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exanpl e cations fromthe group consisting of netal and anmoni um cations, or
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US-A-4 645 744 describes systems of this type in which the indicator substance is a
neutral compound, for example a dye (p-nitrophenol), which interacts with an
ionophore/met:ﬂ cation complex, causing a colour change as the optically measurable
signal. The interaction can cause, for example, the elimination of a proton from the dye,
causing a change in the electron state. Suitable compounds include fluorescing compounds
(for example ﬂﬁbrescein), whose fluorescence changes due to the change in the electron
state and can be determined optically by means of fluorescence measurements.

H. He et al. in Chemical, Biochemical and Environmental Fiber Sensors II, SPIE Vol.

1368, pages 165 to 174 (1990), describe systems containing a proton carrier (Nile Blue) as -
indicator substance, in which the transport of potassium into the active coating by means

of valinomycin as ionophore causes dissociation of the proton carrier and diffusion of a
proton into the aqueous phase. The proton carrier changes its colour from blue to red and,
depénding on the choice of wavelength, either the reduction in fluorescence of the blue |

dye or the corresponding increase in the fluorescence of the red dye can be determined.
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V/.E. Morf et al. in Pure & Appl. Chem., Vol. 61, No. 9, pages 1613 to 1618 (1989),
dzscribe the use of pH-seneitive chromo- or fluoroionophores for the optical determination
of cations based on ion exchange reactions. The sensitivity of these systems is relatively
low, the measurement is hmdeted in optically dense systems, and relatively hlgh
concentrations of chromo- or fluoroionophores in the membrane are required.

K. Wang etal. in Analyucal Sclence, Vol. 6, pages 715 to 720 (1990), descnbe

1 embranes contammg an absorpnon dye (N ile Blue) as indicator substance for the optical
- easurement of metal cations. The system is based on an ion exchange mechanism which

rcduces the absorption bj protonation of the dye. The sensitivity of the system is regarded

as too low.

Hitherto, no systems _ha_ve-i:ee_ﬁ disclosed which have an ion exchenge mechanism for the
optical measurement of ions and are based on the determination of the change in

fl 10rescence of a fluorophore and have high sensitivity, since the fluorescence quantum
yizlds and basicities of the known pH-sensitive fluorophores are 100 low._

The systems disclosed hitherto contain high-molecular-weight, hydrophobic polymers in
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as too | ow. T. Werner et al. in Journal of fluorescence, Vol. 2, No. 2,
(1992) deswo ddmsserew | i pophilic rhodam nes and their appli ETARAS00X59 opt i cal
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which are highly suitable, in a neutral polymer membrane together with an ionophore and

a counterion, for the determination of ions by the ion exchange mechanism and have a

fluorescence which is highly dependent on the corresponding ion concentrations. These

fluorophores are distinguished by a high fluorescence quantum yield, high basicity, a large
difference between the fluorescence signals of the protonated and deprotonated forms,
high lipophilicity, adequate photostability and suitable absorption and emission
wavelengths. Highly sensitive systems for the optical determination of ions on the basis of
fluorescence measurements can be provided. Furthermore, it has been found, surprisingly,
that the service life and use frequency can be considerably increased, since
plasticizer-free, hydrophobic polymers having a defined glass transition range can be
employed as the polymers in the membrane.

The invention relates to a composition 'comprising

(a) a transparent support '

(b) which is coated on at least one side with a transparent coating which comprises

(b1) a plasticizer-free, hydrophobic polymer having a glass transition temperature Tg of
from -150 to 50°C, '

(b2) counterions in the form of lipophilic salts,

(b3) an ionophore which forms a complex with the ion to be determined, and

(b4) a compound of the formula I or II as fluorophore
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It has now been found that certain acridine dyes and rhodam ne dyes .
surprisingly satisfy these high requirenents and are |ipophilic, .
pH sensiWPV&#2688H hi ghl y basic fl uor ophores which are hig SPHED e, in a
neutral polynmer nmenbrane together with an i onophore and a counterion, for

t he determ naton of ions by the ion exchange nechani sm and have a

fl uorescence which is highly dependemt4on the corresponding ion
concentrations. These fluorophores are distinguished by a high fluorescence
guantumyield, high basicity, a l|arge difference between the fluorescence
signals of the pr@#fnated and deprotonateg forms, high |ipophilicity,
adequat e photosta apq_. S t)abl- .b/z pflon and em ssi on wavel engt hs.
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of fluorescence neasure oV|ded Furthernore, it has been
found, surprisingly, tha - I fe and use frequency can be :
consi derably increased, S|nce D ast|C|zer free, hydropholily polyners havi ng

a defined glass transition ranI co@Oft enployed as the polyners in the

menbrane. The invention rel g jfo a conposition conprising (a) a
transparent support (b) whic floated on at | east one side with a
transparent coating which conmpalges (bl) a plasticizer-free, hydrophobic
pol ymer having a gl ass transition tenmperaturé Tg of from-150 to 50[err]C,
(b2) counterions in the formof |i oh|I|c salts (b3). an i onophore which
forns a bovhicleR; and Rs.tand Ry @nd Re 6?9; dRpgpd Ryciref t he

fornul a. g op Céickoﬂﬁylf WitR {6Viso that the notal number Bﬁéai'ﬂon atoms m\@c Qﬁe&l? 6501

PCT/1B9S ggpls is at leastS anJ sa{ts thereof with inorganic or organic acids.

The total number of carbon atoms in the alkyl groups is pr_cferably'at least 8, particularly
peferably at least 10, especially preferably at least 12.

I1. a preferred embodiment, Ry is H.

The alkyl groups carl be linear or branched and preferably contain 1 to 22 carbon atoms.
L near alkyl groups are preferred. Examples of alkyl are methyl, ethyl and the isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl undecyl, dodecyl tridecyl,
te radecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecy), eicosyl, heneicosyl,
dacosyl, tricosyl, tetracosyl and tricontyl. In a preferréd embbdime‘nt, R; and R; are
C,i-Cyqalkyl or Cg-Cpalkyl-CO-, particularly preferably Cyo-Cysalkyl or
C o-Cpaalkyl-CO-, especially preferably Cy4-Cppalkyl or C14-Cpoalkyl-CO-, while R, is H.
In another embodiment, Ry is preferably H, and Ry and Rg are preferably Cy-Cpqalkyl,

~ perticularly preferably C;¢-Cy4alkyl, especially preferably C,4-Cpalkyl. In a further
embodiment, R, and Rs are preferably Cl-Csalkyl pamcularly preferably C;-Cjalkyl,
essecially preferably methyl or ethyl, and Rg is Cy¢-Cpgalkyl or C10-Cpqalkyl-CO-
prferably Cy4-Cpalkyl or Cy4-Cpralkyl-CO-, especially preferably Cls'czzalkyl or
C,6-Cyoalkyl-CO-,

Tt e salts of the compounds of the formulac I and If can be denved, for example, from HF,
HC1, HBr, HI, H,SO4, H,S0,, H3PO,, H3PO,, HNO,, HNO3, HCIO,, HBE,, HB(CgHs),,
HI'Fg, HSbFg, CF3SO3H, toluenesulfonic acid, C;-C,alkyl- or phenylphosphonic acid,
formic acid, acetic acid, propionic acid, benzoic acid, mono-, di- or trichloroacetic acid, or
mono-, di- or trifluoroacetic acid. Preference is given to HCI, HBr, H,SO,4, HCIO,, HBF,,



i'n which R err] and R[err] and Rlerr] and Rlerr] are (Jerr]-Clerr]al kyl or
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wi tth the proviso that the total number of carbon atoms in the al kyl g oups
i's at least 5, and salts theéreof with inorganic oriorganic acids. The

total nunber of carbon atons in the alkyd groups is preferably at |east 8,
particularly preferably at |east 10, especially preferably at |east 12.
I[err] a preferred enbodinent, Rerr] is H The al kyl groups can be

| i near or branched and preferably contain 1 to 22 carbon atons. L near
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are pref ercabtion éa[nayerc}mﬁhem hahekpﬂesenbabi inen polal andoapedtizy salee;(ts for example

Gerr]- qgwa%mgﬁagﬁm o e Qw@tmlat@ew@g%&aa%s arrl s

Cerr]al kyxample@pmiqtocpe eis e defsepvengsy. for
d err] - J exdnhpit kiidali fetdPefrbbdatds o tdrtiaty lﬁ)ﬂm&@n parncﬁm s@Atdlly Hidetdde conpounds
of the fornulae | and Il can be derlved for exanmple, fromHF, HA, HBr,

H, H err [ET¥AMNeS or 1S err], Herr]PO[err], Herr]PJerr], HNO[err],
Hqurr], HCIO[err] HBF[ err], HB(C[err]H[err])[err] HPF[ err], HSbF[err],

Loy bno Sk B AL Exntt raia el g Mo |,
gm dy ﬁoné‘? hydgide “’6 %W?W%aﬁgfgd“m&&m‘?ﬂi‘ﬁﬂﬁ qutger(ﬂosgplpf | uor oacetic
aci d. Pr epmparadon camprises reatting ImonbifkylaminophdndSDvith 1jmol ldgdiChlentrdf, HBF[ err],
~ 2-hydroxy-4-dialkylamino-2'-carboxybenzophenone. These reactions are described, for

example, in US-A-4 622 400. The reaction is expediently carried out in an inert solvent,

for example hydrocarbons or ethers. Molar amounts of a condensation agént, for example

Lewis acids, concentrated sulfuric acid, perchloric acid or phosphoric acid, are

adirantageously added. The reaction temperatures can be, for example, from 50 to 250°C.

The compounds of the formula I can be isolated in a conventional manner by precipitation,
crystallization or extraction and purified, if necessary, by recrystallization or '
chromatography. They are crystalline, red, red-brown or red-violet compounds.

The compounds of the formulae I and I are highly suitable as fluorophoric dye indicators
for the optical determination of ions in an aqueous environment, in particular by
measurement of the change in fluorescence.

The compounds of the formulae I and I prcferably have a pK, value of at least 8,
particularly preferably at least 10. '

The support can be formed, for example; from a plastic material, for example
polycarbonate or acrylic sheeting, mineral materials or glass and can have any desired
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1200 nm, particularly preferablyﬁ'om400to900nm

Suitable polymers are known to the person skilled in the art. They can be homopolymers,
copolymers, block polymers, graft polymers and polymer alloys. The components of a
po.ymer alloy may be a combination of two or more polymer components, said
coinponents having high and low glass transition temperatures. The glass transition
tenperature can be adjusted, for example, by means of the polarity and the chain length
an| content of structural units. The polymers can be selected, for example, from the group |
cousisting of polyolefins, polyesters, polyamides, polyethers, polyimides,
polyesteramides, polyamideimides, polyurethanes, polyetherurethanes, polyesterurethanes, _
polyureas, polyurethaneureas and polysiloxanes, i it being possible for the polymers to

cor tain ionizable, basic groups (for example amino groups) or ionizable, acidic groups
(for example carboxyl or sulfonyl groups), which may be used as replacement for a
counterion of lipophilic salts and can provide improved ion transport.

