


1. Materials and methods

All reagents and solvents were purchased from commercial sources andvittseat further
purification. Lipids were purchased from Avanti Polar Lipids and used without further purification.
Where necessary, solvents were dried by passing through an MBraun@2P $Blumn and degassed

with nitrogen. Triethylamine was distilledoim and stored over potassium hydroxide. Column
chromatography was carried out on Merck® silica gel 60 under a positive pressure of nitrogen. Where
mixtures of solvents were used, ratios are reported by volume. NMR spectra were recorded on a Bruker
AVIII 400, Bruker AVII 500 (with cryoprobe) and Bruker AVIII 500 spectrometers. Chemical shifts
are reported as U valwues in ppm. Mass spectra we
microTOF spectrometers. Fluorescence spectroscopic data were decsidg a Horiba Duetta
fluorescence spectrophotometer, equipped with Peltier temperature controller and stiridis UV
spectra were recorded on a7v0 UV-Visible/NIR Spectrophotometer equipped with Peltier
temperature controller and stirrer using quasteettes of 1 cm path length. Experiments were
conducted at 25°C unless otherwise stated. Vesicles were prepared as described below using Avestin
ALi posoFasto extruder apparatus, equi pped with
purification ofvesicles was carried out using GE HealthcarelP@lesalting columns prepacked with
Sephadex G 25 medium.

Abbreviations

Boc: tertbutyloxycarbonyl; CF: 5(6arboxyfluorescein; DBU: 1;Biazabicyclo[5.4.0]Junde-ene;
DCM: Dichloromethane; DIPEA:N,N-Diisopropylethylamine; DMF: N,N-Dimethylformamide;
DMSO: Dimethylsulfoxide; DPPC: L1.&ipalmitoylsnglycero3-phosphocholine; EYPG: egglk
phosphatidylglycerol; HEPEN-(2- hydroxyethyl)piperazinéé(2-ethanesulfonic acid); HPTS:=- 8
hydroxy-1,3,6-pyrenetrisulfonate; HRMS: High resolution mass spectrometry; KF: Potassium Fluoride;
KOH: Potassium hydroxide; LUVs: large unilamellar vesicles; MeCN: Acetonifié€)H: Methanol;

NCS: N-Chlorosuccinimide; Phth:  Phthaloyl, POPC: 1palmitoyl2-oleoyktsnglycerc3-
phosphocholine; rt: Room temperature; TFA: Trifluoroacetic acid; THF: Tetrahydrofuran.



2. Synthesis and characterization

Generalcomments.
Compoundd 1 and37 werepreparedaccordingto literatureprocedures!

All novel compounds were characterised ¥ and *C NMR, UV-Vis and highresolution mass
spectrometry. Azobenzene derivatives were formed as a mixtlEewad Z isomers. Peaks for thHe

isomer are reported (major product). Thermal relaxation to achieve E(68tner was achieved by
heating the sample in DMSO at 80 °C prior to NMR titration experiments or anion transport assays. For
carriersl-4, *H NMR spectra are provided for both 10B4zobenzene isomer (heated dark state) and
where available7? 7% cis isomer dreen light photestationary state for carridb and red lighiphoto
stationary state for carries4).
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4-amino-3,5difluorobenzonitrile 6. A suspension of bromo2,6-difluoroaniline 5 (6.5 g, 31.1
mmol) and copper(l) cyanide (4.2 g, 146.6 mmol, 1.5 eqgyyrNMP (15 mL) was heated to 202
under microwave irradiation for 90 minuteader N. The reaction was poured onto 15% ammonia
solution(300 mL) then extracted with 50:50 Hexane:EtO&g 150 mL) The combined organic layers
were washed with watébx 150 mL) 5% LiCl solution, themvere concentrated in vacuo. The resulting
residue was purified by silica gel column chromatogra@®y4 CHCIl in hexang to obtain the title
compound as a white crystalline solid (4.16 g, 27 mmol, 86NMR (400 MHz, Chloroforred ) U
7.17 (dd, J = 6.@.3 Hz, 2H), 4.29 (s, 2H). Data consistent with that given in the literdture.



NH, NH,

Boc,0

—_—

THF, rt, 16 h

66% (2 steps) NHBoc

7 8

tert-butyl (4-amino-3,5-difluorobenzyl)carbamate 8. To a solution at 0°C of -Amine3,5
difluorobezonitrile6 (3.85 g, 25 mmol) in THF (2thL) was added dropwise 1M BHHF solution

(200 ml, 100 mmol, 4 equiv). The mixture was stirred under reflux for 16 h. 100 mL of MeOH were
then added, and the resulting mixture was refluxed for The solvent was removead vacuo The
resulting residugvas redissolved in EtOAc300 mL) and washed with wate3 x 50mL) and brine {

x 50 mL).The organic layers were concentratedacuoto afford crudeamine7. *H NMR (400 MHz,
Acet onel) 6.70 (mg1HY %4.29 (s, 1H). Thisas immediately dissolveih CH,Cl, (60 mL).

Boc,O (5.45¢g, 25 mmol, 1 equiv) in GBI, (30 mL) was added dropwise to the solution7ofThe
reaction was stirred fdk6 h at rt. The solvent was concentrated and the residue was purified by silica
gel flash column chromatography (6:1 hexacetone) to afford the title compouad a white solid
(4.26 g, 66%)H NMR (400 MHz, CDCY) U 7 6.698(1R, 2H), 4.80 (s, 1H), 41(d,J = 6.1 Hz,

2H), 3.82i 3.54 prs 2H), 1.46 (s, 9H*C NMR (101 MHz,CDG) U 155. 8572408 1. 92 (
8.2 Hz), 128.40 (t) = 7.83 Hz), 122.83 (1} = 16.5 Hz), 109.92 (ddl = 15.1, 7.5 Hz), 79.66, 43.67,
28.35. HRMSESI (m/z) Calculatefor Ci2H160:N2F2 [M+Na]*, 281.1072; found 281.1072.
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Azobenzened. To a solution 0B (303 mg, 1.17 mmol) in Cil, (17 mL) was added DBU (350 mg,

2.34 mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down to
i78 AC. NCS (313 mg, 2.34 mmol, 2 eq) was added.
°C before quenching witbaturated bicarbonate solution (15 mL). The organic layer was separated,
washed sequentially with 15 mL of water (5 xABL) and 1N HCI (15 mL), dried over anhydrous
sodium sulfate, and concentrated to dryness in vacuo. The residue was purified byekiflagh
chromatography (5% EtOAc in GAl,) to afford the title compound as an orange solid as a mixture of
isomers (205 mg, 402 pumol, 69%, 11:9 ratide® andE-9 as indicated byH NMR analysis) E-9:

!H NMR (400 MHz, Chloroforrd) U0 6J.=9®1 Hg, dH), 4.995 2H), 4.35 (d,J = 6.4 Hz, 4H),

1.47 (s, 18H)**C NMR (101 MHz, Chloroforrd ) G 155. 95, 155.04 (dd, J
(m), 130.69 (t, J =9.8 Hz), 111.14 (d, J = 21 Hz), 80.40, 44.02, 28.50. HE8VI@n/z) Calculated for
CoaHogFsN4O4 [M+H] +, 513.2119; found 513.2119
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TFA Salt 10. To a solution 0® (200 mg, 0.39 mmol) in Ci€l; (4.5 mL) was added TFA (0.57 mL).

