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A. Materials and methods

All chemicals and solvents were purchased as reagent grade, LC-MS and GC-MS grade and
used without further purification. Reactions were monitored by TLC plate (pre-coated with 60
A silica gel, F254) purchased from Merck KGaA and visualized by UV light (254, 365 nm) or
iodine. Flash column chromatography was performed using silica gel (silica flash P60 from
Fluorochem) as the stationary phase for the purification of synthetic compounds. H and !3C
NMR spectra were recorded a Jeol 400 MHz NMR ECX-400 spectrometer at 25 °C. Chemical
shift presented in ppm and referenced by the residual solvent peak. Mass spectrometric
analysis of compounds was performed using a Waters MS XVEOG2XS qTOF through direct
infusion spray. A Perkin Elmer thermogravimetric analyser TGA4000 was used for
thermogravimetric analysis. Flash column chromatography was carried out using an
automated PuriFlash®5.125 flash system with pre-packed and dry self-packed flash
cartridges. Interchim® silica cartridges packed with 50um silica particles with a surface area
of 500 m?/g, were used for flash column chromatographic studies. Flash chromatographic
fractions were characterized by Jeol 400 MHz NMR ECX-400 spectrometer at 25 °C.

S2



B. Synthesis of 1,4-bis((8’-bromooctyl)oxy)benzene
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Scheme 1: Synthesis of 1,4-bis((8'-bromooctyl)oxy)benzene!?

Hydroquinone (1.78 g, 0.0153 mol) and 1,8-dibromooctane (11.5 ml, 0.061 mol) were
dissolved in acetonitrile (ca.50 ml). K2COs (6.33 g, 0.045 mol) was added and the reaction
mixture was heated to reflux at 100 °C for 25 hours. The reaction mixture was cooled, filtered
and extracted into dichloromethane (ca.200 mL). The filtrate was concentrated and the
residue was purified by column chromatography (hexane/ethyl acetate 9:1) to afford the
desired product 2 as a white solid (6.40 g, 0.01305 mol, 81 %). The 'H NMR spectrum of 2
is shown in Figure S1 (400 MHz, CDCI3) & 6.80 (s, 4H), 3.85 (t, 3J=6.8Hz, 4H) 3.42 (t, 3]=6.8
Hz, 4H), 1.84 (m, 4H) 1.73 (m, 4H) 1.38 (m, 16H) ppm. 13C NMR (100 MHz, CDClz, 25 °C):
0 151.6, 115.3, 68.7, 33.7, 32.6, 29.6, 28.0, 25.9, 28.6 ppm. Melting point: 82-83°C

CDCl;| 6.80 3.85 3.42 1.841.73 ‘1.38

06 - W\/\/\Br )
0.5 : a —
0.4 = £ Br

03 - o

c
02 4 "
4 3.94
' TS

4.05 4.0
1

3.99 4.07 16.34

T T T T T T T T T T T T T T T T T T T T
2 1 0 -1 Chemical Shift (ppm)

12 1 10 9 8 7 6 5

Figure S1. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of 1,4-bis((8-
bromooctyl)oxy)benzene.?
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C.1 Synthesis of co-pillar[4+1]arene 3 using microwave irradiation synthesis

Br

Br

\
P °  (CH0),
14 BF3.O(C2H5)2 o
CICH,CH,Cl
@) O\

145 °C
1 4 min

Br Br

Scheme 2: Synthesis of co-pillar[4+1]arene 3 by microwave irradiation synthesis

A mixture of 1,4-bis((8'-bromooctyl)oxy)benzene (1.5 g, 0.00306 mol ), 1,4-dimethoxy-
benzene ( g, 0.01224 mol), 1,2-dichloroethane (50 mL) and paraformaldehyde (0.459 g,
0.0153 mol) was placed in a 10-20 mL Biotage® microwave reaction vial. BF3.O(C2Hs)2 (1.88
mL, 0.0153 mol) was added to the mixture and the reaction vial sealed. The mixture was pre-
stirred (30 s) and heated to 145 °C in a Biotage Initiator 60 instrument by microwave
irradiation (130 W, 2 min power cycle, a total of 4 min). Upon cooling to the room
temperature, the crude reaction mixture was triturated with acetone after 1,2-
dichloromethane evaporation and collected as a white solid product via vacuum filtration.
Yield 2.98 g (0.0027 moles, 88.5%). Melting point: 192-193 °C.

