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Synthesis of a squaric acid-derived molecular probe for near-
infrared fluorescence and photoacoustic imaging
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ABSTRACT Dual-modality imaging strategy using near-infrared fluorescence (FLI) and photoacoustic imaging (PAI)
demands a suitable probe to enable dual-modular signal production. Herein, we demonstrate a synthetic
protocol of small molecular dye for dual-modular FLI and PAI. A condensation reaction between squaric
acid and carboxypentyl benzoindolium, and followed by basic hydrolysis to give the benzoindole derived
squaraine (BSQ) dye in 49% yield. Next, the carboxylic acid group of BSQ was further functionalized with
N-hydroxysuccinimide or azide group for an efficient conjugation with a targeting biomolecule. BSQ showed a
maximum fluorescent emission at around 680 nm and the photoacoustic signal reached a maximum intensity
at 680-700 nm. Based on these results, we conclude that BSQ analogs will be useful probes for dual-modular

(FLI/PAI) imaging studies in animal models.
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Materials

Ao AME HE Aok Sigma—Aldrich Chemical
Co. (St. Louis, MO)oJAl Tujta, 27bA9l Az
< AXA g AREsiGlth 'H 9 “C-NMR A¥EH
2 JNM-ECA 500 spectrometer (JEOL, Ltd., Tokyo,
Japan)E AMESe] At naldE A AHEY
(High—resolution mass spectra, HRMS)= ZAIt]shn

(Jinju, Korea)2] JMS—700 (JEOL, Ltd., Tokyo, Japan)
£ AHgsto] Ssksinh Ad ARvEIHYE Sl 1
AH(Silica—gel 60, 70—-230 mesh)2 A3} T, WS- 2
B ™2 3t TLC plate= Merck (Hohenbrum, Germany)
oA FLJskSict.

Protocol

1. 3—(5—Carboxypentyl)—1,1,2—trimethyl—1H—

benzolelindolium bromide (2)2| &

1.1) 1,1,2-Trimethylbenz[elindole (1.0 g, 4.7 mmol)x}
6—bromohexanoic acid (1.4 g, 7.0 mmol)= MeCN
(100 mL)oll a5t &, A7k shoflA] 48K17F &
oF s}

12) ¥k & 5 §uiE FUA71L, 0
mL)E F7Isto] AaE2 A

1.3) CGlass filterZ &-8-3}] 7%—?:
= A&7, 1 A3t okghE

°Cof| A Et,O (30
A

42 AHEE B0
5g, 19%)E ¥+t

a -101'

2. BSQ (3)2] &4
2.1) 3—(5—Carboxypentyl)—1,1,2—trimethyl—-1H—
benzolelindolium bromide 2 (0.7 g, 1.74 mmol)

et

1,1,2-trimethylbenz[elindole

Scheme 1. Synthesis of the azide group bearing BSQ (1) from 1,1,2-trimethylbenz[elindole. Reagents and condition. (a) 6-bromohexanoic acid, MeCN, reflux, 48 h, 79%; (b)
(i) squaric acid, -BuOH/toluene, reflux, 12 h, (ii) 2 M NaOH, MeOH, 50 0%, 6 h, 49% (over 2 steps); (c) 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, N-hydroxysuccinimide,

DMF, t, 12 h, 87%; (d) 3-azido-1-propanamine, DMF, rt, 12 h, 89%.

1 78 J Radiopharm Mol Probes Vol. 6, No. 2, 2020



2} squaric acid (0.1 g, 0.87 mmol)S n—butanol
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2.3) n—Butyl 71E AAsE7] $18 $7HA1E methanol
(50 mL)el| &35k, 2 M NaOH (5 mL) 489S
7}t B 50 °Co| A 6A17F 713t 1 & 9 M HCL 5
Goor Folokal, §uijE SEAI
2.4) Mgzt AZotE e (oFA EtOAc 100%C14]
10% MeOH in EtOAc)E &H8-5}o] AA|aict 1 2y}
squaraine dye 3 (BSQ) (620 mg, 49%)& &=t}

3. BSQ NHS ester (4)2] g

3.1) 33HE 3 (50 mg, 0.069 mmol)& AA7}A FlojA
DMF (5 mL)e]l g-3figtct,

3.2) N-Hydroxysuccinimide (32 mg, 0.28 mmol)2}
N—(3—dimethylaminopropyl)—N—ethylcarbodiimide
hydrochloride (EDC, 75 mg, 0.4 mmol)E 7|5},
2ol 4] 12417 F< REgRitt,

3.3) Bk E3=S A stolA SuiE AATRL, Lo
A zrofE2 Azt zukE (o] CHCly
1009%9)14 5% MeOH in CHCL) & R4ttt 71 At
313E 4 (55 mg, 87%)S A=t}

