This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Thiosugars. XII. Synthesis of New 3'-O-Substituted 2',5'-Anhydro-2'-thio-
a-d-pentofuranosyl Nucleoside Analogues

Jurgen Voss®; Jorn Wirsching®; Oliver Schulze®; Gunadi Adiwidjaja® Anja Giesler; Jan Balzarini®; Erik
De Clercq®

@ Institut fir Organische Chemie der Universitit Hamburg, Hamburg, Germany ® Mineralogisch-

L - Petrographisches Institut der Universitdt Hamburg, Hamburg, Germany ° Institut fiir Anorganische
T und Angewandte Chemie der Universitdt Hamburg, Hamburg, Germany ¢ Rega Institute for Medical
Research, Catholic University of Leuven, Leuven, Belgium

o e “% | Online publication date: 28 October 2004

To cite this Article Voss, Jurgen , Wirsching, Jérn , Schulze, Oliver , Adiwidjaja, Gunadi , Giesler, Anja , Balzarini, Jan and
De Clercq, Erik(2004) "Thiosugars. XII. Synthesis of New 3'-O-Substituted 2',5'-Anhydro-2'-thio-a-d-pentofuranosyl
Nucleoside Analogues ', Nucleosides, Nucleotides and Nucleic Acids, 23: 10, 1609 — 1623

To link to this Article: DOI: 10.1081/NCN-200031446
URL: http://dx.doi.org/10.1081/NCN-200031446

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1081/NCN-200031446
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 38 26 January 2011

Downl oaded At:

NUCLEOSIDES, NUCLEOTIDES & NUCLEIC ACIDS
Vol. 23, No. 10, pp. 1609-1623, 2004

Thiosugars. XII. Synthesis of New 3'-O-Substituted
2',5’-Anhydro-2'-thio-a-D-pentofuranosyl
Nucleoside Analogues”

Jiirgen Voss," Jorn Wirsching,1 Oliver Schulze,' Gunadi Adiwidjaja,2
Anja Giesler,’ Jan Balzarini,* and Erik De Clercq*

nstitut fiir Organische Chemie der Universitit Hamburg, Hamburg, Germany
2Mineralogisch-Petrographisches Institut der
Universitdt Hamburg, Hamburg, Germany
3Institut fiir Anorganische und Angewandte Chemie der
Universitdt Hamburg, Hamburg, Germany
4Rega Institute for Medical Research, Catholic University of Leuven,
Leuven, Belgium

ABSTRACT

Methyl 2,5-anhydro-3-0-(2-methoxyethyl)-2-thio-p-p-arabinofuranoside and methyl
2,5-anhydro-3-O-(2-fluorobenzyl)-2-thio-a-D-lyxofuranoside were transformed into
the corresponding uridine, thymidine, cytidine and adenosine analogues, which exclu-
sively exhibited the a-configuration irrespective of the anomeric configuration of the
donor. The structure, configuration, and conformation of the products was elucidated by
X-ray structure analyses. The nucleoside analogues were tested for antiviral activities.
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Configurations; X-ray structure; Biological tests.
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INTRODUCTION

Certain nucleoside analogues containing unnatural sugar or base moieties are
known to be potent antiviral and antitumor agents.!' ~>! Among these compounds also
anhydro derivatives have been studied. However, 3',5-anhydro-3’-thio-D-xylofuranosyl
nucleosides did not exhibit cytotoxic or antiviral activity™® and also 1-(2,5-anhydro-p-
p-arabinofuranosyl)cytosine!>® was not as effective in the therapy of acute myelo-
blastic leukemial”! as the well known 1-B-D-arabinofuranosylcytosine (*‘araC’’).!%%)
The introduction of sulfur into the carbohydrate moiety of a nucleoside could, however,
modify its biological activity.®) We were therefore interested in the synthesis and
antiviral properties of the related 2',5'-anhydro-2'-thiopentofuranosyl nucleoside ana-
logues and present our results here.

RESULTS AND DISCUSSION

The methyl glycosides of bicyclic 2-thiopentofuranoses should be suitable starting
materials for the preparation of 2',5'-anhydro-2’-thio nucleoside analogues since we
could successfully apply the related 2’,5-anhydro-2’-seleno derivatives!'” for this
synthesis. Expectedly, the preparation of several nucleoside analogues starting from two
glycosyl donors of this type: methyl 2,5-anhydro-3-O-(2-methoxyethyl)-2-thio-B-D-
arabinofuranoside (1) and methyl 2,5-anhydro-3-O-(2-fluorobenzyl)-2-thio-a-D-lyxofur-
anoside (8), was possible. The preparation of the donor 1 is described in Refs. [11,12].
Compound 8 was obtained with 85% yield by the reaction of methyl 2-thio-2,5-
anhydro-o-D-lyxofuranoside (7)!'""'?! with 2-fluorobenzyl bromide. Its ortho-fluoroben-
zyl substituent could possibly induce an interesting biological activity in a nucleoside
analogue since related monocyclic!'® and, in particular, oxabicyclic 2-fluorobenzyl
ethers, are well known herbicides.!'3~ 17!

