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Abstract: The high reactivity of the phosphonoformate moiety requires development of a
novel synthesis for esters of phosphonoformate, which is reported together with preliminary
data on the antiviral activity of these esters. © 1997 Elsevier Science Ltd.

The synthesis of a series of esters of the AIDS drug Foscarnet (phosphonoformate, PFA), 1a-d, 2, is
reported. A novel esterification procedure has been required to circumvent problems associated with the high
and special reactivity features of the phosphonoformate functionality. This procedure permits access to
synthesis of a large variety of PFA triesters, diesters and monoesters. Preliminary data on inhibition of Herpes
Simplex Virus (HSV) for one PFA diester surpasses that of the parent compound Foscarnet, although it is
unclear whether PFA esters act as Foscarnet prodrugs.

Foscarnet (trisodium PFA) is effective in AIDS chemotherapy as an antiviral agent with activity against
HIV, HSV and human cytomegalovirus (HCMV)." The polyanionic nature of Foscarnet causes significant
bioavailability problems which may potentially be alleviated by a prodrug approach employing PFA esters.
Indeed, the first investigation of PFA esters, by Noren et al., showed anti-HSV activity in esters possessing an
aryl group at the C and/or P.* However, studies with a more mechanistic focus have begun to elucidate
peculiar and complex reactivity patterns associated with the PFA functionality, including very high reactivity at
phosphorus and facile P-C bond cleavage. ***™* Although of substantial interest, this reactivity causes
problems in prodrug stratagems and in synthesis of PFA esters.

Traditional phosphate and phosphonate esterification procedures have been extended to synthesis of PFA
esters. The three prevalent strategies are: (i) via Arbuzov reaction of preformed chloroformate and phosphite
moities?; (ii) coupling of a nucleophilic PFA silver salt with an alkyl halide’; (iii) coupling of a nucleophilic
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alcohol with a PFA phosphonodichloridate.>*'" Each strategy has significant limitations, but the last
procedure has proven of most general utility for preparation of PFA triesters and the phosphonodichloridate is
easily prepared from the corresponding bis-trimethylsilyl ester by reaction with SOCL, or PCl;. The problems
specific to this strategy are twofold and caused by the special reactivity of the PFA functionality in the reaction
of the phosphonodichloridate with alcohol. Firstly, the unusually high reactivity of the P towards nucleophiles,
orders of magnitude greater than for simple alkyl phosphonates,® hinders the selectivity required in synthesis
of mixed diesters (e.g. 4). Sequential substitution of the two chlorides by two different alcohols is not
possible. Furthermore, reaction with vic-diols leads to mixtures of both cyclic and acyclic PFA triesters as
products. Secondly, we have observed that the high reactivity of the carbonyl C towards nucleophiles and a
propensity for migration between C and P may result in displacement of the phenolic group at C and some
migration to P.2

Our approach to this problem is to attenuate the reactivity of the nucleophile by use of a trimethylsilylether,
which greatly improves selectivity.'' The added benefit of this procedure is the ease of isolation of the highly
reactive PFA di- or triester product, primarily through eschewing the nitrogen base required in the reaction
with simple alcohol. Thus, the first and second phosphonodichloridate chlorides may be displaced selectively
and sequentially in synthesis of 4. Furthermore, quantitative yields for synthesis of the cyclic PFA triesters,
contrast to the low selectivity of the traditional procedure in which cyclic and acyclic triesters are produced on
reaction with vic-diols.
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Silyl ether and phosphonodichloridate precursors were synthesized by conventional methods. Coupling of
disilyl ethers with equimolar phosphonodichloridate gave cyclic PFA triesters, 3 , in quantitative yield by *'P
NMR, after removal of Me3SiCl under vacuum. The cyclic triesters, 3, possessed distinctive downfield shifted
*'P NMR signals, with two signals for the diastereomeric glycerol derivatives (Table 1). The highly labile
cyclic esters were not further purified, but ring-opened directly with a molar equivalent of water in dioxane,
with work-up in base to prevent further reaction. Using aniline as base, the product salts thus isolated were
isomeric mixtures of 1- and 2-glycerol esters, 1 , which could be distinguished by the 31P-splitting of the
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relevant 'H NMR methylene or methine signals. In all cases, the 1-glycerol isomer was substantially favoured
(90-95% by 3lp NMR). The major isomer was isolated, in each case, from the isomeric mixture, by
recrystallization of the anilinium salt from diethyl ether (Table 2).

