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S1. General considerations

General Procedure. All preparations and manipulations were performed using standard
Schlenk techniques under a nitrogen atmosphere unless otherwise specified. Solvents were
dried using activated 3A molecular sieves or purchased from commercial suppliers.
Chemicals were purchased from commercial suppliers and used as received without further
purification.

Ligands (A) — (D) were synthesized according to literature procedures.! *H and 3C solution
NMR spectra were measured at 25°C using a JEOL Resonance 500MHz NMR spectrometer.
Chemical shifts are expressed with a positive sign, in parts per million, relative to residual *H
and 13C solvent signals. Data are reported as follows: chemical shift, multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet, br = broad), coupling constants (Hz) and
integration. The 3C CP-MAS NMR spectra were measured on a standard-bore Varian NMR
System 400MHz spectrometer equipped with a 4 mm 1H/X CP-MAS probe. The Varian
standard pulse program tancp was used with a rotational frequency of 12 kHz, a recycle delay
of 3s with a radiofrequency (RF) field of 100 kHz. The spectrum was referenced to external
Hydroxymethyl Butyrate (d=17.34ppm). Flash column chromatography was generally
performed using Silica Gel. Elemental analyses were performed on a VarioMICRO
Elementar system. Inductively coupled plasma optical emission spectroscopy was carried out
on a Perkin Elmer Optima 5300DV instrument.

IR spectra were recorded using a Perkin-Elmer FTIR 2000 spectrometer using KBr pellets.
ESI-MS measurements were performed on Finnigan LCQ mass spectrometer, isotope
distribution patterns were used as a composition proof in addition to m/z signal. HR-MS was
conducted on Bruker MicrOTOF-QII spectrometer. MALDI-TOF mass spectra (MS) were

recorded on a Bruker Autoflex instrument using dithranol as matrix. Thermogravimetric
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analysis (TGA) was performed on a TA Instruments Q500 thermogravimetric analyser by
measuring the weight loss while heating at a rate of 10 °C min™! from room temperature to
800 °C under nitrogen. Nitrogen sorption isotherms were measured at 77 K with an ASAP
2020 Automatic High Resolution Micropore Physisorption Analyser. Before measurement,
the samples were degassed in vacuum at 100 °C for at least 10 h. The
Brunauer—Emmett—Teller (BET) surface area was evaluated using N adsorption data in the
relative pressure (P/Po) range of 0.01 - 0.14. Powder X-ray Diffraction (PXRD) patterns of
samples were collected over the 20 range 5° to 90° on a Bruker AXS GADDS X-ray
diffractometer with Cu-Ka radiation (A = 1.54056 A). The scanning electron micrographs
(SEM) were taken with a JEOL FESEM JSM6700F. XPS spectra were measured on powder
samples using VG Thermo Escalab 220i -XL X-ray photoelectron spectroscopy system and
XPS data was analyzed using Thermo Avantage v4.12. The ee of propylene carbonate was
determined via gas chromatography (Shimadzu GC 2010 plus) using Astec Chiraldex BTA
with the column temperature set at 160°C (isothermal) while the detector and injector
temperatures were set at 180°C. The ee of styrene carbonate was determined by HPLC

(Shimadzu LC-20AD) using a Chiralcel OD-H column (eluent 80:20 Hexane:iPrOH).
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S2. Synthetic procedures and characterization details
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Scheme S1. Synthesis of compounds (A) — (C)

Synthesis of 3-tert-butyl-4-hydroxyacetophenone (A)

