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Regio- and stereoselective syntheseaspéntose derivatives from
arabinose

Grigorii G. Sivets*
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Abstract: Novel L-arabinosel-ribose, 2-deoxy-ribose and 2-fluoro-2-deoxy-arabinose derivatives were synthesized from rgadil
availableL-arabinose. Different synthetic routes to meth$&i-O-acylatede-arabino(ribo)furanosides as valued intermediategife
preparation of C-2 functionalizadpentoses were investigated via regioselectivesfomations of 1,2-d®-acetyl-3,5-di-O-pivaloyl-
L-arabinofuranose, and selective acylation of methgrabinofuranoside with 4-chlorobenzoyl or pivaleylloride. Short three-five-
step syntheses of methyl 2-deoxy-ribofuranoside, its 3,5-db-acyl derivatives, valuable precursors for prepanabf antiviral 2-
deoxy-L-nucleosides, were accomplished via simple andiefft reduction of methyl &-mesyli-arabinofuranoside with L-Selectride
or tandem reaction involving a complex hydride 2»deenation/ acylation of intermediate 2-deoxysuganew synthesis d'-deoxy-
2'-fluoro-B- L-arabinofuranosyl thymine.{FMAU) was performed using mild fluorination of protected-ribofuranoside and a novel
sequence of conversions for the preparation of@yg@-fluoroL-arabinofuranoside derivatives.

Keywords: L-sugars / regioselective reactions / stereoseked@oxygenation / fluorination/ fluoronucleosides
1.Introduction

Carbohydrates are an interesting class of biomtdsawuith important biological functions and largeustural variability.
Modification of carbohydrates, preparation of the@lectively protected derivatives provides useigcursors for the
synthesis of nucleoside analogues and polysacdsaril set of synthetic derivatives iotarbohydrates, which are not
widely abundant in nature, have been preparederptst decades and utilized in the developmenhtfHBV and -
HIV-agents on the basis ofnucleosides,and the use of them in pharmaceutical applicdtias considerably increased.
The L-enantiomers of natural nucleosides have attragteat interest as useful antiviral agents, duehtsr tpotent
biological activity and lower toxicity profiles inomparison with their D-counterpafts.Since the discovery af-3'-
thiacytidine (lamivudine,-FTC)’ as an anti-hepatitus B virus (HBV) drug, a series-nficleosides have shown antiviral
activity with greatly reduced toxicity. Among thedbe most active-nucleosides with potent and selective antiviral
activities include 1-(2-deox-L-ribofuranosyl)thymine j-L-thymidine, telbivudine]),** its 2-fluorinated analogue, 1-
(2-deoxy-2-fluorop-L-arabinofuranosyl)thymine {FMAU, clevudine,2)® andL-2'deoxycytidine (-dC, 3)* (Fig.1).p-L-
Thymidine () is currently approved and being used for thatment of acute and chronic hepatitis infectidnand
clevudine ) is a promising agent against HBV with excellent sility, few side effects and an unusual mode oibact
L-2',3-Dideoxy-2,3-didehydro-5-fluorocytidine  (elvucitabine,4) was found to be active against human

immunodeficiency virus (HIVS.
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Fig. 1. Biologically activeL-nucleosides with selective antiviral activities.



Several approaches have been reported for theesyatbfL-pentofuranonucleosides which require ready acaess t
monosaccharides, especiallyibose and.L-deoxyribose derivatives. Because of the speci@rést inL-nucleosides
modified on the sugar moiety and/or heterocyclicsehanumerous synthetic methods have been publigirethe
preparation of 2-deoxy-ribose,L-ribose and 2-fluoro-2-deoxy-arabinose derivatives’A great deal of effort has been
devoted to practical methods for the synthesia-deoxyribose (using predominantly radical processesthe key
deoxygenation step) aneribose, the key intermediates fordeoxy-L-ribo- andL-ribonucleosides, from readily available
p-sugars; *°such ad-mannitol,b-glucose p-galactosep-ribose,p-fructose and-sugarsfor instance|-arabinos& **as
the starting material¥herefore, elaboration of synthetic approachesfivel modifiedL-pentofuranose derivatives that
can be used in glycosylation reactions, and designiariousL-nucleosides with potent antiviral properties is of
considerable interest starting from available chydoates.

The present paper describes new synthetic gotdea -arabinofuranosey-ribofuranose and 2-fluoro-2-deoxy-
arabinofuranose derivatives based on regio- angagelective transformations of methyarabinofuranosides derived
from readily available -arabinose. It is also focused on the synthesmathyl 2-deoxy--ribofuranoside and its acylated
derivatives, valuable intermediates in the synghesiantiviral 2-deoxy+-ribonucleosides via preparation of methyl 3,5-
O-protecteda-L-arabinofuranosides, subsequen®-2nesylation and an efficient reduction of internadi20O-mesyla-
arabinofuranosides with a complex hydride on thedtep. Synthesis afFMAU is described from-arabinose.

2.Results and Discussion
2.1. Syntheses of L-arabinofuranose and 2-deoxy-L -ribose derivatives

The synthetic strategy farpentoses started from the preparation of mettafabinofuranosides using methanolysis-of
arabinose in methanol and HCI, then their subsecamyiation with pivaloyl chloride in pyridine. A mixte of pivaloyl
derivatives ofL-arabinofuranoside$s was prepared in 75% vyield after chromatography ibcasgel (Scheme 1). The
structures of protected methy} and p-arabinofuranosides were confirmed By and*C NMR spectroscopy and the
assignments of the- andp-anomers, the estimation of their ratigp(= 2.3:1) were carried out based upon analysiseof th
NMR data. A distinction between the two anomers was a@onthe basis o?JHLHZ magnitudes. The resonances for the
anomeric hydrogens of acylated andp-glycosides appeared as a singfdt &1.0 Hz) and a doublet) ,=4.5 Hz) at5
4.84 and 5.08 ppm, respectively, in fiieNMR spectrum of a mixture of anomdss and in the>C NMR spectrum, the
C-1 signal of thei-anomer at 106.7 ppm resonates downfield relative togkenomer § 101.3 ppmy*It is noteworthy
that the small value of H-1,2 coupling constantl(€z), characteristic ofrans-relationship H1 and H2, and the C-1
chemical shift (>106 ppm) for the predominananomer in the prepared mixtukeis are consistent with the-L-
arabinofuranosyl moiety of the known protected miethglycosides:**® Furthermore, the assignments @fnomer
signals in the NMR spectra 6fwere supported by comparison'ef and**C NMR spectroscopic data of methyl 2,%)5-
pivaloyl-a-L-arabinofuranoside prepared by acylation of indigld methyl a-L-glycoside with those of the anomeric
mixture. Acetolysis of protected methylglycoside5 in a mixture of acetic acid/acetic anhydride/coricaged sulphuric
acid (11:1.3:1.5, v/v/v) at room temperature gese to peracylated-arabinofuranose derivativésas the main product
of reaction in 60% vyield after chromatography ditaigel. In a previous investigation into carbotatds and nucleosides
of the D-series, we reported the unconventional &ion of 1,2-diO-acetyl-3,5-diO-pivaloyl-D-ribofuranoses along with
the 10-acetyl derivative under acetolysis of pivaloylatedthyl p-p-ribofuranoside in AgD/AcOH/H,SO,.*° Taking into
account these findings on the acetolysis of isatnacylated pentofuranosides under different comtti the proposed
mechanism for the formation of the 1,2-diace@tiuring acetolysis of-glycoside5 in the presence of increased amount
of sulphuric acid (10% vol }$0Q,) is outlined in Scheme 1. Acetolysis Bfunder the studied conditions involves the
generation of the classical oxocarbenium Tonvhich is in equilibrium between the intermediat®-kcetyl derivativeB

andthe 1,2-pivaloyloxonium io® resulting from neighboring-group participation ami7.
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Scheme 1.

Furthermore, a relatively stable cyclic acyloxoniion 9 can react with acetic acid in the presence of sulplacid on a
synchronous pathway to forf®, which in turn give rise to B-acetyl-3,5-diO-pivaloyl-L-arabinofuranosel() after the
release of a molecule of mixed anhydride and sulsdgeaction of the intermediate oxocarbeniumviith acetic acid.
The arabinofuranose derivatité is acetylated at the 2-hydroxyl group by acetibyahide to result in the peracylated
arabinofuranosé. The synthetic route to the diacetéteia intermediate ion8 and10 under the acid-catalyzed reaction
conditions (Scheme Provide some fit with the mechanism proposed eabljewulff et. al*”*®for the formation ofo-
acetylatedo- and p-glycosides with free 2-hydroxyl groups via prepamatof the intermediate 1,2-acetoxonium ion,
followed by the generation of oxocarbenium ions nigithe study of the synthesis of sugar orthoes$ters cis-glycosyl
halides and alcohol§he L-arabinofuranose derivativ& contains acyl protected groups with different rivétgt under
acidic and basic conditions. It should be noted thia peculiarity of6 allows selectively protectadarabinofuranosides

12 and13 to be synthesize by two pathways (Scheme 2, patld &)@
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Scheme 2. Reagents and conditions. &) 6, MeOH, AcCl, rt, 20h, Py, @C—rt, 37% to13, 18% to12; &) unpurified6 prepared after acetolysis
of 5, MeOH, AcCl, 1t, 16h, Py, @C—rt, 25% t013, 10% t012; b) i) TMSBI/CHCl,/ZnBr,, O °C—tt, ii) K,COs, MeOH/THF, rt, 90 min, 46%
t0 13, 10% tol12; ¢) MsCI/Py, DMAP, C—rt, 16h, 90%; d) NHy/MeOH, rt, 96h, 46% td7; 40% to18; e) Li(i-Bu);BH, THF/ 1,2-DME -78
°C—rt, 20h, 90% tdl9 from 17; f) Li(i-Bu)sBH, THF, -78°C—rt, 20h, 94% td.9 from 18; g) p-TolCI/Py, °C—rt, 20h, 86%.

Treatment o6 with HCI in anhydrous methanol, prepared from acelybride and methanol at’C, provided a mixture
of 3,5-di-O-pivaloyl-o,p-methyl4i-arabinofuranosides which were separated by columonwdtography on silica gel to
give purea- (13, 37%) andB-anomer 12, 18%) (Scheme 2, conditiong).aThe tandem reaction &, including the
chemoselective removal acetyl groupséimith 15 mol% of acetyl chloride in metharflalong with methanolysis of
intermediate 3,%-pivaloyl-L-arabinofuranose derivative under acidic conditi¢h® equiv. HCI), lead to the desired
methyl a- andp-L-arabinofuranosides starting from the 1,2-diaceédteoverall 55% yield. To optimize this method, the
synthesis of isomeric protecteearabinofuranosides was carried out by treatmenh@fcrudeproduct mixtureprepared
after acetolysis 06, with HCI in anhydrous methanol. The target metisyandp-L-arabinofuranosides were prepared in
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25% and 10% vyield, respectively, after chromatolgi@jsolation on silica gel (Scheme 2, conyl &nother approach for
the stereoselective synthesis of isomeric methgbianfuranoside42 and13 has been investigated via mild bromination
of 6 with trimethylsilyl bromide (TMSBr) in the presenoé a catalyst (ZnBj. This was followed by conversion of the
intermediate 1-bromo derivativdd or 1,2-anhydro derivativé5 under treatment with potassium carbonate in a méxtu
of methanol/THF to give the target arabinofuranesidCompound43 and 12 were prepared in 46% and 10% vyield,
respectively, over two steps. This method providigtidr stereoselectivity than the HCI-mediated metheating to 3,5-
di-O-protected methy/p arabinofuranosides (the ratio of glycosidés= 5:1 compared ta/p = 2:1).

