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(57) ABSTRACT

The present invention provides a water-soluble fluorescent
compound of resveratrone 6-O-p-glucoside [(E)-4-(8-hy-
droxy-6-(((2S,3R.,4S5,55,6R)-3,4,5-trihydroxy-6-(hy-
droxymethyl)tetrahydro-2H-pyran-2-yl)oxy)naphthalen-2-
yl)but-3-en-2-one| and its denivatives of Formula I which
have at least one water-soluble substituent, and a method for
preparing the same by a photochemical reaction of resvera-
trol 3-O-f3-glucoside and 1ts derivatives of having Formula
3 which are not fluorescent.

Said new water-soluble fluorescent compounds has single-
photon absorptive characteristics and/or two-photon absorp-
tive characteristics as well as no or little toxicity, and can be
usetully utilized in fields that requires water-soluble fluo-
rescent characteristics (diagnosis, tluorescent probe, 1n vivo

imaging, display, etc.).

7 Claims, 15 Drawing Sheets
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1

WATER-SOLUBLE FLUORESCENCEL
COMPOUND AND METHOD FOR
PREPARING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 14/344,574, filed Oct. 7, 2014, incor-

porated heremn by reference, which claims priority to 371
International application PCT/KR2012/007137, filed Sep. 3,
2012, which claims priority to KR 10-2012-00833776, filed
Jul. 30, 2012; which claims priority to KR 10-2011-
0093191, filed Sep. 16, 2011, which are incorporated herein

by reference.

TECHNICAL FIELD

The present invention relates to a water-soluble fluores-
cent compound, a method for preparing the same, and 1ts
use.

BACKGROUND ART

There are cases where light 1s emitted from a substance at
a low temperature at which the substance can not emit any
visible ray by thermal radiation. Such lighting phenomenon
1s referred to as luminescence. Luminescence means the
emission of light having a wavelength which correspond to
the energy diflerence when a substance 1s converted to a
stable state having low energy from an unstable state having
high energy. Thus, in order to make a substance emit such
light, 1t 1s necessary to make the substance to an unstable
excited state having high energy. Various sources of energy
such as light, chemical reactions, heat, electricity, cathode-
emitted electron or the like may be used. Said difference
sources ol energy produce different types of light emission
such as photo-, chemi-, thermo-, electro-, cathodo-lumine-
cence, or the like.

Luminescence can be classified as fluorescence and phos-
phorescence. Fluorescence refers to the phenomenon that a
substance emits light only when the substance 1s 1rradiated,
and phosphorescence refers to the phenomenon that a sub-
stance continuously emits a light even aiter the 1rradiation to
the substance 1s ended.

In this regard, a substance emitting fluorescence 1s
referred to as a fluorescent element or a fluorescent sub-
stance. Such fluorescent substance can be divided into a
single-photon absorption fluorescent substance which
absorbs only one photon under a strong laser to emit the
fluorescence and a multi-photon absorption fluorescent sub-
stance which absorbs a plurality of photons to emits the
fluorescence. The present invention relates to a new water-
soluble fluorescent compound simultaneously having a
single-photon absorption fluorescent feature as well as a
multi-photon absorption fluorescent feature, in particular,
2-photon absorption fluorescent feature.

In more particular, the present invention was completed

by finding a new water-soluble fluorescent compound of
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2
(E)-4-(8-hydroxy-6-(((2S,3R,45,5S,6R )-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)naphthalen-
2-yl)but-3-en-2-one (heremafiter, referred to as resveratrone
6-O-3-glucoside or resveratrone glucoside) having a high

single-photon absorptive efliciency and/or 2-photon absorp-

tive elliciency after a photochemical reaction of a conven-
tionally known glycosylated derivative of resveratrol, for
example, polydatin (heremafter, referred to as resveratrol
3-0O-p-glucoside or resveratrol glucoside) which 1s fre-
quently found 1n peanuts, grapes, berries and the like.

DISCLOSURE OF INVENTION

Technical Problem

The purpose of the present invention is to provide a new
water-soluble fluorescent compound with high efliciency
having single-photon absorptive characteristics and/or two-
photon absorptive characteristics.

Also, the purpose of the present invention 1s to provide a
method of preparing the above water-soluble fluorescent
compound.

In addition, the purpose of the present mvention 1s to
provide the use of the water-soluble fluorescent compound
having single-photon absorptive characteristics and/or two-
photon absorptive characteristics.

Solution to Problem

In order to achieve the above purpose, the present mven-
tion provides a new water-soluble fluorescent compound as
shown below and a method for preparing the same.

(1) A water-soluble fluorescent compound represented by
the following formula 1:

. [Formula 1]
|)J\
A g g

o ara

wherein, R" and R” are independently selected from the
group consisting of hydrogen atom; straight-chain or
branched C,-C, jalkyl; C,-C, , alkylcarbonyl; C,-C, cycloal-
kyl; C(-C,, aryl; and C.-C,, heteroaryl comprising at least
one heteroatom N, O and/or S: a residue of a water-soluble
natural compound such as glucosyl group; a residue of a
water-soluble polymer such as polyethyleneglycol and poly-
propylene glycol; or a residue of a water-soluble high
molecular organic compound, provided that at least one of
R' and R” represents a residue of a water-soluble natural

compound, a residue of a water-soluble polymer or a residue
ol a water-soluble high molecular organic compound.

