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Cct ober 29, 2004; 60/641, 754, filed January 7, 2005;
60/ 665, 832, filed March 29, 2005; and 60/692, 572,
filed June 22, 2005. Background of the Invention Viral
di seases are a maj or cause of death and econom c | oss
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dengue, West Nile, and yellow fever viruses),

hepaci virus (HCV), and the pestiviruses (including

bovine viral diarrhea virus, BVDV). The di sease states
and conditions caused by mBFRHE of this famly
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there are some drugs useful for treating HV, there
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activity agai nst several DNA and RNA viruses includin

Fitalpuis encgplalitipadepstiticBsnd be st o dieasegnd pdpSsLumenty,
R0 infR YL thol SHHERAVS, q{eggﬁt%@ %&@W 3R atitis C virus

nor ma tients I't doeS not
I @IEY) infections| aewmbpomfold—m/théﬂuxgémMer il shitadadeaths gy

:I'v]sfgr'ldS W1 g'._ gﬁlliédghztgqu %r'e some drugs useful for treating HIV, there are only a
few drugs useful for treating HBV, and no drugs that are broadly useful for treating
HCV.

Ribavirin (1-8-D-ribofuranosyl-1-1,2,4-triazole-3-carboxamide) is a synthetic,
non-interferon-inducing, broad spectrum antiviral nucleoside. Ribavirin is structurally
similar to guanosine, and has in vitro activity against several DNA and RNA viruses
including Flaviviridae (Davis. Gastroenterology 118:S104-S114, 2000). Ribavirin
reduces serum amino transferase levels to normal in 40% of patients, but it does not
lower serum levels of HCV-RNA (Davis. Gastroenterology 118:S104-S114, 2000).
Thus, ribavirin alone is not effective in reducing viral RNA levels. Additionally,
ribavirin has significant toxicity and is known to induce anemia.

Interferons (IFNs) are compounds which have been commercially available for
the treatment of chronic hepatitis for nearly a decade. IFNs are glycoproteins produced
by immune cells in response to viral infection. IFNs inhibit viral replication of many
viruses, including HCV. When used as the sole treatment for hepatitis C infection, IFN
suppresses serum HCV-RNA to undetectable levels. Additionally, IFN normalizes
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Interferons (1 FNs) are conmpounds whi ch have been
commercially available for the treatnent of chronic
hepatitis for nearly a decade. |IFNs are gl ycoproteins
produced by inmmune cells in response to viral
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r{ﬁatltlt}flosg ftche ggrgginsa rrr]lgy remain associated with one another after proteolytic
processing. Additional evidence suggests that NS3, NS4A and NS5B interact with -
each other to form a complex that functions as part of the replication machinery of
HCV.

The X-ray crystal structure of NS5B apoenzyme has been determined and three
very recent publications describe the unusual shape of the molecule. This unique shape
for a polymerase, resembling a flat sphere, is attributed to extensive interactions
between the fingers and thumb subdomains in such a way that the active site is
completely encircled, forming a cavity 15 A across and 20 A deep. Modeling studies
showed that the NS5B apoenzyme can accommodate the template-primer without large

movement of the subdomains, suggesting that the structure is preserved during the

polymerization reaction. The RdRp polypeptides from various members of the



in vitro assay systens have been reported. Cellular
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NS5A, suggesting that those two proteins nmay renain
associ ated with one another after proteolytic

processi ng. Additional evidence suggests that NS3,

NS4A and NS5B interact with each other to forma
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URreh BorRNE ¢ Hian RV &H Yo rb Qi) IR dans-

Accordingly, the invention provides novel compounds of formulae I, I, and III

as described herebelow, or a pharmaceutically acceptable salt or prodrug thereof,

The invention also provides a pharmaceutical composition comprising a
compound of formula I, IL, or III, or a pharmaceutically acceptable salt or prodrug
thereof, and a pharmaceutically acceptable carrier. The composition can optionally
comprise one or more additional anti-viral or anti-cancer agents.

The invention also provides a method for treating a viral infection in an animal
comprising administering to the animal an effective amount of a compound of formula
L, 11, or I, or a pharmaceutically acceptable salt or prodrug thereof.

The invention also provides a method for inhibiting a viral RNA or DNA
polymerase comprising contacting the polymerase (in vitro or in vivo) with an effective
inhibitory amount of a compound of formula I, II, or II, or a pharmaceutically

acceptable salt or prodrug thereof.
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the Invention The present invention provi des conmpounds
that are inhibitors of viral RNA and DNA pol yner ases
(e.g. polynerases fromhepatitis B, hepatitis C, hunman
i mmunodefici ency virus, Polio, Coxsackie A and B
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phar maceutically acceptable salt or prodrug thereof.

Detailed Description of the Invention

Definitions

The term “pharmaceutically acceptable salt” as used herein refers to a
compound of the present disclosure derived from pharmaceutically acceptable bases,
inorganic' or organic acids. Examples of suitable acids include, but are not limited to,
hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycollic, lactic, salicyclic, succinic, toluene-p-sulfonic, tartaric, acetic, citric,
methanesulfonic, formic, benzoic, malonic, naphthalene-2-sulfonic, trifluoroacetic and
benzenesulfonic acids. Salts derived from appropriate bases include, but are not
limited to, alkali such as sodium and ammonia.

Te terms “treat”, "treating" and “treatment” as used herein include
administering a compound prior to the onset of clinical symptoms of a disease
state/condition so as to prevent any symptom, as well as administering a compound

after the onset of clinical symptoms of a disease state/condition so as to reduce or
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use in treating a viral infection or for use in
treating cancer). The invention also provides the use
of a conpound of formula I, Il, or IlIl, or a
pharmaceutically acceptable salt or prodrug thereof,
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infection i'n an animal (e.g. uman). The invention
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are not limted to, hydrochloric, hydrobrom c,

sul f urFhe tem Yalkyd’ apesed hengimi refers toradleyil groupsmhasiing from 1 to 6

P ' lLLycol | i Lactic. salicyclic, succinic .
RARREARS T EPls ok Eph R g B B R A, Wpfopyt so-
reropydebutyf, obuty], nhgeniyl and thenike) In,a spadific ebodiment, the alkyl

napht hal ene-2-sul fonic, trifluoroacetic and
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1 to 3 substituents, said substituents being selected from the group consisting of

=

alkoxy, substituted alkoxy, acyl, substituted acyl, acylamino, acyloxy, oxyacyl, amino,
substituted amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted aryloxy,
cyano, halogen, hydroxyl, nitro, N3, carboxyl, carboxyl esters, thiol, thioalkyl,
substituted thioalkyl, thioaryl, substituted thioaryl, thioheteroaryl, substituted
thioheteroaryl, thiocycloalkyl, substituted thiocycloallcyl, thioheterocyclic, substituted
thioheterocycliccycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic.

The terms “alkenyl” or “alkene” as used herein refers to an alkenyl group
having from 2 to 10 carbon atoms and having at least 1 site of alkenyl unsaturation.
Such groups are exemplified by vinyl(ethen-1-yl), allyl, but-3-en-1-yl, and the like.

The term “substituted alkenyl” as used herein refers to alkenyl groups having
from 1 to 3 substituents, said substituents being selected from those describe above for

a substituted alkyl.
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state/condition so as to prevent any synptom as well

as adm nistering a conpound after the onset of

clinical synptons of a disease state/condition so as

to reduce orelimnate any synptom aspect or
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in multiple doses. Such effect need not be absolute to
kfldirefi cial . The term"al kyl" as used herein refers

to al , [ : : '
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n-abiryoplyC(0) s oprlerdiyyl:C(B) bLarylt C(Q) - bhettgrbaryh @), yihd Bxnetocyclic-

té&blike' In a specific enbodi nent, the al kyl groups

h Q'fron11-4 carbon atons and are referred to as

| ower EHekydm « I&tﬁtiﬁﬂd@ciﬁ’ 4 Giéddtheteal redbr Y the 3foups Sibstituted

herein refers to an alg%$}grou having from1lto 3

st G (Ol ebstituded AkanybSA P} v shsttung allgynytCeR}  qubistitited

; ) NSk _ 4 . _ Xy .
EABUBLOPT AR 1€l P SR ) i
areitgrogycBet¥®) t.ut ed ami no, aminoacyl, aryl, substituted

aryl, -aryl ox) ubstJ t uted ar.yl , ano ,

nyir ot esRRE S rdit i R RO where

tdacla| kd Z; are independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl and substituted alkynyl, and the

substituents described above in the definition of substituted alkyl.

The term “acyloxy” as used herein refers to the groups alkyl-C(O)O-,
substituted alkyl- C(O)O-, alkenyl-C(O)O-, substituted alkenyl-C(O)O-, alkynyl- .
C(0)O-, substituted alkynyl-C(O)O-, aryl-C(O)O-, substituted aryl-C(O)O-,
cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-, heteroaryl-C(O)O-, substituted
heteroaryl-C(O)O-, heterocyclic-C(O)O-, and substituted heterocyclic-C(O)O-.

The term “oxyacyl” as used herein refers to the groups alkyl-OC(O) -,
substituted alkyl-OC(O)-, alkenyl-OC(O)-, substituted alkenyl-OC(O) -, alkynyl-
‘OC(O) -, substituted alkynyl-OC(O)-, aryl-OC(O)-, substituted aryl-OC(O)-,
cycloalkyl-OC(O)-, substituted cycloalkyl-OC(O)-, heteroaryl-OC(O) -, substituted
heteroaryl-OC(O) -, heterocyclic- OC(O)-, and substituted heterocyclic-OC(O)-.
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t hi ohet erocyclic, substituted

t hi ohet erocycli ccycl oal kyl, substituted cycl oal kyl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic. The ternms "al kenyl" or

"al ke W h group

navi ng s o 2T 016 Gien PERhElcRerd B0 RLEEN 8 M oRst 1
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ahrs @0t not Agdroged herein refers to al kenyl groups
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2NZC(Eoallsanyl,alNebE(@ubshitutédgkatyl, I-E’Zg(ﬂ(Ol)alkyﬁ}e of

alﬁ??'(z@)sq 05t égﬂ{' 9] gﬁiﬁf@iﬂy\o %)MB%‘:‘% g{l% jified by

pNZ;@(n})Retharyﬂs N@CW)SQB%& Hé'ieﬂoalzli »—Nzlrr]@wjhéteﬂ%ychc and -
yn-3-yl, and the term

"%t%(ﬁ)%uly?ﬁ@ated|hﬁ§?mch%§vhe@é&2ﬂe hedragenedrealleylt o al kyny!
Subor Tl ey 8o fbrchn SR 10 & HiER Puerd Blfbhasic evetig erqu of
sfibrs it ¢ eatbab kipins lhiag aeinpld dig@w, phesflposmiliptdendensed

g al k erm stituted al koxy" as used

e & SR Pt G B St Fres ey PRSHaY apt bepgrgmatic.
t Eteiplae yhyls Asluds et b@rn@t nnﬁtsd & Phén?l a%hﬂayps
al kyl -C(O - al ken - O
cycl oalheyeunc{sapstitute @wl &uyd heremét:@rsda syl -gc(u@y whichznel
heb&fRed SithFrontl ) 3 st]_l;ytll ﬁ{s rQf:lect&!fl H%%l t1 ﬂb%&é{ted aﬁlcyl, alkenyl,
used herein refers groups su St tut

substituted alkenyl, alkynyl and substltuted alkynyl and those substituents described

above in the definition of substituted alkyl.
The term “aryloxy” as used herein refers to the group aryl-O- that includes, by

way of example but not limitation, phenoxy, naphthoxy, and the like.

The term “substituted aryloxy” as used herein refers to substituted aryl-O-
groups.

The term “carboxyl” as used herein refers to -COOH or salts thereof,

The term “carboxyl esters™ as used herein refers to the groups-C(0)O-alkyl, -C
(O)O-substituted alkyl, -C(O)O-aryl, and-C(O)O-substituted aryl

The term “cycloalkyl” as used herein refers to a saturated or unsaturated cyclic
hydrocarbon ring systems, such as those containing 1 to 3 rings and 3 to 7 carbons per
ring. Exemplary groups include but are not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl.

The term “substituted cycloalkyl” as used herein refers to a cycloalkyl having
from 1 to 5 substituents selected from the group consisting of oxo (=0), thioxo (=S),
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al kyl -C(O) -, substituted al kenyl-C(O -, substituted
al kynyl -C(O -, substituted cycloal kyl-C(O -,

waasostiot ed aryl -C (O -, substituted heter oarpCFO§IP5/039072

and substituted heterocyclic-C(O -. The term

"acyl am no" as used herein refers to the

group- C(O)NZ1Z2 where each Z1 and Z2 are independently
sel ect ed fromthe group consi sting of hydrogen al kyl ,
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) to th
a?ﬁg?%&&s hlétseg F‘lfeg{]eé‘::l’%gﬂ?r;(fﬂfer%@(@f argmatycpgroup of from 1 to

3l ok@rboh atdatAnd. 1 t%%@ér&di&ﬁg s@édf&f‘ﬁ‘om %g@)up con@ sﬁﬁ@éﬁ} oxygen,

-, substituted al kynyl -OC(O) -, aryl-0OC(O

gu:(tmgem il fatingthy ringdbe)sul furand|nitzd ey Iheil@@ayms atoms may also be
SHBBH S ALY G o L B P i ..

qryﬁdgkﬂ&fﬁﬂyl)uir adﬂtli;ﬂé eoraieysddiringbE. @) s inddliityd bﬂbé‘rﬁaﬂh{bﬁyl)
as used her efers to the group -NH2. The term

--‘%‘1?5@? L OBREnIFH TS TRy QTaue M be P’f?n?aé‘P ahd/0F gpnigpa heteroatom.
( h ngia%f Ediédail gfoepzllweae Wk ad'iSt ﬁﬁ'ntg@ﬁ)c héte%mﬁxﬁdé n
e

efinition acyl am no, provided that Z1 and

avedpopyrrelph thwﬂi,ogmyl thiephewd panddimiyhoacy| " as used

h ,
N;r?,?:l( e%%‘ﬁ{ %P%S?ltlgg(? ?%ér?gx%" @g’é%%‘%‘g lr%kfé SIEO Peteroaryl groups that
-aNZ Qb6 ed v thi frarh ddo e)sﬁbsmidn;sl selectetNA3 0 1) éérﬂ@g’ﬁbhp of

Ngstl%en)c S(ije nsuta(i %or su %n%'tgde{‘ f -NZ3( O al kynyl, - -

The term “heteroaryloxy” as used herein refers to the group -O-heteroaryl.

C“O

The term “substituted heteroaryloxy” as used herein refers to the group -O-
substituted heteroaryl.

The term “heterocycle” or “heterocyclic” or “heterocycloalkyl” refers to a
saturated or unsaturated group (but not heteroaryl) having a single ring or multiple
condensed rings, from 1 to 10 carbon atoms and from 1 to 4 hetero atoms selected from
the group consisting of nitrogen, oxygen, sulfur, within the ring wherein, in fused ring
systems, one or more the rings can be cycloalkyl, aryl or heteroaryl provided that the
point of attachment is through the heterocyclic ring. The sulfur and nitrogen
heteroatoms atoms may also be present in their oxidized forms. :

The term “substituted heterocycle” or “substituted heterocyclic” or “substituted
heterocycloalkyl” refers to heterocycle groups that are substituted with from 1 to 3 of

the same substituents as defined for substituted aryl.



NZ3C( O) substituted al kynyl, -Nz3C(O) aryl,
-NZ3C(O) substituted aryl, - NZ3C(O) heteroaryl,

WO M8 a§i@psubst i t ut ed heteroaryl, -NzZ3C(O) het er BCHUE1005/039072
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and - NZ3C(O)substituted heterocyclic, where NZ3 is
hydrogen or alkyl. The term"aryl" as used herein
refers to a nonoval ent aromatic cyclic group of from®6
to 14 carbon atonms having a single ring (e.g., phenyl)

or Ml ExgihsleCoNeReSeles hitbifetdrSarYls ind1GR) H?tyelﬁ% 25t hmlted to,

ant hryl) mhlch condensed rings fray or may
a?%?ﬁ‘é%lww% irpidazale, pyiazele; piidinte pylogine, epyanndlhe Ipyﬁdﬁﬁﬁfe

t doRRENYdoiRidE, DR fg_:t Hﬁzl#,dml'mg term  substituted aryl"

as used herein re efs ooary’ md%zl? PYijifie quigplizine, isoquinoline,

sqbselineyplebaldind nﬁp}mmmyrtdmes qsmbsdunte Lk?ﬁﬁa?zoﬁ&] Biah6ithe,
ubst i al ken substituted

f rt%%r}g‘% ﬁmaﬁémarbg Aes g)g rgdaq}qg% 9henagth@lmpg§@hlazole
SpHegi4ile) ok szolke %ﬁéﬂoﬁ@ﬂn@ Bﬁé’rﬁtﬂlﬁhﬁ@ %H%Edlﬂllﬁ élgl[ﬁﬁggohne

sybstjtuted alk | . The term "aryl oxy" as us
rRIpHdineG, giperpzingy @d@lﬂff ylllth@mlﬂha]t,z i3 tetrdiegiroibyquivinting,f4, 5, 6,7-

ht hpx
: Elzﬁlﬁhﬁog@ﬁlgh@?%hé @Lll%%)ﬁ]% t 1az(§)lil§}né1 t&wgelgsgﬂég(gl?] lqmphene
HE@@h@ilH}é,fthlomondlo&ujds(hllsds tdfaﬁ?cﬁbhb ;ﬂ@‘fl H@hnyﬁhglgtaﬁdhﬁ}l
ers to or
rgglfn)é t?ﬁ%stc]gq%\“ﬁmga?@l&g?/[l ®sters" as used herein

9) t
e M i et R e

t er m "ThdsTaR] Sl'é‘;??rtlmta%hﬁzjgr@@l}’qlndmey msmééhaelnoefarssmthergmlgﬂo

YRS yclic hydrocarbon ring systenms, such
ggbthog&eHitgltr?tg%I%l ng 1 to 3 rings and 3 to 7 carbons

per r iThg terExphpsphate” gs mnaerenpﬂewietohué %@ﬁﬁs—'ﬁ{ﬁﬁ GH)E ed
nt cycl ohex

E%Oﬁ%‘;ﬁlgfﬁvf%ﬂaa%ak A ronidE BT aabephriapodposho
ayd Lcomomﬁ)@s(oygﬁ@)dmoyoﬂ)g &ﬁﬁﬁés hdte Br i ﬁ&gﬁb“% salts thereof
having from1 to substituents s I ecte
éqcé%ng:%’gglﬁ tq@e}@pf étxl@ ugdenytood thatohoiniteBpx pdeydf the mono-, di-,
SHORIHOUIRH Aibg @R ok OSEGHREL Ligient s described in
t he ef Imitio

The term “phosphate esters” as used herein refers to the mono-, di-and tri-

phosphate groups described above wherein one or more of the hydroxyl groups is

replaced by an alkoxy group.

The term “phosphonate” refers to the groups -OP(0)(Z4)(OH) or-OP(0)
(Z4)(OZy) or salts thereof including partial salts thereof, wherein each Z4is
independently selected from hydrogen, alkyl, substituted alkyl, carboxylic acid, and
carboxyl ester. It is understood that the initial oxygen of the phosphonate may include
the oxygen of a sugar.

The term “thiol” as used herein refers to the group -SH.

The term “thioalkyl” or “alkylthioether” or “thioalkoxy” refers to the group- S-
alkyl.

The term “substituted thioalkyl” or “substituted alkylthioether” or “substituted
thioalkoxy” refers to the group -S-substituted alkyl.
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al kyl . The term "cycl oal koxy" as used herein refers to
-O cycl oal kyl groups. The term "substituted

weywboslikoxy" as used herein refers to-O substPCTUSH05/039072
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cycl oal kyl groups. The term"fornyl"™ as used herein
refers to HC(O-. The term "hal ogen" as used herein
refers to fluoro, chloro, brono and iodo. The term
"heteroaryl" as used herein refers to an aromatic

%r oup THe téﬂhﬂfﬂlllibc?ﬂoddlla%flc as teed hatehnefeadid the poug -S- cycloalkyl
eteroatons el ecte ro group._consi sting

oxygenl D eﬁfﬂiﬁr i@%wm@é rd?lafrﬂOﬁH% s psgrhherety éeféliﬁlt? rhe SoHP -S-
rguggtggt@gﬂc d\gatorrva atonms may al so be present in

their OX|d|ze forms. Such heteroaryl groups can have
a si nglhe teqnnighioaryl’gas useqbwrrsmybfetsrtoﬂhqgrbyp Fanylil ti pl e

condeng .l Whyhfatot 1 Ry it B B ot abies

adigl/ or cont ain a heteroatom Exenpl ary het er oar yl

groups include, but are not |imted to, heteroaryls

incl u eﬁw Cg)}ohe’rﬁgga}:}& 'Sl,s]use@ hq:rgﬁ}yp ers tﬁalg)q grpup -S-héteroaryl.

t hi ophefyferm @Rhsithied! thloﬂ@@roﬁl%l[ s SUPRIbhYLER o fhe group -S-

heteroaryl”™ as used herein. réfers to heteroaryl g%r ljpS

tsuhstiteied hetatpstyilt uted with from1 to 3 substituents

sel ect dtgro 1ﬂ§ters% Eé)uJ)ed%fe subetl nts de%ilned .

for su stl%t ed & qy @S P BevefLe Foaﬁ@?%&?ﬁp‘ QetEogehe.

h er ei Mmheeéms ‘Ssubﬁltﬁib& tigsletpocyCi 188 @ed Bértin refRetottRs goup -S-
Ebstlé ted heteroaryl oxy" as used herein refers to

t HBStHps Eete@gm%g'tltut ed heteroaryl. The term

" het ergeX&h anfho a8 LREGaNL rbtErs 19 fhe i}%ﬁﬁ&ﬂ&éﬁb ebegl Ia}ﬁﬂo acids of

refers to a saturated or unsaturated grou

Hbe ﬁxrmalaﬂs)\IH{éH(iZa)jJQng@raaZﬂs nejedsed fromtthgpgroup otmd;estlag df

rhéf;a:% Ig bstqtu 8 & y a}ngdmrﬁt HYZG 1snk(1jydfrc§ g%lq] 01:!' to gethg'r with Z; and
the mtrogen and carbon atoms bound thereto respectively form a heterocyclic ring. In
one embodiment, the a-amino acid sidechain is the sidechain one of the twenty
naturally occurring L amino acids.

Sugars described herein may either be in D or L configuration.

Compounds of formula I

Compounds of the invention include compounds of formula I:

wherein:

YisOorS;

10
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within the ring wherein, in fused ring systens, one or
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provi ded that the point of attachnent is through the
heterocyclic ring. The sul fur and nitrogen heteroatons
atons may al so be present in their oxidized forns. |,
The term "substituted heterocycle" or "substituted

het er ag %R £ SROMNR SRUPSRENRIRRa1REL QibeMeddadtty VikenkE kebstituted
to heterocycle groups that are substituted with trom1

tadkanybhalkyni, sdsatusadirdiomylentsubgitued pevd dCHol-CHINHR;)CO-R,,
S thi gt : l@s C
ek S BAATY COB, RONRHES MO RRE MBS hrNO,

n [ n r e, 1ne,
B aBPB Vit SRaOUPH GRS AR e PR
QUCTO)-OR}, BNHI( QIO ORHCIO)OAty1'GNRRGS BRIRAR], BEONR;Rs, or
napht’hyl pyri di ne, qui noxal i ne, quinazoline, cinnoline,
pr@NRiRae, carbazol e, carboline, phenanthridine,
acri di pg,g_fhenanthrol i ne, isothiazole, phenazine,

i soxazol e, ’phenoxazi ne, phenot hi azi ne, i nidazolidine,
i m dazi! is B NRaRpailj BiOR;, SR NHEORASNHEOsRY, NFE;ONHR;, CN,

p al im 1,2 = r ahydr oi soqui nol i ne, 4,5,
65%Q7?¥ﬂk§ﬁygﬁdﬁgﬂ§%f?@ *hi ophene, thiazol e,
t hi az ok iga RcleddideBANGouR@AE0 [ b] thi ophene,
nmor phol i nyl, thi ono h0|lﬁ% also referred to as

|
t hi andtpRelRngndRs 3¢ fdepen yqls,g selggtaddiang fheegroup consisting of H,
t rany! d ' :
LA Al R sl fudda een UGS ubstitteg allomyl,
- §chatket, beteadciyclic, atyd, substituted artyl tabylugubstituted acyl, SO,-alkyl and

eracycl xy" as.used herein refers to th
oS DE R R R o StBe Wikt § Wi bRy i eihsd form -
Wﬁobﬁiﬁ&ﬁ&n&,qﬁﬁ&iﬁ@ at MR, AeRsholikd oPHHisddrpholino ring; or
p

E&”f 32,%3:233@@ gpt%{;hggl%zggg&)mg t&l(e); o tated b %yrrolidino,

T
t her eaodr.a gharmacutcily at@ptiblehsalt ot prediugithéredf; oxygen of
the nn(l}r%jte’d S%iltéé Patent 4,584,369 relates to certain specific nucleosides.
Accordingly, in one embodiment, the invention excludes compounds of formula I
wherein Y is S; when R is -NH,, -OH, -SH, or —SCH3; R!is hydrogen; and R? is non-
phosphorylated ribose; as well as compounds of formula I wherein Y is O; when R is
-NH,; R! is hydrogen; and R? is non-phosphorylated ribose.
In another embodiment the invention excludes compounds of formula I wherein
Y is S; R is -NH,, -OH, -SH, or —SCH3; R'is hydrogen; and R?is ribose; as well as
compounds of formula I wherein Y is O; R is -NHp; R! is hydrogen; and R? is ribose.
In another embodiment, the invention excludes compounds of formula I
wherein R is —SH, -OH, -S-alkyl, -O-alkyl, or NR3R4; Rj and R4 are each H or alkyl;

and R? has the following formula:

11
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and tri phosphate may include the oxygen atom of a
sugar. The term "phosphate esters" as used herein

descri bed above wherein one or nore of the hydroxyl
groups is replaced by an al koxy group. The term
"phosphonate” refers to the groups -OP(O) (Z4) (OH)
or-OP(O) (Z4)(Qz4) or salts thereof including partia
salts thereof, wherein ®ech Z4 is/independently

sel ected from hydrogen, al O stituted al kyl,
carboxylic acid, and carb e tﬁ@o It is understood
that the initial oxygen dt osphonat e may i ncl ude
the oxygen of a sugar. Thepgser ®*thiol" as used herein
refers to the group -SH The term "t hioal kyl" or

"al kyl thi oether™ or "thioal koxy" refers to the group-
Setiekgih:. offthef R *EYand RSLitis Hi andtteelothéri io @l dryOIL; RI? is OH, alkyl-O-

HEHA SO 32 R oo

aﬂ]@y@g:ﬁ)@_,tﬂypgl’td}iag@y@t@lgayI " as used herein refers

to the group -S-cycloal kyl. The term "substituted

t hi ocye pethdtyembogdinagt dbp zerdion exelpdessompouds of farula I

5 P : .The term"thioaryl" as used
Rﬁ%ﬂ?ﬁkré%g?gﬁg%ﬁbﬁgﬁ%%gﬁb -S-aryl. The term
"substituted thioaryl" as used herein refers to the
group- S-substituted aryl,,, The ts;fw"thioheteroaryl" as

>

b

used herein refers to the S-heteroaryl. The
term "substituted thioheterdary as used herein
refers to the group - Ssulstsi Heteroaryl. The term
"t hi oheterocyclic" as used hergiyp refers to the group
-S-heterocyciic. The term R&GbStit ut ed

t hi oheterocyclic as used herein refers to the group

WihR { e BFRE and R** is H and the other is H or OH; R*® is OH, alkyl-O-,
alkylC(=0)0, alkyl-S-, or alkylC(=0)-S-; R*® is H; and Z** is OH, alkyl-O-,
alkylC(=0)O, alkyl-S-, or alkylC(=0)-S-.

' In one embodiment the invention provides a compound of formula I as
described above, wherein Y is O; or a pharmaceutically acceptable salt or prodrug
thereof.

In one embodiment the invention provides a compound of formula I as
described above, wherein Y is S; or a pharmaceutically acceptable salt or prodrug
thereof.

In one embodiment the invention provides a compound of formula I as
described above, wherein R is OR3, Cl, SR3, NR3Ry4, or NR3sNR4Rs; or a
pharmaceutically acceptable salt or prodrug thereof.

In one embodiment the invention provides a compound of formula I as
described above, wherein R is NR3Ry; R; is selected from the group consisting of H,
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, heterocyclic, aryl, substituted aryl, acyl, substituted acyl, SO,-alkyl and
NO; and Ryis selected from the group consisting of H, alkyl, substituted alkyl, alkenyl,

12
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to the Z7 substituent of ce-am no acids of the fornula
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consi sting of hydrogen, alkyl, substituted al kyl and
aryl and Z6 is hydrogen or together with Z7 and the
nitrogen and carbon atons bound thereto respectively
forma heterocyclic ring. In one enbodi nent, the

auBeed aﬁqbﬁylsanéﬁglﬂ Abstinfied myﬁsyl dg@mn@l qast@rdaﬁ/cndﬂ gryl,

twenty naturally” occurring L amino acid gars .
cubyitite M@CE]I, ﬁlhﬁi’a?lt@l ackle Sobélkb’hafﬁ Ne; <p_r "Ry and Ry together with

€ Iféfn %rﬁfo: \ﬁl’%Fh g;fe%ggge%%%h ffo%-? 5 P’gxlralcimc%mﬁgﬁgspl%mhﬁg
vilzetidihd) mofphsiin®, or thisnirploliRing SRR .4 ahiRBR4ogetiieBMRY REe, nitrogen

al l&éﬁh %gyggqtg;?hgc% ee aI k¥ p}frgﬁl ken%;wﬂémg Séi)%;#ztlgg azetidino,
oy CH( NHR3) CO2R4, O, F, Br, 1,
%H&ﬂcl:d(ﬂlﬁ%‘%gpth% &Elh((l NR 3) NHR4, NR3OR4, NRSNO

NHOONHIR®ne RBieiR thNR@Nﬂ@HRIION Ry @pPMRIAS of formula 1 as

RSB N DRI ST R ey, s

g}l&% %2@71?] kl}UStltu‘fHﬂl'*ﬂ(}@l)’D ayl, ﬁ;bstﬂd% B4/, (SP%RZH(NHRQCOZM,
gt Bk Oy AR ootk NIRRT SR RNGy o
@Qﬁ@&km@{ NIGRENR), IR NECHR S NR,0YONERF IR SOGRUR O UP;
NR3C(O)OR4, CH=N-OR3, NR3C(=NH)NR4Rs5, NR3C(O)NRsNRsRs, O-C(O)R3,
OC(0)-OR3, ONH-C(0)O-alkyl, ONHC(O)O-aryl, ONR;3R4, SNR3R4, S-ONR3R4, or
SO,NR3R4.

In one embodiment the invention provides a compound of formula I as

described above, wherein R; is H or NR3R; or a pharmaceutically acceptable salt or
prodrug thereof.

In one embodiment the invention provides a compound of formula I as
described above, wherein R?is a nucleoside sugar group of Group A, B,C,D, E, or F
described hereinbelow; or a pharmaceutically acce;;table salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein R? is ribose, 2-deoxyribose; 2-deoxy-2-fluororibose;
arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-
fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-
dideoxy-3-azidoribose; 2,3-dideoxy-3-thiaribose; or 2,3-dideoxy-3-oxaribose; or a
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein R? is ribose, 2-methylribose, 2-deoxyribose; 2-deoxy-2-
fluororibose; arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-

fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-

13



R3, R4, R5, and R6 are independently selected fromthe
group consisting of H, alkyl, substituted al kyl,
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al kynyl, cycl oal kyl, heterocyclic, aryl, substituted
aryl, acyl, substituted acyl, SO2-al kyl and NGO or R3
and R4 together with the nitrogen to which they are
attached forma pyrrolidine, piperidino, piperazino,
g8 dx91308%idHDOB Q| 3-HideoxSt 3-tHMrIHIRY; PP 2)3L di@e oy Bdox aBibod# or a
and R5 together with the nitrogen to which they are
dtMﬁ@??@uﬂanVﬁP%PWhS@ﬁioéPﬁ@{ugﬁgﬁé‘ﬁl- di no, pi perazino,
azeti dj ' Lom [ i g

phar macan AR iy it R BRRER s cBApblNS Bl Las
Uiteis¢ritebd Sbetep wheimireR? is4hibBlos8 60 decalyti@dobg 2edokpi2n

SRS R R AR i PR T RS Qo

Y2 B SidRox Y Ehofdthidarabiddse; 2@HideoRil3-Miiorothidnibdse; BB-dideoxy-2,3-

ggdro en; and R2 is nonphosphoryl ated ribose; as well
dedyersdiiamoses orf 2ot -fidieaxy-3-ardptbjonibese; gr aphagmgeeuRcally

P o MBI 2 15 non-phosphory! at o

odi rent the invention excl udes
conpoundsothér dndrodithent thaniesntion piovides $,coRppend MHZrmulOHas

I e B Rt PO FIap Rt -y oy
- WNdox yRkttyicyopERILe; ¢ H@dﬁ&yjﬁgfdir(b@&%th}ﬂ&ycﬁi@@%tﬁﬂ; 2-hydroxy-

enbodi nent, the invention excl udes coq&ounds 0
f 4rhydrpaymetirleydonenteng;s2-flgpmo-3-loydroxyd-Bydegxymethylgyqlgnentane;

: al kvl ,and R2 has
ChS Ty e R B8 B0 ek B 4070 0 Ra04 1 s
Hl}&]nﬂ(yhfeﬁl}ﬂnyhklpemtand;ndFdiﬁ}dlroﬁi%(}}hydwxﬂ*ﬂathy]cyglbpe@_ta,ne; or2,3-
&3 97/ :Ot%fl’ ?clbk l_sér’ p%ra al K Cﬁ:O _egt_a. 3 % IrsodH; thereof.
a ylgyqlobatargi or@ phagpacgiieplippicgeptablaslt ogprodpie
al kyl Gozgdther emﬂdaixﬁém&ﬁ@ihv@ﬁbﬁ?fdm& a cbMPolVE Toin@ia I as
excl udes compounds pof fornula [ wherein has t he

f driseriker aoen grein R is 4-hydroxymethylpyrrolidine; 2,3-dihydroxy-4-
hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-3-

hydroxy-4-hydroxymethylpyrrolidine; or 3-fluoro-2-hydroxy-4-hydroxymethyl-
pyrrolidine; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein R3, R4, Rs, and R¢ are independently selected from the group
consisting of H, alkyl, and substituted alkyl; or R3 and R4 together with the nitrogen to
which they are attached form a pyrrolidino, piperidino, piperazino, azetidino,
morpholino, or thiomorpholino ring; or R4 and Rs together with the nitrogen to which
they are attached form a pyrrolidino, piperidino, piperazino, azetidino, morpholino, or

thiomorpholino ring.

Compounds of fofmula II

The invention also provides novel compounds of formula II:

14



wherein: one of R300 and R304 is Hand the other is H
or OH R302 is OH alkyl-O, alkylC(=O00O, alkyl-S, or

wa@bkdghs(isD) - S-; R303 is H and Z300 is OH, al kpdF/I82005/039072
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al kyl (=0 O, al kyl-S-, or alkylC(=0-S-. In one
enbodi nent the invention provides a conpound of
formula | as descri bed above, wherein Yis O or a
pharmaceutically acceptable salt or prodrug thereof.
In one enbodi nent the invention pyrovi des a conmpound of
fornmula | as descri bed above, whefein Yis S; or a
pharmaceutical Iy acceptable, wprodrug thereof.
hi one enbodi nent the inve Kjo Ipro i des a conpound of
fornmula | as descri bedy abov e Ris OR3, d,
SR3, NR3R4, or NR3NR4R5| 6 pharhacelit’i cal | y
acceptabl e salt or pgedrug/thereof. hi one enbodi nent
the invention provides npound of formula | as
descri bed above, wherei | SNR3R4;, R3 is sel ected
fromthe group conS|st|%g Bt H, al kyl, substituted
al kyl, al kenyl, substitutied al kenyl, aIkynyI,
substituted aIkynyI, cycl oal kyl , heterocyclic, aryl ,
Mt uted aryl, acyl, substituted acyl, SO2-al kyl
and 100 l DhictoR'S? sihi BE
of Frﬁ%JE%?kﬁgaéiﬁﬁﬁﬁ?g%ﬁgfgkﬁﬁ]%PE@%?Iwghbstltut%d
alnkéhstitutedadr lsylpsfituted ubst i t ut ed al kynyl, cycl oal kyl ,

het clj ' yl, I,
cubet Myeei gt CBME BAYEEERE o °R g e
t oget Ilé?2 W, OH, h@alkyl +@QE@)alkel, utyl-Ci=0}6y, -aFROHL CaNEW, N,

forma pyrrolidino, piperidino, piperazino, azetidino,
fiPho?i 32 or thi onorpholino ring; or R4 and R5

t oget g 1¥VHt bI—f Ben®, & ﬂr@gﬁéﬂ b&h WP ehd R YardioPb@iheashie Sroup

forma pyrrolidino, piperidino, piperazino, azetidino,
resegpt dydmgen; or t hi onor pholino ring. In one enbodi nent

the i qyieng jgmopno\esyg eRmQuabNhior fki Nk ik,
NRI 10N=O, NRl IOC(O)NRl 1 lRl 12’ NRI 10C(S)NR1 1 1R1 12, NRI 1OC(=NH)NR1 1 IRI 12,
NR“OC(O)NRmNRmRm, NRUOORHI, O-C(O)R“O, OC(O)_ORHO’ O-NH-
C(0)Oalkyl, ONHC(0)Oaryl, ONR'’R', S-NR'*R'", S-ONR"'R""", or
SOzNRl 10R1 11 :
R'% is H, halogen, N3, NHC(O)R'®, NR!'’R'"!, NHSO,R'%, NHCONHR ',
NH-C(S)NHR %, CH,NHR "%, NHNH,, CN, alkyl, alkynyl, CHparyl, OH, or SR'%;
R!% is H or alkyl;
7'% is OH, -O-[P(=0)(OH)O-1,-H, -CH »-[P(=0)(OH)O-]-H,
-0-P(=0)R')R'%, -CH,-P(=0)(R"")R'®, -O-[P(=0)(R'*)O-];-H, or
-CH[P(=0)(R'*)O-]n-H;

R!%7 and R!® in phosphonic acid or phosphoric acid independently represent a

protected or unprotected substituted or unsubstituted hydroxyl group to be decomposed

under physiological conditions;

R!% is a hydroxyl group that may be protected or substituted with a group to be

decomposed under physiological conditions;
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descri bed above, wherein R i sNR3NR4R , al kyl,
substituted al kyl, al kenyl, substituted al kenyl,

wa@bkdogngiiel substituted al kynyl, aryl, substitutRdI/as3005/039072
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(CH2) - CH(NHR3) CORR4, O, F, Br, |, CN ,

CONR3R4, NHCO=NR3) NHR4, NR3OR4, NR3NO, NHCONHR 3,
NR3N=NR4, NR3N=CHR4, NR3C( O) NRAR5, NR3C( S) NR4RS5,

NR3C( O) OR4, CH=N- OR3, NR3Q=NH) NR 4R5, NR3C( O) NRANR5RG,

0- C( OR'BR NOK'O) 481> eIl M EXtBA B Yol Iyl Qbkele e Oarkiyy |
ONR3R4, SNR3R4, S- ONR3R4, or SCPNR3R4.” I n one

enrblodlkyk heterdsclicnallsery, avyLsubsiiteed anyl, geytpebsidtutsd acyl, SO»-alkyl,

f s descri bed above, wherein RL is H or
ﬁ%%gzﬁ?8$N§’pharnaceuticalIy accqgtable salt or

pr odr Ry} ik £, elidyl, substitunel ABoAOYBAT, drilesibstratediaoyl, or
rovidef a conpound of fornula | as described above,
EFYYE'®R2 i s a nucl eosi de sugar group of Group A B,

C, D HGso%; F described hereinbelow or a

pharmaceutically acceptable salt or prodrug thereof.

I n ancf b0, sMdbdrdht the i nvention provides a

conmpoupd egRﬁmpﬁu]g§ﬁ41 .descri bed above, wherein Ris

ri bose, 5 eoxyribose; 2>deoxy-2-fluororibose;

ar abi Mo&aD, L-oddidtY: #df | uor oar abi nose;

2, 3-di deoxyri bose; . 2, 3-di deoxy-2- fl uqro

2. 3 ditaPRRACPRGRILE piegpable Sal of prodrug ther

2, 3- ditf 80X ¥mBo BmehidBROHNERIINRRSAdes% cbmpound of formula II as

di deoxy- 3-azi dori bose; 2, 3-di deoxy-3-thiaribose; or

Alegeritied ebsse, hewir Y isfd €r Sopr aphsrarqentealiyiasegpfaple salt or prodrug

abl e salt or prodrug thereof. |In another
3ﬁ%§§¢nent the invention provides a conmpound of
f or nulla ahothsr edsdimdne thedbwanéipn phuevides a cBmpeund dfdemmula II as

2-met hyl ri bose, 2- i o o _
ot bR e N oS IS h oGRSt Bayis no B s H. OFL
QO%kﬁi, ARONLIPOB8izoR- G-, ACHEOMYECR;NHL, 00! CRLRYIANSE; or a

2, 3-di deoxy- 3-f l uor ori bose;

phermdageidselly 2c@pirbltenl o piodpigghereof. o

2. 3- di feRie e dRlafinld: BRSRverfior VRS X ¥oripb e B3 11 as
or 2, 3-di deoxy- 3- oxar 1 bose; or R

described above, wherein Y is O or S; R'” is H, alkyl, ~-C(O)alkyl, or benzoyl; and R'*

is H, OH, Oalkyl, -OC(O)alkyl, benzoyl-O-, -CHon, CHzNH;)_, N3, CH2N3, or NHZ; or

ar.abi nose;
eof.a

a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula II as
described above, wherein Y is O or S; and W is CR“4, N, or C-halo; or a
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula II as
described above wherein Y is O or S; Z'%° is OH, -O-[P(=0)(OH)O-],-H, -CH »-
[P(=0)(OH)O-],-H, -O-P(=0)R)R'%, .CH ,-P(=0)(R'")R'%, -O-[P(=0)[R'**)O-],-
H, or -CH,-[P(=0)(R'®)O-1,-H; and R'% and R'® are each H; or a pharmaceutically
acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula II as

described above wherein Y is O or S; Z'® is OH, -O-[P(=0)(OH)O-1,-H, -CH ,-

16



pharmaceutically acceptable salt or prodrug thereof.
I n anot her enbodi nent the invention provides a

waeewposmel of fornula | as descri bed above, wheP@i/mSHRE5/039072
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is thioribose, 2-deoxythioribose; 2-deoxy-2-

fl uor ot hiori bose; thioarabinose;
2-deoxy- 2-f | uor ot hi oar abi nose; 2, 3-di deoxyt hi ori bose;
2 3- di deoxy- 2-f | uor ot hi oar abi nose;

g:@) (OED®Y;-EE, f-d)LBlﬁgy(!Rlﬁ)‘Rl?fps(q-I 2-P(=33)@RH§RW - Q’(—O)(Rm)o I
drothlorlgp or 2,3-d eox§ a2|dot§|or|
oTrI of bRarlREO®R | 08yl ¥ éSe%BamNe 0% rhal%rané% g R aré each

t d
Ly RGN o KB R phod BEBE O er el R
is 4- H}Adtno&lymﬂnlmdimyntlthq)iamnﬁ@n@mad@ aZottiphyutt afdprndula 11 as
hyd t hyl ] 102 03

A R v ot AV E R iR is. 0B lﬁlydww“’“
myﬁk’ékmﬁ&?lm‘élwﬁenﬂérm orNHz, RMO RML RM2 gnd R'B ar

2-f 1 uoro-3- hydroxy- 4- hydrox met h cyclopeq%ane
2in enynmwéwﬂwl ravbstiuedalkyly pr e llwwa@ﬁ yds 9Fent ane:

4- h

o e A SR ORAE Y Specifie Véé“eenf?g%e isgll 5.
di hydtrlﬁngrrceniplyitmy@ﬂ fohmmlabiea f}ﬁaclﬁac X?Jhwrfnaﬁ b:sd&al ly
acce e 'sa ereo

orboni R Arormetsd i REREA 15 SHEHElneBrB ouis B

f or mulRorla oo ﬁdww fopsuiaboy epecmeufamerfoRRi"é is H.
4- hydr oxynet hyl pyrrol i di ne; 3-di hydr oxy; 4 top1it
hy dr OXFMtcHWBW(il of foempa 1L, a spec1ﬁc valte for R is NR'°R

o guh¥ﬂgoﬁﬁu4 hydr oxynet hyl pyrrol i di ne; 2-fluoro- 3-
hy

r oxy- 4- hydr oxynet hyl pyrrolidine; or
3- f | udfay-a2ommpdnwkyf: farryld flox yreetiivytamerfooRi *isdé pr NH,.a

phar euti cal | abl e sa 't er eof .
gt reoBRBuH SeRERAL: £ e Birppel e od
Conpouznﬁi aQbmipeliibotm@s e sgacifRednalror R, wemei n R3,
R4, R5, and R are independently selectedlgrqglgpg s,
gr oup I%Eﬁscio@lpph@ off foymula [ § specHisaralueder Rt utke grdR
t to which th
Ohd &R ae?ﬂt D 109 &8tk EIFE i &e 1Jan§/gen O wnich they

are "at n1a pyrro r|d|no
pi per d?zqrra@on@pemd ofifoonulall, a spe01ﬁc value for Z' is OH.

For a compound of formula II, a specific value for Z'* is -O-[P(=0)(OH)O-],-
H, -O-PO0)R')R'®, or -O-[P(=0)(R'*)0-],-H.
* For a compound of formula I, a specific value for Z'% is
-CH[P(<O)R"®)O-Jn H.

Compounds of formula III

The invention also provides novel compounds of formula III:

RZOO
03
RZ3 Y | SN
\ XARzm
R202
(I1D)

wherein:

17



nmor phol i no, or thionorpholino ring; or R4 and R5
together with the nitrogen to which they are attached

w0 o0060801py 1 r ol | di no, pi peridi no, piperazino, arEL/UINDY39072
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nor phol i no, or thionorpholino ring. Conmpounds of
formula Il The invention al so provides novel conpounds
of formula Il1:11 wherein:” RLOO is alkyl (1-4 carbon
atonm), alkenyl, or alkynyl, which RLO0O may be
unsugggNugkgg or substltuted R101 is H, alkyl,
qg , or gyI-C(—C» R102 is H, OH, Calkyl,
)1aﬂ<§|orNaRy|,-c( =0) -0, -CH2OH, CH2NH2, N3, CH2N3,

or NH 2R20R1]SO§%20$ ﬁ:]'Rzmr Nﬂlzﬁ 2°pr1\?ﬁ'lt\1ijl§(d°4b I:aoaﬁ%l%osagﬂzos SH,

R103 cannot be’t e sane group eXcep ydfoge
NIRRT C1, NRIFORO NR R ROL 2 NHROMBRNE 1 1 NR11ON=CHR

117, NRLION= 10 111412, NRL
111R11 Nﬁlf‘gQQNE%NRC(l&lR%Z% R118%( o) NIEORE  NEsO.R,
HENBMEEM B MRLGERIRDSCED R 110, 0X(O)- R 110

NHC( @Oal k 0) Oaryl, ONR 110R111 , S-NR
110R11EL isg- ltEltPé Rﬂqyi, moigfy fomp NREgRIih the provigsthat when Y=

ﬁﬁ@%sgn? I{;?Ol 1&@%—%?9}1? Sﬁ, .:ﬂk}dé@% )y 81?)}(%%@1110’,\%16 sugar moiety

Nt-alnC(l(ﬁ) DdHR;omil HBOED or QiR bk 0 6 OmoistyNiffoh aOﬂdio ahgay;l hydroxyl

1i O [
SRy ed iR By Bp ey e o g moiedes:
A 2608 @, Bt Cll@\i’l\ﬁezﬂlgﬁxlﬁlwg r OO (R

iu/)R -CH IN’2-P( = §R1U/)F\5 -0 P(_&
i uy) Ql} n- 1|S|H &, alkyl aryl, -COO-alkyl, CONH,, CONH-alkyl, C(0O)-alkyl,
0-C(O)-aryl or alkoxy; and

R is alkyl, aryl, OH or alkoxy;

and pharmaceutically acceptable salts thereof and prodrugs thereof.

In one embodiment the invention provides a compound of formula IIT as
described above, wherein Y is O or S; or a pharmaceutically acceptable salt or prodrug
thereof.

In one embodiment the invention provides a compound of formula III as
described above, wherein R**® is OR?”, NHR?**, NR?¥R?*% NHNHR**,
NR®™NHR?, SR?®, alkyl, aryl, C1, NR**OR?®, NR*™NO, or NHCONHR**,

In one embodiment the invention provides a compound of formula IIT as
described above, wherein R** is a nucleoside sugar group; or a pharmaceutically
acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein R?% g ribose, 2-deoxyribose; 2-deoxy-2-fluororibose;
arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-
fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-
dideoxy-3-azidoribose; 2,3-dideoxy-3-thiaribose; or 2,3-dideoxy-3-oxaribose.

In another embodiment the invention provides a compound of formula III as

described above, wherein R** is ribose, 2-methylribose, 2-deoxyribose; 2-deoxy-2-

18



-CH2-[P(=0) (R 109) O-] n-H, R107 and R108 in phosphonic
acid or phosphoric acid i ndependently represent a

w@e@bestied or unprotected substituted or unsubBRCT/US108%1039072

10

15

20

25

hydr oxyl group to be deconposed under physi ol ogica
conditions; R109 is a hydroxyl group that may be
protected or substituted with a group to be deconposed
under physiol ogi cal conditions; RL110, R111 , R112 and

%@otﬁfo@e afh@ﬁﬁ)@@@edgok?/ ZEﬂucﬁlJ)éi‘Hﬁmos‘éubgidhde@k odé;ky3-dideoxy-2-
|1 C

cycl oal kyl het er ocyc al koxy , stituted
aﬁqbquardmwse, %%rﬂglepmﬁémomgbpse é‘ézdldmzyﬂ 3. th@n‘aﬂse 2,3-
d
By g Pri S Mbor S 8 e b A
g S, INNghlc:)Ltgér eﬁl-HBdeht ﬂle(ﬂrlﬁﬂmén Movites Cebipdund of forsaul 111 as
or

h ically. bl |
Slespsanbg e HEREBHL T TSR B FGHOTRS CHSBR on
FﬁlR)Y(‘)tﬁf%ﬁbéseC@ﬂm%Uﬁﬂ)sé‘fZ AxUl AudrbthRSarHeReeE; mald@@@{ﬁonbose

wherein Yis Oor S, or a pharnaceutlcall% accept abl e
s?awld@oxspzémpwgnombm@ﬁe, 2, BrilidpesyReiiuaspibionivates 2, 3t Héeoxy-2,3-

B I

or beriaybtheramtboRittkt tte ibdren@bh pomidey b ,comﬁﬁ(rﬂbcﬂ' [féaydula I1I as
AR WA G M I
L}%@d&%ﬁ%&%ﬁ%%&k ﬁjﬁf?dﬂoﬁy-ﬂmyd%kyﬁfeﬂﬁlﬂdif@@péltane 2-hydroxy-
4-hydroxymethylcyclopentene; 2- ﬂuoro 3-hydroxy-4-hydroxymethylcyclopentane;
2,3—d1hydroxy—4-hydroxymethyl—5-methylenecyclopentane; 4-
hydroxymethylcyclopentane, 2,3-dihydroxy-4-hydroxymethylcyclopentane; or 2,3-
dihydroxymethylcyclobutane.

In another embodiment the invention provides a compound of formula III as
described above, wherein R?? is 4-hydroxymethylpyrrolidine; 2,3-dihydroxy-4-
hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-3-
hydroxy-4-hydroxymethylpyrrolidine; or 3-fluoro-2-hydroxy-4-hydroxymethyl-
pyrrolidine.

In another embodiment the invention provides a compound of formula III as
described above, wherein X 1s N; Y is NH; R* is NH,; R®' is H; and R*® is H; or a
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein X is N; Y is NH; R? js OH; R is H; and RlisH;ora
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein X is N; Y is S; R js NH,; R* is H; and R jsH;ora
pharmaceutically acceptable salt or prodrug thereof.
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descri bed above, wherein Yis Oor S5 R101 is H,
al kyl, -C(Oal kyl, or benzoyl; and R102 is H OH,

w@00kp5016+ OC( O al kyl , benzoyl -O, -CH2OH, CH2NrT/USBIN5/039072
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CH2N3, or NH2; or a pharmaceutically acceptable salt
or prodrug thereof. In another enbodi ment the
i nvention provides a conpound of formula Il as
descri bed above, wherein Yis Oor S; and Wis

CR114, 1N anStheiCentiddfner fheanRABEABRA ek ﬁ@bwo@ﬁc&rf&ﬁmlﬁu as

salt or prodrug thereof. 1n apother odi ment fhe
i deoeribtel ahoys whengissX is ]ﬂoYrm)QhE ofS Nz, rPu as Hp anggR™ isH; or a

d be Z100 OH,
AT

- 8 I[:’é ?@éﬁ?ﬁ&é@é‘[&gﬁ]ﬁnem (Hd idvei(isOpiovides )ca)ladﬁﬁound of formula III as

- n-

ARatiThed A atre VKIS BN OL s 1. SHhek SeBh R Enieiy and R

3¢ 8L Bt 2BhfmasduticAly ReGUBIGsANEHeRrug {Hare%ﬂ ot h er
enbddi nent the invention provides a conpound of

f or mulla an¢thasend@§nn¢mﬁx¢ inveotien previdss ﬁ cympeund of| rforﬁlula Il as

it i LA TR i

{'d?«{oe@c(aﬁgza%e&abfe-salﬂpr prodrughBerpdl =O) (R 109) O] n- H;
VVs CR114, N, or C-halo;, and R107 and R108 each
or a pRAPAhEEIRodEN) thedpvssiign Provides p campglf@rﬂ ol as

tReeaRh abme %%pr mb@% OB br NPE RPUYEOH: G'RE N\H dgRl R? is
a compound of formula 11 as described above wher ei-h

RL0D m@aanaoyuucaM@qcep@blq salRoOprofdmeheredflos is H, R104
is N 1l or r
R110, Tepadier o) AR OE brohs o cBmbbls gyt it as
Sdebéﬁbeﬂlabeib azﬂlkminX(iHNdeé 0as kyNH; AY AR SNRIHR
d qﬁ orﬂyla a _Spacific va& e
am%y ) N@N#Rzo %u ptR “aRs gché’fainé%allﬂg; ora

;ﬁ{an%c%&uéaﬁ e?%’ole%aﬁ @ffﬁ% tﬁéreg,pr mila Il, a
specific va For a conpound -of

formulla anothelapnmgumfnt t:hevavqméimii DYOVRIES 8 cpmpefind of formula III as
described above, wherein X is CH; Y is O, NH or S; R* ig Cl, aryl, NHR2°4,

NRZ¥R25, OR?%, SR, NHNHR?*, NR2“NHR2, or NRZ#OR; R2! is H, and R2®
is H; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein X is N; Y is O, S or NH; R* jg NHa; R¥ jg H, R*2 jg any
alkyl group containing hydroxyl; and R** is H; or a pharmaceutically acceptable salt or
prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein: X is N; Y is O or S; R*” is OR*”, NHR?*, NR*™R*?,
NHNHR?*, NRZ*NHR?®, SR?®, or C1; R?! is H or NHR?*; R** is a substituted
alkyl, moiety from a sugar with the proviso that when Y=NH or S and R?® is NH,,
OH, SH, alkylamino, alkyloxy, or alkylthio, the sugar moiety can not be from ribose or
2-deoxyribose; a moiety from a thio sugar; hydroxyl substituted cycloalkanes; or

20



For a compound of fornmula Il, a specific value for
R104 i sNR110R111 or , NR110-NRm R112 . For a conpound

w@boohosared a |1, a specific value for RL0O5 is HQ/NsR05/039072
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For a compound of fornmula Il, a specific value for

R107 is OH For a conpound of formula Il, a specific”

value for RL108 is OH For a conpound of formula Il, a

specific value for R110, R111 , R112 and R113 are
d@Rtituieds -p%l‘SHJhne ﬁlﬁﬂzﬁﬁé RAPeAHaR¥Y is H Ot alkyl; and R?® is

cycloalkyl. For a conmpound of fornula I, a speC|f|c

vadkylporfaqphapnarguiienligrccapiableesal ORpOdrts therepbrnula 11, a

20 eyl bt B TR e

cdwspibed dbode, fvbersd: X isIN; Yisspecs;R* mam%%s NoIR' ‘Z;LNRZO“R”

.W%Iﬁ{ G QGWOV‘? es oﬁgﬁmd% Stﬁ%%%pﬁi f g?ﬁ{}{lﬁeom © sugar

I R0
é‘rbt&%mﬁrt (}ﬁo%sd) %{gzﬁénl\l%g)\%% % aﬁN%NH%Zmﬂ% AP A H, RAGimino,

NG HRD 8y SROIDS SugSHmOiEN Aot HbapF or @fdsmmﬂwsmﬁ@ is H; R*

CRabs! S b R B0 bl e st oFocroe
ahkegbf. aryl, O NR204R205; R202 is a substituted aIkyI
nnlety fron1a S W t h he pr.Qvi en Y=
or aﬁ?G’QOF%‘?%m'@II ILggpecifigy Slﬁﬁl%cﬁéé lsﬁﬁl kyl oxy, or
al kyl U @ coldpBuriSrbrii®h Bl Ya HBALAE %lupﬁ)rfY ;sm) bf bose or
2- deoxyri bosé; a noiety froma thio sugar,.. h &X%H o
ora compound of formula III, a specific value for R™" is O R
NR?™R* NHNHR**, NR***NHR*®, SR***, or Cl.

For a compound of formula III, a specific value for R*is H or NHR**,

For a compound of formula III, a specific value for R*™ is a substituted alkyl,
moiety from a sugar.

For a compound of formula I, a specific value for R*® is H, alkyl, aryl, F, CI,
CN, CO,H or NH,.

Prodrugs
The term “prodrug” as used herein refers to a compound that can be

metabolized in vivo to provide a compound of formula I, II, or III. Thus prodrugs
include compounds that can be prepared by modifying one or more functional groups
in a compound of formula I, I, or II, to provide a corresponding compound that can be
metabolized in vivo to provide a compound of formula I, II, or III. Such modifications
are known in the art. For éxample, one or more hydroxy groups or amine groups in a
compound of formula L, II, or III, can be acylated with alkyl-C(=O)-groups or with
residues from amino acids to provide a prodrug. Alternatively, one or more pendent
hydroxyl groups from a mono-, di-, or tri-phosphate functionality in a compound of
formula I, I, or III can be converted to an alkoxy, substituted alkoxy, aryloxy, or

substituted aryloxy group.
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substituted cycl oal kanes; or hydroxyl substituted
5-pyrrolidine noieties; R203 isH, alkyl, aryl, F, d

wa@oesAb or NH 2; R204 is H, OH alkyl, aryl, PCT/US2005/039072
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-COO al kyl, CONH2, CONH al kyl, O C(O) -al kyl,

OC(O-aryl or alkoxy; and R205 is al kyl, aryl, OH or
al koxy; and pharnaceutically acceptable salts thereof
and prodrugs thereof. hi one enbodi ment the invention

provi dasnéerbodeent t}@ftelﬁxopﬂasuh@ ihdlhded 3 cdep6ind@HeraiR Qe or
wherein Yis Oor S; or pharmaceuti cal ﬁ¥ accept abl e

Sapte hyfrogy Serupg on A @P@é«pmdqﬁugwoweﬁa RRert > ¥Re hydroxy group)
dl{]a\(/g B&lb ocg)np e %ﬁﬂlpg %ggmgfab% ggiz Bivb td prdVide a compound

escri ove,

NHE2O I NR2D) 4RED 5F orl‘dHNHmO'zh,e 1INRRAGANPIRRIIBS a SRABINdatlieydin one
aryl , NR2040R205 R204ANO, or N 4. hi.ope
TRERATE FRSTORY FRUPT GOk P DR B OUEH Ao (EgnhOan O5p. hydoxy

f @b} havd bden¥5nEtLRE td Qe&tyﬁb@va-,ylaﬁﬁﬁé 6 R-G@R¥%p) Whetein R is a

nucl eosi de sugar group; or a pharnaceutlcally
Ferrpy-amled anine agd. prodrug thereof. hi anot her

enbodi IH%F% fntnggdl @Hteﬁlte'tgxgn @,rg gqﬁé}\%&s 9%6&%9\5\%1 Pherein one or

formula escerib erein
rmbependent biptyecyyl Igtmwe frof ahmomngy-; @-fdr tidpbosphats él;mctlonahty ina

ar abi no l.uor oar api nose;

S PR rriE L, & TGl R B hip R e Qr o gach Ry s

an&péh&@lﬂw 132(f daSd b MBS E or unbranched saturated or unsaturated chain,
3- di deoxy- 2, 3-di dehydrori bose;

o%@@};wns oBFPHPiShbIe 3 % 4.0 ﬂmc@sawnatwﬁ iappiirnslly replaced with
2.3 dlge MWﬁerQié%b BPfiBre i E0H ?&fﬁmﬁ?’ﬁoo%ﬁ‘faﬁg duBSituted with

i nvention provides a conpound o ornmu
otewc(FDb)edthaixm(eS) (\%ferlmfecbvmﬁm j E MddoGhemn. 1995, 38, 3941-50).

