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Xanthene-based dyes such as fluorescein and rhodamine are widely used as chromogenic and/or fluorescent probes
owing to their high molar-coefficient, high quantum yields, low-energy excitation and emission wavelength, and
biocompatibility. Herein we have summarized the syntheses and application of xanthene dyes for analytical chemistry.
Firstly, a highly spectrophotometric method for the determination of aluminum was developed. This method
used the color reaction between m-carboxyphenylfluorone (MCPF) as a chromogenic probe and aluminum in the
presence of surfactant, Poly(N-vinylpyrrolidone) (PVP, K-90). The proposed method showed excellent sensitivity
(molar absorptibity of 1.70x10° L mol' cm™) and reproducibility (RSD = 0.35%, n=6 ). Linearity was over the range
3-140 pg L' with a correlation coefficient of 0.999, and the effects of foreign substances were low. Then a novel
spectrophotometric method was established for the determination of quinine and its related drugs based on ternary
complex formation among o-sulfophenylfluorone, copper (II) and quinine. In the determination of quinine, Beer’s
low is applied for the range of 0.2~3.2 ng. The effective molar absorptivity at 590 nm and the relative standard
deviation were 2.0 x 10° L mol! cm™ and 2.0% (n=6), respectively. The method was successfully applied to assays of
quinine and its related drugs in pharmaceutical preparations. In addition, it was suggested that the ternary complex
showed thermochromism. Finally, we have demonstrated the synthesis of regioisomerically pure unsymmetrical
xanthene derivatives consisting of three units can be independently modified to control their physical properties. The
photochemical properties of the synthetic unsymmetrical xanthene derivatives were investigated in solution by UV-
vis absorption and fluorescence measurements, and their cell imaging properties were examined by confocal laser-
scanning microscopy. Further efforts are ongoing to explore probes for chemical biology. From these findings, we
propose that xanthene dyes are useful for tools to develop the analytical chemistry..

Key words——Xanthene-based dyes (Xant); spectrophotometry; aluminum; quinine; regioisomerically pure

unsymmetrical Xant; Rhodol; fluorescence imaging.
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Fig. 1 Structure of 3H-xanthene.
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Scheme 1 Synthesis of phenylfluorone derivatives.
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Table 1 Comparison of sensitivities based several methods for aluminum.

Methods of determination for aluminum

apparent molar absorptivity

¢( Lmol' em? )

this method
8-hydroxyquinoline method
chrome Azurol S method
DHAB method
methylthymol blue method

extractive xylene method

1.7x10°
7.3x10°
1.1x10°
3.7x10*
1.9x10*
1.7x10°

Table 2 Assay of aluminum(Ill) preparation and recovery tests in pharmaceutical and

biological sample.

Amounts of AI(Ill), mg Recovery" RSD?
Sample Nominal ~ Proposed (%) (%)
Aspirin Aluminum

45.0 44.4 98.7 2.1

(Tablet)
Human urine” -9 # 104.6 2.3
Bovine serum” —3 —3 101.9 1.9
Tap water” —3 —3 97.2 1.6

1) for 50 ug L™ Al (I). 2) RSD: Relative standard deviation (n=6). 3) undetermined.
4) no pretreatment. 5) KCN (2.0x10™ mol L") was added as a masking agent.
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Fig. 2 Absorption of spectra.
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Fig. 3 Absorption spectra of MCPF.

The final concentration is 5.0 x 10° M.

600.0 650.0

The wavelength ot the isosbestic points are A;; = 476 nm and A;, = 485 nm.
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Fig. 4 Absorption spectra obtained by the standard procedure.
Quinine: 2.6 pum mL"'; Cu (II): 8.0 x 10° mol L™"; SPE: 1.2 x 10 * mol L'"; 0.1%
Triton X-305; Tartaric acid: 1.0 x 10° mol L'"; pH 5.4; Reference: water.

(1); SPF-Cu(Il) against water.

(2); SPF-Cu(II)-Quinine against water.
(3); SPF-Cu(II)-Quinine against SPF-Cu(II).
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Table 3 Sensitivities, linear ranges and reproducibilities of Quinine and its related

drugs
Dru g Linear range RSDP
& (L mol" cm™) (ug mL™) (%)
Quinine 2.0 X 10° 02~32 2.0
Quinidine 2.6 X 10° 05~13 1.8
Chloroquine 6.4 X 10* 0.5~7.8 1.5
Quinacrine 42 x 10* 0.5~9.5 1.2

Cu(IT): 8.0 x 10° mol L™'; SPE: 1.2 x 10* mol L™'; 0.1% Triton X-305; Tartaric acid:
1.0 x 10 mol L™'; pH 5.4; Reference: blank solution.

a. molar absorptivity
b. relative standard deviation

Table 4 Application of this method to determination of Quinine and Quinidine in

pharmaceutical preparations.