(2) The water-soluble fluorescent compound represented
by the following formula 2:
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|Formula 2]
O

ORI |).|\

HO

OH

OH
OH

wherein, R' is the same as defined in claim 1.

(3) A method of preparing a water-soluble fluorescent
compound represented by the following Formula 1, charac-
terized 1n that it comprises a step of dissolving a compound
represented by Formula 3 or its cis-isomer and mixture
thereof 1n water or an organic solvent, and a step of
subjecting to an UV 1rradiation:

|Formula 1]
O
OR] | )J\ ;
‘ XX
220 / /
Formula 3]

N\ an |
/\__/ \\_%
o

wherein, R' and R® are independently selected from the
group consisting of hydrogen atom; straight-chain or
branched C,-C,, alkyl; C,-C,, alkylcarbonyl; C;-C,
cycloalkyl; C.-C,, aryl; and C.-C;, heteroaryl comprising at
least one heteroatom N, O and/or S; a residue of a water-
soluble natural compound such as glucosyl group; a residue
ol a water-soluble polymer such as polyethylene glycol and
polypropylene glycol; or a residue of a water-soluble high
molecular organic compound, provided that at least one of
R' and R” represents a residue of a water-soluble natural
compound, a residue of a water-soluble polymer or a residue
ol a water-soluble high molecular organic compound.

(4) An organic fluorescent element comprising the water-
soluble fluorescent compound of (1) above.

(3) A display element comprising the organic fluorescent
clement of (4) above.

(6) A spectrometer, a two-photon absorptive storing
device, a laser micro processing apparatus, or a photo
dynamic therapy apparatus, comprising the organic tluores-
cent element of (4) above.

Advantageous Effects of Invention

The water-soluble organic fluorescent compound accord-
ing to the present mvention can be prepared 1n high eth-
ciency and high yield by a simple method.
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The new water-soluble organic fluorescent compound of
the present invention has excellent fluorescent characteris-
tics single-photon absorptive characteristics and two-photon
absorptive characteristics) as well as no or little toxicity
according to a cytotoxity test, and thus can be used as a
material of sunblock or fluorescent material by itself. In
particular, 1t can be particularly used advantageously in
fields requiring water-soluble fluorescent characteristics (di-
agnosis, fluorescent probe, 1n vivo imaging, display, etc.).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a graph showing emission spectra of non-
fluorescent resveratrol and the {fluorescent resveratron
obtained 1n the Reference Example of the present invention
(wherein the highly fluorescent species 1s denoted by X).

FIG. 2 1s a graph showing a single-photon emission
spectrum (left) and a two-photon emission spectrum (right)
of the fluorescent resveratron.

FIG. 3 1s graph showing a change of single-photon
emission spectra of the fluorescent resveratron.

FIG. 4 1s a photograph showing two-photon emission of
the fluorescent resveratron.

FIG. § 1s a HPLC graph for the reaction products obtained
alter different durations of exposure to UV 1rradiation
(wherein the highly fluorescent species 1s denoted by X).

FIG. 6 1s a graph showing the comparison of the intensity
versus wavelength of the fluorescent resveratron which have
been produced 1n the presence of ascorbic acid and in the
absence of ascorbic acid, respectively.

FIG. 7 1s a graph showing the comparison of the intensity
versus wavelength of the fluorescent resveratron which have
been produced under N, atmosphere (N, purging) and not,
respectively.

FIG. 8 1s a graph showing an excitation spectrum of the
reactant compound and an emission spectrum of the fluo-
rescent compound obtained 1n Reference Example 10.

FIG. 9 1s a graph showing an excitation spectrum of the
reactant compound and an emission spectrum of the fluo-
rescent compound obtained 1in Reference Example 11.

FIG. 10 1s a graph showing an excitation spectrum of the
reactant compound and an emission spectrum of the fluo-
rescent compound obtained 1n Reference Example 12.

FIG. 11 1s a graph showing an excitation spectrum of the
reactant compound and an emission spectrum of the fluo-
rescent compound obtained 1n Reference Example 13.

FIG. 12 1s a graph showing an excitation spectrum of the
reactant compound and an emission spectrum of the fluo-
rescent compound (Resveratrone glycoside) obtained in
Example 1.

FIG. 13 1s the photo 1mages showing the result of Cyto-
morphology Test for a blank test (Control), a fluorescent
compound of the present invention (Resveratrone glycoside)
and a comparative compound (a commercial anticancer
agent, Etoposide).

FIG. 14 1s a graph showing the result of Blue Exclusion
Test for a blank test (Control), a fluorescent compound of the
present mvention (Resveratrone glycoside) and a compara-
tive compound (Etoposide).

FIG. 15 15 a graph showing the result of Western Blotting
Test for a blank test (Control), a fluorescent compound of the
present mvention (Resveratrone glycoside) and a compara-
tive compound (Etoposide).

