WO 2010/ 081082PCT/ US2010/ 020632 1 PHOSPHORAM DATE DERI VATI VES OF GUANGCSI NE
NUCLEGCSI DE COVPOUNDS FOR TREATMENT OF VI RAL | NFECTI ONS [ 0001]

CROSS- REREBBENO®STI®2 RELATED APPLI CATI ONS [ 0002] The pr eseatr/uspgloioz@t: on
clainms the benefit of U S. provisionall application Ser. No. 61/185, 426,
filed June 6, 2009 nd U S provisional | i.catiqn r..No. 61/143,527
filed January 9, %QSPW@QEEE)%E‘YA%E§E§£§ﬁi&%ﬁ@&gped herei n by

ref er ence.NUOPERISIDEEDNPOUNDS ORI TRHNT IR VIRARPINPRETPONSE! at es to
novel nucl eoside phosphorani dates and their use as agents for treating
viral diseases. Such conpounds are inhibitors of RNA-dependant RNA viral
replication and specifically, inhibitors of HCV NS5B pol ynerase. As

i nhi bi t[o0®1 JafRG¥ESVREBIRENGRITOOREL SEEDA pOTPOMIONS are useful for treatnment of
hepatitis Cinfection in mammals. [0005] BACKGROUND OF THE | NVENTI ON [ 0006]
HCV is a nenber of the Flavi V|r|dae famly of RNA viruses that affect

ani mal 980 Hsrerent appéicyiisiams hey f‘é‘ieﬂb‘Pfé’ 9: BIRINUBAIRPISRHANRE ONORNA, and
consi sts of on far ei n of

appr oxi mat el v S0 e e B g e o by RO SN Bot 5
and 3' ends (561/143;6213f11eu|11m)uar5raezq§)91 h@h ot edid apgioagsnsascarherapdéerisby t o at
| east 10 separate viral proteins critical for replication and assenbly of
progeny viral Parfi® es. [0007] Hepatitis C Virus (HCV) infection is a

maj or health problemthat |eads to chronic liver disease, such as cirrhosis
and heg@g@gﬁmgﬂ)@[sm@qgvﬁmi\l in a substantial nunber of infected
individuals, estimated to be 2-15% of the world popul ation. There are an
estimated 4.5 mllion infected people in the United States al one, according

to the [00& Thanarplicptinn plades4e 80¥) rwﬂépmd%%?mrﬁ@@a@ﬁtaﬁé thepiysg apagINth
Organi zat | on a

wor | dwi de, E&%{eg ﬁgﬁs‘%ageg §u$}f’ Apl)%g% g“@%ﬁ{%ﬁgﬁ ect ecf%(lfa{g%: year.
Once i nfect ed Rwouﬁalzeﬁlﬁo@florpaﬂmpecnﬁlcelay ititikitors BOECVONSSB Ipelynedirmdendar can
har bor HCV for the res gf their lives. WO 2010/ 081 ?ZPCT/ US2010/ 020632 2
[0008] Ten to t%@%@ Yriepliatieny ik eAPPIIH PRECEl] FHASOTRRRAPE event ual |y
devel op liver- ggﬁ lglgblﬁgcﬁbﬂ{m%ﬁlagr cancer. The viral disease is
transmtted parenterally by contam nated bl ood and bl ood products,

cont am nat ed needl es, or sexually and vertically frominfected nothers or
carri erl0B®T B EKGROUMEDF TIGE INYRNTHQN[ 0009] At present, the standard
treatnment for chronic HCV is i nterferon al pha (I FN—aI pha) in conbination
with ri r which.re r trea
Foveverl O EAC YN mihtef e Fe Pipe il o 6% BB et B R ¢ o
with adverse Sh@iﬁa@f TRe benohecid aaﬁqgﬂea@ bilebadeauend oicthlAI snd t@anacdfene

nyal gi as, arthralgias, mld al opecia, psychl atric effects and associ at ed

di sorders, aut epfrﬁfﬁﬁéng)ﬁéwsmgnms §§sadft9i wrel§ingels sprierigagehy 304 aping

dysfuncti on. i f o) n te
dehydr ogenase ?ﬁ%@@eﬁ%&u&ﬁ%%& fe% P Iaég%§%0?ﬂ&%§bﬁﬁegh§n?‘§ t he t?lgbgt ment
of HCV. Despi tpoltypﬁ)talm'sasmehnstth@preotﬂrson tbavlenstn,0 separetetviahpio@dh sodritichlefor
patients do not elimnate th us with he current standard therapy of

i nt er f er on- al pHRISHIPAHATerT0hy %@roaaw,w A4S t herapy of chronic
hepatitis C has been changed to t he conbi nat| on of pegyl ated | FN-al pha pl us
ri bavi ripno7)HEWRUES C ErlUMeey) iafecRad isehsjop hédith fheEmThANédds 6dPfrogicde
effects, primarily related to ribavirin.” [0011] Ri bavirin causes

si gni fi cant hehwtyljegsd, puchmrs209%vis Jpdthicpsiperliutas suigthoata, mmémanyal
recommended doses d [ bot h teralo 0 Even
with recent |rrBIrH89%rrPgn?ftthedde d %Sriteigmpatf:ré% |%§ggf0ﬁﬂ ?Vé)ﬂ? olagr(m respond

Wi th a sustai ngHere Qe dstihatdd 45 ﬁallloh@ﬁdcta@gedm@ﬁﬁhb anae@B@@ds aerd for nore
effective antiviral therapy of HCV infection. [0012] A nunber of other

appr oaches ar eagserdiag puhe (et ¢ate dabRiscasseoRirplydccrrsing forfhe Mepsld Heplth
exanpl e, appligp i.se MY Bﬂzi\fn fwiiQr
i nhi biting HCV r%a{n?{ét18 |t§ér}re %u@taﬁeetﬁlr%re ﬁolg\ll?h{mg e?:du{ﬁ{h‘}i(ll wel g (?Wcorcripounds
that directly Wﬁthlablerastl—iicfd domidtien pesopaniebinindscier @chytdr. @neainfaceqll aloatti on ar e
consi dered as tractive strategies tqQ contral HCV infec t he
viral targets, %%@ fiReap! aAeﬁrr%veéfa%/bﬁérheéa@élng?r&apﬁlérmsﬁé\hﬁ% laf'erﬁéfrﬂgfem RNA
pol ymer ase ar ege@ngjdered the nost promsing viral targets for new drugs.

[ 0013] A nunber of patents disclose and claiminventions relating to CV

NS5B i nhi bitors. For exanple, WO 2006/ 046039, WO 2006/ 046030 and WO
2006/ 029912,



WO 2010/ 081082PCT/ US2010/ 020632 3 incorporated by reference herein, relate
to tetracyclic indole conpounds and pharmaceutically acceptable salts

t her eof , Wworotonsidseeat ment or prevention of infection bpCchasatioe@&3L virus.
WO 2005/ 080399, incorporated by reference herein, relates to fused

het er ot clic compounds,. pharnmpceutically . acceptable salts fhereof; and
t hei r J§é5%j§f(e§; CTRCIRS BeicaRelh TRBial 17 SCt?f? ey Vea@aﬁzséswﬁ% _

pol ynerase i nhH@s‘tﬁo%fn%-cir_YﬁB_s?sQQ%@QJe?.A@he L REIQ RALEL edn QY8 heIRREAIVISS €1 N,
relates to HCV NS5B inhibitors. Further, WO 2003010140, incorporated by

r ef erence her etontammlatedddoadmndgdedid produath ichitamirs: taglf neRillas,ce penddnandkNA
pol ynerases, part.icul arl iral polynerases within.the Flaviviridae famly,
mor e parti cul arryealy e prshmdisy SHetSaonthin el qeRsrRllat ed by

reference herein, relates to specific inhibitors of RNA dependent RNA

pol ynmer[ases, Afyaedent theadtAndami trétmp@l fynEragie HOW idiintereRs dhiaviIvNrdlstagid am |y,
and nore particularly the NS5B pol ynerase of HCV. WD 200147883,

i ncor por at ed b§opRinafiehweh HBpwip, Whigh sgauires af 1356 sixf(Prmppde ot Fedigeronpounds
or the like or i QDA f Qpppunds
and salts exhi E]IBtQ% g‘%]’ag%i%n? ﬁ@fll{%g%glﬁ? %%g%egoﬁﬁsﬁgﬁqhgg{%e{lﬂ gﬁ\t/elﬁrt ue of

t hei r i nhi bi t ongvedetside dffecagacinsd fatighé, foley,raailBskBsadhdhes myelgivg, argefildlasas

t herapeutic or preventjve agents for hepatitis C. [0014] However, in view
of the worl dwi BECGRTER BYFEREIC %;ecﬁ@@d&ﬁi?cﬁfmls%é%&u IR e

Flavi viri dae f gpdo¥eRh ad 55‘%@&%dﬁﬁgrcfei"§éﬂaecﬁy1iom €Y§sﬁi’ﬁcﬁf)n.t he limted
treatnent options, there is a strong need for new effective drugs for

treating infections cause by these viruses. [0015] SUMMARY OF THE | NVENTI ON
[0016] [PHIQ Rihsarini aninhibitdi ofdoosne §'enopbbsphotepishpdie gerrat (IMRDHAseful in the

treatnment of viral infections i ls di at ed | east. ipn part, by a
Viras i the EPEBnerhEEcRaen TNGRRGT ol B RE By PEhisile Bnbodi mont s,
the present inugRUL&DNBIABaIRS, idFe Y 80 7ZCAMROpIREtsQo Hopemmirate thy virayi ng
the structure: WD 2010/ 081082PCT/ US2010/ 020632 4 [0017] wherein Ar is

sel ect ed from ph&ile currpappfardard theragy of ppterfeyay-abithaghil ehawiria. Bpopwnal |y

substituted w ] Ve, 1 G - I ma (G I !
C1- Gsal kyl car b%t)%r&cgg _ﬁ%g%p qu ﬂngmcq?e%aﬁgg% haflbdet c"hgﬁ)ge% S AT Rlon of
pegylated IFN-alpha plus ribavirin. However, a number of patients still have

significant side effects, primarily related to ribavirin.

[0011] Ribavirin causes significant hemolysis in 10-20% of patients treated at currently
recommended doses, and the drug is both teratogenic and embryotoxic. Even with
recent improvements, a substantial fraction of patients do not respond with a
sustained reduction in viral load and there is a clear need for more effective

antiviral therapy of HCV infection.

[0012] A number of other approaches are being pursued to combat the virus. They include,
for example, application of antisense oligonucleotides or ribozymes for inhibiting
HCYV replication. Furthermore, low-molecular weight compounds that directly
inhibit HCV proteins and interfere with viral replication are considered as
attractive strategies to control HCV infection. Among the viral targets, the
NS3/4A protease/helicase and the NS5B RNA-dependent RNA polymerase are

considered the most promising viral targets for new drugs.

[0013] A number of patents disclose and claim inventions relating to CV NS5B inhibitors.
For example, WO 2006/046039, WO 2006/046030 and WO 2006/029912,



Xis selected fromS, NHand O; Rl1 is selected fromGC -C6 al kyl, benzyl,
substituted benzyl; and aryl (Co-C6)al kyl- wherein the aryl is optionally
subst i t utwo 2by/dsaise, WO 2010/ 081082PCT/ US2010/ 020632 5 prCrASe@okooey2 and
C -C6al kyl; R2 is selected from hydrogen, phenyl, aryl, and

o O B S 5 L P IS o SRR o o
i ndependent | y ﬁﬁa{rﬁﬁwﬁmmﬁmcwﬂm@g% thSeo 6l khe! tre‘aﬂﬁérf? RAbleVemidhsi t ut ed
with al kylthio, benzyl optionally substituted with one of nore hal o,
G - Ceal kyl, or 1nfect10n by hepatitis C virus. WO 2005/080399, incorporated by reference
herein, relates to fused heterotetracyclic compounds, pharmaceutically acceptable
salts thereof; and their use in aiding to remedy hepatitis C infection as potent
(HCV) polymerase inhibitors. WO 2003007945, incorporated by reference
herein, relates to HCV NS5B inhibitors. Further, WO 2003010140, incorporated
by reference herein, relates to specific inhibitors of RNA dependent RNA
polymerases, particularly viral polymerases within the Flaviviridae family, more
particularly to HCV polymerase. WO 200204425, incorporated by reference
herein, relates to specific inhibitors of RNA dependent RNA polymerases,
particularly viral polymerases within the Flaviviridae family, and more
particularly the NS5B polymerase of HCV. WO 200147883, incorporated by
reference herein, relates to specific fused-ring compounds or the like or
pharmaceutically acceptable salts thereof. Such compounds and salts exhibit an
anti-HCV (hepatitis C virus) activity by virtue of their inhibitory activity against
HCYV polymerase, thus being useful as therapeutic or preventive agents for

hepatitis C.

[0014] However, in view of the worldwide epidemic level of HCV and other members of the
Flaviviridae family of viruses, and further in view of the limited treatment options,
there is a strong need for new effective drugs for treating infections cause by these

viruses.
[0015] SUMMARY OF THE INVENTION

[0016] This invention is directed to novel compounds that are useful in the treatment of viral
infections in mammals mediated, at least in part, by a virus in the Flaviviridae
family of viruses. According to some embodiments, the present invention

provides for novel compounds of formula (I) having the structure:



G - Co6al koxy, phenyl optionally substituted with one or nore hal o,

C - Coal kyl, or C -Co6al koxy; R6 is selected from Cl-Ci oal kyl,

C3- C8cyclwal2k1i081@83- C8cycl oal kyl - al kyl -, phenyl (G - C6) alPkyiuS2aptoe@sal | y
substituted wth G -Cé6al kyl, G -C6al kéxy, and hal o, indanyl and

het erocycl oal kyl ; and pharmaceutically acceptable salts thereof. WO

2010/ 081082PCT/ US2010/ 020632 6 [ 0018] Accordi to ot her enbodi nents, the
present invention extends to a pharmaceutical] conmposition conprising one or
nore conpounds of formula | ang a pharna/ﬁ i®al |y acceptable carrier,

exci pient or diluent. The pharjmaceuti cal ccgptable carrier, excipient or
diluent may be pure sterile w&ef, phosphdt e Nu Téred sal ine or an aqueous
gl ucose, solution. In additiqﬂ¥P olinds aspreflected in fornula

wi || include pol ynorphs th8re T. 10 8p.provided are nethods for
treating a viral infection ) "'Fa diated at least in part by a virus
in the Flaviviridae famly erRdi n am®i n"Sfant net hod conpri ses

adm nistering to a manmal thagehas been diagnosed with said viral infection
a pharmaceutical conposition conprising conmpounds of formula I. [0020] Al so
provi ded are nmethods for treating a vifal infection in a human or ani nal
patient that is nediated at least in part by a virus in the Flaviviridae
famly ei n an jnstant t hod conprises adm nistering to a human or
aninal[ﬁgfﬁé%W“?Hpﬁé%ﬂﬁ?ﬁ%féﬂp an effective anount of a pharmaceutica
conposition conprising conpounds of formula |I. [0021] In one enbodi nent,
the virus is hepatitispeppirus (or HCV). The present nethods further extend
to combi nation treatnent conprising admnistration of a therapeutically
effective anount of one or nore agents active against hepatitis C virus.
Such active agents agdlaBthyhepatitis C virus may include interferon-al pha
or pegylated interferon-al pha alone or in conbination with ribavirin or

| evovirin. [0022] Addit%izgi:fﬁnpounds in accordance with the invention are

provided as set forth below] apd it is contenplated that these additional
conmpounds will also be' N n methods of treating a Flavivirus famly
i nfection, including infections caused by HCV. Methods, pharnaceuti cal

conposi tions and conbin uch as those referred to herein for formula
| are al so contenplated—mﬁth regard to the additional conpounds as set
forth herein. WD 2010/0 / US2010/ 020632

‘0
1 \ ~
N" | and

. = ~N N
A
N" | any of which are optionally substituted with

Ci-Cealkyl,
C;-Cealkoxy,
di(C;-Cg)alkylamino or
Ci-Csalkylcarboxy(C;-Ceg)alkyl-;
X is selected from S, NH and O;
R' is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,



7 [0023] DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0024] The present invention
relates to chem cal conpounds, their preparation and their use in the

t r eat mentwof2owvasals2i nf ecti ons particularly in mammal s. Partiscubazdey?

al t hough not exclusively, the presentSinvention relates to chem cal
conmpounds useful as anti-hepatitis C virus (HCV) agents. [0025]
Specifically, the present iﬁ%\?éﬁﬁlfoé%’%]@scri bes certain nucl eosi de aryl
phosphoram dates, their syr@lt@l\%m%ﬁl; and their use as precursors to

i nhi bitors of RNA-dependent RNA viral polynerase, particularly their use as
precursors to i nfbissdegedfromepatitis C virus (HCV) N55-B pol ymerase, as
precursors to inhi bitcilr of HCV replication, and for the treatnent of
hepatitis C infection. Y?fﬁﬁ%’] It is an object of the present invention to
provi de novel chem calphepyipounds useful for treatnent of viral infections
in mammal s, specifically for treatnment of hepatitis Cinfection in mammals.
[0027] According to arregdsdi nent of the present invention there is

oo e 2 compound of LR inreh EFY ARIRKR AN BEAF LS 1T
halo,
C;-Cealkoxy, and
C;-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
C;-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C;-Cealkoxy,
phenyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cioalkyl,
C;-Cgeycloalkyl,
Cs-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
C;-Cealkoxy, and
halo,
indanyl and
heterocycloalkyl;

and pharmaceutically acceptable salts thereof.



WO 2010/ 081082PCT/ US2010/ 020632 8 1-1 ,1...... " " -- N , .-
1 N, and -:1 N, any of which are optlonally substltuted vmth
G - Csal kywo 2Cio/086mk koxy, di (G -C6)al kyl am no or PCT/US2010/020632
Ci - Coal kyl carboxy(Ci -C6)al kyl-; X is selected fromS, NH and 0; RlLis
substituted. benz

sel ect om G -C6 alg |, benz

aryl ( cf{-g@:%‘{l e rding prat e prytog ?@ﬁ ThSPIgHT BHYATYSP S aPE%rH@g;e%fﬂo
composition comprising one or more compounds of formula I and a
pharmaceutically acceptable carrier, excipient or diluent. The pharmaceutically
acceptable carrier, excipient or diluent may be pure sterile water, phosphate

buffered saline or an aqueous glucose, solution. In addition, the compounds as

reflected in formula I will include polymorphs thereof.

[0019] Also provided are methods for treating a viral infection in a mammal mediated at least
in part by a virus in the Flaviviridae family wherein an instant method comprises
administering to a mammal that has been diagnosed with said viral infection a

pharmaceutical composition comprising compounds of formula I.

[0020] Also provided are methods for treating a viral infection in a human or animal patient
that is mediated at least in part by a virus in the Flaviviridae family wherein an
instant method comprises administering to a human or animal patient in need
thereof an effective amount of a pharmaceutical composition comprising

compounds of formula I.

[0021] In one embodiment, the virus is hepatitis C virus (or HCV). The present methods
further extend to combination treatment comprising administration of a
therapeutically effective amount of one or more agents active against hepatitis C
virus. Such active agents against hepatitis C virus may include interferon-alpha or

pegylated interferon-alpha alone or in combination with ribavirin or levovirin.

[0022] Additional compounds in accordance with the invention are provided as set forth
below, and it is contemplated that these additional compounds will also be useful
in methods of treating a Flavivirus family infection, including infections caused
by HCV. Methods, pharmaceutical compositions and combinations such as those
referred to herein for formula I are also contemplated with regard to the additional

compounds as set forth herein.



G - Coal koxy, and G -C6al kyl; R2 is selected from hydrogen, phenyl, aryl,
and aryl (Co-C6) al kyl - wherein the aryl is optionally substituted by hal o,
C - Coal kowg,20mm31@82- Coal kyl ; R3 is selected fromH and edr/uRdoiancheRd ar e
i ndependent |y sel ected from hydrogen, 7 WD 2010/ 081082PCT/ US2010/ 020632 9
C - Coal kyl optionally substituted with al kylthio, benzyl optionally
substituted with one or nore hal o, G -C6al kyl, or G -C6al koxy, phenyl
opt i ondPP3S1IIBRYLER DESCRIPTIONMETIHE INGINTIQN| 0, Ci - C6al kyl, or Ci - C6al koxy;
[0024] The present invention relates to chemical compounds, their preparation and their use
in the treatment of viral infections particularly in mammals. Particularly, although
not exclusively, the present invention relates to chemical compounds useful as

anti-hepatitis C virus (HCV) agents.

[0025] Specifically, the present invention describes certain nucleoside aryl
phosphoramidates, their synthesis, and their use as precursors to inhibitors of
RNA-dependent RNA viral polymerase, particularly their use as precursors to
inhibitors of hepatitis C virus (HCV) NS5-B polymerase, as precursors to

inhibitors of HCV replication, and for the treatment of hepatitis C infection.

[0026] It is an object of the present invention to provide novel chemical compounds useful
for treatment of viral infections in mammals, specifically for treatment of hepatitis

C infection in mammals.

[0027] According to an embodiment of the present invention there is provided a compound

of formula (I):

R1
X/
N X
Ar N
| ¢ f
N N/)\NH
|2
0 R

O\P,/O
HN" O
OYKHIRS CH3
R4 R3 OH
O\RG
(D

[0028] wherein Ar is selected from

phenyl,

naphthyl,



R6 is selected from Cl- G oal kyl, C3-C8cycl oal kyl, C3-C8cycl oal kyl -al kyl -,
phenyl (G -C6)al kyl - optionally substituted with C -C6al kyl, C -C6al koxy,
and wbabwmyosiosdanyl and het erocycl oal kyl ; and t he plrarnseaurawal | y
acceptabl e salts thereof. [0029] Accosding to second enbodi nent of the
present invention there i g provided a conpound of fornmula (1) above wherein
Ar is selected from naphth Nany of which are optionally substituted with
G - Coal kyl, G - C6al koxy,x 10/ 081082PCT/ US2010/ 020632 10

di (G -06)al kyl ami no or Ci -C6al kyl carboxy(G -C6)al kyl-; X is selected from

S, NHand O; Rl is selec om C -C6 al kyl, benzyl, substituted benzyl;
and aryl (Co-C6)al kyl - wWherejn the aryl is optionally substituted by hal o,
G - Ceal koxy, and SN
0
NN , and

N" | any of which are optionally substituted with
Ci-Cealkyl,
C-Cealkoxy,
di(C;-Cg)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;

R' is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from

hydrogen,



C -C6al kyl; R2 is selected from hydrogen, phenyl, aryl, and

aryl (Co-C6) al kyl - wherein the aryl is optionally substituted by hal o,

C - Coal kowg,20mm31@82- Coal kyl ; R3 is selected fromH and edr/uRdoiancheRd ar e

i ndependently sel ected from hydrogen, 9C1- C6al kyl optionally substituted
with al kylthio, benzyl optionall ubstituted with one or nore hal o,

G - Ceal kyl, or G- %al%@&%ﬂﬁkyﬁﬁg‘ﬁ aﬁéﬂﬁ?‘i’%ﬁ?‘fﬁwtg&b‘é’gt&c%t ed with one or nore
halo, G -Coéalkyl, or Qep ﬁ@f@ﬂ BBstitSred @RS, W pen C1- G oal kyl

C3- C8cycl oal kyl, WD 2010/ 081082 CT/ US2010/ 020632 11

C3- C8cycl oal kyl - al kyl -, phénid (Ci-Co)al kyl - optionally substituted with
G - Goal kyl , C;-Cealkyl, or
C;-Cealkoxy,
phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;
R® is selected from
C;-Cioalkyl,
Cs-Csceycloalkyl,
Cs-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C;-Cealkyl,
Ci-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0029] According to second embodiment of the present invention there is provided a

compound of formula (I) above

wherein Ar is selected from

naphthyl,
| | N

N™ and
P | N
_:_\ =N

any of which are optionally substituted with
Ci-Cealkyl,
C;-Cealkoxy,



G - Coal koxy, and hal o, indanyl and heterocycl oal kyl; and the
phar maceutically acceptable salts thereof. [0030] According to a third
enbodi mrerwoabiwdseospr esent i nvention there is provi ded aPcomgsoan®2wB2 f or nul a
(1) [0031] Yvher ei n Ar is select eﬁi from phenyl, naphthyl, i
NN any ot i cn’ dHEEOUBHARA Siosti tuted wth o-Coalkyl,
C - Ceal koxy, di (G -C6)al kyl@ln@&gq@gar@lx-y@latg))ﬂk@g’r boxy (G - C6) al kyl -;
X is selected from S, NH and O;
R' is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
Ci-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C-Cealkoxy,
phenyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cyoalkyl,
C;-Cgeycloalkyl,



Xis 0; RLis selected fromGC -C6 al kyl, benzyl, WO

2010/ 081082PCT/ US2010/ 020632 12 substituted benzyl; and aryl (Co-C6) al kyl -
wher ei n twe 2arouis1082 opti onal |y substituted by hal o, C - @6ahisexy/02m@sz

C -Coal kyl; R2 is selected from hydrogen, phenyl, aryl, and

aryl (Co-C6) al kyl - wherein the aryl is optionally substituted by hal o,
G - Coal koxy, and G -CéiﬂrﬁifWgoP%gy?f%lkX]é’l ected fromH and OH, R4 and R5 are

i ndependent |y sel ect ecbhtgﬁﬁmlh@igg}kgﬁr@) tiGhalGRabkuhte@Rfiinonal I'y substituted
with al kylthio, benzyl optionally sugsti tuted wth one or nore hal o,
G - Coeal ky| , Or C1—C6alky1,
Ci-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0030] According to a third embodiment of the present invention there is provided a

compound of formula (I)

[0031] wherein Ar is selected from

phenyl,
naphthyl,
AN
LS
P | N
_:_\ ZN
T N\j
1 \ ~
N" | and
' ~N
_:_\ | P
N" | any of which are optionally substituted with
Ci-Cealkyl,

C;-Cealkoxy,
di(C;-Cg)alkylamino or
Ci-Csalkylcarboxy(C;-Ceg)alkyl-;
Xis O;
R' is selected from
C;-Cs alkyl,
benzyl,



G - Co6al koxy, phenyl optionally substituted with one or nore hal o,

C - Coal kyl, or C -Co6al koxy; R6 is selected from Cl-Ci oal kyl,

C3- C8cyclwal2k1i081@83- C8cycl oal kyl - al kyl -, phenyl (G - C6) alPkyiuS2aptoe@sal | y
substituted with G -C6al kyl, G - CGaI kiaxy, and hal o, indanyl and WO

2010/ 081082PCT/ US2010/ 0%0632 % ter ocycl oal kyl ; and the pharnmaceutically
acceptabl e salts ther sYpsttpigs ?‘}Zy 8rding to a fourth embodi ment of the

D T ey ISP oA A A b o 0023
1.-", ... " e " halo,; ;... N
Ci-Csalkoxy, and
C;-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
Ci-Csalkoxy, and
C;-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
C;-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy,
phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cioalkyl,
Cs-Csceycloalkyl,
Cs-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
Ci-Csalkoxy, and
halo,
indanyl and



T N , any of which are optionally substituted with

C - Coal kyl, G -Co6al koxy, di (G -C6)al kylam no or

Ci - Coal kywoantysysei - C6) al kyl -; X is selected fromsS, NACaZn$2@0/0Rb32 S
selected fromCl-C6 alkyl, R2 is seleBted from hydrogen, phenyl, aryl, and
aryl (Co- C6) al kyl - wherein th ryl is optionally substituted by halo,

G - Coal koxy, and WD i@ieé?‘ﬁ’g%@‘?%ﬁ/ US2010/ 020632 14 Ci-Céal kyl; R3 is

sel ected from H apd fdHnhRhaaRbcAt Respihtldengndgatd y sel ected from hydrogen,

[0032] According to a fourth embodiment of the present invention there is provided a

compound of formula (I)

[0033] wherein Ar is selected from
phenyl,

naphthyl,

N" | any of which are optionally substituted with
C;-Cealkyl,
C-Cealkoxy,
di(C;-Ce)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R! is selected from C,-Cs alkyl,
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and



G - Coal kyl optionally substituted with al kylthio, benzyl optionally
substituted with one or nore halo, G -C6al kyl, or G -C6al koxy, phenyl
opt i onal Iwo=otmisidsat ed wit h one or nore hal o, G -C6al kylPcTars2@Go/oa@sat koxy;
R6 is selected from Cl1-Gi oal kyI C3- A8cycl oal kyl, C3-C8cycl oal kyl - al kyl -
phenyl (G - C6) al kyl - opti on? é%gsti tuted with G -Co6al kyl, G -C6al koxy,
and hal o, indanyl and-het®€tocycl oal kyl; and the pharnaceutically

acceptabl e sal ts pind QRdYIR6RNS abdeiLOf . [0034] According to a fifth
enbodi ment of the Jpresent invention there is provided a conmpound of fornula

(1) [0035] whereiR and R’ gremﬂamédltfyaﬁmcmde“m napht hyl, WD
2010/ 081082PCT/ US2010/ 0%0632 150 ..r..... -\ ne\ o 1-1

C;-Csalkyl optionally substituted with alkylthio,

benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy,

phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;

R® is selected from

Ci-Cioalkyl,

Cs-Csceycloalkyl,

Cs-Cscycloalkyl-alkyl-,

phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
Ci-Csalkoxy, and
halo,

indanyl and

heterocycloalkyl;

and the pharmaceutically acceptable salts and polymorphs thereof.

[0034] According to a fifth embodiment of the present invention there is provided a

compound of formula (I)
[0035] wherein Ar is selected from
phenyl,

naphthyl,



I e -, N0 i, J\H, 1-1'N, , -.-% :1 N,
and-I-II ' N, any of which are optlonally substltuted wth G - CGaIkyI
C - Coal kowg,20tva8@is2 C6) al kyl ami no or Ci - C6al kyl car boxy( CrcTa)sadikpkos32 X i s
selected fromS, NH and 0; Rl is selested fromC -C6 al kyl, benzyl,
substituted benzyl; and aryl (Co-C6)al kyl - wherein the aryl is optionally
substituted by hal o, OI 66a|k\0 y, and G -C6al kyl ; R2 is hydrogen,

N" | any of which are optionally substituted with
Ci-Cealkyl,
C-Cealkoxy,
di(C;-Cg)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R! is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R” is hydrogen,
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
Ci-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C-Cealkoxy,
phenyl optionally substituted with one or more

halo,



R3 is selected fromH and O4, R4 and R5 are independently selected from
hydr ogen, Cl1-C6al kyl optionally substituted with al kylthio, benzyl

opt i onal Iwo=otmisidsat ed wit h one or nore hal o, G -C6al kylpcTars2@Gio/nasat koxy,
phenyl optionally substituted with on® or nore halo, WO

2010/ 081082PCT/ US2010/ 02063(?j ¢6 G - Ceal kyl, or G -C6al koxy; R6 is selected
from Cl- G oal kyl, C3-C8cycl0oa ‘@1?3’,1’ ®3- c8cycl oal kyl - al kyl -,

phenyl (G - C6) al kyl - optionghly agg)t%%,’ti tuted with G -C6al kyl, G -C6al koxy,
and hal o, indanyl and het er oCycl oal kyl ; and the pharnaceutically
accept abl e sal ts Rhiesdedted frod36] According to sixth enbodi ment of the
present invention thegf '¢sﬂlil;%rlovi ded a conpound of formula (1) [0037]
wherein Ar is sel ected from"

C;-Cgeycloalkyl,

Cs-Cscycloalkyl-alkyl-,

phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
C;-Cealkoxy, and
halo,

indanyl and

heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0036] According to sixth embodiment of the present invention there is provided a compound

of formula (I)

[0037] wherein Ar is selected from

phenyl,

naphthyl,
AN

TR | P

N

2

P | AN
_:_\ =N
1)
1 \ y/

N" | and

N" | any of which are optionally substituted with
C;-Cealkyl,
C;-Cealkoxy,
di(C;-Ce)alkylamino or



phenyl, naphthyl, N | N, and 1IN ' N, any of which are optionally
substituted with G -C6al kyl, G -C6al koxy, di (G -C6)al kylam no or WO
2010/ 081080RCIVI8BBR10/ 020632 17 Ci - Coal kyl car boxy( G - C6)palrkyse10/02063%
selected fromS, NH and O; Rl is seleldted from Cl-C6 al kyl, benzyl,

subst tuted bemzyl a0 A (CoSUARUC QRS e, YL £ ontorat 1y
hydrogen, phenyl,x is selected from S, NH and O:
R! is selected from
Ci-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C;-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C;-Cealkyl;
R? is OH;
R* and R® are independently selected from
hydrogen,
C;-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C;-Cealkoxy,
phenyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cioalkyl,
C;-Cgeycloalkyl,
Cs-Cscycloalkyl-alkyl-,



aryl, and aryl (Co-C6)al kyl - wherein the aryl is optionally substituted by
hal o, C -C6al koxy, and C -C6alkyl; R3 is OH R4 and R5 are independently

sel ect ed woamongdisegen, Ci - C6al kyl optionally substitut @dTistérombkdeygt t hi o,
benzyl optionally substituted with on® or nore halo, G -C6al kyl, or

G - Ceal koxy, phenyl t| t.ut th one.or nore halo,
G -Csal kyl, or G- cem%&%@%aﬁ@ @PEB‘%@& S\mﬁ’%}m”eﬁwéﬁ al kyl ,
C3- C8cycl oal kyl, C3-C8cycl qg %ﬁhk vl kyl - WD 2010/ 081082PCT/ US2010/ 020632

18 phenyl (G - C6) al kyl - opt| onal |y substl tuted with G -C6al kyl, G -C6al koxy,
and hal o, indanyl and C,-Cealkoxy, and

halo,
indanyl and
heterocycloalkyl;

and pharmaceutically acceptable salts thereof.

[0038] According to seventh embodiment of the present invention there is provided a

compound of formula (I)

[0039] wherein Ar is selected from

phenyl,

naphthyl,
AN
H S
P | X
_:_\ N

v 7 | N\j

1 \ y/

N™ and

' N

N" | any of which are optionally substituted with
C;-Cealkyl,
C-Cealkoxy,
di(C;-Ce)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R' is selected from
Ci-Cs alkyl,
benzyl,

substituted benzyl; and



heteroc yclo al kyl ; and pharmaceutically acceptable salts thereof. [0038]
According to seventh enbodi nent of the present invention there is provided
a conmpoumstoabiofosiesal a (1) [0039] wherein Ar is sel ect edpCrarseqosmsb?

napht hyl, -:1 N , any of which ar® optionally substituted with

G - Coal kyl, C -Co6al koxy,. di (G -C6)al kyl am no or . .

Gi - Ceal kyl car boxy(Gi - déylé‘qué;ﬁal,k(Y:f( "Ya}?régaéec"tré]dSPPB?ﬁaﬁ}’ SRRPEREd BY R1 i s

sel ected from Cl1-C6 al kyl, jpgnzyl, substituted benzyl; and WO

2010/ 081082PCT/ US2010/ 020632 19 aryl (Co-C6) al kyl - wherein the aryl is
optionally substituted by HalGsall@xyCeal koxy, and C - Céal kyl ;

C-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
Ci-Csalkoxy, and
C-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
Ci-Csalkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cyoalkyl,
Cs-Csceycloalkyl,
Cs-Csceycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C;-Cealkyl,
Ci-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts.

[0040] According to eighth embodiment of the present invention there is provided a

compound of formula (I)



R2 is selected from hydrogen, phenyl, aryl, and aryl (Co-C6)al kyl - wherein
the aryl is optionally substituted by hal o, G -C6al koxy, and G -C6al kyl; R3
i s sel ectwd 2broasudd2aand OH, R4 and R5 are i ndependently eelrasted/otecem
hydr ogen, G -C6al kyl optionally substituted with al kylthio, and phenyl
optionally substituted with one or nore hal o, G -C6al kyl, or G -C6al koxy;
R6 is selected from Cl-C oal kyl, C3-C8cycl oal kyl, C3-C8cycl oal kyl -al kyl -,
phenyl ([@4@;@rglﬂlm lppglé&épﬁ&yl substituted with G- Caal kyl, G -Cé6al koxy,
and hal o, indanyl and heterocycloal kyl; and the pharnaceutlcally
accept able salts. [0040] According to eighth enbodi nent of the present
invention there is prabeddd a conpound of formula (1) WO
2010/ 081082PCT/ US2010/ 020632

naphthyl,
1)
R P

Y N ,
P | Y
_:_\ =N
T N\j
1 \ ~

N" | and

' (7 ~N

N" | any of which are optionally substituted with
Ci-Cealkyl,
C-Cealkoxy,
di(C;-Cg)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R' is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,



20 [0041] wherein Ar is selected fromphenyl, naphthyl, N [I-1) I N, and
1Ti, ] N, any of which are optionally substituted with G -C6al kyl,

C - Coal kowg,20tva8@is2 C6) al kyl ami no or Ci - C6al kyl car boxy( CrcTa)sadikpkos32 X i s
selected fromS, NH and O; RL is seledted fromGC -C6 al kyl, benzyl,
substituted benzyl; and ary ( C6 al kyl - wherein the aryl is optionally
substituted by hal o, - 9@1@ 4G - csal kyl :

Ci-Cealkyl;
R? is selected from H and OH;
R* is selected from
C;-Csalkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;
R’ is hydrogen;
R® is selected from
Ci-Cioalkyl,
C;-Cgeycloalkyl,
Cs-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
C;-Cealkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0042] According to ninth embodiment of the present invention there is provided a

compound of formula (I)

[0043] wherein Ar is selected from

phenyl,
naphthyl,
AN
LS
= AN



R2 is selected from hydrogen, phenyl, aryl, and aryl (Co-C6)al kyl - wherein
the aryl is optionally substituted by hal o, WO 2010/ 081082PCT/ US2010/ 020632
21 G - Coavbarw,/osaosd Ci - Coal kyl; R3 is selected from H ardT@I201R420632
selected from C - C6al kyl optionally sZbstituted with al kylthio, and phenyl
optionally substituted with e or nore halo, G -C6al kyl, or G -C6al koxy;
R5 i s hydrogen; R6 is seg¥ettedyfrom Cl-C oal kyl, C3-C8cycl oal kyl

C3- C8cycl oal kyl -al kyl - @h Ci-C6)al kyl - optionally substituted with

Ci - Ceal kyl, G - Ceal koxy, andN ,and hal o, indanyl and heterocycl oal kyl ;

A . . . .
N" | any of which are optionally substituted with

C;-Cealkyl,

C-Cealkoxy,

di(C;-Cg)alkylamino or

C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;

./|\N

R! is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C;-Cealkoxy, and
C-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
Ci-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C;-Cealkyl, or
C-Cealkoxy,



and the pharnmaceutically acceptable salts thereof. [0042] According to
nint h enbodi nent of the present invention there is provided a conpound of
formul a (WP 2p004BIs2wherein Ar is selected from phenyl, maphtshyo/020633\0

2010/ 081082PCT/ US2010/ 020632 22 -)-: and -ITi,f ' N , any of which

2B N,
are optionally substityted with C al kyl al koxy,
di (G - C6) al kyl ami no orplf]@’q(%’&f)w yc%‘%%&%?%@lth(%)e&rwm X is selected from
S, NH and 0; Rl is selectedyfgomC -C6 alkyl, benzyl, substituted benzyl;

and aryl (Co-C6)al kyl - wherein'the aryl is optlonally substituted by hal o,
C;-Cealkyl, or

C;-Cealkoxy;
R® is selected from
Ci-Cyoalkyl,
phenyl(C;-Ce)alkyl- optionally substituted with halo, and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0044] In each case, the above compounds are provided along with their polymorphs and

phosphorus diastereomers.

[0045] In accordance with the present invention there are provided the following specific

embodiments of the above compounds:



G - Coal koxy, and G -C6al kyl; R2 is selected from hydrogen, phenyl, aryl,
and aryl (Co-C6) al kyl - wherein the aryl is optionally substituted by hal o,
C - Coal kowg,20mm31@82- Coal kyl ; R3 is selected fromH and edr/uRdoiancheRd ar e
i ndependently sel ected from hydrogen,24Cl- C6al kyl optionally substituted
wi th al kyl thig, benzyl optionally substituted wth one or nore hal o,

G - Coal k i - C6al koxy,oct¥D 2010/ 081082PCT/ US2010/ 020632 23 phenyl
optional | ituted M/it one or nore hal o,
Lo TN
B NN NH,

HN" Yo—\_O
Oﬁ)\ CH3

=
N
4
o0 <
4 N N/)\NHZ
OnSgp, L LCHs

OCHs

<f
oL L )oe
R WS A



C - C6al kyl, or G -C6al koxy; R6 is selected from Cl1-Ci oal kyl,

phenyl (C -C6)al kyl - optionally substituted with hal o, and heterocycl oal kyl ;
and t he pwernmoswis2cal |y acceptabl e salts thereof. [0042(CTius2@aoboséase, the
above conpounds are provided al ong wizsh their pol ynorphs and phosphorus

di astereoners. [0045] In accordance with the present invention there are
provided the foll ow ng specif] c enbodi nents of the above conpounds: OC H3

N-.../ O .-- P,N-N W \OAcO C H3 WO
2010/ 081 (C )S2010/ 0%063 24 OH32 HV \a"\cOh: CCH3 >0 H
o\P,,o </ )\

HN” O @)

oﬁ)j CHs
HO OH
>\\/O S

CHa



0"0l , P(NN NH2 OCH3 HN 0-Ac01 CH3 tH WO

2010/ 081082PCT/ US2010/ 020632 26 [0046] I n accordance with the present

i nvent i orwoheroesaose provi ded the foll owi ng specific enbedirrseis/oefe3t he

above conpounds: Benzyl 2(S)-((%(2R , 3R, 4R 5R) - 5-

(2-am no- 6- met hoxy- 9H puri n-9-y1) - 3, 4- di hydr oxy4- nmet hyl t et r ahydr of ur an- 2-yl
) met hox pht hal ene- 1-yl oxy) phosphor yl am no) pr opanoat e;

| (S)- pr{é%]é{p quor@;(tgy Wl%’(tbf pRseny Rl\@Rtlolgﬂgfrasare provided the following specific

-(2-am no-6-ne
di hydr oxy- 4- rretglﬁgﬁt g%?%h e’ﬁb&y%é&gﬁoqﬂdmt hoxy( napht hal ene- 1-

yl oxy) phosphor yl am no) propanoat e; 2,2-Di met hyl propyl 2(S)- ((((2R

' 3R 4R , 5R) -Benggh Ai- (626, 3Ret MOR Y5 IRapuind-A-rBethdiy-9H-purin-9-yl)-3 4-dihydroxy-

3, 4- di hiydhetwitetdahiydtdiyitah €X-ylahytioof (naphinhalenet ])-mp}phy@mmmhaiomepahoyﬂeoxy)
phosphoryl am no) pr opanoat e; (2S) - Tet rahydr o- 2H pyran-4-y1

2- (4( 2R, 3R, 4RYy-Bhdngteai¥l N0s) G (TBR, BRMAR: SHERUL Afind=6-methoxy-9H-purin-9-yl)-3

y1) - 3, 4y @>ﬁ¥et ARLIY bl @@-WB%{HNZ{]I ght}ﬁhl)aﬁ@tlhOXY)(napht hal en- 1y| oXy) p

go?gh?%gﬁ% %E?Bgn%g %ﬂrﬁ%at% met hoxy 9H puri n- 9- yl) 3 4-
Spron 2 TR AL S B RS

2 4-Di fJ @;ﬁ,_ -met tetrahydro uran-2-yf y(naphthalene

2( 5) - ( (RheSMRosy M RONRPPHIONE: ani no- 6- met hoxy- 9H puri n- 9- yl) 3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) met hoxy( napht hal ene-1- yl oxy) ph o
sphor yl am ndRsS)-Betradtyyo- Didtpyram-atye2-((((2R,3R 4R 25) 2 2mindb fhatorxgb®ipylin-9-

2- 442R 313 AR)ihyatr (2~ dmh eyl GetraydrofuyarO By piutetiox$y (fdphtigal e 1-

di hydr aayxyptiphotylaatin@psopasdas;an- 2- yl ) met hoxy) (qui nol i n- 6-yl oxy) phosphoryl
am no) - 3- net hyl but anoate (25) - Neopent yl
2- (((((2R, 3'%2;9&@?113& 2- @M 6 RN 2 BloPL Frl o idko-y

di hydr Qi -.wgé E}g@gﬁ%ﬁ jia Egalenl&xgﬁ o 8%"@?@&‘9 SRl £xY) pho

sphoryl
2p((({(y§%¥1 }Pﬁfp MNo- b= gi%)}) B%tp’url n-9-y1)-3, 4-di hydr oxy4- met hyl t

et 1 ahydr of r g kit ey evgeiii P e

phenyl acet ate
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy) phosphorylamino)-

3-methylbutanoate;

(25)-2,4-Difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-4-
(methylthio)butanoate;

(25)-Benzyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate;

(25)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-2-
phenylacetate;

2,2-Dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;



(25) - Neopentyl 2-4(42R, 3R, 4R)-5-(2-am no- 6- met hoxy-9H- puri n-9-y1)-3, 4-
di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) net hoxy) ( napht hal en- 1- yl oxy) phosphor
yl am no) -Wwe 2ptunsylsacet at e; 2, 2- Di et hyI propyl 2(5pPcT(USe¢1BM2063R, 4R

, BR) - 5- (2- am no- 6- et hoxy- 9H purin-9-yal) -3, 4

d| hydr oxy- 4- tr ) hoxy t hal

yl oxy) phos hlcg %’ﬁyﬁ %ﬁa(m SE 4%\/%)2%{%0? %‘F’ %R‘ﬁﬁ%%@’é&%‘b?

| (S)-P et meZ]@éBeHa](l ?@F@Bﬁ?yh)ﬁleﬁl%"y@apl(l@@éﬂ? 0- 6- net hoxy- 9H purin-9
-y1)-3 YMW)EIMW@WMWW@B@PHW%@ r ahydr of ur an- 2-yl ) met hoxy( napht hal ene- 1-

yl oxy) phosphor yl am no) pr opanoat e; 2,2-Dimet hyl propyl 2 (S)-((((2R
, 3R, 4R , 5R) -R2-Dietyl pnopyd 208t (HOXR, 3BHRpﬁR)riquamﬂn)o -6-Bethoxy-9H-purin-9-yl)-
, 4-di hmaﬁwdﬁexm hythygtbtratydebtofad 220hdebx yabftodalémrapltdag) ene-  1-yl oxy)

phOSthﬂMk;ﬂf@r fthiHo9R3paRhe; Benzyl 2(S)-

((((2R 3R 4R 5R) 5- (2 am no 6- rrethoxy 9H-purin-9 -y1)-3

. 4- di hydr oxyds DBt iy, @kadh, % TRARRRTRRLDAL S dnyhaxy) phose!
(2)r ZL%Q Q]I%)[Q%E\%g}o%man 2- %1)m o&(ya 1t iur ngzgn g)?i %hgrylammo)propanoate

di hydr oxy- 4- yl tra hox t ha osphory

am noy 45&?@ Diftuo b2 aﬂﬁ%@@#ﬁ?& PR SRl ot
oy KB Dot Ryt b bty Ay o) naphthalen -

d| hydr d&?XYAPh%PWVlaé"{m%)BWﬁWW an- 2-yl ) met hoxy( napht hal ene- 1-

yl oxy) phosphor yl am no) pr opanoat e; (25)-2, 3-Di hydro-1Hi nden-2-y1

2- (4( 2R, 3R, 4RYy)-Bhanglesnyl 13(19)6(((r(rﬂ?,ﬁB;dy?-,mfp@Y—ilm'}n@-6-methoxy-9H-purin-9-y1)-3,4-

y1) - 3, Aiklydry-chr-Oxyetdyl et iypdrb iy hietioxataghthlknet hoxy) ( napht hal en- 1yl oxy) p

hosphor ég}pm RsrORANeRbRpanoate;  (25) - Propyl

2- (4(2R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) - 3, 4- di hydr oxy- 4-

met hyl t et ra@ﬁ)’ OBUSA0q9- M @g Y-{(r2RAENaheNLami XY MRBREP IR $hATono) prop
2 daor AT T Ao gt
di hydr c?/ 8/{ P]ﬁ PEP’P@RE%’P%%? an 2 yI ) met hoxy) ( napht hal en- 1yl oxy) phosphory

| am no) pr opangat e;

2- ((((2R 3R, @%P@Pg@ é(ﬁﬁ%%‘”ﬁ%?ﬁ%& 1191—@]&%1?%%9@? Lig Oyl Hydihpdgay-et hyl t e
t r ahy driegthyligiapydioiure- ﬁ&mﬁwmtweqlwlwplm iy aRiapa)ispanoat e;
2, 2-Di et hyl propyl 2(5)-((((2R 3R 4R ,5R)-5 -(2-am no-6- net hoxy-9H purin-9
- yl) - 3 ,4- diZﬁ)jBin)ime{hylbmym((((éRr&R;Mﬂ)F@fﬂamﬂ&@é—yﬂe}hmdykﬁﬂ—pﬁnmﬁmlhaj%ne-

1- yI oxyihyhesphaisthdrembydrofpandat)aiethoxy) (naghalén-2, 2- Di met hyl propyl 2(5) -
(4(2R, i% AFpfsbhéry (aana@jﬁ Apafodi@t hoxy- 9H purin- 9-

y1) -3, 4-di hydr oxy yI t et rahydr of uran-2-yl) nmet hoxy( napht hal ene- 1-yl oxy)

phosphoryl arb gy BB R.3R 4R) 5 8«%&% 'uHﬁ@DM )-32-dihydroxy-
(9 ((UgRaRana fm%? f‘fﬁ?@hgﬁv uran AP b anieropsacues

phosphoryl a r no 0/,0810 CT/ us 01 /02 32 28

(29)- cyc| opgagﬁﬂg %8? Pzﬁ@é% (ﬁg}’%g‘]" %%ﬁépﬁnﬁ’@f Bl °§¥L PYE-GX1) - 3, 4-

di hydrogx MYREHA ’Enéfhry AYPEraiPEA- 22:!9@%@@%}#(3%%%4%%{% HXEN- 1yl oxy) phosphory

| ani no)@paﬁ@ﬁﬂwommpanoa@& Cycl ohexyl

2- 442R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H purin-9-y1) -3, 4-

di hydr oxy- 4-(§pPh3,RiRitregtyptopf I(SRE Q21 I3RER, 5o i) 2-amjpitt- Ga etimoxiyd b pydipi¥es phor y

| am no)ypy-8patibatrexy-4-methyl(e2Shydrefur &hy-gt)metdxgitaphthdlend- 1-yloxy)

2-(4(2@1135}3 131511(03 1BpA idated- met hoxy- 9H puri n- 9-

y1) -3, 4-di hydr oxy- 4 rret hyl t et r ahydr of ur an- 2- yl ) met hoxy) ( napht hal en- 1yl oxy) p

hosphoryl am R9pP5 ORFRAARE Bpropyl 2(S)-(((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-
yD)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(285)-Isopropyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;



(2S)-2,4-difluorobenzyl

2- 442R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) -3, 4-

di hydr oxywo-2o0mrdsyise et r ahydr of ur an- 2- yl ) met hoxy) ( 6- (( S) - PCHatSk@aep2@3DX0pr opa
n- 2- yl)napht hal en- 2-yl oxy) phosphor yl28m no) pr opanoat e; (2S) - met hyl

ARSI s %@gqnﬁsé@@‘@(@?&%%%} %rpr%?r@“r 'h%#}éuqrhaapewyl oxy)- 1 -

oxopr opiBysroxy-$inzgthvitsiph erpl- vl )y prop ano ate ;

(29) - rréﬂWSM)PlZDSP]@)I(y]@(IQF@)PBRaEm}GS (2-am no 6 met hoxy- 9H- puri n-9-y1) - 3, 4-

di hydr oxy- 4- net hyl t et r ahydr of uran- 2-yl ) met hoxy) ((S)- 1-ox o- 1- (tetrahydro
- 2H p yran- 42SyCydzlyoxyt D49((2R, 2R, 4R)-arR-na)iph6-sehatyd Bxpnyinap i 3ad-en- 2-

yl ) pr opliyiRoxat-& methyltetrah Y &urah-Z-ytinfethoak hephatydlen- 1 -

2- 442Ryi )ﬁ]f@spﬁor gngm)ﬁg)épﬁnm-hoxy- 9H purin-9-y1)-3, 4-

di hydr oxy 4 methyltetra r of uran- 2-yl ) met hoxy) (qui nol i n- 5-

I h
y! ?z%/)zp Ospgﬁ% Z?%%g&iéﬁ% %ﬁ(%fﬁi % r}s%{? Eﬁg rethoxy-OH-purin-9-
di hydr g@ rr(g)l ]LO X 51 U|ano i n-5-
yl oxy) 959}?%/{ %5103 O;?ﬁlﬁ fEe (29) - tetrahydro 2H pyran-4-yl

2-((((2R 3R 4R%2<5 (2-am no- 6- net hox

y1) - 3, 4- di hyd? ﬁdAﬂWtﬂhthﬂe% F &t %f%k%nﬁ%zny 9 ﬁé@eﬁ%@éw?laﬂmaﬁ H)é 4-
yl oxy) phiaxskeror§inzai i) ph ekt &yl methoxy (0 §S) emgdniyil-oxopropan-2
2-(4(2Rclmm)mmle52(ﬂommaomm@wr®amw¢u n-9-y1)-3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) net hoxy) ( qui nol i n- 6-

yl oxy) phosphosymatiiyn2) 1 @EaR)GRL4R)-5-(2-amino B )rethek Sty piirn-2HH pyAan- 4-y1

2- (((( et Ate@h o RrdaE2- HOKetidy Ui NaRopentyloxy)-1-ox 2-
/1) 5 A T ﬁrﬁﬁﬁé@%@g ey e oY (Gin o -6

yl oxy) phosphoryl am no)pr opanoat e; ) - neopent yl

2-(4( 2R 3R ”(Bzc Og@e Ui tes i%f ﬂi %)9;13 i

glr ggg;‘g&(]g d40xy '%W&% ?yl)me¥h } Fetraﬁ( rg%#gyranw am no)

2- (4( 2R, %"ﬁ)ﬂrﬁ)’al‘szty ﬂ’@%a@#%‘ﬂ’r? HDQYQP:"L‘?O%C 4-

di hydr oxy- 4- rret hyI tetrahydrofuran met hoxy) (6- ((S)- 1-nmethox

oxoprop_an- - feaiderrabenzahl-2( (2R, éﬁﬁﬁ)@ﬁo(%f}m@@ﬁ aaihasy-o8- Pﬁé’tm%YBug/ 4mo ate
WO Zﬂh:fﬂ’r G8RFEGTUsSR o0 EIDR0XY)(qUinpEP- 2, 4- Di f | uor obenzyl

2 442 R, 3& pYosphdralaarmapropanetdoxy- 9H puri n- 9-y1) - 3 4-

di hydr oxy- 4-net hyl t et rahydr of ur an- 2- yl ) met hoxy) (qui nol i n-5-yl oxy) phosphoryl

am no) - 3- MRLRYhEIPLAPPRY@(2R, 3R AR)-§ 2D aniNeRpeRMtNdx y-9 H-purin-9-y1)-3,4-

2- (( (( 20 BfRo AR} TRtk ArcdTh R0 BirdiEd RO RYGinBLRSY 1) - 3, 4-

di hydr an- 2- yl)nethoxy)(qU|noI|n 5-yl oxy) phosphoryl
am no) %XXYA} H%E}{{%hfag%%(gp%%%a% (29)-2,4-Difl uorobenzyl

2-442R, 3R, 4 - a 6- met,h y(% 1%1&
y ? ( ethoxy-9
glmh%gr o}é%w (ﬁ)g&tw i&c{ é ?E wc?g ?S ]inl W & ﬁo?(%;}lb%osphor yl
2- (4(2F¥ Iy RIS PEQIY BIMipR)REPPBOGAE: hoxy 9H puri n- 9 yl) 3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) met hoxy) (qui nol i n- 6-yl oxy) phosphoryl
am no) - 3- nﬂﬂﬁ)ynm@mbé{(@(2R,3R,4R)-§-Zs)anméemthy-9H-Purm-9-yl)-3,4-

2- (4( 2RiBRIrdR)-4-DadtRyl et inpdrétunet- Aok ynettdxgi(fiinea-9pl) - 3, 4-

di hydrqﬁ@fxﬂph‘fgpmbhﬁhn@)bmam“ an- 2-yl ) net hoxy) (qui nol i n- 8-yl oxy) phosphoryl
am no) - 3- net hyl but anoat e; (28) Neopent yl

2- (4( 2R 3R, ‘kBl'ﬁfeﬁaﬁ ré‘mhn 219|3|RP¢RV 153('29&1M11ﬂ)) G3nfthoxy-9H-purin-9

di hyd | hyl ht hal 1yl
hgséhgr}gwghy gt @Q%E%%Hr QIY))%?WX&l(%BﬁFyY nap t hal en- 1yl oxy) p

2- ((((( rfethoxy 9H- purin-9-y1)-3, 4-

di hydr oxy- 4- Itet yl).met hox ert .- |,napht hal en- 1yl o
xy) phosp hor)f {ﬁg%%ﬁ %flgﬂéigéﬂn‘hm% met %9&@’ E)tjkﬂx &
2- (O %mﬁ)m% B(Ifftramdﬁ%%ﬂ%ﬂﬁ&@@@é%%ﬁ@ﬁ@ ﬁghogvlamn@ propanoate;

di hydroxy 4- et hyl t et rahydr of ur an- 2-yl ) met hoxy) (3, 7-di -t ert - but yl napht hal en

- 1yl oxy) phoi@ﬁwamm@)g (32&@8Hlyﬂ){5u(t2aaimapé:methoxy-98epmy1-9-2'()9,4—
( ((( 2R BIRyHAEXy-4-methyltetrahydrofuran-2-yl)methoxy)(6-((S)- 1-methoxy-1-oxopropan-2-
5R) - 5- ()naphthale6-2mebd0glyesphbiglaniine 93-yrikthydhutarchabey dr oxy4- met hyl t et r ahydr of ur a
2-yl ) met hoxy( napht hal ene- 1-yl oxy) phosphoryl am no) - 3- net hyl but anoat e;



2,4-Difl uorobenzyl 2(S) ((((2R 3R ,4R 5R) -5 -(2-am no- 6- net hoxy

9H— purin-9-yl)-
di hydr oxywo znm‘/dsydslzet r ahydr of ur an- 2- yl ) net hoxy( napht hal eneAk2¢10020652
phosphoryl am no) - 3-net hyl but anoat e; 29 (28) ((S)-1 -Phenyl et hyl)
2(4(2R3R4 - am no- 6- r|n
G hydr oxy-4-Sk if} ki S T 0y gﬁéﬁtﬁtwerpuimﬁ sy mospnor
yl am noh IO’% At F&ﬁ%‘&’c@furan 2-yhme é’)(@'(US? yl)
2- (4( 2RngRylhRpnGALE2 - ami no- 6- et hoxy OH- purl n- 9- yl) 3, 4-di hydroxy 4-met hyl te

trahydrof ur g8 2 ge ax 2& o 2 Jlo g 2) 198RARTYY 31 @) - 3- met hyl but
anoat e 2

2- (a( 28 YRy e e umant e& SR B S o Bt RPN et 1
t r ahydr'BF ¥ RHE803 )rret hoxy) ( napht haI en- 1 yl oxy) phosphor yl ami no) - 3- net hyl but
anoat e; 252 3)DiMabipbnzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)- 3 4-

2- 442R R Ay Sefotn ARy ho ARV LhaRY Ky i Si %)yl@xy‘}pl@ﬂs?b{&&&ﬂn

met hyl trﬁétf@wgﬁggtyr an- 2-yl ) nmet hoxy) ( napht hal en- 1-"yl oxy) p osphoryl am no) - 3-
rre hyl but anoat e; WD 2010/ 081082PCT/ US2010/ 020632 30 (2S) - Neopent yl

(( (2R 3R, @8y Neogentyd At (62183 ReRrdxP-minprr nathox y- V- Brin-9-y1)-3,4-
y dr adilyydtexyed-mydth yd terrahychto ok ar- 24y} BreyH okt iorin -Onahyt) pladspherilaydinxy3d-phos phor
m napetBylbomhbaté;but anoat e; (25)-Cycl opropyl rret hyI

2R, 3R, 2- r |
§/ ﬁox 4 (@N ‘Péeé‘fyiglﬁ;(/@%@?g%ﬁ%)z(é% 1 é hlf“r]i‘é’l D39 oxyg phosphor
m

yslroxys T%qt Ivlegabyiraturan-2 y 1&1|n8 Wloxy)phosphorylammo

3

(((zwthﬂbumoase(z am no- 6- net hoxy 9H- purl n-9-y1)-3, 4-
i hydr oxy- 4- (Q’?)t ‘?ﬁ;ﬂ% EI@BRM?@?) § %Q(ﬁcﬁwtpﬂﬁh@”yl}?)w oxy) phosphor

yl am ng \%{ﬁo g% Sfuran-2- Inaphth

2(S ’?R ygm fRihadendy 3, 4

dl( hi/dg( ﬁp}?ﬂﬁ@ﬁvp’ ?5 H’rﬁgﬂh %Hl 03 yI ) rret hoxy ( ﬁglpﬂt ha?/eale 1-yl oxy)
phosphor yl an2spNeopzntye Rhyd(@& 3 ORE 8 2-amino-6-Qysdhedyeddy purin-9-yl)-3,4-

2('S) - ((dik e3P 4R BRetiah {Ro RNy B ¥R X ¥ -1 SitbRt IhdphBmleh) -3, 4-

di hydr Qxt¥sypinR M&hﬁ{lﬁ@hyg{eg{ﬂglﬂhogmyl ) met hoxy( napht hal ene- 1-yl oxy)
phosphoryl am no but'anoat e; (2S) - Tet r ahydr o- 2H- pyran 4-y1

I
2- ((((2R, 3R,EHRy 501{6213&218/ HOCE- Hat Roky2-9mitpupintetigaxy-9H-purin-9-yl)-3
y1) - 3, 4lilydngrchr-dyetidyl et hydro @i anaPyythnethoxg (3 Z-dit iy mbtubydxaph (adgpht - haI en- 1yl oxy) p
hosphorﬂb;@r)pmph@ymm@%me&mmnmoate (2S) - benzyl

o féfﬁiﬁi ] gﬁ@ﬁﬁi@%ﬁgg{%ﬁﬁ% Ao N gh i o) -

phenyl etrahydr 91<y (naphthalene-1-yloxy) phosphory amino)-

2- (((((@ﬂhﬂhuwat@s (2 am 1o, It oxy 9 pur i 8- y1). . & i ydr oxy -ty
eﬁreﬁhYdr of urap. D?ﬂﬁ@r% @@fr@m SRy-4-0¢ L) BIASRBQ YRR 5B 4-

F2) (( )(/( ( %%?)'4 E}\!"-hYl dr u lyRcr%l)g:th%%naBIrltlh%le]ée 1 fsloygy) Rh pﬁoglammo)

nmet hyl te{nr¢ %/bdllt%ﬁo ti’aan 2 yI ) rret hoxy) ( napht haI en-1- yI oxy) phosphoryl am no) - 2-

phenyl acet at(@s)-((S)-1-Phé@dgthig Qp@2 A, BR,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-

2- ((( ((AIRydP&% y* RImeh I 2 trahy drefuar By havesroX b (RaHtd Sr-y-4) horyl 3
di hydr cﬁgﬁb{]}gglwygt ra]rl?ydr of ur anDZ yl ) %t ﬁgixy) ( na;gh({xﬁlglﬁl-e?rslp Iorgllarg;(r;/o))phosphor
yl am no) (ghenél acet at e; 5) - cycl ohexy

(2
2- (( (2R 3R By (B)- 1 24-Brpmeplenybethh - Iﬁ),éRs%)é (#19migoz-methoxy-9H-purin-
di hydr dkyb-8-4reihghiox et mbtpplltesf alydrof@-ag{2) yhanétbsoyy) (maghthaleadlen- 1- yl oxy) phosphor
yl am nojlex3splpisphotyacet@t 2 methylbutanodt) - benzyl

rzre'g glgll(tzeRt?,Rri??g?L i‘%@ 05 6 e %@g@%@ﬁé%ﬁ %{1 ?1prﬁ18 dro%’%ﬁﬁ%o)prop

2-(
i h
| a
- (
i h
a
= (
h

anoat e:? Yl Xz 44ma ethoxy)(n
2- ((((zﬂ@wplmyh@ykazuwﬁ%awm@%w €QH puri n- 9-y1) - 3, 4-
di hydr oxy- 4-@®y. Mékﬁy?éf(?(kw@ﬁfmﬁ ?rxz%nylha BELBRNY ’éf%@wk“ HOKRhes phor y

Iza?l( ?oggé@%%fgg% g2 2w foferloxyd bk adgf o8h %orglaguno) 3

di hydr or§<le§/th y?t et rahydr of ur an- 2-yl ) rret hoxy) ( napht hal en- 1yl oxy) phosphory
| am no) pr opanoat e; 2,2-dimethyl propyl 2 (5-((((2R 3R 4R, 5R)-5

- (2-am no- 6- et hoxy-9H puri n-9-y1)- 3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) met hoxy( napht hal ene- 1-

yl oxy) phosphor yl am no) pr opanoat e;



WD 2010/ 081082PCT/ US2010/ 020632 31 (2S)-i sopropyl

2-(4(2R, 3R, 4R) - 5- (2- am no- 6- et hoxy- 9H puri n-9-y1) -3, 4-di hydr oxy- 4-

nmet hyl t etwehyﬂmsi&srzan 2-yl ) met hoxy) (napht hal en- 1- yl oxy) phodashaopbeat no) pr op
anoat e; (2S)-tetrahydro-2H pyrai-4-yl

2-(4(2R 3R 4 (2-a hoxy, rin-9-y

3,4-dih drox@)zﬂ% T@é&é@ré %f) rérrf1 g0y lﬁﬁ@ﬁ& ?B{Hr%‘h |y x3y)phosp
hor yl aﬁ;{ 21%)[: trahydrofur;(nz%)y ﬁ@ Wlphz e 27 XY)Pp osphorylammo

3R, 4R) -Bethglbufanease;6- et hoxy- 9H- puri n- 9- yl) 3, 4-di hydr oxy4 met hyl t et r ahydr of u

(5121 ) el b R bt SN s i g0t o
(22(82 ( ?e )% ;A/VF? t}a)gtegrar%l%dro%lra( ppg}eéhﬁxxg?a%al%nr Il r%/lqjiygﬁ‘fl)os%hoztiylammo) 3-
di hydr Ptetr ahydr of ur an- 2- yl ) met hoxy) ( napht hal en- 1yl oxy) phosphory

| am no) pr opa(ra@)acwobutyl 2-((CRIR AR - L-apheng-neihokly) 9 H-purin-9-y1)-3,4-

2- (4( 2Ry 45&’16(‘[}2 |REFaRRIECAELY h@fﬁdi?)(n%ﬁh}ﬁ)ﬂéﬂ Nyoxy fphosphor lamino)-3-
y1) - 3, 4q84 )5 ag&(éfe - met hyI tetrahy rof uran yl ) met hoxy) ( napht hal en- 1yl oxy) p

hosphory Iam no) pr opanoat e; - neopent yl

2- ((((2R 3R, lecma)l%%&%é((ﬁmwﬂle(ﬁiﬁ{ h@f@:mnmﬁ)mglhosuﬁﬂﬂptglry%)yl)@ 4-

di hydr ailyydfexyed-mydthydtetrahmycto o am-2uyl) Breghoxyataplothgle (el yhad yi) ph @sphorylamino)-
yl oxy) mhosilythuydnanieno) pr opanoat e; 2 2- Di net hyl propyl

2(S 2 R, 5 9H-
y(l) ) S(El(fjl h}?bfca) Yllp%(‘é} H@%Mg@ 6]22 %‘?O Hﬁéﬁ’lﬁél’ ene- 1- yl oxy)
phosph ydé%mﬁjnﬁfﬁ]@ﬂ}egﬁlaycgofuran 2- yl)(rgz oxm@@a]é ne-1- ylox phosphorylammo

2- (4( 2R-BRMRuEOpE: ani no- 6- (phenet hyl ani no) OH purl n-9-y1)- 3, 4-

di hydr oxy- 4- gy wtuh«;af P FORLIRLRRA0 GASRDE AR o phnosphor
vt nO)Q}I?J %%acﬁ meth lte%iy Hgﬁ%ﬁ- 2)(ur| n- aE]J y!L)

2- ((((
3, 4-di HS;%’?(%%P % ]il?e P mé?‘l?%é h- 2- yl ) met hoxy) ( napht hal en- | yl oxy) phosp
hor yl am no) peopesteat B1((((2R,3R435) 2nanipe s ikthoxy-9H-purin-9-yl)-3, 4 -dihydroxy-4-

2- ((( ( ZFetBRtcARhy@ofudad M ymendh BBy thAle ) -9k pHdsphStydin
di hydrci;h)ét g:&%t | te?rahydrof urantl‘%Ht met}gox}? (r?gpht hal rén 1yl oxy) phosphory

| ami no) pr opanoat e; r’zhg? - heop ent yI

2-(4( 2R, 3R, 4ARSERpths1 22U(Y @6@(&«@ #pinoHi-BiEthomy (90F-pwritg 9yl 3 8;ddhydroxy-
di hydr o<b<gnethytrettrﬂwﬂt@maa’riyyil)méuhpaﬁ(@pym)matlhyﬂmyy)@qmmotyilmﬁo)—z-

yl oxy) phhesylhaitate;am no) pr opanoat e; (25) - benzyl

2-(4(25, 4R 2- 9-
ot hyl L bt [ 4RI BPANE &é@ﬁﬂ%ﬁé@;ﬁ”%ﬂs@éﬁ DS TRl g o) pr op
anoat e methyltetrahycérgfurelt %)y ﬁn 1 yloxy)phosphory amino

2- (4( 2Phemylagtyte. ani no- 6- met hoxy 9H— purin-9-y1)-4-

hydr oxy- 4- ”%S‘)Yhéo%ﬁ@f‘lg RO ) SRR B HRPREN B SN0 yy)- §%Y) phosphoryl a
> (0o %g%‘g?ewwm % oxﬁﬁbﬁh@mn@vhwen-l- o3 Wy spfrorylamino)-2-

nmet hyl tpélf: &f uran- 2 yI ) met hoxy) ( napht hal en-1 -yl oxy) phosphoryl am no) pr op
anoat e; (2SX &) ohey gll DHERRI3R 4R )-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-

2- 4425, AR)drx - 2rdthy 1@ Gh JERb G2 FhinfeioxDy Baphblaldr Y ax@xpodphorylamino)-2-
met hyl tﬁgﬁﬁgyqutgf ur an- §5§/I %)rret hoxy) (napht hal en-1 -yl oxy) phosphor yl am no) prop
anoat e; en
2- (4(25, 4R) -(B5Y mm %&(@R@ %)x@h(?& P-athoxy-Dy-guikiy Brybiks,44lihydroxy-4-
met hyl trm;thalltﬁydhmmftam 2-yyIn)atieaxtyotayptha pitl hadenphosphaylapphospipengdteini no) - 3-
met hyl but anqakss 43R0 8R! QBRCE2 5 R0 820889 972 purin-9-y1)-3.4-
5 CL( (SRR R sy i
2- (((( hylt &%9 dz{oﬁulrﬂ]o% ShErR PR KL hoxy- 9H puri n9-y1) -3, 4-d
i hydr OWOW)H%%SHW Yo BRWSEN- 2- yI ) met hoxy)
(napht hal en-byJ-@xy] RRESRERYLY ba i 7R I MRARGAL Riino-6-ethoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;
2,2-dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;



[0047] Once again, in each case with regard to the foregoing specific
conpounds, it is contenplated that the invention wll include pol ynorphs
and phosphonror/mdi@mst er eoners thereof. [0048] In yet anotrherisesmogicdaent of
the present invention, there are prowvided the follow ng additional

conpounds that are cont e ein t he net t r eat ment
i nm;ccor danéggws?lhr‘)?ﬂ& &ﬁgé%ﬁ ‘g??aiéj %f(gFE‘HXIﬁg?’P SPH0- %Igig %&%lhydmxy N N
NH 2 Hcm?ﬁ; etigpygdrofuran-2-yl yysthyyy)(nap ﬂHPLBIN-l.Y. oxy)phaspheryl ammommmoatm HO (M
HN T (25)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-

3 ,4—dihydroxy—4—methy1tetrahydrofuran—2—yl)methoxy) (naphthalen-1-

yloxy)phosphorylamino)propanoate;

(285)-neopentyl 2-((((2R, 3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylamino)-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(8)-((((2R,3R,4R,5R)-5-(2-amino-6-benzylamino-9H-purin-9-
yD)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propionate;

(25)-neopentyl 2-((((2R,3R.,4R)-5-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylthio)-9 H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

(25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(25)-((S)-1-phenylethyl) 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(285)-neopentyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(25)-cyclohexyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

benzyl (25)-benzyl 2-((((2S,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate; and



HO OH (1V) WD 2010/ 081082PCT/ US2010/ 020632 33 (V); and N-...... --LN NN
NH2 HO yi CH3

-1' OH ( VIwoant)/gshmemaceut i cal |y acceptabl e sal ts ther eoPCT[UB2¢19/0206BE
conmpounds of formulae I1-VI above, ar® also considered novel conpounds with

antiviral ity in rd e. i nvention, t e useful in
the ant v ra(?% Facheu! SO AR b poa Caharsira-drgipoqdemeaons SHopur:

i nt er megylatekdihpdiopy- W@@éh%fqhdﬁmé‘l‘ra%@nﬁﬂgﬁﬁlﬂ%xﬁf(n%?mﬁﬂna (1) as descrl bed
above. Yitregphasphqislandeo)alopeneatsl ude pol ynor phs and di ast er eoners t her eof
and can be nmade into pharnaceuti cal conp05|t|ons in the sane manner set

forth 0050] .In f rther .embodi pen t he pres |nven |on
e i Q) QMo et adfi RENDRY ofts e PR BE cob R by mut o
(XL) below is abmemphed ded a2 aveatibn vwnalmcleﬂ@qmﬁnb@hacm qﬁlﬂgﬁldmt h the
i nvention which has the structure: WD 2010/ 081082PCT/ US2010/ 020632 34
(XL) wherei n xdiagigreopers thareohnd R6 are as descri bed above for Fornula (1).

[ 0052] In anot her enbodi nent, the conpound of formula (XL) is provided

wher ei n:
[0048] In yet another embodiment of the present invention, there are provided the following

additional compounds that are contemplated as being useful in the methods of

treatment in accordance with the invention as set forth herein:

CHs
0



R6 is selected from benzyl, (S)-1-(2-brono)benzyl, 2,4-difluorobenzyl,
(S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632
2-nmet hyl propyl, 2, 2-di net hyl propyl, i®opropyl, cyclopropyl nethyl,

cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran 4-y1; and X, R1,
R2, and R3 are as described for Fornulg

2010/ 081082PCT/ US2010/ 020632 35 [0053] ﬁitonpound of formula (XLI) belowis

al so provided as an antiviral conpol Np accordance with the invention
whi ch has the structure: L
M —£=CHj, F
HO  OH
(V); and
OCHs
N N
N
¢ ]l
N N/)\NHZ
HO O
CHs
OH
(VD

and pharmaceutically acceptable salts thereof.

[0049] The compounds of formulae II-VI above, are also considered novel compounds with
antiviral activity in accordance with the invention, and thus are useful in the
antiviral methods of the invention, and are also useful as intermediates in the
preparation of compounds of formula (I) as described above. These compounds
also include polymorphs and diastereomers thereof, and can be made into

pharmaceutical compositions in the same manner set forth herein.

[0050] In further embodiments of the present invention, additional compounds are provided

as follows:

[0051] A compound of formula (XL) below is also provided as an antiviral compound in

accordance with the invention which has the structure:
R’
99 L
NfN
¢
N N/)\lTIH

@) it CHS
O CH3 Rs OH



(XLl1) wherein Ar, X, Rl, R2, R3, and R6 are as described above for Fornul a
(I). [0054] In another enbodi nent, the conpound of formula (XLI) is

provi ded wbenw/a31082r i s selected from PCT/US2010/020632
(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht h#l en-6-yl, 2-net hyl napht hal en-1-yl,
3-tert-butyl naphthalen-I-yl, 3,7-di-t S-butylnaphthalen-l-yl, 1- napht hyl ,
2- napht hyl, quinolin-5-yl, quinolin-égﬁi, qui nol i n-8-yl, and phenyl; and X,

Rl, R2, RnheRth RORARE, RS ad@REnIDRUARMDEE aboVe P FBh@a (1)) . WO
2010/ 081082PCT/ US2010/ 020632 36 Ar is sel ected from

(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht hal en-6-yl, 2-net hyl napht halen- 1 -yl,
3-tert- I sgidh s = di - =yl
er [@G‘?M i) %H%El?ﬁ%}ﬁb,dlﬁentﬂh]e,cgr_néf)gl?cf 6%‘8%%@]9:(%?2 ?s%?ﬁﬂé@@hf&m. y

1- napht'hyl,” 2-nap qui nolin qui nolin-8-yl, and
phenyl ;
R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl,
(S)-1-(2-bromophenyl)ethyl,
2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X, Rl, Rz, and R’ are as described for Formula (D).



R6 is selected frombenzyl, (S)-1-(2-brono)-benzyl, 2,4-difluorobenzyl,
(S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632

2- met hyl propyl , 2, 2-di et hyl propyl, i¥opropyl, cyclopropylnethyl

cycl ob yclopen y 1082PCT/USZ 10/ 020632 .3 ohexyl
and teﬁbé@ GBV:PSWI‘L {ﬁom‘;\#dw RElovRss aé‘h@r%gf‘éir%g oL apfpd CB Ubife for
Formula (1). [QQeRlanée %H%ﬁ'ﬂ%rﬁfonfﬂlgﬁ'h@s the&bddouel ow is al so provided as
an antiviral conpound in accordance with the invention which has the

structure: (XLIl) wherein Ar, X, Rl, R2, R3, and R6 are as described above

for Formula (1).
f fx

A
O\P,/O
HN" O
O%IHH CHS
O CH3 Rs OH
\RG
(XLI)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

[0054] In another embodiment, the compound of formula (XLI) is provided wherein:

Ar is selected from
(5)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl,
2-naphthyl,
quinolin-5-yl,
quinolin-6-yl,
quinolin-8-yl, and
phenyl;

and

X, Rl, Rz, R? and R® are as described above for Formula (D).

[0055] In addition, another compound of formula (XLI) is provided wherein



[ 0057] In anot her enbodi nent,

wherein: Ar is selected from

(S) - 2- ( 3-wetzhmgisk - 3- oxo- 2- yl ) napht hal en- 6-yl ,
3-tert-butyl napht hal en-1 -yl ,
2-napht hyl, gui nali

t he conmpound of formula (XLII)

qui nolin-6-yl, quinolin-8-yl, and phenyl;

i n-5-yl,
sel ect ed fro/*hﬁlsv@e%cig?%‘sloszpcw US2010/ 020632 38 benzyl ,

(S)-1-(2-brono)ben

2, 4-di fl uorobenzyl

(S)-1-phenyl et hyl

zyl
(S)-1-(4-br ormphéﬁgfé)(éﬂwln(?XY(oss-3?Xe§-ﬂ9wh§@ﬁ@ﬁgﬁ-ylet hyl ,
2, 3-di hydro-1H i nden-2-yl, nethyl, n-propyl, 3,3-dinethyl butyl,
Z-methytnaphtplsndpyll , -i sopropyl, cycl opropyl net hyl,

2- et hyl propyl ,

cycl obutyl, cyclopentyl, cycl ohexyl,

3-tert-butylnaphthalen-1-yl,

and tetrahydropyran-4-yl;

3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and

phenyl;

RS is selected from

benzyl,
(5)-1-(2-bromo)-benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl,
2,3-dihydro-1H-inden-2-yl,
methyl,

n-propyl,

3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,

cyclopentyl,

is provided

2- met hylpoapisté@lozosst - yl |

3, 7-di -t®rt-butyl napht hal en-1-yl, 1-naphthyl,

R6 is



and X, R1, R2, and R3 are as described above for Forrmula (1). [0058] In
addi tion, another conpound of fornmula (XLIl) is provided wherein: Ar is
1- napht hywo 2ardb8¥)82R1, R2, R3 and R6 are as descri bed alpovastaw/otwszul a
(I'). [0059] In addition, another conptund of forrmula (XLIIl) is provided
wherein: Ar is 1-n gth |; R6 is selected from WO
2010/081082PCT/U§7%@ ?@édﬁ@Z 39 benzyl, (S)-1-(2-bromo)benzyl,
2, 4-di fl uorobenzyl , (S) 1- phenyl et hyl, (S)-1-(4-bronmophenyl)ethyl,
(S) - 1- ( 2- br onophepiahyaapyran- ‘hyé di hydro- 1Hi nden-2-yl, nethyl, n-propyl,
3, 3-dinethyl butyl, 2-nmethylpropyl, 2,2-dinethyl propyl, isopropyl,
cyclopropylﬁ@ﬂhyl cycl obutyl, cyclopentyl, cyclohexyl, and
tetrahydropyran-4-yl; and X, Rl R2, and R3 are as descri bed above for
Formula (1) .X,[R)bRé]anAR?cammMnﬂcmﬁedfabpwfoaF@Mhullal(y) bel ow i s al so provi ded as
an antiviral conpound in accordance with the invention which has the
structure:

[0056] A compound of formula (XLII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
X/
N AN
N
r 0
N N/)\NH
|2
0 R

A
O:on
HN" O
O H CH3
O Yo R OH
RS HsC
(XLI)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

[0057] In another embodiment, the compound of formula (XLII) is provided wherein:

Ar is selected from
(5)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and

phenyl;

RS is selected from



WD 2010/ 081082PCT/ US2010/ 020632 40 (XLII1) wherein Ar, X, Rl, R2, R3, and
R6 are as descri bed above for Fornmula (I). [0061] In another enbodi nent,
t he conpowocdowfosiasenul a (XLII1) is provided wherein: ArPC3/Usedioor@sd2 from
(S)-2-(3-net hoxybut - 3- oxo 2 yl ) napht hl en- 6-yl, 2-nethyl napht hal en-1 -yl
3-tert-butyl napht hal &n- 3,7-di -tert-butyl napht hal en-1-yl, 1-naphthyl,
2- napht hyl, qui ndiepaYls- yI qui nolin-6-yl, quinolin-8-yl, and phenyl; R6 is
sel ected from benz I fb 1-(2- brom)) benzyl 2,4-difl uorobenzyl
(S) 1- phenyl et hyl( Iof{l@bﬁli%’ phenyl ) et hyI (S)-1-(2-br onnphenyl ) et hyl ,
, 3-di hydro- 1H i nden 2-yl, WO 2010/ 081082PCT/ US2010/ 020632

2,4-difluorobenzyl,

(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

-isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X, Rl, Rz, and R® are as described above for Formula (D).
[0058] In addition, another compound of formula (XLII) is provided wherein:
Ar is 1-naphthyl; and
X, Rl, Rz, R? and R® are as described above for Formula (D).

[0059] In addition, another compound of formula (XLII) is provided wherein:

Ar is 1-naphthyl;

R%is selected from



41 met hyl, n-propyl, 3,3-dinmethyl butyl, 2-nethylpropyl,
2, 2-di met hyl propyl, -isopropyl, cyclopropyl nethyl, cyclobutyl, cyclopentyl,
cycl ohexywo 2arvbst@er ahydr opyran-4-y1; and X, Rl, R2, an@&CRAISa0ie/02m32
descri bed above for Fornula (1). [006%2] In addition, another conpound of
formula (XLII1) is provided wherein: Ar is 1l-naphthyl; and X, Rl, R2, R3
and R6 are as ded¥Pf¥ed above for Formul a (). [0063] In addition, another
conmpound of forrmula (XLIII) is provided wherein: Ar is 1-naphthyl; R6 is
sel ect ed from berd2yl;(2{Pg)ymoypenzys. pr onp) benzyl, 2, 4-di f | uor obenzyl ,
(S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3-di hydr o- 1H- i ridediffoygbenzyl,

(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X, Rl, Rz, and R’ are as described above for Formula (D).

[0060] A compound of formula (XLIII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:



WO 2010/ 081082PCT/ US2010/ 020632 42 net hyl, n-propyl, 3, 3-dinethyl butyl,
2- et hyl propyl, 2,2-dinethyl propyl, -isopropyl, cyclopropyl nethyl,

cycl obut yWo 2010aisosent yl , cycl ohexyl, and tetrahydropyrarcdAgioioans3X, RI1,
R2, and R3 are as descri bed above for40Formula (1). [0064] A conpound of
formula (XLIV) below is also provided as an antiviral conpound in
accordance with the invention which has the st¢icture: (XLIV) wherein Ar,
and R1-R6 are as described above for Formula {1). [0065] |n another

enbodi ment, the conmpound of formula (XLI i ovi ded wherein: R4 and R5

are independently sel ected froﬁﬁhydrogen,/ 2010/ 081082PCT/ US2010/ 020632
43 met hyl, isopropyl, 2-thionE@QyPethyl, L el yfpﬁopyl,
0 R?
CHjz
R3 OH
(XLIII)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

[0061] In another embodiment, the compound of formula (XLIII) is provided wherein:

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,

(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,



1- met hyl propyl, and phenyl; and Ar, Rl, R2' R3, and R6 are as descri bed
above for Formula (1). [0066] In addition, another conpound of formula
(XLI'V) iswpnow/mdes2wherein: RL is ethyl; and Ar, R2-R6 ace/asoideses: bed
above for Formula (I). [0067] In addi4ti on, another conpound of formula
(XLI'V) is provided erein: RLis ethyl; Ar is selected from

(S) - 2- ( 3- met hoxyBBE™8: oxo- 2- yI ) napht hal en- 6-yl, 2-net hyl napht hal en- 1-yI ,
3-tert-butyl napht hal en-1-yl, 3,7-di-tert-butyl naphthal en-1-yl, 1-naphthyl,
2-napht hyl , qui ndrPiPBLy| | qui nolin-6-yl, quinolin-8-yl, and phenyl; R4 and
R5 are independently selected from hydrogen, WO

2010/ 081082PCT/ Uskd donahyadarylas

2-methylpropyl,
2,2-dimethylpropyl,
-isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X, Rl, Rz, and R® are as described above for Formula (D).

[0062] In addition, another compound of formula (XLIII) is provided wherein:

Ar is 1-naphthyl; and
X, Rl, Rz, R? and R® are as described above for Formula (D).

[0063] In addition, another compound of formula (XLIII) is provided wherein:

Ar is 1-naphthyl;
R%is selected from

benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,



met hyl , isopropyl, 2-thionethylethyl, 2-nethylpropyl, 1-nethylpropyl, and
phenyl; R6 is selected frombenzyl, (S)-1-(2-brono)benzyl,
2, 4-di f| vwoabansyls2 (S) - 1- phenyl et hyl, (S)-1-(4-br onopheayiyseatopkos32
(S)-1-(2-bromophenyl)ethyl, 2,3-di hyd2o-1H-inden-2-yl, nethyl, n-propyl,
3, 3-di net hyl butyl, 1fl-cm::t hyl propyl , 2, 2-di nmet hyl propyl, isopropyl,
cycl opr opyl net hyln,“etE | obutyl, cycl opentyl, cyclohexyl, and
tetrahydropyran-4-yl; and R2 and R3 are as descri bed above for Forrmula (I).
WO 2010/ 081082PCTI-RISPY10/ 020632 45 [0068] A conpound of formula (XLV) bel ow
is also provided as an antiviral conpound in accordance with the invention
whi ch has the st risgdimeshylRutyl,

2-methylpropyl,

2,2-dimethylpropyl,

-isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X, Rl, Rz, and R’ are as described above for Formula (D).

[0064] A compound of formula (XLIV) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

O/R1
N X
Ar N
| ¢ f
N N/)\NH
|2
0 R

O, ,/O
HN" "0
Oﬁ)\.”RS CH3
R4 R3 OH
O\RG
(XLIV)

wherein Ar, and R'-R® are as described above for Formula (D.

[0065] In another embodiment, the compound of formula (XLIV) is provided wherein:

R* and R’ are independently selected from

hydrogen,



HN Ar 110, ,,ONNNHPI HN\OR2 - -iiR6 R4 OH "R6 (XLV) wherein Ar, and
R1-R6 are as descri bed above for Fornmula (I). [0069] In another enbodi nent,
t he conpowocdowfosiasenul a (XLV) is provided wherein: Ar i ®2CcyalseameheBz om
(S)-2-(3-net hoxybut - 3- oxo 2 yl ) napht &l en- 6-yl, 2-net hyl napht hal en-1 -yl
3-tert-butyl napht hlill en-| - 3,7-di -tert-butyl napht hal en-1-yl, 1-naphthyl,
2- napht hyl, qui ARSI 5- yI qui nolin-6-yl, quinolin-8-yl, and phenyl;

isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;

and

Ar, Rl, R*R? ,and RS are as described above for Formula (D).

[0066] In addition, another compound of formula (XLIV) is provided wherein:

R is ethyl;

and

Ar, R*-R®are as described above for Formula (D).

[0067] In addition, another compound of formula (XLIV) is provided wherein:

R is ethyl;

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from

hydrogen,



R4 and R5 are independently selected from hydrogen, nethyl, isopropyl,
2-thiomethyl ethyl, WD 2010/ 081082PCT/ US2010/ 020632 46 2- net hyl propyl,
1-nethy|pw0pyhmmamd phenyl; R6 is selected from benzyl, PCEUS010DR06610
benzyl, 2,4-difluorobenzyl, (S)-1-phetylethyl, (S)-1-(4-bronophenyl)ethyl,
(S)-1- (2 bronnpheng )ethyl, 2,3-di hydro-1Hinden-2-yl, nethyl, n-propyl,

3, 3-di net hyl buPV1 5. nethylpropyl 2, 2-di met hyl propyl, isopropyl,

cycl opropyl et hyl , cyclobutyl cyclopentyl cycl ohexyl, and
tetrahydropyranl%mVEW,and R1, R2 and R3 are as descrlbed above for Formul a

(). WD 2010/ 081082PCT/ USZOlO/ 020632
2-thiomethylethyl,

2-methylpropyl,

I-methylpropyl, and

phenyl;

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

R*and R? are as described above for Formula (D.



47 (XLVI) wherein Ar, and R1-R6 are as descri bed above for Formula (1).
[0071] In another enbodi nent, the conpound of forrmula (XLVI) is provided
wher ei n: wWo 208/Bedsect ed from PCT/US2010/020632
(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht &l en- 6-yl , 2-net hyl napht hal en-1-yl,
3-tert-butyl naphthalen-I-yl, 3,7-di-tert-butyl naphthal en-1-yl, 1-naphthyl,
2-naphthyl , quinolin-5-yl, quinolin-6-yl, quinolin-8-yl, and phenyl; R4 and
RS are 00@@9@@6 :ﬂbﬂlﬁﬁ §1Efo@§1md(foméwr199ge proBHEY hs ar %f?tﬁ)srlﬂa@)ébmpound in

2-t hi onet hyl et hy 2-nmet hyl propyl, 1-nethyl propyl, and phenyl; WO

2010/ 081082PCTASEBNEY BithBiE2ina@ntion which has the structure:

R1
HN”
N X
Ar N
l ¢ f
N N/)\NH
F'{z

o, 0
HN" O 0
Oﬁ’)\”RS CH3
R* Rs OH
O\RG
(XLV)

wherein Ar, and R'-R® are as described above for Formula (D.

[0069] In another embodiment, the compound of formula (XLV) is provided wherein:

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,

2-thiomethylethyl,



R6 is selected from benzyl, (S)-1-(2-brono)benzyl, 2,4-difluorobenzyl,
(S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632

2-nmet hyl propyl , 2, 2-di net hyl propyl, i®opropyl, cyclopropyl nethyl,

cycl obutyl, cycl (;Bet?l%]}él, ﬁb;ycl ohexyl, and tetrahydropyran-4-y1l; and Rl, R2
and R3 are as des8FfBREPPYbove for Formula (1). [0072] A conpound of formula
(XLVI1) below is also provided as an antiviral conpound in accordance with
the invention wHiBshHRERAENEt ruct ure: WO 2010/ 081082PCT/ US2010/ 020632 49
(XL VIl) wherein Ar, X, and Rl, R2, R4, R5 and R6 are as descri bed above
for Fornula () phenyl;

R® is selected from
benzyl,
(5)-1-(2bromo benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and
R!, R?and R’ are as described above for Formula (D.

[0070] A compound of formula (XLVI) below is also provided as an antiviral compound in

accordance with the invention which has the structure:



[0073] In another enbodi nent, the conpound of formula (XLVII) is provided
wherein: R4 and R5 are independently sel ected from hydrogen, nethyl,

i sopr opylwo2etonisoset hyl et hyl , 2- et hyl propyl, 1-nmet hyl propsusoiancosphenyl ;
and Ar, Rl, R2' R3, and R6 are as des¥ri bed above for Fornmula (I). [0074]
I'n addition, another compound of fornula (XLVII1) .is provided wherein Xis 0;
and Ar, Rl, R2, R4, R5 and R6 are as described.dbove for Formula (1).

[0075] In addition, another compound of formul®a (XLVII) is provided wherein
Ar is selected from WD 2010/ 084,082PCT/ USZéN 0632 50

(S) - 2- (3- et hoxybut - 3- oxo- 2- yl ) hapht hal en{6-y ,_I2- et hyl napht hal en- 1-yl,
3-tert-butyl napht hal en- 1-yl, R 7,Ai-tert-ut Wnapht hal en- 1 - yl,

1- napht hyl , 2-naphthyl, qui noIANn-P‘% @i nolin-6gyl, quinolin-8-yl, and

O ..,”RS

(XLVI)

wherein Ar, and R'-R® are as described above for Formula (D.

[0071] In another embodiment, the compound of formula (XLVI) is provided wherein:

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and

phenyl;



phenyl; Rl is nethyl; R4 and R5 are independently sel ected from hydrogen,
met hyl , isopropyl, 2-thionethylethyl, 2-nethylpropyl, 1-nethylpropyl, and
phenyl ; RSoOi2s1mli@et ed from benzyl, (S)-1-(2-bronp)benzPlCT/US2010/020632

2, 4-di fl uor obenzyl, (S)-1-phenylethyl48 (S)-1-(4-bronophenyl)ethyl,

(S)-1-(2-br phenyl )et hyl, 2, 3-di hydro-1Hinden-2-yl, nethyl, n-propyl,
VO 2010/0818%2@@%?%%%@9@V020632 51 3,3-di nethyl butyl, 2-methyl propyl,
2,2-dinethy|prop%1, Hsopropyl, cycl opropyl et hyl ,

enzyl,

(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl,
(S)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and

R!, R?and R’ are as described above for Formula (D.

[0072] A compound of formula (XLVII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:



cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran-4-yl; and X and R2

are as descri bed above for fornmula (1). [0076] In addition, another
conpound wbO 2bhowvaswisa (XLVII) is provided wherein Ar is seCeatsedofeama
(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht &l en- 6-yl , 2-net hyl napht hal en-1-yl,
3-tert-butyl naphthalen-1-yl, 3,7-di- tert- butyI napht hal en-1- vyl

1- napht hyl , 2-naphthyl, qui noI in-5-yl, qui noI i 6- yl, quinolin- 8 yl, and
phenyl; Xis 0; R4 and R5 are |ndependently ect ed from hydr ogen, met hyl,
WO 2010/ 081082PCT/ US2010/ 0206&@ 52 i sopr R,—t hi onmet hyl et hyl ,

2- met hyl propyl , O o

HN’ O
@) --II|R5 CH3

R* OH

\RG

(XLVII)
wherein Ar, X, and Rl, Rz, R4, R and R® are as described above for Formula (D).

[0073] In another embodiment, the compound of formula (XLVII) is provided wherein:

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;

and

Ar, Rl, R*R? ,and RS are as described above for Formula (D).

[0074] In addition, another compound of formula (XLVII) is provided wherein

Xis O;
and

Ar, Rl, Rz, R4, R and R® are as described above for Formula (D).

[0075] In addition, another compound of formula (XLVII) is provided wherein

Ar is selected from



1- met hyl propyl, and phenyl; R6 is selected from benzyl, (S)-1-(2-brono)
benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl,
(S)-1-(2-Wwoanmpisersy! ) et hyl , 2, 3-di hydro- 1H i nden- 2-yl, merhyskoiom@sDpYy| ,
3, 3-dinethyl butyl, 2-nethyl propyl, 2302-di met hyl propyl, isopropyl,

cycl opropyl et hyl ycl obutyl, cycl gpenty cycl ohexyl, and
t et rahydropyran-éf-sg/'%(g%ﬁﬂ‘?fé’ﬁat' XS%YIS?PL]@@%iéﬁ@d above for formula (1).
WO 2010/ 081082PCT/ US2010/ 020632 53 [0077] In addition, another conpound of
formula (XLVI1) ismsthylnaged@alghdrdin Ar is selected from
(S)-2-(3-net hoxybut - 3- oxo- 2-%/I ) napht hal en-6-yl, 2-net hyl napht hal en-1-yl,
3-tert - but yl naphth&rebutylngphthderzldil- t er t - but yl napht hal en-1 -yl ,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R is methyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from
benzyl,

(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,

n-propyl,



1- napht hyl , 2-naphthyl, quinolin-5-yl, quinolin-6-yl, quinolin-8-yl, and
phenyl; Xis O0; RL is nmethyl; R4 and R5 are independently selected from
hydr ogen,woebtwisiosesopr opyl , 2-thi onet hyl et hyl , 2- net hylPpTa$g610/020632
1- net hyl propyl, and phenyl; R6 is seldcted from benzyl,
(S)-1-(2-bronmo)benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,

éé—ﬁsr%?tﬁ% utyl

(S)-1-(4-bronoph .2 WD 2010/ 081082PCT/ US2010/ 020632 54
(S)-l_—(2-brom)pher]ylzhe'i%ll,1 2, 3-di hydro-1Hi nden-2-yl, nethyl, n-propyl,
3, 3-di met hyl but yd-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X and R” are as described above for formula (D).

[0076] In addition, another compound of formula (XLVII) is provided wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and

phenyl;

Xis O;

R* and R’ are independently selected from
hydrogen,

methyl,



2-met hyl propyl, 2, 2-di net hyl propyl, isopropyl, cyclopropyl nethyl,
cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran-4-yl1l; and R2 is as
descri bedwvaehowasise fornula (1). [0078] A conmpound of fecmuisao1pxeossl | )
bel ow is al so provided as an antivira2 conpound in accordance with the
i nvention which has the structure: (XL VIIl) wherein R2 is other than H;
and Ar, Rl, R3 BPP'®¥“and R6 are as described above for Fornula (l1). WD
2010/ 081082PCT/ UsS2010/ 020632 55 Ar is selected from
(S) - 2- ( 3- met hoxyoitonmtiggethyl. y| ) napht hal en- 6-yl, 2-net hyl napht hal en- 1-yl ,
3-tert-butyl naphthal en- 1-yl, 3,7-di-tert-butyl naphthalen- 1- yl,
1- napht hyl , 2- n@phethylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from

benzyl,

(5)-1-(2-bromo) benzyl,

2,4-difluorobenzyl,

(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

R'and R? are as described above for formula (D.



qui nolin-5-yl, quinolin-6-yl, quinolin-8-yl, and phenyl; Rl is nethyl; R2
is other than H R4 and R5 are independently selected from hydrogen,

met hyl , iwopommghos22-t hi omet hyl et hyl , 2-net hyl propyl, 1Paetusgéipne@yt, and
phenyl; R6 is selected from benzyl, (3)-1-(2-bron) benzyl

2, 4-di £ hen ( 4-bro et hyI
(S)-1- ([98?18[ Bﬁlﬁﬁw a}@%tﬂg mpo dcﬂf%fm%a é@f’ﬂ&wr%@‘) & Wﬁ@% VO
2010/ 081082PCT/ US2010/ 020632 56 n-propyl, 3, 3-dinethyl butyl,

Ar is selected from

(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,

quinolin-5-yl, quinolin-6-yl,

quinolin-8-yl, and

phenyl;

Xis O;
R is methyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,



2-met hyl propyl, 2, 2-di net hyl propyl, isopropyl, cyclopropyl nethyl,

cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran-4-yl1l; and R3 is as
descri bedwvehowasiese fornula (1). [0080] Once again, in eathiScasmoest h
regard to the foregoing conpounds, it54is contenplated that the invention

wi || include pol ynorphs and phosphor jastereoners thereof. In addition,
t he above conpouﬁggl"iymﬁg? Eggﬁgﬂfggﬁﬁgyﬁ%ﬂéﬁFggﬁéﬁéonpositions as set
forth above, and these conmpounds and conpositions will be useful in the
antiviral nethods"ghykreatnent as di scussed herein. [ 0081] In yet another
enbodi nent in accordance with the invention, the above conpounds according
to formula (1) abopwpglan incl ude different diastereoners around

phosphorous, as set forth in the follow ng exanple: XR1l
N..... v, 33 NlindethyLbutyIN -N NHR2 Ar | 0", O / *1=.t, % -,

2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and
R? is as described above for formula (D).

[0078] A compound of formula (XLVIII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

O/R1
N X
Ar y N
| <f
\ N/)\,TIH
0 R?
Oﬁ)\.”RS CH3
R4 OH
(XLVIID
wherein R? is other than H;
and

Ar, Rl, R’ R4, R and R® are as described above for Formula (D).

[0079] In addition, the compound of formula (XLVIII) may also be provided wherein:



HNa "OO0.I11R5 R4 izt,0 "6"... XRLNN1 NN NHR2 O . 4...--, R3 OH
(S)-P(R-P WD 2010/ 081082PCT/ US2010/ 020632 57 [0082] In yet anot her

enbodi mrenwoi2nicenscsedance with the invention, conpounds eam/iskeio/okes3nbt ai ned
whi ch include a mxture of the two ph®¥sphorous di astereoners set forth
above in any fg%Portion from1:99 to 99:1, e.g. 10:90, 25:75, 40:60, 50:50,
60: 40. 75798 Se§6HdIORi ¢ | n the above exanple, the nmixtures will include a
desired percentage of the (S)-P_form and the renaining percentage of the
(R -P form [0083P)-Adévratherybib3oxperyldmpbdirleert ¥l of the present invention
there is provided a conpound of formulas (l1-VlI) above for use in a method
of treatment of a&-etalnaphtheleniloyl. of the family Flaviviridae, for exanple
in the treatnent of hepatitis C virus. According to other enbodi nents of

t he present i nvertieombuthlenghthdepdoli ded a pharmaceuti cal conposition
conprising a conmpound of formulas I-VI in conbination with a

phar maceuti cal | y rdepirabitglnaglithales-1-ydj | uent or excipient. [0084] Conpounds
according to the present invention have surprisingly been found to have
enhanced anti -vi riahaph@tyl Vi-haphtyn, particul ar, conpounds according to the
present invention have been found to have enhanced potency with respect to
hepatitis C ViruspyfHntdel qunsiReunds according to the present invention
have surprisingly been fo&ﬂd to have enhanced stability in rodent plasna.

In particul ar, COEBQ nas rding to the present invention have been found
to have stabilities EQQ§yﬁgﬁgr than 4 hours in nouse plasma. [0085]

Definitions [OOSSbeﬁ@,used herein, the term"alkyl" refers to a straight or
branched sat ur at hoval ent cyclic or acyclic hydrocarbon radical, having
t he nunber qf, .carhon atons as indicated (or where not indicated, an acyclic
al kyl group%%ﬂépg? 1y has 1-20, nore preferably 1-6, nore preferably 1-4
carbon at omspapdiRr AMelH.-c al kyl group preferably has 3-20, preferably 3-10,
nor e preferagly 3-7 carbon atons), optionally substituted with one, two,
three or norR adbstare indapendenitiespdastialfidry sel ected from the group set out
above. By way of non- limting exanples, suitable al kyl groups include

nmet hyl , ethyl, pydpgen, butyl, pentyl, hexyl, octyl, nonyl, isopropyl,
2-butyl, cyclopropyl, cyclohexyl, cyclopentyl and dodecyl. The term

" C3- C8cycl oal kylnettiyf ers to cyclic alkyl group conprising fromabout 3 to
about 8 C atons. The term "C3-C8cycl oal kyl -al kyl" refers to an acyclic

al kyl group subs&bhg&gd by a cyclic al kyl group conprising fromabout 3 to
about 8 C atons.