The reaction was stirred fort®urs.The TFA was removed under a nitrogen stream, after which the

residue was dried to afford the title compound as an orange solid (210 mg, 0.39 mmol, 100%, 73:27 of
E-10andZ-10). E-10: 'H NMR (400 MHz, Methanetl 4 ) U 7. 34 ( s®™CNMR)101 4. 23 (
MHz, Methanold 4) 4 156. 73 (dd, J = 266.2 Hz, 3.53 Hz),
Hz) 114.48 (d, J = 22.3 Hz#3.22 HRMS-ESI (m/z) Calculated for GH1-FsN4 [M+H] *, 313.1071

found 313.1070
o) o)
©\N OMe

o) 0
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Transporter 1b. Diaminel0( 50 mg, 92.5 e€mol) was dissolved in
0.5 mmol, 6 equiv) was added dropwise. Monosquarafig@8 mg,1 8 5 e mol , 2 equi v) i
mL) was added dropwise, and the solution was stirred at 55°C for e reaction was then cooled

to rt and the solid precipitate waslatedby vacuum filtration and washed with MeOH and MeCN,

then dried under high vacuum to afford the tit!]l
83%).E-1b: *H NMR (500 MHz,D MS O)  Ubr 9 2HY, 8.08fr s, 2H), 7.44 (dJ = 8.2 Hz, 4H),

7.41 (d,J = 10.6 Hz, 4H), 7.37 7.33 (m, 4H),7.04 (t,J = 7.3 Hz, 2H), 4.92 (d] = 6.5 Hz, 4H)C

NMR (126 MHz, DMSO) U0 183.97, J243&02 861Hz), 1u%29 (1,8 8, 1¢
J=9.4Hz),138.87, 129.57 @= 9.9 Hz), 129.36, 122.82, 117.91, 111.86 (el 20.7, 3.3 Hz), 46.22.

HRMS-ESI (m/z) calculated for £H21F4NsO4 [M-H]', 653.1566, found 653.1581.
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SchemeS2 Synthesis of metaubstituted azobenzene anionoptdre
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Aryl bromide S2 Prepared according to a modified literature procedufe. a stirring solution 061

(3.93 g, 20.5 mmol) in concentrated sulphuric acid (110 mL) under inert atmosphere was added N
bromosuccinimide (3.64 g, 20.5 mmol) at rt and the resulting suspension was heated to 60 °C and stirred
for 16 h. The reaction was poured into-Gzéd water (10 mL) and extracted with EtOAc (2 x 100 mL).

The organic layers were concentrated then recrystallized from hexane to afford the title compound as
white crystals (4.0 g, 14.8 mmol, 72%81 NMR (400 MHz, D=NM3S8) 1H)7.8. 11
(d, J = 8.8 Hz, 1H). Data consistent with that given in the literattire.
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Aniline S3 To a solution 062(4.0 g, 14.77 mmol) in MeOH (100 mL) equipped with a large stirring
bar was added Fe powder (4.12 g, 73.83 mmol,)&ed ammonium chloride (3.95 g, 73.83 mmol, 5
eq). The suspension was stirred vigorously at 80 °C (bath temperature) for 4 hours. The solution was
filtered overcelite and the filtrate was concentrated in vacuo to afford the title compound as a white
solid (3.55 g, 14.74 mmol, 100%H NMR (400 MHz, CDCJ) U 7J.=®.6 Hz( 14H), 6.95 (d] =
8.6 Hz, 1H), 4.61 (br s, 2H¥C NMR (101 MHz, CDCG)) U 141. 64, 128. 16, 121.
118.33. HRMSESI (m/z) Calculated for ¢E1,Cl,NBr [M+H]*, notfound under any conditions.
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Cl Cl CuCN cl cl
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Nitrile S4. In a microwave vial was add&8(3.5 g, 14.53 mmol) and CuCN (1.69 g, 18.89 mmol, 1.3

eq). The vial was purged withxfbr 10 minutes. Then, 20 mL degassed NMP was added, the tube was
sealed and reaction was heated to 202 °C under microwave irradiation for 1h. The reaction was cooled,
poured over ice water ammonia solution and extracted with 50:50 hexane:EtOAc 3x. Hieecdom
organic layers were sequentially washed with water and 5% LiCl solution, then concentrated. The
resulting residugvaspurified by silica gel flash chromatography (50%/CH in hexane) to afford the

titte compound as a white solid (1.44 g, 7.70 mr&8k6 90% purity. '*H NMR (400 MHz, CDC)) 0

7.28 (d,J = 8.3 Hz, 1H), 7.00 (dj = 8.3 Hz, 1H),4.72 (br s, 2H)*C NMR (101 MHz, CDG) U
141.48, 128.27, 124.07, 122.11, 121.06, 116.06, 112.33. HRIMB\/z) Calculated for @14Cl:N-
185.9752; found 189748
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Carbamate 12. To a suspension of LIAIH(733 mg, 19.25 mmol, 2.5 eq) in dry THF (40 mL) was
addedS4(1.44 g, 7.70 mmol, 1.0 eq) in THF (60 mL). The suspension was refluxed for 4 hours. The
reaction mixture was cooled, diluted in@t(150 mL), then water (730 pL), 2.5M NaOH (730 pL),
andwater (2 mL) was added dropwidéne suspension was stirred forhnutes, and then anhydrous
MgSQO, was added (Fieser wotlp). The solution was filtered, thasoncentrated to afford crudsb
without further purification (1.35 gtH NMR (400 MHz, CDCJ) U  7J.=8.3 Hz( 1dH), 6.68 (d]

=8.2 Hz, 1H), 4.50 (br s, 2H), 3.84 (s, 2H), 1i8R72 (br s, 2H)S5was dissolved in C¥Cl» (25 mL),

then BoegO (1.51 g, 6.93 mmol, 0.9 eq) in @El; (15 mL) was added dropwise. The reaction was
stirred at room temperature for 16 h. The reaction eemeentrated, then purified by silica gel flash
chromatography (80% CEI; in hexane) to afford the title compound as a white solid (734 mg, 3.32
mmol, 43%).!H NMR (400 MHz, CDCJ) U 7J=B.8 Hz( 1H), 6.71 (d] = 8.3 Hz, 1H), 4.92 (s,
1H), 4.33 @, J = 6.0 Hz, 2H), 1.45 (s, 9H})C NMR (126 MHz, CDG) U 51 131(%38,8135.78,
127.49, 1181, 11876, 118.1079.85, 42.86, 28.53. HRMBESI (m/z) Calculated for 2H16CI2N20>
[M+Na]*, 313.0481; found 313.0481.



