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Abstrect - The peper presents a series of novel water—
=solublg derivatives of Rose bengal. Solubility in water of
the C=2 Rose bengal esters has been odtained by the attech-
pent of the proper water-soluble molety to the dye molecule.
It is shown thst size of the atteched molecule has a sign-
ifiolent influence on the spectroscopic properties of the
derivatives. The long side ochain strongly influences on the
position of the absorption A snd emission spectrs. The
side chain orestes the nicroonaiomont for the moleculs to
which is attached., This makes it more aifficult the diffusion
of H ions into the dye molesule and csuses an spparent
decrésse of value for protonstion of phenol group of
xanthene residue. These types of derivatives make possible to
carry out the photooxidaticn in water even at low pHs,

INTRODUCTIONR
Rose bengel /3 ,4°,5°, 6°~ tetrachloro-2°- /2,4,5,7-tetra-10do=6=hydroxy=3-
oxo=3H-xanthen=9=yl/ benzoic acid bis /sodium selt// is one of the most efficient
and most used singlet oxygen sensitizers. Though this sensitizer is very useful

SCHEME |

Rose Bengsl

in polar solvents, it is essentislly insoluble in typical organic solvents guch
as pentens, chlorcform or methylene chloride. The solubility problem of Rose
bengal derivatives as well as their fundsmentsl photophysical properties hes been
carefully studied by Lamberts end Neckers [‘1-4] « The compatebility of Rome
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bengal with non-poler solvents can be improved by immobiligzetion of the dye to
the proper polymeric ocarrier f_5-12] s Oor by immobilization to specific organic
molecules [13-15] « The genersl solution of these problems is based on the
chenical properties of Rogse bengal, which may form derivatives vis nucleophilic
displacement at C-2°position, wheress C-6 position is nearly unresctive [16] .

The spectroscopic properties of the xanthens dyes are dependent on solvent

[1?-19] and on microenvironment [20-21] . The strusturslly complex fluorescein

dyes, all exist in different strustursl forms st different pHs in solution, In
the case of fluorescein the derivatives are ghown ag & function of pHs,
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The sbsorption maximum undergoes oonsecutively s lerge, a small and another
large red shift as the DH incresses. This corresponds to formation of the
neutral molecule, the monosnion and dianion of fluorescein respectively. As a
consequence one concludes that the ionizetion of the phencl residues of the
xanthene moiety has the largest influence on the position of the absorption
maximum, From the similar observations made with eocein, it wes possible to con—-
olude that the phenolic function of eosin is more acidic than the carboxylic
function [22] .

Rose bengal is widely used and is an efficient sensitizer for the formation
of singlet oxygen. Rose bengal has potentiasl applications in the photochemical
treatment of excessive algal growth in water [25] and the degradation of organic
phosphate pesticides in waste water. In the latter csse model studies have been
carried out [24,25] .

Roge bengsl is comercislly available as the disodium salt, forws the lactone
et low pH hendling it insoluble, Functionaslization st the c~2’position makes
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obviates lactons formstion though funstionalisation at C-2° also decreases
solubility in water even at high pH,

In this paper the synthesis of new water-soluble derivatives of Rose bengsl
a8 well as their spectroacoplio properties are desoribed.

RESULTS AND DISCUSSION
The syntheses desoribed in Bcheme III and in the Experimentsl Seoction in

pert were presented in the previous papers [14,15] » and are based on the
difference in the nucleophility of the carboxylate and the phenolste group [1=4].
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The elesctronic sbsorption charsoteristics of the compounds I and II are
given in Pigure 41 and in Tadle 1.

The electronic absorption maxims for I and II oocur at different wavelength.
Esterification at C—2° shifts the msximum toword the red by about 4 nm relative
to Rose bengel disodium sslt /551,5 nm for I/. Por essentiaslly an ester with s
longer side chain attached at C-2° /II/, an additionsl red shift is observed
/sbout 5 mm 557,0 nn/. This suggests that the long chain in RB=COO/CHp/ 4oCOOH
repides in such 2 way that the Rose bengal xanthene residue 1s gurrounded by
non-polar sids chasin /see Scheams IV/.

