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Detection of enzyme activhy in biological &rids, chemicsl samples, individual live ceils. or whole organisms 

is the subject of considerable research effort.’ Information about metabolism, disease state, the identity of 

microorganisms, the success of genetic manipulations, or the quantity of drugs or toxins can be gained from 

evaluating the activity of certain enzymes.2 In addition, enzyme conjugates often serve as sensitive bioanaiytical 

tools3 Our approach to improving the detection of such enzyme activity has been to develop a series of new, stable, 

water soluble, non-toxic, synthetic enzyme substrates that become highly fluorescent upon enzyme action and 

precipitate at the site of enzyme activity without translocation. 

Recently 2-aryl substituted 4-(3H)quinaeolinones have been syntbesii for use in the preparation of 

fluorescent compositions of inks and enamels4 These fluorescent dyes have the properties of exhiig intense 

luminescence in the solid state, high extinction coeflicients, large Stokes shifts due to intramolecular hydrogen 

bonding intem&ons in the excited state, and sign&ant photostability. We have now investigated the derivatization 

of several 2-l~droxyaryl4-(3H)qui~zolinones by glycosylation, esterification, and alkylation for the production 

of new synthetic enzyme substrates. 

2-Hydroxyatyl4-(3H)qt&zolinones were pmpared by the heating an -amide 1 and an appropriate 

aroma& salicyM_e 2 in ethanol to retlux (1 .O h) in the presence of catalytic p-toluenesulfonc acid @TsOH) 

fbllowed by in &I oxidation with a suit&e oxi&ing agent such as dichlorodicyanoquinone (DDQ), at refhus until 

thin layer chromatography showed disappeamnce of the blue fluorescent dihydro-derivative 3 (Scheme 1). 

Ahernately, w amounts of suitably derivatii isatoic anhydrides with salicybunides were heated at reflux 

(1~,4.Oh)inthe~of~cbese(KOHorNaoH)inaninsrtsolvsnt@~.5 Waterofreactionwas 

not collected. In either case, a&r cooling, the insoluble fluorescent dyes 4 precipitated from the reaction mixture 

in good yield (70-90%) and were isolated by filtration and washing with ethanol. New guorophores 4a-d with 

mod&d f&mzzem emission wavelengths (TabIe 1) were produced by fbnctional elaboration at the 4’-, S’-, and/or 

6-p&tions.FlLlorogenic~~ gg-f(Table 2) were pmgared from fluorophore 4a as described below. 

Glycosylation reactions of these 2-hydroxyaryl4-(3H)-quinazoliiones were carried out using standard 

KoenigACnor~ methodol~.~ The 6nal substrates were obtained from the fully protected glycosides (1 .O mmole) 

by stining in methanol (100 mL), methylene chloride (30 mL) and aqueous potassium carbonate (2SOpL of a 1M 

sokrtion) at room temperature for 1 h followed by deionization using a mixed bed ion-exchange resin (lg lRC-SO 
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and 1 g IRA-93). In this manner, the 2-O-O-J&Gal7 (Sa), -ILK&GlcU, -BQ-Gic, -a-D-Man, -a-L-Fuc, -a-&Net& 

N-AC, -O-P-Glc( l-4)%&Glc, -l3-D-Xyl, and -D-Q-GlcNAc derivatives were prepared. 

1 2 

Scheme 1 XeagenLs: a. p-TsOHEtOH: b. IIDQ/EtoH 

3 4(a-d) R=H 
5 (a-f) RI, R2.4 = H 

Table 1 

moptimized yields 

Phosphorylation reactions were carried out essentially using the procedure of Perich and Johns.’ The di-t- 

butyl-protected phosphate products were typically obtained in high yield (99% for the 2-(2’-di-t- 

butylphosWW mazolinone derivative). Removal of the t-butyl protecting groups was carried 

out using anhydrous 4M HCVdioxane at -2O’C. The resulting free acid was either isolated by filtration at room 

temperaWe directly from the reaction mixtuq without further purification,g or the dkodium (Sb) or diammonium 

salts could be prepared by neutraliition with concentrated aqueous NaOH or NH40H solutions to pH 8.5, 

respectively. 

Esterase and lipase substrates (fbr example: SC) were prepared by ester&&ion of the base fluorophore with 

an appropriate acyl anhydride at refhur for 2 hours using dry pyridine as solvent and catalyst. After solvent removal, 

the resulting solids were purified by silica column chromatography using chloroform as eluent.‘” 

Atkmpts to direct& alkylate the hydroxyl group of the base fluorophores proved unsucces&l. Therefore, 

instead, microsomal deakylase substrates (for example: 2-(2’~ethowhenyl)-4-(3H)-quinazolinone, 5d) were 

prepared by a stepwise procedure. A mixture of anthranilamide and 2-alkoxybenzaldehyde was suspended in 

methanol and heated to r&lux for 3 hours. After cooling, the Schiffs base was isolated by vacuum filtration, 

suspended in ethanol containing catalytic p-toluenesulfonic acid, and heated to reflux for 1 hour. The resulting 

dihyQosuinazolone was treated as above with 2,3-dicNoro-5,6-dicyano-1,4knzoquinone (DDQ) for 1 hour, and 

atIer cooling to room temperature the precipitated solid was f&red and washed with methanol. The products were 

recrystallked fiom methanol to yield colorless solids ’ ’ 
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Table 2 

The guanidinoW substrate (Se) was prepared in a similar manner to that described by Livingston.‘2 

Under anhydrous conditions a mixture of a 2-Q’-hydro~heny&4-(3H)-quinszolinone, dicyclohexylcarbodiide, 

and p-guanidinobenzoic acid in anhydrous dimethylformamide and dry pyridine were allowed to stir at room 

temperature for 18 h, the reaction mixture filtered, evaporated to a clear yellow oil and crystalked by trituration 

with chloroform. The resulting colorless nonfluorescent solid was purified by reversed phase MPLC 

chromatography to yield the produet 

Aryl sulfatase substrates (for example: 2-(2’-sulfonyloxyphenyl)4-(3H)-quinazolinone, sodium salt, 5f) 

wc=Preparedby~ of a base fluorophore with chlorosulfonic acid and pyridine at O°C followed by heating 

at 60% for 24 hours. Following solvent removal in wxuo the residue was dissolved in water, neutralized to pH 

7.0 with NaOH and the product purified by gel filtration chromatography on lipophilic Sephadex LH 20, elution 

using water. Product-containing fractions were combined and lyophihized to a colorless solid.g 

Our present results indkate that these compounds exhibit moderate to good enzyme kinetic turnover rates 

and excellent spa&i&y as substrates i&r their respecuve enzymes (i.e. E. coli &&ctosidase and B-glucuronidase, 

calf intestine alkaline phosphatase, prostatic acid phosphatase, l3-glucosidase (plant), Porcine liver esterase, etc.) 

both in vitro and in viva. I3 We are currently examining further uses for these new substrates in enzyme linked 

assaysI and for detection of endogenous and cloned enzyme activities both in indiidual cultured cells and in 

tissues.‘s 
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mm=*) Rf=O.17. ‘HNMR(300 MHZ, DMSO-d& b:7.39 (d 1H); 7.57 (d Hi); 7.70-7.90 (m, 3H), 8.07 (s,lH), 
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