Sorie examples of monomers for the preparation of polyolefins are C,-Cijolefins, acrylic
acl, methacrylic acid, maleic acid, maleic anhydride, C,-Csp esters of acrylic and
methacrylic acid, C;-C;9 amides of acrylic and methacrylic acid, acrylamide and
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pol ymers can be sel ected, for exanple, fromthe group consisting of
pol yol ef i nin anotiey preferred, enﬂmﬂymxn,d&hquqﬂlpbtcrmb@erpmypmlmgrs comprising
yest er ani dgfe{% I0AG5D HordB] flEfbrabhP i 205 80 SbI%PRIr Y pieeeidbiyEm 30 0

ol yest.eru
POty mol% of identical or dlfferent structural units of the formula m

R, H
— | —-:c- o - am,
COXRy Rg

and from 90 to 10 mol%, preferably from 80 to0 20 mol%, pan:icularly preferably from 70
to 30 mol%, based on the polymer, of identical or different structural units of the
formula IV, '



pol yur eas, pol yuret haneureas and pol ysil oxanes, it being possible for the

. pol ymer ntain ionizable, basic groups (for exanp roups) or,
i oni zabﬁggg’éﬁ% ic groups (for exanple carboxyl or sul fhwgn?}a% whi ch’
may be used as replacement for a counterion of lipophilic salts and can
provi de inproved ion transport. Song. exanpl es of nmononers for the
preparation of polyolefins are Cferr]-Cerr]jolefins, acrylic acid,.

met hacrylic acid, nmaleic acid, naleic anhydride, C[err] Clerr] esters of '
acrylic and net hacryl ic acid, CJerr]-Cferr] am des of acryI ic and

met hacrylic acid, acrylam de and WO 95/ 26501 '

PCT/ | B95/ 00159 -7-

met hacr ipl whichi B; and Ry independontly of Q!pcaanopwc;[aeer H]%Q1Myl,é( aeDdsl;

gc:rxélt ﬁ;frgk #enéb%@man%ﬁprsﬂ&cp@@wgﬁ ShERE, uﬁkyénagﬂlc ofone de and

vinyl eff %Fea?’ﬁ't ge%’é 3?13’ P@‘g{. % é?e;gﬁw es and
pol yami Gei!@ﬁ@ﬂmgeC@QIﬁl-SZOQ/ﬁﬁ-@dkxleeC@NHﬁl@gelky} o:GmN(Ry)an(I;aikyl i c acids
and ([ egrk: ngFr kss,cgf giﬂ@hﬂﬁépheg Ihc@ljl B P ﬁ,l} y synthesi zed

fromderr rr]t traca oxyllc acl nes.
Pol yethers are preferably synthesized from allphatlc C[err] C[err]d| ol s

(1,2- OR. isqrref]erawl‘llor krextiyl,rapl Ry'is priefeesbly HOMUS preferibly heaezgds Pleferdbiy Corabl
e a}llw pqé Ssth r efera
g/nt h]es ds om é sJc’fg"err d‘?'d?%y‘g{ %E‘glﬂa&m rﬁﬂg‘g{ﬁgﬂﬁ 8851, Wo8edH, y

d err] - epradacy. kor triisocyanat es. Pol ysil oxanes are
preferably synt he5| zed from di(derr]- C[err'])al kyl si |yl di chl orosil anes. | r‘

f d e hyd th d
e o poRydt REFEany Lo e R pRRRARY T SR Kl bab BRI & 1 oa | pha i <.
cycl oal pyofemably -GN phieayl @%f@);ﬁﬁjalbdﬂﬂ-ﬁkﬁkoxw op Crtgacyloxyc Some examples
Jerr] Sia%yrdx%féaﬁw@ lohmxﬁane (?8 ?am%ﬁm Qﬁf&} pgn and

bi s(p-di i socyanat ocycl ohexyl ) net | ex) I'n anot eferred
enbodi ment, the hydrophobic pol yners are copol yners conprisi-ng a) from 10
to 90 n’ﬁxﬁhplpsﬁsnmdﬂbyalfsmﬂllﬂﬁ:phxhc&ﬁ:mnhx%alk:ﬂ:rmmiuklkalﬁneqanhhmtﬂlahd from 30
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Li‘®, Na®, k©, Mg2®, Ca2® NI-I.,e and the ammonium cations of primary, secondary

* anc| tertiary amines and quatemary ammonium canons whlch can contain from 1.to 60
carbon atoms. Some examples of ammonium cations are methyl- ethyl-, propyl-, butyl-,.
he» yl-, octyl-, decyl-, dodecyl-, tetradecyl-, hexadecyl-, octadecyl-, dimethyl-, diethyl-,
dibutyl-, butylmethyl-, dioctyl-, didoceyl-, dodecylmethyl-, trimethyl-, triethyl-, tripropyl-,
tritutyl-, trioctyl-, tridodecyl-, dodecyldimethyl-, didodecylmethyl-, tetramethyl-,
tetraethyl-, tetrapropyl-, tetrabutyl-, tetrahexyl-, tetraoctyl-, tetradecyl-, tetradodecyl-, -
doc ecyltrimethyl-, octylmmethyl— didodecyldimethyl-, mdodecylmethyl—
tetradecyltrimethyl- and octadecyltrimethylammonium. Quaternary ammonium salts are

- preerred, in particular those having 4 to 43, preferably 4 to 24, carbon atoms. Other
suitable salts with lipophilic anions are alkali metal, alkalme earth metal and ammonium
salt; of anionic surfactants, for example of Cu—Cnfatty acids or Clz-Cna.lkylsulfomc
acic s, C5-Cyoalkylphosphates, C,-Cygalkylbenzoic acids, Cy-C,galkylphenylsulfonic
acic s or C4-C,galkylphenylphosphonic acids.

An :xample of a suitable borate anion is tetraphenylborate, whose phenyl groups may be
sub::tituted by one or more, preferably 1 to 3, particularly preferably 1 or 2, C;-C,alkyl,
C;-(4alkoxy, halogen, for example F or C, or trifluoromethyl groups. Some specific
exainples are tetraphenylborate, tetra(3,5-bistrifluoromethylphenyl)borate and



and from90 to 10 nol % preferably from80 to 20 nol % partlcul arlsg
pref er abl YWOPHHSHO to 30 nol % based on the pol ymer, of FGEMBISEUNS o,

di fferent structural units of the formula IV, [err]
WO 95/ 26501 . PCT/ 1 B95/ 00159
- 8- in which Rlerr] and“Rferr], i ndgpendent ly ‘of one anot her, are H or

Cerr]-Cerr]alkyl, Xis -O or -NRerr]-, Rerr] is (Jerr]- C[err]alkyl.and
H or C[err] C[err]alkyl Rl err] and R[err] i ndependently of one

i ndependeng{l';(“cﬁhl%ﬁ@‘e&m?%f: n&rsél%[-f”“h]ha %@@ e%f;?gf errlla"g"COO-l

Rlerr] is

ar ot her

-COO-(err
-CON(R[ err
chl or ophen

dontensdtion fénthe metaNtitions diffusing rinth ahdackivecoating and to be measured

err]l-cler kyl, or RI12 is Hand Rerr] is -CN, phenyl,
Pty

rTal koxy or Clerr]-Cferr]acyloxy. R is pref

Hor nethyl, and R err] is.-preferably H X is preferably -O. Rerr]
pr ef er abl yr(d a hnt@[l@b Hifit kiibns daxalsp!be sakes offfobymidrs contaifiiay utidicloe basid |

Rerr) i soppe 8?%5@99'%% R b BRSSP B b

Rl err]

erably
s
octyl,
cyl.

prefer abI ybd-su'lﬂpmlm]uts @axpdoaﬂndamtgpted@mctpraény#s orb@belqmn ofyher r ] al kyI

g% &terr]-Clerr]acyl oxy. Some exanples of acyloxy are
I on oxy,

Jerr]-

acetyloxy,

‘but yroyl oxy, pentanoyl oxy and hexanoyl oxy.

Exanpl es of sw table salts with |ipophilic anions are alkali netal,
al kal i ne eThé imomit af sais evitlipophilicasiahgt cantie; for sxdmple,frane0.0d o W Eublyst i t ut ed

CIFhe ?ﬁhﬁ?‘ﬁ6Zﬁ%g?%*émm%‘ﬁ?’a“#f{é‘%%‘?b‘f%‘?;"%‘r"".*"n%ﬁ‘?ﬁZdecondary

and terti awylgb oanhpﬁmp lymefanoni um cati ons whi ch can contain

t et rapheny
My[err],

1to 60

The polymer coating (also referred to as membrane) contains an ionophore in, for
example, an amount of from 0.01 to 10 % by weight, preferably from 0.1 to 5 % by
weight, particularly preferably from 0.1 to 2 % by weight, based on the amount of
polymer. Ionophores are natural or synthetic organic compounds which contain a plurality
of, usually alternating, electron-rich heteroatoms, for example S, N and in particular O, in
linear or cyclic carbon chains and which are capable of selectively cbmplexing the ions to
be measured. The natural compounds are frequently macrocyclic compounds, for example
valinomycin, which is capable of selectively binding potassium cations. Another example
is nonactin. A large group of mnophores comprises macrocyclic polyethers. (crown ethers),
which are capable of complexing various metal cations, depending on the geometry and
size. Further examples of ionophores are coronandenes, kryptandenes and calixarenes.
Examples of open-chain ionophores are podandenes. Such ionophores are described, for
example, in US-A-4 645 744.

Examples of ionophores for anions are open-chain or macrocyclic polyamines (mono- and
polycyciic compounds, usually in protonated form as polycations or as quaternary
(poly)ammonium salts); open-chain or macrocyclic (mono- and polycyclic) polyamides;
open-chain or macrocyclic (cyclic) polypyridinium compounds; calixarenes;
cyclodextrins; cobyrinates and metal porphyrin complexes; open-chain or macrocyclic
‘metallocene compounds; mono- and polydentaté ligand systems containing, for example,
B, Si, Al or Sn as complexing ligand atoms.

The -amount of compounds of the formulae I and II can be, for example, from 0.01 to 10 %

from



carbon atons. Sonme exanpl es of ammoni um cations are nethyl-, et hyI

propyl - w@yg or hexyl-, octyl-, decyl-, dodecyl-, tet raﬂag&b 10 xadecyl
oct adecyl - | met hyl -, diethyl-, dibutyl-, butyl nethyl [ oc% ;’[lgbe

di doceyl -, dodecyl methyl -, trimethyl-, triethyl-, tripropyl-, tributyl-
trioctyl-, tridodecyl-, dodecyldi methyj.-, didodecyl nethyl-, tetranet hyI -
tetraethyl-, tetrapropyl-, tetrabutyl-, tetrahexyl , tetraoctyl -
tetradecyl -, tetradodecyl-, dodecyltrimethyl-, octyltrinmethyl-

di dodecyl di methyl -, tridodecyl methyl -, tetradecyltrimet hyI - and

oct adecy tyd f?&ﬁ?ﬂbﬁrﬁl@f‘%ﬁﬁ% BB ki) F66m in
particul ar f{' e. ﬁ Vi re ré oﬁ% oms CI her
sui t abl &/SvAI8 'f‘lf s are aI kali netal, aI kaI ine earth
metal and ammoni um sal t of ani on| c surfactants, for exarrpl e of

gern- ﬁe%ﬁ‘# E“%ﬁs# f: er‘?‘}d‘%ﬁb&nzo. 8 ghfgion and

Clerr]- known and inexpensive hght sources,

Clerr]- lmdgeﬂwkaimsﬂhpm g&i&d@@ﬁﬂhge@éf&t&kbr& abl e borate

ani on |s % ll?%fl%}\‘gphoﬁf% erl:r alé’f’g?%%ﬂ subﬁit ht uted by one
cC):{_erlr)]r e@;mqmooﬂimmmmmmmmmmmmmmm@r Cl, or
trifl uomggnglsame ty §heitearg §ameeﬂilofnﬁ>eﬁ eiﬁﬂaaﬁsdeﬁéémwé‘é%borate

tetra(3 fI ororret e bor at WO, 95/ 26501
PCT/ | (ng; an ter&ytjog-nssa\(xs fr! parti thehlghreqmrements gopncal

tetra( 4dehhnmpdneo@abmbhnsed on flibresceatd meamﬁehehtsphthchnmsand andnseinve as
negat i v§. GRRkfAfmegoMPENsSation for the netal cations diffusing into the
active coating and to be neasured therein in conplexed form The salts
with Iipophilic anions can also be salts of polyners containing acidic or

basi ¢ gEumples bpsuiabierations ¢ yaionk eﬂmetak(ﬂdiﬁﬂﬁrﬁrﬂ(!bﬁﬁﬁmgidu gs &fd ds. These

i 7o o Bl fure éyﬂé%é*“ﬁ%%ma#% HiE &"ﬂe extfop, e g B 01 ¢
with | gepHdss: soraqpmlewfwlsm Ué@a.(s: By BiAlpGaynnei ght ,
prefer aumsnf perswnl.cwﬁg %@Zn,vca,cﬁg Scp!x TLZ#'WCMW wquatlbe(dornm 0.1to 2

0
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of fr omPa, U,INp end Bu.9Breferred cations arerthé alkalband dlkaline @arth mota&dw,by

pa-ticular Li®, Na®, K®, Mg?®, Ca?® and 529, very particularly K, Na® and Ca®.

