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2',3'-O-Phosphonoalkylidene Derivatives of Ribonucleosides: Synthesis and Reacti vity
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Abstract: A novel type of nucleotide analogues, the 2',3'-O-(1-diethylphosphono)alkylidene derivatives of
ribonucleosides was prepared by redox reaction of diethyl chlorophosphite with various nucleoside orthoesters. Some
of these compounds undergo interesting rearrangements when treated with nucleophiles The confi guration of the title

compounds was determined b_‘y’ 2D-ROESY ex,M iments. Biological a activity of partially protected nucleotide anmug,ucb

is also discussed. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Nucleotide analogues represent a potent pool of biologically active compounds. Some of them act, after
enzymatic phosphorylation, as antimetabolites at the level of nucleoside di- or triphosphates. Preformed nucleoside
phosphates, however, undergo rapid enzymatic dephosphorylation during penetration through the cellular
membrane. Phosphonate-based nucleotides containing P-C bond' instead of ester P-O linkage represent isopolar,
enzymatically resistant nucleotide analogues tha
¢ phosphonic aci
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stable ether bond was alr d‘y‘ mvcbugalcu in our boramry'.‘ Amaﬁg these compounds, the
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O-phosphonomethyl derivatives of acyclic nucleoside analogues’ were found to be efficient antivirals.

In agreement with our previous communi-
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( 7 K 7 K 7 -isosteric, conformationally restricted nucleotide ana-
. m/ \ / \ ., n/ \ logues related to 2'(3")-O-phosphonomethylribo-
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< > >< nucleosides® 1 and 2. The novel compounds, 2',3'-O-
] 5(0*‘)2 (OH)2P ) R 3 ﬁ(o"% -phosphonoalkylidene ribonucleosides 3 (Figure 1)
o) 0 o coantaining cyvelic nhnenhanafarmvulacatal ar 1onhnaol
\IUIIWJIILLIB VJ Wilivw PIIUD AIVIIVIVILIILYIAGLVLLAL UL ] yllUD
Figure 1 phonoketal moieties, can exist in epimeric pairs due
to the chiraiity of the carbon atom bearing phosphoryi

group in the position 2 of annel 1,3-dioxolane ring.

Several procedures for the preparation of cyclic acetals of formylphosphonic acid have been described so
far; however, none of these procedures has ever been applied in nucleoside chemistry. As the first, we examined
the reaction of quarternary ammonium formals’ with trialkyl phosphites. Thus, the 2',3'-O-(dimethylamino)-
methyleneuridine derivative 4, prepared from 5'-O-trityluridine by reaction with dimethylformamide dimethylacetal
in DMF, was auarternized by iodomethane. Subsequent treatment of the formed 2',3'-O-(trimethylammonium)-

methylene-5"-O-trityluridine iodide (5) with trimethy! phosphite afforded a moderate yield of 2',3'-O-(dimethyl-
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e-3-N-methyl-5'-O-trityluridine (6) (see Table 1). In a further experiment we expiored a
procedure® based on an acid-catalyzed transacetalization of diethoxymethyldiphenylphosphine oxide with
appropriate diol. Reactions of this type, when performed with diethyl diethoxymethanephosphonate and
5’-O-protected ribonucleoside 7, completely failed.

Table 1. Substrates and Products

o O Aoy A Rl n2 n3 n
B rnipouliia FAN N I~ D
R10— l
4 Tr =CHN(CH,), U
5 Tr =CHN"(CH,),I U
/ AY
RO OR3 6 Tr =CHP(O)(OCH,), 3 NMe

” TDITDO T Y r TBOM
/ 1DBUrd .

Finally, we examined the reaction of diethyl chlorophosphite with various trialkyl orthoesters known to
give corresponding acetals of formylphosphonic acid only when orthoformates were used. The orthoesters of other
carboxylic acids were reported to react with chlorophosphines as well as chlorophosphites resulting in formation
of esters of phosphinic or phosphorous acid.’ Surprisingly, in our hands the reaction of various types of nucleoside
2',3"-orthoesters (see Table 2) with diethyl chlorophosphite proceeded very smoothly to afford appropriately
protected nucleoside phosphonic acid derivatives (see Table 3) as the only products.

Talle 7 Y 2V _Orthasctare af Nnclencidee (in the cace af enimearically nire comnnimde nrefiy - ar U ic n1cad
LAUIN L. L4 2 L LIAVULOLVILY VUl LY uwviAIVvUOIvIVCD \l.ll iV vaow Ul Vyllll\fl..l\/ml] ymu \J\Jllll}\lmluﬂ’ 1)1\.«111\ EAN UL W 10 uoLvu
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R10 ' R‘vt‘r—l '
o\(o o\(o
h Y &
R3O" “R2 rR2"  “or3
R-epimer S-epimer
Compound R! R? R’ B
SR TBDPS H CH, AP?
" » THTDA Ty MY A Bz
JaK I1BUES H Lol A
o T TN O vy B:
9b TBDPS H C,H; G™*
~ . rr ~NTT ~Bz
9¢ TBDPS H C,H; C
9d TBDPS H C,H; U
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Table 2. 2',3"-Orthoesters of Nucleosides (continuation).
Compound R R? R’ B
e TBDPS H C,H, T
10a TBDPS CH, C,H; AP
10b TBDPS CH, C,H; G
10¢ TBDPS CH, CH, CPe
10d TBDPS CH, C,H, U
10e TBDPS CH, C,H, T
11a TBDPS CgH, C,H; AP
11b TBDPS CeH, C,H; G
11c TBDPS CH, C,H, cP
11d TBDPS C.H, C,H; U
1le TBDPS CH, C,H, T
12 H H CH, AP
13 Bz H CH, AP
14 TBDPS ZNHCH, C,H; AP
is TBDPS BzOCH, CH; AP
16 TBDPS BzOCH,CH, CH, AP
17a TBDPS BrCH, C,H; AP
17e TBDPS BrCH, C,H, T
17f TBDPS BrCH, C,H, TBOM
Table 3. 2,3 -O-Phosphonoalkylidene Derivates of Nucleosides.
R'O ? RO i
o o
O\ /O O\ /O
(RI0),(O)P" “R2 RZ P(O)(ORY),
R-epimer S-epimer
Compound R! R’ R’ B
18a TBDPS H C,H, APz
18b TBDPS H C,H; G5
18¢ TBDPS H C,H; CB
18d TBDPS H C,H, U
18e TBDPS H C,H, T
19a TBDPS CH, C,H, AP
19b TBDPS CH, C.H;, G

[
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Table 3. 2°,3"-O-Phosphonoalkylidene Derivates of Nucleosides (continuation).

Compound R! R? R’ B
19¢ TBDPS CH, C,H; CcB2
19d TBDPS CH, C,H; U
19 IBDPS CH, C,H, T
19f TBDPS CH, C,H, oM
20a TBDPS CeH, CH, AP
20b TBDPS CeH C,H, =
20¢ TBDPS CH, C,H, Cee
20d TBDPS CH, C.H, U
20e TBDPS CH, C,H, T
21 Bz H C,H, AP
2 H H C,H, AP
23 TBDPS ZNHCH, C,H, AP
24 TBDPS NH,CH, C,H, AP
25 TBDPS TfACNHCH, C,H, AB
26 TBDPS BzOCH, C,H, AP
27 TBDPS BzOCH,CH, CH, AP
28aS TBDPS BrCH, C,H, AP
28eS TBDPS BrCH, C,H, T
28f TBDPS BrCH, C,H, TEOM
298 TBDPS CICH, C,H, AP
30a H H H A
30b H H H G
30¢ H H H C
30d H H H U
30e H H H T
31a H CH, H A
31h H CH, H G
31c H CH, H C
31d H CH, H U
3le H CH, H T
32a H CH, H A
32b H CH, H G
32¢ H CH, H o
32d H CH, H U
32e H C,H, H T

The starting 2',3'-O-alkoxyalkylidene derivatives of nucleosides 8-17 were prepared according to currently
used procedures. The ribonucleosides with exocyclic amino groups were N-benzoylated by Jones procedure'’
(adenosine and guanosine derivatives) or by Watanabe procedure'' (cytidine derivatives). For the 5'-hydroxyl
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protection, the rert-butyldiphenylsilyl group' was utilized. Subsequent transformation of 5'-silylated compounds
into 2°,3 -orthoesters 8-11 and 14-17 was made by modified standard procedures' in dichloromethane in the
presence of 4-toluenesulfonic acid. The 6-N,5'-O-dibenzoyl-2',3'-O-methoxymethyleneadenosine (13) was prepared

in the reverse manner: 6-N-benzoyladenosine was converted to the 2',3'-O-methoxymethylene derivative 12 and
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then nrotected at the S'-nasition with a henzovl aroun 4 The ratin of nuclencide arthascter enimere wag agtahlichad
then protected at the 5 -position with a benzoyi group 1€ Ial0 Of NUCICOSIGE OrinoCsIer SPpUNCTS was Cstaniisned
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R- and S-epimer was equal in aimost ali cases. Oniy 2 i
derivatives of adenosine 8K, 9aR were found to be predominantly the R-epimers.

The results of the reaction of nucleoside orthoesters 9-11 with two equivalents of diethyl chlorophosphite
in acetonitrile under argon are summarized in the Table 4. We found the reactivity of nucleoside orthoesters to
depend both on the nature of nucleobase and the type of orthoester moiety (given in the order of decreasing
reactivity): T=U>G®>CP®>A® and 2’,3"-O-(l-ethoxy-1-phenylmethylene)=2",3'-O-(1-ethoxyethylidene)-
>>2'3"-0O-ethoxymethylene. Throughout this whole series of phosphonates, the S-epimer was found to be the

Table 4. Synthesis of 2',3"-0O-Phosphonoalkylidene Derivatives of Ribonucieosides
o n Temperature Orthoester Phosphonate Yield®
o - §®) (% of S-epimer®) (% of S-epimer®) (%)
AB? reflux 9aR (-) 18a (75) 91
G* 20 9b (52) 18b (64) 63
H Cc reflux 9¢ (17) i8¢ (71) 60
U 20 9d (52) 18d (71) 52
T 0to 20 9e (52) 18¢ (74) 74
AP 20 10a (55) 19a (91) 98
G® 01020 idb (60) i9b (91) 83
CH, CBe 0 to 20 10¢ (60) 19¢ (89) 66
U -40 to 20 10d (56) 19d (89) 72
T -40 to 20 10e (57) 19¢ (89) 78
AP 20 11a (55) 28a (%1) 56
G®e 0to 20 11b (55) 20b (80) 77
CH, cH 0to 20 11c (55) 20c (89) 91
U -40 to 20 11d (55) 204 (91) 85
T -40t0 20 iie (55) 2{e (86) 84
* according to 'H NMR spectra; ® isolated yield of the phosphonate

In the case of 2°,3"-O-alkoxymethylene derivatives of adenosine 8R, 9aR, and 13, as the orthoesters with
the lowest reactivity, we examined their reaction with diethyl chlorophosphite in more details. We tried to
influence the reaction course by addition of various effectors with respect to increase in rate as well as to control

W
9]



56 AA Ieadnisd ot m] 7 Totwrdndmns €4 1O00\ 111871 117104

-0 M. LRAova erde. /7 1eiranéaron o4 (1¥0) 11131—111060

Af tlan nevisrnarin votin ~F Framnnd M2 ) LT el b P12 F Lt ut A0 1AM s 1 1. o
O1 ui€ CPIUmETIC 14110 O1 10MMEa £ ,5 -U-{ 1-priosSpnonoaikyiaene) acrivatives 1o6a and 21 (Ior the results see 1abie

Table 5. Phosphonylation of 2°,3"-O-alkoxymethylene derivatives of adenosine by diethyl chlorophosphite in the
presence of various effectors.

Eniry  Effector Orthoester Temperature Time Phosphonate Yield" S-epimer’
oS
(°C) P (%) (%)
1 - 13 50 12h 21 57°¢ 75
2 DIPEA 13 50-100 8h no reactio - -
3 MPO 13 50-100 8h no reaction - -
4 Nal 13 50 80 min 21 54°¢ 75
5 RBRF. Ft.O 04R 20 25 min 184 &7 n
o LFL 3. AipiS Fais L o/ 114811 10a v/ ov
' (Ve 0aD MmN 10 e 1Q.~ 74 11
U [S2 4L 0% ¥ Zan FAY) 1V L 104 (A% /1
7 AgOTE 8R 20 5 min 18a 49 69
8 AgOTr 3R 0 25 min i8a 83 70
TMSOTE
9 PPN SR 50 6h 18a 67 75
{U.2 €XV.}
10 TMSOTT 3R 20 5 min i8a 46 70
11 TMSOTT SR 0 5 min i8a 79 66
12 ITMSOTf SR 20 35h 18a 33¢ 7
13 TMSOTf® SR 20 20h 18a 64 66
determmed by HPLC; ® determined by NMR spectroscopy; ° isolated yleld, % of the startmg orthoester remained in the mixture;
¢ triethyl phosphite was used as the phosphonylating agent instead of diethyl chloro rh sphite.

The presence of molecular sieves (to neutralize the traces of HCIl that could catalyse the reaction) did not
influence the reaction rate or yield. On the contrary, the sterically hindered diisopropylethylamine or
non-nucleophilic 4-methoxypyridine-N-oxide used as the bases caused complete inhibition of the reaction (Entry
2 3); both compounds can probably act as electrophile scavengers. The use of in situ prepared diethyl

opnospmte or cuetnyl trifluoromethanesulif onyloxypnospmte from diethyl chiorophosphite and sodium iodide

PRETESIS.S TGRS & TIPS P, ) I NPy Ry N Tad 4~ dlen i nantfimmande mmmalanndl o Ll o et b Cu)
O SHVCT I.rl UlUulCUkﬂleullU ae, 1 bpt:hll /€1y, 1€4 10 L[lC SIZIIIICAIIL aCCCICTAllOlIL O UHIC realtion vecdause Ol e
inrraage nf tha nalartzatinn N D#Y hond (Fntrv 4 7 Y Furthearmare we foind that T awic aride haran trifliiarida
HICICast Ul ulv puiallZauuil Ul U=A QUBG LIy 7, 75 0. T Uluicd O, W 10UU tiar LA WIS alils, UULUIL uinnuornac
diethyl etherate, tin tetr achloride and trimethylsilyl L_ﬂL_romeL-_nc:SH fonate, if present in .he equimolar amount,

c.onc,cmcd neither low reaction temperature in the presence of Lewis ac1d nor epimeric composmon of the starting
nucleoside orthoester possessed any influence on the ratio of R- and S-epimer of phosphonates; the S-epimer
always prevailed. These findings support the proposed S, 1 mechanism; a nucleophile (P species) comes to the
planar carbocation reaction centre from the sterically less hindered site.

As far as the reaction mechanism is concerned, the formation of phosphonium cation 33 { Scheme 1)
J TR B PRSP o) u«AII,-. A ol Lt a2t Aiathher]l Al lnenale acaalaitn FA b asr wnlnt o] frreen AR waaad i) 2o
qulllg UJC r€acuoii 01 Uldinyl ULl TIXidICs wiln a CLHY1 CIUUTUPHUS PG { ALDULOV-ICIALCU LYPC U1 ICACUULL) Wds
suggested by Dietsche.” On the basis of our experiments, this reaction seems to be a strongly-electrophile-promoted

15 Vi Uil CApPRLIENS

type. We found that the extent of diethyl chlorophosphite heterolysis due to the polarization of the P-Cl bond, i.e.
the formation of positively charged pi species is essential to drive the reaction. This can be supported by our
findings that more polarizable phosphites, (EtO),P-1 and (EtO),P-OSO,CF, (see Table 5, Entry 4, 7, 8) are much
more reactive than diethyl chlorophosphite itself. The Lewis acids, which can both increase the extent of
heterolysis of diethyl chlorophosphite and activate the orthoester moiety, were also found to accelerate

dramatically the reaciion rate, however, only their equimolar amount is effective. For explanation of the reaction
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mechanism we originally supposed the formation of triethyl phosphite (from 2',3'-O-ethoxymethylene derivatives
and diethyl chlorophosphite) as an intermediate which could react in the next step with an activated orthoester
moiety. However, an experiment with triethyl phosphite and TMSOTT revealed a significantly lower reaction rate
than in the presence of diethyl chlorophosphite (see Table 5, Entry 13).

TBDPSOT\/O\/IIB \ ) \ )
—( o 0 o._ O
fe) g ~=——= n“"\'c — R or\cre
e P/cfEcl P et
cl o] EtO" Et0°
OEt
\EiO)zg Okt P iOEt
- v
\>. __(' \ / TBOPS 8
o, 0 e K%
o. O
R% o — R?‘/U é\ —_— 4 .
Cl Y\ N
PR o P Btef
E1O" "ory OEt Rat
a3 R" PO)OEY:
Scheme 1

An attempt to capture the phosphonium ion as the intermediate of the phosphonylation reaction by *'P

INIVIK Iecnmques was undertaken with the reaction of 4 3 u—u—emoxyemyuaene) derivative of adenosine i0a

with diethyl chlorophosphite in CD,CN. Only signal assigned to unreacted P™ starting compound (diethyl
r‘h]nrnnhnﬂnhﬂe 5, 168.08 nnm\ and two additional q1gna]q nf1mmpdmfp!v formed PV pro oduct 19a {R 15.97

vvvvvv LALINAS & AN A ES 1.7

ppm and 6m 15. 85 ppm) were observed No signal that could be assigned to the P™* can on (
ppm)”’ was found.