An oven dried 250 mL round-bottom flask was charged with anhydrous aluminium chloride
(10.67g, 80 mmol, 1.2 equiv.) and dried toluene (200 mL). The yellow suspension was stirred
and cooled to -35 °C and 2-tert-butylphenol (10.3 mL, 66.5 mmol, 1.0 equiv.) in 10 mL of
dried toluene was added dropwise to the slurry and stirred for 1 h. To the pale yellow solution
obtained, acetyl chloride (6.28 g, 80mmol, 1.2 equiv.) in 10 mL of dried toluene was added
dropwise and stirred at this temperature for 5 h. After heating to room temperature, the
mixture was poured into the 250 mL of stirred ice water. The organic phase was separated
and the aqueous phase was extracted with 5 x 50 mL of ethyl acetate. The combined extracts
were washed with brine (2 x 100 mL), dried over Na;SOs and evaporated on a rotary
evaporator. The crude product was triturated with ethyl acetate/hexane (1/30) to afford the

pure product as a white powder (10.0 g, 78%).
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IH NMR (500 MHz, CDCls) §: 7.96 (d, J = 2.2 Hz, 1H, Ph-H), 7.73 (dd, J = 8.3, 2.2 Hz, 1H,
Ph-H), 6.79 (d, J = 8.3 Hz, 1H, Ph-H), 6.65 (s, 1H, OH), 2.57 (s, 3H, CHs), 1.43 (s, 9H,

(CHs)53).

Synthesis of 1,3,5-tris(3’-tert-butyl-4’-hydroxyphenyl)benzene (B)

An oven dried 150 mL round-bottom flask was charged with 3-tert-butyl-4-
hydroxyacetophenone (2.4 g, 13.2 mmol) and dry ethanol (30 mL) and stirred at 0 “o. for 15
min. Silicon tetrachloride (7.6 mL, 66 mmol) was then added dropwise and stirred at this
temperature for 30 min. The reaction mixture was warmed up slowly to room temperature
and stirred overnight. The reaction was quenched with water and extracted with CH2Cl (3 x
50 mL). The organic layer was washed with water, dried over MgSQOs, and concentrated in
vacuum. The residue was purified by silica gel column chromatography (CH2Clz/hexane 1:1)
to give target product as a white solid (1.40 g, 63%).

IH NMR (500 MHz, CDCls) 6: 7.63 (s, 3H, Ph-H), 7.60 (d, J = 2.2 Hz, 3H, Ph-H), 7.41 (dd, J
= 8.1, 2.2 Hz, 3H, Ph-H), 6.79 (d, J = 8.1 Hz, 3H, Ph-H), 4.96 (s, 3H, OH), 1.49 (s, 27H,
C(CHa)a3).

13C NMR (125MHz, CDCls) §: 154.08, 142.58, 136.58, 134.12, 126.59, 126.02, 124.30,

117.10, 34.88, 29.78.

Synthesis of 1,3,5-tris(3’-tert-butyl-4’-hydroxy-5’-formylphenyl)benzene (C)

An oven dried 250 mL round-bottom flask was charged with anhydrous magnesium
dichloride (1.4 g, 14.7 mmol), solid paraformaldehyde (0.7 g, 22.6 mmol) and dry THF (50
mL). 2 mL of triethylamine was added via syringe dropwise and the resultant mixture was
stirred at room temperature for 10 min. A solution of 1,3,5-tris(3-tert-butyl-4-

hydroxyphenyl)benzene (1.24 g, 2.4 mmol) in 50 mL dry THF was added dropwise and the
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reaction mixture was refluxed for 11 h. The reaction mixture was cooled to room temperature
and 50 mL of ethyl acetate and 50 mL of 1N HCI was added. The resulting organic phase was
separated and washed with 1 N HCI (2 x 100 mL) and water (3 x 100 mL), dried over
MgSOQO4, and concentrated in vacuum. The residue was purified by silica gel column
chromatography (CH2Cl2/hexane 1:3) to give target product as a pale yellow solid (1.17 g,
82%).

'H NMR (500 MHz, CDCls) &: 11.86 (s, 3H, OH), 10.00 (s, 3H, CHO), 7.83 (d, J = 2.1 Hz,
3H, Ph-H), 7.69 (d, J = 2.3 Hz, 3H, Ph-H), 7.64 (s, 3H, Ph-H), 1.50 (s, 27H, C(CH3)a).

