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1. Experimental Section
1.1. Materials and Methods

Triphenylphosphine, iodine, Triton X-100, chloroform (CHCl;), thiophenol, potassium carbonate (K,COs3),
N, N-dimethylformamide (DMF), acetone, and methanol (MeOH) were purchased from nacalai tesque (Japan).
3-Bromopropionic acid, 1,1,2-trimethyl-1H-benzo[e]indole, 2-nitrobenzenesulfonyl chloride (NsCl), and
Dulbecco’s modified Eagle’s medium (DMEM) with/without phenol red were purchased from Tokyo Chemical
Industry (TCI) Co., Ltd. (Japan). Pyridine, dimethylsulfoxide (DMSO), and acetonitrile (CH3CN) were
purchased from Wako Pure Chemicals Inc. (Japan). Dichloromethane (CH»Cl,) was purchased from Kishida
Chemical Co., Ltd. (Japan). Imidazole was purchased from Apollo Scientific, Ltd. Silica gel (SiO, 230-400
mesh) for column chromatography was purchased from Silicycle (Canada). Basic alumina (Al,O3) for column
chromatography was purchased from Merck (Germany). Buffered aqueous solutions (pH 2.5~5.8) were
prepared by dissolving citric acid and sodium dihydrogenphosphate (NaH,POj4) in water (MilliQ). Buffered
aqueous solutions (pH ~7.4) were prepared by dissolving NaH,POs; and disodium hydrogenphosphate
(Na;HPOy) in water (MilliQ). Buffered aqueous solutions (pH 9.2~11.5) were prepared by dissolving sodium
bicarbonate (NaHCOs3) and sodium carbonate (Na,COs3) in water (MilliQ). All buffered aqueous solutions
were stored in refrigerator and used within one week.

UV-vis absorption spectra of dyes were measured by UV-vis-NIR spectrophotometer (V-570, JASCO Inc.,
Japan and UH5300, Hitachi High-Technologies Co., Japan). The sample solutions (5.0x10°° M) were prepared
by mixing a solution of dyes in DMSO (10 uL, 1.5x10° M) with deoxygenated buffered aqueous solution (3.0
mL) with/without Triton X-100 (2.0x107 M).

Emission spectra of dyes were measured by fluorescence spectrophotometer (FluoroMax-3 equipped with
integrating sphere, HORIBA Jobin Yvon IBH Ltd., UK and RF-6000, Shimadzu Co., Japan). The sample
solutions were prepared in the same manner shown in the method of UV-vis absorption measurement.

Low-resolution mass spectra were measured by ultraflex (MALDI-TOF, Bruker Co., USA). High-
resolution mass spectra were measured by JMS-HX110A (FAB, JEOL Ltd., Japan) or EXACTIVE (ESI,

Thermo Fisher Scientific Inc., USA).
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1.2. Synthesis of ICG derivatives 1a, 1b, and 1d-f
ICG derivatives 1a-f were prepared from 1,1,2-trimethyl-1H-benzo[e]indole for 2~3 steps (Schemes S1 and

S2). The synthesis of ICG derivative 1¢ was reported in our previous work.'
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1.2.1. Synthesis of iodides A

Iodides A, N-(2-iodoethyl)-2-nitrobenzenesulfoamide and N-(3-iodopropyl)-2-nitrobenzenesulfoamide, were
prepared according to the synthesis of N-(6-iodohexyl)-2-nitrobenzenesulfoamide.! The synthetic procedures
of these compounds are briefly summarized below. 3-Iodopropyl acetate’ and S-3-iodopropyl thioacetate’
were prepared according to the reported procedures. 3-Bromopropionic acid was purchased from TCI, Japan.
Synthesis of N-(3-iodopropyl)-2-nitrobenzenesulfoamide: To a solution of 3-amino-1-propanol (1.5 g, 20
mmol) and pyridine (1.6 mL, 20 mmol) in CH,Cl, (40 mL) was slowly added 2-nitrobenzenesunfonyl chloride
(2.2 g, 10 mmol) at 0 °C.  After stirring for 1 h at room temperature, the reaction mixture was washed with 0.5
M HCI aqueous solution (20 mLx5). The organic layer was dried over MgSOs. The organic solvents were
removed under reduced pressure to afford N-(3-hydroxypropyl)-2-nitrobenzenesulfonamide (2.2 g, 8.3 mmol,
83%) as a pale yellow oil. To a solution of triphenylphosphine (2.1 g, 8.2 mmol) and imidazole (1.1 g, 17
mmol) in CH,Cl, (130 mL) was added iodine (1.0 g, 8.1 mmol) at room temperature.  After stirring for 15 min
for room temperature, to this mixture was slowly added N-(3-hydroxypropyl)-2-nitrobenzenesulfonamide (2.2
g, 8.3 mmol) in CH>Cl, (30 mL). After stirring at room temperature overnight, the organic solvents were
removed under reduced pressure. The residue was subjected to column chromatography on SiO; (eluent:
hexane-AcOEt, v:v = 2:1) to afford N-(3-iodoprophyl)-2-nitrobenzenesulfoamide (0.73 g, 2.0 mmol, 24%) as a
pale yellow oil. '"H NMR (500 MHz, CDCl;, 25 °C) 6 2.06 (q, ] = 6.5, 2H), 3.22 (m, 4H), 7.74-7.79 (m, 2H),
7.88-7.90 (m, 1H), 8.16-8.12 (m, 1H).
Synthesis of N-(2-iodoethyl)-2-nitrobenzenesulfoamide: N-(2-Hydroxyethyl)-2-nitrobenzenesulfonamide
was similarly synthesized from 2-amino-1-ethanol as a pale yellow solid in 77% yield. N-(2-iodoethyl)-2-
nitrobenzenesulfoamide was similarly synthesized from N-(2-hydroxyethyl)-2-nitrobenzenesulfonamide as a

white solid in 63% yield.