Coupling of the glycosyl donors with silylated pyrimidine bases was
accomplished under the Vorbriiggen conditions by use of trimethylsilyl trifluorometh-
anesulfonate (TMSOTY).[*”! Reaction of 1 led to the uridine analogue 2 with 78% yield
and the thymidine analogue 3 with 77% yield (Scheme 1). The nucleoside analogues
2 and 3 were obtained as the pure a-anomers. The exclusive attack of the nucleobase
from one side of the furanosyl carbenium ion can be explained by the anomeric effect
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and steric hindrance of an approach from the B-side by the 2,5-anhydro-2-thio
substructure. After crystallization from ethyl acetate both nucleoside analogues were
obtained as single crystals. The X-ray structure analyses of the compounds revealed the
a-configuration at the anomeric center as demonstrated for 2 in Fig. 1. The sugar moiety
of both 2 and 3 exhibits an envelope conformation (E;).”"** The plane of the
nucleobase in 2 and 3 is twisted by an angle of only 10° with respect to the O-C1-C2-
plane of the sugar.

The uridine derivative 2 was used to synthesize its 4-thio analogue 4 by heating it
with Lawesson’s reagent in 1,2-dichloroethane!® to yield 78% 4 (Scheme 2). The
corresponding cytidine derivative 6 was prepared in two steps from 2 by use of a
literature procedure.m] First 2 was transformed into the 1,2,4-triazole derivative 5 with
49% yield. Subsequent treatment of 5 with aqueous ammonia yielded the cytidine
analogue 6 although with a low yield of 12% (Scheme 2). It could be crystallized from
methanol. The structure was confirmed by an X-ray structure analysis, which also
revealed the same envelope conformation (E3)*'** of the sugar moiety in 6 as in 2
and 3.

Analogously, the glycoside 8 which we obtained from 7!'''?! was coupled with
silylated uracil and thymine to give the uridine and thymidine analogues 9 and 10
with yields of 23% and 56%, respectively. The adenosine derivative 11 was obtained
with 10% yield by coupling 8 with adenine (Scheme 3). All the three nucleosides were
obtained as pure anomers. They could be crystallized and their configuration and

Figure 1. ORTEP view of the X-ray diffraction structure of thionucleoside 2. Thermal ellipsoids
are drawn at the 50% probability level.
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conformation was determined by X-ray structure analyses (cf. Fig. 2 and Fig. 3), which
revealed the expected a-configuration for 9, 10 and 11. Interestingly, the analogues
of thymidine 10 and adenosine 11 exist in two different conformers in the asymmetric
unit of the crystal, whereas for the uridine derivative 9 only one conformer is found.
Maybe, the steric demand of the methyl group at C-5 in 10 and of the large purine
moiety in 11 prevents the more systematic arrangement of only one conformer in the
crystal lattice.

It seems worthwhile to mention that the methyl 3,5-anhydro-3-thiofuranoside
121121 did not react with silylated uracil or thymine in the presence of trimethylsilyl
triflate. Even after a prolonged reaction time of 24 h or at an elevated temperature of
50°C, the expected products 13 and 14 were not formed (Scheme 4). Instead, only the
starting material 12 was recovered quantitatively.

Biological Tests

The nucleoside derivatives 2, 3, 6, 9, 10 and 11 were biologically tested. The
compounds did not exhibit antiviral activity against the cytopathogenicity of HIV-1
(Illg) and HIV-2 (ROD) in human T-lymphocyte (CEM) cells at concentrations of
250 uM. They were also inactive against HSV-1 (KOS, TK KOS ACV" and TK” VMW
1837), HSV-2 (G), Vaccinia virus, Vesicular stomatitis virus, Coxsackie virus B4,
Respiratory syncytial virus, Parainfluenza 3 virus, Reovirus-1, Sindbis virus and Punta
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Toro virus at concentrations of 250 pg/ml. None of the compounds was cytotoxic at
a concentration of 400 pg/ml. The nucleoside analogues 2, 3, 9 and 10 did not ex-
hibit significant antiviral activity (ICsq > 200 uM) against Cytomegalovirus (strain
AS-169 and Davis) or Varicella zoster virus (TK*VZV, strain YS and OKO and
TK™VZV, strain 07/1 and YS/R) in HEL cells. Compounds 6 and 11 were not
inhibitory (ICs9 > 100 uM) to human tumor cell (L1210/0, Molt4/C8, CEM/0, CEM/
TK™) proliferation.

