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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 oC), 
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 (KMnO4) stain. Flash-column chromatography was performed using 
regular silica gel 60 (200-300 mesh, 50-74 m) provided by commercial vendors in 
China with specified eluents. Solvents used for photophysical characterizations: 
chloroform (CHCl3, 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 M.cm).

2. Instruments and methods
1H, 13C and 19F NMR spectra were recorded on Brüker Avance 400 MHz or 600 MHz 
spectrometers. Chemical shifts (δ) are reported in parts per million (ppm) and residual 
non-deuterated solvent peaks were used as internal reference (proton δ = 7.26 and 
carbon δ = 77.16 for CDCl3 and proton δ = 2.50 and carbon δ = 39.52 for DMSO-d6).1 
1H NMR coupling constants (J) 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  12.5  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 

S3



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 10-5-10-6 M. The emission spectra were recorded in the 
range of 635-850 nm after excitation at 620 nm (shutter: Auto Open, integration time = 
0.1 s, 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 CHCl3 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 C18 column, 2.6 µm, 2.1 × 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-1. 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

Br OH Br OH

O(HCHO)n Cs2CO3, DMF

O5
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MgCl2, Et3N, CH3CN

4
O
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Scheme S1. Synthetic route towards alkynyl-based DHX-hemicyanine fused dye 1.

Br OH

O

4
4-Bromo-2-hydroxybenzaldehyde (4). To 3-bromophenol 3 (1.0 g, 5.8 mmol) in dry 

S4



CH3CN (30 mL) at room temperature were added MgCl2 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 HCl to pH 2. 
The solution was extracted with Et2O (2 × 50 mL) and the combined organic layers 
were washed with brine (2 × 50 mL) and dried over anhydrous Na2SO4, 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%). Rf (hexanes-EtOAc 9:1 (v/v)): 0.6; 1H NMR (400 MHz, 
CDCl3): δ = 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.2

O5

Br

6-Bromocyclohex-1-ene-1-carbaldehyde (5). To a mixture of DMF (23.5 mL, 306.0 
mmol) and CHCl3 (100 mL) at 0 oC was added PBr3 (24.2 mL, 255.0 mmol) portion 
wise under an atmosphere of N2. 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 NaHCO3 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 Na2SO4 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%). 1H NMR (400 
MHz, CDCl3): δ = 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.2

O

O

Br
6

6-Bromo-2,3-dihydro-1H-xanthene-4-carbaldehyde (6). To Cs2CO3 (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 × 50 mL). The combined organic layers were dried over anhydrous Na2SO4, 
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%). Rf 
(hexanes-EtOAc 4:1 (v/v)): 0.5; 1H NMR (400 MHz, CDCl3): δ = 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, J = 6.2 Hz, 
2 H) ppm. The spectral data matched with those reported in the literature.2

O

O
8TMS

6-((Trimethylsilyl)ethynyl)-2,3-dihydro-1H-xanthene-4-carbaldehyde (8). 
Pd(PPh3)4 (67.5 mg, 8.3 mmol%) and CuI (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 oC 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 oC; 1H NMR (400 
MHz, CDCl3): δ = 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 = 7.8 Hz, 1 H), 6.62 (s, 1 H), 2.58 (ddd, J = 7.5 Hz, J = 5.8 Hz, J = 1.6 Hz, 2 
H), 2.43 (t, J = 6.0 Hz, 2 H), 1.71 (m, J = 6.1 Hz, 2 H), 0.25 (s, 9 H); 13C NMR (101 
MHz, CDCl3): δ = 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 C19H20O2SiNa+ 331.1125.

