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ABSTRACT

A novel donor —acceptor conjugate 1 was synthesized, and its interactions with various amino acids have been investigated as compared to
the model system 2. The conjugate 1 unusually forms an intramolecular charge-transfer complex in the aqueous medium and undergoes
selective binding interactions with tryptophan. The uniqueness of this system is that it selectively recognizes tryptophan among all other

amino acids and involves synergistic effects of

sr-stacking, electrostatic, and donor

—acceptor interactions.

Selective recognition of amino acids has great significance Most known receptors for amino acids employ the comple-
as they assemble together to yield proteins, enzymes,mentary hydrogen bonding for their recognitibHowever,
structural elements, and many macromolecules of biological such recognition in an aqueous medium would be limited

function!=3 Of all the amino acids, the recognition of
tryptophan (Trp) is vital as it forms the precursor for the
secretion of the sleep inducing hormone, melatéring has

due to the competitive hydrogen bonding of the solfent.
The selective recognition involving electrostatic interactions
would also be limited due to the dipolar nature of all the

also been implicated as a possible cause of Schizophrenianatural amino acid$. There are a few reports in the

due to its improper metabolism under in vivo conditiéfis.
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literature® which employ autofluorescence for the detection
and quantification of Trp. However, such a method would
be limited because other aromatic amino acids such as
tyrosine (Tyr) and phenylalanine (Phe), which exhibit similar
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absorption and fluorescence emissions, albeit in low yiéids, || NG

would interfere with the recognition. Progress in this area

would require new strategies for the recognition of Trp in 0.25+ 61
the aqueous medium and subsequent signaling of the event = 1
through optical changés. 0.204 N
In this context, we designed a novel doraicceptor %
conjugatel, for the selective recognition of Trp by making § 0.154 b5
use of its beneficial electron-donating, electrostatic, and s f 27
mr-stacking properties (Figure 1 and Supporting Information § - 2
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Figure 2. Absorption spectra ofL (8.5 uM) and the model
COOH compound? (8.15uM) in an aqueous medium. Inset shows the
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The picosecond time-resolved fluorescence studiek iof

Figure 1. Structures of the viologen-linked pyrene conjugate an aqueous medium showed a biexponential decay with
the model compoun@, and selected amino acids. lifetimes of 4.3 (22%) and 121 ns (78%), when monitored
at 400 nm (Figure 3). However, when the emission was

Figures S1—S4). Interestingly, our results indicate that .

forms a fluorescent intramolecular charge-transfer (ICT)
complex in the aqueous medium and exhibits unusual
selectivity for Trp. Uniquely, this system is devoid of
hydrogen bonding but recognizes Trp selectively through
inhibition of the ICT complex involvingz-stacking, elec-
trostatic, and donor—acceptor interactions and signals the
event through changes in steady-state and time-resolved
fluorescence,'H NMR, and cyclic voltammetric (CV)
techniques.

Figure 2 shows the absorption spectra of the viologen-
linked pyrene conjugaté and the model compouriglin an
agueous medium. In addition to the absorption corresponding
to the pyrene chromophore at 344 nm, the viologen-linked
pyrene derivativel shows a new and diffused band in the
long wavelength region that extends up to 440 nm. Similarly, Figure 3. Picosecond time-resolved fluorescence spectta(aB

uM) in an aqueous medium. Emission collected at (a) 400 and (b)
the fluorescence spectrum f on the other hand, showed . 475 nm. Excitation wavelengtis 335 nm. Inset shows excitation

a bro_ad and red-shlf’[ed. e'mISS|0n centered at 475 n'm,' Inspectra ofl (8.5uM) in an aqueous medium. Emission monitored
addition to the characteristic pyrene chromophore emissionat (a) 400 and (b) 475 nm.