EXPERIMENTAL

Melting points (corrected) were measured with an Electrothermal apparatus. IR
spectra (KBr) were measured with an ATI Mattson Genesis spectrometer. NMR spectra
were recorded with Bruker AMX 400 and DRX 500 spectrometers in CDCl; as solvent.
Chemical shifts (ppm) are related to Me,Si ('H and '3C). Standard correlation
techniques were used for assignments. Mass spectra were measured on Varian CH 7
(EL, 70 eV) and VG Analytical 70-250 S (HRMS, FAB, 3-nitrobenzyl alcohol matrix)
apparatus. Optical rotations were measured in CHCl; (¢ 1.0) on the Perkin Elmer
polarimeter 341. TLC was carried out on E. Merck PF,s, foils (detection: UV light and
iodine vapor, EtOH/H,SO,4 spray/200°C), and column chromatography on Merck
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p conformer 1
conformer 2

Figure 2. ORTEP view of the X-ray diffraction structure of thionucleoside 10. Thermal ellipsoids
are drawn at the 50% probability level.

silicagel 60 (70—230 mesh). Solvents (PE = petroleum ether, EA = ethyl acetate) were
purified and dried according to standard laboratory procedures.'*>! Analytical HPLC
was performed with Merck-Hitachi equipment (LiChroCART 250-3 column with
Lichrosphere 100-3 RP 8, 5 pum filling; solvent gradient: 0—20 min/0—60% MeCN/
H,0, 20-23 min/60-100% MeCN/H,0, UV detection at 260 nm).

conformer 2

conformer 1

Figure 3. ORTEP view of the X-ray diffraction structure of thionucleoside 11. Thermal ellipsoids
are drawn at the 50% probability level.
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X-Ray Structure Analyses

The crystal data and a summary of experimental details are given in Tables 1 and 2.
The data collection for 2, 3, 9, 10, and 11 was performed on a Kappa CCD Nonius
diffractometer, with graphite monochromated MoK, radiation (A = 0.71070 /QX) in the
Rotation @ scan mode at 293 K. The data collection for 6 was performed on an Enraf-
Nonius CAD4 diffractometer, with graphite monochromated CuK, radiation
(A =1.54178 A) in the 20/® scan mode at 173 K. The structures were solved by
direct methods using the SIR-97"°! program, and refined by full-matrix-block least-
squares on F” using all data and the SHELXL-97""! program. Full crystallographic
details, excluding structure features, have been deposited with the Cambridge Crys-
tallographic Data Centre. These data may be obtained, on request, from the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK. Tel. +44-1223-336408, Fax +44-1223-336033,
E-mail deposit@ccdc.cam.ac.uk. Deposition number CCDC 144005 (2), 144006 (3),
144158 (6), 144007 (9), 144008 (10) and 144009 (11).

1-[2,5-Anhydro-3-0-(2-methoxyethyl)-2-thio-a-D-arabinofuranosyl]uracil (2):
TMSOTf (0.20 mL, 246 mg, 1.11 mmol) was added to a cooled solution (—18°C)
of 1" (105 mg, 0.45 mmol), 2,4-bis-O-trimethylsilyluracil® (250 mg, 1.0 mmol) and
4 A molecular sieves (50 mg) in MeCN (8.0 mL). The solution was stirred for 1.5 h
and the temperature was allowed to rise from —18°C to +10°C. Satd. ag. NaHCO;
solution (20 mL) was added and stirring was continued for another 0.5 h. After fil-
tration the aq. phase was extracted with CHCIs, the organic phase was separated, dried
with MgSO, and evaporated. The crude product was purified by column chroma-
tography (CHCl3/MeOH 4:1, R; 0.58) and recrystallisation from EA to yield 2 [111 mg,
78%, purity 98% (HPLC)] as tiny colorless needles. A single crystal was suitable for
an X-ray structural analysis. M.p. 162°C. [«]p*° = —41.4. IR: v 1705 (C=0) cm™'. 'H
NMR (500 MHz): & 2.89 (dd, 1H, H-5,), 2.90 (dd, 1H, H-5"), 3.31 (s, 3H, OCHj3),
3.38-3.40 (m, 2H, CH,CH,OCHj3), 3.50 (ddd, 1H, CH,H,CH,OCH;, *J = 3.0, 4.9,
2J = 11.0 Hz), 3.60 (ddd, 1H, CH,H,CH,OCH;, *J = 3.1, 6.5, 2J = 11.0 Hz), 3.73 (d,
1H, H-2"), 4.24 (d, 1H, H-3'), 4.86 (dd, 1H, H-4'), 5.64 (d, 1H, H-5), 5.93 (s, 1H, H-1"),
771 (d, lH, H-6), 1012 (bS, lH, NH) J2',3' = 12, J4',5'a = 14, J4',5'b = 17, JS’a,S'b = 109,
Jse =82 Hz. >C NMR (126 MHz): § 32.2 (C-5'), 45.7 (C-2), 58.0 (OCH3), 69.5
(CH,CH,OCH3), 71.4 (CH,CH,OCH3), 80.6 (C-4"), 85.2 (C-3'), 92.2 (C-1"), 99.4 (C-5),
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141.3 (C-6), 150.6 (2-CO), 164.4 (4-CO). FAB MS; m/z: 301 [M + H]*. FAB HRMS:
calcd. 301.0858 (C1,H;7N,05S); found 301.0868.