1.2.2. Synthesis of benzoindoles 2
To a solution of 1,1,2-trimethyl-1H-benzo[e]indole (0.68 g, 3.2 mmol) in acetonitrile (40 mL) was added N-

(2-iodoethyl)-2-nitrobenzenesulfoamide (1.5 g, 4.2 mmol) at room temperature.  After stirring the mixture at
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100 °C for 3 days, the organic solvent was removed under reduced pressure. The residue was dissolved in a
small amount of CH>Cl,. After adding ether slowly, the product was gradually precipitated. The resulting
mixture was stored in refrigerator overnight. The precipitate was removed by filtration and washed with cold
ether. The volatiles were removed under reduced pressure to afford benzoindole 2a (0.56 g, 0.99 mmol, 30%)
as a bluish purple solid.

2a: mp 125-130 °C (decomp.); IR(KBr) 3436, 3047, 2979, 2870, 1633, 1615, 1581, 1543, 1469, 1431, 1339,
1204, 1163, 1107, 1087, 1032, 992, 927, 863, 813, 779, 735, 696, 654, 584, 551, 524 cm™; "H NMR (500 MHz,
DMSO-ds, 25 °C) 6 1.80 (s, 6H), 2.99 (s, 3H), 3.58-3.64 (m, 2H), 4.74 (t, J = 5.0 Hz, 2H), 7.75 (t, /= 7.5 Hz,
1H), 7.81 (t, J= 7.2 Hz, 1H), 7.84-7.91 (m, 2H), 7.94 (dd, J= 7.3, 1.8 Hz, 1H), 8.01 (dd, J= 7.6, 1.5 Hz, 1H),
8.11 (d, J=8.9 Hz, 1H), 8.23 (d, /= 8.3 Hz, 1H), 8.30 (d, /= 8.9 Hz, 1H), 8.40 (d, /= 8.2 Hz, 1H), 8.48 (t, J
= 6.4 Hz, 1H). >C NMR (126 MHz, DMSO-d, 25 °C) 6 14.4,21.5, 40.6, 48.4, 55.8, 113.3, 123.4, 124.9, 127.2,
127.3, 128.4, 129.5, 129.7, 130.6, 132.2, 133.0, 133.1, 134.5, 136.7 138.7, 147.3, 198.4. HRMS (FAB) calcd
for C23H24N304S ([M']) 438.1488, found 438.1496.

Benzoindole 2b and 2d-f were obtained in the similar manner using N-(3-iodopropyl)-2-
nitrobenzenesulfoamide, 3-iodopropyl acetate,” S-3-iodopropyl thioacetate,® and 3-bromopropionic acid instead
of N-(3-iodoethyl)-2-nitrobenzenesulfoamide, respectively. Compounds 2d* and 2f° were known.

2b: a bluish white solid (76% yield): mp 201-206 °C (decomp.); IR(KBr) 3436, 3187, 3105, 3056, 3030,
2997, 2969, 2926, 1634, 1583, 1537, 1472, 1443, 1409, 1368, 1343, 1167, 1116, 1085, 853, 828, 784, 745, 730,
657, 589, 560 cm™'; 'H NMR (500 MHz, DMSO-dg, 25 °C) § 1.77 (s, 6H), 2.10-2.18 (m, 2H), 2.92 (s, 3H), 3.14-
3.22 (m, 2H), 4.60 (t, /= 7.5 Hz, 2H), 7.75 (t,J= 7.6 Hz, 1H), 7.81 (t, /= 7.5 Hz, 1H), 7.87-7.94 (m, 2H), 7.98-
8.04 (m, 2H), 8.08 (d, J=9.2 Hz, 1H), 8.23 (d, J = 8.3 Hz, 1H), 8.27-8.33 (m, 2H), 8.37 (d, J = 8.0 Hz, 1H).
3C NMR (126 MHz, DMSO-ds, 25 °C) 6 14.0, 21.7, 27.2, 40.3, 45.8, 55.7, 113.2, 123.5, 124.7, 127.3, 127.5,
128.6, 129.8, 129.9, 130.8, 132.0, 132.9, 133.1, 134.5, 137.0 138.5, 147.9, 196.9. HRMS (FAB) calcd for
C24H26N304S ([M1]) 452.1644, found 452.1639.

2e: a brown oil (39%): IR(neat) 3426, 3106, 2972, 2930, 1687, 1634, 1615, 1581, 1523, 1466, 1393, 1354,

1236, 1217, 1132, 1026, 954, 919, 868, 810, 789, 753, 661, 626 cm™'; "H NMR (500 MHz, CDCl3, 25 °C) 6 1.87
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(s, 6H), 2.29 (s, 3H), 2.32 (tt, J = 7.3, 7.5 Hz, 2H), 3.07 (t, J = 7.3 Hz, 2H), 3.22 (s, 3H), 4.93 (t, J = 7.5 Hz,
2H), 7.66 (t, J = 7.5 Hz, 2H), 7.74 (t, J = 7.8 Hz, 2H), 7.96-8.13 (m, 5H). *C NMR (126 MHz, CDCls, 25 °C)
516.8,22.6,25.8,28.3,30.5, 49.0, 55.8, 112.4, 122.5, 1237.4, 127.6, 128.4, 129.9, 131.4, 133.5, 136.8, 138.2,

195.3, 195.7. HRMS (FAB) calcd for C20Hx4NOS ([M*]) 326.1579, found 326.1586.

1.2.3. Synthesis of ICG derivatives 3

In a flame-dried Schlenk flask, benzoindoles 2a (0.20 g, 0.35 mmol), 4° (0.20 g, 0.35 mmol), and pyridine (5
mL) were successively added at room temperature under nitrogen atmosphere.  After stirring at 40 °C for 1 h,
the organic solvent was removed under reduced pressure. The residue was diluted with CHCl; (20 mL). The
organic solution was washed with brine (20 mL) and dried over Na;SOs. The organic solvent was removed
under reduced pressure and the residue was subjected to column chromatography on SiO; (eluent: CHCIls-
MeOH, v:v = 10:1) to afford a crude product. The crude product was washed with a mixture of CH,Cl, and
ether (v:v = 3:1) and EtOAc by centrifugation. The volatiles were removed under reduced pressure to afford
ICG derivative 3a (0.21 g, 0.24 mmol, 69%) as a green solid.