Content (mg)
) ) RSDY Recovery
Sample Nominal Determined (=3, %) (n=3, %)
amount amount ’ ) ’
Quinine 1.000 0.998 1.3 100.1
Quinidine 1.000 0.998 1.9 99.7

1) relative standard deviation
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Fig. 5 Change in absorption spectra of the color complex induced by thermochromism.
Quinine: 2.6 pum mL™"; Cu(II): 8.0 x 10° mol L™'; SPE: 1.2 x 10  mol L™"; 0.1%
Triton X-305; Tartaric acid: 1.0 x 10~ mol L''; pH 5.4; Reference: water.

INREE T omERAR 2GS ENTEE. N
2T, AREOEOMEEZIC X2 BIRZkICDW
TEBLZ & T A, Fig 51T & 9 IS KISTATK
DFHRICHEV, RN F 590 nm OWEEED
READL, ZHUSHEY 510 nm (FEOWLIA
R, 530 nm AhHEICHERINGZiRD Tz, Fz,
z @;@}imi A2 e LTRIERE NS D

, [SPF — Cu(ll) —F=—x ] &N —Er 0
\XA%T@“L_ EWMERE Nz,

Fig. 6 Crystal structure of SPF.

2-5. SPF O X #¥5 M s it O Wit

X Mg mmEGEfATicH 20, Gkl TiEb Nk
%2 DMSO : T& /—)U =1 1 {BIRICTARRE L,
16°C TASKILBCF#RIEIC K D 10 HRKRET % C
& CHREIRAS 21572, Fig. 6 12 SPF @ X ks i
FOEMAT ORI RTH, FH VT VRENVY
VERDS, C9-C6' THEA LIz I FHifEZA LT
BY, £ C-C6 DFAMEEE 1.492(2) A TH

, FHOMEX 81.04(4)° LIZIFHERLT

cic




126

We, FU VT VBRI A DOKERERELTED,
C2-02, C3-03, C6-06, C7-07 D i & #f 13,
ZREN 1.355(2), 1.332(2), 1.344(2), 1.348(2)
ATH o7 SPFiZ, 0103 THFRI/KZEEE
ZIER L TERD, MikEsz & D 8BIkZERk L.,
DMSO 731/ SPF @ 3 DD/KBEL L IkEEE 7
LTV, DLEDHRKD, SPFIE, N2EY
EBALD Z)VKR VB S Y VT VERAD ST T
o b UBEIKIGIC KD, "zwitterionic form" 7 &
b, EwEHIGHE L, ZETHE T EMAMHETN
7z.

3. FYYTURBROBXTO—TADFA;
FERMRFY VTV REBROKFEMER
HEEDBIRN SRR UL 2R IE

TIVA LA VEPO—R I VHEZITILHEL
FY T URORE, BVEIVIERE L H0E
mINRZE S, EREEE DRV EEDOR N Z
HLTWE7D, REFHENTWRHEDE T 1n—
Tﬁfﬁéé$ﬁy?y%@$@,mn%wa6
m$©1m1$ﬁ?7wibt4yﬁé&éMT
K, %< OO HRENTE LA, FT
R AR F— LDV, HOEM O fE
Mt PRGE O ZEENMThbh 22 L3k ER <,
HEMEICN) T— g Vit d T L3 HE 2
LW, E7e, ERETOIENHIMFY T VR

FOERICBOTE, MERKISOFE, 7 EEREEN
R (TR R ANE S 5 & o T RIEAVE L,
FRC, oo 7a—7 D baY & ST 2B,
HOCRYENE, 7 FINTEYEIES R 4 E DV & 5
PRI TR S Lo el 655, Fe T4
VT VREROULEREE, N2 EREM
NEAT B EAEHDOMHE EMTEICRKRWICERLT
WA Tz, N EEAROZEIR G I IER I EHE
kx5,
INSOMES 2R L, HOSEM N UG
R EH % BT, Fig 7GR &5 EHT
REHc iz v A E 3 DOEN, 1) 7= /—)b
N, 2) HOLRENL, 3) N B VBN, 17T,
LB RE R SNz Z N TN A G DR S T
T, HWWEZRZEWRAF—LEZER L.
S, BFEA R F IRV VA LRV
VA LG ¥R & LT, Friedel — Crafts
Acyl{ERISIC K D, XYV T =/ Vik#EK (BPs)
FERL, 1507 BPs &)L A AW, 7 <
J—)ViBER EINBR S RS E T B T & TliEEE
RIS > 7 UV ROR 2GS T N T
Tl ROT, B LUIEEEOALZNEEICD
WCEBR L., SHICH#EERE LT, VALt
A0 —XIVOWENNAT )Yy RTH 5
Rhodol iB&ARZ G L, HdE &Y bL2REICD
WTHR LTz, %W T, Rhodol Sk 2 D
HA A=Y T Ta—7 L UTOFMEICDOVT,