1-[2,5-Anhydro-3-0-(2-methoxyethyl)-2-thio-a-D-arabinofuranosyl]thymine (3):
Compound 3 was prepared as described for 2 from 1'''! (209 mg, 0.95 mmol), 2,4-bis-O-
trimethylsilylthymine'®! (486 mg, 1.80 mmol), TMSOTT (0.40 mL, 492 mg, 2.21 mmol)
and 4 A molecular sieves (95 mg) in MeCN (8.0 mL). After work up, column chroma-
tography (CHCl3/MeOH 4:1, R; = 0.64) and recrystallisation from EA 3 [231 mg, 77%,
purity 99% (HPLC)] was obtained as colorless needles. A single crystal was suitable for
an X-ray structure analysis. M.p. 189—-191°C (decomp.). [o]p>® = —3.9.IR: v 3166 (NH),
1667 (C = 0) cm™'. '"H NMR (400 MHz): & 1.93 (d, 3H, CH3), 2.89 (dd, 1H, H-5',),
2.95 (dd, 1H, H-5"), 3.30 (s, 3H, OCH3), 3.32-3.35 (m, 2H, CH,CH,OCHs), 3.45 (ddd,
1H, CH,H,CH,0CHj3, *J = 3.0, 4.9, °J = 11.0 Hz), 3.57 (ddd, 1H, CH,H,CH,OCHs,
3J=3.1, 6.5, % = 11.0 Hz), 3.72 (dd, 1H, H-2"), 423 (dd, 1H, H-3"), 4.86 (dddd, 1H,
H-4), 5.93 (s, 1H, H-1"), 7.53 (q, 1H, H-6), 9.29 (bs, 1H, NH). Jy 3 = 1.3, Jy 4 = 0.5,
Jyu <05, Jysa=13, Jyso =17, Jsasy =109, Jome = 1.2 Hz. >C NMR (101
MHz): & 12.5 (CHy), 32.2 (C-5"), 45.7 (C-2"), 59.1 (OCH3), 69.4 (CH,CH,OCHj;),
71.4 (CH,CH,OCH3;), 80.7 (C-4'), 85.2 (C-3), 92.1 (C-1"), 107.5 (C-5), 137.0 (C-6),
150.4 (2-CO), 164.4 (4-CO). FAB MS; m/z: 315 [M + H]". FAB HRMS: calcd.
315.1015 (C;3H;9N,05S); found 315.1019.

