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NNR112, CO, CS, CNR11, SO S(0)2, Se0, Se(0)2, or
C( Byaphy4.0695h 383,45 - 33n ¥épemaemtd Golél, dchied. 190069.M820-1726).
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NS5B polymerase. The RNA-dependent RNA polymerase is absolutely essential for

replication of the single-stranded, positive sense, RNA genome and this enzyme has

elicited significant interest among medicinal chemists.

Inhibitors of HCV NS5B as potential therapies for HCV infection have been
reviewed: Tan, S.-L., etal., Nature Rev. Drug Discov., 2002, 1, 867-881; Walker,
M.P. etal., Exp. Opin. Investigational Drugs, 2003, 12, 1269-1280; Ni, Z-J., etal.,
Current Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulieu,
P. L., etal., Current Opinion in Investigational Drugs, 2004, 5, 838-850; Wu, J.,
etal., Current Drug Targets-Infectious Disorders, 2003, 3, 207-219; Griffith, R.C.,
etal, Annual Reports in Medicinal Chemistry, 2004, 39, 223-237; Carrol, S., etal.,
Infectious Disorders-Drug Targets, 2006, 6, 17-29. The potential for the emergence
of resistant HCV strains and the need to identify agents with broad genotype
coverage supports the need for continuing efforts to identify novel and more
effective nucleosides as HCV NS5B inhibitors.

Nucleoside inhibitors of NS5B polymerase can act either as a non-natural
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structure gg RIO | Z" ThZl | Z gg wherein each Z
i's independently N (if a participant in a pi bond) or
NR S(lbmatedhateremus il chgp@ bermirration p'r amcnjjquhﬁe Ei:llﬁbitdﬂ:ﬂhich
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termmator the nucleoside analog must be taken up by the cell and converted irn vivo
to a triphosphate to compete for the polymerase nucleotide binding site. This
conversion to the triphosphate is commonly mediated by cellular kinases which
imparts additional structural requirements on a potential nucleoside polymerase
inhibitor. Unfortunately, this limits the direct evaluation of nucleosides as inhibitors
of HCV replication to cell-based assays capable of in situ phosphorylation.

In some cases, the biological activity of a nucleoside is hampered by its poor
substrate characteristics for one or more of the kinases needed to convert it to the
active triphosphate form. Formation of the monophosphate by a nucleoside kinase is
generally viewed as the rate limiting step of the three phosphorylation events. To
circumvent the need for the initial phosphorylation step in the metabolism of a
nucleoside to the active triphosphate analog, the preparation of stable phosphate
prodrugs has been reported. Nucleoside cyclic phosphate prodrugs have been shown
to be precursors of the active nucleoside triphosphate and to inhibit viral replication
when administered to viral infected whole cells (PCT Int. App. WO 2007/027248
A2; Bi-Organic and Medicinal Chemistry Letters, 2007, Vol 17, Page 2452-2455;
Journal of American Chemical Society, 1990, Vol 112, Page 7475-7482.)

Also limiting the utility of nucleosides as viable therapeutic agents is their
sometimes poor physicochemical and pharmacokinetic properties. These poor
properties can limit the intestinal absorption of an agent and limit uptake into the
target tissue or cell. To improve on their properties prodrugs of nucleosides have

been employed.

SUMMARY OF THE INVENTION

The present invention is directed toward novel cyclic phosphate prodrugs of

nucleoside derivatives for the treatment of viral infections in mammals, which is a

compound, its stereoisomers, salts (acid or basic addition salts), hydrates, solvates,
deuterated analogues, or crystalline forms thereof, represented by the following

structure:



wherein each Z' is independently N (if a partici pant
in a pi bond) or NR11 (if not a participant in a pi

whoewd)s20emd each Z in independently CG (if a PCT/US2009/046619
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participant in a pi bond) or >C(Q2 (if not a
participant in a pi bond), wherein R1 and G are
defined as in structure c'; Basegmay b B%iestructure i
Swherein R11 and G are defmmged tructure c'

Base may be a structure ] X fn R11 and G are
defined as in structur@ c' 2‘ 3be a structure
kk 10 wherein for \lctbﬁ is selected from
the group consisting Fwydr ngen and’r Cl-C3 alkyl; Qis
absent or is selected p&on1§%e group>@on5|st|ng of 0,
S, and NH, 15 provi deiy that when Q is absent, V and NH
are both attached to a CH2 group; V is sel ected from
the group consisting of N and C Zis selected from
the group consisting of Nand GG, G and G
are independently selected fromthe group consisting
of hydrogen, yai&di®@, am nocar bonyl, nethyl am no,

di met hyl am no, acyl am no, al koxyam no, - SQOBH,

- SO2NH2, .am nocar bonyl am no, ar bonyl am no,
. R13Ncﬁé1w1@(®9m il hundsed gl cyelat syl akary, or aryl, which
A AR e R

Rlépﬁ@@ltyisabsﬁwtteﬂ] whtheat lleatsm@eﬁ}arm Ct,BrhDOMORYSHOSR', NH,,

each roup respectively forma pyrrolidinyl ou
i SRS NRAE Roteaprrcls, lantr Al halowen e (i Br D

i \ﬁ égseg?ecte PBET il()Q‘Earofuil};’){[)%on5| Ql%eéag{fynylc’fcz'

n epen fro the

hy @spgrh as E‘yéd)I-DXmlo,gelﬁtecQF- &11 kBlXI/) lo®dr {Mdyriyh bﬁ@b-l(}a)(lybwer alkoxy
am no, substituted am no, o; and each of

an@fﬁz CFsshalﬁgfélﬁ@ﬁ&En@l P o R akory o . GPepCOmR’ CONE,
SHRIE AR Y0880 il oEpldgnd a prodrug

group, se “may Structure 11°

R? is H, an optionally substituted alkyl (including lower alkyl), cyano (CN),
CH;, vinyl, O-alkyl, O-(lower alkyl), including OCH3, OCH;CH3, hydroxyl alkyl,
i.e., -(CH2)oOH, wherein o is 1 — 10, hydroxyl lower alkyl, i.e., -(CH,),OH, where p
is 1 -6, including hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3),
CH,CN, CH,N;, CH,NH,, CH,NHCH3;, CH,N(CHj3),, ethynyl alkyne (optionally
substituted), or halogen, including F, Cl, Br, or [;

R3 is H, CH;, CH,F, CHF,, CFs, F, or CN;
X is H, OH, F, OMe, halogen, NH;, or N3

Base is a naturally occurring or modified purine or pyrimidine base

represented by the following structures:



wherein for structure 11: R15 is hydrogen or Cl-C3
alkyl; Q is selected fromthe group consisting of NH,

w®200an5208 20G is selected fromthe group coOnNRCHUBIUG9/046619
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of am no, am nocarbonyl, nethylam no, dinethylam no,
acyl am no, -SO03H, -SO2NH2, al koxyam no,

am nocar Bédnyl am no, oxyxarbonyl am no,r? 1)
HR13NCHRI4C( 0) NH-, azi cyano, hal hydr oxyami no,
anoR WhE e | S hy nd R14

gr qu el Vi | A4
may be a|struc urﬁle nm e |n¥‘f or s’c{rucLure Mn N
A and B mdependenj\}\y sel ec ed fromthe grpup

consistifg of C=Q NH, 5 and néfthyl ene optiondfYfy
substituted with 1 to 2 halo groups, provided that A
and B arg not both NH p Dis NHe or -D A-B- d
together forma -N=CHNH, -(CQ-CH2-(CQ-, -
(CQ-NH(CQ-, -(CX)=(CX)-(CQ-, or -CH=CH NH
group where X is halo; 10each Qis independently
sewdeetedsl fromthe group consisting of 0, S, and NH;
R16 is selected fromthe group consisting of hydrogen
and C1- Tl and T2 are i ndependently sel ected
fromth? ﬁ)‘f}yé%ony sting of hydrogen, hydroxyl,

G -C4-al koxy, Cl- C4-t hi oal koxy, am no, substitut ed

anmi no, ®IIRNRP &’ aR¥ark sdepéich@dH FOO), B, gnpla)R' such as
consi sti ng of ‘a bond, 0, and CH2; and each of 15w .

Al elkonzt arylexys, bepméoga§ébsélétﬁe<b@YMYe@anﬂlbﬁw@Wémﬁ@oxy, SH, SR,
st E\Hg,]%ﬁf'ﬁﬁ , RER,AAR? hef'éic{cy@i%  10HRr aﬁgt, nibeeded @ c1, Br, 1)
am , ao, ap, aq,”’ar, "as, at; av, au, ax, ag, az,
ha Jowe,allbd, lotver alkényl lb§ C, 4013, hdibgenbied (BNCH, Bi,I) Hﬁ\&ir @Ikeﬂyl of C,-
bel ow. 20abacadaeafag Et OMe NNHN N ahai a
Cs, lower alkynyl of C,-Cs such as C=CH, halogenated (F, Cl, Br I) lower alkynyl
of C;-Cs, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs,

CO,H, COzR!, CONH,, CONHR', CONR";, CH=CHCO,H, or CH=CHCO;R',

R’is an H, halogen (including F, Cl, Br, I), OH, OR', SH, SR', NH,, NHR',
NR%, NHR',", NR*, NO,, lower alkyl, halogenated (F, Cl, Br, I) lower alkyl, lower
alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs , lower alkynyl of
C,-Cs, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cg, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-C¢, CO,H, CO,R', CONH,, CONHR',
CONR';, CH=CHCO,H, or CH=CHCO,R;

wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR'"; or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR%" each R’ comprises at least one C atom

which are independent of one another or each R' comprises at least one C atom in

-8-
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BNONH2 FNH2 CGTNH2 CN O NN --"--N N N NN 7N 7

which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

Alternatively, the Base may be selected from a group of formula ¢'

wherein for structure c',

if Z is a participant in a pi bond (double bond), Z is independently selected
from N or C-G; or, if Z is not a participant in a pi bond (double bond), Z is
independently selected from O, S, Se, NR!!, NOR!!, NNR'%,, CO, CS, CNR', SO,
S(0),, SeO, Se(0) 2, or C(G)2;

each G is independently selected from the group consisting of H, halogen,
OR!!, SR', NR'',, NR''OR!}, N3, COOR!, CN, CONR'',, C(S)NR'',
C(=NR'")NR'';, and R'"; and where any two adjacent Z are not both selected from
0, S, and Se, or not both selected from CO, CS, CNNR'!, SO, S(0)z, SeO and Se(0)
25

wherein, if X is a participant in a pi bond (double bond), X is C; or if X is
not a participant in a pi bond (double bond), X is CR" orN;

wherein, if R' is a participant in a pi bond (double bond), R'is O, S, Se,
NR!'', NOR!! or NNR!%,; or if R'® is not a participant in a pi bond (double bond), R
is OR!!, SR, F, Cl, R or SeR'%; and

dashed lines (---) indicate a possible pi or double bond;

each R is independently selected from the group consisting of H, CFs3,
optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, optionally substituted acyl, optionally
substituted cycloalkyl, optionally substituted cycloalkenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, and optionally substituted arylalkyl;

or

-9-



11 bhbi bj bk DEFI NI TIONS The phrase "a" or "an" entity
as used herein refers to one or nore of that 5 entity;

wo o009a5a9pl e, a conpound refers to one or norePCT/US2009/046619

10

conmpounds or at |east one conmpound. As such, the terns
"a" (or "an"), "one or nore", and "at |east one" can
be used Basr mey han gaudihse shlseteil fiom the graupeconsistisg of structures d'-n

"optional” or "optionally" as used herejp means t %t a
subseque;ﬁ;; descriked event %r circunsfance may

need not pccur, andjthat the MO descrip#ion inc

i nst ance ere the eyent c% ci cunst%ncezoccur% an
instanc%s i whichl it]|does For ex Y " OpL. I
bond" neays Ythat nd nay|or fray noﬁ befpreseift,
and that #he Qescrl tio¥ incladesz si ngl s _daubl e, Zar . Z

rd n

triple bonds” Mreovex; "optionally subst &t ut ed” neans
that the I|$ted substdtuent is substituted or v
unsubstituted. In theVVnstancéﬂﬁﬁere the "sgbstituent h
i s substitutded, unl es< ot herwise 15specified, the
substituent bears any one of the substituents defined
belowml%n i nst an optional l'y su@&tltuted]abkyl R10
can fean that ?BL?lkyl % bstituted /L\ /L\
%V' | 77N ~

unsubst it ut ed. t he cas her e t he VAN /

suﬁ%ti ted, i%e. % by oné or {nore sl tuent®, the I
one& fﬁ re sub_sthg uent €.c |ncIu68f€+kyl z Xz I z
hal o pnaféd al kyl, cloal Kyl , fal keny aryll, and 5 |

the l14Kke.Z For eﬂﬁggﬁé an aL§yZ can b%‘ﬁﬂ%stltut X 2
20by a%?alkyl ., methyl, Iethyl propyl, etc. )| a |
cycl oallkyl (c- prqp&}, c- but c- pent C- hexyhnf A
etc.), pr an aryl (phenyl, sdbstituted 6heny| n
naphthyl substituted naphtyl, etc.). The term

independently is used herein to indicate that a
vari abl | h 10 I ns t hout regard
to the §P8§¥?ggkbr g%sé%%%ﬁﬁﬁggégﬁ#ﬁ%@?ew%aV|ng 25
that saBasomapbeélbbiractartseidefed Mo the grdlipdonsistigg s8stRictures o -
conpound. Thus, in a conpound in which R appears tw ce
and! i s defined as "independently carbon or nitrogen",
both -16- R s can be carbon, kpth R s can Je

o

nitrogen, or one R caﬁube carhpn and t he Rl
ni tg.oge. R grm " al fers @ G N~
unbr pch d or brdhched chaln,lsaturated |

hyQE resgd t ai néng o 30 gar X
The t el i-m5 ak#xL‘ refers ‘%ﬁégh? i si _N
2 to & at ons, e Mis i1t eger h |ng t he \T/
follgmﬁnggvalues: 2,13, 4, 5, 6, 17,68, 9, 10,/ 11, 12,

13, 14, A%, 16, 17, ¥¥§, 19, 20, “2’% 22, 23, 2, 25, Y
26, 27, 28, 29, or 30. The term"Cl_4 al kyl" fefers to

an al kyl containing 1 to 4 carbon atons. The term
“lower alkyl" denotes a straight or branched chain

hydrocgrbon resi dug conprising L to 6 carbom atons. 0
"G _20[al kyl " 10as Jlusegli herein gefers to an jal kyl

co g9 1 td af bon atoqﬁﬂ\§C1-10‘5 YN as usedy
hereilh refers to | Kyl congrisling 1 to rbons /Lj/)\
Ex al kgl s inclu t are ndf I§n1te8

to |, eth Yopyl ,

|
IkyI grou ncl ude
prop bumyl i-b ﬁtylO t- yl Nor c‘penty"l
|sopent neopentybvvhexyl hepg&&, and octybv The b
tern1(ar}a|ky| or (hateroarypalkyW i ndi cate tIe al kyl
group is optionally 15substituted by an aryl or a
het eroaryl group respectively. The term "hal ogenat ed
al kyl"™ (or "haloal kyl") refers to an unbranched or
branched chain al kyl conprising at |east one of F, O,
Br, and I. The term"Cl-3 haloBl kyl" refers to a
hal oal kyl conprising 1 to 3 carbons and at | east one
of F, d, Br, and |I. The term "hal ogenated | ower
al kyl" refers to a haloal kyl conmprising 1 to 20 6
carbon atons and at Ieast one of F, d, Br, and |

-~ - 1. i L, .__L__l a



30 cyclooctyl. The term "C3_7 cycl oal kyl" as used
herein refers to a cycloalkyl conprising 3to 7

W((Eaﬂl)bﬂm% n the carbocyclic ring. The t erP@T/US2009/046619
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"al kenyl" refers to an unsubstituted hydrocarbon chain
radi cal having from2 to 10 carbon atons having one or
two ol @finic doubIeHbonds preP8rably one eflnlc

dowh] ond. The term " C2_W_al Kgnylr: refer 0 an
al keryl | onpr|5||g to N carponNat ons, er N IS a F
intey ing tRe £kl | ow ng S: 53g"H N

. The t§rm} C2-10 allkenyl " refer t an |
alkeny ﬁ |singN %o 10 ca Btonms. Thewne /N~N/L\
"C2_4 alken referf to an &l kenyl conprisirg 2 to 4R |
carbon afbys. Exanpies 3 ncl ude, vBtit¥are not hiPed A
to, vinyl, 1-propenyl, 2- propenyl (allyl) or
2-buteny| (crotyl). The term "hal ogenat ed

al kenyl " refags to an al kenyl conprising at 4 east one

10of F, 4, andi 1. The ferm alkynyl" refers to an
unbr anch anched ﬁyﬂyﬂﬁﬁPb%n chai ¥

having fro 10 carb ns, preferablly 2/to S
carbon ato \Ta%ﬁNhaV|ng ¥ ple bond,
"C2_N alkynyl* refers to an aI conpr|3|
car bon at ons, Wﬁ N IS P%ge havi n

fO||0MAng vaIuEﬁy 3 4, 53 6, § 15 9, %br 1p. The

term"C C2_4 a nyl" refers an al kynyl QOM%VISIng
2 to 4 carbon aldonms. The terme C2-10 al kynyl " fifefers

to an al kynyl conprising 2 to 10 carbons. Exanples

i ncl ude re 4l t .1-propynyl ,

2- pr opyn%gl%hié an Rgpe d%gnéog stlﬁggff%e o3 but yny! .

The terﬂnﬁhahpgenaﬁadmmuxynyl refers to an unbranched

or branched 20 hydrocar bon chahn radi cal having from 2

to 10 carbon atons, preferably 2 to 5 carbon atons,

and having one triple bond and_at |east one of F, d,
Br, and I. The tern1"a%k6 /" refers to an

-0-al kyl group, wherein alky‘vr as defined above.
Exanpl es include, but are not dﬁted to, nethoxy,

et hoxy, n-propyl oxy, propyloxy Dzbutyloxy,

i -butyl oxy, t-butyloxy. "Lower &l koxy" as used herein

25 denotes an al koxy group withla "l ower alkyl" group

as previously defined. "Cl-10 oxy" refers to

an- O al kyl mherein al kyl is Ci1- The term

"al koxyal kyl " fers to a | kyl grou
wher ei n Wa‘FR?VF ee}c é?lpﬂ%ng%bﬁ %1@(‘ é’ﬁ’ﬁ}cé}?ng’r%’r ﬁd’é’ndb‘ﬂﬁNR (if
ar t
o gnr)tgag 1&1 t :p?bor{%r aex 6xy ﬁe %Z%@@é‘ﬁﬂéﬁ BY structure ¢
n- butylﬂnﬁmnahybasﬁmbﬂmﬁhh oxynethyl t - but yl oxynet hyl ,

and the |ike, nethoxyethyl, hoxyethyl,
npr opyl oxyet hyl , |-propyloxy hyl , n-butyl oxyet hyl,
i -butyl oxyethyl, t-butyloxyethyl, - 18 - WO

2009/152095PCT/U82009/0466% #hd the like,

met hoxypropyl, ethoxypropyk:-papropyl oxypropyl,
i-propyloxypropyl n- but yl oxypr yI |-butyloxypropyl,

t - butyl oxypropyl, and the li ke The term

"hal ogenat ed al koxy" refers toNan O0 al kyl group in

whi ch the al kyl group conprisesg at |east one of F, O,

Br, and I. 5The term" halogenaﬁéd | ower al koxy" refers

to an -0-(lower alkyl) group in which the | ower alkyl
group c .. . . . . 11 /s
The T er ARty Bin ¢ SRSenREL N (Fn pificiEoy kP tona) or NR it
amnoa participarthiat phBsnd)nendogach Ean addepéndentlaICyd (if a participant in a
substituents, respectively. The term "protected," as

used herein and unl ess ot herw Ele- defined, refers to a

10 group that is added to an oxygen, nitrogen, or
phosphorus atomto prevent its further reaction or for

ot her purposes. A wide variety of oxygen and nitrogen
protectlng groups are knomn to those skllled |n t he

o s e

G
cC



30 al kylaryl" denotes a straight or branched chain
hydr ocar bon residue conprising 1 to WO

WQO®9/131%2095PCT/ US2009/ 046619 6 carbon at ons tPEL/UBE09/046619
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substituted with a substituted or unsubstituted aryl,
such as, benzyl. The terns "qralkzl' or "arylal kyl"

r ebebond) Oaﬁcég)y I(if goby participantdn agpi kond)swhereinRieand Grive defined
term"halo. " .as used herein, includes chloro, brono,
iogghhn cﬁ?%%fo. 5The term "acyl"” refers to a

substi t Basd maPBE aisttidigredi car bonyl noiety and a
non- car bonyl noiety. The carbonyl noiety contains a
doubl e- bond bet ween t he carbgnyl carbon and a

het eroatom where the he onyRE sel ected from
anong 0, N and S. Wen the oatomis N, the Nis
substituted by a | ower al . e nBH- carbonyl noiety
is selected fromstrai ghS br d, or cyclic alkyl,
whi ch includes, 10but is not red to, a straight,
branched, or cyclic C1_20 aflkylN COio alkyl, or |ower
al kyl ; al koxyal kyl , includin@‘ﬂﬁyhoxynethyl; ar al kyl ,
i ncludi ng benzyl; aryl oxyal kyl, jjsuch as phenoxynet hyl ;
or aryl, including phenyl optionally substituted with
hal ogen GE,.. Chit Br, . v ' . C4 al kyl, or
Cl to gFﬁ%&yfﬁgé?%%ﬁgﬁégg%ﬁéﬁgP&%ﬁ% ' as al kyl or

ar al kyl Basd phpby b structateyfli ng net hanesul fonyl, the
15nmono, di or triphosphate egfer, trityl or

nmononet hoxytrityl, substitut benzyl, trial kylsilyl
(e.g. dinethyl-t-butyl si r,dRBhenylnethylsilyl.
When at | east one aryl gro i g present in the

non- carbonyl noiety, it is reB8'that the aryl
group conprises a phenyl Qro N The term

"l oner acyl" refers to an ac p in which the
non-carbonyl 20 noiety is Gower; al K§I . The term
"purine" or "ppimdine" base Ldg}udes, but is not
limted to, adenine, N6-al kyl pukii nes, N6-acyl puri nes
(wherein acyl is C(0)(alkyl, aryl, alkylaryl, or

aryl al kyihereing- radAy ined aNG-siEPBRL' e,

N6- vi ny rin - acet.yl eni c purine, N6-acyl purine,
N6-hydrg§§% gPe%gFPéhﬁe -al | yl am nopuri ne, N6-
25t hi oal I yl purine, N2-al kyl purigqes,

N2- al kyl - 6-t hi opurines, thymn cyt osi ne, 5-

f1 uor ocyt osi ne, 5-methyl cyt ofi n N-8azapyri m di ne,

i ncl udi ng 6-azacyt osi ne, 2-Zand/

anc

4- mer capt opyrm di ne, uracil, Quracil, including
5-fluorouracil, C5- al kyT'py£i 'Min S,
C5- benzyl pyri m di nes, C5-hal®pyry %Qes,

C5-vi nyl pyrinidine, C5-acetyfienic pyrimdine, C5-acyl
pyri m di ne, C5-hydroxyal ky"vpuri ne, C5- 30

am dopyri m di ne, C5-cyanopyriq&?ine"C5-iodopyrinidine,
C6-1 odo- pyri m di ne, C5- Br-vinyl pyrimdine,
C6-Br-vinyl pyrimdine, C5-nitropyrimdine, C5-am no-
pyrimdine, .N2-al kyl puri nes, N2-al kyl -6-thi opuri nes,
5-azacy?&ﬁ#ﬂ@%¥séy cilyl, triazolopyridinyl,

i m dazolrébirsbiditel fronPihe oRbupRonbislith SBHydréRf and C;-C; alkyl;
pyrazol opyrimdinyl. Purine bases 1nclude, but are not
|i mi t edQis abgpnhat Weeleelgé fiomrethe igypumcensibtingof Q, $-and NH,
di am.r ' -chlgro kne.. Eunctiopal en
an R e B B, R ERENGL Ao REh &l Bia CHY BB
necessanyis@electes iffoddthe SudripadonsistiOd ¢ bhd g-@f oups are
well known to those skilled in the art, and incl ude

t ri met hyl18pelgted Bpmdhe graveseonsisting of Iy and C-G

butyl di methyl silyl, and t-butyldi phenylsilyl, trityl,
al kyl groups, and acyl groups-Buch as acetyl and

propi onyl , mnethanesul fonyl, and p-tol uenesul fonyl. The
term "heterocycle"” or "heterocyclyl" as used herein
refers to any 3-, 4-, 105-, 6-, 8-, 9-, 10-, or

11- menbered saturated or unsaturated ring containing

oy . .



- 21 - imdazolinyl, imdazolidinyl,

i m dazot hi azol yl, i m dazopyridinyl, indazolyl,

wo paoliseophyl , i ndolinyl, indolyl, isobenzofuraPyl/S2009/046619
i sochromanyl , isoindolyl, isoindolinyl,
I soqui nol i none, isoquinolyl, isothiazolyl,

i sot hi agodndds'rayd indeamdetht seteeted fraw ﬁwzgrbn}p ¢onsisting of hydrogen,
th Ienedlo benzoyl,, . mar phpl i napht hpyri djnyl, .
ox i BOT BR ang Bpoe i e Ag, AlSKyamino, -

oxg@gﬁplnyl oxadi azol yl , oxi dot hi onor phol i nyl
oxodlhydrophthala2|nyl oxodlhydr0|ndoly§ ”
oxoSQnNHz@mlmqa;hon}’mm mweazbmwlammompé&(&ﬂh C(O)NH-, azido,

ox xR Ml PR Bugmne R s asice

py &Eeﬁﬂ bf aP¥hiiol 403 or Wher@RO! 3l R'Pydgethde Wit lthe nitrogen and carbon

pyridi nonyl , pyridopyridinyl, pyridazinyl, pyridyl,
py bPwRdforpch gioyp r@pwtwehytfomrammoadwl groqml nazol i nyI

a1l O SOt AL g LB LA i, 23

t eN;ahydrof uryl , tetrahydr0|soquinollnyl
tetrahydq rgnyl te ydr.oqui nol i ny tetrazoly

10t et razol oﬁlg»ﬁ¥ Tagte, mfiqep%fiﬁnﬂy Selggted 5\%@6 Biqup consisting Yof hydrogen,
E plhggxg}ﬁw ) %_e {mogswérbx 'i‘“ﬁg‘lgf’@ gmn& kiyiRleh ahinBY4nd halo; and
hexahy deadzepV nW’, arainW isiedénekdentlySEleetetd drom the group consisting

ris t ayt one have their accepted
plﬁrhy g% ﬂQd mlﬁﬁ”?@?ﬁ1‘ﬂ$®?%rated anal ogues"
refer t@aggﬁgygggguhauﬁhich at | east one hydrogen at om
of the conmpound of formula I is replaced with at | east

one deuterium atom The rm"P*" means that

t he phosphorous atomis chir nd that it has a 20
correspondi ng Cahn-1I ngol d-Pr Iogbd€§|gnat|on of "R' or
"S" which have their accepted pldin nmeani ngs. DETAI LED
DESCRI PTI ON OF THE INVENH N An aspect of
the invention is directed T koqﬁgg:d its

st ereoi somers, salts 25(aci dNor sitrzaddi tion salts),
hydr at es, sol vates, deutera éd anal ogues, or
crystalline forns thereof, the like represented by
formula I: wherein (a)Rl is hydrogen, n-alkyl,
branched al kyl cycloalkyl al karyl, or aryl, which

i ncl udes but I S, not m t ed to, phenyl or naphthyl,
where pRASEA! ngﬂgtﬂFH; are optionally substituted

wi th at R'eaglydpen of CHC;kIkyG! . Br, 1, OH OR, SH,

SR, NH2, 5 NHR, NR12, NH 2+ NR13+ heterocycle

| over alQtid selastaddium sicegroymrconsistingef NE, O, g0&S; al kyl |

S

C mddiiylarhjnol dinesthydhdsinoy dcytdmi@a;-8);H, o8 NH) Jatkox yahino,

giagéno%ogea@m”at moxvegitylagon R NG & O oaeida gyano,
ﬁ‘%ﬁzﬁ%@ﬁlw (bRt Sin ;vg‘l@regggis%fgkc@én%ﬁmy Bt cain

o @Ifklyhm1rﬁ> z(clldamwhab 1and R 1 ¢dgethen gvitBERB nitOgR @d3arbon bound

5 o 86 SR PR fesbestiSl Tornt &Py o RGO er 6 p i 6 1

-6 | nclgidi By MEQQQﬁmhﬂﬂ@hhyl (CH20H), fl uoronet hyl
(CH2F), a2|do (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,

CH2N( CH3) 2, ethynyl al kyne 15(optionally substituted),
or halogen, including F, d, Br, or I (c) R3is H
CH3, CH2F, CHF2, CF3, F, or CN, (d) Xis H OH F

Ove, hal ogen, NH2, or N3; The base is a
natural ly occurring or nodifieg3purine or pyrimdine
base represented by the followi ng structures: 20
R60R70 R5N ........ N--_, NH ZNH No
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RARAN-'- Th N----NR8 y-NNH2 ljjivil ,J1jV abcd wherein
WO 2009/ 152095PCT/ US2009/ 046619 Z is N or CR9;
WORZA09RR0M6, R7, and R8 are independently H, F,PC/pS®Bn9/046619
I, OH OR, such as al koxy, aryloxy, benzyl oxy,
substituted aryl oxy, and substituted benzyl oxy, SH,
SR, NH2, NHR, NRI 2, NHR' Z/NE? 3+, het erocycl e,
| ower al kyl, hal ogenated (F/ d NBF‘ ) 5 lower alkyl,
| ower al kenyl of C2-C6, hal@®agenaied (F, C, Br, 1)
| ower al kenyl of Cr C6, Io Kymyl of C2-C6 such as
C- =CH, hal ogenated (F, d’; , ower al kynyl of
C2-C6, lower alkoxy of G-C8 h o pated (F, C, Br,
) lower al koxy of Cl-Cs6, H, C@Rl CONH2, C(]\IHR‘,
CONR 2, CH=CHCORH, or CH=CHOERR ; R9 is an H, hal ogen
(including F, d, Br, 1), OH R . SH SR, NH2, NHR ,
10 NR 2, NHR 2+, NR13+, N2, |ower alkyl, hal ogenated
(F, d, Br, 1) |ower aI kyI | ower al kenyl of C2-C6,

hal ogena ed glli. 9@2 | ower al kenyl of C2-C6 ,

| owner aI“ii"S‘? grf aI ogenated (F, d, Br, 1)

| ower  alakyfays aff 1n§§%)‘eﬁ@anﬂ:y%%ﬁte§|fﬂ6@i<ﬁle(gfro@co§§ustmg of C=Q, NH,
halgé:]enat ed (F, | ower al koxy f Cl-Co6

methyiene optinpaly S@b}med“@m\lm o7 hatpigrompsnPrpvided that A and B
CHC% Swherein R is an optl onal ly substituted
al ﬁﬁrfo ﬂRtJﬁc}gIlJ’[t onal Iy substituted cycl oal kyl, an
opt i onald i Nt DtAtEdogétkemyhn aam=mﬂ4mal4(§z =Q)- CHz—(C=Q)- -
subst i | t uted al ken or__an gpti onal substituted
SR ONoE T B G Tls3 TGP0k 8t KPR SR BheisX
th f[nst ance of NRI2 or NHR 2+ each R conprise at

| east’one C atomthat is independent of one another or
10are j oi each Qads indepandertbt etesteddien dengrous corgisting b£@s$, and NH;

two carhbgn. 20 at ,_and where for the instan

N 3 el Niskoleqls o, B Extin dogsisig o TR dioBhand Gl saliers

i ndepengenhq q? a@]ﬁd&ﬁﬁ&éﬁ@l& sBllecte@Edntthe “g%"ﬂ?fdo‘ﬁﬁ&n?g of hydrogen,
| east one C atomin which at | east two are | oi ned

t o hfydromyla Chélserllomsyc Ce-Ca dhipalkeky gmino, |subgttutpd\@mm pighhalo; and

o 3 SR Yo RGP 0, PEMTE o

151 f W, w3, a participant in a pi bond (double bond), Zis
|ndependently selected fromNor CG or, if Zis not

a parti dilisamatively, ﬁlerﬁasggﬁubq sedastaddrom ,argyong strpciures ab, ac, ad, ae,
| ”d? B 'j’aisgeé:rés%b%%‘sgae anas . )42\$eau '\&E?ye) , be, bd, be,

G Ib$ benoe s siemid bk, depieet ddlofv. om t he group consi st| ng
of H, hal ogen, OR', se, Ne2, Ne-ii, UK N3, COORl 1,
CN, CONR112, C(S)Ne2, c(=NRii)Ne2, and RH 0, S,
and Se, or not botlh sel ect ed fromCO CS, CNNR11l, SO
S(0)2, Se0 and OSI) wherein, if Xis a

parti cipant in bonq\,l&doubl e I{qgnd)\IH X 1 spl & | f A _NH,
|sNH3t a pamN ci p)ant in &Hpi bond N'dodbl e bon¥),

|s 1 qr N; N Wher N>e | tICI Nn a >
(You oY), ||s 0,9S, i Se, e r N
NN 3* |f s}ﬂnot a ~pér NCI pgrm IIN a pi et k

(doubl e ¢ond) Rl |

20 ab ac ad ae af ag

-14 -



15 is OR',
(---)

se, -, r d, R,
i ndi cate a possi bl e pi

or SeRil;
or doubl e bond;

and dashed | i nes

weawh/1R093 | ndependent |y sel ected fromthe groRQI/US2009/046619

consi sting of H CF3,
optionally substituted al kenyl,

optionally substituted

al kyl

optional Iy substituted

al kyM‘;hl opt i onaﬁl\y) SubStIM‘U{ d aryl, optjonally

subst i t ut ed acyl tionally ZOsubst i tuted c cl oal kyI

opt i owaNyyNgubst |N9§? fyclm)ﬁti l, Iﬁ%ﬂf >
subst It het er Gar opt | subskd t

heteroé‘i/cl% , and opt |ﬁ1al I yl%ub%’tltut edMNary IIF&N Iﬂr

Z Zz z Z Z))L JL zzzzI ), JLIL L WL1ZzZ | Z Z2Z ZZIIIIIva

cozIll, ZX, Zx, 2)( Z111 fh e
11111 Zzdh 1 Z, X, Z*Z. xaiZ

defined as in structure c¢';

RA\RW/IL ZAZ z
wherei s Z, X, andafl
Base may be a structure

are

al

sel ected frgmthe group congi sting of strucﬁt ures o - ﬂ
{ Il —S—M G
HN—~S—Me HN—-S—Me M /HN ﬁ e HN ﬁ Me
Me 7/ | /1l e~y O Me._ / a
N e HN o F N oN
e I o IS Pe 0
= > Z =z
HN" N T HN" N T HN" N T HN T
am an ao ap
NH
Mey /2 Bt NHy  Me  NH, R NH; -
O Y UD O TR
a0 k L L L Ay
HN" °N I H,N N7 l T N T N T N !
aq ar as at au av
5
0 fo} O O
I I I 0
EN-5—Me EN-S—Me /HN"ﬁ‘Me A /HN“ﬁ Me
Et
HN/ 0 Me\N/ 0 N0 N0
o W
— - s 2
N T N T N T N T
ax ay az ba
0 0
i I i EN-S-M HN-4—M
/HN—IS|—Me /}]N—ﬁ—Me /Pm—ﬁ—Mc 4 Al A_ /0 ¢
Et Et 0 0
N0 > 0 O N YoF
CN CN CN NN NN
o o WD UK
P~ z pN NN BNTON | N I
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5 ff wherein G and R are defined as in structure

c'; Base may be a structure gg R1 01 "S " | 9%V gg

wowMensions each Z° is independently N (if a parPCUUSZNG/046619

10

15

20

25

ina pi bond) or NR (if not a participant in a pi

bond) and R, Rl1l, and Z are defined as in structure
c'; Base may be a structure hh wherein each Z' is
mdependm’t—lsyw (if a participant in a pi bond) or NRL
1 (if 10/no a participant in a pi , and each 7

in i nd&pen ntIy CG (i¥Ha participa la pi bondi\I or CN

>C( G not a par {j tin aNl\ d), whereginx N\

and wa fined as || n_ cturelc se nmay be!l\a/

struct eN| ii wherefANR11 and GVard defined asNin N

structure '; Base may bela structure'! NRllINGNo

I ii wherefi R11 and G ar&€“defined as 1 n structure c'

or Base ihy be a structurie kk bj bk
DEFINITIONS

The phrase "a" or "an" entity as used herein refers to one or more of that
entity; for example, a compound refers to one or more compounds or at least one
compound. As such, the terms "a" (or "an"), "one or more", and "at least one" can

be used interchangeably herein.

The terms "optional" or "optionally" as used herein means that a
subsequently described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances
in which it does not. For example, "optional bond" means that the bond may or may
not be present, and that the description includes single, double, or triple bonds.
Moreover, "optionally substituted" means that the listed substituent is substituted or
unsubstituted. In the instance where the substituent is substituted, unless otherwise
specified, the substituent bears any one of the substituents defined below. For
instance, an optionally substituted alkyl can mean that an alkyl is substituted or
unsubstituted. In the case where the alkyl is substituted, i.e., by one or more
substituents, the one or more substituents can include alkyl, halogenated alkyl,
cycloalkyl, alkenyl, ... aryl, and the like. For example, an alkyl can be substituted
by an alkyl (i.e., methyl, ethyl, propyl, etc.), a cycloalkyl (c-propyl, c-butyl, c-
pentyl, c-hexyl, etc.), or an aryl (phenyl, substituted phenyl, naphthyl, substituted
naphtyl, etc.).

The term "independently" is used herein to indicate that a variable is applied
in any one instance without regard to the presence or absence of a variable having
that same or a different definition within the same compound. Thus, in a compound

in which R appears twice and is defined as "independently carbon or nitrogen", both
-16 -



wherein for structure kk: 10R12 is selected fromthe
group consisting of hydrogen and C1-C3 alkyl; Qis
w@ab®ens2es is selected fromthe group consi stiPQr/u§2009/046619
S, and NH, provided that when Qis absent, V and NH
are both attached to a CH2 group; Vis selected from
t hB'sganbp cabosibeth Ry cah bindregeG-oGonF Ri eandws cathioncingl tlapmether
the. group consisting of Nand CGG; 15Gand G are
[ n’&‘é‘g fHently selected fromthe group consisting of
hydr ogen, am no, am nocarbonyl, nethyl am no,

di met hyirR¢icRa."aRGY 8fkd 1, anainkeyiadtl di®ranch&OBdin, saturated,
- SO2NH2, am nocar bonyl am no, oxycar bonyl am no,

HRY®REYFe by drorprbon sesidne coripinieg 1 it bhearbgrygtenay.akherderm "Cim
and, hw i.n [ ' [ S .

5 STRVERE) G sOFSnfdhl § ARG Bkl by e
t opstiigtheviblidwinB&alvet:r 251, G 7c8rdh a0, Houddly, d4eEHcho6, 17, 18,

group respectively forma pyrrolidinyl group; 5wt

PN 00T 23 2t 353 2 DR800, ABb{STBLC IO hiors fo an
WER Ve f?ﬁ}ngl]l tﬁ4'c§rﬂﬂh aldm@NPherR " RweP SRPPIARHES ¥ straight or
sele teél romthe group consisting of hydfogen,

hy tiranzlydd, chaih-ldr arlakbonyresidiic @ririsingall todkgarbamatoms. "Ci.zo alkyl"

substituyted am no, a hal o;. and each qf W, ,and "

107 925 s B ooy Chat Ry s WO 2 Bihem ey i kgl as
of uBaHRGR ReferiSto %a&?ké’dmm%% BtoPT 6k bighs O mumlﬂe@ of B&§Egroups
may be a structure 11 wherein for structure 11. 15R15

i s fejusieolsaronot Gimicd tal leyer alkyl graupsdneledemmethyb ethyheropyl, i-
gr Qu onsi. st i f 0 d. S ' I
7 SRR B L Esh bbbt abrafbispheg el b pBRY M, and
Mebbtyl. anheerm iriel 1ok @hdtéroarydalklybifidieate thSAIRYL groGORNIBipnally
al koxyam no, am nocar bonyl am no, oxycar bonyl am no,

15 HRswhsttediey @) il or abgterearyd gronp respectiielyo,
hydr oxyam no, and hydrazi no, where R13 is hydrogen and

R14 is L de- [ ] {17
Ri4 1 ogal Bt T A ePpdtd ARyERY AaREIH D LIRS B iaietcd o
eabhangh@lghaireab@cbimpeisingfad taastaone wf FoCl, drnatd IgridegernotCi-3

Base be_a structure mm .\D
2098y BgsEpEadHRsIng s8EREsIIEA & & cribopspndat et gpeor T CL
NMMBr and I T t&RAHRAIGYeRatbd HRRE BASIM leferS R L0l Qi 1 IcBMptibiag 1 to
group consisting of CGQ NH 5 and nethyl ene

20 op i carhmn|ajorsudsst 4t depseenam it Cl, Bipand haFxangletipslude, but are not

g: %Egbggg%ft?q%%%r@?tﬁgf 0158?0:§%Hﬁt r%ﬁotm%l_}l}l, iodometha, idﬁlulsnr_&methyl,

- ( GidRlorbinéthy CdBromomefiyt, @itotibméiGyiri fluoromethyl, trichloromethyl,

-(C>%-(CX)- C=Q -, or -CH=CH NH group where X is

haltgbromogegtyLriasometiupenfusroripys dreblareethyly bibromeethyl, 1-

9" QR HINS £EBGNHE 2 XnicroetBAY2 Bibmoethyl, 2-iodoethyl, 2,2-

25  difluoroethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2-2-diiodomethyl, 3-

fluoropropyl, 3-chloropropyl, 3-bromopropyl, 2,2,2-trifluoroethyl or 1,1,2,2,2-
pentafluoroethyl.

The term "cycloalkyl" refers to a saturated carbocyclic ring comprising 3 to 8
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
30 cyclooctyl. The term "C;.; cycloalkyl" as used herein refers to a cycloalkyl

comprising 3 to 7 carbons in the carbocyclic ring.

