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SYNTHESIS OF NUCLEOTIDE LIPOPHILIC PRODRUGS CONTAINING TWO INHIBITORS
TARGETED AGAINST DIFFERENT PHASES OF THE HIV REPLICATION CYCLE.

D. Bonnaffét, B. Dupraz, J. Ughetto-Monfrin, A. Namane and T. Huynh Dinh*.
Unité de Chimie Organique, URA CNRS 487, Institut Pasteur 28 rue du Docteur Roux,
75724 Paris Cedex 15, France.

Abstract : We describe the preparation of nucleoside acyl 5'-di or 5'-triphosphates,
containing a nucleoside analog moiety and 13-oxa-myristic acid as lipophilic chain. At
physiological pH these products liberated exclusively the corresponding nucleotides.

Nucleoside analogues are the only drugs widely used to prevent the replication of the
human immunodeficiency virus (HIV) in vivo. The metabolism of nucleoside analogues is
a three-step process, each phosphate unit being added separately by cellular kinases!2. It
has been established that nucleoside analogs 5'-triphosphates (NTPs analogs) are the HIV
reverse transcriptase (RT) inhibitors!3. In the case of AZT, the rate-limiting step is the
formation of the nucleoside analog 5'-diphosphate (NDP analog) catalysed by thymydilate
kinase!3. Side effects, often observed on people treated with AZT, result from the
accumulation of the nucleoside analog 5'-monophosphate (NMP analog) in cells!. We
have recently described the preparation of nucleoside analog acyl phosphates® which may
be interesting nucleotide lipophilic prodrugs.
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1) Passive diffusion through cell membrane
R,=R,: C=C (d4T)

2) Selective hydrolysis of the acyl phosphate bond
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The lipophilic fatty acid moiety should allow passive diffusion of the charged
nucleotide through cell membranes. Then an active metabolite should be liberated in the
cell, since the mixed carboxylic phosphoric anhydride is expected to be cleaved before the
symmetrical phosphoric anhydride’.

Although nucleoside analogues are clinically used for the treatment of AIDS, they only
prevent irreversible contamination of uninfected cells, but not virus production by infected
cells. A fatty acid analog, 13-oxa-myristic acid 1 (13-OMA), has been described as an
efficient HIV replication inhibitor, which acts by perturbing N-myristoylation of GAG
polyprotein precursor, thus preventing virus assembly®. Using 13-OMA as lipophilic
moiety in an acyl NDP or NTP analog seems very attractive : the resulting acyl nucleotide
should protect uninfected cells from irreversible contamination and prevent the production
of infectious virus by infected cells.

We synthesized tris-tetrabutylammonium 13-OMA pyrophosphate 3 using a previously
described* protocol : 13-OMA was activated using dicyclohexylcarbodiimide (DCC) and
condensed with tris-tetrabutylammoniumpyrophosphate’. After an extractive workup*
13-OMA pyrophosphate 3 was isolated in a 74% yield. This product was checked by 'H
and 3P NMR (respectively 100 and 94% purity). 4 was obtained after exchange of 3 on
Dowex AG50W X8.

LOH 9 9 DCC (4 eq.) 9 0 9
CHyO{CH ),y ~CY, |+ HO—F—0~P—ONBu, — > CH,0-(CHy, ~C-0 B-0~P—ONBy,
2
Bu,NO Bu,NO 16h. RT BuNO BuNO
1 (4eq) 2(0.08 M) 3 (74%)

AZT § and d4T 6 were condensed with 4, in presence of DCC, giving 13-OMA
myristoyl NDPs 7-8 in 7% isolated yield after C18 reverse phase flash chromatography
and HPLC,
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X' =HNBuj*
In addition to correct FAB* mass spectra, the NMR spectra of these products display
characteristic feature of acyl 5'-diphosphate : Hs-Hs' signals are deshielded from 0.1 ppm
in respect to the parent nucleotide ; acyl Pg signal at -19.21 ppm (d, J = 21.3 Hz) for 7
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FIG 1a : Hydrolysis kinetic of 13-OMA
AZTDP at 37°C, in TEAA 10 mM pH 7.
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FIG 1b : Hydrolysis kinetic of 13-OMA
AZTTP at 37°C, in TEAA 10 mM pH 7.