2-thiomethylethyl,

2-methylpropyl,

I-methylpropyl, and

phenyl;

R® is selected from

benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,



WO 2010/ 081082PCT/ US2010/ 020632 58 [0087] As used herein, the term

"al kenyl" refers to a straight or branched unsaturated nonoval ent acyclic
or cycli cwbydroasarsbon radi cal havi ng one or nore C=C dorbirassbandsocand
havi ng the nunber of carbon atons as 36ndicated (or where not indicated, an
acyclic al kenyl group preferably has 2-20, nore preferably 2-6, nore
preferably 2-4 cdrB8RYat ons and a cyclic al kenyl group preferably has 4-20,
nore preferably 4-6 carbon atons), optionally substituted with one, two,
three or nore subst-dinhyldutdependent|y sel ected fromthe group set out
above. By way of non-limting exanples, suitable alkenyl groups include
vinyl, propenyl, Juedtnylgropyent enyl and hexenyl. [0088] As used herein, the
term"al kynyl" refers to a straight or branched unsaturated nonoval ent
acyclic or cycliMdnabdptepyl,r adi cal having one or nore triple C/ C bonds
and havi ng the nunber of carbon atons as indicated (or where not indicated,
an acyclic al kynyikopgopup preferably has 2-20, nore preferably 2-6, nore
preferably 2-4 carbon atons and a cyclic al kynyl group preferably has 7-20,
nmore preferably §yRpepyhdin@t oms), optionally substituted with one, two,
three or nore substituents independently selected fromthe group set out
above. [0089] As(5§$bg%Lein, the term "al koxy" or the term "al kyl oxy"
refers to the group alkyl-O, where alkyl is as defined above and where the

al kyl noi ety naycgp&%8¥9fly be substituted by one, two, three or nore
substituents as set out”dbove for alkyl. By way of non-limting exanples,
sui tabl e al koxy groups. i.ncl.ude nethoxy, ethoxy, npropoxy, i So-propoxy, n-
but oxy, tert-buth§gB§8’5Wﬁtoxy, n- pent oxy, n-hexoxy and

1,2-dinethy|buﬁﬁﬁ . The term "cycl oal kyl oxy" refers to the group

cycl i cal kyi dg¢tra a0V ical kyl is as defined above and where the
cyclical kyl noiety nmay be optionally substituted by one, two, three or nore
substituent8das set out above for al kyl . [0090] As used herein, the term
"al kylthio" refers the group al kyl-S-, where alkyl is as defined above and
wher e ﬂhesaﬂ%yPHM®Mé®yegﬁ¢b@®ﬂﬁ ally be substituted by one, two, three or
nore substituents as set out above for alkyl. By way of non-limting
exanpl itabl e alkylthio groups inclu nmet hyl t hi o, .ethylthio,. n-

o opy1 a0 DS HFisnyt Vach g TR B o e BreBSiodornbpsos” tat bl piatics
n-pentyl thi o, Arah@&xaxyendiod v@illgnﬁhd@%&?’ﬂr@ﬂﬂﬂ lah&ipResph¥ds diastereomers thereof.
2010/ 081082PCT/ US2010/ 020632 59 [0091] As used herein, the term "aryl oxy"
refers to the §radditien he apovedearpeungsywil] Be asetdleini phamissh el gsaapasidees t he
aryl noiety na td | ti ed. by on t th or [
substituents a;s{S gegtﬂngﬁt%% eo\?lgd\?\nﬂegg CP@?%%@ ; c()1 ‘ioﬁnepogsﬁr,t\%af)w g%%[lbgﬁglg?n iée used
herein, the teamivial kewpdh kfircatmenesisslidcossad hadely! group having an al koxy
substituent. Binding is through the al kyl group. The al kyl noiety and the
al koxy noiety are as defined herein with respect to the definitions of

al ky! ~ 4R8BS HilRosefy anotherppbqdieyt inTaceordpesxyithdle HIVRYtionmiceths GREPOEEEh be
substituted by : , e fr e i g ith
regard to the ﬁ%??ﬁ?%?@nﬂ%$&§1é§|?&Pﬁoééfqﬁghﬁﬁgﬁ& g?if%$&¥ﬁ%&?§?%&%&M

"al kyl t hi oal kypHospbérens at sctdnrtlalkthe fojtoupg hsamplg: an al kyl t hi o substituent.
Binding is through the al kyl group. The alkyl noiety and the al kylthio

nmoi ety are as defined herein with respect to the definitiaong of alkyl and
al kylthio, respectively. The affkylthio and al kyl nDieties)ﬁﬁy each be
substituted by dwie, two, tRreexqr nore substituents asNsetxqut above with
regard to the dé€gjnytion I%MF. [0094] A9,used her&in| the term

"al koxyaryl" refeﬁﬁ;to an YINQradp? havi ng gﬁ{glkoxy UbNT TNeRt . Bi ndi ng
is through theHayl J The al koxy noi ety an® yl nmoiety are as
defined herepn wi.tih resfecisto the definpdidns;of alk and aryl,
respectively. 4alkox3 azgharyl noi et i es ngy eachﬁpeb§ybstituted by one,
two, three gor.@more substit ts, as defhnéh herein Wit regard to the
definitions ®f al koxy d aryl, respectiVely. [0095] As used herein, the
ternl"cycloalkylaryI“S$ fers to an aryl group haW)s®y a cyclic al kyl
substituent. Binding is through the aryl group. The cycl oal kyl noiety and
the aryl noiety are as defined herein with respect to the definitions of
cycl oal kyl and aryl, respectively. [0096] As used herein, the term

"aryl (G -C6)al kyl -" refers to a G -C6 al kyl group substituted at any carbon
by an aryl group. Binding is through the al kyl group. The aryl noiety and
the al kyl noiety are as defined herein with respect to the definitions of
aryl and al kyl. The aryl group may be substituted. By way of non-limting
exanpl es, suitable aryl (G -C6)al kyl - groups include benzyl, 1-phenylethyl,
3- phenyl propyl, 4-chl orobenzyl, 4-fluorobenzyl, 2,4-difluorobenzyl, and

VAN N A D AN A NN ANIETNNVT I 1 1NN A N NN N NNy s A=



[ 0099] As used herein the term"aryl"” refers to a nonoval ent unsaturated
aromati c carbocyclic radical having one, two, three, four, five or six

ri ngs, prwbensmnisyosene, two or three rings, which may bepPlCwasdoion23zyclic.
An aryl group may optionally be substituted by one, two, three or nore
substi t ts as set out ove wWith respect to . optional substituent that
may be [ﬁﬁ@ﬁﬁtyebwh?é eatbs SAf In 3sFeidan ‘ﬁlﬂa@tnmwaawoawn 38 PG
nonocyclic ri ngbtﬁfh@&%dhﬁbhﬁﬁclﬁd@Qbﬁ%r@&f‘%ﬂ@tw@ﬁhc%%l%ﬁé &an&MﬁlbfsCsePfortﬁlused
ring systemcontaining 7, 8 9 or 10 carbon atoms; or an aromatic tricyclic
ri ng system conbaieni agy 111©p011m,n ficfm 109 t@l9914e ga]r(b%t 25t 606801 56, $0t40ng
exanpl es of aryl .i _ude e and na These i ncl ude
cubsti tuent gr atips SpHEREr JF RSE e EBE T it sl R et |y

sel ected from Pydémx %éc(f‘tﬁl‘b&) EaiQ)th ablRthe I%raﬁﬁﬂg p@@éﬂt@@bftﬁ FHOPor@: ), nitro
(-NO®2 ), am no ( NH2 car boxyl (-COOH), cyano (-CN), G -Cénonoal kyl am no,
C -C 6dial kylamno, thiol, chloro, brono, fluoro, iodo, SG3H, -SH -SW
wher ei H0883]i Accopieg errtbeitambodanenis eldthe peeanntion thesalswesyideshdl Gi - csal ky! .
[00100] As useg, Iﬂﬁ&ff{dfbf J&ﬁn&se(ﬁ r(h% F‘@&%Vf&%{s%'u%' ﬂ%d &‘?Ie%ﬁﬁentt%f?vﬁ%t ur at ed
or partially unsa urate eterocyclic ring system having one hre
four, five or ﬁﬁMxmnmgﬂmfbmﬂ@dﬁabhmdmnébr¢wxmﬁﬁuﬂmﬁﬁmmmmmgﬂﬁwphumhjnay be

fused or bi cycl i c, dgnd havi ng. cont ai ned mn%hln the rin ri ngs atgieast

one menber sel EEHed FOEHNE O ?roe&rpbOé&H%tt§9 the paFseRy inye B thse TFHEO Y

" C5- C20" or FhhacHiedl ReisRidALLE] Pi‘éﬁﬁ b‘ﬁ%hn&'@%ﬁnufa?? RAGHI vely, a
five to twenty gr a five to ten- nenbe | stem at | east one of which
nmenbers i s sel eghkidatfiorowith Ia@hgrnmgputmaﬂslaectepw@le(ﬁanm;r, dilwntoiSxcRiatfter r ed

het er ocycl oal kyl systens are: a nDnocycIic ring system having five nenbers

of whi east qne

2010/ od BB e S-OoRE b b plistr dmafioTeBir A e gl b EhdPEI AN at om
or one, two Or efihedl afidiitdl ab@ityN 1alpaRRulad JTRIPOGHE dcbordinio MRyprognsi X
menbers of which one, two or three nenbers are a Nor 0 ato a bic C|IC
ring system haVivaBiien hee heerbiaugd &F hasicohansed peigaey WHB refepgide hepatisis or S
at om and whi ch i I tOﬂB or
a bicyclic r|ngggigﬁgﬁ%%%8?%8&$EQ§098?§t8 ]ﬂéﬁkpﬁﬁgﬁﬁ) akégﬁ%EFE%§

menbers are a bedtfound Byhawaynifhcedstability 1hlrd?@:nepal§mh e patitdlabt@mpounds
heterocycloalkyl grou s_include tetrahydrofuranyl, tetrahydrop ranyI

pyrrolidinyl, B Fihe Pr@tS%‘ttrl%WHPbtlbYeott?)?Pé‘PMd to Ay $Rfif H%ﬂcr BFaterang

pi peridinyl [OﬁéggthQgﬂ Js8 1g is drawn as a structure, e.g., [00102]
As used herein, the(ternfﬁ?ﬁd W™ refers to the fused bi cyclic radical of
structure, ' , wherein the p0|nt of attachment of the radical to the rest

of the[ﬁﬁ&ﬁoﬂb@wﬁ@mon any avail able non-aromatic carbon atom [00103]
Avai | abl e carbon atonms and/ or heteroatons of the " heterocycloal kyl "ring

syste cri bed.abov ubs |tute one. or, nore
et er odP N Aten SER: iR ot Pbtseb helio R i Ft<RE b P BSw 8Bt o,
het er oat om subsydlicuent ham@dﬁaeh@@hemédlqmvmgm@ﬁummrtdf@g@bn afohspRur and
hal ogen (F, C, Br and |I). Were the ring(s) is substituted with one or

nore het er oat orﬁ&lcafﬁdef%ndbr%/nqtn@h@at@# an fcyczhc agkyd grauprseterablyaias rdib

stituents sel ect e / or
hal ogen. Prefeﬁtedpé(%ah PL%%%&%&€%%§55524?%'g%éﬁ@%gﬁp <§g§ég@gﬁg§9
hydr oxy, acyl , petarhidxhas BH20r @refanbly®- I(S@dﬂb pEiterabiyy3-Whaben & ltoRis) is

i ndependently sel ected fromthe sane ups as R carboxyl $

(Gi - CB) al kyl anPPtbonaE I uRsE ey IOB?ntWB tf%qnmore AYbsfigentsriBdapendandyr o and
iodo. [00104] EYLdhefomrige ol s&Q%P%HRQSBSRm&QE%ohWﬁﬁR gQQmﬁBBE%hRMHQe or
nore chiral centers. Abcor% y, It desi such conpounds can

prepared or iS@M@agMupsmpMdensﬂadeﬂhﬁbmvpﬁ,MHybp@uabhwqdumnﬂumhwenant|oners

St er oot somer s (RNEPEh e RRLG RS IPGy AP R B HHEE o CLER of thi s

i nvention. Pur ecg%t:gtry@waﬁ@n%&rt R cyené hl‘kklﬁ%ioﬁ“f) sHp@Shg 1B dBuPs BPAfoRAS USI NY,
for exanple, optically active startin erials or stereoselectlve

r eagent s viel | - Rrabems.i %hq an &t csmot@mﬁétaikyérgﬁfers smiacin dharsiel 0
2010/ 081082PCT’1}%S?P 0209%%c Byt N <o OUNgS GRL R 23S R ? djisng. for
exanpl e, chiral %nato §(by I'taF resolving agen AR he

i ke. [00105] The conpounds of thls |nvent|on may contain one or nor e
asymmetric centers, depending upon the |ocation and nature of the various
substituents desired. Asymmetric carbon atons or phosphorous atons nay be
present in the (R) or (S) configuration or (R S) configuration. In certain
i nstances, asymetry may al so be present due to restricted rotation about a

gi ven bond for exanple the central bond ad10|n|ng t wo substltuted

T Y b1 o e B I



63 [00107] The term "pharnmaceutically acceptable partial salts"™ in included
in the term"pharmaceutically acceptable salts" and refers to conpounds
havi ng a wobstodswsat capabl e of having nore than one gregp/usesmwioa06sal t but
| ess than the maxi mum anount of such $roups actually forma salt. For

exanpl dj phospho. group can form lurality of saJts and, if only
parti aﬁp9§jl7|]oin$‘?€§?‘e “He th%‘gﬂ?tghglyér@%ﬁgfosa & tio_ EANCRG SRy rat herein as a
partial salt. hknb%l&ﬁ%@%ctﬁifcgﬂ@y&ﬂlﬂ{ydk&a?ddn r§&i@aﬁtﬂa%ﬁ§g%ﬂe %f ]ﬁfépegcgéfdoﬁﬁlg

above, polyners arrive definding substituents wt urther su

stituents to thensehddsvife the. nunshebof carboreaonns pb invacatery oawheatsstot t ut ed ar vyl
group as a substituent which is itself substitut with a substjtuted aryl
o o, ete. ) amdtaghE i Fshe ahan o fia RGP R0 il el RBR b

nmaxi mum number pRfershlG -5 Ghsbh @i shdiaScylché 8Renyiabup SrefePabbiastH20, Baeh of

the above definitions is constrained by a linmtation that, for exanple,
substituted ar prefeypliigst earbon atains b@ptienally shkitityted adthang) twor Suienser mereed

aryl)-substitu aryl . Sim I Ll S d th t he abo
definitions ar Eeueoggﬁle%{trsltl%d% eeaA e? gy%g‘ﬁ%‘}t%%ggﬁggg{r%@g?ﬁ“té a@% es?ﬁ"%}yi Oﬁlogét terns
(e.g., methyl stisiddxab@plesWidifable dlienr @ogpLLiupihdOringl, pysheaxly butgndup pendent
to a carbon atom of an_ethenylic or acetyl enic unsaturation). Such

i nperm ssi bl e B%%Qﬁlﬁﬂfﬂh@ﬁnp}%tterns are well known to the skilled artisan.
[00108] The term "pol ynorphs” refers to any pol ynorphic fornms that can

exi st ijgogd)ea CORRALRTS urf efiR F'ml%m( teYers &2 Et?aﬁgﬁrlir%?ﬂl_cf?é’d MGrupfre®r di nary
skill in the art. As known in the art, polynorphismis an ability of a
conpound t o cryshatdléecudicroncgclidtanlransodirsdicaldtavingyst al monetripte C/C

" pol ynor phi c” ecie A "pol rph® is a solid.crystalline phase of a
conpound v ¢ Bobanghatiag U BBt caiPeRng@ani i e yRSERRE e f or e of
that compound Hai@eddl n hdycliBRIKSRYII %o@ FeRratftP hYRD P hhrefREERbRI 2-8MYo Ven
compound are defined by the same chemical formula or cor‘rE05| ti'on and are as
di stinct in chewifaablygt4 easbanr atoms agd g sydid dlkeys eroyptpirerabbyfhas iz Winfofrer ent
chem cal conpounds., al, Synthetic.Mthods .[00109] The conpounds of this
“venton can_ PR grURrE Rt BS PR Vb o g Rl B UM R ng
the fol |l owi ng genefuehtsimidpeitienandelpites OIS groub sef dut abgveappr eci at ed t hat
where typical or preferred process conditions (i.e., reaction tenperatures,
times, nole ratios of reactants, solvents, pressures, etc.) are given,

ot her JPBEHSs LshErain-dhsteranalkray Yehgsay "alkyiosy” misfe fuhs€ratraled: Ot i mum
WD 2010/ 081082 r i it i.th the
particular r eac&%{ﬁ?sﬁg}g#Oésg%@gﬁ%a]ﬁ)égcﬁégﬁe%ggg%ﬁkg%)%fg%?fgﬁg%ggﬁl{%@mﬁet erm ned
by one ski |l | edsubstitutes] By énebywa, olute nemopt sublstitatntons gt octexdorefor alkyl. By

[ 00110] Additionally, as will be par.e o those skilled in the art,
Lonvent 1 onar | ongy ol petmiting samat ShGhE el o ths S SRe b ek cdoRy. -
functional gropRSoky, Q- HREELINL BooNNUBSIHuRSkyT RRACHIARS n-pSHick@hl-Beik9t ect i ng

groups for various functional groups as well as suitabl'e conditions for
prot ecti ng andaetkprRatimethylhgtqxar Thegar cyderdkyloxal retprowpgbe aroapwetlicalllybwn i n

the art. For example, n ops pr,ot ectin roups are described in T. W
G oene and G - NE Ve TrBiab iR g s e HBr s MG R ikurEiekiny
Edition, WI eybe besn¥Dy kubsliBR&i bypsisk, 606, 8hRBoe ot fiddtifubek @i tbt olPsbid] The
starting materials for the followi ng reactions are generally known

conmpounds or cW aB@lprepared by known procedures or obvious nodifications
t hereof . For exanple, many of the starting nmaterials are available from

comer Gi SMPRe] . " I:ch ]G (M Ws., USA),
Bac hemc[?q}%)or]r ancg?%%%“ﬁ?w C@Aé!(gl@{r%ﬁa{e g%’eﬁ l())l#é:%ll%ln’%ﬂ % gt : kqu?l(gjlyl}ilés/!,SSI\/b. , USA).
Q hers nmay be pefapdrabdvdyndowlnare cheradlsyl norietyhwvdyoasionultl b adbbkiitnres Hyhmeeof |
described in standard reference texts such as Fieser and Fi eser's Reagents
for Organic SyRYhd&iFsor PofBstityentEay spbAH! ARPY B {Pr 1'S§H§‘{ayl G- IIpERg s
Chem stry of Conpd ’ ; ;ﬁg{? I AVBM S ier

Sci ence Publ i sCéEhéér?lgffle 1989) ?m%gyglgl\r{i&gwggié%}%ﬁ?@hol u(ﬂgs 1- i46(%'[1( H'(gﬁ!rylﬁl\?\i\é] ey and
Sons, 1991), Meeghopylhdyanweylthie.geribotybheriset-bytyltifigompemyltey, mhexBons, 4"
Edition), and La K:.s rehensi ve Organi ¢ Transformations (VCH

Publ i shers | nc.ar,lc{ ﬁ’géié‘}‘?tggﬁﬁa‘fﬁﬁ%m ly, the conpounds of this invention may
be prepared by various nethods known in the art of organic chem stry in
general and nucl eosi de and nucl eoti de anal ogue synthesis in particul ar.
General reviews of the preparation of nucl eoside and nucl eoti de anal ogues
include 1) Mchelson A. M, "The Chem stry of Nucl eosi des and Nucl eoti des, "
Academi c Press, New York, 1963; 2) Goodman L., "Basic Principles in Nucleic
Acid Chemi stry,"” Academ c Press, New York, 1974, vol. 1, Ch. 2; and 3)
"Synthetic Procedures in Nucleic Acid Chem stry," Eds. Zorbach W & Tipson
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Step 1: (X)(XI) PTSARS5 R4 0, 6 PTSA H2N O EtOAc Step 2: BzO Cl
NN NH2 G NN N NH2
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[0091] As used herein, the term "aryloxy" refers to the group aryl-O-, where aryl is as
defined below and where the aryl moiety may optionally be substituted by one,

two, three or more substituents as set out above with respect to the group Ar.

[0092] As used herein, the term "alkoxyalkyl" refers to an alkyl group having an alkoxy
substituent. Binding is through the alkyl group. The alkyl moiety and the alkoxy
moiety are as defined herein with respect to the definitions of alkyl and alkoxy,
respectively. The alkoxy and alkyl moieties may each be substituted by one, two,

three or more substituents as set out above with regard to the definition of alkyl.

[0093] As used herein, the term "alkylthioalkyl" refers to an alkyl group having an alkylthio
substituent. Binding is through the alkyl group. The alkyl moiety and the alkylthio
moiety are as defined herein with respect to the definitions of alkyl and alkylthio,
respectively. The alkylthio and alkyl moieties may each be substituted by one,
two, three or more substituents as set out above with regard to the definition of

alkyl.

[0094] As used herein, the term "alkoxyaryl" refers to an aryl group having an alkoxy
substituent. Binding is through the aryl group. The alkoxy moiety and the aryl
moiety are as defined herein with respect to the definitions of alkoxy and aryl,
respectively. The alkoxy and aryl moieties may each be substituted by one, two,
three or more substituents, as defined herein with regard to the definitions of

alkoxy and aryl, respectively.

[0095] As used herein, the term "cycloalkylaryl" refers to an aryl group having a cyclic alkyl
substituent. Binding is through the aryl group. The cycloalkyl moiety and the aryl
moiety are as defined herein with respect to the definitions of cycloalkyl and aryl,

respectively.

[0096] As used herein, the term "aryl(C;-Ce)alkyl-" refers to a C;-Cs alkyl group substituted
at any carbon by an aryl group. Binding is through the alkyl group. The aryl
moiety and the alkyl moiety are as defined herein with respect to the definitions of
aryl and alkyl. The aryl group may be substituted. By way of non-limiting
examples, suitable aryl(C;-C¢)alkyl- groups include benzyl, 1-phenylethyl, 3-
phenylpropyl, 4-chlorobenzyl, 4-fluorobenzyl, 2,4-difluorobenzyl, and the like.



/,;C h13 tBz BzO DBU, TMSOTf CH3CN Bzd (XI11) XR1 ;' ( NaORLHOO
N N NH2 MeOH, H+
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[0097] As used herein, the term “alkylcarboxy(C;-Ce)alkyl-" refers to a C;-Cg alkyl group
substituted at any carbon by an alkylcarboxy [alkyl-C(=0)O-] group. The alkyl
moiety is as defined hereinabove. By way of non-limiting examples, suitable
alkylcarboxy(C;-Ces)alkyl- groups include acetoxymethyl [CH3;C(=0)O-CH,-],
propanoyloxyethyl [CH;CH,C(=0)O-CH,CH,-], neo-pentoyloxypropyl
[(CH;);CCH,C(=0)0O-CH, CH; CH,-] and the like.

[0098] A cycloalkyl moiety and the aryl moiety may each be optionally substituted by one,
two, three or more substituents as set out herein with regard to the definitions of

alkyl and aryl, respectively.

[0099] As used herein the term "aryl" refers to a monovalent unsaturated aromatic
carbocyclic radical having one, two, three, four, five or six rings, preferably one,
two or three rings, which may be fused or bicyclic. An aryl group may optionally
be substituted by one, two, three or more substituents as set out above with respect
to optional substituents that may be present on the group Ar. Preferred aryl
groups are: an aromatic monocyclic ring containing 6 carbon atoms; an aromatic
bicyclic or fused ring system containing 7, 8, 9 or 10 carbon atoms; or an aromatic
tricyclic ring system containing 10, 11, 12, 13 or 14 carbon atoms. Non-limiting
examples of aryl include phenyl and naphthyl. These compounds may include
substituent groups, preferably those substituent groups independently selected
from hydroxy (-OH), acyl (R'- C(=0)), acyloxy (R'-C(O)-O-), nitro (-NO3 ),
amino (-NH,), carboxyl (-COOH), cyano (-CN), C;-C¢monoalkylamino, C;-C
¢dialkylamino, thiol, chloro, bromo, fluoro, iodo, SOzH, -SH, -SR', wherein R' is
independently selected from halo, C;-Cealkoxy,and C;-Cesalkyl.

[00100]  As used herein, the term "heterocycloalkyl " refers to a saturated or partially
unsaturated heterocyclic ring system having one, two, three, four, five or six rings,
preferably one, two or three rings, which may be fused or bicyclic, and having
contained within the ring or rings at least one member selected from the group
consisting of N, O and S. The prefix "Cs-Cyo" or "Cs-C 10" used before
heterocycloalkyl means, respectively, a five to twenty or a five to ten-membered
ring system at least one of which members is selected from the group consisting of
N, O and S. Preferred heterocycloalkyl systems are: a monocyclic ring system

having five members of which at least one member is a N, O or S atom and which



CH3 orHd /OH RINH2 or RISH WO 2010/ 081082PCT/ US2010/ 020632 67 Step 3:
G Il AOGPN.OR6/ C HO (XIX) Step 4: XR1
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[00102]

[00103]

[00104]

61
optionally contains one additional O atom or one, two or three additional N atoms;
a monocyclic ring having six members of which one, two or three members are a
N or O atom; a bicyclic ring system having nine members of which at least one
member is a N, O or S atom and which optionally contains one, two or three
additional N atoms; or a bicyclic ring system having ten members of which one,
two or three members are a N atom. By way of non-limiting examples, suitable
heterocycloalkyl groups include tetrahydrofuranyl, tetrahydropyranyl,
pyrrolidinyl, morpholinyl, tetrahydrothiopyranyl, thiomorpholinyl, and piperidinyl

When a radical is drawn as a structure, e.g., N™ |

As used herein, the term “indanyl” refers to the fused bicyclic radical of structure,

\ s
: " , wherein the point of attachment of the radical to the rest of the

molecule is on any available non-aromatic carbon atom.

Available carbon atoms and/or heteroatoms of the " heterocycloalkyl " ring
systems described above may be substituted on the ring with one or more
heteroatoms. Where the ring(s) is substituted with one or more heteroatoms,
heteroatom substituents are selected from oxygen, nitrogen, sulphur and halogen
(F, Cl, Br and I). Where the ring(s) is substituted with one or more heteroatoms,
preferably there are 1, 2, 3 or 4 heteroatom substituents selected from the group
consisting of oxygen, nitrogen and/or halogen. Preferred substituent groups are
independently selected from hydroxy, acyl, acyloxy, nitro, amino, SO;H, SH, SR,
wherein R' is independently selected from the same groups as R; carboxyl, cyano,

(C1-Co)alkylamino, (C;-C s)dialkylamino, thiol, chloro, bromo, fluoro and iodo.

Furthermore, the compounds of this invention contain one or more chiral centers.
Accordingly, if desired, such compounds can be prepared or isolated as pure
stereoisomers, i.e., as individual enantiomers or diastereomers, or as stereoisomer-
enriched mixtures. All such stereoisomers (and enriched mixtures) are included
within the scope of this invention. Pure stereoisomers (or enriched mixtures) may
be prepared using, for example, optically active starting materials or

stereoselective reagents well-known in the art. Alternatively, racemic mixtures of



No-.. ... .. ---LN 1 NNN.---NNHR2 /C H3 ' OH [00113] In this schene, a
protected am no acid of general forrmula (X) is esterified wth an al cohol

of formulwoR6Hs1dsaci | itated by addition of such reagentsTas2EDG06and DVAP,
and carried out in an inert sol vent si2ch as di chI or onet hane to produce the

conpound of formila Al ter atrvel er co u ed ester
for mi ng reagenﬁ@jlsﬁ@ PRUNgsCCy ¥Prficdons FO& gﬁw , elumn

car bonyl di i m d@g@hﬁto%p% hgPiSral f;@gﬁl che aH@%.hklgem)val of the BOC
protecting WD 2010/ 082PCT/ US20107 620632 68 group from conpound (XI) and
conversion to a salt of fornmula (XIl) is carried out by its reaction with
an or gdAVXAci dhe gempagndeTdAhisnngensigntrady eoanvangtorsuels mmetehj&t cegdesat e.

AIternativerthe C e reno d w ot her acid
CE1 1 vor oncet 1 BSaTaE, Aot BRaGh (Ui b wAen” SYEDIEHE pffrea
correspondi ng JKEﬁnﬁretrldCaaﬂs@i 4tSms [o@?ﬁdsﬂahoﬂoﬁls Stoets ay b& repetie elee k) Dl gsY
derivative of formula (XIIl) is allowed to react wth the

2- ani no- 6- chl of YPIELFAEN Ry cantmgiiatinic e 6HHIR instaade A8RRCES "BBYISORTI a
Lewis acid suc r I t Ie to
produce the coﬁ%g%lr@wg %@%P%%ﬁ?%‘wfﬁ.gﬁeﬁé’\é@ |f8?19)gagnrtﬁ %etﬁ%‘gérlllgﬂag S

100C, but nost agjpiiier &kl yubadtuedGromhticerimat df\ied ypecfﬁeﬁe:l’om}mtlhdSOSubk&ltmtml | ng
reagents such as BSA/ SnCl4, or HMDS/ TMBSOTf can be éseda‘géthe Wth or with
prior persilyl 8 idHe WRY ARG RISHSPT ot RERCT IGO0 iRy 106 aed & SHPTHTHET PBAgent s,
as described ip, m@bbﬁ@%bagoﬁ% Fes&‘H%ec@tﬁbldz YBBES] § 1?Ynt§§‘de€f“thatvél[ Brgggen
and Carnen Ruh-Pohlenz (J hn & Sons, Copyright 2001 by Organic

React i ons) cancmﬁgusaehbns Tlheludumgleaasmdnersouqbkhapgreroamt)laamnrcardebemdam theed out

in other polar or ol ar aro vents such as ut not linted to,

i ohi or oet hanes<PeItt AR Breatn ARV GHof, PRl Omomed S die At Bhibie st Sithe
chlorine attach&ffidupatioR€oPUkd RBMPBLAd VT Bifis if@niBh BCHLE Pd@Rs OhY I@Bre

nucl eophile is carried out using an al koxide (R10-) using the parent

al cohol ( RLOH) desirablsl biehgical (ﬁcprﬂ@ﬂuﬁ@aratedfmrmraprmwl)lymwenedea@racre 9here X
is 0. Conpounds of.for s .NH, are srml R ared by
reaction of (Xf mig lgth%rehPEﬁ%dé)rr{lpr?ﬁro eop%tsllew%nftlofl&rrerrﬁ rﬁiﬂ%ﬂ eé%e
reactions can btﬁ)peorﬂ&ha\nptd’seﬁthﬁv&ht«itﬂZsa@ threpaeldy eat blerep/Mréd"loRﬂle'dZ’edaﬁs a
reagent in a solvent such as, but not |limted to ethanol, isopropanol, THF,
acetonitrile, BYEDMEICOTOMSEuNtR: ¢F MEPHdH TRUOMGePl dasayeanersy @ as

simlarly prep I
formul a R SH. %%ggg%gggﬁ%lﬁgq%ghur%% olns\gb%\n@te O%(#He&r gﬁaas ﬁ?lﬁe sgﬁt@lfgh)t or
wi th R SH as aarceagadéd mitha ﬁmlwepﬁ ofs thidh 1razsnt1dnutPum@tsteireromotreds {oo eehblaaalol

i sopropanol, THF, acetonitrile, ) 5] r5|on tqo the forrrula
(XVI) compoundHEvEsH Ftaéci’edt!i‘tpaﬁ‘iﬂ r%%cfer %’er%ﬁ]k Sy peiGRY N Materials

aryl al dehyde, QPEtbx%s?éléc}(lvé %?Eﬁt& WeAdro¥nhalie g kﬂ@rn%ﬁyél PQEdrhi®Mixties
allowed to react with the mul a conmpound in the presence of a

sel ective reduef myclagempsndh <am dhe c sdparaggre usmga ﬁorotxamrﬂol vkinil solwmnas

nmet hanol . This WD 201%@%810}3 S2010/ 206‘136]86@( ctl can behrun at 0C
to 100C and mo§t™ Vy“at® r"z? NAPE ﬂé’re]r RS dgéht s
can be used sugﬁu@,gmmbgmec&@@ﬁmg%pmg{ﬂge)ewwsod| um boro hydride, or

ot her reductive am nation reagents as described in "Conprehensive Organic
Synthesis" Eds. B.M Trost and |I. Flem ng, Perganon, Oxford (]1991) Vol 8,
Part 1.[804635, TP@GPI@G]PhPWaS?@}YaQ}’ atcrretaatwﬂaltcm dar@h@rataéelafcatmarﬁﬂpbrb [exi X)

' s prepared by figagthonfloshie i ol ab et Ry néiempound, ofr banm! XV 1)
wth phosphorous oxychl ori de i n e presence of a non- nucl eophi fi'c ase
such as tri et hiloaganitecouhtr poms wedlekifoe innhearec atkdefby wiyrof eacaﬁ?p‘iél odly, This
reaction can be run in an apraotic solvent such as et her or MIBE and at
| ow t enper at ur 1UBr BP@FABTY CVE! Mo TIEBES WA AREN Bt iCHaY Iy agmongues, and,

addi tion to triptiul \adrRen tﬂmﬂaﬂeetleesmaﬁtea%teqamttdnghgam R Hsed
such as DI EA or DBU can be used product of this reaction ca% be used
directly in theonswic acds sidngs lpydrodhdorade, hgdmhtmdgealem attsylatet heectate,
reacti on, such&?f tri e h%’ gﬂt}ﬁﬂ?”m hydrochl ori de, can be filtered off
prior to the nBR{ca: 85 AR i on should be protected from noi sture at
all tinmes, as the phosphorodichloridate product, is very noisture
sensitive. Subsequent reaction of (XVIIl) with the am no ester salt of
formula (XIl) is carried out in the presence of a base to produce the
conmpound of forrmula (XIX). This reaction can be done at 0C to -78C, and
nost optinmally at -25C. A variety of non-polar aprotic solvents may be used
such as ether, MIBE, and DCM The base may be selected froma w de variety
on non-nucl eophilic organic am nes such as, but not limted to, TEA, Dl EA
or DBU Thrs reactron nust be protected from rror sture at aII ti mes. Upon

Y .



WO 2010/ 081082PCT/ US2010/ 020632 71 [00118] Reaction Scheme 2 illustrates
t hat the phosphorous diastereoners produced in Step 4, can be separated

usi ng chiwalzommsorsat ogr aphy. Reacti on Schene 2 ( Separ at il’dm/IISfZOIphmEphorous
di astereonmers) XRLXRL ArAr 0O\ /00",. ¢301 .P/NNNHR2Zm-- i,NNHR2 .- ?', HN

0- - yNHNI 5 fr+OR5. ., 4. t hl RAR3H ' O R6
(S) -yp( %)01@991 ooﬁj\ll@ ery, P{B E@E}f@Hﬁéﬂ%ﬁﬁ@b@maﬁéﬁl Sé%%‘i’rﬁ“tc&ﬂﬂgb‘h el pe

performed on a“%ﬁhh@éeﬁﬂ@illyddcfzéﬁﬁtﬁ@Tsalféh'aﬁ@-lref&‘é' 6 &%nfd{mas ﬁ§vm a3 substltuent
CHI RALPAKCHI RALPAK AS CEL OD ,  CHI RALCELCHI RA :',, and

CH RALCEL capable of havmg more than one group form a salt but less than the maximum
amount of such groups actually form a salt. For example, a diphospho group can
form a plurality of salts and, if only partially ionized, the resulting group is
sometimes referred to herein as a partial salt. It is understood that in all
substituted groups defined above, polymers arrived at by defining substituents
with further substituents to themselves (e.g., substituted aryl having a substituted
aryl group as a substituent which is itself substituted with a substituted aryl group,
etc.) are not intended for inclusion herein. In such cases, the maximum number of
such substituents is three. That is to say that each of the above definitions is
constrained by a limitation that, for example, substituted aryl groups are limited to
-substituted aryl- (substituted aryl)-substituted aryl. Similarly, it is understood
that the above definitions are not intended to include impermissible substitution
patterns (e.g., methyl substituted with 5 fluoro groups or a hydroxyl group
pendent to a carbon atom of an ethenylic or acetylenic unsaturation). Such

impermissible substitution patterns are well known to the skilled artisan.

[00108] The term “polymorphs” refers to any polymorphic forms that can exist in the
compounds of formula (I), as recognized by one of ordinary skill in the art. As
known in the art, polymorphism is an ability of a compound to crystallize as more
than one distinct crystalline or "polymorphic" species. A “polymorph” is a solid
crystalline phase of a compound with at least two different arrangements or
polymorphic forms of that compound molecule in the solid state. Polymorphic
forms of any given compound are defined by the same chemical formula or
composition and are as distinct in chemical structure as crystalline structures of

two different chemical compounds.
General Synthetic Methods

[00109] The compounds of this invention can be prepared from readily available starting
materials using the following general methods and procedures. It will be
appreciated that where typical or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given,

other process conditions can also be used unless otherwise stated. Optimum



OC AD-HOD-H('=',,0B-FF, and 0C-1-1. Alternatively the chiral

selected fromthe list below CH RALPAK(r) |IATM CH RALPAK(r) IA-3
CHI RALPAKY0)20 ADSIHSCH RALPAK(r) AD CH RALPAK(r) AD-3 CHI RArRAE(10)20582 3R
CHI RALPAK(r) AS-H CHI RALPAK(r) AS CH@®ALPAK(r) AY-H CH RALPAK(r) AY

CHI RALPAK(r) AZ-H.CH RALPAK(r) AZ LPAK(r) TB TM WD
%aﬁa@i«%ﬁ@mﬁl TSR R PO e RAL CEL O

2010/ 081082 PCT/3S NGB HES

CD- 3 CHI RALCELQ flortibhl Enliefeletarfritied ttdnRRkiMAKE e BM ok AKO 1 C- 3
CHI RALCELO OC-H CHI RALCELO OC CHI RALCELO QA CHI RALCELO OB-H CHI RALCELO OB

CHI RALCELO OG QpiirRixh@HL @oGdiusCHI RALCELO QJ CHI RALCELO OF CHI RALCELO K

CHI RALCELO Oz- H CHI RALCELO Oz [00120] Optimally a Chiral

be us eﬁgmsltdi haA@aﬁoﬁé Y, ?:% 3/,[}%%% %[)pha?‘é]n? ltto fho?ee %i(?‘ﬂfgdzigg e zgrtc],ecoggfft%litilaoﬁadl

sol ven as e I'sopropano nitri

resin could be

Pak AD col um can

net hanol

phase. O her

can

be used as thepfsdetihe oIS ehay®e metdiedry 36 bieesitteftaifithhc@ionilerbiseorski | 1 ed in
the art. WO 2010/081082PCT/ US2010/ 020632 73 [00121] Reaction Schene 3

i|lustrates a Hedfaeqing pedased Rctinnsp ARHRBISAradEctiny @ AdHhIUREsuUDFUNEGIII a (1)
wh R3is H ai "formyla. L") . i.an. Sch 3
(Rgrf ! 8 TB%&%? ﬁ%\_@él@%%ﬁ@taﬁfé 5[35@1%‘1})9% @Ipf &t afd der%tectanSzﬁrh&ﬁQr chene

= H

functional groups are well known in the art. For example, numerous protecting

groups are described in T. W. Greene and G. M. Wuts, Protecting Groups in

Organic Synthesis, Third Edition, Wiley, New York, 1999, and references cited

therein.

[00111] The starting materials for the following reactions are generally known compounds

or can be prepared by known procedures or obvious modifications thereof. For

example, many of the starting materials are available from commercial suppliers
such as Aldrich Chemical Co. (Milwaukee, Wis., USA), Bachem (Torrance,
Calif., USA), Emka-Chemce or Sigma (St. Louis, Mo., USA). Others may be

prepared by procedures, or obvious modifications thereof, described in standard

reference texts such as Fieser and Fieser's Reagents for Organic Synthesis,

Volumes 1-15 (John Wiley and Sons, 1991), Rodd's Chemistry of Carbon

Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989),
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's

Advanced Organic Chemistry, (John Wiley and Sons, 4™ Edition), and Larock's

Comprehensive Organic Transformations (VCH Publishers Inc., 1989).

Specifically, the compounds of this invention may be prepared by various

methods known in the art of organic chemistry in general and nucleoside and

nucleotide analogue synthesis in particular. General reviews of the preparation of

nucleoside and nucleotide analogues include 1) Michelson A. M., “The Chemistry

of Nucleosides and Nucleotides,” Academic Press, New York, 1963; 2) Goodman

L., “Basic Principles in Nucleic Acid Chemistry,” Academic Press, New York,
1974, vol. 1, Ch. 2; and 3) “Synthetic Procedures in Nucleic Acid Chemistry,”
Eds. Zorbach W. & Tipson R., Wiley, New York, 1973, vol. 1 & 2.



TBDPSO'.--c CH3 Ts (XXI11) 0 0 TBDPSO H(50 CH3 (XXV) XR1 1) 1N
BzONNCH3NH2 OAC ( XXX ) WO 2010/ 081082PCT/ US2010/ 020632 74 XR1
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[00112]  Strategies available for synthesis of compounds of this invention are illustrated in
the synthetic schemes below. For example, Reaction Scheme 1 illustrates a
general method of preparation of the compounds of formula (Ia) [(formula (I)

where R is OH.]



O INNNH2 , CH3 "OH (Ib) [00122] Reagents: a) TBDPSCl1, DMAP, pyridine; b)
TSCl, DMAP; c¢) Red-Al, ethanol, toluene; d) 2,2-dinethoxypropane, 5% PTSA
DCM e) Lwohowmstoszet hyl bor ohydri de, THF; f) tri phenyl plra¥paiseone/020682 dazol e,
i odi ne, toluene; g), tributyl tin hydwsi de, AIBN, toluene; h) TBAF, THF;, i)
benzoyl chloride, pyridine, DVAP;, j) (i) 70% acetic acid, (ii) acetic
anhydri de, DVAP, pyridine;, XRL N-..... /LN 1,, BSA, TMSOTf, acetonitrile; 1)
met hanol i ¢ ammoni a; (Xl X) 10 m Si chl ori de/ THF [00123] In
this sclei the primary al cohol group present in the conpound of fornula
(XX) is selected pr tegﬁfda Rt h, fogrsgxanpl e, TBDRYCR* o provide an

i nternedi ate of foﬁgub ) OPratecting t sjhpﬁ ry.alcohol group wth,
for exanple, Tsd, givVves Hhe doublepcpmataect ed @nt@fne i afe of fornul a
(XXI'l'). Reduction of the | acPone togyactol of form®a (XXI11) is carried
out using a suitable reducing agent, such as Red-Al, and the diol is then
converted to the acetorfde of fornula (XXI'V) by 1¢action with acetone

di met hyl acetal and PTSA. Sel ective deprotection of the secondary al cohol is
carried out, using, e.g., Li(Et)3BH wher stge protecting group is Ts,

provi des the internedi ate pfsformula ( . Ahe hydroxy group is converted
to an iodo group, using, efgg%jterBenMM$ho phiRfe, i mi dazol e, and i odi ne,
to give the conmpound of foF a (XXVl). Reooval of the iodo group is
acconplished using tributyltin hydride, giving the internediate of formula
XXVI'1. By carrying out a series of deprgygction/protection steps (h, i and
j), the internediate of fornmula (XXX) is prepared. This conpound is
analoggﬁs ép the earlier described internmediate of WO

2010/ 0 PCT/ US2010/ 020632 75(ﬂornula (XI11), and by reaction with an
appropri ate guani ne derivative fjoll owed by deprotectjion, the conpounds of
formula (XXXI') and (XXXI'1), atively, can be pre bred. The formul a
(XXXI'I') conmpound is convertéd o4ﬂbe conmpound of a (Ib) [forrmula (I)

\i
where R3 = Hlg eaot 0Bz wi fih tNe Noapound of rqul g (XI X) using the
above described Methog B. [00124] The,q meN hg¥e are preferably

gen c

carried out in the préseiiee mmLaNsnﬁtab%é sol\verit . Suitable sol vents
i ncl ude hydrocar B&# soPbent s sgiglenas benzenes ,Q%iuene; et her type

sol vents such as diethyl ether, tetrahydrof#fan, OB phenyl ether, anisole
and di net hoxybenzene; hal ogenated hydrocarbon sol vents such as nethyl ene
chl ori de, chl or of or fAnd chl orobenzene; ketongyfype sol vents such as

acetone, nethyl ethyl ketone and nethyl isobutyl ketone; alcohol type

sol vents such as methanol, ethanol,_ spropanol, isopropanol, n-butyl alcohol
and tert-butyl alcohol; nitrile t sol vents such as acéConitiile,
propionitrile and benzonitril € |r type sol vents ethyl acetate

and butyl acetate; carbonate ¥ sgl vents such as efhyll eng carbonate and
propyl ene carvanat e; ap l,Nke N Thiede may, usgd N1 ngf'y"NHR?t wo or nore
of them may bgeused i N adm xt rﬁ. P_r_ef_er_ahl..y'JI n rent solvent is used in
the process of—ghe*presentslnyg Bion. o term"ifrefrClol vent" neans a

sol vent inert under the €6ndi dons Hechdieeeaction beHng described in
conjunction therewith inclbggng, for stampl €, benzegﬁ t ol uene,
acetonitrile, té&trahydrofu ﬁ, di meiHeyd &'od aram de, d %rofornl nmet hyl ene
chloride (or dfcHtoronethane), diethyl ether, ethyl acetate, acetone,

nmet hyl et hyl ketone, nethanol, ethanol, propanol, isopropanol, tert-butanol,
di oxane, pyridine, and the |like. [00125] Dosages and routes of

adm ni stration. [00126] In general, the conmpounds of this invention wll be
adm nistered in a therapeutically effective anmount by any of the accepted
nodes of adm nistration for agents that serve simlar utilities. The
effective amount will be that amount of the conpound of this invention that
woul d be understood by one skilled in the art to provide therapeutic
benefits, i.e., the active ingredient, and will thus depend upon nunerous
factors such as the severity of the disease to be treated, the age and
relative health of the subject, the potency of the conpound used, the route
and formof adm nistration, and other factors. The drug can be adm ni stered
nore WD 2010/ 081082PCT/ US2010/ 020632



76 than once a day, and in the preferred node the drug is adm ni stered once
or twice a day. As indicated above, all of the factors to be considered in
det er m niwgQ 20tvesefstect i ve anount will be well w thin thecskiskélootosshe
attending clinician or other health c@re professional.. [00127] For
exanpl e, therapeutically effective anounts of conpounds of Fornula | may
range from approximately 0.05 to 50 ng per kil ogram body wei ght of the
recipiéﬁﬂl%ér day; preferably about 0.1-25 ng/kg/day, nore preferably from
about 0.5 to 10 ngy/kg/day. Thus, for adm nistration to a 70 kg person, the
dosage range woul d nost preferably be about 3B-&00 ng per day. In general,
conpounds of this invention will be adm ni steréd @§(phq; ceuti cal

conposi tions by any one of the follow ng rbuWes) orfal® gggtenic (e.g.,
transdermal, intranasal opoby suppo§jt06y), or paremteral (e.g.,

i ntranuscul ar, intmmweneﬂs—e+—sﬂbeutﬁn@ous) Ml } The preferred
manner of adm ni strati omaAsEgQoal umtﬁg(a convenient daily dosage reginmen

t hat can be adj ustéddViiccording to thqxgﬁgree of H¥AI8% i on. Conpositions
can take the formof tablets, pills, Ccapsules, sem solids, powders,
sust ai ned rel ease fornul ati ons, solutions, suspensions, elixirs, aerosols,
or any other appropriate conpositions. Another preferred manner for

adm ni stering conpounds of this inveg tE? 4i$ i nhal ation. This is an
60%,5%

effective nethod for delivering mothRr cagent directly to the
respiratory tract (see U S. Pat. / ﬂ, 5, said patent incorporated
herein by reference). [00128] The ¢hoi ce ©®f formul ati on depends on various
factors such as the node of drug adm(XKstration and bioavailability of the
drug substance. For delivery via inhalation the conpound can be fornul at ed
as |iquieh ol ution, suspensions, aerosol propellants or dry powder and

| oaded 1Tnto a suitable dispenser for adm nistyation. fTRewbeaare several
types of pharmaceutical inhalation devicesnelyulizer inkglers, netered dose
inhalers (MDI) and dry powder inhalers ( XNebul i zerrHgtevi ces produce a
stream of high velq%iai Riir that causes he|tg§£apeuticoﬁgents (which are
formul ated in aabi idzﬁgmnheto @s M miNst WHat is carried into the
patient's respira& rﬁjtr ct! NDﬁggr?§§%§éIEy are fornqatipn packaged wth
a conpressed gas.'Upon a@tuation, thes eyp & di scharges a heasured anount
of therapeutic agent by conpressed fgds, Hus affordi ig-EaMo€l i abl e net hod of
admini stering a set amount of agent. ([RPRéisspenses therBpeutic agents in
the form WO 2010/081082PCT/U82010/029@§%D§¥595W@mpfee fl owi ng powder that
can be dispersed in the patient's inspiratory airstream during breathing by
the device. In order to achieve a free flow ng powder, the therapeutic
agent is fornulated with an excipient such as |actose. A neasured anount of
the therapeutic agent is stored in a capsule kafmand i s di spensed with
each actuation. [00129] Recently, pharnacgutital formulations have been
devel oped especial ly for dru&¢ hat shomkpo I oavailability based upon
the principle that bi oavai | abi lifx n be'n 2by increasing the
surface area i.e., decreasingﬁI ar%ic Vze. @or exanple, U S. Pat. No.
4,107, 288 descri bes a phar pvpecal flarmdrati on having particles in the
size range from 10 to 1, 000 in whigh the active material is supported on
a crosslinked matrix of mméronol ecules. U S. Pat. No. 5,145,684 describes
t he production of a pharmaceutical formulation in which the drug substance
is pul verized to nanoparticles (averQ@e particle size of 400 nn) in the
presence of a surface nodifier and then dispersed in a liquid nediumto

gi ve a [phhr3tacbuthisceherheramrbteticd amitaaciéshidmierad forevda @AMk pstéiiifagd with an

bi oavail ability. The at ent e.lncorporated herein by re nce.
(001301 As. i netisaflg® SuBOMR G BEMASTO Sk FroE s e artia “E BRTRRE
invention genepalAy, SO URIEAROHREvEht sack & divhidrcn@ihmstopedee t hose
reci ted above in conmbination wth at |east one pharnmaceutically acceptable
carrier, exci pfherrompeugd pilfermulagdie Alingively, ofanyedeprapmenbxeschprent s ar e
t hose that are - ' RNV A B i.on, , adversely
affect the the?%%@%%%%é%%%é%#fsg¥ﬂyﬁgﬂégégggﬁgaggwfﬁggyggéﬁﬁﬁon. Such

exci pi ent may babanydisaldagsle hhdBPoL /CERMban 8 luksell. Remadbwal bhehe BIBE pastecting
aerosol conposition, gaseous excipient that is generally available to one
of skill in the art. [00131] Solid pharnmaceutical excipients useful in the
i nvention may include starch, cellulose, talc, glucose, |actose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, nmagnesium stearate, sodium
stearate, glycerol nonostearate, sodiumchloride, dried skimmlk and the
i ke. Liquid and sem solid excipients my be selected from gl ycerol

propyl ene glycol, water, ethanol and various oils, including those of

o, B o I I I ) e I



WO 2010/ 081082PCT/ US2010/ 020632 79 agents active agai nst hepatitis C virus.
Such agents include those that inhibit HCV proteases, HCV pol ynerase, HCV
hel i case, wbGvioNB4®B2pr ot ei n, HCV entry, HCV assenbly, HCY¥Ceqsess/02¢de/ NS5A
protein, and inosine 5 - nonophosphat@ dehydrogenase. O her agents include

nucl eosi de anal ogs for the treatnment of an HCV infection. .1l other
conpounds i ncl a@gptfmyéowwggi)oaq%ﬁ%@eaA? ei%safgf%aﬁwla GOA0AUBE2 and
in the referenﬁﬁﬁsﬁhkﬁgl%Hﬁ%ﬁbﬁyn%ﬂ%kpﬁkﬁQEP@BRHh%%hh&ﬂésMMb%QQA{QJ4313 and
WO 2004/ 014852 are hereby incorporated by references in their entirety.
Speci fic anti vethal acagent’dteimii elgehc BO§agrbmNc{iBrcolvbudived wat okhrer ayids BidbN- 2061
(Boehringer Ingel heim, Su trel (Endo. Pha uticals .Hol.dings Inc.),
hoferon A (F. | HoFY el ebs ey el Rl (TRIF Pt hriv i ey
Pegasys/Ribaray@&mﬁgh&ﬁgﬁpgﬁﬂfkgﬁﬁnghe), Cel | Cept (F. Hoffrman-La Roche),
Vel |l feron (A axoSmthKline), Al buferon-a (Human Genone Sciences Inc.),
Levovirin (I CN Pharmaceutical s), IDN16556é&Idun Phar maceutical s), |IP-501

(1 ndevU80 Prdr nHit eGP iZe HeProtepted iswgni deriyvative of Kermala el is pligwegdyereact with
(I'nterMuine Incgy)., ~ A . eut i s | J T pan
Tobacco Inc.),ﬂ%é%éé%é%%é%ﬁgﬁ&h?hgﬁggfEﬁgﬁﬁg%ggﬁbggﬁg%f%&QpSgﬁgg%ﬁéégm

Phar maceut i cal EpwisGicidaaich ag Nab$ triBilaphas pelaesdlvanlssch acacktonltrite; anprdddadaxi n
(RegeneRx), Levovirin (Ri bapharmlnc.), Viram di ne(R baphagm Inc.),

Hept azyme (Ri bByitEPoHAT Hg?%ﬁ‘ﬂliac%ﬁ‘_%é; Titit Yearfion qadisetqnRgt 3@&@%;@? Chbed nt r on
(Scher i ng- Pl oughy), 18&9@51%99 66%C hgﬁﬂeﬂaﬁ%@y&h& iR RRMel dRp i AL LN ROUgh) |
PEG—Intron/RlbaV|r?n (Scheri ng- Pl ough), ada2|n1(SC|CIong), Rebi f ( Serono),
| FN- 13/ EMZ701 GsSTrBSYS/SnCon orhEMIDBAMESQY ciif 7b€ Tuskdirdithet neith) or\Xath9pri¢iVer t ex
Phar maceuti cal s | nc. VX- 950/ LY-5703 10 (Vertex Pharmaceutjcals Inc.),

Qi fer on (v r Bgem iin KRy Sk ko B aSTeay e SRR e St fasasch
(Scheri ng- Pl oughjhe Ha@IHbk Rif NGuARidet §yrﬂﬁé%f&rlé'9${_eﬁﬁé}9?l%ﬂﬁrﬁ NNARI7 Bafnipadys) ,
R1479 (Roche Bi osci ences), Val opicitabine (Idenix), N M1l (Novartis), and
Acti |l on (Col eyRphdiohigne GtahaaViyy & Bom3dppymehs gRE1 onistginie Meactionplecan be
composi tions and, et hods. ofiad B8, PLESENtich IYERLIOM GO0 &) e, coppond, of a
formul a as set "10rt A above Th TEMDIFASTT'8N W CR TRt ErTerdR" T ROSorve aspects,

the interferonpélar gebect@dedty aithtadeb@motPmeed &, gidnGo&hardentRidner oNmabipha
2B, pegylated interferon_al pha, consensus interferon, interferon al pha 2A,

and | ynphobl as?i sdeienid?EM:- oisplgemenpof s ggreogaset/ tothonosImsam &0
[00135] In oth i it .qu ] sent

i nvention utiI?%éﬁgggghgﬁﬂ%f?dﬁggﬁﬂgﬂggw%%ﬁﬁ%'o ggf%gﬁgﬁgg%?&ggﬁﬁggf%h
above and a conyingnie hawémgalestidl - HOGHHChS blvgnts uohpaslutd oise foemdat @V r om
the group consisting. of interleukin, 2, inter] euki interleukin 12, a
conmpound t hat @Wgﬁg&e Wﬁ@red%véfébp@ﬁmpoalﬂ Sa04_ lé{u% ﬁ%YbéYheTe els NHedfsonse,
interfering RNQyiRRALi si8SR&E bR WhcibAiot (RO Wilhb2Vitdeln RPlebPAR! BefoPmula
nmonophospat e dehydr dgenase i hhi bitor, anantadlne,land rimant adi ne. [00136]
Ant i - hepat it i sSRONHet Thistyreaioay saf 08187 e GathpbearkiNiEans ehehsdivent, or with

anti-hepatitis ctivity by.inhibiting H ol ra i.nhi bi ti ng ot her
ooy me aceaea RN At e ftin SV sieh S b P TRERS B e lpg/e R R er - ot
assays have begppubéibsingd, bP EFeTONifoaR& of rbihdlh eXV)Awgerexals BRethod

that assesses the gross increase of HCV virus in culture was disclosed in
U.S. Pat. No. 5simaBRriggmepased/blyercagtiongpt (X8 wvithat entfui nedeemviat efdfdiewts n by

reference. In yi¢LKo ) hay een re L F ri_ et al. 1 Vir.
73: 1649- 1654, K900 e Terdf G s Bl e S Db T Silesor il St
et al., J. Bioa cl@m in A746NOBAGcH A8 1but AQ9initaddo aimsh)iik@repanal,. THB, of
Bi o. Chem, 273:15479-15486, 1998. [00138] WD 97/12033 relates to HCV

pol yner ase assé?“@%%ﬂﬂéﬁﬁ”%g'used to evaluate the activity of the conpounds
descri bed herein, and this patent publication is incorporated herein by

ref er engg; | ANOLBRYe HGY (P Bl BRAAS Wﬁ@&nﬁ%d beeftib&Ber B, efdhyRakihalgreusz,
et al., Hepatitis C Virus (HCV) pol ynmerase assay using cloned HCV

non- st r uct ur al ipwbtodi avs aryfiddhyde,adptibhaltyapybstiO@Gt by hSloppn e 48 Rdrtion0G139]

Screens that nmeasure reductions in kin activi from HCV dfpugs were

di 5ol osed 1 UISWesLio erg i Bisoforasia 1R st T e Prepeace b eigee
6,228,576, Del vee6hkhgeRNicH: &2 ddd@borah i a/R9iid WiveRt diehi 4 Blthdhol. Fhiseens
that measure the protease inhibiting activity of proposed HCV drugs were

disclosed in U S. Pat. No. 5,861,267 to Su et al., US Pat. No. 5,739,002
to De Francesco et al., and U S. Pat. No. 5,597,691 to Houghton et al., al
of said patents incorporated herein by reference. WO

2010/ 081082PCT/ US2010/ 020632 81 [00140] The invention is further
illustrated in the following non-limting exanples. [00141] Exanples

[ 00142] Enbodi nents of the present invention will now be described by way

o o M r o o o o o



fromaryl phosphorodichloridates with am no acid ester hydrochl orides.

[ 00143] Ceneral Procedures. [00144] All experinments involving

wat er - serwotnwescasapounds wer e conduct ed under scrupul oesiryusdetp/oeaszli t i ons.
Anhydrous tetrahydrofuran (THF) and di9chl or onmet hane were purchased from

Al drich and used direct The rivative (
' 3R, 4R, 5R) - 5- ( BAAZYY P YnBthit 9 %at%nﬁtoh@apetm%wafl@ﬁuy ah=2°g, Altepnajiygly,
t ri benzoate or o@tgylre\ﬂﬁl:lﬁgtalgé{nts can be used such as sodium cyano borohydride or sodium
2,3,4,5-tetra-0-benzoyl-2-C-net hyl -fl - Dri bof uranose was purchased from
Car boSynt h Li nbered, hygl&ide.O o Spthen ordBusienewsinReank, re@mm oas Bzckbdd rm, RG220

6NE, UK. Th 25 5 i | ent |
6- chl or o- 9H?pﬁr |ne %?rlhv\é@ %/%Eucpﬂgﬁ]& gggeg:‘dtsrgrﬁA?’g)rg 13{1‘?%%?%3%?‘3‘88%09 ne
(2-am no- 94(3R0%F6r5®993R Ay sligh et 9Xyp 25.

(hydroxymet hyl ) - 3- net hy tetrahydrofuran 2-y1)-1Hpurin-6(9H)-one) is a

conmmer ci_al reaggnt and was purchased from Car boS%nth Limted, 8&9 Ad

St at i odOBLUK] neEsSPARK thecmbtléﬁroaeédatf‘sﬁt fogmu NEPreped Py retiey htfnesi um
Chl oride was p

sol ution was uggﬁggﬂ%ﬁg}g? |8e ??rféc?ttg %f&rﬁl?%ac duﬂrﬂegl%%tc})lioﬁﬁonl{% K%}tlgré!r}éab
refers to fl asthecplesome aliromai-agelapphylic dasd @dthoad tricshyigmMer ek psmhde:ﬂlegel 60

(40-60 iunm) as. stationar phalsﬁe Pr ton,. carhon, and phosphorus nucl ear
magneti ¢ resonHiREICERE of formyps NARDs pHit rerciieh gan Be S¥H AN APIBHGKEIV M ance
spectroneters Qtfk‘ﬁra%t]bém U r MTBRARd ol 23w télﬂgergtg?es'\’g%fé?éblélto 399.-7¢%e; and
121 MHz or a Varian Unity Inova I nstrument operating , 100, and 161.9
MHz. The sol vemid nusedptamelly ridi -2t dinf eddigarc o ¢oetpplumaineAlnhany3@hando® 1P
spectra were rec rd . prot on decou hifts fo H and 13
spectra are in" ?‘tpi‘ﬂlfgl?as?ﬁ T4 &tlsa‘gé\’ﬁ?‘ aé%ﬁ?r%ﬁb?@ V{ ﬁFQﬁ%ﬁlctﬁtﬁpl ing
gonst agt 3 are gl férattitﬁs(il é)a@t t%sus%cli Mtﬁédtg)sm tl? ﬂé);i%k?a%?ltn;l L ltlﬁtgar?ﬁ%fs&ellté)ﬁgenéfa@edd
escribed as singlet (s oubl e riple uarte roa
signal (br), dbu FJé@aC@ﬁn,cﬁ@dbB%trlefld’éiPmmmrFQ)@I@OQ@QOQg,W@rbU@@g@@/ﬁQ%W 82
are in parts pbtORTER) Sp T drariasiBh Shoshh pERRarS BreSbiis “Can S aRaar o
Many proton aneheC ah&phofNRhsirgacl rcmeetbg Bphérdy hﬁﬁ@mes@tsuivh.e Bubs&juest of
(phosphate) di astereoisoners in_t sanpl es. The node of ionization for
nmass spectr orrefetafltl%%f %\éItIDaYlthﬁhSc@ﬁ%? u%rrﬁalt(qf/ﬁg)mlué (1Y) Mgagied out in the
(mnitrobenzyl e SS
Spect o wer e’ oBRATREq! bk Birbidee BE (RATOBTIONIYIR (XX EORORALA BREC .,
coupled to a Wt eose M6OT HPLIS Ouopd nsanppteaaliyene-1PEs ok wadetynofmeinhpsial  and

injected into the sol vent stream yi a.a Rheod Lnje . The nobil e phase
used was et haRRiPissoleHt Gy e EeR Ik har eﬁﬁ Hi@%cﬁ%‘gﬁéﬁgyﬂys%rce
was oper at ed aEel@ctédef}Bﬁr@MHeeva%fetﬁépn&l %é]@béﬁ‘t\lllgféghl’ﬁéfah&%s BOPES, A h6e of

300 C, a capillary voltage of 3 KV, and con e of 30 V. Data were
col l ected in thmitedme, |TEA|rﬂDH:b®I,eordDEU tHes nmsgorr mmgtebelpl@t@@id(frqmmmtdre

processed usin SS 1 soft curate nmass ne rement s re
Pt i ated: byt AL WAET odtR91 SAMBI TS hiea S RhaL < CORptit TBhoYEn
g( emslnt a: C?gg?%ﬁ}kb&ﬁﬂlhg‘bﬂgahﬁearﬁﬁﬂ&ﬁl% GOAL N Rty mbhdiiuh 3Rl R h1dHI8 145]
anpl e
(2R, 3R, 4R, 5R) - metlzdamm@n@ntm otusng Hubignjcn agidy 1)This (dge o ypeenyphshed/ |y 3-
ol uti on of { 26 s aRRec RO BRRIR g pyrepiatil o€ BuRif GRBA S O
met hyl t et r ahy dHekateaan fidtefing ithanh off, BEBFZ Patend the crude product through a silica
2,3,4,5-tetra-0- benzo 1- 2- Cet hy I-fI-Drlbofuranose2 (CarboSynth Ltd, 10.0
g, 17.22 ol ) gelP)igri kgneval ehrdyapudyrng hamerk emmust be dpne pptegperatpe; : at and
1, 8-di azabi cyc i n anhydrous
acetoni trile (%Igelﬁy%%wa%g&gdg %F&)Pﬁng%)'ﬁ%ﬁzﬁbt I’hl% c(iﬂligfd fZ. 5 nm, 68.8

nmol ) dropwi se. The reaction m xture was then heated at 65 C for 4 to 6 h,
al | owed00bl7dooln §eprd,t @upbognot elmp &renuler EXIPoardetbrinntao(6¥l or &tretilaX¥bdus

sodi um bi car bonat e 00 nL d extracgt W th 3.

2010/ osmszpcﬁ‘tﬁ%%%ﬁ &W@%@eé m%ﬁﬂ“&%ﬁg‘rﬂ‘é’ﬁfeaeg&rwlﬁﬂ wheitR dis fihed
organi ¢ phase wagarfled @dt Qvias SOHIUSpRuld aitglyanshcRVAPRNAL Rdani REST o[‘%ﬂ}{ced
pressure. The residue was precipitated from di chl or onet hane and net hanol
filtrated, the solid was washed 2 tinmes with nethanol and dried to give the
desired corrpound (8.59g, 79 %9 as a white solid (yields are from 65%
(colum) up to 90% (precipitation)). [00148] The follow ng are the NWR
results anal yzing the synthesized conpounds: 1H NWR (500 WMHz, CDC13) 6 8.13
(dd, J =1.2, 8.3, 2H), 8.02 - 7.94 (m 5H), 7.65 - 7.60 (m 1H), 7.58 -
7.45 (m 4H) 7.35 (q, J =T. 7 4H), 6.65 (s, 1H), 6.40 (d, J = 6.7, 1H),

N A NS - a A ~ a A ~



[ 00149] Exanple 2. [00150]

(2R, 3R, 4R, 5R) - 2- ( 2- am no- 6- met hoxy- 9H puri n-9-y1) - 5- (hydr oxynet hyl ) - 3-
met hyl t etwahydvesioszan- 3, 4-di ol [00151] To a suspensi on @CT/US2010/020632
(2R 3R 4R, 5R)-2-(2 am’ no 6- chl or o- 9H-Pur i n- 9- yl) 5-

(beneort oyt 1y S5TSt L FpEam Lol g g Bereat o Loyl 37
ww) . The mixt qrﬁﬁlew@mlhb BRI of QUBVHSHBRTIISGIRL & f dhansdyanghed by

addition of anberlite (H). The nixture was then filtrated and nethanol was
renoved under péduepttiprselsutseuciThe dregisylettent M dblerafasn i S¥OMy ddiesen

water (50 nmlL) and.extracted with xane The or nlc I r s then
oxt ract od | ID BOTI DS OGSRETINDY 6 20650 1A W Ch Galiar (RGBS 20 he
combi ned wat er Alieastil@ns WM r@ﬁﬂﬁ@l&bplﬁh@%aw@@ t@ﬂdﬁ@aﬂdn n@§1§ﬂ1f&ﬂorﬂbe
residue was purified by silica gel chromato CHC13/ MeOH 85:15) to

gi ve the pure ednboused i1 godgeng sugsafHEg Olagwfhﬂ @thgmqr CMTPEM(QQIFY TiHeng

foll owing are N HP nd N u

cormound® 1R DU e oEny B SR ph®s T DY BNQRR B SHPRERLERE,
9.1, 1H), 4.08 6t3ss1131‘1‘|)6rt But@ﬂld(eﬁldd,b cbllifdine, HBB, of,litBiuh, blg(ld)metByEEyIOéiﬂldeJ =
3.0, 12.4, 1H), 0.96 (s, . 13C NWR 1,26 Mdz, CD30D) 162. 75 %06

161. 86( C2) 152’ 56%%@?“‘3&13@6%{1%%?“t311 Gép ¢8YC a@gneﬁ(oemm)aﬂysuo 5
80.34(C2'), 73.57(C3"), 61.17(C5"), 54. 25(6 OMe), 20.35(2'-Me). HPLC "tR
9.00 mn; colum: Varian Pursuit XRs 5, C18, 150x4.6 nm The nethod is :

Li near gradient H20/ACN : 0%to 100% ACN in 30 m na) El enental analysis:
cal cul ated for CL2H17N505+ 0.75 H20: C:44.37, H5.74, N 21.56; Found:

C 44.24, H 5.49, N 20.83 [00153] Exanple 3. [00154] Naphthal en-1I -yl
phosphorodi chl ori date [00155] Phosphorus oxychloride (1.94 nL, 1 equivV)
and a-naphthol (Aldrich, 3 g, 1 equiv) were stirred in anhydrous diethyl
ether (20 nlL). Anhydrous triethylam ne was added (2.90 nL, 1 equiv) at -78
C and the solution was allowed to warmto roomtenperature after 25 mn.
The triethylam ne hydrochloride salt was filtered off and the sol vent was
renoved under reduced pressure to give a clear pale yellowoil (4.88 g,
90% . 1H NWR (500 MHz, CDC13) 6 8.11 (d, J = 8.4, 1H H8), 7.90 (d, J
7.5, 1H, WD 2010/081082PCT/ US2010/ 020632 85 31P NWVR (202 MHz, CDC13) 6
3. 69.



[ 00156] Exanple 4. [00157] Napht hal en-2-yl phosphorodi chl ori date synt hesi s:
g O p\-Cl Cl [00158] Phosphorus oxychloride (3.23 nL, 1 equiv) and
f 3- napht wb 20alodnéseh, 5 g, 1 equiv) were stirred i n anhpdraisgoidiogdshy! et her
(25 mL). Anhydrous triethylam ne was Added (4.84 nL, 1 equiv) at -78 C and
the solution was allowed to warmto roomtenperature after 25 mn. The
triethylam ne hydrochloride salt was filtered off and the sol vent was
renoved under reduced pressure to give a clear pale yellowoil (7.95 g,
88% . (@blisyol ReidiiogASdHRMEN® ifli@@%S that ﬁl@&i‘h@%ho}_&% fabbRWRE: BfofubdieinlNVR
results analyzing the synthesized conpoun 1H NMR (500 MHz, CDC13) 6
7.86-7.77 (m 3tp4, Farvige s(€>Qalr8l11§|€i)uSln'g@EalCh'1?012t15t0glriirphfzI-|) 7.37 (m 1H) . 31P NWR
(202 MHz, CDC13) 6 2.71. [00160] Exarrple 5 [00161](8) met hyl
2- (6- (di chl or ophg XV ) 1 : )
Phosphor us oxyc
hydr oxynapht hal en- 2- yI )propanoate)(( dr| ch, 500 ng 1 eqw v) were stirred
i n anhydrous diethyl ether (25 nli) Anhydrous triethylam ne was added
(0.302 m., 1 equiv) Mt -78 C an solution was allowed to warmto room
tenperature after 25) 1 8, the<fr||e | am ne hydrochloride salt was filtered
of f and the sol vent renmoved~u m%XNrHeﬁuced Phiessure to give a clear pale
yel | ow t hi ck syrupk( 50 | . [00163] Thwomabgremiyng are the NVR results
anal yzi ng the sypthesiged cdnphund: 31P NVR (80 Mz, CDCI3): 6 4.49 VIO
2010/ 081082PCT/ USZP1 / 2063% 86 [ 00164] Exampte—6
[ 00165] Qui nolin R‘S >Q | pﬁosphorodl | oridate synthesis: 0O "11)-C
NO- \ ClI [00166] °Phosphorus oxychloride (0.385 ni, 4.14 mmol.) and
qui nolin-5-ol (Aldrich, 600 nmg, 4.14 mol.) were stirred in anhydrous THF
(25 nmL). Anhydrous triethyl amXFé was added (0.576 mL, 4.14&XRhol.) at -78 C
and the sol uti ORArWas allo warmto roomterrperat uge. Lhe reaction
m xture was m)nlot or d by 1 MR or conpl etbon($ phogph ru oxychl ori de
(about 30 mn) a hIS mN Mﬁ psed dll‘éq,—_i' y N"NZ “NHR2
NS HNY O
@) -IIIF{5 \ + Q. "'|R5
R4 R3S OH _0 R4 R
RG/ RG

(8)-P (R)-P

[ 00162]

[00119] In this Scheme, the chiral chromatography can be performed on a variety of
different chiral resins such as CHIRALPAK AD#, CHIRALPAK AS#,
CHIRALCEL OD#, CHIRALCEL OJ&, CHIRALCEL OB+, and CHIRALCEL
OC# AD-H#, AS-H%, OD-H#®, OJ-H%, OB-H#% and OC-H#%. Alternatively the

chiral resin could be selected from the list below:

CHIRALPAK® [A™
CHIRALPAK® IA-3
CHIRALPAK® AD-H
CHIRALPAK® AD
CHIRALPAK® AD-3
CHIRALPAK® AD-3R
CHIRALPAK® AS-H
CHIRALPAK® AS
CHIRALPAK® AY-H
CHIRALPAK® AY
CHIRALPAK® AZ-H
CHIRALPAK® AZ
CHIRALPAK® IB™



[00167] The following are the NVR results anal yzing the synthesi zed
compound: 31P NWR (80 MHz, CDC13): 6 4.58. [00168]
Exanpl e WpQOMAB]®®Ri nol i n- 6- yl phosphor odi chl ori dat e synthedisgo1002¢662 Cl

[ 00170] Phosphorus oxychloride (0.3852nm, 4.14 mmol.) and qui nolin-5-ol

(Aldrich, 600 ng, 4.14 mmol) stk§#§g§h9}ﬁnhydrous THF (25 nl).
Anhydrous triethyl am ne was ad C}§§64 14 nmmol ) at -78 C and the
solution was allowed to warmto A ure. The reaction mxture was
moni tored by 31PNVR for conpl etGldRAHCBRBSMAGr us oxychl ori de (about 30 nin)
and this mxture was used direCHIRALLCBEOEZOD-IRe fol | owi ng are the NWVR
results anal yzing the synt hesi 2Z8dIRAMGBELEIODILP NVR (80 MHz, CDCl3): 6
4.61. [00172] Exanple 8 WO 2010A0BANBRRGETIAIS2010/ 020632 87 [00174]
Phosphorus oxychl oride (0.58 mgHIRLOPAK® &nd qui nol i n-8-o0l (Al drich, 900
mg, 1 equiv) were stirred in aghy@qusgdbeidyl ether (25 nL). Anhydrous
triethyl am ne was added (0. 86 ”k&ﬂﬁ&ﬁ@ﬂﬂ@ -78 C and the solution was
allowed to warmto roomtenpera IEA&LG o Am n. The triethylam ne
hydrochl oride salt was filtere C iglvent was renoved under
reduced pressure to give a cle y\ Syrup (870 ng, 54% . This
crude product was used for next (& [00175] The follow ng are
the NMR results analyzing the s HRE G ® ppound:

31P NVR (80 MHz, CDC13): 6 4. 53 HROGBLORERpl e 9 [00177]
2-thhy|naphthalen-1-y1 phosphor(dHRALGEL@HDe synt hesis: [00178]
Phosphorus oxychloride (0.176 mCHIRAAqUEMY Gdhd 2- net hyl napht hal en- 1- ol
(Aldrich, 0.3 g, 1 equiv) were SHIRAGCHI® @Kydrous diethyl ether (10 niL).
Anhydrous triethyl am ne was adgegiR(.Co¥RDZ-HL equiv) at -78 C and stirred
for 30 min. The dichloridate wag R cmsbay e at room tenperature. The
progress of the reaction was nonitored by 31P NVR. This crude m xture was
considered to be a 100 % conversion to dichloridate and was used directly.
[ 00179] fold ow results anal yzi t he s e ed . .
corrpou 88-%] 91maﬂ9 aaél%rglqﬁak% cogﬂ:gp % éﬁ%ﬁ 1§)¥3 hlf élaPBIO18O]
Exanpl e 10 [ 0048&hds hette-Botbil prapt la:&h@rkoivehﬂs m@%@famywt‘zlt:&&leorsbpl@b@qol

synt hesi s:

acetonitrile, and methanol can be used as the mobile phase, or other solvents

familiar to those skilled in the art.



WD 2010/ 081082PCT/ US2010/ 020632 88 [00182] Phosphorus oxychloride (0.143
m., 1 equiv) and 3-tert-butyl naphthalen-1-ol (J. Og. Chem 1995, 60,

2909- 291wooBOB1aGs2 1 equiv), were stirred in anhydrous pdiratshyl/oedsher (8
mL) . Anhydrous triethylam ne was adde® (0.214 nL, 1 equiv) at - 78 C and
stirred for 30 mn. The dichloridate is very unstable at roomtenperature.
The reaction was nonitored by 31P NVR This crude m xture was considered to
be a 100 % conversion to dichloridate and was used directly. [00183] The
foll ovl\\/gogml]e RB& YR chesb 13t ifluatadyZ %él&ratlhﬁetﬁ&d‘%ﬁﬁéb&ﬁgo&@frﬂfé%ﬂipounds

31P NMR (80 MHz, CDC13) 6 4.46 [00184] Exanple 11

[ 00185] 3, 7- Di - peformplat())l wiagstRhad Ertalgo yefenddoplanimali Thirorladhtle synt hesi s:

[ 00186] Phosphorus oxychloride (0.145 n_, 1 equiv) and

3, 7-di-tert-butyl napht hal en- }-0l,. (J . em,, 1995, 60, 2909-2911, 0.4 g,
1 equiv) were stirred in anhk%tl(‘nS]1 i (10 nL). Anhydrous
triethyl am ne was added (0.217 nL, 1 equiv) at -78 C and stirred for 30

m n. The dicl oQdabe is very ungtable @t roon1tenperatu3e.cjhe progress of
the reactiHDI was gtoaedBD?ssfﬁrgﬁéﬁzmgie Cr HespdH re consi dered to
be a 100 % conversi on"to di chlori date and was used dir e ;y.stUI87] The
fol | owi ng ar eHPhe NMVR resul ts andl3zi QY the synt hesi Zed cddpound:

31P NVR (80 MHz,(XX)DC13) 6 4.45 [0 338] Exanple 12 [00189kxBhenyl
phosphorodi chl ori date synthesis: 9, o_pca Cl [00190] Phosphorus oxychl ori de
(3.23 m, 1 equi enol (g, 1 equipAMreGtirred in anhydrous

di et hyl et®8FSP25" M )lChahydr qus  r TRARSA ani wiatided_(4..84 nl, 1 equiv)
at -78 C and the sdl ubiion was all owed to W@5n1tooroo n tenperature WO
2010/081082PCT/L1§§%9{020632 89 after 25 mn. gg& triethylamne

hydrochl oride salt"was filtered off and the sd ht was renoved under

reduced pressure,toOqive a clear pale yellow oilp( g~ 9. (0il solidified
in the freepesdp. [00194H) ﬁésfolIomﬁnngbgs?hEﬂe&ZEg%ggty§ anal yzing the
synt hesi zed conpound: Q@] Ami no acid esters e A t her ‘purchased, or

prepared using |iHQ@rature procedures familiar taxvhoseCskilled in the art.
I n general BOC (ter¥XYutoxy carbonyl) protected am no acids were coupl ed
wi th the correspondi ng al cohol in dichloronethane with EDCl (1-

(3-di net hyl am n >3 -ethylc arhodPinide hydrochloride, Aldrich) and
DVAP ( 4- diTeePR@l am\nopgHpahle, hAl drigh) .\ T lr oups—were renoved with
PTSA (para-tol uene su nkﬁhaC|65 and isola ﬁ t he para-tol uene sulfonic
acid salts. [00193]8§§ﬁpthy| (am noaci d (gxvigy) phdsphorochl ori dates were
prepared by the pro es known to one skilled in the art. In general, the

napht hal ene phothorépichloridate (1 equiv) agd Eﬂ@ appropriate am no ester

as the PT Uy, were,suspende a Fous di €hl or onet hane (20
nm./ g of pﬁ%ggﬁzggggépgé}y%ate). Anhydrg%gfr?{e2ﬂ§ﬁhnine—f%—equiv) was added
dropwi se at -78 C arfd d&ftser one h, the reactiopmas left to rise to room

tenperature and sxkixkyed for 2 to 4 h (re&tflon can be nonitored by
phosphorus NMR). The sol vent was renoved under reduced pressure keeping the

r ot oevapor at or heati ng qh bel ow 25 C and the crude residue was purified

by a very quick chr (@phy on silica gel (hexaffé/ethyl acetate 1:1).

The ethyl acetate més hg¢hcarefuhly removed kieept t he r ot oevapor at or
NZ NS, Sare—gener al rébe urg was-used,for the

in

heating bath
subst i t ut é#Onap CHglerivatives and f L i NRHand i soqui nol i ne

deri vati ves. 22 HO CHs
OAc :
(XXXI) OH
(XXXII)




[ 00194] The nucl eosi de derivatives other than

2- am no- 6- net hoxy-9-(2-C net hyl -fl -Dri bof uranosyl) purine were synthesi zed
as descriweadotaisons2i n t he exanpl es. [00195] The 5' - phosphonsniidatess2 of

2- am no- 6- met hoxy- 9- (2- C-net hyl - f| - Dr4bof ur anosyl ) purine were synthesi zed
by procedures available to one skilled in the art, including the Methods A
and B bel ow. WO 2010/ 081082PCT/ US2010/ 0206320 [00196] Method A To
2-am no- 6- net hoxy- 9- (2- G- met Py - f 4 - D-ri bohurangsyl ) purine (1 equiv)

di ssolved in THF (20 nL/g) was ‘gdded N—méth I /I m dazole (NM, Aldrich, 5
equiv) followed by the chl orqfa | en- N=yiNgxyNphosphoryl am no acid
derivative (3 equiv) dissohved in THF((2P nl). The m xture was stirred
overni ght and the sol vent ‘6ioved forisr educed pressure. The residue
was then purified on sili cg/(geﬂ“ (CHC13/ M8BH 95:5) to give the pure
phosphoranidate in 20 to 80%yield. In sone cases, some trace on

N-nmet hyl -im dazol e remains: to renovg,the N-nethyl-imdazole, the
phosphoram dat e was di ssol ved in chl orof ormand washed 3 tinmes with

hydr ocHD0r312¢ aBeakefitdCd) TBINISCLTRM AP gpyridind; &y efSadMABNcdReddlostbandodi um

sul fate and evaporated, under .reduced pressure t ffor e pure conpound.
In some cases, toﬁ‘l"@el atq)ergﬁé%‘m? Otxéﬂprﬁga%ri%?oed%gg coﬂﬂﬁ\gi me (1{3](5]%‘%{13
to 95:5 CHCL3/ YeddiborbRR{ARIE] T@;W%@eg}?h@spﬁﬁiewim%z&%, iodine, toluene;

yl -fl-Dri

2- am no- 6- met hoxy-"9- (2-C net h of ur anosy!| )‘?UI‘I ne (Al drich, f)’equi V)
i n anhydrous THibuty tim Hyehinde.,) AN, tabideel hd MBSO, ukHIGn) bénzogh ¢hlpudey ipdydinei n THF

( Aldrich, 2 eguiVv). a fter. stirring 15 mn,. a sol ut] of t.he .

chl or o( napht haﬁi\}r{&)’- ylﬁ oag/) %@sﬁ?‘%ﬂgylaﬁ nﬁgaéfe&lcdélPWé{d?vg‘B @%q@?’i}?m‘?h THF
(30 nm.) was added drgpm se into the reaction mxture, which was then
allowed to warmtl\? rgom tenperature and stirred overnight. The reacti on was
noni tored by TL e\/néfacti on m xture was washed with a saturated NH4CL
solution (300 ni)-aad-brine (100 nml). The organic |ayer was dried over
anhydrous sodi ymisul Nat €Vnd groncenvisetred. actidaitklcude mat@iice Wasmomki T i ed
by col um chromat ography on silica gel using CH2C12/ MeOH (96:4) to obtain
phosphor am dat e i%lo- qyi el ds. [00198] Exanmple 13 WD

2010/ 081082PCT/ US }0? 7 2_91 yl oxy) phosphoryl am no) pr opanoat e was
per f or med accordiAF% tH t 811 owi ng steps: [00200] Step 1: (2S)-benzyl

2- (chl or o( naphtihal en- 1- ylxy) - @HES plrot-Yitghinaglesiupr dpendsdT8F [ 00201] Usi ng
the general procedure for synthesizing naphthyl (am noacid ester)

phophor ri dat,es the taosylate salt, of benzyl oxy-L:al anine (

Papht ndr ey 1 PEHEE sttt Bl Rednel g TP iR 0 54Mpdiid dr Brifdy 20
m.) were conbi (7eH) t® gile@ed 2Hbtde@az With, for example, TBDPSCl to provide an

2- (chl or o( napht hal en- 1-yl oxy) - phosphoryl am no) - propanoate in an 89%yield
(1.53 g), as ainsamedipg plofRrkiaciXd)| Protegpgahe verondyy|aliahaheigre wike fAVR
results anal yzj e t i o] ;g iH: ; !}/I—Fc,’ 8. 08
(m 1H, H8- naph%%?ﬁ lg. gg@?n’? Q?LSJH?&ng?Qﬂgpﬁ{& %Cte%i. 9& 55%%)9: 8. m%&)ﬂﬁ

H4- napht ), 7. 5BeduntioBHyf th6,ladtne td2aragbl pf foimdBa (XXIMARis( carriddHoutHdsingpht ) ,
7.36 (m 5H, phe), 531 - 5.16 (m, 2H ester),.4.59 -4.48 0. 5H,
NH), 4.38 (m fuitple }gducing ageyt sychsas B&% ené;.ﬂig, d@lsﬁ,the@%oraﬁéﬁ to thez' (g,

J =6.9, 1. 5H i@ & formula (XXIV) by reaction with acetone dil%_étlﬁyMNBal( MPM'K’
CDC13) 6 8.16, 7.89. [00203] Step 27 Synthesis of protidé [00204] Using the

gener al proced@electiwktdbmdtetdion aif thee sepndhgsalsolofl B' ephed phor amindatees, of
(3R 4R, 5R) - 2- ( 2: ani ng- 6- met. hoxy- 9H- puri n-9-y1) - 5- ( hydr ox t hyl ) = 3-
ot hyl ot 7 anydFBEF R gt estngiigup 1+ B ek e A Ea e [l v of
THF, N-nethyl (xk93z0lelnddhok} £BuPL8 BoMkMed VBS aRTBRE §i0lp.0wEHeDY d 2S) -
benzyl 2-(chl oro%napht hal en- 1-yl oxy) phosphor yl ani no) pr opanoat e 4. 38 ]g (0.11
triphenylphosphine, imidazole, and iodine, to give the compound of formula
(XXVI). Removal of the iodo group is accomplished using tributyltin hydride,
giving the intermediate of formula XXVII. By carrying out a series of

deprotection/protection steps (h, 1 and j), the intermediate of formula (XXX) is

prepared. This compound is analogous to the earlier described intermediate of



WO 2010/ 081082PCT/ US2010/ 020632 92 mmol ) in 25 nL of THF. After workup and
silica gel colum chromat ography, 68 ng of pure protide was obtained in a
28% yi el dyvoasicais1askf - white solid. [00205] The foll ow ngprarastéie/ o6 r esul ts
anal yzing the synt hesi zed conpound: 18 NVR (500 MHz, CD30D) 6 8 20 - 8.13

1H), 7.98, , , .83 -7.77 d, J=
(7m7 T)H) sl %ﬁﬁ 119 %ymaseaﬁgon Wity ?RPQ?IF‘BM gu@zn@( CHY?HV? fél%o !
7.27 - 7.16 9 0 Hz,
S (”b%%%pot&gb% » the: c%pgarédis ?ffoHﬂ)lla ég@%%) c/_rhd4é%)gﬁ(ﬁ?ﬁ é%c%@eﬁ,()l’
4.00 ( 2 x s, 8H)be pteaaedlme fQIZnula XXXE) TompoBir} js @n9Fteddtodbe cempGid 13C

IR 320, 0 b D ity 5 22 1y 513 P L

1.7), 139.31, 3ufAXTX30sid8 theladvedescliB&d R2thod19. 54, 129.26, 129. 25,
129. 17, 129 12, 128.87, 12883, 127.90 (d, 3k-c-o-p = 4.1), 127.85 (d, 3Jc

c 0 P=42), 127.77, 127.53, 126.56, 126.53, 126.00, 122.83, 122.76
116. 28, [OQh 127Tha genesd schemesehovegeguefeghiyicamigboggn the presenge of psuigbly) |

(d 230 o' p = oy Syt so g doctfd BmGogrsotéyRgpeil by iy

20.67 (d, 3Jc fbhhénl@ ethér. thpe s@AOemt8 salh, asIethylNtier=tedalydrofathrd diphenyl ether,
31P NVR (202 MHz, 6 4.28, 4.27. [00206] Exanple 14 00207] The
(2S)-2, 4-di fl uél?lé‘ﬂén% cgmaﬁl?ﬁy@mzm %al@enawgp GYBORUP AR xSRI Fh- B

y1)-3, 4-di hydr ﬁféﬂlg‘i’en@%mﬂdfeeéﬁléfb\fa{q%ﬁt{ é}ﬂor%bxﬁieﬁ@tltlé%ﬁi@ zg%@@&k&ﬁh Sfenl OX&D

hosphor yl am no) pr opanoat e was synt hesi zed as fol H3 N1 1 / O,
PN'--Th\r NH2 hidt@d3 metlGHIthyl ketone and methyl 1sobuty1 ketone alcohol type solvents

such as methanol, ethanol, propanol, isopropanol, n-butyl alcohol and fert-butyl
alcohol; nitrile type solvents such as acetonitiile, propionitrile and benzonitrile;
ester type solvents such as ethyl acetate and butyl acetate; carbonate type solvents
such as ethylene carbonate and propylene carbonate; and the like. These may be
used singly or two or more of them may be used in admixture. Preferably an inert
solvent is used in the process of the present invention. The term "inert solvent”
means a solvent inert under the conditions of the reaction being described in
conjunction therewith including, for example, benzene, toluene, acetonitrile,
tetrahydrofuran, dimethylformamide, chloroform, methylene chloride (or
dichloromethane), diethyl ether, ethyl acetate, acetone, methylethyl ketone,
methanol, ethanol, propanol, isopropanol, tert-butanol, dioxane, pyridine, and the

like.
[00125] Deosages and routes of administration.

[00126] In general, the compounds of this invention will be administered in a
therapeutically effective amount by any of the accepted modes of administration
for agents that serve similar utilities. The effective amount will be that amount of
the compound of this invention that would be understood by one skilled in the art
to provide therapeutic benefits, i.e., the active ingredient, and will thus depend
upon numerous factors such as the severity of the disease to be treated, the age
and relative health of the subject, the potency of the compound used, the route and

form of administration, and other factors. The drug can be administered more



,- Hd bH F [00208] Step 1: (2S)-2,4-difluorobenzyl

2- (chl or o( napht hal en- 1yl oxy) phosphoryl am no) propanoate WO

2010/ 081082RCIV08BBA10/ 020632 93 [ 00209] Usi ng the gemeralS2qgwoewdur e for
synt hesi zi ng napht hyl (am noacid est€em®) phophorochl ori dat es the tosylate

salt of 2,4-difl uorobenz al anine (4 , hapht h-1 -

phosphor odi chl B #8t%? g@y 89& &the?@zer(ezi @g%&sh W@%ﬁﬁf})onﬁ%?rewaﬁm. ned
to give napht ha@lay 1AC Zrdfeagta JﬂoUQragQﬁ@Ké’i}acﬂe% @me%hélééleéﬁh@ét&ﬁﬁhﬁg'ﬂ@te
(2.77 g) which was used directly in the next step. [00210] The foll ow ng

are the NWMR r esﬁd:citls'ean@hmzwﬂlg:)et\hél sythinhtbs sz obf clergeodidg clinician or other

31P NWR (202 Z % 0, 7.92. [00211] Step 2. Synthesis of the

protlde [ 00212]° |Crai£)elf fesy 8 ral procedure (Method A) for the synthesis of
- phosphor am dat es of

(3R 4R, (68273 - ( BoddRaRld tieed C}iwwalgféﬁwﬁwarﬁomﬁé of’ft:o((ﬁpbdh@sxo‘frlﬁirﬁ)ﬂa)l Ba
1 0

nmet hyl t et r ahydr of ur an- 3, 4- | to a solution of 300 ng of nucleoside in 3.6

(roLf Ff THE walsra@a@ér@lrwmmwteﬂw Harpd@mezenkilegrpm bpéwm@ﬂosghe(zs) 2, 4-
0, uorebenzyl 24l o RGN 0 Sl oS AROBA GG OGN, PAPRAE!

chr omat ogr aphy 0.52&10 mie/lod/d iy r Bhysr fotr ind@inietmtiob @i e dtg (p368%n the Hokagasanan

off-white solid. HPLC t 0.89 mn. (colum: Varian Pursuit XRs
5, C18, 150x4.§° mw@rerf%r@hla@e.agoum %E%Ormgrf)saﬁiaevmlnragmrﬂd@mpﬁ%ﬁaf 100% ACN

in 30 mn.) [O0G3d3hedim &ﬂ'ﬂeoa\ﬁhﬁﬂlsék% %%Meﬁ&%%érﬁ @sﬂ?clr%%'y%ﬁyfoﬁéof
synt hesi zed conpound: 1H NWVR (50 }() .00 and 7. 97

(2s, 1H), 7. 82therfplldwing r@utés ofal, syjter,rnc? (e7g., ti&@sderﬁlaﬂiZntTarmial(ombySH) 7. 38 7.26
m 2H), 6.89-

El. 67- ZD 57 (m ?ﬁ)poséior%)@ O%érﬁlﬁteﬁai{e %I—bn?raﬁmécg’i’(r rﬂntr%nouﬁ O’bﬁﬁ’ﬁﬁt&néﬁm& ( 25,

3H), 1.29 (d, ddmihiskatiom) Th@ @ferRAGn MhnBPof( A%ninidtdtion is oral usm%_ a convenient

31P NMR (202 MHz, CD30D) 6 4 21 [00214] Exanpl e 15 [00215]

| (S) - phenyl et hgimlmcs)lge(wgmr@haunanm)adm(eéamng@ ﬂ@td«?@lseyoéaﬁbmqm 9-
y1) -3, 4-di hydr th drof [ I) ha e-1-
yl oxy) phosphor%élﬁlompﬁ%sr%anéaﬁkga e %HSO#s{ja/lﬂ%epsllﬁzé: Sutl] 1‘oel(-‘i1 ©rs,

2010/ 081082PCT k40 R2Q632m Mti ) 21 bfiorst ﬁmpansm(nz S)lrx(il(s S)erdsonhslnaﬂyet hyl )

2- (chl or o( napht hal en-1-yl oxy) phosphoryl am ng) propanoate
other appropriate compositions. Another preferred manner for administering

compounds of this invention is inhalation. This is an effective method for
delivering a therapeutic agent directly to the respiratory tract (see U.S. Pat. No.

5,607,915, said patent incorporated herein by reference).

[00128]  The choice of formulation depends on various factors such as the mode of drug
administration and bioavailability of the drug substance. For delivery via
inhalation the compound can be formulated as liquid solution, suspensions,
aerosol propellants or dry powder and loaded into a suitable dispenser for
administration. There are several types of pharmaceutical inhalation devices-
nebulizer inhalers, metered dose inhalers (MDI) and dry powder inhalers (DPI).
Nebulizer devices produce a stream of high velocity air that causes the therapeutic
agents (which are formulated in a liquid form) to spray as a mist that is carried
into the patient's respiratory tract. MDI's typically are formulation packaged with
a compressed gas. Upon actuation, the device discharges a measured amount of
therapeutic agent by compressed gas, thus affording a reliable method of

administering a set amount of agent. DPI dispenses therapeutic agents in the form



[00217] Using the general procedure for synthesizing naphthyl (am noacid
ester) phophorochloridates the tosylate salt of (S)-((S)-1-phenylethyl) 2-
am nopr opaioaatwsi@® g), napht hal en-1 -yl phosphor odi chl or iPdatusS2q16/010637y) , TEA
(7.60 nmL), and DCM (120 nli) were conbi’ned to give naphth-1- yl((S) 1-
phenyl et hoxy- L- I) phosphqr ochl orj.dat e |n an 85%yield 7 g) as a
pal e yel | ow t hP %ﬁ f@m@? bR WeRgddn e ES P ¥§lrana| yzi ng
the synthesi zeg,Garmasnds DR SO0 0 BTb TR Ba BB Ey sk bortRrnanht )
7.89 (m 1H, Fb- napht), 7 n%jw ‘Fa-hapht), 7.63 - 7.5 H;ér:;powr H?,
H6, H2-napht), the. th@apeuﬁczzer(tm fo@lH}llaH@l wn&lphn e)empielprse;th aﬂa@@se( d!d,me:asm'ecﬁ 7,
13.3, 0.5H, CHeste 40 -
4.21 (m 2H, NH" Jé%e)therfpé’%c aéentis Slo’éedén afagﬁli e%ﬁ@ aRFéﬁg SIi"*“)%éfi vy =
6.6, 1.5H, CI—Beﬂhaa)cmaa}O@Z (d, J =6.8, 1.5H, CH3 ester), 1.49 (d, J = 6.8,
1.5H, CH3 ester). 31P NMR (202 MHz, CDC13) 6
8.17, 7.86. [00219] Step 2: Synthesis of protide [00220] Using the general
pr ocedUPBI Nkt Reegpnnly. lerm@%@tlga} AP Hadationghane bfﬁ?ﬁﬁﬁﬁ@?%ﬁ%&l@b for drugs

(3R 4R, 5R) - 2- (

met hyl t et rahydﬁlo tgjﬂrog\sr)\p gor}? C;c?%;f%ﬂ%l}_’?gw d}) gﬁp{er]#m%ﬁ IQ g%gﬂ é;' f:%l mL of
WO 2010/ 0810829@dah&l§5&ﬁb&2@6§ﬂ1e%rﬁ¢dl:arei\ﬂ\é decgaamlng(pﬁﬁlcld)m}fmﬁFdr, was added
foll owed by (2S)-((S) henyl ) ) . .

2- (chl or o( naphFH&IRl- liJSyf’)ﬁxW i&%#%ﬁ%salﬁl?%d)lﬂﬁﬂ%ﬁ&%%?ﬂém’émé%lo@ heyings ol )
in 20 m of THp,iffel G URIKYRMbrS 1 I R0IChmGRWHTh GELOTRIAGEARNY. 571 My
of pure protide was obtained i'n a 17%yield, as an off-white solid. M
(ES+) me: 693s@pofthd o a cld38idgked Aratiix af @aras®lec@RSHISNBOOND. Sal %684t ed
693. 2438, found 6 2468 002 he fol|.ow.n re t.he sults
onaly2ing the SRR BipduO B P P Y SO RPN Rt 6 0. 8. 16
(m 1H), 7.98, sts%cc(% 1\%1‘1Zéd_90 naﬁo%ncl& %561&1@3: é-lﬁll,e s?ze7o¥ 400 nfS i Me 1H) ,
7.54- 7.46 (m 3H), 735m1E& 29}; 5H), 6.00, 5.99 (2
X s, 1H), 5.74presengs o( zsrxrf@fe rgoditfigy, apdjtzen cmH)ersed 16511QUI41 @gil(lmtogw)ea 4, 57-

458 (29, dfecof iyt Shnf AR R ARGt e

3H) . patents are incorporated herelﬁﬁ?rd\ﬂéﬁnéeZOZ MHz, CD30D) 6 4. 30, 4.27.
[ 00222] Exanple 16 [00223f The (2S)-2, 3-di hydr o- 1H i nden-2-y1
2- 442R, 3R 4R) - 5- ( 2-.am no- rrethox-9|—|—pur|n9 1) - 3, 4-dj hydroxy-4-net hyl t et

r ahydr dpﬁi%m 2%99%%@&3?)@ 8% ﬁ?rﬁa@%tﬂpr@ iy P%@Wﬁaﬁ%whcshwaﬁatw&)aﬁperaaﬁoat e

\8’3-5 NSQy nto?:ﬁél Zegorﬁﬁngeoa! éo(ﬂ)ﬁﬁmn&) ofiBorMula such ad one of thbsdecitdd! abWye i NNH2 HN

combmatlon with at least one pharmaceutically acceptable carrier, excipient or
diluent. Some examples of acceptable excipients are those that are non-toxic, will
aid administration, and do not adversely affect the therapeutic benefit of the
compound of the invention. Such excipient may be any solid, liquid, semi-solid or,
in the case of an aerosol composition, gaseous excipient that is generally available

to one of skill in the art.

[00131]  Solid pharmaceutical excipients useful in the invention may include starch,
cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
magnesium stearate, sodium stearate, glycerol monostearate, sodium chloride,
dried skim milk and the like. Liquid and semisolid excipients may be selected
from glycerol, propylene glycol, water, ethanol and various oils, including those
of petroleum, animal, vegetable or synthetic origin, e.g., peanut oil, soybean oil,
mineral oil, sesame oil, etc. Preferred liquid carriers, particularly for injectable

solutions, include water, saline, aqueous dextrose, and glycols. Compressed gases



OH6 tH [00224] Step 1: (2S)-2,3-di hydro-1Hinden-2-yl

2- (chl or o( napht hal en- 1yl oxy) phosphor yl am no) pr opanoate WO

2010/ 081082RCIVISBBA10/ 020632 96 [00225] Usi ng the generalr/yse@omehsse f or
synt hesi zi ng naphthyl (am noacid estem) phophorochl ori dates the tosyl ate
salt of (S)-2,3-dihydrp-1Hinden-2- - nlno r opanoat e 5. 30
mmol ), napht haM@¥% e bygd tﬁﬁgs_élﬁ%racf&m?ﬁ}l %&Sem? tig I@aerssogéo %rt &HES TEA

(1.48 m, 10.6Q,;pBR tbr itk ﬁgpme 28 ni@rogerp(;%bo%{(ﬁq@ eRi TRt Qi e
(2S) -2, 3-di hydro-1H 1 nden- 2-y

2- (chIoro(naphphahenmﬁyhbxyMpthghbhytﬁnnm@ﬁmn@m@mb&ﬂ@edmlBsﬁﬁmmwiﬁ (1.48

g), as ayello thic 0 re the. N results

anal yzi ng_the iRl Soiglegs A TrENRMEEL R Pepfisl OrbSR8: | . 05
(m 1H HB-naphgth.ed’.1990). Th8&n{otht dHhe EBmpaRAtih a fdrnfiBatdh can%r;&vﬁhﬂﬁ'z 1H,
H4- napht), 7.62 - 7.52 (m 3H, H7, H6, H2-napht), 7.45, 7.44 (2 x t, .1=

8.0 Hz, 1H, Hathedphrangepnpdnyed byohgsmskidled injthg agt Eay exaseple.)the fraglationes
5.63- 5.59 (2 x 1 - 4.22
G an vy - Yilbortin. GTh G318 persthy ¥y vl ork B ool o § 317 0

ester), 1.54, Whb2id theXothpourkHs d.comipaundd, fofei@h.I baélda IR (021 ZoMiZatidd)C13) 6
8.16, 7.90 [00227] Step 2. Synthesis of grotlde [ 00228] Using the general
procedur e (Met W&l ts) balgfice R SAPA R BXIE SHRDE RhaRBRISHETA AXHRIERS. of

(3R, 4R, 5R) - 2- ( g; e?épalﬂg t@e%ﬁ?%ﬁﬁ'@ﬁf&%t a@a?ev%ﬂ%%aﬁ)g(lpygb%mt hyl) - 3-

met hyl t et rahydr of u solution o (0.803 mmol ) of
nucl eosi de in Bhnhmo&nﬁHﬁbnmamuaMdEMRmBng@Gﬁm@oﬁﬁlm&w@ﬁdﬁtewnﬁhmﬁ fol | oned
by (2S)-2, 3- dlyﬁﬁro 1H—|nde

2- (chloro(naph o ag Eﬁﬁ@é%ﬁbpﬁPﬂnlno)propanoate 690 ng (1.60 mmmol)
in 5 n of THF. After workup and silica gel columm chromat ography, 255 ng

of pur gopraYi dadwaRn R, M EsdnPindeBiP ¥ dabéled B5a fthrRhéeculibaltd kitign [ 00229]
The foﬁloxfﬂg are the%&NR results anal yzing the g@%the5|zed g%ﬁpound WO

2010/ 081082PCTtspising @ deeppudally iR e Boontpla canpoDy o tig: rgsent 8, 10 (m
1H, H8-napht), edRan ih33 H5- napht),
765, 7 65 (2 vatiobSampady o e iyl el Syt Erondi nfge "og
H2- 11lapht), 7. 3dentslacGde égﬁmslﬁNAdaep@ﬂBﬁt)RNK vifrs afd Q8 phficulat.agdink [@Fvest er) ,
6.00 (s, 1H, HO, 5.34- 5.31 (m_1H CH ester), 4,59 - 4.51 (m 2H H5,),
4.33 -4.21 (m Agpts ragweaagamﬁmﬁ%?\’ inclgde, byt ge nepligited tozpbagpaHgyovignog- 3. 95

Coter). 1 o6 LByl i hERAANC N sl 1 )2 X
2'-CH3). 13C NM&rfel&lﬁaM@ylmafé)feﬁonl&Qp@mteﬁe}én&3 A bmiBdatGnGfN- P = 3. 8,

C=0 ester), 162.7 1.83 .. 154. 53, 154, 48 (C4) 147. 97, 147.91
(d, 2./c-0_p —H@erge &waps aEBN3 C%ﬁ'imstzon e gingerferony @8‘1 TipAvirigsa ' 139 28

138.97, 136. 24¢orkBfakéhn oflifRrBron-a and levovirin, and a combination of peginterferon-a.
and levovirin. Interferon-a includes, but is not limited to, recombinant interferon-
o2a (such as Roferon interferon available from Hoffman-LaRoche, Nutley, N.J.),
interferon-a2b (such as Intron-A interferon available from Schering Corp.,
Kenilworth, N.J., USA), a consensus interferon, and a purified interferon-a
product. For a discussion of ribavirin and its activity against HCV, see J. O.
Saunders and S. A. Raybuck, “Inosine Monophosphate Dehydrogenase:
Consideration of Structure, Kinetics and Therapeutic Potential,” Ann. Rep. Med.

Chem., 35:201-210 (2000).

[00133]  Even further, the present invention is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a compound of the present

invention in combination with a therapeutically effective amount of one or more



128.83, 127.88, 127.82, 127.81, 127.77, 127.52, 126.55, 126.51, 125.99,

125. 60, 125.57, 125.52, 122.81, 122.75 (Naph, C9-Naph, 2 x ipso ester and
4 x CH eswer)ro/mi®224, 16.22 (d, 3./c_c_ op = 3.8, C2-Napmus2a1eh2832 115. 65
(C5), 93.32, 9311((31)8228 8208(2xd 3./c-c-0-p = 8.8, C4'),
79.98, 79.96 (C2'), 77.73, 7 este 74.91, 74,57 67.97,
67.34 (2 x d, 3oRyisachveagast ep%ﬁl ?gvmm %th ety Iudg fhoge hagﬁh*zbft (Ca Al a),

40. 49, 40.44, #H3 oté@eszﬁd\zpéqyﬁ%pas@sﬂ@v)heh@ﬂe%V%@S@pﬁo@'@ We . 26. 9,
28.8, 28.7 (3 X ester) 20°4. 20.3 (2' CoH3) |

31P NVR (202 Meirtry, €030 BYsetbly, ZBCYeng@HCB{(Mr‘&éIA@r@tEH[ @ORBLRInEE (2S) - propyl
2- (4(2R 3R, 4R) - 5-

i hydr oxy- 2. me TR PIE PG B THERRES: o1 JaeRR el e Rards 1985495 Bhos phor v

| am no) pr opanoatfméasofsmHiOeshetoR sStipbthevEm e dBinbhude thokNdisclohed Y2
WO 2004/014313 and WO 2004/014852 and in the references cited therein. The
patent applications WO 2004/014313 and WO 2004/014852 are hereby
incorporated by references in their entirety. Specific antiviral agents include
Omega IFN (BioMedicines Inc.), BILN-2061 (Boehringer Ingelheim), Summetrel
(Endo Pharmaceuticals Holdings Inc.), Roferon A (F. Hoffman-La Roche),
Pegasys (F. Hoffman-La Roche), Pegasys/Ribaravin (F. Hoffman-La Roche),
CellCept (F. Hoffman-La Roche), Wellferon (GlaxoSmithKline), Albuferon-a
(Human Genome Sciences Inc.), Levovirin (ICN Pharmaceuticals), IDN-6556
(Idun Pharmaceuticals), IP-501 (Indevus Pharmaceuticals), Actimmune
(InterMune Inc.), Infergen A (InterMune Inc.), ISIS 14803 (ISIS Pharmaceuticals
Inc.), JTK-003 (Japan Tobacco Inc.), Pegasys/Ceplene (Maxim Pharmaceuticals),
Ceplene (Maxim Pharmaceuticals), Civacir (Nabi Biopharmaceuticals Inc.), Intron
A/Zadaxin (RegeneRx), Levovirin (Ribapharm Inc.), Viramidine(Ribapharm
Inc.), Heptazyme (Ribozyme Pharmaceuticals), Intron A (Schering-Plough), PEG-
Intron (Schering-Plough), Rebetron (Schering-Plough), Ribavirin (Schering-
Plough), PEG-Intron/Ribavirin (Schering-Plough), Zadazim (SciClone), Rebif
(Serono), IFN-B/EMZ701 (Transition Therapeutics), T67 (Tularik Inc.), VX-497
(Vertex Pharmaceuticals Inc.), VX-950/LY-5703 10 (Vertex Pharmaceuticals
Inc.), Omniferon (Viragen Inc.), XTL-002 (XTL Biopharmaceuticals), SCH
503034 (Schering-Plough), isatoribine and its prodrugs ANA971 and ANA975
(Anadys), R1479 (Roche Biosciences), Valopicitabine (Idenix), NIM811

(Novartis), and Actilon (Coley Pharmaceuticals).

[00134] In some embodiments, the compositions and methods of the present invention
contain a compound of a formula as set forth above in combination with
interferon. In some aspects, the interferon is selected from the group consisting of
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon

alpha 2A, and lymphoblastiod interferon tau.



HN' CH3 CH3 HOtH WD 2010/081082PCT/ US2010/ 020632 98 [ 00232] Step 1:
(2S) - propyl 2-(chl oro(napht hal en-1-yl oxy) phosphoryl am no) propanoate 0, Cl
CH3 0' N WO 20H38[i@®0233] Usi ng the general procedure for PEYriSh@siozicnz
napht hyl (am noaci d ester) phophorocHioori dates the tosylate salt of

g\?ph'? W%ﬁm&ﬂﬁ%ﬁ@ﬁ@%ﬁﬂ&%&ow 1111%{31;5 31%1% M@e BISEFRFEACRE0D

23.86 mmol ) i nyd3R,ddcbifioonREM copbend OMPIRNRHILR s8i f6fh GBRe HldaPy |
2- (chl or o( napht hal en- 1- yl oxy) phosphor yl am no) propanoate in 82%yield (3.50

g), as a cl ear ¢orypdundavingiaok-lCV .ac{i0@284h aTHws¢ odléated frgmath@gltonp NVR

ezl anelyelog, g YL DSEL AP GOV B M O00, M B0 0 0.1
7.75 (d, .1= B8efhakles tﬂé‘lde JHophaRi by a ty e@%etpe?'[ﬁ@ll(réﬁpoﬁé‘é; 1ﬂf&ferﬂﬂ@ RNR; napht ),
7.45 (t, .1= 8.0 Hz, 1H, naht bs, 1H, N ,428 -4.27

(m 1H, CHa), antisensgqRNA, (Imlqan@d nhaﬂrrn @nHzom rr@n@plzosm&eéiﬁ;ly regepgse 1. 65

(m 2H, O0-CH2- 5 1= 7.0 Hz, 3H, CH3Ala), 0.99,
0.96 (2 x t, iR ﬁgﬂt@iﬁ dn i tag”)% 31P NVR (202 Miz, CDCL3) 6 8. 29,
8.04 [00235] St ep 2: Synthesis of protide [00236] Using the gener al

pr ocedynel136yet Ned-Mpafitiy CtAreivByntdagsi s of 5' - phosphoram dat es of
(3R, 4R, 5R) - 2- ( 2- ami no- 6- met hoxy- 9H puri n-9-y1)-5- ( hydr oxymnet hyl ) - 3-

met hyl t ydrofuran:-3,4-diol, to a solution 8 mmol ) of
el 2od PR ESpogHdfuit el aniDaty B C isiRgeY TR e HGY GonmiRY,

fol  owed by (28) ihi9aNE othek &ﬁ?ﬁfe@ﬁé@@ﬁtirhﬁlle@éblﬂeawnpéﬂe or by other pathways.
phosphoryl am no) propanoate 571 ng (1.60 mml) in 5 %’ I,&fter wor kup

and silica gel Acoimben ot hysayrdtaygbeghgublisiha! tngssmrfss mmeeacpmmact% geasrabbt ai ned
DR TELA Y e e O ST S
2010/ 081082PCTUUSIAL N DL 08828 9B Miles et al., said patent incorporated herein by

reference. In vitro assays have been reported in Ferrari et al. J. of Vir., 73:1649-

1654, 1999; Ishii et al., Hepatology, 29:1227-1235, 1999; Lohmann et al., J. Bio.

Chem., 274:10807-10815, 1999; and Yamashita et al., J. of Bio. Chem.,

273:15479-15486, 1998.

[00138] WO 97/12033 relates to HCV polymerase assay that can be used to evaluate the
activity of the compounds described herein, and this patent publication is
incorporated herein by reference. Another HCV polymerase assay has been
reported by Bartholomeusz, et al., Hepatitis C Virus (HCV) RNA polymerase
assay using cloned HCV non-structural proteins; Antiviral Therapy 1996:1 (Supp
4) 18-24.

[00139]  Screens that measure reductions in kinase activity from HCV drugs were
disclosed in U.S. Pat. No. 6,030,785, to Katze et al., U.S. Pat. No. 6,228,576,
Delvecchio, and U.S. Pat. N0.5,759,795 to Jubin et al. Screens that measure the
protease inhibiting activity of proposed HCV drugs were disclosed in U.S. Pat.
No. 5,861,267 to Su et al., U.S. Pat. No. 5,739,002 to De Francesco et al., and
U.S. Pat. No. 5,597,691 to Houghton et al., all of said patents incorporated herein

by reference.



