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1. General

Chemicals, reagents and solvents were purchased from commercial vendors and used
without  further  purification.  Triethylamine,  dichloromethane = (DCM),
dimethylformamide (DMF), ethyl acetate (EtOAc), petroleum ether (PE, b.p.60-90 °C),
acetonitrile (MeCN), methanol (MeOH) and ethanol (EtOH) used in this work were
reagent grade and purchased from Concord Technology, China. Thin-layer
chromatography (TLC) was carried on pre-coated glass plates with 0.2 mm silica gel
(local vendor, China) and visualized under UV (254 nm) and/or potassium
permanganate (KMnQy) stain. Flash-column chromatography was performed using
regular silica gel 60 (200-300 mesh, 50-74 um) provided by commercial vendors in
China with specified eluents. Solvents used for photophysical characterizations:
chloroform (CHCI;, for spectroscopy, #167730010), dimethylsulfoxide (DMSO, for
spectrometry, #D5293) and absolute EtOH (99% # E/0600DF/17) were provided by
Acros, TCI and Fisher respectively. Bovine serum albumine (BSA, standard grade,
lyophilized, #1000-70) was purchased from H2B. Formic acid (puriss p.a., ACS

reagent, reag. Ph. Eur., =98%, #33015) was purchased from Sigma-Aldrich. The

HPLC-gradient grade MeCN was obtained from Carlo Erba or VWR. All aq. mobile
phase and buffers used in this work (aq. formic acid and phosphate buffered saline) and
aq. mobile-phases for HPLC were prepared using ultrapure water produced by an
ELGA PURELAB Ultra system (purified to 18.2 MQ.cm).

2. Instruments and methods

'H, 13C and '°F NMR spectra were recorded on Briiker Avance 400 MHz or 600 MHz
spectrometers. Chemical shifts () are reported in parts per million (ppm) and residual
non-deuterated solvent peaks were used as internal reference (proton 6 = 7.26 and
carbon 0 = 77.16 for CDCl; and proton 6 = 2.50 and carbon ¢ = 39.52 for DMSO-dj).!
'"H NMR coupling constants () are reported in Hertz (Hz). The following abbreviations
were used in reporting multiplicities: s (singlet), d (doublet), t (triplet), m (multiplet),
dd (doublet of doublets), ddd (doublet of doublet of doublets). HPLC-MS analyses were
performed on a Thermo-Dionex Ultimate 3000 instrument (pump + autosampler at 20
°C + column oven at 25 °C) equipped with a diode array detector (Thermo-Dionex
DAD 3000-RS) and a MSQ Plus single quadrupole mass spectrometer. Low-resolution
mass spectra (LRMS) were recorded on a Thermo Scientific MSQ Plus single
quadrupole equipped with an electrospray ionization (ESI) source (HPLC-MS
coupling). High-resolution mass spectra (HRMS) were recorded on micrOTOF-QII
equipped with an ESI analytical source. UV-visible spectra were obtained either on a
Varian Cary 50 scan (single-beam) or an Agilent technologies 60 (single-beam)
spectrophotometer (software Cary WinUV) by using rectangular quartz cells (Hellma,
100-QS, 45 x 12.5 x 12.5 mm, pathlength: 10 mm, chamber volume: 3.5 mL), at 25 °C
(using a temperature control system combined with water circulation). Fluorescence
spectra (emission/excitation spectra) were recorded with an HORIBA Jobin Yvon
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Fluorolog spectrofluorometer (FluorEssence software) at 25 °C (using a temperature
control system combined with water circulation), with standard fluorometer cells
(Labbox, LB Q, light path: 10 mm, width:10 mm, chamber volume: 3.5 mL). The
absorption and fluorescence emission spectra were recorded with dye solutions of
concentrations in the range of 10°-10° M. The emission spectra were recorded in the
range of 635-850 nm after excitation at 620 nm (shutter: Auto Open, integration time =
0.1s, 1 nm step, HV(S1) =950 V, excitation slit = 5 nm and emission slit = 5 nm). The
excitation spectra were recorded in the range of 400-750 nm after emission at 760 nm
(excitation slit = 5 nm for spectra recorded in CHCl; and 12 nm for spectra recorded in
EtOH or PBS + 5% BSA and emission slit = 5 nm). All excitation/emission spectra are
corrected. High-performance liquid chromatography analyses, the following
chromatographic systems were used for the analytical experiments: System A: RP-
HPLC (Phenomenex Kinetex C;g column, 2.6 um, 2.1 x 50 mm) with MeCN (+ 0.1%
FA)and 0.1% aq. formic acid (aq. FA, pH 2.5) as eluents [ 5% MeCN (0.1 min) followed
by a linear gradient from 5% to 100% (5 min) of MeCN, then 100% MeCN (4 min)] at
a flow rate of 0.5 mL min'!. UV-visible detection was achieved at four distinct
wavelengths 220, 260, 600 and 650 nm (+ diode array detection in the range 220-800
nm). Low resolution ESI-MS detection in the positive/negative mode (full scan, 100-
1500 a.m.u., peaking format: centroid, needle voltage: 3.0 kV, probe temperature: 350
°C, cone voltage: 75 V, detector voltage: 1153 V and scan time: 1 s). System B: system
A with the following gradient [5% MeCN (0.1 min), followed by a linear gradient from
5% to 50% (2.5 min) and 50% to 100% (5 min) of MeCN].

3. Synthesized compounds

3.1 Preparation of alkynyl-based DHX-hemicyanine fused dyes 1

S
/@\ (HCHO), /@\/\ _Cs,CO4 DMF _
Br OH  MgCly, EtsN, CH5CN 51% Br %

3 69% ¥ So
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Scheme S1. Synthetic route towards alkynyl-based DHX-hemicyanine fused dye 1.
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Br OH
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4-Bromo-2-hydroxybenzaldehyde (4). To 3-bromophenol 3 (1.0 g, 5.8 mmol) in dry

DMF
79%

Pd(PPhs),, Cul
TMS
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CH;CN (30 mL) at room temperature were added MgCl, powder (0.8 g, 8.9 mmol) and
TEA (3.2 mL, 22.9 mmol) and the solution was stirred for 20 min. Paraformaldehyde
(1.2 g, 41.6 mmol) was added and the mixture was refluxed at 100 °C for 18 h.
Deionised water was added and the mixture was acidified with aq. 1.0 M HCI to pH 2.
The solution was extracted with Et,0 (2 x 50 mL) and the combined organic layers
were washed with brine (2 x 50 mL) and dried over anhydrous Na,SO,, filtered and
concentrated in vacuo. Purification by flash-column chromatography on silica gel
(eluent: 10% EtOAc in hexanes) afforded 4-bromo-2-hydroxybenzaldehyde 4 as a
white solid (0.8 g, yield 69%). R¢ (hexanes-EtOAc 9:1 (v/v)): 0.6; "H NMR (400 MHz,
CDClL3): 0=11.11(s, 1 H),9.86 (s, 1 H), 7.41 (d, J=8.2 Hz, 1 H), 7.22-7.13 (m, 2 H)
ppm. The spectral data matched with those reported in the literature.?

Br

5 X0

6-Bromocyclohex-1-ene-1-carbaldehyde (5). To a mixture of DMF (23.5 mL, 306.0
mmol) and CHCIl; (100 mL) at 0 °C was added PBr; (24.2 mL, 255.0 mmol) portion
wise under an atmosphere of N,. After 1.5 h, cyclohexanone (10.5 mL, 102.0 mmol)
was added and the mixture was stirred at room temperature overnight. The resulting
solution was poured onto ice and then solid NaHCO; was slowly added until pH ~ 7.
The aq. layer was extracted with DCM and the organic layer was washed with deionised
water. The combined organic layers were dried over anhydrous Na,SO, and
concentrated under reduced pressure. The yellow mixture was purified by flash-column
chromatography on silica gel (eluent: 100% PE) and 6-bromocyclohex-1-ene-1-
carbaldehyde 5 was obtained as a pale yellow liquid (13.6 g, yield 72%). "H NMR (400
MHz, CDCl;): 6 = 10.01 (s, 1 H), 2.74 (m, 2 H), 2.26 (m, 2 H), 1.75 (m, 2 H), 1.68 (m,
2 H) ppm. The spectral data matched with those reported in the literature.?

6-Bromo-2,3-dihydro-1H-xanthene-4-carbaldehyde (6). To Cs,CO; (1.2 g, 3.7
mmol) and benzaldehyde 2 (0.3 g, 1.3 mmol) was added DMF (10 mL). 6-
Bromocyclohex-1-ene-1-carbaldehyde 3 (0.5 g, 2.6 mmol) in DMF (1 mL) was added
slowly and the resulting reaction mixture was stirred at room temperature for 48 h. The
mixture was then filtered, washed with deionised water (20 mL) and extracted with
EtOAc (3 x 50 mL). The combined organic layers were dried over anhydrous Na,SO,,
filtered and concentrated under reduced pressure. Purification by flash-column
chromatography on silica gel (eluent: 20% EtOAc in hexanes) afforded 6-bromo-2,3-
dihydro-1H-xanthene-4-carbaldehyde 6 as a yellow solid (0.2 g, yield 51%). R¢
(hexanes-EtOAc 4:1 (v/v)): 0.5; 'TH NMR (400 MHz, CDCl3): 0 = 10.32 (s, 1 H), 7.30-
7.27 (m, 1 H), 7.20 (dd, J=8.1 Hz,J=1.9 Hz, 1 H), 7.01 (d, J=8.2 Hz, 1 H), 6.62 (s,
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1 H),2.57(t,J=6.6 Hz,J=1.5 Hz, 2 H), 2.44 (t,J = 6.1 Hz, 2 H), 1.73 (p, /= 6.2 Hz,
2 H) ppm. The spectral data matched with those reported in the literature.?

6-((Trimethylsilyl)ethynyl)-2,3-dihydro-1H-xanthene-4-carbaldehyde (3.
Pd(PPh3), (67.5 mg, 8.3 mmol%) and Cul (23.6 mg, 0.1 mmol) were degassed in a
flame-dried round bottom flask. TEA (1.2 mL, 8.3 mmol) in dry DMF (10 mL) was
added with aryl bromide 6 (1.2 g, 4.1 mmol). The solution was degassed again then
trimethylsilylacetylene 7 was added (1.8 mL, 12.4 mmol). The reaction mixture was
heated to 85 °C for 24 h. After being cooled to room temperature, the reaction mixture
was concentrated under vacuum and the resulting residue was purified by flash-column
chromatography on silica gel (eluent: 1% EtOAc in PE) affording pure TMS-protected
terminal alkyne 8 as a orange solid (1.0 g, yield 79%). m.p 155-157 °C; '"H NMR (400
MHz, CDCl;): 6 = 10.30 (s, 1 H), 7.17 (s, 1 H), 7.13 (dd, J= 7.8 Hz, J= 1.2 Hz, 1 H),
7.05(d,J=7.8Hz, 1 H), 6.62 (s, 1 H), 2.58 (ddd, J=7.5Hz,J=5.8 Hz,J=1.6 Hz, 2
H), 2.43 (t, /= 6.0 Hz, 2 H), 1.71 (m, J = 6.1 Hz, 2 H), 0.25 (s, 9 H); 3C NMR (101
MHz, CDCls): 6 = 188.0, 159.9, 151.7, 130.8, 127.6, 126.5, 126.1, 124.6, 121.6, 118.6,
113.8, 104.0, 96.9, 30.3, 21.6, 20.4, 0.0 ppm; HRMS (ESI+): m/z 331.1141 [M + Na]*,
calcd for C19H,00,SiNa*331.1125.

6-Ethynyl-2,3-dihydro-1H-xanthene-4-carbaldehyde (9). TMS-protected terminal
alkyne 8 (1.0 g, 3.3 mmol) was dissolved in dry MeOH (30 mL) and treated with
anhydrous K,COj; (1.8 g, 13.2 mmol). The mixture was stirred at room temperature for
5 h. The solvent was removed, and the residue was taken up in 100 mL of DCM and
washed with 100 mL of deionised water. The organic layer was dried over anhydrous
Na,SO, and concentrated under reduced pressure. This compound was used in the next
step without further purification, and the yield was assumed to be quantitative. m.p 198-
200 °C; '"H NMR (400 MHz, DMSO-dg): 6 = 10.26 (s, 1 H), 7.36 (d, /= 7.9 Hz, 1 H),
7.34 (s, 1 H), 7.24 (dd, /= 7.8 Hz, J= 1.5 Hz, 1 H), 7.01 (s, 1 H), 4.37 (s, 1 H), 2.59
(ddd,J=7.0Hz,J=5.3 Hz,J= 1.6 Hz, 2 H), 2.30 (t, /= 6.0 Hz, 2 H), 1.63 (m, J=6.1
Hz, 2 H) ppm; 3C NMR (101 MHz, CDCl3): 6 = 188.1, 159.8, 151.7, 131.1, 127.7,
126.6, 125.9, 123.6, 122.0, 118.9, 113.9, 82.8, 79.3, 30.3, 21.6, 20.4 ppm; HRMS
(ESI+): m/z 237.0910 [M + HJ*, caled for CcH;30," 237.0910.
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1,2,3,3-tetramethyl-3 H-indol-1-ium iodide 10. To 2,3,3-trimethyl-3H-indole (32 mL,
200.0 mmol) in CH3CN (200 mL) was added iodomethane (14 mL, 228.0 mmol)
portion-wise and the solution was refluxed overnight. The precipitate was filtered and
washed with Et,O and dried in vacuo to afford 1,2,3,3-tetramethyl-3H-indol-1-ium
iodide 7 as a light pink solid (56.5 g, 94%). '"H NMR (400 MHz, DMSO-dg) 6 7.91 (m,
1H), 7.82 (m, 1H), 7.62 (m, 2H), 3.97 (s, 3H), 2.76 (s, 3H), 1.53 (s, 3H). The spectral
data matched with the reference.?

Alkynyl-based DHX-hemicyanine fused dye (1). To aldehyde 9 (236 mg, 1.0 mmol)
in EtOH (2 mL) was added 1,2,3,3-tetramethyl-3 H-indol-1-ium iodide 7 (301 mg, 1.0
mmol) and the solution was refluxed at 80 °C for 4 h. The reaction mixture was
concentrated and the crude product was purified by flash-column chromatography on
silica gel (eluent: 1% MeOH in DCM) to afford DHX 1 as a dark blue solid (345 mg,
yield 88%). m.p >300 °C; 'H NMR (400 MHz, DMSO-ds): 0 = 8.56 (d, J=15.3 Hz, 1
H), 7.80-7.73 (m, 2 H), 7.62 (s, 1 H), 7.58 (m, 1 H), 7.52 (m, 2 H), 7.39-7.33 (m, 2 H),
6.68 (d,J=15.4Hz, 1 H),4.52 (s, 1 H), 3.95 (s, 3 H), 2.72 (t, /= 6.0 Hz, 2 H), 2.67 (t,
J=6.0 Hz, 2 H), 1.83 (p, /= 5.9 Hz, 2 H), 1.77 (s, 6 H) ppm; 13C NMR (101 MHz,
DMSO-dg): 6 = 179.0, 158.0, 151.8, 145.1, 142.4, 142.1, 131.1, 129.8, 128.8, 128.4,
127.8, 127.6, 123.8, 122.6, 122.2, 118.6, 114.3, 113.8, 107.2, 83.8, 82.6, 50.8, 33.2,
28.7,26.9, 23.5, 19.7 ppm; HRMS (ESI+): m/z 392.2019 [M]**, calcd for CygHysNO*
392.2009; HPLC (system B): tg = 5.2 min (purity 96% at 260 nm and 99% at 600 nm);
LRMS (ESI+, recorded during RP-HPLC analysis): m/z 392.3 [M]™* (100), calcd for
CysHysNO™ 392.2; UV-vis (recorded during the HPLC analysis): Ap.x = 559 and 592
nm (broad band).

3.2. Preparation of organic azides 11a-110

Procedure A: general method for preparing azide 11a-11d.

A solution of alkyl bromide (5.0 mmol) and NaNj (6.5 mmol) in DMF (10 mL) was
heated at 80 °C overnight. The reaction mixture was cooled, diluted with EtOAc,
washed with deionised water and brine, dried over anhydrous Na,SO,4and concentrated
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under reduced pressure, to afford the corresponding alkyl azide which was used without
further purification.

©/\/\N3
11a

1-(3-Azidopropyl)benzene (11a). Yellow oil; '"H NMR (400 MHz, CDCl;): 6 = 7.30
(m, 5 H), 3.31 (t, /= 6.8 Hz, 2 H), 2.75 (t, /= 7.9 Hz, 2 H), 1.95 (m, 2 H) ppm. The
spectral data matched with those reported in the literature.?