3a: mp 182-187 °C (decomp.); IR(KBr) 3435, 2926, 1626, 1542, 1508, 1420, 1355, 1147, 1100, 1064, 1011,
925,879 cm™; 'TH NMR (400 MHz, MeOH-ds, 25 °C) 6 1.46 (t,J= 7.1 Hz, 3H), 1.99 (s, 6H), 2.00 (s, 6H), 3.51-
3.54 (m, 2H), 4.29-4.34 (m, 4H), 6.33 (d, /= 13.7 Hz, 1H), 6.42 (d, J= 13.7 Hz, 1H), 6.57-6.66 (m, 2H), 7.27-
7.33 (m, 1H), 7.42-8.04 (m, 16H), 8.18-8.25 (m, 2H). *C NMR (100 MHz, MeOH-ds, 25 °C) § 13.0, 27.5, 27.5,
27.7,39.2,41.6,51.9, 52.5, 54.5, 104.1, 111.9, 121.2, 123.2, 123.4, 125.1, 125.6, 126.0, 126.2, 128.5, 128.8,
129.2,129.4,129.7, 131.0, 131.1, 131.2, 131.4, 131.9, 133.7, 135.1, 137.9, 140.5, 141.4. Signals in aromatic
region were overlapped. HRMS calcd for C4sHasN4O4S ([M']) 737.3162, found 737.3161.

ICG derivatives 3b, 3d, and 3e were obtained in the similar manner using benzoindoles 2b, 2d, and 2e instead
of benzoindoles 2a, respectively.

3b: a dark yellow solid (80%): mp 171-176 °C (decomp.); IR(KBr) 3443, 2928, 1626, 1542, 1508, 1475,
1420, 1355, 1308, 1147, 1099, 1062, 1009, 964, 924, 834, 752, 720, 665, 586, 521 cm™'; '"H NMR (400 MHz,

MeOH-d4, 25 °C) 6 1.45 (t, J="7.1 Hz, 3H), 1.94 (s, 12H), 2.00-2.13 (m, 2H), 3.25-3.34 (m, 2H), 4.21-4.32 (m,
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4H), 6.26 (d, J = 11.9 Hz, 1H), 6.40 (d, J = 13.7 Hz, 1H), 6.57-6.64 (m, 2H), 7.05-8.19 (m, 19H). *C NMR
(100 MHz, MeOH-ds4, 25 °C) ¢ 13.0, 23.8, 27.5, 27.7, 29.0, 40.4, 41.7, 51.9, 52.5, 103.6, 103.7, 111.6, 111.9,
121.2, 123.2, 123.3, 123.4, 125.1, 125.9, 126.0, 126.2, 128.6, 128.7, 129.6, 129.7, 131.0, 131.1, 131.6, 131.8,
133.5, 133.6, 134.3, 135.2. Signals in aromatic region were overlapped. HRMS calcd for CssHa7N4O4S
([M*]) 751.3318, found 751.3317.

3d: a dark green solid (48%): mp 178-182 °C (decomp.); IR(ATR) 2974, 1735, 1508, 1415, 1351, 1056, 1003,
916, 718, 664 cm™'; '"H NMR (400 MHz, MeOH-ds, 25 °C) 6 1.45 (t,J = 7.1 Hz, 3H), 1.97 (s, 12H), 2.17-2.23
(m, 2H), 3.31 (s, 3H), 4.17 (t, J= 6.0 Hz, 2H), 4.24-4.33 (m, 4H), 6.27 (d, /= 13.2 Hz, 1H), 6.42 (d, J=13.7
Hz, 1H), 6.58-6.66 (m, 2H), 7.41-7.66 (m, 7H), 7.94-8.24 (m, 8H). *C NMR (100 MHz, MeOH-ds, 25 °C) 6
13.0, 20.8, 27.5, 27.7, 27.7,40.5, 41.9, 51.9, 52.5, 62.8, 111.8, 112.0, 123.4, 125.7, 126.2, 128.7, 128.8, 129.5,
129.6, 131.1, 131.1, 131.6, 131.9, 133.1, 133.5, 134.2, 135.5, 140.5, 141.3, 172.6.  Signals in aromatic region
were overlapped. HRMS (ESI) calcd for C42HasN,O2 ([M']) 609.3476, found 609.3465.

3e: a dark green solid (52%): mp 179-184 °C (decomp.); IR(KBr) 3435, 2925, 2864, 1626, 1508, 1467, 1421,
1355, 1308, 1147, 1090, 1064, 1008, 924, 879, 772, 720, 665 cm™; 'H NMR (400 MHz, MeOH-ds, 25 °C) §
1.45 (t, J = 6.6 Hz, 3H), 1.99 (s, 6H), 2.00 (s, 6H), 2.00-2.16 (m, 2H), 2.34 (s, 3H), 3.02 (t, J = 7.1 Hz, 2H),
4.21-4.30 (m, 4H), 6.28 (d, /= 13.3 Hz, 1H), 6.41 (d, J=12.6 Hz, 1H), 6.56-6.66 (m, 2H), 7.43-7.66 (m, 7H),
7.96-8.25 (m, 8H). '*C NMR (100 MHz, MeOH-d4, 25 °C) 6 13.0, 27.0, 27.5, 27.7, 29.0, 30.6, 40.4, 43.8,
52.0,52.5,103.8,103.8,111.7,111.9, 123.3,123.4, 125.8, 126.2, 127.2, 128.7,128.8, 129.5, 129.6, 131.1, 131.1,
131.7, 131.9, 133.2, 133.5, 134.4, 140.6, 141.2, 197.0.  Signals in aromatic region were overlapped. HRMS

(FAB) calcd for CioHasN20S ([M*]) 625.3253, found 625.3263.

