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Abstract
Symmetric and asymmetric xanthene dyes have been prepared by a convenient one-step procedure
from aldehyde and diol or m-aminophenol precursors using concentrated phosphoric acid as a solvent.
This protocol provides access to water-soluble dyes with large Stoke’s shifts and far-red fluorescence
emission. These compounds are envisioned as components of fluorescence-based sensors for a
variety of imaging applications.

As part of an effort to prepare activateable far-red and near infrared fluorescence-based probes
for interrogation of pathological processes at a molecular level, we are interested in
development of efficient routes to new long-wavelength dye platforms. Fluorescein and other
xanthene dyes are used commonly for a variety of fluorescence-based diagnostic and imaging
applications. In recent years a number of analyte sensors have been designed using these
scaffolds either via synthesis of new xanthene based dyes1,2 or by chemical modification at
the 3′ or 6′ positions of the dye.3–5 Often these probes are prepared via multi-step synthetic
procedures involving the reaction of a benzophenone with a resorcinol derivative.1 Many of
the current sensors based on xanthene fluorophores have relatively poor water solubility,
requiring organic co-solvents for aqueous work and typically have fluorescence emission less
than 550 nm. The short wavelength emission from these probes makes them susceptible to
interference from tissue autofluorescence in biological sensing applications. Therefore, there
is a need for further development of new routes for the preparation of xanthene dyes that are
water-soluble, have long wavelength absorption and emission, and are amenable to
modification into fluorescence-based analyte sensors. Furthermore, due to the enhanced optical
transparency of tissue from approximately 650 to 900 nm,6 probes based on these far-red
emitting dyes may find utility in a variety of in vivo imaging applications.
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We have found that aldehydes react with resorcinol or 1,6-dihydroxynaphthalene in the
presence of 85% phosphoric acid in a one step procedure to generate a variety of fluorescein
and naphthofluorescein analogs (Scheme 1).7 Most previous routes to xanthene dyes that use
aldehyde precursors involve isolation of a triphenylmethane or dihydroxyxanthene
intermediate that is subsequently oxidized to generate the final dye.8–10 For the synthesis of
naphthofluorescein derivatives 2a and 2b, the use of more common catalysts such as
methanesulfonic acid or zinc chloride resulted in lower yields and formation of multiple side
products. However, use of concentrated phosphoric acid as the solvent results in clean
formation of the desired naphthofluoresceins, which are then isolated by column
chromatography in up to 52% yield. This procedure represents a significant improvement over
a previous route to sulfonaphthofluoresceins, which has a reported overall yield of less than
2%.11

Interestingly, it is not possible to prepare the analogous rhodamine derivatives employing
concentrated phosphoric acid as a solvent. Although, microwave irradiation of a mixture
containing 1,6-dihydroxynaphthalene, 8-hydroxyjulolidine, and benzaldehyde 2,4-disulfonic
acid disodium salt at 200 °C yielded the asymmetric rhodanaphthofluor, 3 (Scheme 2).12 In
this reaction, the symmetric naphthofluorescein is also generated in a 35:65 ratio of 2b to 3,
respectively, as determined by LCMS.

Dyes 1b, 2b, and 3, which contain two sulfonate moieties, are highly soluble in aqueous
solution under acidic or basic conditions. Whereas, compounds 1a and 2a, the phenoxyacetic
acid based fluorophores, only have good aqueous solubility under neutral or basic conditions.

As expected, fluorescein-based dyes 1a and 1b (Figure 1) are optically similar to fluorescein.
The absorption and emission wavelengths as well as quantum yields and extinction coefficients
are reported in Table 1. Sulfonation of the bottom ring at the 3- and 5-positions results in a
slight bathochromic shift of the absorption maximum of 1b (Figure 1) when compared to
fluorescein. The measured quantum yields for 1a and 1b are slightly lower than the 92%
reported for fluorescein. The extinction coefficients of 1a and 1b are 29 and 20% lower than
that of fluorescein, respectively. Naphthofluorescein derivatives 2a and 2b have their
absorbance and fluorescence emission red-shifted by over 100 nm when compared to their
fluorescein analogs in aqueous solution. This coupled with the > 60 nm Stoke’s shifts observed
for naphthofluoresceins may prove advantageous for biological imaging applications. The
hybrid rhodanaphthofluor, 3, (Figure 2) combines the advantageous properties of the
fluoresceins (good quantum yields) and naphthofluoresceins (long wavelength absorption and
emission). With good water solubility, long wavelength absorption and emission, a quantum
yield of 30%, and an extinction coefficient of 46,000 cm−1M−1, 3 is a promising candidate for
development into a long wavelength analyte sensor.

In summary, a new synthetic procedure for the synthesis of xanthene dyes utilizing
concentrated phosphoric acid as the solvent is detailed. Using this procedure it is possible to
prepare fluorescein, naphthofluorescein, and rhodanaphthofluor derivatives. The far-red
absorption and emission from the naphthofluorescein and rhodanaphthofluor derivatives may
prove useful for development of these dyes into fluorescence-based probes for optical imaging
applications.
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Figure 1.
Absorption spectra of 1b and 2b (solid and doted lines, respectively) and fluorescence emission
spectra of 1b and 2b (dashed and dot-dashed lines, respectively) in 0.1 M aqueous bicarbonate
buffer pH 10.0.
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Figure 2.
Absorption (solid line) and fluorescence emission (dashed line) spectra of 3 in 0.1 M aqueous
bicarbonate buffer pH 10.0.

Hilderbrand and Weissleder Page 5

Tetrahedron Lett. Author manuscript; available in PMC 2009 October 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Scheme 1.
Conditions: 85% H3PO4, 125°C, 2h.
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Scheme 2.
Conditions: H3PO4, microwave 200 °C, 15 min.
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Table 1
Optical properties of the fluorophores in 0.1 M bicarbonate buffer, pH 10.0.

Dye λmax(abs) (nm) λmax(em) (nm) Θf (%)b ε(cm−1M−1)c

Fca 492 512 92 86,500
1a 495 518 84 61,000
1b 500 521 81 69,000
2a 607 672 6.5 40,000
2b 614 676 5.5 43,000
3 597 639 30 46,000

a
Fluorescein, reference 13.

b
Fluorescence quantum yields of 1a and 1b were referenced to fluorescein,13 all other dyes were referenced to Cy 5.14 All quantum yields were performed

in triplicate.

c
Extinction coefficient measurements were performed in triplicate.
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