In order to obtain free nucleoside phosphonic acids we removed the protecting groups from prepared
phosphonates by a standard methodology used in nucleotide chemistry.'® The key step in deprotection procedure,
removal of ethyl ester groups from phosphonate moiety was accomplished by bromotrimethylsilane treatment; this
compound as a relatively strong Lewis acid could cause the epimerisation. It was found that according to the ratio

11

14
1Q _ M0 and tha dansatantad ~asies tarmnrte 2N DY 1...‘... Ertroat: aas s
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the chiral carbon atom was observed.
Because of formation of epimeric pairs of phosphonates, we studied the possibility of separation of the R
and S epimers by TLC and HPLC techniques. We found that only the epimeric diethyl phosphonomethylene
derivatives of adenosine 22 were separable on silica gel (elution with gradient of ethanol in chloroform) and also
by RP HPLC. Uridine 18d and 5-methyluridine 18e derivatives can be resolved by RP HPLC, however, after
5’-desilylation no more separation could be achieved. In the case of fully deprotected phosphonates 30, the epimers
of pynmldlne compounas 30c - 30e were separated completely by RP HPLC, while the purine derivatives 30a,
IIKC S

€
| 292 Fr\r vt
yy wyL

44 et

aLlUIl. All alempt 10 separate p imeric pnospnona[es on UOWCX 1x2 in
idine derivative 30¢.

We also attempted to prepare 2',3'-O-phosphonoalkylidene derivatives of ribonucleosides bearing a
substituent in the w-position of the alkylidene chain. Thus, the trialkyl orthoesters of w-substituted carboxylic acids
(triethyl bromoorthoacetate'” prepared by bromination of triethyl orthoacetate with bromine in pyridine, and
triethyl benzyloxycarbonylaminoorthoacetate'®, trimethyl benzoyloxyorthoacetate and trimethyl 3-benzoyloxy-
orthopropionate prepared by two-step procedure’’ from corresponding nitriles) were used for the synthesis of

-substituted alkyhdene nucleoside orthoesters 14 15, and 16. These compounds were found to react readily with

Y R I | <51 o cealaien PR o SR R TR, Fy £ A" PRPRS TN T DU FRLI
an €XCeSS o1 morumcmyx leUb Nnie i1 U d41ivid pllprIlU 1dlCS &40, 40, dllld 4/ lIl gUUU lelUb. 1t lb
intaracting that nhnenhanvlatinn nf hen7avlavvaethvlidene derivative 148 unth chlarndiethyl nhaenhite raanirad
llll\ul\.{ﬂlllls QL l—lllUDlJllUllJ 14ALiViL Ul U\IIII.:UJ AUAJ UI-LAJ AIVEVAALY UNWEA YUV YW AW YYEWL WILMIWVIVNALLIWLILIY }Jll\loylll!\o Lvt.iuu.uu
reflux for several hx.nrs while the similar reaction performed with benzoyloxypropylidene derivative 16 was

complete within hrs at room temperature. The 2-benzyloxycarbonylaminoethylidene derivative 23

<
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The reactlon of 2- bromoethvhdene denvanveq l7a. 17e, 7f with diet} v} chlorophosphite proceeded
ambiguously, and two major side-products were isolated and charactenzed In the case of 2-bromoethyhdene-
adenosine derivative 17a, six equivalents of diethyl chlorophosphite is reqmred to afford, besides expected
2-bromo-1-diethylphosphonoethylidene derivative 28aS (12 %), a phosphonoethylidene derivative 19a (28 %),
and 2-chloro-1-diethylphosphonoethylidene derivative 298 (12 %). An attempt to increase the reaction rate by the
addition of sodium iodide to the reaction mixture (formation of more reactive diethyliodophosphite in situ) resulted
in phosphonoethylidene derivative 19a as the major product again. Similarly, the use of silver trifluoro-

methanesulfonate (in situ formation of highly reactive diethvyl triflusromethanesulfonvishosshite) at low temper
RLIVUAGER S LUERGLL (678 SEEG LULLIGULL Ul UL Y IVGLLI VD WItULYL W IUVIVIUVLLATIUOULLULLY I PHIIUDSPILIWL ) At 1UW Wiupel -

ature (-40 to 0 °C) led, besides formation of the expected 2-bromo-1-diethylphosphonoethylidene derivative 28a$
(19 %), to the phosphonoethylidene derivative 19a (13 %). When the reaction was performed with the
2',3'-0-(2-bromo- 1 -ethoxyethylidene)-5-methyluridine derivative 17¢ and diethyl chlorophosphite at low tem-
perature (-40 to 20 °C), the 2-bromo-1-diethylphosphonoethylidene derivative 28eS was produced in moderate
yield (50 %) together with some amount of diethylphosphonoethylidene derivative 19e (8 %). Surprisingly,
phosphonylation of 3-N-benzyloxymethyl-2',3'-O-(2-bromo-1-ethoxyethylidene)-5-methyluridine derivative 17f
with four equivalents of diethyl chiorophosphite resuited, after 2 days at room temperature, in a low yield of both
diethylphosphonoethylidene derivative 19f (8 %) and 2-bromo-1-diethylphosphonoethylidene derivative 28f

{1004
l v/ U}

The presence of a bromo substituent in the a-position to the
carbonium reaction center can lead to the formation of epibromonium
intermediate 34 ( Figure 2) which can react either directly with the

A v phosphite under formation of the desired 2-bromo derivative 28, or can

he hd "Y" ogt be attacked by chloride anion under formation of the 2-chloro
-, N . . . _~n e -~ e NI . . . - PR -

<@l \ cr *( ‘P\ derivative 29. lhe Z-chloroethyhdene derivative 29 could be also

7 \S, Br (‘cl) OEt  generated from the phosphonium intermediate 35; the reaction is driven

k _/ L__ Et by the attack of chloride anion to the carbon atom bearing the bromo

CF POEY), substituent followed by cyclic transfer of bonds under splitting off the

34 35 bromoethane. However, from the observed preferred formation of

ethylidene derivatives 19 and the necessity to use an excess of diethyl
chlorophosphite for the complete conversion, occurence of
side-reactions as well as a more complicated redox mechanism is evident.

Within our effort to prepare | phOSphonates 'bearing a substituent in the 2-position of ethylidene side chain,

we studied the reaction of 2°,3"-O-(2-bromo-1-ethoxyethylidene)-5"-O-tert-butydiphenylsilyl-5-methyluridine
(17¢) and 2',3'-O-(2-bromo-1-diethylphosphono)uridine derivatives 28e and 28f with various nucleophiles. An

attempt to substitute bromo atom in the 2'3'-0-(2-bromoethoxyethylidene)-5-O-tert-butyldiphenylsilyl-

Figure 2

-5- methylurldlne (17e) for azido group by heating with sodium azide in DMF (150 °C, 10 h) or in DMSO (100
°C, 30 h) was unsuccesful. Only unchanged starting bromo compound 17e¢ was isolated from the reaction mixture.
In addition, no degradation of the 2-bromoethylidene derivative 17e was observed in the presence of strong base
as potassium fert-butoxide or DBU in THF (3 days at room temperature). Therefore, these conditions were utilized
for the protection of thymine moiety in the 3-N position of the derivative 17e by benzyloxymethyl group. Thus,

DOYATIT T

the addition of benzyichioromethyi ether to the compound 17e in THF in the presence of DBU, afforded smoothiy
the 3-N-benzyloxymethyl derivative 17f in quantitative yield. This method of N-protection of pyrimidine
heterocycle is a variant to those employing potassium carbonate in DMF or acetone.”® The observed resistance of
2-bromoethylidene orthoesters towards nucleophiles could be explained by the presence of a strongly
electronegative orthoester moiety. The low reactivity of the similar system, the 5° -deoxy -5"-iodo derivatives of
nucleosides substituted in 4'-position with an electron-withdrawing substituent, was reported earlier.**

In contrast to the resistance of 2',3'-O-(2-bromo-1-ethoxyethylidene)-5-methyluridine (17e) against
nucleophilic substitution, extensive changes concerning the whole nucleotide skeleton during reaction with

nucieophiies were observed in the case of 2',3'-0-(2-bromo-1-diethyiphosphonoethyiidene)-5-methyluridine (28e)
N TP M A
<
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othavide in DMFE at room temnerature resulted in a fast and guantitative cleavacge of nucleoside bhond. An
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2',3-0-(2-bromo-1-ethylphosphonoe ylidene) derivative 38 (56 %). Treatment of compound 28e with potassium
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fluoride in DMF at 130 °C for 6 h (only 5° -desﬂylatlon occurred at room or elevated temperature) provided
5-methyluridine (39, 39 %) and 3-N-ethyl-5-methyluridine (40, 35 %). No reaction of derivative 28e with sodium
azide in DMF at room temperature was observed; however, after heating of the reaction mixture (130 °C for 1 h)
the starting material disappeared completely. The monoester 38 (6 %), a mixture of 2'(3')-O-phosphonoacetyl
derivatives 41 and 42 (6 %), and 2,2'-anhydro-3'-O-phosphonoacetyl derivative 43 (64 %) were isolated from the
mixture. Treatment of the compound 43 with 0.5M sodium hydroxide in water-dioxane mixture afforded 2,2'-

n'-nrr]rn (' tort lnitvldinhoanvleilvl S maf‘ﬁxr‘nmrltnn (A4 than 1_(5_fort hitvldinhenvieilyvlR n nml\ nn*p\|-n P Ts |
y LU= I t Uul._yn,uyuvu IokiyriT UiV ] LSS L LI \'I'l}, Wivit 1 \J <l iTUUL lulPll\all‘y 11 y,l P Al AULLIVU. AllU, yl}"
fhvmine (4 \ on subsequent reaction, and finally 1-(B-D-arabinofuranosyl)thymine (46)* (Figure 3)
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Table 6. Products of the Reaction of phosphonate 28e with Nucleophiles.
Compound R' R? R® B
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The formation of 2,2"-anhydro ring in the reaction of compound 28e with azide supposes an attack of the
azido anion on hydrogen atom in the nnqﬁmn 3-N of thymine moiety followed by attack of the oxygen atom in the

position 2 on 2'- or 3' -carbon atom of the sugar ring. The 2',3'—phosphonoformal moiety serves as a leaving group
under its rearrangement to the 2'(3")-phosphonoacetyl group.

On the contrary, the 3-N-benzyloxymethyl derivative 28f where no 2,2'-anhydro ring was formed, the
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Figure 3

heating with sodium azide in DMF at 110 °C for 4 h resulted in the mixture of 2'(3")-O-phosphonoacetyl-
-5"-O-tert-butyldiphenylsilyl derivatives 47 and 48 with ribo-configuration of the sugar moiety (45 %, in a 3:5 ratio
of 2'- versus 3'-isomer; see Table 7).

In order to verify the correctness of assingment of the chemical shifts of O-phosphonoacetyl moiety of
compounds 43, 47, and 48 we prepared derivative 51 contammg O-phosphonoacetyl group We treated the
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IDs spectra aocordm to first-order analysis. The conﬁgurdtlonal assmnment f orthoesters and phosphonates was
confirmed by proton 2D-ROESY spectrazs’?"”27 of selected compounds (see Scheme 2). Carbon chemical shifts were
obtained from "“C NMR spectra measured by AP1%? technique. The coupling constants J(C,P) were obtained

from doublets of carbon signals in *C NMR spectra.

Table 7. Products of the Reaction of Phosphonate 28f with Sodium Azide and Related Compounds.
Compound R/ R?
CopsO_ sou 47 C(O)CH,P(O)(OEt)(OH) OH(
l/O\J 48 H OC(O)CH,P(O)(OEt)(OH)
\ ( 49 H H
R'O R 50 C(O)CH,CI H
51 C(O)CH,P(O)(OEt), H

The configuration of 2',3'-O-methoxymethylene derivative 13R and that of the pair of epimeric
2',3'-O-diethylphosphonoderivatives 22R and 22§ were determined by 2D-ROESY spectra. The R-configuration
of 2',3'- ()-methoxymethylene derivative 13R was determined from the intensive ROE-cross peak of the methoxy
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conﬁguratlonal assngnmem is also supported by chemical shift differences o"f nbose protons in epimeric pairs; ] he
proximity of the bulk O=P(OR), group induces downfield shifts (cca 0.1 ppm) of H-1' and H-2' protons in
R-epimer 22R, and of H-2' and H-3' protons in S-epimer 22§.
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and Hela S3. While free phosphonic acids 30 - 32 showed no activity, the presence of 5'-silylated dialkyl
s

phosphonates 18 - 20 causes a dramatic and yet unclear effect. The formation of “precipitate” and/or “emulsion’
was observed and the count of cells was even lower than in inoculum (10° cells); it means that the compounds
causes release of the cells from their monolayer (in the case of L1210 cells).This effect can be suppressed by the
addition of y-cyclodextrin as a solubilizer of lipophilic compounds.

The antiviral effects of the nucleotide analogues prepared in this study were investigated in the laboratory

of Professor E. De uercq, Catholic Umversuy, Leuven (Delglum) None of the nucieotide anaiogues 30 -32
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Table 8. '"H NMR Chemical Shifts (ppm) of 2°,3°-O-Alkoxyalkylidene Derivates of Nucleosides®.

Compound |H-1' H-2 H-3 H4’ H-S5a HSb R°  O-CH,CH, Base
8K 644 559 512 444 392 382 6.13  OCH,: 3.39 NH: 11.25, H-2: 8.69, H-8: 8.61
9aR 646 557 S5.12 447 392 383 620 367 123 NH: 11.23, H-2: 8.71, H-8: 8.62
9hR 631 536 539 443 388 3.84 6.17 365 119 NH:12.16a11.57, H-8: 8.21
9hy 624 527 553 428 387 385 623 355 112 NH:12.17all62
%R 597 509 486 442 397 387 610 363 118 NH: 11.30, H-6: 8.24, H-5: 7.30
9¢S 586 507 488 429 398 384 6.16 352 1.12 NH: 11.30, H-6: 8.25, H-5: 7.30
SdR 554 503 484 431 38 384 610 359 1.16 NH:11.40, H-6:7.72, H-5:5.52
9d§ 581 504 4389 4145 390 3382 6.16 352 1.1l NH: 11.40, H-6: 7.71, H-5: 5.51
9eR 596 502 485 428 391 385 6.11 359 1.16 NH:11.40,H-6:7.53, CH;: 1.66
9eS 5.80 503 492 413 390 3.83 6.16 352 L1l NH: 11.40, H-6: 7.51, CH;: 1.67
10aR 646 557 508 445 388 3.79 1.57 368 121 NH: 11.25, H-2: 8.65, H-8: 8.07
10as 6.37 563 520 434 387 376 1.68 350 1.10 NH:11.25 H-2:8.62, H-8: 8.06
10bR 630 538 534 442 388 378 1.54 366 119 NH:12.15a11.58, H-8: 8.23
10bS 623 532 546 428 3.88 3.78 1.65 3.48 1.07 NH: 12.15a 11.58, H-8: 8.21
10cR 596 506 480 442 396 385 1.51 367 1.15 NH: 11.32, H-6:8.24,H-5:7.30
10c8 584 511 483 430 398 383 159 356 1.08 NH:11.33,H-6: 8.25, H-5: 7.33
10dR 595 503 480 429 390 384 151 359 1.15 NH: 1125, H-6:7.71, H-5: 549
1048 579 509 488 416 390 38! 150 345 108 NH: 1125 H-6:7.70,H-5:552
18eR 595 501 482 427 39 384 1.52 359 114 NH:11.40,H-6:7.50, CH,: 1.64
ides 579 507 4506 413 356 382 1.62 345 1.08 NH:11.40,H-6:7.52,CH,: 1.68
11aR 6.63 567 520 464 395 386 740 3.62 1.21 NH: 11.30, H-2: 8.73, H-8: 8.61
11a$ 647 584 542 431 389 377 740 349 1.13 NH: 11.30, H-2: 8.68, H-8: 8.64
11bR 647 548 540 460 391 3388 740 359 1.19 NH:12.14a11.54, H-8: 8.27
11bS 636 554 569 417 388 384 740 347 1.10 NH:12.16a11.58, H-8: 8.23
11cR 6.12 516 491 459 403 3091 740 355 115 NH: 11.35, H-6: 8.29, H-5: 7.30
11cS 590 534 505 427 4.00 386 740 342 1.1 NH: 11.35, H-6: 8.27, H-5: 7.30
11dR 6.07 S5.11 491 447 395 388 740 351 1.13 NH: 11.40, H-6: 7.76, H-5: 5.53
11dS 586 553 507 4.09 39 382 740 344 1.11 NH: 11.40, H-6: 7.75, H-5: 5.54
11eR 6.07 510 492 443 395 3.89 740 3.50 1.13 NH: 11.40, H-6: 7.50, CH,: 1.66
11e§ 583 530 508 4.06 390 3.82 740 344 1.11 NH: 11.40, H-6: 7.52, CH,: 1.69
13R 645 568 525 466 4.63 451 6.17 OCH;: 3.40 NH: 11.24, H-2: 8.70, H-8: 8.69
17aR 6.53 576 526 453 388 376 80 3.78 123 NH: 11.27, H-2: 8.67, H-8: 8.61
17a§ 648 578 333 451 391 3.80 387 358 116 NH:11.27 H-2:8.70, H-8: 8.63
i7eR 590 518 4954 432 392 3384 3.73  3.67 1.17 NH: 11.40,H-6:7.55 CH,: 1.67
i7e8 587 525 502 430 391 3383 3.78 3,53 111 NH: 11.40, H-6: 7.52, CH;: 1.69
17fR 592 517 496 436 395 383 ;Zg 368 1.18 b
1768 589 523 504 436 394 38 379 354 111 °

* aromH: multiplet §2.05-7.50, (Bu: singlet 61.0; ® N-CH,OPh: doublet 65.29, 5.22, aromH,H-6: multiplet 7.60 (5H), §7.36-7.48 (6H),

$7.20-7.32 (6H); © N-CH,OPh: doublet 65.29, 5.23, aromH, H-6: multiplet §7.60 (SH), 67.36-7.48 (6H), §7.20-7.32 (6H).
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Table 9. 'H NMR Coupling Constants (Hz) of 2°,3"-0-Alkoxyalkylidene Derivates of Nucleosides.

