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1. Materials and methods

All reagent chemicals and solvents were used as purchased without further purification unless

otherwise noted. Solvents used for optical measurements were spectral grade quality. Thin-layer

chromatography (TLC) was performed on precoated silica gel 60 F254 plates. Column chromatography

was performed over silica gel 230-400 mesh. The 'H and >C NMR measurements were performed at

room temperature by a Bruker Avance III NMR spectrometer with tetramethylsilane (TMS) as an

internal reference.
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Figure S1. Synthesis route of compound 1.
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Hybrid fourier transform mass spectrometer (Bruker Daltonics) using ESI techniques at the Department
of Chemistry, Rutgers University-Newark, Newark, NJ. The compounds Boc-protected piperidine-4-
carboxylic acid (1-1)" ? and 1,3,5-tris(2-propynyloxy)benzene (1-7)> * were performed based on the
reported literatures.
2. Experimental section

The synthesis route of compound 1 is reported in Figure S1.
2.1. Synthesis of compound 1-2

Starting material 1-1 (5.0 g, 21.8 mmol), 1,10-dibromodecane (7.85 g, 26.2 mmol), K,COs (3.91 g,
28.3 mmol) and 18-crown-6 (1.5 g, 5.6 mmol) were mixed in acetone/THF mixture (240 mL, 1/1, v/v)
and refluxed overnight. The precipitate was filtered off and the solvent was concentrated. The mixture
was washed with water, extracted with dichloromethane (DCM) and dried over anhydrous Na,SO,4. The
organic solvent was removed under reduced pressure, and the residue was subjected to column
chromatography (3/1, v/v, n-hexane/ethyl acetate on silica, R¢g=0.49), affording compound 1-2 (7.20 g,
73.8%) as a colorless oil. "H NMR (400 MHz, CDCl, ppm) J: 4.10-4.00 (4 H), 3.44-3.39 (2 H, CH,Br),
2.87-2.81 (2 H), 2.48-2.41 (1 H, CH,p), 1.91-1.82 (4 H), 1.68-1.57 (4 H), 1.47-1.36 (12 H), 1.31-1.29 (9
H, Boc). °C NMR (100 MHz, CDCl;, ppm) J: 174.93 (C=0, ester), 155.00 (C=0, Boc), 79.85 (C,,
Boc), 64.94, 41.50, 34.30, 33.11, 29.67, 29.63, 29.47, 29.01, 28.90, 28.74, 28.43 (CHs, Boc), 28.31,
26.18.
2.2. Synthesis of compound 1-3

Compound 1-2 (3.7 g, 8.2 mmol) and NaN3; (0.8 g, 12.4 mmol) in DMF (30 mL) were heated at 60 °C
for 10 h. After cooling down to room temperature, the reaction mixture was poured into water and
extracted with ethyl acetate several times. The combined organic layers were washed with water, dried

over anhydrous Na,SO,. After removal of the solvent in vacuo, the compound 1-3 (3.1 g, 91.7%) was
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obtained as a colorless oil, which was pure enough and used in the subsequent reaction without further
purification. '"H NMR (400 MHz, CDCl3, ppm) d: 4.09-4.00 (4 H), 3.28-3.22 (2 H, CH,N3), 2.87-2.80 (2
H), 2.47-2.40 (1 H, CH,;,), 1.89-1.85 (2 H), 1.64-1.56 (6 H), 1.46-1.44 (9 H), 1.38-1.26 (12 H). "C
NMR (100 MHz, CDCls, ppm) J: 174.91 (C=0, ester), 154.99 (C=0, Boc), 79.81 (C,, Boc), 64.91,
51.75 (CH;N3), 41.48, 29.66, 29.46, 29.39, 29.12, 28.89, 28.72, 28.71, 28.30 (CH3, Boc), 26.98, 26.16.
2.3. Synthesis of compound 1-4

