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Synthesis of 2-fluoro-substituted and 2,6-modifeenine 2,3"-dideoxy-2,3"-
difluoro-D-arabinofuranosyl nucleosides from D-xs#o
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A nstitute of Bioorganic Chemistry, National Academy of Sciences of Belarus, 5/2 Acad. Kuprevicha, Minsk 220141, Belarus

PCenter for AIDS Research, Laboratory of Biochemical Pharmacology, Department of Pediatrics, Emory University School of Medicine, Atlanta,
GA 30322, USA
Abstract. A series of novel purine-modified’,2-dideoxy-2,3-difluro-D-arabinonucleosides, including fluorindteanalogs of
fludarabine and nelarabine, have been prepareani glycosylation reactions of salts of 2-flymuone derivatives with the glycosyl
bromide. A short and efficient synthetic route he tcarbohydrate precursor 5-O-benzoyl-2,3-diflupfd-arabinofuranosyl bromide
was developed in five steps from D-xylosmproved synthesis of methyl 5-O-benzoyl-2,3-diflora-D-arabinofuranoside based upon
the study of diethylaminosulfur trifluoride (DASTgactions with 5-O-protected methyl D-xylosides veaplored using mild reaction
conditions on the key step. New peculiarities felestive fluorinations of 5-O-benzoylated and -D-pentofuranosides with DAST
leading to the formation of mono and difluoro-funaide derivatives are reported.
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1. Inroduction
Modified nucleosides analogues are an importangsclaf compounds possessing antiviral and anticaacgvities.
Fluorinated by the sugar moiety or in the heterbeyigase nucleosides have drawn a lot of attentiecabse of their
interesting biological properties and several ethare essential chemotherapeutfcitroduction of fluorine atom(s) to
synthetic nucleoside analog can influence confdonat properties, metabolism, enhance bioavailgbitiinding affinity
and selectivity of fluorinated derivative, and @ag prominent role in the drug design due to imenoent in the

pharmacokinetic properties and a change in thechiogy.**
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Fig.1. Fluorinated purine nucleosides with anticancetivaial and antibacterial activities

A number of purine-based nucleosides bearing a balagpm at the 2-position in the nucleobase haea pespared and
investigated as potential anticancer gents. Amoagetuerivatives purine analogs with 2-fluorine @h®rine atom have
been shown to possess activity against human tuetisr Eludarabinel@) and its prodrug, fludarabine phosphatd{D-
arabinofuranosyl-2-fluroadenineé-6-phosphatelb), (Fig.1)’ were explored as anticancer agents, and, aftetlitiieal
development, fludarabine phosphate is currentidusr the treatment of chronic lymphocytic leukafhi2-Fluoro-2-
deoxyadenosine?], a deoxyanalog of fludarabinda) with excellent substrate properties fexcoli purine nucleoside
phorphorylase demonstrated better activity agatimstors that expresk.coli than fludarabine phosphatébj and is
considered as a valuable asset in the suicide thenapy strategy 2-Fluoro-3-deoxyadenosines), the fluorinated analog
of cordycepinwas also synthesized using chemical or chemoenzyrapproaché&'!and identified as a selective and
potent compound with trypanocidal activityvitro andin vivo. Synthetic routes to'-2leoxy-2-fluoro-arabino and ribo 2-
fluoroadenine nucleosides5 (Fig.1) were developed, and these compounds wereated for their cytotoxicity anth

vitro anti-HIV activity.”****
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2-Fluoro-analog of fludarabinet showed cytotoxicities to a series of human tumoll Gees.'? Besides, 2-
fluorolodenosing6)’ as well as a number of other purine-modifiediibro-2,3-dideoxyarabinofuranosyl nucleosides
were prepared and evaluatedvitro as anti-HIV agent&® 2’,3-Dideoxy-2,3-difluoro D-arabino purine nucleosides
were also prepared and the studiesrofitro antiviral activities led to the discovery of 2ZJ@minopurine )™ and
adenine 8)'" 2',3-difluoro-p-D-arabinosides which display selective anti-HIVetivities. In order to extend this series of
bioactive fluoronucleosides and evaluate theircamiter and antiviral potential, the further deveiept of the synthetic
methodology to 23-difluoroarabinofuranosyl nucleosides with structuredifications in the base was continued from
the carbohydrate precursor and herein we reporsyhéhesis of novel 2-fluorine and 2,6-disubstitutetivatives of

purine 2,3-difluorinated nucleosides.

2.Results and discussions

2.1. Syntheses of 5-O-benzoylated mono and difluor o-D-pentofuranoside derivatives from D-xylose

Our synthetic strategy for designing purine-modif@ifluoro nucleosides starts from D-xylose and iwesl study of
synthesis of the key intermediates, methyl 5-O-bgh23-difluoro-w-D-arabinoside and the d-bromosugar, for which
several approaches were earlier investig&téd.In order to improve the methods developed forpiteparation of the
difluoro sugar15'’ from methyl 5-O-benzoy-D-xylofuranoside {1a), different synthetic routes to the latter were
explored in detail on the first step (Scheme 1).
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Scheme 1. Reagents and conditions. a) 9, BzCI/CH,Cl,, E&N/PrLNEt, 0°C—rt, 18 h, 46% overall tdla,b, 39% tolla; 45% tollb; b) i) 9,
Bu;SnO/MeOH, reflux, 1h; ii) BzCIPEpNEL, toluene, rt, 5 h, 46% overall 1da,b, 35% tolla; 41% tollb; c) i) 9, Bu,SnO/MeOH, reflux, 1 h;
ii) BzCI/'Pr,NEt,1,2-DME, rt, 5 h, 97% overall tbla,b, 82% tolla; 89% tollb; d) 11b, MeOH/CHSO:H, rt, 18 h, 32% tdlla; e) 11b,
MeOH/HCI, rt, 3 h, 47% tdla.

Direct and selective acylation of primary hydroxytogps in methyla/B-xylofuranosides ), prepared
quantitatively from readily available from D-xyld&eusing an excess of benzoyl chloride as the dnglagent was
tested under various conditions (Table 1, entri@3. First, benzoylation d® in CH,CI./Py in the presence of & as a
base catalyst gave 5-O-benzoatga,b with a low yield (Table 1, entry 15econd, the use of a mixture of¥et'PrLNEt
in the acylation reaction led fda,b in 39-46% (entries 2-3), but the targexyloside11a was isolated in 39% yield after
chromatography on silica gel (entry 3). Next, the®0O methotf widely used in carbohydrate chemistry for acylation
and alkylation of D-hexopyranosid&8’, and benzylation of 1,2-O-isopropylidene-D-xylofuoaé® was investigated for
selective 5-O-monobenzoylation of xylofuranosi@esith benzoyl chloride (Table 1, entries 4,5).

Table 1. Selective 5-O-benzoylation of methyB-xylofuranosidesq) with PhCOCI

Entry Regents and conditions Base BzCl Time Ratios of Yields
(equiv.) (equiv.) (h) 11b/11a° (%)°

1 BzCI/CHCI,/Py Et:N (1.0) 1.2 18 1.24:1 29
0°Cort

2 BzCI/CHCI, Et;N/ 'PLNEt 1.3 18 1.29:1 39
0°C—rt (1.7/0.7)

3 BzCI/CHCI, Et;N/ 'Pr,NEt 1.3 18 1.32:1 46 (39)
0°C—rt (1.7/0.8)




4 Bu,SnO/MeOH 'Pr,NEt (1.9) 2.0 5 1:.0.72 46 (35)
reflux;
BzCl/toluene, rt

5 Bu,SnO/MeOH 'Pr,NEt (2.3) 3.0 5 1:0.80 97 (82)
reflux;
BzCl/1,2-DME, rt

®Ratio of 5-O-benzoyki- and B-xylofuranosides determined fromd NMR spectrum of the anomeric mixture after
chromatography.

®Combined isolated yields of 5-O-benzoafds,b after chromatography on silica gel. Figures inep#reses refer to
isolated yield of methyl 5-O-benzoyixylofuranosidella (calculated fronmu:p ratio of 1:1.25/1.14 in the starting methyl
xyloside9).

