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1. Materials and methods

All reagents and solvents were purchased from commercial sources and used without further
purification. Where necessary, solvents were dried by passing through an MBraun MPSP-800 column
and degassed with nitrogen. Triethylamine was distilled from 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), Bruker NEO 600 with broadband helium
cryoprobe and Bruker AVIII 500 spectrometers. Chemical shifts are reported as 6 values in ppm. Mass
spectra were carried out on a Waters Micromass LCT and Bruker microTOF spectrometers. UV-Vis
spectra were recorded on a V-770 UV-Visible/NIR Spectrophotometer equipped with Peltier
temperature controller and stirrer using quartz cuvettes of 1 cm path length. Experiments were
conducted at 25°C unless otherwise stated.

Abbreviations

Boc: tert-butyloxycarbonyl; BINAP: (2,2'-bis(diphenylphosphino)-1,1'-binaphthyl); DBDMH: 1,3-
Dibromo-5,5-Dimethylhydantoin; DBU: 1,8-Diazabicyclo[5.4.0Jundec-7-ene; DCM:
Dichloromethane; DMAP: 4-Dimethylaminopyridine; DMF: N,N-Dimethylformamide; DMSO:
Dimethylsulfoxide; DPPA; Diphenylphosphoryl azide; HRMS: High resolution mass spectrometry;
MeCN: Acetonitrile; MeOH: Methanol; NBS: N-Bromosuccinimide; NCS: N-Chlorosuccinimide;
NMP: N-Methyl-2-pyrrolidone; PIDA: phenyliodine(lll) diacetate; Phth: Phthaloyl; PSS: Photo-
stationary state; rt: Room temperature; TFA: Trifluoroacetic acid; THF: Tetrahydrofuran; TMS:
Trimethylsilyl; uW: Microwave



2. Synthesis and characterization

General comments.

All novel compounds were characterised by *H and 3C NMR, and high-resolution mass spectrometry.
Azobenzene derivatives were formed as a mixture of E and Z isomers. Peaks for the E isomer are
reported (major product).

Preparation of Simple substrate Boc Functional Handle
””””””””””””””””””””””””””””” F NH, NH,
: NH, ) Foo
F F KMnOy, FeS0O4-7H,0 (;[ N 1 F F CuCN F. F
w R N~ | _—

CH,Cl,, -78 °C E : NMP, 202 °C
' 0, ' H 0,
: s1 28% . E : Br 90 min, pw, 87 % CN
! 4" ,
L | S3
NH,
E . NCS, DBU BOCHNﬁ
_ Boc,0
g3 _ BHaTHE _ CH,Cly, -78 °C
THF, reflux, 16 h CHQCIQ rt, 16 h 10 min NHBoc
66% (2 steps) 69 %
Hz
sS4 F4-NHBoc
----------------------------------------- Ester Appendage - - - - - - - - - - oo oo
NH, NH, EtO,C
KOH F F H,S04 F F NCS DBU \(;:
S3——> -
H,0, reflux EtOH, 80°C CH21C(Isz;8 °C o
89% 7% CO,Et z
CO,H ° 2 92% F,-Ester
S6 S7
Scheme S1. Synthesis of tetra-ortho-fluoro azobenzene derivatives [
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F4-H. Prepared according to a modified literature procedure.[?ll 2 6-difluoroaniline S1 (8 g, 62.0 mmol)
was dissolved in CH,Cl, (300 mL) and a freshly ground mixture of KMnO, (32 g, 202.5 mmol, 3.27
eq) and FeSO47H,0 (32 g, 115 mmol, 1.86 eq) were added. The solution was refluxed for 3 days,
filtered through celite, dried over MgSQ,, filtered, and concentrated under reduced pressure. The crude
residue was purified by column chromatography (dry load, 20% CH,CI, in hexane) to give F4-H as an
orange solid (2.2 g, 8.66 mmol, 28%). *H NMR (400 MHz, CDCls) & 7.38 (tt, J = 8.4, 5.8 Hz, 2H), 7.11
—7.03 (m, 4H). Data consistent with that given in the literature. 2l
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4-amino-3,5-difluorobenzonitrile S3 A suspension of 4-bromo-2,6-difluoroaniline S2 (6.5 g, 31.1
mmol) and copper(l) cyanide (4.2 g, 146.6 mmol, 1.5 eq) in dry NMP (15 mL) was heated to 202 °C
under microwave irradiation for 90 minutes under N,. The reaction was poured onto 15% ammonia
solution (300 mL), then extracted with 50:50 Hexane:EtOAc (3x 150 mL). The combined organic layers
were washed with water (5x 150 mL), 5% LiCl solution, then were concentrated in vacuo. The resulting
residue was purified by silica gel column chromatography (50% CH,CI, in hexane) to obtain the title
compound as a white crystalline solid (4.16 g, 27 mmol, 87%). *H NMR (400 MHz, Chloroform-d) &
7.17 (dd, J = 6.0, 2.3 Hz, 2H), 4.29 (s, 2H). Data consistent with that given in the literature.!?!
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tert-butyl (4-amino-3,5-difluorobenzyl)carbamate S5. To a solution at 0°C of 4-amino-3,5-
difluorobezonitrile S3 (3.85 g, 25 mmol) in THF (20 mL) was added dropwise 1M BH3-THF solution
(1200 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 1 h. The solvent was removed in vacuo. The
resulting residue was re-dissolved in EtOAc (300 mL) and washed with water (3 x 50mL) and brine (1
x50 mL). The organic layers were concentrated in vacuo to afford crude amine S4. *H NMR (400 MHz,
Acetone) 6 6.97 — 6.77 (m, 1H), 4.29 (s, 1H). This was immediately dissolved in CH,CI, (60 mL).
Boc,0 (5.45g, 25 mmol, 1 equiv) in CH,CI, (30 mL) was added dropwise to the solution of 7. The
reaction was stirred for 16 h at rt. The solvent was concentrated and the residue was purified by silica
gel flash column chromatography (6:1 hexane-acetone) to afford the title compound as a white solid
(4.26 g, 66%). *H NMR (400 MHz, CDCls) 6 6.82 — 6.69 (m, 2H), 4.80 (s, 1H), 4.17 (d, J = 6.1 Hz,
2H), 3.82 — 3.54 (br s, 2H), 1.46 (s, 9H). 13C NMR (101 MHz, CDCls) 6 155.85, 151.92 (dd, J = 240.8,
8.2 Hz), 128.40 (t, J = 7.83 Hz), 122.83 (t, J = 16.5 Hz), 109.92 (dd, J = 15.1, 7.5 Hz), 79.66, 43.67,
28.35. HRMS-ESI (m/z) Calculated for C1,H;60,N,F, [M+Na]*, 281.1072; found 281.1072.

NH,
F F DBU NCS BocHN/\Q:
CH2CI2 78 °C
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NHBoc 69 %
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Fs-NHBoc. To a solution of S5 (303 mg, 1.17 mmol) in CH,CI, (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
=78 °C. NCS (313 mg, 2.34 mmol, 2 eq) was added. The orange solution was stirred for 10 min at —78
°C before quenching with saturated bicarbonate solution (15 mL). The organic layer was separated,
washed sequentially with 15 mL of water (5 x 15 2mL) and 1N HCI (15 mL), dried over anhydrous
sodium sulfate, and concentrated to dryness in vacuo. The residue was purified by silica gel flash
chromatography (5% EtOAc in CH,Cl,) to afford the title compound as an orange solid as a mixture of
isomers (205 mg, 402 umol, 69%). (E)-F.-NHBoc: *H NMR (400 MHz, Chloroform-d) 6 6.99 (d, J =
10.1 Hz, 4H), 4.99 (s, 2H), 4.35 (d, J = 6.4 Hz, 4H), 1.47 (s, 18H). *C NMR (101 MHz, Chloroform-
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d) 5 155.95, 155.04 (dd, J = 261.7, 4.53 Hz), 144.60 (m), 130.69 (t, J = 9.8 Hz), 111.14 (d, ] = 21 Hz),
80.40, 44.02, 28.50. HRMS-ESI (m/z) Calculated for CpHFiN,Os [M+H]* , 513.2119; found
513.2119.
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4-amino-3,5-difluorobenzoic acid S6. S3 (2.5 g, 16.2 mmol) was suspended in 25% KOH in water (50
mL) and was refluxed for 16 hours. Then 2N HCI was added until pH 2 was reached, and the precipitate
was extracted with EtOAc. The organic layers were washed with brine, then concentrated to afford the
title compound as a salmon-pink solid (2.48 g, 14.4 mmol, 89%). 'H NMR (400 MHz, DMSO) 8 12.51
(s, 1H), 7.40 (d, J = 7.2, 2.5Hz, 2H), 6.06 (s, 2H). Data consistent with that given in the literature (1
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Ester S7. S6 (1 g, 5.78 mmol) was dissolved in EtOH (20 mL). Then sulphuric acid (0.3 mL) was added
and the reaction was stirred at 80 °C bath temperature for 16 hours. The reaction was diluted with
CH,CI, and the organic layer washed with sat. bicarbonate solution. The organic layer was dried then
concentrated to afford the title compound as an off-white solid (889 mg, 4.42 mmol, 77%). *H NMR
(400 MHz, CDCl3) 6 7.58 — 7.48 (m, 2H), 4.33 (q, J = 7.1 Hz, 2H), 3.72 (9, J = 7.0 Hz, 2H), 1.37 (t, J
= 7.1 Hz, 3H). Data consistent with that given in the literature. [
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Fs-ester. To a solution of S7 (1.0 mg, 5.0 mmol) in CH,CI, (75 mL) was added DBU 1.48 mL, 10.0, 2
eq). The solution was stirred at room temperature for 5 min before being cooled down to —78 °C. NCS
(1.33 g, 10.0 mmol, 2 eq) was added. The orange solution was stirred for 10 min at —78 °C before
guenching with saturated bicarbonate solution (75 mL). The organic layer was separated, washed
sequentially with 75 mL of water and 1N HCI (75 mL), dried over anhydrous sodium sulfate, and
concentrated to dryness in vacuo. The residue was purified by silica gel flash chromatography (50%
Hexane in CH,Cl,) to afford the title compound as an orange solid as a mixture of isomers (905 mg,
2.49 mmol, 92%. (E)-Fs-Ester: 'H NMR (400 MHz, CDCl3) 6 7.79 — 7.71 (m, 4H), 4.43 (q, J = 7.1 Hz,
4H), 1.43 (t, J = 7.1 Hz, 6H). Data consistent with that given in the literature. [[?]]
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Scheme S2. Synthesis of tetra-ortho-chloro azobenzene derivatives [l
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Aniline S10. To a suspension of LiAlIH, (3.62 g, 95.3 mmol, 2.2 eq) in dry THF (90 mL) was added
dropwise 3,5-dichloro-4-aminobenzonitrile S8 (8.1 g, 43.31 mmol, 1.0 eq) in THF (130 mL) at rt. THF
(100 mL) was added to break up the thick solids. The suspension was stirred at rt for 3 hours. The
reaction mixture was diluted in Et,O (350 mL), then water (2 mL), 2.5M NaOH (4 mL), and water (8
mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous MgSO,4 was
added. The solution was filtered, and filtrate concentrated. The off-white solid S9 was redissolved in
THF (75 mL). Boc,0 (8.4 g, 38.5 mmol, 1.05 eq) was added and the reaction was stirred for 3 hours.
The solution was concentrated and purified by silica gel flash chromatography (18% Acetone in
hexane), then recrystallized from Et,O and petroleum ether to afford the title compound (7.4 g, 3.37
mmol, 59% over two steps). *H NMR (400 MHz, Chloroform-d) & 7.11 (s, 2H), 4.78 (s, 1H), 4.51 —
4.28 (br s, 2H), 4.15 (d, J = 6.0 Hz, 2H), 1.46 (s, 9H). *C NMR (126 MHz, CDCly) & 155.89, 139.37,
129.40, 127.13, 119.70, 79.88, 43.64, 28.35. HRMS-ESI (m/z) Calculated for C;,H;5CI,N,O, [M+H]*,
291.0661; found 291.0662.
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Cls-NHBoc. To a solution of S10 (3.77 g, 12.9 mmol) in CH,Cl, (200 mL) was added DBU (3.95 g,
25.9 mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down to
—78 °C. N-Chlorosuccinimide (3.45 g, 25.9 mmol, 2 eq) was added. The dark solution was stirred for
10 min at =78 °C before quenching by addition of a saturated bicarbonate solution (200 mL). The
organic layer was separated, washed sequentially with water (3 x 200 mL) and 1M HCI (200 mL) and
concentrated to dryness in vacuo. The residue was purified by silica gel flash chromatography (1 to 3%
EtOAc in CH,CI,) to afford the title compound as a brown solid as a mixture of isomers (1.61 g, 5.55
mmol, 43%. (E)-Cl.-NHBoc: *H NMR (400 MHz, Chloroform-d) & 7.37 (s, 4H), 4.99 (br s, 2H), 4.32
(d, J = 6.2 Hz, 4H), 1.48 (s, 18H) °C NMR (126 MHz, DMSO-dg) 5 155.80, 144.97, 144.32, 128.11,
126.13, 78.34, 42.36, 28.16. HRMS-ESI (m/z) Calculated for C»4H2sCI;N,O4 [M+H]*, 577.0937; found
577.0936.
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Scheme S3. Synthesis of tetra-ortho-bromo azobenzene derivative Brs-NHBoc.
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Dibromoaniline S12. To a solution of S11 (2 g, 16.9 mmol) in AcOH (140 mL) was added Br, (1.91
mL, 37.2 mmol, 2.2 eq) dropwise. The reaction was stirred for 30 minutes at room temperature, then
poured onto ice water (350 mL). The solid was collected via filtration, washed with sodium thiosulfate,
then water. The filter cake was dried in vacuo to afford the title compound as an off-white solid (4.47
g, 16.2 mmol, 96%). 'H NMR (400 MHz, CDCls) 6 7.66 (s, 2H), 5.11 (s, 2H). Data consistent with that
given in the literature. (511
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S14. S13 (1 g, 3.6 mmol) was dissolved in THF (50 mL). Then, Borane-THF (1M, 14.5 mmol, 4 eq)
was added at 0 °C, which was allowed to warm up to room temperature. The reaction was stirred at this
temperature for 16 hours, then 10% HCI (3 mL) was added slowly, forming a precipitate. The reaction
was heated to 50 °C for 30 min, then cooled. The mixture was basified with 10% NaOH, then extracted
with EtOAc (3x). The reaction was concentrated to afford the intermediate amine S13. *H NMR (400
MHz, CDCl3) 6 7.34 (s, 2H), 4.48 (s, 2H), 3.72 (s, 2H). The residue was dissolved in CH,Cl, (30 mL),
and Boc,0 (790 mg, 3.62 mmol, 1 eq) in CH,CI, (10 mL) was added dropwise. The reaction was stirred
at room temperature for 16 hours, then concentrated. The resulting residue was purified by silica gel
flash chromatography (CH,Cl,) to afford the title compound a white solid (1.21 g, 3.17 mmol, 88%).
IH NMR (400 MHz, CDCls) 8 7.29 (s, 2H), 4.85 (s, 1H), 4.48 (s, 2H), 4.13 (d, J = 5.4 Hz, 2H), 1.45 (s,
9H). 3C NMR (101 MHz, CDClz) & 155.85, 141.25, 131.03, 130.55, 108.80, 79.85, 43.37, 28.51.
HRMS-EI (m/z) Calculated for C1,H160,N2Br,Na [M+Na]*, 402.9450; found 402.9449.
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Brs-NHBoc. To a solution of S14 (211 mg, 555 pmol) in CH,CI, (8 mL) was added DBU (167 L,
1.11 mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down to
—78 °C. NCS (148 mg, 1.11 mmol, 2 eq) was added. The orange solution was stirred for 30 min at —78
°C before quenching by addition of a saturated bicarbonate solution (10 mL). The organic layer was
separated, washed sequentially with 10 mL of water (3 x) and 10 mL of 1 N HCI, and concentrated in
vacuo. The residue was purified by silica gel flash chromatography (0 to 1% acetone in CH,Cl,) to
afford the title compound as an orange solid (31.2 mg, 41.0 umol, 15%). (E)-Br,-NHBoc: *H NMR
(600 MHz, CDCly) 3 7.63 (s, 4H), 4.98 (s, 2H), 4.36 (d, J = 6.2 Hz, 4H), 1.51 (s, 18H). °C NMR (151
MHz, CDCl3) & 155.76, 147.80, 142.29, 132.04, 116.28, 80.24, 43.26, 28.38. HRMS-EI (m/z)
Calculated for Cy4H,904N4Br, [M+H]*, 756.8878; found 756.8870.
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Scheme S3. Synthesis of 14 derivatives.

Weiss Reagent

S17 was prepared from iodination of S15 followed by reduction and boc protection. A variety of azo
coupling conditions were screened to dimerise S17: NCS/DBU and CuBr/Pyridinel® resulted in
recovery of S17. Reaction with in-situ generated tert-butyl hypoiodatel”! or Weiss” Reagent!®! did not
result in any product formation. It was necessary to use different protecting groups for successful
dimerization using Weiss’ reagent, as this was sensitive to the para substituent (CN, CO,Et, CH,OAc
and CH,NPhth are tolerated, yet those containing an NH group were not tolerated; CH,NHAc S18 and
CH,NHBoc). 14.-OAc (derived from S20-S23) was used to access alcohol 1,-OH, azide 1.-N3; and
ultimately 1.-NHBoc and 14.-NPhth. 1.-NPhth can alternatively be accessed via S27 and S28. It was



not possible to reduce 14-N3 or 14.-CN to generate S26. 1,-OH did not tolerate PBrj; this resulted in C-I
bond reduction. 1s-ester can conveniently be accessed from S29-S30.

NH, NH,

| |
l2, Ag2S04
S
EtOH
CN 32% CN
S15 S16

S16. Nitrile S15 (25.39 mmol) was added to a mixture of lodine (12.89 g, 50.8 mmol, 2 eq) and silver
(1) sulfate (15.84 g, 50.8 mmol, 2 eq) in EtOH (210 mL). The reaction was stirred vigorously at room
temperature. The reaction was filtered over a celite pad, then washed with EtOAc. The filtrate was
concentrated, then redissolved in CH,Cl, and subsequently washed with 1IN NaOH, then water and
dried over magnesium sulfate. The dark brown mixture was dissolved in hot EtOH (120 mL), then
filtered. The filtrate was cooled to room temperature. The formed crystals were collected and washed
with cold ethanol and pentane to afford the title compound as brown/purple crystals (3 g, 8.1 mmol,
32%). *H NMR (400 MHz, CDCls) 6 7.88 (s, 2H), 5.17 (s, 2H). Data consistent with that given in the

literature. (1]
NH, NH, NH2
| | I | !
BH,-THF
THF, rt, 3 h CH,Cly, 1t, 24 h
CN
NH, NHBoc
s16 s17

Building Block S17. S16 (1 g, 2.7 mmol) was dissolved in THF (20 mL). Borane-THF (1M, 10.8 mL,
10.8 mmol, 4 eq) was added at 0 °C under N, atmosphere, and the reaction was stirred for 16 hours at
rt. 5% HCI (5 mL) was added dropwise at this temperature until effervescence stopped, and the reaction
was refluxed for 30 minutes. The reaction was basified with NaOH (1M), and the mixture was extracted
with EtOAc (3x), then concentrated to afford the crude amine. *H NMR (400 MHz, CDCls) 6 7.59 (s,
2H), 4.54 (s, 2H). The off-white solid was redissolved in CH,Cl, (20 mL). Boc,O (590 mg, 2.7 mmol,
1.0 eq) in CH,CI, (10 mL) was added dropwise, and the reaction was stirred for 16 hours at room
temperature. The solution was concentrated and purified by silica gel flash chromatography (70%
CH,Cl, in hexane) to afford the title compound as a white solid (818 mg, 1.86 mmol, 69%). *NMR (600
MHz, CDCls) & 7.55 (s, 2H), 4.76 (s, 1H), 4.58 (br s, 2H), 4.11 (d, J = 5.8 Hz, 2H), 1.46 (s, 9H). :3C
NMR (151 MHz, CDCls) 6 155.84, 145.54, 138.74, 132.09, 81.37, 79.90, 42.89, 28.54. HRMS-EI (m/z)
Calculated for C1,H16N,Ogl, [M+H]*, 496.9193; found 496.9193.

10



NH
NH2 1) BHa-THF, THF 2
| | 2) Ac,0, NEts, CH,Cl,

h
-

91% (2 steps)

CN NHAc
S16 s18

S18. 4-amino-3,5-diiodobenzonitrile (600 mg, 1.62 mmol) was dissolved in THF (20 mL). Borane-THF
(1M, 6.5 mL, 6.5 mmol, 4 eq) was added at 0 °C under N, atmosphere, and the reaction was stirred for
16 hours at rt. 10% HCI (1.2 mL) was added dropwise at this temperature until effervescence stopped,
and the reaction was refluxed for 30 minutes. The reaction was basified with NaOH (1M), and the
mixture was extracted with EtOAc (3x), then concentrated to afford the crude amine. *H NMR (400
MHz, CDCls) & 7.59 (s, 2H), 4.54 (s, 2H). The off-white solid was redissolved in CH,Cl, (35 mL).
Ac,0 (145 L, 1.54 mmol, 0.95 eq) in CH,Cl, (10 mL) was added dropwise, and the reaction was stirred
for 16 hours at room temperature. The reaction was diluted in water, then extracted with CH,Cl,. The
combined organic layers were concentrated and purified by silica gel flash chromatography (10%
Acetone in CH,Cl,) to afford the title compound as a white solid (617 mg, 1.48 mmol, 91%). *H NMR
(600 MHz, DMSO) 6 8.22 (t, J = 6.0 Hz, 1H), 7.52 (s, 2H), 5.00 (s, 2H), 4.03 (d, J = 5.9 Hz, 2H), 1.83
(d,J=3.1Hz, 3H). 3C NMR (151 MHz, DMSO) 5 169.49, 146.28, 138.76, 132.43, 81.88, 40.59, 23.05.
HRMS-EI (m/z) Calculated for CoH1;N,Ol, [M+H]*, 416.8955; found 416.8953.

NH 1) PIDA, TMSOTf NC | |
| | 2) DMAP \Q:
/,N
N
CHQC'Q, rt, 2 d, i ;@\
CN 26 % ! CN
s16 1,-CN

1,-CN. (Diacetoxyiodo)benzene (633 mg, 2.0 mmol, 1.5 eq) was dissolved in dry degassed CH,CI, (10
mL) under nitrogen. Trimethylsilyl trifluoromethanesulfonate (712 pL, 3.9 mmol, 3 eq) was added.
DMAP (480 mg, 3.9 mmol, 3 eq) in dry degassed CH,Cl, (5 mL) was added and the yellow solution
was stirred for 5 minutes, after which a white precipitate had formed (Weiss’s reagent). Nitrile S16
was added in dry degassed CH,CI, (5 mL) and the reaction was refluxed under protection from light for
30 minutes, then stirred at room temperature under protection from light for 48 hours. The solution was
concentrated and purified by silica gel flash chromatography (40% CH,CI, in hexane) to afford the title
compound as a green solid (124 mg, 168.2 umol, 26 %). *H NMR (600 MHz, CDCl5) 5 8.29 (d,J =0.9
Hz, 4H). 3C NMR (151 MHz, CDCl3) & 153.11, 143.99, 116.03, 115.13, 89.57. HRMS-EI (m/z)
Calculated for C1,H16N,Ogl, [M-H]-, 735.6620; found 735.6617.

NH, NH,
ICl I |
JEE—
4N HCl
CO,H 63% CO,H
$20 s21

S21. Prepared according to a modified literature procedure.l% p-aminobenzoic acid S20 (3.5 g, 25.5
mmol) was dissolved in 12.5 % HCI (150 mL) at 75 °C. lodine monochloride (15.6 g, 96 mmol, 4 eq)
in 12% HCI (20 mL) was added. The reaction was stirred at 75 °C for one minute after which a light
brown precipitate had formed. Water (300 mL) was added and a precipitate formed. The solution was
allowed to cool to room temperature, and the solid was obtained by filtration. The filter cake was
triturated with EtOH (~300 mL until the yellow washings were colourless) to afford the title compound
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as an off-white solid (6.3 g, 16.2 mmol, 63%). *H NMR (400 MHz, DMSO) 3 12.66 (s, 1H), 8.12 (s,
2H), 5.80 — 5.70 (m, 2H). Data consistent with that given in the literature. [l

NH, NH;
' ' BH3-THF ! !
_—
THF, rt
0,
COH 99% o
s21 S22

Alcohol S22. Acid S21 (6.3 g, 16.2 mmol) was dissolved in THF (50 mL). Then Borane-THF (49 mL,
49 mmol, 3 eq) was added at room temperature. The reaction was stirred at ambient temperature for 16
hours. MeOH was added dropwise until effervescence stopped, then the solution was poured onto
EtOAc (200 mL). The organic layer was washed with 1N HCI, then water, then sat. bicarbonate solution.
The organic layer was dried and concentrated to afford the title compound as a white solid (6.0 g, 16
mmol, 99%). *H NMR (600 MHz, CDCly) 6 7.65 (s, 2H), 4.62 (s, 2H), 4.49 (d, J = 5.7 Hz, 2H), 1.55 (t,
J = 5.89 Hz). 3C NMR (151 MHz, CDCl3) § 145.82, 138.59, 134.02, 81.32, 63.60. HRMS-EI (m/z)
Calculated for C;HgNOI, [M+H]*, 375.8690; found 375.8689.

NH, NH,
Ac,0 (1 eq)

L

pyridine, 0°C tort, 16 h
82%
OH OAc

S22 S23
Protected Alcohol S23. Alcohol S22 (6.0 g, 16 mmol) was dissolved in pyridine (50 mL). Ac,O (1.5
mL, 16 mmol, 1 eq) was added dropwise at 0 °C. The reaction was stirred at rt overnight. The solution
was concentrated and purified by silica gel flash chromatography (75% CH,CI, in hexane) to afford the
title compound as a white solid (5.5 g, 13.2 mmol, 82%). *H NMR (600 MHz, CDCly) 6 7.64 (s, 2H),
4.88 (s, 2H), 4.68 (s, 2H), 2.08 (s, 3H). *C NMR (151 MHz, CDCl3) 6 170.90, 146.39, 140.02, 128.90,
80.95, 64.45, 21.19. HRMS-EI (m/z) Calculated for C;;Hgl, [M-OAc]*, 357.8584; found 357.8583.