Compound 1,2 23" 3.4 4’ .5'a 4°.5b 5a5b Other J*
SR 2.7 73 3.9 5.6 6.3 11.0

9aR 2.7 73 3.9 5.6 6.3 11.0

9bR 2.0 7.1 42 49 7.1 1.2

9hs 15 6.3 42 45 7.0 112

9cR 22 7.1 37 5.1 6.1 11.0 H-6,H-5=17.6
%S 1.7 6.3 3.7 4.0 6.1 11.0 H-6,H-5=7.6
9dR 29 73 4.4 4.9 5.8 11.0 H-6,H-5 = 8.1
948 232 6.3 4.4 4.4 6.1 11.0 H-6,H-5=8.1
9eR 3.0 7.3 4.4 4.9 5.9 11.0 H-6,CH, =12
9%eS 2.4 6.3 4.4 4.1 5.9 11.0 H-6,CH, = 1.2
10aR 2.0 7.1 3.7 5.4 6.4 11.2

10as 1.5 6.3 3.7 53 6.4 112

10bR 1.7 7.1 3.4 5.0 6.0 11.0

10bS 1.6 6.3 3.9 5.0 6.0 11.0

10cR 22 7.1 3.4 4.6 6.1 112 H-6H-5=7.6
10cS 1.5 6.3 3.4 42 6.1 11.2 H-6,H-5=176
10dR 2.0 7.3 42 42 5.9 112 H-6,H-5=8.1
104§ 12 6.6 4.1 42 6.1 112 H-6,H-5- 8.
10eR 29 7.0 42 42 5.9 11.2 H-6,CH,=12
10eS 2.4 6.6 4.4 4.4 6.1 112 H-6,CH, =12
iiaR 2.7 7.1 3.7 5.6 6.6 11.0

iia¥ 2.0 6.6 34 5.6 6.6 il.0

11bR 2.0 7.1 2.9 5.1 7.3 11.2

11bS 1.5 6.6 42 4.5 73 112

11cR 22 7.1 3.4 4.9 6.1 112 H-6,H-5 =7.8
11cS 1.7 6.3 3.4 44 6.3 112 H-6,H-5=7.8
11dR 2.7 7.1 4.1 4.9 6.4 11.0 H-6,H-5 = 8.1
11dS 2.0 6.6 4.1 4.6 6.6 11.0 H-6,H-5=8.1
11eR 29 7.0 42 4.6 6.1 11.0 H-6,CH, = 1.2
1eS 2.2 6.6 4.2 46 6.3 11.0 H-6,CH, =12
13R 3.2 7.3 3.9 4.2 6.1 11.5

17aR 22 7.1 3.2 5.9 6.3 11.0

17a$ 2.0 6.8 34 54 6.8 11.0

17eR 2.4 7.3 3.7 4.6 6.1 112 H-6,CH, = 1.2
17eS 2.0 7.0 4.4 4.4 6.3 11.0 H-6,CH, = 1.2
17iR 2.4 7.1 3.7 4.6 6.3 1.0 b

1718 20 7.0 42 4.5 6.3 11.0 ¢
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Table 10. "C NMR Chemical Shifts (ppm) of 2",3"-O-Alkoxyalkylidene Derivates of Nucleosides®.
Compound | C-1' C-2° C-3' C4' C-5° O-CO 8531 CHL, R® C2 C4 C5 C6 C8 CH,
8R 89.88 8343 81.05 86.88 64.15 11874 5212 -  — 15179 150.76 12599 15170 141.30 -
9aR 89.77 8344 81.00 8671 64.15 11807 60.52 1511 - 15178 150.75 125.98 15171 14120 -
9bR 89.66 84.12 80.65 87.51 64.90 117.98 60.51 15.14 -  147.80 147.84 121.39 155.15 141.50 -
9b 88.58 82.63 8024 86.84 64.69 11675 5929 1510 -  147.80 147.84 12149 155.11 141.50 -
9cR 9526 8434 81.17 8790 64.53 117.62 6029 1511 - 15442 163.86 9644 147.58 - -
9cs 9422 §3.52 8039 87.09 6420 116.00 59.11 1508 -  154.42 163.85 9640 14760 — -
9dR 9277 $3.62 80.78 86.76 64.47 117.83 6038 15.11 -  150.44 16337 101.96 14281 — -
9ds 92.05 82.64 80.08 8601 64.17 11668 59.07 1503 - 150.44 16334 10189 14289 - -
9eR 91.91 $329 80.58 86.18 64.37 117.96 6038 1511 -  150.48 163.98 109.80 138.15 -  12.03
9§ 9127 8240 79.87 8544 64.10 11680 59.06 1502 - 15048 163.96 109.84 13801 -  12.03
10bR 89.63 84.06 80.81 87.70 64.94 125.01 58.08 15.19 22.16 147.85 148.00 12143 155.19 142.00 -
10bS 89.01 8430 81.36 87.72 64.84 12470 5736 1522 24.19 147.86 148.00 12149 155.15 142.00 -
10cR 95.50 84.50 81.16 87.93 64.55 124.64 57.94 15.09 21.92 154.51 163.85 9630 14740 — -
10cS 9502 85.10 8172 87.93 64.34 12428 57.32 1525 23.90 154.51 163.93 96.32 147.42 - -
10¢R 91.88 8340 80.55 86.11 64.40 125.03 58.11 15.03 21.77 150.52 163.99 109.81 137.94 -  12.00
10eS 9167 84.02 81.19 8625 6420 12473 5732 1523 24.01 150.49 164.03 109.73 13829 -  12.04
11aR 89.71 83.80 81.62 8674 64.13 12444 5896 1499 b 15177 150.77 126.03 15171 14114 -
11a$ 89.18 8428 8221 86.36 63.89 123.96 5856 1510 ¢ 15177 150.75 126.11 15163 141.14 -
11bR 88.66 84.43 8137 87.68 64.96 12430 58.83 14.99 b  147.79 147.82 12143 155.12 14125 -
11bS 88.64 84.72 8178 87.08 64.76 123.78 58.41 1507 <  147.79 147.82 12147 155.10 14125 -
11cR 95.18 84.72 8176 87.93 64.59 123.88 58.74 1494 b  154.53 163.89 9635 14750 - -
11es 0495 8547 8230 87.54 6440 123.43 5833 1512 ¢  154.53 163.97 9635 14765 — -
11dR 9276 8398 81.34 8677 64.54 124.15 58.83 1489 b  150.50 16336 10194 14291 — -
1148 9270 84.72 81.94 86.53 64.36 123.67 5835 1512 ¢ 15045 163.44 10182 14330 - -
11eR 91.92 83.64 81.08 86.12 64.42 12426 58.85 1489 b 15047 163.97 109.81 13815 -  12.05
11eS 9188 8444 B1.75 85.94 6428 12377 5836 15.12 c  150.53 164.04 109.65 138.57 —  12.05
138 89.00 8334 80.78 84.00 6445 11885 5220 -  — 151.94 150.76 125.95 151.80 14130 -
17aR 89.79 8447 82.50 86.99 63.89 123.98 58.19 15.05 33.57 15176 150.77 125.90 151.55 143.69 -
17as$ 89.38 84.65 82.53 86.71 63.92 123.40 S8.11 15.11 33.71 15177 150.75 125.96 151.64 143.69 -
17¢R 9235 8459 81.89 86.60 64.33 123.80 58.17 1498 33.55 150.52 164.03 109.71 13842 -  12.03
17eS 9207 84.84 8200 8629 6425 12328 57.99 15.11 33.63 150.48 160.04 109.73 13853 -  12.05
171R 93.60 8475 8199 87.02 64.28 12379 58.14 14.98 33.62 150.66 162.98 108.95 137.97 -  12.64
1748 9324 8494 8204 86.67 6421 12324 58.04 1512 33.57 150.65 162.98 108.99 137.86 —  12.63

*aromC: 5165.80, 133.50-128.00, Bu: 526.60, 18.90; > aromC: §137.20, 129.40, 128.00 (2C), 125.90 (2C); © aromC: $137.80, 129.40,
128.00 (2C), 125.90 (2C).



Compound H-1" H-2" H-3' H4" H-5aH-5b R’ O-CH,CH, Base

18aR 6.53 560 529 452 389 379 550 421 131 NH: 1126, H-2: 8.67, H-8: 8.61
18as 643 565 537 441 392 381 587 414 127 NH: 1127, H-2: 8.66, H-8: 8.62
18bR 6.39 532 556 447 387 384 543 418 129 NH:12.16a11.62, H-8: 8.24
18bS 629 526 565 437 393 393 576 412 125 NH:12.16a11.62, H-8: 8.22
18cR 598 513 497 448 398 3.85 537 4.17 128 NH:11.35, H-6: 8.28, H-5: 7.30
18¢cS 593 518 508 436 401 387 574 411 125 NH:11.35 H-6:8.24, H-5: 7.30
18dR 595 509 495 437 389 38 539 416 127 NH:11.41, H-6:7.75, H-5: 5.51
18dS 587 512 503 423 393 385 572 411 125 NH:11.42,H-6:7.71, H-5: 5.54
18R 593 507 495 434 390 382 540 416 127 NH:11.40, H-6:7.55 CH,: 1.64
18eS 585 509 502 421 392 385 573 411 125 NH:11.41, H-6:752 CH,: 1.67
192§ 640 576 540 439 388 3.73 1.66 4.11 125 NH:11.25, H-2: 8.64, H-8: 8.59
19bS 6.28 537 554 432 395 392 164 407 122 NH:12.18a11.60, H-8: 8.23
19¢R 6.00 515 493 458 396 384 140 4.15 127 NH:11.32, H-6: 8.26, H-5: 7.30
19cS 586 527 508 436 399 3.8l 1.58  4.09 124 NH: 11.32, H-6: 8.26, H-5: 7.30
19dR 6.05 540 512 448 3.88 3.8l 140 4.14 127 NH: 11.40, H-6: 7.75, H-5: 5.55
19dS 581 525 504 422 390 3.79 1.58  4.08 1.24 NH:11.39, H-6: 7.74, H-5: 5.54
19¢R 6.02 5.12 498 446 390 3.85 141 415 127 NH:11.40, H-6:7.51, CH,: 1.64
19eS 580 521 508 421 351 3.380 1.58 407 124 NH: 1139 H-6:7.56, CH,: 1.68
191R 586 527 508 427 395 38 159 415 124 H-6:7.75 CHN:5.98 CH,: 1.77
1918 582 523 510 425 394 3.79 1.59 411 123 H-6:7.60, CH,N: 5.28, CH,: 1.23
20aR 6.64 543 513 465 390 380  7.50 420 124 NH:11.23, H-2: 8.68, H-8:8.54
20aS 6.39 593 564 4.16 3.88 373 750 410 1.18 NH:11.25, H-2: 8.64, H-8: 8.61
20bR 650 512 542 464 397 395 750 411 122 NH:12.12a11.52, H-8:8.26
20bS 624 551 589 408 392 38 750 401 1.15 NH:12.15a11.58, H-8: 8.24
20cR 607 494 478 459 400 390  7.50 4.10 120 NH: 11.26, H-6: 8.28, H-5: 7.30
20cS 583 545 527 413 398 3.81 750  4.00 1.16 NH: 11.34, H-6: 8.24, H-5: 7.30
20dR 6.03 491 4.80 448 391 38 750 4.10 1.19 NH:11.35, H-6: 7.75, H-5: 5.51
20dS 577 542 523 394 388 377 750 400 1.16 NH:11.38 H-6:7.73, H-5: 5.54
20eR 6.04 491 4.82 445 391 384 750 412 120 NH: 1137, H-6:7.50, CH,: 1.67
20eS 574 541 527 396 390 3.79 750 401 1.17 NH: 11.40, H-6: 7.50, CH,: 1.68
21R 6.52 570 537 474 460 450 550 420 1.30 NH:11.24, H-2: 8.69, H-8: 8.66
218 644 572 543 462 464 450 588 413 1.26 NH: 1124, H-2:8.70, H-8: 8.67
22R® 644 556 508 442 359 357 534 420 131 NH:1121,H=2:8.77, H-8: 8.71
225 635 562 519 430 3.60 357 584 413 127 NH:11.24, H-2: 8.78, H-8: 8.70
238° 637 575 535 446 384 372 3.60;3.54 412 1.26 NH: 11.25 and 7.80, H-2: 8.60, H-8: 8.58
255° 635 578 540 443 3.83 3.67 3.79;3.73 4.15 1.28 NH: 11.24 and 9.77, H-2: 8.66, H-8: 8.59
265° 649 5380 548 438 3.83 367 4.81;4.654.18 1.28 NH: 11.25, H-2: 8.63, H-8: 8.60
275 646 588 544 442 3.81 3.65 459;2254.13 1.26 NH:11.25, H-2: 8.62, H-8: 8.57
28a§ 655 586 547 461 390 375 395 415 127 NH: 1123 H-2:871 H-8:859
28eS 592 534 514 448 3.92 3.81 3.87 4.1 125 NH:11.40, H-6: 7.58, CH,: 1.70
281R* 599 539 516 470 394 379 390 4.16 126 H-6:7.82, CH,N: 5.96, CH,: 1.78
28£s* 593 536 517 452 395 380 389 4.09 124 H-6:7.71, CH,N: 5.26, CH,: 1.74
298 651 586 547 455 389 375 406 4.15 1.26 NH:11.23, H-2: 8.70, H-8: 8.59

romH: mulnplet 58.05-7.50, Bu: singlet 1.0-0.95;> 5"-OH: triplet 85.19;° O-CH,-N: doublets §6.00, 5.95# O-CH,-N: doublets
<