-17 -



R16 is selected fromthe group consisting of hydrogen
and C1-C3 alkyl; T1 and T2 are independently sel ected

wo e@ni1sdoes gr oup consi sting of hydrogen, hydr oxpeT/US2009/046619
Cl- C4- al koxy, Cl-CA-thioal koxy, am no, substituted
am no, and halo; and Y is selected fromthe group
consi st Theteoh "alklwylt refers taaul uﬂubﬁtimaddhyémﬁboﬂ chidin vydical
W, . Al terpatiyvel eBasec d from
b Epach G Lo s BTRGTe G oRierily S5 big
gi;pregézrabl Bhe gﬁﬁnﬁcﬂouﬁlé bo%ﬁ; Tﬁé termS aCz%talkeb%yl" r@fé(rjs t®%n alkenyl

a, bc : bi, bj, an

d emmpming)% ko carhpyaomsa rvﬁwa@g ps an iniegar b@am&thls\fd@mng values:

S S0 2o Db IR S5 g s gl ARBKY Bofes o AP alkencomprising 2

betanpéebdradteds Thendmhe' Gl alkehylr @eﬂﬂ%n@ es elkte@}d cbnprising 2 to 4
formula | above, there are nyriad ways tq express the
s evarben atemso dxamRles mghilen By Botdimigedtn, wnghibdarneeb 2-

bel h
haelteo%gl sé?@gg{ﬁr %te;%%{r}gl:(e%ﬁ%gﬁi ?r:(ra]tns, eeg\évh La\?i lngvent ors

several aspects, based on the identity of the nodified
puri ne @he pymi "hiakdigermtdibalkenyThicfers ® anctlkényt esmipubingatieast one

an inplicit adm ssion that the several
10 errﬁ #E%Fé’“are i ndependent or distinct nor should it
be interpreted as such. Rather, it is intended to

convey iTRE @rARGiSAYP efeltatb ahfﬁlﬁblfaﬁl:ﬁedj& bedrRBE Bydbcaktheh chain

present invention can be understood. Furthernore, the

f orddaeal hgwegrﬁ@m mk()scarbgmatg@p,gg@fgrqbbé? g carb@xbatﬁg{s, and
to be. | '
e o i T BB P L o2

A N ¢boreatbms wiksé No ah etegonrhavihg die foHowdingsalues: 894,85, 6, 7, 8,
conpound represented by fornmula I-1;
15 9, or 10. The term "C C,.4 alkynyl" refers to an alkynyl comprising 2 to 4 carbon
atoms. The term "C,-19 alkynyl" refers to an alkynyl comprising 2 to 10 carbons.
Examples include, but are limited to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-

butynyl or 3-butynyl.

The term "halogenated alkynyl" refers to an unbranched or branched
20  hydrocarbon chain radical having from 2 to 10 carbon atoms, preferably 2 to 5

carbon atoms, and having one triple bond and at least one of F, Cl, Br, and L

The term "alkoxy" refers to an -O-alkyl group, wherein alkyl is as defined
above. Examples include, but are not limited to, methoxy, ethoxy, n-propyloxy, i-
propyloxy, n-butyloxy, i-butyloxy, #-butyloxy. "Lower alkoxy" as used herein
25  denotes an alkoxy group with a "lower alkyl" group as previously defined. "Ci-1o
alkoxy" refers to an-O-alkyl wherein alkyl is Cy.o.

The term "alkoxyalkyl" refers to an alkyl-O-alkyl group, wherein alkyl is
defined above. Examples include, but are not limited to, methoxymethyl,
ethoxymethyl, n-propyloxymethyl, i-propyloxymethyl, n-butyloxymethyl, i-

30  butyloxymethyl, t-butyloxymethyl, and the like, methoxyethyl, ethoxyethyl, 7-
propyloxyethyl, i-propyloxyethyl, n-butyloxyethyl, i-butyloxyethyl, z-butyloxyethyl,
-18 -



15 -1 wherein WD 2009/ 152095PCT/ US2009/ 046619
(a) RL is H n-alkyl, branched al kyl, cycl oal kyl,
w@bkdoangdo9s or aryl, which includes, but is not PCHUSEA/046619
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at | east one of H F, d,
Eer'and th?] Gk, rﬁRho)li}fﬁl‘inyS%thobe&pyNH?rppW@onﬂR’ Ltepyloxypropyl,
et erocycl e ower al ogenat
Br” pyloxyPRORYL g b PEGRY ér%léf)xmr? %g%flﬁ% Gt of
| ower al kyn.yl of C2-C6 such as

hal Ogen@h@‘i‘erﬁf"ha@)genﬁéd dRoxlyoWeferd bdk i Y10 -alky ,in which the
| ower al koxy of CI1-C6, hal glgenat ed (F, d, Br, |
| osllsyl grbupsymprisesat east onepfF, COBR anddONH2, CONHR |

CONR 2, CH=CHORH, or CH=CHORR ; (b) R is H

| oner a (o) .n r \Vi :
> i ncl udi #ég héﬁmoé% G%WH{Q 0%5 s :t(g%r Oa(:l%%% allcyl) group in

| . @hich-th&ldep Qlityl ¥doap eomptisesht ldast dneolf FACH Brhamdrioxy |

met hyl (CH2OH), fluoronethyl (CH2F), azido (N3),

CEC, o TR ST T i iy o

I, H, CH3, CHZF CHF2,
ggv%o ﬁquldi‘ar}ll substltuenté Féﬁpé%%l FyF ok hal ogen NH2

or N3; and (e)R4, R5 R6 are |ndependently H,
Br, |, OhetddR ",prcgtgmbd a8s @epldmgem anrdyrdssy othset 159 ﬂ@&l}pd refers to a

10 EUbSt N tt?ﬁgﬁ Xltqgﬁa and Skjgg %tﬁk‘élfo%pﬁc%éx oty pré’ént its further

eterocycl'e

| ov&®icticn byfor ottt ﬁ%gﬁ%e(ik Wwide v@hetyﬁff oxgen am‘dl&ﬁtr@eh)plrotectmg
| ower al kenyl

COBNARIPS am/m)@m tﬁ tigpse iskellgdh lrb%l@ IS |0r%ﬁn&ﬁa§|%ﬁeﬁlac3é\lﬂﬁlmmng

2:0 Fe)éagh%l?? 1n%R1d'8 0¢@)u eﬂuém f:?(?)aagﬂgbpg?lodﬁ%% ?llgfj"if‘ CH;-alkenyl,
su WZPhWHQLa@ﬂ @iny0-alkyt, G Coptyl, Sy dlyyls SO iyl ered

15¢ nbuibaRbis B bttt sl Tebor i S at
'e%fals%ﬁ%ﬁlﬂl@g?ﬁrﬁ%ﬁﬁs i ndependent of one anot her or

are | ol terocycl e conprising at |east
two carbon 25 atons, and where for the instance of
NR 3+ edie tﬁ'm 'mytprassegi hereineant urdess otheawisaspasifzad, gfers to

i nde a S

| DISRIET b SRR IRMER g5, BREROR sy AREpEERIBHy e tom
t 0 kA8l tb SLESHARYE beurkabatitited pherdl. Thasiy] group can bosubstituted
at ons. A first aspect of the first

20 entyah enerar maeye maietiss seleetsd ForbHPOREY FBLERL kT

A PR RO IOLE i, st

al lpahbyﬂhatdpbr ﬂ[qsbhonata einherrmnbmm:sed bnpromtadcas nk¢assargchs known
phenyl or  napht wher e phenyl napht h

opttp dhese Filled msthe et éa e cas Ut in T e X"fﬁl PEM. Wus,

Br "Elrotﬁc%r a0 ﬁ1§'ﬂ)r|g§§'c Syﬁ{'ﬁ'gsas bR, I %VlleN"B' S%ﬁs 1999.

ower " al kyl’, "hal ogenat ed (F,
hal ogenated (F, d, Br, 1) |ower al kenyl of
25(:2 06 | Theeernas lejlayy]” of "aliel@sl'se &htcagn @kyjgroup with an aryl

Pl b meeisesd enlihs RSB Y e s e atiytary

| OV&B b@'sﬁ@s’éﬁ‘u‘c@d withafRast@ae of aﬁ%@én (FOQH3x, oflm\HRdroxyl a lower
CH=CHCO2H, or CH=CHCO2R ; 10(b)R2 is

| owékox'yl, Rl;,qh ascpﬁ{’& (oMo, w,anwﬂkylgn@po%h agﬂ—m or —NRz, where R

| ncllsLa{ oW alkyl, such as -NHCH; or -N(CH3),. Moreover, the term "lower

30 alkylaryl" denotes a straight or branched chain hydrocarbon residue comprising 1 to
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OCH3, OCH2CH3, hydroxyl |ower alkyl, i.e., -(CH2)pOH,
where p is 1 -6, including hydroxyl nethyl (CH2OH),

wo bawonsooes hyl (CH2F), azido (N3), CH2CN, CH2N3pPCTZHRINbBIR046619
CH2NHCH3, CH2N(CH3)2, F, d, Br, or I; (c)R3 is H,
CH3, CH2F, CHF2, CF3, or F 15(d)X is H OH F, Ow,
NHg carbon hre»msahai 1$ eybRAutedSYitIRG s@setutedj@pmdmﬁtuteyd #yl, Bych as,

| such

e byl o ErUIEET SrYRBRY e BLESTPbp it am alln
begaxti@éyns. SH SR, NH2, NHR , NR12, NHR12, NR3+,
het erocycl e, | ower al kyI hal ogenat ed (F CI Br )
| ower al kyl, | ower al ken}é‘mof C2- Co6
CONH2,  Eltontarm, "haloNirs msedlisrpiay isrhydes Chl‘%roa‘PFOB}S’t wéﬁélmi;ﬂuom
substituted al kyl, an opti onal |y substituted
cycl oal M O | Ak 5 ¥Bbonylafoiety and

3 opti ona[yr}{‘]f/ glﬁbs&t ue{%el‘glt eny hfockﬁngyﬁmo ti onan?’ oiety and a
s uben-carboreyd mmyﬂy Tan carbbnydnmblbtw coutagtsi atdﬂubtd:-bond between the
al koxyal kyl , for the jinsta of, NR
caEHORAY CaIbER .agi Betefaiaty, %‘%Fée% el apRs ff-‘éecte(m’m among O,
| neleppnd e%eﬁthe%@er@ﬁ&hh@l\l e NsSub&ithRd by@ 16WEMalRyl. The non-
het erocycl e conprising at [east two carbon 25 atons,

andarbbmeyl endiety is sededtgsirem straight, RRngheds gt eyalc anyWhlghg@cludes

anB{lﬁg?1%5ﬁmlggcfwa%Jg]@%pﬁaggge%a?rn%gaSt 1 6°n§1k@f CF wealkyl or lower

Whiatkhy; alk&x%ﬁpl inefudihg MEBok ghaadl; halkyrimladingbengtycl e
conprising at [east two carbon atons. A second aspect

of uyh@cwlkyéﬁu@mmenmﬂn@thyldmr?é&k &91‘%@%1’1&“6‘%‘&1%3 7]

2 R RPARABED2 B ASE 1P e 1, Byl B oy,

al kMEonaW&kdi@sKMi as AkW ak ytalkyd sulphyyl, mblludimglmmhandaﬂfonyl the
but is not limted to, g’lenyl or n pht 1
15 phape, droriepisalatc syier SIgrTRoRaIS) Shmtyt sulthed banert
at orh
}—Iﬁll]ﬁ%aé’lﬁ Qﬁ]&l(%n)éf\}llﬁ £~ lzagyisﬂgf or'di @g’_p&éﬁé Ilsel§lrl })’\\%grrl at least one

al Iayyl grdupl is geesertt éal tl(el-ﬁon@arboﬁy], mbiety, hitzis p@&mdethat(the agll group
Br, 1) .lower al ken of C2-C6, |ower al kynyl of C2-C6
SUGHHIHQS%@I@Q“YH%P enated (F, C, Br, I) |ower
al kynyl of C2-C6, |ower al koxy of Cl-C6, hal ogenated
(F, O, TBE tern "IbR¥eicy?! %Wto% aSY &bup GRhich @@&Enrcarbonyl
CONH2, CONHR , 10 R 2, CH=CHCO2H, or CH=CHCO2

20 ( bynaietyiislomer alkybwer al kyl, cyano (CN), vinyl,
0- (I ower aI kyl), |ncI udi ng OCH3, OCH2CH3, hydroxyl

:ﬁ\(/:vIeLdlalng hy ré) %H%%%@Eﬁ} udgsob}rlém%othmltedto

%ﬁhﬁaﬂa@mw& KH-aGHpuriiid? [8herehi2ivyDis aoaxmbmyl
CHfa!_kyl ot quﬂwﬁ -bengﬂyw%l% 25‘1(5 &?aﬁ'gaqﬂn?s N d%gfglpw '1:‘{)

mace&@ggc }%E% Fi%_géﬁ 8@??@% Wfk‘}?@ﬂﬁé & -aﬁylaﬁ;mopunne NE-

25an dhlqalilyl p]mhe), wz—amymWhnesmﬁ—hlkyC@Zmldaunm\lmnlmqge 5-

oc|-ﬂ§1gf\l ﬁf)&lél?egd_s sel ec li d@ﬁag)g%%yp—%le 5.

al ‘%&ih)o 4Viﬁér6 tbﬁﬁrb’&iﬁ bﬁ'&cﬂasfhaﬂﬁiradﬂl iﬁchﬁlﬂlgt D fluorouracil, C°-
C cirl'is HC(0)'(G 20 al kyl ). uhieh Tncl ude but.

ar el mynmndmeé,cc tberwzggmw@n@) lopxyimidingscy sipyypnidine,

Iude but S l i 2,
e B ERiHiE O dby sl Ee OB ipuid =
306 a?nld&)yrﬂmldﬁﬁ;gs cyehopEmidids, ,(1541,odduﬁ§mrﬂﬁmellz6 I&B)-p)amlidlne C>-

19; wherein R is opt i onal | su@stltuted al kyi ,
optBroviayl pyranigise; @uBé‘éfnb’)l/E}’%}‘ﬁ C Antrenyring e é -4miDo-
substituted al kynyl, an optlonally substituted
al kenyl, or an optionally substtuted acyl, an
optionally substituted al koxyal kyl, where for the
i nstance of NR12 or NHR12+ each R conprise at |east
one C atomthat is independent -35 -



of one another or are joined to forma heterocycle
conprising at |east two carbon atons, and where for

wo b@oitsepance of NR 3+ each R conprises at | eBST/USINE/@6619
atom whi ch are i ndependent of one another or each R
conprises at |east one C atomin which at least two R
ar pyrjroidired Nz@llfydpmras At alkyesy thiepusions Srazapygidinyl) Lazauracilyl,

r bon at o thir he first

e AR PR mriciOl elbel R byt aud fYiat i rimiding
f opafihPbdseslinkingé, Hul are not limitdd td3buhriné]adeniad, kiybeoxanthine, 2,6-
branched al kyl, cycloalkyl al karyl, or aryI whi ch 10
i nélamireapuripeiand $-¢hderopurine: Banqtionalsryag aust Niffagtt gTgwps on the

5 Whﬁ%s%aﬁrtﬂ e %otté)céendgﬁggE%)é&%%r g‘aﬁr%gr %ﬂﬁlﬂhégféf@}@tggﬁg are well
SRaohk®, Dkl e diﬁahamcidaau’smet’mgtsdbb d?nééhylhémmlyl -
ena e

al ky hal ogenat ed h
Br butwidlmsm@ il mylgut&dwnéeﬂyh Tk N gFAYRS: 8 1 @sps

kynyl
g%ﬁg%{%dﬁﬁéﬁﬁﬁﬁ Efhabepuigint, i pafohucsRARlons) /™
, Br, 1) lower alkoxy of Cl-C6, CO2H, CO2R , CONH2,
C(]\IHR' T@@Nﬁfnz het@twyblemﬂ hetgroa@ebytHEABRI herein referS( to) anR3-, 4-,

0 L1 1675 e ForrPn e G v o aipipg carbon
. Btoms an@IP O toWhRE Beferdatords n&%gpdnﬂ@ﬂt%e&@teﬁyfﬂfn@ Wel group

mst hyl (CH2O0H), fi uoronet hyl azi do (N3)
wmlstlag@mne 2o pAhgep mt@@meneoxxng NMpdeRg pitrogen, @nd one

)Eulﬁn‘ ahd Iqne Htfc’gﬁlg Wluﬁﬁ@%g bl(%lﬁg grogyl:l% Whgﬁ)%% Z?f the Cfleﬁned

R5 hétéﬁcyﬂdﬁﬁngﬂﬁyfiﬁl flsgd kb a Fenzale rifig wHeERS theGlifogen and sulfur
I Xq, where Xis F, 4, orlandq lto
5 h@eroawam@@na@mmwewmq@e Hercbaigienigyrs may be

c:naRl %ﬁ%ﬁ@eﬂ@%\?ﬁ@rﬁ&%@e o?%{%? ?9112 g;_lgl &%ﬁtoﬁbﬁlay be

whisatistitwied with aboweraalleylndd a isplos@dertloodifgit) fadkiey pBid3nclude, but

T et S B G R A
buﬁ) sﬂeﬁazﬁﬁxl thiomotlﬁﬂ)lfr@l an@ﬁle ‘like Nﬁl@ﬁl@lﬁ&h@v%mlm%er e

an i'nteger selected fromoO
208, "Eetemchla_"lqr "heterotgclyll'anclude, bm‘ﬁare 11¢t llmged ‘g)nthe icglowmg

opEr AT herimERrdh bEPRgiakaRt i ot iRg, Bk,
su ‘Béﬁiolﬁp’ﬁaﬁ?l Bbiopytazolgn) b@@dmlyuyoewmamm %dnzothlenyl

or an 5optional y% substituted acyl, an

opbﬁwlpﬁlrgl}’bélemﬂh@ﬂh% &ﬁy%qtmypyramﬁleb@wwepml

ond TRl R o, SRR RORRY, EATREI Baipeh 22

25] OIdnﬁdplhmjloleydiobaizeﬁmﬂmIchhmaipmmsfung dihydrebatzotmidazolyl,
Carci?l?y?mh@a‘@t SEahisty GUATOBrEo R OB EO T BEHG B one.
ot O%ﬂﬂrcﬁ%ﬁ%\}ﬁfcgﬁ&f Qf@a beﬁ?&%bﬁfﬁ%l@dré@@ﬁbeﬁﬂﬁyr@myl

st two R "are’joined to form

h etdd’r}«ioqfutaayl: diydismintpzalyl, [ddgstroindwyk dilydroisosamolyl,

S B A IV S 4
30' S dﬂxyd?dﬁlrzj&){ﬁyl cﬁﬁ?&@ﬁﬁ‘%(ﬁﬁkMﬂhydl%‘,rﬁfh@lﬁltykmhydf:ﬂplyﬂfrﬁdhnylor
aryl, ch i'ncl udes,” but” i s not phenyl

napdﬂtydeymmhdr@hy)dreqnymohnylnhbrdrwuamlﬁl dﬁbvd@ﬁaadlgfzolyl

su %sﬁ 'glr_?L{flecj 1Wi tﬂﬂﬁ%r%@ﬁ“ Slt N&?«% ﬁnglﬁ_g\;] f gﬁchnh d1g>_<|any1

hetd@m&otstkamydmmeﬁylaalbxidotwmh@gmm}e Cfuf}li, fu€inyl, Bnidakylyl,
hal ogenated (F, d, Br, 1) |lower alkenyl of C2-C6,

| ower al kynyl of C2- 06 such as2P0 CE-- - CH, hal ogenat ed
(F, d, Br, 1) lower alkynyl of C2-C6, |ower al koxy of
Cl-C6, hal ogenated (F, C, Br, 1) |ower al koxy of
Cl-C6, CO2H, C2R , CONH2, CONHR , CONR 2, CH=CHCO2H,
or CH=CHCOZR ; (b) R2 |s H a Iovver al kyI cyano

P~ IS N S




WD 2009/ 152095PCT/ US2009/ 046619 (e) R4 and RS

are independently H F, d, OH OCH3, CH3, CH3 ,IXq,
wob@eesx9ss F, G, Br, or | and qis 1 to 3, VvPCHIUS2009/046619

CO2H, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; and

(f) R6 is selected fromanong OH OCH3, NH2, NHCH3,

N( ﬁﬂm11nbﬂ1ﬁ1da501mﬁﬂ) iGd azd€Chiadokyt) 1)n1dambp3nli1dihnlc inddmljziut

2l 1%9135%51 Q":??IPWL m@ogglb%ébea?%ﬁwl 159 Eﬁﬂa@gﬁ isoimdolyl,

N"EQ%()%) 1s§g§uolh¥o§é Q)¢ CHZ‘SI(}'%ZOM iédthibpsiausle, iddazolinyl,

is not limt where s is  an
[ ntsegmolﬁ,ehdhy]ededlomheﬁzoyj, maorphdinyd, naphthgyridinylgoxagliazolyl,
10, 11 16, 17,. 18
S R Ol o B steRh et e Xy PO gt RS o
S uBgddihydrSihtal£4i 7! Kﬁddih}ﬂfblﬂcﬂﬂypﬂﬁdlhﬂda‘fztﬂ@@lhym Ui@ﬂperazmyl
al kynyl’, an optlonally substituted al kenyl, or an
opokenipgriipyk gn@pyrtqhdmyl,azzcypymawn@éx eorgrpiyl supttazelyh ed

R R S A G

i ng ?@ﬁﬁ&@ltpﬁfdopﬁedlaﬂobﬁﬂtazmyl pysidylopyedidinylfpyrroly,
het er ocycl e conprising at | east two cajbon 15, atof
10 an By LBy GHingZo8ny gYiakEyLquiRg L quing Yk quingAind e o

gtnlc[)t o?};bZ%hc W\g‘gﬁﬁ%@g&ohﬂ%@g&e@ %ﬁgrc at gfn in

V\htenlahydroisetholﬁm tRralpdeopyciny dettabyfoquinalihgs etrezolyl e

£ ¥ PR glopdidn shladiigoh )RR, BusthBRT: tingfira gy
c Oﬁﬁ&ﬂeﬂmbﬁ&fleﬁﬁ%@ﬁ azdidny1f mmﬂx@nﬂ- AexthgdrBazeplnd), Bad the like.

H n-al kyl, branéhed al’kyl’, cycloalkyl alkaryl or
aryl whi ch includes, but is not limted to, phenyl or
15 napht hy [The gty ‘gayseraensm oandr fgyrierners” ha:V@ tb‘?if a@ﬁaqeﬁy ain meamngS-
substltut ed with at | east one of H,

h et er o cyc ?%ml gm%eragﬁé}ﬁﬁngﬁ %“o gen adt{(%l}%y!]},rl 5%113\”%1?11 % I)C?St one

hahg@egat stdm(df, thé]:omﬁi’fundlo)f foromea 1 &irkelageld waith §2ed86one deuterium
| ower al kynyl of C2-C6 such as hal ogenat ed (F,
a atomy 1) lower al kynyl of C2-C6, |ower al koxy of
Cl1- C6, hal ogenated (F, 4, Br, 1) |lower al koxy of
Cl- Gs, Gf\@glf&mpqﬁ‘ aﬁg\ﬂigh %%ﬁg%la ouS'ehIRL & chira4atd @R has a
or CH=CHCOZR'; V\D 2009/ 152095PCT/ US2009/ 046619

20 (b xoResposdibig Cabridnga¢-Rnadog drgignativmof "R" @ciss which e their
CH2F zZi doﬁsaé CHZCN CH2N3 CH2NH2, CH2NHCHS,

ypain NSy or (c) R3is CHB;

(d) X is F, 5(e) R4 and R5 are i ndependently H, F, CHS,
CH3 _gFg, and g is 1 to 3, nyl, CO2CH3, CONI 12
CONII'CH3, or CENETAELED aﬁacﬁyﬁsoNsoga?f@EaMNMN

B

25Wheicd br blsid &ldaionofatts)ohadrhies, S‘sbb&tds,t deteealatad kydlogues, or crystalline
optionally substit ut ed 10cyc| ogtlp an optionally
sulferns thetgaf, and theyll erﬁlﬂ'eiﬁ!?{ F%uléﬁbst ituted
al kenyl, or an optionally substituted acyl, an
opti onal |y substituted al koxyal k wh Bssef or the
instance of NR 2 or NHR 2+ eac rise at |east
one C atomthat is indepgh anot her or are
joined to forma heterefycl eSconpri ,at | east two
carbon atons, and whgre\f orRt he— of NR13+ each
R conprises at | east C agom 15 azvhl ch are
i ndependent of one ano/ueﬁ@ each R“Xcorrprlses at
| east one C atomin ch at least two R are joined
to forma heterocycle conprl sing at |east two carbon

at ons. A sixth aspect of2phe first enbodinent is
directed to a conpound represented by fornmula I-1
20wher ei n (a) RLis H Iower alkyl, |ower

al kylaryl, or aryl, which includes, but is not limted
to,_phenyl or naphthyl mhere phenyl or naphthyl are

L T 1 oy o o o



25al koxy of Ci - C6; (b) RR is H -CH3, cyano

(CN), vinyl, -OCH3, -CH2OH, -CH2F, azido (N3), CH2CN,
WERBB35208H2NH2, CH2NHCH3, CH2N(CH3) 2, F, O, BePCT/U82009/046619

(c) R3is CH3; WD 2009/152095PCT/ US2009/ 046619

(d) Xis F; (e) R4 and R5 are independently H,
F, CH3, CH3 ofereimand q is 1 to 3, vinyl, CO2CH3,
CONH2, CONI I CH3, or CO\l(CHS)Z and (f) R6is

S R AR gt s R e o

N(ﬁ(@]) 1%31@5% bﬂ’tﬂ@ h@ﬂ ﬁhﬂ%d %S¥l?éﬁ p&tﬂagﬁ@llyi xvh%feo;ﬂkhyltareﬂpmhﬂ

| kyl, an optionally substituted cyc

oparemmpna}llwbsmmteatveldl sligshgnsoidh R 601 o ki g OR, SHL, SR, NHL,

| onal d
5 SRR RRENARES R Bty SBLIRRF Mg, RiBSCaledBre B 1
t heoviddiliaMdRldenNE &, @1, BEIR BweedknyRof CHMY loser dlkynyl of C,-
| east one C atomthat is independent 10 of one anot her

or CarS@cl] a5i Gre(cHLt hplagonated (RtleBo dy lower elbpmpyliofiGagsatower alkoxy of

R Coo RS RARA SR F B D RiVer 1G5 o € Comar PR gPhe
l HQEMQHL?UDNR'Z,%@H@GQH oPCHeasIC@R;,conpri ses at

| east one C atomin which at least two R are joined
to forma heterocycle com risi n%tat | east two carban

10at ons. {BHA s&dénHhamepsions Y)F“chH 44 glley] (welydmnedewer 2lkyl), cyano
di di (eRIR &L Qi <‘<5> q&% ryl | (ofer ?ﬁ%@ﬁﬁ@lfl@%ﬁ fotFﬂ'y OEH,CH;, hydroxyl

al laikygrigl, ; (Cﬁ{z)(a)}y,l whenblnms i1rclQy ﬁyd;rpsziubwelsalhyit 1.¢.j 1#¢CHegOH,

opwh%?%r” 1 Shindhte Wit fretn? LR QuE i BRBRG IR, azido
Br cHL,eNOUH, QR GHMH,, @*&Nﬂ@% CN'R(CH? ynfyl aliome

N 3, heterocycl e, I[ower alkyl ower al
15 haengiemalle sibsitiutad), oralogey, induging & Kb :BF, @fI Cl C6;
(b) RR is H (c) RBis CH3;, 25(d)X is F;, (e)R4

and R5 r e t Fg, and q is
1to 3, |nyE{d %%Q%Eg é’&‘i@?z’ %IFF%:ENQM CON( CH3) 2;
and WD 2009/ 152095PCT/ US2009/ 046619 (f)R6 is sel ected

from amgdg - GHs H,@HRE, OMePhaloddnONBL,, orN(:CH3) 2, NR12,
NBR 2+, NR 3+, -0C(0)CHg, -NHC(O)CH3 -N(C(O)C113)2

mherein is.an o nal | ubstl d al k
opt i onal §s¢?d§talnﬁﬁ¥@g’ dtlﬁ‘?ﬁie eé’ﬁgiyﬂ?ldme base
Sufeégreéeﬁiea%y%émmgﬁr&a&esonal l'y substituted

kenyl, or“an 5 optionally substituted acyl, an

optl onal |y substituted al koxyal kyl, where for t he
20i nstance of NR 2 or NHR 2+ each R conprise at | east
one C atomthat is independent of one another or are
j oi ned tggform a heter o&ycl e conprising at |east two
carbon a and wheregifor the instance of NR 3+ e

wherein

-23 -



A second enbodi nent of the invention is directed to a
conpound represented by formula | in which the base is
w@2@bnspobiir e represented by fornmula b above, WhET/E52009/046619

Rl, R2, R3, X, Y, R4, and R5 are defined in the
Sunnary of the Inventlon 15secti on above. A
first aZpeNhndﬂithe second enbodinent is directed to a
compound represented by formula 1-2 1-2 20wherein

RI Lk b hed .al | \

o kar yl Rk’ EEF.,% AR R TRES R I F CBR: OF QR sgen o
t dn B4 bylzywix§, SH, SR,
R e s

s ub&iu NhﬁFed‘IRw,tmiz .NRis's hetprocyle, lower allyl, h@?genpted@ii CL Br, I)

s el SR TGO gshiy f, Aoyt o

halcpaewat Rydyft of Ch-Cs Bﬁch 45 CLOMERal@dneny (F,afl, B2 mwer a]kynyl
| oner al kynyl” of C2-C6 such as hal ogenat ed (F

| ) of G, lawkyalipxyodf CCohalogenased &, kbEr Bflomt@soxyyf C-Ce,

LR R (o el FORTEAL L i Bicon

CH=CHCO2R ; (b) R is H a lower alkyl, cyano

(CN), VIRﬁydanH mdmgmr(mlddyﬂ@f? GInBE, U}i0H, QRHSH, SRLNEH3NHR!,
hydr ox | awer_ al

10]c 6 NK b r]ale , N&m}awgr?}kyln%qmnat(eé@ggbe Ele I?loiwser :!dlkyl lower
Q—IEWME%&Z(F O], @}B%’IO\QY"?& ﬁgfr?@%:SC Qwer a]kynyl of

i s OhCeChiflogeBhiRE, (F,GBFBI, IOZRﬁyer(aﬂ(yﬁyl Qfd;z-% ilewed, all@!y OIf Cl Ce,

%@agmm , O eyier aprons g5 AL ERRGRoNT NI,

H, BRcB=cHwosrocycl e, |ower al kyl,
haI ogenat ed (Fa%

Br, I) 15 Iovver al kyI Iovver
al kenyl of C2-C6, COZH
15wher ei n Werdis Rais apspriopally ayb%bt@ti |alkdi &8 oarlwgﬂrlly sahstltuted

t
o0 0Ly ]G GBS RBEB s, o
al loptiphallyGubgitutedaeydal dptionalbs sbistituesd adloyxlyalkyh) where for the

I()ﬁé}l@ggqr}gl@log subst it utml ko@éel k%{ I%%egg%rg{&ptelgﬁdependent
ongs gn@%%&ﬁér'?fi’%ré r]§1deﬁ A& RERAEREerd Oy c RS ARAtNEst Ao carbon

are ) ol m a heter ocycl e conprising at | east
20t watamas, bmhwhbmfsx thamastace o6 NRG eadieR ' aogtpaiseseat dastpreds- atom

eac rls S | east, one om whi ch

RSB GREShotsTRRIeD P sahit FomHates ot Bag ogp C atom in
| eqticiPRN9edst BYOR 4rB j3ECHd Bim heR&todydR Bmpakiagjadieagtdwo carbon
to forma heterocycﬂe conprising at | east two carbon
at amns.25The second aspect of the second enbodinent is
directed to a conpound represented by fornula 1-2

ool oul ey, bhe Bic@nifl e SA{BRG et et of formula o

not limted to, phenyl or naphthyl, where phenyl or
napht hyl are -42 - R0

25 c



WO 2009/ 152095PCT/ US2009/ 046619 optional ly substituted

with at least one of H F, d, Br, |, OH OR, SH,
wER09/15868235 NBR, NR 2, NHR 2, NR 3+, heterocyclBCT/US24089/046619

al kyl, hal ogenated (F, d, Br, 1), halogenated (F, O,

Br, 1) lower alkenyl of C2-C6, |ower al kynyl of C2-C6

such aswikrein Okstricaireggnat ed (F, d, Br, Iovver

b Al S AL S

C%'BB} N GPR: or, FER 1ot a Eﬂﬁgﬂ%ﬁ’a p?'boﬂ"ﬁgmnd) Zis

(b) R2is H a’lower al

0 {rideprndentlksdlgcted ﬁmhwsnge @%F%MR nﬁﬁ &&ICNR', SO,

OH, vvhere 1 -6,
3| %&%‘gyrﬁ?@&y# Cf*@?’hyl) p( CH2OH), f Ipulo?orret hyl
( CH2F) , eathl @ i‘s 1&&@endéﬂt@@%lec@&% thkQréuddnBistifgd-BNHC3o gen,

ST NIé&zaNPorOR N, cOoM) CX, ﬁcﬁlﬂi m@(S)NRI(‘:HS

0 e ek R 3 g i

X ossFandC$e, oBhot tsth sel@ndl oA, CH GYNRI ngO, S@Q,H;eo and Se(0)
CO2CH3, CONH2, 15 CONHCH3, or CON(CH3)2; wherein R is

10 anzopt i onal |y substituted al kyl, an optionally
substit ARl 8BAd [dbusKEBhEY, X B or if X |
al kynyl %g%nggﬁ(gﬁgﬁﬁm?aﬂlt I%tﬂ&t ed a ueny , )E)r ornan
ophoaprtigipsnitis ipi borel(daulle bond), s CRIavl I; subst i t ut ed

cach K G TEE dt * PEEIPaBHE e Roaonal tradl VRS, se
I negoendent! MHPQ@IH@QEM‘C aQfartediank Bi £Fichond (d&uble Bond), R'
hetero ycl risin a#n | east two carbon atons, and
15 whér @R oBR hE C &am:gelb 3@ 3+ each R conprises at
| east o'&ﬁ;heg nﬁ-wggl% ciaela As?%?e%grb%%gﬁblgfbm?@e anot her

or each om i1 n’which at

| east teacHR 1ﬁlﬁaaepeadmﬁj defeciedrfron tHeaireupetsisting ofH CFs,
conprising at |east two carbon atons. 25The thirf

as petienably suhstitated alkol, entienallvsrbstityted F‘P‘S’&le‘épt’co&a%y substituted

OTBH RSO b UL S

20 ar ghbstinhted bydloutiyd destionblly substituted dycluatkenlylt optiophBnsubstiuted

I T L T

vvltop at least one of H F, d, Br, I,

SR, NH2, NHR , NR12, NHR 2, NR 3 het er ocycl e, I ovver

al kyI : Imks@gmwbb adtr(lét}lre@elecm fram therﬁbmg@qusmg pfstrugfures d'-n
Br, 1) lower alkenyl of C2-C6, |ower alkynyl of C%IOOB

such as CRHM, hal oger#®t ed (F, , Br, 1)l ower al k yI

of C2-C6, ||l ower al kgxy of Cl-Xg; 5 haI nated

Br, I) Iz&bz al koy fZ01 C%
CONHR Z
is H, aI ‘l\zaIE?: cqno( |nyI iO(IZoweer))Ré
al kyl), idclu  IOCH2CEG, - ydrOX)Zl\\ | aer  alzky]
i.e., ( )(;SH V\,hr‘gplsl- , I ncludi hydroxyll
met hyl (CH2QH), fluordmethyl ( F), azidgd (N3),

CH2CN, CH2 10 CH2NM®, CH2N ,  CH2N( )2, F, d h
Br, or I: d (c) R¥is CH3, CH2F, CHF2, CF3:

(d) Xis H OH F, Ow, NTlI2, or N3; and (e)
R4 and R5 are independently H F, d, OH OCH3, CHS,
CH3i Xq, where Xis F, d, Br, or I and qis 1 to 3,
vinyl, CO2H, CO2CH3, CONH2, 15 CONHCH3, or CON(CH3) 2;
wherein R is an optionally substituted al kyl, an
optionally substituted cycloal kyl, an optionally
substituted al kynyl, an optionally substituted

al kenyl, or an optionally subspftuted acyl, an
optionally substituted al koxyal kyl, where for the

i nstance of NR12 or NIIR 2+ each R conprise at | east
one C atomthat is independent




20 of one another or are joined to forma heterocycle
conprising at |east two carbon atons, and where for

wo b@oitsepance of NR13+ each R conprises at | eBST/USINE/@6619
atom whi ch are i ndependent of one another or each R
conprises at |east one C atomin which at least two R
are jgined to forJ'n a heterggycle conppibsi ng at gheast R10

two garbon ato 25The fc/)ﬁith aspect| of the s&ond /k
enb ment is dikected to conpou resent y z7z

forul £ 1-2 rein (a)R¥ is?H n- alikyl} branthe
al eyl cl oalxyl Aal kar ¥L, aryl4 \rﬁﬁJ\F{t [
i

but s n limtled tZo phenyl ﬁr nap hyI wher 7
phenyl oz napht fl ,,ezre - 44<_.@pti onaf %ubstl “&d '
with att | east one’f H F, Cf Br, I, hgje . SH, |
SR, N#2: NHR , NR 2, NHR’ 2+l Nl T3+ rocycl epnv v
| oner “al kyl , hal oggnat ed (F% Br, 1)] hal ogenafed n

(F, d, Br, 1) lower alkenyl of C2-06, | ower al kynyl
of C2-C6 such as hal ogenated (F, O, Br, 1) |ower
al kynyl CZ- y r.a .5 hal ogenat ed
(F, d, %C?DW@%EH&WS% sg%‘ WEHH, CcoeR
CONH2, Q@\Hﬁa &N cture Gl CIeCEh the fer&ip~danEisliRg of structures o -
(b) RR is H, a | ower al kyl, cyano ((%I{I) vi nyl,

50- {f ower al kyl), including OCH3, OCH2CH3, hydr oxyl

| ower al kyl, i.e. (CH2)pOH where p is 1456, 0
i ncl udiong h%dr oxyI

are in

epeHdent 'y | _N
wher e a, BrYorgl and to 3, M nyl, T
CO2HG COSEI)\—BE CO\IHZ 15 CO\IHCHS orG CON( CH3) wher ei n
R is anvoptionally bstituted ™a kyI an optwonal 'y "V‘S’
substi tuted cycl oal kyl, an opti onaI |y substit Ut ed
al kynyl, an optionally substituted al kenyl, or an
optionally substituted acyl, an optionally substituted

al koxyal kyl', where for the instgnce of NR Zoor NBR 2+ @
each Rj coqprl se af] | egst one Cjat om t hat
in ﬁnlf ganother‘\,@JL re joit t&formaNl

N
het erfpcy¢l e corrpriS| at |ea car bony at , an Il N
wheg€ g he i@staficeNof NR R conprfj sel¥ at |

| east dine [C at om whi, I}Qre i nde endJa\nt of | Not her N‘NJ\G
or egch onpri sesNat “Peastc6neNC agom ©n whi ch at |

| east tJWR” are j oi dtoformg\l,\peterocyclerw v

conprising at |east two carbon atons. 25The fiZWth x

aspect of the second enbodinent is directed to a
conpound represented by fornmula 1-2 wherein (a)Rl is
n- aIkyI branched aIkyI cycl oal kyl, al karyl, or

ary i ch incl uded but |s n I|mted tcﬂ]\phenyl or §
wher & Xrl/%re - - ﬁ/u\
2009/ 1L52{)95PCT/ U /046619 2 ptijonal |y suibst| tut ed |

vvlth st oneJ , Sl )%)\ N
|HR'2 NAl 3, Iheterocy L e,Jl over J\

aI kyI i @nat ed , Brg” D), Mhal ogenat ﬁ/( a, / | G
wer al kenyl of C2 co, | al kynyl
IOsuch as"\CJ-YCH hal ogéhat ed (F, d\XyeBr | owner e

al kynyl of C2-C6, |ower al koxy of C1- CB 5 hal ogenat ed
(F, d, Br, I) Iower alkoxy of Cl-C6, CO2H, COX2R,
CONH2, CONHR , CONR 2, CH=CHCO2H, or CH=CHCQ21V,
(b) R is H -CH3, cyano (CN), vinyl, -OCH3, -CH20H,
- CH2F, azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCHS,
CH2N(CH3) 2, F, d, Br, or I;
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(c) RBis CH3; 10(d)X is F, and (e)R4 and RS are
i ndependently H, F, CH3, CH3 gFq, and g is 1 to 3,

WO RWYN520802CH3, CONH2, CONHCH3, O CON(CH3) 2; mEDS1009/046619

W

R is an optionally substituted al kyl, an optionally
substituted cycl oal kyl, an optionally substituted

al kynyl, an tionally subsopituted al kenyl, Gr an
150ptionagl Iy Jsubskrit uted aclyl, agrropti opal
substitutﬂe al koxyal kyl&I ere for the ?ﬁ ance of
NR 2 or NHR;2+ kach R c ri ge at | east
that is indepgn t of one

forma heterogycl conpri3||g | east two
atons, and vvher}gf b the instmnc®qof NR 3 dadh
conprises at |ehst one Catom which are |nd@pe|ndent of
one anot her orggéch R conpri¥¥s at |east one at om
in 20 which at "'east two R af% joined to forma

het erocycl e conprising at | east two carbon atons.

The si xtyherpeaind ® art ldefiserarif sendtadichent i s directed
to a conpound represented by fornula 1-2 wherein

25( a) RlBF‘%efFIaYP‘%)Wé‘Fu%YW)Hg | oner al kylaryl, or aryl,
whi ch includes, but is not ligited to, phenyl or

napht hyl , wher e phenyl or naphthyl are optionally
substituted with at |east o F H F, d, Br, |, OH
OR, SH SR, NH2, NHR, N N ER 2+, NR 3+,
heterocycle, |ower alkyl, Ié -4l koxy of Cl1-Cg,

hal ogenated (F, C, Br, 1) |ower ;al koxy of Cl1-C6; WO
2009/ 152095PCT/ US2009/ 046619 Ziﬁ/z (b) RR is H -CHS3,
cyano (CN), vinyl, -OCH3, -CH2OH, azido (N3), CH2CN,
CH2N3, CH2NH2, CH2NHCH3, CH2N( Y2, F, d, Br, or I;
(c) R3 is CH3; (d) Xis Fkgg and 5(e)R4 and RS
are independently H F, CH3, CH3 ,IFg, and g is 1 to

Sherer 33 Birbond) or NR (if
Where|nlwe|san Optlg%)ﬂlﬁm!;ﬁggltlgﬁte alkyl;)ia(l)r?)or a

opiboapdrtiyipanttis tipi bowed) ang ® Q&' kyuhd Zeare dpfiniedralin structure c';
substit ut ed aI nyI tionally substituted
al keny| Bagsmay ﬁtsPB?tHTq]@‘Psubstitut ed acyl, an
opti onal |y substituted al koxyal kyl, where for the 10
i nstance of NR 2 or NHR12+ szh R conprise at | east
one C atomthat is indepen? of one another or are
joined to forma heterocyc nprising at |east two
carbon atons, and where fo \:[l;e;z.nst ance of NR 13+
each R conprises at | east ome Cjatom which are

@,a’cLl%

i ndependent of one anot her ofe~ conpri ses at
| east one C atomin which at Iéast two R are joined

to forma heterocycle conpri si at | east two carbon
15at ons. The seventh asp of the second
enbodinent is directed to a conpound represented by

f or mul a wihegeiBgohed s indppdRlientsy N,(iflagweticipdriyn 2 pl somed) or NR' (if

al kyl aryl, or aryl, which includes
10| | ol agattisivaptie dyni bepd)nanheachZ mm@.lﬂsmiﬂﬁ@ﬁﬁ Q?a participant in a

%EIBBiX_A) o%;;%(g?t(ﬁﬂ{b%&p&t%%ﬁt i @nd, thedtin RE€ASH @B defined

SH,” SR, NH2, NHR ,
NHBsmstNR’u&ﬁcheter ocycle, |ower al kyI | oner al koxy of
C1- Cs, halo% %ted F CI Br, I) | ower al koxy of
C1- Cs; Yi
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25(c)R3 is CH3; (d)Xis F;, and WO
2009/ 152095PCT/ US2009/ 046619 (e)R4 and R5 are

w0 pepsgent |y H F, CH3, CH3_qFg, and q is 1 POI/B$S2009/046619

5

10

15

vinyl, CO2CH3, CONH2, CONHCH3, O CONCH3)2; wherein R
is an optionally substituted al kyl, an optionally
substituted cycloal kyl, an offtionally substituted

al kynyl, an optional |y sgbst ilt ut eR'al kenyl, or an
5optional ly substituted ac an optionally
substituted al koxyal kyl , or_khe instance of

NR 2 or NHLR 2+ each R ¢oOnpii seNat | east one C atom
that is independent of one apgQth or are joined to
forma heterocycle conpri sg ﬁt "Bmst two car bon
atons, and where for the instance of NR 3+ each R
conprises at |east one C atomWjich are independent of
one anot her or each R conprises at | east one C atom

in 10 which ul e are joined,to forma
heteroc?@ﬂ?lagnﬁwgggﬂﬁwgﬁngﬁ %ﬂﬂuﬁﬁhbon at ons.

