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- AS TRIAZINE ACYCLONUCLEOSIDES: POTENpL INHIBITORS 
OF PYRIMIDINE ENZYMES 

2 * 
Subhasish Purkayastha, Bihi H. Lazrek , and Raymond P. Panzica 

Departments of Chemistry and Medicinal Chemistry 
University of Rhode Island, Kingston, Rhode Island, 02881 

and 

Fardos N. M. Naguib and Mahmoud H. el Kouni 

Division of Biology and Medicine 
Brown University, Providence, Rhode Island. 02912 

Abstract: 
sized and evaluated as inhibitors of orotate phosphoribosyltransferase 
(OPRTase, EC 2.4.2.10). orotidine 5'-monophosphate decarboxylase 
(ODCase, EC 4.1.2.23), uridine phosphorylase (UrdPase, EC 2.4.2.3). and 
thymidlne phosphorylase (dThdPase, EC 2.4.2.4). 

Seven as-triazine-3.5-dione acyclonucleosides were synthe- 

The preparation of acyclonucleosides has commanded the worldLwide 
attention of many research groups because of their high potential to 
exhibit chemotherapeutic a~tivity.~ Recently, benzylacyclouridines, 
e.g., 5-benzyl-1-[2-hydroxyethoxy)methyl]uracil (BAU) and 5-(3'-benzyl- 

oxybenzyl) -l-(2-hydroxyethoxy)methyl]uracil (BBAU) , vere shown to be 
potent inhibitors of uridine phosphorylase (UrdPase) and to enhance the 
efficacy and selective toxicity of 5-fluoro-2'-deoxyuridine (FdUrd). 

Inhibitors of orotidine 5'-monophosphate decarboxylase (ODCase) have 
been shown to be useful chemotherapeutic agents in the treatment of 
neoplastic and certain non-neoplastic diseases. None of these 
inhibitors are acyclonucleosides, yet two of the most notable that 
exhibit well-defined clinical utility possess the as-triazine aglycone, 
i.e., 2-(&D-ribofuranosyl)-~-triazine-3,5-dione (6-azauridine) and its 
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350 PURKAYASTHA ET AL. 

2',3' ,5'-triacetyl derivative, a~aribine.~ 
explored the synthesis of certain =-triazine-3,5-dione acyclonucleo- 

sides. 
ethoxy)methyl]-~-triazine-3,5-dione (3) due to the close structural 
resemblance to BAU and BBAU. 

Synthesis 

With this in mind, we 

A desired target of this project was 6-benzylthio-Z-[(Z-hydroxy- 

The synthesis of 2 was accomplished by two different routes. 
first pathway involved alkylation of &, which was prepared by 
silylat ing8 6-benzylthio-~-triaz ine-3,5-dione' with hexamethyldi- 

silazane, with (2-acetoxyethoxy)methyl bromide" in dry acetonitrile 
to furnish 6-benzylthio-2-[(2-acetoxyethoxy)methyl]-~-triazine-3,5- 

dione (&) in 84% yield. The other route leading to 2 entailed nucleo- 
philic displacement of the 6-bromo substituent on 2 with benzyl mer- 
captan in pyridine. Depro- 

tection of 3 with methanolic ammonia at room temperature afforded 3. 
With the exception of A, the remaining two acyclonucleosides, 2 

The 

This procedure provided & in 51% yield. 

and &, were prepared by the first pathway. 
methoxy)methyl]-~-triazine-3,5-dione (4) was synthesized directly 
from 3. Treatment of 3 with liquid ammonia and a catalytic amount of 
copper powder at 80°C in a steel reaction vessel provided 4 in moderate 
yield. 

6-Amino-2-[(2-hydroxy- 

The site of alkylation of the acyclonucleosides prepared in this 
The UV spectra of & study was established as N2 by W spectroscopy. 

and 4 were identical to their reported ribosylated counterparts. 
It is worth mentioning, that &was converted to 2 in the presence of 
bromine water (1 mL of bromine in 100 mL of distilled water) at 50°C. 
The reaction was carefully monitored by tlc (chloroform-methanol; 9:1, 

v/v) and stopped after 20 minutes. After work-up, the product was 

shown to be identical to 2 (tlc and W). 

11-13 

Biochemical Evaluation 
UrdPase, dThdPase, OPRTase, and ODCase were prepared from the 

105,000 x g supernatant of mouse liver homogenate and assayed as 
4s14 Unlike BAU, 3a did not inhibit UrdPase. previously described. - 

Similarly, no inhibition was observed with either OPRTase, ODCase, or 

dThdPase. None of the other acyclonucleosides, i.e., 2a-c. 2, &, and 
- 4 ,  inhibit any of these enzymes. 
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2 a-c / -  
/(Methods C1 / C2) 

- 3 a-c 

(Method B) 

Ho-l/O J 
a, X = SCHzC6Hs; b, X = Br; c, X = H 
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352 PURKAYASTHA ET AL. 