1-[2,5-Anhydro-3-0-(2-methoxyethyl)-2-thio-a-p-arabinofuranosyl]-4-thiouracil
(4): A solution of 2 (51 mg, 0.17 mmol) and Lawesson’s reagent[28J (40 mg, 0.10
mmol) in dry 1,2-dichloroethane (7.0 mL) was heated for 2.5 h at 83°C. After
cooling to room temperature the solvent was evaporated. The residue was dissolved
in CHCI;, extracted with water, the organic phase was separated and dried with
MgSO, and concentrated. The crude product was purified by column chromatog-
raphy (CHCl3/MeOH 10:1, R; = 0.73) and recrystallised from EA to yield 4 (42 mg,
78%) as yellow crystals. M.p. 108°C. [«]p*° = —110.5. IR: v 3105 (NH), 1707
(C=0), 1606 (thioamide B) cm™'. '"H NMR (500 MHz): & 2.90 (dd, 1H, H-5",),
2.95 (dd, 1H, H-5), 3.31 (s, 3H, OCH3), 3.35-3.37 (m, 2H, CH,CH,OCH3), 3.49
(ddd, 1H, CH,H,CH,OCH;, °J =38, 43, 2/=11.0 Hz), 3.60 (ddd, IH,
CH,H,CH,OCH;, *J = 4.4, 5.2, 2] = 11.0 Hz), 3.71 (d, 1H, H-2'), 422 (d, 1H, H-3),
4.86 (dd, 1H, H-4'), 5.89 (s, 1H, H-1"), 6.35 (d, 1H, H-5), 7.55 (d, 1H, H-6), 9.61 (bs, 1H,
NH). Jy3 = 1.5, Jysa = 1.5, Jysp = 1.9, Jsasp = 11.0, Js6 = 7.7 Hz. >C NMR (101
MHz): & 32.2 (C-5"), 45.6 (C-2), 59.0 (OCHj3), 69.7 (CH,CH,OCH;), 71.3
(CH,CH,0OCHj3;), 80.8 (C-4'), 85.3 (C-3'), 92.4 (C-1'), 110.9 (C-5), 136.3 (C-6), 147.6
(2-CO), 189.4 (4-CS). FAB MS; m/z: 317 [M + H]*. FAB HRMS: calcd. 317.0630
(C12H17N504S,); found 317.0626.

1-[2,5-Anhydro-3-0-(2-methoxyethyl)-2-thio-a-p-arabinofuranosyl]-4-(triazole-
1-yl)-pyrimidine-2(1H)-one (5): POCI; (2.30 mL, 3.86 g, 25.20 mmol) was added
to a suspension of 1,24-triazole (8.10 g, 117 mmol) in anhydrous MeCN (30 mL) at
room temperature and the suspension was cooled to 0°C. Triethylamine (15.4 mL,
11.24 g, 111 mmol) was added to the suspension, then a solution of 2 (584 mg,
1.94 mmol) in MeCN (15 mL) was added and the mixture was stirred at room
temperature for 3.5 h. After the reaction was completed triethylamine (10.6 mL) and
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water (2.8 mL) were added and stirring was continued for 0.5 h. Solid components
were filtered off, the solvents were removed under reduced pressure, the residue was
dissolved in CHCl; and extracted with satd. aqg. NaHCO;5 solution (40 mL) and
water (40 mL). The organic phase was dried with MgSQO,, concentrated and the
resulting crude product was purified by column chromatography (CHCl;/MeOH 19:1,
R 0.39) to yield 5 (332 mg, 49%) as a colorless solid. M.p. 153°C. [0]p*° = —36.2.
'"H NMR (400 MHz): & 2.97 (dd, 1H, H-5"), 3.00 (dd, 1H, H-5%), 3.23 (s, 3H,
OCH3), 3.24-3.31 (m, 2H, CH,CH,OCH3), 3.40 (ddd, 1H, CH,H,CH,OCH;, *J =
3.0,4.9,%J = 11.0 Hz), 3.54 (ddd, 1H, CH,H,CH,OCH3, *J = 3.1, 6.5,/ = 11.0 Hz), 3.91
(d, 1H, H-2), 4.25 (d, 1H, H-3"), 4.94 (dd, 1H, H-4"), 6.07 (s, 1H, H-1"), 6.95 (d, 1H, H-5),
8.12 (s, 1H, CHyiazole)> 8.36 (s, 1H, H-6), 9.28 (s, 1H, CHyjaz01e)- J2r3 = 1.5, Jyr 50 = 1.4,
Jysy=1.9,J5.50 = 10.9, Js¢ = 7.3 Hz. *C NMR (101 MHz): § 32.2 (C-5'), 45.4 (C-2"),
58.9 (OCHj;), 69.5 (CH,CH,OCH3;), 71.4 (CH,CH,OCH3y), 81.1 (C-4'), 85.6 (C-3'), 92.7
(C-5), 93.5 (C-1"), 143.2 (CHgjazole), 148.4 (C-6), 153.1 (CHyjazole), 154.6, 159.3 (2-CO,
C-4). FAB MS; m/z: 352 [M + H]".

