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1. Synthesis of core-aza-BODIPYs

The core-aza-BODIPY's were synthesized as described in scheme 1. Aza-BODIPYs 1¢ and 2¢

were synthesized according to the reported procedures'.

1.1. 5,5-Difluoro-3, 7-diphenyl-1,9-bis(4-(prop-2-yn-1-yloxy)phenyl)-5H-414, 514-dipyrrolo

[1,2-c:2" 1'-f][1,3,5,2]triazaborinine (1d)

To a solution of 1¢ (0.5 g, 0.95 mmol) in DMF (30 mL), K,CO5 (0.39 g, 2.83 mmol), propargyl
bromide (0.337 g, 2.83 mmol, 0.21 mL) were added and the reaction mixture was stirred at
room temperature for 24 h. After completion of the reaction, the reaction mixture was quenched
with water and extracted with DCM (3 x 20 mL). The organic layer was dried over Na,SO,
and removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel using hexanes/ethyl acetate (4:1) as eluent to give 1d as red solid
(0.41 g; 71% yield); "TH NMR (500 MHz, CDCl;): 6 7.98-7.93 (m, 8 H), 7.41-7.38 (m, 6 H),
6.98 (d, J=8.93 Hz, 4 H), 6.85 (s, 2 H), 4.69 (d, J=2.4 Hz, 4 H), 2.53 (t, J=2.36 Hz, 2 H);
I3C NMR (126 MHz, CDCl3): 6 159.1, 158.7, 145.4, 143.4, 131.7, 130.8, 130.7, 129.5, 128.5,
126.0, 117.7, 115.0, 78.2, 76.0, 55.8; IR (CHCl;): 2122, 1602, 1225 cm™' ; HRMS (+ESI)

Calcd for C3;3H,;BF,N;0," [M+H]" : 606.2164; found: 606.2173.

1.2.  5,5-Difluoro-1,9-diphenyl-3, 7-bis(4-(prop-2-yn-1-yloxy)phenyl)-5H-4A% 5*-dipyrrolo

[1,2-c:2" 1'-f][1,3,5,2]triazaborinine (2d)

To a solution of 2¢ (0.5 g, 0.945 mmol) in DMF (30 mL), K,CO; (0.392 g, 2.834 mmol),
propargyl bromide (0.337 g, 2.834 mmol, 0.22 mL) were added and the mixture was stirred at
room temperature for 24 h. After completion of the reaction, the reaction mixture was quenched
with water and extracted with DCM (3 x 20 mL). The organic layer was dried over Na,SO,

and removed under reduced pressure. The residue was purified by flash column
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chromatography on silica gel using hexanes/ethyl acetate (4:1) as eluent to give 2d as red solid
(0.42 g; 73% yield); '"H NMR (500 MHz, CDCl3): 6 8.10-8.04 (m, 8 H), 7.48-7.40 (m, 6 H),
7.10-7.07 (m, 4 H), 7.04 (s, 2 H), 4.76 (d, /= 2.4 Hz, 4 H), 2.57 (t,J= 2.4 Hz, 2 H); 3C NMR
(126 MHz, CDCl;): 6 159.8, 158.1, 145.4, 143.4, 132.4, 131.6, 131.5, 131.5, 129.3, 128.6,
124.9, 118.7, 115.0, 78.0, 76.0, 55.8; IR (CHCl;): 2124, 1601, 1234 cm’'; HRMS (+ESI)

Calcd for C33H,6BF,N3;0, [M+H]*: 606.2164; found: 606.2136.

2. Synthesis of azide functionalized biotin

The azide functionalized biotin was synthesized according to scheme 2.

