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1. Molecule synthesis and characterization

All the reagents and materials were purchased from J&K Chemical Co. (China), and are of
analytical grade. The solvents were purified by the standard procedures. NMR('H, 3C) spectra
were recorded on a Mercury Plus 300BB 300MHz, Bruker ADVANCE III 400MHz or INOVA
600MHz spectrometer at room temperature. The 'H and *C chemical shifts (8) are reported in parts
per million and the TMS was used as an internal standard, Mass spectra were obtained on
Esquire6000 Bruker Daltonics iron trap mass spectrometer. Elemental analysis was carried out

using vario EL cube elemental analyzer.
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1-hexyl-1H-indole (1b): To a stirred solution of indole (1a) (292.9 mg, 2.50 mmol) in dry DMF
(6.0 mL), NaH (120.0mg, 3.00 mmol) was added portionwise under nitrogenatmosphere at 0 °C.
The reaction mixture was then warmed to room temperature and stirred for 30 min. After cooling to
0 °C, 1-bromohexane (0.22 mg, 3.00 mmol) was added dropwise to the reaction mixture. The
reaction mixture was warmed to room temperature and stirred overnight. Water was added and the
aqueous layer was extracted with ether. The combined organic layers were washed with brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (n-hexane/ethyl acetate = 15/1) to give compound 1b as a
yellow oil (478.1 mg, 95% yield). '"H NMR (300 MHz, CDCl;): d = 0.89 (t, /= 6.9 Hz, 3H), 1.27-
1.37 (m, 6H), 1.85 (quint, J =7.2 Hz, 2H), 4.13 (t, J = 7.1 Hz, 2H), 6.51 (d, J = 3.2 Hz, 1H), 7.09-
7.15 (m, 2H), 7.19-7.26 (m, 1H), 7.37 (d, J = 8.3 Hz, 1H), 7.66 ppm (d, J = 7.8 Hz, 1H). MS (ESI,
m/z) 202.2 [M+H]*. These assignments matched with those previously published.!
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1-benzyl-1H-indole (2b): To a stirred solution of indole 1a (292.9 mg, 2.50 mmol) in dry DMF
(6.0 mL), NaH (120.0mg, 3.00 mmol) was added portionwise under nitrogen atmosphere at 0 °C.

The reaction mixture was then warmed to room temperature and stirred for 30 min. After cooling to
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0 °C, BnBr (513.0 mg, 3.00 mmol) was added dropwise to the reaction mixture. The reaction
mixture was warmed to room temperature and stirred overnight. Water was added and the aqueous
layer was extracted with ether. The combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (n-hexane/ethyl acetate = 30/1) to give compound 3b as a clear oil
(461.2 g, 89% yield). '"H NMR (CDCls, 300 MHz) & 5.32 (s, 2H), 6.55 (dd, J= 3.3 Hz, J = 0.9 Hz,
1H), 7.09-7.29 (m, 9H), 7.65 (m, 1H); MS (ESI, m/z) 208.1 [M+H]*. These assignments matched
with those previously published.?

§ NaH DMF
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5-bromo-1-hexyl-1H-indole (3b): To a stirred solution of 5-bromo-1H-indole 2a (490.0 mg,
2.50 mmol) in dry DMF (6.0 mL), NaH (120.0mg, 3.00 mmol) was added portionwise under
nitrogenatmosphere at 0 °C. The reaction mixture was then warmed to room temperature and
stirredfor 30 min. After cooling to 0 °C, 1-bromohexane (0.22 mg, 3.00 mmol) was added
dropwise to the reaction mixture. The reaction mixture was warmed to room temperature and
stirred overnight. Water was added and the aqueous layer was extracted with ether. The combined
organic layers were washed with brine, dried over anhydrous Na,SO, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (n-
hexane/ethyl acetate = 15/1) to give compound 3¢ as a white solid (644.5 mg, 92% yield). '"H NMR
(CDCl3) 6 (ppm): 7.67 (s, 1H), 7.20 (d, J = 8.7 Hz, 1H), 7.20 (d, J = 8.7 Hz,1H), 7.02 (d, J = 2.1
Hz, 1H), 6.35(s, 1H), 4.01 (t, J= 7.5 Hz, 2H), 1.74 (d, J= 7.2 Hz, 2H), 1.23-1.34 (m, 6H), 0.80 (t, J
= 6.8 Hz, 3H), MS (ESI, m/z) 280.1 [M+H]". These assignments matched with those previously
published.?
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1-benzyl-5-bromo-1H-indole (4b): To a stirred solution of 5-bromo-1H-indole 2a (490.0 mg,