O

NK
NO, ©:«‘< NO,
o}
—_—
DMF, 50 °C
88%

Cl NPhth
S6 S7

Phthalimide S7. Prepared according to a modified literature proceduBenitrobenzyl chlorideS6 (2

g, 11.7 mmol) was dissolved in DMF (10 mL). Potassium phthalimide (2.27 g, 12.2 mmol, 1.05 eq) was
added and the reaction was stirred at 50 °C for 16shdine DMF was removed in vacuo at 70 °C. To

the residue was added water (15 mL) and EtOAc (4 mL) and the biphasic mixture was stirred vigorously
for 30 minutes. The precipitated solid was filtered, washed with EtOAc and dried to afford the title
compoundas a white solid (2.9 g, 10.27 mmol, 88%).NMR (400 MHz, CDCY) 0 8J=28 (t ,
Hz, 1H), 8.14 (dddJ = 8.2, 2.3, 1.1 Hz, 1H), 7.917.85 (m, 2H), 7.79 7.73 (m, 3H), 7.51 ()= 7.9

Hz, 1H), 4.94 (s, 2H). Data consistent with that given in the literdture.
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Phthalimide 14. Prepared according to a modified literatprecedurd? S7(2.9 g, 10.25 mmol) was

dissolved in EtOH (50 mL). SngH-0 (9.2 g, 41 mmol, 4 eq) was added and the reaction was refluxed

for 16 hours. The mixture was concentrated and suspended in 60 mL 4N NaOH aned 40 mL EtOAc and
the biphasic mixture was stirred vigorously for 30 minutes at 0 °C. The precipitated solittexed, f

washed with EtOAc and dried to afford a solid, which was recrystallised from MeCN to afford the title
compound light green crystals (930 mg. 10.3 mmol, 36BbNMR (400 MHz,CDC)) G 7 J84 (dd,
5.5, 3.1 Hz, 2H), 7.787.67 (m, 2H), 7.09 (1) = 7.8 Hz, 1H), 6.82 (dt] = 7.6, 1.3 Hz, 1H), 6.75 (8,

= 2.0 Hz, 1H), 6.58 (ddd,= 8.0, 2.4, 1.0 Hz, 1H), 4.75 (s, 2H), 3.65 (s, 2H). Data consistent with that

given in the literaturd¥
: L
AOH Pt N¢N\©/\NPhth
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Azobenzenel6. A solution d 14 (650 mg, 2.58 mmol) in CKl; (50 mL), was treated with a solution

of Oxone® (7.6 g, 23 mmol, 9.0 equiv.) in® (50 mL) at 23 °C. The resulting biphasic reaction
mixture was stirred vigorously at room temperature overnight. Subsequently, thevpdigsssparated

and the aqueous phase was extracted withOGHThe combined organic extracts were washed
sequentially with a 1M aqueous hydrochloric acid solution (50 mL), saturated aqueous sodium
bicarbonate solution (50 mL), and® (50 mL). The washedrganic layer was treated wifl# (780

mg, 8.37 mmol, 1.2 equiv.) and AcOH (40mL). The,CHwas then removed under reduced pressure

at 35 °C and the solution was stirred overnight. The AcOH was then removed under reduced pressure.
The residue was purifieby flash silica gel chromatography (&24) to yieldthe title compounas an

orange solid as a mixture of isomers (620 mg, 1.24 mmol, 48%§: 'H NMR (400 MHz, CDC{) U

7.96 (t,J=1.9 Hz, 2H), 7.89 7.83 (m, 4H), 7.80 (dt] = 7.9, 1.5 Hz, 2H), 747 7.69 (m, 4H), 7.54
(dt,J=7.7, 1.5 Hz, 2H), 7.45 (§,= 7.7 Hz, 2H), 4.95 (s, 4HC NMR (126 MHz,CDG)) U0 168 . 15,
152.96, 137.59, 13471 13224, 131.24, 129.58123.6l, 123.%, 122.11, 41.49HRMS-ESI (m/z)
Calculated for @H20N4O4 [M+H]*, 501.1557; found 501.1556
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Azobenzenel?7. Azobenzenel6 (300 mg, 0.6 mmol, 1.0 eq), NCS (400 mg, 3 mmol, 5.0 eq) and
Pd(OAc) (16.15 mg, 72 umol, 0.10 eq) wesaspended in AcOH (6 mL) under a-&tmosphere in a
microwavevial. The tube was sealed and the reaction was heated to 140 °C under microwave irradiation

for 2h. The dark red solution was cooled, concentrated and redissolved@h..CHhe organic layer

was washed with water, then concentrated in vacuo. The browvasilpurified by silica gel flash
chromatography (8% acetone in 1:1 hexane@#} to afford the title compound as an orange solid as

a mixture of isomers (220 mg, 0.34 mmol, 57®)17: *H NMR (400 MHz, CDC) 4 7.J80 ( dd,
5.5, 3.1 Hz, 4H), 7.7 7.75(m, 4H), 7.39 (dJ = 8.5 Hz, 2H), 7.23 (d]) = 8.4 Hz, 2H), 5.05 (s, 4H).
BCNMR (126 MHz,CDG) UG 167.80, 148.00, 134.35, 133.98, 1
123.66, 39.32. HRM&SI (m/z) Calculated for $H16ClaN4O4 [M+Na]*, 658.9823found 658.9816

1. MeNH,

cl (33% in EtOH) cl
Cl 80°C, 3 h cl
PhthN N Nphy  ——————  BocHN N NHE
t 2. Boc,0 oc
S CH,Cly, rt U
17 39% (2 steps) 13

Azobenzenel3. Phthalimidel7( 210 mg, 329 e mol ) waselutichinethamdl ved i r
(5 mL). The reaction was stirred refluxed fh. The solvent was removéal vacuo The resulting

residue waglissolved in CHCl, (5 mL). To this was added Bg2 ( 16 3 mg, 744 gemol ,
CHCI, (5 mL). The reaction was stirred at rt for 16 h and the solvent was then remaasdio The

residue was purified by silica gel flash column chromatography (1.5%d&EOCHCl,) to afford the

title compound as an orange solid as a HEai3xture
andZ-13as indicated byH NMR analysis)E-13: *H NMR (400 MHz, CDCJ) U 7J=38Hz d,

2H), 7.33 (dJ = 8.5 Hz, 2H), 5.00 (s, 2H), 4.39 (@5 6.4 Hz, 4H), 1.39 (s, 18HC NMR (126 MHz,

CDCL) U 155. 75, 147. 89, 137.07, 129.62, -ER19. 16,
(m/z) Calculated for &H2sClsN4O4 [M+H] *, 577.0937; found 577.0933.

2-TFA

Cl Cl
Cl TFA Cl
BocHN _N HoN _N
Cl
cl Cl Cl
13 18

Quant.

TFA salt 18. To a solution ofLl3 (60 mg, 104 pmol) in CkCl, (1 mL) was added TFA (133 pL). The

reaction was stirred at room temperature for 2 hours. The TFA was removed under a stream of nitrogen,
then dried in vacuo to afford the title compound as an orange solid (63 mg, 104 pmol, 100%, 5:2 ratio

of E-18andZ-18 as indicated byH NMR analysis)E-18 *"H NMR (400 MHz, JMe OD) U
8.4 Hz, 2H), 7.63 (d)= 8.4 Hz, 2H), 439 (s, 4H®C NMR (126 MHz, MeOD) u 1
131.12, 129.80, 127.55, 126.85, 39.93. HRES (m/z) Calculated for H1.ClsNs [M+H]",

376.9889; found 376.9890.
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Carrier 2. Amine 18 (23 mg, 37 umol) was dissolved in MeOH (0.5 mL). DIPEA (40 pL, 0.23 mmol,

6 eq) was added dropwise. Monosquararitgl5.2 mg, 75 umol, 2 eq) in MeCN (0.5 mL) was added,

and the solution was heated at 55 °C for 16 hours. The reaction was cooled to rt and the solid precipitate
was filtered and washed sequentially with MeOH and MeCN, then collected and dried under high
vacuum to afford the title compound as an orange solid (16.8 mg, 23.4 pmol,B2%H NMR (400

MHz, DMSO) 0 9.81 (s,J=8H#hHz 2HB7.6b&1=8.5Hz, 2H)H)44 ()7 . 78 ( d
= 8.1 Hz, 4H), 7.35 (t) = 7.7 Hz, 4H), 7.04 (t) = 7.2 Hz, 2H), 5.01 (s, 4H)*C NMR (126 MHz,

