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Supplementary figures and tables
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Figure S1: Plots of emission at 580 nm over time following the addition of Cy5-
nucleophiles 6-10 (50 puM) to Cy3-substrates (5 puM) 5 (oBA) and controls 60
(benzaldehyde) and 66 (phenylboronic acid), relative to the emissions of controls

containing either Cy3 or Cy5 substrate alone.
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Figure S2: Plots of emission at 560 nm over time following the addition of propylamide-
capped nucleophiles 26, 76, 78, 80, or 82 (50 uM) to Cy3-0BA 5 (5 uM), normalised to
the emission at t = 3 seconds (first measurement). In this experiment, the absence of
a Cyb5-acceptor should mean that no drop in Cy3 emission is observed upon oBID
formation. Although an increase in emission is observed for the addition of hydrazine
76, the kinetics of this process are negligible relative to the rate of hydrazone/DAB

formation.
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Figure S3: Plot of reaction conversion against time for the formation of oBID 15 and
from Cy3-0BA 5 and Cy5-hydrazine 10, at a reduced concentration of 750 nM under
second-order conditions. Fits are based on second-order irreversible model, with

errors based on the standard deviation of experiments run in triplicate.
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Figure S4: Plot of cleavage against time for propyl amide-DAB 19 (370 uM) following

addition of methyl amide-hydrazine 21 (3700 uM) in the stated buffer. Fits are based

on the model described in SI Section 10. Nb. Data in the presence of 10 mM glucose

and fructose are very similar, leading to overlap of the fits.
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Figure S5: Conversion data grouped by nucleophile/structure formed, across range of
pHSs.
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Figure S6: Plot of reaction conversion against time for the formation of oBIDs 14 and
15 from Cy3-0BA 5 and the relevant Cy5-nucleophile, in pH 7.4 PBS containing the
stated additive. Reactions were run at a concentration of 2.5 uM under second-order
conditions. Fits are based on second-order irreversible, or reversible models, with

errors based on the standard deviation of experiments run in triplicate.
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Figure S7: Plot of relative stability of 14 and 15 (2.5 uM), pre-formed in PBS, over time
following the addition of 10% bovine serum. The absence of suitable references means
it is not possible to calculate absolute conversions, and data is therefore based on

changes in FRET ratio over time relative to oBA 5.
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General considerations

Proton and carbon nuclear magnetic resonance (*H and 3C NMR respectively) spectra
were recorded on a Jeol ECX-400 (400 MHz) or Bruker AVIIIHD (500 MHz)
spectrometer. NMR shifts were assigned using COSY, HSQC and HMBC spectra. All
chemical shifts are quoted on the & scale in ppm using residual solvent as the internal
standard (*H NMR: CDClz= 7.26; MeOD = 3.31; D20 = 4.69; DMSO-ds = 2.50 and 13C
NMR: CDClz = 77.16, MeOD = 49.00, DMSO-ds = 39.52). Coupling constants (J) are
reported in Hz with the following splitting abbreviations: s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet, app = apparent, br = broad. Melting points (m.p.) were
recorded on a Gallenkamp melting point apparatus. Infrared (IR) spectra were
recorded on a Perkin EImer UATR Two FT-IR spectrometer. Absorption maxima (Umax)
are reported in wavenumbers (cm). UV-Vis spectra were recorded on a Shimadzu
UV-1800 UV spectrophotometer in a glass cuvette, using a 480/30 nm excitation filter
and a 580/10 nm emission filter, a pathlength of 1 cm, and a sampling interval of 1 nm.
96-well plate fluorescence measurements were recorded on a PerkinElmer VICTOR
Nivo Multimode Plate Reader. Fluorescence spectra were recorded on a Shimadzu
RF-5301PC spectrofluorophotometer in a glass fluorescence cuvette with a pathlength
of 1 cm, a sampling interval of 1 nm, and excitation and emission slit widths of 5 nm.
High resolution electrospray ionisation (ESI) mass spectra (HRMS) were recorded on
a Bruker Compact TOF-MS or a Jeol AccuTOF GCx-plus spectrometer. Nominal and

exact m/z values are reported in Daltons.

Thin layer chromatography (TLC) was carried out using aluminium backed sheets
coated with 60 F2s4 silica gel (Merck). Visualization of the silica plates was achieved
using a UV lamp (Amax = 254, 302, or 366 nm), and/or ammonium molybdate (5% in
2M H2S0a4), and/or potassium permanganate (5% KMnOas4 in 1M NaOH with 5%
potassium carbonate), and/or ninhydrin (1.5% ninhydrin, 3% AcOH in n-butanol),
and/or bromocresol green (0.4% bromocresol green in ethanol, basified till blue with
0.1 M NaOH). Flash column chromatography was carried out using Geduran Si 60 (40-
63 um) (Merck). Mobile phases are reported as ratios of more polar solvent to less
polar solvent. Anhydrous solvents were dried over a PureSolv MD 7 Solvent
Purification System. Deionized water was used for chemical reactions. All other
solvents were used as supplied (Analytical or HPLC grade), without prior purification.

Reagents were purchased from Sigma-Aldrich and used as supplied, unless otherwise
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indicated. Brine refers to a saturated solution of sodium chloride. Petrol refers to the
fraction of petroleum ether boiling in the range 40-60 °C. Anhydrous magnesium sulfate

(MgSO0a4) was used as the drying agent after reaction workup unless otherwise stated.

Liquid chromatography-mass spectrometry (LC-MS) was performed on a HCTultra
ETD Il ion trap spectrometer, coupled to an Ultimate300 HPLC using an Accucore C18
column (150 x 2.1 mm, 2.6 um particle size). Water (solvent A) and acetonitrile (solvent
B), both containing 0.1% formic acid, were used as the mobile phase at a flow rate of
0.3 mL minL. LC traces were measured via UV absorption at 220, 270, and 280. The
gradient was programmed as shown below:
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1. Core dye synthesis

Numbering system for Cy3/5 NMR assignments

N Toluene, reflux, 16 h

27
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A mixture of 2,3,3-trimethylindolenine (2.00 mL, 12.7 mmol) and 1,3-propanesultone
(1.55 g, 12.7 mmol) in toluene (50 mL) was refluxed for 20 h, during which time a dark
red precipitate formed. After cooling to r.t., the reaction mixture was concentrated
under reduced pressure. The residue was redissolved in dichloromethane (5 mL) and
the solution added dropwise to diethyl ether (200 mL). The resultant precipitate was
collected by filtration, washed with diethyl ether (50 mL), and dried in air to yield a red

oil (3.10 g, 11.0 mmol, 87%). Data were consistent with those previously reported.t

1H NMR (400 MHz, CDsOD) & = 8.01-7.93 (m, 1H, H5), 7.78-7.70 (m, 1H, H7), 7.68-
7.59 (m, 2H, H6, H8), 4.78-4.67 (m, 2H, PhCH>), 3.03-2.93 (m, 2H, CH2S03), 2.43-
2.26 (m, 2H, CH2CH2SO3), 1.58 (s, 6H, 2 x CHz); HRMS: m/z (ESI*) calc. for
C14H19NO3S [M+H]*: 282.1158: Obs.: 282.1162; vmax: (FT-ATR)/cm™: 3426, 2989,
1641, 1460, 1212, 1160, 1035, 758, 522.

0] O
Br~ " Br 4/_/Br
Acetone, reflux, 16 h 31
(0] (0]

Potassium phthalimide (1.85 g, 10.0 mmol) was added in portions over 5 min to a
stirred solution of 1,3-dibromopropane (1.00 mL, 10.0 mmol) in acetone (50 mL). The
solution was then refluxed for 18 h. After cooling to r.t., the reaction mixture was filtered
under vacuum, and the filtrate concentrated under reduced pressure. The residue was
purified via flash column chromatography on silica gel, eluting with EtOAc:petrol (3:8).
Fractions containing the product were concentrated under reduced pressure to provide
a white solid (1.17 g, 4.38 mmol, 44%). Data were consistent with those previously
reported.?

Rr: 0.21 (2:8, EtOAc:petrol, UV active); *H NMR (400 MHz, CD3OD) & =7.91-7.79 (m,
2H, PhthH2), 7.78-7.66 (m, 2H, PhthH3), 3.83 (t, J = 6.8 Hz, 2H, CH2N), 3.41 (t, J =
6.8 Hz, 2H, CH2Br), 2.25 (tt, J1 = J> = 6.8 Hz, 2H, CH2CH2Br); HRMS: m/z (ESI*) calc.
for C11H10°BrNO2 ["°M+Na]*: 289.9787; Obs.: 289.9774; vmax: (FT-ATR)/cm™1: 3454,
2985, 1765, 1705, 1442, 1406, 1375, 1230, 1055, 966, 870, 723; m.p.: 71-74 °C.
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6 2 3
O Br 7 4 /2
J_/ N TN
N ., 8 |'C o)
MeCN, KI, r.t., 16 h
0

Potassium iodide (744 mg, 4.48 mmol) was added to a stirred solution of 2,3,3-
trimethylindolenine (710 pL, 4.48 mmol), and 31 (1.00 g, 3.73 mmol) in anhydrous

acetonitrile (20 mL) under an argon atmosphere. The resulting mixture was refluxed
for 5 h. After cooling to r.t., the reaction was filtered under vacuum and the filtrate
concentrated under reduced pressure. The residue was then redissolved in acetone
(10 mL) and the solution added dropwise to diethyl ether (200 mL). The resultant brown
precipitate was collected by filtration, washed with diethyl ether (30 mL) and dried in
air. The solid was then redissolved in acetone (10 mL) and concentrated under reduced

pressure to afford the product as a brown solid (878 mg, 2.53 mmol, 68%).

Rf: 0.29 (1:9, MeOH:CH2Cl2, UV active); *H NMR (400 MHz, CD30D) & = 7.89-7.85
(m, 1H, H5), 7.84-7.80 (m, 2H, PhthH2), 7.79-7.73 (m, 3H, PhthH3, H7), 7.64-7.55 (m,
2H, H8, H6), 4.64 (t, J = 7.0 Hz, 2H, CH2N*), 3.88 (t, J = 7.0 Hz, 2H, CH2NPhth), 2.37
(tt, J1 =J2=7.0 Hz, 2H, CH2CH2N), 1.61 (s, 6H, 2 x CHz); 13C NMR (400 MHz, CD30D)
0 = 168.5 (PhthCON), 142.0 (C9), 141.2 (C4), 134.2 (PhthC2), 132.0 (PhthC1), 129.9
(C7), 129.2 (C6), 123.4 (PhthC3), 123.0 (C5), 115.1 (C8), 46.1 (CH2NPhth), 34.8
(CH2CH2CH2NPhth), 26.5 (CH2CH2NPhth), 21.5 (CyCHs); HRMS: m/z (ESI*) calc. for
C22H22N202 [M]*: 347.1754; Obs.: 347.1761; Vmax: (FT-ATR)/cm: 3441, 2976, 1769,
1707, 1608, 1463, 1398, 765, 721, 530; m.p.: 176-179 °C.

+ 2
N” N
H H
N’+ Ac,0, 120 °C, 1 h

27 2) 28, pyridine, r.t., 20 h
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A mixture of 27 (3.10 g, 11.0 mmol) and N,N’-diphenylformamidine (2.17 g, 11.0 mmol)
in acetic anhydride (10 mL) was heated to 120 °C for 1 h. After the reaction mixture
was cooled to r.t., a solution of 28 (3.44 g, 9.91 mmol) in pyridine (10 mL) was added
and the mixture stirred at r.t. for a further 20 h. After this time, the mixture was added
dropwise to diethyl ether (500 mL). The resultant precipitate was collected by filtration,
washed with diethyl ether (30 mL), and dried in air. The solid was then redissolved in
methanol (20 mL) and concentrated under reduced pressure. The residue was purified
via flash column chromatography on silica gel, eluting with MeOH:CH2Cl2 (5:95).
Fractions containing the product were concentrated under reduced pressure to provide
a pink powder (2.65 g, 4.16 mmol, 42%).

Rr: 0.16 (1:9, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, DMSO-ds) & =
8.32 (dd, J1 = J2 = 13.4 Hz, 1H, CHCHCN), 7.84-7.75 (m, 4H, PhthH2, PhthH3), 7.62-
7.54 (m, 3H, H5, H5', H8/H8'), 7.45-7.35 (m, 3H, H7, H7’, H8/H8), 7.25 (ddd, J1 = J2 =
7.5 Hz, J3 = 2.8 Hz, 2H, H6, H6’), 6.50 (d, J = 13.4 Hz, 2H, CHCN), 4.26-4.18 (m, 4H,
CH2CH2CH2S03", CH2CH2CH2NPhth), 3.69 (t, J = 7.1 Hz, 2H, CH2NPhth), 2.52 (t, J =
7.4 Hz, 2H, CH2S03), 2.08 (tt, J1=J2 = 7.1 Hz, 2H, CH2CH2NPhth), 2.00 (tt, J1= J2
7.4 Hz, 2H, CH2CH2SO03"), 1.67 (s, 12H, CyCHs); 3C NMR (101 MHz, DMSO-ds) &
174.9 (CHCHCN), 174.6 (C2, C2'), 168.4 (PhthCON), 151.1 (C3, C3'), 141.9 (C9, C9"),
140.9 (C4, C4), 134.1 (PhthC2), 132.1 (PhthC1), 128.7 (C7, C7’), 125.6 (C6, C6),
123.9 (PhthC3), 122.2 (C5, C5'), 111.3 (C8/C8’), 111.0 (C8/C8’), 103.8 (CHCN), 103.7
(CHCN), 49.4 (CH2SOs), 42.7 (CH2CH2CH2SOz), 41.6 (CH2NPhth), 35.1
(CH2CH2CH2NPhth), 27.6 (CH2CH2NPhth), 26.1 (CyCHs), 22.8 (CH2CH2SO3);
HRMS: m/z (ESI*) calc. for C37H39N30sS [M+H]*: 638.2683; Obs.: 638.2695; vmax: (FT-
ATR)/cmt: 3443, 2975, 2930, 1709, 1555, 1428, 1373, 1152, 1037, 929, 759, 723;
m.p.: 272-276 °C.

N
1/03 : MeNH,, EtOH, r.t., 16 h
N
o)
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A mixture of methylamine (40% in methanol, 30 mL) and 3 (500 mg, 0.78 mmol) in
methanol (5 mL) was stirred at r.t. for 16 h. The reaction mixture was then concentrated
under reduced pressure to ~5 mL, and the solution added dropwise to diethyl ether
(400 mL). The resultant precipitate was collected by filtration, washed with diethyl ether
(30 mL) and dried in air. The solid was then redissolved in methanol (20 mL) and
concentrated under reduced pressure to give a pink solid (498 mg, 0.78 mmol,

guantitative yield).

Rf: 0.18 (1:9, MeOH:CH2Cl2, visible light active); *H NMR (400 MHz, CDsOD) d = 8.52
(dd, J1=J2=13.5 Hz, 1H, CHCHCN), 7.53 (d, J = 7.5 Hz, 2H, H5, H5’), 7.45-7.30 (m,
4H, H7, H7’, H8, H8’), 7.34-7.22 (m, 2H, H6, H6"), 6.82 (d, J = 13.5 Hz, 1H, CHCN),
6.60 (d, J =13.5 Hz, 1H, CHCN), 4.41 (t, J = 7.7 Hz, 2H, CH2CH2CH2S0s3), 4.27 (t, J
= 7.7 Hz, 2H, CH2CH2CH2NH2), 3.21 (t, J = 7.7 Hz, 2H, CH2NH2), 3.02 (t, J = 7.7 Hz,
2H, CH2S0s3), 2.29-2.23 (m, 2H, CH2CH2NHz2), 2.20-2.16 (m, 2H, CH2CH2SOs3), 1.73
(s, 12H, CyCHa); *C NMR (101 MHz, CD3OD) & = 174.8 (CHCHCN), 174.5 (C2, C2"),
151.0 (C3, C3), 141.9 (C9, C9’), 140.9 (C4, C4'), 128.8 (C7, C7’), 125.5 (C6, C6),
122.3 (C5, C5’), 111.3 (C8/C8), 111.1, (C8/C8’), 103.1 (CHCN*), 102.8 (CHCN), 49.3
(CH2S03), 42.6 (CH2CH2CH2SO037), 41.5 (CH2NH2), 37.9 (CH2CH2CH2NHz), 28.1
(CH2CH2NH2), 27.0 (CyCHs), 23.0 (CH2CH2SOs3); HRMS: m/z (ESI*) calc. for
C20H36N303S [M+H]*: 508.2636; Obs.: 508.2636; vmax: (FT-ATR)/cm: 3437, 2975,
1711, 1556, 1429, 1207, 1147, 1037, 971, 930, 758; m.p.: >325 °C.

o Oy

Ac,0, 120 °C, 1 h

27
2) 28, pyridine, r.t., 20 h
‘038

"0,S

A mixture of 27 (2.00 g, 7.12 mmol) and malonaldehyde bis(phenylimine)
monohydrochloride (1.75 g, 7.83 mmol) in acetic anhydride (10 mL) was heated to 120
°C for 1.5 h. After cooling to r.t, a solution of 28 (2.25 g, 6.48 mmol) in pyridine (10 mL)
was added and stirring was continued at r.t. for a further 16 h. The reaction mixture

was then concentrated under reduced pressure to ~5 mL, and the remaining solution
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added dropwise to diethyl ether (200 mL). The resultant precipitate was collected by
filtration, washed with diethyl ether (30 mL), and dried in air. The solid was then
redissolved in methanol (10 mL) and concentrated under reduced pressure. The
residue was purified via flash column chromatography on silica gel eluting with
MeOH:CH2Cl> (5:95). Fractions containing the product were concentrated under

reduced pressure to provide a blue solid (1.35 g, 2.04 mmol, 29%).

Rt: 0.29 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, DMSO-ds) d =
8.28 (dd, J = 13.2, 10.1 Hz, 2H, 2 x CHCHCN), 7.85-7.75 (m, 4H, PhthH2, PhthH3),
7.56 (d, J = 7.4 Hz, 1H, H5/H5’), 7.53 (d, J = 7.4 Hz, 1H, H5/H5’), 7.46 (d, J = 7.9 Hz,
1H, H8/H8’), 7.38-7.32 (m, 2H, H7, H7’), 7.29 (d, J = 7.9 Hz, 1H, H8/H8’), 7.20 (dd, J
= 7.4 Hz, 1H, H6/H6), 7.15 (dd, J = 7.4 Hz, 1H, H6/H6’), 6.45-6.33 (m, 2H,
CHCHCHCN, CHCN), 6.20 (d, J = 13.2 Hz, 1H, CHCN), 4.34-4.22 (m, 2H,
CH2CH2CH2SO03), 4.17 (t, J = 7.2 Hz, 2H, CH2CH2CH2NPhth), 3.67 (t, J = 7.2 Hz, 2H,
CH2NPhth), 2.57 (t, J = 6.8 Hz, 2H, CH2SO3’), 2.05-1.95 (m, 4H, CH2CH2NPhth,
CH2CH2S03Y), 1.62 (s, 12H, CyCHzs); 3C NMR (101 MHz, DMSO-ds) & = 173.8 (C2,
C2'), 172.5 (C3, C3’), 168.5 (CON), 155.1 (CHCHCN), 154.3 (CHCHCN), 142.6
(C9/CY’), 1425 (C9/CY), 141.7 (C4IC4’), 141.5 (C4/C4’), 1349 (PhthC2), 132.3
(PhthC1), 129.0 (C7/CT7’), 128.9 (C7/C7’), 126.1 (CHCHCHCN), 125.5 (C6/C6’), 125.0
(C6/CB’), 123.6 (PhthC3), 123.0 (C5, C5’), 111.9 (C8/C8’), 111.3 (C8/C8’), 104.3
(CHCN), 103.3 (CHCN), 484 (CH2S0O3), 43.3 (CH2CH2CH2S0O3) 41.5
(CH2CH2CH2NPhth), 35.6 (CH2NCO), 27.6 (CyCHs), 26.5 (CH2CH2NPhth), 24.0
(CH2CH2S03); HRMS: m/z (ESI*) calc. for C3gH41N3OsS [M+H]*: 664.2840; Obs.:
664.2858; vmax: (FT-ATR)/cm™: 3442, 2973, 1770, 1709, 1492, 1455, 1381, 1337,
1132, 1108, 1034, 1017, 927, 795, 721, 530; m.p.: 264-269 °C.

MeNH,, EtOH,

N
L3
N;:‘@ rt., 16 h
(o]
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Methylamine (40% in water, 30 mL) was added to a solution of 4 (200 mg, 0.30 mmol)
in ethanol (5 mL) and the solution stirred at r.t. for 16 h. The reaction mixture was then
concentrated under reduced pressure to ~5 mL, and the remaining solution added
dropwise to diethyl ether (400 mL). The resultant precipitate was collected by filtration,
washed with diethyl ether (30 mL) and dried in air. The solid was then redissolved in
methanol (20 mL) and concentrated under reduced pressure to give the product as a
blue solid (159 mg, 0.298 mmol, 99%).

Nb. Attempts to cleave the phthalimide with traditional hydrazinolysis were
unsuccessful, with a loss of colour over a period of 1 h indicating a loss of

conjugation/dye structure.

Rf: 0.17 (1:9, MeOH:CH:Clz, visible light active).'H NMR (400 MHz, CD30D) & = 8.21
(d, J=13.2 Hz 2H, CHCHCN), 7.49-7.43 (m, 2H, H5, H5’), 7.41-7.34 (m, 3H, H7, H7’,
H8/H8), 7.27-7.17 (m, 3H, H6, H6’, H8/H8’), 6.69-6.65 (m, 1H, CHCHCHCN), 6.62-
6.58 (m, 1H, CHCN), 6.33-6.28 (m, 1H, CHCN), 4.35 (t, J = 8.0 Hz, 2H,
CH2CH2CH2SO037), 4.22-4.10 (m, 2H, CH2CH2CH2NH2), 3.02-2.94 (m, 4H, CH2NHz2,
CH2SO03), 2.24-2.18 (m, 2H, CH2CH2SO03’), 2.10-2.00 (m, 2H, CH2CH2NH2), 1.66 (s,
12H, CyCHs); 13C NMR (101 MHz, CD30OD) & = 174.7 (C2, C2’), 170.9 (C3/C3’), 170.3
(C3/C3), 155.1 (CHCHCN), 154.1 (CHCHCN), 142.8 (C9/C9), 142.1 (C9/C9’), 141 .4,
(C4, C4’), 128.5 (C7, C7’), 125.9 (CHCHCHCN), 125.0 (C6, C6’), 123.3 (C5, C5),
122.1 (C7,C7’), 110.8 (C8, C8’), 103.4 (CHCN), 102.9 (CHCN), 49.1 (CH2SO03), 42.7
(CH2CH2CH2S0s37), 41.7 (CH2CH2CH2NH2), 36.7 (CH2NH2), 28.8 (CyCHs), 26.6
(CH2CH2NHz2), 22.9 (CH2CH2S03’); HRMS: m/z (ESI*) calc. for C31H39N303S [M+H]™:
534.2785; Obs.: 534.2803; vmax: (FT-ATR)/cm: 3438, 2968, 2937, 1573, 1482, 1454,
1381, 1338, 1136, 1105, 1035, 1017, 927, 800, 752, 709, 525; m.p.: 252-256 °C.

2. Synthesis of reactive handles

o 0
(@] 5
:u TU ™ @f
O 6
0
B
HO Br KO32 f

K>COg3, MeCN, 70 °C, 16 h

32

A mixture of 2-bromo-4-hydroxybenzaldehyde (2.07 g, 10.4 mmol), tert-butyl
bromoacetate (1.53 mL, 10.4 mmol) and potassium carbonate (2.43 g, 17.6 mmol) in
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acetonitrile (30 mL) was stirred for 16 h at 70 °C. The mixture was then cooled to r.t.
and diluted with water (150 mL). The aqueous mixture was extracted with ethyl acetate
(3 x 70 mL), and the combined organics washed with brine (2 x 200 mL), dried with
MgSOs, filtered, and concentrated under reduced pressure. The residue was purified
via flash column chromatography on silica gel eluting with EtOAc:Petrol (15:85).
Fractions containing the product were concentrated under reduced pressure to provide
a white solid (3.23 g, 10.3 mmol, 99%). Data were consistent with those previously

reported.®

Rr: 0.35 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCI3) & = 10.19 (s, 1H,
CHO), 7.87 (d, J = 8.6 Hz, 1H, PhH5), 7.11 (d, J = 2.5 Hz, 1H, PhH2), 6.91 (dd, J =
8.6, 2.5 Hz, 1H, PhH4), 4.57 (s, 2H, CH20), 1.47 (s, 9H, 'Bu); 3C NMR (101 MHz,
CDCl3) & = 190.6 (CHO), 166.8 (COO), 162.8 (PhC4), 131.5 (PhC5), 128.7 (PhC1),
127.7 (PhC3), 119.5 (PhC2), 114.5 (PhC6), 83.3 (CMes), 65.8 (CH20), 28.1 (Bu);
HRMS: m/z (ESI") calc. for C13H15"°BrOa4 [°M+Na]*: 337.0053; Obs.: 337.0046; Vmax:
(FT-ATR)/cm™: 2979, 2863, 1746, 1685, 1590, 1486, 1368, 1310, 1218, 1152, 1071,
1028, 843, 613; m.p.: 87-89 °C.

: U B,Piny, Pd(dppf)Cl,, AOK, 6 2 4'
Xoro Br dioxane, 80 °C, 1 h >‘/0ij ™3 BPin
32 33
32 (2.15 g, 6.85 mmol), bis(pinacolato)diboron (4.52 g, 17.8 mmol), 1,1'-
[bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (500 mg, 0.685 mmol) and
potassium acetate (3.62 g, 37.0 mmol) were placed under a nitrogen atmosphere, and
anhydrous dioxane (25 mL) was added. Nitrogen was bubbled through the reaction
mixture for 10 min, which was then stirred at 80 °C for 1 h. After cooling to r.t., the
reaction was concentrated under reduced pressure. The residue was purified via flash
column chromatography on silica gel, eluting with EtOAc:Petrol (15:85). Fractions

containing the product were concentrated under reduced pressure to yield a white solid

(1.87 g, 5.16 mmol, 75%). Data were consistent with those previously reported.?