2.50 mmol) in dry DMF (6.0 mL), NaH 120.0mg, 3.00 mmol) was added portionwise under
4



nitrogen atmosphere at 0 °C. The reaction mixture was then warmed to room temperature and
stirred for 30 min. After cooling to 0 °C, BnBr (513.0 mg, 3.00 mmol) was added dropwise to the
reaction mixture. The reaction mixture was warmed to room temperature and stirred overnight.
Water was added and the aqueous layer was extracted with ether. The combined organic layers
were washed with brine, dried over anhydrous Na,SO, and concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (n-hexane/ethyl acetate = 30/1)
to give compound 4b as a white solid (3.4152 g, 92% yield). '"H NMR (CDCI3, 300 MHz) & 5.32
(s, 2H), 6.55 (dd, J' = 3.3 Hz, J° = 0.9 Hz, 1H), 7.09-7.29 (m, 9H), 7.65 (m, 1H); MS (ESI, m/z)
286.0 [M+H]". These assignments matched with those previously published.*
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1-hexyl-5-(phenylethynyl)-1H-indole (Sb): A dried and nitrogenpurged reaction tube was
loaded with 5-bromo-1-hexyl-1H-indole 3b (420.3 mg, 1.5 mmol), Pd(PPh;),Cl, (52.6 mg, 0.075

mmol), copper(I) iodide (28.6 mg, 0.15 mmol) and was then evacuated and refilled with Argon.
THF (20 mL), triethylamine (3 mL), and phenylacetylene (183.8 mg,1.8 mmol) were then added by
syringe, and the brown suspension was stirred for 18 h at 60 °C. After complete consumption of the
starting material (TLC monitoring) the brown solution was diluted with ethyl acetate (50 mL) and
filtered, and the solvents were evaporated to dryness. Purification by flash chromatography on
silica (pentane/ethyl acetate, 40:1) gave product 5b as a yellow solid (397.8 mg, 88%); '"H NMR
(400M, CDCl;) 1.06 (t, J = 7.0 Hz, 2H), 1.45-1.48 (m, 6H), 1.98-2.02 (m, 2H), 4.27 (t, /= 7.2 Hz,
2H), 6.61 (d, J = 3 Hz, 1H), 7.28 (t, /= 3.0 Hz 1H), 7.38-7.58 (m, 5H), 7.73 (dd, J' = 7.2 Hz, > =
1.5 Hz, 2H), 7.93 (d, /= 1.2 Hz, 1H);

3C NMR (100M, CDCls) 14.2, 22.7, 26.8, 30.4, 31.6, 46.8, 82.0, 83.8 ,100.6, 111.0, 112.7,
122.7,123.5,124.3, 128.7, 129.1, 129.4, 130.4, 132.7, 136.7,

MS (ESI+) 302.2 [M+1]",



= Pd(PPhs),Cl,, Cul K
+ R
N EtsN, THF O J
Y4

- J w

1-benzyl-5-(phenylethynyl)-1H-indole (6b): A dried and nitrogenpurged reaction tube was
loaded with 1-benzyl-5-bromo-1H-indole 4b (429.3 mg, 1.5 mmol), Pd(PPh;),Cl, (52.6 mg, 0.075

Br

mmol), copper(l) iodide (28.6 mg, 0.15 mmol) and was then evacuated and refilled with Argon.
THF (20 mL), triethylamine (3 mL), and phenylacetylene (183.8 mg,1.8 mmol) were then added by
syringe, and the brown suspension was stirred for 18 h at 60 °C. After complete consumption of the
starting material (TLC monitoring) the brown solution was diluted with ethyl acetate (50 mL) and
filtered, and the solvents were evaporated to dryness. Purification by flash chromatography on
silica (pentane/ethyl acetate, 40:1) gave product 6b as a yellow solid (391.9 mg, 85%));

