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ABSTRACT

A new class of fluorescence sensors for ammonium and organoammonium ions has been disclosed. One of the sensors, an alaninol-derived
tripodal oxazoline (1a) shows significant fluorescence enhancement upon binding NH,* but little response toward K*, Na*, and Mg?" ions.
Owing to its chiral environment, a phenylglycinol-derived tripodal oxazoline (1b) shows chiral discrimination in fluorescence upon binding
enantiomeric guests.

The selective recognition and sensing of ammonium and mational restriction of fluorophores has also been utilized
organoammonium ions have received considerable researchas a useful way of fluorescence signalfigerein, we wish
interest in light of the potential applications in medical, to report the fluorescence sensing of ammonium and organo-
biochemical, and environmental aréds.the course of our
study on the molecular recognition of biologically active
amines through their ammonium salts using oxazoline-based — .
receptors, we found that the receptor system can be , (@ Flciesenacrs o on and Moecur Recogricguai A,
developed into a new class of fluorescence sensors for() de Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J.
ammonium and organoammonium ions. A variety of fluo- g/'é:lg/lc(g)o\zé I%-u f-éRii?;ﬂa%ggr;-gﬁeaczezé%gnzﬁb;%vlg%fz‘_
rescence sensors have been reported for various analyteggjetta F.: Montalti, M.;)gaccherdni’ NCoord. Chem. Re 2000, 205,
including organoammonium ions, for which a photoinduced 59. (d) Fabbrizzi, L.; Licchelli, M.; Rabaioli, G.; Taglietti, AZoord. Chem.
electron transfer (PET) mechanism has been widely used ag¥€?;2000,205, 85.

. . (4) For the fluorescence sensing of organoammonium ions based on the
the fluorescence signaling procégsRecently, the confor-  PET process, see: (a) de Silva, A.Ahgew. Chem., Int. Ed. Engl990,

29, 1173. (b) Ballardini, R.; Balzani, V.; Credi, A.; Gandolfi, M. T.;
T Address correspondence to this author. Fax:8%) 54 279 3399. Kotzyba-Hibert, F.; Lehn, J.-M.; Prodi, L1. Am. Chem. S0d.994,116,

Phone: (+82) 54 279 2105. 5741. The fluorescence sensing of chiral organoamines through a quenching
(1) Buhlmann, P.; Pretsch, E.; Bakker, Ehem. Re»1998,98, 1593. mode, not organoammonium ions, based on binaphthol derivatives, see:
(2) (@) Ahn, K. H.; Kim, S.-G.; Jung, J.; Kim, K.-H.; Kim, J.; Chin, J.;  (d) Pugh, V. J.; Hu, Q.-S.; Pu, lAngew. Chem., Int. E2000,39, 3638.

Kim, K. Chem. Lett2000, 170. (b) Kim, S.-G.; Ahn, K. HChem. Eur. J. (e) Beer, C.; Rurack, K.; Daub, @hem. CommurR001, 1138. (f) Reetz,

2000,6, 3399. (c) Kim, S.-G.; Kim, K.-H.; Jung, J.; Shin, S. K.; Ahn, K. M. T.; Sostmann, STetrahedron2001,57, 2515. Lin, J.; Zhang, H.-C.;

H. J. Am. Chem. So2002,124, 591. Pu, L.Org. Lett.2002,4, 3297.
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ammonium ions using the tripodal oxazoline receptors. Our ||| GGG

receptor system contains a benzene fluorophore, which is a

rare case.

We have shown that benzene-based tripodal oxazolines

la (Me-BTO) and1b (Ph-BTO) are strong and selective

receptors toward ammonium and organoammonium ions,

respectively%® During the studies, we observed that our
receptors exhibited fluorescence when monitored by silica
gel TLC. This observation led us to investigate their
fluorescence behavior in detail. We surmised that a tripodal
oxazoline complex of the D" ion in the silica gel was
responsible for the fluorescence. The oxazolihg&igure

1) and ammonium or organoammonium ions are also
expected to form similar complexes that exhibit fluorescence,
which are disclosed in our study.
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Figure 1. Tripodal oxaoline receptors.