1-[2,5-Anhydro-3-0-(2-methoxyethyl)-2-thio-o-D-arabinofuranosyl]cytosine (6):
A solution of 5§ (328 mg, 0.93 mmol) in 1,4-dioxane (11 mL) and 25% aq. NHj3
(5.4 mL) was stirred at room temperature for 24 h. The solvents were evaporated. The
residue was dissolved in CHCl; and extracted with water. The organic phase was
separated, dried with MgSO, and concentrated. The crude product was purified by
column chromatography (CHCI;/MeOH 9:1, R; 0.08) and recrystallised from MeOH to
yield 6 [33 mg, 12%, purity 97% (HPLC)] as colorless platelets. M.p. 198°C.
[o]p™® = —48.2. IR: v 3451 (NH), 3337 (NHy), 1645 (C=0) cm™'. 'H NMR (400
MHz): 6 2.85 (dd, 1H, H-5',), 3.01 (dd, 1H, H-5",), 3.27 (s, 3H, OCH3), 3.33-3.35 (m,
2H, CH,CH,OCHj,), 3.42 (ddd, 1H, CH,H,CH,OCH;, *J = 3.9, 4.5, J = 10.9 Hz),
3.59 (ddd, 1H, CH,H,CH,OCHs3, >J = 4.6, 5.0, 2J = 10.9 Hz), 3.69 (dd, 1H, H-2), 4.25
(d, 1H, H-3"), 4.74-4.79 (m, 1H, H-4'), 5.80 (d, 1H, H-5), 5.87 (s, 1H, H-1"), 7.80 (d,
IH, H-6) J2',3' = 15, J2',4' = 06, J4"5'a = 13, J4"5'b = 20, JS’a,S’b = 108, J5’6 = 75 Hz.
3C NMR (101 MHz): § 33.0 (C-5"), 47.0 (C-2'), 59.1 (OCH3), 70.2 (CH,CH,0OCHj),
72.6 (CH,CH,OCH3;), 81.8 (C-4), 86.7 (C-3'), 93.7 (C-5), 94.3 (C-1"), 148.6 (C-6),
158.9, 167.9 (2-CO, C-4). FAB MS; m/z: 300 [M + H]*. FAB HRMS: calcd. 300.1018
(C12HgN304S); found 300.1054.

Methyl 2,5-anhydro-3-0-(2-fluorobenzyl)-2-thio-a-D-lyxofuranoside (8): A
suspension of NaH (60% dispersion in mineral oil, 300 mg, 7.5 mmol) and methyl
2,5-anhydro-2-thio-o-D-lyxofuranoside (7)!'" (940 mg, 5.79 mmol) in dry THF (30 mL)
was stirred for 5 min. Then 2-fluorobenzyl bromide (1.2 mL, 1.87 g, 9.89 mmol) was
added. After 1 h the reaction mixture was filtered, the solvent was evaporated and the
crude product was purified by column chromatography (PE/EA 4:1, Ry 0.45) to yield
8 (1.33 g, 85%) as a pale yellow syrup. '"H NMR (500 MHz): & 2.78 (dd, 1H, H-5,),
3.03 (dd, 1H, H-5;), 3.34 (s, 3H, OCHs), 3.35 (d, 1H, H-2), 4.41 (ddd, 1H, H-4), 4.50
(dd, 1H, H-3), 4.61, 4.65 (AB-system, 2H, CH H,C¢H4F), 4.90 (s, 1H, H-1), 7.04 (ddd,
1H, H,-3), 7.13 (ddd, 1H, H,-5), 7.28 (dddd, 1H, H,-4), 7.28 (ddd, 1H, H,-6).
J2',3' = 22, J3"4' = 29, J4',5'a = 14, J4',5'b = 17, JS’a,S’b = 101, JCHa,F < 05, JCHb,F =
0.9, Jag =11.7, J3arar = 8.2, J3ar5ar = 1.2, J3ar,F =10.1, J4ar,Sar =717, J4ar,6ar =18,
JaarE = 5.3, Jsarear = 7.5, Jearp = 7.5 Hz. 13C NMR (126 MHz): & 34.9 (C-5), 48.6
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(C-2), 55.0 (CH3), 65.4 (d, CH,CcH4F), 76.0 (C-4), 79.9 (C-3), 109.7 (C-1), 115.3 (d,
C-3), 124.2 (d, C-5'), 124.6 (d, C-1"), 129.7 (d, C-4'), 130.2 (d, C-6"), 160.6 (d, C-2").
JCHZ,F 36, JI,F 145, JZ,F 2471, J3,F 218, .]4’1: 85, JS,F 36, JG,F 3.6 Hz. MS: m/z (%)
270 (0.9) [M]*, 239 (2) [M—OCHs]*, 210 (2), 195 (2), 177 (2), 165 (2), 163 (3), 141
@), 123 (3), 110 (10), 109 (100) [C;HgFT*, 101 (12), 89 (2), 87 (4), 86 (10), 85 (35),
84 (9), 83 (10), 73 (11), 68 (3), 59 (3), 45 (6). C;3H,sFOsS (270.32) caled. C, 57.76; H,
5.59; F, 7.03; found C, 57.99; H, 5.69; F, 6.26.