DMS 0)183184,180.%4, 168.91,164.22, 146.8, 138.86, 137.32, 130.42, 129.86, 138).125.72,

124.31, 122.87, 1188, 44.96.HRMS-ESI (m/z) Calculated for £H2.ClsNe¢Os [M-H]", 717.0373;

found 717.0376.
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Bromide 20and 21. To a solution of compount9 (5 g, 24.5 mmol) in CHGI(100 mL) was added

Br2 (1.64 mL, 31.85 mmol, 1.3 equiv) dropwise with vigorous stirring. The reaction was stirred under

reflux for 15 min and then cooled to rt. 10 % sodium thiosulphate solution was added dropwise until

the reaction mixture had lost its brown colour. The reactmixture was then neutralised with 10%

NaHCQ; solution. The organic layer was concentrated, thearified by silica gel column
chromatography (50% Hexane in &) to afford20 and21 as white solids. CompouriD (2.92 g,

10.3 mmol, 42%)*H NMR (400 MHz, -DMSO) U 7.87 (s, 2MW13HH2HR8 ( s,
Data consistent with that given in the literattdeCompound21 (2.47 g, 6.8 mmol, 28%}H NMR

(400 MHz, CDCY¥) a 7.98 (s, 2 H) , [Batasddsisters with thatygn inthe 13 (s,
literature® To improve the yield of desired compou2f isolated compoungl was dissolved in THF
(15ml) and cooled to OAC. A solution &@l0di et hyl
mL, 7.48 mmol, 1.1 equiv.) in THF (6 ml) was added dropwise with vigorous stirring. The reaction was
brought to rt and stirred for 3 h. 200 mL ice water was poured into the reaction mixture. The precipitate

was collected and dried by vacuum filtaatito afford 1.33 g 020 (Total yield: 4.25 g, 15.9 mmol,

61.3%.

o

NH, KN NH,
Cl Cl Cl Cl
(0]
B DMF, rt, 3 h, 100% NPhth
t
o ' o
20 22

Phthalimide 22. To a solution of20 (4.25 g, 15.0 mmol) in DMF (20 mL) was addpdtassium

phthalimide (3.34 gl6.5 mmol, 1.1 equiv). The reaction was stirred fatrr8 hand monitored by TLC.

300 mL of cold water was added form a precipitateywhich wasisolatedby vacuum filtationthen

dried to afford the title compound as a white s@fic® g, 15.0 mmol, canf). *H NMR (400 MHz, @-

DMSQO) U 7. 96a 7.884m, 4H),18.55,(s, ZH), 9.18 (s, 2HC NMR (126 MHz, ¢ DMSO)

id 188. 49, 167.56, 146. 39, 134. 80, 13 3SIHmM/z) 128. 7
calculated for GsH10CloN2O3s" [M+H] ¥, 349.0141; found 349.0141.
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NH, NH,

Cl Cl Et,SiH Cl Cl
_—
TFA, rt, 16h
o NPhth 100% NPhth
22 23

Aniline 23. To a solution of compound2 (6.00 g, 17.2 mmol) in TFA (50 mL) at 0°C was added

dropwise triethylsilane (6.86 mL, 43.0 mmol, 2.5 equiv) under a nitrogen atmosphere with vigorous
stirring. The reaction was brought to rt and stirred for 18He mixture was diluted with 200 mL of

wate and brought to pH 9 by the addition of 10% NaOH solution (~ 100tmEgrm a precipitate,

which was isolated by vacuum filtration then dried to afford the title compound as a whitsasid

g,17.2 mmol, quantyH NMR (400 MHz ,i 7.09hE @), 7.05 (s7 2HE 3.30 (s, 2H),
3.75(tJ=7.0Hz,2H),2.77 1=7.0Hz,2H)®*C NMR (101 MHz, DMSO) U 167."
131.44,128.16, 127.28, 123.06, 118.00, 38.68, 32.13. HR$I§M/z) calculated for H13Cl.N2O,*

[M+H]*, 335.0349found 335.036.

PhthN
cl cl NCS/DBU \/\@
CHZCIZ 78°C m
10 min
NPhth g mi

NPhth

23

Protected azobenzen@4. To a solution 023 (3.82 g, 11.4 mmol) in Cil, (150 mL) was added

DBU (3.40 mL, 22.8 mmol, 2 equiv). The solution was stirred at rt for 5 min before being cooled to
178°CIN-chl orosuccinimide (3.04 g, 22.8 mmol, 2 equi
for 10 min before quenching by addition of saturated sodium bicarbonate solution (150 mL). The
organic layer was washed with watex(550 mL) and 1 M HCI (150 ml..dried over anhydrous MgSO

and concentrateth vacuo The residue was purified by silica gel flash column chromatography
(CH:CI,) to affordthe title compound asaorangebrown solidas a mixture of isomerd..89 g, 2.84

mmol, 50%):E-24*H NMR (500 MHz, CDCk) U 7 J855, 3.1Hd, 4H), 7.76 7.73 (m, 4H),

7.37 (s, 4H), 3.98 3.94 (m, 4H), 3.0% 2.99 (m, 4H)*C NMR (126 MHz,CDG) 4 168. 20, 14
140.63, 134.29, 132.07, 129.93, 127.72, 123.88.50, 33.92. HRME&SI (m/z) calculated for
C32H21ClaN4O4" [M+H] ", 665.0317; found 665.0306.

PhthN Cl cl 1) MeNH,, EtOH, reflux, 4 h BocHN Cl i
N 2) Boc,O, CH,Cly, rt, 3 h N
N? - NZ
40%
NPhth NHBoc

cl Cl over two steps cl cl

25
24

Protected azobenzene diaming5. Compound®?4( 400 mg, 600 emol ) was di ss
solution in ethanol (9.6 mL). The reaction was stirred under reflux for 4 h. The solvent was ramoved

vacua The resulting residue (243 mg) was dissolved in@H10 mL). To this was added B#ig (122

mg , 557 €48 (10 mL). The @adtion wadised at rt for 3 h and the solvent was then
removedin vacuo The crude was purifiely silica gel flash column chromatograpiy %o EtOAc in

CH,CI,) to affordthe title compound as an orange salida mixture of isome(s1 46 mg, 240. 78
40 %):E-25:'HNMR (400 MHz, CDC§) U 7.29 (s, 4H)J=674Hz548), 288, 2H) ,
(t, J = 6.7 Hz, 4H), 1.45 (s, 18H}*C NMR (126 MHz, CDG)) 4 155. 90, 146. 11, 1
127.65, 79.79, 41.41, 35.54, 28.3ARMS-ESI (m/z) calculated for £Hz.Cl.N,OsNa" [M+Na]*,