1H NVR (500 MHz, CD30D) 6 8.19 - 8.15 (m 1H, H8-naph), 7.99, 7.97 (2 x s,
1H, H8), 7.90- 7.82 (m 1H, Hs-napht), 7.68, 7.65 (2 x d, J= 8.5 Hz, 1H,
H4- napht )wo20bB408108Z. 45 (m 3H, H2, H7, H6-napht), 7. 38, P@TﬂfSZ((lB/OX%Bz J= 8.0
Hz, 1H, H3-napht), 6.04, 603(2x3811H HO, 4.70- 4.61 (m 2H HO, 4.37-
4.26 ( 3H, 60CH3), 3.95
- 3. 84%9?@H%We%éqwf arther g élstrit gn ]h‘hfo ‘P%V)néﬁﬂé%i“ ?ﬂég EXHRRISS. 1,31 (d,
1= 7. 3H CHSAIa)099 0.97 (2 x s, 3H 2'CCH3), 0.82 (t, J=7.5
He, 3H[0@;H§] s&emples3C NVR (126 MHz, CD30D) 6 175.13, 174.89 (2 x d, 3J
c-c-N-p = 5.0 Hz, C=0 ester), 162.75 (C6), 161.84 (C2), 156.56, 154.52
(C4), 1481422, Eztfbogmems of the m@en@ ipyerti@n Will—lzowibpglGSCNthY wagof wmpll% 07

CH8), 136. 25, 128.86, .128.82 CH
(v oo e, 58 Rl P R o B Bl 4 S b ARRM R L8Ry o,
125. 95, 122. 81rea&t2c2h df6ehé GbrdfuRt nudlddidid, orkiléuifidd pikcséh, wihahCreQuided 4. 5

Hz, C2- Naph), 115 67, 115.66 (C5), 93.32, 93.17 (O '), 82 30, 82.16 (2 x
d, 3 Jc_c_ O Pphosghgrophlorigyte) Thghitourcagmiowereerenaredzy, mblisted mathpdss' ) |

o 99 (S5 e kg wﬁ%o BByl ™G Smbhoagt Budifpvafoehorgly 0 1200
gg;gm@?%ﬁ ﬁﬁf‘% 69?? 3%0 252(20?08%;; Exanpl e 18 [00239] The

(2S) -3, | but R, 3R 4R) 2- am no- 6- met hoxy- r|n-9-

vy 3. 40Py g\ilfxae%féﬁmﬁ AT D ATy SO R st PO RSB 131 oxy) p
hosphor yl am no)g; SRSiOHALAIBS AR tél?ahgz&lloflﬁ%%THmnd

2010/ 081082PCT/ U 010/ 02 632 100 o,C'H 3 . ,,0 PAN----NINH2 O

CH3 HN O0-"yi d]elbloromethanedwere]ﬁu@mma]onsﬁé@lcb an@zsyd Airg:tlgi et snghbut yl

2- (chl ht hal - h y! Usi
the gener sl - pr BUBAT & LF ot Sy RERGa BT A BRIy LRI R G g g
phophor ochl ori dai @shdnheaté Sy JudBersigh 2,30 5-(cBh= (31b3n;§5 t@yﬁetﬂﬁgtl;ﬂ D-

2- am nopropanoate (2.00 g, 5.79 mmol), naphthal en-1-
phosphor odi chl eb@f@a%nésq wagpurghasgd ﬁgnhé%@by vyl Lirgised, §&@101ﬁ1LStat10p Bgingbl ) in

30 nL of dry 0 (%)
2- (chl oro( naph I’en O% %?(%S}ﬁgdtsﬁqﬁ %ﬁ%oﬁ%i%%%%%{% I?%Eéﬁl}lyl eld (2.10
g), as a cl ear chlgglpuie 01t dyuial@itlly, 6-&91@2(49]1 puiid-1- @mﬁmgpﬁi’cﬂasbh@roﬂi\/l?

results anal yzin the sgnt hesi zed conEound 1H N %500 VHz, CDCl13) 6 8.11,
8.09 (2 x d, Methylgusnasiney 2-aming9-(BRgdR 053 fedihydsorepht ), 7. 75

d, .1= 8.5 Mz hfhy £ . ht), 7.46
(1= 78 Hz<hyjfﬁ’ Yﬁg%f‘m’“mﬁ“hﬂw%h O R

OCH2 ester), 4c<2rﬁmefb192162(gﬁntahldlwz@l-1ﬂ1)rqhhseﬁi4f{orﬁl GBebSyntIHmiCHPs &3 id ), 1. 58,

S AR (202 hitatiopBesipe it £amniOh Berkstia 20 BNE LRe i e e of b ot de

[00244] Using Bh@lﬁ@@ﬁ@ﬁb ChREREWLE plivRiRA%oM AlRIchtde 1SV RE HfSich. Ofhis
5' - phosphor am dat'es

(3R 4R, 5R) - 2-( zi)eMlsnbmen e lreodyindkée experimegtay ploceduresy dedwmpnet hyl ) - 3-
chromatography refers to flash column chromatography carried out using Merck
silica gel 60 (40-60 um) as stationary phase. Proton, carbon, and phosphorus
nuclear magnetic resonance ('H, BC, *'P NMR) spectra were recorded on Bruker
Avance spectrometers operating either at 500, 125, and 202 MHz or at 300, 75,
and 121 MHz or a Varian Unity Inova instrument operating at 400, 100, and 161.9
MHz. The solvents used are indicated for each compound. All B¢ and *'P spectra
were recorded proton decoupled. Chemical shifts for 'H and C spectra are in
parts per million downfield from tetramethylsilane. Coupling constants are
referred to as J values. Signal splitting patterns are described as singlet (s),

doublet (d), triplet (t), quartet (q), broad signal (br), doublet of doublet (dd),



WO 2010/ 081082PCT/ US2010/ 020632 101 met hyl tetrahydrofuran-3,4-diol, to a
solution of 250 ng (0.803 nmmol ) of nucleoside in 5 nL of THF, was added
t BuMgCl IweXomiosf@®261 mmol ), followed by (2S)-3, 3-di net rgirhisteio/ 020632

2- (chl or o( napht hal en- 1yl oxy) phosphor yd2ami no) propanoate 640 nmg (1.60 mml)

in5 n of THF., After rk and col umm chremat o h 190
of pure producfio‘fz%%t OcﬁﬁrvﬁF‘r@g Pyt 1@%“/5‘? gﬁﬁml%?é S&ﬁ%‘ﬁf-%%% ’(%I %dl’artf 00245]
The fol |l owing %Ig’nﬂl NMAVE &5 &;&eﬁﬁ?ﬂ%ﬁ#%e’fa}aﬁ S RE N rs@ARaynd: 1H

NMR (500 Mz, 6 8.20- 8.16 (m H8- naph), 8.00, °7.98 (2 x s, 1H,
H8), 7.85- 7. 8tarbon NMR sigpaln aysint Jplit Pe@Bse Tt B¢ pfeBencedf (phosghdie)Hz, 1H,

e 1 - naphEsreeRee ot (et s olRR oo Jrafist o Bpitelay "2 5o
4.27 (m 1H, Has fadMatdm lﬂ)anarc(rﬁent3FiAAFQ%MN@BQ&m—nﬁrogénz(yﬂhlc&Hﬂ) kcc and

OCH2 ester), 1.39- 1.29 (m 5H, CH3 Ala and OCH2CH2 ester) 99, 0.97 (2 x
s, 3H, 2' COH3) magisgfer sgnggompoynds. Efpetrosray MpS 9setesr Yere DBRINNRS{TERZE MHz,

CD30D) 6 175.0 73 (08),
CoR0D) 6 175 Ofuaidl S0yt f WS orods Pl 5 Rl tibog RS (%)
Naph), 139. 36, pldp. 88mplekB)kre diswlvEd,in bfe@ha2151 z(rﬁ:hﬁ;eb&ﬁhﬁto tﬂ&&l%x sttehth 80

( CH Naph) , 127 88, 127.73 (2 x d, 3Jc-c 0 p = . C9-Naph), 127.78,
127.76, 127. 51Viapgghesdyne inectyy. Thomahge leﬁ?‘s U@@d wm@e@@nolm ﬂP@V etrpiNaph) |
116. 22, 116.09 6 93. 30,
93 16 ( ar). %é%ﬁ/n‘gg Fpd %l'fgr(g)sgrzﬂ/ soyéfgz%e%gh%[ﬁqgmp%%é Sdf 18;@5)& 30 03
(C2'), 74.90, Mth&?de(smat)qn ifpOAtur6 3t FB) (2 wcagilRdcvatage of 5V, ki cd@E' ) ,

64.01, 63.99 ( 2 e , ~94. 37, 51.7 51. 71 Ccc Al a),
42.67, 42.60 (M%@r\) elpﬁtavx@@:@glecggtg é)gle(cgn YR MO 8?’3“ 2813AnNgy. 52 (2
x d, 3./c-c-N_p 2@0@arﬁgan%c@§s§a usi 1%9444; fr%aOCBdurad HasNVR (202
Mz, CDC13) 6 4 33, 4.29 2010/ 0 082P /USZOlO/ 020632 102 [00247] The

( 28) -i sobutyl meanP@ENIRs WRYe-Beilitethlnie @trreimh@o«yomlmlﬁ ulcwkmaymon&)almd

di hydr oxy- 4- net Itetrah rofur an: 2- thox ht hal en- | xy)phosphory
am o) p opanod %ﬂ@g} P B b T <0 R NG i s

N-- NNH& 00145] %xample 1

[00146]  (2R,3R,4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-(benzoyloxymethyl)-3-
methyltetrahydrofuran-3,4-diyl dibenzoate

Cl
N \N
¢ f\ Cl
H N/)\NH

2 N \N
BzO 0 ¢ | A
- . N ~
BzO o) N™ "NH,
IS DBU,
BzO OBz TMSOTH L
CH,CN BzO 0Bz

[00147] To a pre-cooled (0 °C) solution of (25,3R,4R,5R)-5-(benzoyloxymethyl)-3-
methyltetrahydrofuran-2,3,4-triyl tribenzoate (or 2,3,4,5-tetra-O-benzoyl-2-C-
methyl-f#-D-ribofuranose) (CarboSynth Ltd, 10.0 g, 17.22 mmol), 2-amino-6-
chloropurine (Aldrich, 3.2 g, 18.87 mmol), and 1,8-diazabicycl[5.4.0]Jundec-7-ene
(DBU) (7.7 mL, 51 mmol) in anhydrous acetonitrile (200 mL), was added
trimethysilyl triflate (12.5 mL, 68.8 mmol) dropwise. The reaction mixture was
then heated at 65 °C for 4 to 6 h, allowed to cool down to room temperature,

poured into saturated aqueous sodium bicarbonate (300 mL), and extracted with



HN O O CH3 CH3 , HC5 -tH [00248] Step 1: (2S)-isobutyl
2- (chl or o( napht hal en- 1-yl oxy) phosphoryl am no) propanoate
phophoroahbanimum, the tosylate salt of (S)-isobutyl 2cardisa@pno@anoat e
(2.5 g), naphthal en-1-yl phosphorodi chi3ori date (2.06 g), TEA (2.19 nL) and

DCM (50 nmL) were. conbi S) - tyl

2- (chl or o( naphtiil Oéﬂnfitﬂ oéég; %@%ﬁ'ﬁ@ eﬁdarg%%%%&iaédagdaveerude pal e
yel | ow t hi ck Obédlurmﬁlfgté'ég@e%'&%w‘ﬂqdé@?edh edsQfenahd dduB Qe further
purification. [00250] The followng are the NVR results anal yzing the

synt hesi zed copoiprtdted 3 JivR of othandzand PR B!, 6"118at2<7,,th6' s@B! Yo0R&hEd St ep 2:

Synt hesi s of otlde n r al r f

sznt hesi zi ng ﬁ Bt W%ho_%h‘h?gﬁ%c?%%és e@j %66%%?? Cfﬁgé’? r”gii“*brocedure
(Method B) for white ssid g‘ﬂﬁ&d gre BlonP6 5P hESRRAAY @;mm%@r@élpltatlon))

(3R 4R, 5R) - 2- ( 2- am no- 6- met hoxy- 9H puri n-9-y1) - 5- (hydr oxynet hyl ) - 3-

”Et hyI _I[@E)fz%ﬁyd'Tﬁé PJIR&%Q% Qre%é)NMIi %sﬂltSSQ{aWZﬁr%nthgfsyI%Qélﬁg cBfnpBHiklseoside in 4

HF was added te MCl (1.3 | owed by (2S)-isobutyl 2-
(chI or o( napht hal e leargi 19) 1 PR opaRo THF
(2.6 m). After mglﬁ%ﬁ%)l\dﬁ??@gaggpgcol fgr’nJ c%?@%&t%%f %3 gg)(m pure
proti de was obt aihex- (H6%ryilH),d).58 HI?IAS(trR4H)277350q J128]. 294Hm' 6\66¢QI1H]7)1

tothod: 1 near_griall @t =0t KD 016066 100 {80 in 150 4ihis [00253]
The fol | owing ar & 4 hg NYR r@fwgtgsj ag@l ¥3i gy, 4w gysiphesi zed conpound:  1H
NVR (500 MHz, CD30D) 6 8. 1Hy, 7798 and 7.95 (2s, 1H), 791784

R
2H), 1.84-1.74 (mS591BIC2)113281(@6),J52061C4)3H) L. 421(B§i 188(3’7((3 SBBB(1)2333 894)

0.87-0.82 (m 6H). \R (202 CD30
4.30, 4.19 [0001]Cely B3A$(C-H Bn), 129. 90(C-H Bn). 129.82(C-HBr), 1378 CBa).

129.70(C-H Bn), 129.41(C Bn), 128.78(C Bn), 128.61(C-H Bn), 128.50(C-H
Bn), 128.41(C-H Bn), 126.00(C5), 88.84(C1’), 85.68(C2’), 79.43(C4’),
76.07(C3’), 63.57(C5), 17.77(2’-Me).

D) 6

[00149] Example 2.

[00150]  (2R,3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol

MeOH
Cl NaOMe OCH3
Amberlite (H") N XN
%
S Ho—\__ON P
BzO ’/OBZ o OH

[00151] To a suspension of (2R,3R,4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (3.0 g, 4.78
mmol) in methanol (36 mL) at 0 °C was added NaOMe in methanol (5.4 mL, 25%
w/w). The mixture was stirred at room temperature for 24 h then quenched by
addition of amberlite (H"). The mixture was then filtrated and methanol was
removed under reduced pressure. The resultant residue was dissolved in water (50

mL) and extracted with hexane (50 mL). The organic layer was then extracted



[ 00254] The 2, 2-di et hyl propyl

2(9S)-(4(2R, 3R, 4R, 5R) - 5- ( 2- am no- 6- net hoxy- 9H puri n9-y1) - 3, 4- di hydr oxy- 4- net
hyl t et r alworofonsans22- yl ) net hoxy( napht hal ene- 1- yl oxy) PCT/US2010/020632
phosphor yl am no) pr opanoate was synthessi zed as follows: O OCH3 N1 j\lIj

> ( Z:h:\'yng( naphhﬁtg Arf§{}5ﬁ%y§%&ﬁ§%ﬁ%§fn?§ ?Fé)fra%s?r&a&q{sa%en%ﬁawd gpdery g o

HN O o\ ( [OQ23a8dd ;%ésﬂga trhe r QRNEBNAs Bﬁﬁ@@gyﬁﬁcﬁ Q&1 &Y&ﬁﬂ@@‘aﬁlﬁ;ﬂg napht hyl
(am noaci d ester) phophorochl ori dates the tosyl ate salt of

(2, 2-di net hyl pf@I¢1:0MyPHL85al ané pive (He Birg pompasmddd iBD gedd #)tak a white solid.
napht hal ene-| -yl phosphor odi chl oridate (1.18 g), TEA (1.26 nlL), and DCM (20
m.) to [Q01R]( 2%he frdlopamd yie the NMR, HPLC and CHN results analyzing the synthesized

2- (chl or o( napht hal en- 1yl oxy) phosphor yl am no) - propanoate in an 81%yield
(1.4 g) as a pﬁ‘?r@P‘ﬁ}Elldf ow thick oil: WD 2010/081082PCT/ US2010/ 020632 104

'HNMR (500 MHz, CD;0D) & 8.26 (s, 1H), 5.99 (s, 1H), 4.24 (d, J = 9.1,
1H), 4.08 (s, 3H), 4.04 (ddd, J =2.3,5.7, 8.6, 2H), 3.87 (dd, ] = 3.0, 12.4,
1H), 0.96 (s, 3H).

BC NMR (126 MHz, CD;0D) § 162.75(C6), 161.86(C2), 154.50(C4),
139.35(C8), 115.36(C5), 93.00(C1”), 84.15(C4"), 80.34(C2%), 73.57(C3’),
61.17(C5”), 54.25(6-OMe), 20.35(2’-Me).

HPLC : tg = 9.00 min; column: Varian Pursuit XRs 5, C18, 150x4.6 mm
The method is : Linear gradient HO/ACN : 0% to 100% ACN in 30

mina)

Elemental analysis: calculated for C12,H17NsOs+ 0.75 H,O : C:44.37,
H:5.74, N:21.56; Found: C:44.24, H:5.49, N:20.83

[00153] Example 3.

[00154] Naphthalen-1-yl phosphorodichloridate

(1 g,
o-R
Cl

[00155] Phosphorus oxychloride (1.94 mL, 1 equiv) and a-naphthol (Aldrich, 3 g, 1 equiv)
were stirred in anhydrous diethyl ether (20 mL). Anhydrous triethylamine was
added (2.90 mL, 1 equiv) at -78 °C and the solution was allowed to warm to room
temperature after 25 min. The triethylamine hydrochloride salt was filtered oft and
the solvent was removed under reduced pressure to give a clear pale yellow oil

(4.88 g,90%).
'H NMR (500 MHz, CDCl3) § 8.11 (d, J = 8.4, 1H. Hg), 7.90 (d, ] = 7.5, 1H,
Hs), 7.80 (d, J = 8.3, 1H, Ha), 7.65 — 7.53 (m, 3H, H», Hs, H7), 7.46 (t,J = 8.0,
1H, Hs).



[00257] The following are the NVR results anal yzing the synthesi zed
conpound: 1H NWMR (500 MHz, CDC13) 6 8.11 (m 1H, H8-napht), 7.89 (m 1H,
H5- naphtwoQ 2610/81¢smy 1H, H4-napht), 7.66 - 7.53 (m 3H, pE&/USEMo/0b@3Napht ),
7.46 (td, J = 2.0, 8.0, 1H, H3-napht)8s 4.54 (m O0.5H, NH), 4.46 (m O0.5H,

NH), 4.41 - 4.30 4 \ 3 - .84 m 2H CH2 ester), 1.61 (d, J =
7 1 1. 5H CH3 al %@ﬁé@mmﬂ%%ig 5H CH3 ala), 1.00 (s, 4.5H tBu),
.98 (s, t Bu) 31P NMR (202 MHz, CDC13)
6 8. 25,10 915@6 ' FooBl4.Step 2: Synthesis of protide [00259] Using the
general procedure (Method A) for the synthesis of 5'-phosphoram dates of
(3R 4R[Q§€)572 (Naaltrﬁmigna Mhmrwm?laﬁ‘-@nﬂ@mS (hydr oxynet hyl ) - 3-
met hyl t et rahydr of uran- 3, 4-diol, the nucleoside (6.0 g, 19.29 mmol) in
anhydrous THF (50 nlL) was added ionq of (2S)-neopentyl
2- (chl oro(napht hal en- 1- yl oxy)R @@J mApo) propanoate (14.8 g, 38.58
mmol) at -78 C fol lowed by additign v F((? 65 nL, 96.45 mmol). The
reaction mxture was allowed to warmto ro%'mtenperature and stirred
over ni qbb 1584 t PhodpABAR lox WM didéR 31REN LT UER:PY e PohaphBD] PAIdLER, 8o, BYe@Bhum
chrorratqogragg\hy on@m i cawégl dué& ng C:I-|2C§Lt§1/‘JI?/EOHL[BC é) p |ve% q% )
protide as an vffesiiedén Qlah}iddousrﬁh%thﬂ?t@d?yﬁ@mAIEIO@QCB@]thTgElamel wasi ng are

the NMR results i t he. y t ound N VHz, CDC13)
55,18 - 610 LTI e A AU ROE G SRR ar o bR fgm 2752
(t, J= 8.2 Hz, tehiperatifreDer 25 m:ﬁi- '[(h@ltnékh&l.am'ile&@/d(r&hlohdé salt Q/aHZﬂteﬂeﬂ)o,ff #hd63 -

4.53 (m 2H), 4.33 - 4.19 (m 4.07-3.96 (m 1H), 4.02 (s, 3.76 -
3.52 (m 2H), thezolvent was rempved Pﬁdereqdjlcect)wssure@mqule@r pamelowm 0.82

(2(%13/ 032?)82%; S%@@Ng%%szog?gﬂéeﬁ)%gfgfi%zf%’gr oved synt hesi s of
o OB R Eol%sﬁgsg%q‘éﬁzﬁvﬁf bR e T s fed camanunst
L e e napht O Iﬁ&ﬁﬁoéﬁmﬁé)?ﬁgﬁ B o PN Er a53naat® | 00b63]

In a 22 L 3-neck & apk, eouiRPAE). W th a rrechanl cal stirrer, an internal

t her nocoupl e, a cooI ing bath using ice/salt and a nltrogen inlet were

pl aced BoclL- al a””“lf’Nﬁv?ng%@M‘ff{ 7 999 grade, Product No 01322,

Chem | npex) and neopent al cghoP@ggZ 4 g, 5.70 nol, 1.2 equiv, 99% grade,
Pr oduct 72 ich) in 9 L of anhydrous dichl oronmethane. To this
mxture[ogpqutlo 'ﬁ%djr(l 37 kg, 7.12 nol, 1.5 equiv, Product No 00050,

A e T R R R R SR

The m xture was allowed to Warmsowly inice bath and stir at room
terrperature for 15 h. The progregs of rg 'ﬁn @/as nonitored by TLC (Rf
=0. 4, hexanes:ethyl acetate §§ A nhy #stain). The reaction m xture
was diluted with DCM (2 L) ccesﬁ’f\)@ly W th saturated NaHCO3
solution (2 x 2 L) and brine ( . The organic |ayer was dried over

anhydr ggmcszqdl PROpHbUB LRy c(hE(MdeQO@@Q)mLfl' éqalﬁbaqdwdmsmpp@m rated under
reduced pressure. Purifi catl on was perforne col um chronat ogr aphy on
silica gel (4 Rydrogimaphthelea;2- Soprpamoa@r{ Pelﬁylclpé)épmsulrﬁguy) ansttarad igr adi ent
m xture of hexane th 5 e 4 49 of
conmpound 2 as g‘ﬂ}yﬁr%ut% dléql}(low %?#fmi ? Aﬁlhd)d Floc}lgrtl ét}{ lfl%%?el ‘gasv%agﬁ%(%? 4] Step

2. Preparati on1@t1u1@;sat- m&&paﬁcﬂ e sahmmrmpraupaze@ai ®ain toolouginesipeiaainé aftaci d
[00265] The conversion was carried out using a 22 L 3-neck open head flask

equi pped with & ﬁ%ﬁhwr@myl@mnﬁrhéﬁiroaweﬂ%salh%% filigred paldapg dhsuyshent was a

stirred sol uti oat e
(900 g 347 myed et aReRpicanits 4 Bk AR IIERAREHATBE BBRG "5 4
mol , 98% r eageff%gr ade, Product No 161993, Al drich) and heated at 65 C for
10 h. The m xture was cooled to give white solid at roomtenperature and
cool ed [ab143¢e DAE bolfodingd Qe MhdINMR @suktOarfalyZigatht Oyhthes@d rbitipuiigl: sol uti on was
filtered and dried in a vacuum oven (40 C, Wl ch Mddel 2034, ca. 10 nmHg)
for 15hr to yiel d'90ime 88 MA@,y $4.49f desired product. WO

2010/ 081082PCT/ US2010/ 020632 106 [ 00266] Step 3. Preparation of
napht hal ene-1-y1 phosphorodi chl oridate [00267] In a 22 L 3-neck flask

equi pped with a nmechanical stirrer, an internal thernocouple, a cooling
bath of dry/acetone, an additional funnel and a nitrogen inlet was placed
1-naphthol (780 g, 5.41 nol, 491 g used fromAldrich, >99% grade, Product
No N1000 and 289 g used from Al fa Aesar 99% grade, Product No A11862) in 10
L of MIBE at roomtenperature. POC13 (495 ni, 5.41 nol, ReagentPlus (r)
99%; Product No 201170 Aldrlch) |n an addltlonal funnel was dropmnse added

oy o o o o — .1




[00268] Step 4. Preparation of (2S)-neopentyl 2-(chloro-(naphthal ene-1-

yl ) phosphoryl am no) - propanoat e [ 00269] Napht hal ene-1-y1

phosphor ostochioosiaat e (1219 g, 4.67 nol) and (S)-neopentPgir/t’2010/020632

am nopropanoat e p-tol uenesulfonic aci® (1547 g, 4.67 nol) were suspended in
anhydr |chI oro thane (15 L) in a 22 L 3-neck flask equipped with a
mechanl[@;]r 4§t|E|x@’i”1’ ¢4h internal thermocouple, a cooling bath of

dry/ acet one, an add|t| onal funnel and a nitrogen inlet. Anhydrous

tri et hylPaHixe QRuinplip-5-g phesphasedichlogdates yythasss: Product No 471283, Al drich)
was sl owy added at -25 C for one h. Later the reaction m xture was war ned
to roomtenperature and stirred fo yer i ght and nonitored by 31P NMR
After conpletion, the solvent was pved\ umder reduced pressure and the
resul ting crude resi due t hat waletrltur%t dwitha1:1 mxture of ethyl
acetate (2 L)/ hexanes (2 L) was ered short pad of silica gel

(S|I|cycle SiljaFlash (r) P60, i_nch hj funnel :. 3. L_nedium si ze) and
el ut ed (081608 aPhesehoe oychiens <Oa§§ée§fé‘ l/‘ﬁe%éénct quipoling5S1of (AlricB RN b

rinse with a thgtwﬁ@ nftho ok séﬁ@&ﬁ%&&h&ﬁ&%ﬁ?@ﬁ%( )L anfydold - Upon
concentration, the dark "WD 2010/ 081082PCT/ US2010/ 0 0632 107 oil was
diluted with 3tﬂctﬂy}lﬁnmndk/aa/add@b(rﬁ)c5§|6tmlatéed4 agail) ati@e anddhmwdutmnesmr eto

deliver 1700 g 29403 roduct which was. used without furthe
puri fication. 0500%3}%{‘%%%‘3 i?“e SRR R GR monitored by
2- (((2R 3R 4R, SEMR@&%MI&I JThBPRS AR RYERBride bdarB0AnM) Axdfexy - 4- net hyl
-t etrahydr of uran-2-yl ) nmet hoxy) (
napht hal ene- 1- yiiytpieospshused duedthyo) - pr opanoat e [00271] To a sol ution of
(3R, 4R, 5R) - 2- ( 2- ami no- 6- met hoxy- 9H puri n-9-y1) - 5-
(hydr ox90EaRy| Theiaiewhyd sretthaN VR ofsultemaBzdngdihobynties@dgompoddd:nol , 1.0
equi v) in anhydrous THF (7 L) in a 22 L 3-neck flask equi pped with a
nmechani cal stirrelR NaR 80 BIHhaCDI¢r acsupl e, a cool i ng bath, an additi onal
f unnel nitrogen inlet was added slowly 1.0Mtert-BuMgCl in THF
(AI drid ﬁSPézg%gEl’f“ gfe879 mol, 2.0 equiv) at dry ice/acetone bath (internal
enp = 1 C over. 45 m n under nitrogen. The resulting reaction m xture
gave a [@91@9& s Qupohisiton pheshoredichiprigaic Smthast: and to this a sol ution of
(2S) - neopentyl 2-(chl oro-(napht hal ene- 1- yI)phosphoryI am no) - pr opanoat e
(1.11 kg, 2.895 nol, 2.0 equiv)N 4 (1.6 L) was dropwi se added over 40
mn. The m xture was all owed tO{\B.I’ Jom, t enperature and stirred
overnight (15 h). The progress o & r&acti on was nonitored by TLC (97: 3
DCM MeOH, k254 nm 1?1= 0.3 see beI ow typ| ehl TLC diagram) and LC/I\/B The
r eact i gop Moyt UPﬁos‘ﬁﬁ&u‘%%&?g rid (B85 GEL DBIS IR, ) GHEQARGSH- Wt M RALHY
NH4C1 sol ution W se over ca. mn and Irred VI gorously for 20
m n. The react mgndd#ximole w(eﬂ'd—tﬁlrtedyela)lhymeuss"ﬁdﬁl(ﬁ dl) fArdryd ecopy exoetBy i1

solution. The a s extr th THF (3 L e conbi ned
organi o ayer el N EeHea 1ol A Kot e torbiler bps SR ests
sodi um sul f at eiARAnCERGERIIAIEL HRgeh rri&fﬂ%?@/ﬂs RbBRSHE 8y PehoMr3BL C. The
crude product (1600 g) was purified by both silica gel coI um and Bi ot age
chr omat ogr aphycorgplgden pir ppgphorgs1 #0Ghtpyiddi(ahoot ¥eahin)rand tis mipCr wasusedaded
onto a gl ass 081 um (11" x 20" high) with silica gel (13 kg, Silicycle,
SiliaFlash (r) "and was purified by an eluent of 1% MeOH in DCM -> 4%

MeOH i (3 col | ractions size anber bottles x 55)
Yo oi vaoFFHaG TR battBed pihe SRR by SRbeTE b St AR PPt on of this
material was requi;red. [00272] Purification Run 1 from Part A: The first
batch A (140 g) di gW%éoMﬁ%}@% \ResO ]purl fied again by Biotage (colum
F75L, 800 g) to give 92 g of product as a pure material. It was eluted by a
m xture of 0.5% MeOH in DCM -> 3% MeOH WO 2010/ 081082PCT/ US2010/ 020632 108
in DCMIP8U/2l DEnempked col |l ecting fraction (1 L size x 20 and 2 L size x 20
Erl enneyer flasks). It gave a diastereoneric ratio (68:32) by HPLC. The

di ast er[@0h#&xi c Quatolio-§ ylgrhosphededichiztidate sorlfiesise puri ficati on was about

50: 50. [00273] Purification Run 2 fromPart B: Major batch B (420 g)
dissolved in 1 L DCM was purified again by Biotage (colum F150M 2.5 kg)
to give 296 g of a pure product. It was eluted by a m xture of 0.5% MeOH in
DCM -> 3% MeOH in DCM (200 L DCM used) collecting fraction (4 L size bottle
X 45). It gave a diastereoneric ratio (49:51) by HPLC. The inpure fractions
were conbined and purified together in "Run" 3. [00274] Purification Run 3
fromPart C The |ast batch C (170 g) dissolved in 500 nL DCM was purified
again by Biotage (F75L, 800 g) using 50 L of DCM It was eluted by a

m xture of 1% MeOH in DCM -> 3% MeOH in DCM col l ecting fraction (4 L size
bottle x 45). Unf ortunately, the reqw red purlty was not achi eved |n ‘any of

T 1 e T 1




109 phosphoryl am no) propanoate was purified fromthe diastereonmeric m xture
as follows: O\/CH3 CH3_ HO CH (S)-P [00278] A 1:1 m xture of

di ast er eowensioai@22- di net hyl propyl 2(S)-((((2R 3R, 4R, SRCTASE®0/020632

am no- 6- net hoxy- 9H- puri n-9-y1) - 3, 4- diffydr oxy- 4- net hyl t et r ahydr of ur an- 2-

yl ) met hoxy( napht hal ene- 1-yl oxy) phogphoryl am no) pr opanoate (10.0 g) was
taken up in 1:1 ethanol : hexanes Iogded onto a Chiral Pak AD chiral
colum and eluted with the sane s O’ Idet ecti on was done at 300 nm
Anal ysis of the fractions was dofje oan a CE|raI Pak AD (5 um 4.6 mm I D x
250 mm S/ N ADHOCE- LD001) chiral Num at” a flowrate of 1 nL/min and

obt o nd0rRe PRomrosarbnortis GaRet, P&l il PR eTaRanEar ot

Chiral Chr onat egll {101 1
hSO Hax. ne.n/ls. tlﬁj;ﬁ%rle Sml%g(i1 ilLﬂ/aCI;rSﬁl gmlgdwt@%@le} (2%%]3) glﬂl%&g&ﬂ&mhm%

Fi ee=450. 40( C. 002 sbBA1086 100 1L mynﬁaik% °C @@m@mmewmmemo mtargitg 50( 50
Hexane/ MOH - Lf f& ln[f' temp%}ature a?ter 25 Rhin. T:}‘l% tﬁ&ﬁ}%al%me hydrochloride salt was filtered

off and the solvent was removed under reduced pressure to give a clear pale

yellow syrup (870 mg, 54%). This crude product was used for next step directly.
[00175] The following are the NMR results analyzing the synthesized compound:

3P NMR (80 MHz, CDCls): & 4.53.
[00176] Example 9

[00177]  2-Methylnaphthalen-1-yl phosphorodichloridate synthesis:

[00178] Phosphorus oxychloride (0.176 mL, 1 equiv) and 2-methylnaphthalen-1-ol
(Aldrich, 0.3 g, 1 equiv) were stirred in anhydrous diethyl ether (10 mL).
Anhydrous triethylamine was added (0.264 mL, 1 equiv) at -78 °C and stirred for
30 min. The dichloridate was very unstable at room temperature. The progress of
the reaction was monitored by 3'P NMR. This crude mixture was considered to be

a 100 % conversion to dichloridate and was used directly.
[00179]  The following are the NMR results analyzing the synthesized compound:

3P NMR (80 MHz, CDCl5) & 4.20
[00180] Example 10

[00181]  3-terr-Butylnaphthalen-1-yl phosphorodichloridate synthesis:

0, Cl

P
Yo"



[00279] Peak 1 with a retention tine of 6 mn on the analytical colum, and
provided 4.75 g, (95.9%ield) of a single diastereoner with 99. 9% ee

(enant i orwoi20108080683s) . [ 00280] The followi ng are the NVRCTAS20m®2@BE2Al yzi ng
t he synt hesi zed conmpound: 1H NVR (5088MHz, MeOD) 6 8.16 (d, J= 8.50 Hz, 1H,

H8- nap 7.97 (s, 1H H8), 7.8 = 7.50 Hz, 1H, -papht), 7.67_(d, J=
8. 00 Hﬁboh%%] rﬁ‘gowaw)qxwhlg@dq ?Oif‘g%"dml YV pd ﬁﬁﬁ-ﬁgwﬂﬂaﬁlﬁ%lﬁn#:@él(t, J=
8.00 Hz, 1H, Hayo naphit) 199 88, £509-4911, H308%, 6Beqdty D Avdrstidtll ilBnlydréus3l-
4.25 (m 2H H3'S RA'), WD 2010/ 081082PCT/US2010) 620632 110 4.09 - 4. 03
(m 4H, Ha, 60dd8ly] eBei7@ mB).G¥nhydRus JkBhyladirsOwiizadded(0.CHPmés i eqiy) 4t -33 (d,
J= 7.50 Hz, 3H Ala), 0.96 , 3H, .2 1.3)., .0.87 (s, 9H, 3 x CH3
ester) 13C NI\/R7§?§ amiiz%ﬁrﬁ?éio?ﬁr éal%r?'ogﬁ‘( %&ﬁﬁ’)ﬂ@a&? |\1§p“‘£_fy5‘.“b°'tt.fibllﬁ'z,a‘t dogm
ester), 162.734 Yaturk6Fh8 FedcGdn wal Homibordéd By ' LATMR 7 Thid ,crédbCmx tfre=w 4 30
Hz, ipso Naph), 139.09 &QCI-B), 136. 26 (C10- Naph), 128.78 (CH—Nagyh , 127.89
(d, 3kc-o p = eom@lered tobg-aNAPHp conveysiqn to dictlordate axbwasused 2iFedtly. 122. 80
(CHNaph), 116.17 (d, 3Jc-c-o0-p = 2.50 Hz, C2-Naph), 115.58 (C5), 93.21
(a'), [821836 (dhe BJlowinparg the EVIOrddfalts @alyzingrtbe 9yhtlieSzell compo@El: ( CH2 ester),
74.69 (C3'), 67.64 (d, 2Jc_o_p = 5.00 Hz, C5'), 54.23 (60CH3), 51.78 (Ccc
Al a), 32.24 (C estENMR 28 B 8DCIQH34 .46t er), 20.60 (d, 3Jc-c-N-p = 6.30
Hz, CH?t @L@ﬁ 0.30, (2' CCH3) 31P NWR (202 MHz, CDCl13) 6 4.22 [00281] The
absol utld fi Guempledd of peak 1 product was determined to be (S)-P by VCD.
[ 00282] Experinmental Measurenent of VCD spectra: A 6- sanpl e of peak 1
conpourd0 dPdsBi-{redbytyinapinhalen- 1 gbehasphpipdishlasidate; Sﬁggle%@}'o pm pat hl engt h
cell with BaF2 wi ndows. IR and VCD spectra were recorded on a Chiral/R VCD
spectrometer (BioTools, Inc., Jupiter, RKY) equipped with Dual PEM with 4
cml resolution, 8-h collection for sangl e and sol vent, and instrunent

optim zed at 1400 cm 1. [00283] Theo cal Calculations: The (S)-P and
(R)-P diasteroneric configurationg sihowi ahove were built with Hyperchem
nol ecul ar nodel i ng software (Hype pe, Ang., Gainesville, FL).

Conformati onal searches were carrjed out” Witd Spartan 06 (Wavefunction,
Inc., Irvine, CA) at the nol ecul &\ nechaiilcs | evel . These conformati onal

3 ast orDBHEN . bhiaibes oxpihicrien Lyl BNl | RURECD AR ERE frek Pons
were carried Og%(? . Eh&n Do, %V)?b9d93%’§1\ff’f(5.k! 24 f)/ whie Ak G RRRIrSuset)

w th Gaussi an ussian Inc., Wallingford, CT) for 9 | ow energy

confor mat i ons diethyhethed{1Qsnbr. dormydroug émath flamihei wast ddded Ghi bi mbt | enailv) stear ch.
The cal cul at ed fy eguenci es e scal.ed . 97 .and the | R and, Vi \\O

20101 081082PCTI (5016102083 125 £ Ribndit: BT RERR chngeyt wB e 0 sl an
bands with 6-cmndpeiahi: ThalpiefRl of MRB4ISA Ry ds An@¥Pesd BENP NYIROZ8A]crude

Anal ysis: The calcul ated VCD for the two diastereoners exhibit nearly
mrror-imge VOEXiFR waspenpidesd tonke pdRbsh gonveargion te shichlorigatec tndc wips @sgsond t o

the observed fgatyres at -1030 cm1 (the distinct IR features in this
regi on al so occur at hi gher frequency in the observed spectra conpared to

t he cal ed ra). Thes nds. correspond tqo antisynmetric stretch of
the roddBlEhorRE Rl wEAS MR B HERTHET IR e R odes)
This stretching rves as rker _for the chirality at the
phosphorus, all oﬁﬁ@ég%mpwégﬁonfi guration of peak 1 to (S)-P and
peak 2 bo148p) - Bxabplesgyeral other regions of the spectra between 1000 and
1300 cm 1, the calculated (S)-P VCD spectra exhibit nore positive VCD

i nt ensifhydojanph il??%s})ﬁor\é@hﬁ)?ﬁﬁiers nthdigse differences are also in general

reflected I n the ences between the experinental spectra. This VCD
anal ysis of the two di astereoners ovi des assignnment of the chirality at
0

t he )
O,R/CI
Cl
[00190]  Phosphorus oxychloride (3.23 mL, 1 equiv) and phenol ( g, 1 equiv) were stirred
in anhydrous diethyl ether (25 mL). Anhydrous triethylamine was added (4.84

mL, 1 equiv) at -78 °C and the solution was allowed to warm to room temperature



phosphorus as (S)-P for the peak 1 diastereoner and (R)-P for the peak2
di astereoner, and is consistent with the R-configurations for the four
chiral cawbanm/ismsthe five-nmenbered ring and S-confi gur aCirars2@/oedes2
pepti de. [00285] Flgure bserved and &mjculated VCD Spectra for Peak 1

O d Pe 0600 00 ? " WO
(2018/n gg)loggpmf"‘%éz?éfé %%g’fj]iyg éﬁg@f eé b‘éf?sa%]gve@g %Qﬁcro ‘%ent Peak
2) (R-P 2, 2- dbvﬁ??e!ﬁ%v@ﬁ%ﬁ&r réduRkd pfefsglfrgﬁ) gllaeﬁlglé@)aléyellow oil ( g, %). (oil
(2-am no- 6- met hoxy- 9H purin-9-y1) -3, 4- di hydr oxy- 4-

nethyltetrahydB@ﬁmm@hmthﬁ?mebhoxy(naphthaIene 1-yl oxy)
phosphor yl am no) propanoate was purified fromthe diastereoneric m xture as
fol | owg00IH 3ThAfdDIowInRaiNINHIMR MbultQinalyzing the syfhBiZetidompotief:, bid (R)-P
[ 00287] As described above, Peak 2, with a retention tine of 10.7 mn on

t he angbgtdgal Aeahsiavid e@fe@s\/bv@&delﬁlez Bu@h{stQO86 prepdred usihg alt@amgal Procedures
di astereoner with 99.8% di asteroneric excess. (95.99 |eId a single

di ast er eomer Waligy todhess ghabedhin 6h€erartc é&c&eélél)al B derg pt% carbonyl)

f t R -P
ae desor  bed absyst BBl s hEohEler aTFRS AR MRS AP o - e
synt hesi zed codjblonehethiheNMR tH 5EDCI‘I/HZI (MaDth HaBirPropyB- 31.8th6/marbbﬂlum1de
H8- h)y, 7.95 H, H3 7.89 - _7.87 1H,  H5- ht 70 (d, . J =
050 ko 10 Fagbae R i pNAP Gilimey o ich 41rie
3- 909H60 IJ-|ZH "%’d@f_‘g&w)s w'éregl%nfo%ed %&th Il‘"pﬁaA f‘pﬁé toﬁe?@s&f&n%@"@n& 1S0f]atéﬁ4l—la( d

60CH3), 3.72, 3sﬁep@mtolumssuli@ns@clamltszH CH2 ester), 1.33 (d J= 7.50 Hz,
3H, CH3 Ala), 0.98 (s, 3H, 2'CCl13), 0.85 (s, 9H 3 x CH3 ester) 13C NMR

(126 M2019% 0DNaphthy amBndadid eSte&)CpmslquDoGhl(&lcﬁt@:s HsZe,re ﬁﬁe@amstb@rﬂ)c prbGéﬁu?& (Co),
161.89 (C2), 154.51 (C4),.148.00 (d,. 2./cop = ? 139. 38
(CHB), 136.30 KEoMen igqif)skillesgn e amlrnraabml tllfleﬁpht@aleae Pméeh%roslch a6 Hy

%C'\Epg) 2 127. gﬁe%}\%né@he aéﬁﬁoéﬂate a}ﬁrﬁo%%er %52&?16 %@s@%ﬁ@'@éluw}%vgr@é (gk c-0-p

8.00 Hz, C4 yysp@@ledin @ﬂ@d}quslﬁclﬂdro(xﬁﬂﬁne SZ(EmL/ g Gf@hgdpl(oﬁﬁil()hlo@&taﬂ

(281%}] 882052;’&/\9%6% %1@8%' ne ecgu?\g)% a’dde5 dropw'se at ‘fg @é and3 a?fter one h
the reaction was left to rise to room temperature and stirred for 2 to 4 h (reaction
can be monitored by phosphorus NMR). The solvent was removed under reduced
pressure keeping the rotoevaporator heating bath below 25 °C and the crude
residue was purified by a very quick chromatography on silica gel (hexane/ethyl
acetate 1:1). The ethyl acetate was then carefully removed keeping the
rotoevaporator heating bath below 25 °C. This same general procedure was used
for the substituted naphthol derivatives and for the quinoline and isoquinoline

derivatives.

[00194]  The nucleoside derivatives other than 2-amino-6-methoxy-9-(2-C-methyl-f-D-

ribofuranosyl) purine were synthesized as described below in the examples.

[00195] The 5’-phosphoramidates of 2-amino-6-methoxy-9-(2-C-methyl-4-D-
ribofuranosyl) purine were synthesized by procedures available to one skilled in

the art, including the Methods A and B below:



113 (C ester), 26.66 (3 x CH3 ester), 20.81 (d, 3fc-c-N-p = 6.30 Hz,
CH3Ala), 20.27 (2'CCH3) 31P NWR (202 MHz, CDC13) 6 4.28 [00289] Exanple 23
[ 00290] TWe 20B@B10830pr opyl PCT/US2010/020632

2- (4(2R 3R 4R)-5-(2-am no- 6- rrethoxy A4 purin-9-yl)-3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur él yl) met hoxy) (napht hal en- 1yl oxy) phosphory

| am no) pr opanoat e was Syt hesi z s kbl lows: OC H3 NN 0"Ol O'é’N N NH2 0 HN
0-yi CH3 CH3 HO OH [00291] aBteh W:=S) - i sopr opy!

2- (chl or o( napht haI \3N oxy) phospfior @m no) - Apr opanoay, \NCI “p,CH3 O
HN O O )- CHB H3C USI ng the nerwy prooedore fo nthesi zi ng

napht hyl orpam rﬁ‘)ch’\'b'lél dates, the HCL sal tRof \isg 0¥ op 0x¥H4 - al ani ne
(5 9, nap %@ phosphor odi chl ori dat e W 3 o) HEA (8.31 nL) and
DCM (146 nl) wer ined To glVE(Zb)-ISO@ﬁQg4 \__L»CHs

2- (chl or o( naphkichal & 1yl oxy) phosphor yl ani no) panggt e Hp an 61%yiel d
(6.52 g), as a pale yellow thick oil. HPLCRyZ 1R = 18. 71, 18.95 mn.

(colum; Varian Pursuit XRs 5, C18, 150x4.6 mm The nmethod is: Linear
gr adi erPOFd/ AMethoddy (T 2amaponernsthoxad--f-methgoboaibofwaneyDPBisd are t he

R resuLts analiz] dadig fynshes) Aesk sarmayai i MRi6H0R A, OC13) ©

8.14-8.08 (m 7.91-7.87
Aldrich, 5 equiv) followed by the chloro(naphthalen-1-yloxy)phosphorylamino

acid derivative (3 equiv) dissolved in THF (20 mL). The mixture was stirred
overnight and the solvent was removed under reduced pressure. The residue was
then purified on silica gel (CHCls/MeOH 95:5) to give the pure phosphoramidate
in 20 to 30% yield. In some cases, some trace on N-methyl-imidazole remains: to
remove the N-methyl-imidazole, the phosphoramidate was dissolved in
chloroform and washed 3 times with hydrochloric acid (HCI 0.1N). The organic
layer was then dried over sodium sulfate and evaporated under reduced pressure to

afford the pure compound. In some cases, the latter needed to be purified a second

time (100% CHClsto 95:5 CHCls/MeOH).

[00197] Method B. To a solution of 2-amino-6-methoxy-9-(2-C-methyl-£-D-
ribofuranosyl)purine (Aldrich, 1 equiv) in anhydrous THF (4 mL/mmol) was
added 1M solution of fers-butylMgCl in THF ( Aldrich, 2 equiv) at 0 °C. After
stirring 15 min, a solution of the chloro(naphthalen-1-yloxy)phosphorylamino
acid derivative (2 equiv) in THF (30 mL) was added dropwise into the reaction
mixture, which was then allowed to warm to room temperature and stirred
overnight. The reaction was monitored by TLC. The reaction mixture was washed
with a saturated NH4Cl solution (300 mL) and brine (100 mL). The organic layer
was dried over anhydrous sodium sulfate and concentrated. The crude material
was purified by column chromatography on silica gel using CH,Cl,/MeOH (96:4)
to obtain phosphoramidate in 10-50% yields.

[00198] Example 13

[00199] The synthesis of benzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-
9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-



WO 2010/ 081082PCT/ US2010/ 020632 114 4.45 (m 1H), 4.32-4.21 (m 1H),
J=7.1, 3H), 1.34 and 1.26 (2s, 3H) 31P NWR (202 MHz, CDCl13) 6
8.31, 8. 0802p00BMEp Step 2. Synthesis of Protide Using trhe/usenen2dc32
procedure (Method A) for the synthesi® of 5 - phosphoram dates of

and 1.55 (2d,

(3R, 4R 5R)-2-(2-a t hoxy-9H purin-9
( hydr oxynet hy|y0§m39?i§ﬁ0f PPERRIRIPRATGRS T2 PAITY ?%?da%rdglgstaﬁm follovare 1. 2

1.57

(3.85 mml ) of japel eoside and 1.53 nmb (19.25 mmol) of NM in 12 nL of THF

was added (2S)-i sopropyl
propanoate 4.10 g (11.55 mm
silica gel colum chromatogr

21% yield, as

Varian Pursuit XRs 5, C18, 150x4
H20/ ACN : 0% to 100 ACN in 30 mn

an off white s PLC t R=\ , 18.81 min; (colum:

is: Linear gradient

2- (chl or o( napht hal en- 1- yl oxy) phosphor yl am no) -
oI ved in 12 nL of THF. After workup and
405 ng of p sprotide was obtained in a

r{”q) | owi ng are the NWR

Th
raﬂ[0029?&5
results anal yzi ng the synthesi ZGﬂi\IC 1H NI\/R 500 , CD30D) 68.19 -

8.165 (m 1H,

H8- napht ), 803 8, 0(2 sC;u H8) 789 -7.85 (m 1H,

Hs- napht), 7.71 - 7.67 ( ; 56 - 7.46 (m 3H H2, H7,
H6 napht) 742- 7.37 ( GBnapH‘ﬂ 6100, 599(2xs 1H), 4.93 -
CH ester - 4.23.(m 2H, H3,

andH4 )[00?4)0(.})5
Hz, 3H, CH3Al
2" OCH3). 31P

The (2S)-cycl opentyl
2- (4(2R 3R 4R)-5-(2-am no- 6- /
di hydr oxy- 4- net hyl t et r ahydr
| am no) pr opanoat e was synt heg
2010/ 081082PCT/ US2010/ 020632

OH
[00201]

[00202]

[00203]

[00204]

Otep lsrﬂﬂg)ebmxp (éllg@(nawltbzfeprﬁ y')mz) H!HLS@ orjjaming)y  j= 7. 20

a 1.12 (m 6H, 2 x CH3ester), 0.98, 0.97 (2 x s,
ST i Y

3H,

CD30D) 6 4.35, 4.25. [00296] Exanple 24 [00297]

hox‘ /%H-(DHU’I n-9-y1) -3, 4-

Q

Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of benzyloxy-L-alanine (1.5 g), naphthalen-
1-yl phosphorodichloridate (1.10 g), TEA (1.14 mL), and DCM (20 mL) were
combined to give (25)-benzyl 2-(chloro(naphthalen- 1-yloxy)-phosphorylamino)-
propanoate in an 89% yield (1.53 g), as a pale yellow thick oil.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl;) & 8.08 (m, 1H, Hg-napht), 7.90 (m, 1H, Hs-
napht), 7.75 (d, J = 8.2, 1H, Hy-napht), 7.58 (m, 3H, He, H;, Hy-napht), 7.48 —
7.42 (m, 1H, Hs-napht), 7.36 (m, SH, phe), 5.31 — 5.16 (m, 2H, CH; ester),
4.59 — 4.48 (m, 0.5H, NH), 4.38 (m, 1.5H. NH and H3), 1.59 (d,J =7.1, 1.5H,
CHj; ala), 1.57 (d,J = 6.9, 1.5H, CH; ala).

*'P NMR (202 MHz, CDCl3) & 8.16, 7.89.
Step 2: Synthesis of protide

Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, 1.12 g (1.6 mmol) of nucleoside in 25 mL of
THF, N-methyl imidazole 1.44 mL (0.018 mmol), was added followed by (25)-
benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate 4.38 g (0.11

s OZHM_é)W-Et hoxy) ( napht hal en- 1yl oxy) phosphory

ed as f ©
b  OCH3ON-. N 1 1\J--NNH2 . ..

. 4CH3



[00298] Step 1: Synthesis of (2S)-cycl opentyl

2- (chl or o( napht hal en- 1-yl oxy) - phosphoryl am no) pr opanoat e Usi ng t he general
pr ocedur ewbanimgniskesi zi ng napht hyl (am no acid ester) phodpshaooedBnori dat es
the tosylate salt of (S)-cyclopentyl ®2-am nopropanoate (4.00 g, 12.14

(1. laz) nfapgihglgﬂlﬁ%%iﬁ ﬁ}ﬂygpﬁlﬁﬁ ?‘Ifélt] 'v%%é%aatn éaégln%’hﬁéé C]i}rgnlj‘f%léglihgg;j =
cyclopentyl 2-ggh %P@ﬂ%hb@(vﬁ@oﬂtaﬂﬂs@lﬁﬂ2@%%&9%%‘11%? pANPLQRANOAt e in 65%
yield (3.01 g), as a clear, low, thick oil". [00299] The followi ng are

6 5. 131058 %h@f}ﬁl‘“‘ﬁ%é‘%géﬁﬁm%ﬁﬂ §EBg e Eﬂghﬁ?'e‘nagﬁﬂo@’? 74 (d, 1
I 16 ﬁﬁpmH? "o o0y Lol 520 Tk 4. B 33B0s g s, Ty

1H, NH), 4.28- 4.783 (9,77%h, 1Hb+a7)6337@4(2x1d8&12m1}2j-1752)<7 Dhiza, a9y, gr40, 1. 79-
1.69 (m 4H, 2 x CH2b ester, X est@ig 9 (m 2H, 2 x CHzad
ester)1.57, 1.54 17249(@, 2H>H3-2(0JP27 5gHD Né (m 5H> 604 6.02 (2 xs,

31P NMVR (202 |sz 33) 0 St t he
protide [00301] ?’nécla%ggne’rﬁlB %)zrlg(%g%u?[g?g]ﬁgt h%@ﬁ? % e syn{%em s of
5' phosphoram datﬂis) LDfl6 4.06 (m, 1H), 4.01, 4.00 ( 2 x s, 3H), 1.30, 129(2xd J=17.1,

2- am no- 6- et hoxy- -éZ C—mathgl 13- Drlbofuranosyl)purlne to a solution of
250 mg (0. 80 mml%H>o MubPebsPHe in 5 mL of THF, and NM 0.47 L (4.02
mmol ), was added QZS) cycl opentyl 2-(chl oro( nap ht hal en- 1-yl oxy) -

phosphor yl ani no) propaiBal 20 M. g 172.840d, rrﬁmc)zvpl=r145) rH/4 62 (d’ﬁliccAszt%r wor kup

and silica gel omat re proti bt ai ned in
2 Lavh yi of d_-as. aroonfou 18 Soirat e R REG bt i ok AT i
2010/ 081082PCT/ USZ201 /70203634, 13904, qghwme\@zruaezﬁ’ung%n 896512418,

150x4.6 mm The nethod is: Linear gradient Hzg/ ACN': 0%to 100% ACN in 30

mn.) [00302] Thel20d7 639. by 13887t HB. Javik27.88 (4.t dc-anaFyk ) nd2T B (Gyhthesi zed

conpound: 1H NWR 3. 7.98, 7.96
TP R Ny S 23 My N0 58, P50 13008 Toa s LIS RRYe T 32 67
Hz, 1H, H4- napht))16.27, 5&5.68 711465(% 3(3}93 1E|282 Bmd Hﬁ;@@pl&tS)O) g2. 39(d 7Jc?:c7 (2 x

t, J= 8.0Hz, 1H, H3-napht), 6, m 1H, CH
ester), 4.66- 4. 58 TMb: ,'031915’,9')9,9’219.%3%-744962714@%682‘33!(dI’-IS’T'COPI—ﬂ4)7) Z 4 (s, 3H,
60CH3), 4.01- 3. ) Al g, 3H, 2 x CH2
ester ), 1.60- 1%43{*;6(%7 'agﬁfi’@ggé"’oﬁg%jﬂgi%&gs ZQFZ”? 3?%1%9@@4;;%(1

3H, CH3 Ala), 0.9%:c0,96.622844, 3H, 2' CCH3). 13C NWR (126 |sz CD30D) 6
174.87, 174.62 (2 x d, 3) G GNP = 5.0 Hz, C=0 ester), 162.73 (C8), 161.86
(C2), 154.55, 154 BEMICA)02 N8B, D34.2847295 (d, 2k-0 p = 3.8 Hz, ipso Naph),
139. 38, 139.08 (CH8), 136.27, 136.24 (Cl0- Naph), 128.86, 128.81 (CH Naph),
127. 86,[082%6] 78 Fkam El"d” 3fc-c-0-p = 5.0 Hz, C9-Naph), 127.73, 127.47, 126.52,
126. 48, 125.96, 125.93, 122.78, 122.74 (CH Naph), 116.21, 116.13 (2 x d,
3fc-c- 3. ) 5( ),

oo 5 C[ggz 7l %hWZS)%&%BB}ObeW 2@%1@%& 4@&? 5 (g%mm% %3%18%'5 82#%1{&7% S
79.50 (CH est eyl)) 33,47dih98roxy4i- ﬂltth(ylta‘ra)hydﬁguﬁﬁ 2- ﬁ?m&@oxy)(naphthalen 1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

[00208] Step 1: (25)-2,4-difluorobenzyl 2-(chloro(naphthalen-1-

yloxy)phosphorylamino) propanoate



(2 x d,2Jc_o_p = 5.0 Hz, C5'), 54.30, 54.29 (60CH3), 51.81, 51.75 (Ccc Al a)
33.52, 33.39 (2 x CH2-2 and 5 ester), 24.60, 24.58 (2 x CH2-3 and 4 ester),
20. 67, 20w620108x08d, 3fc-c-N-p = 6.3 Hz, CH3Ala), 20.44pC20I1S3@00BH3) .

31P NWR (202 MHz, CD30D) 6 4.36, 4.2®3 [00303] Exanple 25 [00304] The
(2S) - cycl ohexyl 2 (4(2R, 3R, 4R) - 5= ( Clam’ no- 6- met hoxy- 9H- puri n-9-y1) -3, 4-

di hydr oxy-4-nethyl t et rahydr pfyra ylamget hoxy) (napht hal en- 1yl oxy) phosphory
| am no) pr opanoat e was synt / red : WO

--NNH2 CH3 OH [ 00305]
Step 1: Synthesis of (2S)-c¢ pht hal en- 1-yl oxy) -
phosphoryl am no) pr opanoat e general procedure for

synt hesm@z sal ?myé odrRM PRRE6UEe @&ts%aheamghﬁ%mﬁw @At RS stepe

hydr ochl or of “cycl ohexyl oxy- L- al ani ne , was conbined with
napht hal en-1 - ypmmmbmmlatﬁhﬂ@rtpﬁtdate s{lpoBA4-glflucTebengylZ.-Flaniny (4 ghd DCM (55

phosphoryl am noYBTganai e el PluBR Gt Y oTe8 T3P L IROM G2ty ¢ hi ck
oi | 1 [00307] Therd @ntanddg g@reend Th@a NWJMUH&&O@&@JWD ng the synthesized
conmpounds: 1H NMR (500 MHz, 1H, H8-napht), 7.89 (m 1H,

H5- napht), 7. ?rlenl(nm{)phqaphmclﬂalpw? (2 7?7 isbwh vap{usedrdiragdy iHhemaphttop. 7. 46
(td, J =2.4, 7.9, 1H H3-napht), 4.93 - 4.83 (m 1H CH ester), 4.51 -
4.42 (rfDOZ)lOSH Thlb-lfolloWimg)are the HMK msulls &1d]yzNid) the 4yBes{zsd cmmpotmdh), 1.82 (m
4H, CH2 cyclohexyl), 1.58 (d, J = 7.1, 1.5H CH3 Ala), 1.56 (d, J = 6.9,
1.5H, CH3 Ala), F'BNMR 2@IMHn CBH,)GHR1Ecd20hexyl ) .

31P NI\/FEOS%% I\/Eltzep 2C[§:]i13f?1e51sgftﬁepr0tu?e [ 00308] Step 2: Synthesis of Protide

[00212]  Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol to a solution of 300 mg of nucleoside in 3.6 mL of
THF, was added N-methyl imidazole (384 uL) followed by (25)-2,4-
difluorobenzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino) propanoate (1.27
g) in THF (3.6 mL). After workup and silica gel column chromatography, 217 mg
of pure protide was obtained (30% yield) as an off-white solid. HPLC : g = 20.56,
20.89 min. (column: Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is:
Linear gradient H,O/ACN : 0% to 100% ACN in 30 min.)

[00213]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;OD) & 8.14 (m, 1H), 8.00 and 7.97 (2s, 1H), 7.82 (m,
1H), 7.65 (d, J =7.7, 1H), 7.52-7.41 (m, 3H), 7.38-7.26 (m, 2H), 6.89-6.77
(m, 2H), 6.01 and 6.00 (2s, 1H), 5.09-4.95 (m, 2H), 4.67-4.57 (m, 2H), 4.36-
4.22 (m, 2H), 4.08 (m, 1H), 4.02 and 4.01 (2s, 3H), 1.29 (d, J=7.1, 3H), 0.97
and 0.95 (2s, 3H).

3P NMR (202 MHz, CD;0D) § 4.21
[00214] Example 15

[00215]  The 1(S)-phenylethyl 2(S)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:



[ 00309] Using the general procedure (Method A) for the synthesis of

- phosphor am dat es of
2- am no- woebvsyes?- ( 2- C- net hyl1- 13- D-ri bof uranosyl ) puri meT/useoia/os@But i on of
980 nmg (3.15 mol ) of nucleoside and MM 1.25 nL (15.74 mml) in 30 nL of
THF, was added (2S)-cycl ohexyl chl or o( napht hal en- 1-yl oxy) -
phosphoryl am no) propanoate 3 9 44 mml) OG.'H320 mL of THF. After workup
WO 2010/ 081082PCT/ US2010/ 0208 and SI col umm chr omat ogr aphy,
730 ng of pure protide was obtaln d in a Id as an off-white solid.
M5 (ES+) mle: 671.26 (IVH, 100%; rate 1440N609P1 cal cul at ed
671. 2594, found 671.2584, [0031Q] okl vm ng are the NVR results
anal yzi ng the synt hesi zed co un 1H %ﬁoo MHz, CD30D) 6 8.19- 8.15

(m 1H, H8-naph), 7.98, 7.84- 7.82 (m 1H, H5-napht),
7.67, 7.65 (2 x d, J= 8. ul H4HOnap , 7.53- 7.44 (m 3H, H2, H7,

H6- napht), 7.41- 7.36 (m H3 napht) 6.02, 6.00 (2 x s 1H, HO, 4. 69-
4.60 (m 3H, CH ester and H5 YHa4.35- 4.29 (m 2H, H3', 4.04 (s, 3H,

corer) 102 Sreplt: 13d-dfy-T5me Q&ﬁf@%@e@ﬁw qa’%é‘s 2 x de
3H, 2' CCH3). 13%@;@4@.%@1}&0}6%@) 6 174.51, 174. 25 (2 x d, 3f c-c-Np =

5.00 Hz, C=0 ester), 162.72 ( 161.86 (C2), 154.55, 154.50 (C4), 148.03,
148.01 (d, 2k-0_p = 3.80 Hz, |psooNa(p|h) 139. 33, 139.05 (CH8), 136. 28,

136. 25 (C10- Naph), 128.85, 5 79Fg :ph) 127.88, 127.73 (2 x d,
3fc-c-0-p = 6.3 Hz, C9-Naph) : 82 126. 53, 126.48, 125.95,
125.91, 122.81, 122.76, 122. 11 , 116.12 (2 x d, 3fc-c-0_p
= 3.80 Hz, C2-Naph), 115.62, 59 ( 93 17 (a'), 82.31, 82.15
(2 x d, 3fc-c-0-p = 8.80 Hz, ,799 79( 74.94, 74.92 (CH

ester), 74.95, 74.71 (C3'), 6805 67.56 (2 x d, 2k0p—500Hz c5'),
54. 29 ([GOZjH?,) Using8ke g@l:ra‘?QYG(C@éurAIf@l)SYnQ@SIBEIg n3phtBgl (emincacidzs@rand 6 ester),

:29,]? 032 (N-2 pX CHe. %owroc&ﬁéedﬂ{e }}}e tﬁ@ﬁ%t% salg%é%((%q{e}lyle%yl)%l 20.60 (2 x d,

31P NMR (202 I\/lﬂzlmo@%iﬁﬁl)at@(m Bnaphtiden- [-90sckphdrsaiapload26 (The g), TEA
(2S)-tetrahydro- 2H pyran-4-
2- ((((2R 3R 4R§7@1e«% %L(d%@ RdxXyvegecoubingd o givs naphih-diAgd:bxy - 4- met hyl t

e synt hesi 2ol ey AP gt B RpE bR R B8 TE ROt A 3 T A BHPE ©

OCH3 ....i,, ty&k3v thidh®il. OH (0 O [00312] Step 1. Synthesis of

(2S)-tetrahydro-2H pyran-4-yl

2- (chl quot rphrhatarwiyd ax¥ldRNVEPRAGN! alyrMdthe PRR&IRd compound:
'HNMR (500 MHz, CDCls) 6 8.08 (m, 1H, Hs-napht), 7.89 (m, 1H, Hs-
napht), 7.74 (m, 1H, Hy-napht), 7.63 — 7.50 (m, 3H, H7, He, Ho-napht),
7.49 —7.27 (m, 6H, H3-napht and phe), 5.96 (dd, J = 6.7, 13.3, 0.5H, CH
ester), 5.93 (dd, J = 6.6, 13.2, 0.5H, CH ester), 4.40 —4.21 (m, 2H, NH
and CHa), 1.61 (d, J = 6.6, 1.5H, CH3 Ala), 1.57 (d, J = 6.6, 1.5H, CH3
Ala), 1.52 (d, J = 6.8, 1.5H, CHj; ester), 1.49 (d, J = 6.8, 1.5H, CH3; ester).

*'P NMR (202 MHz, CDCl3) & 8.17, 7.86.
[00219] Step 2: Synthesis of protide

[00220]  Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, 1.5 g (4.82 mmol) of nucleoside in 30 mL of



[00313] Using the general procedure for synthesizing naphthyl (am no acid
ester) phosphorochl oridates the tosylate salt of

(S)-tetrahpdnm/dsmspyran 4-y12- am nopropanoate (1.00 g, PRTAG20m00R)632

napht hal en-| - phosphor odi chl ori dat &5(0.76 g, 2.90 nmmol) and TEA (0.80 ni,

| i b
(o5 - ﬂTréh;Sriﬁfﬂmhﬁ . B0 o, Semasg ol Srepr a2y SHABRBAS AN no) pr
opanoate in 70%(81&1&}\%@9&1%{%@1) 1&?)@o§ﬂh%ﬂnamﬁ1% Fﬂ)\ﬁ/an(;atf@ &haQiha. S[HQQ% 4] The

following are the NVR results analyzing t'he synthesi zed compound
(500 MHz, CDC18)2(Bm8.af1THB. A8er(Rorkup and shsa,@ﬂcmhl,rnmcrrmromstogaaphy)57l7mgl 7 89

(2 x d, J—850 1 H5- napht),,. 7. 7, 66

- napht ) . 7 o0t by pide s BB n et P S foftuftine o st gy 1.
napht), 5.12 -¢d3 99w, ﬂdd%)qaic@lﬁfa@rrﬁass4c§ﬁ38¢\Q@9P11ddlcquad 698. BB8: fAnd2 (M
1H, CHa Ala), 3.98 - 3.80 (m 2H, 2 x CH2a ester), 3.53 - 3.45 (m 2H, CH2b
ester), 1.97 -03.8®¥&m 2H CH2, ester), 1.71 - 1.62 (m 2H, CH2d ester),
1.54, 1.51 (2 x d, J=7.00 Hz, 3H, CH3 Ala).

31P NVROQZ22 Mhhe fcﬂJD@i@ arg tig: I}IMR &s000s §raN3 ity thSspph&izeBynmipesids of t he
protide [00316] USI ng the general procedure (Method B) for the synthesis of
5' phosphor am dat'esNBR (500 MHz, CD3OD)882O 8.16 (m, 1H), 7.98, 7.94 (2 x s, 1H),

2- am no- 6- met hoxy- 9- %2 C—rrethyl fl-Dri bofuran sy

| | uti f
WO 2010/ 081082PCT/- 35203026632 71 20 - &5 ﬂﬁ{)(?} 7%&15'335 Mgréoifﬂﬁ in'3
m.of THF, was adﬁ%d é96§’2@1em0§H?6300'V5$99'(2'B<'SOPH9‘°5 F4e5 16 BINGCY < 7 TF
fol | owed by (2S) -t et rahydr o- 2H pyran- 4-
(chl or o( napht hal eer)L 4)65GWﬁ%hmslriﬁoﬁWaﬁﬁﬁl@hpﬂdpdrﬁﬁaﬂémdﬂ lhlg 4286 nmol ) in

THF (3 nL). Stand u s p ovi ded
142 mg of fi nal Lg%ltczp’dmghg LP%(?: 4dq]f 4i e9§h1 ]iC% ﬁ?& QB&) %I ([jFB Eé@@x tR =
16.72, 17.08 m n.g 6AQILBI0. 9\66(Q|Xasn3ﬁglr suit XRs 5, C18, 150x4.6 mm The
method is: Linear gradi ent H20/ ACN : 0% to 100% ACN in 30 min.) [00317] The
following are the NVR results anal yzing the synthesized conpound: 1H NWR

(500 MHz, CD30D) 6 8.19- 8.15 (m 1H), 7.99, 7. 97 (2 x s, 1H), 7.87- 7.83
m 1H), 769 7.3 7.42- 7.36 (m 1H), 6.02,
ES 00 |(_?2 X S, GéNw(%}ﬁ)%w% 9!?38%4%)(7%‘21 59 (m 2H), 4. 323- 4.|2_|)4 (m

7 , (2 xs). 4.03 (m 4H), 3.79- 1.54- 1.49 (m 2H)),
372 %88%;[ %é’%’e 37 (m 2H), 1.32, 1.30 (2 x d, J=5.45 Hz, 3H), 180-

ggsm%oﬁi?aléi’&? %%gfhzdr@cb’% §2-5 <<?@%@#f?@%7 S0 NGH P

148.00, 147. 96 ET n-2 1B en-1-
L4800 T SR e ISR ARG > 100 I ST

5.0 Hz, C9- Nap}m)cy)ph@@phzwylarmmmmﬁpan@zt@v@azsymzaslﬁgi aszEo\@sa 126. 51, 125 98,
125.92, 122.79, 122.74 (CH Naph), 116 24, 116.12(2 x d, 3Jc-c-0_p = 3.8 Hz,
C2- Naph), 115.61 (C5), 93.3%7°8933R0 (O '), 82 3%, 82.16 (2 x d, 3fc-c-0-p

8.8 Hz, C4'), 79.99, 79. 95 74. 96, 74 3 (CH ester), 71.33 (C3'),
68.14, 67.65 (2 x d,2Jc_ 0. p =5 0 ') N ,6602(2xCI—|20ester)
54.29 (60CH3), 51.85, 51.76 (Ca Aba)o 32.55 |B2 M8 (2 x CH2 ester), 20.67,
20.50 (2 xd, 3Jc _¢c _N-P —6?\ [1aN” 20135, 20.31 (CH3)
31P NMR (202 MHz, CD30D) 6 4. 253 19" 1(?] Exanpl e 27

Ha

[00224] Step 1: (25)-2,3-dihydro-1H-inden-2-yl 2-(chloro(naphthalen-1-

HO

yloxy)phosphorylamino)propanoate



[ 00319] The protide (2S)-2,4-difluorobenzyl

2-((((2R 3R, 4R) - 5- (2- am no- 6- et hoxy- 9Hpuri n-9-y1) -3, 4-di hydroxy-4-nethylte
t r ahydr ofwoantosyisp net hoxy) (6- ((S) - 1- PCT/US2010/020632

met hoxy- 1- oxopr opan- 2- yl ) napht hal en- 26yl oxy) phosphor yl am no) pr opanoat e was
synt hesi zed as follows: WO 2010/0ﬁﬁyg2PCT/U82010/020632 121 F [00320]
Step 1. Synthesis of (2S)-2, 4, dif | 2-(chloro(6-((S)-1-nethoxy-I-
oxopr opan- 2-yl ) napht hal en- 2-

) oryl am no) propanoate F [00321]
Usi ng the general procedure fm synthe5| amg naphthyl (am no acid ester)
phophor ochl ori dates the tosyl salt (P— 2-amno propionic acid

2,4-di fluoro benzyl ester (1.%4¢, 2.6 mol S)-rrethyl

2- (6- (di chl orophosphoryl oxy) napht hal en-2-y ppanoate (900 ny, 2.6 mmmol),
TEA (0.73 nmL, 5.19 nmol) and DCM (20 nl) werle conbined to give 1.25 g of
desired phosphorochloridate in 91%yield as a sem -solid. [00322] The

fol | ow [ﬁ&%ﬂe UnsimgNivReane sl prasedwra lfgrziynthesinmg spphthglsmetbacidmssand:  1H NMVR

i R s v Sy i N
1H) . aminopropanoate (2.00 g, 315 MR {, 88pHviiden-CRCHBIsphoddRlorida®3 [ 00323]

Step 2. Synthesis of the rotld]%L00324] ing the g eneraI(Procedure
(Met hod B) for UrFegsyift marilsangf TEA (hA® §BhdP&Rinerapl dn 8¢ mL of dry DCM, were

2- am no- 6- et h I nucl eosi de
(370 ngy, 1.19 %?‘?‘e‘uﬁﬁoéng?ﬁﬁgfs%%@ (jzlg%ﬁ#?afmg? k%l%?@ggh%h?ﬁ 1(25) 2, 4-

di f | uor obenzyl yx§phbghofBartiind)pradpaiehieax ¥5%-yaxdpt .ap an-a-ayl) ompihidiadien- 2-

yl oxy) phosphoryl am no) propanoate (1.25 ng, 2.37 mml) and t-butyl magnesi um
chl ori qeofd5]19 whe fadioXn lthe NAR Q3suROATIR}zi 0t s PithdsiRd CobgeundAO
2010/081082PCT/USZOlO/&ggESZ 122 produé?ﬁaas pur??led by g%lunn

chromat ogr aphy ongsi Mf@gs Uﬁﬂzlg‘?%@/ “@@k‘(&%@i{ In@pigth, Vﬁ9e’i4ﬁ88ﬂg of
protide in 25%yield 0325] The follow ng are NVR tesul'ts anal yzi ng

the synt hesi zed damibi,lhﬁ napht) NVES (206 VHELZ, HE)BHD)laplﬂ) 7.4 1482 @=3HgHz, 1H),

7.8-7.66 (m 4H), 2 7 J51. 8Hz,
1H), 5.06-4.95 (rﬁh%ﬁ)HZ&‘ @{é%%%rﬁ“ (%Hstesf @9@%‘ iéHﬁ%i Q‘Fﬁ?%gg 2(%d
J=4.4Hz, 3H), 3. 9%, UM, 2K)CHAOkdS, 5.0515.8815.63H)59 & 2, (190, CHedteBHz,
J=2.4Hz, 3H), 1.30 (d, J=7.2Hz, 3H), 0.9 (d, J=19Hz, 9

451,425 (2 X bs, 1H, NH), 431 ~ 4.22 (m, 1H, CHa), 3:42- 3.32 (m, 2H,

2 x CH ester), 3.11- 3.00 (m, 2H, 2 x CH ester), 1.54, 1.52 (2 x d, J= 7.0

HZ, 3H, CH3)

3P NMR (202 MHz, CDCl5) & 8.16, 7.90

[00227] Step 2: Synthesis of protide

[00228]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol,to a solution of 250 mg (0.803 mmol) of
nucleoside in 5 mL of THF, was added tBuMgCl 1.61 mL (1.61 mmol), followed
by (25)-2,3-dihydro-1H-inden-2-yl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)propanoate 690 mg (1.60 mmol) in 5 mL of THF. After
workup and silica gel column chromatography, 255 mg of pure protide was

obtained in a 45% yield, as an off-white solid.

[00229]  The following are the NMR results analyzing the synthesized compound:



31P NMR (80 MHz, CD30D): 5.14 [00326] Exanple 28 [00327] The protide
(2S)-nmethyl 2-(6-((((2R, 3R, 4R)-5-(2-am no- 6- net hoxy- 9H- puri n- 9-

y1) - 3, 4- dvbydromsyesd- et hyl t et r ahydr of ur an- 2-yl ) met hoxy) @C)Us201002@mpENt yI oXy
) - 1-oxopropan-2-yl am no) phosphoryl ox97) napht hal en- 2-yl ) pr opanoat e was

t hesi zed f : OH.-0.[0 S 1; t hesi f S) - et hyl
Sypiest oo 2 1okl U Gai e L SubPERATL 15T i HISLRRL 28072 et
oxopr opan- 2-yl ama)phasphoer ¥1 axy: Rapht hal endsm) J7d0panqakey §=g 9 [00329]

( s s ws 2 . > ﬁg— p ?‘it hyl, q s

Usi ng the general procedure for synthesizing nap (am no acid ester)
phophor ochl ori datlds 1&h#l.tregkt).at. 80 sdl4L (of, 3HSHs Ndeo platapht) 27. 3 hibepanoat e

(1.0 g, 2.8 mol ), (S) - h - (6- (djchl o hos oxy)

napht hal en- 2-yI ) pro r{g‘%ﬁé ﬁ%éﬁg(n(lzh% W?S?@FE%WSB%@%.SE%MI ) and
DCM (20 nl) were £onkhnad A@egbne1.39 13 1 @f 26e$ihed3t 23)2>1met, Y, H,
2-(6-(chloro((S)-1-(neopentyl oxy)-1- WD 2010/ 081082PCT/ US2010/ 020632 123

oxopr opan- 2- yl amand)ipho4.phot-§1 Gy y.rdp O3 en3. 28-y4.9plmopldhdde 3i20-B83806 yi el d

as a gummy syrup. 0 he fo i are . the r | yzing the
synt hesi zed conpo(ﬂ{wgﬁ?%ﬁ](ﬂ%ﬁ%’%%%%?g%’)i& éﬁ;@éﬁgﬁ%?%@qgﬁ)g 7.52-7.3
(m 2H), 4.3 (m JLW.ooﬁz,%H,?c&AI@),(S%,,O.@-%s(,SH,QHtH3>’L-6 (m 6H), 1.45
(dd, J=4.0Hz, J=4.2Hz, 1H), 0.96 (d, J=3.2Hz, 9H). 31P NWR (80 MHz, CDC13)
6 9.13, 8.77 [00331] Step 2: Synthesis of the protide [00332] Using the
general procedure (Method A) for the synthesis of 5'-phosphoram dates of

2- am no- 6- met hoxys rsi BQfdar PHrine,_ nycl eosi de
(250 ngy, 0.801 Mo Mﬁlﬁ?}an W%Eﬁ?ﬁa 8(%%; ﬁﬁzés/t%oﬁ%f'ﬁ'éa sfimg"?%ﬂ?ZS)-

met hyl 2-(6- (chl ase() $2.13 (0@opensy (CXy) 53450A6pH8 pah)y, 247.97, 147.91 (d,

yl am no) phosphor yl oxy) napht hal en- Z-Pall)é)z[ iEanoat e 2.4 mmol ) and

1.13 g,
Nnet hyl i mi dazol e” (@087 *h Hz41pe0 Fagh) T 1'?‘\%r1r4ﬁ|3_(6mb41I<3§63?'@§’_ crude
product was puri fgd;0y369) UAR 261 ARE Q85 apNy>7R, $29 8£ 2981, 81 Y
CH2C12/ MeOH (96: 4) to give 200 ng of protide in 33%vyield.
127.52, 126.55, 126.51, 125.99, 125.60, 125.57, 125.52, 122.81, 122.75
(Naph, C9-Naph, 2 x ipso ester and 4 x CH ester), 116.24, 16.22 (d, 3Jc_c_
o-p = 3.8, C2-Naph), 115.67, 115.65 (C5), 93.32, 93.11 (C1”), 82.28, 82.08
2 xd, Jecop=88,C4),79.98,79.96 (C2), 77.73, 77.69 (CH ester),
7491, 74.57 (C3), 67.97, 67.34 2 x d, *Jc.o.p = 5.0, C5°), 54.36, 54.34
(60CH3), 51.82, 51.71 (Ca Ala), 40.49, 40.44, 40.33, 40.25 (2 x CH,
ester), 20.63, 20.49 (CH; Ala),26.9, 28.8, 28.7 (3 x CH; ester) 20.4, 20.3

(2’CCHz),
3P NMR (202 MHz, CD;OD) § 4.26
[00230] Example 17

[00231] The (25)-propyl 2-((((2R,3R.,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:



[00333] The following are the NVR results anal yzi ng the synthesi zed
conmpound: [00334] 1H NMR (200 MHz, CD30D): 6 7.94 (d, J=1.2Hz, 1H),
7.83-7.6\(\70]2014%)81087.4 (m 2H), 5.96 (d, J=2.4Hz, 1H), 4P6®/l(sn010m06324. 22
(m 2H), 4.02 (d, J=3.0Hz, 3H), 3.94 $m 1H), 3.8-3.62 (m 6H), 1.53 (dd,

3P ﬁwp%@%i?l MStepdd Dby bS] 2 Schlont BaphibaleRnl-loxh nhebRkery B0 by OE i

(2S) - net hyl 2- pOI(a(n()&RSR4R) 5- (2- am no- 6- met hoxy- 9H puri n- 9-

y1) - 3, 4-di hydr oxy- 4- et hyl t et r ahydr of ur an- 2- yl ) net hoxy) ((S) - 1- oxo- 1-
(tetrahydro-2H pyran- 4-yl oxy) pr opanoz (y|l am no) phosphor yl oxy) napht hal en- 2-
yl ) propanoat e was synt hesi zed f ol ‘TPQWS CHaWD 2010/ 081082PCT/ US2010/ 020632
124 0"0 ,P( HNCI CH3 0 [0Q Osi the general procedure for

synt hesi zi ng napht hyl (am no \ phorochl ori dates and tosyl ate
salt of (S) - 2-am no propi oni idtetQahydro pyran-4-yloxy ester (892
nmg, 2.6 mmol), 6-[(S)-1-nethox arbonyl etRyl]

napht hal ene- 2- yl phosphor odi chl ori date (900 ngtHs 2.6 mml), TEA (0.73 ni,

5.19 d 8 d
ohospnaP Uikl or LSRN ferlk) pURE e ITPREE D e SoW TS ttnatis 8T { 611 owi ng
ggca:lg ?e_ Ng/R7r ggwﬁh@ro&nahmme@gleitggyl?y ﬂheﬁ@g‘;@ﬁb@omﬁuﬁwpmﬁdﬂom 08Q0 Mz,
5.02 ( m 1H), ng ﬂaszlthAl -pLeh ogpl(ql;? 1glr.]|yr1dage G’y;l]( 8, ll%mngl)ggld&ﬁA 2H)

1.91 (m 2H), 5
MHz, CDC13) 6 é3 %%I]“L 2%}3 ["ﬁ@ﬁ] Sl ot gy BEM,wete compineg (o élrvgt%? e 342]
Usi ng the geneldthlprogeeptthatent Nglohy)phaéphbquamhm)mypmﬂoe&us 80 yield (3.50 g),

- phosphor am dat es of f -met hoxy-9- (2- C nethyl-13-D-ri bofurano
syI )purine, thds htE %1%”?(12]68 ng, 0.64 mmol) in anhydr ous THF (20 L) was
conbined with &28) rreth I chloro@}(ai{){S)-l- 0XO0- (tetrahydro -2Hp

(6-
yr an- 4-[09B3d4}) p B‘?)foélr‘?wzng Wéli*ﬁ N@%Wég% Wﬁéﬁﬁh%ﬁleéﬁﬂgpﬂﬂ} r opanoat e
(680 ng, 1.48 mml) and t-buty Dn&gnesiumchlonde(lGrrL 1.6 mmol).

After normal wor kthSMRl@SOQrMHG, 32080/3083.08 2RCAUS20a@1t0 2 (363283
(2 xd, J=7.5 Hz, 1H, Hs-napht), 7.75 (d, J= 8.0 Hz, 1H, Hs-napht), 7.64 —
7.55 (m, 3H, H;, He, Hy-napht), 7.45 (t, J= 8.0 Hz, 1H, Hs-napht), 4.51,
4.25 (2 x bs, 1H, NH), 4.28 — 4.27 (m, 1H, CHa), 4.15,4.14 2xq,J=7.0
Hz, 2H, O-CH; ester), 1.76- 1.65 (m, 2H, O-CH,-CH, ester), 1.59, 1.56 (2
x d, J=7.0 Hz, 3H, CHs Ala), 0.99, 0.96 (2 x t, J= 6.5 Hz, 3H, CHj ester).

'P NMR (202 MHz, CDCl3) & 8.29, 8.04
[00235] Step 2: Synthesis of protide

[00236]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, to a solution of 250 mg (0.803 mmol) of
nucleoside in 5 mL of THF was added terr~-BuMgCl 1.61 mL (1.61 mmol),
followed by (25)-propyl 2-(chloro(naphthalen-1-yloxy)
phosphorylamino)propanoate 571 mg (1.60 mmol) in 5 mL of THF. After workup
and silica gel column chromatography, 163 mg of pure product was obtained in a

32% yield, as an off-white solid.

[00237]  The following are the NMR results analyzing the synthesized compound:



125 product was purified by colum chromat ography on silica gel using

DCM MeOH (95:5) to give 140 ng of protide in 29% vyield as an off-white
solid. [O®8B48jo/o8s2fol | owi ng are the NVR results anal yziPﬂg/IIShmomy(mBhesi zed
conmpound: 1H NWMR (200 MHz, CD30D): 8 9.96 (s, 1H), 7.83-7.68 (m 4H),

7.45-7.35 2 8 4.15
2H), 4.04 g(rjn JH)Z éﬁbgMé Q%B@BE}ED&P%&?(% giéq;sw'&j&ﬂ %‘1—0%73 65 g(rjn
jz; 8$ g::?) 8 S(QX‘?S :fﬂ Hg?57@b|)7 8%&)1?1 (M a2fphel 735%; 16362 &, §Hl§5ﬁz3 (d

(80 MHz, CD30D): 41, 2& -naph087.50 034 (nex3&hpl.eH3H{ 0:pB3H5T.3FHe3pt2ot i.de
(29) -2, 4 di fluor

2 (Com SR aro s SUTBEY b H-pan 94y S SR Pl M) 4904461 (0aP Bl k- et hyl t e

trahydr of ur an- 2- yd et 7oy ) 4N el 4.%0- ¥bow) RNISR qrdsg @n:amf&m anoat e
was synt hesi zed as foll ows 2([{]. .3. . .4.). .. W 0, h l& "NNH2 \O'---\

CH3 CH3,.. Hd O—$93:—[3($G31¢6]2H50é}ﬁzmt68yﬂ1t53e$|4§ (mf2H2®§3HZCEad$tf:ﬂ)uorobenzyl

2 (o oo el 1y Y SoABSE RIS AL APV REOBICRh i 547, 1o e

phophorochlorldaLE§z5}ge3Ho@Mg@ggﬁsalt of (S) - 2-am no propionic acid

2,4-di fluoro benzyl ester (1.4 g, 3.45 mmol), quinoline 5-yloxy
phosphorodlchlorldate (904 ny, 3.45 mmmol), TEA (0.96 nL, 6.9 mmol) and DCM
(40 nmL.) were conmbined to give 400 ng of desired phosphorochloridate in 25%

yield as pale yelowWRI ¢ RMfAPD,00 2O5Y 087082 T 41 U52010/ 050632
C=0 ester), 162.75 (C6), 161.84 (C2), 156.56, 154.52 (C4), 148.02,
147.96 (2 x d, Je.op = 3.0 Hz, ipso Naph), 139.33, 139.07 (CHS), 136.25,
136.22 (C10-Naph), 128.86, 128.82, (CH-napht), 127.85, 127.76 (2 x d,
*Jc.c.or=6.3 Hz, C9-Naph), 127.49, 126.55, 126,51, 125.97, 125.95,
122.81, 122.76 (CH-Naph), 116.24, 116.17 (2 x d, *Jc.c.o.p = 4.5 Hz, C2-
Naph), 115.67, 115.66 (C5), 93.32,93.17 (C1’), 82.30, 82.16 2 x d, *Jc.c-
or=8.8 Hz, C4°), 80.04, 80.01 (C2°), 74.94, 74.71 (C3’), 68.00 (OCH;
ester), 67.87, 67.54 (d, 2Jc.op = 5.0 Hz, C5"), 54.36 (60CHs), 51.77,
51.17 (Co.Ala), 20.84, 20.62 (2 x d, Je.c.n.p = 6.3 Hz, CHs Ala), 20.46,
20.44 (2’CCH3), 10.67, 10.65 (CH; ester).

P NWVR

3P NMR (202 MHz, CD;OD) & 4.33, 4.22.
[00238] Example 18

[00239]  The (25)-3,3-dimethylbutyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:



126 [00348] The following are the NVR results anal yzing the synthesized
conmpound: 1H NMR (200 MHz, CDC13): 6 9.0 (d, J=4.0Hz, 1H), 8.6 (d, J=8.4Hz,
1H), 8.26w0dpioksBsdHz, 1H), 7.8-7.6 (m 3H), 7.4-7.2 ( mPCIH)S2016/02066Mm 2H),
5,0-5.3 (m 2H, 4.7 (m 1H), 4.3 (mpo1H), 1.6-1.4 (m 3H). 31P NWR (80
MHz, CDC13) 6 9.51, 9.3 [00349] Step 2: Synt he5|g of the protide [00350]
Usi ng the general procedure d B) for thesSyhthesis of

- phosphor ani dat es of

2 am no- 6- met hoxy-9- (2- G- net hy1- 18 Dr|bo/ur I)purine, t he nucl eosi de
(125 mg, 0.4 mmol) in anhydrous'@d 25 niy nbi ned with (28)-2,4-

di f1 uorobenzyl 2-(chl oro(quinolipgy hosphoryzl am no) pr opanoat e (407
ng, 0.88 nmol) and t-butyl ma%nesg um ch'*ﬁ ori (0.881 nL, 0.881 mml). After
normal work-up the crude produ spul by col utm chr omat ogr aphy on
silica gel using DCM MO to gH@e 7DHhg of protide in 25%vyield as

an of white solid. [0035 The foIIovm ng are the NVR results anal yzing the
synt hesi zed conpound: 1H NMR (200 MHz, CD30D): 6 8.87-8.79 (dd dd, J=1.6Hz,
J=1. 8H2[00246)] Ste@St 825) 3mdlﬂklihylﬂut91221(aﬂoﬂdrhap17th3rén(1rrylo&ﬂ) 7.7-7.2 (m
4H), 6.8 (m 2 5 (d, J=2. , 1H), 5.0 (m 2H), 6 (m 2H), 4.4-4.0
(m 6H, 1.3 (B e@hoymnm&)prmnoﬂta J=1.2Hz, 3H), O. 95 (d, J=5.6Hz, 3H).
31P NWR (80 MHz, CD30D): 6 5.43, 5.16 é00352] Exanpl e 31 [00353] The
protide (2S)- neopentyl 2- ((((2R_3R 4R % am no- 6- net hoxy- 9H puri n- 9-
y1) -3, 4-di hydroxy-4-net hyl t et r gf yl ) met hoxy) (qui nol i n- 5-

yl oxy) phosphor yl am no) pr opanoai-e-/was synt ized as follows: WO

2010/ 081082PCT/ US2010/ 020632 @o H3 CH3 -OHd OH [00354] Step 1:
Synt hesi s of (2S)-neopentyl 2-%cHl or o( qui no i n-5-yl oxy) -

phosphoryl ami no) propanoate [00355] Using t eneral procedure for

synt hesi zi ng napht hyl (am no acid ester) phophorochl oridates, the tosylate

It of i d 2 t 1.068 g,
32 ol OO R nofF e & %ng‘?%é‘brﬁglrogaPﬂlﬁflélﬂlﬁ&‘énE%tﬂ{]a(églrWE‘desﬁeﬁswglr)( TEA
(0.85 ni, 6 rmpha RSt REML 3 helthy B @p(rswme@trﬁe%ﬂwﬁ ﬂmlﬁ@r@an&@@ red

phosphorochl ori dat ein 36%vyield as pa [{ow thick oil
(2.00 g, 5.79 mmol), naphthalen-1- yl phosphorodlchlondate (1. 51 g, 5.79 mmol)

and TEA (1.61 mL, 11.58 mmol) in 30 mL of dry DCM, were combined to give

(25)-3,3-dimethylbutyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)
propanoate in 91% yield (2.10 g), as a clear, yellow, thick oil.

[00242]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl3) & 8.11, 8.09 (2 x d, J= 7.5 Hz 1H, Hg-napht),
7.90- 7.89 (m, 1H, Hs-napht), 7.75 (d, J= 8.5 Hz, 1H, Hs-napht), 7.64 —
7.55 (m, 3H, Hs, H7, Ha-napht), 7.46 (t, J= 7.5 Hz, 1H, Hs- napht), 4.56-
4.45 (m, 1H, NH), 4.32- 4.26 (m, 2H, OCH, ester), 4.25—-4.21 (m, 1H,
CHa),1.64- 1.60 (m, 2H, CH, ester), 1.58, 1.55(2 x d, J=7.0 Hz, CH;
Ala), 0.98, 0.96 (2 x s, 9H, 3 x CHj ester).

'P NMR (202 MHz, CDCl3) & 8.46, 8.02
[00243] Step 2: Synthesis of protide

[00244]  Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-



[ 00356] The following are the NVR results anal yzing the synthesi zed
conmpound: 1H NWR (200 MHz, CDC13): 6 8.94 (m1H), 8.6-8.45 (m 1H), 8.0-7.9
(m 1H), woe@gioasyos2H), 7.45 (m 1H), 4.12 (m 1H), 3.7 Pow/uBk)io/oiesd2 (dd, J=
6. 8Hz, J=7.0Hz, 3H), 0 91 (d, J=2.6Ha919H). 31P NWR (80 MHz, CDC13) 6 9.29

e e ol e eni A £ gl OIS i A e
2- ani no- 6 et hakdfecidedn & ﬁﬁbhrml%apaad£qﬁu¥%g@q>é1)rﬁw(1 'Fmrﬁ(ﬁ? followed

nucl eosi de(100 ng, 0.32 nmol) i n anhydrous was coirbi ned with
(2S) - neopent yl bp{3043, bdml(laithylhutbfl M@lwom)lﬂlphoslphor yl am no) pr opanoat e (400

ng, 0.96 mml) nd sium c r|d n.,. 0.9 Af ter
nor mal  wor k- up¥t° @@PWE@&%@&%SR‘TO tﬁ@‘lﬁ (?(%fr" LR IBHP&;@@%Q{%% Phy on
silica gel usigpg ¥R {Hda 8B cPmh ehi@ina A4bhiyD 1 T mRIPblderbduce QYe Yi el d.

[ 00359] The foll gﬁgr\%l areagg he NIV% resul tsgﬁl%ng? m?l% tﬁe g);nt ﬁeséed

conpound: WO thmmﬁémméi%cmlws«mwfbw@aegolms 1H NMR (200 MHz, CD30OD): 6
8.87-8.80 (dddd, J=1.6Hz, J=1.8Hz, J= 2.2Hz, 1H), 8.65-8.53 (m 1H), 7.94
(d, J=008¥5H] 1Hhe foZlO&Bngamtlld—l)lMHreEQLts z?hahyz@rrg thsb&nth@iﬂﬁ comhpoundt. 2Hz, 1H),
4.62 (m 2H) 4.3 (m 2H), 4.1-3.96 (m 4H), 3.76-3.52 (m 3H), 1.34 (dddd,
J+0. 8Hz, J=1. 2Hz,'H3NMMR G09MHd, CD3DBHS, 2038016 (B, 8, Hehnaphy18.06127.998) . 31P
NVR (80 |sz CD30D) [ 00360]. Exanple 32 [0Q361] The protide
(o M 0D 8 it T TR R a3 50 T

net hoxy- 9H puri n-9y ﬁ)na%hé ﬁ’sm%@m— §H”ﬁ£ VH'J H%tnra YA 9 8rAN2%-¢ J=

yl ) met hoxy) (qui nol i'n-5-yl oxy) phosphor yl ani’'no) prop oate was synthesized as
foll ows: o- [00362) H3t gp, Hi-n§hnx hddi 60312 (2S)H tHt ), éﬁﬂd#b—lieiﬂ- pKr Hp).4-y1

§'§C?B}’r°E83£2§ii&?"@”@%éyléﬁﬁésii"F?L%b?ZQAEFl)eQ@@?laﬂ et pnt hyl

(ami no aci d esterjlo BROBRAIQLALCT 5021 05 (m 5, @p@m@a&i setical e£t§» 2-ani no

propi oni c acid 4-yloxy tetahydropyran est (1 , qui nol i ne
5-yl oxy phosphor di9% B9 [Rdat, 8Hf 9Ty, OEBQAOMI)cs (iﬂlH%&swr) 6.87 mmol)
and DCM (40 nlL) were conbined to give 350 ng of desired phosphorochl oridate
in 26% vyield as pale yellow thick syrup. [00364] The follow ng are the NWMR
results anal yzing the synthesized conpound: WO

2010/ 081082PCT/ US20 NMIRZ2PEBRIHZ, CDsOD) & 175.06, 174.80 (2 x d, °J c.cn.p = 5.0 Hz,
C=0 ester), 162.73 (C6), 161.86 (C2), 154.55, 154.51 (C4), 148.00,
147.95 (d, *Jc.o.p = 3.8 Hz, ipso Naph), 139.36, 139.08 (CHS), 136.27,
136.25 (C10-Naph), 128.86, 128.80 (CH-Naph), 127.88, 127.73 (2 x d,

7 Je.c.op = 6.3 Hz, C9-Naph), 127.78, 127.76, 127.51, 126.51, 125.53,
125.98, 125.93, 122.83, 122.79 (CH-Naph), 116.22, 116.09 (2 x d, *Jc.c.o.
p= 3.8 Hz, C2-Naph), 115.67 (C5), 93.30, 93.16 (C1°), 82.29, 82.15 (2 x
d, Jc.c.o.p = 8.8 Hz, C4%), 80.06, 80.03 (C27), 74.90, 74.67 (C3"), 67.97,
67.50 (2 x d, *Je.o.p = 5.0 Hz, C5°), 64.01, 63.99 (OCH, ester), 54.37,
54.35 (60CH3), 51.74, 51.71 (Cai Ala), 42.67, 42.60 (OCH,CH, ester),
30.08, 30.00 (3 x CHj ester), 20.73, 20.52 (2 x d, *Je.c.vp = 6.3 Hz, CH;
Ala), 20.46, 20.44 (2’CCHs).

3P NMR (202 MHz, CDCl5) & 4.33, 4.29.

[00246] Example 19



29 1H NWR (200 MHz, CD30D): 6 9.0 (d, J=3.0Hz, 1H), 8.5 (d, J=8.8Hz, 1H),
1 (d, J=7.8Hz, 1H), 7.76-7.6 (m 2H), 7.5 (dddd, J=2.6Hz, J=2.2Hz, 1H),
0 (m 1Hyvo 241008fose1H), 4.3 (m 1H), 3.9 (m 2H), 3.5 (mwCcTAlPY10M2G3E M 2H),
7 (m 2H), 1.55 (dd, J=4.4Hz, 4b¥, 3H) 31P NMR (80 MHz, CD30D): 6
5,

n

J=4.
. eraﬂ%ﬁ#ﬁ 0L R ekt B Gl had GRSSk SSlrgshe

2- am no- 6- met hgyya@x (2 e Bl dRrtah0Q) HER Ri#hleRa. the nucl eoside
(133 nmg, 0 426 m%nl )X§| n emﬁ)}dr oa,s THI% bﬁ m.) El@gﬂa%)orrblened wi t h quinoline

5-yl oxy tetrahy@ww}phpmhomlyhmyprapmmwaspb!m@mmdcnsifbldww&jate (338 ny, 0.852
nmml ) and t-butyl nagnesium chloride (0.851 nL, 0.851 nmol). After normal
wor k- up the crude product wag”py ied by col Hghr omat ogr aphy on silica
gel using DCM MeOH (95:5) o@@ ng of protide in 19%yield as
off-white solid [00367] The fofl o ng are MR results anal yzing the

1
8.
5.
1.
9.
g

synt hesi zed conpound: 1H NVR (20 Mdr 0D : 8.9-8.8 (dddd, J=1.8Hz,
J=1.4Hz, 1H), 8.67- 8.55 (m 1H), 9\94(%NJ N'OHXH2 1H) , 7978(m1H)
7.74-7.42(m 3H), 5.95 (d, J=4."\z MB45(m 4H), 4.4-4.1 (m 2H),
4.02 (d, J+1.2Hz, 3H), 3@&@ Che), 1.8 (m 2H), 1. 5 (m 2H),
1.35-1.28 (dddd, J=1.2Hz, Sj\/ w=1.0Hz, 3H), 0.95 (d, J=3.2Hz,
3H). 31P (80 VHz, CD30D) 6 5.46, 5.19

[ 00368] Exanple 33 [00369f The protide (2S)- neopentyl

2- 442R [BOR4BR) - 5te(p21— 429 risobutyb2ichdgrd@hhphthalend-yloxy) phosphorylamino)
y1l)-3,4-di hydro t hyl t et r ahydr of ur an- 2- yl ) net hoxy) ( qui nol i n- 6-

yl oxy) phosphor ¥ Féfﬂnﬁgf ®or opanoat e was synthesi zed as fol | ows: WO

2010/ 081082PCT/ US2010/ 020632 130 [ 0Q370] St ep 1: (2S)-neopentyl

2- (chl oro(qui nol i n-6-yl oxy) phogg or@i ), Propanoate -.0 [00371] Using
the general procedure for syn @nb\] pht hyl (am no acid ester)

phophor ochl ori dates, the tosyl g€ sal tHofy{$)-2-am no propionic acid 2,
2-di met hyl propyl ester (870 .6 ), qui nol i ne 6-yl oxy
phosphor odi chl ori date (698 ng, “276 nmol )}, ¢ (0.73 nL, 5.2 mmol) and DCM
(20 m.) were combined to give 250 ng of aesicag phosphor ochloridate in 24%
yield as pale yellow thick oil [00372] The foll ow are the NMR results
anal yzilA 49r1e Z&W@H&g%wl@m@uﬁé@r syPhRIVRNE 2@pht ametm@)estes) 8. 92 (d

(o 2 e ol ot by 7 Glfbogid-roplpindteen 8., 7

3.9 (m 2H), 1ngtifadeh-1-3EBhR&blorodeBloZidate (BIeI)S,g) Ores (1.49 rnl;)%nﬁlﬁ(}MQH)

31P NMR (80 MHz, CDC1l 6 9, 26, 8.9 ] Step 2: nt |s of the
protide: [0037HL) Méfir?l&gr{ﬂhl@e‘b@r%?’% 11‘?[9% IJS Cl?R&(‘P?d’&ﬂ%en WIoRKE Synt hesi s
of 5'-phosphor ﬁ'&sﬂﬁ&??&nﬁflo ro anoate as a crude pale yellow thick oil. The crude

2- am no- 6- met hoxy-9- (2 C—mel% I;/ D-ri bof'uranosyl ) puri ne, the nucl eosi de
(100 ng, 0.32 nmmpqundnvanaigpdrfomsard Hﬁthpﬁﬁfunhér megice@orbi ned with (2S)-
neopentyl 2-(chloro(quinolin-6-yloxy)phosphoryl am no) - propanoate (250 nyg,
0. 64 mo03504ndThe bulloylingrag nesNMR el ardéy z{i, thd sythestze@4ompolnd: Aft er

nor mal work-up the crude product was purified by col unm chromatography on
silica gel using *GHREIRI(MEOMHZIEDE);)6®. 21,7672 my of protide in 34%yield.
[00375] The following are the NVR results anal yzing the synthesi zed

Corrpour[@()%]il]i N&Rg@%@n%m@@%@ﬁh 6 8.75-8.8 (dt J=1.8Hz, J=4.4Hz, 1H),
823m 7593 (d, J=2.2Hz, 1H), 7.79 (m 1H), 7.7-7.64

(m 1H 4- H)
(m 1o [ggis(zi] kﬁn%ﬁé gﬂz%%l EIJO(nglg’g‘%l_B/IC&IXé Olsg)'?‘ér th%'i%&thgsilgéfff %hoé%ﬁo;agt#%aggé
3H), 1.4-1.32 OGHORHUR,IRE2EHAMid=G-nditzoxyaH-pufinO5yl(-d; (hydrb8yRetay)3H) , 0. 86
(d, J=6.6Hz, 9me’chyltetrahydrofuran—?),4—di01, to a solution of 205 mg of nucleoside in 4 mL of

THF was added fert-BuMgCl (1.31 mL) followed by (25)-isobutyl 2-

(chloro(naphthalen-1-yloxy) phosphorylamino) propanoate (730 mg) in THF (2.6
mL). After workup and silica gel column chromatography, 66 mg of pure protide

was obtained (16% yield). HPLC tgr =27.61, 28.29 min (column: Varian Pursuit



WO 2010/ 081082PCT/ US2010/ 020632 131 31P NWR (80 MHz, CD30D): 6 5.19, 5.10
[ 00376] Exanple 34 [00377] The protide (2S)-tetrahydro-2H pyran-4-yl

2- (4( 2R, ARD2AR)0/B1(82- ami no- 6- PCT/US2010/020632

met hoxy- 9H purin-9-y1) -3, 4-di hydr oxy-143 et hyl t et r ahydr of ur an- 2-

yl ) met hoxy) (quino 0 | am n he5| zed as
Tol lows: 0GB NG 04 Ciy é¥¢ s ?ﬁqwéﬂ%wmear a%%? @%34@%?16%0?@ PO 0-----

[ 00378] St ep 1y, SyRtbeshs of (25)-tetrahydro-2H pyran-4-yl

2- (chl oro(qui nol'i n- 6- yl oxy) phosphor yl am no) pr opanoate o- [00379] Using the

general g%ﬁ%i g‘h@ﬂﬂ%‘h@%&fe%’éwﬁwgesﬂﬁm{a bngtﬂglsgﬁh@sﬂeg SHphd:

phophoro at es tosyl ate sa am no propronic acid

LﬁééSEﬁ?LSPXL?Br."‘ R BB - GBBRs 5 VTR, 0, A4RERe LS G5 Yng pou
(40 nL) were conti gied, suqmgnw B007.68 (&f 1H8F.36.d.36 (m, 4H), 6.02 and 5.98

(2S)-tetrahydro-2H pyran-4-yl
2- (chl or o( qui nol i(As, @fﬁ)l LY YpRISHREDyH-Ari4rRd) (B SPRTbA 8 9842 dbhyA-8)-d as pal e

Yont hesi zed compauat TR N 500 DS L 17 E“@B@%“ﬁ%@@ Y e
8.31 (m 2H), 7.88%),0.884.8Xah, 6H2. 6Hz, J=2. 4Hz, 7.64 (m 1H), 755

(dd, J=4.0Hz, J=4,4Hz, 1H), 5.0 (m 1H), 4.6-4.1 (m 2H), 3.9 (m 2H), 3.5
(m 2H), 1.9 (m 2H), 1.7 (m 2H), 1.59 (dd, J=2.8Hz, J=2.6Hz, 3H).

*'P NMR (202 MHz, CD;0OD) § 4.30, 4.19
[0001] Example 20
[00254]  The 2,2-dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-

9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)

phosphorylamino)propanoate was synthesized as follows:

OCHg
o

[00255]  Step 1: (25)-neopentyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-

propanoate

O, Cl

N=4 CHg

[00256]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (2,2-dimethylpropyloxy)-L-alanine (1.5 g),
was combined with naphthalene-1-yl phosphorodichloridate (1.18 g), TEA (1.26
mL), and DCM (20 mL) to give (25)-neopentyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-propanoate in an 81% yield (1.4 g) as a pale yellow thick

oil:



WO 2010/ 081082PCT/ US2010/ 020632 132 31P NWR (80 MHz, CDC13) 6 9.18, 9.88
[00381] Step 2: Synthesis of the protide: [00382] Using the general
pr ocedur ewQlbtonsdosB) for the synthesis of 5'-phosphorampdatisg010/020632
2- am no- 6- met hoxy- 9- (2- C- net hy1- 13- D164 bof ur anosyl ) puri ne, the nucl eosi de

120 8 h d THF 25 ined with (2S
getramgpgﬁi @D%@Vq@gﬁgfﬁyﬂ& 13% Aoy 2@%@?@3@% n§§51%991v i 310)
propanoate (300 and t butyl magnesi um chl oride (0.76 ni,
6. 76 ol ). Afte?‘?frmwa(swwz@%@&w@g Hacepbiad BUT Fbdiby col um

chr omat ogr aphy o I n l{.}ﬁl\/é t protide
in 20% yield as glr?ﬂd ?ﬁe&gfﬁ‘i %p gg 3 ﬁ@n% I}%wn g ar%jhtgggg'
resul ts anal yzi ngtd, t]& ZsQrﬁ head, mehapht)p@ﬁamdn AFHNNR) (200 (iWHz SHAONB0,R).41 8

8.81-8.76 (d 6 2-7.9 2 2Hz,
320 2re 1ty 7 o ghtingLE g SopiE b4 on A R ety 10 A T2 7o (A b

1 5 96 d, 1 8 2 ,
2 m03 (sz > 8&2 alséi_ng@ggJ Jﬂfbn 1§%cﬁg\alaﬁﬂoo ?lm@%%{nu)%%s §s4445‘H4tlgu m H)

(m 2H), 1.6-1.4 (m 2H), 1.3 (dddd, J=1.2Hz, J= 1.0Hz, J08Hz 3H) 095
(d, J=11.4Hz, 9H) 31P NMR (80 MHz, CDB0OD):

2 (2R, 5% 2%?’8"31% S b

yl) - tra hydr of ur an- 2-
yl) met ﬁQ& gf%’x%l)%ﬁ&% ‘ho) propanoate was synthesized as foll ows:
[ 00387] Usi ng t he general pr ocedure for synthesi zi ng g@ght hyl (am no acid

est er) [BhoyMor Hetnedhs grpeed pracdure (Mgtheded )sfar thegyntheyis phoramidates

mL 12,06 ol ) GAGTEN TR T R WZBSQ%@?%%%@%D%? o of dry
DCM The pr oduoatethy(t2@®hydnefopart,44did2-the hhdeafdehériog P @9asmhbrity hatnidnals

ol Towi g are. THE (WAt Rdedh Sysimet enenesphihbd GUarBBhBR: L AR
25(])8 ?/':]Z 1 Ci]@;)x?)pﬁogﬁorﬂarg?no ﬁ}b%a':}l'datemﬂﬁ)% (g?§2)§( 5%&1&01%%_(7WC¥H10M IX 4. 30

ester), 1.56, 1dc5501( of XM (7.95 nH., 96D, mB]). ThBreAttaJ)n, mxn@8 wad agwéPtox s,

3 x CH3 est 6

8. )52 7. $§ e[ 0U38B[° KoapteoPeHE ARY pUTest O‘ieﬁIBgér ﬁeﬂléo‘f’dg?@%‘z I?ngencﬁucf%
general procedgfs uémastﬁmf&wbyiaeﬁmﬁq @i‘rorﬁu@gﬁgﬁ Gﬁ‘sfiﬁcag&l%ﬁfgor am dat es, a
solution of (3R 4R 5R)- éZ am no- 6- net hox urin-

(hydr oxyret hyl %Chéﬂh@ﬂt( 614&%11«@5@@@@30@%&% Oi%whﬁgsol(cbm@o@ ol ), and
NM 0.32 nL (4 mmol), in 5 nL of THF, was added (2S)-neopentyl 2-
(chlor o(phenox?}l) osphoryl am no) pr opanoate 0.804 ¢ (2 41 mol ) di ssol ved

inb mat o hy, 97.2 ny
of or otPBestlis TB%EQ@%%& i e SR Jioblihaing e TRy TRRPHE NS (6
me: 609.23 (Mt, 100%; Accurate mass: C26H38N609P1 cal cul at ed 609. 2438,
found 609.2443 [00391] The following are the NVMR results analyzing the

th d d 5 2 iz
10970 SO S00E s OOI0 .o (203 o

Ph). 6.03, 6 00 (289,621, 1K), 7.4566I= 8,50z H, 1152 %39 (248D 5,96, 07 Fm M

S8, 3.7, "3 66 1210 AR SRa=To000 mD ST AT 1B wafh
J=7.50 Hz, 3H QH® A 3H), D769,3 536 2010/I0BLABRRCT? WUE20H0/ 0266320 1184,

3H), 0.84 -0.82 (2 s, 9H).