A thirdpggbady H@Q"str@étuﬂe']f invention is directed to a
compound represented by fornula | in which the base is
a structure represented by f
The first aspect of the ghir
to a conmpound 15 represent b)Nfor mula 1-3 1-3
wherein (a)Rl is H n-alky nc)a&d al kyl ,

cycl oal kyl, al karyl, or &ryl, vvhll‘{:h 20 i ncl udes but
is not [imted to, phenyl or wher e phenyl or
napht hyl are optionally suf t|t vvlth at | east one
of H F d, Br, I, OH OR, SH, SR NH2, NHR , NR 2,
NHR 2, NR13+, heterocycle Iomeh aIkyI, hal ogenat ed
(F, CI Br, 1), halogenated (F, Br, 1) |ower

al keny| whibréi2REGand| ®werdefinkd ayin sﬁﬁct@ﬂ%c’!ﬁorsuch as
C...-=CH halogenated (F, d, Br, I) Iower alkynyl of
C2- C8, IB@WeFla&gRB)‘E grredik cs, W0
2009/152095PCT/U82009/046619 halgpgenated (F, O, Br,
I) lower alkoxy of G-C6, CO2HJ/COXRR , CONH2, CONHR ,
CONR 2, CH=CHCO2H, or CH= R R2 is H a | ower
al kyl, cyano (CN), vinyl, r aI kyI ), including
OCH3, OCH2CH3, hydroxyl | owe i.e., -(CH2)pOH
where p is 1 -6, includifr h dro nmet hyl (CH2CH),
fluoronet hyl (CH2F), azido ( n éﬂq\l CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, O,/ Br, “or T (c) RBis H
CH3, CH2F, CHF2, CF3, or F,vv{,d) Xis H OH F, Ow,
NH2, or N3; (e) R7 and R8 are j,ndependently H F, d,
Br, I, OH OR, such as al koxykk 10aryl oxy, benzyl oxy,
substituted aryl oxy, and substituted benzyl oxy, SH,
SR, NF12, NHR, NR 2, NR12, NH12.12+, NR 3+,

het er ocyfﬁ’feéemlf@\ﬁ@ﬂmw%?\( haI ogenated (F, d, Br,

AT T

C2-C6 s l@ﬁ abSerChr rs-s@dcteﬂa}omg&nfgrm@ ¢dnsistihg ofBD, S,land NH,
| ower  al kynyl of C2-C6, | k 1- C6, )
haP&jadesk Bl wien @yis absent, V)a\ﬁﬁé\?@ Pfef\w}bﬁ?acgfd o Sz gpPup;
CO2H, JashRn §idceeH, or
CH:CHC&%E selegtgc}"ﬂ%vm HMN R ¢ Lof Pl

Z is selected from the group consisting of N and C-G';

mul a ¢ above.
enpbRdi nent is directed

G and G' are independently selected from the group consisting of hydrogen,
amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, —

SOszH,
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(1)Zis Nor CR9; and (g)R9 is an H, hal ogen

(including F, d, Br, I), OH OR, SH SR, N112,
WORRY/152888 2, NO2 | ower al kyl, hal ogenated (F, BLT/UR009/046619

) lower alkyl, |ower alkenyl 20 of C2-C6, hal ogenated

(F, d, Br, 1) lower alkenyl of C2-C6 , |ower alkynyl

of—szz,,rm2 ahﬂrhdagﬂmayladm(d:pxﬁarboﬁilylammo | FBRENCHBOD)NGF-, azido,

1) YRRl Ry e s EEsBng, VARBER TR Is 2 side-
11?0{ @ﬁfgﬁ? GRRidor %he%@m fo Wﬂ@f @itH t}B' nitrSgeind carbon

opti ona pstituted al kyl, an optl onal | y
s ubeitridtto teazh @6y vdspexttikgly, formm a pytrobdiay| g]fogmbst i tuted

alkynyl tional |l titu :
> opti onaf”l‘tsn}%etﬂgrgﬁs? ?haéﬁl are %‘%Pﬁ E yhats‘gigs ?tlﬂ%: s
al kexyal kyI where for the instance of NR12 or NHR 2+

each R rEp%se.at | east one C atomthat is | |
| ndepen&l‘em Bt arg irsleppnsiendy sdected Bomghmetoup songitipgf hydrogen,

bR SRy CERE R 08 Bo A5) b, SO AT, il and

| east 0 B&h@f av ow' . a0 WO B9hdp0@aRg ELIEG20 GidhDhe @tdup consisting
whi ch are independent of ope another or each R

10 copbhydsegena b e aleyl.ond aCTABEEINPW ch at | east two R
are j oi Eggeﬁl Eé’ﬁ%@ct\lﬁ%tlﬁr ocycl e conprising at |east
two carbon a A second aspect of the
third enbodi msnt is directed to QR compound 5
represent ed byforrrulalvah |n(§\)RI is H,
n-al kyl, branched al kyl, y al karyl, or aryl,
whi ch includes, but is ﬁ}ot (mtgd to, phenyl or
napht hyl , vvhere phenyl or yFnare optionally
substituted with at |easT F, d, Br, I, OH
OR, SH SR, NH2, 10 NHR, NR Z2N"heterocycle, |ower
al kyl , hal ogenated (F, O, Bf ), halogenated (F, O,
Br, 1) lower alkenyl of 2w , Id/\er al kynyl of C2-C6
such as C=-2CH, hal ogenated (F, , 1) | ower
al kynyl of C2-C6, |ower al koxy of C1- CG, hal ogenat ed
(F, d, Br, I% | ower aﬁkoxy of Cl1-C6, CO2H, CO2R,
CONH2, ~ e Tor ‘CHECHORH, or CH=CHORR ;
15(b) R2 s . cyano (CN), vinyl,

15O (IovverR ask}ﬁyd%gle?\r%ﬁ‘lsbdﬁﬁgdygdﬁ OCH2CH3, h droxyl
| ower alQRyd seldcted. from (leHZPwOeonsisting of NH, O, ané S;

B

CHzNGKSh o, Elme@lylarﬁ[no éHyldmmé CSEBH, SSHQNﬁlz‘&lkcﬁilﬁﬂﬁmo
CHF2, 'CF3, or 20(d) X i

( e)arrmocar’@nmﬁce ommpébwmp;ﬁh”l\iﬂ%%t @NHT, az@pl, b cyano,

20 e ol B R e e i

NBRT an BRI ao&»m \aherblR‘%and lh‘étt@geﬂwy Wlﬁl, thé aitmigenbikd/¢arbon bound
hal ogenat ed (F, r aI | ower al kenyl

: l)
ft@ga@gromyeg@e@ﬁé{@l@cfowap@mm%py 8r? (%er al kenyl of
C2- 25 C2-C6 such as C. =-CH,
hal ogena e%h%&%e&ashjﬁéﬂyéT@I ower al kynyl of C2-C6,
| ower al koxy of Cl-C6, hal ogenated (F, d, Br, 1)
| ower al koxy of Cl-C6, CO2H, CO2R , CONH2, CONHR ,
CONR 2, CH=CHCO2H, or CH=CHCOZR ; (f) Zis Nor
CR9; and WD 2009/ 152095PCT/ US2009/ 046619 (g)R9O is an
H F, OH OR, NH2, NHR, NRI 2, |ower alKkyl,
hal ogenated (F, d, Br, 1) lower alkyl; wherein R is
an optionally substituted al kyl, an optionally
substituted cycloal kyl, an optionally substituted
al kynyl, an optionally substituted al kenyl, or an
5optionally substituted acyl, -ag-optionally
substituted al koxyal kyl, where for the instance of
NR 2 or NHR 2+ each R conprise at | east one C atom
that is independent of one another or are joined to
forma heterocycl e conprl SI ng at Ieast tvvo carbon

. o, N T




10 which at least two R are joined to forma
het erocycl e conprising at | east two carbon atons.
wolaobits9aspect of the third enbodi ment is di rECT/ER2000046619
a conmpound represented by fornula 1-3 wherein 15(1)l e
is H n-alkyl, branched alkyl, cycloalkyl, alkaryl, or
aryl, which includes, but is,nBt Ilr(;nted to, phenyl or
napht hyl , where phenyl or g)aphthgn“ are optionally
substituted with at | east e off H F, d, Br, I, OH
OR, SH SR, NH2, NHR rerocycle | ower
al kyl , hal ogenat ed (F, C'l,‘l1 hal ogenated (F, d,
Br, 1) lower alkenyl of C2- N) tal kynyl of C2-C6
such as C7---CH, hal ogenate (F 20 A, Br, 1) |ower
al kynyl of C2-C6, lower alR8xy of G- C6 hal ogenat ed
(F, d, Br, 1) |lower alkoxy ofml-C6, CO2H, CO2RI,
CONH2, CONHR , CONRI 2, CH=CHCO2H, or CH=CHCO2RI;
(b) Rz is H a lower alkyl, cyano (CN), vinyl,
O- (1 ower . al k ncI udi ng OCH3, OCH2CH3, hydr oxyl
Iovveraﬂ?‘fi‘i}{lf3 mf pOH where p is 1 -6,
i ncl udi AR Ebé(iﬁ@p)éhddﬁﬁ RylkctbCrdtHhe gfdupaonsteidpdf C=Q, NH,
(CH2F), azido (N3), CH2 CH2N3, CH2NH2, CH2NHCH3
5 CHamt @e{glykne pptl@ally Brbstiggted with 1 to 2 hedg gnRups, Prviged that A and B
CHQFIW&%@% (d) X is H O4H F, Owe, NH2, or
152095PCT/U82009/046619 (e) R7 and

R8 are DnideyignseDtAIB- Ptbge?her%rm BrN=CH-CH-, OfCsQp (Eh-E5Q)-, -

al kox aryl ox benzyl oxy bstitute oxy, and ,.
TPV BR R R qgrc P i Fhete s
NHB'alé NR 3, heterocycle, | ower alkyl, hal ogenated (F,

t, 1) lower alkyl, |ower alkenyl of C2-Cs,

10 hal ogenaﬁcﬁcQ @sFmdéﬂe,ndBIt],y se)ected i Bilekgmonp cqmslsmqg of @pS, and NH;

7 Yl iy 5 SR UL

81, g h‘alaR& ¢hn Qitqudefggr{ldegﬂy s@%@tec‘l )[roinotﬂ'@ rgr(ﬁipkc@iié’l % of hydro gen,
or hyiﬂinﬁ}‘lCOZ-l@4-alkoxy, C; @ymZalkngagnnq;Rgbstlaﬁgﬂ amino, ar(dgl)alo and

12 5% ki P oo, M AL o

151 svnwbptional |y substituted alkyl, an optionally
substi t ut ed cycl oal Iﬁv an opti onal |y substituted
aﬁeg

al kynyl Alt@ﬁla@ﬁﬂ%?hﬁl aipha selegteddrom RBYE Stryturgsab, ac, ad, ae,

opti-Qna t it t iU

al kgx§a%}k¥ %Ju \%Eeérle&%l ?‘%)e%i nﬁ?ré%gedt%hﬁ i %ENI-?fQIZ:)Lg% be;
eaol] vg, bl@Qﬂ:[thﬁﬁllﬂd, dbpaasﬁbelnw C atomthat i s

i ndependent 15 of gne another or are joined to forma

het erocycl e conpri ? ng at | east two carbon atons, and

where for the | mi\ée of NR 3+ each R con‘pgl se at A NH
IeastNHone C a ch eeNIHndep 'd‘eNT{\I af on 2

or edch R co r|s | edst ne to in whi
Ieats‘,t re ned N B r ycI eN < \>
co tvvo c fou N I\

nt

aspe@* the dhlr enbodi |s d ed to a I
conpoundwxepresen by fornul 1-3 mh in (a)Rl 48
H, L yl, branc%ed al kyl, c¢ycloal kyl,, al karyl, gr ag
aryl, i ch includes, but is not limted to, phenyl or
napht hyl , where phenyl or napht hyl are 25optionally
substituted with at |east one of H F, d, Br, I, OH
OR, SH SR, NH2, NUR, NR12, heterocycle, |ower

al kyl, hal ogenated (F, d, Br, 1), halogenated (F, d,
Br, 1) lower al kenyl of C2-C6, |ower alkyrw of C2-C6
such as C=CH, hal ogenated (F, C, Br, 1) |ower alkynyl
of C2-C6, |ower al koxy of Cl-C6, hal ogenated (F, O,
Br, 1) lower al koxy of Cl-C6,_-@¢2H CO2R, CONH2,
CONHR , CONR 2, CH=CHCO2H, 30 or CH=CHCO2R wherein R
is an optionally substituted al kyl, cycl oal kyl,

al kenyl, - 52 -

20



WO 2009/ 152095PCT/ US2009/ 046619 al kynyl , or

al koxyal kyl, which includes, but is not limted to,
w@R00%052bkyl , C34 cycloal kyl, C2-10 al kenyl, Q2cT0S2009/046619

al kynyl, or G _io al koxyal kyl ; (b) RRis H a

| ower al kyl, cyano (CN), vinyl, O-(lower alkyl),

|ncIMd4 g9 OCK3,, OCHQCW®\.hydroxyI | ower al kyl,

( CH2) pOH, ere p |s -6 |ncI udi ng 5 hydrox I
st R i T S
N( [
or | ; (I)E) [CFS ‘s‘?'zN’(eI) |
R7 and R8 e |ndepen tIy H F , Br I LOH OR an
such as al koxy, 10 aryl oxy, benzyl oxy, substltuted

aryl oxy, aland substitutied benzyl exy, SH, SRak NH2, al
NHR , NR 2, NHR 2+, NR3+, heterocycle, |ower alkyl,

hal ogenat edy(F, &, Br, 1) Lower alkyl, IoWer al kenyl 0
of C2-Cs, hal Sgenat ed (F, G, Br, 1) Iow_sall\lfeenyl of -t
C2' | kynyl ofﬁﬂﬁﬁzs'cﬂesuchv[@s ,2 :I=|-CH Moo /
hal ogenﬂt edo( F, d, Brai ) ower al kyr SN 0
| ower of Ci1-C6, hal ogenat ed ( CN

| ower Ik of Cl CeN 1 h C(]\IHR‘ \
;ﬁ )J\{l T

(/)__

—Me

[ N or ,
anBHI R9|s an H, NH2,| NHR MR12

| ower aIkth"hangenated ( G Br I) | &0er aIkyI
wherein Rymis an optlonaI&y substituted al kyl , an ap
optionally substituted 20cycl oal kyl, an optionally

substi tuted aIkynyI an optionally substituted

al kepyl, 4, an op} Iy subst i ted acyly an
optlonahfy substlthﬁéd aIkM&yal e For thﬁH

i nst anc NR 2 orJ NHR 2+ eadh i se at ast
one C hat N endé t\ oneNan T Rer cﬁ\a A\ k N\
j 0|}f11e Qcycl el i SI Nl eas N

car Bon ato ns, ¢ for the Qst ance of NR 3+ egch 1
R conpri s&% at Ieast *Une C ato vvhlch*ate
i ndependesat of one another or esch R conprises atau av
5l east one C atomin which at least two R are joined
to forma heterocycle conprising at | east two carbon
at ons; o Afifth aspeg of the third enmbodi ment iso
directed t@ a conpound represented %ﬂg)r Ia -3 I}ﬁ@‘s
2009/ 15898P&F/ US2009/ Mahgr ei v . e
H n-galkyl o brancH&tglkylo cyc o\aﬂtkyl OaI karyl

I

aryl, vvh| ch includes, | but is not m t ed to, phen
naphm \gher e phenyl\ \napht h e\optl onaI I \
substj with at [[e one of ,

oR ,

SH, %R‘, NH2, 5NNH ., NR 2, rocycle Iovver ‘
al kyI hali.pgenat ed (F, ij Br, I) halvegenat ed (F, Cwy~
Br, I) | oner al kenyl of C2- CG | ower,,al kynyl of C2-{p
such as*s= _CH, hal ogerfdted (F, O, Br | 1) | ower

al kynyl of C2-C6, |ower al koxy of C1- 06 hal ggg)nat ed

(F, d, Br,ol) |ower al&oxy of Cl- CO2H, R 1
CONH2,  CQNHE- e OONR' - I:kmCHcoz G@ s—Me A

1

wher g R lls anEtapvfo Al |y subs/t’lt Ited al N 0
cycl oal Ryl ,cxal kenyl¥ 1aa| kynyl Ikoxya yI vvhl ch F
i ncl udeSyut is R mted 10 al yI \
N

cycl oal k C2- 10 kal , CZ/L10/ ynx)N N
al k‘%;%yaI‘IIé)(/JIJCIS , cyano

vi nyl CHZO—I «vaHZF a2| do\m( N3), CHZCNM CH2NB,
CH2NH2, GE2NHCH3, CHBN(CH3) 2, F, vel, Br, or tf

(c) RBis CH3; 15(d)X is F; (e) R7 and R8 are

i ndependently H F, d, Br, I, OH OR, such as

al koxy, aryl oxy, benzyl oxy, substituted aryl oxy, and
substituted benzyl oxy, SH, SR-31NH2, NR12,

NHR 2+, NR13, heterocycle, |ower alkyl, hal ogenated
(F, d, Br, I) lIower alkyl, |Iower alkenyl of C2-Cs6,
hal ogenated (F, d, Br, 1) |ower alkenyl of C2-



20 C6, | ower al kynyl of C2-C6 such as CCH, hal ogenated
(F, d, Br, 1) lower alkynyl of C2-C6, |ower al koxy of
w@1009852008m| ogenated (F, C, Br, |) |ower al koxpCDiS2009/046619
Cl-C6, CO2H, C2R , CONH2, CONHR , CONR 2, CH=CHCO2H
or CH=CHCOZR ; (f) Zis Nor CRO; and (9)

RO is an HﬁF CH OR, NH2, NHR, NR 2, |ower alkyl,

hal ogenatigds28eF, C , Br ) lower alKkyl;
wherei n R lls an optlonally substituted aIkyI an
optio ubstit ut edi®yckoal kyl , |onaIIy CN
subst al kynyl , tional IN i tuted N A\
al kenyl , an optio aIIy ubstltt agyl, an
optiﬂ@j/ Nsubstitutgq\; xyalkyl vah re for theN
instance of NR 2 or NHR 24 each R rise at Ieast‘JN
one C atomthat is |ndepeﬁ‘ttent - 54 -
2009/ 152605PCT/ US2009/ 046619 of one &nother or are bk
joined to forma heterocycle conprising at |east two
carbon atons, and where for the instance of NR 3+ each
R conprises at |east one C atom which are i ndependent

of one anath Eé ﬁgt(éh] ﬁ%'m g @Hﬁétﬁl%sreﬂresén%%y BRRUIET above,
atomin whic Feast two R are j ol ned forma
hetleroay ahyriadovaysits Expgestth sastal embodizachis ralnS aspents .of each

5 A SI t asp ‘? ?ggeé%f{]@a‘t’@gbggog%?%glbf ﬁ?zlpg%rﬁgr%thave §iSclosed

( a)se\%;al 'eﬁlb'é'dln%?se ERIMa g PUNRT as?ééfé’ lbasddVMEhe identity of the
al kyl aryl, or aryl, which 10 inc udes, but is not

li qud&:bdtp)mnp Iwepymmwnmlaqsm Pﬁus is mtgnt@nciﬂqletg >bp ap explicit or implicit

D 2R on 3 LN QAP NoRURRE e b bl oPbiglifA oy Aia it be
I omérp?ét&m%)/su@ﬁ RAtheH it 151 ﬁit&@l@ﬂ@d eshvey inf@imatidh,so |tﬁat the full
| oner al koxy of Cl1- CG, wherein R is_an optiona gﬁowmg

10 sy lbrqathafdbe prierspt invepdomednde undgistosdy [Furtherpipys the

o s ol DR P TR s o

al kheiyivention a€irecited aly klm@aicklyda of formulaI(b) R2 is H,
-CH3, cyano (CN), vinyl, -OCH3, -CH20OH, - CH2F, azido

(NS) C%frxcr'élf er%oz(i\e ent(g{:tl)ztﬁlvagu%%éteﬁz a(N%B’mgg)upg r?presented

ZO’Qj )fgngQQLIRS are independently H F, d, Br, I,
; such as al koxy, aryl oxy, benzyl oxy, substltuted

aryl oxy, and substituted benzyl oxy, SH, _SR , NH2,
NHR , NR12, NHR12, NR 3+, heterocycle, Y ower alkyl,
hal ogenated (F, d, Br, 1) lower alkyl,\lower alkenyl

of C2-C6, hal ogenated (F, d, Br, I) | of

C2- C6, lower alkynyl of C2-C6wuch a

hal ogenated (F, d, Br, 1) lower a C2- Cs,

| oner al koxy of Cl1-C6, hal ogenated (\F, C )

| oner al koxy of Cl-Cg HR |

CONR 2, CH=CHCO2 or CR9;
is an H F,

and WO 2009/ 1620 SPEN‘U '

OH OR, , al kyl', hg| ogenated (F,

d, Br, I) Iovver B’I‘\Kyl ay A3 i s an @ptionally

substituted aj )/ arpoptl ona&l y substituted

cycloal kyl, an-optionally sub&tituted al kynyl, an
15opti onal ly substituted al kenyl, or an 5opti onal Iy

substituted acyl, an optionally substituted

al koxyal kyl , where for the I-1

wherein
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instance of NR 2 or NHR12+ each R conprise at | east
one C atomthat is independent of one another or are
wQ einaskopd form a heterocycle conprising at | eBST/US2009/046619
carbon atons, and where for the instance of NR13+ each
R conprises at |east one C atom which are independent
of one @)ot hRt isdi, realkil, Branchedalk desychdaliydadkarygner 4yl which

t 0 whi at _| f
P P lEs BRL S e DRens SRaintoy) e Bicnad bRy Tare

A SHGRNY seRakid Kith bRadilohe efﬁﬁiﬁoelﬂ BBt Obs ON' IS5, NH,,

to ‘a conpound represented by fofrmula 1-3 wherein

15NEJR' NRY, NEIRLOMER s ahktytocyﬂo,viewelaalkyll, halygenatv}d (Br@), Br, I),

5 mapBgReAReCh B AT em i gt AP B ol Co suh as

su @&UH %E%%CM%WCI |ﬁaﬁtlox9&eam}fnyﬂ"of Ez-cgil lowB¥ alkdx 1-Ce,

ower al koxy of CI-C6,
hahdggﬂate&idF(Gl Bg I) 1&wer alll§0>dymﬁéh -Gl €Oxkl, €01 CONH,, CONHR,

1 p bst ituted al kyl,
W%&H (}Iggﬁﬁ gﬁk‘%’)ﬁ&z r al koxyal kyl, which
20| ncl udes, but is not 1inited to, C1_113 al kyI C3-7
cycl oal k)l , R21slM, RikeLaKY1, cEICN) @Hljlwhnyl Olbw@ﬂalkd@ including

al kox Kyl b R2|sH R3is
10 2508 7O&ﬁb0ké O)F}ﬂé@ﬁ@mil@ﬁstl}%ﬁ @Hﬁpo%q Wh‘BPP 1$1 @pcludmg

ar PSS BRVRCHEIN, Rictofit RAAEY. 4 QR BHGH AN,

NHRH,NHZ, ZHZNHRHZ; CNRNEH) g tedryaglakme (bptrerallpkistifuted), or

haI ogenat ed]&{ Br, 1) lower alkyl, lower alkenyl
gets Ing) 1’6@5!(@(&9 ((rFI Br, I) | over al kenyl of

Cr 06 | ower al kynyl of C2- 06 such as CnCH,

haI ogen ed RF FalkyngN; - 56 - of

%gvverkaligxgHg C%%F) dfﬁ"yﬁg %genat ed (F, d, Br,
I) Iovver al koxy of Cl1-C6, CO2H, CO2R , CONH2, CONHR |
15 CONR 2, (&H=CROSEH, 01, F,MeHetpswn, NHy,  Nisand or  CRO:
and(g)R9|sanH F, OH OR, NH2 NHR , NR 2, |ower

al kyl, Iz%' 09%6‘]}{9 %65&44: md%endgﬁtgl ]%I1 i ’&f??}[rbeé r?uch as alkoxy,

wher ei n i § an’optl ona
optatyd6:dy), bynAsldass sﬁbstlﬁxtbcbaty]o&y,l dnxalsubﬂmute@bd:rmyh)lwaH, SR', NH,,
substituted al kynyl .an o nal |y supstjtuted
a1 R NRG; NERS nahereg; Sl ea@@apileiﬂg nafgql (F, CL, Br, 1)
opt ko kgb,RWOOREL,| CONHYE, CONR";
[ nslét)"2\‘?111(932161:15)4 Eﬁ%?%lk&ﬂ&ﬁ 2(% gggﬂ% R conpri se at | east ?
one C atomthat is |ndependent 10 of one another or

20 ar e j oi rderdinRf sramaptiheally swbstitied aliiybransipfignally subgtiuted
two_ car

o nCHORARED 8P B e HHTEE gt Ao sl By, oran

I N¢pBEsABHub&ituedacanat Sgtfonally Sdistituld allkdRyaikyk swirte for the
| east one C atomin y\,hl ch at least two R are

to ln@wafh@t'ﬂrdﬁlgtalzee@brﬁs ePEPFige aitfleasbena C algm @gméwependent
t
S e R R P e ST caton

25V\Ih Qllkﬁhah aﬁ@?}vﬂﬁrel tlsr gi,e 111@38&% oﬁNﬁH eacl:lﬂ&)&tbngjrisyﬂ astﬂ@dst orgr C atom
ary i ¢ch_include ut i s not mted to
naphisly ere 19&?@?@%5%&%3 %Otlﬁéﬁh?WIR SPEPRHS %ngf an%m mn
su 1 thlw b
m’q?ﬁlgh%ﬂh%%t M(}\EZQE 1?1@(?{0[\'%{:}% aQ{ege\?‘\;ecryElae c%nx ;1 fng at I at eaédtwo carbon
halabganiated (F, d, Br, 1) |ower al koxy of Cl- 06
wherein R is an opti onal |y substituted al kyl,

cycl oal k al ke or . al kox '

i ncl ude ﬁtisﬁf‘sqegp%tj&‘e 1Fsﬁn¥{n§8dlmfm fff %géﬁ c?@%ﬁgepresemed
3OCYQJyOI%hKM|aI-1C2 10 al kenyl, C2-10 al kynyl, or CI1..10

al koxyal kyl ;
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25(b)R2 is H (c) R3is CH3; (d) Xis F. WO

2009/ 152095PCT/ US2009/ 046619 (e) R7 is OR, such
wa@sgooalikwoey, aryl oxy, benzyl oxy, substituted arBpetDK§2009/046619
and substituted benzyloxy and R8 is 1\1142; (f)

Zis N and wherein R is an optionally substituted
al kyl , @hept i onally substituted 5cycl oal kyl, an
optionally substituted al kynyl, an optionally

bstit d k |, [ | | i tuted .
2oyt s at® opt Roma a1l e AR, eislori Ryt & v apich
UNgcldaRd FRER Rt liﬁﬁﬁg ttd? ﬁ)h&'ﬂ?ogﬁaﬁ%iﬁh, Wheré BRGL §ﬁna%>‘hthy1 are

| east one C atomt i s I'"ndependent of one anot her or
ar eptioiaip dutistitited with ahleast ooe £ HeF cOhPri Is Oy OR', xR, NHy,

5 RGO, AT M LS on D BRR R 2 B B0

| NHRpRAALFOE], BRED) vadrhi@ifen9T oL s, Rowerainmyb68CACs such as
| east one atomin which at least two R are joined
t 0 C=6Hnhalogettatedo®y €1, Bre Bripwersalkyhof Cefstlovgalkaryrfi-Ce,

PRl SRS S et B ERRILIRGE, Coneme:
156N, TH-AHUe), HS ot CHECHD®R ;al Kyl ; (b) R2 is H (c)
R3is CH3; (d) Xis F, 20(e)R7 is OR, such as al koxy,

aryl oxy, benzyl oxy, substituted aryl oxy, and . .
10 subst i 1 (ed Boighi bloyesalyReyane (D), Vink} 9-(lawg alkyly including

whel g n IS§7. & ' I t an 6. i in
op Gy R 0Er el (CHRRIR il p 187 -6, including
S Iu ng@ﬂoltqaltlﬁethﬂ CHYH), ﬂmorofmitethym GCHF) sarddxt dmathF@CN, CH;N;,

al ken or an 25 optj tituted acyl, an
opﬁfb}n@;ﬂ (+He 3 §ﬁé§8(gﬁﬂbi:y§i&?fl’ ?rt\here for the
instance of NR 2 or NHR 2+ each R conprise at | east

one C at(%)mtlkatishschg,c@gmmz, of,,@pg; another or are
joined to forma heterocycle conprising at |east two

car bon WD 2009/ 152095PCT/ US2009/ 046619 at ons, and
15where f&d) t he& isdbtQHcR Q¥leNRtizordgs R conpri ses at

| east one C atom whi ch are i ndependent of one another

or each \ﬂg CRPPRS FE% d%lge%?%ntm, ﬁ At B8l @ll-l\f\@w,réu% as alkoxy,

| east t R “ate’joine r eterocycl e

corpylosy, benalodye astistitunel argloRpandtsobgituttdberytdxyaSidesR', NH,,
of the third enfodinent is djirected to. a conmpo

r e pHER e MR NEIR 5 o NRu1 » efle-r%")ﬂﬁ’f?e Foé‘feﬁ akkéé)’ F%ﬂ%@%f&&g%r& D

al lowk KiXERJ1E C, X, @OYH, COHIR'CBONIS, BORGR'DEONRY;
isli%g%r% [ nitoe {to,l?}{)henfll 6br0%i§pht yl, where phenyl or ’

naphthyl are optionally 10 substituted with at |east
200ne of kyheFein @' js aBroptipnaliyHubgiituted Sfkyl,.am optippglly sybstituted

NR 2:. | r al koxy of - hal.0
N S o RYE Bl ity Qo Ghi 68 R o AEPRI G Eipsflutedlikeny, or an
sulptibhaltyesibaititet acyad eldally suskiamyd alkedyaikyy,lwhepe for the

al koxyal kyl , which inpcludes, but is not Iimted to,
C ingangeloy N’R'@'_NHBpr%m(ypmp@ge_qtdeagF Rléeng ptongthat is independent

al kc%‘rc%le anoqfler%r—a.}eojoﬁlelﬁ%( iy he'terocycle comprising at least two carbon

25  atoms, and where for the instance of NR';" each R’ comprises at least one C atom

which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

A second aspect of the first embodiment is directed to a compound
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15(b)R2 is H, (c) R3is CH3; (d) Xis F;, (e) R7 is

NHR , NR 2, NHR12, or NR 3+ and R8 is NH2; (f) Zis N
wapaoateerein R is an optionally substitut edPEl/kKg1009/046619

an optionally substituted cycl oal kyl, an optionally

substituted al kynyl, an optionally substituted

al kpregentedby dormupd I-bnal |y substituted acyl, an

optionally substituted al koxyal kyl, where for the

instance_of .NR 2 or NHR 2+ each R conprise at | east

one C al8fftfthat is independent of one another or are

joined to forma heterocycl e conprising at |east two

carbon gf at Qi HaREkY) 8FRch&d alkylScyolsligncakayl, bFargit which
each R "conprises at [east one C atom which are

i ntheprsiagdnt 1safot mated to phenyl o napdihyl Rvhere phenys esnaphthyl are

I east e [ t I
5 1 cortgans swRkREh yilp Allesl ot of BEFLCH 1R S0 I S, N,
at WFR', NRG) RARYS 1GR9 bReitcli82008cH41661] Balogenatelr(F, Cl, Br D),
eI eventh as ect of the third enmbodi nent is dir 8
eSI B D DRk} G JO AR hok G Crefich as

Fcﬁ{ glalggﬁgﬂ @)I i ep@ndeﬁlﬁﬁl}y}“&i FEZ'g?I% &ﬁ%}k&g&&@&

SCh@Io M’ci?ed (RHCHBr, (&5 alkoxWR L, -CB0,BHB O, R XGONMES CONHR',
Xis F, d, Br, or I and is 1to 3, 5vinyl, CO2H,

10 coLOMR 2, €ECHCONHoHBH= )2, or OR, such as
Ove, OEt, OBn, and (f) Zis N, wherein R is an
optiona SRS 1t I arﬁﬁﬁ t I D. includin
substit k}ﬁ ed ?yZ%iga#L%%rah(ﬁy cg ti OC‘N) bﬁgﬁt?splo‘t)vartauéy) s
aI OGHE, OCHLCIht hyhekyl yowseradiyilt e edCHiz)k@Hywher@m iah -6, including

o bsgad ety iRerDthoudiiemE{GRBy S Uikay Gt

CO@TEN?E et ;, CHEN(CRNHOR, Ohasr, bs1;10 i ndependent of

one another or are joined to form a heterocycl e
conprising at .l east two carbon atoms, and where for

15t he i nstf@nce Rifis NRCE, @Hﬁa%oﬁﬁm%@s at | east one C
at om whi ch are i ndependent of one another or each R
conpris at to Nhich at least two R
are j oi ﬁ@d * g?mlgn}ﬁ (?Mgocyél e cénprl sing at | east
two carbon atorrs 15Atvve|fth aspect of the third
enbodi ngelt i Rdind tamﬁndepeadcml'ydddﬁdllr opl;, ©£dh @&Ils,b(;lﬂsq @

oy s Bl Bl it o 3, i, Poanfost i)

(azehNdm, lovdoN@ad,BRdi s NH2; and (f) Zis N A

thirteenth aspect of the third enbodi nent is directed

to a conpound 20 represented by formula | wherein &}i
20R1 is CHB or Rps seleqiyd m.a@qqg QR ORE; NHGM{CHig)N(eHsd

R A
lﬁﬁ%é n?ﬂi %s%&?ﬁof 20chhqkey lf hir mﬁ{}% I%pr?ear'trtg nlbt:h Hed 0! ed
t 0 @C(@(tpﬁ»g@ﬁ;, PRHGDT 9 aiyD whichiaclddebulaerei fia) o

. N CHD @, OO A Ko hlgh andiede Bt Fnc A S
fif
| PERIRRESED Sho bt LBl 3 217 a4 07,0,
25R1 1i0s1CHZ;, 13,04, R?, lios1H;18(end B is CH3; (d) X is F;, (e)
R7 is -N(-CH2CH2CH2-) (azetidin-1-yl); and R8 is NH2;
d (f) t.h t of i
abodi etk Ky ansigntly S SRRa S Bhab O op L
f Orc‘%'ioﬁlk 1,3n ?161%18' sﬁBQtltﬂed Iaﬁc 184 oftionalRe sitstitdted #lkenyl, or an
IS 30 F; is OBt _and R8 is NH2;
an d)p(ap;lalzl sugs’quuted acyl, an ;npty@a ﬁg@@ﬁpﬁechglb@@faﬂgﬂ whege for the

LR SO pR R oRe P o BHOE SRR RN Ebenden

R3is CH3; (d) Xis F, (e) R7-Bs-OEt and R8 is NI 12;
and (f) Zis N An Nth aspect of the third
enbodi ment is directed to a conpound as 5exenplified
bel ow. A fourth enbodi nent of the invention is
dlrected to a conpound represented by fornula I in

o s o R e o o



represented by fornmula 1-4 1-4 wherein 15(a)Rl is H,

n- al kyl, branched al kyl, cycloal kyl, al karyl, or aryl,
wabioghsiope| udes, but is not limted to, phenylPCr/US2009/046619

napht hyl , where phenyl or naphthyl are optionally

substituted with at |east one of H F, d, Br, I, OH

ORof &id, anBSHRer o2 joihkdRo, fofﬁbll,etewdﬂ'clzﬁonm&smg at least two carbon

o oS ddahere forahe fgfiticd of VR ASFARE Eorpprisss adsfiggnt & atom

| OWchaa&é‘MﬂE}%en‘aEnt@ o0 afdihs F2adlR ConfpRsedallogesas €dtom in
(F | oner al kynyl of C2-C6, |ower al koxy of

ClW@G:h a k}astqmdi'@de Jomed® forpya hettyropmle gorapriBng atdeast two carbon

Cl-C8, CO2H, CO2R , CONH2, CONHR , CONR 2, CH=CHCO2H,

or t@fl?isCHCOZR” (b)R2 is H a Iovver al kyl, cyano (CN),

vinyl, O-(lower alkyl), including OCH3, OCH2CH3,

hy dr OXyIA thizivaspedt &fthe fitst embodifiehiPls@dd-teddes eorppdsid epresented
including - 61 - hydroxyl nethyl (CH20OH),

f|hbf@m§1ﬂﬂrﬂ (CH2F), azido (N3), CHCN, CH2N3, CH2NH2,

CH2NHCH3, CH2N(CH3)2, F, d, Br, or |I; (c) R3 is H,

CH3, eregHFZ CF3, or F; and (d) Xis H OH F,

Ove, N N3; 5Swherein R is an optionally

substltut ed al kyI an optionally substituted _

cycl oal @I 3n18)Ht n-ebal, Ibyal@htﬁls%ﬁélfluﬁﬁdoﬁk%yﬂkwlaQhar}’l, which

10 Op'i)rgp?lfcg bé.\a ?sgrg 1m1 ﬂ%%é)%]l lgyﬁ g% o yph%l:%ls\{vlh%gt lhgrml& Xaphthyl are

al Kﬁﬁ&ﬁhl'y)éhbsu\f&t@d &ithQt 1dafi@nt RS TRIFCEL B, mm_z OR', SHRSR+NH,,

eac rise at |east one Catomthat is
BB BA N iR h SeRErcy ol er fyh Balogenatest @ Gl Br, D,

he i 0

LeHERAEHEA OIS, H eSS GO 2L o
at d%%aﬁi@@na@ecﬁ@ IEJlWBM DoweLalknsid pe Og€l3] lodfer alikexy of C;-Cs,
anot her or each nprises at | east one C atom.in

15 vvh h@lngmaterde@s fll,tBNoI) Fkowarr aékqw 9 -Co GQeH{92Re CENEy HQNHR',

Ht?f" .at ons. The
secon é’spea? ?Iltﬁ ?yﬁur odi ment is directed to

a compound 15 represented by for mula 1-4 wherein (a)Rl
is H n{&) kyR?ibHanbdvea aldykclyanac (@) sinyl;| Q-(laivknalityl), ioeluding

ey O e paRiIoRtr ity (C OB bR -6 Meluding

su %&ﬂo&yf Rehy %@1—% ﬁﬁ@&n&ﬂ% @Q;HEF) F?%QN%B&%?@N, CHLN;,
20he1CH{zb&lfchHzNH§3ké;s C&IZNWHQMH,EgﬁBmeh (F, d, Br, 1),

hal ogenated (F, d, Br, | oner al kenyl of C2-C6,

Iovver aI nyl,30f G =-CH, hal ogenated (F,
: 5;/ ?ngkéﬁ%’% CgF | oner al koxy of

Cl C6 " hal ogenated (F, d, Br, I) | ower al koxy of
Cl-C6, Q@RH, )C@ZE{OHQEN)Me NHNHRNs, CONR 2, CH=CHCOZH,
or CH:CHCOZR 25(b)R2 is H, a | ower al kyl, cyano

hyar ey (O o' e el BB, 2GR,

wﬂeP&kqQFn@l M%ﬂ%ﬂ?ﬁ'ﬂah &ﬁwg%ﬂ tbg%ﬂg,r@@m

F), azido’
25 CHZINPXHISHR, orFCONl(CHBn,,andr | ; (c)R3 is H CH3, CH2F,
CHF2, CF3, or F; and - 62 -

2009/ 15 %SP%E%J sSe €C e g’r%Ga}r?on%%ﬁ( C(S,HI;I, ng_l NIECHO\I@('CHQZ,
NHR , NR's", OC(0)(C1-20 alkyl), which include but are not limited to
OC(0)(CH,)sCH3, NHC(0)(C1-20 alkyl), which include but are not limited to
NHC(0)(CH,)sCH3, N(C(O)(CH;)sCHj3),, which include but is not limited to
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wherein R is an optionally substituted al kyl, an

optionally substituted cycloal kyl, an optionally
waaipstisxoes ed al kynyl, an optional |y substit ut ePCT/US2009/046619

al kenyl, or an optionally substituted acyl, an

optionally substituted al koxyal kyl, where for the 5

[ nN(@Q@:)éCH{) QIR)2, vdrerd\HR ap-integariselReted dropr 0,5le 2a3, 4, 8a6:t7, 8, 9,

Foftrdd 18 ool s Rertd ERFB D conpr 1 51 ng at | east (o

car bon atons, and where for the instance of NR 3 each

R CONpPihsiem Rtis hed a8ftiorll sﬁbs@haea ¥RYIC Bn apteorialgl emadﬁm
of one another or each onpri ses at | east one

at eveloaikyinancoptisnallabstifigg Anyhan joptipradlyrsybstisptad alkenyl or an
5 1oL IR L3 o 5SRO Ok

t Ouﬁta@@ﬂ@KNRQ of BTRES esatleR' dymyfrize tileast bnd Grtemehat i§ mdependent

Rl is H n-al kyl, branched al kyl cycl oal kyl,  al karyl,

or o%qnyq anofier epdte Soined{o /aus 2 Bs{odvEleamPrs g b lpaftgwo caibon

IOh : |

e i RSk B O oA 5 o s

Br Whiqh aﬁ’}-lind%n,deﬁhle oﬁR‘anothlbﬂ)r chBRR coNRtBes NHIE&SQQI,le C atom in

10 Br ?1}()’11 at er OC taéedjomg (?m;B%/ Lét?r)lggilvggg&%tgﬁ%%é]gqlegf two carbon
a@ﬁls Iovver aI kynyl of C2-C6 such as C- CH,
hal ogenated (F, d, Br, 1) lower alkynyl of C2-G6,
| ower al koxy of Cl-C6, 20 hal ogenated (F, d, Br, 1)
| ower aldonith aspectiofidhe firsopmbodinert is divented fo Tepyppeund

r CH=CHCO2R ; (b) R2 is H a | ower
al ﬁ‘iﬂ“?se%%éé 1“,”3. nyl, O-(lower alkyl), including

OCH3, OCHZCH3, hydr oxyl I ower alkyl, i.e., -(CH2)pOH,
wher e pwhsrein - 6, i ncl udi ng hydr oxyI nmet hyl
(CH2 , fluoromethyl (CH2F), azido (N3), CHCN, CH2N3,

