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1 Chemophysical studies of surfactant-enabled reactions
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Figure S1. Structures of surfactant used in system study

1.1  Studies of surfactants in water with organic loading

1.1.1 Visual observations

1.1.1.1 Protocols

0.001 M toluene/water

To a 500 mL rbf was added toluene (21 pL) and deionised water (200 mL). This was stirred for 1 hour before
a 10 mL aliquot was removed and transferred to a 15 mL vial which contained the desired surfactant (50 mg,
0.5 % wi/w). This was left stirring overnight (16 hrs) at room temperature and 1000 RPM, using a slide round
PTFE coated magnetic flea 15 x 4.5mm.

0.01 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (11 pL) and was made up to a
desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.05 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (53 L) and was made up to a
desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.1 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (106 pL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature

and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.15 M toluene/water




To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (159 uL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.2 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (212 uL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.25 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (265 uL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.4 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (424 uL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.6 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (636 uL) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

0.8 M toluene/water

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (848 L) and was made up to
a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room temperature
and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

1.0 M toluene/water

11 ul To a 15 mL vial was added surfactant (50 mg, 0.5 % w/w), toluene (1060 L) and deionised water (8940
pl). The vial was fitted with a PTFE septum (16mm) and a PTFE coated magnetic flea (12 mm) and was stirred
overnight (16 hr).



1112 Images of CPC in water

Figure S2. Physical appearance of vial containing CPC (0.5 % w/w) and 0.001 - 0.25 M toluene in deionised water.

1113 Images of TPGS-750-M in water

Figure S3. Physical appearance of vial containing TPGS-750-M (0.5 % w/w) and 0.01 — 1.0 M toluene in deionised
water.



1114 Images of Tween 80 in water

Figure S4. Physical appearance of vial containing Tween 80 (0.5 % w/w) and 0.001 - 0.25 M toluene in deionised
water.

1115 Images of sodium 4-noctylbenzenesulfonate SOBS in water

Figure S5. Physical appearance of vial containing SOBS (0.5 % w/w) and 0.001 - 0.25 M toluene in deionised water.

1.1.1.6 Images of Brij 35 in water

Figure S6. Physical appearance of vial containing Brij 35 (0.5 % w/w) and 0.01 - 0.25 M toluene in deionised water.

1.1.2 Dynamic light scattering measurements

All diameter measurements reported in this paper were measured using Zetasizer® Nano Range Analyzer
(Nano-ZSP, Malvern Panalytical Instruments, UK), which uses a 4 mW He-Ne laser operating at a wavelength
of 633 nm and a detection angle of 173°. The particle size is determined via the Brownian motion of the



dispersed phase by using the dynamic light scattering technique. The speed of the particles in a dispersed liquid
are related to the particle size by the Stokes-Einstein equation.

_ kgT 1)
67TT]RH

In equation 1, D [m?s] is the translational diffusion coefficient and is effectively the “speed of the particles”.

Ks [m?kg/Ks?] is the Boltzmann constant, T [K] is the temperature, n [Pa.s] is the viscosity and Ry [m] is the
hydrodynamic radius.

Toa 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (0.00001 — 1 M) and was made
up to a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room
temperature and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm. 2 mL aliquots were
run on the Zetasizer using a 173° backscatter NIBS default setting, an equilibrium period of 120 secs, in quartz
glass cuvettes (3.5 mL). 2 consecutive repeats of each aliquot were run and each concentration was measured
in triplicate. Vials were continuously stirred until all aliquots had been withdrawn.
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Figure S7. Graphs of several surfactants Z-average vs. Toluene concentration graphs.

Table S1. CPC dynamic light scattering results 0.001 — 0.25 M

Concentration toluene (M) Mean (nm) SD (nm) Average PdlI
0.001 543.7 383.2 0.652
0.01 438.7 227.0 0.621
0.05 830.8 100.9 0.698
0.1 950.2 265.0 0.776
0.15 633.8 193.5 0.595
0.2 4076 1863 0.707
0.25 4985 1263 0.673
Table S2. Brij 35 dynamic light scattering results 0.001 — 0.25 M
Concentration toluene (M) Mean (nm) SD (nm) Average PdlI
0.001 9.2 0.44 0.211
0.01 8.5 0.04 0.132
0.05 9.7 0.08 0.294
0.1 15.2 0.05 0.543
0.15 23.2 1.50 0.727
0.2 4407 1643 0.358
0.25 3909 270 1.00
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Table S3. SOBS dynamic light scattering results 0.001 — 0.25 M

Concentration toluene (M) Mean (nm) SD (nm) Average Pdl
0.001 234.2 98.7 0.462
0.01 264.6 59.8 0.422
0.05 245.2 61.5 0.469
0.1 538.4 108.5 0.545
0.15 308.0 46.7 0.476
0.2 5315 662 0.341
0.25 2600 637 0.618
Table S4. Tween 80 dynamic light scattering results 0.001 —0.25 M
Concentration toluene (M) Mean (nm) SD (nm) Average PdlI
0.001 94 0.04 0.0407
0.01 124 0.2 0.372
0.05 38.9 11 1.00
0.1 69.2 7.2 1.00
0.15 174 42.8 0.726
0.2 216 16.8 0.944
0.25 442 4.4 0.567

Table S5. TPGS-750-M dynamic light scattering results 0.00001 — 0.1 M

Concentration toluene (M) Mean (nm) SD (nm) Average PdlI
1x10° 12,5 0.03 0.136
1x10* 13.0 0.1 0.172
0.001 12.0 0.1 0.116
0.01 13.0 0.1 0.233

12



0.015 22.1 0.02 0.228
0.03 36.8 0.7 0.227
0.04 41.5 0.7 0.229
0.045 55.1 0.8 0.313
0.05 50.7 0.6 0.298
0.06 49.9 05 0.254
0.07 51.3 0.7 0.263
0.08 50.1 0.3 0.259
0.085 46.2 0.5 0.244
0.09 53.2 0.6 0.284

0.1 45.1 1.0 0.233

Table S6. TPGS-750-M dynamic light scattering results 0.1 - 1.0 M
Concentration toluene (M) Mean (nm) SD (nm) Average PdlI

0.1 45.1 1.0 0.233
0.125 56.0 1.8 0.400

0.2 51.1 2.8 0.369
0.23 304 9.5 0.594
0.26 363 10.6 0.473
0.29 362 7.1 0.582
0.32 393 8.1 0.624
0.35 321 124 0.520
0.38 321 14.6 0.534

0.4 366 9.8 0.563

0.6 617 5.7 0.233

0.8 373 7.9 0.115

13
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1.1.3 Cryo-SEM

Samples were attached to an EM stub and frozen by plunging into a slushed nitrogen. They were transferred

under vacuum into a Quorum PP3010 cryo-preparation system attached to an FEI Helios G4 CX Dualbeam.

Samples were sublimed in the station by heating to —90 °C for 3 min and then re-cooled to —140 °C. They

were then sputter coated with Ir in an argon environment (5 mA for 45 s) to make them conductive. Samples

were transferred from the preparation chamber to the cryostage in the microscope and held at —140 °C. Imaging

was performed using a 2 kV landing energy and 0.1nA current.

Sample preparation

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % wt/wt), Toluene (0.05 — 0.4 M) and was made
up to a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room

temperature and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm.

Figure S8. Cryo-SEM images of a) 0.05 M Toluene and b) 0.25 M Toluene in TPGS-750-M/H,0 0.5% wt/wt; scale

bars represent a) 1 um and b) 5 um.

Figure S9. Cryo-SEM images of a) 0.05 M Toluene and b) 0.25 M Toluene in Brij 35/H.,0 0.5% wt/wt; scale bars
represent a) 1 um and b) 40 pm.
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Figure S10. Cryo-SEM images of a) 0.05 M Toluene and b) 0.25 M Toluene in Tween 80/H,0 0.5% wt/wt; scale bars
represent a) 10 pm and b) 10 um.

Figure S11. Cryo-SEM images of a) 0.05 M Toluene and b) 0.25 M Toluene in CPC/H20 0.5% wt/wt: scale bars
represent a) 10 pum and b) 1 pm.

Figure S12. Cryo-SEM images of a) 0.05 M Toluene and b) 0.25 M Toluene in SOBS/H,0 0.5% wt/wt: scale bars
represent a) 2 pum and b) 20 pum.

1.1.4 Microscope imaging

To a 15 mL vial was added the desired surfactant (50 mg, 0.5 % w/w), Toluene (0.05 — 0.4 M) and was made
up to a desired volume (10 mL) with deionised water. This was left stirring overnight (16 hrs) at room
temperature and 1000 RPM, using a slide round PTFE coated magnetic flea 15 x 4.5mm. Microscope imaging
was conducted using an AmScope x40-1000 LED Lab Binocular Compound w/ 3D Two-Layer Mechanical
Stage SKU: B120, with resolution > 0.2 um. Multiple pictures (5 — 10) were taken of each solution so to

capture at least 100 particles for analysis.

Size analysis was conducted using ImageJ. Pictures were converted to an 8 GIB image. A Bandpass filter was
applied to the image and the threshold adjusted to aid in particle identification by software. The size
distribution of particles was conducted using the outlines of the particles with a circularity limit set from 0.1 —
1.0. The diameters of the particles were calculated in nm from the given areas of the particle size analysis.

15



1117  TPGS-750-M 0.4M Toluene/H20

Figure S13. Microscope images of 0.4M Toluene in TPGS-750-M/H,0; red bars represent 10 microns

1118  TPGS-750-M 0.25M Toluene/H20

Figure S14. Microscope images of 0.25M Toluene in TPGS-750-M/H;0; red bars represent 10 microns
1.1.1.9 CPC 0.25M Toluene/H,O

Figure S15. Microscope images of 0.25M Toluene in CPC/H.0; red bars represent 10 microns

1.1.1.10 SOBS 0.25M Toluene/H:0O

Figure S16. Microscope images of 0.25M Toluene in SOBS/H.0; red bars represent 10 microns
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1.1.1.11 Brij 350.25M Toluene/H,0O

Figure S17. Microscope images of 0.25M Toluene in Brij 35/H-0; red bars represent 10 microns

1.1.1.12  Brij S20 0.25M Toluene/H20

Figure S18. Microscope images of 0.25M Toluene in Brij S20/H20; red bars represent 10 microns
1.1.1.13 Tween 80 0.25M Toluene/H,O

Figure S19. Microscope images of 0.25M Toluene in Tween 80/H0; red bars represent 10 microns

1.1.5 Size comparison between different techniques

Table S7. Summary of size observed using DLS, optical imaging and cryo-SEM for 0.05 and 0.25 M toluene in TPGS-
750-M/H20 0.5% wit/wit.

Size observed toluene in H,O Size observed toluene in H,O
0.05 M (hm) 0.25 M (hm)
DLS 50.7 3632
Optical imaging - 797 — 4213
Cryo-SEM 19 - 569 35 - 860

17



3toluene concentration of 0.26 M was used.

TPGS-750-M 0.05 M toluene

TPGS-750-M 0.25 M toluene
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Figure S20. Size histograms of TPGS-750-M/H,0 0.5 % wt/wt of a) 0.05 M, b) 0.25 M toluene by cryo-SEM and c)
0.25 M toluene by optical imaging.

Table S8. Summary of size observed using DLS, optical imaging and cryo-SEM for 0.05 and 0.25 M toluene in Brij

35/H20 0.5% wt/wt
Size observed toluene in H.0 Size observed toluene in H20O
0.05 M (nm) 0.25 M (hm)
DLS 9.7 3909
Optical imaging - 800 — 5835
Cryo-SEM 3-87 192 — 535
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Figure S21. Size histograms of Brij 35/H,0 0.5 % wt/wt of a) 0.05 M, b) 0.25 M toluene by cryo-SEM and c) 0.25 M

toluene by optical imaging.

Table S9. Summary of size observed using DLS, optical imaging and cryo-SEM for 0.05 and 0.25 M toluene in Tween

80/H20 0.5% wt/wt

Size observed toluene in H,O

Size observed toluene in H,O

0.05 M (nm) 0.25 M (hm)
DLS 38.9 442
Optical imaging — 799 — 5548
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Cryo-SEM

35-932

112 - 673

Tween 80 0.05 M toluene
300

Tween 80 0.25 M toluene

250

200

Frequency
g

[ 200 400 600 800
Diameter (nm)

1600 b 500

Frequency

Tween 80 0.25 M toluene

300 400 500 600 700
Diameter (nm)

1000 2000 3000 4000

Diameter (nm)

5000 8000

Figure S22. Size histograms of Tween 80/H,0 0.5 % wt/wt of a) 0.05 M, b) 0.25 M toluene by cryo-SEM and ¢) 0.25 M

toluene by optical imaging.

Table S10. Summary of size observed using DLS, optical imaging and cryo-SEM for 0.05 and 0.25 M toluene in

CPC/H,0 0.5% wt/wt
Size observed toluene in H.O Size observed toluene in H.O
0.05 M (nm) 0.25 M (nm)
DLS 830.8 4985
Optical imaging — 803 — 5600
Cryo-SEM 225 -1272 11-50
CPC 0.05 M toluene CPC 0.25 M toluene CPC 0.25 M toluene
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Figure S23. Size histograms of CPC/H,0 0.5 % wt/wt of a) 0.05 M, b) 0.25 M toluene by cryo-SEM and c) 0.25 M

toluene by optical imaging.

Table S11. Summary of size observed using DLS, optical imaging and cryo-SEM for 0.05 and 0.25 M toluene in

SOBS/H20 0.5% wit/wit.

Size observed toluene in H.O
0.05 M (nm)

Size observed toluene in H.O
0.25 M (nm)

DLS

245.2

2600
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Optical imaging — 805 — 7137

Cryo-SEM 6 —254 257 - 1323
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Figure S24. Size histograms of SOBS/H20 0.5 % wt/wt of a) 0.05 M, b) 0.25 M toluene by cryo-SEM and ¢) 0.25 M
toluene by optical imaging.

1.2 Studies of reaction (3)
o}
NP . ©/\Br DIPEA N ~ V@
- N
Br

TPGS-750-M/H,0 2% wiw
4 hr, 25°C

Scheme S1. N-alkylation reaction between 5-bromo-2(1H)-pyridone and benzyl bromide.

1.2.1  Microscope imaging of reaction (3) with TPGS-750-M surfactant

The N-alkylation reaction in Scheme S1 was monitored over time through microscope imaging of the reaction
mixture. To a 15 mL vial was added, TPGS-750-M (60 mg, 2 % w/w) and deionised water (3 mL). This was
stirred for 1 hour using a slide round PTFE coated magnetic flea 15 x 4.5mm at 1000 RPM and 25 °C. To the
same vial was added 5-bromo-2(1H)-pyridone (75 mg, 0.431 mmol) and benzyl bromide (105 pL, 0.862 mmol)
and the reaction was stirred for a further 15 minutes. DIPEA (150 uL, 0.862mmol) was added to the vial and
the reaction was stirred for 4 hours, at 700 RPM and 25 °C. Small aliquots were removed at given time points

(60, 120, 180 and 240 minutes) from the reaction using a glass pipette and transferred to a microscope slide.

60 minutes
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Figure S25. Microscope images of reaction (3) using TPGS-750-M at 60 mins; red bars represent 10 microns

120 minutes

Figure S26. Microscope images of reaction (3) using TPGS-750-M at 120 mins; red bars represent 10 microns

180 minutes

Figure S27. Microscope images of reaction (3) using TPGS-750-M at 180 mins; red bars represent 10 microns

240 minutes

Figure S 28. Microscope images of reaction (3) using TPGS-750-M at 240 mins; red bars represent 10 microns
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1.3 NMR studies of reaction (3)

Nuclear magnetic resonance (*H) analysis was carried out on Bruker DRX 500 spectrometer. Shifts (8) were

given in ppm and locked to the solvent peaks.

Sample preparation in D,O

To a5 mL vial was added reaction component (15 mg) and DO (3 mL) and the vial was stirred for at least ~
30 minutes using a slide round PTFE coated magnetic flea 15 x 4.5mm at room temperature and 600 RPM. A
sample of the solution (~0.6 mL) was transferred from the vial into an NMR tube and *H NMR was conducted
on the solution. For some samples solids still remained in the mixture so these solids were removed before
transferring to the NMR tube by filtering the sample through a Pasteur pipette equipped with some cotton

wool.

Sample preparation in cyclohexane-di,

To a5 mL vial was added reaction component (15 mg) and cyclohexane-di» (3 mL) and the vial was stirred
for at least ~ 30 minutes using a slide round PTFE coated magnetic flea 15 x 4.5mm at room temperature and
700 RPM. A sample of the solution (~0.6 mL) was transferred from the vial into an NMR tube and *H NMR
was conducted on the mixture. For some samples solids still remained in the mixture so these solids were
removed before transferring to the NMR tube by filtering the sample through a Pasteur pipette equipped with

some cotton wool.