629.1042; found 629.1037.
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BocHN\/\@CI ol 1'TF'§’ rf:HzClz, Ph,Hj;(H cl ol
_N rt, , quant. _ o) [o)
ol ST e
Cl NHBoc 55 °C, rt, 64% Cl N N7
H H
3
Carrier 11. To a solutiono5( 70 mg, 1 1 5CLé s ml)Was added TFA (0.2 mL). The
reaction was stirred at rt for 4 h. The TFA and solvent were removed by evaporation under a stream of
nitrogen and then under high vacuum to afford the deprotected amine as an orange salt (73 mg, 115
emol , tHWNMR @00)MHz,CD:OD) U4 7. 51 (Js=,7.4 HzHAH), 3.0 (1)2=Z7.4 ( d ,
Hz, 4H). HRMSESI (m/z) calculated for H1,ClsNsNa" [M+H]*, 407.0173; found 407.0173. The
diamine(23 mg, 39 pmolwas dissolved in MeOH (0.5 mL). DIPEA (40 pL, 0.23 mmol, 6 eq) was
added dropwise. Monosquaramitie(15.6 mg, 77 pmol, 2 eq) in MeCN (0.5 mL) was added, and the
solution was heated at 55 °C for 16 hours. The reaction was cooled to rt and the solid precipitate was
filtered and washed sequentially with MeOH and MeCN, tt@lected and dried under high vacuum
to afford the titte compound as an orange solid (20 mg, 39 umol, %i)!H NMR (400 MHz,
DMSOds) U 9.67 (br s, 2H), 7J666/H¢ 4hH, 73H)=578Hz2,57 (s,
4H), 7.02 (tJ = 7.3Hz, 2H), 3.94 (s, 4H), 3.01 ,= 6.9 Hz, 4H)**C NMR (126 MHz, DMS
184.55, 180.97, 169.57, 164.24, 145.34, 143.28, 139.40, 130.81, 129.81, 126.63, 123.14, 118.54, 44.62,
36.33. HRMSESI (m/z) Calculated for £H26ClaNe¢O4 [M-H]", 745.0697; found@45.0690
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NH2 Phthalic NH2 NH2 NO

Anhydride Fmoc-Cl
NEts DIPEA Oxone 27
- TR ___Oxone | -
PhMe, 110°C, 4 h CH,Cly, 1t, 16 h CHCly/H,0 AcOH, 1t, 16 h
37% 9 rt, 24 h 85% over 2 steps
NPhth ° NH, 0 NHFmoc NHFmoc
27 26 28 29

PhthN )\ J\
/\@\ " Pd(OAc),, NCS PhthN

N” \©\/ AcOH, 140 °C, 2 h DMF .
NHFmoc NHFmoc n,

19
uw, 51% 76%
30
0 0
\O:\ i'il/i:
PhthN cl cl PhthN cl cl Mel
DIPEA Cs,CO3
N”N _— N”N _—
MeOH/MeCN H | MeCN, rt, 16 h
g NHz 50°C, 16 h g N Nepn  86%
22 43% 34

PhthN cl cl
N HNCHoNH, — H2N §
N* | | (0-5M in MeOH) N,/N;©\/ I |
cl N N >
cl j;( \© CH,Cly, 35°C, 2d c g N N
35 7N 36 ] l

N (joj:ﬁo
H"O H H

N
DIPEA N | |
> cl N N
CHCl;, MeOH, MeCN cl )f\[: \©
7% over 2 steps 4 g o
NH,
Hy, Pd/C
DMF, 160°C, 1h MaOH, EtDAc
Br NSRS NPhth 98%
s8 NPhth
27

Scheme S4Synthesis of nosymmetric azobenzene derivatives
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NEQ

PhMe Nth

Phthalimide 27. Prepared according to a modified literature procedtir®mine 26 (1 g, 8.2 mmol, 1

eq) and triethylamine (3.4 mL, 24.6 mmol, 3 eq) were suspended in toluene (10 mL). phthalic anhydride
(0.78 mL, 4.5 mmol, 1 eq) suspended in toluene (300 mL) was added dropwise over 4 hours at reflux
temperature. The solution was hdtdiied and the filtrate concentrated and purified by silica gel flash
chromatography (dry load, 4% EtOAc in &) to afford the title compound as a light yellow solid

(766 mg, 3.0 mmol,37%4 NMR (400 MHz i 7.T9KhS 4H), 6.98 (df= 8%z, 2H),

6.48 (d,J = 8.4 Hz, 2H), 5.04 (s, 2H), 4.56 (s, 2H). Data consistent with that given in the lite¥ature.

DMF, 160 °C, 1 h
65 %

NPhth
Phthalimide S9 Prepared according to a modified literature procedfinitrobenzyl bromides8(7
g, 32.40 mmol) was dissolved in DMF (45 mL). Potassium phthalimide (6.3 g, 34 mmol, 1.05 eq) was
added and the reaction was stirred at reflux temperature for 1 h. The reaction was codatedyatet
was added. The filate was dissolved in hot EtOAB00 mL), and allowed to recrystallize for two days
at room temperature in a 500 mL flask. The solid was collected and washed with cold EtOAc to afford
the title compound as white crystals (5.9 g, 20.9 mmol, 6%9%NMR (400 MHz, CDCJ) U i8. 22
8.15 (m,2H), 7.88 (dd,) = 5.4, 3.1 Hz, 2H), 7.75 (dd,= 5.5, 3.1 Hz, 2H), 7.6R 7.56 (m, 2H), 4.93
(s, 2H).E

NO, NH,
H,, Pd/C

MeOH, EtOAc
98%
NPhth NPhth
S9 27

Phthalimide 27. Nitro compoundS9 (3 g, 22.0 mmol) was dissolved in 40% MeOH in EtOAc (160

mL). The reaction was placed under nitrogen, then 10% Pd/C (300 mg) was added. The reaction was
stirred under bl atmosphere for 16 hours, filtered over celite, then concentrated to afford the title
compound as a white solid (2.3 g, 21.7 mmol, 984). NMR (400 MHz ,i 7DM®B,0)
4H), 6.98 (dJ = 8.4 Hz, 2H), 6.48 (d] = 8.4 Hz, 2H), 5.04 (s, 2H), 4.56 (s, 2H). Data consistent with

that given in the literaturé’

15



Fmoc-ClI
DIPEA

CH2C|2

889
% NHFmoc

28

Fmoc building block 28. Prepared according to a modified literature procedufe.4-
aminobenzylamin@6 (550 mg, 4.5 mmol, 1 eq) and DIPEA (0.78 mL, 4.5 mmol, 1 eq) were dissolved

in CHCl> (50 mL). FmoeCl (1.16 g, 4.5 mmol, 1 eq) in Gl (10 mL) was added dropwise at 0 °C.

The reaction was stirred at room temperature for 16 hours, after which a white precipitate had formed.
Theorganic layer was washedth water, then concentrated incu. The crude was purified by silica

gel flash chromatography (dry load, 10% EtOAc in.CH) to afford the title compound as a white

solid (1.37 g, 4.0 mmol, 88%3H NMR (400 MHz, Chloroforrd ) U 7= 7.6 HZ, 2H), 7.58
(d,J=7.40 Hz, 2H), 7.8 (t,J = 7.34 Hz, 2H), 7.29 (1] = 7.30 Hz, 2H)7.21 (t,J= 6.96 Hz, 1H), 7.05
(d,J=8.10 Hz, 2H), 6.62 (d1 = 8.34 Hz, 2H), 5.01 (s br, 1H), 4.42 (s 7.18 Hz, 2H), 4.24 (s, 2H),

3.72 (br s, 2H). Data consistent with that given in the literdtlre

NH, NO
NPhth PhthN/\©\
CH2Clo/HZ0 AcOH \©\/NHFmoc
24'h .
NHFmoc NHFmoc 85% over 2 steps
28 29

