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The use of the fluorescent bifunctional compounds 7-amino-4-coumarinyl-acetic acid 1, 7-hydroxy-4-
coumarinyl-acetic acid 2 and ethyl 7-amino-4-coumarinyl-acetate 3 in solution and solid phase synthesis of
fluorogenic enzyme substrates was examined. The intramolecularly quenched fluorogenic substrate N-(7-
amino-4-coumarinyl-acetyl)-L-phenylalanyl-p-nitroanilide 5, and the fluorogenic one ethyl 7-(glutaryl-L-
phenylalanilamido)-4-coumarinyl-acetate 8, both suitable for chymotrypsin and/or chymotrypsin like
enzymes determination, were prepared in solution. The substrates 7-oleyloxy-4-coumarinyl-acetic acid 13
and 7-palmitoyloxy-4-coumarinyl-acetic acid 14, suitable for the enzymatic study of lipases, were prepared
by solid phase technique using 2-chloro-chlorotrityl-resin. The study of the fluorescence properties of the
fluorophores 1, 2, 3, and substrates 5, 8, 13, 14 showed that the examined bifunctional coumarin derivatives
are suitable markers for solution and solid phase synthesis of fluorogenic enzyme substrates.

J. Heterocyclic Chem., 38, 153 (2001).

Introduction.

Coumarin derivatives continue to be an interesting area
of research, because of their various and diverse proper-
ties. They exhibit important biological activities, such as
antibiotic [1-3], anticoagulant [4-6], anticancer [7-11],
antiinflammatory [12,13], etc. A considerable number of
natural or synthetic derivatives have pharmaceutical appli-
cation [14-16]. In the last years their strong inhibitory
activity against several enzymes, such asintegrase [17,18],
monoaminooxidase (MAQ) [19], human leucocyte elas-
tase[12], and HIV protease [17,20-22] has been reported.

Coumarins, however, are also interesting because of their
fluorescence properties and have been shown to be impor-
tant in fluorimetry applications. Some very well known fluo-
rescent markers, such as the 7-amino-4-methyl-coumarin
(Amec) [23], have been widely used in synthetic substrates,
fluorogenic or intramolecularly quenched fluorogenic ones.
Both types of substrates have been successfully used for the
sensitive determination of several proteases and the study of
their active site and secondary specificity aswell.

During the last ten years we have devel oped a number of
fluorescent markers and fluorogenic substrates for various
proteases [24,25]. We have also prepared platinum and
copper complexes of some coumarins and tested them for
anticancer activity [26,27]. Continuing our research in this
area, we have examined the use of the compounds 7-
amino-4-coumarinyl-acetic acid (Aca, 1), 7-hydroxy-4-
coumarinyl-acetic acid (Hca, 2) and the ethyl ester of 1
(Aca-OFEt, 3) (Scheme 1) as markersin synthetic substrates
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suitable for fluorometric enzymatic analysis. These com-
pounds were chosen because, in addition to their excellent
fluorescence properties, they allow selective chain elonga-
tion through the two different functional groups they bear.
They aso can be used for the preparation of either classical
or intramolecularly quenched fluorogenic substrates.
Moreover, they can be connected through their carboxyl
group to a solid support and serve as fluorescent linkersin
the solid phase synthesis of substrates.

We report here the synthesis and the study of the fluores-
cence properties of the above markers 1, 2, 3 and their
derivatives N-(7-amino-4-coumarinyl-acetyl)-L-phenyl-
aanyl-p-nitroanilide (Aca-Phe-NH-Np, 5), N-(7-amino-4-
coumarinyl-acetyl)-L-phenylalanine (Aca-Phe-OH, 6),
ethyl 7-(glutaryl-L-phenylalanilamido)-4-coumarinyl-
acetate (Glt-Phe-NH-ca-OEt, 8), 7-oleyloxy-4-coum-
arinyl-acetic acid (Ole-Oca, 13) and 7-pamitoyloxy-4-
coumarinyl-acetic acid (Pal-Oca, 14). The last two com-
pounds were prepared by solid phase synthesis technique.