13C NMR (125 MHz, CDCls) ¢: 197.30, 161.13, 142.03, 139.30, 133.42, 132.33, 130.45,
124.54, 120.93, 35.27, 29.39.

IR (KBr): & = 3281 (m), 3037 (m), 2954 (vs), 2916 (vs), 2867 (s), 1651 (vs), 1614 (vs), 1592
(vs), 1471 (vs), 1394 (vs), 1318 (vs), 1236 (s), 1166 (s), 1099 (m), 1026 (m), 972 (m), 870

(s), 771 (s), 720 (s), 629 (m)
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Resolution of (S,S)-trans-1,2-diaminocyclohexane (D)
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Scheme S2. Resolution of (S,S)-trans-1,2-diaminocyclohexane (D)

(+)-(S,5)-1,2-diaminocyclohexane.2L-tartrate. In a 50 mL round-bottomed flask, (+)-L-

tartaric acid (6.0 g, 40 mmol) and distilled water (17 mL) were added and stirred until all the

acid had dissolved. Commercially available 1,2-diaminocyclohexane (mixture of cis and

trans isomers, 10 mL, 72 mmol) and glacial acetic acid (4.6 mL, 80 mmol) were then added

and the mixture was stirred for 2 h at room temperature and then placed in an ice bath for

another 2 h. The precipitate was filtered and washed with distilled water and methanol. The

filtrate was then stirred and heated to 80 °C. (+)-L-tartaric acid (15.0 g, 100 mmol) was again

added to the filtrate and the solution was stirred overnight at room temperature and then

cooled in an ice bath. The precipitate was filtered, washed with cold distilled water (5 mL)

and methanol (3 x 5 mL), and dried in vacuo to give (+)-(S,S)-1,2-diaminocyclohexane.2L-

tartrate as a white solid (10.0 g).

[0]%=+24.1 (¢ 1, H20), [0]5=+25.4 (c 1, H20) (literature value?)
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(S,5)-trans-1,2-diaminocyclohexane (D).  (+)-(S,S)-1,2-diaminocyclohexane.2L-tartrate
(10.0 g, 24mmol) was dissolved in aqueous sodium hydroxide (4 M, 100 mL) and loaded into
a 500 mL separatory funnel. The mixture was extracted with dichloromethane (6 x 50 mL)
and the combined organic extracts were washed with brine (100 mL), dried over anhydrous
Na>S0s4, and concentrated under reduced pressure to give pale yellow oil. The oil was
dissolved in anhydrous hexane (150 mL), filtered through a medium porosity fritted glass
disc filter and concentrated under reduced pressure. The resultant oil was dried under high
vacuum for 10 - 15 minutes to give (S,S)-1,2-diaminocyclohexane as a white solid (1.7 g,
63%).

20 20 H
[a]5=+17.2 (c 1, 1M HCI), [@]3=+17.0 (c 1, 1M HCI) (literature value?)

Synthesis of salen@cage

In an oven dried round-bottomed flask, compounds (C) (436 mg, 0.72 mmol, 2 equiv.) and
(D) (136 mg, 1.08 mmol, 3.3 equiv.) were dissolved in dry DMF (100 mL) and a solution of
trifluoroacetic acid (TFA) in dry DMF (2 mol%, 0.05 M, 200 pL) was added. The solution
turned cloudy upon addition of TFA and the mixture was stirred at 120°C for 5 days. The
resultant yellow suspension was allowed to cool to room temperature, filtered and the solid
obtained was washed with dry DMF (3 x 25 mL), diethyl ether (3 x 25 mL) and hexane (3 x
25 mL), and dried in vacuo for 24 h to obtain salen@cage as a bright yellow solid (300 mg,
58%).