For RB-COO/CH,/~COCH the /CHy/g obain is too short and not able to present
the dye with essentially s non~polar miorcenviromment. This might be confirmed
also by the messurement of the surface tension of the water solution of I snd 1I,
For the concentration 1 + 2x10  mol/dm® , RB-COO/CHp/4oCOCH decreases the
surface tension about 10%; however for RB-OOO/CHZ/S-OOOH this effect is not
observed. The change in surface tension is by the difference in the stereo-
chemistry of I and II., Sinoce II decreases the surface tension of water it is
suggested that the hydrophllic psrts of the dye /carboxylic side ochsin groups
and phenolic group of the xanthene part/ are proximste, and hydrophilic and
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Pigure 1 = The electronic absorption spectra in water at pHw=9,3
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Table 1

The Eleotronic Absorptjon Dsts for Rose Bengal and Its Water-
soluble C=2 Carboxyesters In Water

RB CHp/ 40000™
3\0/032/5000' @rg\o// 2/ 10

Nnsx éx max Amax E)\ux Anex é*\ux

549,60 | 9.47x10* 552.5 | 7.98x10% | s552.0 1.92x10% | pHx8.0
549,0 | 9.35x10% 552,0 | 7.61x10% | s554.0 2,25x10% | pHa8.5
548,8 | 9.45x10% 551.5 | 8.21x10* | 557.0 7.92x10% | pH=9.3
589,06 | 9.13x10* 551.7 | 7.87x10% | s55.0 7.x10* | pH=10,0
549,0 | 9,07x10% 547.5 | 8.71x10" | s50.5 7.26x10% ]0.IM NaCH
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SCHEME IV

hydrophobioc of the dye sre distinotly seperated. This is not so in the case of
Rn-cm/caz/s-coon. From these observations one can predict that the spatisl

structures for I and II are quite different and structures proposed in Scheme

III explein the observed phenomens.

The date from Teble I indicate an appaxrent decrease in the molar absorption
coefficient for RB-COO/CE2/10-COOB at pHx8,5 and pH=n8,0, This is caused by the
decreased solubility of the dye. RB-COO/CHZIS-COOH behaves similarly, but the
decrease in solubility ocours at lower pHs /about 7,0 - 7,5/, Since the solubili-
ty of aliphatic carboxy acids is determinated by the length of alkyl chain, the
difference in the solubility of I and II is likely based on the properties of
the respective carboxy acids,

The properties of the Rose bengel carboxy esters indicate that the
length of the side chain stteched to the dye molecule plays an important role.
Shorter side ochains make the dye more soluble in water, while the longer side
chain causes decrease in solubility. In order to determine how the length of the
side chain effects on the solubility in water, the attempt of the synthesis of
Rose bengal /C-2/ carboxy esters with ghorter side chain has been undertaken.
Unfortunstely the properties of adequate bromocarboxylio aoids make s simple
matter more complex. The corresponding carboxy esters are not formed from
3~bromopropionic or 4«bromobutyric aocid., These scids are so strong that they
protonate the Rose bengal molecule and cause lactone formstion. Thus it is
possible to obtain derivatives of Rose bengal with long alkyl chains, end in
water solubility is observed at high pH, because the carboxy group exists as a
salt, Decreasing pH causes the protonation of carboxylic group and Rose bengal
/C=2°/ carboxy ester becomes insoluble, becsuse the Rose bengal /c=2°/ esters
/e.g. Rose bengal /C=2"/ bensyl or methyl esters/ are insoluble in water,

The properties of poly/ethylene glycol/ monofunotionslized with Rose bengal
/1V/ are both more complex and more interesting. This Rose bengal polyglycol is
obtained by resotion in Scheme III and is soluble in solvents from toluene to
water. The most important photochemicel properties of IV in orgenic solventis
have been desoribed in an earlier peper [15] .

The electronic absorption spectrs in the visible region for IV in water st
verious pHs have been measured., Results are shown in Figure 2 and dats are
summsrised in Table 2.