Y,

D ®
th g
7]
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Table 12. '"H NMR Coupling Constants (Hz) of 2°,3"-O-Diethylphosphonoalkylidene Derivates of Nucleosides.
Compound 2 23 34 45a 45b 5235b PCH POCH* Other]
18aR 22 63 37 54 6.3 10.7 286 7.6
18a$ 24 63 39 54 6.3 107 283 7.6
18bK 17 63 44 46 6.8 1.0 288 7.6
18bS 1.7 61 44 59 5.9 - 28.6 7.6
18ck 17 63 37 46 6.1 ito 286 7.1 H-6,H-5=17.8
18cS 17 63 37 46 6.1 1.0 283 7.3 H-6,H-5=7.8
18dR 20 63 42 46 6.1 1.0 288 7.5 H-6,H-5=8.1; H-5NH =22
184S 22 63 44 46 6.1 1.0 281 7.5 H-6,H-5=8.1; H-5NH =22
18eR 24 66 42 46 59 1.0 290 78  H6,CH,=12
18eS 27 63 44 46 59 1.0 281 7.8 H-6,CH; = 1.2
19a8 20 64 32 61 6.3 10.7 - 7.3 P,CH, = 10.2
19bS 20 63 39 49 7.0 11.6 - 7.5 P,CH, = 10.5
19¢R 20 63 32 50 6.0 10.5 - 7.5 P,CH,=10.7; H-6,H-5=17.6
19¢cS 1.7 63 32 438 59 10.5 - 7.5 P,CH,=10.3 ; H-6,H-5= 7.6
19dR 20 63 40 50 60 107 - 78 DCH=10TH6HS=80;
n-o,Nrn — 2.V
P,CH; = 10.3; H-6,H-5 = 8.0;
19dS 63 39 51 6.3 10.7 - 7.8 H.5 NH=2.2
19¢R 24 66 46 50 7.0 10.7 - 7.5 P,CH, = 10.7, H-6,CH, = 1.0
19eS 24 66 36 51 7.0 10.7 7.5 P.CH,=103; H-6,CH, =12
191R 24 66 37 55 55 11.0 - 7.8 P.CH; = 10.3; H-6,CH; = 1.0
1918 22 66 37 5l 59 11.0 - 7.8 P,CH, = 10.3; H-6,CH, = 1.2
20ak 20 63 37 59 6. 10.8 - 7.8
20a8 17 61 39 61 6.3 10.8 - 7.8
205R 15 63 42 46 7.3 112 - 7.3
20bS 15 61 46 4l 8.0 112 - 73
20cR L5 63 37 44 6.0 112 - 7.5 H-6H-5=738
20cS 15 61 37 44 6.1 11.2 - 7.5 H-6,H-5=17.8
20dR 19 63 42 50 6.1 10.8 - 7.5 H-6,H-5=8.1; H-5NH=2.2
204§ 19 61 42 51 6.3 10.8 - 7.5 H-6,H-5=8.1; H-5,NH =2.2
20eR 22 66 42 50 6.3 11.0 - 78  H-6CH;=1.0
20eS 22 63 42 49 6.1 10.7 - 78  H-6,CH,=12
21R 24 63 41 44 5.6 120 283 7.8
218 27 63 41 4l 56 120 278 7.8
22R" 29 61 27 46 4.6 122 286 78  H-5,0H=53
228 29 61 29 51 5.1 119 286 7.8 H-5",0H =53
238 22 66 34 54 6.6 10.7 - 7.1 P,CCH, = 6.6 and 6.4
258 15 63 29 59 6.8 10.7 - 7.1 P,CCH, = 6.63 and 5.9
268 1.8 64 33 61 6.6 10.0 - 7.1 P,CCH, =24
278 20 66 29 63 6.6 10.7 - 7.1
28a$ 22 68 32 63 6.3 10.7 - 73
28eS 24 68 36 59 6.3 11.0 - 7.5 H-6,CH; =12
281R* 22 71 35 56 6.5 10.7 - 7.8 H-6,CH, = 1.0
28s° 22 71 34 56 6.4 10.7 - 7.8 H-6,CH, = 1.2
298 22 68 32 63 6.3 10.7 - 7.3
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Table 13. "C NMR Chemical Shifts (ppm), Coupling Constants (Hz), and* P NMR Chemical Shifts (ppm) of
2°,3’-0-Diethylphosphonoalkylidene Derivates of Nucleosides®,
Compound | C-1° C2° C3 C4 C5 0CO R C2 C4 Cs5 C6 C8 CH P
o o 8427 8284 .. 102.53
i8aR .16 0% (66 8566 6392 (08— ISL77150.7812599 15165 14377 ~ 13,07
84.16 82.34 .
18as 820 S Gay 40 6382 (110914_038) —  151.77150.78125.96 151.70 143.77 — 13.01
85.79 81.96 102.36 ]
18bR 8751 @s) (g2 8646 6469 (A0 . 14783147.9012145155.04 13900 - 1310
18bS ggoo 5438 8193 .. o gy 10043 147.83147.87121.49
. wn wo ¥ 8 e - 83147.87121.49155.14 139.00 — 12.88
18¢R 9300 8647 8276 4709 6420 1OLI8 5450164009647 14755 - - 13.05
red) \7.0) 1172.0)
8547 8249 100.79
18¢cS 9406 00y 2oy 8588 6420 DTN o 1545016398 9647 1475 ~ -~ 1325
8571 82.52 102.36
18dR N6 §a) (6 559 6431 [T - 150481634110189 14306 ~ - 1313
84.55 8205 100.69
184S 962 &3y (4 55 6425 [0~ 1s051163411020114298 ~ - 1302
85.35 82.44 102.45
18¢R 9095 35 (73 8539 6427 (G - 15044163.991097013830 - 1200 13.14
8420 81.82 100.65
18eS 065 5oy (52 8380 6417 MO . 1504816396109.84138.04 - 12.04 1299
, 11141 2254
1928 8933 8566 8386 8660 6366 Lyl PR 1517615080126 0615176 14280 - 1575
11128 22.85
19bS 3845 8632 8297 8154 6483 L0 TS0 147.901479612154155.18 139.00 1558
19¢R 93.61 %2'7\9 %%\1 8643 6435 L1091 2248 1) 55164009635 147.65 - - 1572
[AYS] \J.ujy (CAVIVAY )] «1.0)
110.66 2257
19¢8 9503 8716 8383 8810 6426 eSS ZA 15455164009634 14764 ~ - 1602
il 22.61
194§ 9284 8639 8346 87.16 6420 bl PR isosoresdeionse1ane ~ - 1ssn
11127 22.69
o e it 0510973 13841 — 70
19e8 9182 8606 8342 649 6403 U2l BRE 1505216405109.73 138,41 12.03 15.77
. 110.64 2250
196R 9320 618 8331 8680 6403 [ TL00 150.161623610889 13780 ~  12.54 15.50
1965 ¢ 93.16 8628 8342 86.87 64.10 ,171(]‘“‘,,7\ 2232 150.64162.98108.95137.84 —  12.62 15.82
HHHHH (20.5)
2028 8833 8264 8231 8442 6375 (12‘0%0) b 151.70150.78126.00 151.50 143.00 - 12.87
2028 88.63 8598 8401 86.18 63.77 (12‘012-223) b 151.71150.78126.01 151.56 143.00 - 13.93
20bR 86.88 8262 8221 8505 6485 (1210%520) b 147.80147.84121.51 155.12 139.00 — 13.16
20bS 8799 8655 83.11 8677 64.87 (12‘(%f‘1") b 147.80147.84121.57 155.15 139.00 - 13.78
20cR 94.00 8290 8220 85.05 64.30 ('2‘002'%0) b 154.54164.97 96.34 147.86 - - 12.82
20cS 9472 8736 84.10 8741 6431 (‘2&"22) b 154.54164.02 9634 14786 - - 1415
204 9259 8628 83.77 8671 64.26 ('21(;’2'828) b 15046163.45101.79 14344 — - 13.94
84.57 8226 111.04
20eR oLi0 s Goy 8562 6409 n0O b 15047164.05109.66 13868~ 12.00 12.92
20eS 9189 8579 8375 8641 6424 (121016% b 150.47164.05109.61 138.68 - 12.03 13.92
8497 82.68 102.56
21R 8845 goy (rey 8277 6415 LR o 151921507712591151.80 14361 ~ 129
218 gg.00 SHIl 818 4156 6a10 1009 15103150.7712591 15181 14361 - 1278
\J-J} \_"-J} \l/-'--'}
2R 88.60 %2; %gg;‘ 8593 6149 (1]%24216) —  151.95150.64125.83 152.03 14333 - 13.02
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Table 13. ®C NMR Chemical Shifts (ppm), Coupling Constants (Hz), and *'P NMR Chemical Shifts (ppm) of
2’,3’-0O-Diethylphosphonoalkylidene Derivates of Nucleosides* (continuation).

iy

Compound | C-I' C2° C3 C4 C5 O0€CO R C2 C4 C5 C6 C8 CH P
27, 8825 8427 8269 85.10 6142 100.88 —  151.9315068125.86 1510G 14384 - 1308
228 “3 43 2 oin 151.93150.68125.86 151.99 143.84 13.08
28a8 80.07 8635 8459 8643 6372 [JO19 3403 o 006090126.00151.57 14280 - 11.63
iY7.5) {4U.U)
28eS 9228 8625 84.17 8675 6425 1006 341100 cheh 10100.65 138.87 12.03 15.70
. . . . - (197=3) (l():(_)) . . B . - - -
8 9305 8650 8412 8670 6410 1000 3410 0001603710884 1383 54
281R , . . . 10 ooy woo 15O . . 30 -~ 12541150
109.96  34.13
2818 9339 8660 8421 8685 6417 o o 150.68163.01108.89 13829 ~ 12621172
298 8800 8614 8448 8626 6368 L1079 4440 5 001508012600 151.60 14220 - 1341
3 (198.3)  (39.1)
“aromC: 6165.80, 133.50-128.0, P-OCH,CH,: doublets 563.50-62.90 (3 = 6.8), doublets 516.50-16.20 (J = 4.9), /Bu: 526.60, 18.90; °

P-Oarom: doublet 8137.30 (J =

871.22 (S), 670.38 (R).

P
9.

5), 129.30, 128.20 (2C), 126.30 (2C); ° aromC: 6138.30, 128.30 (2C), 127.60, 127.42 (2C), O-CH,-N:

Table 14. '"H NMR Chemical Shifts (ppm) of 2’,3"-O-Phosphonoalkylidene Derivates of Nucleosides (in D,0).

Compound H-1" H-2" H-3" H-4" H-5a H-5'b R? Base

30aR 6.28 5.35 5.02 4.66 3.87 3.23 522 H-2: 8.28, H-8: 8.i2
30a8 6.18 5.39 5.12 4.44 3.90 3.85 5.43 H-2: 8.23, H-8: 8.07
30bR 6.14 5.33 5.02 4.57 3.80 3.78 5.21 H-8:7.94

30bS 6.06 5.37 5.13 437 3.85 3.80 5.39 H-8:7.92

30cR 5.84 498 4.88 427 3.91 3.85 5.10 H-6: 7.70, H-5: 6.02
30dR 595 5.08 4.87 4,48 3.85 3.79 5.15 H-6:7.79, H-5: 5.86
30dS 5.89 5.10 4.96 429 3.90 3.83 5.31 H-6: 7.75, H-5: 5.87
30eR 5.96 5.10 4.88 4.44 3.87 3.80 5.17 H-6: 7.61, CH;: 1.90
30eS 5.89 5.09 4.97 426 3.91 3.85 5.33 H-6:7.56, CH;: 1.89
31as 6.21 5.50 5.25 4.53 3.82 3.78 1.77 H-2: 8.26, H-8: 8.10
31bS 6.10 5.54 523 4.46 3.79 3.74 1.74 H-8:7.94

3icR 5.93 5.21 4,96 4.50 3.85 3.80 1.48 H-6:7.78, H-5: 6.03
3icS 5.88 5.17 4.99 438 3.86 3.78 1.68 H-6:7.73, H-5: 602
31dR 6.00 5.19 4.96 4.51 3.85 3.80 1.47 H-6:7.79, H-5: 5.88
31dS 592 5.20 5.00 4.38 3.86 3.78 .68 H-6: 7.78, H-5: 5.87
3leR 6.00 5.19 497 4.47 3.85 3.80 1.48 H-6: 7.62, CH,: 1.90
3leS 5.93 5.20 5.01 434 3.86 3.79 1.68 H-6: 7.60, CH,: 1.89
32aR 6.43 5.15 4.81 474 3.81 3.75 7.50 H-2: 8.20, H-8: 8.05
32a8 5.85 5.56 5.33 4.30 3.76 372 7.50 H-2: 8.04, H-8: 7.99
32bR 6.32 5.17 4.85 4.68 3.80 3.75 7.50 H-8: 7.90

32bS 5.89 5.63 5.36 424 3.74 3.71 7.50 H-8:7.82
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noalkylidene Derivates of Nucleosides

D]

(continuation).
Compound H-V’ H-2’ H-3" H-4 H-5a H-5'b R’ Base
32¢cR 6.08 4.81 4.68 4.62 3.90 3.76 7.50 H-6: 7.59, H-5: 5.98
328 5.67 5.26 5.13 4.12 3.78 3.73 7.50 H-6:7.61, H-5: 5.96
32dR 6.09 4.91 4.71 4.59 3.85 3.73 7.50 H-6:7.75, H-5: 5.83
3248 5.75 531 5.13 4,15 3.79 3.74 7.50 H-6:7.72, H-5: 5.84
32¢R 6.10 4.85 4.68 4.58 3.86 3.77 7.50 H-6:7.56, CH;:
32e8 5.77 5.28 5.12 4.09 3.79 3.75 7.50 H-6:7.54, CH

Table 15. '"H NMR Coupling Constants (Hz) of 2°,3"-O-Phosphonoalkylidene Derivates of Nucleosides (in D,0).

Compound 1’2 23 34 45a 45b 5a5b PCH Other J

30aR 3.9 6.1 2.4 2.9 4.1 12.2 20.3

30a$ 3.4 6.3 39 3.7 49 12.4 19.8

30bR 32 6.3 32 35 4.0 12.7 20.8

30bS 2.7 6.3 4.0 3.9 4.6 12.7 203

30cR 2.9 6.6 4.6 39 59 12.2 15.9 H-6,H-5 = 7.6

30dR 20 6.3 3.7 37 5.6 122 208 H-6,H-5=8.0

30dS 2.0 6.3 4.7 3.7 59 12.2 20.5 H-6,H-5= 8.0

30eR 2.7 6.6 37 39 5.6 122 212 H-6,CH,= 1.0

30eS 2. 6.3 4.9 3.9 5.6 12.2 20.5 H-6,CH, = 1.0

31as 34 6.3 2.7 3.7 4.6 12.4 - P,CH,=9.3

31bs 2.9 6.3 29 39 5.6 12.4 - P.CH,=9.3

31cR 2.7 6.3 3.9 39 56 12.4 - P,CH, = 10.0; H-6,H-5 = 8.0
31cS 2.7 6.3 3.7 3.7 5.9 12.4 - P,CH, = 10.3; H-6,H-5 = 7.8
31dR 2.7 6.3 3.9 39 5.4 12.4 - P,CH, = 9.8; H-6,H-5 = 8.0
31ds 2.7 6.3 3.7 3.7 5.9 12.4 - P,CH, =9.0; H-6,H-5 = 8.1
31eR 2.7 6.3 42 42 5.1 12.4 - P,CH,=9.8; H-6,CH, = 1.0
31eS 27 63 39 39 56 12.4 - P,CH, =9.3; H-6,CH, = 1.0
32aR 34 6.4 24 34 3.6 12.4 -

32a8 2.4 6.1 27 42 3.4 124 -

32bR 2.9 6.6 29 39 47 12.2 -

32bS 2.7 6.1 32 39 49 12.7 -

32¢R 24 6.6 3.9 3.9 5.9 12.2 - H-6,H-5=7.6

32¢8 2.4 6.3 3.9 4.1 5.6 122 - H-6,H-5=17.6

32dR 22 6.6 3.9 3.9 5.6 12.2 - H-6,H-5=8.1

3248 2.7 6.3 39 3.9 5.6 12.2 - H-6,H-5 = 8.1

32eR 24 6.6 3.9 39 5.9 12.2 - H-6,CH, = 1.0

32eS 29 6.3 3.9 3.9 54 12.4 - H-6,CH, = 1.0
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Compomd]| C-1°_ C2 C3 C4 C5 0-CO R C2 C4 C5 C6 C8 CH, P
2050 8346 8282 g4 n 1 4y 10409 17 73118.48 154.95 142.20 s
30aR 9.80 (7.8) (9;8) . . (179.7) - 151.96147.73118.481534 25 -- 6.37
3005 |88.03 8335 8069 g1 5 61 1g 1O 150014775118 111547414200 - 842
03 68) (6.8 ° (180.7) : : : :
Al MmO A 1N 78
s0bR  |88.93 8387 8203 g5 19 6108 o0 . 153.27150.56116.0415829137.80 - 649
(8.8) (9.8) (180.7)
30bS | 88.00 ’zzg ’Zgg; 84.02 61.21 (‘1";2"’5 - 153.30150.69115.91158.32137.88 —  6.80
0eR  193.57 i:i‘;' igg? 84.26 62.04 (‘1”712"‘% - 157.53166.74 9626 143.90 -- - 175
30dR  |92.47 i‘;gf %ZS 85.74 61.04 (11083i6<55) . 15095166.10101.4714351 - - 828
30ds 192,07 ’?]g iggz 8379 61.18 (11052'6;) . 15095166.02101.69143.51 —  — 854
10eR  |91.89 igg; ?égi 85.40 61.05 (11051368) . 151.0416626110:70139.18 - 11.00 6.56
- .- 83.60 80.59 .., < 100.60 151 04166.21110.91139.03
O 61.1 - IJ1.UTAIVUV.&2 a2veS 2 2o s - . 5 "
30eS 01.37 7.8) (1.8) 83.40 61.16 (182.6) 11.05 6.79
9040 oo ng on oG 8665 (i on 113.8822.94, 5 o040 41118 77155.47140.62 13
190. 77 110.71171 1o AV.R04 - 10 06
31aS (2.0) 85.09 83.29 ©.7) 61.82 (189.5)(18.6) 152.71
8994 87-0 . 1y on1gc1 Y011
31bS 0y 8532 8320 g 7; 61.7 (1118397;)3128865)1 53.89151.26116.51158.9613829 -- 13.07
86.06 gl.‘ll 1170821 10-:-—-»-—-1111\!\/1{\ 1AA N — 11 77
31¢cR 93.25 6.8) (6.0) 86.85 61.77 (200.0)(18.0)13/13 66.60 96.10 144.03 11.77
G2 G4 27 N2 113 52 22 .88 .
31cS ’é(’g 86.48 82.60 ‘20‘7’) 61.70 (‘1l94644) (“1“;5“)157 16166.50 96.06 143.53 - - 1322
84.47 80.99 114.61 21. N
AR [93.12 (g (59 8620 6165 1200.0) (18 )151 40166.70102.00144.09 - - 11.58
31dS 9(3 ‘3? 86.04 82.53 ’2(’)%’ 61.61 (‘1‘8’9”5") (]“9"5’)151 63166.68102.06143.67 —  — 1302
ster |92.40 8425 8092 4595 6160 00 2148 151 70166.90111.35139.76 - 11.00 11.61
(6.5) (6.3) (200.0j(16.U)
31eS 9(3 gf 85.80 82.42 ig;? 61.58 (111;9857)32989151 71166.90111.36139.29 - 11.07 13.04
32aR 19029 ’if‘/g? %g? 8577 61.93 (111555(?) b 152.46148.00119.00155.25140.62 ~—  9.41
8527 8332 ocoq oy gq 11281 B
328  [8962 100 (o 858 618 (gg) @ 152.46148.08118.77155.29140.62 11.13
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Table 16. "C NMR Chemical Shifts (ppm), Coupling Cnpﬂ.... ts (Hz), and*' P NMR Chemical Shifts (ppm) of
2°,3’-0O-Phosphonoalkylidene Derivates of Nucleosides (in D,0) (continuation).
Compound| C-1" C-2° C-3* C4 C-5 OCO R C2 C4 C5 C6 C8 CH P
3
84.14 82.09 112.34
32bR 89.55 (7.8) (8.8) 86.02 61.87 (184.0) b 153.83151.16116.64158.94138.42 -- 9044
32bS 89.11 85.51 83.37 86.11 61.75 11273 a 153.79151.21116.55158.94138.27 - 11.18
' 2.9 (2.0) ' (189.5) ’ ’ ) ' ' ’
32k [93.59 521 °17Y 8642 6198 )50 b 156.80166.20102.34143.48 - - 9.50
{0.0) (0.0) (102.3)
86.84 82.93 112.88
32cS 93.44 (3.9) (2.7 86.15 61.88 (186.5) a 156.89166.14 96.21 143.56 -- - 11.34
32ar 19325 8473 8147 g a5 6190 173 1514816668101.9614421 -~ 941
(7.8) (7.8) (185.0)
86.08 82.79 112.78
324S5 92.32 (39) (2.9) 86.04 61.59 (188.5) a 151.60166.64102.14143.64 -- - 11.06
83.86 80.64 112.69
29.D an 17 85.5%3 61.15 h 1581 N11RA6 40110 AN 120 2Q - 1101 Q924
JLCNR JL.1 (78) (7,8) O0J.J0J Uil.10 (]78 0) U 1J1.VLIUU. TV LIV.UU LI 707 1.1 v 4
-~y nNnn nn 85'14 81'95 oL N7 f1f\ ]']2'92 . 11 101 ££72%711N 07120 £ - 11 NL 11 N1
3ied YUY (3.9) (2.9) 83U/ 01.U0 (183.6) a4 1J51.10100.5511V.6/130.05 1LL.UO 11.U1

