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Dipyrrolylquinoxalines: Efficient Sensors for ’
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In recent decades, supramolecular chemists have devoted A, Ny
considerable effort to developing systems capable of recognizing, jij[ NN
sensing, and transporting negatively charged spédiesong the Y (cochycH,cl \O °/ Re LI e
range of biologically important anions, fluoride is of particular N oianeere Ui i) Ao e ARy N
interest due to its established role in preventing dental caries. 2 1:Ry= Rp= Rg=H  NaH / DMF
Fluoride anion is also being explored extensively as a treatment 3Ry =Ry=H; RZ:N%j“ -

for osteoporosi* and, on a less salubrious level, can lead to 4Py =P = Hi Ry = SEM

fluorosis® 7 a type of fluoride toxicity that generally manifests

itself clinically in terms of increasing bone density. This diversity based anion binding agents led us to consider that pyrrolic systems
of function, both beneficial and otherwise, makes the problem of containing a built-in chromophore might give rise to useful anion
fluoride anion detection one of considerable current interest. While sensors.

traditional methods of fluoride anion analysis such as ion selective  Qur current investigations utilize the easy-to-prepare 2,3-
electrodes ané’F NMR spectroscopy remain important, there is  dipyrrol-2-ylquinoxalinel. While known in the literature since
mounting incentive to find alternative means of analysis, including 191129 to the best of our knowledge, this particular entity has
those based on the use of specific chemoserisBesticularly ~ never been considered as being a possible colorimetric anion
useful would be systems that can recognize fluoride anion in sensor. It contains two pyrrole NH groups that could function as
solution and signal its presence via an easy-to-detect optical anjon binding moeities and a built-in quinoxaline ring that might

signature. _serve as a colorimetric reporter of any binding events. As
In the past few years, we and others have PV?ODBSEd a wideijllustrated in Figure 1, this putative sensing system is expected
range of anion sensors (sapphyrinsalixpyrrolesi®** poly- to operate through a combination of electronic and conformational

aminest?~15 guanidinium!®” etc.) that present varying degrees effects.

of affinity (and selectivity) toward anions such as,FCI-, The . . . . .
~ . ; preparation of involves condensing oxalyl chloride with

H,PQO,~, and carboxylates. Unfortunately, and despite considerable pyrrole at—80 °C as described first by Odéfoand later refined

effort, a need for good anion sensors remains. This is particularly by Behr2° Subsequent reaction between the resulting 2,3-dipyrrol-

true in the case of fluoride anion where few, if any, easy-to-use .; . h SN - .
. . . . .  2-ylethanedione2 with o-phenylenediamine in acetic acid at
signaling agents exist.Our recent experience with polypyrrole reflux leads to 2,3-dipyrrol-2ylquinoxalinel in excellent yield

_(2) Dietrich, B.; Hosseini, M. W. IrSupramolecular Chemistry of Anigns (SCh_eme 1). By modif)_ling this procedur_e and Usmg Other 1,2-
Bianchi, A., Bowman-James, K., GaaeEspda, E., Eds.; Wiley-VCH: New diaminobenzenes, a wide range of 2,3-dipyrreldguinoxaline

York, 1997; 45-62. : ; i ; ; ; ;

(2) Kirk, Kp.pL. Biochemistry of the Halogens and Inorganic Haliges derivatives, po.sse"f's".‘g various eleCtron_Wlth.drawmg or _donatl.ng
Plenum Press: New York, 1991; p 58. groups, may, in principle, be prepared. In this paper we describe
A (3t) Réggs,lgé4L- Bo??gaa ggd Mineral Researchnnual 2 Elsevier: the synthesis of 2,3-dipyrrol=¥l-6-nitroquinoxaline3 and the

msterdam, ; . - . . e ;

(4) Kleerekoper, FI)\EI).EndocrinoI. Metab. Clin. North Aml998 27, 441. anion bmdm,g propertles Of,lt’ its “parent, a,nd the control

(5) Wiseman, AHandbook of Experimental Pharmacology XXPayt 2; systems, quinoxaline, 2,3-dipyrrol-glethanedione2, and the
Springer-Verlag: Berlin, 1970; pp 487. monotrimethylsilylethoxymethyl (SEM)-protected species