3P NMR (50 MHz, CDCl5) & 5.37, 5.32.



0.96 (2 x s, 3H,2' CCL13), 0.91, 0.88 (2 x s, 9H, 3 xCH3ester). 13C NMR (126
MHz, CD30D) 6 175.07, 174.85 (2 x d,3Jc-c-N p = 5.00 Hz, C=0 ester), 162.75
(CB), 161W0101810889 (C2), 154.63 (C4), 152.21, 152.15 @dT/BIcom23= 3. 80

Hz, ipsoPh), 139. 26, 138 92 (CHS 1305 28, 130.78 (C3and C5 Ph), 126.15 (C4

Ph 1 1. P. 115, 59, 1 .47 v 93 4 2.91 CI' ,
& ! 23, s E“Rroae SSahgsip 9 B@Héethezlprm <54>86 @)31?1‘@'* ANO7G )
75.39 (CH2 est x . 2] = 5 oo
£ (G st e o g 5

26.77, 26.73 (Sl)methlem(mﬁrtmalelzeel%)xy?.phcssh@zflaxmdo)pmncatw_p 6.3 Hz,
CH3Ala), 20.33 (2' CCH3) 31P NMVR (202 M-z,

CDC13) [60Z6204, S&:p3R Pripiiatish oExSripdopentyl RAf23R8BRtoXhearbenylymino)propanoate
2(S)-((((2R, 3R 4R, 5R)-5-(2-am no-6-nmet hoxy-9H purin-9-yl1)-3, 4-

di hydr qey2¢b] ety b2 et3-adkdrask sg@appea with Feicapani¢a sphedah BiR@nd- y! oxy)
phosphor yl am no) - 3- net hyl but anoat e was G%f?t hesi zed as follows: OC H3 NN
PLNH2 CH3 \ G Hiengocaypleyapopimedadimsippiceiplt prrbBouiozen wet preresplacsbBes of

(2S) - benzyl h Y,

phosphoryl am ng%ﬂ'g q?ﬁ@gb%?glﬁ%g?bq é[r%z% ﬁduﬁsl%gl%%zécélgﬁlelrm eX])orrbdcedure for
synt hesi zi ng nagdpehyl alcqhmlmmm £30 aro0), Ipheplioravchhadedabvést NoeNT20%y| at e
ﬁglth e oy oh i b b a%ﬁ@%@s)ctiﬁmﬂe%n?ﬁh@#ﬁgmm@XW{%SohgmilW(22 )
to give naphth 1'3‘b’i< (7b%¥ Q)Syfifd 1W®E6dﬁ¥{No@b@§(P@"eﬁlC g%& 8dded o a72%
yield (1.23 g) as a ‘pal e yel t hi ck ol WD’'2010/ 0 2PCT/ USZOlO/ 020632

135 [00396] Thenglelpogiwmigllawed bhpolfsillvﬁwmfsaddmora@fd])mm@&gﬁ 43§y mirhelsi zed

compounds: 1H 500 , 6 0 o a 9 m 1H,
HSErﬁapht) 7 7%&5“%@% trﬁé?%o? Zl) %tr@ﬁ?ﬁl?e %‘melgl a?SIQ%SIOV"P(gtog'napht)
7.46 (d, J = 8whm 3idwlViBr RaBhth)and &ifz rogm?télm§éfhtu@'for PH@) The p?(%résmof 2H, CHZ
ester), 4.15 (m 2H, and , 2.28 -2.15 (m 1H, CH J3), 5 (d, J =

6.8, 1.2H, CH3reaglign was @gniteied by TLE @&, =0.47hexagpszetiyelapeta, (%Iébl Nlnhstdrm 9,
1.3H, CH3 val)

31P NWR (202 I\/ﬁzzlm)%ﬁacéogm%%e&aﬁgﬁufegﬁgﬁbg éz L)Zan asthﬁe5| s of Protide

[ 00398] Using tiweegBRBr Rlth @zitefawditmzﬁ{(cwewl@@orﬁoz;wL) hﬂitebﬁlydﬁ@hﬁ)sn&eof
S' - phosphor ani dat es of

2- ami no- 6- net hes&niglaer (\’Y—aﬁéflﬁ@/ pverianmydrppotodivam saiaty giMPraradeyofilierediaigensi on
of nucl eosi de s added
a sol ution of % Qn aetfr:l%lg ﬁ%doﬁg%gug%hpg%ffcgﬁgﬁ&gy er-ir pg%gphor yl am no) - 3-
chromatography on s1hca gel (4 kg, Silicycle, SiliaFlash ® P60) using a constant
gradient mixture of hexanes: ethyl acetate (85:15) to give 903 g (3.48 mol, 74%)

of compound 2 as a light yellow oil after concentration in vacuo.

[00264] Step 2. Preparation of (S)-neopentyl 2-aminopropanoate p-toluenesulfonic

acid

[00265] The conversion was carried out using a 22 L 3-neck open head flask equipped
with a mechanical stirrer and an internal thermocouple. To a stirred solution of
(S)-neopentyl 2-(tert-butoxycarbonylamino)propanoate (900 g, 3.47 mol) in 14 L
of ethyl acetate was added PTSA.H,O (660 g, 3.47 mol, 98% reagent grade,
Product No 161993, Aldrich) and heated at 65 °C for 10 h. The mixture was
cooled to give white solid at room temperature and cooled at ice bath for 30 min
prior to filtration. The mixture solution was filtered and dried in a vacuum oven
(40 °C, Welch Model 2034, ca. 10 mmHg) for 15hr to yield 907 g (2.74 mol,
79%) of desired product.



met hyl but anoate (18.2 g, 42 mmol ) at -78 C followed by addition of 1-

met hyl i m dazole (7.63 nm., 96 mmol ). The reaction mxture was allowed to
warmto rwormtogspsezat ure and stirred overni ght. Standar @Crarske1n2wsz
purification provi ded desired protideoﬁn 25% vyi el d (3 3 g) as an off-white

oo O SRR e R (el SRR,
784m|—7|) J= 4.8 Hz, 4.8 7275(tm9H) 5.95 (d, J
= 1.2 HR926%) Irua %nq%ﬂaﬁlﬂquap@@m(tw U@Fblam%ﬂ stigerqan jpterpal) 4.0 (s, 3H),

310 MR (50 i eshafth el talibor dyedo R R aatibng Yl e Oy

2, 4-Di f | uor obeindstlwa? (pBced 1-naphthol (780 g, 5.41 mol, 491 g used from Aldrich, >99%

((((2R 3R 4R, 5R) - no rin d|h dr.ox n'ethylt
et r ahydr of ur _ang ?Iérﬂ‘é‘f nwm‘fﬂnaazl)ééﬁémi /gbfﬁ\esaf 99% grade, Proa,u‘:t
phosphoryl am nay 2%‘?15 UtmftMTBEta?rd’M%?g_%%ﬁ%ﬁ%' F%Q@?'h?t A Yo

2010/ 081082PCT/ USZO 0/ 020632 136 N CHF [00402] St ep 1:
Synt hesi s of (BsagemMu&j®f996’@ermsz 221 {thlAddodm aptu hddieonal fyineky)s

hosphor yl am n ano 4 t he eneral rocedure for
D haai o1 on il s AP ob gt Rh i) S dS ren B e ot 6
salt of 2- am meds BELHYA at(- 254c@aﬁlhlte@ﬁ£t dﬁ&Mhbe)Qw%@mygd&eat@S g, 1.36
mmol ), napht hal ene- 1- 1 hosgzﬂgrodl chl ori dat

36 mol )
triethyl am ne (@ﬂg’lmmei W iAW i:%lgmd@nﬁltoﬁaﬁgw 4%12@13)/\1/@@%) ©®onbi ned

to give 4.1 g of |red hos oro | or ,dat.e. as;.a el l ow wi us oi |
0 asveyield pHoReRS HeBraT PERNAS s R GR P B Syt R A

synt hesi zed COB&ﬁtidildﬁlas dd'rhﬂ)\ﬂh@d( Zﬁgrdﬁbﬂonﬁmﬂ,&)was a@e@f&ﬁ%&l@tr()ﬁﬂn 1H), 7 8-7.9
(m 1H), 7.7-7.75 (d, J = 8.4 Hz, 1H), 7.3-7.6 (m 5H), 9 (m 2H),
4.9-5.3 (m 2HeMperapuig ugderpitraggn presspie e mq}hylgmslshydl@shlpﬁfie SHWEIP NVR

(80 MHz, CDC13 ti de [00406]
(sing the gener i “prGcsiire’ (ol A TP GTIERT et

- phosphor am datcestraiéd to dryness under reduced pressure at <20 °C of water bath to give
2amn06rrethx- ri bo no t he nuleoside
(500 ng, 1.6 gpépd&ﬁh%ﬁocﬁ fie: %Hﬁpévcpl 131 | GRSk Sasoea Wiodt

napht hal enel- ykow¥, gudri@iibhuor o benzyl oxy valinyl phosphorochloridate (3.6
g, 7.7 mmol) and N-nethyl imdazole (0.76 m., 9.6 muvl ). After nornal

vor . RoSsyer S IRLHEUIP BTG B Gl RGPy on i1 ca

ylD)phosphorylamino)-propanoate

[00269]  Naphthalene-1-yl phosphorodichloridate (1219 g, 4.67 mol) and (5)-neopentyl 2-
aminopropanoate p-toluenesulfonic acid (1547 g, 4.67 mol) were suspended in
anhydrous dichloromethane (15 L) in a 22 L 3-neck flask equipped with a
mechanical stirrer, an internal thermocouple, a cooling bath of dry/acetone, an
additional funnel and a nitrogen inlet. Anhydrous triethylamine (1.3 L, 9.34
mmol, >99.5% grade, Product No 471283, Aldrich) was slowly added at -25 °C
for one h. Later the reaction mixture was warmed to room temperature and stirred
for overnight and monitored by P NMR. After completion, the solvent was
removed under reduced pressure and the resulting crude residue that was triturated
with a 1:1 mixture of ethyl acetate (2 L)/hexanes (2 L) was filtered by short pad of
silica gel (Silicycle, SiliaFlash ® P60, 3 inch high, funnel: 3 L medium size) and
eluted using a mixture of ethyl acetate /hexanes (3 L: 3 L) followed by rinse with

a mixture of ethyl acetate /hexanes (1.5 L: 1.5 L). Upon concentration, the dark



CH2C12/ MeOH (97:3) to give 400 ng of protide in 50%vyield as an off-white
solid. [00407] The followng are the NVR results anal yzing the synthesi zed
conpoundswoO2XbiosRse 200 MHz, CD30D): 6 8.1-8.2 (m 1H), PCRAISe®o/0dddp2 7.8

(m 1H), 7677(m 1H), 7.2-7.54 (m75H), 6.7-6.9 (m 2H), 5.95 (s, 1H),

lllH? , X0 En m fr)yﬂ W %&{QQ L §@4W§woncglﬂwi %ﬁ%de%uwrw%( 80
Mz, CD30D): 6¢fPdelider ﬁ?d@ﬂg?(bg@ Q8 rdéﬁ@trmin%h 38 hwﬁﬂou-{mmer purification.
(2S)-((S)-1-phenyl et hyl) ((((2R, 3R, 4R) - 5- (2- am no- 6- net hoxy- 9H puri n- 9-

1)-3, by dr -4- l.{e n

§| ijy) ﬁﬁgﬁs@orﬁ%ménﬁ" -ersr%tﬁ;@% ﬁ%ﬁﬁ%\/\g?&é%}g? esi ze@ ﬂl@%%?%}y

[ 00411] Using qu)@mF&bi 4}dﬂl§féﬂ11t|y€4 methys yantahedib flirig 2 ndyptinxly )(( am noaci d
ester) phophorochl ori date tosylate salt of (S)-((S)-1-phenylethyl)
2- ami no- 3- rret AsA %‘?O]aﬁ’ﬁp Oép@ryla IBHEMAPERAE- yI  phosphor odi chl ori dat e
(1.33 g[ %1 41 nl) and (60 nm.) were conbined to give

(25) (( @92711-] ph ﬁwsekuﬁynpf@R4&@2@1@1@8&@@%@0@%@%%8@? 138

hi ht h 96%
yield (o 17 o) ae e me R A A P AR D GadPL e
NMR resul t s anal anhyaigut MEIFSYt)hie ai22dd3-aedckpaskeguippet NMRa(rﬁcmhaMbm stiGB13) 6
8.15 - 8.08 1H), 7.91 -7.86 7.70 - 7.52
(m 3H), 7. 4(7man mtgeal(th?rnwuplg, ad:g)]ohng%)gg ;(nrﬁddit'q)nafﬁlng%l ang a, Ht)r?gﬁn 111 . 4.19

-4.08 (m 1H), 42 g&ied%ld’v@g(ﬂUMlm BuM&F iR A28:d29.891,32 .6 Bo1, 31D . 1. 01,
0.97, 0.86 and 0. 79 31P NMVR

(202 MHz, CDC18jui®) aI@rﬁ)Rg/a@etEﬁ)ﬁ: be[th)((mml}al Strep=22 +$y6) esids noifh under proti de
[500?%3]8 pﬁz:‘ Q?n h]g]ie gg ‘0 lrlearlesﬁglgg ?e%léltrloen Ill?)(rtu}ehggves X T'hlt%ss{lspenswn after stirring 30

2- am no6- met hoxyn an(t%tﬁi‘sfﬁ%'fomﬁlan173(@)fﬂegpéﬂgﬁ@@ﬁw&?&h’phﬂﬁlenéq a solution of
420 ngy of nucleoside in 5 nL of THF was added 54 nmL) foll owed by

(2S)-2,4- difl Mbplbbemrylarrznq)cmpmr@emﬂ)ﬂtl kgl 2893 mpl, Myqlph)dgﬂﬁﬂfww no) - 3-
met hyl but anoat e gé &) Iy dTHF iuh Af Ler, wor lﬁug] nd SI| ca gel colum
chr omat ography EPP ) %U?Yaerp e WS o5t fed Egzﬁ’/’va }Odsoo PLC tR =

26.33 mn (col erét‘arelaaa sTutES oV ernidiRs(15 h) CTBe prb@fbﬁé’roﬁthmﬂ‘éacﬂ&ﬁ Rad: |inear
gradient of ACN (10%to 100(‘% in H0 in 30 mn), 500415 The foll owi ng are

the NVR resul t BOaHaIRgPYAGG HE:3DEMSORdmawb dim s seq PrIRNRYPISBIO N,
B 5 51 Bl el ot GG R 1 1
1H), 4. 60- 4. 54qgenchaHyith 4atdtrtedl. NH,(IngolRidh,(7 4.) Abophdse k) ¢a.208iin-and. 74 (m
é“;)s’ :2),|—|§) 7 6 ]7' ggt%@dg‘%gor@us;li %%{rﬁ]jr) %Pn(;dfj}te ac&ég ne\)f)](@re @f{ﬂF ?ayer) vx(/)as gsgpaar'a?cgd 0.95
from aqueous NH4Cl solution. The aqueous layer was extracted with THF (3 L).
The combined organic layer (THF) was washed with brine (2 L), dried over
anhydrous sodium sulfate and concentrated under reduced pressure below
3941 °C. The crude product (1600 g) was purified by both silica gel column and
Biotage chromatography. Crude product (1600 g) dissolved in 1.2 L DCM was
loaded onto a glass column (11" x 20" high) with silica gel (13 kg, Silicycle,
SiliaFlash ® P60) and was purified by an eluent of 1% MeOH in DCM — 4%
MeOH in DCM (300 L used) collecting fractions (4 L size amber bottles x 55) to
give three fractions for a total of 730 g. Further purification of this material was

required.

[00272]  Purification Run 1 from Part A: The first batch A (140 g) dissolved in 300 mL

was purified again by Biotage (column F75L, 800 g) to give 92 g of product as a
pure material. It was eluted by a mixture of 0.5% MeOH in DCM — 3% MeOH



31P NMR (202 MHz, CD30D) 6 5.15, 5.05 [00416] Exanple 39 [00417] The
(2S)-((S)-1-(4-bronophenyl) et hyl)

2- (4( 2R, ARDAR0/B1(82- am no- 6- met hoxy9H- puri n-9-y1l) - 3, 4- dichiyarsecag/dosaet hyl t et
r ahydr of ur an- 2- 108

yl) net hoxy) (na -1- X hosphor yl am ng) - 3- net hyl hut anoat e was

synt hesi zed asP“fh]égg)Bg@:LDW?@ng éé@ﬁd 8703 @?8¥§9mex [ 00418]
Step 1. (29)- (ERarhef4ROQTORRGRYA hRkEWoeric ratio (68:32) by HPLC. The

2- (chl or o( napht hal en- 1yl oxy) phosphor yl am no) - 3- net hyl but anoate CH3 Br

[ 00419] Usi ng tlhetegenerialratprivemdmrde rhigture pefohemirdicagomaphatopt 50:2fi no aci d
ester) phophorochl oridates, the tosylate salt of (S)-4-brono-a-nethyl

benzyl [0@273dm RoSficmeiohRunit doadtae B:1 MAj@)batchdp 2Afad) eissblvyd in 1 L DCM

phosphor odi chl ori dat 660 ng), TEA (0.7 nd 20 ) re conbi ned
to give 1.0 g 9fS a\_é%ﬁ? a las%w&ggﬁﬁ%mpﬁ%@ﬁ%ﬁ;}% §@F|2§5vgtqv§\§ayreoi .
[00420] The fokliofa\a&tnqt @bi@elht*éggg%{xﬁﬁél b 8,500l RDENE—S YRNIESHZ R
conmpounds: 1H NWMR (200 MHz, 13) : 6 8 8.02-8.1 (m 1H), 7.85-7.89 (m
1H), 7.71- 7. 75QM 2@ EDEM ubtx) coHycting f88tiTn GUL fizmbolid)x 455, 2Qave 37 (m 2H),

5.9 (m 1H), 4.0-4.4 (m 2. 1.5 (dd, J= 6.6 Hz, .8.4 Hz, 3H),
0.97 (t, J= 6. %laﬁfr,eo‘sfigd’? r%@@élg@ ?&’&,ﬂdﬂﬁ@eﬂmu&z&w&ﬂ}s psre ‘éﬁ%‘?m%ﬁﬂﬂgﬁm (80
MHz, CDC13) 6 %g,ﬁ@éatog‘ghgﬁn[“p\qgﬂg] Step 2: Synthesis of the protide:
[ 00422] Using the general procedure (Method A) for the synthesis of

5' - phogphoram Baliesdh Rma A PR NRMst ¥archde (170 g) dissolved in 500 mL

C-net hyl - 13- D-1i bofuranosyl)puri ne, the nucl eoside( 300 ng, 0.928 mml) in
anhydr ous THF DOM mwiay puaSed agrm be Biotagen(F7 21S) 300(S)usihg(A-IboolnOphehway et hyl )

2-(chloro (napht hal.en-1- WO 0 / U 0/.020 140 .

yl oxy) phosphor uéﬁ%ﬁ%’o‘)m@%ﬂﬁj%ﬁ@&ﬁ@ﬁéggﬁ§%ﬁi{?génm)coﬁﬁﬁmﬁ- met hyl

im Qa_zol e (0. 3rittion34G4sinamBdille xﬂ%}%nf&%r{@ély,%ﬁé l‘eqldﬁecwﬁi @ oPAQseH Was
purified by colum chromatography on silica gel using CH2C12/ MeOH (97:3) to

gi ve 126 ny of inpnotdfdee fractibgsolicsted. ol egmipned inpirure matsivials, (a f@al4t 3yudehe

followng are 5?(? g romrlfusnlélllf 3 ol %ld s%(i)lgfgd }nh&osﬁﬂtmi v%éarg 15:39% 8rlljtg%: glass
column (11° x 20” high) with silica gel (11 kg, Silicycle, SiliaFlash ® P60). With
the similar eluent mixture of 1% MeOH in DCM — 3% MeOH in DCM (200 L

DCM used), it gave 152 g of pure product. The diastereomeric ratio was (41:59)
by HPLC.

[00275] T1tis clear from this work that the ratio of diastereomers can be controlled by

selection of the proper chromatographic fractions.

[00276] In summary the three purification runs on the 730 g provided a total of 540 g of
pure product. To remove trace amounts of DCM the 540 g was dissolved in 3 L
(x 2) of MeOH then evaporated in a 20 L rotovap flask. The product was
completely dried by a 20 L rotovap at 39 °C +1 °C for 15 h to yield an off-white
powder solid. The product in glass trays was dried in an oven (3 days, 39 °C
+1 °C, < 5-10 mmHg) until a constant weight was achieved to afford 517 g (0.785
mol, 54.3%, <2000 ppm MeOH) as an off-white solid.

[0002] Example 21

[00277] The separated diastereomer (peak 1) (5)-P 2,2-dimethylpropyl 2(S)-
((((2R,3R.4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)



1H NWR (200 MHz, CD30D): 68.1-8.15 (m 1H), 7.96 (s, 1H), 7.78-7.87 ( m
1H, 7.60-7.67 (m 1H), 7.30-7.52 (m 5H), 7.15-7.23(m 2H), 5.97 (s, 1H),
5.66 (m wboiovmssB2(d, J= 5.4 Hz, 2H), 4.22-4.38 (m 2HpCTAISO®0(030638H) ,
3.74 (m 1H, 2.0 (m 1H), 1.34 (dd, 10= 3.0 Hz, 3.0 Hz, 3H), 0.94 (d, J=
9.2 Hz, 3H), O. 70 6H) . 31P NWR 3 08 [00424]
Exanpl e 40 [ooa%e}) p{barr(%@prqp@eyataw %Pwh@z%fﬁ%ﬁ@? %laftﬁwjneﬂc rixtafe 2

2- (4( 2R, 3R 4R) taro4: am no- 6- met hoxy9H- puri n-9-y1) - 3, 4-di hydr oxy- 4- et hyl t et
r ahydr of ur an- 2-

yl ) met hoxy) ( napht hal en- 1-yl
synt hesi zed as fol | ows:
(2S)-((S)-1-(2-bronophenyl
2- (chl or o( napht hal enl -yl oxy) phophor yl am 3\Net hyl but anoate. WO

2010/ 081082PCT/ US2010/ 020632 14 g0427] I e general procedure for
synt hesi zi ng napht hyl (am no a opP rotfit ori dates the tosyl ate
salt of (S)-2-brono-a-nethyl zy% 3- net hyl butanoate (1.5 @),
napht hal en-1 -yl phosphor odi g,qte TEA (0.885 nL) and DCM (20
m.) were conbined to giv of e desi red phosphorochl ori date as
pale yellow thick oil. | The followng are the NWMR results anal yzi ng
t he synt hesi zed conpounds: 1H NVR ggz Q9 Mz, CDC13) : 6 8.1 (m1H, 7.86
(miH), 7.72 (d, J=8.2 Hz, %0 7.0 (m 8H). 6.3 (pentate. J=6.6Hz,
lH) 4. [aomq AH):1 nﬁxtllre(@ﬂdlaskareorael% of m2- cllh')ethyl réﬁyl(zcég) ((@eﬁ 3@HZR 513;&(2142,
3H), 1.0 (dd, J=7.2 Hz, J= 7.4Hz, 3|—?5 dp OHz, 3H).
31P NMVR (80 M—IﬂmlI@EﬁillI@}hOGYﬂf'B‘?ﬂn eyl §4 ctlbﬂhsz@] 43@%@@@@1@%@1 3 of the

protide [00430 S

5' - phosphor am }5131 e{hIag g ?ﬁﬁglge%? 09‘&8 gﬁ%ﬁﬁﬁ&%hlw)ﬁ O%%%Q% | bof %Pr a‘?ll%ssyl )
purine, the nuckeosap de 1(13tKanol); hdxanaohnd ]Ioadeainhyda@ﬁra]rﬂﬁ-k AXDchital colamn
combined with (25)-((S).-1-(2- bronmophen hyl) .

2- (chl or o( naphtihflafed prigh @ﬁﬁlﬁﬁé%lﬁﬁar \ZHFtﬁBt}OfBWﬂ%QWtBQQ BRoatlysi0% 6 ny,
L 51 mol) andly @RIYL vabiddae ohe é;ﬁf}ﬁ Pk AD (SuldS4BMRk 1D A 34 nr I
work-up the crude product was purl col umm chromat ography on silica
gel using CI—IZCZB?DH@OEH(DGQKB)chIrd ailunen atoasﬂqg rate gbrlonLéheini andlte%:gwlehtcB(E)s an

off-white soli 004311 The follo are .t he NVR resul Zi the
synt hesi zed coﬂ%hn k?\lﬁﬁ?a(aﬂ%‘ ‘%ﬁ-@‘% t@iﬁs%fter%mgrsl’évaf ?ai‘ﬁ? %e

1H, 7.8 (m 113alow,68to706(m 9H), 5.97 (s, 1H), 4.6 (m 2H), 425(m
2H), 4.0 (s, 3H, 3.8 (m 1H, 2.0 (m 1H, 1.3 (m 3H), 0.8 (m 6H).

31P N | 41 00433] Th
B e R

ADROOE- LR
ol o, 20'C e
».'50 46 (Cize awo 3007 1)

AL o
&
1006 =

osphor yl am no) - 3- net hyl but anoat e was
[00426] StepcH, Synthesis of

I'L'D,H swn 4 &rm
50/50 Hexar

PCT0H040 Racemate
ADH with 5050 Hexane/EIOH
Amibfmin, 3XC

-
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200+ | [
\

[00279] Peak 1 with a retention time of 6 min on the analytical column, and provided 4.75

g, (95.9%yield) of a single diastereomer with 99.9% ee (enantiomeric excess).

[00280] The following are the NMR results analyzing the synthesized compound:
'HNMR (500 MHz, MeOD) 6 8.16 (d, J = 8.50 Hz, 1H, Hg-naph), 7.97 (s,
1H, Hg), 7.85 (d, /= 7.50 Hz, 1H, Hs-napht), 7.67 (d, J = 8.00 Hz, 1H, Hy-

napht), 7.52 — 7.45 (m, 3H, H,, H7, H¢-napht), 7.38 (t, / = 8.00 Hz, 1H, Hs-
napht), 6.00 (s, 1H, Hy), 4.68- 4.57 (m, 1H, Hs’), 4.31- 4.25 (m, 2H, Hs-, Hy'),



di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) net hoxy) ( napht hal en-1 -
yl oxy) phosphor yl am no) - 3- net hyl but anoat e was synt hesi zed as foll ows:
2010/ 081082RCIVISBBRA10/ 020632 142 0, ,,0 P\ HN' 00 @CHIS2@0GB3HO
OCH3 NN 1 N.---NN H2 CH3 bH [00434] 18tep 1: Synthesis (2S)-nethyl
2- (chl oro( napht hal en-1 -yl oxy) - phaosphoryl am no) - 3- net hyl but anoat e

( (naphthal &0}, 08! % i Q3RIRS ) 1

[00281]

[00282]

[00283]

m, o, 60CH3),"3.76, 3.64 (AB, Jag= 10.50 Hz, 2H, CH,
ester), 1.33 (d, /=7.50 Hz, 3H, CH; Ala), 0.96 (s, 3H, 2°CCHs), 0.87 (s, 9H,

3 x CHj; ester)

5C NMR (126 MHz, MeOD) & 175.05 (d, *J c.c.np = 5.00 Hz, C=0 ester),
162.73 (C6), 161.87 (C2), 154.55 (C4), 147.97 (d, *Jc.o.p = 6.30 Hz, ipso
Naph), 139.09 (CHS), 136.26 (C10-Naph), 128.78 (CH-Naph), 127.89 (d, *Jc.
c.o.p = 6.30 Hz, C9-Naph), 127.71, 127.46, 126.46, 125.93, 122.80 (CH-
Naph), 116.17 (d, *J ¢.c.o.p = 2.50 Hz, C2-Naph), 115.58 (C5), 93.21 (C1°),
82.16 (d, *Jc.c.o.p = 8.80 Hz, C4), 79.97 (C2°), 75.36 (CH, ester), 74.69
(C3"), 67.64 (d, *Je.o.p = 5.00 Hz, C5°), 54.23 (60OCH3), 51.78 (CaiAla), 32.24
(C ester), 26.69 (3 x CHj; ester), 20.60 (d, $Jccnrp=6.30 Hz, CHs Ala), 20.30
(2°CCHs)

3P NMR (202 MHz, CDCl5) & 4.22

The absolute configuration of peak 1 product was determined to be (5)-P by VCD.

Experimental Measurement of VCD spectra: A 6-mg sample of peak 1
compound was dissolved in 125 pL. CDCl; and placed in a 100 um pathlength cell
with BaF, windows. IR and VCD spectra were recorded on a ChirallR VCD
spectrometer (BioTools, Inc., Jupiter, FL)) equipped with DualPEM, with 4 cm’
resolution, 8-h collection for sample and solvent, and instrument optimized at

1400 cm™.

Theoretical Calculations: The (5)-P and (R)-P diasteromeric configurations
shown above were built with Hyperchem molecular modeling software
(Hypercube, Inc., Gainesville, FL). Conformational searches were carried out
with Spartan 06 (Wavefunction, Inc., Irvine, CA) at the molecular mechanics
level.  These conformational searches identified well over 100 possible
conformations for each diastereomer. Geometry, frequency, and IR and VCD
intensity calculations were carried out at the DFT level (B3LYP functional/ 6-
31G(d) basis set) with Gaussian 03 (Gaussian Inc., Wallingford, CT) for 9 low-
energy conformations of each diastereomer identified in the conformational

search. The calculated frequencies were scaled by 0.97 and the IR and VCD

WO



[ 00435] Using the general procedure for synthesizing naphthyl (am no acid
ester) phosphorochl oridates the hydrochloride salt of L-valine nethyl ester
(2.00 g, wo.208/msmsk) , napht hal en- 1 -yl phosphor odi chl or i datCe/useo16/02@32 11. 93
nmmol ) and TEA (4 11 m, 23.85 mol) i1 20 nL of dry DCM were conbined to
give (2S)- neth . q .

2- (chl or o( napht %nsgws 1V1C0 K9V VKD [ Sryisrih ) angs nstthy 96 afdhrddin fenos
yield (2.63 9) cofifarfiof k&&perikfeht. oW, thick oil. [00436] The follow ng are
the NVMR results anal yzi ng the synt hesi zed conpounds: 1H NMR (500 MHz,

CDC13 8 00

, ) [6?—%4i pﬁ%ﬂ}g?( %ﬂé( f%culgwd Kféﬁggﬂﬁge mi—fi |£%ﬁrrén ap#gﬁxhzbjiﬁ%?(lg ?Hégr_( m 3H,
H7 H6 H2- naphhige VCBQnteidsi§yFof thesbands at=180@6mHizwhithicohBspoapht the 4. 59 (bs,
%stN-H) 2. iso?n{)b%ﬁvedﬁé@u@aﬁs @Oo‘eﬂ Cihg@g%%ctil‘éeawe&lnéﬁ@csewn %‘%O%qgr {/al ),
g1|939 NIV(FJQ (920(22 Mé'i[Z Iﬁghe}'freguéﬁtykg the%ﬂselgk@sp\éf}gﬂ c%mi)ared to the calc;lrzﬁeﬁ esls)f:cstra())f the
proti de [ 00438Théssibagds doereglmnelrtalan@sr}mu‘educ etrétoln of the P&ﬁn@ﬁblscvm‘ls of
5" -ph h
- 2t o6 et hold I Al inebe EIPYIBH GPERYYI B THESHLISE B985 on of
(22 00r2n;1 ( 0I ;30 ][ma:}lbés 2@51 ﬂg&iﬁkﬂt@ﬁ téehirhli aftheGhhodporusiamowicd acki Mvhe oBthenl

Mo ol | one me

% ohl or o( hapheenitartonytoxys L B odgea? oS Inehysbeibertosves 650 my

(2.41 mmol ) in.5 nl  of u d
610/ 081060PCH TSRS t5obEa D) Sha hd &3 AROEER e F%lfar%?é%)vgvr%]? SPEETA SRSt pure
protide was obhidgshitive ACDSHtensiel tan e (ANPOIEPWPEdR. %bﬁdﬁlffkﬁnédi%é m e:

631.23 (Mt, 100%; Accurate mass: C28H36N609P1 cal cul ated 631. 2281, found
631. 2252. [ 004889 ingraerabrafisgreddn seclittpranequmeressn thesexprameatahspectie This

b napnt) 8. 00 Loy it gelbi il Ryniitniathe iy s (5
d, J= 7.7 Hz, ﬁx]rbsphlélmﬁlapﬁﬂ))P for tHepeak T dcﬂa%te(rmmﬁldndlfﬂ)Plﬂﬁ‘rthH@eakapht)
7.40-7.34 H3 601 64- 4. ), 4.41-
4.26 (m 2|(4m Qétﬁffomg?)angas S twﬁ%%yf?g%aw fO%thgré%ltr H?JH CHa)

3.53, 3. 50 (2 5ar§®ns31h|1theq"€e ﬁl%ﬁl%@])ed r%éod%d Slco%%ésfﬁhoﬂlﬁkthggl:%ﬁéal) 1.00, 0.96
(2 xs, . VR (126 M,

(), e 7%&45%?%5% MC&S““#&SCV%P%B*@?@&%?%& (el o3,

139. 07 (CH8), 23BLRY, 136.22 (CLO-Naph), 128.81, 128.75, 128 52,
127. 87, 127. 82, 127. 74, 127. 70, 127. 41, 126. 56, 126.50, 126.43, 125.90,
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122.79 (Naph), 116.16, 116.14 (C2-Naph), 115.38, 115.30 (C5), 93.47, 93.33
(A'), 82.37, 82.23 (2 x d, 31Gc-0-p = 8.8 Hz, C4'), 79.93, 79.91 (C2'),
74.88, 7A4V0R0(0@B1982 68.18, 67,70 (d, 2Jc_o p = 6.3 Hz, EET)US26D/09%32 61. 92
(OCH3 ester) 54.31, 54.29 (GOCHB) 5211213 52.39, 52.03 (Ca VaI) 33. 27,

fg' 912 %@5&53 ﬁg ﬁa{aég%leﬁ%fm?f @) B 2Paimemyliropn 46 31P &IE/R4(5202

MHz, CD30D) 65 , Py !
2- 442R 3R, ZlR) %(%(I(ég ﬁ%m&ﬁgﬂeg%fﬁgloxﬁgﬁﬁhﬁiﬁ%ﬂ%@g)Bhﬁd@@@o peopent y

di hydr oxy- 4- rretrtf;;hy_ﬂtetrﬂafldwzfumht& alhmzﬂlykym@plhbalyr)e( habllxlyhal en-1-
Ly SRS Y ek SR A eRLn R AL RSSLS ARG e VO

follows:

(R)-P
[00287] As described above, Peak 2, with a retention time of 10.7 min on the analytical
column, provided 5.29 g (100% yield) of a single diastereomer with 99.8%
diasteromeric excess. (95.9%yield) of a single diastereomer with 99.9% ee

(enantiomeric excess). The absolute configuration of the Peak 2 diastereomer

was determined by VCD to be (R)-P as described above.
[00288] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, MeOD) & 8.20 — 8.18 (m, 1H, Hs-naph), 7.95 (s, 1H, Hs),
7.89 —7.87 (m, 1H, Hs-napht), 7.70 (d, / = 8.50 Hz, 1H, Hs-napht), 7.54 —
7.50 (m, 3H, H,, H7, He¢-napht), 7.41 (t, J=7.00 Hz, 1H, Hs-napht), 5.99 (s,
1H, Hy), 4.63- 4.55 (m, 1H, Hs:), 4.34 (d, /=9.00 Hz, 1H, Hj3-), 4.28 —4.23
(m, 1H, Hy), 4.08 — 4.03 (m, 4H, Ha, 60CH3), 3.72, 3.59 (AB, Jap= 10.50
Hz, 2H, CH; ester), 1.33 (d, J=7.50 Hz, 3H, CH; Ala), 0.98 (s, 3H, 2°CCHjs),
0.85 (s, 9H, 3 x CHj; ester)

3C NMR (126 MHz, MeOD) 8 174.78 (d, *J c.c.v.p = 6.00 Hz, C=0 ester),
162.72 (C6), 161.89 (C2), 154.51 (C4), 148.00 (d, *Jc.o.p = 7.00 Hz, ipso
Naph), 139.38 (CHS), 136.30 (C10-Naph), 128.84 (CH-Naph), 127.88 (d, *Jc.
c.o.p = 6.30 Hz, C9-Naph), 127.74, 127.46, 126.51, 125.95, 122.76 (CH-
Naph), 116.21 (d, *J ¢.c.o.p = 3.20 Hz, C2-Naph), 115.60 (C5), 93.37 (C1°),
82.32 (d, Jc.c.o.p = 8.00 Hz, C4), 79.91 (C2%), 75.34 (CH, ester), 74.94
(C3"), 68.12 (d, *Je.o.p = 5.00 Hz, C5°), 54.21 (60CH3), 51.71 (Cat Ala), 32.21



N---NNH2 OCH3CH3 >0 CH3 HO "IDH -; [00442] Step 1: Synthesis of

(2S) - neopentyl 2-(chl oro(napht hal en-1 -yl oxy) -

phosphor Wwearmnagi@2 et hyl but anoate CH3 o \ ( [00443] Besirns2aiom@sner al
procedure for synthesizing naphthyl @& no acid ester) phophorochl ori dates

ol )+ napht hat eHE- Y BROBGRORGM S bl datE (et 040 8. whprys. 202 18

triethylam ne (3. @lodily,) 2. 37 mol ) and di chl oronet hane (60 nL) were

combi ned to give 3 8‘g of desi red phosphorochloridate as a pale yell ow
viscous oil in 77( yield. [00444] The followng are the NVR results

anal yzi ng t he synthedkxe02cMidzotGREd:) OU-LANVR (200 MHz, CDC13) : 6 8.06-8.1
(m 1H), 7.85-7.89 (m 1H), 7.73 (d, J= 8.6Hz, 1H), 739762(m 4H), 4.15
(m 1H), 3.89 (s, 1H), 3.86 (d, J = 2.2 Hz, 1H), 2.2 (m 1H), 0.8-1.1 (m
15H) . 31P NMR (80 MHz, CDC13): M. 9, 10. 4.
[00445]0G8) 2Exerpletdsi s of Protide [00446] Using the general procedure

(Met ho for ynt hes oram ates of am no t hoxy- 9-
(2- C @%ﬂ ﬁ&%@&)ﬂ?})@{k?é&ﬁ%’%%ﬁ%@% (ErenRerOrBeEps 1P%mg9-y1§ F mol ) in
anhydrous THF (if5q5k)- 4V\ﬁ§th9R&PAh@z§f!>fwah h. §1%§éth8ﬁ§@ﬁﬁhr}ﬁhlen 1-

2- (chl or o( napht hal en= 1-yl oxy) - phosphor yl ‘am no) net hyl but anoate (3.8 g,

9. 92 mmol ) andyNxgphhsphoiylirdamoedrepqnbatéSvasisynth8sigdmyob)owsAf t er nor nal

wor k-up the crude product was purified by colum chromatography on silica
gel using CH2C12/ MeOH (97: 3yt~ Shyve 750 ng o +g@rzoti de in 34%yield as an
off-white solid. WD 2010/ @@ /US20107 02P%32 145 [ 00447] The follow ng
are the NVMR results anal yzi ng"t hg synt hes npounds: 1H NMR (200 MHz,
CD30D): 6 8.1-8.17 (m 1H), 7.960(x 1H) N 7I8-74.87 (m 1H), 7.61-7.68 (m
1H), 7.3-7.54 (m 4H), 5.95 (s, 1A, 4.6 [\m ¥H'NH4.24-4.37 (m 2H), 4.0

(s, 3H), 3.55-3.8 (m 3H), 2.0 Tt 4 195 (d, J = 7.4Hz, 3H), 0.8-0.86
E NI
H3C\ro HO OH
CH,

[00291] Step 1: (25)-isopropyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-

propanoate

Q
»—CHa
HaC

[00292]  Using the general procedure for synthesizing naphthyl
phosphoroaminochloridates, the HCI salt of isopropyloxy-L-alanine (5 g),
naphthalen-1-yl phosphorodichloridate (7.30 g), TEA (8.31 mL) and DCM (146
mL) were combined to give (25)-isopropyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-propanoate in an 61% yield (6.52 g), as a pale yellow
thick oil. HPLC : g = 18.71, 18.95 min. (column: Varian Pursuit XRs 5, C18,
150x4.6 mm. The method is: Linear gradient H;O/ACN : 0% to 100% ACN in
30 min.)

[00293]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCls) & 8.14-8.08 (m, 1H), 7.91-7.87 (m, 1H), 7.75 (d,
J=8.3, 1H), 7.65-7.54 (m, 3H), 7.48-7.43 (m, 1H), 5.17-5.05 (m, 1H), 4.60-



31P NWMR (80 MHz, CD30D): 6 6.21, 6.03. [00448] Exanple 43 [00449] The

(2S) -cycl opropyl net hyl 2-(4(2R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n- 9-

y1) - 3, 4- dvbydromsyesd- et hyl t et r ahydr of ur an- 2-yl ) met hoxy) Poajtstéalozos3dyl oxy) p
hosphor yl am no) - 3- net hyl but anoat e wadisynt hesi zed as fol | ows: [ 00450]

Shamnhor vt o noy L ERH e o &% (B EST Aheh 33 Ehata SRt 34 et e for

synt hesi zi ng naph@@xﬁl(anlno acid ester) phophorochl oridates, the tosylate
salt of cycl opropyl nethane 2- am no- 3- net hyl but anoate (2.92 g),
napht hal en-1 -yl phosphorodi chloridate (2.3 g), TEA (2.47 nL) and DCM (60
m.) were conbined to give 2.35 g of desired phosphorochloridate as pal e

yel l ow thick oil .3 the NVR results anal yzing the
synt hesi zed corrpouénglwﬁ'—%\%% %&qmﬁz%%@f 6 8.1(m 1H, 7.87 (m 1H),
7.74 (d, J=7.8Hz, 1H), 762to739(m 4H) , 42t03.98(m 4H), 2.2 (m

1H), 1.08 t0 0.98 (m 7H), .6 (m 2H), .3 (m 2H).

2010/ 0§0082RCTSidp2A) Iﬁﬁ&@@&%ﬁ 31P NMR (80
WMHz, CDC13) 6 10. 871&/10 34 [00453] Step 2: Synthesis of the protide:

[00454] US' ng thetjﬁﬁg‘efhél RRATLIHLEAR INI&hSY NAHeSdS (BE synthesis of 5'-
S' - phosphor am dat es of

2- ami no6- met hoxy- }Qwelﬂ}otarméaﬂwyloiis (BR ARG - @rasinio) ponethes y - Whpurin-9-yl)-5-

?ggl) egfllcldg}(:)fggyl {/Cﬁgi{y@m))?) meth Pg}/a&ilr SH)?ur-gr';l% 4&101 qL)a sg\Pﬁogo I ”e@ é’g th

(chl oro(napht hal eAimbtydfaxileonbeapinarss am ﬁo)zs?mﬁﬁbmfl Kmranaat @1 (f3pHE, N,
1.92 mmol) and N-nethyl imdazole (316.8 , 85 nmol ). After nornal

wor k-up the crudevisr eddrst (Wisisqruppyli édcliyr laﬂplithﬂl%lhlr gleay e sieyylamingid i ca

el using CH2Cl12/ 7 V. t 5 S an
O Wi te o d ‘J[yg%fgé‘?‘ el 5H%H§§%%S§9% B f&&%%@?&??ﬁaé"é@y%‘)ﬁl@  he
synt hesi zed corrpomﬂdmca @lsi dWIRnﬁ ZEIQnMﬂgxa@SS@ mg®f Jukbpréotide W) obtZin&bin( s,
1H), 7.84 (m 1H), 7.52 to (d, J=1.2Hz,

i) 46 (m 218 A1%Viek s Ot viiessosr HPBBbe 6857 G4 Bmipycolians | (ds.
‘(];]7' (2)||:|)|Z =6. 8Hz Va?rlj)n P1?rs19t Mﬁslﬁ) Clé Q%Gf% %@1( @&eﬂ}ﬁzgﬁlo%%cél%ng%] %r'ﬁ%lznto 5 08.

[ 00456] Exanpl e %Q/ﬂ@%?pﬂhelop%)xcwm&ﬁ)bnmy)l
am no- 6-

2-(4(2 R) : 5- H-purin -3, 4- )
di hydr iQéﬁ‘ﬁrmfrﬁ?/ ‘ﬁ@ﬁ”ﬁ%%ﬁ%ﬁnﬁmﬁ %uk}ﬁ H%%(RB? EHQBW%QICSWPP““
yl oxy) phosphoryl qm no) - 3- met hyl but anoat e was synt hesi zed as foll ows;
H NMR (500 MHz, CD;0D) 38.19 - 8.165°(m, 1H, Hs-napht), 8.03, 8.00 (2 x
s, 1H, Hg), 7.89 —7.85 (m, 1H, Hs-napht), 7.71 — 7.67 (m, 1H, Hy-napht), 7.56
—7.46 (m, 3H, H,, H;, Hg-napht), 7.42 — 7.37 (m, 1H, Hs-napht), 6.00, 5.99 (2
x s, 1H), 4.93 — 4.88 (m, 1H, CH ester), 4.64— 4.59 (m, 1H, Hs"), 4.37 — 4.23
(m, 2H, Hs- andHy), 4.05 (s, 3H, 60CHj3), 3.98 — 3.92 (m, 1H, CH), 1.32 (d,
J=7.20 Hz, 3H, CH3Ala), 1.16 — 1.12 (m, 6H, 2 x CH3ester), 0.98, 0.97 (2 x s,

3H, 2’CCHL).

3P NMR (202 MHz, CD;0D) & 4.35, 4.25.

[00296] Example 24

[00297] The (25)-cyclopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:



OCH3 N...A-NO, "O 1\1*--NNH2 P\ CH3 \ili?C H3 HN O0--\,0 .:-.. CH3 HO
"CH WD 2010/ 081082PCT/ US2010/ 020632 147 [00459] Using the general

pr ocedur ewbanimgmiskesi zi ng napht hyl (am no acid ester) phoalserionkiesr i dat es
and tosylate salt of (S)-cyclobutyl-2ai5am no-3- nethyl butanoate (2.67 g,
7.8 mmol ), naphtha-1-yl phosphorodi chloridate (2.03 g, 7.8 mmol),
triethylamne (2.17 n, 15. and di chl @goHyet hane (20 nlL) were
conbined to give 2.13 g of phospthro | oridate as a pale yellow
viscous oil in 69%yield. [00460 The foK/l OfM are the NMR results

anal yzi ng the synthesi zed conpo 4 |b(l—lz CDC13) : 6 8.1
(m1lH), 7.88 (m 1H)), 77(m ]1J|—,Q'O7 (n?'%lH), 5.12 (m 1H), 4.0
(m 2H, 2.3 (m 2H), 2.0 %(mSH) 0.85-1.08 (m 6H).
31P NVR (80 Mz, CDCL3) |vo 9 omg geé fSstep 2: Synthesis of Protide

[ 00462] Using the gener aI dure H@et hod A) for the Synthesis of
- phosphor am dat es of
2- am no- 6- et hoxy- 9- (2- C y1 13-D-ri bof uranosyl ) purine, the

(29 “oyifBist S 1 SRR ERU bR UL R oliomagn il g ned 1

met hyl but anoat ph¢sphdbdamin®propanvate and N-nmet hyl im dazole (0.1 m, 1.29
nol ). After normal work-up the crude product was purified by col um

chr omat ogr aphy UeihgSkHel Gandel ieB@re CFRCL AtV Hh & IfapBihyl O(aliiNe abR6 a¥@r)of
protide in 25%%“ eId as an off-white solid. [00463] The follow ng are the
NMR resul ts anahgspheigchlpadagmthndasylase)sdopfpdirapdopenty] Rimuinopopmaeate GHoD) : 6

205 (m 1.y Pty Mabyndnly Tabithordigdgfie (17 g1 SmihdiPant D
1H), 1.8-2.4 (TEAH)GO hL424.28 n{mol) AP0 mb &2 TIEM( drerelcomtBndl tdzgiva3H)S)-

0.79-0.85 (m 6H) 31P NMR (80 MHz, CD30D): 6
6.22. 6.06. [OBYI%QHG’HEQ a?nfﬂhg)rg{@aphthalen 1-yloxy)-phosphorylamino)propanoate in 65%

yield (3.01 g), as a clear, yellow, thick oil.
[00299]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl3) & 8.13- 8.09 (m, 1H, Hg-napht), 7.95- 7.88 (m,
1H, Hs-napht), 7.74 (d, J= 8.0 Hz,1H, H4-napht), 7.64- 7.54 (m, 3H, H7, He,
H;-napht), 7.50- 7.40 (m, 1H, Hs-napht), 5.30- 5.28, 5.25-5.23 (2 x m, 1H, CH
ester), 4.63 — 4.57 (m, 1H, NH), 4.28- 4.25 (s, 1H, CHa), 1.94- 1.85 (m, 2H, 2
x CH,, ester), 1.79- 1.69 (m, 4H, 2 x CH,, ester, 2 x CH,. ester), 1.66- 1.59
(m, 2H, 2 x CHyq ester)1.57, 1.54 (2 x d, J/="7.0 Hz, 3H, CHs Ala).

*'P NMR (202 MHz, CDCl3) & 8.38, 8.13.
[00300] Step 2: Synthesis of the protide

[00301] Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, to a solution of
250 mg (0.80 mmol) of nucleoside in S mL of THF, and NMI 0.47 mL (4.02
mmol), was added (25)-cyclopentyl 2-(chloro(naphthalen-1-yloxy)-
phosphorylamino)propanoate 920 mg (2.40 mmol) in 5 mL of THF. After
workup and silica gel column chromatography, 75 mg of pure protide was

obtained in a 14% yield, as an off-white solid. HPLC : g = 19.52, 19.96 min.



WO 2010/ 081082PCT/ US2010/ 020632 148 OCH3 N O, ,pl 11 PN.---NNH2 HN\Q0 e
CH3CH3 CH3 HO H .:: [00465] The cycl opentyl

2(S) - (4( 2RO2RIMRIBR) - 5- ( 2- am no- 6- met hoxy- 9H pur i n- 9- y1PCT/US2010/020632

3, 4- di hydr oxy- 4-net hyl t et r ahydr of ur and@- yl ) met hoxy( napht haI ene- 1-yl oxy)

phosphoryl am n ut an t hesi zed, accord [00466]
Step 1: Synthe Ogl%?ne\%?é? %?ﬁi%—%@ﬁﬁé%‘(ﬂng‘ ?]IJ?F*H

phosphoryl am ng])ad;%n{rﬁgdjm@utm@g £00% QA6 T 3dsHing t he general procedure for
synt hesi zi ng napht hyl “(am no acr d ester) phophorochl ori dates and tosyl ate

sal t ngéﬁacy%pggqmg e AUNRER 1 suﬂ?%r%}'}lég&ttﬂggﬂ‘gﬁesgz%fi)%gmgougd 2 ol ),

napht hal ene-| - osph rirethyl am ne

(2:014 . 14,3 g%ge@ﬁgﬁ | GO} BR8- 638 (R LR SafiROEA0d L2 91 Ve

2.12 g of desire

(chl oro( napht hal eniH; pko78h= pr&zsrahqu@mapm) “RBogretdRyb i, arce Bza8 apal e
yel | ow vi scous oi | in 72% |eI d. [00468] The following are the NVR results

anal yzi ng the syritapBii ey d‘ﬁﬁ%ﬁ H2,1111I7 Kilvraapbo’ R 3 1B BY= 8@HE. HH.( m

1 7.2-7.9 (m 6-1.92
(anD 8t 0. 0- (1 1e?tﬂapga) 6820 B s, 31,81, L0607t 18: él%s@m&.?éb is/g‘z
CDC13): 6 10.98, (028, H[5®0443>‘9]4Bt(em22{ By, Hhe4.04 (QBHPHOUCHIR 4[@1@4793](nUS| ng
the general procedure (Method t he Synthesis of 5'-phos horam dat es

of 2-ami no- 6- met gk Ada)cl 8t Lﬂﬂg}azﬁ.{)?rﬁgizwza’ﬁgﬁyleﬁﬁh} il 8- _
nucl eoside (200 rgy 0, B¢y M0l ¢yl Be@NNySH QUS= Tidhad B, e, AR5 0%”@'9'8‘?9 Wi th

(29) -
s, 3H, 2’CCH).

5C NMR (126 MHz, CD;0D) 8 174.87, 174.62 2 x d, °J c.cv.p = 5.0 Hz,
C=0 ester), 162.73 (C6), 161.86 (C2), 154.55, 154.50 (C4), 148.01, 147.95 (d,
*Je.o.r = 3.8 Hz, ipso Naph), 139.38, 139.08 (CHS), 136.27, 136.24 (C10-
Naph), 128.86, 128.81 (CH-Naph), 127.86, 127.78 (2 x d, *Jc.c.o.p = 5.0 Hz,
C9-Naph),127.73, 127.47, 126.52, 126.48, 125.96, 125.93, 122.78, 122.74
(CH-Naph), 116.21, 116.13 (2 x d, *Jc.c.o.r = 3.8 Hz, C2-Naph), 115.63,
115.60 (C5), 93.37,93.19 (C1°), 82.31, 82.16 (2 x d, *Jc.c.o.r = 8.8 Hz, C4"),
80.00, 79.96 (C2’), 79.52, 79.50 (CH ester), 74.95, 74.71 (C3), 68.06, 67.59
2 xd, *Je.o.p = 5.0 Hz, C5), 54.30, 54.29 (60CH3), 51.81, 51.75 (Co Ala)
33.52, 33.39 (2 x CH»-2 and 5 ester), 24.60, 24.58 (2 x CH,-3 and 4 ester),
20.67,20.63 (2 x d, *Je.cn.p = 6.3 Hz, CHz Ala), 20.44, 20.36 (CH3).

3P NMR (202 MHz, CD;0D) § 4.36, 4.20.
[00303] Example 25

[00304] The (25)-cyclohexyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:



WD 2010/ 081082PCT/ US2010/ 020632 149 cycl opent yl

2- (chl or o( napht hal en- 1- yl oxy) - phosphor yl am no) - 3- net hyl but anoate (0.92 g,

2. 25 mmolwoandydsieset hyl i m dazole (263 ng, 3.2 nmol). APCerseawmae3nor k- up
t he crude product was purified by colittm chromatography on silica gel using
CH2C12/ MeOH (97:3) to give 6Q ng _of protide in 14%yield as an off-white
solid. [00471] The foll ow he NWVR resubtis, anal yzi ng the synthesi zed
conmpounds: 1H NMR (200 MHz, 2 6 8. 138. (m1H, 8.0 (s, 1H, 7.8-7.9
(m 1H), 7.6-7.7 (m 1H), 7.3-7.B (m Hg/ "OW (s, 1H), 4.95 (m 1H), 4.6
(m 2H), 4.2- 4.4 (m 2H) 40(%,03H) %\g\@. 1H, 2.0 (m 1H),
1.4-1.8 (m 8H), 0.92- 0.96 (d, rtf"o 4 279-0.85 (m 6H)
31P NWR (80 MHz, CD30D): 6 6.3, b.0 [0Q47 Exanpl e 46 [00473] The

cycl ohexyl 2 (S)-((((2R 3R, 4R )@13( r'1_|66n'ethoxy 9H- puri n-9-y1) -3, 4-
di hydr oxy- 4- net hyl t et r ahydpqf ypan- 2- yl0) mefitoxy( napht hal ene- 1- yl oxy)
phosphor yl am no) - 3- net hyl noate was synthesized as follows: [00474]
Step 1. Synthesis of (2S) | ohexyl 2-(chl oro(naphthal en-1-yl oxy) -

phosphor | am no%w? net hyl but anoate. [ 00475] Using the gener aI procedure for
synt hedP 1’% na haﬁyeﬂeeszsam(%%a’ch)h@ﬂle?r eprphdeesdidaxes. t he

hydr ochl ori de L-valine (1.8 g), was conbl ned with
napht hal ene- I?/Fb%gg% oro]g(ggﬁ?%drn%gﬁe (1.99 g), TEA ( 2.12 WO

2010/ 081082PCT/ US2010/ 020632 150 Mg, cand DCM (25 nl) to give

(2S) - cycl ohexyl 2-(chl oro( naphy Iehp’I yJCoisy) -
phosphor yl am no) - 3- net hyl buta " hiNe

thick oil: [00476] The fol |l owi/ng N

synt hesi zed conpounds: 1H NMWR VMHz,, GCDC}? 6 8.11 (m 1H, H8-napht),
7.90 (m 1H, H5- napht), 7.75 Ydd, J = O. , 1H, H4-napht), 7.66 - 7.54
(m 3H, H7, H6, H2- napht), 7.46 (t, J .0;71H, H3-napht), 4.89 (s, 1H,
CH est g00304. ZWs(ng thngeﬂeﬂalpﬂoce@uréEbr dyhi)h,esﬁmg:ﬁaﬁhthyﬂ(amlrﬂ&cﬂ es@@rBoH, NH), 4.09
- 3.99 (m 1H 2H, CH2 cycl ghexyl), 1.76
(s, 2H, CH2 cyE]IlQﬂli’@WP30rldﬂteB§16 hyzir%lqrh%e salﬂ)vf CSfl@@XYlﬁi‘Y?ﬂ a2 ahexyl ) ,
1.41 (m 2H, CE, ) 5 (d J
= 6.8 1.7H CH3 %IF% %%%liﬁt?dl aftn: q8yl(pﬂosé’immdgcﬁl%ndﬂ%é{?asﬁ)%Tmf t gnL?

1..7H, CH3 VaI nd DCM (55 mL) to give (25)-cyclohexyl 2-(cld dfe(NyRthaRM2I - Mdzy) CDC13) 6

9.88, 9.42. 0477 nt hesi s 004 he general
o7 ocedur e ( Nt REPRIIIG m‘?%ﬁéolé%‘itﬁ@s‘? Fipiei3 LD btk it aliee gk o

2- am no- 6- met hoxy- 9- ( 2- C—mathxxI rlbofuranosy puri ne, to a sol ution of
150 ny [PO3Wd daits f01k9w1m%neé%°s M,Rreﬁu%sw FAnETpE SYVPRS 76 SEEPRINGSD. 32 i
(4.02 mmol ), followed by é cl ohexyl 2-(chl oro(napht hal en-1I -yl oxy) -
phosphor yl ani no) - BlNMRqSﬁlo @136§§ Iy, 1 H4 Msrpapht), 1.99 GniH.dis- THF. After

obtainea in a 110N %an“lﬁ T PRRATT 8006 P Bhn e PR P (i ar e
tczggog;\/R ergsgllt-s gmﬁ’lzzyg’ IITBDH3hﬁthyn¢%Sﬂmdnﬁqmmﬂﬂéﬁer)smllmwlﬁgiﬁog% - 7.82
(m 1H, H5- napht )NH>z464é) 43%@1(95klpaﬁ> 428 &, éHHQHaiH 80, 4y, 7.55 -

7.42 (m 3H, H7, , t <1l t 9 , 1H,
fo, .06~ 4 b (M BV G L7 P SIS, ok m—%?%?-%,éanfﬁla&z,),
4.05, 4.04 (s, 3H.660CH3)m,B8H7/6H, cgcloBexyin 1H, Ha Val), 2.06 - 1.93 (m 1H,

H3 val), 1.70 - 1.57 (m 4H, 2 x CH2 cyclohexyl), 1.39 - 1.15 (m 6H, 3 x

CH2 cycl ohexyl ), 0p SQIR Q2@5M(5, CBK1;)2 $2843)94. 0. 89 - 0.82 (m 6H, CH3 Val).
WD 2010/ 081082PCT/ US2010/ 020632

[00308] Step 2: Synthesis of Protide

[00309]  Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, to a solution of
980 mg (3.15 mmol) of nucleoside and NMI 1.25 mL (15.74 mmol) in 30 mL of
THF, was added (25)-cyclohexyl 2-(chloro(naphthalen-1-yloxy)-
phosphorylamino)propanoate 3.82 g (9.44 mmol) in 20 mL of THF. After workup



151 (d, 3J c_c-Np = 3.4, C=0 ester), 162.73 (C6), 161.89, 161.86 (C2),

154.53, 154.49 (C4), 148.06 (d, 2./cop = 1.6, napht-Cl), 148.00 (d, 2./cop
= 1.2, napbt2e01)s108239. 44, 139.15 (CHB), 136 30 136. 25 Poaniske1@h)632 128. 81,
128.75 (CH napht), 127.88 (d, 3Jc c CllﬂD napht-C9), 127.86 (d, 3Jc c

0O P =6.4, napht- 27. 72, 127. 67 127. 39 ht)., 126.49,
126. 42 (mnaph@% i 2132%6 §81“Pt§|$hﬁ%iﬁﬂf)§ra ﬁ@sn zizl?r%ﬁfo(“éﬂ ﬁéﬁﬁ@fnedm 12 (d,

3 JCQ0-P = 3. J4q t 15. 67,
T1h 63 (C5). 9%4(2@%18 asgl%)o(ff Jvii?e Odfid @l/{s %@)Qn/@ $C771—263(1\2H Q@@W&%raté 32 tu.

3Jc c 0O P = 8. maSM3DH40N@£’9C€1@2139€d 67312984 fPundG/ 1(234) , 74. 86, 74 81 (CH

ester), 68.36 (d, 2Jc-o0-p = 5.5, CS), 67.82 (d, 2./cop = 5.4, C5), 62.05,
62. 01 ([Ga3NAIl ) Th&AIRSinddre 22 NOR i3k ardByzd thel syrBHesied Nompouid: 9, CI 3 Val ),
33.16, (d, 3Jc-c-N-p = 7.4, C3 Vval), 32.46, 32.39 (CH2 cycl ohexyl), 26.35

(CH2 cycl ohexyl ) ,'"H2XMB2(508MB8, CISHIDEY 8119081 ¥ (), 1HOH§aapla07 28 1 GR) ,
19. 46, 19.46, 19.44 (CH3 Val), 18.35, 18.23
31P NMR (202 MHz,l B) 8% 752160, 14, gl r[a@bﬁsb%7 &%?@dw B 045 | HrRle-

(2S)-tetrahydro- raby ) ) )

2- (4(2R 3R 4R) - 5- B%’n?ﬁ%%%%‘%’ﬁ&ﬁ@ﬁk’pu? naphg. V4N B39 @ B RSP et byl t e
t rahydr of ur an- 2- yd.02y8t (002 ) , r]Hth had.€r-4160 (m, 3H, CH ester and Hs:), 4.35- 4.29

yl oxy) phosphoryl am no) - 3- met hyl but anoat e was synt hesi zed as fol | ows:

OCH3
NN O, ,,ClL NH2 HNm,CHyHsy BlagsB04 (scil. @PBHpoA O (a-bodd7) e d bl CHsy AMBesi s of

(2S) - tetrahydro- 2| r (n

yl oxy) phosphor yl anl_‘%g;%)ll)&g( AXL% I%b&{;I r%%gar? 1?894§)aén$[%ﬁl Fﬁéesgtgrn%nrdaqm
procedure for symlag9i9s, 0@6mamh;t Byl ZICeIH;).(am no aci d ester)
phophorochl ori dates and tosyl ate salt of

(S)-tetrahydro-2H pyr an- 4-yl1-2-am no- 3- nethyl butanoate (3.76 g, 10.0
mmol ), napht hal ene-1-y1 phosphorodichloridate (2.62 g, 10.0 mml),

triethyl am ne (2.1&3 Ny é > EMAD CD.0m)S Giah! @74)@?& s M@oo Hz,
2010/ 081082PCT/ US2010/ 020632 152 ni) were conbined to give of

desired (2S)-tet r%#@dastgr)Z}&p'&a' &6) A6 B6AC2), 154.55, 154.50 (C4), 148. (')3 03480 d,
Vel ow vi abous or Tep i o7y JROPR NREYbH 2T b AP e Rl Fosu 1 o
?rr:]allxkf')ﬂ ng t8 ge ﬁ]yngé}stl IQSCSSCWH%(@H—N%% NWS?ZW Mizz,x5@09g§.§)),a_ &3 81205 > (m
g7 2 8™ 0 bt 7okt 12K 125155, 136,48 305 Ol 2558 11081258 Tom 4t
0.85-1.08 (M 6H)12) 57 (CH-Naph), 116.21, 116.12 (2 x d, *Jc.c.0.p = 3.80 Hz, C2-Naph),

115.62, 115.59 (C5), 93.35, 93.17 (C1°), 82.31, 82.15 (2 x d, *Je.c.o.p = 8.80

Hz, C4), 79.99, 79.96 (C2°), 74.94, 74.92 (CH ester), 74.95, 74.71 (C3"),

68.03, 67.56 (2 x d, *Jc.0p = 5.00 Hz, C57), 54.29 (60CH3), 51.85, 51.79 (Co,

Ala), 32.35, 32.39 (2 x CH,-2 and 6 ester), 26.35 (2 x CH»- 3 and 4 ester),

24.57 (CH»-5 ester), 20.81, 20.60 (2 x d, *Je.c.xp = 6.30 Hz, CH; Ala), 20.36,

20.33 (CHs).

3P NMR (202 MHz, CD;0D) & 4.34, 4.26.
[00311] Example 26

The (25)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows



31P NMR (80 MHz, CDC13) MD.91, 10.36 [00485] Step 2: Synthesis of Protide
[ 00486] Using the general procedure (Method A) for the synthesis of
5' - phosphwoaniodai@s of PCT/US2010/020632
2- ami no- 6- met hoxy- 9- (2- G- net hy1- 13- D19 bof ur anosyl ) puri ne, the nucl eosi de
(400 ng, 1.28 mmol) in anhydrous THF (40 nL) was conbined with (29)-

t et rahydr o- 2H pyran-4-yl 2- napht hal er‘eaHyI oxy) phosphor yl am no) - 3-
nmet hyl but anoate (0.82 g, 1. 893 m(, and N-rret i mdazole (0.3 nL, 3.86
mol ). After normal work-up the crude pr s purified by colum
chromat ogr aphy on silica gel umﬁgD//Q}IZCl 3; 3) to give 480 ng of
protide in 53%yield as an of f-uf olg, [[00487F The following are the
NMR resul ts anal yzing the Sym§ he IZW ds: 1H NWR (200 WMHz, CD30D): 6
8.1-8.17 (m1H), 7.96 (s, 1H), Hs 9 7.6-7.7 (m 1H), 7.3-7.6

(s, 3H), 3.6-3.8 (m 2H, [3.33.5 (m 1H), 1.96 (m 1H), 1.58-1.83 (m 5),
0.92-0.96(d J = 8.25 HzO3H), 0.79-0.85 (m 6H)

31P NI\/R MHz 15, 5,95, 5.91 [00488 e 48

[00489][0 ]pr Sterdls g@gg)eSﬁ@g@ttytra ydro-2H-pyran- 4-yl[2 (chlor]o(naphglPalgn 1-
2-((((2R 3R 4R}’ s purin-9- y1)-3

, 4- di hydr oxy- 4*%?% ?@@Lﬁg *d?egé{ yl)net hoxy) (6- ((S)-1-methoxy-1 -

oxopr opan- 2- yI)napht hal en- 2- yI oxy) @O@q)horyl am no) - 3- met hyl but anoat e was

synt hesi zed as follows: WD 2 l/ 0819;824§TAU82010/ 020632 153 [00490]

(m 4H), 5.95 (s, 1H), 46{;( HY, X6 (m 2H), 4.2-4.4 (m 2H), 4.0

Stepl: Synthesis of (2S)-neop€

2-(chloro(6-((S)-1-nmethoxy- 1- gxofr opan2- apht hal en- 2-yl oxy) phosphor yl am
no) - 3- met hyl but anoate .-C1C 491] Gsi n e general procedure for
synt hesi zi ng naphthyl (am no acrd ester) pHhophgrochloridates the tosylate

salt of (Sl)-neopentyl 2- am no- 3- net hyl but an (776 nmg), and (S)-nethyl
2- (6-( di : TEA (0.6
o) Cand O SRRARRACEUCAH HREANL E SHmes ek RPORANAANE dlEthal) . To ety
2-(chl oro(6- ( ( ﬁ)esj)homt]hiomglaté&mmqmyta}tfam%f (S)- tetrahydro -2H- pyran -4-yl 2-

I ht hal - lid.
 00495] The 1 ok TURPRARIES [he) kES) BEiIh 2ogive o Pener e R g

d: 1H N Blove: 8 o o efedd, J=
gonggun8 i I‘(‘R7 5%96;’45%1 %%@Aﬁo §0¥nL‘577)rK§1H§),rH1 36'fﬁL Fd@%dMMv fé(j

1H), 1.6 (d, Jcocrnmn@d teIzgw@HgS) t@ra@y@@dszra@ 4yl B(@lm(nasht}lale@—l% (m 12|—I)

or ot 1 do | 00404} UG TR SBREMPPPBEdb (DS NeThEh sk FERERe By s o

5' - phosphor am dat es of
2- am no- 6- net hoxy-9- (2- G- net hyl1l-13-D-ri bof uranosyl ) puri ne, the

nucl eogip@el4} SOTHE fol 3w FRhe NMR RN IL AU inkHRe (AhdEded WBRpe@RRi ned with
(2S) - neopentyl 2-(chloro(6-((S)-1- rret hoxy 1-"oxop ro an- 2-yl )pnapht hal en- 2-

yl oxy) phosphoryl a mﬁ% ( 9 I
i m dazole (0.2 rrLili| gmfﬁ%o n §§Qﬁﬂ(dogo7§ngmo)1§8% FH%HM After
nor mal wor k- up t He9r7uBde2pr dducs. SW&BZ p)Hc HfsmapIhtIny7 M6 2 ahd, O ©Hzafhy on
WD 2010/ 081082PCT. USZ 0.0 I j.c gel usj CH2C12/ MeOH (97:3) to
give 83 ng of prdtidf ]3 é ?75&4 ’aH% f- 57 1[179& /& %@%@5}1&"@&'
followi ng are the,pyR g esuldsy @1’1‘,31'}1/,7@@%&5?457%43@131', xefl, £8mounsim, 11,

CHo Ala), 3.98 — 3.80 (m, 2H, 2 x CH,, ester), 3.53 — 3.45 (m, 2H, CHy,

ester), 1.97 - 1.88 (m, 2H, CHy. ester), 1.71 - 1.62 (m, 2H, CHyq4 ester), 1.54,

1.51 2 xd, J=7.00 Hz, 3H, CH; Ala).
'P NMR (202 MHz, CDCl3) & 8.19, 8.00
[00315] Step 2. Synthesis of the protide

[00316]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates

of 2-amino-6-methoxy-9-(2-C-methyl-f-D-ribofuranosyl)purine, to a solution of



1H NVR (200 MHz, CD30D): 8 8.2-7.9 (m 1H), 7.8-7.6 (m 4H), 7.5-7.3 (m
2H), 5.96 (s, 1H), 4.57 (dd, J = 3.4, 32Hz, 2H), 4.35-4.1 (m 2H), 4.01
(s, 3H), 802B1A8TOSEM 2H), 3. 66 (s, 3 3. 4 (m 1HpCTAIS3010/02063H), 2.0

(m 1H), 1.5 (dd, J= 3.0, 70Hz 3H)1,2007095(m 18H)
31P NNR(8O

4. 5.90 | 00497 Th
(25)-2,4-diflu ﬁ%@r@% nngl) SRR 613 l&ﬁﬁ?wgﬁéi?% Fﬂfra.e
y1) -3, 4-di hydr @xyeids mnmm%mmﬁmffwnmébytzxsr%tﬁﬁwrb(mb9&hl4ny15z

yl oxy) phosphor yl am no) - 3- et hyl but anoat e was synt hesi zed as
[ 00498] Step 1(ch(cz@)naghthaldn-ﬂ|-ngxyjpbcn;pbd)rylammo)propanoate 640 mg (1.6 mmol) in

Usi ng the. genod B Bree SUPATR OTorR U HER OF4ed R ey GE RbLEroa B4t or )

phophor ochl ori tﬂmg@ otfmﬁamwa@&seans&‘fkvh@tfe sélﬁinﬁa%%lyiéwonpn@n&yk 142 no- 3-
met hyl but anoat e nmol qui nol i ne_5-yl )F%@phos hor odi chl ori date

(1.08 g, 4.01 Myés}mnt@pl@mmywaanﬁﬁersmw G 1B 150%h6 Mm.akhbe wediioronet hane

C deeir od ol hREr bl A DR é/%’%bwﬂrﬁf) P Pﬁﬁ'viﬁ. ELVEyZZ‘S_”g
00500 f h | d
s AR A S S PR R,
Hz, 1 8. 07 J=8.0 7.27-7.52 2 6.8

2. 5 i oty SR gig6 Mag apfpBT k- %'%WHM% 555 Hiﬂy 5. 5 m

7.87—7.83 (m, 1H), 7.69- 3B ( MMBH%%OSW A4 GCAA) 17 ML70% (0. 62.
[00501] Step 2: Synthesis of protide [0050 Usi ng thé general procedure

(Method B) for thdl)sgAthesd & of, B de)s‘ﬂJﬁmeniH}a,t%@ @59 (m, 2H), 4.36- 4.24
2amn06rrethoxy9 f b ran l,) purine, nuycl eosi de
(256 g, 0. 52 mmiy 21T SV LR 40 05t hdd abbr el 155 2 4
di f1 uor obenzyl 170 (m 2H), 1.54- 1.49 (m, 2H) 1.32, 130(2xd J=5.45 Hz, 3H), 0.98, 0.97

2- (chl or o( qui nol i n-5-yl oxy) phosphor yl ami no) - 3- net hyl but anoate (770 ng, 1.64

mol ), and t-but B Xfagnesi um chl oride (1. 645 m., 1.645 mmol). After normal
wor k-up the cr ude product was purified by colum chromat ography on silica
gel using CH2C12/'fBOWIRIM2EMHD Cil:0D) B6IT4rfy, bT4.0F @xdefcrma&%ﬁ;@lléid as an

Qynt hosi red compdra et My Ben M. BEshC2e 5 55 IensI (7R AR
1H), 7.78-7.9 (m1437fé)6 (IP%OMEEB 359(39)13@1)1 (Ch@&%ﬁ@lé@%@@hﬁ ip- 6. 92 (m
2H), 5.94 (s, 1H), E|)415441

(m 2H), 4.0 (s, 1@|8|)85 @&@(@N@hﬁl 71823 1217—’@@3—{:2 JdH)),p—ZSQH(ZnC%
0.8-1.0 9 oD
8 540 5. 91 [ om0t 2740 12T d36 Y 12 5%%@% S ):
2-442R, 3R, 4R) - 5- (122a09\ mmmmwi) QHeRYr i 168 (2 x d, “Je.c.op = 3.8 Hz, C2-

1) -3, 4-di hyd 4- nmet h d -2- 5-
D o phar v ) I3 C AT bed e ha L ER G ki S ot T Sz

C4’), 79.99, 79.95 (C2’), 74.96, 74.73 (CH ester), 71.33 (C3’), 68.14, 67.65 (2
x d, °Je.o.p = 5.0 Hz, C5”), 66.04, 66.02 (2 x CH,0 ester), 54.29 (60CH3),
51.85,51.76 (Ca Ala), 32.52, 32.48 (2 x CH, ester), 20.67, 20.50 (2 x d, Jc.c.
~.p = 6.3 Hz, CHs Ala), 20.35, 20.31 (CH3)

6

3P NMR (202 MHz, CD;OD) & 4.25, 4.12.
[00318] Example 27

[00319] The protide (25)-2,4-difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(6-((S)-1-
methoxy-1-oxopropan-2-yl)naphthalen-2-yloxy)phosphorylamino)propanoate was

synthesized as follows:



WD 2010/ 081082PCT/ US2010/ 020632 156 N-........ ---1:N O, 01l N----, N NH2 HN
O--yNO CH3 i",,CH3 ,, ,,, cH3 nuU rl [00506] Stepl: Synthesis of

(2S) - neopeotzgio/@igsehl or o( qui nol i n-5-yl oxy) - PCT/US2010/020632
phosphoryl am no) - 3- met hyl but anoat e [ 00607] Using the general procedure for
synt hesi zi ng naphthyl (amno acid ester) phophoroc |er dates, the tosylate
salt of neopentyl-2- am no-3-nethyl butanoate (1.1 g, 3. 06 mml ), quinoline
5-yl oxy phosphorodichloridate (800 ng, 3. 06 i ethyl am ne (0.85 i,

A to give 802 ng of
de5| red phosphorochl ggd dat. & yi eRd as paNe yl‘é Ot hick oil. [00508]
The followi ng are the NNg@;res s a yﬁ/m synt hesi zed conpound: 1H

NVMR (200 MHz, CDC13): 6 8. 98: =4.0 CHo, 8.44 (d, J=8.4Hz, 1H),
8.02 (d, J=6.6Hz, 1H), 7.7 ?\@‘7\’5 “bmg 1Hp, 4.38 (m 1H), 4.0 9m 1H),
3.89 9m 2H), 2.1 (m 2H), 1.

31P NWR (80 MHz, CDC13): M. 11z 10.7. [00509] Step 2. Synthesis of the

protide | 00510% Using the general procedure gl\/Et hod A) for the synthesis of
- phodf tepeks SyiltheSIS of (25)-2,4-difluorobenzyl 2-(chloro(6-(($)-1-methoxy-1-

2- am no- 6- net hgx Dyri rine e nucl eosi de
(168 o, o, &3 TGP erR 2RSSR o B AR bt BinghE) (59) ¢
neopentyl 2-(chloro(quinolin-5-yl 8xy) phosphor yl am no) - 3- et hyl but anoat e
(650 ny, 1.61 mmol), trlethylagl (0.12 N 0 38 mmol ) and N-net hyl

i mdazole (0.25 m, 2.7 nmol) AfXer ae; V\kpaf/ up the crude product was

purified by colum chromat ography on i caHyelclusi ng CH2C12/ MeOH (96:4) to
give 38 ng of protide in 10%yi &l d 05%&@ foll owing are the NWR
FPHIVR (200 MHz, CD30D): 6

results anal yzing the synthesi zed ca
8.86-8.8 (dd, J=4.4Hz, J=6.6Hz, 1H), 64--08. 53 (dd, J=7. 6Hz J=8. 4hz, 1H),
7.94-7.92 (d, J=4.4Hz, 1H), 7.82 (m 1H), WO 2010/ 081082PCT/ US2010/ 020632
157

[00321]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates the tosylate salt of () - 2-amino propionic acid 2,4-difluoro
benzyl ester (1.0 g, 2.6 mmol), (§)-methyl 2-(6-(dichlorophosphoryloxy)
naphthalen-2-yl)propanoate (900 mg, 2.6 mmol), TEA (0.73 mL, 5.19 mmol) and
DCM (20 mL) were combined to give 1.25 g of desired phosphorochloridate in
91% yield as a semi-solid.

[00322]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl5) : & 7.83-7.68 (m, 4H), 7.5-7.28 (m, 3H), 6.84 (m,
2H), 5.21 (m, 2H), 4.3 (m, 1H), 5.67 (d, J=1.2Hz, 3H), 1.55 (m, 6H), 1.36 (m,
1H).

’'P NMR (80 MHz, CDCls) 3 8.94, 8.63
[00323] Step 2: Synthesis of the protide

[00324]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-f-D-ribofuranosyl)purine, the nucleoside
(370 mg, 1.19 mmol) in anhydrous THF (20 mL) was combined with (25)-2,4-
difluorobenzyl 2-(chloro(6-((5)-1-methoxy-1-oxopropan-2-yl)naphthalen-2-
yloxy)phosphorylamino)propanoate (1.25 mg, 2.37 mmol) and #-butyl

magnesium chloride (2.9 mL, 2.96 mmol). After normal work-up the crude



7.63 9m 1H), 7.55-7.49 (dd, J=4.4Hz, J=8.4Hz, 1H), 7.45-7.38 (dd, J=4.4Hz,

J=8.4Hz, 1H), 5.95 (s, 1H), 4.62 (m 2H), 4.42-4.21 (m 2H), 4.11-4.0 (d,

J=2.2Hz, wH2010888083. 54 (m 3H), 2.0 9m 1H), 0.97-0.81 EOT/UKSH)/020632

31P NMR (80 Mz, CD30D): 6 6.41, 5.9422[00512] Exanple 51 [00513] The
2S9)-2,4-difl oroben 3R, 4R) - no 6- net 9H puri n- 9-

3(/1))3 4- di LydlrJBsa?ua %%%WF@%V&H rb%hﬁ?l&%@érap Y AR 6% 95 (ﬁﬁgnm Pﬁ '6-

| ox hosphor 1 d as follows: 0,CH 3

L DDAy SR op YACLIALOR OBE] AW SO RLS YRS ARDDAicH!

2-(chl F [ 00515
(c qg@mg' ”‘i*h% Pon%“xﬂé%érpéﬂ{ﬁ@ﬁbpésxﬂr]eg@&llbg e @ﬁhﬁé@}é&y B3h8 ghg: F I ]

Using t neral proc or synt oacl d ester)

et byl but Q'nﬁé't o (FRMIEOME D Bulonbet R 151 éﬁasa@pﬁé%ﬁ%f%nﬁ@n??r dat e
(1.08 g, 4.1 mol)44-t0i@t By, @9‘2 '@6((1%1 iﬁ) .95 &, ?—ITETHJ:)H?”S' 06144y @f onet hane
(30 n.) were conbined to give 462 desired di f| uor obenzyl 2-

(chl oro( qui nol i n- mwﬂéﬁﬁiﬁmgﬂﬂbﬂﬁ%ﬂﬁd’p @ihét(}wﬂblﬂ%ﬂﬂmﬁél)a? 9%fmshort

3010/ 083082PCT LSS 6PBoYeTs SRe S T e R YR oy o &5 . "0=a o
Hz, 1H), 8.3 (dd,j=3=2%103H%.0.9c8I3198E, oBb), 7.84 (m 1H), 7.6 (m 2H), 7.38
(m 1H), 6.84 (m 2H, 5.2 (m 2H, 4.3 (m 2H, 2.2 (m 1H, 0.8 (m 6H).

31P NWR (80 Mz, 3GbGARR (sPMEE:, 69,089: 21400517] Step 2: Synthesis of protide
[ 00518] Usi ng the general procedure (Method B) for the synthesis of

5" - PhoSBROIAM Gk figre

2-am n oxy-9-(2-C-nmethyl-fl-D-ribof uranosyl )puri ne, (154 ny, 0.493

nmol ) yd S 2..4-di or 0 enzyl 2-
Cenl or 04T oL 1R BeliE (o O bR AR 8-y bt R S g "
t-butyl magnesiym, 43—Bih(§)ﬂto(5l9 4(me&yn&ralﬁzdﬂﬁﬂrammﬁ)metﬁtip((Smr(ﬁ@dpem[&cyup t he
crude product was purified by colunm chromatography on silica gel using
CH2C12/ MeOH (9%: ogypltoaalgﬂwéa%@?@owh%‘rl@w)a@htbﬁl%w&)yr(maaoaé%W@$f white
solid. [00519] 68%5&$§“ are the NWVR results anal yzing the synthesized
compound. 1H N 5 0D)6878(ddd J=1.8 Hz, J=1.4 Hz, J=1.6
Hz, 1H), 8.24 (m 1H), 7.94 (m 2H), 7.72 (s, 1FD,OC?H62 (m 1H), 7.25-7.5
(m 2H), 6.88 (m 2H), 5.93 (d, J=1.6 Hz, 1H), (M 2H), 4.56 (m 2H),
4.2-4.4 (m 2H), 36238(m ) 2.0(m1|—})‘ 8|-10(m9H)

31P NVR (80 Mz, CD30D)0— 5.8 0520 Exanl e 52 [00521] The
protide (2S)-neopent yC2- L42R, 3R SP(OZ amq - 6-Nret NOxy- 9H- puri n- 9-
HeC
° o CH,

[00328] Step 1: Synthesis of (25)-methyl 2-(6-(chloro(($5)-1-(neopentyloxy)-1-
oxopropan-2-ylamino)phosphoryloxy)naphthalen-2-yl)propanoate

C\‘ HN’ CI

%
ﬂ\/o
[00329]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates and tosylate salt of (5)-neopentyl 2-aminopropanoate (1.0 g,
2.8 mmol), (§)-methyl 2-(6-(dichlorophosphoryloxy) naphthalen-2-yl)propanoate
(990 mg, 2.8 mmol), TEA (0.8 mL, 5.6 mmol) and DCM (20 mL) were combined
to give 1.13 g of desired (25)-methyl 2-(6-(chloro(($)-1-(neopentyloxy)-1-



y1) - 3, 4-di hydr oxy- 4- net hyl t et r ahydr of ur an- 2-yl ) met hoxy) (qui nol i n- 6-

yl oxy) phosphor yl am no) - 3- net hyl but anoat e was synt hesi zed as fol |l ows: OCH3
../ LN WO 20100181082\ N- - - - kr NH2 OCH3 CH3 HN 0-"VO , , 'PCII/US2010/020632

> .,,,....,0CH3 r1L) UM [ 00522] Stepl 128ynthesis of (2S)- neopentyl

AT P el G R T TR T

Usi ng t he genegl%{lmg{}psg@lq;lre for synthesizing naphthyl (am no acid ester)
phophorochl ori dates "t he ‘tosylate salt of

S 1-

ol not (1G0E0f - EaeRRad: e LAY AL ?f%‘%aé;% Refisyheizedepmeatidoy (20 m)
nbi ned t t

e oot ned 1o g ey 800 e ol (80 SRR 2 0 g n

omound: TH MR (208 W Ve ‘*’76%“%%’3 o g o S”HZ““E? ""?%Hiu

co oun =

1H)rrp 8.13 (m 2H) >70‘?é(‘é Jaé2HJ,AH)z 6 Hz, 4.8 Hz, 1H), 7.56-7.62 (ddd, J =

1.2, 2.6, 9.2 Hz, 1H), 7.45 (dd, J = 4.0 H, 8.4 H, 1H), 4.0-4.2 (m 2H),
3.88 (d, 2H, J éPBTM&XSOMPEz CRCIDR9.11.87 1 m  15H) .

[00331] Step 2: Synthesis of the protide

[00332]  Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(250 mg, 0.801 mmol) in anhydrous THF (20 mL) was combined with (25)-
methyl 2-(6-(chloro(($)-1-(neopentyloxy)- 1-oxopropan-2-
ylamino)phosphoryloxy) naphthalen-2-yl)propanoate (1.13 g, 2.4 mmol) and N-
methylimidazole (0.32 mL, 4.0 mmol). After normal work-up the crude product
was purified by column chromatography on silica gel using CH,Cl,/MeOH (96:4)
to give 200 mg of protide in 33% yield.

[00333] The following are the NMR results analyzing the synthesized compound:

[00334] 'H NMR (200 MHz, CD;0D): 3 7.94 (d, J=1.2Hz, 1H), 7.83-7.6 (m, 4H), 7.4 (m,
2H), 5.96 (d, J=2.4Hz, 1H), 4.56 (m, 2H), 4.22 (m, 2H), 4.02 (d, J=3.0Hz, 3H),
3.94 (m, 1H), 3.8-3.62 (m, 6H), 1.53 (dd, J=2.4 Hz, J=3.0Hz, 3H), 1.33 (d,
J=7.4Hz, 3H), 0.95-0.8 (m,12H).

[00335] *'P NMR (80 MHz, CD;0D) § 5.23

[00336] Example 29

[00337] The protide (25)-methyl 2-(6-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yD)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(($)-1-oxo-1-
(tetrahydro-2H-pyran-4-yloxy)propan-2-ylamino)phosphoryloxy)naphthalen-2-

yl)propanoate was synthesized as follows:



31P NMR (80 MHz, CDC13) 6 10.74, 10.27 [00525] Step 2: Synthesis of the

protide [00526] Using the general procedure (Method A) for the synthesis of
- phosphwoaniodai®s of PCT/US2010/020632

2- am no- 6- met hoxy- 9- (2- G- net hy1- 13- D14 bof ur anosyl ) purine, the

nucl eosi de(150 ng, 0.48 mmol) in anhydrous THF (20 g;r) was conbi ned with

(2S) - neopent yl

2- (chl oro(qui nol i n-6-yl oxy) phos

mol ), N-nethyl imdazg-e{(0.

0.48 mmol ). After nopydl

chromat ogr aphy on sil1i cascgel ng C (94:6) to give 126 ng of

protide in 38%yield as an of f-wh p&PE] The followi ng are the

NVR resul ts anal y2| ng the synthesized coﬁp@‘l #lH NMR (200 MHz, CD30D) 6

7.75

8.76 (m 1H), 8.2 (m 1H), 7.9 J= 1.2 Hz, 1H), 7.62-7.68
(dd, J= 2.6, 9.2 Hz, 1H), 7.46)( 1H) 5.92 (s 1H), 4.6 (m 2H), 4.2 (m
2H), 4.01 (s, 3H), 3.74-3.82 (ddf J = 5.8 Hz, 5.2 Hz, 1H), 3.74-3.5 (m
3H), 2.100%38] 1B+ie,p 0. sﬁt&s&w«m ﬂl@lf%yIZ -(6- (chloro((S) 1- 0X0 -1-(tetrahydro-2H31P NVR
(80 MHz, CD30D): 12, 5.85 [00528] Exanp

2010/ 08 1082PCTPUS?ZE‘!:M(B‘ZQIB'BW&'@Q‘/IPWSQDPOSHb@rﬂP&Y)PHEh@@l rabpeenapoate
2-((((2R 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n- 9-

yl am no) - 3- nNput anoate (600 ngy, 1.44
- rUmI) éndhr/ﬂgthyl anmne (0.07 ni,

y1) - 3, 4- di hydr oxy- 4- met hyl t et r ahyf z -gl ) met hoxy) (qui nol i n- 8-

yI oxy) phosphor yI ani no) - 3- met h P as t hesi zed as fol |l ows:
......... : N 0"0l M S <o PP NNNH2 OCH3 \ JACH3 H V N

0"--0 S cH3 HOC]—I [00530] St er513c Synt e (2S) - neopent yl

2- (chl or o(qui nol i n- 8- yl oxy) phosphoryl am - 3het hyl but anoat e

O
0
[00339]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates and tosylate salt of (§) - 2-amino propionic acid tetrahydro
pyran-4-yloxy ester (892 mg, 2.6 mmol), 6-[(5)-1-methoxy carbonyl ethyl]
naphthalene-2-yl phosphorodichloridate (900 mg, 2.6 mmol), TEA (0.73 mL, 5.19

mmol) and DCM (20 mL) were combined to give 683 mg of desired
phosphorochloridate in 55% yield as a gummy syrup.

[00340] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) : & 7.85-7.7 (m, 4H), 7.52-7.44 (dd, J=1.8Hz,
1H), 7.36 (m, 1H), 5.02 (m, 1H), 4.22 (m, 1H), 4.0-3.8 (m, 3H), 3.67 (s, 3H),
3.55 (m, 2H), 1.91 (m, 2H), 1.8-1.5 (m, 9H).

*'P NMR (80 MHz, CDCls) 8 9.07, 8.72
[00341] Step 2: Synthesis of the protide

[00342]  Using the general procedure (Method B) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(200 mg, 0.64 mmol) in anhydrous THF (20 mL) was combined with (25)-methyl
2-(6-(chloro(($)-1-oxo-1-(tetrahydro-2H-pyran-4-yloxy)propan-2-
ylamino)phosphoryloxy)naphthalen-2-yl)propanoate (680 mg, 1.48 mmol) and #-

butyl magnesium chloride (1.6 mL, 1.6 mmol). After normal work-up the crude



[ 00531] Using the general procedure for synthesizing naphthyl (am no acid
ester) phophorochl oridates, the tosylate salt of neopentyl-2-

am no- 3- wohylonsi@roate (1.2 g, 3.4 nmol ), quinoline 8- PCOAIE2010/020632
phosphorodi chloridate (900 ng, 3.4 mt2d ), triethyl am ne (0 96 nL, 6.9

o)) and ol oh] o oret e (30 Tk eSS ONRLAR ob Q1 Y8 Zik KA P e

yl oxy) phosphor %ﬁt@%)ve%ﬁ%@ﬁﬁl’éhé@&ai%%ﬁ&& WS UGE sgid ectly to next
step. [00532] Step 27 Synthesis of the protide [00533] Using the gener al

pr OCed(L)[bgﬂnz‘?nggfdy zJéﬁ’%a %ﬁ%g@@ fE’OYfZS“ aﬁgg@ﬁ?%&%?]ﬁgﬂﬁ)g e nucl eosi de

ﬁéﬁgeﬂ?’w OZSECEF‘SF%%%W ﬁi%“%%?%b?z%af“ﬁi B8 i WA

(3.1 9) and N rretd}yl2H>n5d9z@lJe—3(6@izZ1Hy 4.85-28 HBH); 4Ab1ers @RI 4121 up
the crude product was purif by col umm chr omat ogr aphy on S|I|ca gel usi ng
CH2C12 / MeOH (96=3)%Hzo 3@1),\/é98 3np ofh. Phntd.8e. 67n(r13%1§] el &k Jad.ob¥4 Wi t e

solid. [00534] T L, | ts g SI zed
conpound: 1H NNRhS(e%g 3&/3!5“ Q%BJS%%)( gHg'\ﬁs; g%g %Ig)na}:ly@ﬂ 75{}%’—?12:9?
8.37- WD 2010/ 0§30B2ARCGHA/SAP10/ 020632 161 (s, 1|—|) 4.6 (m 2H), 4.2 (m
2H), 4.02-3.9 (m 4H), 3.86 (s, 1H, 3.7-3.67 (m 2H), 2.03 (m 1H),
1.0-0. 81 (m 18H)31PNMR580MHZ CD;0D): 5.26, 5.08 31P NWR (80 MHz, CD30D): 6
6.48. [00535] Exanpl e 54 [00536] Thé protide (2S)-neopentyl

2- ((((12{8@(13’34@4@5% feZAM no- 6- rret hoxy- 9H puri n- 9-

droxy -nmet hyl t et rahydr of ur an- 2- yl ) met hoxy) ( 2- net hyl napht hal en-
%ﬁxg?@@? horl BIEIOY - TN ULRAA3L & MRS KNNBEMARY. A gl Oy OO
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-

yloxy)phosphorylamino)propanoate was synthesized as follows

N
N
N
% f

[00346] Step 1: Synthesis of (25)-2,4-difluorobenzyl 2-(chloro(quinolin-5-

yloxy)phosphorylamino)propanoate

0, Cl
Sp! CH3

o HN
AN/ F
[00347]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates, the tosylate salt of (5) - 2-amino propionic acid 2,4-difluoro
benzyl ester (1.4 g, 3.45 mmol), quinoline 5-yloxy phosphorodichloridate (904
mg, 3.45 mmol), TEA (0.96 mL, 6.9 mmol) and DCM (40 mL) were combined to
give 400 mg of desired phosphorochloridate in 25% yield as pale yellow thick

syrup.



-.(:)cH3 HOOH [00537] Stepl: Synthesis of (2S)-neopentyl

2- (chl or o( 2- met hyl napht hal en- 1yl oxy) phosphor yl am no) - 3- net hyl but anoat e

[ 00538] UsoOngiodseosgener al procedure for synthesizi ng naphtlygkoipaniesn aci d
ester) phophorochl ori dat es the tosyllade salt (S) neopentyl

2-amn th noate (68 89 napht hal en-1| -yl oxy
phosphﬁpmm ﬁlﬂ? o Hegs%fg gwgf?r%u%@a%w r)g) the PYIgﬁfFﬂffédéﬁi“ﬁeu? .528 ni,
3.79 mmol ) and dichl or onet hane re conbined to give desired

product, which wasl Vo8 (&G Mz, ﬁ@ﬁlsi kfé%@e&it Js4.@Hz. idpsn]d. s i b ng

are the NWR resul h ]
CD30D): 6 10. 48, %%8@{1?10%&[8]91@{9 SSry@t('gynt ?géll 2%@%%@ % %%ﬁ[%(ggﬂqt
Usi ng t he gener almprtcedune 1H)r4.8 e, shnties4SmoBHD. - phosphoram' dat es of
2- am no6- net hoxy- 9- (2- G- et hy1- 13- D-ri bof uranosyl ) puri ne, the nucl eosi de

(393 ng, 1.26 mofp NMR SyHACHAHR €80 gd) was conbined with

(2S) - neopentyl 2- WD 2010/ 081082PCT/ US2010/ 020632 162 (chloro

(2- met hyl napht hal en- 1- yl oxy) pho sphoryl am no) - 3- net hyl but ano ate (805.9
my, 1.89 mmol) and N-nmethyl imdazole (415.21 ng 5.05 nmol ). After nornal
wor k- udO0¥¥]cr Step Br Brntbesinekthewrptided by col unm chronat ography on silica
gel using CH2C12/ MeOH (98:2) to give 450 ng of protide in 51%vyield as an
of f - whi[0e3¥1I i Ysingolbgairal peoctdint dMietpddd)dot the siResiesiUl tphosphatapzidaigs t he

. 1h. 780 Dor g CTnaRgy €050 T Emy Tyt ngipbihs ey o C ©

1H), 4 15 (m 2H5mé. (pésmﬁrﬁ)l) BHhhydo8s TAF32Y n{Lmv%H)com%lrﬁa wifA (2 i'-')ZA 2.0 (m
1H), 0.98 to 0.7 (m 18H). 1PN

CD30D): 6 6.8, d@lqub@@zssd@}(c@@mfﬁméol%S[WAmosmybmcﬁ)ﬁ@pelz@}e éﬁ@am@gwt yl

2(((((2R3R4 Ll

yl) -3, 4-di hydrgﬁ)z@%}l&rgt]é%ﬁ%i/lqﬁ)él@yl %%g uran 35(?? 8)8(1?1{1019,[A ?th yl napht ha

| enl- yI oxy) phosphei wOﬂﬂupﬂ)e&udmplb&ﬁdnwaa@aﬁﬁed wr:»:olamtdhec&nﬂeglraplsy ol | ows:

OCH3 N...... )N O, //0 "N NH2 )O HN, 0"--\(0 0OC C H3H3 \
silica gel using 'DCM/MeOH (95: 5) to give 72 mg of protide in 25% yield as an of

white solid.
[00351] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;OD): & 8.87-8.79 (dd dd, J=1.6Hz, J=1.8Hz, 1H),
8.63-8.5 (m, 1H), 7.92 (s, 1H), 7.81 (m, 1H), 7.7-7.2 (m, 4H), 6.8 (m, 2H),
5.95 (d, J=2.2Hz, 1H), 5.0 (m, 2H), 4.6 (m, 2H), 4.4-4.0 (m, 6H), 1.3 (dddd,
J=1.0Hz, J=1.4Hz, J=1.2Hz, 3H), 0.95 (d, J=5.6Hz, 3H).

3P NMR (80 MHz, CD;0D): § 5.43, 5.16

[00352] Example 31

[00353] The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-

yloxy)phosphorylamino)propanoate was synthesized as follows:



-0CH3 ElI(:'-tH [00545] Stepl: Synthesis of (2S)-neopentyl
2-((3-tert-butyl napht hal en- 1-

yl oxy) chiwoaptoespiser yl am no) - 3- et hyl but anoate CH3 o \ PCT/USR@S5AB]632)si ng
t he general procedure for synthesizing’ naphthyl (am no acid ester)
phophorochl ori dates, the tosylate salt of (S)-neopentyl 2-am no-3-

nmet hyl but anoate (552 ny, 1. , 3-tert-hytyl naphthal en-1-yl oxy
phosphor odi chl ori date (486 , nmol ) tr etahyl amne (0.43 nL, 3.08
mmol ) WO 2010/ 081082PCT/ US2010/ P20632 1 l\dl chl oronmet hane (20 nmL) were
conbined to give desired phospho@oghl or| al e yell ow thick syrup,

10.31. [00548] Step 2: Synt de [00549] Using the general
procedure for the synthesi -ph@@ho@m dat es of
2- am no6- net hoxy-9-(2- G -13 D-ri bof uranosyl ) puri ne, the nucl eoside
Egg? 2380%;‘? 7 Brapl1: symtl?éaﬁmr(msnew&n(yw (BhibrovgaireNnts-prRdy) th

pentyl
2- ((3-t ert but yphesphondpevind)pyopsngnteh| or ophosphor yl ani no) - 3- et hyl but anoat e
(719 ng, 1.54 mmol) and N-nethyl im dazole (0.35 nL, 3.85 nmol). After
nor mal work-up the crude product W@s Aur le ed by col um chromat ography on
silica gel using CH2C12/ MeOH #9973 vé 388 ng of protide in 68%yield
as an off-white solid. [00550 e foIIo Rg are the NMR results anal yzing
t he synt heS| zed conpound: 1HGNWVR) (200 ) . 68. 06 (m 1H), 7.96 (d,
J=2. 6Hz, 789(31,7\ m 1H), 7.62 m 2H), 7.4 (m 2H), 5.98

E(rjn %FDQ[OS% ( Sf“%ﬁb‘e g%‘nl?iplf_g&edlfﬁg rzﬁ%?%eggb“g nﬁ%gyl((dm“ho %l%ﬁli_‘g )33 527356

0.86-0.81 (m %ﬁ@horochlorldates the tosylate salt of (S) - 2-amind}ro (8@ A\vbiz, CD30D) 6
6.12, 6 02. @A 1Exarrpl e 56 06552] The protide (2S) neopent
X

2-(( ( ((2R, 3R 4|;1a)m preqyil q@etﬁ;(lr%&g@ﬁynrgp;l,) pmimqimgj yloxy phosphorodchIOrldate
y1) -3, 4-di hydr t r I VI3, 7-di tyl nap
ht hal en- 1- vyl ox%%ho%’m’he%nr%:l aﬁzno) X% rre’ﬁl%lﬂbo%[ %’{1%]5@%%6 &ﬁbw?rﬁé:g{nze d%l

fol | ows: give 450 mg of desired phosphorochloridate in 36% yield as pale yellow thick 011.

whi ch was used directly in the g [Od\$47F‘ HThe fol | owing are the NWR
results analyzing the synthesiz g 31P NMR (80 MHz, CD30D): M. 83,

[00356]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCL): & 8.94 (m,1H), 8.6-8.45 (m, 1H), 8.0-7.9 (m,
1H), 7.62 (m, 2H), 7.45 (m, 1H), 4.12 (m, 1H), 3.7 (m, 3H), 1.4 (dd, J= 6.8Hz,
J=7.0Hz, 3H), 0.91 (d, J=2.6Hz, 9H).

3P NMR (80 MHz, CDCl5) 8 9.29

[00357] Step 2: Synthesis of the protide:

[00358]  Using the general procedure (Method B) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the
nucleoside(100 mg, 0.32 mmol) in anhydrous THF (25 mL) was combined with
(25)-neopentyl 2-(chloro(quinolin-5-yloxy)-phosphorylamino)propanoate (400
mg, 0.96 mmol) and #-butyl magnesium chloride (0.96 mL, 0.96 mmol). After
normal work-up the crude product was purified by column chromatography on

silica gel using DCM/MeOH (95:5) to give 40 mg of protide in 20% yield.

[00359]  The following are the NMR results analyzing the synthesized compound:



o, ,,0 HN O OCH3 >0 CH3 nu OCH3 N-..... JN T N----NNH2 WO

2010/ 081082PCT/ US2010/ 020632 164 [00553] Stepl: Synthesis of (2S)-neopentyl
2- (chl or oy8,2610dis1dser t - but yl napht hal en- 1yl oxy) phosphor yl aoirnuspei8/oaesshy| but an
oate [ 00554] Using the general pra2edure for synthesizing naphthyl

heopent y1- 2- am nbt SMMReCHD! Bt ot sbo ot oY GeSambr oty st 1=
7-di-tert-butyl nophy h@i)egmbxyésoeﬁy mommaqdiocgiﬁzom@amg]rESﬂHmazlﬁﬁ

mrol ), triethylam ne ( d di chl or'onet hane (20 n) were
conbi ned to give (deé%H)eﬁi%IQdLSI}aﬂcﬁHzcﬂth Giéfra, 2H),gal eny ), awt-B b din, $¥b.up,

Brc the VR T esult Lo AnAS ?ﬁ@‘k%&’@ﬁ%&éﬁ%@ EahotteP 518t fachne,

CD30D): M. 71, 1084, ﬁQp@ﬁ@Jgfﬁt ep 2: Synthesis of the protide [00557]
Usi ng the general procedure (Method A) for the synthesis of nucl eoside 5'-

3P NMR (80 MHz, CD;0D): 8 5.5, 5.2

[00360] Example 32

[00361] The protide (25)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-
methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-

yl)methoxy)(quinolin-5-yloxy)phosphorylamino)propanoate was synthesized as

follows:
N
- OCH,
NS XN
4

o, 0 ¢ |

= N N/)\NHZ
0 ch.  \sCHs

[00362]  Step 1: Synthesis of (25)-tetrahydro-2H-pyran-4-yl 2-(chloro(quinolin-5-

yloxy)phosphorylamino)propanoate

o\ -
) CHa
o

[00363]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates, the tosylate salt of (5) - 2-amino propionic acid 4-yloxy
tetahydropyran ester (1.18 g, 3.4 mmol), quinoline 5-yloxy phosphorodichloridate
(900 mg, 3.4 mmol), TEA (0.95 mL, 6.87 mmol) and DCM (40 mL) were
combined to give 350 mg of desired phosphorochloridate in 26% yield as pale
yellow thick syrup.

[00364] The following are the NMR results analyzing the synthesized compound:



phosphoram dat es, (3R 4R, 5R)-2-(2-am no-6-net hoxy-9H purin-9-y1l)-5-

(hydr oxynet hyl ) - 3- et hyl t et rahydrof uran-3, 4-diol (243 ng, 0.78 mmol) in
anhydr ouswOHB1(@sal) was conbi ned with (2S)-neopentyl PCT/US2010/020632
2-(chloro(3, 7-di -tertbutyl napht hal en-129 yl oxy) phosphor yl am no) 3- et hyl but an

o mal wor koup 1 el OB Slie ERBD o § T Ed 8y B Bt 2 osc it Ay on

silica gel usi ng CHRCIZYKEOHKRT- M7 b eudhite 0, ob ALY LIor: 50 o d

as off-white solid [00558] The follow ng are't results anal yzing the
synt hesi zed conpdmtil), #7 MVRH)260 (M2 H)CB3ADB). :2H), 8.5030, (3H), 119) (m, 215 1(7Tm

1H), 7.89 (s, 1H 4 w 1 1(3 Aﬁ? 5.96 (d, J=2.2Hz, 1H),
4.57 (m 2H). é@%ﬁ‘z ddf%é“%ﬁé %‘g‘g]335 (m 3H), 2.0 (m 1H),
1.37 (m 18H), 0.,97-0.7 . /081082PCT/ US2010/ 020632 165 31P
NVR (80 Mz, cp30D) N R%R S@EHZ@&%QWX& 397- %xarrpl e 57 [00560] The

(2R) - neopentyl 2-44( 2R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) - 3, 4-

di hydr oxy- 4- net hyl t et rahydr of ur an- 2- yl ) met hoxy) ( napht hal en- | yl oxy) phosphory

Isflgnpn(i)[@?y%?ngggg) ﬁlﬂﬁg&%hﬁlﬁ%% %Lng%hz ?1131: g\r/]vsl SI) oxy) pﬁl;gpggroyl aOr_ln LS)OSG? I
i noddy s . SR e oRrar e EstiE RIS BoE Sy BhusH™ BRS BpRERED T

2- anm nopr opanoaf 2-afdn@-metiapdyt hrad-enaethylyp-ophivsiphaoodjpaliherthdaidedszie36 g) ,
TEA (2.52 nlL) and DCM were conbined to gl ve (2R)-neo entyl

2- (chl or of naphﬁlﬁ’élfﬁ&ol %ﬁglfﬁﬁ%@ﬁ%ﬁkwa‘%hl%%op% &ﬁéa@r@blaéd ¥igqyiolisg| e

yell ow thick o her
a1 cati on. TORSa R EFRERIAY sl BT RERBHaOIRE, 0853 e

synt hesi zed conmoainghd tbutyl magnesium chloride (0.851 mL QP MuRI1Y. 20Rr Mbinal CDC13) 6
8.18, 7.88 [0056 Step 2; Synthesis o rot| de 0565 in ner al

b ocedur o ( Mot RO TGy sl ons ndlist b Lt SR SBRGT BRbED Shca T

(3R 4R 5R) - 2-( 8s1a§fD@%)fMé@1t1@3<5) At o) ng%ﬂpil&ldé if @yﬁrﬁﬁﬂq@bf}y\]&/ﬂﬂ@sohd

met hyl t etrahydrofuran-3,4-diol, to a solution of of nucleoside in 5

En(;hf)](c)r-(l)_ aéhﬁth Pgelﬁ)q ‘. é%xy%@&%%ﬁsy ?‘?/Z%%r opa og"{%ze?%%p%@psﬂt ¥aF223
ehr ot ¢ 081082PCT prep giratl Ve’ ﬁh@wtgigﬁg%?dﬁm kPgH sj l IL&?Z qﬁ)o%?al ned

chr omat ogr aphy an plre proti de

(11%vyield). HPLG$RE PH), 6104 Q8I200M%, an)COI%T(& (mVd), &I74PU4B thi 3BKRS.%, C18,
150x4. 6 mm nethod: |inear gradi ent of I\/EOH 10% to 100 in H0 in 30
mn). [00566] Thedfkid Ul dEDed &4 hemniR, flé‘s‘b {80 aHa4/%4 {%th%HéyﬁﬁhésSi zed

conpound: (m, 2H), 3.2 (m, 2H), 1.8 (m, 2H), 1.5 (m, 2H), 1.35-1.28 (dddd, J=1.2Hz,
J=1.4Hz, j=0.8Hz, J=1.0Hz, 3H), 0.95 (d, J=3.2Hz, 3H).