fluorophore unit

phenol unit

=

Ry

Ra

aromatic unit

Fig. 7 Molecular design of unsymmetrical xanthene derivatives.
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Bon, XYY VERBMOBERIEDN) T— 3
VICEATALE R BNT BT LN TE .

N

o
5

OCH3; HO OH
BBr; / CH,Cl
o) — (0]
HO

-78°C
9K Q-
6a: R=H 7a:R=H 60 %
R 6b: R=Br R 7b:R=Br 509
6c: R=CH; 7c: R=CHjy 479,
HO N

o
1
Ra 9a: R, =CH3,R,=H,R;=H 61%

9b: R, =H,R,=CH;,R;=H 82%
9¢: R;=H,R,=H,R;=CH; 61 %
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3-2. IR Y > 7 U REBED IR

S, AR Z)VRVEBEMEE UTHY, &
R UTeNY T / ViR T = /) —)ViBEk
ORFE RS2 G L, A QIR > 7 >
ROEOEREIT- 1. ¥ahTa—)VihizHa
T EIEMRFT T U REEZAKT B,
RINVF LA UMEEYTHS 101F, T LY
W /=)L DRISIC K DRICRTER LTz, —
f, B3 —HIUMEEMOEKRT B35GBV
T, 7Ta-b & 8- FaFoyan I VKT 1-¥

IFIVT I/ 3 RaForEreofit

ISZERET LIz T A, HEERESRASATREZRIE Y
MMEon, HEEmE e SNk, L
MLUEMNS, XV T2/ 28 NUICEH
L, faRIbZikHizb T3, 80~150CDZ%M:
T, MAOEIa—XIULEMEERT S LV
5 kD B EEREGD N TE. TORME
JISHERSIZBIED L TARHTH S M, EIo—
I MEBEYOERICEB T, ABPs 3G TH
BT ENEOLENTZ. —T, NXEVEHMNOA )V

Table 5 Synthesis of unsymmetrical xanthene derivatives.

reaction no phenol benzophenone product yield (%)
O
1 resorcinol 7b [/j 10
_
b 10
HO. .0 \N'
T
2 1,2,4-trihydroxybenzene 9¢ " 12
CHy 11
3 resorcinol 8c 11
4 resorcinol 8b é 52
o 13
HOL O~ }\H
|
5 resorcinol 9a \CJ:(U 9
@/cm
= 14
HO_ . O )«*
L N
6 resorcinol 9b T\%{\:‘/ 75
CHy 15
\‘4
\/E//\%j& T
7 resorcinol 9¢ 43
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MIICEBEZH T 558, DX 28T 0L
IR UTIEFITRINETH 7. TNHOHER
% Table 5 IZ/R 7.

3-3. JENFRI 5 7 VRO ED AL AR
B LTI B 5 o 7 v R B O SN AT
WU AT BV R GEE AR T V7R ilE L fz.
(Fig. 8) ¥7z, Yt & LT Rhodol s ADN E
SRR T OIAL AR G BTG U 7. JiEF 5 13,
TIVE Lt A AR T RO ED R TR R
I, VR VEBOEAINT LERETKERL,
RAFIVIEDRA kN F U HE E OB TG R OB AIC
BWTHARETHB T &, £z, TNEHERERD
FIVMINDOEBEAC KD, FH 27 VB &N
VEVERMMNZITER TS ENRETHD &
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Fluorescence Intensity

FIRLTW S, S, KM RO R %
BEHINT, o8B AR A F )
7% A U 7= Rhodol #8k%E S L, TX /—
ST DE JUIIEAREL () T O O B TR
(@) #ZNZRHEL, N5 OEE Table 6
WRT . TIVA LA OA IV MRS, X240
RSSO LT, SOUHERMER TS
DX, V=N UEXRE VBN O ARR
AEEEOIIENC X 2 HOEH O IIEHER % O (1
TEEALNZED, REBICBNTERMIC, +
VD B 1E, A ZLTIST 0 E D R
B3z, UL, Rhodol ZEHE & 3 244,
WD 7 U Lo AL B L e, (i Bkt
TR A X BB N T2

1300 17

R e e

—_— g

-
o
jol
=

500

100 2

600

Wavelength (nm)

Fig. 8 (a) Absorption spectra and (b) Fluorescence emission spectra, of unsymmetrical xanthene

derivatives.

