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Abstract. A series of Ssubstituted uracil and cytosine Dioxolanyl nucleosides were synthesized as 
potential anti-HIV agents. Compounds a and 3.g were found to be extremely potent in acutely 
infected human lymphocytes. 

Dioxolane-T, L is a nudeoslde analogue that exhibits modest anti-HIV activii in V&J without 

acute cellular toxicity.1 In an effort to more fully examine the potential of this dass of compounds, we 

carried out a structure-function study to evaluate the effects of pyrimidine nudeoside base alterations 

(e. g., 2 and 3 on anti-HIV activiiy. However, because these nudeosides contain an “unnatural” 

Dioxolanyl group instead of the usual e’deoxyribose units, they can not be easily accessed from 

naturally-occurring starting materials. Thus, to carry out this study, an efficient synthetic method for 

assembling various dioxolane nucleoside analogues with the requisite j&tereochemistry had to be 

devised. 

Dbxolane-T, 1 2 9 

Prior to our synthesis,2 two other syntheses of 1 had been reported.lls Both employed a 

protected form of 4 as a key synthetic intermediate and both utilized nitrogen glycosylation reactions 

which were non-stereoselective. The first approach, a racemic synthesis by Norbeck et al.,1 made 

use of the simple starting materials, methyl glycerate, 6, and beruyloxyacetaldehyde dimethylacetal, 

5. These were subjected to sequential cyclization, saponification and oxidative decarboxylation, 

producing the required acetate, 4 (R = Bn). The second approach, a chiral synthesis by Chu eta/.,3 
involved the nine step conversion of 1,6-anhydro-D-mannose, L (available from mannose in a two 
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step, one pot procedure4) to one of the enantiomers of acetate 4 (R = TBDPS). Both approaches 

then employed a coupling of 4 with silylated thymine under Vorbruggen conditions (trimethylsilyl 

triflate (TMSOTf)) to give an approximately equal mixture of the a- and &an0mers.S The pisomer 

was separated and deprotected to give dioxolane-T. 
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Neither of these approaches appeared attractive to us for preparing the derivatives needed for 

our structure-function study. In particular, since individual enantiomers usually exhibit different 

activity /toxicity profiles, it seemed imprudent to employ a synthetic protocol which only provides 

access to only one of the possible enantiomers of each substrate. s Moreover, the lack of selectivity in 

the nitrogen glycosylation reactions resulted in diastereomeric mixtures which were difficult to 

separate, thereby providing a significant impediment for conveniently preparing a large series of 

compounds for biological evaluation. Therefore, we developed an efficient approach which produced 

these materials as racemates, but which, if desired, could provide convenient access to individual 

enantiomers via a kinetic resolution protocol. The approach selected is shown in Scheme I.* 
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SerW A: a. TBDPSCI, ME13, DMAP, Cl+&; b. 03, CHgh, -7&Z I Me& c. HOCH2mH, (CtCH2)2, pTsOH 

(28% from@; d. LiiIH(OtBu)s / AC@ (55%); e. Silyiated pyrimidine, TiCl@iPr); f. n-&NF, THF, 25’C. 

Set’& B: a. C4+COCI, Pyr., DMAP, O’C (70%); b. 0s. CHpCb, -78’C / Meg3 (89%): c. TMSOCH2C02TMS, 

(ClCHh TMSOTf (92%): d. LiAIH(OtSu)s / AC@ (6936); e. Silylated pyrtmidine, Ti&(OiPr); 1. NaOCHs / CHsOH. 

Protection of cis-2-buten-l ,Cdiol, 4, as its his-t-butyldiphenylsilyl (TBDPS) ether was 

accomplished using standard silylation conditions. This material was then subjected to sequential 

ozonolysis, reduction, and cyclization with glycolic acid to give the corresponding oxalactone u(28% 
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yield for the four steps). Previously, Norbeck el a/. had observed that the lactol derived from 

reduction of 111 (R = Bn) underwent a facile fragmentation to acetaldehyde and benzyloxy- 

acetaldhyde.f To circumvent this problem, lactone 11 was first reduced by diisobutylaluminum 

hydride (DIBAL) and then acetylated in s&with acetic anhydride. Although the reaction produced the 

desired acetate 4 in 22% yield, the major products (ethyieneglycol, mono-TBDPS ether and 

ethyleneglycol, mono-TBDPS ether, mono-acetate) were apparently derived from a fragmentation I 

reduction process (39% yield). Reasoning that the undesired by-products resulted from DIBAL 

functioning as both a Lewis acid (which promoted GO cleavage) and a reducing agent (for the 

resulting oxonium ion), we decided to examine the use of reducing agents which were incapable of 

Lewis acid behavior (e. g., a tetravalent aluminum hydride). Thus, when lactone fi was exposed to 

lithium hi-t-butoxyaluminum hydride in tetrahydrofuran at WC, followed by in situ acetylation, acetate 

4 was formed in 6960% yield and only trace amounts (< 5%) of the by-products were observed. 

