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The synthesis and sensing characteristics of a new class of organic colorimetric and fluorometric chemosensor which operates in the 850 -
650 nm spectral region is outlined. Judicious placing of amine substituents on the BF »-Chelated tetraarylazadipyrromethene chromophore
generates a triple absorption and emission responsive sensor. Dramatic pH responsive absorption and fluorescence changes can be observed

across a broad acidity range, from pH 5 to 6 M HCI, in conjunction with a visible colorimetric change from red to purple to blue.

The development of synthetic routes to organic chromophoresimmunoassay labels and bioconjugated prdtsesg in vitro

with spectral properties in the near-infrared (NIR) and visible and in vivo imaging agentsWe are currently interested in
red spectral regions continues to attract a sustained researchevising new chromophore platforms which can be adapted
interest due to the lack of suitable classes which could beand optimized as biological chemosensors and imaging
tailored to specific applications by peripheral substituent agents. Many of the current biological indicators have
variations. New chromophore scaffolds with controllable operational light input/output wavelengths in the 3@D0
photophysical properties in the 96650 nm spectral region  nm wavelength range, which often limits their applications
offer potential for exploitation in a diverse range of material as these spectral regions suffer from strong interference due
and biological applications, such as optical data stotage, to background absorbance and auto-fluorescence from en-
photoconductors electrochromic deviceschemosensors, dogenous chromophores in sample médiaespite the
optical benefits of utilizing the NIR spectral region for
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organic compounds which have the desired absorption and The synthesis a2 was achieved in a facile three-step route

emission propertiesAs such, the development of versatile from thea,3-unsaturated ketor&(Scheme 1). Addition of

synthetic methods to new NIR chromophores has become

an urgent requirement.
The BF, chelated-tetraphenylazadipyrrometheheand Scheme 1. Synthesis o

related structural analogues have recently been reported as

N02
a class of chromophore with high absorption extinction 0 i
coefficients (70000—80000 M cm1) and fluorescence th CHgNO3, DEA Ph
quantum vyields (0.230.36) between 650 and 750 nm 3 - 4

MeOH, reflux, 24 h '|\‘
(Figure 1)? In addition, we have shown that this structural !
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nitromethane t® gave the 1,3-diaryl-4-nitrobutan-1-ode
Figure 1. BF,-chelated tetraarylazadipyrromethenes. in 71% yield after recrystallization from MeOH. Subsequent
generation of the tetraarylazadipyrrometh&iveas achieved

_ by reflux of 4 with ammonium acetate in ethanol for 24 h.
class can be adapted to act as effective fluorosensors basegjjiration of the precipitate from the crude reaction mixture

upon a photoinduced electron-transfer mecharfsithese  gave the pure product as a metallic red compound in 47%
photophysical characteristics suggest that this structural classyie|d_ Compounds was converted to our targeted structure
would make an excellent platform from which NIR analogues 5 .y reaction with boron trifluoride diethyl etherate and
could be constructed. This we envisaged could be ac- yjisopropylethylamine in dichloromethane for 24 h. An

complished by substituting the parent chromophore molecule jgq|ateq purified yield of 68% was obtained following
with two basic amine donors, thereby constructing an electron chromatography on silica gel.

donor—acceptor-donor system in which the amine units are - Apaysis of the crystal structure @fconfirmed the overall

intrinsically connected to the chromophore as show in  ¢onjygated nature of the chromophore, and as would be
(Figure 1). In addition to providing a means of accessing eypected, both anilino-substituted rings were virtually co-
longer wavelength derivatives, the inclusion of amine sub- planar with the pyrrole rings, thereby predicting a strong

stituents would offer the potential of providing a more g|ecironic interaction within the chromophore unit (Figure
advanced molecular assembly which could generate pro-, Supporting Information).