'"H NMR (400M, CDCls) 1.06 (t, J = 7.0 Hz, 2H), 1.45-1.48 (m, 6H), 1.98-2.02 (m, 2H), 4.27 (t,
J=1.2 Hz, 2H), 6.61 (d, J= 3 Hz, 1H), 7.28 (t, J = 3.0 Hz 1H), 7.38-7.58 (m, 5H), 7.73 (dd, J' =
7.2 Hz, J>= 1.5 Hz, 2H), 7.93 (d, /= 1.2 Hz, 1H);

BC NMR (100M, CDCl;) 50.2, 74.2, 81.8, 101.4, 111.3, 113.0, 123,5, 124,6, 126.8, 127.8, 128.5,
128.9, 129.6, 130.5, 131.5, 131.7, 132.6, 135.0, 137.1;

MS (ESI+) 308.1 [M+1]".

H C52CO3, Cul, Q
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1-phenyl-1H-indole (7b): To a suspension of indole 1a (292.9 mg, 2.50 mmol), Cs,CO5 (1.222
g, 3.75 mmol), Cul (47.6 mg, 0.25 mmol) and L-proline (82.6 mg, 0.50 mmol) in dry DMF (12.0
mL), Phl (637.5 mg, 3.13 mmol) was added under a nitrogen atmosphere. The reaction mixture was
heated to 120 °C overnight. The reaction mixture was allowed to cool to room temperature, diluted
with Et,O, washed with H,O and brine, dried over Na,SO, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (n-hexane/ethyl acetate
= 30/1) to give compound 3e as a clear oil (391.2 mg, 81% yield). '"H NMR (CDCI3, 300 MHz) &
6.89 (d, J= 2.7 Hz, 1H), 7.14-7.25 (m, 2H), 7.33-7.39 (m, 2H), 7.51-7.56 (m, 4H), 7.57 (d, J = 8.1



Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H); MS (ESI, m/z) 194.1 [M+H]". These assignments matched with
those previously published.’

Ro<
N7 HO 0]
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+
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A general procedure for the systheis of indolic squaraine dyes®: A suspension of indole derivative

ISD-1 R4=H, Ry=CgH13
ISD-2  Ry=Br, R,=CgH13
ISD-3  Ry=H, R,=Bn
ISD-4 R4=Br, R,=Bn
ISD-5 R;=PE, Ry=Bn
ISD-6 R=PE, Ry=Bn
ISD-7 Ry=H, Ry=Ph

(1b to 7b) (1,600 g, 7.33 mmol) and squaric acid (0.468 g, 3.66 mmol) in a 1:1 by volume mixture
of BuOH and toluene (100 ml) was refluxed under a Dean-Stark trap for 2 h. Reaction mixture
readily turns deep violet. All volatiles were removed by vacuum distillation and and the residue
was purified by column chromatography on silica gel (DCM/Methanol = 20/1) to give compound
ISD-1 to ISD-7.

ISD-1

'H NMR (600M, DMSO-dy) 0.85 (t, J = 6.8 Hz, 6H), 1.25-1.39 (m, 12H), 1.96 (m, 4H), 4.23 (t, J =
7.2 Hz, 4H), 7.32-7.45 (m, 6H), 7.72 (dd, J' = 6.5 Hz, J? = 2.2 Hz, 2H), 8.85 (s,2H);

I3C NMR (150M, DMSO-dg); 13.9, 22.4, 26.5,29.5,31.3,48.1, 110.6, 111.8 124.1, 124.8,126.7,
127.8,137.4,137.7, 179.3, 187.4;

MS (ESI+) 481.3 [M+1]";

Elemental analysis (%) calculated for C;,H36N,O,: C, 79.96; H, 7.55; N, 5.83; found C, 79.81; H,
7.57; N, 5.81;