O

O
9

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 K2CO3 (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 
Na2SO4 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 oC; 1H NMR (400 MHz, DMSO-d6): δ = 10.26 (s, 1 H), 7.36 (d, J = 7.9 Hz, 1 H), 
7.34 (s, 1 H), 7.24 (dd, J = 7.8 Hz, J = 1.5 Hz, 1 H), 7.01 (s, 1 H), 4.37 (s, 1 H), 2.59 
(ddd, J = 7.0 Hz, J = 5.3 Hz, J = 1.6 Hz, 2 H), 2.30 (t, J = 6.0 Hz, 2 H), 1.63 (m, J = 6.1 
Hz, 2 H) ppm; 13C NMR (101 MHz, CDCl3): δ = 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 + H]+, calcd for C16H13O2

+ 237.0910.
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N+

10 I-

1,2,3,3-tetramethyl-3H-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 Et2O 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%). 1H NMR (400 MHz, DMSO-d6) δ 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.2

O

N+

I-

1

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-3H-indol-1-ium iodide 7 (301 mg, 1.0 
mmol) and the solution was refluxed at 80 oC 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 oC; 1H NMR (400 MHz, DMSO-d6): δ = 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 = 15.4 Hz, 1 H), 4.52 (s, 1 H), 3.95 (s, 3 H), 2.72 (t, J = 6.0 Hz, 2 H), 2.67 (t, 
J = 6.0 Hz, 2 H), 1.83 (p, J = 5.9 Hz, 2 H), 1.77 (s, 6 H) ppm; 13C NMR (101 MHz, 
DMSO-d6): δ = 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 C28H26NO+ 
392.2009; HPLC (system B): tR = 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 
C28H26NO+ 392.2; UV-vis (recorded during the HPLC analysis): max = 559 and 592 
nm (broad band).

3.2. Preparation of organic azides 11a-11o

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

A solution of alkyl bromide (5.0 mmol) and NaN3 (6.5 mmol) in DMF (10 mL) was 
heated at 80 oC overnight. The reaction mixture was cooled, diluted with EtOAc, 
washed with deionised water and brine, dried over anhydrous Na2SO4 and 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; 1H NMR (400 MHz, CDCl3): δ = 7.30 
(m, 5 H), 3.31 (t, J = 6.8 Hz, 2 H), 2.75 (t, J = 7.9 Hz, 2 H), 1.95 (m, 2 H) ppm. The 
spectral data matched with those reported in the literature.3

N3

11b
1-(2-Azidoethyl)benzene (11b). Yellow oil; 1H NMR (400 MHz, CDCl3): δ = 7.41 
(m, 2 H), 7.32 (m, 3 H), 3.55 (t, J = 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.3

Cl

N3

11c

1-(Azidomethyl)-4-bromobenzene (11c). Colorless liquid; 1H NMR (400 MHz, 
CDCl3): δ = 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.4

N3

MeO
11d

4-Methoxybenzyl azide (11d). Colourless oil; 1H NMR (600 MHz, CDCl3): δ = 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.5

11e
N

N3

2-(Azidomethyl)pyridine (11e). NaN3 (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 oC for 24 h. Thereafter, 
reaction was neutralised with solid NaHCO3 (11.8 g, 140.5 mmol) and extracted with 
DCM (3 × 30 mL). The combined organic layers were dried over anhydrous MgSO4 
and evaporated under reduced pressure, to give the desired 2-(azidomethyl)pyridine 11e 
as a yellow oil (4.6 g, yield 75%). 1H NMR (400 MHz, CDCl3): δ = 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 = 4.2 Hz, 1 H), 4.42 
(s, 2 H) ppm. The spectral data matched with those reported in the literature.6
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N
OH

MeO

O

N
OMe

MeO

O

11f
N

N3

MeO

O

O

NaBH4, CaCl2

THF, MeOH

1) TsCl, NEt3, CH2Cl2

2) NaN3, THF
40% 85%, 2 steps

Scheme S2 Synthetic route towards organic azide 11f.