3P NMR (80 MHz, CD;0D): § 5.46, 5.19
[00368] Example 33

[00369] The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-

yloxy)phosphorylamino)propanoate was synthesized as follows:

OCH3

Do



1H NVR (500 MHz, CD30D) 6 8.21-8.15 (m 1H), 8.01 and 7.98 (2s, 1H),
7.91-7.85 (m 1H), 7.71 and 7.69 (2d, J= 8.0, 1H), 7.56-7.46 (m 3H), 7.42
and 7. 39 wotoiaks1@20, 1H), 6.00 and 5.98 (2s, 1H), 4.67P¢TAB2¢1070205BD ,
4.41-4.20 (m 2H), 4.09-4.00 (m 4H) 138.81, 3.79, 3.68, 3.66 (2 x AB, JAB=
10.5, 2 1.32 and 27 (2d = 7.2, 3H),.1,00 and 0.99 (2s, 3H), 0.88 and
0. 86 (2{5?)375%) %t«?@ N@kﬂ%’&’ew%‘@Eﬁ%}lugz“l*?&?b’xmoiwrg ming)- 31 C GNP
= 5.1), 162.64 r(%ﬁgmgt%’ 161. 95, 161.93, 154.49, 154.48, 148.00, 147.95
(d,2Jc-0-t, = g ), 139.46, 139.05, 136.31, 136.28, 129.17, 128.83, 127.91
and 127.84 (2d, 3Jc-c-o-t, = 6.3), .77, 127.54, 127.46, 126.50, 125.99,
125.94, 122.83, 122.70, 116.28, 016011, 116.08, 93.39, 93.20, 82.32
and 82.10 (2d, 3Jc c o P - 8.3X —97 .90, 75.38, 74.77, 74.54, 67.82
and 67.38 (2d, 2Jc-o0-P = 5.0), 5429, 54N27C' 51,78, 51.67, 32.24, 26.609,

26. 66, 20.70 and 20.43 (2d, 3JC C—I\I—Fﬁ)ﬁ)\%% 20. 31, 20.29

31P NMR (202 MHz, CD30D) 6 4. 48, 9 [l005 Exanpl e 58 [00568] The
(2S) - benzyl 2-442R, 3R, 4R) - 5- ( 2- ami-no~8-Tet hoxy- 9H puri n-9-y1)- 3, 4-

di hydr me I - g g xy) phosphory
P i R A G R SR S L et
0" 01 1D/ 1\ J- - Npkbphorochloridates, the tosylate salt of (5)-2-amino propionic acid 2, 2-dimethyl

propyl ester (870 mg, 2.6 mmol), quinoline 6-yloxy phosphorodichloridate (698
mg, 2.6 mmol), TEA (0.73 mL, 5.2 mmol) and DCM (20 mL) were combined to
give 250 mg of desired phosphorochloridate in 24% yield as pale yellow thick oil

[00372]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCls): & 8.92 (d, J=3.2 Hz, 1H), 8.2 (d, J=8.8Hz, 2H),
7.82 (dd, J=3.0Hz, J=2.4Hz, 1H), 7.6 (m, 1H), 7.51-7.45 (dd, J=4.0Hz,
J=4.0Hz, 1H), 4.5 (m, 1H), 4.3 (m, 1H), 3.9 (m, 2H), 1.56 (dd, J=3.2Hz,
J=3.2Hz, 3H), 0.96 (d, J=2.6Hz, 9H).

*'P NMR (80 MHz, CDCls) 3 9.26, 8.92
[00373] Step 2: Synthesis of the protide:

[00374]  Using the general procedure (Method B) for the Synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(100 mg, 0.32 mmol) in anhydrous THF (25 mL) was combined with (25)-
neopentyl 2-(chloro(quinolin-6-yloxy)phosphorylamino)-propanoate (250 mg,
0.64 mmol) and #-butyl magnesium chloride (0.64 mL, 0.64 mmol). After normal
work-up the crude product was purified by column chromatography on silica gel

using CH>Cl,/MeOH (95:5) to give 72 mg of protide in 34% yield.
[00375] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8.75-8.8 (dt, J=1.8Hz, J=4.4Hz, 1H), 8.23 (m,
1H), 8.0 (m, 1H), 7.93 (d, J=2.2Hz, 1H), 7.79 (m, 1H), 7.7-7.64 (m, 1H), 7.44-
7.54 (dddd, J=2.6Hz, J=4.4Hz, 1H), 5.95 (d, J=1.4Hz, 1H), 4.62-4.53 (m, 2H),
4.34-4.2 (m, 2H), 4.03 9d, J=2.2Hz, 3H), 3.79-3.55 (m, 3H), 1.4-1.32 (dddd,
J=0.8Hz, J=1.0Hz, 3H), 0.95 (d, J=13.2Hz, 3H), 0.86 (d, J=6.6Hz, 9H).



CH3 ............ HH Y cH3 WO 2010/ 081082PCT/ US2010/ 020632 167 [00570]
Usi ng the general procedure for synthesizing naphthyl (am no acid ester)
phosphor owbl2oromdaises t he tosyl ate salt of (2S)-benzyl PCT/US2010/020632
2-(ch|oro(naphtha|en 1- yl oxy) phosphdsyl am no) - 4- (et hyl t hi 0) but anoat e

(2.00 g, 4.70 mm) apht - orodichloridate (1.23 g, 4.70
nol ) and TEA (1 glNP@ng]anﬁQ@%wg%@gnm ned in 30 nL of dry DCMto

gi ve (2S)-benz

(chl or dp 'ﬁﬂthéW@ka%¥4oxy)phosphorylanlno) 4- (et hyl t hi o) butanoate in 74%
yield (1.67 g), as a clear, yellow, thick oil. [00571] The follow ng are

t he NVROPERIUI t $heapeatige Kftﬂg-tcth‘rsélyépqawemaze@ybbﬁﬁ&mw 4R SM&Rn(ia@ﬁ MHz, CDC13)

68.13-8.08( H ; napht,) 490:- 7 88 7.75 (d, J =
9.00 Hz, Pi‘??" “/‘Q%?'Yl)';“'éphy(dﬁ?xys ekﬁylteﬁé y({jé%ap%t 7.44 (t, J =
8.20 Hz, 1H F@})ﬂlaﬁhbk})(qlﬁncaﬁr @- %kyﬁpﬁosﬁldryﬁﬂﬂno)ﬁmgéqoaﬁa wWas S(yﬁ&,es&&Bas 8. 50
Hz, 2H, CH2 ester), 4.75-4.69 (m 1H, , 4.48 - 4.41 (m 1H, CHa), 2.62 -
2.52 (m 2H, Cfglogs: 2 18- 196(m 2H CH-CHZ Met), 2.03, 2.01 (2 x s, 3H,
CH3 Met). 31P NMR (202 MHz, CDC13) 6 8.72, 8.63
[ 00572] Step 2: Synthesis of protide [00573] @'?‘ng t he general procedure
(Method B) for the synthesis_of nucl eosidenk’ osphoram dates, to a

sol ution of ¢ |

(3R, 4R, 5R) - 2- ( 2- ani no- 6- gl),ll‘l no- -’@)“(\Inmgr oxynet hyl ) - 3- net hyl t et
rahydrofuran-3, 4-diol, 2 OHB'O in5 n of THF was added
tert-BuMgCl 1.61 nlL (1. 61 Mo ol | owed Hg2S) - benzyl

2- (chl or o( napht hal en- 1-yl oxy) phosp | am Bo%l- 4- (et hyl t hi 0) but anoate 742

mg (1.60 nmmol) in 5 L of Bf t er kup’and silica gel col um
chromat ography, 246 ng of purg protide was obtained in a 42%yield, as an
off-white solid. [00574] ollowing are the NMR results anal yzing the

A R B A R T i N

.1= 8.00 Hz, lkloxmhbalﬂiﬁr)ylanﬁnaﬁ)roﬁalﬂﬁltém 5H, Ph), 6.00, 5.99 (2 x s, 1H,
HO, 5.08 - 4.95 (m 2H, CH2 ester), 4.66 - 4.58 (m 2H, H5,), 4.35, 4.29 (2
x d, .1= 9.0 Hz, 1H H3,), 4.26 - 4423 (m 1H H4,), 4.18 - 4.13 (m 1H Ha
Met), 4.03, 4.02 (2 x s, 3H, 60- ¢ 95,02.24 (2 xt, J =7.50 Hz, 2H,

CH2-S), 1.98- 1.77 (m 5H, CHCHA Met—dnd €MN3, Met) 0.98, 0.96 (2 x s, 3H,
2'-CH3). 13C NWR (126 Mz, CD30D) 6 174.41 d, 3Jc-c-Np = 3.8 Hz, C=0
ester), 173.89 (d, 3JCC NP = 3.8 Hz; ester), 162.72 (CB), 161.85

(CH8), 137.08, 137.06 (ipso Ph), 136.P8, 136.25 (napht-C10), 129.53,

129. 36, 129.31, 128.85, 128.83 ( Ph) 127 89 (d,3fc c 0 P = 3.8 Hz,
naph- 09%) 127.80. (d,3fc ¢ 0 P = % 127.54, 127.52, 126.52,
126. 03,1 9%719]97U511122h€88‘3ne¥1ai?m@}Qd‘(rRlé‘fﬂfynﬂiﬁ§lﬂn$P€P thgl (aming aeid eger) 33¢ ¢ 0 P =

(5) | 03 35, ol PGty B tyfakGal o (& & WinogmgBRtheig’) > &2 1510

3./c ¢ 0 P = Stefrahiglrof4h-4-yIexyoSter TS8R 082 JnmdlA q@ﬂn,ohﬁd66/$ox(yc3 ), 68.17

(55 es0ah) T Salesphonegichloriafe i 8. £ mgmila gt 076 GLs S hinof) 4o g = >°

6.25 Hz, Cl 3Meido mBfwer dothbirkd fo Gv&BOTmE 07 dEGredChIMREARy B2 Apyraflahd (CH2S
Met), 20. 36(2ECCIH3|3W 13,15, %V mée red @ 9Metrkhydi 2 Fpyral4 4
2- (chloro(qumohn 6- yloxy)phosphorylammo)propanoate in 29% yield as pale

(C2), 154.56, 154.51 (C4), 148. 02@1;;\1%(94 (i pso Naph), 139.34, 139.09

yellow thick oil.
[00380] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl5) : § 8.96 (d, J=3.2Hz, 1H), 8.31 (m, 2H), 7.88-
7.84 (dd, J=2.6Hz, J=2.4Hz, 1H), 7.64 (m, 1H), 7.55 (dd, J=4.0Hz, J=4,4Hz,
1H), 5.0 (m, 1H), 4.6-4.1 (m, 2H), 3.9 (m, 2H), 3.5 (m, 2H), 1.9 (m, 2H), 1.7
(m, 2H), 1.59 (dd, J=2.8Hz, J=2.6Hz, 3H).



31P NWR (202 MHz, CD30D) 6 4.54, 4.42 [00575] Exanple 59 [00576] The (29S)-
((S)-1-phenylethyl) 2-(4(2R 3R, 4R)-5-(2-am no-6-net hoxy-9H puri n-9-

y1) - 3, 4- dvbydromsyesd- et hyl t et r ahydr of ur an- 2-yl ) met hoxy) eoajistéalozoss? yl oxy)p
hosphor yl am no) - 4- (net hyl t hi o) but anod82 was synthesized as follows: 0, ,,0

WO 2010/ 081082PCT U 02063 771 Sep 1:
(29)-((5): 1- pheﬁ}f ﬁﬁ@%%oﬁ%ﬁ epdtd § 90 67ds Step

-(chloro napht hal en- |yl oxy) phosphor yl am no) - 4- (et hyl t hi o) but anoat e
[00578][0 g BkP Syathasisgf thepratidet or  synt hesi zi ng” napht hyl (ami noaci d
ester) phophorochloridates the tosylate salt of (S)-((S)-1-phenylethyl)
2- ami nd04382(] rreUh'gnlgtthﬁ gonetal arnsadee (Meti@)dgﬁ) far the symtbesis ofaphosphbemadatesy 1

hosphor odi chl dat d TEA ol

0o of i v Dot Sifost ductirdaa(s-§ g PR SRS o Sind g Rysdip o) 11
(chl or o( napht hal2enmg,(y3mmopiasphadryh ATHAQS AR Wed dyrhiikdDyhuiagoat e in 74%
yield (1.67 g), as a clear, yellow, thick oil. [00579] The follow ng are
the NMR resul tsetrahmryz%gymﬁél ¥yPnichlosp(gamoliBepd R PhasPhMVRITISE0D Mz, CDCL3)

- napht ), 7. e a2 igtage o i BRRdepelpflendordl 0 076 g

H2- napht), 7 4tymal). 4G tefr Aodndl,walke-uP.tBOcriide pﬂ)Hluctl'{a’asr}ﬁlDllﬁlEd byZokﬂaﬁ&n? 31 (m 5H,
Ph), 6.00, 5.97 (2 X q CH est 4.47 (m AH, NH),
4.47 - 4.40 (nfh rfmaw@ra&lyowﬁgagegz%% P%M/wo%zéﬁ) %})to gzvq%? mg OgBm(“ﬁlF 5H,
G2 and CH3 Meiy)zped {%‘i*das]mﬁ&f(m%leé shig J= 7.50 Hz, 3H, CH3 ester).

31P NMR (202 MHz, CDC13) 64, 8.59 [00580] Step 2: Synthesis of protide

[00581] 8@3@% Eﬂ?f&ﬁ@&ﬁg‘&m%é’ﬁﬁﬂ?Ee%uﬂ\@{aﬂ%lgﬁ}le EHind RV ARBER:S ©f

5'-pho

ot hyl £ ot 1 ahydr of b SIS CRhVG12 e 1T Arbant a5y S YorRos thibis 24or
nucl eoside in 5 iy qfyTkibe W@ﬁ(c@ddeﬁlzt{%ri =Py Gl 70% @l jLilshl IFPP|7)78
foll owed by (2S)-((S)-1-phenyl et hyl)

hyl
2- (chl or o( napht hdimedHyT.64y) Bhos plibr ¥iSam, idd)s .96 et Jr2lGHvi, dfhud 8rioatl€).768 ng
(1.60 mol) in 5 f . Afte Kk a si Lica I u
chr omat ogr aphy, f%g ?@ %ﬁfp{.‘féap%%e%\%ép 6?!31%%1%3]% 36’;2&7“%”&1@%8 3675 an
of f-white solid. m\H30L93080082BCTRYROME/ 08A6BE, LD, | 8Qa&%], ;Thent ald ow ng
are the NMR results anal yzi ng the synthesi zed conpound: 1H NVR (500 Mz,
CD30D) 6 8.22- 8.1GHZ.dAF08Hz, $d). A5HE) J=17.49t, OH)96 (2 x s, 1H, H8) 7.86 -
7.82 (m 1H Hs-napht), 7.67, 7.65 (2 x d, J= 8.5 Hz, 1H H4-napht), 7.55 -
7.46 (m 3H H7, “HENMR{(SfabHis CDROBY; 57835042 x t, J= 8.0 Hz, 1H,
H3- napht), 7.29- 7.26 (m 5H, Phe), 6.03, 6.01 (2 x s, 1H, HO 5.77, 5.69
2 X q,[003845.0ElvhmpEI:?5ester), 4.68 - 4.54 (m 2H, H5,), 4.35, 4.31 (2 x d,
= 9.0 Hz, 1H H3,), 4.28 -4.23 (m 1H H4,), 4.16- 4.12 (m 1H Hcc Met),
4, 400852 Xhe prodide (£H- n@biae)mylzz, @B2R2RMR)(3M 2-diino@-Erefox y-D.HBurid- 986,
0- 172(2xm 2H, CHCI 32 Met), 1.82, 1.81 (2 x s, 3H, S ), 1.40,
9 (2 x d, J¥)5.Hdlydrogp4-mpdyberanyofgand- 0.97 (2 x s, 3H, 2'-CH3). 13C

NUR (126 Mz, CPRORY 6 383k s ool em%yn@?g%%%s%wm o

154.54 (C4), 147.98, 147.95 (2 f;d 2.k 0 p = 6.3 Hz, ipso Naph), 139.42,

(
J
4.0
1.8
1.3

139. 12 (CHB), 137.68 (ipso Ph) | 136.29, 136. 25CHnapht - CL0), 129.68, 129.57,
129.55, 129.08, 128.88, 128. 86, ph, Ph) 7.89 (d, 3./ccop = 3.8 H,
naph- C9), 127.79 (d,3./c c o p gHz na h-%)

NNNH2

P
HN" YO O
Oﬁ)\ CH3

[00386] Stepl: Synthesis of (25)-neopentyl 2-(chloro(phenoxy)phosphorylamino)

propanoate



127.55, 127.53, 127.25, 126.53, 126.00, 122.86, 122.83 (Naph, Ph), 116. 27,
116. 25 (C2-Naph), 115.67, 115.62 (C5), 93.37, 93.17 (d'), 82.36 (d, 3./c c
0 P = 7. 5vbzp10081982 82.15 (d, 3./c ¢c O P = 8.8 Hz, C4') pC3ASeao/07@394
(C2'"), 75.03, 74.96 (C3'), 74.92, 7413 (CH ester), 68.26, 67.66 (2 x d,
2k-o_p = 6.25 Hz, C5'), 55. 20 55. 8)2 CaNEt) 55.02, 54.32 (60CH3), 34.34,
34.17 (2 x d, 3/ch—p I\/e¢:|)13 30.65, 30.61 (CH2S Met), 22.47,
22.41 (CH3 ester) 20.40, 20 15 13, 15.11 (CH3 Met).

31P NWR (202 MHz, CD30D) 6 4. 4. 44 [ 09583] anpl e 60 [00584] The

(2S) - neopentyl 2. 4(42R, 3R, 4R) - 5- ( 2- ani nd. 6¥re<§«xmy-9w purin-9-y1)-3, 4-

di hydr oxy- 4- net hyl t et rahydr of uran- 2- yl ) met hoxy) ( napht hal en- 1yl oxy) phosphory
| am no)

SRR S S R R A GG L S

2- ( chl or o( naphphaihermchloyidatey,)thd s platr splt anfri Heeodentyird tunydopihpahdaie Ehddg.e

[ 00586] Using eneral procedure far . n izin apht hyl m noaci
ester) phophoré@ﬁ r‘g?"&g’df%\?gﬁtpg@ ql%%l%t@%n‘i%ﬁ’ J‘g(fmis)@ HEBﬁEﬂF%d &ﬁérﬁlﬁ

(et hyl t hi o) butangale rﬁrﬁo Qvega c&n&ﬁedﬁﬁ%@er@)@B D@Mn?helpﬁbauct (2S) _
phosphor odi chl oridate ( g, 5.11 mmol) and TEA (1 nm., 10.22 mml) in
30 mL of dry DaMpewet - (ddﬂm(moxﬁplg@wbommm le wpas obtalned as a

(chl oro(napht hal en oryI am no) - 4- (rret hyl t hi 0) but anoate in 41%
yield (0.92 %e%r théc%?lggﬁp§ ow, thick oil. [00587] The follow ng are

the N th d 500 MHz, CDCl3) 6

8. 15 W@@f@f i“haﬁ?ﬂ(%gsq%lysﬁle ﬂ#gﬁwﬁ%ﬁ) gﬂﬂg tbp Sypshepad CP@PH‘&%U e,
J= 8.85, 1H Hd-n l(aD H6, H2-napht) 743 (i, J=
500 o 1h io- NEORMR dobn Bty Siigd Hoaam su, phex o Vi) IHs 93,

5805 8 SRS R IR RS B S o
ester). 2H, CH, ester), 1.56, 1.5 MMR: § 3022, M CHCDSIE3) 0.68,8). 92(2 8574
[ 00588] Step 2: %éft@es of ﬁroti de [00589] Using the general procedure
(Method B) for t f 5'-phosphoram dat es of
(3R, 4R, 5R) - 2- ( 2- am no- 6- et hoxy 9H- puri n- 99/1 -5- (hydr oxynet hyl ) - 3-
met hyl t et r ahydr of u? AR (A2ME\Z CPE1R 0%¥ut’i B of 250 my (0.803 nmol) of WO
2010/ 031082!;’CT{SnléSr2ﬁo_ls(c;/ ?égG?ﬂZﬁﬁn qll;ld eoside in 5 nL of THF, was added
t ert - BUNDESP] 1. Bteprd: Syntlesis ¢ pratisiel oned by (28)-neopenty|
2- (chl or o( napht hal en- 1-yl oxy) phosphoryl am no) - 4- (net hyl t hi o) but anoate 713
nﬁ (1. GQOML) UismgBhargenefal precd At farthewyrikhgsisarfdusiebsidas gplhOSthbralm{r%ates,
chr omat ogr ap y 21 0 7% vyield, as an
of f-white soli (ﬁ%‘%bﬁ&%ﬁé Qoté ?fﬁm\gaémteﬂ@ N%EPP ?tyi inal y2| ng the
SHxént he?]![ )Zed Cogﬁfamgm ﬁ?lﬂ%&l@@@trlﬁ_fggdroﬁ%p@% cﬁol%@%ngl (@8@@ %

nap H5- napht
7.66 (2 x d INMIL G3HmL @91 tenolnimphm) of THE wasmddai@ﬁ?nmenm2 H6
Ta na%ht) E‘c’qug@é%elgoxéﬁ)hois%h%ylaﬂmﬁ propﬁnaastl_‘?r%%gp&pﬁ_én ﬂhs%?lggﬁgnisi( S
4.13 (m 1H Ha)nL éf O3IF. 4A Q& Werk¥p 8ad Shica gﬂcoﬁﬁ)chr&nZ@%raghy 57 Bmbbf 3. 62

(2 x AB, JAB= 10.0 Hz, 2H, CH2 ester), 2.47-2.38, 2.32 (2 x 1H,
CH2-S), 2. 02- 1P®tide fvjas sptainsd Mg 28 ayicHpasiat off-whitggolidy M (ES+kmée: 68p423

2 -CrG). 0.8 (8o X ey By X AN OGR4 s fRIOD) 6 174.52

162.7 (C6), 16409244361.8 (C2), 154.5, 154.5 (C4), 148.00 (d,2Jc_o p = 6.3,
napht-Cl), 147.95 (d,2Jc_o_p = 6.3, napht-Cl), 139.4, 139.2 (CH3), 136.3,
136. 25 [H03pht - CAOYallohdBe e H2AMR (RaRNimBB)ng thazyr&hésﬂzed%éﬁrp@um p = 3.8,
napht -C9), 127.8 (d, 3Jc ¢ 0 P = 5.0, napht-C9), 127.7 (CH napht), 127.6,
127.5 (CH-napht), 1@@@4@ {onapbD.oDI 36.08, £S5 maniih, i3§ (s

116. 3 (d, 3Jc-c-o0 = ( E@élef é H%? . Gﬁﬁ%ﬁl) C2),
115.7, 115.6 (C5)Ph),9'828 ’935 an(ZH Eh) 8219} ?dS (BUdH;P(I))Fé(B '.6(5)(2048)1HBZ 2

d, 3J 0P= 8 7 D est 74. 8
(8,390 ¢ 0 = 15, 458 ol O 79: €417 o 08 B (PPuPR LA e 5742 |
(CaMet), 54.2, 543}96@@@3&&)3 &ﬂoé(MH HbE 3333“338? 367233633?@§<)A1335¢AB&, (d,
3Jchp 7.5, Cb Mbt) (Gester), 31.0, 30.9

Met), 26.9, 28.8, 12)8507He,325i CHSBS@sLdr% G542 0. &= [20-0HDH, dA8; 2]2)1699, (CH3
Met ) .



31P NWR (202 MHz, CD30D) 6 4.50, 4.44 [00591] Exanple 61 WO

2010/ 081082PCT/ US2010/ 020632 173 [00592] The (2S)-neopentyl 2-(((((2R

, 3R, 4R, 5Ryo20(028a82n0- 6- net hoxy- 9H purin-9-yl)- 3 PCT/US2010/020632

, 4- di hydr oxy- 4- net hyl t et r ahydr of ur an-124 y| ) net hoxy) (napht hal en- 1yl oxy) phosph

oryl art n) - ret A pent anopl e RS, BYTLDSRIZSY 47 T QMU HoC © O

2- (chl hth | -yl hos | t te G
/G G Py (0] NGRS RORI 65U RO RHG gBnbT45S b becelare: 158 D8JHt hesi 21 ng

napht hyl (ami noa%_%ggtglgr%ngo rgqr%o;igp?%@t 5?4 59?’42?%]@] 1F2q>§ ,

(S)-neopentyl 2-am no met h nt anoa
phosphor odi chl or lzd@be:(ﬂ8®HzgpsoPhEA3@n67438rﬂz (@8, IDB]MZS 71@0(V|8)(C\g\ﬂrdEC5COﬂbl ned
to give (2S)- neo

(chl or o( napht hal & Pl%ﬁl é&?yﬁ%&&ﬂépﬁ%\lﬁ‘ hi§yand GePhyl pett dhodl 9 93A%77%
Vgl d (2.040). a5 eakesiohlowd ek ol LOPRI] cThesd ol owimnaare the

NMVR results anal yzi ng the synthesi zed conpound 3) 6
8.15-8.08 (m 1H)75.42, 33139 (8H.: ¢ster)IH).77, 7428 (€ca), 97.#1 '.66910 (Ile{)d Tc&iﬁ 7.42 (m

4 4.52-4.4 1 2
3E)|) oy 83 g 0@%(:5)35242‘5(%%&?‘), sy 5?68?(:%%31 2(225(;%? gDC(l?rP)
6 8.70, 8.48 [005861; St ep (3x c§¥3@§t@§sz(§s@fzomsq§'x4{eficocoéﬁzlg éﬁkrtgﬂm@general
procedure (Method B) 'for the synthésis of -phosphoram dat es

(3R, 4R, 5R) - 2- ( 2- a2rﬁ3i50(-2&@ﬁ§)hoxy 9H purin-9-y1)-5- ( hydr oxynet hyI) 3-
nethyltetrahydrofuran 3,4-diol, to a solution of 250 ng of nucleoside in 5
mL of 3P NMR (202 MHz CDCl5) 6 4.04, 3.89.

[00392] Example 36

[00393]  The benzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)

phosphorylamino)-3-methylbutanoate was synthesized as follows:

I
N

SN

O\ P//O </N | /)\

NZ NH,
HN O )
OWCH;; CHy

@vo CHy HO  ©H

[00394] Step 1: Synthesis of (25)-benzyl 2-(chloro(naphthalen-1-yloxy)-
phosphorylamino)-3-methylbutanoate

CHs

“’ CHs
'o AN

[00395]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of benzyloxy-L-valine (1.5 g), was combined
with naphtha-1-yl phosphorodichloridate (1.03 g), TEA (1.09 mL), and DCM (22
mL) to give naphth-1-yl (benzyloxy-L-valinyl) phosphorochloridate in a 72%
yield (1.23 g) as a pale yellow thick oil:



THF was added tert-BuMgCl (1.61 nmL) foll owed by (2S)-neopentyl 2- WO
2010/ 081082PCT/ US2010/ 020632 174

(chl or o( maphtvaisers2| - yl oxy) phosphor yl am no) - 4- met hyl pentramast@0(010688 g) in
THF (3 nL). After workup, silica gel 180l unm chromat ography and preparative

TLC, 39.4 rotide obt ai ne 70/ el HPLC tR = 32.79,
33.31 n[ppp(’{%ol &H‘g OIWH‘P?%#CIQGEWR I 3@% I ﬂgsﬁzeﬂﬁ{)mﬁ%%d | i near

gradi ent of MeOH g]gﬁ%to 10099 in H20Q in 5{6 [ 00598] The follow ng are
the NMR results a @@Otl\ﬂ&s@lﬁ?hééﬁz@dﬁed% @phti.H- (500 MHz, CD30D)

6 8.22-8.13 L) 1 7 96y, 7.73-7. 65
(m 1H), 7. Sgn 7. é?’(lirﬁ'naiﬁﬁ)?ﬁgé gf& an’dé%'f”g%‘ Z6§ 97&31(@336%% '54 (m 2H)
gi_é%?-if. 38 (1m602l(-l)H6,&IZOﬁphx:l)1d74}6@15Jé2331 IBEH - mapgo 734?87(3“@%5% 3.75-3.60 (m
31P NMR (202 M—lzrg%lﬁ@.)l)s]z@(ﬁl é&l % éte{%g%}%ééT %& )[00600] The
(2S,3R) - n60penty|228L(z(1(5((%R1ﬁR<@) 50§§d@m 08 ﬁzﬁetf!% 9H purin-9-y1l)-

3, 4- di hydr oxy-4-net hyl t et rahydr of ur an- 2-'yl ) net hoxy) ( hapht hal en- 1yl oxy) phosp
horyl am no) 3- meth§2 e htandat B1.v@ld; wathOésidzbd 65 11361, I3Ws: o, , , CH3

N NO, ,p R OCH3 \ CH3 -0 z H3C [00601] Step
1. (2S, 3R) neopen Blgll\l((%ﬁz Fgl(\ﬂﬁlﬁlhgﬁlélvég I-yI oxy) phosphor yl am no) - 3-

nmet hyl pent anoat e 0060 Usi ng t ne rocedure for synthesizing
napht hyl (am noagll%N%RﬁgzMﬁBpﬁ#gﬁ%l éga@gs the tosylate salt of

(2S, 3R) - neopent 2- am no- 3- net hyl pentanoate (2.5 g),

napht hd el - ySéWo%@rY@ﬂtﬁﬂlSdﬁIPé'mldhte (1.75 g), TEA WO

2010/ 081082PCT/ US2010/ 020632
[00398] Using the general procedure (Method A) for the synthesis of 5’-phosphoramidates

of 2-amino-6-methoxy-9-(2-C-methyl-f-D-ribofuranosyl)purine. To a suspension
of nucleoside (6.0 g, 19 mmol, 1 equiv) in anhydrous THF (50 mL) was added a
solution of (25)-benzyl 2-(chloro(naphthalen-1-yloxy)-phosphorylamino)-3-
methylbutanoate (18.2 g, 42 mmol) at -78 °C followed by addition of 1-
methylimidazole (7.63 mL, 96 mmol). The reaction mixture was allowed to warm
to room temperature and stirred overnight. Standard work-up and purification

provided desired protide in 25% yield (3.3 g) as an off-white solid.
[00399]  The following are the NMR results analyzing the synthesized compounds:

'H NMR (200 MHz, CDCl3) 3 8.1 (m, 1H), 7.9 (d, J = 2.4 Hz, 1H), 7.84 (m,
1H), 7.64 (dd, J=4.8 Hz, 4.8 Hz, 1H), 7.2-7.5 (m, 9H), 5.95 (d, J = 1.2 Hz,
1H), 4.9-5.0 (m, 2H), 4.56 (m, 2H), 4.2-4.4 (m, 2H), 4.0 (s, 3H), 3.75 (m, 1H),
2.0 (m, 1H), 0.93 (d, ] = 9.6 Hz, 3H), 0.73-0.80 (m, 6H).

3P NMR (50 MHz, CDCl5) § 6.1, 6.0
[00400] Example 37

[00401] The 2.4-Difluorobenzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-
9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)

phosphorylamino)-3-methylbutanoate was synthesized accordingly:



175 (1.86 nL) and DCM (50 nmL) were conbined to give (2S, 3R)-neopentyl 2-
(chl oro( napht hal en-1 -yl oxy) phosphor yl am no) - 3- net hyl pentanoate in a 37%
yield (1.W6 2g)o/ms08a pal e yellow thick oil. [00603] The falrlusesmg2@se t he
NMR resul ts anal yzi ng the synt hesi zed3€conpound: 1H NMR (500 MHz, CDCl13) 6
8.14-8.08 (m 1H), 7.92-7.87 ( , 7.76 (d, J =8.3, 1H), 7.65-7.43 (m
4H), 4.43-4.28 (m 1H), 4.24- 1H), 3. 9@CI—I§ 83 (m 2H), 2.02-1.92
(m 1H), 1.62-1.47 (m 1H, 1% 8(m 1 .08- 0.93 (m 15H)
31P NMR (202 MHz, CDC13) 6 9.49, 9.07 [006 St p 2: Synthesis of protide
[00605] Using the general pr ocedur% r@\/bt ho the synthesis of

- phosphor am dat es of
(SR 4R, 5R) - 2- ( 2- ami no- 6-, thox 9 pu&Hn 9 é?" 5- (hydroxynet hyl ) - 3-
met hyl t et r ahydr of ur an- 3, of 243 ng of nucleoside in 5
mL of THF was added tert?@% nﬁuj f@IHI owed by (2S, 3R)-neopentyl 2-
(chl oro( napht hal en-1 -yl oxy) hosphoryl am no) - 3- net hyl pentanoate (1 g) in THF
(2.8 mL). After workup and lsilica gel columm chromatography, 98 ng of pure

bur sui 000 5, SRR Sybstiriadia. o difnroBenntd: o AapRLIHIRL MR
10099 in H20 i ph&phorylamih®)cBBaethylbetahohteowi ng are the NVR results
anal yzi ng the synt hesi zed conpound:

O, /CI
h=% CHs
Q O HN =
0
) F

[00403]  Using the general procedure for synthesizing naphthyl (amino acid ester)

phophorochloridates and tosylate salt of 2- amino-3-methyl (2,4-difluoro benzyl)
butanoate (5.65 g, 1.36 mmol), naphthalene-1-yl phosphorodichloridate (3.55 g,
1.36 mmol), triethylamine (3.8 mL, 1.36 mmol) and dichloromethane (75 mL)
were combined to give 4.1 g of desired phosphorochloridate as a pale yellow

viscous oil in 65% yield.
[00404]  The following are the NMR results analyzing the synthesized compounds:

'H NMR (200 MHz, CDCls) : & 8.0-8.6 (m, 1H), 7.8-7.9 (m, 1H), 7.7-7.75 (d,
J =8.4Hz, 1H), 7.3-7.6 (m, 5H), 6.7-6.9 (m, 2H), 4.9-5.3 (m, 2H), 4.2-4.3 (m,
1H), 2.0 (m, 1H), 0.88-1.03 (m, 6H)

3P NMR (80 MHz, CDCl5) & 10.83, 10.30

[00405] Step 2: Synthesis of Protide

[00406]  Using the general procedure (Method A) for the Synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(500 mg, 1.6 mmol) in anhydrous THF (70 mL) was combined with naphthalene-
1-yloxy 2,4-difluoro benzyloxy valinyl phosphorochloridate (3.6 g, 7.7 mmol) and
N-methyl imidazole (0.76 mL, 9.6 mmol). After normal work-up the crude

product was purified by column chromatography on silica gel using



1H NWR (500 MHz, CD30D) 6 8.21-8.13 (m 1H), 7.95 (s, 1H), 7.90-7.83 (m
1H), 7.72-7.65 (m 1H), 7.56-7.34 (m 4H), 5.98 (s, 1H), 4.65-4.55 (m 2H)
4. 40- 4. 22w0rep102id)0824. 05 (s, 3H), 3.90-3.82 (m 1H), 3. 72c3BZ010np063H)

1.78- 1.67 (m 1H), 1.48-1.37 (m 1HE371.14-1.02 (m 1H) 1.02 0.75 (m
18H) 6.4.97, 4.80

[ 00607] Exanpl g%@bﬂ%@b‘éfn PHEe @ﬁg%&(ﬁg}ﬁ?@ ng‘otld% 1II}/H6% yie as an off-whité

2-4(42R, 3R 4R) 3&id 2- am no- 6- met hoxy- 9H-purin-9-y1) -3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) met hoxy) ( napht hal en-1yl oxy) phosphory

| : i ) oy )
2010/ oMy e BCTY LRBE R B AR S R LA BBy iR e eRmponnes ¢ 4o
0-No Hd OH 0060 I

2- (chl oro( naLht ha enﬁlﬁg‘?oxw C]%gjog I8a§111'r§§) (n} )n7n93ﬂ %%cé’fl%ft 3 0[“065%’0]

Usi ng the gener al7.pracesuns), o7 Sélfminhﬁﬂl)zdi ng. maﬁhmyls 4 nEacd 9seistier )
phophor ochl ori dates the tosylate salt of (S)-benz 2- am no- 2- phenyl acet at e
(1.11 ny, 2.69 madl) 4®a@n &%561%6 (0% @H),t‘h@(fha?ﬁﬂtgéﬁérﬁ (my}H), 2.0 (m,1H),

phosphor odi chl ori g/ Y/ ?ggl 5 nL anhydrous
di chl or onet hane. (ffj% sol ut%g%g%\%)gocﬁ% to -78 C at which 0.76 nlL of

trlethylamne(53 Then the m xture was |eft
stirring for g’%m(@iﬁﬁ% ?ﬁgﬁ)ﬁj 5@%‘ Qzﬁzlroom tenperature. The sol vent
was renoved under reduced pressure and the residue was purified by flash
chr omat ography usi ng Hexane/ Et hyl acetate (1:1) as eluents, to provide
(25)-b 0@4/(18 glequnapht hal en- 1- yl oxy) phosphoryl am no) - 2-phenyl acet ate
in 74%y| eI [006 1] The following are the NVR results anal yzing the

synt hegpaash; COFRO IR CGRGLEN o L. O BT fnchiy 7 By ).
782 oo td 3.8 8”%“1’ ph 2(fi( I@) 35 J=8 P 2

7.55 - 7.46 ppm){Qm-dHZdrons; 4 IHEthyltﬂeqﬂyﬂgdﬁ)ranZ ﬂmnmhosy)mph@menﬂm Phenyl
Phenyl gl yci ne &lo y)pﬂo%h%%%ar?ﬂno?i% th}zfllbutangef%%izé !lswthe{s N :% (H_'prhenyl glycine

& CH2 ester) 50 ppm (s),
nt hesis of protide

7.24 ppm (s) [00612] Step 2:
2010/ 081082PCT/ US2010/ 020632 §0613] Usi ngdcdthe gener al procedure
2| eosi de 5 phosphoram dat es,
as added Eﬁu\

(Method B) for the synthesi
(3R, 4R, 5R) - 2- ( 2- ani no- 6- met hoxy- Sﬂ-lmﬁjrl n- ydroxyrret hyl ) - 3-

tert-BuMgCl (1.49 nmL, 2 equiv)

nmet hyl t et r ahydr of ur an- 3, 4- di ol i n anhyd
tetrahydrofuran (1.5 ni). The so ut| |rred for 20 mm and
(2S)-benzyl 2- (chloro(n %phoryl am no) - 2- phenyl acet at e
in 1.5 nL anhydrous tetr ra ad@ed The solution was stirred

overni ght at room tenperattre and the sol vent was renoved under reduced
pressure and the residue was ptHgified on silica gel using

chlor Of[8(r)4w Or]ret gt no{ Styntﬁ/esw orfi (53)88(5) f—pfl)élllylgt-hyl) 2-(chloro(naphthalen-1-

yloxy)phosphorylamino)-3-methylbutanoate

C
o a®

‘\p’ CHg
Ay
Q
TS on

[00411]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates, the tosylate salt of (5)-((5)-1-phenylethyl) 2-amino-3-
methylbutanoate (2 g), naphthalen-1-yl phosphorodichloridate (1.33 g), TEA (1.41
mL) and DCM (60 mL) were combined to give (25)-((5)-1-phenylethyl)-2-



(((((2R, 3R 4R) - 5- (2- am no- 6- met hoxy- 9H puri n-9-y1) - 3, 4- di hydr oxy- 4-

nmet hyl t et r ahydr of ur an- 2- yl ) net hoxy) ( napht hal en- 1- yl oxy) phosphor yl am no) - 2-
phenyl acevate10d8i®2g (0. 22 nmmol, 32% as an of f-white seCirdis2¢i008k43 The
following are the NVR results anal yziis&§ the synthesi zed conpound: 1H NWR

0 2 SR G i P R B i

7.58-7.13 ppm gznpé IMth{?ekFH?ﬁnW) 5.81 ppm (s, 1H H1'), 5.18-5.07
ppm (m 4H, CH phenyl glycine), 4.53-4.49 ppm (m 1H H5'),

p f6pg r@?‘m&ﬁ H%foé@%slg arg‘?%“Nﬁfﬁa pe?g?ts( malﬁ'gﬂ]& th‘gls}rgn_é)iz]eﬁ'céml)gur(dg 1H Hs,),

G N L0 S50, L BT BT g0

di hydr oxy- 4- met hylif B 880 YHY.Of 70 2052, Bﬂstmywmaﬁhm@l&‘mlyb@m DHPSphory
| am no) - 2- phenyl acet ate was synthesized as foll ows -Nl HN \'N

-NNH2 0-Nc oNl ~ 4,4-¥448:(mpl 4W}é@ﬁdﬂ@éﬁ@»@bﬁﬁdéﬁ%dmzb@%@dﬁ@[00617]
St 1. (2S t P kGh h I 2-
phgﬁyl acfat a% erre 5%{1)18] g%é?lﬁgjqg(ﬂgegtgh@rggﬁn&ppg(b:gz(%zjg%?%r%&lg%t ﬁ(ransingi) ng

ht hyl I tes, the HCL It of (S)-nethyl
gagm n)(; Z(Swezsﬁgglg%?%(? @?’Opﬁﬁgﬁgﬁa eq'?’f’j?l lsphosghorodisghl o(r)i d<(51t)e ?g Sg

0 nL nbi ned t i 2S) - net hyl

2- (chFﬁ\pé%]r?i hgtfg?lg%%n%\sﬂ (‘gﬁﬁbgﬂﬁﬁmr;?ar& 23) Zopﬂle\r/lgl gce% a{rg a)s/ a pal e
yel low thick oil. The crude conpound was taken forward wthout further

purifi daP4dh.  Pos 1y eenseal PEHCP%W ey the évrtﬂf*rélsn\qr&é wéemhpganaﬁ%rpwﬁ 1gmine
th d CDC13
Essyg. 6zel,S| %.646(:?%8‘8&2{@%}%% ézpczr:netgfl'lnPrll)egFosfug i rlg)un & tﬁ%’&g%ﬁ‘ﬁg. ng the gener?atl

procedur e ( Met haded)defins hhef ¥R hesidded NMILIOI Easl pifollbwved ph@oRPHHH4-am dat es,
to a solution qf, 25

R AR ER o SR A s SR 1815} PR PRYBIYRER Ty ) - 3- et hy ! ¢ et

rahydr of ur an- 3nféﬂgfﬂt91taﬂo'ate~':(1 Bt 9fin THE ¥asL pddedwbahl--BuNafed obledpimal)
fol l owed by (2S)-nethyl

(chl or o( napht halilrematogydpdixyﬁ}%?hmg pﬁpmylpamd@oya@bphm(ﬂé@emalﬁé HRL.Q4& g) in THF
(5 m). After %5% lrjlﬁn?coqunsl}llVarlang[?ursultoj(ﬂng 6 ?%4%11{) pl}é:’tho%lhngg of

(2S) - met hyl

2- (((((ZR 3R, 4R)adfenf &f AANNQOG- DD ynﬁl;bﬂlum)ﬁnﬁy.yl)-3,4-dl hydr oxy- 4-
met hyl t et r ahydr of ur an- 2- yl ) met hoxy) ( napht hal en- 1- yl oxy) phosphor yl anm no) - 2-

phenyl apgighe %@f&ﬁk@fg%@ tﬁesﬁ%f?{ké%{lﬁis) anaﬂP!ﬁ% t'th H&iAf cotPorlism N (col um:
Varian Pursuit 8, 150x4.6 nm n¥et hod |near gradi ent of ACN (10%

to 100% in H20 |1 a | t
anal yzing the syn esﬁrgss@b%fﬁl%%%@])iagl%&% {‘E@%nﬁiﬁb&@éﬁg%@y@zéqﬁg - 7.88
(md ??9’7 (7.287- mmcgmsnﬁ) 1Hz 7593 (7 64&? gli)47]5|6}7 20. (1513351) 1529951?9%)%2&)5 99
an . S, , S n . =Y. . - m ,
21817410 (. 21 THa5 80 - 3D G GED (8043 im 3Higeh 3k 13 (5 2130563 38 7 ana
0.95 (2s, 3H 3.81 —3.74 (m, 1H), 2.07 - 1.90 (m, 1H), 1.41 and 1.39 (2d, J= 6.5, 3H), 0.99

and 0.95 (2s, 3H), 0.79, 0.75, 0.71 and 0.70 (4d, J= 6.8, 6H)

3P NMR (202 MHz, CD;OD) § 5.15, 5.05
[00416] Example 39

[00417] The (25)-((S)-1-(4-bromophenyl)ethyl) 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-
9H-purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-
yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-3-methylbutanoate was

synthesized as follows:



WD 2010/ 081082PCT/ US2010/ 020632 179 31P NMR (202
MHz, CD30D) 6 3.95, 3.92 [00623] Exanple 65 [00624] The (2S)-propyl
2- 4( 42R, ARDAR)0/B1(82- am no- 6- met hoxy- 9H puri n-9-y1) - 3, 4- PCT/US2010/020632
di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yB9 net hoxy) ( napht hal en-1 -
yl oxy) phosphor yl am no) - 2- phenyl acefate was synt hesi zed as fol | ows:
[ 00625] Step 1: (2S)-propyl OCH,
2- (chl or o( napht hal en- 1-yl oxy) p or yl am n phenyl acetate CH3 [00626]
Usi ng the general procedure for sy t hesi 2| |ap hyl (am noacid ester)
phophor ochl ori dates, the HCl salt 94‘// ?s) - p no- 2- phenyl acetate (1
IO
i

g), naphthal en-1 -yl phosphorodl chl (1 21 nmL) and DCM
(30 m.) were conbi ned t g| ve (C; r
2- (chl or o( napht hal en- 1y CZH?’phenyI acetate in an 83%
yield (1.51 g) as a pale bh OH(D [@0627] The following are the
NVR resul ts anal yzi ng the synt Hesi zed corrpound 1H NWVR (500 M—|z CDC13) 6
8.13 - 8.00 (m 1H), 7.95 -7.86Ham 1H), 7.73 and 7.68 (2d, J = 8.2, 1H),

7.82 7 1hoZh)  "Sied P 28)-8)-13a- 93%3&&;%? &ylkﬁi&lléﬁ@l@%‘_‘éhlﬁéo - 377 (2

[00628] Step 2yloRyphdsshdryRimiRbRsim@hyWtatbhed 081082PCT/ US2010/ 020632 180
[ 00629] Using the general procedure (K/bt hod B) for the synthesis of

nucl eosi de 5' - phosphorani dates, to a s@ation of

(3R 4R, 5R) - 2- ( 2- am no- 6- et hoxy- 9H- QUreCiN9t y1) - 5- (hydr oxynet hyl ) - 3- net hyl t et
rahydrofuran-3,4-diol (250 ng)/i R 5 ﬁ&wof was added tert-BuMyCl (1.61
m.) followed by (2S)-propyl 2-
(chl or o( napht hal en-1 -yl oxy) phg
(5 nmL). After workup and sili
(2S) - pr opy!

2-4(42R, 3R, 4R) - 5- ( 2- am no- 6- met hoxy- 9H p
met hyl t et r ahydr of ur an- 2- yl ) met hoxy) ( napE al en-1 -yl oxy) phosphor yl am no) - 2-
phenyl acet ate was obtained (22%vyield). HPLCtR = 17.53 m n (colum: Varian
Pur sui t[00RD]5, UGIhE, thelgeﬁm@l pravagumgdiisydthebizmeamplghgldiamio @fid &@N) (10% t o

anal yzi gt he BYPRESHEEH oo b SHORRN 4 S0P rony o ginioo: 7,60
and 5 85 (29, %Fﬁ“@bﬁ%}‘am 2 86 Sy e o g S e 4 oo

S 4.22 (m 2H) (0.2105 sad dCMAZ0 ks wedbhomBined to-gige 7D o oideRirdd, 1. 48 -
(m 2H), 0.96 and & (m 31
STh AR (203 NPBStoBessgrbAgite Topdle SeSy ity  Beawnl o 66

[00420]  The following are the NMR results analyzing the synthesized compounds:

henyl acetate (1.01 g) in THF
romat ogr aphy, 150 ng of

'H NMR (200 MHz, CDCl) : 3 8 8.02-8.1 (m, 1H), 7.85-7.89 (m, 1H), 7.71-
7.75 (d, J=8.4 Hz, 1H), 7.38-7.64 (m, 7H), 7.20-7.27 (m, 2H), 5.9 (m, 1H),
4.0-4.4 (m, 2H), 2.1 (m, 1H), 1.5 (dd, /= 6.6 Hz, 8.4 Hz, 3H), 0.97 (t, /=6.6
Hz, 3H), 0.75-0.85 (dd, J = 7.0 Hz, 7.0 Hz, 3H).

3P NMR (80 MHz, CDCl5) & 11.00, 10.47

[00421] Step 2: Synthesis of the protide:

[00422]  Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the
nucleoside(300 mg, 0.928 mmol) in anhydrous THF (15 mL) was combined with
(25)-((S)-1-(4-bromophenyl)ethyl) 2-(chloro(naphthalen-1-



[00632] The (2S)-neopentyl

2-(((((2R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) -3, 4-

di hydr oxyweo-20mrdsyise et r ahydr of ur an- 2- yl ) met hoxy) ( napht halremAbgdi0%039phosphory
| am no) - 2- phenyl acet ate was synthesi 2¢éd as follows: ,..0 H3 O

N-..... ), - N 1 HN \'N. ---NNH2. . " 0- -t

2010/ 081082 PCTV@%?%@?H%‘?@E@?“?&%'mftbﬂégé]lg%tﬁ ﬁn@ e he g a%?érﬁrd\/\&'%@ahr e for
synthesi zi ng naplabhyt (( 2HINoaR HAmSHt KFdkr MBP@BB&E‘%Q&'&%@%&&?%QSW ate
salt of (S)-neopentyl 2-am no-2-phenylacetate (1. g, 4.86 mol),

napht hal ene- | - phmbigd iphadwho chivneit waphyamesilich. 27 ugng CH3GLAVEOH, (97 B3) &t hyl

i 1.36 nm_,. 9. d dichl. t h 50 nbi ned t
Give 16 g of HAEPAMEIpRb BoRTOrEREn A TRIE ST 4 as pal e yel | ow Chi ck
compouritiam nafe (oo i S8 il gl Gur e Be At obpSul o0 1
5.07 1H), 3.92 2H), 3.80 2H), 0.78 9H), 0.70 9
31P NVR (30 Mo, BOHE) (208 WilaaC DeOBY FUoBA5 st dp 730 (5 HDRGFESB1 { Br ot i de
[00637] Usi ng ¢ heygongnal r ocsdus & G pdi ) 97 4, SRS S

nucl eosi de 5' - phosphoram d a solut
(3R 4R 5R) - 2- ( 2- and6@n,6HHYEH 5OXY,-OHS g1, 2HD-4.22-4.38 (m, 2H), 4.02 (s, 3H), 3.74

y1) - 5- (hydr oxynmet hyl ) - 3- et hyl t et r ahydy of uran-3, 4-dj ol (560 pg, 1.19 mmol)
' annydt ous THE (s Hid 0 Rt b rTHas 4 o 1530 HeoBthOgn (0. /2022

2- (chl or o( napht hagfgn@.ml(&xgplphosphor yl am no) - 2- phenyl acetate (1.6 g, 3.6

mol ), and tert-but'yl magnesium chloride (3.6 nL, 3.6 mol). After normal

wor k- up the crude: N ol unmm chromat ography on silica
gel tw ce using ﬁ%&%&ﬁ%@%mﬁ%z’t %% wi th ethyl acetate/nethanol
(97:3) to give 498 ng of protide in 38%yield as an off-white solid.

[ 00638] The follow ng are the NVR results anal yzi ng the synthesi zed
conpourdo424yH EvBnpR0M MHz, CD30D): 6 7.96-7.86 (m 3H), 7.64-7.15 (m

10H), 5.94 (d, J = 2.6 Hz, 1H), 5.96 (d, J = 2.6 Hz, 1H), 5.05 (dd, J = 9.6

Hz, 9. Gobizas] 1Hrhe . HA S()IIL(22$'IQ)mo?h DeRy) 2243831 K)S5-(Bhthino%-fdtHoy- 1H) ,

0.93 (g, J = 3.6 Hz, %I—? 0.62 m&]yQI-Dﬂi?y Ay
9H-purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-
yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-3-methylbutanoate was

synthesized as follows:

OCHs

N AN
Lo 0

HN'P\O’\&
NEAGES

O  CHg HG  OH

Br CHj
[00426] Step 1: Synthesis of (25)-((S)-1-(2-bromophenyl)ethyl) 2-(chloro(naphthalen-
1-yloxy)phosphorylamino)-3-methylbutanoate.

HsC
O, Cl

‘\p\’ CHg
O O HN
0
) I Do

Br



31P NMR (80 MHz, CD30D): 6 5.06 WD 2010/081082PCT/ US2010/ 020632 182
[ 00639] Exanple 67 [00640] The (2S)-cycl ohexyl

2- ((( (2R 88241081082 2- am no- 6- net hoxy- 9H puri n-9-y1) - 3, 4PCT/US2010/020632
di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yi#) net hoxy) ( napht hal en- 1-

{0 RS IS5 LB aib L © 00
2 (Ch| or o( “aphbﬁkfdh%%ch dQ?éX}l{mBs;;gQQ ée’ls 1$19) 161 oQE VibEL écié&%ﬁﬁz]

Usi ng the general” procedure I zi hg nap amn ester)
phophor ochl ori dmtlgzﬁgutztﬂmtefdﬂ::s HahdphdfalepS)- ybpmisplht&xdabhlaﬂam @826 pham acet at e

1 ht hal en-1 - h di chl dat 967 TEA 03 nL d DCM
E 309%’_) n\?\gr e 26}%}2}*@% p%cf)smg 00 rlnﬁ) w(f):{el cozrahb?ne(d to give 0.793 g of t(he desired ) an

(2S)-cycl ohexyéhgspﬁ&@kmggggggpbggé{g%wthg(yl} phosphoryl am no) - 2- phenyl acet at
e in an 78%yi g) as a pale yellow thick oil. [00643] The

( 200 D84, TR %%i@ge%éﬂ WML b R SARRIFRD GABRKRT, 1N IR
(25|)d’ 3 o1l 8;*215{1\71@})2(209?\6% é]&ﬂ:&%“@ %15(11%%15 736850, 29 7210k, j=¢h B3, (2M
31P NMR (202 MHz,1H5DEZEE ko 6.01m! 8H),%6.3 (pen@d844b.c8zepHR 4.35%b01 11®sug (@f, protide

[ 00645] Using the ener al ﬁé’ocedure (Method B) for the synthesis of
nucl eosi de 5' - pherEmil Hat led (dd. Fa&otut/i8Hes 350 -Oglde#=7.2 Hz, J=

(3R 4R 5R) - 2-( 2 amfﬁ‘?, 3%51@%51%(& J:6.\é\ﬁz,2f):1§)bﬁ§,lﬁ%2PCT/ US2010/ 020632

3P NMR (80 MHz, CDCl5) & 11.07, 10.58.

[00429] Step 2: Synthesis of the protide

[00430]  Using the general procedure for the synthesis of 5'-phosphoramidates of 2-amino-
6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl) purine, the nucleoside (314 mg, 1
mmol) in anhydrous THF (30 mL) was combined with (25)-((5)-1-(2-
bromophenyl)ethyl) 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-3-
methylbutanoate (793.6 mg, 1.51 mmol) and N-methyl imidazole (248.72 mg,
3.03 mmol). After normal work-up the crude product was purified by column
chromatography on silica gel using CH»Cl,/MeOH (97:3) to give 105 mg of
protide in 13% yield as an off-white solid.

[00431] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8.13 (m, 1H), 7.97 (bs, 1H), 7.8 (m, 1H), 7.68
to 7.06 (m, 9H), 5.97 (s, 1H), 4.6 (m, 2H), 4.25 (m, 2H), 4.0 (s, 3H), 3.8 (m,
1H), 2.0 (m, 1H), 1.3 (m, 3H), 0.8 (m, 6H).

3P NMR (80 MHz, CD;0D): § 6.33, 6.04.
[00432] Example 41

[00433]  The (25)-methyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-3-methylbutanoate was synthesized as follows:



183 9H purin-9-y1)-5- (hydroxynet hyl)-3-nmethyltetrahydrofuran-3,4-diol in 5
m. of THF was added tert-BuMgCl (1.61 nL) followed by (2S)-cycl ohexyl 2-
(chl or o( maphtvaisers2| - yl oxy) phosphoryl am no) - 2- phenyl acetratasedioh®egd in THF
(5 nm). After workup and silica gel d& umm chronmat ography, 310 ng of (2S)-
cycl ohexyl

2-((((2R 3R 4R)-5-(2-am no glﬁ. OH purioes; y1) - 3, 4-di hydroxy4-nmethylte

t rahydr of ur an- 2- yl ) net hoxy Q al en- 15yl axy) phosphor yl am no) - 2-

phenyl acet ate was obtained (53%yield). CYR = 21.47, 21.65 nin (col um:
Varian Pursuit XRs 5, C18, 150x% _6°mm ’g()\l i near gradi ent of ACN (10%
to 100%9 in H20 in 30 mn). [Ogg'fﬁd) hey flol | W#&Zare the NVR results

anal yzi ng the synt hesi zed CoIpo nd:CﬁL 500 MHz, CD30D) 6 8.00 - 7.81
(m 3H), 7.69 - 7.62 (m 1H N7.3¢-731 %9H), 6.00 and 5.97 (2s, 1H),

5.04 and 5.00 (2d, J=9.4, 1H) 0 4.&8§ HO4.8H(m 3H), 4.28 - 4.20 (m 2H),
4.07 and 4.06 (2s, 3H), 1.B¢- 1.09 (m 10H), 0.96 and 0.95 (2s, 3H)

31P N ) / 0} ¢ [00648] The

(2R baRe T o) Dp R SAtesf ds e SAhRbRAREEIPLEIAR 007, 4

di hydr oxy- 4- mephydphetylahyes)c3-uiethiylBatanpart hoxy) ( napht hal en-1yl oxy) phosphory
| am no) - 2- phenyl acet at e was synthesi zed as follows: 0,CH3 C2r, 01 HN
\I\J---NNH2 o-NoNl c4,.cH3 HO -tH [00648 Step 1. (2R) -benzyl

2- (chl oro( napht hal en- 1-yl oxy) phosph8k yFlan} ng) - 2- phenyl acetate WO

2010/ 081082PCT/ US2010/ 020632 14 09 @ i'nYy the general procedure for
synt hesi zi ng napht hyl (am noac ester ophor ochl ori dates the tosyl ate
salt of (R)-benzyl 2-am no-2- | acet age @\éHSO g, 3.63 mml), and

napht hal en-1-yl phosphor odi chlsr#/date (0.95 @,°3.63 nmol) and TEA (1.01 ni,

7. 26 i 0. mL of d i dt i (2R -b |
2-( chm@%ﬁéghﬁﬁ%éﬁlﬁa@ﬁ%mﬁ%\% ﬂgfg%ﬁ?} ﬂ%ﬁg)nﬁaftb%@ﬂ%cé%ﬁ%ﬁ 72% yi el d
(1.21 g), as apgdphbrocBlilavs mb mg&lggmbhde Lﬂp&ill%gﬁq%%gﬁ:\ﬁ& 0@k e the NWR

results anal yzi ng the synthesize nmpound: 1H NWR ( 3) 6 8.11
- 8.01 (m 1H, 1 H33 mapdld,)napthglen- 17ylghogphoxodichlgridat8(0650Y ¢H,1.9BHnmEb-andpht ) ,

7.72, 7.67 (2 , = 8. 1H, . H4- napht 8 - 7.4 3H , Ho,
(o)), 740 - 7158 (ol k> B na anERT RO eradontiat Bl ik Bl
and CHa PhGQ . methyl 2-(chloro(naphthalen-1-yloxy)-phosphorylamino)-3-methylbutanoate in

62% yield (2.63 g), as a clear, yellow, thick oil.

[00436] The following are the NMR results analyzing the synthesized compounds:

'H NMR (500 MHz, CDCl5) 8 8.12, 8.10 (2 x d, J = 7.50 Hz, 1H, Hg-napht),
7.88 (d, J =8.00 Hz, 1H, Hs-napht), 7.74 (d, J = 8.00 Hz, 1H, H4-napht), 7.65
—7.52 (m, 3H, H7, He, Ho-napht), 7.50, 7.45 (2 x t, J = 8.00 Hz, 1H, Hs-napht),
4.59 (bs, 1H, NH), 4.09 — 4.06 (m, 1H, Ha Val), 3.81, 3.76 (2 x s, 3H, CH3
ester), 2.25 — 2.18 (m, 1H, HPB Val), 1.06, 1.03 (2 x d, J = 6.50 Hz, 3H, CH;
Val), 0.99, 0.96 (2 x d, J=6.50 Hz, 3H, CH; Val).

*'P NMR (202 MHz, CDCl3) & 10.02, 9.56.
[00437] Step 2: Synthesis of the protide

[00438] Using the general procedure for the synthesis of 5’-phosphoramidates of 2-amino-
6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, to a solution of 250 mg (0.80
mmol) of nucleoside in 5 mL of THF, was added NMI 0.32 mL (4.02 mmol),
tfollowed by methyl 2-(chloro(naphthalen- 1-yloxy)-phosphorylamino)-3-
methylbutanoate 860 mg (2.41 mmol) in S mL of THF. After workup and silica



31P NMR (202 MHz, CDC13) 6 7.60, 7.42 [00652] Step 2: Synthesis of protide
Usi ng the general procedure (Method B) for the synthesis of nucl eoside 5'-
phosphor anDatas10820 a sol uti on of PCT/US2010/020632

(3R 4R 5R) - 2- (2 am’ no- 6- met hoxy- 9Hpunih- 9-y1) - 5- ( hydr oxymnet hyI) 3-net hyl t et

r ahydr of ur an- 80 in5 of THF

tert-BuMyCl 1. 661 ““%fiéﬁ?mg%ﬁ§ Yﬁg‘i %Pﬂgﬁ Rropge w&w‘g}wn  PPH2Siera

2- (chl or of naphafha%{@mmélsem)pfsomt@wémm)mﬁr nb@%ylﬁ&%}ﬁéﬁla%Z my (1.60
mml) in 5 nk of THE. After workup and silica gel colum chronmatography,
286 nmg of pureCutbtNd®Pynedcdiedvned2s In foaundig®hlyi26Pd, as an of f-white solid.
[ 00653] The following are the NVR results anal yzing the synthesi zed
conpourfd043oH NYVR: (BROiMare tEDSMR rSulBs £i2]yzingOe ¢yidhesigtd cdmpdun: Hz, 1H,

H8- napht), 7.95, 7.94 (2 x s, 1H H8) 7.83, 7.81 (2 x d, J= 8.50 Hz, 1H,

H5- napht), 7.65, i RRK 2500 MHZJ {:I&(ﬁﬁb 6"8 19le 1BléknﬂamhtH8rnaZ>hfb98007(8,0ﬁH,( m
14H, H7, H6, H2, H3- napht %) 5.15 - 5.04
(m 2H, CH2 esterfs): %9@)07 8-?41(@,71%21{%@1103768576 (3 d. i:H7 1z, %@4 nagh@s

007 gm952l(4 ) % 57)573ﬁ g (r?:léﬁl' R 5%58&@%9%%%4)19 H 3} ?59(50'*3)
3Jc-c-N_p = 6.3 HH, HG30468t 6) (ml7H, B5),(4041-3026 Gn e Hs SndBHK, 4.03=0, 3t er)

162. 75, 162.71 (@% 161, 81 (Co), 184.59, 154,49 (C4), 147.87, 147,82 (ipso
Naph), 139.44, 139U n MO/ QA S PeHUSZ01 o/ Phoedz et 288 90

(150, P). 130 82,436 6 BRI, E30)n o0 253 101 28R 1ED 3 390, 129,08

128.26, 127.84, X21,Vi8). 127.71,
5C NMR (126 MHz, CD;0D) § 174.74, 174.41 (2 x d, °J c.cvp = 2.5 Hz,
C=0 ester), 162.64 (C6), 161.88, 161.87 (C2), 154.39 (C4), 148.03, 147.97
(ipso Naph), 139.33, 139.07 (CHS), 136.27, 136.22 (C10-Naph), 128.81,
128.75, 128.52, 127.87, 127.82, 127.74, 127.70, 127.41, 126.56, 126.50,
126.43, 125.90, 122.79 (Naph), 116.16, 116.14 (C2-Naph), 115.38, 115.30
(C5), 93.47, 93.33 (C17), 82.37, 82.23 (2 x d, *Je.c.o.p = 8.8 Hz, C4’), 79.93,
79.91 (C2’), 74.88, 74.75 (C3’), 68.18, 67,70 (d, *Je.o.p = 6.3 Hz, C5°), 61.97,
61.92 (OCH; ester) 54.31, 54.29 (60CHs3), 52.43, 52.39, 52.03 (Co, Val),
33.27, 33.03 (2 x d, "Je.cnp = 8.8 Hz, CB Val), 20.35, 20.32 (2°CCHj3), 19.45,
19.42, 18.45, 18.39 (2 x CH;Val).

3P NMR (202 MHz, CD;OD) 85.15, 4.95.
[00440] Example 42

[00441] The (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate was synthesized accordingly:



127.52, 127.43, 126.45, 126.40, 126.00, 125.96, 122.85, 122.76 (Naph, 2 x
Ph), 116. 37 (d, 3Jc-c-o0-p = 3.8 Hz, C(C2-Naph), 116.03 (d, 3fc-c-o0-p = 2.5
Hz, C2- Napb)2p10208%08Z2, 115.65 (C5), 93.38, 93.06 (d'), @2TraR2(d/02®Br c O P
= 7.50 Hz, C4'), 81.98 (d, 3fc ¢ 0 P1&# 7.50 Hz, C4'), 80.02 (C2'), 75.00,

74.56 (C3'), 68.24 (d,2Jc_o_p .00 Hz, C5'), 68.15 (d,2Jc_o_p = 6.25 Hz,
C5'), 67.24 (CH2 ester), 60 .79 (Ca Ph GHp4. 38 (60CH3), 20.48

(2' CCH3) 31P N 2 MHz, CD30D) 6 4.37, 3.65

[ 00654] Exanple 69 [00655] The ( - pr op

2- 442R, 3R, 4R) - 5- ( 2- amnoGrretth\x;@H-p #34-

di hydr oxy- 4- net hyl t et r ahydr of uriggy-%; )r@je ho y)( gbht hal en- 1yl oxy) phosphory
| am no) - 2- phenyl acet at e was nt es 7€ CLOl lows: O0,CH 3 NN '"Po \ ONN
0-1\ 70NLNH2 O Hd --0H [ 00656 8 (2R -pPopyl

2- (chl oro(napht hal en-1-yl 0 bosmmgrkycﬁammb) 2- phenyl acetate CH3 [ 00657]
Usi ng the general proceduie for synthesizing naphthyl (am no acid ester)

phosphdfoéttl] or Btépt ke Syniteesisyof (28)hhewpenity]l 24 thlood(naphthaltempllylaXyam no- 2-

phenyl acet at e 0 napht haI en-| -yl phosphorodi chl ori date
(2.27, 8.71 nwgﬁ?si’g'ﬁgyl?ﬂlp‘%jzi H‘Z*“%iﬂ 0% mmol) were conbined in 20 niL of
dry VO 2010/ 081082PCT/ US2010/ 020632

3

0y
to AN

[00443]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates and tosylate salt of (5)-neopentyl-2- amino-3-
methylbutanoate (4.2 g, 1.18 mmol), naphthalene-1-yl phosphorodichloridate (3.1
g, 1.18 mmol), triethylamine (3.31 mL, 2.37 mmol) and dichloromethane (60 mL)
were combined to give 3.8 g of desired phosphorochloridate as a pale yellow

viscous oil in 77% yield.
[00444]  The following are the NMR results analyzing the synthesized compounds:

'H NMR (200 MHz, CDCL) : 3 8.06-8.1 (m, 1H), 7.85-7.89 (m, 1H), 7.73 (d,
J=8.6Hz, 1H), 7.39-7.62 (m, 4H), 4.15 (m, 1H), 3.89 (s, 1H), 3.86 (d, ] =2.2
Hz, 1H), 2.2 (m, 1H), 0.8-1.1 (m, 15H).

'P NMR (80 MHz, CDCls): §10.9, 10.4.
[00445] Step 2: Synthesis of Protide

[00446]  Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(1.0 g, 3.2 mmol) in anhydrous THF (75 mL) was combined with (25)-neopentyl
2-(chloro(naphthalen-1-yloxy)-phosphorylamino)-3-methylbutanoate (3.8 g, 9.92
mmol) and N-methyl imidazole (1.45 mL, 18.3 mmol). After normal work-up the
crude product was purified by column chromatography on silica gel using
CH>Cl,/MeOH (97:3) to give 750 mg of protide in 34% yield as an off-white
solid.



186 DCM to give (2R)-propyl

2- (chl or o( napht hal en- 1- yl oxy) phosphor yl am no) - 2- phenyl acetate in 59%yvyield
(2.15 g),waow/mshasar, yellow, thick oil. [00658] The folpcoxisagoaews3t he NVR
results anal yzing the synthesized comgound: 1H NI\/R (500 M—Iz CDC13) 6 8.06

- 8.04 H, - ht , 87, 7.81 (2 ht
7.81, i@f”ﬁf > Fhg ol %ars Tpg vyt ﬂ??l.(ﬁﬂf)g tho’s Swheswfd&am@ﬁ?n H nﬁ? Le
H2, H3-napht), 7.40 - 7.37 (m 5H, PhQ, é

4.991 (m 1H, CHajl NMR £(0qMHy. CD:08y: 1-&414,7 (o 1@9427- @ﬂSerlfD 71-867587 @59 (m

2H, 0-CH2-CH2 est 7 , %131@5 r

31P NMR (202 M—Elwfg)ﬁ(gg é}ﬁfﬁ) ?'.35729{)8%%%?%'&5@’ ; ’%&n)ﬂfiezgl)sélt% 4p3r7ot| de
[ 00660] Usi ng thengeibr 40 (priideduse3.§ et BB, BY (mod H)h@9S ydtIheSidd0BH),

nucl eoside 5 - p gram dates, to a solution of

(3R 4R 5R) - 2- ( 2- g}gﬁg%%gﬁbxy 9H— pur| n9-y1)-5- (hydroxynet hyl) - 3-net hyl t et
rahydr of uran- 3, 4-di ol é2501\4rf7?ﬁ9 \]ve% in 5 n of THF), was added
tert-BuMgCl (1.61 RNMR (&) ,O]})bq"ﬁ(?y 0By (2R)- propyl

2- (chl or o( napht hal en- 1- yl oxy) phosphor yl am no) - 2- phenyl acetate (670 ng

(1. 60 rtho448] i Kxample 45f THF. After workup and silica gel colum

chromat ography, 395 ng of pure protide was obtained in a 71%yield, as an
of f - whi[D@4499| i The [DVEGFAppiDpelnicdhy] Awi(((BRAReIR)He(2NMRnpesmkethox gi9&l-yaimg- t he

synt hesi zed co und. 1H N 00 MHz, 0 6 8, 00 2H, H8- naph
and H8), 7.84, 93%3@23 %ﬁ%ﬁwwﬁ%%—%ﬁﬁ%ﬂw<na?h@3169? 62 (2 x d,
J= 8.50 Hz, 1Hy1okKyphB@BEYlamifioR8-metkylBdtahBte 3 syihestied abBsipaRrht) , 7. 31 -
7.30 (m 1H, E&wyp %7‘)'28-519.18 {m 5H, %H ﬁga 01, 9W2xs 1H,
HO, 5. 05, 5.01(2xd J = 1H, CHaPhG) 466-453(m 2H, H5,),
4.36, 4.29 (2 x d, J = 9.00 H H3,), 4.99H:4.20 (m 1H H4,), 4.06
(s, 3H, 60CH3), 3.98 - 3.88 , OCH2 e@st 1.49 - 1.39 (m 2H,
OCH2CH2 ester), 0.98, 0.97 (2X, (§H 2'< 147\0 71, 0.69 (2 xt, J=17.50
Hz, 3H, CH3 ester) 13C NMR (126 {05, 172.75 (2 x d, 3]
CCNP =50 H, CO ester), 18¢. 10, .70 (CB), '161.91, 161.85 (C2),

154. 65, 154.50 (C4), 147.89, Gl47 840@ Nso/Naph), 139.45, 139.09 (CH8),
139.29 (d, 3f c-c-Np = 6.80 Q8 982CT/ US2010/ 020632 187 Hz, ipso
Ph, PhG, 139.20 (d, 3J c@u-/p CEHsoH@iz Qfbso Ph, PhG), 136.23, 136.20

(C10- Na h%f'é) 129.61, 129.19, 128.72, 128.69, 128. 16 128. 14, (CHnapht and
Ph) , 0491 15teprs @9-syclppropyimethyl2-(chfpre(maphthadendpfoxy)127. 67, 127. 43,
127. 37, 126.40 22.82, 122.76 (CH Naph and Ph),
116. 25, 115. 95p?%5%’@‘°g’4' 551‘%5 ﬁ%etﬂ’%%é’gm . C2-Naph), 115.64, 115.56 (C5),
93.40, 93.08 (Cl'), 82.32 (d, afc. oo o-p.5 7.55 Hz, C4'), 82.00 (d, 3fc ¢ 0
P=2828H, C4), 79.97, 79.93 (czoz cif4196, 74.60 (C3'), 68.24 (d, 2Jc_o_p
= 2.5 Hz, C5'), 68.15 (d, 2Jc =0 HCHES' ), 67.29, 67.25 (OCH2
ester), 59.93, 59.73 (d, 2Jc QN p)=05H8—z, C5', PhQ), 54.27, 54.22 (60CH3),
22.80, 22.77 (0-CH2-CH2 ester 0.33, 2p-@8 (2 CCH3), 10.43, 10.41 (CH3
ester) O 31P ®MVR WMHz, CD30D) 6 4.38, 3.68

[ 00662] Exanple 70 [00663] The (2R)-neopentyl

2- 442R, [BRYHAR) - Es@%-tﬁé@dﬁﬁfﬁpfﬂtbdﬁﬁxYel%jﬂﬂfdglizmg%ayﬁlhyﬁ(aﬁnno acid ester)

di hydr oxy-4-net hyl t et r ahydr of ur an- 2- met hoxy) napht hal en- 1yl oxy) phosphory
| am no) - 2- phenyherhetoshiorigaies §%tqﬁé1§tez% Oéqulﬁwrpawet ane J@mgiocy: po

methylbutanoate (2.92 g), naphthalen-1-yl phosphorodichloridate (2.3 g), TEA
(2.47 mL) and DCM (60 mL) were combined to give 2.35 g of desired

phosphorochloridate as pale yellow thick oil.
[00452]  The following are the NMR results analyzing the synthesized compounds:

'H NMR (200 MHz, CDCl5): & 8.1(m, 1H), 7.87 (m, 1H), 7.74 (d, J=7.8Hz,
1H), 7.62 to 7.39 (m, 4H), 4.2 to 3.98 (m, 4H), 2.2 (m, 1H), 1.08 to 0.98 (m,
7H), .6 (m, 2H), .3 (m, 2H).



HN \(:) _\coN---NH2 4. CH3 Hd. bl-1 [00664] Step 1: (2R)-neopentyl
2- (chl or o( napht hal en- 1- yl oxy) phosphoryl am no) - 2- phenyl acetate [00665]
Usi ng t hewgensvaliospr ocedure for synthesi zi ng napht hyl (a@grrsacion2st er)
phophorochl ori dates the tosyl ate sal ti4of (R)-neopentyl
2- am no- 2- phenyl ag 0 .08 |.).,, napht hal en-1 -yl oxy
phosphorodi chlori oé@%éé(@ﬁéz %P(éS? WW 1bt Ai et hyl am ne (0.58 nlL, 4.16
and di chl oronet hane (10 nL) were WD 2010/ 081082PCT/ US2010/ 020632 188

mol )
conbi nd804B] gi VtepR:ynghesis Qié@? PEfidenR) - neopent yl
2- (chl or o( napht hal en- 1yl oxy) phosphor yl am no) - henyl acetate in 58 %yield

as pal d00614] owUshigdhe girleral pogeé6} fattee fsmﬂll@w -ahesphora iyl s @ Sudmigo-

i‘g?_‘ll) yZISHg E rr:]e %ﬁﬁrl]ttﬂqus 55?? CCTE@?’H@%BI %?}ura‘?pﬁ paru?@ the n&g%sld)emo% 11 ZS 25 (m

31P NMVR (80 MHmmdIPGELahydduSTBE, (48nf2 wLRQEMDInedteh 25)-Sydbhresilmeafyl pr ot i de

[ 00668] Using the general procedure (Method B)) for the synthesis of
5' - phosphor ani &Félﬂ@g(n@phthalen 1-yloxy)-phosphorylamino)-3-methylbutanoate (735.6 mg,

(3R 4R 5R) - 2- ( 2y X )

met hyl tetrahydgo ur an- g%l ? dagﬁé?%l%-s%/%’ %ggms) %ﬁc‘%g‘%ﬁ%@or}(n
anhydrous THF @ﬁ&e@dmsdmms pedfivd bjﬂcc(lﬁﬁh-chﬂ:@m&@grylbhy on silica gel using

2- (chl or o( napht_hal hosph | am no) - 2- e cet ate (0 51 g, 1.16
nmml ), and ter FHbe éﬁg@iéﬁﬁ)ﬂ@% F’éé)f@io%é HQS Olylﬁé BABPS-WRIE st rr ed
for 12 h. Aftegqpor rral wor k-up the crude product was purified by col um
chromat ography on silica gel using CH2C12/ MeOH (96:4) to give 153 ng of

Pone. Sﬁlo? ; 3?‘”55%@41% %’S.t%%$ﬂ*§a535%t§¥ﬁbglnrﬁ 8 s e IR R Bu R Pt "
- 9

are the NVR resul ff;ﬁ&ﬁm@@ SRUGDRBES bEabe s ind DT LsARE (Sba e

CDC13): 7.9 (m Xh), JHZ ﬁsiasn 3@1;413)69(% J=H)2Hz7 15})7465m(m1)11013‘)(,m5 97 (s,

1H), 5.92 (s, 1H), kg g H% (7 2H), 4.02 (s, 3H),

3.9-3.6 (m 2H), 2%1>441~03‘séH | 61%36@@3(% 3Hgld, ST P87, 46 8Hy. 11D, 89 (m  6H)

31P NWR (80 MHz, (a:)ﬁ%"})l Otg058 @38101_5 89?’(mﬁ£§)00 [19(81%7%) Example 71 [00671]

The (2R)-cycl ohex

2- ((((2R 3R 4R) - 51 n-9-yl)-3, 4-

di hydr oxy- 4- net hylééﬂ\@ﬁ%@mé ??ﬁ&j@wy) (napht hal en- 1yl oxy) phosphory
| am no)-é-gg I ace&o%o was synt hesized as follows: WO

2010/ 089 20632 189 0, CH3

[00457]  The (28)-cyclobutyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-

dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-3-methylbutanoate was synthesized as follows:

O\P//O N | /)\

N~ NH,
HN O O
OY‘\/CHs CHy
H

[00458] Step 1: Synthesis of (25)-cyclobutyl 2-(chloro(naphthalen-1-yloxy)-
phosphorylamino)-3-methylbutanoate



N-..../N1 NTh\J NH2 CH3 HICl --0H [00672] Step 1: (2R)-cycl ohexyl

2- (chl or o( napht hal en- 1- yl oxy) phosphoryl am no) - 2- phenyl acetate [00673]

Usi ng t hewgensvaliospr ocedure for synthesi zi ng napht hyl (a@grrsacion2st er)
phophor ochl ori dates the hydrochl ori dg4salt of (R)-cyclohexyl 2-am no-2-
phenyl acetate (2.00 g, 7.41 nmol ), naph | en-1-yl phosphorodichl ori date
(1.94 g, 7.41 mol) and TEA (2.06 n‘e{ é| 3 mol) were conbined in 15 nlL of
dry DCM to give (2R)-cycl ohexy 24 CHs

2- (chl or o( napht hal en- 1- yl oxy) phor yNani no) - 2- phenyl acetate in 60% yiel d
(2.75 g), as a clear, yellow t [ 674] The followi ng are the NWR
results anal yzi ng t he synt hesi NI\/R (500 VHz, CDC13) 6 8.05,
7.88 (2 x d, J 8.00 Hz, H3- napht), 7 8.50 Hz,

H5- nap 72 H, 7 45 (m
4R, Hﬁb%ﬁ %sﬂé & %%ng pgjcﬁ%‘%re f% g”?l}%mgﬁ ﬂa%ﬁﬂ)%g%‘w%d“gg%l (m 1H,
NH), 5.25 - 5. ﬂ:ﬂo;ﬂlﬁtochfd,rldad@.aﬂhﬁikyla& saﬁof 49)85/0(0fﬂiutyll21— alghoester), 1.88 -
1.67 (m 2H, CH2 cycl ohexyl) gm 2H, g | ohexyl %D 1.46 -
1.33 (m 6H, 3met t;gsp@ ed Smmol) naph ha-1-yl phosphoro ichloridatg {’ ONWR (202
MHz, CDC13) 6 76] Using
the general przge Plﬂlplé ?%ﬂ{t)%québ ?Eﬁﬁt %265%1%% glg?glcgior&hgtﬁleos 921%55) -
phosphor am dat esye domtansitoigivedh1®§ of desired phosphorochloridate as a pale yellow

(3R 4R 5R) - 2- ( 2- ami no 6 tho y- 9H purin9-y1)-5- (hydroxyrrethyl) 3- rrethyltet
rahydrofuran 3VHCHs il 1D . 803 mml) in5nm of THF, tert-BuMyCl 1.61
m. (1.61 mmol) was added, foIIovved WO

2010/ od@%@#wﬁ b}sﬁé@wwe&é@ YR &%f’%ﬁ@bwng the synthesized compounds:

2-(chl oro(napht hgl en-1-yl oxyzﬂghos horyl am no%l henyl acetate 735 ng (1.60
rrrml) in 5 nmL of PHRMBAC0EMidsrkidpl:and 8di (m.& )Q S(élbllthﬁﬂ ¢ time W, dg?rSaphy,

360 f % lid.
006791 The 1ol | cunira D ona e el ety B A vRaR AhadrLeg =

conpound: 1H NMR ﬁﬁGQI)M-BS 10B3ADKHG. 8.00 - 7.95 (m 2H H8- naph and H8),
7.83, 7.80 (2 x d, J = 8.00 Hz 1H, H5-napht), 7.64, 7.62 (2 x d, J = 8.00

Hz, 1H, H4- napht3}PNMl5@80Mﬁz3@]iGI})63@;90"'?04’?"7 H6- napht), 7.33 - 7.18 (m
6H, H3-napht and 5H PhG), 6.02, 5.99 (2 x s, 1H HO, 5.03, 4.99 (2 x d, J =

9.00 Ph of P (m 3H, CH ester andH5) 4.36- 4.27
(m 232[0%61] H4Sﬁi’)p @y“gée(‘@o rﬂt"ggms) 1.68- 1.49 (m 4H 2 x CH2 ester)

0,97 (2041 G %%%@6%50‘?%)(%%5%&@@a&ﬁﬂeegF@E% ARk x o,

3] GG NP = 50f2kihind60neaisd:ar)-(2- maeﬂign, B-16RbFOra&8) puiifd, 8, 161.84 (C2),
154.65, 154.51 (O4). 147 90, '147.88 (ipso Naph% 139. 44, 139.03 (CH8),

139. 33, 139. 29n{sIesisesi)0pRE)0. 641@@02hm ailéBdYQEST 61 \mdn)was combingd withy | 60,
129. 15, 128.74 ( 7.86, 127.77 (2
x d, 3k-c-0_ (2Sé%g‘3139utyll%g‘:hj“%ﬁ§a§§t%%%nGl%k@%ghﬁ&% @7%%70]’23126 42, 126. 35,
125.93, 125. 89meﬂhgfﬂ)lﬁath,oatb29 303 o OFF Napbl) andi NPhiethyl ibidazqle 115 1G4 1(2® x d,
3fc-c-0_p = 3.80 C2- Naph), 115 65 115 57 (C5) .93, 39, 93.05 (d"'),
82.32, 81.98 (Bl AféﬁF@O’émg "%)“k“gt%"ocwe P’@Q“St Qyuéléleg%‘?%nt“cz ), 75. 26,
75.20 (CH est efprombtheRibhy G718 M @ﬁ@ﬁM@@H 57:6 Gel(?er‘n @ p =50
He. C5'), 60.02, 59. §%y > /¢ a(g@ﬁu nz GHCH cg ?Mﬁyo 55955, 54,24
(60CH3), 32. 37prgide 2825 zﬂei@as anoitﬁ@vl(nz sxahdsz 2 and 6 ester) 26.37, 26.29
(2 x CH2- 3 and 4 ester), 24.29, 24.21 (CH2-5 ester), 20.36, 20.30 (2' CCH3)
31P NVRO(Q2TR2 Mire floS0M) a6 the WMR S:sdlds f0067S)] thExprpéstzed20pPO6TB] The

nucl eosi de (3R 4R, 5R) - 2- (2- am no- 6- et hoxy- 9H puri n-9-y1)-5-

(hydr oxymet hyl ) - 3InMEM®Y (26 Mahy @IROD)as-$1-4-1di @b, 1Mas7. 8 ynt hBS| Z2dmas H),

follows: WO 2010/ 081082PCT/ US2010/ 020632 191
7.65 (m, SH), 5.9 (s, 1H), 4.95 (m, 1H), 4.6-4.9 (m, 2H), 4.2-4.5 (m, 2H),

4.0 (s, 3H), 3.6-3.7 (m, 1H), 1.8-2.4 (m, 4H), 1.4-1.8 (m, 2H), 0.92-0.96 (d, J
= 8.3 Hz, 3H), 0.79-0.85 (m, 6H).

corrpoij‘ﬁd

3P NMR (80 MHz, CD;0D): 8 6.22, 6.06.

[00464] Example 45



HOO CH3 L O N......... /LN NN NH2 CH3 HO tH [00680] To a suspension of
2-am no- 6-chl oro-9-(2-C nethyl-2,3,5-tri-0O benzoyl - P-Dri bof uranosyl ) puri ne
(2.0 g, 3WwW0O20rmshgs2i n anhydrous et hanol (24 nl) at roompCEMSeIIANGE2 WaS
added NaOEt in ethanol (1.95 g in 4.94%1, 9 equiv). The m xture was stirred
at 50 C for 5 h, cooled down_to roomtenperature, filtrated over cotton and
quenched by addltlon of amj (H . The modwyre was then filtrated and
et hanol was renoved under radused pressurﬁ e resi due was purified by

7.

silica gel chromatography (CHC13/ MeOH 85, | give 0.87 g of the pure
gf% yi el’d :

conpound as a white solid, in afP: HtR-lO 55 min. (colum:
Varian Pursuit XRs 5, C18, 150x4y hod'?s: Linear gr adi ent

H20/ ACN : 0% to 100%ACN|n8 H[ 06 H—I The foll ow ng are the NWR
results anal yzi ng the synt hes%ﬁ iH NWR (500 MHz, CD30D) 6 8.25
(s, 1H), 5.99 (s, 1H), 4.5 J CR, 71401)OH4 23 (d, J 9.1, 1H), 4.06-
4.02 (m 2H), 3.87 (dd, J@% 124 1H), 1.46 (t, J:7.1, 3H), 0.96(5,
3H). [00682] Exanple 73 [0 3] The (2S)-benzyl

2- 442R t

di hydr éﬁ Réﬁ%ﬁ%ﬁagg%f(t@ g %Kr%esngzgi%{ égm%t a en Pul} >>')1)phosphory
| am no) pr opanoél4ed1hahosyntdmh'lmnzihﬁkoﬁmﬂ @J\Iﬁ):metM@y(naphthalene 1- yloxy)

2010/ 081082PCT/ US2 gggog)sg 192 00684 Usi ng t he gene al. _procedure for
the synthesis BROSROYETENYe’ BetllEmaiar uiyPEEsiEREi%8H MY to a sol ution
of (3R 4R 5R)-2-(2-am no- 6- ethoxy-9H—pur|n 9-y1)-5-

(hydr oX{PHay| $tep. Liebyythesis 9fa@§ltﬁﬂflﬁli’¢m¥132 (chiprg(naphthalgn-leylowd- mol ) and

NM 0.31 nL (3 5 s added (2S)-benzyl 2-

(chl or o( napht hgﬁéﬂp@f) 5‘?1 3'?%35%3% propanoate, 931 ny (2.31 nmol)
in 5 n of THF. After wor kup and silicay g{e col utm chr omat ogr aphy, 68.7 ng
of pure protide was obtained in a 1§%¢1| d, as an off-white solid. M
(ES+) me: 693.25 (ML-1, 100% ccurpate : C33H38N609P1 cal cul at ed

693. 2438, found 693. 2452 [ 006& The owing are the NVR results

anal yzi ng the synthesi zed conp d: 1H N 500 MHz, CD30D) 6 8.17-8.15 (m
1H, H8-napht), 7.96, 7.92 (2 1H HEY , , 7.84 (2 x d, 1H, J = 8.00
Hz, H5-napht), 7.67, 7.66 (2 xd, J = 8.00 1H, H4-napht), 7.51 - 7.43
(m 3H, H2, H7, H6-napht), 7.36, 7. 35 (2 xt, J=8.00 Hz, 1H, H3-napht),
7.27 - [P0&]( WSﬁlg,thepgml)i‘J;al @rc@nedursf@@y(lﬁlemzmg naphthHG}am@GOzB:id éast@% (m 2H, CH2

ester), 4.61 - _4.57 H H5 4.51 4. 50 X = 7..00 Hz, 2H,
60032CH3) 4. 34Ph9P?‘?f73(cg5 éa‘iﬁs and egsélaffo*ah??@rﬁygéﬁe‘}tgl‘% YBIOA 55 (m  1H,
HA4 4.12- 4. 6% ald s,hrﬂ&ll i’enmtl dRodiBhloddd
GOCLZCHB) 1. 30 éﬁaﬂmuj- %te%k'é ). 7 0) nﬂltﬁa y9p1m%h xos %H teé CCH3)
13C NMVR (126 MHz88 gDBOmMA), 1H@th81@mlmeﬂa2 1141@&; 1435} ngmel) Rncbdtehbr@n@banec_o

ester), 162.39 5 147.98 (i pso
coter). 162 39uige, B8 eindSh oG { 2Ly SR SRkl 147 %8 1P
129. 51, 129. 22(chl(ﬂre(niﬁhthilzﬁl113310X§2|)%ﬂlogfﬂlorﬂlalﬁmz)g—?)(lﬂatﬂimbuaﬁﬁ)ate R4 pk, 127.88
(2 x d, 3fc-c-0- E?? aphit ., 127.74, 127.72, 127.48, 126.51,

126. 48, 125. 95Yel V]S%Ousmlznfé f(Nalﬁh Ph), 116. 25, 116.23 (C2-Naph), 115. 64,
11562%C5 93.32, 93.14 (d'), 82.29, 82.11 (2 x d, 3Jcc0£ 8.8 Hz,
c4'), 1990 ] 7§h©ﬁ>ll(omng areihr:l}l R rgulspa abFing thg gymbesizd comppends: d, 2Jc_0_p
= 3.7 Hz, C5'), 67.49, 67.45 (CH2 ester), 63.58, 63.56 (60CH2CH3), 51.81,
51.72 (Ccc Al a), 'PONSIR (200.\84z, CDCBY 8(8311-13mAllH),,7 20.9361, 6010, B26 (12, KBDHS)

CO300) 6 4. 31, 4 D[ OOBEY: EkBAB: YDy d 6192 (m. sib, 00 P bR (202 M

3P NMR (80 MHz, CDCl5): & 10.98, 10.5.

[00469] Step 2: Synthesis of Protide

[00470]  Using the general procedure (Method A) for the Synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(200 mg, 0.64 mmol) in anhydrous THF (15 mL) was combined with (25)-



WD 2010/ 081082PCT/ US2010/ 020632 193 [00687] The protide

(2S)-2, 4-di fl uorobenzyl

2- ((( (2R 88241081082 2- anm no- 6- et hoxy- 9H puri n-9-y1) - 3, 4- echyseaxp20b3met hyl t e
t rahydr of ur an- 2- yl ) net hoxy) ( napht hal a# 1-yl oxy) phosphor yl am no) pr opanoat e
was synt hesi zed as foll ows: F [00688] Usi he_ general prqcedure for
the synthesis 6YTeRrBA oo plgrafna B 'M&Bﬂ%@h?%%%)'i‘)“}e%%ﬁb‘ga%%lt%t i on
of 330 mg of nugdeesi sle g3 4 ma%yﬂi%ﬁ@z{ﬂo[@(ﬁ@?) mg, 3.2 mmol), After normal

et hoxy- 9H purin-9-y1) - 5- (hydroxynet hyl ) - 3- et hyl t egt r ahydr of uran- 3, 4-di ol )
in 3.8 nL of Twerk-uptheaddaddprod@4 wak phrinéd Wvegluolchmmedogrgphy on silica gel
(25)-2,4-difl uor.obgjﬁlz@ ) . fide | . ¢ whit

2- (chl or o napht'Ha# &AL VR Bhicd fhar g PAme O isanddtey et 84§ VRS, 8 nL

of THF. After wgikup and silica gel colum chronmat ography, 122 ng of pure
proti de was obtained (17% yield) as an off-white solid: HPLC : tR = 21. 65,

21.95 %0471@‘30'1“14%110\@&5\%%@tl?éJNMﬁ}es%ﬂsalﬁlyz' he PAKAILdWnpdtigiset hod i's:
Li near gradient H20/ACN : 0% to 100% ACN’in 30 mn.) [00688] The foll ow ng

Co30D) 6 8. 165, 1 Ve pp VB TGRS QI SR LT
and 7.66 (m 1H),7.6-756n7.120, 1.7 5k, 456, 9356s, AH)( 4105 24) | HE AFBramH)5497 ( 2s,
(m 15, 1,46 1. B (2028529 0, 318kt T B 24 3 560 4508 3, Vb5, 65" ana

0.96 (2s, 3H) 0.96/(d. T = 8.4 Hz, 3H). 079085 (m &P NWR (202 Mz, CD30D-d4) 6
4.22 and 4.19. [00690] Exanple 75 [00691i The Protide

(2S)-((S)-1-phenyt .
Ok SR AR R SRy SN N80 MHz CDODE B 6360 o 135 4 di hydr oxy- 4- et hyl ¢ et

rahydr -2-yl t hoxy) (napht hal en- 1- yl oxy) phosphor yl am no) pr opanoat e
was syﬁb%&?zegxﬁ)ﬁg&o‘ﬁoom. WD 2010/ 081082PCT/ US2010/ 020632 194 Z3 0

N [664?7:3] T The %ydloﬂe?cyf\ﬁ(gj%((%(%,%4&5595:(2-amino-6-methoxy-9H-purin-9-y1)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)

phosphorylamino)-3-methylbutanoate was synthesized as follows:

0. .0
B N N/)\NHZ

HN Yo—\_ 0O
OWCW, CHsy
: O CHyHO OH

[00474] Step 1: Synthesis of (25)-cyclohexyl 2-(chloro(naphthalen-1-yloxy)-
phosphorylamino)-3-methylbutanoate

0

. /C|H3C
=% CHs
Q O HN
0
v YD

[00475]  Using the general procedure for synthesizing naphthalene (aminoacid ester)
phophorochloridates, the hydrochloride salt of cyclohexyloxy-1.-valine (1.8 g),
was combined with naphthalene-1-yl phosphorodichloridate (1.99 g), TEA ( 2.12



HC ."OH 0 C H3 [00692] Using the general procedure for the synthesis of

5' - phosphoram dates (Method A), to a solution of 250 ng (0. 768 mmol ) of
(3R, 4R, 5Ry02010288082n0- 6- et hoxy- 9Hpuri n- 9-y1) - 5- ( hydr oxymwrerhysk)108208t hyl t et r
ahydr of ur an- 3, 4- di ol and NM 0.31 nL1§B.54 nmmol) in 5 nL of THF, was added
(2S)-((S)-1- phe d%%&é b - _
(chl or o( napht h51 Y pHosiorebYs Lakf iy srsbardueergghhalgn{loyl81y)mol ) in
5 nmL of THF. A r ng of
pure protide WBE&%%%‘QPE%%)?%%;% R e e a5 18800603,
The fol | owi ng #nek ¢ithe NVR results anal yzing the synthesized conpound: 1H
NVR (500 MHz, CD30D) 6 8.19- 8.16 (m 1H, H8-napht), 8.05, 8.01 (2 x s, 1H,
H8), 7.[8@476]. 78h¢ falloktihg Mb-tiaNMR resdlt6malyzie3hé RynthehizedzopOurdis; 1H), 7. 55
- 7.45 (m 3H, H2, H7, H6-1lapht), 7.38- 7.32 (m 1H H3-napht), 7.27- 7.19
(m 5H Phe), 6. GHNMR)@SOOZ\/IHZSCD@H)SSSN(& 184, @ﬁn(aﬁhtx 90 i, 81,5Q-Hz, 1H, CH
ester), 4.67- 4.56 (m 2H, GOCHZCHS) 4.32-
4.22 (m 2H, H3 dwahtyd/. 75 (dg, 160@180%1%%41141)11%@@ 7H44m., 3H, B, I(I@@@Hzcu 3

d = ,
o0 a3) 130 Pl e Cadouf B bR Ogtegp et (L £ S 5
L
138.88 (CHB), 1361P%:9 @sﬁsgéim('\jgﬁ &Hz hexyh. ]p76%832f7‘ Gt Cbié%h?xyé é)6%

129. 74, 129. 55, 1—295§ém éﬁ)81%6 (m’L%ﬁ %@iz civgl%héénl) 1%§éﬁ§2ﬁy@ﬁ%y88ﬂe gi)27 87,

127.81 (2 x d, 3fc-c- 50
15,55, 124,95, 123 49, 125 ”?IH “Hﬁv"‘”%”m 55583“’?2@?5“?12822?3@“ "a.

. 99, .22, ) ) A5 p , . 30, ) X d,
3fc-c-0-p = 3.7 ié&@,@%ma Qféz(ég—?(i"\l?gﬂq’((%ﬂa 3.38, 93.22 (A'),
82.39, 82.24(2 x . 3fc-c c4' WO
2010/ 081082PCT/ U§216¥M%é%f@§1§&1119€13§é3%c9887§)@4 (C2'), 74.91, 74.86, 74.77,
74;64, 74.50 (C3 2and CH ester), 68.01, 67.53 (2 x d,2Jc_o_p = 5.0 Hz,
) AT, syl Covmneni, S8 (S e i (g
ester a
31P NVROQP132 I\/Hzi,nngQ@)eraG proc8@yre 4VRgho 0G0 the Byathpdieof7S - HOSR8EI mibates
protide 2, 2-di

D (e o SRR 8 oy, 26 e skl PohelPow \PESing 9.2 3PWIaP 8%y - 4- met

hyl t et rahydr of ms@ﬂrgzteme)nﬁﬁﬁblh@Mﬁd}@@mehalserﬁgoitﬂrm was added NMI 0.32 mL
yI oxy) phosphoryl am no) proi)anoat e was synthesized as follows: CCI3 O

........ 482 myrol phellowgedryy (EN-vxoldeKyl 2-(chloro(naphtigplgn-1-yloxy)-
/ Bl%_s%horylammo)—3—methy1butanoate 633 mg (1.44 mmol) in 5 mL of THF.

After workup and silica gel column chromatography, 45 mg of pure protide was

obtained in a 11% yield, as an off-white solid.
[00479]  The following are the NMR results analyzing the synthesized compounds:

'H NMR (500 MHz, CD;OD) & 8.21 — 8.14 (m, 1H, Hs-napht), 7.96, 7.94 (s,
1H, Hg), 7.89 — 7.82 (m, 1H, Hs-napht), 7.69, 7.65 (2 x d, J= 8.5 Hz, 1H, Hy-
napht), 7.55 — 7.42 (m, 3H, Hy, He, Hy-napht), 7.42 — 7.33 (m, 1H, Hs-napht),
5.99 (s, 1H, Hy), 4.66 — 4.54 (m, 3H, CH ester, Hs'), 4.39 — 4.22 (m, 2H, Hj
and Hy), 4.05, 4.04 (s, 3H, 60CH3), 3.75 — 3.68 (m, 1H, Ha Val), 2.06 — 1.93
(m, 1H, HB Val), 1.70 — 1.57 (m, 4H, 2 x CH, cyclohexyl), 1.39 — 1.15 (m,
6H, 3 x CH; cyclohexyl), 0.99, 0.95 (s, 3H, 2°CCH3), 0.89 — 0.82 (m, 6H, CH;
Val).

3C NMR (126 MHz, CD;0D) & 173.67 (d, °J c.c.n.p = 2.8, C=0 ester), 173.39



HO tH [ 00696] Using the general procedure for the synthesis of nucl eoside
5' - phosphoram dates (Method A), to a solution of 500 ng of

(

r

(3R, 4R, 5Wp-281(@1@ai no- 6- et hoxy- 9Hpuri n- 9-y1) - 5- ( hydr oxpaetusgéipo3eeaet hyl t et
ahydrofuran-3,4-diol) in 6 rrL of THA1 was added (614 !lIL) of NM, followed
by (2S)-neopentyl 25 (chl or a hal en ph yl ) noat e

(1.77 g) in 6 nL ©f BJI'HFNPﬁ ‘gn‘bkﬁiﬁ f)arlé2§ éélls% rﬁ%m&(ﬂﬁ ﬁa%’%é r aphy,

285 mg of pure prgyigmde 51@@@@' Hedj( % Y s ehehht &S| a']?48)f)(5 wht t 0'19' HPLC
. tR = 22.92, 23.16 m(n@!g(co rm:” vérﬁg’gn Pursgl?tt e U s, &

The method is: LimebrChy dd9.4ht13920/(QEN); 13183/3(1 636.95)%%1MI16) 308. r811,n1$8 7[500697]

The foll ow | t 5 R I

NVR (500 M. COBGEIT. 20 81 (el 0 8. tRLRd A28 s KEipt S do-7. 84
(m 1H), 7.71 andh ght7@9)( 207 737 1@7 37 El-naphtH6L27. 3’96((§Imnaﬁ1kﬂ) 15629}9 o5 98
(2s, 1H), 4.65 -4. I—% 56-4.51 (AB system J=7.1 and 14, 2,

2
4.36-4.21 (m 2m(CPhnmu)41@ 85 ¢ Hinqpht) 312883 1@2 8@4(@H paphy), 3 16.2p1(d, 17c42|) (2t,

L7 201 3k P 58 v BB 50

31P NMVR (202 MHz (C@b;;a;@mgj@)m@ (4112>8 samd A, % dﬁﬁmlcﬁxmk(dﬁﬂ@@ﬁ%] The
protide (2S)-isoprop 2- 442R §2§ g 0-6-€ %/QQH-g
Dt ry e oy a R PR G B B T 551 Bt e 865 b G Bh. B838 bhosp

oSN ) P RPETSEL S 185, (YT AEa, L8 8 hale ML gy b ©
procedure for thesmWWQ o 3nuL P Ros) ple 699, awmﬁmgn@mcﬂéj&sm(%tmm A,

to a solution of 250

((3R 4R, 5R) - 2- ( 2-¥h: @‘Eﬁ’ ei%i?xﬁﬂ@:l—lﬁ)[ﬂl@hﬁgl)y% 35- (Cﬁ&cﬂ‘&’él@@ﬁ’éﬁﬂhyﬂ“)é% 241yl t et
rahydr of uran- 3, 4- g pl ycliooy ey 3391 20 56 o WR$1., 72908 s (3996 ! 144 AeH My a1,

foll owed by (2S)-1sdpr
(chl or o( napht hal ers-35, Y8 o3y¢C'ahazphor yl am no) propanoate (819.6 ng) in 3.3 nL
of THFE. After workup and silica gel colum chromatography, 277 nmg of pure

protide was obt ai*hesMREIGVVEI-drDAODEB 0fF aWhi te solid. HPLC @ tR= 20. 39,
20. 65 m n. (coI um: Varian Pursuit XRs 5, Cl18, 150x4.6 nmm The nethod is:

Li near [GRI%%}] {,—gg : 0%to 100% ACN in 30 min.) [00701] The foll ow ng
are the resu anal yzing the synt hesi zed corrpound 1H NMR (500 MHz,

CD30D) 1- I 8 ) | H, 7.71
and 7 d007g. Treld Budiheo rden Bt sl e Ll BT R 4 g5
(m 1H), 4.66 purn- §7y1XBn4 cﬁllri)dro;ély %dt@te&ﬁﬁﬁcﬁ‘ﬂﬂurah—j—yﬂ)rr&ﬂd)xﬂzﬂn&)hﬂi’diﬁn 1-
4.38-4.21 (m 2H), 4.02-3 47-1.42 (2f, J=7.1, 3H), 1.29 (d,
J=7.1, 3H), 1. z}r)xymh@&phemlarem on@ ylawan@atgwaﬁ synthesjzed as follows:

31P NVR (202 MHz, CD30D) 6 4.39 and 4 29. [00702] Exanple 78 [00703] The
protide (28)-tetrahydro-2H—

X/
2-((((2R 3R, 4R) - 5- ( 2- am no- @ﬂ@ 9H—pur|n 9 yf} 3, 4-di hydr oxy- 4- net hyl t et
)\

r ahydr of ur an- 2-
P
HN" O o
OWCW, CHs
O CHg HO OH
Y

[00482] Step 1: Synthesis of (25)-tetrahydro-2H-pyran-4-yl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate

[00483] Using the general procedure for synthesizing naphthylalene (amino acid ester)
phophorochloridates and tosylate salt of (§)-tetrahydro-2H-pyran-4-yl-2-amino-3-
methylbutanoate (3.76 g, 10.0 mmol), naphthalene-1-yl phosphorodichloridate
(2.62 g, 10.0 mmol), triethylamine (2.81 mL, 2.0 mmol ) and dichloromethane (54
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yl ) met hoxy) ( napht hal en-1| -yl oxy) phosphor yl am no) propanoat e was synt hesi zed
as foll ows02010/081@2r........... ,0 C [00704] Using the gemarsadiopeassedur e
for the synthesis of nucl eoside 5 -ph&sphoram dat es (Method A), to a

o hoxy - OH pus | LGNS camhitmiongis 2 SRaIof Qe otk A1 CnhO A P IARA 2a- di ol i n

3 mL of THF, wasiR6@8 tﬁal\gﬁ)l ok BpKosphBtylanfifio PRk buthi¥aftaal gule f ol | oved
by (2S)- tetrahydro pyran-4-ylI

2- (chl or o( naphy¢lidvenisdaus @xlyih pRGsyhldr yl am no) pr opanoate 825 ng (2.1 nmmol)
dissolved in 3 nL of THF. After standard workup and purification, 72 ng
(149 dbo4Bgi r &de firlbivicearvalse NMRraelds amlyaingothé sydthdésezed@bingoudBLC @ tR =
17.85, 18.24 min. (colum: Varian Pursuit XRs 5, C18, 150x4.6 mm The

met hod is: Linear'HoONRR @00 MEB/ AOHL;) : §%05qmil 09F57 SN, nH307. 7\, JHJ, 0QZ05] The
followng are the NMR results anal yzing the synt hesized conp ound 1H NWR

(500 MHz, CD30D) 7668n2@i>§0§5f,n7(r1(ﬁ>,14§(m811éb3 7 4d& (623@5361% m,2Hg. 7. 81
5100 (2 x 5. 1ry Zh2oTm ARy ety St p b B 5 88 ATy (o
d, J=6.70, 2 4 9 1 3.80- 3.75 2H) ,
3. 48- 3.37 (;? 2%51’9’??4%6%%%13)%9% 1436 1.(2]9 (;? oH), 1.44 (t,(mJ:7.H)20
Hz, 3 2, Hz, 3 0.98, 0.97 (2 .

31P NK/DF@?%% %é@ﬂ)e% Oﬁ’ieﬁgﬁ [5?3706] Exanpl e (79 ?03)707] The
protide éﬁ& neopentyl (((2R 3R 4R) (2-am no- 6- et hoxy-9H purin-9-yl) -
3, 4-di HY Eﬁ%ttheyg%r@f RFFaT e &HIOMA fyﬁ@@%&%%aﬁt aﬂﬁlﬁfaw%t}??) phosp

o1 VLSTN&‘L’)NHé’ S R e S S S
p,r ocedure for t400 mynt2emn®l)ah anhpdreasTHE (80 mphosplkomaimed atiths 2§ Vet hod A) ,
to a solution of

((3R 4R 5R) - 2- gi‘ﬁqﬂggfsp)éftaﬂoxx} Zofsplar e RaRhhalsn-d-y HpaP I N1 Y3 et hy | t et

Egg’d:}g‘;g;ﬁ?y?nﬁﬂ{%&it&nda& @.891g, @fo3ThiGol) WAS Mddecl Nldak 3880 .51k, F & | owed by
2-(chl oro( naphnmadlbm\lftaymomlmkmpohqham pofug- W@tmyllﬁbdufoanobmal (1.14 g) in

THF (4 nL). After and sili .3 ng of
pure protide wid® WF OPfél%aﬁeg‘Il a(?g Q?@%Wﬁ%fgﬁ %W%E’L . tR =
27.96 m n. (cobwﬁaelﬂ/gg%aﬁbl&’gg@ubﬁfmsélldC18 150x4. 6 mn The met hod is:
Li near gradient H20/ACN : 0% to 100% ACN in 30 min.) [00709] The foll ow ng

are theohidre i 500 MHz,
CD30D) TGO ST, mlm@léﬁ% tMN%)fal@éeﬁgﬁst?Q%? l@zgdth%%p%%% dgor g’!:}%@sﬁn 1H, 7.70

and766(2d J—1 72 H, 4.65
i AC S S R Rt

1H), 7.6-7.7 (m, 1H), 7.3-7.6 (m, 4H), 5.95 (s, 1H), 4.65-4.8 (m, 1H), 4.6 (m,

2H), 4.2-4.4 (m, 2H), 4.0 (s, 3H), 3.6-3.8 (m, 2H), 3.3-3.5 (m, 1H), 1.96 (m,

1H), 1.58-1.83 (m, 5), 0.92-0.96 (d, J = 8.25 Hz, 3H), 0.79-0.85 (m, 6H)

3P NMR (80 MHz, CD;0D): § 6.19, 6.15, 5.95, 5.91
[00488] Example 48

[00489] The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(6-((S)-1-methoxy-1-
oxopropan-2-yl)naphthalen-2-yloxy)phosphorylamino)-3-methylbutanoate was

synthesized as follows:



14.2, 2H), 4.40-4.21 (m 2H), 3.82-3.74 (m 1H), 3.72-3.59 (4d, J=10.5,

2H), 2.09-1.93 (m 1H), 1.47-1.42 (2t, J=7.1, 3H), 0.99 and 0.95 (2s,
0. 90- 0. 82W0rzp1010BIH)32 31P NWR (202 MHz, CD30D) 6 5.11 ana/us2@0/02¢66D710]
Exanpl e 80 [00711] The 153

(3R 4R 5R) - 2- (2- am no- 6- (net hyl am no) - 9H puri n-9-y % 5- (hydr oxynet hyl ) -
3-net hyl t et rahydr of uran- 3, 4-di ol was synt hesi zed a o I

di ngly: HN, CH3

CH3 HOtH WD 2010/ 081082RCT/ US /020632 /N N

[00490]

[00491]

[00492]

[00493]

[00494]

Step1: Synthesis of (25)-neopentyl 2-(chloro(6-((S)-1-methoxy-1-oxopropan-
2-yl)naphthalen-2-yloxy)phosphorylamino)-3-methylbutanoate

O
Hal HN™ Cl

0 CHs

Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates the tosylate salt of (5)-neopentyl 2-amino-3-methylbutanoate
(776 mg), and (5)-methyl 2-(6-(dichlorophosphoryloxy)naphthalen-2-
yl)propanoate (750 mg), TEA (0.6 mL) and DCM (15 mL) were combined to give
580 mg of desired (25)-neopentyl 2-(chloro(6-(($)-1-methoxy-1-oxopropan-2-
yDnaphthalen-2-yloxy)phosphorylamino)-3-methylbutanoate as gummy solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCls) :  7.84-7.72 (m, 4H), 7.49-7.44 (dd, J = 1.8Hz,
8.4 Hz, 1H), 7.36 (m, 1H), 4.2-3.9 (m, 3H), 3.6 (s, 3H), 2.2 (m, 1H), 1.6 (d, J
=7.2Hz,3H), 1.5 (dd, J=5.4, 6.6 Hz, 3H), 0.95 (m, 12H).