©/\/N3

11b
1-(2-Azidoethyl)benzene (11b). Yellow oil; 'H NMR (400 MHz, CDCl;): 6 = 7.41
(m, 2 H), 7.32 (m, 3 H), 3.55 (t, /= 7.1 Hz, 2 H), 2.97 (t, J = 7.1 Hz, 2 H) ppm. The
spectral data matched with those reported in the literature.?

o
Cl
11c

1-(Azidomethyl)-4-bromobenzene (11c). Colorless liquid; 'H NMR (400 MHz,
CDCL): 6 = 7.53-7.49 (m, 2 H), 7.21-7.19 (m, 2 H), 4.30 (s, 2 H) ppm. The spectral
data matched with those reported in the literature.*

/©/\N3
MeO
11d

4-Methoxybenzyl azide (11d). Colourless oil; 'H NMR (600 MHz, CDCls): 6 = 7.24
(dd, J=8.7 Hz, J= 2.1 Hz, 2 H), 6.90 (dd, J= 8.7 Hz, J= 2.1 Hz, 2 H), 4.27 (s, 2 H),
3.82 (s, 3 H) ppm. The spectral data matched with those reported in the literature.’

2-(Azidomethyl)pyridine (11e). NaN; (11.8 g, 181.6 mmol) and 2-
chloromethylpyridine hydrochloride (5.7 g, 45.1 mmol) were added to 200 mL of
deionised water. The resulting reaction mixture was heated to 50 °C for 24 h. Thereafter,
reaction was neutralised with solid NaHCO; (11.8 g, 140.5 mmol) and extracted with
DCM (3 x 30 mL). The combined organic layers were dried over anhydrous MgSO,
and evaporated under reduced pressure, to give the desired 2-(azidomethyl)pyridine 11e
as a yellow oil (4.6 g, yield 75%). "H NMR (400 MHz, CDCl;): 6 = 8.64 (d, J=4.2 Hz,
1 H), 7.77 (t, J=7.6 Hz, 1 H), 7.36 (d, /J=7.6 Hz, 1 H), 7.28 (t, J=4.2Hz, 1 H), 4.42
(s, 2 H) ppm. The spectral data matched with those reported in the literature.®
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Scheme S2 Synthetic route towards organic azide 11f.

Methyl 5-(azidomethyl)nicotinate (11f). NaBH, (265 mg, 7.0 mmol) was added in
portions to a slurry of 2,5-pyridinedicarboxylic acid dimethyl ester (544 mg, 2.8 mmol)
and CaCl, (1.2 g, 11.2 mmol) in a mixture of dry THF (5 mL) and dry MeOH (10 mL).
The reaction was stirred at 0 °C for 3 h. Excess of NaBH,4 was then quenched by adding
10 mL of ice-cold water. After extraction with CHCl; (3 x 20 mL), the combined
organic layers were dried over anhydrous MgSO, and finally concentrated under
reduced pressure to provide intermediate benzyl alcohol as a white solid (187 mg, yield
40%). R¢ (EtOAc-hexanes 1:1 (v/v)): 0.3; '"H NMR (600 MHz, CDCl3): 6 =9.16, (d, J
=2.0 Hz, 1 H), 8.29 (dd, J=2.0 Hz, J= 8.5 Hz, 1 H), 7.36 (d, /= 8.5 Hz, 1 H), 4.83
(s, 2 H), 3.96 (s, 3 H) ppm. The spectral data matched with those reported in the
literature.6

To a solution of 6-(hydroxymethyl)nicotinic acid methyl ester (16.7 mg, 0.1 mmol) in
DCM (2 mL) was added tosyl chloride (TsCl, 25.6 mg, 0.1 mmol) and TEA (62 uL, 0.4
mmol). The resulting reaction mixture was stirred for 2 h. Thereafter, DCM was
removed under reduced pressure and the resulting residue was dissolved in THF (1 mL),
and NaNj; (58 mg, 0.9 mmol) was added. The reaction mixture was stirred at room
temperature for 24 h, then diluted with EtOAc and deionised water. The aq. layer was
further extracted with EtOAc thrice. The combined organic layers were washed with
brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The
resulting residue was purified by flash-column chromatography over silica gel (eluent:
EtOAc-hexanes 4:1 (v/v)) to afford alkyl azide 11f as a light yellow solid (16 mg,
overall yield 85%). Ry (EtOAc-hexanes 1:1 (v/v): 0.8); 'H NMR (600 MHz, CDCls): 6
=9.18 (d,/J=2.0 Hz, 1 H), 8.32 (dd, /= 8.5 Hz, J=2.0 Hz, 1 H), 7.44 (d, J = 8.5 Hz,
1 H), 4.56 (s, 2 H), 3.95 (s, 3 H) ppm. The spectral data matched with those reported in
the literature.®

(o)

HO)I\/\/\Br MeOH, reflux MeOJ\/\/\Br DMF, 80 °C MeO N

119

3

Scheme S3. Synthetic route towards organic azide 11g.

Methyl 5-azidopentanoate (11g). 5-Bromovaleric acid (3.0 g ,16.6 mmol) was
dissolved in MeOH (50 mL) and acetyl chloride (1.3 g, 16.6 mmol) was added. The
resulting reaction mixture was refluxed for 5 h. Thereafter, solvent was removed under
reduced pressure, affording intermediate 5-bromo ester as a yellowish solid (3.5 g, yield
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99%). '"H NMR (600 MHz, CDCls): 6 = 3.67 (s, 3 H), 3.41 (t,J = 6.3 Hz, 2 H), 2.35 (t,
J=17.4Hz, 2 H), 1.65-1.67 (m, 2 H), 1.56-1.59 (m, 2 H).

A solution of methyl 5-bromovalerate (3.4 g, 16.4 mmol) and NaN; (1.6 g, 24.6 mmol)
in DMF (35 mL) was heated at 80 °C overnight. The reaction mixture was cooled top
room temperature, diluted with EtOAc, washed with deionised water and brine, dried
over anhydrous Na,SO, and finally concentrated under reduced pressure, to afford pure
methyl 5-azidopentanoate 11g as a pale yellow oil (2.6 g, yield 95%). 'H NMR (400
MHz, CDCl;): 6 =3.67 (s, 3 H), 3.39 (t, /= 7.0 Hz, 2 H), 2.38 (m, 2 H), 1.91-1.60 (m,
4 H) ppm. The spectral data matched with those reported in the literature.’

Procedure B: general method for preparing azide 11h-11m.

Aniline (5.0 mmol) was dissolved in aq. 2.0 M HCI (10 mL). The solution was cooled
to 0 °C and aq. solution of NaNO, (6.0 mmol) in 1.5 mL deionised water was slowly
added. The mixture was stirred for 30 min followed by the addition of NaN; (7.5 mmol)
in deionised water (1.5 mL). After 3 h of stirring, the resulting solution was extracted
with EtOAc (3 x 50 mL). The combined organic layers were washed with brine (20
mL), dried over anhydrous Na,SO,, and finally concentrated under reduced pressure to
provide the corresponding pure organic azide.

L
N

11h
5-Azido-N,N-dimethylaniline (11h). Brown crystalline solid; 'H NMR (400 MHz,
CDCl3): 6=6.91 (d, J=7.8 Hz, 2 H), 6.71 (d, /= 8.4 Hz, 2 H), 2.93 (s, 6 H) ppm. The
spectral data matched with those reported in the literature.®

3

0]

Meo)‘\©\
N

11i
Methyl 4-azidobenzoate (11i). Pale yellow soild; '"H NMR (400 MHz, CDCly): 6 =
8.05-8.01 (m, 2 H), 7.09-7.04 (m, 2 H), 3.91 (s, 3 H) ppm. The spectral data matched
with those reported in the literature.’

L
N

1]

3

3

1-Azido-4-methoxybenzene (11j). Brown solid; 'H NMR (400 MHz, CDCls): 6 =
6.96-6.92 (m, 2 H), 6.90-6.86 (m, 2 H), 3.78 (s, 3 H) ppm. The spectral data matched
with those reported in the literature.’
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L
N

11k
4-Azidophenol (11Kk). Yellow solid; 'H NMR (400 MHz, CDCl;): 6 = 6.95-6.87 (m, 2
H), 6.86-6.79 (m, 2 H), 5.13 (brs, 1 H) ppm. The spectral data matched with those
reported in the literature.’

F3C” : N

111
1-Azido-3-trifluoromethylbenzene (111). Orange oil; "H NMR (400 MHz, CDCly): ¢
=7.48-7.44 (m, 1 H), 7.39-7.37 (m, 1 H), 7.24 (s, 1 H), 7.20-7.18 (m, 1 H) ppm. The
spectral data matched with those reported in the literature.!?

3

3

OH OH \—/ \(‘) OSO,F
NaNOy, NaN3 TfO" _
HCI CHJCl,
NH, Nj3 N,
11k 11m

Scheme S4. Synthetic route towards organic azide 11m.

4-Azidophenyl fluorosulfate (11m). 4-Azidophenol 11k (5.0 mmol), prepared
according to procedure A described above, was dissolved in DCM (5 mL). TEA (1.2
mL, 8.0 mmol) was added, followed by 1-(fluorosulfonyl)-2,3- dimethyl-1H-imidazol-
3-ium trifluoromethanesulfonate (2.1 g, 6.5 mmol). The resulting reaction mixture was
stirred at room temperature for 2 h. Therafter, volatiles were removed under reduced
pressure, and the resulting crude product was purified by flash-column chromatography
over silica gel (eluent: 100% PE) to provide compound 11m as a pale yellow liquid (1.0
g, yield 92%). 'H NMR (400 MHz, CDCls): 6 = 7.35-7.30 (m, 2 H), 7.12-7.07 (m, 2 H)
ppm; C NMR (101 MHz, CDCl3): 6 = 146.6, 140.8, 122.5, 120.7 ppm; '°F NMR (377
MHz, CDCl3): 6 =37.2 (s, 1 F) ppm; HRMS (ESI-): m/z 213.9928 [M - HJ, calcd for
CeH4N304S- 213.9928. Please note: hydrolysis of fluorosulfate moiety was occurred
during the ionisation process.

OSO,F

N3
11n

4-Azidophenyl fluorosulfate (11n). The same procedure as that devised for 11m was
used. '"H NMR (400 MHz, CDCl;): 6 = 7.45 (t, /= 8.2 Hz, 1 H), 7.15-7.11 (m, 1 H),
7.09 (ddd, J=8.1 Hz, J=2.1 Hz,J=1.0 Hz, 1 H), 6.99 (td, /J=2.2 Hz,J=1.0 Hz, 1
H) ppm; 3C NMR (101 MHz, CDCl;): 6 = 150.7, 142.6, 131.4, 119.2, 117.1, 112.1
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ppm; "°F NMR (377 MHz, CDCl;): 0 = 38.0 (s, 1 F) ppm; HRMS (ESI-): m/z 213.9927
[M - HJ, calcd for C¢gH4N304S- 213.9928. Please note: hydrolysis of fluorosulfate
moiety was occurred during the ionisation process.

2-Azidophenyl (110).

o
N
110 3

2-Azidobenzenesulfonic acid (110). Prepared according to procedure B. Pink solid;
'H NMR (400 MHz, CDCl;) 8 7.72 (d, J= 8.2 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.17-
7.15 (m, 2H), 2.51 (s, 1H). The spectral data matched with those reported in the
literature. !

3.3 General procedure for the CuAAC reaction

R_N3
11a-110

CuSQ,4 ¢ 5H,0, NaAsc
CH,CI,/H,0, RT
20-81%

General procedure for the synthesis of tetrazole-based DHX-hemicyanine fused
dyes 2a-20. To a mixture of alkynyl-based DHX-hemicyanine fused dye 1 (784 mg,
2.0 mmol, 1.0 equiv.) and the corresponding organic azide (2.6 mmol, 1.3 equiv.) in
deionised water and CH,Cl, (1:1 (v/v), 100 mL), sodium ascorbate (79.2 mg, 0.4 mmol,
0.2 equiv.) was added, followed by the addition of CuSO, * 5 H,O (25 mg, 0.1 mmol,
0.05 equiv.). The heterogeneous mixture was stirred vigorously at room temperature
overnight. Thereafter, the reaction mixture was concentrated under reduced pressure
and directly purified by flash-column chromatography on silica gel (eluent: 1% MeOH
in DCM) to afford the corresponding triazole 2a-20 as a dark blue solid.
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Table S1. Triazole-based DHX-hemicyanine fused dyes synthesised through CuAAc
reaction from alkynyl-based DHX 1 and the corresponding organic azides (structures
of starting materials and reaction yields).

Organic azide Product Yield
11a Ns 2a 50%
N3
o
cl 2c 74%
11c
/©/\N3
MeO 2d 36%
11d
| h
N 2e 81%
11e
(o}
X
aad 2 61%
N 3

(o}
MeOJ\/\/\ N3 2g 67%

|
_N
O 2h 36%
N3

=
D
(@]
; o
4
w

2i 22%
11i
Me0\©\
3 0
N, 2j 80%
11j
HO.
\©\ 2k 41%
N3

11k
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FSC/@N 21 43%
FO,SO
\Q 2m 48%
N

11m
0SO,F
@ 2n 20%
N3
11n
SO;H
20 14%
N3

2a: 51 mg, 50% yield; dark blue solid; m.p 80-82 °C; 'H NMR (600 MHz, DMSO-dg):
0=28.85(s, 1 H),859(d,J=152Hz, 1H),7.85(s, 1 H),7.77 (m, 2 H), 7.72 (d, J =

8.0Hz, 1 H), 7.61 (d,J=8.0 Hz, 1 H), 7.56 (td, J=7.7 Hz, J= 1.2 Hz, 1 H), 7.51-7.48

(m, 1 H), 7.41 (s, 1 H), 7.31 (t, J= 7.6 Hz, 2 H), 7.26-7.23 (m, 2 H), 7.21 (td, J = 7.2

Hz,J=1.4Hz, 1 H), 6.59 (d, /=152 Hz, 1 H), 4.45 (t,J=7.1 Hz, 2 H), 3.91 (s, 3 H),
2.72 (t,J = 6.2 Hz, 2 H), 2.66-2.61 (m, 4 H), 2.23-2.17 (m, 2 H), 1.87-1.81 (m, 2 H),

1.80 (s, 6 H) ppm; 13C NMR (151 MHz, DMSO-dg): 6 = 178.4, 159.0, 152.6, 145.0,

144.9, 142.2, 142.2, 140.7, 133.7, 131.0, 129.8, 128.8, 128.4, 128.3, 128.2, 127.5,

126.0, 122.7, 122.6, 122.2, 121.1, 114.1, 113.6, 111.2, 106.2, 50.6, 49.2, 33.0, 31.9,

31.3, 28.7, 27.0, 23.5, 19.8 ppm; HRMS (ESI+): m/z 553.2972 [M]*®, calcd for

C37H37N40" 553.2962; HPLC (system A): tg = 5.3 min (purity 95% at 260 nm and 99%
at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z 553.3 (100) and

554.3 (30) [M]", calcd for Cs7H37N4O" 553.3; UV-vis (recorded during the HPLC

analysis): Amax = 571, 601 and 647 nm (broad band).
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2b: 52 mg, 52% yield; dark blue solid; m.p 88-90 °C; 'H NMR (400 MHz, DMSO-dj):
0=28.77 (s, 1 H), 8.61 (d, J=15.2 Hz, 1 H), 7.84 (s, 1 H), 7.82-7.70 (m, 3 H), 7.64-
7.48 (m, 3 H), 7.42 (s, 1 H), 7.33-7.19 (m, 5 H), 6.62 (d, J=15.3 Hz, 1 H), 4.71 (t,J =
7.3 Hz,2 H),3.92 (s, 3 H), 3.25 (t,/=7.3 Hz, 2 H), 2.78-2.70 (m, 2 H), 2.67 (t,J=5.9
Hz, 2 H), 1.88-1.83 (m, 2 H), 1.81 (s, 6 H) ppm; *C NMR (101 MHz, DMSO-ds): 6 =
178.5, 159.0, 152.7, 145.0, 144.8, 142.2, 142.2, 137.5, 133.6, 131.0, 129.9, 128.8,
128.7, 128.4, 128.2, 127.6, 126.6, 122.8, 122.6, 122.1, 121.1, 114.2, 113.6, 111.3,
106.3, 50.8, 50.6, 35.5, 33.0, 28.7, 27.1, 23.5, 19.8 ppm; HRMS (ESI+): m/z 539.2802
[M]*®, calcd for C3H35sN4O™ 539.2805; HPLC (system A): g = 5.2 min (purity 96% at
260 nm and 99% at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z
539.1 (100) and 540.2 (45) [M]*®, calcd for C3cH3sN4O" 539.3; UV-vis (recorded
during the HPLC analysis): Ay.x = 569, 601 and 648 nm (broad band).

