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Abstract : Rhodamine dyes are widely used as fluorescent probes because of their excellent photophysical properties, such as
high extinction coefficients, excellent quantum yields, great photostability, relatively long emission wavelengths. A great
synthetic effort has been focused on developing efficient and practical procedures to prepare rhodamine derivatives, because
for most applications the probe must be covalently linked to another (bio)molecule or surface. Sulforhodamine B is one of the
most used rhodamine dyes for this purpose, because it carries two sulfoxy functions which can be easily utilized for binding with
other molecules. Recently, we needed an expedient, practical synthesis of sulforhodamine derivatives. We found the existing
procedure for obtaining those compounds unsatisfactory, particularly, with the cyclization process of the dihydroxytriarylmethane
(1) to produce the corresponding xanthene derivative (2). We report here our findings, which represent modification of the
existing literature procedure and provide access to the corresponding xanthene derivative (2) in a high yield. Use of methanol as a
co-solvent was found quite effective to prohibit the water molecule produced during the cyclization reaction from retro-cyclizing
back to the starting dihydroxytriarylmethane and the yield of the cyclization was increased (up to 84% from less than 20%). The
reaction temperature was significantly lowered (80 vs. 135 C). Thus, the reaction proceeds in a higher yield and energy-saving
manner where the use of reactants and the production of chemical wastes is minimized.
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.M 2 acyl chloride, sulfonyl chloride isothiocyanate 5)& ©]-&, t}&

BApol AT e S9HE (conjugate) 2 I HA] A of

Rhodamine 7] ¢ &% xanthene T-25 olefjo| ZA|H 7] & 3tct. Sulforhodamine B(C)2 xanthene X2 2] 99| F
ZHA)LE A glon ohFet FEAIB)7E &l A 2l sulfoxy7] & 3 35}= rthodamine A 3}HE2 A 29} 49%] 9]

o o] 52 B2 TIHA FYoA £ T3S FEFRE = sulfoxy7] S A& o)1 =9 &= sulfonyl chloridel}
(& &9 rhodamine 1102 100% &-&), = F3}sH4 Q- A isothiocyanate 2}-8-7] 2 WH3IA|Z 4= 9lo] 9 -85l 33
T et AEE Usty o] 2okollA dE] ARE-E o] $itt olth. 1eL} o] A =7 =& A Q] ¥4 rhodamine ¢
ol AR =, Ho|HEA &3] o]&E o] AN ZLefjol 29 AL HE u|& 1rlo A, I o]&o] A|gto] wtri{18].
= 1EA 53 AYAA S TFE AgE[5], Ee B E AJAEL sulforhodamine B2 acid chloride S-%4|7} T}k
Ztoll gk AN EHAEE A FgE o] $H6,7]. £, Zasto] 19| S Al=skich 2t o] 3] AR

T A A Rt FFEAR o7 Aeet wpH o] A =9 E3|(DE 205758)[19]0 7]<%% 7} Beilstein handbook
T e AlA B AJolEhE gAY dojuis E18-16], E of Organic Chemistry (E2 (18), 490-491)]| 7}2f3] <185 A&
= gt S50l 3 287 o gk Al = A 9] o]-&{17] ALfstiie AAIFE 7152 2 o ISIHE §f S5l 7"

43 27 7813 ik WS Figure 20 29l ek o] 35bA A
Rhodamine A 3}gHE2] FFiA] S5 A= HHsH A TA= 4-formyl-1, 3-benzenedisulfonic acid®] disodium
AHA Z-8-7](d5 & Figure 1(b)o| 4] G = activated ester, & 7} 3-diethylaminophenol& &WE2 &2 At &) 3} Friedel-

Figure 1. Molecular structures of xanthene (A) and rhodamine dyes (B) and sulforhodamine B (C).
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Figure 2. Three-step route for preparation of Sulforhodamine described in Beilstein Handbook of Organic Chemistry, E2(18), 490-491 and DE
205758[19].
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Figure 3. Acid-promoted cyclization of diphenol functions to produce the xanthene skeleton.
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2.1, Lok gie

=

2Y ArvtEIHuof|l A 9] FA]= Merck AF2] Silica gel
grade 7734 (70~230 mesh ASTM)E AF8-5Fth A3 o AE-
= AJoF2 4-formyl-1, 3-benzenedisulfonic acid®] disodium &
T} 3-diethylaminophenol+= Aldrich AF2] =% 99%2] A]oFS
A3 T). Agilant AFS] 300 MHz 2337](VNS 2E)E A}
43te] 'HNMR 23 E3S AQlaL, o] o) TMSES EEEURE
Abgsto] Bhobd o|%-S ppm B2 7| 25T

2.2. 4-(bis(4-(diethylamino)-2-hydroxyphenyl)methyl)
benzene-1,3-disulfonic acid (1) &M