ISD-2



'H NMR (600M, DMSO-dj); 0.89 (t, J = 6.8 Hz, 6H), 1.26-1.39 (m, 12H), 1.95 (m, 4H), 4.22 (t, J
= 6.8 Hz, 4H), 7.24-7.30 (br, 2H), 7.46 (d, J = 6.8 Hz, 2H), 8.65 (s,2H), 8.98 (s, 2H);

13C NMR (150M, DMSO-dg) 13.9, 22.0, 25.7, 29.2, 30.7, 47.5, 109.9, 113.2, 116.6, 124.9, 126.5,
127.5, 136.7, 139.2, 178.7, 185.8;

MS (ESI+) 637.1 [M+1]*;

Elemental analysis (%) calculated for C;,H34Br,N,O; : C, 60.20; H, 5.37; N, 4.39; found C, 60.15;
H, 5.38; N, 4.37;

ISD-3

'H NMR (600M, DMSO-ds) 5.72 (s, 4H), 7.31-7.40 (m, 14H), 7.67 (d, J = 7.2 Hz, 2H), 8.69 (br,
2H), 8.98 (s, 2H);

13C NMR (150M, DMSO-dy); 50.5, 110.9, 112.4, 123.8, 124.1, 124.9, 126.2, 127.6, 128.1,128.9,
135.9, 137.7, 138.4, 179.9, 187.1;

MS (ESI+) 493.2 [M+1]* ;

Elemental analysis (%) calculated for C34H,4N,O,: C, 82.91; H, 4.91; N, 5.69; found C, 82.80; H,
4.92; N, 5.67;

ISD-4




'"H NMR (600M, DMSO-dy) 5.72 (s, 4H), 7.33-7.39 (m, 8H), 7.54 (d, J = 7.2 Hz, 2H), 7.66 (d, J =
8.4 Hz, 2H), 8.69 (s, 2H), 9.00 (s, 2H);

I3C NMR (150M, DMSO-dg); 50.6, 110.2, 114.6, 116.6, 126.4, 127.5, 127.9, 128.2, 128.9, 135.6,
136.6, 139.3, 178.3, 187.1;

MS (ESI+) 649.0 [M+1]";

Elemental analysis (%) calculated for C;4H,,Br,N,O;: C, 62.79; H, 3.41; N, 4.31; found C, 62.70;
H, 3.41; N, 4.28;

ISD-5

'H NMR (600M, DMSO-dj) 0.84 (t, J = 7.2 Hz, 6H), 1.22-1.29 (m, 12H), 1.83 (t, J = 7.2 Hz, 4H),
4.44 (t, J=17.2 Hz, 4H), 7.44-7.51 (m, 6H), 7.56-7.62 (m, 8H), 8.81 (s, 2H), 8.90 (s, 2H);

13C NMR (150M, DMSO-dg) 13.8, 21.9, 25.6, 29.1, 30.6, 47.4, 73.4, 81.8, 109.8, 114.3, 116.4,
120.4, 126.4, 127.3, 127.7, 128.9, 130.0, 132.4, 136.6, 139.1, 178.4, 188.6;

MS (ESI+) 681.3 [M+1]*;

Elemental analysis (%) calculated for C,sH44N,O5: C, 84.67; H, 6.51; N, 4.11; found C, 84.59; H,
6.54; N, 4.13;

ISD-6



'H NMR (600M, DMSO-dy) 5.75 (s 4H), 7.25-7.62 (m, 24H), 8.21 (s, 2H), 9.03 (s, 2H);
13C NMR (150M, DMSO-dy); 49.3, 72.9, 81.2, 110.8, 112.4, 116.3, 124.1, 123.6, 124.8, 126.2,
127.2, 127.6, 128.1, 128.7, 128.9, 131.2, 135.9, 137.7, 138.4, 179.3, 189.1;

MS (ESI+) 693.2 [M+1]*;

Elemental analysis (%) calculated for CsoH3,N,O,: C, 86.68; H, 4.66; N, 4.04; found C, 86.55; H,
4.67; N, 4.02;