4. BSQ-azide (1)2| &4

4.1) 3t= 4 (100 mg, 0.1 mmo)E AA7IA slofA]
DMF (5 mL)e]l g-3fgtct,

4.2) 3—Azido—1—propanamine (30 uL, 0.3 mmol)E 7}
SR, Aol Al 124171 B4 vkttt

4.3) ¥k SRS A shollAl SHE AlATRL, o
A g et A=vtEdd | (o]s4d: CHCly
100%°14 10% MeOH in CHCly)% AA|gc}, 1 4
7} 3}3HE 1 (86 mg, 89%)2 A=t}
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Representative Results

1. BSQ (3)2] &4

3AE BSQ (3)9] X2 ="H-NMR, "C—-NMR 9 2k &
A8 &3 stolat 2= Qlojt} (SHA 428 49%). 'H NMR (500
MHz, DMSO—ds, 8, ppm): 1.38 -1.43 (m, 4H), 1.51-1.56
(m, 4H), 1.73-1.76 (m, 4H), 1.92 (s, 12H), 2.18 (¢, 4H, J
=7.6Hz), 2.46 (¢, 4H, J=6.9 Hz), 5.84 (s, 2H), 7.42 (¢,
2H, J=17.6Hz), 7.59 (¢, 2H, J= 7.4 Hz), 7.66 (d, 2H, J
=84 Hz), 7.98 (d 4H, J=9.2 Hz), 8.2 (d, 2H, J= 8.4
Hz); BC NMR (125 MHz, DMSO—ds, 6, ppm): 24.7, 26.3,
26.7, 271, 34.0, 43.5, 51.0, 86.4, 111.8, 122.7, 1247,
127.9, 128.4, 130.3, 131.4, 133.6, 140.3, 170.8, 174.9,
177.8. HRMS (FAB): [M*] Caled. for Ci;HusNoOg (M*):
724.3512, found: 724.3514,

2. BSQ NHS ester (4)2] &4

3% BSQ NHS ester (4)9] -2 ="H-NMR, “C-NMR
o =3 BRIk 2 9l (4] 428 87%). 'H NMR (500
MHz, DMSO—ds, 5, ppm): 1.61-1.64 (m, 8H), 1.84-1.92
(m, 8H), 2.06 (s, 12H), 2.64 (¢, 4H, J=6.9 Hz), 2.85 (s,
8H), 5.98 (s, 2H), 7.29 (d, 2H, J= 9.2 Hz), 7.41 (¢, 2H,
J=69Hz), 7.56 (¢, 2H, J = 6.9 Hz), 7.86 (d 2H, J =
9.2 Hz), 7.89 (d, 2H, J=17.6 Hz), 8.18 (d, 2H, J= 8.4
Hz); ¥C NMR (125 MHz, DMSO—ds, &, ppm): 24.4, 25.7,
25.9, 26.7, 26,9, 30.7, 43.6, 51.3, 86.4, 110.2, 122.7,
124.4, 1274, 128.8, 128.9, 129.8, 131.3, 134.3, 139.6,
168.5, 169.3, 171.4, 178 4,

3. BSQ-azide (1)2| &4

3= BSQ-azide ()——] FZE=H-NMR, “C-NMR
2 AR BAS Tl 21T 4 ok (@ & 89%).
'H NMR (500 MHz, DMSO—dj, 6, ppm): 1.58-1.61 (m,
8H), 1.90-1.95 (m, 12H), 2.07 (s, 12H), 2.34 (¢, 4H, J
= 7.6 Hz), 3.43-3.46 (m, 8H), 5.97 (s, 2H), 7.29 (d,
2H, J=8.4Hz), 7.43 (t, 2H, J="17.5 Hz), 7.59 (¢, 2H,
J=6.9Hyz), 7.88 (d 2H, J=9.2Hz), 7.90 (d 2H, J=
7.6 Hz), 8.18 (d, 2H, J = 8.4 Hz): “C NMR (125 MHz,
DMSO—-dk, 8, ppm): 24.8, 25.6, 26.7, 29.3, 36.3, 37.2,
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38.8, 42,9, 49.7, 51,3, 85.9, 110.1, 122.5, 124.6, 127.6,
128.7, 129.9, 130.0, 131.4, 134.3, 139.4, 171.7, 173.3,
176.7. HRMS (FAB): [M'] Caled. for CsyHgNypOy (MY):
888.4799, found: 888.4796.

4. BSQ (3)2] &ay &Y
pH 7.49] PBS ¢5-8dof| 88l L= H o k4] 54
Z7431%c}. BSQ (3)2 665 nme} 680 nmol| A 2o &
2 v 5 9tH(Figure 1), PA Al3= BSQ (3)= agarose
phantomel] F=¢J3}o], 680 oA 800 nm2| of7] w7 1 ¢]
°fl41 10 nm 7FA 0.2 Z73191. 0.5 680-700 nm A4
WY =2 A3 A7IE YERdh
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Figure 1. Photophysical properties and multispectral PAI of BSQ (3).
Absorption (blue) and emission (red) spectra (excitation at 620 nm) of BSQ
in PBS (1 pM). Multispectral PA intensity (green) of BSQ in PBS at pH 7.4
loaded into the agarose phantom.
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