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HEEREL (ZEX) Development of next generation of photosensitizer for fluorescent
imaging and photodynamic therapy of cancer
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We have designed and synthesized a new class of rhodamine dyes with an extended m-conjugated system,
named 3°,3”’-bis(oxospiroisobenzofuran)-3,7-bis(diethylamino)benzopyrano-xanthene (ABPXO01) dye.
In this study, the investigations were carried out to reveal the relationships among the chemical species
of ABPXO01, the color, and the fluorescence emission in various solutions. ABPX01 had various forms:
the spirolactone form (ABPX01%), which is colorless; and the monocationic form (ABPX01H") and the
dicationic form (ABPX01H,*"), which are colored. ABPXO01H,*" was identified to be a red fluorescent
species. Detailed spectroscopic and electron microscopic investigations led to the assumption that the
ABPXO01H,*" formed ion associates with CI” as counter anions in HCI aqueous solution, and the nano-
and submicrometer-sized colloidal aggregates of ABPX01 hydrochloride exhibit fluorescence emission.
Good performance in fluorescent imaging demands large fluorescence quantum yields, and solubility in
hydrosoluble media of the markers. We design and synthesize new ABPX derivatives in which the
amino groups are incorporated into rigid six-membered rings. The relative fluorescence quantum yields
of ABPX101H,%", ABPX102H,*", and ABPX103H,>'were drastically increased relative to that of
ABPXO01H,?". All ABPX derivatives commonly exhibited the well-developed bimodal fluorescence
emission spectra over a wide range including red and NIR region. The intrinsic solubility of the ABPX
dyes is favorable for the photosensitizers of fluorescent imaging and photodynamic therapy.
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Fig. 1 Absorption spectra of 5 uM ABPXO0! in various
combinations of trifluoroacetic acid (TFA) and (a) THF, (b)
acetone, (c¢) methanol, or (d) chloroform. Top panels:
trans-ABPXO01 and bottom panels: cis-ABPXO01.
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Fig. 2 Proposed protolytic reactions of ABPX01. ABPXO01 is
expected to exist in solution in an ionic form: (a) the
dicationic form ABPXO01H,*"; (b) the
semispirolactone-opening monocationic form
semi-ABPXO01H"; (c) the zwitterionic form ABPX01%; (d) the
spirolactone form ABPXO01% (e) the zwitterionic form
ABPX01%; and (f) the spirolactone-opening monocationic
form ABPXO01H". Photographs of the respective chemical
species under (left) room light and (right) 365 nm irradiation
in (1) 1% TFA/ chloroform mixture (ABPX01H,*"), (11) 1%
TFA/THF mixture (semi-ABPX01H"), and (Il1) THF solution
(ABPX01°).
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Fig. 3 (a) Photographs of aggregates of trans-ABPXO01
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hydrochloride in 1 M HCI in diethyl ether/dichloromethane
under 365 nm irradiation. (b) Confocal laser scanning
microscopic images of the aggregates in powder form, (c)
Solid-fluorescence emission spectra of the aggregates in
powder form, obtained by excitation at 365 nm, and (d) SEM
images of the aggregates in powder form.
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Chart 1. Chemical structures of (a) ABPX01, (b) ABPX101,
(c) ABPX102 and (d) ABPX103.
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Cis-ABPX103 78 0.21 s 27~k L Kig 28 L7=
CENRHLMER ST, IO ORI RIX
trans-ABPX01, 101, 102, 103 [ZB W\ T [AlkE
Th o7, H#t->T ABPX101, 102, 103 D ¢q D
HARIL ke DWW D Z EMBALMNE R
VESEG T TR 3 il S Caoe B 7
IR ()R T D) NIaFEENTz. £
THOFEMRY BVCRSNE & KR, R
EMEE R L=, BV, ABPX ITA AN
A & L CHEHAREMEEm T D
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cis-ABPX01 598 622 128650 017 0.73 0.23 .1
trans-ABPX01 601 625 QESR0 0.16 072 022 1.17
cis-ABPX101 617 640 108167 0,50 217 0.23 0.23
617 644 113112 049 196 025 026

590 612 130298 0.70 243 0.29 0.2

592 617 13123 0.69 174 0.40 0.19

cis-ABPX103 611 635 116960 0.55 217 025 0.21
trans-ABPX103 612 637 109375 0.54 236 0.23 0.19

Table 1. Photophysical properties of ABPX derivatives in
2.5% TFA/chloroform mixtures solution.

"o are determined by using the reference standard dye of
rhodamine B (g = 0.73 in ethanol).
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