153 1« CZ% G Y SR gty i, op b which

OV oS, b ts 3 111%@ rt@ ' ﬂheﬁill Jraa ﬁﬁhﬁg%h%@hhrz?ll or naphthyl are

substituted al kyl, tlonalﬂ'{ stitute '
cyop@qiaudy|subsamutocbwnbmaldayt anglod H, Fu€bdral, BHyIR', §H, SR', NHa,

M%Sg@% l kenﬁéb%)ﬁe% alk hal%égnattec{\/@f Cl, Br, ),

aC YhlogéthtédF onad ¥) 15wb§41kény1 sﬂc;t:k\qwaﬂ dirynyl Wﬂ€§-€6fs@¢‘h as
the i nstance of NR 2 or NHR 2+ each R conpri se at

20| e&s(CHhhelogeraterth(t, 1634 B, §) lowegeplkyed of CofCooloaenapreet 6rCe,

uGeloBPBE 47 Gl DN ARSI Cr R TS LB O R,
eagiONR S OWRECHED, L of @HS:CHIL”@ZIC atom 5 which are

i ndependent of one another or each R conprlses at
| east one C atomin which at least tw R

d :
to form® heferidByalewer sl %(Cé‘ﬂ) VEybtO ]\SWGE: él}{kﬁﬁﬂrfn"l“dmg
at e I

SN e, oA b, i
25 10\Myélro&yhmethy1 (CHAH Rflubmntdthyh (@H@L azitho E¥QNEdGINKGH, N3,

cyc yl yl ich jncludes, but is
noté}f’ﬁﬁ%gab ; gﬁ]ﬁ{%ﬁﬂﬁgpﬁ%@r&here phenyl or
napht hyl are optionally substituted wwth at | east one
of H Fd, Brs CH,, GHL,F,@RF,, 8F,; SR, NH2, NHR', NR 2,
NH12 12 NR' 3, heterocycl e, Tower al kyI hal ogenat ed

Céz 15 hal ogenated (F, O, Br [) [ ower
aI kenyl (é)‘ od; | ower al kynyl of C2.06 such as
CF=-CH, hal ogenated (F, d, Br, 1) lower alkynyl of
C2- C6, | ower al koxy of C1-06, hal ogenated (F, d, Br,
) lower alkoxy of Cl-C6, CO2H, CO2R , CONH2, CONHR ,
CONR 2, CH=CHCO2H, or CH=CHCO2BY ; (b) RRis
H a lower alkyl, cyano (CN), vinyl, O-(lower alkyl),
i ncludi ng 20 OCH3, OCH2CH3, hydroxyl | ower al kyl,
i.e., -(CH2)pOH, where pis 1 -6, including hydroxyl
met hyl (CH2OH), fl uoronet hyl (CH2F) azi do (N3)

~ PN S 1 ~ 1S RS 2 1~ ~1 S L~ S ~I W NI N\ N "~



(c) R3 is CH3, CH2F, CHF2, CF3; and (d) Xis F

25wherein R is an optionally substituted al kyl, an
w@piovosmb3 y substituted cycl oal kyl, an opti onalPCHUS2009/046619

substituted al kynyl, an optionally substituted

al kenyl, or an opti onaIIy substituted acyl, an

opt i onald)y sRbsid RUtredndspludentdly Ky IF, CWQH O€Hs, CHig CHs. X,

onBheegt inh. Chet pgff%'wénl Rt %@E@?ﬁ%ﬁ‘@ﬁ@fé
Lo o S ESH AR 12006/ 046619 atom. and"

where for the instance of NR 3+ each R co i ses at
| east offe C B ismeleiedirom ampngiOFe S N2, g%&fan(‘ﬁHs)z,NRz,

5 PLQETORGT A AR i S ¥ 06 Faflo OB SR G,
c ONEBIG(S)) -20 alk¢B skhichinobhatelud atrofimited treNHO‘(Ob(CHz)SCHg,
g’zct of the fourth enbodinent is dir

SN HO Boo e By X bR axo&hmltwh@rltgfqd@é’cﬁz)s%yz, where
shssanl'i'ntegﬁ eﬁé\é ed n?@cf]%3a!lk§/% 7.8/9 I aplikyla, 18! Maﬁxl 16,17,
or aryl, iC udes

d°hot lmted to, pheny
or 18amkitivy| | vvhere phenyl or napht hyI are 10

optionally substituted with at | east one of H, F, a,

U | 2 .
10 3+ POPISLRYE R op POl SRR plkp b ARUQRTY Aibstjuted
Br C}(f:é%a]kﬁaﬁrp«ﬁiﬁﬂﬁhﬁﬁ SL(thltqu a]ﬁj?nyl |a}1 dpﬂ%ﬁzﬂlyadubﬁﬁwed @fkenyl, or an

['ower “al kynyl - such
habp@@naveubs(c@teucyl,an opltlpnalmm\bstam@;lr&%oxmlkﬂzwwe for the

: 8% ang{a E I@lméacﬁﬁg@ng%ﬁg 16(35(3{]%; Vn h“]g,)ls 1r¥i§pendent

COyRore m@dfe@'d% ined tﬁdﬁﬂ%cycle compr{sing dRPeaststwid, carbon

15 ( myo}nscaqch anohérg%NQw U R&q@%gg@gg%lz@p@alz gtzolngo C atom
) i
F. Bl indomientotdin S*n‘Zﬁfi (PR, Gafbrisgr atfedsf bug C'dm i

optahixtedtllgastiwask | drel jcﬁnbdcty dbmah Ihytleroc&de opmpusiag ki/least two carbon
substituted al kynyl, an optionally substituted
al RE¥BA . or an optionally substituted acyl, an
optionally substituted al koxyal kyl, where for the
I nstancey ffin Meét GrthdMiR: ddbodiaeht R dile@8RYd 5eorapoundasresented
one C atomthat is independent of one another or are
20j obyddmiwdafdrm a het erocycle conprising at |least two
carbon 25 atons, and where for the instance of NR 3+
each R gﬁrrenrlses at | east one C atom which are
|ndepen(§v of one another or each R conprises at
| east one C atomin which at least two R are joined
to form@@ hetRerioEy alatkytdrmdhed alkyhicytlealkyl, alkverytar oy, which
at ons. . WD 2009/ 152095PCT/ US2009/ 0466
s RPN tarRRSaY B AEPREY PGt gy ashiy hre
'H[aﬂbl@l &B&ﬁé@phﬁﬁl Meaép&{@{lm ¥, @1\@161 O, OR, %sk NH,,
| ower a lower al kylaryl, or ary
25i ndﬂﬂiﬁbNR'zbi}H{Rﬁ BIRthheterm}ICEd lavegr aﬂw&;ﬂl}logcnatﬂh%m@r D,

wh L aPRRGY [k, 24 BARILRYE uRLSa OPEL R0k SR ELRY such as

SR g=Ci4)al ted (¥Y & BN'IHO%‘GT RyR 0 fII%t@sr M'aﬁmx&@ﬁ@ﬁ Ce,

al koxy of -C6, Hhal ogénated (F, d | owner
al Rralqgemdte(II]F- ca, Bngvlﬁ)elpwnall?bxy ef @ﬁcaﬁq)zﬁggﬂ R', CONH,, CONHR',

sub c al kenyl, al kynyl, or
aI ?ﬁ %lv'ﬁé%%{ ﬁg}gg}e@éb% is not [imted to,

G i o al kyl, C3-7 10cycl oal kyl, C2_10 al kenyl, C240

al kynyl, or G _10 al koxyal kyl ; (b) RR is H, -CH3,
cyano (CN), vinyl, -OCH3, -CH2OH, -CH2F, azido (N3),
CH2CN, CH2N3, CH2NH2, CH2NHCH338CH2N(CH3)2, F, O, Br,
or 1|;



(c) R3is CH3; and (d) Xis F;, 15wherein R is an
optionally substituted al kyl, an optionally

waaipstisxoes ed cycl oal kyl, an optionally substi tRPCEUS2009/046619
al kynyl, an optionally substituted al kenyl, or an
opti onal 'y subst ituted acyl, an optionally substituted
aI koxya(tBy!| , R oGy cyane (CN3tamd e QEHNRCH, GH, 1@HRF2azido

éﬂﬁaﬁﬁ%ﬁh@%@ﬁh@ﬁﬁﬁc PR & o o1

heterocycl e conprising at |east two carbon 20 atons,
and wherg foR®ifeni;nstance of NR 3+ each R conprises
at | east one C at om which are independent of one
anot her or each R conprises at |east one C atomin
whi ch afd)l eastisfo R are joined to forma heterocycle
conprising at |east two carbon atons. The
sevent h aspegt b tc [
> a conpo(ég g ?g‘%?eg‘%ﬁ{‘%%ﬁ&“?m @1% 4H§V\f112qr éllﬁﬁé fsgl)ttlg%
i s vhiyl, GO ;aCIONH,, COMHCHE, loy ICON(CH201; apd y| , whi ch
i ncludes, but is not limted to, phenyl or napht hyl ,

wher e n | _@r. are o o

000! 10086% PRSI SBRHY s S6nE ROy Rk e AHEH GN(THe
ONKTRO . OENHR ,-N§B(0) NHR |

NR 2" ;NURZF” B’ 3BIGh(e %Ir{ocycl eo)?ggl’/er al kg??%of C1- Cs,

hal ogenated (F, d, Br, I) |lower alkoxy of Cl-
wher ei nwaereisRbis ag,gptl@wélw Isybsfifeyed plkyt ad OHPWH}’ SUbStltuted

10 Fﬁgﬁig 112911' %tb @)tk%%gmé tsu %H/ %k}ngfl a% 0 %}{Q}Mlbstlt%ﬂ %tkenyl or an

5c )bpﬁ@ﬁilllysshbstﬁﬁed fcyd) dnmpﬁlonal@sub@tﬁatdd;aﬂigdxyalkyl @hgecfor the

e R e S e i S
0 ptoT ?ﬁ?ﬁ&é}éﬁ l(’JF alte Hgiﬁ%@ th iao%yacl{e@&b&)élle coipridiid 2 'Fé%l'si o carbon

subs an opt1 ona 'y substituted
al larmyd, ancbwhene fmpuhe amstency o5 NBST eadit I ctompyises aénheast one C atom

opti ubstituted al koxyal k wher e f
|né"fhé?r1b e&)‘?d%RIP? nHT Qe aReer aeé‘ﬁﬂg CUBPHYF & egﬁt Op%gsattom n
ON&yHiciP4t98ast KA R ate !diﬁ’&pt%ri&%‘ﬁ heferfy€le2BRIptiSihg @f leadt @wo carbon
joined to forma heterocycle conprising at |east two
carbums. at ons, and where for the instance of NR 3+ each
R conprises at |east one C atom 15 which are
i ndepen i
| east og%a%h atsggctegﬁﬁl\%h%%%% rﬁ&ﬁ%@ c?e%’YBar e
t 0 biyGoHmda B4t er ocycl e conprising at | east two car bon
at ons. A fifth enbodi nent of the invention is
directed to.a conpound represented by formula I in

20whi ch téegiBe s a structure sel ected from anong the
structures c¢', 20d', e, f, g, h, i,j, k, 1, m n, o,
p, q, r (a)S tRl iS'H, YowéiV alkyl, 1¥werZalkAdeyl, R aryd Gwhldﬁi inc@fles, but is
ff, gg, i], kk, 11, ‘and nm above, wherein RI,
R2,noR8 mltxd ten rpuerwl ar aphdifyliekere pheryd ospanbéry asroptinaally
I nvention.sect i nabov f4.r C t f '
oA S0 o ey T B s £ GRS SR R RS e,
by Nme’ulmw iowerhikel) 16wie dBang JfC,aCS hilugénated (FﬁCE Bt £l lower
from anong the 25structures c¢”, d', e, f, g, h, i,j,

25k, akoxmof§i-Gs; p, q, r, s, t, u, v, W X, y, z, aa,
bb, cc, dd, ee, ff, gg, i, 11, and mm
above, rei I C K zido
cycl oal , klg?%/I@Ho%ygi}oyW\/ﬁ}th pg{}ugggz@kbumhizl; *

Not(Ny), GH,EN, tCﬁizNah@HyNHQ rCHiﬁﬁlﬁ@Hy,ICHMéJ&)zpﬁ,e@y BrarL;
napht hyl are - 67 -

(¢) R’isCH3;

oﬁ'ﬁd rgpresented

-39.-



WO 2009/ 152095PCT/ US2009/ 046619 optional ly substituted

with at least one of H F, d, Br, |, OH OR, SH,
WER09/1586825 NHR , NR 2, NHR 2+, NR 3, het er ocycPE&T/US1908046619

al kyl, hal ogenated (F, d, Br, 1), halogenated (F, O,

Br, 1) lower alkenyl of C2-C6, |ower alkynyl of C2-C6

such as(dgCH, XhHaFpgenated (F, O, Br, 1) |ower alkynyl

of C2 C6, |ower al koxy of Cl1-C6, hal ogenated (F, O,

Conrr (RN ebendspprdipu oL st e it g

| Sy 1@@@%@0@&\&%' CO@M—ﬁEﬂg,Q)QNDN(EJI—g Yt and- (| ower

Iky i'ncl’udi ng OCH3 roxyI | ower al kyl ,

CH2) pOH, where p is 1 -6, |ncI ud| ng dr oxy|
rret hyl é is srelea@défm pppng GPFOC }@CH& “N(CHs),,

5 G RIC) NI @@%W&ﬁ@@ﬁ%ﬁ

F; and (d) Xis H OH F, Owe, NH2, or N3;
wher ei nwlereirsRa8 amppmmﬁbrlsybssmtted alkyl, el oathckqplly sebstituted

optlonally substi tuted . cycl gal k an o

sup¥Hoalkylesn entiopally S‘ﬁ’éﬂ g |a9 ogﬂBgeﬂfyt %P%Hu%d alkenyl, or an
al ﬁt’iBﬂ ' LibXaiSURStithiet atkoroMkyl, ¥Rere for the
optls ona 1?19{113 Eg%r?%&é{l eagrbgl1koa;<I§}'lfj1$Ql kyl, wher e9f o}r’ t hg

i nmSmnceoﬁNRM@T NHR', Neleh RicamapriseRt 16@6rﬁ§lﬁl%@0@tth¢té&§ldependem

100781 B SRR RIS pASH AR I8 aron

CapRAR, AldPWhere %ldthé‘m@faﬁcé Sf NRhEedchR' 26@:prisds alldad-one aﬂ:zktom
corrprl ses at least one C atom which are |ndepe(t(d;ent

of which aue dndependsnt efxal arotheinserk Rscomprisesalleash angC atom in
at of . h® af 140 carb
e Sy 0t A BT R RS B 6 caon
Theatozgcond aspect of the fifth enbodinent is directed
to a conmpound represented by fornmula | in which the
B [ f
150050 S e phhGendst of Gp g Spouigori s hrbelsliTo FLpMEGUES

:réﬁ:reé@nke)&byi‘finﬁula 3, bb, cc, dd, 25ee, ff, gg, hh,

nm above, wher ei n (a)Rl is H,
n aIkyI branched al kyl, cycl oal kyl, al karyl, or aryl,
whi ch irvdiemi&s, but is not linmted to, phenyl or
napht hyl , where phenyl or naphthyl are optionally

S L el S A Cob b o

EIUIE{Ot hﬁ«l'R%@ (tjo ?F‘B]ﬂ br n&ﬂtl%&,, w]lihﬁé lphf.n}&' ot pgphitylere apltikydl]y

al ogenat e al o , r '

20| owebstisniRe i 2 iea@zane@f H, Sueh B Ratih ity ST SR NI R, MR,
GG AP ol 1 st oA s .

) Brohdowad dkowy offCi&ls; C6, CO2H, CCO2R', CC]\IHZ CONHR'
5 CONR 2, CH=CHCO2H, or CH=CHCOZRI ; (b)R2 is H a
| ower al a vinyl, O-(lower alkyl),
i ncl udi r(gy(l}ézy %IZCHS hydr oxyI | ower al kyl, i.e.,
-(CH2) pOH, where p is 1 -6, including hydroxyl nethyl
(CH2C)—|) éﬁél ugeageiy! (CH2F), azido (N3), CH2CN,
NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br, or |
(c)RS is H_CH3, CH2F, CH F2, CF3, or F, and (d)X is
25H, OH, H9) OVBXINER2, or N3; wherein R is an optional Iy
substituted al kyl, an optionally substituted
cycl oal t | ,an@ly is 1 to 3,
opt i onam}% sﬁ%asetg{at%?%g g é{d@ﬁﬁy%{?Fﬁng(%\Ilﬂgqﬁg yIal
subdhylf aoaﬁHa,c(W)NHanC@NHQmabt GON(OE: )2t antded
al koxyal kyl, where for the 15 instance of NR 2 or
NHR12+ each R conprise at |least one C atomthat is
I ndependent of one another or -gape joined to forma
het erocycl e conprising at |east two carbon atons, and
where for the instance of NR 3+ each R conprises at
| east one C atom whi ch are i ndependent of one anot her
or each R conprl ses at | east one C atom | n \Nhl ch at

oy S [e— ] M 1 .



20 at ons. The third aspect of fifth enbodinent is

directed to a conpound represented by fornmula I in
wokioehs2obe Base is a structure sel ected from ar@nyS1008046619

structures c' d, e f, g h, i,j, k, 1, m n, o, p,

q, r, s, t, vV, W, X, Yy, z, aa, bb, cc, dd, ee, ff

gg, hh, @], R&;s stlbcted icbnmam et QH, mmaerlﬁHm -NEIERL, N(CH)a,

:}9@:’2’ I'2’n" |au5’339?@5%" b nﬁ{%@kﬁfzphenyl or

napht hyl, where phenyl or naphthyl are optionally

subst i t hedinR il artb pliGasy sesreinféd dkylFan Gi)uorﬁﬂy stibstifutbd
OR, SH SR, NE12, NHR, NR12, NHR 2++

heeysierlknd] an ontionelly substiiutedradinayb s oeHoRaty sebstmgpd alkpnyl, or an

50 9&?311% {19 24XRRfeS Ae&f%%%%ég ?@JS%F%%@Q g}?@kﬁﬁﬁl whélk for the

Suifitanse 6F I@H',z ohalHRJEratieR' (dmprisk at Bast ohg G a:mmrthaillkyldy[bendent

of C2-C6, | ower al kox% of Cl- C6, enat ed b

Br of pje qnelist ORMRANPED @Tﬂ@@etw sing tWO carbon

quﬂd rg for'thE f IQR mﬁbnsé@ (apieﬁg dn& Cthtom
, cyano \ O- (I ower al kyl),

in Whmﬂu ang uﬁ@#ﬁ;deﬂ@bﬂﬁbﬁnothmcm@ug/h R| coneprisas kt;lbqst pneC atom in
10 ( Cpa@gl]) 'flqapmer Wm%iép&mrln A étgrg%y%mg dr o4 riﬁalstt1 X)vo carbon
CHa s,

CH2NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br, or
(c)R3 I's CH3, CH2F, CHF2, CF3; and 10(d)X is H, ()—I, F,
Ove, NH2, or N3; wherein R is an optionally
subst i t dtsscond spbodimantfitheinuentipngds dieqted fogrompound represented

?)ygal kt?%,l %hltcﬁttﬁﬁ%gle ﬁyaks?%ﬁfréf {'eggntgh ﬁ; %{Jn}ullzf'ﬂ above,

S u b\ﬂfetdiIURé RARY) X, ¥R ppid Rfruié Usfirred s thet E‘uirmdary of the Invention

al koxyal kyl , where for the instance of NR 2 or NHR 2+
15 ea6ertivn 2B0Yfor i se at | east one C atomthat is

i ndependent 15 of one another or are joined to forma

het er ocyc f BEstimbMQs 8Ré 0 Qipouadd

wher e féhlﬁhéﬁ?ﬁs({fgﬂrl]ég%c%}d%\lm% each R conprises at

| eagiresented Gydbomlafli2ch are i ndependent of one anot her

or each R conprises at |least one C atomin which at

| east two R are joined to forma hetergcycle

conprising at |east two carbon atons. The fourth

aspect of fifth enbodinment is directed tto a corrpgund

represented by formula Tin whi ch t he Ba is

structure selected from anong tH , d,
e, f, g, h, i,j, k, 1, m n, o, p, u, Vv,
w, X, Yy, z, aa, bb, cc, dd, ee, ff, kk,
11, and mm above, in 250a)Rl is ,

branched al kyl, cypCl oal kK, al , Which
i ncl udes, but i ot HZ}\mted t phenyl napht hyl ,

wher e phenyl or ht hyl ., tionally sWbstituted
with at |east ong o‘f\BL\\\‘ , Ori=mR® | OHOOR, SH,
SR, NH2, NHRUO'NRI 2, "NHR 2, EIR” 3+ heterocycl e, |ower
al kyI haI ogenat ed (F a, Br XI) hal ogenated (F, d,
Br, I) | ower al kenyl of C2-06, | ower al kynyl of C2-C6
such as WD 2009/ 152095PCT/ US2009/ 046619 C. =--CH,
hal ogenated (F, d, Br, 1) |ower éﬁkynyl of C2- 6,
| oner al koxy of Cl1-C6, hal ogenated (F, d, Br, 1)

70l ower aldxynof Cl-C6, CO2H, CO2R, CONH2, CONHR ,
CONR 2, CH=CHCO2H, or CH=CHCX2R; (b) R2 is H, a | ower

al kyl , no (CN), vinyl,  0-(lower alkyl) |ncI udi n
0cL13, cé}m}% is il ar iyl breaehied aliylyaycloplkyl, al aﬁ%HWhlch

T dhiafest funt ?%ABJ&{“% oD TNt AR et B by are

CH2NHCHS3, CH2N(CH3)2 F, d, Bal-or |I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) Xis F;



10wherein R is an optionally substituted al kyl, an

optionally substituted cycloal kyl, an optionally
waaipstisxoes ed al kynyl, an optional |y substit ut ePCT/US2009/046619

al kenyl, or an optionally substituted acyl, an

opt i onal | y substituted al koxyal kyl, where for the

i neptamaﬁy snflbshlﬁltéﬂ with hHRaR eneatH, R’Cchmrir DFle OR', SHbEY, NH,,

§ ofeliy B SHRL N e ey SR o e S ARleadk. G 0.
C afl&l@%n% dqF o0 Bra lowkiallienlPsf ¢, 16veéraneayPéf CRC3duch as

each conprises at |east one C atom which are
| nﬁle@éh tielogerptedoiiie Ca Bt DdowarallmyhofC:-Cortperalkoxatof Ci-Cs,

{ BRBBTRHTE: o oty DI iy g e LR ORRECE R roNR:
at eONR ) tertoitb,Aassecti=cliddR;f i fth enbodi ment is

directed to a corrpound 20 represented by fornmul a T| n
which the Base is a structure sel ected from anong

St ruct ufds cR’igH, a lower alkyl, cang (CN), vigyl, - (lwernalkyé) ngpludmg
q,ﬁ]; OCIII?ZC%I'{% H)H(thyi_}lowé{' a(]ilzyl 1aea (l?[tfz)p wﬂ&e p(qg Ré,fl{lcsludmg

erein

H h?ch@k Mheth{lr (@H; €, ﬂhminsttﬁfy(xtlew)mao @3k GHHCN, GFH,N;,

ol

—

ich 25 | ncI udes,. hut imted to, phenyl
100 or ChizpbnGHNEEELCHaN Ao F ﬁi Wde are optionally
substi t ut ed WI t h at | east one of H F, d, Br, I, OH,

, Ror, NI, &FR0ZF NR 3+,
heteroc§c) ovver tjliflz_'kyl2 hal ozgenatoed (F, d, Br, 1),

hal ogenat ed (F, d, Br, 1) lower alkenyl of CZ Co,
| oner all®ynylX isfH, CHIE QMerNHs, ccarendhal ogenated (F,
a, Br, 1) lower al kynyl of C2-C6, |ower al koxy of

(F a0 @ 2R g RO RranRaiily S JORIBRESH Sk N,
CO‘MR m‘ﬂHRHR L£NR';2, he@ds@b@omer alkyCHalogaeedd (F, Ch)B2T)

15, az |1%er(ar11g>)1 ’ 10%%2@%?1%@(::‘\4% %C6@MM%OWEONRE’

CH2N(CH3) 2, F, 4, Br, or I; 5(c)R3 is CH3; and (d) X

IS F whald F&PH RRis anSpbnd éu@&ﬁh{eﬁ aﬁd&bsah'obﬁbﬁﬂlyﬁﬂubéﬂtuted

an optionally substituted cycl oal kyl’,” an opti onall){

su lmytlloallkybdn aptigmajlly, subatlttdpal a]@maylj an epiosally spbsttuted a kenyl, or an
al ken

o R B MR AR D e

| NShRaRE o NRNRIANTR ', NEfiRh AR comphisdit 1680%d G atoat thaeidstidependent
one C atomthat is independent of one another or are

20j oiafede auptheranare jeited o &ya1 ehaienpyale poraPEng ddeast fygcarbon

s AN S G ot

Of waleh aRahdpendnt 866k dRothee b‘péachéS cémphmat leasteméIC atom in
atomin which at least two R are ed to forma
P BHBR gpest BB 116 oo PER SelTr e BB EBE b jfast two carbon
The,shxth aspect of the fifth enbodinent is directed
to a conpound represented by formula | in which the
Base I's a structure sel ected from anong the structures
250 , Bhe skcomgl, ashect iof the, sekqndlembpdiment és dipscted, to @ cogipound
, aa, bb, cc, dd, ee, ff, gg, hh,
i ,re?rese“ﬁﬁbyl@n%gﬁé 3m above, 20wher ein (a) R1
is H lower alkyl, lower alkylaryl, or aryl, which
i ncl udesyhdeihh 1S not limted to, phenyl or naphthyl,
wher e phenyl or napht hyl are optionally substituted

with at | east_one of H, I, , . +SH, .
SR, NHZ®) NHR'is H?nzalkﬂrk@n@ﬂ aﬁwﬂr chhgwk gﬁ%ﬂe‘?f aryl, which
|l o K

| Oﬁ?luggf gﬁt{l(s) )f(lét lgf?ut%t_o@n?fg &”ﬁlp?g?'(, Igvzhe%phﬁ;%ﬁ_ Oéjl_%l’phthyl are
cyano (CN), vinyl, -0OCH3, -CH2@R- -CH2F, azido (N3),
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br,

or |; (c) RBis CH3; and WO
2009/ 152095PCT/ US2009/ 046619 (d)X is F;



wherein R is an optionally substituted al kyl, an

optionally substituted cycloal kyl, an optionally
waaipstisxoes ed al kynyl, an optional |y substit ut ePCT/US2009/046619

al kenyl, or an optionally substituted acyl, an

opt i onal |y substituted al koxyal kyl, where for the 5

i nsptmmaﬁy sdbstiftel with hHEd2 eneafH, R ClcBrgr QHeORY, SEb &R, NHL,

§ o YRR Ny RERpEES dofpr e S ARea ZE. i 0.
Caﬁﬁ@%&gp tcanE, Claﬁ‘i{ WSIE aflRhyt dFeC,LOS IengalighnyNT GrCearh as

rises af |east one C atom which are independent
Of Cefi#], halogtrateddF, €5 dr, Rlowarmikynybef G1-Ch.dawer alkaxy®f Ci-Cs,

5 herapapndt i § el oo B K COAT R GCON s cONtIR.

Thg@@;@ﬁg@ﬁg@gﬁ sfcirberlod,Rh enbodi nent is directed

to a corrpound represented by formula | in which the
Base IS a strycture sel ected fromanmong the structure

c , , (9, fR s Hpa lowey ¢ alkyl, cyanor(CIy, Vlgyl Q (lglwerrallqg) n?c?uding
J J WOgizcgﬁuhydr&% lmer affiyl, i 1% - @l%)p(f)ltl WH% })rig‘l 6'mcluding
hi@ory1 bty (CHZO)Ioerﬂ@drbmleﬁiyy(CHm am@d (NWGISEN, CH2N3,

|nc udes, but 1S not é or naphthyl,

10 M%NﬁheﬁﬁlzNHp}haﬁﬁzmﬁH pés thﬁro Iy substi t ut ed
with at least one of H F, d, Br, I, OH OR, SH,
SR, N NHﬁs,lsﬁd%ﬁg MNF SHE I\Biggsorpet er ocycl e, | ower
al koxy hal 6genat ed (2 Br, 1) lower 20
aIkoxyofCl CG (b) |sH (c) RBis

CH3: andd) X1st)H,>F,|QME,,N%eKé13naIF3 is an
optionally substituted aI kyl, an optionally

substit ted eal k I [

al kynyl | i%ta%(@#a %eﬁ? @ﬁiﬁ’?]ﬁlkgﬁsp@%ftgg%“ v

optvhepsaxllwsebstr | drlltaﬁd qds Yo 3,aﬁn5deO@HﬁCOyCHu Nt ed

al koxyal |’ where for the instance of NR12 or NHR 2+
15ea@0ﬂﬁ{c&%nﬁr¢@¥(%3)k5east one C atomthat is

i ndependent of one another or are joined to forma

het er 0CX | feift MY dngEndly duBaHhIck W0 APTOAIBNRDs1R0Rd
where for the | nstance of 3+ each Re conprises at
| eagtloaligl, (é‘napMnally'SBbstltutmlkynyl an optionally substituted alkenyl, or an

2009/ 15 95PCT/ US20Q9/ 046619.. whi.c

on@PHAGA ]9}’ Sptuted apylgen @ W&Pl%é‘ébsg’fu%? eas(pg' S’p%ﬂé%e B the

i N MR RNR'LFNHRYWO edZh R IcBmipflbd&dedsPode0C Ao that is 1ndependent
heterocycle conprising at |east two carbon atorrs

20si xtflone pbastiérrmzate J@fneﬂl’ﬁ@ fermveheteronyile compiétngy least ‘aVO carbon
compound repres gﬁ{rul tlgh%tﬁﬂss@ t
i s %018 raﬂétv@? ef?& gﬁ%rofgm aho eﬁc}l nﬁmsg%atltur es ab, om
ac,wideh al%Qnde'pfende%g of ﬁi'b an@ther ar eacth' caﬂnpnmsnat Bast oae C atom in
a , as,

2 wlmgh atblgast bo Rbare J@ped Eﬂq@n}a@ he&?é‘gﬁyefeec&%% at fét two carbon
vvher(ellﬂg R., R, R3, X, and Y are defined in the
Surrmary of the I nvention section above. The first
aspect of the sixth enbodinment is directed to a

25conpoun dl“b]e(lhlré psmtemﬂthd sdppnd embrodiment isidirgptied ko ¢ pempasd
is a struc eIc%edfromam)ngthe structures ab,

Bé I'mH

ac, TeBigsented ai, aj, ak, al, am an, ao,
ap, aq, ar, as, au, ax, ay, az, ba, bc, bd,
be, bf, \pgereilgh b| bj, and bk, depicted above,
wher ei n (a) RL is H n-alkyl, branched al kyl,
cycl oal

i s not kél}n t eEI ’ts Ibﬂgﬁyglr%};h% Foatﬁ%'grag(aﬂaeﬁ%ug’lonCh
D aPLfigs, ffis 3Bt mgme&ohv p%gi%wsltha&lggl Wdhe PherkP6iapRNT are

NHR 2, NR 3, heterocycle, |owerd3al kyl, hal ogenat ed (F
a, Br, ), halogenated (F, d, Br, I) | oner al kenyl
of C2-C6, lower alkynyl of C2-C6 such as C=CH,

hal ogenated (F, d, Br, 1) lower alkynyl of C2-G6,
Iovver aI koxy of Cl1- C6, 20 haI ogenat ed (F CI Br, 1)

- o ~A P~



wherein R is an optionally substituted al kyl, an

optionally substituted cycloal kyl, an optionally
waaipstisxoes ed al kynyl, an optional |y substit ut ePCT/US2009/046619

al kenyl, or an -74 - WD 2009/ 152095PCT/ US2009/ 046619

optionally substituted acyl, an optionally substituted

aI &stionallk yhbstindtet with ot least ene oSHaRdEl, Bf, INSH2 OF, SYERR2,NH,,

OB TR0 AR B 10 B R etsRed G Gl B D,

h eh Qb SUEI]F CONBE 1§ Idieeralkch §BSHCLOR rl]&%érlau@mgt SFG,-Caadh as

where“for the instance of 3+ eac conpri ses at
| e@sCHy helo@‘emite{olr(\F5CiMBrch lower aﬂmdte’beﬁﬁeﬁts, lowerglioxy of C1-Ce,

5 e dEeE Bich e o oo Patnt Qe Oy SR,

co et HCeRA! of R=CAICHR';at ons. The second
asggjcwﬁf t he spglts\lhoerrbodl nment is directed to a
compound represent ed by formula | in which the Base.is

a structre Bélisidtztover elyhewany (CAD, wiogh Qudeweealky) including

ap, (gg; Ogﬁ{ ng hyé%)xygli]dwer aiky"iljl €. aYCHg @H‘Wherg@ is 206 including

behy&%xytbﬂeth&alt(cmOH)pﬂuoramdtt@k(Ctdﬁr)r ZAdANap GH,CN, CH,NG3,
wherein &&L is H al k branched al kyl

10 cy 6 AHey CH2NH CHZM@%)yE rcﬁrﬁ ncl udes, but is
not limted to, phenyl or naphthyl, where phenyl or
napht hyl \ar epl [ bﬁfg ituted with at | east
one of Ik-f,) F, RC?S, GHS mﬁl u@p} SH, SR, NH2, NHR ,
NR 2, NHR 2+, NR 34 het er ocycl e, |ower al kyI
hal ogenad)ed ()Fl,sH';IQH,B?,,OM)B,,NHaIw@%nmded (F, d, Br, |)
| ower al kenyl of C2-C6, |ower al kynyl of C2-C6 such as

SO, e i LM G

1) vJHéY@X 1§F k@lXBr or 1G@hd ¢hs 1 W,HzmﬂQBbH COMNER;, CONHE |

20 CONR 2, CHECHCOPH, or CH=CHCORR ; (b) RRis
15H, GONBGEL, el GON(CHyzino (CN), vinyl, 0-(lower alkyl),
i ncl udi ng OCH3, OCH2CH3, hydroxyl |ower alkyl, i.e.

( CHZ) P é’tﬂﬁr & aﬁhd)?ﬁo‘}a }ﬁsu)bbtﬁﬁteﬁqm aﬁi@ﬁ@fi&ﬂ&\lﬁﬁﬁtﬁﬁkd

(CH2 f{or omet azid

CH2 oalEHZ Wptt@dﬂbdtsﬁbﬁ,tut@l-@lﬂdy@%arﬂoptﬁna@ suantthdrallgenyl or an

el el o sl PG o

dehdcd betira) (lﬁ'm%he&ﬁtll' eBdbtiYe RUEHEE bidC @tbm that is 1ndependent
cyc oal kyl, an optionally substituted al kynyl, an

200ptaf onakiothendyste joined do &irkemipdteropycle poraprisipgai]least two carbon

S U b ‘%’gallé{} pvhe(%t]g{; glefn&ﬁ?gtcﬁ & ?W egéfpﬁt éotrﬁbtnesgs at least one C atom

20@%1&453{@915&@51‘1&&28@&{%%9 ot eh & cempfisdiRt Rasirone C atom in
Nl IR 2+ each R conprise at | east one, C atomttr;*n{ I S
i noenatdaast sro Bhareapipedierfopn adieteroyckegmpgising afegst two carbon
het rrgézycl e conprising at |east tw carbon atons, and
or the instance of NR13+ each R conprises at
Ieast one C atom which are i ndependent of one anot her
250r each e foartip aspteetsofahe seeand ebedi@ent is direeted toph¢arpand

| east two {:" ed to forma heterocycle
coﬁﬁ?ﬁeﬁnﬁ%ﬁé}f ofrg wo carbon at ons. The third
aspect of si xth errbodi ment is directed to a conpound
representggeddy formula I in which the Base is a
structure sel ect ed from anDng the structures ab, ac,

ad, ae, m _an,

a0, ar atgl’ o1 gl Bclbg 2183, cyBDEI B It A5, which

( a) 1§(ki)l%des Eflt 1 l‘lizllﬂ teda'@r gﬁ’é&wl g}ﬁlgﬂ?’(:\g b Cyc?/ @,ﬁr@{?{ BipRthyl are

al karyl, or aryI whi ch includag,- but is not I imted
to, phenyl or naphthyl, wher e phenyl or naphthyl are
optionally substituted with at | east one of H F, d,
Br, I, OH OR, SH SR, NH2, 15 NHR, NR 2, NHR 2,

NR , het er ocycl e, I ower al kyl, hal ogenated (F, d, Br,

T 1




OCH3, OCH2CH3, hydroxyl |ower alkyl, i.e., -(CH2)pOH,
where p is 1-6, including hydroxyl nethyl (CH2CH),

wo bawonsooes hyl (CH2F), azido (N3), CH2CN, CH2N3pPCTZHRINbBIR046619
CH2NHCH3, CH2N(CH3)2, F, d, Br, or |I; (c)R3 is CH3,
CH2F, CHF2, CF3; and 25(d)X is H OH F, Owe, NH2, or
N3optidne g subsitutedswith ableast onabf K, EuBls BirtluO&d OR' KSHL, SRinNH,,

op{ . L Ly stituted cycl gal.kyl tional,l

o e L RRy oy Byt e ARtk BpediBY ¢ o1 Br b,
al KaBYdnate@r(Fa01, B} 1) Wl akeh s AL OF, @6lv@@iltynyB&F C,-Cs such as
optional ly substituted al koxyal kyl, where for the

i NSEQRE balogerdRA(FoCl, MRl Jeweraadlynixl o£Onps.i l9weralkexyftCi-Cs,

5 SobYraaebaubeh BBy S ARTS 5 C1 e CQaHt FOR o FONHy: CONHR!

j oCOAR', THACHT®,HebCCRSEHICD,RENPr i Sing at | east two
carbon atons, and where for the instance of NR 3+ each
R conprises at |east one C atom which are independent

of one €Mot hBF i, elewrer rkyk sHga (69, winyl, Sxdewerrdkid), including

at {n ' -al €/l r: ‘ :
PO o SO . SIS, gt L%, nludin
ThaydrouyltrhetAgiq€E1,00f), Buotbmethyb(CH 77y dzidos(Nd), GEHEICN] (N,
conpound represented hy fornula Tin which the Base is

10 5 N&u@@@g%t@&ﬁl&gﬁg@ﬁoﬁgﬁrh@%tructures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am an, ao, ap,
aq, ar, (cgs, aP is @M,, GULF, @K, A¥F,; @2, ba, bc, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, 10wherein
(a) RL is H n-alkyl, branched al kyl, cycl oal kyl,
al karyl (dor XriglF; anghi ch i ncludes, but is not linmted
to, phenyl or naphthyl, where phenyl or naphthyl are

o P S IR s Eta R qron, 8GO, G,
NR#3rere Xigd BrCicBe,| o2 ahdves 1 & Kwinylh@OekdctiatElds, (ONK},,

Br, | 15 hal ogenated (F, d, Br, I) |lower al kenyl of
15 CZ@‘?’HCMY%I%&@;)ZQM C2-C6 such as C=CH,
hal ogenated (F, d, Br, 1) |ower alkynyl of C2-Cs6,
lower aldtarn R isGh- 4181 sRe8 a8 Ik T an GhbtioMilly sbstituted
| ower al koxy][l oflSC1-O%;On%H, CO2R lkglé(]\lgup OO{IHR,
CORR183 Kk W-Cbigiiomially subsGhrt@HER2IY,; an optionally gypstimtadglignyl, or an

a |l ower al kyl., cyan . vionyl 0= (| ewer
Pt sStresed E0czatisndhHipa i SREye Ry Ypbeo for he
| . @nstancé GFRROUHNERST €ich R Sorhpride at l¢ed ¢t O grohytaoix yidependent
met hyl (CH2OH), fluoronethyl (CH2F), azido (N3),
20 cHeERne @t or erediniaed tafapmiadigiero quepg)sing gt leasy twomgarbon
or . oy F ;
(s, g vne e B2 g S RONCE Boch R et B, ope Gatom
al kytich @8 ifepeateat bfjoreansthet ot edh &Y corapiidey lat least one C atom in
optional |y substituted al kynyl, an optionall.
subduch gitleast ByaRAFe joipgd tﬁrfg%‘bﬁ i'hs‘ﬁachsﬂ%awgflﬁ%a fblgast two carbon
acylym@n optionally substituted al koxyal kyl, where for
the i1nstance of NR 2 or NHR 2+ each R conprise at
| east one C atomthat is independent of one another or
25are j oi fd fifth fspeato thiesteandepdiodimerniys dissotay tate doswend
two car bfﬁt gD 2@?3/ 52095PCT/ US2009/ 046619 at ons, and
wh &P Bd YOIl L% e "of NR13+ each R conprises at
| east one C atom whi ch are i ndependent of one anot her
or each wWherdéipnpri ses at |l east one C atomin which at
|l east two R are joined to forma heterocycle

conprising at_,l east t carbon atons. 5The fifth .
aspect & th &R'dp K H“’é‘%ﬁdﬁ ??Fg‘ﬁ{l aﬁqﬁ &V?lg%l%z@d a{k@ry or aryl, which
co | Y, I i ' '

o SRR, DERARAMED BRI oyl el Chiend, PRl are
ad, ae, af, ag, ah, ai, aj, ak45al, am an, ao, ap,

aq, ar, as, at, av, au, ax, ay, az, ha, be, bd, be,

bf, bg, bh, hi, bj, and bk, depicted above, wherein
10(a)RI. is H n-alkyl, branched al kyl, cycl oal kyl,

al karyl, or aryl, which includes, but is not limted

"

g




NHR , NR 2, NHR12, NR 3+, heterocycle, |ower alkyl,

hal ogenated (F, d, Br, 1), halogenated (F, d, Br, I)
wo owensabkenyl of C2-C6, | ower al kynyl of C2- GBCHUSINHB16619

15 CCH, hal ogenated (F, d, Br I) | ower al kynyl of

C2-C6, |ower al koxy of Cl-C6, ha enated (E
') optionelly alusbmddf/%mtlwt owcpiil, E:él COR-PR' é@nﬁﬁlﬂ NH,,

oy I 08RG Mgy PR S oo tedoper é%%lb%nﬂgd 8, B0,

enbddd %B,, CICHZN we@dﬁd&hﬂﬁ Cp,QEi;Z N(weIrd)RmyFof (G-Cs Bich as
or I; 20(c)R3 is ; d (d)Xis F, wherein R is an
opCﬁﬁHahalygwtﬁdt(Ft GL &4, Ellwq?f aﬂ@ﬁl}’bﬁ Cofalleyyer alkoxy of Ci-Ce,

55 RETe UE BOh e BRaFR 25, LB BBt o, conne
OIOCOMQ% IOH-SCHe 0L WreCHACHICO,RA optional |y substituted
al koxyal kyl, where for the 25 instance of NR 2 or

NHR12+ each conprise at | east at_ | .
i ndepenﬂ’ént g%lsdﬁe'%oﬂ"f‘@i? (6N ey Q(ﬁé (18%1 éﬂ rﬁé@% azido
d
s e S N S e R
| east one C atom Whl ch are independent of one another

or each(dy cRﬁiHCHgs at least one Catomin which at
| east two R’ are joined to forma heterocycle

corrprl SI(B st two carbon atoms. The sixth aspect
0 of the xt h nt is directed to a conpound
represent ed byforrrulal in which the Base is a

st r uct U(@ seRé@h@Rs afeqmmﬂtyr}g 5 SIH: U CHy g B amby isalcto 3,
g ﬁm an, ao, ap,
aqué(l Q&Q 3a8 CQNHQ 3, %FOI?;@H 4, be, bd, be,

bf, bg, bh, hi, bj, and bk, depicted above, wherein
(a) RL |, 3h ¥btio@dllyahbdtituted
whi ch |ﬁ el k%é%ﬁp@ﬂéﬂd%l Shg%%r%hﬁtegb&? Elo y% e

napi’dlhalkyl whepteonatip sybstiortedaioytyhydn Qil’ﬂendbt $ubﬁtdillte§i allgnyl, or an

agfgls)‘}lé;}.q y§ svt\{tthgég(t:}f{':_?%aosl}t oqu \J}{Q’g‘gh&e_g Hm’y%l?yl wh’ere(?c_)lr the
het iRy 6t ﬁR | RWER Gt deel R' Bdmbrlse@ leasPdrRIT BRdIreMal(iE independent
a, Br, 1) | ower al oxy of C1-C6; (b) R.is H,

oqspn@g«ml@r (OCRYje, joisiesh j¢ formadiaterocyclpeprisapgat leagh fwpearbon

S S el e SRR g O SOl SR o fe oo

' S vﬁﬁclpﬁé iiRpéddentoisiel dnbthetlodaksly R, ca@npriges adieadt loyie C atom in
substituted cycl oal kyl, an optionally substitute

204 Ryhigh at least Bn Roaaraucrlyedstetf@lfnil g hetsEPCF IR SAPTISig abeast two carbon
optlt%]sal |y substituted acyl, an optionally substituted
al koxyal kyl, where for the 20 i nstance of NR12 or
NHR12+ each R conprise at |least one C atomthat is
i ndependetsixot aspeet afithe seepndembodiment isditected foog eamapound
het er ocycl g at | east two carbon atons, and
wh&fREeseged ﬁﬁ’etglqﬁ j’ e of NRI3+ each R conprises at
| east one C atom which are i ndependent of one another
or each yher&RNPri ses at |l east one C atomin which at
least two R are joined to forma heterocycle
conprising at | east two_carbon 25 at

25sevent h @spedt 1o, loveer sl Howrialkylam t°r|a§’ 1dWP’€Eﬂ‘é’&“qe& but is
" s SRPRREN ¢, PRESIEELAROM, WRGTRheA of Rahilisd drd ioRARS
ac sub;dxtutaé w1’dm‘ at leagt oretof FBIF, ChjBr, BIQHA0R', SH, SRh NEpNHR', NR",

B NERL R B Rt eli?PY°1gq\/1°W Klowek ﬁ?‘@f‘ﬁéap gbgggialo&‘ﬁbmd @& €,

20 :L{FﬁQ@O .046619 wherein (a) R1is
q%b\lkg Qfﬁﬁg;é ?é "al kylaryl, or aryl, which

[ ncI udes, but is not limted t-é6 phenyl or naphthyl,

wher e phenyl or naphthyl are optionally substituted

with at least one of H F, d, Br, I, OH OR, SH,

SR, NH2, NHR , NRI2




5 NHR 2, NR 3+, heterocycle, |ower al koxy of Cl1-C6,
hal ogenated (F, d, Br, 1) |ower alkoxy of G -Cg;

W@ b)ooR20pz H; (c) RBis CH3; and (PQT/KS1089/046619
F; 10wherein R is an optionally substituted aIkyI an
optlonally supstituted cycl oal kyl, an optional
subst i t@ed Bf ke CH:aeyanp(CRhalinyg, —Qﬂﬂ,ﬁ,r@ﬂz@d 'CHzF azido

ot NGB P Fh B8R LR CHANRE Fofl Bpor

|nst ance of NR 2 or NHR 24- each R conprise at | east
one C a(cqmthéis@'}ég;i ndependent of one another or are
joined to forma heterocycle conprising at |east two
carbon 15 atons, and where for the instance of NR 34-
each R (Qonpf XiigEzand | east one C atom which are

i ndependent of one another or each R conprises at

5 ' east opg C pt QﬁHRﬁaﬁ@hh&éiseﬁdenkl§a§tF bﬂa L, @ Lardd REko 3,

o form heterocycl e conpris st two carbon
at Mmyl GO0 ONTE B ONHEH, %CQ{‘IK@PbDEse i nventi on
is directed to a conpound 20 repr esent ed by formula I

it t ' | t I

ai to, - MpaeRt Rae s gpfatdy SAFIRE RN SRbpoRTs S A

f oeya@odlRal f0bptivkBY Elﬂﬁtlﬁ&edamlﬁ@ﬂ Vil @tloﬁaltymabstmd atkanyl, or an
represented by formula

, d b
ph@nwlwsabsn@ﬁe%acythr?@ qpé@mﬂlya%\!ggﬁwﬁ lsl% ﬂg‘féy grecfopihe

?‘- %%gggf’lqﬁd%fr I@{ m’f%al‘@kx hocq b (?d’t %ast%ﬁ%@ Qm% tBat 1§ f’hdependent

R1 00 ozbmiveties of are\j‘ﬁnﬁﬁ) Qﬂfohﬁmﬁﬂycmsﬁm 1®s‘av\@0:a(bon

O 1111111t Zis R [:|O
atoms, and wherlesfor t&le 1nstance of IGR 3 eac'il ompnses a?least one C atom

which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

15 atoms.