785



17:22 26 January 2011

Downl oaded At:

786 BONNAFFE ET AL.

and -19.33 ppm (d, J = 23.0 Hz) for 8, acyl carbonyl carbon display a 9.5 Hz coupling
constant with Pp.

Acyl NTPs were synthesised using phosphoromorpholidate derivatives®. AZT
phosphoromorpholidate 9 was mixed with 13-OMA pyrophosphate 4 ; camphorsulfonic
acid was added to catalyse the reaction and protonate the liberated morpholine, in order to
avoid aminolysis of the labile acyl phosphate bond. After purification, 13-OMA AZTTP
10 was recovered in low yield (4%). FAB* mass spectra and 'H, 3!P and 13C spectra are
in accordance with the proposed structure. Hs-Hjy signals are deshielded of approximately
0.1 ppm in respect to the parent nucleotide ; Py signal at -19.30 ppm (d, J = 19.3 Hz) and
Pg signal at -23.10 ppm (br. t), while the acyl carbonyl is coupled with Py (J = 9.4 Hz).

o/,’:j . oj‘ N|
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4 (2.6 eq) 9 10

X* =HNBug*

In order to test our basis hypothesis, we followed the hydrolysis kinetics at 37°C of 13-
OMA AZTDP 7 and 13-OMA AZTTP 10, at a 2.5 pg/mL concentration, in a 10 mM
triethylammonium acetate (TEAA) buffer at physiological pH. The disappearance of the
acyl nucleotide and the occurrence of the mono-, di- and tri-phosphates of AZT were
monitored by HPLC on reverse phase column, using authentic nucleotide samples!- for
calibration. The results are shown in FIG. la-b and corroborate our hypothesis : acy!
nucleotides are cleanly hydrolysed into their corresponding nucleotides. Hydrolysis of 7
gave exclusively AZT 5'-diphosphate, with a half life of 145 h (FIG. 1a), this nucleotide
being then further degraded into AZTMP and finally AZT. Similarly (FIG. 1b}, hydrolysis
of 10 liberated only AZTTP (half life 105 h), which was then further hydrolysed into
AZTDP, AZTMP and finally AZT.

Antiretroviral activity of these products is under current investigation.

ACKNOWLEDGEMENTS : We thank ANRS (Agence Nationale pour la Recherche sur le
SIDA) for a research grant and a postdoctoral fellowship (DB).

REFERENCES
1. Furman, P. A,; Fyfe, J. A,; St. Clair, M. H.; Weinhold, K.; Rideout, J. L.; Freeman, G. A.;
Lehrman, S. N.; Bolognesi, D. P.; Broder, S.; Mitsuya, H.; Barry, D. W. Proc. Natl. Acad. Sci.
USA 1986, 83, 8333.
2. Mansuri, M. M.; Starret JIr., J. E.; Ghazzouli, 1.; Hitchcock, M. J. M,; Sterzycky, R. Z;



17:22 26 January 2011

Downl oaded At:

NUCLEOTIDE LIPOPHILIC PRODRUGS 787

Brankovan, V.; Lin, T.; August, E. M.; Prusoff, W. H.; Sommadossi, J. P.; Martin, J. C. J.
Med. Chem. 1989, 32, 461.

3. Slusher, J. T.; Kuwahara, S. K.; Hamzeh, F. M.; Lewis, L. .D.; Komhauser, D. M.; Lietman,
P. S. Antimicrob. Agents Chemother. 1992, 36, 2473.

4. Bomnaffé, D.; Dupraz, B.; Ughetto-Monfrin, J.; Namane, A.; Huynh Dinh, T. submitted.

5. Mahler, H. R.; Cordes, E. H., Eds.; Biological Chemistry. Harper Int. New York, 1963; pp.
201.

6. Bryant M.L.; Heuckeroth R.O.; Kimata J.T.; Ratner L.; Gordon J.I. Proc. Natl. Acad. Sci.
USA 1989, 86, 8655.

7. Davisson, V. I.; Woodside, A. B.; Neal, T. R.; Stremler, K. E.; Muehlbacher, M.; Poulter,
C.D.J. Org. Chem. 1986, 51,4768.

8. Moffatt, J. G. Can. J. Chem. 1964, 42, 599.



