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Keywords

Isoxazolidine analogues of homonucleos(t)ides wsyathesized from nucleobaderivec
nitrones20a-20e (uracil, 5-fluorouracil, 5-bromouracil, thyminejenine) employing 1,8ipolal
cycloadditions with allyl alcohol as well as wittkenylphosphonates (allyl-, allyloxymethyl-
and vinyloxymethyl-and vinylphosphonate). Besides reactions with yihgbphonate ti
additions proceeded regioselectively to producetumgs of major cis and minor trans 3,5-
disubstituted isoxazolidines (d.e. 28-82%). Fronmylihosphonate up to 10% of 3,4-
disubstituted isoxazolidines was additionally proetlt Vicinal couplings, shielding effects i
2D NOE correlations were employed in configuratioressignments as well as

1,3-Dipolar cycloadditions
Nitrones

Isoxazolidines
Phosphonates
Conformational analysis
Homonucleoside analogues
Homonucleotide analogues

conformational analysis to find out preferred caonfations for several isoxazolidines anc
observe anomeric effects (pseudoaxial orientatibrpfemsphonylmethoxy groups) for the
obtained from vinyloxymethylphosphonatdone of the tested compounds were endow:
vitro with antiviral activity against a vaty of DNA and RNA viruses at subto
concentrations (up to 25M) nor exhibitedantiproliferative activity towards L1210, CEM, ¢
Hela cells (IGo == 100 pM).

2009 Elsevier Ltd. All rights reserved

1. Introduction

A significant number of antiviral and anticancer gswcan be
classified as close structural analogues of nuidess or
nucleotides. A search for new compounds has resuted
obtaining many active molecules which showed diffetexels
of similarities to natural nucleosid&3’ Modifications of a
nucleoside scaffold are practically unlimited simc# only the
sugar and nucleobase units could be altered bateaaditional
linkers within the structure of the nucleoside cearirizorporated.
A list of commonly used ribofuranoside replacerdudes 2,3'-
dideoxyfuranose, cyclopentane, cyclopentene, loRedane, 1,3-
oxathiolane, isoxazolidine rings and also acydiitites.

The idea of incorporating the isoxazolidine ringtoina
nucleoside framework as a sugar replacer, first ggeg by

transcriptase of different retrovirus€sts truncated analogués
appeared even more potent exhibiting the inhibitctivity at
concentrations in the nanomolar rangeHigh cytotoxicity
toward several cancer cell lines was observed foramalidine
nucleosides of the general formBa® On the other hand, it is
worth mentioning that the biological activity of cpounds
containing the isoxazolidine ring is not restrictedanticancer
and antiviral properties, since it was found tha&tythlso posses
antimicrobial*"*® antifungal'®** anti-inflammatory?* >
antioxidant** and insecticide activit§’, among others.

Structural modifications of nucleosides may alsfluence
stereoelectronic effects and contribute to the araneffect and
thus control a conformational behavior of the sugag and
affect the biological properties of nucleosides. isThis
exemplified by a replacement of the ring oxygenmatby a

Tronchet!! has been explored to provide several biologicallyearhon atom leading to the formation of carbangitbes®*"%

active compounds (Figure 1). A fluorouracil-contami

This modification results in a greater metaboliabdity of

isoxazolidinel was found to induce apoptosis on lymphoid and, ,cleoside analogues lacking the natWXaglycoside bond. A

monocytoid cells and at the same time showed lowteyicity."
Antiviral  nucleotides were also discovered

similar increase in stabilty can be achieved in- 1

amonghomonucleosides which are formed by insertion oftie¢hylene

: T 3 14 ;
phosphonylated isoxazolidin@s® and3** as well as among their group between the nucleobase and the sugar or sugetics as

analogues having the 1,2,3-triazole linkef While nucleotides
2 have been found to be potent inhibitors of theerse

illustrated by :homoadenosin&>*° Moreover, the biological

activity of 1-homonucleosides is also influenced by greater

OCorresponding author. Tel.: +48-42-677-92-35; fedB-42-678-83-98; e-mail: dorota.piotrowska@umest:ipl
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conformational flexibility and slightly improved plophilicity. Furthermore, *homonucleotides containing a non-
Among I-homonucleosid€5® containing five-membered rings hydrolyzable P—-C bond have been also synthesizedbtain
as ribofuranoside mimics several compounds showingnalogues which could be phosphorylated to the exdirm,
pronounced biological activities were identified13 (Figure thereby omitting the first and less effective momagphorylation
2)33%|In most cases these compounds retain the hydrakyine step as exemplified by compounts-19 (Figure 3)°*™*
group to allow for their sequential phosphorylatitin active

triphosphate metabolites.

o) _0 _0 0 o N 0
HN” D/FU Me\\;jB Me~y R Me~y D/N N RN D/B
(Et0),(O)P B=Thy,Cyt.  (EtO),(O)P (EtO),(O)P Ar
Ade, 5-FU
1 [(-)-AdFU] 2 3 4 5
R = substituted aryls, R=nucleobase, aromatic, R = Me, Ph, Bn, +-Bu
Thy, FUra heteroaromatic group Ar = Ph, 0,m,p-X-C6H4, furyl

n=0,1

Figure 1. Examples of biologically active isoxazolidine nems$ide/nucleotide analogues.
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Figure 2. Examples of structurally diversified-lomonucleosides.
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Figure 3. Examples of thomonucleotide analogues.

Recently, we have reported the synthesis of isoidimel  preliminary stud$f is given and the reactivity of nitron28 with
containing analogues of homonucleosidss21/trans22 having  selected alkenylphosphonat23-26 leading to a new series of
a nucleobase (B) at C3 of the isoxazolidine ffhghe synthetic nucleotide analoguescis-27/trans28 to cis-33/trans34 is
approach relied on the application of the 1,3-dipol described together with the results of their ardivamd cytostatic
cycloaddition of allyl alcohol to the nucleobaseaided nitrones  activities (Scheme 1).

20. In this paper, a full account of an already comivated

B B B
N—O 18-21 N—O.
R - 1821 Jallh. VAR
3 5 N<
4 Me” *~O_
27/28 23 R = CH,P(O)(OEt), 20 21/22
29/30 24 R = CH,OCH,P(O)(OEt),
31/32 25 R = OCH,P(O)(Oi-Pr),
33/34 26 R = P(0)(OEt),

B = nucleobase (Ura, 5-FUra, 5-BrUra, Thy, Ade)
Scheme 1. Synthetic approach to homonucleosi@&&®2 and their homonucleotide analogués27/trans-28 to cis-33/trans-34.

2. Results and Discussion well as cis-21le and trans-22e pairs of diastereoisomers due to
almost identical spectral patterns for HC3CH and H5 protons
The synthesis of nucleobase-derived nitro@8shas been but also for diastereotopic protons in,G+B and HC—OH
recently describe®. The 1,3-dipolar cycloadditions of the moieties in the respecti\}H NMR spectra.
nitrones20 to allyl alcohol were carried out at 60°C or under

MW irradiation (Scheme 2, Table 1). The reactionsreve B B N OH
regiospecific  and  produced cigitrans  mixtures  of H a) or b) N—2O
diastereoisomeric cycloadduc@4 and 22 in moderate to good | — 3 5+
diastereoselectivities (d.e. 82-28%). T¢igtrans ratios of the /N\o‘ 4

isoxazolidines were calculated from th¢ NMR spectra of the
reaction mixtures by comparison of integrationsdagnostic
resonances of the,8-4 protons in the isoxazolidine ring as well
as the signals of the respective protons of nuelselmoieties. Scheme 2. Reagents and conditions: a) allyl alcohol, 60°C, see
The relative configurations in homonucleosideis-21a and  14ple 1: b) allyl alcohol MW, 60-85°C, see Table 1.

trans22a have already been established based on 2D NOE

experimenté® These assignments have been extendemise?ib

andtrans-22b, cis-21c andtrans-22b, cis-21d andtrans-22d as

20a-20e 21
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Table 1. Cycloaddition of the nitrone0a-20e and allyl
alcohol.

Nitrone Nucleobase  Reaction cis/trans  Yield (%)
B time (W} ratio
21:22
20a o 28 64:36" 2la-—47F, 22a- 28
9!
NH b X
%N\\g) 2.8 69:37 21a - 68; 22a - 25
20b Ao 15° 69:31 21b — 44; 22b — 2T
>
NH
=N
[e]
20c Br o 46° 91:9 21c - 2T 21c + 22¢ — 21
i
N NH 5 91:9 21c - 26; 21c + 22¢ - 22
N
o)
20d 2\(0 7.8 74:26 21d - 37; 21d +22d — 12
7
22d - 27
NH
N
[0}
20e =N 5° 83:17 21e - 21% 21e + 22e — 26'

N/
e
NE/N

*The cycloaddition reaction was conducted at 60°C.
®The cycloaddition reaction was conducted under Madiation.
%Yield of the pure diastereoisomer

%Yield of a pure mixture of diasterecisomers

In continuation of our studies on the reactivitytioé nitrones
20, allylphosphonate 23, allyloxymethylphosphonate 24,
vinyloxymethylphosphonat@5 and vinylphosphonat@6 were
selected as dipolarophiles to synthesizehdimonucleotide
analogues having non-hydrolyzable P-C bonds semhrhy
none, one, two or three bonds from C5 in the isdidine ring
in compounds27/28, 29/30, 31/32 and 33/34, respectively. The
installation of C-O-C-P(O)(OR)fragments in the designed
compounds is additionally substantiated by theiespnce in
nucleoside phosphonate drugs like adefovir, teriofand
cidofovir and several other drug candidate.

Heating the nitrone20a with an excess (3 equiv.) of
allylphosphonate23 at 60-80°C for 24 hr did not result in the
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formation of even traces of the expected produkizwvever,
cycloadditions of nitrones20 with alkenes 23-26 were
successfully carried out under microwave irradiat®oheme 3).

The progress of the reactions was monitored bythBIMR
spectroscopy until the disappearance of the startittone. The
ratios of diastereoisomeric cycloadducts were catedl from the
respective®® NMR spectra of the crude reaction mixtures. The
1,3-dipolar  cycloadditions of the nitrones20 with
alkenylphosphonate&3, 24 and 25 (Scheme 3, Table 2) were
regiospecific and gaveis/trans mixtures of diastereoisomeric
cycloadductgis-27/trans-28, cis-29/trans-30 andcis-31/trans-32
with diastereoselectivities (d.e. 78-40%, Table @pparable to
that found for analogous reactions with allyl alcbfahe. 82—
28%, Table 1). In most cases chromatographic remofvéhe
unreacted alkenylphosphonates was difficult and &fective
than distilling-off an excess of allyl alcohol, atidis led to lower
overall yields. In general, longer reaction timesevequired to
achieve a full conversion of the nitron28a with less reactive
dipolarophiles such ag3-25 when compared to an analogous
reaction with allyl alcohol. Moreover, during theaction of the
adenine-derived nitrone 20e with  allylphosphonate 23
decomposition of the starting nitrone was observad the
unreacted dipolarophil23 was recovered almost quantitatively.
When the same nitrone 20e was treated with
vinyloxymethylphosphonate formation of a complexaation
mixture was noticed from which expected pure isoxditd
cycloadducts could not be isolated.

On the other hand, traces of 5-fluorouracil were tbun
crude reaction mixtures when the nitro2@ was treated with
alkenylphosphonate23-26 under MW irradiation. To verify the
stability of this nitrone under conditions of thgclwaddition
reaction a solution o20b in acetonitrile was heated under MW
irradiation and the progress of the reaction wasitomd by the
'H NMR spectroscopy. Indeed, the formation of 5-flusemil
was observed after 7 h (1%) and increased to 6% afte
additional 14 h. The amount of 5-fluorouracil reegdh5% after
18 h but the solution was contaminated with othedemiified
decomposition products (up to 46%). Similarly, slow
decomposition of the adenine-derived nitr@2@e during MW
irradiation of the solution in acetonitrile was oh&sl. '"H NMR
spectra taken after 12 h revealed decompositioth®fnitrone
20e (c.a. 15%), since additional signals appeared iregion
characteristic of adenine protons.

B B P(O)(OR)2 B B
N ' N N P(O)(OEY),
H a) N—oO_ X N—O N—-O
| —> 3 5 + + +
~ N \O‘ X
| P(O)(OEt),
P(O)(OR),
20a-20e 27a-27e R=Et X=CH, 28a-28e
29a-29¢ R=Et X=CH,OCH, 30a-30e
31a-31e R=i-Pr X =0CH, 32a-32¢
33a-33e R=Et X =none 34a-34e 35a-35e 36a-36e

Scheme 3. Reagents and conditions: a) allylphospho@atellyloxymethylphosphonat?4, vinyloxymethylphosphonat2b or
vinylphosphonat@6, CH;CN or dioxane, MW, 65-80°C, 3-30 h.; see Table 2Tatie 3.



Table 2. Cycloaddition of the nitrone20a-20e and alkenylphosphonat&s-25.

Nitrone Nucleobase B Alkene Reaction timé (h) Cis/trans ratio Yield [%]
20a NO 23 30 80:20 27a—22; 27a + 28a — 24
%NW(N“ 24 30 72:28 29a— 16; 29a + 30a— 32; 30a— &P
°© 25 30 89:11 3la— 30 3la+32a— 1%
20b ;\\//o 23 10 74:26 27b — 32 27b +28b — 10
7
™ 24 16 79:21 20b — 13; 29b +30b — 23
-
o 25 14 86:14 31b - 20; 31b +32b — 26
20c Bl o 23 8 86:14 27c— &; 27c + 28c — 15
N%\\:NH 24 21 72:28 29c— 12 29¢ +30c — 3.3
% - 8 70:30 31c— 19 31c +32c - 10
20d 2\\//0 23 8 71:29 27d — 2%; 27d + 28d — 15
7
%NT(NH 24 10 80:20 29d — 8 29d + 30d — 20
° o5 8 84:16 31d — 27, 31d + 32d — 7% 32d - 2
20e AN N, 23 40 - decompositiofy
w“ﬂ 24 26 80:20 e
N/ . .
25 21 69:31 -

2 cycloaddition under MW irradiation,

® yield of the pure diastereoisomer,

Cyield of the pure mixture of diastereoisomers,

4 decomposition of the starting nitroéi@e was observed. The unreacted allylphosphoP@igas recovered almost quantitatively.

€ ratio of diastereoisomeric cycloaddu2ge and30e as well a81le and32e were calculated, however pure isomers could nigdiated from the mixture
containing several unidentified products.