*'P NMR (80 MHz, CDCls) 3 10.65, 10.19
Step 2: Synthesis of the protide

Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the
nucleoside(150 mg, 0.48 mmol) in anhydrous THF (20 mL) was combined with
(25)-neopentyl 2-(chloro(6-((5)- 1-methoxy-1-oxopropan-2-yl)naphthalen-2-
yloxy)phosphorylamino)-3-methylbutanoate (580 mg, 0.96 mmol), N-methyl
imidazole (0.2 mL, 2.4 mmol) and triethyl amine (0.07 mL, 0.48 mmol). After

normal work-up the crude product was purified by column chromatography on

3H),

NH2



199 [00712] To a solution of

(3R 4R, 5R) - 2- ( 2- am no- 6- chl or 0o- 9H puri n-9-y1) - 5-

(benzoyl oxgrmetanghigs2 3- met hyl t et r ahydr of ur an- 3, 4- di yl di berzoatSe010HHBG3NY,
0.239 mml) in ethanol was added nmethy4 amne (1 nL, 1.2 mml) and triethyl

amne (0.17 ni,. 1.2 mmpl) 85. C gqvern t ube.
After cooling SHE? g@&ﬁ@ﬁ&ﬁz@ﬂ MR RpGad 8PS nggrogg«; T8V ER Bt
chr omat ogr aphy ogsifg S(@th.hl or onet hane/ et hanol (93. 7) to give 68 ng (92%
yield) of (3R 4R 5R) 2-(2-

ﬁ;n;[ R)C/)I ﬁe?ra %rg ur an- Igé_gfggﬁé &\@{sy%%]ﬁsg?r%ﬁ\}/%ﬂ{g[qewg@ftﬂé&hgeﬁgfﬁlfg?ndme fol |l ow ng
cDs0D): 6 8. BESE‘!@&W)@% B LY 83 T ma TR s )y 6 ehimzrs

3.85 9dd, J=3.2 l-gH 333.2 %415%%@]& s, 3%2 B4 {554, 13(H) ,2}9 991(g, 3H.

[ 00714] Exarrple 81 0071 ) - neopent y
2- 442R, 3R, 4R) - 5- (ﬁi)a&ﬂﬁd«%(m,r@ﬂwmr@ niﬁ%@lélri)ﬁu(mnllg) Yy an, 1H), 2.0 (m, 1H),

3, 4- di hydr oxy- 4- I tet me y) (napht haI en- 1yl oxy) phosp
hor yl am no) pr opa%%ty @ﬁgsﬁgﬁ 72%5%% %%@X ..... N )N 0

/21, P\ N----NNH2 4 H [00716] Usi ng the gener al
procedure ( Met hode%m%k%wé{%%% @8 cl eosi de 5'- phosphoram dat es
of (3R 4R 5R)-2-(2-am no-6-(nmethyl am no) - 9H—pur|n 9- yl) 5-

(hydr oX§HSHy | Framplerddy| t et r ahydr of ur an- 3, 4-di ol (150 ng, 0.48 mmol) in
anhydr ous THF gr25 n.) was conbi ned wnthﬁ%ZS) neopent yl

2- (chl dPH#IYApht heﬁ?éhﬂq%rﬁlébqubh@@@ﬁdﬁ(ﬂ% &) pr GpamioattemeBegy-AY; purimd- mol ) ,
and tert-butyl i er nor mal

wor k-up the cr?’:ﬁg3 Lpprg?)l ﬁc e{hﬁﬁetga]hé/gmburnk 'ﬁﬁrﬁetﬁﬂ%]%%oélrn a§|ohy on silica
gel using yloxy)p@bafﬁibzylzwﬁ%) Ggﬁetﬂylbmngawezamyms&fedeg edliothe: in 17%yield

as light yellow solid. [00717] The following are the NVR results anal yzing
the synthesi zed conpound. WO _RQ104081082PCT/ US2049/ 020632 200 1H NMR (200

MHz, CD30D): 6 8.15 (m 1H), [7.8 2H) , 7650( H) 7.3-7.54 (m 4H),
5.93 (d, J=4.0 Hz, 1H), 4.52 , 4. 22 : : 0 (dd, J=7.4 Hz,
J=6.8Hz, 1H), 3.6 (m 2H), 3.0 (s, % 70Hz 3H), 0.95 (d,
J=2.6 Hz, 3H), 0.84 (d, J32Hz%|:g 31P \MHz, CD30D): 6 5. 4.

[ 00718] Exarrpl e 82 [00719] The ( cﬁ henyl et hyI)

2-(4(2R 3R 4R) - 5- ( 2- amn06(rr@ rin-9-yl)-3, 4-di hydroxy- 4-me
t hyl t et rahydr of ur an- 2- y oxy (n H 1-'yl oxy) phosphor yl am no) pr opan

oate was synt hesi zed as f
F
[00498]  Step 1: (25)-2,4-difluorobenzyl 2-(chloro(quinolin-5-yloxy)phosphorylamino)-
3-methylbutanoate

[00499]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (5)-2,4-difluorobenzyl 2-amino-3-
methylbutanoate (1.7 g, 4.1 mmol), quinoline 5-yloxy phosphorodichloridate
(1.08 g, 4.01 mmol), triethyl amine (1.15 mL, 8.2 mmol) and dichloromethane (20



", HN'CH - N... )N O0"01 1:(N'--Th\r NH2 HN, 0--NO \ CH3 CH3 OHH CH3

[ 00720] Step 1: (28) ((S)-1-phenyl ethyl)

2- (chl or ojoaptwdsaisen- 1yl oxy) phosphoryl ami no) propanoat e PL@AB2@p/okmsNg t he
general procedure for synthesizing naphthyl (am noacid ester)

phophor ochl ori dates the tos Iate ?dt of S Ieth

ani nopr opanoat Bl PVegseqnbisediy gixg, ﬂétﬂgﬂiéﬁ&? %P}S?chg&r date in 40 © yleld
phosphor odi chl g¢ pdat&idw2 a8 Swel.) , tri et hyl amine (0.76 nL, 5.56 mmol) and
di chl or onet hane f()20 nm.) were “conbined to give 610 g of desired

2S) -
gchl) o$ g??]a zﬁyhﬁ 0W+%§1§)th osp (r)ersglltsa%r‘llal Z)mp%'%l%zsi rg%?sézefiﬁ:oglg% yi'eld as pale
[ I 0072 [ R I lyzi h
ot hes zed Lonpoﬁﬂléﬂ%ﬁ 8 SBCPASAY (10t S35l BB R Hy T,
7.30-7.61 (m 9H]8.0B(R9=L. mHzl|'ﬂH) A688m( DH), M7,7$2@& 2H4.66.€ 0, BiH), 5.2 (m,
31P NWR (80 MHz, CDC13) 9.34 [00723] Step 2: Synthesis of protide
[00724] Usi ng thesz)ef‘nér(h‘ll, Jpﬁé‘clé%ldl@ /(Q/élﬁlhéld) @)2 %rlﬂ)h@ I4PhORdsi s of

nucl eosi de 5' - phosphor an dat es,

(3R 4R, 5R) - 2- ( 2- am no- 6- ( et hyl ani no) - 9H puri n-9-y1) - 5-

(hydr oxynet hyl ) - 3- met hyl t et r ahydr of uran- 3, 4-diol (190 ng, 0.613 nmol) in
anhydrous THF (25'BPINMR&S0 B ivh Cik el ;b 1 0§, 28)62( ( S) - 1- phenyl et hyl ) 2-

(chl oro( napht hal en-1 -yl oxy) phosphoryl am no) pr opanoate (610 ng, 1.41 mol),

and terposory! Srpmayndesiferotge (1. 41 nl, 1.41 mmol) After normal work-up
the crude product was purified by columm chromatography on silica gel twce

usi ng $ob2/ Mefiil g (B eénkrARELELMNAB (Metdd®) Tt thaGphBeSd oY’ ho&iddes t 0
gi ve Z%g@rrggof Er(%ttl dge |?1 Eo%g el(deas of)f vvthl tgﬁtsol id. [t%llg 25] Tlhe ;

foll owi ng are PhzaNVR-bemihey-afkCyntthyl-fherisgintanesilipatne dhpouphebsideH NVR
(200 N CO20Bc 5 0 Ay oy T Ay L by 343, -
1H), 4.02 (m difluorcbefdyl QS(chBH)(quido@d-5(BoxydphospHorghniiig)- Bhiethylbuddnoaty 3H) ,
0.94 (s, 3H (770 mg, 1.64 mmol), and #-butyl magnesium chloride (1.645 mL, 1.645 mmol).

After normal work-up the crude product was purified by column chromatography

on silica gel using CH>Cl,/MeOH (94:6) to give 169 mg of protide in 28% yield

as an off-white solid.
[00503] The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CD;0D): 3 8.84 (m, 1H), 8.61 (m, 1H), 7.78-7.9 (m, 1H),
7.78-7.85 (m, 1H), 7.26-7.69 (m, 4H), 6.75-6.92 (m, 2H), 5.94 (s, 1H), 5.0 (m,
2H), 4.6 (dd, J=4.0 Hz, J=4.4 Hz, 2H), 4.15-4.41 (m, 2H), 4.0 (s, 3H), 3.73
(dd, J=6.2 Hz, J=6.2 Hz, 1H), 2.0 (m, 1H), 0.8-1.0 (m, 9H).

3P NMR (80 MHz, CD;0D): & 6.34, 5.94.
[00504] Example 50

[00505] The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-

yloxy)phosphorylamino)-3-methylbutanoate was synthesized as follows:



31P NMR (80 MHz, CD30D): 6 5.36, 5.35. [00726] Exanple 83 [00727] The
(2S) - neopentyl 2-((((2R, 3R, 4R, 5R)-5-(2-am no- 6- (et hyl am no) - 94 puri n- 9-
y1) - 3, 4- dwbydromsyesd- et hyl t et r ahydr of ur an- 2- yl ) net hoxy) equiuseé 100232

yl oxy) phosphor yl am no) pr opanoat e was 18ynt hesi zed as foll ows: WO

2010/ 081082PCT/ US2010/ 020632 ,202 [00728] Using the general procedure

(Method B) for the synthesisg tcl eosi de 5' chphosphoram dat es of
(3R 4R 5R) - 2- ( 2- am no- 6- ( metqy no) - 9H-R|ur| - -y1) 5-
(hydr oxynet hyl ) - 3- net hyl t et r ahydf of ur an- dldN (200 ng, 0.645 mmol) in

anhydrous THF (25 nlL) was conbi n@d,@mth entyl
2- (chl oro(quinolin-6- yloxy) phﬁlﬁ (g | rog‘ﬁﬂoat e (650 ng, 1.801
mol ), and tert-butyl nagnesiu r| 18rr1_ 1.8 mml ). After nornal

wor k- up the crude product Y R B'IBurm chromat ography on silica
gel tw ce using CH2C12/ I\/E% F%nud)\thejmthh et hyl acet at e/ net hanol
(9:1) to give 110 ng of protide

6% yield as an off-white solid. [00729]

in

The folhoydgrg %@ﬂ anmwﬁs bﬁsztsbilﬁoﬁaﬁwz-tagoﬁog@uﬁmm B%ﬂb%)?d conpound: 1H

NVR (200 MHz, 6 8,77 (ddd, J=1.8 1H), 8.2
(t, J=8.0 Hz, mhpspl@rﬂa(lmnom:meﬂlﬁbutanppte 7.63-7.8 (m 3H), 7. 45 (m 1H),
5.92 (s, 1H, 4.6 (m 2H), 4.23 (m 2H), 4.05 (m 1H), 3.55-3.8 (m 2H),
3.0 (d,[005{27]4 Hzing3hd) gen:bra(kﬁrc(cmiulﬁlﬂ)r syﬁtlﬁﬁz'mg%pl@thyl (a@k)o. acid ester)

31P NMR (80 5.16 0730 The

(3R 4R 5R) - 2- (Eh%ﬂﬂjfﬂ‘}%“@ﬁ@ﬁzt{%? EWIHE?)“‘BR BEGRC t—‘/g%?ﬂ%)f -
3-met hyl t et rav\gdl g 0@ Bmol A~ th?)hm%? @%%gﬂﬁb ﬁ&%elﬁ@ﬁ@&gkmw 3 06 HN | | HON
NH2 4CH3 Hd 10/ 081082FC>1CT/ US2010/ 0206 203 [00733] To a suspension of

(3R, 4R, 5R) - 2- ( Bwaeh. m@etbylgmm@xgmbm I mrgoly 2)d dichloromethane (30 mL) were

(benzoyl oxyrreth tral dr.of,uran- 3 Z0a , 1.60
mol) in anhydré(;rﬂ?s)lne ?kég %fSIredtp hoop Cg?rop%dr]agetlﬁlr%ga e@z%?l(pglr% ne (1.75

m., 10 equiv) vamwadaadsil.The m xture was stirred under reflux overnight,
cool ed down to roomtenperature and et hanol was renoved under reduced

pr eSSI(J JQRO%(ETE ‘Tﬁ§fdilé%nﬂ@§rettﬁhemvﬂ( RGURI 4l Bshd the 9y BHGIRU VBRIt gi Ve the
pure

2-(2- amn06(ber1 p 9 z t -
met hyl t et r ahydr of ur aﬁfl’%ﬂﬂbﬁﬂ‘z gﬁbcg%z%géb)ég 8?%6 %eﬁ @MH%OW;? 2 gd \%h? fuélzsol id.
1H), 8.02 (d, J= 66Hz 1H), 7.7 (m, 2H), 7.5 9m, 1H), 4.38 (m 1H), 4.0 9m,

1H), 3.89 9m, 2H), 2.1 (m, 2H), 1.09-0.85 (m, 15H).
3P NMR (80 MHz, CDCly): 811.11, 10.7.
[00509] Step 2: Synthesis of the protide

[00510]  Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(168 mg, 0.53 mmol) in anhydrous THF (25 mL) was combined with (25)-
neopentyl 2-(chloro(quinolin-5-yloxy)-phosphorylamino)-3-methylbutanoate (650
mg, 1.61 mmol), triethylamine (0.12 mL, 0.538 mmol) and N-methyl imidazole
(0.25 mL, 2.7 mmol). After normal work-up the crude product was purified by
column chromatography on silica gel using CH>Cl,/MeOH (96:4) to give 38 mg
of protide in 10% yield.

[00511] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): 5 8.86-8.8 (dd, J=4.4Hz, J=6.6Hz, 1H), 8.64-
8.53 (dd, J=7.6Hz, J=8.4hz, 1H), 7.94-7.92 (d, J=4.4Hz, 1H), 7.82 (m, 1H),



[00734] The following are the NVR results anal yzing the synthesi zed
conmpound: 1H NWR (500 MHz, CD30D) 6 8.15 (d, J= 7.20 Hz, 2H, CH Ph), 8.05
(d, J= 7.\202&@/082062 CH Ph), 7.96 (d, J = 7.30 Hz, 2H, CPFCPh)S2018/0283%s, 1H,
H8), 7.65 (t, = 7.20 Hz, 1H, CH Ph3577.58 (d, J=17.20 Hz, 2H, CH Ph),

780 o, igT al g‘é?qnpﬁ;w TRopbiq el {2y iy Jsﬁ)ﬂ-izﬁ 1 8- Tk adetabs (o

= 5.60 Hz, 1H H3-garh. 07) (SC%(SJH{FE4@(E¥QH114124@T|(MH%4ff1 %ﬁﬁm 3H, CH2
benzyl and HO, 4.75 (dd J= ) CHB)

[00735] Step 2. DeprdizedH).cr8-844 (m, 3H), 2.0 9m, 1H), 0.97-0.81 (m, 18H)

(3R, 4R, 5R) - 2- ( 2- am no- 6- (benzyl am no) - 9H puri n- 9-

y1) - 5- (hydr oxymet’Hy BMR 1180 MHZ €D:0m)ds 6#ur 284.3, 4- di ol [00736] To a sol ution
of protected nucl eoside: (2R 3R 4R, 5R)-2-(2-am no- 6-

(benzyl[a03119) - Brmplei 51- 9- Y1) - 5- (benzoyl oxymet hyl ) - 3- met hyl t et r ahydr of ur an3,
4-diyl di benzoate (1.12 g, 1.29 mmol) in anhydrous nethanol (18 nL) at room
t enper gbelm]wa%@@mq A8 bR 10X @eR, (3@42@ 502-atnifo Rk hbx y-SfL Slriddel ng

stirred for , the solvent was renoved under reduced pressure and the
resi due was puyhfldedihydrosytd-mathybetrapyidrmfu@pCid)vetdekOQuindin-@n el uent, to

Lrvs (E51) | cal BOraned P B B o IReBo s et il Tan R oo 1508

[00737] The following are the NVR results anal yzi t he synt hesi zed

conpound: 1H NWR (500 MHz, DVBO) 6 8.03 (s, 1H0 , 7.36 (d, J =7.3, 2H,
phe), 7.30 (t, J= 7.5, 2H, phe) 7.21 (t, JR_7 S 1H phe), 5.86 (s, 2H,
NH2), 5.80 (s, 1H, H1,), 5.16 2H C]—IS |g,an , 5.01 (s, 1H OH2,),
4.64 (bs, 2H, CH2 Bn), 4.0 qJ\

Nab% (m 2H, H4 and
H5.), 3.75 - 3.58 (m 1H, 5_’\
2010/ 081082PCT/ US2010/ 020632 2%4 07%§L @pﬂse 85 [ 00739]

2, 2-Di met hyl propyl 2(S)F Rt
((((2R 3R, 4R, 5R) - 5- ( 2- am <beozylani md- 9l puri n9-y1) - 3, 4- di hydr oxy- 4- net
hyl t et r ahydr of ur an- 2- yl ) met hioxy( napht hal ene- 1- yl oxy)

phosphor yl am no) propi onat e fas synt hesi zed accordingly: O, ,rO HN O O

e o TR oSG, 35108 d Gy ARGLD 2 LRI IR pnb o

(3R 4R 5R) - 2423&mtﬂ91—b@-tz(1hﬁwy| am no) - 9Hpuri n-9-y1) - 5- (hydr oxyrret hyl)-3-nmeth
yl tetrahydrofuran-3,4-diol 150 ng (0.388 mml) and NM 0.15 nL (1.94 mmol),
in5 nm of THF, was added napht hal en-1- wiC (2, 2-di net hyl propyl oxy)

phosphorchl oridate 477 ng (1. 16 mmlp i85 of THF. After workup and
silica gel colum chromatogr 'ﬂre proti de was obtained in
06974&g Th

11%yield, as an off-white s followng are the NMR results
anal yzi ng the synthesi zed co nd 1H N 0 MHz, CD30D) 6 8.19 - 8.17
(m 1H, 7.87 (s, 1H, 7.86- 781(m1|—|)77-765(m1H) 7.54- 7.50

(m 3H), 7.46- 7.36 (m 3H), 7.32- 7.29 £ 7.25- 7.22 (m 1H), 5.098,
5.97

[00515]  Using the general procedure for synthes1zmg naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (5)-2,4-difluorobenzyl 2-amino-3-
methylbutanoate (1.7 g, 4.1 mmol), quinoline 6-yloxy phosphorodichloridate
(1.08 g, 4.1 mmol), triethyl amine (1.15 mL, 8.2 mmol) and dichloromethane (30
mL) were combined to give 462 mg of desired (25)-2,4-difluorobenzyl 2-
(chloro(quinolin-6-yloxy)phosphorylamino)-3-methylbutanoate after short silica
gel chromatography as pale yellow gummy syrup in 24% yield.

[00516] The following are the NMR results analyzing the synthesized compound.



(2 xs, 1H), 4.75- 4.72 (m 2H), 4.68- 4.57 (m 2H), 4.30- 4.23 (m 2H),
4.10 - 4.03 (m 1H), 3.76, 3.71, 3.63, 3.59 (2 x AB, JAB= 10.45 Hz, 2H),
1.32 (d, we@ioaB1dd2, 1H), 0.99, 0.98 (2 x s, 3H), 0.85, POTA®2{18/020632 9H)
13C NWR (126 MHz, CD30D) 6 175.06 (dis8 J CGC NP = 4.70 Hz, C=0 ester),

HEIRIAR Y SN e i T

ht-Cl), 140.6 ml
napht - (%:the) ?28@51%9@@) 7%? YH) 37?66(&72}%047@%5 %L%%"(Mg?%g ;

128. 64 (CH- phe), 2112)8435H1(@I=19r?abhn)1H)12“8 @1 6fd, 3fc-c-o0-p = 2.50 Hz,
napht-C9), 127.86 (d, 3Jc-c-o0-p = 2.50 Hz, napht-C9), 127.77, 127.75

(CH napht), 127. §(1.I>Nm(8ml\/(£ﬁ—l(mrim)310:6%1(53 126. 47 (CH-napht) 125. 97
(CH napht), 122.81, WD 2010/081082PCT/ US2010/ 020632 205 122. 74 (CH napht),
116. 20 [005173f CSep@®:[Byntlibsid.of paplide C2) , 116.17 (d, 3fc-c-o-p = 4.50 Hz,
napht - C2), 114.78, 114.75 (C5), 92.98, 92.79 (d'), 82.13 (d, p = 8.10 Hz,
C4' ), §hooR(duys Qhé: &hekhl r&e@t@egm’et}@ﬂﬁ foF@ie%?mchs?s&oj (ﬂﬁ%s horz?rﬁmigt%s 75.35
(CH2 ester), 74.8 51 FCB ) 7.87 2Jc_o = 5.

(d,2Jc_o p = 5of)2}amno Gﬁm)thm@ﬁ %C(r@fbywﬁ@)nbafmamss(lmnm}ﬂ@g 62493 32 21

(Ct-Bu), 26.70 20. 84

W) 20 62 ( mmgiging RO THE MhIL & R aeg iy oo RBinfiofBegfy 2

31P NMR (202 N@lor@@%ﬁ@lmf{) o @). héspB3ryll £RiAE 2 B- n@tﬁﬂ@ﬁtﬁn&@e (430 tdB]and he
(3R 4R, 5R) - 2- ( 2- am no- 6- (phenet hyl am no) - 9H puri n-9-y1) - 5-

( hydr oxynet hyl butzl Wégflif‘ﬂutﬂéﬁhlalh%&d? m:laﬁ-9§7 mrmlmAﬁﬁmlogpﬁtwkﬂwéae crude
accordi ngly: 744]

(or 3R af, L - Br B AR TSH Sheelupm shiomaisseaghy g gel s

(benzoyl oxynet EHZ(C}ZBMB@HWRBQtdgh@/dS afesfanetdiedndbyd yitldenafdathete[sOBT45] To a
suspensi on of (3R 4R, 5R)-2-(2-am no-6-chl oro-9H purin-9-y1)-5-
(benzoyboxyoret it Jol@wikd hylheNnvabydund sadrink de dinthelianzmpbend 1. 0 g, 1. 60
mmol ) in anhydrous ethanol (100 ni), at roomtenperature, was added

phenyl et hyl am ne (2.02 nL, 10 equiv). The nmixture was stirred under refl ux
overni ght, cooled down to roomtenperature and ethanol was renoved under

reduced pressure. HINME @90ddHzal:@REM SHieeddi Itz =dm IBHdE3/0MdDH t o gi ve
t he pure conpoun 9 S
e P o paompound it 93 & 187 Poftn 2 8 (3t %.62 ¥ 1), 7.25.7.5 (n, 21),

6.88 (m, 2H), 5.93 (d, J=1.6 Hz, 1H), 5.0 (m, 2H), 4.56 (m, 2H), 4.2-4.4 (m,

2H), 3.62-3.88 (m, 2H), 2.0 (m, 1H), 0.8-1.0 (m, 9H).

“phe),

3P NMR (80 MHz, CD;0D): & 5.98, 5.81.
[00520] Example 52

[00521] The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-

yloxy)phosphorylamino)-3-methylbutanoate was synthesized as follows:

OCH,4
N X
N
/4
N o0 <f
— HN" O ©)
0 CH,4 CH,4

>
z

0 CH, HO¢ OH

[00522] Stepl: Synthesis of (25)-neopentyl 2-(chloro(quinolin-6-
yloxy)phosphorylamino)-3-methylbutanoate



206 [00746] The following are the NVR results anal yzing the synthesized
conpound: 1H NWR (500 MHz, CD30D) 6 8.12 (d, J= 7.20 Hz, 2H, CH Ph), 8.03
(d, J= 7.\202pw/0820d2 CH Ph), 7.96 (d, J= 7.30 Hz, 2H, CHrPmUus20i006fs, 1H,
H8), 7.65 (t, J = 7.50 Hz, 1H, CH Ph)597.58 - 7.52 (m 2H, CH Ph), 7.53 (t,
J =7.80 H, 2H, CH Ph), 7.43 (t, J=.7.80 Hz, 2H, CH Ph), 7.39 (t, J= 7.80
Hz, 2H, CH Ph), 7.35-7.26 (m 5K D @65 (s, 1H, HO 6.28 (d, J= 6.00
Hz, 1H, H3,), 5.03 (dd, J= 4.9 Hz) OOD’Hz 1H, H5,), 4.84 - 4.67 (m 3H,
H5', H4'), 3.95 - 3.89 (m 2H, BR2- Bh) 3.01 (t, J=7.00 Hz, 2H,

NH CH2- CL12-Bn) 1.65 (s, 3H, 2'-043@@@%] Step 2. Deprotection [00748]
To a sol ution of

(2R, 3R, 4R, 5R) - 2- ( 2- am no 6- (phen neYs 9H puri n- 9-y1) - 5-

(benzoy - Itetrah dr of an 3,4-d i benzo t 0.63 g, 0.88
oty NHOSEAT G e PRt PR St e rarbY LR il Sebea sod um
et hoxi de (0. 1§h ho?ocﬁlo@ﬁluiev}he 6§y 8E sHEebNG)-Bbbpeh8A 2L fhind-NmethlBusby@nt was
renoved under reduced pressure and the residue was purified on silica gel

usi ng CHC13: MeOlP 9R q8ingéindnylathgephorodiehlqridatel(he), Jﬁp& dtécmbandlPCdbsi de,
(3R, 4R, 5R) -

2_(2- ani no- 6- ( FireREt HGTCAIaeogREhi00-82 ghgesked (S BTN Ky 1 ) - 3-

met hyl t et r ahy d(cidto@indlif-6li 10k y YpBospBoglarlidho ¥3-ni&h @buahd e 50thictt.oilHRVMS (ESI ) :
cal cul ated for Cl9H24N604 + Na+ 423. 1757, found 423.1763. El enental

anal ysifgos2al CuhatRwind et RANCR4 I3 th&s hfth&tsed ldofpétind: N: 18. 13;
Found: [C 425@13 H 5. 8§§g?\l 18. 05 [007492]1 ‘I}’_Z%%f ol F%\?\A ng earg tphe NVR results

55 58 11 IRt L 4R | DA (,
H3,), 4.13 - 4. 03n(, II]H)B’H78 Wﬂdamd: 1']6)H334983HZ BHBS’ 6. 62Kﬂdd\lljl-£ll.]222@l,—|9 2Bn) ,

3.04 (t, J = 7.00 Bn) 0.97, (s &8, £90750]
Exanpl e 87 [0075%Z AT Zéé)(d‘il}efopélrﬂlylll %M 310, 0% Tt 2, 8 @, 2012

2-((((2R 3R 4R) - %égrrrgt hyﬁGﬂpr Pghgm no) - 9H puri n-9-

y1) - 3, 4- di hydr ox ‘etra uran- 2-yl ) met hoxy) (napht hal en- 1yl oxy) p

hosphor yl am no) ps ordingly: WO
2010/ 081082PCT/ US %ﬁgﬁg@&%%@i}@ﬁ%ﬁg@%&?ﬁ&l ng the general procedure
( Met hoiﬂg%?éf] ey& %‘&)n% hesisslé) e05| de 5'- phosphoranidates, to a

sol uti “( phenet hyl ani no) -

9H puri n- 9- ﬁ/l) 5 (h dr oxynet hyI) - et hyl t et rahydr of ur an- 3, 4-di ol. 200 ng
(0.50 8461 nUsingt f‘ogenmiPr%aguraé%&%ﬂfoeﬁwmthi%@f MPh eaph@@%trﬂﬁ

f ol | oved by nagh gt s e 2 72 OLEL VLB S R pRARENAE ol o [ dat e 383
ng (1.00 mol) 1n 5 nL of fter and silica col um

chr omat ogr aphy pu@d@ids( g mg (p‘&ﬁmnpﬂbmlanhydmass BHF&R@lm)lwasaommyllvetm as an

b Ces o bS5 TR SR eSS SR
H8- naph), 7. 87(6‘007m§]l 44r1}nn%!? N'—'i%e@ Ijm)fﬁaz'@ﬂ’d)dg)z ml- 0450 m?no@)7ar[d2tnéth larﬁme8 50
Hz, 1H, H4_naph), 54 - 7.47 ( HH7H H2- naph), 7.42 - 7.37 (m 1H,
H3- naph), 7.27( 077m160(4|81m1591) @ﬁ;r no&sm%wm& lgvthézmdesvrocmlqt waﬂpl)rlﬁfxﬂtae -4.58
(m 2H H5,), 4,

A T T Puhpentffiotn Al fifh 0 Y Gt orn O ¢ B2 nb

2H, CH2- CH2- Bnpf prbtid8in 389 Zie{@Raskantoff-Hhité s66d.Hz, 3H, CH3 Ala), 0.98, 0.96 (2
x s, 3H 2'CH3), 0.86, 0.84 (2 x s, 9H, 3 x CH3 ester) 13C NWR (126 Mz,

CD30D) 003273 OFné %HO%JI% Qe%hﬁﬁﬁl%re%ult&nﬁlﬁﬂfeﬂ& syrﬂtﬁé‘su%a cofhpods_C-N-p =
5.8, C=0 ester), 162 156.51 (4 (i pso Naph), 140.69(ipso

158 87 126 853?5@%@ an%“ % §P 9’1’365 §% (Beabh 80%Sl)ﬂmﬁg7 LN
127.31, 126.53, 1d6/49,2 H25119}37 6]22268zdd 1222.359.0 G, NHpIT.AG0d, BA), 5.9216, 22,
%1%22&( szn?ph) 1“@%2(6 %%)"cz i) é?@ Zoiﬁc% ")f’g3 §§ (&d}d(@i 83[%2(2: 5;:2 35 3 38,

75.36 (CH2 est 7 7 7 2./ = 5.00 Hz,
c5'), \531 79e35ir)71§1)(%c7§g£(§§} @49%11%(1}512 0853,0 %énﬁgg%?: estgr;) IO32 26, 32.23

(CH2- *'P NMR (80 MHz, CD;OD): § 6.12, 5.85

[00528] Example 53



WD 2010/ 081082PCT/ US2010/ 020632 208 Bn), 26.72, 26.71 (3 x CH3 ester),
20.87 (d, 3fc-c-Np = 6.20 Hz, CH3Ala), 20.64 (d, 3fc-c-Np = 7.70 Hz,
CH3Ala), W0.288,0828237 (2' CCH3) 31 PCRVR2¢1202068Hz
CD30D) 6 4. 25 [00754] Exanpl e 88 [oows] The

A RISt S E R R Y A e e &éif;ﬁm%gwm@-

accor di ngly: B 3 AHin! +4-methyRetrahrydfuran-2-yIhmbhdk Ninls-; aCH3 tBZ
CH3SH et hanol §@ N lioxyl me .y---ra Yoy I—&)m y)@ T Ne . CH3 HH

yloxy)phosphorylamino)-3- methylbutanoate was synthes1zed as follows

~ OCHg

/
O\ //O <N | /)\

N~ NH,

0 CHs CHg
>k/o CHs HO'  OH

[00530] Step1: Synthesis of (25)-neopentyl 2-(chloro(quinolin-8-

yloxy)phosphorylamino)-3-methylbutanoate

0. Cl "G
\\P/ CH3
O AN

NN OO\—Q

[00531]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates, the tosylate salt of neopentyl-2- amino-3-methylbutanoate
(1.2 g, 3.4 mmol), quinoline 8-yloxy phosphorodichloridate (900 mg, 3.4 mmol),
triethyl amine (0.96 mL, 6.9 mmol) and dichloromethane (30 mL) were combined
to give 3.1 g crude desired (25)-neopentyl 2-(chloro(quinolin-§8-
yloxy)phosphorylamino)-3-methylbutanoate which was used directly to next step.

[00532] Step 2: Synthesis of the protide

[00533]  Using the general procedure (Method A) for the synthesis of 5'-phosphoramidates
of 2-amino-6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside
(160 mg, 0.52 mmol) in anhydrous THF (25 mL) was combined with (25)-
neopentyl 2-(chloro(quinolin-8-yloxy)phosphorylamino)-3-methylbutanoate
(3.1 g) and N-methyl imidazole (0.2 mL, 2.56 mmol). After normal work-up the
crude product was purified by column chromatography on silica gel using CH,Cl,

/ MeOH (96:4) to give 8 mg of protide in 3% yield as an off-white solid.
[00534]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): & 8.92-8.89 (dd, J=1.4Hz, J=1.8Hz, 1H), 8.37-
8.32 (dd, J=1.8Hz, J=1.8Hz, 1H), 7.89 (s, 1H), 7.75 (m, 2H), 7.55 (m, 2H), 5.9



Bzd [00756] To a suspension of
(3R 4R, 5R) - 2- ( 2- am no- 6- chl or 0o- 9H puri n-9-y1) - 5-

(benzoyl oxgrmetangiigs2 3- met hyl t et r ahydr of ur an- 3, 4- di yl di berzoatseo10h@@ay, 0. 16
mmol) in ethanol (10 nL) was added saddi um t hi onet hoxi de (56 ng, 0.8 mmol)

and evapor at od ¢ e ot g5tz ThiT el 4hst SR tbas By Chfumm

chr omat ogr aphy usgmgzggqllﬁl @Hpr[qj b@nq{nmjegﬁ nol (92:8) to give 45 ng (87% of
(2R, 3R, 4R, 5R) - 2- ( 2- am no- met hyl t hi 0) - 9H puri n- 9-y1) - 5- (hydr oxynet hyl ) - 3-

met hyl t et r ahydr ofsug Wl@

figwhite solid. [00757]

The foll ow ng

are the NMWR resul ts anal y2| ng tcg)é syn? esi zed conpound: 1H NWR (200 MHz,
CD30D) 5.98 (s, 1H), 4.2 (d, J=8.8 Hz, 1H), 4.
[8853%& Smgleda, >

J34Hz, 1H), 3.6 (s,

1H), 2.6 (s,

08-3.96 (m
3H), 0.93

(2 (a2 0@%"63&?% ¢ bt a@%@ﬁfaw PR (R oy GR-5y prabgo B eon: Bidain ey - - et

hyl t et r ahydr of ypamu dmyhloxpiHesl (EeditRahaR-21e1yhen Y PR R A
ate vas synt henged e nglgl)y WO° 2010/ os%%zpw%gmgw

N .. e Nyloxy IphpsphoryNiNkino)-3@rBhglbutanoate was synthesized as follows:

90 2

o_ 0 \ N4i\

P

HN O 0
CET/l\T/CHS CHa

0O CHa Hd 6H

NH,

[00537] Stepl: Synthesis of (25)-neopentyl 2-(chloro(2-methylnaphthalen-1-

yloxy)phosphorylamino)-3-methylbutanoate

H H,C
G 0. Cl

‘\p’ CHs
s
O
oS

Affh1RQ)IPr opano
632 209 SCH3

[00538]  Using the general procedure for synthesizing naphthyl (amino acid ester)

phophorochloridates, the tosylate salt (5)-neopentyl 2-amino-3-methylbutanoate

(680 mg, 1.89 mmol), 2-methyl naphthalen-1-yloxy phosphorodichloridate
(523.38 mg, 1.89 mmol), triethyl amine (0.528 mL, 3.79 mmol) and

dichloromethane (10 mL) were combined to give desired product, which was used

directly in the next step.

[00539]  The following are the NMR results analyzing the synthesized compound:

3P NMR (80 MHz, CD;0D): & 10.48, 9.89

[00540] Step 2: Synthesis of the protide

[00541]

Using the general procedure for the synthesis of 5'-phosphoramidates of 2-amino-
6-methoxy-9-(2-C-methyl-B-D-ribofuranosyl)purine, the nucleoside (393 mg, 1.26
mmol) in anhydrous THF (30 mL) was combined with (25)-neopentyl 2-



[ 00760] Using the general procedure (Method B) for the synthesis of

nucl eosi de 5' - phosphoram dates, to a solution of

(2R, 3R, 4RyBR)10A8[(B2am no- 6- (et hyl t hi o) - 9Hpuri n- 9- y1) - 5eChgseaepaesshyl ) - 3- m
et hyl t et rahydr of uran-3, 4-di ol (200ng,16D. 611mmol) in 5 nL of THF, was added

B b S Sbh b et DY (PR (P e et ity
5 nL of THF. Affeen suokkuR aAh v-seki O}Eﬁnmglzolemm SB5EBLRSHARAY: nkAIY Of

pure protide was obtained in a 37%yield, as an off white solid. [00761]
The fol |l owi ng aogk-théeMuRler medudt svaapatified ygcaelhmn shirnniresgrapy gonhbouged: 1H

NVR (200 WHz, CD30R): . . 8. d, .J=6.6. 1H),,, 7.8
e 5y gtg Chichtfe O Bh 27 [ eivg 50 b ogprgid 145y 7 \itugal pfloti3)
4.35-3.95 (M 3Hhe s@iB9 (s, 3H), 1.4-1.1 (m 9H), 0.95 (d, J=5.0Hz, 3H).
31P NMR (80MHz, CD30D): 6 5.35 [00762] Exanpl e 90 [00763] The

(2S) - ngppenyy! TRe ﬁﬁl%%n?’é:‘)m%@e ﬁl\/fﬁré?;‘mt@ﬁla@z(ﬂgaﬂl@X&ﬂtﬂés%d%hﬁ@kﬂﬁﬁd] 9-y1) -
3, 4- di hydr oxy- 4- net hyl t'et r ahydr of uran- 2-yl') et hoxy)(napht hal en- 1yl oxy) phosp

hor yl am no) pr opan

D010/ 081082PCT] SDoN g %ﬁ%gﬁ% @@sﬁ%ﬁfﬁégﬁ ’Kg%enera G bokdiie®
(Method B) for thHE23yntSHBSS.82 od, /BautDHoSiHE 45 ({npltib)sphlo(ma,rmHJ)aues (nt, @Ha,

sol ution of

(2R 3R, 4R, 5R) - 2- (20ht -1 Hrde ny T (A oL okt By £ s0¢ Hilr APt Ry ) - 3-m
ethyltetrahydrofL{ AgEP), 4- diol (150 ng, 0.459 mmol) in 5 nL of THF, was
added tert-BuMgCl (1.14 mL, 2.5 equiv) followed by (2S)-neopentyl

2- (chl or o( napht hat I 0) propanoate (440 ny, 1.146
mml) in5 nL of Tﬁ%ﬁ er \M’)%B‘ﬁgn%kgi :Zica gel colum chromat ography, 58
thﬁq f%‘l obtalnedlnalg%yleld as an off white solid.

[00765] 463 {*&%P are the NMR results anal yzi ng the synt hesi zed

SO Mosdy "Rsbiie honeSig 2§ b IR 4TS A bting f m By Obppuripry- 1l

(m 2H, 4.27 2 1. 3

ke 2%3,,42(15){%3%@% 41\'%‘5‘3th%rﬁatrak§d17(§u§n52 %grﬁhhgﬂ?e ?erz519ut§§1a¥1|)§hﬁlen

31P NMR (80 MHZ,yl@p3@psph@yBnde)- £m:ethyllz{mm@]wa®sanqhbsz@11as[fommg] The

(2S)-neopentyl 2-((((2R 3R 4R, 5R) - 5- (2 ani no- 6- (et hyl t hi o) - 9K puri n- 9-

y1) - 3, 4-di hydr oxy- 4- nmet hyl t et rahydr df ur an- 2-yl ) met hoxy) (qui nol i n- 6-

yI oxy) phosphor yl am no) pr opaggs 2 ynt hem&eﬂq accordingly: SCH3
........ ---t. N I\ J--. 3

N \N

00 LA

N~ NH,

[00545] Stepl: Synthesis of (25)-neopentyl 2-((3-fert-butylnaphthalen-1-
yloxy)chlorophosphorylamino)-3-methylbutanoate

B,

[00546]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phophorochloridates, the tosylate salt of (§)-neopentyl 2-amino-3-
methylbutanoate (552 mg, 1.54 mmol), 3-tert-butyl naphthalen-1-yloxy
phosphorodichloridate (486 mg, 1.54 mmol), triethylamine (0.43 mL, 3.08 mmol)



, CH3 OH [00768] Using the general procedure (Method B) for the

synt hesi s of nucl eoside 5' - phosphoram dates, to a solution of

(2R, 3R, 4RyBR)10A8[(B2am no- 6- (et hyl t hi o) - 9Hpuri n- 9- y1) - 5eChgseaepaesshyl ) - 3- m
et hyl t et rahydr of uran-3, 4-di ol (120ng,16D. 367 mmol) in 5 nL of THF, was added

tzeE f:thr/g?éu.( ﬁalilcf ﬁi}"%lomz%%f)ef%ﬁé@ o '@ﬁ%}l}%@ &pa%ssa?e%fp ? @Egsmrm&b@%wmm )

in 5 of THR, élld’é@fﬂfékpsy%mj v@héﬂ wa gel dﬁ@ét}yﬁ'ﬂ thdMRxt step
2010/ 081082PCT/ 20 0/ 020632 1 chromat ogr aphy,” 101 ngy of pure protide was

Che NNRCREZIR, iié%%@g%aﬁ%%@@%%@% 450 e shiifaeah f e i‘%' M e
CD30D): 6 8.8 . 1H). 8.2 J88Hz,
1H) 20 om 2H§ &’?‘Wr@% &Pz‘é’g))k%léw%l[?%é He, W e Hz( ?LH), 7. 48

(dddd J=4.4 Hz, J=1.4 Hz, J=1.8 Hz, J=4.4 Hz, 1H), 5.95 (s, 1H A 4.56 (m

s S P 02 5 g

(80M—Iz CD30D) : 17, 00770] Exanple 92 [00771] .The

(2R 3R, [ﬁﬁé@dz) @sxnz t]Q%gqf!eE?éPEﬂfé A wnﬂecsrﬁé%fﬁoie sghprﬁwaqﬁcsglfmm@p
(hydr oxynet hyl 4 1k ¢

accordi ngly: b %W?(UR@ %&ngaf%ﬁfg{@gﬁigiuﬁh \gﬁ%?g%%gr%%ﬁbﬁﬁc e837|7de
yi el ded the ti tineolrmmpbyddus THE (Adall@osdsdembined with (25)-neopentyl 2-((3-tert-

2R, 3R, 4R, 5R) - 2- th 9 9- - 5-
ghydroxymet hg/lg &F‘ﬁ’g]i’n%glgn’tleﬁf ’é@ﬁg %WE?%%%’T%HW%E%"I{‘@EhBlb@?H%%(701i9sr§%)l ved in
50 nL of nethangh @aghRad |M9{e@}i3@%ﬁi|a9&8¥(91§5(1&é%s%ﬂlo}ﬁ’aﬁftéidﬁiﬁﬁlaf @bhoved by

a catal ytic anmount of decaborane (0. . The solution was stirred at room
t enper at ur e f onp I dudeTiredwad vas phleéed/dey eolemapbrmaé@grapiw Cpusﬂlcﬁa g’dluslogyl eld

{he WR requl { EREESPRTO?: EE%’ S A Ep@%ﬁ%&aﬁé R OBoge,

CD30D): 6 8.25sdig. 1H), 7.4 (m 2H), 703 (m 2H), 6.01 (s, 1H), 455(s,
2H), 4.02 (s, 3H), 4.2-3.8 (m 4H), 0.9 (s, 3H) [00774] Exanple 93

[00550]  The following are the NMR results analyzing the synthesized compound:
'H NMR (200 MHz, CD;0D): 88.06 (m, 1H), 7.96 (d, J=2.6Hz, 1H), 7.89 (s,
1H), 7.8 (m, 1H), 7.62 (m, 2H), 7.4 (m, 2H), 5.98 (d, J=2.6Hz, 1H), 4.6 (m,
2H), 4.37-4.25 (m, 2H), 4.02 (s, 3H), 3.82-3.56 (m, 3H), 2.0 (m, 1H), 1.34 (d,
J=8.2Hz, 9H), 0.95 (d, J=4.6Hz, 3H), 0.86-0.81 (m, 15H).

3P NMR (80 MHz, CD;0D): § 6.12, 6.02.
[00551] Example 56

[00552] The protide (25)-neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(3,7-di-fert-
butylnaphthalen-1-yloxy)phosphorylamino)-3-methylbutanoate was synthesized

as follows:



WO 2010/ 081082PCT/ US2010/ 020632 212 [00775] The (2S)-neopentyl

2-((((2R 3R 4R 5R)-5-(2-(4-fl uorobenzyl am no) - 6- net hoxy-

9H pur i n-wWoyhd)o/@B1e82di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- PCYrEs2e10090632
(napht hal en-1 -yl oxy) phosphor yl am no) psopanoat e was synt hesi zed as foll ows:

cynt nedPH randoSyebeds of RGasnern siars L fdhrepbbibainaten-ic '

(2R 3R, 4R, 5R) - grok ¢rplhibs P9 [ARAGIS rddth bt fioat
met hoxy- 9H purlgr(l)- gﬁ{lﬁ))sﬁ 5- (hydr ogymst hgflh}l- 3-0r?eei hyl -t et r ahydr of ur an- 3, 4- di ol

(100 ng) was dissolved in THR and cooled to O C. To this solution 183 ng of
(2S) - neopentyl 2-(chl oro(naphhal eng- 1C}§}'~1C0xy) phosphor yl am no) pr opanoat e was
added fol |l onwed by dropw se addpti Wot- nd magnesi um chl oride (0.47 L)
and stirred for 18 h at roomt pr-at umel After workup the residue was
purified by col um chromat ogr ap to yiel 3% /(96 ng) of protide as an
off-white solid. [00777] The ol | pwi ng a®e &e@w results anal yzing the
synt hesi zed compound: 1H NWVR (268 MHz, CDCl13): 8.0-8.2 (m 1H), 7.9-7.95
(d, 1H, 7.8-7.9 (m 1H), 7.6-7.7)X 1H, 7.2-7.5 (m 6H), 6.85-7.02 (m
2H), 5.95 (d, 1H), 4.45- 4.6 (m ‘2 4.1-4.3 (m 2H), 3.99 (s, 3H),

3. 4- 3. 005841 3HUsin -t%i&ﬁléal gf‘&cedﬁe%l(s@flth%mm Qa h&ld(am% acid ester

31P NWR (80MHz, ‘ .25, 5.14 100778 anple 94 [00779f The
nucl eosi de ( 3RPBEShopchlprigiiench@taseiateosll o H)meepantd-3y pmigo-3-

O O e RN S50 BT 6B S T Dy M B BB T 090695 213
[00780] Step 1ph&Rphe@dtrhicvidaef(581 mg, 1.56 mmol), triethylamine (0.43 mL, 3.12 mmol)

(3R 4R 5R)-5-((tert-butyl di phenyl silyl oxy)nethyl)-3, 4- )
di hydr oxy- 3- neglpfi,qilg@lpwt@qgr(a(ﬁ IIQ() 3rdc 6p1B ined to give desired phosphorochloridate

as pale yellow thick syrup, which was used in next step without any purification.
[00555]  The following are the NMR results analyzing the synthesized compound:

3P NMR (80 MHz, CD;0D): $10.71, 10.04.

[00556] Step 2: Synthesis of the protide

[00557]  Using the general procedure (Method A) for the synthesis of nucleoside 5'-
phosphoramidates, (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (243 mg, 0.78 mmol) in
anhydrous THF (20 mL) was combined with (25)-neopentyl 2-(chloro(3,7-di-tert-
butylnaphthalen-1-yloxy)phosphorylamino)-3-methylbutanoate (8§17 mg, 1.56
mmol) and N-methyl imidazole (0.31 mL, 3.9 mmol). After normal work-up the
crude product was purified by column chromatography on silica gel using

CH,Cl,/MeOH (97:3) to give 393 mg of protide in 65% yield as off-white solid

[00558] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8.03 (m, 1H), 7.95 (m, 1H), 7.89 (s, 1H), 7.74
(m, 1H), 7.62-7.57 (m, 2H), 5.96 (d, J=2.2Hz, 1H), 4.57 (m, 2H), 4.28 (m,
2H), 4.03 (s, 3H), 3.83-3.5 (m, 3H), 2.0 (m, 1H), 1.37 (m, 18H), 0.97-0.77 (m,
18H).



TBDPS O O Hd 46: CH3 [00781] A round bottom flask was charged with
2-nmet hyl - D-ri bosol actone (22 g, 0.136 nol) and 200 nL of anhydrous

pyri di ne.wohony/asiosture was cooled to 0 C and TBDPSCL ( 32C%7Sad10/0206386 nol )
was added slowy foll owed by additionédf DVAP (5 nol % . This reaction

m xt ure was war ng r d irred for 12 h. The reaction
progress was noni ?%&Mgmn‘%i 55 fﬁggt%?é{ conversion, pyridine was
renoved under vacuum and the remaining residue was diluted with CH2C12 and
washed with 1IN HCL foll owed by saturated NaHCO3 and brine. The conbi ned

or gani Goh&RT S ;e gled5'7' ed over anhydrous Na2SO4, filtered and concentrated.
Purification was perfornmed by colum chromat ography u5| ng hexane and et hyl

o eaos TS, CTBO AT b G A AR R B LB b e
synt hesi zed COdih@dMy—4llhieﬁiNRetfa2@ﬁrdﬁﬂn 2@3@&&&)10@)@@&@@5{ A-(m 4H), 7.36-7.5

(m6H) 4.3 (td, J = 3.2 Hz, Hz, 1H), 4.1-4.2 (dd, J= 8.0 Hz, 1H),
3.85-4. 04 (dq, Y@xytphzsnhfryla@msmrgpan?m way synthgsizeday followsy 2.9 (bs, 1H,

-OH), 1.5 (s, 3H, 1.05 (s, H) 130 (50 MHz, CDC13) 6 176.1, 135.9, 135.8,
133.0, 132.7, 130.2, 128.1, 9, 72. 50632*30 27.0, 22.0, 19.5.
[00783] Step 2: Preparatlon

(2R, 3R, 4R)-2- ((tert-butyl di pheny S|Iylox}\I hW) 4-

hydr oxy- 4- net hy1- 5- oxo- tetrahydr@f;@an 3- - Ibenzenesul fonate. O
TBDPSO CH3 TsO Ha [00784 C;? |rreN sb\'l ati on of

(3R 4R 5R)-5-((tert-butyl di pheny SI yI xy net hyl ) -3, 4-

di hydr oxy- 3- net hyl - di hydrof omstep 1) (48 g, 0.12 nol) in
anhydr ous pyridine (250 t ogyl chI,q)@l dé}(45 825 g, 0.24 nol) was added

in small portions over a erlo of 30 mn foll owed by DVAP (catal ytic
amount 50581199 StephBM2R Nfed 1120@hI0r s {ndph thiaén-$. PG 1Aidodom
terrpera[ture]and BV\D“ZO?O/ Olmg%Zzlg(gT/ USGZO?OI OZOGSM{Z st???lgvd for(948 h.

After the totabPrerawgatesi on, pyridi ne was renoved under vacuum and the

remai ni ng resi due was washed W th 1N HCl foll owed by saturated NaHCO3 and
brine and the extracted using CH2C12% TWe @rzganl c layers were dried over
anhydrous Na2sO4, filtered and @ ept R Purification was perfornmed by
col umm chr omat ogr aphy usi ng hexgng and g‘}oacet ate as a gradient m xture
to give 58.1 g (87% yield) of itle ¢ rrp%nd. [00785] The follow ng are

the NVR results anal yzi ng t he synthesi zed ound: 1H NMR (200 MHz, CDC13)
6 7.8 (d, J-82Hz 2H) , 75977(m 4H) 32- 7.5 (m 6H), 7.2-7.28 (d,
J= 8.4 (d, J= 2.4 Hz, 6.4 Hz, 1H),

3.9 (dﬁ%ﬁﬁz Esmg eléenfral@mcmre oy Sg)nthgsmfa%ag@h&ﬂ (Eerenoagid o5ty 1y, 12,2 He,

1H) . 2. 38 6 174.1
1223. 2, 135.(3, ?ﬁaﬁ) hggocﬁg)ﬁ{dgws %%Osﬁat%azl( 5 R?%O%&%%%Q%n%gas 1%)’4

128.2. 80.4, 7Hamhthateneyl- yﬁﬂlo@phozadichlomat@ (2.30.¢0 TEFO(2532 nDOTBEPCH 639 3:

Preparation of R 3R 4 (t.er | di I thyl)-4,5-

di hydr oxy- 4- mefHyg WFeta %8‘?’ %ffﬂ?% p%tﬁ'& %i (lﬂg%lﬁé%%ﬂqﬁbnat e.
yloxy)phosphorylammo)propanoate as a crude pale yellow thick oil. The crude

compound was taken forward without further purification.
[00563] The following are the NMR results analyzing the synthesized compound:

*'P NMR (202 MHz, CDCl3) & 8.18, 7.88
[00564] Step 2: Synthesis of protide

[00565]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, to a solution of 250 mg of nucleoside in 5 mL of
THF was added fert-BuMgCl (1.61 mL) followed by (2R)-neopentyl-2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (925 mg) in THF (3



[00787] A solution of Red-Al (70.08 niL, 0.2298 nol) in 350 nL anhydrous
tol uene was cooled to O C and 13.31 nlL of anhydrous et hanol was added and
stirred fwo20B/081082 This stock solution was sl ow y adde@#Cvits2@ianmsda to a
sol ution of 166

(2R 3R 4R) - 2-( | di pheny on ydr ox yl 5- oxot
et rahydr of ur an%‘gyéf ‘?‘ré‘#ﬂl}l n%f ﬁ?—:]f %%Pa’i‘ %/rf‘gldfnar‘gt%ﬁ)a?%/m@gﬁi g, 0.105
mol ) in 700 misof n%j@ﬁ’ﬂfr@?ﬁ)tlﬁgwg@ﬁtaﬁ{ed “(P1%- 16[@)9 WPOOYES 9780, 18 [gact i on
was nonitored via TLC. er the conplete converS| on the reaction m xture
was quenched bycohuhii:riaribd Hm:sumth&Eét One 15@{4.comed ngth@D Ginpdr aradient oind 200 niL
IN HC1. This m d roomtenperature slowy. The organic

| ayers were M%Q&Q(W%% (P%gbmﬁ*@)m@ﬁu brine (100 nL) and were dried
over a . filtered and concentrated to dryness. Purification

[Pﬁgqr?id g%i fouine eﬁﬁwﬁ%#ﬁ iy matyvng esubesssd © n

was per Py g Hex e CePRYY G cet ate as a
gradient mxture to ve 58 (99% vyield) of the title conpound. 00788]
The T ol | ot ng.ar 4 FNGIRGR ﬂ\éﬁa@ezelﬁawalrﬁglim YnBALens dpsdan o

ga)lo/ gsgegzgc(wm usg%lg/gg%%a?ﬁg 21, %2@290%%14;12) %33)4\?an3§1§ jz4§2 (m
E m 1;)6 F 44- 3] 82d (/M9 @H)= &0 951)(@90 aﬂ.d-EB 98244 1683, 4. 6H)¢ 5313205, 4. zsmzm 15
s, 9 00789] St

(5R, 6R 6aR) - 5- ((t(&f‘ﬁﬂﬁiﬂgﬁa @r@h%@ @810&7,3 etdn §16p-(2 x AB, Jap= 10.5, 2H),
2,2, 6a-trimethyl - et g ahy oy FdeJQEﬁz 391l g et 0% A §r1y. 10,88 and 0.86 (25, 9)

met hyI benzenesul fonate . To a m xture of conpounds

(2R 3R 4R) - 2((teB I )

4, 5-di hydr oxy- 4 Wﬁ e?drgﬁ%r oﬁbll)é 80]?)5 Z@E%Qﬁg%‘ﬁgl%%d%gﬁgsljul?o%ate (from
step 3) (58 g, 0 135(243401)6262 216295d16"1e933084149r15|a348e142250 74m95 (8,:209.rm0l ) in
500 nL of anhydrous CH2C12 at O PTSA was added and stirred_at room
tenperature for 2-: I3heoIdddpi b%ﬁ?ﬁ A8 Wwds! pbet-84 iid adilar &t éed-NaHo

sol ution and organi.c,Layess 19ehe, M@Sﬁe@ﬁ‘ﬂé *12@%'0”?25 oY, 186 09ven @nhydrous
Na2SO4, filtered and concentrated. Pufified by colum chronatography using

hexane and et hyl H@é’toaﬂbﬁ %& la6goatiteht, 1ﬂr6 X8 &%3%93@0;/&2 B7al 8.0 (Adhe title

conmpound (92% yi el d) || h ts, a aI Zi ng
Fhe synt hesi zed COMBBUICE - LFPRUR S0 N -+ Chcis 67378 G733 L o by
7.62-7.72 (m 4H)=56) %2129754327 (5’[17865*) 67732224896 6@—2@3661 dd270 a%hl)z,o@;(éé (S
1H), 4.9 (d, J= 8 1H), 4.2 (fd 1H), 5 (dd, J=
2.0 Hz, 12.3 Hz, 31@19?Npa762)(a@|3m2(h292 8, 12.3 Hz, 1H) 2 4 (s, 3H) 1.52 (s,
3H), 1.44 (s, 3H) 1.35 (s, 3H), 1.05 (s, 9H); 130(50 MHz, CDC13) 6 145. 3,
136.0 135.9, 133.3&’ NMS (702 NIBZ, GD3(‘J)BJ()5]4,4813(D)90, 128.3, 128.0, 127.9, 114.1,
108.9, 86.4, 80.9, 80.2, 61.5, 29.5, 28.2, 27.0, 21.9, 21.9, 21.8, 19.6.

[ 00792][08863) SExEMppasat i on of

(5R 6R, 6aR) 5-((tert-butyl di phenyl silyl oxy)net hyl) -

2, 2, 6a-(hosamt hyhe gzet)lbeﬂ y) G@IR)Bﬁ;42613]-(Dlarl%hglwﬁﬁ@tiaoﬁy—gy—purln\l@yl) 3,4-

2010/ 081082PCT/ US2010/ 020632 216 [ 00793] The m xture of

(5R, 6R, 6aR) - 5- é(lwéwydumyuhmtgr@ryghosfﬂnaw%ydgﬁpﬁtb@wmaphthzleeétr| met hyl -t et r ahyd

rofuro[3,2-d][Z,3 1- nesul f onat 4) (56 g,
0 054 ot ) anc o0t BOPUE PR ol (B URRTB TR L Gt ST AR Y (o
THF was refluxed for 12 h. Theg_reaction mxtureC s cooled to room

t enperature and quenched car with 200 moof ®saturated amoni um
chloride solution. Diluted nmL of gthyl acetate and washed with 1N

HC1 (500 nlL) and brine (300 m_) he orga@c Ia rs were dried over
anhydrous Na2SO4, filtered and cSh é)ntrat eq- ude resi due was

di ssolved in ethyl acetate and p.ag; hoo gh a pa 2of celite to renove
salts. Purified by col um chrgrrat gr aph hexane and ethyl acetate as
a gradient mxture to gl f th corrpound (93%yield).

CH3

[00569] Step 1: (25)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-4-
(methylthio)butanoate



[00794] The following are the NVR results anal yzi ng the synthesi zed
conmpound: 1H NMR (200 MHz, CDCl13) 6 7.6-7.7 (m 4H), 7.26-7.4 (m 6H), 5.47
(s, 1H), BOo2410388B2(m 4H), 5.47 (s, 1H), 3.74-3.95 (m p¢iHUS2@082(682 1H,
-OH), 1.46 (s, 6H), 1.4 (s, 3H), 1.01(8, 9H); 13C (50 MHz, CDC13) 6 136.0,
135.9, 133.7, 133.5, 129.9, 128.0, 1 I7.9, 113.2, 108.9, 87.0, 83.3, 76.1,
62.9, 29.5, 28.2, 27.0, 21.8 .%\?P/ ] Step 6: Preparation of
tert-butyl(0O5R, 6S, 6aS) - 6- |o obaN |ma$h(y+l4§ etrahydrofuro[ 3, 2-d][1, 3]dio
x0l-5-yl) net hoxy) di phenyl si | €. [ 00796}qTo xture of

(5R, 6R, 6aR)-5-((tert-butyldi Wyl si | yboxy )-2,2,6atrinethyl-tetrahyd
rofuro[ 3,2-d][1, 3] di oxol-6-0 fromstep 5) (8274 g, 0.0736 nol),

tri phenyl phosphine (57.9 g, 0.2209 nol), Imdazole (15.03 g, 0.2209 nol) in
400 nlL [86F4dr oUsingdhagmerah@socadiare doti sydiheeizing 2apigthyl, (aquk6gidredtgr) i n porti ons

300 nt. +ol uene anA uaEneROur feo i Btergndse o Tl Gt ek o g

sodi um t hi osul {Rke)pheiphol2aminbhe-(@feddithio)b@Xeate 00, dritagdmeyer anhydrous
Na2SO4, filtered and concentrated. Purificati on was done b\E/ col um

chr omat ogr aphy naithidenal ot pleseherogicktonidatedt - 2R @x 48 nanel) ey EAd Bdrmbo gi ve

32.08 g (80%y i / US2010/ 020632
217 [00797] Thg%qﬁ)rp W&e?e%grﬂéﬁlbﬁd&%g}ri&gg %s anaﬂl%?ﬁjﬂ%%e s%nt hesi zed
conpound 6: lH(dHM?o(nBﬁl&hMlziZ I—Mﬁhosﬁh&yﬁmﬁn& 4l(lme‘eﬁbi)th1070u&n3até4n (4% 6H),
5.56 (s, 1H), 45éd J= 1.4 Hz,” 1H), 3'6-4.0 (m 3H), 1.8 (s, 3H), 1.48
(s, 3H). 1.43 yeld @y e)qageclea; Yl thigeoilsomz, cDC13) 6 135.9, 135. 8,
133.6, 133.5, 130.0, 128.0, 113.4, 108.4, 91.9, 80.3, 69.0, 40.9, 29.3,

28. 4, 490%/1125The follpwsng maghe Nmmressma@lyzEmhgsynﬂsnseqsd?omﬂap@lﬁhr ation of
tert-butyldi phenle(SS 6aR) -2, 2, 6a-trimethyl tetrahydrofuro[ 3, 2-d][1, 3] di oxo
1- 5- yOnet hoxy) si | BEMR S@OMH]ZFC@GM)'@ISO}'B 808 (m, 1H, Hs-napht), 7.90-7.88 (m, 1H,

WL 3] oxon 5 YIS mAHeTy dnhag D AR st 63057 S40ms o 7. Byse
mol ), Bu3SnH (5. %nil}aphg 621214(t npL)s. 2n ez Al BNHG hapRY), P85-7131130 A, Bhhydsous
t ol uene was refluxed for . The reaction nm xture was cooled to room

t enper ature and 10 hfLBofABﬂ@ }aBe WdsCHdgetdr ahd S <t 4% med H.oNHp rfedth— 47Hi s
m xture wasthenfl d t t
acetate. The or ganl cﬁ: aye %r%\lg&rl é%ﬁo\%{jﬁ; %?grg% (ﬁfa%goé?ﬁ ?Qt er%d and

concentrated. Purd.d3,catli@x a8, penhMetned by col um chromat ogr aphy usi ng
hexane and et hyl et her as a gradi ent mxture to give 6.8 g of viscous title

conmpound i n 86% VipeNUR [2H30% @b@m?glgl,m/igr@g are the NWVR results anal yzi ng
t he synt hesi zed conmpound 7: 1H NMR (200 MHz, CDCl13) 6 7.6-7.72 (m 4H),

7. 25-7.18@s% §{ébzfsﬂﬁlés&of%udél 3 4 44 (m 1H, 3.65-3.85 (m 2H),
208222 0 Hz, 132 Hz, 1H), 1.74-1.90 (dd, J= 10.2 Hz, 12.8 Hz,

155, 5 [?%éﬁé 6%@%}‘14‘%%% e <191f&%ﬂﬁ““ébth%§%§% Whes R, ©,8%5-°

28.6, 27.0, 23pBosphAsrammiddtiBto e[Mhlrﬂ[orAde(?)B,ZR i@%@limﬁbeﬂgnﬁtholi’y@[bapmn on of
05S, 6aR) - 2, 2, 6a-trinet hyl -di hydro-5H furo g [1 3]] di oxol-5- gcmet hanol
VD 2010/ 081082 B LRSI S aghy ictahbdrofurar 4 dich, 356 (030 ol

in 5 mL of THF was added fert-BuMgCl 1.61 mL (1.61 mmol), followed by (25)-
benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-4-(methylthio)butanoate
742 mg (1.60 mmol) in S mL of THF. After workup and silica gel column
chromatography, 246 mg of pure protide was obtained in a 42% yield, as an off-

white solid.
[00574] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDs;0D) ¢ 8.19, 8.16 ( 2 x d, J = 7.80 Hz, 1H, Hg-napht),
7.98,7.94 (2 x s, 1H, Hg) 7.86, 7.84 (2 x d, J = 9.00 Hz, 1H, Hs-napht), 7.68,
7.66 (2 xd, J=8.20 Hz, 1H, Hy-napht), 7.53 — 7.44 (m, 3H, H;, Hg, H>-napht),



[ 00802] To a solution of tert-butyldi phenyl (((5S

,6aR) -2, 2, 6a-trinethyl-tetrahydrofuro [3, 2-

d] [ 1, 3] diwealdtBsyisy met hoxy) silane (fromstep 7) (7.2 g, PaTAKB@0MI6821 n 50
m. of anhydrous THF at 0 C, TBAF (20188 ni, 0.0203 nol) was added and

ct hyl “acet at o and Abarodou t - GdDd AR FbreRg). T o ah e Py G agbe

dried over anhydroys, Na2f§04.5.4d L tesed QHdCH?@%f)tlééeq 3RS 4 Byri i ed
by col unmm chronmat ography usi ng hexane and hyl "ether as a gradiéent m xture

y
to give 2.72 g of4291@xd,u=e9 & blrp Ot .. B294 92 éind | H] BOBE3]S -Fhé3 frol 1Hwi ng

are the NWR resul naI n es ou d H

CDC13) 6 5.5 (s, Pi%i\f% fh%zizﬁ‘ %ﬂaé“@?‘éi??’n%ﬁ } %énzﬁgm
2.0-2.15 (dd, J=&y 1 1 : 44 (s,
SH). 100804)" St en 9 Ezle%c?a? g?ldgtﬁﬁlg thcl, ﬁe&e{ﬂd@ﬁQMeﬂa 63924,%) 968bx s, 31

45S, 6aR) - 2, 2, 6a- t¥iGRDHhyl - di hydro-5H furo[ 3,2- d][1, 3] di oxol-5-ypnethyl
benzoat e. [00805 Benzoyl chloride (1.92 ni, 0 0166 nol) was added to a
sol ution of ((5S, IN)MR(126 MHz, CD;0D) & 174.21 (d, °J c.c.x.p = 3.8 Hz, C=0 ester),

2,2,6a-t t hyl dro; 5H-f 3, 2- 1, 3]dij 1-5-yl)neth | f t
5 (272 g 0 0138385 ﬂczevn%%&%zgdﬁéaw St RS T SRR
m xture 5 ol % of | PARCHRS spdderlangisly g 1%@.3&0‘1)59 permesalyr ggfor 3 h.

Pyridi ne was renov undér vacuum the residue was uted Wi th ethyl
acetate and washel@7Wiot(ipsd RhHABH.28at 6.2 @d pINaFHITOR1200%B, 2P .36, 12PhE, 02H&ani ¢

| ayers were drie r h , filter t d The
conpound was pu“djle%eg‘é (yaghg[gﬂ #1? @ﬁé%ﬁ@d’réé%ﬁ fﬂbcﬁéﬁgﬁgbéﬁj ethyl
acetate as a gradi 90'[Hzmné;§HJ(29) tjo7 QHV?274521196 b, 1tzlaeo3t i123.67,q00RgUh £07%
yield). [00806] The foll ow g are NR results anal yzing the synt hesi zed

conpound: 1H NVR (N2p Himiz] 1 113ﬁ26(82 d€802>:(3n8 A C2-Naph) 71165 X "/3kd) , 5.5
1H), 4.2-4.65 | | ; e
Eéd, (AN (”2@"2 NG} %,@%}({115%92&@5)(,89%3&@6 (). 505 & 92

2010/ 081082PCT/ UQ@;Q/SQQHEC{?AL ;',389 3 (@Uclgzoq&@s M@4{ﬂ08©8179ﬂ937i0§1’)4re of 3.8
g of 45S,6aR)-2,2,6a-trinmeth I-d|h 0- 5H-furof
d1 L1, 3] d oxol- 5. y7l4)9iet7wﬁ @éﬁ,z%we ?msé@pH@)éﬁ h S50Hd. dhe-ovbaset i o

acid was heated t h 0 W th
ethyl acetate andﬁ\Nash) (?‘1785%] %I:rf egsﬁ gg?&f‘g Wf%ﬁ@ or ggh

| ayers were dri ed40seid 0995 N2 etf. 34118 @CFJ consent ¢ Orude
di ol obtai ned was acey fg'?te}g\q{)m ng Ac2 (0jc 0337?5 m)TaBgP 18 m_) glr\l%‘d)ZO mL of
anhydrous pyri di ni®. % ﬁﬂ7@é€le§'Mec§) a08B8012° GeIHADMAPL 3, 554@6I(CH)3 Merhe progress of
the reaction was nonitored by TLC. Pyridine was renoved under vacuum and
the residue was dip Nﬁ\ﬁﬂ(mth}m L0 étdaide 4d3d was washed with 1IN HCL and
saturated NaHCO3. The organic |ayers were dried over anhydrous Na2SO4,
filtergdosusd cowaemplers ed. Purified by colum chromatography to give 3.3 g
of the title conpound (88% yield) and 0.55 g of starting nmaterial acetonide
was reqoyer@d. Thé $)bghehQletiyy Ng(@RSA N aﬂhﬁﬁ)udi Sty phgnbhe
synt hegl zed@co 08%2—% {H J }gﬂ“’ l\/gz@ m gBS 0-8.1 m§12I—I)Ip .36-7.64
(m 3H), 6.3-6Y 3(4sd1hmit)oxy41 msﬂwltgmlxydxofmaw 2 Ql)reethogy)(rmphtilatpn 11, 9-2. 22 (m

7H), 1.62 (s, 0 P o]

((2S,4R) - 4- ace?/ ox p% ip%ogy]la&tn_%g #trenteﬁh lit%R) prlljora?en R ?)mhfmec% ﬁs ﬁouf) etgrahydr of u
ran-2-yl ) nmet hyl benzoate A mxture ofC -0-net hyl guanine (0.516
g, 3.125 mmol ), BSA (1.99 g, nmol ), 0 5 3A nol ecul ar sieves in 8
nmL of anhydrous CH3CN was heatethgo 60 C fQ m' n to make a honbgeneous
solution and then cooled to O C. ITo this x ur was added acetonitrile
solution of ((2S,4R)-4,5-di aceto>8i & rrethg'N drof uran- 2-yl ) net hyl
benzoate (fromstep 10) (1 g, ZWG\ ol | oweél by TMSOTf (1.077 ni,

5.95 mml) and was heated to §0 for 2h. Ep'(g

HO  OH
5
CHg CHg



WO 2010/ 081082PCT/ US2010/ 020632 220 progress of the reaction was nonitored
via TLC. The reaction mxture was diluted with 25 nL of ethyl acetate and
pour ed i nwo 2B0)/ask08ef | ce-col d saturated NaHCO3 and sti r peat/tfSer10824s32 The
organic |l ayers were washed with wateneaand bri ne and were dried over

anhydr 2S filtered nd caoncentr PUIerd by col um
chronat[ﬁéﬂa’\ﬁ géé’ilné&‘é) {ﬁgh&ﬂ’gﬁ lﬁﬁ%ﬁ;\#@@ ﬂ%&ﬁ'ﬁéﬁ d- et hyl acetate to give
0.71 g (54% i ¢lof))phosphisyidnbing)- gqm@gmqn&ﬁ,g%} The follow ng are the NWR
results anal yzing the syntyhe5| Zed conpoun 1H NMR (200 MHz, CDC13) 6
8.0-8.1 (m 2H), 7.7 (s, 1H), 745560|(m 3H), 6.3 (s, 1H), 4.8-5.0 (m
3H), 4.6-4.76 (m 2H), 4.0 (s H) /F’Z (dd, J= 4.8Hz, 13.6Hz, 1H),
2.52-2.64 (dd, J= 10.4 Hz, 13 70 H 2, 3—¢d3 3H), 1.36 (s, 3H); 13C (50
MHz, CDCl13) 6 170.7, 166.7, 15916, 138. 4—Q33. 6, 129.9, 128.8, 128.6, 91.5,
90.3, 77.9, 65.3, 54.1, 39.2, : C i
(3R, 59) - 2- (2- am no- 6- met hoxy- 9F pur i n- 9- yFEN- 5-
(hydr oxymet hyl ) - 3- net hyl -t et r ahydr of ur an
N----1\r NH2 CH3 OH [00814] Methanolic anmonia (7N, 20 nL) was added to
((2S, 4Rpesirsaceloimyg-the g&mmmpmedmtfa@ymhgﬂzmgrnlaphtﬁyly(&l)rm{baaﬁtds;ek) t et rahydrofu
ran-2-yl) rrethyl benzoate (froms and stirred at room

tenperature foP %Owcﬁ}?rléa@ég}eéasﬁlﬂﬁéah %&W@P dthhea¥lethybe-89Hsctat ed under
vacuum and t he to the colum and
eluted with CH%%g%kﬁlbﬁgta%%@gg\ég&ﬂr)grg%gtnqh]{ltgfg%lr%lgg gi ve 0.802 g of

conpound (79 W@lywsphd)adlchhmdat&(ﬁm k42 70:m1{16)]®8ﬂ<5]FEMé FlohLoWthgunaglpint3e NVR

results anal yzi e _synt hesi ze ound; 1 N 200 , DMSO-d6) 6 8.2
(S0 20 Tttty Dl BeR By R e s e M el Rl B 5o 1y |
4.26-4.4 (M 1kniordu@pkifaledtyl )BRosBh&41dnitho By Riio fbueohid; ilrbu

2. 04-2.22 (dd. té)lJl_Or(znlt)s o oyo’%hg S%%a DYTUSe dd%jl—o M, 12,6 He,
1H), 0.8 (s, 3Meld (\A@D@l@/a:)@@%@kgw lt_lsglgsnrb/ 020632 221  13C (50 |sz,
DVSO-d6) 6 161.3, 160.5, 154.5, 138.0, 144.3, 92.4, 81.4, 81.1, 62.0, 53.8,
39. 4, 22089] FABh¢ Mildving® 96 t2NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCls) & 8.12, 8.10 (2 x d, J = 8.00 Hz, 1H, Hs-
napht), 7.91-7.88 (m, 1H, Hs-napht), 7.76 (d, J = 8.50 Hz, 1H, H4-napht),
7.65 —7.55 (m, 3H, Hy, Hg, Hy-napht), 7.46, 7.45 (2 x t, /= 8.00 Hz, 1H,
Hs-napht), 7.40-7.31 (m, 5SH, Ph), 6.00, 5.97 (2 x q, J=7.50 Hz, 1H, CH
ester), 4.58-4.47 (m, 1H, NH), 4.47 — 4.40 (m, 1H, CHa), 2.55 —2.34 (m,
2H, CH;-S), 2.18—- 1.96 (m, SH, CH, and CH3 Met), 1.64, 1.60 (2x d, J =
7.50 Hz, 3H, CH; ester).

'P NMR (202 MHz, CDCl3) & 8.64, 8.59
[00580] Step 2: Synthesis of protide

[00581]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, to a solution of 250 mg (0.803 mmol) of
nucleoside in 5 mL of THF, was added tert-BuMgCl 1.61 mL (1.61 mmol),
followed by (25)-((5)-1-phenylethyl) 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-4-(methylthio)butanoate 768 mg (1.60 mmol) in 5 mL of
THEF. After workup and silica gel column chromatography, 226 mg of pure protide

was obtained in a 37% yield, as an off-white solid.



[ 00816] Exanple 95 [00817] The protide (2S)-benzyl

2-442S, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) - 4-

hydr oxy- 4woebtwdstaser ahydr of ur an- 2- yl ) net hoxy) ( napht hal erciryisexipppisesphor yl a
m no) propanoate was synthesized as faftows: OC H3 NN O, ,pl P\ NH2 CH3

HN  O- | ed for th hesi s of
nucl eos[?sééﬁ?é E%f?&ﬁ%&ﬁraéﬁee@%/%gﬁﬁ%?%} Zingdh agéﬁh%ﬁ%eeﬁoglp%? S 0
(3R 59) -2-(2-am no- 6- et hoxy 1) 5- (hydr oxynet hyl )

net hyl - t et r ahydr oHJNMR 9508|M@90C1590Pb bl §m1 H.eHympapht), ?ﬁ& 7%s added

tert-BuMyCl O. 68

2- (chl g?/g( napht ha?1X (?yf oX\ ; (#msp %ﬁgﬁ?l l?%g]pa)lg%p%a(;){}(;gte %'}(Sd 155 O.HéB mol ),

in5 L of THF. AfH,&i,-nvphk, nﬁS anddés(nt, I%HPQeHG(I@lMpht)ChB@m&@r;apkiy, 131 ny
of (2S)-benzyl 4(2S, 4R) - 5- ( 2- ami_.no- 6-

et hoxy- SF1 pur i n-550 §18 LEL My By S-2one2 i Sk B 813228 Y1 fhbboxy) ( naph
thalen- 1- yloxy)yhp S%QT\%rXYAEQmWHz%H%QggR%SV"%SPgﬁaZH‘@‘f%)' n3§ 58%yield,

as an off-white solid Accurate nass:
C32H36N608P cal cuflé]t@dxdaﬁi@ QBBZleHuhd %63423413 ﬂHOHlB]4 IPhd. 2dl,owi ng ar e

the NV\R results esi CD30D)
6 8.19 - 8.16 (m Efi’“h@%égﬁ)%g(g ﬁ@@%&ﬁﬁ&ﬁffﬁ&w7 81 (m
L1 - naph), 7. 66 84168 1 790 7 81006, AR, 1 ap) 75 7043 (m
3H, H7, H6, H2-naph), Hz, 1H N 725-7.22 (m
5H, Ph), 5.95 (s, CHjaLmr(DlE@ﬁxd J4=$8HZm3H2€|H3€H®f) S, 097(2xs 3H,

2010/ 081082PCT/ USZZC&Q’ 020632 222 ester), 4.67 - 4.59 (m 1H H4,), 4.51 -
4.41 (m 2H, H5,) @4-407(m1H HaAIa)403 4.01 (2 x s, 3H
60CH3), 2.30, 2.11 (2 x t a), 2.Q0, 1.93 (dd, J = 5.00
Hz, J = 12.00 Hz, @ MB@@QMHLZ §P3@@> 5J1337535§é MZCW%H:&Z GQysstery, 99, 0. 93
2 x s, 3H 2 CCNP =
(25 5, o200 MR C O SRR GG ea 72
(08), 161.84, 161.5808( C2).54 A5Y, B4.981547.99 ( €4) ~J1AS= 0.3, HA 4F09ph).pso Naph)

129,55, 179 78, - o043y L. (3608 hnlBy bl 24 33683 G cdBhe Ana phy -
127.98, 127.92 (G29 gaph. 5712@9%3; 12b2(78 193. 8@2172868(25 (1\1;%?1 b, 12?@93&5 126. 06,
126.01, 122.84, 122.76 (CH-napht and Ph),” 116.42, 116.32 (2 x d, 3) GG OP

= 4.40 Hz C2- naphchazt53s&H21n@h5@9)(¢%379gh 69;09:43%H(Lmap)1 C%2. 14, 82.09

(%1, dh TR S 25 e g0 B Al dyeZo o

54.33, 54.30 (60%116 55-(@27Na§11) 765 67361151@)@5511932317 9&@76@16@3@ (d22.58
(2' CCH3), 20.63, 20.39 (2 %%)
31P NMVR (202 |sz Jcpaop)7- %Ho; @é> &212f9(c{ 0&&1@1 @)&H&I@“ sSGB0828F The

protide (2S)- ;@#f%‘@ %@Od%) SHOBTATO EH g5 G826 ST 254

2-((((2S,4R) -5-( no- -rret urin- oxy-4-met hyl t et rahyd

rof uran-2-yl) net HG&(WH@M\HIZ@E’UL 55-20, cxy)zmﬁasfpdﬂpsybammm @Oy oat e was

synthesi zed as fol lows: OC H3,
34.34,34.17 2 x d, JCCNP_7 5 Hz, CBMet), 30.65, 30.61 (CH,S Met),

22.47, 22.41 (CH; ester) 20.40, 20.38 (2°CCH3), 15.13, 15.11 (CH; Met).
3P NMR (202 MHz, CD;OD) § 4.53, 4.44
[00583] Example 60

[00584] The (25)-neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-4-(methylthio)butanoate was synthesized as follows:



1 :LI NNNH2 CH3: 'O HC H3 [ 00821] Using the general procedure for the
synt hesi s of nucl eosi de 5'-phosphoram dates (Method A), to a solution of
(3R, 5S) - 2W020mismi32 6- met hoxy- 9H puri n-9-y1) - 5- PCT/US2010/020632

(hydr oxynet hyl ) - 3- net hyl -t et rahydr of uflan-3-ol 93 ng (0.315 mmol) in 5 nL of
THF was added tert-BuMgCl 0. 63 (0.63 mmul) féwlomed by (25)-((S)-1- WO
2010/ 081082PCT/ US2010/ 02063 henyl et hyl )o™~ 3

2- (chl or o( napht hal en- 1-yl ox hor yl ar’riNno) ropanoate 282 ng (0.63 mmol)
in5mnm of THF. After work up and silica el cof um chr omat ogr aphy, 40 ng
of (2S)-((S)-1-phenylethyl) 2-4425R)-5- PRQ- B-

met hoxy- 9H-puri n- 9-y1) - 4- hydr oxyg4* hyd_tlet r ahydr éf ur an- 2-

yl ) met hoxy) ( napht hal en- | -yl oxy) phosphoKyl r&_po) propanoate was obtained in a
19% yield, as an off-white soO W (ESHY mPe: 677.25 (MH, 100%; Accurate
mass: C33H38N608P calculagéqi/ 77,2489 fduhnd 677.2511 [00822] The
followng are the NVR resdlts angl yzi ng the synthesi zed conpound: 1H NMR
(500 MHz, CD30D) 6 8.20- 8.18 (n¥HdH, H8-naph), 7.99, 7.97 (2 x s, 1H, H8),

7.86- 7 m «1H , .H5cnaph 69,, 7. 67 d = 8.,00 1 - naph),
7 oa - O sty G Ren ] 2lEntofo Giphfhaten’ Lyt iepphGyidingyd; , "0
H3- naph), 7.29¢méh3Rhid)butahbvaten), 5.95 (s, 1H), 5.77, 5.72(2 x q, J= 7.10
Hz, 1H, CH ester), 4.66 - 4.58 (m 1H, H4,), 4.56 - 4.38 (m 2H, H5,),
4.09- 4.06 (m 1H, Ha Ala), 4.05, & Od (2 X s, 3H 60CH3), 2.32, 2.12 (2 x
t, J = 11.50 Hz, 1H Hya), 1.89\ 1. J =500 H, J = 12.00 Hz, 1H,
Hyb), 1.41 (d, J= 7.00 Hz, 3K _CH3OedNe 3794 (d, J= 7.00 Hz, 3H, CH3,
Ala), 1.01, 0.95 (2 x s, 3H, 2 13C (126 MHz, CD30D) 6 174.25 (d, 3
J CCNP = 4.40 Hz, C=0 est 173.97°(d,/ 3Jc-c-N-p = 5.50 Hz, C=0
ester), 162.74 (C6), 161.85 (C2), 154.66,~154.63 (C4), 148.03, 147.97 (ipso
Naph), 142.87, 142.84 (ipso Ph), 139.10, 138.75 (CH8), 136.28 (Cl0-napht),
129. 57,[00:2%%] 53Dsih28hOeneild Prddedurd 28 Sathe GCrinnapplithandmRiacidkR@ro7, 127. 93
(C9-naph), 127.88, 127,77, 127.65, 127.50, 127.06, 127.02, 126.52, 126.01,
122. 83, 122. 76Phaahorshlpridaiey theripsylate salgef (S)-neopsatyl 3-amigo-433c-c-0-p = 5. 50
Hz C2-naph), 1 - 94 . ') 82. 11, 82.05 (C2'),
80.11, 79.99 ( itﬁglf%%%ﬁtcaﬁg"f%@b%%%l@fm%'??htg%%éz} yEl734. 75 (CH ester),
68.82, 68.65 (phospbo2dichwrigate (5.30Q, Fid | nGBL]) anGTEAG 1(400H3)0.250n88), 51. 75

(0L I AR SRR R 9 0.7
31P NMVR (202 1or%%al@n-‘i~ﬁ@xg)ﬁh&@h&&%ﬁﬁ&)-E%ﬁ@ﬂ%ﬁhi%%utabﬁ@ate in

2010/ 081082PCT/ US2 0632 22
41% yield (0.92 g), as a clear, yellow, thick oil.

[00587]  The following are the NMR results for the synthesized compound:

'H NMR (500 MHz, CDCl;) & 8.15 - 8.11 (m, 1H, Hg-napht), 7.87 (d, J =
8.20 Hz, 1H, Hs-napht), 7.73 (d, J = 8.85, 1H, H4-napht), 7.67 —7.52 (m,
3H, Hy, He, Ha-napht), 7.43 (t, J = 8.00 Hz, 1H, Hs-napht), 4.97 (bs, 1H,
NH), 4.48 —4.41 (m, 1H, CHa), 3.93, 3.90, 3.89, 3.86 (AB, Jag=10.50
Hz, 2H, CH; ester) 2.65 —2.58 (m, 2H, CH,-S), 2.25- 2.07 (m, 5H, CH,
and CHj3; Met), 0.99, 0.96 (2 x s, 9H, 3 x CHj; ester).

*'P NMR (202 MHz, CDCl3) & 8.92, 8.74
[00588] Step 2: Synthesis of protide

[00589]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, to a solution of 250 mg (0.803 mmol) of



[ 00824] The protide (2S)-neopentyl

2-((((2S, 4R) - 5- (2- am no- 6- et hoxy- 9H- puri n-9-y1l) - 4-

hydr oxy- 4woebtwdstaser ahydr of ur an- 2- yl ) net hoxy) ( napht hal erciryisexipppisesphor yl a
m no) pr opanoat e was synthesized as faflows: 0 CH3 .>.0 [00825] Using the

eneral procedure fo s of cl or anj. dat es

?lvet hod B) u&ﬁ%r lpgr{nﬁ%?ff%%s %gﬁ a@ geréfﬁ%@ %&\%&@%ﬁmﬁa )i n-9-y1)-5-
(hydr oxynet hyI YolRweat szﬁﬁ‘éob@{ﬁyﬁz @J}ﬂ'&% ai%ht%leﬁjlogo@)})h&‘ ﬁ§®héﬁ%§loj p 3 nL of
THF was added tert-BuMgCl (0.68 nlL) fol S)~neopentyl 2-

(chl or o( napht h&h@hyﬂthly]botayl))ghdébmg(;ll@lrmmo))pn épalnoétTéﬂi zéfosrzvqwlgl)p amd THF

(1.5 nm). After..wor and .silica um chro ap f
broti de. uas. obtlihen <PhSsh gl erafy AR DoBHG ArotsE e SRR RO
Vari an Pursuit yiXR8 aban 6¥8yhikd0xd. 6 nm nethod: |inear gradient of ACN (10%
to 100% in H28 in 30 mn). [00826] The following are the NVR results

! ifE5re su i esi 0 22-8.15
i-nl_l)a Y$'[885%dTng ;’Mg&hfo%}sﬁgf% Qlfi’éﬁg%fg?% I:H_LHM!M% I(I%‘)HQ J%{H; z@@%@% End- 1 (m

7.58-7. 46 3H)1 ’
4.12-4.03 m 4BDH]§N§§(5O8M§§ gﬁ%%ékggé gégl syste nap}ﬁsfg?@ gm%%)m
2.36 and 2.20 (2ts, 1B=HL27.28 — T19) (leIED,]Hagaj)éﬁ)ggﬁ59(’26@\{BxSly,gtzggrﬁ Ha—ng 134731?2 J=
12.9, 1H), 1.37 - 1 32 3H), 1.02 s,
9H) 31PH)NI\/R (202 %Pég c%a?rsn ﬂ}“g)zﬁn éfkfhgﬁsﬁzﬁptlé QW% é%{;WQBZB] The
pr otide (29)- CyC|1Qh€H<3YAaﬁ)ﬁ/9(é*()?% > 03,121, {H N9 76~ meid@*m@'ﬁs puj 8-9-y1) -

4- hydr oxy- 4- met hyl tetra rof ur an- 2- ylI') met hoxy) (napht hal en- Iyl oxy) phosphory
| ami no) pr opanoat et.2ken Athtthesidihad, 438113 CrmslH A 4.05, 4.04 (2 x s, 3H, 60-

20107 081082PCT/ U204 95036%2 3%53.670% AL L2 1D R R, o &R T2 35,
2.32-2.29 (2 x m, 1H, CH,-S), 2.02-1.81 (m, 5H, S-CH; and CH, Met), 0.98,
0.97 (2 x s, 3H, 2’-CHs), 0.88, 0.85 (2 x s, 9H, 3 x CHz).

5C NMR (126 MHz, CD;0D) 8 174.52 (d, *J c.c.v.p = 3.8, C=0 ester),
174.2 d, 7 c.cvp = 3.8, C=0 ester), 162.7 (C6), 161.9, 161.8 (C2), 154.5,
154.5 (C4), 148.00 (d, *Jc.o.p = 6.3, napht-C1), 147.95 (d, *Je.o.p = 6.3,
napht-C1), 139.4, 139.2 (CHS), 136.3, 136.25 (napht-C10), 128.9, 128.8
(napht-C5), 127.9 (d, *Je.c.o.p = 3.8, napht-C9), 127.8 (d, *Je.c.op = 5.0,
napht-C9), 127.7 (CH-napht), 127.6, 127.5 (CH-napht), 126.5 (CH-napht),
126.0 (CH-napht), 122.8 (CH-napht), 116.3 (d, *Jc.c.o.r = 3.8, napht-C2),
116.1 (d, *Je.c.o.p = 2.5, napht-C2), 115.7, 115.6 (C5), 93.3,93.2 (C1"),
82.3 (d, Je.c.op=715,C4), 822 (d, Jecor=8.8,C4),80.0,79.9
(C2%), 75.6 (CH, ester), 74.9, 74.8 (C3"), 68.2 (d, *Jc.o.p = 5.0, C5’), 67.8
(d, Je.op=3.8,C5), 55.2, 55.1 (CaMet), 54.2, 54.0 (0°-CHs), 34.5 (d,
Je.cnp=6.3, CbMet), 34.3, (d, *Je.cv.p = 7.5, Cb Met), 32.2, 32.1 (C-
ester), 31.0, 30.9 (CH,S? Met),26.9, 28.8, 28.7 (3 x CH; ester) 20.4, 20.3
(2’-CHs), 15.2, 15.1 (CH3 Met).

3P NMR (202 MHz, CD;OD) § 4.50, 4.44

[00591] Example 61



[ 00829] Using the general procedure for the synthesis of nucl eoside

5' - phosphoram dates (Method A), to a solution of

(3R, 5S) - 2W020mismi32 6- met hoxy- 9H puri n-9-y1) - 5- PCT/US2010/020632

(hydr oxynet hyl ) - 3- net hyI -tetrahydrof ufan-3-o0l 100 nmg (0.339 mol) in 5 nL

Ohs) | oPResy Tho R e o ok Tk Sab e ghibe &E@%@p&ﬁ?@%%anom e 268

my (0.68 mml ) 3ig0yiBydFbx R hJéfE ue/%lfahfdromgdﬁz%n%ﬂ%@wnh@ﬁhgai jcolum

chromat ogr aphy, 131 ng of pure protide was ‘obtainéd in a 52%yield, as an
of f -whi t e sol i gloxPhosEBerylahimo)-858ctREpENkh0aldd9) synesizedbelohaws:
C31H41N608P cal cul at ed: 655. 2645, found 655. 2640 [ 00830] The follow ng are
the NVMR results anal yzi ng e syqt hesi zed conpound: 1H NMR (500 MHz, CD30D)
6 8.20- 8.18 (m 1H, H8-n99, 7.98 (2 X585y 1H H8), 7.88- 7.83 (m
1H, H5-naph), 7.69, 7.67 ( J= 8.00 Hz, H4- naph), 7.53- 7.47 (m
3H, H7, H6, H2-naph), 7.41, 7. &9 (@ xt Jé . Hz, 1H, H3-naph), 5.95 (s,
1H, HO 4.68- 4.57 (m 3H, H4an@\/H5 44 447 (m 1H, CH ester), 4.04
(s, 3H 60CH3), 4.03- 4.00 (mHNHO N"2T86, NP217 (2 x t, J= 12.00 Hz,
1H, H3,a), 1.98, 1.96 (dd, &.=/_.00 Hz,)\ J 2.00 Hz, 1H, H3, b), 1.71- 1.63
(m 4H, 2 x CH2 ester), 1./48-T1.242 ( %, 3 ox CH2 ester and CH3 Al a),

1.01, 0.95 (2 x s, 3H, 2! 01 N 0(126O*N/Hz, CD30D) 6 174.52 (d, 3
CCNP =440 Hz, C=0 ester)™374°85 (d, 3 CCNP = 5.50 Hz, C=0 ester),

162. 72 niohg0 Naph),

139.08}6§§§ﬂ78§%%f§f?§%§%7 géd?ggﬁ%g&nggﬁhap %%ﬁﬁyggﬁgéﬁﬁggﬁﬁﬁgpa

(CHnapht), 12wedigylpditan&ite( C9- naph), 127.77, 127.55, 127.49, 126.53,

125.98, 122.82, 122.77 (CH naph), 116.27 (C2-naph), 115.59, 115.50 (C5),

94.94, 94.60 (C'), 82.11, 82.09 (Q )CI8O 18H;80.02 (2 x d, 3fc-c-0-p =

8.50 Hz, &C4'), 74.92(CHester 6?{ —A2 (2 x d, 2/cop 5.00 Hz,

C5'), 54.27, 54.24 (60CH3), 5 , : (CaCAga), 41.24, WO

2010/ 081082PCT/ US2010/ 020632 40 74 ( D, 32.38, 32.34, 32.32 (2 X

CH2-2 and 6 ester), 26.36 (2 - 3 an® 4 gster), 24.57 (CH2-5 ester),

22.51 (2'CCH3), 20.77 (d, 3k-c- 'w p = 6. 30 CH3Ala), 20.54 (d, 3k-c-N-p =

7.50 Hz, CH3 Al a) 31P NWR (202 MHz,

2 (A0259R 75 (2ot T b et Roxy: Bb | g ey ambERebes5) - benzy!

y1) - 4- hydr oxy- ah%pwmoadﬁ@ﬁ%t@ﬂd@taﬁaIQO@QS)ﬁﬁ@meaW)?(mpﬁﬁha| en-| -

yl oxy) phosphor f (o}

{00353 Ui ng. FieamyRRlndta 3 ¢h shBRARLE (1A on S RRER A GRS T A

5' - phosphor am diai4s L) d D()]M,QQQ milLp W&resojmlim@lhtocgﬁve (29)- neopentyl 2-

(3R, 59)-2-(2-am no- 6- ur|n - )

(hydr oxynet hyl § Ch@rﬁg@w alf"é’t rx; P%?SBP%{HY@%‘P) B hPESES IRABIY “and NM

0.20 nL (2.54 map| b, %5 19§e1'|3§9&:th‘i\a§o@dded (2S) - benzyl 2-

(chl oro( napht hal en- [~ y oxy)phosphoryl am no) - 3- et hyl but anoate 658 ng (1.52

nol ) i I t ogr aphy,
O[p %)esﬁ;yfl’ﬁe(\ g@@wt%@]&% th'RMR HRuANShaR il Cete Il th &R TBPBLATR

30 ny

ﬁygfgfydf? rrgt ﬁn; ?Eﬁ%@@#ﬂﬁgﬁcg@w F\E?)O%L‘% gﬁ%ﬁ?&ﬂe?ﬁ 191 ]oli)yygﬁosphor yl a

m no) - 3- ”Ethy|bURdﬂDﬁU@)mﬂ§’D@iauﬁQﬂlHH)81Qﬂﬁ%OQ&ﬂlHﬁﬂ(ﬁﬁ4QBth@H)e solid.

[ 00834] The following are the NVR results anal yzi ng the synthesi zed
conmpound: 1H NNR3(%88§/I@; 21dp3dfi3yr 1.62 gmg 3H). 18).41%8261?1 b)) H8- naph and H8),
7.86, 7.83 (2 x J= 7.50 Hz, 1H, H5-naph), 7.68, 7.66 (2 x d, J= 8.50 Hz,
1H, H4- naph), 7. %TQNMI?(QIEMMZ GRClHd, 8. H6 8.492- naph), 7.37, 7.36 (2 x t, J=
8.00 Hz, 1H, H3-naph), 7.28- 7.24 (m 5H, Ph), 5.95 5.94 (s, 1H HO 5. 06,
4.98 (70859h] JStep2:@Byntresisflpralitte ester), 4.69 - 4.62 (m 1H, H4,), 4.58 -
4.42 (m 2H, H5,), 4.06, 4.05 (2 x s, 3H, 60CH3), 3.82, 3.77 (2 x dd, J=
6. 00 HZ00957] 10U ghe ddrlerdtiprodadiyre (RleBd-B)FoBthe (sHimthddik oﬂ'ﬁléﬁh,oslﬂlol:zﬁnrdat%s 11 (m
1H, Hyb), 2.07 - WD 2010/ 081082PCT/ US2010/ 020632 227 1.92 (m_1H, CH 3
Val ), 1.02, 0.96C3RARSR)-2-53ammapymyethexyg¥-pugngayl)-gythpdyoxpmsthg3d- val ) 13C

NVR (126 Mz, ( 11
85 05 (). ggﬁgﬁ%?%%%zﬁﬁéé‘ %aﬁ?fgﬁggﬁgoﬁ??9549@é§%m%§%§§§ﬂ2?%@%ﬁph)
138. 80, 138, 45TUEH)s,adli36128BUNRE] PUG [ GL0-folapiid)hy 23Pnddhend29- 51, 129. 45,
129. 43, 129.31, 129,16, 128.86, 128.80 (CH napht and Ph), 127.90 (d, 3fc c
op =6.30 Hz, C9-naph), 127.81 (d, 3Jc-c-o_p = 8.80 Hz, C9-naph), 127.75,
127.51, 126.52, 126.47, 126.03, 125.97, 122.83, 122.78 (CH napht and Ph),
11643, 116 24(2 x d,3Jc-c-0-p = 4,40 bz, C2-naph), 113.71. 11341 (C5),
05, 27, 94,93 (CL'), 82 06, 82 04 (C2), B0.35,'80.23 (2 x d, 3k-c-0-p =
8.50 Hz, C4'), 68.97, 68.67 (2 x d,2Jc 0 p = 7.50 Hz, C5'), 67.84, 67.77

AN N

~1 N . ~rN A A ~ NN IS\



(2 x d, 3k-c-N-p = 8.8 Hz, C3 Val), 22.50, 22.32 (2'CCH3), 19.51, 19.46,
18.41, 18.19 (2 x CH3Val) 31P NWR (202 MHz, CD30D) 6 5.22, 5.13 WO
2010/ 08108PRCIVISBBRR10/ 020632 228 [00835] Further to thePrabaseoiBo206pt es,
representative conpounds, prepared adzbrding to the exanples were tested

for potency in HCV replicon assay (Gepotype, |b) for activi ai nst the
virus (EC50) a@?%@%el?@e [ -xqwﬁeléﬁvspéor ety &gyépqnéaéﬂaﬁ%légé? t forth
bel ow. [00836] THyE nieplairePWofalpl silitn&s c_@ﬂﬂmcﬁ{r!)mgélgfaﬂﬁfa ppdbihans: A

| uci f erase-reporter genotype | b subgenomc replicon cell lihe, and a
genotype | a fullLd, éhdng olgpire poride elak obfamedWéteeyidbi. alilAkd 1 w3t 7Rp3a3.A] LLC,
Br ookl yn, NY: ALl cell lines re S ed twi,ce a week by splitting.4 or 6
fold. Goll's wePH" (i VGO HUERRS orC a1 Loses RealGnop et aeinbdhn, *Uny
suppl ement ed WMdDI9%0BH (ddyS @80 in25Mng! ut am ne (I nvitrogen, Carlsbad,
CA), 100 UmM PenStrep (Invitrogen). Media also contained 0.25 ng/nm of the

ant i bi qhhgosF 448e FoRBADAR IR ﬁkﬁ@k&uﬁ%ﬁ{aﬁ%ﬂ/ﬂﬂe 9§ntﬁ&?ze8%8 BRRY:
(I'nvitrogen). Incubation was perfornmed at” 37 Cin 5% CO2 at nosphere.
Replicon cell lin i é | ate - sages,
after which cell sﬁs\/\ll\eﬂ?g{ ggg?ﬁﬁ%@ﬁ%ﬁ?%%@%ﬁ’ﬁﬂ2'8%%%2%_&](23'%%@] | counts
were routinely detex-m8aenh, UHD,IVg73aN. 64N MH},i17¢58C8 B3dX M4 ReSS . @%hid £ o8i(Hser

(Fl ownonmi cs Anal ytical | nstrunent i SO or | Ly usj | NCYTO
C Chi'p TM Di spos e BBiiech b mibet 37 Uit bior et U6 brd 105 (B p¥asthG o)
[00857] The ant | -HEYHgsenys g 2fones e eaisl 1)y 5190938 algidienase
Genotype Ib Replicon Potency Assay. Replicon cells were seeded into white
96-wel | plates (NomdBNWR) at a density of 2x104 cells/well in nedium

wi thout G 418. A Stacker Multidrop Liquid D spenser (MIX Lab Systens,
Vienna, VA) was ehpNoyR@(20MensGDeODNdiiafimiand fast cell seeding into
multiple plates. 18-24 h after cell plating, inhibitors were added and
cell's vmosancekampr §or additional 24, 48, or 72 h (as indicated).
Compounds were tested in triplicates and quadruplicates at 3X or 4X seri al
di | uti qpe@yer The g%f)g@-&fo Ehe PO AR 3R 4ARY-sNCRRAS L hathbo8 H-fdeM-9-§pL | cation
was nonitored by Renilla Fum ferase reporter activity assay using Renilla

| uci f er ase r epodftdhydrPxoragehylMudhgdmniura-2-yhmee tloxygmpphakaleniti nonet er
(Turner Biosystens, . Sunnyval e, ...00% and 90% i nhi bi t or oncentration

(1 650 and | ooy Conphey st angi e QR e onadise vt o R 8F < Compound
that results correspondingly in 50% and 90% dec(é_gases in the reporter
expression as conpared to uftrg d cells. |l ues WO

2010/ 081082PCT/ US2010/ 02063% per e deternied by non-linear regression
(four-paraneter sigmoidal curve fitting) ang ys¥s. [00839] The cell
cytotoxicity assay data was obtaPnéd as é; iablengbel ow. [00840]
Cytotoxicity Assay. Cells were ﬁ@g i 96~ wel 2pl ates at a density of
2x104 cells per well. 24 h affer cw 1g, 11 serial 2X compound
dilutions, starting with 100 1 e &nl?’edtothetesting plates (3
repeats per conpound dil utiQn) o Egch m@stiGty plate was run with a

"no- conpound” control. IncubatiHg®® wi t h conmpounds was continued at 37 Cin a
CQ2 incubator for 72 h, To determine cell viabili t)ﬁ’ She Cell Titer-d o(r)
assay ([PPOHEga>teneldi(@odl)neypeniyl Hichigpinaphthalen-driloxyphespbordamin®ir er ' s
protocol. The %@%qﬂmaﬁ%gent ration resulting in 50% I um nescent signal
was reported as the CCo0 concentration. [00841] The results of the assay in
terms of 1C50 (p,M and CC50 (p,M are g?gd/en in Table 1 below. WO

2010/ 081082PCT/ US2010/ 020632 230 [00842] The results of the assay in terns

of 1C50 (uM and CC50 (uM ar -@ eB,FLH'Q b 8H1 bel ow. Structure
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[00602]  Using the general procedure for synthesizing naphthyl (aminoacid ester)

phophorochloridates the tosylate salt of (25,3R)-neopentyl 2-amino-3-
methylpentanoate (2.5 g), naphthalen-1-yl phosphorodichloridate (1.75 g), TEA
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[00604]

[00605]

[00606]

[00607]

[00608]

175
(1.86 mL) and DCM (50 mL) were combined to give (25,3R)-neopentyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-3-methylpentanoate in a 37% yield
(1.06 g) as a pale yellow thick oil.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl3) & 8.14-8.08 (m, 1H), 7.92-7.87 (m, 1H), 7.76 (d,
J = 8.3, 1H), 7.65-7.43 (m, 4H), 4.43-4.28 (m, 1H), 4.24-4.15 (m, 1H), 3.96-
3.83 (m, 2H), 2.02-1.92 (m, 1H), 1.62-1.47 (m, 1H), 1.33-1.18 (m, 1H), 1.08-
0.93 (m, 15H)

'P NMR (202 MHz, CDCl3) & 9.49, 9.07
Step 2: Synthesis of protide

Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, to a solution of 243 mg of nucleoside in 5 mL of
THF was added fert-BuMgCl (1.56 mL) followed by (25,3R)-neopentyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-3-methylpentanoate (1 g) in THF
(2.8 mL). After workup and silica gel column chromatography, 98 mg of pure
protide was obtained (18% yield). HPLC g = 24.63 min (column: Varian Pursuit
XRs 5, Cig, 150x4.6 mm; method: linear gradient of ACN (10% to 100%) in H,O

in 30 min).
The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) § 8.21-8.13 (m, 1H), 7.95 (s, 1H), 7.90-7.83 (m,
1H), 7.72-7.65 (m, 1H), 7.56-7.34 (m, 4H), 5.98 (s, 1H), 4.65-4.55 (m, 2H),
4.40-4.22 (m, 2H), 4.05 (s, 3H), 3.90-3.82 (m, 1H), 3.72-3.57 (m, 2H), 1.78-
1.67 (m, 1H), 1.48-1.37 (m, 1H), 1.14-1.02 (m, 1H), 1.02-0.75 (m, 18H)

3P NMR (202 MHz, CD;OD) & 4.97, 4.80
Example 63

The (25)-benzyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:
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[00609] Step 1: (25)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate

[00610]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (5)-benzyl 2-amino-2-phenylacetate (1.11
mg, 2.69 mmol) was dissolved with the naphthalen-1-yl phosphorodichloridate
(0.72 mg, 2.74 mmol) in 5 mL anhydrous dichloromethane. The solution was
cooled down to -78 °C at which 0.76 mL of triethylamine (5.45 mmol) was added
dropwise. Then the mixture was left stirring for 1 h at -78 °C and then 30 min at
room temperature. The solvent was removed under reduced pressure and the
residue was purified by flash chromatography using Hexane/Ethyl acetate (1:1) as
eluents, to provide (25)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-
2-phenylacetate in 74% yield.

[00611]  The following are the NMR results analyzing the synthesized compound:

'H NMR (CDCl3): 8.11-8.01 ppm (m, 1H, Hg-naphtyl), 7.82 ppm (d, J=8.0 Hz,
Hs-naphtyl), 7.68 ppm (d, J=8.0 Hz, Hy-naphtyl), 7.55 — 7.46 ppm (m, H,, Hg,

H7 - naphtyl), 7.40-7.08 ppm (m, 12H, Phenyl, Phenylglycine & Hs-naphthyl),
5.31 —4.91 ppm (m, SH, NH & CH phenylglycine & CH, ester).