Rr: 0.38 (15:85, EtOAc:Petrol, UV active); 'H NMR (400 MHz, CDCls) & = 10.39 (s, 1H,
CHO), 7.93 (d, J = 8.8 Hz, 1H, PhH5), 7.26 (d, J = 2.5 Hz, 1H, PhH2), 7.03 (dd, J =
8.8, 2.5 Hz, 1H, PhHS6), 4.59 (s, 2H, CH20), 1.47 (s, 9H, Bu), 1.36 (s, 12H, C(CH3)2);
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13C NMR (101 MHz, CDCls) & = 193.2 (CHO), 167.4 (COO), 161.5 (PhC1), 135.5
(PhC3), 132.0 (PhC4), 130.4 (PhC5), 120.5 (PhC2), 117.2 (PhC6), 84.6 (OC(CHa)2),
82.9 (CMe3), 65.6 (CH20), 28.1 (‘Bu), 25.1 (C(CHs3)2); HRMS: m/z (ESI*) calc. for
C19H27BO6 [M+H]*: 363.1977; Obs.: 363.1977; vmax: (FT-ATR)/cm™: 2979, 2933, 1752,
1686, 1589, 1420, 1340, 1323, 1211, 1147, 1123, 1077, 1052, 964, 849, 734; m.p.:
80-83 °C.

0]

0
I 5 I
TFA, CH,Cl,, 16 h, r.t. 6 2
o) ~ HO
>( o BPin N 01 3 8PN

0] @)
33 34

Trifluoroacetic acid (3.0 mL) was added dropwise to a solution of 33 (1.00 g, 2.76
mmol) in dichloromethane (15 mL), and the mixture was stirred at r.t. for 16 h. The
reaction mixture was then concentrated under reduced pressure and azeotroped with
dichloromethane (4 x 20 mL) to obtain a white powder. (810 mg, 2.65 mmol, 96%).
Data were consistent with those previously reported.®

Rt 0.24 (4:6, EtOAc:Petrol, UV active); 'H NMR (400 MHz, DMSO-ds) & = 10.10 (s,
1H, CHO), 7.85 (d, J = 8.5 Hz, 1H, PhH5), 7.12 (dd, J = 8.5, 2.8 Hz, 1H, PhHS), 7.09
(d, J = 2.8 Hz, 1H, PhH2), 4.80 (s, 2H, CH20), 1.30 (s, 12H, C(CHz3)2); 13C NMR (101
MHz, DMSO-ds) 8 = 194.4 (CHO), 168.4 (COOH), 161.4 (PhC1), 135.2 (PhC3), 131.3
(PhC4), 130.8 (PhC5), 121.0 (PhC2), 116.7 (PhC6), 85.0 (OC(CHa)2), 64.5 (CH20),
25.0 (C(CH3)2); HRMS: m/z (ESI*) calc. for CisH1sBOs [M+H]*: 307.1350; Obs.:
307.1350; vmax: (FT-ATR)/cm™: 2979, 2937, 1763, 1561, 1418, 1371, 1343, 1283,
1203, 1174, 1125, 1072, 960, 850, 691; m.p.: 169-172 °C.

O O

/d (COCI),, CH,Cl,, DMF, /d
HO cl
jﬁo BPin rt, 1h \[ﬁo BPin

0 @)
34 35

Oxalyl chloride (61 L, 0.71 mmol) was added to a solution of 34 (72 mg, 0.24 mmol),
dichloromethane (3 mL) and dimethylformamide (1 drop), and stirred at r.t. for 1 h.

Excess oxalyl chloride and dichloromethane were removed under reduced pressure to
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give the crude product as a brown oil, which was carried forward without further

purification.
0
N-OH
0
0 o)
OH . >
BocHN™ [’ ~ BocHN” )N
o EDC, CH,Cl,, r.t, 1 h o] o

36

A mixture of N-(tert-butoxycarbonyl)glycine (100 mg, 0.571 mmol), N-hydroxy
succinimide (99 mg, 0.857mmol), and  N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (164 mg, 0.86 mmol) in dichloromethane (5 mL) was
stirred at r.t. for 1 h. Dichloromethane (30 mL) was then added and the organic layer
was washed with water (2 x 20 mL) and brine (2 x 20 mL), dried with MgSOa4, filtered
and concentrated under reduced pressure to give a white solid (165 mg, 0.61 mmol,

75%). Data were consistent with those previously reported.*

Rr: 0.27 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCIl3) & = 4.97 (app br s, 1H, NH),
4.28 (d, J =5.9 Hz, 2H, CH2N), 2.84 (s, 4H, OSu), 1.44 (s, 9H, Boc); HRMS: m/z (ESI*)
calc. for C11H16N20es [M+Na]*: 295.0901; Obs.: 295.0901; m.p.: 156-159 °C.

H2N BocHN
OH Boc,0, NaHCO; OH
HoN : BocHN
Dioxane:H,0O
0] (0]

37

Di-tert-butyl dicarbonate (3.05 g, 14 mmol) was added to a solution of 2,3-
diaminopropionic acid (500 mg, 3.5 mmol) and sodium bicarbonate (2.94 g, 10 mmol)
in a mixture of dioxane (15 mL) and water (15 mL), and the reaction was stirred at r.t.
for 18 h. The mixture was then diluted with water (50 mL) and washed with
dichloromethane (2 x 15 mL). The aqueous layer was acidified with hydrochloric acid
(2 M) to pH ~2, and then extracted with dichloromethane (3 x 30 mL). The combined
organic extracts of the acidified aqueous fraction were combined, dried with MgSOa,
filtered, and concentrated under reduced pressure. The residue was purified via flash
column chromatography on silica gel, eluting with MeOH:CH2Cl> (5:95). Fractions
containing the product were concentrated under reduced pressure to yield a colourless

0il (210 g, 0.7 mmol, 20%). Data were consistent with those previously reported.®
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1H NMR (400 MHz, CDCls) & = 6.71 (br s, 1H, NH), 5.19 (br s, 1H, NH), 4.22-4.31 (m,
1H, Ha), 3.46-3.75 (M, 2H, Hg), 1.43 (s, 18H, 2 x Boc).

@)
BocHN EléN_OH BocHN o
O.
BocHN]\WOH o BocHN]ﬁ( b
(e
0 o
38

EDC, CH,Cly, rit., 2 h
37

A mixture of 37 (29 mg, 95 pmol), N-hydroxysuccinimide (16 mg, 0.143 mmol), and N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (28 mg, 0.143 mmol) in
dichloromethane (1.0 mL) was stirred at r.t. for 2 h. Dichloromethane (10 mL) was then
added and the organics were washed with water (2 x 15 mL) and brine (15 mL), dried
with MgSOa, filtered, and concentrated under reduced pressure to give a pink foam (28
mg, 70 umol, 74%). The product was used immediately without any further purification

or analysis.

Rf: 0.28 (1:9, EtOAc:Petrol); HRMS: m/z (ESI*) calc. for C17H27N30s [M+H]*: 402.1871,
Obs.: 402.1874; 'H NMR (400 MHz, CDCI3) 6 = 2.82 (m, 4H, NHS-CH?>), 1.42 (s, 18H,

2 x Boc).
EléN_OH TS
TrtS $ o
O\
BocHN OH BOCHN N
EDC, CH,Cly, rt., 2 h

0
0 o
39

A mixture of Boc-Cys-(Trt)-OH (1.00 g, 2.16 mmol), N-hydroxysuccinimide (372 mg,
3.23 mmol), and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
(620 mg, 3.23 mmol) in dichloromethane (20 mL) was stirred at r.t. for 2 h.
Dichloromethane (30 mL) was then added and the organics were washed with water
(2 x 50 mL) and brine (50 mL), dried with MgSOa, filtered, and concentrated under
reduced pressure to give a white foam. (1.16 g, 0.207 mmol, quantitative yield).

Ri: 0.24 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDClI3) 8 = 7.43 (dd, J =
7.5, 1.7 Hz, 6H, PhH2), 7.29 (t, J = 7.5 Hz, 6H, PhH3), 7.24-7.18 (t, J = 7.5, 1.7 Hz,
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3H, PhH4), 4.86 (d, J = 8.3 Hz, 1H, CHNHBoc), 2.79 (s, 4H, OSu), 2.81-2.76 (m, 1H,
CH2STrt), 2.71-2.66 (m, 1H, CH2STrt), 1.42 (s, 9H, Boc); HRMS: m/z (ESI*) calc. for
C20H30N206S [M+H]*: 536.1658; Obs.: 536.1658; vmax: (FT-ATR)/cm™: 3426, 2978,
1707, 1491, 1444, 1393, 1368, 1217, 1162, 1052, 852, 744, 700, 675, 620, 505; m.p.:
71-74 °C.

Boc,0, NaHCOg,

H
HO-NH;* CI Ho/N\[(O\{/
THF, H,0, o

20 h, r.t.

40

A solution of sodium hydrogen carbonate (2.44 g, 29.0 mmol) in water (30 mL) was
added dropwise to a mixture of hydroxylamine hydrochloride (1.00 g, 14.5 mmol) and
di-tert-butyl dicarbonate (3.16 g, 14.5 mmol) in tetrahydrofuran (20 mL), and the
reaction stirred at r.t. for 20 h. Water (150 mL) was then added, and the aqueous was
extracted with ethyl acetate (2 x 150 mL). The combined organics were washed with
water (30 mL) and brine (2 x 30 mL), dried with MgSOQO, filtered, and concentrated to
afford a colourless oil (1.71 g, 12.9 mmol, 89%). Data were consistent with those
previously reported.5’

Rr: 0.30 (1:9, EtOAc:Petrol); H NMR (400 MHz, CDCI3) & = 7.02 (s, 1H, NH), 1.46 (s,
9H, Boc); *C NMR (101 MHz, CDCI3) & = 158.8 (C=0), 82.3 (CMes), 28.3 (Boc);
HRMS: m/z (ESI*) calc. for CsH1o0NOs [M+Na]*: 156.0633; Obs.: 156.0633.

Br/\[(o\/

) 0]

HO-NHBoc - \O)K/O\NHBOC
KOH, MeOH, 60 °C, 16 h

41

A mixture of ethyl bromoacetate (1.40 mL, 12.6 mmol), UK/NR/037 (1.68 g, 12.6
mmol), and potassium hydroxide (0.71 g, 12.6 mmol) in methanol (15 mL) was stirred
at 60 °C for 16 h. The reaction mixture was then concentrated under reduced pressure.
Water (30 mL) was added to residue and the aqueous was extracted with
dichloromethane (4 x 30 mL). The combined organics were washed with brine (50 mL),
dried with MgSOQu, filtered, and concentrated under reduced pressure. The residue was
purified via flash column chromatography on silica gel, eluting with EtOAc:petrol (2:8).
Pure fractions were concentrated under reduced pressure to provide a yellow solid

(1.36 g, 6.63 mmol, 53%). Data were consistent with those previously reported.®
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R: 0.33 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCl3) d = 7.75 (s, 1H, NH), 4.43 (s,
2H, CH20), 3.77 (s, 3H, OCHs3), 1.48 (s, 9H, Boc); 3C NMR (101 MHz, CDCl3) & =
170.2 (CO), 156.3 (COONH), 82.3 (CMes), 72.6 (CONH), 52.2 (CHs0), 28.2 (Boc);
HRMS: m/z (ESI*) calc. for CsH14aNOs [M+Na]*: 228.0842; Obs.: 228.0841; Vmax: (FT-
ATR)/cm: 3305, 2979, 1737, 1439, 1368, 1216, 1165, 1117, 995, 848, 776, 713, 589;
m.p.: 55-57 °C.

o) LiOH, THF/H,0, 1:1 o)

O\ L ~
\o)K/ NHBoc HO)K/ O~NHBoc
rt., 16 h
41 42

Lithium hydroxide (0.40 g, 16.6 mmol) was added to a solution of 41 (1.36 g, 6.63
mmol) in a mixture of tetrahydrofuran (5 mL) and water (5 mL), and the reaction was
stirred at r.t. for 16 h. The tetrahydrofuran was then removed under reduced pressure
and hydrochloric acid (1 M, 30 mL) was added. The aqueous was extracted with ethyl
acetate (3 x 50 mL) and the combined organics dried with MgSOau, filtered, and
concentrated under reduced pressure to afford a cream-white solid (972 mg, 5.09
mmol, 77%).

Rr: 0.22 (1:1, EtOAc:Petrol); *H NMR (400 MHz, CDCI3) 8 = 11.02 (s, 1H, OH), 8.21 (s,
1H, NH), 4.46 (s, 2H, CH20), 1.47 (s, 9H, Boc); HRMS: m/z (ESI*) calc. for C7H11NOs
[M+H]*: 190.0721; Obs.: 190.0716; vmax: (FT-ATR)/cm™: 3266, 2981, 2936, 1721,
1479, 1395, 1370, 1251, 1163, 1122, 1054, 979, 847, 777, 675; m.p.: 102-105 °C.

0

N—OH 0]
i q a1
O\ O N\ O\
Ho)J\/ NHBoc > (0] NHBoc
0]
42

EDC, CH2C|2, r.t., 2h

A mixture of 41 (920 mg, 4.82 mmol), N-hydroxysuccinimide (831 mg, 7.23 mmol), and
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (1.39 g, 7.23 mmol) in
dichloromethane (20 mL) was stirred at r.t. for 2 h. Dichloromethane (30 mL) was then
added and the organics were washed with water (2 x 30 mL) and brine (30 mL), dried
with MgSOQa, filtered, and concentrated under reduced pressure to give a colourless oil
(2.12 g, 3.89 mmol, 81%).
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R: 0.35 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDClz) & = 7.99 (s, 1H, NH), 4.71 (s,
2H, CH20), 2.81 (s, 4H, CH2CO), 1.41 (s, 9H, Boc); HRMS: m/z (ESI*) calc. for
C11H1sN207 [M+Na]*: 311.0850; Obs.: 311.0840; vmax: (FT-ATR)/cm™: 3230, 2981,
1702, 1395, 1370, 1215, 1162, 1120, 1080, 997, 815, 86, 716, 655; m.p.: 110-114 °C.

BOCQO, K2CO3, (0]
Ho,N—NH,* Hz0 - H2N\NJ\OJ<
1:1 dioxane:H,0, H
rt., 16 h 43

A solution of di-tert-butyl dicarbonate (3.52 g, 16.2 mmol) in dioxane (30 mL) was
added dropwise to a stirred solution of hydrazine monohydrate (3.20 mL, 66.4 mmol)
and potassium carbonate (9.28 g, 66.4 mmol) in water (30 mL), and the mixture stirred
at r.t for 16 h. The reaction mixture was then extracted with diethyl ether (3 x 50 mL),
and the combined organics dried with MgSOa4, filtered, and concentrated under
reduced pressure to give a white solid (2.08 g, 15.8 mmol, 97%).

Rf: 0.18 (8:2, EtOAc:Petrol); *H NMR (400 MHz, CDCl3) & = 3.79 (s, 1H, NH), 1.44 (s,
9H, Boc); 3C NMR (101 MHz, CDCI3) & = 135.9 (CONH), 80.6 (CMes), 28.4 (Boc);
HRMS: m/z (ESI*) calc. for CsH12N202 [M+Na]*: 155.0791; Obs.: 155.0792; Vmax: (FT-
ATR)/cm: 3333, 2978, 2933, 1701, 1489, 1366, 1287, 1161, 1061, 870, 768; m.p.:
40-43 °C.

(6]
Br/ﬁ( ~
(0] H o
H,N—NHBoc BocHN’N\)J\O/\

H50, r.t., 30 min
43 44

Ethyl bromoacetate (840 uL, 7.58 mmol) was added to a stirred solution of 43 (1.50 g,
11.3 mmol) in water (15 mL) and stirred at r.t. for 1 h. The reaction mixture was then
extracted with diethyl ether (3 x 40 mL), and the combined organics were washed with
brine (2 x 50 mL), dried with MgSOa, filtered, and concentrated under reduced
pressure. The residue was purified via flash column chromatography on silica gel,
eluting with EtOAc:Petrol (4:6). Fractions containing the product were concentrated

under reduced pressure to provide a colourless oil (1.12 g, 5.14 mmol, 68%).

Rr: 0.27 (4:6, EtOAc:Petrol); H NMR (400 MHz, CDCls) & = 6.47 (s, 1H, NH), 4.23-
4.13 (M, 2H, CH2CHs), 3.66-3.59 (m, 2H, CH20), 1.42 (s, 9H, Boc), 1.25 (t, J = 7.1 Hz,
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3H, CH2CHz3); *3C NMR (101 MHz, CDCI3) & = 171.2 (COCHz), 135.9 (CONH), 80.8
(CMes3), 61.1 (CH2CHs3), 52.9 (CH2NH), 28.4 (Boc), 14.3 (CH2CH3s); HRMS: m/z (ESI)
calc. for CoH1sN204 [M+Na]*: 241.1159; Obs.: 241.1160; vmax: (FT-ATR)/cm: 3290,
2971, 2926, 2854, 1675, 1557, 1456, 1429, 1151, 1114, 795.

0] LiOH, dioxane/water, 2:1 0]

H H
_N _N
BocHN JJ\o/\ BocHN \)J\OH

40°C,1h
44 45

A solution of lithium hydroxide (749 mg, 31.2 mmol) in water (5 mL) was added to
asolution of 44 (680 mg, 3.12 mmol) in dioxane (10 mL), and the mixture stirred at 40
°C for 1 h. The reaction was then cooled to r.t. and acidified to pH ~4 by addition of
potassium bisulphate (1 M). The aqueous mixture was then extracted with
dichloromethane (3 x 20 mL), and the combined organics were washed with brine (40
mL), dried with MgSO, filtered, and concentrated under reduced pressure to give a
white solid (256 mg, 1.35 mmol, 43%).

Rr: 0.11 (9:1, EtOAc:Petrol); *H NMR (400 MHz, CD30D) & = 3.34-3.23 (m, 2H, CH20),
1.42 (s, 9H, Boc); ¥*C NMR (101 MHz, CD30OD) & = 172.9 (COCH), 135.9 (CONH),
83.3 (CMes), 51.9 (CH2), 27.3 (Boc); HRMS: m/z (ESI*) calc. for C7H14N204 [M+Na]*:
213.0846; Obs.: 213.0846; vmax: (FT-ATR)/cm: 3252, 2978, 2964, 1701, 1536, 1368,
1247, 1148, 1058, 803, 736. m.p: 143-145 °C.

3. Reactive dye synthesis

BPin|O

CI\H/\O

O 35

DMAP, K,CO3, DMF,
rt., 3h
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4-Dimethylaminopyridine (75 mg, 0.62 mmol) was added to a mixture of 1 (104 mg,
0.21 mmol), 35 (77 mg, 0.24 mmol), and potassium carbonate (85 mg, 0.62 mmol) in
anhydrous dichloromethane (5 mL) and stirred at r.t. for 2 h. The reaction mixture was
then precipitated in diethyl ether (400 mL). The solid was then collected by filtration,
washed with diethyl ether (30 mL), and dried in air to give a pink powder. The residue
was purified via flash column chromatography on silica gel eluting with MeOH:CH2Cl2
(5:95). Fractions containing the product were concentrated under reduced pressure to
provide a pink oil, which was redissolved in dichloromethane (30 mL). The organics
were washed with hydrochloric acid (0.1 M, 2 x 10 mL), dried with MgSOu, filtered, and

concentrated under reduced pressure, to give a pink oil (30 mg, 38 umol, 18%).

Rt 0.16 (5:95, MeOH:CHzCl2, visible light active); *H NMR (400 MHz, CD3OD, NMR
data is provided for the acetal) & = 8.48 (dd, J1 = J2 = 13.4 Hz, 1H, CHCHCN), 7.53-
7.48 (m, 2H, H5, H5’), 7.43-7.36 (m, 3H, H7, H7’, H8/H8’), 7.35-7.22 (m, 4H, PhH5,
H6, H6’, H8/H8’,), 7.00 (dd, J = 8.1, 2.6 Hz, 1H, PhH6), 6.85 (d, J = 2.6 Hz, 1H, PhH2),
6.66 (dd, J = 13.4, 5.2 Hz, 1H, CHCN), 6.41 (dd, J = 13.4, 5.2 Hz, 1H, CHCN), 5.47 (s,
1H, CH(OR)2), 4.52 (s, 2H, CH20), 4.26 (t, J = 7.6 Hz, 2H, CH2CH2CH2S0s3), 4.12 (t, J
= 7.6 Hz, 2H, CH2CH2CH2NH), 3.45 (t, J = 7.6 Hz, 2H, CH2NH), 2.97 (t, J = 7.6 Hz, 2H,
CH2S0s3), 2.25-2.20 (m, 2H, CH2CH2S0s3), 2.11-2.01 (m, 2H, CH2CH2NH), 1.72 (s,
12H, CyCHs), 1.21 (s, 12H, C(CHa)2); 3C NMR (101 MHz, CDsOD, NMR data is
provided for the acetal) 6 = 174.7 (CHCHCN), 174.6 (C2, C2’), 170.2 (CONH), 157.4
(PhC1), 150.9 (C3, C3’), 141.9 (C9, C9’), 140.8 (C4, C4’), 134.1 (PhC4), 130.7 (PhC5),
128.8 (C7/CT7’), 128.7 (C7/CT’), 125.5 (C6, C6’), 125.4 (PhC3), 122.2 (C5, C5’), 115.9
(PhC2), 114.4 (PhC®6), 111.2 (C8/C8’), 111.0 (C8/C8’), 102.9 (CHCN), 102.8 (CHCN),
74.5 ((CHs)20), 66.9 (CH2CO0), 49.3 (CH2S0s3), 42.6 (CH2CH2CH2S0s3), 41.6
(CH2CH2CH2NH), 36.1 (CH2NH), 27.0 (CyCHs), 23.9 (CH2CH2NH2), 23.7 (C(CHs3)2),
22.9 (CH2CH2S0s3); HRMS: m/z (ESI*) calc. for CasHs4BN3OsS [M+Na]*: 818.3636;
Obs.: 818.3636; vmax: (FT-ATR)/cm: 3415, 3076, 2915, 1645, 1556, 1454, 1427,
1217, 1149, 1113, 1036, 926, 795, 756, 731, 680, 527.
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MeB(OH),, TFA/CH,Cl,

rt.3h

Trifluoroacetic acid (0.5 mL) was added to a solution of 46 (30 mg, 38 umol) and
methylboronic acid (23 mg, 377 pmol) in dichloromethane (5 mL), and the mixture
stirred at r.t for 3 h. The reaction was azeotroped with dichloromethane (3 x 20 mL),
and hydrochloric acid (0.1 M, 2 x 10 mL) was added, and concentrated under reduced
pressure. The residue was then suspended in water (10 mL) and lypophilised to yield
a pink solid. (26 mg, 38 pmol, quantitative yield).

Rr: 0.12 (5:95, MeOH:CH:Cl2, visible light active); *H NMR (400 MHz, CD3OD, NMR
data is provided for the acetal) & = 8.53 (dd, J1 = J2 = 13.4 Hz, 1H, CHCHCN), 7.55
(dd, J =7.4, 2.8 Hz, 2H, H5, H5’), 7.47-7.39 (m, 3H, H7, H7’, H8/H8’), 7.37-7.27 (m,
4H, PhH5, H6, H6’, H8/H8’), 7.04 (dd, J =8.1, 2.7 Hz, 1H, PhH6), 6.90 (d, J = 2.7 Hz,
1H, PhH2), 6.62 (d, J = 13.4 Hz, 1H, CHCN), 6.46 (d, J = 13.4 Hz, 1H, CHCN), 5.41
(s, 1H, CH(OR)2), 4.57 (s, 2H, CH20), 4.39-4.27 (m, 2H, CH2CH2CH2S03), 4.16 (t, J =
7.2 Hz, 2H, CH2CH2CH2NH), 3.49 (t, J = 7.2 Hz, 2H, CH2NH), 3.02 (t, J = 6.9 Hz, 2H,
CH2S0s3), 2.29-2.25 (m, 2H, CH2CH2S0s3), 2.10 (tt, J1 = J2 = 7.2 Hz, 2H, CH2CH2NH),
1.77 (s, 12H, CyCHs); 3C NMR (101 MHz, CD30OD, NMR data is provided for the
acetal) & = 174.7 (CHCHCN), 174.5 (C2, C2’), 170.2 (CONH), 157.4 (PhC1), 150.8
(C3, C3’), 141.8 (C9, C9'), 140.8 (C4, C4’), 134.1 (PhC4), 130.7 (PhC5), 128.7 (C7,
C7’), 125.4 (C6, C6’), 125.3 (PhC3), 122.1 (C5, C5), 115.9 (PhC2), 114.4 (PhCS6),
111.2 (C8/C8’), 111.0 (C8/C8’), 102.9 (CHCN™), 102.7 (CHCN), 66.9 ((CHs)20), 49.2
(CH2CO), 46.8 (CH2S0s3), 42.6 (CH2CH2CH2SO0s3), 41.5 (CH2CH2CH2NH), 36.1
(CH2NH), 26.9 (CyCHpgs), 26.6 (CH2CH2NH2), 22.8 (CH2CH2S03); HRMS: m/z (ESI*)
calc. for CagHasBN3OsS [M+Na]*: 736.2834; Obs.: 736.2834; Vmax: (FT-ATR)/cm™™:
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3289, 2926, 1676, 1558, 1456, 1429, 1373, 1232, 1151, 1115, 1037, 927, 756, 681,
m.p: 315-320 °C,;

Evidence for the formation of 5 was further provided by
incubating 5 mg with 1.5 equiv. of n-butylamine in
MeOD for 30 min. After this time, exclusive formation of

boronoimine 47 was observed.

