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Abstract. 9-(3-Phosphonoprop-2-ynyloxy)adenine (5) and -guanine (6) were synthesised and found to have
anti-herpesvirus activity. Attempted Arbusov reaction of a chloroalkyne (17) with triethyl phosphite
unexpectedly gave the (£)-2-chloroalkenylphosphonate (19).

The phosphonomethoxy group has proved effective as a stable phosphate mimic and has recently been
widely employed in the synthesis of nucleotide analogues as antiviral agents.!-3 For example both 9-[2-
(phosphonomethoxy)ethylladenine®3 (PMEA, 1) and 9-[2-(phosphonomethoxy)ethyljguanine? (PMEG, 2)
have broad spectrum antiviral activity and S‘»{2‘(phosph(momt‘:thoxy,‘fa.ﬂ:hoxy]adenineﬁ'8 (BRL 47923, 3) has
potent and selective anti-retrovirus activity including activity against human immunodeficiency virus (HIV).
We have recently reported? the synthesis and antiviral activity of a series of acyclonucleotide analogues (4)
incorporating the alkenylphosphonic acid moiety as the phosphate mimic. The biological activity exhibited
by some of these compounds suggested that we should extend our studies to include novel analogues in which
the alkynylphosphonic acid group acted as the phosphate mimic. As far as we are aware this moiety has not
been used previously as a phosphate mimic in biologically active molecules. Acyclonucleotide analogues in
which the acyclic substituent is linked to the purine by a nitrogen-oxygen bond have shown potential as potent
and selective antiviral agents,5-8,10 therefore the N-O linked alkynylphosphonic acid analogues (5 and 6) of
PMEA and PMEG were chosen as initial targets.
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Mitsunobu coupling of the alcohol 711 with 9-hydroxy-6-N-phthalimidopurine>12 (8) afforded a
62% yield of the purine derivative 9 which was deprotected by sequential treatment with methylthydrazine and
bromotrimethylsilane to give the phosphonic acid § in 18% overall yield (Scheme I). Similar coupling of the
alcohol 7 with 2-[bis(zert-butoxycarbonyl)amino}-9-hydroxy-6-methoxypurine’-12 (10) gave the intermediate
11 in 67% vyield. Treatment of compound 11 with bromotrimethylsilane followed by mild acid treatment
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afforded a 75% yield of the phosphonic acid 6 (isolated as the mono-triethylammonium salt after purification
by ion exchange chromatography on DEAE Sephadex eluting with triethylammonium bicarbonate buffer).
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In an attempt to prepare chain extended analogues (related to 3) the alcohol 12 was treated under
Mitsunobu conditions with 10. However, in contrast to the analogous alkenylphosphonate?, the alcohol 12 did
not couple successfully with 10, the eliminated material 13 being the sole product (Scheme II).
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An attempt was made to introduce the phosphonyl moiety directly into a 9-alkynylpurine via the
chloroalkyne 17 (Scheme III). Treatment of the alkyne 14 with lithium diisopropylamide followed by N-
chlorosuccinimide13 gave an 82% yield of the chloroalkyne 15 which was deprotected using methanolic
hydrogen chloride to afford the volatile alcohol 1614 in 93% yield. Mitsunobu coupling of 16 with 10 then
gave the 9-(chloroalkynyl)purine derivative 17 in 79% yield. Halogenoalkynes are known to undergo an
apparent Arbusov reaction with trialkyl phosphites to give alkynylphosphonates when the other alkyne
substituent is an o-anion stabilising group [e.g. Ph, CH»=CH, (EtO)P(0O), Cl, Me3Si or Et3Sn]15, although
to our knowledge, the outcome of the reaction with simple alkyl substituted halogenoalkynes has not been
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reported. Treatment of 17 with triethyl phosphite did not give the desired alkynylphosphonate 18, however,
but only a 38% yield of the (Z)-2-chloroalkenylphosphonate16 19.17 Compound 19 was subsequently
deprotected using bromotrimethylsilane followed by mild acid treatment to afford the phosphonic acid 20 in
67% yield.
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In cell culture assays, the phosphonic acids 5 and 20 had no effect on the replication of herpes simplex
type 1 (HSV-1) or cytomegalovirus (CMV) at concentrations up to 100ug/ml, but both compounds showed
moderate activity against herpes simplex virus type 2 (HSV-2) (IC50 14 and 25pg/mi respectively). By
contrast, compound 6 showed activity against HSV-1, HSV-2, varicella zoster virus and CMV at similar
concentrations (IC50 6.5, 3.9, 3.2 and 3.8p.g/ml respectively). In the herpesvirus tests no toxicity for the cell
monolayers was observed, except in the HSV-1 test where cytotoxicity was observed for 6 at 30ug/ml.
However, in a secondary assay of cytotoxicity in uninfected MRC-5 cells, compounds 6 and 20 inhibited
DNA synthesis (IC50 4.2 and 17ug/ml respectively, as measured by incorporation of tritiated thymidine)
indicating that these compounds are toxic to replicating cells. Compound § showed only slight cytotoxicity in
this assay (ICsg 98ug/ml). The biological properties of compounds 5 and 6 suggest that the
phosphonoalkynyl group can act as an effective stabilised phosphate mimic which could find application in
other areas.
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Spectroscopic data for 19: vy ax (film) 2910, 1795, 1730, 1590, 1475, 1370, 1250, 1155, 1100, 1050 and
970 cm-1; 1H NMR (400 MHz, CDCl3) § 1.38 (6H, t, J 7.5 Hz, 2 x CHpCH3), 1.47 (18H, s, 2 x
C(CH3)3), 2.88 (2H, dt, /gy 6.1 Hz and 3JPH 15.5 Hz, OCH2CHy), 4.17 (7H, m, 2 x CH,CH3 and
OCH3), 4.59 (2H, t, J 6.1 Hz, NOCHy), 7.03 (1H, d, J 37.4 Hz, PC=CH), 8.04 (1H, s, 8-H); 13C NMR
(100 MHz, CDCl3) 8 16.33 (d, 3JpC 6.1 Hz, POCH>CH3), 27.94 (2 x C(CH3)3), 33.54 (d, 2Jpc 8.5 Hz,
POCH,CH3), 78.75 (NOCHCH)»), 83.18 (2 x C(CH3)3), 116.31, 128.21 (d, lJPC 180.1 Hz, PC=CH),
13298 (PC=CH), 138.64, 148.51, 150.88, 152,60, 161.77 (C=0); HRMS calculated for
C24H37CIN5OgP 606.2095, found 606.2098.

Trans-addition to the alkyne must give the intermediate 21 (preferentially formed due to stabilisation of
the negative charge by the chloro substituent) which presumably breaks down to the phosphonate 19 by
protonation, and elimination of ethene or vice versa. The scheme below indicates the overall process only
and is not intended to imply concertedness.
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