2- nmet Ir| ose bose; ., 2-de 2- fluor r|bose
ar abi DSBS ST SO AP G BAL & compoind Whtsi one o
2mSrePe AR NYdrHB8 Srouds ot LRENY; &, drliPhephalifiRtiBnality in a

2, 3-di deoxy- 3-fl uorori bose;
zcoalp@%@& rrpula L fil s AULds erveisaskto agrap R-N-; wherein each R; is a

residue of an amino acid. Thus, in the methods of treatment of the present invention,
the term "administering"” includes administration of a compound of formula I, II, or III,
as well as administration of a prodrug which converts to a compound of formula I, II,
or IIT or a salt thereof in vivo. Conventional procedures for the selection and
preparation of prodrug derivatives are described, for example, in "Design of Prodrugs”,
ed. H. Bundgaard, Elsevier, 1985; and in International Patent Application Publication
Number WO 2005/084192. A variety of prodrugs are also described in International
Patent Application Number PCT US2004/013063, which was published as
International PublicationANumber WO 2004/096286.

In another embodiment the prodrug comprises one of more groups of formula:

O
_Q]\P 0 _\il)/o 11_1116
I O—-— or
Op Ris 0 HR17
R1§ Ryg
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di deoxy- 3- azi dori bose; 2, 3-di deoxy-3-thiaribose; or
2, 3-di deoxy- 3-oxari bose. In another enbodi nent the

WO pwensilon provi des a conmpound of formula |11 B&SI/US2005/039072
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descri bed above, wherein R202 is thioribose,

2- deoxyt hi ori bose; 2-deoxy-2- fluorothioribose;
t hi oar abi nose; 2-deoxy-2-fl uor ot hi oarabi nose;
2, 3- di deoxyt hi ori bose;

2y Reréindeoxy- 2- quorothioarabinose

2, 3-di deoxy- 3-fl uorothiori bose; deoxy-

d| dehyRirs ¢t Hi Bkylppbdituigd alkyh ﬁmla%lbswutsd &, d:dﬁlﬁalm ﬁ%@mted
R S MR S8R et

R@d2niasnide ioidtr oxymet hyl cycl opent - 2- ene;

2 B T RSl 0B orgpﬁwﬁwmed

%bﬂdé&@lmmrbwpuﬁd RP;QQH?Hﬁogen CN -CO- Rzo, -CON(R31)2, -CO2R2, -
fl uoro- 3- hydr ox dr oxynet h opent ane;
BRI A- ﬂﬁa é&mmw Aty SRocyb Gt H0ORa0 -
| G
4S %ﬁﬁ %%E/ﬁ% hli FOXymE ?ﬁﬁ?e'o %’poén HorSRep: g Bys and Ry are
ChOhyctrt@i(Wmen hydigyrel dduttensetio ﬂ)nn anmlh:gmm;‘opﬁmmﬁm tonthiging one

SRRl 21475 & SOrRolnd Rl bRLIH b boston o the O
%ﬁm@dd% ymaniayﬁﬁawsr ot Rp}laﬁ@ R;ard célindyidd ax¥eséribed below;

hydr oxynet h pyrroI|
2] 3- hy‘ém a;@/ qﬁ%ncmmmﬁlynf@yﬂr dkylg piyb heterqeyelgpllylzaralkyl,

TofAlYy ¢ BE\%&HS? gﬁ’o%wlz g% &P&ﬂtf&nﬁ{fx sd%rstltu ed onocyﬁhc heteroaryl;

uoro- yrnet yrro
emdhh end R{mmmqmmted Vie an pdditionad A- Sparcczms teforma (cyd'p:cgmlq:,

(,i('{qtlfogélgsy | q%gallrlwllég 3@%;8*@%%%r ER o é@%&%ﬁecﬁéﬂl via an acidltlonal
P8 LAl foed byclio GERP! GitloRalbpédntahing bREhdterohtdRl 8AMR ¢ is H,
I n anot her enbodi nent the i nventi on provi des a

ot heferoeysloalkd. arpikylagptéimally ﬁ%apuﬁsbv@wcmgaéylwrx

ﬂﬁ&hﬁ' SibNite ﬁ%&goé ht ?ﬁggg § H and R3is H or a

ar ma eutlca AT or prodrug thereof.
Ry is alkyl, aryl heterocycloalkyl or arylalkyl;

Ry; is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;

Rj; is H or lower acyl;

n is an integer from 2-5;

m is an integer from 10-20; and

p is an integer from 2-3.

Prodrug forms of a compound bearing various nitrogen functions (amino,
hy&oxyamino, amide, etc.) may include the following types of derivatives where each
R, group individually may be hydrogen, substituted or unsubstituted alkyl, aryl,
alkenyl, alkynyl, heterocycle, alkylaryl, aralkyl, aralkenyl, aralkynyl, cycloalkyl or
cycloalkenyl groups as defined earlier.

(a) Carboxamides, represented as -NHC(O)R,,

(b)  Carbamates, represented as -NHC(O)OR,,
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I n anot her enbodi nent the invention provides a
conpound of formula Il as descri bed above, wherein X

WO 8ipNsG161 S; R200 is NH2; R201 is H and R203 PGI/HS200%/039072

a pharmaceutically acceptable salt or prodrug
thereof .1 n anot her enbodi nent the invention provides a
conpound of formula Il as descri bed above, wherein X
isN, Yis O R200 is NH2; R201 is H and R203 is H;, or
a_phar@pce L(P\ﬁ_gl@k&)ﬁlk@PG&Bhﬁ&%@, réprbdenell ap NOIT(OJORDEN O,
hi anot her enbodi ment the invention provides a
compoufl ofEresynes) r&pneﬁqntealsasd&ﬁ&&(ﬁ@alp%&r)@r wherein X

isN, Yis Ciﬂﬁﬁﬂg ' or S-alkyl; R201 is H, and
R203 is H or a pﬁ%$¥§@§ﬁ$T2a||y acceptable salt or
pr odr ug) t hedchdf Bades, repredehted ae AoORF Nt t he i nvention

provi des a.co u of forrmula Il.l.as described above
et oith x MR | Hacgy b FPTIOU aaPREBld 25
is H or a}ghgmﬂnggukygglly acceptabl e salt or prodrug

thereof. In another enbodi nent the invention provides
Frepaigionn f gichipsediug derjvativesgreidiseussadd vamensditeralies sourpes

I SN oY rheS re NH; ' : L 73 DH2y
Halyifhio Abattie e WGP Crffy S8ks, B0 AubhFaffibe .
Pr@GH Q0483 B @f30).hi anot her enbodi ment the invention

rovides,a conpound. of forpmula |11 as described above,
her eibiodop SRR ot Perbgyys STt indas sers
NHR2 0%([‘6:3@%2%56 the Ry, %‘OW&NE&Q&W %ose release in the
NHNHR204, SR205 or OR205; R201 is H, and R203 is H, or
Poghiatheerebueneyamaty e dadrobtice PEgEIseH vl G dheu @t tihermeaseutically
| ' t Y2 i i .a -
(oGS SyaR! IR il HERN R U BBSRNePacid oy of the
i BsoBHprevmawbn hirhtemars;salRR@E of str@ttureateydribedlbiRBddor et al., J. Med.
%%Ré%% 05, SR205, NHNHR204, NR204NHR205,
¢ 5, 0l is H and RR03 is H, or a
pharmaceutically acceptable salt or prodrug thereof.
I n anot her enbodi nent the invention provides a
conpound of formula Il as C)
RC(=0)0OCHN=—  x°

AN

R

Nucleoside Sugar Groups

The term “nucleoside sugar group” as used herein includes cyclic and acyclic
groups that can be included as the sugar portion of a nucleoside analog of formula I, II,
or III. Many examples of such groups are known in the field of nucleoside chemistry
(See for example Antiviral Drugs by John S. Driscoll (2002) published by Ashgate
Publishing Ltd.).

The term nucleoside sugar group includes substituted and unsubstituted
tetrahydrofuranyl and dihydrofuranyl compounds including those set forth in group (A)
below, substituted and unsubstituted tetrahydrothiophenyl and dihydrothiophenyl
compounds including those set forth in group (B) below, substituted and unsubstituted
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descri bed above, wherein X isN;Yis O S or NH R200
is NH2; R201 is H, R202 is any al kyl group contai ni ng

whyasosoibt and Ris H or a pharmaceutical ly aPCEpsSzbi/e39072

salt or prodrug thereof. In another enbodi nent the

i nvention provides a conpound of formula IIl as

descri bed above, wherein: Xis N, Yis Oor S5 R200 is

OR205, NHR204, NR204R205, NHNHR204, NR204NHR205, SR205,

Oalkflcpmpails e luding thokiRaP forthRa (geouﬁqcybawsmwwﬁ@d and

aIkyI nojety froma sugar wth rovi so that when
H&FG@Y&%& 1@3%1 ¢y qqﬂ@nylamnpsmdsan%WIa&ih%e set forth in

n%! DbeldH, sélkéﬁyll&&ha& ur%ﬁ‘l?sﬁﬁﬂ&fﬁlh @&? oIfiR

1'bose ‘or 2-deoxyri bose; rom’a

smgdrydrdwdpbdawl couipsundsineudioy tﬂosakdt &orésin goolpy(Eh bxly)bv and
subst i t 5-pyrrolidi e

oS S RS 0P, S e sty Slane, and
asueﬁpﬁta@ hed sraslibstidiited tidliblafe I:(fiﬁﬁf(ﬁlﬁﬂs intRd@RahERset forth in group
enbodi ment the invention provides a conpound of
fEVREIPY- 111 as described above, wherein: Xis N Yis
Oor S; R200 is OR205, NHR204, NR204R205, NHNHR204,
NR204NHR205, SR205, or C; R201 is H or NHR204; R202
i@Empﬁycleoside sugar group with the proviso that when

a1 ky! R RGPS R PR oo fnclude

Qhos%—odm@&yt{ds bq&esenﬁa@ﬁ thesgdieraRAAdtirss: H, or al kyl; and
R205 is al kyl; or a pharnmaceutically acceptable salt
or prodrug thereof. Faf, a conpound ofgformula I'll, a

specific value for X.i For a coqgg%ég/%f formula
11, a specific val uést i 29 or B, \Fer a. conpound
of formula 111, a spetifj ,value for R00 is OR205,

NHR204, NR204R205 NHNHR204, NR204NHR205, SR205, or
d. For a conpound of fornula Ill, a specific value

fSpeciRe @darhsled Inolnd 24 noFhited ©OHR TiaE cbapsunis
I1l, a specific value for R202 is a substrtuted al kyl,

HO o HO o HO o HO o
HO
HO OH HO HO F HO
v Ho_""i ) 7 v HO—"K ° 7

Bl w *q X_\z

HOHLC O OH
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30

noi ety froma sugar. For a conpound of fornula IIl, a
specific value for RRO3 is H, alkyl, aryl, F, d, CN,

wW@aRbIosrNH 2. Prodrugs The term "prodrug" as uBEHUS2005/039072

herein refers to a conpound that can be netabolized in
vivo to provide a conpound of formula I, IIl, or IIl1I.
Thus prodrugs include conpounds that can be prepared
by nodi fying one or nore functional groups in a
cormpwnd of formula I, I, or Il, to provide a
corregﬁfndlng congound that can be netabolized in vivo

to pr dixagwles of systitnied tetraliydrathipphanyl and dilgydrethjophenyyd 1
l%)'uﬁ H&e B6& &b n&sf}e%qﬂ%&n@é’dtb O kel %‘h&ureé’” €
roxy groups or ps In a conpound
of fornula I, Il,gor I, can beRacyIated Wi th
al kyl - C( =0 - group§ 'th esi du om am no aci ds
to provide a pr . Agtg?natim I one or nore
pendent hydroxyIK rloyp&7from a nono- di-, or
tri-phosphate functronality in a ound of formul a
| Spepific egpmples inghude, gt é@ﬁ@éi/m@éd t0@t ]éwmyompounds .

substi t ut al ko oxy o ubstltq§ aryloxy
group. I n one di ment tefﬁ\€¥3ﬂ}ug [ es a
conmpound wher one or e hydro gr oups

nucl eosi de ﬂngarogroupﬂde g. a2, 3, or SK)hydwoxy
group) have been converted to a group that can be

met abolized in vivo_to provide _a conpound_of fornula
I, 11, oﬁmlwi ﬁ?r%&‘NEfifth% i t £ oniPryyis a
conpound whenei i one or\nofe hyd?ggffﬁgou §_§%127s
nucl eosi de g ggan Pou Je. géfé 2"y 3 0% 5' hyQﬁpxy
group) have been converted to an acyl oxy, acylamno or
R-O grou mhereln R isy8 ar@o y- |Iﬁ6 am o aci d.
In one e o , the ter I nc

compound wher epe or ndeﬁ% hydk bﬂgﬁpups
froma nmonogo di%, or trHOPbﬁospthFate furH:ilormilty in a

Group C

Examples of substituted alkyl compounds include those compounds represented

ol
13 Hy

by:

09 N ao 0-CF-ory
—p- H; ji OR
HC=P O O—C -P—ORy !
ORu 6Rn
FYREES
R.13 O W and o
Hy 1
0-C -P=ORyo 00
R]z HZC—II)—ORIO O
R12 [l
HZC—II)—ORIO
Rz )
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conmpound of formula I, Il, or Ill is converted to a
group Ry-O; wherein each Ry is independently a 1-20

W@ 2006/0801br anched or unbranched, saturated or PCT/US2005/039072

unsaturated chain, wherein one or nore (e.g. 1, 2, 3,
or 4) of the carbon atons is optionally replaced with
-O or -S- and wherein one or nore of the carbon atons
is optionally substituted with oxo (=0) or thioxo (=9
(Seeificekahpleeineiudalbut axk.nobiititeChog e 38&HIng 38mpounds:
3941-50). In another enbodi nent, the term prodrug

i ncl udes a conpound wherein one or nore pendent

hydr oxyl groups frpma nono-,| dis, or tri]-phosphate
functionalfty in a ©npound ofyYofmula ¢, Y1, or Il

is convertedoto a grlaup R -N-;owher & qach Ris a
resi due of,cam-ami no adid. Thyst—jroghe et hofisqgf
treat ment of jyhe presenti inventibn, the term
"adni ni stering" incl¥¢ed Qfninistration of a’compound

of formula I, 11, or 11 PH as well as admi nistration of
a prodrug which converts to a conpound of fornula I
Idrou®D |11 or a salt thereof in vivo. Conventi onal

procedures for the selection and preparation of
pr odr Jixangptes wésubsawitedregcldelkyl andegeloflienyd xampduwnds include those

' Prodr ', ed. . H Bundgaard, Elsevier,
£ %)gﬁ]adr?ggl?rﬁgeP%fl %ﬁ%ﬁ %ecl)lﬁ%ail }s_tlﬁ"é:ﬁlérﬁ% Application
Publicatign Nunber WQ 2005/084%92. A vari%;y}af
prodrugs a | so dgé%izféd in rnation at ent
Appl i cat k9 nber S2004/ 0 3, 2"hhike ,
publ i she&¥ag r} nt er nati onal PuBFigasion N mqab
2004/ 096286. |1 n anot her enbodi nent the prodrug ‘
conprises one of nmore groups of fornula:wherein: R15
iSpedific gkamyples inolyde. ibutiare dotlirkiged toathg follesings corbprvads:
aryl, cycloal kyl, substituted cycl oal kyl, hete%garyl,

subst i t ut edohgt er oar yb—~het er,o i c, subgtiy utjed
het erocycl i c, an am ci d; M H o ally
substituted nopeeyclic aryr or opt¥enally supst]tuted

monocycl i ¢ hei@roa®y| ; and RL7 isud, Haogenlo CNou
-CO R20, -CON(R2i)2, -C2R20, -

HO HO HO HO
Q CH, Q CH,F C Q
HO OH (0] OH

H o8 HOH,C OH

HO
CH; S
F HO F

HO
R == CF, N -
HO OH HO

HO

Group E
Examples of substituted dihydropyrrolidinyl and tetrahydropyrrolidinyl

compounds include those compounds represented by the general structures:

R 1%3 Rl 1%3
and
Rg Ry \__
R R’ ’
Rg Ry
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SRR20, -S@N(R2 1)2, -OR21, -SR2 1, -R2 1, -N(R22,
-0-COR 20, -0-CO 2R20, -SCOR 20, - S-COR2R20, - NHOOR 2

WA 2006MKTRPR2 1, - (CH2) P-OR22, or -(CH2) P- SR22; POT/URDES/039072

and R17 are connected via an additional 3-5 atons to
forma cyclic group, optionally containing one
heteroatom that is fused to an aryl group at the beta
and gamma position to the O attached to the

hesificekampleoinciié, i dreRbBliaited &) thedoll@dingSokk §1ﬁfdis:bed
bel ow; R18 and R are each |ndependently H aI

aryl, heter | lpy| HO aI
substituted nondcyclic ary optl on I I substltut ed
nmonocycl i ¢ het eroarytts or R ar cted via

an addi tional 395 aPBms (8 f o/ a cy&i ¢ F oup,
optionally cont ai ni ng O- 2 het eroat ons; or R17 and R18

are c i a aHOayd] naHO3x\5 rat gns of ma
cycli Wptl onaWt ai ni n§ one Bgd er qat
Ris H al . aryl, het cl oal kyT. _aral kyl ;
optional Iy sulS¥tit utiOf 2%n cli cHQr yl O%r optHOonaFI y
substituted nonocyclic heteroaryl; and R20 is al kyl,

aryl, heterocycloal kyl, or arylal kyI ;s RR 1is H,
F aryl, heterocycloal kyl, or arylalkyl; R22 is H

o Lo A RS Rgtﬁtﬁ{“séamlmné sipstituted
Rlithitiarg cbﬂipﬁﬁndsfmc&udwhmltﬁﬂlpbmﬁrs ir€tfeseated sthdﬂgdnéﬁgﬁﬁmtures

functions (am no, hydroxyam no, am de, etc.
i ncl ude the foI I ovm ng types of derl vati ves \/\,here each

Rp group indi W may bEgh gen suh‘gtftfed or

unsubstituted aryl kyn
het er ocycl e, Ral ryI ara arfal kynyl ,
cycl oal kyl or cycl oal kenyl gr ups as defined earlier.

Specific examples include, but are not limited to, the following compounds:

Y TN WY

For the structures in Groups A-F, the following definitions apply:

R7 is H, ORy4, N3, NHj, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R';
together may be =CH,, =CHF; wherein both R7 and R'; are not OH; and when one of
R7 and R'7 is NHy, the other is not OH; and when one of R; and R'; is N3, the other is
not OH; R7" is alky! or substituted alkyl.

Rgis H, ORy4, N3, NH,, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one of
Rgand R'g is NH;;, the other is not OH; and when one of Rgand R's is N3, the other is
not OH;

Ry is H, CH3, C;Hs, or Ns;

28



(a) Carboxam des, represented as -NHC(O R p (b)
Carbamat es, represented as - NHC(O OR p(c)

w@ 2owgloamy) al kyl Car bamates, represented as PCT/US2005/039072
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NHC( O) OROC(O) RP (d) Enami nes, represented as

- NHCR( =CHCO2RP) or - NHCR(=CHCONRpRp) (e) Schiff Bases,
represented as -N=CRPRP (f) Mannich Bases (from

car boxi m de conpounds), represented as RCONHCH2NRpRp
Pr eparR} is@ii%0d¢; 4, UHHF, QHoSH UGHBOH, CaiONes are di scussed
in various literature sources (exanples are: Al exander
et al., g. Med. Checr)n 1988, 32% 318; Aliggs-l\/artin et
al ., lRCTiWO0041534; 1 p. 30) . HPr adr ug f or et of .

car boxyT i pedti ng cofpidimds i Jr;u:ﬁ Q68" Bsters’ (2o2R1n)

where the 'Rm group ¢oFresponds o any al cohol whose

I ' h . z tic.or. hydrolytic
or ocoage et i BEH iR IR, i) StbitEath
Iaeybb(yalkﬂ;mmlfieb)nr(wdﬂu)gpmr ibved fr O{n anc?r bg;(llylt [ ;: agi d
Lo T e o HRERE DS bt TG Rl
£ Nucl eosi de Sugar Groups The term
']'(%Eg?ogg%ygé@gzﬁggpwgr oug'gas used herein includes
Y

cycl i Riaisdldey=s Colds, §bipSH Gl CHaH AR GHh€HuQH CEENs, he

r bl of |.e@si anal og of formula I, 11,
Z(?ﬁﬁ}fzﬁg’l\g%ﬁ%% é’ﬁgrfégﬁé %ﬁgﬁ groups are known in the
fi el dRafistHicl eosi de chemistry (See for exanple

Y -, Joh . Driscoll (2002 ubl i shed
Qgt :A\s/ hjag{l%g&i%ﬁmg% %)8 a[g;pglpjn_m oSf formuleg LRy 1)s rgplaced to form a

pharmaceutically acceptable prodrug, for example, a prodrug selected from the group
consisting of: acyl, oxyacyl, phosphonate, phosphate, phosphate esters,
phosphonamidate, phosphorodiamidate, phosphoramidate mono ester, cyclic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, C(O)
CHRsNH,, '

0]
_Qi)/o ‘_\i[)/o 11_1116
I T— and
O\J© Ris © Ry7
Rig R, 8H

wherein:

Rys is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, or
an amino acid;

Ry¢ is H, optionally substituted monocyclic aryl, or optionally substituted
monocyclic heteroaryl; and Ry7 is H, halogen, CN, -CO-Rzo, -CON(Ry;),, -CO2Ry, -
SO2Rz0, -SO2N(R21)2, -ORa1, -SRa1, -Ra1, -N(Ra1)2, -O-COR2g, -O-CO2R 29, -SCORy, -
S-CO2Rz0, -NHCOR;1, -NHCO,R 21, -(CHz)p-OR22, or ~(CHy),-SR2z; or Ry and Ry are

connected via an additional 3-5 atoms to form a cyclic group, optionally containing one
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The term nucl eosi de sugar group includes substituted
and unsubstituted tetrahydrofuranyl and di hydrof uranyl

w@eowposmes i ncl udi ng those set forth in group BEY/US2005/039072

bel ow, substituted and unsubstituted

t et rahydr ot hi ophenyl and di hydr ot hi ophenyl conpounds

i ncludi ng those set forth in group (B) bel ow,
substituted and unsubstitutedal kyl conpounds i ncl udi ng

hBRRB0RE hdt & fuled tB afl %{%11' Prc(u@at BRIV and Yhskiatpékieidn a6 1the O

unsubsti’tuted cycl oal and cycl oal kenyl congounds

atighediothe plm;borgstorﬂ?or a1idl Rin ammpecﬁ}i)as@@;s below;
bst i)t ut e
L R PO P e P, 2

opfiédally @ulg;tlﬁlﬂem ﬂl&)ocbelliwamyl m'(qbtlsndj]ytsubsjitlﬁdd modocyclic heteroaryl;
unsubst.i tuted di oxqQl ane, substj gted 3 ? unsub tituted
PRReoas Rieare sARPeSt?s $13 31 ASHOLA o N efic group,

@lbﬁgﬂaﬁ %Gﬁaﬁi R%RPEI AStSrohidedsy 64 IQQ ah# RS Ears Bénrlcoled Rial #h additional
gt oup Group A Exanpl es of substituted

Bet attaimy m fonamccyqlqugraquwanguy copiFpoRgens hetreoatera ap Baweis H, -

L R e e
bph&ﬁmy@@hﬁﬁﬂ@bm&d@@éh@h@mﬁmﬁkan@les of substituted

t et rahydr ot hi ophenyl an i hydr ot hj gphenyl conpounds
inclu OFH@§£ Eg e ] ﬂP@ ? éﬁ%%%ﬁgy t he genera
struc [ ﬁgﬁgph 1,i0R&: 1; but are not
[im ttg ESH aﬁhgg%% 1%8WI ng cgﬁl'poun I?E”Gr oup C Exanpl es
of suE@im&LW@dW@H«WL conmpounds |nclude t hose conpounds
represegteglb :é&%% |c exanpl es include, but are not
limté&d ?% e Ow ng conpounds: G oup D Exanpl es
of sulbsisiahuiteger doad bRPRBydndand cycl oal kenyl conpounds
i ncl ude those cg oq?ds represented by the genera

st r ucPds @ integer from 2-

In one embodiment of the invention, R* has the following formula:

Z300 X l’?,zé

R303 R300
R302 OR¥!
wherein:
R*® is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, or
substituted alkynyl;

R is H, alkyl, -C(O)alkyl, or aryl-C(=0)-;

R3® is H, OH, -Oalkyl, -OC(O)alkyl, benzoyloxy, -CH,OH, CH,NH,, N3,
CH,N3, or NHy;

R3% is H, OH, or NH,; provided both R** and R*” cannot be the same group
except hydrogen;

X is O, S, NH or CHy;
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Specific exanples include, but are not limted to, the
foll ow ng conpounds: G oup E Exanpl es of substituted

waledvgdsapyrrol i di nyl and tetrahydropyrrolidi nyPCT/US2005/039072
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15

20

compounds include those conmpounds represented by the
general structures: Specific exanples include, but are
not limted to, the foll ow ng conpounds: G oup F
Exanpl es of substituted di oxol ane, substituted

t hi oxoiene _@upel=enaethdLl-ed ot J@}BL[@(I:E{))(R HHoLAR,;

i ncl ude thg% e conp ounds rep resent ed t he general

st r uctea¢leB: Sp@@ﬁpﬁmienﬂx%l@élkb’het t%eb)blhy,are not

St ructHPLR | R EeRy PO ARRBP RO 7 ¢ on

appl yniR®o, 1,2, bk 3.0R14, N3, NH2, or F and R7is H F,

Sljbstc}llglﬁg%l ba‘f‘{k‘@?ﬂfl"fﬁ’ﬁ?%h@‘?%ﬁgp E%@lf’al kgﬁgfﬂ‘\]ar(ynyl

or R7 and R together may be =CH2, =CHF; wherein both
R7 and R 7 are not OH, and when one of R7 and Ris
NH2, the other is not G¥°<and one of R7 and R 7
is N3, the other is not OH al kyl or
substituted alkyl. R8 is R®ONH2, or F; and R 8
is H F OH Oalkyl, alkyl,/substituted al kyI

al kenyl, substituted al ken;R3°2 QR(ynyI or substituted
al kynyl; or R8 and R 8 together may be =CHz2, =CHF;

wherei n_both R8 and  a0gh e f
AL §%°ﬁ@3{3§%9%3@ Bt G S0l CFs 2
3¢7 B3 A7 Rg 07 308
S 1N S YU K
Emdm-@OHZZ,OrHZ H2 P1 - C-OP-O?IO' - OCP -

RI0 4 anStmer Lo SRiehiPor thd in(fen_ti%l,c‘Rzl tas #R fg‘l?owing formula:

7300 « ‘71/1‘
R303 R300

R302 OR3!

wherein: R** is H or alkyl; R s H, alkyl, or benzoyl; R** is OH, or benzoyloxy, R
is H; X is O, S, NH or CHy; Z°® is -O-[PE0)R*")0-]n- R*®, or -CH,-[P(=0)R**)0-]-
R3%, each R is OH; each R*®isH; andnis 0, 1, 2, or 3.

In another embodiment of the invention, R? has the following formula:

2300 « ,,L"/L
R303 R300

R302 OR301

wherein: R*® is H or methyl; R*” is H, methyl, or benzoyl; R3? is OH, or benzoyloxy,
R is H; X is O, S, NH or CHy; Z*% is -O-[P(=0)R**")0O-],- R**®, or
-CHo-[P(=0)(R*)O-],- R*®; each R’” is OH; each R**®* is H; and n is 0, 1, 2, or 3.
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OR n OR 11 R12 R12 R10 and Rl11 are each independently
H,  al kyl, aryl, substituted aryl, acyloxyal kyl, or

w@ aigpsiex (CH 2)nCH3; 0 R12 is an N-|inked am PoI/as1005/039072

10

15

residue (e.g. -NHCH(CH 3)CO 2al kyl or - NHCH(

i sorropyl)-CO 2al kyl); R13 is H, CH3, C2H5, CH2F,
CH2OH, CH2CH2F, CH2CH2OH, CH2N3, CH2CH2N3, CH2NH2, or
CH2CH2NH2; and R14 is H 5 In one enbodinent, for a
CONPOURGnetherf saibdtingent of thl #hvérsion S e 6@ fblqbvhﬁg rfdula:
pharmaceutically acceptable prodrug, for exanple, a
prodrug sel ected fromthe group conS|st|ng of : acyl,

oxyacyl, phosphonat e, pQQﬁphate osphate esters,
phosphonam dat e, phosphoro phosphoran1date
nono ester, cyclic phosphoraii €, cyclic

phosphor odi am dat e, phosphor ate diester, C(O O
CHR15NH2, wherein: R15 |S|¥¥3ajkyﬁw substi t ut ed al kyl ,
aryl, substituted aryl, cycloal kyl, substituted

cycIoaIk + heteroarx& subst i t ut ed het er oaryl ,
hekeeiac fel i H os abiak iR (tieH dielkeah dos karidgepresentddy -aris msingle or

aacﬂéirb%e%londﬁ('_g trllﬁ%?bﬁé pubst btc[? f&'g g&g%w of" g'

or optiona stltut nonocy ryl;

RCH,H[®EO)(RY )@g]gnw"bmachw iazm eaamle% H,)azud ri€02R200r 3.

"o oo e haTUs restyT heierseon. X s fredRania | NcoRe 1

N&Q@Eﬁ@cﬁp_()g@tmf OR22, or (CH2)P SR22; or R16 and
R17 are O connected via an additional 3-5 atonms to

forma cyclic group, optionally contalning
onehet§g9aton] that isy used to an ar group at the

beta and ga SQ%IOH to he 0 ‘1£
BnO OBn

BnO

OCH;
HO
Oo. s HO
bz'? ‘?{, HO S y
- °f Xﬁ
CHj

Synthetic Processes

Processes for preparing compounds of formula I, II, and III or pharmaceutically
acceptable salts or prodrugs thereof, as well as processes for preparing intermediate
compounds that can be used to prepare compounds of formula I, II, or I or
pharmaceutically acceptable salts or prodrugs thereof are provided as further

embodiments of the invention. For example in one embodiment the invention provides
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attached to the phosphorus; or R17 and R18 are
connected as descri bed below, R18 and Rl are each

wo pbepsmeent |y H, al kyl, aryl, heterocycl oal kyPCT/US2005/039072

aral kyl, optionally substituted nonocyclic aryl or
optionally substituted nonocyclic heteroaryl; or R18
and R19 are connected via an additional 2-5 atons to
Lorm a cyclic group, optionally containing 0-2
et
2 418 o gww%%a g %@&gutﬁéaﬁ%gg&g% r&%ﬁb?&ﬁé}?(ﬁlﬂ@%ﬁ' formula I,
upbi I@n abmynm@ ta@iveiting acosrespohding avmwpowndchf Rirgnulas], H, or III to
al kyl , aryl, heterocycl oal kyl, aral kyl, optionally
58kt t ut ed nonocyclic aryl or optionally substituted
NONOC {Cdrofhel %fn%&lﬁfeﬂﬂ the ﬁﬂ'@nt&l(brbﬁd@d dayibthod fc)ﬂp;repanng a prodrug
het er ocycl oal kyl lalkyl; R2 1 is H alk
lafyqumméro@&qrmu@al F(Ifo b EoTaPIIRg KGfIvertinga cpgfefmoaqhng
ovver C m2-5; mis an integer
Ufgogéomuléflﬁgghg{r?etgﬁé ege “from2-3 . In one )
ferrb od l[rmﬁmﬁhe@ fembhﬁmem/tha frivenjonRRovides 4 methbd Ifcbrqm':mg'ng a
or mu er . R3 i s al.kyl, substituted al
splvaeww fﬁt}a&&? bo 8aﬁg|°R@Bng dpnr0ireAne agoreapond; "Eéu"f’@é"’““d
%k Mﬁia’l 3391*1111 tﬁaﬂdon@hkéé' one oA} Aprspekting®groapsytb pedvidd the
H, {I:HZ O( O al kyl, benzoyl oxy,
cGHE@ndOCﬁlfQINHQaIIiBOYf N3, orNH 2, R303 is H, OH or
NH2; provided both R302 and R303 cannot be the sane
group except hydrogen;
Synthetic Intermediates

The invention also provides synthetic intermediates that are useful for preparing
compounds of formula L, IT, or IIl. For example, the invention provides novel synthetic
intermediates such as those described in the Examples herein.

In one embodiment the invention provides a compound of formula:

(P)R?

wherein: R is chloro or bromo; R! and Y have any of the values defined herein; and
(P)R? is a nucleoside sugar group bearing one or more protecting groups.

In one embodiment, the invention provides the compound: 2-(3,4-
Bis(benzyloxy)-5-(benzyloxymethyl)-tetrahydrofuran-2-yl)acetonitrile;
2-(6-((tert-Butyldiphenylsilyloxy)methyl)-2,2,3a-trimethyl-tetrahydrofuro[ 3,4-
d][1,3]dioxol-4-yl)acetonitrile; 2-(3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-3 -methyl-
tetrahydrofuran-2-yl)acetonitrile;
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Xis O S NHor CH2;Z300 is -O[P(=0 (R307) G ]n-
R308, or -CH2-[P(=0 (R307)O]n- R308; each R307 is

w0 pepsmeent |y OH, -Cal kyl, or -OC(O al kyl ; eardiIl/B31385/039072

i s independently H, alkyl, or -C(Oalkyl; and nis O,
1, 2, or 3. hi one enbodi nrent of the invention, R2 has
the following fornula: wherein: R300 is H or nethyl;
R301 is HHR302 is OH, R303 is H X is O S, NH or CH2;

Zﬁ@h-ﬂ?ﬁs &z} 1Bk HI- b éih lﬁ,g?%th —rtetrahydrofuran-Z-
2

each OH each

O (R307
Rébsetp@%ﬂe)é(ﬂd(ﬁ%@yls)XY)iS -(benzydoxymethiyl)- %rmhm:ry-tetrahydroﬁlran-Z-
|
PR RAL 2s MUS AN n FB3e]44 Bcnicics
a(B}éyBl,s(b@nzylb@Wzdy(lbﬁnzl?Bﬁ&nieﬂlym ethy]-torsizydyd fovay;2- ﬁ?%g’ﬁohﬁnle'
O, n-
i 3-gainbrp. %%%def%ﬁ%m DI 2y furan-

eﬁ@dﬂbcﬁ%@ﬁe i3SAHino g3, ﬂbhs%be%zylayég% (Béﬁzﬁoxﬁﬁeﬂ?ﬁ}l{e%ﬁydroﬁlran— |

enbodi nent of the invention t'he fol I'ow

oy iras: 2-gavbenitrie; Fdag §-aminptddd %s@?ymzylmm (bsquiloxymethyl)

Sty QRGP o0y R, PR 4B
%Q&yloﬁﬁmet@gﬂq—ﬂéﬂﬁ@(eﬁ%mﬁuﬂan-z -A308n;2- eagb?iﬁﬁéa)?é%ﬁg?o-&
SR E e o0 R OB B R erhe g g oran 2
fc,@fﬂéhitﬁle WARKiRbA-(3 Rs&gtbbﬁzyld g; S%éﬁékrﬁoxﬁ%@ﬁy )B- éﬂhﬁf

t he bond represent ed is"a single or

d droBipi2-yR fimen-@rcaghoniipilep Ammo 42@0113!5111692}’10?(3’) >-

[y T,

R30®B0+4s(3Hnethpds- (triitﬂo@methylﬁz 5&1‘1h381r0ﬂ11‘ana’3191t)ﬂ1wn-2 carbonitrile; 3-

?
HRBe DRt BBletson 5 Ceyalirtetsy Brot S bade ippe dod aigphene-
fzoéarﬂﬁh@cﬁ&f B%ﬁ@@@ﬂﬂﬁ(ﬂéﬁzﬁ&{%L@eﬁzyldﬂymeﬁ% 3 ddeth-

Qgt%%ggr%?ulglll-g ayll)lthlophene 2-carbonitrile; 3-Amino-4-(4-(benzyloxy)-5-
(benzyloxymethyl)-3-methoxy-tetrahydrofuran-2-yl)furan-2-carbonitrile; 3-Amino-4-
(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-methyl-tetrahydrofuran-2-yl)furan-2-
carboxamide; 3-Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-tetrahydrofuran-2-
yDfuran-2-carboxamide; 3-Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-
methyl-tetrahydrofuran-2-yl)furan-2-carbothioamide; 3-Amino-4-(3,4-bis(benzyloxy)-
5-(benzyloxymethyl)-tetrahydrofuran-2-yl)furan-2-carbothioamide; 3-Amino-4-(4-
(trityloxymethyl)cyclopent-2-enyl)furan-2-carbonitrile; 3-Amino-4-(5-
(trityloxymethyl)-tetrahydrothiophen-2-yl)furan-2-carbonitrile; 3-Amino-4-(2-
(trityloxy)ethyl)furan-2-carbonitrile; 2-Amino-7-(3,4-dihydroxy-5-(hydroxymethyl)-
tetrahydrofuran-2-yl)furo[3,2-d]pyrimidin-4(3 H)-one; or
7-(3,4-Dihydroxy-5-(hydroxymethyl)-3-methyl-tetrahydrofuran-2-yl)furo[3,2-
dlpyrimidin-4(3H)-one; 7-3-(2',3',5"-Tri-O-benzyl-D-ribofuranosyl)-furo[3,2-
d]pyrimidin-4(3H)-one; 4-Chloro-7-6-(2',3',5'-tri-O-benzyl-D-ribofuranosyl)-furo[3,2-
d]pyrimidine; 7-6-(2',3',5'-Tri-O-benzyl-2'-C-methyl-D-ribofuranosyl)-furo[3,2-
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acceptabl e salts or prodrugs thereof, as well as
processes for preparing internmedi ate conpounds that

weameosolesed t o prepare compounds of fornula |PCT/US2005/039072

I'1l or pharmaceutically acceptable salts or prodrugs

t hereof are provided as further enbodi nents of the

i nvention. For exanple in one enbodi nent the invention

provi desa nmethod for preparing a pharmaceutically

%ﬁﬁﬁ&hﬁl‘ﬁl 8(33Bohe0f-CERINOLAIG" 9f5' &Qmwnayltz -d- h‘petl'BI[-]j-l I

nprising converting a cor respondi ng ¢ ound

fl@mﬁnaao -fiuo[3, M]nmmldmet ¢7e/- é?aﬁntylpny)atﬂw fueo[3,2- d]pynmldm-4-
gglnent the invention provides a nethod for

preparing a prodrug of a conpound of formula I, Il, or

I1l, conprising converting a correspondi ng conpound of

f rhula Il,.qr 11l to the prodrug. |In another
é%gggﬁﬁgﬂﬂgﬂﬁ@Lﬁﬂﬁgntion provi des a nethod for
pr epart Rl Be £ hodckieian the akt! that%m:gpﬁnds of the invention

conprising deprotecti'ng a correspondi ng conpound
fhavnglazchiral qepter may exist intaad be mmdsle@pbwély@pnmmi racemlc

PR A N, R RO 8 TR o

qu&ant;inwitida sn@mqiak&eh hgy raﬁélﬁrcnqﬁioallﬁﬁcttd&apolﬁﬁlerpﬂi&ﬁ tatomeric,
f or gParlng ounds qﬁv{gggula I or IIl, For

X SIFETOLOMeRE 19Ty, Sh T Rey f aﬁewpu%%ﬁﬁth%mvemwn (c.g.a

| B PbiREd PFbASulS 1Al 0@$II)t ReSD fIeRes He %geﬂlfbrt)ﬁ@'nm}%a herein,

herein. hi one enbodi nént the invention provid
dbbprpetivvell browmingthe art howiée pienare Rptieallyhictyaofoons (fpnmmpm by
flne her ei.n

AN DAL sl NS IS B EIeC Y ARl B

ppttabtictige saning matdrmlsohy, cmﬁi @ylmth&iﬁ; or bil&]rbm\mgiapﬁia

provi des the co

g?@%&w}n@wﬁﬂrgp TRy AEIAPy o deterapigemngi-virsler auty
hisee bty Tuksn® the standard tests described h th

s el e V1 a phenyT S Ty oy ) matiy g Cgieg similar fests

tvﬁyq:h e el hpewa inithe g, 4lthough the invention includes a11 1someric forms of

the compounds described herein, one embodiment of the invention provides

compounds having the absolute stereochemistry depicted in the Examples hereinbelow.
For example, it would be known in the field of chemistry that a compound of

formula I:

@

wherein R is OH would form a tautomer of the following formula:
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d\ [1, 3]dioxol-4-yl)acetonitrile;
2- (3, 4-Bi s(benzyl oxy) - 5- (benzyl oxynet hyl )-3-nethyl tetr

w@bopdoafiar an- 2-yl)acetonitrile; PCT/US2005/039072

2- (3, 4-Bi s(benzyl oxy) - 5- (benzyl oxynet hyl ) - 3

-nmet hyl -tetrahydrofuran-2- yl)acetonitrile;

2- (4- (Benzyl oxy) - 5- (benzyl oxynet hyl ) - 3- met hoxy-t et rahy
drof uran-2- yl)acetoni M e;

2-(3-Methyl -5-(trilyl oxymet hyl) -2, 5-di hydr of uran- 2-yl)
acetonitrile; 2-
(3, 4-Bi s(benzyl oxy) -5-(ben

ydr of uran-2-yl )acetonitrilg;
, 4- bi s(benzyl oxy) - 5- (benz
2. yl')furan- 2-carboxyl at e;
3- Am no- 4- (3, 4- bi s(benzyl oxy) - 5- eBenzyFoxynethyl) tetr
ahydrofuran- 2-yl)furan-2+&tarbonitrile; Ethyl

3-am no-4- (3, 4- bi s(benzyl oxy) - 5- (benzyloxynethyl)
dcperdingly. tlee invgnjign sfclirdgs ald taptopfieiria ferms ofiths srmppeursls of

bi s(benzyl oxy) - 5-
%Hénf% bxynéﬂﬁil) 3- et hyl -t et rahydr of ur an- 2-yl ) f ur an-
Phamrabamc‘ar Compostiohs] Modes-of Administration and Methods of Treatment

ydr of Ehia%reggfﬂsg@ﬁ%ﬁ PEVIEA BT Fg%e)gegergl to¥mata f, iana
m deeitdd Bovh-WHisH e li}mlfz%yaf PBNALERAZY Mvﬁ&fp\ék;)me’%as%& and

tetrahydrofuran- 2-yl)furan-2-carbonitril
gnt,nqqtpm.ager(tg Yaryus (@rars0f IBY¥A pndRNA viral polymerases are inhibited by

@}%33%%‘6\18&9’ J%Jl )su% éﬁ%? £§€i¥n”‘?edh[¥ IVlralt lg&I{pash¥H [ gofnlil]g;o%lqu of
Ar p’rEBeﬂt- dl&ldmtd‘tﬂﬁbrgﬁ)ré haveltlyﬂlqgm%ﬁyg én(ﬂorﬁ)réﬂehﬁﬁﬁ Pitdlr an

t -
lfzzf %Pg% aﬁ% 6@&? r t%g%&é%?}eﬁ/%mmiﬂ% 3 Vetmsy af Hygro statpngnd/or

conditiodsth Rl BY @r radatéPdoRaMh ik liffections. In one embodiment, the
3- Ami no- 4- (3, 4- bi s(benzyl oxy) - 5- (benzyl oxynet hyl') -
corpeUads atw@p@i mrtheaboye montipnegdjtrating andéenmvenenting bjemhlbltmg

At RS DN R BIRHARI, Sicn virgl agents include. bt sre mof it

hepatisis [Bo hepatitib €, hlﬁna‘iﬂhﬂmm@deﬁclency virus, Polio, Coxsackie A and B,

(Bt Bl ReOEYL OB Lo, (RGREXL Oty )3 e s oLt e
3alﬁmlmgém(&*tﬂema$ (ﬂ@e@izﬂil@%ﬁaﬂ%ﬂsbenzyl oxynethyl)-tetr

ahydr of uran-2- yl)furan-2-carboxamn de;

3- Ani ABe pregant 4&@9@1@99@;4@@@)&09@@9@% th genste formuds (1, 11,
c;)mtﬁ' h%tpzn%%%%l& ceﬁc{e i y%m)éh }&H{»’%‘Hnga BRERALRATY Fhctive

amount of at least one compound of general formula (I, II, or III) as described herein.

hyl)-3-ethyl -tetrah

hyl am no-4-(3

t hyl|) - t et rahydr of ur an-
Z

Such compounds and/or pharmaceutical compositions may be used in the manufacture
of a medicament for treating and/or preventing a disease or condition in which it is
desirable to inhibit a viral RNA and DNA polymerases. Such pharmaceutical
compositions may also comprise a pharmaceutically acceptable carrier and other
ingredients known in the art, or may comprise solely a compound of the general
formula (I, I, and III).

The pharmaceutically acceptable carriers described herein, including, but not

limited to, vehicles, adjuvants, excipients, or diluents, are well-known to those who are
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5- (benzyl oxynet hyl ) -t et r ahydr of ur an- 2-yl ) f ur an- 2- car bo
t hi oam de; 3- Am no- 4- ( 4-
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;  3- Ami no- 4- ( 5-

(trityloxymethyl)-tetrahydrothi ophen-2-yl)furan-2
-carbonitrile; 3-Am no-4-(2-
(trityloxy)ethyl)furan 2-carbonitrile;

t et r ahygir o u?éﬁgéﬁj}y ql;@%?%rrﬁfc%n%&'il? tt"{rpr)lyé d%aﬁrlzr 1§ I_Eemlcally inert

dgo the active compounds and has no detnmental s1de effects or tox1011y under the

S PR T LA
6(1‘ Znatﬁc €s.,

Tr| -Obenzyl D-ri bof uranagsyl)-rurof 3, 2-
r f ] perhmcgm@om(dis @ibed in the instant disclosure can be administered by any

oIy gﬁgﬂa} mét 3 bailabl fg’} ade’in" GnREBEH with TR ALEARARY Likher as

<[ pyriniidine;
‘:imj.lﬁd(lﬂ th&hapdntie Igentﬂn‘gm pqmbm&ﬁor@mh edditidnaDtherdpetticr agants.
Zfl )O_,”f glrlhs [c?ﬁ"f’%‘f“(dg %¥ lE)necij hre _aé&%)’nkgtérgg fia pharmaceutically effective

‘anfount. The Qazﬁﬁﬁééﬁ%ﬁ‘ly‘@fdéﬁ{re nbiebpmaremmpbind and the dosage of the
furo[3,2-rf]pyrimdine;

Phelzn«cwtiqayw&wépﬁ;?ﬂwnﬁt@}ﬁé WL pff S erivanlependipg wron known
| Ry
ttﬁ&&@! %k? P?glg 2 t l)d}E‘lg %EEB%h'&aci’&nst%‘% él?éﬁpa?@&%aqtaggn B¥d its

ose e art at conpounds
imaderind oouth ef/adwginstretiv; de age,rheehh anayweighisif thaweaiptbnty ¢he

AP0 R P Bl 55 S et AR o Gt B Rmens

uﬂaﬁécﬁieﬁ@;doﬂtt&hnémeanart@esawct deditedit i on enconpasses any
racemc, optical I@é/ active, polynorphic, tautoneri

st er edt eikdqsasy of #ative ingiedient caw be KEpestse to b ahout 0. 001 o 1000

f
SRR ) P AT PR 0o,
deiabar'ndnmﬂ isheteean, abott Q)bmg@&g\midlabkutol\m mgkg hEbatytwdighwper day;

B s BPoediierdion T malk o A BTk of body

tvedi Stitipatl B8y; iR YetSatiatiee itéindte eRbodiicaBbdtwe@ 0.l \8o/kg and about 30

starting materials, by chiral synthesis, or
ane/beaf @c}yawﬁllgb’t per day.” The above described amounts may be administered as

a series of smaller doses over a period of time if desired. The pharmaceutically
effective amount can be calculated based on the weight of the parent compound to be
delivered. If the salt or prodrug exhibits activity in itself, the pharmaceutically effective
amount can be estimated as above using the weight of the salt or prodrug, or by other
means known to those skilled in the art. The dosage of active ingredient may be given
other than daily if desired.

The total amount of the compound adminisfered will also be determined by the
route, timing and frequency of administration as well as the existence, nature, and
extent of any adverse side effects that might accompany the administration of the

compound and the desired physiological effect. It will be appreciated by one skilled in
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simlar tests which are well known in the art.

Al t hough the invention includes all isoneric forns of

t he conpounds descri bed herein, one enbodi nent of the

i nvention provides conpounds having the absolute

S{hETRORHE %ﬁ&{s%oﬁﬁﬂﬂoﬁ& %g di dadeNGatE Qﬂ@aﬁ&uﬁ‘? rc‘f#&f?ce cOMitions or
For exanple, it woul nown in treld

cdiefrascsttatys maaftreqzllmmrpbugﬂdl tofatrhent mylbobving mltiplenderiaistmations.

is OH | d forn1 nb ayt oner of. the follow n .

tor mul BTAEE GBS BIEERN R, dodiporiond fisbfineq herein Corms of

t thy tphﬁmidcemlcﬁbédfﬁp&indnb SuitAbIP Gt dlisniRiktritnNebaginl froth! about 0.1
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Formulations suitable for oral administration can include (a) liquid solutions,

.—

such as a pharmaceutically effective amount of the compound dissolved in diluents,
such as water, saline, or orange juice; (b) capsules, sachets, tablets, lozenges, and
troches, each containing a predetermined pharmaceutically effective amount of the
active ingredient, as solids or granules; (c) powders; (d) suspensions in an appropriate
liquid; and (e) suitable emulsions. Liquid formulations may include diluents, such as
water and alcohols, for example, ethanol, benzyl alcohol, propylene glycol, glycerin,
and the polyethylene alcohols, either with or without the addition of a pharmaceutically
acceptable surfactant, suspending agent, or emulsifying agent. Capsule forms can be of
the ordinary hard- or soft-shelled gelatin type containing, for example, surfactants,
lubricants, and inert fillers, such as lactose, sucrose, calcium phosphate, and corn
starch. Tablet forms can include one or more of the following: lactose, sucrose,
mannitol, corn starch, potato starch, alginic acid, microcrystalline cellulose, acacia,

gelatin, guar gum, colloidal silicon dioxide, croscarmellose sodium, talc, magnesium
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anmount of at |east one conpound of general forrmula (I,

I1, or I'll) as described herein. Such conpounds and/or
phar maceuti cal conpositions may be used in the

manuf acture of a nedi cament for treating and/or
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tfaieataoidnglyceride with or w1thout the addition of a pharmaceutically acceptable

surfactant, such as a soap or a detergent, suspending agent, such as pectin, carbomers,
methylcellulose, hydroxypropylmethylcellulose, or carboxymethylcellulose, or
emulsifying agents and other pharmaceutical adjuvants.

Oils, which can be used in parenteral formulations, include petroleum, animal,
vegetable, or synthetic oils. Specific examples of oils include peanut, soybean, sesame,
cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty acids for use in
parenteral formulations include oleic acid, stearic acid, and isostearic acid. Ethyl oleate
and isopropyl myristate are examples of suitable fatty acid esters. Suitable soaps for
use in parenteral formulations include fatty alkali metal, ammonium, and
triethanolamine salts, and suitable detergents include (a) cationic detergents such as,
for example, dimethyldialkylammonium halides, and alkylpyridinium halides, (b)

anionic detergents such as, for example, alkyl, aryl, and olefin sulfonates, alkyl, olefin,
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the frequency of treatnent; and the effect desired. A
dai ly dosage of active ingredient can be expected to

wheooakbsust 0. 001 to 1000 milligranms (nmg) per KiPOOUS2U05/039072

(kg) of body weight per day. In one enbodi nent, the

total amount is between about 0.1 ng/kg and about 100
ng/ kg of body wei ght per day; in an alternate

enbodi ment between about 1.1 ng/kg and about 50 ng/ kg

Qfih O HEAR N ceRE! su‘liﬁﬁés dnﬁ sﬂﬁ&su@&ﬁﬁt@@ (c)q{ohﬁﬁl’l:aée‘?er%ents such as,
enmbodi nent between 0.1 ng/ kg and abolt 30

Hotl yexamplsh tfathe randag .oxides, amyvemd edkano@nﬁdmﬂt pollywyyethylene

33 ﬁg@fén%t &Jf’Pé)? aér%:(a 4 | %% 3%%@?{&% est}?l?s A3 ?%; example alkyl

ebéte.eﬁmmepxapﬁmitbs At Mkﬂﬁhﬁa&ioalhe dubraRey BRniohRnY8AIghEnd (e)
of the B EFt conpound to be delivered. If the salt or

bits activity in itself, the
phar m@%fe%eérmfoﬁmﬁfohg el wﬁtaﬁl%pgb i s9RL £, gb%zs% by
above using the weight of"'the salt or pro rug,
ovéight afghe sctiigongretiont inowéntiki Siiéablé preséreatives and'lbeffers can be

3875 BEH MR LT o2 ReR. Bl e e o

anbm:tmns tsﬁcrlecbmpdsitloak sRyldntat 6iidToN edrdHotibEic sPMidants having a
cy of admnistration as well as the

é&/aqwgﬂ% 2130@%1?3@11%@@}@@ rffomp beity1Zatn By 1gi dee quantity of
affeaif ﬁhﬁchnfo&tﬁﬁlaﬁg&ofﬂﬁgéy ﬁtopde aBEI 59, #of b du? n]]56’/f ngrlhﬁlelght

conpound and the desired physiol ogica
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f of the pharmaceutical conpositions described
ﬁi%ﬁfn (fornms of the pharnaceutical conpositions
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to about 3000 ng of active ingredient (1.e
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bétceoﬂdﬂtgay, thereghita Wfdetme@Oﬂﬁ)ﬁlﬁtableOfbrmulatlons of the pharmaceutical
composition of the present invention. The following methods and excipients are merely
exemplary and are in no way limiting. The pharmaceutically acceptable excipients
preferably do not interfere with the action of the active ingredients and do not cause
adverse side-effects. Suitable carriers and excipients include solvents such as water,
alcohol, and propylene glycol, solid absorbants and diluents, surface active agents,
suspending agent, tableting binders, lubricants, flavors, and coloring agents.

The compounds of the present invention, alone or in combination with other
suitable components, can be made into aerosol formulations to be administered via
inhalation. These aerosol formulations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, and nitrogen. Such aerosol

formulations may be administered by metered dose inhalers. They also may be
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the active ingredient of fromabout 0.2 to 70 nM or
fromabout 1.0 to 10 MM The active ingredi ent can be

adm nistered orally in solid dosage forns, such as
capsul es, tablets, and powders, or in liquid dosige
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sui tabl e enul si ons’ Liquid fornu tlons
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surfactants, lubricants, and 1 nert ers, such
|usgacihods lropws & theattci um phosphat e, and corn starch
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solagieabases Formulations suitable for vaginal administration may be presented as

gn be prepared

pessaries, tampons, creams, gels, pastes, foams, or spray formulas containing, in
addition to the active ingredient, such carriers as are known in the art to be appropriate.

One skilled in the art will appreciate that suitable methods of administering a
compound of the present invention to an patient are available, and, although more than
one route can be used to administer a particular compound, a particular route can
provide a more immediate and more effective reaction than another route.

Useful embodiments of pharmaceutical dosage forms for administration of the
compounds according to the present invention can be illustrated as follows.

A large number of hard-shell capsules are prepared by filling standard two-
piece hard gelatine capsules each with 100 mg of powdered active ingredient, 150 mg

of lactose, 50 mg of cellulose and 6 mg of magnesium stearate.
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ot her excipients, colorants, diluents, buffering
agents, disintegrating agents, noistening agents,
preservatives, flavoring agents, and pharmacol ogi cal |y
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In one embodiment, the teachings of the present disclosure provide for the use

of such pharmaceutical compositions and medicaments in a method of treating a viral
infection or treating a disease state and/or condition caused by or related to such viral
infection. In one embodiment, the treatment is the result of the inhibition of a viral
RNA or DNA polymerase, such as but not limited to a RARp. Such treatment or
inhibition need not be complete to be useful. The method of treatment comprises the
steps of: (i) identifying a patient in need of such treatment; (ii) providing such
pharmaceutical composition containing at least one compound of the invention; and

(iii) administering such pharmaceutical composition in a therapeutically effective
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vegetabl e, or synthetic oils. Specific exanples of
oi Il s include peanut, soybean, sesane, cottonseed,

W@ 006/05abi ve, petrolatum and m neral. SuitablBCT/ES$1095/039072

acids for use in parenteral fornulations include oleic
acid, stearic acid, and isostearic acid. Ethyl ol eate
and isopropyl nyristate are exanples of suitable fatty
acid esters. Suitable soaps for use in parentera
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Q@lm inneedbf whfhaaim'mt o1l tn ishibih tHeartivityadflaonm] Ragasl DNA

f b 5% bout . 15% ht. Suitable
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0]

nol ecul ar, wei ght adduct's et hyl'ene oxide wt
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I%‘ti]rﬁﬂlﬂt Qi u‘%&l@r éﬁ‘e@ d SRGILYS 9% rpound of the present
armaceuti cally ac pta € excl pren are
wehtidmio wnmbimatitvoweh attleergreetically effective amount of another anti-viral
agent which , in particular, may be active against HCV. Agents active against HCV
include, but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, an
inhibitor of HCV NS3 serine protease, an inhibitor of inosine
monophosphatedehydrognease, interferon-c;, pegylated interferon-« (peginterferon-c),
a combination of interferon-o and ribavirin, a combination of peginterferon-o and
ribavirin, a combination of interferon-o and levovirin, and a combination of
peginterferon-c and levovirin. Interferon-« includes, but is not limited to, recombinant
interferon-o2a, interferon-o2b, a consensus interferon, and a purified interferon-o:
product.

The compounds and pharmaceutical compositions of the present disclosure can

be administered to patients to prevent and/or treat a number of cancers. Cancers

include, but are not limited to, leukemias and lymphomas such as acute lymphocytic
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ehlpemtiugid, qitplatimabeutsting by goptossiphadd, mdl;ﬁfaldnﬁméc}fl@rf%thamine,
i R T AR
Rinaptovaciy, HFodtarhide fdacaibBeind. ic%bﬂﬁﬁﬁ,tan@ﬁexan%?ﬁ)hﬁgﬁhﬁm. a,

Pa., Panker and Chal ners _ o _
xamples of chemotherapeutic agents that are antimetabolites include cytosine

arabinoside, fluorouracil, gemcitabine, hydroxyurea, mercaptopurine, methotrexate,
azaserine, thioguanine, floxuridine, fludarabine, cladribine and L-asparaginase.

Examples of chemotherapeutic agents that are natural products include
actinomycin D, bleomycin, camptothecins, daunomycin, doxorubicin, etoposide,
mitomycin C, TAXQOL™ (paclitaxel), taxotere, teniposide, vincristine, vinorelbine,
mithramycin, idarubicin, MITHRACIN™, (plicamycin), and deoxycoformycin.

An example of a hormonal chemotherapeutic agent includes tamoxifen.
Examples of the aforesaid miscellaneous chemotherapeutic agents include mitotane,

mitoxantrone, vinblastine, and levamisole.
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Eds., 238-250 (1982) and ASHP Handbook on Injectable
Drugs, Toissel, 4th ed., 622- 630 (1986). Fornul ations

w@iobakilel f or topical adm nistration include peSt/Uk1085039072

10

15

20

25

30

conprising the active ingredient in an inert base,

such as gelatin and glycerin, or sucrose and acacia,

as well as creams, emulsions, and gels containing, in

addition to the active ingredient, such garrl ers ?ih

are knpydy I rr1$ er .

can be pr ggxﬁa? egglﬁglﬁjh%m{r_:rlg? %&nggr‘ﬁ %Sﬁ%cagﬁ% Haluated u using
j agprals] yhe ﬁbihmnfait doopsumsdiiotialibe H‘GJ\F NISSBtpdlymerase can be

a&)}llﬁ{eﬁﬁm@%tﬂ%ﬁa gq[esent ed as supp05|tor| es by

m X1 Nng W bases such as enul sifying
PAEY¥INSITB R@ltvﬂn‘eﬁaaé!Algb@ bases. Fornul ations suitable for
vagi nal adm ni stration nay be presented as pessaries,

t aﬁponﬁlh‘ﬁlfahﬁi‘ﬂﬁlty QeltR tedd dlﬁ(tﬁ.l; g% @?%%S%sgé% @?&1\@/5 et al., Antiviral

d
flﬁiﬁ%@eﬁf %nt 2 % glg #Pai)g'rlgc‘é{mgem%m Gl ltﬂeeAE{nAIS ﬂehveed by
appreci at
s T T 1
t19e2)o reosepunilfwerstadded toalividinpatiiness ok Slaﬂy' gié‘glﬁ?% 8ays. Media
e u

A n T B I 20T Dt e APt seriaddu ey
cS@FﬁO{% cxiflhend mrreachear&siiﬂ%&e@ﬁﬁn eqas%ﬁgfsf trebfnent

anot her route. Usefl
aC%@@%&#‘E@aﬁNédg s iRkONiQEY wiehrasressed At ihours (afteltthelast

Fazete,ly ording to the present invention can be
:aI@I ust Pa gg&g\s follows. A |large nunber of hard-shell

caps ulaslieatecyuagsafioeH CHYRNAI 1bvely(of U8 ey ﬁ}dt%\g%lﬁﬁlgtes) and
er
SR T 6 MRS | e g i et nd

licate oaurantefiedwith b-iARIBRS H&rhﬁaxﬁﬂﬁ a6 oéﬁl% Riral and
(g?tlcvemfnglr ed|e eerﬁrwlln a1 di gestal bl e oil su%cﬁhs:? gnaﬁra an

PHCity 8P dfseed oil or olive oil is prepared and
I nj eclEcdMIFRRNG l?i) ?evgﬁ%e'fé }ﬁ?as%e%puglgaéga%%gtgelﬁmga bllot

molten gelatin to rmsoft atin
bynidigatipm ettod imyhith HEW RNA levelsiangic@biaBadd to the levels of B-

actin RNA in each individual culture (Okuse ez al., Antivir. Res. 2005, 65, 23-34).