Compound 1-3 (2.5 g, 6.1 mmol) was dissolved in DCM and the solution was cooled to 0 °C. Then
trifluoroacetic acid was added and the reaction progress was monitored by TLC method using n-
hexane/ethyl acetate (3/1, v/v) as the eluent. After complete conversion of the starting material, the
solution was poured into water, neutralized with NaOH solution, and extracted with DCM. The
combined organic layers were dried over anhydrous MgSQO,, filtered and evaporated under reduced
pressure to yield the crude product as a colorless oil that was used without further purification. Then
phloroglucinol (0.92 g, 7.30 mmol) and n-butanol/toluene mixture (70 mL, 2/1, v/v) were added and the
reaction mixture was heated at reflux with a Dean—Stark apparatus for 8 h. Excess solvent was removed
under reduced pressure, which left a reddish oil that was purified by column chromatography (1/1, v/v,
n-hexane/ethyl acetate on silica, Rg0.33), affording compound 1-4 (1.8 g, 70.9%) as a pale solid. 'H
NMR (400 MHz, DMSO-ds, ppm) o: 8.88 (s, 2 H, phenol-H), 5.77 (s, 2 H, ArH), 5.69 (s, 1 H, ArH),
4.02 (2 H), 3.49-3.44 (2 H), 3.33-3.28 (2 H), 2.71-2.64 (2 H), 2.48-2.42 (1 H, CH,;,), 1.88-1.82 (2 H),
1.65-1.48 (m, 6 H), 1.33-1.25 (m, 12 H). *C NMR (100 MHz, DMSO-ds, ppm) 6: 175.03 (C=0, ester),
159.55, 153.59, 95.31, 94.78, 64.58, 51.40 (CH;N3), 48.71, 41.08, 29.59, 29.34, 29.27, 29.02, 28.89,
28.22,26.91, 26.11. MS (m/z): [M+H]" Calculated for C,H3sN404,419.2653; Found, 419.2664.

2.4. Synthesis of compound 1-5
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In a 250 mL round flask, a mixture of phloroglucinol (5.0 g, 39.6 mmol) and bis(2-ethylhexyl)amine
(9.5 g, 39.6 mmol) in n-butanol/toluene mixture (180 mL, 2/1, v/v) was heated at reflux with a Dean-
Stark apparatus for 8 h. The pale-red solution was then cooled, and the solvents were evaporated under
reduced pressure to give a reddish oil. The resulting crude product was purified by column
chromatography (2/1, v/v, n-hexane/ethyl acetate on silica, Rg0.52) to give compound 1-5 (7.2 g,
52.0%) as a brown viscous liquid. The product was used immediately for the next step. 'H NMR
(DMSO-dg, 400 MHz, ppm): ¢ 8.72 (s, 2 H, phenol-H), 5.55 (s, 2 H, ArH), 5.51 (s, 1 H, ArH), 3.06 (4
H), 1.70 (2 H), 1.18-1.29 (16 H), 0.80-0.88 (m, 12 H). *C NMR (DMSO-ds, 100 MHz, ppm): J 159.16,
150.39, 92.26, 91.63, 56.27, 36.88, 30.51, 28.57, 23.82, 23.17, 14.34, 11.00. MS (m/z): [M+H]"
Calculated for C;,H49NO,, 350.3054; Found, 350.3069.

2.5. Synthesis of unsymmetrical squaraine dye 1-6

In a 250 mL round bottom flask, compound 1-4 (2.09 g, 5.0 mmol), 1-5 (1.75 g, 5.0 mmol) and
squaric acid (0.57 g, 5.0 mmol) were added to n-butanol/toluene mixture (160 mL, 1/1, v/v). The
resulting mixture was heated at reflux with a Dean—Stark apparatus for 12 h to generate a dark green
solution. After cooling, excess solvent was removed under reduced pressure and the resulting solid was
purified by column chromatography (50/1, v/v, DCM/methanol on silica, R#=0.71), which afforded
compound 1-6 (0.93 g, 22.0%) as a typically blue solid. '"H NMR (400 MHz, CDCls, ppm) &: 11.03 (s, 2
H, phenol-H), 10.89 (s, 2 H, phenol-H), 5.91 (s, 2 H, ArH), 5.82 (s, 2 H, ArH), 4.12-4.05 (2 H), 3.95-
3.84 (2 H), 3.38-3.27 (4 H), 3.27-3.22 (2 H), 3.20-3.09 (2 H), 2.67-2.56 (1 H, CH,), 2.05-1.95 (2 H),
1.88-1.73 (4 H), 1.66-1.55 (4 H), 1.41-1.21 (28 H), 0.93-0.87 (12 H). *C NMR (100 MHz, CDCl3, ppm)
o: 181.33, 173.90, 163.01, 162.83, 162.51, 160.76, 158.94, 158.14, 103.39, 102.26, 94.64, 94.27, 64.91,
56.68, 51.48(CH,Ns3), 46.55, 40.76, 38.23, 30.43, 29.38, 29.18, 29.11, 28.84, 28.47, 27.79, 26.70, 25.88,

23.79,23.07, 14.03, 10.62. MS (m/z): [M+H]" Calculated for C4sH7,NgOs, 846.5375; Found, 846.5361.