NH,

1) PIDA, TMSOTf I
I I 2) DMAP AcO/\E;E |
> =N
CH,Cly, 1, 2 d, N
OAc

13 % I

OAc
S23 1,-OAc

1,-OAc. (Diacetoxyiodo)benzene (4.66 g, 14.5 mmol, 1.1 eq) was dissolved in dry degassed CH,Cl,
(200 mL) under Argon. Trimethylsilyl trifluoromethanesulfonate (5 mL, 27.7 mmol, 2.1 eq) was added.
DMAP (3.38 g, 27.7 mmol, 2.1 eq) indry degassed CH,Cl, (100 mL) was added and the yellow solution
was stirred for 5 minutes, after which a white precipitate had formed. Aniline S23 was added in dry
degassed CH,Cl, (100 mL) and the reaction was refluxed under protection from light for 30 minutes,
then stirred at room temperature under protection from light for 48 hours. The solution was concentrated
and purified by silica gel flash chromatography (70% CH,CI, in hexane) to afford the title compound
as a purple solid (691 mg, 832.6 umol, 13 % [purity ca 90%]). *H NMR (600 MHz, CDCl3) 4 8.00 (s,
4H), 5.07 (s, 4H), 2.16 (s, 6H). *C NMR (151 MHz, CDCly) 4 170.67, 149.88, 140.57, 140.06, 90.15,
63.75, 21.06. HRMS-EI (m/z) Calculated for C1gH1sN,O4l4 [M+H]*, 830.7205; found 830.7206.
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|
AcO ' L|OH
2N
N T Hr e
| | OAc

69%

1,-OAc 1,-OH

1,-OH. 1,-OAc was dissolved in THF (20 mL) under N,. LiOH (160 mg, 8 eq) in water (2 mL) was
added and the reaction was stirred under ambient conditions for 16 hours. The reaction was diluted with
CH,CI, and the organic layer separated and concentrated, then purified by silica gel flash
chromatography (5% EtOAc in CH,CI,) to afford the title compound as a purple solid (432 mg, 579
pumol, 69%). *H NMR (600 MHz, CDCls) & 8.03 (s, 4H), 4.71 (s, 4H), 1.81 (br s, 2H). *C NMR (151
MHz, CDCl3) 6 149.34, 144.85, 139.23, 90.33, 63.06. HRMS-EI (m/z) Calculated for C;4H1;N,O;l,
[M+H]*, 746.6994; found 746.6992.

' [
HO ' TsCl, NaOH TsO !
-N —_— _N
N THF/H,0 N*
OH 58% oTs

I,-OH S25

Tosylate S25. 1.-OH (40 mg, 53.6 umol) was dissolved in 7:3 THF/H,0 (2.5 mL). NaOH (6.5 mg, 161
pmol, 3 eq) was added. Then TsCl (31 mg, 161 umol, 3 eq) was added. The reaction was stirred at room
temperature for 40 minutes under protection from light. The reaction was diluted with CH,CI,, then
washed with H,O (3x). The organic layer was concentrated, then purified by silica gel flash
chromatography (dry load, 30% to 70% CH,Cl, in hexane) to afford the title compound as a purple solid
(33 mg, 31.3 umol, 58%). *H NMR (600 MHz, CDCls) $ 7.82 (d, J = 1.0 Hz, 4H), 7.80 — 7.76 (m, 4H),
7.37—7.33 (m, 4H), 5.02 (s, 4H), 2.46 (s, 6H). 3C NMR (151 MHz, CDCls) 8 150.30, 145.54, 140.64,
137.34, 133.12, 130.19, 128.13, 89.85, 68.97, 22.02. HRMS-EI (m/z) Calculated for CgH,3N>0¢S;14
[M+H]*, 1054.7171; found 1054.7173.

|
sO | NaN3
-N
" :©\/ DMSO " :@\/
I | OTs 84%

|4'N3

14-N3. 25 (33 mg, 31 pmol) was dissolved in dry DMSO (0.5 mL) under N,. Sodium azide (10.2 mg,
156 pmol, 5 eq) was added and the reaction was stirred at room temperature for 16 hours. Water was
added (5 mL) and the reaction was extracted with Et,O (3x 10 mL). The combined organic layers were
washed with water (3x 10 mL). The organic layer was concentrated, then purified by silica gel flash
chromatography (dry load, 30% CH,CI, in hexane) to afford the title compound as a purple solid (21
mg, 26.4 umol, 84%). *H NMR (600 MHz, CDCl;) 6 7.98 (s, 4H), 4.38 (s, 4H). 13C NMR (151 MHz,
CDCl3) 6 149.77, 140.26, 139.55, 90.25, 52.50. HRMS-EI (m/z) Calculated for C,4HgNgl, [M+H]*,
796.7123; found 796.7122.
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S25 1,-NPhth

1,.-NPhth. 25 (80 mg, 76 pumol) was dissolved in DMSO (1 mL) under N,. Potassium phthalimide (56
mg, 303.5 umol, 4 eq) was added, and the reaction was stirred at room temperature for 16 hours. Water
was added, and the solid was collected by filtration, washing with water and then Et,0. The solid was
dried to afford the title compound as a pink solid (52 mg, 51.8 pmol, 68%). *H NMR (600 MHz, CDCl,)
3 8.06 (s, 4H), 7.92 — 7.87 (m, 4H), 7.78 — 7.73 (m, 4H), 4.79 (s, 4H). C NMR (151 MHz, CDCly) &
167.74, 149.60, 141.04, 139.94, 134.31, 131.94, 123.66, 90.15, 39.59. HRMS-EI (m/z) Calculated for
CsoH17N404l4 [M+H]*, 1004.7423; found 1003.2421.

1. HoN(CH,)oNH,

(0.5M in MeOH)
I CH,Cl,, reflux |
PhthNﬁ N | 2. BocyO, CHaCly, 1t BOCHN/\Qi N |
N 14 % N
| | NPhth | | NHBoc
I,-NPhth 1,-NHBoc

1--NHBoc. 14-NPhth (71.7 pmol) was dissolved in CH,Cl, (3 mL). Ethylene diamine (0.5M in MeOH)
(1.72 mL, 860 pmol, 12 eq) was added and the reaction was stirred at 40 °C for 3 days. The reaction
was concentrated, then redissolved in 1:1 CH,CI, (5 mL), and Boc,O (60 mg, 285 pumol, 4 eq) was
added. The reaction was stirred for 16 hours at room temperature, then concentrated. The residue was
purified by silica gel flash chromatography (dry load, 80% CH,CI, in hexane) to recover starting
material 1,~-NPhth (22 mg, 22 umol, 30%). The column was flushed with 2% MeCN in CH,CI, to
afford the title compound as a purple solid (9.7 mg, 10.27 umol, 14%). 'H NMR (400 MHz, CDCl3) &
7.93 (s, 4H), 4.94 (s, 2H), 4.30 (d, J = 6.3 Hz, 4H), 1.49 (s, 18H).13C NMR (151 MHz, CDCl5)  155.91,
149.25, 143.30, 139.90, 90.44, 80.36, 42.93, 28.54. HRMS-EI (m/z) Calculated for C,4H2gN4O4l4
[M+H]*, 944.8362; found 944.8364.

NH, NH,
ICI

L

CH,Cl,, 40°C, 1 h
28 %
NPhth NPhth

S27 S28

Aniline S28. Phthalimide S27 (880 mg, 3.49 mmol) was dissolved in CH,Cl, (15 mL). lodine
monochloride (1.2 g, 7.33 mmol, 2.1 eq) in CH,CI, (10 mL) was added. The reaction was refluxed for
1 hour. The mixture was cooled to room temperature and then washed with sodium thiosulfate. The
organic layer was dried and concentrated. The crude was purified by silica gel flash chromatography
(60 to 80% CH,ClI, in hexane) to afford the title compound as a white solid. (500 mg, 0.99 mmol, 28%).
IH NMR (600 MHz, DMSO) & 7.89 — 7.86 (m, 2H), 7.86 — 7.82 (m, 2H), 7.61 (s, 2H), 5.09 (s, 2H),
4.56 (s, 2H). 13C NMR (151 MHz, DMSO) & 167.65, 146.49, 138.69, 134.50, 131.56, 128.69, 123.20,
81.32, 38.87. HRMS-EI (m/z) Calculated for Cy5H;;N,0,1, [M+H]*, 504.8094; found 503.3567.
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NH,
| |

1) PIDA, TMSOTf |
2) DMAP PhthN |
o] NG
CH,Cly, t, 2 days, 22%
N | | NPhth
o]

S28 14,-NPhth

12-NPhth. (Diacetoxyiodo)benzene (351 mg, 1.09 mmol, 1.1 eq) was dissolved in dry degassed CH,Cl,
(25 mL) under nitrogen. Trimethylsilyl trifluoromethnanesulfonate (376 pL, 2.08 mmol, 2.1 eq) was
added. DMAP (254 mg, 2.08 mmol, 2.1 eq) in dry degassed CH,Cl, (10 mL) was added and the yellow
solution was stirred for 5 minutes, after which a white precipitate had formed. Aniline S28 was added
in dry degassed CH,CI, (25 mL) and the reaction was refluxed under protection from light for 30
minutes, then stirred at room temperature under protection from light for 48 hours. The solution was
concentrated and purified by silica gel flash chromatography (40% to 80% CH,CI, in hexane) to afford
the title compound as a purple solid (108 mg, 107 umol, 22 %). *H NMR (600 MHz, CDCls) & 8.06 (s,
4H), 7.92 — 7.87 (m, 4H), 7.78 — 7.73 (m, 4H), 4.79 (s, 4H). *C NMR (151 MHz, CDCls) § 167.74,
149.60, 141.04, 139.94, 134.31, 131.94, 123.66, 90.15, 39.59. HRMS-EI (m/z) Calculated for
C3oH17N4O4l4 [M+H]*, 1004.7423; found 1003.2421.

NH, NH,
ICI ' '
JEE— .
CH,Cly, 45°C
s29 $30

Aniline S30. Benzocaine S29 (2.0 g, 12.11 mmol) was dissolved in CH,CIl, (30 mL). lodine
monochloride (4.91 g, 30.3 mmol, 2.5 eq) in CH,Cl, (20 mL) was added. The reaction was refluxed for
1 hour. The mixture was cooled to room temperature and then washed with sodium thiosulfate. The
organic layer was dried and concentrated. The residue was triturated with Et,O until the purple washings
were colourless. The solid was dried to afford the title compound as a white solid (3.1 g, 7.43 mmol, 61
%). *H NMR (400 MHz, CDCls) & 8.30 (s, 2H), 5.05 (s, 2H), 4.32 (q, J = 7.1 Hz, 2H), 1.37 (t, J=7.1
Hz, 3H). Data consistent with that given in the literature. [*2]

NHz 1) PIDA, TMSOTf EtO,C l |
I I 2) DMAP N
N’/
CH20|2, rt, 2 days, [
0,
CO,Et 30 % [ CO,Et
S30 14-ester

14-Ester. PIDA (3g, 7.2 mmol, 1.0 eq) was dissolved in dry degassed CH,Cl, (100 mL) under nitrogen.
Trimethylsilyl trifluoromethanesulfonate (2.73 mL, 15.1 mmol, 2.1 eq) was added. DMAP (1.85g, 15.1
mmol, 2.1 eq) in dry degassed CH,Cl, (50 mL) was added and the yellow solution was stirred for 5
minutes, after which a white precipitate had formed. Ester S30 was added in dry degassed CH,Cl, (50
mL) and the reaction was refluxed under protection from light for 30 minutes, then stirred at room
temperature under protection from light for 72 hours. The solution was concentrated and purified by
silica gel flash chromatography (40% to 50% CH,Cl, in hexane) to afford the title compound as a purple
solid (900 mg, 1.08 mmol, 30 %). *H NMR (600 MHz, CDCl,) & 8.65 (s, 4H), 4.42 (q, J = 7.1 Hz, 4H),
1.43 (t, J = 7.1 Hz, 6H). 13C NMR (151 MHz, CDCl3) 6 163.33, 152.98, 142.06, 133.14, 89.16, 62.16,
14.45. HRMS-EI (m/z) Calculated for C1gH;5N,O,1, [M+H]*, 830.7205; found 830.7203.
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NH NH, NH, NH,
2
o o Br, 0 SN CuCN 0 N N
e N —_— —_—
CHCl3, 0°C to rt NMP, 180°C, THF, reflux, 4 h
3 h, 80% uW, 90 min ' '
’ Br 10% CN
S31 $32 S33 s34NH2
NH, (‘3
~
Boc,0 0 SN CuBr, Pyridine, BocHN/\i;[ y o]
—_— -
CH,Cly, 1t, 16 h PhMe, 16 h, 65 °C N
43 % over 2 steps 38% _0O o NHBoc
NHBoc \
Unstable photoswitch §35 (OMe),-NHBoc

. 2By i frasirsived i
. Bry a u, BnNH3
(ONQ Br. (ONG N (ONQ
~ -78°C, THF PhMe, 115°C, 16 h
(0]

69% 0 73% ~o
S36 s37 S38
F oL F
H,, Pd/C HoN o CuBr, Pyridine “ N o
ACOH/EtOH - PhMe, 65°C, 24 h £
40°C, 16 h, 92% o o9 7% o
(OMe),F,,m-OMe,-H
Br2'0cjgc'3’ Unstable to ambient light
75%
F CuCN F 1. LiAH,, THF, reflux
HoN ]j()\ R TRY j/\i[o\ 2. Boc,0, CH,Cly
NMP, 150°C 9
- : 75%
(¢} Br 4h, pw, 60% o CN ’
S40 s41
o)
F » BocHN >~ OF
H,N oNg CuBr, Pyridine - N o Unstable to ambient light
I I (o) N~
~o NHBoc PhMe, 65°C, 24 h F ~o NHBoc
s42 3%

(OMe),F,,m-OMe,-NHBoc
Scheme S4. Synthesis of tetra-methoxy azobenzene derivatives.

S32 was prepared via regioselective bromination of S31. Cyanation to S33 proceeded in poor yields
due to heavy emulsion formation. The nitrile was reduced and protected to S35, which was dimerised
using CuBr/Pyridine in air to afford the (OMe), photoswitch. (OMe).F2,m-OMe,-NHBoc was accessed
via an o-lithiation strategy followed by cross-coupling using benzylamine as the ammonia equivalent
to afford S39. The functional handle was installed as usual:
bromination/Cyanation/reduction/protection/dimerization to afford the photoswitch, which was
unstable to both ambient light and LEDs.
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NH,
(0] O
- ~
0 o< L»
CHCls, 0°C to rt
3 h, 80% Br
S31 S32

S32. Prepared according to a literature procedure. (311 2 6-dimethoxyaniline S31 (722 mg, 4.71 mmol,
1.03 eq) was dissolved in CHCI; (12 mL). Bromine (731 mg, 4.58 mmol, 1 eq) in CHCI; (12 mL) was
added dropwise at 0 °C via a dropping funnel, then allowed to warm to room temperature over 3 hours.
The reaction was quenched with aqueous sodium thiosulfate. The organic layer was separated and
concentrated. The residue was purified by silica gel flash chromatography (90% CH,ClI, in hexane) to
afford the title compound as a white solid (849 mg, 3.67 mmol, 80%). *H NMR (400 MHz, CDCls) &
6.66 (s, 2H), 4.34 — 3.06 (br s, 2H), 3.84 (s, 6H). Data consistent with that given in the literature. 23]

NH, NH,
_o O CuCN _O O
NMP
B 180°C, uW, 90 min N
10%
$32 $33

Nitrile S33. In a microwave vial was added S33 (740 mg, 3.19 mmol) and CuCN (571 mg, 6.38 mmol,
2 eq). The vial was purged with N, for 10 minutes. Then, 6.5 mL NMP was added, the tube was sealed
and reaction was heated to 180 °C under microwave irradiation for 90 min. The reaction was cooled,
poured over ice water with 15% ammonia solution and extracted with 50:50 hexane : EtOAc 3x.
Warning: terrible emulsion formed: recommend filtering the contents of separating funnel before each
extraction. The combined organic layers were sequentially washed with water and 5% LiCl solution,
then concentrated. The resulting residue purified by silica gel flash chromatography (20% Acetone in
hexane) to afford the title compound as a white solid (55 mg, 0.31 mmol, 10%). *H NMR (600 MHz,
CDClg) 8 6.79 (d, J = 1.4 Hz, 2H), 3.87 (s, 6H). 1*C NMR (151 MHz, CDCls) & 146.28, 131.08, 120.68,
98.14, 56.20. HRMS-EI (m/z) Calculated for CgH1;0,N, [M+H]*, 179.0815; found 179.0815.

NH, NH>
_O N
THF, reflux, 4 h CH,Cly, rt, 16 h
CN 43 % over 2 steps
NH, NHBoc
S33 S34 S35

Aniline S35. To a suspension of LiAlIH, (75 mg, 2.04 mmol, 7 eq) in dry THF (3 mL) was added S33
(52 mg, 292 pmol, 1.0 eq) in THF (2 mL). The suspension was refluxed for 16 hours. The reaction
mixture was cooled, diluted in Et,O (5 mL), then water (100 pL), 2.5M NaOH (100 L), and water (0.3
mL) was added dropwise (Fieser Workup). The suspension was stirred for 15 minutes, and then
anhydrous MgSQO, was added. The solution was filtered, filtrate concentrated to afford S34 without
further purification. *H NMR (400 MHz, CDCl3) & 6.49 (s, 2H), 3.85 (s, 6H), 3.78 (s, 2H), 3.74 (br s,
2H). The amine was dissolved in CH,CI, (10 mL), then Boc,O (60.5 mg, 6.93 mmol, 0.9 eq) in CH,ClI,
(15 mL) was added dropwise. The reaction was stirred at room temperature for 16 h. The reaction was
concentrated, then purified by silica gel flash chromatography (2% to 4% Acetone in CH,Cl,) to afford
the title compound as a white solid (45.5 mg, 159 pumol, 55%). *H NMR (600 MHz, CDCl3) & 6.47 (s,
2H), 4.74 (s, 1H), 4.21 (d, J = 5.5 Hz, 2H), 3.84 (s, 6H), 1.47 (s, 9H). 3C NMR (151 MHz, CDCl,) &
156.03, 147.56, 127.95, 124.67, 103.91, 79.49, 56.01, 45.38, 28.58. HRMS-EI (m/z) Calculated for
C14H2304N, [M+H]*, 283.1652; found 283.1648.
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0] ~
0 O CuBr, Pyridine, BOCHN/\(;: N o
PhMe, 16 h, 65 °C N :@\/
38% /O o NHBoc
NHBoc ‘
S35 (OMe)4-NHBoc

(OMe)s-NHBoc. Aniline S35 (43 mg, 152 mmol) was dissolved in toluene (2.5 mL). Pyridine (25 pL,
304 mmol, 2 eq) and CuBr (22 mg, 152 pumol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours under protection from light. The reaction was concentrated, then
purified by silica gel flash chromatography (6% - 14% Acetone in CH,Cl,), and the pure fractions were
combined to afford the title compound as an orange solid (16 mg, 29 umol, 38%). *H NMR (600 MHz,
CDCly) 4 6.58 (s, 4H), 4.90 (s, 2H), 4.30 (d, J = 6.0 Hz, 4H), 3.83 (s, 13H), 1.47 (s, 18H). 1*C NMR
(151 MHz, CDCly) 8 155.99, 152.60, 140.97, 133.38, 104.30, 79.69, 56.61, 45.12, 28.41. HRMS-EI
(m/z) Calculated for C14H,304N, [M+H]*, 561.2919; found 561.2918.

F 1. BuLi F
2. Brz
/©/O\ Br NG
-78°C, THF
N ' AN
) 69% Y
S36 S37

S37. A flame-dried 250 mL round-bottom flask equipped with a magnetic stir-bar and a septum was
charged with S36 (4.2 g, 25 mmol) and THF (100 mL). The reaction mixture was cooled to —78 °C in
a dry ice/acetone bath and n-butyllithium (2.5 M in hexane, 11.3 mL, 26.5 mmol, 1.06 eq) was added
dropwise via syringe. The reaction mixture was allowed to stir at —78 °C for 1 h, after which time
bromine (1.46 mL, 25.5 mmol, 1.02 eq) was added dropwise via syringe and the reaction mixture was
allowed to slowly warm up to room temperature over the course of 6 h. The reaction was then quenched
with 100 mL of a saturated solution of Na,SOs in water and the resulting mixture was transferred to a
separatory funnel. The aqueous and organic phases were separated and the agueous phase was extracted
with EtOAc (2 x 60 mL). The combined organic layers were dried over Na,SO,, filtered and
concentrated. The crude residue was dissolved in CH,Cl, and filtered through a short plug of silica gel,
eluting with 20% CH,CI, in hexanes. The filtrate was concentrated and the residue was purified via
column chromatography on silica gel (5% EtOAc in hexanes) to afford the title compound as white
crystals (4.32 g, 17.12 mmol, 68%). *H NMR (500 MHz, CD,Cl,) 6 6.92 (t, J = 9.2 Hz, 1H), 6.66 (dd,
J=09.1,2.2 Hz, 1H), 3.84 (s, 3H), 3.84 (s, 3H). Data consistent with that given in the literature.[l

E Pd,(dba)s, BINAP, F

8 NaOtBu, BnNH, H

r- NG - N O

g PhMe, 115°C, 16 h -

Y 73% @)
S37 S38

Protected amine S38. Aryl bromide S37 (1.5 g, 6.38 mmol), Pd,dbas (292 mg, 0.32 mmol, 0.05 eq),
rac-BINAP (238 mg, 0.383 mmol, 0.06 eq), benzylamine (2.74 g, 25.53 mmol, 4 eq) and sodium tert-
butoxide (859 mg, 8.93 mmol, 1.4 eq) were added to a 20 mL microwave vial. The solids were purged
with N, for 30 minutes. Degassed dry toluene (20 mL) was added, the tube was sealed and the reaction
was refluxed for 16 hours. The solution was cooled and diluted with CH,CI, (100 mL). The organic
layer was washed with 1M HCI (100 mL). The organic layer was collected and concentrated in vacuo.
The residue was purified by silica gel flash chromatography (85% CH,CI, in hexane), to afford the title
compound as a yellow oil (1.21 g, 6.38 mmol, 73%). 'H NMR (500 MHz, CDCl;) & 7.41 — 7.20 (m,

18



5H), 6.48 (dd, J = 8.9, 2.0 Hz, 1H), 6.33 (t, J = 8.9 Hz, 1H), 4.51 (d, J = 1.8 Hz, 2H), 4.36 (br s, 1H),
3.82 (s, 3H), 3.78 (s, 3H). *C NMR (126 MHz, CDCls) 6 144.38 (d, J = 7.0 Hz), 153.57 (d, J = 238.4
Hz) 143.51 (d, J = 10.4 Hz), 128.59, 127.85, 127.70 (d, J = 9.5 Hz), 127.22, 104.97 (d, J = 3.2 Hz),
101.80 (d, J = 1.7 Hz), 56.77, 56.47, 50.74 (d, J = 7.8 Hz). HRMS-EI (m/z) Calculated for C;sH;,0,NF
[M+H]*, 262.1238; found 262.1239

H F /
N o Hy, Pd/C -~ HoN O
- AcOH/EtOH ~o I j

40°C, 16 h, 92% S39

S38

Aniline 39. Benzylamine S38 (600 mg, 2.30 mmol) was dissolved in 1:1 AcOH:EtOH (20 mL). The
reaction vessel was evacuated and filled with nitrogen 3 x. Palladium 10% on carbon (570 mg) was
added and the reaction was stirred under a hydrogen atmosphere for 16 hours at 40 °C. The reaction
was filtered over celite, the filtrate concentrated to afford the title compound as a grey oil (360 mg, 2.1
mmol, 92%). *H NMR (400 MHz, CDCl;) 6 6.54 — 6.40 (m, 1H), 6.28 (t, J = 9.0 Hz, 1H), 3.82 (m, 8H).
13C NMR (101 MHz, CDCl3) 6 142.85 (d, J = 6.2 Hz) 142.77 (d, J = 9.8 Hz), 141.93 (d, J = 236.4 Hz),
125.94 (d, J = 12.5 Hz), 104.89 (d, J = 3.2 Hz), 100.71, 56.77, 56.27. HRMS-EI (m/z) Calculated for
CgH110,NF [M+H]*, 172.0768; found 172.0770

~o o
HzN BrZ H2N
F CHClg, 0°C, 1h, F Br
2N o<
S39 S40

Aryl bromide S40. Aniline S39 (520 mg, 3.04 mmol) was dissolved in CHCI; (60 mL) and the solution
was cooled to 0°C. Bromine (157 pL) in 5 mL CHCI; was added dropwise and the reaction was stirred
at this temperature for 1 hour. Saturated sodium thiosulfate was added and the organic layer was
separated and concentrated in vacuo. The residue was purified by silica gel flash chromatography (85%
CH,CI, in hexane) to afford the title compound as a grey oil which solidified over time (620 mg, 2.48
mmol, 82%). *H NMR (400 MHz, CDCly) 4 6.71 (d, J = 2.2 Hz, 1H), 3.86 (d, J = 0.8 Hz, 3H), 3.82 (s,
3H), 3.79 (s, 2H). *C NMR (126 MHz, CDCl;) 3 146.36, 145.08 — 143.83 (m), 140.12 (d, J = 12.0 Hz),
125.62 (d, J = 13.7 Hz), 109.39 (d, J = 2.6 Hz), 102.75 (d, J = 3.9 Hz), 61.75 (d, J = 3.7 Hz), 56.34.
HRMS-EI (m/z) Calculated for CgH1,O,NBrF [M+H]*, 249.9873; found 249.9875.

i CuCN F
u
HoN 0L o HN O
- NMP, 150°C
¢ Br 4h, pw, 60% o CN
$40 S41

Nitrile S41. Bromide S40 (589 mg, 2.36 mmol) was dissolved in NMP (6 mL) under N, in a microwave
tube. The tube was sealed and reaction was heated to 160 °C under microwave irradiation for 3h. The
reaction mixture was cooled, poured onto 15% ammonia solution, then extracted with 50:50
hexane/EtOAc 3x. The combined organic layers were washed with water 5x, then concentrated. The
residue was purified by silica gel flash chromatography (75% CH,CI, in hexane) to afford the title
compound as a grey oil which solidified over time into a white solid (620 mg, 2.48 mmol, 82%).'H
NMR (400 MHz, CDClj3) 6 6.66 (d, J = 1.9 Hz, 1H), 4.30 (s, 2H), 4.02 (d, J = 1.7 Hz, 3H), 3.85 (s, 3H).
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13C NMR (126 MHz, CDCl;) § 145.82 (d, J = 10.9 Hz), 142.92 (d, J = 7.2 Hz), 142.82, (d, J = 7.2 Hz),
131.65 (d, J = 238.2 Hz), 116.99 (d, J = 4.8 Hz), 108.35 (d, J = 2.3 Hz), 91.73 (d, J = 4.9 Hz), 62.16 (d,
J=5.1 Hz), 56.26. HRMS-EI (m/z) Calculated for CoH,0,N,F [M+H]*, 197.0721; found 197.0722.