Sample preparation for surfactant in D,O

To a5 mL vial was added surfactant (80 mg, 2.7 % w/w) or (160 mg, 5.3 % w/w) and DO (3 mL) and the vial
was stirred for at least 3 hours using a slide round PTFE coated magnetic flea 15 x 4.5mm at room temperature
and 700 RPM. Depending on which component of the reaction was being studied this was added to the vial
(15 mg) and the vial was stirred for a further 30 minutes. A sample of the solution (~0.6 mL) was transferred
from the vial into an NMR tube and *H NMR was conducted on the mixture. For some samples the reaction
component had not fully dissolved so these solids were removed before transferring to the NMR tube by

filtering the sample through a Pasteur pipette equipped with some cotton wool.
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Figure S30. Spectra with SOBS surfactant
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Figure S32. Spectra with Brij S20 surfactant
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Figure S34. Spectra with TPGS-750-M surfactant

1.3.2  H NMR spectra of benzyl bromide

Benzyl bromide was observed to have poor solubility in DO alone therefore, DMSO-ds was added gradually

to obtain a representative spectrum.
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Figure S36. Spectra with SOBS surfactant
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!H NMR spectra of the product
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Figure S46. Spectra with TPGS-750-M surfactant

1.3.4 DOSY experiments

DOSY experiments were performed on a Bruker 500 MHz AV4 NEO 11.75 T NMR spectrometer operating
at 11.75 T field and equipped with a 5mm-TXI room temperature probe with z field gradient. *H DOSY
experiments were acquired at 298 K (unless otherwise stated). A DOSY sequence with stimulated-echoes with
bipolar gradients was used and 8 data slices, each comprised of 32 scans were collected between a 5 — 95%
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gradient strength using an exponential ramp. Parameter A was set to 250 ms and parameter & set to 2 ms,

resulting in an experiment time of 24 minutes.

The data was processed in Topspin for Dynamics Centre version 2.7.3, with any 1D phasing and manual peak

picked performed in Topspin. Dynamics Centre was used to perform the analysis of the DOSY experiment

with the 2D spectrum produced along with the sinusoidal fitting of the selected peaks.

The report then produced the tabulated data for the picked peaks from the DOSY spectra giving the tracer

diffusion of each along with the error. The processing software extracts the diffusion coefficient out of the

signal of decay. A 2D DOSY spectrum with diffusion coefficients along the F1 axis and chemical shifts along

the F2 axis. The F1 axis after processing shows the results as a linear scale [m?/s x 10°].

Example experimental protocol: To a 15 mL vial was added TPGS-750-M (80 mg, 2.7 % w/w) and D0 (3

mL). This was stirred for 3 hours. To the vial was added 5-bromo-2(1H)-pyridone (15 mg, 0.0862 mmol) and

the mixture was stirred using a slide round PTFE coated magnetic flea 15 x 4.5mm for a further hour at rt and

700 RPM. The solution was clear. A small sample was removed from the vial and transferred to an NMR tube.

DIPEA
2 ©/\Br >
X NH
Br Br
Results for 5-bromo-2(1H)-pyridone
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= o B
B X _NH #%
\ \
i
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!. |
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D =6.28 x 10° for proton at 7.67 ppm
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In D,O and TPGS-750-M 2.7 % w/w
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D= 2.38 x 10 for proton at 1.89 ppm TPGS-750-M peak



In D,O and TPGS-750-M 5.3 % w/w
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D =4.41 x 10 for proton at 7.62 ppm pyridone peak

D= 1.67 x 10" for proton at 1.88 ppm TPGS-750-M peak
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Results for benzyl bromide
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D =4.00 x 1071 for proton at 6.87 ppm benzyl bromide peak
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In D,O and TPGS-750-M 2.7 % w/w
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D = 4.24 x 10! for proton at 6.94 ppm benzyl bromide

D= 2.17 x 10" for proton at 1.86 ppm TPGS-750-M peak
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Results for 1-benzyl-5-bromo-2(1H)-pyridone
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D =4.93 x 10 for proton at 7.89 ppm 1-benzyl-5-bromo-2(1H)-pyridone

37



In D,O and TPGS-750-M 2.7 % w/w
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In D,O and TPGS-750-M 5.3 % w/w
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2  Surfactant map development

Table S12. Descriptors for surfactant_map

Descriptor Classification Representing Source
Critical micelle Micellar property | Surfactant-surfactant interactions Literature
concentration (CMC)

Aggregation number Micellar property | Surfactant-surfactant interactions Literature
range

Micelle size range Micellar property | Surfactant-surfactant interactions, homogeneity Literature

Contact angles

Emulsion property

Surface tension and wettability

Experimental

Zeta potential

Emulsion/micellar

property

Charge environment around micelles, emulsions

Experimental

Hydrophilic Lipophilic Emulsion property | Emulsion stability Literature
Balance (HLB)

Hydrophilic fragment Molecular Flexibility of surfactant molecules and emulsion | rdkit
rotatable bonds property flexibility/stability

Hydrophobic fragment Molecular Flexibility of surfactant molecules and emulsion | rdkit
rotatable bonds property flexibility/stability

Hydrophilic fragment Molecular Size of the interface layer between organic and | rdkit
longest chain length property aqueous phases

Hydrophobic fragment Molecular Capability for stabilising organic phase inside | rdkit
longest chain length property emulsions

Hydrophilic fragment Molecular Packing of surfactant molecules and stability of | rdkit
volume property emulsion

Hydrophobic fragment Molecular Packing of surfactant molecules and stability of | rdkit
volume property emulsion

Hydrophilic fragment Molecular Packing of surfactant molecules and stability of | rdkit
surface area property emulsion

Hydrophobic fragment Molecular Packing of surfactant molecules and stability of | rdkit
surface area property emulsion

Hydrophobic fragment Molecular Flexibility of surfactant molecules and emulsion | rdkit
number of C=C bonds property flexibility/stability

Hydrophilic fragment Molecular Capability of H-bonding at the interface of organic and | rdkit
number of OH groups property aqueous phases

Hydrophilic fragment Molecular Stability of emulsion Gaussian,
AGsolv property PM6
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Hydrophilic fragment Molecular Stability of emulsion Gaussian,
dipole moment property PM6
Hydrophilic fragment Molecular H-bonding capability and interactions with transition | Gaussian,
HOMO energy property states PM6
Hydrophilic fragment Molecular H-bonding capability and interactions with transition | Gaussian,
LUMO energy property states PM6
Hydrophobic fragment Molecular Stability of emulsion Gaussian,
dipole moment property PM6
Hirshfeld charge for most | Molecular Interactions with transition states Gaussian,
negative heteroatom property PM®,
multiwfn

2.1 Literature descriptors
2.1.1 Critical micelle concentration (CMC)

The CMC is the minimum concentration of surfactant in water required for surfactants to self-assemble and
form micelles. When micelles are formed, surfactant monomers no longer gather at the interface but form
micelle aggregates. At the CMC surfactants can no longer influence the interfacial properties. Unsurprisingly
literature regarding this is the most accessible, with higher CMCs observed for ionic surfactants than non-ionic
surfactants. Additionally, from literature values gathered, CMCs are generally observed to decrease with an
increase in hydrophobic chain length. CMC values of surfactants were collected from various literature

resources where available, and all converted to mM units.
2.1.2 Aggregation number

Aggregation number (N) is the average number of surfactant monomers that form a micelle. Aggregation
numbers of surfactants were collected from various literature resources; however this descriptor is dependent
upon experimental conditions which poses issues in direct comparison of aggregation numbers. Therefore,
aggregation numbers were collected where available under different conditions and a “low” and a “high”
aggregation number were included as separate descriptors. Aggregation numbers collected so far cover a broad

range from 2 to 16600 surfactant monomers per micelle.
2.1.3 Micelle Sizes

Size of micelles can change in accordance with the concentration used, salt concentration and the
characterisation method. Size of the surfactant micelles has been measured using various techniques; light
scattering techniques (DLS and SLS),}2 SANS and SAXS,*® AFM,® Cryogenic-transmission electron
microscopy (Cryo-TEM)” and TDA.2 The micelle size is a heavily studied characteristic and it is important to
assess how influential it is in regards to micellar catalysis. Similarly, to aggregation number, the size of the
micelle is affected by experimental conditions so direct comparison of literature values is difficult. Therefore,
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micelle size was collected where available under different conditions and a “low” and a “high” micelle size
were included as separate descriptors. The size of micelles in this were expressed by their diameter and values

were collected from literature. Diameter sizes in literature showed a distribution of 0.6 - 237 nm.
2.2 Experimental descriptors
2.2.1 Contact angle measurements

Hydrophilic surfactants, which are preferentially wetted by water and will stabilise oil in water emulsions will
give a contact angle of 6 > 90°. Hydrophobic surfactants, which are preferentially wetted by water and will

stabilise oil in water emulsions will give a contact angle of 6 < 90°.°

Static contact angles were measured using a goniometer KSV CAM 200 optical contact angle meter (KSV
instruments, Ltd), using a sessile drop method with a telescope. The CAM software measures the surface and

interfacial tension and then performs curve fitting image analysis to determine contact angle.

A vial was charged with surfactant (2 % w/w), deionised water (5 mL) and a slide round magnetic flea (15 x
4.5mm). This was stirred overnight at room temperature at 1000 RPM. For some surfactants, the solution
required heating to completely dissolve the surfactant. Contact angles were repeated a further 9 times allowing
a mean and standard deviation to be taken. The measurements were performed at ambient temperature and
pressure. Contact angles were measured using microscope glass slides 1.0mm thickness, 76 x 26mm (Length
X Width).

2.2.2 Zeta () potential measurements

The {—potential has many important applications across engineering, chemistry, and other sciences; therefore
this had led to the development of several techniques to measure this. The techniques to measure {—potential
are based on either electrophoresis, electroosmosis or the streaming potential.® The zeta potential has been
used to evaluate the stability of nanoparticles in addition with further techniques, however this is not an

absolute measurement of nanoparticle stability.'!*?

All zeta potential measurements reported in this paper were measured using Zetasizer® Nano Range Analyzer
(Nano-ZSP, Malvern Panalytical Instruments, UK) fitted with a universal drip cell (ZEN1002). The {—potential
was obtained by measuring the electrophoretic mobility of particles in a solution and introducing an electric
field. The {—potential can be derived from the electrophoretic mobility of particles in a solution using the

Smoluchowski equation.
vp = 4n£0£r# 1+ xr) 2

In this equation, ve is the electrophoretic mobility, o and ¢, are the relative dielectric constant and the electrical
permittivity of a vacuum, ( is the zeta potential, p is the solution viscosity, k is the Debye-Hickel parameter

and r is the particle radius.*®
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A vial was charged with surfactant (0.1% w/w), deionised water (5 mL) and a slide round magnetic flea (15 x
4.5 mm). This was stirred overnight at room temperature at 1000 RPM. For some surfactants the solution
required heating to completely dissolve the surfactant (never above 50 °C). ~ 0.8mL aliquots were removed
from the stirring vials and transferred into the dip cell using a 1 mL syringe. An equilibrium period of 120
seconds was used. Measurements were performed in triplicate, with at least 3 different aliquots measured. All

measurements were performed at ambient temperature and pressure.
2.3 Computational descriptors

2.3.1  Volume of hydrophilic and hydrophobic regions of surfactant

1. Import required
packages rdkit and cirpy
from Python

2. Use cirpy to generate
surfactant SMILES code
from surfactant name

3. Split surfactant
SMILES code manually
into hydrophilic and
hydrophobic segments

6. Generate volumes of
each structure using
ComputeMolVolume

command

5. Add hydrogens to each
structure

4. Input seperate
hydrophilic and
hydrophobic code to
check structure is correct

7. Manually input
hydrophilic and
hydrophobic volumes into
dataset

8. Generate XYZ file
format of the hydrophilic
and hydrophobic
structures

9. Open XYZ files in
Mercury software to check
conformation

Figure S47. Flow chart to calculate hydrophilic and hydrophobic volume descriptors

The volumes of hydrophobic and hydrophilic fragments, manually split from the surfactant’s chemical
structure (Figure S48), of each surfactants was calculated computationally using the rdkit package in Python.*
Cirpy package was used to convert a chemical identifiers/names to SMILES strings for rdkit.®®> When the
surfactant name was not recognised by the cirpy package, the SMILES string was manually generated from

the chemical structure of the surfactant.

/®\

Figure S48. Generation of the surfactant hydrophobic and hydrophilic chemical structures of CTAB from the SMILES
code
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Hydrogen atoms were added to the generated structure of each fragment and the volume generated with rdkit.
The hydrophilic head of CTAB generated a volume of 74.5 A% and the hydrophobic tail gave 278.7 A%,
Comparing this to Brij 52 a volume of 104.9 A%and the hydrophobic tail gave 278.7 A3, Brij 52 has a structure
represented by the shortened name C16E2, which corresponds to a linear surfactant with a carbon chain length
of 16 (C16) in the hydrophobic tail, and 2 PEG groups (E2) as the hydrophilic head section. As expected, the
hydrophobic tails generated the same volumes as they both have a 16-carbon chain. No conformation
exploration was performed at this stage. The volume command used in rdkit then calculates the volume of a
particular conformer of the chemical structure based on a grid-encoding of the molecular shape.'® The 3D
coordinates for each surfactant fragments were exported in .xyz format for the next step.

2.3.2  Area of hydrophilic and hydrophobic regions of surfactant

1. Import XYZ structure 2. Calculate solvent .
generated from the volume accessible surface area of 3. Set dot density to 4, 4
calculations into Pymol structure

being the most accurate

4. Set solvent radius to 1.4 5. Get area of structure
which is the solvent radius [ using the get_area
of water command

Figure S49. Flow chart of process to calculate the hydrophilic and hydrophobic areas of surfactant molecules.

For surface area measurements, the .xyz file of each fragment was imported into PyMOL (Figure S50).1” The

get_area measurements were generated using a solvent dot density of 4 and solvent radius of 1.4 A (for water).

Figure S50. PyMOL imported XYZ. structure of the CTAB hydrophilic and hydrophobic regions
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Comparing the same surfactants as in the volume calculations, CTAB generated a hydrophilic area of 232.4
A? and a hydrophobic area of 560.5 A2 The non-ionic straight chain surfactant Brij 52 generated a hydrophilic
area of 293.7 A2 and a hydrophobic tail area of 560.5 A2 The hydrophobic areas calculated were the same,
since both contain a 16-carbon chain. Coiling of PEG chains (Figure S51) was observed with the majority of

PEG-based surfactants.'®2°

Figure S51. (LHS) Structure of Brij 52 head group having 2 PEG groups. (RHS) Head group of Brij 721 containing 21
PEG groups.

2.3.3 Rotatable bonds

The number of rotatable bonds reflects the molecular flexibility of the molecule.?! This descriptor was

generated using a built-in function of the rdkit package.
2.3.4 Longest chain length

The length and shape of surfactants are important physiochemical properties to be aware of. The carbon chain
length has been investigated with regards to surfactant based lipsomomes.?? It was proposed that carbon chain
length could have an effect on vesicle rigidity and vesicle size. This descriptor was generated using a built-in

function of the rdkit package.
2.3.5 Number of C=C double bonds (hydrophobic fragment)

The number of double bonds in the hydrophobic fragment of each surfactant was manually calculated from
saved SMILES codes for each surfactant. Surfactants in the dataset were found to possess either 0 or 1 double
bonds. All the surfactants in the dataset which contain a double bond are synthesised from oleic acid which is

a naturally occurring fatty acid which is found to have predominantly cis stereochemistry (18:1 cis to trans).
2.3.6  Free OH groups (hydrophilic)

The number of hydroxy moieties in the hydrophilic fragment was manually calculated from the SMILES

strings of each surfactant. The number of OH bonds ranged from 0 to 3 in the dataset.
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2.3.7 Electronic structure calculation details

2. Generate initial 3D
stucture using CIRpy and |
rdkit

1. Split surfactant into

3. Optimise in gas phase

hydrophilic and using PM6 and Gaussian 09

hydrophobic portions

4. Optimise in solution
phase using default implicit el 5. Extract PM6 descriptors
solvent model

Figure S52. Flow chart of process using to calculate the six PM6 descriptors used in this work

Three-dimensional descriptors based on electronic structure methods are common in chemistry to represent
molecules and their physical properties more accurately, with Gibbs energies, point charges, HOMO/LUMO,
and dipole as standard values to calculate.? To calculate the six PM6 descriptors, surfactants were split into
hydrophilic and hydrophobic end as previously described. Initial 3D structures were generated with cirpy and
rdkit. These structures were optimised using PM6,% a good trade-off between speed and accuracy for the size
of surfactants under study, and Gaussian 09 software.?® The size of these surfactants meant that exhaustive
comformational search was not possible and the xyz structure generated by rdkit was used directly as input for
PM6 optimisation. Structures were optimised in both gas and solution using the default PCM solvent model.?
A small number of hydrophilic molecules which contained repeating PEG units could not be optimised due to
their size and flexibility, so the descriptors for the longest repeating PEG unit that did optimise was used in
these cases. For solution 17 units was used for any molecule > 17 units and for gas 50 units was used for any

molecule > 50 units.