Cytotoxicity was measured using a neutral red dye uptake assay (Korba and Gerin,
Antivir. Res. 1992, 19, 55). HCV RNA levels in the treated cultures are expressed as a
percentage of the mean levels of RNA detected in untreated cultures,

Representative compounds of formulae I, II, and IIT demonstrated significant

activity in this assay.

Compound Svynthesis

Compound of formula I, IT, and IIT can be prepared using synthetic
intermediates and synthetic procedures that are known, or they can be prepared using
the synthetic intermediates and synthetic procedures identified in Schemes A1-D2, and

the accompanying Examples herein. The following abbreviations are used herein.

Tr: trityl
Bn: benzyl
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The capsul es are washed and dried. The active
i ngredi ent can be dissolved in a m xture of

a water mscible nmedicine mx. A large nunber of
tablets are prepared by conventional procedures so
that the dosage unit is 100 nmy of active ingredient,
0.2 nmg of colloidal silicon dioxide, 5 ng of nagnesium

sSTBPP8l e, 245 l(g héB il pr ystal line cellul ose, 1lngy

ofr-chsch, a5d, 5%119 881: ose. Appropriate aqueous

afifia NON- aqUBAES: gs rmy be applied to increase
f?%dl't ) eand stability or del ay
B : "‘XﬂrrggbIu @M gte%‘yf deabl et s/ capsul es are

d oral rrade by conventional and novel
E. iﬁ‘ﬁ‘?s are taken orally w thout water
i medi al }é‘“@l‘g’%ﬂ’r@t”}’ #Hingnd del i very of the
at i on.rigthEamamonipen bisgrbenditent is nixed in a liquid
CIBMTéChl ng mengmsthoantritdiblorids sugar, gelatin, pectin
et edénethyl#mémpytidigei ds are solidified into

JOEAH :t abl dighydaminagthpltepharofer eeze dryi ng and solid
JtMe8ext r difdroformeSOVieQHeS: NTheHdpug conmpounds may be
ACvipr 85's ed Ghildrbfovin SOME@HM0E NENOHL:i¢r noel asti ¢ sugars
Bl pol ynmewenAy ef f ervescent conponents to produce
BrBrS Nat begsFbioplignded for immediate rel ease,
WY : t NGGR feimdB18kal MRE €0Ver, the conpounds of
tﬁ]ﬁ;gﬁg@sentte,k ;gfgﬁﬂhgﬂy] gl%nggm nistered in the form

‘ﬁﬂﬁe ose and a nasal or buccal
? ﬁ eI|v red froma nasal sol ution
i ne 31§ f Flru er as an aerosol. hi one
di' ment 4159 gy WEZ et he present disclosure
|de f b r o7 j&aq ¥°1 Qﬂé‘ﬁn PR maceut i cal
05|t| ohS-dprabicaelpSahRivpdecirene net hod of treating a

GMEBT it eH’leﬂ’é(lmQﬁneﬁllﬂ@dnglea di sease state and/ or
cond|t| on caused by or related to such viral

result o? W,ﬁ%%loh&gﬁpo@@ﬁgtr;%ﬂgrt is the

pol ymerase, such as but rSehehkm-i.ed to a RdRp. Such
t reat ment or

HO—y HO—y o Bi0—y
‘b\NOH MeOH, H* _bMOCH3 BnBr, NaH _k_7MocH3

BnO
o N o . BnO 0
| OH LiHMDS CH,CN
Dioxane l (OEY),P(O)CH,CN o
BnO OBn BnO  OBn
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i nhibition need not be conplete to be useful. The
nmet hod of treatnent conprises the steps of: (i)

W0 d@ansflyi ng a patient in need of such treat mePCT/U§1005/039072

provi di ng such pharmaceutical conposition containing
at | east one conpound of the invention; and (iii)

adm ni stering such pharmaceutical conposition in a
therapeutically effectiveanount to treat the vira
infection in a patient insgﬁgd f,such treatnent or to
inhibit the activity of a™Viral “HNA or DNA pol yner ase
in a patient in need of such treatnent. In one

embodi ment, the teachings of the present disclosure

pr5¥9 dor the use of s kar maceut i cal RO
conposilt i piiand BN cament sYin 4methb®m@®mpmsmentiH&(ﬁiTOH
or su hg d)¥BPRRCI i nf ectlrort“Br pg-exoanti ng or \__/CH,

gp} essi :

suppr €€ A¥7 a di sease stateHanddor condition caused bys o
or related to such viral infection. In one enbodi nment, )Kg
the prevention or suppression is the result of the
inhibition of a viral RNA or DNA pol ynerase, such as

but not limted to a RARp. Such prevention,

suppressi on or i 'hbitioﬁ-O eg. not be conplete to be
useful. The nefhgg—eF»preve I NG COCNsuppr essi ng

conpri ses t hdOBLRPICHAN (i) paenttfying a patient in

need of such prevention; (ii® ovi di ng such

phar maceuti cal conposition c aining at |east one
conpound of the general formula (I, Il, or Il1l); and

(i R T ¥reviihenytsidt | ng such pharnmaceutical composition in

a therapeutically effective anbunt to prevent or

suppress the viral infection in a patient in need of

such treatnent or to inhibit the activity of a vira

RNA and DNA pol ynerase | ty_gnt in need of such
treatment. The nethods o?sctﬁﬁlggf‘&rg'ati ng and preventing

a viral infection or a disease state and/or condition

& by or related tRPspigl viral infection mayro

furtRer %‘g r iB58r Nl ni st gri z'g*oaHg h&MdhsQyAcoal | y o
ef f ective aAnmount of a conpouimt¥tef the present \__[«CH,
iNnv&t i@ in conbinati on R® tbBa therapeutically RO OBn
effective anount of another anti-viral agent which

in particular, nmay be active agai nst HCV. Agents

active agai nst HCV

ROy
LiHMDS a b CH,CN
(OEt),P(0)CH,CN \—L=CH;

OR OBn

R = 2,4-dichlorobenzyl
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include, but are not limted to, ribavirin, levovirin,

viram di ne, thynosin al pha- 1, an inhibitor of HCV NS3
W@ 20060801pr ot ease, an i nhi bitor of inosine PCT/US2005/039072

nonophosphat edehydr ognease, interferon- , pegyl ated

interferon-o; (peginterferon- ), a conbination of

interferon- and ribavirin, a conbination of

pegi nterferon- and ribavirin, a conbination of

i nterferon-cand Ievovirinﬁkﬁgg gfﬁonbination of

pegi nterferon- and | evovirin: fAf&rferon-c includes,

bUinOiq pot |inmited toPn® nginant i nterferon-mad

s interfgromeh, &@onsensys Hynberfer ovisand a puri Ped.ock

i nt er f erdnproduct. The conpelinds an@x@:ﬁ@m%’geuti cakl ’
conp@sOt iGBas of the presgy @igscl osure can be Bud

| . nO

adm nistered to patients to prevent and/or treat a

nunmber of cancers. Cancers include, but are not

l'imtedBnOy| gukem as and |y s such as acute
| WivfgRocyt i c“ﬁﬁerdcm aaHfEhBAON| ynp 1HEx) Nl as,
chroni c | ynpk _y%iCBIeuReﬁTa, chron _mye?%ggﬁékﬁgf
| eukem a, Hegdglpn' s Di sease, nonqup in"s | ynphonas,
and nultiple nyeloma, chil dhood sol'l "unors such as
brain tunors, neuroblastoma, retinoblastoma, WIns

Th done tunors, and sofgmob-hSSue sarcomas, conmmon
sol i d Xt ureOs of admbs suchrgtwkéggmggﬁgﬁr, col on and
rect umeaRBcer, g{ggﬁé cancer, phrogkAte cancer, urinary
cancei®, osi er | T WS oralg.garg§r s, pancreatic
cancer, nelanoma and ot her skin cancers, stomach
cancer, ovarian cancer, brain tunors, |iver cancer,

| RF (Hy&alfs €fdbr, thyroi d éancer, esophageal cancer,
and testicul ar cancer. The cancer may be related to a
viral infection or an activity of a viral DNA or RNA
pol ynmerase. The net hods of the treating and preventing

cancer may al so conpri se rther adm nistering of a
chenot her apeuti ¢ agent iﬁscglg%!:&hgti on with any of the

o1 ufids or phar naceuteno &onpositions of the 5, 30
prggg@ggdbsﬂJo§hﬁéﬁﬂAny sui\t abhecghemnptihesapewt i C 0
agent —ean be enpl oyed for thisS purpose. The

chemsd heérapeuti c agent issiyppegl !y sel ected fron1pg% dcn
group consisting of al kyl ating agents, 3

anti net abolites,

LiHMDS Bri0—y
CH,CN
(OEt),P(0)CH,CN _

BnO OCH,

OH

Scheme A-6.
TrO TrO
@) o) TrO
—\(_260 DIBAL _\(;ZMOH NaH _\(iZMQQCN
CH, cn,  (OED2RO)CH,CN = i,
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natural products, hornonal agents, and m scel | aneous
agents. Exanpl es of al kyl ati ng chenot herapeutic agents

w0 pwbaosiaecar musti ne, chloranbucil, cisplatin, PCT/US2005/039072

| omusti ne, cycl ophospham de, nel phal an,
mechl or et ham ne, procarbazine, thiotepa, uraci
mustard, triethyl enenel am ne, busul fan, pi pobroman,
streptozocin, ifosfam de, dacarbazi ne, carboplatin,
and hexanet hyl nel am ne. Exgpgph&s-©f chenot herapeutic
agents that are antinetabolites include cytosine

ar abi nosif®es; or OHr agih uggoci TEN\ne,  hydHOXyur ea,
nmer capt oquEt hot—r-gx-a&t—e,—-azaser @ t hi o%i%?i»ne,
f1 oxuridi ne, ‘Ffudar abi ne? ¢Fadri bi ne \&F yridine

L- aspar agi nase. Exanpl es of chenot herapeutic agents
that are natural products include actinonmycin D

bl eonmyci fp-ganpt o cins, dauno ji_n, doxorubi cin,

et oposi de, nj c?% C,l$£§CL(tg¥&{ ' aé%l),
taxotere, te oside, vincristine, vi el bi ne,

m t hranmycin, idarubicin, MTHRACIN(tnm). (plicanycin),
and deoxycofornycin. An exanple of a hornona
chenot her apeuti ¢ agent includes tanoxifen. Exanples of
the af oresai d mi scel | aneoScheatees8t her apeuti c agents

i nclude mtotane, mtoxantrone, vinblastine, and

| evam sol eBbPeD iAity of a conpound 1ir@pidrbi bit vira
pol ynerases can b€ evahuated Nefi ng knomn(2?¥€Zzg¢H%%
ability of a co d to (OHNHOXHHSY NS5B po rade
can be eval uated using the foll ow ng assay. HCV NS5B
Pol ynerase Assay Antiviral activity of the test
conpounds was assessed ((Okuse et al., Antiviral Res.
?&,AB&_ TIQU-ng)C%MmlgBSaDF SFPEJNRENf _ -’Irlemf FRﬁiM h'IﬁCHZCN
[ , derived by transfection of the human
PSaErPRrag

cell line, Huh7 (Blight et al, Sci.
2000, 290 i LV di .
folldWirg schieR® RS nﬂﬁécﬁlcE@Q%g c#(ghp\?\%é'. %Elﬂ)g tut

es once daily for three days. angefd

cul tu

Gﬁtﬁahy 8 Chdigydrofyramylor substiptsd tetrahpiroton dy dgdrieplainyly a
siRtihed 4188, ABsA¥ted bycloalkyl or cycloalkenyl; a substituted pyrrolidinyl; or
a substituted dioxolanyl, thioxolanyl or dithiolanyl). (P)R? is a nucleoside sugar group

bearing one or more protecting groups.
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30-50% confl uence and reached confl uence during the
| ast day of treatnent. Intracellular HCV RNA | evel s

w@naeo5tieL oxi city were assessed 24 hours aft erp@es1085039072

dose of conpound. Triplicate cultures for HCV RNA

| evel s (on 48-well and 96-wel| plates) and

cytotoxicity (on 96-well plates) were used. A total of
six untreated control cultures, and triplicate

cultures treated with ce- |§|¢lerfgrfn and ribavirin

served as positive antivira oxicity controls.
Intracellular HCV RNA | evel s were neasured using a
conventi onal ridization hagAimoshck er HCV
RM(ﬁ)gV@kz@NaLg_(gé}%Ez ed to X I\ﬁ(f%%—zv SQH/BEO/BEE L i N RN@ICJ““ OH
in each individual cultur %sﬁl et al., Antivir,

Res. 2005, 65, 23-34). Oyt o?%)m city was reasur ed ®%R n& CN
a neutral red dye uptake assay. (Korba and Gerin,

Antivir. Res. 1992, 19, 55). HCV RNA | evel s in the
treated cultures arﬁoewf(@gggd as a percentage of .the

meaff FERFS of R det ect in dRNaeat ed c [t et
RepreMatlv ds of fornyLage I, d Il
ni

denonstr at ed S|§; nt acti vi ty in thKPéRassaVﬁ
Conpound Synt hesi s Con'pound of formula '(1soﬂlérsse1§a&‘£’edj Il
can be prepared using synthetic internedi ates and
synthetic procedures that are known, or they can be
prepared using the synghetic inter medi at es and

sy HdteNH)SHPAEedur eg_i ' henes -D2, and
t he—acconpanying g | es herM f ol 'nﬁ“
abbrevi ations are u Kérein. Tr : trit

benzyl TBDPS: rt-hbwiryl di phenyl silyl m CP
3-chl or oper oxybenzoi c acid

NaH OH
(P)R,-CH,CN e toul
Ethyl formate []
(P)R,»»C—CN
(P) = Protecting group 35
Scheme B-2.
Q Cl
O \ NH  Bn(C,H,);NCl O—¢ =N
N\ AL 2 — LS
N N(Me),, POCI, N
(P)Ry (P)R,
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TFA : trifluoroacetic acid TBDVSO
fert-butyldinethylsilyl chloride DW:

walesensoabf or mami de THF: tetrahydrof uran LDA: | PECTiUS2005/039072

15

25

35

40

50

55

di i sopropyl am ne TEAB: tri ethyl anmoni um bi car bonat e
mMIr C : nononet hoxytrityl chloride DVAP:

di net hyl am nopyri di ne DEAE :

di et hyl am noet hyl - sepharose CVA-80 : Chl orof orm

80: MeOH 18: NHAOH : 2 CVA- Qh CEI rof orm 50: MeOH 40:
NHAOH : 10 Bz: benzoyl BnBr: %enzy brom de Li HI\/DS
I'ithium hexanet hyl di sal azane TBDPSO :

fert-butyl di pheny™iu®PRd chl ori de DMBO
di met hyl sul f oxp Br: al kyl magnesi um ﬂ‘b
DI BAL: diisob tylal m num hydri de DBN:

1, 5-di azabi c . 0] non- 5- ene DBU: (P)R;
1, 8-di azabi @ Io[5 4. é 7-ene MgMyBr :
met hyl magnesi um broni de PATI V OF R2- CH2CN

COVPOUNDS: rgglaere A | PR, NHR/NR s
OI\N HINR NHR5 OI\N R,NH, O'\N
\ N/) N©  OrHNRR; A
(P)R; (PR, (P)R;
NH,NHR4 / R;SNa wONa
ORs
NHNHR4 SRs 0 | SN
O X \
N 0o SN /J
ﬁ\/\@: VAL el N
(P)Ry (PR,

Deprotection of protecting groups in R, gives the target molecules
NR4Rs = Azetidine, pyrrolidine
R4, Rs = H, CH;, C,H;, n-C3Hy, 1-C3H—,,\d » CH,CH,OH, CH,CH,NH,, NH,(CH,),NH,

Scheme B-4.
0-__-CO,Et C ’
| 27 MeS-C(=NCO,Me)NHCO,Me 0~ ~COBt
\ \ NCO,Me
R NH, HgCl,, Et;N NH<
(P)Ry (P)R; NHCO,Me
0 0
i) NaOMe 0 | NH Deprotection O NH
ii) NaOH \ N//kNH A
(P)R2 . 2 R2 N NH2
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HO - CN Tritylchloride t t( CNBnOBnO. 0 HO CH

Li HVDS Y V CH2CN Di oxane (OEt)2P(0O CH2CN BnO OBn BnO
woBngosEre A-2. Schenme A-3. Schene A-4. R = CH3PCTIEEE05/039072

CH=CH2 25 Scheme A-5. Scheme A-6.Schene A-7. Ts-C

Pyridi ne Scheme A-8. PREPARATI ON OF COVPOUNDS COF THE

| NVENTI ON FROM R2CH2CN | NTERVMEDI ATES I n the foll owi ng

schenes, R2 is a nucl eoside sugar group (e.g. a

substituted tetrahydro or (g hyd uranyl ; a

substituted tetrahydro or Sgil“ﬂxﬁl%i!;g%'hi ophenyl; a

substituted al kylQ substituted cycl oal kyl ot

cycl oal kenyl ; stituted pyrrolidinyls o a
substituted diofol ahyl, tPi@kob¥ely| or (ifhiofanyl).
(PPR2is an 'glﬁzswg@meg,rm@;bearl nmor e
prot ecti ng®Roups. Schefre B-1. Scheme BrRZ. Sche - 3.

Deprotection of protecting groups in R2 gives the
target nol ecul es NRARS = Azetidine, pyrrolidine R4, R5

= H CH3, C2H5,n-C 3Hg, i-C3H7, <, CH2CH2OH
CH2CH2NH2, NH2( CH2) kD2 N
15 NH; ’ NN Deprotection 0 , SN
\ N//kNH AL L
(PR, ? Ry NN
20 Scheme B-6.
OH -
He - He J‘PO CH,CN o
KF, 18-C6, CICH,CN LDA \ / N
(P)RyC—CN (P)Ry " C—~CN
(P)R; NH,
(isomers separated)
30 : NH, ’ NH,
HC(=NH)NH, - AcOH 0 | SN Deprotection 0 SN
WA VAL
PR, Ry N
ONa OCH,CN
o ) 2
40 HC Hﬁf
(P)Ry+C—CN (P)RyC—CN
45 Scheme B-7.
o o $ i i
S_Z/ E;N, HpS S_O—z/ C\NH2 CH(OEt); g{)/\(k j‘IH Deprotection 0 ] NH
®rS  NH N >
A @Ry NH, @RS RN
2
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Schenme B-4. DeprotectionSchene B-5. Schene B-6.
(i soners separated) Schene B-7. Schene B-8. (P)R2

W@ c@ensnisl separ at ed) PREPARATI ON OF MONOPHOSPHATEB#IID5/039072

TRI PHOSPHATES OF NUCLECSI DES (represented by Exanpl es
C 1l to CG6) The follow ng Schenes illustrate the
preparation of conmpounds of formula I, Il, and III

t hat have one or nore phosphate groups. In these
Schenes, B represents the rd m di ne or

t hi enopﬁri m di ne base of gfrf&rrﬁ?é'% and B(P)

represe Hs the furopyrini diese,@% thi enopyri nidi ne base

of fonmul ack,sobean ng onesor m)réi rg%iei |Eg S\_CN
@D&upy.—ﬁi:hﬁﬂ‘e—%Hs o I R(py-rzzkby«'ﬂNky' s ,ﬁz - S—T

OCH3; R2 = H NH2 P = Protecting group m CPBA = (pRy NH,
m chl or oper benzoic acid B and R are the sane as i@omersseparated)

Scheme C-1Scheme C-3. PREPARATI ON OF PRODRUGS The
following Schenes illustratg,the preparationgpf

pr odr ugs e, Adyent i gn. \I\?he&grot%ﬁgﬁ Bg%ﬁ are the
+h—sehere—&
\

N
same as RN ) | J
N N
(P)RZ : R2

PREPARATION OF MONOPHOSPHATES AND TRIPHOSPHATES OF
NUCLEOSIDES (represented by Examples C-1 to C-6)

The following Schemes illustrate the preparation of compounds of formula I, 11,
and III that have one or more phosphate groups. In these Schemes, B represents the
furopyrimidine or thienopyrimidine base of formula L, and B(P) represents the
furopyrimidine or thienopyrimidine base of formula I, bearing one or more protecting

groups.
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R = am noacid esterSchene D-2. O 2-PN(iPr)2, Et3N B
and R are the sane as in schene CGI R = CH3, C(CH3)3

wab@eiosoaenti on will now be illustrated by the POI/USM0F¢39072

non-limting Exanpl es. Exanpl es Exanple A-1

4-(Trityl oxy)butanenitrile (Schene A-1). To a solution
of 3-cyano-|-r-propanol (16.85 g, 198 mmol, prepared
by nethod of Blicke, et al., J. Org. Chem. 1961, 26,
3685) in dichloromet hane §grfhett)y. Wer e added
triethylamne (80.1 g, 792 mmol) and trityl chloride
(82.8 g, 297 mol ) at room tenperature apnd the m'xture

was stirr ed or, 18 h. ctio
added net han 2 ‘?Fgﬁ?éz%g’ﬂ PO %F‘HL%H Pa
concentration, % r a8 ieeard@sn-OpBA f i ed on a ‘¢col of
silica gel uggndy thyI acetate and hexanes as: ekuent
to give 40 g (26 % of the desired product.POlHIQWR
(DVBO-*/*): d 7. 15-7. 40 (m 15H), 3.01-3.12 (m 2H),
2.51-2.64 (m 2H), 1.75-1.90 (m 2H). Exanple A-2

2- (3, 4-Bi s(benzyl oxy) - S-t?benzyl oxymet hyl ) -tetrahydrofu

ran-2-yl )acetoni trlleH@S&ﬁ@ A IB. Step 1: To a
sol ution of 1XPFH8%e (6108, Y66 mmol) in nmethanol (
1 L) was added cone sulfuric (6.1 nL) and stirred

at 4 OC for 16 h . The reactH'dJnEm' Xture was
neutralized using triethylam ne (40 nL), concentrated
to dryness and co-dikc,ti lled twicewith 200 nilL of

tol uene to renove trdce anount of water. This
furnished 72 g P ge O- met hyl - D-ri bof uranose, which
was used as such rNJﬁ\ext st ep.

R

R =H or alkyl

R; = OH, NH,, NHCHj;, OCH;; R, = H, NH,
P = Protecting group

m-CPBA = m-chloroperbenzoic acid

Scheme C-2.
(0]
HO Q
o. B Dd | @ 9 9
R o F-al HO—P—O-P—O—I[’—O o. B
N OH OH OH
sz Bu;N-pyrophosphate, _UR
PO 10) n—BuNHz, 12 < -
i) NH,0H HO ©¢C
iif) DEAE column oH
iv) HPLC

B and R are the same as in Scheme C-1
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Step 2: To a slurry of NaH (65 g, 60% 1.626 nol) in
DMF (200 nL) was added crude conmpound from Step 1 (72

W@2004080166 Mol ) in DVF (800 nmL) over a peri odP@f/US2085/039072

h, maintaining the tenperature below 5 0C. The anion
formed was stirred at roomtenperature for 30 mn.
Benzyl brom de (219.1 g, 1280.9 mmol) was added

dropwi se over a period of 1 h maintaining tenperature
between 0-5 C. The reactigdheWrsc3tirred at room
tenperature for 12 h (TLC analysis in 30% et hyl

acet at e/ hexanB(Pshovved conpl ete di sgppear ance of
starting matq/thal) |Iutedvv| hvvater (500 nm)
and extract . IMEL

conbi ned or §&hi c TEXHE é‘P)s(Owé’F)e washeld—d) ce with water
(1L, brine (500 nL), and dried over MpSOH4 and
filtered. The filtrate was concentra ed under vacuum
to furnish crude residue. The crud €si due was
purified by fj3 h chr omat ogr aphy (]§| I ica gel 1 kg),

el uting Wltg} yI aceLab€sb) hexanpes to furnish 112 g
(63.3% of d pretdet—as anrﬁJ7 o 1HNVR(DMSO- ) @ d
736727(m— QH4 92 (s, IH o 22_615_(%44(m 6H) ,
4.12-4.07 (m |Hu 3.97 (dd, J—6 nd 4.5 Hz, I H,
3.91 (d, J 4.5 Hz, IH), 3.55 (dd, J = 10.73 and 3.4
Hz, IH), 3.42 (dd, J = 10.7 and 6.0 Hz, IH), 3.21 (s,
QREPmm@Nd’pPR(ﬂwmtisan of product from Step 2 (114
g, 262.35 mol) in dioxane (250 nL) was added 4 N HC
(250 by follaingsSphemesillupigate the preparatioh of Fiedruge af thedmvention.
m xture was allowed to attain roomtenperature and
diluted with ethyl acetate (1.5 L). The aqueous | ayer
was separated and extracted with ethyl acetate (3 x 1
L). The organic |ayers V\%I’ﬁ Em ned, washed with
water (2 x 500 ni), satusheieDglieous NaHOB (250 ni),
water (500 nmi), and brine (25§ nL) and dri edgover
MgSO4 and pbil, ter THeNf i | rat askEgdnce gt

under vacuumgtoquﬁPrInl sh cr ljcﬁje?p(?oduq@ HC hergé 3’%
product was purified by fl ash®chr omat ography Rsilica
gel 1.5 kg, eluting with etohyl

I TMS
HO—\ o_,B CImP=OAT  A10-P-0— B
- N-Me imidazole —
HO OH HO OH

B and R are the same as in scheme C-1
R' = aminoacid ester
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acetate in hexanes 0 to 30% to furnish starting
material (9.9 g,) and 85.3 g (45% of desired product

W@ paogsmel of i soners) as an oil. 1H NVR ( DVSO- B8)/US2005/039072

7.32-7.25 (m 15H), 6.57 (d, J = 4.8 Hz, 0.7H, D20
exchangeable), 5.82 (d, J = 7.7 Hz, O. 3H) 5.26 (dd, J
=7.7, 3.5 Hz, 0.3H), 5.21 (dd, J:48 1.3 Hz, 0.7H),
4.70-4.43 (m 6H), 4.16 (g, J = 4.1 Hz, 0.3H),

4.06-3.96 (m 1.3H), Bg%cﬁeﬁ@ﬂ_m O7H) 3.80 (dd, J
4. 3, 15Hz 0.7H), 358341 (m 2H); Step 4: To a

stirred so utlo f duct mStep3
ol ) im R / ricﬁ cﬁ%ﬁ’ fb et hyl b nEen, 38 7

(cyanomst hyI hos ate (6 95 §)CHZQ§2(EB nmol ) -at room
tenperature followed by |ithium
bis(trimethylsilyl)amde (39.2 nL, IMsolution in THF)
addition at -78 0C_ Th® reaction m xture was stirred
at -78 OC for aboutt? E‘g;ﬁ nd at 0 Cfor 1.5 h and

t hen was quenched by a { 50 nL). The

reacti on was extract edsﬁ"c&f‘cc?t he 2 x 200 nm.), washed
with water (2 x 50y Yrtne ( 1 x 50 nL), and dried
over Mg SO4. After fi tion, the filtrate was
concentrated and purlfl ed by flash chromat ography
using 0_to 30% et hyl acetate in heg(anes too,,gl ve 10. 79
g (68.2 ired conpound a \PUP S
as an oil . S Jretf, ﬁ%PﬁM*'? -3

2-(6- ((terr-~BuI¥I di phenyl si 'yl oxié),r:het yI -2, 2, 3a° e
t hyl - t et r aHQdr 8fur o[ 3, 4- HO OH
rf][l,3]dioxol-4-yl)acetonitrile (Scherre A-2). Step

1:A sol ution of

2' - C et Y Pa’feﬂ’.gs‘%“etaflpﬁ‘é‘?ﬁ"cﬁllrl bof ur anose (19.1 g,

40. 09 RyoCHs Gf&bar ed according to |iterature
procedures (a) Harry-O kuru et. al., J. Og. Chem
1997, 62, 1754-1759 and (b) Du, J. et. al. Nucl eosides
&Nucl eotj des, 1999, 18, 187- 195) in MeOH (850 nL) was
t r eat BRF Wie IONQ‘GN/QOW’ZE lhustroger iy llo®Hgmion-liddi@ng Bxamples.
nol ) followed by stirring at roomtenperature for 2.5
h. The reaction nmixture was
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neutralized with cone. HO until pH reached between 7
and 8 and concentrated to dryness. The residue was

wo e@avsdewi th MeOH (300 mL), stirred, filtrateplCT/0S2005/039072

renove insolubles, and the filtrate was concentr at ed.
The residue was treated with water (400 nL) and
extracted with EtOAc (2 x 200 nL). The aqueous phase
was concentrated todryness to give 11.64 g of yell ow
syrup. Part of the syrup (sdn was treated with DW
(6 nm.), imdazole (325 ng, 4. mmol ), and TBDPSC
(0.50 nmL, 1.92 mmol) follomed by stirring at room
tenperature for 22 h. m xture was dil uted
with Et OAc (100 ni) and I (2 x 50 n),
brine (50 nmL), and dried oygr MgSO4. After filtration,
the filtrate was concentr and the residue was
purified on a silica gel mm usi ng hexanes: et hyl

acetate (1:0 to 1: 1) e e 293 ng (45%
two steps) of product d?gng;gb% 1IHNWVR (a
rat|0:1.3, cba 3) @ d.

m xture of anoneric isoners
7 70-7.62 (m 4H), 7.45-7. (m 6H), 5.07, 5.03 (s,
IH), 4.15-3.69 (m 4H), 36, 1.31 (s, s, 3H),
1—(@WWIQXX)Bu(wensrlleﬂ&hem&(w) 425.41 (M+Na). Step 2:
A m xture of conpound from Step 1 (7.2 g, 17.89 mol),
di met hoxypropane (27 m., 98% 0.22 nol),/?-TsOH (160
fy,a SI&HbNNSOS L yird- aﬁ@inqmol( @8.83L9, MRSmlol f%@ﬂar@& b{z Jgﬂod of

&f erature for_1 reacti on m xture

> prabad Q%@h?ﬁ}) 1 9%%;36(851)@1 dithloromethana (250 mIaHZ@B added
ﬁ%%y'[gfﬁme ff@@lt rﬂlﬁ{b alllcﬁé’ﬁ& %\@gggee Q%Q %&ZTI?%@B at room

aquéous phase s furt er e
temperafiye and ths midure rvgparsiicred Xérr BCh.STovHeereN@BDAGRI xWrE Kras added

e, (300 nL), .and dried over
WRteEo1 5 0790 Mt B0 L R b ePpfabiien dpecresigie ot puifisd on a
aviainh o€ sifies gelusingeshy Wedthic @Hd BBxRe$ hd élﬁéht gs! lv%Qﬂo 1,7%) of
|g§ exanes ethyl acetate (1:0 to 10: § to
%‘9 &9 Pe° 0(5896 of desired product Mﬁth sone

iWﬁRa(ﬁQbé &"gdgsl' 1r59F'4& ?'F']ﬁg 2013 1&@%%‘55 5.9 .64 (m, 2m),

whi ch was use such
1.75-1.90 (m, 2H).

Example A-2
BnO—WCHZCN
Bu0  OBn

2-(3,4-Bis(benzyloxy)-S-(benzyloxymethyl)-tetrahydrofuran-z-yl)acetonitrile
(Scheme A-1).

Step 1: To a solution of D-ribose (61 g, 406.66 mmol) in methanol (1 L) was added
conc. sulfuric acid (6.1 mL) and stirred at 4 °C for 16 h . The reaction mixture was

neutralized using triethylamine (40 mL), concentrated to dryness and co-distilled twice
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Step 3: A suspension of NaH (60% 760 ng, 19 nmol) in
DMVE (65 nL) was cooled to O OC and treated with

wale@bhsiiecyanonet hyl phoshonate (3.1 L, 19 mMmuoPQT/US2005/039072

dropwi se. After stirring for 10 min at about 0 C, the
m xture was treated dropwi se with a sol ution of

product from Step 2 (4.2 g, 9.49 mmol) in DVE (25 nl)
followed by stirring at roomtenperature for 2 h. The

MEBCI00QAL BF 1lEEnR t¥8sn r
vat er £250 i) and gégﬁfgggqg%%ﬁa%egégg%gghgdrﬁ%g of crude

Syusthy Dpwazf@ram hvesis usedt asauctefr wettistept her (250

nm.) and the conbi ned organic extracts were washed with
water (2 x 250 nlL), and dried over MgSO4. After

Sitdpt 2: dtoi aodhyrry GENSHI(65 af ﬁ)%vﬂ%%%@l?ﬁﬁ D3IEG08R6L) W& added crude

residu & ed an silica col umm usi ng
KERRAEE. EE TP 40p.68 ovmel) TODHF (00 anlomer 6 poodef 0.5
%a%ﬂalglngsﬁe/‘?te&ﬁ&aﬁﬁgﬁn% ol (ghé (’«_\%E)El formeil hy?s ?tgfei’daﬁgl room

but yl di phenyl si |yl oxy) nethy a-trine

thmarferaterf 39m3(bff111E IBéil]Z]Zﬂl oemide4219.1 )ga ¢28009 nfnfid]) &af&dded dropwise
colorl es CDC 3): .d 7.76-7.60 (m

overg pfngé ?ll‘lnh IBil_]}ltallﬂn% gy.n(p‘ggaturp Bptwegn =5 %C. d@e(rﬁqctlgbm)was stirred

gt gtgmig (tjegﬁ’pe%a{ﬁirezf& 122h9(%Ltd gnalﬁgs 1r11§O‘% ?tﬂyl gg)%ate/&eh%}te showed

eamplgte) dlsa_ppwzar(cg ofgs@rtmg 1naer{ad), vaus)dilubdd HEBWatdB8G085mL) and

%%%%Benzsﬁgxﬁ&% (@ X1 &P b oBRinsd oosapic. extraets, wergjwashed

tvllloaf itk maydr ¢k ), eeine Y500 B1.), and dried over M%SO‘; and ﬁltered Thg filtrate
e

Xl-tetr hydr of uran- 2-yl )acetonitri Schenme A-3
gg%ﬁ Iic;engatgil PloNagium to furnish crude residue. The crude residue was

gur?rﬁee{dﬁfﬁs@ %n%neh{tat(%m&&q%i-}%%él ﬁ%gﬁ:o%tlgﬁ \xggu e]‘El]_yl acetﬁta ig gexanes
IShp]rlérge(ﬁéé %i@(f desdied graduct dstagrodlt ur e procedur es a)
VRSl 314 P L TS AL AR 28 o

515’,814353297 lddl P=T4R 4005 wk) 1RS.o4 f(@aj=€¢ SVLL fixr?g'afs @9?/ =
25 mmol) and stirred room t enperat ur e

f %?3 @1%53 ‘iHHonHﬂ)@\%éa (69 Jot 9.7 |a@¢16QfHZBr1;Hb AU,

122.74 mmol ) over 10 min. The reaction m xture was

stirred at 70 0C
Step 3: To a solution of product from Step 2 (114 g, 262.35 mmol) in dioxane (250

mlL) was added 4 N HCI (250 mL) and heated at reflux for 4 h. The reaction mixture
was allowed to attain room temperature and diluted with ethyl acetate (1.5 L). The

aqueous layer was separated and extracted with ethyl acetate (3 x 1 L). The organic.
layers were combined, washed with water (2 x 500 mL), saturated aqueous NaHCOj
(250 mL), water (500 mL), and brine (250 mL), and dried over MgSO, and filtered.
The filirate was concentrated under vacuum to furnish crude product. The crude
product was purified by flash chromatography (silica gel 1.5 kg, eluting with ethyl
acetate in hexanes 0 to 30%) to furnish starting material (9.9 g,) and 85.3 g (45%) of
desired product (mixture of isomers) as an oil.

'H NMR (DMSO-dg): & 7.32-7.25 (m, 15H), 6.57 (d, J= 4.8 Hz, 0.7H, D,0
exchangeable), 5.82 (d, J= 7.7 Hz, 0.3H), 5.26 (dd, /= 7.7, 3.5 Hz, 0.3H), 5.21 (dd, J
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overnight and diluted with EtOAc (2 L), washed with
water (2 x) and brine, and dried over MgSO4. After

wo pdobiosibon, the filtrate was concentrated andP@hES2005/039072

resi due was purified on a silica gel colum using
hexanes: et hyl acetate (1:0 to 4:1) as eluent to give
16.2 g (68% of desired product as a yellow oil. 1H
NVR (DMSO-fik): d 7.70-7.25 (m HH), 4.85-4.50 (m

7=H) 8, 143 %Q (471:!)3 4(704. Jtﬂm 611)1?7@1? r(négh( gné cﬁﬁb%gg 143361 %% (m,

%@ 32113;8 (n;néu H)CbBQélddf, dr ‘EQ,SHQH@I W), 3G8-F541 36, 2H;
4.81; O, 24.19. Found: C, 57.23; H, 4.65; d, 24.32;
M5 (ES+) 609.07 (MtNa). Step 2: A m xture of product
Stepnd: Fcep stirrddlldtfngof p2oditt fiwrDsiep ands %ws—zm%&%p THF (150

4, 15 h d 70 OC f
P e R st (G ame o DabasheTsk 6755 & A0 Boumel) 2t room

e {
S SRS NS YR BE, St

d&Ho edditian etl-78r7¢. (The reasipnl nextves wpsstirfddex -781°@ foi 4H0aB20 min

459 of fefiror § 397 $ul 556 S cwnga Y deamec B (38udh). 286 acaction
a8 Rkirac@dd With eihbr (521#2%1%‘5% %Ré& %@V@%tala@q{rgé klﬁ,) e(1x50

|somsrs ratio = .
eIpanghitied. oyer YadS0.J Afigr ﬁltanqn,ah@ filimfe Wid) qonﬁelﬁ&te(d.]and purified

gixl)?ﬂa}_ﬁ) 2%1%% 1§s2L Ostfjiqs% mihyg?c%tﬁtﬁ m%anqs'_-\t{)( g}g%tl’().79 g
(S 595 03 (M °“%“"ian“ﬂ°&%| o o o B THp601 406! C,

5 3 a c or
$$3%4%@% 24.78. Found: C, 56.44; H, 4.48;

, 24.76. Step 3. A sol uti on of product from Step 2
(4.25 g, 7.43 mol) in THF (35 nL) was cooled to -78 C
and treated wth diethyl Expepbedthyl phoshonate (3.6
m., 22.25 mol) follom%g? addltlon of IMIlithium
bi s(trimethylsilyl)am eaction m xture
was warmed to room tenperatur a d stirred for 2 1 h.
It was diluted with ether (4OQ Chnd water (200 ni)
and the organic | ayer was sep)@ed The

2-(6-((zert-Butyldiphenylsilyloxy)methyl)-2,2,3a-trimethyl-tetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)acetonitrile (Scheme A-2).

Step 1: A solution of 2°- -methyi—1,3,5-tribenzoy11iboﬁ1ranose (19.1 g, 40.09 mmol,
prepared according to literature procedures (a) Harry-O’kuru et. al., J. Org. Chem.
1997, 62, 1754-1759 and (b) Du, J. et. al. Nucleosides & Nucleotides, 1999, 18, 187-
195) in MeOH (850 mL) was treated with NaOMe (25 wt % in MeOH, 55 mL, 240.35
mmol) followed by stirring at room temperature for 2.5 h. The reaction mixture was
neutralized with conc. HC1 until pH reached between 7 and 8 and concentrated to
dryness. The residue was treated with MeOH (300 mL); stirred, filtrated to remove
insolubles, and the filtrate was concentrated. The residue was treated with water (400

mL) and extracted with EtOAc (2 x 200 mL). The aqueous phase was concentrated to
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aqueous phase was further extracted with ether (200

m.). The conbi ned organic extracts were washed with
wowrens50(121 x) and dried over MgSO . After filtre€T/082005/039072

the filtrate was concentrated and the residue was

purified on a silica gel colum using hexanes: et hyl

acetate (1:0 to 4:1) as eluent to give 3.9 g (88% of

desired product as a colorless oil. 1H gg? (égnixture
vs:u@cp f SollobAdyinth. Pard ofth ted wit
@(@SEgi "EDB Pe 071_yh§b (0 eﬁ?ﬁ z{ m§) ast(eae with

QJVIF (@ ngQ 13111@:320 qﬁ32§ pig, 4.77 m;m«ﬁ),@nd @ ﬂﬁDP,_SIQ)l ,(O 10 ﬁl&'u,, 1.92 2dmol)
Gt e A gt 4y o
@291—3@@104@021 mIGand8a8ik V\hth vaatéﬂ(z xNSO ALY $nnEosmﬁL) @nd dried

SVEMS Qo4 Dty he Sl aSes sk mstad Ay e ol was uified
oAHICRTUI lurdn uithy AGGERIhyabae PEIGHT: 1fad %lug?'icﬁ%lv& 293 mg

To a solution of the conpound from Step
Ko twvpsteps) ofipgodist saptolorlass GH2CI 2 (800 ni) at -20 C

S8 sol ution..of

(B3B3 R BB R 380 s Sk 188 e,
ﬁelrSI-DMOﬁ &0, oM, m qses qH)r4.ing. 68! , I8, Nt NN, *shﬁ{) 1.07,
t enper at ure bet -20 and -10 O After the sdliuti‘don

ngéngh@ﬂ%( w?é?SﬁhaﬂfNPhe, reaction mixture was
guenched carefully by the addition of saturated NaHCO3
solution ( 1 L) over a 10-min period. Tin salts were
Stepd o mikigred of cqna:tqumh fiohr StepH @2 &t EA.89 mnaﬂ]);i dflﬁ@mxtybﬁ)pane

t | te The ous
5 0 AR R D 3 R 35S PSS e
abﬂibnﬂeﬂlpefagﬁél ifer 1ext TI&CﬁeﬁctMﬁrrﬁlxﬂ@@ Rag dedtd Sritt EtbA\eB(‘s% mL),

and brine and dried over MgSO4
&’@teé Kgab) L) geiused N#e‘cf)is (3t mly amééhec@g@émamt wab separated. The

2 gu

Ltk B, BOELEIAbork AN PO 10 My oy

R¥fracts| warp pugshed with water (2 x 300 mL), brine (300 mL), and dried over MgSQOj,.
After filtration, the filtrate was concentrated and the residue was purified on a silica gel
column using hexanes:ethyl acetate (1:0 to 10:1) as eluent to give 6.16 g (58%) of
desired product with some inseparable undesired compound as a colorless oil which

was used as such for the next step.

Step 3: A suspension of NaH (60%, 760 mg, 19 mmol) in DME (65 mL) was cooled to
0 °C and treated with diethyl cyanomethylphoshonate (3.1 mL, 19 mmol) dropwise.
After stirring for 10 min at about 0 °C, the mixture was treated dropwise with a
solution of product from Step 2 (4.2 g, 9.49 mmol) in DME (25 mL) followed by
stirring at room temperature for 2 h. The reaction mixture was treated with ether (500
mL) and water (250 mL) and organic layer was separated. The aqueous phase was
further extracted with ether (250 mL) and the combined organic extracts were washed
with water (2 x 250 mL), and dried over MgSOQ,. After filtration, the filtrate was

concentrated and the residue was purified on a silica gel column using hexanes:ethyl
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with ethyl acetate in hexanes) to furnish 78.7 g
(89.5% of 4-(benzyl oxy)-5-

w@ b@ansiioxy et hyl ) - 2- net hoxy-t et r ahydr of ur an- 3POT/USE0HOB9072

oil. 1 NMR (DMBO-~): d 7.35- 7.26 (m 10H), 4.77 (d, J
= 4.3 Hz, IH), 4.56 (dd, J = 42.8 and 12.4 Hz, 2H),
4.46 (bs, 2H), 4.06 (dd, J = 8.3 and 4.3 Hz, IH), 3.98
(dd, J = 6.6 and 4.7 Hz, IH), 3.68 (dd, J = 6.6 and

3
A 0 G 5 8210 A 9, i

dlmhenylzgzlozy)m%@) 2,2,3a40meByl-tetaiydiofutofd,4-df[1,3]dioxol-4-

3 2, 1187.7, 1124.5, 1095. 7,
@géetg‘mﬁ%a‘?dl%‘%ggﬂ 738.8 and 698.5 cm 1JNB ( ES+)
IATNBR (OBB): ;5 Mal7,6(f@ﬂ1 c«ﬂg/)f or59%%®H) G.5%8s,! ), Izt 15-4.03
7.02. Found: C, 00. Ste A sol ution of
SOREI, 305 T (eid), 603 b1 DSty its Bl 2CHGT £ 160, 8.1 Hy,

5D, PES(RSHED QOIS0 408, 5008 PR kDL op ).

period of 30 m n (maintaining the internal tenperature
bel ow - 650C during additi hi s was added ‘
dropwi se a sol ution of ccﬁ?‘ﬂ ffom Step 1 in CH2A 2
(150 nilL) over a peri od of ]%% m n. The reaction

m xture was stirred at®* HyCN and quenched
by dropwi se addition of trlethy am ne (113.08 g,
1117.5 mmol ) at -70 C over 30 nin.- $He reaction
mxture was all owed to WaAHEIBIQ oMt enper at ure and

d|-(l3t(Bentzy\loxyhAv@Medlc(lEBﬁbemzyloxyljkﬂa((m4§ﬁﬁalhlﬁrdl&)leﬂomﬁlethyl)-3-

B3 BT e e T BRR abr gani ¢ | ayer s

vvere washed with water ( 1 L), brine ( 1 L), and dried
over MgSO4. After filtration, the filtrate was
é&@cbrﬂ M‘t‘téﬁl f b -bived(Déidinlorophenyiriet i GeB-mesityll AO tnpethyl-

S P kS FR R Rt
Mtarmﬁ IEaHbl&'BtléaOChﬁﬁi& Aewt 18408, &@mﬁan&ﬁﬁidw QtnaIOfJ Med.
MeMyBr (3M.in ether, 263.5 ni, 790.5 mol ) wa

§hepuP LY. 43, 828403H7) bk THF @eeqswnwasr ireptscwith NaH 76 6.45 g,
961.2% ﬁnﬁ’olm dtirted A7EHH Ee%i%rature for 0.5 h followed by addition of BnBr
(14.6 mL, 122.74 mmol) over 10 min. The reaction mixture was stirred at 70 °C
overnight and diluted with EtOAc (2 L), washed with water (2 x) and brine, and dried
over MgSO;. After filtration, the filtrate was concentrated and the residue was purified
on a silica gel column using hexanes:ethyl acetate (1:0 to 4:1) as eluent to give 16.2 g
(68%) of desired product as a yellow oil.

'H NMR (DMSO-dy): & 7.70-7.25 (m, 11H), 4.85-4.50 (m, 7H), 4.20-4.13 (m, 1H),
3.76-3.67 (m, 3H), 3.37 (s, 3H), 1.40 (s, 3H); IR (neat, cm™) 2904, 1591, 1472, 1199,
1102; Anal. Calcd for CgHpsClL1Os: C, 57.36; H, 4.81; Cl, 24.19. Found: C, 57.23; H,
4.65; Cl, 24.32; MS (ES*) 609.07 (M+Na).

Step 2: A mixture of product from Step 1 (15.19 g, 25.91 mmol) and 3M H,SO4#/HOAc
(1:4, 150 mL) was heated at 70 °C for 9 h. The reaction mixture was diluted with
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diethyl ether at -70C over a period of 2 h
(mai ntaining the inside tenperature around - 70 0C).

wab@ensHet i on was stirred at the sane tenper at BCEUSINS/039072

2.5 h (TLC anal ysis using 30% et hyl acetate in hexanes
of an aliquot. showed conpletion of reaction). The

reacti on m xture was quenched by pouring into ice cold
water (3 L) and neutralized with INHO (750 nL) to pH

RhibrofSHE (FMUSOLhdl vsBEd Wﬁ'ﬁ vx%?e??f 2y, e ROt wALE gﬂd dried over

once Wltﬁ ethyl acetate (2 L). Thé conbi ned or gani c
NS5 Adfist ﬁlmglhéhe ftrate was eanc¢tragediand)the saidue stae gurified on a

RCtre g e Poep @Rt Oel e 3 as b0 88 o0

@Iﬁdesﬁﬂéépfﬁ&btdllsali\gﬁSydll@w&l ed on a silica gel colum (
S|I|ca gel) and eluted with ethyl acetate in

%Hx ]r\@s g ixtarepohgnomperic iseme, wtie T 5S¢ YISO dated i7:8d7.40 (m,

ik S UBSy LSS U, DY SIS SRALRBH 525510
cmnﬂ)Hmnws-nam(ﬁst, &bl) 3442375, (rl,14HG 1058011)53i (25,00); (IRS@eat, cm™)

At PRS AT bV WP MO s o5 gl cated for

Ua;};szwm; 1, 86.86; 9, 4583, 24i9e Foben 2y 156 2u0n1 483.(A324866.9,

1309. mml) dropvvl se over a period of 30 mn and was
heated at 70 OC for 19 h. After coollng to room

‘mféﬂg l?%ggﬁ?ﬁ-épgrn gggﬁdﬁ Fg ! %]d% &f?ﬁ g’ace i c ai ?%I Tﬁg‘t g’ﬁ mL) was

Codled T e78 e@candommd(twithedml eyéﬂoaibﬂ@%hbbﬁdilate (3 6 mL 22.25
et hyl acetate (2 x. 500 m&% he conbi ned org
3 d Raadaiion; ot 1 thél?mr(‘l hls@mevbylismé)aem e, “mL). The

%gtla‘[ m@GuR\ets WHREY td A B Ebdr O h tIp%as %ﬂuted

filtrate was concentrat ed andoeé{]e res {é‘tde was
Wthf dtherH4eh mdv)ﬁtndidthZOQ mLk gnd ithe c:galgellayeelml segarated The

ace n h 0,to0,.200 o furn
LI O TAEE I -
oot re: wakhéd I8th/ wafdr ((mx) ]ailil)dneﬂ of2r (MgSOAfied - fiftation, the
_ 2H), 4.55-4.44 (m 4H). 4.06

J=15.4 and 11. 6

%lgtaite yas cgnopnizpigd #ng %reS}dqf was yrifipdn ¢ gilicagel cglugm using
hexanes:ethyl acetate (1:0 to 4:1) as eluent to give 3.9 g (88%) of desired product as a
colorless oil.

'H NMR (a mixture of anomeric isomers, ratio = 3:2, DMSO-dg): & 7.53-7.10 (m,
11H), 4.71-4.43 (m, 7TH), 4.07-3.75 (m, 2H), 3.62-3.48 (m, 2H), 2.77-2.54 (m, 2H),
1.35, 1.21 (2s, 3H); IR (neat, cm™) 2879, 2252, 1591, 1472, 1383, 1095; MS (ESH
618.13 (M+Na) Anal. Calcd for CyoH,7CLINOy: C, 58.51; H, 4.57; N, 2.35. Found: C,
58.31; H, 4.49; N, 2.27.
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(s, 3H), 1.32 (s, 3H): IR (neat) 3427, 3063, 3030,
2901, 1952, 1495, 1453, 1369, 1200, 1103, 1028, 736

wa@pae®986rm 1; MS (ES+) 471.38 (MtNa). Anal. OatTUuS$00$/039072

C28H3206: C, 74.97; H, 7.19. Found: C, 74.87; H, 7.22.
Step 5: To a solution of product fromStep 4 (33.5 g,
74.77 nmmol ) in dioxane (250 nL) was added 2 N HO (250
nm.) and heated at reflux for 20 h. The reaction
mxture was allowed to atphahipid XN tenperature and
diluted with ethyl acetate ( 1 L) and organic | ayer
was col |l ected. The aquedsi® ayberc%%m further extracted
with ethyl acetate ( 1 L). € ¢onbi ned organic | ayers
were washed with water (2 x ! , saturated aqueous
NaHCO3 (150 ni), and brinept500ppl), and dried over

Zﬁggﬁﬁéﬁter fi Is&é)ati on, the filtrate was concentrated
Aortrips(hengyloma-Subenploxymmethylhg-methyhtetrahydeaforanny
ﬁ]}a@t&ﬂtr‘ﬂkl@aﬁlﬂe‘&dﬂod uting with ethyl acetate in
exanes) to furnish” 14.52 g (45% of desired product,

3, 4- bi s(benzyl oxy) - 5- (benzyl oxynet hyl ) - 3-net hyl -t etrah

; en: . o ™
oL Pl R Reeun bl 2o NEE 42 i 29545
frisol) inkHA02Q 808 ATy ng ARy as ﬁd@@dﬁogwiéé-a%@uﬁoﬂ oPSaftiSic chloride
0.3?, 4.73-4.47 (m 6)—% 4,19-4.14 (m 0.3H),

(289¢9 4mbo 1 Vhsolptiongn CELGl, 280.99 mmdl) Hvera petic-pf 38 16 while

éfﬂlg ]a_u:l% gnag%tfiﬁﬂ%ot’hggfgm}f%t?%eég 't%?eré?é%%n’%—agiﬁé %ﬂ{fi:the solution

%a2Bept 28T OC 39231, th8¥dctidBhaturd /dR quéeidd cAER1 bi‘lﬁé‘addition
1364, 1311, 1252, 1202, 1094, 1028, 910, 855, gl,

oizsatirgigd NeFCO: sotytiop sl 1) 950t 3 80-min poeiod i) saliStvesse gmoked via
. . i f 14. 06
B8 2P CUh ol GRTROHIAL LR Pt A BBl o
Qq:uﬁlaltlﬁg iﬂtellehW?a)s pgtcl!:&pt_l?_d nmtt]le chbr@orm, (IB?O tﬁﬁL)”‘ﬂmile) c@ﬁﬂlﬁined organic
0 - . To.this ¢ ed.sol utio ithium._ .
BREEE 8 oighe e i e 305 a5 o g cvied over
BRSO, | Offeri filtrFtidn) thASIHaR0RE: QBnt@Atddeb Rid cri® ﬁioaucttas dark
6]

;eg]e temperature of the reaction mxture was br ought .
ogcoibide cendseil; was nyrifigd Ry Slash elupmptegraphy (silica gebt kg, eluting

with ethyl acetate in hexanes) to furnish 78.7 g (89.5%) of 4-(benzyloxy)-5-

=t

(benzyloxymethyl)-2-methoxy-tetrahydrofuran-3-ol as an oil.

'H NMR (DMSO-dp): 6 7.35-7.26 (m, 10H), 4.77 (d, J= 4.3 Hz, 1H), 4.56 (dd, J =
42.8 and 12.4 Hz, 2H), 4.46 (bs, 2H), 4.06 (dd, /= 8.3 and 4.3 Hz, 1H), 3.98 (dd, J =
6.6 and 4.7 Hz, 1H), 3.68 (dd, J = 6.6 and 3.8 Hz, 1H), 3.44 (d, J = 4.5 Hz, 2H), 3.30
(bs, 3H); IR (neat) 3554.8, 3030.7, 2926.0, 2912.0, 2863.2, 1957.1, 1732.1, 1650.4,
1494.8, 1452.4, 1414.7, 1362.0, 1323.2, 1269.2, 1187.7, 1124.5, 1095.7, 1040.0, 914.4,
853.3, 738.8 and 698.5 cm ~'; MS (ES) 367.38 (M+Na); Anal. Caled for CyoHp4Os: C,
69.74; H, 7.02. Found: C, 69.84; H, 7.00.

Step 2: A solution of DMSO (45.05 g, 576.66 mmol) in anhydrous CH,Cl, (150 mL)
was added dropwise to a solution of oxalylchloride (36.88 g, 290.5 mmol) at -78 °C

with stirring over a period of 30 min (maintaining the internal temperature below -65
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another 16 h. The reaction m xture was again cooled to
-78 Cand to this were added di et hyl

w@ eopatomaret hyl ) - phosphonate (8.6 g, 48.55 muol ) PEmtiS2005/039072

[ithiumbis(trinmethylsilyl)am de (16.18 nL, 16.18
mol, IMsolution in THF) and stirred for 24 h at 20
C. The reaction was quenched by adding water (50 niL),
stirred for 30 mn and extracted wth ethyl acetate (2

xc%{ﬁg%hh(oﬁﬁ Q“octﬁméf}n_ecgél’dé’% ?1?) %Xstoﬁlﬁ Vé%gnﬁomdggm Step 1

dn iCéﬂC(zl\@Sbnr)L) ovaf & geriéd bf 3Gt ril,"hetl’ﬂﬁttli)nlrmkairew\aﬁsmred at -70
neen te rd,14. 7 98. 69 .of the product,

oBER 2 e Pt otorpiibe datings of i thupine (AT 08g01117.5
@Ma@@(ﬁﬁ@o%k@o min. The reactlon ﬁu e was al Wed ‘cot e?mélli room

2- (4- (Benzyl oxy) - 5- (benzyl oxynet oxy
deneifenatune- and diluted stithrwvater (500 (rﬁbhéli’he di(gﬁ)lc lzﬁfeﬁ pval selﬁrated and

R RO LY Y .

layaﬁ; Geredashetmwlth wdiek 6t 1? r&@n@sl rLgoaM %ﬁe@r %ﬁf After
foIIomFd by addition o
% gHoR: thestifple was, soncenEated Andrithe cﬁS@u@vaiz;aSSqudr mdieatvacuum to

Eﬁﬁﬁﬁht@ P& AL ?E@dutzpﬁs gaﬁﬁﬁ%ﬂ%&%& h ptOanggF%Pse%lzas such

, neutralized
Xithog fnﬂl}er@ndﬁbatlomd“m(meﬁexﬂs)ep and dri ed over MySO4.
After filtration and concentration of the filtrate,
the residue (5.8 g, light yellow oil) was used as such

Bep hextsobitiop. ofVBleMeBr) (388 1n 4fhef, Md3NanT, Stopl glmcﬁ? was added
a{olﬂ%ﬁleog&? sf pro%dgfcgorrfprog{lrc]l %rtoglpSt%p 5(72 4gg, CZrZL?f %er)nmol) in anhydrous
diethyl ether at -70°C over a period of 2 h (maintaining the inside temperature around -
70 °C). The reaction was stirred at the same temperature for 2.5 h (TLC analysis using
30% ethyl acetate in hexanes of an aliquot showed completion of reaction). The
reaction mixture was quenched by pouring into ice cold water (3 L) and neutralized
with IN HCI (750 mL) to pH 6-7. The aqueous layer was separated and extracted once
with ethyl acetate (2 L). The combined organic layers were washed with water 2x1
L), saturated NaHCO3 (2 x 200 mL) and brine (250 mL), and dried over MgSO,, After
filtration, the filtrate was concentrated and the residue was purified on a silica gel
column (1 kg silica gel) and eluted with ethyl acetate in hexanes (0 to 25%) to furnish
41 g (50%) of desired product which was used in the next reaction without further

purification.

Step_4: To a solution of compound from Step 3 (40 g, 111.6 mmol) in DMF (250 mL)
at 0 °C was added 60% NaH (17.85 g, 446.4 mmol) and the mixture was stirred at 20
°C for 30 min. To this mixture at 0 °C was added benzyl bromide (23.86 g, 139.5
mmol) dropwise over a period of 30 min and was heated at 70 °C for 19 h. After
cooling to room temperature, the reaction mixture was diluted with water (100 mL) and

acidified with acetic acid to pH 7-8. The reaction mixture was extracted with ethyl
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H2SO4/ HOAc (1:4, 60 nlL) was heated at 70 C for 2 h.
The reaction m xture was diluted with chl orof orm (300

workgocasidewvashed with water (2 x 200 L), | M Nar€XDUS2005/039072

(200 nL), water again (200 nL), and dried over MySO4.
After filtration andconcentration of the filtrate, the
residue (4.5 g, yellowoil) was used as such for next
step. M5 (ES+) 367.48 (MtNa). Step 3: A solution of

RiceEteC® f 5ME) 8R Hhe(Bnd ; rﬁ%l drgah {ﬁyér‘s}%ve?g‘%a%ﬁ Pk s (1L),

to -78 C and treated w
(Wanﬂnﬂ@hwnﬁpﬁwpnwaﬁ\égs% zzcm_,g) 231195 fiteration, f k| fls@ct was

Bepitteh Al W EMAe LS T G AL B S B 8 e gl
vehutingdwitlo ethloatetaeMmeiex hbls 0 @@b%}t ﬂorﬁJ.ﬁl’si"sthBr 781% 6@7 gl of desired
was dlluted with ether (400 nL) and water

fW@hﬁ g el phase was extracted further MAth etherd

e PRS0 £ RTo e hEIEE 4 28 IE) AR MR Epma 116

sz 2HR 4. 4.4 Gn oI d1961(Ad, i Jon9.0fand he HA, |1HD 3. @L 3 'S'ﬂ%m, 3H), 3.30
(el B M et Wl D@ D, H01a L% s 1458 gpes 1200,

21 193 L0008, T6%ha6es ah hrmms*z 47 BOTBVISNa) A%, @51 586,4H,,0,:

(benzyl ox

eps

gﬁf%lHX§h%t n9:-.G 74/ hBxy-22.et r ahydr of ur an- 2- yl ) acet o
n|tr|Ie as a colorless oil. M5 (ES ) : 390.43 (MtNa) +.
Exanple A-7
Stgp3: IWbtarﬂpluchn (of prddyéuﬁ«)mﬂtdpyﬂ ()333 747 ye6lf # #@BxaAre Y230 mL)

ac et ti gj lﬁ? é@ 6];5?) ,ﬁglfiﬁ{?rﬁeg it ¥el§]1u§ ﬁglgzcghﬁ)ll{eufteggggg%fugture was

{ L t
m‘@"vczdr Bohyar at £ Ghem " 1004 17805 AT ol Lefe A2 organc

A{Yff Wt eolleted al b apisenselager wwssfumwvacsraqddj adthdwthudvacsmte (11L).
uf SoRbhEd LREmENGRT b AR R Ry B ppons
Nahio€): ({1 60 mI@f atichbrinee 6600 mh) had ded 00eMgS0g AL&Cil@fion, the
HiPate %vasr cr:o%cen ated andché 9ers1due was pgnﬁed by flash chromatography (1.5 kg
silica gel, eluting with ethyl acetate in hexanes) to furnish 14.52 g (45%) of desired
product, 3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-methyl-tetrahydrofuran-2-ol, as an
oil which is a mixture of isomers.