F 1. LiAlHg4, THF, reflux F

H,N o 2. Boc,0, CH,Cl, . HoN O
~ 75% \O NHBoc

O CN
S41

Aniline S42. LiAlH, (78 mg, 2.1 mmol, 3 eq) was suspended in dry THF (4 mL). Then, nitrile S41 (135
mg, 0.69 mmol) in dry THF (4 mL) was added dropwise. The reaction was refluxed for 16 hours, then
allowed to cool to room temperature. The reaction was diluted with Et,O (10 mL), then quenched with
80 pL water, then 80 pL 10% NaOH, followed by 240 pL water (Fieser workup). This was stirred for
15 minutes, after which MgSQO, was added, and the suspension was stirred a further 15 minutes. The
solids were filtered off, and the filtrate concentrated to afford the intermediate amine. *H NMR (400
MHz, CDCl3) 6 6.47 (d, J = 2.0 Hz, 1H), 3.84 (d, J = 1.3 Hz, 3H), 3.80 (s, 3H), 3.73 (s, 2H). This was
immediately dissolved in CH,Cl, (10 mL), to which Boc,O (135 mg, 0.9 eq) in CH,Cl, (5 mL) was
added dropwise at room temperature. The reaction was stirred at this temperature for 16 hours, then
concentrated. The residue was purified by silica gel flash chromatography (4% acetone in CH,CI,) to
afford the title compound as a white solid (156 mg, 0.52 mmol, 75%). *H NMR (400 MHz, CDCl,) &
6.50 (s, 1H), 4.91 (br s, 1H), 4.21 (d, J = 6.0 Hz, 2H), 3.84 (d, J = 1.3 Hz, 3H), 3.80 (s, 3H), 3.76 (br s,
2H), 1.43 (s, 9H). 1*C NMR (101 MHz, CDCls) 6 155.99, 144.93 (d, J = 238.44 Hz), 143.85(d, J = 6.9
Hz), 140.34 (d, J = 9.7 Hz), 125.26 (d, J = 13.2 Hz), 119.74 (d, J = 2.1 Hz), 106.09, 79.38, 61.75 (d, J
=5.2 Hz), 56.17, 39.82, 28.53. HRMS-ESI (m/z) Calculated for C14H,;N,O4,FNa [M+Na]*, 323.1378;
found 323.1382.

0
E CuBr Puridi BocHN D
H2N O\ upr, Fyridine N (o)
> o N® ~
~o NHBoc PhMe, 65°C, 24 h Foo~ NHBoc

S42 3%

(OMe),F,,m-OMe,-NHBoc

(OMe),F2,m-OMez-NHBoc. Aniline S42 (154 mg, 520 pmol) was dissolved in toluene (10 mL).
Pyridine (125 pL, 1.56 mmol, 3 eq) and CuBr (74 mg, 520 pmol, 1 eq) was added and the reaction was
stirred under atmospheric air at 65 °C for 24 hours protected from light. The reaction was concentrated,
then purified by silica gel flash chromatography (5% EtOAc, 1 % MeOH in CH,CI,). The fractions
containing product were concentrated and further purified by silica gel flash chromatography (50%
EtOAc in in hexane) to afford the title compound as an orange solid (5 mg, 8 pmol, 3%). *H NMR (400
MHz, Acetone) 4 6.99 (d, J = 1.8 Hz, 1H), 6.52 (t, J = 6.2 Hz, 1H), 4.38 (d, J = 6.2 Hz, 2H), 3.90 (s,
3H), 3.85 (s, 3H), 1.44 (s, 9H). *C NMR (126 MHz, Acetone) & 156.86, 150.68, 147.27 (d, J = 260
Hz), 140.44, 136.66, 133.58, 107.98, 79.11, 62.04, 57.16, 39.52, 28.63. HRMS-ESI (m/z) Calculated
for C,gH39N,OgF,Na [M+H]*, 597.2730; found 597.2728.
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Scheme S4. Synthesis of tetra-ortho-thio and seleno azobenzene derivatives.

Thio and seleno derivatives were prepared via an SyAr reaction with either commercially available
thiolates or in-situ generated selenolate nucleophiles®l. F,,m-OMe,-NHBoc was prepared via an ortho
lithiaton/curtius rearrangement strategy, followed by bromoination/Cyanation/reduction/protection/azo
coupling.
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@F \ E NaSMe, cho3 @i
F F 91%
(SMe),-H

(SMeg)-H. Fs-H (100 mg, 393 umol), Sodium methanethiolate (200 mg, 3.15 mmol, 8 eq) and
potassium carbonate (200 mg, 1.57 mmol, 4 eq) were suspended in MeCN (2 mL) and stirred at room
temperature for 16 hours under N, in a sealed tube. The mixture was diluted in CH,Cl,, then washed
with water. The organic layer was concentrated, then purified by silica gel flash chromatography (0 to
60% hexane in CH,Cl,) to afford the title compound as an orange solid (131 mg, 357 pmol, 91%). *H
NMR (400 MHz, CDCly) & 7.27 (t, J = 7.9 Hz, 2H), 7.09 (d, J = 8.0 Hz, 4H), 2.43 (s, 12H). *C NMR
(101 MHz, CDCls3) 6 145.69, 138.18, 129.67, 120.74, 16.46. HRMS-EI (m/z) Calculated for C16H19N,S,
[M+H]*, 367.0426; found 367.0424

F SEt S
BocHN F NaSEt, K,CO3 BocHN Et
N - N
N” MeCN N”
NHBoc NHBoc

2% SE s

F,-NHBoc (SEt),-NHBoc

(SEt)s-NHBoc. Fs-NHBoc (100 mg, 209 umol), Sodium ethanethiolate (80%, 164 mg, 1.68 mmol, 8
eq) and potassium carbonate (107 mg, 836 umol, 4 eq) were suspended in MeCN (2 mL) and stirred at
room temperature for 16 hours under N, in a sealed tube. The mixture was diluted in CH,Cl,, then
washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (0 to 2% Acetone in CH,Cl,) to afford the title compound as an orange solid (96 mg,
141 pmol, 72%). *H NMR (400 MHz, CDCl3) 8 7.03 (s, 4H), 4.88 (br s, 2H), 4.30 (d, J = 6.2 Hz, 4H),
2.91(q,J=7.4 Hz, 8H), 1.47 (s, 18H), 1.32 (t, J = 7.3 Hz, 12H). *C NMR (126 MHz, CDCl3) 6 155.92,
145.85, 140.17, 137.10, 121.02, 79.74, 28.41, 26.76, 13.40. HRMS-EI (m/z) Calculated for
CsoH1904N4S, [M+H]*, 681.2631; found 681.2623

F
BocHN F NaS/-Pr, chos BocHN
_N
" :©\/ MeCN :©\/
F F

NHBoc 359% NHBoc

F4-NHBoc (SiPr)4-NHBoc

(S'Pr)s-NHBoc. F4»-NHBoc (100 mg, 195 pumol), Sodium 2-propanethiolate (90%, 164 mg, 1.56 mmol,
8 eq) and potassium carbonate (100 mg, 780 umol, 4 eq) were suspended in MeCN (3.5 mL) and stirred
at room temperature for 16 hours under N, in a sealed tube. The mixture was diluted in CH,Cl,, then
washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (0 to 1% Acetone in CH,Cl,) to afford the title compound as an orange solid (950 mg,
68 pmol, 35%). *H NMR (500 MHz, CDCl3) 6 7.17 (s, 4H), 4.88 (s, 2H), 4.31 (d, J = 6.1 Hz, 4H), 3.48
(hept, J = 6.7 Hz, 4H), 1.48 (s, 18H), 1.27 (d, J = 6.6 Hz, 24H). 1*C NMR (126 MHz, CDCl;) & 155.88,
148.52, 139.51, 135.28, 124.44, 79.71, 4450, 28.40, 22.77. HRMS-EI (m/z) Calculated for
CssHs704N4S, [M+H]*, 737.3251; found 737.3257
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P SEt
44% EtS CO,Et

EtO,C F F EtO,C SEt
N NaSEt, K2003 SEt
N” > N
MeCN N
CO,Et

F4-ester (SEt)4-ester

(SEt)4-ester. F4-ester (66 mg, 165 pmol), Sodium ethanethiolate (80%, 142 mg, 1.23 mmol, 7.5 eq)
and potassium carbonate (150 mg, 0.99 mmol, 6 eq) were suspended in MeCN (3 mL) and stirred at
room temperature for 16 hours under N, in a sealed tube. The mixture was diluted in CH,Cl,, then
washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (50 to 70% CH,Cl, in hexane) to afford title compound as a brown solid (41.7 mg,
73.5 pumol, 44%).*H NMR (600 MHz, CDCl3) 6 7.81 (s, 4H), 4.42 (q, J =7.1 Hz, 4H), 3.00 (9, J = 7.4
Hz, 8H), 1.42 (t, J = 7.1 Hz, 6H), 1.35 (t, J = 7.4 Hz, 12H).2*C NMR (151 MHz, CDCl3) 8 165.92,
148.84, 137.41, 130.66, 123.30, 61.63, 27.11, 14.47, 13.42. HRMS-ElI (m/z) Calculated for
C6H3s04N,S, [M+H]*, 567.1474; found 567.1473

OH o
F Mel, K2003 F
Acetone, 60 °C, 16 h
88%
F F
S43 S44

Anisole S44. Phenol S43 (5.15 mL, 53.81 mmol) was dissolved in Acetone (50 mL). Potassium
carbonate (29.8 g, 215.23 mmol, 4 eq) and 1methyl iodide (7.37 mL, 118.4 mmol, 2.2 eq) was added
and the reaction was stirred at 60 °C for 16 hours. The mixture was filtered, then solvent removed in
vacuo. The residue was dissolved in CH,CI,, then washed with water. The organic layer was dried and
concentrated to afford the title compound as a clear oil (6.85 g, 47.5 mmol, 88%). 'H NMR (400 MHz,
CDCls) 8 6.94 — 6.72 (m, 3H), 3.85 (s, 3H). 3C NMR (101 MHz, CDCl5) & 156.43 (dd, J = 240.5, 10.4
Hz), 152.32 (dd, J = 248.3, 10.4 Hz), 144.39 (dd, J = 10.7, 3.4 Hz), 114.04 (dd, J = 9.5, 2.9 Hz), 110.34
(dd, J =22.4, 4.1 Hz), 104.89 (dd, J = 27.0, 21.9 Hz). Data consistent with that given in the literature.

[16]

1.LDA o
©/ 2 Co2 F
THF 78 °C
b CO,H
F
S45

Acid S45. Difluoride S44 (6.85 g, 47.5 mmol) was dissolved in dry THF (50 mL). In a separate flask,
BuLi (22.8 mL, 57.04 mmol, 1.2 eq) was added to DIPA (8.72 mL, 61.8 mmol, 1.3 eq) in dry THF (30
mL) at -78 °C. The solution was stirred at 0 °C for 15 minutes, then added dropwise to the solution of
S44 at -78 °C. The solution was stirred at this temperature for 90 minutes. Then CO, (Dry ice, dried
over CaSO,) was bubbled through the mixture for 15 minutes, after which a solid precipitate had
formed. The reaction was warmed to 0 °C, and 8M HCI was added slowly until pH 1 was reached. The
solution was extracted with ethyl acetate (3 x 100 mL). The organic layers were extracted with 5% aqg.
NaOH (3 x 100 mL). The NaOH extracts were adjusted to pH 1 with HCI and the white solid was
filtered, washed with water then dried in vacuo to afford the title compound as a white solid (6 g, 31.9
mmol, 67%).'H NMR (400 MHz, CDCls) 6 10.18 (s, 1H), 7.09 (td, J = 9.1, 4.9 Hz, 1H), 6.91 (td, J =
9.2, 2.1 Hz, 1H), 3.90 (s, 3H). *C NMR (101 MHz, CDCls) 6 166.51, 154.45 (dd, J = 251.7, 4.8 Hz),
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151.02 (dd, J = 259.4, 5.9 Hz), 144.79 (dd, J = 10.9, 3.5 Hz), 118.72 — 116.02 (m), 111.23 (dd, J = 23.3,
4.5 Hz), 110.40, 57.27. HRMS-ESI (m/z) Calculated for CgHsOsF, [M-H]-, 187.0212; found 187.0202.

o] o]
DPPA, NEt3 F TFA F
E— -
COH tBuOH PhMe NHBoc CH,Cl, NH,
F F

S46 S47

Aniline S47. To a mixture of S45 (4 g, 21.3 mmol), triethyl amine (3.26 mL, 23.4 mmol, 1.1 eq) and
tert-butanol (2.22 mL, 1.73 g, 23.4 mmol, 1.1) in toluene (68 mL) was added diphenylphosphorylazide
(4.25 mL, 22.32 mmol, 1.05 eq). The reaction was heated at 65 °C for 2 hours. The reaction mixture
was evaporated and the residue was dissolved in ethyl acetate (70 mL), washed with sat KH,PO,,
NaHCOs and brine, then dried over Na,SOy, filtered and evaporated under vacuum to give S46 as white
solid. The residue was dissolved in CH,CI, (70 mL), then trifluoroacetic acid (15 mL) was added, and
the reaction was stirred at room temperature for 2 hours. The reaction was dried under a stream of
nitrogen, then concentrated in vacuo. The pH of the residue was adjusted to pH 8 with a saturated
aqueous solution of sodium bicarbonate. The organic layer was separated and the aqueous layer is
extracted with CH,Cl, 3x. The organic extracts were combined, then purified by silica gel flash
chromatography (50% CH,CI, in hexane) to afford the title compound as a clear oil (1.54 g, 9.68 mmol,
46% [2 steps]. *H NMR (400 MHz, CDCl3) 8 6.71 (ddd, J = 10.2, 9.2, 2.3 Hz, 1H), 6.26 (td, J = 9.1,
4.8 Hz, 1H), 3.83 (s, 3H), 3.81 — 3.64 (m, 2H). *C NMR (101 MHz, CDCls) & 146.71 (dd, J = 233.4,
5.5 Hz), 144.52 (dd, J = 8.9, 2.6 Hz), 141.88 (dd, J = 238.7, 6.8 Hz), 124.88 (dd, J = 17.6, 13.7 Hz),
109.09 (dd, J = 19.7, 3.7 Hz), 100.58 (d, J = 8.7 Hz), 56.61. HRMS-APCI (m/z) Calculated for
C;HgONF; [M+H]*, 160.0568; found 160.0565.

Br. F
CHCI3 93% NH,

S48

Bromide S48. Aniline S47 (1.44 g, 9.05 mmol) was dissolved in CHCI; (150 mL). Then bromine (1.45
g, 463.6 UL, 9.05 mmol, 1 eq) in chloroform (30 mL) was added slowly at 0°C. The reaction was
allowed to warm up to room temperature over 1 hour, then was quenched with sodium thiosulfate
solution. The organic layer was separated, then dried and concentrated to afford the title compound,
which was left without further purification as a beige solid (2 g, 8.4 mmol, 93%). *H NMR (600 MHz,
CDCl3) 4 7.01 (m, 1H), 3.89 (t, J = 1.1 Hz, 3H), 3.77 (t, J = 1.0 Hz, 2H). *C NMR (151 MHz, CDCl,)
0 147.73 (dd, J = 239.6, 7.2 Hz), 145.79 (dd, J = 243.1, 8.2 Hz), 142.47 (dd, J = 11.5, 3.8 Hz), 124.94
(dd, J =17.3, 14.8 Hz), 114.16 (dd, J = 22.4, 3.3 Hz), 102.60 (dd, J = 11.1, 3.5 Hz), 61.75 (d, J = 4.1
Hz). HRMS-APCI (m/z) Calculated for C;HsONF,Br [M+H]*, 239.9653; found 240.0649.
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Br F CuCN NC F
R
NH, NMP, 62% NH,
F F
S48 S49

Nitrile S49. In a microwave vial was added S48 (2.0 g, 8.4 mmol) and CuCN (978 mg, 10.9 mmol, 1.3
eq). The vial was purged with N, for 10 minutes. Then, 15 mL degassed NMP was added, the tube was
sealed and reaction was heated to 180 °C under microwave irradiation for 90 minutes. The reaction was
cooled, poured over ice water ammonia solution and extracted with 50:50 hexane:EtOAc 3x. The
combined organic layers were sequentially washed with water, then concentrated. The resulting residue
was purified by silica gel flash chromatography (50% CH,Cl; in hexane) to afford the title compound
as a white solid (962 mg, 5.22 mmol, 62%). *H NMR (400 MHz, CDCls) 4 6.98 (dd, J = 9.9, 2.1 Hz,
1H), 4.32 (s, 2H), 4.04 (d, J = 2.1 Hz, 3H). *C NMR (101 MHz, CDCls) & 147.51 (dd, J = 10.4, 2.6
Hz), 145.98 (dd, J = 238.2, 6.8 Hz), 143.32 (dd, J = 241.4, 7.8 Hz), 131.08 (dd, J = 16.9, 13.8 Hz),
115.83 (t, J = 3.9 Hz), 114.05 (dd, J = 22.1, 3.1 Hz), 92.09 (dd, J = 10.7, 4.9 Hz), 62.18 (d, J = 5.7 Hz).
HRMS-APCI (m/z) Calculated for CgH,ONF, [M+H]*, 185.0521; found 185.0517.

~

(0] ~o
NC F 1. LiAlH,4, THF, reflux
\E;[ 2. BOC20, CH2C|2 BocHN F
NH, 64 % AE];[NHZ
F F
S49 S50

Aniline S50. LiAlIH, (705 mg, 15.6 mmol, 3 eq) was suspended in dry THF (30 mL). Then, nitrile S49
(960 mg, 5.21 mmol) in dry THF (40 mL) was added dropwise. The reaction was refluxed for 16 hours,
then allowed to cool to room temperature. The reaction was diluted with Et,O (30 mL), then quenched
with 700 pL water, then 700 puL 10% NaOH, followed by 2.1 mL water (Fieser workup). This was
stirred for 15 minutes, after which MgSQO, was added, and the suspension was stirred a further 15
minutes. The solids were filtered off, and the filtrate concentrated to afford the intermediate amine. *H
NMR (400 MHz, CDCls) 6 6.75 (dd, J = 10.8, 2.3 Hz, 1H), 3.90 (d, J = 1.6 Hz, 3H), 3.75 (s, 2H), 3.69
(s, 2H). This was immediately dissolved in CH,Cl, (40 mL), to which Boc,0 (970 mg, 4.43 mmol, 0.85
eq) in CH,CI, (15 mL) was added dropwise at room temperature. The reaction was stirred at this
temperature for 16 hours, then concentrated. The residue was purified by silica gel flash
chromatography (1% acetone in CH,Cl,) to afford the title compound as a white solid (966 mg, 3.35
mmol, 64%). *H NMR (400 MHz, CDCly) 6 6.74 (d, J = 10.7 Hz, 1H), 4.88 (s, 1H), 4.19 (d, J = 4.6 Hz,
2H), 3.88 (s, 3H), 3.42 (s, 2H), 1.43 (s, 9H). *C NMR (151 MHz, CDCl3) & 155.92, 147.48 (dd, J =
236.5, 6.6 Hz), 145.27 (dd, J = 241.0, 7.5 Hz), 142.32 (dd, J = 9.3, 3.2 Hz), 124.38 (dd, J = 17.6, 14.4
Hz), 120.42 (d, J=7.7 Hz), 110.60 - 109.53 (m), 79.61, 61.66, 39.32, 28.54. HRMS-EI (m/z) Calculated
for Cy3HgF2N,O,Na [M+Na]*, 311.1178; found 311.1178.
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NH; 10 min, 58% NHBoc

F NCS/DBU BocHN
BocHN
DCM 78°C
F

S50 F4,m-OMe,-NHBoc

Fa,m-OMe,-NHBoc. To a solution of S50 (966 mg, 3.35 mmol) in CH,Cl, (52 mL) was added DBU (1
mL, 6.70 mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down
to —78 °C. NCS (902 mg, 6.70 mmol, 2 eq) was added. The orange solution was stirred for 10 min at
—78 °C before quenching by addition of a saturated bicarbonate solution (50 mL). The organic layer
was separated, washed sequentially with 50 mL of water (3 x) and 50 mL of 1 N HCI, and concentrated
to dryness in vacuo. The residue was purified by silica gel flash chromatography (1 to 5% acetone in
CH,CI,) to afford the title compound as an orange solid (520 mg, 1.94 mmol, 58%). *H NMR (600
MHz, CDCls) 6 7.00 (d, J = 10.7 Hz, 1H), 4.99 (s, 1H), 4.37 (d, J = 6.2 Hz, 2H), 3.99 (d, J = 1.5 Hz,
3H), 1.46 (s, 9H). 13C NMR (151 MHz, CDCls) 8 155.79, 150.75 (d, J = 258.0 Hz), 148.50 (d, J = 262.2
Hz), 142.31, 136.18, 131.41 (d, J = 9.9 Hz), 111.45 — 110.68 (m), 80.04, 61.67 (d, J = 6.0 Hz), 39.59,
28.38. HRMS-EI (m/z) Calculated for C,sH3,F4sN4OgNa [M+Na]* , 595.2150; found 595.2139.

o o
F SEt
BocHN F NaSEt, K,CO4 BocHN SEt
-N o - N
N MeCN B N
F E NHBoc 36% SEt EtS NHBoc
2N 2N
F4,m-OMe,-NHBoc (SEt)4,m-OMe,-NHBoc

(SEt)s,m-OMe-NHBoc. F4,m-OMe,-NHBoc (100 mg, 174.7 umol), Sodium ethanethiolate (80%, 147
mg, 1.40 mmol, 8 eq) and potassium carbonate (97 mg, 699 umol, 4 eq) were suspended in MeCN (2
mL) and stirred at room temperature for 16 hours under N, in a sealed tube. The mixture was diluted in
CH,CI,, then washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (0 to 1% Acetone in CH,Cl,) to afford the title compound as a red solid (36 mg, 63
umol, 36%).:H NMR (600 MHz, CDCls) & 7.35 (s, 2H), 5.03 (t, J = 6.3 Hz, 2H), 4.41 (d, J = 6.3 Hz, 4H), 3.97
(s, 6H), 2.89 (m, 8H), 1.49 (s, 18H), 1.26 (t, J = 7.3 Hz, 6H), 1.13 (t, J = 7.4 Hz, 6H). **C NMR (151 MHz, CDCl5)
8 156.60, 156.05, 152.25, 133.27, 128.78, 127.38, 126.90, 79.77, 60.76, 40.41, 30.03, 28.57, 28.10, 14.95, 13.75.
HRMS-EI (m/z) Calculated for C34Hs3S4N4Og [M+H]*, 741.2842; found 741.2832.

(;[ MGQSGQ SeMe SeMe
DTT DBU
/,N
Ii 0
SeM
© l\’ﬁeSe
(SeMe)4-H

(SeMes)-H. Dry Dithiothreitol (61 mg, 393 pmol, 2.5 eq) was dissolved in dry DMF (2mL) under N,
in a sealed tube. Dimethyldiselenide (45 pL, 472 umol, 3 eq) and degassed DBU (211 uL, 1.42 mmol,
9 eq) was added via syringe. The solution was stirred at room temperature for 30 minutes. The solution
was transferred into a separate vial containing Fs-H (40 mg, 157 umol, 1 eq) in Dry DMF (1 mL) under
N,. The reaction was stirred for 3 hours at room temperature, after which water was added. The organic
precipitate was extracted with EtOAc (2x). The combined organic layers were washed with water (2x),
then concentrated. The resulting residue was purified by silica gel flash chromatography (40% CH,CI,
in hexane) to afford the title compound as a sparkly red solid (41 mg, 73 umol, 47%). *H NMR (600
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MHz, CDCl3) 6 7.24 (d, J = 1.4 Hz, 4H), 7.18 (dd, J = 8.7, 6.7 Hz, 2H), 2.23 (s, 12H). 1*C NMR (151
MHz, CDCly) 6 148.23, 134.28, 130.02, 124.72, 7.09. HRMS-EI (m/z) Calculated for CisH19N,Se,
[M+H]*, 554.8219; found 554.8227.