Different reaction conditions have been repdfétfor regioselective and efficient acylations of atgyvia activation of
OH groups by BsSnO followed by treatment of the cyclic tin internedi with excess acyl chloride and triethylamine.
The reaction of methylB-xylofuranosides q) with an equimolar amount of dibutyltin oxide in thanol under reflux
produced intermediate 3,5-O-di-n-butylstannyleneivdéve 10 which was converted to 5-O-benzoatdlsa in 46%
overall yield (Table 1, entry 4) by reaction witerizoyl chloride anéPr,NEt in toluene (Table 1, entry 4). The yield of
the target products was improved to 97% via thetgliSiannylene derivatives in anhydrous 1,2-dimegfetixane (entry
5). It should be noted that under the above reactioitions (Table 1) benzoylation of a mixture of mgta/p-xylosides

9 derived from D-xylose yielded the higher yields $80-benzoyl derivative di-xylofuranoside compared to that of the
a-xyloside. Further, to improve yield of the targpentofuranoside, conversion of 5-O-benzoylated niefhy
xylofuranosidellb to isomerica-xyloside 11a was studied under mild acidic conditions (Tablel&)merization ofL1b

to 11a was tested in anhydrous MeOH in the presence gBC¥H at room temperature (entryl) and the yieldtd
made up 32% after the methanolysis and treatmethteofeaction mixture with agueous NaH{C®ethanolysis ofl1b in
MeOH/HCI generated by adding acetyl chloride to methanh0°C afforded only a mixture of two anomeirdb and11b
with a ratio of 1:0.90 (fromMiH NMR data)and 47% vyield ofi-xyloside11a (entry 2). These findings indicate that acidic
methanolysis resulted in the anomerizatiorlt§ with the formationof a-anomerlla and this simple procedure can be
used for the increase of overall yield of the tafg©-benzoylated-xyloside (Scheme 1) after separation of the anmmer
mixture with column chromatography on silica gel.u$h novel synthetic approach to methyl 5-O-benzgid-
xylofuranoside {1a,b) via the 3,5-O-dibutylstannylene intermedial€swas developed from D-xylose. This method
gave 5-O-acylated xylosides in higher combined gieldmpared to the method reported earlier via 5e@epted 1,2-O-
isopropylidenes-D-xylofuranose™!

Table 2. Study of isomerization gf-xylofuranosidellb
to a-xylofuranosidella under acidic conditions

Entry Regents and Acid 11b:118° Yields
conditions (equiv.) (%)°
1 MeOH/CHSO,0H, 5.5 1:0.66 32
rt, 18h
2 MeOH/HCI, 0.87 1:0.90 47
rt, 3h

®Ratio of 5-O-benzoyp/o -xylofuranosided1b and11a

determined from th&H NMR spectrum of the anomeric

mixture after treatment.

®Yields of methyl 5-O-benzoyi-xylofuranosidella refer to NMR yields.
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Scheme 2. Reagents and conditions. a) 11a, DAST/CHCl,, 25-29°C, 10 h, 18% td5, 51% to14; b) 14, DAST/CH,CI,/Py, 35-37°C, 18 h,
66% to 15; ¢) CHyCOOH/AGO, 34%-HBr in AcOH, 18 h, rtl16, 50%; d) i) 15, CHCOOH/AGO/H,SQ,, 0 °C—24-25°C, 3 h; ii)
TMSBI/CH,Cl,/ZnBr,, 0°C—rt, 16 h, 84%.

Fluorination of individual xylosideslla and 11b with DAST, the widely used fluorinating agétt in
carbohydrate chemistr{?®, was reported for the synthesis of deoxyfluoro Btpgiranosides® In addition, fluorination
of mixtures of methyl 5-O-benzyl or 5-O-p-toluayiB-D-xylofuranosides with DAST and Deoxo-Fluor was studied
preparation of 5-O-protected methyl 3-fluoro-3-deaX§-D-ribofuranoside$?*°

Several pathways for the preparation of the 2,3diftle 15 were also exploreffom 2-O-sulfonates of methyl
3-fluoro-3-deoxye-D-ribofuranoside and selectively protectedd-xylofuranosidella.’® As an extension of this work,
new investigations on the DAST-reaction witta were undertaken to develop a shorter and moreesifisynthetic route
to methyl 5-O-benzoyl-2,3-difluoroarabinosidb) (Scheme 2). Treatment @ia with 5.6 eqiuv. of DAST in methylene
chloride under 25—-28C for 10 hours resulted in the difluorids (18%)and methyl 50-benzoyl-3-deoxy-3-fluore-D-
ribofuranoside 14) (51%) after workup of reaction mixture and chroogaéphy on silica gel. In this case, decreasef th
reaction time and an excess of the fluorinated tagempared to the previous data described for thubke fluorination of
the xylosidella™ gave rise td5 with a lower yield and increased the formation haft-riboside14. The results obtained
when studying introduction of fluorine at C-2 of Osfircted pyranoside and furanoside derivatives with TAE>*
indicate that the nature of the Cl-substituent ésctereochemistrythe protecting groups in the pentofuranose ring,
conformational peculiarities of the C-2-O-BIEt, intermediates prepared by DAST-activation of hydtaypups, the
temperature, and solvent should be considereghsrtant factors affecting the,&displacement reaction by fluoride in
selectively protected pentofuranoside derivative®m the above reasoning fluorination of #reiboside 14 with an
excess of DAST was carried out in a mixture of metig/lehloride and pyridine under mild heating 35°G7or 18 hours
to give the difluoridel5 in 66% yield aftechromatographic isolation (Scheme 2). A short artihoped synthesis of the
key intermediatd5 was studied from D-xylose using mild reaction ctinds for the fluorination reaction.

Next, synthesis of the d-bromide 17 from 15 was explored taking into account the known two-step
procedures®*'Two methods were tested to directly prepare the lte¥ from theo-arabinosidel5 without preparation
of intermediate 1-O-acetates. Brominatiorlfwith 34% HBr in CHCOOH in the presence of TMSBr in GEl, for 18
h failed to prepare the target bromide and onlystheting sugar was detected in the reaction mixt&®eaction ofl5 with
34% HBr in CHCOOH in a mixture of CECOOH/AGO at room temperature did not also resulted in tloenide. 'H
NMR spectrum of the crude reaction mixture after geah of the reagents in vacuum under mild heatingwed the
absence of the signals corresponding to the bramars 5-O-Benzoyl-2,3-dideoxy-2,3-difluorgp-D-arabinofuranose
(16) derived likely from hydrolysis of the intermedéateaction products was isolated in 50% yield bywetatography on
silica gel. Nevertheless, optimized reaction condgifor preparation of the d&-bromide17 were found which include the
acetolysis reaction df5 in a mixture of CHCOOH/AGO/H,SO, at 24-25°C with a slight increase of sulfuric acid content
and the reaction time followed by bromination of thiermediate 1-O-acetates with TMSBr in the preserfid¢be catalyst
(Scheme 2).



In continuation, fluorination of th@-xyloside 11b with an excess of DAST in methylene chloride was cdrdat
under 25-27C for 18 h (Scheme 3). Four products were prepafted the workup of the reaction mixture and the 3-
fluoro-3-deoxypB-D-riboside 21, 2,3-difluoride 15, 1,3-difluoride22, and methyl 5-O-benzoyl-2,3-anhydpeb-riboside
(not presented in scheme) were isolated in 55%,3%0and 14% yield, respectively, after column chrtogeaphy on
silica gel. A thorough analysis of prepared reacfiozducts made it possible to recognize new intei@geculiarities for
the fluorination reaction oflb. In present study the formation of the 3-flugroiboside21 was observed as the main

product along with two difluoro derivatives @fD-arabinofuranos#5 and22 as side-products unlike a previous wotk.
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Scheme 3. Reagents and conditions. a) 11b, DAST/CH,Cl,, 25-27°C, 18 h,21, 55%,15, 3 %,22, 3%.

The structures of fluorinated sugars were confiriogdH, *C and'®F NMR, mass and IR-spectroscopil. and**C
NMR spectral data (CDg)l of isomeric difluorided5 and22 are distinguished essentially for H-1 and H-2 pnet C-1
and C-2 carbons (experimental part). Signals ofHfeand H-2 protons of the 1,3-difluori@2 displayed as a doublet at
5.90 ppm J; r.1= 60.4 and); ,< 1.0 Hz) and a multiplet at 4.17 ppm in tkeNMR spectrununlike those of isomeric 2,3-
difluoride 15. H-1 and H-2 resonances of the latter are reveadea broad doublet at 5.19 ppdn,= 10.0 and); ,< 1.0
Hz) and a complex multiplet at 5.08 ppm, respecfivBmall magnitudes 0f,,.; 1., coupling constants are characteristic
of the™H NMR data for the both difluorinategtD-arabinofuranoside derivativd$ and22. The large value oatJC_le
225.7 Hz inherent in the glycosyl fluorid@svas displayed in th&C NMR spectrum of the 1,3-difluorid22. Very
similar IR-spectroscopic data obtained in film webserved for isomeric difluoridedd and22 which differ from that of
the 2,3-difluoridel6 with a hydroxy group at C-1%F NMR data of 5-O-benzoylated fluorodeoxy monosaddeaf4-16,
21-22 are indicative of the assigned structures of sgited compounds. Fluorine resonance signals @o3ydfluoro
ribosides, 1,3 and 2,3-difluoro-containing arabimahose derivatives are revealed as double trigletsvo complex
multiplets, respectively, in thelfF NMR spectra.