'"H NMR (DMSO-dg): 8 7.38-7.24 (m, 15H), 6.60 (bs, 1H, D,0 exchangeable), 5.00 (s,
0.7H), 4.99 (s, 0.3H), 4.73-4.47 (m, 6H), 4.19-4.14 (m, 0.3H), 4.06-4.00 (m, 0.7H),
3.79(d, J=1.5 Hz, 0.7H), 3.67 (d, J= 6.2 Hz, 0.3H), 3.61-3.49 (m, 2H), 1.34 (s, 2H),
1.32 (s, 1H); ); IR (neat): 3425, 3064, 3031, 2926, 2870, 1954, 1878, 1812, 1735, 1603,
1497, 1454, 1364, 1311, 1252, 1202, 1094, 1028, 910, 855, 814, 737, 698 cm™'; MS

(ES") 457.38 (100% M+Na).
Step 6: To a stirred solution of compound from Step 5 (14.06 g, 32.37 mmol) in THF

(150 mL) was added diethyl (cyanomethyl)phosphonate (6.30 g, 35.60 mmol) and
cooled to -78 °C. To this cooled solution, lithium bis(trimethylsilyl)amide (35.60 mL,
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35

guenched with ethyl acetate (4 nL) at that
tenperature. The reaction m xture was allowed to warm

WO 200608016t enper at ure and concentrated under varCII$1005/039072

dryness. The residue obtained was purified by flash
chromat ography on silica gel eluting with 20% et hyl
acetate in hexanes to furnish 1.65 g (88% of
3-methyl -5-trityl oxymet hyl -2, 5-di hydrofuran- 2-ol (a
s ool SRS | G 240

e e ﬁlo%lM) : 5131)71 Tg%“)szva H%e% c'r:\%gh?’encgp%fii%?g%l’ %HQ g!n‘ilperature
2>.f Sheamaktion nikdaire W&Q broﬁg}ﬁtte 30 66 oten a pHdbd off 4 an( Wsrther stirred for

0.4 4. 65 (bs, , 3.06 (dd, J = 6.8 and 9.1 Hz,
ngther lézhg"ghezre%m(lrﬂq o] RS agau@ goolgd 678 7€ andi thip mere added

3 8 74

8 Kb R G 65, 0, B s

hpﬁéﬂri_ma@aﬂsﬂyl)hmldegz smangleqs ﬁhlﬁloﬂi,]J,M HoluioBn gﬂw @l stGred for
.15; t 0] r 0]

P R201°C. QSR AN DS B 08 S deiar a0 min

dh@RWr&fedi R Ritly] b6XAD PR lmb)nntﬁ)]ggﬂg QABbfed Br (I;i_p%%gwnéxtrag were

nmol ). The sol ut| on becane nous on co
Athghed withatenels xs100r wbd brine0(10€ F56r mBY emdndnéﬂo(MQS@4) After

??%%%o@?&g%ﬁé?%%ﬁgpg&%gwea %o. affbc’r%l Hlt g?92%% 0 %C;Erocfiuc? which

twas iyddos \snet foy hexd stepdi hydr o-furan-2-ol (1.85 g, 5
mrol) in DME (15 nmL). The reaction m xture was al |l owed
to warmto roomtenperature, stirred overnight,
diluted with water (50 mgk,ahfe ¥a5 extracted with
ether (2 x 50 nL). The conbined organic |ayers were

washed with water (50 mow}l m.), and dried
over MySO4. After filtratio efiltrate was
concentrated and the residu s purified by flash
chrorrat ography (25 g si I| \ge];% el uti ng wi th ethyl

[ to f h 0% of
?-é k%y?-% (gQl?zssfloxgrmel#l;yI})l-f‘:’-methoxy-tgetrahydrofl?ran-Z-

]’)héd&lﬁﬁ-ﬂméﬁéh{e%g di hydro-furan-2-yl)-acetonitrile
?a m xt ure of isorrers) as a colorless oil. 1HNMR

(CDCI3) : d 7.47-7.41 (m 6H), 7.33-7.19 (m, 9H),

. (xS : , 4 <l 0. .
g?_eg_é_. % Sé)gg}o%@f forgap@?hd%é% %6(8.151'})16 J‘E':S’ g’c_eé q]a(ﬁ & gl_%l I1_0&7(1’101) in DMF
@54H)L) Bad Bredte@SwithnNaH (60%, 1.86 g, 46.5 mmol) and stirred at room
temperature for 1 h followed by addition of Mel (0.87 mL, 13.84 mmol) in DMF (15

mL). The reaction mixture was stirred at room temperature for 23 h and was diluted
with EtOAc (600 mL), neutralized with HOAc, washed with water (2 x 300 ml) and
brine (200 mL), and dried over MgSOQ,. After filtration and concentration of the filtrate,
the residue (5.8 g, light yellow oil) was used as such for next step.

MS (ES") 381.46 (M+Na).

Step 2: A solution of product from Step 1 (5.8 g crude) in a mixture of 3M
H>SO4/HOAc (1:4, 60 mL) was heated at 70 °C for 2 h. The reaction mixture was
diluted with chloroform (300 mL) and washed with water (2 x 200 mL), 1M NaHCO,
(200 mL), water again (200 mL), and dried over MgSO;. After filtration and
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1.6H), 2.83-2.53 (m 2H), 1.79 (m 3H); IR (KBr) 3430,
3059, 2917, 2865, 2363, 2249, 1967, 1735, 1491, 1445,

wda2eg/osweir4, 993, 748, 704 cni 1; Anal. Cal cd POT/US2005/039072

C27H25NC2: C, 81.07; H, 6.43; N, 3.50. Found: C,

81.37; H, 6.25; N, 3.49.Exanple A-8

2- (3, 4-Bi s(benzyl oxy) - 5- (benzyl oxynet hyl )-3-ethyl -tetr
ahydr of uran-2- yl)acetonitrile (Schenme A-4). Step 1: A

2BhdthirHbrodr % Qilﬁ‘itg hhe rrésﬂﬁlD%ﬁE’. (5) r% gef]?_%\g [A]Qtlw(?)s &S@P z?rsg‘%%ﬁ %ﬁr next

dropwi se to a sol ut’i on of
atthydrous CH2A 2 (100 nL) at -78 Cwith stirring over

' in. To this was added dropw se a
gﬁ’@ﬁﬁg%g%g g\%ﬁﬁﬂt fromStep 1 of Exanple A-5 (10 g,
0.029 nmol) in CH2A 2 (25 nlL) over a period of 30 mn.
The reaction mxture was stirred at -70 OC for 3.5 h

sdtion afpreflushlipms Stepddi(3:3 shindfHE (42enhyivamniavked(ts -78 °C
A et i SR ool DSR4 Al 25 48 Geptf pHowed by

wadition 02081 hithium Higtronghylsityljanydy inVBEIFS@PAr AL.edo Qr}ﬁmol) The
ilifi%eous I er was eét racted with chl oroform

B RS o BTN GAoE PR G REsOHBRIL o o was diuted
W&ﬂheé’thér?ﬁ@@O Rih1)), arddl Wiker gi@@omﬂj-)Thea&ﬂlegﬁs ﬁgasg\gvt%é C?M}é%h further

After filtration, the filtrate was concent
it atfees ((A0emiih <Thei combingd wrgamic exntracts oy washvdmw waith@r x 200

(1&? gn ed s, Q- %ﬂ%roﬁltrZﬁon a%d I)%{:éng% 10170 gt{hﬁ %)trate the residue

ofution was a rOpW Sé
wag pesiiedons sititalgel (célﬁnfm using HeMuie@ eﬁi}lll:acé@até)érﬁo tmdz )1) asldigent to

on was further stirred at -78 0C fo nd
SR P T s e e S et At A 2o By Iony)--

Wehfylbﬂqﬂ@lylf 3086ktAdy- tE@aHSIH'ro@uan 2 1% bRk Gs h@%%%lﬁé%‘ﬁ.

col Ieghed and t he aqueous |ayer was extracte

M$HS 188043 EMDBY.- nL) . The conbi ned organic | ayers
were washed with water (2 x 200 nmL), saturated NaHCO3
(2 x 200 nL.), water (100 nL) and brine (200 nL), and
dried over MySO4. After fEkhmpld AT, the filtrate was
concentrated and the resi due was purified on silica

gel colum using gradi efPT 10 :CHzCN
==lwCH;

2-(3-Methyl-5-(trityloxymethyl)-2,5-dihydrofuran-2-yl)acetonitrile (Scheme A-6).

Step 1: To a solution of 3-methyl-5-trityloxymethyl-5H-furan-2-one (1.85 g, 5 mmol,
prepared by the method of Lopez-Herrera et. al., J. Carbohydrate Chem. 7994, 13, 767) in
toluene (25 mL) under N; atmosphere at -78 °C was added dropwise with stirring DiBAL
(10 mL, 10 mmol, IM solution in toluene). The addition rate was maintained to keep the
temperature of the reaction below -70 °C. The reaction was stirred at -78 °C for 2 h and
quenched with ethyl acetate (4 mL) at that temperature. The reaction mixture was allowed
to warm to room temperature and concentrated under vacuum to dryness. The residue
obtained was purified by flash chromatography on silica gel eluting with 20% ethyl
acetate in hexanes to furnish 1.65 g (88%) of 3-methyl-5-trityloxymethyl-2,5-dihydro-
furan-2-ol (a mixture of isomers) as a white solid; mp 100-102 °C.
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25% Et CAc in hexanes to give 3.0 g (30% of desired
product. Step 2: To a solution of the product from

wW®Ee@p/030168 g, 8 nmol) in THF (100 nL) at 0 C wWesST/HMe§039072

NaH (0.5 g, 12 nmmol) and the m xture was stirred at 20
OC for 30 mn. After cooling to O C, benzyl brom de
(1.5 nm, 12 nmmol) was added dropw se and heated to 70
OC for 16 h. After cooling, the reaction mxture was

?HNMRG(DMM? -GRBTALPS: )1, H?ﬁﬂl @Heﬁ—‘ﬂst%t i % k@‘:% 94-5.65

-8 and ‘was extracte thyl

0 pH
1@02&)4 85Tlhe GHmbHHEdbs OgEDhi .06 eclderf§ 6\8aad YA Jhe 0.68)f 1195-2.83

19 S350, T PR R89 EL 80 %o o, SUEE M0, 150

tlh&9 ried5,ci2e2 W9 pL036f D& 7y, 7ok 2 Al @k@%@@!}mm C, 80.61;

nt 0 to 20% Et OAC i n hexanés) to give
%gggiﬁ und: C, 80.15; K, 6.39. ) tog

3, 4- bi s- benzyl oxy- 5- benzyl oxynet hyl - 3- et hyl - 2- met hoxyt
etrahydro- furan. M5 (ES+) 463.25 (Mtl). Step 3: To a

Sty iTor sbirryt dfNabF @lisc, 4f8rmm0569%) #h 1()&]52(29 m]@ o%om 0 °C was

L FRP e St Grtom TP PO & e Dede soluton
%E&aﬁ‘l&ﬁﬂnfogerﬁhg & Ebrﬁﬁlgt'iﬁnt SIB&HM éi{d%va%%ﬂrrgd L ‘%jfo%(s min. To this

et hyl acefate (100 . The organic layer
selutfiactveas addpdt H@p&q&ee(ausolluagierofvvpﬁ)dﬁcur tfﬂtbﬁf Sieg:t r6C8ekthyl-5-

P ol ZCERIAG trpr-tal 85 =5 vt RS (E5pLE e gescton

&qumusasl‘@lblm td 5anmd rooﬂtﬁt% Ferﬁt@& Bfﬁ}edaé%nﬁéﬂt n(ﬁlu@eﬁomth water
2%? and. dri ed over After |Itrat|on

PEh R Was Seeted ﬁ’(lﬂ)a@ﬂé%r @rgSq mé)r By méalwalsorgum Faiyers were
Mslfeh 3th &Qﬁp@trﬂ% BRAY (509@8 0%?&] th'le 50er A% §(lJ:' 2% iftration, the

hexanes) to fur
ﬁhﬁmb%@Sb@wmmhmxyamiﬂwnzy&mmymepmykﬂaneﬂh&hmmﬂﬁMﬁgﬁmhyXZS

s1;1 S%eg)l eéum w (aaetitg ngfle nezft 1?1121% ?g@i% .’? (3-methyl 5-
(ritylampnehyiyd, 5*dﬂﬂﬁ&pﬁﬁﬁﬁ2-€/l)(&el%ﬁmﬂlb (@- fhiel bel faoﬂ?é{'é) as a
éﬁmgﬁﬁ was added product fron1Step 3 (2.7 mol, 1.2

ilhe reaction was stirred at roon1tenperature
TEPNM® (CDCL): & 7.47-7.41 (m, 6H), 7.33-7.19 (m., 9H), 5.64 (s, 0.6H), 5.53 (s, 0.4H),
5.10 (m, 0.4H), 4.96-4.83 (m, 1.6H), 3.26 (dd, J = 5.6 and 9.7 Hz, 0.4H), 3.18-3.05 (m,
1.6H), 2.83-2.53 (m, 2H), 1.79 (m, 3H); IR (KBr) 3430, 3059, 2917, 2865, 2363, 2249,
1967, 1735, 1491, 1445, 1242, 1074, 993, 748, 704 cri™'; Anal. Caled for CpsH,sNO,: C,
81.07; H, 6.43; N, 3.50. Found: C, 81.37; H, 6.25; N, 3.49.
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h. The reaction was then diluted with di ethyl ether
(100 nmL), washed with water (100 nL) and brine (100

workgos/03thie1 or gani ¢ | ayer was col l ected, dried OREr/UMPSIHBI072

filtered and the filtrate was concentrated to give 1.5
g of crude 3, 4-bis-benzyl oxy-5-
benzyl oxynet hyl - 3- et hyl -t et rahydro-furan-2-yl)-acetoni
trile, as an oil, which was used as such for the next
st ep. Exanple A-9 -
2-(4-(Trityl oxynet hyl )cyc]?xoaﬁnepr%%ézs- enyl )acetonitrile
(Schenme A-7). Step 1: To Osti rred sol ution of
(4- hydr oxynet hyl - cycl openfl-z @ SHiﬂ%t hanol (13.8 g,
107.81 nmol, prepared by math d of Mekram et al.,
Tetrahedron: Asymmetry 1992 1) in nethyl ene
chI oride (100 nil) was adde]an 6| ne (25.5 g, 118.59
Aridi4yBisthengylpxy)tS-thenaylpeaneth wtgyl-@mshsdrqﬁmn)z-at )
"Qlidnke the m xture was stirred for 18 h.
Xptggérthgggﬁ ?%)n of‘@\%g'ter (50 m), the reaction m xture
was diluted with nethylene chloride (100 nL) and the

Rl ey souPlat R RRRRARLT g 08 o5l B e UGmmio a souton
CLo0 g ““%?‘}L‘SEM" O Ao EARaOl) AT e it stiming

Pvena pariodref 30 hil@nf To tlnsawes aoisd dompuaset a slwidnanigraduet from Step 1

GBS A8 09 90) % Bl LE8Slr QYA B g i T

1&0&&1 ehixtdle. widstieded dSSZOr‘@jfcﬁ BEOkEkd quenched by dropwise addition of
4-trityl oxynethyl - Eéent 2- enyl ) - nmet hanol .~ 1HNMR

gie:(S gl aB@YW mis Jhe réactign Giistare(was alllelyved to warm

f’ ?o%ﬂ(_ﬁemp raggg’ Endsﬁfu(ted vb'ist%wa% ?@i}h Igﬂg S[%? I;?‘regal‘n}_cl)%ayeé V\iaﬁ separated

and addd))us ]Jaydr&va]s RBadted with%hlokﬁoﬁﬂﬁ@ 1 26031 4./ THMbashined organic
of product from Step

Ty g g e R Witsr o e Is0U 0 s Ena gl over MgSOs.
Nftep hl%?arﬂl%ﬁ Uhé ﬁ[ﬁ/zﬂte %Qd QrlcBfraAld a{nﬁ‘%ﬁ@ 1eSiARE (val Hl@&)l\%dqntt -butyl

mxture was stirred for 48 h. After concentrati on,
dimsthiylecthers(180 sxloh wadl cpoled ity T 86t Be éhif 206led solution was added

dropwise a solution of ethyl magnesium bromide (43.5 mL, 1M in THF, 0.043 mol).

The reaction was further stirred at -78 °C for.2.5 h and poured into ice cold water (200
mL) and neutralized with IN HCI (300 mL) to pH 6-7. The organic layer was collected
and the aqueous layer was extracted with ethyl acetate (200 mL). The combined
organic layers were washed with water (2 x 200 mL), saturated NaHCO; (2 x 200 mL),
water (100 mL) and brine (200 mL), and dried over MgSQy. After filtration, the filtrate
was concentrated and the residue was purified on silica gel column using gradient 0 to

25% EtOAc in hexanes to give 3.0 g (30%) of desired product.

Step 2: To a solution of the product from Step 1 (3 g, 8 mmol) in THF (100 mL) at 0
°C was added NaH (0.5 g, 12 mmol) and the mixture was stirred at 20 °C for 30 min.
After cooling to 0 °C, benzyl bromide (1.5 mL, 12 mmol) was added dropwise and

heated to 70 °C for 16 h. After cooling, the reaction mixture was diluted with water
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m), washed with water (2 x 100 ni), brine (50 ni),
and dried (MgSO4) . After filtration, the filtrate was

w@oemweesitishat ed and the residue was purified on BCT/USA05/039072

gel colum using ethyl acetate in hexanes (0 to 309,

whi ch afforded 21.45 g (84.4% ofdesired product,

t ol uene-4-sul fonic acid

4-trityl oxymet hyl - cycl opent - 2- enyl net hyl ester. 1HNWR

( Jacidehiedl voith dcdtic deid tFpI3 7Eandls exfradild 5th et]hyi_'a%a’%e 2x
Hz, 2 7.38-7.22 (m 15H), 5.79 (d, J = 5.4 Hz, TH),
208 ml()g Thg cembined prganip fyyerswere vaashed with vkgr, (200 §), brine (200

3 , . 09-.1. |
i b lovel MS A Aol i Rt vap chpespirgpd and the
cepidye wad purified By ﬂpsh&;hrdrﬁ)dtb@mlﬂtﬂlgﬁad]ﬁd;r]lo it€ 2(3%@105%; i113 hexanes) to
i tyl - I - 2- t ester .3 0,
B3-Sl B b B BrHaA-ponsHloRy e Rils-iibar ethoxy-
s@hidrogyaRni de (3.58 g, 73.18 mol ) at room
tenperature and the reaction was stirred at 70 C for

MS S N6e325 @461k ng, the reaction mixture was

extracted with ethyl acetate (2 x 250 nlL), washed with
water (2 x 100 niL), brine (50 nL) and dried (MJSO4).

Bfeped: Toid dolwttonarf thet predidt iorStep Bas.2a0 BeemidoRtie dickage (50 mL)

sengn LT P b apEleste 4 o%hindit A alveardonautize was

Mo & Gfdin HWmOTenfpeRtr€ In@ FRHHEL with ethyl acetate FIOO mL). The
(4-trityl oxynethyl cycl opent- 2-enyl)-acetonitrile, as

argasicopyaswass efllegted mplivee eOMBEYYYer avap. ihdt. G@ratterl with ethyl

Fiiite GRoga) dhe Boimoid oldinic sy el iaghis Wi v @ 100 m),
Sa1@@ted a3 0ecusNaE)Q; (30 ihf’L),llwﬁl.Fr (l(snim%)—andhtﬁfnjar(pd) 1/ 4R dricd over
- (5 -B | di [ Xy) net -t et rahydr ot
gt b figten b PR bedomm hetbnd e opgiovepRIERFd by
flasohBorhography ?gra_tdient 0 to 20% BEtOAc in hexanes) to furnjsh 1.2 (3é0%) of

er “hut yl di phenyl'si lyl)-2, 3-di deoxy-4-thi‘ori bof uranos
3,4-bis-benzyloxy-5-benzyloxymethyl-3 -ethyl-tetrahydro-furan-2-ol, as an oil.

Step 4: To a stirred solution of sodium hydride (0.18 g, 5.4 mmol) and diethyl
(cyanomethyl)-phosphonate (0.85 mL, 5.4 mmol) in DME (20 mL) was added product
from Step 3 (2.7 mmol, 1.2 g) and the reaction was stirred at room temperature for 16
h. The reaction was then diluted with diethyl ether (100 mL), washed with water (100
mL) and brine (100 mL). The organic layer was collected, dried over MgSOy, filtered
and the filtrate was concentrated to give 1.5 g of crude 3,4-bis-benzyloxy-5-
benzyloxymethyl-3-ethyl-tetrahydro-furan-2-yl)-acetonitrile, as an oil, which was used

as such for the next step.

70



10

15

20

25

30

35

(Secrist Il et al., J. Med. Chem 1992, 35, 533) by
follow ng the sane nethod used in Exanple A-3, Step

WS2m6MR6( CDCl 3) d in ppm 7.70-7.40 (m 10H), BECTOSZ00§/039072

IH, 3.65 (m 3H), 3.60 (m 2H), 2.10 (m 2H), 1.80
(m 2H), 1.10 (s, 9H). Example A-1l tert-Bntyl
6-((ter”-butyl di nethylsilyloxy)nethyl)-4-(cyanonet hyl)
-2,2,3atrinethyl -
tetrahydro-[1l, 3] di oxol o[ 4, 5- c] pyrrol e-5-carboxyl at e.
This was prepared by follow ng the nethod reported in
Application Ser. No. 11/ ExangdqAf®led on June 22,
2005. Exanple B-1 7-j8-( f,5 -Tr i-Obenzyl-Dri
bof ur anosyl)-fur of 3, 2- i m di
B-1). Step 1: To a stirredsgol ution of conmpound from

(3, 4-bi s-benzyl oxy- 5-kepzyl oXxy f?%trahydro-furan-
2-yl)-acetonitrile (10.7 4 4. mml ) in DMF (150
m.) was added t e7t - but oxyi s(di net hyl am no) et hane
(21 02 g, 120.62 mmol) at roon1tenperature and stirred

PRl AT R B SR Ao )

brlne (_1 x 50 mL) and dried (MgSO4). After _
Step T Bimicshon S Pbaubori %?p%iq%é%%eé%&mmm (138,
flo7. SP%ﬁolsﬁl%Farecﬁ 8p n?ethdﬁ"'@f M@ﬁﬁ&&l @P'alf afld %%&%e%y 1992,

di ssol ved in chl or

24.12
8 r43r1|) ubmé%bnﬁ @hla@ﬁd( 108 g9 veas addedzgyrrmmdozfs gl 1\1\,&.69 lmmol) and
re and stirre
e T T A A N
éort 18aht e\dtewaﬂmtlohlai‘r‘aﬁten’ (60 2Ly, 8R0redton MEUEOWN ABgted with
tra e shed with water (2 x 200 niL),

ﬁw nff nf@ (?ﬂ_ljn Fpgt rqrgqim( Wgo@s seppsaggd. The aqueous layer
fvat firteet @ftvactelSvitH ﬂnﬁﬂhﬁeﬁe l’?ﬂ§n&é3(l@§ '?ﬁ]f)atl"ﬁg cbibiabd Qngnlc layers
12.59 g of desired &ro uct .
were washed with water (100 mL), brine (50 mL) and dried (MgSOy). After filtration,
the filtrate was concentrated and the residue was purified on a silica gel column using
ethyl acetate in hexanes (0 to 30%), which afforded 18.25 g (45.7%) of desired
product, (4-trityloxymethyl-cyclopent-2-enyl)-methanol.
'HNMR (DMSO-dq): § 7.39-7.22 (m, 15H), 5.77-5.72 (m, 2H), 4.53 (t, J= 5.4 Hz, 1H,
D,0 exchangeable), 3.22-3.18 (m, 2H), 2.93-2.84 (m, 3H), 2.74-2.69 (m, 1H), 2.10 (m,
1H), 1.12-1.03 (m, 1H); MS (ES) 393.47 (M+23).

Step 2: To a stirred solution of product from Step 1 (18 g, 48.45 mmol) in pyridine (50
ml) was added p-toluenesulfonyl chloride at room temperature and the mixture was
stirred for 48 h. After concentration, the residue was dissolved in ethylacetate (200
mlL), washed with water (2 x 100 mL), brine (50 mL), and dried (MgSO,). After
filtration, the filtrate was concentrated and the residue was purified on silica gel

column using ethyl acetate in hexanes (0 to 30%), which afforded 21.45 g (84.4%) of
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amount was taken out and purified on silica gel colum
usi ng ethyl acetate and hexanes. M5 (ES+) 494. 20

w@ kwa®83016( ES ) 470.28 (M1); Anal. Calcd for PCT/US2005/039072

C29H29NB" 0. 75 H2O C, 71.80; H, 6.33; N, 2.88. Found:
C, 71.95; H 6.04; N, 2.88. Step 3: To a stirred
sol ution of product fromStep 2, (186.5 g, 395.4 mmol)
in DM (1500 nL) was added sodi um hydride (19.7 g,
4 p -
g%?fliegd %g(%d%imllﬂe]pgﬂ sfg\;\ﬁgfélcbg&g tﬁgﬁy&t ﬁ1§ %ﬁ%pe"i’lt 2- efnylmethyl
k38r.1 g, 494.3 mmol) over aperlod of 30 mn at 0 C

RO BMR APuBaD (€060 SEher b 4acd -t Ry 72872

gk 18915, IS0t @ds wi S h et byl saeeaaye S, 2ANA 91y 77 (ﬁlezH) 2.94-
conbi ned organi c extracts were washed w th wat'er

26 t), 53K, 2099098 em,) IH)aha8-@r 9%, (NySO4)

After filtration, the filtrate was concentrated to

gi ve 296 g of crude desired product, which was used in
tStep AeXb a sthedd solutiert bhb udsmﬁmmlﬂhtbcsm Biep D] aﬂﬁén@m-sﬁoﬁﬂ: acid 4-

To a nd f om St 296 rude) in EtOH .
ialsg e R et o Bt oty Sb 4. 8 0146 5-eRe) in
@ﬂﬁetﬂylﬁ)mﬂﬂﬁlded(% g3l )wa@taddlé'c’losmiﬁlﬁf%%ﬁﬁ% ¢5.68 @k B4 inﬁ{o‘f)dat room

for 18 h. The reaction mi xture was concentrated and
fenaperatuiecingd tharradiiaswas gitradrat 40 R¢ forn 8@ hadétef d@dmgnby reaction

3P0 o 5,100 P B L 8 T«
a:tdr)c bring Ei0edLpmet thal vipsi@,)r Aﬁbldﬁhram thel filtkdte 6rab¥oncentrated
R EAARPLOIRD DorL 2e afhlbs REEE 0
BORYUGHhickS aFfoftiRll IP4.981Ng Ofol7.154)eBf 51(631?& "i‘)r&idc gﬂtntylox%methyl-

sol ution of conpound from Step 4
Wlmw(eemaﬁe@mm as@delvriesysetidd di ne acet at e (135 g,

r t h a ef_l
FANbSTBME b A R R B e BT aeel PanEG S /= 54
fHz 1 HpBLR. 8 dnf4H), 2ABEdWAS 691@']11;%1)!35@ 20?&'119 14951, £61€.07 (m,
3 di ssol ved in chloroform (400 nL), wash

Example A-10
@-&—ow
@ CH,CN

2-(5-((tert-Butyldiphenylsilyloxy)methyl)-tetrahydrothiophen-2-yl)acetonitrile
(Scheme A-8).

It was prepared from 5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-4-thioribofuranose

(Secrist IIT et al., J. Med. Chem. 7992, 35, 533) by following the same method used in
Example A-3, Step 3.
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with water (2 x 100 nmL), brine ( 1 x 100 nL), and
dried (MgSOX). The crude residue was purified by flash

w@ booessitiogr aphy on silica gel using CVA-80 i n PCT/US2005/039072

chl oroform (0 to 2099 to afford 12 g (42.8% of the
desired product (12 g, 42.8% as a colorless
crystalline solid; np 88-100 C. 1H NWR (DVsO-fftf): d
12.66 (bs, IH D20 exchangeable), 8.11 (s, IH), 8.05

H, 3J &in ; m2 1HY;: , 3
( NNﬂF((ﬁ)@l )Lg ﬁ;h% 7.70- "Ebﬁo & ’ﬁoﬁ)fm 1@)%1) 1 F3|)1és @,43}% 3.60 (m,

3}942170(-1@|_2H)H} SOmnimnlﬂ@(erﬂH) H) 3 63 (ddd, J =
23.3, 10.7. 3.2 Hz, 2H); M5 (ES+) 539.43 (M+l), 561.42
(M+23), (ES) 537.44(MI); Anal . Cal cd for
C32H30N2G6: C, 71.36; H, Epamaple AN115. 20. Found: C,
71.30; H 5.54; N, 5.10. Exanple B-2 4-Chloro-7-]S (2
f,3,5 -tri-0-benzyl-Dri bofur_a‘uasyl) furo[ 3, 2-f/] pyri
m dine (Scheme B-2). To a stirrgd solution of conpound
from Exanple B-1, Step 5, (62I 11.62 mol ),

benzyl tri et hyl ammoni unTEDMSTH :%é g, 23.24 mmol),

L Ndinethylaniline (2.12 g, nnnl) in
acetonitrile (50 nL) was adde horous oxychl ori de
(10.69 g, 69.74 mol ) at 80 Cbanq)further stirred at
80 C for 30 mn. Then the rea n was concentrated to

dryness, dissolved in chloroform (100 nL) and quenched

YUrf—BuMGE((teﬂtflﬂtﬂmmeti{%lﬁ Hie@h)gllfx géya Ftﬁ"bai 3555 d

and aqueous | ayer was tract
E‘Hlnsﬂwl@tml(y!lm-[B@]dn_x)ololzﬁﬁer]pmbleifﬁechrbhkydamf orm
extracts were washed with water (2 x 100 ni), sat.
NaHCO3 ( 1 x 50 nmL), water ( 1 x 100 ni), and brine (

This vE prdppredaryddildeidg @i‘@g@%c}j repﬁ:ftéd?ih Applicsidnl 0, N4. fhe ;
ncentrated and the residue was purifie
E)Vl fgéﬁﬁ]\gﬁr"aﬁﬁ‘i ZB% on silica gel colum using

ethyl acetate in hexanesEgig g,ﬁ,ﬁg% to afford 5.62 g
(86.8% of desired product as a colorless crystalline
solid. 1H NVR (DMSO-ck): d 8.87 (sQ IH), 8.54 (s, |H),
7.33-7.19 (m 15H), 5.21 (d, Jo=_5

BnO

Bn(i an
7-6—(2',3',5'-Tri-O-benzyl-D—ribofuranosyl)-furo[3,2-d]pyrimidin—4(3H)-one
(Scheme B-1).

Step 1: To a stirred solution of compound from Step 4 of example A-2 , (3S,4R,5R)-
(3,4—bis—benzy10xy—5-benzyloxymethyl-tetrahydro-furan-2-yl)-acetonitrile (10.7 g,
24.12 mmol) in DMF (150 mL) was added tert-butoxybis(dimethylamino)methane
(21.02 g, 120.62 mmol) at room temperature and stirred for 12 h. The reaction mixture
was diluted with toluene (700 mL) and washed with water (2 x 250 mL), brine (1 x 50
mL) and dried (MgSOs). After filtration, the filtrate was concentrated to give (13.8 g)

of desired product, which was used as such for next step.
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Hz, |H), 4.66-4.47 (m 7H), 4.24-4.18 (m 2H), 3.66
(ddd, J =23.1, 10.5. 3.5 Hz, 2H); Anal. Calcd for

w@3pkAMa N205: C, 68.99; H 5.24; O, 6.36; PT/BSDBS/039072

Found: C, 69.12; H 5.19; d, 6.30; N 5.04. Exanple

B-3

4- Met hyl am no-7-j S-(D-ri bof uranosyl)-furo[ 3,2-t/]pyrim
idine (Schene B-3). Step 1. To a stirred solution of
product from Exanple B-2 (0.5 g, 0.897 mmol),

nmet hyl am ne hydrochl oride (0.36 g, 5.38 nmmol) in EtOH

Stap i Thewaspaduatk ffotrSte hyladrign24. (21nﬁ1d$) was digsodvedrimohlproform

Pl PO SETRRRRY G008 L EE, Bndl? ol i3 380 & room
mmmfeama@nfred ﬂmeelsme @hgslﬁ@ lauyeﬂwagwse@ma%%@ kB a%li!t&le layer

m.), washed w th wat bri ne

NE‘)* exgagied W@dd(lw@%m (2 Af%oe rmL) |Thea%qr@ﬂned h@amm extragte were
YRS ROREE %ﬁ@# edxanp s § @lU§ 190Sm ?ﬂré d &?edogw%%odt)b After

il1ca gel colum using et acetate exane
ﬁdl%tlomhﬂmfﬁlahﬁeomﬁe@bn@elﬁl@&dQO (a5f@rd7 92.56fg dieddsired ppydociicy small
as a .colorl.ess oIid. (ESt). 574 42 NMZS.,
oA L L L e A T R e
heomesStep 1 (O 258 g, 0.468 mmol) in nethyl ene
chlorlde i was added boron trichloride (4.68 nL,
SrGp4-29 %831»1(}@%)147912WH91 Andl. @h]|06|f®lt@z)9Ha>N057®753H20:

Il t t r . 1 h. Then the
;@gg%??oﬁn %s’ﬁirzégl}gﬁéﬂ{ﬁec gg& }gve g{ 8r8i od of 30 min,
and quenched by addi ng a n1xture of nethanolxhloroform
m xt ur ereached to

1, f '
Eg@i#t Sl S S, O aeE Somapten o (W h Eagtibsnaliin DME
150bB61H \(fés()a@deé sédidm ¥ ‘9@1‘1&@@9 ‘5@‘% ) @%1&191% o n{o;ﬁ?gﬁgions at 0

he solid obtained waS suspen eéd i n MeOH
AN omel a periadi efxlahb f(ﬂi_’owﬂ_d)bw\%rbmammb)dnﬁlqnelac(ﬂ 1®hg, 494.3 mmol)

PPt Bhaf B8 AphoC o iredc n SHeRgureRbt Bob (ftor iluting
edildhqmém 00d A1h,and %eﬁoﬁ"ﬁi}&ﬁe ok Qkged i Wyl 8218983 x 2000

of the desired product as a
mL). The combined organic extracts were washed with water (2 x 1000 mL), brine (1 x

200 mL), and dried (MgSOy). After filtration, the filtrate was concentrated to give 296
g of crude desired product, which was used in the next reaction without further

purification.

Step 4: To a compound from Step 3 (296 g, crude) in EtOH (1000 mL) was added 1,5-
diazabicyclo[4.3.0]non-5-ene (58.9 g, 474.48 mmol) at room temperature and stirred
for 18 h. The reaction mixture was concentrated and the residue was dissolved in ethyl
acetate (4000 mL), washed with water (2 x 1000 mL), brine (2 x 500 mL), and dried
(MgSOy). After filtration, the filtrate was concentrated and the crude residue was
purified by flash chromatography on silica gel using ethyl acetate and hexanes to afford
29 g, (13.1%) of the desired product as light brown oil.
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colorless crystalline solid; np 88-100 C. 1H NMR
(DVMsO-rf ) : d 8.30 (s, IH), 82 I(s, IH, 7.93 (d, J

woe2006/85081 | H D20 exchangeabl e), 5.80 (dd, J BCBU#005/039072

3.3 Hz, IH D20 exchangeable), 5.05 (d, J 6.4 Hz, IH,
D20 exchangeable), 4.88 (d, J = 4.3 Hz, IH), 4. 77 (d,
J = 7.3, Hz, IH D20 exchangeable), 4.35-4.29 (m I H),
104400(m IH, 3.89 (dd, J = 5.4, 26Hz

5:(Tdla stirred dodutibn ot &)n{f% d K%‘lr%zt g% £§9 g% gggéjl_ IITEDIOI) in EtOH

5 Hz, 3H);
160(9111,&} wgggd;iegl fot]_lmdme aq_e4312 (113 S 14831 Bmol)33 20dm temperature and

10219, 956. 9,
é%%@d] 3t eé];rﬁofoil f 4%1%%'3 g]tgsg?}fﬁ'f gﬁ’ﬁm yfﬁ Iem%d(kgsﬁ tration and
281246 Waf Mhoentrdtad| TheGebidte fvag dicdodvelSNIRR Qfoﬁnm m@), washed

: ; N, 14.38. Found: C, 49.41; 5. 46;
49th8%1éterH(2 )? ”18(()9 mL), br]fne a x 100 mL), and dried (MgSO4) The crude residue

%agbhﬁﬁémbi‘ flasfr él@orﬁQ‘ogﬂapl%f & §ﬁ9§' afn s ng f({hﬁ%?%)gn (0 to

(Schenme B-3). This was prep

59%& é@l iord dade ($2- 8‘5& afphe dBsig®d produa s(llfzag, 3ent2tgrz % /s)aast Aecolorless
76-88 C, yie %in two

gﬂé{ggﬁgfﬁﬁ%@%? Pd'8. 27 (s, IH, 8.21 (s,

memmmwmmmﬂmmmmaﬁﬁﬁw%%@@ﬁ&%J=

D20 exchangea
%@Péz gD T-8B-7BS e XSHArG Eaf. d - &rﬁslﬂm 4.61 es sz 458-4.48 (m,

uth SAID%@ ﬁéqhﬂﬁgﬁ@ @18 zf‘lj@b(z‘(ﬁrh ngbddgjg'é g'b 7532 Hz, 2H);

B (ES*)8534&43 I(M+1),356B42 dM-23%1@SL) 1937.44 HM- 1§% A4aB-@ficd for

SPRR0 0 Yo g h 530 e Gngostt S8aman 6.

2525.0, 1640.4, 1558. 5 1502. 9, 1419.6, 1330.9,
1249.9, 1224.2, 1171.3, 1118.7. 1082.5, 1014.6, 900.8,
853.2, 749.5, 653.9, 653EsampBB-2 and 547.8 cm 1; MS
(ES) 296.52 (Mt); Anal. Calcd for-CL3HL7N3O 5
H200. 25 CH3OH C, 49.52; H, 6. 27; Nj 13.07. Found: G,
49.83; H, 5.99; N, 12.80. Exa

BnO

Bn(j :OBn
4-Chloro-7-5-(2',3',5 '-tri-O—benzyl-D-ribofuranosyl)-furo[3,2-a’]pyrimidine
(Scheme B-2).

To a stirred solution of compound from Example B-1, Step 5, (6.26 g, 11.62 mmol),
benzyltriethylammonium chloride (5.29 g, 23.24 mmol), N,N-dimethylaniline (2.12 g,
17.43 mmol) in acetonitrile (50 mL) was added phosphorous oxychloride (10.69 g,
69.74 mmol) at 80 °C and further stirred at 80 °C for 30 min. Then the reaction was
concentrated to dryness, dissolved in chloroform (100 mL) and quenched with water
(50 mL). The organic layer was separated and aqueous layer was further extracted with
chloroform (2 x 50 mL). The combined chloroform extracts were washed with water @

x 100 mL), sat. NaHCOj3 (1 x 50 mL), water (1 x 100 mL), and brine (1 x50 mL), and
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4-1sopropyl am no-7-jS-(D-ribofuranosyl)-furof[ 3, 2-
f]lpyrimdine (Schenme B-3). This was prepared according

W@ 200bk801pr ocedur e used for Exanpl e B-3, and usP@myusS2005/039072

i sopropyl am ne i nstead of nethylam ne, np 58-80 C,

yield 32%in two steps. 1H NVR (DVMBO-J ) : d 8.27 (s,

IH), 8.21 (s, IH, 7.84 (d, J 8.1 Hz, IH D20

exchangeabl e), 5.83 (bs, IH D20 exchangeabl e), 5.03

Gﬁed ll\/FgS@)}Jl Aber ﬁl’fliatlaZQh%Xﬁllﬁﬁfégﬁfﬁzp |c§ﬁoenﬂat§@ aﬁg thé remdue was
D20 exchangeabl e), 6 (d

Ppﬁlﬁedrtbm@as!n chopgaipgranipy, onssiline-gel cmummusma)ethylaacwte( tchexdnes (0

To 55‘2%’:0%2&)(&?.6% %’(%6%‘% ??’%{fﬂg@] pl%d%ctgs 'glzcblo Eﬁs cr)(s"{.?li(l%%hd
Qu\m,(mws’adg), sma(smﬂ)le;ﬂ (?,,1}1195533-47 191(592551) 521(d,J=5.1
1:@581{5 1423. 1332. 4, 1176.
46058 G, B0 12, 2}%@6@ (kg < nhd 0533, 56Hz, 260
368N I
%%II%I]’%NS (Bl,,EgnHm Wé C,éélfi 9992'}? 52 @3(&%,12029§ound C, 69.12;
Fodrd; Cb63®2N22-04H 6.41; N, 12. 50 Exarrpl e B-6
4- Di met hyl am no-7-j 8- (D-ri bof uranosyl )-furo [3, 2-
f]pyrimdine (Scheme B-3). This was prepared according
to the procedure used forExE;g%wBe, B-3, and using
di met hyl am ne instead of nethylampe, np 210 C, vyield
45% in two steps. 1 NMR (DI\/BO IN: d 8.29 (s, IH),
8.24 (s, IH, 5.76 (dd, @ Hz, IH D20
exchangeabl e), 5.05 (go
exchangeabl e), 4.88 ( IH D20
exchangeabl e), 4.78 (d, . IH), 4.35-4.29 (m
IH, 4.04-4.00 (m IH, 89 (dd, = 5.8, 3.0 Hz,
IH) 363(dd J:124H94OHI2 IH), 3.52-3.44 (m
(s, | R (KBr 3361. 4, 3120.5, 2972.9,
%é\éﬁhxlanzsﬁ /ir(D-Iﬁ’zf“l@no faro|3, 2 dipgrimidine(§cheme B-3).
1368.8, 1348.9, 1304.8, 1275.0, 1224.0, 1115.1,
1098. 3, 1081.7, 1018.5, 869.3, 848.3, 748.2 and 593. 3
Siep1l:: Tove f(tES&i) sopg®n5af pividingt; frén aExanGdé @2fOr5 g, 0.897 mmol),

%%Z‘l\%ai@'%hgﬁdéq@ 3517_& 583% mmol} gtOIEOHBdmL) was added

triethylamine (1.815 g, 17.94 mmol) at room temperature and stirred at 45 °C for 5 h

and at room temperature for 12 h. The reaction mixture was concentrated to dryness,
dissolved in chloroform (100 mL), washed with water ( 2 x 25 mL), brine ( 1 x 20 mL),
and dried (MgSO,). After filtration, the filtrate was concentrated and the residue was
purified on silica gel column using ethyl acetate in hexanes (0 to 50%) which afforded

0.266 g (53.7%) of desired product as a colorless solid.

- MS (BS") 574.42 (M+23), (ES") 550.72 (M-1).

Step 2: To a stirred solution of product from Step 1 (0.258 g, 0.468 mmol) in
methylene chloride (20 mL) was added boron trichloride (4.68 mL, 4.68 mmol, 1M
solution in methylene chloride) at -78 °C and stirred at the same temperature for 1 h.
Then the reaction was brought to -30 °C over a period of 30 min, and quenched by

adding a mixture of methanol:chloroform ( 2:1, 5 mL). After the reaction mixture
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Exanple B-7
4- n- Propyl am no-7-j 8- (D-ri bofuranosyl)-furo[ 3, 2-rf] pyr

WO pdodiostrae Scheme B-3). This was prepared accorBiTysS1005/039072

the procedure used for Exanple B-3, and using

propyl am ne instead of nethylam ne, np 58-80 C, yield

21%in tw steps. 1 NVMR (OVSO-d6) : d 8.27 (s, IH,

8.21 (s, IH), 8.03 (bs, IH D20 exchangeable), 5.81

(rge@hed]to-r h , 0
&@eﬁﬁe%zﬂgé it hgsngﬁ@lgewaﬁﬂ qg@&,hg@mgﬁn 3&%&%}10 %, 5

|nnL) @Q@?@)&@h@lﬂg@‘aﬂ lt@iryndss7Bhe @11dbbwlﬂedavaﬁz§uspehﬂ¢d in MeOH (15

3{1@’6@@. %?H?’ifh} ?ll—lf'_?‘a@%% ~4. Q0 g&é‘a 3 eh@%ggt?%{uﬁ%bvemoncentrated

Hﬂ'l)s redid6b whs iﬁmﬁﬁ?ﬁ b%’rl‘ﬂash thﬁﬁmﬁb graﬁhy— oxf - s'ﬂ1dd2%el CRA-80 in
2207. 1911. 5, 1640

Phlotte™ 10361907 3 hei topdlal 1§ meA88,6%) of tho desired product as a
23bGeS c Ngls@ﬁﬁnelsohaol%g 88 1089? 1, 821.7, 746.4 and 586. 4

cni 1; (ES ) 310 (M), (ES') 308.48 (M1): Anal.

CHI BMER (PMSDH)9 R3EB0 s, 7BIHBR1(S, 1152.708; (&,.J 6. 40; HA, 1H, D,O

bRl U <212 { B LHoP BrOpRRbIRN 05 (0. = 64 1,

[18l, 2,0 bRshbhgdablienes §Seheme B3 3z, ﬁt) 9. 7@8&1 Qf Diaj e@'z lH D,0

accordlngvto t he procedure used fo

g3Fhageep wﬁ%ﬂ;ZPa(m, A&Di he4-448 (ot lﬂ'ﬂéx hﬁ? éd:i, r-}’e— 5r'ﬂp ) 6 Hz 1H),

3100 45 1y 0oL 3 g bt FH N SR wtkan

mm.wam&ew%@ 15777 15800, 1442.9, 440884 1382.5,| H2102Q1180.1,

THLERRE00 3019, 84 8923, Bolyn Fah 7, B and 5246 e’y s

%ﬂmﬁb i\qh(} %n?J é.«ﬂed %or—c HgSN;z)j.d 6*)1{204 @642943@91{ (%9 N

LB 8. Boupg: C3494441 HnS%H)J, 1430@1 2.92 (m IH) 0.79-0.73
(m 2H), 0.62-0.57 (m 2H); IR (KBr) 3295.5, 2924.1,
2189.0, 1640.2, 1557.4, 1502.5, 1425.4, 1354. 4,

1300. 6, 1227.4, 1120.1, ¥@fple B422.1, 892.7, 824. 1,
787.0, 744.3, 702.1, 589.2 and 534.3 cm 1; M5 (ES+)
308.52 (Mtl), (ES) 306.46 (M1); Anju. Cal cd for

G 4HL7N3O6 H2O C, 51.68;

HO OH

4-Ethylamino-7-3-(D-ribofuranosyl)-furof3,2-d]pyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using
ethylamine instead of methylamine, mp 76-88 °C, yield 32% in two steps.

'H NMR (DMSO-dq): & 8.27 (s, 1H), 8.21 (s, 1H), 8.00 (t, J = 5.8 Hz, 1H, D,0O
exchangeable), 5.81 (d, /= 10.1 Hz, 1H, D,0 exchangeable), 5.04 (d, /= 7.62 Hz, 1H,
D,0 exchangeable), 4.68 (d, J = 6.2 Hz, 1H, D,0 exchangeable), 4.76 (d, J= 7.3 Hz,
1H), 4.35-4.29 (m, 1H), 4.04-4.00 (m, 1H), 3.89 (dd, /= 5.4, 2.8 Hz, 1H), 3.63 (d, J=
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H 5.88; N, 12.91. Found: C, 51.89; H, 5.80; N,
12. 59. Exanple B-9

W@ 208805016li no- 7- ) S- (D-ri bof uranosyl ) - f ur o[ 3, 2- <P PYsi0nF/aB9072

ine (Schene B-3). This was prepared according to the
procedure used for Exanple B-3, and using azetidine
instead of nmethylamne, np 192 C, yield 56%in two
steps. 1H NV\R (DMSO-7~): d 8.28 (s, IH), 8.23 (s, IH),

22t d =8 : - n <0
E(Slc? , ; I\]{Q’:ﬁ%).’ %5@?4?@&11, Owégc(kaﬁnggégl Ig?’,cﬁgf %%5)334225’ §249 4,
B150.6 290645, DBT.6x 2Tk e2MISS) 252507 1640.4) 155953 1502.9, 1419.6,

Ll’?%«_).gf’ 1%@061 ﬁ4%1’1?@%gﬁ§?7238§ﬁ3, g(ﬁ‘){.é, ;90’9&3 '§§§.@,( ?4?9.5,‘]653.9,

2936, | 5B KBand 3448 Ocm'3;211s‘1435,(E§96229@,5229(ﬁ§|~1g; ARA9- Caled  for
2650. 0, 1896.7, 1633.2, 1592.4, '1547.5, 1508. 3,
LaddiN:0:2Hp@20:25 CRBUOHZ C, 426%.18,6.22M 13,071PA8\d4(, 49.83; H, 5.99;
ﬁ?%f% 1118.7, 1082.1, 1013.0, 974.1, 904.6, 866.0,

’81. , 787.4, 748.4, 687.9, 663.5 and 590.1 cnm'l ; MS
(ES+) 308.52 (MHl); Anal. Calcd for CL4HL7N3Gs 0. 15
H2O. C, 54.24; H, 5.62; N, 13.55. Found: C, 54.27; H,
5.56; N, 13.41. Example B-5
4-Pyrrolidino-7-/?-(Dribofuranosyl)qfuro[3,2-rf]pyrim
i dine (Schenme B-3).This was prepare ccording to the
procedure used for Exanple B-3, usi ng pyrrolidine
i nstead of nethylam ne, np 198 Rl d 54%in two

steps. 1H NWVR (DVMSO-7): d NI%—I) 8.29 (s, IH,
5.91 (bs, IH D20 exchd#y N1 (d, J = 6.2 Hz,
I H D20 exchangeable), 4.9 4.3 Hz, IH D20

exchangeable), 4.84 (d, J =-~3 Hz, TH), 4.41-4.35 (m

IH), 4.10-4.01 (m IH), 3.5 (i, J = 5.8, 3.0 Hz,
IE)' 3.94-3.67 (m 5H), 3.58-3.51 (m |H, 2.07-1.97
dHsopreplylamimo-THB)-r 8w anosyDeBit o B,2-dlpy Bindidin248eheine B-3).
2914.8, 2871.0, 2794.8, 2629.6, 1624.6, 1544.8,

1501.3, 1456.3, 1345.9, 1325.1, 1252.8, 1229.2,

ThB8w3s pidphred’acchfiilg fo tAO pfocdur®Biked  foP BkapleSBB3, 7and using
197, 1,748, 4, 633, 4, 5883 and 5.9 om I VB ( ESA)

sopropylaming ipsteadoff mothylpriper wp S8MHHLH NBEE3 36 FEtwapEEDSC,
NAR HMBARZ): b8 32 (S Feunds, f),5PsPR, J = 8.1 Iz, 1H, D,0
exchangeable), 5.83 (bs, 1H, D,O exchangeable), 5.03 (d, J = 6.4 Hz, 1H, D,O
exchangeable), 4.88 (d, J = 4.3 Hz, 1H, D,0 exchangeable), 4.76 (d, J = 7.3 Hz, 1H),
4.45-4.29 (m, 2H), 4.04-4.00 (m, 1H), 3.89 (dd, J = 5.2, 2.6 Hz, 1H), 3.63 (dd, J =
12.0, 2.6 Hz, 1H), 3.53-3.44 (m, 1H), 1.21 (d, J = 6.5 Hz, 6H); IR (KBr) 3300.2,
2973.9, 2928.4, 1637.7, 15574, 1502.5, 1450.5, 1423.5, 1332.4, 1217.8, 1176.6,
1120.7, 1086.5, 1020.8, 892.4, 821.7, 700.4, 588.3 and 537.6 cm™; MS (ES’) 308 (M-
1); Anal. Caled for C14H19N30500.8 H>0: C, 51.94; H, 6.41; N, 12.98. Found: C, 52.24;
H, 6.41; N, 12.50. '
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H, 6.01;, N, 12.72.
7-13-(2',3 ,5 -Tri-0-benzyl -2' - C net hyl - D-ri bof ur anosy

WO 20060050p8, 2-</] pyrimdin- 4(3 )-one (Schene Brd/USZhH/639072

was prepared according to the procedure used for
Exanple B-1, starting from Exanple A-5 instead of A-2.
1H NWVR (DMSO-N): d 12.67 (bs, IH D20 exchangeabl e),
8.14 (s, IH), 8.09 (s, IH, 7.38-7.25 (m 15H), 5.21
(s, IH, 4.75-4.52 (m 6|'ﬁxa114[i11[]gB4615 (m IH, 4.05 (d,
J =7.72 Hz, IH), 3.78-3.68 ( 2H, 1.21 (s, 3H); M
(ES+) 553.37 (Mtl); Anal. Calcd for Ne33H32N2(G6: C,
71.72; H, 5.84; N, 5.07. Found: d.51; H 5.89; N,
5.07. Exanpl e B-12 4-Chl oro-7-j | N

t,3',5 -tri-0-benzyl-2'-EOmRt hy! Ni%ofuranosyl )-furo
[3,2- </]pyrimdine (Schenme . This was prepared
according to the procedure used for Exanple B-2, using
starting material from Exanphe Fy!! instead of B-1,
yield 92% 1H NVR (DMSO-"): d 8.98 (s, IH), 8.57 (s,
[4-Pimeth@gmin@22-3-(@-ribsfiranésyDifufof3,2-Hpyritidite (Schemk B-3).
16.7, 11.6 Hz, 2H), 4.67-4.53 (m 4H), 4.24-4.19 (m
IH, 4.10 (d, J = 7.5 Hz, IH, 3.75 (ddd, J = 21.8,
10uO was .pegdzed addbrdidg 4d thé prevfaliure ARl - foﬁ:@)&fﬁgeo géﬁgéé‘lﬁ using

1d I\%CB: .C5 69.40; H 5.47; N__ 4.90. Found:
g}mg_ yrlgr,mqq, ingteagpf methylamine, mp 210 °C, yield 45% in two steps.

ANGR RO r i Rof SyYL)g f ur y 23

<§I] Pyr i mig(ﬁle“%j( g&%ﬁﬁhy’%z t 2:\%9’ fu-’ @@aa‘yﬁ%‘;’ tééégié’ ?H’ D20

gaéhah’getabhem;i@i &5 bl :ygaglezmalr}ﬁd%ﬁbgﬁchmglmmbpn@eo(i, J 5= L:ri I%z, 1H,
epar e r.Qm : nTro n

T GRSt ¥ o B S 47532 m ¥ gh 0 hhrt, 11D,

ey ﬁ);idJﬂ: BBt BaNg, 169, 1163 (@ J=00M, BNREI@84US 8230 (m, 1H), 3.33

further stirred for 2 h. After concentrati ng the

(e dR (FB) dPel 41 HR0rB 29928, R8X.6UREHdE2T A, Watsed, 1428.7,
(1386.1, 1368.8, 1348.9, 1304.8, 1275.0, 1224.0, 1115.1, 1098.3, 1081.7, 1018.5, 869.3,

848.3, 748.2 and 593.3 cm'l; MS (ES"‘) 296.51 (M+1); Anal. Caled for Ci3H;7N30s: C,
52.87; H, 5.80; N, 14.23. Found: C, 52.80; H, 5.87; N, 14.07.

Example B-7

HO On

4-n-Propylamine-7-g-(D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using

propylamine instead of methylamine, mp 58-80 °C, yield 21% in two steps.

'H NMR (DMSO-dg): 6 8.27 (s, 1H), 8.21 (s, 1H), 8.03 (bs, 1H, D,0 exchangeable),
5.81 (dd, J = 9.8, 3.4 Hz, 1H, D,O exchangeable), 5.04 (d, J = 6.4 Hz, 1H, D,0
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m.) and extracted with ethylacetate (2 x 50 nL). The
conbi ned organic extracts were washed with water (2 x

wQ@ooakjo16bri ne (20 nmL), and dried (MgSO4) . AfPET/US2005/039072

filtration, thefiltrate was concentrated and the

residue was purified on a silica gel colum, which

gave 157 ng (84% of desired product as a colorless

sticky material. 1 NVMR (DVSO-"): d 8.65 (s, IH), 8 30
(eﬁichaﬁgeab?e)54 kg € (& |JH% 4. 37Hé101ﬁ 1%%) éﬂ&arﬂg%!;ﬂ HZ) 2, 7%%d(ﬁ 5 Fiz, 1H),
(detf-4.39 :€m15Hz), 4. Q4r4e90mm 12199 3.89 (8% J(acﬁ 4,2. ecstm) 31&5 8.60 (m,

j"f%??% z@}_@? 3%),736% k4 (g? 2 ,oléo 57 5 '_%Hz ’?_{SI)H%% dfg)r) 33105,

0031.8,) 2207.9, 191155, GO LSSL6L 95003, A2 2MBILEE 13044, 12383,
I3 L 1053000 L MRS eaRr e ed e SSBserbs ) 310
%Mﬁ&@e%s% gpig&gﬂﬁtﬁcﬁgﬁ‘%{ 575;%5”@ 666,7%%33 M, 6.40;

ANydB)01. Fmdaniwl(thOShNdlbgﬁnat ed at 60 psi for 6 h
and filtered through a snmall pad of Celite and the
filtrate was concentrated to dryness. The residue was
purified on a colum of HHjanfjleBes Using CMA-80 in
chloroform (0 to 10%, which afforded 65 ng (83.1% of
desi red product as a colorless solidA1H NVR (DVSO ") :
d 8.64 (s, IH), 8.37 (d, J =0.8 7 TH), 5.02 (d, J
0.8 Hz, IH, 5.01 (d, I'H D20 exchangeable), 4.88 (dd,
J =6.0, 4.7 Hz, IH D20 exch ), 4.78 (s, IH
D20 exchangeabl ), 4. 1Gid 3.88-3.83 (m I|H,
3.81-3.72 (m 2H), 3.64-3. IN), 0.90 (s, 3H); IR
(KBr): 3399.7, 2926.2, 162314/ 1552.7, 1486.2, 1444.1,
1371.7, 1321. O 1226. 8 HB4. 8, 1154, 3 1105. 2

1076.1, 1045.8, 925.4, 870.1, %%5 2, 796.6, 698. 3,

b BB R b e .

9.31. Found: C, 52.09; H 5.65 N 9.09. Exanple B-14
1"h%( ‘]V%_ Igyef %rd?z?%%dﬂi%#hilgﬁr f)lgqucgé)%f élsé(i? fgr Example B-3, and using
cyclopropylamine instead of methylamine, mp 88-100 °C, yield 44% in two steps.