From these calculations, the difference between solution and gas Gibbs energies for hydrophilic end
(Philic_DeltaG_sol, Ha), dipole of solution structure for hydrophilic fragment (Philic_Solv_dip, Debye),
HOMO energy of gas phase structure for hydrophilic fragment (Philic. HOMO, eV), and LUMO energy of gas
phase structure for hydrophilic fragment (Philic_LUMO, eV) were extracted.

The Hirshfeld charge for most negative heteroatom, relevant in estimating nucleophilic and electrophilic
reactivity,?” for hydrophilic fragment (Philic_Most_neg, a.u.) was generated using Multiwfn software,?® via
single point calculations in Gaussian 09. Optimised gas phase structures were rerun with the keyword out=wfn

in the ground state and the first excited state. Transfer to Multiwfn gave the Hirshfeld charge for each atom
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and hence the condensed Fukui function for each atom (difference between the Hirshfeld charge in the ground

and first excited state).

The dipole moment of the solution structure of the hydrophobic fragment (Phobic_Solv_dip, Debye) was

extracted directly from the Gaussian output file.

2.4  List of surfactants
Table S13. Full list of surfactants in this study
No. | Name Structure
X
(0]
o OH
W
HoQ\/O (O\/\)OH W+ X+Y+Z=20
1 | Polysorbate 20 X Y
X
O
o OH
W
HO@\/O (O\/\)OH W+X+Y+Z=20
2 | Polysorbate 40 X Y
X
0]
o OH
w
Ho@\/O ( O\/\)OH W+X+Y+2Z=20
3 | Polysorbate 60 X Y
(0]
)K/\/\/\/\/\/\/\/\
) O\/EOH X
OM\?V
o] +X+Y+Z=
4 | Polysorbate 80 ok~ X ( V\>YOH Hrrrres
0
(0]
OH
o/\%
W
@\/O <o\/\>OR W+X+Y+Z2=20
(@)
5 | Tween 65 R= )J\ CH32(CH2)15CH3
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O\/7é0R
o]
OMV?/H
Q\/O (O\/\)OR W+X+Y+Z=20
RO X Y

O
6 | Tween 85 R= )J\(CH2)7CH=CH(CH2)7CH3
o}
0" CyqHos
0}
OH
7 | Span 20 HO OH
X
0" CysHay
o
OH
8 | Span 40 HO OH
X
0" "Cy7Hss
(0]
OH
9 | Span 60 HO OH
o)
OJK/\/\/\/\/\/\/\/\
o
OH
10 | Span 80 HO OH
OR
0]
OH
RO OR )Oj\
11 | Span 65 R= CH2(CH2)15CH3
OR
O
OH
RO OR o}
12 | Span 85 R= )J\(CH2)7CH=CH(CH2)7CH3
CgH N
8 17{0/\%0 H
13 | C8E6 6
CqoH O.
10 21{0/\,} H
14 | Octaethylene glycol monodecyl 8

15

Brij 30

C12H25<O/\,>O\H
4
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16 | C12E5 < 5
C ~
12H25<O/\’>O H
17 | C12E6 6
C12H25<O/\9/O\H
18 | Brij 35 23
Octaethylene glycol H -
Y gly C14 29(0/\9/0 H
19 | monotetradecyl ether 8
C ~
16H33<O/\,>0 H
20 | SP Brij C2 MBAL/Brij 52 2
C16H33‘<O/\9/O\H
21 | C16E8 8
C1eHas O.
0 H
22 | Brij 56 { /\/}10
C16H33‘< O.
0 H
23 | Brij 58 /\/}20
C18H37< O.
0 H
24 | Brij 72 /\/}2
C18H37‘<O/\9/O\H
25 | C18ES8 8
CqgH <
) 18 37{0/\%0 H
26 | Brij S-10 10
/\/\/\/\/\/\/\/\/\{ O.
27 | Brij 93 - AN
/\/\/\/\/\/\/\/\/\{ O.
=
28 | Brij 010 0/\%10 H
/\/\/\/\/\/\/\/\/\{ O.
29 | Brij 99 ~ oo
C ~
18H37<O/\,>0 H
30 | Brij S20 20
C18H37‘<O/\9/O\H
31 | Brij 721 21
H ~
Cis 37{0/\/}0 H
32 | Brij 700 100
O\/\O,H
33 | Triton-X-15
O\/>\ _H
3O
34 | Triton-X-35
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@)
cn&/
(@]
\
T

35 | Triton-X-45
(0] _H
\/9\0
~9.5
36 | Triton-X-100
O _H
\/9\0
~12.5
37 | Triton-X-102
O _H
\/9\0
~75
38 | Triton-X-114
39 | Triton-X-165
(0] _H
\/9\0
30
40 | Triton-X-305 (

(@]
kS
O
\
T

5555

41 | Triton-X-405
0 _H
\/9\0
70
42 | Triton-X-705
o} _H
\/9\0
12
43 | IGEPAL CA720
o) _H
/©’< V%o
5
44 | IGEPAL C0O520 CoH1g
0 _H
©< i
~9.5
45 | IGEPAL CO630 CoHyg
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(0] _H
\/>\O

12

46 | IGEPAL CO720 CoH1g
0
O.
47 | Myrj S8 0w
0
O.
48 | Myrj $20 0k H
0
oR
49 | Myrj 52 0
0
oR
50 | Myrj 53 0k H
0
oR
51 | Myrj 59 0o H
HO HO
(@] 0] OCHQ(CH2)100H3
OH OH
0]
52 | DDM (N-Dodecyl B-D-maltoside) OH oH OH
OH
0] (CH»)gCH34
HOm- 0
53 | Nonyl B-D-glucopyranoside HO  ©OH
0 OH
/\/\/\/\/\)’L.O/’r,. \OH
s}
OH
HO
HO, \.©
0
HO” %
54 | Sucrose monolaurate —0OH
H3C‘
HO /(‘
o OH ~ /
-0 0)*0
\ OVO\-“r

55

Sucrose Distearate

56

CTAB
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\ / S)
Ci/\/\/\/\/N\ cl

57 | CTAC ®
\ / ©
NN P PN N
58 | DTAB ®
\N/ Cl
I VN N N
59 | DTAC ®>
\ / ©
N Cl
60 | TTAC ®
\ / ©
N Br
61 | TTAB ®
]
CPC ((1-Hexdecyl)pyridinium Cl:l)\ Cl
62 | chloride monohydrate) H20
S)
DDAB (Di-n-dodecyl)dimethyl (/\/\/\/\/\/\N/ Br
63 | ammonium bromide) ® CizHzs
O o
Ne. S
H!\---
OH _J.-'V "O
CHAPS (3-((3-cholamidopropyl) ! fH,\
dimethylammonio)-1- o 1 H{“
64 | propanesulfonate) ' T oM
DAPS (N-dodecyl-N,N-dimethyl- N/ N\
A P N NG NG2 = NC
65 | 3-ammonium-1-propane sulfonate) ® O
3-(N,N-
Dimethylmyristylammonio)propan WN/ \\S//
66 | esulfonate &> >0
67 | Sulfobetaine-16
68 | Lauryldimethylammonio)acetate
69 | TPGS-750-M
TPGS-1000 (DL-alpha-
Tocopherolmethoxypolyethyleneg
70 | lycol 1000 succinate)
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71 | SPGS-550-M
72 | PSS
73 | PTS
74 | Coolade
75 | PS-750-M
Sodium Octanoate/Sodium /\/\/\)OJ\
76 | caprylate ONa
0]
77 | Sodium decanoate /\/\/\/\)J\ ONa
(0]
78 | Sodium Laurate /\/\/\/\/\)J\ONa
X
79 | Palmitic acid sodium salt ONa
(i\/\/\/\/\/\)ol\
80 | Sodium Stearate ONa
0]
= ONa
81 | Sodium Oleate
1-Decanesulfonic acid, sodium O\\ ”
SN NSNS
82 | salt ONa
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1-Dodecanesulfonic acid, sodium

O\\S//
P P NN
83 | salt ONa
84 | Sodium 1-tetradecanesulfonate “ONa

85

Sodium 1-hexadecanesulfonate

“ONa

86

n-Decyl sodium sulfate

\ /7

PV Ve S
OSONa

87

SDS

\ 7/

/S\
/\/\/\/\/\/\O ONa

88

Sodium-1-tetradecyl sulfate

0"~ "ONa

89

Sodium Hexadecyl sulfate

O~ "ONa

O~ "ONa

90 | Sodium n-octadecy sulfate
O\\S//
\/\/\/\/©/ o
91 | Sodium 4-n-octylbenzenesulfonate
O\\S//
(Z/\/\/Q/ o
92 | SDBS
O\\S//
(Z/\/\/Q/ \OH
93 | 4-Dodecylbenzene sulfonic acid

=00
\
94 | Dioctyl sulfosuccinate sodium salt @]
)
O~~~
SN0
.S=00
\
95 | Dihexyl sodium sulfosuccinate NaO 0
n=20
n
]
OH
96 | Cithrol 10MS (@]
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97 | Citrhol 4DS %
OH O
621 C6H13 10
O/ n
R @] o] R
of >~ W ~ o
98 | Croduret 25-LQ n
OH O
6?1 Cotrs”™ ™7,
O/ n
R @] o] R
ol >~ W ~For
99 | Croduret 50-SS n n
o]
/\/\/\/\/\)J\ ONa
N
100 | Crodasinic LS95 | o
Table S14. Trimmed list of surfactants to reduce uncertainty due to missing data
No. | Name No. | Name
1 | Polysorbate 20 47 | Nonyl B-D-glucopyranoside
2 | Polysorbate 40 48 | Sucrose monolaurate
3 | Polysorbate 60 49 | CTAB
4 | Polysorbate 80 50 | CTAC
5 | Tween 65 51 | DTAB
6 | Tween 85 52 | DTAC
7 | Span 20 53 | TTAC
8 | Span 40 54 | TTAB
9 | Span 60 55 | CPC ((1-Hexdecyl)pyridinium chloride monohydrate)
10 | Span 80 56 | DDAB (Di-n-dodecyl)dimethyl ammonium bromide)
CHAPS (3-((3-cholamidopropyl) dimethylammonio)-
11 | Span 65 57 | 1-propanesulfonate)
DAPS (N-dodecyl-N,N-dimethyl-3-ammonium-1-
12 | Span 85 58 | propane sulfonate)
13 | Octaethylene glycol monodecyl 59 | 3-(N,N-Dimethylmyristylammonio)propanesulfonate
14 | Brij 30 60 | Sulfobetaine-16
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15 | C12E5 61 | Lauryldimethylammonio)acetate
16 | C12E6 62 | TPGS-750-M
TPGS-1000 (DL-alpha-
Tocopherolmethoxypolyethyleneglycol 1000
17 | Brij 35 63 | succinate)
18 | Octaethylene glycol monotetradecyl ether | 64 | SPGS-550-M
19 | SP Brij C2 MBAL/Brij 52 65 | PTS
20 | C16E8 66 | PS-750-M
21 | Brij 56 67 | Sodium Octanoate/Sodium caprylate
22 | Brij 58 68 | Sodium decanoate
23 | Brij S-10 69 | Sodium Laurate
24 | Brij 93 70 | Palmitic acid sodium salt
25 | Brij 010 71 | Sodium Stearate
26 | Brij S20 72 | Sodium Oleate
27 | Brij 721 73 | 1-Decanesulfonic acid, sodium salt
28 | Brij 700 74 | 1-Dodecanesulfonic acid, sodium salt
29 | Triton-X-15 75 | Sodium 1-tetradecanesulfonate
30 | Triton-X-35 76 | Sodium 1-hexadecanesulfonate
31 | Triton-X-45 77 | n-Decyl sodium sulfate
32 | Triton-X-100 78 | SDS
33 | Triton-X-102 79 | Sodium-1-tetradecyl sulfate
34 | Triton-X-114 80 | Sodium Hexadecyl sulfate
35 | Triton-X-165 81 | Sodium n-octadecy sulfate
36 | Triton-X-305 82 | Sodium 4-n-octylbenzenesulfonate
37 | Triton-X-405 83 | SDBS
38 | Triton-X-705 84 | 4-Dodecylbenzene sulfonic acid
39 | IGEPAL CAT720 85 | Dioctyl sulfosuccinate sodium salt
40 | IGEPAL CO520 86 | Dihexyl sodium sulfosuccinate
41 | IGEPAL CO630 87 | Cithrol 10MS
42 | IGEPAL CO720 88 | Citrhol 4DS
43 | Myrj S8 89 | Croduret 25-LQ
44 | Myrj S20 90 | Croduret 50-SS
45 | Myrj 52 91 | Crodasinic LS95
46 | DDM (N-Dodecyl B-D-maltoside)
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2.5 Principal component analysis

25.1 Algorithms
PPCA: Probabilistic Principal Component Analysis is a method to estimate the principal axes when any data

vector has one or more missing values.?*

PPCA is based on an isotropic error model. It seeks to relate a p-dimensional observation vector y to a
corresponding k-dimensional vector of latent (or unobserved) variable x, which is normal with mean zero and

covariance I(k). The relationship is
yT: W*XT+,u +g,

where y is the row vector of observed variable, x is the row vector of latent variables, and ¢ is the isotropic
error term. ¢ is Gaussian with mean zero and covariance of v*I(k), where v is the residual variance. Here, k
needs to be smaller than the rank for the residual variance to be greater than 0 (v>0). Standard principal
component analysis, where the residual variance is zero, is the limiting case of PPCA. The observed variables,
y, are conditionally independent given the values of the latent variables, x. So, the latent variables explain the
correlations between the observation variables and the error explains the variability unique to a particular y;.
The p-by-k matrix W relates the latent and observation variables, and the vector x permits the model to have a
nonzero mean. PPCA assumes that the values are missing at random through the data set. This means that

whether a data value is missing or not does not depend on the latent variable given the observed data values.

Under this model,

y ~ N(u, WANT+v #1(K)).

There is no closed-form analytical solution for W and v, so their estimates are determined by iterative
maximization of the corresponding loglikelihood using an expectation-maximization (EM) algorithm. This
EM algorithm handles missing values by treating them as additional latent variables. At convergence, the
columns of W spans the subspace, but they are not orthonormal. PPCA obtains the orthonormal coefficients,

for the components by orthogonalization of W.

BPCA: Bayesian Principal Component Analysis combines an EM approach for PCA with a Bayesian model.
In standard PCA data far from the training set but close to the principal subspace may have the same
reconstruction error. BPCA defines a likelihood function such that the likelihood for data far from the training

set is much lower, even if they are close to the principal subspace.®!

BPCA works iteratively, the complexity is growing with $O(n"3)$ because several matrix inversions are

required. The size of the matrices to invert depends on the number of components used for re-estimation.
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Finding the optimal number of components for estimation is not a trivial task; the best choice depends on the
internal structure of the data. A method called kEstimate is provided to estimate the optimal number of
components via cross validation. In general few components are sufficient for reasonable estimation accuracy.
See also the package documentation for further discussion about on what data PCA-based missing value

estimation makes sense.

Details about the probabilistic model underlying BPCA are found in Oba et. al 2003.32 The algorithm uses an
expectation maximation approach together with a Bayesian model to approximate the principal axes
(eigenvectors of the covariance matrix in PCA). The estimation is done iteratively, the algorithm terminates if
either the maximum number of iterations was reached or if the estimated increase in precision falls below
$1en-4$.

Complexity: The relatively high complexity of the method is a result of several matrix inversions required in
each step. Considering the case that the maximum number of iteration steps is needed, the approximate
complexity is given by the term

Where $row_miss$ is the number of rows containing missing values and $O(n”"3)$ is the complexity for

inverting a matrix of size $components$. Components is the number of components used for re-estimation.

NIPALS: Nonlinear Iterative Partial Least Squares method is a method presented by Wold to allow principal
component analysis with missing values.®®* The NIPALS algorithm is applied on the dataset and the obtained
PCA model is used to predict the missing values.®*

The NIPALS algorithm can be modified to accommodate missing values using the method of Martens and
Martens (p. 381).%

If, for a certain variable k [column of X], a missing value is encountered in X for a certain object i [row of X],
then the corresponding elements in ti, must also be skipped in the calculation of the loadings, which for X-

variable k is

Pk = Xin-1tn/(tntn)

Likewise, if, for a certain sample i [row of X], a missing value is encountered in X for a certain variable k
[column of X], then the corresponding elements in px» must also be skipped in calculating the scores, which

for sample i is
tin = Xin-1Pn/ ®rPR)
This method may have convergence problems if there are many missing values.