1.2.4. Synthesis of ICG derivatives 1a and 1b

ICG derivative 3a (78 mg, 90 umol) and DMF (5 mL) were added in a flame-dried Schlenk flask at room
temperature under nitrogen atmosphere. To this solution were added thiophenol (85 pL, 0.83 mmol) and
K,COs (0.11 g, 0.83 mmol) at room temperature. After stirring at room temperature for 3 h, the reaction

mixture was diluted with CH,Cl, (20 mL). The organic solution was successively washed with saturated
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NaHCOs aqueous solution (20 mLx2) and 1 N HCI aqueous solution (20 mL), and dried over Na,SOs. The
organic solvent was removed under reduced pressure and the resulting residue was dissolved in a small amount
of CH,Cl,. After slow addition of hexane to this solution, the precipitate was corrected by centrifugation.
The volatiles were removed under reduced pressure to afford ICG derivative 1a (23 mg, 33 umol, 38%) as a
green solid. ICG derivative 1a was obtained as a mixture of 1a-C and 1a-O, which was inseparable. 1CG
derivative 1b was synthesized in a similar manner.

1a: IR(KBr) 3435, 2926, 1637, 1561, 1509, 1421, 1356, 1108, 1011, 927 cm™; "H NMR (400 MHz, MeOH-
ds, 25°C) 6 1.50 (t,J="7.1 Hz, 3H), 1.99 (s, 6H), 2.00 (s, 6H), 3.30-3.35 (m, 2H), 4.25-4.47 (m, 4H), 6.20-6.72
(m, 4H), 7.30-8.30 (m, 15H). "*C NMR (100 MHz, MeOH-da, 25 °C) 6 13.3,27.2,27.3,27.4,27.5,27.7,27.8,
31.7,36.9,37.7,41.2, 51.2, 52.6, 112.3, 123.1, 123.6, 126.9, 127.3, 128.5, 129.0, 129.2, 129.8, 131.0, 131.2,
131.6, 132.1, 134.1, 140.1, 141.2. 1a-C was not observed in MeOH. Signals in aromatic region were
overlapped. HRMS (FAB) caled for C30HaN3 ([M']) 552.3379, found 552.3381.

1b: a green solid (46%): IR(KBr) 3536, 2969, 1626, 1561, 1509, 1469, 1416, 1357, 1237, 1154, 1109, 1088,
1067, 1010, 964, 925, 879, 834 cm™'; 'H NMR (400 MHz, MeOH-d4, 25 °C) 6 1.47 (t, J = 6.9 Hz, 3H), 2.00 (s,
12H), 2.05-2.22 (m, 2H), 3.14-3.18 (m, 2H), 4.22-4.28 (m, 4H), 6.28 (d, /= 13.3 Hz, 1H), 6.51 (d, /= 14.2 Hz,
1H), 6.58-6.70 (m, 2H), 7.41-8.27 (m, 15H). '*C NMR (100 MHz, MeOH-d4, 25 °C) 6 13.1, 26.7, 27.4, 27.8,
38.3,40.8,41.7,51.6,52.9,102.9, 111.4, 111.7, 112.1, 123.1, 123.3, 123.5, 125.6, 126.5, 128.6, 128.8, 128.9,
129.4,129.7, 130.6, 131.1, 131.1, 131.7, 132.0, 133.0, 133.8, 136.0, 140.3, 141.1. 1b-C was not observed in
MeOH. Signals in aromatic region were overlapped. HRMS (FAB) calcd for CsoH4sN3 566.3535; found

566.3543.

1.2.5. Synthesis of ICG derivatives 1d and 1e-C

ICG derivative 3e (12 mg, 16 pumol) and MeOH (1 mL) were added in a flame-dried Schlenk flask at room
temperature under nitrogen atmosphere. To this solution was added K,CO; (4.7 mg, 34 umol) at room
temperature.  After stirring at room temperature for 3 h, the reaction mixture was diluted with CH,Cl, (10 mL).

The organic solution was washed with saturated NaHCOj3; aqueous solution (10 mLx2) and dried over Na;SOs.
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The organic solvent was removed under reduced pressure and the residue was subjected to column
chromatography on Al,Os (basic alumina, eluent: CH,Cl,) to afford ICG derivative 1e-C (6.5 mg, 9.1 umol,
57%) as a brown solid. Under the slightly basic conditions, ICG derivative 1e-C could be purified without the
contamination of le. ICG derivative 1d was synthesized in a similar manner.

1d: an orange solid (52%): IR(ATR) 2974, 1727, 1506, 1468, 1410, 1351, 1196, 1145, 1081, 1057, 1003, 911,
876, 804, 774, 663 cm™'; "H NMR (400 MHz, MeOH-d4, 25 °C) 6 1.44 (t,J = 7.1 Hz, 3H), 1.97 (s, 6H), 1.97 (s,
6H), 2.02-2.09 (m, 2H), 3.73 (t, J = 5.7 Hz, 2H), 4.22-4.31 (m, 4H), 6.32-6.38 (m, 2H), 6.59 (t, J = 12.4 Hz,
2H), 7.47-7.76 (m, 6H), 7.96-8.07 (m, 7H), 8.21 (d, J = 8.2 Hz, 2H). In MeOH-d4, 1d-C was observed as a
minor component (~5%), due to low solubility of 1d-C in MeOH. In CDCls, the signals of 1d-C were observed
as a mixture of diastereoisomers of olefins. '*C NMR (100 MHz, MeOH-d4, 25 °C) 0 12.9, 27.5, 27.6, 31.4,
40.2,42.2,52.1,52.2,59.6, 104.3, 104.3, 111.8, 112.0, 123.3, 123.3, 125.9, 126.0, 126.0, 127.0, 128.7, 128.7,
128.7, 1129.5, 129.5, 129.5, 131.1, 131.1, 131.7, 131.8, 133.3, 133.4, 134.7, 135.0, 140.7, 140.7, 141.2.
Signals in aromatic region were overlapped. HRMS (ESI) calcd for Cs0H4aN3 566.3535; found 566.3543.
Because 1d is a mixture of 1d-C and 1d-O, "H NMR spectrum of 1d is complicated.

