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Highly water-soluble fluorescent fluorescein and rhodamine dyes were synthesized through amidifica-
tion of their carboxylic acid functionality with original di- or tri-sulfonated amino linkers derived from
taurine or o-sulfo-p-alanine. This post-synthetic derivatization was performed in organic media both
to minimize the premature hydrolysis and to suppress the precipitation of the involved active ester of
fluorophore, frequently encountered using standard Schotten-Baumann conditions.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Fluorescent organic dyes are widely used as non-radioactive la-
bels and as a key component of optical bio-probes for various bio-
sensing and imaging applications.! Xanthene-based dyes such as
rhodamines? and fluoresceins® (and more recently rhodols? and
rosamines®) are among the most commonly used class of fluores-
cent detection reagents. Their spectral properties, especially in
the near-infrared (NIR) range and/or in physiological conditions,
are often less optimal than those exhibited by BODIPY and cyanine
dyes. However, their use is preferred when the following valuable
properties are required: (1) high photo- and chemical stability, (2)
easy reversible formation of a colorless and non-fluorescent spiro-
cyclic structure, and (3) modulation of fluorescence properties
through reversible chemical modification (e.g., amidation or ester-
ification) of aniline (for rhodamines) or phenol (for fluoresceins)
moiety. Indeed, the latter two features are essential for the current
design of spectroscopic off-on type probes (also named fluorogenic
probes, latent or pro-fluorophores)® used as chemo- or biosensors
for detecting various analytes (enzymes, heavy metal ions, etc.).”

For most biological applications, xanthene dyes must also exhi-
bit both good water solubility and resistance to the formation of
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non-fluorescent dimers and higher aggregates, especially after con-
jugation to biological material.® Consequently, recent efforts have
been devoted to the development of water-soluble analogues of
rhodamines, through the introduction of some ionizable hydro-
philic groups (carboxylic acid and/or sulfonic acid) within the xan-
thene core structure of these fluorescent dyes.® Most of them are
commercialized by Molecular Probes (Invitrogen) and sold under
the trade name Alexa Fluor®.'® However, such chemical functional-
ization often requires: (1) the use of aggressive reagents such as
oleum or concentrated sulfuric acid often not compatible with
the stability of the fluorophore, or (2) restarting the synthesis of
the fluorescent core from the beginning with building blocks bear-
ing the water-solubilizing groups (de novo approach). Thus, these
synthetic processes often lead to the desired fluorophore in a mod-
est overall yield and are not amenable to large-scale preparation
(i.e., gram scale). Recently, we have reported a straightforward
method to enhance the water solubility of organic dyes (BODIPYs,
cyanines and rhodamines) by a post-synthetic chemical derivatiza-
tion of their carboxylic acid functionality with a poly-sulfonated
peptide-based linker (i.e., a-sulfo-p-alanine di- or tripeptide) un-
der standard Schotten-Baumann conditions.!!"'? This methodology
has not yet been applied to the fluorescein derivatives and high
hydrophobic extended conjugated rhodamines. However, the cor-
responding water-soluble analogues of these latter long-wave-
length fluorophores could be useful as laser dyes and fluorescent
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markers in numerous bio-labeling, bio-imaging, and single-mole-
cule-based spectroscopy applications.

In this Letter, we report the water-solubilization of fluorescein,
benzo[b]thiophene-, and indole-containing rhodamine dyes,
through amidification of their carboxylic acid function with 2-ami-
noethane-1,1-disulfonic acid and tripeptide (o-sulfo-p-alanine)s,
respectively. The use of tributylammonium salts of these two
poly-sulfonated linkers was considered in order to perform the
derivatization reaction in organic media (instead of a mixture of
DMF and aq buffer), especially to prevent both the premature
hydrolysis and precipitation of the involved N-hydroxysuccinimide
(NHS) active ester of hydrophobic rhodamine dyes, previously ob-
served by us when the reaction was conducted under standard
Shcotten-Baumann conditions. The spectral properties of the
resulting water-soluble xanthene dyes were then evaluated under
physiological conditions.