Methyl 5-(azidomethyl)nicotinate (11f). NaBH4 (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 CaCl2 (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 oC for 3 h. Excess of NaBH4 was then quenched by adding 
10 mL of ice-cold water. After extraction with CHCl3 (3 × 20 mL), the combined 
organic layers were dried over anhydrous MgSO4 and finally concentrated under 
reduced pressure to provide intermediate benzyl alcohol as a white solid (187 mg, yield 
40%). Rf (EtOAc-hexanes 1:1 (v/v)): 0.3; 1H NMR (600 MHz, CDCl3): δ = 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, J = 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 µL, 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 NaN3 (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 Na2SO4, 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%). Rf (EtOAc-hexanes 1:1 (v/v): 0.8); 1H NMR (600 MHz, CDCl3): δ 
= 9.18 (d, J = 2.0 Hz, 1 H), 8.32 (dd, J = 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.6

BrHO

O

BrMeO

O

N3MeO

O

O

Cl

MeOH, reflux

NaN3

DMF, 80 ºC
11g

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 -bromo ester as a yellowish solid (3.5 g, yield 

S9



99%). 1H NMR (600 MHz, CDCl3): δ = 3.67 (s, 3 H), 3.41 (t, J = 6.3 Hz, 2 H), 2.35 (t, 
J = 7.4 Hz, 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 NaN3 (1.6 g, 24.6 mmol) 
in DMF (35 mL) was heated at 80 oC overnight. The reaction mixture was cooled top 
room temperature, diluted with EtOAc, washed with deionised water and brine, dried 
over anhydrous Na2SO4 and finally concentrated under reduced pressure, to afford pure 
methyl 5-azidopentanoate 11g as a pale yellow oil (2.6 g, yield 95%). 1H NMR (400 
MHz, CDCl3): δ = 3.67 (s, 3 H), 3.39 (t, J = 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.7

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

Aniline (5.0 mmol) was dissolved in aq. 2.0 M HCl (10 mL). The solution was cooled 
to 0 oC and aq. solution of NaNO2 (6.0 mmol) in 1.5 mL deionised water was slowly 
added. The mixture was stirred for 30 min followed by the addition of NaN3 (7.5 mmol) 
in deionised water (1.5 mL). After 3 h of stirring, the resulting solution was extracted 
with EtOAc (3 × 50 mL). The combined organic layers were washed with brine (20 
mL), dried over anhydrous Na2SO4, and finally concentrated under reduced pressure to 
provide the corresponding pure organic azide.

11h

N

N3

5-Azido-N,N-dimethylaniline (11h). Brown crystalline solid; 1H NMR (400 MHz, 
CDCl3): δ = 6.91 (d, J =7.8 Hz, 2 H), 6.71 (d, J = 8.4 Hz, 2 H), 2.93 (s, 6 H) ppm. The 
spectral data matched with those reported in the literature.8

11i

MeO

O

N3

Methyl 4-azidobenzoate (11i). Pale yellow soild; 1H NMR (400 MHz, CDCl3): δ = 
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.9

11j

MeO

N3

1-Azido-4-methoxybenzene (11j). Brown solid; 1H NMR (400 MHz, CDCl3): δ = 
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.9
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11k

HO

N3

4-Azidophenol (11k). Yellow solid; 1H NMR (400 MHz, CDCl3): δ = 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.9

F3C
11l

N3

1-Azido-3-trifluoromethylbenzene (11l). Orange oil; 1H NMR (400 MHz, CDCl3): δ 
= 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.10

OH

NH2

OH

N3

NaNO2, NaN3
HCl CH2Cl2

OSO2F

N3

N+ N S
O

O
F

TfO-

11m11k

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%). 1H NMR (400 MHz, CDCl3): δ = 7.35-7.30 (m, 2 H), 7.12-7.07 (m, 2 H) 
ppm; 13C NMR (101 MHz, CDCl3): δ = 146.6, 140.8, 122.5, 120.7 ppm; 19F NMR (377 
MHz, CDCl3): δ = 37.2 (s, 1 F) ppm; HRMS (ESI-): m/z 213.9928 [M - H]-, calcd for 
C6H4N3O4S- 213.9928. Please note: hydrolysis of fluorosulfate moiety was occurred 
during the ionisation process.