Results and Discussion.

The synthesis of Aca (1) and the intramolecularly
quenched fluorogenic substrate 5 is outlined in Scheme 2.
The preparation of 1 was achieved by the condensation of
carbethoxyaminophenol (4) [28] with acetone dicarboxylic
acid and acidolysis of the intermediate derivative.
Compound 1 was converted to its ethyl ester by treatment
with thionylchloride in anhydrous ethanol. The substrate 5
was prepared by the condensation of Acawith phenylaanyl-
p-nitroanilide (H-Phe-NH-Np) [29] using 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (WSCI)
as the coupling agent in the presence of 1-hydroxy-
benzotriazole (HOBt) [30] with a 65% yield. The
p-nitroanilide group, widely used in chromogenic sub-
strates, was chosen as the quencher. The same coupling
method was applied for the preparation of Aca-Phe-OBLU,
acidolysis of which afforded the compound Aca-Phe-OH
(6) (Scheme 2). This compound was synthesized for com-
parison reasons. Both couplings took place without previous



154

Scheme 2
COOH
COOH
1. O
0 /@\ COOH A
B ii. CH;COOH/
o %\{I OH H,S0, ) 0”70
4 1
l H-Phe-NH-Np
i. H-Phe-OBu'
le) ii. HCVTHF 0
Phe-OH Phe-NH-Np
X S
H,N 0”0 H,N 0”0
6 5

protection of the 7-amino group of Aca, due to its low nucle

ophilicity, as is also mentioned in the literature [31]. Indeed

efforts to protect the 7-amino group withutyloxycarbonyl
(Boc) or benzyloxycarbonyl (Z) group resulted in very lo
yields, while reaction with 9-fluorenyl-methyloxycarbony
chloride (Fmoc-ClI) produced the dimer Fmoc-NH-ca-Nt
ca. Finally, Fmoc-NH-ca was obtained by acidolysis
Fmoc-Aca-OEt, prepared from Aca-OB) by treatment
with Fmoc-Cl. It seems that esterification of the carbox
group increases the nucleophilicity of the aromatic 7-ami®
group, permitting its acylation in solution. Thus, for the sy

thesis of the fluorogenic substrate Glt-Phe-NH-ca-@kt (1% R
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trypsin-like enzymes. The substrdewhich is ap-nitro-
anilide derivative, can be used in colorimetry as well.

In order to examine the use of the bifunctional com-
poundsl and? in the solid phase synthesis of fluorogenic
substrates, they were successfully linked through their car-
boxyl group with 2-chloro-chlorotrityl-resin [33] to pro-
duce the resin derivativésand10 (Scheme 4). However,
efforts for acylation of the amino group ®&fwith Fmoc-
protected amino acids, using several coupling methods,
resulted in very low yields. On the contrary the resin deriv-
ative 10 was successfully acylated with oleic or palmitic
acid using dicyclohexylcarbodiimide (DCC) as a coupling
agent in the presence of a catalytic amount of dimethyl-
aminopyridine (DMAP) [34]. The substrates Ole-Ot3) (
and Pal-Ocald) (Scheme 4), suitable for the enzymatic
study of lipases, were obtained after cleavage from the
resin with a mixture of trifluoroethanol (TFE),
dichloromethane (DCM), acetic acid (AcOH)
(TFE:DCM:AcOH 2:7:1).

o‘
AP
cl
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outlined in Scheme 3, compouBdvas coupled with Boc- 11 R = OCO(CH,),CH-CH(CH,),CHs
Phe-OH by the mixed anhydride method [32], to produ'? &~ ©CO(CHnCHs

compound’. After removal of the Boc group, the free intel

mediate reacted with glutaric anhydride to give the substrate

in good vyield. Both substrateésand8, are suitable for the
fluorometric determination of chymotrypsin or chymo-
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The fluorescence properties of the intramolecularly
quenched fluorogenic substr&and the fluorescent com-
pound6 are shown in Table 1, while their fluorescence
spectra are shown in Figure 1. Efficient quenching (88.9%)
of fluorescence was observed at the excitation and emission
maxima of compouné.