'H NMR (DMSO-dy): & 8.31 (s, 1H), 8.23 (s, 1H), 8.14 (4, J = 3.5 Hz, 1H, D,0
exchangeable), 5.77 (dd, J = 9.4, 3.4 Hz, 1H, D,0 exchangeable), 5.05 (d, J = 6.4 Hz,
1H, D20 exchangeable), 4.88 (d, J= 4.3 Hz, 1H, D,0 exchangeable), 4.77 (d, J = 7.3
Hz, 1H), 4.36-4.29 (m, 1H), 4.04-4.00 (m, 1H), 3.89 (dd, J = 5.8, 3.2 Hz, 1H), 3.63-
3.44 (m, 2H), 3.01-2.92 (m, 1H), 0.79-0.73 (m, 2H), 0.62-0.57 (m, 2H); IR (KBr)
3295.5, 2924.1, 2189.0, 1640.2, 1557.4, 1502.5, 1425.4, 1354.4, 1300.6, 12274,
1120.1, 1086.2, 1022.1, 892.7, 824.1, 787.0, 744.3, 702.1, 589.2 and 534.3 cm™'; MS
(ESY) 308.52 (M:+1), (ES) 306.46 (M-1); Anal. Caled for C14H;7N3050H,0: C, 51.68;
H, 5.88; N, 12.91. Found: C, 51.89; H, 5.80; N, 12.59.
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</]pyrimdine (Schene B-3).Step 1. To a stirred
sol ution of conpound from Exanple B-12 (0.2 g, 0.35

worwb/psi1m et hanol (10 nL) and chl orof orm (5 nlLyCTES2005/039072

added - hydroxyet hyl hydrazine (0.079 g, 1.05 mmol) at
roomtenperature and stirred for 48 h. After
concentrating the reaction m xture, the residue was
diluted with water (10 nL) and extracted with
chloroform (3 x 20 nL). ]%& #ed organic extracts
were washed with brine (1 nﬁ? and dried (MgS™®)
After filtration, the filtrate was ncentrated and
the residue was purified on silicagg col um usi ng
met hanol in chloroform (0 to 5% I ch afforded 186
ng (87.1% of desired product. DMSO-J 6) : d
8.29 (s, IH, 8.13 (s, | : m 15H), 5.26
(s, IH, 5.13 (s, 2H D2 , 4.75 (t, J =
5.4 Hz, IH D20 exchangeable 4. 73-4.53 (m 6H),
4.20-4.11 (m 2H), 388(t I5314I—Iz 2H), 3.78 (dd,
J = 10.9, 2.6 Hz, ,37236 (m 3H), 1.20 (s,

a3 ﬁ'$8ﬁﬂa“?ﬁ(<‘/m ki3 BBy miding Ty by

in methylene chloride ( 20 nL) was added I M sol ution
of boron trichloride in dichloronethane (32?‘ 95 nL, 2.95
e Yagprepppedcagaopding jte rthel prepedwer usad foni aﬁ@iﬁp&%t ade using

a%tld]nefin?[ead%fgg }}lg&'ﬁﬁ%ex?gﬁggt’@ elﬁ%%nﬁ J& ét \Nas

qguenched Riinol
rer)Nl\/lRo(DMSOFd6)<t&J8 28 VQSHacRmﬁ(saQHQM @i} M&&Lf@da 2 Hz lH D,0

t t d f 30 t
ERTHRREGPI e DA ah Eihanh dtobchinisabieh el 3 Hz, 1H,
b,858lcHMbehblcyratra@ol (19 )il 4. 8aues M% tdin)! Mog r3y9 | 1H),

i n _met hanol (2 m.) and stirred for 1 he ’r esultan

StiSdhs] oA-8ndd Bariton $ad éd (mo2H), 32n4=93% 40 (ud, 2 IR KB 13.0,

RTLToP e RI0P By 7 e q??%%éﬁ%%g%g?%%ﬁ of5083

dé40.8,eld Opr7otiRAdx 3, 439@8 clakén | HBISASQllT]dQ lfm8 841(582 1Q(130131(b'| 974.1,

?W6E%&gfﬁfﬁg@bﬁga4%84, é8[;|.)9’, 663 %7an(d 590.1 H) MS (SES ) 308.52

(M+1); Anal. Calcd for C14H;7N30500.15 H;O: C, 54.24; H, 5.62; N, 13.55. Found: C,
54.27; H, 5.56; N, 13.41.

Example B-10

4-Pyrrolidino-7-3-(D-ribofuranosyl)-fure|3,2-d]pyrimidine (Scheme B-3).
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4.99-4.95 (m 2H, D20 exchangeable), 4.80 (s, IH),
4.77-4.73 (m |IH D20 exchangeable), 3.92-3.86 (m

W@Ros/0N180- 3. 66 (m 4H), 3.63-3.55 (m | H), 0.BOr/{s2005039072

3H; IR (KBr) 3412.8, 2926.0, 1612.5, 1577.1, 1539.9,
1487. 4, 1437.0, 1352.1, 1305.8, 1072.4, 1045.4, 830.3,
788.9, 634.6 and 588.3 cm1 ; M5 (ES+) 341.39 (M),
363.37 (Mr23), (ES ) 339.36 (M1); Anal. Calcd for

" . . 9 .
AL AANFE gy i, Byl €53, and uing
pyroliging invtead pf Jkthyleaing ojp 198/ %, (i21d §%en two stépst i bof ur

Tﬂh"@*b%é%fﬁ% s a8 om0 % il e L ndh bgpacatto

Bxampd,e s B= 16 (1%, epﬂlbzm%xaﬁngéasre;lyhby d(ldazj e 4'3n-ﬁzea1(i1 D,0
of N-hydrox et hyl hy drazi ne, yrel d 89% VR ( DV
Gxchpngeaptr), 4 84 K&)J =g/.3 Blz( 4D, 341 L‘r3§|im LH),, 4. 70-3@17(n25H) 3.96

2
exehangea%?*%““%%m 73 ), 395745 LBRAED. 207-1.97 @, 410 R
AKBO) 3490.42B261.6.3143.1 020:49.2) 28128 .2871. 002704, 822629'8, 162#‘])5, 1544.8,

A8l a1 e sy tapt 3 1B, LA TR a¢ B Je b g 4.5 9504,

tdoe. 1pses ey el Uaeds faas. 4E><5@8]QI £dBs45 4 ShEP M3 (ES%' m 54 (M+1);
product from Step I; np 70-84 C, yield 87%

(‘owbGaed) for Cd5f89125)5(@25 H.0: @, 55.2817H, 6.95;, N811&9 (F$>;undl H,,55.53;
%%39@ b%(H)Z D20 exchangeable), 5.06 (dd, J 6.7, 4.7

, TH ™ ‘exchangeable), 4.96 (d, J 7.5 Hz, 2H, D20
exchangeable), 4.80 (s, IH), 3.90 (dd J = 8.66, 6.9
Hz, IH, 3.80-3.71 (m 2H), 3.64-3.56 (m IH, 3.37
(s.. 3H), 0.88 (s, 3H): | ExpmpleB-13g21 1 2926 6,
1663. 4, 1615.1, 1581.2, 1537.3, 1497.4, 1441.6,
1413.8, 1355.9, 1306.4, 1109.1,_10%4.3, 1041.6, 957.8,
868.0, 835.2, 790.1, 636.5 an : m; M M (ES+)
311.49 (M+ ), 333.45 @\H23), N309.45 (M1); Anal.
Cal cd for C13H18N4O61"0. 2 C, 49.59;

N - CHS
BnO OBn

7-B-(2',3',5'-Tri-O-benzyl-2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidin-
4(3H)-one (Scheme B-1).

This was prepared according to the procedure used for Example B-1, starting from
Example A-5 instead of A-2.

'H NMR (DMSO-de): & 12.67 (bs, 1H, D,0 exchangeable), 8.14 (s, 1H), 8.09 (s, 1H),
7.38-7.25 (m, 15H), 5.21 (s, 1H), 4.75-4.52 (m, 6H), 4.2-4.15 (m, 1H), 4.05 (d, J =
7.72 Hz, 1H), 3.78-3.68 (m, 2H), 1.21 (s, 3H); MS (ES™) 553.37 (M+1); Anal. Calcd
for C33H32N206: C, 71.72; H, 5.84; N, 5.07. Found: C, 71.51; H, 5.89; N, 5.07.
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H 5.92; N, 17.79. Found: C, 49.76; H, 6.13; N,
16. 97. Exanple B-1 6 4-Di nethyl am no-7-/7?-(2

WO 2@eMstiby| - D-ri bof uranosyl)-f uro [3,2-rf] pyPCHuUsion&039072

(Schenme B-3). Step 1: To a stirred solution of
conmpound from Exanple B-12 (0.1 1 g, 0.19 mmol ) was
added 40% sol ution of N, N-dinethylamne in water (5
m.) at roomtenperature and was stirred at sane
tenperature for 18 h. Af gy :&pﬁ_gtitrating the reaction
m xture, the residue was puritied on a colum of
silica gel using ethyl acetate anddpexanes mxture as
eluentto afford 106 ng (96. 3% 6’f esired product. 1H
NVR (DMSO- J) : d 8.32 (s, IH) 12N(s, | H),
7.37-7.25 (m 15H), 5. Z3ho 4272-4.52 (m 6H),
4.19-4.1 1 (m 2H), 3.78 ( 107 2.6 Hz, IH),
3.69(dd, J - 10.9, 3.9 Hz, Ié:%O(bs 6H), 1.20
(s, 3H); MS (ES+) 580.34 E(HMH )OB 02.40 (M+23); Anal.
Cal cd for C35H37N306: C, 72.51°7 H, 6.43; N, 7.24.
AoChigro-T: 18-(223'4&411—9 l&mSﬁ-Z'W—ﬂethﬁl—D%ﬂmﬁur&noﬁj&)-ﬁlroB 2-
w %H%n {1 é) d-C (20 ng) in methanol (3 nlL) was
a a so T oh conpound fromStep 1 (0.09 g,
0.155 nol) in I\/EO—I(ZO m.) followed by INHO ( 1 ni,
The m xture was hydrogenated at 70 psi for 3

#hﬁn%f# PreP@rd doqoRiing g the Bipgedury aeedofor Gsiample Brid using starting
Eﬂaltgrfaqaﬁgm\/@&nﬁ,w_q@tlﬁsqgagq)ftl;ol ?%@ gss. The residue was

i ssol ved i n net hanol friturated with ether
H;NMRgDM&)Q -dPhh& 898I(5, dH/)a&S%@;)aHa),tm 2pd (10 01 IBCS. Bﬂ(é?)lH)

40388 505 Lda . ST i 24 3. D489 (/= 7.5
lel)le3 74 (add,s,— iﬂ 10‘9 99 }ﬁz&z%H)m & ﬁ%yio%nggc%ﬁﬁf?ﬁ)
ferdbr 1&%& 168{40(11:! ?;NE (BFHGM C5691§®I@ 948; B, 202. C,
38.38; H, 5.84: N, 9.19. Found: C, 38.29;

Example B-13

"G -:OH
4-Methoxy-7-$-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d|pyrimidine (Scheme B-
3).

Step 1: To a stirred solution of freshly prepared sodium methoxide {prepared from Na
(0.022 g, 3.27 mmol) in MeOH (5 mL)} was added compound from Example B-12
(0.187 g, 0.327 mmol) in methanol (5 mL) at room temperature and further stirred for 2
h. After concentrating the reaction mixture, the residue was suspended in water (15
mL) and extracted with ethylacetate (2 x 50 mL). The combined organic extracts were

washed with water (2 x 20 mL), brine (20 mL), and dried (MgSOs,). After filtration, the
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H, 5.50; N, 8.95. Exanple B-17
4- Met hyl am no-7-/3-(2' - C-net hyl - D-ri bof uranosyl ) - fur o]

W@ 2@6/0801pyr i m di ne (Schenme B-3). This was prepBCBEUS2005/039072

according to the procedure used for Exanple B-16,

usi ng et hyl am ne instead of dinethylamne, yield 63%
in tw steps. 1H NWVR (DMSO-d ) d 8.30 (s, IH), 8.16(s,
IH), 7.84 (d, IH D20 exchangeable), 5.07 (dd, J 6.5,

I
?iﬁ§at%s£?gg§%g@g§ﬁ§%ﬂ& g&ﬁugzwas‘]pucﬁieﬁ% 2 s12‘1c§ gé}—#@% which

ERvh Eneah$4ep) of3lesiped ntaducas= eolarless stckitnatérid).,

i&ﬁ%ﬁf, (BBl v 8" ol Jpbis ey g, 15w,
(\e23) J <((ESHY, 1219)44471 (GMJ% 15. EX@IT@'}& )& 63 (dd, 7= 154, 11.5 Hz,
4- Am noet hyl am r#@@%é C-met h I-Dr|bofuranosylj f

@Hﬁ{‘éfé@d/ ]’pylrﬁ 4n1él18 HeZped. %831)1 1), ép‘l21(d P3O T, i188), 4.10

f 2
S P . RIS 1 33??%‘%?5%0 ) 1118 G5, 380
\M$(E$i)ﬁé?1§9 mwzmlsmﬁewm)s m., 7. mml) fol  owed by

stirring at roomtenperature for 16 h. Additional
et hane- 1,2- diamne (0.25 nL, 3.7 mol) was added and

Stdp2: TG %@;Sen@ﬁﬁfof m@%dmf@p 65 B) in thehdne gt IhEPWQQ ﬁd@& & solution
was concentrated and purified on a silica gel columm

9% P?f@ﬁqﬂnérm Piep ANALE @, 9-269mmeloinNeQH (9 mémfoltotweg |bv|e1N HCI

i ?\III\F/%J %e %n?cgl) dlg@ éﬁ%ﬂl{@ E&Qg %&%o%%g@%étg%} %q]or gvl\{?gl filtered

thafpyghiza smaly p@&Dof Glitd 5id) theFilBate fwehs conceBtratedHro drytss. 'Hhe71Q31due
64- 4. 4. 34-

5”@15 PPﬁg‘léd 9 ’.’L%Olilﬁm 0% '_9]-‘09/ £¢ usin (I?W"( %“’8‘53@0@6‘“(@{[0 @), which

3ffﬁﬁleﬂ 65 mb 3@ %ﬂesu%&%rod%etgﬁ aldolorlbsssofid2 Hz, 2H),
neat, cm1l) : 3363, 2867, 1635

112]; &1@@@8 B §§§4)(s,51§1§, 487 (d,/=0.8 Hz 1H), 5.02 (d, /= 0.8 Hz, 1H),
5.01 (d, 1H, D,O exchangeable), 4.88 (dd, J = 6.0, 4.7 Hz, 1H, D,0 exchangeable),
4.78 (s, 1H, D>O exchangeable), 4.10 (s, 3H), 3.88-3.83 (m, 1H), 3.81-3.72 (m, 2H),
3.64-3.57 (m, 1H), 0.90 (s, 3H); IR (KBr): 3399.7, 2926.2, 1623.4, 1552.7, 1486.2,
1444.1, 1371.7, 1321.0, 1226.8, 1184.9, 1154.3, 1105.2, 1076.1, 1045.8, 925.4, 870.1,
835.2, 796.6, 698.3, 642.4 and 591.1 cm-1; MS (ES") 297.44 (M+1); Anal. Calcd for
C13H16N206#0.25 HyO: C, 51.91; H, 5.52; N, 9.31. Found: C, 52.09; H, 5.65; N, 9.09.

Example B-14

H,N. N/\/OH

ST
HO—y N
\=cH,
HO OH

4-[(N-1-Hydroxyethyl)hydrazino]-7-8-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-
d]pyrimidine (Scheme B-3).
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(MtH) + Anal . Cal cd for C35H38N4(G6"0.5 H2O C, 69.63;
H 6.51; N, 9.28. Found: C, 69.59; H 6.46; N, 9.22.

wE@p/0A16A sol ution of product from Step 1 (12BCTHYS2005/039072

0.20 nmmol ) in dichloromethane (3.7 nL) was cooled to
-78 C and treated with BA 3 dropwise (IMin

di chl oronet hane, 2.0 nL) followed by stirring at -78 C
for 2 h and at -25 C for 2 h. The reaction m xture was

. it .0 . LI i .
L g D o e P o
NEh@p! @0 nll)@ndelloseform €5imd) was addddevihedrak yetieylhydrazife (0.079 g,

i fol db trati.on, under. vacuum The . .
0 ool oo Yerbeeiie e £HR R ooembens fog reaction
Ivkifotrd, e @tiflunal Gilitéd wih Matek @ PaTRIESARES withlchbrdYorm (3 x
faoll owed by concentration. The resi due was purified on

2001 Ehecrombinad,prgais ioR R ReBOWaMad St brite (19 1Ll pnd dried

j. 2 9 ' [ as_a
IR0 Dtk MAKE (B8 bt R ot G IR LS v B ufiica on
(sdica kel c@nnHming kethabollid dhibrofbrm .18 %), W}ﬁblg agfcérdgd 186 mg
-3, 3.91 (t, J = 5.8 Hz, 2H), 3. t,
ﬁggﬁé’?%@?ﬂ(r%ﬂ?’f@‘%z 02 (s,(tBH); IR (KBr . c:?) 3367,
égélkghmlémso%}:% 8291 158 (1594 119253467 2 Mk 15165838! € 1m),
A-13/(8r 8% I erchangeable)o4 7 ((hy = 4 Hzb B D £ le&yl!al)gdah]f)g [4373-4.53
- d I A4l - 3). : sl ut i 0
G by A 0 BT PSR O 6 B0, s b8 6 2.0 s, 1),
St72eh61 (nf, BE)N1.RY (| 0H);MBoESHBoM2E I®I-1IL) was treat ed

with hydrazine (98% 0.05 nL, 1.56 mml) followed by
stirring at roomtenperature for 16 h. Additi onal

Ryepr 225 Eidkrk0 s&htzi%ris rc])%-%oﬁ‘iﬁ&lﬂd Wom §Qﬂ1efi (%}gn‘%isdid fnol) in

was continued for . The reaction nxtu .
asthodever ehleddear(d 2puml) i ees eddal dM i sokutigel of dlotom trichilovile in

AL R Sk e B A P B
for 1.5 h. After the temperature became 0 °C, it was quenched by adding chloroform 2
mL) and methanol (3 mL). To the mixture was added aqueous saturated ammonia (5
mL) and it was stirred for 30 min at room temperature. After concentration, the residue
was dissolved in methanol (10 mL), treated with 1M dry HCI in methanol (2 mL) and
stirred for 1 h. The resultant suspension was concentrated to dryness and the residue
was purified on a silica gel column using CMA-80 in chloroform (0 to 10%), which
afforded 68 mg (68.8%) of desired product as a colorless solid; mp 84-92 °C.

'H NMR (DMSO-dy): & 8.25 (s, 1H), 8.17 (s, 1H), 5.16 (bs, 3H, D,O exchangeable),
4.99-495 (m, 2H, D,O exchangeable), 4.80 (s, 1H), 4.77-4.73 (m, 1H, D,O
exchangeable), 3.92-3.86 (m, 3H), 3.80-3.66 (m, 4H), 3.63-3.55 (m, 1H), 0.89 (s, 3H);
IR (KBr) 3412.8, 2926.0, 1612.5, 1577.1, 1539.9, 1487.4, 1437.0, 1352.1, 1305.8,
1072.4, 1045.4, 830.3, 788.9, 634.6 and 588.3 cm™; MS (ES*) 341.39 (M+1), 363.37
(M+23), (ES’) 339.36 (M-1); Anal. Calcd for C14H,0N4000.25 H,0: C, 48.76; H, 5.99;
N, 16.24. Found: C, 49.01; H, 6.08; N, 15.71.
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1 NVR (MeOH7): d 8.37 (s, IH), 8.07 (d, J = 0.9 Hz,
IH), 7.45-7.20 (m 15H), 5.39 (d, J =0.9 Hz, IH), 4.81

W@ 2006858161 4. 70-4.54 (m 4H), 4.34-4.27 (m | H)PCHUS2005/039072

(d, J =7.9 Hz, IH), 3.90-3.71 (m 2H), 1.21 (s, 3H);
IR (neat, cm 1) 3316, 3030, 2895, 1624, 1453, 1088; M5
(ES4) 567.44 (M+H)+; Anal. Calcd for C33H34N4ACb: C,
69.95; H 6.05; N, 9.89. Found: C, 69.86; H 6.02; N,
9.69. Step 2: A solutiongfpmppqynd fromStep 1 (98
ng, 0.17 mol) in dichlorone hane (3.1 nm) was cool ed
to -78 C and treated with BA 3 (LM.NH, di chl or onet hane,
1.7 mL) dropwi se followed by furtRer stirring at -78 C
for 2 h and at -25 C for 2 h. O gaction m xture was
treated with CH2A 2/ MeOH (1: 1\ 1! 9 ) and stirred at
-15 C for 0.5 h. It wa¥ ut™al i zed with cone.
NHACOH at 0 OC and stirred oom tenperature for 15
mn foll owed by concentratpk GHeger vacuum The
residue was treated withHOeO®H 10 nL) and 20% HO in
MelOM-1-Viethy ) hyYir zvimio] <1-5+(2 'ed-methy bDmib afmyraroay)Hhero32- 1 h
fg?l I OVVe(fl bé ﬁonc%r ation. The residue was purified on

yreangec usi ng chl orof orm CVA-80 (1:0 to
0:1) as eluent to give 32 rTg (64% of desi red product
as a light brown solid

-1: Th;rgwessprepqu: aqpoghng to thp g)‘oce@rg gsqgl fng{(ifﬁlpl@ %—145 (Step 1),
. 7 4,

lef%% ]\k—ﬁwth%ffpgdra&ﬁe (nﬁgerga%l OXW lz};ld)r%yefﬁﬂggra%ﬁ% yu%l%lg% /% (2
JHi NIMR epmomm $68120r(s] BHR -8 @y Ui=ndAi Hz, 7Hy), J7-38-1. m(rhylsﬂ)

2- | h
5753 S A froRoP-2 I o BXarie A7 {sCarH) 420-
U5 @, 01)1394 0%, )J£Q3|3Mf0(76@% m)zfgy% 3@‘%9931{)f .19 (s 31; MS
- but ox¥b| s(di net h | am no) net hane
KBS DSd136 (Mdll)@()?éi (+B3).-Aft er evaporat i ng m)st of t he

sol vent under reduced pressure, the residue was
suspended in water (500 nL) and extracted with Et20 (3
Btep 2: This was prepared according to the procedure used for Example B-2 (Step 2),

using product from Step 1; mp 70-84 °C, yield 87%.

'H NMR (DMSO-ds): & 8.25 (d, J = 0.56 Hz, 1H), 8.16 (s, 1H), 5.23 (s, 2H, D,O
exchangeable), 5.06 (dd, J = 6.7, 4.7 Hz, 1H, D,0 exchangeable), 4.96 (d, /= 7.5 Hz,
2H, D,O exchangeable), 4.80 (s, 1H), 3.90 (dd, J = 8.66, 6.9 Hz, 1H), 3.80-3.71 (m,
2H), 3.64-3.56 (m, 1H), 3.37 (s, 3H), 0.88 (s, 3H); IR (KBr): 3821.1, 2926.6, 1663.4,
1615.1, 1581.2, 1537.3, 1497.4, 1441.6, 1413.8, 1355.9, 1306.4, 1109.1, 1074.3,
1041.6, 957.8, 868.0, 835.2, 790.1, 636.5 and 589.0 cm™; M; MS (ES™) 311.49 (M+1),
333.45 (M+23), (ES") 309.45 (M-1); Anal. Calcd for C13H;sN4Os1e0.25 H,0: C, 49.59;
H, 5.92; N, 17.79. Found: C, 49.76; H, 6.13; N, 16.97.
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350 nmL). Conbi ned organic extracts were washed with
water (2 x 250 nlL), dried over MgSO4, filtered and the

w0 pdobositiel was concentrated to give 72 g of desPCEUS2005/039072

product, -

di met hyl -[ 2- (3-nmet hyl -5-trityl oxymet hyl -2, 5-di hydro-fu
ran-2-yl)-propenyl]-am ne, which was used as such for
the next step. Step 2: To a solution of conmpound from
Step 1 (70 g crude) in cgg; was added
water (750 nmL) followed ﬁ?ﬂ Euoroacetlc acid (17
m.). The reaction m xture was stirred at room
tenperature for 17 h and the organiit | ayer was
separated. The aqueous | ayer wa$® Rtjher extracted
with CHCO 3 (200 nL) and the cofpi ned Jorgani c | ayers
were washed with water (5t ‘i' saf. NaHCO3 (200 ni),

and dried over MgSO4. After ftration, the filtrate
was concentrated to give 48.g 0fHkhe correspondlng
enol . This was used as sud¥ i nOHhe next step. Step 3:
?td)lal%hylannmg%ﬁt@ pErmietryl-Bf-ribbfurawesyhfnco [BAtApneshidine m
ﬁ% %% g crude) DVF (1000 nlL), KF (12.8 g, 0.22
§¥ 8-crown-6 (23 g, 0.088 nol) was added
chloroacetonltrile (25 g, O 333 nol) and the reaction

xture was stirred for 24 anomtemmrMure After
NESY ARG St septiomes SETOEH 9@@&5@@&01@&@5@ 49 gmol) was

‘é@dcﬁﬂ(ﬂ/@@&%ﬁﬂ-)ﬁé ﬁzqgfj‘?q AR ih %tél]r]h(étlﬁf’ofn%t o8 tgm erature and

extracted with rgani c
st pmedateme temlsﬂwdrwﬁor h8 \h/aAﬁEr Qcﬁlcxnt@ﬁﬁg Iﬂie) readlion@glixture, the

d f|| ere The
RO Rle P 2 RS, ol ko, PP trng e
a§ elaeﬂtmaff@ﬂlloéﬁEgO(9§)3%)s)|fagsnﬂeapwiuép% Et OAc i n hexanes
ive 2 %ﬁ(SZWbln three ste of correspondi ng

PMAO-dnod 8e2herlNG14 st ) 47817 225 (D), 5.35 &p 1H),

f-?%%"séta(en%%%ﬂ. SR PRt Ay e A2 RRE D AR

66.93.9 Hat 19))81304bs, &8, 1.2&(s, AR MSQES*‘) 080.8£(Mel1R602.20
Qﬁ}ﬁg)r agle{%dlegé(%b 3\5/151’{%138%%&7?%51(3{1 gl P9t he7r24OFounr21 C,72.42; H,

6.56; N, 7.17.

Step 2: To a suspension of 10% Pd-C (20 mg) in methanol (3 mL) was added a solution
of compound from Step 1 (0.09 g, 0.155 mmol) in MeOH (20 mL) followed by 1IN HCI
(1 mL, 1 mmol). The mixture was hydrogenated at 70 psi for 3 h and filtered through a
small pad of Celite and the filtrate was concentrated to dryness. The residue was
dissolved in methanol (2 mL) and triturated with ether ( 2 x 3 mL). The solid was
separated and collected by filtration to afford 40 mg (83.4%) of desired product as a
colorless solid.

'H NMR (DMSO-ds-D;0): 8 8.57 (s, 1H), 8. 41 (s, 1H), 4.99 (s, 1H), 3.84-3.60 (m,
4H), 3.45 (bs, 6H), 0.87 (s, 3H); MS (ES") 310.38 (M+1); Anal. Caled for
C14H19N30503 HCle1.5 Hy0e0.15 Et,0: C, 38.38; H, 5.84; N, 9.19. Found: C, 38.29;
H, 5.50; N, 8.95.
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m xture was quenched with water (50 nL) and allowed to
attain roomtenperature. After renoving the sol vent,

wao b@esEsdue was purified on a silica gel col urer/8505/039072

g) using 0 to 20% Et OAc i n hexanes as eluent. Two nore
successi ve colum chromat ogr aphy were needed to purify
the conpound and to give 3.02 g (15% of 3-
am no-4-((2S}-3-nethyl -5-(tri
tyl oxynet hyl ) -2, 5-di hydr @&Hﬁ@[}gﬂqyﬂ ) furan- 2-
carbonitrile, as a white solid; np 68 OC (Rf = 0.5 in
30% Et OAc in hexanes). 1H NWVR (DVB@d6) : 7.62 (s,
IH), 7.23-7.42 (m 15H), 5.56-5;68 \m 4H), 5.07 (m
IH), 2.96 (m 2H), 162 (s, 3HX. NR (KBr): 3357,
2864, 2203, 1635, 1444, W’ VB (ES+) 485. 34
(MtNa) ; Anal . Calcd for C3 B C, 77.90; H, 5.66;
N, 6.05. Found: C, 77.59; 5°@6; N, 5.85. Further
el ution prow ded 2.17 ¢ (B:O%oqf
3-am no-4- ((2i %3rreth|-5-
¢tMethylaamipget-fy2'yC @Ghﬂrlhy'd?@ﬂmaﬁymfm[I,Zfd];ryrﬁdeIet(Sﬁheme
y%}le as a white solid, np 138- 144 C (Rf = 0.48 in
0% Et OAc i n hexanes). 1H NMR (DVMSO [/ ): 7. 20-7. 40
(m 16H), 5.87 (br, 2H) 565(m I H), 553(m IH)
and 6.

?&"& iy Lprgbed, iscerdiy gfo %prqceéere( gseds IfBY ganle. B-16, using
adsBr: )arﬁﬁ@ilnsteagﬁgdm?e@f%mlﬁg eld 694, 400 cm 1; M5
gﬂ_l%sf 485. 28 (MNa): et 5in Wizepd Noon. C

(PMB( ) NS. 36 (@,51H):<8u1|66s 1), 7R3474d; 1H, D507éichdi<lgeab1e)

g:o9ﬁ(]d§t9p E(S.zu&?ﬂ% h‘rgfg%‘;’{) RN w0 & 8P-% s 1. 11 D,0

no- 4

éidhaﬁgebbbé){ AEste ) ])H)245’7Q$ h&tpl DO Wkakimaeata)f oA Rd2 7. ﬁ’% Hz,
é?nzl%l and for mam di ne acetate (6.
06 ! »?H} - %rbﬁﬁ @51%52 N9, et etzatH) 880 s 3H) MS

93752@% 5 M\dw sieaaivienashdonaageifl e (325 0

was add nt| nu eating for
further 40 h. Most of the soI vent was evapor at ed,

wat er (100 ni) was added_,an xture was extracted
Ry ST

with EtOQAc (2 x 75 niL). d organic
NHCH,CH,NH,
TCH;
HO OH

4-Amin0ethylamino-7—ﬂ-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine
(Scheme B-3).

Step 1: A solution of compound from Example B-12 (212 mg, 0.37 mmol) in ethanol
(15 mL) and chloroform (15 mL) was treated with ethane-1,2-diamine (0.5 mL, 7.4
mmol) followed by stirring at room temperature for 16 h. Additional ethane-1,2-
diamine (0.25 mL, 3.7 mmol) was added and stirring was continued for 6 h. The

reaction mixture was concentrated and purified on a silica gel column using
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extracts were washed with water (2 x 50 nL), dried
over MgSH4 and filtered. The filtrate was concentrated

w@naensaer esi due was purified on a silica gel POI/USW05/039072

(40 g) using 0 to 10% EtOAc in hexanes as eluent to
give 1.2 g (78% of 7-((2i7?)-3-nmethyl-5-

(trityl oxynet hyl)-2,5-di hydrofuran-2-yl)furo[ 3, 2-cr] py
rimdin-4-anme as a white solid; nmp 128-132 C (Rf =

Q:hﬁ)?ofo %7 (& Lo 83 W%lgn%ﬂﬁ%l éﬂg@g Il% O%d7é§](r9c§product as

|al-ljght5elﬁ>4s(ml M), 4 96 (m IH, 3.30 (m IH), 298 (m
LQ\@F&@%@%? 3'(1’\%@%&%2% y 645 #éﬁ?@ 798 M3k, 5.37

g(IHIZJ’ B@@@HQ 151)H2@) & 2}1?344%1 (s, 6116)54%@4 3 g@ 2‘&%} 4%9,%2’6 (m, 1H),

Ut on of
(ﬂo}ﬁp@uﬁd=79(ﬁﬁ,$Hé,pﬁ88360(m 2H),365(tJ 6.2 Hz, 2H), 2.93 (t, /= 6.2

t ri-t
g O S LR R P B S 40 S 5 259540
M- 0331 rmwd)fot mgg{mmgeosﬂzm_)c \@563aﬂd6¢14N aPgePYd: C,
at roomt enper at ure. The r eact i on

rﬁ9>§t9uHe6ﬂé>st§¥3rred at roomtenperature for 30 min and

the m xture was evaporated, redissolved in MeOH (3 nlL)
and neutralized with 0.1 N NaOH The sol ution was
Sied 2:i Adobition of iprodpat fein Step Unii24sig)@.20 mmol)Oﬁb dithldde@hdthane

I((?%CH(E’)? “téag( gi (ﬁ%} ﬁ%f n?%E %ﬂ? Ddgiff‘i%%%:jr“ﬁ%t%@l; ﬂmﬁﬁfﬂﬁﬁy (IM in
%ﬂéﬂorgxln)gt}‘lgﬁé)&ld)r]?ﬂ? ?oilﬁéblvs?eﬁg)&%ﬁﬁglg, aﬁlsz_gl, & E&,r 1_18{1&] 3t %r|§r|] B 9 1.

ITHp, redsti6n nBxiBE: ‘(vma tréaith, with 9:0{24312%6(()H1 (111HR,2 RLBEnd ddred]at 15

Sy = 12.4 and 2.

Iog) f%glﬁéa}gd%gv ag §he ulltpa%%i % 0 E%Q’ﬂﬁﬂ SélrIBd A{ room
%élﬁf;@rﬁﬁre?fo& I5( it ?6116%'&% %ﬂcbll%gﬂ%ﬁ a\ﬂﬁély jVacutlmu 9k %eﬁdue was
jpyrimdin-4(3 JH)-one (Sc B-4). Steps 1 throug

wrenied oty Me®hb (12 nHe adn20 Wlam MaOBx&ifping) Bad stirred at room
%rﬁﬁerétﬂx% t{){ Pﬂ]fﬁ'lowed by concentration. The residue was purified on a silica gel

column using CMA-80:CMA-50 (1:0 to 1:1) as eluent to give 62 mg (96%) of desired
product as a yellow solid.

'H NMR (MeOH-d,): & 8.39 (s, 1H), 8.09 (d, /= 0.9 Hz, 1H), 5.12 (d, /= 0.9 Hz, 1H),
4.04-3.78 (m, 4H), 3.91 (t, J = 5.8 Hz, 2H), 3.28 (t, J = 5.8 Hz, 2H), 1.02 (s, 3H); IR
(KBr, cm™) 3367, 1642, 1507, 1410, 1075; MS (ES") 325.46 (M+H)",
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instead of A-2. Step 4 product: 1H NWVR (DMSO-J*): d
7.50 (d, J =0.8 Hz, IH), 7.39-7.25 (m 15H), 5.29

W s 4.88 (1, |H), 4.64-4.53 (m 6H), 4.BO0FUSHE5/039072

(m 3H), 3.92 (d, J =5 Hz, IH), 3.73-3.67 (m 2H)
1.24 (t, 3H), 1.15 (s, 3H); IR (KBr) 3462, 3349, 2871,
1705, 1672, 1632, 1591, 1537, 1455, 1369, 1323, 1107,
1026 cm 1; Ms (ES+) 572. 31 (N%hb) Anal . Cal cd for
C34H37NO7: C, 71.43; H, lgh]% 45. Found: C,
71.15; H 6.50; N, 2.26. Steg 0 a solution of
product from Step 4 (0.8 g, 1.4 naNp,i n pyridine (14
nm.) was added triethylamne (0,98 , 7 nmol ), nmercury
(11) chloride (0.76 g, 2.8 I8
di car borret hoxy- 2- net hyjorgc t ) 0 urea (0.58 g, 2.8
mol ) and the reaction m xXxury was stirred at room
t enperature overni ght. Sol v) elHs renoved under
vacuum and t he resi due wagot rbgurated with et hyl
acetate (100 nL) and filtered through a pad of
Aty draging-7-6-(2’eonethyhbatibéfuean osplfurtd[32-d] fyrémidihé r a(Seheme
concentrated under vacuum and the residue obtained

was purified by colum chromatography (silica gel 40

, eluting wwth 0-75% et hyl acetate in hexanes) to

f#@r]gnj'sgh ‘%k&ééﬂ gf]; é#g;@uao%fgggg%gﬁe 'R Ozd ?2?9325, (i?:e f|§ lngq)vgl)o;nl ethanol
?]i_?;ﬁﬂ_() ChndJchfoero%n"@S nlﬂtp way freated - ‘%?‘1 ﬁ%ﬁ@_@% (555 %?L 1.56

4.22-4.11
mmolk fqllpwem-hy st@@at(mpmlbt)lpelﬁtlﬁ@ fqrsl6 BH)\dditfordD hﬁ(&azme (0 10

3522 A s ol e 0 7430 55

28 BanEﬂi&f’ecd ditlplirifié@ 61 2 &dita cOODIGHRM dsin Bﬁoﬁﬁﬁ»ﬁb/cmséa 0 to
Calcd for C39HA3NBOLL O HRO. G 63

)
éNgi elRFn"éo gige Lemgd00°%) oxdesped pradud agan Offrwlstewhd st ep
&1 NE?RW%@PPHJ% 8 9? gs?l'@r@?’%& {d a‘gg]e(’? 89 1 (944 5, @@%H), 5.39

in nmeth m nmet’'lox
(6 J410.SHeutH)oA.8il ifs, REDhAAO4, 540 ni 26T) . 34-a12d (84, iLH),ed1ALd, J=7.9

Hz, 1H), 3.90-3.71 (m, 2H), 1.21 (s, 3H); IR (neat, cm™) 3316, 3030, 2895, 1624,1453,
1088; MS (ES") 567.44 (M+H)"; Anal. Caled for C3;HagN;Os: C, 69.95; H, 6.05; N,
9.89. Found: C, 69.86; H, 6.02; N, 9.69.

Step 2: A solution of compound from Step 1 (98 mg, 0.17 mmol) in dichloromethane
(3.1 mL) was cooled to -78 °C and treated with BCl; (1M in dichloromethane, 1.7 mL)
dropwise followed by further stirring at -78 °C for 2 h and at -25 °C for 2 h. The
reaction mixture was treated with CH,Cl,/MeOH (1:1, 1.9 mL) and stirred at -15 °C for
0.5 h. It was then neutralized with conc. NHsOH at 0 °C and stirred at room
temperature for 15 min followed by concentration under vacuum. The residue was
treated with MeOH (10 mL) and 20% HCI in MeOH (12.5 mL) and stirred at room
temperature for 1 h followed by concentration. The residue was purified on a silica gel
column using chloroform/CMA-80 (1:0 to 0:1) as eluent to give 32 mg (64%) of

desired product as a light brown solid.
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room tenperature overnight. After 24 h, additional
sodi um net hoxi de (5.4Min nethanol, 0.126 nlL) was

w@dwensand stirred for 6 h . The reacti on was PEENSINE039072

with glacial acetic acid (0.09 n., 1.5 nmol) and
concentrated under vacuumto dryness. The residue
obt ai ned was purified by colum chromatography (silica
gel 1Qg, eluting with 0-25% CMA-80 in chloroforn to
N y 0 . n . )
o e AP SRt . 2,20 L IR RLEENTID. 3Bty oy 052
4. 3YD; IR (KRhyh-'): 881 GIRYAT,df604,810722MBI (ESD: 297.47 (M+H)".
Hfuro[ 3, 2-c(]pyrimdin-4-one, as yellowoil. Step 7:
To the product fromStep 6 (0.3 g, 0.49 mol) in
nmet hanol (2.5 L) was adgggmpid gggH (2.5 i, 2.5 mol)
and heated at 50 OC for 3 h. Additjional IN NaCH (2.5
m., 2.5 nmol) was added and continuéd heating at 50 0C
for 3 h. The reaction mxture ol ed to room
tenperature and pH adj ygj-ed t & 6lusing gl aci al acetic
acid (0.3 nL). The reactio i/Xt ure was concentr at ed
under vacuumto renove net cghd the yel |l ow solid
obt ai ned was collected by filtration, washed with

5 B8R)5-U-Aexiabturb B, 3-Hphi - e 2. ' 2
g?oguc):t as a yell ova sg{%ﬁhg% 8 1)344%%& fﬁNﬂﬁgfﬁMﬁﬁ&n 2
yomethanpl (S¢heme B16) bs, | H), 7.89 (s, IH), 7.38-7.25
(m 15H), 6.38 (bs, 2H), 5.04 (s, IH), 4.75-4.52 (m
6H), 4.16-4.11 (m IH), 4.05 (d, J = 7.5 Hz, |H),
Stepd: T8.a65lytion dfidpmpourRfrér Exatiple AR (& 7) @3%40.1351%101) in
%g@%) 69%89 286 69%, 1643,..1532, 1496, 1453, 1364,

(6958Y) Wipadled i biyiexypejmahdammopnthyne (7Bs §.417 mmol)

566haided M 64 PC HPY h. KaAkC gvép@fatiﬁ%%&g’ ; '}%Eﬁe gt)l@g{t%%deﬁreduced

68.72; H 5.95; N, 7.29. Found:
pressyre, diesfesigue avagispependedoin waapG00 dnk) omh Gtreged wifh. 2,0 (3 x

in. et hano 5 nL ont.ai ni ng Pd-C (10%
%Sé) %f %a%%l%q n1<( i}fa%{s&ejre %h%}l‘bbf%tﬁ%l&e@g%& m %?Fl over
Iﬁ/kglfSQ‘::l,Zﬁherec'ri'lgﬁd rtﬁaﬁigt'reg? “gsmgﬁg@tu‘ﬁ?a fol git€178 0 LRERUAA product,
%e![hy‘i[i—??)—meﬂgr}l-g-ngltyioxyr%ethyla,5-dihydro—ﬁ1ran—2-y1)-propeny1]-amine,

which was used as such for the next step.

Step 2: To a solution of compound from Step 1 (70 g crude) in CHCI; (1200 mL), was
added water (750 mL) followed by trifluoroacetic acid (17 mL). The reaction mixture
was stirred at room temperature for 17 h and the organic layer was separated. The
aqueous layer was further extracted with CHCl; (200 mL) and the combined organic
layers were washed with water (500 mL), sat. NaHCO; (200 mL), and dried over
MgSO,. After filtration, the filtrate was concentrated to give 48 g of the corresponding

enol. This was used as such in the next step.
Step 3: To a stirring suspension of the compound obtained from Step 2 (47 g crude),

DMF (1000 mL), KF (12.8 g, 0.22 mol) and 18-crown-6 (23 g, 0.088 mol) was added

chloroacetonitrile (25 g, 0.333 mol) and the reaction mixture was stirred for 24 h at
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filtrate was concentrated under vacuumto dryness. The
resi due was purified by col umchromat ography (silica

w@ei06450g61 el uting with 0-25% net hanol in chl ordDU#)00%/@39072

furnish 0.082 g (67% of desired product as an

of f-white solid. 1HNWVR (DVMSO-d6) : d 11.02 (bs, IH,
D20 exchangeable), 7.93 (d, J = 0.7 Hz, IH, 6.39 (bs,
2H, D20 exchangeable), 4.96-4.82 (m 2H, D20

eh Biu
&Bi ggl%p@gxcﬁ)a r%fgearl Eiérgéﬂn% <11nost Qf t?le "s‘%]zveﬁt"ander geééﬁe‘hﬁg%§(l{g water

((H)O qulded ands |t]}e m]?{!'@NNRlS( @It(BQDEd:MIEhZEl)zO @ 4580 a9,). The

%’Zlgééd é’%&é&t‘%‘%@” AP e i 337 & < 230y, gishoien Mesos

ped filisred 1E®3ﬁmatﬂw%c@perﬂﬁ%3 aBd tHelréSidde wllﬂ-ﬂ&lﬂeéi 05n a ccgumn of
58 an

S52 L4200 ing 181 T Gnmbeyaned sy Db (389 ondinge steps)

ﬁ%@s@ox&ﬁg?cyanometh 1 enol ethe
}’ C et hryl D-ri bof uranosyl)-furof 3,

’Mﬂﬁ%@f‘ﬁﬁhﬂ\’ﬂga} Scheme B- 5). Step 1: To a solution
of conpound from Exanple B-21, Step 7 (0.5 g, 0.85
nmmol) in CH3CN (5 nilL) was added benzyl

S@p_d‘ fT}bIaemntrbmluﬂmqmwTC)dﬁ teooBipodnd abtzl&eatirﬁlo)n 8813 M THF (530
er

h | 16 1.28 ).
t 5% g?d LJP gre M\HS HE&%%@LQ at %}ngg@)raﬁgﬁbgtﬁh@reawon temperature
A&NEr hzlxgée'dg@ a(aneF> “FB-eC 5A%teﬁ?%tﬂer"@§ }gg’rﬂ ed gﬁag d 18 2 ith, reaction

mai ntai ned at this tenperature for

mixtuer wasvgeenclet with redted(S0imE) el dliveddero 426 Hi&m Y&@$herature.
xtracted with CHO 3 The

d d t t ,and.,wa
AN ferding "GR8 4R Bl aperutbad ot 4, it eBhes umn (450 )

s€fly LM bi Q@%b@f@AG #0Ohdkdr@8 e(s2 V&
SgO4 After filtration, the f e%?%?emmgsﬁggengg%ct%?%‘% gommn

%Jﬁamﬁwérapbx Mestrenepdsd fruperify dbe mmmmdlamd ao geile X0l prfrs%) of 3-
ROt o A e Ry oo R Yuiign 3.
Qubgitnit af n mmtsselﬁn, 11111 68 X5y~ M5 57930WE|t()A¥Vﬁr§héx§H<%5‘ in

i RR M 5555 627! T, 7.23-7.42 (m, 158, 5.56-5.68 (m, 4H), 5.07 (m,
1H), 2.96 (m, 2H), 1.62 (s, 3H). ); IR (KB1):3357, 2864, 2203, 1635,1444, 1071, 704
cm™; MS (ES") 485.34 (M+Na); Anal. Caled for C3oHaN,Os: C, 77.90; H, 5.66; N,
6.05. Found: C, 77.59; H, 5.75; N, 5.85.

Further elution provided 2.17 g (11%) of 3-amino-4-((2R)-3-methyl-5-
(trityloxymethyl)-2,5-dihydrofuran-2-yl)furan-2-carbonitrile as a white solid, mp 138-
144 °C (R¢= 0.48 in 30% EtOAc in hexanes).

'H NMR (DMSO-d): 7.20-7.40 (m, 16H), 5.87 (br, 2H), 5.65 (m, 1H), 5.53 (m, 1H),
4.86 (m, 1H), 3.06 (dd, J = 9.6 and 6.7 Hz, 1H), 2.9 (dd, J = 9.6 and 3.0 Hz, 1H) 1.66
(s, 3H); IR (KBr):3361, 2868, 2201, 1637,1444, 1085, 700 cm’; MS (BS") 485.28
(M+Na); Anal. Caled for C3oHpeN,03: C, 77.90; H, 5.66; N, 6.05. Found: C, 77.72; H,
5.75; N, 5.93.
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met hanol saturated with amonia (20 nL) and the vessel
was heated to 100 OC for 12 h . After evaporation of

W b@eddilgent, the residue was partitioned bet weenUSHEHE39072

(50 m.) and water (50 nL). The organic |ayer was

coll ected, dried over MgSH, filtered and the filtrate
was concentrated. The resi due was dissolved in EtCOH
(20 nm) and 10% Pd-C (50 ng) and IN HO (0.2 nL) were

Fleeds:t | ﬁnxﬂﬁée o!ree&hp&ﬂld\ﬂ%n% hakgnaunder, 'asz' ((Qﬁfﬂ-methyl -5-
atrmspheres (5) for 18handf|Iteredt
caitylosymathe)£2i5-dih reﬁmszwaﬁmnfmaxbemualnd(ltzrﬁe g e?s13d weol) and

gﬁ}&q@gﬁinfe' %@ (T3 g& g?@gﬁ@) ﬁi ﬁt'(ﬁ—?&%e}aigﬁvhgﬁ%ag@é%r?fg% for 24

tlarﬁgkhtlontHfd‘ﬂfvﬁnﬁdi‘ﬁBwtatﬂ (3m5pg;m1734sﬁmﬁcﬂ) vdaH)addéd 8ﬁ>d C8mtinued

8
(hggtlrfﬁ_ﬁorsfgéqe](rr__é@_gl %?t 8h hcempiﬁenf wggmgo&atgi ;I)gater (100 mL) was
4dden 4 the idxtor whs @M&M‘Jed lQflifh' Bef Ay @Q@?yhﬁgf?ﬁeoéo’%nlﬁlaec{ (Lrganlc

pyrimdine (Scheme B-6). This conpound prepare
fexteaty Wergpvathed twigs WES@a@IXeSQ\n&)aducﬂ diexgMgB804 had filtered. The

20 pt at.the la
THERC S Font il thd W8 TRARe S8 BRI Rn St &t flfn 40
Wamgé)dh|lé?/<eElt(1Ahrmmghaneahab1uént¢o Bive r1P0E (YA)UT -2 RV R methyl-5-

ORGP Ty e Sl a5y 5 0 s solic

=0 J =5.0 Hz, |
?1%%8%%2 ! ’f Oé?sin(l@%"‘Meé@m é%él )Enm 2 80. 3 60H)

FHNBR) (DMS@%Q rﬁ 06 H), 1Hl) 297 ((sn 1P2)L—|)7 160V 37D(1(1t 17}11) 3.77. (n, 1H),

%ﬁdi%ﬁ?@s%@% ‘@ﬁ%fg@ % (8, ?fi) 1 ﬁ?l(g%ﬂj IR {KR):3328,

T6435141438; 704 @' 44S RS 15138252 mb)e .
4- Affsn no- /’?0(2 C rlt;Eet? | -D-ri bof%rébﬁlggd‘?alqc% Sor §H§7NFP3 05

FoQt Cn? ‘HW&&I Ok Bler8-4B- B)unds‘t:e]cﬂ 58; HAS$8) Nt 8 dh of

conpound from Exanple A-3, Step 3 (4.02 g, 8.63 mmol)

in DMF (45 niL) was treated with /-BuOCH( NMe2)2 (12.07
Gtep@D T2% sohutiby ofertinsiuind fieeh Step 6, 7-((2R)-3-methyl-5-(trityloxymethyl)-

2,5-dihydrofuran-2-yl)furo[3,2-d]pyrimidin-4-amine (40 mg, 0.082 mmol) in dioxane

(4 mL) was added 4N aqueous HCI (0.125 mL) at room temperature. The reaction
mixture was stirred at room temperature for 30 min and the mixture was evaporated,

redissolved in MeOH (3 mL) and neutralized with 0.1 N NaOH. The solution was

_puriﬁed on a silica gel column using 0 to 10% of MeOH in CHCl; to give 12 mg (23%)

of desired target, ((25,5R)-5-(4-aminofuro[3,2-dJpyrimidin-7-y1)-4-methyl-2,5-
dihydrofuran-2-yl)methanol as a thick oil.

'H NMR (DMSO-dg): 8.16 (s, 1H), 8.04 (s, 1H), 5.75-5.79 (m, 1H), 5.61-5.65 (m, 1H),
4.90-4.96 (m, 1H), 3.87 (dd, J= 12.4 and 2.0 Hz, 1H), 3.70 (dd, J = 12.4 and 2.8 Hz,
1H) and 1.58 (s, 3H); MS (ES*) 248.45 (M+H).
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roomtenperature overnight. The reaction m xture was
diluted with toluene (800 nL) and washed with water (2

wo200005a1) and brine (300 nmL), and dried over RMJBI&2005/039072

After filtration the filtrate was concentrated to give
5.01 g of the desired product as a light yellow oil,
whi ch was used as such for the next step. Step 2: The
product fromStep 1 (4.98 g) was dissolved in
chloroform (150 nmL) and gLea ?%B whth a solution of TFA
(2.25 L) in water (100 nL stirred vigorously at
roomtenperature for 17 h. The opganic | ayer was
separated and washed with vvat(sr Xx), and dried over
MySO4. After filtration, I'ftrate was concentrated
to give 4.26 g of the as light yellow
oil, and was used as such next stép. Step 3: A
m xture of conpound from @4,(1.55 g), 18-crown-6
(0.66 g, 2.5 nmol) and K (3®5 ny, 6.28 mmol) in DWF
30 nL) was treated dropwi se with chl oroacetonitrile
% 709inny7-5230-metbly}-Didbéfovwmbspl)-fatd[3,2id)pyrinidie G H)-one
§m{g aéA_# e for 14 h (TLC showed that TBDPS group was

ﬁ{ ‘er concentration, the residue was taken in
pyridine (10 nL) and treated with trityl chloride
%1.3 4.75 mol ), followed by stirring at 70 C for
&Df fgiﬁ’&gl? &S eAried Qutihesamesway peinirampin Bek ating 96 A-5
Hslea@Bdavmshed with water (2 x 70 nL) and brine (70

, then drled over MgSO4. After filtration and
Stepcleproduat cH]NMR(]hMSO dg)r&ﬂe'p (Bhe=esSHAUBIWAS9-7.25 (m, 15H),

2281 HpR a8 b b7 T o Gt 4G Gt 502/ — 5 Hz
tu eseﬁglas)(momsielszcr &dsl%qdlts*?(;s a5); %’E{Qﬁr}%%?%f@ 2%71 1705,
blsomsrs as a ite Toam which

nd
%@7&1 632> ARRLNESRT, d48p. 1368, (1823 1HKD. 1306(¢mNaMS (Es*ep572 31

et g SO 1B 5 B B 295" Bmgly 71.15:
6.58aN 226 t h LDA dropwi se (2Min

THF/ hept ane/ et hyl benzene, 1.95 nL, 3.9 mmol) foll owed
by stirring at -78 0C for 2 h.

Step 5: To a solution of product from Step 4 (0.8 g, 1.4 mmol) in pyridine (14 mL) was
added triethylamine (0.98 mL, 7 mmol), mercury (II) chloride (0.76 g, 2.8 mmol), 1,3

dicarbomethoxy—z-methy1-2—thiopsuedourea (0.58 g, 2.8 mmol) and the reaction
mixture was stirred at room temperature overnight. Solvent was removed under
vacuum and the residue was triturated with ethyl acetate (100 mL) and filtered through
a pad of Celite® to remove insoluble impurities. The filtrate was concentrated under
vacuum and the residue obtained was purified by column chromatography (silica gel
40 g, eluting with 0-75% ethyl acetate in hexanes) to furnish 0.44 g (10%) of desired
product as yellow oil.

'HNMR (DMSO-dp): 8 11.20 (s, 1H), 9.82 (s, 1H), 7.78 (d, J= 0.9 Hz, 1H), 7.35-7.22
(m, 15H), 5.25 (s, 1H), 4.60-4.35 (m, 7H), 4.22-4.11 (m, 2H), 3.79 (d, J= 4.5 Hz, 1H),
3.64 (m, 2H), 3.60 (s, 3H), 3.49 (s, 3H), 1.20 (t, 3H), 1.07 (s, 3H); IR (KBr) 3439,
3285,3152, 2951, 2363, 1810, 1734, 1629, 1449, 1409, 1271, 1225, 1184, 1111, 1067,
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The reaction was quenched with water (320 nL) and
stirred at roomtenperature for 1 h. After

w@omveesitisat i on, the residue was purified on a BCT/USH05/039072

gel colum using hexanes:ethyl acetate (1:0 to 3:1) as
eluent to give 15 ng (2.9% of desired product as a
light yellow syrup. 1H NWVR (CDCl3) : d 7.50-7.18 (m
16H), 4.71 (s, IH), 4.35-4.25 (m 2H), 3.42-3.30 (m

20, 698 29" (v %3@4@@\4(@) ARE). CatbaZor éwglfﬁfé%)?fpb@li&o ol

(ES+) 559.°26 MF A mXxture

B Bt €914AN(269. rf@und) ©43. Oﬁnﬁlf)%;rm S5.9t.mam di ne
acetate (45 ng, 0.43 mmol) in EtOH (5 nL) was refl uxed
for 23 h. It was then refluxed for five additional

Gaps6:vi'd b sakiedbi oo prdaﬁctf@dmpds @@4%06t5@trﬁm(>t)% %eﬂ%ol (6 mL)
300 dded, 2.88 .mmul ng every day f first
@ggs(gwum?ﬁ%th%ﬁ%ﬁ ‘éM ffﬁha&toaﬂ@ anodn@. ém mdt) evhdagtigred at

Qéﬁﬂlftbﬁgel‘aﬁlr@ cﬁl'&ﬂl@ﬁ' gﬁier CZQJ ggﬂgﬁﬁﬁ fodinm methoxide (§4M in

chl or of or m net han ant 1o grve
migtianel0.126 by ives dd¢ﬂdcmid$hna¢ fa €hl 'ﬁhé mstlcﬂi Wwas qudnbidd with

B B ety s e e B
Ahe résidue dbtalﬂed4w5,slp1(ﬁﬁed|ﬁj) coldne éhrothat a‘ph§ l\sgs)ihbg éeIZIWg’ eluting

8‘%@‘3 éSO’( r\@% -0 HSP]@BTOé@mﬁ tq é!lmtshd}(ﬁ%lf Sfrr:d) product, 2-

d
e %egr/});& 9—7%% lngnB!eﬁz cg}y’%@sﬂz?l%x@ﬁéthﬁ?f—me&hm?tte%rahydro-
fusppéndl WﬁfulfQ{ﬁZ li]wrﬁmﬂine%elmb byydlomcaint r ati on. The

resi due was redissolved in a small anount of MeOH and
treated with ether to precipitate the desired

Sppyo Todhe poiad ﬂmss&ep kl@esteed.4b ymﬁblb bl AbIARL1Y®.5 Qﬁ%ewé’s added
3H/<) of deS| red uct as X)drochl ori de.

TRt 0H 2 S Tt ol o heateaiag SORC. e b Bdgigional 1N MpOH (2.5

ﬂ}%’@ﬁ%n&%}%(vms aﬁﬁgd arﬁl c%ﬁmé'%d l%iitmgr at %O k’% f01I %_?;lle"l;hesr%acl‘.l%n gmxture

vesrpoded tavagpny |tgnpqmte1paandopﬂ rdjsted eo kﬁenmsmg ghacial eatiedcid (0.3

Hit) ’f'lli]é/ ge tflounr Afikture was concentrated under vacuum to remove methanol and

the yellow solid obtained was collected by filtration, washed with water and hexane to
furnish 0.25 g (90%) of desired product as a yellow solid; mp 80-84 °C.

'H NMR (DMSO-de): 8 11.11 (bs, 1H), 7.89 (s, 1H), 7.38-7.25 (m, 15H), 6.38 (bs,
2H), 5.04 (s, 1H), 4.75-4.52 (m, 6H), 4.16-4.11 (m, 1H), 4.05 (d, J="7.5 Hz, 1H), 3.80-
3.67 (m, 2H), 1.22 (s, 3H); IR (KBr) 3324, 3144, 3030, 2897, 2869, 1696, 1643, 1532,
1496, 1453, 1364, 1317, 1099, 1026, cm™; MS (ES*) 568.38 (M+1), (ES): 566.22 (M-
1); Anal. Calcd for C33H33N30400.5 H,O: C, 68.72; H, 5.95; N, 7.29. Found: C, 68.94;
H, 5.75; N, 7.21.

Step 8: A mixture of compound from Step 7 (0.2 g, 0.35 mmol) in ethanol (5 mL)
containing Pd-C (10%, 40 mg) and IN HCI (1.75 mL) was hydrogenated at 70 psi for
12 h. The reaction mixture was filtered through Celite to remove catalyst and the

filtrate was concentrated under vacuum to dryness. The residue was purified by column
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derivative: Step 1: A solution of conmpound from
Exanple A-4, Step 3 (3.8 g, 6.38 mmol ) in DMF (50 nl)

we®ensaat ed wi th - BUOCH( NVe2) 2 (4.33 g, 24. 86PemDE}005/039072

and stirred at room tenperature overnight. The

reaction mxture was diluted with toluene (100 nL) and
washed with water (75 nL). The aqueous phase was

extracted further with tol uene (50 nL) and the

CanRdih, g W i (2 d :
dri edaﬁg%g}?ag s%%%.%e%\?g’e?l | g}é\pl:ztg%" %‘{?ﬁlgﬁ?linljtcﬁ%fogg Jo furnish
G607 %) of desired ipvaslubt 43 ag off-whitesddidsi red pr oduct

o PR BRstT ey 351 50 thso Py Dol exshmasabib.-oh (& o - 07 Ty, 180,
BB UHs OTHOD,T bb%éﬂa@&bg%ﬁééﬁ%iz ¥m, 597 aﬂ%é) ﬁ%ﬁlﬁé&b\r}\éggﬁ?t@ J=

roomtenperature for . The reac

$1 HeelH j4t7ﬁ|-4:-ﬁ<|> Gnoildr B@ t@d:anﬁe)abh);o&%ﬁéﬁ ((11_1??1))13,251-3.53 (m,
. Il sned w wat er
(E'T@ Q?g@; 3?0 %ﬁw@@‘&%’/ﬁ@i gﬁgfﬂ , L4y 280 13038, 124.66, 82.45,
B0EH7, 74.25, 173192 igh tapabp on, 1 44gf ¢ .
e T et o 1 R L e s s
\iﬁ%ﬁ @-Qasléa&éslk@e% HdB.7nd Q5.8 B0.35188p.6382200, 781.2, 673.4,

BRX ) ot . -Gl OWN- 6
e 4941 B L As A PR EVE L D) M) 1 o
(40 m) was treated dropwi se with chloroacetonitrile
(1.1 g, 14.49 mol) follgwed py stirring at room
tenperature for 18 h. AfEé’f‘mBgr%zﬁtrati on, the residue
was taken in EtOAc and filtered tN#hbough Celite. The
filtrate was concentrated andpt resi due was purified
on a silica gel columm using \he angs: ethyl acetate
(1:0 to 2:1) as el uento ' N g (33% three
steps) of desired product mxture of Z, E a, and b
isonmers) as a light colorfessCBi|l, which was used as
such for the next step. H&ES (@S+) 685.25 (M+-Na) +. St ep
4: A solution of above m xture fromStep 3 (817 nmy,

L42§ﬁammd-7-ﬂ-(2'-@Eeﬂib@-lﬂkibofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-
5).