The relative configurations icis-27 andtrans-28 as well as in
cis-29 andtrans-30 can again be deduced taking into account
almost identica'H NMR spectral patterns when compared to
those ofcis-21 andtrans-22. This could be predicted because the

spatial and stereoelectronic influence of the sulesits at C3 cis-21 X = OH trans-22
(CHz—Base) and at C5 (QHOH in 21/22, CH~P in27/28 and cis-27 X = P(O)(OEt)2 trans-28
CH,-OCH,P in 29/30) have an indistinguishable impact on the cis-29 X = OCH,P(O)(OEt),  trans-30

preferred conformations of the isoxazolidine rimgghe cis and Figure 4. Relative configurations ofis-21/27/29 and trans
trans isomers. Although we were unable to unequivocally22/28/30 '

establish these conformations in addition to 2D NOEcsgl
datd” further support for our configurational assignnsecomes
from the comparison of the chemical shifts of H-@Btons in
the cis and trans diastereoisomers Figure 4). Thus, in fike
NMR spectra of altrans-configured isoxazolidines22, 28, 30)
resonances of H-C5 are significantly shifted upfiein
comparison to theis isomers 21, 27, 29), e.g. 4.12 ppm i22a
vs. 4.40 ppm in2la, because the H-C5 protons in ttrans
isomers are positioned in the shielding cone of th
heteroaromatic ring. The same phenomenon can beaokfor
the H3-C4 protons in both theis andtransisoxazolidines but the
shielding effects are much better pronounced fercthisomers,
e.g. 1.79 ppm for ptC4 vs. 2.59 ppm for &+C4 in21a and 2.10
ppm for H3-C4 vs. 2.31 ppm for &+C4 in 22a.

Although 'H and **C NMR spectra of isoxazolidinesis-31
and trans32 prepared from vinyloxymethylphosphonate
resembled each other regardless of a nucleobasentréhey
significantly differed from those of the alreadysdissedcis-
21/27/29 and trans-22/28/30 series and for this reason their
relative configurations had to be established iedeently.

ased on the values of vicinal H-H couplings obserire the
spectrum ofis-31d [J(HC5-HuC4) = 5.2 Hz J(HC5-HBC4) = 0
Hz, J(HoC4-HC3) = 8.9 Hz and(HBC4-HC3) = 2.1 HZ theE®
conformation of the isoxazolidine ring could be guocally
assigned (Figure 537). In a similar fashion vicinal couplings
extracted from the spectrum vhns-32d [J(HC5-HoC4) = 1.7
Hz, JHC5-HBC4) = 5.5 Hz, J(HaC4-HC3) = 7.6 Hz and
JHBC4-HC3) = 5.5 Hz] were applied to prove thg;
conformation (Figure 5, 38). In both conformations
phosphonylmethoxy substituents at C5 are pseudbagiéented
since the anomeric effect operates. These confanat
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assignments are further supported by shielding gi€4Hwhen
compared with C4 and lack of shielding of HC5 protons in

both isomers.

H
- HTN—]Q
D

o~ CHzPO)XOP, B
H’/(‘: —n—1o H ;
: WH 39 40  (®=PO)OEY, 4
H He Figure 6. Preferred conformatior®®, 40 and41 of cis-33, trans
"SCH,P(0)(OiPr), 34 andcis-35, respectively; observed NOEs marked in blue.
37 38
Figure 5. Preferred conformatior8? and38 of cis-31 andtrans i . o o .
32, respectively; observed NOEs marked in blue. To establish theérans configuration in34c it is again worth

noting the meaningful upfield shift (0.3 ppm) of HPEoton in
this isomer (4.18 ppm) in comparisondis-33c (4.48 ppm) and
On the other hand, when diethyl vinylphosphon2ewas NQE correlation peaks between@4iB and HC5 (r)ot d.etecte_d in

applied, in addition to major 3,5-disubstitutedxiapolidinescis-  €iS-33¢) as well as between,8-B and HC4 (medium intensity)
33a-e and trans-34a-e (Scheme 3, Table 3), the formation of @1d HC-B and HC4 (weak). Furthermore, the preferred
minute amounts (less than 10%) of regioisomeric - 3’4conformat|on40 (Figure 6) of the_ |soxaz_ol_|d|ne ring t_ran334c
disubstituted product85a-e and 36a-e was also noticed. Their €&n be proposed after analysis of vicinal couplifg#Cs-
presence in the crude products as well as in tltidres obtained HPC4) = 8.9 Hz,J(HCS-HaC4) = 9.6 Hz and(P-HBC4) = 7.2
after column chromatography was detected by ¥fe NMR ~ HZ, J(P-HoC4) = 20.1 Hz as well ag(HBC4-HC3) = 1.4 Hz,
spectroscopy (Table 4) and additionally proved yeful —J(HoC4-HC3) =7.8 Hz and(P-C5-C4-C3) = 6.3 Hz].

analyses of théH NMR spectra where diagnostic signals of  To unequivocally establish relative configurationis
nucleobase protons could be assigned to four diiter regioisomers35 and 36 the attempts at separating them from
cycloadducts, namelyis-33a-¢, trans-34a-e, and35a-e/36a-e. major 3,5-disubstituted isomergis-33 and trans34 and

As observed previouslyH NMR spectra of the majocie-33) eventually isolating at least one pure 3,4-dististd isomer_$5
and minor (rans-34) derivatives were also similar within the OF 36) were undertaken. For this purpose, a 22:2:49:Xung of

series &-6). In 2D NOE spectrum afis-33c interactions between €OMPounds33c, 34c, 35¢ and 36c significantly enriched in the

H,C-B and H3C4, HiC4 and HC3 as well asd€4 and HC5 isomer 35c after column chromatography was subjected to
protons were noticed thus proving their locationsta same ~ Separation on an HPLC column to give minute amoahisure
sides of the isoxazolidine ring. These observatiwese further ~ 32C sufficient enough to perform full characterizatiby NMR
supported by significant shielding ofp84 (2.23 ppm) when SPectroscopy including the 2D NOE experiment. Tae
compared with HC4 (2.84 ppm). Moreover, based on the configuration of this regioisomer was proved basedhe vicinal
analysis of vicinal H-H® H-P°**and P-& couplings j(Hcs-  H-H, H-P and P-C couplingg(HC5B-HC4) = 9.2 Hz J(HCS0-
HBC4) = 6.4 Hz,JHC5-HaC4) = 10.5 Hz and(P-H3C4) = 19.4  HC4) = 9.2 Hz and(P-HBCS) = 9.2 Hz,J(P-HaC5) = 0 Hz as
Hz, J(P-HaC4) = 15.8 Hz as well a3(HPC4-HC3) = 1.3 Hz, well asJ(HC4-HC3) = 5.5 HZJ(P-C4C3-H) = 1_6.1 Hz and(P-
J(HoC4-HC3) = 7.7 Hz and(P-C5-C4-C3) = 3.3 Hz] extracted C4C3-CHB) = 8.1 Hz] which allow to establish the preferred
from *H and *C NMR spectra otis-33c one can conclude that conformatiordl (Figure 6) for this compound. To further support

the isoxazolidine ring adopts tBg conformatior39 (Figure 6). this assignment one should notice that since HiuHthe CHB
moiety are in a near antiperiplanar orientatiorih@zishielding of

H-C4 (2.57 ppm) by the heteroaromatic ring and gpeetve
NOE cross peak nor HC5 — HC3 NOE correlation were detected

Table 3. Isoxazolidines33, 34, 35 and36 producedsia Scheme 3.

Nitrone Nucleobase B Reaction time®(h) Ratio of isomers Yield [%]
33:34:35:36
20a O
a 33a— 14;
N 3 62:31:5:2
0 33a + 34a + 35a + 36a — 38;

20b ;\(o
an 33b — 33

N 6 62:31:6:1
KA 33b + 34b + 35b + 36b 4T
20 ;\(" 33c - 24
N M 3 60:32:6:2 33c + 34c + 35C + 36¢ — 16
<

34c - 10



20d )\(o
- NH
%NTXJ 6 50:39:7:4
20e —N
Q\(NHZ 8 64:30:5:1
“wf \
N
N=/

33d-2;
33d +34d + 35d + 36d — §;
34d - 1%

33e + 34e - 10;
33e + 34e + 35e + 36e — 45;

& cycloaddition under MW irradiation,
® yield of the pure diastereoisomer,

Cyield of the pure mixture of two, three or fouasfiereoisomers

Table 4. 3P NMR chemical shift values for isoxazolidirg; 34, 35 and36.

3 *IP NMR of isoxazolidine phosphonates (ppm)

Nitrone
cis-33 trans-34 cis-35 trans-36
20a 23.10 22.46 27.43 26.56
20b 23.09 22.47 27.29 26.50
20c 22.68 22.05 26.45 26.00
20d 22.72 22.13 27.17 26.27
20e 22.08 21.26 26.77 25.65

Antiviral and cytostatic evaluation
Antiviral activity

Pure nitrones, as well as pure isoxazolidines ope&s/e
mixtures of isoxazolidines were evaluated for thefmibitory
activity against a wide variety of DNA and RNA virusesing
the following cell-based assays: (a) human embrydoity
(HEL) cell cultures: herpes simplex virus-1 (KOS),rpges
simplex virus-2 (G), vaccinia virus, vesicular stditig virus,
thymidine kinase deficient (acyclovir-resistant)res simplex
virus-1 (TK KOS ACV), cytomegalovirus (AD-169 and Davis
strains), varicella-zoster virus (TR/ZV and TK VZV strains);
(b) HelLa cell cultures: vesicular stomatitis vir@gxsackie virus
B4 and respiratory syncytial virus; (c) Vero celltaes: para-
influenza-3 virus, reovirus-1, Sindbis virus, Coolda virus B4,
Punta Toro virus; (d) CrFK cell cultures: felineregona virus
(FIPV) and feline herpes virus (FHV), (e) MDCK cellltcues:
influenza A virus (HIN1 and H3N2 subtypes) and influeBza
virus and () CEM or MT-4 cell cultures: human
immunodeficiency virus-1 (Il or NL4.3) and -2 (ROD).
Ganciclovir,  cidofovir, acyclovir,  brivudin, g-9-(2,3-
dihydroxypropyl)adenine §-DHPA], oseltamivir carboxylate,
amantadine, rimantadine, ribavirin, dextran sulf@t@olecular
weight 5,000, DS-5000), Hippeastrum hybrid agglutititHA)
and Urtica dioica agglutinin (UDA) were used as thenexfice
compounds. The antiviral activity was expressechasHG,: the
compound concentration required to reduce virusqu®a
formation (VZV) by 50% or to reduce virus-induced
cytopathicity by 50% (other viruses). None of thested
compounds showed appreciable antiviral activity tanany of
the tested DNA and RNA viruses at the concentratiorolgb0
uM.

Cytostatic activity

The 50% cytostatic concentration L causing a 50%
inhibition of cell proliferation was determined agsti murine
leukemia L1210, human CGDT-lymphocyte CEM, human cervix

carcinoma Hela and human dermal microvascular eetiakh
cells (HMEC-1). Among all compounds evaluated, mayiif

any cytostatic activity was observed. Not only conmutsu
containing adenine, uracil, 5-bromouracil and thyeni
substituents as nucleobases were found inactive,also the
analogues bearing a 5-fluorouracil (5-FU) moiety vebdd no
significant antiproliferative activity. These findis indicate that
the 5-FU-containing compounds are not efficiendigen-up by
the intact tumor cells and/or do not enzymaticadlipase free 5-
FU and/or do not inhibit thymidylate synthase, afg¢he most
important target enzymes for 5-fluoro-deoxyuridbie-
monophosphate.

3. Conclusion

New nucleobase-derived nitrone20a-e were efficiently
applied in the synthesis of isoxazolidine analoguek
homonucleosides and homonucleotides which reliethent,3-
dipolar cycloadditions o0a-e first to allyl alcohol and next to
allyl-, allyloxymethyl-, vinyloxymethyl- and vinylposphonates.
In general cycloadditions were regioselective and te the
formation of cis and trans mixtures of 3,5-disubstituted
isoxazolidines with moderate to good diastereoselées.
However, in cycloadditions to vinylphosphonate in iidd to
major 3,5-disubstituted isoxazolidines also 3,4idsdituted
isomers were formed (up to 10%).

Relative €is and trans) configurations of 3,5-disubstituted
isoxazolidines were established based on the detailalysis of
'H and *C NMR spectral data (vicinal couplings, shielding
effects and 2D NOE correlations). Several isoxazadisliexist in
preferred conformations including those obtainedonfr
vinyloxymethylphosphonate in which the phosphonyhmoat
groups are oriented pseudoaxially due to the anioraffect.

All synthesized compounds were evaluated againstadb
spectrum of DNA and RNA viruses but they were found to be
inactive at concentrations up to 2a®. Also, the compounds
did not show significant cytostatic activity againsturine
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leukemia L1210, human CD T-lymphocyte CEM, human
cervix carcinoma HelLa and human dermal
endothelial cells.

Although
relevant fragments (nucleobases, the isoxazoliding and a
phosphonate) they surprisingly did not show appleeiantiviral
and anticancer activities. Since the isoxazolidinbunit can be
also found in several structures endowed with antévet and
antifungal activities we would progress along thiglisoon to
hopefully discover new therapeutic applicationstfos class of
compounds.

4, Experimental section

'"H NMR spectra were taken in CDLCICD,OD and BO on
the following spectrometers: Varian Gemini 2000BBQ20Hz),
Varian Mercury-300 and Bruker Avance Il (600 MHz) hwit
TMS as internal standard®C NMR spectra were recorded for
CDCl;, CD;0D and DO solution on the Bruker Avance Il at
150 MHz and Varian Mercury-300 machine at 75 MHP
NMR spectra were performed in CQCICD;OD and DO
solution on the Varian Gemini 2000BB at 80.0 MHz, Varia
Mercury-300 at 121 MHz or on Bruker Avance |1l at 24iz.

the tested compounds contained biologically

Tetrahedron

Anal. Calcd. for GH15N3;O0.: C, 49.79; H, 6.27; N, 17.42. Found:

microvasculaC, 49.62; H, 6.11; N, 17.61.

4.1.2.trans-1-((5-(Hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)pyrimidine-
2,4(1H,3H)-dione 22a)

Yield: 25% (0.095 g from 1.56 mmol of the nitro26a);
colorless oil; IR (film, crﬁ) vmax 3430, 3223, 3052, 2960, 2881,
1680, 1461, 1386, 1252, 104H NMR (300 MHz, CQOD) &:
7.91 (brs, 1H, NH), 7.57 (d, 1H,= 7.8 Hz), 5.63 (d, 1H] = 7.8
Hz), 4.12 (dddd, 1H) =8.1 Hz,J= 7.8 Hz,J=5.4 Hz,J= 3.9
Hz, H-C5), 3.88 (dd, 1H]) = 13.8 Hz,J = 5.4 Hz,HCHN), 3.71
(dd, 1H,J=13.8 Hz,J = 7.5 Hz, H@IN), 3.65 (dd, 1HJ =12.0
Hz,J = 3.9 Hz,HCHOH), 3.56 (dd, 1H) = 12.0 Hz,J = 5.4 Hz,
HCHOH), 3.25 (dddd, 1H)=8.1 HzJ=7.5Hz,J=5.4 Hz,J=
4.2 Hz, HC3), 2.66 (s, 3H, GN), 2.31 (ddd, 1HJ = 12.6 Hz,J
=8.1 Hz,J=8.1 Hz, H-C4), 2.10 (ddd, 1H)=12.6 HzJ=7.8
Hz, J = 4.2 Hz, H-C4); ®C NMR (75 MHz, CQOD) &: 166.8
(C=0), 153.0 (C=0), 148.2 (C=C), 101.8 (C=C), 80.5)(®7.2
(C3), 64.8 (CHOH), 51.0 (CHN), 45.3 (CHN), 34.5 (C4).
Anal. Calcd. for GH1sN3O,: C, 49.79; H, 6.27; N, 17.42. Found:
C, 50.03; H, 6.34; N, 17.53.