The proposed mechanism of the DAST-reaction Wdth resulting to the fluorid@1, difluorides15 and22 is outlined
in Scheme 3. The results of fluorination of xylasidb point to the interaction of DAST with hydroxyl groupkthe p-
xyloside as well as the-xyloside 11a gives rise to the predominant generation of cta$sC-3-O-SENEt, derivativel8
on the first step. In addition, the formation ofD5benzoylated 2,3-anhydf3D-riboside via transient intermedial®
took also place in this reaction. Conversions & key intermediatd9 are likely to proceed with participation §f
methoxy group and production of the 2-O-activatadrimediatel3 (via isomerization at C-1and an methyloxiranium
ion 20 (via 1,2-alkoxy migratiori followed by attacks with fluoride on C-2 or C-1 ammespectively, leading to
difluorides 15 and22 (path a). The formation of methyl 2,3-difluoseD-arabinofuranoside derivativis, but not thep-
counterpart, from th@-xyloside 11b is unexpected fact which may also be explainedrwmtteer reaction pathway b via
anomerization of the intermedial® forming on the first step to an isomeric internaeil2 with a a-methoxy group
under acidic reaction conditions (HF/gH,) followed by consecutive transformations of théelatvith DAST into the C-
2-O-SENEY, derivative of thex-riboside13 andthe 2,3-difluoride 15 as in the case dhe fluorination of thes-xyloside
11a (Scheme 2).



Furthermore, the DAST-reaction of a mixture ainieric xylosideslla and 11b (a ratio - 3:2)was carried out in
methylene chloride under 24-2C for 18 h to give to the 3-fluore-D-riboside14 (41%) and it3-anomer21 (40%)in
40% overall yieldas the main reaction products along with difluoraivdgives 15 (24%) and22 (4%), and 5-O-
benzoylated the 2,8bo-epoxide (14%). It should be noted that the fluation reaction of a mixture of xylosiddda,b
with predominant content of theanomerafforded 3-fluoro-3-deoxy-D-ribosideE3 and 20 in a similar yield,and the
target 2,3-difluoro sugdlb in moderate yield.

Based on the above findings, it may be conclutded the DAST-reactions with 5-O-protectedlla and p-11b
xylofuranosides resulted in fluorinations on sel@m@sitions (C-3; C-3 and C-2; or C-3 and C-1) loé pentofuranose
rings via the DAST-activation of free hydroxyl group#th formation of the C-3-O-SKNEt,, and then C-2-O-SNEt,
derivatives, 1,2-alkoxy-migration or anomerizatfon thep-xyloside intermediate, and intermolecular attazk$luoride-
anion to afford mono-, difluorinated pentofuranesitkrivatives.

2.2. Synthesis of novel purine-modified 2',3'-difluor o-D-ar abino nucleosides from the 1-a-bromide 17

As an extension of our previous studies, we prep2t8ddideoxy-2,3-difluoro-D-arabinofuranosyl nucleosides
featuring fluorine substituted purine nucleobasesfthe universal carbohydrate precursor. A serigsudne-modified
2'3-difluoro arabinonucleosides were synthesized vigcagylation reactions of 2-fluoroadenine and 6-ohiB-
fluoropurine with the bromid&7 prepared from D-xylose. Nucleobase anion glycosyfateaction of potassium salt of
the 2-fluoroadenine, generated in the presencetalspium t-butoxide in anhydrous 1,2-dimethoxyethavith the bromo
sugarl7 in a a mixture of anhydrous acetonitrile/methylestdoride in the presence afalcium hydride at room
temperature afforded a mixture of protectédND- and N-a-D nucleoside®3 and24 which were separated byolumn
chromatography on silica gel in 28% yield (SchemeD&benzoylation of individual blocked nucleosi@sand24 with
LiOH in aqueous acetonitrilat room temperature gave p€',3-difluoroarabino nucleosid5 and itsa-anomer26 in

73% and 87% yield, respectively.
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Scheme 4. Reagents and conditions. a) 17, K-salt of 2-fluoroadenine, G§&N, CHCl,, CaH, rt, 23, 28%;24, 28%,; b)23, LiOH, CH;CN/H,0,
rt, 25, 73%;24, LiOH, CH,CN/H,0, rt, 26, 87%.

An alternative approach was investigated to preplaeetarget 2-fluorosubstituted nucleosi2® through the
coupling reaction of 6-chloro-2-fluoropurine insteof 2-fluoroadenine with the carbohydrate preautSofollowed by
transformations of intermediate protectedf\D-arabinoside7 (Scheme 5). Reaction of the potassium salt ofl6rok2-
fluoropurine, prepared in the presence of potasstbotoxide in anhydrous 1,2-dimethoxyethane, whth bromo sugar
17 in at room temperature gave a mixture offN and N-o-D-2',3-difluoroarabinonucleosides (#a-ratio = 8.5:1
according tdH NMR data) from which protectefl-6-chloro-2-fluoropurine nucleosid® was isolated in 66% yield after
column chromatography (Scheme 5). Standard de&mylatf 27 with LIOH at room temperature gae6-chloro-2-
hydroxypurine nucleosid28 as the main product of the reaction in 61% yidtdracolumn chromatography on silica gel.
The treatment 027 with a saturated solution of ammonia in anhydro@sdimethoxyethane at room temperature for 18 h
gave 5-O-benzoylate@-nucleosides of 6-chloro-2-aminopurir2® and 2-fluoroadenin€3 which were successively

isolated by chromatography on silica gel in 55% 28% yield, respectively.
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Scheme 5. Reagents and conditions. a) 17, K-salt of 2-fluoro-6-chloropurine, GEN, rt,27, 66%; b)LIOH, CH;CN/H;O, rt, 87%; c) THF/NH
in MeOH, 31, 54%;25, 15%; d) 1,2-DME/NH 0°C, 1 h, then 24C, 18 h, 29, 55% ,23, 23%; €) NH, MeOH, rt; )31, MeOH, K.CO;, 80-82
°C, 33, 72%; 32, MeOH, KCOs, 80-82°C, 35, 75%); g)31, EtOH, CS(NH),, reflux, 76%.

In this case, substitution reactions of halogemati the purine base §fD-nucleoside27 with ammonia gave
5-O-protected 6-chloro-2-aminopuriflenucleoside29 as predominant product in contrast to the resukpgred ealier
under the same treatment of the protectéep/td-D-2’,3-difluoroarabinoside of 2,6-dicloropurifé.Deacylation of
protected intermediate °Mp-D-arabinonucleoside27 with saturated at 0°C methanolic ammonia in anhydrous
tetrahydrofuran resulted in 6-chloro-2-aminopurfiaB-nucleoside31 (54%) along with3-2-fluoroadeninelerivative25
(15%) which were separated by column chromatographysilica gel (Scheme 5). Deprotection of-[ND-
arabinonucleosid27 with ammonia in a mixture of methanol/THF unexpebtafforded also 2-amino-6-chloropurine
derivative 31 as the main product after selective displacemera @fiorine atom at C-2 and the removal of benzoyl
protecting group, and the target 2-fluorine-substi nucleoside was prepared in low yield. The sirestof nucleosides
29 and 31 were confirmed by comparison of their NMR data witlosth of thep-nucleosides synthesized via the
glycosylation reaction of 6-chloro-2-aminopurine lwithe bromo sugal7 followed by deacylation of intermediate
nucleosides28 and 29, following a procedure we established eariferThe above selective transformations J
demonstratethat this protected halogenated nucleoside as well as thediehisropurine analdg is a valuable
intermediate for the synthesis of different 2,6titbted purine nucleoside derivatives of this €las

The treatment of-anomer31 with potassium carbonate in methanol at 86@2jave 2-amino-6-methoxypurine
B-arabinoside 33, a close analog of the antileukemic nucleoside mblae (9p-D-arabinofuranosyl-2-amino-6-
methoxypurine) which is used for treatment of T-cafute lymphatic leukaemia.2,3-Difluoronelarabine33 was
isolated by chromatography on silica gel in 72%dyigvhile thea-isomer35 was preparedfom 2-amino-6-chloropurine
derivative32 in 75% yield through the nucleophilic displacemefthe chlorine atom by the methoxide anion (Salhem
5). Thiation of 6-chloro-2-aminopuring-arabinonucleosid®1 with thiourea in EtOH under refluxing gave 9;@-
difluoro-B-D-arabinofuranosyl)-6-thioguanin&4) (76%), a difluoro analog of ${D-arabinofuranosyl)-6-thioguanifie
which displayed cytotoxicity against L1210 mousekkmia.