at 400 nm (inset of Figure 2). In contrast, the model
compound? exhibited only the absorption and fluorescence
spectra that are characteristic of the pyrene chromophore.monitored at 475 nm, we observed only monoexponential

decay with a lifetime of 4.3 ns (100%).
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The nature of the unusual species observed in the case 0
the viologen-linked pyrene conjugalewas further inves-
tigated through the effects of concentration, solvent, and
temperature (Supporting Information Figures-&8). With
the increase in concentration of the conjugdten the
aqueous medium, we observed an increase in emission
intensity at 475 nm as well as at 400 nm corresponding to
the pyrene chromophore. However, the relative change in
fluorescence intensity fi5/l400) With an increase in concen-
tration of 1 showed a sigmoidal nature. On the other hand,
the fluorescence spectra @fin methanol and phosphate
buffer (pH 7.4; 10 mM) showed only the emission that is
characteristic of the pyrene chromophore. The broad and ;
structureless emission at 475 nm was not observed under . 400 450 500 550 600 650
these conditions, indicating its sensitivity to the nature of Wavelength, nm
the medium'3 As the temperature increases, the emission at
475 nm showed a decrease in intensity with a concomitant;ggreu:(-)ug;gggﬁlri:\}vfi‘tehfgao{:;c;r‘s‘;eiﬂﬁgt;ﬂ‘gil&? é?@r in[Tr |
Ir?:]regze in the mtenSIT{y (_)f the pyrene chromophore at 400 (a) 2.qQ and (k) 27.6x 10~ M. Inset shows the BenesHiIdebrapnd P
. However, the emission at 475 nm could be observed 4n,)ysis. Excitation wavelength 340 nm.
even at 75C, indicating the stability of this species at these
temperature$?

The new broad absorption band observed (3240 nm) along with a concomitant increase in intensity at 400 nm,
in the case of the conjugatk could be attributed to the ~ corresponding to the ICT complex and the pyrene chro-
formation of the fluorescent intramolecular charge-transfer mophore, respectively. The Benesi—Hildebrand analysis of
(|CT) Comp|ex between the pyrene Chromophore and the the ﬂuorescence ChangeS Observed at 475 nm gaVe all
viologen moiety. This assignment is based on the intermo- Stoichiometry for the complex formed between the conjugate
lecular fluorescence quenching of the pyrene chromophorel and Trp with an association constantkafs= 1300+ 29
by methylviologen, characterization of the pyrene radical M~ and the change in free energy-67.7 kJ mot™. This
cation and reduced viologen by laser flash photolysis Value is in good agreement with the association conskag
studiests and the theoretically calculated favorable change = 1261+ 33 M™) calculated using the fluorescence changes
in free energyAG = —1.6 eV)® for such an electron transfer observed but excited at 400 nm (Supporting Information
between pyrene and viologen moieties. Further evidence forFigure S9). When we titrated the conjugatevith Phe and
the involvement of a fluorescent ICT complex is obtained TYr, we obtained significantly lower association constants
from the neg||g|b|e results with the model Compouﬂd of 73 and 52 Ml, respectively, whereas other amino acids
which lacks the viologen unit. In addition, we observed both such as Gly, Cys, Thr, Leu, and His under similar conditions
folded-sandwich and extended conformers through AM1 €xhibited negligible changes in both the absorption and the
calculations, wherein the former one is expected to undergofluorescence properties @f(Supporting Information Figure
effective ICT interactions. S10). These results indicate that the conjudhiateracts

Our next objective was to evaluate and employ the Selectively with Trp through altering the ICT complex
beneficial properties of the viologen-linked pyrehtor the formation, whereas all other amino acids exhibit negligible
recognition of amino acids because this conjugate forms ainteractions (Supporting Information Figure S11). Interest-
novel fluorescent intramolecular charge-transfer (ICT) com- ingly, the selectivity of the conjugat& toward Trp was
plex in the aqueous medium. We selected a few naturally observed even in the presence of equimolar amounts of other
occurring important aromatic and, for comparison, aliphatic @Mino acids.