'H NMR (400 MHz, CD30D, NMR data is provided for

the acetal) 6 = 8.62 (s, 1H, -CHNCHz2), 8.57 (dd, J1 = J2 °
= 13.4 Hz, 1H, CHCHCN), 7.63 (d, J = 8.3 Hz, 1H,

PhH5), 7.58-7.54 (m, 2H, H5, H5'), 7.48-7.41 (m, 3H, a7 . 6
H7, H7', H8/H8'), 7.35-7.30 (m, 3H, PhH5, H6, H6’, HoX /2 5

H8/H8’), 7.15 (d, J = 2.4 Hz, 1H, PhH2), 6.99 (dd, J = /\//N/

8.3, 2.4 Hz, 1H, PhHS6), 6.63 (d, J = 13.4 Hz, 1H, CHCN), 6.50 (d, J = 13.4 Hz, 1H,
CHCN), 4.64 (s, 2H, CH20), 4.39-4.33 (m, 2H, CH2CH2CH2S03), 4.22 (t, J = 7.5 Hz,
2H, CH2CH2CH2NH), 3.57 (t, J = 7.7 Hz, 2H, CH2NH), 3.48 (t, J = 7.0 Hz, 2H, -
CHNCH>), 3.00 (t, J = 6.7 Hz, 2H, CH2S03), 2.29-2.23 (m, 2H, CH2CH2S03), 2.15-2.10
(m, 2H, CH2CH2NH), 1.79 (s, 12H, CyCHs), 1.52-1.38 (m, 2H, -CHNCH2CH>CH>), 1.01
(t, 3H, -CHa).

S
.0
&l \n/\NHBoc
N (6]
o)
L 36
NH,
Etz;N, CHoCly, rit., 3 h

8 FO
f f NHBoc
2 ) 48

A mixture of 2 (30 mg, 56 pmol), 36 (31 mg, 0.112 mmol), and triethylamine (39 pL,

0.280 mmol) in dichloromethane (3 mL) was stirred at r.t. for 3 h. The reaction was
then concentrated under reduced pressure and the residue was purified via flash
column chromatography on silica gel, eluting with MeOH:CH2Cl2> (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a blue oll
(30 mg, 44 pumol, 77%).
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Rr: 0.38 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CDz0D) & = 8.20
(dd, J1 = J2 = 13.5 Hz, 2H, CHCHCN), 7.43 (dd, J = 7.9, 2.6 Hz, 2H, H5, H5’), 7.37-
7.30 (m, 3H, H7, H7’, H8/H8’), 7.30-7.27 (m, 1H, H8/H8’), 7.19 (dd, J=7.9, 2.8 Hz, 2H,
H6, Hf’), 6.67 (dd, J1 = J2 = 13.5 Hz, 1H, CHCHCHCN), 6.38 (d, J = 13.5 Hz, 1H,
CHCN), 6.27 (d, J =13.5 Hz, 1H, CHCN), 4.34-4.26 (m, 2H, CH2CH2CH2S03), 4.08 (t,
J = 7.6 Hz, 2H, CH2CH2CH2NH), 3.70 (s, 2H, CH2NHBoc), 3.36 (t, J = 7.6 Hz, 2H,
CH2NH), 2.97 (t, J = 7.5 Hz, 2H, CH2S03), 2.22 (tt, J1 = J2 = 7.5 Hz, 2H, CH2CH2S03),
1.95 (tt, J1 = J2 = 7.6 Hz, 2H, CH2CH2NH), 1.65 (s, 12H, CyCHa), 1.42 (s, 9H, Boc);
13C NMR (101 MHz, CDs0OD) 6 = 173.1 (C2, C2’), 171.8 (C3, C3’), 169.9 (CON), 157.2
(CHCHCN), 154.4 (CHCHCN), 142.2 (C9/C9’), 142.0 (C9/C9’), 141.3 (C4/4’), 141.2
(C4/C4’),130.1 (C7,CT7’),129.9 (C7,C7’), 126.0 (CHCHCHCN), 124.9 (C6/CF6’), 124.8
(C6/CB’), 122.1 (C5, C5’), 110.8 (C8/C8’), 110.7 (C8/C8’), 103.3 (CHCN), 103.1
(CHCN), 79.4 (CH2NHBoc), 79.1, (CMes), 49.2 (CH2S0s3), 42.4 (CH2CH2CH2S03),
41.5 (CH2CH2CH2NH), 36.4 (CH2NH), 27.4 (Boc), 26.9 (CH2CH2NH), 26.6 (CyCHs),
22.8 (CH2CH2S03); HRMS: m/z (ESI*) calc. for C3sHsoN4Os [M+Na]*: 713.3343; Obs.:
713.3351; vmax: (FT-ATR)/cm:3300, 2968, 2924, 2852, 1702, 1659, 1492, 1482,
1453, 1378, 1338, 1216, 1138, 1102, 1035, 925, 709, 522.

}
Fo s °N Fo
NHBoc f TFA™ NH3*

Trifluoroacetic acid (1.0 mL) was added to a solution of 48 (30 mg, 44 umol) in

dichloromethane (5 mL) and stirred at r.t. for 2 h. The reaction mixture was then
concentrated under reduced pressure to ~5 mL, and the remaining solution added
dropwise to diethyl ether (200 mL). The resultant precipitate was collected by filtration,
washed with diethyl ether (30 mL), and dried in air. The solid was then dissolved in
methanol (30 mL) and concentrated under reduced pressure to give a blue oil (19 mg,
32 umol, 73%).
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R: 0.21 (5:95, CH2Cl2:MeOH, visible light active); *H NMR (400 MHz, CDz0D) 8 = 8.10
(d, J =13.6 Hz, 2H, CHCHCN), 7.40 (dd, J1 = J2 =7.5 Hz, 2H, H5, H5’), 7.34 (t, J =
7.5 Hz, 2H, H7, H7’), 7.29 (dd, J = 7.9, 2.5 Hz, 2H, H8, H8’), 7.15(dd, J1=J2 =7.5
Hz, 2H, H6, H6’), 6.61 (dd, J1 = J2 =13.6 Hz, 1H, CHCHCHCN), 6.48 (d, J = 13.6 Hz,
1H, CHCN), 6.17 (d, J = 13.6 Hz, 1H, CHCN), 4.32 (t, J = 7.5 Hz, 2H, CH2CH2CH2S03),
4.13 (t, J = 7.4 Hz, 2H, CH2CH2CH2NH), 3.81 (s, 2H, CH2NHs*), 3.42 (t, J = 7.4 Hz,
2H, CH2NH), 3.03 (t, J = 7.5 Hz, 2H, CH2S03), 2.23 (tt, J1 = J2 = 7.5 Hz, 2H,
CH2CH2S03), 1.96 (tt, J1 = J2 = 7.4 Hz, 2H, CH2CH2NH), 1.59 (s, 12H, CyCHa); 3C
NMR (101 MHz, CD3OD) & = 173.5 (C2, C2'), 172.7 (C3, C3’), 166.4 (CO), 154.2
(CHCHCN), 153.7 (CHCHCN), 142.0 (C9, C9’), 141.3 (C4,C4’), 128.4 (C7,CT7’), 126.1
(CHCHCHCN), 125.0 (C6, C6’), 122.1 (C5, C5’), 110.7 (C8, C8’), 103.9 (CHCN), 49.1
(CH2NHs), 47.5 (CH2S0s3), 45.3, 41.4 (CH2CH2CH2S0s3), 40.4 (CH2CH2CH2NH), 36.5
(CH2NH), 26.9 (CH2CH2NH), 26.6 (CyCHs), 22.8 (CH2CH2S03); HRMS: m/z (ESI*)
calc. for CasH42N404S [M+H]*: 591.3014; Obs.: 591.3000; Vmax: (FT-ATR)/cm™: 2918,
2856, 1683, 1495, 1461, 1388, 1145, 1106, 1034, 928, 799, 752, 710.

BocHN 38
0
BocHN O\N
o)
0
6

Et3N, CHzclz, r.t., 2h

LNHZ

A mixture of 2 (19 mg, 36 umol), 38 (28 mg, 70 umol), and triethylamine (24 uL, 0.18
mmol) in dichloromethane (1 mL) was stirred at r.t. for 2 h. The reaction mixture was
then concentrated under reduced pressure, and the residue was purified via flash
column chromatography on silica gel, eluting with MeOH:CH2Cl2> (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a blue
oil. (11 mg, 13 pmol, 38%).

Rt: 0.32 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3OD) & = 8.22
(dd, J = 13.0 Hz, 2H, 2 x CHCHCN), 7.44 (d, J = 7.3 Hz, 2H, H5, H5’), 7.40-7.36 (m,
2H, H7, H7’), 7.36-7.28 (m, 2H, H8, H8’), 7.20 (dd, J1 = J2 = 7.3 Hz, 2H, H6, HE’), 6.67
(dd, J1 = J2= 13.0 Hz, 1H, CHCHCHCN), 6.38 (d, J = 13.0 Hz, 1H, CHCN), 6.29 (t, J

S27



= 13.0 Hz, 1H, CHCN), 4.40-4.24 (m, 2H, CH2CH2CH2S03), 4.13-4.07 (m, 3H,
CH2CH2CH2NH, CHCO), 3.40-3.33 (m, 2H, CH2NH), 3.30-3.23 (m, 2H, CH2NHBoC),
2.98 (t, J = 6.9 Hz, 2H, CH2S0s), 2.23 (it, J1 = J2 = 6.9 Hz, 2H, CH2CH2S03), 1.97 (tt,
Ji =J2=7.0 Hz, 2H, CH2CH2NH), 1.66 (s, 12H, CyCH?s), 1.40 (s, 18H, 2 x Boc); *3C
NMR (101 MHz, CDs30OD) & = 173.1 (C2, C2), 172.2 (C3, C3’), 167.8 (CON), 157.4
(CHCHCN), 156.5 (CHCHCN), 142.2 (C9/C9’), 142.1 (C9/C9’), 141.3 (C4/C4’), 141.2
(C4/C4’),128.5 (C7,C7’), 126.1 (CHCHCHCN), 124.8 (C6, C6’), 122.1 (C5, C5’), 110.8
(C8, C8’), 103.1 (CHCN), 103.4 (CHCN), 80.9 (CMes), 80.6 (CMes3), 56.0 (CH2NHBoC),
49.3 (CHCO), 48.3 (CH2S0s3), 42.7 (CH2CH2CH2S03), 41.5 (CH2CH2CH2NH), 36.6
(CH2NH), 27.4 (CyCHs), 26.6 (Boc), 26.6 (CH2CH2NH), 22.8 (CH2CH2S0Os3); HRMS:
m/z (ESI*) calc. for CasHeiNsOsS [M+H]*: 820.4314; Obs.: 820.4341; Vmax: (FT-
ATR)/cmt: 3655, 2981, 2927, 1707, 1481, 1453, 1381, 1138, 1101, 1035, 926, 803,
753, 709, 552; m.p.: 168-171 °C.

]
Wy oWl
NHBoc f TFA NH5*

0,8 . TFA-

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 49 (11 mg, 13
pmol) in dichloromethane (9 mL) and the mixture was stirred at r.t. for 2 h. The reaction
was then concentrated under reduced pressure to ~5 mL, and the remaining solution
added dropwise to diethyl ether (200 mL). The resultant precipitate was collected by
filtration, washed with diethyl ether (30 mL), and dried in air. The solid was then
dissolved in methanol (10 mL) and concentrated under reduced pressure to afford a
blue oil. (10 mg, 13 pmol, quantitative yield).

R: 0.15 (1:9, MeOH:CH2Cl2, visible light active); *H NMR (400 MHz, CDsOD) & = 8.13
(dd, J1 = J2 = 13.6 Hz, 2H, 2 x CHCHCN), 7.48-7.40 (m, 2H, H5, H5'), 7.38-7.34 (m,
2H, H7, H7’), 7.32-7.25 (m, 2H, H8, H8"), 7.25-7.12 (m, 2H, H6, H6'), 6.66 (dd, J1 = J2
= 13.6 Hz, 1H, CHCHCHCN), 6.52 (d, J = 13.6 Hz, 1H, CHCN), 6.21 (d, J = 13.6 Hz,
1H, CHCN), 4.36-4.32 (m, 3H, CH2CH2CH2SO3/CHCO), 4.19-4.15 (m, 2H,
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CH2CH2CH2NH), 3.60-3.54 (m, 2H, CHaNH), 3.44-3.38 (m, 2H, CH2S03), 3.08 (t, J =
7.0 Hz, 2H, CHaNHs*), 2.24 (tt, J1 = J2 = 7.5 Hz, 2H, CH2CH2S0s), 2.02 (tt, J1 = Jo =
7.0 Hz, 2H, CH2CH2NH), 1.62 (s, 12H, CyCHs); $3C NMR (101 MHz, CD3OD) & = 174.9
(C2, C2'), 174.2 (C3, C3'), 168.5 (CON), 155.5 (CHCHCN), 154.9 (CHCHCN), 143.4
(C9, C9), 142.7 (C4, C4’), 129.3 (C7, C7’), 126.9 (CHCHCHCN), 126.3 (C6, C6’),
123.6, (C5, C5’), 111.9 (C8, C8'), 105.5 (CHCN), 104.4 (CHCN), 57.4 (CH2NHs*), 50.6
(CHCO), 50.5 (CH2SOs), 44.3 (CH2CH2CH2S03), 42.8 (CH2CH2CH2NH), 38.4
(CH:2NH), 28.4 (CyCHs), 24.5, (CH2CH2NH), 24.2 (CH2CH2S03); HRMS: m/z (ESI*)
calc. for CasHasNsO4S [M+H]*: 620.3265; Obs.: 620.3265; vmax: (FT-ATR)/cm'’: 2978,
2929, 1680, 1488, 1456, 1384, 1145, 1038 1018, 995, 926, 800; m.p.: 178-181 °C.

TrtS 39
0
BocHN O\N
o)
0 6

Et3N, CH2CI2, r.t., 2h 7

NHBoc

A mixture of 2 (30 mg, 56 umol), 39 (90 mg, 0.169 mmol), and triethylamine (29 pL,
0.280 mmol) in dichloromethane (2 mL) was stirred at r.t. for 2 h. The reaction mixture
was then concentrated under reduced pressure and the residue was purified via flash
column chromatography on silica gel, eluting with MeOH:CH2Cl2 (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a blue
solid (45 mg, 46 umol, 84%). The product was carried into the next step without further
characterisation.

Rf: 0.32 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD30D) & = 8.24
(dd, J=13.5,13.0 Hz, 2H, 2 x CHCHCN), 7.45 (dd, J=7.3, 2.2 Hz, 2H, H5, H5’), 7.42-
7.38 (m, 2H, H7, H7’), 7.34 (d, J = 7.7 Hz, 6H, TrtPhH2), 7.31-7.26 (m, 2H, H8, H8’),
7.26-7.20 (m, 8H, TrtPhH3 / H6, H6’), 7.17 (t, J = 7.7 Hz, 3H, TrtPhH4), 6.63 (dd, J1 =
J2 = 13.0 Hz, 1H, CHCHCHCN), 6.34 (d, J = 13.5 Hz, 1H, CHCN), 6.25 (d, J = 135
Hz, 1H, CHCN), 4.30 (t, J = 8.3 Hz, 2H, CH2CH2CH2S0s3), 4.04 (t, J = 6.9 Hz, 2H,
CH2CH2CH2NH), 3.96 (t, J = 6.9 Hz, 1H, CHCO), 3.33 (d, J = 6.9 Hz, 2H, CH2NH),
2.95 (t, J = 7.0 Hz, 2H, CH2STrt), 2.57-2.42 (m, 2H, CH2S03), 2.24-2.17 (m, 2H,
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CH2CH2S0s3), 1.99-1.92 (m, 2H, CH2CH2NH), 1.68 (s, 12H, CyCHs3), 1.40 (s, 9H, Boc);
HRMS: m/z (ESI*) calc. for CssHesN4OsS2 [M+H]*: 979.4497; Obs.: 979.4542; Vmax:
(FT-ATR)/cm™: 3419, 2925, 2859, 1711, 1489, 1455, 1382, 1338, 1216, 1140, 1104,
1036, 1018, 926, 750, 707; m.p.: 167-154 °C.

NHBoc

Trifluoroacetic acid (2 mL) was added dropwise to a stirred solution of 50 (40 mg, 41
pmol) and triisopropylsilane (43 pL, 0.210 mmol) in dichloromethane (10 mL), and the
mixture stirred at r.t. for 1 h. The reaction was then concentrated under reduced
pressure to ~5 mL, and the remaining solution added dropwise to diethyl ether (200
mL). The resultant precipitate was collected by filtration, washed with diethyl ether (30
mL), and dried in air. The solid was then dissolved in methanol (10 mL) and

concentrated under reduced pressure to afford a blue oil. (22 mg, 35 pumol, 86%).

R: 0.29 (1:9, MeOH:CHzCl2, visible light active); *H NMR (400 MHz, CDsOD) & = 8.13
(dd, J=13.5,13.0 Hz, 2H, 2 x CHCHCN), 7.41 (dd, J = 7.4, 1.1 Hz, 2H, H5, H5’), 7.38-
7.33 (m, 2H, H7, H7’), 7.33-7.26 (m, 2H, H8, H8’), 7.17 (ddd, J1 =J>=7.5,J3= 1.0
Hz, 2H, H6, H6’), 6.64 (dd, J1 = J2 = 13.0 Hz, 1H, CHCHCHCN), 6.48 (d, J = 13.5 Hz,
1H, CHCN), 6.21 (d, J=13.5 Hz, 1H, CHCN), 4.34 (t, J = 7.4 Hz, 2H, CH2CH2CH2S03),
4.18-4.10 (m, 3H, CH2CH2CH2NH, CHCO), 3.53-3.40 (m, 2H, CH2NH), 3.17-3.11 (m,
1H, CH2SH), 3.09-3.00 (m, 3H, CH2SOs, CH2SH), 2.26-2.20 (m, 2H, CH2CH2S03),
2.05-1.93 (m, 2H, CH2CH2NH), 1.61 (s, 12H, CyCHs); 13C NMR (101 MHz, CDzOD) &
= 1735 (C2, C2’), 172.7 (C3, C3), 167.5 (CONH), 154.3 (CHCHCN), 153.7
(CHCHCN), 142.0 (C9/C9’), 141.3 (C9/C9’), 142.0 (C4/C4’), 141.3 (C4/C4’), 128.4
(C7,CT7’), 126.2 (CHCHCHCN), 125.0 (C6/C6’), 124.8 (C6/C6’), 122.1 (C5, C5’), 110.7
(C8/C8), 110.4 (C8/C8'’), 103.9 (CHCN), 102.9 (CHCN), 54.9 (CH2SH), 49.1 (CHCO),
48.3 (CH2S03), 42.6 (CH2CH2CH2S03), 41.5 (CH2CH2CH2NH), 36.8 (CH2NH), 26.9
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(CyCHs), 26.6 (CH2CH2NH), 22.8 (CH2CH2S03); HRMS: m/z (ESI*) calc. for
C34H44N404S2 [M+H]*: 637.2877; Obs.: 637.2873; vmax: (FT-ATR)/cm: 3412, 2966,
1677, 1490, 1455, 1381, 1338, 1202, 1139, 1101, 1035, 1016,925, 798, 751, 709;
m.p.: 194-197 °C.

6]
(0]
N O.
O)J\/ NHBoc
(0] 42

Et;N, CH,Cly, r.t., 2 h

NH»

A mixture of 2 (30 mg, 56 umol), 42 (49 mg, 0.170 mmol), and triethylamine (29 pL,
0.28 mmol) in dichloromethane (2 mL) was stirred for atr.t. for 2 h. The reaction mixture
was then concentrated under reduced pressure and the residue was purified via flash
column chromatography on silica gel, eluting with MeOH:CH2Cl2> (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a blue oll
(15 mg, 21 pmol, 38%).

Rf: 0.24 (1:9, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CDCls) & = 9.00
(s, 1H, NHBoc), 7.86-7.78 (m, 2H, 2 x CHCHCN) 7.39-7.32 (m, 2H, H5, H5), 7.31 (d,
J=7.8Hz, 2H, H7, H7’), 7.24-7.18 (m, 1H, H8/H8’), 7.20-7.12 (m, 2H, H8/H8’, H6/HE’),
7.10 (d, J = 7.8 Hz, 1H, H6/H6’), 7.08-7.03 (m, 1H, CHCN), 6.92-6.66 (m, 1H, 2 x
CHCN), 6.05 (dd, J1 =J2= 13.4 Hz, 1H, CHCHCHCN), 4.48 (s, 2H, CH20), 4.46-4.40
(M, 2H, CH2CH2CH2S0s), 4.07 (t, J = 7.8 Hz, 2H, CH2CH2CH2NH), 3.45 (t, J = 7.8 Hz,
2H, CH2NH), 3.03 (t, J = 7.5 Hz, 2H, CH2S0s3), 2.32-2.21 (m, 2H, CH2CH2S03), 2.09-
1.98 (M, 2H, CH2CH2NH), 1.64 (s, 12H, CyCHz), 1.37 (s, 9H, Boc); 33C NMR (101 MHz,
CDCls) 6 = 174.7 (C2/C2’), 174.3 (C2/C2"), 172.3 (C3/C3"), 172.1 (C3/C3’), 160.6
(CON), 155.3 (CHCHCN), 155.0 (CHCHCN), 143.5 (C9, C9'), 142.2 (C4, C4’), 130.4
(C7I/CT’), 130.3 (C7/CT7’), 128.9 (CHCHCHCN), 126.8 (C6/C6’), 126.4 (C6/C6’), 123.7
(C5/C5’), 123.6 (C5/C5’), 112.3 (C8/C8’), 111.9 (C8/C8’), 104.6 (CHCN), 104.5
(CHCN), 80.8 (CMe3), 77.5 (CH20), 48.9 (CH2SO0s’), 47.6 (CH2CH2CH2S0s"), 43.3
(CH2CH2CH2NH), 37.2 (CH2NH), 29.7 (Boc), 29.0 (CH2CH2NH), 26.8 (CyCHs), 24.9
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(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for C3sHsoN4O7S [M+H]*: 707.3473; Obs.:
707.3492.

/
0,38 51 BocHN

Trifluoroacetic acid (4 mL) was added dropwise to a stirred solution of 51 (30 mg, 42
pmol) in dichloromethane (4 mL) and the mixture was stirred at r.t. for 2 h. The reaction
was then concentrated under reduced pressure to ~5 mL, and the remaining solution
added dropwise to diethyl ether (400 mL). The resultant precipitate was collected by
filtration, washed with diethyl ether (30 mL), and dried in air. The solid was dissolved
in methanol (10 mL) and concentrated under reduced pressure to afford a blue oil (20
mg, 31 pumol, 74%).

Rf: 0.21 (1:9, MeOH:CH2Cly, visible light active); *H NMR (400 MHz, CDsOD) & = 8.24
(dd, J1 =J2=13.5 Hz, 2H, 2 x CHCHCN), 7.98 (t, J = 6.1 Hz, 1H, NHCO), 7.45 (d, J =
7.5 Hz, 2H, H5, H5’), 7.41-7.33 (m, 3H, H7, H7’, H8/H8’), 7.31-7.17 (m, 3H, H6, HE’,
H8/H8’), 6.64 (dd, J1 = J2 = 13.0 Hz, 1H, CHCHCHCN), 6.40 (d, J = 13.5 Hz, 1H,
CHCN), 6.26 (d, J = 13.5 Hz, 1H, CHCN), 4.43 (s, 2H, CH20), 4.32 (t, J = 7.2 Hz, 2H,
CH2CH2CH2S0s3), 4.09 (t, J = 7.6 Hz, 2H, CH2CH2CH2NH), 3.43-3.36 (m, 2H, CH2NH),
2.97 (t, J=7.2 Hz, 2H, CH2SO03), 2.22 (tt, J1 = J2 = 7.2 Hz, 2H, CH2CH2S0s3), 2.01 (i,
J1=J2=7.6 Hz, 2H, CH2CH2NH), 1.94 (s, 3H, CHs), 1.83 (s, 3H, CHs), 1.68 (s, 12H,
CyCHs). *C NMR (101 MHz, CDsOD) & = 174.5 (C2/C2’), 173.7 (C2/C2’), 173.5
(C3/C3’), 173.1 (C3/C3’), 172.0 (CON), 157.8 (CHCHCN), 154.6 (CHCHCN), 142.2
(C9/C9’), 142.1 (C9/C9’), 141.3 (C4/C4’), 141.2 (C4/C4’), 128.5 (C7ICT’), 128.4
(C7ICT’), 125.8 (CHCHCHCN), 125.0 (C6/C6’), 124.8 (C6/C6’), 122.1 (C5/C5’), 122.1
(C5/C%’), 110.8 (C8/C8’), 110.5 (C8/C8’), 103.4 (CHCN), 102.9 (CHCN), 71.8 (CH20),
49.3 (C=N), 49.2 (CH2S0s3), 42.7 (CH2CH2CH2S0s3), 41.3 (CH2CH2CH2NH), 36.2
(CH2NH), 27.6 (CyCHs), 26.9 (CH2CH2NH), 26.6 (CHs), 26.5 (CHs), 22.8
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(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for C3sHasN4OsS [M+H]*: 647.3261: Obs.:
647.3261;

H,0, HCI, 80 °C, 2 h

;T
.

52 (15 mg, 23 pmol) was dissolved in hydrochloric acid (0.1 M 3 mL,) and stirred at 80

°C for 2 h. The reaction mixture was then lyophilised to give the product as a blue oil
(14 mg, 23 umol, 99%). Due to the reactivity of the oxime, the product was used directly

in the next experiments without further analysis.

Rt: 0.14 (1:9, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3OD) & = 8.30-
8.24 (m, 2H, 2 x CHCHCN), 7.49-7.43 (m, 2H, H5, H5’), 7.46-7.39 (m, 3H, H7, H7,
H8/H8’), 7.33-7.24 (m, 3H, H6, H6’', H8/H8’), 6.68 (dd, J1 = J2 = 12.4 Hz, 1H,
CHCHCHCN), 6.59 (d, J = 13.7 Hz, 1H, CHCN), 6.24 (d, J = 13.7 Hz, 1H, CHCN), 4.64
(s, 2H, CH20), 4.41-4.35 (m, CH2CH2CH2S0s3), 4.18-4.10 (m, 2H, CH2CH2CH2NH),
3.46-3.42 (m, 2H, CH2NH), 3.05-2.98 (m, 2H, CH2SO0s3), 2.24-2.30 (m, 2H,
CH2CH2S0s3), 2.10-2.02 (m, 2H, CH2CH2NH), 1.76 (s, 12H, CyCHs); HRMS: m/z (ESI*)
calc. for C33Ha2N4OsS [M+H]*: 607.2949: Obs.: 607.2964.