Examples of suitable ammomum cations are NH.‘e and the cations of protonated primary,

secondary and tertiary amines and quaternary ammomum The amines can contain from 1

to 40, preferabl_y from 1 to 20, _parucularly preferably from 1 to_ 12, carbon atoms. The

quiternary ammonium can contain from 4 to 40, preferably fmm 4 10 20, particularly

preferably from 4 to 16, carbon atoms. '

The anions to be measured can be derived from mineral acids, oxygen acids and i morgamc
complex acids. Examples are the halides andpseudohahdes Fe cS, B°, Ie N3e, |
CM'S, OCN® and SCN®; anions of inorganic oxygen acids NOZe N03e C0;2°,

PC,3 3© , SO42 20 » ClO, " MnO anch103e amonsofmorgamccomplexacxds

Fel( CN),‘;“e and Co(CN)¢*©; anions of carboxylic acids, phenols and nucleoudc anions,

sw h as adenosine phosphate

Th: composition according to the invention is highly suitabls as an optical sensor for the
qu: ntitative determination of ions, in particular cations, very parucularly metal cations, for
ex: mple potassium cations, in an aqueous environment, preferably by means of



wei ght,, particularly preferably from0.1 to 2 % by weight, based on the
anount of WOI926801 | onophores are natural ‘or synthetic oreeWBIZIFOUNdS
which contain a plurality of, usually alternating, electron-rich
heteroatons, for exanple S. N and in particular 0, in linear or cyclic

car bon chalns and whi ch are..capabl e of dékectlvely conpl exing the ions to
be nmeasured. The natural corrpounds are frequently nacrocycl I c conmpounds,

for exanpl e valinonycin, whigh is.capable of selectively binding potassium
cations. Another exanple is nonactin. A |ar ge group of ionophores conprises
macrocycl i ﬂupmbqeatﬁq:esu@memﬂ'heﬂbenm}xauoﬂs cmhbemmexiammk;heklyfwﬂolmgh exi ng

various netal urarcs' Eﬂfh er exanpl es
of ionophores a té”%‘gﬁ’é%ﬁgg'%g ry tan e es an P XA CNes. "g anpl es of
open- chai nnARgRAIFIARES) Since ShapRdepirdent sauilibria pf e coraplesing resstionsiavd@f f or

exanpl e, | proun éxthixfe béddme establishddafuickly wmﬂm&wwamm bya

open- chain nds,
usually in %?‘(ﬂ@?#?%gﬁgr tp'ﬂﬁwlg%ﬁ&gﬁgporéas gsga erna aﬁ'{%% hmoni um
sal ts); opexample,diregtly mw& gl WateeQr wtwwawere
opeln ghal NjtMhay BCpcs ﬁuﬁlf?ﬁadyqﬁghbﬁ%gthbu@whmed pévifidally BoE Rt demoved ?Xarenes
cycl odextri ri nates an al par ANy ain or
macr ocycl | @m%&gww%%%fﬁ ’Vﬁ#ﬂ’ tséﬁ‘?‘ﬁgg‘?{ Syst ens
cont ai ni ngdeteoninaticongf] physidlogical amounca; ftslcxamplc mrmomsxmg ih thgarangedfronmd.5 The

amount of ﬁp%ﬁbg%&guéd%% hetiebd AEdih. By Fhedrls of fié dfonid QmpuAdHdrtne f ¥ om 0. 01

PCT/ | B95/ ofpramiall, Wthh gencrally have pK values of below 6, this property of fluorophore can bg,

wei ght, pr e$edrfobthy dérennin@tidn ofanfond) mcmyhmhdﬁaemmwﬂlgnqu By thealoksl from

0. 1t020/ {5RHE M f orophores to
‘h&&:cﬁ \ﬁ‘%‘%m% sihas g\g} % %n r?g and) i’or%?%ﬂ%’i? :sggglbtt‘tl on and

be used accor he I n ave very sul
eni ssi on wiAVepwmh fﬁfﬂ’éﬁf&éﬁ&uﬁhl ch all ow the use of knovvn and i nexpensive
| i ght sources, fc r exanple hal ogen or xenon Iarrps or light-emtting

di odes s _of .detector 1.C n_be e ed ar | odes. The

fl uorophor@%@ﬁ? ."gﬁﬁ‘sﬁmﬁié“ﬁ% ?ﬁm ycpﬁjﬁ{)gpqﬁﬁlg hi gh quant um
yi el ds cannmsmmmwmyw@rbemsgb@nqxamplewrfmcgﬂamsomye and the |arge
dynam c r aB;%rrBico %G&BE&?sﬂeEu-&c , STRReRGIEspe@odBapy, intdferséiat ed and

ggtnlrgglonat ed ch-mplxﬁe&th% orHu&%gctex'x&uslpgé&ost rl\)e hi gh requi renments for

The invention furthennore relates to a composition comprising (a) a plasticizer-free,
hydrophobic polymer having a glass transition temperature Tg of from -150 to 50°C and
(b) a compound of the formula I or II as fluorophore
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/ °




determ nation of ions based on fluorescence neasurenents. Both cations and
- ani ons Gy Qf‘ﬁ getermned. Exanples of suitable cations gegms fbns of -
netals fromthe first to fifth nmain groups and the first to elgh
sub-groups of the Periodic Table of the Elenents, the | anthani des and ac
inides. Some exanples of nmetals are Li, Na, K Rb, Cs, My, Ca, Sr, Ba, B,
Al, Ga, In, T1 Sn, Pb, Sh, Bi, Cu, Ag, Au, Zn, Cd, Hg, Sc, Y, Ti, Zr, Hf,
C, Mo, W M, Fe, Co, N, Ru, GCs, Rh lr, Pt, Pd, La, Ce, Pr, Nd, Pm Sm
Eu, &d, Tb, Dy, Ho, Er, Yb, Lu, Ac, Pa U Np and Pu. Preferred cations

are the. al cul

Na[ err] “aR ifaélbr ‘aag ﬁﬁ‘n@[%"?%mlﬁé ]Qoﬂ)%fqy&&a?{‘ﬁ‘af’%ﬁ [er r],

Na[ er r] Beor M@%P@mbmﬁﬁmemsonﬁl@lalNH[err] and
the cat Wsﬁatﬁa@ﬁﬂ@ﬁﬁﬂémm ngaaichicgrtlary ani nes

andquat ?r} {og% am nes ont ai from 1 .0, preferably from
1 to 20¥ g?’f%r#ydb é?‘&m i‘h'&‘e?‘?}”f ms. The quaternary
anmoni um)@nnwumsanMGﬁounmnpophmq sqhs.ef erably from 4 to 20, particularly

preferably from4 to 16, carbon-atoms.. The anions to be neasured can be
derived_from m neral acids,. oxygen_acj ds and, i nor.gani.c. conpl ex. aci ds.

Exanpl e@‘ﬁ?@?ﬁ@“ﬁ%ﬂdd&&”&ﬁ@s&g&mcﬂ%w&ﬂ}“ cempesitjon. Bh¢ err] | | [err],
Nl err], cé&hbesitign hao@brey shilfdifel and iNaconting composition for the p@dacton®fy gen aci ds
qurr] _Jélgserr] CJerr], Pderr], SOerr], Clerr], M(Jerr] and dJerr]
;o ani on&d i norgani c corrpl ex acids Fe( CN)[er.r] _and_ Co(CN)[err] anions of
carboxylic acids, phenols and nucleotide ani ons, such as adenosi ne

phOSphatmenoGEheo:ﬁ thiyp mm&ﬁn 'cBﬁ ﬁ:&emlwtme&mscm&ﬁ&s)ﬁoﬁu'table (]

as an optical sensor. f det e of jon
parti CUBQ)' © £oppgiiaon éﬁ?mé‘é?% g %#ﬁaqy‘g%f f’@?’aiﬁﬂ@%ot assi um
cat i ons by weight, mmmlmbmfelrabtyrﬁmnﬁ to 30 &% byalbig)lt,ltjlsadﬂmrthe sdlution. WD 95/ 26501
PCT/ 1 B95/ 00159 - 11 - fl uorescence

ons can be_ carried out qui ckly with high

spectro e.detern nati
accuracge équ itabiG; inegt-10 Z YPRFSATS BROLCPOlT and appptic.sqlypnts, which caB e | ar r ange
to the naxcimiear i in minyeres ofatleast twoesqbvénts: Eeamiples arerethérs [ﬂiblaynfthdrhe

tcﬁrem:‘ Ie)tjgér?gjﬁ%or es ér exﬁégra %e@é?%@ﬁh‘éoﬁ&ﬁﬁﬂﬁ gﬁﬁ‘g@é@cenc ?%ﬁ%%ﬂhyl yrle%/dagﬁd

sensi t i opgethylpe ther, digthy) ﬁn%ﬂ)"?q digthy] ether, griethylene glyco
etker), halogenated hydrocarbons (methylene chloride, chloroform, 1,2-dichloroethane,

1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane), carboxylates and lactones (ethyl acetate,
methy] propionate, ethyl benzoate, 2-methoxyethyl acetate, y-butyrolactone,
3-valerolactone, pivalolactone), carboxamides and lactams (N,N-dimethylformamide,
N,{-diethylformamide, N,N-dimethylacetamide, tetramethylurea, hexamethylphosphoric
tri: mide, y-butyrolactam, e-caprolactam, N-methylpyrrolidone, N-acetylpyrrolidone,
N-1nethylcaprolactam), sulfoxides (dimethyl sulfoxlde), sulfones (dimethyl sulfone,
diethyl sulfone, trimethylene sulfone, tetramethylene sulfone), tertiary amines

(N- methylpiperidine, N-methylmorpholine), aliphatic and aromatic hydrocarbons, for
example petroleum ether, pentane, hexane, cyclohexane, methylcyclohexane, benzene or
substituted benzenes (chlorobenzene, o-dichlorobenzene, l,2,4-u'iohlorobonzone,
nittobenzene, toluene, xylene) and nitriles (acetonitrile, propionitrile, benzonitrile,
phenylacetonitrile). The choice of a solvent depends essentially on the solubility of the
ind vidual components in the novel composition, which, as a coating for a sensor, should
givi: a highly homogeneous mixture. Preferred solvents are aprotic polar solvents.