S6



2.6. Synthesis of star-shaped squaraine dye 1

Compound 1-6 (0.85 g, 1.0 mmol), compound 1-7 (0.08 g, 0.33 mmol) and CuSO4- 5SH,0 (0.05 g, 0.2
mmol) were dissolved in a mixture of DCM/methanol (30 ml, 5/1, v/v), then the solution was degassed
using bubbling nitrogen for 30 min. Sodium ascorbate (0.08 g, 0.4 mmol) in methanol solution was
added and the mixture was stirred under nitrogen atmosphere overnight. After evaporation of the
solvent, the residue was taken up in DCM and washed with water. The organic layer was dried over

anhydrous Na,SO4 and removed under reduced pressure. Then the crude product was purified by

column chromatography (20/1, v/v, DCM/methanol on silica, R¢*0.40), which afforded compound 1

(0.61 g, 65.7%) as a blue solid. "H NMR (400 MHz, CDCls, ppm) 6: 11.03 (s, 6 H, phenol-H), 10.88 (s,
6 H, phenol-H), 7.63 (s, 3 H, triazole-H), 6.28 (s, 3 H, benzyl-ArH), 5.90 (s, 6 H, ArH), 5.82 (s, 6 H,
ArH), 5.14 (s, 6 H, -OCH,-triazole), 4.36 (6 H), 4.08 (6 H), 3.95-3.84 (6 H), 3.49 (6 H), 3.31 (12 H),
3.15 (6 H), 2.66-2.57 (3 H, CH,p), 2.06-1.70 (18 H), 1.60 (12 H), 1.40-1.17 (78 H), 0.90 (36 H). Bc
NMR (100 MHz, CDCls, ppm) o: 181.61, 174.25, 163.29, 163.09, 162.67, 161.00, 160.45, 159.18,
158.43, 144.08 (triazole), 122.97 (triazole), 103.64, 102.58, 95.28, 94.93, 94.57, 65.20, 62.43 (-OCH,-
triazole), 56.99, 50.78, 46.85, 41.05, 38.54, 30.73, 30.60, 29.66, 29.59, 29.46, 29.27, 28.88, 28.78,
28.11, 26.80, 26.18, 24.09, 23.40, 14.37, 10.95. MS (m/z): [M+H]" Calculated for CsoH¢N;50,7,

2777.6767; Found, 2778.0.
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3."H and “C NMR spectra of the compounds

Fig. S2. '"H NMR spectra of compound 1-2
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Fig. S3. "C NMR spectra of compound 1-2
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Fig. S4. "H NMR spectra of compound 1-3
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Fig. S5. "C NMR spectra of compound 1-3
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Fig. S6. '"H NMR spectra of compound 1-4
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Fig. S7. °C NMR spectra of compound 1-4

2A

-

F
£z
=3

e
HO. ; OH
N
NN
(o] (¢}

a4 2
g 8 - e
P 23 R

& \ (W]

e o

€ 2

| ]

l I - v Jl e

70 60 50 40 30 20 10 [} -10

8
84

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 10 100
11 (ppm)

S10



Fig. S8. 'H NMR spectra of unsymmetrical squaraine dye 1-6

1. piito o/\/\/\/\/\/N)
(]
OH O HO
1 17 /I/ ’ / //
JLL |

ry ”

22 gg

i e i 2]

" Il\ i " 10 :I a 7 11 Gpamd ;; 4 3 1 l'll 1

Fig. S9. °C NMR spectra of unsymmetrical squaraine dye 1-6
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Fig. S10. 'H NMR spectra of star-shaped squaraine dye 1
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Fig. S11. “C NMR spectra of star-shaped squaraine dye 1
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