Table 1

Fluorescence Properties of Compoufidsd5

Compound [a]  Ag/nm Aen{NM Fl/a.u.[b] g.e.[c] %
6 364 458 1674
5 364 458 186 88.9

[a] 1 uM solution in 0.05M Tris-HCI pH 7.8, containing 1% DMSO.
[b] Arbitrary units. [c] g.e. = (f-F)/Fy; Fy and F are the fluorescence
intensities of the donor in the absence and presence of the acceptor.

Table 2 lists the fluorescence properties of markarsl3
and substrate® 13and14. The emission maxima and fluo-
rescence intensities of compour®isnd8 are distinctly dif-

ferent (Figure 2). Their fluorescence intensities at vagys
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Figure 1. Fluorescence spectra of (a) Aca-Phe®Hb) Aca-Phe-NH-
Np (5); Aey=364 nm. 1pM solutions in 0.05M Tris-HCI, pH 7.8,
containing 1% DMSO.

Table 2
Fluorescence Properties of CompouBd3, 8, 13, 14

Bifunctional Coumarin Derivatives in Solution and Solid Phase Synthesis

Compound [a] Ae/NM AendnM F/a.u.[b]
3 366 460 665
8 341 408 453
2 350 453 360

13 368 458 15

14 368 458 13

[a] 1 uM solution in 0.05M Tris-HCI pH 7.8, containing 1% DMSO.

[b] Arbitrary units.

and A, were determined. At chosen,=380 nm and
Aenr=490 nm the fluorescence intensity of the maBweas

approximately 350-fold greater than that of an equimolar
solution of the substrat8, while retaining 40% of its
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Figure 2. Fluorescence spectra of (a) Glt-Phe-NH-ca-8)EA{,~341
nm, (b) Aca-OEtJ); A¢,=366 nm. 1uM solutions in 0.09M Tris-HCI,
pH 7.8, containing 1% DMSO.
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maximum fluorescence. At these wavelengths the presence
of substrateB does not interfere with the fluorescence of
marker3. As shown in Table 2 compourfihasAg,.
max=453 nm ak.,max=350 nm, while compounds and

14 haveAmax=458 nm ak.,max=368 nm (Figure 3). The
fluorescence intensity of mark2at its maxima wavelengths
was 24-fold and 28-fold greater than that of equimolar solu-
tions of substrates3 and14, respectively.
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Figure 3. Fluorescence spectra of (a) H)aXg,=350 nm, (b) Ole-Oca
(13), (c) Pal-Ocal4); Ae)=368 nm. 1uM solutions in 0.09M Tris-HCI,
pH 7.8, containing 1% DMSO.

From the above results it is concluded that the proposed
compoundd and3 are suitable markers in the solution syn-
thesis of fluorogenic or intramolecularly quenched fluoro-
genic substrates for proteases, whereas compboad be
used for the development of fluorogenic enzyme substrates
on a solid support. It should also be mentioned that marker
1 can be used for the conversion of peptide nitroanilide sub-
strates into intramolecularly quenched fluorogenic ones,
which by retaining their chromogenic properties, may be
applied in both colorimetric and fluorometric assays.