OSO2F

N3
11n

4-Azidophenyl fluorosulfate (11n). The same procedure as that devised for 11m was 
used. 1H NMR (400 MHz, CDCl3): δ = 7.45 (t, J = 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; 13C NMR (101 MHz, CDCl3): δ = 150.7, 142.6, 131.4, 119.2, 117.1, 112.1 
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ppm; 19F NMR (377 MHz, CDCl3): δ = 38.0 (s, 1 F) ppm; HRMS (ESI-): m/z 213.9927 
[M - H]-, calcd for C6H4N3O4S- 213.9928. Please note: hydrolysis of fluorosulfate 
moiety was occurred during the ionisation process.
2-Azidophenyl (11o).

N3
11o

SO3H

2-Azidobenzenesulfonic acid (11o). Prepared according to procedure B. Pink solid; 
1H NMR (400 MHz, CDCl3) δ 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.11

3.3 General procedure for the CuAAC reaction 

R N3

CuSO4  5H2O, NaAsc
CH2Cl2/H2O, RT

20-81%

O

N+

I-

1

O

N+

I-

2a-2oN
N N

R
11a-11o

General procedure for the synthesis of tetrazole-based DHX-hemicyanine fused 
dyes 2a-2o. 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 CH2Cl2 (1:1 (v/v), 100 mL), sodium ascorbate (79.2 mg, 0.4 mmol, 
0.2 equiv.) was added, followed by the addition of CuSO4 • 5 H2O (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-2o 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

N3
11a 2a 50%

N3

11b 2b 52%

Cl

N3

11c
2c 74%

N3

MeO
11d

2d 36%

N
N3

11e
2e 81%

N
N3

MeO

O

11f

2f 61%

MeO N3

O

11g
2g 67%

11h

N

N3

2h 36%

11i

MeO

O

N3

2i 22%

11j

MeO

N3
2j 80%

11k

HO

N3
2k 41%
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F3C
11l

N3
2l 43%

11m
N3

FO2SO

2m 48%

OSO2F

N3
11n

2n 20%

N3
11o

SO3H

2o 14%

I-

O

N

N
N N 2a

2a: 51 mg, 50% yield; dark blue solid; m.p 80-82 oC; 1H NMR (600 MHz, DMSO-d6): 
δ = 8.85 (s, 1 H), 8.59 (d, J = 15.2 Hz, 1 H), 7.85 (s, 1 H), 7.77 (m, 2 H), 7.72 (d, J = 
8.0 Hz, 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 = 1.4 Hz, 1 H), 6.59 (d, J = 15.2 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-d6): δ = 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 
C37H37N4O+ 553.2962; HPLC (system A): tR = 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 C37H37N4O+ 553.3; UV-vis (recorded during the HPLC 
analysis): max = 571, 601 and 647 nm (broad band).
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I-

O

N

N
N N 2b

2b: 52 mg, 52% yield; dark blue solid; m.p 88-90 oC; 1H NMR (400 MHz, DMSO-d6): 
δ = 8.77 (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, J = 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; 13C NMR (101 MHz, DMSO-d6): δ = 
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 C36H35N4O+ 539.2805; HPLC (system A): tR = 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 C36H35N4O+ 539.3; UV-vis (recorded 
during the HPLC analysis): max = 569, 601 and 648 nm (broad band).

I-

O

N

N
N N

Cl

2c

2c: 76 mg, 74% yield; dark blue solid; m.p 202-204 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 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, J = 8.0 Hz, 1 H), 7.62-7.46 (m, 3 H), 7.43-7.35 (m, 3 
H), 6.60 (d, J = 15.3 Hz, 1 H), 5.82 (s, 2 H), 3.91 (s, 3 H), 2.72 (t, J = 6.0 Hz, 2 H), 2.64 
(t, J = 6.0 Hz, 2 H), 1.85-1.81 (m, 2 H), 1.80 (s, 6 H) ppm; 13C NMR (101 MHz, DMSO-
d6): δ = 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 C35H32ClN4O+ 559.2259; HPLC (system A): tR = 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 C35H32ClN4O+ 
559.2; UV-vis (recorded during the HPLC analysis): max = 568, 601 and 647 nm (broad 
band).
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I-