The invention furthermore relates to an optical sensor for the determination of cations in
aqu sous measurement samples, in particular by means of fluorescence spectrometry,



exanple, directly in body fluids (blood, urine, serun), natural water or
wast e wat 810 9s2hsete it nay be possible for any interferi ngPCREBIYIMSE 0 be
specifically bound or renoved in advance. The conposition according to the
invention is particularly sui'table for the -determ nati on of physiol ogical
amounts, for exanple for potassiumin-tiBe range from0.5 to 10 mmol, of
~cations in aqueous nedia. By means of the anionic conpounds of the fornula
I, which generally have pK'val ues of below 6, this property of fluorophore
can be used for the determ nation of anions, particularly halides,

especi al | whidhl compafises by t he novel detection nethod, since a pK range of

bel ow 6 angd, up to about 4 is favourable for this detection.
In additi g%%%ﬁ%%ﬁééﬁgﬁé% ed nethqd of fluorescence spectroscopy, other

optical méRsYiighiscoald PR aticastane sife With @ tRasRArent epating SAPPESIAg f ace

pl asnor es gwiaqlastipieer frexs hpdrgphobitspolpherdavingangliss sangition edbératird 6 from
spectroscgﬁbtolsml,‘%rferorretry or- surface-anplified Raman or fl uorescence
spect roscopy. e invention furthernore relates to a conposition
conpri si n@b%a)coumpnqmmmqfﬁéelmﬁyhpmﬂmrpolynrer having a gl ass
transiti oqbs)aﬁwo?h&e%m fotmé 4 86MpléR WithAhdioh 6 bé etértfindddan® conpound of
theforrml&l or [l as Iyorolol}or?l the fi h [err]

(1), ( )WS°§’§P the formula I or II as the fluorophore. _ :
PCT/ 1 B95/ 00159 : -12-

The abovementioned preferences and embodiments apply to the sensor.

The novel sensor is produced by coating the support. Conventional processes, for example
brushing, knife coating, dipping, spraying, pouring, curtain coating and spin coating, can

~ be used for this purpose. In order to improve adhesion, the support can be provided, before
the coating, with adhesion-promoting layers, for example by treatment with alkyl
'chlorosilanes.

The invention furthermore relates to a method for the optical determination of ions in
aqueous measurement samples, in which a composition according to the invention is
brought into contact with said aqueous measurement sample, and then, in particular, the
change in fluorescence of the fluorophore in the active polymer coating is measured.

The process according to the invention can be carried out, for example, by immobilizing .
the composition 50cordin'g to the invention comprising support and active polymer coating
in an optical cell in which the active coating is brought into contact with the measurement
sample. The optical cell contains a window thmugh which the active coating can be
excited by irradiation and the emitted fluorescence radiation can be measured by means of
a spectrofluorometer. The wavelengths are adjusted so that the absorption is at a
maximum for the irradiation and the emission is at a maximum for the fluorescence
measurement. The intensity is measured as a function of time. The measurement system
can be designed so that the measurement is carried out discontinuously or continuously,

- for example by pumping the measurement solution through the measurement cell. In order
to determine unknown concentrations of cations, the system can first be calibrated by
means of measurement samples of known concentration, and the concentrations are
plotted as a function of the fluorescence intensity. It is expedient to add pH buffers to the
measurement sample, since the sensitivity of the measurement, and consequently also the



in which R err] and R[err] and Rlerr] and Rerr] are Clerr]-Clerr]al kyl or
Cerr]- qaﬁﬁs}z%oiiyl , and Rlerr] and Rlerr] are H or Cpet, [# ﬁf,ﬁgr]al kyl ,
a

with the proviso that the total number of carbon atons in t gr oups
is at least 5, or salts thereof with inorganic or organic acids, (c) an

i onophore which forms a conplex with _tjge ion to be determn ned, and (d)
counterions in the formof lipophilic salts. The abovenenti oned

pref erences and enbodi nents apply to this conposition. The conposition has .
a long shelf life and is a coating conposition for the production of

sensors. du?:gﬁids q@@# | vent's; -
wher e the c%%%gwgms@omﬁéphmgo% 0S tlodn %é@%ﬁﬁ{a&%ﬁnﬁegp{oﬁug 9'1 to 50
% by wei ges to the Bixdependsnes of thesahsgrption spesirume Inyano pdiment. this pr ef er abl y
from5 tpa%p%&ncmmwemmwnewmmalmmanmmEzoaﬂmlle&eof suitabl e

t sol | d
i one. or < Hior? The B 3phet: i thhe el Bl & o Bl Syt o Hlpa? 1°°
(di but y| merepereferably fram/Gid mbﬁeﬁxml@@ﬁémbhmffwgiwuffmhMt hyl and
di met hyl 5 ﬁﬁsgﬁzlite bﬂfaylmﬂaeﬂbmlsymﬂpabmkmummmsvwﬁn ghedlay | ene

glycol die ther tr| et h¥l ene, g_{%& ﬁ@gﬁ%\ﬁ%ﬁ%@%t ed

hydr ocar B
,1-tri chhhhmthakmme&sutz:ﬂqﬂsmplcachl or oet hane), carboxyl ates and | actones
(ethyl acetate, nethyl propionate, ethyl benzoate, 2-nethoxyethyl acetate,

y- but yr ol act one, [err] | erol act one, pival ol actpone), carboxam des and
| act ans sﬁﬂmﬁpa‘@mwwnm ST m de,

NN- di met hyI acet am de t et ramet hyl urea, hexanet hyl phosphoric tri anmi de,

e hebt 1 b RGBT be b 61 hEfiritlae Ya® iy | PYr T ol i done,

N acet yl P ; _ | f oxi des (di nethyl sulfoxide),
sul fones (dinethyl sulfone, diethyl sulfone trimethyl ene sul fone,

tetraLneltb SﬂumonﬁgBWﬁim-o%mlﬁﬁﬁofa&diﬁé .hyl pi perl di ][le |

N- et Yy tic 0 rocar ar exarrp e
petrol euﬁﬁgélgﬁ’glﬂnﬂ’ﬁ%ﬂ? 'I\lglxa t@%’?%dgon 'ﬁ%‘f"hg/ Ef’ghexane benzene
"~ or subst Bﬁuhmmmmmmbedzéﬁenqu cbrempmtmem mel of dimethyl .
1,2, 4- t 1 & QfixieO RIS Hiixtuftl i SRR #B0CC fé:dsnm mybmmaéubn%&ﬁiréﬁs

(acetonltrlle ropionitrile, nzonitrile ac The choi ce
of a sol Fiheausa guig/ige, §’ @FP‘Y'h |‘?F V‘Gﬁ ﬂ"e‘“’r"h dual
corrponencslonde ﬂheorgmldplmmmmhedm,m mhdagmoasNaﬁtsuhglmmnddnsénsor

shoul d g gmtlh.gsh%teh FBOEAPGH o did 14l brovl 6 rmmﬂ{&%n%h Fefotic

pal ar so ven r nor e re t es ptIC sensor

for the BERgmethylone GHW’M"&HE( rlﬂ SYBROTANONQF the-sokyent, the yegidue js;,
parti cul akewyp pdisthybéthérfmethaol (10CE) angd ehdonmaropraphed on alumn_uum oxxde The

¢ uate is taken up in methanol, 2N HCl is added, the mixture is extracted with diethyl

e her, and the ether phase is dried and evaporated. The residue is dxssolved in methylene
caloride, n-hexane is added, and the red crystalhne pmclpnate formed is filtered off.
Further product can be isolated from the mother hquor after evaporation. The melting
point of the title compound is 245°C. Absorpnon spectrum (ethanol) Apax= 472 nm;

€ =51 400.

E xample A2: Preparation of 3,6-bis(n-eicosylamino)acridine.

2.53 g of anhydrous potassium carbonate are added to a solution of 2.5 gof
3,6-diaminoacridine hydrochloride and 2.95 g of 1-eicosyl bromide in20 ml of
M,N’-dimethylethylencurea, and the mixture is stirred at 50°C for 86 hours. The cooled
n:action mixture is subsequently poured into water, and the orange-brown suspension is
extracted with methylene chioride. The organic phase is washed with water and dried over
s dium sulfate. After evaporation, 2N HC is added to the brown oil. The red precipitate
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conprises (a) a transparent support, (b) which is coated on at |east one
side with a transparent coating conprising (bl) a plasticizer-free,

hydr ophobi ¢ pol yner having a gl ass traddi-tion tenperature of from-150 to
50[err]C, (b2) a counterion in the formof a salt of a lipophilic anion,
(b3) an ionophore which forns-a conplex with the ion to be determ ned, and
(b4) a conpound of the formula | or |1 as the fluorophore. The

abovement fIAEE iptkiared affwashed, with wategiand thea dripbina high vanuume Fboresultanthe novel

sensolr i E red-brdwaetyskits ﬁﬂﬁldeitilﬁphhﬂ(ej&yléﬂeéﬁlon'@ﬁyﬁm&@mi) aglaocessets, for

exanpl e £oat i.n i ppi N rayi ng, pouripg, curtain

coam) ng a%@ﬁ%@éﬁ# ;ﬁﬁlﬁg%ﬁ‘ﬂ %gerfé’gﬁ’rftg*"’ ﬁﬁl'&g‘%{?&ﬁ@g@‘ up H‘g‘ii?talélr to inprove
adhesi on, cthprimetharel (10: thandire-chromatapsaphed of silica gelcgivingtthetle cvinipound as

adhesi on- RAFPALE Abscip@drSspeébim ?&lﬁﬁﬁi). b =h7fﬁ|§”?9h2%6.h al kyl

chl or osi | anes. The 1 nvention er e relates 10 a method for the
optical determ nation of ions in aqueous neasurenent sanples, in which a

_conposi t i Exampledyd]Prepatation bf3,6+bistmhexylarhinojacridight i nto contact with said
?Fﬂ_i?giceg”’g‘gﬁ%?"?ﬁe" S 8 Brokiof e deled @ ool of sbO gl 0 Measur et
The pr ocelsN apis@syr3,ordiagingacriding and 7% me of 1 hromehexanedn@dml of or exanpl e, by
e e A T g et i SO
S br ougn ateAY Bsbdtht kst b BBk R exbfred o Py i gf b col|
cont ai ns_FEARIA@besetinIpagedif, washadovitivaqueeusdindlisolgtiomandatheredrisd @er by
o e B IR i SIS S1 oot e o ety e
absor pti ot aj _ graphed g poral ent gives a yellow,

viscous oil, which is dissolved in 11.5 ml of glacial acetic acid, 4.6 ml of 97 % sulfuric
acid are added with water cooling, and the mixture is then stirred at room temperature for
15 hours. The red reaction mixture is poured into ice water and adjusted to pH 11 by
means of 30 % NaOH. The mixture is extracted with ethyl acetate, and the organic phase
is washed with 2N HCI and saturated aqueous NaCl solution and then dried over sodium
sulfate. After evaporation, the dark-red, viscous oil is taken up in t-butyl methyl
ether/methanol (5:1) and chromatographed on silica gel, giving the title compound as
orange-red crystals having a melting point of > 200°C (decomposition). 1H-NMR
(CDCl3): 8.1 [s, 1H, C(9)]; 7.44 [d, 2H, C(8)}; 6.93 [s, 2H, C(5)); 6.82 [d, 2H, C(7)}]; 3.20
[t, 4H, N-CH,]; 1.68 [m, 6H, CHj].

Example A4: Preparation of 3,6-bis(n-heptylcarbonylamino)acridine.

3.1 ml of heptanoyl chioride are slowly added dropwise to a suspension of 2.5 g of
3,6-diaminoacridine hydrochloride in 50 ml of pyridine, and the mixture is then stirred for
30 minutes. The reaction mixture is subsequently poured into water. The yellow
suspension is extracted with methylene chloride, and the organic phase is washed with
aqueous saturated NaCl solution and dried over sodium sulfate. After evaporation, the
dark-red oil is taken up in methylene chloride/methanol (10:1) and chromatographed on
silica gel. The evaporated eluate is taken up in methylene chloride and added dropwise to
cyclohexane. The yellow precipitate formed is filtered off, washed with cyclohexane and
dried in a high vacuum, giving the title compound as yellow crystals having a melting
point of 243-244°C. Absorption spectrum (ethanol): Ay,,= 384 nm; € =2 300.



maxi mum for the irradiation and the emssion is at a maxi numfor the x
quoresqgagg &@ﬁsurenent The intensity is measured as apépfifobhfie Of tiNe.