13C CP MAS NMR: 6: 162.6, 157.2, 140.0, 134.9, 124.7, 116.1, 70.7, 61.6, 31.8, 26.7, 21.8.
IR (KBr): o = 2949 (s), 2863 (s), 1630 (vs), 1591 (s), 1467 (s), 1443 (s), 1392 (m), 1315 (w),
1268 (m), 1217 (w), 1169 (m), 1096 (w), 864 (m), 774 (m), 716 (w), 633 (W).

MS (MALDI-TOF, dithranol): m/z: 1448.0.

MS (ESI): m/z (%) = 1447.83 [M]* (100)
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HRMS (ESI) m/z calcd for CosH115NsOs, [M+H]" 1448.8912, found: 1448.8977
EA: Calcd. CosH114N6O6.H20: C 78.65, H 7.98, N 5.73 %. Found: C 78.98, H 7.64, N 5.67

%.

Synthesis of Co(ll)@cage, Co(l11)@cage and Al(l11)@cage

Co(ll)@cage. salen@cage (0.3 mmol, 435 mg, 1 equiv.) and dry CH2Cl> (50 mL) were
added into an oven dried round-bottomed flask and stirred vigorously. Co(OAc)..4H20 (1.08
mmol, 270 mg, 3.6 equiv.) was dissolved in dry CH3OH (50 mL) and added via syringe into
the mixture. The brick-red suspension was heated to 70 °C and stirred for 3 days. After
cooling to room temperature, the dark red solid was filtered and washed with CH3OH to
remove any residues of the metal salt. Further purification of the compound was done by
Soxhlet extraction with a 1:1 volume ratio of dry CH.Cl, and dry CH3OH for 22 h. The
product was dried in vacuo for 24 h and isolated as a dark red powder (412 mg, 85%).

IR (KBr): o = 2944 (s), 2863 (s), 1630 (shoulder), 1607 (vs), 1587 (vs), 1527 (s), 1426 (s),
1386 (m), 1337 (m), 1320 (m), 1240 (w), 1168 (m), 1094 (w), 1027 (w), 939 (w), 861 (m),
816 (w), 787 (m), 725 (w), 646 (m)

EA: Calcd. CgsH108C03Ns06.5H,0: C 67.48, H 6.96, N 4.92, Co 10.35 %. Found: C 67.64, H
6.37, N 5.24, Co 7.44 %. Low Co % was due to incomplete metalation of Co onto

salen@cage (see Table S1).

Co(ll)@cage. Co(ll)@cage (0.2 mmol, 324 mg, 1 equiv.) and dry CH2Cl> (6 mL) were
added into an oven dried Schlenk flask and stirred vigorously under an oxygen atmosphere.
Glacial acetic acid (0.35 mL, ~30 equiv.) dissolved in dry CH2Cl, (6 mL) was added slowly
to the mixture and stirred under an oxygen atmosphere overnight. The colour of the mixture

turned from dark red to dark brown which indicated that the Co(ll) metal centres have been
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successfully oxidized to Co(lll) as these colour changes are associated with Co(ll) salen and
Co(ll) salen systems.® The brown solid was filtered and washed copiously with CHCl, to
remove the excess acetic acid. The product was dried in vacuo for 24 h and isolated as a
brown powder (330 mg, 92%).

13C CP MAS NMR: ¢: 163.35, 143.09, 127.46, 72.33, 29.45.

IR (KBr): o = 2947 (s), 2864 (s), 1630 (shoulder), 1609 (vs), 1589 (vs), 1528 (s), 1428 (s),
1392 (m), 1337 (m), 1323 (m), 1242 (w), 1167 (m), 1096 (w), 1028 (w), 949 (w), 862 (m),
816 (w), 783(m), 725 (w), 647 (m)

EA: Calcd. C102H125C03N6016.5H20: C 64.96, H 6.79, N 4.46, Co 9.37 %. Found: C 64.91, H
6.78, N 4.66, Co 6.73 %. Low Co % was due to incomplete metalation of Co onto

salen@cage (see Table S1).