EXPERIMENTAL

Melting points are all uncorrected and were determined in cap-
illary tubes using Buchi apparatus. Thin layer chromatography
was performed on precoated plates of silica gel &9 Verck,
Darmstand, Germany) using the following solvent systems: chlo-
roform/methanol (5:1); chloroform/methanol (9:1); chloroform/
methanol (95:5); chloroform/methanol/acetic acid (3:1:1); chlo-
roform/methanol/acetic acid (90:10:0.3); chloroform/methanol/
acetic acid (50:10:0.3); 1-butanol/acetic acid/water (4:1:1). The
crude products were purified using column chromatography on
silica gel 60 (70-230 mesh, Merck). Elemental analyses were
carried out on a Perkin-Elmer CHN 2400 instrument. Fast Atom
Bombardment (FAB) mass spectra were obtained on a VG
Analytical ZAB-SE instrument using positive ion mode and
m-nitrobenzyl alchohol as matrix. ThHéd nmr spectra were
recorded on a Varian 200 spectrometer in dimethyl sulfoxide-
dg. The solvent signal at 2.54 ppm was used as reference.
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The fluorescence spectra waeeorded on a Perkin-Elmer 512 aqueous (0.17 g, 1 mmol) were added consecutively. The reaction
fluorescence spectrophotometer. Phenylalanine was of L-configuwmixture was stirred for one hour at 0 °C and at room temperature
ration and purchased from Fluka and 7-hydroxy-4-coumarinyl-overnight. After evaporatioim vacuothe residue was dissolved
acetic acid (Hca) from Aldrich. in ethyl acetate and washed consecutively with water, a solution
of 1 M potassium bicarbonate, brine, a solution of 5% sodium
bicarbonate and brine. The organic phase was dried with sodium
In a procedure similar to this of Bensetal.[31] a solution of  sulfate and evaporateal vacuoto yield a crude solid which was
citric acid (10.51 g, 50.05 mmol) in concentrated sulfuric acidtriturated with ether twice, yield 0.08 g (63%j nmr:5 2.9 (dd,
(2.32 ml) was stirred at room temperature for one hour and at 7%em =13 Hz,J = 14 Hz, 1H, GIHCgH5), 3.1 (dd,Jgem =13
°C for thirty minutes. The solution then was cooled to 0 °C and 3Hz, J = 5 Hz, 1H, CHHCgHg), 3.6 (s, 2H, CH), 4.7 (m, 1H,
carbethoxyaminopheno#f( (7.24 g, 40 mmol) and concentrated CH), 5.9 (s, 1H, H), 6.1 (s, 2H, NH), 6.4 (dJgg = 2 Hz, 1H,
sulfuric acid (5.61 ml) were added in three equal portions. Thedg), 6.5 (dd,Jg 5 = 9 Hz,J = 2 Hz, 1H, H), 7.3 (m, 6H, GHs,
mixture was stirred at 0 °C for one hour and at room temperatune;), 7.8 (d,J= 10 Hz, 2H, H, Hg Np), 8.2 (dJ= 10 Hz, 2H, H,
overnight. The reaction mixture was poured into ice (100 g) an¢iz Np), 8.8 (d,J = 8 Hz, 1H, NH), 10.8 (s, 1H, NH); ms: m/z
the resulted solid was filtered and washed several times witB09(M*+23), 487(M+1), 349, 321, 202.
water. The crude product, 7-carbethoxyamino-4-coumarinyl- Anal. Calcd. for GgH,,N40g-0.2550: C, 63.60; H, 4.62; N,
acetic acid, was triturated with 50 ml ofNLsodium carbonate 11.41. Found: C, 63.72; H, 4.65; N, 11.21.
solution and the resulting mixture was filtered. The filtrate was ) ) . .
acidified with concentrated hydrochloric acid. The resulting/-Amino-4-coumarinyl-acetyl-2-chlorotrityl-resin Esté)(
white precipitate was collected by filtration and recrystallized 2-Chloro-chlorotrityl-resin (1 g) was triturated with 2 ml of
from methanol. The obtained pure 7-carbethoxyamino-4dichloromethane for 5 minutes. Then, diisopropylethylamine
coumarinyl-acetic acid (2.86 g, 9.8 mmol) was dissolved in g0.69 ml, 4 mmol) was added followed by the addition of a solu-
mixture of glacial acetic acid (8.43 ml) and concentrated sulfurigion of 7-amino-4-coumarinyl-acetic acid (0.263 g, 1.2 mmol) in
acid (4.80 ml). The mixture was heated at 100 °C for one houK,N-dimethylformamide (3 ml). The mixture was stirred for thirty
and then at 120 °C for four hours. The mixture was allowed teninutes and then was filtered. A solution of dichloromethane:
cool to room temperature and then water (40 ml) was added, fomethanol:diisopropylethylamine 85:10:5 was added to the resin
lowed by a 25% solution of ammonium hydroxide until pH 2. and the mixture was stirred for ten minutes. The mixture was then
The yellow precipitate was filtered and dissolved in 5% sodiunfiltered and the resin was washed first three times with the previ-
carbonate solution. The solution was extracted with chlorofornbus solution and then witN,N-dimethylformamide, 2-propanol
and the aqueous phase was acidified with concentrategnd ether (four times each). Finally the resin was dniegicuo
hydrochloric acid until pH 2. The resulting yellow solid was fil- over phosphorous pentoxide.