The structures of fluorinated nucleosides were iometl by 'H, °C, **F NMR, and mass spectroscopy. The
assignments of the configurations of synthesizethpunucleosides at the anomeric centres were hased'H and**C
NMR data. The diagnostic for tifranomeric configuration of difluoronucleosid23,25, 27-31, 33 and 34 is the five-
bond couplings of 1.3 - 2.4 Hz between the H-8 pimfmodified purine bases (doublets in thEiNMR spectra) and
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2'-p-fluorine atoms:***"*The absence of the same long-range couplings imciesistic of the proton NMR spectrawof
anomers24, 26, 35 and signals of the H-8 protons are displayedglestis. The magnitudes dflc.; r., coupling constants
for p- anda-anomersof 2,3-difluoronucleoside®3 and25 (16.9 and 17.1 HzR4 and26 (30.9 and 35.9 Hz) in thelfC
NMR spectra also confirmed the stereochemistry lné durine analogs at the anomeric cenftés®® ‘£ NMR data of
nucleosides provided evidence in favor of the am=ig structures of purine derivatives with,32difluoro-D-
arabinofuranosyl moiety. F-and F-3 resonance signals of the nucleosides are reveasetbmplex multiplets for all
series and F-2 resonances of 2-fluorine-substitpitghe derivative®3-26, 27 appeared as singlets at a range of -49 — -53

ppm? in the'® F NMR spectra.

3.Conclusions

In summary, synthetic routes to a series of new neumodified 23'-dideoxy-2,3-difluoro-D-arabino
nucleosides were developed from readily availableyldse using selective anion glycosylation reactiafs 2-
fluoropurine derivatives by the d-bromide. A short and improved on key steps synshesb-O-benzoyl 2,3-dideoxy-
2,3-difluorou-D-arabinofuranosyl bromide was devised which includesew and selective 5-O-monobenzoylation of
methyl xylosides via their stannylene derivativethvlienzoyl chloride, the efficient method for syegls of 2,3-dideoxy-
2,3-difluorou-D-arabinofuranoside derivative via fluorination ¢gan of 5-O-benzoylated methyl 3-fluoro-3-deoxyp-
ribofuranoside with DAST under mild heating, and bnoation of the intermediate 1-O-acetates preparederund
optimized conditions for the acetolysis reaction.wNmsights into the selective fluorination proceduref 5-O-
benzoylated D-pentofuranosides with DAST have beeairndd and these findings are of interest for theeligment of
practical synthetic methods for different deoxyflasugarsNovel 2-fluoro-substituted purine,2-difluoro D-arabino
nucleosides have been prepared via selective emupdiactions of potassium salts of 2-fluoroaderdnd 2-fluoro-6-
chloropurine with the bromide. We showed that thetgmted 2-fluoro-6-chloropurine®-D-arabinoside can be used as
a versatile and valuable intermediate to prepamows 2,3-difluoro-$-D-arabinofuranosyl 2,6-disubstituted purine
nucleosides. Using the multi-step approach, we haeeessefully prepared 94Z-difluoro-p-D-arabinofuranosyl)-2-
fluoroadenine and 9-(&-difluoro-3-D-arabinofuranosyl)-2-amino-6-methoxypurine as stdifluorinated nucleoside
analogs of fludrabine and nelarabine.

4, Experimental

4.1.General information. Column chromatography was performed on silica6feH (70-230 mesh; Merck, Darmstadt,
Germany), and thin-layer chromatography (TLC) on ®Kesilica gel aluminum 60, precoated plates. The anhydrous
solvents were distilled over CaHP,05 or magnesium prior to the use. All commercially ilalde reagents were used
without further purification’H, **C, and**F NMR spectra were recorded in CRGCD;OD and DMSO-¢ with a Bruker
Avance-500-DRX spectrometer at 500.13, 126.76 and587BlHz, respectively'H and™*C NMR chemical shifts§
ppm) are relative to internal chloroform peak (7g6n for'H and 77.0 for>C NMR). Chemical shifts are also reported
downfield from internal SiMe(*H) or external CFGI(**F). J values are reported in Hz. Melting points were deieed

on a Boetius apparatus and were uncorrected. IRtrapegere measured on Perkin-Elmer Spectrum 100FT-IR
spectrometer. High resolution mass spectra (HRMS) wesrerded on an Agilent Q-TOF 6550 Instrument (USAhais

ESI (electrospray ionization).

4.2. Syntheses of 5-O-benzoylated mono and di-fluorinated D-pentofuranoside derivatives from D-xylose

4.2.1. Selective 5-O-benzoylation of methyl a,B-D-xylofuranoside (9)

Method A. To methyla,3-D-xylofuranoside 9) (1.09 g, 6.64 mmol), prepared in quantative yefter methanolysis of D-
xylose”® and purification on silica gel, in anhydrous £ (15 mL) was added triethylamine (1.57 ml, 11.26 mjnaold

PrNEt (1.0 mL, 5.6 mmol) and then to prepared sotuticas added slowly dropwise benzoyl chloride (1.0 b2
9



mmol) in anhydrous ChCl, (6 mL) at 0°C (ice and sodium chloride). The reaction mixtureswgtirred for 15 min under
cooling and then 18 h at room temperature. Thetisoluvas diluted with CECl, (60 mL), washed with water, the
aqueous phase was extracted with,CkI(30 mL). The combined organic extracts were washededo5% NaHCQ@
dried over anh. N&QO, and evaporated to dryness. The residue was chrgragteed on silica gel using a mixtures of
EtOAc-petroleum ether to give a mixture of 5-O-benesatp-D-xylofuranosides ofl1a,b (819 mg, 46% overall yield).
Chromatography of the prepared mixture, using @alirgradient of EtOAc (1466%, v/v; 500 mL) in petroleum ether,
afforded benzoatp-xyloside 11b (428 mg, 45%)Mp.107-108°C. *H NMR (CDCL): 7.42-8.07 (m, 5H, Ar-H), 4.89 (s,
1H, H-1), 4.67 (dd, 1HJ)5 4= 4.5,J5 5= 11.2, H-5), 4.64 (m, 1H, H-4), 4.50 (dd, 1H,= 6.6, H-8), 4.25 (br.s, 1H, H-2),
4.16 (br.d, 1H, H-3), 3.40 (s, 3H, OMé&JC NMR (CDCL): 166.7 (s, C=0, Bz), 133.2, 129.8, 129.4HECO-), 108.7 (C-
1), 80.8 (C-4), 79.6 (C-2), 76.4 (C-3), 64.4 (C5H,4 (OMe). HRMS (ES): m/z calcd for [GH,0s + NaJ': 291.0840,
found 291.0839.

and benzoate-xyloside 11a (324 mg, 39%) as a syrufd NMR (CDCk): 7.43-8.05 (m, 5H, Ar-H), 5.05 (d, 1H,,=
4.4, H-1), 4.71 (dd, 1H]; .= 5.5,J55 = 11.4, H-5), 4.43 (m, 1H, H-4), 4.38 (dd, 1H,= 5.0, H-3), 4.26 (t, 1HJ;,=
3.8,J;4= 3.8, H-3), 4.18 (t, 1H, H-2), 3.51 (s, 3H, OMEC NMR (CDCh): 166.9 (s, C=0, Bz), 133.3, 129.8, 129.7,
128.5 (GHsCO-), 102.0 (C-1), 77.9 (C-4),76.9 (C-2), 76.6 (C&2.6 (C-5), 56.2 (OMe). HRMS (E$I m/z calcd for
[C13H1606 + NaJ': 291.0840, found 291.0841.

Method B. To methyla,p-D-xylofuranoside9 (256 mg, 1.56 mmol) in anhydrous Me@tD mL) was added B8nO
(388 mg, 1.56 mmol) and then the reaction mixturs vedluxed for 1h and stirred for 15 min at rt. gareed solution was
evaporated dryness, to the residue was added anfsytbinene (6 ml), then dropwidr,NEt (0.53 mL, 2.96 mmol) and
benzoyl chloride (0.36 mL, 3.10 nut). The reaction mixture was stirred for 5 h at rooemperature, and then
evaporated. The residue was chromatographed or giicusing a mixtures of EtOAc-petroleum ether t@ @ mixture
of 5-O-benzoylated/p-D-xylofuranosidedla,b (194 mg, 46% overall yield). Chromatography & repared mixture,
using a linear gradient of EtOAc (#66%, v/v; 500 mL) in petroleum ether, affordgayloside11b (96 mg, 41%) and
a-xylosidella (65 mg, 35%).

Method C. To methyla,B-D-xylofuranoside9 (256 mg, 1.56 mmol) in anhydrous Me@H) mL) was added B8nO
(388 mg, 1.56 mmol) and then the reaction mixture vedluxed for 1h and stirred for 15 min at rt.epared solution was
evaporated dryness, to the residue was added 1gbimyethane (4 mL) and then dropwiBeNEt (0.65 mL, 3.63
mmol) and benzoyl chloride (0.54 mL, 4.65 oijnThe reaction mixture was stirred for 5 h atmotemperature, and then
evaporated. The residue was chromatographed or giicusing a mixtures of EtOAc-petroleum ether t@ @ mixture
of 5-O-benzoylated/B-D-xylofuranosidedl1 a,b (404 mg, 97% overall yield). Chromatography of frepared mixture
using a linear gradient of EtOAc (3%66%, v/v; 500 mL) in petroleum ether afforded cajlgte B- xyloside 10b (206
mg, 89%) andi-xylosidella (153 mg, 82%) as a syrup.