L-amino acids (Figure 1) and have investigated their interac-  The complex formation between the conjugatend Trp
tions with the conjugaté through photophysicatH NMR, was further demonstrated using picosecond time-resolved
and CV techniques. Figure 4 shows the changes in thefluorescence, CV, antH NMR techniques. In CV, conjugate
ﬂuorescence Spectra Of the Conjugatwith an increase in 1 eXh|b|ted two reVerSibIe 0ne-e|eCtr0n reduction pI’OCGSSGS
Concentration Of Trp in the aqueous medium' We observed centered a+0.46 and—0.74 V, characteristic of the Viologen

a regular decrease in the fluorescence intensity at 475 nmmoiety (Figure 5). However, in the presence of Trp, we
observed a significant decrease in current intensity of 7.2
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Figure 5. Square wave voltammograms bf{0.28 mM) with an complax

increase in the addition of Trp. [Trp] (a) O, (b) 1.02, (c) 2.0, and
(d) 2.95 mM in water and a scan rate of 100 mV/s. Inset shows the
picosecond time-resolved fluorescence spectrh (@B «M) in an
aqueous medium in the absence (a) and presence (b) of Trp (27
10~4 M). Emission collected at 475 nm and an excitation wave-

length of 335 nm. revealed a 1:1 stoichiometry for the complex, wherein the
indole unit of Trp is located in close proximity to the folded
conformer ofl. As a consequence of the complexation, the
475 nm, whereas a significantly decreased lifetime of 3 ns fo|ded conformer ofl transforms to a relatively stable,
was observed in the presence of Trp (inset of Figure 5). The expanded, tweezerlike structure. The evidence for such a
successive additions of Trp to a solutionlah DO resulted  transformation is obtained from the time-resolved fluores-
in broadening and an upfield shifA¢ 0.1 ppm) of protons  cence, CV, andH NMR studies. We observed a significantly
corresponding to the pyrene and viologen moieties in the reduced lifetime and intensity of the species corresponding
'H NMR spectra (Supporting Information Figure S12Yhe g the ICT complex in the picosecond time-resolved studies.
Benesi—Hildebrand analysis of the corresponding changesgyrther, the decrease in current intensity and broadening and
in chemical shift values gave an association constant of 1337ghjelding of protons of the viologen moiety due to the

+ 32 M™% This is in good agreement with the values jnteractions with the indole moiety confirm the formation
obtained from the fluorescence data and the changes inof 5 stable complex between Trp and the conjudate
chemical shift of the protons corresponding to Trp (downfield |, summary, we have developed a novel deracceptor
shift; Ao 0.1 ppm) observed with the increase in addition of qi,gate which can form a fluorescent intramolecular
the conjugatd (Supporting Information Figure S18ass= charge-transfer complex in the aqueous medium. Results
1257+ 19 M™). indicate that the formation of the ICT complex is favored
The interesting observation is that the conjudagathibits  through the cooperativity effect arising from hydrophobic,
unusually high selectivity for Trp among all other amino  .stacking, and electrostatic interactions of the units present
acids through inhibition of the ICT CompleX. This could be in the System_ |nteresting|y, this Conjugate forms a novel
attributed to the enhanceﬂelectron Cloud Of the indole mOi— mo'ecu'ar recognition System that can discriminate Trp from
ety of Trp, which promotes better-stacking interactions  other natural amino acids involving synergistic effects of both
with the pyrene and viologen moietiésfollowed by the  ;_stacking and electrostatic interactions and signals the event
electronic interactions between the carboxyl group of Trp and through changes in the fluorescence intensity. Further studies
the viologen moiety. These interactions lead to the formation gye in progress to understand the effect of a spacer on the

of a stable complex betweehand Trp. In contrast, other  |CT complex formation and the nature of interactions

acids Gly, Cys, Thr, and Leu showed negligible interactions
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tions to understand the nature of complexation between the

conjugatel and Trp. As shown in Figure 6, these calculations  Supporting Information Available: Details of synthesis

and calculations, Figures S513 showing fluorescence, and
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Figure 6. Minimum energy conformer ol in the absence and
presence of Trp obtained through AM1 calculations.
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