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1.0 Materials and Methods

General

Analytical thin layer chromatography (TLC) was performed on commercially
prepared silica plates (Merck Kieselgel 60 0.25 mm F254). Flash column
chromatography was performed using 230-400 mesh Kieselgel 60 silica
eluting with distilled solvents as described. Solvents and reagents were
purchased from Sigma-Aldrich and Merck and used without further
purification. *H NMR and **C NMR spectra were recorded on a Bruker Avance
400 NMR spectrometer at frequencies of 400 MHz and 100 MHz respectively.
Chemical shift is reported as parts per million (ppm) downfield shift. The data
are reported as chemical shift (8), multiplicity, relative integral, coupling
constant (J Hz) and assignment where possible. IR spectra were recorded on
a Bruker ATR spectrometer. Optical rotation was measured on an Optical

Activity Polaer 2001 (546 nm) polarimeter using a 1 mL cell.

Nutrient broth (NB) and Brain Heart Infusion (BHI) bacterial growth media
were purchased from Amyl Media PTY LTD and Becton, Dickinson and
Company, respectively. All media components were used as received. Gram
negative Escherichia coli (E. coli DH5a) and Gram positive Staphylococcus
aureus (S. aureus ATCC 1698) were procured from Southern Biologicals and

maintained on Nutrient Agar plates, as per standard microbiological protocol.

LC-MS

LC-MS was recorded on an Agilent 6120 LC-MS system operating in positive
ion mode. Separations were performed on an Agilent Poroshell-120 2.7 ym
(3.0 mm x 50 mm) C18 column using a linear gradient of 0.1% formic acid in
water (Solvent A) and 0.1% formic acid in acetonitrile (Solvent B) as the
mobile phase. Separations were performed using a linear gradient of 20%
solvent B to 100% solvent B over 15 minutes, operating at a flow rate of 0.3

mL/min.
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Surface tension / mN m*

Preparative HPLC

Deprotected carbohydrate-based fluorosurfactants 1-6, were purified by
reversed-phase (C18) preparative HPLC using an Agilent 1260 preparative
HPLC system equipped with an automated fraction collector. Separations
were performed on an Agilent Zorbax SB300 5 ym (20 mm x 150 mm) C18
column using a linear gradient of 0.1% formic acid in water (Solvent A) and
0.1% formic acid in acetonitrile (Solvent B) as mobile phase, operating at a
flow rate of 10 mL/min. Fluorosurfactants 1-6 were purified using a linear
gradient of 20% solvent B to 100% solvent B over 40 minutes (monitoring at

280 nm). Purified fractions were subsequently combined and lyophilized.

Surface tension measurements

Surface tension measurements were made on a custom-designed pendant
drop instrument.! A time series was taken (that is, surface tension as a
function of time) and values were noted for 100 s to ensure full equilibration of
interfacial adsorption. Once a stable surface tension had been attained, this
was recorded. Drop volumes were measured throughout and changes of <5%
throughout the course of a measurement were a requirement for the data
shown. Critical micelle concentration (CMC) values were obtained from the
intersection of lines extrapolated from surface tension values in the near pre-
and post-CMC regions. Surface tension data for surfactants not shown in the

main paper is provided in Figure SO.
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Figure SO: Surface tension data (air-water) for fluorosurfactants 1-6 in both
pre- and post-UV irradiation conditions.

UV illumination/photoswitching

The UV-vis measurements were performed using a Cary 60
spectrophotometer in dual beam mode. The trans-dominated species were
samples analysed immediately after dilution; this trans dominance was further
confirmed by blue-adapting the samples via irradiation for 20 minutes under a
440 nm LED (3 W radiant power) and observing a negligible change in the
spectra. The cis-dominated species were illuminated under a fluorescent tube
lamp (peak wavelength 365 nm, 6.5 W radiant power) for 15 minutes before

analysis.