4.2.2. Isomerization of g-D-xylofuranoside 11b to a-D-xylofuranoside 11a

Method A. To methylp-D-xylofuranosidellb (108 mg, 0.64 mmol) in anhydrous Me@®0 ml) was added G3O;0H
(0.04 mL, 2.48 mmol) and then the reaction mixtwees stirred for 18 h at rt. Prepared solution weatéd by cooled
5%-aqueous NaHCQthe aqueous phase was extracted withGTH3x35 mL). The combined organic extracts were
dried over anh. N&QO, and evaporated to dryness. A mixture of anomersprggzared as oil product (115 mg). Ratio of
5-O-benzoyla/p-xylofuranosidesllb and1la (1:0.66) was determined from thd NMR spectrum of the mixture in
CDCl,.

Method B. To methyl 5-O-benzoyg-D-xylofuranosidellb (155 mg, 0.58 mmol) was added MeOH/H@@.0 mL, 0.5
mmol HCI) from a solution prepared by adding 0.18 agetyl chloride to anhydrous 15 mL MeOH di®and then the
reaction mixture was stirred for 3 h at rt. Prefaselution was evaporated under diminished presau20-35°C,
coevaporated with anhydrous toluene. A mixture ofneers was prepared as oil product (155 mg). Rati-Ofbenzoyl
o/B-xylofuranosided.1b and1la (1:0.90) was determined from tft¢ NMR spectrum of the mixture in CDI
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4.2.3. DAST-reaction with xyloside 11a

To a solution of methyl 5-O-benzoyixylofuranosidella (272 mg, 1.01 mmol) in anhydrous g, (5.9 mL) was
added dropwise 0.75 mL (5.66 minDAST at room temperature. The reaction mixture st#sed for 30 min at rt and
then for 10 hat 25-29°C. The solution was diluted GBI, (10 mL), poured gradually into cooled 5%-aqueous N@iC
with stirring, then after stirring for 30 min the wapus phase was extracted with ,CH (3x60 mL). The combined
organic extracts was washed with water (20 mL), anddddver anhydrous N8O, and evaporated to dryness. The
residue was chromatographed on a silica gel, usimixre of 12:1, 9:1, and 1:1 hexane-EtOAc to affveldifluoride
15 (49 mg, 18%) aa syrup.'H NMR (CDCE): 7.44-8.06 (m, 5H, Ar-H), 5.19 (br.d, 18},< 1.0,J;, r,= 10.3, H-1), 5.10
(dm, 1H, H-3), 5.08 (ddd, 1H, H-2), 4.51-4.61 (m, 3H4 an 2H-5), 3.44 (s, 3H, OGHC NMR (CDC}): 166.1 (s,
C=0, Bz), 133.3, 129.8, 129.4, 128.4 (4§H€C0-), 105.9 (ddJc 1 3= 4.0,Jc 1 2= 35.2, C-1), 97.4 (ddlc, .= 181.5,
Jo2 k3= 28.0, C-2), 94.9 (ddlc.3r.2= 30.5,Jc3F3= 186.5, C-3), 80.2 (dlc4, r3= 28.9, C-4), 62.9 (dlcsr3= 5.4, C-5),
55.0 (OCH). F NMR (CDCk): -195.35 (m, F-2), -192.93 (m, F-3). HRMS (BS/z calcd for [GH 1450, + NaJ':
295.0753, found 295.0751. IR (film, CHEIlv 2931, 2854, 1726, 1275, 1116, 1076, 712cm

and methyl 5-O-benzoyl-3-deoxy-3-fluoseb-ribofuranoside 14) (140 mg, 51%)gs a syrup'H NMR (CDCk): 7.44-
7.99 (m, 5H, Ar-H), 4.98 (d, 1H, ,= 4.8, H-1), 4.91 (ddd, 1H;,= 5.6, J;4= 1.8,J3= 55.7, H-3), 4.59 (ddt, 1H, =
25.9, H-4), 4.51 (dd, 1Hl;,= 3.7,J55= 12.0, H-5), 4.45 (dd, 1Hjs 4= 3.5, H-8), 4.21 (dt, 1HJ, = 22.1, H-2), 3.50 (s,
3H, OCH,). °C NMR (CDCL): 166.0 (C=0, Bz), 133.4, 129.5, 129.4, 129.3, 828s, GHsCO-), 102.2 (C-1), 90.4 (d,
Jears=186.5, C-3), 80.5 (dlc4, r3= 25.2, C-4), 72.3 (dc2r.3= 16.6, C-2), 63.7 (dlcsr3= 10.3, C-5), 55.7 (OCHL
%F NMR (CDCL): -195.3 (dt, F-3). HRMS (ESt m/z calcd for [GsH1s0sF + NaJ': 293.0796, found 293.0796. IR (film,
CHCly): v 3487, 2937, 1722, 1275, 1076, 712°tm

4.2.4. Methyl 5-O-benzoyl-2,3-dideoxy-2,3-difluor o-a-D-ar abinofur anoside (15)

To a solution of methyl 5-O-benzoyl-3-deoxy-3-fluargibofuranosidel4 (190 mg, 0.7 mmol) in anhydrous &, (6.6
mL) and pyridine (0.1 mL, 1.23 mmol) was added drgew0.34 mL (2.57 mol) DAST at room temperature. The
reaction mixture was stirred for 30 min and then¥8rh at 35-37C. The solution was diluted G@l, (10 mL), poured
gradually into cooled 5%-aqueous NaHC@he aqueous phase was extracted with@H2x25 mL). The combined
organic extracts was washed with water (10 mL), anddddver anhydrous NaO, and evaporated to dryness. The
residue was chromatographed on a silica gel, usimixture of 12:1, 9:1 and 6:1 hexane-EtOAc to afftredifluoride
15 (127 mg, 66%) as a syrup.

4.2.5. Methyl 5-O-benzoyl-2,3-dideoxy-2,3-difluor 0-a,3-D-ar abinofuranose (16)

To methyl arabinosidé5 (35 mg, 0.12 mmol) in C#£OO0OH (0.27 mL), AgO (0.064 mL) was added 34% HBr in acetic
acid (0.3 mL). The resulting mixture was stirred ftB h at room temperature, and then evaporate85a0 °C,
coevaporated with anhydrous toluene. The residuedigaslved in CHCI, (10 mL), and washed with water (3 mL), the
organic layer was dried over anhydrous,3@, and evaporated to dryness. The yellowish oil wasrmohtographed on a
silica gel, using a mixture of 3:1, 1:1 hexane-EtQdafford 16 mg (50%) the difluoridk6 as a syrup'H NMR (CDCk):
7.49-8.11 (3m, 7.08H, Bz), 5.68 (d, 1H,,= 10.4, H-1), 5.55 (m, 0.3H, H4), 5.34 (ddt, 0.3H, H-B or H-3), 5.12-
5.27 (dm, 2HH-20. and H-3a), 4.78 (dm, 1HJ, = 22.76, H-40), 4.62 (dd, 1HJ5 4= 4.6,J55 = 12.0, H-5), 4.56 (dd,
1H, Js,= 4.9, H-50), 4.53-4.65 (m, H-B and H-5 p), 4.5 (dm, 0.3H,), .= 23.08, H-#). °C NMR (CDCL): 166.2 (s,
C=0, Bz), 133.4, 129.8, 129.4, 128.5 (4gH(C0-), 100.3 (ddJc; r.»= 35.1,Jc.1r5= 3.1, C-1), 97.4 (dJoor»= 181.5,
JeaFa= 27.8, C-2), 94.8 (ddcsfr3= 182.5,Jc3F,= 30.7, C-3), 80.6 (dlc4 3= 38.0, C-4), 63.1 (dlc5r.3= 6.9, C-5).
%F NMR (CDCE): -192.5 (m, F-2 or F-3), -195.4 (m, F-3 or F-B. (film, CHCL,): v 3451, 2957, 2927, 1726, 1278,
1073, 715 ci. HRMS (ESH): m/z calcd for [GH1,F0, - OH]" : 241.0676, found 241.0675; calcd for jB,,F,0, +
Na]": 281.0596, found 281.0593; calcd for,jB,,F,0, +MeOH+ Na]: 313.0858, found 313.0858.