\"/\
(0]
E 45
NH,

T3P, Et3N, CH,Cly,

rt, 2h
§ 2

Propylphosphonic anhydride solution (50% w/w in EtOAc, 44 L, 140 umol) was added

to a stirred solution of 2 (30 mg, 56 pumol), 45 (21 mg, 112 umol), and triethylamine (39
pL, 281 umol) in dichloromethane (3 mL) dropwise at 0 °C. The solution was then
stirred at r.t. for 16 h. The reaction was concentrated under reduced pressure and the
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residue purified via flash column chromatography on silica gel, eluting with
MeOH:CHz2Cl2 (5:95). Fractions containing the product were concentrated under

reduced pressure to provide a blue oil (18 mg, 18 pumol, 45%).

Rf: 0.28 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3z0D) 6 = 8.18
(dd, J=13.3, 12.5 Hz, 2H, 2 x CHCHCN), 7.43 (dd, J = 7.6, 2.3 Hz 2H, H5, H5’), 7.39-
7.31 (m, 3H, H7, H7’, H8/H8’), 7.31-7.25 (m, 1H, H8/H8’), 7.25-7.16 (m, 2H, H6, HE’),
6.60 (dd, J1 = J2 =12.5 Hz, 1H, CHCHCHCN), 6.52 (d, J = 13.3 Hz, 1H, CHCN), 6.16
(d, J = 13.3 Hz, 1H, CHCN), 5.47 (s, 1H, CH2NH), 4.34 (t, J = 7.6 Hz, 2H,
CH2CH2CH2S03), 4.14 (t, J = 7.8 Hz, 2H, CH2CH2CH2NH), 3.54 (s, 2H,
CH2NHNHBoc), 3.38 (t, J = 7.8 Hz 2H, CH2NH), 2.98 (t, J = 7.6 Hz, 2H, CH2S03), 2.22
(tt, J1=J2 =7.6 Hz, 2H, CH2CH2S03), 2.00 (tt, J1 = J2 = 7.8 Hz, 2H, CH2CH2NH), 1.64
(s, 12H, CyCHzs), 1.45 (s, 9H, Boc); 3C NMR (101 MHz, CD30D) & = 172.9 (C2, C2),
172.8 (C3, C3’), 163.5 (CON), 154.3 (CHCHCN), 153.7 (CHCHCN), 142.0 (C9, C9),
141.3 (C4/C4’), 141.2 (C4/C4’), 128.5 (C7ICT’), 128.4 (C7/CT7’), 125.0 (CHCHCHCN),
124.8 (C6, C6’), 122.1 (C5, C5’), 110.8 (C8/C8’), 110.5 (C8/C8’), 103.8 (CHCN), 102.9
(CHCN), 79.3, (CMe3), 54.9 (CH2NHNHBoC), 46.5 (CH2S03), 42.6 (CH2CH2CH2S03),
41.2 (CH2CH2CH2NH), 36.2 (CH2NH), 27.3 (Boc), 26.9 (CyCHs), 26.6 (CH2CH2NH),
22.7 (CH2CH2S03); HRMS: m/z (ESI*) calc. for C3sHs1NsOsS [M+Na]*: 728.3488,;
Obs.: 728.3488; vmax: (FT-ATR)/cm™: 3267, 2974, 2929, 1705, 1658, 1492, 1456,
1338, 1141, 1104, 1018, 926, 802, 756.

TFA, CH,Cly, rit.,, 2 h

/
0,8 BocHN 0,8 TFA" *HaN

Trifluoroacetic acid (1 mL) was added to a solution of 53 (13 mg, 18 pmol) in
dichloromethane (5 mL) and stirred at r.t. for 2 h. The reaction mixture was then added
dropwise into diethyl ether (400 mL). The resultant precipitate was collected by

filtration, washed with diethyl ether (30 mL), and dried in air. The solid was then
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dissolved in methanol (30 mL) and concentrated under reduced pressure to give a blue
oil (11 mg, 18 umol, quantitative yield).

R: 0.13 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3z0D) & = 8.19
(dd, J=13.3,12.5 Hz, 2H, 2 x CHCHCN), 7.44 (dd, J = 7.3, 2.0 Hz, 2H, H5, H5’), 7.41-
7.33 (m, 3H, H7, H7’, H8/H8’), 7.28 (d, J = 7.9 Hz, 1H, H8/H8’) 7.25-7.16 (m, 2H, H6,
H6’), 6.63 (dd, J1 = J> = 12.5 Hz, 1H, CHCHCHCN), 6.52 (d, J = 13.3 Hz, 1H, CHCN),
6.18 (d, J = 13.3 Hz, 1H, CHCN), 4.35 (t, 2H, J = 7.0 Hz, CH2CH2CH2S0:3), 4.13 (t, J
= 6.9 Hz, 2H, CH2CH2CH2NH), 3.75 (s, 2H, CH2NHNH>), 3.39 (t, J = 6.9 Hz, 2H,
CH2NH), 3.01 (t, J=7.0 Hz, 2H, CH2S03), 2.23 (tt, J1 =J2 =7.0 Hz, 2H, CH2CH2S03),
1.99 (tt, J1 = J2 = 6.9 Hz, 2H, CH2CH2NH), 1.66 (s, 12H, CyCHz); *3C NMR (101 MHz,
CDs30D) 6 = 173.6 (C2, C2’), 172.8 (C3, C3’), 163.2 (CON), 154.4 (CHCHCN), 153.8
(CHCHCN), 142.0 (C9, C9’), 141.2 (C4, C4’), 128.5 (C7, C7’), 125.0 (CHCHCHCN),
124.8 (C6, C6’), 122.1 (C5, C5’), 110.7 (C8/C8’), 110.4 (C8/C8’), 104.0 (CHCN), 102.6
(CHCN), 49.2 (CH2NHNH2), 47.2 (CH2SOs), 42.4 (CH2CH2CH2S03), 41.2
(CH2CH2CH2NH), 36.3 (CH2NH), 26.9 (CyCHs), 26.6 (CH2CH2NH), 22.7
(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for C33HasNsO4S [M+H]*: 606.3109; Obs.:
606.3122; vmax: (FT-ATR)/cm™: 3294, 2923, 2853, 1678, 1495, 1458, 1385, 1338,
1144, 1105, 1038, 926, 751.

4. Synthesis of control substrates for FRET studies

)

L A

CH,Cly, rt., 1h

Acetyl chloride (7 pL, 99 pmol) was added to a solution of 2 (10 mg, 19 umol) in
dichloromethane (3 mL) and stirred at r.t. for 1 h. The reaction mixture was then
concentrated under reduced pressure and the residue was purified via flash column

chromatography on silica gel, eluting with MeOH:CH2Cl2 (5:95). Fractions containing
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the product were concentrated under reduced pressure to provide a blue oil (7 mg, 12
pmol, 64%).

R: 0.29 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3z0D) & = 8.30
(dd, J1 = J2 = 13.1 Hz, 2H, CHCHCN), 7.53-7.47 (m, 2H, H5, H5’), 7.45-7.41 (m, 3H,
H7, H7’, H8/H8’), 7.31-7.25 (m, 3H, H6, H6’, H8/H8’), 6.68 (dd, J1 = J2 = 13.1 Hz, 1H,
CHCHCHCN), 6.47 (d, J = 13.1 Hz, 1H, CHCN), 6.30 (d, J = 13.1 Hz, 1H, CHCN), 4.37
(t, J = 7.5 Hz, 2H, CH2CH2CH2S0s3), 4.15 (t, J = 7.5 Hz, 2H, CH2CH2CH2NH2), 3.34-
3.30 (m, 2H, CH2NH2), 3.01 (t, J = 7.5 Hz, 2H, CH2S03), 2.27 (tt, J1 = J2 = 7.5 Hz, 2H,
CH2CH2S0s3), 2.03 (tt, J1 = J2 = 7.5 Hz, 2H, CH2CH2NH?2), 1.99 (s, 3H, COCHz3), 1.74
(s, 12H, CyCHs); 3C NMR (101 MHz, CD3OD) & = 173.5 (C2, C2’), 172.9 (C3/C3’),
172.2 (C3/C3’), 164.7 (CON), 154.6 (CHCHCN), 154.1 (CHCHCN), 142.1 (C9, C9),
141.3 (C4, C4'), 128.4 (C7, C7’), 125.8 (CHCHCHCN), 125.0 (C6, Cf’), 122.0 (C5,
C5’), 110.6 (C8, C8), 103.1 (CHCN), 102.8 (CHCN), 49.2 (CH2SO0s), 46.5
(CH2CH2CH2S0s3), 41.9 (CH2CH2CH2NH?2), 36.5 (CH2NH), 26.7 (CyCHs), 26.4 (CHs),
26.5 (CH2CH2NH2), 22.7 (CH2CH2S0s3); HRMS: m/z (ESI*) calc. for Cs3H41N304S
[M+H]*: 576.2891; Obs.: 576,2905; vmax: (FT-ATR)/cm™: 3288, 3054, 2921, 2850,
1657, 1492, 1452, 1377, 1337, 1217, 1137, 1099, 1016, 926, 796, 708, 593.

HO Q
(0] )< m/\Br J<
HO 3
o1
HO K,COs3, r 2
54

DMF, 80 °C, 16 h

A mixture of tert-butyl 4-hydroxybenzoate (1.00 g, 5.15 mmol), bromoacetic acid (1.08
g, 7.73 mmol) and potassium carbonate (1.92 g, 13.9 mmol) in dimethylformamide (10
mL) was stirred for 16 h at 80 °C. The mixture was then cooled to r.t. and diluted with
water (100 mL). The aqueous was extracted with ethyl acetate (3 x 70 mL) and the
combined organic layers washed with brine (2 x 70 mL), dried with MgSOa, filtered and
concentrated under reduced pressure. The residue was purified via flash column
chromatography on silica gel eluting with EtOAc:Petrol (15:85). Fractions containing
the product were concentrated under reduced pressure to provide a white foam (77
mg, 0.31 mmol, 6%).

Rr: 0.22 (15:85, EtOAc:petrol, UV active); *H NMR (400 MHz, CD30D) 6 =7.82 (d, J =
8.4 Hz, 2H, PhH3), 6.80 (d, J = 8.4 Hz, 2H, PhH2), 4.45 (s, 2H, CH2), 1.52 (s, 9H, 'Bu);
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13C NMR (101 MHz, CDs30OD) & = 166.1 (COOH) 165.5 (COOC), 160.8 (PhC4), 131.7
(PhC3), 131.5 (PhC3), 125.5 (PhC1), 115.2 (PhC2), 114.2 (PhC2), 81.0 (CCH3s) , 65.1
(CH2), 28.3 (‘Bu); HRMS: m/z (ESI*) calc. for Ci3H160s [M+H]*: 253.1080; Obs.:
253.1080; vmax: (FT-ATR)/cm™: 3296, 2979, 2932, 1674, 1605, 1589, 1514, 1442,
1317, 1280, 1226, 1154, 1102, 849, 774, 700, 618, 520, 499; m.p.: 185-204 °C.

0O

Lk R LK
HOE/\OQ)‘\ E:é &N&/OWO@OQ%

EDC, CH,Cly, r.t., 3 h
54 55

A mixture of 54 (77 mg, 0.31 mmol), N-hydroxysuccinimide (53 mg, 0.46 mmol) and N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (88 mg, 0.46 mmol) in
dichloromethane (3 mL) was stirred at r.t. for 3 h. Dichloromethane (20 mL) was then
added and the organics were washed with water (2 x 30 mL) and brine (30 mL), dried
with MgSOQg, filtered, and concentrated under reduced pressure to give a colourless oll
(61 mg, 0.18 mmol, 56%).

Rr: 0.31 (1:9, EtOAc:petrol, UV active); *H NMR (400 MHz, CD3OD) & = 7.95-7.91 (m,
2H, PhH3), 6.94-6.90 (m, 2H, PhH2), 4.99 (s, 2H, CH20), 2.82 (s, 4H, OSu), 1.54 (s,
9H, 'Bu); 13C NMR (101 MHz, CDsOD) & = 169.3 (CON), 168.8 (CON), 165.3
(COOBuU), 164.3 (COON), 160.4, (PhC4), 131.6 (PhC3), 131.4 (PhC3), 126.3 (PhC1),
114.2, (PhC2), 114.2 (PhC2), 80.8 (CCHs3) , 65.2 (CH20), 28.3 (‘Bu), 25.6 (OSu), 25.5
(OSu); HRMS: m/z (ESI*) calc. for C17H1oNO7 [M+Na]*: 372.1054; Obs.: 372.1054.
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A mixture of 1 (67 mg, 0.13 mmol), 55 (60 mg, 0.17 mmol) and triethylamine (91 pL,
0.66 mmol) in dichloromethane (3 mL) was stirred for 3 h. The reaction mixture was
then concentrated under reduced pressure, and the residue purified via flash column
chromatography on silica gel eluting with MeOH:CH2Cl2 (5:95). Fractions containing
the product were concentrated under reduced pressure to provide a pink oil (29 mg,
39 umol, 30%).

Rt: 0.36 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CDz0D) & = 8.51
(dd, J1 = J2 = 13.5 Hz, 1H, CHCHCN), 7.92-7.84 (m, 2H, PhH3), 7.53-7.49 (m, 2H, H5,
H5%), 7.46-7.34 (m, 3H, H7, H7’, H8/H8’), 7.34-7.19 (m, 3H, H6, H6’, H8/H8"), 7.09-7.00
(m, 2H, PhH2), 6.60 (dd, J = 13.5, 3.6 Hz, 1H, CHCN), 6.44 (dd, J = 13.5, 3.6 Hz, 1H,
CHCN), 4.61 (s, 2H, CH20), 4.30 (t, J = 7.2 Hz, 2H, CH2CH2CH2S0s3), 4.14 (t, J=7.4
Hz, 2H, CH2CH2CH2NH), 3.45 (t, J = 7.0 Hz, 2H, CH2NH), 2.96 (t, J = 7.2 Hz, 2H,
CH2S0s3), 2.21 (tt, J1 = J2 = 7.2 Hz, 2H, CH2CH2S03), 2.06 (tt, J1 = J2 = 7.4 Hz, 2H,
CH2CH2NH), 1.74 (s, 12H, CyCHa), 1.52 (s, 9H, 'Bu); 13C NMR (101 MHz, CD30D) &
= 176.3 (CONH), 176.1 (CHCHCN), 171.0 (C2, C2’), 165.4 (COOBuU), 162.2 (PhC4),
152.4 (C3, C3’), 143.4 (C9, C9), 142.6 (C4, C4"), 132.6 (PhC3), 130.2 (C7/CT’), 130.1
(C7ICT’), 127.1 (C6/CE’), 126.9 (C6/CE’), 125.5 (PhC1), 123.8 (C5/C5’), 123.6
(C5/C5’), 115.4 (PhC2), 112.6 (C8/C8’), 112.4 (C8/C8’), 104.5 (CHCN), 104.2 (CHCN),
81.0 (CCHs3), 68.4 (CH2C0), 50.8 (CH2S0s3), 44.1 (CH2CH2CH2SOs3), 43.1
(CH2CH2CH2NH), 37.7 (CH2NH), 28.5 (CyCH3), 28.3 (‘Bu), 28.3 (CH2CH2NHz2), 24.3
(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for Ca2HsoN3O7S [M+H]*: 742.3530; Obs.:
742.3530; vmax: (FT-ATR)/cm™: 3410, 2979, 2934, 1752, 1686, 1589, 1450, 1339,
1211, 1145, 1076, 964, 850, 734, 674.

f HN. o TFA, CH,Cly, rit., 1h 8 HN o
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Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 56 (15 mg, 20
pmol) in dichloromethane (4 mL) and the mixture stirred at r.t. for 1 h. The reaction was
then added dropwise to diethyl ether (200 mL). The precipitate was collected by
filtration, washed with diethyl ether (30 mL), and dried in air. The solid was redissolved
in methanol (10 mL) and concentrated under reduced pressure to afford a pink oil (10
mg, 15 pmol, 73%).

Rf: 0.23 (1:9, MeOH:CH2Cl2, visible light active); *H NMR (400 MHz, CD3OD) d = 8.51
(dd, J=13.5, 4,3 Hz, 1H, CHCHCN), 7.95 (d, J = 8.4 Hz, 2H, PhH3), 7.54-7.48 (m, 2H,
H5, H5), 7.45-7.34 (m, 3H, H7, H7’, H8/H8’), 7.30-7.22 (m, 3H, H6, H6’, H8/H8’), 7.06
(d, J = 8.4 Hz, 2H, PhH2), 6.58 (dd, J = 13.5, 4.3 Hz 1H, CHCN), 6.41 (dd, J = 13.5,
4.3 Hz, 1H, CHCN), 4.62 (s, 2H, CH20), 4.37-4.26 (m, 2H, CH2CH2CH2S03), 4.15-4.11
(m, 2H, CH2CH2CH2NH), 3.52-3.39 (m, 2H, CH2NH), 3.01-2.94 (m, 2H, CH2S03), 2.25-
2.31 (m, 2H, CH2CH2S0s3), 2.09-2.03 (m, 2H, CH2CH2NH), 1.73 (s, 12H, CyCHz); 13C
NMR (101 MHz, CD30D) & = 176.4 (CONH), 176.1 (CHCHCN), 171.1 (C2, C2’), 169.5
(COOH), 163.1 (PhC4), 152.4 (C3, C3’), 143.4 (C9/C9’), 143.3 (C9/C9’), 142.4 (C4,
C4"), 133.1 (PhC3), 130.2 (C7/CT7’), 130.1 (C7/CT’), 127.0 (C6/C6’), 126.9 (C6/CH’),
125.4 (PhC1), 123.7 (C5/C5’), 123.6 (C5/C5’), 115.8 (PhC2), 112.7 (C8/C8’), 112.4
(C8/C8’), 104.5 (CHCN), 104.2 (CHCN), 68.4 (CH2CO), 50.8 (CH2SO03), 44.1
(CH2CH2CH2S03), 43.1 (CH2CH2CH2NH), 37.7 (CH2NH), 285 (CyCH3), 28.3
(CH2CH2NHz2), 24.3 (CH2CH2S03); HRMS: m/z (ESI*) calc. for C3sH42N307S [M+H]*:
686.2917; Obs.: 686.2917; vmax; (FT-ATR)/cm™: 2979, 2929, 1709, 1558, 1457, 1430,
1275, 1153, 1114, 928, 750.
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To a solution of 57 (10 mg, 15 umol), 2 (12 mg, 22 pumol), and triethylamine (10 pL, 73
pmol) in dichloromethane (5 mL), was added propylphosphonic anhydride solution
(50% w/w in EtOAc, 13 uL, 37 umol) at 0 °C and the mixture stirred at r.t. for 16 h. The
reaction was then concentrated under reduced pressure. The residue was purified via
flash column chromatography on silica gel eluting with MeOH:CH2Clz (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a purple
oil (12 mg, 10 umol, 10, 66%).

Rf: 0.32 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CDz0D) & = 8.50
(dd, J1 = J2 = 13.5 Hz, 1H, Cy3-CHCHCN), 8.22-8.16 (m, 2H, CHCHCN), 7.89-7.84
(m, 2H, PhH3), 7.52-7.48 (m, 2H, H7, H7’), 7.48-7.44 (m, 2H, H7, H7’), 7.42-7.35 (m,
6H, H5, H5’, H5, H5’, H8, H8’), 7.30-7.21 (m, 6H, H8, H8’, 2 x H6, 2 x HE’), 7.19-7.15
(m, 2H, PhH2), 6.57 (d, J = 13.5 Hz, 1H, Cy3-CHCN), 6.46 (d, J = 13.5 Hz, 1H, Cy3-
CHCN), 6.40 (t, J = 12.5 Hz, 1H, CHCHCHCN), 6.31 (d, J = 13.5 Hz, 1H, Cy5-CHCN),
6.18 (d, J = 13.5 Hz, 1H, Cy5-CHCN), 4.65 (s, 2H, CH20), 4.36-4.26 (m, 4H,
CH2CH2CH2S0s3), 4.21-4.11 (m, 4H, CH2CH2CH2NH), 3.44-3.50 (m, 4H, CH2NH),
3.01-2.95 (m, 4H, CH2SOs), 2.19-2.11 (m, 4H, CH2CH2S03), 2.16-2.04 (m, 4H,
CH2CH2NH), 1.80-1.56 (m, 24H, CyCHs); **3C NMR (101 MHz, CD30OD) & = 176.3 (Cy3-
C2/C2’), 176.1 (Cy3-C2/C2’), 174.9 (Cy3-CHCHCN), 174.6 (Cy3-C3/C3’), 174.4 (Cy3-
C3/C3"), 171.1 (Cy5-C2, C2’), 169.8 (Cy3-CON), 162.1, 155.8, 152.4, 143.6 (C9, C9),
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143.3 (C9/C9’), 142.8 (C9/C9’), 142.7 (C4IC4’), 142.4 (C4/C4’), 130.6 (PhC2), 130.2
(PhC1), 130.0 (PhthC3), 129.9 (C7/CT’), 128.8 (C7/C7’), 126.9 (C7/CT’), 126.9
(C7ICT’),126.4 (C6, C6’), 126.4 (CHCHCHCN)), 124.2 (C6/C6’), 123.7 (C6/CF6’), 123.6
(PhthC3), 123.6 (C5, C5’), 116.1 (C5, C5’), 112.7 (C8/C8’), 112.5 (C8/C8’), 112.3
(C8/C8), 112.1 (C8/C8’), 104.4 (CHCN), 104.2 (CHCN), 71.6 (CH20), 50.1 (CH2SO3
), 48.1 (CH2SOs3), 44.1 (CH2CH2CH2SOs3), 43.1 (CH2CH2CH2SO3), 42.8
(CH2CH2CH2NCO), 38.3 (CH2CH2CH2NCO), 37.7 (CH2NCO), 28.5 (CyCHs), 28.4
(CyCHs), 28.2 (CH2CH2NCO), 28.1 (CH2CH2NCO), 24.8 (CH2CH2SO3), 24.4
(CH2CH2S0s3Y); HRMS: m/z (ESI*) calc. for CeaHsoNsO9S2 [M+Na]*: 1223.5320; Obs.:
1223.5322; vmax: (FT-ATR)/cm: 3358, 2922, 2852, 1659, 1633, 1556, 1487, 1429,
1454, 1377, 1140, 1035, 925, 797, 750, 708, 552.

5. Synthesis of Cy3 negative controls
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A mixture of tert-butyl bromoacetate (1.20 mL, 8.20 mmol), 4-hydroxybenzaldehyde
(1.00 g, 8.20 mmol), and potassium carbonate (1.92 g, 14.0 mmol) in acetone (15 mL)
was stirred at 65 °C for 16 h. The mixture was then cooled to r.t. and diluted with water
(100 mL). The aqueous layer was extracted with ethyl acetate (3 x 70 mL), and the
combined organics washed with brine (2 x 70 mL), dried with MgSOQa, filtered, and
concentrated under reduced pressure. The residue was purified via flash column
chromatography on silica gel, eluting with EtOAc:petrol (15:85). Fractions containing
the product were concentrated under reduced pressure to provide a colourless oil (1.43

g, 6.06 mmol, 74%). Data were consistent with those previously reported.®

Rr: 0.26 (15:85, EtOAc:petrol, UV active); *H NMR (400 MHz, CDCI3) & = 9.91 (s, 1H,
CHO), 7.86 (d, J = 8.0 Hz, 2H, PhH3), 7.04 (d, J = 8.0 Hz, 2H, PhH2), 4.77 (s, 2H,
CHp2), 0.06 (s, 9H, ‘Bu); HRMS: m/z (ESI*) calc. for C13H1604 [M+H]*: 237.1121; Obs.:
237.1119; vmax: (FT-ATR)/cm™: 2980, 1748, 1691, 1598, 1509, 1368, 1308, 1216,
1148, 1071, 944, 831, 746, 608, 513; m.p.: 191-194 °C.
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Trifluoroacetic acid (10 mL) was added dropwise to a stirred solution of 58 (1.43 g,
6.06 mmol) in dichloromethane (10 mL) and the mixture was stirred at r.t. for 1 h. The
reaction mixture was then concentrated under reduced pressure and the residue was
azeotroped with dichloromethane (3 x 10 mL) to afford a yellow powder (1.08 g, 6.00
mmol, 99%). Data were consistent with those previously reported.©

Rt 0.28 (2:8, EtOAc:petrol, UV active); *H NMR (400 MHz, DMSO-ds) 6 = 13.13 (s,
1H, OH), 9.83 (s, 1H, CHO), 7.82 (d, J = 7.9 Hz, 2H, PhH3), 7.06 (d, J = 7.9 Hz, PhH2),
4.79 (s, 2H, CH2); HRMS: m/z (ESI*) calc. for CoHsO4 [M-H]: 179.0350; Obs.:
179.0351; vmax: (FT-ATR)/cm1: 3660, 2982, 1598, 1385, 1259, 1166, 1074, 954, 750;
m.p.: 191-194 °C;

EDC, CH,Cly, r.t., 3 h

59 60

A reaction mixture of 59 (100 mg, 0.56 mmol), N-hydroxysuccinimide (96 mg, 0.83
mmol), and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (150 mg,
0.83 mmol) in dichloromethane (2 mL) was stirred at r.t. for 2 h. Dichloromethane (20
mL) was then added and the organic layer was washed with water (2 x 30 mL) and
brine (30 mL), dried with MgSOa, filtered, and concentrated under reduced pressure to
give a pink foam which was used in the subsequent step without further analysis or

purification (72 mg, 0.26 mmol, 46%).

Rr: 0.29 (1:9, EtOAc:petrol, UV active); *H NMR (400 MHz, CD30D for aldehyde) & =
9.90 (s, 1H, CHO), 7.87 (d, J = 8.0 Hz, 2H, PhH3), 7.05 (d, J = 8.0 Hz, 2H, PhH2), 6.08
(s, CH20), 2.87 (s, 4H, OSu); HRMS: m/z (ESI*) calc. Ci3H11NOs [M+H]*: 278.0652;
Obs.: 278.0652; vmax: (FT-ATR)/cm: 2978, 1824, 1785, 1737, 1600, 1508, 1427,
1207, 1165, 1074, 834, 646; m.p.: 142-146 °C.
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A reaction mixture of 1 (40 mg, 79 umol), 60 (22 mg, 79 umol), and triethylamine (42
pL, 0.395 umol) in dichloromethane (2 mL) was stirred at r.t. for 3 h. The reaction
mixture was then concentrated under reduced pressure. The residue was purified via
flash column chromatography on silica gel, eluting with MeOH:CH2Cl2 (5:95). Fractions
containing the product were concentrated under reduced pressure to provide a pink oil
(18 mg, 27 umol, 45%).