EXPERIMENTAL 

Melting points were determined on a Thomas-Hoover melting 

apparatus and are uncorrected. 

Varian EM-390 spectrometer and the ultraviolet absorption spectra 
were recorded with a Beckman DU-7 spectrometer (Table 2). 
chromatography was run on precoated (0.2 mm) silica gel 60 F-254 plates 
manufactured by EM Laboratories, Inc., and short-wave ultraviolet light 
(254 nm) was used to detect the W-absorbing spots. Silica gel (Merck, 

230-400 mesh, 60A) suitable for chromatographic use was employed for 

column chromatography. All solvent proportions are by volume unless 

otherwise stated. 

Laboratories, Phoenix, AZ. 

'H NMR spectra were obtained with a 

Thin Layer 

Elemental analyses were performed by M-H-W 

General Procedure for Silyl Alkylation (Method A) 

The as-triazine-3.5-diones were silylated using hexamethyldisila- 

zane (HMDS) in the presence of a catalytic amount of trimethylsilyl 

chloride. The stirred mixture was heated at reflux with the exclusion 

of moisture for 24 h. Excess HMDS was removed under diminished pressure 
and the individual oily, silylated heterocycles (la-c) were dissolved in 

dry acetronitrile and cooled to 0°C. 
slowly added a solution of (2-acetoxyethoxy)methyl bromide in dry 
acetonitrile. The stirred reaction mixture was allowed to warm to room 

temperature and the course of the reaction was monitored by tlc. 

Alkylation was usually completed in E. 4h. At this point, the reaction 

mixture was concentrated in vacuo and the resulting gum was dissolved in 

a minimal amount of chloroform-methanol (49:l) and applied to a silica 
gel column. The column was eluted with chloroform-methanol (49:l) and 

the pure N2-alkylated heterocycles (w) were crystallized from the 
solvent specified i n  Table 1. 

To this stirred solution was 

Nucleophilic displacements (Method B) 
6-Benzylthio-2-[2-acetoxyethoxy)methyl]-as-triazine-3,5-dione (2a) 

A solution of 2 (292 mg, 0.95 mmol) in pyridine (2 mL) and benzyl 

mercaptan (2.02 mL, 17.2 -01) was placed in a glass-lined stainless 

steel reaction vessel and heated at 120°C for 24 h. After cooling, the 
vessel was vented and the reaction mixture poured into ethyl acetate 

(30 mL) and washed ( 3  x 10 mL) with water. The organic layer was dried 
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over anhydrous sodium sulfate, filtered, and then taken to near- 
dryness. 
mL) and then applied to a silica gel column (10 8 ) .  

eluted with chloroform-methanol (99:l) and 25 mL fractions taken. 

Fractions 6-10 contained the title compound and were pooled and 
evaporated to furnish pure &. 
(tlc, ‘H NMR, and mixture melting point) to .’& prepared by direct 
alkylation (see Table 1 and 2). 

The resulting residue was coevaporated with toluene (3 x 10 
The column was 

This acyclonucleoside was identical 

6-Amino-2-[(2-hydroxyethoxy)methyl]-as-triazine-3,5-dione (4) 

6-Bromo-2-[(2-acetoxyethoxy)methyl]-~-triazine-3,5-dione (2, 1.2 

g, 3.89 mmol), copper powder ( 2  mg), and liquid ammonia (10 mL) were 

heated in a glass-lined steel reaction vessel at 80°C for 24 h. 
cooling, the excess ammonia gas was vented off and the residual solid 
dissolved in methanol-water (1:1, 25 mL). The blue solution was acidi- 
fied to pH 4 with Amberlite IR-120 (H’) resin. 
by filtration and washed with hot methanol-water (l:l, 3 x 10 mL). 

The combined filtrate and wash was evaporated in vacuo to provide a 

white solid. 
provide pure 4 (see Table 1 and 2). 

After 

The resin was removed 

This material was recrystallized from 95% ethanol to 

Deprotection:Method C1 

Solutions of &and & in methanolic ammonia (previously saturated 
at -5°C) were allowed to stand at room temperature for 24 h in sealed 
flasks. After removal of the solvent, the resulting gums (3a,c) were 
recrystallized from the solvents specified in Table 1. 

In the case of 2, the residual gum was covered with ethyl acetate 

(10 mL) and kept at 4°C for 12 h. The resulting crystalline, ammonium 
salt was collected by filtration and dissolved in water. The solution 
was carefully neutralized to pH 6.5 with Amberlite IR-120 (H ). 

resin was filtered off and washed with methanol (3 x 10 mL). The 
filtrate and wash were combined and evaporated in vacuo to dryness. 
The residual solid was recrystallized from 95% ethanol. 

+ The 

Deprotection:Method C2 

procedure reported by Robins and Hatfield.” 
comparable to those of Method C1. 

This method used sodium methoxide and was identical to the 
The yields were 
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