Al(I11)@cage. salen@cage (0.3 mmol, 435 mg, 1 equiv.), Al(OEt)3 (1.08 mmol, 175 mg, 3.6
equiv.) and dry toluene (120 mL) were added into an oven dried round-bottomed flask and
stirred vigorously. The yellow suspension was heated to 110 °C and stirred for 3 days. After
cooling to room temperature, the yellow solid was filtered and washed with toluene to
remove any residues of the metal salt. Further purification of the compound was done by
Soxhlet extraction with toluene for 24 h and ethanol for 24 h. The product was dried in vacuo
for 24 h and isolated as a yellow powder (440 mg, 89%).

13C CP MAS NMR: ¢: 167.72, 162.42, 144.37, 130.03, 120.77, 65.08, 36.24, 30.71, 26.12.

IR (KBr): & = 2948 (s), 2863 (s), 1627 (vs), 1590 (vs), 1543 (s), 1469(s), 1437 (s), 1391 (m),
1360 (m), 1315 (W), 1267 (w), 1243 (w), 1200 (w), 1171 (m), 1096 (w), 1028 (w), 982 (w),

930 (w), 864 (m), 788(w), 718 (W), 644 (m)
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EA: Calcd. C102H123AI3Ns09.2H20: C 72.32, H 7.56, N 4.96, Al 4.78 %. Found: C 72.63, H

7.77, N 5.28, Al 5.77 %. High Al % might be due to an excess of insoluble Al(OEt)s or

Al(OH)z present.
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Figure S1. ESI-MS of salen@cage. The insets show the measured isotopic pattern (top) by

ESI-MS and the calculated isotopic pattern (bottom).
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Figure S2. MALDI-TOF MS of salen@cage. In order to exclude the formation of smaller
(e.g. [2+1] or [2+2]) or larger (e.g. [4+6] or up to [10+15]) condensation cages, a mass
spectrum of m/z 750 — 8000 was recorded by MALDI-TOF MS. No further signals other than

salen@cage (m/z 1448.0) were detected (Figure 2).
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Figure S3. 3C CP MAS NMR spectrum of salen@cage. The most downfield signal at § =

162.6 ppm corresponds to the imine C=N carbon nuclei, comparable to other imine C=N

carbon nuclei in molecular cages.* The absence of obvious signals in the region ¢ = 180 — 220

ppm, which correspond to the carbonyl C=0 for aldehydes, also indicated that the tris-

aldehyde starting material was clearly absent from salen@cage.
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Figure S4a. IR spectra of tris-aldehyde (C) and salen@cage. The spectra were recorded

using KBr pellets. strong C=N imine stretching bands at ® = 1630 and 1591 cm™. The C=0
S15



stretching band of the tris-aldehyde at ~ 1651 cm™ was not detected which further showed
that no starting material was left in salen@cage. Figure S4b. IR spectra of the cage
complexes. The spectra were recorded using KBr pellets. Upon metalation of the salen@cage
with Al or Co, the C=N imine stretch at 1630 cm™ shifts to lower frequencies to indicate

successful metalation.
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[
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Figure S5. N 1s XPS spectra of salen@cage, Al(111)@cage, Co(ll)@cage and Co(lll)@cage.
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Figure S6. (a) Al 2p XPS spectrum of Al(I1l)@cage corresponding to Al in the +3 oxidation

state, (b) Co 2p XPS spectrum of Co(ll)@cage corresponding to Co in the +2 oxidation state

due to the presence of satellite features,® and (c) Co 2p XPS spectrum of Co(lll)@cage

corresponding to Co in the +3 oxidation state due to the absence of satellite features and