IR spectra were measured on an Infinity MI-60 FT-IR4.1.3.cis-5-Fluoro-1-((5-(hydroxymethyl)-2-

spectrometer. Melting points were determined on iBeet
apparatus and are uncorrected. Elemental
performed by the Microanalytical Laboratory of tiiaculty on
Perkin-Elmer PE 2400 CHNS analyzer.

The following adsorbents were used: column chromafugy,
Merck silica gel 60 (70-230 mesh); analytical TIMgrck TLC
plastic sheets silica gel 6Qsk

methylisoxazolidin-3-yl)methyl)pyrimidine-

analysee we2,4(1H,3H)-dione 21b)

Yield: 44% (0.156 g from 0.74 mmol of the nitro28b);
white amorphous solid (crystallized from methanolp 62—
164°C; IR (KBr, cnt) vmae 3477, 3171, 3052, 2918, 2828, 1701,
1661, 1245, 1048H NMR (300 MHz, CRQOD) 8: 7.71 (d, 1H,)
=6.3 Hz), 4.41 (dddd, 1H,=8.7 HzJ=6.6 HzZJ=4.6 HzJ =
3.1 Hz, H-C5), 3.81 (dd, 1H] = 13.9 Hz,J = 4.8 Hz,HCHN),

Preparative HPLC experiment was performed on a Waterg, 71 (dd, 1HJ = 12.1 Hz,J = 3.1 Hz,HCHOH), 3.60 (dd, 1H)

apparatus equipped with Waters 2545 binary gradieodule
and Waters 2998 photodiode array detector (190R600

4.1.General procedure for the isoxazolidings21 andtrans-22

A mixture of nitrone20 (1.0 mmol) and allyl alcohol (1.0 mL)
was stirred at 60°C or irradiated in a Plazmatronidsd800
microwave reactor at 60—85°C for the time shown ibl@4d. All
volatiles were removed in vacuo and the crude prodves
purified on silica gel column using chloroform-MeORO(1, 5:1,
vlv) as the eluent to afford pure isoxazolidirdsand 22. For
details see Table 1.

4.1.1.cis-1-((5-(Hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)pyrimidine-
2,4(1H,3H)-dione 21a)

Yield: 68% (0.255 g from 1.56 mmol of the nitro26a);
colorless oil; IR (film, crﬁ) vmax 3432, 3186, 3048, 2961, 2882,
1695, 1662, 1462, 10451 NMR (300 MHz, CROD) &: 7.90
(brs, 1H, NH), 7.57 (d, 1H] = 7.9 Hz), 5.60 (d, 1H] = 7.9 Hz),
4.40 (dddd, 1H)=8.7 Hz,J=6.6 Hz,J= 4.5 Hz,J= 3.0 Hz, H-
C5), 3.83 (dd, 1HJ = 13.5 Hz,J = 4.8 Hz,HCHN), 3.70 (dd,
1H,J = 13.3 Hz,J = 3.0 Hz,HCHOH), 3.61 (dd, 1HJ = 13.5
Hz, J = 9.0 Hz, HGIN), 3.60 (dd, 1HJ = 13.3 Hz,J = 4.5 Hz,
HCHOH), 3.39 (dddd, 1H)=9.0 Hz,J=8.7 Hz,J=4.8 Hz,J =
3.3 Hz, H-C3), 2.60 (s, 3H, GN), 2.59 (ddd, 1HJ = 12.9 Hz,J
=8.7 Hz,J= 8.7 Hz, H-C4), 1.79 (ddd, 1H)=12.9 HzJ= 6.6
Hz, J = 3.3 Hz, H-C4); ®C NMR (75 MHz, CQOD) &: 166.8
(C=0), 152.9 (C=0), 148.8 (C=C), 101.3 (C=C), 78.3)(®6.8
(C3), 63.1 (CHOH), 52.2 (CHN), 44.6 (CHN), 33.2 (C4).

=12.1 Hz,J = 4.6 Hz, HGHOH), 3.56 (dd, 1H) = 13.9 Hz,J =
9.1 Hz, HAHN), 3.40 (dddd, 1HJ) = 9.1 Hz,J = 8.7 Hz,J = 4.8
Hz, J = 3.3 Hz, H-C3), 2.62 (s, 3H, GN), 2.60 (ddd, 1H,) =
12.9 Hz,J = 8.7 Hz,J = 8.7 Hz, H-C4), 1.80 (ddd, 1H) = 12.9
Hz,J = 6.6 Hz,J = 3.3 Hz, H-C4);"*C NMR (75 MHz, CROD)

8: 159.8 (d,’J = 25.8 Hz, C=0), 151.5 (C=0), 140.9 (d,=
229.0 Hz, (C=C), 132.8 (dJ = 33.2 Hz, (C=C), 78.3 (C5), 66.8
(C3), 63.0 (CHOH), 52.2 (CHN), 44.5 (CHN), 33.1 (C4).
Anal. Calcd. for GH,FN;O,. C, 46.33; H, 5.44; N, 16.21.
Found: C, 46.05; H, 5.47; N, 16.27.

4.1.4.trans-5-Fluoro-1-((5-(hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)pyrimidine-
2,4(1H,3H)-dione 22b)

Yield: 21% (0.094 g from 0.74 mmol of the nitro2eb);
white amorphous solid (crystallized from methanolp 58—
160°C; IR (KBr, cn'11) vmax 3418, 3063, 2991, 2920, 2825, 1696,
1662, 1470, 1227, 10284 NMR (300 MHz, CROD) 6: 7.81 (d,
1H,J = 6.3 Hz), 4.13 (dddd, 1H,=8.1 Hz,J=75HzJ=5.4
Hz, J = 3.9 Hz, H-C5), 3.84 (dd, 1H,= 13.8 Hz,J = 5.1 Hz,
HCHN), 3.67 (dd, 1HJ = 13.8 Hz,J = 7.2 Hz, HEN), 3.65 (dd,
1H,J =12.0 Hz,J = 3.9 Hz,HCHOH), 3.56 (dd, 1HJ = 12.0
Hz, J = 5.4 Hz, H®{OH), 3.27 (dddd, 1H) = 8.1 Hz,J=7.2
Hz, J = 5.1 Hz,J = 4.2 Hz, H-C3), 2.67 (s, 3H, GN), 2.31
(ddd, 1H,J = 12.9 Hz,J = 8.1 Hz,J = 8.1 Hz, H-C4), 2.11 (ddd,
1H,J = 12.9 Hz,J = 7.5 Hz,J = 4.2 Hz, H-C4); °C NMR (75
MHz, CD;OD) &: 159.8 (d,J = 25.1 Hz, C=0), 151.8 (C=0),
141.2 (d,"J = 230.6 Hz, (C=C)), 132.1 (4) = 32.9 Hz, (C=C),
80.5 (C5), 67.2 (C3), 64.9 (GAH), 51.0 (CHN), 46.2 (CHN),



34.4 (C4). Anal. Calcd. for H14,FNsO,: C, 46.33; H, 5.44; N,
16.21. Found: C, 46.57; H, 5.57; N, 16.26.

4.1.5.cis-5-Bromo-1-((-5-(hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)pyrimidine-
2,4(1H,3H)-dione 21c)

Yield: 26% (0.202 g from 2.47 mmol of the nitro28c);
white amorphous solid (crystallized from ethyl ateftzexane)

mp 180-182°C; IR (KBr, cil) vmae 3397, 3143, 3060, 3037,

2992, 2825, 1703, 1680, 1621, 1428, 1346, 1IH3IMR (300
MHz, CD,OD) &: 7.98 (s, 1H), 4.41 (dddd, 1H,= 8.4 Hz,J =
6.6 Hz,J = 4.8 Hz,J = 2.7 Hz, H-C5), 3.84 (dd, 1H,= 13.2 Hz,
J = 4.5 Hz,HCHN), 3.72 (dd, 1HJ = 12.3 Hz,J = 2.7 Hz,
HCHOH), 3.61 (dd, 1HJ = 12.3 Hz,J = 4.8 Hz, HGHOH), 3.59
(dd, 1H,J = 13.2 Hz,J = 9.3 Hz, HE&IN), 3.40 (dddd, 1H) =
9.3 Hz,J = 8.4 Hz,J = 4.5 Hz,J = 3.3 Hz, H-C3), 2.61 (s, 3H,
CH;N), 2.60 (ddd, 1H) = 13.2 Hz,J = 8.4 Hz,J = 8.4 Hz, K-
C4), 1.79 (ddd, 1H) = 13.2 Hz,J = 6.6 Hz,J = 3.3 Hz, H-C4);
¥C NMR (75 MHz, CROD) &: 162.1 (C=0), 152.2 (C=0),
148.3 (C=C), 95.5 (C=C), 78.3 (C5), 66.7 (C3), 6@B,0H),
52.4 (CHN), 445 (CH-N), 32.9 (C4). Anal. Calcd. for

CyoH1.BrN;O,: C, 37.52; H, 4.41; N, 13.13. Found: C, 37.70; H,

4.33; N, 13.10.

4.1.6.trans-5-Bromo-1-((-5-(hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)pyrimidine-
2,4(1H,3H)-dione 22c)

White amorphous solid; IR (KBr, c'?’m Vmax 3450, 3150,
3094, 2972, 2927, 2838, 1686, 1612, 1466, 14329,13207;

9
(CHs). Anal. Calcd. for GH;/N:O, C, 51.76; H, 6.71; N,
16.46. Found: C, 51.99; H, 6.77; N, 16.36.

4.1.8.trans-1-((5-(Hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)-5-
methylpyrimidine-2,4(1H,3H)-dione2Rd)

Yield: 22% (0.094 g from 1.67 mmol of the nitro28d);
colorless oil; IR (film, crﬁ) Vmax 3335, 2923, 2854, 1667, 1441,
1377, 1261, 104TH NMR (600 MHz, CQOD) &: 7.44 (q,J =
1.0 Hz, 1H), 4.17-4.13 (m, 1H, H-C5), 3.87 (dd, IH;14.1 Hz,

J = 5.6 Hz,HCHN), 3.72 (dd, 1HJ = 14.1 Hz,J = 6.5 Hz,
HCHN), 3.67 (dd, 1HJ = 11.9 Hz,J = 3.9 Hz,HCHOH), 3.58
(dd, 1H,J = 11.9 Hz,J = 5.5 Hz, HG{OH), 3.30-3.24 (m, 1H,
H-C3), 2.69 (s, 3H, C§N), 2.32 (ddd, 1HJ = 12.7 Hz,J = 7.9
Hz,J=7.9 Hz, H-C4), 2.13 (ddd, 1H]) = 12.7 HzJ= 7.7 Hz,J

= 4.6 Hz, H-C4), 1.89 (dJ = 1.0 Hz, 3H, CH). **C NMR (150
MHz, CD;0D) §: 165.2 (C=0), 151.7 (C=0), 142.6 (C=C), 109.3
(C=C), 78.8 (C5), 65.9 (C3), 63.3 (@BH), 49.5 (CHN), 42.2
(CHzN), 33.2 (C4), 10.9 (CH). Anal. Calcd. for GH;:N3O,: C,
51.76; H, 6.71; N, 16.46. Found: C, 52.00; H, 6.7916!35.

4.1.9.cis-3-((6-Amino-9H-purin-9-yl)methyl)-2-
methylisoxazolidin-5-yl)methanoRle)

Yield: 21% (0.066 g from 1.20 mmol of the nitro28e);
white amorphous solid (crystallized from methanolp 225—
227°C; IR (KB, crf) vmayx 3400, 3311, 3133, 2937, 2855, 1651,
1603, 1418, 1299, 10584 NMR (300 MHz, RO) &: 7.96 (s,
1H), 7.93 (s, 1H), 4.44-4.36 (m, 1H, H-C5), 4.15 (&H, J =
14.4 Hz,J = 8.7 Hz,HCHN), 4.02 (dd, 1HJ = 14.4 HzJ=5.4

(signals oftrans-22c were extracted from the spectra of a 80:20Hz, HCHN), 3.66 (dd, 1HJ = 12.6 Hz,J = 2.7 Hz,HCHOH),

mixture oftrans-22c andcis-21c); *H NMR (300 MHz, CQOD)

3: 8.00 (s, 1H), 4.13 (dddd, 1H,= 8.1 Hz,J = 7.5 Hz,J = 5.4
Hz, J = 4.2 Hz, H-C5), 3.89 (dd, 1H, = 13.8 Hz,J = 4.8 Hz,
HCHN), 3.70 (dd, 1HJ = 13.8 Hz,J = 8.4 Hz, HEIN), 3.66 (dd,
1H, J = 12.0 Hz,J = 4.2 Hz,HCHOH), 3.56 (dd, 1HJ = 12.0
Hz, J = 5.4 Hz, HGOH), 3.28 (dddd, 1H) = 8.4 Hz,J = 7.8
Hz, J = 4.8 Hz,J = 3.9 Hz,H-C3), 2.67 (s, 3H, CHN), 2.32
(ddd, 1H,J = 12.6 HzJ = 8.1 Hz,J = 7.8 Hz, H-C4), 2.11 (ddd,
1H,J = 12.6 Hz,J = 7.8 Hz,J = 3.9 Hz, H-C4); **C NMR (75

MHz, CD;OD) &: 162.1 (C=0), 152.3 (C=0), 147.6 (C=C), 96.0

(C=C), 80.6 (C5), 67.1 (C3), 65.0 (@bH), 51.1 (CHN), 46.2
(CH3N), 34.3 (C4). Anal. Calcd. forH,,BrN;O,: C, 37.52; H,
4.41; N, 13.13. Found: C, 37.54; H, 4.26; N, 12.9%4oled on a
80:20 mixture otrans-22c andcis-21c).

4.1.7.cis-1-((5-(Hydroxymethyl)-2-
methylisoxazolidin-3-yl)methyl)-5-
methylpyrimidine-2,4(1H,3H)-dione2(d)

Yield: 37% (0.156 g from 1.67 mmol of the nitro28d);

colorless oil; IR (film, crﬁ) Vmae 3417, 3196, 3062, 2929,

1687,1458, 1388, 10524 NMR (600 MHz, CQOD) &: 7.44 (q,
J= 1.2 Hz, 1H), 4.42 (dddd, 1H,= 8.5 Hz,J = 6.7 Hz,J = 4.7
Hz, J = 3.2 Hz, H-C5), 3.82 (dd, 1H, = 13.9 Hz,J = 4.9 Hz,
HCHN), 3.72 (dd, 1H,) = 12.2 Hz,J = 3.2 Hz,HCHOH), 3.64
(dd, 1H,J = 12.2 Hz,J = 4.7 Hz, HGOH), 3.63 (dd, 1H, =
13.9 Hz,J = 9.2 Hz, H®IN), 3.42 (dddd, 1H) = 9.2 Hz,J= 8.2
Hz, J = 4.9 Hz,J = 3.5 Hz, H-C3), 2.63 (s, 3H, GN), 2.61
(ddd, 1H,J = 12.8 Hz,J = 8.5 Hz,J = 8.2 Hz, H-C4), 1.88 (d,
= 1.2 Hz, 3H, &;),1.82 (ddd, 1H,) = 12.8 Hz,J = 6.7 Hz,J =
3.5 Hz, H-C4); °*C NMR (150 MHz, CQOD) &: 165.5 (C=0),
151.7 (C=0), 143.4 (C=C), 108.8 (C=C), 76.9 (C5),566C3),
61.9 (CHOH), 50.7 (CHN), 43.2 (CHN), 32.0 (C4), 10.9

3.50 (dd, 1HJ = 12.6 Hz,J = 6.0 Hz, HG{OH), 3.59-3.49 (m,
1H, H-C3), 2.56 (ddd, 1H] = 13.2 Hz,J = 8.4 Hz,J = 8.4 Hz,
H.C4), 2.48 (s, 3H, CHN), 1.71 (ddd, 1H) = 13.2 Hz,J = 7.2
Hz, J = 4.5 Hz, H-C4); ®C NMR (75 MHz, BO) &: 155.3,
152.3, 148.6, 142.4, 118.1, 77.3 (C5), 66.2 (C3)9 §CHOH),
46.3 (CHN), 43.9 (CHN), 32.7 (C4). Anal. Calcd. for
CuHiNeO2: C, 49.99; H, 6.10; N, 31.80. Found: C, 50.23; H,
6.06; N, 32.01.