The *H NMR spectrum of 3 is shown in Figure S2 (400 MHz, CDCI3) 6 6.62 (m, 10H), 3.91 (m,
10H), 3.79 (m, 4H), 3.65 (m, 24H), 3.35 (m, 4H), 1.84 (m, 4H), 1.68 (m, 4H), 1.38 (m, 8H),
1.29 (m, 8H) ppm. !3C NMR (100 MHz, CDCIls, 25 °C): 6 150.62, 146.71, 129.23, 128.96,
113.81, 113.56, 69.09, 56.17, 33.73, 32.65, 30.1, 29.68, 28.69, 25.91 ppm.
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Figure S2. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of co-
pillar[4+1]arene 3 by microwave irradiation.

test
MSR4 1 550 (1.064) Cm (516:597) TOF MS ES+
1104 2898 £.10e3
100 . 1104.3102
8104 ( 8051
11052963 11062760
so79 5127
11082964
4841
1102.3054
# 3881 H ‘
|
1102_2?33' |
299 |
11072970
2842
11033179
‘ 2514
|
| | |
| | | 11082913
|| | 391
1097.6099  ypgg 573 110;;5?58 I | | l (| [ i *
503 34 1099.5833 | | | I | | 1109.2859
?j 249 | | e
1087 1098 1095 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112

Figure S3. Direct Infusion Electrospray ionization mass spectrum of co-pillar[4+1]arene 3 in
chloroform. m/z calculated for CsoH76010Br2 [M+H]*: 1104.38; found: 1104.2898 along with
other isotopes 1102.3054, 1103.3179,1105.2963, 1106.2760, 1107.2970 and 1108.2913,
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C.2. Synthesis of co-pillar[4+1]arene 3 by a conventional condensation method
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Scheme 3: Synthesis of co-pillar[4+1]arene 3 by a condensation method

A mixture of 1,4-bis((8-bromooctyl)oxy)benzene (3.68 g, 0.0074 mol), 1,4-dimethoxy-
benzene (4.089 g, 0.0296 mol), 1,2-dichloromethane (ca.50 mL) and paraformaldehyde
(1.111 g, 0.0370 mol) was added to a 250 mL round bottom flask under nitrogen.
BF3.0(C2Hs)2 (4.57 mL, 0.0370 mol) was then injected. After the reaction mixture was stirred
for 4 h at room temperature, the solvent was evaporated in vacuo. The solid residue was
triturated with acetone to give a white solid product 3. yield 2.417 g (0.002192 moles,
26.3%). The 'H NMR spectrum of 3 is shown in Figure S4 (400 MHz, CDCI3) 6 6.63 (m, 10H),
3.89 (m, 10H) 3.77 (m, 4H), 3.65 (m, 24H), 3.41 (m, 4H), 1.82 (m, 4H), 1.65 (m, 4H), 1.37
(m, 8H), 1.29 (m, 8H) ppm. 3C NMR (100 MHz, CDCl3, 25 °C): d 150.68, 146.69, 129.21,
128.97,113.82, 113.58, 69.12, 56.19, 33.72, 32.64, 30.1, 29.67, 28.69, 25.91 ppm. Melting
point: 192-193 °C
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Figure S4. 'H NMR spectrum (400 MHz,
pillar[4+1]arene 3 by conventional condensation method.
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Figure S5. Direct Infusion Electrospray ionization mass spectrum of copillar[5]arene 3 in
chloroform. m/z calculated for CsoH76010Br> [M+H]: 1104.38; found: 1104.3767 and its
isotopes 1105.3832,1106.3834,1107.3568,1102.3785 and 1103.3689.
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D. Synthesis of co-pillar[4+1]arene bonded silica gel stationary phase (compound
4)