slightly higher binding energy.®

Table S1. Elemental analysis of Co(ll)@cage, Co(lll)@cage and Al(lIl)@cage

N Metal

C H N Meta| Metal
(mmol N/Metal | Load

%) | (%) | (%) (%) | (mmol gt
g (%)
Co(l)@cage | 67.64 | 6.37 | 5.24 3.74 7.44 1.26 2.97 67
Co(lll)@cage | 64.91 | 6.78 | 466 | 3.33 | 6.73 1.14 2.92 68
AI(III)@cage 7263 | 7.77 | 5.28 3.77 577 2.14 1.76 114
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Figure S7. 13C CP MAS NMR spectra of salen@cage, Co(lll)@cage and Al(I11)@cage.
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Figure S8. Thermogravimetric analysis (TGA) of the cage complexes under N,
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Figure S9. N, adsorption and desorption isotherms for the synthesized cages at 77K.
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Figure S10. CO; adsorption and desorption isotherms for the cage complexes at 298K.
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Table S2. Gas sorption data for the cage complexes

SABET

SAmicro

Vtotal

Vmicro

Cage complex CO, uptake (mg g*)f
(m?gh)*® | (mPg™)° | (em*g)’ | (cm?g)’

salen@cage 621 276 0.517 0.114 35.8

Co(ll)@cage 635 388 0.376 0.161 47.1

Co(lll)@cage 610 363 0.543 0.150 49.2

Al(ll)@cage 771 430 0.491 0.179 70.4

3SA = surface area, "Brunauer Emmett Teller (BET) surface area calculated over (P/Po) 0.01—

0.14. °Micropore surface area calculated from the N. adsorption isotherm using the t-plot

method. 9Total pore volume calculated at P/Po = 0.99. ®Micropore volume calculated using

the t-plot method. "Volumetric CO. adsorption—desorption isotherms measured for the cage

complexes at 298 K.
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31G (Refer to

Figure S11. Molecular dimensions of Al(lll)@cage based on DFT B3LYP/6

Table S4).

Figure S12. Simulated molecular packing of Al(I1l)@cage. Packing of the cage (supercell, a

23 angstroms) was built in Materials Studio and using GO9 DFT optimized

46, c

=44, b =

single cage geometry.
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Figure S13. PXRD of the cage complexes
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(a) (b)

(c)

Figure S14. SEM of (a) salen@cage at 10,000x, (b) Co(ll)@cage at 5,000x, (c)

Co(ll)@cage at 5,000x, (d) Al(lII)@cage at 5,000x.
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S3. Catalytic cycloaddition of CO2 with epoxides and catalyst recycling

General procedure for cycloaddition of CO2 with styrene oxide at room temperature
and pressure.

The reaction was typically carried out in an oven-dried 25 mL Schlenk tube using styrene
oxide (5 mmol, 0.60 g) in solvent free environment under a CO> balloon. The catalyst and
tetra-n-tertbutylammonium bromide (TBAB) was first added into the Schlenk tube and the
tube was evacuated and backfilled with CO: three times. Then styrene oxide was added and
the reaction was stirred at the required temperature for a certain amount of time. After the
reaction was complete, a small amount of the reaction mixture was sampled, diluted with
CDCIs and filtered through a small pad of Celite to remove the solid catalyst. The solution
was then analysed by *H NMR spectroscopy to calculate the conversion of styrene oxide to

styrene carbonate.

General procedure for cycloaddition of CO: with epoxide substrates at room
temperature and pressure using Al(I11)@cage as catalyst.