The trans fraction f; is defined by
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Rs—R¢
Rt—R¢

Q) fi=

where Rg, Ry and R, are the values of the ratio of the absorbance at the higher
wavelength peak in the spectrum (at 435 nm in all samples) to the
absorbance at the lower wavelength peak (at 325 nm in samples 1 and 2, at
320 nm in sample 3), in the trans-dominated state and in the cis-dominated
state respectively. This equation assumes a linear relationship between peak
intensity ratio and trans/cis concentration. It was derived by assigning the cis-
dominated state a trans-fraction of 0, and the trans-dominated state a trans-
fraction of 1; although this is technically inaccurate (as per literature reports
these values will be closer to 0.1 and 0.9)? it allows for facile calculation of the
rate of change from the cis-dominated (and experimentally achievable)
photostationary state.

Assuming a first order process, the kinetics for the thermal reversion from the

cis photostationary state is expressed by:

fe(t=0)—fr(t=00)
2) Inl === — kLt
(2) In fe(©)—fe(t=0) et

where f;, fi(t=0) and fi(t==) are the fractions of the trans-isomer at time t, in the
cis-dominated photo-stationary state and in the trans dominated state
respectively."*®* The half-life, t, of the reversion from the photo-stationary
state is then found by:

_In(2)
(3) t1)z = Koy

The resultant value was confirmed by comparison to a graph of f; versus t.

UV-Vis spectroscopy
UV-visible spectroscopy was performed using a Cary 60 spectrophotometer.
The molar extinction coefficients of the two main peaks, at roughly 450 nm

and 350 nm in the samples in each photo-stationary state, were calculated for
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samples 1, 2 and 3 via analysis of five samples with a concentration ratio of
1:2:3:4:5, where the absorbance of the most concentrated sample was just
below 1.0 to ensure the applicability of the Beer-Lambert law. In the
photoillumination experiments, the trans-dominated and the cis-dominated
spectra were taken from samples immediately after dilution and after 15
minutes of irradiation under a fluorescent tube lamp (peak wavelength 365

nm, 6.5 W radiant power).

Octanol/water partition coefficient (Log P)

The log P of fluorosurfactants was determined by preparing a 50 uM solution
of 1-3 in MilliQ water and adding an equal volume of 1-octanol. The UV-vis
spectra (350 nm) was taken of the water layer before (t = 0) and after diffusion
equilibrium (t = 15 h). The larger the log P value, the higher the solubility in

the hydrophobic solvent. The log P was calculated by the following:

Log P = [(Abs before — Abs after)/Abs after)]
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Figure S1: UV-Vis spectra of fluorosurfactants 1-3 (bottom) before (left) and
after (right) diffusion equilibrium.

Antibacterial assays

The antibacterial activity of the fluorosurfactants 1-6 was tested against Gram-
negative E. coli and Gram positive S. aureus. A fixed concentration of (ODggo
— 0.1: log phase 10® CFU/mL) of freshly grown cultures were used for
antibacterial assay, after determining the bacterial concentration using a
GENESYS 10S UV-Vis Spectrophotometer. 100 pL of the bacterial
suspension was incubated with 100 uL of the fluorosurfactants 1-6 at 37 °C.
Different concentrations of the 1-6 (0, 1, 10, 25, 50, 100, 250 pg/mL) were
used to determine the concentration-dependent influence on bacterial growth
and/or inhibition. Appropriate controls were chosen wherein one of the

controls contained no fluorosurfactants while the other contained a mixture of
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different concentrations of 1-6 with the bacteria-free growth media. The
bacterial growth curves were monitored at ODgoo over a period of 24 hours (0
h, 1.5 h, 3 h, 5 h, 21 h and 24 h) in 96-well format using a Perkin Elmer
EnVision™ 2104 Multilabel Plate Reader. All antibacterial assays performed
in triplicates; tests were repeated independently three times; each well was
read five times. The average of 45 readings (3 x 3 x 5) in each case was
calculated and plotted along with standard deviation. The data was
background corrected by subtracting the ODgoo value obtained from the

control containing a mixture of 1-6 and the bacteria-free media growth.
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Figure S1: Dose dependent antibacterial activity of (a) 6 (b) 5 (c) 4 (d) 3 (e) 2
and (f) 1 against Gram positive bacteria S. aureus over a period of 24 hours.