4.2.6. 5-O-benzoyl-2,3-dideoxy-2,3-difluor 0-a-D-ar abinofuranosyl bromide (17)
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Concentrated t$0O, (0.03 mL) was added to a solution of difluoritie(60 mg, 0.22nmol) in acetic acid (0.38 mL) and
acetic anhydride (0.12 mL) at’Q. The reaction mixture was stirred at this tempeeafar 20 min and then 3 h at 24-25
°C. To solution was added ice. After the ice melted, dqueous phase was extracted with@H3 x 20 mL). Cooled
aqueous NaHCfOwas added to the aqueous layer and then it wasceedravith CHCI, (20 mL) the combined organic
extractsdried over anhydrous N8O, and evaporated to dryness. The residue was usechemedxt step after
coevaporation with anhydrous toluene (2x6 mL). Tsuspension of intermediate 1-O-acetates and anhydhoBp (10
mg) in anhydrous C}l, (1.7 mL) was added TMSBr (0.06 mL, 0.46 mmol) 8€0 The resulting mixture was stirred at
0 °C for 1 h, then 18 h at room temperature. The i@aanixture was poured into saturated cooled aquéNalCQ,
extracted with CHCl, (3 x 30 mL). The combined organic extracts weredddeer anhydrous N8O, and evaporated to
dryness, and coevaporated with anhydrous toluega&/éo59 mg (combined yield 84%) of the bromiieas a yellowish
oil whichwas used in the next step without an additional jwatibn.

4.2.7. DAST-reaction with xyloside 11b

To a solution of-D-xylofuranosidellb (86 mg, 0.32 mmol) in anhydrous g, (2.0 mL) was added dropwise 0.25 mL
(1.92 mmol) DAST at room temperature. The reaction mixture atirsed for 18 h at 24-27C. The solution was diluted
CH,CI, (10 mL), poured into cooled 5%-aqueous NaHQ®e aqueous phase was extracted withGTH3x30 mL). The
combined organic extracts was washed with water (15antj dried over anhydrous 0, and evaporated to dryness.
The residue was chromatographed on a silica geigusimixture of 12:1, 9:1, 4:1 and 1:1 hexane-EtCaffordthe
difluoride 15 (3 mg, 3%) as a syrup.

5-O-benzoyl-2-O-methyl-3-deoxy-3-fluoreD-arabinofuranosyl fluoride2@) (3 mg,3%) as a syrupH NMR (CDCL):
7.46-8.13 (M, 5H, Ar-H), 5.87 (d, 1H; ¢, = 60.4,J; , < 1.0 Hz, H-1), 5.03 (dd, 1H; 5= 52.1,J; 4= 2.8, H-3), 4.83 (dm,
1H, J4r3= 25.64, H-4), 4.55 (dd, 1H; 4= 4.8,J55= 11.9, H-5), 4.49 (dd, 1H};,= 5.1, H-8), 3.51 (s, 3H, OMe), 4.17
(ddd, 1H,J, 5 = 0.9 Hz, H-2)°C NMR (CDC}): 166.2 (s, C=0, Bz), 133.4, 129.9, 129.5, 128% @HsCO-), 112.7 (dd,
Je1F1= 225.7, C-1), 94.1 (dc3 5= 186.5, C-3), 87.7 (dd= 34.7,J = 25.1, C-2), 83.4 (dlc.4 3= 28.3, C-4), 63.0 (d,
Josrs= 7.1, C-5)."F NMR (CDCL): -123.59 (dt, F-1), -188.77 (m, F-3). HRMS (BSIm/z calcd for [GH.,F,0, +
Na]": 295.0753, found 295.0754. IR (film, CHElv 2943, 2851, 1725, 1276, 1112, 712'tm

methyl 5-O-benzoyl-2,3-anhydD-ribofuranoside (11mg, 14%) as a syrlid. NMR (CDCL): 7.49-8.13 (m, 5H, Ar-
H), 5.05 (s, 1H, H-1), 4.44-4.52 (m, 3H, H-4, H-5 ahd’), 3.90 (d, 1H, H-2), 3.78 (d, 1H, H-3), 3.43 (s, ZbMe).*C
NMR (CDCL): 166.1 (s, C=0, Bz), 133.3, 129.8, 128.53H(C0-), 102.5 (C-1), 76.1 (C-4), 64.3 (C-5), 56.4.% 55.2
(C-2, C-3, OMe). HRMS (ES): m/z calcd for [GsH1,0s + NaJ': 273.0734, found 273.0737.

and methyl 5-O-benzoyl-3-deoxy-3-fluopeb-ribofuranoside Z1) (48 mg, 55%s a syrup'H NMR (CDCL): 7.44-8.07
(m, 5H, Ar-H), 5.2 (dt, 1HJ);,= 4.7, J; 4= 4.7,J5¢= 54.18, H-3), 4.91 (br.s, 1H, H-1), 4.52-4.59 (rh, H-4 and H-5),
4.43 (dd, 1HJs 4= 3.7,J55= 12.0, H-5"), 4.25 (dt, 1H}, = 22.1, H-2), 3.45 (s, 3H, OGH "*C NMR (CDCL): 165.2 (s,
C=0, Bz), 133.2, 129.7, 129.4 (3HZCO-), 107.9 (dJc.1 ro= 2.7, C-1), 92.9 (dJc.3 3= 185.5, C-3), 78.4 (dlc4 r.5=
25.5, C-4), 74.4 (Joors= 15.2, C-2), 64.1 (dJcsrs= 4.5, C-5), 55.5 (OCH. “F NMR (CDCL): -195.3 (dt, F-3).
HRMS (ESI): m/z calcd for [GH150sF + NaJ': 293.0796, found 293.0796. IR (film, CHElv 3454, 2940, 2937, 1722,
1275, 1123, 712 cih

4.2.8. DAST-reaction with a mixture of xylosides 11a,b

To a solution of methyl 5-O-benzoylf-xylofuranosidella,b (300 mg, 1.12 mmol, 3:2, ratio @fla/11b) in anhydrous
CH,CI, (6.2 mL) was added dropwise 0.88 mL (6.75 ¢hnDAST at 24-26°C. The reaction mixture was stirred for 18 h
and then diluted CH€l,, poured into cooled 5%-aqueous NaH{CMe aqueous phase was extracted witbGQIH3x60
mL). The combined organic extracts was washed withnga@emL), and dried over anhydrous j8&, and evaporated to
dryness. The residue was chromatographed on a giitausing a mixture of 12:1, 9:1, 6:1 and 3:1dmxEtOAc to
afford difluoride 15 (44 mg, 24%)as a syrup, 1,3-difluorid2 (5 mg,4%) as syrup, methyl 5-O-benzoyl-3-deoxy-3-
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fluoro-a-ribofuranoside(14) (74 mg, 41%)as a syrup, and methyl 5-O-benzoyl-3-deoxy-3-fluguibofuranoside(22)
(48 mg, 40%)ps a syrup.

4.3. Synthesis of novel purine-modified 2’,3'-difluor o-D-arabino nucleosides from the 1-a-bromide

4.3.1. 2-Fluor 0-9-(5-O-benzoyl-2,3-dideoxy-2,3-difluor o-§-D-ar abinofuranosyl)adenine (23) and its a-anomer 24

Potassiunm-butoxide (32 mg, 0.28 mmol) was added to 2-fluoesade (42 mg, 0.25 mmol) in anhydrous 1,2-
dimethoxyethane (10 mL) at’C and then the resulting solution was stirred fari® under cooling and then for 40 min at
room temperature and evaporated to dryness coeataplowith anhydrous acetonitrile. Anhydrous acetib@i(B mL) was
added to the residue and the suspension was stingel argon at room temperature for 10 min, theolation of the
bromide17 (80 mg, 0.25 mmol) in anhydrous methylene chlofidlanL) and Cakl (12 mg, 0.28 mmol) were added
sequentially to the suspension of prepared potassait of the purine. The reaction mixture was etirunder argon at
room temperature for 20 h. Insoluble materials weraoved by filtration and the solids were washed W#&CN (20
mL). The solvent was removed under reduced pressutethe residue was chromatographed on silica ging with
EtOAc/petroleum ether 1:5, 3:2 and 2:1 to aff@rducleoside23 (28 mg, 28%). Mp.174-178C (EtOH). 'H NMR
(CDCly): 8.06 (d, 1HJy.5 ro = 1.4, H-8), 7.46-8.07 (3m, 5H, Bz), 6.48 (dt, Ty = 2.7,dy.r.5= 2.7,Jp. ¢, = 21.79, H-1),
5.43 (ddm, 1H,Jzr> = 12.18,J3 = 49.69, H-3, 5.33 (ddm, 1HJ, = 2.7, r» = 49.38,), r3= 9.2, H-2), 4.71 (dd,
1H, H-5), 4.66 (dd,1H-5), 4.63 (dm, 1H, H-3. *C NMR (CDCL): 166.3 (C=0, Bz), 159.3 (dcr,= 212.6, C-2),
158.4 (dJ cgro= 21.9, C-6), 150.5 (dcgro= 20.3, C-4), 139.6 (dcgr»~ 4.0, C-8), 133.6129.6, 129.0129.0, 128.6
(CsHsCO-), 116.3 (s, C-5), 93.6 (dds.2r2=192.5,Jc 3= 30.9, C-2, 91.5 (ddJc.zr2= 29.9,Jc3r3= 191.5, C-3,
83.3 (d,Jc.r F2= 16.9, C-1), 80.5 (dJcyrz= 27.1, C-9, 62.6 (dJosrs= 9.2, C-8). F NMR (CDCE): -49.86 (s, F-
2), -188.71 (m, F2or F-3), -203.72 (m, F-3or F-2). HRMS (ESI): m/z calcd for [GH1/NsF;0; + H]': 394.1122,
found 394.1123.
anda-nucleoside24 (28 mg, 28%). Mp. 238-24% (EtOH). 'H NMR (DMSO-d)): 8.32 (s, 1H, H-8), 7.56-8.05 (3m, 5H,
Bz), 6.49 (dd, 1HJ)y » = 2.3,Jy>= 15.0, H-1), 6.17 (ddm, 1H, H-2, 5.75 (ddm, 1HH-3'), 5.10 (dm, 1H, H-3, 4.63
(dd,1H, H-8), 4.57 (dd,1H, H-%. *C NMR (CDCL): 165.9 (C=0, Bz), 159.1 (dlcor., =206.5, C-2), 158.2 (d,
Jesr2= 21.7, C-6), 150.7 (dlc6r.=20.2, C-4), 139.8 (C-8), 134.1, 129.8, 129.7, 328,H-CO-), 118.0 (dJcs5r» = 3.4,
C-5), 96.6 (ddJc.2r>=186.5,Jc 2 3= 28.9, C-2), 94.5 (ddJc3 2= 28.9,Jc.3 3= 193.5, C-3, 86.8 (dd Jc.1 r2= 30.9,
Jorrs=9.5, C-1), 81.3 (dJosrs=25.9,dcar2=4.1, C-4),63.7 (dJcsrz= 5.2, C-5.°F NMR (CDCk+ CD;OD):
-50.14 (s, F-2), -192.25 (m, F-2’ an F-3’). HRMSS(B: m/z calcd for [GH1,NsF;0; + H]™: 394.1122, found 394.1121.
4.3.2. 2-Fluor 0-9-(2,3-dideoxy-2,3-difluor o-g-D-ar abinofur anosyl)adenine (25)