Next, a simple three-step approach for the h&gis of methyl 2-deoxy-L-erythro-ribofuranoside 19) from
selectively protected methyl-L-arabinofuranosidel3 was tested using a novel method of deoxygenatiotiheatC-2
position of L-arabinofuranoside. The treatmentl8fwith methanesulfonyl chloride in pyridine in theepence of 4-
dimethylaminopyridine (DMAP) gave @-mesyl derivativel6 in 90% yield. Deacylation df6 with methanolic ammonia
at room temperature afforded a mixture of mesyldfés(46%) and18 (40%), which were separated by column
chromatography on silica gel. The key 2-deoxygematof methyl o-L-arabinofuranoside was accomplished by
nucleophilic substitution of ®-methanesulfonates in the intermediate arabinosidesr 18 by a hydride ion, derived
from lithium tri-sec-butylborohydride (L-Selectride), in THF/1,2-dimettyethane or THF, respectively. Accordingly,
methyl 2-deoxys-L-ribofuranoside 19) was prepared in 90% and 94% yield after chromafagy on silica gel (Scheme
2, conditions e and f). Apparently, the presenca @methoxy group in compound§-18 and the application of a bulky
reducing agent such as L-Selectride are two factanich prevent direct nucleophilic substitution ofett2-O-
methanesulfonate by a hydride ion. The efficiemie®xygenation of-arabinofuranosides proceeds via intermediate 2,3-
epoxysugars, formed under treatment of the mesylater 18 by an excess of a complex hydride, followed byrthei
stereoselective reductions with L-Selectride to di9eToluoylation of compound9 with p-toluoyl chloride in pyridine
gave 3,5-diO-p-toluloate 20 (86%), which can be used for the synthesispaf-L-thymidine under Vorbruggen
conditions™® The spectroscopic data 80 were identical to that of the 3,5-8i-p-toluloyl derivative synthesized earlier
from D-glucose™

A search for more efficient synthetic routeghte 20-mesyl derivativel8 than the previous approach was undertaken
from L-arabinose using Fisher glycosylation on the fggtp. Synthesis of methyl arabinosides has widelnbe
investigated in methanol in the presence of hydasichor sulfuric acid?>**** Synthetic procedures to prepare metbyl
L-arabinofuranoside include one or three stepsovdi@t by isolation of the target furanoside by chrmgeaphy or
crystallization®®*%* Glycosylation of_-arabinose via a single step operation was studiezhhydrous methanol in the
presence of HCI (methanolic hydrogen chloride pregidry adding acetyl chloride to methanol #0).*° After 7 h in
0.6% or 1% methanolic solution of dry hydrogen cidle at rt and neutralization of the reaction migtwith potassium
carbonate, a mixture of methyl arabinofuranosidas obtainedofp = 2.0-2.1:1) according ttH NMR spectroscopic
data. MethylL-glycosides prepared after acidic methanolysisL-@frabinose in 0.6% HCI-MeOH solution and the
treatment of the reaction mixture were subjectedolamn chromatography on silica gel. Methyl-arabinofuranoside
(21a) and itsB-anomer21b were isolated in 53% and 20% yield, respectiveghéne 3).

Mesylation ofi-glycoside2la with mesyl chloride in THF in the presence of 80%lism hydride failed to give
mesylated products at room temperature. Treatmérzla with sodium hydride in a mixture of THF/DMA(N,N-
dimethylacetamide) and then mesyl chloride resuiteéh mixture ofO-mesylated arabinofuranosides, from which a
mixture of mesylated8 and22 was isolated by colunm chromatography on silicaigedverall 48% vyield (a ratio of
22/18 = 1.7:1, according to NMR spectroscopic data) (8eh8).
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Scheme 3. Reagents and conditions. a) MeOH, HCI, rt, 7h, 53% te-glycoside21a and 20% t-glycoside21b; b) i) 1.2 eq. NaH, THF/DMA,
0°C—rt, 1.6 eq.MsCl, 5.5 h; ii) 0.8 eq. NaH, THF/DMA 0—rt, 0.8 eq.MsCl,18h, 48% tt8+22; (c) 18+22/ Li(i-Bu)sBH, THF, -78°C—rt,
20h, 91% tdlo.

The formation of ®-mesylate22 and 20-mesylatel8 can be explained by the generation of intermedi2®esnd
24 under treatment o2la with sodium hydride on the first step, followed theit mesylation with an excess of the
electrophilic agent. It should be noted that thé&amolecular hydrogen bond network inmonosaccharidela
influencing onacidity of hydroxyl groups, stereochemistry of terbohydrate in solution and solvating effects & t
polar aprotic solvent can be considered as faethish have an impact on selectivity of the mesglatbf a-glycoside in
the presence of sodium hydride, as in the casegibselective acylation and sulfonylation reactiofigpyranosides®
From the’H NMR-spectroscopic data, the conformational analg$imethyl a-D-arabinofuranoside was earlier studied
and it has been found that the N(56%)- and S(44%fecmers are in equilibrium. The both conformers present in
approximately equimolar amountss in the modelling of the conformational behaviadfrthe L-enantiomer using
molecular mechanics calculatiof5®*Based on the close values®df,; in D,O for L-glycoside21a (experimental part)
and its b-counterparf/ conformational N/S-equilibria of isomeric arabinafoosides are similar in solutiofthe
intramolecular hydrogen bond between Ol in the S-conformer o2la in DMA seems to be the main factor for the
formation of oxyanion derivatives at the first st@e intermediate oxyanion derivative3 and24 are in equilibrium in
solution due to hydrogen bonds between the hydrgeotips and salt species of the sugar. In additienintermediat@4
is more reactive towards the mesylation tiZ8nbecause the oxyanion at C-5 compared to the or@2afs the less
hindered and therefore more accessible to theref#ttic agent Treatment of a mixture of isomeric mesylat@sand22
with an excess of a complex hydride in THF followsdchromatography afforded 2-deoxyribofuranosidel9 in 91%
yield from mesylatd8.

Furthermore, regioselective protectiontaf 8- and 5-hydroxy groups pfarabinofuranosid@la was accomplished
by the known methdd involving selective silylation with 1,3-dichlorod1,3,3-tetraisopropyldisiloxane in pyridine to give
25 (98%), which was mesylated to give mesyl2éein 85% yield on two steps (Scheme 4). The desilyhatif 26 with
tetran-butylammonium fluoride in THF furnished the mesgla8 (95%) after column chromatography on silica gel.

Alternatively, direct regioselective acytatiof methyla-L-arabinofuranoside2(a) with 2 equiv. of 4-chlorobenzoyl
chloride in a mixture of anhydrous methylene clderand pyridine (2.8 equiv.) gave doubly acylatestpcts, 3,5-d©-
benzoylt-arabinofuranosid®7 (40%) as the main one, along with 2,5a@benzoylated regioisome28 (12%), and
2,3,5-tri-O-benzoyl derivative29 (24%), which were isolated by column chromatographysilica gel. Thus, a simple
two-step acylation of trioRla under the tested conditions using a overall twottdess of 4-chlorobenzoyl chloride as
acylating agent in the presence of pyridine pradidecess to novel 3B- and 2,5-di©-benzoylated -arabinofuanosides
in a ratio - 3.3:1 after chromatographic separatibmegioisomeric products. Regioselectivity of theylation reaction
may be explained by the intramolecular hydrogendbetwork ofa-L-arabinofuranosid®la which influences acidity
and reactivity of hydroxyl groups, as in the caé¢he regioselective acylations of pyranositfégylation of 21a with
pivaloyl chloride in the similar conditions alsostdted in 3,5-di©-pivaloylated L-arabinofuranosidd2 as the main
product which was isolated in 42% yield after coluchmomotography on silica gel. It should be noteat #h number of
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methods for the synthesis of selectively prote@géd or 2,50-acylated (benzylated)-L-arabinofuanoside¥***or a-p-
arabinofuranoside®;** that are of considerable interest as building kdofor constructing.- or p-arabinofuranosyl-

containing polysaccharides-érabinofuranans, arabinogalactan), have earlien tdaborated using mostly multi-step
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Scheme 4. Reagents and conditions. a) ref. 24, 98%; (b) MsCI/Py, DMAP, rt, 3h, 87%) TBAF3H,0, THF, 100 min, 95%; I i) 1 equiv.
4CIBzCl, CHCI,/Py, O°C—rtt, ii) 1 equiv. 4CIBzCl, CHCI/Py, O°C—rt, 40% t027; 12% t028; 24% t029; dy) i) 1 equiv. PivCl, CHCI/Py,
O °C—rt, ii) 1 equiv. PivCl, CHCI,/Py, O°C—rt, 42% to13; e) MsCI/Py, DMAP, rt, 3h, 100%;)fNHy/MeOH, rt, 20h, 23% t48; 72% to21a;
f2) NHy/MeOH, rt, 5h, 85%18; g) Li(i-Bu)sBH in THF/1,2-DME, -78C—srt, 20h, 45% tdl9 from 30; h) (i) Li(i-Bu)sBH in THF, -78°C—rt,
22h, (i) 4CIBzCl, THF, OC—rt, 65%, 7h55% to31 from 18.

Subsequent mesylation of the 3,53dbenzoyl derivative27 followed by removal of the benzoyl groups in

intermediate 29-mesyl arabinofuranoside derivati@® in methanol saturated at’C with ammonia afforded the @-
mesylatel8. It was demonstrated that the deprotection of mM&Brdi-O-benzoyl-20-Ms-a-L-arabinofuranoside3Q)
with an excess of methanolic ammonia for 20h was rapemied by desulfonylation of the @methanesulfonyloxy
group of glycoside with the formation of methwylL-arabinofuaranoside2{a) as the main produdh 72% yield. In this
case, the target mesylate was isolated only in 2i89d wfter chromatography. However, debenzoylatio80ih diluted
methanolic ammonia was found to give rise to thgeamesylatd8 in high yield (85%).

Reduction of protected methylMs-o-L-arabinofuranoside30 with an excess of L-Selectride in a mixture of
THF/1,2-dimethoxyethane gave methyl 2-deoxy-ribofuranoside 19) in moderate 45% vyield after column
chromatography on silica gel. A novel synthetic rodtto acylated 2-deoxy-L-ribofuranoside31 was devised from the
mesylatel8 (Scheme 4). The regioselective reduction of urgmtetd methyl Z9-mesyla-L-arabinofuranosidd8 by L-
Selectride in THF followed by acylation of the intexdiate methyl 2-deoxy-L-ribofuranoside derivative with an excess
of 4-chlorobenzoyl chloride in sitgave dibenzoat8l (65%). The proposed mechanism for the formatibr2-o
deoxysugad9 and its dibenzoylated derivativa is illustrated in Scheme 4. The 2-deoxygenatiarcedures under the
treatment of mesylat&8 (conditions h) omesylate30 (conditions g) with a complex hydride include thenfiation of 2,3-
anhydrofuranoside derivati\@3 via intermediate32, followed by stereoselective reduction of the egdexing in33 with
L-Selectride at the 2-position to produce intermaggliactivated 2-deoxy-L-ribofuranoside derivativ84 in the next step.
Finally, treatment of the reaction mixture or atigla of 34 with 4-chlorobenzoyl chloride in THF and chromatggny on
silica gel gave rise to 2-deoxy-L-ribofuranosidel9 or 3,5-dichlorobenzoatdl, respectively. Thus, the most efficient
synthesis of -deoxyribose derivativekd and31 was achieved via silyl derivatias.