The seventh aspect of the second embodiment is directed to a compound

represented by formula I-2
wherein

(a) R! is H, lower alkyl, lower alkylaryl, or aryl, which includes, but is
20  not limited to, phenyl or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH;, NHR', NR",
NHR',", NR'5", heterocycle, lower alkyl, lower alkoxy of C;-Cs, halogenated (F, Cl,
Br, I) lower alkoxy of C;-Cg;

(b) R’isH;
25 () R’isCHs;

(d) X is F; and
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HO OH011 OH where R7 is as defined herein above.

DOSAGE, ADM NI STRATI ON, AND USE An ei ght h enbodi ment
wo@Roovhs2ops esent invention is directed to a conpOFUS$10091046619

5 for the treatnent of any of the viral agents

di scl osed herein said conposition conprising a

phar mace)t i cBf knd Btarepndependentiy Hul €Bb.Clilad of andr iartdng.

an _excipi , [ iJ.uen ui val ent nedi um
aningt oo G0N EONE T 3P oA Rl e i ¢ o sl 15
(acid or basic addition salts), hydrates, solvates,
and cryghéleln Res bR bpforRa siisstiahtdalReldan spvrale sitedtund
formula |I. 10It is contenplated that the formul ation

of cychenlleylgam eptiontlbusubstitutedatrah caiontienp)lyspbytieed alkenyl, or an
5§ PPRIHIER SRR oAt hpl s JOFFIRLC G L0 e

seietihbe €MURY oA BIHES, &athRI compmrize adbleastone Grdibmahatasindependent
W th anot her conpqu%g of th&@ resept i nvention. The b
cofbensAethst oF 378 JPPeL oo NS IRLC FRTIPHEE 3F 1aftdTagaroon

| Na@md SR WL Brthd misBhe Q6 AR ISR RO Lo RA afRERBEe C atom
forms and carriers. Orafl adm Ristration can be in the .

f owinichfar¢ midepdndentadane dndther ateach Riagomhpaises atdéast gred Giatom m

10 B S S B4 R U lina v o

ef fiogRCi ous when admi ni stered by suppository
adm ni stration, anong other routes of adm nistration.
The nost conveni ent manner of adm nistration is

gener al Aythizd gmbodimeyt of the iventiemts drgetgd fe § copreusg represented
re : S
ce Rl i e R8s A A AP RRIRLIEY b bl ¢ dbave
the antiviral nedication. A conpound or conpounds
of the [hedfiesttaspeovefithé trird asbodihéntasdirdeédd to a compound
pharmaceutically acceptable salts, together with one

15 or repgpsented By W?PB%@% exci pi ents, carriers, or
di luents, may be placed into the form of
phar maceuti cal 25 conpositions and unitZdosages.rThe
phar maceuti cal conpositions and uni =dos
be conprised of cony ntionab
conventional properti
active conpougdsiandg,h
any suitable eﬁQ ctive edi ent

commensur at e w t B*{ he g ’ ily dosa@€=F§nge to
be enployed.l§r6 6%§6ﬁaceuti@al conposi tions y be
enpl oyed as kS ids, such as blets or filled %s
capsul es, sem solids, powders, sustained rel ease
formul ations, or |iquids such as suspensions,
emul sions, or filled capsules fol-3oral use; or in the
form of suppositories for rectal or vagina
adm ni stration. A typical preparation will contain
from abder80s t 0 about 95% 5 active conpound or
conmpounds (W w). The term "preparation” or "dosage
form' i gy nt @der hQylPriiBed A, $HE1bA AN Slikhiyl W dryl, which
formul ati‘ons of the active conpound and one skilled in
20t héncindesylutlis mgspinaitsiddo ephehyl oravaplibyl, wheterngenyics meplihyl are
exist. in different .preparatio i h
o sPligtthGubs EhET bl el o ET B PG RO SH, s,
" eXGIR MR, NAR'ISRA heehirdeyicR, Riveer alkyl hagpedtedi(R, ICatBr, 1),
is used to 10 prepare a pharmaceutical conposition

andalogenpterb(FaOlyBrs Brlewendkenyb of €2-&udlower alkpryl of Co-Ce such as
o ot ! oo .
o SRR BRI oo AT gRe .

wel | as human pharnmaceuti cal use. The conpounds of
this invention can be adm ni st4ged al one but wll
generally be adm nistered in adm xture with one or
nore suitabl e pharmaceutical excipients, diluents or
carriers selected 15 with regard to the intended route
of adm nistration and standard pharmaceutica

. oy T o I R T]




WO 2009/ 152095PCT/ US2009/ 046619 formed with the

conj ugat e bases of any of the inorganic acids |isted
w@bwyas20eher ei n the conjugate bases conpri se aPCHUBING/G46619

conponent sel ected from anong Nat, K+, M2+, Ca2+,

NHgR "4-g+, in which le is a G _3 alkyl and g is a

nulndiegenstetl €&t @B, Mplovamalkgx  of €;-C2, C@;H,dFOR', CONEhJOHHR',

oraP N e PR E G EOSRE TS | Mol ude sol vent

addition fornms (solvates) or crystal forns

(pol ymogyyhs) Rafs Hiefloweralkel eyaho (ON)igyls@RBovestiatkyl), including
addition salt. Solid form preparations_include,

ex@fbl: eOChoGHerhydraxyblosies a Liies ;(Cé—ggw,ggl}ere pis { -og, including

supppsi Lories, [ ' ) i

5 cab RS Rl R coRRgn AREAUBL A CRLAT AR A0, BELON, o
acCHaNHY CHAMICH,,fCHN(CHY, BgELBs, ordpl ubi | i zers,
10l ubri cants, suspendi ng agents, binders,
preservatives,.tablet disi rating_agents, or an
encapsu(‘%ti nﬁg }?ﬁ’e‘{:ﬁalé.ﬂzina%@ga@%? he carrier
generally is a finely divided solid which is a mxture
wi th thepfingliy pdioH dedMEINNE ofSPONent . In tablets,
the active conponent generally is mxed with the
carrier having t he_necessar bindinghcapacit

. y.n

sui t abl é)pr oBoeRd Bheredndepe #b &, Ch Bnb QQR', sird as alkoxy,

si ze,desjred uj i s t
e e

t alNGIR'SNBB NR), ANHRSE, NREG hiterocgielef Ioiver alkylahalhgenated (F, Cl, Br,

gel atin, tragacanth, nethylcellul ose, sadiu

cabdewghelkny fover plkepgleol C‘a-%oﬁﬁlﬁﬁwﬁﬁ‘g@mﬁﬂ Br ol dogser alkenyl of

bu , | icke. j Q [

ool SO Lo RUSRaR R eren BB over

cobmyantsT.C.l¢ ¥ alkokgbi T L& alogubted (B, ClaBt,ilj losieaklkoxy of

and natural sweeteners, dispersants, {hi s,. 20
15 soutfie COHgCRRNEONHon FONER} &@ﬁaéﬂﬁ‘ﬁg&g‘% Yol i d

f or-pl &t d are exenplified in EP 0524579; US

6,@%&%@?@@935 2007/ 0099902; US 7,060, 294; US

2006/ 0188570; US 2007/0077295; US 2004/0224917; US

7,462, 600; UZ 2006/ OR52006; US 6, 267, 985; US
6,294, 192; US 6, 569, 463; US 6, 923, 988; US

2006/ 0034937;,0US 6 471 - 95, ; ' '
6. 645, 538 U ¢ 435 Balasn BociRiSy Fh B . (fF O SH. SR, N
20QGAROKRLI N0, UswaQfiley OGEhated (IS CI0BY,/ PRGN 2By, UiSver alkenyl
2007/ 0059360; "and US 2008/ 0014228, each of mhicq I S

20i nobCodisahdagimpted éF &l Red) lower alkepylpli(-¢orlmypmalkgrd of Co-Ce,
al so, are .suj I i strati i e
I é‘ﬁ}oée‘%aé?d;{ﬁ’ g’?’i ]%hbﬁ%??ﬁ%i.‘%‘@q Srge §6’oﬁt§f{epgl%ﬁ%§f,t@l Co,
el ihglogenAedi(FR QLB §) lIowspakexyoolC,-ThEH, (.Y £ @H;z, CONHR,
form preparations whi h-—If ég&gnded to be converted
t o §¢ |2dCH6pHC@}bPé§§F§ @RR'short 1y before use.
Exanpl es of liquid fornulation are exenplified in U S

Pat ent  Nogrein Rg%dan%ﬁbnﬁgﬁ%st?ﬁfkd 2By, &, c%?iznﬁfﬂsubstituted
I n

Emul si ons may be prepare sol utions, for exa

|
251 1 cocloeliyh aprptigiallysubityeof Alkynyk ppaiooellyypstsidalkenyl, or an
WO 2009/.152095PCT/ US2009/.04661 ' i
R R e S

or -ac
AQYRQ ke DI NS IR ,C 84thiFe cpinppiss sidedsy onti € pems thagistihdependent
finely divided active conponent in water w th viscous
matafiong Rnothercdr azajoinedie 4mb? hetprocyele Fompisiag atlgast fgo carbon
met hyl cel l.ul.ose | I |

ot 1 Wi EGTer BRI RBE BRI &b RTeadfORt C atom
conmpounds of the present invention may be fornul at ed

for adm nistration as suppositdpi-es. A low nelting

wax, such as a mxture of fatty acid glycerides or

cocoa butter is first nmelted and the active conmponent

i s di spersed honogeneously, for exanple, by stirring.

The nolten honbgeneous m xture is then 10 poured into

s - a o



30Addi tionally, the conpound of formula | nmay be
i ndependently fornmulated in conjunction with |iposones

wW@roomilsmh3 es. As to |iposones, it is contenpl ap€dUs1vae/046619

5O

10

15

20

25

- 84 - WD 2009/ 152095PCT/ US2009/ 046619 the purified
conmpounds can be formul ated in a manner as discl osed
| nwhlcﬁardzladqmndém&f obe frikithe5 56 pad. S coBipPiss, @B bepst one C atom in

5

o \ghish gisast G g ApRIncd PGS RO TCORisthe 9 Legstdyig carbon
5 156s930; 4,797,285, 7,070,801; 5,736, 155; 5,376, 380;
5, 077.057: 5, 827,533: 6,060,080: 5,6277,914: 5,882, 679:
6,132, 763: 5,549, 910: 6, 143,321: 6, 653, 455: 5,567, 434:
6. 200, 588econd. azpwt gffthe third/ambabmentip dirgcted to axcpsnpound

represertl]te& l%y Lncorppgated by reference.

wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
dptionally substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH,,
NHR', NR", heterocycle, lower alkyl, halogénated (F, Cl, Br, I), halogenated (F, Cl,
Br, I) lower alkenyl of C,-Cs, lower alkynyl of C»-Cg such as C=CH, halogenated (F,
C}, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I)
lower alkoxy of C;-Cs, CO2H, CO,;R', CONH;, CONHR', CONR';, CH=CHCO:H,
or CH=CHCO,R";

(b) R? is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH;, OCH,CHj, hydroxyl lower alkyl, i.e., (CH,),OH, where p is 1-6, including
hydroxyl methyl (CHOH), fluoromethyl (CH,F), azido (N3), CH,CN, CHzN3,
CH,NH,, CH,NHCH3;, CH,N(CH3),, F, Cl, Br, or I;

(¢)  R%isH, CH;, CH,F, CHF,, CFs, or F;
(d) X is H, OH, F, OMe, NH,, or N3;

(e) R’ and R® are independently H, F, Cl, Br, I, OH, OR|, such as alkoxy,
aryloxy, benzyloxy, substituted aryloxy, and substituted benzyloxy, SH, SR', NH,,
NHR', NR%, NHR',", NR'5*, heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of Cy-
Cs, lower alkynyl of C,-Cs such as C=CH, halogenated (F, Cl, Br, I) lower alkynyl
of C,-Cs, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower alkoxy of C;-Ce,
CO,H, CO,R', CONH,, CONHR', CONR";, CH=CHCO,H, or CH=CHCOR';

® Zis N or CR’; and
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As to micelles, it is contenplated that the purified
conpounds can be fornulated in a manner as di scl osed

WO poo1R209Pat ent Nos. 5, 145,684 and 5, 091, 188, »pOI/0SWHI/046619
whi ch are incorporated by reference. 10A ninth
enbodi nent of the present invention is directed to a
use of €de cBApEow, F,&PH QRNNEY, NIIR!,O¥Rullower dlkyls rpdogenated

>di cament for the treatnent of any
co dﬁﬁqﬁh&fhgmf@§gﬁt of an infection by any one of the
following viral agents: hepatitis Cvirus, Wst Nle

Virus, yakle@VRfig ¥R bpidrally subitiited ykylian optmrmuy istibssituted
polio virus, hepatitis A virus, bovine viral diarrhea
vi pymoalieyl, anentiosally substifigshalimyl. enpkigaally substituted alkenyl, or an

B s

t hatsente ofWRL @i INHRIE cadlb Rt comyyerise ¢ leasteme (balbml thatnoindependent

limted tqQ, a conposit fornu ation, sage

f oPhpnezngthonar preyemed %%Fmﬁn&r?% CEORPEING ag?ea?tgfwmon
at!o?]r- s| SndC @RS g%lj R BtahBAGL IURE ERATOY Fﬁéestah RagtOnd€Latom

of e compound represented by fornula in the

namhrlicﬂnmw melepéndantmfdmc ansther dreach Recomgisesiairicash pne@yptom in

10 shi B ek SER T R8BSRl oo cabon

cogk@ﬂplated in any of the aspects of the first,

second, third, fourth, fifth, sixth, and seventh

embodi ments or those speC|f|caIIy exenpllfled ei t her

aI one oA thiydesnest pkthe ghrq,@mbpdgﬁ@ttH@mr%‘rgmnmomg@represented
g ]%§§Qi3lnvent|on A nmedi canent includes, but is

y ed"to, any one of the conpositions

contenpl ated by the eighth enbodi nent of the present

I nvent i evherein A tenth enbodi nent of the present

i nvention is directed to a nethod of treatnent and/or

hyl ; bj i h id meth .
sEuri s T S OB G
ampaiiideR bult 'i‘sen&m&'drig lpleﬁyleﬁrea 188y1I0WhaR yltdraa;bhthya are
the subject. VIO 2009/ T52005PCT) US2009/ 046619

f i optionsiysvbstisnted wathtas napt anetob &, ekl BrsT, H.OR o 9Hy §RaNH2,
TR, Riket RERLTRAL | 1?&9@%@%88%%% (F CBR B0 Urﬁlo%%ﬁatéc[‘a? cl,

ne nr st

t hegran gekkéCaikdnyl 6f CL£CE, IIWeIQflkﬁiyl bee§t36 ildh &@E@lﬂlﬁiﬁogenated (F,
falling within the scope of th ngound represente
e

20by GloBrl) lawer aldsynﬁe)fﬁztﬁsewer sl«kosié ﬁuLCaslﬁézﬂenéiﬁd ﬂf:é?l Br, I)
tenth d |
I RS TR  EHL BRSO, PR co,

meloh QI=-CCHEOLR'es al ternatively or concurrently
adm nistering a therapeutically effective of at | east

two conpounds falling within the ope of e co
repr eserﬂ))ed R if B Prﬂu‘P‘ﬁerlaufyé GYRRO Q@ﬁ) y(l) Qld?’“@r alky, mgludmg
| nt§Rg ?Hg?hi&&%ﬁclhwlepalﬁﬁefjet I%@H?PbH Whefth fsha-% including

has any con tTo e 10 result of an'infection by any
25 of hytiexyl mathya (@G iflsotoostity] KEHein azidé (1), CHoCNAEE,Ns,

i e AT NGRS L ueBtir lie. i movi rus.

poI o virus, hepatitis A virus, bovine viral diarrhea
Vi rus or(c)]apqﬁ’eig,@}gnggmqtmtﬂ, §Fyirus, flaviviridae

Vi ruses or pestiviruses or hepaC|V|ruses or a viral
agent causing synptons equi val ent__or conparable to any
of the dBbve-XishHe@HyFrO¥esNBegorNsit erm " subj ect "

means a manmmal, which includes, but is not limted to,
cattle, pigs, sheep, chi cken, turkey, buffalo, |Ilamg,
ostrich, dogs, cats, and humans, preferably the
subject is a human. It is contétplated that in the

nmet hod of treating a subject thereof of the tenth
enbodi ment can be any of the conpounds contenplated in
any of the aspects of the first, second, third,

fourth flfth SIXth and seventh 20enbod|nents or

o _.___:L: I Y 1 T T e T




3.5, 4, 4.5, 5, 55, 6, 6.5, 7, 7.5, 8, 8.5 9, and

9.5, per day should be appropriate in nonotherapy
w@nbos200:1 conbi nati on therapy. A particul ar de@T/¥S2009/046619

dosage i s between about 0.01 and about 1 g per day,

including all_incremental values of 0.01

i.e., 10
ng) in G2t weBhandR N@ﬁ@iﬁp@@ﬂeéﬁYWFdGbﬁgeI gB’i)llﬁR'OSl@h! as alkoxy,

d t 1
i RBS engyixg REGGRY anfIR? alt RIS Aok, ABAISHD SRE i,
0. NHReNR '3 OMR ', 0. NI ghaelrocsﬂcaw,,lo\eacﬂkyar hadblganbtede,l CidBad)
all increnmental val ues of

Ge’f?é‘fe& lky, lowepllaant of G- thmoa@@ae%Ft ﬁ?l b1ty ergeeli kgnyhef Co-
EISO\F’ a[q%aﬁ/l of §§/ tg@%&l 2% d—%ﬁ c%éen% gﬁ '@t Br, tIjjl%wer alkynyl

Creasi ng ‘to’a’le
s usf C?C@,waéﬂhlm)gﬂcﬁf(tl-dfg&ulolﬁm@@l @f C1,IBz, I) rlcﬁxeatalkmcy dDR-Cs,
or di nar in treating 10 di seases describ (2%

ek, GDRK. SONT, CONFIRR 6ONRin e QP Oe et AT b uf

in reliance on personal know edge, experience and the

di scl os cation, to ascertain a

t her apel |ca?ly e %l??lﬁ{l/de anount of the conpounds of

the present invention for a given di sease and patient.

Ther ape(g)i c Bf is amHchQH BB, NEbeNHR', M2, lpwen allsy kalogenated
10 15 tion Ecludlng but not limted to protein

Ie eICs1 ch %8 88 am proteins (e.g., albunin, clotting

factors, al kaline phosphatase, am notransferases

(e.0., WhamidR i maFamdmgeebstmecamgx; enbpmaamsmame)ted

5' - nucl eosi dase, ut am%r;%lktranspeptl dase,

sy Aydiealk, &7 onjiong LA Wi leﬁ%lye%‘%’%t%ﬁed alksayl, or an
Sy%ﬂgﬁﬂlg Ql%stlt&\t!ac? c%ff :9150 gnilyﬁ%gﬁﬁeﬁk%g{og?alﬁﬂnthx‘%rfor the
meimbmkt SANRE Or NHIQ'@I cdichﬁdcﬁﬁ)pmmb teast onetCuigoini thanis independent
Al ternatively the thﬁelra eutic effectiveness

15 noRf ors @9thsy Opatedoine AERQITOSHGE GOTRISIE %?eyaﬁ'ht&gecafbon
te € QBIR FhABHses at least dhe C at
h?{r"g‘s\g%’t‘)de‘é’?yg?& tﬁgﬁ%sga%? Fol RRUSABIR ToriPhses at least dhe C atom
t r edticheart 1miepi¢mienmfoph3ﬂha&1mson qaclaRéQm]lImﬂeS Pirlegsbege C atom in
there f a| nm ni sterin
B at S R DS R BT o BEYRASY 2 SaBsih af 148t B carbon
re@foe&ent ed by fornmula I and a therapeutically
ef fective anmount of another antiviral agent; wher ei n
the adm nistration is concurrent or, alterpative.

20 under st dofeurth aspechef the irdyerbgsimentlis dierig] o Compo‘md

rzange bet ween 1-24 hours, which
|ng%ﬂ%§§&§%§q§%%ﬁggnge i n between |nclud|ng, 2, 3, 4,
5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
3019, 2®dwﬁﬂn 22, and 23 hours. Exanples of "anot her
antiviral agent” include, but are not limted to: HCV
NS3 pro

2008010691+ Bb 3 Hasael. Waseoed AsTLoongy Slgoh prgnd which

VO G 48 Z@not 1340 gdhkﬁ?lQﬁ iﬁﬁﬁhﬂsﬁlﬁ%;@éﬁﬁm n¥fhthyl are
2007014921, WD 2007014920, WD 2007014922,

25 20@52@mlyeubwt2@@5@1%mgﬁ onpf b d563Br1 k4 OMR' SH, SR, NH,,

8@8‘2‘4% h%ﬁ@c%@%ﬁg%%@%l@&%ﬁ@@ pﬁ’h ; alo&enated (F, Cl,

(S PRSP 47 C,- 03,200 é2al@B00f C @@&D&E@&Qﬂ M genated (F,
20%013'2000 1\2;%@'5 2067%76034 WO 200%602 genated (

2003, B Iphwendkynged 260 lowss akoss 066964, hamenated (F,CL Br, I)

T R .

3020Q3 TABAGTICOLIB wIRDEiL R 56, optiSn2ABOADRHBA, alkAD cycloalkyl, alkenyl,
2004065367, WD 2004003138, WO 2004002977, WO
2004002944, WD 2004002940, WO 2204000858, WO
2003105770, WO 10 2003010141, WO 2002057425, WO
2002057287, WD 2005021568, WD 2004041201, US
20060293306, US 20060194749, US 20060241064, US
6784166, WD 2007088148, WO 2007039142 WO 2005103045
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adm ni stration" as used herein thus includes
adm nistration of the agents at the sane tine or at

walpdobasmwes tines. Administration of two or norBCHUSWDS046619

15

20

25

at the same tine can be achieved by a single
formul ati on containing two or nore active ingredients
or alﬁyrb;;l c&rwﬂi@@mlkyh tvxthyclsmnlmﬂtsaheto& so%idmtem ot Eatoiadeyl.dfss

! AR eI bt B o SRSRlS L e, 08Nt

treatnment extend to prophyl axis as vveII as to the

treatmeqy) of RExis!td RGef ARG, byMBYCNFWihjIeONDseer allyd), including
term"treatnment” of a HCV infection, as_used here

al O HanOCHHEH: syt bwesalkyb 1sr off ) E sV isre B iy séégréudmg

,npg%ﬁfﬁ%ﬁ&fgﬁ?gﬁlééﬂ&, ild 9?1\@4115/% TRl RE), Rt URY CHas,
el e¥BNHY, CHNKHCHeNCHN(QHW,, Br €5 @1 orilpvention is

]gi reclt ed to a process for preparing the conmpound of
ormula |, whkch S tlnglllvvith
RlCP(NRQ))Z &Qﬁé:&%@? gﬁzﬁgn to form | according
to the follow ng schenme 15 HORZBase HO'.R3 X ifi
RIQ/\NRZ%% 1 ﬁig%"i*Rz' Base R10'.s. R3BR 1 01 (:)"':

R3 XX | erein Rl, R2, R3, X and Base are
defi ned above; V\herel n Rl OP( NR2 is

di gl k)c/)l £ noRRaph BS prei independsnitly By FCorén &Pféa@B sugh as alkoxy,
0@n ,
o St i oy . i

NOMMONRZ,eNHR , NR'3A heetsedcytle, leweoaliyi halogénatehﬂe(F 01 Br, I)
pr esent invention is direc

or prstiohoscpnl ! aitstiosepred B Yo yer plkenyt of O

L TR S22 S B S 0 oy
He 44 C,-C8, lBﬁJBﬁ@]koﬂlﬁﬂSlREB&aTogBﬂﬁed @, Cl) BiRP)'IBarsealkoxy of Ci-Cs,

HO. R3R10 OR3R101X
CO,H, CO,R’, CONH,, CONHR', CONR',, CH=CHCO,H, or CH=CHCOR’;

® Zis N or CR’; and

(g) R’ is an H, F, OH, OR', NH,, NHR', NR";, lower alkyl, halogenated
(F, Cl, Br, I) lower alkyl;

wherein R' is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms;

A fifth aspect of the third embodiment is directed to a compound represented
by formula I-3
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R3 XX 1111l wherein RI, R2, R3, X, and Base are
defi ned above; 5wherein RIOP(NR2)2 is a
waele@blgdogdni no- al kyl phosphite, B is a BrOnsted PeBHES20891046619
[0] is an oxidant, such as, for exanple,
m chl or oper benzoi ¢ acid (MCPBA), hydrogen peroxi de,
NC2/ N20#hereinc. Conpounds and Preparation The
nucl eosi de anal og i s made by conventional procedures

di scl os i n_any.,10 of U..S.. Rubl.i i ' .
Moo 2008 ooBglf@,n‘?gg'gPﬁfﬁlbe?%?ylz%’ﬁ@?‘B‘%g% £ G5y E Which
20041439 648 not Bmite@to, phéi of Saphtgdr witsrépkehybyr naphthyl are
reference in its entirety. Bases represented by I—%Zﬁ{'

st ppficnally substitutefl witl at Ieastgne pf H; F, §1, Bg, I, QH, GRSH, R NH,,

5 g éI’\ﬁ-%,’SN]{.I ; heJ‘t‘err?é’%e"fvloﬁ%r alfeyl Zal HRnatbP (.84, BA®), h86gerafed (F, CI,

and mm-are prépared ‘and

COBRI P a&eﬁ¥1m29@{g wweralkigy et ¢yedssuchawd=0l, halegenated (F,
art, such as, for exanple, as 15 disclagsed in

WO

2006/BoDdawer alombdobCoLssener Bopefdl 005 hrlpgenatg(Fy L Br, 1)
2006/ 0194749 ~eachgf j e C t - H
 SREHSABEH Bre Pl St LoNITBORANE ey, i crconR
st pHCHHCBRCOM Mikkeid Ri 18 anptbndllysuBaieted slkyl, sycloalkyls elkenyl,
sel ected from anong the structures ag,.a %g, , 8f’

10 ag ;alkanyl, af a}lk@gjxaﬂqﬂ(,,wlgpl} 1115}Hde%"§>’ut 1561’ot Bl’lte(g&)’, 10 eag%l: 37
at Up, @ yA R0 a1kBe 1, bg, bh,
biFyﬁyékghg}ﬁéwﬁﬁgkf%f%ﬂga é%gfhggg Zdwggéﬁared and
coupled to a given sugar using net hods known in the
art, such) asR*fioH, SHupyano (EN)dvisgl d3€Hs,i-AHPH, -CHF, azido

entiper oty EBSe iR g R ifrts BRI T poet 17

Vari an AS-400 instrunent. Mass spectral data were
obt ai neqc)usi i’ ieCcHRer a M cromass- Quattromicro APl or
a 25 Waters Acquity. General Experi nental

Procedure for_the Preparation of bis(N N -

15di i sopr é@y| art ¥d) al kyl phosphite: WD
2009/ 152095PCT/ US2009/ 046619 OR N-11)1V The
al cohol (1. 0 (EGH R o$Ea @htflf BPF WIS Br, TOOBN ORDR@EIOMSalkoxy,
trichlo#%de 8§g§hGQUIV 9§9y sﬁé , While stirring,
Theryloxg behzyiper, sthstigitaf aryloayr adcubsiued heneylexy, SHiaR: NH.,

bet d.,30G, ,and. th d i i
et RS B Ak e et R g AR e L i e’
bi qe\'ivgoam@%l?}owﬁh SIKERY HS-C)RBalBbdiaidd! (BACY Bel) lovestuliedyl of Co-

pressure to give pure al koxydi chl orophosphi ne. This
20 orfap lovekratkynpldeféch-Cosugh 98 C=CEY helogenatest(Fo L, Br, I) lower alkynyl

IV, i I, sopropyl am .0.equi V) i )
(Sl o PR SR EE 5 SR GTCEBE g aeony orcic
compah &t | @0, COREL, AAONHFONCORR JTCH-CHCO&S, ot CHHCHEOGR ;
to warmto roomtenperature at which tenperature it
was stirred over night. The amoniumsalt was renoved
by filtr@)iorZisdNerERe adl trate was concentrated. The
resi due was distilled under reduced pressure to give
bi s( NNdi i_soprepyl.ani ' plirRke I &2focenated
i qui d (- 4oCo oA FLT OFL QR PRRSRMHRE NG, i B0 S8

25al .(FJCL/MAR ))Tbwenallsde. 1990, 112, 1415-1482) 15 Gener al
Met hod for the Preparation of 3,5 -Cyclic Phosphates

RN 1w ezréfrll\RT; ig act)n optiolrgla”y su%%tituge_c?&}%?an%ptionaﬂy substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an

optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR',™ each R' comprise at least one C atom that is independent
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RO k-d Tetrazol e, Py ROP20-25 % (2 steps)ii 0 b
(G s/Trans M xture)M xture of diasteronmers C 20

wa@emensdovExperi mental Procedure: To a stirred BOI/US10091046619

10

15

20

25

of 3',5"-di hydroxy nucleoside a (1.0 equiv) in dry
pyridine (5 nL/mml) is added a 0.45M sol ution of
t edff @eahethienomare joned toifbmn ¢ hetsrasydliewpmprsing welgathjwo carbon

bi s(N, Ndi,i sopr | am no) al Jphosphi t e ' t
LSt or 2R, R BRSPS R bR e lom
r 0OQRich @RPRINSS dhliEntio? one BrotHé: Gr iefidh R'adodfpriséiaat least one C atom in
di sappearance of starting material A and formation of

t wohivbrat frestawot etiiotned torframyahaterpeyrlaworpripsing & least two carbon
concentrated under reduced pressure at room

te?fﬁ’é‘?ature and the residue is triturated with EtOAc

(10 nm/rnnol). The precipated tetrazole salts are

r enovedAbyxth abgecadf thathaudtnithdirhénttis diretddsto esnmprunduteptesented
under. reduced pressure. The residue is 30

chbyfRimdt-dphed to give cis and trans

cyclicphosphites b in about 1:1 ratio. - 91 -

To a stk solution of the phosphate b (1 equiv) in

di chl oronet hane (10 nmL/mmol) is added a 77% m CPBA

(1.2 equiv) at roomtenperature. After 5 mn, the TLC

i ndi cat 6 t hR' iokiphaterperslefoweraleddewrnakylapilyesgeylj which

evaporat ed, and. t.he resi [ '

o SRR B LS s 1 oSBT ARERA of ity ar
SWhpiiéhasiglsiibhtifed #5th Ut Ré&troak bf ¥, 8| 0, B2, 5 0HOR', SHISRIVRH,,

i ndl cates that the product c is a mxtuyr f. two ¢
di NI WBirelosver alkoxy Rt odHaEcatshs Siiadd leXfT dkg of Ci-
be pr Vi : : | |, @%ynyl, or
o CPoSBaRE Y & G Bt PRI R, SRRl lkymy

t halkougdledswtlizhrindodgshing phastdimivddd tohCujp etkybyalricyeloplkl, Ca-10
and_dehydrati _on uld give ¢ ckic phosphate. 10 Thus,
updtkeryik (s alomybior G 1appkdpRiite al kyl halide in the
presence of bases such as TEA, D 1-1:A in solvents

such as (VF, REGEHONEH, ik oqUN)QVingp UDCHRG-CM, 0B, -CH,F, azido
al cohol s in the presence of reagents |ike DCC or EDC

or (INDNCHa6N, 6HyNe,Clda, 631 GLN(GHp)g, K:id, Br, or [;
procedures disclosed in, for exanple, Beres et al. J.
Med. Ch [ 1986, cg9. 1243-1249 and WO 2007/ 027248 both
of whi ch™are T neorporated by reference, and 15as
depicted in the follow ng schene. 9 HO?,.,-.01.

PO(OMe) 3d) POXI & Hjo- F1)---0/\,--0 ,. R2Base2. H20CH

R2' Base HOs., RBHOs' -, R3 IIl *R2'.Base O=P, s.

(e) R’ and R® are independently H, F, Cl, Br, I, OH, OR', such as alkoxy,
aryloxy, benzyloxy, substituted aryloxy, and substituted benzyloxy, SH, SR', NH,,
NHR', NR',, NHR"", NR5", heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl of C2-Cs, halogenated (F, Cl, Br, I) lower alkenyl of Cp-
Cs, lower alkynyl of C2-Cs such as C=CH, halogenated (F, Cl, Br, I) lower alkynyl
of C,-Cs, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs,
CO,H, CO,R', CONH,, CONHR', CONR", CH=CHCO,H, or CH=CHCO;R';

()  ZisNor CR’% and
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/R3 HOX 1. R1-X, Baseor 2. RLICH, coupling reagent o0Q
"*R-'Base 0=P, ". A R3 R10 X Preparati on of

wa2@8/18a85 6R, 7R, 7aR) - 7- Fl uor o- 2- net hoxy- 7- net hpdF/BS1RD046619

10

15

20

25

et rahydr o- 2X5-furo[ 3, 2-d]

[1, 3, 2] di oxaphosphl ni n-6-yl)- 1H- i mdine-2,4- 20

di one (® O,R’ NamHCF,QHﬁ/ 'VNHz, ', NR", lower alkyl, halogenated
095PCT/ 009/ 046619 To a stirred

so&gdf’g{% ﬁfﬁ 4%%’ R, 4R, 5R) - 3-f | uor o- 4- hydr oxy- 5-

(hydroxyrnet hyl ) - 3-net hyl t et rahydr of ur an- 2-yppyri m di n

e- 2, 4( 1Hh8ﬂdirrld'l i9 ae opT3Rlygubstitiedmiill) an npmbnﬁllpymbsdnmm
(15 L) was added a Q. 45M sol ution of, t rag
aC@fC(lﬁﬁuf)fh qr@gtwgalﬁ;ubﬁgqupegm& an optionally su stltuted alkenyl or an

0" gl hﬁ&ﬁﬁﬁ&?@/&lﬁ%gga&%gyshg\{t&&tea' %% Gl e e the

room atur ter i ndi cat ed
dl ﬂatapeﬁasﬂﬁmg oo NHRig eatlaRt aamgorrsataeteaalonaﬁdatomhat is independent
non products. The rea&el on ture

ol a
CoNEH AR oL A doine L IpoBD A BEISERRYFlS CHEFigtignat loast two catbon
t e%ﬁfsa&ﬂ&r@hﬁf@ Gorithe mrsﬁﬁbéjmgsedch IR dbdpAsks\t feBstlBh® ACatom

(30 nL). Tetrazole salts Erec:lpltated were filtered
of whinhdire hdepéndentaifenaasotberrm each Bt ecomnprisaeat leastioreed atom in

0. S IR RS are st aa e £ PUSHRY e ShRBRGHE H3kRPyvo carbon
(9gt0[fg) and m xture of product 1&2 (102 mg). 1H NMR

confirmed that the product 2 is a single isoner of the
requi red conpound. Steregchem stry i.s _not determ ne

To a st Arseeenth asneet offh %?m@mrm@te%@r@wddowommmd
in &1 m) was added a 77% m CPBA (26
ng,re%&%tgam{"?ﬂgglroomtenperature After 5 15 nmin,

the TLC indicated the conpletion of the reaction. The

sol vent whesievapor at ed and the resi due was
chr omat ogr aphed using a short silica gel (2 g) cohu-nn

with 70 % Et DAc/ hexanes adi ent 'v :
pr oduct @ a%/\lﬁ ﬁ PW F‘%yfgﬂ ‘?‘F%;lkqu ! ﬁl%gﬁes butis
t habt fikdRedtod ghsityl Gﬂ-ﬂaﬁh&y@ wWhoré ?}ﬁéﬁyl)i)r lhaffahﬂ‘@l Sre optlonally

desi gnated as | a and Dat a la: 31P _NMWVR

I\/qubS@mclbyVlth Bt bastme eﬁHn Br CliBash &b Ry SH, SBp .2818HR » NR'2,
a@g&? NS :§ ) }1%0%%1}_‘233'@\]&:% %Q)glzggw efag@(g)o; gﬁicc?, wherein R’

- s &HBotiohdlly s%b%gtzlﬁﬂdl-;_aékﬂgéb;c(dﬂkﬂ H)ékselniyl afkyhsll, od alkakizlkyl, which

DE"mw b ot kiR i ey ConerSonbedh £ e kB Ca o

(i 1H NI\/R (400 MHz, CDC13+DMEO):
5 fg&& b °r§ fia“é%@%tm s, 7.32 25(bs, 1H), 6.38
(d, J=21.2Hz, 111), 5.75-5. 7o (m 1H), 5.45-5.20 (,

1H), 4.6 4. RCi§Hy 4H), 1.59 and 1.45 (two d, J=
22.4Hz, 3H); MBS (ESI) nfz 337 (M+H)+.