Although the reactions of 4 with silylated thymine and most Lewis acids (e. g., TMSOTf or 

SnC14) proceeded with little, if any, diastereofacial selectivity, one group of catalysts, the oxaphilic 
titanium Lewis acids, TiCl4, TiCls(O-iPr) and T&(0-iPr)l, gave excellent selectivities favoring the 6- 

isomer. The facial selectivity of these nitrogen glycosylation reactions can be rationalized on the 

basis of the preferential heteroatom / Lewis acid interactions depicted in Scheme 2.2 Anti-ligation of 

the titanium to the ring oxygens is highly favored over the alternative syrrmode which suffers from 

severe stetic interactions between the titanium ligands and the protected hydroxymethyl group. 
Activation of the anomeric center would result in an oxonium ion whose u-face is extremely hindered. 

Alternatively, another complex may form in which the associated titanium delivers a ligand to the a- 

face of the anomeric carbon. In either case, however, these complexes should possess a sufficient 

facial bias to permit preferential P-attack to form the p-N-glycoside. 

Scheme 2 

RO 
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Using this approach, we were able to prepare a number of uracll- and cytosine-substituted 

dioxolane analogues for evaluation of their anti-HIV activity and cellular toxicity. Although little effort 

was made to optimize the reaction conditions for variations in the X- and R-substituents, the observed 

@electivity remained high for virtually all the cases studied. In Series A all of the cytosine 

derivatives gave complete p-selectivity using TiCls(O-iPr).7 However, three of the uracil derivatives 
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(X = I, CFs and Cl) gave vartabfe amounts of u-product. Although we have not definitely established 

the origins of the a-isomers in these cases, preliminary evidence indicates that these materials are 

secondary products which resuft from epimenzation of the kinetically-formed &isomer.8 

Table 1. Median Effacthte (EC& and Inhibitory (I(&) Concentrations of Dioxolana Pyrimidine 
Nuckosides in HIV-l-lnfactad PBM, Unlnfactad PBM, Vero, CEM and MT-4 Calls. 
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a Mean value of at least two determinations. 

The results of the anti-HIV activity and cytotoxicity evaluations of a series of uracil and cytosine 

diixolanes are listed in Table 1 .9S10111 Over half of the compounds tested showed E&J values of 
<20pM against HIV-1 (strain LAV) in human peripheral blood mononuclear (PBM) cells. In the uracil 

series these included the 5-methyl (dioxolane-T, j.), 5-chlom (2f) and 5bromo @g) derivatives. 
These compounds exhibited moderate activity and no toxicity at concentrations up to 100 pM in either 

slow growing PBM cells or rapidly dividing Vero and MT-4 cells.to In the cytosine series several 

potent anti-HIV agents were discovered. These include the parent cytosine &),‘2 as well as the 5 

fluom (.&) and 5-iodo @) derivatives. While these materials were non-toxic to PBM cells at 
concentrations up to 100 pfvl, two of these compounds, a and &, proved to be quite toxic to Vem, 

CEM and MT-4 cells. 

In order to probe whether the toxicity of & and&was primarily associated with only one 

enantiomer, as has been demonstrated to be the case for the enantiomers of the analogous 
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oxathiolanes, BCH-189 (2’,3’diixy-3’-thiacytidine) and FTC (2’,3’dideoxy-5fluoro-3’- 

thiacytidine),lsB14 we resolved the more potent of these compounds, 39. Initial attempts at resolution 

using dassical techniques (e. g., :wa chiral adds) failed uniformly. Although some reasonable 

degrees of enantiomeric enrichments were obtained using chiral HPLC,ts we were never able to 

resolve the enantiomers to a suffident extent to unequivocally assess the question of differential 

toxicity. However, we developed a procedure which permitted a highly enantioselectfve enzyrne- 

catalyzed resolution of & based on pig liver e&erase-mediated hydrolysis of its butyrate ester 

derivative.l**17 Upon subsequent evaluation, both enantiomem of 3.g were found to exhibit potent 

activii against HIV in PBM cells at nanomolar concentrations. However, both showed toxicity in 

Vero, MT-4. and CEM cells, but not in PBM cells (see last two entries in Table 1). Interestingly, the 

(-)-enantiomer was at least one order of magnitude more toxic than its (+)-counterpart in the rapidly 

dividing CEM and Vero cells. Thii is unusual, since previous work has indicated that in the 

corresponding oxathiolane series, the (-)snantiomer was less toxic than the (+)-enantiomer.l4~ls 
With the exception of compound 1 (ECrjo = 39 pfvl), none of the compounds listed in Table 1 

demonstrated any antiviral activity in MT-4 cells. Some of the compounds, in particular &, 3&&t and 

a, were toxic to uninfected MT-4 cells at 200 PM. The lack of activity against HIV-1 and low toxicity 

in uninfected MT-4 cells could be the result of these compounds not being phosphorylated and/or 

transported in these cells. In contrast, in the related oxathiolane series the 5fluoro derivative (FTC) 

was found to be extremely potent and non-toxic in both acutely infected PBM and MT-4 cells. k is 

interesting that the replacement of oxygen with sulfur at the 3’position has such a profound effect on 

the toxicities of these compounds.lslt4 

The finding that both enantiomers of&are highly potent and selective against HIV-1 in 

primary human lymphocytes, but are toxic in Vero and CEM cells makes it worthwhile to further 

evaluate these compounds in other rapidly dividing cells, such as human bone marrow cells, as well 

as for acute and chronic toxicity in small animals. 
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