Step 1: To a solution of compound from Example B-21, Step 7 (0.5 g, 0.85 mmol) in
CH3CN (5 mL) was added benzyl triethylammonium chloride (0.38 g, 1.7 mmol) and
N,N dimethylaniline (0.16 mL, 1.28 mmol). After the reaction mixture was heated to
80°C, phosphorus oxychloride (0.5 mL, 5.1 mmol) was added and maintained at this
temperature for 1 h. The reaction mixture was concentrated, ice cold water (20 mL)
was added to it and was extracted with CHClI, (50 mL). The organic layer was
separated, washed with aqueous sodium' bicarbonate solution (2 x 20 mL) and dried
over MgSO,, After filtration, the filtrate was concentrated and the residue was purified
on a silica gel column using 0 to 10% MeOH in CHCl; to give 0.41 g (81%) of the
desired product.

MS (ES’) 585.20 (M-1).
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was cooled to -78 C and treated with LDA dropwi se (I M

in THF, 4.92 nL) followed by further stirring at -78 C
w0 200685161 The reacti on was quenched w th wat er PCH0S200£)39072

and stirred at roomtenperature for 1 h. After

concentration, the residue was purified on a silica

gel colum using hexanes: ethyl acetate (1:0 to 3:1)

as eluent to give 79 ng (9.7% of desired product as a

%' (Ycﬁﬁgﬂdﬁﬂﬂ %ﬁyﬁe}ilgb RO §. %@1)7 také% A ﬂréﬁ_lgu@ vessel with

1 Qagm@ml vmlg aMBOYiS (2) 6&) (anql ﬂ@messel wzg h@md ®H)00 WSfor 12

R keBaBoflioh B 1 s B ity Rl RATBS Gt o

anémt@ (3EBM0). ﬁlD].e 02ga‘315i: la?ﬁithbaslcﬁllﬂéa‘ﬂl(lé@mf&)\dm filtered and the
fluxed for h. Addl tional formam di ne acetate

?5%?6 s Cfn%tfﬁtﬁ%| The gesidugywas disspived: inBOH @0 micband 10% Pd-C
Weiny)f Ha 19 fc The. Iﬁﬁﬁ%&@ Qd({gdxttouft eTM\@%a%H&‘P S ALY under

and purified on a silica gel columm us
diyioget ampespearh 4Adipsi) To1018 ch 9d: flfered thrbuglnCelite The @ltta?e was

BGRB8 RS e S s, f e el b 0 10 0%

IGZ\AALSﬂ)m CMZASY to4@vé 81 m@(ﬁﬂ%) 6t th8 désiked -t]argeto 7 HZ | |'|)

%(C% 6% S0 BBm(7rﬁ0 (2+bH) 1(8@ {s, (1?15 REP (m, I\lél)( E@ixm 2H)
BMd.( %PIW +0f conpound from
Step 5 & 31@0%2‘3%?0 %Wﬁyg\hﬁﬁ br onet hane (1.5 nL)
was cool ed to -78 C and treated with BO 3 dropwi se (IM
i n dichl oronet hane, 0.84_nL wed by stirring at
-78 Cfor 2 h and at Eée)“P%?éQQS h. The reaction
m xture was treated W|th CH2d 2MeOdlgf 1: 1, 0.9 nlL) and
stirred at - 15 Cfor 0.5 h. It _wag then neutralized
with cone. NH4OH at 0 C and stj} t room
tenmperature for 15 m n ncentration under
vacuum The residue was tr wi th MeOH (6 m.) and
20% HA in MeOH (7.5 nL) ant ikfred at room

HO OH

4-Amino-7-4-(2'-C-ethyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-6).

This compound was prepared from the product of Example A-8 according to the
procedures used for Example B-20 except at the last step of deprotection. The last step
of deprotection was achieved through catalytic hydrogenation in the presence of 10%
Pd-C in ethanol containing two equivalents of HCL.

'H NMR (DMSO-ds) & 8.30 (s, 1H), 8.25 (s, 1H), 7.45 (brs, 2H), 5.1 (m, J = 5.0 Hz,
1H), 5.00 (m, 1H), 4.50 (m, 1H), 4.12 (m, 3H), 8.80-3.60 (m, 3H), 3.10 (m, 1H), 1.20
(m, 2H), 0.70 (t, J = 7.1 Hz, 1H); MS (ES") 296.49 (M+H)"; Anal. Calcd for
Ci3H17N305eHCIeH,0: C, 44.68; H, 5.77; N, 12.0. Found: C, 44.78; H, 5.44; N, 11.34.
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tenperature for 1 h followed by concentration. The
residue was purified on a silica gel colum using

w@ bdoeosfier nr met hanol (1:0 to 3:1) as el uent torPQI/US200$1€39072

product, which was treated with MeOH (5 nL) and 20%

Ha in MeOH (0.5 nL), then stirred for 10 mn. After

concentration, the residue was re-dissolved in a small

anmount of MeOH andtreated with et heL t]? Iorem pitat ed

the desired conmpound as The filtration an

washing with ether provi giggm;)#hu(w% of desired

product. 1H NMR matched with the ceggound obtai ned

fromthe previous approach; IR (KBr cm4) 3380, 3113,

2693, 1678, 1611, 1079; Ms (ES N36 (M+Na) +.

Exanpl e B-25 4- Anino-7-5, \

a-(2' -G nethyl-Dribofuran

(Schene B-6). Step 1: Wen B- 24 was prepared

from Exanple A-3, at Step rt%}ﬁ é first approach,

anot her isoner was isol ated dufing chromatography,

WhAmine 31 @4-6ometigl-Deribbinr angsiyh-fuse]BRrd] p Hdmidine {SHbme B-6).

1IH NWR (CDCI 3): d 7.48-7.20 (m 16H), 4.71 (s, IH,

4.47 (d, J = 1.2 Hz, I H), 4;;;& 4;22({:] IH)H) 1542

B1cp61:3A 221 of! BurB6m, ERiple - S 2 g8 o
ﬁ(smEsTb 559, 9zﬁ16 MENa) S g % %t tir o "apo in

ﬁﬁ%&{%@@ N@ﬁ“ﬁ@%@) W@(’@Q@*Mﬁz (ﬁriBnQV)g anas mmol) and stlrred at

(R A LR o RRaln e he ST st B oo nr)

andawash@d (Wi GOw atep) (Wza@)OadH)sahddﬁﬂlet(Bl@{) MmeRcint dfiedrb¥dr lNE[]@OL; After
f tratiaon.

HEEa B s Fuenfroe & pre s i OEe deprsiagact as a ligh

gﬂﬂmoﬂaﬁmmﬁbmlas gde,hqomeggx@e as eluent to give 60

nmg (89% of desired conpound, as a light yellow oil.

IH NWR (CDCI3) : d 8.43 (s, IH, 7.94 (s, IH,

(g_‘;ili_z’: Zrbll:%qoé{&gﬁé:t %rt%%ﬂ) %teé-lgﬁz()@b@:w%tgiésog{eé 51_1 %l%’ﬁﬁ)lf%%;% ( ]%q;lr?lL) and
tregged with 234d)ytion. of AHAS(2.25 mL) in water (100 mL) and stirred vigorously at

room temperature for 17 h. The organic layer was separated and washed with water 2

“fufo[ 3, 2-fi pyrinidine

x), and dried over MgSOa. After filtration, the filtrate was concentrated to give 426 g

of the desired product as light yellow oil, and was used as such for next step.

Step 3: A mixture of compound from Step 2 (1.55 g), 18-crown-6 (0.66 g, 2.5 mmol)
and KF (365 mg, 6.28 mmol) in DMF (30 mL) was treated dropwise with
chloroacetonitrile (709 mg, 9.39 mmol) followed by stirring at room temperature for 14
h (TLC showed that TBDPS group was lost). After concentration, the residue was
taken in pyridine (10 mL) and treated with trityl chloride (1.35 g, 4.75 mmol) followed
by stirring at 70 °C for 19 h. The reaction mixture was diluted with EtOAc (150 mL)
and washed with water (2 x 70 mL) and brine (70 mL), then dried over MgSO,. After
filtration and concentration of the filtrate, the residue was purified on a silica gel

column using hexanes:ethyl acetate (1:0 to 2:1) as eluent to give 727 mg (43%, three
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3H), 1.39 (s, 3H); M5 (ES+) : 564.49 (MrH) + Step 3: A
sol ution of conpound fromStep 2 (55 ng, 0.10 mmol) in

wOor@stog@oni L) was treated with 20% HO in MeOPCRUS2005/039072

niL) and stirred at roomtenperature for 1 h foll owed
by concentration. The residue was redissolved in a
smal | anmount of MeOH and treated with ether to
precipitate the desired HOJ salt, which was collected

j ' | VE. ' 49 f sired product .

o] Sl MY Bl 1A B M SR i, which

dvas .ugdd {ssuch fr thBnxbstepl, (gl Oj4 Hg 3I ||:|)|z I5i—|)17 S,Sizl I;)87 :
45 IH .. 4.29 : = 8. : , 4.12-3.

M%?ﬁ%@ﬁa} 3H): IR (KBr, cmd ) : 3409, 3132,

1677, 1036; Ms (ES+) 304.37 (M+-Na)+. Exanpl e B-26

4- Am no-7-j S-(2' -0-nethyl - D-ri bof uranosyl )-furo[ 3, 2-7J

e 4iiAdboletiqrSefabore Bigyre fgmetep 3 (A2@ vigu0 .93 mmél) in THF (15 mL)

ic from Exanple A 6. .Step.3 (3.07 g. ,
G Tl "R DR (5 A vET ol Wbh O @M in
aj}ﬁ?/ﬁéb@dn@ethﬂ&nﬂ«%segapb Iniand Skdoly Blo@td b Qﬁﬁing at i—’7|8u°tce%)r 2h.

tenperature for 1 The reacti’on m xture wa
vibe eactibw gae q8GBedriv)th was (32D WL} imdnadred af 200m idntperdtyre for 1

d [ 150. nL d.dried SO4. After .
A P PRy e PEROSS, G GOl PRLBIAG gl eolgmpsusing
. M ¢ : . ) | 199
huton sk X0 s ot 14 5 Ml I00P 4550 o

?H@th%]@WoﬁtY“fpr-om Step 1 (3.7 g crude) was dissolved in

e GUR! GEIRA S P R I  f, 395440l 200
&in, 210 M30EREENAL .09 ¢, BH, 122 (8, 3})T)I;1 RIS @3] 5WnaivENgL, Was

diluted with chloroform (75 nL) and was washed wi'th
water (75 nmL). The organic |ayer was separated and

B0 4SS gl U] BTGy Wi
pedtate (¢ Song, 0. fhinateDiaFtOEId nels) wasahflixed foedd h.dt eps fEn refluxed
Q‘cl‘:r%‘)e a%l%ﬁio%gl éa'\}/flg '@gﬂlﬁ addition of formamidine acetate (total of 300 mg added,
2.88 mmol, 100 mg every day for first three days). The reaction mixture was
concentrated and purified on a silica gel column using chloroform:methanol (1:0 to
95:5) as eluent to give 14 mg (58%) of desired product as a colorless oil.

'H NMR (MeOH-d,): & 8.14 (s, 1H), 7.78 (s, 1H), 7.45-7.37 (m, 6H), 7.28-7.10 (m,
9H), 5.07 (s, 1H), 4.20 (d, J = 3.0 Hz, 1H), 4.17-4.11 (m, 1H), 3.27 (d, J= 5.0 Hz, 2H),
1.53 (s, 3H), 1.27 (s, 3H), 1.06 (s, 3H); MS (ES™) 586.39 (M+Na)".

Step 6: A solution of compound from Step 5 (14 mg, 0.025 mmol) in MeOH (2 mL)
was treated with 20% HCI in MeOH (2.5 mL) and stirred at room temperature for 1 h
followed by concentration. The residue was redissolved in a small amount of MeOH
and treated with ether to precipitate the desired compound, which was collected by
filtration to give 3 mg (43%) of desired product as hydrochloride.

"H NMR (MeOH-d,): & 8.45 (s, 1H), 8.25 (s, 1H), 5.03 (s, 1H), 4.05-3.81 (m, 3H), 3.76
(d, J=7.3 Hz, 1H), 0.96 (s, 3H); MS (ES") 282.41 (M+H)".
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Step 3: A mxture of conpound from Step 2 (3.62 @),
18-crown-6 (1.78 g, 6.73 mmol ) and KF (0.97 g, 16.7

worwbpsiin DMF (75 nl) was treated dropw se wi tPCT/US2005/039072

chl oroacetonitrile (1.6 nL, 25 mol) foll owed by
stirring at roomtenperature for 23 h. The reaction

m xture was diluted with Et OQAc (200 nlL), washed with
water (2 x 100 ni) and brine (100 nL), and dried over
MySO4. After filtration, the filtrate was concentrated
to give 3.24 g of deS|red product as brown oil, which
vderipesynthesisuch for next step VB (ES+) 457.40

B po T ol Bl ofh, PRI PR Forahyaroturan

tdegedtiod: Wi th LDA (2M i n hept ane/ THF/ et hyl benzene, 14.5
m.) dropw se followed by stirring at -78 C for 3 h.
The reaction was quenched with water (2.4 nL) and

Shdp 1 20 s Miti SO otPORE! BEH HatnBle A-4h §te§ 3t8r8 638 mmol) in DMF

concentration, the residue was purlf
g@l mé ) asTireateil g theRuPEEE Moy (%2486 ]} zdeStﬂn)edaas room

f
he neg%ép%gmﬁn'iﬁi?gwémb Jﬁ%ﬁwgy%W%@fggé‘SREP%aH%InL)and
malshedilthH\WEte( D5ax.). dte aqucﬂbuZ pﬁeﬂse (v@as ekﬁﬁcted@uﬂi@eﬂ wih tdlfne (50

ﬂ tla%cc(r{gtfm%ﬁﬁxtra&tsz@erg \A@ghe(irwltlz pﬁater :§2 g}; aqcb@ned\]o‘gr MgSO,.
Affér ﬁﬁralioﬁlzthe !ﬁmaete c
(ES+) 435.44 (M+H) f«_a@@?ne gntéa'%ec(tm iR g%f% &éslrec? E%ydué\ﬁvhmh
Wap ipedtag guch fonthe newt st€p- 93 rmol ) and f or mami d| ne
acetate (1.96 g, 18.6 mmol) in EtOH (14 nlL) was
refluxed for 40 h. The reaction m xture was
Stepe iThe ptoadctahﬂn Stepi If (4e0z)arusareaicl ivhth HRutied FMHYEOAS/H,0
gﬁ%q ne hano] (1:0 to 96:4) as eluent to _give
n3 nd, prirgeck p EXPIh FeSRRSEAIIE foR 3| hghke ERastign slixture was

?%ht%l%%@?iog%fo?n;n d(180 419Lf %nd |J&7Qter Zl(ﬁ)z n{Lcj The or%arcﬁc '_Eyer was
sepafated and washed with Water (1 x) sat NaHCO3 (2 x), water (1 x), and dried over

MgSO4. After filtration, the filtrate was concentrated to give 3.08 g of the desired

product, which was used as such for next step.

Step 3: A mixture of product from Step 2 (3.0 g), 18-crown-6 (1.02 g, 3.86 mmol) and
KF (0.56 g, 4.83 mmol) in DMF (40 mL) was treated dropwise with chloroacetonitrile
(1.1 g, 14.49 mmol) followed by stirring at room temperature for 18 h. After
concentration, the residue was taken in EtOAc and filtered through Celite. The filtrate
was concentrated and the residue was purified on a silica gel column using
hexanes:ethyl acetate (1:0 to 2:1) as eluent to give 1.41 g (33%, three steps) of desired
product (a mixture of Z, E, a, and [3 isomers) as a light colorless oil, which was used as

such for the next step.
MS (ES") 685.25 (M+Na)".
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(bs, 2H), 5.28 (dd, J = 3.4, 0.8 Hz , IH), 4.68-4.49
(m 4H), 4.35-4.28 (m I|H), 4.22- 4.15 (m 2H),

wa@2@4030160 (m 2H), 3.53 (s, 3H); M5 (ESt+) 462P@BUS2005/039072

(MrH) +. Step 6: A solution of conmpound from Step 5 (161
ng, 0.35 mmmol) in MeOH (15 nL) was treated with IN

aqueous HO ( 1 nmL) and Pd-C (10% 60 ng) foll owed by
hydrogenation (-50 psi) for 6 h. After filtration and

4?3% £ bahli®of 686e fn%&hfé ﬁ@g&%ﬁ hrgg 198 n@[saélgiﬂ PAF (19 mL)

ol um usi ng chl orof or
ed/ase:nbled ¢o g/IS\/’é? 5171 M@te(dﬁsﬁh LDEL\ diepwise {1 rio IHE, .4.92HNVRfollowed

(S, , 4 =0.4 Hz, |H),
&y@grﬂ(lg stlgmg,g @ 68 HQ fo; @Dh ije 4@0%1% wag quer)_@hgd wathowatgr (405 plL)

jh%l :stnéz}.e&'-z & Fé)gﬁil te pera?mg rfor4'16$ %'ﬁer écﬁ}entrétl% t{mg (PeSécﬂ.be waIngurlﬁed

(oKBr silicangel leuﬁlﬂlllﬁngf&X&;les:b&E'B acett881:0 1990) advButdESe pive 79 mg

o4 o ( MrH) +; al . for Cl12HIS5N3(6" 0. 75
i@é‘éﬁsﬁfé‘?“}é&g"d@n"%@lﬁ YHovey§® N, 13.56. Found: C

48 0RR @D@lg)?% 7.49-713 (Bl128¢amal @, P=A1 Hz, 11-1), 4.76-4.50 (m 6H),
7-|S—§§ C—I\/bthI-Drlbofuranosy -furo 2-<fl pyrim

4t 74% §m,tH1I)oB|@ Cehans st 2p(s1 3 HX MSi ( )@59 (M)
conpound from Exanple B-1, Step 2 (17 g, 35.01 mmol)

in DVF (250 nL) was added potassiumfluoride (4.06 g,

Biep02 Ammixjure b8 eanpoundGrdnd St 4 (721066, 1B@hhol) @hd Gwatkmidine

Pt 03 L bimef  Eucll O ot ofha. b titiona

FAcani @ine Westatd i(200 ﬁg "ho ﬁn%ﬁ%@& alafd Qt \ﬂ‘asl—l)eﬂﬁi@l agam for 19

washed with water brine ( 1 X
&ndherpastion myson Was Aﬂl@c@ntrathl lal’lféﬁ?ﬂbﬁed pha mh¢at gfdtc@hwas using

v\gf&?ﬁﬂl\[f\ﬂa ﬁieﬁgn%lo(llq;t{OQS Jag eﬁlegt t8 \Sjee& gﬂ&%‘ Pgtu d:e ed product as

s us ext reactl on -
pUight yatletv syrup. M5 ( ES+) 525. 28 (MH ). Step 2: To a

ﬁﬁgﬁyﬁl(pﬁ 2 td'()Z 91],%1_(? "ot d TR 65 50, T, 5% 48t i), 5.58

t 1 2
e S5 70 B8 QL oI oy 14D R 2 e 10
dlier4. @Ql(m,@rH)héﬁl &, 3Ha,rMSt(Eﬁbe7ﬂ aee (M+Nab 30

Step 6: A solution of compound from Step 5 (58 mg, 0.084 mmol) in dichloromethane
(1.5 mL) was cooled to -78 °C and treated with BCl; dropwise (1M in
dichloromethane, 0.84 mL) followed by stirring at -78 °C for 2 h and at -25 °C for 2.5
h. The reaction mixture was treated with CH,Cl,/MeOH (1:1, 0.9 mL) and stirred at -
15 °C for 0.5 h. It was then neutralized with conc. NH4OH at 0 °C and stirred at room
temperature for 15 min followed by concentration under vacuum. The residue was
treated with MeOH (6 mL) and 20% HCI in MeOH (7.5 mL) and stirred at room
temperature for 1 h followed by concentration. The residue was purified on a silica gel
column using chloroform:methanol (1:0 to 3:1) as eluent to give the product, which
was treated with MeOH (5 mL) and 20% HCI in MeOH (0.5 mL), then stirred for 10

min. After concentration, the residue was re-dissolved in a small amount of MeOH and
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mn. After quenching the reaction mxture with water
(10 nm.), it was concentrated and the resi due was

w@eosOsmEel on a col umm of silica gel using ethyPCT/US2005/039072

acetaterhexanes ( 0 to 20% as eluent to afford 2.8 g
(18.5% of desired product. 1 NVR (DMSO- ) : d 7.52

(d, J =0.9 Hz, IH, 7.38-7.26 (m 15H), 563(bs 2H,
D20 exchangeabl e), 4.83 (d, J = 0.9 Hz, 4. 62 4.54

(tllghteﬁ @ﬁh éthérgtogﬂ%c ifafe ﬁIfl_%e%ed %cgpq?ouﬁd%%)é(ﬂl Sﬁﬂ The F ?tratlon and

3IBing with3fldkr 5r0v%3306ng 3063.00 des32d pr&xiucl977. 6

TV il $itn Fagpndpound] Ghtafied T i priviass gpproach; IR (K,
1260 3630, mﬁ 2693, 1698, 1%,1111Q)Z@ MIS (ES@A 38 ﬁﬁfNa B819. 6,
787.0, 737.7 and 698.3 cm 1; Ms (ES4) b4 2[\/&23)

(ES") : 523 24 (M1); Anal Cal cd for C32H32N205 C
73.26; H 6.14; N, 5.33. @l §%§7367H633N
4.90. Step 3: To a stlrre S ul%lon of conmpound from

Step 2 (2.8 g, 5.34 nmol) in pyridiHe (100 nL) was

added triethylamne (35 nmL) antd as was bubbl ed

for 30 mn. The reaction m xtuke {Nas transferred to a
steel bonb and stirred E@—Q0oCfOrN 76 h. After
concentration, the residue gﬁ purified on a col um of
silica gel using ethyl acet ; anes as eluent to
provide 2.35 g (78.8% of Hiesio®ed product as a yell ow
brown solid. 1H NWR (DVsO-Jd): d 8.48 (bs, IH D20

dxA g Bab(26)C-mBth3R- u-ﬁsofdrhhos@mueeqsmngyﬂﬁhahe (Schére B-6).
(s, IH, 7.37-7.25 (15H), 6.46 (bs, 2H,

exchangeable), 4.89 (s, IH), 4.65 (m 6H) 4 17 (dd, J
(S%e%iﬂ) W'ﬁel?’ E')'('%mpl'e I'ﬁ-’24 ?Wa%%)réﬁja'red] frgm5de nﬁﬁe A—{Doat _ﬁ%ep 411' in the first
pprofdh) ano_thrasc(rser V@H)wola\@i @Eﬁag) CIE%a@Zm@MIWhICIS&iTeEﬁonded to

Ste ture of product fromStep 3 (2.3
él?e %&%ﬂs%ﬁﬁgég F{Ur"fet hyl ort hof or mat e
'H NMR (CDCls): & 7.48-7.20 (m, 16H), 4.71 (s, 1H), 4.47 (d, J= 1.2 Hz, 1H), 4.33-
4.26 (m, 1H), 3.36-3.22 (m, 2H), 1.48 (s, 3H), 1.42 (s, 3H), 1.42 (s, 3H); MS (ES)
559.94 (M+Na)*.

Step 2: A mixture of compound from Step 1 (65 mg, 0.12 mmol) and formamidine
acetate (130 mg, 99%, 1.24 mmol) in EtOH (5 mL) was refluxed for 22 h. Additional
formamidine acetate (100 mg) was added and the reaction mixture was refluxed for 7 h
followed by concentration. The residue was purified on a silica gel column using
chloroform:methanol (1:0 to 95:5) as eluent to give 60 mg (89%) of désired compound,
as a light yellow oil.

'H NMR (CDCly): & 8.43 (s, 1H), 7.94 (s, 1H), 7.51-7.20 (m, 15H), 5.68 (bs, 2H), 5.17
(s, 1H), 4.49 (s, 1H), 4.35 (t, J = 6.3 Hz, 1H), 3.38-3.22 (m, 2H), 1.52 (s, 3H), 1.49 (s,
3H), 1.39 (s, 3H); MS (ES"): 564.49 (M+H)".
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(100 nL) was heated at 100 OC for 18 h. After
concentration, the residue was purified on a colum of

W@ RI0b05016gEl usi ng et hyl acet at e: hexanes as el URCIL/US2H05/039072

afford 1.32 g (56.5% of desired product along with

some unidentified products. 1H NVR (DVMSO-dg): d 14.10

(bs I H D20 exchangeable), 8.34 (s, IH), 8.26 (s,
7.38-7.25 (m 15H), 5.21 (s, IH), 4.73-4.52 (m

ks it oS40 Tl Mo

(thehdell, wittD 20%7HCMi2 3JeOB\(2L . mChhod sfimed 68 80d32 M2eSitu€, for 1 h
%969 H 5.67; N 4 92.. Found 94; H, . 5.70; N

olavedcpys pongentigsion. 'Lhy esidye 365 il 2 el e ol MeOH
2h& RreAtedOwikh Githed- t& edimﬁlte) tuende@ire@lmpmt Raféh wh9 oBildeted by

was added BC 3 (1 M sol Ution in
diliEationrte gisieH Qrrag (5406) nf Qesazeé mpdiugfr asHwdroshioride@s aellavh padid.

e paet 4Pl SR dy GadPhgRla G By 45437

l(ﬁn) 1mr)1,d4 29 @dl,gh& &ZOHZQ(DH) t4e1me|8at(ﬁf QI ehS5 s, (BN} nd (®Br, cm™):
;)a ion wWth aqueous NH3 and

ééﬁ%eﬂt”?a]tqm 03t5hMSr(E§ P94 3\MM+M| fied on a colum of

silica gel using nethanol and chloroform (0 to 30% as

eluent to afford 10 ng (19% of product as a colorless

solid. 1R NWVR (DMSO-d ) ExampkeB26(bs, |IH D20

exchangeable), 8.39 (s, IH), 8.26 (s, IH, 5.00 (d, J

=4.8 Hz, IH D20 exchangeable), 4.9%:2(s, IH), 4.82 (t,

J = 5.4 Hz, IH D20 exchangeabl 4. 75 (s, IH D20

exchangeabl e), 3.77-3.70 (m |3j§3 3.54 (m |H),

0.92 (s, 3H); M (ES+t) 2 (ES ) 297.30

(M+35); Anal. Calcd for C1 (ISS'fO 75 H2O C,

46.22; H, 5.01; N, 8.98. Fo . C,.46.85; H, 5.24; N,

8. 36. Exarrpl e B-28 HO OMe

Ar]i IS@"IP(%] Zﬁ- 2f Cll'@e-gBX%I)r%l({syB% [? roagyl)l (Blnee Egjclheine B-6).

Step 1: A solution of anomeric isomers from Example A-6, Step 3 (3.07 g, 8.36 mmol)
in DMF (48 mL) was treated with --BuOCH(NMe,), (10 mL, 48.43 mmol) and stirred
at room temperature for 15 h. The reaction mixture was diluted with toluene (300 mL),
washed with water (2 x 150 mL) and brine (150 mL), and dried over MgSQ,. After
filtration, the filtrate was concentrated to give 3.75 g of desired product as yellow oil,
which was used as such for next step.

MS (ES*") 445.48 (M+Na)".

Step 2: The product from Step 1 (3.7 g crude) was dissolved in chloroform (75 mL)
and treated with a solution of TFA (1.1 mL) in H,O (50 mL) followed by vigorous
stirring at room temperature for 20 h. The reaction mixture was diluted with
chloroform (75 mL) and was washed with water (75 mL). The organic layer was
separated and dried over MgSOs. After filtration, the filtrate was concentrated to give

3.67 g of desired product as a yellow oil, which was used as such for next step.
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Step 1: A solution of compound from Exanple B-24, Step
2 (1.23 g, 2.49 mol ) in dichloronmethane (10 nL) at O

wODmasnisr eated with triethylam ne (0.44 ni) fepCT/O828d5/039072

by addition of methyl sulfonyl chloride (343 ng, 3.0
mmol ) in dichloromethane (6 nL) over a period of 10
mn. The reaction m xture was stirred at 0 Cfor 1 h
and dilutedwith chloroform (20 nL) and was washed with
qﬁbQE %9 hs ried over MgSO4. After filtration,

trate mas concentrated to give desired product
(1.43 g) and used as such for next step. M5 (ES4)
594, 28 ( MtNa) Step 2:. A mixture of the product from
sﬁgiaqﬁ 1A s @f)cona@éf@ fomy @%é?%ﬁ? erilPereuns (hys & 665 mmol)
Rl kKE g7 aé‘h)lgﬁo li'ﬁmé\ﬁzﬁ;%l\ﬁﬁgg 5G] v@asméﬁd ' opwise with
absol ut € et hanol ) was refluxed for 6 an
whhnseastionitald (1 6 rdLyEﬁe gunol)Tfedlowed byl stirmingsat pacumuttrnmmdre for 23

BRSO A0 0 A S P oL b x 1o

MIISOdnd Afihe 160 hilnabhd dried eef MdSOat Qﬂbﬁiﬁlﬁﬂ%ﬁ hd EltRee was
urlfled on a silica col umm

and t he reS|du

(FOPFRITRES S e deAeof (desigpdisoductys browalogle gwbava@ jugesl apgeh for

Mx{dQ% for two steps) of desired product as an oi

IH NVMR (DMSO-J ) : 6 7.54-7.47 (m 4H), 7.35-7.26 (m

éup (EY) 867.¢a(M3Ne)2 Hz, IH), 5.86 (bs, 2H), 4.53 (s,

IH, 4.30 (d, J 2.3 Hz, IH), 4.04-3.99 (m IH, 3.68

(t J=4.4 H, 2H), 1.40 (s, 3H), 1.20 (s, 3H), 0.85

( @ 4:12 bblugd)ffsoi( cEﬁ'rl})S oubd 1:‘ro&17St(3ﬁ/H§ ma)w g) Sii E‘H 95 A}Lm wdsWoBled to -
npoun rom Step

f7§r°|ﬁaﬁ1?dd ﬂ%@%&fé@lawA(@M lnébept@eiﬁi?ﬁﬂwybemnst 1345 @g.)rdrppwise
f
LRk Ny L A RN AR

bad tirrdf hiﬁfoomO(ﬁﬁl@Blfanﬁté ifrm, ht RRert @ﬁlbﬁﬂﬁnm&h& 2dsRimeiwhs punﬁed
chloroforfugnd washed with water and dried over
e

My SO4
APeactilioe; get eolpmp psing hexanes:ethgk acetpied(1 dipdehias sluet targive 863 mg
they @&%Qﬂ%@eﬁé’aﬁf POI50f hedh RO H 3. %ﬂﬁ&r@ry&ﬁ&t WS4 BQwn oil.

hexanes et her ;0 to 1:1) as eluent to g
'H NMR (DMSO- d,;) 8764(5 1H), 7.40-7.28 (m, 10H), 5.79 (s, 2H), 474(d J=173
Hz, 1H), 4.60-4.46 (m, 4H), 4.20-3.95 (m, 2H), 3.88 (dd, J = 7.4, 5.1 Hz, 1H), 3.65-

3.45 (m, 2H), 3.30 (s, 3H); MS (ES") 435.44 (M-+H)".

Step 5: A mixture of compound from Step 4 (404 mg, 0.93 mmol) and formamidine
acetate (1.96 g, 18.6 mmol) in EtOH (14 mL) was refluxed for 40 h. The reaction
mixture was concentrated and purified on a silica gel column using
chloroform:methanol (1:0 to 96:4) as eluent to give 317 mg (74%) of desired product
as a light brown oil.

'H NMR (CDCls): & 8.40 (s, 1H), 7.82 (d, J = 0.9 Hz, 1H), 7.36-7.26 (m, 10H), 5.54
(bs, 2H), 5.28 (dd, J = 3.4, 0.8 Hz , 1H), 4.68-4.49 (m, 4H), 4.35-4.28 (m, 1H), 4.22-
4.15 (m, 2H), 3.84-3.60 (m, 2H), 3.53 (s, 3H); MS (ES") 462.43 (M+H)".
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(9% of desired product as an oil. 1H NWR (CDC 3) : d
8.65 (s, IH, 7.80-7.70 (m 4H), 7.64 (d, J = 1.2 Hz,

WO Ros/050160- 7.36 (m 6H), 5.56 (s, IH), 5.38 (PST/UHP5/039072

4.51 (d, J = 3.1 Hz, |IH, 4.25 (dd, J = 7.2, 3.8 Hz,
IH, 4.00-3.92 (m 2H), 1.75 (s, 3H), 1.45 (s, 3H),
1.12 (s, 3H), 1.10 (s, 9H); Ms (ES+) 576.49 (M+H) +.
Step 4: A solution of conmpound from Step 3 (28 ny,

8310 YRk AR L Tt 5 s

Wae treatt Gkigh VWas atjiiedak ACW T nl)280d PY-CGHCL O)%/BGH Iﬁg) fdllowed by
agai n andstirred %{r roomtenperature for 15

f%‘i‘fP%‘WéEmb&“@ond)e r&fy éyiter Firalion adecane *@tlplép%tre%due was
Vd\;&[}@ sitfcl ellcdi‘l!lﬂm ‘ﬁgmg %Mloﬂc%%/ﬁﬁge/d\@g'b td 1) 28 21 dHero give

ed w tTh et her and dried under vacuumto
a7 oy (@8%p ofidpsiredpiodudt. deS| red product as

%@Qﬁbﬁg‘t)i §E§| 25 %’R g}%l?éo %(d‘g ,{% 4%}&5 bHi’s ?0(3 S(§ %ﬁ 8(05% 1H),

1 |
aa&;ad %%S%?hzlé;ﬁggllﬂi%ﬁwm P= 392Q94H 0422 (dd J= 45 22Hz,

of ur anosé‘(}3 thige p
éHQ SeHEAe7 Bm, 8H), 38R s, BH)URY E)é‘élhﬁl%’flgr %%ZSb r16§ elﬁ?@, 1090

?ﬁ/@%‘ﬁ 2)%5%91 d(‘i\ﬁ,ﬂigp%n&iz“(‘é’a@?dr I %:! %go?o%?f%6@gngo. C,

5999 KH56.02/),,13466Bound; C| 49.02;41, 257 &, 138, 3.92 (t, J =
8 Hz, IH, 3.59-3.53 (m 2H), 1.19 (s, 3H), 1.15 (s,
3H) 1.12 (s, 3H), 0.83 (s, 9H); IR (neat, cm1) 3473,
3359, 2932, 2858, 2198, Eﬁ%ﬁple]ﬂ-g‘? Anal . Cal cd for
C30H36N2O4SIi : C, 65.66; H, 6.61; N, 5.10. Found: C,
65.42; H, 6.68; N, 4.94; I\/B (ES+) S 571. 49 (MtNa) +.
Step 20 A m xture of conpound Rep 1 (230 ny,
0.42 mmol ) and formam di ne
HO

HO OH
7-3-(2'-C-Methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidin-4(3H)-thione (Scheme B-
7).

Step 1: To a solution of compound from Example B-1, Step 2 (17 g, 35.01 mmol) in
DMTF (250 mL) was added potassium fluoride (4.06 g, 70.02 mmol), 18-crown-6 (7.31
g, 27.65 mmol) followed by chloroacetonitrile (7.93 g, 105.03 mmol) and the mixture
was stirred for 18 h at room temperature. The reaction was diluted with ethylacetate (1
L) and washed with water (2 x 200 mL), brine (1 x 200 mL) and dried (MgSO,). After
filtration, the filtrate was concentrated to afford 16.5 g of desired product, which was
used in the next reaction without further purification.

MS (ES") 525.28 (M+1).

Step 2: To a stirred solution of product from Step 1 (15 g, 28.62 mmol) in THF (450
mL) was added lithiumdiisopropylamide (57.2 mmol, 114.5 mmol, 2M solution in
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acetate (437 ng, 4.20 mmol ) in EtOH (6 nilL) was
refluxed for 6 h. Additional formam dine acetate (437

worenosommab) was added foll owed by reflux for 18P¢T/UI10e5/039072

reaction m xture was concentrated and the resi due was

taken in chloroform washed with water, and dried over
MpSO4. After filtration, the filtrate was concentrated
and the residue was purified on a silica gel colum

) o4 G SR Romipd ot ot i <50 SUSD rihiy Mrgemes (pesgetie for 30
%@ﬁl}b Aftgl' ﬁd%n%lﬁmg ﬂh%eacﬁoﬂ n‘ﬁ%ufesml‘gﬂb HWhter gl O7I§L)7 114\%‘as( d&cenl‘gréted and

the resRug avag gurified o a3calpmn fpilica ggBus(ngg eth[yg ace1at¢tBe1(ag¢s (0to

W oo o B Roe e fRadEs: | 8130

SEBNMR (DMNe)&): 8\0@12 (aCakcolo fray, 133 13@7&3%5&!5%? 263 (bs, 2H,
C, 62.70; H_ 6.62; N,_ 7.08. Found: C 62.40° H
NP20cexgbangeallp), 583(§énff5mﬂa%IH‘Zr bTrB ﬁt@p4 54 (mO6HY 4. 19 o = 47 Ha,

TH! ) 5943, Jreale, ! K‘%Zﬁ/g@? w29 ERs de! TR Miefh: 34465,

[t gave 43 eélr d pro
Ry d4.0.c BRIY.6,d206310H MNR.4, I\m?l:@‘)287ﬂ39 23@2.3b3952H) 18’8%27,41814.9,

iTpe s o ated sl g Sagd5) 13848 1080 45 1787, 10036,

(1927.8H12.4,R76 +68819 6/1797.6387,7 dcebs. 3151{37 MBED ?\é@ﬁ@; (M+23),
\V/S) SES+) 298. 4 (N%FD ‘Anal . Calcd for Cl2

I9EP ) 1523 240 M- ltArsaé @@ed fpr G, HpNoQy: G 7386 HFéulﬁdN 6,33. Found:

11. 24.
@Zg%‘g’“l'ﬂrlll?% g\z(yzl)écg hyl ) furo[ 3, 2-d] pyri m di n-4-am ne
(Schenme B- 6) It was prepared by foll ow ng the nethod

f d B-24
St F RS FirBRl TR of ShERSu] S REES 4 5 ggo g pyridine
(BOO thb) waB a&%d(tﬁeth&llahmng(:’»s ané ahd H2|Sl gg@@ﬂ}s bubBb1d® fdrt30 n]m The

6.6 Hz, 2H), 2.87 (t, anpl e B-31
(@apggr( zmyetmemsh@a@fq;{eg tg_a steel bomb and stirred at 60 °C for 16 h After

cl)xpééﬁﬁ{ﬂoql', nchg r%élb&é/ Cvslfa%psaﬁﬁed enyl ) &nrq]na S Sﬁma gelimusmg ethyl

acetate:hexanes as eluent to provide 2.35 g (78.8%) of desired product as a yellow
brown solid.

'H NMR (DMSO-ds): & 8.48 (bs, 1H, D,O exchangeable), 8.32 (bs, 1H, D,0O
exchangeable), 7.43 (s, 1H), 7.37-7.25 (15H), 6.46 (bs, 2H, D,0O exchangeable), 4.89
(s, 1H), 4.65 (m, 6H), 4.17 (dd, J= 9.0, 4.3 Hz, 1H), 3.92 (d, /= 5.3 Hz, 1H), 3.71 (dd,
J=10.7, 4.1 Hz, 1H), 3.65 (dd, J = 10.7, 4.3 Hz, 1H), 1.16 (s, 3H); MS (ES") 559.27
(M+1), 581.23 (M+23).

Step 4: A mixture of product from Step 3 (2.3 g, 4.12 mmol) and triethylorthoformate
(100 mL) was heated at 100 °C for 18 h. After concentration, the residue was purified
on a column of silica gel using ethyl acetatechexanes as eluent to afford 1.32 g (56.5%)
of desired product along with some unidentified products.

'H NMR (DMSO-dy): & 14.10 (bs, 1H, D,0 exchangeable), 8.34 (s, 1H), 8.26 (s, 1H),
7.38-7.25 (m, 15H), 5.21 (s, 1H), 4.73-4.52 (m, 6H), 4.20-4.15 (m, 1H), 4.03 (d, J =

106



10

15

25

30

35

6). It was prepared by follow ng the nethod used for
conpound B-24 starting fromExanple A-9. 5 1R NWR

W@ 8oels@s1 : d 8.42 (s, IH), 7.58 (s, IH, 5.89rCT/tis2005/639072

5.4, 2.3 Hz, IH), 5.76 (td, J = 5.4, 2.3 Hz, IH), 5.22
(bs, 2H, D20 exchangeable), 4.54 (bs, IH D20
exchangeable), 4.18-4.10 (m IH, 3.88 (dd, J = 10.9,
3.7 Hz, IH), 3.76 (dd, J = 10.7, 3.0 Hz, IH,

. 28> 33 : d T . .
37 372 ot PR SRS B TR g 9L o)
(Awek FaledofoOCE:BL MNeOsRT GLofAe% H, 3,675 N, 4.92. Found: C, 69.94; H, 5.70; N,
f4j rimdin-7-yl)-tetrahydrothi ophen-2-yl) nmet hanol
(é%%ene B-6). It was prepared by follow ng the nethod
used for conpound B-24 starting from Exan'pIH;a A;ll (7)0 (5t

HNW (CD3OD):. d 8.58 (s, IH, 8.32 (s, |IH, 4. :
15@—@5 zil( OHZ, SC%IDU)Fi)d seduigon (0% ,Sprgdutcbt plrom r&t,elg 144(0.13269.1(76, mmol) in

: 1k ( : L
Citigrég 2Rt U0 FoAohE R 1 . 1 b, M soucion o
Aichlbrémethade) no{78 ,°C-anfl [fylidr istiirel] ati thif tgthperdmeyel @y Bidat -30
g{:)-s- rreLhy& yrroljdine- 3,4-diol (Schene B-6). It was
pieli9n 2aethey &&lpoﬁ%&aﬁh@ i8¢ 1Huenahsd Py %ﬂflltgo;’i‘ﬂ@u &5 mL) and

i -1 Ly, : 8 .. .
P 453 PRETE Y § bl o W, (D neufin i

rgueoptNHzqartiOocondent@tifig,) the kpsidi@. 88s fudfied om al ddlymi of Eilica gel
USing MdtandTand WRrSBAD0 101364 &5 e15o4E 10 Stford 10 mg (19%) of product
as a colorless solid.

'"H NMR (DMSO-dy): & 14.00 (bs, 1H, D,0 exchangeable), 8.39 (s, 1H), 8.26 (s, 1H),
5.00 (d, J= 4.8 Hz, 1H, D,O exchangeable), 4.94 (s, 1H), 4.82 (t, J = 5.4 Hz, 1H, D,O
exchangeable), 4.75 (s, 1H, D,O exchangeable), 3.77-3.70 (m, 3H), 3.63-3.54 (m, 1H),
0.92 (s, 3H); MS (ES") 321.26 (M+1), (ES) 297.30 (M+35); Anal. Caled for
C12H14N2055¢0.75 H,O: C, 46.22; H, 5.01; N, 8.98. Found: C, 46.85; H, 5.24; N, 8.36.

Example B-28

4-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-thieno[3,2-d]pyrimidine (Scheme B-
8).

Step 1: A solution of compound from Example B-24, Step 2 (1.23 g, 2.49 mmol) in
dichloromethane (10 mL) at 0 °C was treated with triethylamine (0.44 mL) followed by
addition of methyl sulfonyl chloride (343 mg, 3.0 mmol) in dichloromethane (6 mL)

over a period of 10 min. The reaction mixture was stirred at 0 °C for 1 h and diluted
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147.63, 143.90, 133.77, 113.80, 78.89, 73.45, 63.16,

60.67, 57.82, 19.51; M5 (ES+) 281.41. Exanple B-34
WQ@208ai0s0a617- j 8- ( D-ri bof uranosyl )-furo PCT/US2005/039072

[3,2-</]pyrimdin-4(3 JH)-one (Schenme B-4). It was

prepared from Exanple A-2 by follow ng the sane

procedure used for Exanple B-21. 1HNVWR (DMSO-cfc): d

8.11 (s, IH), 4.69 (d, J =6.9 Hz, IH), 4.05-4.01 (m

with chBr&dem 320 mI)nand| wis wasteg- VBi.tl‘BBri(lmQ Ix})-l)and drigd-ove, B2SO;,.

Bt R R el 5L O B g
quaﬂf&gexﬁ@teﬁ 98 N, 10.87. Exanpl e B-35

Mﬁj C_MEtI\éa D-ri bofuranosyl)-furo[3,2-rf]pyrimd
(E§ 5%42&(@44( heme B-1). It was prepared by

deprotection of Exanple B-11 by hydrogenati on under
the sane conditions used with Exanple B-16. 1H NMWR

MOAAI)ﬂXt‘ﬂ'C b7 tlthpr@ﬂm;,t filoll, SR D @ A@@ng@&bﬂh@apetﬁniﬁﬂe (875 mg,

, 8.08
) gind iydrobs At09y (S3pae oot i hiahits pihabdlgo mo)
-é@s&zﬂ%&?ﬁ(@6%§iﬂ%ﬁ%@1§%@ﬁ to arﬁlgss:%TKQre(sfﬂlue Z&}d)s artltloned between
m ) (s,

¢hlgroformpgyg| waters| goyggmcd;gmmwr @d rthgggw%led yith water
%g;%npﬁd'&%? ll\?éSOf?\lﬁég fﬂt?d’[lo%,g t}f%gﬁltljzi'te éasﬁgunc%tra%dz&d the residue
washpunifted/er) Ssiliza g6 auhh’my Iusiﬂg hiekmiesiethao€lyd jo 7:3) of 8luBat<tb give
ri Sche Cl). Step 1: A
e Tl B oo sippe AP S 1 b ol ) i m THE (6
"ﬁ—NMRS(]jM%Ia%}?' o .547 kﬂ(hﬂ efH)az8ker. 163811 rm) 9% (L5512 Hy,
and cooled with ice/water fol
lH) 586(bs 2H), 4.53 (s, 1H), 4.30 (d, J= 2.3 Hz, lH) 404399(m, 1H), 3.68 (t, J

= 4.4 Hz, 2H), 1.40 (s, 3H), 1.20 (s, 3H), 0.85 (bs, 12H); MS (ES™) 571.37 (M+Na)".

Step 3: A mixture of compound from Step 2 (120 mg, 0.22 mmol) and formamidine
acetate (227 mg, 2.16 mmol) in EtOH (5 mL) was refluxed for 16 h. Additional
formamidine acetate (227 mg, 2.16 mmol) was added followed by reflux for 16 h.
After concentration, the residue was taken in chloroform and washed with water and
dried over MgSOy. After filtration, the filtrate was concentrated and the residue was
. purified on a silica gel column using hexanes:ether (1:0 to 1:1) as eluent to give 11 mg
(9%) of desired product as an oil.
'H NMR (CDCl5): § 8.65 (s, 1H), 7.80-7.70 (m, 4H), 7.64 (d, J = 1.2 Hz, 1H), 7.50-
7.36 (m, 6H), 5.56 (s, 1H), 5.38 (bs, 2H), 4.51 (d, J = 3.1 Hz, 1H), 4.25 (dd, J= 7.2,
3.8 Hz, 1H), 4.00-3.92 (m, 2H), 1.75 (s, 3H), 1.45 (s, 3H), 1.12 (s, 3H), 1.10 (s,
9H); MS (ES") 576.49 (M+H)".

Step 4: A solution of compound from Step 3 (28 mg, 0.049 mmol) in 12% dry
HCU/MeOH (2 mL) was stirred at room temperature for 0.5 h followed by
concentration. The residue was treated with 12% dry HCI/MeOH (2 mL) again and
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dropwi se addition of di benzyl
i V-di i sopropyl phosphoramdite (75 nL, 0.22 mmol). The

WO eameosant m xture was stirred at 0 C for 1 h apciI/ES82005/039072

roomtenperature for 2 h. Additional dibenzyl L

-di i sopropyl phosphoram dite (25 niL, 0.075 mmol ) was

added and the m xture was stirred at roomtenperature
further for 1 h. The reaction nixturewas cooled to -40
gtu-rg&‘ ?‘? %clfoﬁtgkégﬁpeﬂtﬁﬁ fgﬁ @g@ﬁn(@ﬁoﬂ&i b%glgcleﬁgaﬁvanf GhicOWBekss was
crbpeatedfqmwm(om@nthtl) mLtdf elryrﬂk%lﬂ(él/Ma@HAﬁhh echiduietwas59ashed with

RE G b7t i SRtuwh 2 a8 98 g T8 bt PGBt oo

thyardchlotidat € was concentrat ed and the residue was
purified on a silica g col um usi ng chl or of or m MeOH

(H: 1@@0(%@)@ 8efS (8 U@n@ 13(53 ditheS 46 (st H41.98-3085 @it e@80 (s,
duct lid. 1 NVR (DVBO-A): d 8. 22

R4 1*’%%%8“4] 93|9 (bs, 2H)( 6. 7 27 (m 18»54),

5.23 (d. R 502 (s, 2H), 5.00 (s, 2H).

499 (s 1H), 491(s '%3434 26 (m 2H),

4.12-3.96 (m 2H), 0.92 (ES+) 542.31
(M+H+. Step 2: A mxture of prod fromStep 1 (35

ng, 0.065 mml) and Pd-C (10% 20 in MeOH (15 ni)
was hydrogenated for 16 h (-50 SNAfter renoving
t he catal yst byfiltraéé(?n, th |It;date was
concentrated and the r d s tAPeated with water
(10 nL) and washed with Et éx 10 nL) and
chloroform (2 x 10 m.). The: a Hus phase was
concentrated to dryness. THe i due was dissolved in
3R s )
A- ngggﬁ Z' do?? a4 Jthgrl ]%Z‘ﬁﬁjfu%b ﬁﬁéﬁﬁ)on 02?‘2 d%‘g%ﬁ?rﬂMme (Scheme B

r&)nophosphate 1H NVR (DZO) d 8.13 (bs, IH, 8.03 (s,
IH, 5.03 (s, IH), 4.20-4.08 (m IH), 4.06- 3.85 (m
3H), 0.88 (s, 3H); 3 1PNMR (D20O): d 0.83 (bs, IP); M

(Jespt): (Bekr EZarﬁIBIH-BﬁS'm Step 2, another product alpha isomer was also isolated.
2- Am no- 7- (2'-Cnmeth I-Drlbofuranosyl furo£32<
HyNMR\ @N}Sﬂ d9: $7 é1|9e7 (mHhb FdspRA(E, THbhePe(sc2H), 4.61 (s,

1H), 4.25 (s, 1H), 3.92 (t, J = 6.8 Hz, 1H), 3.59-3.53 (m, 2H), 1.19 (s, 3H), 1.15 (s,
3H), 1.12 (s, 3H), 0.83 (s, 9H); IR (neat, cm™) 3473, 3359, 2932, 2858, 2198, 1428,
1109; Anal. Calcd for CsoHzsN204Si: C, 65.66; H, 6.61; N, 5.10. Found: C, 65.42; H,
6.68; N, 4.94; MS (ESH: 571.49 (M+Na)".

Step 2: A mixture of compound from Step 1 (230 mg, 0.42 mmol) and formamidine
acetate (437 mg, 4.20 mmol) in EtOH (6 mL) was refluxed for 6 h. Additional
formamidine acetate (437 mg, mmol) was added followed by reflux for 18 h. The
reaction mixture was concentrated and the residue was taken in chloroform, washed
with water, and dried over MgSOj4. After filtration, the filtrate was concentrated and the
residue was purified on a silica gel column using hexanes:EtOAc (1:0 to 1:1) as eluent

to give 195 mg (81%) of desired product as an oil.
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Step 1: A mxture of Exanple B-21 (48 ng, 0.15 mol),
2, 2-di met hoxypropane (0.34 nL, 98% 2.72 mol),

wa@nabestiel uenesul foni ¢ acid nonohydrate (40 ngPCODUD05/039072

10

15

25

35

nol ) i nacetone (2 nL) and DMF (2 nL) was stirred at
roomtenperature of 2 h followed by neutralization
with 0.5 N aqueous NaOH The m xture was concentrated
to dryness and used as such for the next step M5 (ES

R S L 5 RV J%O@B@M?é A A 1,

(463 (5 1HE). 3 (mml=)55rﬂzph/1=‘1) (3% Jang 39la, dlaS (mwm 143 (s,
terrperaturefor 8 h. Additiona |mdazole

3 (o g 0%r Y e 143 30T T G 5 19 1573,
f 7 .
EPoqSr s SERL 3750, ARRRS HRE Sl gl SubNTsgistho: ©

ncen ess
mmo* Hed 60INa7.88 | Homad:g& 62610t Hyé.3 isN g9 hl or of or mi MeOH
(1:0 to 95:5) as eluent to give 50 ng (74% for two

steps) of desired product as a colorless film 1 NWR

%‘é&mpdﬁn& froth St@p 2{9(Fmé @ ldi"ﬁ)mdlmas tffea@é&ib th8 sanllé'QV%y as Step 4
(1mExgqqple Br2g.dt gaye 4§|-rplg ( ﬂ‘VQg)f @gslreg ﬂq;odug[t @jly@g)ch]@n)ie

Q@é}@? ROk 93@0%@%2@# @ﬁg?@ fl@l)@%’)(s 1H), 4.27-

rmm (m, 2, 400@4 tmstmﬁ MH) czhmas 52%(2’1@),%6 ﬁz) nmmkr cm™)
Eyrl di {) %@ tirred Q)h for 1§
r3e’>§ 1 |léﬁ1=m1§ Tr 450 103G UMSY (S 2@3&: (VT8 ; mé)nalan@alcd for

Hg%ver %@Cﬁﬁz% (t:)é(395 7 %l)rsa:;tl%\jﬁq? GESQ?lmfit r ’a?d] 5 3TN,

c]drmlentrated and the resi due was purified on a si I|ca
gel col um using hexanes/EtOAc (1:0 to 1:1) as el uent
to give 45 ng (57% of desired product as a colorless
film 1H NWR (CDO 3) : dEg(agppk(ﬁgo IH) 7.36-7.00 (m

13H), 6.90 (bs, IH), 6.68 J = 8.8 Hz, 2H), 4.72
(s, IH, 4.23 (d, J = 32Hz IH)\1H2400394(mII—|),
3.68 (d, J = 4.0 Hz, o
N
\ N/)

e
Oh

7-(2-(Trityloxy)ethyl)furo[3,2-d]pyrimidin-4-amine (Scheme B-6).

It was prepared by following the method (alternate approach, Steps 1-5) used for
compound B-24 starting from Example A-1.

"H NMR (DMSO-dy): & 8.18 (s, 1H), 8.02 (s, 1H), 7.32-7.22 (m, 15H), 3.25 (t, J= 6.6
Hz, 2H), 2.87 (t, J= 6.6 Hz, 2H).
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2H), 3.66 (s, 3H), 1.38 (s, 3H), 1.28 (s, 3H), 0.99
(s, 3H), 0.82 (s, 9H), 0.00 (s, 6H); MS (ES ) 746.31

W@ hoblajotel Step 4: A solution of product from SPEpUS0021E39072

ng, 0.062 mmmol) in THF (3 nL) was treated with Bu4NF
(IMin THF, 0.12 m.) followed by stirring at room
tenperature for 2.5 h. The reaction m xture was
concentrated and the residue was purified on asilica
gel col um using hexanesﬁ%@;&ﬁ/ﬁ e (1:1:0 to 1:1:0.1)
as eluent to give 39 ny desired product as a
colorless film 1H NWR (CDA 3) N, 7.77 (bs, IH),
7.60 (s, IH, 7.40-7.20 (m 1 ,\.87(d, J = 8.9 Hz,
2H), 6.30 (s, IH), 5.17 (s, | |4£;1 (d, J = 1.4 Hz,
IH), 4.34 (bs, IH, 4. ¢3-3.68 N2H), 3.80 (s, 3H),
36 (s, 3H); (M5 (ESt)

1.60 (s, 3H), 1.41 (s, 3H
632.28 (MtNa) +. Step 5: A ution of product from

TR iy ot g PR Py B T DR gl geme -

and t he suspensi on was stirred at roomtenperature for
5 mn followed by addition of dibenzyl N -
di i sopropyl phosphoram dite (35 nL, 0.1 mml). The
rns%&n A Y BI¥Rg Stht Mh&fod tusé P 4P &&H}%}%&twﬁ §eoti
,ﬁg%aol edyt 0 -40gOC andot rgat ed a sol uti onlng from
d%xamMe@mA (30 my, max. 77% in dichloronethane (1 ni)

VTR b s LRt 78 oD SPTesn S g Lk 86 o

Wl ws&%wmlm 5215(35-)21{ l\@k@%&hﬁﬁge&bﬁﬁ k), (v4al€l, D,O
dri ed over SH4. Aterflltratlon

teﬁ@laﬂg?atb}%,t@%smd@néghﬁ&ﬁ @dl; J kD 91e’ Has 1Ty Headd, J = 10.7,

canoe| I [ _
hg(t;%eﬁf)[z@'iz%/f;e@ 1?? %66?& B”imlf@ d‘?Hz 1H), 2.07 (td, J = 13.9, 6.4
JHzy HBMEGES T096.562(Mt-dB). st eps) of desired product as a
white solid. 1 NV\R (DVMSO-"): d 10.88 (s, IH), 7.69 (s,
IH), 7.44-7.10 (m 23H), 6.81 (d, J = 8.8 Hz, 2H),

5.06 (s, 2H), 5.03 (s, 2Hyxampl&d-3ss, |H), 4.12 (d, J
=2.3 Hz, IH), 4.05-3.95

(5-(4-Aminofuro[3,2-d]pyrimidin-7-yl)-tetrahydrothiophen-2-yl)methanol
(Scheme B-6).

It was prepared by following the method used for compound B-24 starting from
Example A-10.

'H NMR (CDsOD): 6 8.58 (s, 1H), 8.32 (s, 1H), 4.70 (t, J = 6.4 Hz, 1H), 3.85 (t, J =
6.5 Hz, 1H), 3.65 (m, 2H), 2.50 (m, 1H), 2.20 (m, 2H), 1.95 (m, 1H); MS (ES") 252.53

(MR
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(m 3H), 3.69 (s, 3H), 1.24 (s, 3H), 1.23 (s, 3H),
0.81 (s, 3H): IR (KBr, cnf1) 3339, 2984, 1699, 1611,

wa22®g/osmen7; Ms (ES+) 870.30 (MtH) +; Anal . Cal pcir/i/82005/039072

C4A9H4A8N3OLO0P'0. 75 H2O. C, 66.62; H, 5.65; N, 4.76.
Found: C, 66.68; H 5.64; N, 4.80. Step 6: A m xture of
product from Step 5 (30 ng, 0.034 mmol) and Pd-C (10%
20 ng) in MeOH (15 nmL) was hydrogenated for 20 h (~50
psi). After renoving the oDy filtration, the
filtrate was concentr at eg%gé\]ﬁkfy?ﬁg resi due was treated
with TFA (3 nL) and stirred at roommftenperature for 1
h followed by concentration toqdryhess. The residue
was stirred with EtOAc (20 ni) éf (20 nmL), and
TEAB (pH=8.0, IM 2 nl)gh “The organic | ayer
was col |l ected, the aqueous e was furtherextracted
with EtOAc (2 x 20 nL) and the, geonbined organic
extracts were concentr at eglg o:glg ness. The residue was
treated with MeOH (6 nL) and 2 Yodry HA in MeOH (7.5

2EH-Amix o] 3,034] primiding-yd)-54( bypdaok eimpthydt 3+artliydpyriolidine-
5. A’,hﬁﬁrcgacti on m xture was concentrated to dryness
gdig FE'GBB&‘HPLC (CH3CN/ 1M TEAB buffer, pH.= 8.0,
0-20 min, 0-35% CH3CN; 20-22 mn, 35-60% CH3CN,
monitoring at 260 nm to give the desired product fa =
Tty was mreparedapy  folewing dbe itaetbod opedhileri eampruod B24vwarting from
%(gﬁag&qg.et her and reconstituted to 2 nL wth water,
I'C

R gave 6.1 nM (neasured by UV at 288 nm sol ution
OF Nie(Ri (De0):rios®oEh k) BB ds, 1HY, NVYR((, DPIQ)4.50(d7 J 7.2 8z, JH); 4.10-

L , 4 d, = I 15-4.0
a2 (5, gl 883 0h, ipeb, .65 Fina i ratpitine {5 14850,
14883 (843 907)133 M8, (X0, BA, 39.46MsHi 6, 6d6AMI 2, Po31; MS (ESH
4- Met hyl am no-7-/3-(2"-C net hyl - D-ri bof uranosyl ) -furo]
38P4tf] pyrim di ne-5' - nmonophosphate (Schene C1). .

Example B-34

HO o N~ "NH,

H6 OH

2-Amino-7--(D-ribofuranosyl)-furo[3,2-d]pyrimidin-4(3H)-one (Schéme B-4).

It was prepared from Example A-2 by following the same procedure used for Example
B-21.

'H NMR (DMSO-dy): & 8.11 (s, 1H), 4.69 (d, J = 6.9 Hz, 1H), 4.05-4.01 (m, 1H), 3.97-
3.95 (m, 1H), 3.89-3.86 (m, 1H), 3.80- 3.63 (m, 2H); MS (ES") 282.34 (M-1).