O

N

N
N N

MeO

2d

2d: 37 mg, 36% yield; dark blue solid; m.p 189-191 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 9.05 (dd, J = 2.2, 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, 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, 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; 13C NMR (101 MHz, DMSO-d6): δ = 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 C36H35N4O2

+ 

555.2755; HPLC (system A): tR = 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]+●, calcd for C36H35N4O2

+ 555.3; UV-vis (recorded during the HPLC analysis): max 
= 568, 601 and 647 nm (broad band).

I-

O

N

N
N N

N
2e

2e: 79 mg, 81% yield; dark blue solid; m.p 226-228 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 8.87 (s, 1 H), 8.59 (d, J = 15.2 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, J = 6.1 Hz, 2 H), 1.87-1.81 (m, 
2 H), 1.79 (s, 6 H) ppm; 13C NMR (101 MHz, DMSO-d6): δ = 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 C34H32N5O+ 
526.2601; HPLC (system A): tR = 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 C34H32N5O+ 526.2; UV-vis (recorded during the HPLC analysis): max 
= 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 1H NMR analysis.
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I-

O

N

N
N N

N

MeO
O

2f

2f: 65 mg, 61% yield; dark blue solid; m.p 125-127 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 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; 13C NMR (101 MHz, DMSO-d6): δ = 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 C36H34N5O3

+ 

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 C36H34N5O3

+ 584.2; UV-vis (recorded during the HPLC analysis): max 
= 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 1H NMR analysis.

I-

O

N

N
N N

MeO

O 2g

2g: 68 mg, 67% yield; dark blue solid; m.p 84-86 oC; 1H NMR (400 MHz, CD3OD): δ 
= 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, J = 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; 13C NMR 
(101 MHz, CD3OD): δ = 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 C34H37N4O3

+ 549.2860; HPLC (system A): tR = 
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]+●, calcd for C34H37N4O3

+ 

549.3; UV-vis (recorded during the HPLC analysis): max = 569, 601 and 647 nm (broad 
band).
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O

N

N
N N

N

I-

2h

2h: 37 mg, 36% yield; dark blue solid; m.p 191-193 oC; 1H NMR (400 MHz, DMSO-d6) 
δ 9.30 (s, 1 H), 8.65 (d, J = 15.5 Hz, 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, J = 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); 13C NMR (101 MHz, DMSO-d6): δ = 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 C36H36N5O+ [M]+● 
554.2914; HPLC (system A): tR = 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 
C36H36N5O+ 554.3; UV-vis (recorded during the HPLC analysis): max = 572, 604 and 
650 nm (broad band).

I-

O

N

N
N N 2iO

MeO

2i: 23 mg, 22% yield; dark blue solid; m.p 176-178 oC; 1H NMR (400 MHz, DMSO-d6): 
δ = 9.63 (s, 1 H), 8.61 (d, J = 15.2 Hz, 1 H), 8.48 (s, 1 H), 8.30-8.22 (m, 1 H), 8.10 (d, 
J = 7.8 Hz, 1 H), 7.93 (s, 1 H), 7.83 (dt, J = 13.9 Hz, J = 7.7 Hz, 3 H), 7.72 (d, J = 7.9 
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, J = 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; 13C NMR (101 MHz, DMSO-d6): δ = 178.5, 165.2, 
158.8, 152.6, 146.1, 144.9, 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 C36H33N4O3

+ 569.2547; 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 C36H33N4O3

+ 569.2; UV-vis (recorded 
during the HPLC analysis): max = 568, 601 and 646 nm (broad band).
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I-

O

N

N
N N

MeO
2j

2j: 80 mg, 80% yield; dark blue solid; m.p 225-227 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 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; 13C NMR (101 MHz, DMSO-
d6): δ = 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 C35H33N4O2

+ 541.2598; 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 C35H33N4O2

+ 541.2; UV-vis (recorded 
during the HPLC analysis): max = 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 1H NMR analysis.