Me,Se, SeMe Me,Se
BocHN/\Q: _bmosy BocHN/\@[ F DT, DBU
N’/

NFBoc MeSe NHBOC | 549, (2 steps)
F4 -NHBoc S51
M
BocHN SeMe  ome
N
N
SeMe NHBoc
MeSe

(SeMe),4-NHBoc

(SeMe4)-NHBoc. Dry Dithiothreitol (53 mg, 341 umol, 2.5 eq) was dissolved in dry DMF (1.5 mL)
under N, in a sealed tube. Dimethyldiselenide (33 uL, 472 umol, 3 eq) and degassed DBU (211 uL, 683
pmol, 5 eq) was added via syringe. The solution was stirred at room temperature for 30 minutes. The
solution was transferred into a separate vial containing Fs-NHBoc (70 mg, 136 umol, 1 eq) in Dry DMF
(1 mL) under N,. The reaction was stirred for 3 hours at room temperature, after which water was added.
The organic precipitate was extracted with EtOAc (2x). The combined organic layers were washed with
water (2x), then concentrated. The resulting residue purified by silica gel flash chromatography (100%
CH,CIl,) to afford the title compound as an orange film (30 mg, 45 umol, 33%). *H NMR (400 MHz,
CDCl3) 8 7.16 (s, 2H), 7.07 — 7.03 (d, J = 10.8, 1.1 Hz, 2H), 4.97 (s, 2H), 4.38 (d, J = 6.6 Hz, 4H), 2.22
(s, 6H), 1.48 (s, 18H). Then, dry Dithiothreitol (21 mg, 136 pmol, 3 eq) was dissolved in dry DMF (1
mL) under N, in a sealed tube. Dimethyldiselenide (13 pL, 136 pumol, 3 eq) and degassed DBU (27 uL,
181 pmol, 4 eq) was added via syringe. The solution was stirred at room temperature for 30 minutes.
The solution was transferred into a separate vial containing S51 (30 mg, 45 umol, 1 eq) in Dry DMF (1
mL) under N,. The reaction was stirred for 16 hours at 30 °C, after which water was added. The organic
precipitate was extracted with EtOAc (2x). The combined organic layers were washed with water (2x),
then concentrated. The resulting residue purified by silica gel flash chromatography (3% MeCN in
CH,CI,) to afford the title compound as an orange solid (27 mg, 45 pmol, 73%) [24% over 2 steps]. *H
NMR (600 MHz, CDCl3) & 7.12 (s, 4H), 4.90 (s, 2H), 4.33 (d, J = 6.2 Hz, 4H), 2.22 (s, 12H), 1.48 (s,
18H).1*C NMR (151 MHz, CDCl3) & 156.08, 147.50, 141.19, 134.58, 123.73, 79.95, 28.56, 7.13.
HRMS-EI (m/z) Calculated for C,gH4N4O4Se, [M+H]*, 814.9791; found 814.9798.

Me,Se, EtO,C SeMe

EtO,C
\@ DTT DBU \(;[ SeMe
2N
DMF
SeM
CO,E 34% Mese CO,Et
F4-ester (SeMe)4-ester

(SeMes)-ester. Dry Dithiothreitol (125 mg, 810 pmol, 3 eq) was dissolved in dry DMF (2 mL) under
N, in a sealed tube. Dimethyldiselenide (81 pL, 472 umol, 3 eq) and degassed DBU (322 uL, 1.42
mmol, 8 eq) was added via syringe. The solution was stirred at room temperature for 30 minutes. The
solution was transferred into a separate vial containing Fs-ester (100 mg, 270 umol, 1 eq) in Dry DMF
(12 mL) under N,. The reaction was stirred for 16 hours at room temperature after which a dark purple
solution had formed. The mixture was poured into a separating funnel containing Et,O (20 mL) and
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water (20 mL). The mixture was shook gently (which turned brown/orange), then the water layer
removed. The organic layer was washed with water (2x), then concentrated. The resulting residue was
purified by silica gel flash chromatography (10 to 100% CH,CI; in hexane) to afford the title compound
as a brown solid (62 mg, 93 pmol, 34%). *H NMR (600 MHz, CDCl3) 4 7.89 (s, 4H), 4.43 (q,J=7.1
Hz, 4H), 2.31 (s, 12H), 1.43 (t, J = 7.1 Hz, 6H).*C NMR (151 MHz, CDCl3) 8 165.73, 150.35, 134.83,

131.18, 125.89, 61.75, 14.49, 7.50. HRMS-EI (m/z) Calculated for C»,H,;N,0,Se, [M+H]*, 700.8634;
found 700.8637.

F TeMe TeMe TeMe
F TeMe
_N LlTeMe _N
N * N
F THF/DMF rt
F
F4-H

TeMe
MeTe MeTe MeTe

Te,F,-H (88%) TesF-H (4%) (TeMe)4-H (0%)

LiTeMe
gTTTTTm e 5 THF, DMF
: Te + MelLi !

ol @J@ @ @ @ f)

TeMe

MeTe MeTe
(TeMe) 4-H (0.7%) TesF-H (57%) Te,Fo-H (14%)
F10:C EtO,C TeMe
\@ L|TeMe \©i TeMe
N
N
:©\ THF/DMF, rt TeMe :@\
CO,Et MeTe CO,Et
F,-ester (TeMe) 4-ester

Scheme S4. Synthesis telluro azobenzene derivatives. The telluride nucleophile was prepared using
MeL.i and elemental tellurium. It was necessary to prepare the the Tes derivative step-wise via TexF-
H. A mixture of mono and di-substituted telluride was obtained with 20 eq LiTeMe for the p-Ester
derivative (TeMey)-ester. Optimisation table is found overleaf
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TeMe
Conditions' Conditions? a Te,Fp-H
:@ —_— ]© —————————> bTesF-H
c (TeMe)4-H
MeTe
Te,F,-H

Conditlonsl Yield

1 | MezTez2(2.5¢eq), DTT (2.5 eq), DBU (5 eq), DMF 0.1M, rt, 16 h al.4%

2 | MezTez2(2.5¢eq), DTT (2.5 eq), DBU (5 eq), DMF 0.1M, 40 °C, 16 h No conv.

3 | MezTez2(2.5¢eq), DTT (2.5 eq), DBU (5 eq), DMF 0.1M, 30 °C 1 day, 35°C 1day  No conv.

4 | MezTez2(2.5eq), NaBHa (5 eq), DMF 0.1M, rt, 16 h (Decomp)

5 | MezTez2(2.5€eq), DTT (2.5 eq), DBU (5 eq), DMF 0.1M, rt, overnight, Etz2O/water  a 10%

6 \{'V;Eglég), MeLi (5 eq), THF/DMF, 16 h, Et2O/water workup a88%b 4%

7 | Te (10 eq), MeLi (10 eq), THF/DMF, 16 h , Et2O/water workup a49% b 10%
Conditions? Yield
Me2Tez (3 eq), DTT (3 eq), DBU (4 eq), DMF 0.1M, rt to 40 to 50 to 60 °C No conv.
Te (10 eq), MeLi (10 eq), THF/DMF, 40 °C, 2 days, then Te (10 eq), MeLi (10eq), a57%b 14%c
40 °C, 1 more day. 0.7%

Table S1. Optimisation table for telluro azobenzene derivatives. It was necessary to prepare the tetra
telluride step-wise via the ditelluride (conditions 2). Conditions 1 (analogous to Selenolate chemistry)
(5] were less successful in generating products

TeMe TeMe
Te/MeLi (1.6M in EtZO TeMe
+ =N
N
THF, DMF

MeTe MeTe

FyoH Te,Fy-H (88%) TesF-H (4%)

TeyF2-H and TesF-H. Te powder (500 mg, 3.9 mmol) was added to dry THF (10 mL). MeLi (1.6M in
Et,0, 2.4 mL, 4 mmol, 1.2 eq) was added and the solution was stirred at room temperature for 3 hours.
The green/grey suspension was transferred into a separate vial containing Fs-H (200 mg, 786 umol, 0.2
eq) in Dry DMF (3 mL) under N,. The reaction was stirred for 16 hours at room temperature. The
mixture was poured into a separating funnel containing Et,O (100mL) and water (50 mL). The mixture
was shook gently, then the water layer removed. The organic layer was dry loaded onto silica gel, and
purified by silica gel flash chromatography (5% Hexane to 10% Hexane in CH,Cl,) to afford Te.F»-H
as a sparkly dark purple solid. TesF-H was obtained with 15% hexane in CH,Cl,, then purified further
using preparative TLC (15% hexane in CH,Cl,). TesF,-H: *H NMR (600 MHz, CDCl;) § 7.48 (d, J =
7.9 Hz, 2H), 7.32 (td, J = 7.9, 5.2 Hz, 2H), 7.22 (ddd, J = 10.5, 8.0, 1.2 Hz, 2H), 1.96 (s, 6H). 3C NMR
(151 MHz, CDCly) 6 162.58 (d, J = 263.7 Hz), 139.50 (d, J = 9.9 Hz), 130.82 (d, J = 8.4 Hz), 128.40
(d, J=3.8Hz),117.43 (d, J = 3.6 Hz), 113.13 (d, J = 19.8 Hz), -11.09. **F NMR (377 MHz, CDCl5) 6
-113.50. HRMS-EI (m/z) Calculated for Ci4H1oN,F,Te,OH [M+0O+H]*, 520.9097; found 520.9094.
TesF-H: 'H NMR (600 MHz, CDCl3) 6 7.47 (d, J = 7.6 Hz, 2H), 7.43 (d, J = 7.9 Hz, 1H), 7.25 (dd, J
=8.0,5.1 Hz, 1H), 7.15 (t, J = 9.1 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 2.04 (s, 5H), 1.99 (s, 3H). 1*C NMR
(151 MHz, CDCls) 6 160.77 (d, J = 261.5 Hz), 153.09, 140.91 (d, J = 8.9 Hz), 131.03 (d, J = 8.3 Hz),
130.98, 130.09, 129.58 (d, J = 8.9 Hz), 121.75, 115.02 (d, J = 2.1 Hz), 113.78 (d, J = 19.8 Hz), -12.00,
-13.99. HRMS-EI (m/z) Calculated for CisHisN,FTesOH [M+O+H]*, 642.8381; found 642.8379.
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TeMe

TeMe TeMe oo
F Te/MeLi (1.6M in Et,0) . TeMe F X TeMe
N¢N > NG . N . ¢
THF, DMF I I
)

" et MeTe MeTe

F4'H (TeMe)4'H (0.7%) Teze.H (57%) T63F-H (14%

(TeMe)s-H. Te powder (500 mg, 3.9 mmol) was added to dry THF (10 mL). MeLi (1.6M in Et,0, 2.4
mL, 4 mmol, 1.2 eq) was added and the solution was stirred at room temperature for 3 hours. The
green/grey suspension was transferred into a separate vial containing Te;F>-H (190 mg, 379 umol, 1
eq) in Dry DMF (1 mL) under N,. The reaction was stirred for 48 hours at 40 °C. In a separate flask,
Te powder (500 mg, 3.9 mmol) was added to dry THF (10 mL). MeLi (1.6M in Et,0, 2.4 mL, 4 mmol,
1.2 eq) was added and the solution was stirred at room temperature for 3 hours. This mixture was added
to the solution of Te;F2-H, and this was stirred for a further 48 hours at 40 °C. The mixture was poured
into a separating funnel containing Et,O (50 mL) and water (30 mL). The mixture was shook gently,
then the water layer removed. The organic layer was dry loaded onto silica gel, and purified by silica
gel flash chromatography (5% Hexane to 10% Hexane in CH,Cl,) to afford Te,F»-H as a sparkly dark
purple solid (108 mg, 215 umol, 57%). The trisubstituted compound was obtained by silica gel flash
chromatography (15% hexane in CH,Cl,; 33 mg, 53 pmol, 14%). The tetra substituted compound was
isolated using 20% Hexane in CH,Cl,, then purified further using preparative TLC (20% Hexane in
CH,CI,) to afford (TeMe)s-H (2 mg, 2.7 pumol, 0.7%). *H NMR (400 MHz, CD,Cl,) 6 7.43 (d,J=7.7
Hz, 4H), 7.06 (t, J = 7.6 Hz, 2H), 2.02 (s, 12H). *C NMR (151 MHz, CD,Cl,) 6 154.04, 131.92, 130.57,
119.75, -14.68. HRMS-EI (m/z) Calculated for CisHigN,Te,OH [M+H+Q]*, 766.7676; found
766.7682.
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o-F/Cl derivatives

NH
NO; NH; 1. LiAIH,, THF, 16 h, reflux 2 BocHN F
F Fe. HCI F 2.Boc,0, CH,Cly, 16 h, rt DBU, NCS /\@ N
MeOH, rt, 91% CH,Cl,, -78 °C N D\/NHB
I quant. N \gos 10 min, 36% E oc
$53
S51 S52 F2,m-H,
NH
NH2 NH2 1. LIAIH,, THF, 16 h, reflux g BocHN cl
NCS Cl 2.Boc,0, CH,Cly, 16 h , 1t DBU. NCS /\@ .
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MeCN 83% CH,Cl,, -78 °C " D\/
oN 3% oN 10 min, 10% cl NHBoc
NHBoc
S54 S55 §57 Cl,,m-H,
------------------------------------------------- m-OMe and NMe, derivatives - - - - - - - - - oo oo oo e
NH, NH, NH,
F CuCN F NaOMe F
—_— —_—
E NMP, uw, 202°C E MeOH, reflux o
Br 90% CN 94% CN I
$58 $59 $60 : $62 36’3
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HNMe, S e
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F prr e F Tow Mo
CN ° CN ° CN i CN
S65 $66 S67 S68
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S69a-d d X = Cl, R = NMe, (76%) S70a-d
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> B — ~o
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NHBoc NHBoc
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F SEt
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v N7 - > v NN Y SEt,,m-OMe, (21%)
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F EtS
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Scheme 1. Preparation of di ortho and meta substituted azobenzene scaffolds.
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NH,
Fe HCI F
MeOH rt
quant.
CN
S$52

Aniline S52. Prepared according to a modified literature procedure.[*”? Nitro compound S51 (1 g, 6
mmol) was dissolved in MeOH (10 mL), then iron powder (1 g, 18 mmol, 3 eq) was added. HCI (4 mL)
was added carefully and the reaction was stirred at room temperature for 2h. The solution was filtered
over celite, then concentrated. The residue was extracted with EtOAc and basified with 10% NaHCOs.
The combined organic layer was dried and filtered to afford the title compound (820 mg, 6 mmol,
quant). *H NMR (400 MHz, DMSO) 8 7.50 (dd, J = 11.7, 1.9 Hz, 1H), 7.30 (dd, J = 8.3, 1.9 Hz, 1H),
6.80 (t, J = 8.7 Hz, 1H), 6.24 (s, 2H). Data consistent with that given in the literature. [17]

NH, NH2 NH,
F F
F Boc,0
JE———
CH2C|2, rt, 16 h
91%

CN NH, ’ NHBoc
$52 $53

Aniline S53. To a suspension of LiAlH, (686 mg, 18.1 mmol, 3 eq) in dry THF (25 mL) was added S52
(820 mg, 6 mmol, 1.0 eq) in THF (20 mL). The suspension was stirred at 60 °C for 16 hours. The
reaction mixture was cooled, diluted in Et,O (10 mL), then water (685 pL), 2.5M NaOH (685 pL), and
water (2 mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous
MgSQO, was added. The solution was filtered. The filtrate was concentrated to afford the crude amine
intermediate. The residue was dissolved in CH,ClI, (35 mL) and Boc,O (1.25 g, 5.7 mmol, 0.95 eq) was
added. The reaction was stirred overnight. The solution was concentrated, then purified by silica gel
flash chromatography (0 to 2% Acetone in CH,Cl,) to afford the title compound as a yellow oil (1.32
g, 5.5 mmol, 91%). *H NMR (400 MHz, CDCls) 6 6.92 (dd, J = 11.6, 1.9 Hz, 1H), 6.87 — 6.79 (m, 1H),
6.71 (dd, J =9.0, 8.1 Hz, 1H), 4.77 (s, 1H), 4.18 (d, J = 5.9 Hz, 2H), 3.69 (br s, 2H), 1.45 (s, 9H). °C
NMR (101 MHz, CDCl3) & 155.94, 151.69 (d, J =240.1 Hz) 133.74 (d, J =12.9 Hz), 129.83 (d, J=6.4
Hz), 123.73 (d, J = 3.7 Hz), 116.98 (d, J = 3.79 Hz), 114.73 (d, J = 18.7 Hz), 79.49, 43.98, 28.41.
HRMS-ESI (m/z) Calculated for C1,H;5FN,O, [M+H]*, 241.1347; found 241.1349.

NH,

F
F DBU. NCS BocHN/\CE N
S N’/
DCM, -78 °C
10 min, 36% F NHBoc

S53 F,,m-H,

NHBoc

F2,m-H,. To a solution of S53 (415 mg, 1.17 mmol) in CH,CI, (26 mL) was added DBU (516 pL, 3.45
mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down to —78
°C. NCS (526 mg, 3.45 mmol, 2 eq) was added. The orange solution was stirred for 10 min at =78 °C
before quenching with saturated bicarbonate solution (65 mL). The organic layer was separated, washed
sequentially with water (5 x 65mL), dried over anhydrous sodium sulfate, and concentrated to dryness
in vacuo. The residue was purified by silica gel flash chromatography (0 to 2% Acetone in CH,Cl,) to
afford the title compound as an orange solid as a mixture of isomers (150 mg, 315 pmol, 36%). (E)-
F2,m-Hz. *H NMR (400 MHz, CDCls) 8 6.96 (dd, J = 8.2, 1.7 Hz, 2H), 6.92 — 6.79 (m, 4H), 4.90 (s,
2H), 4.25 (d, J = 6.2 Hz, 4H), 1.44 (s, 18H). *C NMR (151 MHz, CDCls) & 160.57 (d, J = 258.9 Hz),
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156.02, 145.33, 140.01 (d, J = 6.8 Hz), 123.14, 118.17, 115.72 (d, J = 20.5 Hz), 80.13, 44.17, 28.52.
HRMS-ESI (m/z) Calculated for Cp4H30F2N,O, [M+H]*,477.2308; found 477.2307.

NH, NH,
NCS cl
MeCN
CN 93% CN
54 $55

Aniline S55. Nitrile S54 (1 g, 8.5 mmol), then NCS (1.24 g, 9.3 mmol, 1.1 eq) in MeCN (10 mL) were
stirred at 90°C for 2 h. The mixture was cooled, concentrated, then dissolved in 50 mL CH,ClI,. The
organic layer was washed with 5% NaOH, then dried and concentrated to afford the title compound as
a beige solid (1.2 g, 7.86 mmol, 93%). *H NMR (400 MHz, CDCls) 6 7.53 (d, J = 1.8 Hz, 1H), 7.34
(dd, J=8.4, 1.9 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 4.55 (s, 2H). Data consistent with that given in the
literature. 1€

NH, NH> o NH,
Cl Boc,0 cl
_ =
THF, 60 °C, 16 h CH,Cly, 1t, 16 h
83%
CN NH, NHBoc
S55 S57

Aniline S57. To a suspension of LiAIH4 (746 mg, 19.66 mmol, 3 eq) in dry THF (30 mL) was added
S55 (1 g, 6.55 mmol, 1.0 eq) in THF (20 mL). The suspension was refluxed for 16 hours. The reaction
mixture was cooled, diluted in Et,O (30 mL), then water (750 uL), 2.5M NaOH (750 uL), and water
(2.25 mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous MgSQO,
was added. The solution was filtered, filtrate concentrated to afford the crude amine. The residue was
dissolved in CH,CI, (40 mL) and Boc,O (1.36 g 6.23 mmol, 0.95 eq) was added. The reaction was
stirred overnight. The solution was concentrated, then purified by silica gel flash chromatography (3%
acetone in CH,CI,), and the pure fractions were combined to afford the title compound as a white solid
(1.4 g, 5.45 mmol, 83%).tH NMR (400 MHz, CDCls) § 7.20 (d, J = 2.0 Hz, 1H), 7.04 — 6.99 (m, 1H),
6.77 (d,J=8.2 Hz, 1H), 4.77 (s, 1H), 4.47 - 4.18, 4.20 (d, J =5.8 Hz, 2H), 1.48 (s, 9H). Data consistent
with that given in the literature. [

NH,

cl
Cl BocHN
DBU, NCS N
—» //
CH,Cly, -78 °C N Ji)\/
10 min, 10% cl NHBoc
NHBoc

S57 Cly,m-H,

Cl;,m-H2. To a solution of S57 (1.4 g, 5.45 mmol) in CH,CI, (80 mL) was added DBU (1.63 mL, 10.9
mmol, 2 eq). The solution was stirred at room temperature for 5 min before being cooled down to —78
°C. NCS (1.46 g, 10.9 mmol, 2 eq) was added. The orange solution was stirred for 10 min at =78 °C
before quenching with saturated bicarbonate solution (50 mL). The organic layer was separated, washed
sequentially with 15 mL of water (5 x 50 mL) and 1N HCI (50 mL), dried over anhydrous sodium
sulfate, and concentrated to dryness in vacuo. The residue was purified by silica gel flash
chromatography (1% EtOAc in CH,Cl,) to afford the title compound as an orange solid as a mixture of
isomers (141 mg, 277 umol, 10%). (E)-Clz,m-H.. *H NMR (400 MHz, CDCls) 6 7.74 (d, J = 8.3 Hz,
2H), 7.48 (d, J = 1.8 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 4.97 (s, 2H), 4.36 (d, J = 6.2 Hz, 4H), 1.48 (s,
18H). 3C NMR (151 MHz, CDCl3) 4 155.99, 148.04, 144.14, 136.28, 129.40, 126.40, 118.38, 80.16,
44.05, 28.53. HRMS-EI (m/z) Calculated for Cp4H3;04N,Cl, [M+H]*, 509.1717; found 509.1717
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NH, NH,

F CuCN F
F NMP, pw, 202 °C F
Br 90% CN
58 $59

Nitrile S59. Aryl bromide S58 (2.5 g, 12.02 mmol) was dissolved in NMP (12.5 mL) under N, in a
microwave vial. CuCN (1.3 g, 13.2 mmol, 1.2 eq) was added and the reaction was stirred for 90 minutes
at 202°C under microwave irradiation. The reaction was cooled to room temperature, then 15%
ammonium hydroxide solution was added. The reaction was extracted with 50:50 EtOAC:Hexane 3x.
The combined organic layers were washed with water 3x, then 5% LiCl solution. The organic layer was
concentrated to afford a crude residue that was left without further purification (1.67g, 10.84 mmol,
90%). *H NMR (400 MHz, CDCl3) 4 7.17 (dd, J = 10.2, 5.7 Hz, 1H), 6.51 (dd, J = 9.9, 7.1 Hz, 1H),
4.41 (s, 2H). Data consistent with that given in the literature. [[2°1]

NH, NH
F MeOH, KOtBu F
. THF, 70°C, 34 ~o
CN 94% CN
S59 S60

Aniline S60. To a cooled (0°C) solution of methanol (43 mL) in anhydrous THF (25 ml) under N, was
added KOtBu (4.8 g, 42.8 mmol, 2 eq). Then S59 (1.65 g, 10.7 mmol) was added to the solution. The
reaction mixture was heated to 70°C and stirred for 3 days. The solvent was removed, then diethyl ether
was added. The organic phase was washed with saturated bicarbonate solution, dried, then concentrated
to afford the title compound as a white solid (1.68 g, 10.1 mmol, 94%). 'H NMR (400 MHz, CDCls) §
7.12 (d, J = 10.3 Hz, 1H), 6.27 (d, J = 7.2 Hz, 1H), 4.28 (s, 2H), 3.84 (s, 3H). Data consistent with that
given in the literature. (2111

NH, NH; NH,
F F
o CH,Clp, 1t, 16h 0O
12%
CN NH, ° NHBoc
S69a S70a

Aniline S70b. To a suspension of LiAIH4 (136 mg, 3.58 mmol, 2.5 eq) in dry THF (10 mL) was added
S69a (238 mg, 2.38 mmol, 1.0 eq) in THF (7.5 mL). The suspension was refluxed for 16 hours. The
reaction mixture was cooled, diluted in Et,O (10 mL), then water (136 pL), 2.5M NaOH (136 pL), and
water (0.4 mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous
MgSO, was added. The solution was filtered, filtrate concentrated to afford the crude amine and imine
intermediates. The residue was dissolved in CH,Cl, (15 mL) and Boc,0 (312 mg, 1.43 mmol, 1.0 eq)
was added. The reaction was stirred overnight. The solution was concentrated, then purified by silica
gel flash chromatography (100% CH,CI,), and the pure fractions were combined to afford the title
compound as a white solid (45 mg, 0.17 mmol, 12%). *H NMR (400 MHz, CDCls) § 6.89 (d, J = 11.0
Hz, 1H), 6.27 (d, J = 7.4 Hz, 1H), 4.94 (s, 1H), 4.15 (d, J = 6.0 Hz, 2H), 3.73 (m, 5H), 1.43 (s, 9H). 13C
NMR (101 MHz, CDCls3) 6 155.98, 153.99 (d, J = 1.9 Hz), 145.61 (d, J = 231.2 Hz), 134.10 (d, J = 14.2
Hz), 116.95 (d, J = 5.2 Hz), 116.24 (d, J = 20.4 Hz), 99.97 (d, J = 3.2 Hz), 79.30, 55.84, 39.75, 28.55.
HRMS-EI (m/z) Calculated for C;3H190sN,FNa [M+Na]*, 293.1272; found 293.1271
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NH,

F F
CuBr, Pyridine BOCHN/II
~ > o B o~
9 PhMe, 65°C, 24 h
NHBoc
33% F

NHBoc
S70a F,,m-OMe,

F2,m-OMe;. Aniline S70a (39 mg, 138 pmol) was dissolved in toluene (2 mL). Pyridine (22uL, 0.28
mmol, 2 eq) and CuBr (20 mg, 137 umol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours. The reaction was concentrated, then purified by silica gel flash
chromatography (5% EtOAc in CHCIs), and the pure fractions were combined to afford the title
compound as an orange solid as a mixture of isomers (12.5 mg, 45 pumol, 33%). (E)-F2,m-OMe,: *H
NMR (400 MHz, CDCl3) 6 7.21 (d, J = 5.9 Hz, 1H), 7.14 (d, J = 10.5 Hz, 1H), 4.97 (s, 1H), 4.27 (d, J
= 6.3 Hz, 2H), 3.82 (s, 3H), 1.40 (s, 9H). 1*C NMR (101 MHz, CDCl3) 8 155.87, 155.17 (d, J = 228.69
Hz), 153.61 (d, J = 1.9 Hz), 139.55 (d, J = 7.4 Hz), 133.34 (d, J = 7.2 Hz), 117.00 (d, J = 22.8 Hz),
98.10, 79.73, 55.96, 39.98, 28.42. F NMR (377 MHz, CDCl3) & -132.84 (s). HRMS-EI (m/z)
Calculated for CysH3506N4F, [M+H]*, 537.2519; found 537.2519