tered. The crude product was purified by recrystallization from ) . )
methanol, yield 0.94 g (44%), mp 225-227 %&:nmr: 3 3.8 (s, 7-Hydroxy-4-coumarinyl-acetyl-2-chlorotrityl-resin Estéfy.

7-Amino-4-coumarinyl-acetic Acidlj.

2H, CH,), 6.1 (s, 1H, H), 6.6 (d,Jg ¢ = 1 Hz, 1H, H), 6.7 (dd, Resin derivativel0 was prepared in a similar manner to that
Jo5 =9 Hz,J =2 Hz, 1H, ), 7.4 (d,J =9 Hz, 1H, HB); ms:  described for the preparation ®fstarting with 7-hydroxy-4-
m/z 242(M+23), 220(M+1). coumarinyl-acetic acid (0.264 g, 1.2 mmol).

Anal. Calcd. for GiHgNO,-0.5H,0: C, 57.89; H, 4.42; N,
6.14. Found: C, 58.09; H, 4.26; N, 6.08.

Ethyl 7-Amino-4-coumarinyl-acetat8)( Hydrochloric Salt.

7-Oleyloxy-4-coumarinyl-acetic Acidl@).

Resin derivativelO (0.12 g, equivalent to 0.12 mmol of
Hca) was triturated witiN,N-dimethylformamide (0.4 ml) for

Thionylchloride (0.08 ml, 1.10 mmol) was added dropwise in5 minutes.Then, dimethylaminopyridine (2.5 mg, 0.024 mmol)
absolute ethanol (0.5 ml) at -5 °C, under stirring. After the addiand a solution of oleic acid (0.102 g, 0.36 mmol) and dicyclo-
tion was completed, 7-amino-4-coumarinyl-acetic ag)d(Q.22 hexylcarbodiimide (0.082 g, 0.4 mmol) M,N-dimethylfor-
g, 1 mmol) was added. The reaction mixture was kept under stimamide (0.76 ml) were added. The reaction mixture was stirred for
ring at 35-40 °C for two hours and then evaporatedicuo The  three hours. The esterification was repeated one more time using
residue was triturated with absolute ether and the resulting solidleic acid (0.034g, 0.12 mmol). The mixture was filtered and the
was filtered and purified by recrystallization from methanol/resin was washed witN,N-dimethylformamide, 2-propanol and
absolute ether, yield 0.20 g (71%N nmr:3 1.3 (t,J = 7 Hz,  ether (four times each) and driéd vacuoover phosphorous
3H, CHy), 4.0 (s, 2H, CHCO), 4.2 (qJ = 7 Hz, 2H, CHCH,), pentoxide. A solution of trifluoroethanol:dichloromethane:acetic
6.4 (s, 1H, H), 7.3 (m, 2H, K, Hg), 7.8 (dJ5 g = 9 Hz, 1H, H); acid 2:7:1 (10 ml) was added to the dry resin and the mixture was

ms: m/z 248(M+1). stirred for one hour. The reaction mixture was filtered and the resin
Anal. Calcd. for G3H,3NO,4-HCI-0.5H0: C, 53.34; H, 4.82; was washed with dichloromethane. The filtrate was evapoirated
N, 4.78. Found: C, 53.34; H, 5.00; N, 4.70. vacuoto give the crude product, which was purified by column