2 aromC.: doublet $139.70 (J = 16.6), 128.90, 128.30 (2C), 126.70 (2C)? aromC: doublet 5138.80 (J = 14.0),
129.00, 128.40 (2C), 126.90 (2C)

EXPERIMENTAL
Unless stated otherwise, the solvents were evaporated at 40 °C and 2 kPa and the products were dried over
phosphorus pentoxide at 50 - 70 °C and 13 Pa. The reactions were monitored by TLC on Silufol UV 254 foils
(Knval ier Glassworks, Votice, Czech Republic) and visualized in UV light or by spraying with 1% solution of

QUILC, LWLLLL

4-(4-nitrobenzyl)pyridine in ethanol, subsequent heating and exposure to ammonia vapours (detection of dialkyl
esters of phosphonic acids, deep blue spots). Preparative column chromatography (PLC) was carried out on 20 -
40 pm spherical silica gel (Tessek, Prague); the amount of adsorbent was 20 - 40 times higher than the weight of
the separated mixture. Elution was performed at the rate of 40 mi/min. PLC and TLC was carried out with the

1
following solvent systems (v/v): toluene - ethyl acetate 4:1 (T-1), 1:1 (T-2); toluene - acetone 1:1 (T-3); chloroform
- ethanol 9:1 (C-1); ethyl acetate - acetone - ethanol - water 4:1:1:1 (H-1), 12:2:2:1 (H-3); 2-propanol -
concentrated aqueous ammonia - water 7:1:2 (I, for ionic compounds). Preparative chromatography on reverse
phase was carried out on a spherical octadecyl silica column (25x300 mm, 20 - 40 um, Tessek, Prague);
compounds were eluted with a linear gradient of methanol in water at 10 ml/min. Chromatography on
DEAE-Sephadex A-25 was performed with linear gradient of 0-0.2M triethylammonium hydrogencarbonate in
water, and chromatography on Dowex 1 X 2 (acetate form) was performed with linear gradient of 0-2M acetic acid
in water. HPLC analysis was performed on a column of reverse phase (4 x 250 mm) Separon SGX C18 7 pm
(Tessek, Prague), either isocratically by various concentration of methanol in 0.1M triethylammonium acetate or
by gradient of methanol in the same buffer. The electrophoresis was made on a Whatman No. 3 MM paper or
Whatman No. 1 in 0.1M triethylammonium hydrogencarbonate (pH 7.5) at 20 V/cm. The UV spectra were
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recorded on PYE-Unicam SP 8000 spectrophotometer in water or in a methanol-water mixture (1:1, v/v) at pH
2,pH 7, and pH 12. Mass spectra (m/z) were recorded on ZAB-EQ (VG Analytical) instrument, using EI (electron
energy 70 eV), FAB (ionisation by Xe, accelerating voltage 8 kV) or SIMS (ionization by Cs’, accelerating voltage
35 kV) techniques, with glycerol and thioglycerol as matrices. 'H and "C NMR spectra were measured on Varian

Unity 500 instrument ( H at 500 MHz, BCat125.7 MHz) in hexadeuteriodimethyl sulfoxide and were referenced

to the solvent s}gﬂ& ((5 =72.50, 5, =39.7). Qndlnm salts nfnhnqnhnn acids were mea

J Sodium salts hos Pd in de,l eril
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General Methods A-G

Method A: Preparation of 5 -O-tert-Butyldiphenylisilyl Ribonucleosides. tert-Butyldiphenyisilyl chioride!® (6 ml,
22 mmol) was added under stirring to the suspension of nucleoside (20 mmol) in dry pyridine (200 ml), and the
mixture was stirred for 24 hrs at room temperature under exclusion of moisture. The course of the reaction was
checked by TLC in the system C-1. Reaction was quenched by absolute methanol (10 ml) and the mixture was
concentrated under diminished presure. The residue was dissolved in chloroform (400 ml) and extracted with water
(3 x 200 ml). The organic layer was dried over anhydrous magnesium sulfate and the solvent was evaporated. The
residue was suspended in diethyl ether and sonicated for 15 minutes. The product was filtered off, washed with
diethyl ether (3 x 50 ml) and dried over P,O; in vacuo (60 °C, 13.5 Pa, 6 hrs).

[«
It
L

ethod B: Preparation of 2,3 "-O-Alkoxyalkylidene Derivatives of Ribonucleosides. Trialkyl orthoester (15 mmol)

G EROIA YL dere LJc FAVIL LUl

and 10% solution of p-toluenesulfonic acid in dioxane (0.5 ml) was added to the suspension of nucleoside (5
. .
J

mmol) in dichloromethane (10 ml). The mixture was stirred usually for 16-24 hrs at room temperature (the course
LR wac rhankad ko T tha .1 aft Ailsts £ th 1
of hecked by 1 em C-1 after dilution of the samp{e With triethylammonium

the reaction was ¢

\
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°C, diluted with chloroform (200 ml), and extracted with water (3 x 100 ml). The organic layer was dried over
anhydrous magnesium sulfate and the solvent was evaporated. The product was purified by chromatography on
silica gel (elution with gradient of 0-10% ethanol in chloroform, or of 0-50% acetone in toluene, 0.1%
triethylamine).

Method C: Preparation of 2°,3-O-Phosphonoalkylidene Derivatives of Ribonucleosides. Diethyl
chlorophosphite® (0.29 ml, 2 mmol) was added to the solution of nucleoside orthoester (1 mmol) in dry
acetonitrile (10 ml) under argon atmosphere at the starting temperature (see further in the text), and the solution
was stirred at the reaction temperature (see further in the text). The course of the reaction was checked by TLC
in the system C-1 after dilution of the sample with triethylammonium hydrogencarbonate-ethanol mixture 1:1,

v/v). The reaction mixture was cooled down in a ice bath and quenched by addition of 1M triethylammonium

Yiv . six 12 113

hydrogencarbonate in 50% aqueous ethanol (50 ml), and concentrated under diminished pressure. The residue was
o h

co-evaporated with ethanol (2 x 50 ml) and toluene (1 x 50 ml). The product was purified by chromatography on
3 0, M 0,
silica gel (elution with gradient of 0-10% ethanol in chloroform, or of 0-50% acetone in toluene, 0.1%

triethylamine).

al

Method D: Cleavage of Phosphonate Esters. Bromotrimethyl Isilane (1 equivalent per each ester group plus 1
equivalent per each active hydrogen in the molecule) was added to a solution of diester (1 mmol) in dry acetonitrile
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(10 mi) at 0 °C. The reaction mixture was left aside overnight at room temperature and then evaporated to dryness
(the course of the reaction was checked by TLC in the system C-1 and H-1 after dilution of the sample with
triethylammonium hydrogencarbonate-ethanol mixture 1:1, v/v). The solid residue was treated with 2M
triethylammonium hydrogencarbonate (5 ml) and ethanol (20 ml) for 5 min, the solution was evaporated and the
residue was co-distilled with ethanol (3 x 20 ml). The crude nucleoside phosphonic acids (triethylammonium salts)
were used for the further steps without purification.

Method E: Removal of the N- and O-Benzoyl Protecting Groups of Nucleoside Phosphonic Acids with
Concentrated Aqueous Ammonia. The benzoyl derivative (1 mmol) was dissolved in a mixture of concentrated
aqueous ammonia (150 ml)- methanol (50 ml) and the solution was saturated with ammonia at 0 °C. The reaction

mixture was stirred for 24 hrs at room temperature. The course of the reaction was checked by TLC in the system

_1 and I After evanoration of the calvent the recidue wacg cadictilled with drv talnene or nuridine (2 v 20 mh
AL A CARANA Ae L RiVWL vvuyv&u\ulle WA VAW DVE T Wity AW L WJANM WY YD WVNRADWLIAWNE YYAULL UAJ Wiiklwiliw Ui P PR LAV IV LNy \J N LT 1“1]
Tha daanvlatad meadiiet wace niead withant mimrification far tha navt raantinme gtang
10€ Gealy:atea proqudlt was Useh wWinlul puriiiCatidn 10r i neXt réaciion sieps

Method F: Removal of the N- and O-Benzoy! Protecting Groups of Nucleoside Phosphonic Acids with Sodium
Methoxide in Methanol. 2M Sodium methoxide (0.5 mi, 1 mmol) was added to the solution of benzoyl derivative
(1 mmol) in absolute methanol (50 ml). The reaction mixture was stirred for 24 hrs at room temperature under
exclusion of moisture. The course of the reaction was checked by TLC in the system H-1 and L. The reaction
mixture was neutralized with Dowex 50 x 2 (H" form), the resin was filtered off, washed with methanol and the
filtrate was concentrated in vacuo. The residue was codistilled with dry toluene or pyridine (3 x 20 ml). The

deacylated product was used without purification for the next reaction steps.

Method G: Removal of 5°-O-tert-Butyldiphenylsilyl Protecting Groups. The silyl derivative (1 mmol) was
dissolved in 0.5M fetra-n-butylammonium fluoride in THF (10 ml, 5 mmol) and the mixture was stirred for 24
hrs at room temperature under exclusion of moisture. In case that the reaction mixture was not homogeneous, the

10 ml) was added. The course of the reaction

( .
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of 0-10% ethanol in chloroform, 0.1% triethylamine) while the desilylated phosphonic acids were purified on
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DEAE-Sephadex A-25 (HCO, form, elution with linear gradient o
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in water).

(R)-6-N-Benzoyl-5 "-O-tert-butyldiphenylsilyl-2 ", 3-O-methoxymethyleneadenosine (8R)

Compound 8R was prepared according to Method B from 6-N-benzoyl-5"-O-feri-butyldiphenylsilyl-
adenosine'®? (3.05 g, 5.0 mmol) and trimethyl orthoformate. Yield 2.93 g (90 %). For C35H;,N;0,Si (651.8)
calculated: 64.50 % C, 5.72 % H, 10.74 % N; found: 63.74 % C, 5.74 % H, 10.90 % N. MS (FAB): 674 (M + Na),
652 (M +H"), 620 (M - OMe).

(R)-6-N-Benzoyl-5"-O-tert-butyldiphenylisilyl-2 ", 3 -O-ethoxymethyleneadenosine (9aR)

Compound 9aR was prepared according to Method B from 6-N-benzoyl-5"-O-teri-butyldiphenylsilyladenosine
5 g, 15 mmol) and triethyl orthoformate. Yield 3.19 g (96 %). For C;sH;oNO(Si (665.8) calculated: 64.94 %

90 0.52 % N; found: 64.86 % C, 5.68 % H, 10.30 % N. MS (FAB): 688 (M + Na), 666 (M + H"), 620
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2-N-Benzoyl-5 "-O-tert-butyldiphenylsilyl-2 ", 3 -O-ethoxymethyleneguanosine (9b)

Compound 9b was prepared according to Method B from 2-N-benzoyl-5"-O-tert-butyldiphenylsilyl-
guanosine'®" (2.00 g, 3.2 mmol) and triethyl orthoformate. Yield 3.34 g (98 %, 52 % of S-epimer). For
C,H3N,0,8Si (681.8) calculated: 63.42 % C, 5.77 % H, 10.27 % N; found: 62.97 % C, 5.82 % H, 10.14 % N. MS
(FAB): 704 (M + Na), 682 (M + H"), 636 (M - OE).

et A S22 L0 o A L s TN nan A deiadlesl Al Lo WVIo1IN QL /OO 170/ OO LN T AT M\
cytidin (2.68 g, 4.6 mmol) and triethyl orthoformate. Yield 2.85 g (57 %, 17 % of S-epimer). For C;,H;N,0,Si
AT ON . &8 £2nn/ M L 1NN D/ TY £ Lo N/ NT ~ 1 rorons oy e N-an V4 LN TSR Y i s R 2SN P -
(041.0) calculated: 65.50 % L, 0.1£4 70 11, 0,00 7o IN; Iound: 02.07 70 L, 0.13 7o H, 0.03 7o N. Md (FAB): 6064 (M
+ Na), 642 (M + H"), 596 (M - OEt)

5 -O-tert-Butyldiphenylsilyl-2', 3 °-O-ethoxymethyleneuridine (9d)

Compound 9d was prepared according to Method B from 5°-O-tert-butyldiphenylsilyluridine' (3.70 g, 7.6
mmol) and triethyl orthoformate. Yield 3.86 g (94 %, 52 % of S-epimer). For C,;H,,N,0,Si (538.7) calculated:
62.43 % C, 6.36 % H, 5.20 % N; found: 62.40 % C, 6.35 % H, 5.11 % N. MS (FAB): 493 (M - OEt).

5'-O-tert-Butyldiphenylsilyl-2°,3-O-ethoxymethylene-5-methyluridine (9¢)
Compound 9e was prepared according to Method B from 5-O-tert-butyldiphenylsilyl-5-methyluridine'

(2.50 g, 5.0 mmol) and triethyl orthoformate. Yield 1.93 g (70 %, 52 % of S-epimer). For C,;H,.N,0,Si (552.7)
calculated: 63.02 % C, 6.57 % H, 5.07 % N; found: 63.54 % C, 6.71 % H, 4.71 % N. MS (FAB): 507 (M - OEYt)

6-N-Benzoyl-5 "-O-tert-butyldiphenylsilyl-2 ", 3 "-O-(1-ethoxyethylidene)adenosine (10a)
Compound i0a was prepared according to Mefhod B from 6-N-benzoyi-5'-O-feri-butyldiphenylsilyi-
adenosine'®*? (3.05 g, 5.0 mmol) and triethyl orthoacetate. Yieid 3.33 g (98 %, 55 % of S-epimer) For

C,H, N;O,Si (679.8) calculated: 65.37 % C, 6.08 % H, 10.30 % N; found: 64.78 % C, 5.76 % H, 9.78 % N. MS
(FAB): 680 (M + H), 634 (M - OEX).

2-N-Benzoyl-5"-O-tert-butyldiphenylsilyl-2", 3 "-O-(1-ethoxyethylidene)guanosine (10b)

Compound 10b was prepared according to Method B from 2-N-benzoyl-5'-O-tert-butyldiphenylsilyl-
guanosine'*" (2.82 g, 4.5 mmol) and triethy] orthoacetate. Yield 3.03g (97 %, 60 % of S-epimer) For C;,H,,N.O,Si
(695.8) calculated: 63.87 % C, 5.94 % H, 10.06 % N; found: 64.00 % C, 6.04 % H, 9.78 % N. MS (FAB): 718 (M
+Na), 696 (M + H"), 650 (M - OE1).