ISD-7

'H NMR (600M, DMSO-dg) 7.47-7.53 (m, 4H), 7.60 (d, J = 4.2 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H),
7.71 (dd, J, = 8.4 Hz, J,=4.2 Hz, 4H), 7.82 (d, J = 8.4 Hz, 4H), 8.81 (d, J = 6.0 Hz, 2H), 8.86 (s,
2H);

13C NMR (150M, DMSO-d); 103.7, 112.3, 112.4, 124.5, 124.8, 124.8, 125.7, 126.2, 129.1, 130.2,
136.8, 137.7, 178.6, 188.7;

MS (ESI+) 465.2 [M+1];

Elemental analysis (%) calculated for C3,H,0N,O,: C, 82.74; H, 4.34; N, 6.03; found C, 82.70; H,
4.37; N, 6.05.
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. The natural transition orbitals (NTOs) of the S; and S, states
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Fig.S1. Natural transition orbitals describing the first and second optimized ground states
(absorption). The numbers in the left column indicate the corresponding excited-state number,
fraction of the NTO pair contribution into the given electronic excitation, w; the excitation energy

in eV; and f, the oscillator strength for the one-photon-absorption (OPA) excitations.

13



3. Digital photo of ISDs in solution

ISD-1 ISD-2 ISD-3 1ISD-4 ISD-5 ISD-G ISD-7

[ — - — ——

Fig.S2. Digital photo of ISDs in THF (top) and under UV irradiation (bottom).
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4. The time-resolved fluorescence spectra
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Fig.S3. The time-resolved fluorescence spectra of ISDs in THF solutions. The scatter dot present
the experiment fluorescence decay curves, and the black curves show the fitting line. The
instrument response function (IRF) was also show in the spectra. The life of fluorescence (1) and

coefficient of determination (R?) are provided with each charts.

5. The cytotoxicity of the ISD-7 molecule
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Fig. S4 Viability of MCF-7 cells at various concentrations of ISD-7.

To assess the cytotoxicity of the ISD-7 molecule, MCF-7 cells were grown in the presence of
ISD-7 for 24 h, and the viability was observed after staining using Live/Dead kit. Cells were
cultured in a 24-well microplate (approximately 103 cells per well). After culturing for 24 h, added
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calcein and ethidium homodimer-1 PBS solution, and cultured for 30 min at normal culture
environment. The cell viability was determined using an confocal microscope (Carl Zeiss LSM710).
The cell viability was calculated by counting live (green) and dead (red) cells to that of the control
well and expressed as a percentage. The viability of MCF-7 cells at various concentrations of ISD-7
was shown in Fig. S4.

6. Other ISD molecues studied theoretically
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Fig. S5 The structures of other ISDs studied theoretically; and Natural transition orbitals describing
the first and second optimized ground states (absorption). The numbers in the left column indicate
the corresponding excited-state number, fraction of the NTO pair contribution into the given
electronic excitation, w; the excitation energy in eV; and f, the oscillator strength for the one-
photon-absorption (OPA) excitations.

Severally other ISDs have been studied theoretically, and three representative structures are
shown in Fig. S5. The shapes of NTOs for ISD-A are similar with the counterparts with the alkyl
chain i.e. ISD-1. Their final state excited electron delocalization is limited around the four-member
ring. The structure of ISD-B can been considered as the ISD-2 with no-alkyl chain, however, the
situations of NTOs is different with the ISD-2. The final state excited electron delocalization is
also limited around the four-member ring. Although the structure of ISD-C is a small variation of
of ISD-7, the hole of S, is separated by the four-member ring, which suggests that it may not be an
ideal TPA candidate. The NTO calculation indicated that the excited states of ISD-A, ISD-B and
ISD-C are localized in some part of the molecular structure, so they are unlikely to be exhibit good
TPA properties, so that they were not synthesized. The calculation helped us to focus our
investigation on a few structures, hence significantly reduced the synthetic work load.
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Video-S1

Movie of fluorescent emulsion containing ISD-7 moving in the mice brain vessel recorded by one-
photon excited fluorescence microscopy.

Video-S2

Moving of emulsion containing ISD-7 in the mice brain vessel monitored by two-photon laser
confocal scanning microscopy.
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