I-

O

N

N
N N

HO
2k

2k: 40 mg, 41% yield; dark blue solid; m.p 227-229 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 10.06 (s, 1 H), 9.32 (s, 1 H), 8.58 (d, J = 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, J = 15.3 Hz, 1 H), 3.90 (s, 3 H), 2.73 (t, J = 6.0 Hz, 2 H), 2.63 (m, 2 H), 1.87-1.81 
(m, 2 H), 1.81 (s, 6 H) ppm; 13C NMR (101 MHz, DMSO-d6): δ = 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 C34H31N4O2

+ 

527.2442; HPLC (system A): tR = 4.9 min (purity 97% at 260 nm and 99% at 600 nm); 
HPLC (system B): tR = 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 C34H31N4O2

+ 527.2; LRMS (ESI-, recorded during RP-HPLC analysis): m/z 
525.2 (100) [M+ - 2H]- and 571.2 (60) [M+ - 2H + FA]-, calcd for C34H29N4O2

- 525.2; 
UV-vis (recorded during the HPLC analysis): max = 569, 602 and 647 nm (broad band).
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N
N N

F3C

2l

2l: 45 mg, 43% yield; dark blue solid; m.p 63-65 oC; 1H NMR (400 MHz, DMSO-d6): 
δ = 9.64 (s, 1 H), 8.58 (d, J = 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, J = 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, 3 H), 2.74 (t, J = 5.9 Hz, 2 H), 2.65 (t, J = 6.0 Hz, 2 H), 1.89-1.84 (m, 2 H), 1.81 (s, 
6 H) ppm; 13C NMR (101 MHz, DMSO-d6): δ = 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; 19F NMR (376 MHz, DMSO-d6): δ = -61.2 (s, 3 F); HRMS (ESI+): m/z 
579.2363 [M]+●, calcd for C35H30F3N4O+ 579.2366; HPLC (system A): tR = 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 C35H30F3N4O+ 579.2; UV-vis 
(recorded during the HPLC analysis): max = 568, 601 and 645 nm (broad band). Note: 
we found that dye 2l 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 1H NMR analysis.

I-

O

N

N
N N

FO2SO
2m

2m: 53 mg, 48% yield; dark blue solid; m.p 173-175 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 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, J = 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; 13C NMR 
(101 MHz, DMSO-d6): δ = 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; 19F NMR (377 MHz, 
DMSO-d6): δ = 39.1 (s, 1 F); HRMS (ESI+): m/z 609.1977 [M]+●, calcd for 
C34H30FN4O4S+ 609.1966; HPLC (system A): tR = 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 C34H30FN4O4S+ 609.2; LRMS (ESI-, recorded during 
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RP-HPLC analysis): m/z 653.3 (90) [M+ - 2H + FA]-, calcd for C34H29FN4O4S- 607.2; 
UV-vis (recorded during the HPLC analysis): max = 567, 601 and 645 nm (broad band).
 

I-

O

N

N
N N

FO2SO

2n

2n: 22 mg, 20% yield; dark blue solid; m.p 223-225 oC; 1H NMR (400 MHz, DMSO-
d6): δ = 9.54 (s, 1 H), 8.58 (d, J = 15.2 Hz, 1 H), 8.26 (t, J = 2.2 Hz, 1 H), 8.14 (m, 1 
H), 7.88 (d, J = 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, J = 8.0 Hz, 1 H), 7.53 (m, 2 H), 7.39 (s, 1 H), 6.60 (d, J = 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; 13C NMR (101 MHz, DMSO-d6): δ = 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; 19F NMR (377 MHz, CD3OD): δ = 36.6 (s, 1 F) ppm; HRMS (ESI+): 
m/z 609.1983 [M]+●, calcd for C34H30FN4O4S+ 609.1966; HPLC (system A): tR = 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 C34H30FN4O4S+ 609.2; 
LRMS (ESI-, recorded during RP-HPLC analysis): m/z 653.4 (100) [M+ - 2H + FA]-, 
calcd for C34H29FN4O4S- 607.2; UV-vis (recorded during the HPLC analysis): max = 
568, 601 and 645 nm (broad band).