Azobenzene30. A solution 0f28 (855 mg, 2.77 mmol, 1.4 equiv.) in @El» (50 mL), was treated with

a solution of Oxone® (5.43 g, 17.84 mmol, 9.0 equiv.) i@ K60 mL) at 23 °C. The resulting biphasic
reactionmixture was stirred vigorously at room temperature overnight, after which the organic layer
turned green. Subsequently, the phases were separated and the aqueous phase was extracted with
CHxCI> (2x50 mL). The combined organic extracts were washed sedlemtith a 1M aqueous
hydrochloric acid solution (50 mL), saturated aqueous sodium bicarbonate solution (50 mLyQand H

(50 mL). The washed organic layer was treated @it{b00 mg, 1.98 mmol, 1.0 equiv.) and AcOH (40

mL). The CHCI,was removed under daced pressure at 35 °C and the solution was stioretc

hours.The AcOH was removed under reduced pressure. The residue was purified by flash silica gel
chromatography (C#l>to 1% Acetone il€H>Cly) to yieldthe title compounas an orange solid (1.0

g, 1.69 mmol, 85%)E-30: 'H NMR (400 MHz, CDCJ) & i 7.80(rh, 6H), 7.79 7.74 (m, 2H),

7.72 (ddJ=5.5, 3.1 Hz, 2H), 7.64 7.54 (m, 4H), 7.43 7.34 (m, 4H), 7.31 (1) = 7.5 Hz, 2H), 5.15
(brt,J=6.2 Hz, 1H), 4.92 (£H), 4.50 (dJ = 6.7 Hz, 2H), 4.45 (d] = 6.2 Hz, 2H), 4.23 (1) = 6.7

Hz, 1H); *C NMR (126 MHz, CDQ) a 168. 13, 156. 60, 152. 27, 152
139.34, 134.25, 132.21, 129.48, 128.22, 127.84, 127.20, 125.13, 123.60, 123.37, 1231346684,

47.46, 44.89, 41.44. HRMESI (m/z) Calculated for £H2sN4O4 [M+H] *, 593.2183; found 593.2180
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I
PhthN PhthN c cl
N Pd(OAc),, NCS N
N” \©\/ AcOH, 140 °C, 2 h N®
NHFmoc uw, 51% Cl cl NHFmoc
30 31

Azobenzene3l. This reaction was split into three 1 g batches due to microwave vial size restrictions.
30, (1g, 1.69 mmol, 1.0 eq), NCS (1.13 mg, 8.44 mmol, 5.0 eq) and Pd{@&ang, 0.2 mmol, 0.12

eq) were dissolved in AcOH (17mL) under ad@&imosphere in a 20 mL pressure tube. The tube was
sealed and reaction was heated to 140 °C under microwave ioad@tlh. The dark red solution was
cooled, concentrated and redissolved inClkl The organic layer was washed sequentially with sat.

ag. NaCl and phosphate buffer (pH 7), and then concentrated in vacuo. The three batches were combined
and purified by gica gel flash chromatography (GEl2) to afford the title compound as a dark red

solid as a mixture of isomers.g6 g, 2.68 mmol, b [~90% purity]). E-31: 'H NMR (400 MHz,

CDCl) U 7 J=858, 2(2tHd 2H), 7.76 (dd,= 5.4, 3.1 Hz, 2H), 7.74 7.62 (m, 2H), 7.58 (d]

= 6.2 Hz, 2H), 7.53 (s, 2H),451 7.31(m, 4H), 7.267 7.15 (m, 2H)5.21 (br tJ = 6.6 Hz, 1H), 4.84

(s, 2H), 4.620 4.41 (m, 1H), 4.38 (dJ = 6.6 Hz, 2H), 4.22 (t) = 6.7 Hz, 1H).*3C NMR (126/Hz,

cbah ! MCT®P®PTOX MpPCcPHNEI MATDPcnNnZ MANTPMOZ wMnpdPchpZ |
129.17, 128.33, 128.24, 128.07, 128.03, 125.44, 123.67, 120.09, 66.59, 47.24, 43.8%IRMIS5.

ESI (m/z) Calculated for £H24CluN4O4 [M-H]~, 729.0624found 729.024

PhthN

PhthN/\C;[ /\C;[
DMF, rt ;@\/
CI;©\/NHFmoc

76%

Amine 32.31(1.1 g, 1.51 mmol) was dissolved in DMF (8 mL). Diisopropylamine (341 pL, 1.96 mmol,

1.3 eq) was added, and the reaction was stirred at room temperature for 1 hour, after which a precipitate
had formed. The DMF was azeotropically removed under reduced pressure with toluene. The residue
was purified by silica gel flash chromatography (100:3:1@FMeOH:NES%) to afford the title
compound as a dark red solid as a mixture of isomers (580 n#g,mriol, 76%) which is used
immediately in the next stef-32: *H NMR (400 MHz, CDCY§) U 7 7.859n2 2H), 7.79 7.72 (m,

2H), 7.52 (s, 2H), 7.44 (s, 2H), 4.84 (s, 2H), 3.91 (s, 2HRMS-ESI (m/z) Calculated for
CooH14ClsN4O- [M+H] *. . 506.9944; foun®06.9943

H
(e} O
o - ﬁﬁ
+
M H
-0 o— eO ©\
S10 S11

Monosquaramide 33. To a stirred solution 0810(100 mg, 0.70 mmol, 1 eq) in methanol (1 mL) was

added NmethylanilineS11 (68 uL, 0.7 mmol, 1 eq) and the mixture was allowed to stir at room
temperature for 90 host The reactiowas concentrated and purifibg silica gel flash chromatography

(6 % MeCN in CHCI,) to afford the title compound as a white solid (75 mg, 0.345 mmol, 49%).

NMR (400 MHz, CDCY) U i 7.384m6, 2H), 7.33 7.27 (m, 1H), 7.20 7.13 (m 2H), 4.52i 4.19

(brs 3H), 3.73 (s, 3H*C NMR (126 MHz,CDG) U 189. 00, 184.58, 177.99,
127.17, 123.14, 60.75, 39.39. HRNES| (m/z) Calculated for £H1:NOs [M+H] ", 218.0812; found

218.0810
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cl
PhthN/\<;[ cl DIPEA PhthN/\@
NN I j
MeOH/MeCN
NH eO /MeC o

50°C
43%

Squaramide34. 32(580 mg, 1.14 mmol) aréi3 (272 mg, 1.26 mmol, 1.1 eq) were dissolved in MeOH

(20 mL) and MeCN (5 mL). DIPEA (437 pL, 2.51 mmol, 2.2 eq) was added. The reaction was stirred
at 50 °C for 6 hours. The reaction was concentrated, then purified by silica gel flash chromatography
(5% to8% MeCN in CHCI,) to afford the title compound as an orange solid as a mixture of isomers
(270 mg, 0.49 mmol, 43%[E-34: *H NMR (400 MHz, CDC)) U 1 7.869n2, 2H), 7.78 7.73 (m,

2H), 7.52 (s, 2H), 7.50 7.45 (m, 2H), 7.37 7.30 (m, 1H), 228(s, 2H), 7.15 7.10 (m, 2H), 4.84 (s,

2H), 4.80 (d,J = 6.6 Hz, 2H), 4.29 (t) = 6.5 Hz, 1H), 3.80 (s, 3H}*C NMR (126 MHz, CDGJ)) U
184.52, 184.29, 167.88, 166.79, 165.86, 147.19, 147.05, 141.48, 140.27, 138.78, 134.52, 132.02,
130.08, 129.66, 128.4428.03, 127.84, 127.56, 123.82, 123.13, 47.143439.77. HRMSESI (m/z)
Calculated for @H21Cl4sNsO4 [M+H] *, 692.0420; found 692.0416

MeCN
86%

PhthN Cl cl Mel PhthN
CSch3
N
34
(0] o

Squaramide35. 34 (270 mg, 390 pumol) was dissolved in MeCN (5 mL).@3; (950 mg, 2.29 mmol,

7.5 eq) and Mel (364 uL, 5.84 mmol, 15 eq) were stirred vigorously for 16 h at rt. The reaction was
concentrated, then diluted in @El; and washed with water to remove salts. The organic layer was
concentrated and purified by silicaldlash chromatography (7% Acetone in 50:50,CkPhMe) to

afford the title compound as an orange solid as a mixture of isomers (236 mg, 333 umoE-8%6).