Rr: 0.17 (5:95, MeOH:CHzCl2, visible light active); *H NMR (400 MHz, CD3OD; in this
solvent, a mix of aldehyde and methanol hemi-acetal were formed. Data is provided
for the aldehyde form) & = 9.82 (s, 1H, CHO), 8.53 (dd, J1 = J2 = 13.4 Hz, 1H,
CHCHCN), 7.86 (d, J = 8.5 Hz, 2H, PhH3), 7.54-7.50 (m, 2H, H5, H5’), 7.45-7.33 (m,
3H, H7, H7’, H8/H8), 7.31-7.25 (m, 3H, H8/H8’, H6, H6’), 7.17 (d, J = 8.5 Hz 2H,
PhH2), 6.60 (d, J = 13.4 Hz, 1H, CHCN), 6.44 (d, J = 13.4 Hz, 1H, CHCN), 4.55 (s, 2H,
CH20), 4.32 (t, J = 7.1 Hz, 2H, CH2CH2CH2SOs3), 4.16 (t, J = 7.3 Hz, 2H,
CH2CH2CH2NH), 3.45 (t, J = 7.3 Hz, 2H, CH2NH), 2.96 (t, J = 7.1 Hz, 2H, CH2SO03),
2.27-2.21 (m, 2H, CH2CH2S0s3), 2.11-2.07 (m, 2H, CH2CH2NH), 1.76 (s, 12H, CyCH3);
13C NMR (101 MHz, CD30D) & = 192.8 (CHO), 176.3 (CONH), 176.0 (PhC1), 175.9
(CHCHCN), 171.4 (C2, C2), 159.3 (PhC4), 152.3 (C3, C3), 143.2(C9, C9'), 142.2 (C4,
C4’), 133.1 (PhC3), 130.1 (PhC3), 129.3 (C7, C7’), 126.8 (C6, C6’), 123.5 (C5, C5),
116.4 (PhC2), 115.5 (PhC2), 112.6 (C8/C8), 112.3 (C8/C8’), 104.3 (CHCN), 104.1
(CHCN), 68.3 (CH2CO), 48.0 (CH2S0s3), 44.0 (CH2CH2CH2S0Os3), 42.9
(CH2CH2CH2NH), 37.5 (CH2NH), 28.1 (CH2CH2NH2), 26.3 (CyCH3), 24.2
(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for C3sHasN3OeS [M+H]* requires 670.2945,
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found 670.2928; vmax: (FT-ATR)/cm™: 3378, 2925, 2854, 1713, 1600, 1557, 1457,
1430, 1373, 1218, 1153, 1115, 1037, 928, 795.
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HO Br K,CO3, acetone, 65 °C, 16 h o 2

62

A mixture of 3-bromophenol (2.00 g, 11.6 mmol), tert-butyl bromoacetate (1.71 mL,
11.6 mmol), and potassium carbonate (2.71 g, 19.7 mmol) in acetone (20 mL) was
stirred at 65 °C for 16 h. After cooling to r.t., water (100 mL) was added, and the
aqueous was extracted with ethyl acetate (3 x 70 mL). The combined organics were
washed with brine (2 x 70 mL), dried with MgSOa, filtered and concentrated under
reduced pressure. The residue was purified via flash column chromatography on silica
gel eluting with EtOAc:petrol (1:9). Fractions containing the product were concentrated

under reduced pressure to provide a red oil. (3.32 g, 11.5 mmol, 99%).

Rr: 0.23 (1:9, EtOAc:petrol, UV active); *H NMR (400 MHz, CDCI3) & = 7.14-7.10 (m,
1H, PhH5), 7.11-7.08 (m, 1H, PhH4), 7.03 (d, J = 2.1 Hz, 1H, PhH2), 6.81 (dd, J = 7.8,
2.1, 1H, PhHS6), 4.48 (s, 2H, CH20), 1.47 (s, 9H, ‘Bu); 13C NMR (101 MHz, CDCls) 5 =
167.6 (C=0), 158.7 (PhC1), 130.7 (PhC5), 124.8 (PhC4), 122.9 (PhC3), 118.1 (PhC2),
113.7 (PhC6), 82.8 (CMes), 65.8 (CH20), 28.1 'Bu); HRMS: m/z (ESI*) calc. for
C12H15"°BrOz [M+Na]*: 309.0097; Obs.: 309.0096; vmax: (FT-ATR)/cm™: 2979, 2933,
1750, 1575, 1474, 1368, 1304, 1215, 1150, 1078, 834, 767.

\4/ /@\ B,Pin,, Pd(dppf)Cl,, AcOK, \i/ /©\
o)
\[(\O Br BPin

dioxane, 80 °C, 1 h 3

62 63

62 (1.77 g, 6.17 mmol), bis(pinacolato)diboron (2.35 g, 9.25 mmol), 1,1"-
bis(diphenylphosphino)ferrocene]dichloropalladium (II) (452 mg, 0.617 mmol) and
potassium acetate (3.26 g, 33.3 mmol) were placed under a nitrogen atmosphere, and
anhydrous dioxane (5 mL) was added. Nitrogen was bubbled through the reaction
mixture for 10 min, which was then stirred at 80 °C for 1 h. After cooling to r.t., water

(70 mL) was added, and the aqueous was extracted with ethyl acetate (3 x 50 mL).
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The combined organics were washed with brine (2 x 50 mL), dried with MgSOQOa, filtered,
and concentrated under reduced pressure. The residue was purified via flash column
chromatography on silica gel eluting with EtOAc:petrol (15:85). Fractions containing
the product were concentrated under reduced pressure to provide a white solid (1.76
g, 5.27 mmol, 88%).

Rr: 0.22 (15:85, EtOAc:petrol, UV active); 'H NMR (400 MHz, CDCls) & = 7.41 (dd, J1
= J2 = 8.2 Hz, 1H, PhH5), 7.29 (d, J = 8.2 Hz, 1H, PhH4), 7.27 (d, J = 2.8 Hz, 1H,
PhH2), 7.03 (dd, J = 8.2, 2.8 Hz, 1H, PhH6), 4.53 (s, 2H, CH20), 1.47 (s, 9H, Bu), 1.31
(s, 12H, C(CHa)2); 3C NMR (101 MHz, CDClz) &6 = 168.2 (C=0), 157.4 (PhC1), 129.1
(PhC4), 128.1 (PhC5), 120.0 (PhC3), 119.4 (PhC2), 118.9 (PhC6), 83.9 (C(CHsa)2),
82.3 (CMes), 65.8 (CH20), 28.1 (‘Bu), 24.9 (C(CHas)2); HRMS: m/z (ESI*) calc. for
C18H27BOs [M+Na]*: 357.1855; Obs.: 357.1844; vmax: (FT-ATR)/cm™: 2979, 2993,
1754, 1576, 1428, 1355, 1317, 1213, 1147, 1085, 065, 852, 775, 705, 673, 599; m.p.:
65-69 °C.
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Trifluoroacetic acid (5 mL) was added dropwise to a solution of 63 (500 mg, 1.50 mmol)
in dichloromethane (15 mL) and the mixture was stirred at r.t. for 3 h. The reaction
mixture was then concentrated under reduced pressure and azeotroped with
dichloromethane (3 x 20 mL) to afford a white powder. (344 mg, 1.24 mmol, 83%).

Rr: 0.22 (1:9, EtOAc:petrol, UV active); *H NMR (600 MHz, DMSO-des) 6 = 7.32 (dd, J
=8.1, 7.2 Hz, 1H, PhH5), 7.27 (ddd, J = 7.2, 2.8, 1.2 Hz, 1H, PhH4), 7.11 (dd, J = 2.8,
1.2 Hz, 1H, PhH2), 7.05 (ddd, J = 8.1, 2.8, 1.2 Hz, 1H, PhHS6), 4.69 (s, 2H, CH20), 1.30
(s, 12H, C(CHs)2); 13C NMR (101 MHz, DMSO-ds) & = 170.7 (C=0), 157.8 (PhC1),
129.7 (PhC5), 127.7 (PhC4), 120.0 (PhC3), 119.6 (PhC2), 118.6 (PhC6), 84.2
(C(CHs3)2), 64.8 (CH20), 25.1 (C(CH3)2); HRMS: m/z (ESI") calc. for C14H18BOs [M-H]:
277.1263; Obs.:277.1263; vmax: (FT-ATR)/cm: 3059, 2979, 2932, 1737, 1575, 1428,
1356, 1143, 1064, 964, 705; m.p.: 155-158 °C.
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Oxalyl chloride (46 pL, 0.540 mmol) was added to a solution of 64 (50 mg,
0.180 mmol), and dimethylformamide (1 drop) in dichloromethane (3 mL), and the
mixture was stirred at r.t. for 30 min. Excess oxalyl chloride and dichloromethane were
removed under reduced pressure to give the crude product as an orange oil, which

was carried forward without further purification.

O 65
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4-Dimethylaminopyridine (75 mg, 0.62 mmol) was added to a mixture of 1 (77 mg, 0.15
mmol), 65 (77 mg, 0.24 mmol), and potassium carbonate (62 mg, 0.44 mmol) in
anhydrous dichloromethane (5 mL) and the reaction stirred at r.t. for 3 h. The reaction
mixture was then added dropwise to diethyl ether (400 mL), and the resultant
precipitate was collected by filtration, washed with diethyl ether (30 mL), and dried in
air to give a pink powder. The precipitate was then purified via flash column
chromatography on silica gel eluting with MeOH:CH2Cl2 (5:95). Fractions containing
the product were concentrated under reduced pressure to provide a pink oil. The
residue was then redissolved in dichloromethane (30 mL), and the organics were
washed with hydrochloric acid (0.1 M, 2 x 10 mL) to remove co-ordinating 4-
dimethylaminopyridine, dried with MgSOa, filtered, and concentrated under reduced
pressure, to give a pink oil (5 mg, 6 pmol, 4%).

Rt: 0.34 (5:95, MeOH:CH2Clz, visible light active); *H NMR (400 MHz, CD3OD) & = 8.54
(d, J1 = J2=13.5 Hz, 1H, CHCHCN), 7.57-7.53 (m, 2H, H5, H5’), 7.49-7.37 (m, 4H, H7,
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H7’, H8, H8'), 7.34-7.31 (m, 2H, H6, H6"), 7.31-7.25 (m, 2H, PhH5, PhH4), 7.25-7.21
(m, 1H, PhH6), 7.11-7.07 (m, 1H, PhH2), 6.57 (d, J = 13.5 Hz, 1H, CHCN), 6.46 (d, J
= 13.5 Hz, 1H, CHCN), 4.56 (s, 2H, CH20), 4.33-4.26 (m, 2H, CH2CH2CH2S03), 4.18
(t, J = 7.5 Hz, 2H, CH2CH2CH2NH), 3.47 (t, J = 7.5 Hz, 2H, CHaNH), 3.00 (t, J = 7.8
Hz, 2H, CH2S03), 2.25 (tt, J1 = J2 = 7.8 Hz, 2H, CH2CH2S03), 2.11 (tt, Ji=J2 =7.5
Hz, 2H, CH2CH2NH), 1.79 (s, 12H, CyCHa); 3C NMR (151 MHz, CDsOD) & = 176.3
(CONH), 174.7 (CHCHCN), 170.2 (C2, C2), 157.2 (PhC1), 150.8 (C3, C3’), 141.8 (C9,
C9),140.8 (C4, C4’), 129.8 (PhC5), 128.7 (C7, C7’), 127.1 (PhC4), 126.5 (PhC3),
125.4 (C6, CF’), 122.1 (C5, C5), 119.1 (PhC2), 116.0 (PhC6), 111.2 (C8/C8’), 110.9
(C8/C8’), 102.7 (CHCN), 102.6 (CHCN), 66.9 (CH2CO), 46.8 (CH2S03), 42.5
(CH2CH2CH2S03), 41.4 (CH2CH2CH2NH), 36.0 (CH2NH), 26.9 (CyCHs), 26.6
(CH2CH2NHz2), 22.8 (CH2CH2S03); HRMS: m/z (ESI*) calc. for C43Hs4BN3O7S [M+Na]*:
790.3668; Obs.: 790.3712; vmax: (FT-ATR)/cm: 3378, 2921, 2850, 1558, 1457, 1430,
1372, 1152, 1114, 749.
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A solution of 66 (5 mg, 6.5 umol) and methylboronic acid (4 mg, 65.3 umol) in a mixture

67

of dichloromethane (5 mL) and trifluoroacetic acid (0.5 mL) was stirred at r.t. for 4 h.
The reaction mixture was then concentrated under reduced pressure. The residue was
azeotroped with hydrochloric acid (0.1 M, 2 x 10 mL) to give a pink oil (4 mg, 6.5 pmol,

guantitative yield).

Rt: 0.29 (5:95, MeOH:CH2Clz, visible light active); *H NMR (600 MHz, CD3OD) & = 8.54
(dd, J1 = J2 = 13.4 Hz, 1H, CHCHCN), 7.57-7.53 (m, 2H, H5, H%’), 7.49-7.40 (m, 3H,
H7,H7’, H8/H8’), 7.34 — 7.27 (m, 3H H6, H6’, H8/H8’), 6.62-6.52 (m, 1H, CHCN), 6.48-
6.42 (m, 1H, CHCN), 4.56 (s, 2H, CH20), 4.29 (d, J = 7.2 Hz, 2H, CH2CH2CH2S03),
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4.18 (t, J = 7.5 Hz, 2H, CH2CH2CH2NH), 3.48 (t, J = 7.5 Hz, 2H, CH2NH), 2.99 (t, J =
7.2 Hz, 2H, CH2S0s3), 2.25 (tt, J1 =J2 = 7.2 Hz, 2H, CH2CH2S0s3), 2.11 (it, Ji=J2=7.5
Hz, 2H, CH2CH2CH2NH), 1.78 (s, 12H, CyCHs); 13C NMR (151 MHz, CD30OD) 6 = 174.6
(CONH), 174.5 (CHCHCN), 157.3 (C2, C2’), 150.8 (C3, C3’), 141.8 (C9, C9’), 140.8
(C4, C4’), 128.7 (PhC5), 128.6 (C7,C7’), 125.4 (PhC4), 125.3 (PhC3), 122.1 (C6, C6’),
122.1 (C5, C5’), 119.1 (PhC2), 116.7 (PhC6), 111.2 (C8/C8’), 110.9 (C8/C8’), 102.9
(CHCN), 102.7 (CHCN), 66.9 (CH2CO0), 49.2 (CH2S0s3), 42.5 (CH2CH2CH2S03), 41.4
(CH2CH2CH2NH), 36.0 (CH2NH), 27.0 (CyCHs), 26.9 (CH2CH2NH2), 22.7
(CH2CH2S0s3); HRMS: m/z (ESI*) calc. for C37H44BN3O7S [M+Na]*: 708.2882; Obs.:
708.2885; vmax: (FT-ATR)/cm™: 3321, 2923, 1663, 1559, 1429, 1373, 1229, 1151,
1113, 1039, 756;

5. Synthesis of OBA substrates for NMR and LC-MS studies
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Propylamine (3.78 mL, 45.4 mmol) was added to a solution of bromoacetyl bromide
(2.00 mL, 22.6 mmol) in dichloromethane (40 mL) and stirred at r.t. for 30 min. The
mixture was then diluted with water (150 mL) and the aqueous extracted with
dichloromethane (3 x 70 mL). The combined organics were washed with brine (2 x 200
mL), dried with MgSOa, filtered, and concentrated under reduced pressure to provide
a colourless oil (3.40 g, 19.0 mmol, 84%).

Rr: 0.32 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCIz) 6 = 6.67 (s, 1H, NH), 3.88 (s,
2H, CH2Br), 3.28-3.15 (m, 2H, CH2N), 2.00-1.91 (m, 2H, CH2CHa), 0.92 (t, J = 7.4 Hz,
3H, CHs); 13C NMR (101 MHz, CDCl3) & = 165.8 (CON), 42.0 (CH2NH), 29.4 (CH2Br),
22.6 (CH2CHs), 11.3 (CHs); HRMS: m/z (ESI*) calc. for CsH10°BrNO [M+H]*:
181.0019; Obs.: 181.0020; vmax: (FT-ATR)/cm™: 3265, 3073, 2965, 2934, 2876, 1738,
1650, 1550, 1460, 1437, 1313, 1211, 1150, 953, 651, 550.
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A mixture of 2-bromo-4-hydroxybenzaldehyde (1.56 g, 8.57 mmol), 68 (1.72 g, 8.57
mmol) and potassium carbonate (2.01 g, 14.6 mmol) in acetonitrile (30 mL) was stirred
at 75 °C for 16 h. The mixture was then cooled to r.t. and diluted with water (150 mL).
The aqueous was extracted with ethyl acetate (3 x 70 mL), and the combined organics
washed with brine (2 x 200 mL), dried with MgSOa, filtered, and concentrated under
reduced pressure to provide an orange oil (2.50 g, 8.32 mmol, 97%). Data were

consistent with those previously reported.3

Rt 0.30 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCI3); & = 10.20 (s, 1H,
PhCOH), 7.89 (d, J = 8.7 Hz, 1H, PhH5), 7.17 (d, J = 2.5 Hz, 1H, PhH2), 6.96 (dt, J =
8.7, 2.5 Hz, 1H, PhH4), 6.49 (s, 1H, NH), 4.54 (s, 2H, CH20), 3.30 (t, J = 7.4 Hz, 2H,
CH2N), 1.60-1.52 (m, 2H, CH2CHz), 0.91 (t, J = 7.4 Hz, 3H, CHz); ¥3C NMR (101 MHz,
CDCI3)) 6 = 190.5 (PhCOH), 166.6 (CON), 161.8 (PhC3), 131.8 (PhC5), 128.8 (PhC6),
128.3 (PhC1), 119.6 (PhC2), 114.5 (PhC4), 67.6 (CH20), 41.0 (CH2N), 22.9 (CH2CH?3),
11.4 (CHs); HRMS: m/z (ESI*) calc. for C12H14NO3 [M+Na]*: 324.0028; Obs.: 324.0028;
vmax. (FT-ATR)/cm: 3319, 2974, 2934, 2876, 1679, 1590, 1540, 1412, 1336, 1215,
1142, 965, 852, 831, 675, 578.
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69 (300 mg, 1.00 mmol), bis(pinacolato)diboron (660 mg, 2.60 mmol), 1,1'-
[bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (146 mg, 0.20 mmol), and
potassium acetate (530 mg, 5.40 mmol) were placed under a nitrogen atmosphere,
and anhydrous dioxane (20 mL) was added. The reaction was degassed under a
constant flow of nitrogen for 10 min, and then stirred at 80 °C for 16 h. After cooling to
r.t., the reaction was concentrated under reduced pressure. The residue was purified

via flash column chromatography on silica gel, eluting with EtOAc:Petrol (2:8).
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Fractions containing the product were concentrated under reduced pressure to yield a

colourless oil (34 mg, 95 umol, 9%).

Rf: 0.25 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCIlz) & = 10.29 (s, 1H,
PhCOH), 7.86 (d, J = 8.6 Hz, 1H, PhH3), 7.00 (dd, J = 8.6, 2.8 Hz, 1H, PhH2), 6.80 (t,
J=2.8 Hz, 1H, PhH®6), 6.51 (s, 1H, NH), 4.51 (s, 2H, CH20), 3.22 (dt, J1 = J2 = 6.6 Hz,
2H, CH2N), 1.51-1.45 (m, 2H, CH2CH3), 1.30 (s, 12H, Pin), 0.84-0.79 (m, 3H, CHa); 13C
NMR (101 MHz, CDCls) & = 193.0 (COH), 167.8 (CON), 160.7 (PhC1), 135.6 (PhC4),
130.7 (PhC5), 122.3 (PhC2) 121.0 (PhC3), 116.6 (PhH6), 84.6 (C(CHs)2), 82.8
(C(CHs3)2), 67.1 (CH20), 40.9 (CH2N), 24.8 (Pin), 22.7 (CH2CHz3), 11.3 (CHs); HRMS:
m/z (ESI*) calc. for CisH26BNOs [M+Na]*: 370.1796; Obs.: 370.1802; Vmax: (FT-
ATR)/cmt: 3315, 2966, 2933, 2875, 1657, 1542, 1422, 1336, 1213, 1141, 1060, 964,
812, 675, 578.

o) o)
| 3, |
! TFA, MeB(OH),, CH,Cl, ! 2
N - N
N WAO BPin ct. 16 h N WAO 1°7"5"B(OH),
o) o)

70 25

Trifluoroacetic acid (2 mL) was added to a solution of 70 (34 mg, 95 pmol) and
methylboronic acid (57 mg, 0.95 mmol) in dichloromethane (10 mL), and the mixture
stirred at r.t for 16 h. The reaction was concentrated under reduced pressure and the
residue azeotroped with dichloromethane (3 x 20 mL), then hydrochloric acid (0.1 M,

2 x 10 mL), to give a brown oil (25 mg, 95 umol, quantitative yield).

Rt 0.18 (3:7, EtOAc:Petrol, UV active); 'H NMR (400 MHz, 100 mM deuterated PBS
+ 10% DMSO-ds) d = 9.84 (s, 1H, -CHO), 7.97-8.01 (m, 1H, PhH3), 7.21-7.14 (m, 2H,
PhH6 and PhH2), 4.75 (s, 2H, CH20), 3.25 (t, J = 6.9 Hz, 2H, CH2N), 1.54 (tt, J1 = J2
= 6.9 Hz, 2H, CH2CH3), 0.88 (t, J = 6.9 Hz, 3H, CH3); 13C NMR (101 MHz, 100 mM
deuterated PBS + 10% DMSO-ds) & = 195.2 (-CHO), 170.3 (CON), 161.9 (PhC1),
136.1 (PhC4), 132.4 (PhC5), 118.2 (PhC2), 115.3 (PhC3), 114.56 (PhHS6), 66.6
(CH20), 40.9 (CH2N), 21.9 (CH2CHs), 10.6 (CHs); HRMS: m/z (ESI*) calc. for
C12H16BNOs [M-H]*: 288.1014; Obs.: 288.1018; vmax: (FT-ATR)/cm: 3329, 3010,
2996, 2980, 1690, 1592, 1555, 1456, 1320, 1286, 1130, 911, 750, 512.

S50



K,CO3, DMF, 75 °C, 16 h

H
AN 6
Br 1
Br m/\ 5 Br
/@/ - : H
N _0

0 SN

HO 2 KO e

71

A mixture of 2-bromo-4-hydroxybenzaldehyde (800 mg, 4.00 mmol), bromoacetate 68
(864 mg, 4.80 mmol) and potassium carbonate (1.10 g, 8.00 mmol) in
dimethylformamide (30 mL) was stirred at 75 °C for 16 h. The mixture was then cooled
to r.t. and diluted with water (150 mL). The agqueous mixture was extracted with ethyl
acetate (3 x 70 mL), and the combined organics washed with brine (2 x 200 mL), dried
with MgSOs, filtered and concentrated under reduced pressure. The residue was
purified via flash column chromatography on silica gel eluting with EtOAc:Petrol (2:8).
Fractions containing the product were concentrated under reduced pressure to provide
a white solid (700 mg, 2.34 mmol, 59%).

Rt 0.32 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCI3) & = 10.29 (s, 1H,
CHO), 7.59 (d, J = 8.6 Hz, 1H, PhH6), 7.45 (d, J = 1.6 Hz, 1H, PhH3), 7.07 (dd, J =
8.6, 1,6 Hz, 1H, PhH5), 6.50 (s, 1H, NH), 4.50 (s, 2H, CH20), 3.36-3.27 (m, 2H, CH2N),
1.59-1.53 (m, 2H, CH2CHzs), 0.94 (t, J = 7.6 Hz, 3H, CH?3); 13C NMR (101 MHz, CDCls)
0 = 191.4 (CHO), 167.1 (CON), 156.9 (PhC4), 135.1 (PhC®6), 134.4 (PhC1), 122.4
(PhC5), 119.2 (PhC2), 114.9 (PhC3), 67.7 (CH20), 40.9 (CH2N), 22.9 (CH2CHs), 11.4
(CH3); HRMS: m/z (ESI*) calc. for C12H14"°BrNOz [M+H]*: 300.0231; Obs.: 300.0231;
vmax. (FT-ATR)/cm: 3350, 3075, 2963, 2870, 1667, 1540, 1285, 1227, 1068, 959,
824, 695, 597.

5
Br  B,Pin,, Pd(dppf)Cl,, AcOK, 5 A BPin
H H
/\/Nm/\o/@¢0 dioxane, 80 °C, 2 h /\/N\[(\O@O
0 o] ?

71 72

71 (200 mg, 0.66 mmol), bis(pinacolato)diboron (205 mg, 0.80 mmol), 1,1'-
[bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (24 mg, 0.03 mmol) and
potassium acetate (194 mg, 2.00 mmol) were placed under a nitrogen atmosphere,
and anhydrous dioxane (5 mL) was added. Nitrogen was bubbled through the reaction

mixture for 10 min, which was then stirred at 80 °C for 2 h. After cooling to r.t., the
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reaction was concentrated under reduced pressure. The residue was then dissolved
in ethyl acetate (100 mL), and washed with water (2 x 70 mL) and brine (2 x 70 mL),
and dried with MgSOu, filtered and concentrated under reduced pressure. The residue
was purified via flash column chromatography on silica gel, eluting with EtOAc:Petrol
(2:8). Fractions containing the product were concentrated under reduced pressure to
yield a colourless oil (190 mg, 0.548 mmol, 83%).