2.2. Syntheses of L-ribofuranosides, 2-deoxy-2-fluor o-L-ar abinofuranose derivatives and L-FMAU.
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Next, preparation of 2-deoxy-2-fluorepentofuranose derivatives as the key intermeditieshe synthesis of '2
deoxy-2-fluorinatedL-nucleosides with potent antiviral activity was sadlusing diethylaminosulfur trifluoride (DAST)
as the fluorinating agent for nucleophilic introtan of fluorine atom in methyl 3,5-dd-pivaloyl-L-arabinofuranosides
12 and13 (Scheme 5). Treatment ffglycosidel2 with DAST in a mixture of CECI,/Py gave a mixture of methyl 2,5-
di-O-pivaloyl-B-L-ribofuranoside §7) and methyl 3,5-dB-pivaloyl-3-L-ribofuranoside 8) (a ratio of 2,5- and 3,5-
regioisomers ~ 1.2:1.0 according'td NMR spectroscopic data) in an overall 97% yielgiméolumn chromatography on
silica gel (Scheme 5). The formation of the isamacylated methyp-L-ribofuranosides fronfi-L-arabinofuranosidé2
can be explained by the generation of activate@érim¢diate35 with DAST in the first step. The nucleophilic
coparticipation of the 3-pivaloyloxy group 8% (Scheme 5) leads to the formation of stable 2,3ipifoxonium ion36,

which is converted to a mixture of protecfedbofuranoside87 and38 after the mildly alkaline workup of the reaction

mixture.
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Scheme 5. Reagents and conditions. a) DAST/CHCI,/Py, rt, 18h; b) PivCl, Py, rt, 18h, then 35-40, 5h; c) (i) PDC/CHCI/Ac,O, 4A
Mol.Sieves, rt, 16h; (i) L-Selectride/THF -78—rt, 5 min; d) AcOH/AgO/H,SQ,, 1t 2h; €) TMSBI/CHCI,/ZnBr,, O °C—rt, 16h; f) Silylated
thymine, 1,2-DCE, reflux, 18h; g) MeONa/MeOH, rghlL

Methyl 2,3,5-triO-pivaloyl-B-L-ribofuranoside 39) was prepared as the only product in 87% yieldr aftglation of a
mixture of isomeric3-ribofuranosides37 and 38 with pivaloyl chloride in pyridine. This fact proved support for the
structures of selectively protected metpyl-ribofuranosides prepared after reactiori®fvith DAST.

Fluorination reaction od-glycoside13 with DAST under the same conditions as in the casggycosidel2 also
failed to yield 2-fluoro-2-deoxyribofuranoside. rlhermore, formation of 3,8-protected methyé-L-ribofuranoside40
or an isomeric derivative was not observed during teaction, and after the treatment of reactiowrtuné unlike the
reaction ofl2 with DAST. The intermediate formed in the first stegm 13 with DAST did not result in the formation of
a stable 2,3-acyloxonium ion lik86 via nucleophilic coparticipation of the 3-pivaloyloxyogip. The presence of a
methoxy group in the-anomeric configuration, and the bulky protectimgup at the 3-hydroxyl group in pivaloylated
glycoside13 seems to be governing factors that prevent tramsftions ofa-L-arabinofuranoside with DAST under the
mild reaction conditions. However, the synthesisselectively protected methy-ribofuranoside40 was successfully
accomplished fromd3 prepared in two steps fromarabinose, using an oxidation/reduction procedréhe inversion of
configuration at C-2 of the arabino derivativd8) to produce the target ribofuranoside. Oxidation-glycosidel3 with
pyridinium dichromate in the presence of ,8cin methylene chloride gave an intermediate ketarigch was

stereoselectively reduced by L-Selectide in THF78°C to give theL-ribose derivative40 in 71% yield after column
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chromatography on silica gel. Treatmentoef-ribofuranoside40 with DAST in CHCI, in the presence of pyridine at
room temperature gave 2-deoxy-2-fluar@rabinofuranoside derivativd2 which was isolated in 53% yield after
chromatography. A mild fluorination ef-L-ribofuranoside can be accounted for the stereotsiry of the pentofuranose
ring of 40 (the values 08, ~=4.6;J,+7.0,J; ~=2.7 Hz close to those of 1,3,5-O-benzayl-ribofuranosé in CDCl) and
that of the activated intermediadé formed with DAST in the first step. Due to the bulkpfecting groups at the 3,5-
hydroxyl groups and the-anomeric group, the intermediad® has probably a preferred C-2-exo conformation ¢8uh
5) that is favorable to the nucleophilic introdocti of a fluorine atom. Acetolysis ofi2 in a mixture of
CH;COOH/AGO/H,SO, afforded le-acetate 43 (91%) as a key intermediate for the synthesis 6fludro
arabinofuranosyl.-nucleosides. Bromination of3 with TMSBr in the presence of ZnBraccording to the known
method;” gave 1e-bromide44 which was used in the next step without additionaifisation. The coupling of silylated
thymine with bromidel4 afforded under reflux protectgdnucleosided5 in 60% yield after chromatography. The target
B-fluoronucleoside2 was obtained by the deprotection of nucleodiilevith MeONa-MeOH at room temperature in 80%
yield. The structures of fluorosugars were suppohgdH, *C and*°F NMR spectroscopic data. The small coupling
constants observed between the H-1 and H-2 profdm&(z < 1.0 Hz) along witl’?JH_l,F,2 magnitudes 9.7-12.1 Hz in the
'"H NMR spectrum of42-44 (doublets ab 5.1, 6.4 and 6.52 ppm, respectively) are consdisiéth the a-anomeric
configurations of synthesized fluorosugars. Thegassents of the-anomeric configurations of nucleosidés and 2
were based upof- and"*C-NMR spectroscopic data. Long-range couplings betveagbon C-6 and F-vere observed
in the™C NMR spectra of-nucleosidedl5 and2 (‘Jc .= 3.1 and 2.9 Hz, respectively, experimental pa&ommon
feature of these nucleosides is the magnitudéslcqyc r2>= 16.0 and 16.8 Hz that are consistent with the ganditions at
the anomeric centefd Besides, small long-range couplings between pratbs H-5 and F-2 were first observed in the
'H NMR spectrum of -FMAU (2) recorded in CBOD (Ji.6 2= 1.3 and’Jy.s = 1.1 Hz, respectively). These spectral
features oR also confirm it§-anomeric configuration and give an indicationragresting conformational peculiarities of
antiviral thymine 2fluoroarabinonucleoside in solution.

3.Conclusions

In summary, the synthesis of a series_gfentose derivatives with different protecting grewpas accomplished from
cheapL-arabinose and commercially available chemical eatsy 3,5-DiO-pivaloylated L-arabinofuranosides and —
ribofuranosides were synthesized through regio-sarkoselective conversions of 1,2aacetyl-3,5-diO-pivaloyl-L -
arabinofuranose prepared in two steps from theirsganhaterial. It was first shown that classical neetHor pyridine-
catalyzed diacylation of a free methyl -arabinofuranoside with 4-chlorobenzoyl or pivaloflorides under the studied
conditions resulted in regioselective acylation wjghedominant formation of 3,5-d)-acylated arabinofuranoside.
Various synthetic routes to methyl@Ms-a-L-arabinofuanoside, 2-deoxy+ -ribofuranoside derivatives and an efficient
reductive deoxygenation of the C-2 hydroxyl grodptte L-arabinofuranoside were developed. A mechanism fer th
stereoselective reduction of theX2mesyl derivative ofi-L-arabinofuanoside with L-Selectride was proposed. Nand
original method for preparation of 3,5-@H4-chlorobenzoylated 2-deoxy-ribofuranoside was devised starting from
the 2O-mesylate. A new synthesis of-FMAU was carried out using acylated methyl 2-fluordebxy+-
arabinofuranoside, a versatile intermediate fofed#nt 2-fluorinated p-L-arabinofuranosyl nucleosides, prepared by a
mild fluorination reaction of 3,®-protected.-ribofuranoside with DAST as the key step.

4, Experimental

4.1.General information. Column chromatography was performed on silica6feH (70-230 mesh; Merck, Darmstadt,
Germany), and thin-layer chromatography (TLC) ornicailgel plates (Silufol, Czechoslovakia) and Mesikca gel
aluminum 60 B, precoated plates with visualization of the spots-stigars by heating. All commercially available
reagents were used without further purification. Bmaydrous solvents were distilled over GaROs or magnesium
prior to the use'H, **C and'®F NMR spectra were recorded in CRGTD;0D and DO with a Bruker Avance-500-DRX
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spectrometer at 500.13, 126.76 and 470.593 MHzeogisply. 'H and**C NMR chemical shifts§ ppm) are relative to
internal chloroform peak (7.26 ppm fd and 77.0 for*C NMR). Chemical shifts are also reported downfietim
internal SiMg (*H) or external CFGI(*°F). Melting points were determined on a Boetius agipa and were uncorrected.
Optical rotations were measured with ATAGO AP-300 polagmédR spectra were measured on Perkin-Elmer Sgpactr
100FT-IR spectrometer. High resolution mass spd¢tRMS) were recorded on an Agilent Q-TOF 6550 Instmime
(USA) using ESI (electrospray ionization).

4.2. Syntheses of L-arabinofuranose and 2-deoxy-L-ribose derivatives.

4.2.1. Methyl 2,35-tri-O-pivaloyl-a,f-L-arabinofuranoside (5). L-Arabinose (3.0 g, 19.98 mmol) was added to a
methanolic HCI solution, prepared by adding acetybide (0.6 ml, 8.4 mmol) to anhydrous MeOH (60 atlp°C, then
the reaction mixture was stirred for 7 h at roommgerature, and neutralized with powderyCiO;. After filtration
through Celite, the precipitate was washed with ardygliMeOH, and the filtrate evaporated. The residue thas
coevaporated with anhydrous pyridine (2x30 ml). Axtotie of methylo/B-L-arabinofuranosides (a ratwp — ~2:1
according to'H NMR spectroscopic data) was dissolved in anhydrouislipe (50 ml) and pivaloyl chloride (7.65 ml,
62.14 mmol) was added dropwise. The reaction mixture wasestifor 72 h at ambient temperature, was pouredénto
mixture of water and ice, and the aqueous phasaatatt with CHCI, (3x100 ml). The combined organic extracts were
washed with 5%-aqueous NaHE@[20 ml), water (30 ml) and dried over anhydrous,9@, then evaporated to
dryness. The residue was chromatographed on a gditausing a mixture of 15:1 and 8:1 petroleumeet&tOAcC to
afford methyl 2,3,5-tr©-pivaloyl-L-arabinofuranosidés, 7.54 g, 75%) as a syrup. IR (film, CHEWM 2977, 2937, 1738,
1285, 1146 cM. [a]*p= -7.9 (c =1.2, CHG). " H NMR (CDCk): & 5.37 (dd, H, J = 5.3 Hz,J = 6.3 Hz, H-3), 5.08 (d,
1H, J;,= 4.5 Hz,H-1B), 4.96-4.98 (m, 3HH-20, H-3a andH-2p), 4.84 (s, 2.8, J;, < 1.0 Hz,H-1a), 4.18-4.34 (m, 5H,
2H-5a, H-4a, 2H-5B), 4.05-4.08 (m, 1HH-4p), 3.37 (s, 3HpOCH;), 3.33 (s, Bl, BOCH), 1.18-1.21 (5s¢/p COC(CHs)s.
*C NMR (CDCE): 8 178.09, 178.05, 177.94, 177.60, 177.53, 17728, 106.73 (C-&), 101.27 (C-p), 81.37, 79.82,
75.68 (C-4, C-20, C-3u), 78.47, 77.09, 76.68 (CB4 C-2B, C-33), 65.28 (C-B), 63.06 (C-50), 55.4 (OCHB), 54.7
(OCHzu), 38.81, 38.77, 38.59, 38.58, 38.830[C(CHy)3], 27.1, 26.94 and 26.CPC(CH3)s]. HRMS (ESI): m/z calcd
for [C,H3605 + NaJ': 439.2308, found 439.2584.

