(d,p)/K Al = 6-

311+g(d)/solvent = modified THF eps=16 epsinf=1.867 (cpcm).



IRC reverse

Figure S53. IRC for TSi.ik showing connected intermediates either side.. Key bond being formed shown.
Maxpoints=50, maxcycle=40, stepsize=20



IRC reverse IRC forward

Figure S54. IRC for TSiia showing connected intermediates either side. Maxpoints=50, maxcycle=40,
stepsize=20
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Figure S55. Computed Pathways for lowest free enthalpy TS. Reaction profile showing key intermediates and
transitions states computed with temperature corrections and accounting for catalyst concentration.
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Figure S56. Computed Pathways for lowest free enthalpy TS. Reaction profile showing key intermediates and

transitions states computed with temperature corrections and accounting for excess epoxide.
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