. . . chromatography using chloroform:methanol (9:1) containing 4
N-(7-Amino-4-coumarinyl-acetyl)-L-phenylalany-nitro- drops of acetic acid as the eluent, yield 0.025 g (4%Bkpmr: &
anilide ©). 0.8 (t,J = 7 Hz, 3H, CH), 1.3 (m, 20H, CH(CHy)e,

To a stirred and cooled at 0 °C solution of phenylalgayl- (CH,),CH,CH,CO), 1.7 (m, 2H, E,CH,CO), 2.0 (m, 4H,
nitroanilide in N,N-dimethylformamide (5 ml), 7-amino-4- CH,CH=CH=CH,), 2.6 (m, 2H, CHCH,CO), 5.3 (m, 2H,
coumarinyl-acetic acid (0.219 g, 1 mmol), triethylamine (0.15CH=CH), 6.4 (s, 1H, B, 7.2 (ddJss = 9 Hz,Jg g = 2 Hz, 1H,

ml, 1.1 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide Hg), 7.3 (d,J = 2 Hz, 1H, K), 7.9 (d,J = 9 Hz, 1H, H); ms: m/z
hydrochloride (0.21 g, 1.1 mmol) and 1-hydroxybenzotriazole508(M*+23), 486(M+1), 266, 221.
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Anal. Calcd. for GgH4006-0.25H,0: C, 71.21; H, 8.34. [2] E. Bergogne-BerezirRresse Med28 Suppl 3, 25, Review

Found: C, 71.37; H, 8.42. (1999).
[8] F. T. Tsai, O. M. Singh, T. Skarzynski, A. J. Wonacott, S.

Weston, A. Tucker, R. A. Pauptit, A. L. Breeze, J. P. Poyser, R.

Compoundl4 was prepared and purified in a similar manner O'Brien, J. E. Ladbury and D. B. Wigle§roteins 28, 41 (1997).
to that described for the preparation I starting with resin [4a] W. Shilling, R. Longland and C. Cramptdwature 221,
derivative 10 (0.12 g) and palmitic acid (0.092 g, 0.36 mmol), 664 (1969); [b] P.A. Kyrle, J. Brockmeier, A. Weltermann, S.
yield 0.025 g (47%)*H nmr: 5 0.8 (t,J = 7 Hz, 3H, CH), 1.2 Eichinger, W. Speicer, K. Lechner and H.G. EichlEhromb
(M, 24H, CH(CH,)1,CH,), 1.6 (M, 2H, ©,CH,CO), 2.6 (m, Haemost 77, 685 (1997).
2H,CH2CH2CO), 6.4 (S, 1H, bbl 7.2 (dd1J65 =9 HZ’JBS = [5] Y. L. Chen, T. C. Wang, K. H. Lee, Y. L. Chang, C. M.
2 Hz, 1H, H), 7.3 (d,J = 2 Hz, 1H, H), 7.9’(d,J -9 Hz,’ 1H, Teng and C. C. Tzenglelv. Chlm_. Acta79, 651 (1996).
H5) ms: m/z 482(M+23) 460(M+1) 239 221 [6] C. M. Kam, J. E. Kerrlgan, R. R. PlaSkOn, E. J. Daﬁy, P.

A‘naI.Cach for G H Ox.0 25"‘b0' C 6;0) 95 H 8.37 Lollar, F. L. Suddath and J. C. Poweds,Med. Chem.37, 1298

: : 271138V6" V-

. . (1994).
Found: C, 70.06; H, 8.42. [71 A. A. Gunatilaka, D. G. Kingston, E. M. Wijerante, B. M.

Ethyl N-(7-tert-butyloxycarbonyl-L-phenylalanylamido)-4- Bandara, G. A. Hofmann and F. JonsdnNat. Prod, 57, 518
coumarinyl-acetatery. (1994).

