© 1997 Elsevier Science Ltd
All rights reserved. Printed in Great Britain

PIL: S0960-894X(97)00345-4 0960-594X/97 $17.00 + 0.00

Bioorganic & Medicinal Chemistry Letters, Vol. 7, No. 15, pp. 1985-1988, 1997
Pergamon

NOVEL 7-HYDROXYCOUMARIN BASED FLUORESCENT LABELS
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Abstract. Five new 7-hydroxy-8-(N-alkylaminomethyl)coumarin labels (6a—e) were prepared from 4-(4-
carboxybutyl)-7-hydroxycoumarin (4) in 28-48% yield. Compared to 4-methylumbelliferone (4-MU, 1), the

new fluorescent labels exhibited higher emission intensity over a broader pH range. Extinction coefficients,
quantum yields and pKa values are also reported for these labels. © 1997 Elsevier Science Ltd.

Fluorescent molecules are critically important for use as molecular probes and labels in biological
research! and in commercial assays.2 The interaction of fluorophore-ligand conjugates with their respective
binding proteins can provide important information about the active site of the biomolecule.3 While a variety of
fluorescent probes? have been reported, coumarin derivatives are frequently used due to their intense
fluorescence upon excitation above 330 nm.5 The fluorescent properties of such probes depend upon the pH of
the medium, the substituents on the coumarin label and the local microenvironment of the probe.6.7 4-Methyl
umbelliferone (4-MU, 1) and its derivatives have been widely used as molecular probes.8 However, these
probes lack functionality for covalent conjugation and require relatively high pH medium (pH ~9) to achieve
maximum fluorescence intensity.? Our earlier study of umbelliferone based coumarin probes modified with a
linker for conjugationlo (2) revealed that an increase in the number of carbon atoms in the linker attached at the
4-position resulted in a decreased solubility in aqueous buffers. We found that a chain length of five or less
carbons was optimal for bioconjugation. For 7-hydroxycoumarin, fluorescence is maximal at pH's above the
pKa of the phenolic proton.1l Lowering of the pKa of the coumarin phenclic proton should thus shift the
useful fluorescence range towards neutral pH. Substitution at the 8-position of the coumarin nucleus with a
functionality such as an amino methyl group (see 3)12 that can form a strong hydrogen bond with the phenolic
hydroxy group should lower the pKa of the phenolic group. Indeed, Calcein Blue (3) and its derivatives
display a lower pH optimum than 7-hydroxycoumarin deprived of an ortho substituted amino methyl
group.13.14 The strong chelation properties of Calcein Blue (3) to metal ions, its quenching of fluorescence by
Cu*+ and the homo-bifunctional nature limit its use for conjugation.!3
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There is a need for new coumarin labels which display increased emission intensities relative to either 1
or 4 in the physiological pH range. Such labels must also display comparable quantum yields and incorporate
functionality appropriate for covalent attachment to biomolecules. Thus, we present herein five new fluorescent
7-hydroxycoumarin labels (6a—e) and their physical and fluorescence properties.

Typically, 4-(4-carboxybutyl)-7-hydroxycoumarin (4)10 in absolute ethanol was treated with 1 equiv.
of freshly prepared Mannich reagent!6 (Sa—e) and was refluxed for 3-4 h. The product (6a—e, Table)!7
precipitated after cooling to 0 °C and was purified by crystallization.
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(a) R, R = <(CH,);0(CHyp)p-, (b) R1, R2 = (CHp)5-, (¢) R!, R? = ~(CHp)4-
d) R1, R2 = Et, (e) R1= benzyl, R2 = H;

‘The physical properties, i.e., extinction coefficients, relative quantum yields, and pKa values of each of
the 7-hydroxy-8-dialkylaminocoumarins (6a—d) were determined. Molar extinction coefficients of compounds
6a—-d were determined at final concentrations ranging from 1 x 105 to 8 x 10-5 M in buffer at pH 10.18
Fluorescence measurements were obtained at a final concentration of 1 x 10-7 M where self-quenching does not
occur. The Figure shows the observed relationship between pH and emission intensity for these novel probes
as compared to 4-MU (1) and 4-(4-carboxybutyl)-7-hydroxycoumarin (4). Analysis of the data shown in the
Figure demonstrates the effect of substitution by an alkylaminomethyl group ortho to the phenolic hydroxyl in
7-hydroxycoumarins. The pH needed for high emission intensity was significantly lower for compounds 6a—d
than for either compound 1 or 4 (Figure). The 7-hydroxyl coumarins (6b—d) showed comparable quantum
yields at pH 10. However, at the desired physiological pH 7.2, the Mannich derivatives 6a-d all show a 4-5
fold higher fluorescence intensity than either compounds 1 or 4. Thus, substituting the 8-position of 7-
hydroxycoumarin by various aminomethyl derivatives resulted in lowering the pH required for attaining higher
fluorescence.

In summary, we have synthesized several new 8-N-alkylaminomethyl-4-(4-carboxybutyl)coumarins
(6b-d) that display higher relative quantum yield and lower pK, values compared to 4-methylumbelliferone
(1). As a consequence, higher fluroescence intensities are obtained at lower pH's with these new labels than
for 4-methylumbelliferone (4-MU, 1) and 7-hydroxy-4-(4-carboxybutyl)coumarin (4). The emission intensity
at pH 7.2 is 4-5 times higher than either 1 or 4. These properties should allow the labels to be utilized for
binding studies of biomolecules near physiological pH.
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Table. Physical properties of coumarin compounds 4 and 6a—e

Comp Substituent at Extinction  Relative QY PKa  Yield(%) m.p.”
8-position coefficient (at pH 10) 0
1d H 16408 0.7 78 - -
& H 19030 0.82 7.8 86 208-210
S\
-CH
6a! QI 15565 d a 42 173-175
( N-CH,
6b 13155 0.80 6.6 45 115-116
Oyer,
6¢ 9137 0.82 67 48 154-155
H,C—
6d o SO 11225 0.83 6.6 28 164-165
H
158-160

6e @N 'CH, g g g 48

a. QY = Quantum Yield. b. Isolated yield. c. Melting points were determined on product
crystallized from ethanol. d. See ref 9. e. See ref 10. f. pKa and QY could not be determined

due to a sharp decline in relative emission intensity at higher pH's. g. Data could not be collected

due to poor solubility.
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