4.1.10.trans-3-((6-Amino-9H-purin-9-yl)methyl)-2-
methylisoxazolidin-5-yl)methanoRRge)

Yellowish amorphous solid; IR (KBr, c'?’m Vmax 3361, 3301,
3126, 2923, 2853, 1650, 1601, 1419, 1370, 12118;1@kgnals
of trans22e were extracted from the spectra of a 72:28 mixture
of trans-22e andcis-21€); '"H NMR (300 MHz, DO) &: 8.04 (s,
1H), 8.01 (s, 1H), 4.25-4.04 (m, 3H, @ H-C5), 3.67 (dd, 1H,
J=12.3 HzJ= 3.3 Hz,HCHOH), 3.52 (dd, 1H)=12.3 HzJ=
6.0 Hz, HGHOH), 3.51-3.40 (m, 1H, H-C3), 2.62 (s, 3H, hi
2.24 (ddd, 1HJ) = 12.6 Hz,J= 7.8 Hz,J = 7.8 Hz, H-C4), 2.10
(ddd, 1H,J = 12.6 Hz,J = 7.2 Hz,J = 5.7 Hz, H-C4); °C NMR
(150 MHz, CQOD) &: 155.9, 152.4, 149.5, 142.2, 118.4, 77.0
(C5), 66.2 (C3), 63.1 (C}DH), 46.0 (CHN), 43.0 (CHN), 32.1
(C4). Anal. Calcd. for GH;¢NgO,: C, 49.99; H, 6.10; N, 31.80.
Found: C, 50.22; H, 6.01; N, 31.53 (obtained on 28 Znixture
of trans22e andcis-21e).

4.2.General procedure for the cycloaddition of nitr@ewith
alkenylphosphonate3, 24, 25 and26

A solution of a nitrone 20 (1.0 mmol) and an
alkenylphosphonat@3, 24, 25 or 26 (3.0 mmol) in CHCN or
dioxane was irradiated in a Plazmatronika RM800 owiave
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reactor at 65—80°C for the time shown in Tables @ ZnAll
volatiles were removed in vacuo and the crude prodves
purified on silica gel column using chloroform—-MeORO(1, 5:1,
vlv) as the eluent to afford pure isoxazolidir@s22, 27/28,
29/30, 31/32 or 33/34. For details see Table 2 and 3.

4.2.1.Diethyl cis-((3-((2,4-diox0-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat274)

Yield: 22% (0.130 g from 1.63 mmol of the nitro26a);
colorless oil; IR (film, crif) vmas 3454, 3164, 3051, 2984, 2872,
2823, 1689, 1632, 1455, 1250, 10261 NMR (300 MHz,
CD;0OD) é: 7.58 (d, 1H,J = 7.9 Hz), 5.62 (d, 1H) = 7.9 Hz),
4,55 (ddddd, 1H)=7.9HzJ=7.4HzJ=7.2 HzJ=6.9 Hz,J
= 6.0 Hz,H-C5), 4.22-4.12 (m, 4H, 2 x P®IICH,), 3.88 (dd,
1H,J=13.9 Hz,J = 4.6 Hz,HCHN), 3.60 (dd, 1HJ = 13.9 Hz,
J=8.5 Hz, H&IN), 3.36 (dddd, 1HJ =8.5 Hz,J=7.9 Hz,J =
4.6 Hz,J = 4.2 Hz, H-C3), 2.75 (ddd, 1H,= 13.5 HzJ= 7.9
Hz, J = 7.9 Hz, H-C4), 2.62 (s, 3H, Ck), 2.22 (ddd, 1H,] =
22.2 Hz,J=15.0 HzJ = 6.0 Hz HCHP), 2.17 (ddd, 1H] = 22.2
Hz,J=15.0 HzJ = 7.2 Hz, HGIP), 1.78 (ddd, 1H] = 13.5 Hz,
J = 6.9 Hz,J = 4.2 Hz, H-C4), 1.33 (t, 6HJ = 7.0 Hz, 2 x
POCHCH,). *C NMR (75 MHz, CROD) 5: 166.6 (C=0), 152.8
(C=0), 148.5 (C=C), 101.5 (C=C), 72.3 (C5), 67.5)®3.7 (d,
J=6.3 Hz, POCH), 63.5 (d,J = 6.6 Hz, POCH), 52.1 (CHN),
44.8 (NCH), 38.9 (d,J = 7.7 Hz, C4), 31.5 (d] = 139.7 Hz,
CH,P), 16.9 (dJ = 6.0 Hz, 2 x POC}KCH,). *P NMR (121.5
MHz, CD;OD) &: 29.11. Anal. Calcd. for £H,,Ns;OsP: C, 46.54;
H, 6.70; N, 11.63. Found: C, 46.40; H, 6.90; N, 11.61.

4.2.2.Diethyl trans-((3-((2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat284)

Colorless oil; IR (film, crif) vmae 3459, 3173, 3051, 2985,
2911, 2823, 1679, 1631, 1453, 1228, 1023. (signfalsans-28a
were extracted from the spectra of a 6:4 mixturearfs28a and
cis-27a); '"H NMR (600 MHz, CRQOD) &: 7.59 (d, 1H,J = 7.9
Hz), 5.66 (d, 1HJ = 7.9 Hz), 4.32-4.26 (brsx, 18z 7.0 Hz, H-
C5), 4.18-4.09 (m, 4H, 2 x GAP), 3.89 (dd, 1H] = 14.1 HzJ
= 5.2 Hz,HCHN), 3.78 (dd, 1HJ = 14.1 Hz,J = 7.0 Hz,
HCHN), 3.28 (brqu, 1HJ = 7.0 Hz, H-C3), 2.70 (s, 3H, GN),
2.31 (dd, 2HJ = 7.4 Hz,J = 6.7 Hz, HC4), 2.28 (ddd, 1H] =
18.5 Hz,J = 15.2 Hz,J = 6.3 Hz,HCHP), 2.18 (ddd, 1H] = 18.9
Hz,J=15.2 HzJ = 7.2 Hz, H&{P), 1.34 (t, 6HJ = 7.1 Hz, 2 x
CH5CH,OP). *C NMR (150 MHz, CRQOD) &: 165.3 (C=0),
151.6 (C=0), 146.8 (C=C), 100.4 (C=C), 72.5 (C5).96&C3),
62.2 (d,J = 6.5 Hz, POCH), 62.0 (d,J = 6.5 Hz, POCH), 49.5
(CH,N), 48.5 (NCH), 38.1 (dJ = 8.1 Hz, C4), 31.4 (d| = 139.7
Hz, CH,P), 15.3 (dJ = 6.9 Hz, 2 x POCHKCH,). *'P NMR (242
MHz, CD,OD) &: 27.59. Anal. Calcd. for GH2NsOgP: C, 46.54;
H, 6.70; N, 11.63. Found: C, 46.32; H, 6.75; N, 11&83dined
on a 6:4 mixture ofrans-28a andcis-27a).

4.2.3.Diethyl cis-((3-((5-fluoro-2,4-dioxo-3,4-
dihydropyrimidin-1(H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat27b)
Yield: 3% (0.011 g from 0.88 mmol of the nitror28b);
colorless oil; IR (film, crhl) Vmax 3410, 3185, 3064, 2985, 2962,
2922, 2851, 2820, 1698, 1664, 1466, 1444, 13763,1066;H
NMR (600 MHz, CDC}) &: 8.84 (brs, 1H, NH), 7.57 (d, 1H,=
5.8 Hz), 4.59 (ddddd, 1H,=9.0 Hz,J=8.6 HzJ=7.9 Hz,J =
7.9 Hz,J = 4.6 Hz, H-C5), 4.21-4.11 (m, 4H, 2 x gbP), 4.02
(dd, 1H,J = 13.5 Hz,J = 3.0 Hz,HCHN), 3.36 (dddd, 1HJ =
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9.7 Hz,J = 7.9 Hz,J = 3.8 Hz,J = 3.0 Hz, H-C3), 3.30 (dd, 1H,
=135 Hz,J = 9.7 Hz, HEIN), 2.75 (ddd, 1HJ = 13.3 Hz,J =
7.9 Hz,J = 7.9 Hz, H-C4), 2.64 (s, 3H, CHN), 2.25 (ddd, 1H]
=19.6 Hz,J = 14.9 Hz,J = 4.6 Hz,HCHP), 1.99 (ddd, 1H] =
18.2 Hz,J = 14.9 HzJ = 8.6 Hz, HE&P), 1.76 (ddd, 1H] = 13.3
Hz, J = 7.9 Hz,J = 3.8 Hz, H-C4), 1.37 (t, 6HJ = 7.0 Hz,
CH3CH,OP); *C NMR (150 MHz, CDCJ) &: 157.0 (d,2) = 26.4
Hz, C=0), 149.3 (C=0), 139.8 (] = 234.3 Hz, C=C), 130.8 (d,
2J = 32.9 Hz, C=C), 71.0 (C5), 66.30 (C3), 62.0Jc 6.8 Hz,
CH,OP), 62.0 (d,J = 6.8 Hz, CHOP), 51.6 (CHN), 44.5
(CH:N), 37.6 (d,J = 4.5 Hz, C4), 30.8 (d] = 139.9 Hz, CP),
16.4 (d,J = 5.8 Hz, 2 xCH;CH,OP); *P NMR (242 MHz,
CDCly) 8: 26.24. Anal. Calcd. for GH,sFN,OgP: C, 44.33; H,
6.11; N, 11.08. Found: C, 44.43; H, 6.18; N, 11.05.

4.2.4.Diethyl trans-((3-((5-fluoro-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat28b)
Colorless oil; IR (film, crﬁ) Vmax 3399, 3194, 3071, 2988,
2925, 2851, 2821, 1696, 1663, 1470, 1443, 12420,10868;
(signals oftrans28b were extracted from the spectra of a 2:8
mixture oftrans-28b andcis-27b); *H NMR (600 MHz, CDCJ)
8: 9.20 (brs, 1H, NH), 7.49 (d, 1H,= 5.7 Hz), 4.35-4.31 (m,
1H, H-C5), 4.20-4.11 (m, 4H, 2 x GBIP), 3.95 (dd, 1H/J =
13.9 Hz,J = 3.7 Hz,HCHN), 3.48 (dd, 1HJ = 13.9 HzJ = 8.6
Hz, HCHN), 3.38-3.34 (m, 1H, H-C3), 2.87-2.75 (m, 1H; H
C4), 2.69 (s, 3H, CHN), 2.38-2.29 (m, 2HHCHP, H-C4),
2.08-2.03 (m, 1HHCHP), 1.37 (t, 6HJ = 7.0 Hz, G1;CH,OP);
¥C NMR (150 MHz, CDGCJ) &: 157.2 (d,J = 26.3 Hz, C=0),
149.6 (C=0), 139.8 (d] = 226.4 Hz, C=C), 130.4 (d,= 32.9
Hz, C=C), 71.6 (C5), 66.0 (C3), 62.0 @~ 6.4 Hz, CHOP),
61.9 (d,J = 6.1 Hz, CHOP), 51.2 (ChN), 46.3 (CHN), 38.0 (d,
J=3.4Hz, C4), 33.2 (d| = 137.7 Hz, CP), 16.4 (d,= 5.8 Hz, 2
x CH,CH,0OP); ¥P NMR (242 MHz, CDG) &: 25.87. Anal.
Calcd. for G,H,3sFN;OgP: C, 44.33; H, 6.11; N, 11.08. Found: C,
44.47; H, 5.98; N, 11.17 (obtained on a 2:8 mixturé&rans-28b
andcis-27b).

4.2.5.Diethyl cis-((3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat27¢)
Yield: 4% (0.018 g from 1.03 mmol of the nitror2&c);
yellow oil; IR (film, cm®) vpae 3475, 3158, 3090, 2988, 2913,
2833, 1682, 1617, 1443, 1431, 1251, 1226, 1022, 96B8IMR
(600 MHz, CDC}) &: 9.18 (brs, 1H, NH), 7.77 (s, 1H), 4.59
(ddddd, 1HJ =8.7 HzJ=7.8 Hz,J=7.8 Hz,J= 7.5 Hz,J =
4.7 Hz, H-C5), 4.19-4.11 (m, 4H, 2 x gbP), 4.09-4.03 (m,
1H, HCHN), 3.38-3.33 (m, 2H, HEN, H-C3), 2.88-2.73 (m,
1H, H,;-C4), 2.63 (s, 3H, CHN), 2.26 (ddd, 1HJ) = 17.6 HzJ =
14.9 Hz,J = 4.7 HzHCHP), 1.99 (ddd, 1H] = 18.3 HzJ = 14.9
Hz,J = 8.7. Hz, H®IP), 1.75 (ddd, 1H) = 13.4 HzJ = 7.5 Hz,
J = 3.4 Hz, H-C4), 1.37 (t, 3H,) = 7.1 Hz, G1,CH,OP), 1.35 (t,
3H, J = 7.1 Hz, ®,CH,0P); *C NMR (150 MHz, CDG)) é:
159.5 (C=0), 150.2 (C=0), 145.8 (C=C), 95.5 (C=C)P71T5),
66.1 (C3), 62.0 (dJ = 7.3 Hz, CHOP), 62.0 (dJ = 7.2 Hz,
CH,0OP), 51.8 (CEN), 44.5 (CHN), 37.6 (d,J = 4.4 Hz, C4),
30.8 (d,J = 140.8 Hz, CP), 16.4 (d,= 5.9 Hz, 2 xCH;CH,OP);
P NMR (242 MHz, CDG) & 26.19. Anal. Calcd. for
C14H»3BrN;OgP: C, 38.20; H, 5.27; N, 9.55. Found: C, 38.05; H,
5.04; N, 9.69.