Interchim® flash (50 um) silica was stirred overnight in a basic solution of tetrahydrofuran
and triethylamine (1:1) and filtered under vacuum until dry. The activated silica was then
capped with the co-pillar[4+1]arene 3 by stirring overnight in a solution of acetone and
triethylamine. The stationary phase was then separated from the solution by vacuum
filtration, washed with water/methanol and allowed to dry at room temperature. A 10 ug
sample of the silica functionalized co-pillar[5]arene 4 was removed from the sample and
analysed by thermogravimetric analysis and the results of which indicate a mass loading of
the co-pillar[4+1]arene 3 at 16% w/w for the flash stationary phase with a 50 pm silica
particle size.

- FLASH TGA OF COPILLAR[SJARENE
100 BONDED- SILICA GEL

Figure S6. TGA analysis of co-pillar[4+1]arene silica bound 4 silica bound stationary phase
for flash column chromatography.

E. Flash Column Conditioning

Co-pillar[4+1]arene bonded-silica gel 4 was dry-packed into an empty flash column and
primed with cyclohexane (100%), ethyl acetate (100%) and finally with methanol (100%).
The flash column eluent was collected to run mass spectrometry to identify elution of co-
pillar[5]arene from the silica-bound co-pillar[5]arene. There was no observation of co-
pillar[4+1]arene eluting from the column even after 1000 column volumes.
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Figure S. LC-MS spectrum of eluent from co-pillar[4+1]arene bonded-silica flash column at
50 column volumes.
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Figure S. LC-MS spectrum of eluent from co-pillar[4+1]arene bonded-silica flash column at
250 column volumes.
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Figure S. LC-MS spectrum of eluent from co-pillar[4+1]arene bonded-silica flash column at
500 column volumes.
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Figure S. LC-MS spectrum of eluent from co-pillar[4+1]arene bonded-silica flash column at
1000 column volumes.
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F. Separation of xylene isomers and toluene on co-pillar[4+1]arene bonded-silica
gel stationary phase 4 by flash column chromatography

Co-pillar[4+1]arene bonded-silica gel stationary phase 4 was dry packed into an empty flash
column cartridge and primed with cyclohexane (100%), ethyl acetate (100%) and finally with
methanol (100%). The analytes was prepared by dissolving in methanol: ethyl acetate (1:1)
ratio. The mobile phase used for the analysis was methanol and ethyl acetate in isocratic
conditions. The flow rate was set to 21 mL/min and UV detection was set to 200-800 nm.
Fraction collection volume was set to 13 mL. The column was equilibrated by in-built
optimization conditions depending on the column and particle size. Flash column
chromatography automated PuriFlash®5.125 flash system on both normal phase and co-
pillar[4+1]arene bonded-silica phase were carried out under the same conditions, using
automated PuriFlash®5.125 flash system. The flash column fractions were collected and
characterized using !H-NMR. The flash column chromatography was carried out at room
temperature.

F.1 Separation of individual xylene isomers and toluene on co-pillar[4+1]arene
bonded-silica gel stationary phase 4 using flash column chromatography

Analyte: a. m-xylene
b. toluene
C. o-xylene
d. p-xylene

Flow rate: 21 mL/min

Mobile Phase: methanol: ethyl acetate (10:90)
UV detection: 200-800 nm

Injection volume: 2 mL
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Figure S8. Separation of m-xylene on co-pillar[4+1]arene bound silica flash column
cartridge.
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Figure S9. Separation of 0-xylene on co-pillar[4+1]arene bound silica flash column cartridge.
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Figure S10. Separation of p-xylene on co-pillar[4+1]arene bound silica flash column
cartridge.
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Figure S11. Separation of toluene on co-pillar[4+1]arene bound silica flash column
cartridge.
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G. Validation of co-pillar[4+1]arene bonded-silica gel stationary phase 4 using

Fisher Scientific’'s xylene and toluene, in comparison with normal phase silica
column.