General procedure for the synthesis of carbohydrate fluorosurfactants
1-6

A mixture of the corresponding B-D-glycopyranosyl azide (1.0 equiv) and
propargyl ether 9-11 (1.0 equiv.) was suspended in tert-BuOH/H,O (2:1 vlv,
0.5 mM). Sodium ascorbate (0.4 equiv.) and CuSO,4.5H,0 (0.2 equiv.) was
added and the deep yellow suspension was stirred vigorously for 2h at 40 °C.
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TLC analysis (ethyl acetate/petroleum ether 40-60, 4:1 v/v) showed complete
consumption of the azide and alkyne, with formation of a polar product (R ca.
0.3). The reaction mixture was extracted into ethyl acetate (10 mL), and
washed with water (10 mL) and brine (10 mL). The organic layer was dried
(NaxS0,), filtered and evaporated to dryness. The resulting yellow oil was re-
dissolved in dry methanol. A 0.5M solution of sodium methoxide in methanol
(0.1 equiv.) was then added and the reaction stirred at room temperature for
one hour, at which time LC-MS analysis (20 to 100%B over 15 min) showed
reaction completion. The reaction was neutralized with Amberlite IR-120
acidic ion exchange resin, filtered and concentrated under reduced pressure.
Surfactants 1-6 were subsequently purified by reversed-phase preparative
HPLC (See materials and methods) and isolated as deep yellow solids
following lyophilization (21-67% yields).

2.0 Analytical data for compounds 1-6, 9-11.

2-[2-[2-(4-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl 3-D-
glucopyranosyl-1,2,3-triazole 1

OH

Hgo’é‘: N'/?\,\'l/\o o) \@\ N
o | "L
CF

Yield 42%; Mp = 95.7°C; [a]p®° -20.6 (c, 0.15 in CH3OH); FT-IR: Vmad/cm™
2859, 1596, 1421, 1037, 762; *H NMR (600MHz, CDs;OD) & 7.95 (2H, d,
J=8.93Hz), 7.86 (1H, d, J=8.93Hz), 7.82 (1H, d, J=8.93Hz), 7.75-7.71 (2H, m),
7.62 (1H, t, J=7.88Hz), 7.24 (2H, d, J=8.93Hz), 6.97-6.95 (1H, m), 4.70-4.61
(4H, m), 4.68-4.63 (4H, m), 4.29-4.21 (3H, m), 3.92-3.87 (5H, m), 3.32-3.30
(12H, m); **C NMR (600MHz, CDs;OD) & 179.0, 169.1, 162.1, 159.9, 149.5,
147.6, 142.0, 140.4, 132.6, 129.9, 128.5, 126.1, 125.8, 125.0, 124.0, 116.1,
114.8, 114.3, 88.6, 79.8, 77.7, 73.1, 69.8, 69.2, 67.7, 64.1, 63.5, 61.1; LC-MS:
m/z 641.7

3
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2-[2-[2-(3-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl 3-D-
glucopyranosyl-1,2,3-triazole 2

OH
chjéﬁ/N‘/?\l/\O o) \@\
oH N=N 2 N"N\©/CF3

Yield 67%; Mp=97.7°C; [a]p?° -14.1 (c, 0.17 in CH3OH); FT-IR: Vmad/cm™ 3351,
1599, 1498, 1325, 1247, 1055, 691; *H NMR (600MHz, CDs;0D) & 8.04 (2H,
d, J=8.74Hz), 7.98 (2H, d, J=9.41Hz), 7.86 (2H, d, J=8.07Hz), 7.51 (1H, s),
7.18 (1H, d, J=9.08Hz), 7.15 (1H, d, J=8.98Hz), 5.58 (1H, d, J=9.15Hz), 4.72-
4.67 (3H, m), 4.31-4.28 (4H, m), 3.94-3.91 (4H, m), 3.78-3.66 (13H, m); °C
NMR (600MHz, CDsOD) & 190.7, 179.1, 169.1, 162.2, 154.7, 146.9, 140.4,
129.9, 126.2, 125.1, 122.4, 115.1, 89.0, 79.9, 78.6, 73.8, 70.2, 69.9, 69.8,
69.2, 68.2, 67.6, 64.2, 63.5, 61.4; LC-MS: m/z 641.7