NLPCA: Nonlinear Principal Component Analysis is generally seen as a non-linear generalisation of standard

linear principal component analysis. The principal components are generalised from straight lines to curves.®

The algorithm, proposed by Kramer,* is based on a multi-layer perceptron (deep neural network) with an auto-
associative topology, also known as an autoencoder, replicator network, bottleneck or sand glass type network.
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The network can be divided into two parts: the first part represents the extraction function ®,,;: X - Z,

whereas the second part represents the inverse function, the generation or reconstruction function ®g,,:Z

— X. A hidden layer in each part enables the network to perform non-linear mapping functions.

The inverse NLPCA model can be easily extended to be applicable to incomplete datasets. If the ith element
x]* of the nth sample vector x™ is missing, the partial error o;* is set to zero before back-propagating; hence
this error is ignored, and it has no contribution to the gradients. Thus, the non-linear components are extracted
from all the available observations. With these components the original data can be reconstructed, including

the missing values. The network output x]* gives the estimation of the missing element x;*.

2.5.2 PCA results

Due to missing data in the dataset for some experimental values a “traditional” PCA approach could not be
used on the dataset. Instead, four PCA approaches which can be employed on incomplete datasets were trialled:
Bayesian PCA (BPCA), probabilistic PCA (PPCA), non-linear PCA (NLPCA) and on-linear iterative partial

least squares (NIPALS). The relevant code for data normalisation, PCA and plotting are in Section 4.

Table S15. NIPALS loadings for descriptors and PCs

Descriptor PC1 PC2 PC3

Contact_angle_left 0.119849 0.188936 0.146323
Contact_angle_right 0.100006 0.197218 0.134578
Zeta_potential -0.04506 0.156862 0.317523
Size_low -0.0092 0.00593 -0.0531
Size_high -1.61x10° 0.00063 -0.05109
CMC -0.07685 -0.03592 -0.02751
Aggregation_number_low -0.06601 0.102619 0.10661
Aggregation_number_high -0.04075 0.095504 0.12053
HLB -0.0652 -0.11232 0.01585
Area_hydrophilic 0.375622 -0.23636 0.082023
Area_hydrophobic 0.2979 0.333079 -0.09485
Volume_hydrophobic 0.30495 0.325878 -0.11382
Volume_hydrophilic 0.36434 -0.25371 0.114468
Rotatable_bonds_hydrophilic 0.364517 -0.25523 0.11818
Rotatable_bonds_hydrophobic 0.285553 0.350459 -0.08946

59



Longest_chain_length_hydrophilic 0.335862 -0.29298 0.129539
Longest_chain_length_hydrophobic 0.27726 0.28896 -0.0477
Philic_DeltaG_sol 0.189123 -0.26703 0.193799
Philic_Solv_dip 0.00501 0.033201 -0.25541
Philic. HOMO 0.077073 -0.14427 -0.52856
Philic_LUMO 0.074148 -0.17595 -0.49362
Philic_Most_neg 0.053238 0.069546 0.298744
Phobic_Solv_dip 0.202227 0.126911 -0.14908
Double_bonds_hydrophobic 0.069898 0.137099 -0.07263
OH_groups_hydrophilic 0.042828 -0.09282 -0.04409

*Contributors with coefficients above 0.15 are in green
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3 Guide to using the surfactant_map
The map can be utilised for rational and rapid surfactant screening/optimisation for any given reactions. The
step-by-step guide is provided below as guidelines for researchers less familiar with Principal Component

Analysis maps. The process is summarised in Figure 5 of the manuscript.

Step 1: Select one surfactant as the initial surfactant. This can be a surfactant which enables the reaction in
water from previous experiments, but the results need improvement. If no prior surfactant is known for the
reaction, TPGS-750-M is generally a good surfactant to start with, which occupies a central position in the

surfactant_map.

Step 2: Select another 7-8 surfactants using the surfactant_map to maximise the space covered by these
surfactants. These surfactants will form screenl, and help guide the optimisation in screen2 to the right area
of the map. This can be done manually with the surfactant_map, plotted in 3D, or automatically using the
Python code in section 5.7. This code randomises the choices of surfactants to maximise the distance between

them in the surfactant_map with only the first selected surfactant being constant as a benchmark.

Step 3: Carry out screenl using the surfactants selected in Step 2. The best performing surfactants should be

compared to identify the area in the surfactant_map where the best results are obtained.

Step 4: Based on the results of screenl, 4-5 surfactants are manually selected around the best performing

surfactants for screen?.

Step 5: Perform screen2 and identify the best surfactant for the reaction, enabling further process optimisation

through reaction conditions (e.g. temperature, concentration, etc.) and stoichiometry.
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4  Surfactant screening for reaction (3)

4.1 Standard reaction protocol

0]
ﬁf ° Br DIPEA (2.0 eq) 7 Q o\/©
+ - N + =
B X NH Surfactant/H,0 2% wtiwt  Br~ |

20 min, 45 °C Br

1.0 eq 20eq N-alkylated product O-alkylated product

To a 15 mL vial was added surfactant (60 mg, 2 % wt/wt) and deionised water (3 mL). The mixture was stirred
for 30 minutes using a PTFE coated magnetic flea 15 x 4.5 mm at 700 RPM and 45 °C. To the same vial was
added 5-bromo-2(1H)-pyridone (75 mg, 0.43 mmol, 1.0 eq) and benzyl bromide (105 pL, 0.86 mmol, 2.0 eq)
and the reaction was stirred for a further 15 minutes. DIPEA (150 uL, 0.86 mmol, 2.0 eq) were added to the
vial and the reaction was stirred for 45 °C for 20 minutes. The reaction was quenched with brine (3 mL) and
extracted using DCM (3 x 5 mL). The combined organics were dried using sodium sulfate (NazSOs) and
concentrated on the rotary evaporator giving a clear solution / off white solution that sometimes solidified

upon standing (suspected to be surfactant dependent).

N-alkylated product

TLC: 4:10 EtOAcC : Hexane, Ri=0.83, UV active

IH NMR (501 MHz, CDCls) § 7.39 — 7.29 (m, 7H), 6.54 (d, J = 9.7 Hz, 1H), 5.10 (s, 2H).

13C NMR (101 MHz, CDCl3) 6 161.1, 142.5, 137.0, 135.6, 129.1, 128.4, 128.3, 122.4, 98.2, 52.2.
HRMS [M+H]" calc. 264.0019, 265.9998 ; found 264.0015, 265.9995.

Data found to match those previously reported.®

O-alkylated product (not isolated)

'H NMR (501 MHz, CDCls) & 8.19 (d, J = 2.5 Hz, 1H), 7.64 (dd, J = 8.8, 2.5 Hz, 1H), 7.28 — 7.39 (m,7H),

6.71 (d, J = 8.8 Hz, 1H), 5.32 (s, 2H).
13C NMR (101 MHz, CDCls) 5 162.4, 147.4, 141.2, 136.9, 128.5, 128.1, 128.0, 113.0, 111.9, 68.0.

4.2  Surfactant screening results
Table S16 - Yield of N-alkylated and O-alkylated product of the surfactant screen for reaction (3)
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Number Surfactant N-alkylated yield (%0) O-alkylated yield (%0)
1 None 93 7
2 Span 60 83 7
3 TTAB 95 5
4 Triton-X-305 79 8
5 Sulfobetain-16 95 5
6 TPGS-750-M 64 28
7 Cithrol 4DS 16 7
8 Crodasinic LS95 84 8
9 SOBS 88 7
10 C16ES8 48 45
11 Igepal CO520 55 8

4.3  Reaction with allyl bromide

A ° DIPEA (2.0 eq) A0 NP
: 7 x
=~ _NH + BFM + |
Br Surfactant/H,0 2% wt/wt B Ny g N
60 min, 45 °C r
1.0 eq 20eq N-alkylated product O-alkylated product

To a 15 mL vial was added surfactant (60 mg, 2 % wt/wt) and deionised water (3 mL). The mixture was stirred
for 30 minutes using a PTFE coated magnetic flea 15 x 4.5 mm at 700 RPM and 45 °C. To the same vial was
added 5-bromo-2(1H)-pyridone (75 mg, 0.43 mmol, 1.0 eq) and allyl bromide (75 pL, 0.86 mmol, 2.0 eq) and
the reaction was stirred for a further 15 minutes. DIPEA (150 uL, 0.86 mmol, 2.0 eq) were added to the vial
and the reaction was stirred for 45 °C for 60 minutes. The reaction was quenched with brine (3 mL) and
extracted using DCM (3 x 5 mL). The combined organics were dried (Na2SO4), and concentrated on the rotary

evaporator giving a clear solution / off — white solution that sometimes solidified upon standing.

The crude product was purified using normal phase flash chromatography using 10 — 60% EtOAc:Hexane.

N-alkylated product
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TLC: 4.5:10 EtOACc : Hexane, Rr=0.16, UV active

'H NMR (501 MHz, CDCls) § 7.37 — 7.32 (m, 2H), 6.50 (d, J = 9.6, 1H), 5.91 (ddt, J = 10.2, 17.1, 5.9 Hz,

1H), 5.30 (dd, J = 10.2 Hz, 1H), 5.23 (dd, J = 17.1, Hz, 1H), 4.52 (dt, J = 5.9, 1.5 Hz, 2H).

13C NMR (126 MHz, CDCls) 6 160.7, 142.7, 137.1, 131.9, 122.3, 119.7, 98.0, 51.2.

HRMS [M+H]* calc. 213.9862, 215.9842 ; found 213.9864, 215.9843.

O-alkylated product

TLC: 4.5:10 EtOACc : Hexane, Rf = 0.45, UV active

IH NMR (501 MHz, CDCls) § 8.11 (d, J = 2.5 Hz, 1H), 7.58 (dd, J = 2.5, 8.7 Hz, 1H), 6.62 (d, J = 8.7 Hz,

1H), 6.00 (ddt, J = 10.5, 17.3, 5.5 Hz, 1H), 5.31 (d, J = 17.3 Hz, 1H), 5.19 (d, J = 10.3 Hz, 2H).
13C NMR (126 MHz, CDCl3) 5 162.2, 147.4, 141.2, 133.1, 117.7, 112.8, 111.8, 66.9.

4.4  Surfactant screening results

Table S17 - Yield of N-alkylated and O-alkylated product of the surfactant screen for reaction with allyl bromide

Number Surfactant N-alkylated yield (%0) O-alkylated yield (%0)
1 None 70 6
2 Span 60 56 24
3 TTAB 95 5
4 Triton-X-305 71 23
5 Sulfobetain-16 100 0
6 TPGS-750-M 63 28
7 Cithrol 4DS 56 18
8 Crodasinic LS95 78 7
9 SOBS 66 34
10 C16E8 79 14
11 Igepal CO520 57 29
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5  Nucleophilic fluorination with fluoride anion
5.1 Fluorination of episulfoniums
5.1.1 Standard reaction protocol

For reaction optimisation

Ph Ph Ph
\L 14 30 mol% \L
CsF or KF.2H 0.

S S S
= < + = + Ph/\
B Br H,0, surfactant 2% w/w - E : OH
Ph/\r 19h Ph/Y ph/\r Ph
Ph Ph Ph
10 11 12 13
CF3 CFs3
Q X Q
F5C N~ 'N CF
3 NN 3
14

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added the substrate 10, catalyst, fluoride (CsF/KF/NaF), organic co-solvent, and pre-stirred surfactant solution
(2% wi/w in deionised H.0). The reaction vial was sealed with a lid (PTFE septum) and was stirred on a
custom-made aluminium block with 1 inch off-set stirring at an appropriate stirring speed, temperature, and
duration (detailed in the optimisation table). The crude reaction mixture was diluted with DCM and deionised
H.O, the layers were partitioned utilising brine, and the aqueous phase was extracted three times with DCM.
The organic layers were combined, dried (MgSO.), filtered and concentrated in vacuo. The crude mixture was

dissolved in CDClI; and analysed by *H and °F NMR.

For the substrate scope exploration

Ph\L s s
s N F N OH
: 14 30 mol% R R

Br
RN KF2H,0 6eq. Z | ~ |
|
s H,0:DCE (9:1) \\R * \\R
| surfactant 2% w/w
XX XX
R 50 °C, 4h R
z
¢
R

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added the appropriate substrate, catalyst 14 (0.3 eq), KF-HO (6 eq.), and pre-stirred surfactant solution (2%
w/w in deionised H»0) in water : DCE (9:1). The reaction vial was sealed with a lid (PTFE septum) and was

stirred for 4h on a custom-made aluminium block with 1 inch off-set stirring at 500 rpm, 50 °C. The crude
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reaction mixture was diluted with DCM and deionised H,O, the layers were partitioned utilising brine, and the
aqueous phase was extracted three times with DCM. The organic layers were combined, dried (MgSO.),
filtered and concentrated in vacuo. The crude mixture was dissolved in CDCl; and analysed by *H and °F
NMR.

5.1.2 Determination of product ratio

Example .No. 18 from Table 2 in the manuscript (DCE:H-0 9:1, KF-2H,0, Span 80)

L)

T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

Alkene 13 Product 11 Alcohol 12
Ph\/\s

H NN
X H - F ~ OH
2

Figure S53. Determination of product ratio using *H NMR

Conversion calculation using *H NMR integration of CH peaks

. 11 1.0
% Conversion product 11 = g———— * 100 = 55— * 100 = 58%
?+11 +12 T+1'0 +0.23
. 12 0.23
% Conversion alcohol 12 = g———— * 100 = 553 * 100 = 13%
7"‘11 +12 T+1.0 +0.23
0.98
13 -

% Conversion alkene 13 = 13

%100 = 55—2——* 100 = 29%
7+11 +12 — 3

2 +1.0 +0.2

5.1.3 Synthesis of starting materials and catalysts
1,3-Bis(3,5-bis(trifluoromethyl)phenyl)urea 14
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CF, CF, CF; CF,

Q :
F4C NCO H

To a solution of 3,5-bis(trifluoromethyl)phenyl isocyanate (0.51 g, 2.0 mmol) in DCM (4.0 mL), was added

2

3,5-bis(trifluoromethylaniline (0.46 g, 2.0 mmol) at rt. After stirring the reaction mixture at rt for 4-5 days the
resulting solids were collected by filtration. The solids were then washed using cold DCM (3 x 5 mL) and
dried under high vacuum for 24 h to afford the desired product 14 (0.84 g, 87% yield) as a white solid.

oH (500 MHz, acetone-de): 8.92 (br s, 2H), 8.09 (4H, s), 7.54 (2H, s).

dc (126 MHz, acetone-ds): 152.2 (C=0), 141.4 (Ar C), 131.7 (ArC-CF3, g, J = 33.0 Hz), 124.6 (ArC), 122.4
(Ar C), 118.7 (Ar CH), 115.5 (Ar CH).

Characterisation data is in agreement with those previously reported:*° 5, (acetone-ds, 500 MHz): 9.05 (br s,
2H), 8.22 (s, 4H), 7.67 (s, 2H); dc (acetone-ds, 125 MHz,): 153.1 (C=0), 142.2, 132.6 (g, ArC-CF3), 125.5,
123.3, 119.6, 116.3.

cis-Stilbene 13 (commercial)
J
dn (500 MHz, CDCls): 7.48-7.20 (10H, m), 6.73 (2H, s).

dc (126 MHz, CDCls): 137.4, 130.4, 129.0, 128.3, 127.2.

Preparation of substituted cis-stilbenes*

_ 18-crown-6
Cl i (10 mol%)
=0 PhsP —
d KOH (2.0 eq)
. 2; oo e e ) (2
R R DCM, -78 °C R R
(5 ml/mmol)

R = 3-Me, 3-OMe, 4-CI

cis-3,3'"-Dimethylstilbene

P
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m-Tolualdehyde (561 mg, 4.5 mmol) and 18-crown-6 (119 mg, 0.45 mmol) were added to a solution of (3-
methylbenzyl)triphenylphosphonium chloride (0.530 mL, 4.5 mmol) in dichloromethane (22.5 mL). The
mixture was cooled to —78 °C, and freshly powdered potassium hydroxide (505 mg, 9 mmol) was added under
magnetic stirring. After stirring at —78 °C for 6 h, the mixture was diluted with dichloromethane, filtered off,
and washed with water. The organic phase was dried over anhydrous magnesium sulfate. After filtration and
concentration of the organic phase, the residue was purified by flash column chromatography using silica gel
as the stationary phase and ethyl acetate—hexane (1:49) as mobile phase to afford the desired product as a
colourless liquid (200 mg, 21% yield).

dn (500 MHz, CDCls): 7.20-7.02 (8H, m, Ar H), 6.59 (2H, s), 2.31 (6H, s).
dc (126 MHz, CDCls): 137.7, 137.3, 130.2, 129.6, 128.0, 127.8, 125.9, 21.4.