2¢: 76 mg, 74% yield; dark blue solid; m.p 202-204 °C; 'H NMR (400 MHz, DMSO-
dg): 0 =8.90 (s, 1 H), 8.62-8.57 (m, 1 H), 8.57-8.53 (m, 1 H), 7.88 (s, 1 H), 7.87-7.84
(m, 1 H), 7.79 (m, 2 H), 7.72 (d, /= 8.0 Hz, 1 H), 7.62-7.46 (m, 3 H), 7.43-7.35 (m, 3
H), 6.60 (d,/=15.3 Hz, 1 H), 5.82 (s,2 H), 3.91 (s, 3 H), 2.72 (t, /= 6.0 Hz, 2 H), 2.64
(t,J=6.0Hz,2 H), 1.85-1.81 (m, 2 H), 1.80 (s, 6 H) ppm; 13C NMR (101 MHz, DMSO-
dg): 0 = 178.5, 159.0, 154.7, 152.6, 149.5, 145.1, 144.9, 142.2, 142.2, 137.4, 133.5,
131.0, 129.9, 128.8, 128.2, 127.5, 123.8, 123.4, 122.6, 122.3, 122.2, 121.2, 114.1,
113.6, 111.4, 106.2, 54.7, 50.6, 33.0, 28.7, 27.0, 23.5, 19.8 ppm; HRMS (ESI+): m/z
559.2254 [M]**, calcd for C;35H3,CIN,O" 559.2259; HPLC (system A): tg = 5.3 min
(purity 97% at 260 nm and 99% at 600 nm); LRMS (ESI+, recorded during RP-HPLC
analysis): m/z 559.3 (100), 560.4 (40) and 561.4 (30) [M]*®, calcd for C;5H3,CIN,O"
559.2; UV-vis (recorded during the HPLC analysis): Ay = 568, 601 and 647 nm (broad
band).
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2d: 37 mg, 36% yield; dark blue solid; m.p 189-191 °C; 'H NMR (400 MHz, DMSO-
dg): 0=9.05(dd, J=2.2,J=1.0Hz, 1 H), 8.92 (s, 1 H), 8.61 (d, /= 15.2 Hz, 1 H),
8.36 (dd,J=8.2 Hz,J=2.2 Hz, 1 H), 7.89 (s, 1 H), 7.79 (m, 2 H), 7.74-7.70 (m, 1 H),
7.63-7.47 (m, 4 H), 7.42 (s, 1 H), 6.62 (d, /=152 Hz, 1 H), 5.95 (s, 2 H), 3.92 (s, 3
H), 3.88 (s, 3 H), 2.73 (t,J=5.9 Hz, 2 H), 2.69-2.62 (m, 2 H), 1.88-1.81 (m, 2 H), 1.80
(s, 6 H) ppm; 13C NMR (101 MHz, DMSO-d,): 6 = 178.5, 159.2, 159.0, 152.7, 145.3,
144.9, 142.2, 142.2, 133.5, 131.0, 129.9, 129.6, 128.8, 128.2, 127.7, 127.6, 126.5,
122.7, 122.6, 122.2, 121.2, 114.2, 114.2, 113.6, 111.3, 106.2, 55.2, 52.7, 50.6, 32.9,
28.7,27.0,23.5,19.8 ppm; HRMS (ESI+): m/z 555.2778 [M]"®, calcd for C36H35sN4O,*
555.2755; HPLC (system A): tg = 5.1 min (purity 96% at 260 nm and 98% at 600 nm);
LRMS (ESI+, recorded during RP-HPLC analysis): m/z 555.0 (100) and 556.5 (55)
[M]**, caled for C36H35sN4O,*555.3; UV-vis (recorded during the HPLC analysis): Amax
=568, 601 and 647 nm (broad band).

2e: 79 mg, 81% yield; dark blue solid; m.p 226-228 °C; 'H NMR (400 MHz, DMSO-
dg): 0=8.87 (s, 1 H), 8.59 (d, /=152 Hz, 1 H), 7.86 (s, 1 H), 7.80-7.70 (m, 3 H), 7.63-
7.53 (m, 2 H), 7.53-7.45 (m, 3 H), 7.43-7.36 (m, 3 H), 6.61 (d,J=15.2 Hz, 1 H), 5.72
(s,2 H),3.92 (s,3 H),2.72 (t, J= 6.0 Hz, 2 H), 2.65 (t, /= 6.1 Hz, 2 H), 1.87-1.81 (m,
2 H), 1.79 (s, 6 H) ppm; 3C NMR (101 MHz, DMSO-dy): 6 = 178.5, 158.9, 152.6,
145.3, 144.9, 142.2, 142.2, 134.8, 133.4, 132.9, 131.0, 130.0, 129.8, 128.8, 128.2,
127.6, 123.0, 122.6, 122.2, 121.2, 114.2, 113.6, 111.4, 106.3, 52.3, 50.6, 33.0, 28.7,
27.0, 23.5, 19.8 ppm; HRMS (ESI+): m/z 526.2605 [M]"®, calcd for C;4H3;N5O*
526.2601; HPLC (system A): tg = 4.7 min (purity 98% at 260 nm and 99% at 600 nm);
LRMS (ESI+, recorded during RP-HPLC analysis): m/z 526.3 (100) and 527.4 (35)
[M]**, calcd for C34H3,N50* 526.2; UV-vis (recorded during the HPLC analysis): Amax
=567, 601 and 646 nm (broad band). Note: we found that dye 2e was contaminated by
a small quantity of 3,4-dihydroxy-2-oxobutanoic acid coming from the CuAAC
reaction and which we estimated to be 1.4% by integration by '"H NMR analysis.
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MeO

2f: 65 mg, 61% yield; dark blue solid; m.p 125-127 °C; '"H NMR (400 MHz, DMSO-
dg): 0=9.05(dd,J=2.2 Hz,J=1.0 Hz, 1 H), 8.92 (s, 1 H), 8.61 (d,J=15.2 Hz, 1 H),
8.36 (dd, J=8.2 Hz, J=2.2 Hz, 1H), 7.89 (s, 1 H), 7.79 (m, 2 H), 7.74-7.70 (m, 1 H),
7.63-7.47 (m, 4 H), 7.42 (s, 1 H), 6.62 (d, J=15.2 Hz, 1 H), 5.95 (s, 2 H), 3.92 (s, 3
H), 3.88 (s, 3 H), 2.73 (t,J= 5.9 Hz, 2 H), 2.69-2.62 (m, 2 H), 1.88-1.81 (m, 2 H), 1.80
(s, 6 H) ppm; *C NMR (101 MHz, DMSO-dy): 6 = 178.5, 164.8, 159.2, 159.0, 152.7,
149.9, 145.2, 145.0, 142.2, 142.2, 138.2, 133.4, 131.0, 130.0, 128.8, 128.2, 127.5,
125.0, 124.0, 122.6, 122.2, 121.2, 114.2, 113.6, 111.4, 106.3, 54.3, 52.5, 50.6, 33.0,
28.7,27.0,23.5,19.8 ppm; HRMS (ESI+): m/z 584.2673 [M]"®, calcd for C36H34NsO5*
584.2656; HPLC (system A): tr = 4.8 min (purity 97% at 260 nm and 100% at 600 nm);
LRMS (ESI+, recorded during RP-HPLC analysis): m/z 584.4 (100) and 585.4 (40)
[M]**, calcd for C34H34N505" 584.2; UV-vis (recorded during the HPLC analysis): Amax
=570, 601 and 646 nm (broad band). Note: we found that dye 2f was contaminated by
a small quantity of 3,4-dihydroxy-2-oxobutanoic acid coming from the CuAAC
reaction and which we estimated to be 2.4% by integration by '"H NMR analysis.

2g: 68 mg, 67% yield; dark blue solid; m.p 84-86 °C; '"H NMR (400 MHz, CD;0D): 6
=8.73 (d,J=15.2 Hz, 1 H), 8.65 (s, 1 H), 7.85 (s, 1 H), 7.71 (m, 2 H), 7.63-7.47 (m, 4
H), 7.27 (s, 1 H), 6.55 (d,J=15.2 Hz, 1 H), 4.49 (t,J=7.0 Hz, 2 H), 3.90 (s, 3 H), 3.66
(s, 3 H), 2.76 (t, J= 6.0 Hz, 2 H), 2.67 (t, /= 6.1 Hz, 2 H), 2.42 (t, J = 7.3 Hz, 2 H),
2.06-1.96 (m, 2 H), 1.95-1.88 (m, 2 H), 1.85 (s, 6 H), 1.69-1.63 (m, 2H) ppm; 3C NMR
(101 MHz, CD;0D): 0 =180.4, 175.3, 165.2, 161.2, 154.4, 147.2, 147.1, 143.6, 143.5,
135.0, 132.7, 131.6, 130.2, 129.4, 128.9, 123.7, 123.6, 123.0, 116.0, 114.3, 112.9,
106.7, 52.3, 52.1, 51.2, 33.9, 33.4, 30.6, 30.3, 28.2, 24.9, 22.9, 21.4 ppm; HRMS
(ESI+): m/z 549.2874 [M]**, calcd for C34H37N405" 549.2860; HPLC (system A): tg =
4.9 min (purity 97% at 260 nm and 99% at 600 nm); LRMS (ESI+, recorded during
RP-HPLC analysis): m/z 549.4 (100) and 550.5 (25) [M]*®, caled for C3,H37N4O5*
549.3; UV-vis (recorded during the HPLC analysis): Ay =569, 601 and 647 nm (broad
band).
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2h: 37 mg, 36% yield; dark blue solid; m.p 191-193 °C; 'TH NMR (400 MHz, DMSO-d)
09.30 (s, 1 H), 8.65(d, J=15.5Hz, 1 H), 7.95 (s, 1 H), 7.86-7.78 (m, 2 H), 7.74-7.65
(m, 4 H), 7.57-7.49 (m, 2 H), 7.44 (s, 1 H), 6.90 (d, /= 8.6 Hz, 2 H), 6.66 (d, J=15.3
Hz, 1 H), 3.93 (s, 3 H), 3.00 (s, 6 H), 2.80 —2.73 (m, 2 H), 2.73 - 2.67 (m, 2 H), 1.93 —
1.85 (m, 2 H), 1.81 (s, 6 H); 3C NMR (101 MHz, DMSO-dy): 6 = 178.4, 159.0, 152.6,
150.4, 145.4, 144.9, 142.2, 142.1, 133.4, 131.0, 129.9, 128.8, 128.2, 127.5, 125.8,
122.6, 122.2, 121.3, 121.2, 120.4, 114.2, 113.6, 112.2, 111.3, 106.2, 50.6, 32.9, 28.7,
27.1,23.5, 19.8 ppm; HRMS (ESI+): m/z 554.2912 [M]"®, calcd for C3H3sNsO" [M]*™®
554.2914; HPLC (system A): g = 5.4 min (purity 82% at 260 nm and 85% at 600 nm);
LRMS (ESI+, recorded during RP-HPLC analysis): m/z 554.2 [M]™* (100), calcd for
C36H36NsO" 554.3; UV-vis (recorded during the HPLC analysis): Ay, = 572, 604 and
650 nm (broad band).

2i: 23 mg, 22% yield; dark blue solid; m.p 176-178 °C; "H NMR (400 MHz, DMSO-d):
0=9.63 (s, 1 H),8.61(d,J=15.2Hz, 1 H), 8.48 (s, 1 H), 8.30-8.22 (m, 1 H), 8.10 (d,
J=7.8Hz, 1H),7.93 (s, 1 H),7.83(dt, /=139 Hz,J=7.7Hz,3H),7.72(d, /=79
Hz, 1 H), 7.65 (d,J=8.0 Hz, 1 H), 7.54 (m, 2 H), 7.42 (s, 1 H), 6.63 (d,J=15.2 Hz, 1
H), 3.94 (s, 3 H), 3.92 (s, 3 H), 2.75 (t, /= 6.0 Hz, 2 H), 2.67 (t, J= 5.7 Hz, 2 H), 1.90-
1.85 (m, 2 H), 1.82 (s, 6 H) ppm; *C NMR (101 MHz, DMSO-dy): 0 = 178.5, 165.2,
158.8, 152.6, 146.1, 1449, 142.2, 142.1, 136.6, 132.8, 131.3, 130.8, 130.7, 130.1,
129.2, 128.8, 128.2, 127.6, 124.4, 122.6, 122.3, 121.5, 121.1, 120.0, 114.2, 113.6,
111.5,106.4,52.6,50.7,33.0, 28.7,27.1, 23.5, 19.8 ppm; HRMS (ESI+): m/z 569.2550
[M]*®, calcd for C36H33N4057569.2547; HPLC (system A): tr = 5.3 min (purity 94% at
260 nm and 96% at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z
569.4 (100) and 570.4 (30) [M]*, calcd for C;5H33N405" 569.2; UV-vis (recorded
during the HPLC analysis): A.x = 568, 601 and 646 nm (broad band).
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MeO

2j: 80 mg, 80% yield; dark blue solid; m.p 225-227 °C; 'H NMR (400 MHz, DMSO-
dg): 0=9.37 (s, 1 H), 8.61-8.51 (m, 1 H), 7.88-7.86 (m, 1 H), 7.85 (s, 1 H), 7.84-7.76
(m, 3 H), 7.73-7.68 (m, 1 H), 7.62 (m, 1 H), 7.59-7.46 (m, 2 H), 7.40 (s, 1 H), 7.21-7.14
(m, 2 H), 6.58 (d, /J=15.2 Hz, 1 H), 3.89 (s, 3 H), 3.85 (s, 3 H), 2.73 (t, J=6.1 Hz, 2
H), 2.64 (m, 2 H),1.89-1.84 (m, 2 H), 1.80 (s, 6 H) ppm; 3C NMR (101 MHz, DMSO-
dg): 0 = 178.4, 159.4, 158.9, 152.6, 145.7, 144.9, 142.2, 142.1, 133.1, 130.9, 130.0,
129.8, 128.8, 128.2, 127.6, 122.6, 122.2, 121.7, 121.4, 120.8, 114.9, 114.2, 113.6,
111.4,106.3, 55.6, 50.6, 33.0, 28.7,27.1, 23.5, 19.8 ppm; HRMS (ESI+): m/z 541.2603
[M]**, calcd for C35sH33N40,7541.2598; HPLC (system A): tr = 5.3 min (purity 98% at
260 nm and 99% at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z
541.3 (100) and 542.5 (30) [M]*, calcd for C;5H33N40," 541.2; UV-vis (recorded
during the HPLC analysis): Am. = 570, 602 and 648 nm (broad band). Note: we found
that dye 2j was contaminated by a small quantity of 3,4-dihydroxy-2-oxobutanoic acid
coming from the CuAAC reaction and which we estimated to be 1.6% by integration
by 'H NMR analysis.

HO

2k: 40 mg, 41% yield; dark blue solid; m.p 227-229 °C; '"H NMR (400 MHz, DMSO-
dg): 0=10.06 (s, 1 H), 9.32 (s, 1 H), 8.58 (d,/=15.2 Hz, 1 H), 7.88 (s, 1 H), 7.85-7.76
(m, 2 H), 7.74-7.68 (m, 3 H), 7.65-7.47 (m, 3 H), 7.40 (s, 1 H), 7.02-6.96 (m, 2 H), 6.59
(d, /=153 Hz, 1 H), 3.90 (s, 3 H), 2.73 (t, /= 6.0 Hz, 2 H), 2.63 (m, 2 H), 1.87-1.81
(m, 2 H), 1.81 (s, 6 H) ppm; 3C NMR (101 MHz, DMSO-dy): 6 = 178.5, 158.9, 158.0,
152.6, 145.6, 144.9, 142.2, 142.2, 133.2, 131.0, 130.0, 128.8, 128.5, 128.2, 127.6,
122.6, 122.2, 121.9, 121.3, 120.8, 116.1, 114.2, 113.6, 111.4, 106.3, 50.6, 33.0, 28.7,
27.1, 23.5, 19.8 ppm; HRMS (ESI+): m/z 527.2437 [M]*®, calcd for C3;H31N4O,*
527.2442; HPLC (system A): tg = 4.9 min (purity 97% at 260 nm and 99% at 600 nm);
HPLC (system B): g = 5.1 min (purity 96% at 260 nm and 99% at 600 nm); LRMS
(ESI+, recorded during RP-HPLC analysis): m/z 527.2 (100) and 528.4 (40) [M]"*,
calcd for C34H3;N4O," 527.2; LRMS (ESI-, recorded during RP-HPLC analysis): m/z
525.2 (100) [M* - 2H]  and 571.2 (60) [M* - 2H + FA]J, calcd for C34H,9N40,7525.2;
UV-vis (recorded during the HPLC analysis): Ayax = 569, 602 and 647 nm (broad band).