(6) Weatherall, J. A. Pharmacology of Fluorides Handbook of Experi- . . .
mental Pharmacology XX/Part 1; Springer-Verlag: Berlin, 1969; pp 41 The ability of the dipyrrole systemk and3 to coordinate to
172. F~, CI7, and HPO,~ (as tetrabutylammonium salts) was inves-

(7) Dreisbuch, R. HHandbook of Poisoning-ange Medical Publishers:

Los Altos, CA, 1980. - - .
(8) Chemosensors of lon and Molecular Recognitibesvergne, J.-P., (18) For a recent report of fluorescence-basedi€tection using boronic

Czamnik, A. W., Eds., NATO ASI Series, Series C: Kluwer Academic Press: acids, see: Cooper, C. R.; Spencer, N.; James, THam. Commuri99§

Dordrecht, the Netherlands, 1997; Vol. 492. 1365. _
(9) Sessler, J. L.; Andrievsky, A.; Genge, J. W.Advances in Supramo- (19) Oddo, B.Gazz. Chim. Ital191], 41, 248,
lecular ChemistryLehn, J. M., Ed.; JAI Press Inc.. Greenwich, CT, 1997; 24§210) Behr, D.; Brandage, S.; Lindstim, B. Acta Chem. Scand.973 27,
VOI(II?)’) IC()SpalgeFF’M,g\ Sessler, J. L.; Kr&/. K.; Lynch, V. M. J. Am. Chem. (21) UVNis titrations:  All stock solutions were prepared in dichlo-
So0c.1996 118 5140. romethane. Spectra were collected on a Beckman DU-640 UV/vis spectro-
(11) Sessler, J. L.; Gale, P. A.; Genge, J.@Yem. Eur. J1998 4, 1095. photometer. Since does not fluoresce significantly, yet maintains a relatively
(12) Dietrich, B.; Hosseini, M. W.; Lehn, J. M.; Sessions, R.JBAM. large extinction coefficient, anion binding titrations were carried out by
Chem. Soc1981 103 1282. monitoring changes in the UV band at 341 nm as a function of added anion
(13) Hosseini, M. W.; Lehn, J. MHely. Chim. Actal988§ 71, 749. concentration. The resulting decrease in intensity was fit using eq 1, as
(14) Huston, M. E.; Akkaya, E. U.; Czarnik, A. W. Am. Chem. Soc. described by Connorg,
1989 111 8735. AAb = (QKAC[LD/(L + KIL 1
(15) Czamnik, A. W.Acc. Chem. Re<.994 27, 302. = (QKA€[L]/ + KIL]) @
(16) Dietrich, B.; Fyles, D. L.; Fyles, T. M.; Lehn, J.-Mielv. Chim. Acta Here, AA refers to the change in absorbance from the initial valyés the
1979 62, 2763. total concentration ofl, K is the binding constantiAe is the change in
(17) Metzger, A.; Lynch, V. M.; Anslyn, E. VAngew. Chem., Int. Ed. extinction coefficient between the bound and unbound species!. émthe
Engl. 1997, 36, 862. concentration of anion titrated.
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Table 1. Anion Binding ConstantsK) for Compoundsl—4?

1° 3 4 z
F 18200 Mt 118000 Mt 120 Mt 23000 M?
H2POy~ 60 M1 80M?!t <50M? 170 M1t
Cl- 50 M1 65Mt <50M! <50 Mt

aAll errors are+10%. All binding constants are reported as the
average of 24 trials. ® Binding constants determined by fluorescence
guenching: Foll Ama(eX)= 412 nmAma{em)= 490 nm; for2 Amad€x)
= 341 NM,Anade€m) = 458 nm; for3 Anadex) = 450 NM,Anadem) =
600 nm; ford Amadex) = 396 nm,Ama(€M)= 492 nm; Scan rate=
240 nm/min, emission slit widtk= 5 um, excitation slit width= 5
um. ¢Binding constants were determined from YVis absorbance
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The greater “success” &relative tol is not really surprising
considering that the greater electron deficiency of the mononitro
derivative should lead to an increase in its hydrogen bond-donating
character. Indeed displays an affinity constan&) for F~ in
dichloromethane ¢1.2 x 10° M%), that is quite high compared
to 1 (Ko = 2 x 10* M™1). Sensor3 also shows a remarkable
selectivity for fluoride anion K.F/K,Cl > 1800; K.F/KHPO,~
> 1400). Further evidence that compourids3 bind fluoride
anion in dichloromethane solution came from chemical ionization
mass spectrometric analyses which revealed that in addition to
the peaks corresponding to the anion-free receptors, unique peaks
corresponding to the mono-TBAF adducts could be observed at

titration measurements monitoring the spectral change occurring at 341Mz 521, 450, and 565 in the case bf2, and3, respectively.

nm.