(Ll

BEST MODE FOR CARRYING OUT TH.
INVENTION

Hereinaftter, the constitution and effect of the present will

be explained in more detail.
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The present invention provides a water-soluble fluores-
cent compound represented by the following formula 1:

[Formula 1]
0
l)J\
X
2207 F

wherein, R' and R* are independently selected from the
group consisting of hydrogen atom; straight-chain or
branched C,-C,, alkyl; C,-C,, alkylcarbonyl; C;-C,
cycloalkyl; C.-C,, aryl; and C;-C;, heteroaryl comprising
N, O and/or S as at least one heteroatom; a residue of a
water-soluble natural compound such as glucosyl group; a
residue of a water-soluble polymer such as polyethylenegly-
col and polypropylene glycol; or a residue of a water-soluble
high molecular organic compound, provided that at least one
of R' and R” represents a residue of a water-soluble natural
compound, a residue of a water-soluble polymer or a residue
ol a water-soluble high molecular organic compound.

In particular, the present invention provides a water-
soluble fluorescent compound represented by the following
formula 2:

|Formula 2]
O

|)k
PN
HO ‘

R
AN N

[wherein, R' is the same as defined in claim 1.]

Also, the present invention provides a method of prepar-
ing a water-soluble fluorescent compound represented by the
above formula 1.

In particular, the present invention provides a method of
preparing a water-soluble tluorescent compound represented
by the following Formula 1, characterized in that 1t com-

prises a step of dissolving a compound represented by
Formula 3 1n water or an organic solvent, and a step of
subjecting to an UV 1rradiation:

|[Formula 1]

O

k.

/
\

\
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-continued
|Formula 3]
R1O

/ \_/

OH

R20

[wherein, R' and R* are independently selected from the
group consisting of hydrogen atom; straight-chain or

branched C,-C,, alkyl; C,-C,, alkylcarbonyl; C;-C,
cycloalkyl; C.-C,, aryl; and C.-C,, heteroaryl comprising at
least one heteroatom N, O and/or S; a residue of a water-
soluble natural compound such as glucosyl group; a residue
ol a water-soluble polymer such as polyethyleneglycol and
polypropylene glycol; or a residue of a water-soluble high
molecular organic compound, provided that at least one of
R' and R” represents a residue of a water-soluble natural
compound, a residue of a water-soluble polymer or a residue
ol a water-soluble high molecular organic compound.]

With regard to the present invention, at least one of R* and
R* must be a water-soluble substituent selected from the
group consisting of a residue of a water-soluble natural
compound, a residue of a water-soluble polymer or a residue
of a water-soluble high molecular organic compound.
Examples of water-soluble natural compound that can be
used as water-soluble substituent may 1nclude a monosac-
charide, a disaccharide or oligomer thereof such as glucose,
fructose, galactose, dextran, a water-soluble cellulose
derivative or the like, an amino acid or oligomer thereot, a
water-soluble vitamin, etc. As a water-soluble polymer or a
water-soluble high molecular substance which can be used
as a water-soluble substituent, various substances are known
and a mention can be made, for example, polyethylene
glycol, polypropvlene glycol, polyvinyl alcohol (PVA),
crospovidone (1-Ethenyl-2-Pyrrolidinone homopolymer),
polyvinylpyrrolidone (PVP), PVP-PVA or the like. As a
water-soluble organic high molecular compound that can be
used as water-soluble substituent can be exemplified by
polyol.

In the present invention, the water-soluble substituent 1s
not limited to the substances as mentioned above, and
turther, 1t 1s possible to use any substances which are bonded
to a resveratrol derivative before photoreaction or a resvera-
tron dertvative after photoreaction to make the entire com-
pound water-soluble.

In particular, the present invention provides a method of
preparing a water-soluble fluorescent compound represented
by the following formula 2 characterized by comprising the
step of dissolving polydatin denivative represented by the
following formula 4 in water or an organic solvent and the
step of subjecting to UV 1rradiation.

|Formula 2]
O
OR] | )J\ :
AN
HO
~
N
O
O
OH
OH
OH
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-continued
|Formula 4]

\/ / <\_%

RIO

wherein, R' is the same as defined above.

According to one embodiment of the preparation method
according to the present invention, the compound of formula
3 above can be used 1n the form of trans-isomer, cis-isomer
or a mixture thereof.

In the glycosylated resveratrol of Formula 2 above, res-
veratrol. 3-O-beta-glucoside (hereinafter, referred to as
polydatin) represented by the following formula 5 was first
discovered from a medical plant of Polygonum cuspidatum
Sieb, et Zucc, 1n 1960 s, and thereafter discovered 1n
Sakhalin spruce, grapes, peanuts, and other plants. However,
after 1970s, various pharmacological eflect and efliciency
are well known by pharmacological researches of the com-
pound of formula 1, and thus many researches have been
conducted.