254
30 .,.«. o
25 -
2.0 5 e
~20 /
> -
B ‘15/
@
£ 159 01
° 00 05 1.0 15 20
> [NH,"11a]
K
o) J
K 1.0
0.54

T T T T T 1
300 310 320 330 340 350

Wavelength (nm)

T
290

T
280

Figure 2. Fluorescence emission changeslaf(1.0 mM) upon
addition of NH,* (as ClQ-salt; 0.0, 0.22, 0.43, 0.63, 0.81, 1.00,
1.17, and 2.10 equiv from the bottom) in @EN following 272-

nm excitation. Inset: Changes of the relative maximum intensity
of fluorescence with respect to the [yH/[1a] ratio.

At the saturation point, the increase in the fluorescence
intensity amounted to 2.75 times that of the receptor only.
Such enhancement was not observed in polar solvents such
as methanol and watér.

We measured the quantum yield for the fluorescence

We have studied the basic fluorescence behavior of theenhancement by using quinine sulfate as a reference com-

alaninol-derived oxazolinela, a strong ammonium ion
binder. 1a showed two absorption bands wilh. at 210
and 230, respectively, and one weak band Witk at 272
nm in CHCN (Figure S1). The emission spectrum I,

pound? The quantum yield increased as [Dfi did, and
reached a plateau when an equimolar amount of the guest
was added (Figure 3). Thus the quantum yieldaincreased

recorded at each of the three absorption maxima, exhibite_

significant fluorescence only for the case of the excitation
at 272 nm and with sample concentrations of millimolar
ranges. The high concentration required is due to a low
absorptivity of the benzene chromophére.

We titrated 1la with varying concentrations of NH in
CH3CN at 295 K.

The fluorescence intensity increased gradually and reached

a plateau when an equimolar amount of NHvas added,
and little change was observed after that point (Figure 2).
This saturation behavior indicates that a strong 1:1-host

guest complex forms, which results in enhanced fluorescence.

(5) For chemosensors that utilize the binding-induced conformational

restriction of fluorophores, see: (a) Sandanayake, K.; Nakashima, H.;
Shinkai, S.Chem. Commun1994, 1621. (b) Takeuchi, M.; Mizuno, T.;
Shinmori, H.; Nakashima, M.; Shinkai, Setrahedron,1996,52, 1195.
(c) Black, C. B.; Andrioletti, B.; Try, A. C.; Ruiperez, C.; Sessler, JJL.
Am. Chem. S0d 999,121, 10438. (d) McFarland, S. A.; Finney, N. B.
Am. Chem. So001,123, 1260. (e) McFarland, S. A.; Finney, N. B.
Am. Chem. So2002,124, 1178.

(6) For selected examples of molecular recognition with otBer

symmetric, benzene-based tripodal receptors, see: (a) Metzger, A.; Lynch,

V. M.; Anslyn, E. V. Angew. Chem., Int. Ed. Engl997, 36, 862. (b)
Niikura, K.; Metzger, A.; Anslyn, E. VJ. Am. Chem. S02998 120, 8533.
(c) Sato, K.; Arai, S.; Yamagishi, Tretrahedron Lett1999,40, 5219. (d)
Chin, J.; Walsdorff, C.; Stranix, B.; Oh, J.; Chung, H. J.; Park, S.-M.; Kim,
K. Angew. Chem., Int EA.999,38, 2756. (e) Lavigne, J. L.; Anslyn, E. V.
Angew. Chem., Int. EA.999,38, 3666. (f) Kim, H.-J.; Kim, Y.-H.; Hong,
J.-l. Tetrahedron Lett2001,42, 5049.

(7) This problem may be solved, for example, by introducing conjugation

moieties such as arylvinyl groups to the benzene ring instead of the 2,4,6-

trimethyl groups, which is underway.
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Figure 3. Changes of the quantum yield of Me-BTCx upon
addition of NH;*.

from @, = 0.13 to® = 0.34 at the equivalent point, then
slightly increased after that poindd(= 0.37 at the point of
[NH4)/[1a] = 4.1). The increase in the quantum yield from
the receptor only to the 1:1 complex corresponds to the

(8) For practical purposes, prior extraction of NHout of water with
1a or analogue®-cfollowed by fluorescence analysis may be used.