1-[2,5-Anhydro-3-0-(2-fluorobenzyl)-2-thio-a-Dp-lyxofuranosyl]uracil (9):
Compound 9 was prepared as described for 2 from 8 (150 mg, 0.55 mmol), 2,4-bis-O-
trimethylsilyluracil™® (600 mg, 2.34 mmol), TMSOTf (0.33 mL, 406 mg, 1.83 mmol)
and 4 A molecular sieves (30 mg) in MeCN (7.0 mL). After chromatographic work up
(PE/EA 1:1, Ry = 0.07) and recrystallisation from EtOH 9 [44 mg, 23%, purity 99%
(HPLC)] was obtained as colorless needles. A single crystal was suitable for an X-ray
structural analysis. M.p. 146°C. [a]p>° = —100.8. IR: v 3148 (NH), 1694 (C=0) cm™".
"H NMR (500 MHz): § 3.00 (dd, 1H, H-5",), 3.14 (dd, 1H, H-5',), 3.84 (d, 1H, H-2"),
4.10 (dd, 1H, H-3'), 4.59, 4.64 (AB-system, 2H, CH,CcH4F), 4.67 (ddd, 1H, H-4),
5.72 (d, 1H, H-5), 5.79 (s, 1H, H-1"), 7.06 (ddd, 1H, H,-3), 7.16 (ddd, 1H, H,-5), 7.32
(dddd, 1H, H,-4), 7.39 (ddd, 1H, H,-6), 7.50 (d, 1H, H-6), 9.49 (bs, 1H, NH).
Jrz3 =23)y 4 =21 50=12J4 50 = 1.6J5350 = 10.7Jcror = 1.2/ =11.6J56 = 8.1,
Js6 = 3.1, J3ardar = 8.2, J3ar,5ar = 1.0, J3arF = 9.9, Jaar,5ar = 7.7, Jaar,6ar = 2.0,
JyarF = 5.6, Jsarar = 7.5, Jourr = 7.5 Hz. 3C NMR (126 MHz): 8 34.9 (C-5)), 49.0
(C-2"), 65.8 (d, CH,C4H,4F), 77.9 (C-3'), 78.3 (C-4'), 92.5 (C-1"), 101.4 (C-5), 115.5 (d,
Ca-3), 123.8 (d, C,-1), 124.6 (d, C,-5), 130.5 (d, Cy-4), 130.8 (d, C,-6), 138.9 (C-6),
150.3 (2-CO), 160.9 (d, Cy-2), 164.4 (4-CO). Jiar = 14.8, Jourp = 247.0, J30F = 21.5,
J4a.r,F = 83, JSar,F = 37, ‘I6ar,F = 39, JCHZ,F = 3.6 Hz. FAB-MS, m/z: 351 [M + H]+
FAB HRMS: calcd. 351.0815 (C;cH;sFN,04S); found 351.0844.

1-[2,5-Anhydro-3-0-(2-fluorobenzyl)-2-thio-a-D-lyxofuranosyl]thymine (10):
Compound 10 was prepared as described for 2 from 8 (150 mg, 0.55 mmol), 2,4-
bis-O-trimethylsilylthymine!'”’ (630 mg, 2.33 mmol), TMSOTf (0.33 mL, 406 mg, 1.83
mmol) and 4 A molecular sieves (30 mg) in MeCN (7.0 mL). After chromatographic
work up (PE/EA 1:1, R; = 0.12) and recrystallisation from EtOH 10 [114 mg, 56%,
purity 98% (HPLC)] was obtained as colorless needles. A single crystal was suitable
for an X-ray structural analysis. M.p. 194°C. [a]p?° = —69.8. IR: v 3168 (NH),
1681(C = 0) cm™'. "H NMR (500 MHz): § 1.94 (d, 3H, CH3), 2.99 (dd, 1H, H-5,),
3.14 (dd, 1H, H-5'y), 3.84 (d, 1H, H-2), 4.11 (dd, 1H, H-3"), 4.59, 4.62 (AB-system,
2H, CH,C¢H,F), 4.65 (ddd, 1H, H-4'), 5.79 (s, 1H, H-1'), 7.04 (ddd, 1H, H,-3), 7.15
(ddd, 1H, H,-5), 7.25 (q, 1H, H-6), 7.32 (dddd, 1H, H,-4), 7.39 (ddd, 1H, H,-6), 8.89
(bS, IH, NH) J2"3' = 23, J3"4' = 27, J4',5'a = 14, J4',5'b = 16, JS’a,S’b = 106, JCH2,F =
L1, Jag =117, JG,Me =12, Jiardar = 3.4, JSar,Sar =1.2, J3ar,F =909, Jsar5ar = 7.5,
Jiarcar = 1.8, Jaarr = 5.4, Jsarear = 1.5, Joary = 7.5 Hz. °C NMR (126 MHz): § 12.7
(CH3), 34.9 (C-5"), 48.9 (C-2"), 65.6 (d, CH,CcH,4F), 77.7 (C-3"), 78.2 (C-4"), 92.4
(C-1, 109.9 C-5), 1154 d, (C,-3), 123.7 (d, C,-1), 124.5 (d, C,-5), 130.5 (d, C,-4),
130.8 (d, C,-6), 134.2 (C-6), 149.8 (2-CO), 160.8 (d, C,-2), 163.7 (4-CO).
Jiarp = 14.8, Jourr = 2471, Jaup =214, Jyarr =83, Jsarr =3.6, Joarr =39,
Jemop=3.6 Hz. FAB MS; m/z: 365 [M + H]". FAB HRMS: calcd. 365.0971
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(Cy7H,gFN,0,S); found 365.0952. C,;H,;FN,0,4S (364.40) calcd. C, 56.03; H, 4.70; F,
5.21; N, 7.69; found C, 56.21; H, 4.77; F, 5.01; N, 7.31.