Thus, according to a preferable embodiment of the pres-
ent ivention, a method of preparing a water-soluble fluo-
rescent compound represented by the following formula 6
characterized by comprising the step of dissolving polydatin
represented by the following formula 5 in water or an
organic solvent and a step of subjecting to UV irradiation, 1s
provided.

Formula 5]
. /_ OH
e avs
HO\ -
Formula 6]

O

’ |)k

5
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8

With regard to the present invention, since the glycosy-
lated resveratrol derivatives of formula 3, in particular the
polydatin of formula 5, 1s a substance existing 1n nature, 1t
1s known that i1t has no or little toxicity as well as 1ts

photochemical reaction products of formula 4 or formula 6

are expected to have no or little toxicity.

The prionty application (Korean Patent Application No.
10-2011-0093191; filed on Sep. 16, 2011) of the present
invention discloses a method for preparing (E)-4-(6,8-dihy-

droxynaphthalen-2-yl)bu-3-en-2-one (referred to as resvera-

trone) by photochemical reaction under UV ray from trans

and/or cis-resveratrol according to reaction 1 below.

|Reaction Formula 1]

OH
‘)\
s .
\Y
—_—
B
Ho” NF on
trans-Resveratrol
(non-fluorescence)
X
hv
HO —_—
HO OH
cis-Resveratrol
(non-fluorescence)
(E)-4-(6,8-Dihydroxynaphthalen-
2-yl)but-2-en-one
(fluorescence)

Also, the above Reaction formula 1 can be schematized as

follows:
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|Reaction formula 2|

OH
4."
Y photo-
induced
P cis- z /\ /)\ 4e-
isomerization ) k ‘ pericyclic ( cyclization
hv ring-closing hv
i\
P i ‘ - \/\OH g \/\OH -
\ o /\/\OH
Ho o 3 /5 OH
\ tautomerization ) t (' k
‘ | | ‘| = = ‘ — -
‘ \OH ‘) Lo
f—\
HO Z ™ on O Z Non
tautomeri- =~
‘ “ zation ‘ ‘ I —_—
O
HO O
tautomeri-
zation

As to the organic solvent which can be used 1n the above
Reaction Formula 1 and 2, it 1s possible to mention protic
solvents such as ethanol, methanol, n-propanol, 1sopropanol,

n-butanol, DMSO (dimethyl sulfoxide), EA (ethyl ester),
THF (tetrahydrofuran) and the like, which can be used alone
or as a mixture thereof. Ethanol, methanol, n-propanol,
1so-propanol, n-butanol or DMSO are preferable, and
DMSO 1s most preferable.

In some cases, mn order to improve the vyield of the
product, the reaction mixture can additionally include an
antioxidant such as, for example, ascorbic acid, polyphenol,
glutathione, N-acetylcystein, alpha-tocopherol, butylated
hydroxyanisole (BHA), catechin, quercetin, uric acid, bili-
rubin, glucose, flavonoid, or the like, which can be added
alone or as mixture thereot, after dispersing or dissolving
trans-resveratrol or cis-resveratrol 1n water or an organic
solvent, and before subjecting to an UV 1rradiation. Among
them, ascorbic acid or polyphenol 1s preferable.

Also, 1n some cases, 1n order to improve the yield of the
product, 1t may be preferable to conduct the reaction under
N, atmosphere or N, purging.

The reaction temperature at the photochemical reaction
can be selected from -10~100° C., particularly 0 and 60° C.,
preferably between 10 and 40° C., and more preferably
between 20 and 30° C. The wavelength of UV ray to be
irradiated can be selected from 100~500 nm, preferably

200~400 nm, and more preferably 250~350 nm. The irra-

diation time can be selected from 5 sec~60 min, particularly
10 sec~40 min, preferably 15 sec~30 min, and more pret-
erably 20 sec~25 min. In addition, the reaction temperature,
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UV wavelength and irradiation time 1s not strictly limited to
the above ranges and can be easily modified according to the

purpose.
Meanwhile, prior art (PCT/EP01/06103) discloses using

polydatin of formula 5 above as sunblock. However, the
present inventors confirmed that any photochemaical reaction

product could not be found even after irradiation of poly-
datin with natural light for a long period of time

According to the present invention, the resveratrol moiety
included 1n the non-tflorescent glycosylated resveratrol of
Formula 3 above goes through a photochemical reaction
under ultra violet rays and thus converts mnto a fluorescent
glycosylated resveratrone of formula 1 via the a reaction so
scheme substantially the same as Reaction Formulae 1 and
2 above. During the photochemical reaction, the glycoside
part 1s maintained i1n the reaction product to allow the
reaction product to be water-soluble.

The fluorescent compound of the present imvention pre-
pared by the above method has high efliciency single-photon
absorptive characteristics and/or two-photon absorptive
characteristics (see FIGS. 2-4). Thus, the fluorescent com-
pound of the present invention can be utilized 1n an organic
fluorescent element including a fluorescent compound as
well as 1n a display element including an organic fluorescent
clements. The display element can be a plasma display
panel, a cathode-ray tube (CRT), a lamp, or the like.