le-C: 1e-C was obtained as a mixture of diastereoisomers of olefins. The major compounds might be cis
and trans isomers (ratio: ca. 1:1) at double bond next to 1,3-thiazinane ring. Other minor compounds (~10%)
were also observed. The following data were measured by using the mixture of isomers. mp 105-110 °C
(decomp.); IR(KBr) 3435, 2926, 1623, 1561, 1421, 1356, 1091, 1065, 1011, 925, 760 cm™'; "H NMR (400 MHz,
CDCl3, 25 °C) 0 1.13 (s, 3H), 1.24 (t,J = 7.2 Hz, 3H), 1.26 (t, /= 7.2 Hz, 3H), 1.52 (s, 3H), 1.59 (s, 3H), 1.63-
1.88 (m, 7H, including signals of methyl proton: 1.67 (s, 3H), 1.91 (s, 6H), 1.91 (s, 6H), 2.40-2.48 (m, 2H),
2.97-3.04 (m, 2H), 3.49-3.57 (m, 2H), 3.72-3.83 (m, 6H), 5.41 (d, J=11.9 Hz, 1H), 5.86 (d, /= 15.6 Hz, 1H),
6.13 (dd, J=11.0, 14.2 Hz, 1H), 6.38 (dd, J=11.0, 14.6 Hz, 1H), 6.57 (dd, J = 11.2, 14.4 Hz, 1H), 6.93-7.28
(m, 17H), 7.36 (dd, J=17.5, 7.5 Hz, 2H), 7.42 (t, J = 7.5, 7.5 Hz, 2H), 7.70-7.78 (m, 8H), 7.90 (d, /= 8.7 Hz,
2H), 7.97 (d, J = 8.7 Hz, 2H). *C NMR (100 MHz, CDCl;, 25 °C) § 11.6, 20.8, 21.3, 24.2, 26.7, 27.2, 36.7,
41.4,474,51.6, 88.3,95.8,108.8, 111.1, 121.4, 121.5, 121.6, 121.8, 124.3, 126.1, 126.5, 127.1, 128.3, 128.5,

128.7,129.2, 129.3, 129.3, 129.4, 129.5, 129.8, 130.8, 135.5, 137.1, 141.8, 145.7, 157.2.  Signals in aromatic
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region were overlapped. HRMS calcd for C40H43N2S ([M]) 583.3147, found 583.3137.

1.2.6. Synthesis of ICG derivatives 1f

In a flame-dried Schlenk flask, benzoindoles 2f (0.50 g, 0.14 mmol), 4° (0.66 g, 0.14 mmol), and pyridine (3
mL) were successively added at room temperature under nitrogen atmosphere.  After stirring at 40 °C for 1 h,
the organic solvent was removed under reduced pressure. The residue was diluted with CHCl; (20 mL). The
organic solution was washed with brine (20 mL) and dried over Na;SOs. The organic solvent was removed
under reduced pressure and the residue was subjected to column chromatography on SiO; (eluent: CHCIls-
MeOH, v:v = 10:1) to afford a crude product. The crude product was dissolved in a small amount of CH,Cl,.
After slow addition of diethyl ether to this solution (v:v = 3:1), the precipitate was corrected by centrifugation.
The precipitate was washed with a small amount of EtOAc. The volatiles were removed under reduced
pressure to afford ICG derivative 1 (0.070 g, 0.12 mmol, 88%) as a green solid.

1f: mp 180-185 °C (decomp.); IR(ATR) 2974, 1727, 1506, 1468, 1410, 1351, 1196, 1145, 1081, 1057, 1003,
911, 876, 804, 774, 663 cm™; "H NMR (500 MHz, CDCl;, 25 °C) 6 1.45 (t,J = 6.9 Hz, 3H), 1.96 (s, 6H), 1.97
(s, 6H), 2.79 (t, J = 6.9 Hz, 2H), 4.28-4.34 (m, 2H), 4.41-4.48 (m, 2H), 6.28 (d, /= 13.8 Hz, 1H), 6.44 (d, J =
13.7 Hz, 1H), 6.53-6.70 (m, 2H), 7.40-7.64 (m, 6H), 7.85-8.24 (m, 7H), 8.52-8.55 (m, 2H). '"*C NMR (100
MHz, MeOH-d4, 25 °C) 6 13.1, 27.5,27.7, 40.6, 41.3, 51.8, 52.5, 59.8, 112.0, 112.0, 123.2, 123.4, 125.6, 125.7,
12612, 128.5, 128.8, 129.4, 129.5, 131.0, 131.0, 131.1, 131.5, 131.9, 133.1, 133.5, 138.8, 140.5, 141.1, 149.8,
169.3. Signals in aromatic region were overlapped. HRMS (ESI) calcd for C40H4N>O> (M+H"): 581.3163;

found 581.3154.
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Figure S1. Low-resolution MALDI-TOF mass spectra of (a) 1a, (b) 1b, (c) 1d, (d) 1e, and (e) 1f. Matrix:
CHCA.
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1.3. UV-vis and fluorescence spectra of pH-responsive dyes 1

The UV-vis absorption spectra of 1 in buffered solutions with and without Triton X-100 are summarized in

Figures S2 and S3.
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Figure S2. UV-vis absorption spectra of 1a-f (5x10° M) in buffered solutions with Triton X-100 (2x107 M).
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Figure S3. UV-vis absorption spectra of (a) 1a (pH 11.4, 7.8, 5.7) and (b) 1b (pH 11.2,9.2,7.4,5.8,4.7,2.5) in
buffered solutions without Triton X-100.

The fluorescence spectra of 1 in buffered solutions with Triton X-100 are summarized in Figure S4.
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Figure S4. Fluorescence spectra of 1b, 1d and 1e (5x10° M) in buffered solutions with Triton X-100 (2x107
M).
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The UV-vis absorption spectra of 1 and 3 in organic solvents are summarized in Figures S5.  When a solution
of 1d-C/1d-O in CHCI; was treated with sat. NaHCOj aq., 1d-C was observed as a major component (Figure
S5c, green). The solvent was removed under reduced pressure and the residue was dissolved in EtOH, the
ratio of 1d-C was decreased (Figure 5Sc, blue). When a solution of 1d-C/1d-O in CHCl; was treated with 1N
HCl aq., 1d-O was observed as a major component (Figure S5¢, red). This observation indicates that (1) when
dyes were dissolved in EtOH, a part of dyes 1-C was converted to 1-O, and (2) when dyes were dissolved in
CHCl;, dyes 1-C were not converted to 1-O.