9-[2,5-Anhydro-3-0-(2-fluorobenzyl)-2-thio-a-D-lyxofuranosyl]adenine (11):
Compound 11 was prepared as described for 2 from 8 (150 mg, 0.55 mmol), adenine
(135 mg, 1.10 mmol), TMSOTf (0.52 mL, 640 mg, 2.88 mmol) and 4 A molecular
sieves (40 mg) in MeCN (10 mL). After chromatographic work up (CHCI;/MeOH 12:1,
R; = 0.19) recrystallisation from EtOH 11 [21 mg, 10%, purity 99% (HPLC)] was
obtained as colorless platelets. A single crystal was suitable for an X-ray structure
analysis. M.p. 181°C. [0],?® = —76.4. IR: v 3436 (NH,), 3138 (NH), 1673 (C=N)
cm~'. 'TH NMR (400 MHz): 8 3.06 (dd, 1H, H-5',), 3.21 (dd, 1H, H-5",), 4.15 (d, 1H,
H-2'), 4.40 (dd, 1H, H-3'), 4.56, 4.64 (AB-system, 2H, CH,H,C¢H,F), 4.70 (ddd, 1H,
H-4'), 6.21 (s, 1H, H-1), 7.00 (ddd, 1H, H,-3), 7.10 (ddd, 1H, H,-5), 7.26—7.32 (m,
1H, H,-4), 7.36 (ddd, 1H, H,-6), 7.94 (s, 1H, H-2), 8.31 (s, 1H, H-8). Jy 3 = 2.3,
J3/,4' = 28, J4/,5'a = 14, J4',5'b = 17, JS/a,S/b = 106, JCHa,F = 06, JCHb,F = 11, JAB =
11.7, J3ar4ar = 8.5, J3ar5ar = 1.2, J3arF = 9.9, Jaar5ar = 7.5, Jaar6ar = 1.8, Jsar6ar = 7.5,
Joarr = 7.5 Hz. >*C NMR (101 MHz): § 35.2 (C-5'), 48.8 (C-2'), 65.7 (d, CH,CcH,F),
77.8 (C-4"), 78.8 (C-3'), 91.6 (C-1'), 115.4 (d, C,-3), 119.8 (C-5), 123.8 (d, Cy-1),
124.4 (d, C4-5), 130.3 (d, C,-4), 130.6 (d, C,-6), 137.8 (C-2), 148.4 (C-4), 152.5
(C-8), 155.2 (C-6), 160.8 (d, Cy-2). Jiar = 14.6, Jourr = 247.3, J30p = 21.5, JyurF =
8.4, Jsarr = 3.6, Joarr = 4.1, Jomor = 2.0 Hz. FAB MS; m/z: 374 [M + H]*. FAB
HRMS: calcd. 374.1087 (C,7H{7FN;s0,S); found 374.1094.

Attempted preparation of the nucleoside analogues 13 and 14. The reaction of
methyl 3,5-anhydro-2-O-mesyl-3-thio-B-L-lyxofuranoside (12)!""'*! with 2,4-bis-O-
trimethylsilyluracil"® or -thymine!' in the presence of TMSOTf and 4 A molecular
sieves in MeCN was performed as described for the preparation of 2 (1.5 h at 10°C or
2 h at 50°C). After work up 12 was recovered quantitatively.
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