Anal. Calcd for C;;H;3N305e2 HCle1.5 H,0O: C, 34.55; H, 4.75; N, 10.99. Found: C,
34.37; H, 4.98; N, 10.87.
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A solution of Exanple B-17 (50 ng, 0.17 mmol) in THF
(5 nm) was cooled to O C and to this were added,

wao edos@zabe (0.51 mol, 35 ng) and di benzyl PCT/US2005/039072

di i sopropyl phosphoram date (0.17 mmol, 6 1 nL) and the
m xture was stirred for 1 h. Additional 0.2
equi val ents of the phosphoryl ati ng reagents were added
and stirring continued for 2 h at room tenperature.
The reaction was then co -40 O0C and
nchl or oper benzoi c aci d (?59%559%3%4 nol ) was added
and the reaction was allowed to rmto room
tenperature. The reaction was hed by the addition
of 10% aqueous sodi um sul fit , and diluted with
CHA (20 nL). The orgamo washed with water
(20 nlL), aqueous saturate di um bi car bonate sol ution
(2 x 20 nmL), and dried ovel &4. After filtration,
the filtrate was concent nai edmand the residue
waspurified on a silica gel colum using O to 5% MeCH
|7r6-62ﬁ+(b%’bétbylm)a$b@‘hmtsyl)-fmg[ukdyp}rrtrmdﬁi-4dgﬂl-dlﬁ(t8cheme B-1).
product. This product was dissolved in MeCH (10 L)
and to the solution was added 10% Pd-C (50 ng). The
Susraepﬁdpmd\mIdew&éamﬁrtﬁtEanp@d BlA B;{]%dl%geﬂ&ﬁbm uhfig the same
Sr‘é‘ia yst was. renoved -\ﬂ/ filtration through Celite and

s et with ExempleB-l6: wat er and et hyl acet ate (20

| .a d

R MO DAL s T D SRR s, o8 o 1m0,
GP8Adj £nb.40HE,d FDDO93 GHIAN 4.88 @at-e6.0a0z, 18N %@%x@ﬁh%g&ble) 4.73

1 d

ol Fb D SXeheraedlel i 128 (B Gt 5%%5% 18Dy 095 (5, 3H); MS
h

gﬁﬂ befl3 ‘P'@MSB %In% éésl-%d%dlg%l%g) @PBQWC ﬁg%gnﬁsgy'ﬁ%, 8.91.

Epyud: @,9@665& B6H;N,3.2° NVR 4. 7 ppm |v5 (ES+) 376

(I\/H—|)+, 398 (M+tNa) +, M5 (ES ) 374.30 (MH)-. Exanple

4 l\/bthyl am no-7-/3-(2' - Caxahipyd € ri bof uranosyl ) - fur of
3,2-rf]pyriinidine-5"- tr| phosphate (Schene C-2).
NH

4-Amino-7-3-(2'-C-methyl-D-ribofuranesyl)-furo[3,2-d]pyrimidine-5'-
monophosphate (Scheme C-1).

Step 1: A solution of Example B-24 (50 mg, 0.18 mmol) in THF (6 mL) was treated
with 1-H-tetrazole (39 mg, 98%, 0.55 mmol) and cooled with ice/water followed by
dropwise addition of dibenzyl N,N-diisopropylphosphoramidite (75 pL, 0.22 mmol).
The reaction mixture was stirred at 0 °C for 1 h and at room temperature for 2 h.
Additional dibenzyl N,N-diisopropylphosphoramidite (25 pL, 0.075 mmol) was added

and the mixture was stirred at room temperature further for 1 h. The reaction mixture
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Step 1: A mxture of Exanple B-17 (95 ng, 0.32 mol),
MMITCl (550 ng, 98% 1.75 nmol), DVAP (25 ng, 0.20

worwbp301end pyridine (3.2 nmL) in DVF (2 nL) waBCHUB00&0539072

at roomtenperature for 19 h foll owed by addition of
triethylamne (2.4 niL, 17.22 nmmol ), DVAP (20 ng, O0.16
mmol ), and 4-nitrobenzoyl chloride (1.22 g, 98% 6.44
nol ) and stirred at roon1tenperature for five days.

T8 A0 o SRR L 8 e

Mkidringaady dCi R 20 eA fiddHing Abiiie Ehlbtdféin@ (100N mLY,Ne mixture was
filtrate was concentrated and the resi due was purified

orpsheds with 6 HabSQo(2mmOushh gathésaHﬁ?@s/@t@@ ml): apdtveater (2 x 30

it i o (349 d
1,90 B R I gL B o
(rs\slddel-ﬁlas &rﬂiled?on%) silioa g@4ddlymib uibg (cH],oroIan/M&)I-H(l O?‘,b—%lg 1) as

(elu‘%?m g’ Vf‘84(bmg &‘Plz’%&f ffe%d Pl’%‘?%gs(%wméwogflds 76 (s’ 3H),
3HGVR @MEOLL R 8. 2il 5481}1()58 1@59 1H§m)% tos, 25 Ol 44y 99 (rﬁéloH)

product from Step I h acefonitr
(5123 (dLY =\GedsHe.r1gBt @@2 fa t2H) cs 00 (N, 2,16 09<s,HE), 4.91 &, iH), 4.34-4.26

s 20 e R b A D D2 R e M TS sl v Mo o i
=5 followed by dilution with water (20 nL) and
concentration to renpve nost of acetonitrile.

The
S 4S TRtEe o @rcwlagt feom Stept1dd> W R-06R menel) ardPd-£ &0%020 mg)
MRS B PP B [y CT BRSO B0 o o

ffiltraticart thefdigate (ms enmqeatradd andithe lresidveswabuecaveswith wafek €1) mL)
Qn4a i es/Ft OAc/ 1:0:0

284 ey i BT (AT il 59 e RO (b 05l The st phase
rWa\@ d:Uﬁéen&Stedl toy Gi}lne%! sat lréhdu& hba%"ﬂ%sfﬂ@%@@l 3 L. of H%O]a%d filtered,
(s, IH), 8.46 (d, J = 0.8 Hz, | 8. 41-
gvhich (gave ja 243t omM, (mepgureds byo L(F‘% at| Rfy4 151\418303‘!’[1011\] of desired
@ncgmggospﬁg, 4.25 (dd, J = 6.8, 3.6 Hz, IH), 3.85-3.79

m

H, 3.66 (s, 3H), 1.37 (s. 3H); M5 (ES4) : 743.26
KR (D,0): & 8.13 (bs, 1H), 8.03 (s, 1H), 5.03 (s, 1H), 4.20-4.08 (m, 1H), 4.06-

3.85 (m, 3H), 0.88 (s, 3H); *'P NMR (D;0): § 0.83 (bs, 1P); MS (ES*) 362.42 (M+H)".

Example C-2
0
0 [ Nm
L A
HO—P=0—\ o N~ "NH,
OH
—-=CHs
HO OH

2-Amino-7-3-(2'-C-methyl-D-ribofuranoesyl)-furo[3,2-d] pyrimidin-4(3 H)-one-5'-
monophosphate (Scheme C-1).

Step 1: A mixture of Example B-21 (48 mg, 0.15 mmol), 2,2-dimethoxypropane (0.34
mL, 98%, 2.72 mmol), and p-toluenesulfonic acid monohydrate (40 mg, 0.21 mmol) in
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Step 3: A suspension of product from Step 2 (50 ng,
0.067 mmol) in a mxture of pyridine (75 nL) and

walt@xasae( 220 nm) was treated with a freshly pPepES®AS/039072

solution of chloro-4H1, 3, 2- benzodi oxaphosphori n- 4-one
(IMin dioxane, 80 nmL) and was stirred at room
tenperature for 20 mn followed by treatnent with a
sol ution of tributylanmoni um pyrophosphate (1.6

@E’é&hﬁ!‘@ Egrq Dg/[Fﬁ{%TH]L Qrad S0P Ly obﬂl ‘%}{EF&&@Q ofT%)h BfGwed by

n- but yl a rrultaneous ear solution
fnontralttatidri with @ésN squeoneNa@tl. Tb@nmxtenmmsabmeatrﬁwd tBdryness and
m n, and -t reat ed th 2.8 nmL of 1% 12 in Py/HO (98/2).
Eﬁ%de%sssuflbg’ ﬁ\gt?peduced by addition of 5% aqueous

208l (Esh) Bhg.espARt e (230 nL) and the resulting
sol ution was concentrated to dryness. The resi due was
treated with cone. NH4OH (20 nlL) and was stirred at

Ik At [ I
S ADRALY Yl O bl Ut AOTGERT 84 )
dBDMEShe met 013():]%@1)2111(DMF (]Sﬁnh]_z)nd sTinsdathumnmeme for 8

B AgSRRRH i BeE (U P RC RN 40 P Rt rescton

Ritdord @as ﬁ%@l@ﬁﬁﬁ&d@ |r¢tﬁ‘ii1 tehcPATRle OF ﬁphyfol%\iféﬂ l%l J:dn@&ﬂfatlon to
radi ent of TEAB buffer (I M TEAB buffer,

e /Ths pesiue ws Puﬂféedp@y Sﬂth &ck goherpn eﬁgg e@m@mﬂ@OH (1:0
t
R25 373 LR UERT 48 (101 o BRY0RT oA SO DERN &' i
filmt her by HPLC (CH3CNA). I M TEAB buffer, pH = 8.0,

A O A TR 20480, elee SP e B SREY g g 1,
i 02)3. 9§'hﬁ ﬁgﬁBW@@ ééé&tzfﬂ% 49RE, %Hi)OPbggs Begef Pefs, ang 0.81 (s,
re-di ssol ve wat er, t'o m\/l measuf’ed

BYDLROG(s, OB WESstiﬂ‘i’r%ﬁVIﬂJH) desi red tri phosphat e. 1H

NVR (D20): d 8.17 (s, IH), 8.04 (s, IH, 5 11 (s, IH),
4.30-4.10 (m 2H) 4.02 (s, 2H), 2.95 (s, 3H), 0.98

Ssep BH :rnlﬁtuﬂﬂ%ﬂ‘dwﬂlpbmmeSte@ 2260 @b, 0 1 mrhdl) &n&lz-métﬁdxy‘mtyl
ﬁslopég%d 5@40]?2; r{qu]))m p@g-g}zqéﬂgo )swaéj st;rre::l-d7at970 °C for 13 h. The

reaction mixture was diluted with EtOAc (100 mL) and washed with water (2 x 50
mlL), brine (50 mL), and dried over MgSO.. After filtration, the filtrate was
concentrated and the residue was purified on a silica gel column using hexanes/EtOAc
(1:0 to 1:1) as eluent to give 45 mg (57%) of desired product as a colorless film.

'H NMR (CDCls): § 9.91 (bs, 1H), 7.36-7.00 (m, 13H), 6.90 (bs, 1H), 6.68 (d, J = 8.8
Hz, 2H), 4.72 (s, 1H), 4.23 (d, J = 3.2 Hz, 1H), 4.00-3.94 (m, 1H), 3.68 (d, /= 4.0 Hz,
2H), 3.66 (s, 3H), 1.38 (s, 3H), 1.28 (s, 3H), 0.99 (s, 3H), 0.82 (s, 9H), 0.00 (s, 6H);
MS (ESY) 746.31 (M-+Na)".

Step 4: A solution of product from Step 3 (45 mg, 0.062 mmol) in THF (3 mL) was

treated with BusNF (1M in THF, 0.12 mL) followed by stirring at room temperature

for 2.5 h. The reaction mixture was concentrated and the residue was purified on a
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4- Ami no-7-j8-(2'-C nethyl -D-ri bofuranosyl)-furo[ 3, 2-<f
] pyri mdine-5- triphosphate (Schene C-2). Step 1. A

worRoobsEenf Exanpl e B-24 (138 ng, 0.49 mmol) apdI/us2005/039072

i mdazole (175 nmg, 2.57 mmol) in DMF (5 nlL) was
treated with TBDMSC (130 ng, 0.86 mmol) foll owed by
stirring at roomtenperature for 17 h. To this m xture
were added triethylamne (3.2 nL), DVAP (30 ng, 0.25

Dol As10int”
kel Goting, e s TIRLMBITLID & LERD sBclfipto eive 39
amD(106%) 24 désired peoduetas hicolvriessdilur e was dil uted with '

(R (7 28T DA L o o et e, 47, /= 89

fHé tzgl?t@ams 189N Nt dtisd @nd, ey nasl, qwﬁCM?ﬁ unq |665-3.68

umm chrofat ography on a’'silica .
rﬁenxaiﬂésﬁéor(y,l 3H)sek@ﬁ é, (31&)0114@ (s: 38D, als3@l($4e3H) t(MSg(ESé’) 632.28
i]t@g of product, which was used as such for next

M (ES ) 841.47 (MI).Step 2: A solution of
corrpound from Step 1 (260 mg) in THF (25 nl) vvas

treated but ammoni_ um f |l uori de (I
i 3104 sShtign bERER T Biah b CrBesd Ff pigplhin digaromeihane (2

SMPREAk A& mﬁ IZI{JEbtﬁESie @P@Mgl %%I 0 b@&ﬁlﬁaﬁa{& tHRATBIPhMBA was

fluoride ( 1 was added followed by stirring at
rStJUﬁd tad m;@enatt@meerﬁme $orh 5 amin dohewert rbat adxhtloﬁrroé dlbenzyl N,N-

e R RS AT Yy O Bl T oo e s gtired a

Yodm Qelﬂﬁeritﬁregfoyg 5419 cUQle& 1d %40t ‘Q‘f ah&’@reﬁtteﬁ Qﬁ@h @Eolﬁiﬁﬁf 6@9 CPBA
product. 1H NVR (DNSO-rf ) 6 (s, IH,

|(H) mg8meQ 17%6) ih Hl)chloaoﬁﬁhzﬁleﬂ n(IrhfoIleIvbd bybstiAng at 0 °1: for 2 'h. The

i%ctlo& h%}gu}_%e wassqz#utegil\)gt}t é@ér)o 7(5 é @ll(‘)l\ﬂ-nfl wasgﬂtdgwtlg g‘;; AN 'crl];SOg Q@
SUSPRITS] REHOD; {2 adus inIf)f KBleSIER 3D B, 4 drfbd0fk: Mg@i@ After

in a mxture of pyridine (55 nL) and di oxane (165
whigatione theefltiater Wa%cwrce%trﬁt@ﬂ g fhe eepidis] was pifeyd on a sﬂwa gel

column using hexanes/EtOAc/MeOH (1:1:0 to 1:1:0.1) as eluent to give 38 mg (70%

for two steps) of desired product as a white solid.

'H NMR (DMSO-d5): 5 10.88 (s, 1H), 7.69 (s, 1H), 7.44-7.10 (m, 23H), 6.81 (d, J =
8.8 Hz, 2H), 5.06 (s, 2H), 5.03 (s, 2H), 4.51 (s, 1H), 4.12 (d, J =2.3 Hz, 1H), 4.05-3.95
(m, 3H), 3.69 (s, 3H), 1.24 (s, 3H), 1.23 (s, 3H), 0.81 (s, 3H); IR (KBr, cm™) 3339,
2984, 1699, 1611, 1252, 1017; MS (ES") 870.30 (M+H)"; Anal. Caled for
CaoH4gN301oP0.75 H,0: C, 66.62; H, 5.65; N, 4.76. Found: C, 66.68; H, 5.64; N,
4.80.

Step 6: A mixture of product from Step 5 (30 mg, 0.034 mmol) and Pd-C (10%, 20 mg)
in MeOH (15 mL) was hydrogenated for 20 h (~50 psi). After removing the catalyst by
filtration, the filtrate was concentrated, and the residue was treated with TFA (3 mL)
and stirred at room temperature for 1 h followed by concentration to dryness. The
residue was stirred with EtOAc (20 mL), water (20 mL), and TEAB (pH=8.0, 1M, 2

mL) for 30 min. The organic layer was collected, the aqueous phase was further
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chloro-4H-1, 3, 2- benzodi oxaphosphori n-4-one (IMin
di oxane, 60 nL). The reaction m xture was stirred at

w0 cwaosasper ature for 20 min fol |l owed by treat PENUS2M0$/689072

a solution of tributyl anmoni um pyrophosphate (1.6
Bu3N- LO H4P207, 39 ng, 0.082 mml) in DVF (165 nL) and
R-butyl am ne (55 nL) simnultaneously. A clear solution
formed which was stirred at roomtenperature for 30

' I tr %
rF?yX}}fa—ét%d (Vgi‘g}a%t%é:x éggié r?ggﬂ#etav\%s hr educlglé (% &%%ldd réXtraCts were
@bne'ﬁmratqd todrynessdihemesidiowas freaedewith MﬁOﬁIX6 g abdh éO% dry HCl1

AR BT ARRERR "R b Prbnt 5 T " g raction

Sﬁmcﬁﬁ@d'aﬁéoﬂcaﬁl’atécﬂﬂnﬁy@ksliﬂ pwﬁea ibg mipﬁ(ptd:mwlmm]s buffer,

concentration to ness. The si due was di ssolved in

mES= (%9 4§ nﬁ’ﬁ’d‘)ﬁéé’hGHSWi 30- @:3421@?:235( 0% GHs(H) morifpsing at 260

tr yrd
S0 5, SR 1S TR0 ST g ro
prare fioeldd Uyngandorecelxsdnhaﬂgm Comlinwith hwatemtwgclaghye 6.1 mM

ith a li r uff er TEAB buffer,
S ufagp{E8 B84 5pE Rhufin o erBp b i i ni ng
tHeNNES (b£5): BucieQt udﬁowg manblgme(d Ardy, smcq fﬂﬁd 07 (m,
and the residue was redissglved i n H2O and purl ed
il he4-35p (ERBED( CAB AT W NMRB (BuP):elr81 (sHIB); M@(ES*) 378.30
3%,% win, 0-35% CH3CN, 20-28 min, 35-100% CH3CN,

itoring at 260 ran) to give desi red tri phosphate =
14.7 mn). The fractions containing desired
product wer e pool ed toget her, cioEf}’(’entrat ed and
re-dissolved in 2 niL of give 1.38 mM
(measured by W/ at 274 nM solution_Qf triphosphate.
1H N\R (D20 : d 8.15 (s, IH) 809 IH), 5.12 (s,
IH, 4.29-4.10 (m 2H), 02(bs NO.97 (s, 3H); 3
1P NV\R (D20 : d -8. SOH(S \
J = 16.8, 4.5 Hz, J ¥ 15,8, 16.8 Hz,
IP); MS (ES') 520. 53 (MQI‘B anple C6
(2-(4-Am nofuro[ 3, 2-"f] pyri mdl ri 9H3yl ) et hoxy) net hyl pho
sphonic acid (Scheme C

4-Methylamino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-

monophosphate (Scheme C-1).

A solution of Example B-17 (50 mg, 0.17 mmol) in THF (5 mL) was cooled to 0 °C
and to this were added, tetrazole (0.51 mmol, 35 mg) and dibenzyl
diisopropylphosphoramidate (0.17 mmol, 61 uL) and the mixture was stirred for 1 h.
Additional 0.2 equivalents of the phosphorylating reagents were added and stirring
continued for 2 h at room temperature. The reaction was then cooled to -40 °C and m-
chloroperbenzoic acid (80 mg, 0.34 mmol) was added and the reaction was allowed to
warm to room temperature. The reaction was quenchéd by the addition of 10% aqueous
sodium sulfite (3 mL), and diluted with CHCl3 (20 mL). The organic layer was washed
with water (20 mL), aqueous saturated sodium bicarbonate solution (2 x 20 mL), and

dried over MgSQ4. After filtration, the filtrate was concentrated and the residue was
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3). Step 1: To a stirred solution of conmpound from
Exanple B-30, 7-(2-trityl oxyethyl)-

WO 2006012t cT| pyri m di n-4-ylam ne (0.52 g, 1.23Pemk3005/689072

pyridine (20 nL) was added tri phenyl chl or onet hane
(0.68 g, 2.46 mmol) at roomtenperature and the

m xture was stirred at 70 OC for 16 h. Additiona
tri phenyl chl oronet hane (6.8 g, 24.6 muvol) was added

a8 S R0l T i s it v
10g ©f dekiecdr padudtohisi odue waxsdissoircdninr MeOd aitdnileand to the

resi.due wa i I in_chlgrof orm.(100 washe
TSl Ae AU (0 el e CagPeip Vs B ipied For 18 b a
(Sepeihe cadlys fvab réhé i Nfiltrbdiéh fhirdugh Aelitd' @R the residue was taken
concentrated and the residue was purified on a silica

gaIwaien aenethyl; agtade B miceach).eThenonganig Jayer (wast tnmyed,, and the
! : ; - _
}’éﬂralhgd%s ?{}%??%???&Fgﬁi%é%ﬁ%&?o}%% '_(érgﬁ%ent 0 to 100% CH3CN in

fwadgyom mwivetsaplbsy IJ18 aolune, tad.8anmd| T dessed Ghéttbns idre\ddBected

O : 8..20 (s, D20 exchangeabl e), 8.09 (s,

iy compechigited o ifg 46 S0l SRR ) 07 L
BHONMR. (26 inSpi 805, (s 11), 8.04 (KL 25120 (dyBH(,E3H) (&,&4{%6&90 (s,
I\/H-Ié. Step 2:A sol ution of corrg%und fromStep 1%1}(175 .

1), 499 %5, w1 ) P NMB det Bt MS| ES(136 MYHned% (M- MS (ES)
WrliRogguapus 0.2 N HA (6.5 ni, 1.3 mmol) followed by
stirring at roomtenperature for 8 h. The reaction
m xture was neutralized with aqueous 0.5 N NaCOH,
diluted with 150 nL of er, .and concentrated under
vacuum to renove nost oﬂ’f’f‘éﬂ[gﬁg‘?%nitri | e. The aqueous
residue was extracted with chloroform (200 n) and
ethyl acetate (200 nL, 100 nL). The conBiNned organic
extracts were dried over MpSO4. Aftergfildration and

concentration, the r(liiesi dl?le waS puri fg a silica
gel col utm usi ng mexanese-ed-+pHo-agetate: anol (1:1:0
to 1:1:0.1) as el uendgt adgi g 39 (83% of desired

product as a white solid. ‘=CH;

HG OH
4-Methylamino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-

triphosphate (Scheme C-2).

Step 1: A mixture of Example B-17 (95 mg, 0.32 mmol), MMTrCl (550 mg, 98%, 1.75
mmol), DMAP (25 mg, 0.20 mmol), and pyridine (3.2 mL) in DMF (2 mL) was stirred
at room temperature for 19 h followed by addition of triethylamine (2.4 mL, 17.22
mmol), DMAP (20 mg, 0.16 mmol), and 4-nitrobenzoyl chloride (1.22 g, 98%, 6.44
mmol) and stirred at room temperature for five days. The reaction mixture was diluted
with ethyl acetate (100 mL), washed with water (2 x 50 mL), brine (50 mL), and dried
over MgSOy. After filtration, the filtrate was concentrated and the residue was purified
on a silica gel column using hexanes/EtOAc (1:0 to 1:1) as eluent to give 110 mg

(34%) of desired product as a brown syrup.
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IHNMR (OVBO-d ) : d 8.18 (s, IH), 8.04 (s, IH), 7.95
(s, |H), 7.40-7.14 (m 15H), 4.80 (t, J =5.5 Hz, IH),

W@20080162 (m 2H), 2.72 (t, J =6.8 Hz, 2H); MET/ESH)5/039072

422.43 (MtH)+. Step 3: A solution of product from Step
2 (345 ng, 0.82 mmol) in DMF (7 nL) was treated with
sodi um hydride (60% 132 ng, 3.3 mmol) at room
tenperature and the m xture was stirred for 1 h. To

u ﬁl\ﬁ{o@ﬁ %§d7 89 ﬁ;h%ﬁ 0510 émt%ﬂ-g) 6.85 (¢, J53,9.0 Ha,

(di'i’'sopropo yphos tosy
mmj 5.95 1id,DVF 4(0 Hiz,nE), anﬁd (thrve Orﬁ Ht. uIHe) vas (a4, |.I4e$c0 a2 Hz 1H),

r.o9 re fo e reaction mxture was
({?ﬁeﬁ?ﬁ?t@ éﬁ}ﬁé&i@%{z@a %ﬁbd 4%185)? j}ﬁeutral i zed with
acetlc acid and washed with water (2 x) and brine and
t he organic Iqéer was dried over MgSO4. After

fStent 2:ah iseltion pEproiluct fepreStsnd @6H mprlamml)an dcetpmtrile (10 mL)
' u sin

éﬁ%;&g \g?ﬁj[ ® E ye Eg%soﬁrrg l'anS ?Egg nag at rgyrﬁil’é e)qature for 2 h.

tTthe mea@MQn Bﬁ)xtane veisuemrailszd) lw@ﬂh\[f/SBN&(gu&gls 6(1\313%22 4%001fH M%%foﬂ@ded by
duct m +

itions ifde EJ& wﬁ o &IQECf‘GFfaB% 1 TERvE st c%iﬁtomil‘ﬂﬁ The

ggue(o'ﬁz tﬁlxﬁﬁ?eswhss@itﬁh@@ wath b (QQJ 4 (ﬂmL%c( EfrAc (2 x 25 mL).

H) +. The m xture of both conpounds was used
fIbe cmbmﬁé ;@rgagmeee;tr&twenﬁ dlwds@@mMgsm difigy rﬁcbm@nsthfe fidipate was

%I)I?(%Rﬁatfé gl?d n?l Qes%fhr gq? ?lﬁ& i ?)%etgﬁ’sﬂlca cd)ll%{%n using

e} anf o Et@AeNMdDH (1:0:0ebhiyl :9i ll) )ab iehtintle g@e @90 lﬂl.g (811 9%8)30f desired
and hhe r ctlon m xture flask was covered with
Qﬁﬁh% ¥OPY SP%%protect fromlight and stirred for 24

. digl
T e

32 1 71 8 L L 60 (6 initey i@ i), G015 @1 £4 6.5, 3.6
91108 ABFOHS, RIS 86 WOIH) SEHF F:255: Ms (BSY: 743.26 (VH)"

Step 3: A suspension of product from Step 2 (50 mg, 0.067 mmol) in a mixture of
pyridine (75 uL) and dioxane (220 pL) was treated with a freshly prepared solution of
chloro-41-1,3,2-benzodioxaphosphorin-4-one (1M in dioxane, 80 uL) and was stirred
at room temperature for 20 min followed by treatment with a solution of
tributylammonium pyrophosphate (1.6 BuzN-1.0 H4P,07, 51 mg, 0.11 mmol) in DMF
(220 uL) and n-butylamine (70 pL) simultaneously. A clear solution formed which was
stirred at room temperature for 30 min and treated with 2.8 mL of 1% I, in Py/H,O
(98/2). Excess iodine was reduced by addition of 5% aqueous sodium thiosulphate (230
uL) and the resulting solution was concentrated to dryness. The residue was treated
with conc. NH;OH (20 mL) and was stirred at room temperature overnight followed by
concentration to dryness. The residue was dissolved in H,O (20 mL) and washed with
CH,Cl; (2 x 15 mL). The aqueous phase was concentrated under vacuum for a short
period of time to remove the trace of CH,Cl, and purified by DEAE ion exchange
column chromatography with a linear gradient of TEAB buffer (1M TEAB buffer, pH
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with chloroform (3 x 50 nlL). The conbi ned organic
extracts were dried over MgSO4. After filtration, the

wo pdobosn1el was concentrated and the resi due wasPQEER085039072

such for next step. M5 (ES+) 516.40 (MtH)+. Step 5: A

sol ution of conpound from Step 4 in MeOH (21 nlL) was
treated with cone. HO (21 nL) and stirred at room
tenperature for 20 h. The reaction m xture was

GQ@Q?H%(B absgl ﬁ‘lE/ng)yl'ﬂESSO angd fbf‘afﬁ‘éj ﬁ"éﬂcﬁghslgoﬂﬂunﬂl% the desired
wat er fol | oned by extraction wth ethyl acetate

nocleotide Were cambatsd sinfl spngentrated.crectssitina wes] retdajssalb@iltn H,0 and

Pkl ATy RPN QPR SR g o, 6200, 0-35%

CHBCN; 202 828inyB 51063 -CIQA, (ﬂr@ﬁmnng@maoqmm gibe BB Broddt (zz =
e desired product (tR

t

#Sécfnﬂ@ng ﬂ% Sesiedniragions, évezfemql%t%ﬁ@en aled mafi@sqém a2 mL of
t t

e e oy L Sy B0 irdrfiho e
OH NMR (imph84p(atid), 8R4 YRH)IRO (3, 1H), 8302, 1@s(m, IZI-I),, 4.02 (s,

GBS (o, o9 PNV BT S S50 taa T A TBIO9-56 (@,
)1 1715 1@? 6030 (d 17314 BSHIMS (ﬁﬁsékﬁli MiyH +. Exanpl e

2 (((5 (4 am nofuro[ 3, 2-</I| pyri m di n- 7- yl)-3,4-di hydro
xy-4-met hyl t et r ahydr of ur

2ny ) met hoxy) ( phenoxy) pl %B}%‘?% am no) - 3- net hyl but ano
ate (Schene D-1). Step 1. To a solution HPOA 3 (10
nil, 107 ninmol) in CH2A 2 (30 nil) aty_- C(dry

i ce/ acet one) was added @ soloution of{ piendf (2.86 g,
30.3 ol ) and EthJbéi»smdg— . fJn CH2dl 2 (25
m.) over a period ofbe5 i ndgThe er ature was
allowed to go to 10 C over a peri\ m,1l. 5 h and
stirred at roomtenperature overg gbh The

4-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-
triphosphate (Scheme C-2). ‘

Step 1: A mixture of Example B-24 (138 mg, 0.49 mmol) and imidazole (175 mg, 2.57
mmol) in DMF (5 mL) was treated with TBDMSCI (130 mg, 0.86 mmol) followed by
stirring at room temperature for 17 h. To this mixture were added triethylamine (3.2
mL), DMAP (30 mg, 0.25 mmol), 4-nitrobenzoyl chloride (1.66 g, 98%, 8.76 mmol),
and DMF (3 mL) and stirring was continued for another 24 h. The reaction mixture
was diluted with EtOAc (150 mL), washed with water (2 x 75 mL), brine (75 mL), and
dried over MgSQs. After filtration, the filtrate was concentrated and the residue was
purified by column chromatography on a silica gel column using hexanes/ethyl acetate

(1:0 to 1:1) as eluent to give 266 mg of product, which was used as such for next step.
MS (ES’) 841.47 (M-1).
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white solid was renoved by filtration under nitrogen
at nosphere and the filtrate was evaporated to dryness.

waooshisesi due, Et20 (20 nl) was added and t heCTHIB2085/039072

solid was renoved again by filtration. The
concentration of the filtrate provided 8.1 g of phenyl
phosphor odi chl ori date, which was used as such for the
next step. Step 2: To a solution of L-valine-nethyl

5. RYQnAeh! BrbAPolid ol Sedd 6@?&%’) arﬁtfi: a
?%Iﬁph‘grsgc}?ichl ori glgt elgi f r%rr% éto 13@ ?jr?%& itreated
(vGth teirpbudy] anpgouindfiyorided(l At it ‘Gl rIE) O\ﬂHQL}adlaEckea:tion mixture was

AL pERoft Bttt o0 o ST BT e e (1

fooll Yt wesraddid fotlededby sﬁx&ng at roBﬂl temberatude for 5 oA doh@tration. The
v orated to ﬁ% es To the residue was_added Et20
UL )Vag n Ui \)ﬁ%( oalugngy |°bf%%?§°9ir@i?h¥vé’a SHigar gel (hexanes/ethyl
f&bétﬁt@&?e‘ﬂh dher:fiol for g9, Q8 CRNLAY Y Gtes)
(68% of agnlhenyl met hyl vlglat:%n%l phosltn%% oril% atgtggs) of desired
t.was used as such for t he next step Step 3. To a

sﬁﬁﬁnﬂﬁ"@lﬁ%@%ﬁ | foade o By 56D Grpin) 3%ey7 gmo1om,

0 d
S, - oyt et g sy omaes o S

(Eﬁﬁg%ﬁg&@ﬁé)masstlrred for 4 h Addi ti onal
phosphorochl oridate (137 ng, 0.45 mml) and i V- net hyl
i mdazole (74 ng, 0.9 mmmol) were added and stirred for
ﬁEm_'att& sugrensive b graduat omTHiep 2e@0tmgn0.03 X thél) Was mixture of
the resi due was purijified on a columm

ted
g @@a@ﬂﬂ?w@ 1@ ot aeiesatsdrvidHefisshly pgqpa@dz;slutlon of

gglog(%l 9%&)/%% {o?(gp}g)r ghopn%lts4 gﬁlei_ifll\\ﬁh O)?ag‘lel gw'ﬂ} ?ﬁe reaction
filfdre/ wad s(u%d &ttoor® t&ﬁp&atgﬁ fdin20| ffﬁn fo'ilol%d(lw @t’e tg‘)é'nt with a
D20 exchangeabl e), 4.99 and 4.97 (2s, |IH),

selutignp of dsilriplagaion| u@) py@pggspha@s(l(wmﬂ)l 0 Bh?n&aﬁ@l mg, 0.082

%rg(g) 211231\/593}_&_1)6’50518)& 1](dcfz gljtyfélméneg@ﬁzlfﬂ) 71811 WOBS_(D}SA (ngar 5olution

Torfhe8 wWiich Whd stirtdd 4tKE¥h temperature for 30 min followed by treatment with
2.1 mL of 1% L in Py/H,O (98/2). Excess iodine was reduced by addition of 5%

aqueous sodium thiosulphate (175 uL) and the resulting solution was concentrated to

dryness. The residue was treated with conc. NH,OH (15 mL) and was stirred at room
temperature overnight followed by concentration to dryness. The residue was dissolved
in H,O (20 mL) and washed with CH,Cl, (2 x 15 mL). The aqueous phase was
concentrated under vacuum for a short period of time to remove the trace of CH,Cl,
and purified by DEAE ion exchange column chromatography with a linear gradient of
TEAB buffer (IM TEAB buffer, pH = 8.0/H;0, 0:1 to 1:0). The fractions containing
the desired nucleotide were combined and concentrated and the residue was
redissolved in H>O and purified further by HPLC (CH3CN/0.1M TEAB buffer, pH =
8.0, 0-20 min, 0-35% CH3CN; 20-28 min, 35-100% CH;3CN, monitoring at 260 nm) to
give desired triphosphate (g = 14.7 min). The fractions containing desired product
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3341, 3205, 2965, 1739, 1653, 1491, cm1 ; M (ES+)
573.30 (MtNa); Anal. Calcd for C24H31INAOOP"'2 H2O C,

waAAN08450168 6. 01; N, 9.55. Found: C, 49.24; H, BCT8S20b5/039072

9. 33. Exanple D2 Met hyl

2~(((5-(4~Am nofuro[ 3, 2-rf] pyrimdin-7-yl)-3, 4- dlhydro
xy-4-met hyl t et r ahydr of ur an-

2-yl) met hoxy) (phenoxy) phosphor yl am no) pr opanoat e

( T Fatalpsaly SO
‘%%Egaeﬁ ofgher Eé(%gpt thﬁ@rf ey {’p‘g%tt er YB35
mdasmcdfdbyWat eenMs salufion d)ﬁtnphqspbapar ation instead of

RSB 15 B 38040 b S0, 512 6 ) g4 5 25h, 4.2 o

O 2850 dh s o r =
FARS3 s 0% A PR R 9B agPR by .- 16,4

312 4P}, -2005 (d, J FHY,8, 46 861zan8), MOES 2S20.93HM-14. 90 (s,

IH), 4.14-4.35 (m 2H), 3.94-4.02 (m 2H), 3.78-3.89

(m IH, 3.52 and 3.56 (2s, 3H), 1.15 and 1.23 (2d, J

= 7.34 and 6.94 Hz, 3H), Kkadplee-63H); IR (KBr): 3335,

3201, 1741, 1653,1489, 1213, 935 cm1; M (ES

545. 28(M+Na) ; Anal . Calcd for GREH27NAOOP"0.75 H2O. C,

49.30; H, 5.35; N, 10.45. Fq)un\C, 49.51; H, 5.18; N,

9.94. Exanple D3

S, S-2,2 -(((5-(4-Am nof ur op3; 1‘ijpyr|md|n 7-yl)-3,4

-di hydroxy-4-nethyltetra ofu BHan-

2-yl ) met hoxy) phosphoryl ) bi %E&X;Pbl é( et hane-2,1-diyl)

bi s(2, 2- di net hyl propanetq“ cheme D2) To a

solutlo.n of Exanpl e %Iil mol ) in THE (20
KR4 -a&mmotyrﬁ&%gﬁwmdv’e?%)zﬁméy cthylphosphogicnanid )(S«ehwne C-
2-di met hyl -t hi opropionic acid S

{%8“ i sopropyl am no-[ 2- (2, 2-di net hyl - propi onyl sul fanyl ) -

et hoxy] - phosphanyloxynethyl} ester (0.51 g, 1.2 mmol)

%eﬂ W "Fo as neS‘QEH;uQX ?tclc)rrrlli)lc)ul% I:rom gxample B-30, 7-(2-trityloxyethyl)-
furo[3,2-d]pyrimidin-4-ylamine (0.52 g, 1.23 mmol) in pyridine (20 mL) was added

triphenylchloromethane‘ (0.68 g, 2.46 mmol) at room temperature and the mixture was
stirred at 70 °C for 16 h. Additional triphenylchloromethane (6.8 g, 24.6 mmol) was
added and again stirred at 70 °C for 48 h. To the reaction mixture was added MeOH
(50 mL) and stirred for 1 h at 70 °C. The reaction mixture was concentrated and the.
residue was dissolved in chloroform (100 mL), washed with water (2 x 50 mL), brine
(50 mL), and dried (MgSO,). After filtration, the filtrate was concentrated and the
residue was purified on a silica gel column using ethyl acetate in hexanes (0 to 50%),
which afforded 0.788 g (96.5%) of desired trityl-[7-(2-trityloxyethyl)-furo[3,2-
d]pyrimidin-4-yl]-amine, as a colorless solid.

'H NMR (DMSO-d): & 8.20 (s, 1H, D,0O exchangeable), 8.09 (s, 1H), 7.88 (s, 1H),
7.70-7.14 (m, 30H), 3.22 (t, J= 6.6 Hz, 2H), 5.87 (t, J= 6.4 Hz, 2H); MS (ES") 664.64
(M+1).
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at roomtenperature. After the reaction m xture was
cooled to -40 C, 70% nthl oroperbenzoic acid (0.27 g,

w@20060mm0b) was added and the reaction was al | OR&ETUS2905/039072

warmto roomtenperature and was quenched by the
addi ti on of aqueous 10% sodiumsulfite (3 nmL) and
diluted with CHO 3 (20 nL). The organic | ayer was
washed with water (20 nlL), aqueous saturated sodi um

REE P RRbrt et b fork S5, L8R 20 1B o R Elp-LRERA 120

tnhle) wasstiaited W!&saqmeoquQ 2N 0l (@.5snL tangedl) fodlowed by siimyg at

0 to.10% roforma eluent t ive 90

roter et st BikRe v i agpeg ® 05N

NaliH, (SlutddWith B50HAL 0 watek)and Zor{’&nﬁﬁtéd Snded bﬂouuﬁ} t3 Qerﬁme most
4.90 (m 2H), 4.20 6

(oﬁfhezﬂqytom:[nlf5T1Qena[qu1g,}5|)resu§pegzg)aS(e§tracg§ﬂ; w1t£ n}llpr @OanL) and

Qﬁ?‘kﬁ%@to@ ggniﬁﬁ%o@( ?)/hwomble 0P aﬁgg’gﬁﬁf%ﬁ% drigd oyer

A8z ¥ 2. Alfter 6lt@fpn Ahd ﬁ)nﬁ@ltﬁman;ﬁh@r@dde was purified on a silica gel

81%%'}583%}4 %gl?ﬁgge ﬁ?’ﬁ‘n‘é“? L ‘”"”L?Q jfd &1 Wlsjas ehZerX t(2 give §94

2119’@3%%6@%&@%6@%'v)'}ﬁtessbﬁél)/) bi s(et hane-2,1-diyl)
ql et hanet hi oat e ( Schene @){Q@Thl s conpound was

pPHAPMRLD M- dﬁtrﬁeg WG, 26, | E)7.95 (SiLFR, 740 b (ndl SE),
W@rq ?(aace yI's ﬁfﬁ%?i Eﬁ?%@;??gl(?%g? %Ip{)% %’ %sp%a)%?“

iyHERY] - ethyl} ester, yield 8.6 ng (3% . 1H NMWR
(DMSO-ck d in ppm 8. 26 (s, IH, 8.12 (s, IH, 7.35
(br s, 2H, 520 (m IH), 4.95 (m 2H), 4.30 (m 2H),

%oé&%f (?cﬁlc( gjm@%’ 2 %gg )Qn% g]éﬁglg)mlk/% BRH & 'mL) was

@eatﬁé pmathpodium hydrlde ( %, 132 mg, 3.3 mmol) at room temperature and the
ﬁngm gﬁ;gs it{n(e&% 4{ ﬁ"ﬁy’cﬂ sosX tlg (V4a g% nelaoxsgfu%%r? L)is (d2 dl pyri
1sopropoxyphosphono)methyl tosylate (345 mg, 0.98 mmol) in DMF (1 mL) and the

mixture was stirred at room temperature for 18 h. The reaction mixture was diluted
with ethyl acetate (100 mL), neutralized with acetic acid and washed with water (2 x)
and brine and the organic layer was dried over MgSO,. After filtration, the filtrate was
concentrated and the residue was purified on a silica gel column using ethyl
acetate:hexanes:methanol (1:1:0 to 1:1:0.1), then CMA-80 as eluents to give 160 mg
(33%) of desired product as a colorless film.

MS (ES") 622.43 (M+Na)".

Another compound with loss of one isopropyl group, 170 mg (37%) was isolated as a
white solid.
MS (ESY) 558.43 (M+H)*.

The mixture of both compounds was used for the next step.
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20

2-yl ) met hoxy) phosphoryl ) bi s(oxy) bi s(et hane-2,1-diyl)
bi s(2, 2- di nmet hyl propanet hi oate) (Schenme D-2). This

w@eovposmel was prepared the sane way as Exanpl eP@F/BS2005/039072

usi ng conmpound from Exanpl e B-13 and

2, 2-di net hyl -t hi opropionic acid

S-{di i sopropyl am no-[ 2- (2, 2-

di met hyl - pr opi onyl sul f anyl ) - et hoxy] - phos

g%ﬂ/' S&Xydﬁﬁid%yéf@rsﬂc%f i ﬁi'@ép% 1(?35?‘91'%@).’32%@5@%5&) Lé]%ﬁ*(fﬁ)‘%’%‘g, 0.25

mol),( n DME (44, rz:&) (v3s ﬁb@ted HiO0tr{ethyldine (8.420m{nfollowed by

ﬁ%b@yﬁﬁglboﬁge]\é%%% 4% g%%{%‘g} eﬁﬁk’f rg_acggérrtl‘ég}_fg ﬂets%l,rvtas)covered

Gﬂﬂl dlﬂmlrﬁhﬁfﬂil ® @oﬁact from hght and stirred for 24 h at room temperature. It
(((3 (et hyl am

fV[ﬁS 6{1%1 Cﬁluéqdj Wy:fa Tlﬁﬁeﬁ; gufrfgrx()h mL), Wa%é:r (50 mLIl_,) and chlorofo nogs mL)
¥hd sliftd ?J}ij BOfFHé @ aﬁl }%)ag@gvgé) &fﬂeﬁﬂaﬁsﬂa%gl %ﬁéoﬁg ?)ﬁ?gebxk'as re-

s(ethane-2,1-diyl) I met hyl pr opanethi oa
(€Stintedewith Ql)lorOchrrrs (boﬁ@mh)dl“ hmnﬂnrmﬂalr@hld éxtrasia I‘V&r&l\ﬁlyed over

yﬁ?%{eﬁgﬁaﬁﬂ tBF %btrag gsu g%cg{§a% an%r{ge res1%ue was used as such

Sor{1ttii ggpr opyl ani no- [ 2- (2 2-

di et onyl sul fanyl ) - et hoxy] - phosphanyl oxymet hy

Msé'%fihiﬁlg @‘14 Him ng (48% . 1H NVR (OMBO-d6 d in

ppm 8. 35 (s, IH, 8.00 (s, IH, 7.80 (br s, IH, 5.20

(d J =6.5Hz, IH, 4.97 (m IH), 4.90 (m IH), 4.26
I:‘D sol@uglgof(qcpmp@m)d fr8m@ ey 4nn MleIDH @196L) was B¢dred with conc.

HEI T 18 ety o sty o) s g mixure was

Gaﬂlc%dtrzited tc%&h@sg N tBed 'with 10HAI24E wiler Rollotvied Ny Rtrdetion with
[98‘17' . H 6.27; N, 6.10. Exanp

e
ba@tat?@zx 1@ eé«)( Shoraqueausylagsiovas, cqmeﬁmtrwdd@ ab@ft 3, mLy filtcred
M wnm Mdpufireh by HPLC (CH,CN/0,1 M TEéByluffer BE = 8.0, 0-20 min, 0-

droxy-4- met hyl -t et rahydr of ur an y) phosp
(35% CHA@Y 51%3@9&111 SEet0SNEH2CN - wowikdring at 260 nm) to give the desired

k}’)irosd(lgt’ %l;g di r‘ﬁtﬂy lnﬁrrl)(.) pl*argcec}orﬁls oc%tn a}mrg (ﬁl?e r;riesn”ed %roduct were pooled

together, concentrated and re-dissolved in 2 mL of H,O and give 10.48 mM (measured

by UV at 274 nm) solution of the monophosphate.

'"H NMR (H0-d>): § 8.10 (s, 1H), 7.78 (s, 1H), 3.74 (t, J = 6.2 Hz, 2H), 3.53 (d, J =
8.5 Hz, 2H), 2.79 (t, J = 6.2 Hz, 2H); *'P NMR (H,0-d>): 17.02 (bs, 1P); MS (ES™):
274.46 M +H)".
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Thi s conmpound was prepared the same way as Exanple D3
usi ng conmpound from Exanpl e B-21 and

W@ 2@emsaret hyl -t hi opropi onic acid PCT/US2005/039072

S-{dii sopropyl am no-[ 2- (2, 2-

di met hyl - propi onyl sul f anyl ) - et hoxy] - phosphanyl oxynet hy
|} ester, yield 28 ny (33%. 1H NVR (DMSO- 16 d in
ppm) 10.90 (br s, IH, 7.80 (s, IH, 6.30 (br s,( 2H) ,
5.12 (m IH), 4.80 (m 2 m2H) 4,00 (m
4H), 3.80 (m 2H), 3.00 l(—ﬁrr’falﬁ%g%il 12 (m 18H), 0.91
(s, 3H); 3 1P NWR 0.50 ppm M5 (ES +) 66BH86 (MrH) +,

M5 (ES ") (MH) 664.33. Exanple D-8 € | owi ng
illustrate represgpbative pbar nmaceuty cal sage forns,
cont ai ni ng a conpound N}f@bm@l lo et 111, or a

phar maceuti cal | y act¥pt abl ejsal t Yor pr odr ug thereof

(' Compound X' ), for herapeiglél C 0} 6Phyl actic use in
humans. ( ) Tablet 1 ng/tablfét @onpoend X= 100.0
Lactose 77.5 Povidone 15.0 Croscarnel |l ose sodium 12.0
I\Meﬂwlﬂ-j(ﬁ-(ﬁ hinireofoed [8.2+d) pprididdis- MAYB dsdihyl mixgat-miethyl-

AP Bty brat By B oo Rp e e by Spiethyibutanoate

(Scheme D-1).

Step 1: To a solution of POCI;3 (10 mL, 107 mmol) in CH,Cl, (30 mL) at -50 °C (dry
ice/acetone) was added a solution of phenol (2.86 g, 30.3 mmol) and Et;N (4.25 mL,
30.4 mmol) in CH>Cl; (25 mL) over a period of 15 min. The temperature was allowed
to go to 10 °C over a period of 1.5 h and stirred at room temperature overnight. The
white solid was removed by filtration under nitrogen atmosphere and the filtrate was
evaporated to dryness. To the residue, Et;0O (20 mL) was added and the white solid was
removed again by filtration. The concentration of the filtrate provided 8.1 g of phenyl

phosphorodichloridate, which was used as such for the next step.

Step 2: To a solution of L-valine-methyl ester hydrochloride (2.4 g, 14.36 mmol) and
phenyl phosphorodichloridates from Step 1 (3.02 g) in CH,Cl, (60 mL) at -78 °C (dry
ice/acetone) was added a solution of Et;N (4.02 mL, 28.72 mmol) in CH,Cl, (20 mL)
over a period of 30 min. The reaction mixture was further stirred at -50 to -30 °C for
4.5 h and then evaporated to dryness. To the residue was added Et,O (20 mL) and the
white solid was removed under nitrogen. The filtrate was concentrated to give 3.0 g
(68%) of phenyl methylvaline phosphorochloridate, which was used as such for the

next step.
Step 3: To a solution of Example B-24 (63 mg, 0.225 mmol) and N-methyl imidazole

(74 mg, 0.9 mmol) in THF (1 mL) was added a solution of phosphorochloridate from
Step 2 (137 mg, 0.45 mmol) in THF (1 mL) at room temperature and the mixture was
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Sodi um starch glycolate 15.0 Magnesi um stearate 5X1
500.0(iif) Capsul e ng/capsule Conmpound X= 10.0

wa@edobosdal silicon dioxide 1.5 Lactose 465.5 PCT/US2005/039072
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Pregel atini zed starch 120.0 Magnesium stearate 0 600.0
(1V) Iniection 1 ( 1 ng/nD ng/m Conpound X= (free

acid form 1.0 D basic sodi um phosphate 12. 0 Monobasi c
sodi um phosphate q.7 Sodi um chloride 4.5 1. O N Sodi um

V@\‘gﬁ?ﬁg&r? ﬂ)td 2 1A 1 &Rﬂgﬁ&bgﬁ&ﬁ%ﬂ% ng?/l %150 0453 1)?%1 N-methyl

I njection ectron
rigﬁdt@olﬂiﬂ 4ring(CO9pomok) wire a(cfdeé enchsilrcbdffpf 11} h 30r00m temperature. The

basi.c, sodi um phos basi ¢ sodi um

SHCER TS YabEpERFURCHE (e JEOTueut ROGHeY @ a fplumn of slica
%@ﬂhﬁﬁg byslsoMee sl CHCRRo give 28 mg (23%) of desired product as a white
solid, mp 58-62 °C.
'H NMR (DMSO-dy): 8.23 (s, 1H), 8.08 (s, 1H), 7.00-7.40 (m, 7H), 5.85-6.00 (m, 1H),
5.17 (brs, 1H, D;O exchangeable), 4.99 and 4.97 (2s, 1H), 4.89 (brs, 1H, D,O
exchangeable), 3.92-4.35 (m, 3H), 3.66 and 3.57 (2s, 3H), 3.33-3.68 (m, 2H), 1.78-1.96
(m, 1H), 0.92 (s, 3H), 0.80 (d, J = 6.8 Hz, 3H) and 0.73 (d, J = 6.8 Hz, 3H); IR (KBr)
3341, 3205, 2965, 1739, 1653, 1491, cm™; MS (ES™) 573.30 (M+Na); Anal. Calcd for
C24H31N4O9Pe2 Hy0: C, 49.14; H, 6.01; N, 9.55. Found: C, 49.24; H, 5.78; N, 9.33.

Example D-2

Me0,C

)>—NH——P——

Methyl 2~(((5-(4-Aminofuro[3,2-d]pyrimidin-7-yl)-3,4-dihydroxy-4-methyl-
tetrahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino)propanoate (Scheme
D-1).

This compound was prepared the same way as Example D-1 except that L-alanine-
methyl ester hydrochloride was used in this preparation instead of L-valine-methyl
ester hydrochloride, yield (48%).

'H NMR (DMSO-dp): 8.24 and 8.23 (2s, 1H, for both isomers), 8.08 and 8.07 (2s, 1H,
both isomers), 7.10-7.40 (m, 7H, ArH and NH,), 5.94-6.00 (m, 1H), 5.14-5.20 (m, 1H),
4.96 and 4.99 (2s, 1H), 4.90 (s, 1H), 4.14-4.35 (m, 2H), 3.94-4.02 (m, 2H), 3.78-3.89
(m, 1H), 3.52 and 3.56 (2s, 3H), 1.15 and 1.23 (2d, J = 7.34 and 6.94 Hz, 3H), 0.92 (s,
3H); IR (KBr): 3335, 3201, 1741, 1653,1489, 1213, 935 cm™; MS (ES") 545.28
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(pH adjustment to 7.0-7.5) qg.s. Water for injection
g.s. ad 1nL (Vi) Aerosol ng/can Conpound X= 20.0 Aeic

w@eiod/0360 Tri chl or ononof |l uor onet hane 5, 000. 0 PCT/US2005/039072

Di chl or odi f | uor onet hane 10, 000. 0
Di chl orotetrafl uoroet hane 5, 000.0 The above
formul ati ons may be obtai ned by conventiona
procedures well known in the pharnaceutical art. All

a t . NS ) .
N o NGB RGOl TR - SRR 353, 10.45. Founa
Kth%ﬂdHaSﬂ&;Nn@@4porated by reference. The invention
has been described with reference to various specific
and preferred enbodi nents and techni ques. However, it
shoul d be understood thatg ep24iations and
nodi fi cati ons may be nade e remaining within the
spirit and scope of 6he |nvent|on CLAI f¥€m i's
clainmed: 1. A conpou of formula I : erein:
is Oor S; Ris ggg/m§§§_hN R4, NR3 m‘v~>NaIkyI
substituted al kyl | keny :substltUQEH Lkenyl
al kynyl , substltuted alkyn I; ~ArXLo.ibstN t ut ed aryl ,
(CH2) ~ - CH( NHR3) o} S al LCR2)n-S-aryl,
a, F, Br, I, CN, , CONR3R4 Pl

0 Ho OH

S,S'-2,2'-(((5-(4-Aminofuro[3,2-d]pyrimidin-7-yl)-3,4-dihydroxy-4-methyl—
tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-

dimethylpropanethioate) (Scheme D-2).

To a solution of Example B-24 (0.16 g, 0.6 mmol) in THF (20 mL) at 0 °C were added
tetrazole (120 mg, 1.8 mmol) and 2,2-dimethyl-thiopropionic acid S-
{diisopropylamino-[2-(2,2-dimeth};l-propionylsulfanyl)-ethoxy]-
phosphanyloxymethyl} ester (0.51 g, 1.2 mmol) dropwise followed by stirring for 2 h
at room temperature. After the reaction mixture was cooled to -40° C, 70% m--
chloroperbenzoic acid (0.27 g, 0.7 mmol) was added and the reaction was allowed to
warm to room temperature and was quenched by the addition of aqueous 10% sodium
sulfite (3 mL) and diluted with CHCl; (20 mL). The organic layer was washed with
water (20 mL), aqueous saturated sodium bicarbonate solution (2 x 20 mL) and dried
over MgSO;. After filtration, the filtrate was concentrated and the residue was purified
on a silica gel column using 0 to 10% MeOH in chloroform as eluent to give 90 mg
(20%) of desired product.

'H NMR (DMSO-ds 6 in ppm) 8.25 (s, 1H), 8.15 (s, 1H), 7.40 (br s, 2H), 5.20 (m, 1H),
4.90 (m, 2H), 4.20 (m, 2H), 4.00 (m, 6H), 3.10 (m, 4H), 1.15 (m, 18H), 0.90 (s, 3H);
*'P NMR 0.68 ppm; MS (ES") 650.32 (M+H)"; Anal. Caled for CogHagN3010PSz: C,
48.05; H, 6.20; N, 6.47. Found: C, 48.02; H, 6.37; N, 6.23. |
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NEKX=NR3) NHR4, NR3OR4, NR3NO, NHCONHRS,
NR3N=NR4, NR3AN=CHR4, NR3C( O) NR4RS5,

WORBOYS)INRARS, NR3C( O) OR4, CH=N- OR3, NR3CNH) NR BGRES2005/039072

NR3C( O) NRANRSR6, 0-C(O R 3, OC(O) - OR3,

ONH C(O) O al kyl, ONHC(O O aryl, ONR3R4, SNR3R4,
S-ONR3R4, or SO2NR3R4; nis 0-5; RLis H NR3R4, O, F,
OR3, SR3, NHCOR3, NHSO2R3, NHCONHR 3, CN, al kyl, aryl,
ONR3R4, O NR3C(O) OR4; RzEx%nﬂ)E‘Bci eosi de sugar group;
and R3, R4, R5, and R6 are Aependently sel ected from
the group consisting of H alkyl, substinNgted al kyl,

al kenyl, substitutefi al kenyl al kynyé) ubstituted

al kynyl , cycl oal kyl, h qucllc ubstituted
aryl, acyl, substituted agyp-o d NO or R3
and R4 together with the nitrog which they are
attached forma pyrrolsl/ch—n/o, pi perisicAp, piperazino,
azetidi no, norpholino,” or thiongyphgli no ring; or R
and R5 together withh the nitrogen to which they are

S’ 97621€(ﬁ(5f(é-ﬂ’fmmOWTOIBJ24d¢byrﬂnl¢ﬁ-ﬁﬂﬂ)-ﬂﬂmhymwaﬁéﬁm-

S bR an b etnp Riwhon R GG il

PictAnteRioiei(Schitaie B-29hen R is -NH2, -OH -SH or -SCH
3; RL is hydrogen; and R2 is non-phosphoryl at ed
ribose and provided Yis not Owhen Ris -NH2; Rl is

' T
S QT Vs BrogaRec 00 BACSOIUMBfe Py Sy from
dixampie1B+2H eandi tthlo‘tice:tsz &id £-{2Tli2-acayytpd fangll-ethoxay)ydilsoy@opyflamino-
ai SR3, NR3R4, or-

H&’ﬁﬁ%‘ﬁ%ﬂy&'\l\ﬂ?’ e&r?ﬁ%@rﬁggg%g (gﬁ%l one of claims 1-3
\J\HGNMRr(DMsadI;IWﬁ Bpd) 8.26(HNH), 8.12 (s, 1H), 7.35 (br s, 2H), 5.20 (m, 1H),
4.95 (m, 2H), 4.30 (m, 2H), 4.00 (m, 6H), 3.20 (m, 4H), 2.30 (m, 6H), 0.90 (s, 3H); >'P
NMR 0.61 ppm; MS (ES™) 566.28 (M+H)".

Example D-5
O/
% O N
\ \
IP (o) N/J

o
\_) e : L—CH,
OH

S,S'-2,2'-(((3,4-Dihydroxy—5-(4-methoxyfuro[3,2-d]pyrimidin-7—yl)-4—methyl-
tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-
dimethylpropanethioate) (Scheme D-2).

This compound was prepared the same way as Example D-3 using compound from

Example B-13 and 2,2-dimethyl-thiopropionic acid S-{diisopropylamino-[2-(2,2-
dimethyl-propionylsulfanyl)-ethoxy]-phosphanyloxymethyl} ester, yield 15 mg (13%).
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nmet hoxy, nercapto, am no, nethylam no, isopropylam no,
propyl am no, ethylam no, dinethylam no,

we ywboprepyl am no, 2-ani noet hyl am no, PCT/US2005/039072

| - (2- hydr oxyet hyl ) hydr azi no, hydrazi no,

1- net hyl hydrazi no, azetidino, or pyrrolidine 6. The
conpound of any one of clains 1-5 wherein RL is H or
NR3R4. 7. The conpound of any one of clains 1-6

WHERIR! ] nyF\ﬂ% B0 sRZH 87 sOfﬁ 5.20QmN), 404

and R;(C:ﬁstliz’-l5 Cﬁg ( D %ﬁ )4 Sl?gstlt&teo(%l?)H) 43215
BP, A0uemrD, 6o 150 BB e, 150 PoyatDs Ge00 (s, 31); TP

t \V; a y be
RNIR'0.8 PR 5K s 2R v En s Geh) biaseh e Y O
when one of R7 and R 7 is NH2, the other is not H;
and when one of R7 and R i's N% the other is not OH
RS is H ORl4 ,N3, NH2, of¥mplel-& g is H F oH O
al kyl', alkyl, substituted alkyl, alkenyl, substituted
al kenyl , al kynyl , oq)substituted aIkynth'or R and R 8

toget her may be = gCHF, wherein Rt hiR8 and R 8
are not OH and neﬁefRB and R ip , the
other is not OH and when e is N3, the

other is not OH RO is H, CI—CSS O 7 R9 s

CH2ORi 4, CH2F, C)—%H g;HFG‘[ CF2 0 RO and Rn
are each independefitlly™H, al kyl rybH substituted

aryl, acyl oxyal kyl, Or (C}Q)n C}(C}Q)nf}B Ri2is an
N—Ilnked am no aC|d residue (e.g. -NH CH(CH3)C0 2al kyl
&S24 BRydopyH4-methyl - (ymeth i noir) uro 3, -] pyrinsidin-7-

%I)-5t'etrgﬂ§jdrofuran—2-yl)methoxy)phosphoryl)bls(oxy)bls(ethane-z,l-dlyl) bis(2,2-
dimethylpropanethioate) (Scheme D-2).

This compound was prepared the same way as Example D-3 using compound from
Example B-17 and 2,2-dimethyl-thiopropionic acid S-{diisopropylamino-[2-(2,2-
dimethyl-propionylsulfanyl)-ethoxy]-phosphanyloxymethyl} ester, yield 107 mg
(48%).