The water-soluble fluorescent compound obtained in the
present invention 1s a new organic compound which has
excellent fluorescent characteristics (i.e., single-photon
absorptive characteristics and two-photon absorptive char-
acteristics), 1s water-soluble, and has no or little toxicity.
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Thus, the water-soluble fluorescent compound of the present
invention can be utilized as sunblock or a raw material of
fluorescent material by 1itself, and can be utilized 1n the field
ol cosmetics, imaging researches, organic fluorescent ele-
ments, display elements, spectrometers, two-photon absorp-
tive storing devices, laser micro processing apparatus, photo
dynamic therapy apparatus or the like.

In particular, the water-soluble fluorescent compound of
the present 1invention 1s expected to be usefully utilized in
the fields n which a water-soluble fluorescent substance
with no or little toxicity 1s required, for example, 1n the field
ol cosmetics, diagnosis, tluorescent probe, a vivo 1maging,
display and the like.

Hereinafter, the present invention 1s explained in more
detail with reference to the examples. However, the follow-
ing examples are merely to exemplily the present invention
and the present invention 1s not limited to the following
examples and various corrections and modifications can be
made.

MODE FOR THE INVENTION

In General

'H NMR and "°C NMR spectra are recorded on Bruker
Avance 600 (Bruker Biospin, Germany) and Varian Inova-
500 (Varian Assoc., Palo Alto, USA), wheremn data are
reported 1n the following order: chemical shift (6) mn ppm;
multiplicities are indicated as bs (broadened singlet), s
(singlet), d (doublet), m (multiplet), dd (doublet of doubled);
coupling constants (J) are in Hertz (Hz).

Identification of the desired fluorescent compound 1s
confirmed by high-resolution mass spectrometry (HRMS;
LTQ orbitrab). HRMS analysis 1s conducted using a High-
Resolution liquid Chromatography/Tandem Mass Analysis
equipment located at the National Instrumentation Center
for Environmental Management of Seoul National Univer-
S1ty.

UV absorption of the final fluorescent compound 1s deter-
mined by using a UV-VISIBLE spectrophotometer (Perkin
Elmer, USA). Maximum values of excitation and emission
are determined by using a fluorescent spectrophotometer
(PTI, USA).

The absolute quantum yield 1s determined by using an
absolute PL quantum yield measurement system (QE-1000,
Otsuka Electronics, Japan). The relative quantum yield 1s
determined by measuring the absorbance and emission
intensity for each five concentrations for one solvent, deter-
mimng the slope of said measured values, and comparing the
slope with that of rhodamin 6G (the quantum vyield of
rhodamin 6G 1n ethanol 1s 0.95).

trans-Resveratrol and trans-pterostilbene are commer-
cially available (from sigma-Aldlich and TCI, respectively).
Other solvents and organic samples are purchased in the
market and used without any additional purification unless
there 1s any other description. Distilled water 1s completed
by 10n exchange and filtration.

Preparation of the Fluorescent Compound of the
Present Invention

Reference Example 1

Preparation of (E)-4-(6,8-dihydroxynaphthalen-2-yl)
but-3-en-2-one

A solution of trans-resveratrone (R35010, sigma-Aldlich;
125 uM) 1 300 mL of methanol 1s subjected to a UV
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irradiation at 295 K for 90 seconds by using a UV lamp
(Amax=3035 nm) of 6-watt to give the titled compound of the
following Formula 7.

|Formula 7]

OH

HO

'"H NMR (600 MHz, MeOD) §: 8.21 (s, 1H), 7.69 (d,
J=16.2 Hz, 1H), 7.56 (dd, J=8.7, 1.1 Hz, 1H), 7.50 (d, J=8.7
Hz, 1H), 6.71 (d, J=16.2 Hz, 1H), 6.63 (d, J=1.7 Hz, 1H),
6.50 (d, J=1.9 Hz, 1H), 2.35 (s, 3H); "°C NMR (125 MHz,
MeOD) 201.6, 159.1, 1569, 147.1. 138.6, 128.9, 127.8,
127.1, 125.5, 125.1, 121.2, 102.1, 27.1; HRMS (ESI): m/z
calcd for C, H,,0, [M]™ 227.0714, found 227.0742.

EXAMPLES 2-6

Except for conducting the photochemical reaction in the
presence ol an organic solvent such as ethanol (Reference
Example 2), n-propanol (Reference Example 3), 1so-propa-
nol (Reference Example 4), n- butanol (Reference Example
5) or DMSO (Reference Example 6), respectively, the
fluorescent compound 1s obtained from trans-resveratrol 1n
the same manner as Reference Example 1. Quantum vields

of each organic solvent are shown 1n Table 1.

TABLE 1
Relative  Absolute
Excitation Emission quantum quantum
Solvent (nm) (nm) yield yield
Reference Methanol 390 547 0.035 0.058
Example 1
Reference Fthanol 390 540 0.103 0.145
Example 2
Reference n-Propanol 390 5334 0.155 0.212
Example 3
Reference 1s0-Propanol 390 525 0.247 0.311
Example 4
Reference n-Butanol 390 5336 0.200 0.254
Example 5
Reference DMSO 390 497 0.523 0.439
Example 6

Reference Example 7

Except for using trans-pterostilbene as the reactant com-
pound, the fluorescent compound 1s obtained from trans-
resveratrol 1n the same manner as Reference Example 1.