Characterisation data is in agreement with those previously reported:** *tH NMR (300 MHz, CDCls, §): 7.19—
7.02 (m, 8H), 6.54 (s, 2H), 2.27 (s, 6H). **C NMR (100.6 MHz, CDCls, 8): 137.6, 137.2, 130.2, 129.6, 128.0,
127.8,125.9, 21.3.

cis-3,3"-Dimethoxystilbene

MeO N

l OMe

m-Anisaldehyde (0.61 mL, 5 mmol) and 18-crown-6 (132 mg, 0.5 mmol) were added to a solution of (3-
methoxybenzyl)triphenylphosphonium chloride (2.09 g, 5 mmol) in dichloromethane (25 mL). The mixture
was cooled to —78 °C, and freshly powdered potassium hydroxide (561 mg, 10 mmol) was added under
magnetic stirring. After stirring at —78 °C for 6 h, the mixture was diluted with dichloromethane, filtered off,
and washed with water. The organic phase was dried over anhydrous magnesium sulfate. After filtration and
concentration of the organic phase, the residue was purified by flash column chromatography using silica gel
as the stationary phase and ethyl acetate—hexane (1:49) as mobile phase to afford the desired product as a
yellow liquid (290 mg, 24% vyield).

8+ (500 MHz, CDCls): 7.18 (2H, t, J = 7.9 Hz, Ar H), 6.90-6.75 (6H, m, Ar H), 6.61 (2H, s), 3.69 (6H, s).
3¢ (126 MHz, CDCl3): 159.4, 138.5, 130.4, 129.2, 121.5, 113.8, 113.3, 55.1.

Characterisation data is in agreement with those previously reported:** *H NMR (300 MHz, CDCls, ): 7.18
(t, J = 7.8 Hz, 2H), 6.86-6.73 (m, 6H), 6.58 (s, 2H), 3.66 (s, 6H). 3C NMR (75.5 MHz, CDCls, 8): 159.4,
138.6, 130.4, 129.2, 121.5, 113.9, 113.3, 55.1.

cis-4,4"-Dichlorostilbene
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>s
Q)

Cl

4-Chlorobenzaldehyde (703 mg, 5 mmol) and 18-crown-6 (132 mg, 0.5 mmol) were added to a solution of 4-
chlorobenzyltriphenylphosphonium chloride (2.12 g, 5 mmol) in dichloromethane (25 mL). The mixture was
cooled to —78 °C, and freshly powdered potassium hydroxide (561 mg, 10 mmol) was added under magnetic
stirring. After stirring at —78 °C for 6 h, the mixture was diluted with dichloromethane, filtered off, and washed
with water. The organic phase was dried over anhydrous magnesium sulfate. After filtration and concentration
of the organic phase, the residue was purified by flash column chromatography using silica gel as the stationary
phase and ethyl acetate—hexane (1:49) as mobile phase to afford the desired product as a yellow liquid (670
mg, 54% yield).

on (500 MHz, CDCls): 7.12 (4H, d, J = 8.5 Hz, Ar H), 7.06 (4H, d, J = 8.5 Hz, Ar H), 6.47 (2H, s).
dc (126 MHz, CDCls): 135.3, 133.0, 130.2, 129.6, 128.6.

Characterisation data is in agreement with those previously reported:*! *H NMR (300 MHz, CDCls, ): 7.21
(d, J = 6.5 Hz, 4H), 7.15 (d, J = 6.5 Hz, 4H), 6.63 (s, 2H). *C NMR (100.6 MHz, CDCls, §): 135.2, 133.0,
130.1, 129.6, 128.5.

Preparation of substituted cis-stilbene oxides*

m-CPBA O
(2.5 €eq)

s Q. o XA
R R

(10 ml/mmol)
R = 3-Me, 3-OMe, 4-ClI

2,3-Di-m-tolyl-oxirane

To a solution of cis-3,3’-Dimethylstilbene (200 mg, 0.96 mmol) in dichloromethane (9.6 mL) was added
mCPBA (414 mg, 2.4 mmol) at 0 °C. After stirring at room temperature for 15 h, the mixture was diluted with
diethyl ether, and washed with 5% NaHCOs. The organic phase was dried over anhydrous magnesium
sulphate. Following filtration and concentration, the residue was purified by column chromatography using
silica gel as the stationary phase and ethyl acetate/hexane (1:19) as mobile phase to deliver the desired product

as a colourless liquid (124 mg, 57% yield).
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o+ (500 MHz, CDCls): 6.93-6.74 (8H, m, Ar H), 4.13 (2H, s), 2.06 (6H, s).
dc (126 MHz, CDCls): 137.3, 134.3, 128.3, 127.65, 127.64, 123.9, 58.9, 21.3.

Characterisation data is in agreement with those previously reported:** *tH NMR (300 MHz, CDCls, §): 7.09—
6.94 (m, 8H), 4.30 (s, 2H), 2.19 (s, 6H). 3C NMR (75.4 MHz, CDCls, 5): 137.3, 134.5, 129.0, 128.4, 123.9,
59.9, 21.4.

2,3-Bis-(3-methoxy-phenyl)-oxirane

0]

MeO O
l OMe

To a solution of cis-3,3'-Dimethoxystilbene (290 mg, 1.21 mmol) in dichloromethane (12.1 mL) was added
mCPBA (521 mg, 3.0 mmol) at 0 °C. After stirring at room temperature for 15 h, the mixture was diluted with
diethyl ether, and washed with 5% NaHCOs. The organic phase was dried over anhydrous magnesium
sulphate. Following filtration and concentration, the residue was purified by column chromatography using
silica gel as the stationary phase and ethyl acetate/hexane (1:19) as mobile phase to deliver the desired product

as a colourless liquid (140 mg, 55% yield).

8+ (500 MHz, CDCl3): 7.01 (2H, t, J = 7.7 Hz, Ar H), 6.73 (2H, d, J = 7.7 Hz, Ar H), 6.67-6.58 (4H, m, ArH),
4.24 (2H, s), 3.57 (6H, s).

dc (126 MHz, CDCls): 159.2, 136.0, 128.9, 119.4, 113.6, 112.0, 59.8, 55.1.

Characterisation data is in agreement with those previously reported:** *H NMR (300 MHz, CDCls, §): 7.13—
7.07 (t, J = 7.3 Hz, 2H), 6.82 (d, J = 7.5 Hz, 2H), 6.71-6.68 (m, 4H), 4.32 (s, 2H), 3.67 (s, 6H). °C NMR
(100.6 MHz, CDCls, 8): 159.1, 135.9, 128.8, 119.3, 113.6, 112.0, 59.7, 55.1.

2,3-Bis-(4-chloro-phenyl)-oxirane

T

Cl

To a solution of cis-4,4'-Dichlorostilbene (667 mg, 2.68 mmol) in dichloromethane (26.7 mL) was added
mCPBA (1.15 g, 6.69 mmol) at 0 °C. After stirring at room temperature for 15 h, the mixture was diluted with
diethyl ether, and washed with 5% NaHCOs. The organic phase was dried over anhydrous magnesium sulfate.

Following filtration and concentration, the residue was purified by column chromatography using silica gel as
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the stationary phase and ethyl acetate/hexane (1:19) as mobile phase to deliver the desired product as a white
solid (590 mg, 83% yield).

on (500 MHz, CDCls): 7.19 (4H, d, J = 8.5 Hz, Ar H), 7.11 (4H, d, J = 8.5 Hz, Ar H), 4.34 (2H, s).
dc (126 MHz, CDCls): 133.6, 132.6, 128.2, 128.1, 59.1.

Characterisation data is in agreement with those previously reported:** *H NMR (300 MHz, CDCls, 8): 7.18
(d, J = 8.4 Hz, 4H), 7.09 (d, J = 9.0 Hz, 4H), 4.31 (s, 2H). 3C NMR (75.4 MHz, CDCls, §): 133.6, 132.5,
128.3, 59.1.

Preparation of substituted hydroxy sulfides*

SH

o Ph” > Ph—
(1.0 eq) S OH
NaOH (s, 1.0 eq)

R R EtOH (0.1M) R R

reflux, 2h

R = 3-Me, 3-OMe, 4-ClI
rac-2-(phenethylthio)-1,2-diphenylethan-1-ol 12

Ph\/\s
< __OH
Ph
Ph
12

To a solution of cis-stilbene oxide (1.00 g, 5.1 mmol) in EtOH (51 mL), were added NaOH (s, 0.20 g, 5.1
mmol) and 2-phenylethanethiol (0.68 mL, 5.1 mmol) at rt. After stirring the reaction mixture at reflux for 2 h
(monitored by TLC using hexane : DCM = 8 : 2 as eluent) the solvent was removed in vacuo. The crude
mixture was diluted with Et,O and H2O, the layers were partitioned, and the aqueous phase was extracted three
times with Et,O. The organic layers were combined, dried (MgSO.), filtered and concentrated in vacuo.
Purification via flash column chromatography on silica gel (pentane/Et,O = 100:0 to 80:20 gradient) gave 12
(1.52 g, 89% vyield) as a yellow solid.

8+ (500 MHz, CDCls): 7.22-7.16 (2H, m), 7.15-7.06 (7H, m), 7.06-7.01 (4H, m), 7.01-6.97 (2H, m), 4.76 (1H,
d, J 8.6), 3.92 (1H, d, J 8.5), 2.78-2.68 (2H, m), 2.65-2.53 (2H, m).

3¢ (126 MHz, CDCls): 140.9 (Ar C), 140.2 (Ar C), 139.5 (Ar C), 128.6 (Ar CH), 128.5 (Ar CH), 128.5 (Ar
CH), 128.3 (Ar CH), 128.0 (Ar CH), 127.7 (Ar CH), 127.3 (Ar CH), 126.7 (Ar CH), 126.4 (Ar CH), 77.3 (CH),
60.3 (CH), 36.2 (CH2), 33.3 (CHo).

Characterisation data is in agreement with those previously reported:*2 *H NMR (500 MHz, CDCls) § = 7.32—
7.26 (m, 2H), 7.25-7.17 (m, 7H), 7.16-7.12 (m, 4H), 7.12-7.08 (m, 2H), 4.86 (dd, J = 8.5, 2.7 Hz, 1H), 4.03
(d, J=8.5 Hz, 1H), 3.17 (d, J = 2.7 Hz, 1H), 2.87-2.78 (m, 2H), 2.76-2.62 (m, 2H), *C NMR (126 MHz,
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CDCl3) 6 =141.1, 140.3, 139.6, 128.7, 128.6, 128.6, 128.4, 128.1, 127.8, 127.4, 126.8, 126.5, 77.4, 60.4, 36.3,
33.4.

rac-2-(phenethylthio)-1,2-di-m-tolylethan-1-ol

Ph\/\s

O OH

To a solution of 2,3-Di-m-tolyl-oxirane (124 mg, 0.55 mmol) in EtOH (5.5 mL), were added NaOH (s, 22 mg,
0.55 mmol) and 2-phenylethanethiol (0.074 mL, 0.55 mmol) at rt. After stirring the reaction mixture at reflux
for 2 h (monitored by TLC using hexane : DCM = 8 : 2 as eluent) the solvent was removed in vacuo. The crude
mixture was diluted with Et,O and H2O, the layers were partitioned, and the aqueous phase was extracted three
times with Et,O. The organic layers were combined, dried (MgSQO.), filtered and concentrated in vacuo.
Purification via flash column chromatography on silica gel (pentane/Et,O = 100:0 to 80:20 gradient) gave the

desired product as a yellow oil (158 mg, 78% vyield).

3+ (500 MHz, CDCls): 7.18-6.78 (13H, m, ArH), 4.74 (1H, d, J = 8.1 Hz), 3.90 (1H, d, J = 8.1 Hz), 2.75-2.67
(2H, m), 2.64-2.51 (2H, m), 2.19 (3H, s), 2.18 (3H, 3).

8¢ (126 MHz, CDCls): 141.0 (Ar C), 140.3 (Ar C), 139.5 (Ar C), 137.8 (Ar C), 137.6 (Ar C), 129.3 (Ar CH),
128.5 (Ar CH), 128.4 (Ar CH), 128.4 (Ar CH), 128.1 (Ar CH), 128.1 (Ar CH), 127.8 (Ar CH), 127.2 (Ar CH),
126.4 (Ar CH), 125.7 (Ar CH), 123.8 (Ar CH), 60.1, 36.2, 33.3, 31.6, 21.4, 21.4.

Characterisation data is in agreement with those previously reported:*2 *H NMR (400 MHz, CDCls) § = 7.24—
7.12 (m, 3H), 7.08-7.00 (m, 4H), 6.98-6.83 (m, 6H), 4.77 (d, J = 8.1 Hz, 1H), 3.94 (d, J = 8.1 Hz, 1H), 3.02
(s br, 1H), 2.78-2.70 (m, 2H), 2.68-2.55 (m, 2H), 2.23 (s, 3H), 2.22 (s, 3H), *C NMR (101 MHz, CDCls) § =
141.1, 140.4, 139.6, 138.0, 137.7, 129.4, 128.6, 128.6, 128.5, 128.2, 128.2, 127.9, 127.4, 126.5, 125.8, 124.0,
77.2,60.1, 36.3, 33.4, 21.5, 21.5.

rac-1,2-bis(3-methoxyphenyl)-2-(phenethylthio)ethan-1-ol

Ph\/\S

MeO l OH
l OMe

To a solution of 2,3-Bis-(3-methoxy-phenyl)-oxirane (140 mg, 0.55 mmol) in EtOH (5.5 mL), were added
NaOH (s, 22 mg, 0.55 mmol) and 2-phenylethanethiol (0.074 mL, 0.55 mmol) at rt. After stirring the reaction
mixture at reflux for 2 h (monitored by TLC using hexane : DCM = 8 : 2 as eluent) the solvent was removed
in vacuo. The crude mixture was diluted with Et,O and H-0O, the layers were partitioned, and the aqueous phase
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was extracted three times with Et,O. The organic layers were combined, dried (MgSO.), filtered and
concentrated in vacuo. Purification via flash column chromatography on silica gel (pentane/Et,O = 100:0 to

80:20 gradient) gave the desired product as a yellow oil (129 mg, 60% yield).

3+ (500 MHz, CDCl): 7.33-7.18 (3H, m, ArH), 7.17-7.08 (4H, m, ArH), 6.80-6.67 (6H, m, ArH), 4.82 (1H,
d, J = 8.3 Hz), 3.98 (1H, d, J = 8.3 Hz), 3.74 (3H, 5), 3.72 (3H, 5), 2.86-2.78 (2H, m), 2.77-2.59 (2H, m).

8¢ (126 MHz, CDCls): 159.5 (Ar C), 159.3 (Ar C), 142.6 (Ar C), 141.1 (Ar C), 140.2 (Ar C), 129.2 (Ar CH),
129.0 (Ar CH), 128.5 (Ar CH), 128.5 (Ar CH), 126.4 (Ar CH), 121.1 (Ar CH), 119.1 (Ar CH), 114.2 (Ar CH),
113.6 (Ar CH), 112.9 (Ar CH), 111.9 (Ar CH), 77.1, 60.2, 55.2, 55.2, 36.2, 33.4.

Characterisation data is in agreement with those previously reported:*? *H NMR (400 MHz, CDCl3) & = 7.25—
7.18 (m, 2H), 7.17-7.11 (m, 1H), 7.10-7.00 (m, 4H), 6.71-6.60 (m, 6H), 4.75 (dd, J = 8.3, 2.8 Hz, 1H), 3.91
(d, J=8.3 Hz, 1H), 3.66 (s, 3H), 3.64 (s, 3H), 3.05 (d, J = 2.8 Hz, 1H), 2.78-2.72 (m, 2H), 2.68-2.58 (m, 2H),
13C NMR (101 MHz, CDCl3) § = 159.6, 159.4, 142.7, 141.2, 140.3, 129.3, 129.1, 128.7, 128.6, 126.5, 121.2,
119.2,114.3,113.7, 113.0, 112.1, 77.2, 60.2, 55.3, 55.3, 36.3, 33.5.

rac-1,2-bis(4-chlorophenyl)-2-(phenethylthio)ethan-1-ol

Ph\/\s

O OH
Q)

Cl

To a solution of 2,3-Bis-(4-chloro-phenyl)-oxirane (0.59 g, 2.2 mmol) in EtOH (22 mL), were added NaOH
(s, 89 mg, 2.2 mmol) and 2-phenylethanethiol (0.297 mL, 2.2 mmol) at rt. After stirring the reaction mixture
at reflux for 2 h (monitored by TLC using hexane : DCM = 8 : 2 as eluent) the solvent was removed in vacuo.
The crude mixture was diluted with Et,O and H,0O, the layers were partitioned, and the aqueous phase was
extracted three times with Et,O. The organic layers were combined, dried (MgSO.), filtered and concentrated
in vacuo. Purification via flash column chromatography on silica gel (pentane/Et,O = 100:0 to 80:20 gradient)

gave the desired product as a yellow oil (0.65 g, 73% vyield).

8+ (500 MHz, CDCly): 7.34-6.97 (13H, m, Ar H), 4.75 (1H, d, J = 8.7 Hz), 3.87 (1H, d, J = 8.7 Hz), 2.87-2.78
(2H, m), 2.77-2.62 (2H, m).

