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Abstract—We describe a synthesis of acyclovir-5'-(phenyl methoxy alaninyl) phosphate (2) from acyclovir (1). This compound was
designed to act as a lipophilic, membrane-soluble prodrug of the free nucleotide. However, the biological activities of this derivative
against a range of viruses indicated poor intracellular phosphate delivery, in marked contrast to the earlier successful delivery of
several dideoxy anti-HIV nucleotides. © 2000 Elsevier Science Ltd. All rights reserved.

An important goal of medicinal chemistry is to continue
to strive for improvements in current antiherpetics such
as, acyclovir (1).! Although acyclovir, and recent ana-
logues and prodrugs, make an important contribution
to the therapy of herpes infections, they do have some
limitations. Thus, 1 is somewhat less active against var-
icella Zoster Virus (VZV) and greatly less active against
human cytomegalovirus (HCMYV) than against herpes
simplex (HSV), it has a low oral bioavailability, and
herpetic mutations which are resistant to the compound
have emerged in the clinic.? The replication of acyclovir
resistant mutants is inhibited in the clinic using foscar-
net, a pyrophosphate analogue which interacts with the
pyrophosphate binding site of viral DNA polymerase
and does not require activation by a herpes virus enco-
ded enzyme.>* Also, enhanced acyclovir bioavailability
is provided by the L-valyl ester, valaciclovir, which is
cleaved in the gut and the liver by valaciclovir hydro-
lase.> The bioavailability of acyclovir is also enhanced
by 5'-hydroxyethoxymethyl-9-[2,6-diaminopurine] and
5'-hydroxyethoxymethyl-9-[2-amino-6-chloropurine]
which are converted to acyclovir by adenosine deami-
nase.®

We have previously prepared masked phosphate pro-
drugs of the anti-HIV agents 3'-azido-3'-deoxythymidine’
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(zidovudine) and 3’-deoxy-2’,3’-didehydrothymidine®
(d4T) as lipophilic membrane-soluble nucleotide pro-
drugs. The 5'-blocked phosphate derivatives are more
lipophilic than the parent nucleosides and may ‘bypass™®
the nucleoside kinase-mediated 5’ phosphorylation step,
which is normally required for biological activity. In
particular, the 5'-(phenyl methoxy alaninyl) phosphate
derivatives of d4T were found to be potent against HIV,
non-toxic to uninfected cells, and to act in a nucleoside
kinase-independent fashion.!® We herein report the
preparation of acyclovir-5'-(phenyl methoxy alaninyl)
phosphate (2), intending this product to act as an intra-
cellular nucleotide delivery motif, thus being nucleoside
kinase-independent. An important feature of acyclovir
is that HSV and VZV thymidine kinase enzymes convert
the parent drug to the corresponding monophosphate,
whereas the more specific host TK will not.!' It is
therefore possible that a successful intracellular delivery
of the monophosphate may lead to a reduced antiviral
selectivity in these cases; however, this would not be so
for HCMYV for example where potency should be sig-
nificantly enhanced, and furthermore activity should
also be increased against TK-altered, or TK-deleted
acyclovir resistant HSV.

The methodology developed by us for the preparation
of 5'-phosphoramidate derivatives from zidovudine’
and d4T® failed for acyclovir, due to the insolubility of
the nucleoside in the optimal solvent (tetrahydrofuran).
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The solubility of the nucleoside was enhanced suffi-
ciently however by protecting the guanine base of acy-
clovir using N,N-dimethylformamide dimethyl acetal'?
(98%) and the N2-DMF protected acyclovir was thus
successfully phosphorylated (51%). The DMF protect-
ing group was then removed (90%), by refluxing in
propanol, to generate the intended product (2)!3 as a 6:5
mixture of phosphate diastereoisomers (Fig. 1) in 45%
overall yield. An alternative synthesis using the method
of Uchiyama'# gave 2 from unprotected 1 in one-step,
albeit in reduced yield (11%).

The biological activities of acyclovir-5'-(L-methoxy
alaninyl phenyl) phosphate (2) against herpes simplex
virus type 2 (HSV2), HCMV, and VZV were measured,
by comparison to acyclovir (1) (Table 1).