The neasuremnen

system can be designed so that the measurenent |s carried

out discontinuously or continuously, for exanple by punping the nmeasurenent

solutio
concent
nmeasur e

n through the nmeasurenment cellglJn order to determn ne unknown
rations of cations, the systemcan first be calibrated by neans of
ment sanpl es of known concentration, and the concentrations are

plotted as a function of the fluorescence intensity. It is expedient to add
pH buffers to the neasurenent sanple, since the sensitivity of the

nmeasur enent, and consequently al so the MO 95/265Q01 -

PCT/ | Bo:mmpisoAS: Preparation of -14-
fluorescence intensity of the fluorophore, depends on the pH of the

measur enent solut eto t Qeyof the absorption spectrum

I n anot her enbod|ﬁ§%¥qp - *"-'v‘ngeggaﬁ) however, al so be determ ned
and taken into account i ht i on. The pH range of the nmeasurenent
sanpl e can be, for exanpre

Exanpl e
Furt her
i ncl udi
order t
illustr
fluorop
3,6-bis
added t
m of 1
stirred
subsequ
met hyl e
solutio
oil iIs

(9:1).

40 8, nore ggﬁferably from6.5 to 7.5.

s of suitable buffers gqre . Qéhate buf f erS-"and phosphate buffers.
buffer systens are qJegtywy in US-A-4 645 744, in particular

ng those which are i orated directly into the active coating in

0o avoid addition to t™e-afeasurenent sanple. The exanples bel ow

ate the invention in greater detail. A) Preparatlon of

(Q’gr S tﬂl}ﬁaf &0 Hﬁﬁﬁ%‘c 3@13%9 ﬁ%ﬂpﬁfgrsﬁky atl q’ﬁﬁ‘ﬁ%nat e are ‘

Gt rred ai lllﬂ"ﬁlfmofﬁ libuﬁsry76fmmf69wemﬁ'h@pmcnp¢améptoﬁdcmeﬁlmddﬁf and 3.55
LRGREIRHA rihn Sihafiy Blink BN ctialt B 1 CorboRf S bt gL e 1 ©

ahzthylaminebenrophanene (rroduck 4) PH@“&PHW?P 36 JE s extracted with

W A Ei@idncst 5.5Tpof Bagivphenm) and21.6 g\malcma:nmmdssanammsatmnbfaqueous NadQl

PRt i JROR WA bl e net'fé‘%éﬁl’é@ﬁor.“hh% ol

Arown, g@l@p@umsx@uptsﬂal@nelp%m} ethyhacqtﬂé% R@FPEEF}? hed, di et hyl

et her / meg; hama)! ge( Bvidg 3@néic5§wmbﬂﬁh6m&duﬁmﬂlw mlu@ls poihbef

8(°C.

c) 626 mg of product A and 790 mg of 3-N-e1cosylammophenol are stirred for 2 hours at
170°C in 5 ml of phosphoric acid (85 %). After cooling, a solution of 1 ml of concentrated -
HZlin 1 ml of methanol is added, and the mixture is subsequently extracted with
m:zthylene chloride. After removal of the solvent, the residue is taken up in methylene -

ct loride/methanol (85:15) and chromatographed on silica gel, giving the title compound as
red-violet crystals having a melung point of 115°C. Absorpnon spectrum (ethanol)

A, 1ax= 532 nm; € =90 000.

E cample A6: Preparation of -




eluate is taken up in nethanol, 2N HO is added, the m xture is extracted
with di et kgoosmesar, and the ether phase is dried and evapBFEE§00I$he
residue is dissolved in nethylene chloride, n-hexane is added, and the red
crystalline precipitate forned is filtered off. F urther product can be
isolated fromthe nother |iquor after éﬂaporatlon The melting point of the
title conpound IS 245[err]C Absorption spectrum (ethanol): [err] = 472 nm
[err] 51 400. Exanple A2: Preparation of

3, 6- bls(n ei cosyl am no) acridine. 2.53 g of anhydrous potaSS|un1carbonate
are added a) & sohsiohof 54 gaff 32m$ngplwn0kalﬂ—1d+6asrvﬂ1¥\;hm09ﬂﬁeﬁ m2dPsdiafor i de and

2. 9t5 9 of &g xf[ih éﬁe@ﬁpmodg féﬂgo;flfbui‘? thefsolVeht is dieﬁ%?iﬁbfﬂ%dﬂﬁ@mt@lﬂém 1§?d t he
mxure|55|rre r or ol ed reactian mxture is
T i W el S L s 6 SHEREd AVl

extract ed vatdylaﬂﬂndp}xbmiasbﬁgoctydels,ﬂihhmerpgmnﬂfcphase is washed with water

and dried 946125%? W{,@e OIABW@:;E : Ela%dr@yaﬁ%lba@éﬂﬁg at 0 the

brown oil.

PCT/ | B95/ d@@% imlo phosphonc acid (85 %) is e melt, which is then heated Qs

formed is 1f701’¢ %M 1GHolir, theeixtate i allmwodttecod,ruﬁdahhﬁcurslaédbd. Fhembbitgle ivacuum
The resul tap d: o aﬁfﬁh ¥c1.dex'8 take

chl ori de/ r?‘é "FT%W)I& %Bf rorra B‘(Sérﬁﬂs fxdue IF nup

evapor.at i onmemﬁene@hloaddmeﬂlamk@ﬁ lé Tﬂ?‘@%‘ﬁ Y@tﬂ@ﬁ&?ﬁ@ﬂ%@f‘ tl(io 1) and

r e- chr omatRaHRERess xedlcf‘ykdalsqavﬂ |a,m¢€l %?@nwfﬂSB’fG .| Absorpeipw spedtrava (étkahol):
crystals, abs tion s (?d et hano [err]= 472 nm [err] = 42 200.
Exanpl e A@nﬂ%"ﬁ’t oﬂfz "3, 6- bi s(n-hexyl am no) acri dine. 298 ng of ground
pot assi um hydroxi de are added to a solution of 500 ng of

N, N - bi st g8k q“r@%ﬂﬂtﬂﬁ i di ne and 797 ng of 1-bronohexane in 25 m of
di rrethylfm‘rm‘f#dé— the(\dnf‘lI xture is stirred at 60[err]C for 22 hours. The
cool ed reaction m xture is subsequently oured into water and extracted
with ethyl acetat e, (Cargl=Nhe qr ¢ nCuber ated of f, washed with
aqueous NaCl sol ution and fer sodium sul fate. Evapor ation gives
a dark-red oil, which is tlg | uene/ et hyl acetate (20:1) and
chromat ogr aphed on silica gel. Epaporation of the -H@@gnt gives a yell ow,
viscous oil, which is dissolved A\n €O M of glacial acetic acid, 4.6 ni

of 97 %sulfurlc acid are addef h water cooling, and the m xture is then

stirred at roomtenperature fo 3 hours. The red reaction mxture is
poured into ice water and adjusted to pH 11 by

a) 1.57 g of product A from Example A5a, 0.55 g of 3-aminophenol and 10 ml of
phosphoric acid (85 %) are stirred for 30 minutes at 170°C. 6.7 ml of perchloric acid

(50 %) and 100 ml of methanol are then added, the mixture is re-heated, and the solvent is
then removed in vacuo. The residue is taken up in methylene chloride, the solution is
washed with water, and the solvent is removed again. The residue is taken up in methylene
chloride/methanol (10:1) and chromatographed on silica gel, giving red crystals of
compound B of the formula '




means of 30 % NaOH The mxture is extracted with ethyl

or gani ¢ \RB3sEs sbf washed with 2N HC1 and saturated aqueoug,

then dried over sodi um sul fate.
oil is taken up in t-butyl nethyl ether/methanol

on silica gel,

After evaporation,

the dark-red, " vi
(5. 1) and chronmat ographed

giving the title conpoygd as orange-red crystals having a

nmelting point of > 200[err]C (deconposition).

[s, 1H C9)];

3.20 [t, 4H, N-CHerr]];

hydr ochlbdptlc%"ﬁ‘??“m?“ﬁ‘ll Bdf d’ﬁ

7.44 [d, 2H C(8)]; 6.93 [s,

2H, &(5)];

1.68 [m 6H CHerr].
3, 6- bi di 3 1 m f' hept | chl d
30 ;sglggggggyélﬁgégaﬂ (gfai%s@) acridine. o ep anoyl chlori

6-.di am noacri di ne

suspensi on of

[err]HHNMR (CDCl[err]): 8.1

6.82 [d, 2H CO(7)];

Exanpl e A4: Preparation of
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ution and
scous
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agqueous sa
hramatographedonesilica grl, giving the title cempeynd gp red crygsels
ARhed60 fms & 1wo0e! -
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“After e

chl or i dedifiebh 245%C. AbSorptioriépéceith Qethiroly:
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;aa‘gng, a melting

ase i s
ul f at e.

The evapor at ed
eluate i s taken up in nethylene chloride and added dropwi se to cycl ohexane.
The yeIIow precipitate formed is filtered off,

washed wi th cycl ohexane and
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A5:  Pr e[Tiue aionomees hswd in Table 1 are intfoduedd into an ampoule in the stated mixing ratios
together with 0.1 % by weight of a.,«’-azobisisobutyronitrile. In order to remove oxygen,
th: ampoule is evacuated and filled with nitrogen a number of times, then sealed, warmed
to 60°C and left at this temperature for 48 hours. The mixture is then cooled and dissolved
in ten times the amount (based on the monomers) of tetrahydrofuran (THF). This solution
is transferred into 20 times the amount of methanol, and the precipitated polymer is then
fil:ered off. The dried polymer is re-dissolved in THF and precipitated using methanol,
searated off and then dried in vacuo for 48 hours.

In Table 1 below, the following abbreviations are used: AN = acrylonitrile,
DcdMA = dodecyl methacrylate, EHA = ethylhexyl acrylate, MMA = methyl

me thacrylate, VAC = vinyl acetate. The inherent viscosity (IV) is determined at 25°Ciin a
solution of 0.5 % by i_weight of polymer in THF. '

Tadle 1:

Example

DodMA AN VAC
(mol%)

58883

(mol%) (mol%) (mol%)

25
20
12

6
40
40

25 -
20 - -
8 . -
54 .

20 40

EHA MMA  Yield
(mol%) (% bywt)

76
50
66
52
- 87
90

1.765
0.229
1.075
1.092
2.560
1.386

[err] =

Exanpl e

pof polymegs ving the title corrpound as yellow crystals having
a melting point of 243-244[err]C. Absorption spectrum (et hanol)

384 nm err! —213
PCT/ | B9

(

E)



‘a) A solution of 12.8 g of phthalic anhydride and 13.2 g of

3- NN di et o esmesmaphenol is stirred at 110ferr] C for 16 hoBFHIRHONSI ni. of
tol'uene. The precipitated product is filtered off ar d recrystallized from
et hanol, giving brick-red crystals of |-carboxy-lI '-hydroxy-3'-

di et hyl am nobenzophenone (product A) h&+ng a nelting point of 214[err]C
b) A solution of 5.5 g of 3-am nophenol and 21.6 g of 1-bronoeicosane in
250 m of 1, 4-dioxane is stirred at 100[err]C for 48 hours. The mixture is
evaporated in vacuo, and the brown, gelatinous residue is taken up in

t ol uene/ eERathplesB6anéBg10: 1) and chr omat ographed on silica gel, giving

3- N-ei cos S ‘éb#lgt ?%?I?ahé'mﬂ
80[err] C. @?%gﬂﬂg&% u?ﬁxéé@cl{zse%f% ﬁ% tﬁ% § ei cosyl am Q%pﬁnnol are
stirred feqhy@eaa:dmlaae@%tmﬁmﬁmmsﬁhw li% acid (85 %. After
cooling, a solution of 1 m of concentrated HCl in 1 m of nethanol is
added, ani !t!ha m xture i s subsequently extracted with m ethylene chloride.

After re of the solvent, the residue is taken up in nethylene
chl ori de/ met hanol (85:15) and chromat ogr aphed on silica gel, giving the

title con’ggwﬂgleas ERJ- Vi OARt crml S Inuang a mel fyng poi nt of 115[err]C
Absorptio spectru ha oI r] 2 nm r] = 90 000.