2.1. Tetra-(ethyleneglycol)di-p-toluene sulfonate (3a)

Aqueous NaOH solution (4.2 g, 102.97 mmol, 15 mL) was added to a solution of tetraethylene
glycol (8 g, 41.189 mmol) in THF (10 mL). After cooling the mixture to 0 °C in an ice/water
bath, TsCl (15.71 g, 82.38 mmol) in THF (20 mL) was added dropwise. The reaction mixture
was allowed to stir overnight at room temperature. After completion of the reaction, the organic
solvent was removed and the aqueous layer was extracted with ethyl acetate (3 < 30 mL). The
ethyl acetate layer was dried over Na,SO,4 and removed under reduced pressure. The residue
was purified by flash column chromatography on silica gel using hexanes/ethyl acetate (3:2)
as eluent to give 3a as colorless liquid; (14 g; 68% yield); '"H NMR (500 MHz, CDCl;): 3
7.81-7.77 (m, 4 H), 7.34 (d, J=7.9 Hz, 4 H), 4.17-4.12 (m, 4 H), 3.70-3.66 (m, 4 H), 3.59-3.54
(m, 8 H), 2.45 (s, 6 H); 3C NMR (126 MHz, CDCl;): 6 144.8, 132.8, 129.8, 127.9, 70.6, 70.4,
69.2, 68.6, 21.6; IR (CHCl;): 1353, 1175 cm!; HRMS (+ESI) Caled for Cp,H3z06S,*

[M+H]*: 503.1409; found: 503.1405.

2.2. 1,11-Diazido-3,6,9-trioxaundecane (3b)
To a solution of compound 3a (14 g, 27.86 mmol) in DMF (30 mL), NaN3 (7.25 g, 111.42

mmol) was added and the reaction mixture was allowed to stir at 80 °C for 18 h. After cooling
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to room temperature, water (50 mL) was added and extracted with ethyl acetate (3 x 40 mL).
The organic solvent was dried over Na,SO, and removed under reduced pressure. The residue
was purified by flash column chromatography on silica gel using hexanes/ethyl acetate (2:1)
as eluent to give 3b as colorless oil; (6.2 g; 91% yield); "TH NMR (500 MHz, CDCl;): 6 3.70-
3.65 (m, 12 H), 3.41-3.38 (m, 4 H); 3C NMR (126 MHz, CDCl;): 5 70.5, 70.5, 69.9, 50.5; IR
(CHCl): 2923, 2866, 2098, 1439, 1283, 1119 cm™'; HRMS (+ESI) Calcd for CgH7N,O;*

[M+H-N;]*: 217.1301; found: 217.1298.

2.3. 1-Amino-11-azido-3,6,9-trioxaundecane (3c)

Diazide 3b (4.1 g, 16.79 mmol) was added to a solution of H;PO,4 (60 mL, 0.65 M) at room
temperature followed by another solution of PPh; (3.96 g, 15.11 mmol) in Et,O (30 mL) was
added dropwise using a dropping funnel. The reaction mixture was stirring at room temperature
for 24 h under argon atmosphere. After completion of the reaction, Et,O was removed using a
separating funnel, the separated aqueous layer was washed with Et,0 and KOH (3.2 g) was
added to the aqueous layer. The aqueous mixture was kept at 4 °C for 16 h and filtered. The
filtrate was extracted with DCM for several times. The combine DCM layer was dried over
Na,SO,4 and removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel using DCM/MeOH (9:1) as eluent to give 3¢ as amber oil (2.9 g;
79% yield); '"H NMR (500 MHz, CDCl3): & 6.70 (br, 2 H), 3.83 (t, /= 4.26 Hz. 2 H), 3.75-
3.60 (m, 10 H), 3.48-3.42 (m, 2 H), 3.24 (br, 2 H); 13C NMR (126 MHz, CDCl;): 5 70.3, 70.2,
70.1, 69.9, 69.7, 66.9, 50.5, 39.6; IR (CHCl;): 2917, 2877, 2109, 1630, 1299, 1117 cm™;

HRMS (+ESI) Caled for CgH19N4O3 [M+H]*: 219.1457; found: 219.1458.