The emission spectra of the obtained compound 1s shown
in FIG. 3, wherein the time of O min, 2 min and 4 min means
the UV 1rradiation, thus the spectrum at O min 1s for the
reactant (trans-pterostilbene). As can be seen n FIG. 3, 1t
can be confirmed that the final compound prepared from a
non-tluorescent compound of trans-pterostilbene 1s a fluo-
rescent compound.

Reference Example 8

Except for additionally adding ascorbic acid (350 uM, 40
ul) to a solution (125 uM) of trans-resveratrone (R5010,
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sigma-Aldlich; 8.559 mg) 1n 300 mL of methanol before
subjecting to an UV 1rradiation, the fluorescent compound 1s
obtained from trans-resveratrol in the same manner as
Retference Example 1.

FIG. 6 shows each graph of intensity versus wavelength

of the final product obtained with adding ascorbic acid and
the final product obtained without adding ascorbic acid. As
can be seen 1n FIG. 6, it can be understood that the intensity
of the final product obtained with adding ascorbic acid is

higher than that obtained without adding ascorbic acid.

Reference Example 9

Except for conducting the photochemical reaction under
N, atmosphere or with N, purging, the fluorescent com-
pound 1s obtained frosts trans-resveratrol in the same man-

ner as Reference Example 1.
FIG. 7 shows each graph of intensity versus wavelength

of the final product obtained with conducting under N,
atmosphere and the final product obtained without conduct-
ing under N, atmosphere. As can be seen 1n FIG. 7, 1t can be

understood that the intensity of the final product obtained

with conducting under N, atmosphere 1s higher than that
obtained without conducting under N, atmosphere.

Reference Example 10

Preparation of (7)-4-(6,8-dihydroxynaphthalen-2-
y1)-4-hydroxybut-3-en-2-one

A solution of oxyresveratrol (9.139 mg) [O0373, SejinClI
Company; 2,3'.4,5"-Tetrahydroxy-trans-stilbene]| 1n 300 mL
of methanol 1s subjected to a UV 1rradiation at 295 K for 2
minutes by using a UV lamp (0max=305 nm) ol 6-watt to
give the titled compound represented by following Formula

9. The excitation spectrum of the reactant compound and the

emission spectrum of the final fluorescent compound are
shown 1n FIG. 8.

|Formula 9]

HO

(£.)-4-(6,8-dihydroxynaphthalen-2-yl)-
4-hydroxybut-3-en-2-one

Reterence Example 11

Preparation of (E)-4-(35,7-dimethoxynaphthalen-3-
yl)but-3-en-2-one

A solution of pterostilbene (9.611 mg) [P1928, SejinClI
trans-1-(3,5-Dimethoxyphenyl)-2-(4-hydroxy-

Company;
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phenyl)ethylene] 1n 300 mL of methanol 1s subjected to a
UV 1rradiation at 295 K for 5 minutes 30 seconds by using
a UV lamp (Amax=305 nm) of 6-watt to give the titled
compound represented by following Formula 10. The exci-
tation spectrum of the reactant compound and the emission

spectrum of the final fluorescent compound are shown 1n
FIG. 9.

|Formula 10]
O

OCH., | )J\

H,CO

Reference Example 12

Preparation of (E)-4-(6,8-dihydroxynaphthalen-2-yl)

methoxybut-3-en-2-one

A solution of 1sorhapontigenin (9.685 mg) [I0804,
SejinCl Company; 3,4',5-Trihydroxy-3'-methoxy-trans-stil-

bene] 1n 300 mL of methanol 1s subjected to a UV 1rradiation

at 295 K for 7 minutes by using a UV lamp (Amax=305 nm)
of 6-watt to give the titled compound represented by fol-
lowing Formula 11. The excitation spectrum of the reactant

compound and the emission spectrum of the final fluorescent

compound are shown in FIG. 10.

|Formula 11]
O

OH |

HO

Reference Example 13

Preparation of (E)-4-(8-hydroxy-6-methoxynaphtha-
len-2-yl)but-3-en-2-one

A solution of pinostilbene hydrate (9.085 mg) (SMLO09S,
sigma-Aldlich; 3,4'-Dihydroxy-5-methoxy-trans-stilbene) 1n
300 mL of methanol 1s subjected to a UV 1rradiation at 295
K for 4 minutes 30 seconds by using a UV lamp (Amax=305

nm) of 6-watt to give the titled compound represented by
following Formula 12. The excitation spectrum of the reac-
tant compound and the emission spectrum of the final
fluorescent compound are shown 1n FIG. 11.
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compound and the emission spectrum of the final fluorescent

10
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Preparation of (E)-4-(8-hydroxy-6-(((2S,3R,48S,55,

6R)-3,4,5-trihydroxy-6-(hyc

2H-pyran-2-yl)oxy)naphtha

roxymet.

en-2-yl)

1y ])tetrahydro-
out-3-en-2-one
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A solution of polydatin (14.64 mg) (15721, sigma-Ald-
lich) in 300 mL of methanol 1s subjected to a UV 1rradiation

at 295 K for 20 minutes by using a UV lamp (Amax=303 nm)
of 6-watt to give the titled compound represented by fol-
lowing Formula 6. The excitation spectrum of the reactant

HO

HO

HO

)

<\
)

)

ECZ N

compound are shown 1n FIG. 12.