Exanpl e AR Preparm o&—-—) (o] " kot 95/ 26501
PCT/ 1 B95/ 00159 - 17 - a) A
'solution g 5.45 go@f 3-ajg nophenol andyll. 6 g of jgpgonpoctane in 250 m
of dioxane is stlrred at 100[err] C for 80 hours, B ol vent is then
evaporateg,8 and the residf® is t%en tadén up into §6 e/ ethyl acetate
(10: 1) and chr omat ogr aphed on silica gel, giving N-octylam nophenol as
beige cry & 5[err] C b) 1.1 g of N-octyl am nophenol and
0.37 g of e nelted together at 100[err]C 1 m of
phosphoric acid (85 % is added to the nelt, which is then heated to
170[ err ] CexéthbRE Ci-dgur, the mxture is allowed to cool, and 2N HCLl is
added. The g&xture s extracted with nmethylene chloride, the solvent is
renoved, eS| due is taken up in nethylene chloride/ net hanol

(85:15). mhc suppougnaieria} used is pretreated)glassg Cirowlan glassishects(diameter 18 mm,
thickness 0.17 mm) are immersed for one hour in a solution of 10 % by volume of
dimethyldodecylchlorosilane in isopropanol. The glass sheets are then each washed one
after the other with 200 ml of isopropanol, ethanol and methanol and dried at 1 10°C for
1 hour. The hydrophobicized surface has better adhesion of the membrane coating.

b) Preparation of the coating solution.

The following constituents are introduced into a 2 ml bottle together with teu'ahydrofuran
(THF) and shaken until the components have dissolved. The ﬂuorophore used is the
compound of Example AS.

Example C1: 125 mg of polymer from Example B1, 1.0 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluvoromethyl)phenyl]borate, 3 ml of
THF.

Example C2: 100 mg of p_olymex; from Example B2, 1.0 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyljborate, 2 ml of
THF. '

Example C3: 40 mg of poiymer from Example B3, 1.5 mg of fluorophore, 1.5 mg of
valinomycin, 1.2 mg of potassium tetrakis[3,5-(trifluoromethyl)phenyl]borate, 2 ml of



conpound as red crystals haV| ng a nelting p0| nt of 183[err]C. Absorptlon

spect r ugy ol): [err] =522 nm [err] = 73 700. Em
Preparat|on o?‘ﬂ [err] a) 1.57 g of produc A from

Exanpl e Aba, 0.55 g of 3-am nophenol and 10 ml of phosphoric acid (85 %
are stirred for 30 mnutes at 170C. g, mM of perchloric acid (50 % and
100 M of methanol are then added, the m xture is re-heated, and the
solvent is then-renoved in vacuo. The residue is taken up in nethylene
chloride, the solution is washed with water, and the solvent is renoved
agai n. Jhg: residue is taken up in nethylene chloride/methanol (10:1) and
chromat ogr aphed on silica gel, giving red crystals of. conpound B of the
formul a [err] VO 95/26501

PCT/ | B9B/4&fgle T4: 38 mg of polymer from Example B4, 1.5 mg of ﬂuorophom 1:5 thg of hi vi ng a

et hy B RE 4e B b spabofh S D SORRRA DB BRSO 2 5 "1 D 1 G

are add&dlF. After 3 hours, the mixture is evaporated to dryness in vacuo,
and the residue is dissolved in nmethyl ene chloride/nethanol (85:15) and

chr omat ggr aph 5|I|c el Vi n itle und as red crystals
havi ng gg%&&%ggﬁm%ﬂfpa g’[‘@?h‘ﬁ“& o?‘ét’i‘%ﬂf Pangghol ): [err]
560 nm vilmomycin, 1.2 86f potassium tetrakisf3,5- (mﬂuoromethyl)phenyl]borate 2 ml of

- TIHF.

Example C6: 20 mg of polyurethane Tecoflex® (Thermedics Inc. , Woburn) having a Tg
of -70°C, 0.5 mg of fluorophore, 0.24 mg of valinomycin, 0.2 mg of potassmm
' tet rakis[3,5-(triflucromethyl)phenyl]borate, 1 ml of THF.

Example C7: 100 mg of polyurethane Tecoflex® (Thermedics Inc., Woburn) héving aTg
of -70°C, 3 mg of fluorophore, 50 mg of diethyl N,N-[(4R,5R)-4,5-dimethyl-1,8-dioxo-
3,¢-dioxaoctamethylene)bis(12-methylamino)dodecanoate (calcium ionophore, Fluka
21102), 6 mg of potassium teirakis[3;S-(uiﬂuoiomethyl)phexiyl]borate, 2 ml of THF.

c) ’roduction of coated glass supports. _ '

The glass supports are clamped in the chamber of a spm-coanng apparatus (Optocoat OS
35var, Willer Company, CH-8484 Welsshngen) The chamber is rinsed with 10 ml of
tetrahydrofuran and rotated for 2 minutes at 3 800 revolutions/minute. 50 yl of the

par icular coating solution are then pipetted onto the glass support, and the glass support is
rot: ted for a further 10 seconds. The glass support coated with a membrane is then |
renr oved and dried for 10 minutes in air.

D) :Jetermination of ion concentrations

Examples D1 to Dé6:
The coated glass supports are clamped in an opucal cell in which the membrane is in

con :act with the measurement liquid. The membrane can be opucally excited in the optical
cell and the fluorescence radiation measured. The optical cell is introduced into a
spectrofluorometer (Perkin-Elmer LS-SO) The absorpuon and emission wavelengths are
adju sted to the correspondmg maxima of the ﬂuomphores employed in the membrane.
The membrane is brought into contact with an aqueous KCl solution or CaC12 solution of



B) Preparation of polyners Exanples Bl to B7: The nononers listed in Table
1 are intrwaayeasel nto an anpoule in the stated m xi ng rat ipcI/IBISgeisaer wth
0.1 % by weight of [err],[err]-azobisisobutyronitrile. In order to renove
oxygen, the anpoule is evacuated and filled with nitrogen a nunber of
times, then sealed, warned ti6 60[err] €2dnd left at this tenperature for 48
hours. The m xture is then cool ed and dissolved in ten tines the anount
(based on the nononers) of tetrahydrofuran (THF). -This solution is _
transferred into 20 tinmes the anmount of nethanol, and the precipitated

pol ymer i sleﬁn@moncdmnetdbsopdmpﬁgmed:olmdn Flubggiﬂhecesnatafitb of Dimlainiand THF and
preci pi t algeduimi ,{gqhgg&lﬂggg{ the i Pastfelnfa qtm%%gg%hfor 48

hours. In Table 1l gl the OWI ng b%rew at1ons are use
acryl oni t FIPETe 5 PPfaRSIYR ignfreeytter slutigns prdtpe acryl ate, MVA
= et hyl feoleseengd mtensity/is@etermined in ardet widefineTthe basa ik ETHe ftiosszesicky (V) is

e

|V No. respective patasgium Coggeniration fay tiy fluprephory of Exasply AS((emprane)B1)  (dI / g)

Bl afdvarious corﬂﬁosmons agh ExamplesCl-C7 is shrown in the taffles below. 1.765 B2
60 20 20 0.229 B3 40
12 48 66 1.075 B4 40 6
54 Example D1 (membrane €2): 1.092 B5 40 40 -
- 20 87 2.560 B6 - 40 20 40
- 0 1. 386 WO 95/26501 ' .
PCT/ | B95/ ium concentration (mM uorescence (volts) -19- Exanpl es
B6 and B7: The pro@8fure is as in Exanpl es 4321-B6, using ethyl acetate
(EA), acrylonitrilgi(AN) and 3.96

0.5 3.67

1.0 352

3.0 ' 3.46

50 | 3.33

7.0 323

100 - 315

Example D2 (membrane C6):
Potaésium concentration {mM) Flnorescencg: (volts)

0.00 5.30

0.1 : 3.20

0.5 1.70

1.0 1.20

30 0.50

5.0 0.40

7.0 0.30

10.0 0.20



et hyl hexyl acrylate (EHA). The results are shown in Table 2. Table 2
Exanpl e _ EA AN EHA Yield - | V No. (ol %
(mol % YROP8E501 (o by wt ) (di/g) B7 90 Pc”‘%’“‘“SS -
54 1. 394 B8 - 10 90 82

0.663 C) Production of coated suppor& Exanpl es C1-C8: a) Support

mat eri al The support material used is %F etreated glass. Crcular glass
sheets (diameter 18 mm thickness 0.17 my) are i mersed for one hour in a
solution of 10 % by vol ume of dinethyl dodecyl chl ofosilane in isopropanol.
The gl a;% sh?eba are then,.each washed one after- the other with 200 m of
i sopr opanBmPIEPR {msmbmng hanol and dried at 110[err]C for 1 hour. The
hydr ophobi ci zed surface has better adhesion of the nenbrane coating. b)

Pr epar atp piysidbn dddBerit@bh GMpO! Ut i on. ok QWi constituents are
introduc‘éa_“r_w_ﬁw nt o 0 e together w ydrof uran (THF) and
shaken until the onents have dissol ve&89The fI uor ophore used is the

conpound of Exanfl® A5. Exanple d: 125 #@0of pol yner from Exanple Bl, 1.0
ng of fluorophorgal. 5 mg of valinonycin, 5k92 ng of potassium
tetrakis[3,5-(tri fq uor orret hyl ) phenyl ] bor a?’e, 3 m, of THF. Exanple C2: 100
ng of pol yner froWr(ExarrpI e B2, 1.0 ng of ﬂsﬁorophOre, 1.5 ng of

val i nonycin, 1.2 ng of potassium N

tetraki g 3. 5: (L fluoro \yl ) phenyl ] borate, 2 m" of THF. Exanple C3: 40
ng of pﬁm}é#ﬂswgﬁg‘ﬁ%?% 1.5 ng of fluorophore, 1.5 ng of '

val i nonycin, 1.2 ng of potassium

t et r aki Sk pasSinfi donbéniki ') pheny| Fhidkdbénce &vdits) Of - WD 95/ 26501
PCT/ | B95T . ' - 20-
_ 0.00 6.80 : _
0.5 . 4.50
4.0 - 3.20
10.0 : 250
E»:ample D5 (membrane C5):
Pcitassium concentration (mM) Fluorescence (volts)
000 300
" 0.5 - 2.40
4.0 225
10.0 2.15
E:x:.ample D6 (membrane C7):
Pctassium concentration (mM) ~ Fluorescence (volts)
0.00 1.55
0.1 . 0.96
0.5 ' _ 0.75
1.0 0.65
3.0 0.50
5.0 0.45
7.0 | 0.40

10.0 ' 0.38



THF. le C4: 38 ng of polynmer from Exanple B4, 1.5 ng of fluorophore,

1.5 QRS cin, 1.2 ng of potassium PCT/IB95/00159
tiet rakl 5[3 —5—H—L|—f—l—ue#eﬂ%{—hyl—)4phenyl borate, 2 m of THF. Exanple C5: 50
ng o yrrer from Exanpl e fl uorophore, 1.5 ng of -

val i norryC| n, mmmﬂ !' &ﬂll} '23
tetrakis[ 3, 5 phenyl ]borate, 2 m of THF. Exanple C6: 20

ng of pol yuret "hane Tecof! ex (Thernedics Inc., Whburn) having a Tg of

-70[err] C, 5 f _fluorophore, 0.24 ny of val i nonycin, 0.2 ng of

pot assi um@a@%ﬁiﬂ uor onet hyl ) phenyl ] borate, 1 m of THF.

