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Abstract An analogue (6) of a specific anti-HIV-l lead, I-[(2-hydroxyethoxy) 
methyl]-6-(phenylthio)thymine (1: HEFT), has been synthesized with an aim to 
provide a tool that could be used as a specific photoaffinity labelling reagent for the 
HIV-1 reverse transcriptase. 

In 1989, we reported the synthesis of I-[(2-hydroxyethoxy)methyl]-6-(phenyl- 

thio)thymine (1: HEFT) and its anti-HIV-l (Human Immunodeficiency Virus type 1) 

activity.ls2 Although HEPT can be regarded as an acyclonucleoside, its activity is 

highly specific to HIV-l and required no phosphorylation of the hydroxyl group, 

which contrasts the known anti-HIV nucleosides such as AZT or DDI. Recently, several 

heterocyclic compounds were reported to show similar specificity to HIV-1.3-7 Despite 

the apparent difference in their structures, HEFT and these compounds are likely to 

manifest their activity in a similar fashion by inhibiting the reverse transcriptase 

(RT) of HIV-l. 

2 R’= Me, R2= H, R3= CH,OH, X= CH, 

3 R’= R2= Me, R3= CH,OH, X= S 

4 R1= Me, R2= H, R3= Me, X= S 

5 R’= Et, R2= H, R3= CH,OH, X= S 
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As a result of extensive synthetic studies carried out,8 the structure-activity 

relationships of HEPT analogues are fairly well defined.9 These can be seen in the 

structures of compounds 2-5: 1) replacement of the sulfur atom of the 6-phenylthio 

group with a methylene, 2) introduction of a methyl group to the mera-position of the 

phenylthio ring, 3) removal of the hydroxyl group in the acyclic structure, and 4) 

replacement of the 5-methyl group with a bulkier alkyl group such as an ethyl group. 

This evidence combined with the anticipated susceptibility 0 

of the 6-phenylthio group to nucleophilic reactions1 o 

led us to design compound 6 which could be used as W IEt 

a labelling reagent of HIV-l RT upon photo-irradiati0n.l 1 
A? 

In this paper, synthesis of 6 and anti-HIV-l activity of 

compounds involved in this study are described. 
Gd &,, 

Our synthetic route to 6 is shown in Scheme 1. 
6 

Lithiation at the C-6 position of I-(ethoxymethyl)-5-ethyluracil (7)gf was carried out 

below -70 ‘C in THF by using 2.5 equiv. of lithium 2,2,6,6_tetramethylpiperidide 

(LTMP). The resulting C-6 lithiated species was reacted with m-nitrobenzaldehyde (5 

equiv., below -70 ‘C for 1 h). Although nitro groups are generally considered to be 

incompatible with lithiation conditions,l 2 the requisite carbinol 8 was detected as the 

0 

Et r I .x0 

vll 
7 

1) LTMP/THF 

2) m-Nitrobenz- 
aldehyde 

/ 
H, /I’d-C 

EtOH 

0 

/f\l- bN02 

8R=H - 

9 R=Ac 

1) NaNO, / H$O, 
H,O - dioxane 

* 6 
2) NaN, 

Scheme 1. 
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main product by TLC analysis of the reaction mixture (hexane:EtOAc = l:l, Rf values: m- 

nitrobenzaldehyde 0.65. 7 0.25, and 8 0.16). After partial purification by column 

chromatography, 8 was converted to its acetate 9. * 3 The overall yield of 9 from 7 

was 81%. 0 

When the preparation of 8 was performed at 

the higher temperature (above -60 “C). the yield 

of 8 decreased with concomitant formation of 

considerable amounts of two by-products. On the 

basis of lH NMR and MS spectroscopies, their struc- 
10 

tures were deduced to be the 6-(3nitrobenzoyl) 

derivative 10 (Rf0.33)14 and m-nitrobenzyl alcohol (Rf0.43). Formation of these two 

by-products would be explicable by assuming a hydride transfer from the C-6 sub- 

stituted intermediate depicted in Scheme 2. 

,NO, 
hydride transfer 

* 

Scheme 2. 

10 CH,OH 

NO2 

Catalytic hydrogenation of 9 (3.2 atm of Hz, 10% Pd-C, at 35 OC for 2 d) effected two 

consecutive reactions: reduction of the nitro group and then hydrogenolysis of the 

acetoxyl group to form the amino derivative 11 in 93% yield.15 Finally, introduction 

of an azido group was carried out by nucleophilic 0 
displacement of the diazonium salt derived from 11 HN 
with sodium azide in aqueous dioxane. The desired 

azido derivative 616 was obtained in almost quanti- 
A? 

Et 

I 
’ N , _ , =& . 

tative yield, provided the reaction temperature was 

maintained below 0 OC. At a higher temperature, 

formation of a small amount of 1217 could be detected. 
12 

Anti-HIV-l (HTLV-111~ strain) activity was examined by the 

OH 

3-(4,5dimethyl- 

thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method in MT-4 cells as reported 

previously.18 As can be seen from the results summarized in Table 1, the compounds 

synthesized in this study are uniformly active against HIV-l. Among these, the azido 

derivative 6 is much more active than the original compound HEPT and its activity is 

almost comparable to that of the recently reported promising HEPT analogue 1 3 
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(E-EPU).8f*19 When the effects of 6 and E-EPU on recombinant HIV-l RT were 

examined with poly(rA).oligo(dT) as the template-primer, both compounds exhibited 

similar IC5o values (6, 1.6 pM vs. E-EPU, 1.3 pM) for the enzyme. Together with the 

available X-ray crystallographic analysis of HIV-l RT,20 compound 6 would serve as a 

tool to elucidate the actual site of action of HEPT analogues against the enzyme 

following its photochemical activation. 

Table 1. Anti-HIV-l activity of HEPT (l), compound 6, 

and related compounds (9-13) in MT4 cells.‘) 

Compd %oo CC5o(W SI 

HEPT (l)b’ 7.0 740 106 

6 0.01 lltO.0 117f27 10640 

9 29zt13 283&49 10 

10 0.21f0.05 232fl 1100 

11 0.14f0.07 297fl 2120 

12 0.4M0.09 2Olf23 503 

0 

E-EPU (13) 0.018M.001 197f30 10940 
13: E-EPU 

‘) All data represent mean values for more than two experiments. 

b)Data taken from reference 1. 
ECm: effective concentmtion required to achieve 50% protection of 

MT4 cells against the cytopathic effect of HIV-l. 
CQa: cytotoxic concentration requkd to reduce viability of 

mock-infected MT-4 cells by 50%. 

SI: selectivity index (ratio of CC&EC%). 
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