Rr: 0.34 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDClz) & = 10.64 (s, 1H,
CHO), 7.90 (d, J = 8.4 Hz, 1H, PhH5), 7.51 (d, J = 2.2 Hz, 1H, PhH2), 7.13 (dd, J =
8.4, 2.2 Hz, 1H, PhH®6), 6.55 (s, 1H, NH), 4.54 (s, 2H, CH20), 3.30 (t, J = 7.4 Hz, 2H,
CH2N), 1.62-1.51 (m, 2H, CH2CHs), 1.36 (s, 12H, Pin), 0.92 (t, J = 7.6 Hz, 3H, CHa3);
13C NMR (101 MHz, CDCls) & = 194.4 (CHO), 167.4 (CON), 159.5 (PhC1), 143.8
(PhC4), 138.5 (PhC5), 119.3 (PhC6), 119.2 (PhC3), 112.4 (PhC2), 84.5 (C(CHs3)2),
67.3 (CH20), 40.9 (CH2N), 25.0 (Pin), 22.9 (CH2CHs), 11.4 (CH3); HRMS: m/z (ESI*)
calc. for C18H26BNOs [M+H]*: 348.1977; Obs.: 348.1981; vmax: (FT-ATR)/cm™; 3323,
2975, 1685, 1663, 1596, 1538, 1378, 1344, 1269, 1243, 1112, 1042, 962, 857, 652,
579.

5
BPin TFA, MeB(OH),, CH,Cl, 6 4 _B(OH),
t /@o - N 1/©/\/o
SN Z rt, 16 h N m/\ %
(0) ; O 5 3
1 ]

72 22

Trifluoroacetic acid (2.0 mL) was added to a solution of 72 (132 mg, 0.42 mmol) and
methylboronic acid (216 mg, 3.60 mmol) in dichloromethane (10 mL), and the mixture
stirred at r.t for 16 h. The reaction was azeotroped with dichloromethane (3 x 20 mL),
and hydrochloric acid (0.1 M, 2 x 10 mL) was added, and concentrated under reduced

pressure to give a colourless oil (98 mg, 0.42 mmol, quantitative yield).

Ri: 0.21 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, 100 mM deuterated PBS
+ 10% DMSO-ds) 6 = 9.97 (s, 1H, -CHO), 7.69-7.59 (m, 1H, PhH6), 7.54 (d, J =2.4
Hz, 1H, PhH2), 7.32 (d, J = 8.3 Hz, 1H, PhH5), 4.70 (s, 2H, CH20), 3.24 (t, J = 6.9 Hz,
2H, CH2N), 1.57-1.47 (m, 2H, CH2CHs), 0.85 (t, J = 7.1 Hz, 3H, CHs); 13C NMR (101
MHz, CD3OD, for acetal) 6 = 169.6 (CON), 158.1 (PhC1), 143.5 (PhC4), 131.8 (PhC5),
114.2 (PhC6), 111.9 (PhC3), 102.3 (PhC2), 66.9 (CH20), 40.6 (CH2N), 22.4 (CH2CH3),
10.4 (CHs); HRMS: m/z (ESI*) calc. for Ci12H16BNOs [M+Na]*: 288.1014; Obs.:
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288.1016; vmax: (FT-ATR)/cm1: 3395, 2968, 2938, 2875, 1661, 1548, 1426, 1348,
1274, 1230, 1148, 807.

o _~_NH,
Et;N, T3P, CH,Cl,,

HO Br 0°C-rt., 16 h

To a solution of 3-bromo-4-formylbenzoic acid (1.00 g, 4.37 mmol), propylamine (430
pL, 5.24 mmol) and triethylamine (2.79 mL, 21.8 mmol) in dichloromethane (5 mL),
was added propylphosphonic anhydride solution (50% w/w in EtOAc, 3.47 mL, 10.9
mmol) at 0 °C and the mixture was warmed to r.t. and stirred for 16 h. The reaction
was then concentrated under reduced pressure. The residue was purified via flash
column chromatography on silica gel eluting with EtOAc:Petrol (1:9). Fractions
containing the product were concentrated under reduced pressure to provide a

colourless oil (547 mg, 2.03 mmol, 46%).

Rr: 0.28 (1:9, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCI3) & = 10.36 (s, 1H,
CHO), 8.04 (d, J = 1.6 Hz, 1H, PhH2), 7.93 (d, J = 8.0 Hz, 1H, PhH5), 7.74 (dd, J =
8.0, 1.6 Hz, 1H, PhH4), 6.25 (s, 1H, NH), 3.44-3.38 (m, 2H, CH2N), 1.67-1.61 (m, 2H,
CH2CHs), 0.98 (t, J = 7.4 Hz, 3H, CHas); 3C NMR (101 MHz, CDCls) & = 191.3 (CHO),
165.2 (CON), 141.0 (PhC4), 135.2 (PhC3), 132.8 (PhC2), 130.1 (PhC1), 127.2 (PhC4), 126.1
(PhC5), 42.2 (CH2N), 22.9 (CH,CHs), 11.5 (CHs); HRMS: m/z (ESI*) calc. for C11H1,"°BrNO,
[M+H]*: 270.1260; Obs.: 270.0124; vmax: (FT-ATR)/cm: 3313, 3075, 2965, 2934, 2875,
1698, 1642, 1545, 1467, 1441, 1313, 1288, 1202, 1039, 891, 846, 758, 653.

B,Pin,, Pd(dppf)Cl,, AcOK, 2 4
H H
AN Br dioxane, 80 °C, 16 h AN <5 BPin
o O
73 74

73 (265 mg, 0.981 mmol), bis(pinacolato)diboron (648 mg, 2.55 mmol), 1,1"-
[bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (144 mg, 0.196 mmol) and
potassium acetate (520 mg, 5.30 mmol) were placed under a nitrogen atmosphere,
and anhydrous dioxane (15 mL) was added. Nitrogen was bubbled through the

reaction mixture for 10 min, which was then stirred at 80 °C for 16 h. After cooling to
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r.t., the reaction was concentrated under reduced pressure. The residue was purified
via flash column chromatography on silica gel, eluting with EtOAc:Petrol (2:8).
Fractions containing the product were concentrated under reduced pressure to yield a
colourless oil (206 mg, 0.619 mmol, 24%).

Rt 0.37 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCI3) & = 10.52 (s, 1H,
CHO), 8.15 (d, J = 1.4 Hz, 1H, PhH6), 7.94-7.88 (m, 2H, PhH2, PhH3), 6.70 (t, J = 5.9
Hz, 1H, NH), 3.38-3.31 (m, 2H, CH2N), 1.58 (dt, J1 = J2 = 7.5 Hz, 2H, CH2CH3), 1.32
(s, 12H, Pin), 0.91 (t, J = 7.5 Hz, 3H, CHzs); **C NMR (101 MHz, CDCl3) & = 194.2
(CHO), 166.8 (CON), 143.1 (PhC4), 138.6 (PhC1), 134.0 (PhCB6), 133.9 (PhC5), 129.7
(PhC2), 128.0 (PhC3), 83.2 (C(CHs3)2), 83.0 (C(CHs3)2), 42.0 (CH2N), 24.6 (Pin), 22.9
(CH2CHs), 11.5 (CH3s); HRMS: m/z (ESI") calc. for C11H13BNO4 [M-Pin]: 234.0943; Obs.:
234.0948; vmax: (FT-ATR)/cm: 3358, 2977, 1643, 1535, 1452, 1371, 1341, 1141, 982,
851, 673, 578,.

! TFA, MeB(OH),, CH,Cl, , au
H H
AN BPin rt, 16 h AN
0) (0]
74 24

Trifluoroacetic acid (1.0 mL) was added to a solution of 74 (70 mg, 0.22 mmol) and
methylboronic acid (132 mg, 2.21 mmol) in dichloromethane (5 mL), and the mixture
stirred at r.t for 16 h. The reaction was azeotroped with dichloromethane (3 x 20 mL),
and hydrochloric acid (0.1 M, 2 x 10 mL) was added, and concentrated under reduced

pressure to give a yellow oil (52 mg, 0.22 mmol, quantitative yield).

Rt 0.29 (2:8, EtOAc:Petrol, UV active); 'H NMR (400 MHz, CDs0OD, for acetal) & =
7.76-7.66 (m, 2H, PhH6, PhH2), 7.37 (d, J = 8.0 Hz, 1H, PhH3), 5.45 (s, 1H,
CH(OMe)2), 3.27-3.19 (m, 2H, CH2N), 1.53 (dt, J = 7.4 Hz, 2H, CH2CHs), 0.86 (t, J =
7.4 Hz, 3H, CHs); 13C NMR (101 MHz, CDsOD, for acetal) 5 = 168.8 (CON), 144.3
(PhC4), 133.7 (PhC1), 133.0 (PhC6), 128.6 (PhC5), 126.9 (PhC2), 125.6 (PhC3),
102.3 (CH(OMe)2), 84.1 (C(CHs)2), 41.5 (CH2N), 23.7 (Pin), 22.4 (CH2CH3s), 10.5
(CHs); HRMS: m/z (ESI*) calc. for C11H13BNO4 [M-H]*: 234.0943; Obs.: 234.0945;
vmax: (FT-ATR)/cm™: 3314, 2967, 2932, 1693, 1639, 1540, 1343, 1316, 1206, 1141,
1066, 964, 851, 813, 760.
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6. Synthesis of nucleophiles for NMR and LC-MS studies, and FRET

controls

BocHN HNT " BocHN

j\f { jY
O. NHPr
BocHN N
S b EtsN, CHoCly, rit., 3 h BocHN
38 o

75O

A mixture of 38 (154 mg, 0.38 mmol), propylamine (96 pL, 1.15 pmol), and
triethylamine (266 pL, 1.92 mmol) in dichloromethane (5 mL) was stirred at r.t. for 3 h.
The reaction was then concentrated under reduced pressure. The residue was purified
via flash column chromatography on silica gel, eluting with EtOAc:Petrol (2:8).
Fractions containing the product were concentrated under reduced pressure to provide
a colourless oil (35 mg, 0.10 mmol, 27%).

Rr: 0.38 (3:7, EtOAc:Petrol); H NMR (400 MHz, CDCI3) & = 6.72 (s, 1H, NHPr), 5.84
(s, 1H, BocNHCH), 5.26 (s, 1H, BocNHCH>), 4.16 (dt, J1 = J2 = 6.1 Hz, 1H, CHNHBoc),
3.49-3.40 (m, 2H, CH2NHBoc), 3.22-3.15 (m, 2H, CH2CH2CH3), 1.49 (q, J = 7.5 Hz,
2H, CH2CHz3), 1.43-1.39 (m, 18H, 2 x Boc), 0.88 (s, 3H, CHa); *C NMR (101 MHz,
CDCls) & = 170.6 (CONH), 157.2 (COBoc), 156.3 (COBoc), 80.3 (C(CHs)3), 80.0
(C(CH3)3), 55.7 (CHNHBoc), 42.5 (CH2NHBoC), 41.2 (CH2CH2CH?3), 28.4 (Boc), 28.4
(Boc), 22.8 (CH2CH3s), 11.4 (CHs); HRMS: m/z (ESI*) calc. for Ci6H32N30s5 [M+H]™:
346.2336; Obs.: 346.2335; vmax: (FT-ATR)/cm: 3330, 2975, 2933, 2876, 1690, 1654,
1518, 1365, 1249, 1163, 1078, 868, 780, 644.

TFA"
BocHN "H3N
TFA,CH,CI,, r.t.,, 3h
NHPr 22y 1t
BOCHN]\H/ +H3N]\WNHPr
(0] TFA~ O
75 26

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 74 (30 mg, 87
pmol) in dichloromethane (5 mL) and the solution was stirred at r.t. for 3 h. The reaction
mixture was concentrated under reduced pressure and azeotroped with
dichloromethane (4 x 30 mL) to obtain a colourless oil. (13 mg, 87 pumol, quantitative
yield).
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Ri: 0.24 (3:7, EtOAc:Petrol); *H NMR (400 MHz, CDsOD) & =4.21 (t, J = 7.2 Hz, 1H,
CHCO), 3.47-3.26 (m, 3H, CH2NH, CONHCH2), 3.12 (dt, J = 13.7, 7.2 Hz, 1H,
ONHCH?2), 1.55 (tg, J1 = J2 = 7.4 Hz, 2H, CH2CH3), 0.93 (t, J = 7.4 Hz, 3H, CHg); 13C
NMR (101 MHz, CDsOD) & = 165.3 (CON), 50.8 (CHNHs"), 41.5 (CONHCH>), 39.7
(CH2NH3z") , 21.9 (CH2CHs3), 10.3 (CHs); HRMS: m/z (ESI) calc. for CsH1sN3O [M+H]*:
146.1288; Obs.: 146.1288; vmax: (FT-ATR)/cm: 3287, 2968, 2938, 2879, 1649, 1553,
1462, 1200, 1136, 837, 800, 722.

H
/\/NW/\Br
68 e} H
BocHN—NH, g /\/N\[thNHBOC
K2CO3, CH20|2, rt., 16 h H
42 )
76

A mixture of 42 (371 mg, 2.81 mmol), 68 (603 mg, 3.37 mmol), and potassium
carbonate (776 mg, 5.62 mmol) in dimethylformamide (5 mL) was stirred at 80 °C for
30 min. The mixture was then cooled to r.t. and diluted with water (50 mL). The
aqueous was extracted with ethyl acetate (3 x 50 mL), and the combined organics
washed with brine (2 x 30 mL), dried with MgSOa4, filtered, and concentrated under
reduced pressure. The residue was purified via flash column chromatography on silica
gel eluting with EtOAc:Petrol (2:8). Fractions containing the product were concentrated

under reduced pressure to provide a colourless oil (532 mg, 2.30 mmol, 82%).

Rr: 0.36 (2:8, EtOAc:Petrol); 'H NMR (400 MHz, CDCI3) & = 7.56 (s, 1H, NHPr), 6.40
(s, 1H, NHBoc), 4.19 (s, 1H, NHNHBoc), 3.46 (s, 2H, CH2CO), 3.20 (t, J = 7.4 Hz, 2H,
CH2NH), 1.55-1.49 (m, 2H, CH2CHs), 1.41 (s, 9H, Boc), 0.90 (t, J = 7.4 Hz, 3H, CH3);
13C NMR (101 MHz, CDCI3) & = 170.1 (CON), 156.8 (COBoc), 81.0 (C(CHs3)3), 55.5
(CH20), 41.0 (CH2NH), 28.3 (Boc), 22.8 (CH2CHs3), 11.5 (CHs); HRMS: m/z (ESI™) calc.
for C10H21N303 [M+Na]*: 254.1475; Obs.: 254.1469; vmax: (FT-ATR)/cm™: 3298, 2969,
2934, 2877, 1714, 1650, 1545, 1460, 1367, 1282, 1250, 1159, 1046. 1022, 849, 754,
593.

TFACH,Cly, rit., 16h

H H + —
N
\(f)(\H Y\H
(0]
76 77
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Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 76 (70 mg, 0.142
mmol) in dichloromethane (5 mL), and the solution was stirred at r.t. for 16 h. The
reaction mixture was then concentrated under reduced pressure and azeotroped with
dichloromethane (4 x 30 mL) to obtain a colourless oil. (40 mg, 0.142 mmol,

guantitative yield).

Rr: 0.24 (2:8, EtOAc:Petrol); H NMR (400 MHz, CDsOD) & = 3.62 (s, 2H, CH2NHNH3"),
3.16 (t, J = 7.3 Hz, 2H, CH2NHCO), 1.58-1.48 (m, 2H, CH2CH3), 0.91 (t, J = 7.3 Hz,
3H, CHs); 13C NMR (101 MHz, CDCls) & = 168.8 (CON), 50.4 (CH.ONHNH3z"), 40.8
(CH2NH), 22.2 (CH2CHs), 10.3 (CH3); HRMS: m/z (ESI*) calc. for CsH13N3O [M+Na]*:
132.1131; Obs.: 132.1130; vmax: (FT-ATR)/cm™: 3300, 2965, 2934, 2876, 1651, 1543,
1460, 1201, 1146, 721.

~_NH;,
Et;N, T3P, CH,Cl,,

H
HO
NHBoc AN
joWA 0°C-rt, 16 h EANHBOC

78

To a solution of Boc-Gly-OH (150 mg, 0.857 mmol), propylamine (178 pL, 2.14 mmol)
and triethylamine (593 pL, 4.29 mmol) in dichloromethane (5 mL), was added
propylphosphonic anhydride solution (50% w/w in EtOAc, 681 uL, 2.14 mmol) at 0 °C
and the mixture stirred at r.t. for 16 h. The reaction was then concentrated under
reduced pressure. The residue was purified via flash column chromatography on silica
gel eluting with EtOAc:Petrol (2:8). Fractions containing the product were concentrated

under reduced pressure to provide a colourless oil (132 mg, 0.71 mmol, 49%).

R: 0.32 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCI3) & = 6.22 (s, 1H, NHCO), 5.21
(s, 1H, NHBoc), 3.75 (s, 2H, CH2CO), 3.21 (t, J = 7.2 Hz, 2H, CH2NH), 1.54-1.46 (m,
2H, CH2CH3), 1.43 (s, 9H, Boc), 0.90 (t, J = 7.2, 3H, CH3); 13C NMR (101 MHz, CDCla)
o = 169.5 (CON), 156.0 (COBoc), 80.4 (CH20), 44.6 (C(CH3)s), 41.2 (CH2N), 28.4
(Boc), 22.8 (CH2CH3s), 11.4 (CHs); HRMS: m/z (ESI*) calc. for Ci0H20N203 [M+Na]™:
239.1366; Obs.: 239.1367; vmax: (FT-ATR)/cm: 3312, 2968, 2933, 2876, 1656, 1512,
1365, 1248, 1164, 1049, 940, 864, 735, 551, 462.
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TFA,CH,Cly, rt., 3 h

H H
N N _
< NHBoc STNTONH TRA
o o}

78 79

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 78 (90 mg, 0.42
mmol) in dichloromethane (5 mL) and the solution was stirred at r.t. for 3 h. The reaction
mixture was concentrated under reduced pressure and azeotroped with
dichloromethane (4 x 30 mL) to obtain a colourless oil. (48 mg, 0.42 mmol, quantitative
yield).

Rr: 0.32 (2:8, EtOAc:Petrol); 'H NMR (400 MHz, CD30D) & = 8.29 (m, 1H, NH), 3.68
(s, 2H, CH2CO), 3.16 (t, J = 7.3 Hz, 2H, CHzNH), 1.51 (dt, J1 = J» = 7.3 Hz, 2H,
CH2CHs), 0.89 (t, J = 7.3 Hz, 3H, CHa); 13C NMR (101 MHz, CD30D) & = 165.8 (CON),
41.0 (CH20), 40.2 (CH2N), 22.8 (CH2CHs), 10.29 (CHs); HRMS: m/z (ESI*) calc. for
CsH12N20 [M+H]*: 117.1022; Obs.: 117.1022; vmax: (FT-ATR)/cmt: 3305, 2926, 1663,
1576, 1436, 1275, 1130, 840, 916, 798, 723, 518.

NH
TrtS ek TrtS
on Et;N, T3P, CH,Cl,
BocHN > BocHN NHPr
S 0°C-rt, 16 h 3
80

To a solution of Boc-Cys(Trt)-OH (200 mg, 0.431 mmol), propylamine (54 uL, 0.647
mmol), and triethylamine (300 pL, 2.16 mmol) in dichloromethane (5 mL), was added
propylphosphonic anhydride solution (50% w/w in EtOAc, 343 uL, 1.08 mmol) at 0 °C
and the mixture stirred at r.t. for 16 h. The reaction was then concentrated under
reduced pressure. The residue was purified via flash column chromatography on silica
gel eluting with EtOAc:Petrol (2:8). Fractions containing the product were concentrated
under reduced pressure to provide a colourless oil (205 mg, 0.43 mmol, 99%).

Rr: 0.29 (2:8, EtOAc:Petrol, UV active); *H NMR (400 MHz, CDCls) d = 7.44-7.38 (m,
6H, PhH2), 7.31-7.25 (m, 6H, PhH3), 7.23-7.18 (m, 3H, PhH4), 5.94 (s, 1H, NHBoc),
4.80-4.64 (m, 1H, NHPr), 3.80 (d, J = 6.4 Hz, 1H, CHNHBoc), 3.16-3.09 (m, 2H,
CH2NH), 2.74-2.66 (m, 1H, CH2STrt), 2.53-2.45 (m, 1H, CH2STrt), 1.50-1.42 (m, 2H,
CH2CHs3), 1.40 (s, 9H, Boc), 0.86 (t, J = 7.4 Hz, 3H, CHs); 13C NMR (101 MHz, CDCls)
0 = 170.4 (CON), 144.5 (COBoc), 129.7 (PhC2), 128.2 (PhC3), 127.0 (PhC4), 82.3
(CHNHBoc), 67.3 (CH2STrt), 41.3 (CHz2NH), 28.4 (Boc), 22.8 (CH2CH3s), 11.4 (CH3);
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HRMS: m/z (ESI*) calc. for CaoHasN20sS [M+Na]*: 527.2335; Obs.: 527.2335; Vmax:
(FT-ATR)/cm'®: 3300, 3058, 2967, 2931, 2875, 1655, 1526, 1489, 1366, 1248, 1165,
1047, 865, 739, 698, 621, 505.

TrtS

HS
TFA, TIPS CH,Cl,, r.t., 1 h
NHPr ’ 2l rt,
NHP
BocHNjﬁf +H3Nj\m r

O 8o TFA° O 81

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 80 (195 mg,
0.41 mmol) and triisopropylsilane (439 pL, 2.04 mmol) in dichloromethane (5 mL), and
the mixture stirred at r.t. for 16 h. The reaction was then concentrated under reduced
pressure to ~5 mL, and the remaining solution added dropwise to diethyl ether (200
mL). The resultant precipitate was collected by filtration, washed with diethyl ether (30
mL), and dried in air. The solid was then dissolved in methanol (10 mL) and
concentrated under reduced pressure to afford a colourless oil. (67 mg, 0.41 mmol,
quantitative yield).

Rr: 0.18 (2:8, EtOAc:Petrol, UV active); 'H NMR (400 MHz, CD30D) & = 3.98-3.90 (m,
1H, CHNHs*), 3.29-3.15 (m, 2H, CH2NH), 3.04-2.87 (m, 2H, CH2STrt), 1.59-1.48 (m,
2H, CH2CHs), 0.92 (t, J = 7.4 Hz, 3H, CHs); 13C NMR (101 MHz, CDs0D) & = 166.9
(CON), 54.8 (CHNH3s"), 41.2 (CH2NH), 25.0 (CH2SH), 22.1 (CH2CHs), 10.4 (CHs);
HRMS: m/z (ESI*) calc. for CeH14N20S [M+Na]*: 185.0719; Obs.: 185.0720; Vmax: (FT-
ATR)/cm: 3286, 3090, 2966, 1655, 1571, 1265, 1181, 1133, 838, 798, 722, 517.

A~ _NH,
LO Et;N, T3P, CH,Cl,, ’
HO “NHBoc /\/N\[hO/NHBOC
0°C-rt, 16 h I
42
82

To a solution of 42 (115 mg, 0.602 mmol), propylamine (125 pL, 1.51 mmol) and
triethylamine (416 pL, 3.01 mmol) in dichloromethane (5 mL), was added
propylphosphonic anhydride solution (50% w/w in EtOAc, 479 uL, 1.51 mmol) at 0 °C
and the mixture was warmed to r.t. and stirred for 16 h. The reaction was then
concentrated under reduced pressure. The residue was purified via flash column

chromatography on silica gel eluting with EtOAc:Petrol (2:8). Fractions containing the
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product were concentrated under reduced pressure to provide a colourless oil (65 mg,
0.28 mmol, 46%).

Rr: 0.36 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDClz) & = 8.15 (s, 1H, NH), 4.24 (s,
2H, CH20), 3.20 (t, J = 7.3 Hz, 2H, CH2NH), 1.51 (dt, J = 7.3 Hz, 2H, CH2CHg3), 1.42
(s, 9H, Boc), 0.88 (t, J = 7.3 Hz, 3H, CHs); *C NMR (101 MHz, CDCI3) 6 = 169.1
(CONH), 158.0 (COBoc), 82.8 (C(CHs)3), 76.1 (CH2CO), 40.9 (CH2NH), 28.2 (Boc),
22.6 (CH2CH3s), 11.5 (CHs3); HRMS: m/z (ESI™) calc. for C10H20N204 [M+Na]*: 255.1315;
Obs.: 255.1311; vmax: (FT-ATR)/cm: 3285, 2969, 2934, 2877, 1724, 1650, 1552,
1459, 1368, 1252, 1162, 1110, 776, 586.

TFA,CH,Cl,, rt., 3 h

H H +o
N _NHBoc >
A~ WAO /\/NjﬁO,NH3 TFA
o o]
82 83

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 82 (60 mg, 0.26
mmol) in dichloromethane (5 mL) and the solution was stirred at r.t. for 3 h. The reaction
mixture was concentrated under reduced pressure and azeotroped with
dichloromethane (4 x 30 mL) to obtain a colourless oil. (34 mg, 0.26 mmol, quantitative

yield).

Rt 0.27 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDs0OD) & = 4.20 (s, 2H, CH2CO),
2.92 (t, J = 7.4 Hz, 2H, CH2NH), 1.26 (dt, J1 = J2 = 7.4 Hz, 2H, CH2CH3), 0.64 (t, J =
7.4 Hz, 3H, CHs); 13C NMR (101 MHz, CD3OD) & = 168.5 (CONH), 71.4 (CH2CO), 40.6
(CH2NH), 22.2 (CH2CHz3), 10.3 (CHs); HRMS: m/z (ESI*) calc. for CsH12N202 [M+H]*:
133.0972; Obs.: 133.0967; vmax: (FT-ATR)/cm: 3288, 3089, 2966, 2877, 1654, 1544,
1460, 1201, 1084, 833, 580.

O MeNH,, CH,Cl,, r.t., 30 min

H
Br)K/Br /N\[(\Br
(0]

84

Methylamine (1.00 mL, 22.6 mmol) was added to a solution of bromoacetyl bromide
(2.00 mL, 11.3 mmol) in dichloromethane (30 mL) and stirred at r.t. for 30 min. The
mixture was then diluted with water (70 mL) and the aqueous was extracted with ethyl

acetate (3 x 70 mL). The combined organics were washed with brine (2 x 100 mL),
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dried with MgSOs, filtered, and concentrated under reduced pressure to provide a
colourless oil (1.56 g, 1.03 mmol, 91%).

Rr: 0.29 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCIz) & = 3.80 (s, 2H, CH2), 3.73 (s,
3H, CHs); ¥3C NMR (101 MHz, CDCl3) 5 = 167.8 (CON), 53.2 (CHz), 25.7 (CHz3); HRMS:
m/z (ESI*) calc. for CsHsNO [M+Na]*: 193.9525; Obs.: 193.9525; vmax: (FT-ATR)/cm"
1. 2956, 1736, 1437, 1280, 1165, 1113, 1006, 884, 708, 670, 549.