Figure 2. Color changes (if any) induced by he addition of anions. From
left to right (dichloromethane solutions); 1 + Cl—; 1 + F; 3; 3 +
Cl—; 3+ F~. All anions were used in the form of their tetrabutylammo-
nium salts.

tigated using UV-visible absorptio?t and fluorescence emissin
methods. The latter studies, which provid&d values, were
complemented by molar ratio analy$éere, data consistent with

a proposed 1:1 binding stoichiometry were obtained in each case
As summarized in Table 1, the compounds function as anion
receptors. In fact, compourgiundergoes a very dramatic yellow

to purple fluoride anion-induced color change, as illustrated in

Figure 2. Both systems also display fluorescence emission spectra

that are to all extents and purposes quenched in the presence
F~ (cf. Supporting Information). The observed color changes also
take place in DMSO. However, in both dichloromethane and
DMSO the changes are reversed upon addition of water. Presum
ably this is because water competes for &t the pyrrolic NH
hydrogen bond donating sites.

(22) Fluorescence titrations were carried out by adding stock dichlo-

0,

As a test of our proposed model of binding/sensing, the
interaction of various anions with the three control system, namely
quinoxaline, the mono-SEM-protected spedeand 2,3-dipyrrol-
2'-ylethanedion® was investigated. The first of these, quinoxaline
itself, is fluorescent but only faintly colored (i.e., it possess a
low extinction coefficient for absorption in the visible spectral
region). It also lacks the pyrrole NH hydrogen bonding donor
functionality and displays no discernible changes in either its
absorption or emission spectra in the presence of G, or
H,PO,~. The mono-SEM-protected systemiscontains a fluo-
rescent quinoxaline subunit. However, it too lacks a full comple-
ment of NH hydrogen bonding donor functionality and, like
quinoxaline, displays little in the way of optical or spectroscopic
changes when exposed to fluoride anion, even in a large excess
(cf. Table 1). In contrast to the first two controls, diketoke
displays a relatively large extinction coefficient but does not
fluoresce. It is brightly colored in dichloromethane solution and,
like 1, undergoes a naked-eye detectable change in color, from
yellow-green to orange, in the presence of?FHowever, the
lack of fluorescence displayed by this system leads us to suggest
that the dipyrryldiones such &are likely to be less useful as
anion sensors than their quinoxaline-containing congeners such
aslor3.

In conclusion, 2,3-dipyrrol-2ylquinoxalines provide a simple,
hitherto unexplored class of anion receptors that, at least in
‘dichloromethane and DMSO solution, allow for the detection of
fluoride anion under both visual (i.e., naked-eye) and fluorescence
emission conditions. Accordingly, it is possible to conceive the
use of these systems in various sensing applications as well as in
?ther situations, such as anion transport and purification, where
the availability of cheap and easy-to-make anion receptors would
be advantageous. We are currently exploring these possibilities

and working to prepare more elaborate systems, including

macrocyclic products that incorporate dipyrrylquinoxaline moi-
eties.
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FIF, = (1 + (k/k9K[L]D/(1 + K[L]) 2

Here, F refers to the fluorescence intensity, is the fluorescence of the
receptor in questiork; is proportionality constant of the bound compl&xis
the proportionality constant of the receptor, &g the anion binding constant.

(23) Connors, K. ABinding ConstantsJohn Wiley and Sons: New York,
1987.

(24) Compared td, 3, and4, system2 shows a relatively high (but still
low absolute) affinity for inorganic phosphate. We speculate that the two
carbonyl groups present i may be involved in binding, stabilizing the
complex via ancillary hydrogen bonding interactions involving the two HOP-
phosphate protons.

Supporting Information Available: Experimental details describing

the syntheses of compountls 4, UV —vis spectra of compoundsand

3 both free and in the presence of excess tetrabutylammonium fluoride,
and fluorescence spectra of compouddasnd 3 in the presence of |

CI=, and HPO;~ (as their tetrabutylammonium salts), and theNMR
spectra from a titration experiment in which a tetrabutylammonium
flouride is added to a DMS@ solution 6,7-dintro analogue af(PDF).
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