(a) (b)

1.2 ~ 2.5 1

0.8 A
15 A
0.6 A

absorbance( a.u.)
absorbance( a.u.)

0.4 4

0.5 4
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(c)

2.5 1
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0.5 4

300 400 500 600 700 800 900 1000

wavelength (nm)

Figure S5. Normalized UV-vis absorption spectra of (a) 3a (purple), 3b (red), 3d (green), and 3e (blue) in EtOH,
(b) 1a (orange), 1b (purple), 1d (green), 1e (red), and 1f (blue) in EtOH, and (c) 1d in EtOH (blue), in CHCI3
which was treated with 1N HCI aq. before measuring (red), and in CHCl; which was treated with sat. NaHCO;
aq. before measuring (green).
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Molar extinction coefficient values and relative quantum yields in EtOH were measured (Table SI).

Relative quantum yields were determined by using the reported method.’

ICG. Due to low solubility of 1-C in EtOH, molar extinction coefficients of 1-O are not accurate.

Those of 3 and 1f were similar to

Relative

quantum yields of 1a-O, 1b-O, and 1d-O were similar to that of ICG. The quantum yield of 1e might be

underestimated, because 1e-C was a major component in EtOH (see Figure S5b, red).

Table S1. Photophysical properties of 1 and 3 in EtOH.

g (cm M) relative quantum yield (%)
3a-0 1.9x10° 10.2+£0.4
3b-0 1.9x10° 11.5+0.4
3d-0 2.0x10° 11.6+0.5
3e-0 2.0x10° 11.0£0.5
1a-0 5.6x10*9 11.5+1.0
1b-0 7.8x10* 12.2+0.5
1d-0 7.0x10* 12.620.6
le-O 1.4x10*9 7.1£0.4
1f-0 1.7x10° 12.0+0.7

9 Determined at 785 nm.

® Indocyanine green (ICG, ® = 13.2% (EtOH)) was used as a standard.

low solubility of 1-C in EtOH, the values are not accurate.
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The absorption and fluorescence spectra were fitted to sigmoid curves to determine pKa values (Figure S6).

The pKa values are summarized in Table S2.

(a) (b)

1.2 1.2

absorbance
fluorescence intensity

Figure S6. (a) UV—vis absorbance of 1b (triangle), 1d (circle) and 1e (cross) in buffered aqueous solutions

normalized at 780 nm, and (b) Fluorescence intensities of them normalized at 820 nm (Aex = 780 nm).

Table S2. pKa values of selected 1 and 3.

pKa (absorbance) pKa (fluorescence)
1b 8.1 9.9
1d 6.1 6.9
le 4.3 4.9
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1.4. Photobleaching test of dyes.

The photostability of dyes 1a-O, 1d-O, 3a-O, 3d-O, and ICG (commercial, standard) was checked.
Solutions of dyes were dissolved in EtOH (2 mL). To minimize the influence of the background signal, the
absorbance of all solutions was adjusted to approximately 1.0-1.7. All solutions were transferred into quartz cells
in air and irradiated using a 150 W Xenon light source (MAX-150, Asahi Spectra Co., Ltd., Japan, illuminance: 20
uW-cm2 (above 400 nm) at the sample level, wavelength: 400-800 nm) with a visual light module and an optical
filter (cutoff <400 nm). The time-dependent photobleaching was monitored by measuring the absorbance at 785
nm (Figure S7). UV-vis absorption spectra in near-infrared region are summarized in Figure S8. The
photostability of 1-O was worse than that of 3-O and ICG. In the case of 1d, the absorbance of 1d-O increased
during the initial 10 min irradiation, probably because of the photo-induced ring-opening of 1d-C.  Similar photo-

induced ring-opening was reported by Raymo et al.®

1.2 4

0.8 A . °

0.6

absorbance

0.4 A

0.2 A

O T T T T T T T T T T T 1
0 60 120 180 240 300 360 420 480 540 600 660 720

time (min)

Figure S7. Time-dependent change of absorbance at 785 nm of 1a-O (green), 1d-O (purple), 3a-O (orange),
3d-O (red), and indocyanine green (ICG, blue) in EtOH after continuous photoirradiation (20 pW-cm™, visible
light).
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Figure S8. Time-dependent change of absorbance spectra of (a) 1a-0, (b) 1d-0O, (c) 3a-0, (d) 3d-O, and (e)
ICG in EtOH. Absorbance spectra were measured before and after 10 min, 30 min, 60 min, 120 min, 240 min,

360 min, 480 min, and 720 min irradiation.
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1.5. In vitro cell imaging experiment: cell internalization

The human cervical epithelial adenocarcinoma cell line (HeLa) was purchased from American Type Culture
Collection. Cells were cultured in 10% FBS-Dulbecco’s modified Eagle’s medium (DMEM) and cultured
well-humidified incubator with 5% CO, and 95% air at 37 °C. We prepared two 12-well cell-culture plates
for each in vitro experiments. HeLa cells (8x10* cells/well in 12-well plate) were cultured with 1d, 1e, or the
commercially-available ICG (1.0x10° M or 1.0x10™* M, 2.0 mL) in DMEM without phenol red for 4h. During
4 h incubation, one of plate was placed on ice (4 °C), and another was placed on a hot plate (37 °C). Every 1
h, the fluorescence intensities of cells were measured by optical imaging device IVIS-lumina (ICG filter: Aex =
745 nm, Aem = 820 nm, PerkinElmer Inc.). After 4 h incubation, cells were washed with phosphate buffer
saline (1.0 mL x 2) and the wells were refilled by 10% FBS-DMEM (1.0 mL). Fluorescence intensities from
cells were measured by IVIS imaging device. Images were analyzed using Living Image 2.50-Igor Pro 4.09
software (PerkinElmer Inc.), according to the manufacturer’s instructions. The fluorescence dyes in the same
batch was injected to three wells and one set of experiment was repeated twice to confirm reproducibility, and
representative images are shown (Figure S10). In order to emphasize the fluorescence intensity from the cells,

we set a threshold and represent intense fluorescence above it.
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Table S3. Fluorescence intensities from cells incubated with ICG (1.0x107 M).