3P NMR (CDClLy): 7.50 ppm (s), 7.24 ppm (s)

[00612] Step 2: Synthesis of protide
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[00613]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-
phosphoramidates, terr-BuMgCl (1.49 mL, 2 equiv) was added dropwise to
(3R.4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol (234.7 mg, 0.75 mmol) in anhyd tetrahydrofuran
(1.5 mL). The solution was stirred for 20 min and (25)-benzyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate in 1.5 mLL
anhydrous tetrahydrofuran was added. The solution was stirred overnight at room
temperature and the solvent was removed under reduced pressure and the residue
was purified on silica gel using chloroform/methanol to yield (25)-benzyl 2-
(((((2R,3R,4R)-5-(2-amino-6-methoxy-9 H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate 0.16 g (0.22 mmol, 32%) as an off-white solid.

[00614]  The following are the NMR results analyzing the synthesized compound:

'H NMR (CDCls): 8.02-8.00 ppm (dd, J=8 Hz, 1H, Hg naphthyl), 7.85 ppm
(td, J=9.5 Hz, 2H, Hs naphthyl & Hg), 7.66 ppm (d, J=8.5 Hz, 1H, Hy4
naphthyl), 7.58-7.13 ppm (m, 14H, naphthyl & phenyl), 5.81 ppm (s, 1H, H;’),
5.18-5.07 ppm (m, 4H, CH, ester & CH phenylglycine), 4.53-4.49 ppm (m,
1H, Hs’), 4.36-4.34 ppm (m, 1H), 4.30-4.25 ppm (m, 1H, Hy*), 4.18-4.16 (m,
1H, Hs), 4.1 ppm (s, 3H, 6 OCHzs), 0.90 ppm (2 x s, 3H, 2° CHs)

3P NMR (CDCl): 3.82 ppm (s), 3.41 ppm (s)

[00615] Example 64

[00616]  The (25)-methyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:
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[00617] Step 1: (25)-methyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-

[00618]

[00619]

[00620]

[00621]

[00622]

phenylacetate

o

Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates, the HCI salt of (5)-methyl 2-amino-2-phenylacetate (2 g),
naphthalen-1-yl phosphorodichloridate (2.59 g), TEA (2.76 mL) and DCM (60
mL) were combined to give (25)-methyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate as a pale yellow thick oil. The crude

compound was taken forward without further purification.
The following are the NMR results analyzing the synthesized compound:

'P NMR (202 MHz, CDCl3) & 7.64, 7.46
Step 2: Synthesis of protide

Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of 250 mg of (3R,4R,5R)-2-(2-amino-6-methoxy-
9H-purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol in 5 mL of
THF was added fert-BuMgCl (1.61 mL) followed by (25)-methyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate (0.94 g) in THF (5
mL). After workup and silica gel column chromatography, 314 mg of (25)-methyl
2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate was obtained (59% yield). HPLC f = 16.24, 16.50 min (column:
Varian Pursuit XRs 5, Cig, 150x4.6 mm; method: linear gradient of ACN (10% to
100%) in H,O in 30 min).

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;OD) & 8.00 — 7.88 (m, 2H), 7.87-7.81 (m, 1H), 7.79 -
7.62 (m, 1H), 7.53-7.18 (m, 9H), 5.99 and 5.97 (2s, 1H), 5.10 and 5.05 (2d,
J=9.4, 1H), 4.67 - 448 (m, 2H), 4.31-4.19 (m, 2H), 4.06 and 4.05 (2s, 3H),
3.56 and 3.51 (2s, 3H), 0.97 and 0.95 (2s, 3H)

11
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3P NMR (202 MHz, CD;OD) § 3.95, 3.92
[00623] Example 65

[00624]  The (25)-propyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:

Cry
No‘fo < f*
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[00625]  Step 1: (25)-propyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate

[00626]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates, the HCI salt of (5)-propyl 2-amino-2-phenylacetate (1 g),
naphthalen-1-yl phosphorodichloridate (1.14 g), TEA (1.21 mL) and DCM (30
mL) were combined to give (25)-propyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate in an 83% yield (1.51 g) as a pale
yellow thick oil.

[00627]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl3) & 8.13 - 8.00 (m, 1H), 7.95 — 7.86 (m, 1H), 7.73
and 7.68 (2d,J = 8.2, 1H), 7.62 — 7.33 (m, 9H), 5.38 — 5.19 and 5.07 - 4.99
(2m, 2H), 3.80 - 3.77 (2s, 3H

3P NMR (202 MHz, CDCl5) & 7.62, 7.36.

[00628] Step 2: Synthesis of protide

"0OH6' CH
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[00629]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-

[00630]

[00631]

[00632]

[00633]

phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-
9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (250 mg) in S mL of
THF was added fert-BuMgCl (1.61 mL) followed by (25)-propyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate (1.01 g) in THF (5
mL). After workup and silica gel column chromatography, 150 mg of (25)-propyl
2-(((((2R,3R AR)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate was obtained (22% yield). HPLC g = 17.53 min (column: Varian
Pursuit XRs 5, Cig, 150x4.6 mm; method: linear gradient of ACN (10% to 100%)
in H,O in 30 min).

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.10 - 7.89 (m, 2H), 7.83 — 7.77 (m, 1H),
7.59-7.65 (m, 1H), 7.49-7.14 (m, 9H), 6.01 and 5.99 (2s, 1H), 5.10 and 5.05
(2d, J=9.3, 1H), 4.68 - 4.50 (m, 2H), 4.30 - 4.22 (m, 2H), 4.05 and 4.04 (2s,
3H), 3.97 — 3.77 (m, 2H), 1.48 — 1.35 (m, 2H), 0.96 and 0.95 (2s, 3H), 0.72 —
0.64 (m, 3H)

3P NMR (202 MHz, CD;OD) § 3.98, 3.89
Example 66

The (25)-neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:
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Step 1: (25)-neopentyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate
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[00634]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (5)-neopentyl 2-amino-2-phenylacetate
(1.92 g, 4.86 mmol), naphthalene-1-yloxy phosphorodichloridate (1.27 g, 4.86
mmol), triethyl amine (1.36 mL, 9.77 mmol) and dichloromethane (50 mL) were
combined to give 1.6 g of desired phosphorochloridate in 74% yield as pale
yellow thick oil.

[00635] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl5): & 8.01-7.12 (m, 24H), 5.38-5.20 (m, 1H), 5.07
(m, 1H), 3.92 (m, 2H), 3.80 (m, 2H), 0.78 (m, 9H), 0.70 (m, 9H)

*'P NMR (80 MHz, CDCls): & 8.81, 8.50
[00636] Step 2: Synthesis of protide

[00637]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-
phosphoramidates, a solution of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-
yD)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (560 mg, 1.19 mmol) in
anhydrous THF (25 mL) was combined with (25)-neopentyl 2-(chloro(naphthalen-
I-yloxy)phosphorylamino)-2-phenylacetate (1.6 g, 3.6 mmol), and tert-butyl
magnesium chloride (3.6 mL, 3.6 mmol). After normal work-up the crude product
was purified by column chromatography on silica gel twice using CH,Cl,/MeOH
(95:5) and then with ethyl acetate/methanol (97:3) to give 498 mg of protide in
38% yield as an off-white solid.

[00638] The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CD;0D): & 7.96-7.86 (m, 3H), 7.64-7.15 (m, 10H), 5.94
(d,J =2.6 Hz, 1H), 5.96 (d, J = 2.6 Hz, 1H), 5.05 (dd, J = 9.6 Hz, 9.6 Hz, 1H),
4.57 (m, 2H), 4.21 (m, 2H), 4.03 (s, 3H), 3.73 (m, 1H), 0.93 (d, J = 3.6 Hz,
3H), 0.62 (m, 9H).

3P NMR (80 MHz, CD;0D): § 5.06
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[00639] Example 67

[00640] The (25)-cyclohexyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:
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[00641] Step 1: (25)-cyclohexyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-

t@

[00642]  Using the general procedure for synthesizing naphthyl (aminoacid ester)

phenylacetate

phophorochloridates, the HCI salt of (5)-cyclohexyl 2-amino-2-phenylacetate (1
2), naphthalen-1-yl phosphorodichloridate (967 mg), TEA (1.03 mL) and DCM
(30 mL) were combined to give (25)-cyclohexyl-2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate in an 78% yield (1.32 g) as a pale
yellow thick oil.

[00643]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl3) 3 8.13 - 8.00 (m, 1H), 7.94 — 7.86 (m, 1H), 7.74
and 7.68 (2d,J = 8.2, 1H), 7.62 — 7.30 (m, 9H), 5.34 — 5.13 and 5.01 - 4.92
(2m, 2H), 4.91 —4.83 (m, 1H), 1.90 — 1.20 (m, 10H)

3P NMR (202 MHz, CDCls) 8 7.72, 7.47
[00644] Step 2: Synthesis of protide

[00645]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-
phosphoramidates to a solution of 250 mg of (3R,4R,5R)-2-(2-amino-6-methoxy-
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9H-purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol in 5 mL of
THF was added rert-BuMgCl (1.61 mL) followed by (25)-cyclohexyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate (1.10 g) in THF (5
mL). After workup and silica gel column chromatography, 310 mg of (25)-
cyclohexyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate was obtained (53% yield). HPLC g =21.47, 21.65 min (column:
Varian Pursuit XRs 5, Cjs, 150x4.6 mm; method: linear gradient of ACN (10% to
100%) in H,O in 30 min).

[00646]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;OD) & 8.00 - 7.81 (m, 3H), 7.69 — 7.62 (m, 1H),
7.54-7.17 (m, 9H), 6.00 and 5.97 (2s, 1H), 5.04 and 5.00 (2d, J=9.4, 1H), 4.68
- 4.50 (m, 3H), 4.28 - 4.20 (m, 2H), 4.07 and 4.06 (2s, 3H), 1.69 — 1.09 (m,
10H), 0.96 and 0.95 (2s, 3H)

3P NMR (202 MHz, CD;OD) § 4.00, 3.84
[00647] Example 68

[00648] The (2R)-benzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:

[00649] Step 1: (2R)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate

0. 019
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[00650]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (R)-benzyl 2-amino-2-phenylacetate (1.50
g, 3.63 mmol), and naphthalen-1-yl phosphorodichloridate (0.95 g, 3.63 mmol)
and TEA (1.01 mL, 7.26 mmol) in 20 mL of dry DCM, were combined to give
(2R)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate in
72% yield (1.21 g), as a clear, yellow, thick oil.

[00651] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCl5) & 8.11 — 8.01 (m, 1H, Hs-napht), 7.87, 7.81 (2 x
d, J = 8.50 Hz, 1H, Hs-napht), 7.72, 7.67 (2 x d, J = 8.0 Hz, 1H, Hy-napht),
7.58 = 7.48 (m, 3H, Hy, He, Hy,), 7.40 — 7.19 (m, 11H, Ph, PhG and Hs-napht),
5.42 -5.09 (m, 2H, NH and CHa PhG).

3P NMR (202 MHz, CDCls) 8 7.60, 7.42
[00652] Step 2: Synthesis of protide

Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol 250fmg
(0.803 mmol) in 5 mL of THF was added terr-BuMgCl 1.61 mL (1.61 mmol),
followed by (2R)-benzyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate 932 mg (1.60 mmol) in 5 mL of THF. After workup and silica
gel column chromatography, 286 mg of pure protide was obtained in a 48%

yield, as an off-white solid.
[00653]  The following are the NMR results analyzing the synthesized compound.

'H NMR (500 MHz, CD;0D) & 8.02, 7.99 ( 2 x d, J = 7.50 Hz, 1H, Hg-napht),
7.95,7.94 (2x s, 1H, Hg) 7.83,7.81 (2 x d, /= 8.50 Hz, 1H, Hs-napht), 7.65,
7.62 (2 x d, J=8.00 Hz, 1H, Hs-napht), 7.49 — 7.06 (m, 14H, H7, Hs, H,, Hs-
napht, Ph, ), 5.99, 5.98 (2 x s, 1H, Hy’), 5.15 — 5.04 (m, 2H, CH; ester), 5.00,
497 (2xd,J=5.00Hz, 1H, Ha, PhG), 4.65 - 4.51 (m, 2H, Hs'), 4.35- 4.21
(m, 2H, H3- and Hy'), 4.05 (s, 3H, 60-CHj3), 0.97, 0.95 (2 x s, 3H, 2°-CHj3)

13C NMR (126 MHz, CD;0D) & 172.81 (d, °J c.c.vp = 6.3 Hz, C=0 ester),
172.55 (d, °J c.cv.p = 6.3 Hz, C=0 ester), 162.75, 162.71 (C6), 161.81 (C2),
154.59, 154.49 (C4), 147.87, 147.82 (ipso Naph), 139.44, 139.98 (CHS),
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138.90 (ipso Ph), 136.82, 136.76 (napht-C10), 136.18 (ipso-Ph), 129.85,
129.69, 129.47, 129.41, 129.30, 129.16, 129.14, 128.98, 128.89, 128.83,
128.75, 128.26, 127.84, 127.78, 127.71, 127.52, 127.43, 126.45, 126.40,
126.00, 125.96, 122.85, 122.76 (Naph, 2 x Ph), 116. 37 (d, *Jc.c.o.r = 3.8 Hz,
C2-Naph), 116.03 (d, *Jc.c.o.p = 2.5 Hz, C2-Naph), 115.72, 115.65 (C5),
93.38, 93.06 (C1”), 82.32 (d, Je.c.o.p = 7.50 Hz, C4°), 81.98 (d, “Jec.op =
7.50 Hz, C4’), 80.02 (C2"), 75.00, 74.56 (C3), 68.24 (d, °Jc.o.p = 5.00 Hz,
C5%), 68.15 (d, *Je.o.p = 6.25 Hz, C5"), 67.24 (CH, ester), 60.00, 59.79

(Co PhG), 54.38 (60CH3), 20.48 (2°CCHs)

3P NMR (202 MHz, CD;0D) § 4.37, 3.65

[00654] Example 69

[00655] The (2R)-propyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:

CD
ke <’fx

OHN\

30/\/0 \d

HO OH
[00656] Step 1: 2R)-propyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-

atae
H o)
() ¢

phenylacetate

CHs

[00657]  Using the general procedure for synthesizing naphthyl (amino acid ester)
phosphorochloridates the hydrochloride salt of (R)-propyl 2-amino-2-
phenylacetate (2.00 g, 8.71 mmol), naphthalen-1-yl phosphorodichloridate (2.27,
8.71 mmol) and TEA (2.42 mL, 17.41 mmol) were combined in 20 mL of dry
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DCM, to give (2R)-propyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate in 59% yield (2.15 g), as a clear, yellow, thick oil.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCls) & 8.06 — 8.04 (m, 1H, Hs-napht), 7.87, 7.81 (2 x
d, J = 6.00 Hz, 1H, Hs-napht), 7.81, 7.67 (2 x d, J = 8.0 Hz, 1H, Hs-napht),
7.57 — 7.44 (m, 4H, H;, Hg, H,, H3-napht), 7.40 — 7.37 (m, 5H, PhG), 5.37 —
5.24 (m, 1H, NH), 5.18 — 4.991 (m, 1H, CHa), 4.15 (q, J = 7.00 Hz, 2H, O-
CH, ester), 1.65- 1.59 (m, 2H, O-CH,-CH, ester), 0.84 (t, J = 7.00 Hz, 3H,
CH; ester).

3P NMR (202 MHz, CDCl;) 8 7.72, 7.52
Step 2: Synthesis of protide

Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-
9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (250 mg, (0.803
mmol) in S mL of THF), was added ferr~-BuMgCl (1.61 mL (1.61 mmol)),
followed by (2R)-propyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate (670 mg (1.60 mmol)) in 5 mL of THF. After workup and silica
gel column chromatography, 395 mg of pure protide was obtained in a 71% yield,

as an off-white solid.
The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.00 — 7.96 (m, 2H, Hs-naph and Hg), 7.84,
7.81 (2 xd, J=28.00 Hz, 1H, Hs-napht), 7.65, 7.62 (2 x d, J=8.50 Hz, 1H, Hs-
napht), 7.50 — 7.37 (m, 3H, H,, H;, He-napht), 7.31 — 7.30 (m, 1H, H;-napht),
7.28 — 7.18 (m, 5H, PhG), 6.01, 5.99 (2 x s, I1H, Hy), 5.05,5.01 2xd,J=
9.00 Hz, 1H, CHa PhG), 4.66 - 4.53 (m, 2H, Hs), 4.36, 4.29 (2 x d, J =9.00
Hz , 1H, H3), 4.27- 4.20 (m, 1H, Hy), 4.06 (s, 3H, 60CHj3), 3.98 — 3.88 (m,
2H, OCH; ester), 1.49 - 1.39 (m, 2H, OCH,CH; ester), 0.98, 0.97 (2 x s, 3H,
2’CCHs), 0.71, 0.69 (2 x t, J=7.50 Hz, 3H, CH; ester)

3C NMR (126 MHz, CD;0D) & 173.05, 172.75 (2 x d, °J c.cnp = 5.0 Hz,
C=0 ester), 162.77, 162.70 (C6), 161.91, 161.85 (C2), 154.65, 154.50 (C4),
147.89, 147.84 (ipso Naph), 139.45, 139.09 (CHS), 139.29 (d, °J c.cv.p = 6.30
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Hz, ipso Ph, PhG), 139.20 (d, *J c.cnr = 5.0 Hz, ipso Ph, PhG), 136.23,
136.20 (C10-Naph), 129.61, 129.19, 128.72, 128.69, 128.16, 128.14, (CH-
napht and Ph), 127.86, 127.76 (2 x d, *Je.c.or = 6.3 Hz, C9-Naph), 127.67,
127.43, 127.37, 126.40, 126.34, 125.93, 125.89, 122.82, 122.76 (CH-Naph
and Ph), 116.25, 115.95 (2 x d, *Je.c.op = 2.5 Hz, C2-Naph), 115.64, 115.56
(C5), 93.40, 93.08 (C1°), 82.32 (d, *Jc.c.o.p = 7.55 Hz, C4’), 82.00 (d, *Jc.c.o.p
= 8.8 Hz, C4’), 79.97, 79.93 (C2’), 74.96, 74.60 (C3), 68.24 (d, *Jc.o.p = 2.5
Hz, C5°), 68.15 (d, *Je.o.p = 5.0 Hz, C5), 67.29, 67.25 (OCH, ester), 59.93,
59.73 (d, Jew.p = 5.0 Hz, C5°, Co.PhG), 54.27, 54.22 (60CHs), 22.80, 22.77
(O-CH,-CH, ester), 20.33, 20.28 (2°CCHs), 10.43, 10.41 (CHj ester)

3P NMR (202 MHz, CD;0D) § 4.38, 3.68
[00662] Example 70

[00663] The (2R)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:

[00664] Step 1: (2R)-neopentyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-

O
aTi=
D
O

oS

[00665]  Using the general procedure for synthesizing naphthyl (aminoacid ester)

phenylacetate

phophorochloridates the tosylate salt of (R)-neopentyl 2-amino-2-phenylacetate
(0.81 g, 2.08 mmol), naphthalen-1-yloxy phosphorodichloridate (0.54 g, 2.08

mmol), triethylamine (0.58 mL, 4.16 mmol) and dichloromethane (10 mL) were
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combined to give 0.51 g of desired (2R)-neopentyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate in 58 % yield as pale yellow thick oil.

[00666]  The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CDCl): & 8.1-7.25 (m, 12H), 5.3 (m, 1H), 5.2 (m, 1H),
3.8 (m, 2H), 0.79 (s, 9H)

'P NMR (80 MHz, CDCls): & 8.36, 8.52
[00667] Step 2: Synthesis of protide

[00668]  Using the general procedure (Method B) for the synthesis of 5’-phosphoramidates
of (3R, 4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol, the nucleoside (361 mg, 1.16 mmol) in anhydrous
THF (10 mL) was combined with (2R)-neopentyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)-2-phenylacetate (0.51 g, 1.16 mmol), and tert-butyl
magnesium chloride (1.16 mL, 1.16 mmol) was stirred for 12 h. After normal
work-up the crude product was purified by column chromatography on silica gel
using CH>Cl,/MeOH (96:4) to give 153 mg of protide in 19% yield as an off-
white solid. The *'P NMR data showed that some of the product had epimerized
at the amino acid position so that this material was ~ 10% the L-phenylglycine

derivative.
[00669]  The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CDCls): 7.9 (m, 1H), 7.8 (m, 1H), 7.6 (m, 1H), 7.5-7.15
(m, 10H), 5.97 (s, 1H), 5.92 (s, 1H), 5.1 (m, 1H), 4.6 (m, 2H), 4.2 (m, 2H),
4.02 (s, 3H), 3.9-3.6 (m, 2H), 3.44-3.6 (m, 1H), 0.9 (m, 3H), 0.78 (s, 3H), 0.65
(m, 6H)

3Ip NMR (80 MHz, CDCl3): 6 5.608. 5.065, 4.80
[00670] Example 71

[00671] The (2R)-cyclohexyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-2-phenylacetate was synthesized as follows:
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Step 1: (2R)-cyclohexyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate

Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the hydrochloride salt of (R)-cyclohexyl 2-amino-2-
phenylacetate (2.00 g, 7.41 mmol), naphthalen-1-yl phosphorodichloridate (1.94
g, 7.41 mmol) and TEA (2.06 mL, 14.83 mmol) were combined in 15 mL of dry
DCM, to give (2R)-cyclohexyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-
2-phenylacetate in 60% yield (2.75 g), as a clear, yellow, thick oil.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDCls) & 8.05, 7.88 (2 x d, J = 8.00 Hz, 1H, Hg-napht),
7.87 (d, J = 8.50 Hz, 1H, Hs-napht), 7.72, 7.66 (2 x d, J= 8.0 Hz, 1H, Hj4-
napht), 7.58- 7.45 (m, 4H, H7, He, Ha, Hs-napht), 7.40 — 7.37 (m, SH, PhG),
5.38 = 5.31 (m, 1H, NH), 5.25 - 5.17 (m, 1H, CHo PhG), 4.89- 4.85 (m, 1H,
CH ester), 1.88 — 1.67 (m, 2H, CH, cyclohexyl), 1.56 - 1.48 (m, 2H, CH,
cyclohexyl), 1.46 - 1.33 (m, 6H, 3 x CH; cyclohexyl).

'P NMR (202 MHz, CDCl3) & 7.82, 7.64
Step 2: Synthesis of protide

Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-
9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol 250 mg (0.803 mmol)
in 5 mL of THF, terr~-BuMgCl 1.61 mL (1.61 mmol) was added, followed by (2R)-
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cyclohexyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)-2-phenylacetate 735
mg (1.60 mmol) in S mL of THF. After workup and silica gel column
chromatography, 360 mg of pure protide was obtained in a 61% yield, as an off-

white solid.
[00677] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.00 — 7.95 (m, 2H, Hs-naph and Hg), 7.83,
7.80 (2 xd, J=8.00 Hz 1H, Hs-napht), 7.64, 7.62 (2 x d, J = 8.00 Hz, 1H, Hy4-
napht), 7.50 - 7.38 (m, 3H, H,, H7, He-napht), 7.33 - 7.18 (m, 6H, Hs-napht
and 5SH PhG), 6.02, 5.99 (2 x s, 1H, Hy), 5.03, 4.99 (2 x d, J = 9.00 Hz, 1H,
CHa PhG), 4.67 - 4.55 (m, 3H, CH ester and Hs), 4.36- 4.27 (m, 2H, Hz,
Hy), 4.06 (s, 3H, 60CHj3), 1.68- 1.49 (m, 4H, 2 x CH, ester), 1.40 — 1.28 (m,
4H, 2 x CH; ester), 1.18 — 1.13 (m, 2H, CH, ester), 0.97, 0.97 (2 x s, 3H,
2’CCHy).

5C NMR (126 MHz, CD;0D) § 172.40, 172.09 (2 x d, °J c.cvp = 5.0 Hz,
C=0 ester), 162.70, 162.70 (C6), 161.91, 161.84 (C2), 154.65, 154.51 (C4),
147.90, 147.86 (ipso Naph), 139.44, 139.03 (CHS), 139.33, 139.29 (ipso Ph
PhG), 136.24, 136.21 (C10-Naph), 129.79, 129.60, 129.15, 128.74, 128.70,
128.16, 128.14 (CH-Naph and Ph), 127.86, 127.77 2 x d, *Jc.c.o.p = 6.30 Hz,
C9-Naph), 127.67, 127.44, 127.37, 126.42, 126.35, 125.93, 125.89, 122.84,
122.77 (CH-Naph and Ph), 116.24, 115.94 (2 x d, "Je.c.o.r = 3.80 Hz, C2-
Naph), 115.65, 115.57 (C5), 93.39, 93.05 (C1°), 82.32, 81.98 2 x d, *Je.c.op =
8.80 Hz, C4°), 79.98, 79.96 (C2°), 75.26, 75.20 (CH ester), 74.97, 74.78 (C3"),
68.16, 67.25 (2 x d, *Jc.o.p = 5.0 Hz, C5”), 60.02, 59.83 (d, “Jen.p = 3.50 Hz,
C5’, Ca PhG), 54.30, 54.24 (60CH3), 32.37, 32.23, 32.19, 32.00 (2 x CH,-2
and 6 ester), 26.37, 26.29 (2 x CH,- 3 and 4 ester), 24.29, 24.21 (CH,-5 ester),
20.36, 20.30 (2’CCH3)

3P NMR (202 MHz, CD;OD) § 4.41, 3.70
[00678] Example 72

[00679] The nucleoside (3R,4R,5R)-2-(2-amino-6-ethoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol was synthesized as follows:
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[00680] To a suspension of 2-amino-6-chloro-9-(2-C-methyl-2,3,5-tri-O-benzoyl-5-D-

[00681]

[00682]

[00683]

ribofuranosyl)purine (2.0 g, 3.19 mmol) in anhydrous ethanol (24 mL) at room
temperature was added NaOEt in ethanol (1.95 g in 4.9 mL, 9 equiv). The mixture
was stirred at 50 °C for 5 h, cooled down to room temperature, filtrated over
cotton and quenched by addition of amberlite (H"). The mixture was then filtrated
and ethanol was removed under reduced pressure. The residue was purified by
silica gel chromatography (CHCI3/MeOH 85:15) to give 0.87 g of the pure
compound as a white solid, in an 87% yield. HPLC : fg = 10.55 min. (column:
Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear gradient
H>,O/ACN : 0% to 100% ACN in 30 min.)

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) 3 8.25 (s, 1H), 5.99 (s, 1H), 4.56 (g, J = 7.1),
423 (d,J=9.1, 1H), 4.06- 4.02 (m, 2H), 3.87 (dd, J = 3.0, 12.4, 1H), 1.46 (t,]
=7.1, 3H), 0.96 (s, 3H).

Example 73
The (25)-benzyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-

dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

CHy
:
N \N
4
0.0 <
“F7 N N41\NH2
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[00684]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of (3R,4R,5R)-2-(2-amino-6-ethoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol 250 mg (0.768 mmol) and
NMI 0.31 mL (3.54 mmol) in 5 mL of THF, was added (25)-benzyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate, 931 mg (2.31 mmol) in
5 mL of THF. After workup and silica gel column chromatography, 68.7 mg of
pure protide was obtained in a 13% yield, as an off-white solid. MS (ES+) m/e:
693.25 (MH", 100%); Accurate mass: C33H3sNsOoP; calculated 693.2438, found
693.2452

[00685] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.17-8.15 (m, 1H, Hs-napht), 7.96, 7.92 (2 x s,
1H, Hg), 7.85, 7.84 (2 x d, 1H, J = 8.00 Hz, Hs-napht), 7.67, 7.66 (2 x d, J =
8.00 Hz, 1H, Hy-napht), 7.51 — 7.43 (m, 3H, H,, H;, He-napht), 7.36, 7.35 (2 x
t, J = 8.00 Hz, 1H, Hs-napht), 7.27 — 7.22 (m, 5SH, phe), 6.00, 5.99 (2 x s, 1H,
Hy), 5.05- 4.95 (m, 2H, CH, ester), 4.61 — 4.57 (m, 2H, Hs"), 4.51, 450 (2x q,
J =7.00 Hz, 2H, 60CH,CHs») 4.34, 427 (2 x d, J = 9.00 Hz, 1H, Hs), 4.25-
4.22 (m, 1H, Hy), 4.12— 4.05 (m, 1H, CHw), 1.42, 1.41 (2 x t, J=7.0 Hz, 3H,
60CH,CHs), 1.30 (d, J=7.50 Hz, CH3 Ala), 0.98, 0.95 (2 x s, 3H, 2°CCHy).

3C NMR (126 MHz, CD;0D) & 174.80, 174.61 (d, °J c.cvp = 5.0 Hz, C=0
ester), 162.39, 162.38 (C6), 161.85 (C2), 154.58, 154.52 (C4), 147.98 (ipso
Naph), 139.26, 138.98 (CHS), 137.13 (ipso Ph), 136.26, 136.24 (napht-C10),
129.51, 129.22, 129.15, 129.11, 128.93, 128.79 (Naph, Ph), 127.91, 127.88 (2
x d, *Je.cop = 6.3 Hz, napht-C9), 127.74, 127.72, 127.48, 126.51, 126.48,
125.95, 122.83, 122.75 (Naph, Ph),116.25, 116.23 (C2-Naph), 115.64, 115.62
(C5), 93.32, 93.14 (C1°), 82.29, 82.11 (2 x d, *Jc.c.o.p = 8.8 Hz, C4"), 79.96,
79.92 (C2), 74.94, 74.62 (C3"), 68.02, 67.91 (2 x d, “Je.op = 3.7 Hz, C5"),
67.49, 67.45 (CH, ester), 63.58, 63.56 (60CH,CHs), 51.81, 51.72 (Co Ala),
20.59, 20.54, 20.39 (CH; Ala), 20.36, 20.34 (2’CCHj), 14.89, 14.88
(60CH,CH5)

3P NMR (202 MHz, CD;OD) § 4.31, 4.26

[00686] Example 74
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The protide (25)-2,4-difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of 330 mg of nucleoside ((3R,4R,5R)-2-(2-amino-6-
ethoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol) in
3.8 mL of THF, was added (404 uL) of NMI, followed by (25)-2,4-difluorobenzyl
2-(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (1.34 g) in 3.8 mL of
THEF. After workup and silica gel column chromatography, 122 mg of pure protide
was obtained (17% yield) as an off-white solid: HPLC : tg = 21.65, 21.95 min.
(column: Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear
gradient H,O/ACN : 0% to 100% ACN in 30 min.)

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0OD) & 8.18-8.12 (m, 1H), 7.93 and 7.91 (2s, 1H),
7.90-7.84 (m, 1H), 7.72 and 7.66 (m, 1H), 7.56-7.29 (m, 5H), 6.93-6.81 (m,
2H), 5.98 and 5.97 (2s, 1H), 5.11-4.97 (m, 2H), 4.62 — 4.49 (m, 4H), 4.40-4.20
(m, 2H), 4.12-4.03 (m, 1H), 1.46-1.41 (2t, J=7.1, 3H), 1.32 and 1.31 (2d,
J=7.2, 3H), 0.99 and 0.96 (2s, 3H)

3P NMR (202 MHz, CD;0D-d4) & 4.22 and 4.19.
Example 75

The Protide (25)-((5)-1-phenylethyl) 2-((((2R,3R.,4R)-5-(2-amino-6-ethoxy-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows.
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[00692]

[00693]

Using the general procedure for the synthesis of 5’-phosphoramidates (Method
A), to a solution of 250 mg (0.768 mmol) of (3R,4R,5R)-2-(2-amino-6-ethoxy-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol and NMI 0.31
mL (3.54 mmol) in 5 mL of THF, was added (25)-((5)-1-phenylethyl) 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate 963 mg (2.31 mmol) in
SmL of THF. After workup and silica gel column chromatography, 120 mg of

pure protide was obtained in a 22% yield, as an off-white solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;OD) & 8.19- 8.16 (m, 1H, Hg-napht), 8.05, 8.01 (2 x
s, 1H, Hg), 7.84- 7.78 (m, 1H, Hs-napht), 7.65, 7.63 (2 x d, J= 8.0 Hz, 1H),
7.55 —7.45 (m, 3H, H,, H7, He-napht), 7.38- 7.32 (m, 1H, Hsz-napht), 7.27-
7.19 (m, 5H, Phe), 6.02, 6.01 (2 x s, 1H), 5.73,5.69 (2 x q, /= 6.50 Hz, 1H,
CH ester), 4.67- 4.56 (m, 1H, Hs), 4.49 (q, J =7.00 Hz, 2H, 60CH,CH3),
4.32- 4.22 (m, 2H, H3- and Hy'), 4.10- 4.03 (m, 1H, CH), 1.41- 1.37
(60CH,CH; and CHs ester), 1.25 (d, J = 8.00 Hz, 3H, CH; Ala), 0.98, 0.96 (2
x s, 3H, 2°CCHa).

5C NMR (126 MHz, CD;0D) 8 174.26, 174.00 (d, *J c.cv.p = 5.0 Hz, C=0
ester), 162.24, 162.21 (C6), 161.82, 161.75 (C2), 154.25 (C4), 147.99, 147.97,
147.92 (ipso Naph), 142.84, 142.80 (ipso Ph), 139.19, 138.88 (CHS), 136.23,
136.21 (2 x d, *Je.c.o.p = 3.7 Hz, napht-C10), 129.74, 129.55, 129.51, 128.97,
128.88, 128.84, 128.63 (Naph, Ph), 127.87, 127.81 (2 x d, *Jc.c.o.p = 6.3 Hz,
napht-C9), 127.76, 127.50, 127.31, 127.15, 127.02, 126.98, 126.79, 126.72,
126.55, 126.52, 126.38, 126.01, 125.99, 124.22, 123.49, 122.81, 122.75
(Naph, Ph),116.30, 116.24 (2 x d, *Jc.c.o.p = 3.7 Hz, C2-Naph), 115.06,
114.94 (C5), 93.38, 93.22 (C1°), 82.39, 82.24 (2 x d, *Jc.c.o.p = 8.8 Hz, C4),
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80.00, 79.94 (C2’), 74.91, 74.86, 74.77, 74.64, 74.50 (C3” and CH ester),
68.01, 67.53 (2 x d, *Je.o.p = 5.0 Hz, C5°), 63.86, 63.81 (60CH,CH3), 51.91,
51.82 (CatAla),22.66, 22.60 (CHj ester), 20.60, 20.55 (CHs Ala), 20.41, 20.35
(2’CCH3), 14.92 (60CH>CHj3)

3P NMR (202 MHz, CD;OD) § 4.32, 4.29
[00694] Example 76

[00695] The protide 2,2-dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene- 1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

N N N
o, 0 </ |
=4 N N/)\NHZ

[00696]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of 500 mg of ((3R,4R,5R)-2-(2-amino-6-ethoxy-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol) in 6 mL of
THF, was added (614 uL) of NMI, followed by (25)-neopentyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (1.77 g) in 6 mL of
THEF. After workup and silica gel column chromatography, 285 mg of pure protide
was obtained (28% yield) as an off-white solid. HPLC : tg =22.92, 23.16 min.
(column: Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear
gradient H,O/ACN : 0% to 100% ACN in 30 min.)

[00697]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.20-8.14 (m, 1H), 7.96 and 7.94 (2s, 1H),
7.90-7.84 (m, 1H), 7.71 and 7.78 (2d, J = 8.2, 1H), 7.56-7.36 (m, 4H), 5.99
and 5.98 (2s, 1H), 4.65 — 4.56 (m, 2H), 4.56-4.51 (AB system, J=7.1 and 14.2,
2H), 4.36-4.21 (m, 2H), 4.06-4.02 (m, 1H), 3.78-3.57 (4d, J=10.5, 2H), 1.44
(2t,J=7.1, 3H), 1.33 (2d, J=7.1, 3H), 0.98 and 0.96 (2s, 3H), 0.88 and 0.86 (2s,
9H)
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3Ip NMR (202 MHz, CD;0D-d4) ¢ 4.28 and 4.21.
[00698] Example 77

[00699]  The protide (25)-isopropyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

CHs

[00700]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of 250 mg of ((3R,4R,5R)-2-(2-amino-6-ethoxy-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol) in 3.3 mL of
THF, was added (306 puL) of NMI followed by (25)-isopropyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (§19.6 mg) in 3.3 mL of
THEF. After workup and silica gel column chromatography, 277 mg of pure protide
was obtained (56% yield) as an off-white solid. HPLC : tg=20.39, 20.65 min.
(column: Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear
gradient H,O/ACN : 0% to 100% ACN in 30 min.)

[00701]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.21-8.14 (m, 1H), 8.04 and 8.02 (2s, 1H),
7.91-7.83 (m, 1H), 7.71 and 7.68 (2d, J = 8.3, 1H), 7.56-7.36 (m, 4H), 5.99
and 5.98 (2s, 1H), 4.85 (m, 1H), 4.66 — 4.57 (m, 2H), 4.54 (AB system, J=7.1
and 14.2, 2H), 4.38-4.21 (m, 2H), 4.02-3.91 (m, 1H), 1.47-1.42 (2t, J=7.1,
3H), 1.29 (d, J=7.1, 3H), 1.17 -1.11 (m, 6H), 0.99 and 0.97 (2s, 3H)

3P NMR (202 MHz, CD;OD) & 4.39 and 4.29.
[00702] Example 78

[00703]  The protide (25)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-
9H-purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-
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yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)propanoate was synthesized as

follows:

[00704]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of 250 mg (0.77 mmol) of (3R,4R,5R)-2-(2-amino-6-
ethoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol in 3
mL of THF, was added 0.30 mL (3.6 mmol) of N-methyl imidazole, followed by
(285)-tetrahydro-2H-pyran-4-yl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)propanoate 825 mg (2.1 mmoL) dissolved in 3 mL of
THEFE. After standard workup and purification, 72 mg (14%) of desired protide
was obtained as an off-white solid. HPLC : rr = 17.85, 18.24 min. (column:
Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear gradient
H,O/ACN : 0% to 100% ACN in 30 min.)

[00705] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.20- 8.15 (m, 1H), 8.00, 7.98 (2 x s, 1H),
7.89—7.81 (m, 1H), 7.71- 7.67 (m, 1H), 7.58 — 7.45 (m, 3H), 7.43- 7.37 (m,
1H), 6.00, 5.99 (2 x s, 1H), 4.81- 4.73 (m, 1H), 4.65- 4.55 (m, 2H), 4.55, 4.52
(2xd, J=6.70, 2H), 4.35- 4.22 (m, 2H), 4.08- 3.99 (m, 1H), 3.80- 3.75 (m,
2H), 3.48- 3.37 (m, 2H), 1.80- 1.69 (m, 2H), 1.54- 1.49 (m, 2H), 1.44 (t,
J=7.20 Hz, 3H), 1.32, 1.30 (2 x d, J/=6.35 Hz, 3H), 0.98, 0.97 (2 x s).

3P NMR (202 MHz, CD;0D) & 4.26, 4.12.
[00706] Example 79

[00707]  The protide (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-
yloxy)phosphorylamino)-3-methylbutanoate
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[00708] Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of 300 mg of ((3R,4R,5R)-2-(2-amino-6-ethoxy-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol) in 4 mL of
THF, was added NMI (368 pL) followed by (25)-neopentyl 2-(chloro(naphthalen-
1-yloxy)phosphorylamino)-3-methylbutanoate (1.14 g) in THF (4 mL). After
workup and silica gel column chromatography, 77.3 mg of pure protide was
obtained (13% yield) as an off-white solid. HPLC : g = 27.96 min. (column:
Varian Pursuit XRs 5, C18, 150x4.6 mm. The method is: Linear gradient
H,O/ACN : 0% to 100% ACN in 30 min.)

[00709]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.20-8.13 (m, 1H), 7.96 and 7.95 (2s, 1H),
7.90-7.83 (m, 1H), 7.70 and 7.66 (2d, J = 8.1, 1H), 7.59-7.34 (m, 4H), 5.98
and 5.97 (2s, 1H), 4.65 — 4.58 (m, 2H), 4.57-4.51 (2x AB system, J=7.0 and
14.2, 2H), 4.40-4.21 (m, 2H), 3.82-3.74 (m, 1H), 3.72-3.59 (4d, J=10.5, 2H),
2.09-1.93 (m, 1H), 1.47-1.42 (2t, J=7.1, 3H), 0.99 and 0.95 (2s, 3H), 0.90-0.82
(m, 15H)

3P NMR (202 MHz, CD;OD) & 5.11 and 4.90.
[00710] Example 80

[00711] The (3R,4R,5R)-2-(2-amino-6-(methylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-
3-methyltetrahydrofuran-3,4-diol was synthesized accordingly:

HN/CHS
N ~ N
1L
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[00712] To a solution of (3R,4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-

[00713]

[00714]

[00715]

[00716]

[00717]

(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (150 mg, 0.239
mmol) in ethanol was added methyl amine (1 mL, 1.2 mmol) and triethyl amine
(0.17 mL, 1.2 mmol) and heated to 85 °C overnight in sealed tube. After cooling
and evaporation, the crude product was purified by column chromatography using
dichloromethane/methanol (93:7) to give 68 mg (92% yield) of (3R,4R,5R)-2-(2-
amino-6-(methylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol as an off white solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): 3 8.06 (s, 1H), 5.9 (s, 1H), 4.25 (d, J=8.8 Hz,
1H), 4.0 (m, 2H), 3.85 9dd, J=3.2 Hz, J=3.2 Hz, 1H), 3.6 (s, 1H), 3.04 (s, 3H),
0.92 (s, 3H).

Example 81
The (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate was synthesized as follows:

N N N

4

oo ¢ f
1Y N N/)\NH >

O})\CHS ) ;/CHs
ﬂ\/o HO  OH

Using the general procedure (Method B) for the synthesis of nucleoside 5'-
phosphoramidates of (3R,4R,5R)-2-(2-amino-6-(methylamino)-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (150 mg, 0.48 mmol) in
anhydrous THF (25 mL) was combined with (25)-neopentyl 2-(chloro(naphthalen-
1-yloxy)phosphorylamino)propanoate (463 mg, 1.21 mmol), and terz-butyl
magnesium chloride (1.645 mL, 1.645 mmol). After normal work-up the crude
product was purified by column chromatography on silica gel using

CH,Cl,/MeOH (96:4) to give 51 mg of protide in 17% yield as light yellow solid.

The following are the NMR results analyzing the synthesized compound.
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'H NMR (200 MHz, CD;0D): § 8.15 (m, 1H), 7.85 (m, 2H), 7.65 (m, 1H),
7.3-7.54 (m, 4H), 5.93 (d, J=4.0 Hz, 1H), 4.52 (m, 2H), 4.22 (s, 2H), 4.0 (dd,
J=7.4 Hz, J=6.8Hz, 1H), 3.6 (m, 2H), 3.0 (s, 3H), 1.3 (d, J= 7.0 Hz, 3H), 0.95
(d, J=2.6 Hz, 3H), 0.84 (d, J=3.2 Hz, OH).

3P NMR (80 MHz, CD;0D): & 5.4.
[00718] Example 82
[00719]  The (28)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-

purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

[00720] Step 1: (25)-((S)-1-phenylethyl) 2-(chloro(naphthalen-1-

yloxy)phosphorylamino)propanoate

O\\P\,CI CH,
Q O HN
0
Ty I o

[00721]  Using the general procedure for synthesizing naphthyl (aminoacid ester)
phophorochloridates the tosylate salt of (5)-((S)-1-phenylethyl) 2-
aminopropanoate (1.05 g, 2.85 mmol), naphthalen-1-yloxy phosphorodichloridate
(2.85 mmol), triethyl amine (0.76 mL, 5.56 mmol) and dichloromethane (20 mL)
were combined to give 610 g of desired (295)-(($)-1-phenylethyl) 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate in 26% yield as pale

yellow oil.
[00722]  The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CDCl3): & 8.07 (m, 1H), 7.86 (m, 1H), 7.71 (d, ] = 8.4
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Hz, 1H), 7.30-7.61 (m, 9H), 5.94 (m, 1H), 4.33 (m, 2H), 1.60-1.46 (m, 6H)
*'P NMR (80 MHz, CDCls): 8 9.07, 9.34
[00723] Step 2: Synthesis of protide

[00724]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-
phosphoramidates, (3R,4R,5R)-2-(2-amino-6-(methylamino)-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (190 mg, 0.613 mmol) in
anhydrous THF (25 mL) was combined with (25)-((S)-1-phenylethyl) 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (610 mg, 1.41 mmol),
and tert-butyl magnesium chloride (1.41 mL, 1.41 mmol) After normal work-up
the crude product was purified by column chromatography on silica gel twice
using CH,Cl»/MeOH (95:5) and then with ethyl acetate/methanol (97:3) to give
210 mg of protide in 50% yield as off-white solid.

[00725]  The following are the NMR results analyzing the synthesized compound.

'H NMR (200 MHz, CD;0D): 3 8.2 (m, 1H), 7.85 (m, 1H), 7.5 (m, 5H), 7.2
(m, 5SH), 5.92 (d, J =4.0 Hz, 1H), 5.66 (m, 1H), 4.54 (m, 1H), 4.2 (d,J =2 Hz,
1H), 4.02 (m, 1H), 3.01 (s, 3H), 2.01 (s, 1H), 1.35 (m, 3H), 1.21 (m, 3H), 0.94
(s, 3H)

3P NMR (80 MHz, CD;0D): § 5.36, 5.35.
[00726] Example 83

[00727] The (25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylamino)-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-

yloxy)phosphorylamino)propanoate was synthesized as follows:

SN
|
HN/CHS
N
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[00728]  Using the general procedure (Method B) for the synthesis of nucleoside 5'-
phosphoramidates of (3R,4R,5R)-2-(2-amino-6-(methylamino)-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (200 mg, 0.645 mmol) in
anhydrous THF (25 mL) was combined with (25)-neopentyl 2-(chloro(quinolin-6-
yloxy)phosphorylamino)-propanoate (650 mg, 1.801 mmol), and tert-butyl
magnesium chloride (1.8 mL, 1.8 mmol). After normal work-up the crude product
was purified by column chromatography on silica gel twice using CH,Cl.,/MeOH
(96:4) and then with ethyl acetate/methanol (9:1) to give 110 mg of protide in
26% yield as an off-white solid.

[00729]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8,77 (ddd, J=1.8 Hz, J=2.0 Hz, J=1.6 Hz,
1H), 8.2 (t, J=8.0 Hz, 1H), 8.0 (d, J=9.2 Hz, 1H), 7.63-7.8 (m, 3H), 7.45 (m,
1H), 5.92 (s, 1H), 4.6 (m, 2H), 4.23 (m, 2H), 4.05 (m, 1H), 3.55-3.8 (m, 2H),
3.0 (d, J=2.4 Hz, 3H), 1.35 (m, 3H), 0.85-0.95 (m, 12H).

3P NMR (80 MHz, CD;0D): 8 5.16, 5.06.
[00730] Example 84

[00731] The (3R,4R,5R)-2-(2-amino-6-(benzylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-
3-methyltetrahydrofuran-3,4-diol was synthesized accordingly:

s L

B0 Hy,  PhCHaNH,

Bz@ OBz cn CH3
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[00732] Step 1. Synthesis of (2R,3R,4R,5R)-2-(2-amino-6-(benzylamino)-9H-purin-9-

yl)-5-(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate

O N
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[00733]

[00734]

[00735]

[00736]

[00737]

203
To a suspension of (3R,4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (1.0 g, 1.60
mmol) in anhydrous ethanol (100 mL), at room temperature, benzylamine (1.75
mL, 10 equiv) was added. The mixture was stirred under reflux overnight, cooled
down to room temperature and ethanol was removed under reduced pressure. The
residue was then precipitated from CHCIl3;/MeOH to give the pure (2R,3R,4R,5R)-
2-(2-amino-6-(benzylamino)-9H-purin-9-yl)-5-(benzoyloxymethyl)-3-
methyltetrahydrofuran-3,4-diyl dibenzoate (1.12 g, 100 %) as a white solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.15 (d, J = 7.20 Hz, 2H, CH Ph), 8.05 (d, J =
7.20 Hz, 2H, CH Ph), 7.96 (d, J =7.30 Hz, 2H, CH Ph), 7.93 (s, 1H, Hg), 7.65
(t, J =7.20 Hz, 1H, CH Ph), 7.58 (d, J = 7.20 Hz, 2H, CH Ph), 7.52 (t, J =
7.80 Hz, 2H, CH Ph), 7.46 — 7.39 (m, 4H, CH Ph), 7.35 (dd, J = 7.80 Hz, 19.1,
4H, CH Ph), 7.26 (s, 1H, CH Ph), 6.68 (s, 1H, Hy>), 6.30 (d, J = 5.60 Hz, 1H,
Hz), 5.03 (dd, J = 5.00 Hz, 11.7, 1H, Hs), 4.84 (m, 3H, CH; benzyl and Hs),
4.75 (dd, J=5.50 Hz, 10.8, 1H, Hy), 1.65 (s, 3H, 2’-CHas).

Step 2. Deprotection to (3R 4R ,SR)-2-(2-amino-6-(benzylamino)-9H-purin-9-
yD)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol

To a solution of protected nucleoside: (2R,3R,4R,5R)-2-(2-amino-6-
(benzylamino)-9H-purin-9-yl)-5-(benzoyloxymethyl)-3-methyltetrahydrofuran-
3,4-diyl dibenzoate (1.12 g, 1.29 mmol) in anhydrous methanol (18 mL) at room
temperature was added sodium methoxide (0.29 g, 3.2 equiv). After being stirred
for 2 h, the solvent was removed under reduced pressure and the residue was
purified on silica gel using CHCl;:MeOH 92:8 as an eluent, to yield the pure
unprotected nucleoside (0.574 g, 89 %) as a white solid. HRMS (ESI): calculated
for C13H2NgO4 + Na* 409.1600, found 409.1593

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, DMSO) & 8.03 (s, 1H, Hy), 7.36 (d, J = 7.3, 2H, phe),
7.30 (t, J=7.5, 2H, phe), 7.21 (t, J=7.1, 1H, phe), 5.86 (s, 2H, NH,), 5.80 (s,
1H, Hy), 5.16 (m, 2H, OHs and OHs), 5.01 (s, 1H, OHy), 4.64 (bs, 2H, CH,
Bn), 4.02 (d, J=8.1, 1H, Hs"), 3.86 (m, 2H, H4 and Hs'), 3.75 — 3.58 (m, 1H,
Hs), 0.81 (s, 3H, CHj)
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[00738] Example 85
[00739]  2,2-Dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-benzylamino-9H-purin-

[00740]

[00741]

9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)

phosphorylamino)propionate was synthesized accordingly:

ae

Using the general procedure (Method A) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-(benzylamino)-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol 150 mg (0.388
mmol) and NMI 0.15 mL (1.94 mmol), in 5 mL of THF, was added naphthalen-1-
yl (2,2-dimethylpropyloxy) phosphorchloridate 477 mg (1.16 mmol) in 5 mL of
THEF. After workup and silica gel column chromatography, 32.3 mg of pure

protide was obtained in 11% yield, as an off-white solid.
The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.19 — 8.17 (m, 1H), 7.87 (s, 1H), 7.86- 7.81
(m, 1H) 7.70-7.65 (m, 1H), 7.54- 7.50 (m, 3H), 7.46- 7.36 (m, 3H), 7.32-
7.29 (m, 2H), 7.25- 7.22 (m, 1H), 5.98, 5.97 (2 x s, 1H), 4.75- 4.72 (m, 2H),
4.68- 4.57 (m, 2H), 4.30- 4.23 (m, 2H), 4.10 — 4.03 (m, 1H), 3.76, 3.71, 3.63,
3.59 (2 x AB, JAB=10.45 Hz, 2H), 1.32 (d, / =7.40 Hz, 1H), 0.99, 0.98 (2 x
s, 3H), 0.85, 0.84 (2 x s, 9H)

5C NMR (126 MHz, CD;0D) 8 175.06 (d, *J c.c.v.p = 4.70 Hz, C=0 ester),
174.82 (d, °J c.c.v.p = 5.80 Hz, C=0 ester), 162.15 (C6), 156.46 (C4), 148.02
(d, °Je.0.p = 2.00 Hz, napht-C1), 147.96 (d, *Jc.o.p = 2.00 Hz, napht-C1),
140.61 (C1 phe), 137.17, 136.87 (CHS), 136.30 (napht-C10), 129.53 (CH-
phe), 129.52 (CH-phe), 128.86, 128.80 (CH-phe), 128.65 (CH-phe), 128.64
(CH-phe), 128.15 (CH-napht), 127.91 (d, *Jc.c.o.r = 2.50 Hz, napht-C9),
127.86 (d, *Je.c.o.p = 2.50 Hz, napht-C9), 127.77, 127.75 (CH-napht), 127.50,
127.49 (CH-napht), 126.53, 126.47 (CH-napht), 125.97 (CH-napht), 122.81,
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122.74 (CH-napht), 116.20 (d, *Jc.c.o.p = 3.3, napht-C2), 116.17 (d, *Je.c.o.p =
4.50 Hz, napht-C2), 114.78, 114.75 (C5), 92.98, 92.79 (C17), 82.13 (d, *Jc.c.o.
»=8.10 Hz, C4), 81.98 (d, *Jc.c.o.r = 8.50 Hz, C4°), 79.98, 79.90 (C2"),
75.37, 75.35 (CH, ester), 74.82, 74.51 (C3”), 67.87 (d, *Jc.o.p = 5.2, C5),
67.29 (d, *Jc.o.p = 5.00 Hz, C5°), 51.78 (Co Ala), 44.91 (CH,-NH), 32.24,
32.21 (C t-Bu), 26.70, 26.69 (3xCH; 1-Bu), 20.84 (d, *Jc.cvp = 6.20 Hz, CH;
Ala), 20.62 (d, *Jc.cvp=7.10 Hz, CH; Ala), 20.38, 20.35 (2’-CHs)
3P NMR (202 MHz, CD;OD) § 4.43, 4.23

[00742] Example 86

[00743] The (3R,4R,5R)-2-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol was synthesized accordingly:

: e

PhCH,CH,NH,
N ~ N
¢ fx fx

Bzo/\&N N~ “NH, BzO
\—£=CHj CHs

BzO\\ OBz @ OBz
e
N BN
N
NaOMe </ |/)\
MeOH HO/\&N N” “NH,
\—L=CHjy
HO  OH

[00744] Step 1. (2R,3R,4R,5R)-2-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate

[00745] To a suspension of (3R, 4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (1.0 g, 1.60
mmol) in anhydrous ethanol (100 mL), at room temperature, was added
phenylethylamine (2.02 mL, 10 equiv). The mixture was stirred under reflux
overnight, cooled down to room temperature and ethanol was removed under
reduced pressure. The residue was then precipitated from CHCls/MeOH to give
the pure compound (0.63 g, 55%) as a white solid.
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[00746] The following are the NMR results analyzing the synthesized compound:

[00747]

[00748]

[00749]

[00750]

[00751]

'H NMR (500 MHz, CD;0D) & 8.12 (d, J = 7.20 Hz, 2H, CH Ph), 8.03 (d, J =
7.20 Hz, 2H, CH Ph), 7.96 (d, J=7.30 Hz, 2H, CH Ph), 7.90 (s, 1H, Hg), 7.65
(t, J=7.50Hz, 1H, CH Ph), 7.58 — 7.52 (m, 2H, CH Ph), 7.53 (t, /= 7.80 Hz,
2H, CH Ph), 7.43 (t, J = 7.80 Hz, 2H, CH Ph), 7.39 (t, /= 7.80 Hz, 2H, CH
Ph), 7.35-7.26 (m, SH, CH Ph), 6.65 (s, 1H, Hy"), 6.28 (d, J = 6.00 Hz, 1H,
Hs), 5.03 (dd, J=4.90 Hz, 12.00 Hz, 1H, Hs"), 4.84 — 4.67 (m, 3H, Hs, Hy),
3.95 - 3.89 (m, 2H, NH-CH,-CH»-Bn), 3.01 (t, /= 7.00 Hz, 2H, NH-CH>-
CH»-Bn) 1.65 (s, 3H, 2’-CHj).

Step 2. Deprotection

To a solution of (2R,3R,4R,5R)-2-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (0.63 g, 0.88
mmol) in anhydrous methanol (15 mL) at room temperature was added sodium
methoxide (0.15 g, 3.2 equiv). After being stirred for 2 h, the solvent was removed
under reduced pressure and the residue was purified on silica gel using
CHCI3:MeOH 92:8 as an eluent, to yield the unprotected nucleoside, (3R,4R,5R)-
2-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol (0.33 g, 94 %) as a white solid. HRMS (ESI):
calculated for C19H24NO4 + Na* 423.1757, found 423.1763. Elemental analysis:
calculated for CigH2uNgO4+ 3.5 H,O : C:49.24, H:6.74, N:18.13; Found: C:49.13,
H:5.83, N:18.05

The following are the NMR results analyzing the synthesized compound:
'H NMR (500 MHz, CD;0D) & 8.20 (s, 1H, Hy), 7.32 — 7.19 (m, 5H, Ph), 5.96
(s, 1H, Hy>), 4.29 (d, J = 8.00 Hz, 1H, Hs'), 4.13 — 4.05 (m, 3H, H4 and Hs'),
3.95 —3.85 (m, 2H, NH-CH,-CH,-Bn), 3.04 (t, / = 7.00 Hz, 2H, NH-CH,-
CH»-Bn) 0.97 (s, 3H, 2’CHas).

Example 87

The (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(phenethylamino)-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized accordingly:

ocH3
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Using the general procedure (Method B) for the synthesis of nucleoside 5°-

phosphoramidates, to a solution of (3R,4R,5R)-2-(2-amino-6-(phenethylamino)-

9H-purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol 200 mg
(0.50 mmol) in S mL of THF, was added terr-BuMgCl 1.00 mL (1.00 mmol),

followed by naphthalen-1-yl (2,2-dimethylpropyloxy) phosphorchloridate 383 mg

(1.00 mmol) in 5 mL of THF. After workup and silica gel column

chromatography, 246.5 mg of pure protide was obtained in a 24% yield, as an off-

white solid.

[00753]

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDsOD) & 8.19 (d, J = 8.50 Hz, 1H, Hg-naph), 7.87 —
7.81 (m, 2H, H8 and Hs-naph), 7.69, 7.67 (2 x d, J = 8.50 Hz, 1H, H4naph),
7.54 —7.47 (m, 3H, Hy, Hg, Hy-naph), 7.42 —7.37 (m, 1H, H3-naph), 7.27 —
7.16 (m, 5SH, Ph), 5.98,5.97 (2 x s, IH, H1"), 4.69 — 4.58 (m, 2H, Hs"), 4.27 —
4.22 (m, 2H, H3- and Hy'), 4.11 — 4.03 (m, 1H, Ha, Ala), 3.78 — 3.58 (m, 4H,
CH; ester and CH,-CH»-Bn), 2.94 (t, / =7.70 Hz, 2H, CH,-CH,-Bn), 1.33,
1.32 (2 xd, J=7.00 Hz, 3H, CH; Ala), 0.98, 0.96 (2 x s, 3H, 2’CHj3), 0.86,
0.84 (2 x s, 9H, 3 x CHj; ester)

3C NMR (126 MHz, CD;OD) 8 175.06 (d, °J c.c.v.p = 4.7, C=0 ester), 174.83
(d,”J c.enp =3.8, C=0 ester), 162.12 (C6), 156.51 (C4), 148.01 (ipso Naph),
140.69(ipso Ph), 137.04, 136.76 (CHS), 136.30, 136.28 (napht-C10), 129.91,
129.50, 128.87, 128.82 (CH-napht and Ph), 127.93, 127.76 (C9-naph), 127.52,
127.50, 127.31, 126.53, 126.49, 125.98, 122.82, 122.75 (CH-napht and Ph),
116.22, 116.20 (C2-naph), 114.81 (C5), 92.95, 92.77 (C1°), 82.11 (d, *Je.c.o.p
=7.70 Hz, C4), 81.97 (d, *Je.c.o.p = 8.5, C4%), 79.98, 79.91 (C2°), 75.38,
75.36 (CH, ester), 74.80, 74.49 (C3’), 67.83, 67.27 (d, *Jc.o.p = 5.00 Hz, C5"),
51.79, 51.73 (Caw Ala), 44.52 (CH,-NH), 36.82 (C ester), 32.26, 32.23 (CH,-
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Bn), 26.72, 26.71 (3 x CHj; ester), 20.87 (d, *Je.c.n.p = 6.20 Hz, CH; Ala),
20.64 (d, *Je.c.v.p = 7.70 Hz, CH; Ala), 20.39, 20.37 (2’CCHs)

3P NMR (202 MHz, CD;OD) § 4.25
[00754] Example 88

[00755] The (2R,3R,4R,5R)-2-(2-amino-6-(methylthio)-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol was synthesized accordingly:

N AN
S o (T

820~ N\_ON" N “NH, HO/\OQ N"NH
/mcm ethanol \ CHa

Bzd ,/OBZ

[00756] To a suspension of (3R, 4R,5R)-2-(2-amino-6-chloro-9H-purin-9-yl)-5-
(benzoyloxymethyl)-3-methyltetrahydrofuran-3,4-diyl dibenzoate (100mg, 0.16
mmol) in ethanol (10 mL) was added sodium thiomethoxide (56 mg, 0.8 mmol)
and stirred at rt overnight. The mixture was neutralized with acidic resin and
evaporated the solvent to dryness. The crude was purified by column
chromatography using dichloromethane/methanol (92:8) to give 45 mg (87%) of
(2R,3R 4R ,5R)-2-(2-amino-6-(methylthio)-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol as an off white solid.

[00757]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;OD): § 8.31 (s, 1H), 5.98 (s, 1H), 4.2 (d, ]=8.8 Hz,
1H), 4.08-3.96 (m, 2H), 3.9-3.8 (dd, J=3.2 Hz, J]=3.4 Hz, 1H), 3.6 (s, 1H), 2.6
(s, 3H), 0.93 (s, 3H).

[00758] Example 89

[00759]  The (25)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-
purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized accordingly:
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[00760]  Using the general procedure (Method B) for the synthesis of nucleoside 5’-

[00761]

[00762]

[00763]

phosphoramidates, to a solution of (2R,3R,4R,5R)-2-(2-amino-6-(methylthio)-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (200mg,
0.611mmol) in 5 mL of THF, was added fer--BuMgCl (1.55 mL, 2.3 equiv)
followed by (25)-((S)-1-phenylethyl) 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)propanoate (610mg, 1.4mmol) in 5 mL of THF. After
workup and silica gel column chromatography, 160mg of pure protide was

obtained in a 37% yield, as an off white solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): 3 8.2 (m, 2H), 8.0 (d, J=6.6 Hz, 1H), 7.8 (m,
1H), 7.7-7.25(m, 8H), 5.97 (d, J=2.2 Hz, 1H), 5.65 (m, 1H), 4.55 (m, 2H),
4.35-3.95 (m, 3H), 2.59 (s, 3H), 1.4-1.1 (m, 9H), 0.95 (d, J=5.0Hz, 3H).

3P NMR (80MHz, CD;OD): & 5.35

Example 90

The (25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

SCHs

yloxy)phosphorylamino)propanoate was synthesized accordingly:
N A8
N
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[00765]

[00766]
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210
Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (2R,3R,4R,5R)-2-(2-amino-6-(methylthio)-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (150 mg, 0.459
mmol) in 5 mL of THF, was added terr~-BuMgCl (1.14 mL, 2.5 equiv) followed by
(285)-neopentyl 2-(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (440
mg, 1.146 mmol) in S mL of THF. After workup and silica gel column
chromatography, 58 mg of pure protide was obtained in a 19% yield, as an off

white solid.

The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8.15 (m, 1H), 8.0 (d, J=5.0 Hz, 1H), 7.85 (m,
1H), 7.65 (m, 1H), 7.52-7.3 (m, 4H), 5.96 (d, J=2.2 Hz, 1H), 4.6 (m, 2H), 4.27
(m, 2H), 4.0 (m, 1H), 3.78-3.52 (m, 2H), 2.59 (s, 3H), 1.3 (d, J=7.0 Hz, 3H),
0.95 (d, J=4.0 Hz, 3H), 0.83 (d, J=3.6 Hz, OH).

3P NMR (80 MHz, CD;0D): & 5.36, 5.31.

Example 91
The (25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylthio)-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate was synthesized accordingly:
)
SCH;

/N \N
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Using the general procedure (Method B) for the synthesis of nucleoside 5°-
phosphoramidates, to a solution of (2R,3R,4R,5R)-2-(2-amino-6-(methylthio)-9H-
purin-9-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (120mg, 0.367
mmol) in S mL of THF, was added terr-BuMgCl (1.03 mL, 2.5 equiv) followed
by (25)-neopentyl 2-(chloro(quinolin-6-yloxy)phosphorylamino)propanoate (395
mg, 1.027 mmol) in S mL of THF. After workup and silica gel column
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chromatography, 101 mg of pure protide was obtained in a 41% yield, as an off

white solid.

[00769]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): § 8.8 (ddd, J=2.0 Hz, J=2.0 Hz, J=1.2 Hz, 1H),
8.2 (bt, J=8.8 Hz, 1H),8.0 9m, 2H), 7.77 (m, 1H), 7.65 (dd, J=1.8 Hz, J=2.6
Hz, 1H), 7.48 (dddd, J=4.4 Hz, J=1.4 Hz, J=1.8 Hz, J=4.4 Hz, 1H), 5.95 (s,
1H), 4.56 (m, 2H), 4.38-4.2 (m, 2H), 4.05 (m, 1H), 3.8-3.55 (m, 3H), 2.59 (d,
J=1.8 Hz, 3H), 1.35 (m, 3H), 1.0-0.8 (m, 12H).

3P NMR (80MHz, CD;OD): & 5.17, 5.09.

[00770] Example 92

[00771] The (2R,3R,4R,5R)-2-(2-(4-fluorobenzylamino)-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol was synthesized accordingly:

OCHg
N BN
N
¢
N
\—L=CH, F
HO  OH

[00772] Reductive amination of the precursor nucleoside yielded the title compound. The
nucleoside (2R,3R,4R,5R)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3,4-diol (1.5 g) was dissolved in 50
mL of methanol and p-fluorobenzaldehyde (0.48 mL) was added followed by a
catalytic amount of decaborane (0.17 g). The solution was stirred at room
temperature for 12 h. The volatiles were evaporated and purified to yield 73%

(1.48 g) of title compound as a white powder.
[00773] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CD;0D): 3 8.25 (s, 1H), 7.4 (m, 2H), 7.03 (m, 2H), 6.01
(s, 1H), 4.55 (s, 2H), 4.02 (s, 3H), 4.2-3.8 (m, 4H), 0.9 (s, 3H)

[00774] Example 93
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[00775] The (25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-(4-fluorobenzylamino)-6-methoxy-
9H-purin-9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)

(naphthalen-1-yloxy)phosphorylamino)propanoate was synthesized as follows:

F
0
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[00776] Using the general procedure (Method B) for the synthesis of nucleoside 5’-
phosphoramidates, the nucleoside (2R,3R,4R,5R)-2-(2-(4-fluorophenylamino)-6-
methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-methyl-tetrahydrofuran-3,4-diol
(100 mg) was dissolved in THF and cooled to 0 °C. To this solution 183 mg of
(25)-neopentyl 2-(chloro(naphthalene-1-yloxy)phosphorylamino)propanoate was
added followed by dropwise addition of ¢-butylmagnesium chloride (0.47 mL) and
stirred for 18 h at room temperature. After workup the residue was purified by

column chromatography to yield 53% (96 mg) of protide as an off-white solid.
[00777]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCls): & 8.0-8.2 (m, 1H), 7.9-7.95 (d, 1H), 7.8-7.9 (m,
1H), 7.6-7.7 (m, 1H), 7.2-7.5 (m, 6H), 6.85-7.02 (m, 2H), 5.95 (d, 1H), 4.45-
4.6 (m, 2H), 4.1-4.3 (m, 2H), 3.99 (s, 3H), 3.4-3.7 (m, 3H), 1.28 (d, 3H), 0.9
(d, 3H), 0.81 (d, 9H).

3P NMR (80MHz, CDCls): & 5.25, 5.14
[00778] Example 94

[00779] The nucleoside (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol was synthesized as follows:

OCH,
N N N
¢ |
N N/)\NHZ

HO O
/ CHj

OH
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[00780] Step 1: Preparation of (3R ,4R,5SR)-5-((tert-butyldiphenylsilyloxy)methyl)-3,4-

dihydroxy-3-methyl-dihydrofuran-2(3H)-one
O=0
TBDPS
HO ~ H(:-) Cro

[00781] A round bottom flask was charged with 2-methyl-D-ribosolactone (22 g, 0.136
mol) and 200 mL of anhydrous pyridine. This mixture was cooled to 0 °C and
TBDPSCI (34.97 mL, 0.136 mol) was added slowly followed by addition of
DMAP (5 mol %). This reaction mixture was warmed to room temperature and
stirred for 12 h. The reaction progress was monitored by TLC. After the total
conversion, pyridine was removed under vacuum and the remaining residue was
diluted with CH,Cl, and washed with 1N HCI followed by saturated NaHCQO3 and
brine. The combined organic layers were dried over anhydrous Na,SO., filtered
and concentrated. Purification was performed by column chromatography using
hexane and ethyl acetate as a gradient mixture to give 48 g of thick viscous title

compound in 88% yield.
[00782] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCls) § 7.63-7.71 (m, 4H), 7.36-7.5 (m, 6H), 4.3 (td, J
=3.2Hz, 6.4 Hz, 1H), 4.1-4.2 (dd, J=8.0 Hz, 1H), 3.85-4.04 (dq, J = 3.2 Hz,
11.8 Hz, 2H), 3.4 (bs, 1H, -OH), 2.9 (bs, 1H, -OH), 1.5 (s, 3H), 1.05 (s, 9H);
BC (50 MHz, CDCl3) 8 176.1, 135.9, 135.8, 133.0, 132.7, 130.2, 128.1, 83.9,
72.9,72.5, 62.0,27.0, 22.0, 19.5.

[00783] Step 2: Preparation of (2R,3R,4R)-2-((tert-butyldiphenylsilyloxy)methyl)-4-
hydroxy-4-methyl-5-oxo-tetrahydrofuran-3-yl-4-methylbenzenesulfonate.

O 0
TBDPSO/\<_\E
- CH3

Tsd H

On

[00784] To a stirred solution of (3R,4R,5R)-5-((tert-butyldiphenylsilyloxy)methyl)-3,4-
dihydroxy-3-methyl-dihydrofuran-2(3H)-one (from step 1) (48 g, 0.12 mol) in
anhydrous pyridine (250 mL) tosyl chloride (45.825 g, 0.24 mol) was added in
small portions over a period of 30 min followed by DMAP (catalytic amount 5

mol%). Then the reaction mixture was slowly warmed to room temperature and
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stirred for 48 h. After the total conversion, pyridine was removed under vacuum
and the remaining residue was washed with 1N HCl followed by saturated
NaHCOs; and brine and the extracted using CH,Cl,. The organic layers were dried
over anhydrous Na,SQy, filtered and concentrated. Purification was performed by
column chromatography using hexane and ethyl acetate as a gradient mixture to

give 58.1 g (87% yield) of the title compound.
The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) 3 7.8 (d, J = 8.2 Hz, 2H), 7.59-7.7 (m, 4H), 7.32-
7.5 (m, 6H), 7.2-7.28 (d, J=8.4 Hz, 2H), 5.1 (d, /= 6.6 Hz, 1H), 4.5 (td, J =
24 Hz,6.4Hz, 1H), 3.9 (dd, J=2.2 Hz, 12.2 Hz, 1H), 3.8 (s, 1H), 3.7 (dd, J =
2.4 Hz, 12.2 Hz, 1H), 2.38 (s, 3H), 1.39 (s, 3H), 1.05 (s, 9H); °C (50 MHz,
CDCls) 6 174.1, 146.2, 135.9, 135.8, 133.0, 132.7, 132.4, 130.4, 130.3, 128.8,
128.4,128.2,80.4,77.9,72.7, 60.9, 27.0, 22.2, 22.0, 19.5.

Step 3: Preparation of (2R,3R,4R)-2-((tert-butyldiphenylsilyloxy)methyl)-4,5-
dihydroxy-4-methyl-tetrahydrofuran-3-yl 4-methylbenzenesulfonate.

O _+OH

TBDPSO/\Q
= CH3

Tsd H

On

A solution of Red-Al (70.08 mL, 0.2298 mol) in 350 mL anhydrous toluene was
cooled to 0 °C and 13.31 mL of anhydrous ethanol was added and stirred for 15
min. This stock solution was slowly added via cannula to a solution of
(2R,3R,4R)-2-((tert-butyldiphenylsilyloxy)methyl)-4-hydroxy-4-methyl-5-oxo-
tetrahydrofuran-3-yl-4-methyl-benzenesulfonate (from step 2) (58.1 g, 0.105 mol)
in 700 mL of anhydrous toluene at -5 °C. The progress of the reaction was
monitored via TLC. After the complete conversion the reaction mixture was
quenched by adding 18 mL of acetone followed by 200 mL water and 200 mL IN
HCI. This mixture was warmed to room temperature slowly. The organic layers
were washed with 1N HCI (200 mL) and brine (100 mL) and were dried over
anhydrous Na;SQy, filtered and concentrated to dryness. Purification was
performed by column chromatography using hexane and ethyl acetate as a

gradient mixture to give 58 g (99% yield) of the title compound.

The following are the NMR results analyzing the synthesized compound:
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'H NMR (200 MHz, CDCl3) 3 7.26-7.82 (m, 6H), 7.3-7.5 (m, 6H), 7.2 (m,
2H), 5.0 (m, 1H), 4.8 (d, / =5.5 Hz, 1H), 4.2 (m, 1H), 3.44-3.82 (m, 2H), 2.95
(bs, 1H), 2.4 (s, 3H), 1.3 (s, 3H), 1.15 (s, 9H).

[00789] Step 4: Preparation of (5R,6R,6aR)-5-((tert-butyldiphenylsilyloxy)methyl)-
2,2,6a-trimethyl-tetrahydrofuro[3,2-d][1,3]dioxol-6-yl 4-

methylbenzenesulfonate .

O o)
3

750
0" CH,

[00790] To a mixture of compounds (2R,3R,4R)-2-((tert-butyldiphenylsilyloxy)methyl)-
4,5-dihydroxy-4-methyl-tetrahydrofuran-3-yl 4-methylbenzenesulfonate (from
step 3) (58 g, 0.104 mol), 2,2- dimethoxy propane (25.7 mL, 0.209 mol) in 500
mL of anhydrous CH,Cl, at 0 °C, PTSA was added and stirred at room
temperature for 2 h. The reaction mixture was poured into saturated NaHCOs
solution and organic layers were washed with brine, dried over anhydrous
Na, SOy, filtered and concentrated. Purified by column chromatography using
hexane and ethyl acetate as a gradient mixture to give 57.2 g of the title compound

(92% yield).
[00791]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) $ 7.8 (d, J = 8.1, 2H), 7.62-7.72 (m, 4H), 7.32-
7.52 (m, 6H), 7.2 (d, J=8.1 Hz, 2H), 5.45 (s, 1H), 4.9 (d, /= 8.2 Hz, 1H),
4.2 (td, J=2.0 Hz, 8.2 Hz, 1H), 3.85 (dd, / =2.0 Hz, 12.3 Hz, 1H), 3.6 (dd, J
=2.8,12.3 Hz, 1H), 2.4 (s, 3H), 1.52 (s, 3H), 1.44 (s, 3H), 1.35 (s, 3H), 1.05
(s, 9H); 1*C (50 MHz, CDCl3) & 145.3, 136.0 135.9, 133.8, 133.7, 133.3,
130.1, 130.0, 128.3, 128.0, 127.9, 114.1, 108.9, 86.4, 80.9, 80.2, 61.5, 29.5,
28.2,27.0,21.9,21.9,21.8, 19.6.

[00792] Step 5: Preparation of (SR,6R,6aR)-5-((tert-butyldiphenylsilyloxy)methyl)-
2,2,6a-trimethyl-tetrahydrofuro[3,2-d][1,3]dioxol-6-o0l.

OG-0
N 3
HO

O T,
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The mixture of (5R,6R,6aR)-5-((tert-butyldiphenylsilyloxy)methyl)-2,2,6a-
trimethyl-tetrahydrofuro[3,2-d][1,3]dioxol-6-yl 4-methylbenzenesulfonate (from
step 4) (56 g, 0.094 mol) and 1M solution of Li(Et);BH (376.4 mL, 0.376 mol) in
800 mL of THF was refluxed for 12 h. The reaction mixture was cooled to room
temperature and quenched carefully with 200 mL of saturated ammonium chloride
solution. Diluted with 500 mL of ethyl acetate and washed with 1IN HCI (500 mL)
and brine (300 mL). The organic layers were dried over anhydrous Na,SOys,
filtered and concentrated. The crude residue was dissolved in ethyl acetate and
passed through a pad of celite to remove salts. Purified by column
chromatography using hexane and ethyl acetate as a gradient mixture to give 38.4

g of the title compound (93% yield).
The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCls) 3 7.6-7.7 (m, 4H), 7.26-7.4 (m, 6H), 5.47 (s, 1H),
3.74-3.95 (m, 4H), 5.47 (s, 1H), 3.74-3.95 (m, 4H), 2.3 (m, 1H, -OH), 1.46 (s,
6H), 1.4 (s, 3H), 1.0 (s, 9H); "°C (50 MHz, CDCls) § 136.0, 135.9, 133.7,
133.5,129.9, 128.0, 127.9, 113.2, 108.9, 87.0, 83.3,76.1, 62.9, 29.5, 28.2,
27.0,21.8, 19.6.

Step 6: Preparation of fert-butyl(((5SR,65,6a8)-6-iodo-2,2,6a-trimethyl-
tetrahydrofuro[3,2-d][1,3]dioxol-5-yl)methoxy)diphenylsilane.

o)

Q
TBDPSO |
%cm
@)

CHs

To a mixture of (SR,6R,6aR)-5-((tert-butyldiphenylsilyloxy)methyl)-2,2,6a-
trimethyl-tetrahydrofuro[3,2-d][1,3]dioxol-6-ol (from step 5) (32.4 g, 0.0736
mol), triphenylphosphine (57.9 g, 0.2209 mol), Imidazole (15.03 g, 0.2209 mol) in
400 mL anhydrous toluene was added iodine (42.96 g, 0.169 mol) in portions over
a period of 30 min and refluxed for 12 h. The mixture was diluted with 300 mL
toluene and washed with saturated NaHCOQOs solution and saturated sodium
thiosulfate solution. The organic layers were dried over anhydrous Na;SOy,
filtered and concentrated. Purification was done by column chromatography using
a gradient mixture of hexane and ethyl ether to give 32.08 g (80% yield) of the

title compound.
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The following are the NMR results analyzing the synthesized compound 6:

'H NMR (200 MHz, CDCly) § 7.6-7.8 (m, 4H), 7.3-7.44 (m, 6H), 5.56 (s, 1H),
4.5 (d,J=1.4Hz, 1H), 3.6-4.0 (m, 3H), 1.8 (s, 3H), 1.48 (s, 3H), 1.43 (s, 3H),
1.06 (s, 9H); °C (50MHz, CDCl) & 135.9, 135.8, 133.6, 133.5, 130.0, 128.0,
113.4,108.4,91.9, 80.3, 69.0, 40.9, 29.3, 28 .4, 27.0, 25.1, 19.5; FAB: [M+H]"
537.2.

Step 7: Preparation of fert-butyldiphenyl(((55,6aR)-2,2,6a-trimethyl-
tetrahydrofuro[3,2-d][1,3]dioxol-5-yl)methoxy)silane.

0)

Q
TBDPSO/\%(CH
3

O CHy

A solution of rert-butyl(((SR,65,6a8)-6-i0do-2,2,6a-trimethyl-tetrahydrofuro[3,2-
d][1,3]dioxol-5-yl)methoxy)diphenylsilane (from step 6) (10.3 g, 0.0186 mol),
BusSnH (5.9 mL, 0.0224 mol) and AIBN (5 mol %) in 120 mL anhydrous toluene
was refluxed for 7 h. The reaction mixture was cooled to room temperature and
100 mL of 1N NaOH was added and stirred for one h. This mixture was then
finally washed with brine and extracted with ethyl acetate. The organic layers
were dried over anhydrous Na;SQy, filtered and concentrated. Purification was
performed by column chromatography using hexane and ethyl ether as a gradient

mixture to give 6.8 g of viscous title compound in 86% yield.
The following are the NMR results analyzing the synthesized compound 7:

'H NMR (200 MHz, CDCl3) 3 7.6-7.72 (m, 4H), 7.25-7.32 (m, 6H), 5.48 (s,
1H), 4.3-4.44 (m, 1H), 3.65-3.85 (m, 2H), 2.08-2.22 (dd, J = 5.0 Hz, 13.2 Hz,
1H), 1.74-1.90 (dd, /= 10.2 Hz, 12.8 Hz, 1H), 1.5 (s, 6H), 1.42 (s, 3H), 1.0 (s,
9H); *C (50 MHz, CDCl3) & 135.9, 135.8, 133.6, 129.9, 127.9, 112.1, 110.1,
90.0, 79.5, 65.2,41.7, 29.5, 28.6, 27.0, 23.8, 19.5; FAB: [M+H]" 411.32.

Step 8: Preparation of ((55,6aR)-2,2,6a-trimethyl-dihydro-5H-furo[3,2-
d][1,3]dioxol-5-yl)methanol

O_-0
HO/\%I-%CHs
O

CHs
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To a solution of ters-butyldiphenyl(((55,6aR)-2,2,6a-trimethyl-tetrahydrofuro[3,2-
d][1,3]dioxol-5-yl)methoxy)silane (from step 7) (7.2 g, 0.0169 mol) in 50 mL of
anhydrous THF at 0 °C, TBAF (20.28 mL, 0.0203 mol) was added and stirred at
room temperature for 3 h .The reaction mixture was diluted with ethyl acetate and
washed with water and brine. The organic layers were dried over anhydrous

Na, SOy, filtered and concentrated to dryness. Purified by column chromatography
using hexane and ethyl ether as a gradient mixture to give 2.72 g of the title

compound in 82% yield.
The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) 8 5.5 (s, 1H), 4.4 (m, 1H), 3.8-3.9 (m, 1H), 3.46-
3.6 (m, 1H), 2.0-2.15 (dd, /= 5.2 Hz, 13.2 Hz, 1H), 1.8 (m, 2H), 1.5 (s, 6H),
1.44 (s, 3H).

Step 9: Preparation of ((55,6aR)-2,2,6a-trimethyl-dihydro-5SH-furo[3,2-
d][1,3]dioxol-5-yl)methyl benzoate.

o)

O
BzO/\<EH3 CHs

0" CHs

Benzoyl chloride (1.92 mL, 0.0166 mol) was added to a solution of ((55,6aR)-
2,2 6a-trimethyl-dihydro-5H-furo[3,2-d][1,3]dioxol-5-yl)methanol (from step 8)
(2.72 g, 0.0138 mol) in 20 mL of anhydrous pyridine at 0 °C. To this mixture 5
mol% of DMAP was added and stirred at room temperature for 3 h. Pyridine was
removed under vacuum; the residue was diluted with ethyl acetate and washed
with 1IN HCI, saturated NaHCOj3 and brine. The organic layers were dried over
anhydrous Na,SOy, filtered and concentrated. The compound was purified via
column chromatography using hexane and ethyl acetate as a gradient mixture to

give 4.1 g of the title compound (97% yield).
The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) § 8.0-8.2 (m, 2H), 7.4-7.65 (m, 3H), 5.5 (s, 1H),
4.2-4.65 (m, 3H), 2.2-2.36 (dd, /= 5.0 Hz, 4.8 Hz, 1H), 1.62-1.75 (dd, J =
10.8 Hz, 13.2 Hz), 1.54 (s, 6H), 1.46 (s, 3H).

Step 10: Preparation of ((25,4R)-4,5-diacetoxy-4-methyl-tetrahydrofuran-2-
y)methyl benzoate
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[00808] A mixture of 3.8 g of ((55,6aR)-2,2,6a-trimethyl-dihydro-5H-furo[3,2-
d][1,3]dioxol-5-yl)methyl benzoate (from step 9) in 25 mL of 70% acetic acid was
heated to 70 °C for 48 h. The reaction mixture was diluted with ethyl acetate and
washed with water and saturated NaHCQOs. The organic layers were dried over
anhydrous Na,SQy, filtered and concentrated. Crude diol obtained was aceylated
using Ac,0O (0.03373 mol, 3.18 mL) and 20 mL of anhydrous pyridine with
catalytic amount of DMAP (5 mol %). The progress of the reaction was monitored
by TLC. Pyridine was removed under vacuum and the residue was diluted with
ethyl acetate and was washed with 1N HCI and saturated NaHCOs. The organic
layers were dried over anhydrous Na,SOy, filtered and concentrated. Purified by
column chromatography to give 3.3 g of the title compound (88% yield) and 0.55

g of starting material acetonide was recovered.
[00809]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl;) & 8.0-8.1 (m, 2H), 7.36-7.64 (m, 3H), 6.3-6.4 (s,
1H), 4.65-4.24 (m, 3H), 2.6-2.8 (m, 1H), 1.9-2.22 (m, 7H), 1.62 (s, 3H).
[00810] Step 11: Preparation of ((25,4R)-4-acetoxy-5-(2-amino-6-methoxy-9H-purin-
9-yl)-4-methyl-tetrahydrofuran-2-yl)methyl benzoate

OMe
</N N OCH,

BzO O ~OAC N™ SN NH, ¢ |\N
o A

LT3 N™ N7 NH,

OAc BSA, MeCN, TMSOTT BZO\&CH

65°C, 2 h 3

DAc

[00811] A mixture of 6-O-methyl guanine (0.516 g, 3.125 mmol), BSA (1.99 g, 9.821
mmol), 0.5 g of 3A° molecular sieves in 8 mL of anhydrous CH3;CN was heated to
60 °C for 45 min to make a homogeneous solution and then cooled to 0 °C. To
this mixture was added acetonitrile solution of ((25,4R)-4,5-diacetoxy-4-methyl-
tetrahydrofuran-2-yl)methyl benzoate (from step 10) (1 g, 2.976 mmol) followed
by TMSOTY (1.077 mL, 5.95 mmol) and was heated to 60 °C for 2 h. The
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progress of the reaction was monitored via TLC. The reaction mixture was diluted
with 25 mL of ethyl acetate and poured into 20 mL of ice-cold saturated NaHCO;
and stirred for 3 h. The organic layers were washed with water and brine and were
dried over anhydrous Na,SQ,, filtered, and concentrated. Purified by column
chromatography using a gradient mixture of hexane and ethyl acetate to give 0.71

g (54% yield) of the title compound.
[00812]  The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, CDCl3) § 8.0-8.1 (m, 2H), 7.7 (s, 1H), 7.4-7.6 (m, 3H),
6.3 (s, 1H), 4.8-5.0 (m, 3H), 4.6-4.76 (m, 2H), 4.0 (s, 3H), 2.7-2.8 (dd, J =
4.8Hz, 13.6Hz, 1H), 2.52-2.64 (dd, J = 10.4 Hz, 13.6 Hz, 1H), 2.1 (s, 3H),
1.36 (s, 3H);

BC (50 MHz, CDCLy) § 170.7, 166.7, 159.6, 138.4, 133.6, 129.9, 128.8, 128.6,
91.5,90.3,77.9, 65.3,54.1,39.2,22.4, 18.8.

[00813] Step 12: Preparation of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol

OCH
N B
N
¢ ]
O N N/)\NHZ
HO/\gCHs
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[00814] Methanolic ammonia (7N, 20 mL) was added to ((25,4R)-4-acetoxy-5-(2-amino-
6-methoxy-9H-purin-9-yl)-4-methyl-tetrahydrofuran-2-yl) methyl benzoate (from
step 11) (1.53 g) and stirred at room temperature for 24 h in a sealed tube. The
volatiles were evaporated under vacuum and the resulting residue was loaded
directly on to the column and eluted with CH,Cl,/MeOH (10:1) as a gradient
mixture to give 0.802 g of compound (79 % yield). mp: 140 °C-142 °C.

[00815] The following are the NMR results analyzing the synthesized compound:

'H NMR (200 MHz, DMSO-dg) 8 8.2 (s, 1H), 6.4 (bs, 2H), 5.78 (s, 1H), 5.4
(s, 1H), 5.1 (t, J=5.0 Hz, 1H), 4.26-4.4 (m, 1H), 3.9 (s, 3H), 3.72-3.84 (m,
1H), 3.52-3.66 (m, 1H), 2.04-2.22 (dd, J=12.6 Hz, 10.8 Hz, 1H), 1.76-1.90
(dd, J=5.2 Hz, 12.6 Hz, 1H), 0.8 (s, 3H)
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BC (50 MHz, DMSO-dg) 8 161.3, 160.5, 154.5, 138.0, 144.3,92.4, 81.4,
81.1,62.0, 53.8, 39.4, 22.8;

FAB [M+H]" 296.02.

[00816] Example 95

[00817] The protide (25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

N X
N
4
o0 ¢ f
" N N/)\NHZ
O})\CW, ooty
0O OH

Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates (Method
A), to a solution of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyl-tetrahydrofuran-3-ol 100 mg (0.339 mmol) in 5 mL of THF, was added fert-BuMgCl
068 mL (0.68 mmol), followed by (25)-benzyl 2-(chloro(naphthalen-1-
yloxy)phosphorylamino)propanoate 273 mg (0.68 mmol), in S mL of THF. After work up
and silica gel column chromatography, 131 mg of (25)-benzyl 2-((((25,4R)-5-(2-amino-6-
methoxy-9H-purin-9-yl)-4-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino) propanoate was obtained in a 58% yield, as an off-white solid. MS
(ES+) m/e: 663.23 (MH", 100%); Accurate mass: C3,H3sNgOgP calculated: 663.2332, found
663.2341

[00818] The following are the NMR results analyzing the synthesized compound:
'H NMR (500 MHz, CD;0D) § 8.19 - 8.16 (m, 1H, Hs-naph), 7.99, 7.96 (2 x
s, 1H, H8), 7.84 - 7.81 (m, 1H, Hs-naph), 7.66, 7.64 (2 x d, J = 8.00 Hz, 1H,

H4-naph), 7.51 — 7.43 (m, 3H, H;, He, Hy-naph), 7.36 (t, / = 8.00 Hz, 1H, H3-
naph), 7.25- 7.22 (m, 5H, Ph), 5.95 (s, 1H, H;:), 5.06 — 4.98 (m, 2H, CH,
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ester), 4.67 — 4.59 (m, 1H, Hy), 4.51 — 4.41 (m, 2H, Hs"), 4.14 - 4.07 (m, 1H,
Ha Ala), 4.03, 4.01 (2 x s, 3H, 60CH3), 2.30, 2.11 2 x t, J/ = 12.00 Hz, 1H,
Hs,), 2.00, 1.93 (dd, J = 5.00 Hz, J = 12.00 Hz, 1H, H3y), 1.31 (d, J=7.50
Hz, 3H, CHs, Ala), 0.99, 0.93 (2 x s, 3H, 2’CH3).

5C NMR (126 MHz, CDsOD) & 174.85 (d, °J c.c.v.p = 4.40 Hz, C=0 ester),
174.58 (d, °J c.cv.p = 5.50 Hz, C=0 ester), 162.72 (C6), 161.84, 161.80 (C2),
154.64, 154.59 (C4), 148.01, 147.96 (ipso Naph), 139.03, 138.73 (CHS),
137.13, 137.11 (ipso Ph), 136.25 (C10-napht), 129.56, 129.55, 129.28, 129.27,
129.20, 129.17, 128.88, 128.85 (CH-napht and Ph), 127.98, 127.92 (C9-
naph),127.87, 127.79, 127.60, 127.54, 126.55, 126.06, 126.01, 122.84, 122.76
(CH-napht and Ph), 116.42, 11632 (2 x d, °J c.c.o.r = 4.40 Hz C2-naph),
115.62, 115.55 (C5), 94.89, 94.56 (C1°), 82.14, 82.09 (C2"), 80.11, 79.97 (2 x
d, *Je.c.op = 8.50 Hz, C4’), 68.84 (d, °Jc.o.p = 7.50 Hz, C5"), 68.64 (d, *Je.o.p
=5.00 Hz, C5), 67.97, 67.95 (CH, ester), 54.33, 54.30 (¢OCH3), 51.87, 51.76
(Ca Ala), 41.21, 40.63 (C3°), 22.58 (2’CCH3), 20.63, 20.39 (2 x d, *Je.cnp =
7.50 Hz, CH; Ala)

3P NMR (202 MHz, CD;OD) § 4.45, 4.29

Example 96

The protide (25)-((5)-1-phenylethyl) 2-((((25,4R)-5-(2-amino-6-methoxy-9H-
purin-9-yl)-4-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

7 T N
O\ ’/O <N | /)\

N” NH,

O\\‘)\cm ooty
0O OH

CHz
Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol 93 mg (0.315 mmol) in 5 mL of
THF was added terr~-BuMgCl 0.63 mL (0.63 mmol) followed by (25)-((.5)-1-
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phenylethyl) 2-(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate 282 mg
(0.63 mmol) in 5 mL of THF. After work up and silica gel column
chromatography, 40 mg of (25)-((5)-1-phenylethyl) 2-((((25,4R)-5-(2-amino-6-
methoxy-9H-purin-9-yl)-4-hydroxy-4-methyltetrahydrofuran-2-
yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)propanoate was obtained in a
19% vyield, as an off-white solid. MS (ES+) m/e: 677.25 (MH", 100%); Accurate
mass: Cs3H3gNgOgP calculated: 677.2489, found 677.2511

[00822]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;OD) & 8.20- 8.18 (m, 1H, Hg-naph), 7.99, 7.97 2 x s,
1H, H8), 7.86- 7.84 (m, 1H, Hs-naph), 7.69, 7.67 (2 x d, J = 8.00 Hz, 1H, Hy-
naph), 7.53 — 7.47 (m, 3H, H7, He, H2-naph), 7.40, 7.36 (2 x t, J =7.50 Hz,
1H, H3-naph), 7.29- 7.22 (m, SH, Ph), 5.95 (s, 1H), 5.77,5.72 (2x q, J=7.10
Hz, 1H, CH ester), 4.66 — 4.58 (m, 1H, Hy), 4.56 — 4.38 (m, 2H, Hs), 4.09-
4.06 (m, 1H, Ha Ala), 4.05, 4.04 (2 x s, 3H, 60CH3), 2.32,2.12 2 x t,J =
11.50 Hz, 1H, Hj,), 1.99, 1.92 (dd, J =5.00 Hz, J = 12.00 Hz, 1H, Hs,), 1.41
(d, J=7.00 Hz, 3H, CH3 ester), 1.28 (d, J =7.00 Hz, 3H, CHj3, Ala), 1.01,
0.95 (2 x s, 3H, 2’CH3)

5C NMR (126 MHz, CD;0D) 8 174.25 (d, *J c.c.v.p = 4.40 Hz, C=0 ester),
173.97 (d, °J c.c.v.p = 5.50 Hz, C=0 ester), 162.74 (C6), 161.85 (C2), 154.66,
154.63 (C4), 148.03, 147.97 (ipso Naph), 142.87, 142.84 (ipso Ph), 139.10,
138.75 (CHS), 136.28 (C10-napht), 129.57, 129.53, 128.96, 128.87, 128.84
(CH-napht and Ph), 127.97, 127.93 (C9-naph), 127.88, 127.77, 127.65,
127.50, 127.06, 127.02, 126.52, 126.01, 122.83, 122.76 (CH-napht and Ph),
116.35,116.30 (2 x d, °J c.c.o.p = 5.50 Hz C2-naph), 115.58, 115.52 (C5),
94.90, 94.59 (C1”), 82.11, 82.05 (C2”), 80.11, 79.99 (2 x d, *Je.c.o.p = 8.50 Hz,
C4%), 74.82, 74.75 (CH ester), 68.82, 68.65 (2 x d, °Jc.o.p = 5.00 Hz, C5’),
54.26 (60CH3), 51.85, 51.75 (Cat Ala), 41.22, 40.73 (C3”), 22.63(CHj ester),
22.52 (2°CCH3), 20.47, 20.28 (2 x d, *Jc.c.v.p = 7.50 Hz, CH; Ala)

3P NMR (202 MHz, CD;OD) § 4.43, 4.30

[00823] Example 97
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[00824] The protide (25)-neopentyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:

I
N

B

>k/o OH

[00825]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method B), to a solution of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol (100 mg) dissolved in 3 mL of
THF was added tert-BuMgCl (0.68 mL) followed by (25)-neopentyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate (260.2 mg) in THF (1.5
mL). After workup and silica gel column chromatography, 156 mg of protide was
obtained (72% yield). HPLC g = 22.94, 23.10 min (column: Varian Pursuit XRs
5, Cis, 150x4.6 mm; method: linear gradient of ACN (10% to 100%) in H,O in
30 min).

[00826]  The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CD;0D) & 8.22-8.15 (m, 1H), 7.99 and 7.97 (2s, 1H),
7.92-7.84 (m, 1H), 7.74 - 7.67 (m, 1H), 7.58-7.46 (m, 3H), 7.45 - 7.38 (m,
1H), 5.94 (s, 1H), 4.72-4.46 (m, 3H), 4.12-4.03 (m, 4H), 3.78, 3.74, 3.68, 3.63
(2 AB system, Jas= 10.5, 2H), 2.36 and 2.20 (2t, J=12.2, 1H), 2.01 and 1.96
(2 A-B system, J=4.3 and J= 12.9, 1H), 1.37 - 1.32 (m, 3H), 1.02 and 0.96
(2s, 3H), 0.89 and 0.87 (6s, 9H)

3P NMR (202 MHz, CD;OD-d4) & 4.40, 4.33
[00827] Example 98

[00828]  The protide (25)-cyclohexyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-
4-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)propanoate was synthesized as follows:
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[00829]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates

(Method A), to a solution of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol 100 mg (0.339 mmol) in 5 mL of
THF was added fert-BuMgCl 0.68 mL (0.68 mmol), followed by (25)-cyclohexyl

2-(chloro(naphthalen-1-yloxy)phosphorylamino)propanoate 268 mg (0.68 mmol)

in 5 mL of THF. After work up and silica gel column chromatography, 131 mg of

pure protide was obtained in a 52% yield, as an off-white solid. MS (ES+) m/e:
655.26 (MH", 100%); Accurate mass: C3H4NgOsP calculated: 655.2645, found
655.2640

[00830]

The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDsOD) & 8.20- 8.18 (m, 1H, Hs-naph), 7.99, 7.98 (2 x s,
1H, H8), 7.88- 7.83 (m, 1H, Hs-naph), 7.69, 7.67 (2 x d, J = 8.00 Hz, 1H, H,-
naph), 7.53- 7.47 (m, 3H, H;, He, Hy-naph), 7.41,7.39 (2 x t, /= 8.00 Hz, 1H,
Hs-naph), 5.95 (s, 1H, Hy"), 4.68- 4.57 (m, 3H, Hy and Hs'), 4.54- 4.47 (m,
1H, CH ester), 4.04 (s, 3H, 60CH3), 4.03- 4.00 (m, 1H, Ha Ala), 2.36, 2.17 (2
x t,J=12.00 Hz, 1H, Hz,), 1.98, 1.96 (dd, J =5.00 Hz, J = 12.00 Hz, 1H,
Hjs,), 1.71- 1.63 (m, 4H, 2 x CH; ester), 1.48- 1.22 (m, 9H, 3 x CH, ester and
CHj; Ala), 1.01, 0.95 (2 x s, 3H, 2°CHj3)

5C NMR (126 MHz, CD;0D) 8 174.52 (d, °J c.c.v.p = 4.40 Hz, C=0 ester),
174.25 (d, °J c.c.vp = 5.50 Hz, C=0 ester), 162.72 (C6), 161.84 (C2), 154.65,
154.60 (C4), 148.05, 148.00 (ipso Naph), 139.08, 138.78 (CHS), 136.30,
136.28 (C10-napht), 128.87, 128.83 (CH-napht), 127.98, 127.91 (C9-naph),
127.77, 127.55, 127.49, 126.53, 125.98, 122.82, 122.77 (CH-naph), 116.27
(C2-naph), 115.59, 115.50 (C5), 94.94, 94.60 (C1°), 82.11, 82.09 (C2"), 80.18,
80.02 (2 x d, Je.c.o.p = 8.50 Hz, C4’), 74.92 (CH ester), 68.88, 68.72 (2 x d,
*Je.o.p = 5.00 Hz, C5"), 54.27, 54.24 (60CHs), 51.89, 51.81 (CorAla), 41.24,
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40.74 (C3), 32.38, 32.34, 32.32 (2 x CH»-2 and 6 ester), 26.36 (2 x CH,- 3
and 4 ester), 24.57 (CH,-5 ester), 22.51 (2°CCH5), 20.77 (d, SJC_C_N_p =6.30
Hz, CH; Ala), 20.54 (d, 3 Je.cnp =7.50 Hz, CH; Ala)

3P NMR (202 MHz, CD;OD) § 4.39
[00831] Example 99

[00832] The protide benzyl (25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-4-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-

yloxy)phosphorylamino)-3-methylbutanoate was synthesized as follows:

OCHs
N = N
/4
O\P//O <Nf\/)\

HN O 0

OWCH3 CHy
O\/o CHa OH

[00833]  Using the general procedure for the synthesis of nucleoside 5’-phosphoramidates
(Method A), to a solution of (3R,55)-2-(2-amino-6-methoxy-9H-purin-9-yl)-5-
(hydroxymethyl)-3-methyl-tetrahydrofuran-3-ol 150 mg (0.508 mmol) and NMI
0.20 mL (2.54 mmol), in 5 mL of THF was added (25)-benzyl 2-
(chloro(naphthalen-1-yloxy)phosphorylamino)-3-methylbutanoate 658 mg (1.52
mmol) in 5 mL of THF. After work up and silica gel column chromatography, 30
mg of benzyl (25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate was obtained in a 9% yield, as an off-

white solid.
[00834] The following are the NMR results analyzing the synthesized compound:

'H NMR (500 MHz, CDsOD) & 8.19 - 8.16 (m, 2H, Hs-naph and H8), 7.86,
7.83 (2xd, J=7.50 Hz, 1H, Hs-naph), 7.68, 7.66 (2 x d, J = 8.50 Hz, 1H, Hy-
naph), 7.52 — 7.45 (m, 3H, H7, He, H,-naph), 7.37, 7.36 (2 x t, J/ = 8.00 Hz,

1H, Hs-naph), 7.28- 7.24 (m, 5H, Ph), 5.95, 5.94 (s, 1H, Hy"), 5.06,4.98 (2 x d,
J=12.00 Hz, 2H, CH; ester), 4.69 —4.62 (m, 1H, Hy'), 4.58 — 4.42 (m, 2H,
Hs), 4.06, 4.05 (2 x s, 3H, 60CH3), 3.82, 3.77 (2 x dd, J = 6.00 Hz, J = 10.00
Hz,1H, Ha Val), 2.38 — 2.33 (m, 1H, Hsz,), 2.15 - 2.11 (m, 1H, Hz,), 2.07 -
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1.92 (m, 1H, CHP Val), 1.02, 0.96 (2 x s, 3H, 2’CH3), 0.85 — 0.80 (m, 6H, 2 x
CHs;, Val)

13C NMR (126 MHz, CD;0D) § 174.11, 173.78 (C=0 ester), 162.17 (C6),
162.11, 162.08 (C2), 153.98 (C4), 148.01, (ipso Naph), 147.95, 146.50 (ipso
Ph), 138.80, 138.45 (CHS), 136.28, 136.24 (C10-napht), 130.79, 129.51,
129.45, 129.43, 129.31, 129.16, 128.86, 128.80 (CH-napht and Ph), 127.90 (d,
3T c.c.op = 6.30 Hz, C9-naph), 127.81 (d, *J c.c.o.p = 8.80 Hz, C9-naph),
127.75, 127.51, 126.52, 126.47, 126.03, 125.97, 122.83, 122.78 (CH-napht
and Ph), 116.43, 116.24 (2 x d, *J c.c.o.p = 4.40 Hz, C2-naph), 113.71, 113.41
(C5), 95.27, 94.93 (C1°), 82.06, 82.04 (C2°), 80.35, 80.23 2 x d, Jc.c.op =
8.50 Hz, C4%), 68.97, 68.67 (2 x d, *Je.o.p = 7.50 Hz, C5), 67.84, 67.77 (CH,
ester), 62.11 (60CH5), 54.58, 54.51 (Co,Val), 41.14, 40.59 (C3), 33.27, 33.04
(2 x d, *Je.cwp = 8.8 Hz, CB Val), 22.50, 22.32 (2’CCHs), 19.51, 19.46,
18.41, 18.19 (2 x CH; Val)

3P NMR (202 MHz, CD;OD) § 5.22, 5.13
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Further to the above Examples, representative compounds, prepared according to
the examples were tested for potency in an HCV replicon assay (Genotype 1b) for
activity against the virus (ECso) and toxicity to the cells (CCsp). These results are

set forth below.

Huh7 Replicon Cell Lines and Cell Culture Conditions: A luciferase-reporter
genotype 1b subgenomic replicon cell line, and a genotype 1a full-length replicon
cell line were obtained from Apath, LLC, Brooklyn, NY: All cell lines were
passaged twice a week by splitting 4 or 6 fold. Cells were maintained in DMEM-
high glucose medium (HyClone, Logan, UT) supplemented with 9% FBS
(HyClone), 2 mM glutamine (Invitrogen, Carlsbad, CA), 100 U/ml PenStrep
(Invitrogen). Media also contained 0.25 mg/ml of the antibiotic G-418 to maintain
stable expression of the replicon (Invitrogen). Incubation was performed at 37 °C
in 5% CO; atmosphere. Replicon cell lines were used until they accumulated 15-
to-18 passages, after which cells were restarted from the frozen stock. Seeding cell
counts were routinely determined using an automatic Cedex HiRes cell counter
(Flownomics Analytical Instruments, Madison, WI) or manually using INCYTO
C-Chip" Disposable Hemacytometers (Fisher Scientific, Pittsburg, PA).

The anti-HCV assays were done accordingly:

Luciferase Genotype 1b Replicon Potency Assay. Replicon cells were seeded
into white 96-well plates (Nunc/VWR) at a density of 2x10" cells/well in medium
without G-418. A Stacker Multidrop Liquid Dispenser (MTX Lab Systems,
Vienna, VA) was employed to ensure uniform and fast cell seeding into multiple
plates. 18-24 h after cell plating, inhibitors were added and cells were incubated
for additional 24, 48, or 72 h (as indicated). Compounds were tested in triplicates
and quadruplicates at 3X or 4X serial dilutions over a range of 0.0001-to-10 pM
concentrations. HCV replication was monitored by Renilla luciferase reporter
activity assay using Renilla luciferase reporter (Promega, Madison, WI) and a
Veritas Luminometer (Turner Biosystems, Sunnyvale, CA). 50% and 90%
inhibitory concentration (ICsy and ICqg) values were calculated as the
concentration of compound that results correspondingly in 50% and 90%

decreases in the reporter expression as compared to untreated cells. The values
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were determined by non-linear regression (four-parameter sigmoidal curve fitting)

analysis.
The cell cytotoxicity assay data was obtained as described below:

Cytotoxicity Assay. Cells were seeded into 96-well plates at a density of 2x10"
cells per well. 24 h after cell plating, 11 serial 2X compound dilutions, starting
with 100 uM, were applied to the testing plates (3 repeats per compound dilution).
Each testing plate was run with a "no-compound"” control. Incubation with
compounds was continued at 37 °C in a CO, incubator for 72 h. To determine cell
viability, the CellTiter-Glo® assay (Promega, Madison, WI) was performed
according to the manufacturer's protocol. The compound concentration resulting

in 50% luminescent signal was reported as the CCs, concentration.

The results of the assay in terms of ICso (uM) and CCso (uM) are given in Table 1

below:
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[00842] The results of the assay in terms of ICso (uM) and CCso (uM) are given in Table 1

below:
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Unless otherwise indicated, cells and viruses were obtained from the American

Type Culture Collection (ATCC, Rockville, Maryland).

[00844] HeLa cells (cervical epithelial, human, Homo sapiens) were used in cytoprotection
assays with Adenovirus Type 1, and Yellow Fever Virus strain 17D. They were
grown in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 5%
fetal bovine serum (FBS), 2.0 mM L-Glutamine, 100 units/ml Penicillin 100

ug/ml Streptomycin, and 0.1 mM non-essential amino acids.

[00845] MDBK cells (Kidney, cow, Bos 249nocul) were used in cytoprotection assays
with Bovine Viral Diarrhea Virus (BVDV) strain NADL and were grown in
DMEM supplemented with 10% fetal horse serum (FHS), 2.0 mM L-Glutamine,
100 units/ml Penicillin, 100 pg/ml Streptomycin, and 0.1 mM non-essential amino

acids.

[00846] MDCK cells (Kidney, dog, Canis familiaris) were used in cytoprotection assays
with Influenza A strain Hong Kong and Influenza B strain Lee. They were grown
in Eagle’s Minimum Essential Medium with Earle’s BSS (EMEM) supplemented
with 10% FBS, 0.1 mM non-essential amino acids, 1.0 mM sodium pyruvate, 2.0
mM L-Glutamine, 100 units/ml Penicillin and 100 pg/ml Streptomycin.

[00847] MRC-5 cells ((ATCC CCL-171) embryonal lung fibroblast, diploid, male, human)
were used in plaque reduction assays with HCMV Strain AD169 (ATCC VR-538)
and in cytoprotection assays with Rhinovirus strain 1B. They were grown in
EMEM supplemented with 10% FBS, 0.1 mM non-essential amino acids, 1.0 mM
sodium pyruvate, 2.0 mM L-Glutamine, 100 units/ml Penicillin and 100 pg/ml

Streptomycin.

[00848] MT-4 cells ((Catalog #120) Human T-cell Leukemia) were obtained from the NIH
AIDS Reference Reagent Program and were used in cytoprotection assays with
HIV-1 Strain IIIB (Southern Research). They were grown in RPMI-1640 medium
supplemented with 10% FBS.

[00849] Vero cells (Kidney, African green monkey, Cercopithecus aethiops) were used in
cytoprotection assays with Coxsackie virus strain B4, HSV-1 strain HF, Poliovirus

strain Chat, RSV strain Long and West Nile virus strain NY-99. They were
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grown in DMEM supplemented with 10% FBS, 2.0 mM L-Glutamine, 100

units/ml Penicillin and 100 pg/ml Streptomycin.