NH; NMe,-HCl, NHa
F KoCOs F
F DMSO, 150°C, 16 h ~n
CcN I e
$60 s61

Amine S61. Nitrile S60 (700 mg, 4.54 mmol) was dissolved in DMSO (15 mL) and, potassium
carbonate (1.26 g, 9.08 mmol, 2 eq) and dimethylamine hydrochloride (1.46 g, 18.2 mmol, 4 eq) was
added. The reaction was stirred at 80 °C for 16 hours, then for a further 4 hours at 150 °C after which
the reaction was 60% complete. The solution was poured onto ice and extracted with Et,O 5 x. The
combined organic layers were washed with water, then concentrated. The residue was purified by silica
gel flash chromatography (100% CH,CI,) to afford the title compound as a white solid (456 mg, 2.54
mmol, 56 %). *H NMR (400 MHz, CDCl;) § 7.07 (d, J = 10.6 Hz, 1H), 6.22 (d, J = 7.7 Hz, 1H), 4.23
(s, 2H), 2.89 (s, 6H). *C NMR (101 MHz, CDCl;) 5 154.28, 144.52 (d, J = 234.6 Hz), 140.11 (d, J =
13.4 Hz), 120.00 (d, J = 21.4 Hz), 119.56 (d, J = 2.1 Hz), 103.87 (d, J = 3.6 Hz), 90.19 (d, J = 8.1 Hz),
43.53. HRMS-EI (m/z) Calculated for CgH;;FN3; [M+H]*, 180.0937; found 180.0932

NH, NH; NH,
F F
\T CH,Cly, 1t, 16 h \T
0,
CN NH, 37% NHBoc
$69b S70b

Aniline S70b. To a suspension of LiAIH, (160 mg, 4.18 mmol, 2.5 eq) in dry THF (10 mL) was added
S69b (300 mg, 4.18 mmol, 1.0 eq) in THF (10 mL). The suspension was refluxed for 16 hours. The
reaction mixture was cooled, diluted in Et,O (10 mL), then water (160 pL), 2.5M NaOH (160 uL), and
water (0.5 mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous
MgSQ, was added. The solution was filtered, filtrate concentrated to afford the crude amine and imine
intermediate. The residue was dissolved in CH,Cl, (15 mL) and Boc,0O (183 mg, 0.84 mmol, 0.5 eq)
was added. The reaction was stirred overnight. The solution was concentrated, then purified by silica
gel flash chromatography (10% EtOAc in CH,CI,), and the pure fractions were combined to afford the
title compound as a yellow oil (176 mg, 0.62 mmol, 37%). *H NMR (400 MHz, CDCl;)  6.84 (dd, J =
11.6, 2.2 Hz, 1H), 6.50 (dd, J = 8.3, 1.6 Hz, 1H), 5.24 (s, 1H), 4.23 (d, J = 5.9 Hz, 2H), 3.72 (s, 2H),
2.54 (d, J = 2.0 Hz, 6H), 1.42 (s, 9H). °C NMR (101 MHz, CDCls) 6 156.15, 148.76 (d, J = 2.6 Hz),
147.77 (d, J = 235.01 Hz), 133.69 (d, J = 13.8 Hz), 123.73, 115.37 (d, J = 20.0 Hz), 108.49 (d, J = 3.9
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Hz), 79.16, 40.34, 28.43. HRMS-EI (m/z) Calculated for Ci4H30,NsF [M+H]*, 284.1769; found

284.1769
F
F CuBr, Pyridine BOCHN/II |
N N
~ PhMe, 65°C, 24 h N N* >
N & oo | NHBoc
40% F

NHBoc
S70b F,,m-(NMe,),

NH,

Y

F2,m-(NMe).. Aniline S70b (176 mg, 621 umol) was dissolved in toluene (8 mL). Pyridine (100 uL,
1.24 mmol, 2 eq) and CuBr (89mg, 621 umol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours. The reaction was concentrated, then purified by silica gel flash
chromatography (5% Acetone in CH,Cl,), and the pure fractions were combined to afford the title
compound as an orange solid (70 mg, 123 pumol, 40%). (E)-F2,m-(NMe2).: *H NMR (500 MHz, CDCl,)
3 7.51 (d,J=7.0Hz 2H), 7.21 (d, J = 11.2 Hz, 2H), 5.18 (s, 2H), 4.46 (d, J = 7.4 Hz, 4H), 2.69 (s,
12H) 1.45, (s, 18H). 3C NMR (126 MHz, CDCls) & 157.05 (d, J = 218.6 Hz), 155.89, 148.68 (d, J =
2.5 Hz), 139.77, 139.61 (d, J = 7.5 Hz), 116.43 (d, J = 21.6 Hz), 108.33, 79.78, 45.03, 40.72, 28.45.
HRMS-EI (m/z) Calculated for C,gH4;04NgF, [M+H]*, 563.3152; found 563.3148

NH, NH, NH,
N Cl
/@/C' DBDMH cl cuc _
—_— L
o o N
~o -5°C ~o NZ/ISPO,/ 1&230 tC, 16 h o
Br b (2 steps) CN
$62 S63 S64

Nitrile S64. Aniline S62 (3 g, 19.04 mmol) was dissolved in EtOAc (50 mL). The reaction was cooled
to -5 °C and DBDMH was added portionwise over 20 minutes at this temperature. The reaction was
stirred at -5 °C for a further hour. Then, the organic layer was washed with K,CO; (2 g) in water (13
mL), then water (20 mL). The organic later was concentrated to afford the intermediate bromide S63
without further purification. The residue was redissolved in NMP (30 mL) and N, was bubbled through
the reaction mixture for 5 minutes, then CuCN (2.56 g, 28.55 mmol, 1.5 eq) was added and the reaction
was stirred at 150°C under N, for 16 hours. The reaction was cooled, poured over ice water 15%
ammonia solution and extracted with 50:50 hexane:EtOAc 3Xx. The combined organic layers were
sequentially washed with water 3x and 5% LiCl solution, then concentrated. The resulting residue
purified by silica gel flash chromatography (70% CH,ClI, in hexane) to afford the title compound as a
white solid (1.67 g, 9.15 mmol, 48%). *H NMR (400 MHz, DMSO) & 7.54 (s, 1H), 6.46 (s, 1H), 6.40
(s, 2H), 3.79 (s, 3H). Data consistent with that found in the literature. {22!

NH, NH, NH,
Cl cl
Boc,0O
o CH,Clp, 1, 160 0O
7 0,
CN NH, 3% NHBoc
$69¢ $70c

Aniline S70c. To a suspension of LiAIH, (624 mg, 16.43 mmol, 3 eq) in dry THF (30mL) was added
S69c (1 g, 5.48 mmol, 1.0 eq) in THF (30mL). The suspension was refluxed for 16 hours. The reaction
mixture was cooled, diluted in Et,O (30 mL), then water (625 L), 2.5M NaOH (625 L), and water (2
mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous MgSO, was
added. The solution was filtered, filtrate concentrated to afford the crude amine. The residue was
dissolved in CH,Cl, (30 mL) and Boc,0 (1.11 mg, 5.09 mmol, 0.93 eq) was added. The reaction was
stirred overnight. The solution was concentrated, then purified by silica gel flash chromatography (3%
EtOAc in CH,Cl,), and the pure fractions were combined to afford the title compound as a white solid
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(1.14 g, 3.98 mmol, 73%). *H NMR (400 MHz, CDCl3) 8 7.11 (s, 1H), 6.27 (s, 1H), 4.89 (s, 1H), 4.14
(d, J = 5.44 Hz, 2H), 4.02 (s, 2H), 3.76 (s, 3H), 1.44 (s, 9H). *C NMR (126 MHz, CDCls) § 157.09,
155.80, 142.98, 129.93, 118.26, 110.18, 98.64, 79.22, 55.51, 39.66, 28.46. HRMS-ESI (m/z) Calculated
for C13H19CIN,O3Na [M+Na]*, 309.0975; found 309.0978.

NH,

Cl
¢l CuBr, Pyridine BOCHN/II
~ > ~o N"N O
o PhMe, 65°C, 24 h
NHBoc
14% Cl

NHBoc

S70c Cl,,m-(OMe),

Cl;,m-OMe;. Aniline S70c (100 mg, 348 umol) was dissolved in toluene (4 mL). Pyridine (56 pL, 0.7
mmol, 2 eq) and CuBr (50 mg, 348 umol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours. The reaction was concentrated, then purified by silica gel flash
chromatography (3% MeCN in CHCIy). The fractions containing product were concentrated and further
purified by silica gel flash chromatography (2% MeOH in CH,Cl,) to afford the title compound as an
orange solid (14 mg, 24.6 umol, 14%). (E)-Cl,,m-OMe;: *H NMR (400 MHz, CDCl;) 6 7.45 (s, 2H),
7.33 (s, 2H), 5.02 (s, 2H), 4.34 (d, J = 6.3 Hz, 4H), 3.90 (s, 6H), 1.47 (s, 18H).3C NMR (126 MHz,
CDCl3) 8 156.59, 155.96, 148.24, 132.80, 130.39, 128.50, 99.39, 79.87, 55.89, 40.05, 28.53. HRMS-
ESI (m/z) Calculated for C,sHzsCI,N4Og [M+H]*, 569.1928; found 569.1928.

NO, NH,
Fe, HCI
_—
F Me?H F
CN 88% CN
S65 S66

Aniline S66. To a solution of nitro compound S65 (2 g, 12 mmol) in MeOH (20 mL) was added Fe
powder (2 g, 36 mmol, 3 eq). Then, concentrated HCI (8 mL) was added dropwise, and the reaction was
stirred for 2 hours at room temperature. The reaction was filtered over celite and washed with MeOH.
The filtrate was diluted with H,0O, then extracted with EtOAc. The combined organic layer was washed
with saturated bicarbonate solution. The organic layer was dried with magnesium sulfate, filtered, then
concentrated to afford the title compound as an off-white solid (1.45 g, 10.7 mmol, 88%). *H NMR
(400 MHz, CDCl3) 8 7.34 (dd, J = 8.4, 7.2 Hz, 1H), 6.49 — 6.32 (m, 2H), 4.60 — 3.50 (br s, 2H). Data
consistent with that given in the literature. 2]

NH, NH,
NCS cl
—_—
F e F
CN ° CN
S66 S67

Nitrile S67. Aniline S66 (1.25 g, 9.18 mmol) was dissolved in MeCN (63 mL). NCS (1.23 g, 9.18
mmol, 1 eq) was added and the reaction was stirred at 65 °C for 4 hours. The reaction was concentrated,
then purified by silica gel flash chromatography (7:2:1 Hexane:CH,Cl,:EtOAc) to afford the title
compound as a white solid (1.18 g, 6.92 mmol, 75%). *H NMR (400 MHz, CDCl;) 4 7.46 (d, J = 6.4
Hz, 1H), 6.51 (d, J = 10.3 Hz, 1H), 4.71 (s, 2H). 13C NMR (101 MHz, CDCl5) & 163.20 (d, J = 255.5
Hz), 148.84 (d, J = 12.0 Hz), 133.38 (d, J = 2.6 Hz), 117.31 — 109.78 (m), 101.71 (d, J = 24.5 Hz),
89.80 (d, J = 17.6 Hz). HRMS-EI (m/z) Calculated for C;H;N,FCI [M-H]-, 168.9974; found 168.9966
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NH,

NMe,-HCI
ch03 cl
DMSO ~N
0,
76% I e
S68

Aniline S68. Aryl fluoride S67 (130 mg, 0.76 mmol) was dissolved in DMSO (4 mL). Then,
dimethylamine hydrochloride (316 mg, 2.29 mmol, 3 eq) and potassium carbonate (615 mg, 7.6 mmol)
was added. The reaction was stirred at 150 °C for 16 hours. The mixture was poured onto ice, then
extracted with Et,O 3x. The combined organic layer was washed with water, then concentrated. The
residue was purified by silica gel flash chromatography (70% CH,CI, in hexane to 100% CH,CIl,) to
afford the title compound as a white solid (114 mg, 0.58 mmol, 76%).'H NMR (400 MHz, CDCls) &
7.33 (s, 1H), 6.16 (s, 1H), 4.59 — 4.37 (m, 2H), 2.95 (s, 6H). *C NMR (101 MHz, CDCl3) 6 155.64,
147.48,135.11, 119.68, 109.66, 102.12, 91.48, 91.45, 43.08. HRMS-EI (m/z) Calculated for CoH;NCl
[M+H]*, 196.0636; found 196.0636

NH, NH, NH,
Cl cl
\ril CH,Cly, 1t, 16 h \T
769
CN NH; % NHBoc
s69d s70d

Aniline S70d. To a suspension of LiAIH, (66 mg, 1.75 mmol, 3 eq) in dry THF (4 mL) was added S69d
(114 mg, 0.58 mmol, 1.0 eq) in THF (4 mL). The suspension was refluxed for 16 hours. The reaction
mixture was cooled, diluted in Et,O (5 mL), then water (70 pL), 2.5M NaOH (70 pL), and water (0.2
mL) was added dropwise. The suspension was stirred for 15 minutes, and then anhydrous MgSO,4 was
added. The solution was filtered, filtrate concentrated to afford the crude amine and imine intermediate.
The residue was dissolved in CH,Cl, (5 mL) and Boc,0 (64 mg, 0.29 mmol, 0.5 eq) was added. The
reaction was stirred overnight. The solution was concentrated, then purified by silica gel flash
chromatography (CH,CI,to 10% EtOAc in CH,Cl,), and the pure fractions were combined to afford the
title compound as a yellow oil (56 mg, 0.19 mmol, 32%). *H NMR (400 MHz, CDCl;) 8 7.12 (s, 1H),
6.49 (s, 1H), 5.10 (s, 1H), 4.26 (d, J = 5.8 Hz, 2H), 3.99 (s, 2H), 2.61 (s, 6H), 1.45 (s, 9H). 1*C NMR
(101 MHz, CDCl3) & 156.18, 152.21, 142.50, 129.72, 124.21, 113.78, 107.20, 79.39, 44.90, 40.59,
28.56. HRMS-EI (m/z) Calculated for C14H,30,NsCIl [M+H]*, 300.1473; found 300.1472

NH,

cl Cl
CuBr, Pyridine BOCHN/II |
- _N N
\N o Ll \N NG ~
| PhMe, 65°C, 24 h | NHBoc
44% Cl

NHBoc
S70d Clz,m-(NMe,),,

Clz,m-(NMey),. Aniline S70d (56 mg, 187 pumol) was dissolved in toluene (3.5 mL). Pyridine (45 pL,
0.56 mmol, 3 eq) and CuBr (27 mg, 187 umol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours. The reaction was concentrated, then purified by silica gel flash
chromatography (2.5% Acetone in CH,Cl,), and the pure fractions were combined to afford the title
compound as an orange solid (24.5 mg, 41 umol, 44%). (E)-Cl,,m-(NMe:)2: *H NMR (400 MHz,
CDCl) 6 7.52 (s, 1H), 7.48 (s, 1H), 5.16 (s, 1H), 4.46 (d, J = 5.9 Hz, 2H), 2.72 (s, 6H), 1.49 (s, 9H).
13C NMR (151 MHz, CDCls) 6 156.30, 151.74, 147.98, 138.37, 130.68, 130.22, 108.58, 79.96, 44.77,
40.86, 28.54. HRMS-EI (m/z) Calculated for C,3H4;04NsCl, [M+H]*, 595.2561; found 595.2559
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34% Br
S71 S§72

Bromide S71. Dimethylhydroquinone S71 (8.28 g, 60 mmol) was dissolved in dry CH,CI, (50 mL). N-
bromosuccinimide (11 g, 1.02 eq, 61.2 mmol) was added and the reaction was stirred at 35°C for 3
days. The reaction was concentrated, then purified by silica gel flash chromatography (20% CH,Cl, in
hexane). The pure fractions were combined to afford the title compound as a white solid (4.4 g, 20.2
mmol, 34%). 'H NMR (400 MHz, CDCl;) 6 7.13 (dd, J = 2.7, 0.6 Hz, 1H), 6.85 — 6.80 (m, 2H), 3.85
(s, 3H), 3.76 (s, 3H). Data matches that give in the literature. (24l

NO,

O~ HNO3 O
N, —_—>
S AcOH, rt ~o
Br 9
95% Br
s72 s73

Nitro compound S73. S72 (4.4 g, 20.2 mmol) was suspended in AcOH (10 mL), then nitric acid (1.8
mL) was added. The solution immediately turned yellow and was stirred for a further 15 minutes at
room temperature. H,O (40 mL) was added and the suspension was stirred for 10 minutes. The
precipitated solid was collected by filtration, then dried to afford the title compound as a yellow solid
(5.03 g, 9.2 mmol, 95%). *H NMR (400 MHz, CDCl3) & 7.47 (s, 1H), 7.35 (s, 1H), 3.94 (s, 3H), 3.91
(s, 3H). Data consistent with that given in the literaturel[25!

NO,
NO, o
~N
N CuCN
\O
~o NMP, 150°C, 6 h
Br 73% CN
s73 S74

Nitrile S74. Bromide S73 (2.5 g, 9.54 mmol) and CuCN (1.71 g, 19.1 mmol, 2 eq) were added to a
flask under N,. NMP (20 mL) was added and the reaction was stirred for 6 hours at 150 °C under inert
atmosphere. The reaction was cooled, poured over ice water/15% ammonia solution and extracted with
50:50 hexane:EtOAc 3x. The combined organic layers were sequentially washed with water and 5%
LiCl solution, then concentrated. The resulting residue purified by silica gel flash chromatography (60%
CH,ClI; in hexane) to afford the title compound as a yellow solid (1.44 g, 7.70 mmol, 73%). 'H NMR
(400 MHz, CDCl3) 6 7.41 (s, 1H), 7.29 (s, 1H), 3.96 (s, 3H), 3.94 (s, 3H). 3C NMR (126 MHz, CDCls)
3 BC NMR (126 MHz, CDCls) 5 154.85, 146.49, 142.72, 118.98, 114.59, 108.75, 106.51, 57.51, 57.12.
HRMS-EI (m/z) Calculated for CqHgO4N,Na [M+Na]*, 231.0376; found 231.0377.

1. BHa-THF,
1% 3 Bouo BN, NOz
O\ : 2V, EBN, o
CH,Cly, tt, 16 h ~
~ ’ o
o 61% (2 steps) o
CN
NHBoc
S74 s75

Aniline S75. Nitrile S74 (1.4 g, 6.73 mmol) was dissolved in THF (10 mL). Borane-THF (1M, 27.6
mL, 27.6 mmol, 6 eq) was added at 0O °C under N, atmosphere, and the reaction was refluxed for 16
hours. The solution was quenched with MeOH (5 mL) and stirred for 1 hour at 50 °C. The solution was
concentrated in vacuo, then redissolved in CH,Cl,. This was washed with 100 mL water, then the
organic layer was concentrated. The residue was suspended in CH,Cl, (15 mL) and then Boc,0 (1.47g,
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6.73 mmol, 1 eq) in CH,CI; (15 mL) was added. Then Et;N (1 mL) was added and the reaction was
stirred overnight at room temperature. The suspension was concentrated, the purified by silica gel flash
chromatography (80% CH,ClI, to 100% CH,Cl,) to afford the title compound as a yellow oil which
eventually crystallised to a yellow solid. (1.29 g, 4.13 mmol, 61% over two steps). *H NMR (400 MHz,
CDClg) 6 7.40 (s, 1H), 7.07 (s, 1H), 5.05 (s, 1H), 4.31 (d, J = 5.9 Hz, 2H), 3.93 (s, 3H), 3.86 (s, 3H),
1.45 (s, 9H). 13C NMR (126 MHz, CDCls) 6 155.99, 150.48, 147.89, 138.00, 134.90, 115.10, 107.61,
80.00, 57.27, 56.24, 40.18, 28.52. HRMS-EI (m/z) Calculated for C14H2,0sN,Na [M+Na]*, 335.1214;
found 335.1213

NH,
H2 Pd/C N
MeOH rt o)

57%
NHBoc NHBoc

S76

Aniline S76. nitro compound S75 (1.28 g, 4.10 mmol) was dissolved in MeOH (40 mL). The reaction
vessel was evacuated and filled with nitrogen 3 x. Palladium 10% on carbon (800 mg) was added and
the reaction was stirred under a hydrogen atmosphere for 16 hours. The reaction mixture was filtered
over celite, the filtrate was concentrated, then purified by silica gel flash chromatography (5% acetone
in CH,CI,) to afford the title compound as light brown solid (665 mg, 2.36 mmol, 57%). *H NMR (400
MHz, CDCly) 6 6.76 (s, 1H), 6.39 (s, 1H), 4.95 (s, 1H), 4.20 (d, J = 5.8 Hz, 2H), 3.80 (s, 3H), 3.75 (s,
3H), 1.44 (s, 9H).3C NMR (126 MHz, CDCl3) 6 156.06, 152.24, 141.02, 136.28, 116.27, 113.30, 99.49,
79.14, 56.42, 55.99, 40.41, 28.61. HRMS-EI (m/z) Calculated for C14H2,0,N,Na [M+Na]*, 305.1472;
NH,

found 305.1472
o
N
SN CuBr, Pyridine BOCHN/II
> ~ -N O
o PhMe, 65°C, 24 h O N
17% \O NHBoc

NHBoc
S76 OMe,,m-OMe,

OMez,m-OMe. Aniline S76 (214 mg, 758 pmol) was dissolved in toluene (10 mL). Pyridine (122L,
1.52 mmol, 2 eq) and CuBr (109 mg, 758 umol, 1 eq) was added and the reaction was stirred under
atmospheric air at 60 °C for 24 hours. The reaction was concentrated, then purified by silica gel flash
chromatography (0.5% MeOH in CHCIs;), and the pure fractions were combined to afford the title
compound as an orange solid (36 mg, 64 umol, 17%). (E)-OMe,,m-OMe;: *H NMR (500 MHz,
CD,Cly) 8 7.19 (s, 1H), 7.05 (s, 1H), 5.13 (s, 1H), 4.31 (d, J = 6.2 Hz, 2H), 3.98 (s, 3H), 3.86 (s, 3H),
1.45 (s, 9H). °C NMR (126 MHz, CD,Cl,) & 156.20, 152.18, 152.14, 142.18, 132.51, 114.81, 98.94,
79.51, 57.59, 56.17, 28.53. HRMS-EI (m/z) Calculated for CyHs0sN4 [M+H]*, 561.2919; found
561.2916

F SEt
BocHN/\C[ NaSEt, K,CO3 BOCHN/\C[
_N > _N
" j@\/ Ry ] " j@\/
E NHBoc 10% ’ EiS NHBoc

Fy,m-Y, (SEtp),m-H

(SEt)2,m-H; Difluoride F2,m-H (55 mg, 115 pumol), Sodium ethanethiolate (80%, 49 mg, 461 umol, 4
eq) and potassium carbonate (32 mg, 230 pumol, 2 eq) were suspended in MeCN (1.5 mL) and stirred at
room temperature for 16 hours under N, in a sealed microwave vial. The mixture was diluted in CH,Cl,,
then washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (0 to 0.5% Acetone in CH,ClI,) to afford the title compound as an orange solid (6.2
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mg, 11 pmol, 10%). (E)-SEt,,m-H,. *H NMR (500 MHz, DMSO) 6 7.51 (d, J = 8.2 Hz, 2H), 7.40 (s,
2H), 7.15 (d, J = 8.4 Hz, 2H), 7.04 (s, 2H), 4.21 (d, J = 6.2 Hz, 4H), 3.04 (g, J = 7.3 Hz, 4H), 1.43 (s,
18H), 1.35 (t, J = 7.3 Hz, 6H). 3C NMR (151 MHz, DMSO) & 155.88, 147.36, 144.42, 139.54, 124.10,
123.56, 116.66, 78.02, 43.24, 28.22, 24.45, 13.65. HRMS-EI (m/z) Calculated for CysHs;04N,S;
[M+H]*, 561.2564; found 561.2560

F SEt
N 0) _N (o)
e
F NHBoc 21% EtS NHBoc

Fym-Y, (SEt,),m-OMe,

\

(SEt)2,m-OMe;, Difluoride F2,m-H2 (70 mg, 130 umol), Sodium ethanethiolate (80%, 55 mg, 522
pumol, 4 eq) and potassium carbonate (36 mg, 261 pmol, 2 eq) were suspended in MeCN (2 mL) and
stirred at room temperature for 16 hours under N, in a sealed microwave vial. The mixture was diluted
in CH,Cl,, then washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (5% EtOAc in CH,CI,) to afford the title compound as an orange solid (21 mg, 27
pmol, 21%). *H NMR (400 MHz, CDCls) 6 7.32 (m, 4H), 5.04 (s, 2H), 4.33 (d, J = 6.3 Hz, 4H), 3.90
(s, 6H), 3.00 (g, J = 7.4 Hz, 4H), 1.46 (s, 18H), 1.36 (t, J = 7.4 Hz, 6H). *C NMR (126 MHz, CDCl5)
d 156.17, 156.01, 150.36, 131.42, 131.29, 128.92, 99.31, 79.62, 55.71, 40.45, 28.57, 27.32, 14.26.
HRMS-EI (m/z) Calculated for C5oHys06N4S, [M+H]*, 625.2775; found 625.2774

F SEt
BocHN | NaSEt, K,CO;4 BocHN |
~N N”N N > N N”N N
F NHBoc 10% EtS NHBoc

Fpm-Y, (SEt,),m-(NMe,),

(SEtz),m-(NMey).. Difluoride F2,m-H; (41.5 mg, 73 pmol), Sodium ethanethiolate (80%, 31 mg, 295
pumol, 4 eq) and potassium carbonate (20.4 mg, 148 umol, 2 eq) were suspended in MeCN (2 mL) and
stirred at room temperature for 16 hours under N, in a sealed microwave vial. The mixture was diluted
in CH,Cl,, then washed with water. The organic layer was concentrated, then purified by silica gel flash
chromatography (5 to 8% EtOAc in CH,Cl,) to afford the title compound as an orange solid (6.7 mg,
10 pumol, 14%). *H NMR (500 MHz, CDCls) & 7.52 (s, 2H), 7.33 (s, 2H), 5.24 (s, 2H), 4.45 (d, J = 6.4
Hz, 2H), 3.01 (q, J = 7.4 Hz, 4H), 2.71 (s, 12H), 1.38 (t, J = 7.4 Hz, 6H). 3C NMR (126 MHz, CDCl,)
d 156.24, 150.37, 149.58, 136.87, 133.57, 127.68, 108.69, 79.53, 44.78, 41.12, 28.45, 26.69, 14.05.
HRMS-EI (m/z) Calculated for Cs,Hs:04NeS, [M+H]* , 647.3408; found 647.3405

NO, NO,
_

DMSO
60°C,2h
CN 83% CN

S77 S78

Nitrile S78. To a solution of 3-fluoro-4-nitrobenzonitrile S77 (3 g, 18 mmol) in DMSO (20 mL) was
added pyrrolidine (3 mL, 36 mmol, 2 eq); the solution went from colourless to yellow. The yellow
solution was stirred at 60 °C for 2 hours. Ice and brine were added to the mixture, and the solid
precipitate was extracted with CH,Cl, 3x. The organic layer was washed with brine. The solution was
concentrated and recrystallized from boiling EtOH to afford the title compound as yellow needle-like
crystals (3.26 g, 15 mmol, 83%). *H NMR (400 MHz, CDCl3) 4 7.73 (d, J = 8.4 Hz, 1H), 7.16 (d, J =
1.6 Hz, 1H), 6.92 (dd, Jz = 8.4, 1.6 Hz, 1H), 3.29 — 3.14 (m, 4H), 2.10 — 1.95 (m, 4H). 3C NMR (101
MHz, CDCly) & 141.99, 138.81, 127.47, 120.20, 117.96, 117.65, 116.36, 50.51, 25.79. HRMS-ESI
(m/z) Calculated for C1;H;1N30, [M+H]*, 218.0924; found 218.0926.
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NO, Q 1. BHy-THF, THF NO- O
N 2. Boc,0, CH,Cl, N

h
-

53% over 2 Steps

CN NHBoc
s78 S79

Carbamate S79. Nitrile S78 (19, 4.6 mmol) was dissolved in THF (25 mL). Borane-THF (1M, 13.8
mL, 13.8 mmol, 3 eq) was added at 0 °C under N, atmosphere, and the reaction was stirred at room
temperature for 16 hours. The solution was quenched with MeOH (25 mL) and stirred for 1 hour at 50
°C. The solution was concentrated in vacuo, redissolved in EtOAc, and washed with water 1x. The
aqueous phase was back-extracted with CH,Cl, 3x. The combined organic layers were dried and
concentrated in vacuo. The residue was redissolved in CH,Cl, (10 mL) and Boc,O (1.11g, 5 mmol) in
CH,CI, (10mL) was added dropwise. The reaction was stirred at rt for 2 hours. The reaction was
concentrated, purified by silica gel flash chromatography (50:50 Hexane:CH,CI, and 6% acetone) to
afford the title compound as an orange gum (844 mg, 53% over two steps, 2.4 mmol). *H NMR (400
MHz, CDCl3) 6 7.70 (d, J = 8.4 Hz, 1H), 6.84 — 6.74 (s, J =1.7 Hz, 1H), 6.60 (dd, J = 8.4, 1.7 Hz, 1H),
4.93 (br s, 1H), 4.28 (d, J = 6.2 Hz, 2H), 3.28 — 3.13 (m, 4H), 2.03 — 1.89 (m, 4H), 1.46 (s, 9H). 3C
NMR (101 MHz, CDCl3) 8 156.04, 144.71, 143.10, 136.21, 127.38, 114.41, 114.34,79.97, 50.56, 44.56,
28.50, 25.85. HRMS-ESI (m/z) Calculated for C15H,3N304 [M+H]*, 322.1761; found 322.1762.