Incubated at 4 °C

Incubated at 37 °C

Fs (%10 cps) Fa/Fy4 s.d. F37 (10" cps)  Fi37/F’3 s.d.
Oh 51.3 1.00 0.16 473 1.00 0.14
lh 46.8 0.91 0.15 52.2 1.10 0.15
2h 46.4 0.90 0.14 521. 1.10 0.15
3h 473 0.92 0.14 52.6 1.11 0.15
4h 47.2 0.92 0.15 52.6 1.11 0.15

Table S4. Fluorescence intensities from cells incubated with 1e (1.0x10° M).
Incubated at 4 °C Incubated at 37 °C

F4 (%10 cps)  Fa/F’4 s.d. F37 (x10" cps) Fs7/F’3 s.d.
Oh 1.43 1.00 0.009 1.27 1.00 0.020
lh 1.39 1.02 0.008 1.81 1.43 0.039
2h 1.49 1.06 0.030 1.94 1.53 0.027
3h 1.52 1.08 0.029 1.98 1.56 0.040
4h 1.40 1.05 0.048 2.07 1.64 0.034

Table S5. Fluorescence intensities from cells incubated with 1d (1.0x10° M).
Incubated at 4 °C Incubated at 37 °C

F4 (%10 cps)  Fa/F’4 s.d. F37 (x10" ¢cps) Fs7/F’3 s.d.
Oh 4.06 1.00 0.17 3.69 1.00 0.14
lh 4.33 0.97 0.18 5.95 1.61 0.22
2h 4.41 1.05 0.17 6.44 1.74 0.23
3h 4.49 1.07 0.18 6.59 1.79 0.24
4h 4.59 0.98 0.18 6.85 1.86 0.24
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Table S6. Fluorescence intensities from cells incubated with 1e (1.0x10™ M).

Incubated at 4 °C Incubated at 37 °C
F4 (><101° CpS) F4 / F, s.d. Fs; (><1010 CpS) Fs; / F’3; s.d.
Oh 3.44 1.00 0.038 3.03 1.00 0.029
1h 3.50 1.06 0.038 4.52 1.49 0.097
2h 3.64 1.09 0.076 4.94 1.63 0.024
3h 3.73 1.11 0.10 5.11 1.68 0.069
4 h 3.63 1.13 0.082 5.16 1.70 0.039
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Figure S9. Fluorescence intensity ratios (F/F’) of HeLa cells incubated in DMEM solutions (2.0 mL) with (a)
ICG (1.0x10” M), (b) 1e (1.0x10* M), (c) 1e (1.0x10° M), or (d) 1d (1.0x10” M) at 4 °C (blue) and 37 °C

(orange). F’: fluorescence intensities before injection (0 h).
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Table S7. Fluorescence intensities from cells after 4 h incubation.

concentration Incubated at 4 °C Incubated at 37 °C
F37/F,4
M) F (cps) s.d. (cps) F (cps) s.d. (cps)
ICG 1.0x10°% 4.78E+09 6.29E+08 1.09E+10 1.68E+09 2.3
le 1.0x10™ 5.10E+08 1.47E+08 7.62E+09 5.77E+08 14.9
1d 1.0x10° 1.13E+08 5.51E+07 3.16E+09 2.31E+08 4.3
le 1.0x10° 4.54E+09 8.25E+08 1.96E+10 2.62E+09 27.9
(a) (b)
ICG le le id ICG le le id
(105M) (105M) (104M) (105 M) (105M) (105M) (10%M) (10°5M)

Figure S10. Fluorescence images from HeLa cells incubated for 4 h in DMEM solutions (2.0 mL) with ICG
(1.0x107° M), 1e (1.0x10* M), 1e (1.0x10° M), or 1d (1.0x10™ M) at (a) 4 °C and (b) 37 °C.

To eliminate the influence of background fluorescence emitted from dyes in medium, fluorescence intensities

(F”) of dyes in HeLa cells were calculated by using the following equation,
F’=F -F,

where F; = fluorescence intensity of dye-containing incubation medium with cells (Tables S2-S5) and F, =
fluorescence intensity of dye-containing incubation medium without cells (control experiments). Time-
dependent changes of F”” were summarized in Figure S11. In the case of ICG, similar mean values of
fluorescence intensities with quite large standard deviations were detected in all experiments because of strong
fluorescence. In the cases of 1d and 1le, the fluorescence intensities of cells incubated at 37 °C were clearly

stronger than those of cells incubated at 4 °C. Based on these results, by considering the influence of baseline
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emission of dyes without cells, we concluded that there are significant differences between fluorescence of cells

incubated at 37 °C and 4 °C.
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Figure S11. Fluorescence intensity (F*’) of dyes in HeLa cells incubated in DMEM solutions (2.0 mL) with (a)
ICG (1.0x10° M), (b) 1e (1.0x10° M), or (c) 1d (1.0x10” M) at 4 °C (blue) and 37 °C (red).
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1.6. Theoretical calculation

The density function theory (DFT) calculations were performed for the geometry optimization of 1e-C at the
B3LYP/6-31G(d) lelvel™'® by using Gaussian 09 package.!" The grand and excited states of le-C were
calculated by the time-dependent (TD) DFT calculations at the B3LYP/6-31G(d) level”® by using Gaussian 09
package. From excitation energies and oscillator strengths, the UV-vis spectrum shown in Figure S12 was

estimated. This spectrum is quite similar to UV-vis absorption spectrum of 1e-C.

