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ABSTRACT: The synthesis and the anti-HIV activity of two mononucleoside 
phosphotriester derivatives of 3'-azido-2',3'-dideoxythymidine (AZT) and 2',3'- 
dideoxyadenosine (ddA) incorporating a new kind of phosphate protecting group, namely 
S-pivaloyl-4-thiobutyl (tBuSATEi), are reported. 

INTRODUCTION 
The use of nucleotide prodrugs (pronucleotides) constitutes an attractive strategy 

in order to improve the therapeutic potential of nucleoside analogues.l.2 In this respect, 

recent examples of pronucleotides that display in vitro activity against human 

immunodeficiency virus (HIV) include mononucleoside phosphotriesters bearing esterase- 

labile phosphate protecting groups. For instance, the S-pivaloyl-2-thioethyl (BUSATE, 

SCHEME 1) group has been proposed as an efficient transient protection for antiviral 5 ' -  

mononucleotide or phosphonate  analogue^.^?^ 
Herein, we report the synthesis and the anti-HIV-1 activity of mononucleoside 

phosphotriester derivatives of 3'-azido-2',3 '-dideoxythymidine (AZT) and 2',3'- 

dideoxyadenosine (ddA) incorporating a new kind of esterase-labile phosphate-protecting 

group, namely 3-pivaloyl-4-thiobutyl (tBuSATB, Figure 1). This study was performed in 

order to evaluate the effect of the thioalkyl chain length on the efficiency of the 

corresponding tBu(SATE) pronucleotides of AZT and ddA (FIGURE 1). 
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Scheme 1. Simplfled mechanism proposed for the decomposition of tBuSA TE 
pronucleotides 

SATB Pronucleotides SATE Pronucleotides 

/ o  

- 1: Nu =AZT, R = tBu - 3: Nu =AZT, R = tBu 
- 2: Nu = ddA, R = tBu 3: Nu = ddA, R = tBu 

Figure 1. Structures of the studied mononucleoside phosphotriesters derivatives 

SYNTHESIS 

The phosphotriesters 1 and 2 were obtained (SCHEME 2) following an adapted 

procedure fiom the synthesis of SATE pron~cleotide.~ The thioester 5 precursor was 

prepared by reaction of thiopivalic acid with 4-iodobutanol; the latter being not 

commercially available, was prepared according to a published procedure. 

The P(II1) reagent 6 was obtained by treatment of N,N-diisopropylphosphorodichloridite6 

with 2 equivalents of 3 in the presence of triethylamine, followed by flash 

chromatography. Coupling of AZT or ddA with ths phosphoramidite reagent 5 in the 

presence of lH-tetrazole, followed by in situ oxidation with terr-butylhydroperoxide gave, 

after purification by silica gel column chromatography, the corresponding mononucleoside 

phosphotriester derivatives, respectively and 2. 

ANTI-HIV ACTIVITY 

Compounds 1-4 were evaluated for their inhibitory effects on the replication of 

HIV-1 in two cell lines, and in comparison to their parent nucleosides (TABLE). 
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CEM-SS CEM/TK- I 
ECsob ccso  EC50 ccso  

0.0012 > 100 > 100 > 100 

NUOH 1 H-tetrazole 
THF/DMF 

- 1 

- 3 

t 
r 

1.0 > 10 > 10 > 10 

0.0004 > 10 0.11 > 10 

Scheme 2. Synthesis of the bis(tBuSA TBlphosphotriester derivatives and 2 

ddA 

- 2 

- 4 

1.5 > 100 1 .o > 100 

> 10 > 10 > 10 > 10 

0.0002 6.6 0.001 1 1.4 
~~ ~~~~~~~ ~ ~~~~~ ~ ~ 

All data represent average values for at least three separate experiments. The variation of these results 

ECSo: 50% effective concentration (m or concentration required to inhibit the replication of tIIV by 

CCso: 50% cytotoxic concentration (pM) or concentration required to reduce the viability of uninfected 

under standard operating procedures is below f10%. 

50%. 

cells by 50%. 
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SH 

Scheme 3.  Proposed explanation for the inefficient decomposition of the 
bis(tBuSA TB)phosphotriester derivatives in cell culture experiments. 

Striking differences were found in the antiviral activities of the test compounds. As 

previously reported, the tBuSATE pronucleotide of AZT 3 proved to be markedly active 

in inhibiting the HIV-1 replication in thymidine kinase-deficient (TK-) CEM cells, 

demonstrating its ability to circumvent the first anabolic phosphorylation step of AZT 

catalyzed by cytosolic thymidine k i n a ~ e . ~  In contrast, the bis(tBuSATB)phosphotriester 

derivative 1 proved to be inactive against MV-1 replication in CEWTK cells at 

concentrations up to 10 pM. Moreover, the pronucleotide I exhibited a low antiretroviral 

activity in wild-type [thymidine kinase positive (TK')] human T4-lymphoblastoid CEM-SS 

cells. Similar results were obtained from the evaluation of the phosphotriester derivatives 

of ddA, 2 and 4. We previously reported that the potency of ddA can be significantly 

enhanced in vitro by the use of its corresponding SATE pronucleotide~.~ In accordance 

with our previous data, the tBuSATE pronucleotide of ddA 4 showed a very potent anti- 

HIV-1 activity in the two cell lines studied, and proved to be superior to ddA with regard 

to the antiviral efficiency. At the opposite, the bis(tBuSATB)phosphotriester derivative 2 
was inactive against HIV-I replication at concentrations up to 10 pM. 

CONCLUSION 

The present results demonstrate that the mononucleoside phosphotriester 

derivatives I and 2 which incorporate the tBuSATB phosphate-protecting group were not 

able to deliver the corresponding 5'-mononucleotide inside the cells. Moreover, the low 

anti-HIV-1 activity in CEM-SS cells of these compounds, in comparison to their parent 
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nucleoside, supports the hypothesis that such phosphotriester derivatives are inefficient to 

liberate the corresponding nucleoside analogue in the culture medium or intracellularly 

In relation to the decomposition mechanism of SATE pronucleotides (Scheme l), 

data obtained from the in vitro evaluation of bis(tBuSATB)phosphotriesters may reflect 

their relative chemical stability in biological media. Indeed, preliminary stability studies 

seem to indicate that the phosphotriester derivative of ddA 2 is a substrate for esterases 

(data not shown). Consequently, the limiting step in the decomposition pathway of these 

compounds may be related to an inefficient intramolecular nucleophilic displacement into 

the corresponding (tBuSATB)phosphodiesters and tetrahydrothiophene (Scheme 3). 

Complete and detailed studies will be necessary to investigate this hypothesis. 
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