H
N
- Br
84 @A ’
BocHN—NH, - N

_NHBoc
42 K,CO3, CH,ClIy, 80 °C, 3 h TOWAN

85

A mixture of 42 (500 mg, 3.79 mmol), 84 (732 mg, 4.55 mmol), and potassium
carbonate (1.05 g, 7.58 mmol) in dimethylformamide (10 mL) was stirred at 80 °C for
3 h. The mixture was then cooled to r.t. and diluted with water (70 mL). The aqueous
was extracted with ethyl acetate (3 x 50 mL), and the combined organics washed with
brine (2 x 50 mL), dried with MgSOa, filtered, and concentrated under reduced
pressure. The residue was purified via flash column chromatography on silica gel,
eluting with EtOAc:Petrol (2:8). Fractions containing the product were concentrated

under reduced pressure to provide a colourless oil (50 mg, 0.25 mmol, 6%).

Rt: 0.26 (2:8, EtOAc:Petrol); 'H NMR (400 MHz, CDCIls, data provided for major
rotamer) & = 6.53 (s, 1H, NHMe), 3.78-3.68 (m, 3H, CHz), 3.60 (s, 2H, CH2), 1.40 (s,
9H, Boc); 3C NMR (101 MHz, CDCIls, data provided for major rotamer) & = 171.9
(CON), 162.9 (COBoc), 81.0 (C(CHs)3), 53.0 (CH2), 52.2 (CHs), 28.6 (C(CHs)3); HRMS:
Product was not observed via HRMS; vmax: (FT-ATR)/cmt: 3320, 2978, 1714, 1438,
1367, 1209, 1149, 1049, 1017, 779.

H TFA,CH,Cl,, r.t., 16 h H

_NHBoc NH~* TFA-
WAN - NS
I N \([)(\H
85 21

-~

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 84 (43 mg, 0.21
mmol) in dichloromethane (5 mL) and the solution was stirred at r.t. for 16 h. The

reaction mixture was then concentrated under reduced pressure and azeotroped with
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dichloromethane (4 x 30 mL) to obtain a colourless oil (22 mg, 0.21 mmol, quantitative
yield).

Rr: 0.18 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDsOD) d = 3.82-3.76 (m, 2H, CH>),
3.78-3.70 (m, 3H, CHs3); 13C NMR (101 MHz, CD30OD) & = 171.8 (CON), 52.9 (CH>),
50.6 (CH3); HRMS: Product was not observed via HRMS; vmax: (FT-ATR)/cm™: 2959,
1730, 1438, 1205, 1154, 1047, 1005, 907, 761.

j\/o MeNH,, EtsN, T3P, CH,Cl,,
HO “NHBoc >

H
N NHBoc
/ 7
0°C-rt., 16 h mAO

@)
86

42

To a solution of 42 (300 mg, 1.57 mmol), methylamine (140 pL, 3.14 mmol), and
triethylamine (1.09 mL, 7.85 mmol) in dichloromethane (5 mL), was added
propylphosphonic anhydride solution (50% w/w in EtOAc, 1.25 mL, 3.93 mmol) at O
°C, and the mixture was then stirred at r.t. for 16 h. The reaction was concentrated
under reduced pressure and the residue was purified via flash column chromatography
on silica gel eluting with EtOAc:Petrol (2:8). Fractions containing the product were
concentrated under reduced pressure to provide a white solid (145 mg, 0.71 mmol,
45%).

Rr: 0.31 (2:8, EtOAc:Petrol); *H NMR (400 MHz, CDCI3) 6 = 8.03 (s, 1H, NHBoc), 7.60
(s, 1H, NHMe), 4.33 (s, 2H, CHz2), 2.86 (s, 3H, CH3), 1.48 (s, 9H, Boc); 3C NMR (101
MHz, CDCl3) & = 169.4 (CONH), 157.9 (COBoc), 83.4 (C(CHs)s), 76.6 (CH2CO), 28.2
(C(CH3)3), 25.8 (CH3); HRMS: m/z (ESI*) calc. for CsH16N204 [M+Na]*: 227.1002; Obs.:
227.1008; vmax: (FT-ATR)/cm™: 3287, 2979, 2939, 1723, 1658, 1559, 1480, 1369,
1280, 1253, 1163, 1112, 977, 583.

TFA,CH,Cl,, rt., 16 h

H H
N _NHBoc N NH
o 2
o o)

86 20

Trifluoroacetic acid (1 mL) was added dropwise to a stirred solution of 86 (60 mg, 0.26
mmol) in dichloromethane (5 mL) and stirred at r.t. for 3 h. The reaction mixture was
concentrated under reduced pressure and azeotroped with dichloromethane (4 x 30

mL) to obtain a colourless oil. (34 mg, 0.26 mmol, quantitative yield).
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Rf: 0.22 (2:8, EtOAc:Petrol); H NMR (400 MHz, CD30D) & = 4.50 (s, 2H, CH2), 2.80
(s, 3H, CHa); 13C NMR (101 MHz, CD30D) & = 170.1 (CON), 72.7 (CH2), 25.9 (CHz);
HRMS: m/z (ESI*) calc. for C3HsN202 [M+H]*: 105.0659; Obs.: 105.0652; vmax: (FT-
ATR)/cm™:3313, 2924, 1654, 1553, 1414, 1199, 1135, 1085, 834, 800, 722, 577.

7. Determination of substrate concentration via UV-Vis analysis

Due to the low amounts of Cy3 and Cy5 substrates synthesised, and the potential for
errors in mass calculations that could result, the concentrations of stock solutions of
each substrate were calculated from a calibration curve of 1 or 2 of known
concentrations. Briefly, stock dilutions of 1 or 2 were made in water to concentrations
in the range of 0.1-400 uM (at least 6 data points). Absorbance spectra were then
recorded in the range 400-600 nm, and the absorbance at the Amax plotted as a function

of concentration (Cy3: 543 nm; Cy5: 641 nm).

Aliquots of each substrate were then serially diluted in water to generate samples for
measurement. Concentrations were then determined for appropriately dilute samples

for which absorbance at Amax fell within the linear range of the calibration curves.

8. Initial screening of Cy3 quenching

General procedure: A solution of Cy5-nucleophile (50 pL, 100 uM) in PBS buffer was
added to a solution Cy3-0BA 5 (50 pL, 10 uM) in PBS buffer in a 96-well plate, to give
final Cy3 and Cy5 concentrations of 5 uM and 50 uM respectively (pseudo-first order).
Single-point fluorescence emission intensities (Aexcitation = 480 NmM; Aemission = 580 nm) in

the Cy3 channel were then recorded every 1 min for a period of 100 min.

Negative control: Run as for the general procedure, using Cy5-NHAc 16 (50 uL, 100
HM)

Positive control: The emission of a solution of Cy3-Cy5 covalent control 17 (100 pL,
5 uM) was recorded over time as described above.

Data processing: Emission at 580 nm was plotted as a function of time, relative to the

negative (100%) and positive (0%) controls.
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Cy3 controls: Run as for the general procedure, using either Cy3-benzaldehyde 61
or Cy3-phenylboronic acid 67 (50 pL, 10 uM).

Controls to validate quenching via FRET: Run as for the general procedure, using
PrNH-capped nucleophiles 26, 77, 79, 81, or 83 (50 uL, 100 uM) in place of the Cy5-

nucleophile.

9. FRET studies

General procedure: FRET studies were performed in a 700 L fluorescence cuvette
under second-order conditions. A solution of Cy5-nucleophile (300 pL, 5 pM) in the
stated buffer was added to a solution of Cy3-0BA 5 (300 pL, 5 uM) in the same buffer
and rapidly mixed by pipetting up and down. Fluorescence emission spectra between
520-700 nm were recorded immediately after mixing, and then subsequently ever 15
seconds for a total of 100 measurements. The delay between mixing and the
measurement of the first spectra was ~3 seconds. All measurements were performed

in triplicate.

Negative control: Run as for the general procedure, using Cy5-NHAc 16 (300 pL, 5
HM).

Positive control: The emission of a solution of Cy3-Cy5 covalent control 17 (600 pL,

2.5 pM) was recorded over time as described above.

Data processing: The ratio of the emission at the Amax of Cy3 (Emissseo) and Cy5
(Emisses7) was used to determine the FRET ratio (Emissseo/Emisses?). As the initial
spectra were recorded at t = 3 sec, a plot of 1/[Emissseoss7] against time and linear
regression analysis was used to determine Emissseoss7 at t = O (intercept of linear
regression). A minimum of 4 data points that lay within the initial linear region of this
plot were included in this analysis. Emisszoo was used as a background measurement

and subtracted from Emissseoss7 prior to analysis.

Conversion of FRET ratios to conversion: Data from the positive and negative
controls was used to account for drift in the system and to calculate the expected FRET
ratio for 0% and 100% conjugation at t = x, averaged across three triplicates:
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i) 0% conjugation: Changes in Emissseoes7 from the negative control over the period of
the measurement were fitted to a linear regression analysis, generating the gradients

of drift aseoes7. The 0% conjugation FRET reference, A, then equals:

OEMmisssgq + (Asgp X X)

N 0Emi55657 + (a657 X X)

i) 100% conjugation: Changes in Emissssoss7 from the positive control over the period
of the measurement were fitted to a linear regression analysis, generating the gradients
of drift bseoss7 and the emissions at t = 0, %cseoes7. The 100% conjugation FRET

reference, B, then equals:

_ Ocs60 + (bseo X X)
Oces57 + (bgsy X x)

Conversion can then be calculated from:

A — FRET

C jon = ——— X 100
onversion 13

Conversions over time were then averaged over the three triplicates and standard

deviations at each time point calculated

Data fitting: Data were fit to a second order reversible kinetic model in Copasi
4.34.251. ki and k-1 were estimated using the evolutionary programming method built
into the software, with 200 generations and a population size of 20. Parameters were

restricted within the confines of: ki1 106-10” M1 s1; k.1 10-8-103 s1.

10. LC-MS reversibility studies

General procedure: Stock solutions of 25 (3 pL, 38 mM, 114 nmol) and propyl amide
nucleophile 83 or 77 (6 pL, 38 mM, 228 nmol) in methanol were added sequentially to
the relevant buffer (300 pL, final oBA concentration 370 uM) and shaken for 30 min.
At this point, a stock solution of the analogous methyl amide nucleophile 20 or 21 (30
pL, 38 mM, 1140 nmol) was added and the mixture incubated at room temperature.

Aliguots were analysed via LC-MS analysis every 24 h for 1 week.

Negative control: Run as described above, but methanol (30 pL) was added in place

of the methyl amide nucleophile.
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Positive control: Run as described above, but methanol (6 yuL) was added in place of

the propyl amide nucleophile.

Data analysis: The absorbance at 280 nm at time t = x (Ax) was integrated for peaks
relating to propyl-oBID (elution time: 2.90 min) products. A plot of In(Integration) was
used to determine the integration at t = O (intercept of linear regression). Data from the
positive controls was used to calculate the expected integration at 100% exchange (B).

Conversions were then calculated from:

X

x 100
AO_B

Conversion =

Data fitting: Data were fit to a two-reaction reversible kinetic model using Copasi

4.34.251, based on the following reactions:

2 equiv.

o
HZNXJJ\NHPr 0

O B(OH

o B(OH), k1 priin o2

PriN K N NHPr
_0 3y 2T

O

10 equiv.

o)
HZNXQJ\NHPr o

K Mo B(OH),
B(OH 1 PrHN
PrHNJ\/O o K r \©C\N NHPr
/0 -1 ~ \X/\H/

0]

k1 calculated from the FRET studies were used to estimate k-1, using the evolutionary
programming method built into the software, with 200 generations and a population
size of 20, and with the assumption that rates of reactions were the same for propyl-
and methyl-amide nucleophiles. Parameters were restricted within the confines of: k1
1010-10t s,

11. NMR studies of pH dependent DAB-hydrazone exchange

Solutions of 0BA 25 (5 mg, 19 pumol) in DMSO-ds (25 pL) and propyl-amide hydrazine
77 (4.6 mg, 19 umol) in DMSO-ds were added sequentially to deuterated buffers (450
pL, 100 mM; pH 4 — acetate buffer, pH 5, 6, 7.4, 8 — phosphate buffer; prepared by

evaporating standard buffer and then redissolving the residue in D20 three times) and
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incubated for 30 min. The sample was then analysed by NMR and the ratio of DAB to
hydrazone determined. In all cases, only signals from the cyclic DAB were observed,

indicated by a singlet at & ~ 8.6, as previously reported by Gu et al.1!

12. NMR studies of sugar binding

Solutions of oBA 25 (2.5 mg, 9 pmol) in DMSO-ds (25 pL) and either propyl-amide
hydrazine 77 or hydroxylamine 83 (9 pumol) in DMSO-ds were added sequentially to
deuterated PBS (450 pL, 100 mM; prepared by evaporating standard buffer and then
redissolving the residue in D20 three times) and incubated for 30 min. Glucose or
fructose (9 pmol) was then added and the samples incubated for a further 30 min. After
this time the samples were analysed by NMR and shifts in the oxime/DAB peaks used
to determine the extent of sugar binding. In all cases, no shift in signal was observed

indicating no sugar binding was taking place under these conditions.

13. NMR studies of analogue reaction equilibria

General procedure: oBA 25 (2 mg, 7.5 umol) and another oBA analogue, 22-24 (7.5
pmol), were dissolved in a mixture of deuterated PBS (0.5 mL, 100 mM; prepared by
evaporating standard PBS and then redissolving the residue in D20 three times) and
DMSO-ds (50 pL). A solution of 1,2-diamine 26 (1.1 mg, 7.5 umol) in deuterated PBS

(0.5 mL) was then added and the mixture incubated for 2 hrs, prior to NMR analysis.

0
0
0 B(OH J\/o B(OH),
PrHNJ\/ \©;( )2 H,N 26 PrHN 4
25 o °N
= HZN]\H/NHPr CONHPY
+ (@] N

H
B(OH), Ii(OH)z
o
o
R Z R CONHPr
N

+
H
Data analysis: Peaks relating to oBID formation for both 25 and the oBA analogue

competitor were identified via prior control reactions in which each oBA was incubated
with 26 alone. Integration of peaks that fell within unique regions of the spectra relating
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to oBID formation were used to determine the ratio of products formed. This ratio was
then used to calculate Kq for each analogue, as follows:

[A][B] [D][B]

Ka@S) = Ka¥) =5

Assuming Kd(25) = Kd(5), which is known from our FRET studies, these equations can
be rearranged to:

[CIK4(5) [D][C]

B =] Ka) = TEya

Ka(5)

14. DFT

Calculations were performed to identify the relative energies of the imidazolidino-
boronates 91-95 formed between model substrates 87-90 and ethylenediamine. The
relative energies of intermediates and transition states were determined using the
TURBOMOLE V6.4 package using the resolution of identity (RI) approximation.t?-1°
Initial optimisations were performed at the (RI-)BP86/SV(P) level, followed by
frequency calculations at the same level. All minima were confirmed as such by the
absence of imaginary frequencies. Single-point energies were then performed on the
(RI1-)BP86/SV(P) optimised geometries using the hybrid PBEO functional and the
flexible def2-TZVPP basis set. Energies, xyz coordinates and the first 50 lines of the
vibrational spectra are presented. Solvation effects were modelled using COMSO?°
using the dielectronic constant of 78.2 for water and energies were corrected for

dispersion using Grimme’s D3-method with Becke-Johnson dampening.??
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~.0 B(OH), N ~"NH, ~° N
87 = 91 J

HN
88 : :B(OH)Q N, 92 B{%H)z
s ——— + H20 - -1
~o 0 — j 18 kJ mol
HN
i i B(OH)
HyN 2
B(OH),  "2"~~""NH, EtHN i P
EtHN o 2 \H +H,0 17 kJ mol
89 = 93
HN
B(OH), H2I\'l\/\NHz EiiOH)E -1
\@/O H 0 +15 kJ mol
90 = 94 J
HN

Differences in energy between aldehydes 88-90 and imidazolidino-boronates 92-94,
relative to the energy difference between aldehyde 87 and imidazolidino-boronate 91.

SCF Energy (au)BP86/SV(P) -674.9440225343
SCF Energy (au)PBE@/def2-TZVPP -674.9308469654
SCF Energy (au)PBEO@/def2-TZVPP -674.9532019095 (H,0 Correction)

Zero Point Energy (au) 0.1888044
Chemical Potential (kJ mol-l) 386.35
Dispersion Correction (au) PBE@/def2-TZVPP -0.02324058

xyz coordinates

Energy = -674.9440225343

0 0.1229231 0.2566308 2.2691099
C -0.3831042 0.2529079 l1.0117610
C -1.7247219 0.6933151 0.8880434
H -2.2607038 1.0042750 1.7982604
C -2.3279417 0.7147554 -0.3673593
H -3.3758318 1.0485868 -0.4677091
C -1.6123663 0.3084333 -1.5190090
C -2.2472719 0.3208490 -2.8451379
C -0.2648622 -0.1323970 -1.4130654
C 0.3340958 -0.1565716 -0.1407737
H 1.3725067 -0.5090888 -0.0449698
C 1.4652611 -0.1905523 2.4973762
C 1.7428751 -0.0918841 3.9895334
H 2.1752183 0.4442802 1.9157179
H 1.5757650 -1.2413014 2.1387234
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51
10
92
69
15
95
.86
.32
.69
83
53

6935615
4641737
8970460
7054397
3093381
3428952
2062575

.5649349

8730183
8820117

IR intensity

km/mol

P NNMNPAOWNOWUUOR OOOOOOOO®

N =N w A W NNEFR WO
OFRPRPUWWOOIOANRUUNO®OORE WU O

.00000
.00000
.00000
.00000
.00000
.00000
.29671
.14740
.16228
.56832
.39791
.87764
.50889
.31304
.50938
.16675
.72200
.40361
.92983
.26941
.43017
.91350
.73710
.51565
.64311
.30955
.35809
.34825
.02284
.27673
.98373
.01370
.11214
.26148
.75104
.05614
.01572
.37931
134.
.63291
138.

18.
143.

18.

11.

73842

29590
16669
17251
69413
41937

IR

selection rules

RAMAN
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46 a 1142.58 3.88275 YES YES
47 a 1211.72 84.69479 YES YES
48 a 1244 .38 63.71511 YES YES
49 a 1266.50 2.30874 YES YES
50 a 1276.66 353.78756 YES YES
~.© B(OH),
HN
SCF Energy (au)BP86/SV(P) -788.9406342711

SCF Energy (au)PBE@/def2-TZVPP -788.9253276879
SCF Energy (au)PBEO@/def2-TZVPP -788.9473947863 (H,0 Correction)

Zero Point Energy (au) 0.2758400
Chemical Potential (kJ mol-l) 603.64
Dispersion Correction (au) PBE@/def2-TZVPP -0.03331502

xyz coordinates
34

0.9899580 -0.0449146 3.3529898
0.4667609 -0.1027417 2.0925335
-0.8984918 0.2339073 1.9683906
-1.4525093 0.5217452 2.8763760
-1.5185551 0.1976461 0.7144989
-2.5810070 0.4666748 0.5975692
-0.8066750 -0.1839085 -0.4392565
-1.4717173 -0.1617649 -1.8098950
0.5640050 -0.5310371 -0.3327214
1.1896539 -0.4712039 0.9370550
2.2543873 -0.7437827 1.0181176
-2.9288865 0.1600810 -1.7913571
-0.8367965 0.8554651 -2.6638820
-1.8581630 1.1625053 -3.6741741
-1.8344296 0.3713715 -4.4588992
-1.6531834 2.1381534 -4.1639778
2.3556563 -0.4001573 3.5558619
2.6573487 -0.2780990 5.0427110
3.0187859 0.2752676 2.9611927
2.5357294 -1.4436400 3.1994127
1.4453406 -0.9639174 -1.5728429
2.6967897 -0.4186876 -1.7997094
1.0418140 -1.9838088 -2.3996487
1.7071870 -2.1138094 -3.1109314
2.8643027 0.3329171 -1.1944079
-3.1939919 1.1114965 -2.8896169
-3.4855202 -0.6961625 -1.8976481
-3.4462559 2.1228081 -2.4871024
-4.0556896 0.7873835 -3.5156344
-0.6665468 1.6941016 -2.0851981
-1.3061406 -1.1517411 -2.2998667
2.4860790 0.7619611 5.3946299
3.7168728 -0.5480603 5.2426811
2.0038884 -0.9560485 5.6327499

I T T T T T I I NDIITOO0OWIINNHNIINZ2ZZ2Z2IT0000O0IN0ITN00nNO0O

$vibrational spectrum
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# mode symmetry wave number IR intensity selection rules

# cm¥*(-1) km/mol IR RAMAN
1 0.00 0.00000 - -
2 0.00 0.00000 - -
3 0.00 0.00000 - -
4 0.00 0.00000 - -
5 0.00 0.00000 - -
6 0.00 0.00000 - -
7 a 32.46 1.32549 YES YES
8 a 40.97 2.68258 YES YES
9 a 51.66 0.11918 YES YES

10 a 75.95 0.36585 YES YES
11 a 95.13 0.28409 YES YES
12 a 98.26 0.14764 YES YES
13 a 102.32 0.24753 YES YES
14 a 128.55 2.21866 YES YES
15 a 131.79 2.47801 YES YES
16 a 202.27 0.33551 YES YES
17 a 213.48 0.64153 YES YES
18 a 252.74 1.99361 YES YES
19 a 262.36 0.46050 YES YES
20 a 281.69 4.01542 YES YES
21 a 312.62 4.84903 YES YES
22 a 323.17 3.21589 YES YES
23 a 390.64 4.09645 YES YES
24 a 411.73 3.00280 YES YES
25 a 436.81 0.50164 YES YES
26 a 493.47 25.43168 YES YES
27 a 508.77 113.08135 YES YES
28 a 534.05 10.23991 YES YES
29 a 545.71 37.10191 YES YES
30 a 582.58 46.20626 YES YES
31 a 603.54 29.32661 YES YES
32 a 613.23 2.51359 YES YES
33 a 623.82 15.41473 YES YES
34 a 667.15 58.97105 YES YES
35 a 690.21 6.87422 YES YES
36 a 740.82 4.,20967 YES YES
37 a 788.89 12.36679 YES YES
38 a 806.29 36.88200 YES YES
39 a 815.21 3.71629 YES YES
40 a 841.54 12.53565 YES YES
41 a 854.07 33.43152 YES YES
42 a 859.27 10.26141 YES YES
43 a 871.22 11.46102 YES YES
44 a 892.07 37.04017 YES YES
45 a 905.67 8.55998 YES YES
46 a 937.16 21.95969 YES YES
47 a 945 .86 36.11721 YES YES
48 a 971.76 11.93884 YES YES
49 a 972.52 78.17454 YES YES
50 a 984.94 6.11996 YES YES
\\V/O\I:::ITQWQ
88 B(OH),
SCF Energy (au)BP86/SV(P) -674.9406753105
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SCF Energy (au)PBE®/def2-TZVPP -674.9275964242

SCF Energy (au)PBEO@/def2-TZVPP -674.9498077236 (H,0 Correction)
0.1887753

Zero Point Energy (au)

Chemical Potential (kJ mol-?)
Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

25

I I I ITNDINITOIIITOOWmWINONNNONOINONDON

$vibrational spectrum

# mod
#

1

e

.8692490
.4933351
.2467293
.1462022
.2125705
.4484443
.1696590
.9268066
.5508787
.6117724
.7364544
.3881120
.9662966
.4899450
.1209506
2.
Q.
.4116867
Q.
Q.
1.
Q.
2.
1.
2.

2637207
6509369

6582688
2756138
7256349
2109718
1002831
3046897
5870355

symmetry

[« DI« DI« I DI DI I « N o I oD oD« D« D I« D I D I o)

.2257113
.1470849
.3952855
.2753851
.5562666
.0409857
.1687176
.3308772
.4593147
.7592731
.6019414
.3873014
.9047792
.9267254
.2835536
.4468256
.0052088
.3426130
.2460222
.7962551
.5569297
.9401257
.5962815
.4495908
-0.

1376568

wave number

385.49

.7959236
.7817398
.8872224
.4623468
4742417
.6599565
.9471273
.6705095
.4161465
.3633153
.0137117
.7246896
.3751826
.2065726
.4374479
.8688666
.0423814
.7458226

3.1812092

AU wbw

cm¥*(-1)
0.00

[OIEOR OGN

)

31.

82.
106.
112.
126.
141.
205.
226.
257.
258.
279.
339.
379.
402.

.00
.00
.00
.00
.00
64
.04
54
67
90
18
32
15
48
o7
98
68
90
61
91

.3033303
.2200851
.2840675
.1009766
.2429648
.1191539

-0.02309721

IR intensity

km/mol
0.00000

NOUNWWPARWOPRPRRPROODODOOOOOOO®

.00000
.00000
.00000
.00000
.00000
.24155
.40078
.56006
.52903
.19890
.91741
.38718
.52309
.78505
.30743
.85558
.29754
.23091
.90233
.40395

IR

selection rules

RAMAN
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

\/O
92

[« D« DI« DI« DI I « I oI o N o N« DI« I DI DI DI « I « D oD oD « DI« DN« DI« DI « DI D I DI « D I « D IR « DR« }

T
z

~

/i

B(OH),

449.
467.
471.
555.
561.
589.
632.
669.
697.
734.
772.

806

827.
874.
881.
942,
962.
964.
990@.
1005.
1045.
1077.
1109.
1129.
1144.
1155.
1240.
1261.
1284.

SCF Energy (au)BP86/SV(P)
SCF Energy (au)PBE@/def2-TZVPP -788.9272939722

SCF Energy (au)PBE@/def2-TZVPP -788.9492048317 (H,0 Correction)
0.2759082

Zero Point Energy (au)

Chemical Potential (kJ mol-?)

69
58
87
14
10
64
43
46
17
85
46
.35
09
o1
59
82
79
17
31
40
66
47
99
81
78
94
86
88
18

604.22

11.
50.
80.
28.
15.

33.
24.
27.

34.
15.

13.
26.

20.
112.

161.
75.
29.
26.
33.

25.
34.