4.2.2. 1,2-Di-O-acetyl-3,5-di-O-pivaloyl-a,-L-arabinofuranose (6). Methyl 2,3,5-triO-pivaloyl-a,p-L-arabinofuranoside
(5) (1.6 g, 3.84 mmol) was coevaporated with anhydtmrzene (2x20 ml), dissolved in a mixture of ;CBOH (11.2
ml), Ac,O (1.32 ml) and O, (1.46 ml), prepared previously by adding3a, to mixture of CHCOOH and AgO and
stirring the solution for 7 min. The reaction misguvas stored at ambient temperature for 8 h andwlzes diluted with
ethyl acetate (150 ml), the prepared organic phasewashed with cooled water (4x40 ml) and then dried anhydrous
NaSQ,, and evaporated to dryness. The residue was chograghed on a silica gel, using a mixture of 8:1,dhd 5:1
petroleum ether-EtOAc to afford diacet&t€930 mg, 60%) as a syrup. IR (film, CHEWN 2977, 1742, 1218, 1155 &m
[a]*5 = -49.0 (c = 1.0, CHG). ' H NMR (CDCl,): & 6.36 (d, 0.181, J; , = 4.4 Hz,H-1p), 6.20 (s, H, J; ,<1.0 Hz,H-10),
5.32-5.37 (dm, 2HH-2p andH-3 B), 5.14 (br.s, H, H-2a), 5.04 (d, H, J;, = 1.0 Hz,H-30), 4.17-4.33 (m, H, H-4a, 2H-
50 and H-48, 2H-5B), 2.11, 2.08 and 2.06 (3s, 6,FCH;CO), 1.21, 1.20 and 1.19 (3s, 18H,8COC(CHz)3].
¥C NMR (CDCE):  177.93, 177.61, 177.34, 169.62, 169.36, 169.22,006(=0), 99.11 (C-1u), 93.72 (C-18), 82.84,
80.38, 76.50 (C2 C-3u, C-da), 79.74, 75.45, 74.74 ((B2C-3P, C-48), 64.17 (C-B), 62.85 (C-b), 38.78, 38.57
[(COC(CHg3)4], 27.06 and 26.85 ({OC(CHs)4], 21.03, 20.9, 20.65 and 20.368H;CO). HRMS (ESI): m/z calcd for
[C1gH300s + NaJ': 425.1788, found 425.1794.

4.2.3. Methyl 3,5-di-O-pivaloyl-g-L-arabinofuranoside (12) and its a-L-anomer (13).

Method A;: 1,2-Diacetate6 (930 mg, 2.31 mmol) was dissolved in 0x4HCI in MeOH, prepared by adding acetyl
chloride (0.2 ml) in anhydrous methanol (19.2 nilp&C. The reaction mixture was stirred at room tempeeator 24 h
and then anhydrous pyridine (0.24 ml) was added ucaaing (0°C). The reaction mixture was stirred for 20 min at rt
and then evaporated to dryness, and coevaporathdamlitydrous benzene (10 ml). The residue was dilutgdCH,CI,
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(60 ml), the organic layer was washed with water (1)) B%-agueous NaHCand water (15 ml), and then dried over
anhydrous Nz80,, evaporated to dryness. The residue was chromateggaon silica gel, using a mixture of 6:1 and 3:1
petroleum ether - EtOAc to afford methyl 3,5@Hpivaloyl-o-L-arabinofuranosidél3, 284 mg, 37 %js a syrup.d]®’s =
-72.4 (c= 0.78, CHC)). IR (film, CHCE): v 3494, 2974, 2937, 1732, 1285, 1159 'cfrH NMR (CDCk): & 4.91 (br.s,
1H, H-1), 4.58 (dd, H, J;, = 2.8 Hz,J;, = 6.4 Hz, H-3), 4.33-4.36 (dm, H, H-4), 4.24-4.27 (dd, R, H-5, H-5), 4.04
(dd, H, J, 5= 2.8 Hz, J = 1.1 Hz,H-2), 3.39 (s, 3H, OCH), 1.23 and 1.22 (2s, B8 COC(CHz)s]. "°C NMR (CDCL): 6
179.67, 178.11 [C=0,x2"0C(CHa,)4], 108.66 (-1), 81.5, 81.4, 78.6(*-4, C-3,C-2), 63.1 (-5), 54.95 QOCH,), 38.83,
38.65 [XCOC(CH3)3], 27.14, 26.94 [RCOC(CHs)s]. HRMS (ESH): m/z caled for [GeH,s0; + NaJ': 355.1733, found
355.1739.

Methyl 3,5-diO-pivaloyl-B-L-arabinofuranosidel@, 140 mg, 18%js a syrup[a]*’, = +57.0 (¢ = 0.58, CH@). IR (film,
CHCL): v 3480, 2974, 2937, 1735, 1285, 1159 'cniH NMR (CDCL): & 5.02 (t, H, J;, = J;, = 5.5 Hz,H-3), 4.91 d
(1H, J,, = 4.7 Hz,H-1), 4.22-4.26 (m, B, 2H-5, H-2), 4.09-4.11 (m,H, H-4), 3.46 (s, 3H, OC}), 2.92 (d, 1H, 2-OH),
1.22 (br.s, 18, COC(CHj)s]. **C NMR (CDCE): & 178.69, 178.12 [C=0,xZOC(CHg)], 102.50 (C-1), 79.63, 79.41,
77.05 C-3, C-4,C-2), 65.19 C-5), 55.44 QOCHa), 38.79, 38.67 [RCOC(CHaz)4], 27.11, 27.04 [RCOC(CH3)s]. HRMS
(ESI": m/z calcd for [GeH,gO; + NaJ': 355.1733, found 355.1727.

Method A,: Methyl 2,3,5-triO-pivaloyl-o,p-L-arabinofuranosidg(5, 775 mg, 18.6 mmol) was coevaporated with
anhydrous benzene (2x20 ml), then dissolved inxdum of CHCOOH (5.43 ml), AgO (0.64 ml) and KBGO, (0.71 ml),
prepared previously by adding$, to mixture of CHCOOH and AgO and stirring a solution for 7 min. The reaction
mixture was stored at room temperature for 8 h, thed was diluted with ethyl acetate (80 ml). The preg organic
phase was washed with cooled water (4x20 ml) and thied dver anhydrous N8O,, evaporated to dryness and used on
the next step without additional chromatographidaigon. The reaction mixture was coevaporated withydrous
benzene (2x20 ml), then dissolved in methanolic st8tion prepared by adding acetyl chloride (0.1ptmanhydrous
methanol (16 ml) at 8C. The reaction mixture was stirred at room tempeeator 24 h and then anhydrous pyridine (0.2
ml) was added under cooling {G). The reaction mixture was stirred at room tenmjpeea coevaporated with anhydrous
benzene (10 ml). The residue was diluted with,CIH(50 ml), the organic layer was washed with water (1)) B%o-
aqueous NaHC® (15 ml), dried over anhydrous PpBO, and then evaporated to dryness. The residue was
chromatographed on silica gel, using a mixture:&féhd 3:1 petroleum ether-EtOAc to affongthyl 3,5-di-O-pivaloyl-
a-L-arabinofuranosid€13, 154 mg, 25%) as a syrup and methyl 3,%dpivaloyl-p-L-arabinofuranosid€12, 62 mg,
10%) as a syrup.

Method B: TMSBr (0.28 ml, 2.16 mmol) was added to a solutidn the 1,2-diacetate6 (200 mg, 0.5 mmol) in
anhydrous ChCl, (6.0 ml) at 0°C and the resulting mixture was stirred under argo@C for 10 min, then 1 h at room
temperature. Anhydrous ZnB(56 mg, 0.27 mmol) was added to at rt. The regyltegaction mixture was stirred under
argon for 90 min, then was filtered off, the pre was washed with anhydrous £ (16 ml), and the filtrate was
evaporated. The residue was dissolved in anhydréifs (L.4 ml) and anhydrous methanol (4.8 ml), antlydrous
potassium carbonate (120 mg, 0.92 mmol) was addedhe reaction mixture was stirred at room tempeeafor 90 min
and then was filtered off, the precipitate was washild anhydrous CECI, (40 ml) and the filtrate evaporated. The
residue was chromatographed on silica gel, usingdaura of 6:1 and 3:1 petroleum ether -EtOAc to edfmethyl 3,5-di-
O-pivaloyl-a-L-arabinofuranosidél3) as a syrup (76 mg, 46%) and methyl 3,%dpivaloyl-B-L-arabinofuranosid€12)

as a syrup(16 mg, 10%).

4.2.4. Methyl 3,5-di-O-pivaloyl-2-O-methanesulfonyl-o-L-arabinofuranoside (16). Methanesulfonyl chloride (0.11 ml,
1.41 mmol) was added dropwise to a solutioneet-glycosidel3 (282 mg, 0.848 mmol) in anhydrous pyridine (5 emiy
4-dimethylaminopyridine (53 mg, 0.44 mmol) undeolang. The reaction mixture was stirred for 1 h 4C0and for 16 h
at rt and then the solution was diluted £LH (30 ml), water (10 ml), the aqueous phase was egttagith CHClI, (30
ml). The combined organic extracts were washed withHCI (3x10 ml), 5%-aqueous NaHGQdried over anhydrous
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NaSQ,, and evaporated to dryness. The residue was pltijechromatography on silica gel, using a mixtafet:1
petroleum ether-EtOAc to afford compoub@l (313 mg,90%) as a syrup. IR (film, CHg}l v 2970, 1735, 1364, 1160,
cm™. [a]*p =-69.8 (c = 0.64, CHG). '"H NMR (CDCl): § 5.1 (s, H, H-1), 5.0 (dd, H, J;,= 1.4 Hz,J;,= 4.0 Hz, H-3),
4.81 (d, H, H-2), 4.35-4.4 (m, H, H-4), 4.26 (dd, H, J54 = 4.9 Hz,J5 5= 12.1 Hz H-5), 4.23 (dd, H, J5 4 = 3.7 Hz,H-
5%, 3.40 (s, 81, OCHy), 3.14 (s, B, SOCH,), 1.22, 1.21 (2s, 8, COC(CHz)3]. *C NMR (CDCly): & 177.99, 177.93
[C=0, XCOC(CHj),], 106.3 (C-1), 86.95, 79.33, 77.05 (C-B;4, C-2), 62.48 (C-5), 54.8 (OG} 38.77, 38.58
[(2xCOC(CHg)3], 38.33 (SGCH,), 27.03, 26.83 [RCOC(CHjy)s. HRMS (ESI): m/z caled for [GHzSQy, + NaJ:
433.1508, found 433.1502.