4.2.6.Diethyl trans-((3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)methyl)phosphonat28¢)
Yellow oil; IR (film, cm™) vpae 3443, 3175, 2985, 2925,
2853, 2822, 1688, 1620, 1442, 1247, 1025, 965néssgoftrans
were extracted from the spectra of a 20:80 mixtdrgams and
cis); "H NMR (600 MHz, CDCJ) &: 9.02 (brs, 1H, NH), 7.73 (s,
1H), 4.38-4.33 (m, 1H, H-C5), 4.21-4.12 (m, 4H, 2 x,CGF),
4.09-4.03 (m, 1HHCHN), 3.54 (dd, 1HJ = 13.5 Hz,J = 9.1
Hz, HCHN), 3.37-3.34 (m, 1H, H-C3), 2.71 (s, 3H, {b,
2.42-2.30 (m, 3H, €4, HCHP), 2.08-2.03 (m, 1H, H4P),
1.38-1.35 (m, 6H, 2 x KECH,OP); °C NMR (150 MHz,

CDCl) &: 159.4 (C=0), 150.3 (C=0), 145.4 (C=C), 95.8 (C=C),

73.4 (C5), 65.8 (C3), 61.9 (d, = 6.4 Hz, 2 x CHOP), 50.7
(CH;N), 46.3 (CHN), 38.0 (dJ =5.9 Hz, C4), 33.2 (d = 138.7
Hz, CP), 16.4 (dJ = 5.8 Hz, 2 xCH,CH,0P);*'P NMR (242
MHz, CDCL) &: 25.71. Anal. Calcd. for GH,3BrN;OgP: C,
38.20; H, 5.27; N, 9.55. Found: C, 38.05; H, 5.02; Ng49
(obtained on a 2:8 mixture tfins-28c andcis-27c).

4.2.7.Diethyl cis-((2-methyl-3-((5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-yl)methyl)phosphonate
(27d)

Yield: 21% (0.102 g from 1.27 mmol of the nitro28d);
yellow oil; IR (film, cm™) vmas 3406, 3163, 3042, 2984, 2928,
2816, 1689, 1466, 1369, 1250, 1024 NMR (300 MHz,
CD;0D) &: 7.42 (q,J = 1.2 Hz, 1H), 4.55 (ddddd, 18~ 7.9 Hz,
J=74HzJ=7.1HzJ=7.0 Hz,J = 6.3 Hz, H-C5), 4.18-4.07
(m, 4H, 2 x CHOP), 3.85 (dd, 1HJ = 13.9 Hz,J = 5.0 Hz,
HCHN), 3.59 (dd, 1HJ = 13.9 Hz,J = 8.2 Hz, H®IN), 3.37
(dddd, 1HJ=8.2 HzJ=7.9 HzJ =5.0 Hz,J = 4.6 Hz, H-C3),
2.74 (ddd, 1HJ) = 13.0 HzJ = 7.9 Hz,J = 7.9 Hz, B-C4), 2.62
(s, 3H, CHN), 2.25 (ddd, 1H,) = 21.4 Hz,J = 15.3 Hz,J = 6.3
Hz, HCHP), 2.14 (ddd, 1H] =22.4 HzJ = 15.3 Hz,J = 7.1 Hz,
HCHP), 1.86 (d, 3H, = 1.2 Hz, CH), 1.78 (ddd, 1H, = 13.0
Hz,J=7.0 Hz,J = 4.6 Hz, H-C4), 1.34 (t, 6H,J = 6.9 Hz, 2 x
CH5;CH,OP); ®°C NMR (75 MHz, CQOD) &: 166.8 (C=0),
152.9 (C=0), 144.3 (C=C), 110.4 (C=C), 72.3 Jd= 9.9 Hz,
C5), 67.6 (C3), 63.7 (d = 6.4 Hz, CHOP), 63.5 (d,J = 6.4 Hz,
CH,OP), 52.0 (CHN), 44.9 (CHN), 39.0 (d,J = 7.4 Hz, CH),
31.6 (d,J=138.9 Hz, CP), 16.9 (d,= 6.0 Hz,CH;CH,OP), 16.9
(d, J = 6.0 Hz,CH,CH,OP), 12.4 (CH); *P NMR (121 MHz,
CD;0D) &: 29.13. Anal. Calcd. for H,¢NsOgP: C, 48.00; H,
6.98; N, 11.19. Found: C, 48.25; H, 6.93; N, 11.23.

4.2.8.Diethyl cis-(((3-((2,4-diox0-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-
yl)methoxy)methyl)phosphonat&9a)

Yield: 16% (0.055 g from 0.85 mmol of the nitro26a);
colorless oil; IR (film, crhl) Vvmax 3472, 3169, 3050, 2983, 2929,
1679, 1631, 1453, 1372, 1249, 102H NMR (300 MHz,
CD;OD) &: 7.54 (d, 1H,J = 7.8 Hz), 5.61 (d, 1H) = 7.8 Hz),
4.50 (dddd, 1H) = 8.6 Hz,J=6.5 Hz,J= 4.8 Hz,J = 3.5 Hz, H-
C5), 4.22-4.12 (m, 4H, COP), 3.94 (d, 2HJ = 8.4 Hz, CHP),
3.81 (dd, 1HJ = 13.9 Hz,J = 4.9 Hz,HCHN), 3.72 (dAB, 1H,
Jag = 11.0 Hz,J = 3.5 Hz,HCHO), 3.70 (dAB, 1HJs = 11.0
Hz, J = 4.8 Hz, H®O), 3.64 (dd, 1H, = 13.9 Hz,J = 8.8 Hz,
HCHN), 3.39 (dddd, 1HJ) = 8.8 Hz,J =8.7 Hz,J=4.9 HzJ =
3.2 Hz, H-C3), 2.63 (ddd, 1H,= 13.0 Hz,J = 8.6 Hz,J = 8.6
Hz, H-C4), 2.60 (s, 3H, C§N), 1.82 (ddd, 1HJ = 13.0 Hz,J =
6.5 Hz,J = 3.2 Hz, H-C4), 1.34 (t, 6H,J = 7.0 Hz, 2 x
CH;CH,OP); ®C NMR (75 MHz, DO) &: 166.8 (C=0), 152.3
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(C=0), 147.9 (C=C), 101.4 (C=C), 75.6 (C5), 73.2 {OH
65.3 (C3), 64.3 (dJ = 6.6 Hz, 2 x CKOP), 63.9 (dJ = 162.7
Hz, CHP), 51.1 (CHN), 43.8 (CHN), 32.3 (C4), 15.9 (dJ =
6.3 Hz, 2 xCH;CH,OP); *’P NMR (121 MHz, DO) &: 24.95.
Anal. Calcd. for GsH,¢N;O,P: C, 46.04; H, 6.70; N, 10.74.
Found: C, 45.89; H, 6.83; N, 10.61.

4.2.9.Diethyl trans-(((3-((2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-
yl)methoxy)methyl)phosphonat80a)

Yield: 9% (0.030 g from 0.85 mmol of the nitror2®a);
colorless oil; IR (film, crﬁ) Vmax 3472, 3173, 3051, 2984, 2929,
1681, 1631, 1454, 1370, 1245, 1028/ NMR (600 MHz,
CD;0OD) &: 7.57 (d, 1H,J = 7.8 Hz), 5.65 (d, 1HJ = 7.8 Hz),
4.27-4.22 (m, 1H, H-C5), 4.21-4.14 (m, 4H, £R), 3.94 (d,
2H, J = 8.3 Hz, CHP), 3.89 (dd, 1HJ = 14.0 Hz,J = 5.4 Hz,
HCHN), 3.74 (dd, 1HJ = 14.0 Hz,J = 6.8 Hz, HGIN), 3.73 (dd,
1H,J=10.7 HzJ = 3.5 Hz,HCHO), 3.66 (dd, 1HJ = 10.7 Hz,

J = 5.5 Hz, H®O), 3.32-3.26 (m, 1H, H-C3), 2.68 (s, 3H,
CH;N), 2.36 (ddd, 1HJ = 12.8 Hz,J = 8.0 Hz,J = 7.9 Hz, H-
C4), 2.16 (ddd, 1H) = 12.8 Hz,J = 7.7 Hz,J = 4.6 Hz, H-C4),
1.36 (t, 6H,J = 7.0 Hz, ®,CH,0OP); *C NMR (150 MHz,
CD;0OD) 5: 165.6 (C=0), 151.8 (C=0), 146.7 (C=C), 100.4
(C=C), 77.1 (C5), 74.4 (Cj®), 65.6 (C3), 64.6 (d] = 166.2 Hz,
CH,P), 62.7 (d,J = 6.5 Hz, 2 x CHOP), 49.5 (CEN), 44.6
(CH5N), 33.3 (C4), 15.4 (dJ = 5.6 Hz, 2 xCHCH,OP); *'P
NMR (242 MHz, CROD) &: 21.77. Anal. Calcd. for
CisHp6NsO;P: C, 46.04; H, 6.70; N, 10.74. Found: C, 45.81; H,
6.79; N, 10.56.

4.2.10.Diethyl cis-(((3-((5-fluoro-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-
yl)methoxy)methyl)phosphonat29b)

Yield: 13% (0.026 g from 0.49 mmol of the nitro28b);
yellow oil; IR (film, crmi®) vpae 3466, 3172, 3063, 2985, 2918,
2849, 2822, 1697, 1464, 1444, 1241, 1049, 9A2NMR (600
MHz, CDCk) &: 9.10 (brs, 1H, NH), 7.62 (d, 1H,= 5.9 Hz),
4.52-4.49 (m, 1H, H-C5), 4.24-4.16 (m, 4H, OR), 3.94-3.77
(m, 5H,HCHN, CH,P, CHO), 3.55 (dd, 1HJ = 13.8 HzJ = 9.8
Hz, HCHN), 3.44-3.41 (m, 1H, H-C3), 2.62 (s, 3H, D,
2.64-2.58 (m, 1H, [HC4), 1.88 (ddd, 1HJ = 13.0 Hz,J = 6.5
Hz,J = 3.1 Hz, H-C4), 1.37 (t, 6HJ = 7.0 Hz, 2 x EI,CH,OP);
¥C NMR (150 MHz, CDGCJ) &: 157.3 (d,J = 26.2 Hz, C=0),
149.6 (C=0), 139.7 (d] = 233.8 Hz, C=C), 131.5 (d,= 32.7
Hz, C=C), 75.4 (C5), 72.5 (d,= 10.9 Hz, CHO), 65.7 (d,J =
166.1 Hz, CHP), 65.2 (C3), 62.5 (d] = 6.7 Hz, CHOP), 62.4
(d, J = 6.7 Hz, CHOP), 51.3 (CEN), 44.0 (CHN), 31.9 (C4),
16.5 (d,J = 5.6 Hz, 2 xCH;CH,OP); *'P NMR (242 MHz,
CDCly) 8: 20.95. Anal. Calcd. for £H,sFN;O,P: C, 44.01; H,
6.16; N, 10.27. Found: C, 44.25; H, 5.96; N, 10.22.

4.2.11.Diethyl cis-(((3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-
yl)methoxy)methyl)phosphonat9c)

Yield: 12% (0.047 g from 0.85 mmol of the nitro2@c); light
yellow oil; IR (film, cm’l) vmax 3425, 3189, 3059, 2985, 2960,
2925, 2854, 2820, 1695, 1622, 1445, 1338, 12473,1920;'H
NMR (600 MHz, CDC})) &: 9.38 (brs, 1H, NH), 7.80 (s, 1H),
4.52-4.49 (m, 1H, H-C5), 4.22-4.17 (m, 4H, o), 3.93 (dd,
1H,J = 13.9 HzJ = 4.1 Hz,HCHN), 3.91-3.87 (m, 2H, CIR),
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3.79 (dAB, 1H,Jss = 10.9 Hz,J = 2.8 Hz,HCHO), 3.76
(dAB, 1H,Jss = 10.9 HzJ = 3.8 Hz, HGHO), 3.58 (dd, 1HJ =
13.9 Hz,J = 10.1 Hz,HCHN), 3.43-3.39 (m, 1H-C3), 2.64—
2.59 (m, 1H, H-C4), 2.61 (s, 3H, CHN), 1.84 (ddd, 1H] = 13.0
Hz,J = 6.4 Hz,J = 2.3 Hz, H-C4), 1.35 (t, 6H,J = 7.1 Hz, 2 x
CH3CH,OP); (signals ofcis-29c were extracted from th&’C
NMR spectrum of a 65:35 mixture ofs-29c andtrans-30c); **C
NMR (150 MHz, CDCJ) &: 159.7 (C=0), 150.4 (C=0), 146.5
(C=C), 95.2 (C=C), 75.3 (C5), 72.5 (#i= 10.6 Hz, CHO), 65.7
(d, J = 161.5 Hz, CP), 65.1 (C3), 62.5 (= 6.6 Hz, CHOP),
62.5 (d,J = 6.6 Hz, CHOP), 51.4 (CKN), 44.1 (CHN), 31.9
(C4), 16.5 (dJ = 5.3 Hz, 2 xCH;CH,OP); *P NMR (80 MHz,
CDCl,) 6: 21.91. Anal. Calcd. for £H,sBrN;O,P: C, 38.31; H,
5.36; N, 8.94. Found: C, 38.36; H, 5.57; N, 8.86.

4.2.12.Diethyl trans-(((3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-
yl)methoxy)methyl)phosphonat80(c)

Yellowish oil; IR (film, cm?) vy 3174, 3059, 2983, 2932,
2819, 1699, 1679, 1621, 1439, 1227, 1057; 754;nésg of
trans-30c were extracted from the spectra of a 65:35 mixbire
cis-29¢ andtrans-30c); 'H NMR (600 MHz, CDC}) &: 9.50 (brs,
1H, NH), 7.70 (s, 1H), 4.26-4.21 (m, 1H, H-C5), 4.2274,
4H, CHOP), 3.98 (dd, 1HJ = 13.9 Hz,J = 3.9 Hz,HCHN),
3.93-3.83 (m, 2H, C}P), 3.78 (dAB, 1HJ,z = 10.6 HzJ = 4.0
Hz, HCHO), 3.70 (dAB, 1HJs = 10.6 Hz,J = 5.4 Hz, HEO),
3.50 (dd, 1HJ = 13.9 Hz,J = 8.7 Hz, HEIN), 3.33-3.29 (m,
1H, H-C3), 2.68 (s, 3H, Ci), 2.41 (ddd, 1H) = 12.9 Hz,J =
8.4 Hz,J = 8.2 Hz, H-C4), 2.10 (ddd, 1HJ = 12.9 HzJ = 7.6
Hz,J= 2.9 Hz, H-C4), 1.35 (t, 6HJ = 7.1 Hz, 2 x EI,CH,OP);
¥C NMR (150 MHz, CDG) &: 159.5 (C=0), 150.4 (C=0),
145.6 (C=C), 95.7 (C=C), 77.6 (C5), 74.8 J& 9.0 Hz, CHO),
65.6 (d,J = 165.1 Hz, CP), 65.5 (C3), 62.5 (d,= 6.6 Hz,
CH,OP), 62.5 (d,J = 6.6 Hz, CHOP), 50.2 (CHN), 46.1
(CH;N), 33.3 (C4), 16.5 (dJ = 5.3 Hz, 2 xCH;CH,OP); *'P
NMR (80 MHz, CDC}) &: 21.80. Anal. Caled. for

C1sH2sBrN;O;P: C, 38.31; H, 5.36; N, 8.94. Found: C, 38.36; H,

5.56; N, 8.88 (obtained on a 65:35 mixturecsF29c andtrans
30c).