P LA 4t eCr e Ul yiloegs Y es y » 14 erellA yCeiiyeils Cylyeilaed
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i i a2 A 28 e AL i Y tmiathy]l Arthannatatn Viald D) 78 5 /02 04 £0 0/ ~F Casmisanney Bae ™ LT N N QF
Cytuuic (£.00 g, 4.0 11LIIVI ) allu UICULY1 OlUIvatldale. 1M £.70 g\70 70, UV 70 UL O=CPULICT ). FOL Ugel1411N3WU901
(655.8) calculated: 65.93 % C, 6.30 % H, 6.41 % N; found: 65.88 % C, 6.39 % H, 6.29 % N. MS (FAB): 678 (M
YN rms inE CAUP LI L U e DAY
+ Na), 656 (M + H"), 610 (M - OEt)
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5 "-O-tert-Butyldiphenylsilyl-2", 3 "-O-(1-ethoxyethylidene)uridine (10d)

Compound 10d was prepared according to Method B from 5°-O-tert-butyldiphenylsilyluridine' (2.2 g, 4.5
mmol) and triethyl orthoacetate. Yield 2.24 g (90 %, 56 % of S-epimer). For C,,H;,N,0,Si (552.7) calculated:
63.02 % C, 6.57 % H, 5.07 % N; found: 62.38 % C, 6.27 % H, 4.73 % N. MS (FAB): 507 (M - OEt).

5 -O-tert-Butyldiphenylsilyl-2", 3°-O-(1-ethoxyethylidene)-5-methyluridine (10e)
Compound 10e was prepared according to Method B from 5°-O-tert-butyldiphenylsilyl-5-methyluridine'
(2.0 g, 4.0 mmol) and triethyl orthoacetate. Yield 1.80 g (80 %, 57 % of S-epimer). For C;;H;,N,0.Si (566.7)

calcu I ated: 63.58 % C, 6.76 % H, 4.94 % N; found: 63 79%C,6.81 % H, 472 %N.MS (FAB): 521 (M - OEt
6-N-Benzoyl-5"-O-tert-butyldiphenylsilyl-2 ", 3 "-O-(1-ethoxy- I -phenylmethylene)adenosine (11a)

Compound 11a was prepared according to Method B from 6-N-benzoyi-5'-O-tert-butyldiphenyisilyi-
adenosine'™"? (6.1 g, 10.0 mmol) and triethyl orthobenzoate. Yield 7.0 g (94 %, 55 % of S-epimer). For
C,H3NsOS1 (741.9) calculated: 67.99 % C, 5.84 % H, 9.44 % N; found: 67.86 % C, 6.02 % H, 8.87 % N. MS
(FAB): 764 (M + Na), 742 (M + H"), 694 (M - OE).

2-N-Benzoyl-5"-O-tert-butyldiphenylsilyl-2", 3 *-O-(1-ethoxy- I -phenylmethylene)guanosine (11b)

Compound 11b was prepared according to Method B from 2-N-benzoyl-5'-O-tert-butyldiphenylsilyl-
guanosine'®"? (3.13 g, (5.0 mmol) and triethyl orthobenzoate. Yield 3.01 g (79 %, 55 % of S-epimer). For
C,H;N,O,Si (757.9) calculated: 66.56 % C, 5.72 % H, 9.24 % N; found: 65.83 % C, 5.67 % H, 9.07 % N. MS
(FAB): 758 (M + H"), 712 ( M - OEt).

o kaYal H 170 MNronaro ;] {¥ . - =hoa =! = |“knﬂ‘llﬂ.“ll_
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cytidine'™"? (2.93 g, 5.0 mmol) and triethyl orthobenzoate. Yield 2.76 g (77 %, 55 % of S-epimer. For
T M Qo N malaiilatad: 20 N0/ M £ NAQ/ T £ 08 0/ N, £-2n 3. £77 0770/ ™ £ NO 0O/ IT £ 777 0/ W] 2 AQ
C,H,;;N;0,Si (717.9) calculated: 68.60 % C, 6.04 % H, 5.85 % N; found: 67.87 % C, 6.08 % H, 5.73 % N. MS

7
(FAB): 672 (M -0

5°-O-tert-Butyldiphenylsilyl-2", 3 -O-(1-ethoxy-1-phenylmethylene)uridine (11d)

Compound 11d was prepared according to Method B from 5°-O-tert-butyldiphenylsilyluridine'” (2.4 g, 5.0
mmol) and tricthyl orthobenzoate. Yield 2.09 g (68 %, 55 % of S-epimer). For C,,H;;N,0,Si (614.8) calculated:
66.43 % C, 6.23 % H, 4.56 % N; found: 66.27 % C, 6.43 % H, 4.19 % N. MS (FAB): 569 (M - OEt).

5°-O-tert-Butyldiphenylsilyl-2", 3 -O-(1-ethoxy- I-phenylmethylene)-5-methyluridine (11e)

Compound 11e was prepared according to Method B from 5’-O-tert-butyldiphenylsilyl-5-methyluridine'
(2.5 g, 5.0 mmol) and triethyl orthobenzoate. Yield 1.77 g (56 %, 55 % of S-epimer). For C;;H,,N,0,Si (628.8)
calculated: 66.86 % C, 6.41 % H, 4.46 % N; found: 66.86 % C, 6.55 % H, 4.26 % N, MS (FAR\ 583 (M OFT\
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Benzoyl cyamde (650 mg, 5 mmol) and triethylamine (0.14 ml, 1 mmol) was added to the solution of

< . A i3 S T S SO A
6-N-benzoyi-2',3’-O-methoxymethyleneadenosine” (12, 1.65 g, 4 mmol) in du,h loromethane (10 ml), and the
c

~

mixture was stirred at room temperamre 40 min under exclusion of moisture. The

D

ourse of the reaction was

checked by TLC in the system C-1. The reaction was quenched by absolute methanol (5 mi) and concentrated
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under diminished pressure. The residue was dissolved in chloroform (200 ml) and extracted with water (3 x 100
ml). The organic layer was dried over anhydrous magnesium sulfate and the solvent was evaporated.
Chromatography on silica gel (elution with gradient of 0-50% acetone in toluenue, 0.1% triethylamine) afforded
1.70 g (65 %, 63 % of R-epimer) of compound 13. For C,H,,N,0, (517.5) calculated: 60.35 % C, 4.48 % H, 13.53
% N; found: 59.17 % C, 4.47 % H, 13.17 % N. MS (FAB): 540 (M + Na), 518 (M + H"), 486 (M - OMe).

6-N-Benzoyl-2',3"-O-(2-bromo-1-ethoxyethylidene)-5"-O-tert-butyldiphenylsilyladenosine (17a)
Compound 17a was prepared according to Method B from 6-N-benzoyl-5"-QO-tert-butyldip

henylsilyl-
adenosine'""? (6.1 g, 10.0 mmol) and triethyl orthobro etate’ . Yield 7.43 g (98 %, 70 % of S- epim&). For
C37H4OBI’NSOGS! 758.7) calculated: 58.57% C, 531 % H 9.2 % N; found: 58. 19 % C,536%H, 8.72 % N. MS
(FAB): 780, 782 (M + Na), 758, 760 (M + H").
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2",3°-0-(2-Bromo-1-ethoxyethylidene)-5 -O-tert-butyldiphenylsilyl-5-methyluridine (17e)

Compound 17e was prepared according to Method B from 5°-O-ieri-butyldiphenyisilyl-5-methyluridine'
(6.75 g, 13.6 mmol) and triethyl orthobromoacetate'”. Yield 7.04 g (80 %, 58 % of S-epimer). For C,,H,,BrN,0,Si
(645.6) calculated: 55.81 % C, 5.78 % H, 4.34 % N; found: 55.83 % C, 5.84 % H, 3.90 % N. MS (FAB): 667, 669

(M + Na), 645, 647 (M + H"), 599, 601 (M - OEY).

3-N-Benzyloxymethyl-2',3 "-O-(2-bromo-1-ethoxyethylidene)-5 -O-tert-butyldiphenylsilyl-5-methyluridine (171)

Benzylchloromethy! ether (1.3 ml, 9 mmol) and DBU (1.8 ml, 12 mmol) was added to the solution of
bromoethylidene derivate 17e (3.9 g, 6.0 mmol) in acetonitrile (50 ml) at 0 °C. The mixture was left aside for 24
hrs at room temperature under exclusion of moisture. The course of the reaction was checked by TLC in the system

. The excess of the reagent was destroyed by absolute methanol (10 ml) and the mixture was concentrated

S 0
). The chloroform laver was dried over maonesium sulfate and
). ing chiorelo arieq over magnest suliate a
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Chromatography on silica gel (elution with gradient of 0-5 % acetone in toluene) afforded 4.30 g (93 %, 63 % of
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6-N-Benzoyl-5 "-O-tert-butyldiphenylsilyl-2 ", 3 -O-diethylphosphonomethyleneadenosine (18a)

Compound 18a was prepared according to Method C (20°C to b.p. of acetonitrile) from the
ethoxymethylene derivative 9a (19.8 g, 30 mmol). Yield 20.74 g (91 %, 75 % of S-epimer). For C;;H,,N;O,PSi
(757.9) calculated: 60.22 % C, 5.85 % H, 9.24 % N; found: 59.33 % C, 5.82 % H, 8.99 % N. MS (FAB): 758 (M
+H"), 620 (M - P(O)(OEL),).

2-N-Benzoyl-5'-O-tert-butyldiphenylsilyl-2°, 3 -O-diethylphosphonomethyleneguanosine (18b)
Compound 18b was prepared according to Method C (20 °C) from the ethoxymethylene derivative 9b (5.1

g 7.5 mmol). Yield 3.65 g (63 %, 64 % of S-epimer). For C3H,,N;O,PSi (773.9) calculated: 58.98 % C, 5.73 %
H, 9.05 % N; found: 58.76 % C, 5.75 % H, 8.58 % N. MS (FAB): 774 (M + H"), 636 (M - P(O)(OLt),).

4-N-Benzoyl-5-O-tert-butyldiphenylsilyl-2°, 3 "-O-diethylphosphonomethylenecytidine (18c¢)
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5’-O-tert-Butyldiphenyisilyl-2’, 3 "-O-diethylphosphonomethyleneuridine (18d)

Compound 18d was prepared according to Method C (20 °C) from the ethoxymethylene derivative 9d
(3.62 g, 6.2 mmol). Yield 2.04 g (74 %, 71 % of S-epimer). For C,;H,,N,O,PSi (630.7) calculated: 57.13 % C, 6.23
% H, 4.44 % N; found: 56.38 % C, 6.23 % H, 4.45 % N. MS (FAB): 642 (M + Na), 631 (M + H"), 493 (M -
P(O)(OE),).

57-O-tert-Butyldiphenylsilyl- iethylphosphonomethylene-5-methyluridine (18e)

Compound 18e was prepared according to Method C (0 to 20 °C) from th, ethoxymethylene derivative
Qe (223 o 4.0 mmsl). YVield 2.01 o (74 %, 74 % of S-enimer). For C. 1. NLO PS;i (644 T\ caleulated: §7 75 07
AN LT 5y TV ALUAIVLJe A AVAN L UL g 7T AUy 7T /U VLTIV Jo 1 UL LgLlig i Ul DL VT ) valvuLailLL J 7.0 0 /o,
LEAT 0L IT A 24 0/ Nle Frvread- 8T LT 0L (Y LA 2704 1T AND1T 0N AMQMADN. £ALS (AA 1 TTTY SNT /AA DM N
VAL 70 11, .07 /70 1N, 1UUIILL. V707 70y V.07 7011, .21 70 IN. VIO \'AAD). UF0 (VDI T 11 }, JU/ \lV.l - r\U)\UEL)zj
6-N-Benzoyl-5"-O-tert-butyldiphenyisilyl-2", 3 "-O-(1-diethylphosphonoethylidene)adenosine (19a)

Compound 19a was prepared accordmg to Method C (20 °C) from the ethoxyethylidene derivative 10a
(0.67 g, 0.98 mmol). Yield 0.75 g (98 %, 91 % of S-epimer). For C,;H,(N,O4PSi (771.9) calculated: 60.69 % C,
6.01 % H, 9.07 % N; found: 60.58 % C, 5.94 % H., 8.74 % N. MS (FAB): 772 (M + H"), 634 (M - P(O)(OEt),).

2-N-Benzoyl-5'-O-tert-butyldiphenylsilyl-2", 3 -O-(1-diethylphosphonoethylidene)guanosine (19b)
Compound 19b was prepared according to Method C (0 to 20 °C) from the ethoxyethylidene derivative
10b (2.13 g, 3.1 mmol). Yield 2.00 g (83 %, 91 % of S-epimer). For C;;H,N.O,PSi (787.9) calculated: 59.45 %

SRR A=Y By Y0t = SRS & AR iV e ulated

C, 5.88 % H, 8.89 % N; found: 59.45 % C, 5.97 % H, 8.44 % N. MS (FAB): 810 (M + Na), 788 (M + H"), 650
N - DIONWOYER )
\.lV.l 1 \U}\Ul./l}2}-
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4-N-Benzoyl-5"-O-teri-buiyldiphenylsilyl-2", 3 "-O-(1-diethylphosphonoethylidene)cytidine (19¢)

Compound 19¢ was prepared according to Method C (0 to 20 °C) from the ethoxyethylidene derivative
10c (2.09 g, 3.16 mmol). Yield 1.56 g (66 %, 89 % of S-epimer). For C,iH (N,O,PSi (747.9) calculated: 61.03 %
C, 6.20 % H, 5.62 % N; found: 60.70 % C, 6.27 % H, 5.44 % N. MS (FAB): 770 (M + Na), 748 (M + H"), 610

(M - P(O)(OED),).

5 -O-tert-Butyldiphenylsilyl-2', 3 "-O-(1-diethylphosphonoethylidene)uridine (19d)
Compound 19d was prepared according to Method C (-40 to 20 °C) from the ethoxyethylidene derivative

10d (0.64 g, 1.16 mmol). Yield 0.54 g (72 %, 89 % of S-epimer). For C;; H,;N,O,4P$ Si (644.7) calculated: 57.75 %
C,6.41 % H, 434 %N; found: 58.09% C, 647 % H, 4.18 % N. MS (FAB): 667 (M + Na), 645 (M + H"), 507
N DIOVOTR
\JVl -1 \U}\\Il 1|.}2}.
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5°-O-tert-Butyldiphenylsilyl-2 ", 3 "-O-(1-diethylphosphonoethylidene)-5-methyluridine (19¢)

Compound 19e was prepared according to Method C (-40 to 20 °C) from the ethoxyethylidene derivative
10e (1.47 g, 2.6 mmol). Yield 1.34 g (78 %, 89 % of S-epimer). For C;,H,;N,O,PSi (658.8) calculated: 58.34 %
C, 6.58 % H, 4.25 % N; found: 58.81 % C, 6.66 % H, 4.15 % N. MS (FAB): 681 (M + Na), 659 (M + H"), 521
(M - P(O)(OE),).
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3-N-Benzyloxymethyl-5 -O-tert-butyldiphenylsilyl-2 ", 3 -O-(1-diethylphosphonoethylidene)-3-methyluridine (19f)

Compound 19f was obtained according to Method C (-40 to 20 °C) from the 2-bromoethylidene derivative
171 (0.38 g, 0.5 mmol) and 4 equivalents of diethyl chlorophosphite. Chromatography on silica gel (elution with
gradient of 0-5% acetone in toluene) and on reverse phase (elution with linear gradient of methanol in water)
afforded 0.03 g (8 %, 80 % of S-epimer). For C,;Hs;N,0,,PSi (778.9) calculated: 61.68 % C, 6.60 % H, 3.60 %
N; found: 61.34 % C, 6.28 % H, 3.66 % N. MS (FAB): 779 (M + H"), 641 (M - P(O)(OE),).

6-N-Benzoyl-5"-O-tert-butyldiphenylsilyl-2°, 3 '-O-(1-diethylphosphono- 1 -phenylmethylene)adenosine (20a)

Compound 20a was prepared according to Method C (20 °C) from the ethoxyphenylmethylene derivative
11a (2.6 g, 3.5 mmol). Yield 2.90 g (96 %, 91 % of S-epimer). For C,,H,;N;O4PSi (834.0) calculated: 63.37 %
C, 5.80 % H, 8.40 % N; found: 63.20 % C, 5.75 % H, 7.98 % N. MS (FAB): 856 (M + Na), 834 (M + H"), 696
(M - P(O)(OEL),).

2-N-Benzoyl-5"-O-tert-butyldiphenylsilyl-2", 3 "-O-(1-diethylphosphono- 1 -phenylmethylene)guanosine (20b)

Compound 20b was prepared according to Method C (0 to 20 °C) from the ethoxyphenylmethylene
derivative 11b (2.78 g, 3.67 mmol). Yield 2.41 g (77 %, 80 % of S-epimer). For C,,H,,N;O,PSi (850.0) calculated:
62.18 % C, 5.69 % H, 8.24 % N; found: 61.72 % C, 5.75 % H, 8.00 % N. MS (FAB): 872 (M + Na), 810 (M +
H"), 712 (M - P(O)(OEt),).

4-N-Benzoyl-5'-O-tert-butyldiphenylsilyl-2°, 3 -O-(1-diethylphosphono-1-phenylmethylene)cytidine (20c)

Compound 20c¢ was prepared according to Method C (0 to 20 °C) from the ethoxyphenylmethylene
derivative 11¢ (2.28 g, 3.17 mmol). Yield 2.37 g (91 %, 89 % of S-epimer). For C,;H,N,0O,PSi (809.9) calculated:
63.77 % C, 5.97 % H, 5.19 % N; found: 63.90 % C, 5.89 % H, 5.19 % N. MS (FAB): 832 (M + Na), 810 (M +
H"), 672 (M - P(O)(OEt),).