4.25. Methyl 5-O-pivaloyl-2-O-methanesulfonyl-a-L-arabinofuranoside (17) and methyl 2-O-methanesulfonyl-a-L-
arabinofuranoside (18). A solution of the mesylat&6 (218 mg, 0.53 mmol) in methanol (15 ml) saturaaed °C with
ammonia was stored at room temperature for 96 h.r&aetion mixture was evaporated to dryness. Thieuesvas
chromatographed on silica gel, using for elutioloaform, CHCk-methanol (15:1) to give as the first fraction nykth-
O-pivaloyl-2-O-methanesulfonyt-L-arabinofuranosidelf, 79 mg, 46%) as a syrup]f =-59.4 (c = 0.64, CHG). IR
(film, CHCIy): v 3490, 2970, 2940, 1732, 1364, 1179'cfrH NMR (CDCL): & 5.02 (br. s, H, H-1), 4.81 (d, H, H-2,
J,3=2.6 Hz), 4.33 (dd,H, J5 4, = 3.5 Hz,Js s = 12.2 Hz H-5), 4.26 (dd, H, J5 4= 4.5 Hz,H-5), 4.13-4.18 (m, H, H-3u
H-4), 3.40 (s, B, OCH3), 3.10 (s, BI, SOCH,), 1.21 (s, 8, COC(CHg)s. *C NMR (CDCl): & 178.52 [(C=O0,
COC(CHz)4], 105.68 (C-1), 88.37, 80.84, 76.46-8, C-4, C-2), 62.70 (C-5), 55.19 (0OQH38.86 LOC(CHs)4], 38.11
(SO,CHy), 27.11 LOC(CHy)s). HRMS (ESI): m/z calcd for [GH,,SO;+ NaJ': 349.0933, found 349.093%he second
fraction wasmethyl 2-O-methanesulfong-L-arabinofuranosidel®, 66 mg, 40%) as a syrup]i’s = -32.4 (c = 0.77,
MeOH). IR (film, CHCL): v 3454, 2931, 1357, 1179 &' NMR (CDCk): & 5.05 (br.s, H, H-1), 4.84 (dd, H, J;,=
1.3 Hz,J,3= 3.4 HzH-2), 4.31-4.39 (m, H, H-3), 4.05-4.8 (M, H, H-4), 3.91 (dd, H, J;5= 3.3 Hz,Js 5= 12.2 Hz H-5),
3.77 (dd, H, J, = 4.1 Hz H-5'), 3.42 (s, BI, OCH3), 3.12 (s, BI, SOCH,). °C sIMP (CDCl3): & 105.82 (C-1), 88.86 (C-
4), 82.97 (C-2), 75.30C¢3), 61.23 (C-5), 55.23 (OGH 38.15 (SGCH,). HRMS (ESI): m/z calcd for [GH,,SO)]™:
242.0460, found 242.0466.

4.2.6. Methyl a-L-arabinofuranoside (21a) and methyl s-L-arabinofuranoside (21b). A suspensiorof L-arabinose (5.5 g,
36.85 mmol) in methanolic HCI solution, preparedallgling acetyl chloride (1.1 ml, 16.8 mmol) to antoys methanol
(110 ml) at 0°C, was stirred at room temperature for 7 h and thes weatralized with powdery KO,. After filtration
through Celite, the filtrate was evaporated. Thédueswas chromatographed on silica gel, using fotial chloroform
and then acetone to give methyl -arabinofuranoside?(a, 3.2 g, 53%) as a syrum]f>, = - 118.0 (c = 1.0, MeOH). IR
(film): v 3378 (brs), 2931, 2848, 1106, 1040tm'H NMR (D,0): 3 4.76 (d, H, J,,= 1.6 Hz,H-1), 3.89 (dd, H, J,5=
3.2 Hz,H-2), 3.87 (ddd, H, J,;5= 3.4 Hz,J,¢ = 5.7 Hz,H-4), 3.78 (dd, H, J;, = 3.2 Hz,J; , = 5.7 Hz,H-3), 3.65 (dd, H,
Js4= 3.2 Hz,Js5= 12.1 Hz H-5), 3.54 (dd, H, Js 4 = 5.7 Hz,H-5'), 3.25 (s, BI, OCHz). "*C NMR (D,0): 6 108.3 (C-1),
83.91 (C-4), 80.71 (C-2), 76.3€3), 61.2 (C-5), 54.92 (OCH) and methylp-L-arabinofuranoside2(b, 1.34 g) with
admixtures ofiL-arabinosides. Compourlb was additionally purified by column chromatograpiy silica gel using
acetone as the eluent to affgrd-arabinofuranoside2(b, 1.2 g, 20%) as a syrup]f{’ = + 157.5 (¢ = 0.7, MeOH). IR
(film): v 3388 (brs), 2934, 2853, 1132, 1033'trtH NMR (D,0): & 4.76 (d, H, J;,= 4.17 Hz,H-1), 4.0 (dd, H, J, 3=
7.9 Hz,H-2), 3.87 (t, H, J;,= 7.0 Hz,H-3), 3.74 (ddd, H, J;5= 3.4 Hz,J,s = 7.1 Hz,H-4), 3.63 (dd, H, J54= 3.5 Hz,
Js5= 12.2 Hz,H-5), 3.48 (dd, H, J54, = 7.0 Hz,H-5), 3.28 (s, B, OCH;). "°C NMR (D;0): § 102.2 (C-1), 82.05 (C-4),
76.41 (C-2), 74.59(-3), 63.17 (C-5), 55.18 (OGH Analysis of fractions prepared after column chrorgeaphy was
carried out on TLC-plates (Silufol, Czechoslovakig)ng solvent systems - CHgHetroleum ether-methanol (14:7:4) or
acetone-benzene (3:2); the spots-gfigars were detected by heating.

4.2.7. Methyl 2-O-methanesulfonyl-a-L-arabinofuranoside (18) and methyl 5-O-methanesulfonyl-a-L-arabinofuranoside
(22). Methyl a-L-arabinoside2la (214 mg, 1.3 mmol) was dissolved in a mixture ohyatrous THF(4.3 ml) and
anhydrous N,N-dimethylacetamide (DMA, 0.3 ml) and sodhydride (80% in oil, 0.048 g, 1.6 mmol) was atidé 0

12



°C. The solution was stirred at°C for 10 min and, then 25 min at room temperatiihe reaction mixture was cooled to
0 °C and mesyl chloride (0.16 ml, 2.06 mmol) was addexpwise. The reaction mixture was stirred for 5.&tlvoom
temperature. The reaction mixture was cooled 6 @Gnd sodium hydride (80% in oil, 0.032 g, 1.06 mnvehs added
under cooling, the solution was stirred d@for 5 min and then 15 min room temperature. Mesyoride (0.08 ml, 1.0
mmol) was then added to. The reaction mixture waredtifor 18 h at rt, and the prepared solution vilkeréd off, the
precipitate was washed with anhydrous THF (15 ml). filtrate and washings were evaporated, then thelueswas
coevaporated with anhydrous toluene. The residueclesmatographed on a silica gel, using for eluthitoroform,
CHCls-petroleum ether-methanol (15:7:2.5) to give a ometof mesylate$8 and22 (0.13 g, 48%; ratio 022 (30%) and
18 (18%) - 1.7:1 according ttH NMR data, with the recovery of the starting matgrisl NMR (CDCk): & 5.05 (br.s,
1H, H-1, mesylatel8), 4.89 (s, 1H, H-1, mesylag®), 4.84 (dd, H, J; ,= 1.3,J,3= 3.4,H-2), 4.45 (dd, H, J;5= 3.6,J55
=11.4,H-5), 4.39 (dd, H, J,¢ = 5.1,H-5), 4.29-4.31 (m, H, H-3), 4.17-4.20 (m, H, H-4), 4.10 (br.s, H, H-2), 4.03-
4.06 (m, H, H-4), 3.95-3.98 (m, H, H-3), 3.91 (dd, H, J,5= 3.3,J55 = 12.2,H-5), 3.77 (dd, H, J,¢ = 4.1,H-5), 3.41
(s, 3, OCHj), 3.40 (s, B, OCHj), 3.12 (s, B, SOCH), 3.10 (s, 8, SOCH,). **C NMR (CDCl;and CROD): § 108.86
(C-1, mesylat®?2), 105.82 (C-1, mesyla?), 88.49 (C-2, mesylat#8), 82.82 (C-4, mesylatiB), 81.57, 81.26, 77.28 (C-
4, C-2,C-3, mesylate22), 74.99 (-3, mesylatel8), 69.36 (C-5, mesylate2), 60.99 (C-5, mesylat#8), 55.31 (OCH,
mesylate22), 55.18 (OCH), 38.13 (SGCHs, 18), 37.51 (SGCHs, 22). LRMS (ESI): m/z calcd for [GH,,SO+Na]":
265.03, found 265.0. Further elution with a mixtofeCHCl,-methanol (7:1) gave 0.032(14%, recovery of methyd-
arabinosidela) as an oil.

428. Methyl 3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-2-O-methanesul fonyl-a-L-arabinofuranoside  (26).
Methanesulfonyl chloride (0.092 ml, 1.18 mijnwas added dropwise to a solution of silylated \ggive of methylo-L-
arabinofuranosid@8 (240 mg, 0.59 mmol), prepared according to theAmmethod’’ in anhydrous pyridine (6 ml) and
4-dimethylaminopyridine (140 mg, 1.18 mmol) at rot@mperature. The reaction mixture was stirred fdr 8nd the
solution was diluted CKLl, (40 ml), washed with water (20 ml), and the aqueowssgtwas extracted with GEl, (60
ml). The combined organic extracts was washed withHCI (3x15 ml), 5%-aqueous NaHG(dried over anhydrous
N&SQ,, and evaporated to dryness. The residue was putifjechromatography on silica gel, using a mixtafes:1
petroleum ether-EtOAc to affo2b (248 mg, 87%) as a syrup. M.p. 49-%0 [a]*, = -87.7 (c = 0.57, CHG). IR (KBr):

v 2951, 2871, 1364, 1186, 1000 tmH NMR (CDCL): § 4.98 (d, H, J,,= 2.3 Hz, H-1), 4.89 (dd, H, J,3= 5.2 Hz, H-
2), 4.37 (dd, H, J;,= 8.5 Hz,H-3), 4.00 (dd, H, Js, = 3.1 Hz,Js 5 = 12.8 Hz, H-5), 3.88 (dd, H, J5 4 = 3.3 Hz,H-5),
3.91 (dt, H, H-4), 3.41 (s, B, OCHj), 3.06 (s, B, SOCH;), 1.01-1.1 (m, 2H, 4x (CH;),CH]. C NMR (CDCly): &
105.1 (C-1), 88.11, 79.97, 74.76-4, C-2, C-3), 60.77 (C-5), 55.46 (OQH38.03 (S@CH,), 17.4, 17.2, 16.92, 16.89,
16.86 [4xCH,),CH], 13.4, 13.06, 12.7, 12.4 [4%5),CH]. HRMS (EST): m/z calcd for [GoH4q0sSi,S + NaJ: 507.1875,
found 507.1886.

4.2.9. Methyl 2-O-methanesulfonyl-a-L-arabinofuranoside (18) from 22. TBAF3H,0 (300 mg, 0.95 mmol) was added to a
solution of the silyl derivativ@2 (220 mg, 0.45 mmol) in anhydrous Tk#ml) and the solution was stirred for 100 min
at room temperature and then evaporated. The esidis dissolved in CHE(50 ml), and solution was washed with
saturated aqueous (WHSO, and evaporated to dryness. The residue was chrgragteed on a silica gel, using for
elution chloroform, CHG}petroleum ether-methanol (15:7:2) to give the riaey8 (104 mg, 95%) as a syrup.