'H NMR (DMSO-d; & in ppm) 8.35 (s, 1H), 8.00 (s, 1H), 7.80 (br s, 1H), 5.20 (d, J =
6.5 Hz, 1H), 4.97 (m, 1H), 4.90 (m, 1H), 4.26 (m, 2H), 3.99 (m, 6H), 3.00 (m, 4H),
2.96 (m, 3H), 1.14 (m, 18H), 0.91 (s, 3H); *'P NMR 0.60 ppm; MS (ES") 686.27
(M+Na)*, MS (ES) (M-H)" 662.30; Anal. Calcd for Cp7H4N3O10PS,: C, 47.24; H,
6.54; N, 6.12. Found: C,47.16; H, 6.27; N, 6.10.

Example D-7
0 o
S, O
NH
T G
0-P-0 o N~ "NH,

O
ST -
o HO ©OH
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wo@Roochsiins 1-6 wherein R2 is:

mis 10-20. 8. The conpound of any one of clains 1-6
wherein R2 is selected from 9. The conpound of any one
wherein: R7 i s HCIIBRI2H05/039072
N3, NH2, or F; and R7 is H F, OH Oalkyl, alkyl,
substituted al kyl, al kenyl, substituted al kenyl,

al kynyl, or substituted alkynyl; or R7 and R7 5

t oget her rray be =CH2, =CHF; wherein both R7 and R 7
%,9-2'19' WO&)-DA 7, ] t her
i $ not Aﬁllciii when oﬁg ! E{@%ﬁ@%j@@ﬁﬁ%ﬁﬁéﬁ& her

i(ﬁhytb*loxﬁ‘ll—mEi&yl—@tmhydfofdrmz-ymmthamy)ﬁhosphm‘yﬂ 8is H

BineDpi el bR pnechiibPnetiiouelieiits mp

or R8 and R 8 0 together may be =CH2, =CHF; wherein
both R8 and R s are not OH and when one of R8 and R 8
i uNeompQuRd Wasngepared Hst samg, wahas kramplsR-3opsirs aerapqrng from

'ﬁsﬁlple t]f'@l OEIQ? b anﬁ@lta_gﬁo r%%_lohﬁ: 'ﬂmgggg 1&851%}%%%%0- -(2,2-
rdirmethylepreamnylsmi&apbfadm]-yhdaphmy@dymeﬁxyw estes,ubaltl 28 mige($3%).

|
N PNRONE aatiremP ool £ 4By PR A 68 G o2 e
qmg BT, Qagggmpyh)zmwbl(ﬁi , ) 53 B 4mi 3HFF3000 @0, 2419, 1.12 (m,
TR D.57 & 3621 NMR 0.50 ppm; MS (ES") 666.36 (MH)', MS (ES") (M-E

664.33.

Example D-8
The following illustrate representative pharmaceutical dosage forms, containing
a compound of formula I, II, or III, or a pharmaceutically acceptable salt or prodrug

thereof ('Compound X'), for therapeutic or prophylactic use in humans.

(i) _Tablet 1 mg/tablet
Compound X= 100.0
Lactose 71.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose  92.5
Magnesium stearate 3.0

300.0
(i) _Tablet 2 mg/tablet
Compound X= 20.0
Microcrystalline cellulose  410.0
Starch 50.0
Sodium starch glycolate 15.0
Magnesium stearate 5.0

500.0
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10. The conpound of any one of clains 1-6 wherein R2
is selected from 0 11. The conpound of any one of

W@b@o/s01dt 6 wherein R2 i s:
R10 and R11 are each independently

substituted al kyl;
H, al kyl, aryl,

substituted aryl,

5 wherein R7" is al RgI/US2005/039072

acyl oxyal kyl , or

(CH2)n-O (CH2) nCH3; 30 R12 is an N-linked amno acid

resi due (e.qg.

- NH CH( CH3) €0 2al kyl

or - NHCH(
alls H CH3, C2H5, CH2F,

[ ls) - CO 2al kyl ,
o me)CHZ CF%C%E_CFQI\B CH2CH2N3, CH2NH2, or
1 HZ gx H 12. The conpound of any one
C ?a(g erei 13. The conpound of any
8“’%?1 gunsl6vvh§§§nR2|s or R7vi RR s8< R7
regolatingzec starch
Magnesium stearate
600.0
(iv)_Injection 1 (1 mg/ml) mg/ml
Compound X= (free acid form) 1.0
Dibasic sodium phosphate 12.0
Monobasic sodium phosphate0.7
Sodium chloride 4.5
1.0 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5) q.s.
Water for injection q.s. ad 1 mL
(v)_Injection 2 (10 mg/ml) mg/ml
Compound X= (free acid form) 10.0
Monobasic sodium phosphate0.3
Dibasic sodium phosphate 1.1
Polyethylene glycol 400 200.0
01 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5) q.s.
Water for injection q.s. ad 1 mL
(vi) Aerosol mg/can
Compound X= 20.0
Oleic acid 10.0
Trichloromonofluoromethane 5,000.0
Dichlorodifluoromethane 10,000.0
Dichlorotetrafluoroethane 5,000.0

The above formulations may be obtained by conventional procedures well known in

the pharmaceutical art.

All publications, patents, and patent documents are incorporated by reference

herein, as though individually incorporated by reference. The invention has been

described with reference to various specific and preferred embodiments and

techniques. However, it should be understood that rﬁany variations and modifications

may be made while remaining within the spirit and scope of the invention.
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25

20 R7 is H OR14 ,N3,NH2, or F;, and R7 is H F, OH,
O al kyl, al kyl, substituted al kyl, al kenyl,

waemsostiet ed al kenyl, al kynyl, or substituted BCRYSZ003/039072

or R7 and R together may be =CH2, =CHF; wherein both
R7 and R 7 are not OH, and when one of R7 and R 7 is
NH2, the other is not OH and when one of R7 and R 7
is N3, the other is not OH 25 R8 is H, ORl4, N3, NH2,
or F;, and R8 is H F, OH p yl, al kyl, substituted
al kyl, al kenyl, substituted al kenyl, al kynyl, or

Wi tis ¢lained: al kynyl ; or R8 and R 8 together may be
iCHZ, i?HF;ué?qﬁginlbﬁth R8 and R 8 are not OH, and
vihen OhE@TgPwRd A AGglal < Nt the other is not OH and
when one of R8and R 8 is N3, therother is not OH 30
RO is H CH3, C2H5, or N3; R9 ig CH2ORi 4, CH2F,

CH2SH, CHFOH, CF20H, 35J ; 1 are each

i ndependently H, alkyl, ubstituted aryl,

acyl oxyal kyl , or (CH2)n- CH2)) nCH3;| R12 is an
N-1inked am no acid residu . N//V CH( CH3) Cg 2al kyl
or -NHCH( isopropyl)-CQal kyl); and 5 R4 is H nis
2-5; and mis 10-20. 14. TFhe conpound of any one of
claims 1-6 wherein R2 is seleqipd from 30 15. The
conpound of any one of clains 1-6 wherein R2 is:
wherein: :

YisOorS;

R is OR3, SR3, NR3R4, NR3NR4Rs, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, (CH,),-CH(NHR3)CO,R4,
(CHy),-S-alkyl, (CHy)y-S-aryl, CL, F, Br, I, CN, COOR;, CONR3R4,
NHC(=NR3)NHR4, NR3OR4, NR3NO, NHCONHR3, NR;N=NR,4, NR3N=CHRy,
NR3C(O)NR4Rs5, NR3C(S)NR4R5, NR3C(O)OR4, CH=N-OR3, NR3C(=NH)NR4Rs5,
NR3;C(O)NR4NRsRs, O-C(O)R3, OC(0)-OR3, ONH-C(0)O-alkyl, ONHC(O)O-aryl,
ONR3R4, SNR3R4, S-ONR3R4, or SO;NR3Ry;

nis 0-5;

R'is H, NR3R4, Cl, F, OR;, SRs, NHCOR3, NHSO,Rs, NHCONHR3, CN,
alkyl, aryl, ONR3R4, or NR3C(O)ORy;

R? is a nucleoside sugar group; and

R3, R4, Rs, and Re are independently selected from the group consisting of H,
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, heterocyclic, aryl, substituted aryl, acyl, substituted acyl, SO,-alkyl and
NO; or Rz and R4 together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; or
Rsand R;s together with the nitro gen to which they are attached form a pyrrolidino,
piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring;

or a pharmaceutically acceptable salt or prodrug thereof;
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40 wherein: R7 is H, OR14, N3,NH2, or F;, and R7 is H,
F, OH, O-alkyl, alkyl, substituted al kyl, al kenyl,

waaisostieot ed al kenyl, al kynyl, or substituted BCRYS2005/039072

or R7 and R 7 together may be =CH , =CHF; wherein both

R7 and R 7 are not OH and when one of R7 and R 7

i SNH2, the other is not OH and when one of R7 and R 7

is N3, the other is 45 not OH R8 is H OR14, N3, NH2,

or F; idddd Bid ot Biwitlen K35.-NB, 2108, - SHaJnkéQGHg,?Rb?stHnyHg%H' and

alkyl, al kenyl, substituted alkeny nyl,
eRJ i non-phaesghertyletedyribose endkproxisied ¥ § npb@evhverR v HhieR ' is

F: ere R 8 are not OH and
Irlfé‘mng\é\zg Jn%}{&ﬁ%@r{’l %&?%Q%he other is not OH  and
vvhen one of RB and R 8 is N3, the other is not CH RO

is H, 0 R CH2F, CH2SH,
éHFO—IT%E'I;Q’@WundOkai Wr@&};‘aiglzeach i ndependent |y

H alkyl, aryl, substituted aryl, acyloxyalkyl, or

(CH2) n- O(CH2)nCH3 R12 is an N-Ilnked am no’ aC|d

Pesi da&le(cemgoundmﬁstamp@mbmnzfalsl&yl or - NHCH(

i soproryl)-CQ2alkyl); and Rl14 is H nis 2-5; and mis
10-20. 16. The conpound of any one of clains 1-6

wher eiTheR8mipsundlof.anif bee efuigiowned wheraimyR 6r@RHICL,SR| NR3R,, or
][\-Tl%\}/&%gei n R2 is:wherein RO is H CH3, CH5, or Ng3;

5. The compound of any one of claims 1-3 wherein R is hydroxy, chloro,
methoxy, mercapto, amino, methylamino, isopropylamino, propylamino, ethylamino,
dimethylamino, cyclopropylamino, 2-aminoethylamino, 1-(2-hydroxyethyl)hydrazino,
hydrazino, 1-methylhydrazino, azetidino, or pyrrolidino.

6. The compound of any one of claims 1-5 wherein R'is Hor NR3R4.

7. The compound of any one of claims 1-6 wherein R? is
Ry o
Re Rg R7
wherein:

R7is H, ORy4, N3, NH,, or F; and R%; is H, F, OH, O-alkyl, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R'; together may
be =CH,, =CHF; wherein both R; and R'; are not OH; and when one of R; and R'; is
NH,, the other is not OH; and when one of R7 and R'; is N3, the other is not OH;

Rgis H, ORy4, N3, NH;, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one of
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R9 is CH2OR14, CH2F, CH2SH, CHFOH, CF20H, H, O H2 Ii

H OTT21 i - C-0-Pr-OR10" - OC-P-CRt - C-0-P-OR
wagoos/omisl -0-C -P-ORi, ORL OR1 Rr R12 R10 and RIT/LSENF039072

each i ndependently H, alkyl, aryl, substituted aryl,

acyl oxyal kyl, or (CH2)n-O (CH2)nCH3; R12 is anN- i nked

am no acid residue (e.g. -NH CH(CH3)C 2al kyl or

- NHCH( i sopropyl)-CQ2al kyl); R13 is H, CH3, C2Hb5,

GOSNt BB D oS G e SRR G RN o others

Wt 0; 18. The conpound of any one of clainms 1-6

mhere _conmpound of any one of clains
wﬂg‘r‘gﬁhb% ﬁ:}i{%?rg\i’se, 2-net hyl ri bose,

2 deowgrﬂsmi‘erngaifzm(@HgsH |CHFOH] OB, ar abi nose;

2-deoxy- 2-fl uoroarabi nose; 2, 3- dldeoxyrlbose

2, 3-di deoxy- 2-f | uor oar abi nose;

2, 3- disgledky- 3- f | uom,d} i bose; m2, 8- H,

di deoxy 2 §Ref| deRydrigPfbose; ‘O‘P'ORw or ~0=C-F-0Ryp

2, 3- dlded§913 azi dorffHose; 2, 3- Hldeoxy 3- fﬁ%arlbose

or 2, 3-di deoxy-3-oxari bose; or a pharmaceutically

acceptable salt or prodrug thereof. 20. The conpound

of any one of clains 1-6 wherein R2 is thioribose, 2-
Ry and Ry are each independently H, alkyl, aryl, substituted aryl,

acyloxyalkyl, or (CHy)n-O-(CH,)CHs;
Ry is an N-linked amino acid residue (e.g. -NH-CH(CH;3)COsalkyl or -NH-
10  CH(isopropyl)-COsalkyl); and
R4 1s H;
nis2-5; and

m is 10-20.

15 8. The compound of any one of claims 1-6 wherein R is selected from:

HO— o HO—\ o HO— o HO—~\ o
i)
HO  OH HO HO F HO
A & G A
@ )] (@ M

e Y w w
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deoxyt hi ori bose; 2-deoxy-2-fluorothioribose;
t hi oar abi nose; 2-deoxy-2- fl uorothi oarabi nose;

wWQ2®smsdenxyt hi ori bose; : PCT/US2005/039072

2, 3-di deoxy- 2-f | uor ot hi oar abi nose;

2, 3-di deoxy- 3-fl uorot hi ori bose;

2, 3-di deoxy- 2, 3-di dehydr ot hi ori bose; or 2, 3-di deoxy- 3-
azi dot hi ori bose; or a pharnaceutically accept abl e salt

or prodr hereo 21. H@ ound gd—any, ope of
cl ai ns 1 h R s 4- xya[;q@t hy%ent-
2-ene; 2, 3-di - 4- hydr oy thyl cycl o (ﬁq@ﬁe

3- hydr oxy- 41Kﬁy oxynethyhgyclopﬁntane HO O
2- hydr oxy- 4- hydroxynethylcyclopentene 2- quoro 3-
hydr oxy- 4- hydroxynethylcyclopentane )
2, 3-di hydr oxy- 4- hydr oxynet hyl -
thyI necycl opent ane; 4-hydraox t hyl cycl opent ane,
35 E‘?GPIBR?“@ of 3 P gLt I ¥he C»a/iﬁe or
2 3-di hydr oxynet hyl cycl obut ane; or a pharnaceutically
acceptable salt or prodrug thereof. 22. The conpound

of any one of clains 1-@5m@ere|n R2 isry ¢
4- hydr oxymet hyl pyrrol i di /*i;7/
2, 3-di hydr oxy- 4- hydr ox§ @yrrol i dffie;

2/ 3- hydr oxy- 4- hydr oxymet 7pyrrolld|ne

2-fl uor o- 3- hydr oxy- 4- hydr oxynet hyl pyrrol i di ne; or 3-

fl uor o- 2- hydr oxy- 4- hydr oxynet hyl - pyrrolidi ne; or a
Riiptdmceutical ly acceptable salt or prodrug thereof.

23. The conpound of any one of clains 1-22 wherein RS,
R4, Rsb1%HdOR@hé@éﬂHn@eEemd@%tkgiéb(%h&bdkw}eﬂwthebmnuwd

18 of H..a I ubst tuted | k
AIBESERTE WOl Al PR PHST RSy
aas@t}aat trﬁg?ﬂbe d=(:fHa[ ﬁﬂéHFpWhér@ﬂnllﬁtTRz; arfdi RJeﬁﬂeﬁlbnoH ar;]d when one of
zi.ng, azetidino, p or._t hi gnor phor i no
31 0 Ris Ry ottt it OF nchivhen Griecot e faric No P is
qﬁemﬂare attached forma pyrrolidino, piperidino,

plpera2|no azetidi no, norpholino, or thionorpholino
r | ng. R4is 4, @BmprebrManor Fome R 'ais H, F, (b Qeallayl, #kgl0 substituted

bsl%elﬁirlg ?nlé%htg}ce%%ll@én@f gﬂéyhyly\@r S%Bsth]tgg aﬂ\%}{yl, or Rg and R's
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one of
Rg and R's is NH,, the other is not OH; and when one of Rgand R'g is N3, the other is
not OH;

Ry is H, CH3, C;Hs, or Ns;
R'9 is CH,0R 14, CHoF, CH,SH, CHFOH, CF,OH,

0 o O u, 0 m, Q
2 Il
_'C -0~ P ORIO » —0—-C ‘P_ORIO > '_C 'O_P_ORw or —O- C P ORyg
ORy; ORy, Riz Ry

Ry and Ry; are each independently H, alkyl, aryl, substituted aryl, .
acyloxyalkyl, or (CHz2)n-O-(CH2)mCHs;

Riz is an N-linked amino acid residue (e.g. -NH-CH(CH3)COzalkyl or -NH-
CH(isopropyl)-CO,alkyl);

Rusis H;
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substituted; R101 is H, alkyl, -C(Oalkyl, or benzoyl;
R102 is H, OH Qalkyl, -0OC(O al kyl, -Cbenzoyl, -CH2OH,
w@kblo161N3, CH2N3, orNH 2; R103 is H OH or NRpUS2005/039072

provi ded both R102 and R103 cannot be the sane group
except hydrogen; R104 is NR110R111 , NR110- NRm
R112, NRI1ON-NR 111 , NR110ON=CHR111 , NR110N=O,
NR110C(O NR 111R112, NR110C(S)NR111R112, NR110C(=NH) NR
P i R1}Z: 2 HMRIOC( O NRI11INR112R113, NR110OR111 , 0-C(OR
110, OC(O-OR 110, 0-NHC( O Qal kyl, ONHC(O0) Oaryl,
ONRL16R310- 20. S-NR110R111 , S ONRL10R111 , or
SOPNRL10R111 ; RLO5 is H, NH2, hal ogen, N3, NHR106,
NHC(O R 106, NR110R111 , NHSO2R106, NHCONHR 106,
Mot C( SheltRnpdind o€ HRANARIETE ] ANINGHD whddeind*Ky beleotd dkiyony |
CH2aryl, OH, or SR106. R 11(%{U60 is Hor al kyI Z]
1i ouou F8 P-[B= 5O OH)O 1
n-H, =0 (R 1i u7/ ) R 08 107g 108 -
- CH2- P( = O)Oé(? uk, [P( =0 (R 1i QuSyK) Qyln- H or

10 -CH2-[ P( ]nHR107 and R108 I'n
phosphoni ¢ aC|d or phosphorlc acid |ndependent
repr esan r op e Ol _Upprabegt ed ut
unsubsti t ut ydroxy gr up to b onpose
physi ol ogl c gl ti o CH3 CHZF

HO S
zo ‘d
\—{=CH,0H
O HO OH

HOH,C

11.  The compound of any one of claims 1-6 wherein R? is:

ST
k" (0] R13/H H, 9
00 H 0~-C -P—ORy,
11l O !
H,C—P—ORyg i ORy;

ORI 1

R /H 0 H“\Rf or Lo
13 Hy 1
0-C™-P-ORyg 0q H
Riz H,C=P~0Ryg o

Ryz

25

(0

H2C_ ]l.)_ OR1 0
Ryp

wherein

R7" is alkyl or substituted alkyl;
Rjo and Ry; are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CH2)p-O-(CHz2)mCHs;
30 Ry is an N-linked amino acid residue (e.g. -NH-CH(CH;)CO,alkyl or -NH-
CH(isopropyl)-CO,alkyl);
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R109 is a hydroxyl group that nmay be protected or
substituted with a group to be deconposed under

w@bysiosiieogi cal conditions; R110, R111 , R112 apdcii/BI®D85/039072

are i ndependently H, alkyl, substituted al kyl,
cycl oal kyl, heterocyclic, alkoxy, aryl, substituted
aryl, acyl, substituted acyl, SO2-al kyl, NH2, OH or
NO R114 is H, alkyl, substituted al kyl, C(O R109,

.ar yl, RE#IQSH ld}&gm&dm @Hzcmt@’ﬂ T{CQHZOHk@HOCﬁ%}\Q( i's

N, hal o} and
@H2§szTB,MFHzi\Mz ODGHaCI[Sﬁ\HrImnfbutl caI |y acceptable salt
or pr%gr%g{thereof 25. The conpound of claim 24
wher ei i I's Oor S. 26. The conpound of claim24
wherein Yis Oor S; Z100 is OH, O[P(O)(O—l)O]n H,

o) bt ek oot o RS, 1

- CHz2- [ P( O)(R109)O]n H, and R107 and R108 are each H.

27. The gonmpound o¢f claim 24 wherein RLQO is al kyl;

R101 is Kk R102 i ;- R103 'g\\CH3R104 R110R111 or
NR110- NRm &2;R15|s HOr ; R112
andR 113 afeiii ndepen ently at k ?Hbs || ut ed

al kyl, or2EyETFal kyl ;0 &n —sg}bﬂ 28:C @R onpound

of claimiwh@ein Rﬁzchras—d}he fd?H owi ng OH
f or mul a: wher ei n: R300 i1 al kyl, substituted al kyl,
alkenyl substltuted al kenyl , alkynyl or substituted

al ky n%
13. he compound of any one of claims 1-6 wherein R? is:

R'
R: Rs R R:\ |

&& Rg Ry ® Rg Ry

wherein:

R7is H, ORy4, N3, NHy, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R7 and R';
together may be =CH,, =CHF; wherein both R and R'; are not OH; and when one of
Ry and R'7 is NHo, the other is not OH; and when one of R; and R'; is N3, the other is
not OH;

Rs is H, ORy4, N3, NHy, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one of
Rg and R's is NH,, the other is not OH; and when one of Rgand R's is N3, the other is
not OH;

Ry is H, CH3, C;Hs, or Ns;

R’y is CH;0R 4, CH,F, CH,SH, CHFOH, CF,0OH,

H f H, { H § H,
—C 'O_IIJ_‘ORlo » —O0—C '].I)_'ORIQ » —C _O_IIJ—ORIO »Or —O0—C —II)—ORIO '
ORy; ORy; Ry Ry
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R301 is H, alkyl, -C(Oalkyl, or aryl-C(=O-; R302 is
H3OH, -Qal kyl, -0OC(O) al kyl, benzoyl oxy, -CH2CH,

wa@ioble16N3, CH2N3, orNH 2; R303 is H OH or MRpPS2005/039072

provi ded both R302 and R303 cannot be the sane group
except hydrogen; Xis O S, NHor CH2; Z300 is
-O[P(=0 (R307)O-]n- R308, or -CH2-[P(=0O (R307)0O]n-
R308; each R307 is independently OH, -Qal kyl, or

- O O)l@}{}ﬁdl{ GRCARRIR én%‘leﬁtgfjﬁ,pﬁl?ﬁeﬂgf Yutdindd L, Of

-C( O al ; And n is The conpound
@bylokwlknl,lon&ﬁﬂah Q-4CHz)mCH;
fuf‘gf ?gagﬁ 11nkér%3 i %amg%’efsﬂf AR08 Y N\ CH(CH,)COsalkyl or -NH-
C}E(ﬁslopfo@my@eﬁ}ldy@‘ér[& ri bof uranosyl)-furo[.3,2-J] pyrimd
i ne; 4-
| sopr opy! amfi4is B (S-(D-ribofuranosyl) - furo[3 2- i]pyri
m di ne; 4- 91@15hxlll@m no-7-j S
(D-ri bofuranosyl)-furo[3, 2-<f| pyrimdine; or
4- R- Propy!| amisd@-20./ 3- (D-ri bof ur anosyl ) -
furo[ 3,2-J]pyrimdme; or a pharmaceutically acceptable
salt or prodrug thereof. 30. The conmpound of claim1l
Vil ch Ths cémpyaldaranpyhast deimg 1 -6 §Rreinl R it s eeyirdm:
furo[32d]pyrirn'dine » cH

2

4- Azet | Sxri bofur syl )-fur
TR G e e - e
Pyrrolldlno jS—(D-rI ur anos furo[3 pyri m di

ne; 4- Met hgxy- %y 3- (2l - Oret hyI ol
Dri bofuranosyl) furo[ 3, 2-cT| pyrl m 8| ne;

4- [(N—I- droxyethyl)hydrazmo] 7-

] 8-(2" HO: HOo{ urangsyHD=Rur

4[(N—I- hydra2|- w HW

S (2 - CBs ri bof'ur-andsyl [ 3, 2- J] pyrtn di ne
. 4- Dnetﬁ@lamoifﬂo 7- 140 (2'O1cet hyl - OH HOH,C

D-ri bof uranosyl ) - f un 2-J] pyri HO

4- Met hyig 7 jS—(Wylwd}rib nosyl ) -
furo[ 3, 2-J] m di ne; CH;,

4- Am noet hykantigs 7- j 896 21 ‘1 et hy!| HO i beuranosyI) fu
ro [3,2-d]pyri I ne;

4- Hydr azi no-7-|8-(2'-C nethyl -D-ri bof uranosyl) -

15.  The compound of any one of claims 1-6 wherein R? is:

R 113I3 R 11\{13
R Rs Ry a
wherein:

R7is H, ORy4, N3, NHy, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R';
together may be =CH,, =CHF; wherein both R; and R'; are not OH; and when one of
Ry and R'; is NH,, the other is not OH; and when one of R; and R'; is N3, the other is

not OH;
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fliro[3,2-rf]pyrimdine;
((25",517?)-(5-(4- Am nof ur o[ 3, 2-

wo pygosarsdi n- 7-yl ) - 4- met hyl - 2, 5- PCT/US2005/039072

di hydr of ur an- 2-yl ) net hanol ;

2-Am no-7-j8-(2'-CGniethyl-D-ri bofuranosyl)-fi
ro[3,2- <f]pyrimdin-4(3H)-one;

2,4-Diammo- 7-i 3- (21 - G- et hyl - D-ri bof uranosyl ) -furo[ 3, 2

o b BT 080 N N 450 1, OFL gl gl o
ytlkyﬂu ad{eng], sutb-stltuted alkenyl alkynyl, or substituted alkynyl or Rgand R's
)’?‘?r%eﬂi%_a }?Fglkl%ﬁ(—: 2n < %hvvv%gmnéﬁg}o% %SXrle not 8£Io LI?d v%hgr{ JrPe of

Rsraind ®fsus R SHHE bthbiis ApBOR: hd Whéd dSHeCUf R& and R'g is N, the other is
4- Am no-7-|8-(2' - O net hyl -Dri bof uranosyl ) -

-fnGFQf{B 2 t/]pyrlmdl ne;

7-13- %r bofuranosyl) fiiro[3, 2-
rf]pyrlm n4( I’one;

4- Am B@-ﬂCHsOB& CHzF;E@lﬂzﬂH OHEM6fEF,0dfhosyl ) - t hi eno[ 3, 2

- yrign di ne;

h@-ﬁ_naw(z—ofé rﬂewt —Egzrd—ﬁo&qgaﬁo%ygz)ﬁ—tdil eno[ 3, 2-J
](%I(Eln(ﬁeAm fi ORFS i Veycl opent - 2
c nofi xro yrimdin-7-y cyc open -
enyl ) Feedddbn areeach wdemﬂ%%l el zalyh Pipytifuted aryl,

Anﬁnofa“?ﬁ}l )ort(tgﬁz)a'ﬁ)lfﬁlff})%}i?he” 2 yl ) met hanol ; 2-(4-
i ] pyr Rm ldanN—lylhl?edﬁn@ho 3uid msidioe (dy - NIBCHECH) POpylkylar i-NH-
Kﬁ;}(}fgpr?py@%zlkylgﬁngr anosyl )-furo[ 3, 2-J] pyri nidi n-4(3

H) on®j, i H;3- (2' - G Met hyl - Dri bof uranosyl)- furo[3
2-(] pyrimdin-4(3H)-one;
4- Ani Rés 2 j®9d(2' - C met hyl - Dri bof ur anosyl ) -
fur of ﬁng-léj/zgyrl m di ne-5' - nonophosphat e;
2- Am no-7 (2' -G nethyl -
D-ri bof uranosyl) - furo[3 2-cT] pyrimdin-4(3H)-one-5" -ni

h I
367 B E5Peidting of b a‘ﬂ?‘*’b"%ﬁ?ﬂ‘&%%‘?"j“@ﬁﬁo[‘% 2- 3] pyri mi d
ne 5 - nonopfigsphate;
Met hyl am no- 7- ])\gl‘ﬂﬂ r|Hbof syl)-furo[3,

2-rf]pyrimdnme- éﬁ phos CHF

4- Am no- 7-/ 3- (25- C—@j@thychD-rI&_@ | HO oH

i ranosyl )-furo[ 3, 2- (] pyr| m di ne-5" - tri phosphate;
(2-(4- Ami nofuro[ 3, 2- yri

m digo -ylg)e hoxy)rrHt) I ogphdif? dy Met o

2- (((5-Nawft nof ur of 3, 2% yrlnlwwgr w
oxy-4-nme tetrahydrof y

2-yl) net hoxy)[{ phenoﬁﬁ)Hz@hospHor yl & no)O}B net hylHeut affo
ate; Met hyl

2-(((5 (4-am nofuro[3,2-rf]pyrimdin-7-yl)-3,4-di hydro
xy-4- met hyl t et r ahydr of ur an-

17.  The compound of any one of claims 1-6 wherein R is:

A Y
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2-yl ) met hoxy) ( phenoxy) - phosphor yl am no) pr opanoat e;
S S-2,2-(((5 (4-Am nofuro

WO 30gostippyri m di n-7-yl ) - 3, 4- di hydr oxy- 4- met hyPET/€520851§39072

dr of ur an- 2-

yl ) met hoxy) phosphoryl ) bi s(oxy) bi s(et hane-2,1-diyl)

bi s(2, 2- di net hyl pr opanet hi oat e) ;

S,S-2,2-(((5-(4-Am nofuro[3,2-J]pyrimdin-7-yl)-3, 4-
' oxy- 4- et hyl t et r ahydr of ur an-

2-yl ) met hoxy) phosphoryl ) bi s(oxy) - bi s(et hane-2, | -diyl)

di et h&adt Hj CHs,d5,Hs, or N3;

S S B OB, RL AN R oy Ur oL 3. 2 erl pyr

i mi di

nmet hyl - t et rahydr of ur an- 2-yl ) met hoxy) phosphoryl ) bi s- (ox
y) bi s%et hane- 2, | -dj yl ) bi s( 23, 2- gi nmet hyl propanet hi oat e) ;
S, SI—&-@ti—ks 3, 4oL iy dr,px y-ch-oret dryd -0b—p4e™F—ORy, ;

(et hyl amrno) f ur o[ 30Rn Ry Ry

(] pyrimdin-7-yl)-tetrahydrofuran-2- _
L5 R s A e e L Al iy Sbstituted anyl,
z 1- AreERg - X0- 3, 4- di hydr of ur o[ 3, 2- J] pyr
g Cobptag
met hy Raz isan hljielred feprizmacid 1esidie (o x M GBEEHOOM:3 sy lsr oXIA-

' €< diyl) bis(2,2-
@@%ﬁ;}’?@??@%@% oate); or a pharnaceutically
accepRabis €1, €[ CsHs, OHEICIg0MaTBAH, F3CH, CHEOH QAN d

gmgﬁ%\i@ (??rgChZS,C%%I -Dri bofuranosyl)- furo

[3, 2- @]gﬁgq}m di ne; 4-[(N-1-Hydroxyethyl)hydrazi no]

- 7-13-(2 - Cmet hyl -

D-ri bofis?-anasly| ) -furo[ 3, 2-cf]pyrinidine; 4-[(

-1 - Met hyl hhydrazi no] -7-j8-(2 t-Cret hyl -

D-ri b%‘?%r%%éyl )-furo[ 3, 2-d] pyri nidi ne:

4-Di met hyl am no-7-j S-(2' - G net hyl -
ribofuranosyl)-furo[ 3, 2-c¢(]pyrimdme.,.

Eﬁwm %PP SRR of gy onie. o it rg-%?%rsla"ﬁ{fﬂ%nosw ) -

furo[ 3, 2-<f] pyri m di ne; 4-Am noet hyl am no-7-i8-(2

| - C et hyl L Qof ur anosyjg=~furol 3 yrim dne;

4- Hydr azrm:ﬂfg-Jj_S}%(/@ -met(?];\B i ofzgﬁan ;

furo[ 3, 2-J] pyri mi_di pe; .

2- Ami no- 7-/ 3- (2' OC et hyl - D- r Pbof ur anosyl S Fur of 3, 2-

i f]pyrimdin-4(3H)-one;

2,4-Diam no-7-j8-(2'-C net hyl - D-ri bofuranosyl)-furof 3,

2- i Jpyri mdne; _

43A5"J T8 _Zoﬂlgm{nalof gn;eéﬁ%f-c[&hhh bof whaBaRid ribdseOl-Bethylribose,

, 2-JJpyrimdine; A4- ] ) _

Ardennyrioop@ X deox2ribomguibose;rarguinaseahoenly)2- flurrofrabinoss TP 8-

ﬁ{deg}(ﬂ{f)%ée;ﬁ:ﬁgfdg&yzi-ﬂﬁéxggrab%?et; B}él-dideoxy%—ﬂuororibose; 2,3-

dideoxy-2,3-didehydroribose; 2,3-dideoxy-3-azidoribose; 2,3-dideoxy-3-thiaribose; or

2,3-dideoxy-3-oxaribose; or a pharmaceutically acceptable salt or prodrug thereof.

20.  The compound of any one of claims 1-6 wherein R? is thioribose, 2-
deoxythioribose; 2-deoxy-2-fluorothioribose; thioarabinose; 2-deoxy-2-

fluorothioarabinose; 2,3-dideoxythioribose; 2,3-dideoxy-2-fluorothioarabinose; 2,3-
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D-ri bofuranosyl)-furo[ 3, 2-<i ] pyrim di ne;
7-18-(2'-C Met hyl - D-ri bof uranosyl ) -

WO 2006012t cT] pyri m di n-4(3H) -t hi one; PCT/US2005/039072

4- Am no-7-j 8-(2' - G net hyl -D-ri bof uranosyl ) -

t hi eno[ 3, 2-cf] pyri m di ne; 4-Am no-7-

a-(2' -G net hyI -D-ri bof uranosyl ) -thieno[ 3, 2--

cdpyri m di ne;  2-(4- Am nof uro[ 3

d?debii(@yﬂud%tﬁioﬁbaseyh,h @d&oﬁysirmmefe}dmmonsose or 2,3-dideoxy-3-
nmet h rrolidine-3,4

Pzidg (21110613:[%@ ﬂ?wn@cwtmﬁmcmag@lp yalt o pdrug therqodyri mi d
i n- 4(3H)-one;

4- Am no-7-j8-(2' -C nethyl-D-ribofuranos 2yl) furo[ 3, 2-<f
Ppyr i ffhdicomp&ind afeny phosididime;1-6 wherein R” is 4- hydroxymethyl-

F?’% rﬂtrgoﬁi%ﬁ/f i‘@éﬂ?‘c%g(g‘{ JE%I MM% g yd oxy Zh

Sy ik hivib@pic ?aoaa{téﬁeg Zhy@oﬁ?ﬁ%o@yﬁﬂeﬁ@fd%l@ﬁ&ﬁé’ﬂe} 2-fluoro-3-

furo[320( pyri m di ne-5"'-nono Sphat e;

eyt ydeyclopetanee 23 lhﬁmmﬂ@wémwm}wl -5-

%&%1@11&:@)}35%&{:&%&3% %%et@lh&%ﬁ?%ﬁ%? ihydroxy-4-

ﬁlydmﬁcﬁné‘th&hyclommhmseﬂ 3-tlihiypgfagmbthyyclbbiting; or a

2- 5- m no
QP]S‘{%?F?';H ﬁ}ﬁagfe?ﬁa legaﬁowrﬂwgme% met hyl - t et r ahydr of u
ran- 2-yl) net hoxy) ( phenoxy) -
phosphoryl am no) - 3- met hyl but anoat e; I\/bth
22( ((She 4013mtm§1qu By eneafFiaims iLfi whereinR;)iy 4-:},1ydroaymyfhybx

o ED 5 LALEARY AR Sl i RGO YA bRlERPAY)

ﬁy&‘oxﬁmﬂfhyﬁo&frﬁh@ﬂe Mmé-ﬁﬂq{dﬁ)x& ERydryxymmsthylpyralidie) 033- -

fﬁﬁﬂ%% BYGORY P RSt LRy ghe pharmpsraticelkiacseridnsalt
@w}o)d ngt(l@péyﬂ bi s(et hane-2, | diyl)

bi s( di met hyl propanet hi oat e) ;

S, S 2 2H( (5- (4- Ami nofuro[ 3, 2-d] pyri mdi n-7-

41 Srke SLANALOR B A AVER L 38, AT

dm@pbmhaiﬂj’l sedeﬂt@l from the group consisting of H, alkyl, and substituted alkyl; or

Bori i Freaibt 1§t oRoHeR ¥ hich S MAGh R s yrotiaine,
ipRfididioypip&rakihd, WY BRS) W(ﬂﬂn)) Pérshiomorpholino ring; or R4and Rs

oxy) bi stéet hane- 2, | - di tA
gsther wi ﬂhﬁem’ﬁygemtg pxgw}é/l[ EOHE gi)tached form a pyrrolidino, piperidino,

?Epr?%atz )(/)f g;g%h&\g,( Qﬁgyrgd’mgﬁ 18?031115) rg] pyrimdin-7-yl)

- t et xahydr of ur an- 2-

yl ) met hoxy) phosphoryl ) bi s(oxy) bi s(et hane-2, 1-diyl)

bi s(2, 2-di et hyl pr opanet hi oate) ;

S, S-2,2" -((5-(2-Anm no-4-oxo- 3, 4-di hydrof uro[ 3, 2-<f] py
rimdin-7-yl)-3, 4-di hydroxy- 4-
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met hyl -t et r ahydr of ur an- 2- yl ) net hoxy) phosphoryl ) bi s( oxy
) bi s(ethane-2, 1-diyl) bis(2,2-

walesensobpr opanet hi oat e); or a pharnmaceut i cal | BCT/US2005/039072

10

15

20

acceptable salt or prodrug thereof. 32. The conpound
of any one of clains 1-31 which is a prodrug. 33. The
conpound of any one of clains 1-31 which conprises one
or nore nono-, di-, or tri-phosphate groups. 34. The
CRMPOUNEyRE o AR Bt 11C! @i ms 1- 31 which conprises one
or nore noho- phosphate groups. 35. The conpound of
claim33 or 34 which is a prodrug. 36. The conpound of
cl ai m 35 wherein one or nore pendgnt hydroxy! groups
fromthe nmono-, di-, or tri-phosphate group has been

converted to an al koxy, subst !\o al koxy, aryl oxy,
\f . '

te conpound of

cl ai m 35 wherein one ©® pe hydr oxyl groups
fromthe nono-, di-, o phospitat exrgr oup has been
converted to a group m'-C)' wperein each Ry is

i ndependently a 1- 20F Branched or unbranched,
saturated orunsat urat ed ch.ln wherei n one or nore of
the carbon atons is optW%ﬁﬁle replaced with -O or
-S- and wherein one or ngre of the carbon atons is
optionally substituted with oxo (=0) or thioxo (=S).
3@herdihe conpound of claim 35 wherein one or nore

Ui piibsghaidh Hesti HaBopkR Rk ripRavs BpyPlgpor

Eﬁbhhum&mereln each R2 is a residue of an am no aci d.

39. Thg 1cogﬁgund of clajm 38 wherein the amno acid is
a nat U alis Bl Ze(@allogh or bepgodpnpound of cl ai m 35

whi ch Q r . | &
wher ol REROTE ISLRRATNEA LSRR, Sl N
SuldsNs, oulWHg aryl, cycl oal kyl, substituted

R'® is H, OH, or NH,; provided both R'%* and R'® cannot be the same group

except hydrogen;

R104 is NRHORIH, NRHO-NRMIRHZ, NRHON:NRUl, NRUON=CHR111,
NRUON:O, NRHOC(O)NRHIRHZ, NRHOC(S)NRmRm, NRHOC(=NH)NR1HR“2,
NR”OC(O)NRHINRmRm, NR'OR!!, O-C(O)R”O, OC(0)-OR'™®, O-NH-
C(0)Oalkyl, ONHC(0)Oaryl, ONR'°R'"", S-NR''°R™", S-ONR' R, or
SOzNRuORHl;

R!% is H, NH,, halogen, N3, NHR'% NHC(O)R!%, NR''R!!!, NHSO,R%,
NHCONHR'%, NH-C(S)NHR %, CH,NHR %, NHNH,, CN, alkyl, alkynyl, CHsaryl,
OH, or SR1°6;

R isH ér alkyl;

7% is OH, -O-[P(=0)(OH)O-],-H, ~CH »-[P(=0)(OH)O-],-H,
-0-P=0)(R'R'®, -CH ,-PO)R'R®, -O-[P(=0)(R'*)O-],-H, or
-CH-[P=0)R'™)O-1-H;
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cycl oal kyl, heteroaryl, substituted heteroaryl,

heterocyclic, substituted heterocyclic, or an am no
w@eoodo5Re6 i s H, optionally substituted nonocyRCT/TS2005/039072

aryl, or optionally substituted nonocyclic heteroaryl;

and R17 is H, halogen, CN, -CO R20, -CON(R2 1) 2,

-CO2R20, - SZR20, -S2N(R2 1)2, -OR21, -SR2 1, -R21,

-N(R2Q2, -0-COR 20, -0-CO 2R20, -SCOR20, - S-CO2R20,

- N|—|(:(]@o7 ﬁﬂﬂ% R% . ) %ag . %’ |ga .

or Ri6 a#gle§ are colrglli];(c’ané(t5 é(gﬁh-l\glll)}gh an agdaigﬁ%élal 3£g§§%%ﬁss?nta

tpootegedromunpyattdte sgbetitpted op thwhstithipd bpdrosyligirenyp tobe decomposed

het.er cat.om . t hat .i .used to an aryl group at the beta

A5kl BBt ‘T he © attachid Lo the

phospdfusa hpdrokyl rampdhRintayeiecprowoné of @bsiatededtyd fiedp to be

bel ow;, Ri 8 and R19 ar? each independently H, alkyl,

Alegdmpased WdsE PRYSEAPHEAL conditipnsy|  opt i onal |y

_subst it gd! ROROLY R PGt AR QN8| svbstRed hiicyt ed

nmonocyclic heteroaryl; or &:8 and R are connected’ Vi a

apclaalitit heerabydicsalkexymraryl,substitutedanyly et ylesugstiuied acyl, SO2-alkyl,

?@%i?ﬁ?gi% contai ning 0-2 heteroatons; or R17 and R18

’conne QEd via an additional 3-5 atonms to forma
cycl i RYrioHpalkgptibetimtddyallgdrC@)RIAgrdnabigtirdaaion and
Ris H alkyl, aryl, heterocycl oal kyl, aral kyl,
tereselel v substituted nonocyclic aryl or optionally

subst igtjuped nonocyclic heteroaryl; R2 is alkyl, aryl,

heterocycl oal kyl, or arylalkyl; R2 1 is H alkyl,

aryl , Xst@rotytloo&tkyl , or arylalkyl; R2 is Hor

| ower @Gyl 11040 S Lnteger from2-5; mis an integer

from1l }%%3 a%%(%e?%ﬂ%ﬁmgnteger from2-3. 41. A

phar macs,is; at NR&fiposi ti on conpri sing a conpound as

descri bed_in any one of cl ai 1-40 and a
phar mg€ 8 pharagreuticalbrasentatle Sﬁg?rrnr% ug thercof.
25.  The compound of claim 24 wherein Y is O or S.

26.  The compound of claim 24 wherein Y is O or S; Z'® is OH,
-O-[P(=0)(OH)O-]»-H, -CH »-[P(=0)(OH)O-],-H, -O-P(=O)[R'")R'*, -CH-
P(=0)(R'"HR'%, -O-[P(=0)(R'*®)O-]1-H, or -CH,-[P(=0)(R'*®)O-],-H; and R' and

R!% are each H.
27.  The compound of claim 24 wherein R'% is alkyl; R'" is H; R'? is OH; R!® is
H: R'™ is NRIPR'! or NRIC-NRIT'RY2: R1 is H or NHy: R'0 R, RY2 and R

are independently H, alkyl, substituted alkyl, or cycloalkyl; and 7' is OH.

28.  The compound of claim 1 wherein R? has the following formula:
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42. The conposition of claim4 1 which further
conprises one or nore additional anti-viral agents.

W@ 306/0kla6conposi ti on of claim42 wherein the oOPET/U§2005/039072

nore anti-viral agents are selected fromribavirin,
| evovirin, viramdine, thynosin al pha- 1, an inhibitor
of a serine proteases, an inhibitor of inosine

‘monophosphat edehydr ognease, interferon- , and

feron-o;). 44. The
1- 43 which further
pol yner ase
any one of clains
OR®'0r nore protease
i phi bitors. 46. The conposition of any one of clains
Xﬁ@%nghich further conprises ribavirin. 47. The
conpoRPiivaIkAf subsituRdalked, aikeailyBubstifitedt dnlL; bkl drer
conprises interferon-ce or pegylated interferon-
cpkstredalkepbn- ). 48. The conposition of claim4 1
whi chpburd ﬁ?&l}ﬁﬁ?—'ﬂ{ﬁ ARs, ANRyIE=THLe anti - cancer

e CcOo

agentséo49. T osition of cl'aim48 wherein the
one oR’fiyH, @Rt i0allaylc€IC(@)dkylsbenzeyloxy,eCHeQHf CHaNH,, N,
g%ﬁﬁlati .agents, antinetabolites, natural products,

Ror | agents. 50. A nethod for treating a vira
i nf ecR*BRs HNOHN oeNHEEro W et RAG andi R cainet betbe samé froup
animal an effective anount of a conpound as descri bed
iexceRh)yBREof cl ai ms 1-40, or a conposition as
descri icn e of clainms 41-47. 51. The nethod
of clg?ﬁg%g’%%g¥é?%bthe vipal infection js sel ected

from ZAR i REOWRS M-I & i or -BEAPEDRE)OHeRIT 1t i s
C, human d3anunodeficien Vi s, PolAd xsackie A

and B,eaﬁ#‘ no. 1%%8?;@6%%3[@%1, b%%@%ro_@g(gg%&%st Nile

Vi r us each R*® is independently H, alkyl, or -C(O)alkyl; and

nis0, 1,2, or3.

pegyl ated interferon-a gpegi nt
conposi tion of any one of K
conpri ses one or nore additi\on
i nhi bitors. 45. The conp&Pt
41-44 which further conpri

29.  The compound of claim 1 which is 4-methylamino-7-8-(D-ribofuranosyl)-
furo[3,2-d]pyrimidine; 4-Ethylamino-7-3-(D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-
Isopropylamino-7-3-(D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Dimethylamino-7-3-
(D-ribofuranosyl)-furo[3,2-d]pyrimidine; or 4-n-Propylamino-7--(D-ribofuranosyl)-
furo[3,2-d]pyrimidine; or a pharmaceutically acceptable salt or prodrug thereof.

30.  The compound of claim 1 which is 4-Cyclopropylamino-7-3-(D-ribofuranosyl)-
furo[3,2-d]Jpyrimidine; 4-Azetidino-7-3-(D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-
Pyrrolidino-7-6-(D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Methoxy-7-6-(2'-C-
methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-[(N-1-Hydroxyethyl)hydrazino]-7-
-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-[(N-1-Methyl)hydrazino]-7-
6—(2’—C;methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Dimethylamino-7-8-(2'-C-
methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Methylamino-7-8-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Aminoethylamino-7-4-(2'-C-methyl-D-
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52. The nmethod of claim50 wherein the viral infection
is HCV. 53. The nethod of any one of clainms 50-52

wakdoehsdier t her conprises admini stering to the BEI/DS1005/039072

one or nore additional HCV pol ynerase inhibitors. 54.
The nethod of any one of clains 50-53 which further
conprises admnistering to the aninmal, one or nore
protease inhibitors. 55. The nethod of any one of

b3 FFRnor - %om %ﬁﬁﬁ(ﬁlﬁ@%-ﬁ?@ﬁﬁh&l&@sﬁ oAkl R DL furanosyl)-

ribavirin hod of any one of

cfhm[%dhﬁr@ﬁdmn (&S $R)r(t5f(éfAmmnﬁlr©[§é’sd]ammnm1m7eﬂ) frgnethyl-2,5-

f |.at ed f - Oy
R RE A Do g PR R Foio-
a:l]pyﬂﬁﬁm%tpfib-sna@ @Dn‘anﬁnsﬂas’ (zn@ methlyhB xﬂmfnirahosal) -furo[3,2-
ef fective anount o Q— ﬁ“fg’goun 1" s describ any_one

«ﬁpmn?ﬂ% TARYROGr f%‘?Sﬂé@Pf%% fnmmaﬁlwea 4
gsgﬁl 178 Rl Theth gh)aﬂﬁofﬁéaég}%ti)l %ﬁgs Eflﬁl(oﬁ'ﬁm% DA Bl (2-C-

erein one nore a cancer
Moﬁlmmoaﬁ)rﬁnoﬁtkd]@gnmﬁﬁne Fhésmiret Tved2'e®-naetyldne

NN 8 MR, (RN T o

WmlﬂinDQ3H§lﬂh&€é U0 £7 - 02 YT R e 4 D-ibdfutanBsyPy-thidho[ 3,2-
vivo wth an effective inhibitory amount of a corrpound

als}pmdmbfédmlnoa rw(%rﬁ“em@fhbeambﬁu@nqsyl)-th@nofﬁk?ed]wnmhne

SR DRSS Dol S TR SAG B R
fAJfllélUﬁ:@O [B12-dMp shi@alin-7hay ﬁﬁyhydiﬁ&hloiﬂ‘n@ -usBmethafolci@@ound

as descr in any_one clai nms 40 to

rféaﬁneﬁmeﬂ% RRHRIdiR-gpy] ?@tdr h}fhéﬂ%@a ?ﬁwer% -giol; 2-
0h#7BL7- -8B ribb ARt §1) Hirofs, 8- Qmﬁﬂﬁ@maﬁsﬁ%ﬁé R -UJM%ﬂlle D-
one of clains 1-40"to preparé a nedicanent useful for
mb@atranvgyldffm@é%%d]pyalm@nﬁ@m -one; 4-Amino-7-4~(2'-C-methyl-D-

ribofuranosyl)-furo[3,2-d]pyrimidine-5'-monophosphate; 2-Amino-7-6-(2'-C-methyl-
D-ribofuranosyl)-furo[3,2-dJpyrimidin-4(3 H)-one-5'-monophosphate; 4-Methylamino-
7-6-(2'-C-methyl-D-ribofuranosyl)-furo{3,2-d]pyrimidine-5'-monophosphate; 4-
Methylamino-7-£-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-
triphosphate; 4-Amino-7-6-(2'-C-methyl-D-ribofuranosy!)-furo[3,2-d[pyrimidine-5'-
triphosphate; (2-(4-Aminofuro[3,2-d]pyrimidin-7-yl)ethoxy)methylphosphonic acid;
Methyl 2-(((5-(4-aminofuro[3,2-dlpyrimidin-7-yl)-3,4-dihydroxy-4-methyl-
tetrahydrofuran-2-yl)methoxy)(phenoxy)-phosphorylamino)-3-methylbutanoate;
Methyl 2-(((5-(4-aminofuro[3,2-d]pyrimidin-7-yl)-3,4-dihydroxy-4-methyl-
tetrahydrofuran-2-yl)methoxy)(phenoxy)-phosphorylamino)propanoate; S,S'-2,2'-(((5-
(4-Aminofuro[3,2-d|pyrimidin-7-yl)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-
yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate);
S,S'-2,2'-(((5-(4-Aminofuro[3,2-dJpyrimidin-7-yl)-3,4-dihydroxy-4-methyl-
teﬁahydrofuran—Z-yl)methoxy)phosphoryl)bis(oxy)-bis(ethane—Z, 1-diyl)
diethanethioate; S,S'-2,2'-(((3,4-Dihydroxy-5-(4-methoxyfuro[3,2-d]pyrimidin-7-yl)-4-
methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis-(oxy)bis(ethane-2,1-diyl)
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bis(2,2-dimethylpropanethioate); S,S'-2,2'-(((3,4-Dihydroxy-4-methyl-5-(4-
(methylamino)furo[3,2-d]pyrimidin-7-yl)-tetrahydrofuran-2-
yDmethoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate);
S,S'-2,2'-((5-(2-Amino-4-0x0-3,4-dihydrofuro[3,2-d]pyrimidin-7-yl)-3,4-dihydroxy-4-
methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-

dimethylpropanethioate); or a pharmaceutically acceptable salt or prodrug thereof.

31.  The compound of claim 28 which is 4-Methoxy-7-6-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine; 4-[(N-1-Hydroxyethyl)hydrazino]-7-6-(2'-C-
methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-[(N-1-Methyl)hydrazino]-7-6-(2'-C-
methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Dimethylamino-7-6-(2'-C-methyl-
D-ribofuranosyl)-furo[3,2-djpyrimidine; 4-Methylamino-7-8-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Aminoethylamino-7-£-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Hydrazino-7-3-(2'-C-methyl-D-ribofuranosyl)-
furo[3,2-dlpyrimidine; 2-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-
d|pyrimidin-4(3 H)-one; 2,4-Diamino-7-8-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-
dlpyrimidine; 4-Amino-7-3-(2'-C-ethyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-
Amino-7-6-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-Amino-7-a-(2'-C-
methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 7-5-(2'-C-Methyl-D-ribofuranosyl)-
furo[3,2-d|pyrimidin-4(3 H)-thione; 4-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-
thieno[3,2-dJpyrimidine; 4-Amino-7-0~(2'-C-methyl-D-ribofuranosyl)-thieno[3,2-
d|pyrimidine; 2-(4-Aminofuro[3,2-d]pyrimidin-7-yl)-5-(hydroxymethyl)-3-
methylpyrrolidine-3,4-diol; 7-3-(2'-C-Methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidin-
4(3H)-one; 4-Amino-7-f-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-
monophosphate; 2-Amino-7-0-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-dJpyrimidin-
4(3 H)-one-5'-monophosphate; 4-Methylamino-7-6-(2'-C-methyl-D-ribofuranosyl)-
furo[3,2-d]pyrimidine-5'-monophosphate; 4-Methylamino-7-3-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine-5'-triphosphate; 4-Amino-7-6-(2'-C-methyl-D-
ribofuranosyl)-furo[3,2-d]pyrimidine-5'-triphosphate; Methyl 2-(((5-(4-aminofuro[3,2-
dpyrimidin-7-yl)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)(phenoxy)-
phosphorylamino)-3-methylbutanoate; Methyl 2-(((5-(4-aminofuro[3,2-d]pyrimidin-7-
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y1)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)(phenoxy)-
phosphorylamino)propanoate; S,S'-2,2'-(((5-(4-Aminofuro[3,2-d]pyrimidin-7-yl)-3,4-
dihydroxy-4-methyl—tetrahydrofuran—2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2, 1-
diyl) bis(2,2-dimethylpropanethioate); S,S'-2,2'-(((5-(4-Aminofuro[3 ,2—d]pyri1f1idin—7-
y1)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)-
bis(ethane-2,1-diyl) diethanethioate; S,S'-2,2'-(((3,4-Dihydroxy-5-(4-methoxyfuro[3,2-
d|pyrimidin-7-yl)-4-methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis-
(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate); S,S'-2,2'-(((3,4-Dihydroxy-
4-methyl-5-(4-(methylamino)furo[3,2-d[pyrimidin-7-yl)-tetrahydrofuran-2-
yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate);
S.S'-2,2'-((5-(2-Amino-4-0x0-3,4-dihydrofuro[3,2-d]pyrimidin-7-yl)-3,4-dihydroxy-4-
methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-diyl) bis(2,2-
dimethylpropanethioate); or a pharmaceutically acceptable salt or prodrug thereof.

32.  The compound of any one of claims 1-31 which is a prodrug.

33.  The compound of any one of claims 1-31 which comprises one or more mono-,

di-, or tri-phosphate groups.

34.  The compound of any one of claims 1-31 which comprises one or more

mono-phosphate groups.

35.  The compound of claim 33 or 34 which is a prodrug.

36.  The compound of claim 35 wherein one or more pendent hydroxyl groups from
the mono-, di-, or tri-phosphate group has been converted to an alkoxy, substituted
alkoxy, aryloxy, or substituted aryloxy group.

37.  The compound of claim 35 wherein one or more pendent hydroxyl groups from

the mono-, di-, or tri-phosphate group has been converted to a group R,~-O-; wherein

each Ry is independently a 1-20 carbon branched or unbranched, saturated or
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unsaturated chain, wherein one or more of the carbon atoms is optionally replaced with
—O- or -S- and wherein one or more of the carbon atoms is optionally substituted with

oxo (=0) or thioxo (=S).

38.  The compound of claim 35 wherein one or more pendent hydroxyl groups from
the mono-, di-, or tri-phosphate group has been converted to a group R,-N-; wherein
each R, is a residue of an amino acid.

39.  The compound of claim 38 wherein the amino acid is a natural amino acid.

40.  The compound of claim 35 which comprises one or more groups of formula:

O
PO -
O\JQ Ris O HR17
Ri9 Ryg

wherein:

Ris is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, or
an amino acid;

Ry¢ is H, optionally substituted monocyclic aryl, or optionally substituted
monocyclic heteroaryl; and Ry is H, halogen, CN, -CO-Rag, -CON(R21)2, -CO2Rz0, -
SO,R0, -SON(R21)2, -ORg1, -SR21, -Ra1, -N(R21)2, -0-COR2g, -0-CO2R20, ~SCOR29, -
S-CO3Rz0, -NHCOR1, -NHCO,R 1, -(CH3),-ORyg2, or -(CHz),-SRao; or Ry and Ry7 are
connected via an additional 3-5 atoms to form a cyclic group, optionally containing one
heteroatom, that is fused to an aryl group at the beta and gamma position to the O
attached to the phosphorus; or R17 and Rz are connected as described below;

Ris and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl;
or Rig and Ry are connected via an additional 2-5 atoms to form a cyclic group,
optionally containing 0-2 heteroatoms; or R7 and Rjg are connected via an additional

3-5 atoms to form a cyclic group, optionally containing one heteroatom and Ry is H,
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alkyl, aryl, heterocycloalkyl, aralkyl, optionally substituted monocyclic aryl or
optionally substituted monocyclic heteroaryl;

Ry is alkyl, aryl, heterocycloalkyl, or arylalkyl;

Ry is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;

Ry, is H or lower acyl;

n is an integer from 2-5;

m is an integer from 10-20; and

p is an integer from 2-3.

41. A pharmaceutical composition comprising a compound as described in any one

of claims 1-40 and a pharmaceutically acceptable carrier.

42.  The composition of claim 41 which further.comprises one or more additional

anti-viral agents.

43, The composition of claim 42 wherein the one or more anti-viral agents are
selected from ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibitor of a serine
proteases, an inhibitor of inosine monophosphatedehydrognease, interferon-¢, and

pegylated interferon-o (peginterferon-ci).

44,  The composition of any one of claims 41-43 which further comprises one or

more additional HCV polymerase inhibitors.

45.  The composition of any one of claims 41-44 which further comprises one or

more protease inhibitors.
46.  The composition of any one of claims 41-45 which further comprises ribavirin.

47.  The composition of any one of claims 41-46 which further comprises

interferon-o or pegylated interferon-o (peginterferon-cy).
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48.  The composition of claim 41 which further comprises one or more anti-cancer

agents.

49.  The composition of claim 48 wherein the one or more anti-cancer agents are
selected from alkylating agents, antimetabolites, natural products, and hormonal

agents.

50. A method for treating a viral infection in an animal comprising administering to
the animal an effective amount of a compound as described in any one of claims 1-40,
or a composition as described in any one of claims 41-47.

51.  The method of claim 50 wherein the viral infection is selected from the group
consisting of: hepatitis B, hepatitis C, human immunodeficiency virus, Polio,
Coxsackie A and B, Rhino, Echo, small pox, Ebola, and West Nile virus.

52. The method of claim 50 wherein the viral infection is HCV.

53.  The method of any one of claims 50-52 which further comprises administering

to the animal one or more additional HCV polymerase inhibitors.

54,  The method of any one of claims 50-53 which further comprises administering

to the animal, one or more protease inhibitors.

55.  The method of any one of claims 50-54 which further comprises administering

ribavirin to the animal.

56.  The method of any one of claims 50-55 which further comprises administering

interferon-c or pegylated interferon-c (peginterferon-c) to the animal.
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57. A method for treating cancer in an animal comprising administering to the
animal an effective amount of a compound as described in any one of claims 1-40, or a

composition as described in any one of claims 41 and 48-49.

58.  The method of claim 57 wherein one or more additional anti-cancer compounds

are administered.

59.  The method of any one of claims 50-58 wherein the animal is a human.

60. A method for inhibiting a viral RNA or DNA polymerase comprising
contacting the polymerase i vitro or in vivo with an effective inhibitory amount of a
compound as described in any one of claims 1-40.

61.  The method of claim 60 wherein the viral polymerase is an RdRp.

62. A compound as described in any one of claims 1-40 for use in medical therapy.

63.  The use of a compound as described in any one of claims 1-40 to prepare a

medicament useful for treating a viral infection in an animal.

64.  The use of a compound as described in any one of claims 1-40 to prepare a

medicament useful for treating cancer in an animal.
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