The reaction was typically carried out in an oven-dried a 10mL Biotage Microwave Reaction
V-shaped vial with the epoxide (1 mmol) in solvent free environment under a CO. balloon.
The catalyst and tetra-n-tertbutylammonium bromide (TBAB) was first added into the vial
and sealed with a rubber septum. The vial was evacuated and purged with CO> three times.
Then 1 mmol of the epoxide was transferred into the vial via micro-syringe and the reaction
was stirred at the room temperature for 48 h. The reaction mixture was diluted with
methylene chloride and filtered through a short pad of silica to remove the catalyst and
TBAB. The pure cyclic carbonates were obtained via flash chromatography using

hexane:ethyl acetate (9:1 to 3:1).
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Table S3. Screening of TBAB loading for Cycloaddition of CO> with Styrene Oxide to
produce Styrene Carbonate at 25°C?#

0.33 mol% Co(Ill)@cage

(1 mol% Co), o
o) TBAB o //(
%0 7 Ph/Q 25°C, 1 atm, 24h o P
Entry TBAB loading/ mol%  Conversion / %"
1 NIL 0
2 1 67
3 2 84
4 5 95
5 10 100

&Typical reaction conditions: 5.0 mmol styrene oxide, TBAB and 0.33 mol% Co(lll)@cage
(1 mol% Co) under 1 atm CO> balloon at 25°C for 24 h. "Conversion calculated from H

NMR spectra.
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Datafile Name:trw- OD-H 20-80 344-2-2.Icd
Sample Name:OD-H 344-2 80.20
Sample ID:OD-H 344-2 80.20

mv

EDetector A 254nm
2004
15(}?
100]
50% k
1(;.0‘ o ‘10‘.5‘ n ‘11‘..0‘ o ‘11‘.5‘ o ‘12‘.0‘ n ‘12‘45‘ o ‘13‘.0‘ n ‘1?‘,.5‘ o ‘14‘.0‘ o ‘14‘.5‘ o ‘mir‘1

Figure S15. HPLC trace of styrene carbonate after cycloaddition of CO; to styrene oxide.
OD-H, 80:20 hexane:iPrOH. Area percentage ratio: 51.3:48.7, ee = 2.6%. Reaction

conditions: 0.33 mol% Al(lIl)@cage, 1 mol% TBAB, 10°C, 48 h, 1 atm COs..

(x100,000)
5.04TIC
4.0
3.0
2.0
I A T
1.0i
e e
8.00 8.25 8.50 8.75 9.00 9.25 9.50 9.75 10.00 10.25
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Figure S16. GC trace of racemic propylene carbonate (top). GC trace of propylene carbonate
after cycloaddition of CO, to propylene oxide (bottom). Astec CHIRALDEX BTA
column, 160°C isothermal, tr(minor) = 8.46 min, tr(major) = 9.70 min. Area
percentage ratio: 43.2:56.8, ee = 13.6%. Reaction conditions: 0.33 mol% Al(llIl)@cage, 1

mol% TBAB, 10°C, 48 h, 1 atm CO..
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Recycling experiments
For catalyst recycling experiments, the catalyst was recycled by filtration, washed with a
copious amount of CH2Cl and then dried under vacuum overnight. The recycled catalyst was

then reused for the next run without further purification.

100 -

(o)) (00}
o o
| |

Conversion (%)
N
o
|

20 H

1 2 3 4
Number of runs

Figure S17. Recyclability of Co(lll)@cage. Typical reaction condition for Co(lll)@cage: 5.0
mmol styrene oxide, 10 mol% TBAB, 0.17 mol% Co(lll)@cage, under 1 atm balloon at 25°C
for 24 h. Conversions were not shown for the 5th run as insufficient catalyst could recovered

after the 4th run.
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S4. Mechanism of cycloaddition of styrene oxide with CO2

The proposed mechanism of the cycloaddition of styrene oxide with CO> catalysed by
Co(lll)@cage or Al(lll)@cage is shown in Fig 4.14 below. The active catalytic centre is the
Co(ll1) or Al(111) salen complex within the cage framework. Firstly, the metal-salen acts as a
Lewis acid to coordinate onto styrene oxide to activate the ring for nucleophilic attack from
Br- from TBAB. Subsequently, CO. insertion occurs followed by the leaving of the

nucleophile (Br) and desorption of the product styrene oxide from the catalytic centre