DAD1 A, Sig=254,4 Ref=off (HILLARY\GLCTZ3 2015-07-13 16-28-20.0)
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2-[2-[2-(2-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl 3-D-
glucopyranosyl-1,2,3-triazole 3

OH
Hgo’é&/,\,":\’\,l/\o’\/o\/\o/\/o\@ N CFy
R O
Yield 52%; Mp=189.9°C; [a]p®° -26.4 (c, 0.13 in CH3OH); FT-IR: Vmad/cm™
2859, 1593, 1421, 1322, 1063, 854; *H NMR (600MHz, CD3;0OD) & 8.09 (1H,
s), 8.01-8.00 (2H, m), 7.85 (2H, d, J=9.06Hz), 7.67-7.61 (2H, m), 7.01 (2H, d,
J=9.06Hz), 5.50 (1H, d, J=9.07Hz), 4.56 (2H, s), 4.13 (2H, t, J=4.65Hz), 3.83-
3.74 (5H, m), 3.62-3.59 (4H, m), 3.58-3.55 (6H, m), 3.49-3.39 (4H, m); *3C
NMR (600MHz, CDsOD) & 162.1, 152.7, 146.6, 144.6, 124.9, 124.8, 123.0,

118.3, 114.8, 88.2, 79.7, 77.1, 72.6, 70.4, 70.2, 69.5, 69.4, 69.3, 67.7, 63.5,
60.9; LC-MS: m/z 641.7.

DAD1 A, Sig=254.4 Ref=off (HILLARYWGLCTZ2 140715-2 2015-07-14 10-04-28.0)

34

3]

13698
13.088
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2-[2-[2-(4-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl 3-D-
cellobiosyl-1,2,3-triazole 4

OH OH

HO O
H(_)Aéﬁfo O N/ﬁ/\o’\/o\/\o’\/O
on HO N

OH 4 N"N\©\
CF

Yield 42%; Mp=154.6°C (Decomp); [a]p®° -10.0 (c, 0.13 in CH3OH); FT-IR:
Vmadcm™ 2858, 1629, 1424, 1061, 824; *H NMR (400MHz, CDs;OD) & 8.14
(1H, s), 7.97 (2H, d, J=8.27Hz), 7.91 (2H, d, J=8.97Hz), 7.79 (2H, d,
J=8.27Hz), 7.09 (2H, d, J=8.97Hz), 5.57 (1H, d, J=9.24Hz), 4.63-4.61 (2H, m),
4.44 (1H, d, J=7.99Hz), 4.23-4.20 (2H, m), 3.93-3.59 (21H, m), 3.28-3.26 (5H,
m); *C NMR (600MHz, CD;0OD) 5169.1, 162.3, 160.3, 154.8, 146.8, 126.1,
124.9, 122.5, 114.7, 103.1, 87.9, 78.2, 76.8, 76.5, 73.5, 72.5, 70.3, 70.1, 69.9,
69.4, 69.3, 67.7, 63.5, 61.0, 60.0; LC-MS: m/z 803.6.

3

DAD1 A, S5ig=254 4 Ref=off (HILLARY\CELTZ4 2015-07-13 16-28-57.0)
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2-[2-[2-(3-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl B-D-
cellobiosyl-1,2,3-triazole 5