Exanpl e C? 100 of pol yurethane Tecoflex[err] ( Thernmedics Inc., Wburn)

havi ng a fluoro hore 50 of di et hyl

N, N—[?4R ‘Ef’“é&gfaﬁ%t%ﬂﬁﬁ"%% di oxor 3 " Y

- di oxaoct & Wﬁﬂsﬂ#éwlﬁuﬂm met hyl am no) dodecanoat e (cal ci um i onophore,

Fl uka 21 XBPwhich is\Ebated daQk mldﬁ@slde with a transparent coatm]g which comcxsnsf) duct .
roduction o

coat od gl 32D AMEEES Ry ophBRE gl ise gefi Ao Fpoereve AgMhor of o

spi n- coat |fmgnaﬁ@aoét)‘t@. (Qot ocoat OS 35var, W/ ler Conpany, CH 8484

Vi ssl i nggpl) coIHén Mal 10 M of tetrahydrofuran and
rotated f es 800 vol ut | /[ mnute. 50 [err]I of the par

i cul ar cozﬁ) ‘%‘?ﬂﬁfﬂ‘o‘ﬂhﬁh@’{“ﬁé °5‘PT9§tW‘8H}S'BWPﬁ detgrmined, andhport, and the
gl ass sup;ibtt)tacmpmhdbéﬂefmnﬁlmﬁhmﬂuﬁepmonds The gl ass support coated

with a nmenbrane is then renoved and dried for 10 mnutes in air. D)

Det erm nation of iqgn_concentrations Exanples D1 to D6: The coated gl ass
supports are clanped™®han Qpticgl cell i gch the nmenbrane is in contact

wi th the neasurenent I|q ) RS ¢ can be opti'call)éBexcited in the
optical cell and the fl ug on neasured. The'eptical cell is
introduced into a spectroRyyers €&r ki n- El mer LS-50). The absorption

~and eni ssion wavel engths are adj usted to the correspondi ng nmaxi ma of the

fl uor ophores enpl oy;eﬁ n the rrenbr ane. The Ngnbr ane is brought into contact

w th an aqueous KCl - Wt i 2N ) 2 ol"ution of

- (),

in which R, and R3, and R4 and Ry are C;-Csqalkyl or C;-Csqalkyl-CO-, and R, and R are
H or C;-Csalkyl, with the proviso that the total number of carbon atoms in the alkyl
groups is at least 5, or a salt thereof with an inorganic or organic acid.

2. A composition according to claim 1, wherein RyisH.

3. A composition according to claim 1, wherein the alkyl groups are linear alkyl groups.

4. A composition accordmg to cla1m 1, wherein the alkyl groups coniain 1 to 22 carbon
atoms.

5. A composition according to claim 1, wherein R, and Ry are Cg-Cypyalkyl or



WD 95/ 26501 i’
PCT/ 1 B95/ Q0 - - efined .
concent r 2P %IH“B& punpi ng the solution through the cell a?géq’g@‘gﬁgf 1 nmmn-

and determni ng the-change in fluorescence intensity. Before the

rreasure ch nmeasurenent,, the cell is rinsed with potassium
ion-fre g“! lﬂj!lm!)“ﬂns and the fluérescence intensity is deternined in
or der t I'ne age line. The fluorescence intensity (nmeasured as the

change in voltage in the photodiode) in per cent. at the respective
pot assi u nce tio for the fluorophore of Exanple A5 (nenbrane B 1)
CeE T

and vari & Exanpl es C1-C7 is shown in the tables bel ow
Exanpl e D1 (nmenbrane C2): Pot assi um concentration (mV) . _ Fl uorescence
gvglgst s) 6 Acomposmon5£c&@mgtocla1m5 wherein R, and R; are C o-g";;aﬁ&lor _ i 00- 1
3.52 CIO'CQAa-lkyl' | | | 3.46 5.0
3.33 ' 3.23 10.0
3.15 Exa LA u ' -

Fl uor escence T%tg eg&@ianns 38%1@515& £HdC193”sﬁ-§@:tl4-alaﬁ&1W 5. 30

0.1 3.20 . 0.5 . '

1.70 1 O 1.20 ' 3.0

0.50 7.0

0 30 8 Acompom%a@cord.mgtoclmml wheremRslsHandR,‘ﬂ:dél%areCs%alkyl
9 A composition according to claim 8, wherein Ry and R4 are C;5-Cyqalkyl.
1. A composition according to claim 9, wherein R, and Rg are Cj,-Cypalkyl.

11. A composition according to claim 1, wherein R, and Rg are Cl-CGalkyl and Rgis
C10-Caaalkyl or C;o-Cpaalkyl-CO-. '

12. A composition according to claim 11, wherein R, and Rs are C,-C,alkyl, and Rg is
C14-Caaalkyl or Cy4-Cyoalkyl-CO-.

13. A composition according to claim 12, wherein R4 and R5 are mcthyl or ethyl, and Rg is
C16-Capalkyl ar Cy6-Cpoalkyl-CO-.

1.4. A composition according to claim 1, wherein the salt of the compound of the formula I '
o: 11 is derived from HF, HC, HBr, HI, H;SO;, HZSO4, H3P03 H3PO,, HNO,, HNO,,

E ClO,, HBF,, HPF4, HSbF,, CF3SO3H, I-IB[C5P15]4, toluenesulfonic acid, C;-C,alkyl-or
pienylphosphonic acid, formic acid, acetic acid, propionic acid, benzoic acid, mono-, di-
o trichloroacetic acid, or mono-, di- or trifluoroacetic acid.

15. A composition accarding to claim 14, wherein the salt of the compound of the formula
I or I is derived from HCI, HBr, H,SO,, HCIO,, HBF,, HPF,, HB[CgHs], or HSbF,

15. A composition according to claim 1, wherein the compound of the formula I or I has a
pK, value of at least 8. '

17. A composition according to claim 16, wherein the pK, value is at least 10.



WO 95/ 26501 PCT/ 1 B95/ 00159

-22 - mmmm (menbrane C): Potassium concentr ati @CTBASI00159

Fl uorescence (volts) . D 0 00 , 6.89

0.5 2. 4 0o

2.89 1.89 Exanmple D4 (rrenbrane
C4): Potassiu ﬂ%mﬂmmam””mmv) Fl uorescence (volts) o 0. 00
6. 80 4.50 . 4.0

3. 20 10.0 : 2.50 Exanple D5 (nenbrane
‘C5): Potassium concentration (mV Fl uor escence (volts)

0.00 18. A composition according tot1&fh 1, wherein theguéyort is a glass.’

2.40 5 10.0

2.15 Exanple D6 (nenbrane C7): Pot assi um concentrati on (mV

FI uor esceri®eA(coalposi}ion according to clfim0I) wherein the thickness of the coating on the55

8 %5 supporusfromOOltolOOumo 96 0.5

20. A composition according to claim 1, wherein the hydrophobic polymer has a
molecular weight of at least 5 000 daltons.

21. A composition according to claim 1, wherein the hydrophobic polymer is selected
from the group consisting of the polyolefins, polyesters, polyamides, polyethers,
polyimides, polyesteramides, polyamideimides, polyurethanes, polyethetuiethanes,
polyesterurethanes, polyureas, polyurethaneureas and polysiloxanes.

22. A composition according to claim 21, wherein the polymers contain ionizable basic or
acidic groups.

23. A composition according to claim 21, wherein the hydrophobic polymers are
polyurethanes made from polyethers of C;-Cgalkanediols and aliphatic, cycloaliphatic,
cycloaliphatic-aliphatic, aromatic-aliphatic or aromatic C,-Cyqdiisocyanates.

24. A composition according to claim 21, wherein the hydrophobic polymers are
copolymers comprising
a) from 10 to 90 mol% of identical or deferent structural units of the formula ITT

R, H
| —'J': %2— (1),
COXRy Ry

and from 90 to 10 mol% based on the polymer, of identical or different sn-hctural units of
the formula IV,



1.0 0. 65 3.0

0.50 5.0 0. 45 - 7.0
0. 40 W0 951265011 o 0. 38 WEBCTIBYA08SP
PCT/ 1 B95/ 00159 T IS CLAIMED | S: 1. A conposition conprising (a)

a tran b) which is co%ed on at | east one side with a
transpﬂmmmﬂm"rﬂgwch conprises (BF) a plasticizer-free, hydrophobic
pol ymer* having a transition tenperature Tg of from-150 to 50[err]C,
(b2) counterions in the formof lipophilic salts, (b3) an ionophore which

fornms a conplex with,the ign to be deternm ned, and (b4) a conpound of the"
formula | or Il as f lﬂoropf‘éﬂre . : [err]
—l—_—T— : av),
Rl3 RIZ

ir. which R, and Rg, independently of one another, are H or C;-Calkyl, X is -O- or
-lNRy4-, Ry is Cg-Caoalkyl and Ry is H or Cj-Cppalkyl; Ryq and R, independently of one
another, are H, F, Cl or C;-Cgalkyl, Ry; and Ry3, independently of one another, are H, F,
C1, Cy-Cjalkyl, -COOH, -COO-Cy-Csalkyl, -CONHC;-Csalkyl or -CON(R14)Cy-Calkyl,
o Ry, is H and Ry3 is -CN, phenyl, chlorophenyl, CI_-C'mailkoxy or C,-Cygacyloxy.

25. A composition according to claim 1, wherein the salt with a lipophilic anion is an
a kali metal, alkaline earth metal or ammonium salt with a subsututed or unsubstituted
te traphenylborate.

25. A composition accordmg to clalm 25, wherein the cation is Li®, Na®, k®, Mgze
Ca2®, NH.;69 or an ammonium cation of a primary, secondary or temary amine ora
qiaternary ammonium cation containing 1 to 40 carbon atoms.

27. A composition according to claim 25, wherein the borate anion is tetraphenylborate,
whose phenyl groups are unsubstituted or substituted by one or more C;-Cjalkyl,

Cy-Cgqalkoxy, halogen or trifluoromethyl groups.

23. A composition according to claim 25, wherein the borate anion is ten'aphenylborété,
te tra(3,5-bistrifluoromethylphenyl)borate or tetra(4-chlorophenyl)borate.

2. A composition according to claim 16, wherein the amount of the salt with a lipophilic
anion is from 0.01 to 10 % by weight, based on the amount of polymer.

3(). A composition according to claim 1, wherein the polymer coating contains an _
ic nophore in an amount of from 0.01t1010% by welght, based on the amount of polymer

3 L. A composition according to claim 1, wherein the potassmm ionophore is valinomycin.

32. A composition according to claim 1, wherein the amount of the compound of the



in which Rlerr] and R[err], and Rlerr] and Rlerr] are (Jerr]-Clerr]al kyl or

C err] - C[ evopsidsyl - , and Rlerr] and Rerr] are H or ( ecrjmsoeispal kyl ,
with the prov unber of carbon atonms in the al kyl groups
is at least 5, or a salt thereo f with an inorganic or organic acid. 2. A
conposi tion accimml | ﬂ !:u wher@r R2 is H 3. A conposition
according to cl 3 e al kyl groups are linear alkyl groups.

4. A conpositi on accordi ng-to. ‘el ai m 1, wherein the al kyl groups contain 1
to 22 carbon atons. 5. A conposition according to claim1, wherein Rlerr]
and R er r [formuda DpeH dg frath §01)ta|1R\% by weight, basdd@n&ﬁd a6t of polymer.
PCT/I895/00159 - 24- C[err] d err]al kyl - , and Rerr] is H 6 A

t di d
orr- o P REPRppefin spiiny Bicpiom Hor m@&s’ Pinchs ambuch of thesApBbvAd Qhthesc cor di ng
to cl ai m Sormwilel mlﬂilsl:i{mnﬂ]l tariSco Byeveightare Clerr]-Clerr]al kyl or

(Jerr]-Cerr]al kyl - . 8 A conposition according to claim11, wherein
Rlerr] is nd R[err] and Rlerr] are C(Jerr]-Clerr]alkyl. 9 A conposition
accor di ng 3902 tion gacerding forjaim 32, whereinjthe amount of tesompowidnfithel ky| .

formula I or Il is from 0.1 to 2 % by weight.