(c) R® is CH3;
(d) Xis F;

(e) R’ and R® are independently H, F, Cl, Br, I, OH, OR/, such as alkoxy,
aryloxy, benzyloxy, substituted aryloxy, and substituted benzyloxy, SH, SR', NH,
NHR', NR',, NHR',", NR'5*, heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of Cs-
Cs, lower alkynyl of C,-Cs such as C=CH, halogenated (F, Cl, Br, I) lower alkynyl
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Preparation of

1-42S, 4aR, 6R, 7R, 7aR) - 2- Benzyl oxy- 7-fl uoro- 7- met hyl- 2- o
woedoettsaby dr o- 2X5-f ur o[ 3, 2-d] [ 1, 3, 2] di oxaphospPCTUS2069/¢46619

1)-1H pyrim dine-2,4- 30 dione (2) WO

2009/ 152095PCT/ US2009/ 046619 0,' \--NH NO 11 O\ 0 2

ToofCs€Ci,Nower Akdxytafdh -G4, halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs,

14 SRl=3: T L - 4- ,0Xy= B+ » .
(e ek ng Ot GRS NS B RC. OO R
-2,4(1H,3H)-dione (1.04 5 g, 4 mol, 1.0 equiv) in dry
pyridinFD(ZZquN@wagﬁgﬁdpd a 0.45M sol uti on of
tetrazole in acetonitrile (22.2 nL, 10 nmmol, 2.5
equi v) followe

bi s(N, NeBi soBr tﬁpaﬂ%rﬁ IRz Ditls iy ERA N 2 (lgwaallyl, hajoggnated
m‘r@} roomtenperature. After stirring
> ]?ﬁrlggg)tey;lk i|;’n tenperature for 2h, TLC indicated
di sappearance of starting material and a non pol ar
pr oduct whiiee R'elaan optiomrally tsubstituted ellisl, e npeonatlysebstituted

TR e PORLY By ek PO 5Byt Bceny, or an

35uptéh Sin! Ghzﬁ subﬂtl‘r)rte@@ll@xpzﬂkﬂ nherétfslt the
asavrhlepowdergd(}g %ﬁ 4 %yield)

st instaade eONBhiop NFR 2 pmls ¢ctn@pr(sszao ong Céatﬁwdhqt if ﬁldependent
d| chl or onet hane S 17%
A ey S

M BiombLind WHére #&ratle iRENEOGPNRET éxanhd{' cbinprisedac tdastrona ftlatom
two wel | separated pol ar products. The sol vent was

ev aféshaare tndspendenicofians iag ew&%%%arnr&%ﬁﬂ%%ﬂ one C atom in

( 1Bdst 1o carb
gﬁ\@cg%lrtgeasr od’ﬁlgta(%]% 2%?86 Q&%&?gﬁ&i&ﬁ?‘% e HQQ ERpr oSduc? carmon
2 atbdk. ng, 29.1 %yield) as a white solids. 1H-NI\/R

i ndicated that the product 2 is a single diastereomner

of the required 20 c i.ch. assjgned as
15ty ans |§6‘ﬂ"é$hgé§ﬁfd %ﬁ%ﬂ@?ﬁ%@%@%é "f‘??i dcﬁgsacrﬁ)rr@d’%?
(2ggprés§n@drg5,>fgﬁhrlgagf3 di astereoners. Data for 2a: 31P
MR7(162 MHz, CDC13) 5 -2.79; 1H NWR (400 MHz, CDC13):
5934(bs 1H) 7.39 (s, 511), 7.33 (d, J72Hz 1H),

6. 38 (dwhr:teng 2Hz, 111), 5.79 (d, J=8.4Hz, 1H),
5.24-5.15 (m 2H), 4.60 (bs, 211), 4.38-4.35 (m 2H),

£ 1508, o MRS o 0 ey o

- 5 n6@lithited wy; bhen’Ml-loM@hﬂM),ON}Mﬂz ph@mﬁ)aphmyg a1@49p(1bsa,lly

205 . substiditeduth aplong ons of 1, ; G B OpL Phs| SHOGRS N bR, NR,

3. g%ve?rb 2}( Ab)ég Jél}_?z halg en%fed‘thgl gi?dl) %&’%_361’43(11{0\%%’(&@1 -G l¥herein R’

J 2@a18¢ﬂ2t10n3ﬂ)1$ubst1@te(dfﬂiyl eycloalky3, Z(HMHH) allgyngh ar alkpwyallaf, which
5 1nc?ud but 18 r\{o]t 119rrf'1€' 81 I;1\)1ky13l @3 7 cyclogl%ylo C% mmﬂ(enyi( 3@2

12;,9@ RS [;,0- 2X5-furo[ 3, 2-d] [ 1, 3, 21di oxapho
sph.t%ﬁ g QH?E‘rk?nZ ylamne (3) 3 10To a stirred

sol ution of

25(2R, 3R, 4R 5R)R 3s H2- ani no- 6- (azeti di n-1 -yl) OH-
purin-9- yl) 4-f| uoro-2-(hydroxynet hyl ) - 4- net hyl t et r ahy
drofura oI3Q gglng, 0.3 mol) in dry pyridine (1.5
) mas dde 45M sol ution of tetrazole in
acetonitrile (1.64 m., 0.74 nmol) followed by
bi s( AT, ld) i séprsdfyyl ami no) net hyl phosphoram dite (101
1.1L, 0.35 mmol) at room 15 tenperature. After
stirring the m xture at roomtenperature for 2h, TLC
i ndi cat ed di sappearance of starting material. The
reaction m xture was concentraf®d under reduced
pressure at roomtenperature and the residue was
triturated with Et0OAc (30 nlL). Tetrazole salts
precipitated were filtered off and the filtrate was
concentrated under reduced pressure. The crude
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25 MeOH CH2C12 gradient to give pure product as a

white solid (23 ng, 18.6%tw steps). Data for 3: 31P
WORMI(IH2s MHz, CDCL13): 6 -1.26, -3.58; 1H NVR ¥dD0SMBIZ046619

CDC13): 6 7.45 and 7.44 (two s, 111), 5.45 (d,

J=2011z, 111) 4.89-4.41 (m 1011), 3.93 (app. t,

J=13. OI-E) BI—R isZORYsychss alkbky, arglosy b(eoxoéoX)appbaﬁlgthﬂ aryloxy,

J=22.4 11 [z 415 (MtH). WO
20@‘%’%@%&)‘@?& P@@?@b@ﬁdﬁé@@’fgpr eparation of

2- Am no- 9- 04aR 6R, 7R, 7aR) - 7- f | uor o- 2- net hoxy- 7- net hy1-
2- ()  ZisN;and

0X0- tetrahydro 2X5- furo[3 2 d[1,s3, 21d| oxaphosph| ni n-6

-y1) - 9H-[ﬁur|n 6-ol (4) 5 stirred
S oI ut i oFyheein R'is an optionally substltuted alkyl an optlonally substituted

r oxfae%ﬁoﬁi %3 g@re ﬁ ;cgeilt d r o%gg@%’ s tltuted Sldire Ill}ﬁl oran

- 6opthor(a]llﬂl Subsgitutéd &3, mmiphoﬂall}r sabstitufed |a1kodyglk}dywhche rfer the
(1,65 nl) was added .a O M sol ut i of tetraz i
it T NES ot NBy cagh RRomigies abIogstame CLAORNFGpiagependent
by op bxgé %{'ohlier 3)10?{3 Jélﬁe@fooﬁaﬁln %‘Hefb?dd%ier%hﬁﬁ@ﬁ%mt {@st(thddarbon

2 equiv) roomtenperature. After
St atomsngnd Whermfo«tthc asknce Qf)NRb eeasbRd comprisesrat feast one € atom

|nd| ted. the ear ance of rein

10 o) & IgPBRTAER! CLARE 2P RLG AT BT oA bnd€lidhn in
CORGEdH dt MaSCtwidRIGke JoReHAGE dorl £B&EICYEE c68PRIng at least two carbon
tenperature and the residue was triturated with Et OAc

(5atpms. Tetrazole salts precipitated were filtered off
and the 15filtrate was concentrated under reduced

pressur

G chi or aENASAERT NP U S URo MR ER SR R titupound

addqﬂeﬁntﬁa%yrfbﬁﬁ&d\l-(ﬂl mg, 0.395 mmol, 1.2 equiv) at

roomtenperature. After 5 mn, TLC i ndi cated t he

conpl etign of the reaction. The sol vent was evapor at ed
15and t he W¥&'ue was cl u- omat ogr aphed using a short

silica gel 20 colum to give pure product as a white

solid (%)4 g, 19%&\1&{,@1411@14 eld, 2 steps). Data for 4:

31P NWR (162 I\/Hz, CD30 D) 6 -3.33; 111 NWR (400 Mz,

CD30D): 9.03.(s, 2H), 7.81 (s, 111), 6.17 (d,

J=20. 4HH) 1HR? 181H66 (dd J=9.3, 5.1Hz, 1H), 4.62-4.54

(m 2H), 4.29-4.23 (m 1H), 3.82 (d, J=11.2Hz, 3H),

3. 37 (quint ety3 Hz 2H), 1.22 (d, J=6.4Hz, 311);

M5 (ESI ;dé) %‘}%C 25 Preparation of

4- Am no- 1- (( 2R, 4aR, 6R 7R 7aR) - 7-f | uor o- 2- net hoxy- 7- net

hyl 2- oxdd) et 2atsy|yr o- 2X5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosphi

ni n-6-yl)-1H pyrim di n- 2- one (5 WO

gg?ﬁ{ Ilgr?q SP%/ Ug{{oosgé}g)gsea 0xYy, ary?oxy, benz?%x@ s?htolstﬁt{l?e(d aryloxy,

4- %Hﬁﬁﬁbsim@é’d% 1Ry al R8i§ NHQr o- 4- hydr oxy- 5-
(hydr oxymet hyI ) - g net hyl t et rahydr of uran- 2- yppyri m di n-

2(1H) -one (1. 3.86 5 mol, 1.0 equiv) in dry
pyri di néﬂ(ZlZn*L&\ﬂ&@ added a 0.45 M sol ution of
tetrazole in acetonitrile (21 n., 9.5 muol, 2.5 equiv)

foll 0%%&;1%9Rsis'\in'\qmbﬁagr%xﬁefvdaﬁéﬂ%wﬁﬁﬁﬁpﬁwﬁuwd

(1.3 nm ui v) room t enper at'ure
Af togclos]lkyk an pptiotadlysibdtituted alkyndom epiopeliysubstitutesk alldnyl, or an

TLC|nd| no.,startin erla ol.ar.
25)  GmiBeS B ed B g PR TDY uBtindRtaf Rl Slthe for the
instance of NR'; or NHR', each R' comprise at least one C atom that is independent

of one another or are joined to form a heterocycle comprising at least two carbon
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10 under reduced pressure at roomtenperature and the
residue was triturated with EtOAc (25 nL). Tetrazole
w@200va53eci pitated were filtered off and the PCT/USRDE046619
was concentrated under reduced pressure. Columm
chr omat ogr aphy of the crude conpound ( SF25- 40g,
Angtbmg and Gv1RH9/fol/HHN SHAEIT NR 'slciacinR | colm;)nsgavtelezpu pee C atom
pro t as wWhi t e ovvder 334 27 %
D PR arSBashergrntof £ BT AT PE by RgPrch ‘??‘%r‘o‘?rﬁeﬁ?ﬁm% m
d | &'ﬁicﬁ PIEE& %G R' 6 jBiakd YR orAdaRerdcyCTSadifeRBA: dt 368t ¥, carbon
.2 equi'v) at roomtenperature. After 5
m atmeLC i nd| cated the conpletion of the reaction. The
sol vent was evaporated and the residue was

chronat i: I

5 give purdoir st Beuh gt frgfa G TBoby |

11ephdvEntedbly €atnath I-Bat the 20 product is a mixture of

cis and trans isoners and their diastereoners. Data

for 5: 31P NWR (162 MHz, CD30D): -0.70, -2.22, -2.77

(i nor) Wherem 46 (major): 111 NVR (400 MHz, CD30D):

7 62 (d J=7.6 Hz, 111), 6.41 (d, J=21.2Hz, 1H), 5.97

4H) agHZ Rlié)H 16w@17§1ﬁy15%v&é?na1k% dyl b ﬁ' L Mﬁ& 1%161:.1de but is
, ) \ ot a

3Hpot 1i|m1551 tanphenyB@r Ephibyt wmmenylzor r@ehthyl) are MSIQYEQV)

10 (s SRRt Zigast neof BeF-AleprF: OF Ry L SR NHp, MR, NR®,
t hydwe? ane@say of C{ﬂ@é dmog?ai&rea O aC13B2 - Tloiwkr 31kBi<yl bﬁ@&ma aslmd‘neln R'

inin-6-yl)- urine-2, 6-di am ne

wass W%@ﬂw Blifyted aéWn qysloalkyh @ﬁ@aﬂe al&@%}ér ?ﬂoaﬁgowa}kyl which

the fi un
o R RE b B RTRHE RS G ERfbatkIoty afeemyty Coo
ram@ﬁ 1, b0, 1 htkoGyilkdl oxy- purine derivative. 5Data for
6: 31P NWR (162 MHz, CDCI3): 5 -1.26, -3.64; 1H NMR
(400 MHz, CDCIZ# 5 7.49 and 7.48 (two s, 111), 6.02
15(ps, 219 sRo#Hy, J=19.2Hz, 1H), 4.88 (bs, 1H), 4.73
(bs. 111), 4.65-4.58 (m 211), 4.53-4.37 (m 2H) 3.95

and 3. 9$c(tv\@3qlscg—11 611z, 3H, 2.42 (bs, 2H),
2.00-1 59 (m 211). 1.79-1.73 (m 2H), 1.38

(overlapping d, J=22.4Hz, 3H); M5 (ESI) mz 429
( MtH) +. ( I\/Qiﬁ(ﬁals for preparing a conpound having the
structure: are included bel ow. Inspection of the

Same 0B 2 6%?%%?@8%3@8 of it £ B e 1
-1\1(-CHZCH2C112 ), R1= Me 18,127 = -OEt, Rl= Me

19, 127 #f)- OEZ isRt=andl 3r Conpound (7) can be obtai ned
by a process discl osed at page 5in US. Publ i shed

Applicati,on. 2008/.0 1,C Qrr :
205008/ oasiedyh Reisqn spagadt psitity il AouBrBean bRl
at c@@l@@lkyﬁgn é tuﬂ{aﬂy%Qbs'ﬁﬁcutb@a A0R64AidhdRpsubstitiedafikenyl, or an
whi Ch is” hereby incorporated by reference.
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
25  atoms, and where for the instance of NR's" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in

which at least two R’ are joined to form a heterocycle comprising at least two carbon

atoms.
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The use of the convergent glycosylation route to

prepare 2'-deoxy-2'-fluoro2'-C nethyl purine
woewbasepties and their correspondi ng nucl eoti dBCT/US2009/046619

phosphor am dates came about with the devel opnent of

t he synthesis of 3,5-di-010

benzoy 1AR-cthyenth-a8pefct ofthe {HArdGmtpidimbntiip dinesttedctogreempound

N
?Cgﬁ YR, #)a0 £au8lkdBdashdbiy Hi ROW) @CHSISH, SCH;, NH,,

acetate of 3,5-di-0O benzoyl-2-deoxy-2-fluoro-2-
C- NEIGHA, N(EUno) MBb.deids, G- (Sasehere X 9y él, Bsverdsngdiing to 3,

yield (k£ d~As a S ' ITRL0

s 3 SE Lo EERCE N R SR G R st PR T e
di ORgioRn,tRe (fTsis N dviREE RETs ddlptivhally substituted alkyl, an optionally
stereosel ectivity and very difficult chromatographic.
s epasawisteyeloglind isngrtionallycubstipted Pbyvag. 8 opstofey pupptituted
t hh el’f'};l,e(% a%l o%ﬁgnaﬂ u%aﬁu{gﬁtaﬁﬁg idﬁgﬁy seRligekd zﬁkoxyaﬁ(yl,
pr eéf ertred approac ecane the type reaction usi'ng
a hake-fetiheinstade 3ONR';s edch Rdfombrisqatrleaseonzas etomAthal 19,
the chal | enge of this approach S h to qgbtain.an

10 EoBaTgER et eBUBEAT RIS 1P fof BROGGIYS PP & leas
aﬂlgv@(%ﬁggn L Bfhs! IS SdrO ForPhe HRARELHINIR YL OShcR RO EShFtEkeWt Bast one
SN2 type reactions. A typical nethod treats an
anG@retomovhithane iedependentoflong-aaodenorecach Ricanpriges o legst one C
HCL or. HBr. i n_acetic.acid.. wever, .this t s
B0 g High BHBEREYS B GOy By aB Ak o fbrising a least
m Xh&ESbeon HEH4Ci Ng the 25l actone (e.g., with
Li AIH(t-Bu0)3 or Red-Al) initially generates at 2:1
ratio offi/a anoners but after initial purification

15 t hr ough Adtwsifith esaeefeif the third smbedimest irfirected & # 6PNy
oi | | 7 - 1 j 2REry. 345 CHa:
oL BB PSRRI Sy TR B By R o i
ac (@) e iF;qd) RT 3mN( eVl GH,GHy)s(aattidinrbiyd) bnd BijzaNHs;wund () Z is
to 5-17 h at 50C with seeding 13-crystals. W observed
t h&l once the lactol is in solution, it sl ow y
anoneri zes back towards the 2:1 equilibriumin

sol vent g\ gien@Sasfik BF MRl Babsdiffenthldaeat®tdn émpound
anbi ent tenperature. This prqcess cap be slowed

20 c omepirefentediby foymule b iwhieraiy () Re is6Haor &% ORRGIs Hs (@R is CH; (d)

Chlporinat.i oughsa N2 hemw th
N- 3&%?2@&?2‘?%3 ‘gﬁ( Z’parnggﬁlt;zggl\z'n a- chl or osugar
(9) in a stereospecific manner in alnobst quantitative

yi el d. Tofoebktaith aggecrofihothiugeiod(&)t is dieeryed to a compound
brom nation conditions were trjed 10 i.nc

fcludin . .
N- Berspesatsddiyrprmda IONgksreinda Rigs GHi okt K@qﬁdg H; (AR rig CHs;
th f OYESE b icnatiQn reaction using
a g@%ﬁ%ﬁt@g% of tﬁ%ﬁgﬁg/%bép ﬂ]ngtl%gphs) and carbon
tetrabromde (CBr4) (e.g., Hooz et al, Can. | Chem,
251968, 46A fifierlY pspetinmfehe thind cothodiméns isdirsicteddp agompound

met hyl ene chl ori de he. s ent_.an i.ntai ni Ly .
e e £ 538 K GO s o
reguld) RMELR(ICIBC iyregbtigdf Byl)s tER® 1saVHIQ an@ ) Z is N.

ar ?ét(%)r than(lo: 1@?%582 (yi ell d ogl)gr eaterS t han 8?8/0
Applicants believe that there are no literature

pr ecedenh sixttenthraspichgf thiithird ephediments diregedioseannoupd

for _this, reacti t r. Ct : r can. -

vadeb iR N Rl BN UL S g Bt R o o X i
30S UlF; 3R 68 OBt anp &° &¢ NHg; andr(f)iZ isdis, such as, nost

preferably about -20C) and exposing the cold reaction

solution to silica gel as 20 soon as possible after

the conpletion of the reacti on6@i-ni m zes anoneri zati on

of the bronbsugar. The bronosugar can be purified

through a silica gel filtration colum. Once treated

with silica gel, the bronobsugar it is practically

stabl e even at el evated tenperatures. The

o o A A 5 o o o - o



be selectively crystallized out froma nethanolic
solution to give the pure desired (3- anoner (6) in

wG Mg s®bE from t he bronosugar (10). W t hra¢T18S10689/046619
internediate 12 in hand, conversion to unprotected
2-am no-6- substituted puri nesmi’e g., 13-16) was
acconpl AskechteeBitcaspectpifidephiand embediment IS\der§C‘t§(1 0y Compound

oAl SRR MRS M R i ons

PaFe@BRAEhOd)Eﬁﬁ{dmsmz,ﬁﬂd 2i683, fil ed June 11,
2008, pp. 79-8 Synt hesi s of

((2R, 3R, 4R, E (benzoyl oxy).- 4-f| ugr o- 5- hydr oxy-4 10
net hyl tétnrl‘a 9@8%@%%‘1’4_‘51?@@6{% I%Wfﬁétt%a%l}lpoun asTo
5agx b?éot\{wree neck round-bottoned flask fit with
an| ca irrer, addition funnel and thernoneter
vvas charged the |actone ((2R, 3R, 4R) - 3-
( be nz oy IAmoyl)th 4mbbdiorent d,ftheutvyntm mxime@Bd &hy deropaimd merresented

v by Gt DEvRian S kel iscsteppurd ieprsentid by EAGIT Cbove,

15(MercPR!, YEFARP, 38 aﬂﬁtY" &6 @Bﬁl@édﬁﬁ%]ﬁ’éh&hﬁm &Qh@h’i_v@ﬁhcﬁf section
lithiumtri-fert- butoxyal um nohydride .0 Min THF,

1. 8bovel) was added to the | actone sol uti on whi |l e
stirring over 1 h and nai ntaining the -30C

terrpera Al '

tenper a?ﬁ?ghsl{ aé‘&e% 0%%‘?‘{#@{]@2%'& gé {hke retglcassloo vvas
f okdpuwRAtel by Tofnilh at ol Rf 0. 4, 30% Et OAc i n hexanes).
The reaction was conpl ete after h 15 20 mn
(temperature reached -10C). The reactiop was quepched
by addition of Ethyl acetate (900 addi t |
funnel . Sat. NHACL (40 nl) was adde
m xture was decant 010 L ro
The solid residue’| efR\\ ehin [
with ethyl acékatle ®%2do m).
conbined with t *decanp ution and t{ye—conbi ned
sol uti on was copcentpated 2 > r reduce pressure.
The oily reskRile was di ssol ved in ethyl acetat 2 L)
and washed with 3 NHCL (600 mt). The aqueous | ayEr was
back-extracted wth ethyl acetate (3x400 nL). The
conbi ned organic | ayer was washe _4vvith wat er (3x800
m.), sat. NaHCO3 (400 niL) and brine (400 nL). The
organi ¢ solution was dried over MgS™4, filtered and
concent riepglnunder reduced pressure to afford a |ight
30 brown oily residue. The residue was purified by

| | 2 k f 40- | | d .
1509 O niieindl gredlod: tranhed atkoh cynprlki afiet. B SRhich
y ) !
ge 1@(&?&%”@&@%}6 Ehncfl@ tggé% dy ﬁia?ﬂﬂjhﬁ%‘%efb \%eﬁ?l dmaphtBtare
ZOQ@iﬂﬁﬂﬁ%ﬁéﬁﬁlﬂdSEﬁWt W’ﬁdl& d&EtFatCé By L2 0BS5S SHg §R5 NHo,

conR e8RS e S dheuciorislie Ll bl et % b e
C °|1ﬁ[dg%ﬁa?ted VeI, BF) 'IFI'éwlef Akl 63@9 4, Wiver diROnY1iod\0,4C; such as

slowy solidi'fied after addi'ng crystal line beta
20pr do(CH, lmdogeaated (¥,03, Br, IDDwey alkpndaaf GadfEe lawe ebkows ot GmCs,

cortptapenabn s o IoePSBER P G- 6p SO QIR AR ContR.

Thﬁbgmk ecps@iHcELNW Carldigchs®; (293.8 g, 77% has a
80C and ratio of 0/a’is 20 1 based on NI\/R

111 NVR %DI\/SOdG O-isoner, 5 = 20 (dd, 1
a- i somer(b) 6= & 401, dower, aﬂsylaqyancJG?N) (vl (arﬂqwe}f S, including

ar ([)%ég d@é%é%}hh?’% %9’1 lgr&fg%] l)kyfaf,Q (bg‘l&z O(%? V&I{Qre %IS -6, including

7.55 (m 2 H arom), 7.42 (m62-H, arom) 732(dd
1H d-H, 554 (dd, 1 11, C3-H), 5.20 (dd, 1 H, OH),
4.55-4.50 (m 1 H C5-Ha), 4.46-4.40 (m 2 H, C5-Hb
and C4-H), 1.42 (d, 3 11, CH3). Synt hesi s of
((2R 3R 4R 5R) 3 (benzoyl oxy) 5 chI or o- 4-1| uor o- 4- 15

o .

he filtrate was,NH



0.559 nol) in solid formwas added to the cold
solution and stirred for 15 mns. Carbon tetrabrom de
W@ 2008122085 0.839 nol) was added portion-w se WET/8S2009/046619
mai ntai ning the tenperature of the solution between
-22C to -20 C under a flow of nitrogen gas (approx. 30
m hydroxyfl neathyli(6Ha OH) o ludremeitiph (GHoR),@kzidoRN4), GEhEN, CH:N3,

te I aL.s 0 _-17C over 20 m ns.
Th ’ﬁﬁ?ﬁ@ggﬁj %&@3&’ Eeéﬂggﬂ/%rgmpl ete by TLC
(Rfs 0.61 (a), 0.72 (j3), 0.36 lactol; 20% EtOAc in
hexanes(c) ThR® (sJacCHQICIES, CHFCR6: Famddi at el y
transferred to a vessel containing 230 g of flash
chr omat oq%]r aphy arade silica_gel (40-63 microns). The
stirred(@ xt &g i & »PI passed through a pad
of silica gel (680 g) ina 2.5 L sintered glass 10
Buchner x -

5 Peduced"reEksis M Sploraly Sy tae: BRI BRLPMA, uibaLed,
i soymoakyf art dpgionaliyl substitikdcalkynat, ab@ptionallydubsitnied ebkenyl, or an

1HNNMR. 1 = 6. 35, .. : .43 d, .d -
ThaP el b b gty e el ket rOg IR O
US {f3thnée 3f KA', OF NHR'L CACK R} cdniprise@t leasti onk € £6mdh@SSindependent

Buchner funnel and eluted (via suction) with a
st eponesanorendf angtioiaedita form@theteygeyshy conpriging pp dgast tyacarbon

i n_hexane o - pal. riaLi

10 orRFeRRy G for wEREMhes S TR T EELIE UBBRs of BB cpt Coom
el wihecht e indepelident of Une apsthetsrteactoRt @inrizgs ftrleast bmnE atom in
were conbined into two fractiopns, concentrated ulnder
r e Hihichpt frasisiarR’ argijoined 10 orat 2 YelEiogHs e GomPHRg at least two carbon
an‘g{?%t tenp., 20 h) to colorless oils. Main fraction
(1 g, 89%a/0 = 20:1). The al pha isoner crystallized
froma small 20 portion of the oil upon standing at 0OC
f or sevd@hakeogeélaspecvofithe fourthregehodirhém ipdisgcéssl, to grompound
59-61C. TE% p}urelbﬁta i somer crystallized froma

15 i gemesentse DY mlald beta product oil froman earlier
| ess selective run to give needles, np 77-79C.
1H NVR (Belyipm de) (CDC13): 5 =8.08 (m 2 H, arom),
8.04 (m 2 H arom), 7.62 (m 1 H arom), 7.54-7.45

(m 3 H arom,), 7.35 (m 2 H arom), 6.43 25 d, .1 .
H O -H® 6. &1§Hen-a yL,br@@hPé alkyl, yyclaalivd, pligryh Oﬁ,aryh which

AN vt o, i o il b Tl by Bty ace

H, optiomally,suBstidted mith2it Kastaomerof H, F7 CE3Br71, SBL(OR', SHHSR', NH,,

arom),. £,50- 7.4 4 H, om), 6. S

209 I‘HI}& NRooNERS R, I’G?IW?{M%T E‘ﬁ‘?’ﬁi“afqﬁé‘é‘i?%ﬁ <} BrgD:
(d4laiobeddtedT; CR)Br, ) 18Wed HRenyl of £,-63-16WEs allktyrh2 of &,-C3 stibh as
CH3). ™- 103 - WD 2009/ 152035PCT7 US2009/ 046619
Sy I=3E ilmlogenated (F, Cl, Br, I) lower alkynyl of C,-Cg, lower alkoxy of C;-Cs,

o PR PEEIA TRy e PARS L YRR Co SR A SO SONHR,
SOlCUNRY, Cfi=CATRE¢r EHEHEOR'S7 Mol ), .
tri phenyl phosphine (700 ng, 2.67 mmol), and inidazole

(180 ny, 2.67 2r'rm)l) in anhydrous CH2C12 (10 nL) 5 . )
25i odi ne (BB0 WY,is B, 6 owieraikylerenatfehdy vimphdO-(lowigr alkpl, including

m e irred fqr 30 nj.n. an ' : .
o1 1 R By e B 1 EPBROTh Bl R 16, petuding
t 0 hgtireRyPmSthy UE@HOTRY e bropiktt3/1 CHemaatidd Q) VEH,@NOCH,N;,
used in next reaction w thout further

c h&rHed¥ily CHaNHSAT:, ChlN(GHped 1081, or I

(2R, 3R, 4R, 5R) - 5- ( 2- am no- 6- chl or 0- 9H puri n-9-y1) - 2-
(benzoy yng{3 f AR hydr of ur an- 3-
34 benzgn(gft(en?aggﬁ’dh’ Q%Q?L%F%P’ 0tl'twwf(r’e1{%31{53(?\neck

round- bottoned fl ask was char gé2l-6-chl oro- 2-

am nopurine (225.4 g, 1.329 nol). Anhydrous tert-BuCOH
(4.5 L) was added and the solution was stirred with a
mechani cal stirrer at anbient tenperature. Potassium
15tert-butoxide (solid, 151.6 g, 1.35 nol) was added



1H NIVIR (CDC13) beta: = 1.33 (d, 22.4 Hz, 2'-C CH3),

al pha: 1.55 (d, 22 Hz, 2'-C- CH3). The product
wWorzoowas2®93 oam was di ssol ved in nmethanol (700 neQT/HE2009/046619

anmbi ent tenperature. Upon standing, a solid slowy

formed over 2 h. The suspension was 10 cooled in a

freezer(do -XGsHoOHF, Mgy, esdhiti ng white solid was

collected by filtration and washed with cold MeOH

-5C, 3x60 ,.and eth h 0 ). T N

s dr | SO ga.eameys SO g S5 AT biopPIf sl

t ool &ﬂ@gﬁnﬁxéub%ﬁmmdq@dmiyl,%bbﬁmm duBgitutdé alkenyl, or an
: 1 by

(13/a 99.8:1 C. The filtrate was partially
conpéomatzsebstitited acyb@nppfiopally subgiuigd plkogyaliny Whews der the

Me 40 ) j + at | ng. : AP

s BB PR k) P B ReL et A T ESuBB
coef etk dndtheb 6r arEljeinsd wofoen arheterowyslexohipeisingdi leasttivedarbon
and dried in a simlar mangﬁlr{ﬂto gi ve nore pr%%éct %s
a emseandowhege farsho gistancept MRy pacp & comprsss abisaslong © atom
PUG S ard ﬁﬁe@@fd@ﬁtr of'dnfl ﬁ?&h% AR S s86atl10asE b€ Bfom in
under reduced pressure (ca. 25 g). The residue was a
m xthicheat ddastlidodRicirajoirsedrte form & hetormsyde bpraptisivig atdeast two carbon
automated 20 silica gel cohunn chromat ography

10 A8 x, 240 g cartridge, 40%to 50% ethyl acetate
in hexanes) to afford 14.52 g of product foam which
was recrysiatd és?é’& off o lyRR Einby@aieats andctdd ked cdmipdund
simlar manner to afford an additional 8.46 g of
pr expuesented biifemnyda L4t v . The three solids were
judged to be of simlar purity and they were conbi ned
25 to giye J31.2 g of white crystalline product 12,
(55% from Brormsugar, 49% fromlactol). M
160. 5-162. 0C. BPLC purity 99.5% i ncluding 0.20 % _
al pha. (@  R'isH, n-alkyl, brarndied atkgl cyqioalleyli dkanyb e aryl, which

157 s s, but iy Besgintifed oy BB o e e ch ety are
H, ogfi&‘fﬁllb’ substittted With%it BasttdRBOH, F/ CBBr{ IO, OR', SHOSR) NH,,
6.44 (dd. 1 H_O-H), 6.12 (d, 1 H_C3'-H), 5.35 (s

30 NHR), NRH2NHRS, ONR(d cheteroaycleCrwerialkyl, palpgenaigd (F, [, Br, ),

rokaldkendted F, Efn fbat FigEbr Coe g gyl oo sich o
g mca'ltfg haﬁfgeﬁate@(tgii cggs%?% 1oSreP A1 02 O5hCofoadr hlkoXy 68C;-Ce,

arom), 1 H arom),

, 7.48 Rf;nﬂ 2 H, '
20ar dwalogenate3@, Cig Br2 DHowar alkoyy, offC136s, ()-Hh GQRCLANJ,;, CONHR',

5.7 s~k T D. .2 H NH2), 4.93-4.89
(mcﬁql‘lﬂﬁ, é‘%ﬁﬁ%cﬁ%%%i H C5' - )Ha), 4.58-4. 54

(m 1 H C5-Hb), 51.55 (d, 3 H CH3). Synthesis of

(2R, 3R, 4R 5RR5s (12addw a6 cdyans (CI)Hyl,i O-(Bwet atkgl), including
(benzoyl oxynet h -4-f| uoro- 4-

| met hyl t et rahydrof uran-3-, ..
1 Yz 84 2QH32¥1}'%I sk lewapdlknel o -(éHa)péa, m%yeg:rp 1551 -Ig, mcluding

co 4 ' y4 :

o AL AR IO (OGO (PP HRLS pEhEeRic et
258. (CH /N, CH,NHGHb) ChdI(CHS). 8, )ClaBg os [bsequent | y

anhydrous acetonitrile (5 nmL) at rt. The resulting

m xture S Sii.rr +4+40C0 N seal ed tube for 7
days ané\é\ﬁoniﬂf 3e§m€r%§%’f@gr neutralization
with HCl. The residue was purified by silica gel

col um gbyon@tpgq,a@HyF,(bmeaNeg;&tI@Ac = 2:1) to give
conmpound 12 (90 ny, 15% as a 15 white foam Synthesis

of (2R 3R, 4R, 5R)-5-(2-ani no-6-chl oro-9H purin:.9-y1) - 2-

( benzoy | VI YA 30 optionalby wb&tl%lﬁdr?}lfxléw%ﬁva%&f ﬂ%ﬁ%@?—d

yl 1 b8 Akenyl,

¢ orESAE T B phadnd b ERRE Ukm af ST RUEAAR Skenyl, oran
was added sodium salt of the ba3e (1.37 g, 8.05 mmmol)

in DVF (10 nL) at anbient tenperature. The resulting

m xture was stirred for 15h and concentrated in vacuo.

The residue was purified by silica gel colum
chromat ogr aphy (hexanes: EtOAc = 2:1) to give conpound

NSNS A ~AA - o -, e ~ - ~ .  d




di chl oronethane 0 to 15% MeOH. The product el uted out

at 12% net hanol in 10 di chl oronmet hane. The product
w@owasadhg fracti ons were conbi ned, concentr aP€HUS2VIE046619

reduced pressure and dried under vacuum (0.2 nmmHg,

50C, 24 h) to a white powder solid (4.45 g, 98%

yi eptibnallyrpubb88xcd0Rgl, af Hpﬁ@adl@mmmd alkex@lkng, wherpiforghe

( 11n£?an%e ofg\}ROQE FJ'I—%%S @a%li I_?orrmns% gltllﬁﬁ_ﬁt onﬁC?%orﬂ }_ilal\g’ 1s( TQ%endent

0@1@ alﬂl)thellélgarg 11(1@(1 t'd fofin a%omcl% 08&]()%5181@ af Radtltw8carbon
A’ , 67 ( 1 1.06

( 3atbms;:hnd®2her€f48)the @y’rﬁn&pﬁe@f NR'gfeach R' comprises at east one C atom
5 Wﬁ are mge]gengelgt of %1% QI?otger(o? Séh lg" c'?)nflpr%és) at WPl Pafdim in

f l wafcﬂ 22 1dabitelo R wrEoel o foried Rstbbeydla@bomiprising atreddt o carbon
(14) 20To a 350 nlL of dry seal pressure flask

( Chlemgl ass) were added
(2R 3R 4R, 5R) - 5- (2- am no- 6- chl or0- 9H puri n-9-y1) - 2-(be

nzoyl ox )l reQ 4= urd
Denzoat S gyaicc, bF gl BRbSURL s BNl Apiuid
et hppsskntedbe fordivkeI-Hydr ochl ori de (2.56 g, 27.4 nunol)
was added and then followed by triethylamne (4.16 g,
41.1 mmol ). .The supension was stirred and 25 heated to
10 70C whi PS8  ed for 5 hours. Al the starting
material was consuned but the benzoyl groups remained

as showby REEs HSedikybeRichealdgl, Cyclalkyl) alkd4l, 3r anyhlwhlch
25% sol ution in nethanol) was added to the m_xt ur@lﬂwri d .

he inchuilegtbus Garot Timited dadheay %gpf&bﬂpwb%ré pheydor ga

The n X 0 '
teﬁB a?' rsgbsgﬁ& eé]%t Y"Fe?gte d Dy é bll %?%gi (()ij) gc?pciggi SR’, NH,
acHE', NRI,(INHR'A,INB; ", hefkboaynie] JoweB 8Ikyh halogstatedy(Fnes Br, 1),

concent rated under reduc d pressure .and then,t
15 ¢ e hplggenaipes(Fy Cf.tRr Qtlé\’!e iPﬁé?'C&ég‘f"%’ﬁ PEZ Ce such as

r e%? éfﬁ '11%10%641% &%%g ﬁ@‘gﬁ%{% 1%1%@;2 'c%nlﬁg@g f‘ﬁ‘?’?% of Ci-Co,
WaihaE)@BﬁmEtI (RO BrNdewer all® of CrE&g CEbH, PIaBS GIGNH €ONHR,

the residue was purified vi Ql utm chr omat ogr aphy
(A@%IZXCHT@HC&PZ@&P{FHG: él%;i%’dl ent of 0 to 15% MeOH

. The pure product containing fractions were
Co”b' neg}c))) COQ@%‘H Qﬁ&%%ﬁ@@foy&ﬁ&(@eﬂ vﬁfy@@-’@l’bﬁleﬁﬁllﬁyl) including
dried . to ali %lnk colored
20f oa@ﬁlHQ IO(EH(@-Ig]_By@oxﬁ IGWelmibyl 1.6, 46 )pO where p is 1 -6, including

=.8.00 fs . ,
" et 5 (O oy (e, Saly Rl pensy,
H & CHANZEH,. €01 H), 1, QL BH3rpf azeti di ne,
éﬂl—i)m }% SI%(mzNgmH%m H and C5' - Ha),
369364(m 1H '-Hob 2.37 (penta, 2 H center
CH2 of dekti RHisf: 31055F 1F3 Cls; a0d' - cH3) . 10
Synt hesi s of
(2R 3R QE)SR) R-f.2- am no- 6- (benzyl oxy) - 9H purin-9-y1) -
4-f | uor 02~ (hydr oxXynet hyl ) - 4- net hyl t et r ahydr of ur an- 3- ol
(15) To a 500 nmL of dry round-bottoned flask were
25added ( 2RB&inRRjHR) olﬁio(@l-ly substituted alkyl, an optionally substituted

OH- b
R I T e g e S AR
' h gkeohtityl (WiBe for th
0 gl TBbuan o A fompdty e o o

we rlgst@mrq SR’ f\m-]\]ﬁga%eaqh Iﬁ]cﬁ@quqse @i lpast ongrly a@om ghst g independent
st : 5}% glg?tﬁar@/r are ﬁ;ﬁne:acl\:{g fé\lgl? e?ﬂ:tbroc JOe éél#?ﬁﬁﬂ% F@gﬁmo carbon

nm.) was added drop-w se via a syringe. A sol uti on was
slowmy fornmed and it was transfeérred to the nucl eoside
suspensi on qui ckly under a nitrogen atnosphere at room
20 tenperature. The m xture was heated to 50C and
stirred. The reaction was conplete after 3 h and
cooled to anblent tenperature It was neutrallzed by

n 1~NA a o — A PN 0



WO 2009/ 152095PCT/ US2009/ 046619 3'-OH), 5.48 (dd, 2 H,

CH2 of Benzyl), 5.25 (t, 1 H 5 -OH), 4.18 (dt, 1 H
WE3009H52098. 92-3.82 (m 2 H, C4'-H and C5' - Ha) , PCT/US2009/046619

3.71-3.66 (m 1 H C5 - Hb), 1.07 (d, 3 H CTCH3). 5

Synt hesi s of

( 2RRoBR, 4, ViRxe For (R Rblane- &-NR Hosayh RILleqmpmses ﬁt-lyas) ote €latpm

Or 0- 2- (hydroxyrret hyI) 4-met hyl te ofu
1w)nch are inggperdes@f gpe grothgrpr F%‘f]ﬂ%i %%T}P%Qm n

B i gty

anhlysﬂisous K2C38 (28.91 g, 209.2 mmmol). The suspension
was stirred and heated at 75C under nitrogen for 5.5

sty A HE R ISR TR

t efgpassahidd By ayshusol-ud was filtered out. The filtrate
was neutrallzed by addition of glacial acetic acid

(2.52 g) to pH 7 and concentrated under reduced

pressur Wherple resi due was di ssol ved in met hanol 15and
mxed with silica geI (15 g). The dried m xture of

crude praduck! and hhiyt Brlithed ARy EARSABAT AR D oRfkyl, which
enpty cartridge ahd separated through col um

¢ himzlmlendruasmot qmmﬂ Omy ipheyd @r gap}ghﬁddwbm pbényd ot paphtiygl are

10 o Ppsmspiiel R b1 2 Srey PGl B cin G SR,

WaNHi@ONﬁ deﬂHfR’ GHNRQ* %%r&e%:@fé) MRRHaiki, Eﬁwgexﬂatefad(FgAm ),

I's a 2 mxture of two di ners of nucl eosi de
DOﬂlalOgeltalmci@“ GhiBrel)dowerhlkeyl eHCt- @e,tlewelf zﬂJéYﬁYé of Gerfrs such as

U Rl el gt G B e Mgty 3¢ %5 BsnbiieF a6 Ci-Co
%&g&@@@% ) 1§w316alf<§xy dfd*frc éH @déﬁ' (c;@lez, CONHR!,

OH)
155. TONRY, AHHCHEO,Bipr CH= @HQ zR'Q H 6 OCH2) 4 23- 4. 08

25(m 1 H C3'-H), 3.91-3.82 (m 2 H C4'-H and

S 1 K, Sl o St

6- @11? OB, 0N, CHLNS-CHARIS RHLRHGIR), CH,N(GH); B-CleBhox §;- 7

tetrahydro fur3o[3 [1, 3, 21di oxaphosphi ni n-6-y1)-911
- puri n-ic)yl a %Sphl te precursor to 17
(2R 3R 4R, 5R)-5 (2 Ami no- 6-azetidin-1-yl-purin-9-yl)-4

-fl uoro-g
hydroxyéethyl 4- nethyl-tetrahydro furan-3-ol (14, 340
ng, 1.0 mol) was - 109 -

202009/ 152@95@@ mpomlbaws@ﬁu@@ﬂkbm ptigRroTgsEuted

l r
442 BT SRR, LV PSR Bl cr

VVai)pﬁGﬂﬁl%r s‘u@bthtﬁtéﬂ@cﬁyarhbptlddblll?dsubsututed alkoxyalkyl, where for the
di i Sopropyl ani no) met hyl phosphor.am |te@{¥3&71AL d
mrggtancetes NR'xer §acé1tR DBt s Bk Ol tebis pdependent
foroehhe gnotﬂ‘%e?rsa% WQ H&@fbtcgate @gmﬁﬁﬁﬁ% atf l@S’ét' @v@&i cabon
pressure an due was triturated wit

25aceftérhs, apnd higte for 'tleanstmldf INRJs pﬂaelmqurjapnses)at lg@lt plg,e C atom
was renoved by filtration _and th

contligh F%tlﬁéeﬂ‘}ﬁ%? of eRA MO PE 5%%1% cowgs?égﬁe&ﬁt orig g atom in
pur & gSdt MhsBtwo carbon
O B B B B s e

pr catorms. cont ai ni ng fracti ons were conbi ned and
concentrated to a white solid, 47 ng (12%yvyield). 10

Synt hesi s of

6- Azetidin-|-yl-94(4aR 6R, 7R 7aR) - 7-fl uor o- 2- met hoxy- 7
-met hyl 2- oxo-tetrahydrofuro [3,63-d] [1, 3, 2]

di oxaphosphi ni n-6-y1)-9H purin-2-ylamne (17, cf. 3)