N02 NH2 /3
H2 Pd/C N

MeOH rt,2h
78%
NHBoc NHBoc
S80

Aniline S80. Carbamate S79 (820 mg, 2.55 mmol) was dissolved in MeOH (25 mL). The reaction
vessel was evacuated and filled with nitrogen 3 x. Palladium 10% on carbon (500 mg) was added and
the reaction was stirred under a hydrogen atmosphere for 2 hours. The reaction mixture was filtered
over celite, the filtrate was concentrated and purified by silica gel flash chromatography (10% EtOAc
in CH,Cl,) to afford the title compound as a white solid (580 mg, 2 mmol, 78%). *H NMR (400 MHz,
CDCl3) 6 6.90 (d, J =2.0 Hz, 1H), 6.78 (dd, J = 7.9, 2.0 Hz, 1H), 6.67 (d, J = 7.9 Hz, 1H), 4.72 (s, 1H),
4.18 (d, J = 5.6 Hz, 2H), 3.81 (s, 2H), 3.03 (h, J = 2.8 Hz, 4H), 1.92 (h, J = 2.8 Hz, 4H), 1.46 (s, 9H).
13C NMR (101 MHz, CDCl3) 8 155.99, 140.56, 137.98, 129.04, 122.81, 118.28, 115.47, 79.33, 50.90,
4491, 28.57, 24.21. HRMS-ESI (m/z) Calculated for C;6H2sN30, [M+H]*, 292.2020; found 292.2020.

Z > CuBr, Pyridine BOCHN/\@
N o N
> N
H,N o
2 65°C, 24 h ND\/NHBOC
NHBoc PhMe C,

S80 (N(CHg)4)2,m-H

(N(CH3)4)2,m-H. Aniline S80 (138 mg, 628 pmol) was dissolved in toluene (12 mL). Pyridine (101 L,
1.26 mmol, 2 eq) and CuBr (90 mg, 628 pmol, 1 eq) was added and the reaction was stirred under
atmospheric air at 65 °C for 24 hours under protection from light. The reaction was concentrated, then
purified by silica gel flash chromatography under protection from light (3% Acetone in CH,Cl,), and
the pure fractions were combined to afford the title compound as a dark red solid (53 mg, 91 pmol,
29%). 'H NMR (400 MHz, CDCls) 6 7.52 (s, 2H), 6.72 (s, 2H), 6.60 (s, 2H), 4.84 (s, 2H), 4.28 (s, 4H),
3.65 (s, 8H), 1.98 (s, 8H), 1.47 (s, 18H). 13C NMR (101 MHz, CDCly) 6 155.94, 147.90, 146.71, 141.25,
140.31, 117.35, 115.51, 114.42, 79.45, 52.46, 44.99, 28.46, 25.96. HRMS-EI (m/z) Calculated for
CsH4704Ng [M+H]*, 579.3653; found 579.3657
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NH,
I Mn02
PhMe 120 °C,
3 h, 34%
S81

Azobenzene S82. Aniline S81 (1 g, 4.57 mmol) was dissolved in toluene (100 mL). Manganese dioxide
(technical grade 70%) (11.34 g, 91.31 mmol, 20 eq) was added and the suspension was refluxed for 3
hours. The mixture was filtered over celite then concentrated. The crude was dry loaded onto silica and
purified by silica gel flash chromatography (100% pentane) to afford the title compound as an orange
solid (336 mg, 0.77 mmol, 34%). *H NMR (400 MHz, CDCl;) & 8.04 (dd, J = 7.9, 1.3 Hz, 2H), 7.76
(dd, J = 8.0, 1.6 Hz, 2H), 7.46 (ddd, J = 8.2, 7.2, 1.3 Hz, 2H), 7.19 (td, J = 7.5, 1.6 Hz, 2H). Data
consistent with that given in the literature. [[261]

o}
d(PPhg)s, PH(OEL),, P(OEt),
CSZCO:;
- N/’N
PhMe, 140 °C, 3d, \©

51% E(OEt)z

(PO(OEt),),,m-H

(PO(OEt),)2,m-H Diiodide S82 (100 mg, 230 umol), caesium carbonate (83 mg, 230 pmol, 1.1 eq),
Tetrakis(triphenylphosphine)palladium(0) (14 mg, 11.5 pmol, 0.05 eq) were degassed with N, in a
microwave vial for 15 minutes. Degassed toluene (1 mL) was added, then diethylphosphite (65 uL, 507
pumol, 2.2 eq) was added and the vial was sealed. The reaction was stirred at 140 °C for 3 days, then
concentrated. The crude mixture was purified by silica gel flash chromatography (2% MeOH in CH,CI,)
to afford the product as an orange solid (53 mg, 117 pumol, 51%). *H NMR (600 MHz, CDCl5) 5 8.09
(ddd, J=13.9, 7.6, 1.5 Hz, 2H), 7.93 (ddd, J = 8.1, 5.4, 1.2 Hz, 2H), 7.66 (td, J = 7.6, 1.3 Hz, 2H), 7.55
(tdd, J=7.5,3.5, 1.2 Hz, 2H), 4.26 — 4.19 (m, 4H), (4.19 — 4.12 (m, 4H), 1.29 (t, J = 7.1 Hz, 12H). 3C
NMR (151 MHz, CDCls) § 153.89 (d, J = 5.2 Hz), 134.35 (d, J = 7.4 Hz), 133.55 (d, J = 2.6 Hz), 130.88
(d, J=14.1 Hz), 128.85 (d, J = 184.3 Hz), 116.67 (d, J = 10.4 Hz), 62.39 (d, J = 5.6 Hz), 16.50 (d, J =
6.5 Hz). HRMS-EI (m/z) Calculated for C,,H,9N,OgP, [M+H]*, 455.1495; found 455.1497.

43



UL . P

d 2
S 9
N T
5 7.

100 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)
Figure S1. 'H NMR spectrum of F4-H (Chloroform-d, 298 K).
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Figure S2. *H NMR spectrum of S3 (Chloroform-d, 298 K).
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Figure S3. 'H NMR spectrum of S5 (Chloroform-d, 298 K).
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Figure S4. 13C NMR spectrum of S5. (Chloroform-d, 298 K).
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Figure S5. *H NMR spectrum of (E)-Fs-NHBoc (Chloroform-d, 298 K). Z-9 signals labelled as *.
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Figure S6. 13C NMR spectrum of (E)-Fs-NHBoc. (Chloroform-d, 298 K). (Z) signals labelled as *.
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Figure S7. 'H NMR spectrum of S6 (DMSO-ds, 298 K).
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Figure S8. *H NMR spectrum of S7 (Chloroform-d, 298 K).
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Figure S9. 'H NMR spectrum of F4-ester (Chloroform-d, 298 K). (Z) signals labelled as *.
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Figure S10. *H NMR Spectrum of S10 (Chloroform-d, 298 K).
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Figure S11. *H NMR Spectrum of (E)-Cl,-NHBoc (Chloroform-d, 298 K). (Z) signals labelled as *.
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Figure S12. 13C NMR Spectrum of (E)-Cls,-NHBoc (Chloroform-d, 298 K).
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Figure S13. *H NMR Spectrum of 12 (Chloroform-d, 298 K).
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Figure S14. *H NMR Spectrum of S14 (Chloroform-d, 298 K).
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Figure S15. 3C NMR Spectrum of S14 (Chloroform-d, 298 K).
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Figure S16. *H NMR Spectrum of (E)-Br,-NHBoc (Chloroform-d, 298 K).
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Figure S17. 3C NMR Spectrum of (E)-Br,~-NHBoc (Chloroform-d, 298 K).
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Figure S18. *H NMR Spectrum of S16 (Chloroform-d, 298 K).
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Figure S19. *H NMR Spectrum of S17 (Chloroform-d, 298 K).
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Figure S20. *3C NMR Spectrum of S17 (Chloroform-d, 298 K).
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Figure S21. *H NMR Spectrum of S18 (Chloroform-d, 298 K).
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Figure S22. 13C NMR Spectrum of 19 (Chloroform-d, 298 K).
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Figure S23. *H NMR Spectrum of 1,-CN (Chloroform-d, 298 K).
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Figure S24. *3C NMR Spectrum of 1,-CN (Chloroform-d, 298 K).
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Figure S25. *H NMR spectrum of S21 (DMSO-dg, 298 K).
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Figure S26. *H NMR Spectrum of S22 (Chloroform-d, 298 K).
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Figure S27. 3C NMR Spectrum of S22 (Chloroform-d, 298 K).
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Figure S28. *H NMR Spectrum of S23 (Chloroform-d, 298 K).

57



NH,

170.90
— 146.39
— 140.02

128.90

80.95
—64.45

OAc

21.19

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

30 20 10
f1 (ppm)
Figure S29. 3C NMR Spectrum of S23 (Chloroform-d, 298 K).
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Figure S30. *H NMR Spectrum of 1.-OAc (Chloroform-d, 298 K).
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Figure S31. 3C NMR Spectrum of I1,-OAc (Chloroform-d, 298 K).
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Figure S32. *H NMR Spectrum of 1,-OH (Chloroform-d, 298 K).
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Figure S33. 3C NMR Spectrum of 1,-OH (Chloroform-d, 298 K).
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Figure S34. *H NMR Spectrum of S25 (Chloroform-d, 298 K).
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Figure S35. 3C NMR Spectrum of S25 (Chloroform-d, 298 K).
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Figure S36. *H NMR Spectrum of 14-N3 (Chloroform-d, 298 K).
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Figure S37. 3C NMR Spectrum of 14-N3 (Chloroform-d, 298 K).
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Figure S38. *H NMR Spectrum of 1,-NPhth (Chloroform-d, 298 K).
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Figure S39. 3C NMR Spectrum of I1,-NPhth (Chloroform-d, 298 K).
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Figure S40. *H NMR Spectrum of 1.-NHBoc (Chloroform-d, 298 K).
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Figure S41. 3C NMR Spectrum of 1,-NHBoc (Chloroform-d, 298 K).
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Figure S42. *H NMR spectrum of S28 (DMSO-ds, 298 K).
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Figure S43. *H NMR spectrum of S28 (DMSO-dg, 298 K).
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Figure S44. *H NMR Spectrum of S30 (Chloroform-d, 298 K).
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Figure S45. *H NMR Spectrum of Is-ester (Chloroform-d, 298 K).
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Figure S46. 13C NMR Spectrum of Is-ester (Chloroform-d, 298 K).
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Figure S47. *H NMR Spectrum of S32 (Chloroform-d, 298 K).
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Figure S48. *H NMR Spectrum of S33 (Chloroform-d, 298 K).
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Figure S49. 3C NMR Spectrum of S33 (Chloroform-d, 298 K).
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Figure S50. *H NMR Spectrum of S35 (Chloroform-d, 298 K).
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Figure S51. 3C NMR Spectrum of S35 (Chloroform-d, 298 K).
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Figure S52. *H NMR Spectrum of (OMe)s-NHBoc (Chloroform-d, 298 K).
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Figure S53. 3C NMR Spectrum of (OMe)s-NHBoc (Chloroform-d, 298 K).
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Figure S54. *H NMR Spectrum of S37 (CD,Cl,, 298 K).
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Figure S56. 13C NMR Spectrum of S38 (Chloroform-d, 298 K).
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Figure S57. *H NMR Spectrum of S39 (Chloroform-d, 298 K).
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Figure S58. 13C NMR Spectrum of S39 (Chloroform-d, 298 K).
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Figure S59. *H NMR Spectrum of S40 (Chloroform-d, 298 K).
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Figure S59. 13C NMR Spectrum of S40 (Chloroform-d, 298 K).
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Figure S61. *H NMR Spectrum of S41 (Chloroform-d, 298 K).
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Figure S62. 13C NMR Spectrum of S41 (Chloroform-d, 298 K).

74



jLJUK JL» A

41.001 %

X SRS by
© “SNm T N
o N M- (o))
10.0 95 9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0

f1 (ppm)

Figure S63. *H NMR Spectrum of S42 (Chloroform-d, 298 K).
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Figure S64. 13C NMR Spectrum of S42 (Chloroform-d, 298 K).
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Figure S65. *H NMR Spectrum of (OMe),F2,m-OMe,-NHBoc (Acetone-ds, 298 K).
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Figure S66. 13C NMR Spectrum of (OMe).F2,,m-OMe,-NHBoc (Acetone-ds, 298 K).
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Figure S67. Partial HMBC spectrum of (OMe).F,,m-OMe,-NHBoc (Acetone-ds, 298 K).
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Figure S69. *H NMR Spectrum of (SMes)-H (Chloroform-d, 298 K).
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Figure S70. *3C NMR Spectrum of (SMes)-H (Chloroform-d, 298 K).
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Figure S71. *H NMR Spectrum of (SEt),~-NHBoc (Chloroform-d, 298 K).
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Figure S72. *3C NMR Spectrum of (SEt)s~-NHBoc (Chloroform-d, 298 K).
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Figure S74. 3C NMR Spectrum of (S'Pr)s-NHBoc (Chloroform-d, 298 K).
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Figure S75. *H NMR Spectrum of (SEt)s-ester (Chloroform-d, 298 K).
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Figure S76. 13C NMR Spectrum of (SEt)s-ester (Chloroform-d, 298 K).
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Figure S77. *H NMR Spectrum of S43 (Chloroform-d, 298 K).
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Figure S78. 13C NMR Spectrum of S44 (Chloroform-d, 298 K).
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Figure S79. *H NMR Spectrum of S45 (Chloroform-d, 298 K).
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Figure S80. *3C NMR Spectrum of S45 (Chloroform-d, 298 K).
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Figure S81. *H NMR Spectrum of S47 (Chloroform-d, 298 K).
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Figure S82. *3C NMR Spectrum of S47 (Chloroform-d, 298 K).
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Figure S83. *H NMR Spectrum of S48 (Chloroform-d, 298 K).
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Figure S84. 13C NMR Spectrum of S48 (Chloroform-d, 298 K).
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Figure S85. *H NMR Spectrum of S49 (Chloroform-d, 298 K).
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Figure S86. 13C NMR Spectrum of S49 (Chloroform-d, 298 K).
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Figure S87. *H NMR Spectrum of S50 (Chloroform-d, 298 K).
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Figure S88. 13C NMR Spectrum of S50 (Chloroform-d, 298 K).
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Figure S89. *H NMR spectrum of F4,m-OMe,-NHBoc (Chloroform-d, 298 K). Z signals labelled as *.
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Figure S90. *C NMR Spectrum of F4,m-OMe,-NHBoc (Chloroform-d, 298 K). Z signals labelled as
*
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Figure S91. *H NMR spectrum of (SEt)s,m-OMe,-NHBoc. (Chloroform-d, 298 K).
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Figure S92. 13C NMR spectrum of (SEt)s,m-OMe,-NHBoc (Chloroform-d, 298 K).
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Figure S93. *H NMR Spectrum of (SeMe.)-H (Chloroform-d, 298 K).
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Figure S94. 13C NMR Spectrum of (SeMes)-H (Chloroform-d, 298 K).
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Figure S95. *H NMR Spectrum of (SeMes)-NHBoc (Chloroform-d, 298 K).
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Figure S96. 13C NMR Spectrum of (SeMes)-NHBoc (Chloroform-d, 298 K).
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Figure S97. *H NMR Spectrum of (SeMes)-ester (Chloroform-d, 298 K).
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Figure S98. 13C NMR Spectrum of (SeMeg)-ester (Chloroform-d, 298 K).
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Figure S99. *H NMR Spectrum of Te,F,-H (Chloroform-d, 298 K).
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Figure S100. 3C NMR Spectrum of Te,F,-H (Chloroform-d, 298 K).
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Figure S101. *H NMR Spectrum of TesF-H (Chloroform-d, 298 K).
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Figure S102. 3C NMR Spectrum of TesF-H (Chloroform-d, 298 K).
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Figure S103. 'H NMR Spectrum of (TeMe)s-H (CD,Cl,, 298 K).
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Figure S104. 3C NMR Spectrum of (TeMe)s-H (CD,Cl,, 298 K).
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Figure S105. *H NMR spectrum of S52 (DMSO-ds, 298 K).
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Figure S106. *H NMR spectrum of S53 (Chloroform-d, 298 K).
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Figure S107. C NMR spectrum of S53. (Chloroform-d, 298 K).
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Figure S108. *H NMR spectrum of F,,m-H, (Chloroform-d, 298 K). Z signals labelled as *.
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Figure S109. *C NMR spectrum of F,m-H.. (Chloroform-d, 298 K).
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Figure S110. *H NMR spectrum of S55 (Chloroform-d, 298 K).
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Figure S111. *H NMR spectrum of S57 (Chloroform-d, 298 K).
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Figure S112. *H NMR spectrum of Cl,,m-H, (Chloroform-d, 298 K).
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Figure S113. C NMR spectrum of Cl,,m-H,. (Chloroform-d, 298 K).
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Figure S114. *H NMR spectrum of S59 (Chloroform-d, 298 K).
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Figure S115. *H NMR spectrum of S60 (Chloroform-d, 298 K).
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Figure S116. *H NMR spectrum of S70a (Chloroform-d, 298 K).
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Figure S117. 3C NMR spectrum of s70a (Chloroform-d, 298 K).
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Figure S118. *H NMR spectrum of F,,m-OMe; (Chloroform-d, 298 K).
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Figure S119. *C NMR spectrum of F,,m-OMe; (Chloroform-d, 298 K).

NH,
F

| S

1.06x ;

2.12{ ~

1.002 =——

E

10.0 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0
f1 (ppm)

Figure S120. *H NMR spectrum of S61 (Chloroform-d, 298 K).
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Figure S121. 3.C NMR spectrum of S61 (Chloroform-d, 298 K).
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Figure S122. *H NMR spectrum of S70b (Chloroform-d, 298 K).
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Figure S123. 3C NMR spectrum of S70b (Chloroform-d, 298 K).
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Figure S124. *H NMR spectrum of F,,m-(NMe;), (Chloroform-d, 298 K). (Z) signals labelled as *.
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Figure S125. C NMR spectrum of F2,m-(NMe).. (Chloroform-d, 298 K).
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Figure S126. *H NMR spectrum of S64 (DMSO-ds, 298 K).
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Figure S127. 'H NMR spectrum of S70c (Chloroform-d, 298 K).

o o @ o0 © ©
NH, S ® o o N = < ~ - © ©
N 0 o ) o] S © N 1 o <
Cl 0 n < N — — © [ n o] -]
- - - - — o ~ n o) ~
N [ [ [
N
° )OKJ<
N~ O
H
|
|
|
“ ]‘ | |
L l J . |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figure S128. 3C NMR spectrum of S70c. (Chloroform-d, 298 K).
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Figure S129. 'H NMR spectrum of Cl,,m-OMe; (Chloroform-d, 298 K).
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Figure S130. $3C NMR spectrum of Cl,,m-OMe,. (Chloroform-d, 298 K).
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Figure S131. *H NMR spectrum of S66 (Chloroform-d, 298 K).
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Figure S132. *H NMR spectrum of S67 (Chloroform-d, 298 K).
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Figure S133. C NMR spectrum of S67. (Chloroform-d, 298 K).
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Figure S134. *H NMR spectrum of S68 (Chloroform-d, 298 K).
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Figure S135. C NMR spectrum of S68. (Chloroform-d, 298 K).
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Figure S136. *H NMR spectrum of S70d (Chloroform-d, 298 K).
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Figure S137. C NMR spectrum of S70d. (Chloroform-d, 298 K).
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Figure S138. *H NMR spectrum of Cl,,m-(NMe;), (Chloroform-d, 298 K). (Z) signals labelled as *.

112



~156.30
_151.74
_-147.98
—138.37
13068
N 130.22
108.58
—79.96
—44.77
—40.86
—28.54

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

Figure S139. C NMR spectrum of Cl,,m-(NMe).. (Chloroform-d, 298 K).
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Figure S140. *H NMR spectrum of S72 (Chloroform-d, 298 K).
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Figure S141. *H NMR spectrum of S73 (Chloroform-d, 298 K).
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Figure S142. *H NMR spectrum of S73 (Chloroform-d, 298 K).
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Figure S143. C NMR spectrum of S74. (Chloroform-d, 298 K).
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Figure S144. *H NMR spectrum of S75 (Chloroform-d, 298 K).
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Figure S145. C NMR spectrum of S75. (Chloroform-d, 298 K).
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Figure S146. *H NMR spectrum of S76 (Chloroform-d, 298 K).
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Figure S147. C NMR spectrum of S76. (Chloroform-d, 298 K).
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Figure S148. *H NMR Spectrum of (E)-OMe;,m-OMe; (CD,Cl,, 298 K).
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Figure S149. 3C NMR spectrum of (E)-OMe,,m-OMe,. (CD,Cl,, 298 K).

;

A
)
S
5

1931,
3.2274

N

70 65 60 55 50 45 40 3.5 3.0 25 20 15 1.0 05 0.0

f1 (ppm)

Figure S150. *H NMR spectrum of (SEt),,m-H, (DMSO-ds, 298 K).
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Figure S151. C NMR spectrum of (SEt),,m-H, (DMSO-ds, 298 K).
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Figure S152. *H NMR spectrum of (SEt),,m-OMe; (Chloroform-d, 298 K).
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Figure S153. *C NMR spectrum of (SEt),,m-OMe. (Chloroform-d, 298 K).
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Figure S154. *H NMR spectrum of (SEt,m-(NMey). (Chloroform-d, 298 K).
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Figure S155. 33C NMR spectrum of (SEtz),m-(NMe,).. (Chloroform-d, 298 K).
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Figure S156. *H NMR spectrum of S78 (Chloroform-d, 298 K).
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Figure S157. 3C NMR spectrum of S78 (Chloroform-d, 298 K).
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Figure S158. *H NMR spectrum of S79 (Chloroform-d, 298 K).
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Figure S159. *C NMR spectrum of S79 (Chloroform-d, 298 K).
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Figure S160. *H NMR spectrum of S80 (Chloroform-d, 298 K).
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Figure S161. *C NMR spectrum of S80 (Chloroform-d, 298 K).

[ e e B e —— B — BR £
o In N © ~ 0 ] a
e Ao Q * - M h ~N
o o0 P <t O G} L2

10.0 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 05 0.0
f1 (ppm)

Figure S162. *H NMR spectrum of (N(CH.)4)2,m-H (Chloroform-d, 298 K).