3¢ (126 MHz, CDCls): 139.9 (Ar C), 139.0 (Ar C), 137.7 (Ar C), 133.6 (Ar C), 133.2 (Ar C), 129.9 (Ar CH),
128.6 (Ar CH), 128.3 (Ar CH), 128.0 (Ar CH), 126.5 (Ar CH), 76.6, 59.6, 36.1, 33.4.

Characterisation data is in agreement with those previously reported:*2 *H NMR (400 MHz, CDCls) § = 7.23—
7.17 (m, 7H), 7.15-7.09 (m, 2H), 7.06-6.99 (m, 4H), 4.65 (dd, J = 8.6, 2.5 Hz, 1H), 3.79 (d, J = 8.6 Hz, 1H),
3.10(d,J=2.5Hz, 1H), 2.74 (t,J = 7.3 Hz, 2H), 2.64-2.55 (m, 2H), **C NMR (101 MHz, CDClIs) [overlapping

signals] 6 = 140.0, 139.2, 137.8, 133.6, 133.3, 130.0, 128.7,128.7, 128.4, 128.2, 126.7, 76.7, 59.7, 36.2, 33.4.
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Preparation of substituted bromo sulfides*

RN
S OH
TMSBr (2.0 eq)

_ >
$2 O oommso, (T 0N
R R

RT
R = 3-Me, 3-OMe, 4-CI

rac-2-bromo-1,2-diphenylethyl(phenethyl)sulfane 10

Ph\/\s

Ph/\rBr
Ph
To a solution of hydroxy sulfide 12 (1.64 g, 4.9 mmol) in DCM (4.9 mL) taken in a round bottom flask
equipped with a stirring bar, was added anhydrous MgSOa (2.45 g). This was followed by dropwise addition
of TMSBr (1.27 mL, 9.8 mmol, 2 eq). After stirring the reaction mixture at rt for 1 h, the crude mixture was
filtered over celite and solvent was removed in vacuo to afford the desired product. Recrystallisation using
Hexane:Et,O (20:1) gave 10 (1.30 g, 67% vyield) as a white solid.

8+ (500 MHz, CDCls): 7.19-6.93 (15H, m, ArH), 5.16 (1H, d, J = 9.1 Hz), 4.39 (1H, d, J = 9.1 Hz), 2.79-2.63
(2H, m, CHy), 2.50-2.42 (2H, m, CHo).

dc (126 MHz, CDCls): 140.3, 139.6, 138.5, 128.9, 128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 127.7, 126.3, 58.2,
58.1, 36.0, 33.6.

Characterisation data is in agreement with those previously reported:*? *H NMR (400 MHz, CDCl3) § = 7.27—
7.04 (m, 15H), 5.24 (d, J = 9.0 Hz, 1H), 4.48 (d, J = 9.0 Hz, 1H), 2.89-2.73 (m, 2H), 2.60-2.53 (m, 2H), *C
NMR (100 MHz, CDCl3) 6 = 140.3, 139.6, 138.5, 128.9, 128.5, 128.5, 128.4, 128.3, 128.3 128.2, 127.8, 126.3,
58.1, 58.0, 36.0, 33.6

rac-2-bromo-1,2-di-m-tolylethyl(phenethyl)sulfane 17

Ph\/\S

Me ! Br
I Me

To a solution of rac-2-(phenethylthio)-1,2-di-m-tolylethan-1-ol (158 mg, 0.43 mmol) in DCM (0.43 mL) taken
in a round bottom flask equipped with a stirring bar, was added anhydrous MgSQ, (0.22 g). This was followed
by dropwise addition of TMSBr (0.11 mL, 0.86 mmol, 2 eq). After stirring the reaction mixture at rt for 1 h,
the crude mixture was filtered over Celite and solvent was removed in vacuo to afford the desired product.

Recrystallisation using Hexane:Et,O (20:1) gave the desired product 17 as a brown solid (180 mg, 98% yield).
74



dn (500 MHz, CDCls): 7.19-7.09 (3H, m, ArH), 7.01-6.95 (4H, m, ArH), 6.94-6.81 (6H, m, ArH), 5.14 (1H,
d, J=8.7 Hz), 4.35 (1H, d, J = 8.7 Hz), 2.80-2.63 (2H, m, CHy), 2.48 (2H, t, J = 7.9 Hz, CH,), 2.17 (6H, s,
Me).

dc (126 MHz, CDCls): 138.5, 137.5, 136.5, 135.8, 135.7, 127.6, 127.0, 127.0, 126.6, 126.5, 126.4, 126.0,
125.9, 124.3, 124.1, 123.4, 56.5, 56.0, 34.2, 31.7, 19.4, 19.3.

Characterisation data is in agreement with those previously reported:*2 *H NMR (500 MHz, CDCls) § = 7.29—
7.20 (m, 3H), 7.13-7.05 (m, 4H), 7.09-6.90 (m, 6H), 5.24 (d, J = 8.7 Hz, 1H), 4.45 (d, J = 8.7 Hz, 1H), 2.85-
2.75 (m, 2H), 2.58 (t, J = 7.9 Hz, 2H), 2.26 (s, 6H), **C NMR (126 MHz, CDCl3) § = 140.4, 139.5, 138.5,
137.7,137.6,129.5, 129.0, 129.0, 128.5, 128.4, 128.4, 128.0, 127.9, 126.3, 126.0, 125.3, 58.4, 58.0, 36.1, 33.6,
21.3,21.3.

rac-2-bromo-1,2-bis(3-methoxyphenyl)ethyl(phenethyl)sulfane 15

Ph\/\S

MeO ! Br
l OMe

To a solution of rac-1,2-bis(3-methoxyphenyl)-2-(phenethylthio)ethan-1-ol (129 mg, 0.33 mmol) in DCM
(0.33 mL) taken in a round bottom flask equipped with a stirring bar, was added anhydrous MgSQO. (0.17 g).
This was followed by dropwise addition of TMSBr (0.09 mL, 0.66 mmol, 2 eq). After stirring the reaction
mixture at rt for 1 h, the crude mixture was filtered over celite and solvent was removed in vacuo to afford the
desired product. Recrystallisation using Hexane:Et,O (20:1) gave the desired product 15 as a yellow oil (98
mg, 65% yield).

8 (500 MHz, CDCla): 7.19-7.06 (3H, m, ArH), 7.05-6.94 (4H, m, ArH), 6.76-6.57 (6H, m, ArH), 5.11 (1H,
d,J=8.9Hz), 4.33 (1H, d, J = 8.9 Hz), 3.64 (3H, s, Me), 3.63 (3H, s, Me), 2.80-2.65 (2H, m, CH,), 2.56-2.44
(2H, m, CHy).

dc (126 MHz, CDCls): 157.4, 157.1, 139.0, 138.4, 138.1, 127.2, 127.1, 126.6, 126.5, 124.4, 119.4, 118.7,
112.3,112.1, 111.9, 111.4, 56.1, 55.9, 53.3, 53.2, 34.1, 31.7.

Characterisation data is in agreement with those previously reported:*? *H NMR (400 MHz, CDCls) § = 7.30—
7.16 (m, 4H), 7.13-7.06 (m, 3H), 6.78 (d, J = 7.8 Hz, 1H), 6.75-6.67 (m, 5H), 5.19 (d, J = 8.8 Hz, 1H), 4.40
(d, J = 8.8 Hz, 1H), 3.70 (s, 3H), 3.69 (s, 3H), 2.89-2.69 (M, 2H), 2.64-2.49 (m, 2H), *C NMR (101 MHz,
CDCls) 6 = 159.3, 159.1, 140.9, 140.3, 140.1, 129.1, 129.1, 128.6, 128.4, 126.3, 121.4, 120.6, 114.3, 114.0,
113.9, 113.3, 58.1, 57.9, 55.2, 55.2, 36.0, 33.6.

rac-2-bromo-1,2-bis(4-chlorophenyl)ethyl(phenethyl)sulfane 19
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Cl

To a solution of rac-1,2-bis(4-chlorophenyl)-2-(phenethylthio)ethan-1-ol (655 mg, 1.62 mmol) in DCM (2.0
mL) taken in a round bottom flask equipped with a stirring bar, was added anhydrous MgSO. (0.81 g). This
was followed by dropwise addition of TMSBr (0.42 mL, 3.25 mmol, 2 eq). After stirring the reaction mixture
at rt for 1 h, the crude mixture was filtered over celite and solvent was removed in vacuo to afford the desired
product. Recrystallisation using Hexane:Et,O (20:1) gave the desired product 19 as a yellow oil (588 mg, 78%
yield).

8+ (500 MHz, CDCls): 7.24-6.90 (13H, m, ArH), 5.06 (1H, d, J = 8.3 Hz), 4.24 (1H, d, J = 8.3 Hz), 2.79-2.67
(2H, m, CHy), 2.56-2.42 (2H, m, CHo).

dc (126 MHz, CDCls): 138.1, 135.5, 134.7, 132.2, 131.6, 128.3, 127.8, 126.6, 126.6, 126.5, 126.4, 124.5, 55.4,
54.3,34.0, 31.7.

Characterisation data is in agreement with those previously reported:*2 *H NMR (400 MHz, CDCls) § = 7.30—
6.99 (m, 13H), 5.13 (d, J = 8.3 Hz, 1H), 4.31 (d, J = 8.2 Hz, 1H), 2.80 (dd, J = 8.4, 5.6 Hz, 2H), 2.56 (t, J =
7.7 Hz, 2H), 3C NMR (101 MHz, CDCls) § = 140.0, 137.4, 136.6, 134.2, 133.6, 130.3, 129.7, 128.5, 128.5,
128.4,128.3, 126.5, 57.3, 56.3, 36.0, 33.6.

rac-2-fluoro-1,2-diphenylethyl)(phenethyl)sulfane 11
Ph
\/\5

Ph/\(F

Ph

11

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added substrate 10 (60 mg, 0.15 mmol), catalyst 14 (22 mg, 0.05 mmol, 0.3 eq), DCE (0.1 mL), pre-stirred
Span-80 surfactant solution (18 mg in 0.9 mL deionised H,0, 2% w/w) and KF-2H,0 (86 mg, 0.91 mmol, 6
eq.). The reaction vial was sealed with a lid (PTFE septum) and was stirred for 4h on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm, 50 °C. The crude reaction mixture was diluted with 9 mL deionised
H>0, and the aqueous phase was extracted three times with 10 mL DCM. The organic layers were combined,
dried (MgSO.), filtered and concentrated in vacuo. The crude mixture was dissolved in CDCls and analysed
by H and °F NMR.
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Purification via flash column chromatography on silica gel (Hexane/EtOAc = 99:1 to 95:5 gradient), gave 11
(24 mg, 47% yield) as a crude colourless oil consisting of an inseparable mixture of the desired fluorinated

product 11 (major) and alkene by-product 13 in ratio 11:13 = 17:10.

8+ (400 MHz, CDCls): 7.30-6.93 (15H, m, ArH), 5.58 (1H, dd, J = 46.3, 7.5 Hz), 4.13 (1H, dd, J = 13.6, 7.5
Hz), 2.82-2.55 (4H, m, CH.,).

8¢ (126 MHz, CDCls): 140.4, 137.7 (d, Jor = 4.7 Hz), 137.6 (d, Jor = 20.9 Hz), 129.0, 128.6, 128.4, 128.4,
128.0, 127.7, 126.3 (d, Je.r = 1.3 Hz), 126.3, 97.0 (d, Jc-r = 180.3 Hz), 56.3 (d, Je.r = 24.0 Hz), 36.2, 33.3.

3¢ (376 MHz, CDCls): -172.5 (1F).

Characterisation data is in agreement with those previously reported:*? *H NMR (400 MHz, CDCls) § = 7.30—
7.19 (m, 9H), 7.17-7.14 (m, 2H), 7.11-7.09 (m, 4H), 5.67 (dd, J = 46.3, 7.5 Hz, 1H), 4.22 (dd, J = 13.6, 7.5
Hz, 1H), 2.88-2.62 (m, 4H), **F NMR (376 MHz, CDCl3) § = -172.6 (dd, J = 46.3, 13.6 Hz, 1F), *C NMR
(101 MHz, CDCls) 6 = 140.5, 137.8 (d, Jcr = 4.8 Hz), 137.6 (d, Jcr = 21.1 HZz), 129.1, 128.7, 128.6 (d, Jc ¢
= 2.4 Hz), 1285, 128.5, 128.1, 127.8, 126.4 (d, Jcr = 7.0 Hz), 126.4, 97.1 (d, Jcr = 180.3 Hz), 56.4 (d, Jc ¢
=23.9 Hz), 36.5, 33.4.

Compound 18

lMe

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added substrate 17 (65 mg, 0.15 mmol), catalyst 14 (22 mg, 0.05 mmol, 0.3 eq), DCE (0.1 mL), pre-stirred
Span-80 surfactant solution (18 mg in 0.9 mL deionised H->0, 2% w/w) and KF-2H,O (86 mg, 0.91 mmol, 6
eq.). The reaction vial was sealed with a lid (PTFE septum) and was stirred for 4h on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm, 50 °C. The crude reaction mixture was diluted with 9 mL deionised
H,0, and the aqueous phase was extracted three times with 10 mL DCM. The organic layers were combined,
dried (MgSOQ.), filtered and concentrated in vacuo. The crude mixture was dissolved in CDCI; and analysed
by 'H and *F NMR.

Purification via flash column chromatography on silica gel (Hexane/EtOAc = 99:1 to 95:5 gradient), gave 18
(25 mg, 46% yield) as a crude colourless oil consisting of an inseparable mixture of the desired fluorinated

product 18 (major) and corresponding alkene by-product in ratio 18:alkene = 24:10.

Avi (400 MHz, CDCls): 7.28-6.76 (13H, m, ArH), 5.55 (1H, dd, J = 46.4, 7.2 Hz), 4.07 (1H, dd, J = 14.5, 7.2
Hz), 2.80-2.66 (2H, m, CHy), 2.65-2.53 (2H, m, CHy), 2.19 (6H, s, CHs).
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Ac (126 MHz, CDCls): 140.5, 138.0, 137.8 (d, Jcr = 4.4 Hz), 137.6, 137.5, 137.4, 129.6, 129.2, 128.6, 128.4,
128.2, 126.9 (d, Jor = 6.9 Hz), 126.3, 126.0, 123.4 (d, Jor = 6.9 Hz), 97.0 (d, Jc.r = 180.0 Hz), 56.2 (d, Jor =
23.7 Hz), 36.2, 33.3 (d, Jcr = 2.1 H2).

Ar (376 MHz, CDCl5): -173.3 (1F).

Characterisation data is in agreement with those previously reported:*2 *H NMR (500 MHz, CDCls) § = 7.34—
7.20 (m, 3H), 7.19-6.88 (m, 10H), 5.66 (dd, J = 46.5, 7.2 Hz, 1H), 4.19 (dd, J = 14.5, 7.2 Hz, 1H), 2.92-2.76
(m, 2H), 2.71 (m, 2H), 2.31 (s, 3H), 2.31 (s, 3H), °F NMR (470 MHz, CDCls) § = -173.4 (dd, J = 46.4, 14.5
Hz, 1F), *C NMR (126 MHz, CDCl3) [overlapping signals] § = 140.5, 138.0, 137.8 (Jcr = 4.3 Hz), 137.6,
137.6 (Jcr = 20.7 Hz), 129.5, 129.2, 129.1, 128.5, 128.4, 128.2, 127.8, 126.9, (Jcr = 6.8 Hz), 126.3, 126.0,
123.4 (Jcr = 6.9 Hz), 97.0 (Jcr = 180.0 Hz), 56.2 (Jcr = 23.7 Hz), 36.2, 33.3 (Jcr = 2.1 Hz), 21.4.

Compound 16

Ph\/\s

MeO ! F
l OMe

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added substrate 15 (28.6 mg, 0.06 mmol), catalyst 14 (9.1 mg, 0.02 mmol, 0.3 eq), DCE (0.04 mL), pre-stirred
Span-80 surfactant solution (7.4 mg in 0.37 mL deionised H20, 2% w/w) and KF-2H0 (35 mg, 0.375 mmol,
6 eq.). The reaction vial was sealed with a lid (PTFE septum) and was stirred for 4h on a custom-made
aluminium block with 1 inch off-set stirring at 500 rpm, 50 °C. The crude reaction mixture was diluted with 9
mL deionised H>O, and the aqueous phase was extracted three times with 10 mL DCM. The organic layers
were combined, dried (MgSQ.), filtered and concentrated in vacuo. The crude mixture was dissolved in CDCl;
and analysed by *H and °F NMR.

Purification via flash column chromatography on silica gel (Hexane/EtOAc = 99:1 to 95:5 gradient), gave 16

(20 mg, 33% yield) as a pure colourless oil.