Table 6 Photochemical properties of regioisomers of rhodol derivatives.

absorption . emission
e (x10% (e
Yield maximum (nm)* maximum (nm)“
21 9 523 555 0.706 / 0.708
22 75 523 557 0.592/0.602
23 43 523 556 0.599/0.613

* Measured in ethanol. * Excited at 480 nm. ¢ Left values indicate ®, measured in ethanol solution
and right values indicate ®; after excluding O, effect by bubbling N, in ethanol solution.
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3-4. EHifrp DA A—T T

AR LU 13RT 16 DENA A=YV T&
t MAERAT A A549 Z W T o 72, 13 M
U 16 D #liE &, WA HPLC I & D iR L 7.
lumol L' ® 13 & 16 Zfiflahica—7 ¢ > 5
L, 37°CT 30 77+ >»F 2 ~X— bk L7zt%, Opti-
MEM #Z @l TR L, Mo 13 kT

YU 2 O TRIS Uz, 13 KU 16 3T
nofifue &, MlEzRZICERL, YA Y
JCTRTE LTz, Ei8x - iyt oaHc K 0,
M OB FHERICHR LI ZEED [ 7V
YAV (hk), B—& IV ()] R Gz B
U7z, (Fig. 9) TOEXIE—DDIFh#iR% 2
WEOEEME%H T % Rhodol i klk, T3> b
FANDLERARIVF T — R ZRRICTR D,
FIIERWITIRV IR E L HOREZ £ D7,

BIEEY & DRISIC X D Wb DO ENZEL
5 &%V A FDITat & Rhodol i A
ANDBAICKD, 2 HEEME 1 EEHOCRT® 1
P EhitE 2 P RHOEMIE & E D L o A JIEN A HE
7. AT, BWEMLHEAT, pHEED
BREFARAFIRIC K 2 0Bt D nix £ Okt 2
G357, FilczdotH e LTS, BNk
AEME 249 % Rhodol FFEADRIMMNE TN S.

4. 5

FY 2T VROROIHLENY — & L TOR
M TDEZREH LWREME =R OAIRZ Hi &
LTHELIEAMERICENT, LFO X S RHA
ZIRBHENTE.

X9, BT u—T7THB PFs AL, TH
5% "t MU =Te R ERSOSRANET U, B8

Fig. 9 Top: Fluorescence images of live cells loaded with 1 pmol L' Compound 13. (a) Excited at

506 nm and (b) excited at 560 nm. Bottom: Fluorescence images of live cells loaded with
1 umol L™ Compound 16. (c) Excited at 488 nm and (d) excited at 543 nm..
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AFELTTIVIZT L, BERELTHF=—
FOFEAE, SR DRI RO O E =iz
¥ L7z, 7, PFs ORGELZF Y S 21
Y—a Ty, TOFREMIE pHKIFEN T,
MONVE VEENANDEA T 5 BHREADNHE &
FEXEIC KD, BT 1L AREDNEHE LT 5 Lo
TR 25 Tz,

BNT, FY T UROZROIDETT—TA\D
FIRICDOWT, FTIERRFY 7 REBED
et & ALE BRPER OB & BGE DR FEZ 1TV,
B U TS8R DY L AR & A A —
77m—7Lt U TORMEIC DN TG L.
SEl, B LB RGEE, © SO ErEEZ
WNEHTH BT, SRRIZECNEZH LIRS
KOBHMNARETH B @ N2 ¥ VEREMI DO ERE
FANEFRNCEATE S LWV ol TREHAE
AR EZ DY, Hilcaaiise U
WKEHTHA T EMNRBENS. KEAREXD,
B U 7z Rhodol #E 1k, 1 2 FT7 VA L+
A2 —XIVO2EEQOHNZHIT B2,
T DIALZEM R 2 TG A U T 72 7 B
Lz 52T EMMFENS. INA T, Rhodol H
A DAl e JBE 328 5 P S M I N R AE 1 & B, pH
2 EDOBRBEREE S RNz, A A=YV TAD
JCHE TAREETH B T EAHLMN x5 Tz,

DL, RWFRERD S, F9 27 U ROEN
Wbz ERE S5 7n—7e LT, JEH
WCEHTH BT EDNRBI N,

S50, FEEFENFIFR LI ABIEZ HICHRE S,
ARG 172 RIS RERR S 5 08k 7 — 7 DO fll
Y(ENMFEOMAEZITY, 7IAIVNAF 1
V—ORBILHFG LIV EEZS.
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