124



™ QN O Mmoo T

o O NN AR < $ T %
1A S = o N . N 3 0
n < < < — - (o)} o~ < @ n
— — — ~N n < NN
[ VN SAS \ [ [ \ Y/

| H MWN'MMWMWW LWWWWMW

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

Figure S163. *C NMR spectrum of (N(CHy>)4)2,m-H (Chloroform-d, 298 K).
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Figure S164. *H NMR spectrum of S82 (Chloroform-d, 298 K).
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Figure S165. 'H NMR spectrum of (PO(OEt).),,m-H (Chloroform-d, 298 K).
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Figure S166. 3C NMR spectrum of (PO(OEt),),,m-H (Chloroform-d, 298 K).
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Figure S167. HRMS spectrum of S5. HRMS-ESI (m/z) Calculated for C;,H;60,NoF, [M+Na]*,
281.1072; found 281.1072.
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Figure S168. HRMS spectrum of F.-NHBoc. HRMS-ESI (m/z) Calculated for CyHzsFsN4O4 [M+H]*
, 513.2119; found 513.2119.
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Figure S169. HRMS spectrum of S10. HRMS-ESI (m/z) Calculated for C;,H;6CI,N,O, [M+H]*,
291.0661; found 291.0662.
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Figure S170. HRMS spectrum of Cls-NHBoc. HRMS-ESI (m/z) Calculated for C,4H25CI4N4O4
[M+H]*, 577.0937; found 577.0936.
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Figure S171. HRMS spectrum of S14. HRMS-EI (m/z) Calculated for C;,H160,N,Br,Na [M+Na]*,
402.9450; found 402.9449.
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Figure S172. HRMS spectrum of Brs,-NHBoc. HRMS-EI (m/z) Calculated for Cp4H2s04N4Br,
[M+H]*, 756.8878; found 756.8870.
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Figure S173. HRMS spectrum of S17. HRMS-EI (m/z) Calculated for C1,H1gN2Ogl, [M+H]*,
496.9193; found 496.9193.
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Figure S174. HRMS spectrum of S18. HRMS-EI (m/z) Calculated for CgH;N,Ol, [M+H]*,
416.8955; found 416.8953.
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Figure S175. HRMS spectrum of 1.-CN. HRMS-EI (m/z) Calculated for C;,H16N,O6l, [M-H],
735.6620; found 735.6617.
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Figure 176. HRMS spectrum of S22. HRMS-EI (m/z) Calculated for C;HgNOI, [M+H]*, 375.8690;
found 375.8689.
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Figure 177. HRMS spectrum of S23. HRMS-EI (m/z) Calculated for C,;Hsl, [M-OAc]*, 357.8584;
found 357.8583.
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Figure 178. HRMS spectrum of 1.-OAc. HRMS-EI (m/z) Calculated for C1gH1sN,O4l, [M+H]*,

830.7205; found 830.7

206.
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Figure S179. HRMS spectrum of 1,-OH. HRMS-EI (m/z) Calculated for Cy4H;1N,Osl4 [M+H]*,
746.6994; found 746.6992.

10547173
100+

90
a0+
707 TsO : |
6o /\@EN/, N ;@\/

| OTs

50 |

Relative Abundance

40
1 1055.7203

30|

20

1056.7179

1053.7102 |

T T UMUARBERE s REEsnensns:

1045 1050 1055 1060 1065 1070
m/z

Figure S180. HRMS spectrum of S25. HRMS-EI (m/z) Calculated for CgH,3N206S,14 [M+H]*,
1054.7171; found 1054.7173.
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Figure S181. HRMS spectrum of 1.-Ns. HRMS-EI (m/z) Calculated for C14HgNgls [M+H]*,
796.7123; found 796.7122.
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Figure S182. HRMS spectrum of I1,-NPhth. HRMS-EI (m/z) Calculated for C3oH;7N4O4l4 [M+H]*,
1004.7423; found 1003.2421.
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Figure S183. HRMS spectrum of 1,-NHBoc. HRMS-EI (m/z) Calculated for Cy4H,9N4O4l4 [M+H]*,
944.8362; found 944.8364.
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Figure S184. HRMS spectrum of S28. HRMS-EI (m/z) Calculated for C;sH1;N,O,l, [M+H]*,
504.8094; found 503.3567.
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Figure S185. HRMS spectrum of ls-Ester. HRMS-EI (m/z) Calculated for C1gH15N,0414 [M+H]*,
830.7205; found 830.7203.
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Figure S186. HRMS spectrum of S33. HRMS-EI (m/z) Calculated for CoH;;0,N, [M+H]*, 179.0815;
found 179.0815.
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Figure S187. HRMS spectrum of S35. HRMS-EI (m/z) Calculated for C14H,304N, [M+H]*,
283.1652; found 283.1648.

133



561.2918
100+

90+

70+ OMe

] BocHN OMe
601 =N

J N

50
] OMe MeO NHBoc

Relative Abundance

40
1 562.2958
30

20

10; 560.2860 563.3090

o 1 548.2985 555.2794 [ 564.3120
LI B S I B I B I B e e e T T
550 555 560 565 570

miz

Figure S188. HRMS spectrum of (OMe)s-NHBoc. HRMS-EI (m/z) Calculated for C;4H»304N,
[M+H]*, 561.2919; found 561.2918.

1004 262.123¢

90

80—

70
] o

Relative Abundance

20— 263.1273

265.5508

o 1 2‘57.0941 ) ?60.1D.'SOI 2‘?&1?‘(‘“‘3
L UL S S S B S S S O S S
258 260 262 264 266 268 270
miz

Figure S189. HRMS spectrum of S38. HRMS-EI (m/z) Calculated for C;sH170,NF [M+H]*,
262.1238; found 262.1239
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Figure S190. HRMS spectrum of S39. HRMS-EI (m/z) Calculated for CgH;;0,NF [M+H]*,
172.0768; found 172.0770
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Figure S191. HRMS spectrum of S40. HRMS-EI (m/z) Calculated for CgH;,O,NBrF [M+H]*,
249.9873; found 249.9875.
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Figure S192. HRMS spectrum of S41. HRMS-EI (m/z) Calculated for CoH;0O,N,F [M+H]*,
197.0721; found 197.0722.
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Figure S193. HRMS spectrum of S42. HRMS-ESI (m/z) Calculated for C14H,;N,O4FNa [M+Na]*,
323.1378; found 323.1382.
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Figure S194. HRMS spectrum of (OMe);F2,m-OMe>-NHBoc. HRMS-ESI (m/z) Calculated for
CagH39N4OgF,Na [M+H]*, 597.2730; found 597.2728.
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Figure S195. HRMS spectrum of (SMes)-H. HRMS-EI (m/z) Calculated for CigH19N»S, [M+H]*,
367.0426; found 367.0424
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Figure S196. HRMS spectrum of (SEt)s~-NHBoc. HRMS-EI (m/z) Calculated for CsyH4904N4S4
[M+H]*, 681.2631; found 681.2623
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Figure S197. HRMS spectrum of (SPr),-NHBoc. HRMS-EI (m/z) Calculated for CssHs;O4N4S,
[M+H]*, 737.3251; found 737.3257
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Figure S198. HRMS spectrum of (SEt).-ester. HRMS-EI (m/z) Calculated for C,6Hss04N,S, [M+H]*,
567.1474; found 567.1473
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Figure S199. HRMS spectrum of S47. HRMS-APCI (m/z) Calculated for C;HgONF, [M+H]*,
160.0568; found 160.0565.
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Figure S200. HRMS spectrum of S48. HRMS-APCI (m/z) Calculated for C;H;ONF,Br [M+H]*,
239.9653; found 240.0649.
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Figure S201. HRMS spectrum of S49. HRMS-APCI (m/z) Calculated for CgH;ONF, [M+H]*,
185.0521; found 185.0517.

311178
1004

80

80—

70— N
1 (0]

60— E
7 BocHN
50|
40 NH;

F

Relative Abundance

30—

20—
32121
306.0504 314.9415

4 3042898 /'  3g9.0711 3131247

Oy I] ST e ey

305 310 315
miz

317 1824
L
t T

Figure S202. HRMS spectrum of S50. HRMS-EI (m/z) Calculated for C;3HgF,N,O,Na [M+Na]*,
311.1178; found 311.1178.

138



5952138
100

80—
B0

70+

ao: BocHN F
50+ MeO NN :Ejime

40 F

Relative Abundance

3] 506.2173
20+
10— 587 |2458
1579.2402 592 2054 597.2205

611.]1373
I |

IR R i I L ) i B L A AR R B R R AN R R R R R R
580 585 590 595 600 605 610 615
miz

Figure S203. HRMS spectrum of F4,m-OMe,-NHBoc. HRMS-EI (m/z) Calculated for
CasH3,F4N,OsNa [M+Na]* , 595.2150; found 595.2139.
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Figure S204. HRMS spectrum of (SEt)s,m-OMe,-NHBoc. HRMS-EI (m/z) Calculated for
Cs4Hs3S4N,O6 [M+H]* , 741.2842; found 741.2832.
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Figure S205. HRMS spectrum of (SeMes)-H. HRMS-EI (m/z) Calculated for CisH19N,Se, [M+H]*,
554.8219; found 554.8227.
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Figure S206. HRMS spectrum of (SeMes)-NHBoc. HRMS-EI (m/z) Calculated for C,gH4oN404Se,
[M+H]*, 814.9791; found 814.9798.
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Figure S207. HRMS spectrum of (SeMea)-ester. HRMS-EI (m/z) Calculated for Cx,H,7N204Se,
[M+H]*, 700.8634; found 700.8637.
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Figure S208. HRMS spectrum of Te;F,-H. HRMS-EI (m/z) Calculated for Cy4H;,N,F,Te,OH
[M+O+H]*, 520.9097; found 520.9094.
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Figure S209. HRMS spectrum of TesF-H. HRMS-EI (m/z) Calculated for C;sHisN,FTesOH
[M+O+H]*, 642.8381; found 642.8379.
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Figure S210. HRMS spectrum of (TeMe)s-H. HRMS-EI (m/z) Calculated for C;sH;sN,Te,OH
[M+H+0]*, 766.7676; found 766.7682.
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Figure S211. HRMS spectrum of S53. HRMS-ESI (m/z) . HRMS-ESI (m/z) Calculated for
C12H1gFN,O, [M+H]*, 241.1347; found 241.1349.
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Figure S212. HRMS spectrum of F;,m-H,. HRMS-ESI (m/z) Calculated for Cy4HsoF2,N4O4 [M+H]*,
477.23079; found 477.23065.
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Figure S213. HRMS spectrum of Clz,m-H,. HRMS-EI (m/z) Calculated for CysH3;O4N4Cl; [M+H]*
509.1717; found 509.1717
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Figure S214. HRMS spectrum of S59. HRMS-EI (m/z) Calculated for Ci3H;903N,FNa [M+Na]*
293.1272; found 293.1271
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Figure S215. HRMS spectrum of F2,m-OMe, HRMS-EI (m/z) Calculated for C,gHzs06N4F, [M+H]*,
537.2519; found 537.2519
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Figure S216. HRMS spectrum of S61. HRMS-EI (m/z) Calculated for CoHy;FN3 [M+H]*, 180.0937;
found 180.0932
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Figure S217. HRMS spectrum of S70b. HRMS-EI (m/z) Calculated for Ci4H,30,NsF [M+H],
284.1769; found 284.1769
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Figure S218. HRMS spectrum of Fz,m-(NMez),. HRMS-EI (m/z) Calculated for C,gH404NgF
[M+H]", 563.3152; found 563.3148
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Figure S219. HRMS spectrum of 70c. HRMS-ESI (m/z) Calculated for C;3H;9CIN,O3Na [M+Na]* ,
309.0975; found 309.0978.
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Figure S220. HRMS spectrum of Cl;,m-OMe,;. HRMS-ESI (m/z) Calculated for C,sH3zsCIoN4Og
[M+H]*, 569.1928; found 569.1928.
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Figure S221. HRMS spectrum of S67. HRMS-EI (m/z) Calculated for C;H;N,FCI [M-H]-, 168.9974;
found 168.9966
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Figure S222. HRMS spectrum of S68. HRMS-EI (m/z) Calculated for CoH;;N3CI [M+H]*, 196.0636;
found 196.0636
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Figure S223. HRMS spectrum of S70d. HRMS-EI (m/z) Calculated for Ci4H230,N3Cl [M+H],
300.1473; found 300.1472
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Figure S224. HRMS spectrum of Clz;,m-(NMez).. HRMS-EI (m/z) Calculated for C,sH4,04N¢Cl,
[M+H]*, 595.2561; found 595.2559
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Figure S225. HRMS spectrum of S74. HRMS-EI (m/z) Calculated for CgHgO4N,Na [M+Na]*,
231.0376; found 231.0377.
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Figure S226. HRMS spectrum of S75. HRMS-EI (m/z) Calculated for Ci4H,0OsN,Na [M+Na]*,
335.1214; found 335.1213
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Figure S227. HRMS spectrum of S76. HRMS-EI (m/z) Calculated for C;4H,,04;N,Na [M+Na]*,
305.1472; found 305.1472
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Figure S228. HRMS spectrum of OMe,,m-OMe. HRMS-EI (m/z) Calculated for C,gH4,0gN,4 [M+H]*,
561.2919; found 561.2916
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Figure S229. HRMS spectrum of (SEt);,m-H,. HRMS-EI (m/z) Calculated for CygH4O4N4S; [M+H]*
, 561.2564; found 561.2560
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Figure S230. HRMS spectrum of (SEt);,m-OMe,. HRMS-EI (m/z) Calculated for CgHys06N4S,
[M+H]*, 625.2775; found 625.2774
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Figure S231. HRMS spectrum of (SEtz),m-(NMez).. HRMS-EI (m/z) Calculated for CzHs;04N6S;
[M+H]*, 647.3408; found 647.3405
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Figure S232. HRMS spectrum of S78. HRMS-ESI (m/z) Calculated for C;;H;:N30, [M+H]*,
218.09240; found 218.09261.
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Figure S233. HRMS spectrum of S79. HRMS-ESI (m/z) Calculated for C1H,3N304 [M+H]*,
322.17613; found 322.17615.
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Figure S234. HRMS spectrum of S80. HRMS-ESI (m/z) Calculated for C1H,sN30, [M+H]*,
292.2020; found 292.2020.
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Figure S235. HRMS spectrum of (N(CH2)4)2,m-H. HRMS-EI (m/z) Calculated for C3,H4704Ns
[M+H]*, 579.3653; found 579.3657
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Figure S236. HRMS spectrum of S82. HRMS-EI (m/z) Calculated for CyyH,gN,OgP, [M+H]*,
455.1495; found 455.1497.
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3. UV-Vis spectra

All UV-vis spectra were determined in DMSO solution. Extinction coefficients were determined by
recording a UV-vis spectra for the E isomer at 10, 20, 30, 40 uM in DMSO respectively. The absorbance
at the maximum of the ® - ©* transition of the E-isomers was plotted against concentration (Beer-
Lambert plot) to determine the molar extinction coefficient €. For each slow relaxing compound, the E
isomer sample at 40 pM was irradiated with the appropriate wavelength of light to generate the photo-
stationary state, and another spectrum was run. This spectrum was normalised to units of € and overlaid
with the dark (100% E isomer) spectrum.

Deconvoluted spectra were prepared using Origin Pro 2020b by fitting each A« to the “Multiple Peak
Fit” function.

Photo-irradiation of liquid samples was carried out using Thorlabs high-power mounted LEDs (models
M730L4, (NIR, 730 nm), M660L4 (red, 660 nm) M625L4 (red, 625 nm); M590L4 (Amber, 590 nm)
M530L4 (green, 530 nm); in-house custom built set-ups using optical components supplied by
Thorlabs, as described in reference 2
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Figure S237. UV-vis Spectrum of Fs-NHBoc in the dark (100% E) and green (84% Z) state
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Figure S238. Deconvoluted UV-vis Spectrum of (E)-Fs-NHBoc

152



Cl o
2000
12000 1
ol
g 8000 -
A\
2
w 0 r
4000 - 400 500 600
4E
—— PSS 4% (80%)

300 400 500 600
A

Figure S239. UV-vis Spectrum of Cl,-NHBoc in the dark (100% E) and red (77% Z) state.
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Figure S240. Deconvoluted UV-vis Spectrum of (E)-Cls--NHBoc
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Figure S241. UV-vis Spectrum of Brs,-NHBoc in the dark (100% E) and red (63% Z) state
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Figure S242. Deconvoluted UV-vis Spectrum of (E)-Brs-NHBoc
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Figure S243. UV-vis Spectrum of 14,-OAc in the dark (100% E)
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Figure S244. Deconvoluted UV-vis Spectrum of (E)-1.-OAc
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Figure S245. UV-vis Spectrum of 1;-OH in the dark (100% E)
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Figure S246. Deconvoluted UV-vis Spectrum of (E)-1.-OH
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Figure S247. UV-vis Spectrum of 14-N3 in the dark (100% E)
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Figure S248. Deconvoluted UV-vis Spectrum of (E)-14-N3
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Figure S249. UV-vis Spectrum of 1s-Phth in the dark (100% E)
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Figure S250. Deconvoluted UV-vis Spectrum of (E)-14-Phth
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Figure S251. UV-vis Spectrum of 1,-NHBoc in the dark (100% E)
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Figure S252. Deconvoluted UV-vis Spectrum of (E)-1.-NHBoc
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Figure S253. UV-vis Spectrum of 1,-CN in the dark (100% E)
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Figure S254. Deconvoluted UV-vis Spectrum of (E)-1.-CN
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Figure S255. UV-vis Spectrum of ls-ester in the dark (100% E)
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Figure S256. Deconvoluted UV-vis Spectrum of (E)-l4-ester
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Figure S257. UV-vis Spectrum of (OMe)s-NHBoc in the dark (100% E) and red (95% Z) state.

18000

— = Original Spectrum

A. 261.8, Area: 62122
— A: 302.7, Area: 557147
12000 A — L2 342.7, Area: 134209
— A: 530.0, Area: 179819

15000 -

9000 -

6000 -

e (M*cm)

3000 -+

300 400 500 600 700

A

Figure S258. Deconvoluted UV-vis Spectrum of (E)-(OMe)s,-NHBoc
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Figure S259. UV-vis Spectrum of (OMe)2F2,m-OMe,-NHBoc in the dark (100% E)
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Figure S260. Deconvoluted UV-vis Spectrum of (E)-(OMe).F2,m-OMe,-NHBoc
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Figure S261. UV-vis Spectrum of (SMe)s-H in the dark (100% E)
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Figure S262. Deconvoluted UV-vis Spectrum of (E)-(SMe)+-H
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Figure S263. UV-vis Spectrum of (SEt),~-NHBoc in the dark (100% E)
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Figure S264. Deconvoluted UV-vis Spectrum of (E)-(SEt).-NHBoc
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Figure S265. UV-vis Spectrum of (SEt)s-ester in the dark (100% E)
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Figure S266. Deconvoluted UV-vis Spectrum of (E)-(SEt).-ester
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Figure S267. UV-vis Spectrum of (S'Pr),-NHBoc in the dark (100% E) and under Amber irradiation
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Figure S268. Deconvoluted UV-vis Spectrum of (E)-(S'Pr),-NHBoc

167



10000 -

5000 -

e (Mtcm?)

600

300 400 500 600
A

Figure S269. UV-vis Spectrum of (SEt)s,m-OMe,-NHBoc in the dark (100% E)
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Figure S270. Deconvoluted UV-vis Spectrum of (E)-(SEt)s,m-OMe,-NHBoc
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Figure S271. UV-vis Spectrum of (SeMe)s-H in the dark (100% E)
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Figure S272. Deconvoluted UV-vis Spectrum of (E)-(SeMe),;-H
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Figure S273. UV-vis Spectrum of (SeMe)s-NHBoc in the dark (100% E)
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Figure S274. Deconvoluted UV-vis Spectrum of (E)-(SeMe).-NHBoc
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Figure S275. UV-vis Spectrum of (SeMe)s-ester in the dark (100% E)

28000

21000 -+

14000 A

e (M?*cm?

— = Oiriginal Spectrum

A: 269.6, Area: 516452
— X\: 296.1, Area: 737150
—— A: 479.7, Area: 835696
A: 588.8, Area: 53263

7000 -

400 500

A

Figure S276. Deconvoluted UV-vis Spectrum of (E)-(SeMe).-ester
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Figure S277. UV-vis Spectrum of TezF.-H in the dark (100% E)
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Figure S278. Deconvoluted UV-vis Spectrum of (E)-TezF2-H
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Figure S279. UV-vis Spectrum of TesF-H in the dark (100% E)
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Figure S280. Deconvoluted UV-vis Spectrum of (E)-TesF-H
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Figure S281. UV-vis Spectrum of (TeMe)s-H in the dark (100% E)
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Figure S282. Deconvoluted UV-vis Spectrum of (E)-(TeMe)s-H
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Figure S283. UV-vis Spectrum of F,,m-H- in the dark (100% E) and green (50% Z) state.
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Figure S284. Deconvoluted UV-vis Spectrum of (E)-F2,m-H;
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Figure S285. UV-vis Spectrum of F2,m-OMe; in the dark (100% E) and green (50% Z) state.
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Figure S286. Deconvoluted UV-vis Spectrum of (E)-F;,m-OMe;
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Figure S287. UV-vis Spectrum of F2,m-(NMe). in the dark (100% E) and green (48% Z) state.
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Figure S288. Deconvoluted UV-vis Spectrum of (E)-F2,m-(NMey)
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Figure S289. UV-vis Spectrum of Cl,,m-H- in the dark (100% E) and green (50% Z) state.
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Figure S290. Deconvoluted UV-vis Spectrum of (E)-Clz,m-H>
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Figure S291. UV-vis Spectrum of Cl,,m-OMe; in the dark (100% E) and green (77% Z) state.
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Figure S292. Deconvoluted UV-vis Spectrum of (E)-Cl,,m-OMe;
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Figure S293. UV-vis Spectrum of Cl,,m-(NMe) in the dark (100% E) and green (65% Z) state.
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Figure S294. Deconvoluted UV-vis Spectrum of (E)-Clz,m-(NMe>),
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Figure S295. UV-vis Spectrum of OMe,;,m-OMe; in the dark (100% E) state
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Figure S296. Deconvoluted UV-vis Spectrum of (E)-OMez,m-OMe;
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Figure S297. UV-vis Spectrum of (SEt),,m-H; in the dark (100% E) and green (50% Z) state.
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Figure S298. Deconvoluted UV-vis Spectrum of (E)-(SEt)2,m-H>
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Figure S299. UV-vis Spectrum of (SEt),,m-OMe; in the dark (100% E) and amber state.
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Figure S300. Deconvoluted UV-vis Spectrum of (E)-(SEt)2,m-OMe,
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Figure S301. UV-vis Spectrum of (SEt);,m-(NMe,), in the dark (100% E) and amber state.
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Figure S302. Deconvoluted UV-vis Spectrum of (E)-(SEt)2,m-(NMe,),
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Figure S303. UV-vis Spectrum of (N(CHy>)4)2,m-H in the dark (100% E)
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Figure S304. Deconvoluted UV-vis Spectrum of (E)-(N(CH2)4)2,m-H
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Figure S305. UV-vis Spectrum of (PO(OEt),)2,m-H in the dark (100% E)
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Figure S306. Deconvoluted UV-vis Spectrum of (E)-(PO(OEt);),,m-H
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4. Photoswitching: PSS and Half-Life Determination

Photo-irradiation of liquid samples was carried out using Thorlabs high-power mounted LEDs (models
M730L4, (NIR, 730 nm), M660L4 (red, 660 nm) M625L4 (red, 625 nm); M590L4 (Amber, 590 nm);
M530L4 (green, 530 nm). Photo-stationary states (PSS) were determined using *H NMR spectroscopy.
For faster relaxing systems, the %Z isomer was extrapolated for t=0 from 1% order expontial decay plots
(equation S1) of *H NMR spectra at known intervals after irradiation of the sample.

Halflife determination were determined using *H NMR or UV-Vis spectroscopy. For the F, derivative
half-life was determined using UV-vis spectroscopy at elevated temperatures and generating an
Arrhenius plot. Slow relaxing systems were evaluated using *H NMR at room temperature and
following the %Z isomer by integration over time. Z->E isomerisation for fast relaxing systems were
evaluated by UV-Vis spectroscopy by irradiating the sample inside the spectrometer and following a
single wavelength for the compound over time (Figure S307). Where detectable, E->Z isomerisation is
included in the supporting information.