4-formyl-1, 3-benzenedisulfonic acid®] disodium g3} 3-

diethylaminophenol At Zuljo]l ©]&t Friedel-Craft WH3-2 <&

A 9 (OF 5792 Sfsict. 52 vhet Befael
S 1 M 3H4F (30 mL)of| ¢l
320 ¢ (193 mmoh ) EPOM]E‘OFUIEEAPEE% Qolr). W
12A17F B2 BRAZ T FL0R 48 R4S Y
dEl Bepd 1A E ojatstlet. o5 10% NaOHe| =21
gk AAEE 7hel AE LAE oAl Aaket & olg AF
ol =S ARAA 4.60 g Xz 3H(mp 277~278
O EAUHEFEE 82.0%).
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2.3. 4-(3,6-bis(diethylamino)-9H-xanthen-9-yl)benzene-
1,3-disulfonic acid (2) &M

oA A2 4-(bis(4-(diethylamino)-2-hydroxyphenyl)methyl)
benzene-1,3-disulfonic acid (1) 1.70 g (2.95 mmol)& 8.50 g2
27k kol =<1 g WghE(17 mL)E 9L 16417+ &3t
SRAT T USRS ALoR AF AeEe WAL ANE
wj7tA] gojEt) oy A& ethyl ether (250 mL)2 A&
& AF o] YRS A2A7]W 138 go] S8 1A (mp
367-367 C)7} QOJATHLEE 84.0%); 'H-NMR (DMSO) 10.58
(1H, b) 9.99 (1H, b) 8.15 (1H, s) 7.57 (1H, d, J=8.1) 7.02 (1H,
d, 1=7.8) 6.93~6.83 (6H, m), 3.55 (8H, b) 1.01 (12H, m).

2.4. Sulforhodfamine B2| &AM

Z3EFAH10 mL)o)| =9l EWE3 3.60 g (6.42 mmol)of
1.00 g (642 mmol)] FeClie 9o 3 150 CollA] 1247+ EoF
Rk HRES A7 gl= §]of =2 F ethyl acetate
(300 mL)%} ethylacetate : methanol = 1 : 1 Z¢-81}j(500 mL)E
Az Zo Bl & oyt & BulE 4eF AlAsH 3.50 g
Hatelo] sk 2 X7 PO ATHEEE 97.6%); "H-NMR
(DMSO) 8.29 (1H, s) 7.74 (1H, d) 7.14 (1H, d) 7.05 (4H, s)
6.90 (2H, s) 3.64 (8H, q J=6.9) 1.22 (12H, m).
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X = OH (fluorescein)
X = N(CH,CH,) (rhodamine B)

Figure 4. Xanthene type dyes synthesized in one-pot procedure via two sequential Friedel-Craft reactions.
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sulfonic acid®] disodium @3} 3-diethylaminophenol2- 1 M2] 3}
AR Aol A o] vl HA NP Yt AR SR
4-(bis(4-(diethylamino)-2-hydroxyphenyl)methyl)benzene-1,3-
disulfonic acid2 82%2] &= ¥4 4 AUrh

2
T}, the 0 & diphenol Z7HA|o] AHS: 7ste] B 1Y

= &9l xanthene T4 2 1e3tE= B4 ©A= <=2
oz ARS o A=s] WY EA| kel o] W] wh
23 9 BEAS Ag FAakoA 135 T 2 7tdsto] 5
¢ 3 A5 de o= Eof it} AFAEE o] HAE ¢
off Wi WS A|=E SFGlrh o] I o7 oA o]

Alo] Hh-g-2 A A FHAE Eelstn 19 'H-NMR
2HEYS HESlo] Hhg-9] 28 o 5 ERlsk= Aoz o]
Folflck 1 Mo H-2 4L X3k 4l 1 MA F2 G4 £

shol| A a1e|s} REg-S M= X A, XgE Hakol A o] vk
28 71 £80] 20% H|Yto =2 b}E‘r‘;,{'ﬂ'(Table 1, Entry 1-4).
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Table 1. Comparison of experimental conditions and yields for
preparing the xanthene derivative by the acid-catalyzed
cyclization of 4-(bis(4-(diethylamino)-2-hydroxyphenyl)
methyl)benzene-1,3-disulfonic acid

Entry Reaction conditions” Yield (%) References
1 c. HoSO4 <20%** DE 205758
2 1 M H,S04 No reaction This work
3 c. HCI' Decomposition | This work
4 I MHCI No reaction This work
5 K>COs, H,0, 150 C Decomposition | Ref. 20
6 ¢. H,SO4, CH30H, reflux 84 This work

"All reactions were operated at three different temperatures (80,
100, 150 C).

"Yields were obtained by us following the procedure described in
DE 205758.
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£ 80, 100, 150 Coll Al L& =4S gaste] A}
S S AAE el A2 it 8] 2204
QltH(Table 1, Entry 5). 7L
2 ol & BpAbRT £ b 3w
=& 8= AMESHe] 2, THET e =N a1ES) Bk
sgo] U9 Z71ES eroliTH(Table 1, Entry 6)

o Aol A AT F7HE HNMR 2H 204 o
= OH tj Al xanthene ZFA oA EA Ao & UJeE}E §7.02,
8 6.93~6.839] WoFE H peak7} UebLt 1A 241 & 4= qlet
(Figure 5). o] A 25 ¥ xanthene 3F¢HE2] rhodamine &
A0.20] sk vhAle S o4 el s )
AL o] &3t AFsl vhg-ofl o A A= 95%°

i
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Figure 5. 300 MHz 'H-NMR spectrum of 4-(3,6-bis(diethylamino)-9H-xanthen-9-yl)benzene-1,3-disulfonic acid (2).
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Figure 6. 300 MHz 'H-NMR spectrum of sulforhodamine B [2-(6-(diethylamino)-3-(diethyliminio)-3H-xanthen-9-yl)-5-sulfobenzenesulfonate].

H OH
\_Ar| | Ar !
RISEE " OH
(@]

KoCO3

~< ! H>0
150 °C

I’_ | | v
 Ar Ar,
/ !

(0]

Figure 7. Synthesis of (di)benzoxanthones via dehydration of dihydroxybenzophenone under basic solution.
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