2.4. Biotinated tetraethyleneglycol linker (AzBiotin)

EDC.HCI (0.878 g, 4.58 mmol) and DMAP (0.28 g, 2.29 mmol) were added to a solution of

biotin (1 g, 4.58 mmol) in DMF (20 mL) followed by compound 3c (1 g, 4.58 mmol) in DMF
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(10 mL) was added and stirred for 8 h. The reaction mixture was quenched with water and
extracted with ethyl acetate (3 x 25 mL). The organic layer was dried over Na,SO, and removed
under reduced pressure. The residue was purified by flash column chromatography on silica
gel using DCM/MeOH (9:1) as eluent to give AzBiotin as off-white solid (1.55 g; 76% yield);
TH NMR (500 MHz, CDCl;): 8 6.73 (t, J=5.3 Hz, 1 H), 6.38 (s, 1 H), 5.38 (s, 1 H), 4.51 (q,
J;=49Hz,J,=7.6Hz,1H),4.32(q,J;=4.5Hz,J,=7.2 Hz, 1 H), 3.72-3.61 (m, 10 H), 3.57
(t, J=5.0 Hz, 2 H), 3.50-3.35 (m, 4 H), 3.15 (td, J; = 4.6 Hz, J, = 7.3 Hz, J; = 7.3 Hz, 1 H),
2.96-2.89 (m, 1 H), 2.75 (d, J=12.7 Hz, 1 H), 2.23 (td, J; =2.7 Hz, J,= 7.3 Hz, J; = 7.2 Hz,
2 H), 1.80-1.67 (m, 4 H), 1.50-1.40 (m, 2 H); 13C NMR (126 MHz, CDCl;): 6 173.3, 163.7,
70.6, 70.5, 70.4, 70.1, 70.0, 69.9, 61.7, 60.1, 55.4, 50.6, 40.5, 39.0, 35.9, 28.1, 28.0, 25.5; IR
(CHCl): 3292, 2928, 2858, 2106, 1705, 1645, 1555, 1461, 1120 cm™'; HRMS (+ESI) Caled

for C;sH33N6OsS* [M+H]*: 445.2233; found: 445.2234.

Hydrophobic-hydrophilic characteristic tests. In tubes, 1 mL of n-octanol and 1 mL of water
were combined, and then 40 pL of the samples (1 mM in DMSO) were added. The tubes were
shaken for 30 minutes and then allowed to rest for 24 hours. After extraction from the two
phases, the octanol/water partition coefficients of the samples were estimated using

fluorescence intensity.

(@ (b)
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Figure S1. Pictures showing the possibilities of nanoparticle constructions of (a) DPR1a and
(b) DPR1b. Each were dissolved in DMSO first and then diluted into water with different

concentrations and underwent aging for 2 h.
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Photostability of DPR1a, DPR1b in DMSO and NSA-DPR1a, NSA-DPR1b in water:

We irradiated our monomer dye in DMSO and self-assembled dye in water for 1 h and the
fluorescence intensity was monitored. It was good to find that both the monomer units were
stable after irradiation with 680 nm light source for 1 h as well as the self-assemblies were also

intact as no increase in fluorescence intensity was observed.
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Figure S2: (a) Fluorescence intensity of NSA-DPR1a (in water) and DPR1a (in DMSO); (b)
NSA-DPR1b (in water) and DPR1b (in DMSO) after irradiating it with 630 nm (700 mW/cm-
1 light source for 1 h.

Stability and photostability of NSA-DPR1a and NSA-DPR1b in DMEM:

We checked the stability of our self-assemblies in DMEM after 24 h of incubation at 37 °C
using the DLS profile as well as the fluorescence spectrum. The DLS profile shows that NSA-
DPRI1a is stable in DMEM, however, more aggregation was observed for NSA-DPRI1b.
Fluorescence spectrum shows that both the self-assemblies don’t disintegrate into its monomer
in DMEM after irradiation with 630 nm (700 mW/cm!) light source and 24 h of incubation at

37 °C.
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Figure S3: DLS profile of DMEM, NSA-DPR1a and NSA-DPR1b in DMEM after 24 h of
incubation at 37 °C. (DMEM, pH = 8.4)
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Figure S4: Florescence spectrum of NSA-DPR1a and NSA-DPR1b in DMEM after 24 h of
incubation at 37 °C. (DMEM, pH = 8.4)

