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There has been recent intense interest in the preparation and
study of near-infrared (NIR)-absorbing dyes as well as their
applications as safe, noninvasive imaging/contrasting
probes.' The advantages of imaging in the NIR region
(700-1100 nm) are numerous and have been extensively
discussed.”) Prominent among these advantages is the
absence or significant reduction of background absorption,
fluorescence, and light scattering®” along with the availabil-
ity of low-cost sources of irradiation. Compared to chromo-
phores absorbing in the visible region, problems have been
encountered in the design and synthesis of the red-shifted
NIR counterparts, such as aggregation,”! photobleaching,
and low fluorescence quantum yields." There is a pressing
need for the identification of newer, more effective dyes that
absorb and emit in the NIR region. Herein, we report a highly
fluorescent (@ = 0.28), photostable aza-dipyrromethene dye 1
with very sharp and intense absorption (full width at half
maximum height, fwhm =30.4 nm; ¢ =159000) in the NIR
region (4, =740 nm). Additionally as a NIR-absorbing dye,
@ is not sensitive to solvent polarity, and the absorption band
remains sharp throughout a range of concentrations (0.1-
10 um). Thus, 1 offers new opportunities for the use of such a
dye in biological probes.

The dipyrrometheneboron difluoride (difluoroboradiaza-
s-indacene, bodipy) fluorescent dyes have found widespread
applications.*'7l Recent efforts have been focused on tuning
the fluorescence emission to the NIR region of the bodipy
core by attaching strongly electron-donating groups,'*! by
rigidifying the structure,'”! and by extending the conjugation
of the system.”” Such modifications can lead to dyes with
large red-shifted absorption maxima, but it is questionable
whether such systems display useful fluorescence quantum
yields, and thus their utility is far from clear.”’) Moreover,
these structural alterations can lead to molecules that exhibit
undesired properties; for example, structures substituted with
strongly electron-donating groups display sensitivity to sol-
vents, which leads to low @ values in polar solvents as a
consequence of electron transfer.”*’
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We selected the previously unknown, structurally rigidi-
fied aza-dipyrromethene dye as our target for synthesis.
Compared to the carbon analogues, this class of dyes has not
been extensively studied.”” We speculated that the aza-
bodipy core would offer a number of advantages including
ease of synthesis and an inherent bathochromic shift in the
absorption maxima in comparison to the carbon analogue.
This latter feature would permit the synthesis of chromo-
phores that avoid strongly electron-donating groups such as
amines. The synthesis of the NIR-absorbing dye commences
with pyrrole 2 (made from phenylazirine)™ and proceeds
through a convenient two-step sequence to 1in 76.5 % overall

yield [Eq. (1)].
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The spectral characteristics of 1 were then examined and
compared to those of the known dye 3% (Figure 1). The most
notable feature of 1 is its intense, sharp absorption band at
A =740 nm with £¢=159000M'cm™' and a fwhm of
304 nm. In comparison, 3 has A,,,=688nm with ¢
=78500M 'cm™! and a fwhm of 57 nm. Thus, the effect of
restricting the methoxyphenyl substituent is dramatic, and
results in a 52-nm bathochromic shift (cf 3) and a concomitant
halving of the fwhm. The emission maximum of 1 occurs at
Amax =751 nm with @ =0.28 (compared to @ =0.36 for 3 in
CHCI,). Tmportantly, the fluorescence quantum yield for 1
is insensitive to solvent polarity: @ ene = 0.28, Pgioa. = 0.27,
Dpreen =0.26, and Py oy = 0.26.

Compound 1 has excellent stability, and a solution of 1 in
CHCI; remains unchanged over months. The photostability of
1 was compared with that of 3 in toluene as well as against the
well-known indocyanine green dye (ICG), which enjoys both
wide use and FDA approval as a NIR fluorochrome (& =0.11
in dimethyl sulfoxide).">! Thus, 1 retains 97.7% of the
fluorescence intensity after strong excitation for 1 hour, which
is similar to that observed for 3 (98.0 % ); by comparison ICG
loses 75 % of its initial intensity after 1 hour.

In summary, we have developed a novel NIR fluorescent
aza-dipyrromethene dye with exceptionally intense absorp-
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Figure 1. Absorption spectra of 1 and reference 3 (5.0x10°m CHCl,).
The inset shows corrected fluorescence spectra of 1 and 3 (in CHC;)
at 298 K upon illumination at 670 nm.

tion (¢=159000; @ =0.28). The dye meets the necessary
requirements of a NIR chromophore: 1) peak fluorescence at
700-900 nm; 2) high quantum yield; 3) narrow excitation/
emission spectrum; and 4) high chemical stability and photo-
stability, as well as a convenient commercially viable synthesis
for the generation of useful quantities. Additionally, the sharp
fluorescence of the dye is insensitive to solvent polarity.
Efforts are currently under way to develop nonsymmetrically
substituted, water-soluble versions to allow conjugation for
biosensing experiments.
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