Oi : /\ ar -
///F\\\ Ph () Br
M-(salen) ———> Q~-"-M-(salen) ’ O—M-(salen)

M = Ph

= Ph
Co(lll) or
Al(lIl
lco2
M-(salen) M-(salen) 9
s & .
0 o _ (//b o Br g>
/V/ LU T \]/ -— g_
4 UB__O o O—M-(salen)
PH i Ph |
O/v/o
0]
Ph

Figure S18. Proposed mechanism of cycloaddition of styrene oxide with CO> catalyzed by

Co(lll@cage and Al(ll)@cage.
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S5. NMR spectra of cyclic carbonates
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Figure S19. *H NMR of propylene carbonate in CDCls.
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Figure S20. 13C NMR of propylene carbonate in CDCls.
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Figure S21. 'H NMR of styrene carbonate in CDCls.
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Figure S22. 13C NMR of styrene carbonate in CDCls.
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Figure S24. *3C NMR of 1,2-hexylene carbonate in CDCls. A DEPT spectrum showed that the CHO peak was coincident with the CHCI3 peak

at 77.2 ppm (see Figure S23)
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Figure S25. 13C DEPT-135 NMR of 1,2-hexylene carbonate in CDCls.
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Figure S27. *F NMR of 2,2,3,3,4,4,5,5,5-nonafluoropentyl carbonate in CDCls.
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Figure S32. 13C NMR of 3-bromopropylene carbonate in CDCls.
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S6. Computational methods

Al(lIN@salen (Ci02H123A13Ns09) Was built and optimized using Gaussian 09% DFT at the

level of theory B3LYP/6-31G. Packing of the cage (supercell, a = 44, b = 46, ¢ = 23

angstroms) was built in Materials Studio and using G09 DFT optimized single cage

geometry.

Table S4. DFT (G09: B3LYP/6-31G) optimized Al(lI)@salen (C102H123AIsN6Og) geometry

(co-ordinates)

4.403
1.452
-5.289
0.285
0.427
-0.670
-1.954
-2.147
-1.021
1.477
1.315
-1.970

1.532

o o o o o o o o o o o O o o

2.562

C 3.566

C 3.621

-3.337

6.149

-2.354

-0.637

0.730

1.608

1.042

-0.317

-1.152

-1.417

2.489

-1.228

-2.806

-3.476

-2.7132

-1.316

-11.077

1.209

1.436

-3.972

-4.266

-4.337

-4.276

-3.962

-3.827

-3.516

3.223

3.705

-3.470

-2.759

-2.063

-2.246
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@)

2.570

2.302

2.410

1.477

0.613

0.532

-2.065

-3.184

-4.302

-4.310

-3.139

-5.925

3.474

2.480

2.073

1.037

-0.297

-0.605

0.461

1.798

2.812

-0.445

-3.479

2.382

-0.721

2.741

4.010

5.053

4.878

3.599

-2.502

-2.978

-2.094

-0.899

-0.479

0.608

4.217

-4.908

0.147

1.098

0.657

-0.699

-1.595

-1.217

-2.255

3.065

-0.754

-3.418

-2.933

2.281

1.662

1.965

3.103

3.652

3.081

2.408

2.300

3.085

3.767

-0.997

0.731

-2.637

3.775

3.684

3.787

4.010

4.201

3.980

3.628

-4.071

-3.450

3.003
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3.652
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3.814
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-2.538

-1.709

-0.337

0.111

-4.376

6.075

-2.166

-0.021

5.191

-5.338

-7.072

-7.074

-8.028

-9.391

2.238

2.077

2.967

3.667

-4.119

-3.296

-2.406
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-3.638
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6.291
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-8.436
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1.474
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0.468

1.339
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5.250
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7.581

7.814

7.209

5.686

5.254

5.969

-2.614
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-1.599

-2.111
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0.588

0.534

-1.915
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0.785

2.254

2.616

2.007

0.482
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