nounced photophysical changes as a result of a substrate
recognition event by the amine substituents. It was antici-
pated that this amine receptezhromophore-amine receptor
design would undergo pronounced spectral changes due to
variance in the internal charge transfer (ICT) properties of
the system in response to acid analjten due course, this
ICT switching mechanism could potentially be used at
physiological pH in conjunction with a more elaborate amine
receptor to detect metal ions such ag'C&wt, and Mg+.12
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pared to that of the tetraphenyl derivatizéNe were pleased  The sharp isosbestic point at 760 nm indicated the formation
to record that in organic solvents such as chlorof@rad of the monoprotonated compoueH*. Continuation of the

a wavelength of maximum absorbance of 799 nm and an TFA titration resulted in a stepwise decrease in the 738 nm
extinction coefficient of 87000 Mt cm™%. Thus, the amine  band of2-H*, with the formation of a new absorption band
substituents or? provided a striking bathochromatic shift at 643 nm with a second clear isosbestic point at 667 nm.
of 149 nm in comparison tb (Amax= 650 nm and = 79000 This doubly protonated specie®-2H" has a UV-vis

M~ cmt) (Figure 3). In addition, the longest wavelength spectrum that closely matches unfunctionalized The
ratiometric nature of the distinct and well-separated spectral
bands could facilitate in situ monitoring of acid concentration
and remain impervious to environmental interferetice.

0.4 Gratifyingly, an examination of the fluorescence properties
A 3 of 2 revealed a triple emission profile corresponding to the
i ] | 'II absorbance spectral properties. Excitatior2 ¢at 773 nm)
' |'| || in chloroform yielded an emission band withlga.x of 823
8 [ 1 nm ! which sequentially decreased upon addition of aliquots
§0-2 [ / of TFA (Figure 5, red traces). Excitation at 700 nm during
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Figure 3. Absorption spectra ol in CHCl; (greenimax = 650
nm) and2 in CHCI; (solid red linelmax= 799 nm), ethanol (dashed
red line Amax = 799 nm), and toluene (dotted red ling.x = 798
nm) (4 x 107 M conc).

absorbance band @fshowed very little solvent dependence
in polar protic or nonpolar solvents (Figure 3).
To explore the absorption spectral response? tof acid
analyte, a chloroform solution o2 was titrated by the
sequential addition of aliquots of trifluoroacetic acid (TFA) Figure 5. Normalized fluorescence spectradin chloroform (5
which revealed spectacular spectral shifts (Figure 4). Upon x 10-7 m) titrated with aliquots of TFA. Red trace (excitation at

773 nm,Amax €Mission= 823 nm), black traces (excitation at 700

nm, Amax €Mission= 753 nm), blue trace (excitation at 630 nm,
Amax €mission= 668 nm). Slit widths 10 nm.
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this titration revealed a concommital appearance of an

0.25 - emission band at 753 nm (Figure 5, black traces). Continu-
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Figure 4. Absorbance TFA titration o in CHCl; (3.75 x 1076

M). Isosbestic points at 66
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6 and 760 nm.
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addition of TFA, a stepwise disappearance of the 799 nm

ation of TFA addition resulted in the disappearance of the
753 nm emission band and the emergence of a new emission
band at 668 nm upon excitation at 630 nm (Figure 5, blue
traces). The intensity of the emissions at 823 and 753 nm
for 2 and2-H* respectively were significantly less than the
668 nm emission potentially due to the charge-transfer
properties of these species. This triple emission profile offers
the basis for ratiometric fluorosensing applicatidhs.