15To a stirred solution of the cyclic phosphite (47

ng, 0.12 nmmol) in dichloronethane (2 nL) was added 77%
nCPBA (32rTg, O 14 mml ) at anbl ent tenper at ure. After



25 Synt hesis of

6- Et hoxy- 9- 04aR, 6R, 7R, 7aR) - 7-f | uor o- 2- net hoxy- 7- et hy1l
W0 2000s 82083 r ahydr o- 2, 5-furo [ 3, 2-d] PCT/US2009/046619

[ 1, 3, 2] di oxaphosphi ni n-6-y1)-9H purin-2-ylam ne (18)

30( 2R, 3R, 4R, 5R) - 5- ( 2- Ami no- 6- et hoxy- purin-9-y1)-4-fluo

ro-2- hyhk sxthrmpdey df the fedrthy¢mbatimattyis dedted wra @myjound

(16, 150 ) was dissolved in anhydrous

py’FeP’éﬁS?FEe‘?gyifﬂr?mg?Pgo A solution of 0.45 M

1Htetrazole in acetonitrile (2.55 nL) was added

f ol | oweg@nbipi s

(N, Ndi i sopropyl am no) et hyl phosphor arri dite (0.16 ni,

0.55 mmol ). The m xture was -

2009/ 15095PRTisUSI00or @hﬂe@%@&d&@éﬂ %arg Shish elpdss, Bt is
arrbl nt t te

5 2B UPRAR B R Sildre phichrd SR GE® ofATRNT |

of syitired WitH atnik)st oddref HER AL B, IsﬁHl,l’OerSHvaSR NHz, NHR', NR',,

‘ °g&&;r§@§9,th%?§§§y5{e: fower EHORY R} - Giscihlgsnti8d FCh B lower
gﬁ&)ﬁl Q?CV\@P Lo RERR" o8Iy SBRRA Ay ny‘ciobﬂ@'l la@éEnyl,

‘ate was concentrated under reduced

pr etkynyleor alkexyabylwhichyinchides, ﬂvsdlsapéllmyé@ﬂ i Gohodlksyli €7

r esi SO tr| ) and then
10¢ r g%t q%ajkxéhl%aﬁﬁybﬁdﬁ%/{#w 06 flge? ]%%}329 yELWater 0. 25
m.) for 17 at anbient tenperature. TLC indicated a
conpl et gy eaRPiiPA; -CHiE cyRBCNYNvigdl LOCHS -GEEOH, -CH,F, azido
concentrat ed under reduced pressure and t.he r?3|due
ne SN pUEFENCHy N GTHANHL 66 NEGH 66 64 Sl 2 &
using a gradi ent of 0to 10%IPA inNn DCI\/p The product
cont ai nl(g g@ .nier € conbined and concentrat ed
under reduce pres%ure to a white solid, 80 ng (34%
yield) as a mxture of two diastereoners
1H NVR (dO0 Mz F;DMSO-d6): 5= 8.16 (s, 1. 511) 6 65
(s, 2H), 655(bs 1H), 6.28 (d, J= 20.8 Hz,

15 ?q 8- Jé_l g"(%&i—l} R"i 5@1 op&oygglélggltﬁ%d E{yé% opﬁ&%%ly( glbé,tvﬂ[utjeé

11, c§clb'§]k{ll ar mor?allg @ulﬁs;ﬂitutgd:all;ﬂr%}ﬁ :hlZoptﬁ)i;il)y s@sﬂﬁteﬁt a.lkeilyl or an
22 o@tlenallyﬁusmtuteg aaqyl, qtuéptl\p_nali}z s@sp@tedﬂligxyagty]; \W@p@ for the

1 1]11}3"%%3[3 of, Rgﬁég %@IR 2 C%éfﬁé% ﬁﬂéBé% %8%%01{{(25% {4{1(%1‘5 independent

20 oPynt hesh& fare joined to form a heterocycle comprising at least two carbon
6- Et hoxy- 9- 04aR, 6R, 7R, 7aR) - 7-f Luor o I SOpr opoxy- 7- et
20hy ptopos, )allnd where for the instance )of NR' 3L each chomprges 922t one € atom

oX Qxﬁlgg%x%w&'bgncgm?&f 6Heoc{n§th%r 91] ¢abh R edehRERRNRAR NG T Htbm in

purin am ne
( 2 Ryldeh diReBRIWER( a’:‘re/jwnﬂbtoﬁbsn ladwge:qnyplemompym)ngzat lepstdwe carbon
-2- 25 hydroxynet hyl-4-net hyl -tetrahydro-furan-3-ol
(16%M%50° ny, 0.46 nmol ) was di ssol ved in anhydr ous
pyridine (2 m) at OC. A solution of 0.45 M
%LHI- It etr 314%' s%\k/)érﬁh agRbsTiIthe foueth (htodinidny isdifecrdded compound
ol | one is

25( N risjerics yplpramiaddd | spr opyl phosphoranidite (0.16 ni,
0.55 mmol, 1.2 eq). The mxture was allowed to slowy
warmto .ent tenperature over 3 h. TLC 30 indicated
a conpl ete reaction. The reaction was quenched upon
the addition of water (0.1 nmL). The reaction solution
was conceant r aR‘eld Hjnckeer aﬂqd,ulow@r gkglerlr e ayldwhiglincludes, but is

2009/ 152095P U 2009/.04661 n the r

t r inot fimited tQsnhanygdon pepithy, ¥ %re(pgxe hor nﬁﬁﬁ)ﬂea%%mnaﬂy
white precipitate was renoved by f||trat|on and the
filtrate was concentrated undemér-educed pressure. The
resulting internedi ate cyclic phosphite residue was

di ssolved in acetonitrile (2 nL) and then treated with
t-butyl hydroperoxide (70%in water, 0.19 5 nlL) for 5
h at anbl ent tenperature TLC | nd| cat ed a con‘pl ete

. oy o oy o, N



31P-NVR (162 MHz, DVBO): 5 - 6. 49;
1H NMR (400 MHz, DMBO): 5 = 8.17 (s, 1H), 6.47 (bs,

WQk091802¥ (d, J = 21.2 Hz, 1H), 4.73-4.62 (mPAWL$2009/046619

4.45 (g, J = 7.0 Hz, 211), 4.27-4.21 (m 1H), 1.309-
151.34 (m 911), 1.20 (d, J = 22.8 Hz, 311). Ms (ESI
m subdBRted Wikh at 1e4s1 on®wf BIR-GIBY, [16H, R, SHD@Q)NHB NR'z,

( NPy R Bplervely. st M58k o P et 5 Rty lower

413—]){0x3t4f014é1-cg1awh¥:n|3_1|r21 ® fsk alﬂzopilggazlly( séibét?u‘ffd%ﬂ(yﬂ,l’ﬁyclbilk}d alkenyl,

1. @@yléjd; orplkoxyalkyhiwhighHpcludes; butig noglimited tog EEHZO alig 167
8§ %b%lz}g’rg 20&n F’Sgﬁde éouah@#{}% Opaﬁ 1(15115&81311{}@5 for 19a

PCT/ US2009/ 046619 0111- CosNr NH2NH2 19a19b The
fol | owi (y coRpiniigds were prepared based on the
procedures descri bed herein. Exanple 41 was prepared
by catac%al c_hyd genatl on of Exanple 44 and in a
siml ar ( y éﬁ'r‘éﬁé was prepared from Exanpl e 48.

Di astereoners of sonme 5 of the conpounds have been
resol vegyy butk jpere the absol ute stereochem stry is
not known, the same structures are provi ded Ex No
Structure Chem cal Nane Analytical Data

| - - - - =1wherefn R is an pphppally Subsil(ﬂ{t%ﬁékshal? RP‘-‘}@}?}lyﬁubStlmted

0 ; ;g?#lga; 'lg%&ﬁg%ﬁ[ali}’l él.’(%] gﬁf oxapﬂ{é}g aﬁ?&)ﬁ%ﬁiﬂw Qibstituted alkenyl, or an

15

20

25

6- ypliomifly puissinited kbyl,de&enﬂlyﬁstﬁstan‘tedalkoxyalkyl, where for the
instance of NR'; or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR'" each R’ comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

A fifth embodiment of the invention is directed to a compound represented
by formula I in which the Base is a structure selected from among the structures c',
d,e f ghijk 1L,mmno,0p,q1stuv,WX,Y,z aa, bb, cc, dd, ee, ff, gg, hh,
ii, jj, Kk, 11, and mm above, wherein R!,R%, R X, and Y are defined in the Summary

of the Invention section above.

The first aspect of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ¢', d', ¢, f, g, h,i,j,k, 1, m,n,0,p, q, 1, 5, t, 0, v, W, X, ¥, Z, aa, bb, cc, dd,
ee, ff, gg, hh, ii, jj, kk, 11, and mm above,

wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
-67 -



31P NMWR (162 MHz, CDC13): (5 -1.22, -3.64; M (ESI)

mz 417 (M¥H)+. -- OPd 0 O 21 r----NH NN-...y
WORE0599% ( 4aR, 6R, 7R, 7aR) - 2- Et hoxy- 7-f | uor o- 7PCT/US2009/046619
net hyl - 2- oxo-t et rahydro- 2X5- furo[3 2-

d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1)- N6-propyl-9H

puoptiveally SxbfimtddneitiBatfcad/Rg qﬁi M&l, BCLTX@E) ORS SHy SR NH,,

NEN{LIII:{%'I‘JR 2 I\%Hﬁ N?R GW&%?[%rocycle Tower alkﬁ halogenated (F, CL, Br, 1),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C»-Ce such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Csg,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO.H, CO2R', CONH, CONHR',
CONR';, CH=CHCO,H, or CH=CHCO-R;

(b)  R?is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3;, OCH,CH;, hydroxyl lower alkyl, i.e., -(CH),OH, where p is 1 -6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH2CN, CHyN3,
CH,NH,, CH,NHCHj3;, CH,N(CHas),, F, Cl, Br, or I;

(¢) R*isH, CHs, CH,F, CHF,, CF;, or F; and
(d XisH, OH, F, OMe, NH;, or N3;

wherein R' is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR'; or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR'5" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The second aspect of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ¢', d', e, f, g, h,1,j,k, I, m,n,0,p,q, 1,8, t, U, v, W, X, ¥, Z, aa, bb, cc, dd,
ee, ff, gg, hh, ii, jj, kk, 11, and mm above,

wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR’, SH, SR', NH,,

- 68 -



22 [...... O g\" O0=1E--d 1 --0 /= NNN.:,-,;( NH
9-((4aR, 6R, 7R, 7aR) - 7- Fl uor o- 7- net hyl - 2- oxo- 2-

WEe@posap9s et r ahydr o- 2X5- furof 3, 2- PCT/US2009/046619
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d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1)-N6- propyl-9H

purine-2, 6-di am ne 31P NVMR (162 MHz, CDC13): 5 -4.75;

KW}ES!NR‘WM{RIQE NR'(MWaetprocycle, lowergkyl, inlggenptefi(N Cl, Br, I),
9-((4 6R, 7R, -7- -2-1 -7-

ok s, At B s 9 o SRRBBR G mon s

d] l b . S I I ’ = h A -

) Lich, ShguaaNeSers proSrotrpforeayinfony o o

VBh41&Sinptedi(E, @Y Br,3) (dviddalkoxy @f C4-(&f CO.H, COR', CONH,, CONHR/,

CONR';, CH=CHCO,H, or CH=CHCO,R";

(b) R? is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH;, OCH,CHs, hydroxyl lower alkyl, i.e., -(CH,),OH, where p is 1 -6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN, CH,N3,
CH,NH,, CH,NHCHj3;, CH,N(CH3s),, F, Cl1, Br, or I

(¢)  R%is H, CH;, CH,F, CHF;, CF;, or F; and
(d) X is H, OH, F, OMe, NH;, or N3;

wherein R' is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R’ comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The third aspect of fifth embodiment is directed to a compound represented
by formula I in which the Base is a structure selected from among the structures ¢,
d,e fghijklmnop,qrstuvWX,Y,z aabb,cc,dd, e, ff, gg, hh,

ii, jj, Kk, 11, and mm above,
wherein

(@ R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR, SH, SR', NH;,
NHR', NR';, NHR"", NR;", heterocycle, lower alkyl, halogenated (F, Cl, Br, I),

-69 -



..,,0 24 0 i=NH NN.,Z"---- N. ...y NH2
9-((4aR, 6R, 7R, 7aR) - 2- But oxy-7-fl uoro-7-

woreaobgr32095 oxo-t et rahydro- 2X5-furo[ 3, 2- PCT/US2009/046619

10

15

20

25

d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1)-N6- propyl-9H
purine-2, 6-di am ne 31P NMR (162 MHz, CDCl13): 5 -4.74,
Vehaleginptedi(F, di58r.A) {avkarplkenyl af Co-Cs, foweay alkysy] off>-Cs such as

W0_2
nglql?%glgégn%?e%%{ 8?,%9,0 I%/lc())véeﬁlﬁa:h?ynlyzfi(otl\e - E,rlgv%ruaﬁl?oxy of Cy-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO2H, CO2R', CONH,, CONHR!,
CONR',, CH=CHCO,H, or CH=CHCO,R;

(b) R?is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH;, OCH,CHj, hydroxyl lower alkyl, i.e., -(CH,),OH, where p is 1 -6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN, CH;N3,
CH,NH,, CH,NHCHj3;, CH,N(CH3),, F, Cl, Br, or I

(¢  R?is CHs, CH,F, CHF,, CF3; and
(d) X is H, OH, F, OMe, NH;, or N3;

wherein R' is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR'; or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The fourth aspect of fifth embodiment is directed to a compound represented
by formula I in which the Base is a structure selected from among the structures ¢/,
d,e f g hijk1,mmno,p,q1st UV, WX,)Y, Z aa, bb, cc, dd, ee, ff, gg, hh,

ii, jj, kk, 11, and mm above,
wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH,
NHR', NR%, NHR"", NR'5*, heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C;-Cg such as

-70 -



Chem cal Nanme Anal ytical Data 25 p----- N NN O
94(4aR, 6R, 7R, 7aR) - 7- Fl uor o- 7- met hy1- 2- oxo- 2-

W@ b@nosap9s et r ahydr o- 2X5- furof 3, 2- PCT/US2009/046619

5

10

15

20

25

d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1) - N6-propyl- 9H—

purine-2, 6-di am ne 31P NVR (162 MHz, CDCl 3): -10. 84;

MSC(EEH halogenatedF3CY, BeH) Jowergdipmybof GnCs,. lowmhlszoxy of€1-Cé,

f | ﬁl%ly%e%?%qqgﬁ h@% %?owéé]élk%xy(ogéa-% 8031% 8651, 6ONH2, CONHR/,
%mﬂemﬁwlq%ﬁdomo[ 3, 2-

d] [ 1,3, 2]di oxaphosph| ni n6-yl)-9H purl ne 2, 6- diam ne

31P NWR (162 , 5 -1.20 E
443( MrHD). Rygzﬁw;ajmer Zﬂkyl cyanO((Cé&Hgny §)7(10w<|£.r aﬁﬁl}“mc%udmg

OCH;, OCH,CHj, hydroxyl lower alkyl, i.e., -(CH,),OH, where p is 1 -6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN, CH,N3,
CH,NH,, CH,NHCH3;, CH,N(CHz3),, F, Cl, Br, or I

(¢  R*is CHs, CH,F, CHF,, CFs; and
@ XisF;

wherein R’ is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR"," each R’ comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The fifth aspect of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ¢, d', e, f, g, h,1,j,k, I, m,n,0,p, q, 1,8, 1,10, V, W, X, ¥, Z, aa, bb, cc, dd,
ee, ff, gg, hh, ii, jj, kk, 11, and mm above,

wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl' or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR/, SH, SR', NH,,
NHR', NR',, NHR',", NR'3", heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C,-Ce such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
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0 0o=--J..:,-( IN.- ONH2 6-Azetidin-I-yl1-9-

((4aR, 6R, 7R, 7aR) - 2- et hoxy-7-fluoro-7-

woreaobgt52025 oxo- t et rahydr o- 2X5-furo[ 3, 2- PCT/US2009/046619
d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1)-9H purin-2-yl am ne

6- Azet i di n- 1- y1l-9- ((4aR 6R 7R 7aR)-7-

f | Tuecdes gen@ted€F Hl, B2,-Iploove? alkorp pﬁ@y&s@@dﬁﬁ@d{',z@@NHz, CONHR',

d] %@@af&?&%‘ﬁﬂeﬁp‘m '?%H%Z%H purin-2-yl am ne 31P
NVR (162 MHz, CDC13): 5 -4.78: M5 (ES!) nlz 429.3

( MH) +. HI\MRI(HQ A, -CH E,
ik ( A 8st ey V5ny —%_CH3$C $OH, -@}22 a21do

4. 75
4. %J,ACBECN;@HM EDFhNHa CHzMHCHn CE:JN(C%)@@ gl % ‘(rnIr
3H) 230 .40 (m 211), 1.60- 1.70 (m 2H), 1.20 (d,

, (t, J = 7.2Hz, 3H). MS(ESI), niz
443 14 é%l)ﬁws%ﬁ“%gd 1-14 2.i0 0 28b /=---NN

0 6-Azetidin-1-yl-9- ((4aR 6R, 7R, 7aR) - 7-
fl uor o- @ net Kyik ¥2- oxo- 2- propoxy-tetrahydro- 2X5-
furo[3,2-d][1, 3, 2] di oxaphosph| ni n- 6-

y1)-oH &%ern 1¥ an optlonally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, ‘where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR';" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The sixth aspect of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ¢', d', e, f, g, h,1,j,k, 1, m,n,0,p,q, 1, 5,1, u, v, W, X, ¥, Z, aa, bb, cc, dd,
ee, ff, gg, hh, ii, jj, kk, 11, and mm above,

wherein

(a) R! is H, lower alkyl, lower alkylaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH, OR/, SH, SR', NH,, NHR', NR",
NHR',", NR';", heterocycle, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower
alkoxy of C;-Ce;

(b)  R%is H, -CHs, cyano (CN), vinyl, -OCH;, -CH,OH, -CH,F, azido
(N3), CHzCN, CH2N3, CHzNHz, CHzNHCH3, CHzN(CH3)2, F, Cl, BI‘, or I;

(c) R’isCHz; and
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fl uoro-2-isopropoxy-7- mnethyl-2-oxo-tetrahydro-
2X5-furo[ 3,2- d][1, 3, 2] di oxaphosphi ni n-

6-y1l) - 9 purKnsB: yl am ne 31P NWR (162 MHz, CDC13): 5
-5.77, M5 (ES!') nlz 443.3 (|\/H—|)+ 0=\P!'-.0; 1N.),

Sto :\I :'g t oV gl\g ﬁ?éxig 5098 d/ba%?@ ].%416 0 1§pt§61a{\119 substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR'; or NHR";" each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR';" each R comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The seventh aspect of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ¢', d', e, f, g, h, 1,j,k,,m,n,0,p,q, 1, 8, 1, U, V, W, X, Y, Z, aa, bb, cc, dd,
ee, ff, gg, hh, ii, jj, kk, 11, and mm above,

wherein

(a) R! is H, lower alkyl, lower alkylaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH,, NHR', NR',,
NHR',", NR'5", heterocycle, lower alkoxy of C;-Cs, halogenated (F, CI, Br, ) lower
alkoxy of C;-Ce;

(b) RiisH;
(©) R? is CHj; and
d XisF;

wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon

atoms, and where for the instance of NR'5" each R' comprises at least one C atom
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9H purin-2-ylam ne 111 NWVR (400MHz, DWVS0): a 7.91 (s,
111), 6.21 (d, J = 20.8Hz, 1H), 5.85 (s, 2H),
4. Bich a7Ginfenendedt of on@ @nothet®r Eagh Ridpmprisesat Igastgne(Gratom in

le}ﬂf& %? t]t‘ﬁ'ﬂ;k (d{ryﬂJggE'%itto jS%oﬁﬁeﬁ?{flgc}(fg%_ﬁ _ %&I@t?&asﬁ&? carbon

454 0mE( ML) . I T- 1"1- 31 6- Azetidin-1-y1-9-

((4aR, 6R, 7R, 7aR) - 2- cycl obut oxy-7- fI uor o- 7-

nmet hyl - 2- oxo-t et rahydro- 2X5-furo[3 a

][1 3, 2@@%&5@%@@%%9%@@% lorgﬁd@@?ﬁe toa goppynd repjesented

5 H5b% &?Z%Q%%‘ Wi e (éa@e gﬁ_f)gén&ﬁ!; 4%{&%&5%% by )g‘]che‘structures ab,

4. 66)-ad, &9af ag, ah]14i) aj, dk, b0 -and a8 lac| ap, Az, as, at, av, au, ax, ay, az, ba,
be, bd, be, bf, bg, bh, bi, bj, and bk, depicted above, wherein R', R>,R>, X, and Y

are defined in the Summary of the Invention section above.

The first aspect of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au,

ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein

(@) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, CL, Br, I, OH, OR', SH, SR', NH,
NHR', NR',, NHR',', NR'5', heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C;-Cg such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Ce,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO2R', CONH,, CONHR,
CONR";, CH=CHCO;H, or CH=CHCO,R,

(b) R?is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCHj3, OCH,CHs, hydroxyl lower alkyl, i.e., -(CH,),OH, where p is 1-6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN, CH,Nj,
CH,NH,, CH,NHCH;, CH,N(CH3),, F, CL Br, or I

(¢ R*isH, CHs, CH,F, CHF,, CF3, or F; and
(d) X is H, OH, F, OMe, NH,, or N3;

wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
-74 -



2.30-2.39 (m 2H), 2.22-2.27 (m 411), 1.67- 1.75 (m
1H), 1.46-1.58 (m 111), 1.19 (d, J = 22.4Hz, 3H),
W(NB(OE/EBsz)O,os nm z 455. 2 (I\/H) +. 32a g 0=l ?- dPEBUS2009/046619
.--N N NH2 6-Azetidin-1-y1-9- ((4aR 6R 7R 7aR)- 2-
cyclopentyloxy 7-fl uoro-
omtidmylly @mnmm acghydopti@aBlyfsubsit@ed alkoxyalkyl, where for the

d]r\/&l%ﬁ?ﬁ) ?( B hl ac g@/oépnsi ﬁf H%gl% %ﬁ% C alég&ln jﬂa% 18 1ndependent

ilgé&%’ a%%ﬁbeﬁ] 016azr9 Imﬁ@d todbbm zﬁe%ocf}fc@@gﬁiﬁhsﬁlé 1) least two c?nrbon

- 4.45 H), 2.30-2.40
2 1a.t)3ms,’1.311755W116r8 Bbr(thq 1n:S1H)lce af ¥R qach®’ compises pt least pge gfda,tom
22. 4Hz,. 6 SI) .0 z 469,11 _ ,
5 2008ics50 e R0 087 ohhTeT EIONB Sl fideast one C i in

which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The second aspect of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au,

ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein

(a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR/, SH, SR', NH,,
NHR', NR";, NHR";", NR'5*, heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C,-Ce such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO;R', CONH,;, CONHR',
CONR',, CH=CHCO,H, or CH=CHCO.R';

(b)  R?is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCHj3;, OCH,CH;, hydroxyl lower alkyl, i.e., (CH;),OH, where p is 1 -6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH2CN, CH,N3,
CH,NH,, CH,NHCH3;, CH,N(CHs),, F, Cl, Br, or I

(¢)  R®isH, CHs, CH,F, CHF,, CF3, or F; and
(d X is H, OH, F, OMe, NH;, or N3;

wherein R’ is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
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instance of NR'; or NHR'";" each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The third aspect of sixth embodiment is directed to a compound represented
by formula I in which the Base is a structure selected from among the structures ab,
ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az, ba,

be, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein

(2) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR, NH,
NHR', NR',, NHR,", NR's", heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C;-Ce such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO2H, CO2R', CONHp, CONHR',
CONR",;, CH=CHCO,H, or CH=CHCO,R';

(b)  R%isH, alower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH;, OCH,CHj, hydroxyl lower alkyl, i.e., -(CH),OH, where p is 1-6, including
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH2CN, CH,N3,
CH;NH,, CH,NHCHj3, CH,N(CH3),, F, Cl, Br, or I;

(¢  R’is CHs, CH,F, CHF,, CF3; and
(d) X is H, OH, F, OMe, NH;, or N3;

wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the

instance of NR', or NHR'," each R' comprise at least one C atom that is independent
p P
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-0\" 0 NH2 7-nmethyl -2-oxo- tetrahydro-2X5-furo[3, 2-
d][1, 3, 2] di oxaphosphinin- 4.60 (m 611), 2.30-2.40
(i of or2tnpthtr &larg j@fed to forny & he@rdcydleicampriging gt lsast tyyp carbon

311 . 70- : .
a.t)or’ns,1 anZiOwhere for the instance of NR's" each R' comprises at least one C atom

which are independent of one another or each R' comprises at least one C atom in
which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The fourth aspect of sixth embodiment is directed to a compound represented
by formula I in which the Base is a structure selected from among the structures ab,
ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az, ba,

be, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein

(a R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH,
NHR', NR,, NHR',", NR'5", heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C;-Cs, lower alkynyl of C,-Ce such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO;H, COR’, CONHa, CONHR',
CONR",, CH=CHCO,H, or CH=CHCO2R;

(b) R?is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3;, OCH,CHj, hydroxyl lower alkyl, i.e., -(CH,),OH, where p is 1 -6, including
hydroxyl methyl (CHOH), fluoromethyl (CH,F), azido (N3), CH2CN, CH,N3,
CH,NH,, CH,NHCHj3, CH,N(CHj3),, F, Cl, Br, or I

(¢)  R’is CHs, CH,F, CHF,, CF3; and
(@ XisF;

wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR'," each R' comprise at least one C atom that is independent

of one another or are joined to form a heterocycle comprising at least two carbon
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atoms, and where for the instance of NR';" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R’ are joined to form a heterocycle comprising at least two carbon

atoms.

5 The fifth aspect of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au,
ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,

wherein

10 (a) R! is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR/, SH, SR', NH,,
NHR', NR',, NHR',", NRY%', heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C2-Cs, lower alkynyl of C;-Ce such as

15 C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO>H, CO2R', CONH,, CONHR',
CONR',, CH=CHCO;H, or CH=CHCO2R;

(b)  R?is H, -CHs, cyano (CN), vinyl, -OCH;, -CH,OH, -CH,F, azido
(N3), CH2CN, CH2N3, CHzNHz, CHzNHCH3, CHzN(CHg,)z, F, Cl, BI‘, or I;

20 (¢) R’is CHg; and
(d XisF;

wherein R’ is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
25  instance of NR', or NHR'," each R’ comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR's" each R' comprises at least one C atom

which are independent of one another or each R' comprises at least one C atom in
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( 400MHz, DVSO): a 7.94 (s, 111), 6.23 (d,

J = 21.2Hz, 111), 5.80 (s, 2H),

®20M2053005 n- 1- y1- 9- ((4aR 6R 7R 7aR)-2- 4. 55- 4pGHU§1N9/046619
2H), 4.35-4.45 (m 211), 4.00- 33a

which at least two R' are joined to form a heterocycle comprising at least two carbon

atoms.

The sixth aspect of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au,

ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein

(a) R! is H, lower alkyl, lower alkylaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR', NH,, NHR', NR,
NHR',", NR'5", heterocycle, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower
alkoxy of C;-Cs;

()  R%is H, -CHs, cyano (CN), vinyl, -OCHs, -CH,OH, -CH,F, azido
(N3), CH,CN, CH, N3, CH;NH,, CH,NHCH;, CH,N(CHs),, F, CL Br, or I

(¢) R’isCHj; and

@ XisF;

wherein R' is an optionally substituted alkyl, an optionally substituted

cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR', or NHR";" each R comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR'5" each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R’ are joined to form a heterocycle comprising at least two carbon

atoms.

The seventh aspect of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as, at, av, au,
ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
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z cycl ohexyl oxy-7-fluoro- 7-methyl-2-oxo- 4.35 (m
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(a) R! is H, lower alkyl, lower alkylaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH, OR', SH, SR, NH;, NHR', NR",

5 NHR',NR', heterocycle, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower
alkoxy of C;-Cg;

() R’isH;
(¢) R’is CHs; and

@ XisF;

10 wherein R' is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the
instance of NR'; or NHR'," each R' comprise at least one C atom that is independent
of one another or are joined to form a heterocycle comprising at least two carbon

15  atoms, and where for the instance of NR's™ each R' comprises at least one C atom
which are independent of one another or each R' comprises at least one C atom in
which at least two R’ are joined to form a heterocycle comprising at least two carbon

atoms.

A seventh embodiment of the present invention is directed to a compound
20  represented by formula I' its stereoisomers, salts, pharmaceutically acceptable salts,
hydrates, solvates, crystalline, or metabolite forms thereof obtained by hydrolysis of
the compound represented by formula I, followed by subsequent phosphorylation of

the resultant hydrolysis product of the compound of formula I':

O ,Base ' (,? /\C—ZBase
N Z-0—P—
O§ P* \\“‘ ~ OH < ’/)(
Y, ~0 X O
RI-O
I I
25 wherein
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where R’ is as defined herein above.

DOSAGE, ADMINISTRATION, AND USE
An eighth embodiment of the present invention is directed to a composition
for the treatment of any of the viral agents disclosed herein said composition
comprising a pharmaceutically acceptable medium selected from among an
excipient, carrier, diluent, or equivalent medium and a compound, that is intended to
include its salts (acid or basic addition salts), hydrates, solvates, and crystalline

forms can be obtained, represented by formula I.

It is contemplated that the formulation of the eighth embodiment can contain
any of the compounds contemplated in any of the aspects of the first, second, third,
fourth, fifth, sixth, and seventh embodiments either alone or in combination with

another compound of the present invention.

The compounds of the present invention may be formulated in a wide variety
of oral administration dosage forms and carriers. Oral administration can be in the
form of tablets, coated tablets, hard and soft gelatin capsules, solutions, emulsions,
syrups, or suspensions. Compounds of the present invention are efficacious when
administered by suppository administration, among other routes of administration.
The most convenient manner of administration is generally oral using a convenient
daily dosing regimen which can be adjusted according to the severity of the discase

and the patient's response to the antiviral medication.

A compound or compounds of the present invention, as well as their
pharmaceutically acceptable salts, together with one or more conventional
excipients, carriers, or diluents, may be placed into the form of pharmaceutical
compositions and unit dosages. The pharmaceutical compositions and unit dosage
forms may be comprised of conventional ingredients in conventional proportions,
with or without additional active compounds and the unit dosage forms may contain
any suitable effective amount of the active ingredient commensurate with the

intended daily dosage range to be employed. The pharmaceutical compositions may
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1H), 4. 30- 33b

be employed as solids, such as tablets or filled capsules, semisolids, powders,
sustained release formulations, or liquids such as suspensions, emulsions, or filled
capsules for oral use; or in the form of suppositories for rectal or vaginal
administration. A typical preparation will contain from about 5% to about 95%
active compound or compounds (w/w). The term "preparation” or "dosage form" is
intended to include both solid and liquid formulations of the active compound and
one skilled in the art will appreciate that an active ingredient can exist in different

preparations depending on the desired dose and pharmacokinetic parameters.

The term "excipient" as used herein refers to a compound that is used to
prepare a pharmaceutical composition, and is generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes excipients that are acceptable
for veterinary use as well as human pharmaceutical use. The compounds of this
invention can be administered alone but will generally be administered in admixture
with one or more suitable pharmaceutical excipients, diluents or carriers selected
with regard to the intended route of administration and standard pharmaceutical

practice.

A "pharmaceutically acceptable salt" form of an active ingredient may also
initially confer a desirable pharmacokinetic property on the active ingredient which
were absent in the non-salt form, and may even positively affect the
pharmacodynamics of the active ingredient with respect to its therapeutic activity in
the body. The phrase "pharmaceutically acceptable salt" of a compound as used
herein means a salt that is pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent compound. Such salts include: (1)
acid addition salts, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed
with organic acids such as glycolic acid, pyruvic acid, lactic acid, malonic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
toluenesulfonic acid, camphorsulfonic acid, lauryl sulfuric acid, gluconic acid,

glutamic acid, salicylic acid, muconic acid, and the like or (2) basic addition salts
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formed with the conjugate bases of any of the inorganic acids listed above, wherein
the conjugate bases comprise a cationic component selected from among Na', K7,
Mg?*, Ca®*, NHgR 4", in which R" is a C;.3 alkyl and g is a number selected from
among 0, 1, 2, 3, or 4. It should be understood that all references to
pharmaceutically acceptable salts include solvent addition forms (solvates) or crystal

forms (polymorphs) as defined herein, of the same acid addition salt.

Solid form preparations include, for example, powders, tablets, pills,
capsules, suppositories, and dispersible granules. A solid carrier may be one or
more substances which may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents, or
an encapsulating material. In powders, the carrier generally is a finely divided solid
which is a mixture with the finely divided active component. In tablets, the active
component generally is mixed with the carrier having the necessary binding capacity
in suitable proportions and compacted in the shape and size desired. Suitable
carriers include but are not limited to magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, a low melting wax, cocoa butter, and the like. Solid
form preparations may contain, in addition to the active component, colorants,
flavors, stabilizers, bﬁffers, artificial and natural sweeteners, dispersants, thickeners,
solubilizing agents, and the like. Examples of solid formulations are exemplified in
EP 0524579; US 6,635,278; US 2007/0099902; US 7,060,294; US 2006/0188570;
US 2007/0077295; US 2004/0224917; US 7,462,608; US 2006/0057196; US
6,267,985; US 6,294,192; US 6,569,463; US 6,923,988; US 2006/0034937; US
6,383,471; US 6,395,300; US 6,645,528; US 6,932,983; US 2002/0142050; US
2005/0048116; US 2005/0058710; US 2007/0026073; US 2007/0059360; and US
2008/0014228, each of which is incorporated by reference.

Liquid formulations also are suitable for oral administration include liquid
formulation including emulsions, syrups, elixirs and aqueous suspensions. These
include solid form preparations which are intended to be converted to liquid form
preparations shortly before use. Examples of liquid formulation are exemplified in
U.S. Patent Nos. 3,994,974; 5,695,784; and 6,977,257. Emulsions may be prepared

in solutions, for example, in aqueous propylene glycol solutions or may contain
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emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
suspensions can be prepared by dispersing the finely divided active component in
water with viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, and other well known suspending

agents.

The compounds of the present invention may be formulated for
administration as suppositories. A low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter is first melted and the active component is dispersed
homogeneously, for example, by stirring. The molten homogeneous mixture is then

poured into convenient sized molds, allowed to cool, and to solidify.

The compounds of the present invention may be formulated for vaginal
administration. Pessaries, tampons, creams, gels, pastes, foams or sprays containing
in addition to the active ingredient such carriers as are known in the art to be

appropriate.

Suitable formulations along with pharmaceutical carriers, diluents and
excipients are described in Remington: The Science and Practice of Pharmacy 1995,
edited by E. W. Martin, Mack Publishing Company, 19th edition, Easton,
Pennsylvania, which is hereby incorporated by reference. A skilled formulation
scientist may modify the formulations within the teachings of the specification to
provide numerous formulations for a particular route of administration without
rendering the compositions of the present invention unstable or compromising their

therapeutic activity.

The modification of the present compounds to render them more soluble in
water or other vehicle, for example, may be easily accomplished by minor
modifications (e.g., salt formulation), which are well within the ordinary skill in the
art. It is also well within the ordinary skill of the art to modify the route of
administration and dosage regimen of a particular compound in order to manage the
pharmacokinetics of the present compounds for maximum beneficial effect in

patients.

Additionally, the compound of formula I may be independently formulated

in conjunction with liposomes or micelles. As to liposomes, it is contemplated that
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A ninth embodiment of the present invention is directed to a use of the
compound represented by formula I in the manufacture of a medicament for the
treatment of any condition the result of an infection by any one of the following viral
agents: hepatitis C virus, West Nile virus, yellow fever virus, degue virus,
rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus and Japanese

encephalitis virus.

The term "medicament” means a substance used in a method of treatment
and/or prophylaxis of a subject in need thereof, wherein the substance includes, but
is not limited to, a composition, a formulation, a dosage form, and the like,
comprising the compound of formula I. It is contemplated that the compound of the
use of the compound represented by formula I in the manufacture of a medicament
for the treatment of any of the antiviral conditions disclosed herein of the night
embodiment can be any of the compounds contemplated in any of the aspects of the
first, second, third, fourth, fifth, sixth, and seventh embodiments or those
specifically exemplified, either alone or in combination with another compound of
the present invention. A medicament includes, but is not limited to, any one of the

compositions contemplated by the eighth embodiment of the present invention.

A tenth embodiment of the present invention is directed to a method of
treatment and/or prophylaxis in a subject in need thereof said method comprises
administering a therapeutically effective amount of the compound represented by

formula I to the subject.
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A second aspect of the tenth embodiment is directed to a method of treatment
and/or prophylaxis in a subject in need thereof said method comprises alternatively
or concurrently administering a therapeutically effective of at least two compounds

falling within the scope of the compound represented by formula I to the subject.

It is intended that a subject in need thereof is one that has any condition the
result of an infection by any of the viral agents disclosed herein, which includes, but
is not limited to, hepatitis C virus, West Nile virus, yellow fever virus, degue virus,
rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus or Japanese
encephalitis virus, flaviviridae viruses or pestiviruses or hepaciviruses or a viral

agent causing symptoms equivalent or comparable to any of the above-listed viruses.

The term "subject" means a mammal, which includes, but is not limited to,
cattle, pigs, sheep, chicken, turkey, buffalo, llama, ostrich, dogs, cats, and humans,
preferably the subject is a human. It is contemplated that in the method of treating a
subject thereof of the tenth embodiment can be any of the compounds contemplated
in any of the aspects of the first, second, third, fourth, fifth, sixth, and seventh
embodiments or those specifically recited in the tables above, either alone or in

combination with another compound of the present invention.

The term "therapeutically effective amount" as used herein means an amount
required to reduce symptoms of the disease in an individual. The dose will be
adjusted to the individual requirements in each particular case. That dosage can
vary within wide limits depending upon numerous factors such as the severity of the
disease to be treated, the age and general health condition of the patient, other
medicaments with which the patient is being treated, the route and form of
administration and the preferences and experience of the medical practitioner
involved. For oral administration, a daily dosage of between about 0.001 and about
10 g, including all values in between, such as 0.001, 0.0025, 0.005, 0.0075, 0.01,
0.025, 0.050, 0.075, 0.1, 0.125, 0.150, 0.175, 0.2, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,
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f UfiuB0.81 and about 1 g per day, including all incremental values of 0.01 g (i.e., 10
mg) in between, a preferred daily dosage about 0.01 and about 0.8 g per day, more
preferably about 0.01 and about 0.6 g per day, and most preferably about 0.01 and
about 0.25 g per day, each of which including all incremental values of 0.01 g in
between. Generally, treatment is initiated with a large initial "loading dose" to
rapidly reduce or eliminate the virus following by a decreasing the dose to a level
sufficient to prevent resurgence of the infection. One of ordinary skill in treating
diseases described herein will be able, without undue experimentation and in
reliance on personal knowledge, experience and the disclosures of this application,
to ascertain a therapeutically effective amount of the compounds of the present

invention for a given disease and patient.

Therapeutic efficacy can be ascertained from tests of liver function
including, but not limited to protein levels such as serum proteins (e.g., albumin,
clotting factors, alkaline phosphatase, aminotransferases (e.g., alanine transaminase,
aspartate transaminase), 5'-nucleosidase, y-glutaminyltranspeptidase, etc.), synthesis
of bilirubin, synthesis of cholesterol, and synthesis of bile acids; a liver metabolic
function, including, but not limited to, carbohydrate metabolism, amino acid and
ammonia metabolism. Alternatively the therapeutic effectiveness may be monitored
by measuring HCV-RNA. The results of these tests will allow the dose to be

optimized.

A third aspect of the tenth embodiment, to a method of treatment and/or
prophylaxis in a subject in need thereof said method comprises administering to the
subject a therapeutically effective of a compound represented by formula I and a
therapeutically effective amount of another antiviral agent; wherein the
administration is concurrent or alternative. It is understood that the time between
alternative administration can range between 1-24 hours, which includes any sub-
range in between including, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, and 23 hours. Examples of "another antiviral agent" include, but are
not limited to: HCV NS3 protease inhibitors (see WO 2008010921, WO
2008010921, EP 1881001, WO 2007015824, WO 2007014925, WO 2007014926,

-87-



d] [ 1, 3, 2] di oxaphosphi nm 6-y1)-9H purin-6-o0l 1H NWR
(400 MHz, DMsQd6) (3 10.77 (s, 1H), 8.02 (s, 1H), 7.34

W@ 2009458095 6. 53 (bs, 2H), 6.19 (d, J = 20.8 l—|z,P(1T71;Is2009/046619

10

15

20

25

30

4.74-4.61 (m 2H), 4.24 (m 1H),4.08(q,J 8.4 Hz,
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OH 2- Ami no- ééZR 4aR, 6R, 7R,

buUS)%QDWTSPG'ZH 2007883309 W—Q%@Q7%%§t258h\y@ 207092000, WO
5 2%960709883%, Wo- 2005’62[662,%%865%@%9% BHH6093801, US 2006166964,

WO 2006065590, WO 2006065335, US 2006040927, US 2006040890, WO
2006020082, WO 2006012078, WO 2005123087, US 2005154056, US
2004229840, WO 2004065367, WO 2004003138, WO 2004002977, WO
2004002944, WO 2004002940, WO 2004000858, WO 2003105770, WO
2003010141, WO 2002057425, WO 2002057287, WO 2005021568, WO
2004041201, US 20060293306, US 20060194749, US 20060241064, US 6784166,
WO 2007088148, WO 2007039142, WO 2005103045, WO 2007039145, WO
2004096210, and WO 2003037895); HCV NS4 Inhibitors (see WO 2007070556 and
WO 2005067900); HCV NS5a Inhibitors (see US 2006276511, WO 2006120252,
WO 2006120251, WO 2006100310, WO 2006035061); Toll-like receptor agonists
(see WO 2007093901); and other inhibitors (see WO 2004035571, WO
2004014852, WO 2004014313, WO 2004009020, WO 2003101993, WO
2000006529).

A fourth aspect of the tenth embodiment, to a method of treatment and/or
prophylaxis in a subject in need thereof said method comprises alternatively or
concurrently administering a therapeutically effective of a compound represented by
formula I and another antiviral agent to the subject. It is understood that the time
between alternative administration can range between 1-24 hours, which includes
any sub-range in between including, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, and 23 hours.

It is contemplated that the another antiviral agent such as interferon-o
interferon-p, pegylated interferon-o., ribavirin, levovirin, viramidine, another
nucleoside HCV polymerase inhibitor, a HCV non-nucleoside polymerase inhibitor,
a HCV protease inhibitor, a HCV helicase inhibitor or a HCV fusion inhibitor.
When the active compound or its derivative or salt are administered in combination
with another antiviral agent the activity may be increased over the parent compound.