S19



F3C

21: 45 mg, 43% yield; dark blue solid; m.p 63-65 °C; 'H NMR (400 MHz, DMSO-d):
0=9.64 (s, 1 H), 8.58 (d, /= 15.3 Hz, 1 H), 8.35-8.27 (m, 2 H), 7.94-7.90 (m, 2 H),
7.89 (s, 1 H), 7.80 (ddd, /= 7.1 Hz, J=5.9 Hz, J= 1.4 Hz, 2 H), 7.73-7.69 (m, 1 H),
7.65 (d, J=8.1 Hz, 1 H), 7.53 (m, 2 H), 7.40 (s, 1 H), 6.60 (d, J=15.3 Hz, 1 H), 3.91
(s,3H),2.74 (t,J=5.9 Hz, 2 H), 2.65 (t, /= 6.0 Hz, 2 H), 1.89-1.84 (m, 2 H), 1.81 (s,
6 H) ppm; 3C NMR (101 MHz, DMSO-dg): 6 = 178.6, 158.8, 152.6, 146.1, 144.9,
142.3, 142.1, 136.9, 132.7, 131.5, 130.7, 130.6 (q, J = 32.8 Hz), 130.4, 130.2, 128.8,
128.3,127.6,125.5 (q,J=3.6 Hz), 124.0, 123.6 (q, J=273.7 Hz), 122.6, 122.3, 121.6,
121.3,116.6, 116.6 (q, J = 3.9 Hz), 114.2, 113.6, 111.5, 106.5, 50.7, 33.0, 28.7, 27.0,
23.6, 19.8 ppm; '°F NMR (376 MHz, DMSO-dg): 0 =-61.2 (s, 3 F); HRMS (ESI+): m/z
579.2363 [M]"®, calcd for C;5H30F3N4O" 579.2366; HPLC (system A): tg = 5.5 min
(purity 98% at 260 nm and 100% at 600 nm); LRMS (ESI+, recorded during RP-HPLC
analysis): m/z 579.4 (100) and 580.5 (35) [M]**, calcd for C;5H30F5N40*579.2; UV-vis
(recorded during the HPLC analysis): A, = 568, 601 and 645 nm (broad band). Note:
we found that dye 21 was contaminated by a small quantity of 3,4-dihydroxy-2-
oxobutanoic acid coming from the CuAAC reaction and which we estimated to be 2.8%
by integration by 'H NMR analysis.

FO,SO

2m: 53 mg, 48% yield; dark blue solid; m.p 173-175 °C; 'H NMR (400 MHz, DMSO-
dg): 0=9.54 (s, 1 H), 8.57 (d,J=15.3 Hz, 1 H), 8.20-8.13 (m, 2 H), 7.9-7.90 (m, 2 H),
7.86 (s, 1 H), 7.79 (m, 2 H), 7.71 (d, /= 7.8 Hz, 1 H), 7.64 (d, J= 8.0 Hz, 1 H), 7.59-
7.47 (m, 2 H), 7.40 (s, 1 H), 6.59 (d, J=15.1 Hz, 1 H), 3.90 (s, 3 H), 2.73 (t,J=5.8
Hz, 2 H), 2.63 (t, J = 6.1 Hz, 2 H), 1.88-1.82 (m, 2 H), 1.81 (s, 6 H) ppm; 3C NMR
(101 MHz, DMSO-dg): 6 = 178.5, 158.7, 152.6, 148.9, 146.1, 144.9, 142.2, 142.1,
136.5, 132.4, 130.7, 130.22, 128.8, 128.3, 127.6, 123.1, 122.6, 122.3, 121.6, 121.3,
114.2,113.6,111.5,106.4, 50.7, 33.0, 28.7, 27.0, 23.5, 19.8 ppm; '°F NMR (377 MHz,
DMSO-dy): 6 = 39.1 (s, 1 F); HRMS (ESI+): m/z 609.1977 [M]*®, calcd for
C34H30FN404S7 609.1966; HPLC (system A): tg = 5.4 min (purity 96% at 260 nm and
98% at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z 609.4 (100)
and 610.3 (30) [M]*, calcd for C34H30FN404S*™ 609.2; LRMS (ESI-, recorded during
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RP-HPLC analysis): m/z 653.3 (90) [M* - 2H + FA], caled for C34H,0FN4O4S-607.2;
UV-vis (recorded during the HPLC analysis): Ay = 567, 601 and 645 nm (broad band).

FO,S0

2n: 22 mg, 20% yield; dark blue solid; m.p 223-225 °C; '"H NMR (400 MHz, DMSO-
dg): 0 =9.54 (s, 1 H), 8.58 (d, /=152 Hz, 1 H), 8.26 (t, J=2.2 Hz, 1 H), 8.14 (m, 1
H), 7.88 (d,/=8.4 Hz, 1 H), 7.87 (s, 1 H), 7.83-7.75 (m, 3 H), 7.73-7.69 (m, 1 H), 7.64
(d, /=8.0 Hz, 1 H), 7.53 (m, 2 H), 7.39 (s, 1 H), 6.60 (d, /= 15.2 Hz, 1 H), 3.90 (s, 3
H), 2.73 (t, J=6.0 Hz, 2 H), 2.64 (t,J= 6.1 Hz, 2 H), 1.89-1.82 (m, 2 H), 1.81 (s, 6 H)
ppm; 3C NMR (101 MHz, DMSO-dg): 6 = 178.6, 158.7, 152.6, 149.8, 146.2, 144.9,
142.2, 142.1, 137.7, 132.5, 132.5, 130.7, 130.3, 128.8, 128.3, 127.6, 122.6, 122.3,
121.6, 121.4, 121.2, 120.5, 114.2, 113.6, 113.2, 111.5, 106.5, 50.7, 33.0, 28.7, 27.0,
23.5, 19.8 ppm; °F NMR (377 MHz, CD;0D): 0 = 36.6 (s, 1 F) ppm; HRMS (ESI+):
m/z 609.1983 [M]", calcd for C34H30FN4O4S™ 609.1966; HPLC (system A): tg = 5.4
min (purity 97% at 260 nm and 99% at 600 nm); LRMS (ESI+, recorded during RP-
HPLC analysis): m/z 609.4 (100) and 610.3 (40) [M]**, calcd for C34H30FN404S*609.2;
LRMS (ESI-, recorded during RP-HPLC analysis): m/z 653.4 (100) [M* - 2H + FA],
calcd for C54Hp9FN4O4S-607.2; UV-vis (recorded during the HPLC analysis): Ay =
568, 601 and 645 nm (broad band).

20: 15 mg, 14% yield; m.p. 235-237 °C; 'H NMR (600 MHz, DMSO-d;) 6 9.23 (s, 1H),
8.65 (d, J=14.9 Hz, 1H), 8.07-7.99 (m, 1H), 7.91 (s, 1H), 7.90 (s, 1H), 7.83-7.78 (m,
3H), 7.71 (d, J= 8.1 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.61-7.58 (m, 2H), 7.55 (d, J =
7.9 Hz, 2H), 7.46 (s, 1H), 6.64 (d, J = 15.2 Hz, 1H), 3.92 (s, 3H), 2.71-2.66 (m, 2H),
2.64 (t,J=5.9 Hz, 2H), 1.89-1.83 (m, 2H), 1.81 (s, 6H); 3C NMR (101 MHz, DMSO-
de) 6 178.6, 158.8, 152.7, 149.0, 146.2, 145.0, 142.3, 142.2, 136.5, 132.7, 130.8, 130.3,
128.9,128.4,127.7,123.2,122.7,122.4,121.6,121.3, 114.3, 113.7, 111.6, 106.5, 50.8,
33.0, 28.8, 27.1, 23.6, 19.8; HPLC (system A): tg = 4.7 min (purity 95% at 260 nm and
97% at 600 nm); LRMS (ESI+, recorded during RP-HPLC analysis): m/z 563.2 (60),

S21



591.4 (100) [M]*® and 1181.7 (15) [2M* - H]**, calcd for C34H31N4,O4S* 591.7; LRMS
(ESI-, recorded during RP-HPLC analysis): m/z 589.3 (100) [M* - 2H], calcd for
C34H29N404S- 589.78; UV-vis (recorded during the HPLC analysis): A, = 569, 602
and 649 nm (broad band); HRMS (ESI+): m/z 591.2055 [M]"®, calcd for C34H3;N404S*
591.2060.

4. References

1. G.R. Fulmer, A. J. M. Miller, N. H. Sherden, H. E. Gottlicb, A. Nudelman, B. M.
Stoltz, J. E. Bercaw and K. 1. Goldberg, Organometallics, 2010, 29, 2176-2179.

2. M. J. H. Ong, R. Srinivasan, A. Romieu and J. A. Richard, Org. Lett., 2016, 18,
5122-5125.

3. G.Colombano, C. Travelli, U. Galli, A. Caldarelli, G. C. Tron and A. A. Genazzani,
J. Med. Chem., 2010, 532, 616-623.

4. Y.Kim, Y. H. Rhee and J. Park, Org. Biomol. Chem., 2017, 15, 1636-1641.
5. J. Pietruszka and G. Solduga, Eur. J. Org. Chem., 2009, 34, 5998-6008.

6. C. Uttamapinant, A.Tangpeerachaikul, S. Grecian, S. Clarke, K. R. Gee and A. Y.
Ting, Angew. Chem. Int. Ed., 2012, 51, 5852 —5856.

7. V. Voliani, G. Signore, O. Vittorio, P. Faraci, S. Luin, J. Perez-Prieto and F.
Beltram, J. Mater. Chem. B., 2013, 1, 4225-4230.

8. L. Ren and N. Jiao, Chem. Commun., 2014, 50, 3706-3709.

9. X.Peng, Q. Wang, Y. Mishra, J. Xu, D. E. Reichert and R. H. Mach, Bioorg. Med.
Chem. Lett., 2015, 25, 519-523.

10. S. F. Sebest, L. Casarrubios, H. S. Rzepa, A. J. P. White and S. Diez-Gonzalez,
Green Chem., 2018, 20, 4023-4035.

11. B. Christopher, A. Abe, E. Amy, G. Shomir, G. Jianping, H. Geraldine and J.
Matthew, J. Org. Chem., 2005, 70, 10206-10209.

5. 1H, F and 3C NMR spectra of synthesised compounds

S22



Lz
S6kC 0
90520

UBEC U
88z 0
OQH 5289 1y
00H 6989 14
869’1
geli 'l
88ZL |
Zhri 'L
ULFT
wmww,uv
Livh'T ﬁ
8/55'Z
41952
50/GT
BELS'T
L9iGT
€085z
6885 7
17657

669'9
Zoro'L
8790 L1
86ZL 11
£EEL 'L
vl L
675 L
699l 'L
989l 'L
POLL 'L
5ZLL L
€000 109z L

6Z0C°0L—

7

T™MS

"H NMR (400 MHz, CDCls)

TGO0°A

FEeT

FELT
T80T

oot

-2.0

0.0 -0.5 -1.0 -1.5

0.5

2.0

2.5

4.0 30

4.5

5.0

1 (ppm)

5.5

6.5

9.0

9.5

L0 1L5 1.0 10.5 10.0

6.000-—

FOLE 0T~
895127

8.8T0E—

€L 96—

9€Z0P0L—
OpSL el

L0E9'8LL

Ziby R%
_mm@.wﬂ/
0Le0'9zZ Lt
qu.wmf\\

wqhm.hmr\.
8L6L'0gl

850L LG —

Zo0e'es L —

e0z0eslL—

LBEIVEL—

0L90'9ZL—
1zarazL””
LT LT~

1:

1
s
125

3C NMR (101 MHz, CDCl3)
127
f1 (ppm)

| |H I

-10

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

T
210

S23



9209}
68191
£PEg'L
26p9'L
6P99'|
g8’z
6L6C'Z
6Z1ee
6ZL5°C
69.5'C
09852

COBG.Z

=

|

6¥65'Z
Lp0g'e
0209¢C
LpPee

ZeLey

9pL0'L
05eT'L
682CL
SPpC L
Papc L
S6ECL
LZpe'L
PPPe L
LBPEL
#E9E L

645201

TH NMR (400 MHz, DMSO-dg)

L||

f

Feoe

=507

FE0e

eeEn

> 8610 -
60
M—m 1}
oo’k

FEED

0.0 -0.5 -1t

0.5

4.5 4.0

5.0

1 (ppm)

L9502~
veLsLEe”

OLleoe—

8ZECBL—
628L°28—

0888'€LL
210681\
09.8' R%
9ESGETIL
9815574~
mmom.wﬂw
90LL 221 f
Z9LD LE}

80PL LG —
PO0B'65L —

gLoLesl—

3C NMR (101 MHz, CDCl5)

-10

T T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S24



-10

10

20

30

[+
m Lo
_ 7
— ks
fid
Lo LBELBL~
BSIL L = 93P 52~

el L9L8'92~
PSEL | s 92~
LoLg'l Fs ropL 8z
£6z8 L4 — — = LLozZ'ee
90¥8 ) Ls
PG5e')

56007 — “ 0ZPe0s— 3
6B99°T 8 _ —— ) ooz ¥ J
62897 == = ¥y o)
090L°Z Lo m

012LT

o

8EELT - ]
Lw N

" T

=

Ere6E— = R 7T65Z8~ =
wmmw“m/ €L10°287 2
5.69'9 - ) rggoFS bBRLLOL =

: = 6ILEELL =
EL5E L i ;

: oB  TLEZFLL .
L85E'L Lo :

_ @ PBEIELL o
865EL & :

. 28LTTzh )
96.L€'L . : @

CRLC L P 00LoZzl

; BBIL ETh
wmmmw 7 - 1615421 T )

: | Te pLOgLTH seeg el °g
87854 | : 3B
Coeo | 0LPEBZL ) [F
9855'L _ Le BZBETLY Z16Z 7L — — |e®
1295 — =i Bt.mw% 1 4=
78iG 4 = 8660 LEL
9LEG . [+ _me_\.Nv_‘N
26514 o 88rr Zpl
5000 i-§ — ELGE LY — R — Thire a0, | rd

: . x == : 989151 &
L0Z9'L — L8SE L7 — [—— ! , . 7
| BB5EL = 4 07 | o LLED'BSL— zeLz ez — — [=&
62291 9erel | L° _ “ 00L9Zz1— -i G
£629'L £BLEL , % m
6LpLL = el |8 — Lo
9z9L'L LG L~ == i~
S99L'L L0zl ) _ Lo BOZOGL—

L1811 wwmw,h == L@ | LDLY LCH

Sone's Seval = " . 5 E.om&;»

s E . g. 8.28'6Z1 = e

LARE m . Bt,mﬂw = ["E
| r m L =
_ - 2
_ 1 8

40

50

a0 80

130 120 110 100
£1 (ppm)
S25

140

150

200

210




ol ]

€000

LELT)
fwww,_.w
LELg'L

9140’4
€080 L
0980'L
LL60°L
6201 L9
ShLL
L20€ Ly
Pe0C L

855 -
VBT

alze L
8ECC L
6Zee L

05ee L]
£8ee L
LOPE'L
Lipe'L
pere L

0SO,F

N3

11m

"H NMR (400 MHz, CDCl5)

=00¢
=00z

1 (ppm)

PELIOZ |~
9825 ¢TL

£8Z8'0pL—
Z809'9p|—

OSO,F

N3

11m

3C NMR (101 MHz, CDCl5)

-10

T T T T T T T T T
200 180 180 170 160 150 140 130 1320 110

T
210

1 (ppm)

S26



LBLTLE—

OSO,F

T T
-20 =30 -40 -50

-10

N;
11m
9F NMR (377 MHz, CDCl3)

T
60

T T T T T
150 140 130 120 110

T
160

f1 (ppm)

OCdH 865" —

9£96'9
55969
0696'9
ILiE'D
IPi6'9
8969
850"/
5090/ 1
189021
85904 1
18104
5080'1
LP20"L

29804
00807
¥E60°L
£660°L
£850°2
EE.L
L0ub]
ZELLL
TIDaD 2oL 'L
LBLL L
LZVL
9ELP L
TPEr L

apsy'L

—

OSO,F

N3

11n

"H NMR (400 MHz, CDCls)

f1 (ppm)

