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Abstract

A novel type of phosphonate-based, isopolar, nonisosténiwbleotide analogue, the nucleosidenydroxy
phosphonates, was prepared by Abramov nucleophilic addition of various phosphorous acid esters to nucleoside
50-aldehydes. The newly formed compounds are distinguished by chirality of-tteBon atom. The configuration
of the F-epimers was assigned from NMR spectra. © 2000 Elsevier Science Ltd. All rights reserved.

The investigation of structurally diverse phosphonate-based nucleotides contaiidpand instead
of the esterP—0O linkage originated from the necessity to search for enzymatically stable nucleotide
analogues usable as efficient antiviral/anticancer agents. Various nucleotide analogues containing the
O-phosphonomethyl moiety have been investigated in our laborhtang recently we reported the
synthesis of a novel class of conformationally restricted nucleotide analogued,3heafd 3,5°-O-
phosphonoalkylidene derivatives of nucleosfdesated to compounds studied earfier.

Herein we report the synthesis of a novel type of isopdlaricleotide analoguesand5 containing a
geminal hydroxy phosphonate moiety on tlecirbon of the 2deoxyribonucleoside and ribonucleoside
pentofuranose ring, respectively. These analogues possess strong structural similarity to nuceoside 5
monophosphates and are related to compounds prepared earlier, namely, nucfepbiokpbonates,
6°-deoxy-homonucleoside dydroxy phosphonatex* and geminal nucleosidé-Biydroxy phosphona-
tes3.5
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Although the general procedure for the synthesis of dialkylydroxy phosphonates via nucleophilic
addition of phosphites to carbonyl compounds has been known for a lon§ fithe, first application of
this reaction to nucleoside/nucleotide chemistry leading to compaBimdss only recently publishedl.
We have found that various dialkyl phosphites, dialkyl trimethylsilyl phosphites anttitristhylsilyl
phosphite react smoothly with nucleoside-aidehydes to afford, in good yields?-8-phosphono
derivatives of nucleosid&s4 and 5, as pairs of epimers, resolvable by RP-HPLC (for a complete
set of dialkyl 3-hydroxy phosphonate4 and 5 see Table 1). The starting nucleosideafdehydes
were mostly prepared by Swern oxidation (DMSO/(CQEIof suitably protected nucleosides. This
procedure has been found to be the method of choice for %@ tart-butyldiphenylsilyl derivatives
of all four 2-deoxynucleosides and also, surprisingly, for tHg8”20-isopropylidene derivatives of
ribonucleosides except for the adenosine derivative (for unknown reasons). NiHmitzoyl-2,30-
isopropylideneadenosiné-aldehyde was prepared by the Pfitzner—Moffatt oxidation proceé@unghe
case of Swern oxidation of3-benzoyl and 8O-trimethylacetyl derivatives of”2deoxynucleosides we
did not detect any expected nucleosideaffiehyde. It seems that under Swern oxidation conditidhs, 3
O-acyl protecting groups of nucleosides are unstable and this instability leads to oxidative destruction of
the sugar part of the nucleoside.

Table 1
The epimeric ratio and yields of the nucleosiden§droxy phosphonatesand5
Compound 4a 4b 4c ¢ 4d de 4af 5a 5b 5S¢ 5d
Ba T T T CBZ ABz GBZ UMEM CBZ ABZ GBZ
R):(S)°® 79:21 80:20 63:37 85:15 75:25 66:34  70:30 57:43 67:33 52:48
Yield [%] 78 71 85 84 69 82 31 57 32 61

“T ... thymin-1-yl, C®* ... 4-N-benzoylcytosin-1-yl, A®? ... 6-N-benzoyladenin-9-yl, G ... 2-N-benzoyl-
guanin-9-yl, UMEM 3-N-methoxymethyluracil-1-yl; bepimeric ratio determined from 'H NMR spectra,
‘prepared by the addition of tris-trimethylsilyl phosphite to 3'-O-tert-butyldiphenylsilylthymidine-5'-aldehyde
and isolated after hydrolysis in aqueous methanol as free phosphonic acid