84 (400 MHz, CDCls): 7.21-6.99 (7H, m), 6.74-6.54 (6H, m), 5.55 (1H, dd, J 46.35, 7.27), 4.08 (1H, dd, J
14.20, 7.12), 3.64 (3H, s), 3.63 (3H, s), 2.80-2.67 (2H, M, CH>), 2.64-2.58 (2H, m, CHo).

3¢ (126 MHz, CDCls): 159.5, 159.2, 140.4, 139.3 (d, Jo.r 4.45), 139.1, 139.0, 129.3, 129.0, 128.5, 128.4, 126.3,
121.4, 118.6 (d, Jcr 7.03), 114.3, 113.4, 111.6 (d, Jcr 7.45), 96.7 (d, Jcr 181.0), 56.2 (d, Jor 14.39), 55.2,
36.2, 33.3 (d, Jer 2.0).

8¢ (376 MHz, CDCls): -173.1 (1F).

Characterisation data is in agreement with those previously reported:*? *H NMR (500 MHz, CDCls) § = 7.32—
7.09 (m, 7H), 6.84— 6.64 (m, 6H), 5.66 (dd, J = 46.4, 7.2 Hz, 1H), 4.18 (dd, J = 14.1, 7.2 Hz, 1H), 3.75 (s, 3H),
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3.73 (s, 3H), 2.89-2.77 (m, 2H), 2.76-2.68 (m, 2H), *F NMR (470 MHz, CDCl) § = -173.1 (dd, J = 46.4,
14.1 Hz, 1F), °C NMR (126 MHz, CDCls) [overlapping signals] & = 159.5, 159.2, 140.4, 139.3 (d, Jc.r = 4.3
Hz), 139.0 (d, Jer = 21.0 Hz), 129.3, 129.0, 128.5, 128.4, 126.3, 121.4, 118.6 (d, Jcr = 7.0 Hz), 114.3 (d, Jc_
£ = 2.9 Hz), 114.3, 113.4, 111.6 (d, Jor = 7.5 Hz), 96.7 (d, Jr = 181.0 Hz), 56.2 (d, Jcr = 23.8 Hz), 55.2,
36.2, 33.3 (d, Jcr = 2.0 H2).

Compound 20

Cl

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added substrate 19 (71 mg, 0.15 mmol), catalyst 14 (22 mg, 0.05 mmol, 0.3 eq), DCE (0.1 mL), pre-stirred
Span-80 surfactant solution (18 mg in 0.9 mL deionised H,0, 2% w/w) and KF-2H,0 (86 mg, 0.91 mmol, 6
eq.). The reaction vial was sealed with a lid (PTFE septum) and was stirred for 4h on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm, 50 °C. The crude reaction mixture was diluted with 9 mL deionised
H.0, and the aqueous phase was extracted three times with 10 mL DCM. The organic layers were combined,
dried (MgSO.), filtered and concentrated in vacuo. The crude mixture was dissolved in CDClI; and analysed
by H and °F NMR.

Purification via flash column chromatography on silica gel (Hexane/EtOAc = 99:1 to 95:5 gradient), gave 20
(20 mg, 33% vyield) as a crude colourless oil consisting of an inseparable mixture of the desired fluorinated

product 20 and corresponding alkene by-product in ratio 20:alkene = 10:13.

8+ (400 MHz, CDCls): 7.23-7.04 (7H, m, ArH), 7.01 (2H, d, J = 7.2 Hz, ArH), 6.95 (2H, d, J = 8.4 Hz, ArH),
6.90 (2H, d, J = 8.4 Hz, ArH), 5.51 (1H, dd, J = 45.8, 7.0 Hz), 4.07 (1H, dd, J = 13.8, 7.0 Hz), 2.77-2.70 (2H,
m, CHy), 2.66-2.53 (2H, m, CHo).

3¢ (126 MHz, CDCls): 140.1, 135.8 (d, Jc.r = 4.1 Hz), 135.5 (d, Jo.r = 21.4 Hz), 134.5 (d, Jor = 1.9 Hz), 133.7,
130.3, 128.6, 128.6, 128.5, 128.3, 127.7 (d, Jor = 6.9 Hz), 126.5, 95.8 (d, Jor = 181.7 Hz), 55.3 (d, Jor = 24.5
HZ), 36.1, 33.3 (d, Jer=1.7 HZ).

Or (376 MHz, CDCls): -172.4.

Characterisation data is in agreement with those previously reported:*? *H NMR (400 MHz, CDCls) § = 7.32—
7.15 (m, 7H), 7.10-7.05 (m, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 5.58 (dd, J = 45.8, 7.0 Hz,
1H), 4.09 (dd, J = 13.8, 7.0 Hz, 1H), 2.90-2.76 (m, 2H), 2.73-2.56 (m, 2H), 1°F NMR (376 MHz, CDCls) & =
-172.4 (dd, J = 45.9, 13.9 Hz, 1F), 3C NMR (101 MHz, CDCls) & = 140.2, 135.9 (d, Jcr = 4.0 Hz), 135.6 (d,
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Jor = 21.4 Hz), 134.7 (d, Jor = 1.9 Hz), 133.8, 130.4, 128.7, 128.7, 128.6, 128.4, 127.8 (d, Jcr = 6.9 H2),
126.6, 95.9 (d, Jcr = 181.7 Hz), 55.4 (d, Jc.r = 24.4 Hz), 36.2, 33.4 (d, Jcr = 1.8 Hz).

5.1.4 Results of screening with surfactant_map

The results, represented as the 11:12 ratio, is summarised below:
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Figure S54. Projected ratios of 11:12 (dot size) for each screened surfactant (red for screenl and green for screen2) in
PC1-PC2, PC2-PC3 and PC3-PC1 combinations

Table S18. Surfactant screen for fluorination of B-bromosulfide 10

Combined yield 11 + 13

No. Solvent Fluoride Surfactant Yield (% 10:11:12:13) %)
1b¢ | Toluene:H20 (10:90) CsF None 81:6:7:6 12
2b¢ DCE:H20 (10:90) CsF None 69:10:9:12 22
3 DCE:H20 (10:90) CsF Span 20 0:39:33:28 67
4 DCE:H20 (10:90) CsF SPGS-550-M 0:27:45:28 55
5 DCE:H20 (10:90) CsF Sodium 1-decanesulfonate 0:0:90:10 10
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6 DCE:H20 (10:90) CsF CPC 0:27:21:51 78
7 DCE:H20 (10:90) CsF Lauryl Betaine 0:12:53:35 47
8 DCE:H20 (10:90) CsF CTAC 0:32:21:47 79
9 DCE:H20 (10:90) CsF Span 80 0:57:8:35 92
10 DCE:H20 (10:90) CsF Brij 52 0:19:39:42 61
11 DCE:H20 (10:90) CsF PS-750-M 0:25:47:28 53
12¢ DCE:H20 (10:90) CsF Span 80 0:56:8:36 92
13 DCE:H20 (10:90) CsF Span 85 0:52:13:35 87
14 DCE:H20 (10:90) CsF Span 40 0:38:32:30 68
15 DCE:H20 (10:90) CsF Span 60 0:39:31:30 69
16 DCE:H20 (10:90) CsF Tween 85 0:44:25:31 75
17 DCE:H20 (10:90) CsF Brij 35 0:20:49:31 51
18 DCE:H20 (10:90) KF.2H20 Span 80 0:49:10:41 90
19¢ DCE:H20 (10:90) KF.2H20 Span 80 0:58:13:29 87
20 Toluene:H20 (10:90) | KF.2H20 Span 80 0:40:28:32 72
21°¢ DCE:H20 (10:90) TBAF None 75:0:6:18 18
22¢ DCE:Hz0 (10:90) KF.2H20 Dibenzo-18-crown-6 18:16:50:16 32

Standard conditions [SM] = 0.15M, 3.0 eq. of fluoride, 30 mol% of catalyst 14, 2% w/w surfactant in water, 19h at 50
°C; 2Determined by H NMR; °[SM] = 0.08M; ‘at room temperature; “[SM] = 0.23M; 6.0 eq. of KF.2H,O.

5.2 Fluorination of sulfonyl chlorides

5.2.1 Standard reaction protocol

o o)
n_Cl KF+2H,0 (1.5 eq) a-F
/©/S\\o Surfactant 2% w/w /©/ S0
H,O, RT
21 22

For reaction optimisation

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added the appropriate sulfonyl chloride substrate (1.06 mmol), KF<2H,O (1.5 eq.), and pre-stirred CTAC
surfactant solution (2% wi/w) in deionised H,O (7 mL, 0.152 M in sulfonyl chloride). The reaction vial was
sealed with a lid (PTFE septum) and was stirred on a custom-made aluminium block with 1 inch off-set stirring
at an appropriate stirring speed, temperature, and duration (detailed in the optimisation table). The crude
reaction mixture was diluted with DCM and deionised H-O, the layers were partitioned utilising brine, and the
aqueous phase was extracted three times with DCM. The organic layers were combined, dried (MgSO.),
filtered and concentrated in vacuo. The crude mixture was dissolved in CDCl; and analysed by *H and °F
NMR.
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For substrate scope experiments

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added the appropriate sulfonyl chloride substrate (1.06 mmol), KF<2H>O (3.19 mmol, 3 eq.), and pre-stirred
CTAC surfactant solution (2% wi/w) in deionised H,O (7 mL, 0.152 M in sulfonyl chloride). The reaction vial
was sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made
aluminium block with 1 inch off-set stirring at 500 rpm. In case where the product was solid simply a filtration
of the reaction mixture was carried out. Product was washed with water (10 mL) 4-5 times to remove residual
surfactant CTAC, dried overnight in a desiccator and then analysed by *H, C and °F NMR. In case where
the product was liguid- the crude reaction mixture was diluted with DCM and deionised H,O, the layers were
partitioned utilising brine, and the agueous phase was extracted three times with DCM. The organic layers
were combined, dried (MgSQ.), filtered, and concentrated in vacuo after passing the solution through a plug

of silica. The isolated product was dissolved in CDCls and analysed by 'H, *3C and *F NMR.
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5.2.2 Determination of reaction yields

Example .No. 2 from Table 3 in the manuscript (Span 60)

é-li;:_ﬂl A \ . J A

T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

I

Figure S55. Determination of reaction yield with *H NMR
Conversion calculation using *H NMR integration of CH peaks

1.34
1.0 +1.34

% Conversion product 22 = % * 100 = *100 =57%

5.2.3 Characterisation data of products

p-Tolylsulfonyl fluoride 22

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-toluenesulfonyl chloride (203 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg, 2%
w/w) in deionised H,O (7 mL, 0.152 M), and KF+2H,0 (300 mg, 3.19 mmol, 3 eq). The reaction vial was

sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
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block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 22 as white solid (172 mg, 93% yield). Product was analysed by *H,
13C and °F NMR.

31 (500 MHz, CDCls): 7.79 (2H, d, J = 8.4 Hz, ArH), 7.33 (2H, d, J = 4.3 Hz, ArH), 2.40 (3H, s, Me).
3¢ (126 MHz, CDCly): 147.2, 130.3, 130.0 (d, J = 24.3 Hz), 128.4, 21.8 (CHs).
3 (376 MHz, CDCls): 66.2.

Characterisation data is in agreement with those previously reported:** *H NMR (400 MHz, CDCls): § [ppm]
=7.89 (d, 8.0 Hz, 2H), 7.42 (d, 8.0 Hz, 2H), 2.49 (s, 3H); *C NMR (100 MHz, CDCls): & [ppm] = 147.2,
130.4, 130.3, 130.1, 128.6, 22.0; °F NMR (376 MHz, CDCls): & [ppm] = 66.2.

o-Tolylsufonyl fluoride 32

Ly

CHj

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added o-toluenesulfonyl chloride (203 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg, 2%
w/w) in deionised H>O (7 mL, 0.152 M), and KF<2H>O (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. The crude reaction mixture was diluted with DCM and deionised
H.0, the layers were partitioned utilising brine, and the aqueous phase was extracted three times with DCM.
The organic layers were combined, dried (MgSQ.), filtered, and concentrated in vacuo after passing the

solution through a plug of silica to afford the desired product 32 as colourless oil (165 mg, 89% yield). Product
was analysed by H, *C and °F NMR.

8+ (500 MHz, CDCls): 7.90 (1H, d, J = 8.1 Hz, ArH), 7.52 (1H, t, J = 4.3 Hz, ArH), 7.35-7.25 (2H, m, ArH),
2.57 (3H, s, Me).

3¢ (126 MHz, CDCls): 139.0, 135.4, 132.9, 132.2 (d, J = 22.2 Hz), 130.3, 126.7, 20.2 (CH).
8¢ (376 MHz, CDCls): 60.3.

Characterisation data is in agreement with those previously reported:** *H NMR (399 MHz, CDCl3) 6 8.02 (d,
J=7.9Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.48 —7.37 (m, 2H), 2.69 (s, 3H). 3C{1H} NMR (100 MHz, CDCl5)
8139.1,135.4,133.0, 132.4 (d, J = 22.1 Hz), 130.1 (d, J = 1.8 Hz), 126.8, 20.3 (d, J = 1.3 Hz). %F NMR (376
MHz, CDCls) 6 60.31 (s).

p-Bromophenylsulfonyl fluoride 24
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In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-bromobenzene sulfonyl chloride (272 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wi/w) in deionised H-O (7 mL, 0.152 M), and KF<2H,0 (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 24 as white solid (223 mg, 88% yield). Product was analysed by *H,
13C and °F NMR.

o1 (500 MHz, CDCls): 7.79 (2H, d, J = 8.8 Hz, ArH), 7.70 (2H, t, J = 8.8 Hz, ArH).
dc (126 MHz, CDCls): 133.1, 131.9 (d, J = 25.7 Hz), 131.3, 129.8.
O (376 MHz, CDCls): 66.4.

Characterisation data is in agreement with those previously reported:** *H NMR (399 MHz, CDCl3) § 7.87 (d,
J=8.7 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H). **C NMR (100 MHz, CDCl3) 6 133.2, 132.0 (d, J = 25.7 Hz), 131.4,
129.9. F NMR (376 MHz, CDCls) § 66.36 (s).

o-Bromobenzenesulfonyl fluoride 34

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added o-bromobenzenesulfonyl chloride (272 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wi/w) in deionised H-O (7 mL, 0.152 M), and KF+2H>0 (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 34 as white solid (234 mg, 92% yield). Product was analysed by *H,
13C and °F NMR.

3w (500 MHz, CDCls): 8.15 (1H, dd, J=7.6, 2.0 Hz, ArH), 7.87 (1H, dd, J = 7.6, 1.6 Hz, ArH), 7.65-7.54 (2H,
m, ArH).

3¢ (126 MHz, CDCls): 136.2, 135.9, 133.9 (d, J = 24.2 Hz), 132.1 (d, J = 1.5 Hz), 128.0, 121.1 (d, J = 1.1 Hz).

or (376 MHz, CDCls): 57.9.
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Characterisation data is in agreement with those previously reported:* *H NMR (400 MHz, CDCls): § 8.17 —
8.12 (m, 1H), 7.87 — 7.84 (m, 1H), 7.61 — 7.53 (m, 2H). **C NMR (100 MHz, CDCl3): § 136.2, 136.0, 134.1
(d, J=24.3 Hz), 132.2 (d, J = 1.7 Hz), 128.1, 121.2. **F NMR (376 MHz, CDCls): 5 57.94.

p-Nitrophenylsulfonyl fluoride 36

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-nitrobenzenesulfonyl chloride (236 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wiw) in deionised HO (7 mL, 0.152 M), and KF+2H-0 (300 mg, 3.19 mmol, 3 eq.). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 36 as white solid (180 mg, 82% yield). Product was analysed by *H,
13C and °F NMR.

8+ (500 MHz, CDCls): 8.51 (2H, d, J = 8.0 Hz, ArH), 8.26 (2H, d, J = 7.8 Hz, ArH).
3¢ (126 MHz, CDCl3): 151.8, 138.2 (d, J = 26.7 Hz), 130.0, 124.9.
8¢ (376 MHz, CDCls): 66.1.

Characterisation data is in agreement with those previously reported:* *H NMR (400 MHz, CDCls): § 8.49 (d,
J = 8.9 Hz, 2H), 8.25(d, J = 8.9 Hz, 2H); *F NMR (376 MHz, CDCls):  66.1 (s, 1F); *C NMR(101 MHz,
CDCls): 8 152.0, 138.5 (d, J = 26.9 Hz), 130.1, 125.0 ppm.

'H NMR (400 MHz, CDCls): & [ppm] = 8.49 (d, 8.4 Hz, 2H), 8.25 (d, 8.4 Hz, 2H); *C NMR (100 MHz,
CDCls): § [ppm] = 142.8, 131.7, 131.4, 130.3, 130.0; °F NMR (376 MHz, CDCls): § [ppm] = 66.3.

o-Nitrophenylsulfonyl fluoride 26

Do

NO,
In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added o-nitrobenzenesulfonyl chloride (236 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wiw) in deionised H2O (7 mL, 0.152 M), and KF+2H>0 (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium

block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered

precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
86



a desiccator to afford the desired product 26 as white solid (183 mg, 84% yield). Product was analysed by H,
13C and °F NMR.