The data indicates that (2) is roughly equi-active with
acyclovir against HCMV and VZV. Thus, either acy-
clovir or acyclovir-5'-monophosphate may have been
generated from 2 in the HCMYV and VZV assays; assays
of 2 against TK-deficient strains of virus may confirm
which of these possible metabolites contributes most to
the observed activity. However, it is notable that the
phosphoramidate (2) is inactive against HSV-2, in con-
trast to the moderate activity noted for acyclovir (1).
There are several explanations for this inactivity of the
pro-drug. Firstly, cellular uptake of 2 may be poor in
the HSV-2 infected cells, as these (Vero) differ from
those of the HCMYV and VZV assays (MRC-5). Alter-
natively, some of the required enzymes for activation of
the pro-drug (e.g. carboxyl esterase) may be poorly
active in the Vero cell line, or may have altered sub-
strate specificity such that 2 is poorly processed.

The generally poor antiviral data for 2 contrast sharply
with the high potency and selectivity when this phos-
phoramidate pro-drug motif was applied by us to the
anti-HIV agents d4T,'° ddA'® and d4A.!7 This was
considered to correspond to differences in the required
activating enzymes from cell to cell and/or compound to
compound. In order to further probe the unusual anti-
viral profile noted in Table 1, and in particular the sur-
prisingly low anti-HSV-2 activity of 2, we carried out
several further biochemical studies. Firstly, carrying out
the HSV-2 assay in MRC-5 cells (as used for the VZV
and CMYV assays). Here we noted some activity (ECsg
61 uM), but considerably less than that noted for
acyclovir (1). Furthermore, pre-incubation of 2 with

Table 1.1°
ECso (WM) ECsp (WM) ECso (WM) CCso (uM)
HCMV HSV2 \VAY%
MRC5 Vero MRC5 Vero
1 50 3 5-20 >500
2 12 >100 16 >500

MRC-5 cells for 4 days prior to viral inoculation lead to
no enhancement in antiviral activity; further indicating
that cellular delivery was not a problem with these
compounds (as indeed their high lipophilicities would
have predicted).

To pursue further the origins of the relatively poor
antiviral efficacy of 2 we attempted to probe the possible
enzyme-mediated hydrolysis of this compound. Thus,
we incubated compound 2 and the previously reported
d4T analogue!® which has notable anti-HIV potency,
with pig liver esterase. We have recently noted that the
activation of such pro-drugs to their free amino acyl
phosphoramidates to be an apparently necessary con-
dition for antiviral action, and this simple assay may
therefore have a valuable predictive role.!® After 21 h
incubation,'® both 2 and the analogous d4T derivative
were noted to be almost entirely processed to more
polar species. Indeed, isolation of crude products from
the incubation of 2 revealed only one major compound,
characterised as the amino acyl phosphoramidate (3)
(Fig. 2). We suggest that this arises through carboxyl
esterase cleavage of 2 to the intermediate 4, which
spontancously hydrolyses under the conditions of the
assay to generate 3.

The novel compound 3 was characterised by P-31
NMR, where the achirality of the phosphate centre is
apparent from the loss of ‘doublet’ structure notable for
chiral phosphoramidates such as 2. Mass spectral data
also confirmed the molecular mass of 3.

Thus, in conclusion, we note that the phenyl methoxy
alaninyl phosphoramidate of acyclovir (2) is readily
prepared using phosphorochloridate chemistry, on a
N-protected nucleoside. The compound is efficiently
processed by carboxyl esterase to give the novel amino
acyl phosphoramidate (3), which might be regarded as
evidence for likely intracellular nucleotide release, and
antiviral action. However, in a range of herpes virus

(iii) o

Figure 1. Reagents and conditions: (i) Me;,NCH(OMe),/DMF; (ii) (PhO)(L-MeOC(O)CHMeNH)P(O)Cl, NMI/THF; (iii) A/nPrOH.
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assays, compound 2 revealed only moderate antiviral
action, and was certainly not significantly superior to
acyclovir itself. This was considered to be due to the
compound in this study 2 being a poor substrate for the
enzymes that initiate activation of such phosphor-
amidate pro-drugs, or that such enzymes may be absent,
or present in only low activity, in the cell lines in this
study. However, the (slight) enhancement in the anti-
HCMYV activity of 2 over 1 indicates that there may be
some interest in attempts to further increase the potency
of the phosphoramidate by tuning of the pro-drug
structure.
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