Since the addition of phosphites to nucleosidealehydes, under standard reaction conditfons,
did not proceed with significant stereoselectivity (Table 1), we examined several factors (solvent,
nucleophilic catalyst, type of phosphite and temperature) to influence the reaction in favour of a single
epimer. The solvent does not have any influence on the stereoselectivity of the phosphite addition to
nucleoside-5aldehydes. Dichloromethane provided better yieldsdfiyiilroxy phosphonatesa than
tetrahydrofuran or acetonitrile. Also, increasing the amount of triethylamine (from 1 to 5 equivilents)
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did not influence the ratio of epimers. The use of DBU instead of triethylamine had a destructive
effect on the nucleosidealdehydes. On the other hand, little change in the epimeric ratios was found
when dialkyl phosphites with bulkier ester groups (dimethyl to diethyl to diisopropyl) were used in
the presence of triethylamine. Surprisingly, neither diethyl trimethylsilyl phosphite nor the bulky tris-
trimethylsilyl phosphite exhibited higher stereoselectivity in their respective additions to nucleoside
5)-aldehydes. No change in the ratio of the epimefidigdroxy phosphonates formed in the reaction
of diethyl phosphite with 8O-tert-butyldiphenylsilylthymidine-5-aldehyde in the presence of either
lithium bis(trimethylsilyl)amide otert-butylmagnesium chloride in tetrahydrofuran at8°C was found.
Under these conditions, a low yield of th&3-tert-butyldiphenylsilyl-3-C-diethylphosphonothymidine
was obtained.

During our experiments, we succeeded in crystallizing the minor epimer ‘eD-tart-
butyldimethylsilyl-§-C-dimethylphosphonothymidine 4f) from the epimeric mixture, and
also in the separation of epimers of N2benzoyl-8-O-tert-butyldiphenylsilyl-2-deoxy-3-C-
dimethylphosphonoguanosindf) by RP-HPLC (theA-epimerwas the faster). These single epimers
4f were subjected to NMR analysis to determine the configuration of tveafon. The structural
assignment was carried out using characteristic chemical shifts (protons and carbons of the base and
substituents), 2D-COSY and 2D-ROESY spectra (deoxyribose protons) and heterocorrelated 2D-HMQC
spectra (deoxyribose carbons). Selected NMR parameters of the deoxyribose moieties are given in Table
2. Vicinal J(H,H)s showed a high preference for the’@hdoform of the deoxyribofuranose ring in both
epimers [ 85% in4f (A-epimej and 95% in4f (B-epime}]. The preferredsynorientation of the base
was determined by 2D-ROESY spectra. Determination of the configuration’as €®sely connected
to the conformation around the &5 bond. The high value ad(P,C3)=14.6 Hz together with the
low value of J(P,H4)=2.3 Hz in 4f (A-epime} indicate thetrans-arrangement of P and €3vhich,
together with agaucherelationship of HHS [as indicated byJ(H4°,H5")=2.3 Hz], establishes the
(9-configuration at C5(Fig. 1). The configuration of the second epirdéithe B-epime} is therefore
5-(R) and the set of its vicinal couplings)(P,C3)=8.8 Hz, J(P,H4)=5.4 Hz andJ(H4°H5")=6.4
Hz) indicate comparable populations of two conformers with PA@hs and gauchearrangements,
respectively (Fig. 1).

Table 2
Selected NMR parameters of deoxyribose partSpfgnd R)-hydroxy phosphonatetf in (CD3),SO

Epimer Proton chemical shifts Carbon-13 chemical shifts

H1' H2 H2" H3' H4' | HS' OH (O C2! C3' C4' Cs'
(S)-4f | 645 | 2.51 2.46 4.60 | 4.17 | 3.50 6.08 83.98 | 41.18 | 7574 | 87.44 | 66.74
(R)-4f | 645 | 2.77 2.19 4.77 | 430 | 3.97 6.18 83.27 | 38.61 | 7497 | 87.54 | 67.11

J(H,H) J(P,H) J@®,0)
12| 20| 223 | 273 |34 |45 | 5080 | PHE | BHS | PC3 | PC4 | PCS
(s)-4t | 86 | 6.0 50 18 | 14 | 23] 72 23 124 | 146 | ~0 | 1631

(R)-4f | 10.0 5.5 4.6 <1 <1 6.4 72 54 8.8 8.8 6.8 160.2

These configurational assignments are supported by 2D-ROESY spectra where NOE co#te@fs H5
H4°/0OH5 and H%/H8 are observed only for the second epimer in accordance with%{&R)5
configuration (Fig. 1). Detailed discussion of these configurational assignments and conformational
features of the Sepimers will be presented in a full paper.
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Fig. 1. The preferred C4C5 rotamers of epimeric’shydroxy phosphonatetf
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