(9) Lakowicz, J. RPrinciples of Fluorescence Spectroscognd ed.;
Kluwer Academic: New York, 1999.
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fluorescence intensity changes in Figure 2, supporting results in reduced nonradiative dedéylhis is relevant to
evidence that the fluorescence enhancement is due to thehe recent examples of fluorescence enhancement through
formation of a 1:1 inclusion complex. the binding-induced conformational restriction of fluoro-
Next, to evaluate the possibility of photoinduced electron phores: Our result suggests that the fluorescence enhance-
transfer (PET) from the oxazoline nitrogen to the benzene ment from conformational restriction may be extended to
fluorophore as a fluorescence mechanism, we synthesizedhe whole receptor molecule as well as to the fluorophore
naphthyl-substituted oxazolirc 10 itself. Extension of this approach to receptors with different
This experiment was also designed to examine whether afluorophores other than benzene may provide useful fluo-
similar PET would operate from the naphthyl-oxazoline €SCe€nce sensors.
moiety; in this case, more intense fluorescence was antici- Next, we evaluated the fluorescence behavidratoward
pated. The new oxazoline was synthesized according to themetal cations such asiKNa*, and Mg* under the same
established proced#festarting with 8)-2-amino-2-(naph- ~ €xperimental conditions. As shown in Figurels showed
thalene-1-yl)ethandt The fluorescence change of the bind-
ing process was measured under similar conditions asijijjji
described above. In this case, however, the fluorescence from
the naphthalene ring was predominant, which appeared as

broad peaks in the range of 32840 nm when excited at ' o—® . o NH,'
an absorption maximum of 282 nm (Figure S2). Above all, as ./
little changes in the fluorescence resulted upon increasing ' /

[NH4] (Figure S3). The small fluorescence change suggests 20 /
that the naphthyl-substituted oxazoline does not constitute a -

PET system, in contrast to the well-known (aminomethyl)- =15
aryl fluorophores in the literature (Figure #Moreover, the

1.0 .=I§.:. 1 '} L RO
‘\‘\0 2+
L Mg
0.5+ T T T T T T T T T T 1
0.0 0.5 1.0 15 20 25 3.0

M™)11a]

o)
Jy -4
" vs. N O Figure 5. Changes of the relative maximum intensity of fluores-
O cence with respect to the [M]/[1a] ratio, wherein M* denotes

{ ]
the metal ions (perchlorate salts).
a PET system 1c

Figure 4.

little response toward Kand Na, and slight quenching in
the case of Mg'. Also, the titration ofla with NH4" in the
titration of oxazolinelawith CFsCO;H resulted in quenching ~ presence of excess*K(10 molar equiv) resulted in little
rather than fluorescence enhancentéfthese results raise  fluorescence increase compared to the case without K
a question regarding the possibility of a PET process for the (Figure S5). Thus the fluorescence titration of Ni¢an be

fluorescence enhancement in the case of oxazakre 1b performed in the presence of an excess amount’ofThe
upon guest binding. excellent selectivity is notable considering that i€ similar
When we measured the absorption spectrd@NH,* to NH," in terms of the charge and size. The little

complexes varying [Nkt], we observed spectra very similar ﬂuor_escence changes toward_ th.e met_al_ cations can be
to that ofLaonly (Figure S4). Thus the possibility of charge- ascribed to a markedly lower binding affinity @& toward
transfer complex formation betwedm and NH;* also can the metal cations compared to M4 thus producing less

be excluded based on this result. tightly bound inclusion complexes.