4.2.13.Diethyl cis-(((2-methyl-3-((5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-
yl)methoxy)methyl)phosphonat29d)

Yield: 5% (0.022 g from 1.03 mmol of the nitror28d);
yellowish oil; IR (film, crril) Vmax 3476, 3175, 3053, 2984, 2928,
1681, 1466, 1369, 1249, 1026§ NMR (600 MHz, CDC)) &:
8.68 (brs, 1H, NH), 7.24 (q, 1H,= 1.0 Hz,), 4.51-4.48 (m, 1H,
H-C5), 4.23-4.16 (m, 4H, GBP), 3.93-3.85 (m, 2H, GR),
3.88 (dd, 1H,J = 13.6 Hz,J = 4.0 Hz,HCHN), 3.79 (dAB, 1H,
Jag = 10.9 Hz,J = 2.9 Hz,HCHO), 3.74 (dAB, 1HJs = 10.9
Hz,J = 4.4 Hz, H®O), 3.49 (dd, 1H, = 13.6 Hz,J = 9.7 Hz,
HCHN), 3.44-3.40 (m, 1H, H-C3), 2.61 (s, 3H, Db, 2.63—
2.58 (m, 1H, BC4), 1.93 (d, 3HJ = 1.0 Hz, CH), 1.84 (ddd,
1H,J=13.0 Hz,J = 6.5 Hz,J = 2.8 Hz, H-C4), 1.35 (t, 6H,J =
7.1 Hz, 2 x ®,CH,0P); ®C NMR (150 MHz, CDCJ) 5: 164.3
(C=0), 151.1 (C=0), 142.9 (C=C), 109.4 (C=C), 75.3)(@2.9
(d, J = 10.5 Hz, CHO), 65.7 (dJ = 166.4 Hz, CP), 65.4 (C3),
62.6 (d,J = 5.9 Hz, CHOP), 62.4 (dJ = 6.1 Hz, CHOP), 51.4
(CH:N), 44.2 (CHN), 32.5 (C4), 16.5 (dJ = 5.6 Hz, 2 x
CH3CH,0P), 12.1 (CH); *P NMR (242 MHz, CDG) 5: 20.95.
Anal. Calcd. for GgH,gN;O,P: C, 47.41; H, 6.96; N, 10.37.
Found: C, 47.56; H, 7.04; N, 10.25.
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4.2.14.Diethyl trans-(((2-methyl-3-((5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-
yl)methoxy)methyl)phosphonat80(d)

Yellowish oil; IR (film, cm?) vy 3488, 3183, 3061, 2986,
2929, 1679, 1455, 1370, 1244, 1211, 1047, 1023n&s of
trans-30d were extracted from the spectra of a 32:68 mixbire
trans-30d andcis-29d); '"H NMR (600 MHz, CDCJ) &: 9.16 (brs,
1H, NH), 7.14 (s, 1H), 4.26-4.23 (m, 1H, H-C5), 4.2164(m,
4H, CH,0P), 3.94-3.84 (m, 3H, GR, HCHN), 3.74 (dAB, 1H,
Jag = 10.6 Hz,J = 4.4 Hz,HCHO), 3.69 (dAB, 1HJ,s = 10.6
Hz,J = 5.5 Hz, HBHO), 3.53 (dd, 1HJ = 12.6 Hz,J = 8.3 Hz,
HCHN), 3.33-3.28 (m, 1H, H-C3), 2.68 (s, 3H, Dy, 2.37
(ddd, 1H,J = 11.6 HzJ = 8.2 Hz,J = 8.2 Hz, H-C4), 2.10 (ddd,
1H,J = 11.6 Hz,J = 7.6 Hz,J = 3.7 Hz, H-C4), 1.92 (s, 3H,
CHs), 1.36 (t, 6H,J = 7.1 Hz, 2 x El,CH,OP); *C NMR (150
MHz, CDC) &: 164.3 (C=0), 151.2 (C=0), 142.0 (C=C), 110.0
(C=C), 75.3 (C5), 74.7 (d,= 9.6 Hz, CHO), 65.7 (C3), 65.6 (d,
J=163.5 Hz, CP), 62.4 (d,= 6.1 Hz, CHOP), 62.4 (dJ = 6.5
Hz, CH,0OP), 50.2 (CHN), 46.0 (CHN), 33.8 (C4), 16.5 (d] =
5.5 Hz, 2 xCH;CH,0P), 12.2 (CH); *P NMR (242 MHz,
CDCl,) 8: 20.89. Anal. Calcd. for £gH,gNsO;P: C, 47.41; H,
6.96; N, 10.37. Found: C, 47.22; H, 7.20; N, 10.354joted on a
32:68 mixture otrans-30d andcis-29d).

4.2.15.Diisopropyl cis-(((3-((2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)oxy)methyl)phosphonate
(31a)

Yield: 30% (0.013 g from 0.906 mmol of the nitroBea);
white amorphous solid; IR (film, c'ﬁ) Vmae 3432, 3113, 2984,
2930, 2854, 1714, 1680, 1454, 1236, 10B¥NMR (300 MHz,
CDCly) &: 9.95 (brs, 1H, NH), 7.55 (d, 1H,= 7.9 Hz, C=C),
5.64 (d, 1H,J = 7.9 Hz, C=C), 5.29 (d, 1H, = 5.1 Hz, H-C5),
4.79-4.67 (m, 2H, POA(CH,),), 3.98 (dd, 1H,J = 13.4 HzJ =
10.4 Hz,HCHP), 3.95 (dAB, 1HJss = 13.7 Hz,J = 9.4 Hz,
HCHN), 3.93 (dAB, 1HJ,g = 13.7 HzJ = 5.3 Hz, HEIN), 3.62
(dd, 1H,J = 13.4 Hz,J = 8.7 Hz, HE&P), 3.44-3.36 (m, 1H, H-
C3), 2.58 (ddd, 1H) = 13.7 Hz,J = 8.7 Hz,J = 5.1 Hz, H-C4),
2.60 (s, 3H, CKN), 2.06 (dd, 1H,J = 13.7 Hz,J = 1.3 Hz, H-
C4), 1.32-1.23 (m, 12H, POCHG),); °C NMR (75 MHz,
CDCly) 3: 164.4 (C=0), 151.3 (C=0), 147.1 (C=C), 102.7X¢,
12.3 Hz, C5), 101.3 (C=C), 71.4 (@~ 5.5 Hz, P@H(CHy),),
71.3 (d,J = 5.9 Hz, P@H(CHs),), 63.2 (C3), 61.1 (dJ = 171.1
Hz, CP), 51.7 (ChN), 47.1 (CHN), 37.6 (C4), 24.4 (d) = 4.6
Hz, POCHCHj),), 24.3 (d,J = 3.6 Hz, POCHTH,),), 24.3 (d,J
= 4.7 Hz, POCHCH,),), 24.2 (d,J = 4.5 Hz, POCHEH,),); *'P
NMR (121 MHz, CDCJ)) &: 20.84. Anal. Calcd. for
CieH2gN:O;P: C, 47.41; H, 6.96; N, 10.37. Found: C, 47.63; H,
6.86; N, 10.48.

4.2.16.Diisopropyl trans-(((3-((2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)oxy)methyl)phosphonate
(32a)

White amorphous solid; IR (film, c’ﬂo Vmax 3386, 3192,
3056, 2926, 2855, 1685, 1458, 1385, 1248, 109gn&ss of
trans-32a were extracted from the spectra of a 46:54 mixbire
trans-32a andcis-31a); "H NMR (600 MHz, CDCJ) &: 8.53 (brs,
1H, NH), 7.34 (d, 1HJ = 7.9 Hz), 5.67 (d, 1H] = 7.9 Hz), 5.33
(t, 1H,J = 5.3 Hz, H-C5), 4.80-4.75 (m, 2H, PE(CH>),), 3.99
(dd, 1H,J = 13.5 Hz,J = 3.7 Hz,HCHN), 3.97 (dd, 1HJ = 13.5



Hz, J = 9.4 Hz,HCHP), 3.72 (dd, 1H) = 13.5 Hz,J = 9.0 Hz,
HCHP), 3.53-3.46 (m, 1H, H-C3), 3.33 (dd, 1H; 13.5 HzJ =
9.3 Hz, HGIN), 2.86 (s, 3H. CEN), 2.49 (ddd, 1HJ = 13.7 Hz,
J=7.6 Hz,J = 1.5 Hz, H-C4), 2.19 (ddd, 1H) = 13.7 Hz,J =
5.3 Hz,J = 5.3 Hz, H-C4), 1.37-1.34 (m, 12H, POCH3),);
¥C NMR (150 MHz, CDG) &: 163.3 (C=0), 150.7 (C=0),
146.1 (C=C), 105.5 (dl = 12.3 Hz, C5), 101.1 (C=C), 71.3 (,
= 6.6 Hz, P@H(CH,),), 71.2 (d,J = 6.6 Hz, P@H(CH,),), 64.5
(C3), 61.6 (dJ = 171.6 Hz, CHP), 51.6 (CHN), 48.1 (CHN),
39.6 (C4), 24.1 (d) = 4.1 Hz, POCHEH3),), 24.0 (d,J = 4.6 Hz,
POCHCH?,)z), 24.0 (d,J =472 HZ, POCI‘[CHg)z), 23.9 (d,\] =
4.9 Hz, POCHCH,),); P NMR (242 MHz, CDG) &: 18.92.
Anal. Calcd. for GH,N;OP: C, 47.41; H, 6.96; N, 10.37.
Found: C, 47.54; H, 6.75; N, 10.21 (obtained on &46nixture
of trans-32a andcis-31a).

4.2.17.Diisopropyl cis-(((3-((5-fluoro-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)oxy)methyl)phosphonate
(31b)

Yield: 20% (0.050 g from 0.60 mmol of the nitro2éb);
colorless oil; IR (film, crhl) Vmax 3423, 3195, 3064, 2983, 2928
2852, 2823, 1702, 1665, 1467, 1376, 1242, 1131, B90IMR
(600 MHz, CDC}) &: 8.69 (brs, 1H, NH), 7.85 (d, 1H,= 5.8
Hz), 5.34 (d, 1H,J = 5.1 Hz, H-C5), 4.83-4.74 (m, 2H,
CH(CHsy),), 4.01 (dd, 1HJ = 13.4 Hz,J = 10.6 HzHCHP), 3.98
(dd, 1H,J = 13.8 Hz,J = 9.0 Hz,HCHN), 3.91 (dd, 1HJ = 13.8
Hz, J = 5.3 Hz, H®&IN), 3.67 (dd, 1HJ = 13.4 Hz,J = 8.6 Hz,
HCHP), 3.46 (dddd, 1H) = 8.9 Hz,J=8.6 Hz,J = 5.3 Hz,J =
1.4 Hz, H-C3), 2.66 (s, 3H, GN), 2.61 (ddd, 1HJ = 13.8 Hz,J
= 8.6 Hz,J = 5.3 Hz,H;C4), 2.11 (dd, 1H) = 13.8 HzJ =14
Hz, H,-C4), 1.38-1.36 (m, 12H, 2 x CHKG),); *C NMR (150
MHz, CDCE) &: 157.4 (d,J = 26.2 Hz, C=0), 149.8 (C=0),
139.7 (d,J = 233.9 Hz, C=C), 131.6 (d,= 32.9 Hz, C=C), 102.6
(d, J = 12.1 Hz, C5), 71.3 (dl = 6.4 Hz, 2 xCH(CH,),), 63.0
(C3), 60.9 (dJ =170.6 Hz, CP), 51.6 (GN), 47.0 (CHN), 37.2
(C4), 24.1 (dJ = 4.1 Hz, 2 x CHCH,),); *'P NMR (242 MHz,
CDCly) 8: 19.72. Anal. Calcd. for £gH,,FN;O;P: C, 45.39; H,
6.43; N, 9.93. Found: C, 45.47; H, 6.57; N, 10.11.

4.2.18.Diisopropyl trans-(((3-((5-fluoro-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)oxy)methyl)phosphonate
(32h)

Colorless oil; IR (film, crif) vmae 3412, 3180, 3055, 2983,
2932, 2879, 2821, 1698, 1665, 1465, 1335, 12412,1990;

(signals oftrans-32b were extracted from the spectra of a 36:64

mixture oftrans-32b andcis-31b); '"H NMR (600 MHz, CDC}))
8: 9.28 (brs, 1H, NH), 7.49 (d, 1H,= 5.8 Hz), 5.34 (d, 1H] =
5.2 Hz, H-C5), 4.82—4.74 (m, 2HHICH,),), 3.98 (dd, 1H, =
13.8 Hz,J = 3.7 Hz,HCHN), 3.98 (dd, 1H) = 13.8 Hz,J = 9.6
Hz, HCHP), 3.73 (dd, 1H] = 13.8 Hz,J = 8.9 Hz, HE&IP), 3.56—
3.50 (m, 1H, H-C3), 3.28 (dd, 1H, = 13.8 Hz,J = 9.2 Hz,
HCHN), 2.87 (s, 3H, CkN), 2.71 (ddd, 1H) = 13.9 HzJ = 7.7
Hz,J = 1.9 Hz,H,-C4), 2.19 (ddd, 1HJ = 13.9 Hz,J = 5.6 Hz,J
= 4.9 Hz, H-C4), 1.38-1.34 (m, 12H, 2 x CHK),); °C NMR
(150 MHz, CDC}) &: 157.2 (dJ = 26.9 Hz, C=0), 149.6 (C=0),
139.8 (d,J = 235.0 Hz, C=C), 130.5 (d,= 32.8 Hz, C=C), 105.7
(d, J = 12.1 Hz, C5), 71.2 (dl = 6.7 Hz, 2 xCH(CH),), 64.6
(C3), 62.0 (d,) = 169.8 Hz, CP), 51.0 (GN), 48.0 (CHN), 39.4
(C4), 24.1 (dJ = 4.2 Hz, 2 x CHCH,),); *'P NMR (242 MHz,
CDCl;) &: 18.88. Anal. Calcd. for gH,FN,O;P: C, 45.39; H,
6.43; N, 9.93. Found: C, 45.23; H, 6.33; N, 9.78 (wiat on a
36:64 mixture otrans-32b andcis-31b).