The most noticeable features of the results presented in the Figure 2 and
Table 2 are the positions of ]\nx snd moler abdsorption coefficients at }‘nx'
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Pigure 2 = The electronis shasorption of
cooxczzls-ccofczzmao/nca; /IV/ in water
O (0l

n Ne(H, 2/ szS.O, 5/ PH=6,0,

at various pEs : 1/ 0,01

4/ lﬂﬂ‘ho,

Table 2
Electronic Absorption Data for

5/ pi=3,0 6/ pH=2,5 7/ 0.01 n HC1

0
5\0 //caa/s-%\o/[cxz.az-o-] n CH; In Weter At Various pls

A
pa Mol £, e
[ma] (] ex A2
0,01 N HC1 505 420 1. 38x10% -
2.5 576.8 | 53 1.97x10% 1.28
3,0 57%6.1 | 535 2.67x10" 1047
4,0 573.0 | 536 3.66x10" 1,60
6.0 5690 | 535 5,15x10* 1451
8.0 562.4 | 533 5.78x10% 147
10,0 561.9 | 535 5.47x10" 1,47
0,01 § NaOH | 556.6 - 5.71x10" -
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Bven at very low DH /pH=2,5/ the phenol residus of the xanthens moiety atill
exists in part as an snion / Aux = 576,8 nm/. Another observation is also
important. The sbsorption meximua shifts consecutively to longer wavelengths as
PH deoreases. The total red shift of A ., is sbout 20 nm /see Table 2/.

At pH=2,5 _Aux is observed at 576,8 nm. This suggests that the dye molecules
are in non-polar environment, snd hydrogen-bonding between the dye and solvent
molecule beocomes more difficult, At wavelengths beyond 570 na the )\ nax for
Rose bengal were obgserved only in solvents which are not abble to fore hydrogen
bonding. [8].

Over 575 nm in @ pure non-polsar enviromment /e.g. polymer film/ the )‘nx was
observed [9] o These suggest thet Rose bengal molecule forms its own micro-
environment by means of the poly/ethylene glysol/ side chain,

To oconfirm this experimentslly, the new Rose bengal derivative /III/ /see
Scheme III/ wes prepared and its basic speotroscopic properties in water at
verious pHs have been taken,

The data are summarized in Table 3,

Table 3

Parameters of The Electronic Absorption Bpeotras
for COOCH,CH,0H In Water At Various pHs
POy

pH Arax é’\nx
2,40 513.3 1.36x10"
3.80 556, 3 2.06x10*
5.64 55443 3.54x10"
7.73 55341 6.94x10%

12,60 548,3 7.62x10"

Por III the side chain is short and is not able to form an microenvironment for
molecule to which is attached. It is easy to see that for III the total red
shift of ‘)‘lex is only about 5,5 nm, when pH goes from high value /pH=12,17/
to low value /pH=3,81/. The longest wavelength is obmerved st 555,6 nm, pH=4,15.
When this is compared with the ‘lux observed for Rose bengsl /C~2/ esters in
MeOH 1-4,26 , it is suggested that III in water shows a strong hydrogen
bonding effect / }\ux=558.0 nm for Rose bengal in MeCH, Jlmxsssz,o nm for
Rose bengal /C-2) benzyl ester in MeOH/.

It is possible to conclude thst for III end IV in water there are two
different hydrogen bonding psthways., For IV there is & barrier which water finds
difficult in orossing. In order to confirm this experimentally the pK values for
protonation equilibria for phenolate funsction heve been established. For III the
phenolate function of the xanthene residue of the dye has a pK of 5,1+5,2, For
IV pE=3,7. Issa and coworkers established for Rose bengal /disodium salt/
PK=3,72 [27] + The convergence of pX values observed for IV and Rose bengal /di-~
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godium salt/ seems to be accidental. It is very well known that Rose bengal
Phenolic function is more scidic than is the carborxylioc ecid function. In other
words before the phenol group becomes protonated Rose bengal lactone is formed
and this changes the charge distribution in xanthens residus of the dye and as

& result the ascidity of phenol groups may be incressed. The esterification of
c-2° carboxy group does not permit the Rofe bengsl lsctone formation, It is easy
to undergstand /see Scheme II/ that charge distribution in the xanthene residue
is different for the lsotone from and 0-2° ester of the dye.