To solution offf-nucleoside23 (13 mg, 0.03 mmoln a mixture of acetonitrile (1.5 mL) and water (&%) was
added lithium hydroxide monohydrate (4.7 mg, 0.Ifhat). The reaction mixture was stirred at room terapee for 6 h,
then neutralized with acetic acid, evaporated, a&vaporated with toluene to dryness The residuectvasmatographed
on silica gel using for elution EtOAc, EtOAc:MeOH-9:1da:1 to afford nucleosid®s (7 mg, 73%). Mp. 221-224C
(CH,CI,/EtOH). '"H NMR (CD;0D): 8.25 (d, 1HJi.5 r2 = 2.3, H-8), 6.44 (ddd, 1H}; ,=4.0,;,r.5=1.74, Jprp = 17.3,
H-1), 5.52 (dddd, 1HJ, 1= 4.1, Jy» = 2.37,dy ¢, = 50.34,J, 5 = 15.06, H-2, 5.50 (dm, 1HJy 5= 51.37,J5 4= 3.9,
Jyrr=17.3, H-3), 4.31 (dm, 1HJ,r5 = 20.77, H-4, 3.90 (ddd, 1H, H-3, 3.87 (dd, 1H, H-9. *C NMR (CD;OD):
159.4 (d, Jc.2ro= 209.8, C-2), 157.8 (dce o= 20.1, C-6), 150.6 (dlcsro= 18.8), 140.1 (br.s), 116.5 (@ csro= 3.0)
(C-4, C-8, C-5),93.4 (ddJczrr= 182.33Jc2r3= 28.5, C-2, 92.6 (ddJczr2= 28.9,Jc3r3= 191.8, C-3, 83.7 (dd,
Joxrz=17.1,Jcprz= 3.1, C-1), 80.7 (dd Jcs, 5= 25.2,dcs r2 = 2.2, C-4), 60.1 (d,Josr.z= 6.2, C-3. F NMR
(CD;0OD): -53.17 (s, F-2), -195.92 (m, F-@r F-3), -204.4 (m, F-30r F-2). HRMS (EST): m/z calcd for [GoH1oNsF:0,
+ H]™: 290.0860, found 290.0861.
4.3.3. 2-Fluor 0-9-(2,3-dideoxy-2,3-difluor o-a-D-ar abinofur anosyl)adenine (26)

To a solution of protected-nucleoside?4 (14 mg, 0.03 mmol) in a mixture of acetonitrile5InL) and water

(0.5 ml) was added lithium hydroxide monohydratenfd, 0.09 mmol). The reaction mixture was stirredram
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temperature for 7 h, then neutralized with acetid,a&vaporated, and coevaporated with toluene toedy. The residue
was chromatographed on silica gel using for eluEd@Ac, EtOAc:MeOH - 9:1 and 6:1 to afford nucleosié(9 mg,
87%). Mp. 187-192C (CH,CI,/EtOH). *H NMR (CD;0D): 8.17 (s, 1H, H-8), 6.36 (dd, 1Hjr.»= 15.1,J;.» = 2.56, H-
1Y, 6.01 (ddt, 1HJ, 3= 2.81,Jy > = 14.1,J5 = 50.3, H-2), 5.31 (dddd, 1HJ)3>=2.9,J3r3=51.93,J3 4= 4.1, Jgr»=
16.35, H-3), 4.76 (dm, 1HJ,r.5= 20.77, H-4, 3.79 (d, 2H, 2H-9. ®*C NMR (CD;OD): 155.6 (d,J c.or= 206.5, C-2),
154.1 (dJ cs o= 20.83, C-6), 146.5 (C-4), 135.6 (C-8), 113.65)¢92.8 (dd Jc.2r»= 187.0Jc2r3=19.2, C-2), 89.9
(dd,Jczrz=27.7,dc3r3= 183.5, C-3, 83.7 (ddJc.yr2z= 35.90cyr3=5.4, C-1), 80.7 (ddJcy r3=24.8Jcs r2=
2.6, C-4), 56.5 (d,Jesrs = 5.4, C-5). 'F NMR (CD,OD): -52.78 (s, F-2), -196.13 (m, F-Br F-3), -197.43 (m,
F-3' or F-2). HRMS (EST): m/z calcd for [GoH1oNsF;0, + H]™: 290.0860, found 290.0861.

4.3.4. 2-Fluor 0-6-chlor 0-9-(5-O-benzoyl-2,3-dideoxy-2,3-difluor o-p-D-ar abinofur anosyl)-purine (27)
Potassium-butoxide (19 mg, 0.17 mmol) was added to 2-fluorchropurine (30 mg, 0.17 mmol) in anhydrous 1,2-
dimethoxyethane (3.0 mL) at°C and then the resulting solution was stirred fomi@ under cooling and 30 min at room
temperature and then evaporated to dryness, comtadavith anhydrous acetonitrile. Acetonitrile (ink) was added to
residue and the suspension was stirred under atgoora temperature for 10 min, then a solution @ihide17 (51 mg,
0.16 mmol) in a anhydrous acetonitrile (2.0 mL) wdsled to prepared potassium salt of the purine r@hetion mixture
was stirred under argon at room temperature for.lB8dwoluble materials were removed by filtration ahd solids were
washed with acetonitrile (20 mL). The solvent was reedounder reduced pressure and the residue was atugraphed
on silica gel, eluting with EtOAc/petroleum ether 153 and 1:2.5 to afforg3-nucleoside27 (43 mg, 66%).
Mp. 150-152°C (EtOAc/petroleum etherfH NMR (CDCL): 8.36 (d, 1HJ,.5 r.» = 1.97, H-8), 7.52-8.36 (3m, 5H, Bz),
6.59 (dt, 1HJy »= 2.7,dp 5= 2.7,dy 2= 21.79, H-1), 5.52 (ddt, 1H,Jyr, = 12.21,J3 = 49.37, H-3, 5.40 (dddd, 1H,
Jup=2.76,dpr= 49.37,Jp 5= 8.97, H-2), 4.70 - 4.80 (m, 3H, H/4H-5 and H-3). **C NMR (CDCL): 166.1 (C=0,
Bz), 157.4 (dJc2r2= 222.4, C-2), 153.3 (dcgro = 7.4, C-6), 144.7 (d] cgr>= 2.99, C-8), 133.8129.8, 129.8,
129.0, 128.7 (§HsCO- and C-5), 93.5 (ddc »r»= 184.5Jc.2Fr3=29.92, C-2, 91.4 (ddJc.3r2= 30.9,Jc 3 3= 192.5,
C-3), 83.8 (dJcy r2= 16.7, C-1), 81.1 (dJosr3= 29.9, C-4, 62.3 (dJosr3= 9.1, C-9). °F NMR (CDCL): -48.68
(s, F-2), -188.60 (m, F-2’ or F-3'), -203.41 (m:3For F-2). HRMS (ESI): m/z calcd for [GH1,N4F0:Cl + H]™:
413.0623, found 413.0618.