[Formula 6]
O
. |)J\
XX
yars
Example 2

A resveratrol derivative of the following formula haying

a polyethyleneglycol succinate residue as a water-soluble
25 substituent 1s prepared and subjected to a UV 1rradiation to

give a water soluble fluorescent compound.

<\
)

-

OH

0
/O\N\ O/\/GO\/a\O/
O

50

~

OH

Me(Q-PEGO-SuccOH

Example 3

A resveratrol derivative of the following formula having

an oligoether dendrimer residue as a water-soluble substitu-
55 ent 1s prepared and subjected to a UV 1rradiation to give a

water soluble fluorescent compound.

OH

OH
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Test Examples

oligoether dendrimer

Cytotoxicity Test

In the presence of a test compound or a comparative
compound, a cell line 1s cultured for a certain period of time
(about 72 hours) and then a cytotoxicity test 1s conducted. As
a control group, a blank test 1s conducted in the same manner
as above without adding any compound including the test
compound and the comparative compound.

Test Example 1

Cytomorphology Test

A breast epithelial cell line cultured 1n the presence of a
test compound (Resveratrone glucoside, the water-soluble
fluorescent compound obtained 1n Example 1) and a com-
parative compound (Ftoposide, a commercial anticancer
agent), respectively, and a microscopic examination 1S con-
ducted to evaluate the cytomorphology and number change
of the cultured cell.

FIG. 13 shows each microscopic photo image of the
resulting breast epithelial cells after cultured in a blank test
(control group, leit) and 1n the presence of the test fluores-
cent compound (Resveratrone glucoside, center) or the com-
parative compound(Etoposide, right), respectively. In FIG.
13, 1t can be confirmed that the comparative compound
(Etoposide) results to a remarkable reduction 1n the number
of cells in comparison with the control group, while the test
compound (Resveratrone glucoside) has no significant dii-
ference from the control group.

Therefore, it can be understood from FIG. 13 that the test
compound (Resveratrone glucoside) of the present invention
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has no or little cell toxicity and very high stability in
comparison with the commercial anticancer agent (Etopo-

side).

Test Example 2
Trypan Blue Exclusion Test

To the each resulting breast epithelial cell cultured and
microscopically examined 1n Test Example 1, a trypan blue
test solution which does not dye cells alive 1s added and the
number of cells alive 1s counted to evaluate the cell toxicity
of the test compound and the comparative compound by
comparing with the control group.

FIG. 14 1s a graph showing the result of Blue Exclusion
Test for the control group (blank), the test compound (Res-
veratrone glucoside) and the comparative compound (etopo-
side), respectively. In FIG. 14, the test compound (lett side)
results to a number of cells similar to that of the control
group 1n both test concentrations (1 uM and 10 uM), while
the comparative compound (right side) results to a remark-
ably reduced number of cells 1n both test concentrations (1
uM and 10 uM).

Therefore, 1t can be understood from FIG. 14 that the test
compound (Resveratrone glucoside) of the present invention

has no or little cell toxicity and a very high stability in
comparison with the commercial anticancer agent (Etopo-

side).

Test Example 3
Western Blotting Test

A breast epithelial cell line 1s cultured 1mn a blank test
(control group) and in the presence of a test compound
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(Resveratrone glucoside), respectively, and an osteosarcoma
cell line (U20S) 1s cultured 1n the presence of a comparative
compound (Etoposide).

After a certain period of time, the degree of cell extinction

1s evaluated by examining the degree of expression of
extinction and damage of a specific factor by using Western
Blotting Test and the result 1s shown 1 FIG. 15.

In FIG. 15, the blank test (left side, Control group,

concentration of 0 uM) and the test compound (center side,

Resveratrone glucoside, three concentrations of 1, 10 and
100 uM) show only a peak at 45 kDa position and no peak
at 17 kDa, 19 kDa and 89 kDa positions which result from
cell extinction and damage. Therefore, 1t can be understood
that the test compound does not give any sigmificant level of
cell extinction and damage.

Further, the comparative compound (right side. Etopo-
side, concentration of 10 uM) shows a significantly remark-

able peak at 17 kDa, 19 kDa and 89 kDa positions which
result from cell extinction and damage, by which 1t can be

understood that a lot of cells are extinguished and/or dam-
aged.

As aresult, 1t can be understood from FIG. 14 that the test
compound (Resveratrone glucoside) of the present invention
has no or little cell toxicity.