S27



r~ 'y i =~ oW
— ~— ~— 0o
o™~ < (=] wnwan
~ooQ = =0 =
(=T ] — @~ o
wmn = P = T
| | Ve
0OSO,F
N3
11n
3C NMR (101 MHz, CDCl5)
1
2{0 260 150 15'50 1%0 1er 1%0 1&0 150 12‘0 1‘10 160 QI() E!ID Trn 6‘0 5’0 4‘0 3’0 2“0 1‘0 6 —I[}
£1 (ppm)

o™

o

o

w©

@

|

0OSO,F
N3
11n
9F NMR (377 MHz, CDCl5)
Léﬂ Lél} lr;l) lé[} 150 1‘10 160 9‘0 8‘0 T‘D s‘n 5‘0 4’0 3‘0 2‘0 1‘0 (Il = Im —2‘ ] —3‘ 0 _; a —én —én

S28



886. |
prLe L
Spce'l
apes'|
PIEL E
9e0g'e
L902°Z
L9Lee
0SNG pEer'Z
OSING 5967 Z
OSING 9667 Z
OSINQ 8205
OSIAQ 65052

L i

0619°TY
LB29'C
SZE9¢C
LOP9'Z
el A

01592
8ELL T
ZpeL'e
PPEL T

L —

OQH SP5E'E
5906'€

8aEY 7|

LivP Yy
965¥ ¥
1859
29099
650 L
65ET L
0geT L
€ere L
815 L
£86T L
6L0€ L
S02¢ L
0oLy'L
B6E6Y L
£EEY L
ZL05'L
Peos L
PS95 L
SL09'L
6rL9 L
LA
PrCL L
8254 L
PSSL L
L99LL
989L L
LZLLL
OpLLL
Sp8L L
P98 L
9sp8 L
8el58
L6658

5ev88

] \
7 o8&
o W\NW

65574 |

08ET L
eepZ'L
8L5E'L
£86Z'L
BLOEL
oo:u.f\
m?w.h.\
bLLLL
95pa’ L~

M_

|

[l "“1

|

19
wmg.m
a0z

=Iby
=g

FIre

Fane

4.0

4.5
f1 (ppm)

5.0

908L'64
Eom_mmw
£v80 L2\
99,982\
VZLT e,
£899° Em

QLos 7z

28T B~
0L9'05”

0zZZ'90L
68FZ LbL
GBLSELL
vEZ) Ll
GSE0LZL
9951 ZZ1
PI09°ZZL
8ZELZTL
TLTO9TL
LYES LT W
aval szl

SEPTETL
L1BE'8TZL]
6118821
£TGE6TL
SELOLEL ﬁ
1S99°EEL

66590 L
PESLZPL
501221
8906 L
8996 L

BLP9ZSIE
8196'851
LPPBLL—

3C NMR (101 MHz, DMSO-dg)

9¥8L 82|~
SEFE BT~
L16E8Z1

6Lle8gl—

ses0 Lzl —

9951221 —
Vmom_.wmr/
B2ELZTIN

N

=

J

128.4

128.8

122.5 122.0 121.5 121

£1 (ppm)

£1 (ppm)

-10

40 30 20 10

50

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

210

S29



0SNG
OsINg
0sing
0SNG
0SNG

ol ]
ol ]

arce |
aoLe'l
oov8'l
9z58'|
L00S'C
apose
§605¢
ZrLs e
68152
18992
8¢89¢
892.C
8lvlZ

losszd

695T°¢
0s52°¢
LeLZ'E
LBPEE
pPSE€
Spce €
0569 ¢
ZELL Y
CLEL Y

|

L0289
PorAzeN]
65CC L

peed L e

5957 L
vove L
oLvZ L
opsz L
£857'L
2887 L
9867,
910g'L
Prog L
BBy L
1805 L
SLIG L
8085 .
0965 .
1665 L
8619L
BELL L
veLL L
€724 L
(ol S—
pags L
Bl L
S6LLL%
1284 L]
186.L

£108L

L1881

9lveL

0658
09’8

899.'8

91148

T GegE L
Eqm_h/
opsT L
£85T L

Eeers
_98sTL
el

== 86lYL
665 L7
g5l L’
peLL L~

L LlEEL

_Toee

(400 MHz, DMSO-dg)

LU_H NMR

—_—

(L]
W:v Z

e
f\rmo.w

Feoz

Froe

Fooz

o6

Feot
0l

4.0

o

1 (ppm)

9018 6L~
€0ES'EC~,
G950 LE~
856982
L0BE'EC~
77pc oo/

LBEY 05
nmmh.omv.

6.52°901
LSST LLE
cZ09 Ll
€28l vl
A TANTAS
PrAY R4
1819°CZ1
0L08'zzl
LEE9'9ZL
96¥S LTI
89zZ'8zl
Zoprezl
5689821
reze'szl
ZLEE'6ZL
L8L0°LElL
LLLOEEL
8lLar el
z58Lerl
9EPZThL
LL9L PPl
9LL8'PPL

——=

5289°Z51
L L66'851
0805841 —

LBEG 0G————

LBBL0§— ———
N

\ —
+Z

3C NMR (101 MHz, DMSO-dg)

96¥5 L — “%

B9ZZEZL~ -
e - —
N
peze sz —

.

129.0 128.5 128.0 127.%

50.6
£1 (ppm)

£1 (ppm)

110

T

130

-10

40 30 20 10

50

100

120
f1 (ppm)

200 190 180 170 160 150 140

210

S30



LElT )
ooos'|
80cs8'l
L5€8')
OSINg 6067
0SNG 9S6v'Z
OSINQ €005
OSINQ 6P0S
OSINQ 6052
AN
SLE9C
5259°¢Z
9p0L'Z
66LLZ

OdH Z8ee'e
LBOE €

Zleg's
€659
SLL99
0s.e L
698¢ L
LPBE L
Ze0v L
650% L
0ZLy'L

14540
PLLY L
LEBY L
£O6Y L
£CLe'L
6PLS L
0055 L
€995 L
§695'L
0885 L
809 L
€804 L
€82L L
LL9LL
L0LLL
8.8L 'L
LIBLL
LL08L
aLLeL
S6¥8 L
LS8
8898 L
Zpl8 L
2618 L
08558
095 8

9795 81

L5958
00.58
5258
SpLS 8
0L.58
Lieg
1L968'8

J M J\u_ ILL_L

L

Cl

LPEE L
Nmow.h/
6507 L
opLy'L
088G L+ —T——
Wmom.h\
8.8L'L s
t,mh.hw. =

TriBL
mmhm.hV

|

)

] ||Nb

U

|

i

o8

I8

N

"H NMR (400 MHz, DMSO-dg)

N

_JL_

L

L

909
wmhm._

e
LB}

Fue

Fsoz

Fzou

OPBLEL~
£0L5ET~
815042~
£peg'az
STLEZTE”

0229 05—
BLEOPE—

867z 90|
SE9¢ LLL
L5BSCLL
9ZrlwlL
pral Lk
L0BL'ZZL
P86z Zel
reLaZel
B9.LE'CTL
Livl'eCL
8625 LTI
B6.L1'8Z1
Lyle'8zl
6668'6Z) 7
w_‘ooémr.\
_\me.mw_‘.\,
BEER LEL-T
1891°Zp1
8LZZ'ZPI
£9za PPl
8ZZLSPklL
6Yarepl
8E59'ZS1
8L69¥S1
5196'851
ZLerBLL—

prslLzl—

L0BL'ZZL =
p86z'TTL
PZLIZZL—

B9LTECI—
LiPLETL—

5

e e

123.5 123.0 122.5 122.0 121.5 121

B,

Cl

T T T T T

T

1 (ppm)

3C NMR (101 MHz, DMSO-dg)

-10

40 30 20 10

50

150 140 13 120 110 100 90 20
£1 (ppm)
S31

160

200 190 180

210



oUs
szes'|l
OSING 6805 €
OSINQ 9805 €
Osig Zelse
OSNQ 8L15C
QSINQ pZes'e
6219¢Z
0829z
rAZENA
LLE9Z

64T

6lzit
zizee

OOH 95/5°€
9507
5964
1906 €
9815 S
58159
51189
€506
£0L6'9 f

L1869
5986 9
LPEE'9
€ere L
208€'L
Z55¢€ L
999¢'L
611
8zee L
%517
P60S L
6LCS L
5095 L
8895 L
18.51
0g8s L
LBES L
85LL L
L8EL L
PESL L
€e9L L
96LL L
€8l L
0664 L

\
8108L
L1581
€558 L
L1868~
150987
Lrea—

Nomm.h
6 Em.n%
8Zee L
L8LS'L
0ges'L
486G L~
98LLL
ZeBl’L
L1682
mmmm.hV

Uk

H NMR (400 MHz, DMSO-dg)

MeO

) e

) b

fl (ppm

i

]
WMND.N

¥E L
E6L

FEET
Fogz

Fust

Fi60
Fp6k

Repe
Feoe
987
o'l

g0

560

LLBLBL~
LG0G €T~
LG50 L2~
AN0N:-TAd
65062

09€9'06~,
LLpLEG—
9081°557

1282904
STPT L
8965 €L}
5551 pLL
EF0Z FLb
B99L 1T}
riZZZZL
ZrE9zzh
8eLLTTh
670597}
zZesg izl
962LLT)
9.8zt
E0re'8zZl
BE956ZL
POLEBZLA
1920 LEL—
Levseel”
vyl Tyl
ESPZ TP

L0V PPl
L8780
195975}
ErLE8SH
22T 65l

v

696V BLL—

PLETEEL—

[ AR
gziLeeL—

mmmm.hﬁw
982.LZ)

£all8zL”
£0re'8zl~

e85
POLE'BZL—

|

i)

T
130

ﬁI f'

MeO

v \\__._/" I\xu

|

JlL_JuL i

J‘L_JJ

T
129

|

13C NMR (101 MHz, DMSO-dg)

T
122.2

1 (ppm)

T
122.6

T
128

f1 (ppm)

-10

40

T
200

T
210

f1 (ppm)

S32



1012
8r6L |
1608’1
6228 |
v8e8'|

OSING 50677

0SNG 25652

OSING 85657

OSING P05 'Z

OSING 05052
1L€8'T
v259°7
51997
18047
8E2L T

LA_,JL,;_J._

S8eLZ
oQH goee'e
PaLE'E
98LLS
apes 9
LZE99
£98¢ L
ZLEe L
9zZ0F

#

]

PLOV L
S99¥ L
6LV L
€8LY L
LBBY L
ppev L
Z66% L
2515 L
8L15L
LB¥PS L
0255 L
€895 L
SLi5L
9.85 L
€L09'L
9lbLL
PLEL L
6PSL L
6854 L
S0LL L
Prlll
88l L
64841
LB8L L

—

8l6.1
zZ8se L
50987
PEgE L
65158~
orlge
8598'8~

£98E L
820V L7
7102

BeLy L
mm%%
6YL

9852
£109'2
oy
7858'L
5098'L
7898'L

A

|

I

LL,J

A)'

uﬁL Ju‘! 1l

|

J

H NMR (400 MHz, DM$O-dg)

1 (ppm)

| JILL |

JL - e ___J;_,Ak_;l%

1

509
H,ME [4

(1
961

F86C

FEEL

Fk

660
060

4.0

4.5

f1 (ppm)

GEBLBL~
§ZESET~
Z6E0 L2~
opseaz
zLB62E7

628905~
0gpees

Z/02'904
LOBE'LLL
Br0g SLI
0L5L 7L
pOLZ LZ)
pezZ ZZL
5819Zz)
LGP0ETL
B85S LT}
51187}
sez8'8zL L
CISE6ZLF
LL86BZLf
L9P6 0L

SZYEZEL ﬁ

peee el
£98.vEl
66912kl
rezZ'rl
eree rrl
Zrpe skl
92r9Zst
8ee6'asl
2905841 —

3C NMR (101 MHz, DMSO-dg)

role'Lzl—

pozz Izl
58L9'2ZL—
LGP0'ETh

£LEBBL} —

LL98'6Z)1—

— JL_

|

[— |

T
128.5

£1 (ppm)

T
130.0

2.5

-10

T T T T T T T T
170 160 150 140 130 120 110 100
f1 (ppm)

T
180

T
200

T
210




ESIT1
0621
v8La'L
reesl

OSWA 5067

OSWQ 15672

OSWQ 8667 7

OSWQ 905

OSWQ 16052
59797
02897
19197
06L:Zf
oveL T
98rLT

OOH £E£€ €

gt ——

8026 €
9056'S
P09 9
PP 9
09Ly L
ZZEY L
LpEY L

MeO

(o)

TH NMR (400 MHz, DMSO-dg)

y

| I— MHQ_A_ 1

il

o _Jn,r
LS50S L
80L5 L
CELS L
LPCS'L
29758’
€695'L
9895 L
9865 L
6819'L
L0LLL
STAFAY
bELL
L1941
op9L L
L08L'L
0esL L
L84 L
ZIBL L
€L08'L
€18
2688 L
LIE8 L
pPes L
L9¥C8

7zsee 8
12928
9z.e8
9858~
152987
GBLE'8~
Z5P0'6
ZLP06
L0506
82506

zeey L
LPBY L
9€05 £
150G L
b2 49
N@Nm,h\
9865 £
68194
I[¥)
m?Ev
9r9L L
ZiBL L~
26l e’
7688 L
tmfw
pree L

T B

A

LEG
Hﬂ\.mn.w

G6'b
E0'T

962
wmg.m

Fsoz

oy

=00t
=zol

6610
=E60

45 40 35
£1 (ppm)

5.0

500864~
€625 5T~
69E0 LT~
oLoLez”
6786ZE

9EEY 05~
180525~
8pbe g~

0402901
GSZH LLL
BL09CLL
£59L Ll
LLLTIZL
9z61'ZZL
1809°ZZ)
Z9L6'CTL
£90'SZL
LOPS LT
0B0Z' 821
561L8'8Z)
0B9E'BZL
BPLE0CL—
LiLBEEL
668)'8CL—
rLELZPL

00wz Zhl R

1298 bl
£ILZSPL
Z8LE'BpL
BLL9ZGL
z.56'85) %
B9l 65
S6PEPIL
0SZS8LL—

(o}

MeO

LTz R

9Z61'ZZL |~

LBO9'ZZL~ - 2

coLE'eTl—

£9r0'sZl

|

159

f1 (ppm)

Z.L56'BG)~ ]

6r3L'651—

125 124 123 122 121
£1 (ppm

2

1£

110

T

130

-10

40 30 20 10

50

100

120
£1 (ppm)

200 190 180 170 160 150 140

210

S34



SZp9’
9959
5199
2089
0ps8’
€168
2006
6516
€LEE'L

0Z66' L1
45002
LEL0EH
290

3
3
3
3
3
3
3
3

0E0g-

0rOr'e
£TIP'T

90rrz’

LS9
£699'C
€irLT
095L°2
CLLL'T
ZZ06'e
JO8N 61L0E'T
JO8W 090€'E
dOsW LoLE'e
Josn eEpLE'e
JOsn EBLE'S

9.589'¢
£058"

LPOBE
BELY T
9LBY ¥
0805 't

O0H 5958
9,299
§595°'9
ShLT L
BLEY L
056%'L
880G
GELGL
LBZG L
885G L
919G

T

9009 L

zl89'L
Lb8Y'L
96692
9z0L 1]
slzL L]
pSzLL
IR
wmﬁ.L
§ib8'L
20584
£159'8]

|
|

rillgd
esL 8!

cmmw.h/
8805 L~
L8ZS L —
qmmm.h%
9 Bm.h.\.
9009'L
ZLeg's
_‘vwm.hv\
Slel'l
PSeL L
SipgL
hcmm.hV

MeO

; l'|ﬂ

h1]
k_jul lu'lbl'l ‘.‘h

H NMR (400 MHz, DMSO-dg)

W
5

'uﬂbl

e

|
N
4JJ__L

)

FYLT
845
Www.w
G2T

a0z

[
ﬁoo.w

Feoe
86z

Feoz

a0

5.0

1 (ppm)

5.5

LBEE VT

798182~
wm_.m.omw.
mwmm.om\

PEEY LT
nomm.mm”
2

L5Zree
apeece

Qibr | o

88LL'zs
oNNm.me

1ZrL 901
160621
5582 7Ll
8205'GLL
P99s T
9z85 €zl
PE0L ST
ZiTEBZL
ZZOp'BZL
SELTOEL
LLBS LEL-E
mmm@.wﬂm
8ZZ05EL
98EG eV L
EYLER
LZEOLPL
pe0T Ly
BYSP 5L
8zrZ 1oL~
1G2Z59L"

PLEZ'SLL—
Lyspoel—

9LpPT LG~

881125
0ZZE'ZTE~

R (101 MHz, DMSO-dg)

zreZezL”
zzofrezL

o ceiPoi~

MeO

LIGS LTl —

Sz99cel —

Fog L

L

g

i

81.5

52.0

129

f1 (ppm)

132 131 130
1 (ppm)

33

T

120

140

-10

100

1 (ppm)

130 110

210 200 190 180 170 160 150

20

S35



A
z908'|
0ELe' L
£LE8' )
5258’}

OSWJ E06Y'Z

OSWA BrEY'Z

OSIQ 96612

OSId Zv05'Z

OSIQ 88057
vZE9T
£5€9'7
parozl
729971
802LT
seesz)
L6807
61522
OFE6'Z

OOH L8757
£268°¢1|

L

JI_J L__«J‘L__

ﬂ

A u_j"u

5906
£L859
£509'9
89880
z2i89
Zreso
16889
.02
T
N
PELG L
b9LG 2
6655 L
£ErS L
£655'L
878G 2
58.G2
BlLEG L
LPLgL
ZpegL
L0892
969 L
18012
ZehLL
EIDR
it f
6812

§LBLL
1262 L]
ey
voza L

o
£0va'L
Emms\

1188,
8z958
50098
6lE6C6

l

SE———

|

_JM“ |

.