OH
Haoﬁ/o (@] /Y\O/\/O\/\O/\/O
on HO N
OH N*=N

5

N',N ©/CF3

Yield 41%; Mp=150.6°C (Decomp); [a]o® -8.7 (c, 0.16 in CH3;OH); FT-IR:
Vmadcm™ 3574, 2845, 1627, 1426, 1022, 779; *H NMR (400MHz, CDs0D) &
8.13-8.07 (3H, m), 7.93 (2H, d, J=9.04Hz), 7.74-7.67 (2H, m), 7.09 (2H, d,
J=9.04Hz), 5.55 (1H, d, J=9.38Hz), 4.63-4.61 (2H, m), 4.44 (1H, d, J=7.92Hz),
4.23-4.21 (2H, m), 3.92-3.83 (7H, m), 3.67-3.61 (10H, m), 3.28-3.26 (12H, m);
13C NMR (600MHz, CDsOD) & 170.6, 163.7, 161.7, 154.4, 148.3, 145238,
131.4, 127.7, 127.4, 126.2, 124.8, 119.6, 116.2, 115.7, 104.5, 89.9, 79.7,
79.1, 78.2, 78.1, 77.5, 74.8, 74.6, 71.7, 71.5, 71.4, 70.7, 69.1, 64.9, 62.3,
61.5, 58.3; LC-MS: m/z 803.6.

DAD1 A, Sig=254,4 Ref=off (HILLARY\CELTZ3 2015-07-13 16-28-45.0)
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*MSD1 SPC, time=11.567 of DADATAHILARYVCELTZACFI.D  ES-API, Pos, Scan, Frag: 70
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2-[2-[2-(2-trifluoromethylazophenyl phenoxy)ethoxy)ethoxy]ethyl B-D-
cellobiosyl-1,2,3-triazole 6

N
6

OH OH
Hoéo
Ho ao,ég/N/ﬁ/\ox\/Owox\/O CF,
OH OH ¥ '_N N"N f

Yield 40%; Mp=206.8°C (Decomp); [a]p® -10.7 (c, 0.14 in CH3OH); FT-IR:
Vmadcm™ 2829, 1596, 1428, 1038, 878; *H NMR (400MHz, CDs;0OD) & 7.91
(2H, d, J=9.50Hz), 7.83-7.77(2H, m), 7.71-7.66(2H, m), 7.58 (1H, t,
J=7.60Hz), 7.11(2H, d, J=9.50Hz), 5.54 (1H, d, J=9.08Hz), 4.64-4.62 (2H, m),
4.47-4.44 (2H, m), 4.24 (2H, m), 3.89-3.84 (7H, m), 3.67-3.62 (13H, m), 3.28-
3.26 (8H, m); **C NMR (600MHz, CDs;OD) & 179.0, 169.0, 162.2, 160.1,
149.6, 147.3, 141.9, 140.3, 132.6, 129.9, 128.6, 125.6, 125.1, 115.9, 114.8,
103.2, 88.3, 78.3, 77.9, 76.8, 76.6, 73.5, 70.2, 70.0, 69.6, 69.2, 67.7, 63.5,
60.9, 60.1; LC-MS: m/z 803.6.

DAD1 A, Sig=254,4 Ref=off (HILLARY\CELTZ2 2015-07-13 16-28-41.0)
madl = k]

5 2
™
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“M5D1 SPC, time=11.567 of DNDATAHILARYVCELTZZCFI D  ES-API, Pos, Sean, Frag: 70
2] Max: 174208
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80—
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General procedure for the synthesis of azobenzene propargyl ethers 9-
11 (Scheme S1).

Azobezene-functionalized propargyl ethers 9-11 were synthesized over four

steps using known literature procedures.’?*

OH o’<\/o)\/\0H O’(\’O)E/\o’\\\

2
NH,
a. b. c.
. —

X
| SCFy —» N ~N —> .N
4 N N N°
N N
| —CFs Gca X
—CF
© o | _ 3
9 = p-CF;3
10 = m-CF3
11 = 0-CF3
Conditions

a) i) NaNOy, HCI, i) phenol, NaOH, 00C to rt.. b) triethyleneglycol monotosylate, K,COs, LiCl, EtOH, A . c) NaH, propargyl bromide
DMF, r.t.