The terms used 1n FIG. 14 have the following meanings:

Caspase-3: one of proteins found when cells die

PARP: one of proteins found when cells die

Actin: a procedure for confirming whether the current

Western Blotting System 1s normally operating (control
group)

Osteosarcoma cells (U20S): one of cancer cell lines

Etoposide: one of commercial anticancer agents

In the result using osteosarcoma cells (U20S) 1n the
presence of a comparative compound (etoposide), the

expression of the above specific proteins means that the
Western Blotting System 1s normally operating.

INDUSTRIAL APPLICABILITY

The new water-soluble fluorescent compound of the pres-
ent invention can be usefully utilized 1n the field of organic
fluorescent element, display element, spectrometer, two-
photon absorptive storing device, laser micro processing
apparatus, photo dynamic therapy apparatus and the like.

What 1s claimed 1s:

1. A display element comprising a fluorescent compound
represented by the following Formula 1:

|[Formula 1]

O

OR! |)-k
AN
N
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wherein, R' and R” are independently selected from the
group consisting of a hydrogen atom; straight-chain or

branched C1-C10 alkyl; C1-C10 alkylcarbonyl; C3-C6
cycloalkyl; C6-C30 aryl; and C5-C30 heteroaryl com-
prising;:

at least one heteroatom N, O or S;

a residue of a water-soluble natural compound;

a residue of a water-soluble polymer; or

a residue of a water-soluble high molecular organic com-
pound, provided that at least one of R' and R” repre-
sents a residue of a water-soluble natural compound, a

residue of a water-soluble polymer or a residue of a
water-soluble high molecular organic compound, said

water-soluble natural compound, water-soluble poly-
mer or water-soluble high molecular organic compound
selected from a group consisting ol monosaccharide,
disaccharide, oligosaccharide, a water-soluble vitamin,
polyethylene glycol, polypropylene glycol, PVA,
crospovidone, PVP, and PVP-PVA.

2. A spectrometer, a two-photon absorptive storing device,
a laser micro processing apparatus, or a photo dynamic
therapy apparatus, comprising a fluorescent compound rep-
resented by the following Formula 1:

N [Formula 1]
|)J\
A g g

2207 yar

wherein, R" and R” are independently selected from the
group consisting of a hydrogen atom; straight-chain or

branched C1-C10 alkyl; C1-C10 alkylcarbonyl; C3-C6
cycloalkyl; C6-C30 aryl; and C5-C30 heteroaryl com-
prising:

at least one heteroatom N, O or S;

a residue of a water-soluble natural compound;

a residue ol a water-soluble polymer; or

a residue ol a water-soluble high molecular organic com-
pound, provided that at least one of R' and R* repre-
sents a residue of a water-soluble natural compound, a

residue of a water-soluble polymer or a residue of a
water-soluble high molecular organic compound, said

water-soluble natural compound, water-soluble poly-
mer or water-soluble high molecular organic compound
selected from a group consisting ol monosaccharide,
disacchanide, oligosaccharide, a water-soluble vitamin,
polyethylene glycol, polypropylene glycol, PVA,

crospovidone, PVP, and PVP-PVA.

3. A fluorescent compound comprising a compound rep-

resented by the following Formula 1:
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[Formula 1]
0,

ORI |)I\J

Y
N

wherein R’ is selected from the group comsisting of a
hvdrogen atom, straight-chain ov branched CI-CIl0
alkvl; CI-CI10 alkylcarbonyl; C3-C6 cycloalkyl;
C6-C30 aryl; and C5-C30 heteroary! including at least

one heteroatom N, O or S;

wherein R° is a residue of a water-soluble natural com-
pound or a vesidue of a water-soluble high molecular

organic compound,

wherein said rvesidue of a water-soluble natural com-
pound is a substituent selected from the group consist-
ing of a monosaccharide, and a disaccharide or oli-

gomer thereof,; and

wherein said residue of a water-soluble high molecular
organic compound is a substituent selected from the
group consisting of polvethyvlene glycol, polypropyviene
glycol, polyvinyl alcohol, crospovidone, polyvinyipyr-
rolidone, and PVP-PVA.

4. The fluovescent compound according to claim 3,
wherein the fluovescent compound includes the fluovescent

compound represented by the following Formula 2.

[Formula 2]
9

N

Rf
P
ZN\F

~NF

wherein R’ is selected from the group comsisting of a

hvdrogen atom, straight-chain ov branched CI-CIl0

CI-Cl10 alkylcarbonyl;, C3-C6 cycloalkyl;

alkyl;

C6-C30 aryl; and C5-C30 heteroary! including at least

one heteroatom N, O or S.
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5. The fluovescent compound according to claim 3,
wherein the fluorescent compound includes the fluorves-
cent compound represented by Formula 6:

[Formula 6]
O
OH | )J\
v X
HO
™~
- N
O
OH
OH
OH

6. A fluovescent compound comprising a compound rep-
resented by the following Formula 9, or Formula 12:

[Formula 9]
9
OH ‘)J\ or
on
HO
[Formula 12]
O
OH |)‘\
IH20
H;CO

7. A fluorescent compound comprising a compound vep-
resented by the following Formula 13:

[Formula 13]
HO

AN

HO

HO/\/

[
PN
AN

¢
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