Table 1 °'P NMR shift data for intermediates and products’

le 1f 1g 3a 3b 3c 3d 4
5 -7.05 =727 -7.41 12080 1177 1122| 1125) -495
8 - - - - 11.67 1096 11.00] -

a. At 162 MHz, in THF, ref. 85% H;PO,. b. Diastereomer.

Table 2 Analytical data for PFA diesters as anilinium salts"

*'p C NMR® FAB/MS
NMR® C(P) Cl C2 C3 -m/z

Ia -6.58 171.53 67.22 60.98 - 245

1b -6.41 171.44 66.60 67.71 65.03 456

Ic -6.46 171.47 68.43 68.76 43.36 471

1d -6.61 171.47 68.50 68.77 43.40 416

2 -4.80 171.60 61.10 74.10 61.10 274

a. Satisfactory elemental analysis was obtained for all compounds listed.
b. At 162 MHz in DMSO, ref. 85% H;PO,
¢._At 100 MHz in DMSOdg, ref. TMS, C1-3 are glycerol (or glycol) carbons.

In order to provide a more satisfactory route to the 2-glycerol isomers of 1 and explore the utility of this
synthesis for assymetric and acyclic esters, the synthesis of the mixed PFA triester 4 was completed.
Sequential in situ addition of two different silyl ethers to the phosphonodichloridate allows synthesis of 4
without need for isolation of the phosphonomonochloridate intermediate. The first silyl ether (leq.) was
added dropwise, under Ar, to the dichloridate in CH,Cl,, cooled in an ice bath. The reaction mixture was
stirred for a further 4 hr. before addition of the second silyl ether (leq.) under the same conditions. After
removal of volatiles and solvent, the product 4 was obtained in 90% yield as assessed by *’P NMR (Table 1).
The lability of C-aryl PFA triesters on chromatography dictated direct hydrogenation to the diester 2, using
Pd/C. Work up with NaHCO; gave the desired product 2 as the sodium salt. However, work up with aniline
is again preferable because of the ease of recrystallization of the product 2 as the anilinium salt (Table 2).

In order to test the potential of these PFA diesters as anti-viral agents, preliminary assays on HSV1 infected
confluent human lung fibroblast cells were performed.1? Antiviral activity was determined for the sodium salts
of 1,b,e and 1,¢,f, preliminary data being obtained for inhibition by the isomeric mixtures. In separate assays:
(i) the activity of 1,¢,f (ECso=155uM) was found to be greater than that of Foscarnet itself (218uM); and (ii)
1,b,e showed no activity (ECso>800uM).



2794

Interestingly, the potential hydrolysis product of Ib,e (Scheme 1: 1b,e with Na in place of Ph) also
possessed greater activity (ECs,=137uM; toxicity at 400uM) than Foscamnet itself (ECso=177uM). All
compounds showed minimal conversion (<10%) to Foscarnet in liver and intestinal homogenates as deteced
by hple."® Thus whether such diesters indeed act as Foscarnet prodrugs is problematic.

A novel, practical and efficient synthetic strategy for PFA esters has been developed, suited to the high and
peculiar reactivity of PFA and allowing access to a broad family of PFA derivatives. Regardless of whether

the PFA diesters thus synthesized act as Foscarnet prodrugs, the full antiviral spectrum of such derivatives is

promising and remains to be fully explored.
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