'H NMR (400 MHz, CDGJ) U 1 7.869r8, 2H), 7.79 7.73 (m, 2H), 7.54 (s, 2H), 7.39 (t= 7.7

Hz, 2H), 7.27 (s, 2H), 7.21 @,= 7.6 Hz, 1H), 7.12 7.07 (m, 2H), 4.85 (s, 2H), 4.71 (s, 2H), 3.80 (s,
3H), 2.30 (s, 3H)*C NMR (126 MHz, CDG) G4 186 . 00, 185. 29, 170. 45,
147.07, 144.70, 138.81, 138.32, 134.52, 132.02,1B30129.67, 128.76, 128.00, 127.86, 126.51,
123.83, 122.03, 54.72, 40.48, 39.49, 38HBMS-ESI| (m/z) Calculated for £H23ClaNsO4 [M+H] ",
706.0577; found 706.0577
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N N
j:( \© CH,Cl,
35 reflux
o] 0

1" @\ j:( Cl
DIPEA = H ” ¢l
CHCls, MeOH, MeCN N"N;©\/ | |
7% over 2 steps Cl cl N N
. O
O (6}

Control compound 4. Phthalimide35 (80 mg, 113 umolwas dissolved in C¥Cl, (4 mL). Ethylene

diamine (0.5M in MeOH) (1.36 mL, 680 umol, 6 eq) was added, and the reaction was stirred at 43
degrees bath temperature for 48 hours. The reaction was concentrated in vacuo (do not exceed 40 °C).
The orange residugas purified by flasttolumn chromatography (5% MeOH in gEl,) to afford 12

mg (20.8 umol) of intermediate amid®. '*H NMR (400 MHz, CDC{) U 1 7.434(8 2H), 7.42

7.37 (m, 2H), 7.29 (s, 2H), 7.247.19 (m, 1H), 7.12 7.08 (m, 2H), 4.72 (s, 2H3.93 (s, 2H), 3.82 (s,

3H), 2.31 (s, 3H). The residue wiasmediatelydissolved in 1:1 MeOH/CHE[0.5 mL) and DIPEA (7

pL, 41.6 pumol, 2 eq) was added. Monosquaraniitié4.22 mg, 20.8 umol, 1 eq) in MeCN (0.5 mL)

was added, and the reaction was stirref5atC for 16 hours. The reaction was cooled to rt and the

solid precipitate was filtered and washed sequentially with MeOH and MeCN, then collected and dried
under high vacuum to afford the title compound as an orange solid (6.2 mg, 7 umol, 7% ovs}. 2 step
E-4'H NMR (400 MHz, DMSO) U 9.81 (s, 1H)1L,748. 12 (s
(m, 2H), 7.39 7.28 (m, 6H), 7.21 7.16 (m, 1H), 7.04 (ttJ= 7.3, 1.2 Hz, 1H), 4.90 (d,= 5.5 Hz,

2H), 4.78 (s, 2H), 3.68 (s, 3H), 2.24 (s,3HC NMR (126 MHz, DMSO) U 186. (
180.81, 170.82, 168.80, 166.24, 164.33, 145.68, 145.49, 144.31, 142.74, 140.18, 138.87, 129.40,
129.35, 129.17, 128.85, 126.40, 126.31, 125.37, 122.83, 121.61, 118.23, 53.25, 45.80, 38.33, 38.12.
HRMS-ESI(m/z) Calculated for €sH26ClaNeO4 [M-H], 745.0697; found 745.0687.

cl
PhthN N cl o
_N HoN(CH3)oNH, 2
N~ [ [ (0.5M in MeOH) N,,N | |
g > g N N\©
36 o; ;o

83%

o_ 0O
" e A O
B ——
m MeCN N N
H H
s13

38

Control 38. Phenethylamine (24 pL, 189 umol, 1.1 eq) was adddd {85 mg,172 umol, in MeCN,

and the reaction was stirred at room temperature for 16 hours. The solid precipitate was filtered and
washed sequentially with MeOH and MeCN, then collected and dried under high vacuum to afford the

titte compound as a white solid (42 nigt3 pmol, 83 %)H NMR (500 MHz, DMSO) U
7.64 (s, 1H), 7.40 (dl = 8.0 Hz, 2H), 7.32 (1 = 7.6 Hz, 4H), 7.27 (d] = 7.4 Hz, 2H), 7.23 (1 = 7.2

Hz, 1H), 7.02 (tJ) = 7.3 Hz, 1H), 3.87 (m, 2H), 2.90 &= 7.1 Hz, 2H)*C NMR (126 MHz, DMSO)

d 184.00, 180. 31, 169. 14, 163. 54, 138. 97, 138. 3
44 .91, 3638. HRMSESI (m/z) Calculated for £gH1sN2O, [M+H] *, 291.1139found291.1140
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Figure SL. *H NMR spectrum of (Chloroformd, 298 K).
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Figure 2. *H NMR spectrum o8 (Chloroformd, 298 K).
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Figure S3. 13C NMR spectrum oB. (Chloroformd, 298 K).
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Figure $4. *H NMR spectrum of-9 (Chloroformd, 298 K).Z-9 signals labelled as *.
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Figure 5. 13C NMR spectrum oE-9. (Chloroformd, 298 K).Z-9 signals labelled as *.
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Figure S7.3C NMR Spectrum ol0, (Methanolds, 298 K).Z-10signals labelled as *.
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Figure 9. 3C NMR Spectrum oflb (DMSO-ds, 298 K).
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Figure S12. *H NMR spectrum o52(DMSO-ds, 298 K).
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Figure S13. *H NMR spectrum ofS3(Chloroformd, 298 K).
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Figure S14. *C NMR spectrum of53 (Chloroformd, 298 K).
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Figure S15. *H NMR spectrum o84 (Chloroformd, 298 K).
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Figure S16. *C NMR spectrum of54. (Chloroformd, 298 K).

NH,

Cl C
NHBoc

- i3

T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)
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Figure S18. 3C NMR spectrum ofL.2 (Chloroformd, 298 K).
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Figure S19. *H NMR spectrum of57 (Chloroformd, 298 K).
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Figure S20. *H NMR spectrum ofL4 (Chloroformd, 298 K).
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Figure 21. *H NMR spectrum of-16 (Chloroformd, 298 K).
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Figure S23. *H NMR spectrum of-17 (Chloroformd, 298 K).Z-17 signals labelled as *.