I JL

409
ﬂm— [4

1z
BET
LS

=BLT

Fu
FoEt
11: L

182
Mg._
Egii

LT
oot
S6D

Fivi

560

T
4.5 4.0

5.0

f1 (ppm)

198LBL~
Z5L5ET~
09.0£2~
500.°827
1986287

P52 05—

9802901
OFZE Ll
LOVTTLL
8595 ELb
IR
ZELP Ozl
9ELLITh
V65T 121
z8z2Ze)
£509Z2}
0908'Z}
9085 L2}
L0z BZ1
€188z}
PZPEBTIE
8500 LEL—
zoseeel”
zerh el

Szzn-
SOLE PPl

0EsspL

55LP0SL

sLpaZsl
659585}

90Ep'8LL—

3C NMR (101 MHz, DMSO-dg)

110

130

-10

40 30 20 10

50

120 100
£l (ppm)
S36

200 190 180 170 160 150 140

210



9gce | —

8618 LY,
me,_.[ e

sgea 1’
OSING S6EFZ
0SNG 966% 2+
0SNG BF05 27,

£859C

zel9T
9.89C

Zr05 2
AT
PEOG L.
arve s

or99'L\:

= SChL iy

vmmnﬁ/
g
sy
iz

L |

.

__J‘t___JIL

ot

060

4.0

5.0

f1 (ppm)

S0LLBL~
8/258C~
0ZL0'£2~
£pzLi 8T
€862

1

869058~
9Zre'Ze

0592901
0L0S LLL
LS9 ELL
9L0Z Pl
2186611
zos0izl
£g6y' Lz
Zhleeel
68P9ZCL
SPac vl
GLES LTI
1152821
5828'8C1
Z8eT6ll
86Z1°0E1
9€69'0E}
L5P8'0CL
[slo]=TAA
586.°Z¢1
L2E9'9CL
eoplZpl
reseerl
9zZE PPl
e501'9pl
0009251
ZLeaest
LLZT'SOL
LOZS'BLL—

o
]
=

(o)

SLBg Ll — \|||\M-M

ssz8zL
L
7887621,

W

/

|
|
LY
AAnea

!
Y

66210617
986901 S

15pE0EL—
0082 hEL &

.N’M"JAUI

141.

T
142.1

£1 (ppm)

142.3

T
129

fl (ppm

T
130

il

.

110

T

130

-10

40 30 20 10

50

100

120
f1 (ppm)

200 190 180 170 160 150 140

210

S37



6008 |
ozes't
65¥8'|
OSING 806% 2
QSINQ PSEY
0SNG 00052
OSINQ LPOS E
O8INQ 605 €
95€9'Z
epLLZ
LBCLE

Qb Z

OQH vZre €
eS8 €
0.88'¢
2068 €
LPEB'E
BP9l L
¥agl L

ZZ8l L
958l L

ogsl’z
ZIBL L
0see L
PreY L
996¥ L
8ZL5 L
2815 L
0¥ L
L85
2095 L
6219 L
¥8LY L
20€9'L
LPE9'L
88€9 L
Z069'L
0269 L1
LLLLL
0zLL L
LeLLL
6684 L
0ZeL L
Op6L L
onom,f
L0L8 L
pPLe L
€Le8 L
Z20e8 L
LE€8'L
6978 L
2058 L
8258 L
0958'L

ﬁ

2198 L
1998'L
8el8 L

LLLE6

" )

MeO

©
©
I}
=
~
-
WA
g

§,

] ‘HL.,“ i ﬁU\JU
I
T

7
& — >0
o

r~
)
)
(n
~
1

N

T

7

[ia]
©
w
o
>
‘

|
'l

©
a
~
i
f\ U

5.0 4.5 4.0

5.5

6.0

f1 (ppm)

BSLLBL
€215 ET~
128042~
1p0L8z
86962

L5P9'05—
66Pg'85—

B742'901
1588 LLL
PE8S €Ll
18l vil
LY L
B9PEOZL
PEGe'LZ1
£049'LZ1
S08z7°ZZ1
PELIEzL
0595221
9052821
aLzaezl
£L9L6TL
8810081 ¢
LILBOEL—
pezl el
02} 2hh,
£5lzzpl

LE0B PPl

reegsrl),
181975k

2509851 7
BEPP S

LCSPBLL—

g
13CINMR (101 MHz, DMSO-dg)

MeO

PESELEL—
€0L9VEL—

§08TCTL—
PELYEZEL—

o#mm.hw_‘\.
90eT BE L~
91z8'8zhn

€L9L°6ZL~
88L00gL—

LLLE0EL—

Lot e

A
\

)‘L_,.j‘u_ﬁh)

L

U

121.0 120.

£1 (ppm)

T

122.0 121.5

T
122.5

T
129

f1 (ppm)

110

-10

40 30 20 10

50

100
f1 (ppm)
S38

200 190 180 170 160 150 140 130 120

210



pesh L
¥602Z |
9908'|
8628 |
Z5v8 |

OSIND 90677

0SNG 25677

OSING 8567 7

OSING Y052

OSING 26057
£ereT
I5HLT
£08LZH
ISP T
058Z'€
586Z°C

0QH DEFE €

0568'¢
0668 €

8.8¢p
Lp09'9
69.6'9
22869
LEEE 9
L6669
Loy L
Cpev L
996% L
LTLSL
815 L
PErS L
9855 L
L1951
LZL9L
6919°L
LEES'L
L9
5569 L1
8204 L
0904 L
ipLil
Loz L
L9ZLL
vecL L
Et,f
geLl L
588l Ll
LIBLL
LOL8'L
LEIBL
LLLB'L
0oes L
9ees L
69€8'L
5088 L
1688°L

|
t
spece ﬁ
|

802e6
£950°01

HO

mmmﬁ
mmmm.h/
820.'L
0904'L
LphLL
L0ZLL
L9ZL L
vz L
L0LLL
£8LL L
LE18L
5088 L7

"H NMR (400 MHz, DMSO-dg)

Ll 'i

|

iy

|
W

d
I
”ul‘

\eof

eﬂl'l

=

1 (ppm)

Fone

T

0.0

0.5

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

0.5 10.0 8.5

1.0

T98LBL~
ZhS e~
918042~
0g0L8z”
7LSEZE

65p9' 05—

2992'901
V28T bbb
0685 €Lk
Pi8L vl
ZzZLL 9Lk
L9¥B0ZL
PZZELZL
60%6 121
92zZ Tzl
0609221
9455 /21
162282}
LE0S'8ZL
£2Z8'8zl
7866621
ESvB 08l
8Lz el
VSl Thy
VEZZ Tl
ZZPE Pl
Z5L8ShL
LBESZS)
Boo.mm%
pLZ5'951

BSLVBLL—

HO

13C NMR (101 MHz, DMSO-dg)

rwvm.om_‘\.
vZze LTl
CIDERTARN
9ZET L~
0609°2ZL~

9455421 —

v6zz8zL”
L8058
£2Z8BTIN,

£1 (ppm)

122

128.0 127
£l (ppm)

128.5

-10

110

T
200

T
210

f1 (ppm)

S39



Ze0c |
selsl
69¢€8'}
2zs8'|
OSINg POEY
OSINg LSEY'Z
OSINQ LBEY T
OSINQ £p0S
0SNG 68052
0oeg'z
L5P9'C
L099'¢
ZpeL'e
Z26EL T
988L°T

ogH esgee
€9Ee'e
605E€
8606'¢€
0g85 9
Zleg e
6p0% L
ods)ed

+
\N/

\

LBV L
0eLs L
8515 L
6PES L
£8ES L
PSS L
9488
€eL5L
99.5 L
€LE9'L
SL59'L
SZ0L L
aleL L
9eCL L
598. 'L
268L L
1008
Zp08 L
€808 L
LOZ8'L
LpZ8'L
LE88 L
L588'L
9888 L
oLoe'L
506 L
2606 L
LSLE'L
LBLEL
L96T 8
Szoe8
080€'8
gsLe s
96558
8658
LBEY'6

r

—+008'L T

TH NMR (400 MHz, DMS(O-dg)

i

1
f

Ju

I LA

U

J

]
|
I
1

g J\»Uu

'm,.,\"|

|

N

A

i

b

= o
@ o
-

a0z
(4]

ez

Fa60

FeeE0

PELLEL
Spssel
6PE0 LT
99e.L'8Z
6LZ0'CE
P69 05
688F' 90|
Qzpo LLL

ZLE9 el
ceeT il
LiPS9LL
ap8s 8Ll
£eCo 8Ll
6859 811
0005'6LL
6E9Z LT
908512
rLLZZCL
0562221
5€59°ZZ1
LEBE'CTL
eLZe'vel
LLapsZlL
LLBY'STL
8rLaLZl
65.E'8Z1
LeLaazl
LZLOOE
iz AV
5962'0EL
elzlogl
g0 Lel

LAar el
vmhw.mm_.\ﬁ

Llegach
BEEL'ZPL
TL5TTPL
LOEE PRI
Z6Z19pl
85P9'ZS1
60LL°851

0445841

13C NMR (101 MHz, DMSO-dg)

LLO¥'GEL— \N
LLBYPSEL— -

LipgalL”

<

oG OLL" Ty
£E2Y L~ ——

6859 9L~ e |

“heg

%

125.

T
125.5
f1 (ppm)

T
116.6
fl (ppm)

T
16.7

-10

T
200

T
210

f1 (ppm)

S40



PEgL o= —

F5C
°F NMR (376 MHz, DMSO-dg)

T T T
-100 -110 ~-120 -130 -140 ~-150 ~-160 -170 -180 -180 -200 -210
£1 (ppm)

-0

-20

-10

PrLT |1
POST |
L5618l
Liwgl
LS8}
0zi8'l
LLLE'L
OSINQ LLOS Z
QOSINQ Z905'Z
OSINg 80152
0SNG SSISE
OSNg 2025 €
P9z
96€9°Z
LP88'T

;L_JM\

FSCET

80%L'Z

8542
OQH 085€'€

pLge €
0Z85 9
LBL9'9
Lo0¥ L
Q8sy L
1505 L
PLOS L
LECS L
P9es L
Z57S'L
L8PS L
9p9s L
695 L
LE85'L
6985 L
€LE9'L
ZL59'L
9804 L
0geL L
LE8L'L
€98 'L
SlogL
L508'L
0128 L

0se8 L+

8ei8 L
£886'L
LEPE L
B7S6'L
8096'L
TE96'L
880L'8
vPLL'8
5GEL'8
rLeL'S
£00Z'8
86558
61658

mwvmﬁ_w

r
[
[

LPSS6

FO,SO

45054
v_‘.om.hv
£L89'4N
thm_.n,/
mmoh.n/

2 ommh.n/
LEBL'L
£98L°L
SL08'L-
_mom.nN
8eLg L

!
|

Lo

|
i
L

J

"H NMR (400 MHz, DMSQ-dg)

N

1

Il k}k_:'v

|
LA/

,IU H'JH

A

_JUL SN | 5 40| T [,

i

hi

|

~ __JL______)M\_;

ci
e
—

G}
LG

FART

Fe60

-0.5 -1.0

0.0

2.0

3.0

T T
5.0 4.5 4.0
£1 (ppm)

5.5

6.

6.5

8.0

S41



£69LBL~
810582~
09F0 L2~
09z 8z
LZLETE

689 05—

80EF'901
BrES LLL
58Z9°CL)
9ELZ Ll
P8EZ LT
ovLgLEl
BE6ZZZL f
1819°ZTL

9680°€Z ) r
PET LTI
020€'8Z 1L
T R=TAR
06LZ'0EL m
18EL0ELY
BiE9ZEL
9951 91
sLelZhlL
88rZ TVl
AR
9.7l 9pL
ZyeE el
Pr09'ZG L
8LGL 851
OPSS8LL-

FO,SO

3C NMR (101 MHz, DMSO-dg)

T

130

-10

100
£1 (ppm)

110

120

200 190 180 17 160 150 140

210

6E5) 6%

]
(2]
N
(o]
TS

T T T T
-320 =30 -40 -50

-10

ok s
= n

Le

rs

8

T T T T
140 130 120 110

T
150




-10

20 10

30

40

50

100
f1 (ppm)

120 1{0
S43

T

130

170 160 150 140

180

9018’1
5968 |
zz58'L

OSING 90677

0SNG Z567'C

OSING 66677

OSING 58057

0SNG 250§ 7
78297
vaee T S99LE L~
92897 — xIl8 £8LSCE~
56147 o iz 8pL0 LT~
8reLT preL ez
SBRLT Lave'ze”

ocH 9aes ¢ | - = -

205 €1t —_— i
1185 9
\6199] L G190~
LLBE L]
THOv L
L6V L _
LEIS'L .
99152 oy
pres L £L9K'901
B854 GBES Lhh
8255 L 4 ZrLL el
LS54 LE29°ELL
BZLG L ” 6022 b b
L9L5'L @ Z8e50Z1
Heg L B GEGLZ) >
ZLse'L @ €0LELEL )
7869 L & Zrz9 Lzl b
8004 L 1 epLZTZL =z
valLL = PSrIzzL
S6LLL | Z0E9'LZL W
0884 L _ 0612821
1564 L ) S, pazgazi-L
v66L L LLLZ 0BT o
6208 L alsanel 7]
9181 0805 ZE L o
£zZz8'L | oo LIESZEL ﬁ e
z898 'L — Zuz 2969 LEL
5181 _—— mhm” voe) 2hl o
apeg /L |L h”l.llllll\.._ S00'E 60522k ZBEE 0T~ ~
€562~ — ey MMMHW S0VE il SEEL' 1IN 5
vzl 8 — — : pSGL9pL Nz— -
escref ~— a0 z1586p1 Sots izl zw
gezl gt ) = o0t 12Z9Z5L EPLZETL— na
olele J==— LlEl8gl pSrazzL— 0
9epl '8 5 SLLSBLL— 3
09rl'8 PEEL L — |
88l 8 62082 ) |
zisle . 78984 S B | — e Bt
L15Z'8 mﬁm;ﬂ anu = | -
9952'8 9v68 L — | - vOeLTrL— = leB
12978 — 2 [< J 4z
96958 60822kl — =L
9.65'8 | 5 |
£9E5'6 E

200 190

210




L555'98—

SF NMR (377 MHz, CD30D)

T T T T
-320 =30 -40 -50

-10

T T T T
140 130 120 110

T
150

Ze'e—

£9'97
599
ovL
PGSl
551
B85'L
09'L
09'L
reL
99'L
044
gl
6L
8L
e8'L W
06'L

16 L4
c0'8

B.mw
r0'8

PIe~,
aga”

el6—

‘ L
_JJLA__/\J‘\ l_,‘J“"‘L.JI I\_.,l N

M’ i i

I ST BT

(il
w@é [4

SE'C
ﬂm:u.w

=00g

=61

5L

5.5 5.0 4.0 3.8 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0

£1 (ppm)

S44



T T T T T T T T T T T T T T T T T T T T v T T

06.5108
—50.7640
330521
~-28.8060
271260
~23.5818
~19.8493

T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

6. RP-HPLC analyses of triazole-based DHX-hemicyanine

fused dyes

Please note: RP-HPLC analyses were performed before re-numbering that we decided
to do during the drafting of manuscript. That explains why the injection name "Trz-
DHX-2x-QC" displayed on each e-copy of RP-HPLC elution profile is different from
the molecule ID "2x" used in manuscript.
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RP-HPLC elution profile of alkynyl-based DHX-hemicyanine fused dye 1 (system A,

260 nm)

Chro
110+

UV_VIS_2 WVL:260 nm

100

804

60

40

204

-10

L

m
} 2018_AR_DHX-hemicyanine #112 [manually integrated]
=]

-

1-41

_-;-4.4
=3:4f

b
0.0

20 4.0 6.0 8.0 10.0 13.1

Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % % n.a.
1 41 0.186 2.624 2.42 2.57 n.a.
2 4.4 0.017 0.282 0.22 0.28 na.
3 48 0.042 0.546 0.55 0.53 na.
4 4.7 0.015 0.328 0.20 0.32 na.
5 49 7.240 95.334 93.95 93.26 na.
6 5.3 0.098 1.595 1.27 1.56 n.a.
7 5.7 0.108 1.518 1.40 1.48 n.a.
Total 7.707 102.227 100.00 100.00

RP-HPLC elution profile of of alkynyl-based DHX-hemicyanine fused dye 1 (system A,

600 nm)
[Chromatogram ]
250+ 7 2018_AR_DHX-hemicyanine #112 [manually integrated] UV_VIS_3 WVL:600 nm
3

2004

150

1004

50

£3
0+ /Qf II? F T
"50 $ r T T T T T T J
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1

Integration Results

No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % %. n.a.