5 -O-tert-Butyldiphenylsilyl-2", 3 "-O-(1-diethylphosphono- 1 -phenylmethylene)uridine (20d)

Compound 20d was prepared according to Method C (-40 to 20 °C) from the ethoxyphenylmethylene
derivative 11d (1.8 g, 2.9 mmol). Yield 1.75 g (85 %, 91 % of S-epimer). For C;H,;N,0,PSi (706.8) calculated:
61.18 % C, 6.13 % H, 3.96 % N; found: 60.88 % C, 6.17 % H, 3.92 % N. MS (FAB): 729 (M + Na), 569 (M -
P(O)(OEY),).

5°-O-tert-Butyldiphenylsilyl-2", 3 "-O-(1-diethylphosphono- I -phenylmethylene)- 5-methyluridine (20e)

Compound 20e was prepared according to Method C (-40 to 20 °C) from the ethoxyphenylmethylene
derivative 11e (0.74 g, 1.18 mmol). Yield 0.84 g (84 %, 86 % of S-epimer). For C,,H,;N,0,PSi (720.8) calculated.:
61.65 % C, 6.29 % H, 3.89 % N; found: 61.41 % C, 6.16 % H, 3.77 % N. MS (FAB): 743 (M + Na), 583 (M -
P(O)(OE),).

6-N, 3 -O-Dibenzoyl-2',3 -O-diethylphosphnomethyleneadenosine (21)

Compound 21 was prepared according to Method C (20 to 50 °C) from the methoxymethylene derivative
13 (0.60 g, 1.16 mmol). Yield 0.41 g (57 %, 75 % of S-epimer). For C,0H;,N,O,,P (623.6) calculated: 55.86 % C,
4.85%H, 11.23 % N; found: MS (FAB): 624 (M + H"), 486 (M - P(O)(OEt),).
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(R) 6-N-Benzoyi-2°, 3 -O-diethyiphosphonomethylencadenosine (22R)
(S)-6-N-Benzoyl-2", 3 "-O-diethylphosphonomethyleneadenosine (22.5)

Compounds 22R and 22 were prepared according to Method G from the phosphonate 18a (17.7 g, 23.4
mmol). Chomatography on silica gel (elution with chloroform, 0.1% TEA) afforded 2.8 g (23 %) of faster
compound 22R, and 7.6 (62 %) of slower compound 22S. MS (FAB): 542 (M + Na), 520 (M + H"), 382 (M -
P(O)(OEt),).

6-N-Benzoyl-2',3°-0-(2-benzyloxycarbonylamino- 1 -diethylphosphonoethylidene)-5 -O-tert-butyldiphenylsilyl-

daene) i uyl
adenogine (23)
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for 15 hrs at room temperaiure. The orthoester 14, isolated by silicagel chromatography in a yieid of 1.04 g (63
%), was subsequently converted into the phosphonate 23 according to Method C (20 °C, 4 equivalents of diethyl
chlorophosphite). Yield 0.92 g (80 %, 95 % of S-epimer). MS (FAB): For C,,H;N,0,,PSi (920.333009) found:
921.340834 (M + H").

6-N-Benzoyl-2',3 "-O-(1-diethylphosphono-2-trifluoroacetylaminoethylidene)-5 -O-tert-butyldiphenylsilyl-
adenosine (25)

Compound 23 (0.92 g, 1.0 mmol) in the mixture of ethanol-acetic acid (20 ml, 4:1, v/v) was hydrogenated
i e

(15 p.si) for 15 hrs in the presence of 10% Pd on charcoal (0.10 g). The course of the hydrogenation was checked
by TLC in system C-1. The catalyst was removed by filtration through Celite, the filtrate was concentrated under
Aiminichad nraconira and nilv recidne wace rnevannrataed thraa timece with talenas ta ramava trannce nf anatis anid
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42 g, 10 mmot) for 20 hirs at room temperature. Chromatography on silica gei (elution with gradient of 0-10%

\C)

ethanol in chioroform) afforded the N-trifiuoroacetyl derivative 25. Yieid 0.52 g (59 %,
(FAB): For C, H,F;N,O,PSi (882.278529) found: 883.286354 (M + H").

4 % of S-epimer). MS

6-N-Benzoyl-2",3 "-O-(2-benzoyloxy- 1 -diethylphosphonoethylidene)-5 -O-tert-butyldiphenylsilyladenosine (26)

A solution of benzoyloxyacetonitrile’ (51.5 g, 320 mmol) in a mixture of dry methanol (16 ml, 384 mmol)
and diethyl ether (300 ml) was saturated with gaseous hydrogen chloride for 30 min at 0 °C, and the mixture was
then left aside for 20 hrs at room temperature under exclusion of moisture. Crystalline methyl
3-benzoyloxyacetimidate hvdrochloride was filtered off, washed with dry diethyl ether (3 1), and dried in vacuo

gver potassium hydroxide. Imino ester (64.3 g, 280 mmol) was then suspended in abhsolute methanol (150 ml) and
drv diethv] ether (40 mD). and the mixture wag heated at 40 °C for 16 hrs under exclusion of moisture. The
iy Gikul)y: U5y May, Qi a0 IGIXIRIC Was Gl ar 5 WIIGCT CACIUSION O IMNOISWUIC. i<
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toluene (3 x 200 mi). The obtained crude trimethyi 2-benzoyioxyorthoacetate was used for the subsequent reaction
directly without additional purification. The treatment of 6-N-benzoyi-5"-O-tert-butyidiphenyisilyladenosine
1212(3 05 g, 5.0 mmol) and the crude trimethyl 3-benzoyloxyorthopropionate (2 g) in dichloromethane (50 ml) with
HCI in DMF according to the procedure described for compound 23 afforded 2.12 g (54 %)of 2-benzoyloxy-
-1-methoxyethylidene derivative 15. The conversion of the orthoester 15 (2.09 g, 2.66 mmol) into the phosphonate
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6-N-Benzoyl-2',3-O-(3-benzoyloxy- I-diethylphosphonopropylidene)-5 "-O-tert-butyldiphenylsilyladenosine (27)

Benzoylchloride (127 ml, 1.1 mol) was added dropwise at 0°C within 3 hrs to the stirred mixture of freshly
distilled 2-cyanoethanol (68 ml, 1 mol) and pyridine (97 ml, 1.2 mol) in THF (200 ml). The suspension was stirred
for 20 hrs at room temperature under exclusion of moisture. The excess of benzoylchloride was destroyed by abso-
lute methanol (10 ml), and pyridinium hydrochloride was filtered off. The filtrate was concentrated under
diminished pressure, the residue was dissolved in diethyl ether (500 ml) and extracted with water (3 x 300 ml).
The ether layer was dried over anhydrous magnesium sulfate, concentrated under diminished pressure, and
codistilled with dry toluene (3 x 100 ml). The solution of the crude 3-benzoyloxypropionitrile in a mixture of dry
methanol (50 ml,1.2 mol) and diethyl ether (500 ml) was saturated with gaseous hydrogen chloride for 30 min at

=

0 °C, and then was left aside for 20 hrs at room temperature under exclusion o

e was filtered off. washed with dry diethyl ether 3 1)

3-benzovloxypropioimidate hydrochloride was filtered off, washed with dry diethyl eth , and dr
potassium hydroxide. Hydrochloride (64.3 g, 280 mmol) was then suspended in absolute methanol (150 ml) and
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carbonate (300 ml), and extracted with diethyl ether (500 ml). The ether layer was washed with water (300 ml),
dried over anhydrous magnesium sulfate, and codistilled with dry toluene (3 x 200 ml). The treatment of
6-N-benzoyl-5"-O-tert-butyldiphenylisilyladenosine!*!® (.23 g, 2.0 mmol) and the crude trimethyl 3-benzoyloxy-
orthopropionate (2 g) in dichloromethane (50 ml) with HCI in DMF according to the method described for
compound 23 afforded 0.71 g (44 %) of 3-benzoyloxy-1-methoxypropylidene derivative 16. The orthoester 16
(0.71 g, 0.89 mmol) was then converted according to Method C (20 °C, 4 equiv. of diethyl chlorophosphite) to
the phosphonate 27. Yield 0.31g (38 %, 91 % of S-epimer). MS (FAB): For C,;H,,N;O,,PSi (905.322110) found:

906.329935 (M + H").

(S)-6-N-Benzoyl-2",3"-0-(2-bromo-1-diethylphosphonoethylidene)-5 "-O-tert-butyldiphenylsilyladenosine (28aS)
Compound 28aS$ was prepared according to Method C (20 °C) from the 2-bromoethylidene derivative

17a (0.38 g, 0.5 mmol) and 6 equivalents of diethyl chlorophosphite. Chromatography on silica gel (elution with
£ [+)
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(S)-2°,3-O-(2-Bromo-1-diethylphosphonoethylidene)-5 - O-tert-butyldiphenylsilyl-5-methyluridine (28¢S)
Compound 28eS was prepared according to Method C (-40 to 20 °C) from the derivative 17e (3.9 g, 6.0
mmol). Chromatography on silica gel (elution with gradient of 0-10% acetone in toluene) and on reverse phase
(elution with linear gradient of methanol in water) afforded 2.31 g (52 %). For C;,H,,BrN,O,PSi (737.7)
calculated: 52.10 % C, 5.74 % H, 3.80 % N; found: 51.86 % C, 5.76 % H, 3.75 % N. MS (FAB): 759, 761 (M +

Na), 737, 739 (M + H"), 599, 601 (M - P(O)(OEL),).
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3-N-Benzyloxymethyl-2',3’-O-(2-bromo- 1-diethylphosphonoethylidene)-5 "-O-tert-butyldiphenylsilyl-5-methyi-
uridine (28f)

Compound 28f was prepared according to Method C (-40 to 20 °C) from the 2-bromoethylidene
derivative 17f (0.38 g, 0.5 mmol) and 4 equivalents of diethyl chlorophosphite. Chromatography on silica gel
(elution with gradient of 0-5% acetone in toluene) and on reverse phase (elution with linear gradient of methanol
in water) afforded 0.04 g (10 %, 82 % of S-epimer). For C,,H;,BrN,O,,PSi (857.8) calculated: 56.01 % C, 5.88
% H, 3.27 % N; found: 56.16 % C, 6.15 % H, 3.10 % N. MS (FAB): 857, 859 (M + H"), 719, 721 (M -
P(O)OEY),).

(S)-6-N-Benzoyl-5'-O-tert-butvldiphenylsilyl-2°, 3 -O-(1-diethylphosphono-2-chloroethylidene)adenosin
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(8)-2",3-O-Phosphonomethyleneadenosine (30aS)

Compound 30aS was prepared according to Method D and F from the desilylated S-phosphonate 228 (0.52
g, 1.0 mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with
linear gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on
Dowex 50 x 2 (Na" form). Freeze-drying afforded 0.30 g (79 %) of sodium salt of compound 30aS. MS (FAB):
382 (M +Na), 360 (M + H"), 279 (M - P(O)(OH),). N/P: calculated: 5.00; found: 4.21.

Compound 30aR was prepared in the same manner as the compound 30aS$, from the desilylated
4} v
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2°,3"-O-Phosphonomethyleneguanosine (30b)

Compound 30b was prepared according to Method D , E, and G from the phosphonate 18b (2.68 g, 3.46
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
50 x 2 (Na" form). Freeze-drying afforded 0.89 g (65 %, 60 % of S-epimer) of sodium salt of compound 30b. MS
(FAB): 398 (M + Na), 376 (M + H"). N/P: calculated: 5.00; found: 4.99.

(R)-2",3°-O-Phosphonomethylenecytidine (30cR)
Compound 30cR was prepared according to Method D, E, and G from the phosphonate 18¢ (1.35 g, 1.8
ol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO;™ form, elution with linear

gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
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CoHN;O4P (335.2) calculated: 35.83 % C, 4.21 % H, 12.54 % N; found: 35.98 % C, 4.19 % H, 12.52 % N. MS

STTATIN, VVL /RA L TTH

(FAB): 336 (M +H").

2,3 "-O-Phosphonomethyleneuridine (30d)

Compound 30d was prepared according to Method D and G from the phosphonate 18d (1.6 g, 2.5 mmol).
The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO,  form, elution with linear gradient
of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex 50 x 2
(Na™ form). Freeze-drying afforded 0.72 g (80 %, 75 % of S-epimer) of sodium salt of compound 30d.MS (FAB):
359 (M + Na), 337 (M + Na"), 255 (M - P(O)(OH),). N/P: calculated: 2.00; found: 1.71.

2,3 "-O-Phosphonomethylene-5-methyluridine (30e)
Compound 30e was prepared according to Method D and G from the phosphonate 18e (1.7 g, 2.6 mmol).
ad ith |

The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear gradient
of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex 50 x 2
(Na" form). Freeze-drying afforded 0.84 g (85 %, 75 % of S’=epimer} of sodium salt of compound 30e. MS (FAB):
373 (M + Na), 351(M + H"), 269 (M - P(O)(OH),). N/P: calculated: 2.00; found: 2.12

(8)-2",3"-0-(1-Phosphonoethylidene)adenosine (31aS)

Compound 31aS was prepared according to Method D , F, and G from the phosphonate 19a (0.8 g, 1.5
mmol). Yield 0.53 g (89 %) of sodium salt of compound 31aS. MS (FAB): 396 (M + Na), 374 (M + H"). N/P:
calculated: 5.00; found: 4.71.

(8)-2",37-0-(1-Phosphonoethylidene)guanosine (31bS)

Compound 31bS was prepared according to Method D , F, and G from the phosphonate 19b (0.79 g, 1.0
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO, form, elution with linear
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
50 x 2 (Na" form). Freeze-drying afforded 0.33 g (80 %) of sodium salt of compound 31bS. MS (FAB): 412 (M
+Na), 390 (M + H"). N/P: calculated: 5.00; found: 4.62.

1c was prepared according to Method D , F, and G from the phosphonate 19¢ (1.17 g, 1.56

O
S
g
-
S
E
.
w

s e [« vy N TYXNMN

mm01) Lne ootamea cruae leprﬂUIUL« auu was p‘urulcu on UD/‘\F acpuducx (HLU:;- lOiTﬁ CIULIUH Wllﬂ um.dr
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium sait on Dowex
50 x 2 (Na* form). Freeze-drying afforded 0.44 g (76 %, 90 % of S-epimer) of sodium salt of compound 31¢. MS
(FAB): 372 (M + Na), 350 (M + H"). N/P: calculated: 3.00; found: 2.60.

2,3°-O-(1-Phosphonoethylidene)uridine (31d)

Compound 31d was prepared according to Method D and G from the phosphonate 19d (0.80 g, 1.50
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
50 x 2 (Na” form). Freeze-drying afforded 0.16 g (72 %, 88 % of S-epimer) of sodium salt of compound 31d. MS
(FAB): 373 (M + Na), 351 (M + H"). N/P: calculated: 2.00; found: 1.99.

fu—
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2',3°-0-(1-Phosphonoethylidene)-5-methyluridine (31e)

Compound 31e was prepared according to Method D and G from the phosphonate 19¢ (0.75 g, 1.14
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO, form, elution with linear
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
50 x 2 (Na' form). Freeze-drying afforded 0.33 g (72 %, 88 % of S-epimer) of sodium salt of compound 31e. MS
(FAB): 387 (M + Na), 365 (M + H"). N/P: calculated: 2.00; found: 1.86.

27,3 °-Q-(1-Phenyl-1-phosphonomethylene)adenosine (32a)
Compound 32a was prepared according to Method D , E, and G from the phosphonate 20a (1.25 g, 1.50
mol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear

SEEEEE RS 27T r e - nliaud -

gradient of 0-0.2M triethylammoniu hvdr

O )
gradient o .2M triethylammonium hydrogen carbonate in water) an wverted into the sodium salt on Dowex
50 x 2 (Na" form). Freeze-drying afforded 0.51 g (74 %, 91 % of S-epimer) of sodium salt of compound 32a. MS
CADY. ASQ /MM L N A2 MA L LI 28A /NA _DIONWNIIY Y N/D. anlaladéad. £ NN Fasrnde A QL
(FAD) 420 (VL 7 NG ), 420 iVl 7 11 j, 35% (V1 - D\U \UILljp). IN/r? CaiCliatea: J.vv; 10uld: 4.50

2',3"-O-(1-Phenyi-i-phosphonomethylene)guanosine (32b)

Compound 32b was prepared according to Method D , E, and G from the phosphonate 20b (1.80 g, 2.1
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO, form, elution with linear
gradient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex
50 x 2 (Na" form). Freeze-drying afforded 0.63 g (63 %, 78 % of S-epimer) of sodium salt of compound 32b. MS
(FAB): 474 (M + Na), 452 (M + H"), 370 (M - P(O)(OH),). N/P: calculated: 5.00; found: 4.96.

27.3°-0-(1-Phenyl-1-phosphonomethylene)cytidine (32¢)
Compound 32¢ was prepared according to Method D , E, and G from the phosphonate 20¢ (1.93 g, 2.4
mmol). The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear

adient of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex

QIR LUV LAl UVLAALL AL W A VATIAVAEL LR 220

9

wn

A T R Y ViNawAL a7 m (U RV N

(FAB): 434 (M + Na), 330 (M - P(O)(OH),). N/P; calculated: 3.00; found: 2.56.