A solution oftert-butyloxycarbonyl-phenylalanine (0.08 g, 0.3 (1995;] A Lorico and B. H. Long Eur. J. Cancey 29, 1985

mmol) in tetrahydrpfuran (1.5 ml) was cooled to -10 °C and [9] P.J.Jerris and A. B. Smith, Org. Chem.46, 577 (1981).
N-methylmorpholine (0.033 m1, 0.3 mmol) was added. [14] s Manfredini, P. G. Baraldi, R. Bazzanini, M. Guarneri,
Subsequently isobutyl chloroformate (0.039 ml, 0.3 mmol) was,  simoni, J. Balzarini and E. D. Clercyj, Med. Chem.37, 2401
added dropwise. After stirring for 5 minutes at -10 °C, an ice1994).

cooled solution o8 (0.07 g , 0.3 mmol) in tetrahydrofuran (2.5 [11] A. Tseng and H. Alaeddin, WO Pat. 88,441 (1989);
ml) was added dropwise, so that the temperature did not exceedthem. Abstr112, 229720p (1990).

5 °C. The reaction mixture was stirred at -10 °C for one hour and [12] L. Pochet, C. Doucet, M. Schynts, N. Thierry, N. Boggeto,
at room temperature overnight. After evaporation of the solvent. Pirotte, K. Y. Liang, B. Masereel, P. Tulio, J. Delarge and M. R.
the residue was dissolved in ethyl acetate and washed conse®avaux,J. Med. Chem39, 2579 (1996).

tively with water, a 0.2 solution of hydrochloric acid, water, a [13] J. W. Harper and J. C. PoweBipchemistry 24, 7200
5% solution of sodium bicarbonate, water, brine and dried witt{1985).

7-Palmitoyloxy-4-coumarinyl-acetic Acid.4).

sodium sulfate. The solvent was evaporatedacuoand the [14] U. P. Masche, K. M. Rentsch, A. Von Felten, P. J. Meier
residue was purified by column chromatography using petroleurand K. E. Fattingeiur. J. Clin. Pharmaco) 54, 865 (1999).
ether (40_60 °C)ethy| acetate 1:1 as the eluent [15] J. Parl‘lsh, T. FIthatI‘ICk, L. Tatenbaum and M. Pathak,
o ) New Eng. J. Med291 (1974).
Ethyl 7-(glutaryl-L-phenylalanilamido)-4-coumarinyl-acetai ( [16] S. Freude, |. Pabinger-Fasching, D. Kozel-Lachmann, F.
The N-protected compound (0.032 g, 0.064 mmol) was treated Braun, A. PollakPadiatr. Padol, 26, 239 (1991).
with a solution of AN hydrochloric acid in tetrahydrofuran (1.06 ml,  [17] A. Mazumder, S. Wang, N. Neamati, M. Nicklaus, S.

4.25 mmol) for one hour. The reaction mixture was evapoiated Sunder, J. Chen, G. W. A. Milne, W. G. Rice, T. R. Burke and Y.
vacuoand the residue was triturated with ether to give a white solidf °T1m8']er*]|_'| '\g‘:]‘;'o Cnemg’aghﬁi?i'(ﬁg% A. Mazumder, S, Wang, S
that was filtered and dried vacuo This solid was dissolved in ethyl : v e e 1o U
acetate and washed three times with a 5% solution of sodium bica?yngfzr’ (139?;\; A.Milne, Y. Pommier and T. R. BurkeMed. Chem.
bonate. The organic phase was evaporated until a small voluni& [19] ( U 'ghull and B. TestaBiochem. Pharmacql47, 2307
remained (approximately 2 ml). Then, glutaric anhydride (0.011g ' ' ' Al

) B 1994).
0.096 mmol) was added and the mixture was heated at 45 °C for two [20] E.A. Lunney, S. E. Hagen, J. M. Domagala, C. Humblet
hours. The reaction mlxtuze was allowed to cool to room temperay y sinski B. D. Tait, J. S. Warmus, M. Wilson, D. Ferguson and D.
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