13

4.2.19.Diisopropyl cis-(((3-((5-bromo-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)oxy)methyl)phosphonate
(31c)

Yield: 19% (0.081 g from 0.89 mmol of the nitro28c);
colorless oil; IR (film, crﬁ) Vmax 3174, 3059, 2983, 2932, 2819,
1699, 1679, 1621, 1439, 1227, 1057, 999;NMR (600 MHz,
CDCly) &: 9.64 (brs, 1H, NH), 7.96 (s, 1H), 5.34 (d, 1H5 5.2
Hz, H-C5), 4.80-4.74 (m, 2H,H{CH,),), 4.00 (dd, 1H,) = 13.6
Hz, J = 10.3 Hz,HCHP), 3.99 (dAB, 1HJas = 13.6 Hz,J = 9.9
Hz, HCHN), 3.97 (dAB, 1HJ,s = 13.6 Hz,J = 5.0 Hz, HEIN),
3.68 (dd, 1H) = 13.6 HzJ = 8.4 Hz, HE{P), 3.41-3.38 (m, 1H,
H-C3), 2.64 (s, 3H, C§N), 2.60 (ddd, 1HJ = 13.9 Hz,J = 8.9
Hz, J = 5.2 Hz,H.-C4), 2.09 (dd, 1HJ = 13.9 Hz,J = 1.5 Hz,
He-C4), 1.37-1.32 (m, 12H, 2 x CHKG),); *C NMR (150
MHz, CDCL) &: 159.7 (C=0), 150.6 (C=0), 146.2 (C=C), 102.6
(d,J=10.7 Hz, C5), 95.5 (C=C), 71.3 #F 6.3 Hz,CH(CHy),),
71.2 (d,J = 6.8 Hz,CH(CHz),), 63.1 (C3), 61.0 (d] = 170.2 Hz,
CP), 51.8 (CEN), 46.9 (CHN), 37.4 (C4), 24.1 (d) = 4.3 Hz,
CH(CHs),), 24.0 (d,J = 4.2 Hz, CHCH3),); *'P NMR (242 MHz,
CDCly) 6: 19.73. Anal. Calcd. for £H,;BrN;O,P: C, 39.68; H,

' 5.62; N, 8.68. Found: C, 39.71; H, 5.68; N, 8.86.

4.2.20.Diisopropyl cis-(((2-methyl-3-((5-methyl-
2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-yl)oxy)methyl)phosphonate
(31d)

Yield: 27% (0.110 g from 0.98 mmol of the nitro2ed);
yellow oil; IR (film, cmi®) vpae 3479, 3176, 3055, 2980, 2932,
2820, 1713, 1466, 1373, 1248, 1101, 106NMR (600 MHz,
CDCly) 6: 9.07 (brs, 1H, NH), 7.29 (q, 1H,= 1.0 Hz), 5.33 (d,
1H, J = 5.2 Hz, H-C5), 4.80-4.74 (m, 2HHUCH,),), 4.02 (dd,
1H,J = 13.6 Hz,J = 9.9 Hz,HCHP), 3.91 (dAB, 1H,) = 13.8
Hz,J= 8.3 Hz,HCHN), 3.89 (dAB, 1HJ = 13.8 Hz,J = 5.3 Hz,
HCHN), 3.68 (dd, 1HJ = 13.6 Hz,J = 8.9 Hz, HGIP), 3.44
(dddd,J =8.9 Hz,J=8.3 Hz,J= 5.3 Hz,J = 2.1 Hz, 1H, H-C3),
2.64 (s, 3H, CkN), 2.61 (ddd, 1HJ) = 13.9 HzJ =89 Hz,J =
5.2 Hz,H,-C4), 2.10 (dd, 1HJ = 13.9 Hz,J = 2.1 Hz, H-C4),
1.94 (d, 3H,J = 1.0 Hz, CH), 1.37-1.33 (m, 12H, 2 x
CH(CH,),); *C NMR (75 MHz, CDC)) &: 164.2 (C=0), 151.0
(C=0), 142.8 (C=C), 109.7 (C=C), 102.7 M= 12.0 Hz, C5),
71.1 (d,J = 5.5 Hz, 2 xCH(CH;),), 63.4 (C3), 61.2 (d] = 170.7
Hz, CP), 51.6 (CkN), 46.8 (CHN), 37.6 (C4), 24.1 (d)=4.1
Hz, 2 x CHCHa),), 12.2 CHy); *'P NMR (242 MHz, CDG) &:
19.57. Anal. Calcd. for GH;N;O,P: C, 48.68; H, 7.21; N,
10.02. Found: C, 48.43; H, 7.07; N, 9.98.

4.2.21.Diisopropyl trans-(((2-methyl-3-((5-methyl-
2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-yl)oxy)methyl)phosphonate
(32d)

Yield: 2% (0.008 g from 0.98 mmol of the nitror28d);
colorless oil; IR (film, crﬁ) Vmax 3429, 3180, 3055, 2980, 2926,
2853, 1683, 1465, 1247, 1101, 99%8;NMR (600 MHz, CDC))

d: 8.51 (brs, 1H, NH), 7.17 (q, 1H,= 1.0 Hz), 5.32 (dd, 1Hl =
5.5 Hz,J = 1.7 Hz, H-C5), 4.80-4.74 (m, 2HHQCH3),), 3.98
(dd, 1H,J = 13.6 Hz,J = 9.4 Hz,HCHP), 3.97 (dd, 1H] = 13.8
Hz, J = 3.7 Hz,HCHN), 3.72 (dd, 1H,) = 13.6 Hz,J = 8.9 Hz,
HCHP), 3.59-3.53 (m, 1H, H-C3), 3.34 (dd, 1H; 13.8 HzJ =
9.1 Hz, HGHIN), 2.86 (s, 3H, CkN), 2.69 (ddd, 1HJ = 13.7 Hz,
J=7.6 Hz,J=1.7 Hz,H,C4), 2.20 (ddd, 1H) = 13.7 HzJ =
5.5 Hz,J = 5.5 Hz, H-C4), 1.94 (d, 3H,) = 1.0 Hz, CH), 1.38—
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1.34 (m, 12H, 2 x CH(B,),); (signals oftrans32d were
extracted from th€C NMR spectrum of a 63:37 mixture of
trans-32d and cis-31d) *C NMR (150 MHz, CDG)) &: 164.0
(C=0), 150.8 (C=0), 142.0 (C=C), 109.9 (C=C), 10515)(=
12.2 Hz, C5), 71.2 (dl = 6.6 Hz,CH(CHj),), 71.1 (dJ = 6.5 Hz,
CH(CHsy),), 64.7 (C3), 61.9 (d) = 170.7 Hz, CP), 51.0 (GN),
48.1 (CHN), 39.7 (C4), 24.0 (d] = 4.0 Hz, 2 x CHCHs3),), 12.2
(CHy); *'P NMR (242 MHz, CDG) &: 18.51. Anal. Calcd. for
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1048, 981;'H NMR (600 MHz, CDCJ) &: 9.78 (brs, 1H, NH),
7.64 (d, 1HJ = 5.9 Hz), 4.45 (dd, 1H] = 10.4 Hz,J = 6.4 Hz,
H-C5), 4.27-4.17 (m, 4H, GOP), 3.94-3.88 (M part of ABM
system, 1HHCHN) and 3.65-3.57 (AB part of ABM system,
2H, HCHN and H-C3), 2.79 (dddd, 1H,= 15.4 HzJ = 13.4 Hz,
J=10.5HzJ=7.6 Hz, H-C4), 2.59 (s, 3H, C}N), 2.21 (dddd,
1H,J=19.5 Hz,J = 13.4 Hz,J = 6.4 Hz,J = 1.1 Hz, H-C4),
1.39 (t, 3H,J = 7.0 Hz, G;CH,0OP) 1.38 (t, 3HJ = 7.0 Hz,

CyH3oNsO.P: C, 48.68; H, 7.21; N, 10.02. Found: C, 48.88; H,CHsCH,OP); *C NMR (150 MHz, CDCJ) 5: 157.5 (d,J = 26.2

7.15; N, 9.99.

4.2.22.Diethyl cis-(3-((2,4-diox0-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat83a)

Yield: 14% (0.073 g from 1.69 mmol of the nitro26a);
white amorphous solid; mp 114-115°C; IR (KBr, 9mvmay
3445, 3153, 3069, 3045, 2993, 2926, 1704, 16693,14818,
1240, 1015, 976H NMR (200 MHz, CDC)) &: 8.50 (brs, 1H,
NH), 7.44 (d, 1HJ = 7.9 Hz), 5.63 (dd, 1H] = 7.9 Hz,J= 2.3
Hz), 4.43 (dd, 1HJ = 10.4 Hz,J = 6.4 Hz, H-C5), 4.30-4.10 (m,
4H, CH,0P), 3.97-3.80 (M part of ABM system, 1HCHN)
and 3.69-3.51 (AB part of ABM system, 2H, HN, H-C3),
2.89-2.64 (m, 1H, KHC4), 2.57 (s, 3H, CHN), 2.19 (dddd, 1H,
J=19.8 HzJ =13.4 HzJ = 6.4 Hz,J= 1.2 Hz, H-C4), 1.37 (t,
3H, J = 7.0 Hz, ®G,CH,0OP), 1.36 (t, 3H,J = 7.1 Hz,
CH5CH,OP); ®°C NMR (150 MHz, CDGCJ)) &: 163.9 (C=0),
151.1 (C=0), 147.0 (C=C), 101.1 (C=C), 70.2Jd; 171.8 Hz,
C5), 65.2 (dJ = 3.9 Hz, C3), 63.4 (d] = 6.5 Hz, CHOP), 62.5
(d, J = 7.1 Hz, CHOP), 50.9 (CHN), 43.5 (CHN), 32.3 (C4),
16.5 (d,J = 5.4 Hz, CH,CH,OP), 16.5 (d,J = 5.4 Hz,
CH3CH,OP); *'P NMR (80 MHz, CDGJ) &: 23.10. Anal. Calcd.

Hz, C=0), 149.9 (C=0), 139.7 (d,= 234.1 Hz, C=C), 131.4 (d,
J = 32.8 Hz, C=C), 70.2 (d} = 172.4 Hz, C5), 65.2 (d, = 3.7
Hz, C3), 63.5 (dJ = 6.5 Hz, CHOP), 62.6 (d,J = 6.7 Hz,
CH,OP), 50.9 (CHN), 43.4 (CHN), 32.2 (C4), 16.5 (d) = 5.6
Hz, CH,CH,0OP), 16.5 (d,J = 5.6 Hz, CH,CH,0OP); *'P NMR
(242 MHz, CDC})) 6: 22.23. Anal. Calcd. for gH,;FN;OgP: C,
42.74; H, 5.79; N, 11.50. Found: C, 42.93; H, 5.901 N34.

4.2.25.Diethyl trans-(3-((5-fluoro-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat84b)

Colorless oil; IR (KBr, crﬁ) Vmax 3398, 3158, 2995, 2963,
2906, 2821, 1700, 1667, 1444, 1233, 1048, 980;n#bsg of
trans-34b were extracted from the spectra of a 15:70:15 maxtu
of cis-33b, trans-34b, 35b/36b); ‘H NMR (600 MHz, CDCJ) &:
9.75 (brs, 1H, NH), 7.45 (d, 1H,= 5.6 Hz), 4.28-4.15 (m, 5H,
H-C5, CHOP), 4.01 (dd, 1HJ = 13.8 Hz,J = 3.5 Hz,HCHN),
3.52-3.45 (m, 1H, H-C3), 3.28 (dd, 18= 13.8 Hz,J = 9.4 Hz,
HCHN), 2.89-2.81 (m, 1H, HC4), 2.74 (s, 3H, CHN), 2.33
(ddd, 1H,J = 12.8 HzJ = 8.2 Hz,J = 8.2 Hz, H-C4), 1.40-1.34
(m, 6H, 2 x &,CH,OP); *C NMR (150 MHz, CDG)) 5: 157.3
(d, J = 25.9 Hz, C=0), 149.8 (C=0), 139.9 @= 235.1 Hz,

for Ci3H2oN306P: C, 44.96; H, 6.39; N, 12.10. Found: C, 44.87;C=C), 130.5 (dJ = 32.9 Hz, C=C), 73.2 (dl = 167.8 Hz, C5),

H, 6.36; N, 11.94.

4.2.23.Diethyl trans-(3-((2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat84a)

Yellowish oil; IR (film, cm?) vy 3422, 3055, 2984, 2920,
1682, 1458, 1392, 1234, 1023; (signals tedns-34a were
extracted from the spectra of a 4:86:10 mixtureisf33a, trans-
34a, 35a/36a); '"H NMR (200 MHz, CDC)) 5: 8.94 (brs, 1H,
NH), 7.28 (d, 1HJ = 7.9 Hz), 5.66 (dd, 1H] = 7.9 Hz,J = 1.9
Hz), 4.29-4.09 (m, 5H, 2 x GBH,OP,HCS5), 4.00 (dd, 1HJ =
13.5 Hz,J = 3.5 Hz,HCHN), 3.54-3.42 (m, 1H, H-C3), 3.29 (dd,
1H,J = 13.5 Hz,J = 9.3 Hz, HEIN), 2.83 (dddd, 1HJ = 20.9
Hz,J = 13.0 Hz,J = 10.1 Hz,J = 7.3 Hz, H-C4), 2.71 (s, 3H,
CH;N), 2.30 (dddd, 1H) = 13.0 Hz,J = 8.2 Hz,J = 8.2 Hz,J =
1.9 Hz, H-C4), 1.36 (t, 3H, = 7.0 Hz, G,CH,OP), 1.34 (t, 3H,
J = 7.0 Hz, ®,CH,0P); *C NMR (150 MHz, CDG)) &: 163.6
(C=0), 151.0 (C=0), 146.1 (C=C), 101.5 (C=C), 73.1Jd-
169.3 Hz, C5), 65.9 (dJ = 6.3 Hz, C3), 63.3 (d) = 6.7 Hz,
CH,OP), 62.6 (d,J = 6.8 Hz, CHOP), 49.7 (CHN), 46.1
(CH;N), 32.7 (C4), 16.5 (dJ = 5.3 Hz,CH,CH,0OP); *'P NMR
(80 MHz, CDC}) &: 22.50. Anal. Calcd. for GH,NzOgP: C,
44.96; H, 6.39; N, 12.10. Found: C, 45.10; H, 6.60;11,93
(obtained on a 4:86:10 mixture cib-33a, trans-34a, 35a/36a).

4.2.24.Diethyl cis-(3-((5-fluoro-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat83b)

Yield: 33% (0.106 g from 0.89 mmol of the nitro28b);
white amorphous solid, mp 126-127°C; IR (KBr, 9Mimac
3403, 3157, 3057, 2994, 2906, 2821,1700, 1667, , 142832,

65.8 (d,J = 6.2 Hz, C3), 63.4 (d] = 6.6 Hz, CHOP), 62.6 (d)

= 7.1 Hz, CHO), 49.7 (CHN), 46.1 (CHN), 32.5 (C4), 16.5 (d,

J = 5.5 Hz,CH,CH,0P), 16.5 (dJ = 5.3 Hz,CH,CH,OP); *'P
NMR (242 MHz, CDC)) & 21.58. Anal. Calcd. for
CisHFNsOGP: C, 42.74; H, 5.79; N, 11.50. Found: C,42.59; H,
5.68; N, 11.21 (obtained on a 15:70:15 mixtureief33b, trans-
34b, 35b/36b).