2. Results and discussion
2.1. Synthesis of water-soluble fluorescein derivative 4

First, we focused on the water-solubilization of fluorescein. To
our knowledge, only the di-sulfonated rhodamine derivative devel-
oped by Molecular Probes and named Alexa Fluor® 488 is currently
used as an hydrophilic substitute of this xanthene dye. In order to
offer an alternative to this expensive commercial fluorescent mar-
ker, we have explored the post-synthetic sulfonation of xantha-
mide derivative 3 with the original di-sulfonated amino linker 2
(Scheme 2). In the present case, it is not essential to use a water-
solubilizing linker bearing a terminal reactive group for bioconju-
gation because the ultimate goal of this synthesis was to provide
a new phenol-based fluorophore useful for the preparation of fluo-
rogenic probes based on the pro-fluorescent concept (involving the
reversible modification of its phenol moiety). The use of a fluores-
cein derivative bearing a tertiary amide of isonipecotic acid at the
2'-position instead of the current carboxyl group was preferred to
provide steric protection and so to improve the photostability of
fluorescein.'® Furthermore, this is the most common way to avoid
the undesired cyclization equilibrium leading to the formation of
the colorless and non-fluorescent spirolactone (especially at pH
<6). Synthesis of 2-aminoethane-1,1-disulfonic acid 2 was accom-
plished in one step from acrylic acid, oleum, and acetonitrile using
the conditions reported by Wagner et al. for the preparation of o~
sulfo-p-alanine through a modified Ritter reaction (Scheme 1).'
Yet, in our hands, such experimental conditions did not provide
this amino acid but the taurine-like di-sulfonated linker 2. Since
the heating temperature of the sulfonation reaction mixture was
not indicated by Wagner et al. in their publication (dating from
1968), we chose to heat the reaction mixture under reflux and
we suspect that under those harsh experimental conditions, once
N-acetyl derivative of a-sulfo-p-alanine 1 was formed by the mod-
ified Ritter reaction, a spontaneous decarboxylation followed by
the sulfonation reaction occurred, leading to 2 (Scheme 1). The
structure of 2 was confirmed by detailed measurements, including
ESI mass spectrometry and NMR analyses. This compound was
converted into the corresponding tributylammonium salt (TBA
salt) and dissolved in dry N-methylpyrrolidone (NMP) to yield a
stock solution (0.5 M) suitable for post-synthetic derivatizations
in organic media.

Thereafter, di-sulfonated amino linker 2 could be readily cou-
pled to fluorescein derivative 3 by using BOP phosphonium salt!®
and DIEA in dry DMF to give the desired water-soluble analogue
4 in a satisfying yield (40%). Purification and desalting of 4 were
sequentially achieved by semi-preparative reversed-phase HPLC
(RP-HPLC) and ion-exchange chromatography (Dowex H"), respec-
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Scheme 1. Synthesis of 2-aminoethane-1,1-disulfonic acid and proposed mecha-
nism for its formation.

4 (acid form), 40%

Scheme 2. Synthesis of water-soluble fluorescein 4.

tively. The introduction of the di-sulfonated linker onto the isonip-
ecotic acid arm of fluorescein 4 was confirmed by 'H NMR and ESI
mass analyses.

2.2. Synthesis of water-soluble far-red emitting rhodamine
derivatives 12 and 13

To demonstrate the full potential of this water-solubilizing pro-
cedure performed in organic media, the post-synthetic sulfonation
of benzo[b]thiophene- and indole-containing rhodamine dyes 5
and 6 was also investigated. These two compounds belong to a no-
vel class of highly fluorescent rhodamine derivatives with long-
wavelength absorption and emission, reported in 2003 by Liu
et al.'® We have recently developed an alternative pathway to
these valuable far-red emitting fluorophores, requiring an aryl-
aryl coupling through C-H activation followed by a Pictet-Spingler
reaction, to facilitate the synthetic access to these new rigid rhoda-
mine derivatives in fewer steps.!” Our preliminary experiments
aiming at the post-synthetic derivatization of these fluorophores
with poly-sulfonated amino linkers under previously reported
standard Schotten-Baumann conditions failed. This was due to
the complete precipitation of the corresponding NHS esters in
the mixture of DMF and aq buffer. Furthermore, the small amounts
of derivatized fluorophores that we obtained showed that their
great hydrophobic character could not be countered by the intro-
duction of only two sulfonate groups.
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