As many sensing applications are conducted in an aqueous
environment2 was encapsulated with the neutral surfactant
Cremophor EL (CrEL) to form stable aqueous solutions. In
the aqueous formulated solutions, the starting absorbance

(13) For examples of ratiometric sensors, see: (a) Mello, J. V.; Finney,

band and formation of a new band at 738 nm was observed.N- S-Angew. Chem., Int. E®001,40, 1536. (b) Choi, K.; Hamilton, A.
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D. Angew. Chem., Int. E®001,40, 3912. (c) Xu, Z.; Qian, X.; Cui, J.
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(14) The emission intensity in ethanol was significantly lower when

compared to chloroform and toluene (Supporting Information).
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maximum of2 was recorded at 818 nm with emission at ||| |NGTTTNNENEGEGEGEGEGENEE

826 nm, a small bathochromic shift when compared to

organic solvents (Supporting Information). Evaluation of the o i 7/
spectral features during aqueous hydrochloric acid titration 20 i
revealed them to be very similar to those observed in < . =
chloroform (Supporting Information). A plot of absorbance §4o . " o ¢
intensity versus pH and molarity of agueous HCI is shown 8 . "y
in Figure 6. The profiles clearly map out the spectral 2% p a - '._
ot 3 . . . b "
I - - - s 4 s
Molarity HCI pH
.
- T ¥ O% Figure 7. Fluorescence titration responsesat 832 nm (red,
04 " T @), 779 nm (blackm), and 698 nm (blue, shown at one-tenth
8 - A m L ‘_' peak intensity). The wavelengths shown were chosen for maximum
g ’ a ..' -, 5 signal separation and clarity.
3 0.2 B : "
0.1 5 a . .
i : W * ” '“ i O R A plot of acidity versus fluorescence response shown in
T e % 5 = GC O B om & o= Figure 7 demonstrates the ratiometric nature of the chafges.
Molarity HCI - A starting Amax Of emission at 826 nm was observed to

decrease with addition of aqueous acid, with a corresponding
increased emission at 779 nm, which upon continuing the
titration decreased, leading to the final emission ofatH"
at 673 nm.

In summary, a new class of NIR/vis red ratiometric triple
channel colorimetric and triple channel fluorometric sensor
has been developed with potential to be exploited and adapted

Figure 6. Absorption acidity responses @f red profile (red ®) to Sl_“t a diverse range of analytl_cal, 'maging, zfmd.materlal
(Amax = 818 nm), black profile (blackl) (imax = 753 nm), blue  @pplications. Specifically2 could find direct application as
profile (blue,a) (Amax= 653 nm), and corresponding visible color ~a multiresponsive high acidity indicatér.

changes foR (red), 2-H™ (purple), and2—2H" (blue). Crossover

points at pH 1.5 and 3.4 M HCI. Acknowledgment. S.0.M.D. thanks the Irish Research
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absorbance changes during the titration from pHb to 6

M HCI and highlight the ratiometric nature of the spectral
changes, with two distinct crossover points at pH 1.5 and
3.4 M HCI. In addition to the NIR spectral changes, a
sequence of visible color changes also took place during the
titration. The starting color of a pH neutral solution »f
was red, which visibly changed to purple upon the generation
of 2-H* and then to blue upon formation @f2H" (Figure

Supporting Information Available: Synthetic proce-
dures, analytical data, and NMR spectra #yr4, and>5.
i : Absorbance spectra in CrEL and emission spectra in ethanol,
6). The first red to purple color change can be attributed to toluene, and water/CrEL. X-ray crystallographic dateof

the spectrgl chqngeg n the 50600 nm spe.ctr.al region  This material is available free of charge via the Internet at
occurring in conjunction with the decrease in intensity of http://pubs.acs.org

the longer wavelength band at 818 nm and the blue color

corresponds to the absorption band at 653 nm (Supporting©L061171X

Information). The disappearance and appearance of fluores (15) (@) Noire, M. H. B C.. Couston, L. Gontier, 3. Marty, P
P . . . a oire, M. H.; bouzon, C.; Couston, L.; Gontier, J.; Marty, P.;

cence emissions in response to the titration were comparablé,, "5 sens. Actuators B998,51, 214. (b) Lin, JTrends Anal. Chem

to those observed in chloroform (Supporting Information). 2000,19, 541.
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