N v 2 Na' form) Freeze-drving afforded 0. 89 o (85 %. 86 % of S-enimer) of sodium salt of com
VA 4L iva aUKing. i Qaii /G, OV /0 ~ig UL SO Stay Ui LU

2’,3"-O-(1-Phenyl-1-phosphonomethylene)uridine (32d)

Compound 32d was prepared according to Method D and G from the phosphonate 20d (1.22 g, 1.7 mmol).
The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO, form, elution with linear gradient
of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex 50 x 2
(Na“ form). Freeze-drying afforded 0.43 g (58 %, 85 % of S-epimer) of sodium salt of compound 32d. MS (FAB):

435 (M + Na), 413 (M + H"), 331 (M - P(O)(OH),). N/P: calculated: 2.00; found: 1.94.

2°,3°-0-(1-Phenyl-1-phosphonomethylene)-5-methyluridine (32e)

Compound 32e was prepared according to Method D and G from the phosphonate 20e (0.61g, 0.85 mmol).
The obtained crude phosphonic acid was purified on DEAE Sephadex (HCO; form, elution with linear gradient
of 0-0.2M triethylammonium hydrogen carbonate in water) and converted into the sodium salt on Dowex 50 x 2
eeze-drying afforded 0.09 g (24 %, 71 % of S-epimer) of sodium salt of compound 32e. MS (FAB):

H)L). N/P: calculated: 2.00; found: 1.99.

Na' form). Y
s [=4

345 (M - P(OXOH),). N/ 00: foun

345 (M - P(O)(OH),). N/P; calculated: 2.00;

(N, 0 T
AN
449 (M + Na)

¥
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(8)-2°,3 -O-(2-Bromo-1-einyiphosphonoeinylidene)-5 '-O-ieri-butyidiphenyisiiyi-5-meihyiuridine (385)

Potassium #-butoxide (0.09 g, 0.80 mmol) was added to the solution of the 2-bromoethylidene derivate
28¢5 (0.30 g, 0.40 mmol) in THF (5 ml) at 0 °C. The mixture was stirred 1 h at 0 °C under exclusion of moisture,
and was deionized on Dowex 50 x 2 (H' form) in acetone. Chromatography on silica gel (elution with gradient
of H-3 in ethyl acetate) afforded 0.16 g (56 %) of monoester 38S. MS (FAB): 709, 711 (M + H"). N/P: calculated:
2.00; found: 2.11.

'HNMR: 11.38 s, 1H (NH); 7.65-7.60 m, 4H (aroml]); 7.58 q, 1H, J(6,CH,) = 1.2 (H-6); 7.48-7.35 m, 6H
(aromH); 5.88 d, 1H, J(1',2") = 2.6 (H-1"); 5.16 dd, 1H, J(2',1") = 2.6, J(2',3") = 6.8 (H-2'); 5.04 dd, 1H, J(3',2") =
6.8,J(3'4)=4.0 (H-3"); 433 m, 1H(H4";3.95d, IHa 3.91d, 1H, J(gem) = 12.5 (CH,-Br); 3.88 dd, 1H, J(5'a,4")
=4.9, J(gem) = 11.0 (H-5'a); 3.82 m, 2H (P-OCH,); 3.79 dd, 1H, J(5b,4") = 6.1, J(gem) = 11.0 (H-5'b); 1.65 d, 3H,
J(CH,,6) = 1.2 (CH,); 1.09 t, 3H, J(CH; CH,) = 7.1 (CH,); 0.98 s, 9H (t-Bu).

BC NMR: 164.03 (C-4); 150.45 (C-2); 138.29 (C-6); 135.26 (20),

\ 7

(2C), 128.13 2C) 2 128.05 (2C) (aromC); 111.62 d, }C 109,80 (C-5); 91.34 (C-1"; 85.80
&™) \&~7 i it \ 72 A ) s SOV ATy FAST (VT g, U0V
(CadN: RS 75 (CON: R2 59 (C-IN- 64 44 (C-5"Y: 60734 HC PY=A5 (P-OCY- 30 40 (C_Rr): 26 78 2 12 00 (t.Rm\-
N~ Jo ULl d N\ g SL. D \T2 S, W A\ Jy VT Ny wgd Ve (& T3 )y JITVNCTLIL J, LV iU G 1077 (LU,
16.40 d, J(C,P) = 4.0 (CH,); 11.99 (CH,)

3'P NMR: 7.19,

~ 211 A

2,2 -Anhydro-3 "-O-teri-butyidiphenyisilyi-3 '-O-ethyiphosphonoacetyi-5-methyiuridine (43)

Compound 43 was obtained as the major product from the 2-bromoethylidene phosphonate 28eS (0.74 g,
1.0 mmol) when heated with sodium azide (0.65 g, 10 mmol) in DMF (10 ml) 1 h at 130 °C. Chromatography on
silica gel (elution with 30% H-1 in H-3) afforded 0.40 g (64 %) of phosphonoacetyl derivate 43. UV spectrum
(Apax» tm): 253 (pH 2), 253 (pH 12). IR spectrum (KBr): v(C=0) ester: 1730s; v(C=0), v(C=C), v(C=N)
pyrimidone: 1671s, 1647s, 1574vs, 1486s,sh; v(ring) phenyl: 1495s, 1428 s; 6 (CH,) t-butyl: 1390m, 1363w;
v(P=0): 1239s; phenyl on Si: 1114s; v(C-O): 1106s, 1090s, 1063. MS (FAB): 651 (M + Na), 629 (M + H"). N/P:
calculated: 2.00; found: 1,93,

"H NMR: 7.83 brs, 1H (H-6); 7.51 m, 4H, 7.44 m, 2H a 7.38 m, 4H (aromH); 6.39 d, 1H, J(1',2) = 5.9
(H-1'); 5.49 brd, 1H, J(2',1") = 5.9, J(2',3") = 0.5 (H-2"); 5.40 brd, 1H, J(3',2") = 0.5, J(3',4") = 2.7 (H-3"); 4.41 ddd,
1H, J(4'3")=2.7, J(4',5'a) = 4.9, J(4',5'b) = 6.8 (H-4"); 3.73 m, 2H (P-OCH,); 3.56 dd, 1H, J(5'a,4") = 4.9, J(gem)

= 11.2 (H-5'a); 3.44 dd, 1H, J(5'b,4) = 6.8, J(gem) = 11.2 (H-5'b); 2.61 dd, 1H, J(P,CH) = 19.5, J(gem) = 12.2
(p_C a\ 257dd. 1H. XPCHY= 19273 I(apm\_l’?’)ﬂ)(*nh\ 1.76 d. 3H. XCH.6Y=1.2 ("H\ 11 ¢+ 2H
L Thiiay Ui, 113y J\1 i) LR AN N2 S RAL Jo PV My Jidy S MLV dode \N\vd® Jy .; L1 Ly SR,
WO AIINN=71/CIT-NAN ¢ O /t_ )
J\\/113,\,112} /.1 \\/1&3}, V.7V 5, 711 \LTLOUy.
BANMD. 171 870 N 101N A T/ODY—£ 0 /00— 180T 70 AN 18NN /AN 12D 20 5 172D AQ Fnsmeas
CINIVIRD 17107 {(0-2), 1071V G, J(L,I7 ) = 0.0 (L), 107,41 {(L-9), 150UV (AL ), 13£.07 A 13.4.45 (4r0m
C); 132.38 (C-6); 130.13 (2C), 128.16 (2C) a 128.13 (2C) (aromC); 117.19 (C-5); 90.26 (C-1'); 86.18 (C-4"); 85.09
(C-2Y; 75.64 (C-3%); 62.92 (C-5"); 59.36 d, J(C,P) = 5.9 (P-OC); 36.58 d, J(C,P) = 107.4 (P-C); 26.52 a 18.87
(t-Bu); 16.98 4, J(C,P )= 6.8 (CH,); 13.65 (CH,).

' P NMR: 8.27.

2,2-Anhydro-5'-O-tert-butyldiphenylsilyl-5-methyluridine (44)

The acyl compound 43 (0.10 g, 0.16 mmol) was stirred with 0.1M potassium hydroxide in 50% water
dioxane (5 ml, 0.5 mmol) at room temperature 20 min. The course of the reaction was checked by TLC in system
H-3. The mixture was neutralized with dry CO, and concentrated under diminished pressure. Chromatography on
silica gel (elution with 10% ethanol in ethyl acetate) afforded 0.05 g (65 %) of the anhydro derivative 44. UV
spectrum (A,,,., nm): 253 (pH 2), 253 (pH 12). MS (FAB): 479 (M + H").
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ATRAD . 70N ~ 1YY V(L NTT N - 17 IY £, ™ S5 " AD . ATTY _ 7 AL N A Y Vs YT, -~ A~ &t 17T

rNIVIRD /.0U (, 111, JO,LI13) = 1.2 (11-0); /.00-/.40 I, 411 a /.4>-/.34 m, oH {(aromH); 6.32 d, iH,

J(1',2" = 5.6 (H-1"); 6.00 d, 1H, J(OH,3") = 4.4 (3'-OH); 5.23 dd, 1H, J(2',1") = 5.6, J(2',3") = 1.5 (H-2"); 4.42 ddd,
-1-- , i = 3 4 4 (H-3"); 4.18 ddd, 1H, J(4',3") = 3.2, J(4',5'a) = 4.6, J(4',5'b) = 6.9

l

1 )=3.2,
H-5'a); 3.41 dd, 1H, J(5'b,4") = 6.9, J(gem) = 12.4 (H-5'b); 1.76
, J(CH3,6) = 1.2 (CH,), 0.91 s, 9H (t-Bu).
BC NMR: 171.66 (C-2); 159.25 (C-4); 135.15 (2C), 135.10 (2C), 132.78 a 132.61 (aromC); 132.41 (C-6);
130.12 (2C), 128.13 (2C) a 128.12 (2C) (aromC); 117.08 (C-5); 89.87 (C-1"); 88.48 (C-4"); 87.47 (C-2"; 74.30
(C-3"); 62.94 (C-5"); 26.53 a 18.90 (t-Bu); 13.64 (CH,).

1-(5-O-tert-Butyldiphenylsilyl- - D-arabinofuranosyl)thymine (45)
Compound 45 was obtained as the product from the acyl compound 43 (0.10 g,
m

in 0.1M notassium hvdroxide in 50% water dioxane (5 ml, 0.5 mmol) romatooranhv o oel {elution wit
UL L2 PpOtaaSiid .Jw..... QIR QROARDIC Q0 114, VLo NN LARINAEIAPIY 01 51 svi \Liuulll Wil
780/ othyul aratata in taliiene) affardad N ND) o (D8 0/ Af tha arahinnfiiranncul Aarivativae AE AMQ /TAT. AQ7
7J70 LUyl avvidiv 1l WWLUVIIV ) QLIVIULU V.VL 5 (&Y 70) U UiV dalauviiiviurlauusyl uvitvauve S, vio \(I'nbj. 4774
MAATTTH
Ml ).
135 %% Vi IATYY Y Yy s Y T H ~
I K (arom

(H-6); 6.04 d, 1H, . 1.6 (2'-OH); 5.53 d, 1H, J(OH,3)=4.6 (3‘ OH); 4.04
td, 1H, J(2',1) =J (2',OH)=4.6, 1(2'3) 37(H 2) 400ddd 1H, J(3',2")=3.7,J(3.,4") = 4.2, J(3',OH) = 4.6 (H-3");
3.90dd, 1H, J(5'a,4") = 4.2, J(gem) = 11.0 (H-5'a); 3.86 dd, 1H, J(5'0,4") = 5.4, J(gem) = 11.0 (H-5'b); 3.83 dt, 1H,
J(4,3) = J(4,5'3) = 4.2, J(4',5'b) = 5.4 (H-4"); 1.58 d, 3H, J(CH,,6) = 1.0 (CH,); 1.02 s, 9H (t-Bu).

BC NMR: 164.12 (C-4); 150.75 (C-2); 138.13 (C-6); 135.45 (2C), 135.40 (2C), 133.38, 133.25, 130.27,
130.28 a 128.26 (4C) (aromC); 107.66 (C-5); 84.90 (C-1"); 83.64 (C-4"); 75.85 2 75.58 (C-2' a C-3'); 63.61 (C-5";
26.91 a 19.24 (t-Bu); 12.34 (CH,).

3-N-Benzyloxymethyl-3 "-O-diethylphosphonoacetyl-5 "-O-tert-butyldiphenylsilylthymidine (51)
Chloroacetyl chlondi (0.12 ml, 1.5 mmol) and DIPEA (0.35 ml, 2.0 mmol) was added to the solution of
nratoctad thumidine 40 (0 60 o 1 0 mmal) in dichlaramethane (10 mD The mivtire wag ctirred 3} min at ranm
TOWLCIEa NYMIOINC &7 \(V.Ov g, 1.V iU 1l GiLiuOLUHNCHIANT (1 T ). 100 HLAWIC Was oulilly v N au yUGi
4nimnimmmatiang 11eadan avaliicine Af smntotiien Tha asniecn Af tha ranatian waa nrhonlbad ey TT 0 5 avgtams T_1 Tho
2 ulpCIdl C UIUCT CALVIUDIVUIL U1 111U1dLUY LG CUULIDU UL UIC 1CaLliVll vwao CIILLACU Uy 1L 11 byalclll 1-1 111
1 I SRS I 30754 1. PRSI {2 IS AN 14 PUVIpIG. RSO Sty I IR oy N IN oo 3 e
m\X“.lre was Gecomposea Uy aqition OI dDbOluLC menanoi (4 ml), auuted witn CnioroIorin (OV It ) ¢ nu exuraciea

with 10% citric acid (2 x 30 mi). The chioroform layer was dried over magnesium suifate and the soivent was e-
vaporated. Chromatography on silica gel (elution with gradient of 0-10% acetone in toluene) afforded 0.14 g (21%)
of the 3"-O-chloroacetyl derivate 50, which was heated with triethyl phosphite (0.20 ml, 1.2 mmol) in xylene (0.2
ml) 10 h at 130 °C. The mixture was diluted with water and applied to reverse phase (elution with linear gradient
of methanol in water). Chromatography afforded 0.13 g (83 %) of phosphonate 51. For: C,;H;;N,0O,,PSi (778.9)
calculated: 61.68 % C, 6.60 % H, 3.60 % N; found: 60.45 % C, 6.24 % H, 3.31 % N. MS (FAB): 779 M + H").

'HNMR: 7.63 m, 4H (aromH); 7.49 q, 1H, J(6,CH,) = 1.0 (H-6); 7.48-7.40 m, 6H a 7.34-7.23 m, SH (arom

H); 6.26 dd, 1H, J(1',2'a) = 8.3, J(1',2'b) = 6.1 (H-1"); 5.34d, 1Ha 5.33 d, 1H, J(gem) = 12.2 (N-CH,-0); 4.58 s,
2H (0O-CH,); 4.11 ddd, 1H, J(4',3") = 2.7, J(4',5'a) = 3.2, J(4',5'b) = 4.2 (H-4"); 4.06 m, 4H (P-OCH,); 3.95 dd, 1H,
J(5'a,4") = 3.2, J(gem) = 11.5 (H-5'a); 3.87 dd, 1H, J(5'b,4") = 4.2, J(gem) = 11.5 (H-5'b); 3.21 d, 2H, J(P,CH) =
112 (P-CH.):2.39ddd. 1 J(I2'2a 1N =83 . 1223V =6.1. faem)= 142 (H-2'a): 235 ddd, 1H, I(2'b.1"Y=6.1

Lol (A Sdly ), £.07 UL, 11, & Gyl Uedy v Gyl Uiy oygiin) 5L AT L G, L2020 WG, Ldd, VL Uyi g AL 39
AL AN =77 VWaam¥i= 142 21824 10 WOH AA=10CHN 125t § \L® CHY=71(CHN 107
Jla U0 ) L. dy JYECILLL) 1. L \UI=& U)J, 1.0 U, J11, J\\113,U) LUVl )y Ll by ULl JiNdigydin) F02 \dly ), 1.VL
s, 9H (t-Bu)

13N 2TR a7 172 7 1 Y /M TN LN M\, 1M 0O 76 AN, 1EN 7D /N M. 170 A4 138 AN /Y o 178 110 /1YY
CUNMK: 160.60 4, J(L,F) = 0.0 {(L=U)] 102,03 (L-9); 1DU. 73 (L~2), 130,09, 132.27 (LU }a 1535.1£1(4)
(aromC); 134.81 (C-6); 132.91, 132.40, 130.33, 130.27, 128.36 (2C), 128.23 (4C), 127.65 a 127.49 (2C) (aromC);
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10935(L Sy, 84.99 (C-1; 84. IO(L-4), 74.91 (L 31, 71.26 a /UDZ(U L), 64. lb(L, 5),()2 23 d, J(LP) 5.9
(P-OC); 36.51 (C-2'); 33.65 d, J(C,P) = 128.9 (P-C); 26.82 a 19.04 (-Bu); 16.30 d, J(C,P) = 6.8 (CH,); 12.57
(CH,). * P NMR: 20.85.
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