4.2.10. Selective acylation of methyl a-L-arabinofuranoside (21a) with acyl chlorides.

A. Acylation with 4-chlorobenzoyl chloride. 4-Chlorobenzoyl chloride (0.22 ml, 1.71 robnin anhydrous CECI, (0.4
ml) was added dropwise to a solution of metrytarabinofuranoside?(a, 288 mg, 1.75 mmol) in anhydrous &, (3
ml) and pyridine (0.28 ml, 3.14 mmol) at’Q (ice and sodium chloride). The reaction mixture wtsed for 90 min
under cooling and then for 18 h at room temperatBgeidine (0.14 ml, 1.73 mmol) and a solution eéMorobenzoyl
chloride (0.23 ml, 1.79 mat) in anhydrous CkLCl, (0.4 ml) were consequently added to a preparadisolat 0°C. After
stirring for 1 h under cooling the reaction mixtuvas stirred for 18 h at room temperature. Thetemiuwvas diluted with
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CH,CI, (30 ml), water (10 ml), and the aqueous phase wasa&tl with CHCI, (3x30 ml). The combined organic
extracts were washed with\ HCI (10 ml), 5%-aqueous NaHGQOdried over anhydrous B8O, and evaporated to
dryness. The residue was chromatographed on séicaiging a mixture of 7:1, 6:1, 4:1 and 2.5:1 mex&tOAc to afford
as the first fraction methyl 2,3,5-1@-4-chlorobenzoyk-L-arabinofuranoside20, 243 mg, 24%) as a syrup. M.p.43-44
°C. [a]*p = +42.3 (c = 1.0, CHG). IR (KBr): v 2940, 1729, 1597, 1269,1098 tmMH NMR (CDCk): § 7.99, 7.93, 7.87,
7.43,7.35 and 7.26 ( 6d, 12H, BOCH,CI), 5.50 (br.d, 1HJ;, = 5.1 Hz,H-3), 5.46 (br.d, H, H-2), 5.17 (s, H, H-1),
4.85 (dd, H, H-5), 4.67 (dd, H, H-5), 4.52-4.55 (m, H, H-4), 3.48 (s, 3H, OCH. *C NMR (CDCl,): & 165.24, 164.93
and 164.53 [(C=0, L 0CH,CI], 140.22, 140.16, 139.67, 131.30, 131.12, 1311¥8.87, 128.66, 128.05, 127.39,
127.30 (XCOCH,C), 106.68 C-1), 82.15, 80.79, 77.99 (C-2;3, C-4), 63.69(-5), 55.04 OCH;). HRMS (ESI): m/z
caled for [G/H»;,04Cl5 + NaJ': 601.0200, found 601.019The second fraction was methyl 3,5@H4-chlorobenzoyh-L-
arabinofuranoside2f, 309 mg, 40%)M.p. 99-102 €. [a]*’, = -101.8 (c = 1.1, CHG). IR (KBr): v 3440, 2947, 1719,
1596, 1275, 1099 ¢ 'H NMR (CDCk): 5 7.98, 7.94, 7.41 and 7.39 (4d, 8KC®CsH,CI), 5.01 (br.s, H, H-1), 4.99
(dd, H, J;, = 6.1 Hz,J;, = 2.5 Hz, H-3), 4.70 (dd, H, H-5), 4.59 (dd, H, H-5), 4.53-4.56 (m, H, H-4), 4.3 (br.d H,
H-2), 3.43 (s, 3H, OCH), 3.0 (d, 2-OH)C NMR (CDCl,): & 166.24 and 165.42 (C=Ox@OC4H,CI], 140.25, 139.7,
131.3, 131.16, 131.08, 128.87, 128.76, 128.68,0228127.29 (RCOCsH,CI),108.91 (C-1), 82.11, 81.19 (C-3, C-4),
78.83 (C-2), 64.0 (C-5), 55.11 (OCH HRMS (EST): m/z calcd for GH,40,ClLNa[M + NaJ': 463.0327, found 463.0319.
The third fraction was methyl 2,5-@-4-chlorobenzoyk-L-arabinofuranoside2g, 93 mg, 12%). M.p. 111-178. [0]*%
=-32.0 (c = 0.78, CHG). IR (KBr): v 3450, 2940, 1722, 1599, 1275, 1096'chii NMR (CDCL): 5 7.94, 7.92, 7.41 and
7.32 (4d, 8H, RCOCgH,CI), 5.17 (br.s, H, H-1), 5.09 (dd, H, J;,= 2.5 Hz,J,; , = 0.5 Hz, H-2), 4.64 (dd, H, H-5), 4.51
(dd, H, H-5)), 4.39-4.42 (m, H, H-4), 4.18 (dd, H, H-3), 3.48 (s, 3H, OCH. **C NMR (CDCl): & 165.74 and 165.43
(C=0, XCOCsH,CI], 140.37, 139.69, 131.16, 131.08, 128.98, 128127.31 (2COC:H,CI),106.34 C-1), 85.6, 81.85
(C-3, C-4), 77.25@-2), 63.94 (-5), 55.18 OCH3). HRMS (ESI): m/z calcd for [GH140.Cl, + NaJ: 463.0327, found
463.0320.

B. Acylation with pivaloyl chloride. To a solution of methyti-L-arabinoside21a (295 mg, 1.79 mmol) in anhydrous
CH,Cl, (3 ml) and pyridine (0.29 ml, 2.58 mmol) af© (ice and sodium chloride) was added dropwise pivalolpride
(0.22 ml, 1.79 mml) in anhydrous CKLCI, (3 ml). The reaction mixture was stirred for 1 h @ndooling and then 18 h at
room temperature. Pyridine (0.14 ml, 1.79 mmol) pivéloyl chloride (0.22 ml, 1.79 mei) in anhydrous CKCl, (3 ml)
were consequently added at@. After stirring for 2 h under cooling, the reactionixture was stirred for 21 h at room
temperature. The solution was diluted with LH (30 ml), water (10 ml), the aqueous phase was drgtagith CHCI,
(3x30 ml). The combined organic extracts were washedHCI (3x10 ml), dried over anh. Ma0O, and evaporated to
dryness. The residue was chromatographed on siitd7@ ml), using a mixture of a mixture of 6:1 atiten 3:1
petroleum ether-EtOAc to afford 3,5-@Hpivaloyl derivativel3 as a syrup (0.251 g, 42%).

4.2.11. Methyl 3,5-di-O-4-chlorobenzoyl-2-O-methanesulfonyl-a-L-arabinofuranoside (30). Methanesulfonyl chloride
(0.064 ml, 0.82 mwl) was added to a solution of protected metinyl-arabinofuranosid®7 (180 mg, 0.41 mmol) in
anhydrous pyridine (3.7 ml) and 4-dimethylaminogire (25 mg, 0.21 mmol) at room temperature. Tlagtien mixture
was stirred for 3 h at rt, and then diluted with CH (30 ml), washed with water (10 ml), and the aqueowss@lwas
extracted with CHCl, (30 ml). The combined organic extracts were washedHCI (3x10 ml), 5%-aqueous NaHGO
dried over anhydrous N8O, and evaporated to dryness to afford mesyd@t€¢220 mg, 100%) as a syrup, which was
used in the next step without additional purificati€ompound0 was purified by column chromatography on silica gel
using for elution a mixture of 3:1 and 2.5:1 hexaf®#OAc to afford an analytical sample 2ff as a syrup.d]*, = -77.0

(c = 0.68, CHG). IR (film, CHCL): v 2931, 1725, 1371, 1271, 1099 tmMH NMR (CDCL): § 7.98, 7.94, 7.41 and 7.39
(4d, 8H, 2 xCOCGH,CI), 5.38 (br.d, H, J;, = 1.2 Hz,J; , = 4.8 Hz, H-3), 5.22 (s, H, H-1), 5.05 (d, 1HH-2), 4.71 (dd,
1H, J5 4 = 3.6 Hz,Js 5= 11.0 Hz H-5), 4.61 (dd, H, J5 4 = 4.2 Hz,H-5), 4.53-4.55 (m, H, H-4), 3.45 (s, OCH), 3.13 (s,
3H, SO,CHs). *C NMR (CDCls): 5 165.36, 165.13 (C=0x20C:H,CI), 140.47, 139.83, 131.34, 131.27, 131.21, 128.98
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128.83, 127.95, 127.05X20CH,Cl), 106.64 (C-1), 85.72, 79.93, 78.21 (C-2, G=34), 63.61 (C-5), 55.11 (OGH
38.46 (SQCH,). HRMS (EST): m/z calcd for [GeH,00sSCh + NaJ': 541.0103, found 541.0110.

4212. Methyl 2-O-methanesulfonyl-a-L-arabinofuranoside (18) from methyl  3,5-di-O-4-chlorobenzoyl-2-O-
methanesulfonyl-a-L-arabinofuranoside (30).

Methanol (40 ml) saturated af© with ammonia was added to the mesyg@e(220 mg, 0.58 mmol). The reaction
mixture was stored at room temperature for 20 h,thad was evaporated to dryness. The residue wasetwographed
on a silica gel, using for elution chloroform, amdnixture of 16:1 and 5:1 CH@EInethanol to give the mesylai8 (24
mg, 23%) as an oil and a methyL-arabinofuranoside2(la, 50 mg, 72%) as an oil.

Methanol (5 ml) saturated aO with ammonia was added to a solution of the mesy@ate02 mg, 0.53 mmol) in
anhydrous methanol (6 ml). The reaction mixture stased at room temperature for 5 h, and then wapenated under
diminished pressure at rt. The residue was chromegbgd on silica gel, using for elution chloroforamd a mixture of
CHCls-petroleum ether-methanol (15:7:2) to give the rae\8 (79 mg,85%) as an oil.

4.2.13. Methyl 2-deoxy-a-L-erythro-pentofuranoside (19) from mesylates 17, 18, and 30.

L-Selectride (M in THF; 1.6 ml, 1.6 mmol) was added under argon swlation of the mesylat&7 (79 mg, 0.219
mmol) in anhydrous 1,2-dimethoxyethar(@ ml) at -78°C. The solution was stirred with gradually warmed tomo
temperature and then was stirred for 20 h. Ethafhohl) was added to the prepared solution under rgoknd then
evaporated to dryness. The residue was dissolv&Hidl;,, the precipitate was filtered off, washed with CEH&hd the
filtrates were evaporated. The residue was chromapbgd on silica gel, using for elution chloroforamd CHC}-
methanol (12:1) to give methyl 2-deomyt-erythro-pentofuranosidel9, 32 mg, 90%) as an oilo]*’, = -133.8 (c =
0.67, MeOH). IR (film, CHGJ): v 3388, 2931, 1090, 1040 ém'H NMR (CD,0OD): 5 5.02 (dd, H, J,,= 1.6 Hz,J;, =
5.4 Hz,H-1), 4.12 (ddd, H, H-3), 3.89-3.92 (m, H, J;5= 3.6 Hz,J,5= 4.9 Hz,H-4), 3.67 (dd, H, Js5= 11.8 Hz H-5),
3.57 (dd, H, H-5"), 3.36 (s, B, OCH), 2.30 (ddd, 1HJ, 3= 7.7 Hz,J,; = 13.9 HzH-2), 1.84 (ddd, H, J, ; = 3.4 HzH-
2). ®C NMR (CD;OD): § 106.33 (C-1), 86.79 (C-4), 72.35 (C-3), 63.17 (C55.19 (OCH), 42.34 (C-2)HRMS (ESI):
m/z calcd for [GsH1,O0,+ NaJ': 171.0628, found 171.0725.

L-Selectride (M in THF; 3.0 ml, 3.0 mmol) was added under argon swlation of the mesylat#8 (198 mg, 0.81
mmol) in anhydrous THF (0.75ml) at -78. The solution was stirred with gradually warmed tomotemperature and
then was stirred for 20 h. Ethanol (5 ml) was addethé prepared solution under cooling, then evdpdrto dryness.
The residue was dissolved in CHCQhe precipitate was filtered off, washed with Ck@nd filtrates were evaporated.
The residue was chromatographed on silica gel, usinglution chloroform, CHGmethanol (12:1) to give methyl 2-
deoxy«-L-erythro-pentofuranosidel®, 120 mg, 94%) as an oil.