1 4.9 16.251 214.697 98.69 98.25 na.

2 5.2 0.014 0.397 0.08 0.18 na.

3 5.3 0.176 3.045 1.07 1.39 na.

4 54 0.026 0.384 0.16 0.18 n.a.
Total 16.467 218.524 100.00 100.00
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RP-HPLC elution profile of alkynyl-based DHX-hemicyanine fused dye 1 (system B,

260 nm)
Chromatogram
70.0 % 2018_AR_DHX-hemicyanine #126 [manually integrated] UV_VIS_2 WVL:260 nm
62.5
50.0 4
37.5
25.0
12.5]
0.0
-10.0 T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.0 0.037 0.788 0.57 1.15 n.a.
2 4.1 0.194 5.063 3.02 7.36 n.a.
3 4.7 0.072 1.163 1.12 1.69 n.a.
4 5.2 5.978 59.173 92.96 86.03 n.a.
5 5.6 0.074 1.067 1.15 1.55 n.a.
6 6.2 0.076 1.526 1.18 2.22 n.a.
Total 6.431 68.780 100.00 100.00

RP-HPLC elution profile of a blank sample (system B, 260 nm)

Chromatogram |

% 2018_AR_DHX-hemicyanine #127 [manually integrated] UV_VIS_2 WVL:260 nm

30.04
25.04
20.04
15.0 5
10,04
5.0
0.0+
-5.0- r T T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Y n.a.
1 3.8 0.011 0.210 4.69 5.14 n.a.
2 4.0 0.061 1.101 2541 26.92 n.a.
3 4.7 0.065 0.860 26.92 21.04 n.a.
4 6.2 0.079 1.537 32.73 37.59 n.a.
5 6.4 0.025 0.381 10.25 9.32 n.a.
Total: 0.240 4.089 100.00 100.00
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RP-HPLC elution profile of alkynyl-based DHX-hemicyanine fused dye 1 (system B,
600 nm)

Chromatogram |

¥ 2018_AR_DHX-hemicyanine #126 [manually integrated] UV_VIS_3 WVL600 nm

160+ —
i
100
504
-
o
0 A
-40 5 r T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o n.a.
1 5.2 13.463 133.588 99.03 98.47 n.a.
2 5.6 0.132 2.082 0.97 1.53 n.a.
Total: 13.595 135.670 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2a (260 nm)

Chromatogram

I

70.0 % 2018_AR_DHX-hemicyanine #107 [manually integrated] ~ Trz-DHX-2I-QC UV_VIS_2 WVL:260 nm
62.5 .
50.0
37.5
250
12,5
0.0
7100 r T T T T T T —
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.6 0.040 0.511 0.81 0.80 na.
2 5.3 4.750 61.201 95.57 95.35 n.a.
3 5.5 0.044 0.676 0.89 1.05 n.a.
4 =7 0.122 1.622 2.46 253 na.
5 5.8 0.013 0.177 0.26 0.28 n.a.
Total 4.970 64.187 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2a (600 nm)

Chromatogram

4D % 2018_AR_DHX-hemicyanine #107 [manually integrated]  Trz-DHX-21-QC UV_VIS_3 WVL:600 nm
2
125 ¢
100
754
50
-40 = r T T T T T T u
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 51 0.004 0.000 0.05 0.00 n.a.
2 5.3 9.310 119.905 99.22 99.00 n.a.
3 55 0.069 1.213 0.74 1.00 n.a.
Total: 9.383 121.118 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2b (260 nm)

Chromatogram

% 2018_AR_DHX-hemicyanine #106 [manually integrated]

Trz-DHX-2k-QC

UV_VIS_2 WVL:260 nm

90+ 5
o
80 ‘
60
40
20
04
-1 0 =, r T T T T T T J
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.6 0.042 0.534 0.68 0.64 na.
2 5.2 5.978 79.692 96.29 96.14 n.a.
3 5.3 0.061 0.953 0.98 1.15 n.a.
4 5.7 0.114 1.561 1.84 1.88 n.a.
5 5.8 0.013 0.151 0.21 0.18 n.a.
Total 6.208 82.891 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2b (600 nm)

Chromatogram

UV_VIS_3 WVL:600 nm

3} 2018_AR_DHX-hemicyanine #106 [manually integrated]  Trz-DHX-2k-QC
o

1804
1 L
150
100
504
] o
0 L
-40-| T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.2 11.669 155.732 99.14 98.94 n.a.
2 5.3 0.101 1.665 0.86 1.06 n.a.
Total: 11.770 157.397 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2¢ (260 nm)

Chromatogram

Trz-DHX-2¢-QC

UV_VIS_2 WVL:260 nm

7 2018_AR_DHX-hemicyanine #98 [manually integrated)
=

1004
80
60
40
204
04 l
71 0 = r T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % %. n.a.
1 4.6 0.047 0.559 0.65 0.62 n.a.
2 5.3 7.078 88.001 97.35 97.24 n.a.
3 5.4 0.020 0.365 0.27 0.40 n.a.
4 Gid 0.126 1.577 1.73 1.74 n.a.
Total: 7.270 90.502 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2¢ (600 nm)

Chromatogram

180 7 2018_AR_DHX-hemicyanine #98 [manually integrated] Trz-DHX-2c-QC UV_VIS_3 WVL:600 nm
150
100 4

50

0 T
_40 = r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU %. % n.a.

1 5.3 13.046 162.126 99.69 99.56 n.a.
2 5.4 0.041 0.715 0.31 0.44 n.a.
Total: 13.087 162.841 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2d (260 nm)

Chromatogram ]
110~ E 2018_AR_DHX-hemicyanine #110 [manually mlegialed] Trz-DHX-20-QC UV_VIS_2 WVL:260 nm
1004 :

80

604

40

204

¥ :
=

o4 «__Lz.ri

7101! T T T T T T J
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 46 0.048 0.530 0.64 0.52 n.a.
2 5.1 7.298 97.948 95.96 95.69 n.a.
3 5:3 0.042 0.605 0.55 0.59 n.a.
4 5.4 0.021 0.391 0.28 0.38 n.a.
5 5.6 0.071 1.179 0.93 1.15 n.a.
6 5.7 0.115 1.601 1.51 1.56 n.a.
i 5.9 0.010 0.109 0.13 0.11 n.a.
Total: 7.606 102.364 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2d (600 nm)

Chromatogram

% 2018_AR_DHX-hemicyanine #110 [manually integrated]  Trz-DHX-20-QC

200~

|

UV_VIS_3 WVL:600 nm

150

100

50

o

—~7-68

-40- r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1

Integration Results

No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.

1 47 0.006 0.143 0.05 0.08 na.

2 4.8 0.007 0.161 0.05 0.09 n.a.

3 5.0 0.026 0.537 0.19 0.29 na.

4 5.1 13.371 179.452 97.86 97.37 na.

5 5.3 0.074 1.122 0.54 0.61 na.

6 5.4 0.049 0.803 0.36 0.44 n.a.

o 5.6 0.130 2.078 0.95 1.13 n.a.

Total: 13.664 184.296 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2e (260 nm)

Chromatogram

160 7 2018_AR_DHX-hemicyanine #97 [manually integrated] Trz-DHX-2b-QC UV_VIS_2 WVL:260 nm
150 5
125
100
75
50
25 idla -
@ =
N B
720 r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU %o % n.a.
1 4.7 0.048 1.296 0.53 0.93 n.a.
2 47 8.922 135.487 97.83 97.61 n.a.
3 49 0.022 0.272 0.24 0.20 n.a.
4 5.7 0.115 1.617 1.26 1.16 n.a.
5 5.8 0.013 0.138 0.14 0.10 n.a.
Total: 9.120 138.810 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2e (600 nm)

Chromatogram

5 ! 2018_AR_DHX-hemicyanine #97 [manually integrated] Trz-DHX-2b-QC UV_VIS_3 WVL:600 nm
2004
150
100
50
] 3 E"
0 ] “l |I T
-50 = T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 45 0.002 0.092 0.02 0.04 n.a.
2 47 15.284 232.469 99.70 99.71 n.a.
3 4.9 0.043 0.590 0.28 0.25 n.a.
Total 15.329 233.152 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2f (260 nm)

Chromatogram

100

Trz-DHX-2d-QC

UV_VIS_2 WVL:260 nm

804

604

404

20

1L

7 2018_AR_DHX-hemicyanine #99 [manually integrated]
<

<
q

-10 4
0.0 20 40 6.0 8.0 10.0 12.0 13.1

Integration Results

No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.

1 4.6 0.040 0.510 0.68 0.53 n.a.

2 4.8 5.728 93.313 97.04 97.56 n.a.

3 5.7 0.124 1.670 210 1.75 n.a.

4 5.8 0.010 0.150 0.17 0.16 n.a.

Total 5.903 95.643 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2f (600 nm)

Chromatogram

180 7 2018_AR_DHX-hemicyanine #99 [manually integrated] Trz-DHX-2d-QC UV_VIS_3 WVL:600 nm
3
150
100
50
0
-40 T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
il 4.8 9.466 154.633 100.00 100.00 n.a.
Total: 9.466 154.633 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2g (260 nm)

Chromatogram

120 - 3 2018_AR_DHX-hemicyanine #102 [manually integrated]  Trz-DHX-2g-QC UV_VIS_2 WVL:260 nm
@

100

80

60+

40

204

©
_J g‘
0 1L
>20 i r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1

Integration Results

No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % % n.a.

1 4.6 0.039 0.497 0.57 0.48 n.a.
2 4.9 6.624 101.587 96.99 97.45 n.a.
3 6.1 0.033 0.548 0.49 0.53 n.a.
4 5.7 0.121 1.615 1.78 1.55 na.
5 6.0 0.011 0.000 0.17 0.00 n.a.
Total: 6.829 104.247 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2g (600 nm)

Chromatogram
250+ 7 2018_AR_DHX-hemicyanine #102 [manually integrated)] Trz-DHX-2g-QC UV_VIS_3 WVL:600 nm
@
X
2004
150 4
100
50
R} :
Tl
_50 o r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % %o n.a.
1 4.9 13.035 200.801 99.69 99.63 n.a.
2 il 0.041 0.749 0.31 0.37 n.a.
Total: 13.076 201.550 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2h (260 nm)

Chromatogram

UV_VIS_2 WVL:260 nm

% 2018_AR_DHX-hemicyanine #122 [manually integrated]
b ]

80.0
75.0] 5
62.5]
50.0]
37.5]
25.0]
12,5
0.0
-1 D D - r T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.9 0.037 0.878 0.49 1.16 n.a.
2 5.0 0.020 0.485 0.27 0.64 n.a.
3 5.0 0.012 0.251 0.16 0.33 n.a.
4 5.2 0.184 2.718 2.45 3.58 n.a.
5 5.4 7.239 71.679 96.62 94.30 n.a.
Total: 7.492 76.012 100.00 100.00

Please note: non-integrated peaks at tp = 3.9, 4.6, 5.7 and 5.8 min were found in blank sample (vide infra).
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RP-HPLC elution profile of a blank sample (260 nm)

Chromatogram

]

& 2018_AR_DHX-hemicyanine #123 [manually integrated]

UV_VIS_2 WVL:260 nm

250+
20.0
15.0
10.0
5.0
0.0+
50 3 r T T T T T T T T T T 1
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.4
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % n.a.
1 3.7 0.013 0.252 4.6 4.24 n.a.
2 39 0.083 1.760 29.31 29.67 n.a.
3 4.6 0.072 1.070 25.49 18.03 n.a.
4 ERT 0.087 2.266 30.63 38.20 n.a.
5 5.8 0.028 0.585 9.95 9.86 n.a.
Total: 0.283 5.932 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2h (600 nm)

Chromatogram
140 'ﬂ 2018_AR_DHX-hemicyanine #122 [manually integrated] UV_VIS_3 WVL:600 nm
125j o
100:
754
50
254
0] T
25
-4p 3
T T T T T T T il
0.0 2.0 4.0 6.0 8.0 10.0 12.0 131
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.9 0.026 0.474 0.19 0.35 n.a.
2 52 0.253 4111 1.87 3.01 n.a.
3 5.4 13.251 132.231 97.94 96.65 n.a.
Total: 13.530 136.817 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2i (260 nm)

[chromatogram

¥ 2018_AR_DHX-hemicyanine #100 [manually integrated]

Trz-DHX-2e-QC

UV_VIS_2 WVL:260 nm

90 =
80
60
40
20
0
L1 0 r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % %. n.a.
1 4.6 0.044 0.546 0.62 0.64 n.a.
2 5.3 6.674 79.287 94.40 93.46 n.a.
3 5.5 0.233 3.406 3.29 4.01 n.a.
4 DLV 0.119 1.601 1.69 1.89 n.a.
Total: 7.069 84.840 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2i (600 nm)

[Chromatogram

UV_VIS_3 WVL:600 nm

140

7 2018_AR_DHX-hemicyanine #100 [manually integrated]  Trz-DHX-2e-QC
-

125 o
100
75
50
25 2
!
0
-25
740 r T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU %. % n.a.
1 5.3 10.472 124.314 95.84 95.20 n.a.
2 55 0.454 6.272 4.16 4.80 n.a.
Total: 10.926 130.586 100.00 100.00

S57



RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2j (260 nm)

Chromatogram

UV_VIS_2 WVL:260 nm

7 2018_AR_DHX-hemicyanine #101 [manually integrated] ~ Trz-DHX-2f-QC
=

110
1004 N

80

60

401

20

04 l
_10 = T M T T T T T T T T T T T T T T T bt T ™
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 46 0.045 0.549 0.55 0.56 n.a.
2 53 8.055 95.149 97.83 97.61 n.a.
3 5 0.120 1.645 1.46 1.69 na.
4 5.9 0.013 0.134 0.16 0.14 n.a.
Total: 8.233 97.476 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2j (600 nm)

[Chromatogram

160+ 7 2018_AR_DHX-hemicyanine #101 [manually integrated] ~ Trz-DHX-2{-QC UV_VIS_3 WVL:600 nm
100
50+
-«
i
o0 I
-40- T T T T : T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
il 4.9 0.018 0.375 0.14 0.25 n.a.
2 5.3 12.846 151.557 99.86 99.75 n.a.
Total: 12.864 151.933 100.00 100.00
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RP-HPLC elution profile triazole-based DHX-hemicyanine fused dye 2k (system A, 260

nm)

|chromatogram

UV_VIS_2 WVL:260 nm

120+ 7 2018_AR_DHX-hemicyanine #103 [manually integrated] ~ Trz-DHX-2h-QC
3

100

80

60+

40

204

04 _A
-20 — r T T T T T T T yal
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 46 0.052 0.699 0.74 0.65 n.a.
2 49 6.876 105.007 97.37 97.86 n.a.
3 BT 0.117 1.595 1.65 1.49 n.a.
4 6.0 0.016 0.000 0.23 0.00 n.a.
Total: 7.062 107.301 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2k (system A,

600 nm)
Chromatogram |
180 - % 2018_AR_DHX-hemicyanine #103 [manually integrated] ~ Trz-DHX-2h-QC UV_VIS_3 WVL:600 nm
L]
150
100
50
-40 i T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU %. n.a.
1 45 0.010 0.193 0.09 0.11 n.a.
2 46 0.031 0.523 0.28 0.30 na.
3 47 0.004 0.078 0.03 0.05 n.a.
4 4.9 11.166 170.676 99.60 99.54 n.a.
Total: 11.211 171.469 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2k (system B,
260 nm)

Chromatogram
1204 % 2018_AR_DHX-hemicyanine #128 [manually integrated] UV_VIS_2 WVL:260 nm
'%
100 4
804
60
40
20 “ N oy
i spvmw [ i3
mme S 1
04 IIIHI‘!\”I‘\ |I”..I " | II_'
-20 -, = i = - - = . - 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 38 0.014 0.221 0.1 0.2 n.a.
2 4.0 0.071 1.009 0.66 0.93 n.a.
3 4.1 0.030 0.528 0.29 0.49 n.a.
4 43 0.009 0.226 0.08 0.21 n.a.
5 43 0.021 0.326 0.20 0.30 n.a.
6 46 0.022 0.457 0.21 0.42 n.a.
T 4.7 0.021 0.464 0.19 0.43 n.a.
8 47 0.081 1.256 0.76 1.16 n.a.
9 5.1 10.236 101.696 96.27 93.59 n.a.
10 53 0.021 0.531 0.20 0.49 n.a.
1 6.2 0.088 1.570 0.82 1.45 n.a.
12 6.4 0.020 0.372 0.18 0.34 n.a.
Total: 10.633 108.656 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2k (system B,
600 nm)

Chromatogram
180+ A 2018_AR_DHX-hemicyanine #128 [manually integrated] UV_VIS_3 WVL:600 nm
5
150
100+
50
©re L
o -
A i
0+ s
_40_I T T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.6 0.014 0.365 0.09 0.22 n.a.
2 4.7 0.022 0.608 0.13 0.36 n.a.
3 4.8 0.010 0.241 0.06 0.14 n.a.
4 5.1 16.560 164.601 99.35 98.69 n.a.
5 5.3 0.063 0.966 0.38 0.58 n.a.
Total: 16.669 166.781 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2l (260 nm)

[Chromatogram

90

UV_VIS_2 WVL:260 nm

80+

60

40

@
o

% 2018_AR_DHX-hemicyanine #105 [manually integrated] Trz-DHX-2j-QC
o

-10-
0.0 2.0 40 5.0 8.0 10.0 12.0 13.1

Integration Results

No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 4.6 0.041 0.538 0.58 0.67 n.a.