Scheme S1. Synthesis of azobenzene alkynes 9-11.13%

(E)-1-(4-trifluoromethylphenyl)-2-(4-(2-(2-(2-prop-2-yn-1-
yloxy)ethoxy)ethoxy)ethoxy)phenyl diazene 9

Z
/@/O\/\O/\/O\/\O/\/O\//

9

N
FsC
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VmadCm™* 2931, 2114, 1741, 1227, 1033, 852; ‘H NMR (400MHz, CDCls) &
7.96-7.93 (4H, m), 7.75 (2H, d, J=8.49Hz), 7.05 (2H, d, J=9.03Hz), 4.24 (2H,
t, J=4.72Hz), 4.21 (2H, d, J=2.45Hz), 3.91 (2H, t, J=5.50Hz), 3.77-3.75 (2H,
m), 3.72-3.69 (6H, m), 2.42 (1H, t, J=2.46Hz); 13C NMR (400Hz, CDCI3) &
161.9, 154.6, 146.9, 126.3, 125.2, 122.7, 114.9, 79.7, 74.5, 70.9, 70.7, 70.5,
69.6, 69.1, 67.8, 58.4; LC-MS: m/z 436.8; Yield 76%.

*MSD1 SPC, time=12.546 of DADATAHILARY MAPE CF3 AFTER COLUMM.D  ES-API, Pos, Scan, Frag: 70

100— Max: 4B7552

4368

1 —— 4588

U LU L U] U LU U U L LU U U U U U U UL U
200 300 400 500 800 700 800 mfz

(E)-1-(3-trifluoromethylphenyl)-2-(4-(2-(2-(2-prop-2-yn-1-
yloxy)ethoxy)ethoxy)ethoxy)phenyl diazene 10

=
/@O\/\O/\/O\/\O/\/O\//

10

; N
.’N

CF3

Vmad/cm™! 2862, 1503, 1329, 1092, 841; 'H NMR (400MHz, CDCl3) & 8.14 (1H,
s), 8.05 (1H, d, J=8.01Hz), 7.93 (2H, d, J=9.04Hz), 7.69-7.59 (2H, m), 7.04
(2H, d, J=9.04), 4.25-4.20 (4H, m), 3.90 (2H, t, J=4.90Hz), 3.77-3.66 (8H, m),
2.42 (1H, t, J=2.44Hz); 13C NMR (400Hz, CDCI3) & 161.9, 152.7, 146.8,
129.6, 126.1, 125.2, 119.4, 115.1, 79.8, 74.6, 70.9, 70.7, 70.5, 69.6, 69.1,
67.9, 58.4: LC-MS: m/z 436.8; Yield 46%.
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DAD1 A, Sig=2564 4 Ref=off (HILLARY\4APE CF2 140715-2 2015-07-14 12-16-57.0)
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“MSD1 SPC, time=11.278 of DDATAHILARY\3APE.D ES-API, Pos, Scan, Frag: 70
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(E)-1-(2-trifluoromethylphenyl)-2-(4-(2-(2-(2-prop-2-yn-1-
yloxy)ethoxy)ethoxy)ethoxy)phenyl diazene 11

@0\/\0/\/0\/\0/\/0\///
)
CFs4

Vmadcm™ 2876, 1598, 1314, 1096, 764; *H NMR (400MHz, CDs;0OD) & 7.58
(2H, d, J=9.02Hz), 7.50 (1H, t, J=7.96Hz), 7.36 (1H, t, J=7.51Hz), 7.25 (1H, t,
J=7.51Hz), 7.08 (1H, d, J=7.96Hz), 6.76 (2H, d, J=9.02Hz), 3.91-3.87 (2H, m),
3.54-3.52 (2H, m), 3.38-3.35 (2H, m), 3.30-3.23 (8H, m), 2.97-2.95 (1H, m);
13C NMR (400 MHz, CDsOD) & 162.3, 149.6, 147.1, 145.1, 132.7, 129.8,

129.7, 127.7, 126.1, 125.1, 115.9, 114.8, 79.2, 74.5, 70.2, 69.5, 69.3, 68.7,
68.3, 67.7, 57.6; LC-MS: m/z 436.8; Yield 33%.

1

DADT A, Sig=254 4 Ref=off (HILLARY\2APE 2015-07-13 16-44-09.0)
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*MSD1 SPC, time=11.567 of DADATAHILARY\ZCF3 APE 2ZND SPOT V COLUMN.D ES-API, Pos, Scan, Frag: 70

155__ [x] Max: 2JBB1ED0
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