It seems to be clear that the structure of the organic funstion used for the
esterification of C-2° cerboxylie group does mot cause the changes of pK value
for the protonation of C«6 phenol group, The situation is more complex when
attached group is large, long and flexible, and sdditionally, the polarity of the
attached group is different in comparison with polarity of solvent, The loxng
side chain forms s microenviromment for the dye to which is attached. This makes
the diffusion of H,0® ions to the dye molecule more difficult. Under this
condition the concentration of protons must be higher for the dye with the miocro-
environmental layer, and lower for the dye without the miercenvironmentsl cover.
It i8 clear that effect of the microenvironmentsl layer should be greater for
the side chain with higher molecular weight.

In order to confirm this sssumption longer derivatives of Rose bengel has
been prepared /see Scheme III, compound V/, and their spectroseopic properties
in water messured, For the synthesis the poly/ethyleme glycol/ with high
moleculer weight was used /m.w. =2000/. Figure 3 shows the protenation curves
for the dyes I1II, IV and V.

! { ! 1 i i

20 40 6.0 80 100 120
pH

Figure 3 = The protonation curves for : 1/ @ COOCE ,CH,0H
0 o

2/ oom 1950/ /1y 3 (rE) cooest 2000/



Water-soluble Rose Bengal derivatives 4587

It 1s easy to see that for the C-2° Rose bengal esters with side cheins of
various lengths, different pk vslues sre observed for the protonation of phenol
group. The lowest vslue is observed for the longest side chain /V/, the highest
velus for the sbortest chain /III/. These observations suggest that dye molecule
forms the own micrcenvironment using the long side chain covalently attached at
C-2” position. The isolation of the dye moleoule from the entire enviromment is
better when length of the sttached side chsin is greater,

Fluorescence tests for III snd IV confirm the formstion of the micro-
environmentel ocover. Figure 4 and Pigure 5 show the fluorescence spectra for III
and IV measured in water at various pis.
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Figure 4 - Pluorescence emission spectra in water 3

e p——

The comperison of the data presented in Figures 4 sand 5 unequivooally
indicate different properties for both dyes, Por III the pH change essentislly
does not change the position of the fluorescence maximum, s0 it is possible to
conoclude that polarity of the dye environment is not changed when pE undergoes
fror high to low value. For IV the chenges of the fluorescence maximum are very
distinct. Bupposed own microenvironmental conception very easy sxplsins observed
behaviour, The poly/ethylens glycol/ cover is less polsr than water snd
formation of mioroenvironmental layer decreases polarity of medium surrounding
the dye molecule, This csuses the red shift of fluorescence maximum,
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Figure 5 - Pluorescence emiassion gpectra of
2001082/5- cooxcxacazo/n-ca5 /IV/ in water
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EXPERIMENTAL DETAILS

Eleotronic absorption spectrs were measured on Carl-Zeiss Jena M40 spectro-
meter. The stesdy-stete luminescence usasurement were carried out using multi-
functional modular Cobrabid MSF 102 spectrofluorimeter. The pH have been taken
using the Mera-Elwro N 517 pH-leter.

The synthesis of I, II and IV have been described earliex [14.15] .

Rose_Bengal /C-2°/ 2-Hydroxyethyl Ester, Molegulsr Form /III/

Roae bengal /1.0 g., 1 mrol/ was dissolved in water /10 ml/ end a solution
of 2-bromoethanol /0.4 g., 3 mmol/ in 10 ml of acetone added. The resulting
pixture was Tefluxed overnight. The solventas were then evaporated in vacuo. The
product was purified us column chromstography. IR 1 1736 om=1 /C=0 ester
group/ : Vis t /MeOH/ : 663.0 na, & =9.8 x 104,

funstionalized Pol 1 lyoeo with R 8l

Poli/oth lens glycol/2000/Roth/ was sonverted to its oL , <> dibromo
derivative /‘!’I/; and 2.0 g /ebout 1 mmol/ was dissolved in 50 m1 dry IMP, 3.0 g
/3 mmol/ of Rose bengal was added, The mixture was stirred at 80°C for 24 h.
After the reaction DMF was evaporated in vacuo and final products were separated
uaing column chrometography. For study the monofunstionelized poly/ethylens
glycol/ with Rose bengel was used. IR t 1735 om~1 /C=0 ester group/.
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