4.3.5. 2-Hydr oxy-6-chlor 0-9-(2,3-dideoxy-2,3-difluor o-p-D-ar abinofur anosyl)purine (28)

To solution ofp-nucleoside27 (11 mg, 0.02 mmol)n a mixture of acetonitrile (1.1 mL) and water @.31L)
was added lithium hydroxide monohydrate (4.7 mgl @Gainol). The reaction mixture was stirred at roomgerature for
280 min, then neutralized with acetic acid, evammtatand coevaporated with toluene to dryness. Thielue was
chromatographed on silica gel using for elution Ettha&gane 2:1, EtOAc:MeOH-7:1 and 6:1 to afford nuckd®2gB (5
mg, 61%) as oil'H NMR (CD,OD): 8.41 (d, 1HJys o= 1.3, H-8), 6.53 (ddd, 1Hy»= 3.2,Jpry= 1.2,dpr,= 17.4,
H-1),5.45-5.62 (dm, H-2and H-3), 4.32 (dm, 1HJ, r5 = 24.8, H-4), 3.91 (ddd, 1H, H%, 3.88 (dd, 1H, H-9. **C
NMR (CD,OD): 163.5, 163.4, 152.1, 111.5 (C-6, C-2, C-%)C144.4 (br.d, C-8), 94.8 (ddg»r» = 180.5Jc2r.3=
28.6, C-2), 93.9 (ddJc 3 ro= 28.6,Jc 3r 5= 192.5, C-3, 84.2 (br.dJc.yr»= 20.9,C-1), 83.5 (dJc.4r3= 23.9, C-4, 61.5
(d, Je.srz= 6.2, C-8). F NMR (CD;OD): -185.38 (m, F-20r F-3), -193.35 (m, F-3or F-2). HRMS (EST): m/z calcd
for [C10HgN,4F,05Cl + H]": 307.0404, found 307.0400.
4.3.6.2-Amino-6-chlor 0-9-(5-O-benzoyl-2,3-dideoxy-2,3-difluor o-B-D-ar abinofuranosyl)purine (29)

A solution of B-nucleoside27 (20 mg, 0.05 mmol)in anhydrous 1,2-dimehoxyethane (10.0 mL) was stgdrby dry
ammonia for 1h at 8C, and then the reaction mixture was left for 18 hoom temperature and evaporated. The residue
was chromatographed on silica gel using for eluBt@Ac:hexane 1:3, 1:1 and 2:1 to afford nucleosi®g11 mg, 55%)

as a amorphous powder, and nucleog8g4.4 mg, 23%). NMR spectroscopic data for nucleasii and 23 were
identical to those prepared by glycosylation reaxdi of 6-chloro-2-aminopurine [16] and 2-fluoroaidenwith the
bromidel6.
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4.3.7. 2-Amino-6-chlor 0-9-(2,3-dideoxy-2,3-difluor o-p-D-ar abinofuranosyl)purine (31)

To solution off-nucleoside27 (25 mg, 0.06 mmol)in anhydrous THF (2.0 mL) was added in 4.8 mL methaaturated
at 0°C with ammonia, the reaction mixture was stirring fr under 0°C, then for 18 h at room temperature and
evaporated. The residue was chromatographed oa giicusing for elution EtOAc:hexane 2:1 and 3:1 Bt@Ac:EtOH

to afford nucleosid&1 (10 mg, 54%) as a syrup, and nucleogl8€26 mg, 15%).

4.3.8. 2-Amino-6-methoxy-9-(2,3-dideoxy-2,3-difluor o-g-D-ar abinofuranosyl)purine (33)

To solution off-nucleoside31 (7 mg, 0.02 mmol)n MeOH (1.0 mL) was added anhydrous potassium caitieofi2 mg,
0.087 mmol). The reaction mixture was stirred a826C for 30 min, then cooled to room temperature araperated.
The residue was chromatographed on silica gel Usinglution CHC}, CHCkL:MeOH-10:1 and 5:1 to afford nucleoside
33 (5 mg, 72%) as a syrupd NMR (CD;OD): 8.03 (d, 1HJyg ¢, = 2.4, H-8), 6.43 (ddd, 1Hl; , = 3.9, 5= 1.92,
Jrr2=18.27, H-1), 5.49 (dddd, 1HJ), 1 = 4.0, J3>= 2.2,Jy > = 51.29,J, r 3 = 14.42, H-2, 5.48 (dm, 1HJ3 5=
50.65,J54 = 3.8, Jyrr = 11.22, H-3, 4.28 (dm, 1HJ, 5 = 24.68, H-4, 4.09 (s, 3H, OCH), 3.88 (d, 2H, 2H-5)"°C
NMR (CD;OD): 161.3 (C-6), 160.7, 153.3, 113.3 (C-2, C-4, C188.4 (dJcsr2= 4.4, C-8), 93.6 (ddlc» > = 182.33,
Jozpa=28.5, C-2, 92.5 (dd Jc.zr2 = 28.9,Jc.3 3= 191.85, C-3, 82.6 (ddJc.y, r2= 17.2,)cy, r3= 2.5, C-1), 81.9
(dd, Josr3= 25.6,Jcar2=1.7, C-4, 60.2 (dJcsr3= 6.7, C-8), 52.9 (OCH). °F NMR (CD,OD): -195.07 (m, F-2
or F-3), -204.61 (m, F-3or F-2). HRMS (ESI): m/z calcd for [GH3NsF,05 + H]": 302.1060, found 302.1061, calcd
for [C14H13NsF,05 + NaJ : 324.0879, found 324.0879.

4.3.9. 9-(2,3-dideoxy-2,3-difluor o-p-D-ar abinofuranosyl)-6-thioguanine (34)

A mixture of nucleosid&1 (8 mg, 0.03 mmol), thiourea (14 mg, 0.18 mmol) i@ BL ethanol was heated at reflux for
2 h. After cooling, the mixture was evaporated icuan. The residue was chromatographed on silicaugielg for
elution CHCL CHCl;:MeOH-10:1 to afford nucleosid&4 (6 mg, 76%) as an amorphous powderNMR (CD;0D): 8.04
(d, 1H,J4g F2= 2.46, H-8), 6.35 (ddd, 1H; > = 3.6,Jyr3=1.7,J1r>= 17.6, H-1), 5.40 — 5.55 (dm, H:Zand H-3),
4.27 (dm, 1HJ, r5= 25.0, H-4), 3.87 (d, 2H, 2H-5. °C NMR (CD,0D): 177.5 (C-6), 176.1 (C-2), 155.1 (C-4), 140.6
(d, Jcgrz2= 4.4, C-8), 129.2 (C-5),95.0 (dd,Jczr2> = 181.5,)c»r3= 28.9, C-2), 93.9 (ddJczrz= 28.9,Jc3r3z=
192.48, C-3, 83.8 (ddJc.y, F2= 17.9,dc.1 r3= 3.3, C-1), 83.3 (br.dJc4rz= 27.9, C-4, 61.6 (dJcsr3= 6.4, C-5).
F NMR (CD,0OD): -195.27 (m, F-2or F-3), -204.65 (m, F-3or F-2). HRMS (EST): m/z calcd for [GoH1:NsO,F.S +
H]*: 304.0680, found 304.0685.

4.3.10. 2-Amino-6-methoxy-9-(2,3-dideoxy-2,3-difluor o-a-D-ar abinofur anosyl)purine (35)

In a similar way, starting from (6 mg, 0.02 mmol) whucleoside32 was prepared nucleosi® (4 mg, 75%) as an
amorphous powdeiLH NMR (CD;OD): 7.97 (s, 1H, H-8), 6.31 (dd, 1By > = 2.73,J; > = 15.3, H-I), 6.07 (ddt, 1H,
Jo3= 2.83,0pr2= 50.33,0, .5 = 14.43, H-2), 5.42 (dddd, 1HJ)yr.5= 52.5,J34 = 4.1, J3r, = 16.67, H-3, 4.76 (dm,
1H, Jy e = 20.52, H-4, 4.08 (s, 3H, OCH), 3.79 (d, 2H, 2H-9. *C NMR (CD;OD): 161.3 (C-6), 160.7, 153.2, 137.5,
115.6 (C-2, C-4, C-8, C-5)96.4 (dd,Jc.2.r.2 = 185.5Jc 2 3= 28.9, C-2), 93.8 (ddJc3r2= 26.9,Jc3r3= 184.5, C-3,
87.2 (ddJcy, r2= 35.9,Jc.1 r5= 5.3, C-1), 84.2 (dJcgrz= 25.2, C-4, 60.2 (dJcsrs= 6.7, C-5), 52.8 (OCH)."’F
NMR (D,0): -196.42 (m, F-2or F-3), -197.79 (m, F-3or F-2). HRMS (ESI): m/z calcd for [GH13NsF,05 + H]™
302.1060, found 302.1063.
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Supplementary data associated with this articlebeafound, in the online version.
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