35. A composition according to claim 1, wherein the total number of carbon atoms in the
alkyl groups is at least 10. '

36. A composition according to claim 1, wherein the total number of carbon atoms in the _
alkyl groups is at least 12.

37. A composition comprising (a) a plasticizer-free, hydrophobic polymer having a glass
transition temperature Tg of from -150 to 50°C and

(b) a compound of the formula I or II as fluorophore

R;R,N ' NHR3

SOOANE

a,

in which R, and R3, and R4 and R are C;-Cypalkyl or C;-C;qalkyl-CO-, and R, and R are
H or C;-Cypalkyl, with the proviso that the total number of carbon atoms in the alkyl
groups is at least 5, or a salt thereof with an inorganic or organic acid,

(c) an ionophore which forms a complex with the ion to be determmed, and

(d) counterions in the form of lipophilic salts.



10. A conposition according to claim9, wherein R err] and R[err] are

Jerr]-Cerr]al kcyl. 11. A conposition according to claim wherein e
Rl err] a“@”ZFiﬁ”F] are C[err] Clerr]alkyl, and Rerr] is H#gr"’f’méferr]al kyl
or Jerri—¢errtatkyt=—€6— 12. A conposition according to claim 11,

wherein R are Clerr]-ClLerr]alkyl, and Rerr] is C
[err] - C[erﬁlﬂlﬁmduﬁbmlﬁl -Cerr]alkyP-CO 13. A conposition according to
claim12 d Rerr] are rrethyl or ethyl, and Rerr] is C
[err]-Cerr]alkyl or (Jerr]-Cerr]alkyl - .14 . A corrposition accordi ng

to claim1, wherein the salt of the caompou nd of the forrmula I

derived 33 d¥n opticaksensor s the dptermingtion of g W“%P%F’Ff%ﬁr‘é‘?"ﬁtfm?]f%m] Pq err]
Herr]P ﬂﬁedlarﬂswﬁmbfﬂubimems trisihéths which ddbipirises |, HPF[ err],

HSbF[err err g(? rL]H HB[Clerr]Herr]][err] tol uenesul fonic acid,
Cerr]- W?{ALI henyl phosphonl c acid, formc acid, acetic acid,

pr opi onlﬂ')mlsbma one gide with gjtansparant coating WhHGhSOMPTISeS d, or nono-,

di - or tyithhpRiacasaifiee iydidphobié polythes BAVING b glasrnitivhdémperitareCT: bm 14,
wher ei n hehb% t he corrpgulngogz‘ﬁ‘the f%r%ul al or Il |s"de'r-ig3‘éd from
HO , HBr °’H['i j"sﬁ"grr] HClQ[err], HBF[err] HPF[err],.

HB[ C[err{lﬂbdlers]a]tpéahponhilid-ﬁﬁﬁ,err] 16. A conposition according to claim
1, vvhereuglgﬁu Kg@ﬁg}go WhEEhAbrhd' £ cd lgymlm‘p{onltéb@m@éﬁ’gﬁd] val ue of at

| east 8 n%)osm}oggvgcico?g 38 to cIa|m16 wherein the pK[err]

val ue i s(4) acempeu :
PCT/ 1 B95/ 00159 18. A conposition according to claiml1, wherein the

support h@ﬁ Q?Ep%hﬁ 25k i %ﬂaﬂﬁd&g as%&b Mbegei n the
t hi cknes?o@“‘%1 coa‘P&gG et sf-nQ éﬂt;am ‘
which a sensor according to cla:m 38 is brought into contact with said aqueous , .
nieasurement sample, and the change in fluorescence of the ﬂuorophore in the active

polymer coating is then measured.



--"ngpp'ort Is fromO0.01 to 100 [err]m 20. A conpiEmMi S}]EEj'to claim

-1, wherein the hydrophobic polymer hasa:rol eCUigFBLME]@NT lleast 5 000
daltons. 21. A conposition according to claimlf, wher ein Hydr ophobi ¢

polymer is selected fromthe group consisiing o hel §E9o’\98 i ns,
pol yesters, pol yam des, polyethers, polyimdes,|pblyesieramde
pol yam dei m des, pol yurethanes, polyetherurethaphes, polyesterurethanes,
pol yur eas, polyurethaneureas and pol ysi | oxanes.

according t%gg k@g‘h er X\éﬁ%ﬁﬁit 2h S IRBVITRE S s AR &m@ﬂh&eéﬂeﬁc@aquéfeﬁéd

acidic grou nposi |on accor 3 to cla ereldn ﬁx
hydr ophobi cApignifieans déa@vap@wef@mmss wﬁt@ oW rséﬁlﬁ“b ;étt#‘e%te&r ue to the
derr]-J erhahicreadhed quantith feiddtakd Mmdicaios Hpabsephat i c,
cycl oal i phatic-aliphati c aromatic-aliphatic or aromatic
Clerr]-Clerr]diisocyanates. 24. A conposition according to claim 21,

- wherein they. Mwoemhahhlqstpwbyd&ﬁ,q;ages&;ﬁapes&MQ),descpibbsa syptem basedonio to 90

o O SO R et B S o

[err] e pol ymer, of |dent|cal or
~different sfmfm@naunnﬂ@aohﬂmhéltu@rlmlfﬁomawmm conygexwith

~ PCT/1B9S/ Ooﬁél%ssmm-ch%ged ionophore. The potassium is determined by measuring the change in
absorption after charging with potassium or from the change in fluorescence. The
 sensitivity and response speeds of this system are regarded as unsatisfactory.

Y. Kawabata in Anal. Chem. Vol. 62, pages 1528-1531 and 2054 to 2055, describes a
membrane system for the optical determination of potassium using a hydrophobic ion
exchanger, namely 3,6-bis(dimethylamino)-10-dodecyl- or -10-hexadecylacridinium
bromide. A change in fluorescence is achieved by changing the polarity in the
microenvironment of the sample, since the acridinium salts diffuse at the interface with
the aqueous phase due to ion exchange with the potassium ion.

W.E. Morf et al. in Pure & Appl. Chem., Vol. 61, No. 9, pages 1613 to 1618 (1989),
describe the use of pH-sensitive chromo- or fluoroionophores for the optical determination
of cations based on ion exchange reactions. The sensitivity of these systems is relatively
low, the measurement is hindered in optically dense systems, anc_l relatively high
concentration_s of chromo- or fluoroionophores in thé membrane are required.

K. Wang et al. in Analytical Science, Vol. 6, pages 715 to 720 (1990), describe

membranes containing an absorption dye (Nile Blue) as indicator substance for the optlcal
measurement of metal cations. The system is based on an ion exchange mechanism which.
reduces the absorption by protonation of the dye. The sensitivity of theT system is regarded
as too low.

T. Werner et al. in Journal of fluorescence, Vol. 2, No. 2, (1992) de"scribe new lipophilic
rhodamines and their application to optical potassium sensing using plasticized pvc
membranes. A problem related to plasticized polymers is that the plasticizer tend to leach

out which then leads to stability problems.

Hitherto, no systems have been disclosed using plasticizer free membranes which have an

~ AMENDED br’F.E‘



{
/gerr] in which Rerr] and Rerr], inde _ WSHEET ot her,

“4re Hor Cerr]-Clerr]alkyl, Xis -0- or -NR[ e
err]-Clerr]alkyl and Rlerr] is Hor Cerr]-Cerf]
[err], independently of one anot her, are H, F,|C er ] al kyl ,
Rlerr] and R err], independently of one -grbot her,
Cerr]-Cerr]alkyl, -COOH, -COO(err]-(err]al kyl,
or -CON(R[err])Cerr]-Cerr]al kyl, or Rerr] i
phenyl, chl orophenyl, Cerr]- C[err]al koxy or (Jerr]-Cerr]acyl oxy. 2 5.
A conposi t|1®ne>@:dnamajm@mmsntfoamaoppcadhmasmmm‘etmeafsmstanmaremaaed opdehi | i c
ani on is agetermﬂahaﬁ bf Hrnetcﬂhmoe% Iﬂ%f'e@@enaé""&f %‘g @&or@ﬁn@ﬁﬂ}@%&ﬁ@eﬁﬁhﬁt th a
ora

substitute un et raphen tion
accor di ng S&Cg the; ﬁiﬁwz‘ssceml@f*qu wsldéa%ql quxgesmf F@WWW'&%}U"CK[ err],
My[err], fluGadphores.ardNidodow] or an anmoni um cation of a primary, secondary
or tertiary amne or a quat ernary anmoni um cation containing 1 to 40
carbon atons. 27. A conposition according to claim 25, wherein the

bor at e ani -dheisysteras displosed, hithertatcentain hlgmnmdaecphemeiohgrrqdmhable pohsnersin t ut ed
or substituted by one or nore CJerr]-Clerr]alkyl, Clerr]-derr]al koxy,
hal ogen or trifl uoronethyl groups. 28. A corrposi tion according to claim
25, wherein the borate anion is tetraphenyl borate, te
tra(3,5-bistrifluoronethyl phenyl)borate or tetra(4-chl orophenyl)borate.

29 . A conposition according to claim16, wherein the anount of the salt
with a lipophilic anion is from0.01 to 10 % by wei ght, based on the
anount of pol yner. 30. A conposition according to claim1, wherein the
pol ymer coating contains an ionophore in an anmobunt of fromO0.01 to 10 %
by wei ght, based on the anount of pol yner. 31. A conposition according
to claiml1, wherein the potassiumionophore is valinonycin. 32 . A
conposition according to claim1, wherein the anount of the conpound of the

-CONHC([ err]-Cl e r]aI kyI
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(57)_Abstract

A composition comprising (a) a transparent sup-
port, (b) which is coated on at least one side with a trans-
parent coating which comprises (bl) a plasticizer-free,
hydrophobic polymer having a glass transition tempera-
ture Tg of from -150 to 50 °C, (b2) counterions in the
form of lipophilic salts, (b3) an ionophere which forms a
compleanththemntobedetennmed.and(M)acom
pound of formula (I) or (II) as fiuorophore in which Ry
and Rj, and R4 and Rs are C;-Csoalkyl or C1-Csoalkyl-
CO-, and R; and Rs are H or C;-Csoalkyl, with the pro-
viso that the total number of carbon atoms in the alkyl
groups is at least S, orasaltthexeofwnhaninorgamcor
organic acid. The composltmn is highly suitable for the
qualitative or quantitative optical determination of ions
by means of fluorescence detection.

(54) Title:fﬁﬂCAL SENSOR FOR THE DETERMINATION OF IONS

Ko

(I




in which Rerr] and Rerr], and Rlerr] and Rlerr] are CJerr]- C[err]alkyl or
Jerr]-err]alkyl-CO, and Rlerr] and Rerr] are Hor Cferr]- C[err]alkyl
with the proviso that the total nunber of carbon atons in the alkyl groups'
is at least 5 or a salt thereof with an inorganic or organic acid, (c) an

i onophore which forms a conplex with the ion to be determined, and (d)
counterions in the formof lipophilic salts. WO 95/26501 '

PCT/ 1 B95/ 00159 -28 - 38. An optical sensor for the determ nation of
ions in aqueous neasurenent sanples, in particular by means of fluorescence
spectronetry, which conprises (a) a transparent support (b) which is coated
on at | east one side with a transparent coating which conprises (bl) a

pl astici zer-free hydrophobi c polymer having a glass transition tenperature
Tg of from-150 to 50[err]C, (b2) the salt of a lipophilic anion, (b3) an

i onophore which fornms a conplex with the ion to be determ ned, and (b4) a
conpound of the formula | or Il as fluorophore. 39. A nethod for the
optical determ nation of ions in aqueous neasurenent sanples, in which a
sensor raccording to cl'aim 38 is brought into contact wth said aqueous

- neasurenent sanple, and the change in fluorescence of the fluorophore in
the active polyner coating is then neasured.
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