2 5.5 7.025 76.854 98.14 96.41 n.a.

3 5.7 0.071 2.090 0.99 2.62 n.a.

4 5.8 0.021 0.237 0.30 0.30 n.a.

Total 7.158 79.719 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2l (600 nm)

Chromatogram

UV_VIS_3 WVL:600 nm

140 4
125+

100

754

50

25+

04

-25

-407

7 2018_AR_DHX-hemicyanine #105 [manually integrated] Trz-DHX-2j-QC
=

0.0

2.0

4.0

6.0

8.0

10.0

12.0

No. [Peak Name

Integration Results

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1

5L0)

11.053

121.856

100.00

100.00

n.a.

Total:

11.053

121.856

100.00

100.00
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RP-HPLC elution profile triazole-based DHX-hemicyanine fused dye 2m (260 nm)

Chromatogram

UV_VIS_2 WVL:260 nm

"j 2018_AR_DHX-hemicyanine #108 [manually integrated]  Trz-DHX-2m-QC
=

100

80

60

40

204

-10- T T T T T T

0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 486 0.037 0.464 0.46 0.49 na.
2 4.9 0.136 2.401 1.7 2.52 n.a.
3 5.2 0.013 0.265 0.17 0.28 n.a.
4 5.4 7.691 90.367 96.15 94.92 n.a.
5 5.7 0.107 1.526 1.33 1.60 n.a.
6 5.8 0.014 0.179 0.17 0.19 n.a.
Total: 7.998 95.203 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2m (600 nm)

Chromatogram

160

7 2018_AR_DHX-hemicyanine #108 [manually integrated] ~ Trz-DHX-2m-QC
M

UV_VIS_3 WVL:600 nm

100

50

P

.40 J
0.0 20 40 50 8.0 10.0 12.0 13.1

Integration Results

No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAU*min mAU % % n.a.

1 4.9 0.170 3.398 1.4 2.38 n.a.

2 52 0.018 0.386 0.15 0.27 n.a.

3 5.4 11.877 139.184 98.44 97.35 n.a.

Total: 12.066 142.968 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2n (260 nm)

Chromatogram

100 - 7 2018_AR_DHX-hemicyanine #109 [manually integrated] ~ Trz-DHX-2n-QC UV_VIS_2 WVL:260 nm
=

80 ]

60 :

40

20 :

0 J
-10 : : - - - - - :
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.

1 4.6 0.041 0.495 0.49 0.51 n.a.
2 5.2 0.033 0.674 0.40 0.70 n.a.
3 5.4 8.177 92.662 96.68 96.10 n.a.
4 5.7 0.137 1.706 1.61 1.77 n.a.
5 5.9 0.069 0.885 0.82 0.92 n.a.
Total: 8.458 96.421 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2n (600 nm)

|Chromatogram

¥ 2018_AR_DHX-hemicyanine #109 [manually integrated]

Trz-DHX-2n-QC

UV_VIS_3 WVL:600 nm

160 - <
100
50|
P -
AR
0+ ‘ |‘ I T
-40 B L T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.2 0.064 1.262 0.49 0.85 n.a.
2 5.4 12.888 146.164 99.05 98.57 n.a.
3 5.9 0.060 0.858 0.46 0.58 n.a.
Total: 13.012 148.283 100.00 100.00
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 20 (260 nm)

Chromatogram

220 % 2018_AR_DHX-hemicyanine #111 [manually integrated] UV_VIS_2 WVL:260 nm
200 i
150
100+
50
] iJ % :
] ) @ i
o._ __th_/—'\ . L L6 I
-20 T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.5 0.136 2.884 1.33 1.43 n.a.
2 4.7 9.789 193.089 985.19 96.01 n.a.
3 4.9 0.216 3.165 2.10 1.57 n.a.
4 4.9 0.037 0.472 0.36 0.23 n.a.
5 5.7 0.105 1.503 1.02 0.75 n.a.
Total: 10.283 201.113 100.00 100.00

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 20 (600 nm)

Chromatogram
400 7 2018_AR_DHX-hemicyanine #111 [manually integrated] UV_VIS_3 WVL:600 nm
] 5
300
2004
1004
] =1
1 3|
0 ey
_50 T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 13.1
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 45 0.228 5.391 1.31 1.56 n.a.
2 47 16.956 336.175 97.24 97:12 n.a.
<} 49 0.253 4.571 1.45 1.32 n.a.
Total: 17.437 346.137 100.00 100.00
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7. Photophysical data of DHX-hemicyanine fused dyes

(alkyne and triazole derivatives)

Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
alkynyl-based DHX-hemicyanine fused dye 1 in EtOH

Abs Em Ex

Normalized intensity

300 400 500 600 700 800
Wavelength (nm)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2a in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2b in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2c in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2d in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2e in CHCI; (top), EtOH (middle) and PBS

+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2f in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2g in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
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triazole-based DHX-hemicyanine fused dye 2h in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2i in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2j in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2k in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2l in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2m in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 2n in CHCI; (top), EtOH (middle) and PBS
+ 5% BSA (bottom)
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Normalised absorption, excitation (Em at 760 nm), emission (Ex at 620 nm) spectra of
triazole-based DHX-hemicyanine fused dye 20 in EtOH
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Picture of CHCI; solutions (concentration: 5.0 uM) of DHX-hemicyanine fused dyes:
alkyne 1 (left) and triazole derivative 20 (right)
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Picture of PBS + 5% BSA solutions (concentration: 5.0 uM) of DHX-hemicyanine fused
dyes: alkyne 1 (left) and triazole derivative 20 (right)

8. HRMS data of DHX-hemicyanine fused dyes (alkyne

and triazole derivatives)
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Triazole-based DHX-hemicyanine fused dye 2a

Analysis Info Acquisition Date  g/23/2019 11:52:54 AM
Analysis Name Di\Data\lAC TEST\Y3Y120190923\15_P1-B-7_01_9370.d
Method 20190603-50_3000-pos.m Operator Shuyang Yang / XZ
Sample Name 15 Instrument  microtof Q Il 228888.10387
RAJAVEL GROUP
Focus ESI lon Polarity Positive Set Nebulizer 0.8 Bar
Source Type Active Set Capillary 300V Set Dry Heater 180 °C
Scan End S0 m'z Set End Plate Offset  -500 V Set Dry Gas 4.0 Ifmin
Intens..| +MS3, 1.3-1.5min #7887
xo
.
1+ +
" 553.2972 SNT
Molecular Weight: 553.30
24
B77.5778
e
500 1000 1500 2000 2500 miz
Intens. { +M5, 1.3-1.5min #78-87]
x10¥
57 1+
553.2972
4]
34
i+
24 554.2986
1] 1+
[ |555',l3003 560.3547 566.8845
0¥ C37H37N401, 553.2962
53 1+
553.2962
47
34
1+
21 554.2994
11 | | 1+
I 5555.3025
550.0 552.5 555.0 557.5 560.0 562.5 565.0 567.5 570.0 miz
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Evaluation Spectra [ Validation Formula:

Meas.miz # lonFormula Score miz  err[mDa] err[ppm] mSigma rdb e Conf N-Rule Adduct
553397200 1  C3TH3TNAD BI10  553.296188 10 18 95 215 even ok M
Calibration Info: Mass List:
Zor SR # miz  Res. SN 1% FWHM
Caloraton spectrum;  +MS, 4.6-4.7Min #274-278: Scan ] SN R EIEELEY | Loteo)
Referance mass st ESI: Tuning Mix ES-TOF (E51) (pos) 2 MG RN Lt Al (.30
Caloration mode: Enhancad Quadratic d RaMNA il Lok = D456
F §13.4204 12386 331 23 0.0455
: 5 574431 11435 361 27 0.0575
Rgmrf:ﬁg‘é Resuting miz_Intensiy Edmor [pp] & 7014750 12249 513 33 0.0573
e 7 7455021 14241 563 52 0.0523
gk s e i & 7465052 12770 67 2.1 0.0585
3 5 g 7855056 5518 78 23 0.0325
32,0058 9220095 63470 0356 e 3 3
e aranial e oo 10 7805264 12708 867 55 0.0621
1521.9715 15216718 80158 FEST 11 OO | e k) =3 et
divifeia  SikiSis: . Bised iz 12 295276 12611 431 37 0.0556
21218332 21218332 39070 D.041 13 BN |2V =5 2 0671
Seiuaiin  GErnaiti i s 14 335533 13384 727 62 0.0624
2721.8948 % eaems e aev 22 omem
1= . o . 3 - 5
S RS [ 234 17 E735543 11243 505 45 0.0777
13 E745534 12527 260 25 0.0698
13 B75534 12336 3z 23 0.0710
2 BTTSTIE 13014 TiE 65 0.0674
21 B7E5823 12677 349 31 0.0593
2 935522 14183 260 24 0.0631
23 BO7.5357 12640 251 23 0.0709
24 SIT5TE0 13493 6.5 60 0.0580
25 3185785 11549 285 25 0.0794
2% 3195573 11271 261 24 00316
27 5216041 12826 627 57 0.0713
28 8226062 13127 335 EX| 0.0703
2 S3TSTED 12747 230 21 0.0736
3 SE16011 12677 0.4 55 0.0759
31 sE26024 13629 350 33 0.0706
3z 3635901 12340 233 22 0.0780
33 3656231 13136 290 45 0.0732
34 9666230 12547 260 24 0.0744
3F 10056257 135a9 519 50 0.0740
3% 10066235 13455 260 27 0.0746
37 10096513 12958 327 31 0.0779
3@ 104006535 13847 az2 41 0077
3 10536735 13898 25 21 0.0756
40 10336812 13105 299 30 0.0835
& miz Res. SN 1% FWHM
1 5532862 14883 100.0 0.0377
2 5542094 14708 218 0.0377
3 5553025 14736 a5 0.0377
4 5563056 14762 12 0.0377
Bruker Danonics BT - misroTor G W5 30 | 1AC - ST - T Fage 201 2
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Triazole-based DHX-hemicyanine fused dye 2b

Analymly ink Acquisiion Déle  gpA0019 114709 AM
Analysie Mame  DADstVAC TESTVS Y201 90923414 P 1-B-8_01_9360.d
Meshad 201 G0603-50_ 300000 m Opersiar  Shuyang Yang /N2
Sanghe Name 14 B ksbumetd  miprosd QN Z28BAA. 10387
RAJAVEL GROUP
Focus Ea b Polanty FPosiie Gt Mebulizer OLE Bar
Souroe Type fat= ] Gt Capillary SV Gt Dry Heater 1= ~C
Scan Ered 50 'z Gef Encd Flate Offset 500 S Dry Gas 4.0 livrin
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Evahmtion Spectral Validation Fonmuila:
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Triazole-based DHX-hemicyanine fused dye 2¢

Analysis lnfo
Angysis Mame  DADat\AC TESTYYSY20190923%_P1-A7_01_9381.d

Acquisiion Date  ara3/2019 11:01 209 AM

Memod 20190803-50_3000-ge. i Operalr  Shuyang Yang / XZ
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Evaluation &pecira ! Validation Formuila:
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Triazole-based DHX-hemicyanine fused dye 2d

Analysis Info Pequision Dale  @/23/2019 12 10407 PM
Angysis Mame  DADatshAC TESTWS Y201 9092308_P1-C-1_01_9373.d
Method 20190803-50_3000-p08. m Operalr  ShuyangYang (X2
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Evahmtion Spectral Validation Fonmuila:
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Triazole-based DHX-hemicyanine fused dye 2e

Analysa Ini AcquisiBon Dale  23/2019 10:55:25 AM
Anghvsss Name  DiDatAC TEST WSR2 909236 Pl-A-8 01 _9380.d
Memod A190803-50_3000-pe. m Operalr  ShuyangYang { XZ
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Evahmtion Spectra ! Validation Fonmuila:
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Triazole-based DHX-hemicyanine fused dye 2f

Analysle Iril Aequisibon Dale  23/2019 11:08:55 AM
Angysis Mame  DADatsAC TESTWS Y201 909237 _Pl-A-8 01_9382.d
Method HS0803-50_3000-pas. m Operatr  ShuyangYang I XZ
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Evahmtion Spectra ! W alidation Formuila:
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Triazole-based DHX-hemicyanine fused dye 2g

SARyS: I Acquisiion Dale  grzap018 11: 24907 AM
Angysis Mame  DADatIAC TESTVYSY20180923110_P1-B.2_01_3365.4d
Memod 20190803-50_3000-pas.m Operald  Shuyang Yang /XZ
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Evahmtion Spoctra / Validation Fonmula:
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Triazole-based DHX-hemicyanine fused dye 2h

Analysis Info AequisiSion Dale  @roap 9 104330 AM
Anglysis Mame  DADatsAC TESTVWS YO 809230 PH-A-5 01_9359.4
e 20190603-50_3000-p0s.m Operaie  Shayang Yang X2
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Evahmtion Spectra ! Validation F la:
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Triazole-based DHX-hemicyanine fused dye 2i

Analysis

Inf

Anglysis Mame  DADatsAC TESTYYSYI20190923%_P1-A9 01_9383.d
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Triazole-based DHX-hemicyanine fused dye 2j

Analysle Iril Aequisibon DSe 232019 11:18:22 AM
Angysis Mame  DADats\AC TESTWS Y201 909239 P1-8-1_01_9384.d
Method HS0803-50_3000-pas. m Operatr  ShuyangYang I XZ
Sample Name g = stumen!  miseiafC Il Z2BARA 10387
RAJAVEL GROUP
Focus Ef llom Polanty Pos e St Blebwlizer O=Ear
Source Type Acie St Capillary 3500 W St Dy Heater 180G
Lo End S0miz Sad End Plate Ofset <500 W Sdl:l",'G.n 4.0 Fmim
L WIS, 1.0~ 12min #5273
ot
!.
E-
4 1+
54123800
4
2
o PENTY STTRRPN 1Y N T TRV T A i
— " P e v — T
IrerE.. +M5, 1.0-1 min #5874
el g
[
1+
L4101
4]
H
z SAEIEL4
1+
Sk
A
o CENDNA0Z, Sl
5
I+
SR
4
1+
2] 2 EW
1+
L2
o : 2 —a . ) : - : s
S0 542 544 =1 ) 550 m'z

S100
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Triazole-based DHX-hemicyanine fused dye 2k

Analysis Info
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Triazole-based DHX-hemicyanine fused dye 21

Analysis Info Acquisiion Dale  gra3/019 11:4123 AM
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Evalluafion Spactra / Validation F I H
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Triazole-based DHX-hemicyanine fused dye 2m
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Evahmtion Spectra ! Walidation Formuila:
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Triazole-based DHX-hemicyanine fused dye 2n
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Triazole-based DHX-hemicyanine fused dye 20
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