8+ (500 MHz, CDCls): 8.32-8.22 (1H, m, ArH), 8.07 (1H, d, J = 8.1 Hz, ArH), 8.04-7.96 (1H, m, ArH), 7.96-
7.87 (1H, m, ArH).

dc (126 MHz, CDCls):148.1, 136.8, 133.5, 131.8, 130.4, 125.9.
O (376 MHz, CDCls): 65.0.

Characterisation data is in agreement with those previously reported:*’ *H NMR (500 MHz, CDCl3) & 8.26 (dd,
J=7.9, 1.3 Hz, 1H), 8.06 (d, J =7.9 Hz, 1H), 7.97 (td, J = 7.8, 1.4 Hz, 1H), 7.93-7.85 (m, 1H). *C NMR (101
MHz, CDCls) 5 148.3, 136.7, 133.4, 132.0 (d, J = 1.6 Hz), 127.2 (d, J = 29.1 Hz), 126.0. °F NMR (470 MHz,
CDCls) 6 65.1.

p-lodobenzenesulfonyl fluoride 28

)
s¢
I

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-iodobenzenesulfonyl chloride (322 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wi/w) in deionised H-O (7 mL, 0.152 M), and KF<2H,0 (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 28 as white solid (277 mg, 91% yield). Product was analysed by *H,
13C and °F NMR.

84 (500 MHz, CDCls): 8.03 (2H, d, J = 8.1 Hz, ArH), 7.73 (2H, d, J = 8.1 Hz, ArH).
8¢ (126 MHz, CDCls): 139.1, 132.6 (d, J = 25.6 Hz), 129.5, 104.1.
8¢ (376 MHz, CDCls): 66.1.

Characterisation data is in agreement with those previously reported:** *tH NMR (400 MHz, CDCls): & [ppm]
= 8.01 (d, 8.0 Hz, 2H), 7.71 (d, 8.0 Hz, 2H); *C NMR (100 MHz, CDCls): & [ppm] = 139.2, 132.9, 129.6,
104.2; F NMR (376 MHz, CDCls): & [ppm] = 66.2.

o-Nitrilephenylsulfonyl fluoride 38
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In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added 2-cyanobenzenesulfonyl chloride (214 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg,
2% wiw) in deionised H>O (7 mL, 0.152 M), and KF+2H,0 (300 mg, 3.19 mmol, 3 eq.). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and the filtered
precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried overnight in
a desiccator to afford the desired product 38 as white solid (159 mg, 81% yield). Product was analysed by *H,
13C and °F NMR.

dn (500 MHz, CDCls): 8.30-8.22 (1H, m, ArH), 8.07-8.00 (1H, m, ArH), 7.99-7.89 (2H, m, ArH)
dc (126 MHz, CDCls): 135.9, 135.6, 135.2, 135.0, 133.5, 130.9, 114.1, 111.9.
dr (376 MHz, CDCls): 64.

Characterisation data is in agreement with those previously reported:* *H NMR (400 MHz, CDCl3) & 8.23 (dd,
J=6.8,2.2 Hz, 1H), 8.01 (dd, J = 6.8, 2.2 Hz, 1H), 7.95-7.87 (m, 2H); **C NMR (101 MHz, CDCl3) & 136.0,
135.7,135.2 (d, J = 27.8 Hz), 133.6, 131.0, 114.2, 112.0; **F NMR (377 MHz, CDCl3) & 64.6.

p-(Trifluoromethyl)benzenesulfonyl fluoride 30

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-(trifluoromethyl)benzenesulfonyl chloride (260 mg, 1.06 mmol), pre-stirred CTAC surfactant solution
(126 mg, 2% w/w) in deionised H.O (7 mL, 0.152 M), and KF+2H-0 (300 mg, 3.19 mmol, 3 eq). The reaction
vial was sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made
aluminium block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and
the filtered precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried
overnight in a desiccator to afford the desired product 30 as white solid (70 mg, 29% yield). Product was
analysed by H, *C and °F NMR.

8+ (500 MHz, CDCls): 8.17-8.06 (2H, m, ArH), 7.89-7.80 (2H, m, ArH).
8C (126 MHz, CDCI3): 137.2 (q, J = 33.6 Hz) 136.7 (d, J = 33.5 Hz), 129.1, 126.9 (q, J = 5.5 Hz), 122.7 (q,

J=273.4Hz)

3¢ (376 MHz, CDCls): 65.8 (SO2F), -63.5 (CFs).
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Characterisation data is in agreement with those previously reported:*® *H NMR (400 MHz, CDCls): § [ppm]
= 8.17 (d, 8.0 Hz, 2H), 7.92 (d, 8.0 Hz, 2H); **C NMR (100 MHz, CDCls): § [ppm] = 137.5, 137.2, 136.8,
129.3,127.1, 127.1, 127.0, 127.0, 124.2, 121.5; °F NMR (376 MHz, CDCls): § [ppm] = 65.9, -63.5.

2,4-Demethoxyphenylsulfonyl fluoride 42

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added 2,4-Dimethoxybenzenesulfonyl chloride (252 mg, 1.06 mmol), pre-stirred CTAC surfactant solution
(126 mg, 2% w/w) in deionised H2O (7 mL, 0.152 M), and KF+2H-0 (300 mg, 3.19 mmol, 3 eq). The reaction
vial was sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made
aluminium block with 1 inch off-set stirring at 500 rpm. Filtration of the reaction mixture was carried out and
the filtered precipitate was washed with water (10 mL) 4-5 times to remove residual surfactant CTAC, dried
overnight in a desiccator to afford the desired product 42 as white solid (218 mg, 93% vyield). Product was
analysed by *H, 3C and °F NMR.

dn (500 MHz, CDCls): 7.71 (1H, d, J = 8.8 Hz, ArH), 6.52-6.42 (2H, m, ArH), 3.86 (3H, s, OMe), 3.80 (3H,
s, OMe).

dc (126 MHz, CDCls): 167.2, 159.9, 133.1, 113.0, 105.3, 99.4, 56.5, 56.0.
O (376 MHz, CDCls): 60.3.

Characterisation data is in agreement with those previously reported:*° *H NMR (CDCls, 500 MHz) & 7.84 (d,
J=8.9 Hz, 1H), 6.57 (d, J =8.8 Hz, 1H), 6.54 (d, J = 2.3 Hz, 1H), 3.96 (s, 3H), 3.89 (s, 3H). *°®F NMR (CDCls,
471 MHz) 6 59.9 (s, 1F). 3C NMR (CDCls, 126 MHz) 6 167.2., 160.0 (d, J = 1.9 Hz), 133.3, 113.4 (d, J =23.6
Hz), 105.2, 99.6, 56.6, 56.1.

Octane-1-sulfonyl fluoride 40

0}
¢
m/( \\O

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added octane-1-sulfonyl chloride (225 mg, 1.06 mmol), pre-stirred CTAC surfactant solution (126 mg, 2%
w/w) in deionised H>O (7 mL, 0.152 M), and KF<2H>O (300 mg, 3.19 mmol, 3 eq). The reaction vial was
sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made aluminium
block with 1 inch off-set stirring at 500 rpm. The crude reaction mixture was diluted with DCM and deionised

H>O, the layers were partitioned utilising brine, and the aqueous phase was extracted three times with DCM.
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The organic layers were combined, dried (MgSQ.), filtered, and concentrated in vacuo after passing the

solution through a plug of silica to afford the desired product 40 as colourless oil (170 mg, 87% yield). Product

was analysed by *H, **C and F NMR.

81 (500 MHz, CDCls): 3.42-3.33 (2H, m, CHy), 2.06-1.89 (2H, m, CHy), 1.57-1.44 (2H, m, CHy), 1.42-1.22

(8H, m, CH,), 1.00-0.83 (3H, m, Me).

6C (126 MHz, CDCI3): 50.9 (d, J = 15.98 Hz), 31.6, 28.8, 28.7, 27.8, 23.4, 22.6, 14.0.

8¢ (376 MHz, CDCls): 53.4.

Characterisation data is in agreement with those previously reported:** *H NMR (400 MHz, CDCls): § [ppm]
=3.38-3.33 (m, 2H), 1.98-1.91 (m, 2H), 1.51-1.44 (m, 2H), 1.33-1.28 (m, 8H), 0.89 (t, 7.2 Hz, 3H); *C NMR
(100 MHz, CDCls): & [ppm] =51.1, 50.9, 31.8, 29.0, 29.0, 28.0, 23.5, 22.7, 14.2; **F NMR (376 MHz, CDCls):

o [ppm] = 53.2.

5.2.4 Results of screening with surfactant_map

The results, yield of 22, is summarised below:
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Figure S56. Projected reaction yields (dot size) with screened surfactants (red for screenl and green for screen2) onto
PC1-PC2, PC2-PC3 and PC3-PC1 combinations

Table S19. Surfactant screen for fluorination of 21 to 222

No. Surfactant 'H NMR vyield of 22 (%)
1 None 13
2 Span 60 57
3 Span 80 25
4 Span 85 25
5 Triton-X-45 41
6 Brij-700 46
7 TPGS-1000-M 59
8 1-Dodecanesulfonic acid sodium salt 35
9 PS-750-M 49
10 CHAPS 29
11 CTAC 96
12 CPC 94
13 CTAB 90
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14 DDAB 96

15 DTAB 88
16 Sodium stearate 65
17 18-crown-6 77

30.15 M substrate, 1.5 eq. of KF.2H,0, 2% w/w surfactant at room temperature, 3h reaction time.

5.3  Microscope images of reaction mixtures

5.3.1 Images of a mixture of 21 and CTAC in water

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added p-toluenesulfonyl chloride (29 mg, 0.15 mmol) and pre-stirred CTAC surfactant solution (18 mg, 2%
w/w) in deionised H20O (1 mL, 0.152 M). After stirring the reaction mixture for 5 minutes an aliquot from the

mixture was taken out on a slide for microscope analysis.

Figure S57. Microscope images of a mixture of CTAC (2% w/w) and substrate 21 from two different experiments
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5.3.2 Images of a mixture of 21 and CTAC in water after application of pressure

Pressure was applied to the glass slides housing the samples above before the images were collected again.

Figure S58. Microscope images of a mixture of CTAC (2% w/w) and substrate 21 after pressure was applied to the
glass slides

5.4  Labelling of chymotrypsin with sulfonyl fluoride 44

5.4.1 Preparation of 4-(Prop-2-ynyloxy)benzenesulfonyl chloride 43

E,CI
/\O

Chlorosulfonic acid (1.156 mL, 17.4 mmol, 2.3 eq) was added dropwise to substrate phenyl propargyl ether
(0.97 ml, 7.57 mmol) taken in DCM (5.82 mL, 1.3 M) at 0 °C. The reaction was stirred at 0 °C for 1 hour and
then poured into ice-water and extracted with DCM. The extract was washed with water, dried with MgSOs.,
and evaporated. The residue was purified by flash column chromatography (30% EtOAc/Hexane) to afford
product 43 as an oil (695 mg, 40% yield).
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8+ (500 MHz, CDCl3): §7.93 (2H, d, J = 9.2 Hz, ArH), 7.07 (d, 2H, J = 9.1 Hz, Ar H), 4.74 (2H, d, J = 2.4 Hz,
CH,), 2.54 (1H, t, J = 2.4 Hz, =CH).

dc (126 MHz, CDCls): 162.6, 137.0, 129.5, 115.6, 77.0, 76.8, 56.3.

5.4.2 Preparation of 4-(Prop-2-ynyloxy)benzenesulfonyl fluoride 44

oF

o
= 0

=
44

In a 4-dram glass vial (2.1 x 7 cm, 14 mL) equipped with a cross-bar stirrer (1 cm x 1 cm) were sequentially
added the appropriate sulfonyl chloride substrate 43 (151 mg, 0.65 mmol), KF<2H20 (185 mg, 1.96 mmol, 3
eq), and pre-stirred CTAC surfactant solution (2% w/w) in deionised HO (4.3 mL, 0.152 M). The reaction
vial was sealed with a lid (PTFE septum) and was stirred for 3 hours at room temperature on a custom-made
aluminium block with 1 inch off-set stirring at 500 rpm. The crude reaction mixture was diluted with DCM
and deionised H,O, the layers were partitioned utilising Brine, and the aqueous phase was extracted three times
with DCM. The organic layers were combined, dried (MgSQ.), filtered, and concentrated in vacuo after
passing the solution through a plug of silica, to afford the desired product 44 (138 mg, 98% yield) as an oil.
The isolated product was dissolved in CDCl; and analysed by *H and °F NMR.

8+ (500 MHz, CDCl3): § 7.89 (2H, d, J = 8.9 Hz, ArH), 7.08 (d, 2H, J = 8.9 Hz, ArH), 4.73 (2H, d, J = 2.4 Hz,
CH,), 2.53 (1H, t, J = 2.4 Hz, =CH).

8¢ (126 MHz, CDCls): 163.0, 130.8, 125.0 (d, J = 24.9 Hz), 115.8, 77.0, 76.9, 56.2.
3 (376 MHz, CDCls): 67.2.

Characterisation data is in agreement with literature data:> *H NMR (400 MHz, CDCl.): 8 2.66 (t,J = 2.4 Hz,
1H); 4.83 (d, J = 2.4 Hz, 2H); 7.18 (d, J = 8.7 Hz, 2H); 7.97 (d, J = 8.97 Hz, 2H). %F NMR (300 MHz, CD.Cl,):
8 66.16. *C NMR (400 MHz, CDCly): § 56.75; 77.01; 77.29; 116.18; 125.18 [C, JC-F = 24.9 Hz]; 131.17;
163.49.

5.4.3 Labelling experiment

Protein stock solution: A 100 uM stock solution of bovine chymotrypsin was prepared in PBS by dissolving
20 mg bovine chymotrypsin in 8 mL PBS. Bovine chymotrypsin (Product Number: C4129) and PBS (Product
Number: P2272) were purchased from Sigma Aldrich.

Stock solution of 44: A 1 mM stock solution of sulfonyl fluoride 44 was prepared in DMSO. This was diluted
with PBS to a 100 uM solution for a final DMSO concentration of 10%.
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Protein labelling protocol- 5 uL of 100 uM chymotrypsin solution and 5 uL of 100 uM sulfonyl fluoride 44
solution were added to 40 uL PBS taken in an LC-MS vial (final concentrations: 10 uM protein, 10 uM
sulfonyl fluoride, 1% DMSO in 50 uL total volume). Another control sample with no sulfonyl fluoride was
also prepared by taking 5 uL of 100 uM chymotrypsin solution and 5 uL of 1% DMSO in 40 uL PBS in
another LC-MS vial. These samples were analysed by LC-MS at time intervals of 1h and 20h.

LC-MS was performed using ProteinQuick protocol for the determination of protein masses. Method also uses
maximum entropy deconvolution methods as part of the processing. Column: Waters Acquity Vanguard
Protein BEH C4 300A 1.7 um, 2.1 mm x 100 mm (p/n 186004496). Guard column: Waters Acquity Vanguard
Protein BEH C4 300A 1.7 um, 2.1 mm x 5 mm (p/n 186004623). Eluent: 0.7 mL/min; A: Water (0.1% formic
acid); B: Acetonitrile (0.1% formic acid). Gradient (linear interpolation): 99% A. lonisation method: +ev

electrospray.
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6 Python and R code

6.1 Calculating the volumes of hydrophobic and hydrophilic regions (Python)




6.2 Calculating surface areas hydrophilic and hydrophobic surfactant region (PyMOL)

6.3  Counting rotatable bonds (Python)

6.4  Calculating longest chain length (Python)
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6.5 Principal component analysis

6.5.1 Normalise data (Python)

6.5.2 Perform principal component analysis (R)
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6.5.3 Perform 100 different runs in principal component analysis (R)

6.5.4 Averaging the PCs of 100 different runs of PCA (Python)




6.6  NIPALS map plotting (Python)




6.7  Python code for surfactant selection
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7  Spectral data
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MeO O O lH NMR
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O x IH NMR
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MeO O 'H NMR
‘ OMe

T T T T T T
10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

3|9 e
lo - ©

-

‘ 5

B3C NMR

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

116



'H NMR

T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

©
r Qj
<

BC NMR

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

117



rac-2-(phenethylthio)-1,2-diphenylethan-1-ol

H NMR
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I IH NMR
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NN IH NMR
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rac-2-bromo-1,2-diphenylethyl(phenethyl)sulfane

IHNMR 1
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F‘h\/\S lH NMR
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s IH NMR
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rac-2-fluoro-1,2-diphenylethyl)(phenethyl)sulfane
HNMR
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13C NMR
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L IH NMR
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Commercial ortho-methyl benzene sulfonyl chloride starting material
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3C NMR
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BC NMR
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BC NMR
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BC NMR
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'H NMR L
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BC NMR
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BC NMR
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