Mechanism of partial disassembly process through DLS profile
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Figure S5: DLS profile of NSA-DPR1a after addition of avidin. DLS measurements were done
at time intervals of 2, 4, 6, 10 and 24 h. (at 25 °C)
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Figure S6: Photocytotoxicity of (a) NSA-DPR1a and (b) NSA-DPR1b in MDA-MB-231,
MCF7, and MCF10A breast cell line. The analyses were carried out in triplicates and data are
shown as a standard deviation from the mean n=3.
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Figure S7: Flow cytometry data shows the uptake of NSA-DPR1a and NSA-DPR1b in MDA-
MB-231 and MCF7. The graph shows quenching of fluorescence upon biotin addition and
regaining of fluorescence after avidin addition. (a) MDA-MB-231 with NSA-DPR1a; (b)
MCF7 with NSA-DPR1a; (c) MDA-MB-231 with NSA-DPR1b; (d) MCF7 with NSA-

DPR1b.
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Figure S11: (a) 'H-NMR (500 MHz) and (b) 3C-NMR (126 MHz) of compound 2d in CDCl;,

S12



(@

TsO’é\/O)S/\OTS

LA L I B
4.150 |

L L R LA L L B B I
7.850 7.800 7.750 7.350 7.300

Trrrr[rrrrrrrr[rroi
3.700 3.650 3.600 3.550

prm—
L

f ? f py f
> > » oo [
o o - W -
o © o CONY N
T T T T T T T T T T
5.0 0.0
ppm
D < O —
(<2 oM 0 — o © O I~ w
~ 0 N~ O 0 O - 9 o]
3 g ©Y N o o}
< ™ N N oo O © -
- - - - KK © © N
|
I
|
|
|
LA HLANL L LN L L L L B O O
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

ppm

Figure S12: (a) 'H-NMR (500 MHz) and (b) '3*C-NMR (126 MHz) of compound 3a in CDCl;,

S13



T o ANOM O~
DO O DX
a © O OO FTMOOmM

| T I L B | I LI I LI
T I T TT I T 1T I T TT 3.450 3.400 3.350
3.750 3.700 3.650 ppm

N

i N .

Yooy
§A
Mo
o o
&
rrrrrtgprrr 1 rrrrr o111 [ 1 T[T T ] T T T T [ T T 11T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm
= © ©
< ® ® S
nw o fre)
oSS o S
KK © o)

I e

100 90 80 70 60 50 40 30 20 10 0
ppm

Figure S13: (a) 'H-NMR (500 MHz) and (b) 3C-NMR (126 MHz) of compound 3b in CDCl;,

S14



(@

6.702
3.830
3.839
3.822
697
685
682
462
453
446
443
3.238

YU

,e\/O)\/\
H,N 3 N;
L L L Y I LB
3.850 3.800 3.750 3.700 3.650
| | 1 r r T T ] T
3.500 3.450
| ppm
|
N .
[R— RSN O
w N2 NN
[N) 29 L o
=} ok N S
rrrrrprrrroprrr oo oo ¢t Tt [ T T T T [ T T T T [ T T T T 1T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm
WY LT © @ <
OO O~ ¥ N @ o
AN~ O N O [te} )
SO S oo © =} )
NRKRNK © © © 0 3¢l
|
| |
|
|
rrro|rrrorr oo rrrtr|rrrrrr1r [+t r1 1 &1 [ 1t T T T T T T T T
80 70 60 50 40 30 20 10 0

ppm

Figure S14: (a) 'H-NMR (500 MHz) and (b) 3*C-NMR (126 MHz) of compound 3¢ in CDCl;
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Figure S18: HRMS spectrum of compound 1¢,
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Figure S19: HRMS spectrum of compound 2¢,
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Figure S21: HRMS spectrum of compound 2d
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Figure S22: HRMS spectrum of compound 3a

Single Mass Analysis
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Figure S23: HRMS spectrum of compound 3b
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Figure S24: HRMS spectrum of compound 3¢
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Figure S25:

HRMS spectrum of compound AzBiotin
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Figure S26: HRMS spectrum of compound DPR1a
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Figure S27: HRMS spectrum of compound DPR1b
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