L-Selectride (Im in THF; 0.82 ml, 3.0 mmol) was added to a solutiéra anixture of mesylate$8 and22 (0.052 g,
0.21 mmol, ratio - 1.8:1 according 8 NMR data) in anhydrous TH@©.2 ml) at -78°C. The solution was stirred with
gradually warmed to room temperature and then weaedtior 21 h. To the prepared solution was addbednetl (2 ml)
under cooling, then evaporated. The residue wasldess in CHCY, the precipitate was filtered off, and the filtratas
evaporated. The residue was chromatographed om giéit; using for elution chloroform, and CH®@ktroleum ether-
methanol (15:7:2) to give methyl 2-deo#y--erythro-pentofuranosidd ) (0.01 g, 91%, from mesylaid) as an oil.

L-Selectride ( in THF; 1.8 ml, 1.8 mmol) was added under argon swlation of the mesylatg0 (132 mg, 0.25
mmol) in anhydrous 1,2-dimethoxyethaiig.6 ml) at -78C. The solution was stirred with gradually warmed tomo
temperature and then was stirred for 20 h. Etha®él hl) was added to the prepared solution undelimmpcand then
evaporated to dryness. The residue was chromatagptamh silica gel, using for elution chloroform, aBHCl-hexane-
methanol (14:7:2) to give methyl 2-deo#y--erythro-pentofuranosidel9, 17 mg, 45%) as an oil.

4.2.14. Methyl-2-deoxy-3,5-di-O-p-toluoyl-a-L-erythro-pentofuranoside (20). Compound19 (150 mg, 1.0 mmol) was
dissolved in pyridine (2.1 ml) and cooled t8@ thenp-toluoyl chloride (0.3 ml, 2.27 mmol) was added dvige to the
prepared solution. The reaction mixture was stifoed.8 h at room temperature, diluted with cold wél€r ml), and then
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extracted with CKCl, (3x50 ml). The combined organic extracts were washigd 5%-aqueous NaHCG25 ml), water
(30 ml), dried over anhydrous pBO, and then evaporated to dryness. The residue wasnatwgraphed on silica gel,
using a mixture of 8:1 and 5:1 petroleum ether-Et@#\afford compoun@0 as white solid (330 mg, 86%). M.p.70-73
°C. [0)*°5 = -111.1 (c = 0.83, CH@) IR (KBr): v 2930, 1719, 1279, 1180, 1114 trhH NMR (CDCL): § 7.93 and 7.22
(m, 8H, 2xCHCsH,CO), 5.42 (ddd, 1HH-3), 5.18 (d, 1HJ; ,= 5.13 Hz,J; » <1.0 Hz,H-1), 4.62 (dd, 1HJs 4= 4.5 Hz,
Js5 =12.8 Hz, H-5), 4.51-4.55 (m, 25 4=4.2, Hz, H-4u H-57), 3.42 (s, 3H, OC}), 2.56 (ddd, H, J,3= 8.0 Hz,J,, =
14.7 Hz, H-2), 2.41 (s,}B CH,;-CgH,-C=0), 2.40 (s, B, CH;-C,H,-C=0), 2.18 (d, H, H-2). ** C NMR (CDCE): &
166.49, 166.28 (CHCsH,-C=0), 143.92, 143.78, 129.82, 129.69, 129.10,1R7127.03 (CHCeH,-C=0),105.06 (C-1),
80.97 (C-3), 74.61 (C-4), 64.31 (C-5), 55.09 (QF39.27 (C-2), 21.68 and 21.69 (2x £EH,-C=0). HRMS (ESI):
m/z calcd for [GH,40s + NaJ : 407.1471, found 407.1492.

4.2.15. Methyl 2-deoxy-3,5-di-O-4-chlorobenzoyl-a-L-erythro-pentofuranoside (31) from mesylate 18. L-Selectride (M in

THF; 1.2 ml, 1.2 mmol) was added under argon tolatism of mesylatel8 (74 mg, 0.31 mmol) in anhydrous THF28
ml) at -78°C. The solution was stirred at°C for 15 min gradually warmed to room temperature tien was stirred for
22 h. Anhydrous THF (0.9 ml) was added to prepageluition, the reaction mixture was cooled td°® and 4-
chlorobenzoyl chloride (0.13 ml, 1.0 mmol) was addé¢d °C, and it was stirred for 7 h at room temperaturéne T
reaction mixture was evaporated under diminishedsare, the residue was dissolved in anhydrougCGKRO ml), the
prepared solution was filtered off, and the filtrates coevaporated with silica gel. Chromatographypesformed using

a mixture of 9:1 to 4:1 petroleum ether-EtOAc to gieenpound3l as white solid (85 mg, 65%). M.p.64—685. {a] > =
-152.7 (c = 0.74, CHG). IR (KBr): v 2954, 1722, 1278, 1122, 1096 tmH NMR (CDCl,): 8 7.96 and 7.41 (2dd, 8H,
2x4-Cl-GH,CO), 5.40 (ddd, 1HJ5, = 8.0 Hz,J;, = 2.1 HZ,J;, = 3.6Hz,H-3), 5.19 (br.d, 1HJ; ; < 1.0 Hz,J, ,= 4.97
Hz, H-1), 4.63 (dd, 1H,J54= 3.5 Hz,J55 =11.4 Hz,H-5), 4.53 (dd 1HJs ,= 4.6,H-5), 4.5-4.53 (m, 1H, H-4), 3.42 (s,
3H, OCH), 2.52 (ddd, H, J,,=14.4 Hz, H-2), 2.20 (dd,H, H-2)). *C NMR (CDCl;): 5 165.53, 165.34 (2x4Cl-H,-
C=0), 139.79, 139.65, 131.14, 131.02, 128.77, 128128,11 (2x4Cl-GH,-C=0), 104.99 (C-1), 80.76 (C-4), 74.93 (C-
3), 64.56 (C-5), 55.15 (OGH 39.13 (C-2). HRMS (ES): m/z calcd for [GoH150sCl+Na]": 447.0378, found 447.0373.
4.3. Syntheses of L-ribofuranosides, 2-deoxy-2-fluoro-L-arabinofuranose derivativesand L-FM AU.

4.3.1. Methyl 2,3,5-tri-O-pivaloyl-g-L-ribofuranoside (39). DAST (0.07 ml, 0.55 mil) was added to a solution @fL-
glycosidel2 (60 mg, 0.18 mmol) in anhydrous g8, (2.0 ml) and pyridine (0.017 ml, 1.73 mmol). Thacon mixture
was stirred for 18 h at 26-2€T under argon. The solution was diluted with,CH(3 ml), poured into cooled 5%-aqueous
NaHCGQ, and the aqueous phase was extracted witfCGKBx30 ml). The combined organic extracts were washigd
water (10 ml), dried over anhydrous JS&,, and then evaporated to dryness. The residue wamatographed on silica
gel, using a mixture of 10:1, 5:1 and 3:1 petroleetimer-EtOAc to afforch mixture of methyl 2,5-d®-pivaloyl-B-L-
ribofuranosidg37) and methyl 3,5-dB-pivaloyl-B-L-ribofuranosidg38) (58 mg, 97%, a ratio of 2,5 and 3,5-regoisomers
= 1.2.:1.0 according t&H NMR data) asa syrup.'H NMR (CDCL): 5 5.15 (t, H, H-3, comp.38), 5.05 (d, H, H-2,
comp.37), 4.92 (s, H, H-1, comp.38), 4.88 (s, H, H-1, comp37), 4.40-4.44 (m, H), 4.09-4.32 (m, K), 3.41 (s, 3H,
OCH,, comp.38), 3.39 (s, 3H, OCK comp.37), 1.24, 1.23, 1.22, 1.21 (4s, B6COC(CH,)s]. *C NMR (CDCL): &
178.50, 178.22, 178.18, 177.62 (C=O0CHC(CHs)3], 108.62 and 105.99 (£x1), 80.94, 78.88, 76.48, 74.34, 73.84,
71.18 (2xC-2,C-3,C-4), 64.69 and 64.24(2), 55.33 and 55.13 (2xOGH 39.09, 38.09, 38.88, 38.84 [@RC(CHa)s],
27.17 COC(CH3)4]. HRMS (ESH): m/z calcd for [GH,s0; + NaJ : 355.1733, found 355.1732.

Pivaloyl chloride (0.11 ml, 0.9 mesl) was added to a solution of a mixture of proteatethyl-L-arabinofuranoside37
and 38 (30 mg, 0.09 mmol) in anhydrous pyridine (2.5 nfhe reaction mixture was stirred for 18 h at ambien
temperature and then for 5 h at 35°@0 The solution was diluted with GEI, (3 ml), poured into a mixture of water and
ice, and the aqueous phase was extracted wifCzEB8x20 ml). The combined organic extracts were washigd 5%-
aqueous NaHC£(10 ml), dried over anhydrous PO, and evaporated to dryness. The residue was chrgraptted on
silica gel, using a mixture of 15:1 and 8:1 petuofeether-EtOAc to afford methyl 2,3,5-@pivaloyl--L-ribofuranoside
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(39, 32 mg, 85%) as a syrupm]f>, = +17.1 ¢ = 0.3, CHCJ). IR (film, CHCL): v 2974, 2937, 1742, 1285, 1149 tmH
NMR (CDCL): 6 5.33 (dd, H, J;, = 4.7 Hz,J; , = 4.8 Hz, H-3), 5.21 (d, 1HH-2), 4.84 (s, H, H-1), 4.24-4.30 (m, H, H-
4y H-5),4.12 (dd, H, J5 4, = 5.4 Hz,Js 5= 12.2 HzH-5), 3.37 (s, B, OCHy), 1.23, 1.22, 1.18 (3s, PI{ COC(CH,)3. *C
NMR (CDCls): 4 178.26, 177.13, 176.99 (C=0xQ0C(CHs)3], 106.15 (C-1), 78.65, 74.49, 71.12 (C-2, G=43), 64.06
(C-5), 55.21 (OCH), 38.84, 38.74@OC(CHs)4], 27.10 LOC(CH3)s]. HRMS (ESI): m/z caled for [GH3¢0s + NaJ'*:
439.2308, found 439.2570; [M - OGJFt 385.2226, found 385.24009.

4.3.2. Methyl 3,5-di-O-pivaloyl-a-L-ribofuranoside (40). A solution of protected methy-L-arabinofuranosidd.3 (396
mg, 1.2 mmol) in anhydrous GE&l, (16 ml) was added to a mixture of pyridinium diamate (674 mg, 1.79 mmol),
Ac,0 (0.168 ml, 1.76 mmol), and pulverized 4A molecsives (840 mg) in anhydrous €, (6 ml). The reaction
mixture was stirred for 2 h under argon at ambiemgerature and then filtered off, the powder was whshi¢h
anhydrous CECI, and the solution was evaporated to dryness. E8em() was added to the oily residue, and then the
prepared solution was filtered over pulverized 4A enalar sieves, which were washed several times withr.effhe
filtrate and ether washings were evaporated to deyn&he residue was chromatographed on silica gglgwa mixture of
4:1 and 1:1 hexane-EtOAc to afford the intermediaterke (288 mg, 73%) as a syrup. L-Selectride (@ THF; 0.92 ml,
0.92 mmol) was added under argon to a solution tuf-gagar (280 mg, 0.848 mmol) cooled to “T8in anhydrous THF
(4 ml). The reaction mixture was stirred for 5 mamd then acetic acid (0.2 ml) was added. The peepsolution was
diluted with CHCI, (60 ml), washed with X HCI (15 ml), 5%-aqueous NaHGQOdried over anhydrous MaQ,, and
evaporated to dryness. The residue was purifiedhbgnecatography on silica gel, using a mixture of, 811 and 1:1
petroleum ether-EtOAc to afford methyl 3,5@ipivaloyl-a-L-ribofuranoside40, 200 mg, 71%) as a syrup]{’s = -98.6
(c = 0.43, CHG). IR (film, CHCI,): v 3517, 2967, 2931, 1735, 1159 tmH NMR (CDCL): & 4.97 (dd, H, J;, = 2.7
Hz,J,5=7.0 Hz,H-3), 4.94 (d, H, J,;, = 4.6 HzH-1), 4.32 (dd, H, J54 = 3.5 Hz, J5 5= 11.8 Hz, H-5), 4.24-4.27 (m,
1H, H-2), 4.21 (dd, H, Js,= 3.85 Hz, H-5), 4.15-4.17 (m, H, H-4), 3.47 (s, B, OCHj), 1.23 and 1.21 (2s, 1B
COC(CHg)g). *C NMR (CDCE): 6 177.97, 177.81 [C=0,x20C(CHy)], 102.22 (-1), 80.67, 71.49(-3, C-4), 77.11
(C-2), 63.78 (-5), 55.32 OCH,), 38.88, 38.82 [RCOC(CHs)4], 27.20, 27.07 [R(COC(CHs)3]. HRMS (ESI): m/z calcd
for [C1eH250;+ NaJ: 355.1733, found 355.2003, [M - OGJH 301.1651, found 301.1808.