(a)

Il
i g |

- .

side view top view

(b)

UV-VIS Spectrum
80000 — —1.4

70000 |

60000 —|

50000 —

Epsilon
e
3
(=]
(=]
3
1 1 1
T T T
o o
o ®
y18ua.41g A01E(IDSQ

T
o
=~

I
<
S

=)
L
I

o

°

Excitation Energy (nm)

Figure S12. (a) Optimized structure of 1e-C visualized by Mercury (The Cambridge Crystallographic Data
Centre). (b) UV-vis absorption spectrum calculated by Gaussian09.
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<Cartesian coordinates for optimized geometry of 1e-C>

C,-4.3099315876,-2.1160135377,-3.0943517366
C,-4.9822423313,-3.1989967881,-3.771256339
C,-4.2944779207,-4.4202093654,-3.9906296644
C,-2.9956971814,-4.6036510059,-3.5730918633
C,-2.3410643223,-3.5374789311,-2.9162626677
C,-2.9628905032,-2.3142546791,-2.6963434399
C,-5.0528690138,-0.9189141797,-2.8714129269
C,-6.3572007555,-0.7946666501,-3.2937807011
C,-7.0063197148,-1.8560915523,-3.9688991906
C,-6.3261455494,-3.0294620768,-4.1979644256
N,-1.0489597191,-3.5552366311,-2.376100791
C,-0.6275899444,-2.1709789752,-2.1607218515
C,-2.0125044511,-1.4395866442,-1.8720314939
C,-2.3921847365,-1.6010391902,-0.3768552144
C,-1.9439234055,0.0610924399,-2.2021921366
C,0.3696491152,-2.0845636317,-1.0341412484
C,1.4206096508,-1.2450555085,-0.9234549538
C,2.2956077205,-1.1843801589,0.2233066218
C,10.0129383354,4.0924861029,2.2787648709
C,11.0439558711,4.3716495142,3.2491043742
C,11.0572293235,3.6670947272,4.4816212571
C,10.1058952755,2.7207807114,4.7869826888
C,9.0963055635,2.4615444194,3.8329179468
C,9.0427813827,3.1115411135,2.6093541913
C,10.044045859,4.8268674087,1.0560361768
C,11.0196944644,5.7659760422,0.8089530997
C,12.0290757768,6.0337392111,1.7643831629
C,12.0340076882,5.3466226833,2.9559240744
N,8.0386194657,1.5567863895,3.9577251611
C,7.2608920712,1.5344755338,2.8018322028
C,7.8407840699,2.5797831632,1.8232011886
C,6.805435368,3.7022198305,1.560357871
C,8.2936032163,1.8943169294,0.510203932
C,3.354274282,-0.3363131402,0.3223212073
C,4.244834987,-0.2506296968,1.4439263105
C,5.2970746192,0.6140194234,1.5186481606
C,6.1895957812,0.7021876663,2.6390336037
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C,-0.0482739353,-4.5297943756,-2.7977498359
C,0.5907973823,-4.2115949121,-4.1580008702
C,1.2626704508,-2.8359858663,-4.1519349354
S,0.0805939789,-1.4730102096,-3.7942594546
C,8.4829432122,-0.6556142247,5.0340302158
C,7.8175114453,0.7223821744,5.1285961931
H,-4.8159443449,-5.2248982528,-4.5037525324
H,-2.4905938789,-5.5475146011,-3.7520496297
H,-4.5825193791,-0.0888430631,-2.3595100384
H,-6.8953301152,0.1313658197,-3.1071428511
H,-8.0349502047,-1.7416493928,-4.2995822061
H,-6.8127783293,-3.85648202,-4.7109501847
H,-3.4147335173,-1.2404911132,-0.2234953384
H,-1.7219447857,-1.0204821281,0.2665557279
H,-2.3553427483,-2.6493186072,-0.0651403342
H,-1.018940115,0.4871172098,-1.7974020867
H,-1.9730436362,0.2546106775,-3.2777073369
H,-2.7722242751,0.6032665312,-1.7368304977
H,0.1583344428,-2.7679067738,-0.2114692352
H,1.6398967132,-0.5688067615,-1.7487382918
H,2.084327466,-1.8626909986,1.0511661151
H,11.8471419439,3.886749673,5.1957093506
H,10.1425240042,2.1885536806,5.7317572228
H,9.2851641342,4.6469900747,0.3037726413
H,11.0143991509,6.3091280639,-0.1325272798
H,12.7921134766,6.7778162913,1.5543260806
H,12.8029643657,5.5416163908,3.7003238271
H,5.910711216,3.3125177923,1.0677183686
H,6.4962390622,4.1660994337,2.5022792041
H,7.2289527419,4.4850200799,0.9247009926
H,8.761814297,2.613503464,-0.1677754534
H,9.0248119872,1.1079021767,0.7220436508
H,7.4497271793,1.4364971195,-0.0123098965
H,3.5521505382,0.3391211832,-0.5123318816
H,4.0562591089,-0.9238519117,2.2815991743
H,5.455910172,1.2737635817,0.6693773205
H,5.9669310545,0.0108457039,3.4490198597
H,-0.5142213196,-5.5198144206,-2.8053892435
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H,0.7310699947,-4.5551533824,-2.0261567381
H,1.3416367894,-4.9814251892,-4.3856888947
H,-0.1709099689,-4.2481270602,-4.9457186975
H,2.0804878981,-2.8098437801,-3.4222046063
H,1.6839304503,-2.5989585442,-5.1338411003

H,8.2722780903,-1.2420178201,5.9355857649
H,8.11135682,-1.2112299896,4.1674406076
H,9.5691185515,-0.5580379341,4.9339250847
H,8.190296778,1.266869743,6.0017194522
H,6.7367769064,0.6211455011,5.2719051392
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3. NMR spectra
'"H NMR of 3a (MeOH-dy)
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'H NMR of 3b (MeOH-d.)
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'H NMR of 3d (MeOH-d.)
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'H NMR of 1a (MeOH-dy)
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'H NMR of 1b (MeOH-d4)
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IH NMR of 1d (CDCl;)
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'H NMR of le (CDC13)
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'H NMR of 1f (MeOH-d.)
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