4.2.26.Diethyl cis-(3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat83c)

Yield: 24% (0.094 g from 0.92 mmol of the nitro28c);
colorless crystalline solid (crystallized from dthgetate/hexane)
mp 209-213°C with decomposition; IR (KBr, ¢invma: 3369,
3155, 3046, 2993, 2904, 2859, 2818, 1698, 16257,14416,
1334, 1229, 1042, 9834 NMR (300 MHz, CDC}) 5: 9.06 (brs,
1H, NH), 7.88 (s, 1H), 4.48 (dd, 1H,= 10.5 HzJ = 6.4 Hz, H-
C5), 4.33-4.18 (m, 4H, 2 x GAP), 3.96 (dd, 1H] = 13.9 HzJ
= 5.0 Hz, HCHN), 3.70 (dd, 1HJ = 13.9 Hz,J = 9.5 Hz,
HCHN), 3.63-3.59 (m, 1H, H-C3), 2.84 (dddd, 1Hs 15.8 Hz,
J=13.4 HzJ = 10.5 Hz,J = 7.7 Hz, H-C4), 2.61 (s, 3H, CHN),
2.23 (dddd, 1H)=19.4 HzJ=13.4 HzJ= 6.4 Hz,J= 1.3 Hz,
Hy-C4), 1.42 (d, 3H, = 7.0 Hz, Gi;CH,0OP), 1.41 (d, 3HJ =
7.0 Hz, GH,CH,0OP); °C NMR (150 MHz, CDG)) & 159.4
(C=0), 150.2, (C=0), 146.0 (C=C), 95.1 (C=C), 69.9 Jc=
176.1 Hz, C5), 64.8 (C3), 63.2 (@= 6.3 Hz, CHOP), 62.4 (dJ
= 6.9 Hz, CHOP), 50.8 (CHN), 43.2 (CHN), 32.0 (C4), 16.4
(d,J = 5.4 Hz,CH,CH,OP), 16.3 (dJ = 5.4 Hz,CH,CH,0OP);*'P
NMR (121 MHz, CDCJ)) &: 22.68. Anal. Calcd. for
Ci13H21BrN:OgP: C, 36.64; H, 4.97; N, 9.86. Found: C, 36.68; H,
4.69; N, 9.80.



4.2.27.Diethyl trans-(3-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat84c)

Yield: 10% (0.039 g from 0.92 mmol of the nitro28c);
yellowish amorphous solid; IR (KBr, ¢ vmas 3418, 3158,
2992, 2906, 2819, 1698, 1622, 1446, 1230, 1046, ¥8NMR
(300 MHz, CDCY}) 5: 9.65 (brs, 1H, NH), 7.66 (s, 1H), 4.28-4.18
(m, 4H, 2 x CHOP), 4.18 (dd, 1HJ) = 9.6 Hz,J = 8.9 Hz, H-
C5), 4.03 (dd, 1HJ = 13.8 Hz,J = 3.6 Hz,HCHN), 3.51-3.45
(m, 1H, H-C3), 3.29 (dd, 1H] = 13.6 Hz,J = 9.6 Hz, HEiIN),
2.81 (dddd, 1HJ = 20.1 HzJ=12.8 HzJ = 9.6 Hz,J = 7.8 Hz,
H;-C4), 2.72 (s, 3H, CkN), 2.30 (dddd, 1H) = 12.8 HzJ = 8.9
Hz, J = 7.2 Hz,J = 1.4 Hz, H-C4), 1.37 (d, 3HJ = 7.0 Hz,
CH4CH,0OP), 1.35 (d, 3H,J = 7.0 Hz, ®,CH,0P); *C NMR
(150 MHz, CDCY) &: 159.4 (C=0), 150.4 (C=0), 145.5 (C=C),
95.8 (C=C), 73.2 (dJ = 167.9 Hz, C5), 65.7 (C3), 63.4 @=
6.7 Hz, CHOP), 62.6 (dJ = 7.0 Hz, CHOP), 49.9 (CHN), 46.2
(CHzN), 32.5 (C4), 16.5 (dJ = 5.6 Hz,CH3;CH,OP), 16.5 (dJ =
5.6 Hz, CH,CH,OP); P NMR (121 MHz, CDG) &: 22.05.
Anal. Calcd. for GH,;BrN;OsP: C, 36.64; H, 4.97; N, 9.86.
Found: C, 36.68; H, 4.64; N, 9.56.

4.2.28.Diethyl cis-(2-methyl-3-((5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-yl)phosphonat83d)

Yield: 2% (0.009 g from 1.11 mmol of the nitror2®d);
colorless oil; IR (film, cri) vmae 3481, 3171, 3054, 2985,
2931,2818, 1688, 1468, 1239, 1048;NMR (300 MHz, CDCJ)
3: 8.81 (brs, 1H, NH), 7.27 (g, 1H,= 1.2 Hz), 4.44 (dd, 1H] =
10.3 Hz,J = 6.6 Hz, H-C5), 4.29-4.15 (m, 4H, 2 x @bP),
3.92-3.83 (M part of ABM system, 1HHCHN) and 3.63-3.54
(AB part of ABM system, 2H, HBN and H-C3), 2.87-2.71 (m,
1H, H-C4), 2.57 (s, 3H, CHN), 2.19 (ddd, 1HJ = 19.6 Hz,J =
12.8 Hz,J = 6.6 Hz, H-C4), 1.91 (d, 3H) = 1.2 Hz, CH), 1.38
(t, 3H, J = 7.1 Hz, G;CH,OP) 1.37 (t, 3H,J = 7.1 Hz,
CH3CH,OP); ®*C NMR (150 MHz, CDGJ)) &: 164.3 (C=0),
151.0 (C=0), 143.0 (C=C), 109.4 (C=C), 70.2Jd; 171.9 Hz,
C5), 65.4 (dJ = 3.7 Hz, C3), 63.3 (d] = 6.4 Hz, CHOP), 62.5
(d, J = 6.7 Hz, CHOP), 51.0 (CHN), 43.6 (CHN), 32.4 (C4),
16.6 (d, J = 5.5 Hz, CH,CH,OP), 16.5 (d,J = 5.4 Hz,
CH;CH,OP), 12.1 (CH); *P NMR (121 MHz, CDG) 5: 22.73.
Anal. Calcd. for GH,N3OsP: C, 46.54; H, 6.70; N, 11.63.
Found: C, 46.32; H, 6.73; N, 11.58.

4.2.29.Diethyl trans-(2-methyl-3-((5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-
yl)methyl)isoxazolidin-5-yl)phosphonat84d)

Yield: 1% (0.005 g from 1.11 mmol of the nitror28d);
colorless oil; IR (film, cn‘Jr) Vmax 3463, 3178, 3058, 2985, 2930,
2830, 1687, 1468, 1234, 1024 NMR (300 MHz, CDC)) &:
8.39 (brs, 1H, NH), 7.10 (q, 1H,= 1.0 Hz), 4.27-4.12 (m, 5H, 2
x CH,OP,H-C5), 3.95 (dd, 1HJ = 13.7 HzJ = 3.9 Hz,HCHN),
3.53-3.41 (m, 1H, H-C3), 3.30 (dd, 1#= 13.7 Hz,J = 9.1 Hz,
HCHN), 2.79 (dddd, 1H) = 20.7 Hz,J = 12.9 Hz,J = 9.6 Hz,J
= 7.3 Hz, H-C4), 2.72 (s, 3H, CiN), 2.31 (dddd, 1HJ = 12.9
Hz,J=8.2 Hz,J = 8.2 Hz,J = 2.1 Hz, H-C4), 1.95 (d, 3H/J =
1.0 Hz, CH), 1.37 (t, 3HJ = 7.0 Hz, G4,CH,0P), 1.35 (t, 3H)
= 7.0 Hz, G;CH,0OP); *C NMR (150 MHz, CDGJ) &: 163.9
(C=0), 150.8 (C=0), 141.9 (C=C), 110.1 (C=C), 73.2Jc
169.1 Hz, C5), 66.0 (dJ = 5.8 Hz, C3), 63.3 (d) = 6.8 Hz,
CH,OP), 62.6 (d,J = 6.8 Hz, CHOP), 49.7 (CEN), 46.0
(CHzN), 32.9 (C4), 16.5 (dJ = 5.4 Hz,CH3;CH,OP), 16.5 (dJ) =
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5.4 Hz, CH,CH,0OP), 12.1 (CH); *P NMR (121 MHz,
CDCL) &: 22.11. Anal. Calcd. for QH,N:OsP: C, 46.54; H,
6.70; N, 11.63. Found: C, 46.45; H, 6.98; N, 11.82.

4.2.30.Diethyl cis-(3-((6-amino-9H-purin-9-
yl)methyl)-2-methylisoxazolidin-5-yl)phosphonate
(33e)

Yellow oil; IR (film, cm™) vy.e 3323, 3177, 2984, 1650,
1599, 1476, 1416, 1327, 1300, 1242, 1047, 970nésgofcis-
33e were extracted from the spectra of a 65:35 mixtdireis-33e
andtrans34e); '"H NMR (600 MHz, CDCJ) &: 8.36 (s, 1H), 8.08
(s, 1H), 5.78 (brs, 2H, Nji 4.49 (dd, 1HJ = 10.1 Hz,J = 6.7
Hz, H-C5), 4.31-4.15 (m, 6H, GN, 2 x CHOP), 3.74-3.68 (m,
1H, H-C3), 2.84-2.72 (m, 1H, HC4), 2.56 (s, 3H, CkN), 2.29
(dddd, 1HJ =19.9 HzJ = 13.2 HzJ = 6.7 Hz,J = 1.9 Hz, H-
C4), 1.41 (t, 3HJ = 6.7 Hz, ®1,CH,0P), 1.39 (t, 3HJ = 6.7 Hz,
CH;CH,OP); ®C NMR (150 MHz, CDG) &: 155.6 (CNH),
152.8, 149.9, 142.2, 119.5, 70.4 Jcs 170.4 Hz, C5), 66.1 (C3),
63.4 (d,J = 6.5 Hz, CHOP), 62.6 (dJ = 6.0 Hz, CHOP), 46.2
(CH:N), 43.6 (CHN), 32,5 (C4), 16.5 (d,J 4.9 Hz,
CH4CH,0P), 16.4 (dJ = 5.3 Hz,CH,CH,0P); *P NMR (242
MHz, CDCk) &: 22.08. Anal. Calcd. for £H,3NgO,P: C, 45.40;
H, 6.26; N, 22.69. Found: C, 45.63; H, 6.08; N, 22 &ltdined
on a 65:35 mixture ofis-33e andtrans-34e).

4.2.31.Diethyl trans-(3-((6-amino-9H-purin-9-
yl)methyl)-2-methylisoxazolidin-5-yl)phosphonate
(34e)

Yellow oil; IR (film, cm™) vpnae 3323, 3177, 2984, 1650,
1599, 1476, 1416, 1327, 1300, 1242, 1047, 970;néssg of
trans-34e were extracted from the spectra of a 65:35 mixbire
cis-33e andtrans-34e); '"H NMR (600 MHz, CDCJ) &: 8.37 (s,
1H), 7.94 (s, 1H), 5.78 (brs, 2H, NK4.31-4.10 (m, 7H, Cj,

2 x CHOP, H-C5), 3.56-3.50 (m, 1H, H-C3), 2.84-2.72 (m, 1H,
HsC4), 2.70 (s, 3H, B4-N), 2.35 (dddd, 1HJ = 11.9 Hz,J =
9.1 Hz,J = 9.1 Hz,J = 2.9 Hz, H-C4), 1.37 (t, 3H,J = 6.7 Hz,
CH3CH,OP), 1.35 (t, 3HJ = 6.7 Hz, G;CH,OP); *C NMR
(150 MHz, CDC}) 6: 155.7 (CNH), 153.0, 150.0, 141.4, 119.3,
72.7 (d,J = 161.9 Hz, C5), 66.5 (d,= 5.7 Hz, C3), 63.2 (dl =
6.6 Hz, CHOP), 62.6 (dJ = 6.8 Hz, CHOP), 45.8 (CHN), 43.9
(CH;N), 33.3 (C4), 16.5 (d] = 4.9 Hz,CH4CH,0P), 16.4 (d,J =
5.3 Hz, CH;CH,OP); P NMR (242 MHz, CDG) &: 21.25.
Anal. Calcd. for GHxNcO,P: C, 45.40; H, 6.26; N, 22.69.
Found: C, 45.31; H, 6.05; N, 22.58 (obtained on 8B%5nixture
of cis-33e andtrans-34e).

4.2.32.Diethyl cis-(4-((5-bromo-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)methyl)-2-
methylisoxazolidin-5-yl)phosphonat85c)

A 22:2:49:27 mixture of isoxazoliding38c, 34c, 35c and36¢
(0.030 g) was subjected to the separation on a XgBridrep,
C18, 5um, OBD, 19x100 mm column using water/methanol
(70:30, v/v) to providecis-35¢c (0.002 g) as a colorless oil
(retention time = 6.50 minjH NMR (600 MHz, CDCJ) &: 7.71
(s, 1H), 4.28-4.10 (m, 4H, 2 x GBIP), 4.16 (ddd, 2H) = 9.2
Hz,J=9.2 Hz,J= 9.2 Hz, HC5), 4.08 (dd, 1H) = 13.3 HzJ =
2.5 Hz,HCHN), 3.49 (ddddJ = 16.1 Hz,J = 9.0 Hz,J = 5.5 Hz,

J = 2.5 Hz, H-C3), 3.44 (dd] = 13.4 Hz,J = 9.0 Hz, HEIN),
2.67 (s, 3H, ChN), 2.57 (dddd,) = 15.5 HzJ = 9.2 Hz,J = 9.2
Hz, J = 5.5 Hz, H-C4), 1.36 (d) = 7.0 Hz, 3H, E&,CH,OP),
1.35 (d,J = 7.0 Hz, 3H, E;CH,OP); °C NMR (150 MHz,
CDCly) &: 2 signals of C=0 not detected due to very low
concentration, 146.0 (C=C), 96.2 (C=C), 67.1 (&&®,1 (C3),
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62.8 (d,J = 6.7 Hz, CHOP), 62.7 (dJ = 6.7 Hz, CHOP),
51.9 (d,J = 8.1 Hz,CH,N), 44.3 (d,J = 149.5 Hz, C4), 44.0
(CHsN), 16.5 (d,J = 5.6 Hz,CH,CH,OP), 16.4 (dJ = 5.6 Hz,

CH3CH,OP);*'P NMR (121 MHz, CDG)) &: 26.45.

4.3. Antiviral Activity Assays

The compounds were evaluated against different eserp
viruses, including herpes simplex virus type 1 (HBVstrain
KOS, thymidine kinase-deficient (TK HSV-1 KOS strain
resistant to ACV (ACV), herpes simplex virus type 2 (HSV-2)
strain G, varicella-zoster virus (VZV) strains Oka ar, TK-

VZV strains 07-1 and YS-R, human cytomegalovirus (HCMV)

strains AD-169 and Davis as well as feline herpessviikHV),
the poxvirus vaccinia virus (Lederle strain), parduenza-3
virus, reovirus-1, Sindbis virus, Coxsackie viru4, BPunta Toro
virus, respiratory syncytial virus (RSV), feline oapvirus
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containing different concentrations of the test poomds was
added. After 2-4 days of further incubation at X7, the cell
number was determined with a Coulter counter. Thestatic
concentration was calculated as the s ®r the compound
concentration required to inhibit cell proliferatioby 50%
relative to the number of cells in the untreatedhtams.
Alternatively, cytotoxicity of the test compounds @onfluent
(HEL, Vero, HelLa and CRFK) cell cultures (used for the
antiviral assays) was expressed as the minimum a3tot
concentration (MCC) or the compound concentrati@t taused
a microscopically detectable alteration of cell piwlogy.
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