31



[sa) o0 0 —=HOWOVWWT VN
(o)} - THO OO0 OVUN
N ® TYNG®BSIS M
o < MnmMnMmaNaNdN~N N
i i o o o
\ | =N
o} cl
Cl 0
N ,N:ijﬁ
N? N
¢] Cl
Cl o

—39.45

200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

Figure S24. *C NMR spectrum oE-17. (Chloroformd, 298 K).Z-16signals labelled as *.
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Figure S25. 'H NMR spectrum of-13 (Chloroformd, 298 K).Z-13 signals labelled as *.
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Figure S26. *C NMR spectrum of-13. (Chloroformd, 298 K).Z-13 signals labelled as *.
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Figure S27. *H NMR Spectrum of-18, (Methanold,, 298 K).Z-18 signals labelled as *.
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Figure S28. 3C NMR Spectrum oE-18, (Methanolds, 298 K).Z-18signals labelled as *.
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Figure S32. HSQC ofE-2. Key Hi *C correlations highlighted. (DMS@s, 298 K).
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Figure S33. *H NMR Spectrum o20. (DMSO-ds, 298 K).
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Figure S34. *H NMR Spectrum o21. (Chloroformd, 298 K).
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Figure S35. 'H NMR Spectrum o22. (DMSO-ds, 298 K).
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Figure S36. °C NMR Spectrum o22. (DMSO-ds, 298 K).
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Figure S37. *H NMR Spectrum o23. (DMSO-ds, 298 K).
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Figure S38. °C NMR Spectrum o23. (DMSO-ds, 298 K).
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Figure S39. 'H NMR spectrum of-24 (Chloroformd, 298 K).Z-24 signals labelled as *
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Figure $40. °C NMR spectrum of-24 (Chloroformd, 298 K).Z-24 signals labelled as *
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Figure $41. *H NMR spectrum of-25 (Chloroformd, 298 K).Z-25signals labelled as *
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Figure $42. °C NMR spectrum of-25 (Chloroformd, 298 K).Z-25signals labelled as *
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Figure $43. 'H NMR spectrum of-3 (DMSO-ds, 298 K).Z-3 signals labelled as *.
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Figure $45. HSQC of3. Key aromati¢Hi $3C correlations highlighted. (DMS@s, 298 K).
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Figure $46. HMBC of 3. Key 'Hi 3C correlations highlighted. (DMS@, 298 K).
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Figure $48. *H NMR spectrum o589 (Chloroformd, 298 K).
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Figure $49. 'H NMR spectrum o28 (Chloroformd, 298 K).Minor rotameric signals labelled as *
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Figure S5. *H NMR spectrum of-30 (Chloroformd, 298 K).
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Figure S5L. *C NMR spectrum oE-30 (Chloroformd, 298 K).

45



D

! N 4
eSO MM Qoo —-Q
NANNANTT AN AN - AN
10.0 9.5 9.0 85 80 75 7.0 65 6.0 55 50 4.5 4
f1 (ppm)

Figure S2. *H NMR spectrum of-31 (Chloroformd, 298 K).

0 35 3.0 25 2.0

1.0 05 0.0

T 0 @O0 -40
4 4035 cl 128.07 128.03 <2
] 123.67 N Cl @
129.49 N ’ I 50
134.36 o N* :
Cl cl N (0] 60
70
_—
r80 —
£
a
S
ro90 -
=
100
r110
— < 120
= @ (@)
== o Q9@ -130
= (S)
j: T T T T T T T T - 140
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

f2 (ppm)

Figure S53 HSQC ofE-31. Key'Hi *3C correlations highlighted. (Chloroford) 298 K).
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Figure S%. *C NMR spectrum of-31 (Chloroformd, 298 K).Z-31 peaks labelled as *
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Figure S57. 'H NMR spectrum o83 (Chloroformd, 298 K).
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Figure S®. *H NMR spectrum of-34 (Chloroformd, 298 K).Z-34 signals labelled as *.
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Figure $61. HSQC ofE-34. Key Hi 3C correlations highlighted. (Chloroford) 298 K).
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Figure S63. 'H NMR spectrum of-35 (Chloroformd, 298 K).Z-35signals labelled as *.
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Figure $66. HMBC of E-35. Key Hi 1*C correlations highlighted. (Chlorofordh 298 K).
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Figure S67. *H NMR spectrum o886 (Chloroformd, 298 K).Z-36 signals labelled as *.
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Figure S70. COSY of 4. Key 'Hi *H correlations highlighted. (DMS@s, 298 K).
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Figure S71. HSQC of4. Key Hi *3C correlations highlighted. (DMS@s, 298 K).
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Figure S72. HMBC of 4. Key 'Hi *3C correlations highlighted. (DMS@, 298 K).
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Figure S73. *H NMR spectrum o087 (DMSO-ds, 298 K).
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Figure S74. *H NMR spectrum o088 (DMSO-ds, 298 K).
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Figure S75. *C NMR spectrum o888 (DMSO-ds, 298 K).
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Figure S76. HRMS spectrum o8. HRMS-ESI (m/z) Calculated for &H1602N2F2 [M+Na]*, 281.1072;
found 281.1072.
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Figure S77. HRMS spectrum 09. HRMS-ESI (m/z) Calculated for £4H2eFsN4O4 [M+H] *, 513.2119;
found 513.2119.
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Figure S78. HRMS spectrum ol0. HRMS-ESI (m/z) Calculated for H1,FsN4 [M+H]*, 313.1071;
found 313.1070.
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Figure S79. HRMS spectrum otbh. HRMS-ESI (m/z) calculated for £H21F:NsO4 [M-H]', 653.1566,
found 653.1581.

x10 2 |+ Scan (0.075-0.078 min, 2 Scans) mss22766 Aidan Kerckhoffs.D
185.97479
NH,
2 Cl Cl
14 CN
231.92226
o 151.00232 176.04221 201 .OL7875 LL 252.94701
. A L - T 5 —y ] '] .

150 160 170 180 190 200 210 220 230 240 250 260
Counts vs. Mass-to-Charge (m/z)

Figure S80. HRMS spectrum ofS4. HRMS-EI (m/z) Calculated for €44ClN, 185.9752; found
185.9748

100- 313.0481
90|
80|
707 NH
% ] 315.0452 2
2 g4 Cl Cl
N
3 -
@ 50 NHBoc
2
2 40
30
20|
- 305.0454 327.0274 337.01:
10 317.0422
"|301.0753 .| 1 i | 3300326 |\
IR EETETY AT R W I.‘\.l L h.l.”.'u\%l
] i . . : ! |
300 310 320 330

miz

Figure S81. HRMS spectrum ofi2. HRMS-ESI (m/z) Calculated for &H16Cl2N2O. [M+Na]* ,
313.0481,; found 313.0481.
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Figure S82. HRMS spectrum o016. HRMS-ESI (m/z) Calculated for $8H20N4O4 [M+H] ", 501.1557;
found 501.1556
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Figure S83. HRMS spectrum oft7. HRMSESI (m/z) Calculated for $gH16ClaN4Os [M+Na]*,
658.9823; found 658.9816
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Figure S84. HRMS spectrum ofl3. HRMS-ESI (m/z) Calculated for £H2sClaN4sOs [M+H]",
577.0937; found 577.0933.
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Figure S85. HRMS spectrum o18. HRMS-ESI (m/z) Calculated for GH12ClaN4 [M+H] *, 376.9889;
found 376.9890.
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Figure S86. HRMS spectrum o2. HRMS-ESI (m/z) Calculated for £H2,ClsNsO4 [M-H]", 717.0373;
found 717.0376.
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Figure S87. HRMS spectrum of22. HRMS-ESI (m/z) calculated for fH1oCIoN2Os" [M+H] ¥,
349.0141; found 349.0141.
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