From these results, the fluorescence enhancement shown The interesting fluorescence behaviorlat was further
in Figure 2 may be explained by the conformational extended to Ph-BTQ@b, which was shown to be an efficient

restriction of the receptota upon binding NH*, which and unique receptor for thg selgcuve recognition of linear
and chiral organoammonium ioA%S Ph-BTO 1b also
(10) The oxazolinelc was synthesized following the similar route Showed_ similar ﬂuor,es?ence enhancement upon bmdmg
described in ref 2b: ]p!8 +192.9 (c0.52, CHC}); mp 128.2-130.0°C; NH,* (Figure S6). A similar fluorescence enhancement was
*H NMR (300 MHz, CDCF) 6 7.87—7.36 (m, 7H), 5.88 ( = 9.4 Hz, observed when we changed the analyte fromNid PhCH-
1H), 4.85 (dd,J = 10.2, 8.4 Hz, 1H), 4.083.95 (m, 3H), 2.63 (s, 3H}C + )
NMR (75 MHz, CDCE) 6 168.0, 139.4, 136.6, 134.4, 131.5, 131.2, 129.6, CH2NH3™ (as perchlorate salt), a basic structure of neuro-
128.3, 126.8, 126.3, 126.2, 123.8, 123.4, 75.1, 66.9, 31.0, 18.1; HRMS transmitter catecholamines (Figure S7). In this case, the
(FAB) calcd for GiHasN3Os [M + H]t 748.3539, found 748.3527.
(11) Takacs, J. M.; Jaber, M. R.; Vellekoop, A.B.0rg. Chem1998,
63, 2742. (13) Nijegorodov, N. I.; Downey, W. Sl. Phys. Cheml 994,98, 5639
(12) The fluorescence dfa was almost quenched when 3 molar equiv  and references therein.
of CRRCOH was added. The result suggests that the protonation of the  (14) The association constants I toward NH," and K" were 2.5x
oxazoline nitrogen perturbs the fluorescencelaf A further study is 10" and 5.7x 10* M1, respectively, determined for the picrate salts by
necessary to address the quenching mechanism. the extraction-UV titration method (ref 2a).
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maximum enhancement reached 1.72 times when 2.3 mola | | [ NG

equiv of the analyte was added. This result indicatesthat

and its derivatives can be used as new fluorescent sensors 0634
toward related organoammonium ions of biological impor- 062
tance. '
Since Ph-BTQLb provides a chiral environment, we also 061
examined enantioselective fluorescence sensing toward both 0.60
enantiomeric salts of 1-phenylethylamine (1-PEA). The ~ 059
fluorescence enhancement was larger in the case oRihe ( = 0584
salt, which is expected from its larger association constant '
compared to theg)-salfc (Figure 6). At a fixed concentration 0.571
0.56 1
0 20 40 60 80 100
2.7- % Ratio of (R)-salt
:.: (Ry-salt .AI»I/- " Figure 7. A plot of fluorescence maximum intensity vs the percent
249 v (S)_Sa:/-/ enantiomeric ratio of racemic 1-PEA samples (1.0 mMCN).
v
214 /./. rv,v/V'
18- /l v re_ceptoﬂashows significgnt fluoresgence enhancement upon
- /¥ binding NH,*, whereas it shows little enhancement upon
~ 15 v binding metal cations such as™KNa', and Mg*. The
v/ phenylglycinol-derived oxazolinelb is shown to be a
1.2 v/ promising fluorescence sensing system toward organo-
\v~v~v*( ammonium ions, including a chiral one. A further study to
09 . . . . . . . , . develop tripodal oxazoline analogues that operate at longer
00 05 10 15 20 25 30 35 40 excitation wavelengths is in progress.

[1-PEAJ[1b], [1b] = 10°M)
Figure 6. Fluorescence intensity changesildf upon addition of Acknowledgment. This work was supported by the Korea
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fluorescence measurements. As shown in Figure 7, a poly-
nominal plot of the relative maximum intensity of the
fluorescence versus thB)tisomer percentage shows that the
present system can be applied for real-time monitoring of
the enantiomeric purity of a racemic 1-PEA sample.

In summary, we have presented a novel example of
fluorescence sensing of ammonium and organoammonium
ions with oxazoline receptors. The alaninol-derived oxazoline OL034041M

Supporting Information Available: Figures S1—S7
giving UV absorption spectra dfa and 1c, fluorescence
emission changes dfc, 1a, and1b under different condi-
tions, and changes of UV absorption spectralaf This
material is available free of charge via the Internet at
http://pubs.acs.org.
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