Data was fitted using Origin Pro using an exponential decay model to determine t; (Equation S1). Half-
life (t12) was determined using Equation S2

—X.

y =A@ (S1)
Tyjp=tiln2  (S2)

Focusinc\%
Sampele chamber

) J‘.
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\ I
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Figure 307: Experimental setup for in-situ switching
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Figure S308. Partial *H NMR spectrum of F4-NHBoc in the green (530 nm) PSS state
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Figure S309. Partial *H NMR spectrum of Cl,-NHBoc in the red (625 nm) PSS state
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Figure S310. Partial *H NMR spectrum of Brs,-NHBoc in the red (625 nm) PSS state
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Figure S311. Partial 'H NMR spectra of 1,-Phth in the red (625 nm) state over time to extrapolate PSS
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Figure S312. Partial 'H NMR spectra of Is,-Phth in the deep red (660 nm) state over time to extrapolate
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Figure S313. Partial *H NMR spectrum of (OMe)s-NHBoc in the red (625 nm) PSS state
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Figure S314. Partial *H NMR spectra of (SEt)s~-NHBoc in the amber (590 nm) state over time to

extrapolate PSS
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Figure S315. Partial *H NMR spectra of (SEt)s-H in the amber (590 nm) state over time
of PSS determined by extrapolation to be >14%
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Figure S316. Partial *H NMR spectra of (SeMe)s,-NHBoc in the amber (590 nm) state over time. Lower
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Figure S317. Partial *H NMR spectrum of F2,m-H; in the green (530 nm) PSS state
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Figure S318. Partial 'H NMR spectrum of F2,m-OMe in the green (530 nm) PSS state
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Figure S319. Partial *H NMR spectrum of F2,m-(NMe). in the green (530 nm) PSS state
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Figure S321. Partial *H NMR spectrum of Cl,,m-OMe; in the green (530 nm) PSS state
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Figure S323. Partial *H NMR spectrum of (SEt)2,m-H in the green (530 nm) PSS state
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Figure S324. Lifetime plot of (Z)-Fs-NHBoc based on following UV-Vis absorbance over time after
irradiation with 530 nm light (rt, DMSO). (A) 100 °C (B) 90 °C (C) 80 °C (D) 70 °C (E) 60 °C (F)
Arrhenius Plot using data from A-E. t; at T = 298K is calculated using equation S3, and half-life is
calculated using equation S2.
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Figure S325. Lifetime plot of (2)-Cl.-NHBoc based on *H NMR integration of CH, protons over time
after irradiation with 625 nm light (rt, d6-DMSO).
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Figure S326. Lifetime plot of (Z2)-Brs,-NHBoc based on *H NMR integration of CH, protons over time
after irradiation with 625 nm light (rt, d6-DMSO).
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Figure S327. Lifetime plot of (Z)-Brs-NHBoc based on following UV-Vis absorbance over time after
irradiation with 625 nm light (rt, DMSO). Data consistent with NMR half-life data.
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Figure S328. Reversible of switching of 1.-NHBoc over time after irradiation with 660 nm light (rt,
DMSO). Dots : raw data, Line: 1%t order Exponential Fit
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Figure S329. Lifetime plot of (Z)-1:-NHBoc based on following UV-Vis absorbance over time after
irradiation with 660 nm light (rt, DMSO)

N _ OAc
I
Tq/2: 2 Min
OAc
I
0.12 4
0.118
1 .. Model ExpDecayl
Equation y = y0 + Al*exp(-(x-x0)/t1)
0.116 1 Plot D
yo 0.1038 + 3.53396E-5
° X0 258576+
0.114 1 % AL 0.0145 + -
o 1 t1 189.08219 + 1.01219
] Reduced Chi-Sqgr 5.78597E-8
< 0.112 4 R-Square (COD) 0.99523
... Adj. R-Square 0.99523
0.11
0.108
0.106
T T r T . T
0 100 200 300

time/s

Figure S330. Lifetime plot of (Z)-1.-OAc based on following UV-Vis absorbance over time after
irradiation with 625 nm light (rt, DMSO)
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Figure S331. Lifetime plot of (Z)-1.-NPhth based on *H NMR integration of CH, protons over time

after irradiation with 660 nm light (rt, ds-DMSO).
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Figure S332. Lifetime plot of (Z)-14-N3 based on following UV-Vis absorbance over time after
irradiation with 625 nm light (rt, DMSO)
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Figure S333. Lifetime plot of (Z)-1,-CN based on following UV-Vis absorbance over time after
irradiation with 625 nm light (rt, DMSO)
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Figure S334. Reversible of switching of ls-ester over time after irradiation with 660 nm light (rt,
DMSO).

198



» |

EtO,C I P
2 | 7 I N\y—CO,Et
"ne
N 660 nm NN
| T12(E—~z) 168 N
| CO,Et
| CO,Et
0.26 Y
0.258 5
0.256 -
< 0.254 °
2] ] [ ) Model ExpDecayl
Equation y = y0 + Al*exp(-(x-x0)/t1
02524 Plot F
) YO 0.26079 + 4.59929E-4
0.25 X0 22.92063 + 1.66524E7
] AL -0.00511 + 3782.07188
0.248 tl 22.48408 + 2.10485
' | Reduced Chi-Sgr 5.63719E-6
o R-Square (COD) 0.69865
0.246 + Adj. R-Square 0.6971
1 T T T T 1
0 20 40 60
time/s

Figure S335. E — Z isomerisation of (E)-ls-ester under constant irradiation of 660 nm light
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Figure S336. Lifetime plot of (Z)-14-ester based on following UV-Vis absorbance over time after
irradiation with 660 nm light (rt, DMSO).
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Figure S337. Lifetime plot of (Z)-(OMe)s,-NHBoc based on *H NMR integration of Ar protons over

time after irradiation with 625 nm light (rt, d6-DMSO).
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Figure S338. Lifetime plot of (Z)-(SMe)s-H based on following UV-Vis absorbance over time after
irradiation with 590 nm light (rt, DMSO)
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Figure S339. Lifetime plot of (Z)-(SEt).--NHBoc based on following UV-Vis absorbance over time
after irradiation with 590 nm light (rt, DMSO)
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Figure S340. Reversible of switching of (SEt)s-ester over time after irradiation with 660 nm light (rt,
DMSO).
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Figure S341. E — Z isomerisation of (E)-(SEt)s-ester under constant irradiation of 660 nm light
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Figure S342. Lifetime plot of (Z)-(SEt)s-ester based on following UV-Vis absorbance over time after
irradiation with 660 nm light (rt, DMSO)
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Figure S343. Lifetime plot of (Z)-(S'Pr)»~NHBoc based on following UV-Vis absorbance over time
after irradiation with 590 nm light (rt, DMSO)
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Figure S344. Reversible of switching of (SeMe)s-H over time after irradiation with 625 nm light (rt,
DMSO).
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Figure S345. Lifetime plot of (2)-(SeMe)s-H based on following UV-Vis absorbance over time after
irradiation with 625 nm light (rt, DMSO)
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Figure S346. Reversible of switching of (SeMe)s-NHBoc over time after irradiation with 625 nm light
(rt, DMSO).
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Figure S347. E — Z isomerisation of (E)-(SeMe)s-NHBoc under constant irradiation of 625 nm light
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Figure S348. Lifetime plot of (E)-(SeMe)s,-NHBoc based on following UV-Vis absorbance over time
after irradiation with 625 nm light (rt, DMSO)
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Figure S349. Reversible of switching of (SeMe)s-ester over time after irradiation with 660 nm light
(rt, DMSO).
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Figure S350. E — Z isomerisation of (E)-(SeMe).-ester under constant irradiation of 660 nm light
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Figure S351. Lifetime plot of (2)-(SeMe)s-ester based on following UV-Vis absorbance over time
after irradiation with 625 nm light (rt, DMSO)
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Figure S352. No switching was observed upon irradiation of (E)-(TeMe)s-H with 660 nm light (rt,
DMSO. (Background noise due to incoming light from LEDs during irradiation)
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Figure S353. Lifetime plot of (Z)-F2,m-H:based on *H NMR integration of CH, protons over time after

irradiation with 530 nm

light (rt, d6-DMSO).
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Figure S354. Lifetime plot of (Z)-F2,m-OMe;based on *H NMR integration of CH, protons over time
after irradiation with 530 nm light (rt, d6-DMSO).
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Figure S356. Lifetime plot of (Z)-Cl,,m-H based on *H NMR integration of CH, protons over time
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Figure S357. Lifetime plot of (Z)-F2,m-OMe; based on *H NMR integration of CH, protons over time
after irradiation with 530 nm light (rt, d6-DMSO).
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Figure S358. Lifetime plot of (2)-Cl,,m-(NMe). based on following UV-Vis absorbance over time
after irradiation with 530 nm light (rt, DMSO).
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Figure S359. Decomposition of OMe,,m-OMe; over time during irradiation with 530 nm light (rt,

DMSO).
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Figure S360. Lifetime plot of (Z)-SEt;,m-H; based on following UV-Vis absorbance over time after
irradiation with 590 nm light (rt, DMSO).
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Figure S361. Lifetime plot of (Z)-SEt;,m-OMe; based on following UV-Vis absorbance over time after

irradiation with 590 nm light (rt, DMSO).

hlkﬂez
hl"" NHBoc
N NMe, Tyt 140's
@ NHBoc
EtS
0.115
0.11
[}
™
g}
< Model ExpDecayl
Equation y =y0 + Al*exp(-(x-x0)/t1)
0.105 Plot c
yo 0.12079 + 1.703E-4
x0 7.95129 £ -~
Al -0.0218 + --
t1 197.56386 + 3.26977
0.1 4 Reduced Chi-Sqr 1.33886E-7
’ ° R-Square (COD) 0.99541
Adj. R-Square 0.99537
T T T T
0 100 200 300
time /s

Figure S362. Lifetime plot of (2)-SEt;,m-(NMe;).based on
after irradiation with 590 nm light (rt, DMSO).
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Figure S363. Decomposition of (SEt)s,m-OMe,-NHBoc over time during irradiation with 590 nm light

(rt, DMSO).
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Figure S364. Decomposition of (N(CH>)4)2,m-H over time during irradiation with 530 nm light (rt,
DMSO).
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Figure S365. Decomposition of (PO(OEt),).,m-H over time during irradiation with 530 nm light (rt,
DMSO).
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5. GSH stability studies

A 10 mM reduced glutathione (GSH) solution was prepared in degassed 100 mM sodium phosphate
buffer (at least 15 minutes of N, bubbled through the buffer solution prior to addition to GSH). The
absorption of the solution was measured periodically at 25°C, then fitted to a 1%t Order exponential
decay.
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Figure S366. Decomposition of F4~-CH:NH2*TFA Conditions: 100 mM phosphate buffer containing
10 mM GSH degassed with N,. T =298 K.
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Figure S367. Decomposition of Cl,-CH:NH2*TFA. Conditions: 100 mM phosphate buffer containing

10 mM GSH degassed with N,. T =298 K.
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Figure S368. Decomposition of Brs-CH2NH2*TFA. Conditions: 100 mM phosphate buffer
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containing 10 mM GSH degassed with N,. T =298 K.
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Figure S369. Decomposition of 1.-CH2NH2*TFA. Conditions: 100 mM phosphate buffer containing
10 mM GSH degassed with N,. T =298 K.
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Figure S370. Decomposition of (OMe)s-CH2NH2¢TFA. Conditions: 100 mM phosphate buffer
containing 10 mM GSH degassed with N,. T =298 K.
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Figure S371. Decomposition of (SEt)»-CH2NH2*TFA. Conditions: 100 mM phosphate buffer
containing 10 mM GSH degassed with N,. T =298 K.
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Figure S372. Decomposition of (SeMe)s-CH2NH2*TFA. Conditions: 100 mM phosphate buffer
containing 10 mM GSH degassed with N,. T = 298 K.
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6. Single crystal X-ray diffraction experiments

Crystals were grown by vapour diffusion. Compounds (2-15 mg) were dissolved in minimal amounts
of CDClj, then filtered over cotton into a small vial. The vial was capped and punctured with a small
needle, then placed into a larger vial containing pentane or hexane. The vials were stored in the fridge
until suitable crystals formed.

Crystal Structure Determination Deposition Number(s) 2196083-92 contains the supplementary
crystallographic data for this paper. These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access Structures service
www.ccdc.cam.ac.uk/structures.”

Single-crystal X-ray diffraction data were collected at 150 K on an Oxford Diffraction(Rigaku)
SuperNovae or a Rigaku Synergy-DW diffractometer (EP/V028995/1). In all cases, Cu-Ka (A =
1.54184 A) radiation was used and the instrument was equipped with a nitrogen gas Oxford
Cryosystems Cryostream unit[6]. A suitable crystal was chosen and mounted on a 200 um MiTeGen
loop using perfluoropolyether oil. The CrysAlisPro[7] software was used for data collection and
integration. All structures were solved using SuperFlip[8] and refined using full-matrix least-squares
refinement within the CRYSTALS[9] suite. All non-hydrogen atoms were refined anisotropically. The
hydrogen atoms were positioned at geometrically sensible positions and refined using a riding model.

Substituent Dihedral (°) Average Coplanarity Distance (A) Distance (A) N=N N=N
5 N=N-C-C’ () X {Average) (A) )
N---X

sl W Angle ) -9 oY)

M@i X @-N,. (normalised) CZ:N J (?:Vx]é Q:ib @;htjé E;['::@ g':ﬁ

Fe=n 407 407 407 0 2760,2761 2747,2758 2761 2753 1229 1792 1246, 1253 120,120 120,120 120,120 120,120
*Fe =8 32 32 32 0 26552655 26352635 2655 2635 1253 180.0 1152 1152 128.8,128.8 116.3,116.3 119.5119.5 117.4,117.5
797 352 57.45 445 3220,2930 2980,2.880 3.080 2935 1182 180.0 11291178 12081267 12081157 119.9121.9 119.4,119.1
Cle-n 126.9 59.3 56.2 67.6 2962,3.815 2916,3.092 3389 3.004 1248 1762 1136,1121 124.1,1236 118.1,118.0 1209,1204 1189,119.0
135.0 61.9 53.45 731 3.725,3.006 2956,2.928 3411 2942 1245 178.0 113.0,1121 11791176 12421243 119.3,1189 1207,120.3

Br, = CH.NHBoc 458 -134.2 458 -68.4 3.031,3.022 3.030,3.023 3027 3027 1252 1756 1138,1138 12521252 117.9,117.9 1218,1218 120,120
10cGny 486 -1355 46.55 -86.7 3.170,3121 3183,3203 3146 3193 1260 1742 11161126 12331230 116.1,1166 12461255 12211225
509 -129.4 50.75 -78.5 3177,3254 31883078 3216 3133 1215 1795 11281162 12651235 11541184 12351224 11881207
Lr=EE 503 -488 496 -80.9 3.389,3439 31523222 3414 3187 1249 1716 11491129 12391233 1166,1184 1246,123.1 1205,1185
OMe, o=8r 296 -142 338 -67.6 2584,2622 2678,2.714 2603 2696 1252 1794 11651136 12781253 11381157 11701176 11561159
SMe, = -H 24 -150.8 25.8 518 2653,2686 2811,2814 2670 2812 1268 169.9 11501141 1246,1240 1146 1152 1208,1209 116.5,116.2
1623 159.5 241 482 2721,2659 2777,2.821 2690 2836 1266 169.7 11351161 12421259 1154,113.3 12081211 1158,116.2
SEt, o =co.Et 10 -16 1.3 03 2666, 2666 2813 2813 2666 2813 1.275 180.0 1162 1162 12661266 1140, 1140 12021202 11711171
SeMe ©-n 195 159.5 20.0 47.0 2739,2710 28852894 2725 2890 1.265 170.5 11401158 12441257 11541141 12081210 116.1,116.6
AAAAAAAA 158.0 1529 2465 491 2670,2705 2.917,2911 2688 2914 1.266 169.9 11521142 12421242 11541157 12071203 1168,116.5
214 1602 206 M2 2702,2703 2927,2927 2702 2927 1263 1754 11511151 12531253 11491149 12061207 11781178
SeMes - -232 162.3 205 410 27282728 2921,2921 2728 29621 1261 1741 11531153 12511251 11481148 12071207 NM77M77
TeMes H 1581 1573 Av: 23 37 446 2763,2838 30963048 2800 3072 1279 1746 11581142 12431240 11491155 12171220 11911171

222 267 (2445223) 4594575 27922834 30013060 2813 3076 1265 1779 11531140 12381239 11511149 12211222 11911174

Table S3: Summary of key data from crystal structures
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Figure S373. X-ray crystallographic structure of FaH,-NHBoc. Grey = carbon, blue = nitrogen, white
= hydrogen, red = oxygen, sky blue = fluorine

Figure S374. X-ray crystallographic structure of Brs-NHBoc. Grey = carbon, blue = nitrogen, white =
hydrogen, red = oxygen, dark red = bromine

Figure S375. X-ray crystallographic structure of 1,-Ns. Grey = carbon, blue = nitrogen, white =
hydrogen, red = oxygen, purple = iodine
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Figure S376. X-ray crystallographic structure of l.-Ester. Grey = carbon, blue = nitrogen, white =
hydrogen, red = oxygen, purple = iodine

Figure S377. X-ray crystallographic structure of (SMes)-H. Grey = carbon, blue = nitrogen, white =
hydrogen, yellow = sulphur

_/4
-

7

¢o

N

Figure S378. X-ray crystallographic structure of (SEt4)-COEt. Grey = carbon, blue = nitrogen, white
= hydrogen, red = oxygen, yellow = sulphur

/)
&
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Figure S379. X-ray crystallographic structure of (SeMes)-H. Chalcogen bond interactions shown as
dashed lines. Grey = carbon, blue = nitrogen, white = hydrogen, red = oxygen, orange = selenium

Figure S380. X-ray crystallographic structure of (SeMea)-ester. Chalcogen bond interactions shown as
dashed lines. Grey = carbon, blue = nitrogen, white = hydrogen, red = oxygen, orange = selenium
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Figure S381. X-ray crystallographic structure of Te;H.-H. Chalcogen bond interactions shown as
dashed lines. Grey = carbon, blue = nitrogen, white = hydrogen, red = oxygen, sky blue = Fluorine,
orange = tellurium

Figure S382. X-ray crystallographic structure of Tes-H. Chalcogen bond interactions shown as dashed
lines. Grey = carbon, blue = nitrogen, white = hydrogen, red = oxygen, orange = tellurium
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Table S3. Crystal data and structure refinement for Brs-NHBoc.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 74.523°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C24 H28 Br4 N4 04

756.13

150 K

1.54184 A

Monoclinic

12/a

a=20.6359(4) A o=90°.

b =5.18090(10) A B=104.528(2)°.

¢ =27.7349(6) A y = 90°.
2870.40(10) A3

4

1.750 Mg/m3

7.147 mm-1

1488

0.31 x 0.05 x 0.01 mm3

4.427 to 76.043°.

-18<=h<=25, -6<=k<=6, -34<=I<=34
13970

2983 [R(int) = 0.041]

99.6 %

Semi-empirical from equivalents
0.93 and 0.23

Full-matrix least-squares on F2
2978/0/ 164

1.1565

R1=0.1031, wR2 = 0.0656
R1=0.1044, wR2 = 0.0666

3.23and -1.12 e. A3
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Table S4. Crystal data and structure refinement for 14-Ns.

Empirical formula C14 H8 14 N8

Formula weight 795.89

Temperature 150 K

Wavelength 1.54184 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=11.9316(3) A o= 73.159(4)°.
b =12.2715(5) A B=73.857(3)°.
¢ =15.2444(7) A y =79.026(3)°.

Volume 2037.41(14) A3

Z 4

Density (calculated) 2.595 Mg/m3

Absorption coefficient 48.188 mm-!

F(000) 1440

Crystal size 0.22 x 0.09 x 0.03 mm3

Theta range for data collection 3.791 to 76.110°.

Index ranges -14<=h<=13, -15<=k<=15, -18<=I<=19

Reflections collected 20715

Independent reflections 8417 [R(int) = 0.073]

Completeness to theta = 73.827° 99.7 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.24 and 0.01

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 8412/0/ 469

Goodness-of-fit on F2 1.1626

Final R indices [1>2sigma(l)] R1=0.1252, wR2 = 0.1083

R indices (all data) R1=0.1306, wR2 = 0.1122

Largest diff. peak and hole 6.41 and -2.29 e.A-3
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Table S5. Crystal data and structure refinement for Is-ester.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 74.904°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C18 H14 14 N2 04

829.94

150 K

1.54184 A

Monoclinic

P2lic

a=14.0017(3) A o=90°.

b = 8.23620(10) A B=104.636(2)°.

¢ =19.1456(4) A y = 90°.
2136.24(7) A3

4

2.580 Mg/m3

46.060 mm-?

1520

0.20 x 0.10 x 0.09 mm3

5.058 to 76.433°.

-17<=h<=17, -10<=k<=8, -23<=1<=23
18739

4444 [R(int) = 0.050]

99.5 %

Semi-empirical from equivalents

0.02 and 0.00

Full-matrix least-squares on F2
444310/ 253

1.0359

R1=0.0694, wR2 = 0.1752
R1=0.0716, wR2 =0.1791

4.27 and -1.58 e. A3

226



Table S6. Crystal data and structure refinement for (SMe)s-H

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 74.672°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C16 H18 N2 S4

366.60

150 K

1.54184 A

Monoclinic

P 2/n

a=15.1050(2) A o=90°.

b = 7.88010(10) A B=90.6804(12)°.

c=28.9196(3) A v = 90°.
3442.03(7) A3

8

1.415 Mg/m3

5.038 mm-!

1535.991

0.28 x 0.10 x 0.03 mm?

3.285 10 76.196°.

-13<=h<=18, -9<=k<=9, -28<=I<=36
24880

7138 [R(int) = 0.040]

99.6 %

Semi-empirical from equivalents
0.86 and 0.46

Full-matrix least-squares on F2
7138/0/ 397

1.0088

R1=0.0418, wR2 = 0.1073
R1=0.0486, wR2 =0.1183

1.10 and -0.55 e.A3
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Table S7. Crystal data and structure refinement for (SEt)4-ester

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 73.776°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C26 H34 N2 04 s4
566.83

150 K

1.54184 A
Triclinic

P-1

a=72152(2) A a=87.957(3)°.
b =8.0923(3) A B=82.964(3)°.
c=12.5451(4) A y = 66.841(3)°.

668.32(4) A3

1

1.408 Mg/m3

3.561 mm-!

300

0.25 x 0.09 x 0.02 mm3

3.550 to 76.057°.

-9<=h<=8, -10<=k<=10, -15<=I<=15
12330

2761 [R(int) = 0.021]

99.7 %

Semi-empirical from equivalents
0.93 and 0.68

Full-matrix least-squares on F2
2761/0/163

0.9995

R1 =0.0245, wR2 = 0.0696
R1=0.0252, wR2 = 0.0703
0.40 and -0.27 e.A3
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Table S8. Crystal data and structure refinement for (SeMe)s-H

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 74.759°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C16 H18 N2 Se4

554.17

150 K

1.54184 A

Monoclinic

P 2/n

a=15.5783(2) A o=90°.

b = 7.94990(10) A B=90.3204(10)°.

¢ =29.5587(3) A y =90°.
3660.67(8) A3

8

2.011 Mg/m3

9.571 mm-!

2111.991

0.23 x 0.10 x 0.06 mm3

5.299 to 76.285°.

-18<=h<=19, -9<=k<=6, -32<=I<=36
38021

7607 [R(int) = 0.034]

99.9 %

Semi-empirical from equivalents
0.56 and 0.27

Full-matrix least-squares on F2
7605 /0/398

1.0394

R1=0.0250, wR2 = 0.0614
R1=0.0266, wR2 = 0.0625
7.9(9)

0.79 and -1.29 e.A3
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Table S9. Crystal data and structure refinement for (TeMe)s-H

Empirical formula C16 H18 N2 Ted

Formula weight 748.73

Temperature 150 K

Wavelength 1.54184 A

Crystal system Monoclinic

Space group P21

Unit cell dimensions a=10.73350(10) A a=90°.
b = 10.57430(10) A B=95.2723(7)°.
¢ = 18.02080(10) A y =90°.

Volume 2036.69(3) A3

Z 4

Density (calculated) 2.442 Mg/m3

Absorption coefficient 44,738 mm-!

F(000) 1344

Crystal size 0.03 x 0.03 x 0.005 mm3

Theta range for data collection 4.136 to 76.409°.

Index ranges -13<=h<=13, -13<=k<=12, -22<=[<=22

Reflections collected 45376

Independent reflections 8268 [R(int) = 0.036]

Completeness to theta = 74.117° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.80 and 0.24

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 8268 /1/398

Goodness-of-fit on F2 0.9937

Final R indices [1>2sigma(l)] R1 =0.0249, wR2 = 0.0600

R indices (all data) R1 =0.0263, wR2 = 0.0606

Absolute structure parameter -0.020(4)

Largest diff. peak and hole 1.15 and -0.56 e.A-3
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Table S10. Crystal data and structure refinement for (SeMe)as-ester

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 75.176°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C22 H26.00 N2 O4 Se4

698.30

150 K

1.54184 A

Orthorhombic

Pbcn

a=16.0349(3) A o=90°.
b = 15.8463(4) A B=90°.
¢ =19.0464(4) A y = 90°.
4839.57(18) A3

8

1.917 Mg/m?3

7.531 mm-?

2719.987

0.14 x 0.11 x 0.09 mm3

3.922 to 77.501°.

-20<=h<=10, -18<=k<=19, -23<=1<=23
43637

5050 [R(int) = 0.050]

99.8 %

Semi-empirical from equivalents
0.51and 0.35

Full-matrix least-squares on F2
5050/0/289

1.0194

R1=0.0399, wR2 = 0.1076
R1=0.0502, wR2 =0.1190

1.48 and -0.77 e.A3
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Table S12. Crystal data and structure refinement for TezF2-H.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.727°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C14 H12 F2 N2 Te2

501.46

150 K

0.71073 A

Monoclinic

P21/n

a=6.4567(7) A a=90°,

b =8.6728(9) A B=92.320(9)°.

¢ =13.3795(13) A y =90°.
748.61(13) A3

2

2.225 Mg/m3

3.909 mm-?

464

0.15 x 0.10 x 0.08 mm3

3.450 to 30.490°.

-9<=h<=9, -12<=k<=12, -18<=I<=18
6642

2012 [R(int) = 0.066]

99.8 %

Semi-empirical from equivalents
0.73 and 0.59

Full-matrix least-squares on F2
1580/0/91

1.0063

R1=0.0337, wR2 = 0.0580
R1=0.0646, wR2 = 0.0707

2.27 and -2.26 e. A3
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Table S13. Crystal data and structure refinement for F2,H2-NHBoc.

Empirical formula C24 H30 F2 N4 O4

Formula weight 476.52

Temperature 150 K

Wavelength 1.54184 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.1072(7) A o= 94.868(6)°.
b =11.4012(8) A B=95.841(6)°.
¢ =11.5402(9) A y=112.726(7)°.

Volume 1208.99(17) A3

Z 2

Density (calculated) 1.309 Mg/m?3

Absorption coefficient 0.841 mm-!

F(000) 504

Crystal size 0.26 x 0.05 x 0.02 mm3

Theta range for data collection 3.886 to 77.150°.

Index ranges -11<=h<=12, -13<=k<=14, -14<=I<=14

Reflections collected 12314

Independent reflections 5019 [R(int) = 0.038]

Completeness to theta = 72.521° 99.5 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.98 and 0.88

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 5012 /0/ 307

Goodness-of-fit on F2 0.9792

Final R indices [1>2sigma(l)] R1 =0.0509, wR2 = 0.1349

R indices (all data) R1=0.0760, wR2 = 0.1584

Largest diff. peak and hole 0.37 and -0.33 e.A3
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