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AbstractÐReaction of substrates containing primary amines with rhodamine 20-esters cleanly produces ¯uorescent rhodamine 20-
amide conjugates at ambient temperature. Only primary amines react with the esters under these conditions. Chemoselectivity can
thus be achieved in substrates containing di�erent types of amines # 2000 Elsevier Science Ltd. All rights reserved.

Fluorescent probes have long been used to study complex
biological systems. In particular, rhodamine conjugates
have been utilized as ¯uorescent markers for a variety of
biotechnological applications, including amidase activity
measurement,1 ¯ow cytometry,2 photoswitching technol-
ogy,3 antibody binding studies,4 and chemodosimetry
work.5,6 Rhodamine derivatives are prized for their great
photostability, pH insensitivity over a broad range (low to
neutral pH), and the ability of their ¯uorescence char-
acteristics to be tailored for a particular application, since
ring and nitrogen substituents a�ect the ¯uorescence
properties (absorption maximum, emission maximum,
quantum yield, etc.).7 In contrast to ¯uorescein, which
exists in a non-¯uorescent spiro form at acidic pH, rho-
damines exist in a ¯uorescent quinone form at neutral and
acidic pH, and a non-¯uorescent spiro form at basic
pH.5

Whilemany rhodamine conjugates are synthesized from40-
or 50-activated rhodamine derivitives (G=acid chloride,
active ester, etc.),5,7ÿ9 conjugates have also been prepared
through an activated 20-carboxyl group.10 Utilization of
bis-N-alkylated (R1, R2=alkyl) rhodamines or protec-
tion, however, is required to prevent side reactions of any

active group with unprotected amines (R1, R2 thus can-
not=H). Chemoselectivity can be a problem in molecules
with multiple amines, since such activated derivatives
can react with di�erent types of amines.

We theorized that nucleophilic amines could undergo
reversible addition reactions at the 9-position of the qui-
none state of a rhodamine (vide supra). If this addition
reaction could be followed by intramolecular trapping of
the amine intermediate with a proximal 20-functionality
such as an ester, then a ¯uorescent rhodamine amide
could be formed by ring opening of the spirolactam
intermediate. Such a concept would allow for direct
conjugation of rhodamine to amine containing substrates
through the native 20-carboxyl group. We report here a
previously undescribed method for the preparation of 20-
rhodamine conjugates.

Initially, we tested our concept by examining the reaction
of phenethylamine with a DMF solution of rhodamine
ester 6G11 at ambient temperature by analytical HPLC
and electrospray mass spectrometry (ESMS). Immedi-
ately after amine addition, ESMS displayed an (M+H)+

at 564.3, verifying the presence of the intermediate
derived from 9-position phenethylamine addition prior
to cleavage of the ethyl ester.12 After stirring for 12 h,
HPLC showed formation of one major new product,
which ESMS con®rmed as the amide product derived by
loss of ethanol [(M+H)+ at 518.3].

Subsequently, we tested the reactivity of several di�erent
amines (Table 1). In all cases, reaction of the amine
containing substrate with the rhodamine ester resulted
in formation of the rhodamine conjugate as shown by
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Table 1. Reaction of rhodamine esters11,13 with amine containing substrates

Entry Ester Amine Rhodamine conjugate Isol. yield (%)

1 A 87a,c

2 B 1-(-4-Aminophenyl)-ethylamine 92a

3 A 4-Aminomethyl-piperidine 83a

4 B 4-Aminobutanol 82a

5 A Lysine 61b,c

6 A Normetanephrine 82b,c

7 A 54b,c

8 B 77b,c

a3 Equiv amine used.
b2 Equiv of rhodamine ester used.
cDIEA added for neutralization of amine salts.
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HPLC together with ESMS. Puri®cation by HPLC and
lyophilization produced good yields of the desired con-
jugates as red solids. In Entries 1±4, 3 equiv of the amine
per 1 equiv rhodamine ester was utilized, and the reaction
was complete in 12 h. In Entries 5±8, 2 equiv of the ester
was used per 1 equiv of the amine to illustrate the
labeling of an amine containing substrate as the limiting
reagent and employ a reaction time of 96 h.

In all cases, since tri¯uoroacetic acid was used as the
aqueous modi®er for the preparative reversed phase
HPLC puri®cations, the rhodamine conjugates were
isolated in their open quinone form (vide supra) as red
colored mono- or bis-tri¯uoroacetate salts depending on
whether an amine or diamine was used in the conjugation
reaction. Rhodamine 6G conjugates showed lmax-ex at
525±526 nm and lmax-em at 550±553 nm, while rhoda-
mine 123 conjugates showed lmax-ex at 502±503 nm and
lmax-em at 532±533 nm, similar to the corresponding rho-
damine acids.7 The conjugates had extinction coe�cients
of 37,300±56,500. Analysis of the individual products by
NMR spectroscopy, however, proved di�cult, due to
poor solubility of the salts in a variety of organic solvents.
For ease of analysis, neutralization with sodium bicarbo-
nate or sodium carbonate was thus routinely employed
to fully convert each conjugate into its neutral non-
¯uorescent spirolactam form (typically an o�-white solid),
which showed satisfactory solubility in organic solvents
and was easily analyzed by NMR.13 The 13C NMR
contained a signal at 64±65 ppm, consistent for an sp3-
hybridized 9-position carbon attached to a nitrogen
atom14 and the closed spirolactam form.

As shown in Table 1, only primary amines on primary
carbons reacted with the rhodamine esters. This chemo-
selectivity allowed for reaction in the presence of primary
amines on secondary carbons, secondary amines, anilines,
primary and secondary alcohols, and phenols. Such che-
moselectivity also permits the use ofmultiple equivalents of
the label for improving the yield of the conjugation, and
allows for the use of rhodamines containing unprotected
amines.

In conclusion, rhodamine 20-esters readily react with
primary amine containing substrates to provide a variety
of ¯uorescent rhodamine conjugates under mild, che-
moselective conditions. The reactions of the rhodamine
esters are generally high yielding, and constitute an
especially attractive method for conjugation to amine
containing substrates at the 20-position. Both non-N-
alkylated and mono-N-alkylated rhodamines are excellent
substrates for this reaction, allowing for considerable
¯exibility in the ®ne-tuning of the ¯uorescence properties
of the resulting probes. Such probes would be particu-
larly useful for multiplexing, i.e., detection of multiple

analytes with a single bioassay. The rhodamine amides
in their closed, non-¯uorescent spirolactam form also
represent masked ¯uorophores which are attractive as
chemosensors.
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