G.1 Separation of Fisher Scientific’'s xylene and toluene on normal phase flash
column chromatography

Analyte: Fisher’s xylene and toluene (CAS no: 1330-20-7 and CAS
number:108-88-3)

Flow rate: 21 mL/min
Mobile Phase: methanol: ethyl acetate (10:90)
UV detection: 200-800 nm

Injection volume: 2 mL

Figure S7. Separation of Fisher Scientific’'s xylene and toluene mixture on normal phase silica
flash column cartridge.

G.2 Separation Fisher Scientific’s xylene on co-pillar[4+1]arene bonded-silica flash
column chromatography

Analyte: Fisher’s Scientific xylene and toluene mixture
Flow rate: 21 mL/min
Mobile Phase: methanol: ethyl acetate (10:90)
UV detection: 200-800 nm
Injection volume: 2 mL
Identified fractions by 'H-NMR:
a. m-xylene

b. toluene
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C. o-xylene,
d. p-xylene,

e. ethylbenzene
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Figure S13. Separation Fisher Scientific’s xylene and toluene mixture on co-pillar[4+1]arene
bound silica flash column cartridge.

H Characterization of xylene flash column fraction by *H NMR

H.1. Characterization of fractions of individual xylene isomers and toluene from
silica- bound co-pillar[4+1]arene flash column.
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Figure S15. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of m-
xylene fraction from co-pillar[4+1]arene stationary phase.
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Figure S11. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of p-
xylene fraction from co-pillar[4+1]arene stationary phase.
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Figure S12. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of o-
xylene fraction from co-pillar[4+1]arene stationary phase.
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Figure S13. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of toluene
fraction from co-pillar[4+1]arene stationary phase.

H.3. Characterization of fractions of Fisher Scientific’s xylene and toluene mixture
from normal phase and silica-bound co-pillar[4+1]arene flash column.

H.3.1 Characterization of Fisher Scientific’s xylene fraction from normal phase flash
column

Figure S1. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of xylene
mixture fraction from normal phase.

H.3.2 Characterization of Fisher Scientific’'s xylene fraction from silica-bound co-
pillar[4+1]arene flash column
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Figure S16. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of
fraction 1 from the mixture of Fisher Scientific’s xylene and toluene and confirmed as
m-xylene
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Figure S17. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of
fraction 2 from the mixture of Fisher Scientific's xylene and toluene and confirmed as
toluene.
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Figure S18. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of
fraction 3 from the mixture of Fisher Scientific’s xylene and toluene and confirmed as
o-xylene.
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Figure S$S19. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of
fraction 4 from the mixture of Fisher Scientific’'s xylene and toluene and confirmed as
p-xylene.

S18



EA

EA MeOH

MeOH

I .

Figure $20. 'H NMR spectrum (400 MHz, chloroform-d, room temperature) of
fraction 5 from the mixture of Fisher Scientific’'s xylene and toluene and confirmed as
ethylbenzene.

I. Computational studies

The structure of a single molecule of the dimethoxy-pillar[5]arene was extracted from a
crystal structure.® 500 random geometries each of ethylbenzenec dimethoxy-pillar[5]arene,
toluenec dimethoxy-pillar[5]arene, ortho-xyleneC dimethoxy-pillar[5]arene, meta-xyleneC
dimethoxy-pillar[5]arene and para-xylenecC dimethoxy-pillar[5]arene were generated using
Kick3# and optimised using Density Functional Tight Binding (DFTB) as implemented in DFTB+
1.3. DFTB calculations employed the 3ob-3-1 parameter set®> and DftD3 dispersion. The lowest
energy structures of each guestcdimethoxy-pillar[5]arene were reoptimized using
TPSSTPSS/Def2TZVP in Gaussian 16.°
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