I-

O

N

N
N N 2o

SO3H

2o: 15 mg, 14% yield; m.p. 235-237 oC; 1H NMR (600 MHz, DMSO-d6) δ 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); 13C NMR (101 MHz, DMSO-
d6) δ 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): tR = 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), 
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591.4 (100) [M]+● and 1181.7 (15) [2M+ - H]+●, calcd for C34H31N4O4S+ 591.7; LRMS 
(ESI-, recorded during RP-HPLC analysis): m/z 589.3 (100) [M+ - 2H]-, calcd for 
C34H29N4O4S- 589.78; UV-vis (recorded during the HPLC analysis): max = 569, 602 
and 649 nm (broad band); HRMS (ESI+): m/z 591.2055 [M]+●, calcd for C34H31N4O4S+ 

591.2060.
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5. 1H, 19F and 13C NMR spectra of synthesised compounds
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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. 

S45

I-

O

N

N
N N 2o

SO3H



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

RP-HPLC elution profile of of alkynyl-based DHX-hemicyanine fused dye 1 (system A, 
600 nm)
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RP-HPLC elution profile of alkynyl-based DHX-hemicyanine fused dye 1 (system B, 
260 nm)

RP-HPLC elution profile of a blank sample (system B, 260 nm)
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RP-HPLC elution profile of alkynyl-based DHX-hemicyanine fused dye 1 (system B, 
600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2a (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2a (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2b (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2b (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2c (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2c (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2d (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2d (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2e (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2e (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2f (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2f (600 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2g (260 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2g (600 nm)

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

Please note: non-integrated peaks at tR = 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)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2h (600 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2i (260 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2i (600 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2j (260 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2j (600 nm)
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RP-HPLC elution profile triazole-based DHX-hemicyanine fused dye 2k (system A, 260 
nm)

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

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

S60



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

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2l (600 nm)
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RP-HPLC elution profile triazole-based DHX-hemicyanine fused dye 2m (260 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2m (600 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2n (260 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2n (600 nm)
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RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2o (260 nm)

RP-HPLC elution profile of triazole-based DHX-hemicyanine fused dye 2o (600 nm)
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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
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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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 CHCl3 (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 2o in EtOH
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Picture of CHCl3 solutions (concentration: 5.0 M) of DHX-hemicyanine fused dyes: 
alkyne 1 (left) and triazole derivative 2o (right)
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Picture of PBS + 5% BSA solutions (concentration: 5.0 M) of DHX-hemicyanine fused 
dyes: alkyne 1 (left) and triazole derivative 2o (right)

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

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

S82

O

N

N
N N

Molecular Weight: 553.30



S83



Triazole-based DHX-hemicyanine fused dye 2b
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Triazole-based DHX-hemicyanine fused dye 2c
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Triazole-based DHX-hemicyanine fused dye 2d
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Triazole-based DHX-hemicyanine fused dye 2e
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Triazole-based DHX-hemicyanine fused dye 2f
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Triazole-based DHX-hemicyanine fused dye 2g
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Triazole-based DHX-hemicyanine fused dye 2h
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Triazole-based DHX-hemicyanine fused dye 2i
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Triazole-based DHX-hemicyanine fused dye 2j
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Triazole-based DHX-hemicyanine fused dye 2k
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Triazole-based DHX-hemicyanine fused dye 2l
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Triazole-based DHX-hemicyanine fused dye 2m
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Triazole-based DHX-hemicyanine fused dye 2n
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Triazole-based DHX-hemicyanine fused dye 2o
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