4.3.3. Methyl 2-deoxy-2-fluoro-3,5-di-O-pivaloyl-a-L-arabinofuranoside (42). DAST (0.2 ml, 1.56 mml) was added
dropwise to a solution of protected methyl-ribofuranoside40 (172 mg, 0.52 mmol) in anhydrous &, (5.0 ml) and
pyridine (0.05 ml, 3.46 mmol). The reaction mixtwas stirred for 18 h at 26-2C under argon. The solution was
diluted with CHCI, (7 ml), poured into cooled 5%-aqueous NaHC&nhd the aqueous phase was extracted witfCGH
(3x50 ml). The combined organic extracts were washigtd water (20 ml), dried over anhydrous N8, and evaporated
to dryness. The residue was chromatographed om gjit, using a mixture of 10:1 and 4:1 petroleuheeEtOAc to
afford fluoride 42 (92 mg, 53%) as a syrum]f’ = - 46.2 (c = 0.4, CHG). IR (film, CHCL): v 2964, 2927, 1742, 1152,
1096, 1033 ci. *H NMR (CDCk): 6 5.07 (dd, H, J34= 4.9 Hz,J5r,= 13.2 HzH-3), 5.07 (d, H, J; = 11.1 Hz,J; ,<
1.0,H-1), 4.84 (d, H, J,,= 50.3 Hz H-2), 4.40 (dd, H, H-5), 4.26 (dd, H, H-5'), 4.15-4.18 (m, H, H-4), 3.38 (s, B,
OCH,), 1.21 and 1.209 (2s, B8COC(CHz),). “*C NMR (CDCL): § 178.1, 177.6 [C=0,2LOC(CHs)3], 105.98 (d Je.1 ¢ =
35.3 Hz,C-1), 98.26 (dJcor= 181.5 HzC-2), 80.73 C-4), 76.72 (dlc.3r = 29.9 Hz,C-3), 62.81 (C-5), 54.65 QCHjy),
38.86, 38.60 [RCOC(CHs)], 27.09, 26.93 [RCOC(CHz)3l. **F NMR (CDCE): & - 190.85 (ddd, F-2). HRMS (ES1 m/z
caled for [GsH,4OsF - OCH]™: 303.1608, found 303.1750.

4.3.4.1-O-Acetyl-2-deoxy-2-fluor 0-3,5-di-O-pivaloyl-a-L-arabinofuranose  (43). Methyl 2-deoxy-2-fluoro-3,5-dB-
pivaloyl-a-L-ribofuranoside 42, 90 mg, 0.26 mmol) was dissolved in a mixture ofCEOH (0.7 ml), AgO (0.17 ml)
and HS0O, (0.026 ml). The reaction mixture was stirred at anbtemperature for 2 h and then poured into aurexof
water and ice. The agueous phase was extracted WitH;3x50 ml). The combined organic extracts were washidu
cold 5%-aqueous NaHGQdried over anhydrous B8O, and evaporated to dryness. Acetd8 (89 mg, 91%) was
prepared as a colorless syrid®p = - 37.1 (c = 0.35, CHG). IR (film, CHCL): v 2970, 1738, 1229, 1149, 1023 tn'H
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NMR (CDCly): 8 6.36 (d, H, J; r,= 9.7 Hz,J,,< 1.0,H-1), 5.15 (dd, H, J;,= 3.2 Hz,J5 = 19.9 Hz H-3), 4.97 (d, H,

Jo o= 48.7 Hz,H-2), 4.27-4.35 (m, B, H-4, H-5, H-5’), 2.09 (s, 81, COCH3), 1.23, 1.20 (2s, 18, COC(CHaz)].
*C NMR (CDCL): 6 177.08, 177.26 [ OC(CHs)3], 169.02 COCH,), 98.91 (dJe.1 r = 34.9 Hz,C-1), 96.96 (d,Jcor=
185.5Hz,C-2),83.58 (-4),75.98 (d,Jc3r = 30.9 Hz,C-3), 62.76 C-5), 38.84, 38.62 [@OC(CHs)s], 27.06, 26.87
[2xCOC(CHy)3], 20.85 CHCO). ** F NMR (CDCE): & -191.07 (ddd, F-2). HRMS (ESi m/z calcd for [GH,,0/F +
Na]": 385.1634, found 385.1640.

4.3.5. 2-Deoxy-2-fluoro-3,5-di-O-pival oyl-a-L-arabinofuranosyl bromide (44). To a suspension of acetat8 (0.065 g,
0.18 mmol) and anhydrous ZnBp.02 g, 0.087 mmol) in anhydrous &, (3 mL), TMSBr (0.07 mL, 0.54 mmol) was
added at 0C. The resulting mixture was stirred under argoi® & for 30 min, then 16 h at room temperature. The
reaction mixture was diluted with GEI, (10 mL), then washed a cooled saturated solutioNafiCO;. The aqueous
phase was extracted with @Fl, (2x10 mL). The combined organic extracts were washkatér (2 x 5 ml), dried over
anhydrous Nz50,, evaporated to dryness, the residue was coevaposdtte anhydrous toluene to give bromidie (0.07

g, 97%) as a colorless syrup whighs used in the next step without the further puifim."H NMR (CDCL): & 6.52 (d,
1H, J; ,=12.1,3,,< 1.0,H-1), 5.35 (d, H, J,r,=51.1,H-2), 5.10 (dd, H, J34= 3.0,J3r»= 22.0,H-3), 4.45-4.49 (m,
2H, H-4, H-5), 4.36 (dd, 1H, H-5, 1.26, 1.99 (2s, 18 COC(CHs)3]. °C NMR (CDC}): & 177.95, 177.58 [C=O,
2xCOC(CHg)3], 100.51 (d,C-2, Je.or =191.5), 87.52 (dC-1, Jo.i r = 31.9), 84.55(-4), 75.67 (d.C-3, Jozr = 30.92),
61.81 (C-5), 38.85, 38.61 [@OC(CHy)s], 27.03, 26.89 [RCOC(CH3)s]. “°F NMR (CDCL): 5 -166.2 (ddd, F-2).
4.3.6.1-(2-Deoxy-2-fluoro-3,5-di-O-pival oyl - f-L-arabinofuranosyl )thymine (45). Thymine (0.057 g, 0.45 mmol) and
HMDS (2 ml) in the presence of a catalytic amount(lH,),SO, was refluxed with stirring for 5 h and then the
homogenous solution was evaporated and coevaparittednhydrous toluene (10 ml). A solution of bromii(0.07 g,
0.183 mmol) in anhydrous 1,2-dichloroethane (2.5 wés added to the prepared silylated thymine, &edréaction
mixture was refluxed under,Mor 18 h. After cooling the reaction mixture was pElinto a mixture of water and ice, and
extracted with CHGI(3x20 ml). The combined organic extracts were washigd a cooled saturated agueous NaHCO
(2x10 ml), water, and dried over anhydrous®@,, evaporated to dryness. The residue (82 mg) wasratographed on
silica gel, using for elution chloroform, CH&betroleum ether-methanol (20:15:1) to affgrehucleoside45 (0.05 g,
60%). M.p. 128-132C (hexane). IR (KBr)y 2974, 2940, 1735, 1285, 1152, 1040 chti NMR (CDCL): & 8.53 (br.s,
1H, NH), 7.35 (br.s, 1H, H-6), 6.16 (ddH1Jy» = 2.8 Hz,J; r» = 12.2 Hz,H-1), 5.22 (dd, H, J3 4= 2.8 Hz,J5» < 1.0,
Jyr2= 17.3 Hz,H-3), 5.09 (dd, H, J,r>= 50.3 Hz,J,, = 2.8 Hz,J, 3 < 1.0,H-2), 452 (dd, 1HJ5 4 = 5.4 HZ,J5.5 =
12.1 Hz, H-5’), 4.38 (dd, 1H)s., = 3.5 Hz, H-5), 4.13-4.16 (m, 1H, H2 1.93 (d, 3H, CHC5), 1.24 (s, 18,
COC(CHz)]. ®C NMR (CDCh): 5 177.11, 177.17 [ OC(CHz),], 163.26 (C-4), 150.0 (C-2), 136.35 (@6 r.2= 3.1 Hz,
C-6), 110.47 (C-5), 92.55 (dlc.,r= 191.4Hz,C-2), 84.5 (dJc.1 = 15.95 HzC-1), 81.32 C-4), 75.8 (dJc.3 = 29.9 Hz,
C-3), 62.52 (-5), 38.93, 38.74 [ OC(CHy)3], 27.13, 26.98 [RCOC(CH3)s], 12.41 CH5-C5). HRMS (EST): m/z calcd
for [CooH260;N,F + NaJ': 451.1856, found 451.2048.

4.3.7. 1-(2-Deoxy-2-fluoro-f-L-arabinofuranosyl)thymine (2). Compound45 (0.038 g, 0.088 mmol) was stirred in 0.0i74
NaOCH-MeOH (2.8 ml) at room temperature for 18 h, then rction mixture was neutralized with acetic acid an
evaporated. The residue was coevaporated with a migfuoluene:ethanol (1:1), purified by columnatatography on
silica gel using for elution chloroform, CH@hethanol 20:1 and 15:1 to give nucleoskd@.018 g, 80%) as white solid.
M.p.184-185°C. "H NMR (CD;OD): & 7.59 (t, 1HJy.6, ez = 1.3 HZ Jug r2 = 1.3 Hz, H-6), 6.17 (dd, 1H, »= 4.0 Hz,
Jyrr=17.0 Hz, H-1), 5.09 (ddd, 1HJ, 3= 2.6 Jpr»= 52.4 Hz, H-2, 4.32 (ddd, 1H,J3 4 = 4.9 HzJ3 = 19.6 Hz, H-
3), 3.88-3.91 (m, 1H, H 3.84 (ddd, 1HJs 4 = 3.7 Hz,J5 r»= 1.1 Hz,J5 5= 12.6 Hz, H-5), 3.75 (dd, 1H.4 = 5.1
Hz, H-5"), 1.88 (d, 3HJops .6 = 1.3 Hz,CH;-C5). *C NMR (CD,0OD): & 164.92 (C-4), 150.71 (C-2), 137.3 @.sr2=
2.9 Hz, C-6), 109.23 (C-5), 95.57 (dgor= 191.0 Hz,C-2), 84.05 Jc4r= 3.2 Hz,C-4), 83.61 (dJc.1 = 16.8 Hz,C-1),
73.45 (dJc.s = 25.1 Hz,C-3), 60.39 (-5), 10.97 CHz-C5)."F NMR (CD,0D): § -200.76 (dt, F-2"). HRMS (E$): m/z
calcd for [GgH150sN,F+ NaJ': 283.0706, found 283.0887.
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