494

Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

34

-0

-1

NZ2zZ2IToo000ITNnonn

-0.
-1.
.4587230
-0.
.8297725
.3873852
.4505926
.6314178
.4908565
-0.

.6317658
.2665208
.4062145

3122739
3660726

1706303

5133563

.3479865
.0278803
.3462255
.1072353
.1413393
.5164703
.5285419
.8568570
.7453958
.0037102
.2156127
.4719760
.8045091

.2473479
.0810459
.2065425
.7965076
.5999420
.3050478
.6957723
.1601645
.1388462
.2967715
.7264191
.5510039
.5692147

90479
36263
36941
28682
75117
77702
65381
59020
98071
.72734
88571
56160
.52891
17085
93655
.69313
66050
17912
.11234
89850
63712
76333
70062
18926
.42337
49348
94524
.47023
.84043

-788.9425095482

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

-0.03346174

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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H -0.5042715 Q.
H -0.2806843 1.
B 2.7425595 -1.
0 4.0306815 -0.
0 2.3240682 -2.
H 3.0147252 -2.
H 4.2162361 -0.
C -1.8531340 Q.
H -2.1704221 -1.
H -2.0624831 1.
H -2.7279886 Q.
H 0.6855723 1.
H 0.0083855 -1.
H 2.0721549 -0.
C -1.7910747 Q.
H -2.3614873 -0.
H -1.9265405 1.
C -2.2865812 1
H -3.3643880 1
H -1.7208149 1
H -2.1601641 0

$vibrational spectrum
# mode symmetry
#

[« D2« DI« I« DI DI B « N o N o DN« DI« DI« DI DI DI DN « D « D oD « I« DI« DI« DI D I D I D I D I}

0154072
7766286
3411831
8647663
3397690
5039665
1236691
7815326
0710785
7884914
5111897
3077032
5313798
2848673
6792012
1871967
5345195

.0401763
.3095001
.9054300
.1837363

wave number

-4,
-4,
-1.
-1.
-2,
-2,
-0.
-2
-1.
-2,
-3
-1.
-2.

3.

uhpbhbhdNpDNhw

cm¥*(-1)
0.00

Q.
37.
38.
48.
79.
93.

103.
105.
116.
147.
208.
236.
257.
260.
263.
293.
338.
381.
420.
439,
500.
507.
525.
553.
579.
608.
625.
643.
658.

(]
Q.
(4]
(4]

.00
00
.00
.00
00
95
84
39
45
99
32
62
11
o7
88
65
76
10
29
91
92
96
43
96
81
87
93
06
75
79
73
18
54

3567411
0538044
3517439
5279718
2000745
8792582
9151972

.7927318

9058403
3565248

.4248166

9766280
1510942
2552423

.1077210
.6942842
.4025335
.5010088
.4657631
.9087122
.1977803

IR intensity

km/mol
0.00000

NOuUOORONRFPRPRORPRPFPOOOONOOOOOOOO®

00

29

.00000
.00000
.00000
.00000
.00000
.69293
.46599
.60176
.58012
.23451
.63507
.22877
.73820
.51618
.51054
.98296
.30882
.31876
.51744
.24063
.93296
.02205
.02983
.25825
.47909
121.

36.
.36751
14.
.80337
14.
16.
61.

18499
83331

87910
53982

37811
05687

IR

selection rules

RAMAN
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

EtHN

89

[« D« DI « D« DI« DI I I « N D o D « D R « D I« D I« D I o]

B(OH),

SCF Energy (au)BP86/SV(P)
SCF Energy (au)PBE®/def2-TZVPP -768.3458665976

SCF Energy (au)PBE@/def2-TZVPP -768.3756837592 (H,0 Correction)
0.2106700

Zero Point Energy (au)

Chemical Potential (kJ mol-?)

xyz coordinates

28

T I ITIITOINOZ2NO0OIITIITOO0OW™WmINONONOOINNOON

OOOFRORONOORNRRRRRR®

.0815768
.2543376
.8297388
.8712530
.0790225
.6915726
.2720443
.8292976
.8760597
.1343219
.9893301
.1755455
.7584923
.8803724
.7778383
.0891597
.7912857
.0181142
.0140463
.4980592
.0054440
.0734348
.5995304
.2876611
.1796869
.3446522

.0436788
.4694664
.4787211
.8192015
.0648810
.0838783
.3604746
.3476902
.6505322
.8500432
.0232462
.1944022
.3662090
.9198741
.3976095
.2076672
.0306121
.1486585
.1634793
.1741438
.3691893
.9441371
.0800184
.1697421
.9445177
.8777397

681.
741.
771.

805

814.
822.
829.

879

895,
901.
907.

929

944,
964.
980@.
984.

57
62
86
.38
11
52
72
.30
71
86
46
.34
29
76
14
42

433.00
Dispersion Correction (au) PBE@/def2-TZVPP

.1620131
.0023776
.2795124
.4165020
.3992879
.7472164
.2631661
.9722863
.8046681
.5134552
.2127994
. 7709400
.5430413
.9763774
.7896502
.7721562
.4995650

2.5991530

UuUhDwdhNOWwWER

.5761011
.9621896
.4505331
.8426513
.8651824
.4188334
.4294523
.8713307

17.

16.
19.

19.
65.

24.

27.
11.

105
10
18

97435
.06715
26398
76878
.29819
82781
21726
.31600
60431
.59493
34382
72127
.70749
.19476
.17753
.46665

-768.3662804744

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

-0.02729908

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
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H -1.1817634
H -1.8402839

$vibrational spectrum

# mode
#

ONOUVIDS WNEER

symmetry

QoYY YYD YYD Y Y YYD

0.8752183
0.8290020

wave number

cm** (

Q.

[OIOI GO N]

24,

47.

67.

82.
lo1.
113.
130.
163.
201.
240.
258.
282.
299.
313.
339.
384.
446.
459.
471.
496.
511.
548.
560.
587.
631.
673.
712.
727.
757.
766.
826.
831.
885.
903.
936.
946.
963.
990.

1002

1044.
1062.
1082.
1123.

4.9263331
0.8600983

-1)
00
.00
.00
.00
.00
.00
87
.10
86
34
65
28
66
81
93
74
55
98
03
91
93
20
21
48
o7
70
92
15
62
11
34
28
14
23
61
91
19
67
o7
58
16
17
62
95
29
.37
67
00
01
54

IR intensity

km/mol

Q.
.00000
.00000
.00000
.00000
.00000
.73453
. 24005
.70088
.22314
.89780
.24117
.75005
.40072
.95849
.66020
.70702
.88328
.04865
.90835
.23654
.53129
.56646
.20622
83.
.41283
.46255
.50418
.98943
.20575
.07136
.54256
.65288
.34670
.37663
.14752
.77140
.04013
.65390
.11821
.39390
.12480
.72619
.66609
.08891
.59014
.05876
.47711
.56451
.40527

=
WORUUNPOOPRPRWNOFRPR WNOOOOOO®

=

00000

62511

selection rules

IR

RAMAN
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EtHN B(OH):2
HN
SCF Energy (au)BP86/SV(P) -882.3692975849

SCF Energy (au)PBE@/def2-TZVPP -882.3468880601
SCF Energy (au)PBE@/def2-TZVPP -882.3757328395 (H,0 Correction)

Zero Point Energy (au) 0.2981772
Chemical Potential (kJ mol-') 653.54
Dispersion Correction (au) PBE@/def2-TZVPP -0.03751637

xyz coordinates

37
C 0.1198952 0.8785706 1.2542675
C -1.0885955 0.2080747 0.9759599
H -1.9750041 0.3558618 1.6171557
C -1.1980916 -0.6178452 -0.1544076
H -2.1397636 -1.1343117 -0.4013854
C -0.1059423 -0.7994209 -1.0192777
C -0.2521202  -1.6390043  -2.2828730
C 1.1277891 -0.1379215 -0.7604647
C 1.2021339 0.7077888 0.3652670
H 2.1291059 1.2597408 0.5984070
N -1.5701461 -2.3215501 -2.4341617
N -0.0826139 -0.7797205 -3.4684177
C -0.8108216 -1.4823147 -4.5336593
H -0.1647862 -2.2964048 -4.9359968
H -1.0550161 -0.7909063 -5.3676636
B 2.4113694 -0.2958537 -1.6747118
0 3.1737027 0.7901072 -2.0561657
0 2.8670510 -1.5444099 -2.0222533
H 3.6749555 -1.4581833 -2.5751683
H 2.7619573 1.6360566 -1.7825120
C -2.0457096  -2.0747283  -3.8104243
H -1.4695759 -3.3276750 -2.2552984
H -2.88471360 -1.3370189 -3.8138548
H -2.4298981 -3.0076395 -4.2789514
H -0.5454925 0.1241911 -3.2800709
H 0.5693856 -2.3949179 -2.2951885
C 0.3235276 1.8122350 2.4232215
N -0.5257680 1.6256879 3.4937738
0 1.1950966 2.6859690 2.4105236
C -0.4218421 2.4128428 4.7149741
H -1.1024710 0.7814055 3.5133983
H -1.4417422 2.7421954 5.0207096
H 0.1594940 3.3175387 4.4414215
C 0.2651732 1.6673816 5.8676258
H 0.3068949 2.3090475 6.7756886
H 1.3052133 1.3889726 5.5919263
H -0.2826317 0.7361590 6.1385868
$vibrational spectrum
# mode symmetry wave number IR intensity selection rules
# cm¥*(-1) km/mol IR RAMAN
1 0.00 0.00000 - -
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Q.
Q.
Q.

Q.

2

3

4

5 0.
6

7 a 33.
8 a 39.
9 a 44,
10 a 47.
11 a 62.
12 a 79.
13 a 86.
14 a 100.
15 a 118.
16 a 127.
17 a 167.
18 a 210.
19 a 240.
20 a 243,
21 a 272.
22 a 290.
23 a 315.
24 a 325.
25 a 377.
26 a 404.
27 a 432.
28 a 472
29 a 484.
30 a 512.
31 a 515.
32 a 534.
33 a 563.
34 a 586.
35 a 600.
36 a 609.
37 a 656.
38 a 657.
39 a 717.
40 a 739.
41 a 749.
42 a 778.
43 a 802.
44 a 810.
45 a 848.
46 a 855.
47 a 882.
48 a 891.
49 a 898.
50 a 905.

B(OH),

SCF Energy (au)BP86/SV(P)

00
00
00
00
00
23
26
62
53
55
56
40
11
25
65
56
76
80
91
02
54
85
10
42
47
62

.68

85
19
62
83
17
91
59
84
05
05
18
49
62
78
54
80
15
33
84
59
51
10

=

=
O OWNUNONNMNMNWENPEPOROOUVIPRPORLROOOOO

N

183.

13.
17.
34.

56.
19.

17.
12.

21

25.
10.

56

19.

10.

.00000 -

.00000 -

.00000 -

.00000 -

.00000 -

.92012 YES
.21237 YES
.48425 YES
.03714 YES
.34562 YES
.96542 YES
.16151 YES
.23173 YES
.79332 YES
.60168 YES
.21721 YES
.05532 YES
.10806 YES
.67756 YES
.30307 YES
.23765 YES
.90137 YES
.16460 YES
.93944 YES
.20545 YES
.28190 YES
.64407 YES
.97184 YES
.18796 YES
46617 YES
.62593 YES
53597 YES
31830 YES
08771 YES
.53027 YES
84228 YES
13621 YES
.23204 YES
.90394 YES
34563 YES
71984 YES
.86722 YES
39209 YES
94579 YES
.44561 YES
.49062 YES
53127 YES
.57716 YES
25409 YES

-560.4967517160

SCF Energy (au)PBE®/def2-TZVPP -560.4829583873
SCF Energy (au)PBE@/def2-TZVPP -560.5031469908 (H.0 Correction)
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Zero Point Energy (au)

Chemical Potential (kJ mol-?)

307.75

Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

21

1 1 1 1 1 1
ORRPRNRRRLROO®

PRNRPRRPRRRRRPRO

T I IOIIIOCOCOWmINOONONONOINIONONODON
=

$vibrational spectrum

# mode
#

VWCoONOATUVTDA,WNER

.7124482
.0769321
.2561549
.8525741
.8248592
.8708807
.0701973
.6747167
.2753983
.8156764
.8525537
.1527588
.9354869
.2998109
.8737796
.7164661
.7546499
.0767488
.3435907
.3761470
-0.

0502671

symmetry

[« D« D« D« DI DI IO « N « N« oD« DI« DI« DI« DI « DI < D < DI« I « D IR « D I 1}

.1671435
.1724504
.6003831
.9166407
.6174581
.9439486
.2108811
.2225142
.2272526
.2383285
.5891937
.7100252
.1371922
.0599849
.2220887
.0792363
.5570557
.0967469
.0741882
.7140295
.1585581

wave number

cm*¥*(-1)

(7]

Q.
Q.
Q.
Q.
Q.
33.
55.
86.
108.
127.
182.
197.

271

288.
346.
353.

412

449,
463.
534.
552.
581.
612.
634.
689.
743.

.00
00
00
00
00
00
78
15
50
26
47
64
50
.87
02
83
06
.58
17
19
46
02
27
42
42
77
64

.1277351
.7565363
.5729546
.4456734
.2933383
.1552711
.8266783
.1737977
.6784133
.6198758
.7694565
.9190795
.6781784
.1060684
.8871601
.5304242
.2246473
.1951920
.2773115
.2658553
.9356313

0.1562139

-0.02008636

IR intensity

km/mol

Q.
.00000
.00000
.00000
.00000
.00000
.26919
.38611
.44503
.38162
.19956
.40546
.01195
.90310
.23366
.50713
.14536
.98028
.06998
104.
.98871
.21097
.67493
.25378
.27584
.43340
.12778

PONO®OOUVIORLRNOOO®OOOOO®

=
o N

00000

39600

IR

selection rules

RAMAN
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94

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

[ D DI oD I« D« DI« DI« DI « DI « I « D o oV « DN « DI « DI « DI « DI D I « DI « D I « D I « D I}

B(OH),

NH

HN\N)

790.
807.
891.
901.
946.
964.
986.
990.
1004.
1025.
1065.
1126.
1207.
1210.
1254.
1330.
1351.
1362.
1375.
1394.
1401.
1426.
1435,

SCF Energy (au)BP86/SV(P)
SCF Energy (au)PBE@/def2-TZVPP -674.4801110801

SCF Energy (au)PBEOQ/def2-TZVPP -674.4998723066 (H,0 Correction)
0.2433506

Zero Point Energy (au)

Chemical Potential (kJ mol-?1)

94
00
04
19
60
52
18
04
46
59
49
65
27
43
05
27
68
08
55
99
08
04
19

525.27

45
19
11
1
0

129.
13.
Q.
130.
12.
35.
8.
44,
34.
27.
171.
88.
15.
2.
30.
285.

7
4

Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

30

OO wWIITNZ2Z2IT0O0O00O0O0OINIONO0N

-0

-0.
-1.

-2

-2

-0.
.3872611
-1.
-1.
.9467905
.1889318
.5542112

-1

.9615971
.4085181

9937709
0390199

.1070343
-0.
-0.
.0613721
.6721986
.7482331
.4488151

3207677
9878706

3557693

3856417
1770939

.1561163
.1444622
.4318756
.0894534
.3353991
.2774020
.2716974
.5931271
.5090029
.7482663
.0332180
.7462093
.0751530
.2926450
.0539622
.0179769
.4565013
.0482050

P OROFRLRRFRPRWNN

[ T T R T T B |
R RPOWWWNRLPR,

.7473288
.6102510
.5015820
.3564603
.2390795
.2062477
.1645320
.3076675
.5797057
.6753500
.1507084
.0223312
.0153648
.8092351
.4967019
.9322428
.1674352
.7520142

.77967
.23278
.51409
.97278
.77056
20301
29851
40928
90090
33435
77171
08611
74838
83124
96557
49387
75970
12464
46360
06201
33565
.40076
.52209

-674.4962885969

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

-0.03018458

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

S81



2.
3.
-2.
-2.
-2.
-3.
-0.
-0.
1.

I T I ONODIIIITITNIIT

1.
2.
1.

$vibrational spectrum

# mode
#

oNOUV A~ WNER

2204495
3558295
7086486
9910716
9236182
5928104
1660244
8138082
6391251
1996457
7287778
5303821

-1.

symmetry

QYL YYD YYD

.1754228
.2930965
.0299855
.8239167
.0327217
.7497969
.5790662
.2653397
.1348581
.6386337
.0666656

1145110

wave number

cm¥*(-1)

114.
118.
165.
210.
264.
298.
312.
321.
349.
410.
481.
499.
520.
539.
581.
588.
592.
609.
659.
690.
744.
788.
800.
837.
852.
875.
891.
897.
904.
944,
967.
972.

.00
.00
.00
.00
.00
.00
.19
.72
.10
.11
.88
96
33
56
24
41
33
15
25
83
33
43
o7
16
77
96
36
14
98
85
41
81
48
94
46
03
17
16
36
60
41
99
36

.4629407
.5596097
.2084708
.3102878
.7649889
.8233841
.4417190
.6433218
.1005527
.7677941
.0110273
.6222420

IR intensity

km/mol

P WNOURPRPOFPROOOFRPFRPRPFPOOOOOO

0 K N e N N ~ NNNNO OB
OO LVUNWUITOUTWLVW OOUINNRERUORENWNN

.00000
.00000
.00000
.00000
.00000
.00000
.07755
.92848
.04826
.37988
.18659
.90027
.35459
.49163
.45287
.63196
.64356
.07755
.53982
.60179
.89567
.55252
.02366
.73934
.57590
.28512
.64614
.51628
.93984
.13826
.07992
.57087
.19874
.39020
.88888
.88054
.16490
.43808
.00083
.74601
.71977
.85103
.71430

IR

selection rules

RAMAN
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44
45
46
47
48
49
50

[« DIV I« DI D I D B D I )

HZN\/\NHZ

984.
985.
1010.

1028

1042.
1071.
1083.

SCF Energy (au)BP86/SV(P)
SCF Energy (au)PBE@/def2-TZVPP -190.3692189326

SCF Energy (au)PBEO@/def2-TZVPP -190.3826064451 (H,0 Correction)

Zero Point Energy (au)

Chemical Potential (kJ mol-1)

13
59
34
.34
10
27
57

207.67

23

119
10
64
19
11

Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

12

I T T T ITITITNDZ2TITN0Z
(O]

$vibrational spectrum

# mode
#

coNOUVT A~ WNER

.1330603
.1691229
.7747596
.1992336
.1182786
.0474290
.8223445
.3629794
.2610430
.4530204
.0984138
.9554147

symmetry

[« DI <D I« D« DI« DI IO DI o I « I oD « D I « D R « D I « D R o)

.2252625
.8078177
.3939372
.4579361
.6709942
.7819880
.2525489
.7448803
.2327847
-0.
-0.
-1.

8811665
9624036
4051973

1
P OROOOOOOO

[
= o

.8145257
.2452857
.1383079
.5637413
.0824277
.6331013
.0623127
.1809071
.6398534
.3189967
.4600138
.5652936

wave number IR

cm**(

Q.

Q.
143.
238.
284.
321.
459,
770.
803.
822,
945.
990.

1074.
1092.
1122.
1233.
1280.

(4]
Q.
(4]
(4]

-1)
00
.00
00
.00
.00
00
62
53
76
97
49
49
12
11
89
00
81
00
72
03
34

.87868
.21871
.89112
.58650
.72899
.34589
.05166

-190.3560477141

YES
YES
YES
YES
YES
YES
YES

0.1067987
-0.00604782
intensity
km/mol IR
0.00000 -
0.00000 -
0.00000 -
0.00000 -
0.00000 -
0.00000 -
1.42402 YES
21.17081 YES
9.86618 YES
65.34488 YES
17.85979 YES
11.50482 YES
200.13669 YES
128.91349 YES
19.96233 YES
18.01493 YES
15.70973 YES
4.86136 YES
2.30425 YES
8.03994 YES
10.26362 YES

YES
YES
YES
YES
YES
YES
YES

selection rules

RAMAN
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

/O\
H H

[« DI <D I« DI« DI DI I « N N « N « D « R« D I« D I <D I o)

SCF Energy (au)BP86/SV(P)
SCF Energy (au)PBE@/def2-TZVPP -76.379978209

SCF Energy (au)PBEO@/def2-TZVPP -76.3919088408 (H,0 Correction)
0.0199820

Zero Point Energy (au)

Chemical Potential (kJ mol-1)

1322.
1348.
1383.
1428.
1453.
1607.
1614.
2796.
2930.
2954,
2999,
3319.
3325.
3402.
3410.

06
02
18
85
69
04
36
50
46
77
09
14
98
76
43

5.89

N WN N

Dispersion Correction (au) PBE@/def2-TZVPP

xyz coordinates

3

0 0.0000000 0.0000000
H -0.7707436 0.0000000
H 0.7707436 0.0000000

$vibrational spectrum

# mode

#
1
2
3
4
5
6
7
8
9

Q.

symmetry

cm**(

(4]

(4]

(4]

(4]

(4]

al 1604.
al 3526.
bl 3640.

0.4047790
-0.2023895
-0.2023895

wave number IR

-1)
00
.00
.00
.00
.00
.00
11
34
63

intensity

.30029
.15091
.55631
.41996
.96652
.89082
.10656
.04398
.66559
.09360
.15234
.94822
.44491
.32029
.17064

-76.34519822147

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

-0.00027693

km/mol

Q.
.00000
.00000
.00000
.00000
.00000
.01507
.10597
.46475

)]
AONOOOOO®

=

00000

IR

YES
YES
YES

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

selection rules

RAMAN

YES
YES
YES
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O 13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (600 MHz, MeOD)
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13C NMR(600 MHz, MeQOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)

[ = -

[ e e

1
2
<
=
=

3

~-174,03
—168.78
155,58
“~154.98
143,31
142,54

TFA"

OIS O T 6 X OO

—56.17

—50.52

2825

*-27.93
26,38

2413

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 a0 80 70
Chemical shift (ppm)

60



1H NMR (400 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (600 MHz, MeOD)
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13C NMR(600 MHz, MeQOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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'H NMR (400 MHz, 100 mM deuterated PBS + 10% DMSO-d,)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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'H NMR (400 MHz, 100 mM deuterated PBS + 10% DMSO-d,)

oh Ov 0000 O MDD wn [ WwnE M OO 0003 e P
@ o g o eheBchche! r~ ooy W 00 0@ o
L A o A T L - MmO 0 OO0 OO
PR b / “ ) N Ny

2
O
25
I

| | !

| | ' | A'
| Jl D .I-I I ] |
i i\ s f H T T
g = & & = 8 &
T T T T T T T T T T T T T T T T

.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 3.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

Chemical shift (ppm)



13C NMR (100 MHz, 100 mM deuterated PBS + 10% DMSO-d)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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Q%Q 1H NMR (400 MHz, MeOD)
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Q%Q 13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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IH NMR (400 MHz, CDCL,)

361
1.44
141

9.00

|
.l —_— AN \ L wha

T

B4

2.0 1.5

T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.3 6.0 5.3 5.0 45 4.0 3.5 3.0 2.5
Chemical shift (ppm)




13C NMR (100 MHz, CDCly)

N_ o
HoN \n/ j<
(0]
43
= 3
I
AT N N A i A i i w
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10 -10 =20

Chemical shift (ppm)



'H NMR (400 MHz, CDCl,)
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13C NMR (100 MHz, CDCly)
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13C NMR (100 MHz, MeOD)
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'H NMR (600 MHz, MeOD)
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13C NMR(600 MHz, MeQOD)
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1H NMR (400 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR(600 MHz, MeQOD)
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1H NMR (600 MHz, MeOD)
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13C NMR(600 MHz, MeQOD)

LTPE—

crag
ﬁm.mmlzr
957 E—

Th Et=—
LERP—T

L9085 - “

FZge—

ma.vaﬁ.v

FEROT-

92 ET T~
mm.m:\
FISIT="

B EETA,
ESEET~L
82'SET—
149217
za'9z1
e

B0°0ET
mo.mmﬁu\w
TZ'EkT
SEERT

LTERT
mm.mvﬁﬂ.

BIUEET—

LhEar—
9ETHIT—
LB 0T

65T,
291"

57
HO

il

90

100

110

Chemical shift (ppm)

120

70 60 30 40 30 20 10

80

180 170 160 150 140 130

190



1H NMR (500 MHz, MeOD)
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13C NMR(500 MHz, MeQOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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13C NMR (100 MHz, CDCly)
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13C NMR (100 MHz, MeOD)
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1H NMR (500 MHz, MeOD)
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13C NMR(500 MHz, MeQOD)
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1H NMR (500 MHz, MeOD)
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13C NMR(500 MHz, MeQOD)
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IH NMR (400 MHz, CDCL,)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)

7
s Y\O Br

O
69

190.81
—166.96
—162.14

13213
179,15
S 128 .63
—110.98
—114.85

67.94

o

4131

23.23

11.74

T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60
Chemical shift (ppm)

50

40



0
|
e jﬁo BPin

IH NMR (400 MHz, CDCL,)
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o 13C NMR (100 MHz, CDCly)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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1H NMR (400 MHz, MeOD)
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13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)

STrt
H
N NHBoc
o)
80

—170.13
— 14425
12041
127 88
12670
82.00

WMMWMMWMMMWW

6701
4098
—28.09
—22.48
11.10

WMMWMMM

T T T T T T T T T T T
10 190 180 170 160 150 140 130 120 110 100 90 80
Chemical shift (ppm)

70 60 50 40 30 20 10



1H NMR (400 MHz, MeOD)

81

HS

NHPr

"H3N

O

TFA®

,cc
2601
€601
#6507
560

051
25T
ESTA

PET
551
957
L5714
25T
B5T
68'2
162
EG'Z]
56'2
66'2
00'E
ED'E
POE
SIEy
£VE
BI'E
BI'Eny
0EE
0EE
TZE-
mmmu“
PEE
06'E
Z6'E
EG'E
S6'E
S6'E
96'E

L

W_J

Foge

Foeee

H( et
B:S £

Teee

Foot

1.0

2.0

2.5

4.0

T L
5.0 4.5
Chemical shift (ppm)

T
5.5

T
6.0

7.0

7.5

1.0



13C NMR (100 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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1H NMR (400 MHz, MeOD)
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IH NMR (400 MHz, CDCL,)
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IH NMR (400 MHz, CDCL,)
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13C NMR (100 MHz, CDCly)
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