[00850]  Vero E6 cells ((ATCC CRL-1586) Kidney, African green monkey, Cercopithecus
aethiops, clone) were used in plaque reduction assays with Vaccinia Strain
Western Reserve and in cytoprotection assays with Dengue Virus Type 2 strain
New Guinea. They were grown in EMEM supplemented with 10% FBS, 2.0 mM
L-Glutamine, 100 units/ml Penicillin and 100 pg/ml Streptomycin.

[00851] General Cytoprotection Assays:_Virus and cells were mixed in the presence of
test compound and incubated for 7 days (5 days for HSV-1 and WNV; 10 days for
Yellow Fever). The virus was pre-titered such that control wells exhibited 85 to
95% loss of cell viability due to virus replication at 6-7 days (5 days for HSV-1
and WNV; 7-10 days for Yellow Fever) post-infection. Antiviral effect or
cytoprotection was observed when compounds prevented virus replication. Each
assay plate contained cell control wells (cells only), virus control wells (cells plus
virus), compound toxicity control wells (cells plus compound only), compound
colorimetric control wells (compound only), as well as experimental wells
(compound plus cells plus virus). Cytoprotection and compound cytotoxicity
were assessed by MTS (CellTiter®96 Reagent, Promega, Madison WI) dye
reduction. The plates were read spectrophotometrically at 490/650 nm with a
Molecular Devices Vmax or SpectraMax Plus plate reader. The percent reduction
in viral cytopathic effect (CPE) was determined and reported as follows: ICso
(concentration inhibiting virus replication by 50%), TCso (concentration resulting
in 50% cell death) and a calculated TI (therapeutic index TCso ICs0). Samples
were evaluated for antiviral efficacy with triplicate measurements using 6
concentrations at half-log dilutions and duplicate measurements to determine
cellular cytotoxicity. Each assay included an antiviral positive control compound
appropriate for the virus in question as listed below: ribavirin (RBV) for
Adenovirus, Dengue virus, Influenza A & B, and RSV; interferon alpha (IFN-a)
for BVDYV, Yellow Fever, and WNYV; enviroxime (ENV) for Coxsackie virus,
Poliovirus, and Rhinovirus; acyclovir (ACV) for HSV.



3.08 Type V ((-) ssRNA) Paranyxoviridae RSV Long >10 Vero >10
Ot honyxovi n. dae I nfluenza A Hong Kong >10 MDCK >10 I nfl uenza B Lee >10
MDCK >10 WO 2010/081082 PCT/US2010/020632

251

[00852] Cytoprotection Assay for HIV :_MT-4 cells were sub-cultured one day prior to
testing. Cells were plated in 96 well cell culture plates at a seeding density of
6x10° cells/ml (3x10* cells /well). The HIV-1 IIIB virus was pre-titered such that
control wells exhibited 85 to 95% loss of cell viability due to virus replication at 5
days post-infection. Virus and cells were mixed in the presence of serial dilutions
of test compound and incubated for 5 days at 37 °C, 5% CO,. Each assay plate
contained cell control wells (cells only), virus control wells (cells plus virus),
compound toxicity control wells (cells plus compound only) as well as
experimental wells (compound plus cells plus virus). Cytoprotection and
compound cytotoxicity were assessed by XTT assay (Cat# 11-465-015-001,
Roche Diagnostics). The plates were read spectrophotometrically at 450/650nm
with a Molecular Devices SpectraMax M2 plate reader. The percent reduction in
viral CPE was determined and reported as 1Csy, CCsy and a calculated TI.
Samples were evaluated for antiviral efficacy and cytotoxicity with triplicate
measurements using 9 concentrations at 2-fold dilutions. Each assay included

Raltegravir (MKO0518) as an antiviral positive control compound.

[00853] HCMYV Plaque Reduction Assay : MRC-5 cells were seeded at 75,000
cells/well in 24 well plates. The plates were incubated overnight at 37 °C and 5%
CO:z. The following day, media was aspirated and approximately 100 plaque
forming units (pfu) of HCMV AD169 was added to 21 wells of each plate in a
volume of 200 pL of assay medium (MRC-5 growth medium containing 2% FBS
rather than 10% FBS). The remaining three wells of each plate served as cellular
control wells and received 200 pL of assay medium without virus. The virus was
allowed to adsorb onto the cells for 1 hr at 37 °C and 5% CO:z. Compounds were
prepared by diluting them in assay medium containing 0.5% Methylcellulose.
After the incubation period, 1 mL of each drug dilution was added to triplicate
wells of a plate (without aspirating the virus inoculums). Assay medium (without
drug) containing 0.5% Methylcellulose was added to the three cell control wells
and to three virus control wells on each plate. The plates were incubated for 7-10
days to allow for plaque formation. Cultures were examined microscopically and
compound precipitation and toxicity were noted. The media was then aspirated
from the wells and the cells were fixed and stained using 20% Methanol

containing Crystal Violet. Plaques were enumerated by microscopic inspection



Type | (dsDNA) Herpesviridae HSV-1 HF >10 Vero >10 HCW AD169 ND* MRC-5
1.57 Poxviridae Vaccinia Western Reserve 4.520 Vero E6 >10
WO 2010/081082 PCT/US2010/020632
252

and the data was plotted as percent of virus control. To evaluate cytotoxicity,
MRC-5 cells were seeded at 2,500 cells per well in 96 well plates using MRC-5
growth medium. The plates were incubated overnight at 37 °C and 5% COz. The
following day, compounds were prepared in assay medium. Growth medium was
removed from the plates and replaced with the prepared test compounds. Each
dilution of compound was tested in triplicate. Each toxicity plate contained the
necessary cell control and compound color controls. After a six day incubation
period, cell viability was determined using CellTiter 96 Aqueous One Solution
(Promega Corporation). The solution was added to the wells of the 96 well plate
in a volume resulting in a final 10% concentration (volume:volume) in each well.
Plates were incubated for an additional 4 hours at 37 °C. Adhesive plate sealers
were used in place of the lids, the sealed plates were inverted several times to mix
the soluble formazan product and the plate was read spectrophotometrically at 490
and 650 nm with a Molecular Devices Vmax plate reader. The minimum
inhibitory drug concentration that reduced plaque formation by 50% (ICso0) and the
minimum drug concentration that inhibited cell growth by 50% (TCso) were
calculated. A therapeutic (selectivity) index (T1) for each active compound was

determined by dividing the TCso by the ICso.

[00854] Vaccinia Virus Plaque Reduction Assay: Vero E6 cells were seeded at 200,000
cells/well in 12 well plates using Vero E6 growth medium. The plates were
incubated overnight at 37 °C and 5% CO2. The following day, media was
decanted and approximately 150 plaque forming units (pfu) of vaccinia virus
(diluted in assay media of DMEM + 2% fetal bovine serum (FBS) + 2% L-
glutamine) was added to 10 wells of each plate in a volume of 100 pL per well.
The remaining two wells of each plate served as cellular control wells and
received 200 pL. of assay media without virus. Compounds were prepared by
diluting them in assay media and dispensing 100 pL to each respective test well
containing vaccinia virus. Each dilution of compound was run in duplicate test
wells. The plates were gently rocked to mix the compound and virus. The
virus/compound mixture was allowed to adsorb onto the cells for 1 hr at 37 °C and
5% CO2, with gentle rocking every 10 to 15 minutes. Overlay media of DMEM +
2%FBS + 2% L-glutamine + 0.5%methylcellulose was prepared during this

incubation. Appropriate dilutions of compound were mixed with overlay media in



Adenovi ri dae Adenovirus Type | >10 HeLa >10 Type VI (ssRNA-RT) Retroviridae

HV-1111B >10 MI-4 11 *ND= Not determ ned; a reduction in plaque

f or mat i orwpanaldsedsed t he reduction in cell viability obgerwsdoion2deht s

assay. [00856] Below is shown the Strstture of Conmpound F (Exanpl e 20)

OCH3 NN N2 OéepggateHl\‘lh f\:so (gne for each compound dilution). This ensured that the
concentration of the compound in the overlay was the same as that in each of the
test wells of the plate. After the incubation period, 1 mL of each drug
dilution/overlay media mixture was added to duplicate wells of the plate (without
aspirating the virus/compound inoculums). Assay media (without drug)
containing 0.5% Methylcellulose was added to the two cell control wells and to
the two virus control wells on each plate. The plates were incubated for
approximately 72 hours to allow for plaque formation. Cultures were examined
microscopically and compound precipitation and toxicity were noted. The media
was then decanted from the wells and the cells were fixed and stained using a
0.1% Crystal Violet solution in 20% Methanol. Plaques were counted by visual
inspection using a light box and the data was plotted as percent of virus control.
For determination of cytotoxicity, Vero E6 cells were seeded at 10,000 cells per
well in 96 well plates using Vero E6 growth medium. The plates were incubated
overnight at 37 °C and 5% COz. The following day, compounds were prepared in
assay medium. Growth medium was removed from the plates and replaced with the
prepared test compounds. Fach dilution of compound was tested in triplicate. Each
toxicity plate contained the necessary cell control and compound color controls. After
a 72-hour incubation period, cell viability was determined using CellTiter 96 Aqueous
One Solution (Promega Corporation). This solution contains MTS-tetrazolium which
was converted by viable cells into an intensely colored formazan product. The
solution was added to the wells of the 96 well plate in a volume resulting in a final
10% concentration (volume:volume) in each well. Plates were incubated for an
additional 4 hours at 37 °C. Adhesive plate sealers were used in place of the lids, the
sealed plates were inverted several times to mix the soluble formazan product and the
plate was read spectrophotometrically at 490 and 650 nm with a Molecular Devices
Vmax plate reader. The minimum inhibitory drug concentration that reduced plaque
formation by 50% (ICs0) and the minimum drug concentration that inhibited cell
growth by 50% (TCso) were calculated. A therapeutic (selectivity) index (TT) was
determined by dividing the TCsoby the ICso.
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[00857] The conversion of representative protides or nucleoside 5’-phosphoramidates to
the putative active species 2’-C-methyl guanosine triphosphate was examined in
primary human hepatocytes. A comparison was made between OG—methylated 2’-
C-methylguanosine 5’-phosphoramidates and 2’-C-methylguanosine 5°-
phosphoramidates in terms of production of 2’-C-methyl guanosine triphosphate

in these cells
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cryopreserved inducible hepatocytes. Cryopreserved hepatocytes isolated from
human (male donors) were obtained from Xenotech and thawed according to
protocol. Briefly, cells were thawed in a 37 °C water bath and placed in a
biological safety cabinet. Cells were isolated according to protocol using the
vendor’s Hepatocyte Isolation Kit (Xenotech). Subsequent viability and cell
counts were determined by trypan blue exclusion method using a Cedex
Automated Cell Counter or hemacytometer. Cells were resuspended in Hepatocyte
Culture Media (Xenotech) and transferred to collagen-coated 12-well plates at 1 x
10° viable cells/well. The plates were placed in a 37 °C, 5% CO, incubator for 3-
6 hours to allow for cell attachment. Plates were then removed, refed with a
matrigel overlay at 0.25 mg/mL matrigel (Matrigel matrix, phenol-red free, BD
Biosciences) and placed back in incubator for 48 hours. Compounds were
prepared in fresh Hepatocyte Culture Media for final concentration of 2 yM or 10
uM and added to wells. The plates were gently swirled and placed back in
incubator. At time points indicated, plates were removed and supernatants were
transferred to microtubes and centrifuged at high speed to remove precipitate and
stored at -20 °C until time of LC-LC/MS analysis. Cells were scraped into 1 mL
70% cold methanol and vortexed. Cells were then placed at -20 °C overnight to
facilitate extraction of metabolites. The following day, cells were pelleted by
centrifugation at 4 °C, 15 minutes at 10,000 rpm and cell extract was removed for

LC-LC/MS analysis for 2’C-Methylguanosine triphosphate quantification.

[00859] Compounds E (Example 2), F (Example 20), C (Example 42) and H (Example 38)
used in this study were synthesized as described in the experimental section.
Compound D was purchased from CarboSynth L.td. Compounds A, B and G used
in this study where synthesized using procedures described in McGuigan et al.
PCT/GB07/004480 filed Nov 23, 2007 published May 29,2008 as
W02008062206.
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[00860] The Conversion of Compounds A- H to 2’-C-Methylguanosine Triphosphate in
Human Primary Hepatocyte Study is shown in the Graph below
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[2'-C-Methylguanosine Triphosphate],
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[00862]  Selected nucleoside 5’-phosphoramidates were examined for stability in human,
cynomolgous monkey, rat and mouse plasma at 37 °C at both 30 min and 90 min
time points. Compounds C (Example 42), F (Example 20), I (Example 13), J
(Example 47), K (Example 36) and L (Example 54) used in this study were
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synthesized as described in the Examples above. Compounds A, and B, were
where synthesized wusing procedures described in McGuigan et al
PCT/GB07/004480 filed Nov 23, 2007 published May 29,2008 as
WO02008062206, incorporated herein by reference.

Protide Stability in Normal Plasma: Plasma samples were prepared for analysis
as follows. 50ul of each test sample were distributed a 96-well V-bottom plate.
200ul of acetonitrile containing 10ng/ml of an internal standard was added to each
plasma sample. The precipitated samples were centrifuged at 2500rpm, 4 °C for
20 minutes in a Sorvall RT6000S centrifuge (Thermo Scientific, Waltham MA)
and 100 pl of supernatant from each sample was transferred into a 96 deep well
plate followed by the addition of 100ul H>O to each sample. Samples were
covered, mixed well by vortexing and maintained at 2-8 °C before and during
analysis. 15 pl of each test sample was analyzed for protide concentrations by
liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS).
Liquid chromatography was performed with an Agilent 1100 Series HPLC system
equipped with a Synergi 4um Polar-RP, 30x2.0 mm column (Phenomenex,
Torrance, CA). The HPLC system was coupled to an API 4000 triple quadrupole
mass spectrometer (Applied Biosystems, Framingham, MA) . Mass spectrometry
was performed in positive ion mode and data was analyzed using Analyst® v1.4.2
software (Applied Biosystems, Framingham, MA). Data was presented as the

percentage of compound recovered as compared to the 0 time point control.

97. 2
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[00864] Table 3: Plasma stability of Protides in Multiple Species at 37 °C

Normal Plasma
Human Cynomolgous Rat Mouse
Compound
% Compound Remaining Compared to %100 Acetonitrile Control

30 min 15h 30 min 1.5h 30 min 15h 30 min 1.5h
A 83.2 80.8 98.5 102.4 0 0 0 0
[ 97.2 85.4 89.1 77.0 NT NT <3.9 NT
F 94.0 101.5 97.0 94.0 0 0 0 0
B 74.7 78.1 84.5 84.9 66.7 42.0 68.3 32.3
Cc 88.5 82.5 87.0 82.5 50.0 37.0 66.5 45.5
J 105.1 129.5 112.5 118.5 71.3 57.3 74.3 67.4
K 70.3 74.1 93.7 96 16.9 1.4 0.4 0
L 80.4 93.5 119.3 124.2 60.6 58.4 60.7 45.7
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[00866]

Selected compounds were examined in mouse PK experiments to determine the
levels of 2°-C-methyl guanosine 5’- triphosphate in the liver. 2’-C-Methyl
guanosine 5’-triphosphate was purchased from TriLink Biotechnologies, San
Diego, CA 92121, and used to generate standard curves for determining liver

concentrations. Compounds C (Example 42). F (Example 20), K (Example 36),
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E (Example 2) and H (Example 38) used in this study were synthesized as
described in the Experimental section. Compounds A, G, M and N were
synthesized using procedures described in McGuigan et al. PCT/GB07/004480
filed Nov 23, 2007 published May 29,2008 as W(02008062206.

[00867] Mouse PK Analysis: Compounds were formulated in 5% Dimethylacetamide
(DMA), 20% Solutol HS15, 20% Polyethylene glycol 400 (PEG), in 50 mM
sodium acetate, pH =4 . Formulations were prepared just prior to dosing. 20-30
gram, female ICR mice (Taconic Farms) were dosed by oral gavage. The
volumes delivered were based on each animal’s body weight at the time of
administration to achieve the desired mg/kg target dose. Blood was collected
from the retro-orbital sinus in tubes containing EDTA while under isoflurane gas
anesthesia. Plasma was separated from blood samples within 30 minutes of
sampling by centrifugation for 10 minutes at ~1500 RCF in a microcentrifuge.
Plasma samples were stored frozen at -80 °C until analysis. Animals were
sacrificed by cervical dislocation following loss of consciousness under C0,/0,
inhalation. Livers were harvested, cut into small sections and divided into 3 tubes
per mouse. Tissue weights will be recorded and the samples were flash frozen in

an ethanol/dry ice bath and stored at -80 °C.

[00868]  For quantitation of 2’-C-Methyl-D-Guanosine 5’-Triphosphate in rodent liver
samples, tissues were homogenized in 3 equivalents of methanol (i.e. 3 mL of
methanol to 1 gram of tissue) using 1 mm silicon carbide sharp particles (Biospec)
in a bead mill (ThermoSavant FastPrep 120) at an agitating speed of 6 for 2 cycles
of 30 seconds at 4°C. The homogenates were centrifuged for 30 minutes at 15,000
rpm at 4°C using a microcentrifuge. The supernatants were collected and 200u1 of
the supernatant from each sample was dried under nitrogen. The dried extracts
were reconstituted with 50ul of 10 mM dimethylhexylamine and 3 mM
ammonium formate in water. A calibration curve was prepared in liver matrix
from control animals using known quantities of 2’-C-Methyl-D-Guanosine 5°-
Triphosphate. Samples of normal liver were homogenized as described above.
The homogenates were centrifuged for 30 minutes at 15,000 rpm at 4°C using a
microcentrifuge. Serial dilutions of the triphosphate standard were prepared from

the standard stock solution (1 mg/mL in10 mM dimethylhexylamine and 3 mM



[ 00866] Sel ected compounds were exam ned in nouse PK experinments to
determ ne the levels of 2'-C nethyl guanosine 5 - triphosphate in the
liver. 2'wQ-2Mmdsyds2guanosi ne 5' -tri phosphat e was pur chagea/SeaioIoedti nk

Bi ot echnol ogi es, San Di ego, CA 9212126and used to generate standard curves

for determning liver concentratio Conmpounds . C ( Ex |l e 42). F (Exanple
20), K (Exanpl &"8B),"™ _m@m&gwr 9 {%g@fﬁ%OET anpl e 2) and
H (Exanpl e 38) sdi)%%tdn@ ad @i‘h?en%tWsﬂﬁ%ﬁﬁﬁ%&%ﬁ%ﬁﬁg&aﬁ&r&'@ﬁ&tﬁdrﬁ%ré Brithe

Experinmental section. Conpounds A, and N were synt hesi zed using
procedur es desunddn@drdgan NE@urgdrstaadarsl sampEs MEBORCOB4486d ithé@uNolvl(R23, 2007

ere for mul at oV AT RN ADT S0 AT O DR SOV G Dl wETePhatos

Pol yet hyl ene gleyeRlweA®QudnBERd udifly BO-MNN9dhilRiaCehteonsdikhied mples
Fornul ations were prepared just prior to dosi ng. 20-30 gram fenmnale ICR
m ce (Taconi c ParensspargedendoerHyX o Mdvidge! x PRanMA undscoisni ver ed wer e

based on each inal! ' a j of . adm Ri .jon to achieve
the desired morWatraMil REXAP o b BF3dd TR iR Ol PR Dorbie ™

si nus in tubesAcandiantdluwtipnElipenforhed witdelie follodviny mitkrgas=aoesthesi a.

Pl asma was separated from bl ood sanples within 30 m nutes of sanpling by
centri f ugat i ondfgithylbexylamine andyg mM aguneyeym;farmateincy el & anddb= 20y

sanples were s ol il i ARy S ificed
by cervical di gﬁ%@ﬁ%‘ﬁﬂ@flggw ﬁgﬂﬁgg{sﬁ% ul@gﬁlls%%%%sangssﬂgin g%]%

i nhal ation. Li wé) st IwmimntdseioBest @ilp, 1 Gtminntes %Bral 100%cat 9.6 msinatas %dB #i0ded i nt o
3 tubes per nouse. Tiss [ S. W be recorded. and, t he sanpl wer e
flash frozen iff &m&%z%ﬁg?@é)oit)'c%ﬁ/gé]gﬁ?“éﬁdlsﬂaérpéﬁfoﬁ{w@%“@ gf%é@’é} For
quantitation ofo@ aipt Bdtlpole- iMARRS RGs Rettd UERAQRPRA Radsitidrogent |i ver
sanpl es, tissues were honogeni zed in 3 equivalents of nmethanol (i.e. 3 nL
of net hanol t 0535.94/458.00 (neigasyeeipnmziday 1 nm sili con carbide sharp particles
(Biospec) in a bead mlIl (ThernoSavant FastPrep 120) at an agitating speed
of 6 for 2 cycles of 30 seconds at 4C. The honbgenates were centrifuged for
30 mnutes at 15,000 rpmat 4C using a mcrocentrifuge. The supernatants
were col |l ected and 2000 of the supernatant from each sanple was dried under
nitrogen. The dried extracts were reconstituted with 500 of 10 nM

di met hyl hexyl am ne and 3 nmM amonium formate in water. A calibration curve
was prepared in liver matrix fromcontrol aninmals using known quantities of
2' - G- Met hyl - D- Guanosi ne 5' - Triphosphate. Sanples of normal |iver were
honogeni zed as descri bed above. The honpbgenates were centrifuged for 30

m nutes at 15,000 rpmat 4C using a mcrocentrifuge. Serial dilutions of
the triphosphate standard were prepared fromthe standard stock solution (1
ng/mL in 10 nmM di et hyl hexyl am ne and 3 nM WD 2010/ 081082PCT/ US2010/ 020632
262 ammonium formate in water pH 9; stored at -20C) using the recovered
supernatant as diluent. The supernatants contai ning standard dilutions were
dried under nitrogen. The dried standard sanples were reconstituted with
500 of 10 nM di et hyl hexyl ami ne and 3 nM ammoni um fornmate in water.

Tri phosphate | evel s were quantitated using LC-MsS/ M5 anal ysis. The
reconstituted sanples were separated on a Waters' XTerra M5 C18 2.1 x 50 nm
3.5 p.mcolum (Waters, MIford, MA) at a flow rate of 3000 per m nute, 100
injection volune. A gradient elution was perforned with the follow ng
buffers: A = 10 nM di net hyl hexyl am ne and 3 nM ammoni um formate in water pH
9 and B = 20 mM di net hyl hexyl am ne and 6 nM anmonium formate in
acetonitrile (at tinme 0, B = 0, at 7 mnutes B = 100% at 9 mnutes ¥B =
100% at 9.5 mnutes % = 0% at 13 mnutes 0% B = 0% . MS/ M5 anal ysis was
performed using a Sciex APl 4000 triple quadrupole instrunment was set to
detect the nmlz transition of 535.94/438.00 (negative ion node). WO

2010/ 081082PCT/ US2010/ 020632 263 [ 00869] Table 4: 2'-C- Methyl guanosi ne

Tri phosphate Levels in Muse Livers After 50 ng/ kg PO Dose [00870] In the
Tabl e shown bel ow, mi ce were po dosed at 50 ng. kg in 5% DVA, 20% Sol ut ol HS
15, 20% PEG 400, 55% 50 nM Sodi um acetate, pH 4.0




Compound Cmax ng/g Multiple Above 1C90 at Crax T. hours T2 hours AUCO_6 h
ng/ g AUCO-24 h ng/g Conpound A 370.0 3.6 6.0 1584 Conpound M
WO 2010/081082 PCT/US2010/020632
263

[00869] Table 4: 2’-C-Methylguanosine Triphosphate Levels in Mouse Livers After
50 mg/kg PO Dose

[00870] In the Table shown below, mice were po dosed at 50 mg.kg in 5% DMA, 20%
Solutol HS 15, 20% PEG 400, 55% 50 mM Sodium acetate, pH 4.0

Multiple
Compound | 125 | {0V | hows | hours | mngs | hngs
Cinax
Compound A 370.0 3.6 6.0 -- 1584 --
Compound M 512.0 5.0 4.0 -- 1937 --
Compound G 1950.0 19.1 4.0 -- 6977 --
Compound N 275.7 2.7 4.0 10.2 815 3857
Compound E 2563.3 25.1 6.0 7.1 8748 30618
Compound H 3130.0 30.7 4.0 4.3 14380 26837
Compound C 311.3 3.1 4.0 -- 1540 --
Compound F 8953.3 87.8 1.0 3.6 31940 59353
Compound K 1209.7 11.9 4.0 2.0 5055 6356




512.0 5.0 4.0 1937 Conpound G 1950.0 19.1 4.0 6977 Conmpound N 275.7 2.7

4.0 10.2 815 3857 Conpound E 2563.3 25.1

WO 2010/081082
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The Compounds used in the Mouse Liver PK Studies are shown below:

:
N
NH
O\ //O </ f
zP\ N

OW

Compound M

HO OH

3
.

Compound N

o, 0

N

HS  OH

Compound H

Compound K



6.0 7.1 8748 30618 Conpound H 3130.0 30.7 4.0 4.3 14380 26837 Conpound C
311.3 3.1 4.0 1540 Conpound F 8953.3 87.8 1.0 3.6
WO 2010/081082 PCT/US2010/020632

[00872]

[00873]

265

While the invention has been described with reference to particularly preferred
embodiments and examples, those skilled in the art recognize that various
modifications may be made to the invention without departing from the spirit and

scope thereof.

All of the above U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data

Sheet are incorporated herein by reference, in their entirety.



31940 59353 Compound K 1209.7 11.9 4.0 2.0 5055 6356 WO

2010/ 081082PCT/ US2010/ 020632 264 [00871] The Conpounds used in the Muse
Li ver PKwoudioasimeze shown bel ow. WO 2010/ 081082PCT/ USPOTA/SOR0H3®3265
[00872] While the invention has been2descri bed with reference to
particularly preferred enbodi nents and exanples, those skilled in the art
recogni ze that various nodifications my be made to the invention w thout
depar t i [AB8Hd ond™t the faiseeing seatigns @gpenten el dbreviatyos 734 Agpnyns peE wpdviadu., S.
patents, U S paufiilcapRlibeat hofk SUBIGRLIQBSIoWL: S, patent applications,
foreign patents, foreigh patent applications and non-patent publications
referred to in this specification and/or listed in the Application Data
Sheet a@kE€Ni ncor por at ed herei n bycetehsrlence, in their entirety. WO

2010/ 08%%PCT/ US2010/ 020632 2663l [)lgol%gtﬂtr 'oﬂ‘tt'lhe foregoi ng sections, a
nunmber bbrevi ati ons and acror%ynl’g WErElUs®d, and the full descri ption of
t hese am@yprovided as foll ows: anhydrous

Bn benzyl (phenylmethyl)

Boc benzyloxycarbonyl

BSA benzenesulfonic acid

Bu butyl

n-BuOH n-butanol

-BuOH tert-butanol

-BuOK potassium —tert-butoxide

tert-BuMgCl tert-butylmagnesium chloride

CDCl, deuterochloroform

CD;OD methanol-d,

CI-MS chemical ionization mass spectrometry

BC NMR carbon-13 nuclear magnetic resonance spectroscopy

conc concentrated

d doublet (NMR)

dd doublet of doublets (NMR)

ddd double doublet of doublets (NMR)

DBU diaza(1,3)bicyclo[5.4.0]Jundecane

DCC dicyclohexylcarbodiimide

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

dt doublet of triplets (NMR)

EDCI 1-(3-dimethylamnopropyl)-3-ethylcarbodiimide
hydrochloride

ee enantiomeric excess

El-MS electron impact mass spectrometry

equiv equivalent(s)

ESI electrospray ionization



ACNacetonitril e Al BNazobi si sobutryonitrile anhyanhydrous Bnbenzyl

(phenyl nmet hyl ) Bocbenzyl oxycar bonyl BSAbenzenesul foni c aci d Bubutyl

n- BuOHN- bwoanml/ostesBuCHt er t - but anol t - BuOKpot assi um -t er PEhatSexinme0632
tert-BuMCltert - but yl magnesi um chl ori2ée CDCl3deut er ochl or of orm
CDBG)T%Q | -d4 Cl - MSchem cal ic-?ini zation nass sgrgct ronetry 13C

NVRcar boh-= nucl ear nagnetic r ESTHIMNRIBY BREtIACEEUBPYY concconcent r at ed
ddoubl gt,NVR) dddoubl et of doubligfisteNVR) ddddoubl e doubl et of doubl ets
(NVR) DBUdi aza(1, 3) bi cycl o[ 5. 4. 0] undecane DCCdi cycl ohexyl car bodi i m de
DCMHi cHitO¥Smet hane DVAP4- di net hyatatidespior i di ne

EtOH ethanol

g gram(s)

GC-MS gas chromatography-mass spectrometry

h hour

HCV hepatitis C virus

'H NMR proton nuclear magnetic resonance spectroscopy

HPLC high performance liquid chromatography

HRMS high resolution mass spectrometry

IMPDH inosine 5’monophosphate dehydroxgenase

J NMR coupling constant

LC/MS liquid chromatography-mass spectrometry

LG leaving group

LHMDS Lithium hexamethyldisilazide

m multiplet (NMR)

MDI methylenediphenyldisocyanate

Me methyl

MeOH methanol

mg milligram

MHz megahertz

mL milliliter

mmol millimole

mp melting point

MTBE methyl #-butyl ether

NaOMe sodium methoxide

NMI N-methylimidazole

NMO N-methylmorpholine-N-oxide

NMR nuclear magnetic resonance

3P NMR phosphorous-31 nuclear magnetic resonance
spectroscopy

ppm part per million

q quartet (NMR)

PTSA p-toluenesulfonic acid



DVFN, N- di net hyl f or mam de DVSQdi net hyl sul f oxi de dtdoubl et of triplets (NWR)
EDCI 1- ( 3- di et hyl am€mmopr opyl) - 3- et hyl car bodi i m de hydrochl ori de

eeenant i owennn/msx@sess El - MSel ectron i npact nass spect r oReTn$2010/020632

equi vequi val ent (s) ESlel ectrospray ias8 zation WO

2010/ 0 \§2PCT/ US2010/ 020632 267.ES: MSel ectrospray mass spectronetry

Et 20et ﬁ% ether EtOAcethyl acetdt®VEOHet hanol ggran(s) GC- Msgas

chr omatregr Aphy - mass spect r onet r kobiuatbis(IGHB@BRYdthdxS) FuMinudshydHudNVRpr ot on
nucl ear magneti c resonance spectroscopy HPLChi gh pérformancé |iquid

chr omatBsgr aphy HRVBhi gh resol ut iréﬁﬁn%%éc@ﬁéﬂv@brret ry

rt room temperature

S singlet (NMR)

t triplet (NMR)

TBAF tetra-n-butylammonium fluoride
TBPPS tetra-n-butylphosphonium persulfate
TEA triethylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

TMS tetramethylsilane

TMSOTf trimethylsilyl trifluoromethanesulfonate
IR retention time

TLC thin layer chromatography

uv ultraviolet

VCD Vibrational Circular Dichroism



| MPDHi nosi ne 5' nonophosphat e dehydr oxgenase JNVR coupl i ng const ant

LG Ml i quid chromat ogr aphy- nmass spectronetry LA eaving group LHVDSLi t hi um
hexanet hywaiz2eidi@zisde mul ti pl et (NVR) MDI et hyl enedi phemrgirdissaoypans3at e
Menet hyl MeOHnet hanol ngmi | |igram MH2eegahertz mimlliliter molmllinole
npnel ti‘gf Fpirﬁrft, NgBErret hyl t-butyl ether NaOMesodi um net hoxi de

NM N- ne ﬁ? PR YEEBIE NVON- net hyl nor phol i ne- N-oxi de NVRnucl ear magneti c
resonance 31P NMRphosphorous-31 nucl ear magnetic resonance spectroscopy
PPnpar tl.per Acpmpemdgideaintes () RRy having the structure:

R1
X/
N AN
Ar N
I < |
o0 NP
/P\ | 2
HN O ) R
OYKHIRS CH3
4
o R R3 OH
N6
R
ey
wherein Ar is selected from
phenyl,
naphthyl,
I
IS N/ ,
P | N
_:_\ =N
X
1 \ y/
N"  and
' | ~N
ANGP > | . . .
N™ | any of which are optionally substituted with
C;-Cealkyl,

C;-Cealkoxy,
di(C;-Ce)alkylamino or
C;-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R' is selected from
C;-Cs alkyl,
benzyl,



PTSAp-t ol uenesul fonic acid WO 2010/ 081082PCT/ US2010/ 020632 268

RBVri bavirin Red-Al (r)sodi um bi s(2-nmet hoxyet hoxy) al um numhydri de

Rf r et ent iwo 2beaso082( TLC) rtroom tenperat ure ssingl et ( NWRx/uskotiopbkess2 ( NVR)
TBAFt et r a- n- but yl ammoni um f 1 uori de TBRPSt et r a- n- but yl phosphoni um persul fate

TEAtri ethyl am ne TFAtri{l uorgﬁcet :lic gci d THFt et r ahydr of ur an
TMVBt et ranet hyl sil ane P FEF PRRAYMAPSi 1yl tri fl uor omet hanesul f onat e

AR T T e
halo,
Ci-Csalkoxy, and
C;-Cealkyl;
R” is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
Ci-Csalkoxy, and
C;-Cealkyl;
R? is selected from H and OH;
R* and R® are independently selected from
hydrogen,
C;-Csalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy,
phenyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C;-Cealkoxy;
R® is selected from
Ci-Cioalkyl,
Cs-Csceycloalkyl,
Cs-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
Ci-Cealkyl,
Ci-Csalkoxy, and
halo,
indanyl and



269 What is
structure:

IN ' WO
G - Ceal koxy,

2.

3.

claimed is: 1. A conpound of forrmula (1) bel ow having the

(I') wherein Ar is selected from phenyl, naphthyl, N | N,

20808132 whi ch are optionally substituted w PoT@S26G6mbd6y2 ,
di(Ci-CB)aIkyIanino or CIt Coal kyl carboxy(Ci -C6)al kyl-; X is
selected fromS, NH and

2010/ 081082PCT/ uszoloﬂ@%%@? oalk3:

selected from C1-C6 al kyl, benzyl,

and pharmaceutically acceptable salts thereof.

The compound of claim 1 wherein the compound is in the form of a polymorph.

A pharmaceutical composition comprising the compound of claim 1 and a

pharmaceutically acceptable carrier, excipient or diluent.

4,

The pharmaceutical composition of claim 3, wherein the pharmaceutically acceptable

carrier is pure sterile water, phosphate buffered saline or an aqueous glucose solution.

5.

10.

The compound of claim 1 wherein Ar is selected from:

naphthyl,
| | N
:_\ ~
N"  and
L~ | X
_:_\ =N

any of which are optionally substituted with
C;-Cealkyl,
C;-Cealkoxy,
di(C;-Ce)alkylamino; or
C;-Cealkylcarboxy(C;-Ce)alkyl-.

The compound of claim 1 wherein X is O.

The compound of claim 1 wherein R1 is C1-C6 alkyl.
The compound of claim 1 wherein R2 is hydrogen.
The compound of claim 1 wherein R3 is OH.

The compound of claim 1 wherein R* and R’ are independently selected from
hydrogen,
Ci-Csalkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more

halo,

)

and



270 substituted benzyl; and aryl (Co-C6)al kyl - wherein the aryl is
optionally substituted by halo, G -C6al koxy, and C -C6al kyl; R2 is selected
from hydrwgenio/gsheayl , aryl, and aryl (Co-C6)al kyl - wher ecm/ush@omaeosB2 i s
optionally substituted by halo, G -C8& koxy, and C -C6al kyl; R3 is sel ected
fromHand OH R4 and R5 ar Caga}?endently selected from hydr ogen,

Ci - Coal kyl optionally substyfut W't h al kyl t hi o, benzyl optionally
substituted with one or nore_ha hl&)x Ci - Coal kyl, or G -C6al koxy, phenyl
optional Iy substituted with one or rmre hal o, G -C6al kyl, or G -C6al koxy;

R6 is selected from Cl-G oal kyl , C3-C8cycl oal kyl, C3-C8cycl oal kyl - al kyl -
11. The compound of claim 1 wherein R” is selected from

Ci-Csalkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more

halo,

Ci-Cealkyl, or

Ci-Csalkoxy; and
R’ is hydrogen.

12. The compound of claim 1 wherein R® is selected from
C1—C10alky1,
phenyl(C;-Ce)alkyl- optionally substituted with halo.

13. A compound selected from the group consisting of the following formulas:
CHs
NfN NfN
< ¢ |l
N N/)\NHZ N N/)\NHZ
HO O HO O
CHq CHs3
HG  OH HS  OH
(ID); (I1I)
e
OCHj4
N BN
~
N” > NH, ¢ | By
HO/\& Ho/\ogl\l N N/\©
L £#CHs A LacH, F
HO OH HO  OH
(IV); (V);

and



phenyl (G -C6) al kyl - optionally substituted wth G -C6al kyl, G -C6al koxy,
and hal o, indanyl and WD 2010/ 081082PCT/ US2010/ 020632 271

het er ocycWwoabioyisiosand phar maceuti cal ly accept abl e sal t s PChaSe@/020632 The
conmpound of claim1l wherein the conpa@hd is in the formof a polynorph. 3.
A pharmaceutical conposition conprising the conpound of claim1l and a

phar maceutically acceptable carrier, excipient or diluent. 4. The
pharmaceutical conposition of claim3, wherein the pharmaceutically
acceptable carrier is pure sterile water ,O%osphate buffered saline or an
aqueous gl ucose solution. 5. The conmpe Qf cI aim1l V\,herel n Ar is selected

from naphthyl I [V IR IS N I (A P ..1,-. N, and i
-- A\, H,,, 1-1 'N any hnge optlonally substituted
with G- CGaIkyI HO o
’CH3
oH
(VD

and pharmaceutically acceptable salts thereof.

14. A method for treating a viral infection in a mammal mediated at least in part by a
virus in the Flaviviridae family of viruses comprising administering to a mammal in need

thereof an effective amount of the compound of claim 1.
15. The method according to claim 14, wherein said virus is hepatitis C virus.

16. A method for treating a viral infection in a mammal mediated at least in part by a
virus in the Flaviviridae family of viruses comprising administering to a mammal in need

thereof an effective amount of the pharmaceutical composition of claim 3.
17. The method according to claim 16, wherein said virus is hepatitis C virus.

18. A method for treating a hepatitis C viral infection in a mammal comprising

administering to a mammal in need thereof an effective amount of the compound of claim 1.

19. The method according to claim 18 wherein the compound is administered in
combination with a therapeutically effective amount of one or more agents active against

hepatitis C virus.

20. The method of claim 19 wherein said agent active against hepatitis C virus is
interferon-alpha or pegylated interferon-alpha alone or in combination with ribavirin or

levovirin.

21. The method of claim 19 wherein said agent active against hepatitis C virus is selected
from the group consisting of ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibitor

of HCV NS3 serine protease, interferon-o, pegylated interferon-a. (peginterferon-ca.), and



G - Coal koxy, di (G -C6)al kyl am no; or C1-C6al kyl carboxy(GC -C6) al kyl -

6. The

conpound of claim1 wherein Xis 0. 7. The conpound of claim1l wherein Rl
i s Cl- C6 wbleyio/os8082The conmpound of claim 1l wherein R2 i eChyuseagemne3®. The
compound of claim1l wherein R3 is OH2740. The conpound of claim 1l wherein

R4 and R5 are in endently sel ected from hydrogen, G -C6al kyl
subst i t%ﬂ@&%\kww%ﬁ%

optionally
| thi o, and phenyl optionally substituted with one or

nore hal o, WO 2010/ 081082PCT/ US2010/ 020632 272 Ci - C6al kyl, or Ci - C6al koxy.

11. TheconpmignfetRbd 6t @hif 11 Wheksi ifteRerdSo f&lefete@drdm ai¥ drbafEHskvihg of
optional Iy substituted with alkylthio, and phenyl optlonaluy substltuted
&

dniyigrietpan.

Wi t h orrecapabingnt entpii¢ron-o2i, igBalickan-g2bop coOnse@BEs| iRigKyronasl Rpuri
The coqp&%ggxof claiml1l wherein R6 is selected from Cl-GCi oal kyl ,

23. The method of claim 19 wherein said agent active against hepatitis C virus is an agent

that inhibits a material selected from the group consisting of HCV proteases, HCV

polymerase, HCV helicase, HCV NS4B protein, HCV entry, HCV assembly, HCV egress,

HCV NSS5A protein, and inosine 5’-monophosphate dehydrogenase.

24. The method of claim 19 wherein said agent active against hepatitis C virus is a

nucleoside analog for the treatment of an HCV infection.

25. The method of claim 19 wherein said agent active against hepatitis C virus is selected

from the group consisting of Omega IFN, BILN-2061, Roferon A, Pegasys,

Pegasys/Ribaravin, CellCept, Wellferon, Albuferon-a, Levovirin, IDN-6556, IP-501,
Actimmune, Infergen A, ISIS 14803, JTK-003, Pegasys/Ceplene, Ceplene, Civacir, Intron
A/Zadaxin, Levovirin, Viramidine, Heptazyme, Intron A, PEG-Intron, Rebetron, Ribavirin,
PEG-Intron/Ribavirin, Zadazim, Rebif, IFN-B/EMZ701, T67, VX-497, VX-950/LY-5703 10,
Omniferon, XTL-002, SCH 503034, isatoribine and its prodrugs ANA971 and ANA97S5,

R1479, Valopicitabine, NIM811, and Actilon.

26. A method for treating a hepatitis C viral infection in a mammal comprising

administering to a mammal in need thereof an effective amount of the pharmaceutical

composition of claim 3.

27. The method according to claim 26 wherein the composition is administered in

combination with a therapeutically effective amount of one or more agents active against

hepatitis C virus.

28. A method for treating a viral infection in a mammal mediated at least in part by a

virus in the Flaviviridae family of viruses comprising administering to a mammal in need

thereof an effective amount of the compound of claim 13.

29. The method according to claim 28, wherein said virus is hepatitis C virus.

12.



phenyl (G - C6) al kyl - optionally substituted wth halo. 13. A conpound
sel ected fromthe group consisting of the following fornulas: clo3

N-. .../ LNvO 20i0081080H2 HO-AcO CH3 .:.,,, HO OH C H 3 HOPbTA2010460632 WO
2010/ 081082PCT/ US2010/ 020632 273 N.2795..---t:N 1L N .--NNH2
30. A method for treating a hepatitis C viral infection in a mammal comprising

administering to a mammal in need thereof an effective amount of the compound of claim 13.

31. A pharmaceutical composition comprising the compound of claim 13 and a

pharmaceutically acceptable carrier, excipient or diluent.

32. A method for treating a hepatitis C viral infection in a mammal comprising

administering to a mammal in need thereof an effective amount of the composition of claim

31.

33. The compound according to claim 1 wherein the compound includes different

diastereomers around phosphorous in formula I.

34. The compound according to claim 34 wherein the compound includes a mixture of

two phosphorous diastereomers in any proportion from 1:99 to 99:1.

35. A method of separating the phosphorous diastereomers of the compound of claim 34

comprising conducting a chiral chromatographic step performed on a chiral resin.

35. The method of claim 35 wherein the chiral resin is selected from the group consisting
of CHIRALPAK® IA™, CHIRALPAK® IA-3, CHIRALPAK® AD-H, CHIRALPAK®
AD, CHIRALPAK® AD-3, CHIRALPAK® AD-3R, CHIRALPAK® AS-H,
CHIRALPAK® AS, CHIRALPAK® AY-H, CHIRALPAK® AY, CHIRALPAK® AZ-H,
CHIRALPAK® AZ, CHIRALPAK® IB™, CHIRALCEL® OD-H, CHIRALCEL® OD,
CHIRALCEL® OD-3, CHIRALCEL® OD-3R, CHIRALCEL® OD-I, CHIRALPAK®
IC™, CHIRALPAK® IC-3, CHIRALCEL® OC-H, CHIRALCEL® OC, CHIRALCEL®
OA, CHIRALCEL® OB-H, CHIRALCEL® OB, CHIRALCEL® OG, CHIRALCEL® OJ-
H, CHIRALCEL® OJ, CHIRALCEL® OF, CHIRALCEL® OK, CHIRALCEL® OZ-H, and
CHIRALCEL® OZ.

36. The compound according to claim 1 wherein the compound has a specific formula

selected from the group consisting of the following:



: OH (V) and pharmaceutically
acceptable salts thereof. 14. A nethod for treating a viral infectionin a
manmal nmewtoavedsais2l east in part by a virus in the Flavipeirnisdae/ot@nt |y of
viruses conprising adm nistering to &% anmmal in need thereof an effective

amount of e _cqnmpound of claim1. 15. The nmethod according to claim 14,
wher ei n saij 5 |s hepatidcs, C virus. 16. A nethod for treating a vira
i nfection

gl ne |at d at least in part by a virus in the
Fl avi vi ri dae fa i 5 r sedN conprising adm nistering to a nammal in need
e

t hereof an effe@%; he phar maceuti cal conposition of claim3.
17. The net hodyg 16 wherein said virus is hepatitis C
Vi rus. 18 t hod or %%Fatlng a hepatitis Cviral infection in a mamal

conpri sg 7 ntGHer i %a mammal in need thereof an effective anmount of
t he cong -d of claipoOl. ©H9. The net hod according to claim18 wherein the
conpound1s adm nistered in conbination with a therapeutically effective
anount of one or nDre agents active against hepatitis Cvirus. 20. The

met hod of eFai wherein sgbq agent active against hepatitis Cvirus is
interferon | ’] pegylate | it er f er on- al pha al one or in conbination with
ribavirin or | eyovirin. ~ e nethod of claim19 wherein said agent
active agai nst ﬁgp@tltls |gh§ is selected fromthe group consisting of
ribavirin, lev mrnh vi rjami ti néi™at hynosi n al pha-1, an inhibitor of HCV NS3
serine proteas teﬁgeéon a, pegyl ated |nterferon a (peginterferon-a),

and 0O /020632 274 conbi nations thereof 22. The

met hod '|al 21 wh@relngnterferon ais selected fromthe group

consi sting O reconblnant interferon-a2a, interferon-a2b, a consensus
interferon, @Gmd a purified interferon-a product. 23. The nethod of claim
19 wherein said agent active against hepatitis Cvirus is an agent that
inhibits a erial selected fromthe group consisting of HCV proteases,

HCV poly HCV heIicaiﬁ}hHCV NS4B protein, HCV entry, HCV assenbly,
HCV egre QL NS5A prteiy, and inosine 5 -nonophosphate dehydrogenase.
24. The nethod of claiwm 1 rein said agent active against hepatitis C
virus i s a nuct |de an QL. the treatnment of an HCV infection. 25.
The met hod ofy¢l & erein said agent active against hepatitis C virus
IS selecte@ fr n1the gr BB, consisting of Orega |IFN, BILN 2061, Roferon A,
Pegasys, Sy$Hgi b in® Cell Cept, Wellferon, Al buferon-a, Levovirin,

| DN- 655 I 501, Aﬂblnﬁﬁhe Infergen A SIS 14803, JTK-003,

Pegasys/ Cepl ene, Cepl ene, Cvacir, Intron A/ Zadaxin, Levovirin, Viram dine,
Hept azyne, Intron A, PEG Intron, Rebetron, R bavirin, PEGIntron/ R bavirin,
Zadazi m FN—I3/EI\/Z7©¢H3T67 VX- 497, VX- 950/ LY-5703 10, Qmi feron,
XTL- 002, SCH 0 034, }for bine and its prodrugs ANA971 and ANA975, R1479,
Valop|C|tab|ne NIIVI8 ﬁdNActllon 26. A nethod for treating a
hepatitis C vi® Lolnfec éﬁ?nannal conprising admnistering to a
mammal in need ofp gn elf edfi2ve anount of the phar maceuti cal

conposi tion, of CP%fﬁK;%EL . The nethod according to claim 26 wherein the
conpositio jggiuhgru in conbination with a therapeutically effective
amount of.ong or nt@ ademts active agai nst hepatitis Cvirus. 28. A

nmet hod fgzjfreatlng a viral infection in a manmal nediated at | east in part
by a vi® in the Flaviviridae famly of viruses conprising adm nistering
to a mammal in need thereof an effective anmount of the conpound of claim
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29. The nmethod according to claim28, wherein said virus is hepatitis C
virus. WD 2010/ 081082PCT/ US2010/ 020632 275 30. A nethod for treating a
hepatiti swG@2oiwmhosenf ecti on in a manmal conprising adm RCIUS210020662 a
mammal in need thereof an effective aibunt of the conpound of claim 13.

31. A pharnmaceuytical conposition conprising the conpound of claim 13 and a
phar maceuti c# rept abl e ca(Kﬂgr excipient or diluent. 32. A nethod
for treating'e Hepaitis Cy infection in a mamal conpri sing

adm nistering to a mamal /n pee t hereof an effective anmount of the
conposition of cl dycPSl npound according to claim1 wherein the
conpound |ncludeﬁN nHEar ent d| ste %ners around phosphorous in formula I.
34. Thq:conpoqg ccqulng cIa|n134 wherein the conpound i ncludes a

m xture a%tereoners in any proportion from1:99 to
99:1. 3 odcggHsepaOHtlng t he phosphorous di astereoners of the
conpound o claln134 conprising conducting a chiral chromatographic step
performed én a chiral resin. 35. The nethod of claim 35 wherein the chiral
resin is selected fromthe group consisting of CH RALPAK(r) |ATM

CHI RALPAK(r) | CHI RALPAK(r) AD-H, CHI RALPAK(r) AD, CH RALPAK(r) AD- 3,

CHI RALPAK(r) Al3R CH RALPAK(r) AS-H, CHI RALPAK(r) AS, CHI RALPAK(r) AY-H,

CHI RALPAK(r) AY; RALPAK(r) AZCHs CHI RALPAK(r) AZ, CHI RALPAK(r) |BTm
) OD, CHIRALCEL(r) OD-3, CHI RALCEL(r) OD- 3R

CHI RALCEL(r) OD- | RALCEL(r
CHI RALCEL(r) OD-I Y CHI RAL SNCTM  CHI RALPAK(r) I C-3, CH RALCEL(r) OC H,
CHI RALCEL(r) OC, (CHI/IE?ALCEL 04l _CHI RALCEL(r) OB-H, CHI RALCEL(r) OB,

CH RALCEL(r) OG .,152 CE?( Oﬂ FNWCHIRALCEL(r) QJ, CHI RALCEL(r) OF,
CHI RALCEL(r) | RAL % Qz-H, and CHIRALCEL(r) Qz. 36. The conpound
accordip Whe the conpound has a specific fornula sel ected

fromthe 'kf%tl,_@ O‘thhe fol | ow ng: WO

2010/ 08103R_P 20107020632 278 o, CHS3
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N X
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N--/LNCl:p Ol n. .../,.., ..,, ... I'NNNH2 CH3 o N-,...)N NN NH O,
,,O P\ HNJ' 0O CH3s HO CH3 bl-1 and phosphorus di astereoners
t her eof . .wB2oils1@enpound according to claim1l wherein rhe/usemposd2 i S
selected fromthe group consisting of278 he fol | ow ng:

9 an
0 HN’P\;O o<N |N/)\NH2
></o UCHs
HO  OH ,
CHa
SOy
o L5

and phosphorus diastereomers thereof..

37. The compound according to claim 1 wherein the compound is selected from the group

consisting of the following:

Benzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)phosphorylamino)propanoate;

1(S)-Phenylethyl 2(S)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9 H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(285)-Tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-Methyl 2-(6-((((2R, 3R,4AR)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(()- 1-(neopentyloxy)-1-oxopropan-2-
ylamino)phosphoryloxy)naphthalen-2-yl)propanoate;

2,4-Difluorobenzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9 H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy) phosphorylamino)-
3-methylbutanoate;



Benzyl 2(S)-((((2R , 3R 4R 5R)-5-
(2- anni no- 6- met hoxy- 9H purin-9-y1) -3, 4-di hydr oxy4- net hyl t et rahydr of uran-2-y
1) net hoxywoaptwdsalsene- 1- yl oxy) phosphor yl am no) pr opanoat @CT/US2010/020632
| (S)-Phenylethyl 2(S)-((((2R 3R 4R ,B3™R) -5 - (2- amno -6

- met hoxy- 9H-purin-9-y1)-3, 4-
di hydr oxy- 4- et hyl t et r ahydr of ur an- R% t hoxy( napht hal ene- 1-
yl oxy) phospHéPy#: é@lﬂaywbﬁwﬂm%é{@? k% -S4 2 AnpnenbtRGh R G R PUing- ¥1>(3(‘t (2R

, 3R, 4R dﬂE»)F%{f)OB’ d-petiiiietigh ﬂfb‘tﬁb&vl)g}qﬂm}w)(ﬁmgol}flﬁ yloxy)phosphorylamino)-3
3 4-di hy@thyihytaneate;t hyl t et r ahydr of ur an- 2- yl ) met hoxy( napht hal ene- 1- yl oxy)
phosphor yl am no) pr opanoat €; (2S)- Tetrahydro-2H pyran-4-yl
2- § ( g (2R, Sdli? (45§)N50;(e3t3am((1((iq)(263 Bﬁttﬁhbﬁy%z%hmurﬁ lfym}fa%oxy 9H- punn 9-y1)-3, 4ﬁ1 I )
yl AR YA Pr¥etiyl R RYd rb Rk Ay O hRHVX@Nn el amedy) yl oxy) p
hosphorﬂagm%’% ta%@a?% W {‘hiﬁ 2- (6- ?( ( ?2‘ S
3R 4R) - 5- (2- am no- 6- rrethoxy 9H-pur| n 9 yl) -3, 4-

oxobr o s IR SR LA LD g S

2,4-Di f

2(5) - ((P(h@ﬂa%eﬁ?tﬁl? 5R) - 5- ( 2- ani no- 6- met hoxy- 9H puri n- 9-y1) - 3, 4

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- I ) net hoxy( napht hal ene- yl oxy) ph o

sphor yl ami nd$S)-Neepeniy) UK @Re 3814&)-5- Zd@nzeﬁevn@ paﬁfﬁenurws%i)a? 620632 279

(2S) - 2,ddhydre} yudmattleyitephhydrofuran-2- yl)methoxy)(naphthalen 1-yloxy)phosphorylamino)-2-

2- 442R B vIR)etdBe;( 2- am no- 6- met hoxy- 9H puri n-9-y1) -3, 4-

di hydr oxy- 4- net hyl t et rahydr of ur an- 2- yl ) met hoxy) (qui nol i n- 6-yl oxy) phosphoryl

am no) - 3- rreztilyilﬁuﬂ@g@ﬁﬁ 2(5)- ((((2R Bkakmfaoemlﬁino 6-ethoxy-9H-purin-9-yl)-3,4-

2- (((((cg R dr$B-4Rletyl{cda iR - 0B H RRM6x YaphthhRaQ1Y 1) - 3, 4-

di hydr YA}%@EM%E%@P%% %L&ran 2 yl ) iret hoxy) (naphthalen- 1 - yloxy)ph o
n

;pz?zglRamBR ut ano ate ; (2S) - Benzyl él ol
PRy arin X nmet hyl te
el R L e

2- (((( (PRY. B}F@SH]PQ)W@HPQO)QYHP%O%C 'met hoxy- 9H puri n-9-y1) - 3, 4-
di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) net hoxy) (naphthalen- 1 - yloxy)ph o
sphoryl am nd@.2-Rimpthetpydryd Bt (€ (2R.3R.4R.5K); P Doy msthopy19 F2p@8)-9¢¢ ( 2R
, 3R, 4R 3,.5B)hyBroxfy2-aethytteGaledhuisan Py lpmethox @ naphithaléne- Byloxy)
di hy dr gtisphorghinjHo)@bpatoges of ur an- 2- yl) met hoxy( napht hal ene- 1-

yl oxy) phosphor yl am no) pr opanoat €; | (S)-Phenyl ethyl 2
((]I IS%] ((]I § ((2R 33%1{2 ,BR)- ((5(2%[ gRagaer@ ) ﬁﬁiﬁ@%ﬁg@h&o&y@m %M@)y‘l)g?)ﬁ -dihydroxy-
yl oiy) osp ory m}(ﬁﬁo agr og'}lﬂo%?gﬂn éH;e 29%)%%&)%8 propy O%)r?psﬁnoflt&(ZR

,3R 4R , 5R) -

4-di hy pPEpF Q@Eﬁf 4§9§ % Hﬁﬁﬁtﬁm R85 1051 by
phosphcﬂg@X‘g Yn% ietlyoturan2-yD (2R , - 3R 4R 5R)-5-
(2- ani NOPBVRR yag]lp?)alfqpﬁn@tgﬁl) 3, 4- d| hydroxy4 met hyl t et r ahydr of ur an- 2- yl
) met hoxy( napht haI ene- 1-yl oxy) phosphor yl am no) pr opanoat e;
(25) - 2, 4- Di fl(SoPlhdnetesyl 2(S)—((((2R,—3R,4R,SR)—5—(2—am1no—6—methoxy—9H—pur1n—9—y1)—3,4—
2- (((( 2Ry BRGRY-nietliAtcanhyyobrane lybmetBiiy puphthaleng1) - 3, 4-
di hydr opyxyjplinBphytylaetin@pypanddss;an- 2- yl ) met hoxy) (napht hal en- 1yl oxy) phosphory
| am no) pr opanoat e; | (S) - Phenyl et hyl

2(9)- (4(2R -BR-4RI5R ch% (21 R1Eh 05162 TR RO K 49<|ylﬁqgrdnﬂn86yﬂiéth§x§l9lf purin-9-
3; Qi% %f &%&% 99&3 rg:éi‘ f&@flwrgﬁm%l ylybﬂf&ﬁ@gﬁm %?gniHl den- 21
2-(4(2 et MGl LA hoxy- 9H- purl n- 9-

ﬁggpﬁofyﬁ;g{ 515“ L RS SRR By ok T IR P RNGRE Ty ! ) P
2- (4( 2GRy sdre rafirey ﬁ&rreetl?@%w).@i@;%ﬂ%&m %ygplgpfyh%fyl&nav??ywawt%

nmet hyl t et rahydr of ura ) met hoxy) ( napht hal en- 1- yl oxy) phosphoryl am no) pr op
anoat e; (28X QS)Dlmegl)ﬂgumlt}Ty(l((@Bgﬂ 4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-

2- 442R, cB]Eyd%a)yMﬂhﬁtﬁmbycﬁemmbwmﬂkqxw(hapmh@dn}1—3, 4-

di hydr oxyxy¥phimphytlylaatin@bygandate;an- 2- yl ) met hoxy) ( napht hal en- 1yl oxy) phosphory
| am no) pr opanoate; WO 2010/ 081082PCT/ US2010/ 020632



280 (2S)-1sobutyl
2-(4(2R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) -3, 4-di hydr oxy4- net hyl t et
r ahydr of uwarreyoghgsaet hoxy) ( napht hal en- 1-yl oxy) phosphor ylPamiuse)pneq@anoat e;
2, 2-Di et hyl propyl 2(S)-((((2R, 3R 4R,2&R) - b-
(2-am no- 6- met hoxy-9H purin-9-yl) -

, 4- di hydr oxy- 4- rret hyI tetrah drof uran 2- yI ) met hox napht haI ene-_ 1-yl oxy)
phosphoryl arfenbypP B oARE: R4R) -(3 S?:’-‘TI@ o ety WPEBRGpYl)-3,4-dihydroxy-
2(S) - (ﬂmﬁhxhemyg%fu@n@zymmxx@( thelep- 19}49191:)@hﬂip90ry1amm0)prOPanoate
y1) - 3, 4-di hydr oxy- 4- net hyl t et r ahydr of ur an- 2-yl ) met hoxy( napht hal ene- 1- yl oxy)
phosphor yl ard, h®imetypno@t &(S)-(((2R,3RBR; IR) D -2~ DnimetdryeroapydlH - purin-9-yl)-
2(S) - ( (A 4-ARyaR4R-Rhyferdrydrofonn 8- fipmbibsyy(QipHohléne- Byloxy)
y1) - 3, 4tiphoeyiemitodpropidtylet et r ahydr of ur an- 2- yl ) met hoxy( napht hal ene- 1- yl oxy)
phosphoryl am no) pr opanoat e; (25) -1 sopr opyI

2- 442R, 3R 4 168 tj@ g @R 95 Q;yy_ uiBlhyl tetr
ahydr of %%%% &rﬁxﬁ}%{‘kz m@ pr opanoat e;
(25) - oe % oxy 9y1) 3, 4-

di hydrdﬁv ﬁ] g%rPPadﬁﬁ rof ur an- 2-yl ) net hoxy) ( napht haI en 1yl oxy) phosphory
| am no) propanoat e; Oé

2 ((CCOR 3R AR 82 DimeH OBV AN hRGROTA. R b5 42 piocySquethoy-OH-purin-9-

di hydr osty34= chhxddiyxst gpeihyltrehydrarwran- gy methrax (tpphitplsnerahéexyly | oxy) phosphory
| am no)pheepgendamalo)propanoate25) - Tet r ahydr o- 2H pyran- 4-y1

2-(4(2R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n- 9-

y1) - 3, 4- di hydspkyprdpiel-0y2REBR, 4Ry SH Dhtnirens-2reyloxiyEI A p¥sn-Ona pBuhdihgtrody | oxy) p

hosphoryha R@t}éﬂf RAGRAIEY)methoxy)(Bhthdlef= 1d{THk B&Ydmino)propanoate;
2-442R, 3R, 9?I%) 2- am no- )é met ho&y&gl-i- puri ny9 i")? @?ﬂ o prop

di hydr oxy- 4 él )| IOQ;JMQI{OQ oy ards- 9)Yy- 1- oxopropa
n- 2- yI 3%;{?@& ﬁ&s y%i/ }%Iﬁﬁlg%ﬁt&qg}p (Lﬁb gp};l)h(ZS) met hyl
2(6(( % ur|n9y1)34

di hydr Yzi}?l?% aEP?a?REP@F‘%%?an 2- yl) met hoxy)((S) (neopentyl oxy)- 1
- OXoprop an-2- y am pho s oxy) napht hal en- )prop ano ate ;
(29) - net hyl 35¢6yelehgx @ﬁ%& 12%1%1.%6611%?%%1 @anq.]?/]i)ﬁ‘b y1)-3, 4-

di hydr chyydrorse ﬂmﬂn Eﬁrahyh@ﬁsrrm%mlmw;hoywﬁtlml}@km ) - 1- oxo- 1-
(tetrah&l@r}dplmﬂplwwhtmlmmsdpam@ﬁ) prop an-2- yl am no) pho

sphoryl oxy) napht hal en-2- yl)prop ano ate ; (25) -2, 4-di fl uor obenzyl

2- ((((2R, 3R28RYetbahlydroadl pyrdir451 DOKLRIIR PRY-H12 Anyiidd-6-Inethoxy-9H-purin-9-

di hydr gy 3 4-diRfdivt ettt h@h prafim2r- Y y) Rk Y hishdhdhed-1 n- 5-

yl oxy) e; (25) - neopent yl
2- (4(2@9}%9%%8%& Zalﬂg%@%{g@g% hoxy- 9H puri n-9-y1) -3, 4-

o) Sxy e ﬁ'aﬁﬁajﬂ%qgﬁﬂ A kLT IR M AR IR o o,

(25)-1 & oxopropai-
2- (4(2F‘(>§ﬁp le‘% %gp% rﬁf@FHB?()‘PrW%‘h n-9-

y1) - 3, 4-di hydr oxy- 4- net hyl t et r ahydr of ur an- 2-yl ) met hoxy) (qui nol i n-5-

y| oxy) phos pHé$ymawiyhdy o GFdn 8814 -5-(2-aminppgpethenys @t gurin-9-yl)-3,4-

2- ((( ( 2EhBRODRY-nB:tf Ategrah yryoBu ane2ybxetl®y (Dt In€r@opeint ylgx y- 1-oxopropan-2-

di hydr opymiojphivbghot dbx ghyehtioflen-21yd)Rropapoase;hoxy) (qui nol i n- 6-

yl oxy) phosphor yl am no) pr opanoat e; (2S)-tetrahydro-2H pyran-4-y1l
2- (4( 2R, 3R, 4Ryy-Brethdt 2060Q5, BRIARSYQ UG- Re@oxy-9H-purin-9-y1)-3,4-

y1) - 3, 4k - 2xetiyi e b yd rb R Ay BL RN B- ubﬁmi(&%wc{rglmmﬂaﬁu@

ik 9}“9@@%&% @@%ﬂ%ﬂ@g%@%@f;@h@%ﬁa M
i hydr oxy- 4(3§)t }{i}g trahydr ' Ry4R TELNRNYS GRAER SLORRR }Sﬂmno
pr opanoat e; et Rpedippliarinet) - 5, 4-

2-(4(2
di hydrdﬁ‘}lxyﬁpli%PWﬂagtl?%?HW%%ﬁ -an- 2-yl ) met hoxy) (6- ((S) - 1- met hoxy- 1- oxopr opa
n- 2- yl)napht hal en- 2- %/I oxy hosphorgl am no) - 3- et hyl but anoat e;
(25)-neopentyl 2- ((((2R 3RAR)-5-( ammo—6—methoxy—9H—pur1n—9—yl)—3,4—
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-

yloxy)phosphorylamino)propanoate;



(2S)-2,4-Difluorobenzyl

2- 442R, 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n-9-y1) -3, 4-

di hydr oxywo-20mrdsyise et r ahydr of ur an- 2- yl ) met hoxy) ( qui nol i RCBABR@ePr@IDSPhoOr yI
am no) - 3- net hyl but anoat e; (2Spe8Neopent yl

2- (4(2R 3R 4R)-5-(2- am no- 6- net hoxy- 9H purin-9-y1)- 3, 4-

di hydr ox 4-rreth Itetra drof uran- 2-yl ) met hox ui nol i n-5-yl ox hosphoryl
i ho) -3 e Fpyron- 11 Btk SRARY Curpamipghory S paa o SPETY
2- 442R 3R3 AR}lh@r@w émmylwrﬁbydmﬁuyara ybuneilpxg)(guipolin-3-

di hydr Qél%}zlphrephgrwtaann@hmamm an- 2-yl ) met hoxy) ( qui nol i n- 6-yl oxy) phosphoryl
am no) - 3- net hyl but anoat e; (2S) - Neopent yl

2- (4( 2R, 3R, 4RY)-feop2nt@M M@K, IR ERP XY 2- At i 6 infetBoyd) H-Pufin-9-yl)-3,4-

di hydr @iyyd%ofgenlwétﬁﬁtez@wﬁsmw@w)arem{oksrﬁtlmwﬁ Gqui nol i n- 6-yl oxy) phosphoryl

am no) faafﬁ & t (2S) - Neopent yl
2- (4(2%’?3@5&@ U5t 18BpRpanoate; ¢ hoxy- bt purin-9-y1)-3, 4-

G byt oxy- 4 aet g Shg Syl LA srﬁlﬁ'o%o}aeﬁl&ybf%yarpbosphory'
o ¢ 2Q§§§QE%%%§X;§ ilzw E?t%h%?%‘g%%i %;ﬁ} Nguipalin-g: 4.

di hydr &51974329 Va4 EP‘F A an- 2- yI ) met hoxy) ( 2- net hyl napht hal en- 1yl oxy) p
hosphor yl am no) - 3- et h but anoat e; entyl
2- (((((2R 3R25Rycopeqizl 2R B2 ABY-AdRyanope- %umthogag HpuginA-yl)-3,4-
di hydr alilyydtoxyed-mdth@tetrahydio i am 21yl) et ok p haoy Y pBospdptHduing) prphtdatd.en- | yl o
xy) phosphor yl am no) - 3- net hyl but anoat e; (2S) - Neopent yl
2- ((((( 2R, 3R28RNe&penBA 2N (1DR,BR AR HFoRYarSikb Brifé tho Qy-Y M) pudind9-y1)-3,4-
di hydr qxy d‘i'oyESEﬂJi'ﬁ{dtlﬁ tebraRydo Rk A 291 AreH xR BN QS9YI)-fdshéx ¢lil= dx%rpicoplahuQW napht hal en
-1yl OX)S)IR %%H Giﬁgﬁosgh(g@hﬂﬁh%uﬁ %ﬁ?ﬂlﬁltanoa‘ce _Benzyl
2(9)-((((2 3R4R am no- 6- net 08/9H-pur|n9 H)
, 4- di hydroxﬂSh%ﬂHQ/lﬂv@tqbawélﬁdf(@%hR FRYPY Mﬁ@&@(m@bmmé emeini-y) )
p hos phalilyydagriynémehylteenhydrofim andat) ejethon® (20i00/i0S 0 SAPET s PSAPLOTI0REH32 282
2, 4- Di frhetbylbbenaate; 2

(S) ((((2R3 hox uri Iz
L b e b B S o

2- ((((2retBR utayoase(z am no- 6- met hoxy- 9H purin-9-y1) - 3, 4-
di hydroxy 4- (E?}@M'Eﬁ%ﬁ)'% éﬁ)ﬁ% (MR, ?R,YLLQ '39(9%}{% %%&HBE@Q nB@ PSB@APhOSDhOF

ran- %P{o)xy Y%)(ér i nﬂ@%$'1${ r ox@yg met hyl t

yl am n %’%

2- ((((

et rahy rb‘étr% yl ) rret hoxy) (napht hal en- 1-yl oxy) phosphor yl am no) - 3- met hyl bu

t anoat e; (29)-Ke&pen(yl 3)({ 12K, 3R BRMFo2haniyibYetbthbx y-9H-purin-9-yl)-3,4-

2- (((( 2RayafrodR)- T&tﬁ}ateﬁﬁhjfd?oﬁriﬁﬂ%ﬁi&t@ﬂyﬂqﬁlhﬁhﬁﬁy}ldxﬁ% gh&ymmm') 3- et hyl t
or

et rahyqﬁgﬁﬂbgﬂahgg%l ) met hoxy) ( napht hal en- 1-yl oxy) phosphor yl am no) - 3- net hyl bu
t anoat e;

2- ((((2R 3R (2&)&501(62&&%8/&1%2%3%@%&(9 gpnpermpthoxy PH-mirip-Yiyhydt-oxy -
met hy| tdshydabwdf-ofiathydietrabydrd fusarhdy))etapbin(painehin-8- W¢mybq§hb@phuny¢)a3ﬂ no) - 3-
met hyl butthylbatieoate; (25) - Neopent yl

G g}%}éizg}\{%d?;?@%e?ﬁfyll Eaﬁnr y;ﬁég;ﬁé 8&%2%"9()/ lﬁai)Hg egnyli3y4l oxy) phosphor

@ﬂl%d}oryla@n%)n% H@ﬂalbmrwes@y 9H purin-9-y1)- 3, 4
oxy 4- (mm&ﬁe%n@w (z@efm@ﬁy?;}e Y iRd- @Wﬂ&x’mtpﬁﬁh@yﬂ-?))@ oxy) phosphor

ran-g a@ﬁ pur| n- g{}wﬁph?aﬁm I

d| hydr %hospﬁow ghy%r oPur an yI ) met hoxy) ( napht hal en- 1-yl oxy) phosphor
yl am no) - 3- (a8} Nyb;iwt;&aqa(t((e,R 3R.4R)-5-F-ambpetindthyS) Hpflig- DR/ IBR 4R, 5R) - 5-
(2- am nddhfarst-hexsth AtetahydrofuPanyd ydhefhroxy)(3,7-di-tert-butylnaphthalen-1-

di hydr oxyxyipiaRp Mbra%ﬁ@hyﬂ{equwmoateyl)net hoxy(napht hal ene- 1-yl oxy)
phosphor yl am no) yl but'anoat e; yl

2(S)-((((2R %ﬂﬂezm@(@)as((@R(%%ﬁrﬁﬁb%m@v%éyn@ 7?)’1]%’1?11911591;1)@ 44dihydroxy-

di hydr %cmemymwﬂtﬁﬂmfﬁyﬂbmtt@péﬂn@wmlmh@WQhﬂpﬁPMb’bﬁéﬂq}%ﬂ oxy)
phosphansthgiiiandate;3- net hyl but anoat e; (25) - Tet rahydr o- 2H pyran-4-y1
2-((((2R 3R, 4R) - 5- ( 2- am no- 6- net hoxy- 9H puri n- 9-

y1) - 3, 4-di hydr oxy- 4- net hyl t et r ahydr of ur an- 2-yl ) met hoxy) ( napht hal en- 1yl oxy) p
hosphor yl am no) - 3- net hyl but anoat e;



(25) - benzyl

2-(((((2R, 3R, 4R) - 5- ( 2- am no- 6- met hoxy- 9H puri n-9-y1) - 3, 4- di hydr oxy- 4-

nmet hyl t etwahydvesioszan- 2- yl ) met hoxy) ( napht hal en- 1- yl oxy) phodshaopb@at no) - 2-
phenyl acet at e; (2S) - net hyl 282

2-(((((2R 3R 4R) - 5-(2- am no- 6- met hoxy- 9H puri n-9-y1) -3, 4-di hydr oxy4- net hyl t
et r ahydr of ur an- 2-yl ) net hoxy) ( napht hal en- 1- yl oxy) phosphor yl am no) - 2-

phenyl acet at®4-Difluorobdng9) 2(8 ygwke ,3R.4R.5R)-5-(2-amino-6- methox 9H purln 9-y1)-3,4-

2- (((( Qﬁl‘ﬁ:cﬁ&;ﬂ@méhﬁ%t@m& 1B ﬁﬁh&ﬁrﬁgﬁﬂl%ge Y- g )5 | ot

met hyl tefrg S,}%m\%%r Lan- 2-yl ) met hoxy) (nap l en- 1-yl oxy horyl am no) - 2-
phenyl acet a 2010/ 081082PCT/ US2010/ 020632 283 (28) neopent yl

2- ((((( 2R, 3RZIR)(S b1 Phemytethph 8- KETRMIRYHRHI- @ramnino BH-mitho8y-4H-purin-9-yl)-3,4-

di hydr aklyyddexed-mydth @tetrahydio f an- 24y} Ereyt oxiyth sty {rm &yhdxtysp hesptiorylhmkiyo) B os phor
yl am napetBy 1bpﬁaﬁ(5wé -acet at e; (2S) - cycl ohexyl

2((((2R3R§{§£ iz am no in-9-
G hydr oxy- 4 GRS <4 CappaPETIDEYS S HEE RO Y a?ﬁlﬁﬂél BRhexYPBRYF Bhos phor
yl ani né%—yl?—S ﬁ]@ﬁ JoxFdtne yltetrahydr _2b§épmgﬁhoxy) naphthalen-1

2- ((((W@P@Mph@ﬂamlmﬁr%meﬁly&mmt@H purin-9-y1)-3, 4-di hydr oxy- 4-

met hyl tetrahydr oty @ ok Bl LoV 2% )P s RROLY) Al 10) Pr op
o (ezgR‘/%é}E‘ g EE ‘:‘%% %‘;a&ﬂg E% E@Wt@%@al&n I
di hydr dﬁl?‘yaphﬂﬁ Lvi4 1‘?3 uéﬂloﬁ ®y1) met hoxy) ( napht hal en- 1yl oxy) phosphory

| am no) pr Opa(QS’)aNEthél 2- ((((21( 3§)4R> (D) amiko-cpheRyk o AYdiind-1) ({ 2Rihydroxy-4-

3R, 4R) -Rethditdth ril-AQX hﬁzhtﬂalé(ﬁl-)l ﬁ@fb hosphorylamino)-3
di hydr oxy%né4miBh ét et rahydr of uran- met hoxy naph%'hal en- 1y| oXxy) phosphory

| am no)pro anoat e; 2, 2-di rrethyl propyl 2 (9-((((2R, 3R, 4R , 5R) -

- (2- am no- 6- (éShHﬁqpe@Hd |3t(l(((21R BRAR)-3(2Z-amino-6-methoxy-9H-purin- 9- y)-3
di hydr aﬁlyyddtexsemmydtmﬁten‘a]nydioﬁn’rarr—%y})ﬁ}eyho)xmhmmmpMde@mephbrylamino)-}
32/I ?zq(/% inhﬁgﬂbﬁtrayd)zﬂéﬂ 20) pr opanoat e; (2S) - i sopropyl

R, 3R am no et hoxy

et hyl et ety oI P BRD AT e U ABt hamiie %}mw SBH8 O Tikatiho) pr op
anoat e;dihydroxy- égrgthxl@fr,a]éyﬁ}gﬁumh meg}pxx)(?qphthalen loxy phosphorylammo) 3-
2- ((((mthﬂbu@poaae(z am no- 6- et hoxy- 9H pur| n- 9 y1

3, 4-di hydr ox(% ﬁC A ltﬂ((ég@ )ugz@agn Al Bﬁﬁ@bhﬁ 8- lyl oxy) phosp
h I
S%riRarHé grog %Fﬁltl)‘f(dm gél)megl%xi yé(r RPAP On%}f%Xllfl]fIleIfor) a3hydrof u

ran- 2- yP§t H 9%?napht haI en- 1-yl oxy) phosphor yI am no) - 3- met hyl but anoat e;
(25) - neopent@ﬂ'clopen tyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-

2- ((( ( 2o AR Rtk Breddh R0k Ta(rf:@ Dﬂ%?%ﬁ%@ﬂé 1 A&y Bhosphfirylamino

di hydr oxyieér [’g%lrtg}%ld&et r ahydr of ur an- oxy) (napht hal en- 1yl oxy) p%osphory
| am no) pr op gnoate (2S)- ((S)- 1-phenylethyl)

2- (((( 2R, 3R QRJoIBX (12 (8N (HBRERHEE Ry 54 2riami)o-Stqswiyr0 g-purin-9-yl)-3,4-
y1) - 3, 4lilyduyrdyr-dsayetdyl teethydrogtaaytinethoxgmaghthhlened hdooyy) phagphvhddreimeky | oxy) p
hos phoryimethyttaymoatanoat e; (25) - neopent yl

2- 2R, 3R 2-

di “/c(dﬁ ox% 4- (Lﬁl’g )Er‘ﬁ;%athé(fhgo ?'Ilg (rin)ry???nu ré(ﬁgr?n(%}’%ﬁﬁé%??@ u%lérm%h%g) 93 purin-9-

)(/l((()g?? W%@%P@}g;ﬁlaﬁgg@rﬁ ggiﬁlﬁ’h%ﬁmteam no- 9H puri n- Q?ﬂr 6Pyl 2(9)-

1) -3, 4- di hydg DAL g %nmgﬂ%;( SFLRRL6 BARAL Rl RRSy Y1 0x)
h h

e A ol i s«

di hydr yl tet rahydrof ur an- 2- yI ) met hoxy) ( napht hal en- 1yl oxy) phosphory

| am no) pr opangpineth zl 2-(((2RBRY4R)(H-B)\-amikrophr 8RR - purin-9-y1)-3,4-dihydroxy-

2- ( (( ( 2Rm3RyAR)}aRdtduRRINeHBethoR)) WaphthaRh- lgﬁbf?ﬁ)( phBspho e)rmno? 2-
3, 4-di %hgﬁ éé/esté}erret hyl t et r ahydr of ur an- 2- nmet hoxy) (napht hal en- 1yl oxy) phosp

horyl a propanoate; WD 2010/ 081082PCT/ U82010/ 020632
(25)-propyl 2- (((((2R 3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-

methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate;



284 (2S) - neopent yl

2-((((2R 3R, 4R)-5-(2-am no-6- (et hyl t hi 0) - 9H purin-9-y1)- 3, 4-

di hydr oxyweo-20mrdsyise et r ahydr of ur an- 2- yl ) met hoxy) ( napht halremAbgdi0%039phosphory
| am no) pr opanoat e; (2S)-neopent2§3 2- ((((2R 3R 4R 5R)-5-

(2-am no-6-(nethylthio)-9H purin-9-y1)-3, 4-

di hydr oxy- 4- net hyl t et r ahydr of ur an- 2- yl ) net hoxy)(qw nol i n- 6-

yl oxy) phosphosyhaptng) M@RQRQM@%) 5-(2- amlne%hreb@sa; YH-purin-9-y1)-3,4-

2- (((( %ﬁqﬁﬁ%xfzﬂn?e't QR RirOREHEY ) gl'elﬂmiz Y Raptalon- £ ? l‘for ylamino)-2-
met hyl tpql ﬁﬁgé'q"{tgf uran- 2-yl) met hoxy) (napht hal en-1 - yI oxy phosphor yl am no) prop
anoat e; -((S)-1-phenyl et hyl)

2-((((2s, 4R)<25>¢>mcawxwoz B4 BB DR-puniri on6-Bneytiopey H-purin-9-yl)-3,4-

hy dr ox ydiHydretyng-nieeh ylehyiblydrd furan2-31)ye} roaty Faaphy fahap hyhadygphok p coxiyinptegphor y | a
m no) prpdpayleciae; (28) neopentyl

2-((((2S, 4R) -5-(2-am no-6- et hoxy- 9H- pur i yb? 4hdroxy 4-

met hyltetraﬁgﬁ)r]bffnﬁ?’]a%((ﬂ b hoksrf ﬁ”teﬂlﬁlxéér? Py R bRk SYati no) pr op

anoat e: methyltetr lpoxy)(naphthalen 1- yloxy)phosphory amino)propanoate;

2((((254'?) Mcﬁ'ﬂﬁd}% s ol- Ry XYt
nmet h%/l tcﬁﬂ;'f'cﬂ' %flelﬁli % g?i %»% %( ?é?ﬁl?a‘l K iy) p o%npagr y? am no) pr op
anoa

2- ((((géow@hqu OL‘W FH"& Pﬁ%? dxy 9H- puri n- 9-y1) - 4- hydr oxy- 4-

met hyl t et r ahgsly-@fut-aheBAsthylivet oy, 3REphd-(aheind-6-¥ithoxy pphepsihonylam no) - 3-
net hyl kiih @@L@amethyltetraﬁ?@fump@%m&ho& )(béfHiRRen3R, 4R, 5R) - 5-

(2-(4- f}Jwﬁpﬁﬁg&&gﬁhﬁ@ fafgkdoxy- 9H purin9-y1) -3, 4-di hydroxy-4-nethyl tetr
ahydr of'ur an- 2-yl ) iret hoxyz’é(&g? ht hal en- Igéoxy)phosphor yl am no) pr opanoat e;

and phosphordisdanebylerapy & HOHR.SRBS: CAnpherdrateeut YE-aprisdhposidi on
conpr i slimglrexy-#-qudtayletrahydrofunan-2tyl orwetioikymaphthplened- according to claim 1.
39. Th@lmﬁ;ﬂmph@r@hn&n@)prapam@tet o claim 38 wherein the formul ati on conpri ses

B L B AR PRI R o

the f O|rp ydro uran- —yl)methoxy)(na alen— xy)phosphorylammo)propanoate

(3R 4R, 5R) 2(2§ feefa‘hﬂﬁo Qﬂeﬁﬁﬁm A - 00 R BRIARY ) (2Darkiny B QXYTEO AW ukinD-y1)-

met hyl tg i} X9 4an%fh furan 2- yl methoxy)(na hthalen I-

(3R 4R, ﬁ@ O% aﬂﬁn@pﬁﬁ’) .am no 9-y1)-5-(hydroxynet hyl) - 3-
|

nmet hyl t ran

(3R 4R, 5R) - ZQSQnewpemL B—((((@hﬂeBBt‘lhiMSa(mm)lo%l-etbwy—wamyih)9—5L)(3h@#dﬂ1@d130w{ hyl ) -3
- et hyl-methyabtyahrydfaftuan-23ydmelihoky) (napfthaRhOV- DI L OB RE¥phokyERQHh0)-820632 285

(2R 3Rrﬂ8h§18)1taﬁoz(t8 (4-fluorobenzyl am no) - 6- rret hoxy 9H— purin-9-yl)-5-

(hydr oxynet hf %‘13 rret}r% tetrahydrofu an-3,4-d

(3R, 59) - 2- ( 22ahiseceyhel HORDER béﬁ?ﬁngn @)(msmmp%&%muwt% Y3kt hyl tetra
hydr of Hiayfrgxof-mathylietighedrefupn2-yRmetigxy)( R6 are as described above

for Form}épl(dsphoryhmnnd)he)p@mﬁMUnd of claim41l wherein R6 is selected from

benzyl, (25)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylamino)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(8)-((((2R,3R,4R,5R)-5-(2-amino-6-benzylamino-9H-purin-9-
yD)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propionate;

(25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-((S)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-
3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;



(S)-1-(2-bromo) benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,

2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632
2-nmet hyl propyl, 2, 2-di net hyl propyl, 2% 2010/ 081082PCT/ US2010/ 020632 286
| sopropyl, cyclopropyl nethyl, cyclobutyl, cyclopentyl, cyclohexyl, and
tetrahydropyran-4-yl; and X, Rl, R2, and R3 are as described for Fornula

(1). 43. A cquppstdetyl 3-o0(mR 3R 429-5 )2 gl Rt ahioh® Epuitd Y1 e3 4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(285)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

(25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(25)-((S)-1-phenylethyl) 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(285)-neopentyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(25)-cyclohexyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

benzyl (25)-benzyl 2-((((2S,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate;

(285)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-(4-fluorobenzylamino)-6-methoxy-9H-purin-
9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy) (naphthalen-1-
yloxy)phosphorylamino)propanoate;

and phosphorus diastereomers thereof.

38. A pharmaceutical composition comprising a liquid oral formulation of a compound

according to claim 1.

39. The composition according to claim 38 wherein the formulation comprises
DMA/PEG 400/Solutol HS 15/sodium acetate pH 4.0 and Capmul/Tween 80; SEDDS-4;
MLM; SE-21.

40. A compound selected from the group consisting of the following:

(3R.4R,5R)-2-(2-amino-6-ethoxy-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol;
(3R.4R,5R)-2-(2-amino-6-(benzylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol;
(3R.4R,5R)-2-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-5-(hydroxymethyl)-3-
methyltetrahydrofuran-3,4-diol;



(XLl1) wherein Ar, X, Rl, R2, R3, and R6 are as described above for Fornul a
(I'). 44.The conpound of claim43 wherein Ar is selected from

(S) - 2- ( 3-wotzhoxginst - 3- 0X0- 2 yl ) napht hal en- 6-yl, 2- et hylpoaalstoialoersst - yl ,
3-tert-butyl naphthal en-1-yl, 3,7-di-28%t-butyl napht hal en- I-yI 1- napht hyl ,

2- napht hyl , PCT/ US2010/ 020 32 287 i nal i n-5-y
qui nol i n- 6- %Px\géuﬁ%gh ﬁ—%%?%ﬂuor& S| P)-O-Zpsghoxy-94{-pugsn-9- X%Sand R6 are as
descri bed aQﬁy&‘ro%ﬁﬁetﬁgﬁ%&hﬂtétrahﬁréro-fﬁﬁn %Q!T@i%W&?ldOf claim43 wherein Ar is
selected fr met hoxybut < 3- oxo- 2yl ) napht hal en- 6-yI ,

2- met hyl napHBRél%a (IZ-ammo E-m@hoxmﬁﬂmumaﬁﬂwhél @mdtoxymgthyl)-3- “methyl-
3,7-di-tert- btu aI en-1| - 1- napht hyl, 2-naphthyl, quinolin-5-yl,
qgui nol i n- 6- QF Lké %1 yl, and phenyl; R6 is selected from

41. A compound of formula (XL) below having the structure:
R1
i
N A
N
¢ ]
0, ,,o N N/)\ITIH
HN O O R?
O i CH3
O CH3 Rs OH
Ngo
(XL)

wherein X, Rl, Rz, R3, and R are as described above for Formula (D).

42. The compound of claim 41 wherein

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl,
2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,

2,2-dimethylpropyl,



benzyl, (S)-1-(2-brono)benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,

2, 3- di hydwo-20tt/asmasen- 2-yl , nmethyl, WO 2010/ 081082PCT/ US2 013202088232 2883
n-propyl, 3,3-dinmethyl butyl, 2-metheBeropyl, 2,2-dinethyl propyl,

i sopropyl, cyclopropglgethyl, cycl obutyl, cyclopentyl, cyclohexyl, and

t et r ahydr opyr an- 438Pi°P¥and X, R1, R2, and R3 are as described above for
Formula (I). 46. The conpound of claim43 wherein X=0, RL = M, R2 = H, and
R3 = OH. 47. A coypoarmpysrethys nul a (XLI 1) bel ow having the structure: x' RL

NA Ar
cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;
and

X, Rl, Rz, and R’ are as described for Formula (D).

43. A compound of formula (XLI) below having the structure:

R1
X/
N e
N
Ar </ |
I
o0 NP
/P\ |2
HN ©O 0] R
O%IHH CH3
O CH3 Rs OH
\RG
(XLI)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

44. The compound of claim 43 wherein
Ar is selected from
(5)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl,

2-naphthyl,



11 N'--NNH I P\ HN, OR2 1HCH3 "i OCH3 R3 OH R6/ H3C (XLIl) wherein Ar, X
Rl, R2, R3, and R6 are as described above for Forrmula (1). 48. The conpound
of cl ai mwWo 2odvenseisa Ar i s sel ected from PCT/US2010/020632
(S)-2-(3-net hoxybut - 3- oxo- 2- yI)napht k&l en-6-yl, WO
2010/ 081082PCT/ USZO O211‘90520632 289 2- et hyl napht hal en- 1- yl,
3-tert-butyl napht‘ﬁ%ﬂ X-’yl 3,7- d| -tert-butyl napht hal en- 1- yl,
1- napht hyl , 2-naphth %@ qU| nol i n- 5- yl, quinolin-6-yl, quinolin-8-yl, and
phenyl; R6 is sel®B@-¢yYom benzyl , (S)-l-(2- br ono) benzyl,
2, 4-di fl uorobenzyl ,

quinolin-8-yl, and

phenyl;
and

X, Rl, Rz, R? and R® are as described above for Formula (D).

45. The compound of claim 43 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl,
2,3-dihydro-1H-inden-2-yl,

methyl,



(S)-1-phenyl ethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3-di hydro- 1H i nden-2-yl, methyl, n-propyl, 3,3-dinethyl butyl,
2- met hyl pwopygio/082082- di net hyl propyl, isopropyl, cycl opropgirrstenglo20632
cycl obutyl, cyclopentyl, cyclohexyl, 28hd tetrahydropyran-4-y1l; WO
2010/ 081082PCT/ US2010/ 020632 290 X, Rl, R2, and R3 are as described above
for Formula (1). 4B°P¥he conpound of claim 47 wherein Ar is 1-naphthyl: and
X, R, R2, R3 and R6 are as descri bed above for Formula (l). 50. The
conpound of cl ai M-AHBYIUYIAr is 1-naphthyl; R6 is selected from benzyl,
(S)-1-(2-bromo) benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S) - 1- (4- br omophehykhetmigpyl, (S) - 1- ( 2- br onophenyl ) et hyl ,
2, 3-di hydr o- 1H i nden- 2-yl ,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;
and

X, Rl, Rz, and R® are as described above for Formula (D).
46. The compound of claim 43 wherein X=0, R!'= Me, R?= H, and R’ = OH.

47. A compound of formula (XLII) below having the structure:

R1
X/
N X
N
Ar </ |
|
o0 N N/)\NH
/P\ |2
HN" "0 0 R
O HiH CH,
O YCHs R® OH
RS H,C
(XLI)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

48. The compound of claim 47 wherein
Ar is selected from

(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,



met hyl, n-propyl, 3,3-dinethyl butyl, 2-nethylpropyl, 2,2-dinethylpropyl,

i sopropyl, cyclopropyl nethyl, cyclobutyl, cyclopentyl, cyclohexyl, and

t et rahydrwpyoswosdosgl; and X, RlL, R2, and R3 are as descrcihas2abovesst or
Formula (I). WO 2010/081082PCT/ US2028¢ 020632 291 51. The conpound of claim

47 wherein X=0 nd R3 = OH 52. A conpound of formula
(XLIT1) bel ow ha\%lﬁ‘ﬁﬂ]twﬁ@]?’&?]ﬁ&lu}?l x' RL 0"ONH ,P\' HN OR2  (XLIII)
wherein Ar, X Ri, and R6 are as described above for Formul a (r).
53. The conpound d?“%4@ﬁﬁ$5@“%ﬂ@réﬂﬁ

3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and



Ar is selected from (S)-2-(3-nmethoxybut - 3-o0xo0-2-yl)napht hal en-6-yl,

2- et hyl napht hal en-1-yl, 3-tert-butyl naphthal en-1-yl,

3, 7-di - t ewO-2buvoghesapht hal en-1-yl, 1-naphthyl, 2-naphthylPCcTgiseeolopesss- yl ,
qui nolin-6-yl, quinolin-8-yl, and phémyl; R6 is selected from benzyl,

S)-1-(2-br b |, +2, 4-di fl uorobenzyl 10/ 081082PCT/ US2010/ 020632
A (s§ C1- pRerr B e R s @ ée@ﬁf?tkfﬁcﬁ%ﬂb?%ﬁﬁoif\é\ﬁﬁig;

(S)-1-(2-bronophenyl)ethyl, 2,3-dihydro-1Hinden-2-yl, nmethyl, n-propyl,
3, 3-di net hyl butyl, 2-nethy|pro%yl, 2, 2-di met hyl propyl, isopropyl,
49. The compound of claim 47 wherein

Ar is 1-naphthyl; and
X, Rl, Rz, R? and R® are as described above for Formula (D).

50. The compound of claim 47 wherein

Ar is 1-naphthyl;
R%is selected from

benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and

X, Rl, Rz, and R’ are as described above for Formula (D).



cycl opropyl met hyl , cycl obutyl, cycl opentyl, cycl ohexyl, and
tetrahydropyran-4-yl1l; and X, Rl, R2, and R3 are as descri bed above for
Formul a (WP.206/0810BRe conpound of claim 52 wherei n wher eiPOTAIS2019/03668Apht hyl ;
and X, Rl, R2, R3 and R6 are as descrpbed above for Formula (l). 55. The
compound of claim52 wherein wherein Ar is 1-naphthyl; R6 is selected from
benzyl, (S)-1-(2-brono)benzyl, 2,4-difluorobenzyl, WO

2010/ 084082 PGE ddafdhid 8208324 2 {Bele) XLOPRERWIEIRP H, and R® = OH.

(S) - 1- (4- br onophenyl ) et hyl, (S)-1-(2- br omophenyl ) et hyl,

2, 3-di hydro- 1H-i nden-2-yl, nethyl, n-propyl,

52. A compound of formula (XLIII) below having the structure:

R1
X/
N N N
ST
N Néka
0 R?

CHs

(XLIIN)

wherein Ar, X, Rl, Rz, R3, and R are as described above for Formula (D).

53. The compound of claim 52 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,

2,4-difluorobenzyl,



3, 3-dinethyl butyl, 2-methylpropyl, 2,2-dinethyl propyl, isopropyl,
cycl opropyl net hyl, cycl obutyl, cyclopentyl, cycl ohexyl, and
t et rahydrwpyoswosdosgl; and X, RlL, R2, and R3 are as descrcihas2abovesst or
Formula (I). 56. The conpound of cl a2l 52 wherein X=0, Rl = M, R2 = H, and
R3 = OH 57. A cog‘)ogund f formula (XLIV) bel ow having the structure: oRl '
(XLI'V) wherein AlO)-hipderdethEl are as described above for Formula (1). WO
2010/ 081082PCT/ US2010/ 020632 294 58. The conpound of claim 57 wherein R4
and R5 are i ndepdfténtidjorsepheayleethyls om hydr ogen, nethyl, isopropyl,
2-t hi onet hyl et hyl, 2-net hyl propyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X, Rl, Rz, and R® are as described above for Formula (D).

54. The compound of claim 52 wherein

wherein Ar is 1-naphthyl;
and

X, Rl, Rz, R? and R® are as described above for Formula (D).

55. The compound of claim 52 wherein

wherein Ar is 1-naphthyl;
R®is selected from

benzyl,
(5)-1-(2-bromo)benzyl,

2,4-difluorobenzyl,



1- net hyl propyl, and phenyl; and Ar, Rl, R2' R3, and R6 are as descri bed
above for Formula (1). 59. The conpound of claim57 wherein RL is ethyl;
and Ar, RRoR61cseosas descri bed above for Formula (1). 6@CTHseoioozsernd of
claim57 wherein RL is ethyl Ar is gsedected from
(S)-2-(3-net hoxy t 3- ox 1yI ) napht hal en-6-yl, 2-net hyl napht hal en-1-yl,
3-tert-butyl napht bﬂé’ll?eli Y43, 7-di -tert-butyl napht hal en-1-yl, 1-napht hyl,
2- napht hyl , quinolin-5-yl, qgl inolin-6-yl, quinolin-8-yl, and WO
2010/ 081082PCT/ USSb1 6 tpopazhenuBethienyl : R4 and R5 are i ndependent |y
sel ected fromnethyl, isopropyl, 2-thionethylethyl, 2-nethylpropyl,
1- met hyl pr opy! , ard)-ptebyemop@nyldethll @Jtdhydre-di-lndaxytyl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

X, Rl, Rz, and R’ are as described above for Formula (D).

56. The compound of claim 52 wherein X=0, R!'= Me, R?= H, and R’ = OH.

57. A compound of formula (XLIV) below having the structure:

O/R1
N X
Ar y N
| ¢ f
O. .0 N N/)\ITIH
0 R?

HN O
R4 R3 OH
O\RG
(XLIV)

wherein Ar, and R'-R® are as described above for Formula (D.



(S)-1-(2-bromo) benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,

2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632
2-nmet hyl propyl , 2, 2-di et hyl propyl, i28bpropyl, cycl opropyl nethyl,

cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran-4-yl; WO

2010/ 081082PCT/ US2010/ 020632 296 and R2 and R3 are as descri bed above for

For mul &g( 1) . TiRleompagn® 6NNWNs Qhelpi m 57 wherein R2 = H and R3 = OH 62.
A conpound of formula (XLV) bel ow having the structure: HN Rl

wher ei n Agp# a5 Rl \}\)’%ﬁ&naz eesehkhgd above for Formula (1). 63.The
: fly sqlect

conpound of claim 62 erei iIs selected from
hydrogen,

methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;

and

Ar, Rl, R*R? ,and RS are as described above for Formula (D).

59. The compound of claim 57 wherein
R is ethyl; and

Ar, R*-R®are as described above for Formula (D).

60. The compound of claim 57 wherein

R is ethyl;

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,

quinolin-8-yl, and



(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht hal en-6-yl, 2-net hyl napht hal en-1-yl,
3-tert-butyl naphthalen-1-yl, 3,7-di-tert-butyl naphthal en-1-yl, 1-naphthyl,
2- napht hywo 2guvesodsen- 5-yl , qui nol i n-6-yl, quinolin-8-yl pcanm$2@oemsB2 R4 and
R5 are independently selected from hy#f ogen, WO
2010/ 081082PCT/ US201Q/ 020632 297 met hyl, isopropyl, 2-thionethylethyl,
2- et hyl propyl, ® hyl propyl, and phenyl; R6 is selected from benzyl,
(S)-1-(2-bronp) benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S) - 1- ( 4- br dhoPHhyAg Bdapandently sefectepl flpBnophenyl ) et hyl |
2, 3-di hydro-1H i nden-2-yl, nethyl, n-propyl, 3,3-dinethyl butyl,
2- et hyl propyl , n&ti¥di met hyl propyl, isopropyl, cyclopropyl nethyl,
cycl obutyl, cyclopentyl, cyclohexyl, and tetrahydropyran-4-yl;
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl,and
phenyl;
R® is selected from
benzyl,
(5)-1-(2-bromo) benzyl,
2,4-difluorobenzyl,
(S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl,
(S)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and

tetrahydropyran-4-yl;



and R1, R2 and R3 are as described above for Fornula (1). WD

2010/ 081082PCT/ US2010/ 020632 298 64. The conpound of claim62 wherein R2 =
H, and R3we 2@H/086@82 A conpound of fornula (XLVI) bel ow Iraviusgoinioz0632
structure: (XLVI) wherein Ar, and RRIR6 are as described above for Fornul a
(1). 66. The, conpound of claim®65 wherein Ar is selected from

(S) - 2- ( 3- m@Pfhoxybut - 3- oxo- 2- yl ) napht hal en- 6-yl , 2- et hyl napht hal en-1 -yl ,
3-tert-butyl napht hal en-1-yl, 3,7-di -tert-butyl napht hal en-1-yl, 1-naphthyl,
2- napht hyK a@fhﬁn@Fiaﬁd@ﬁﬁW?d Fovaderifiersuly (D. qui nol i n-8-yl, and phenyl; R4 and
R5 are independently selected from hydrogen, nethyl, isopropyl,

61. The compound of claim 57 wherein R* = H, and R* = OH.

62. A compound of formula (XLV) below having the structure:

R1
HN”
N X
Ar y N
| ¢
00 N N/)\ITIH
HN" O O R?
O%uq:ﬁ CH3
R4 R3 OH
O\R6
(XLV)

wherein Ar, and R'-R® are as described above for Formula (D.

63. The compound of claim 62 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from

hydrogen,



WO 2010/ 081082PCT/ US2010/ 020632 299 2-t hi onet hyl et hyl, 2-net hyl propyl,
1- et hyl propyl, and phenyl; R6 is sel ected fron1benzy|

(S)-1- (Z\NOQHHMBamzyI 2, 4-di fl uorobenzyl , (S)-l-phenyletmﬂmmnommmsz
(S)-1-(4- bronnphenyl)ethyl (S)-1- (22061 onophenyl ) et hyl ,

2, 3-di hydro-1Hin 3H 2-yl, methyl, n-propyl, 3,3-dinethyl butyl,

2- et hyl propyl , dlnethylpropyl i sopropyl, cyclopropyl net hyl,
cycl obutyl, cyc[opent |, cyclohexyl and tetrahydropyran-4-yl; and Rl, R2
and R3 are as dés®Famed above for Formul a (1). 67.The conmpound of claim 65

wherein R1L = M, R = H and R3 = OH WO 2010/ 081082PCT/ US2010/ 020632
2-thiomethylethyl,

2-methylpropyl,

I-methylpropyl, and

phenyl;

R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

R!, R?and R’ are as described above for Formula (D.



300 68. A conpound of forrmula (XLVII) bel ow having the structure: (XLVII)
wherein Ar, X, and Rl, R2, R4, R5 and R6 are as descri bed above for Formul a
(). 69. woeonaspsand of claim68 wherein Xis 0; and Ar pCRAEIS2038/020642 R5 and
R6 are as described above for Fornula%1). 70. The conpound of claim 68
wherein Ar is selected from (S)-2-(3-nethoxybut-3-o0xo-2-yl)napht hal en-6-yl,
2- et hyl napht hal en-1-yl, 3-tert-butyl naphthal en-1-yl,

3, 7-di -gger t -IstashipIRRA BRd18T 62 Wheredr RORIM, AYY R*Z-G@pht hyl, qui noli n-5-yl,

qui nolin-6-yl, quinolin-8-yl, and phenyl; RL is nethyl; R4 and RS are

i ndependent|y selected from hydrogen, WD 2010/ 081082PCT/ US2010/ 020632 301

met hyl 5 SORK @B bourter drHbMRA XL OTBelow RavIRE e @uoRy: . 1-methyl propyl, and

phenyl ;
R1
S/
N AN
Ar N
| N f
N N/)\NH
|2
O R

o, 0
HN" O
Oﬁ’)\.”RS CH3
R* Rs OH
O\R6
(XLVI)

wherein Ar, and R'-R® are as described above for Formula (D.

66. The compound of claim 65 wherein
Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;
R* and R’ are independently selected from
hydrogen,
methyl,

isopropyl,



R6 is selected from benzyl, (S)-1-(2-brono)benzyl, 2,4-difluorobenzyl,
(S)-1-phenylethyl, (S)-1-(4-bronophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632
2-nmet hyl propyl, 2, 2-di et hyl propyl, i28opropyl, cycl opropyl nethyl,
cycl obutyl, cycl otgent |, wcl ohexyl, and tetrahydropyran-4-yl; and X and R2
are as deseri bed BEREYERY o mul & (1). WD 2010/ 081082PCT/ US2010/ 020632
302 71. The conpaund of claim68 wherein Ar is selected from
(S) - 2- ( 3- net hox#buethslPEsRyl-2- y1 ) napht hal en- 6-yl, 2- net hyl napht hal en-1 -yl ,
3-tert-butyl naphthal en-1-yl, 3,7-di-tert-butyl naphthal en-1-yl, 1-naphthyl,
2- napht hyl , I-methylpropyl, and
phenyl;
R® is selected from

benzyl,

(5)-1-(2-bromo)benzyl,

2,4-difluorobenzyl,

(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,

3,3-dimethyl butyl,

2-methylpropyl,

2,2-dimethylpropyl,

isopropyl,

cyclopropylmethyl,

cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;

and

R!, R?and R’ are as described above for Formula (D.

67. The compound of claim 65 wherein R!= Me, R*= H, and R’ = OH.



qui nolin-5-yl, quinolin-6-yl, quinolin-8-yl, and phenyl; Xis 0; R4 and R5
are independently sel ected from hydrogen, nethyl, isopropyl,

2- t hi omretwgl2etanghios22- met hyl propyl, 1-methyl propyl, and ph&ngko1088068%

sel ected from benzyl, (S)-1-(2-br orm)30(benzyl 2, 4-di fl uor obenzyl ,

S A R T L L A i

n- propyl, 3,3-dinmethyl butyl, 2-methyl propyl,

R1
X/
N AN
Ar Y N
| ¢ |
oW N N/)\Il\IH
HN" O 0 R?
OY\ 1|R5 CH3
R* OH
O\RG

(XLVII)
wherein Ar, X, and Rl, Rz, R4, R and R® are as described above for Formula (D).

69. The compound of claim 68 wherein
Xis O;
and

Ar, Rl, Rz, R4, R and R® are as described above for Formula (D).

70. The compound of claim 68 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and

phenyl;

R is methyl;

R* and R’ are independently selected from

hydrogen,



2, 2-di met hyl propyl, isopropyl, cyclopropylnethyl, cyclobutyl, cyclopentyl,
cycl ohexyl, and tetrahydropyran-4-yl; and Wand R2 are as descri bed above
for formwe 20i0y081082. The conpound of cl aim 68 wherei n Ar PC3/Usediom@sd2 f r om
(S)-2-(3-net hoxybut - 3- oxo- 2-yl ) napht 3&d en- 6-yl , 2-net hyl napht hal en-1-yl,
3-tert-buty|naphthglen-l-yl, 3,7-di -tert-butyl napht hal en-1-yl, 1-naphthyl,
2- napht hyl , quiﬁﬁt5ﬂt5-yl, qui nol i n-6-yl, quinolin-8-yl, and phenyl; Xis O;
Rl is methyl; R4 and R5 are independently selected from WO
2010/ 081082PCT/ USPEPR01-020632

2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X and R” are as described above for formula (D).



304 hydrogen, nethyl, isopropyl, 2-thionethylethyl, 2-nethylpropyl,
1-met hyl propyl, and phenyl; R6 is selected from benzyl,
(S)-1-(2-Wwoanwydseosszyl , 2, 4-di fl uorobenzyl, (S)-1-phenyl eChgis2010/020632
(S)-1-(4-bromophenyl)ethyl, (S)-1-(23b onophenyl)ethyl,

2, 3-di hydro- 1Hi nden-2-yl, nethyl, n-propyl, 3,3-dinethyl butyl,

2- et hyl propyl, 2,2-dinethyl propyl, isopropyl, cyclopropyl nethyl,

cycl obutiyl , eCloaRehy bf clG¥eb9Maxit, and tetrahydropyran-4-yl;, and R2 is as
descri bed above for fornmula (1). WD 2010/081082PCT/ US2010/ 020632 305 73.

The conpodnds slectlddrom68 wherein R2 = H. 74. A conpound of formula (XLVII1)
bel ow havi ng the structure:
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,

2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

Xis O;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;

R® is selected from

benzyl,

(5)-1-(2-bromo) benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,



(XL VII1) wherein R2 is other than H and Ar, Rl, R3 R4, R5 and R6 are as

descri bed above for Fornmula (I). 75. The conpound of claim 74 wherein Ar is

sel ect ed woamo(@8)0s2- ( 3- net hoxybut - 3- oxo- 2- yl ) napht hal enP6T§S2010/020632

2- met hyl napht hal en-1-yl, 3-tert-butyBdapht hal en-1-yl,

3,7-di-tert-butyl nagtﬁ hal en-1-yl, 1-naphthyl, 2-naphthyl, quinolin-5-yl,

qui nol i n-6-yl, quﬁl‘?\t Y% n-8-yl, and phenyl; Rl is nethyl; R2 is other than H

R4 and R5 are independently selected from hydrogen, WO

2010/ 081082PCT/ USPDPOY 020632 306 net hyl, isopropyl, 2-thionethylethyl,

2-met hyl propyl, 1-nethylpropyl, and phenyl; R6 is selected from benzyl,
3,3-dimethyl butyl,

2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

R'and R? are as described above for formula (D.

72. The compound of claim 68 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

Xis O;
R is methyl;

R* and R’ are independently selected from



(S)-1-(2-bronmo)benzyl, 2,4-difluorobenzyl, (S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl, (S)-1-(2-bronophenyl)ethyl,
2, 3- di hydwo-2btd/ismasen- 2-yl , net hyl, n-propyl, 3, 3-di net hpCThisty10/020632

2- met hyl propyl, 2, 2-di et hyl propyl,
cycl obutyl, cyclopentyl, cycl ohexyl,

i3¢bpr opyl, cycl opropyl net hyl

and tetrahydropyran-4-yl; and R3 is as

descri bed above W& nul a (). WD 2010/ 081082PCT/ US2010/ 020632 307
76. The conpound of claim 74 wherein R3 = CH.

methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,

(5)-1-phenylethyl,

(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,

n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and

tetrahydropyran-4-yl;

and R? is as described above for formula (D.



WO 2010/081082 PCT/US2010/020632
305

73. The compound of claim 68 wherein R* = H.

74. A compound of formula (XLVIII) below having the structure:

O/R1
N X
Ar N
l ¢ f
N N/)\NH
|2
0 R

o, 0
HN" O
Oﬁ’)\.”RS CH3
R* R® OH
O\R6
(XLVII)

wherein R? is other than H;

and

Ar, Rl, R’ R4, R and R® are as described above for Formula (D).

75. The compound of claim 74 wherein

Ar is selected from
(S)-2-(3-methoxybut-3-0x0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,

I-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and

phenyl;

R is methyl;
R? is other than H;

R* and R’ are independently selected from

hydrogen,



WO 2010/081082 PCT/US2010/020632
306

methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R® is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and R’ is as described above for formula (D.



WO 2010/081082 PCT/US2010/020632
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76. The compound of claim 74 wherein R’ = OH.