When the treatment is combination therapy, such administration may be concurrent

-88-



6-y1)-9H purin-6-ol 111 NVR (400MHz, DMBO): 5 10.76
(s, 1H), 7.98 (s, 111), 6.51 (s, 2H), 6.17 (d,

waz@y18e5 1H), 4.55-4.71 (m 3H), 4.05-4.25 (PCT/B5H009/046619

10

15

20

1.60- 1.70 (in, 2H), 1.30-1.40 (m 2H), 1.19 (d,
1=22.8Hz, 3H), 0.88 (t, 1=7.2Hz, 3H). % WO
2 0%k EAANSHET fesis20 eDhareBhOnEtedsaleSterivatives o "Crrsntrent

g B i 55T b AT s o288 s
time or at different times. Administration of two or more agents at the same time
can be achieved by a single formulation containing two or more active ingredients or
by substantially simultaneous administration of two or more dosage forms with a

single active agent.

It will be understood that references herein to treatment extend to
prophylaxis as well as to the treatment of existing conditions. Furthermore, the term
"treatment” of a HCV infection, as used herein, also includes treatment or
prophylaxis of a disease or a condition associated with or mediated by HCV

infection, or the clinical symptoms thereof.

An eleventh embodiment of the present invention is directed to a process for
preparing the compound of formula I, which comprises reacting ITI with

R'OP(NRy),, and then oxidizing II to form I according to the following scheme

0 o) o)
HO™ N o
R2 Base R'OP(NRy), I',/I{}\/\Z‘Base [O] O_I;:};[Z—Base
A B ——————— A > - A
=R; B RIOT O TR, Rlg 0" TR
X X 0 X

HO'

111 I I

wherein R, R%, R?, X, and Base are defined above;

wherein R'OP(NRy); is a dialkylamino-R'phosphite , B is a Bronsted base,
and [O] is an oxidant, such as, for example, m-chloroperbenzoic acid (MCPBA),

hydrogen peroxide, NO»/N;Oq, etc.

A twelfth embodiment of the present invention is directed to a product, I,
prepared by a process which comprises reacting Il with R'OP(NR,),, and then

oxidizing II according to the following scheme
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T=N wherein R'OP(NR,), is a dia]kylamino-alkylphosphite, B is a Bronsted base,

and [O] is an oxidant, such as, for example, m-chloroperbenzoic acid (MCPBA),

hydrogen peroxide, NO2/N,Oq, etc.

Compounds and Preparation

The nucleoside analog is made by conventional procedures disclosed in any
one of U.S. Published Application Nos. 2005/0009737, 2006/0199783,
2006/0122146, and 2007/0197463, each of which is incorporated by reference in its
entirety. Bases represented by the structures ¢!, d', ¢, f, g, h,1,j,k, 1, m,n, 0,p, q, 1,
s, t, U, V, W, X, ¥, Z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj, kk, 11, and mm are prepared and
coupled to a given sugar using methods known in the art, such as, for example, as
disclosed in WO 2006/094347, WO 2005/021568, US 2006/0252715, and US
2006/0194749, each of which is incorporated by reference in its entirety. Bases
represented by the structures formula I in which the Base is a structure selected from
among the structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as,
at, av, au, ax, ay, az, ba, bc, bd, be, bf, bg, bh, bi, bj, and bk, depicted above, are
prepared and coupled to a given sugar using methods known in the art, such as, for
example, as disclosed in WO 2007/027248 which is incorporated by reference in its

entirety.

Disclosed '"H-NMR values were recorded on a Varian AS-400 instrument.
Mass spectral data were obtained using either a Micromass-Quattromicro API or a

Waters Acquity.

General Experimental Procedure for the Preparation of bis(V,V'-
diisopropylamino) alkylphosphite:
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The alcohol%m) equlv) ngs ad(il'ed drop-wise to phosphorous trichloride (1.0
equiv) very slowly, while stirring. The inner temperature of the reaction flask was
kept between 20 and 30°C, and the produced hydrochloric acid was absorbed in a
gas trap containing aqueous sodium bicarbonate. The residue was distilled under
reduced pressure to give pure alkoxydichlorophosphine. This compound was added
to a stirred solution of N, N-diisopropylamine (6.0 equiv) in dry ether (SmL/mmol)
drop-wise, very slowly at 0°C. After completion of the addition the mixture was
allowed to warm to room temperature at which temperature it was stirred over night.
The ammonium salt was removed by filtration, and the filtrate was concentrated.
The residue was distilled under reduced pressure to give bis(V,N-
diisopropylamino)alkylphosphite as a colorless liquid (10-40 %). (See, e.g., N. L. H.
L. Breeders et. al. J. Am. Chem. Soc. 1990, 112, 1415-1482)

General Method for the Preparation of 3',5'-Cyclic Phosphates

0
A(_E /K )— O/*(_EB mCPBA, CH,Cl, 0/\(}3
+ \ A + B nmee——— \ A
F

P~g° = RO-P~g =
Tetrazole Py RO O f 20-25 % (2 steps) (‘5 0 F

a b (Cis/Trans Mixture) Mixture of diasteromers
¢

General Experimental Procedure: To a stirred solution of 3',5'-dihydroxy
nucleoside a (1.0 equiv) in dry pyridine (5 mL/mmol) is added a 0.45M solution of
tetrazole in acetonitrile (2.5 equiv) followed by bis(V, N-
diisopropylamino)alkylphosphite (1.0 equiv) at room temperature. After stirring the
mixture at room temperature for 2h, TLC indicates the disappearance of starting
material A and formation of two non-polar products. The reaction mixture is
concentrated under reduced pressure at room temperature and the residue is
triturated with EtOAc (10 mL/mmol). The precipated tetrazole salts are removed by
filtration and the filtrate is concentrated under reduced pressure. The residue is

chromatorgraphed to give cis and trans cyclicphosphites b in about 1:1 ratio.
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To a stirred solution of the phosphate b (1 equiv) in dichloromethane (10
mL/mmol) is added a 77% m-CPBA (1.2 equiv) at room temperature. After 5 min,
the TLC indicates the completion of the reaction. Solvent is evaporated and the
residue is chromatographed using a short silica gel column to give pure product as a

5  white solid (20-25 % overall yield, 2 steps). 'H NMR indicates that the product ¢ is a

mixture of two diastereomers.

These cyclic phosphates can also be prepared via an alternate route described
below. Nucleoside ITI can be reacted with POCl; to produce the nucleoside mono
phosphate, which upon cyclization and dehydration would give cyclic phosphate.

10  Thus, upon alkylation with appropriate alkyl halide in the presence of bases such as
TEA, DIEA in solvents such as DMF, acetonitrile etc or coupling with alcohols in
the presence of reagents like DCC or EDC or MSNT would give desired products,
using the procedures disclosed in, for example, Beres et al. J. Med. Chem. 1986, 29,
1243-1249 and WO 2007/027248 both of which are incorporated by reference, and

15  as depicted in the following scheme.

1]
0 1. PO(OMe)s, POCl3 - P~ 0
HO™ M 07N
R Base  2.H,0 e /R}‘/\Z‘Base
HO" "TVRs HO" TR

P 3
X

X
m
0]
o 3
(I) Rz\. 0] Base 1.R1-X, Base or OZI,)*/R}“/\Z_BaSG
O=P_ . 2. RIOH, coupling reagent (0" TENR,
ae) ~R; » RIO -
HO X X

Preparation of 1-((2S,4aR,6R,7R,7aR)-7-Fluoro-2-methoxy-7-methyl-2-oxo-
tetrahydro-2>\5-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidine-2,4-

20  dione (1)
0]
o —NH
0
\0‘%;(;1.{—Nk—_)= ©
O F

1
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To a stirred solution of 1-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (730
mg, 2.8 mmol) in dry pyridine (15 mL) was added a 0.45M solution of tetrazole in
acetonitrile (15 mL) followed by bis(N,N-diisopropylamino)methylphosphite (0.971
mL, 3.3 mmol) at room temperature. After 2h, TLC indicated disappearance of the
starting material and two non-polar products. The reaction mixture was
concentrated under reduced pressure at room temperature and the residue was
triturated with EtOAc (30 mL). Tetrazole salts precipitated were filtered off and the
filtrate was concentrated under reduced pressure. The residue was
chromatorgraphed using 0-40 % EtOAc/hexanes gradient to give pure product 2 (92
mg) and mixture of product 1&2 (102 mg). "H NMR confirmed that the product 2 is

a single isomer of the required compound. Stereochemistry is not determined.

To a stirred solution of phosphite (30 g, 0.09 mmol) in dichloromethane (1
mL) was added a 77% m-CPBA (26 mg, 0.113 mmol) at room temperature. After 5
min, the TLC indicated the completion of the reaction. The solvent was evaporated
and the residue was chromatographed using a short silica gel (2 g) column with 70 -
100 % EtOAc/hexanes gradient to give pure product as a white solid (21 mg). H
NMR indicated that the product (1) is a mixture of isomers designated as 1a and 1b.

Data for 1a: *'P NMR (162 MHz, CD;0D): 6 -1.54 (minor diasteromer), -
2.30 (major diasteromer).; "H NMR (400 MHz, CD;0D): é 7.60-7.58 (m, 1H), 6.36
(d, J=20.8Hz, 1H), 5.76 (d, J=8.0Hz, 1H), 4.787-4.484 (m, 4H), 3.85 (d, J=12Hz,
3H), 1.44 (d, J=22.0Hz, 3H); MS (ESI) m/z 337 (M+H)".

Data for 1b: *'P NMR (162 MHz, CDCl;+DMSO): 6 -3.82 (minor), -4.54
(major); 'H NMR (400 MHz, CDCL;+DMSO): 8 11.41 and 11.25 (two s, 1H), 7.32
(bs, 1H), 6.38 (d, J=21.2Hz, 1H), 5.75-5.70 (m, 1H), 5.45-5.20 (, 1H), 4.64-4.01 (m,
4H), 1.59 and 1.45 (two d, J=22.4Hz, 3H); MS (ESD) m/z 337 (M+H)".

Preparation of 1-((2S,4aR,6R,7R,7aR)-2-Benzyloxy-7-fluoro-7-methyl-2-oxo-
tetrahydro—2>\5-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidine-2,4-
dione (2)
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To a stirred solution of 1-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (1.04
g, 4 mmol, 1.0 equiv) in dry pyridine (22 mL) was added a 0.45M solution of
tetrazole in acetonitrile (22.2 mL, 10 mmol, 2.5 equiv) followed by bis(N,N-
diisopropylamino)benzylphosphite (1.35 mL, 4.6 mmol, 1.0 equiv) at room
temperature. After stirring the mixture at room temperature for 2h, TLC indicated
disappearance of starting material and a non polar product. The reaction mixture
was concentrated under reduced pressure at room temperature and the residue was
chromatographed (Analogix, SF25-40g, 35-100 % EOAc/Hexanes gradient, 1h)
gave pure product as a white powder (640 mg, 40.4 % yield).

To a stirred solution of phosphite (640 mg, 1.6 mmol) in dichloromethane
(5mL) was added a 77% m-CPBA (430 mg, 1.92 mmol, 1.2 equiv) at room
temperature. After 5 min, TLC indicated the completion of the reaction and two
well separated polar products. The solvent was evaporated and the residue was
chromatographed (Analogix, 30-85 % EtOAc/hexanes gradient, 60 min) to give pure
product 1 (340 mg, 51.1 % yield) and product 2 (194 mg, 29.1 % yield) as a white
solids. 'H-NMR indicated that the product 2 is a single diastereomer of the required
compound (2a) which assigned as trans isomer based on the literature. The cis

product (2a) is a mixture of diastereomers.

Data for 2a: 3'P NMR (162 MHz, CDCl) 6 -2.79; '"H NMR (400 MHz,
CDCL): 8 9.34 (bs, 1H), 7.39 (s, 5H), 7.33 (d, J=7.2Hz, 1H), 6.38 (d, J=19.2Hz,
1H), 5.79 (d, J=8.4Hz, 1H), 5.24-5.15 (m, 2H), 4.60 (bs, 2H), 4.38-4.35 (m, 2H),
1.46 (d, J=22Hz, 3H); MS (ESI) m/z 413 (M+H)".

Data for 2b: >'P NMR (162 MHz, CDCls): § 4.76 (minor), -5.64 (major);
1 NMR (400 MHz, CDCl): 6 9.64 (bs, 1H), 7.45-7.39 (m, 5H), 7.17 and 6.90
(two bs, 1H), 6.29 (d, J=18.8 Hz, 1H), 5.78 (d, J=7.6Hz, 1H), 5.20-5.14 (m, 3H),
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4.54-4.48 (m, 1H)4.27 (bs, 2H), 3.53 (bd, ]=12.0Hz, 1H), 1.37 and 1.16 (two d,
J=20.8Hz, 3H); MS (ESI) m/z 413 (M+H)".

Preparation of 6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-
methyl—z-oxo—tetrahydro—Z)\S-furo [3,2-d][1,3,2] dioxaphosphinin-6-yl)-9H-purin-
2-ylamine (3)

H,N
N
N>/\2\
- NQ
0 @]
\0—1'3* N\¢N
IO
F
3

To a stirred solution of (2R,3R,4R,5R)-5-(2-amino-6-(azetidin-1-y1)-9H-
purin-9-yl)-4-fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3 -0l (100 mg, 0.3
mmol) in dry pyridine (1.5 mL) was added a 0.45M solution of tetrazole in
acetonitrile (1.64 mL, 0.74 mmol) followed by bis(,N-
diisopropylamino)methylphosphoramidite (101 uL, 0.35 mmol) at room
temperature. After stirring the mixture at room temperature for 2h, TLC indicated
disappearance of starting material. The reaction mixture was concentrated under
reduced pressure at room temperature and the residue was triturated with EtOAc (30
mL). Tetrazole salts precipitated were filtered off and the filtrate was concentrated
under reduced pressure. The crude compound (120 mg) was used in the next step

without further purification.

To a stirred solution of cyclic-phosphite (119 mg, crude from the previous
experiment, 0.3 mmol) in dichloromethane (3 mL) was added a 77 % m-CPBA (78
mg, 0.35 mmol) at room temperature. After Smin, the solvent was evaporated and
the residue was chromatographed (Analogix, SF10-8 g column) using 0-2.5 %
MeOH/CH,Cl, gradient to give pure product as a white solid (23 mg, 18.6% two
steps).

Data for 3: 3'P NMR (162 MHz, CDCL): 6 -1.26, -3.58; "H NMR (400
MHz, CDCL): § 7.45 and 7.44 (two s, 1H), 5.45 (d, J=20Hz, 1H), 4.89-4.41 (m,
10H), 3.93 (app. t, J=13.0Hz, 3H), 2.49 (bs, 2H), 1.39 (overlapping d, J=22.4Hz,
3H); MS (ESI) m/z 415 M+H)".
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Preparation of 2-Amino-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-2-
oxo-tetrahydro-2>\5-furo[3,2-d] [1,3,2]dioxaphosphinin-6-y)-9H-purin-6-ol (4)

To a stirred solution of 2-amino-9-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)-9H-purin-6-ol (116 mg, 0.33 mmol,
1.0 equiv) in dry pyridine (1.65 mL) was added a 0.45M solution of tetrazole in
acetonitrile (1.8 mL, 0.85 mmol, 2.5 equiv) followed by bis(N,N-
diisopropylamino)methylphosphite (114 pL, 0.396 mmol, 1.2 equiv) at room
temperature. After stirring the mixture at room temperature for 2h, TLC indicated
the disappearance of starting material and a non-polar product. The reaction mixture
was concentrated under reduced pressure at room temperature and the residue was
triturated with EtOAc (5 mL). Tetrazole salts precipitated were filtered off and the

filtrate was concentrated under reduced pressure.

The above residue was redissolved in dichloromethane in dichloromethane (3
mL) and was added a 77% m-CPBA (21 mg, 0.395 mmol, 1.2 equiv) at room
temperature. After 5 min, TLC indicated the completion of the reaction. The
solvent was evaporated and the residue was chromatographed using a short silica gel

column to give pure product as a white solid (3.4 mg, 9% overall yield, 2 steps).

Data for 4: *'P NMR (162 MHz, CD;0D): 6 -3.33; "H NMR (400 MHz,
CD;OD): 6 9.03 (s, 2H), 7.81 (s, 1H), 6.17 (d, J=20.4Hz, 1H), 4.66 (dd, J=9.3,
5.1Hz, 1H), 4.62-4.54 (m, 2H), 4.29-4.23 (m, 1H), 3.82 (d, J=11.2Hz, 3H), 3.37
(quintet, J=6.4Hz, 2H), 1.22 (d, J=6.4Hz, 3H); MS (ESI) m/z 376 (M+H)".

Preparation of 4-Amino-1-((2R,4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-
2-0xo-tetrahydro-2As-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidin-2-
one (5)
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To a stirred solution of 4-amino-1-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)pyrimidin-2(1H)-one (1.0 g, 3.86
mmol, 1.0 equiv) in dry pyridine (21 mL) was added a 0.45 M solution of tetrazole
in acetonitrile (21 mL, 9.5 mmol, 2.5 equiv) followed by bis(V,N-
diisopropylamino)methylphosphite (1.3 mL, 4.6 mmol, 1.2 equiv) at room
temperature. After stirring the mixture at room temperature for 2h, TLC indicated no
starting material and a non polar product. The reaction mixture was concentrated
under reduced pressure at room temperature and the residue was triturated with
EtOAc (25 mL). Tetrazole salts precipitated were filtered off and the filtrate was
concentrated under reduced pressure. Column chromatography of the crude
compound (SF25-40g, Analogix 0-20% MeOH/CH,Cl, gradient, 1h) gave pure
product as a white powder (334 mg, 27 % yield).

To a stirred solution of phosphite (334 mg, 1.05 mmol) in dichloromethane
(3 mL) was added a 77% m-CPBA (309 mg, 1.26 mmol, 1.2 equiv) at room
temperature. After 5 min, TLC indicated the completion of the reaction. The solvent
was evaporated and the residue was chromatographed using a short silica gel column
to give pure product as a white solid (80 mg, 23% yield). "H NMR indicated that the

product is a mixture of cis and trans isomers and their diastereomers.

Data for 5: >'P NMR (162 MHz, CD;0D): § -0.70, -2.22, -2.77 (minor), -
3.46 (major); "TH NMR (400 MHz, CD;OD): § 7.62 (d, ]=7.6 Hz, 1H), 6.41 (d,
J=21.2Hz, 1H), 5.97 (d, J=7.2Hz, 1H), 4.77-4.57 (m, 2H), 4.48-4.18 (m, 4H), 3.88
(d, J=11.2Hz) and 3.87 (d, J=12.0Hz, total 3H), 1.55 and 1.39 (two d, J=22.4Hz,
3H); MS (ESI) m/z 336 (M+H)".

N6-Cyclobutyl-9-((4aR,6R,7R,7 aR)-7-fluoro-2-methoxy-7-methyl-2-oxo-
tetrahydro-Z)\S-furo [3,2-d][1,3,2]dioxaphosphinin-6-yI)-9H-purine-2,6-diamine
(6)
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Compound 6 was prepared using a similar procedure described for the
preparation of compound 4. Except that the NP-cyclobutyl-amino-purine derivative
was employed rather than the 6-hydroxy-purine derivative.

5 Data for 6: 3'P NMR (162 MHz, CDCh): § -1.26, -3.64; "H NMR (400
MHz, CDCL): 6 7.49 and 7.48 (two s, 1H), 6.02 (bs, 2H), 5.97 (d, J=19.2Hz, 1H),
4.88 (bs, 1H), 4.73 (bs, 1H), 4.65-4.58 (m, 2H), 4.53-4.37 (m, 2H) 3.95 and 3.91
(two d, J=11.6Hz, 3H-, 2.42 (bs, 2H), 2.00-1.95 (m, 2H), 1.79-1.73 (m, 2H), 1.38
(overlapping d, J=22.4Hz, 3H); MS (EST) m/z 429 (M+H)".

10
Methods for preparing a compound having the structure:
R7
Nf
N
< 1
PN
NT N7 NH,
?
O=pt >
Rl_o’P\d F
are included below. Inspection of the scheme below shows that compounds 17 and
3 are the same.

o O LOH o._ X
OBZ\<_\ZO e OBf\g —_— OBz . —_—
\L=CHj \LaCH, \L=CHj
OBz F OBz F 3z F

9, X‘ Cl
7 8 10, X' =Br
15 11, X'=1
Cl
N
¢ B
(0) /)\ —_—
CH; \ CH3 13,R7=-OMe
Sy N 14, R7 = -N(-CH,CH,CH,-)

15,R7 =-0Bn
12 16, R7 = -OEt
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17, R7 = -N(-CH,CH,CH,-), R! = Me
18,R7=-OEt,R!=Me
19, R7=-OEt, Rl =Pr

Compound (7) can be obtained by a process disclosed at page 5 in U.S.
Published Application No. 2008/0139802 (which corresponds to WO 2008/045419),
at pages 11-13 in WO 2006/012440, and at pages 20-22 and 30-31 m WO
2006/031725, each of which is hereby incorporated by reference.

The use of the convergent glycosylation route to prepare 2'-deoxy-2'-fluoro-
2'-C-methyl purine nucleosides and their corresponding nucleotide
phosphoramidates came about with the development of the synthesis of 3,5-di-O-
benzoyl-2-deoxy-2-fluoro-2-C-methylribonolactone (Chun, K.; Wang, P. Intl. Pat.
Appl. WO 2006/031725).

After several attempts using Vorbrueggen-type Lewis acid mediated
coupling and the ribonolactol 1-O-acetate of 3,5-di-O-benzoyl-2-deoxy-2-fluoro-2-
C-methylribonolactone, we observed very low coupling yields and the undesired o~
anomer was the major product. Mitsunobu coupling with the ribonolactol (8) did
give the desired product but with no stereoselectivity and very difficult
chromatographic separation resulting in isolated yields of 6-10% for this step alone

and the method was not scaleable.

The preferred approach became the Sy2 type reaction using a halo-sugar and
a salt of the purine base. Again, the challenge of this approach was how to obtain an
o halo-sugar stereospecifically in high yield to take advantage the inversion of
configuration expected with Sy2 type reactions. A typical method treats an anomeric
mixture of the 1-O-acetate of a sugar with HC1 or HBr in acetic acid. However, this
method resulted in production of unfavorable anomeric mixtures. Reducing the
lactone (e.g., with LIAIH(t-BuO); or Red-Al) initially generates at 2:1 ratio of §/cx
anomers but after initial purification through a silica gel filtration column, the

resulting oil slowly anomerizes to form pure crystalline $-anomer of the lactol (8).
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This can be accelerated from several days at ambient temperature to 5-17 h at 50°C
with seeding G-crystals. We observed that once the lactol is in solution, it slowly
anomerizes back towards the 2:1 equilibrium in solvents such as dichloromethane or
chloroform at ambient temperature. This process can be slowed considerable by

chilling the solution (e.g., -20°C).

Chlorination through an Sp2 mechanism with N-chlorosuccinimide (NCS)
produced an o-chlorosugar (9) in a stereospecific manner in almost quantitative

yield.

To obtain an o-bromosugar (10), many bromination conditions were tried

_ including N-bromosuccinimide (NBS) and HBr in acetic acid. Among them, we

followed a general bromination reaction using a combination of triphenylphosphine
(PPh3) and carbon tetrabromide (CBrs) (e.g., Hooz et al, Can. J. Chem., 1968, 46,
86-87). Under the conditions of using methylene chloride as the solvent and
maintaining a low temperature (-10 to -20°C) we obtained the best result where the
desired o/f isomer ratio was greater than 10:1, in a yield of greater than 80%.
Applicants believe that there are no literature precedents describing this level of
stereoselectivity for this reaction type. Another practical observation was that by
conducting the bromination under sub-ambient temperature conditions, such as,
most preferably about -20°C) and exposing the cold reaction solution to silica gel as
soon as possible after the completion of the reaction minimizes anomerization of the
bromosugar. The bromosugar can be purified through a silica gel filtration column.
Once treated with silica gel, the bromosugar it is practically stable even at elevated

temperatures.

The iodosugar (11) was prepared in a similar manner, which can be coupled

with the purine to produce the key intermediate (12).

Following the general purine coupling method of Bauta et al (Intl. Pat. Appl.
WO 2003/011877), we coupled the a-bromosugar (10) with the potassium salt of 6-
chloro-2-amino-purine in t-butanol in acetonitrile. The reaction took over a week at
ambient temperatures. The reaction was optimized to go to completion in 24 h at
50°C. After partial purification through a silica gel filtration column, the anomeric

mixture was isolated in 63% yield in a ratio of 14:1 B/c.. The B-anomer (12) could
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e selectively crystallized out from a methanolic solution to give the pure desired 3-

anomer (6) in 55% yield from the bromosugar (10).

With the key intermediate 12 in hand, conversion to unprotected 2-amino-6-
substituted purines (e.g., 13-16) was accomplished. Cyclic phosphate derivatives
(e.g., 17-19) were prepared as described in Can J. Chem., 1993, 71, 855 or as
disclosed in U.S. Provisional Patent Application No. 61/060,683, filed June 11,
2008, pp. 79-89.

Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-4-fluoro-5-hydroxy-4-
methyltetrahydrofuran-2-yl)methyl benzoate (8)

To a 5 L of dry three-neck round-bottomed flask fit with a mechanical stirrer,
addition funnel and thermometer was charged the lactone ((2R,3R,4R)-3-
(benzoyloxy)-4-fluoro-4-methyl-5-oxotetrahydrofuran-2-yl)methyl benzoate) (7,
379 g, 1.018 mol). The solid was dissolved in anhydrous THF (1.75 L) and cooled
to -30°C under a nitrogen atmosphere. A solution of lithium tri-tert-
butoxyaluminohydride (1.0 M in THF, 1.527 L) was added to the lactone solution
while stirring over 1 h and maintaining the -30°C temperature. After finishing the
addition, the temperature was slowly increased and the reaction was followed by
TLC (lactol R;0.4, 30% EtOAc in hexanes). The reaction was complete after 1h 15
min (temperature reached -10°C). The reaction was quenched by addition of Ethyl
acetate (900 mL) via addition funnel. Sat. NH4Cl (40 mL) was added at 0°C. The
cloudy mixture was decanted into a 10 L round-bottomed flask. The solid residue
left behind was filtered and washed with ethyl acetate (2x200 mL). The filtrate was
combined with the decanted solution and the combined solution was concentrated
under reduced pressure. The oily residue was dissolved in ethyl acetate (2 L) and
washed with 3 NHC1 (600 mL). The aqueous layer was back-extracted with ethyl
acetate (3x400 mL). The combined organic layer was washed with water (3x800
mlL), sat. NaHCOs (400 mL) and brine (400 mL). The organic solution was dried
over MgSOy filtered and concentrated under reduced pressure to afford a light
brown oily residue. The residue was purified by plug column (2.2 kg of 40-63
micron silica gel, packed in a 6 L sintered glass funnel, 22 cm length of silica gel,

diameter 15 cm) using suction and a step-gradient of 5%, 10%, 20%, and 30% ethyl
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acetate in hexanes —ca 5 L of each). The product containing fractions were
combined and concentrated under reduced pressure to a colorless, very thick liquid
(310.4 g).

The liquid slowly solidified after adding crystalline beta product as seeds (ca
100 mg spread out) under vacuum (0.2 mmHg) at 50°C. The process of
solidification was complete in 20 hours at 50°C with or without vacuum. The white
solid thus collected (293.8 g, 77%) has a mp of 79-80°C and ratio of B/cris 20:1
based on NMR.

'H-NMR (DMSO-ds) B-isomer, & = 5.20 (dd, 1 H, OH); a-isomer, 6 = 5.40
(dd, 1 H, OH). (8-lactol) .(DMSO-ds): 6 7.99 (m, 2 H, arom.), 7.93 (m, 2 H, arom.),
7.70 (m, 1 H, arom.), 7.61 (m, 1 H, arom.), 7.55 (m, 2 H, arom.), 7.42 (m, 2 H,
arom.), 7.32 (dd, 1 H, C1-H), 5.54 (dd, 1 H, C3-H), 5.20 (dd, 1 H, OH), 4.55-4.50
(m, 1 H, C5-Ha), 4.46-4.40 (m, 2 H, C5-Hb and C4-H), 1.42 (d, 3 H, CH,).

Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-5-chloro-4-fluoro-4-
methyltetrahydrofuran-2-yl)methyl benzoate (9)

To a solution of mixture of compound 8 (1.0 g, 2.67 mmol) and PPh; (1.4 g,
5.34 mmol) in CH,Cl, (15 mL) was added NCS (1.07 g, 8.01 mmol) portionwise at
0°C. Then the resulting mixture was stirred at rt for 1h and poured into a silica gel
column and eluted with EtOAc-hexanes (1:4) using pressure. The collected right
fractions were combined, concentrated, and co-evaporated with CH,Cl, several
times and used next step (1.0 g, 95%).

"H-NMR (CDCl;) & = 8.13-8.02 (m, 4H, aromatic), 7.78-7.50 (m, aromatic,
2H), 7.53-7.43 (m, 4H, aromatic), 6.01 (s, 1H, H-1), 5.28 (dd, 1H, J=3.2, 5.6 Hz,
H-3), 4.88 (m, 1H, H-H-4), 4.77 (dd, 1H, J=3.2, 12.4 Hz, H-5), 4.61 (dd, 1H, J=
4.0, 12.4 Hz, H-5"), 1.73 (d, 3H, J=21.6 Hz, CH3).

Synthesis of ((2R,3R,4R,5R)-3-(benzoyloxy)-5-bromo-4-fluoro-4-
methyltetrahydrofuran-2-yl)methyl benzoate (10)

Anhydrous dichloromethane (5.6 L) was charged into a reactor and cooled to
-22°C or below. Triphenylphosphine (205.4 g, 0.783 mol) was added to the cold

solvent and the suspension was stirred to form a solution. The lactol (8, 209.4 g,
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H) (approx, 30 nrm) rAfter finishing the addition of CBr;, the temperature was slowly
raised to -17°C over 20 mins. The reaction was judged to be >95% complete by
TLC (R 0.61 (), 0.72 (B8), 0.36 lactol; 20% EtOAc in hexanes). The reaction
solution was immediately transferred to a vessel containing 230 g of flash
chromatography grade silica gel (40-63 microns). The stirred mixture was
immediately passed through a pad of silica gel (680 g) in a 2.5 L sintered glass
Buchner funnel. The filtrate was concentrated under reduced pressure to about 800
mL and the ratio of /B isomers of the crude product was 10:1 as determined by 'H-
NMR. (CDCl) & =6.35, (s, « C1-H), 6.43, (d, 8 C1-H). The residue was purified
by plug column chromatography using 2.1 kg of silica gel in a 6 L sintered glass
Buchner funnel and eluted (via suction) with a stepwise gradient elution of 1%, 5%,
8% 12% EtOAc in hexane (ca 4 L each) to remove non-polar impurities followed by
12%, 25% EtOAc in hexane (6 L total) to elute the product. The product containing
fractions were combined into two fractions, concentrated under reduced pressure,
dried under vacuum (0.1 mmHg, ambient temp., 20 h) to colorless oils. Main
fraction (197 g, 89% /B = 20:1). The alpha isomer crystallized from a small
portion of the oil upon standing at 0°C for several weeks to give large, thin plates,
mp 59-61°C. The pure beta isomer crystallized from a mixture of alpha and beta

product oil from an earlier less selective run to give needles, mp 77-79°C.

'H-NMR (B-bromide) (CDCl;): & = 8.08 (m, 2 H, arom.), 8.04 (m, 2 H,
arom.), 7.62 (m, 1 H, arom.), 7.54-7.45 (m, 3 H, arom.), 7.35 (m, 2 H, arom.), 6.43
(d, 1 H, C1-H), 6.04 (dd, 1 H, C3-H), 4.78-4.73 (m, 2 H, C4-H and C5-Ha), 4.63-
4.58 (m, 1 H, C5-Hb), 1.76 (d, 3 H, CHs). o-bromide, o/8 = 20:1) (CDCls): 6 8.13
(m, 2 H, arom.), 8.02 (m, 2 H, arom.), 7.63-7.56 (m, 2 H, arom.), 7.50-7.42 (m, 4 H,
arom.), 6.34 (s, 1 H, C1-H), 5.29 (dd, 1 H, C3-H), 4.88 (m, 1 H, C4-H), 4.78 (dd, 1
H, C5-Ha), 4.63 (dd, 1 H, C5-Hb), 1.72 (d, 3 H, CHs).
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[ Mt1] +. To a\solution of Esrifoutd @ @ g 2167 Znmol) Nribtéhylphosphine (700 mg,
2.67 mmol), and imidazole (180 mg, 2.67 mmol) in anhydrous CH,Cl, (10 mL)
iodine (680 mg, 2.68 mmol) was added. The resulting mixture was stirred for 30
min and poured into a silica gel column and eluted with EtOAc-hexanes (1:4) to
give a syrupy product (1.3 g, quantitative) and used in next reaction without further

characterization.

Synthesis of 2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-yl benzoate (12)

To a 12 L of three-neck round-bottomed flask was charged 6-chloro-2-
aminopurine (225.4 g, 1.329 mol). Anhydrous tert-BuOH (4.5 L) was added and
the solution was stirred with a mechanical stirrer at ambient temperature. Potassium
tert-butoxide (solid, 151.6 g, 1.35 mol) was added portion-wise under a flow of
nitrogen gas while stirring. The mixture was stirred at RT for an additional 30 min.
To a 5 L round-bottomed flask was loaded the a-bromide (10, 197 g, 0.451 mol) and
3 L of anhydrous acetonitrile at ambient temperature. The bromide solution was
added to the purine base suspension over 1 min at ambient temperature. The 5L flask
was rinsed with acetonitrile (2x1L) to transfer bromide completely to the reaction
mixture. The mixture was heated gradually to 50°C over 2 h with a heating mantle
and controller, and stirred for 20 h. The reaction was almost complete as shown by
TLC beta (R;0.28, 30% EtOAc in hexanes). The reaction was quenched by the
addition of sat. NH4C1 (200 mL) to form a suspension. The suspended solid" was
removed by filtration through a 3 cm pad of Celite in a 2.5 L porcelain Buchner
funnel. The solid was washed with toluene (3x100 mL). The combined filtrate was
neutralized by adding 6 N HCl solution until pH 7 (approx 220 mL). The mixture
was concentrated under reduced pressure. When the volume of mixture was reduced
to about one-third volume, additional precipitated solid was removed by filtration in
a similar manner. The filtrate was further concentrated to a volume of about 800
mL. The residue was loaded onto a plug column (1.6 kg flash grade silica gel ina 6

L sintered glass Buchner funnel) and eluted (via suction) with a gradient of 10%

-104 -



43a 0 F.----N ,.,...rN NH2 9-((4aR 6R, 7R, 7aR) - 7-
Fl uor o- 2-i sopr opoxy- 7-

woreaobgri2092s oxo- t et rahydr 02X5-f ur o[ 3, 2- PCT/US2009/046619

5

10

15

20

25

30

d] [1, 3, 2] di oxaphosphi ni n6-y1) - 6-met hoxy- 9Hpuri n-2-yl am
ine 31P NWR (162 MHz, CDC13): 6 -5.99; 1H NWVR (CDC13,
40ﬂhylfl-dz¢taﬁ in HieXehe§ &4 L)ltol-ﬁ}:moﬁe aon-pelar impuriigs, S0p4pethyl qqytate in

g lge()sclgaes to a rrH %srggl mao%g?)ga%?ﬁzs Lsnztmé éh@(n 404/‘354%)/5 Et]lmyljaﬁzetate in
1. Kahds4 I¢ té"%lutelthg ditlamdur of gfbduth P product containfhig fractions

WO 2009/ 152095PCT/ US2009/ 046619 Ex No Structure
mwmecygmbm@decqmgm;qt@d;mdemdgced pressure and dried under vacuum (0.2

mmHg, 24 h, ambient temp.) to a white foam solid (150.7 g, B/a= 14:1 by NMR.

IH-NMR. (CDCL) beta: 6 = 1.33 (d, 22.4 Hz, 2'-C-CHz), alpha: 1.55 (d, 22
Hz, 2-C-CHs).

The product mixture foam was dissolved in methanol (700 mL) at ambient
temperature. Upon standing, a solid slowly formed over 2 h. The suspension was
cooled in a freezer to -5°C for 17 h. The resulting white solid was collected by
filtration and washed with cold MeOH (-5°C, 3x60 mL) and ethyl ether (3x100 mL).
The solid was dried under vacuum (0.2 mmHg, 24 h, ambient temp.) to afford 110.5
g of B-product with excellent de (8/ct 99.8:1 by HPLC). The filtrate was partially
concentrated (ca. 400 mL) and then diluted with more MeOH (400 mL) while
heating to 60°C. The solution was cooled down to ambient temperature, seeded and
the cooled to -5°C. The second crop was collected, washed and dried in a similar
manner to give more product as a white solid (12.26 g) with similar diastereomeric
purity. The mother liquor was concentrated to dryness under reduced pressure (ca.
25 g). The residue was a mixture of 8 and c-isomers. It was subjected to automated
silica gel column chromatography (Analogix, 240 g cartridge, 40% to 50% ethyl
acetate in hexanes) to afford 14.52 g of product foam which was recrystallized from
MeOH, washed and dried in a similar manner to afford an additional 8.46 g of
product in high purity.

The three solids were judged to be of similar purity and they were combined
to give 131.2 g of white crystalline product 12, (55% from bromosugar, 49% from
lactol). Mp 160.5-162.0°C. HPLC purity 99.5% including 0.20 % alpha.

H-NMR (pure B-anomer, CDCL;): & = 8.03 (m, 2 H, arom.), 7.93 (m, 2 H,
arom.), 7.88 (s, 1 H, C8-H), 7.60 (m, 1 H, arom.), 7.50 (m, 1 H, arom.), 7.44 (m, 2
H, arom.), 7.33 (m, 2 H, arom.), 6.44 (dd, 1 H, C1"-H), 6.12 (d, 1 H, C3"-H), 5.35 (s,
2 H, NH,), 5.00 (dd, 1 H, C5'-Ha), 4.76 (m, 1 H, C4"-H), 4.59 (dd, 1 H, C5'-Hb),
1.33 (d, 3 H, CH3).
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Synthesis of (2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-yl benzoate (12) from

compound 9

To a solution of compound 9 (450 mg, 2.68 mmol) in chlorobenzene (1.5
mL) were added potassium salt of the base (1.37 g, 8.05 mmol) in t-butanol (5 mL)
and subsequently anhydrous acetonitrile (5 mL) at rt. The resulting mixture was
stirred at 80-140°C in a sealed tube for 7 days and concentrated in vacuo after
neutralization with HC1. The residue was purified by silica gel column
chromatography (hexanes:EtOAc = 2:1) to give compound 12 (90 mg, 15%) as a

white foam.

Synthesis of (2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-yl benzoate (12) from

compound 11

To a solution of compound 11 (1.3 g, 2.68 mmol) in t-butanol (10 mL) was
added sodium salt of the base (1.37 g, 8.05 mmol) in DMF (10 mL) at ambient
temperature. The resulting mixture was stirred for 15h and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexanes:EtOAc =
2:1) to give compound 12 (220 mg, 16%) as a white foam.

Synthesis of (2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-fluoro-2-
(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (13)

To a 250 mL dry round-bottomed flask was charged (2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-y1)-2-(benzoyloxymethyl)-4-fluoro-4-
methyltetrahydrofuran-3-yl benzoate (12, 7.50 g, 14.26 mmol). Anhydrous

methanol (30 mL) was added and a white suspension was formed. At50°C, a
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45asc§hown by TLC test. The mixture was cooled down to room temperature and
neutralized by addition of glacial acetic acid (3 mL). A white solid was filtered out
and washed with methanol (3x5 mL). The filtrate was mixed with 20 g of silica gel
and concentrated to dryness. The mixture was loaded in line with a silica gel
cartridge and separated via column chromatography using a gradient of methanol in
dichloromethane 0 to 15% MeOH. The product eluted out at 12% methanol in
dichloromethane. The product containing fractions were combined, concentrated
under reduced pressure and dried under vacuum (0.2 mmHg, 50°C, 24 h) to a white

powder solid (4.45 g, 98% yield), mp 199-202°C.

'H-NMR (DMSO-dq): 6 = 8.18 (1 H, s, C8-H), 6.61 (2 H, 5, NHy), 6.05 (1 H,
d, C1-H), 5.68 (1 H, d, 3-OH), 5.26 (1 H, m, 5-OH), 4.23-4.13 (1 H, m, C3"-H),
3.96 (3 H, s, OCH), 3.92-3.83 (2 H, m, C4-H and C5'-H,), 3.70-3.67 (1 H, m, C5"-
Hy), 1.06 (3 H, d, C2'-CHs).

Synthesis of (2R,3R 4R,5R)-5-(2-amino-6-(azetidin-1-yl)-9H-purin-9-yl)-4-
fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (14)

To a 350 mL of dry seal pressure flask (Chemglass) were added
(2R,3R,4R,5R)-5—(2-amino-6—chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-
fluoro-4-methyltetrahydrofuran-3-yl benzoate (12, 3.6 g, 6.85 mmol) and 150 mL of
absolute ethanol. Azetidine hydrochloride (2.56 g, 27.4 mmol) was added and then
followed by triethylamine (4.16 g, 41.1 mmol). The supension was stirred and
heated to 70°C while sealed for 5 hours. All the starting material was consumed but
the benzoyl groups remained as shown by TLC. Sodium methoxide (7.8 mL, 34.3
mmol, 25% solution in methanol) was added to the mixture and heated at 50°C. The
reaction was complete after 3.5 h. The reaction mixture was allowed to cool to room
temperature and neutralized by addition of glacial acetic acid (0.41 g, 6.85 mmol).
The mixture was concentrated under reduced pressure and then the residue was
triturated with ethyl acetate. The resulting solid was removed by filtration and the
solid was washed with EtOAc (2x 15 mL). The filtrate was concentrated under
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M5
( ESI0PC, 2 m1gHlg, 7 PN Blighyigink /calogpd\foam solid (2.15 g, 6.35 mmol,
93%).

'H-NMR (DMSO-ds) § = 8.00 (s, 1 H, C8-H), 6.03 (s, 2 H, NH,), 6.00 (d, 1
H, C1-H), 5.64 (d, 1 H, 3-OH), 5.24 (t, 1 H, 5'-OH), 4.24-4.10 (m, 5 H, N-CH; of

v azetidine, C3'-H), 3.90-3.81 (m, 2 H, C4'-H and C5'-H,), 3.69-3.64 (m, 1 H, C5'-Hy),

" 2,37 (penta, 2 H, center CH, of azetidine), 1.05 (d, 3 H, C2'-CHj).

Synthesis of (2R,3R,4R,5R)-5-(2-amino-6-(benzyloxy)-9H-purin-9-yl)-4-fluoro-
2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (15)

To a 500 mL of dry round-bottomed flask were added (2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-fluoro-4-
methyltetrahydrofuran-3-yl benzoate (12, 8.0 g, 15.2 mmol) and anhydrous benzyl
alcohol (128 mL). To another 250 mL of dry round-bottomed flask were charged
NaH (60% in mineral oil, 2.44 g, 60.8 mmol) and anhydrous DMF (40 mL). The
suspension was stirred at 0°C in an ice-water bath. Benzyl alcohol (27 mL) was
added drop-wise via a syringe. A solution was slowly formed and it was transferred
to the nucleoside suspension quickly under a nitrogen atmosphere at room
temperature. The mixture was heated to 50°C and stirred. The reaction was
complete after 3 h and cooled to ambient temperature. It was neutralized by the
addition of 4 N HCl to ca. pH=7 (12 mL). The solution was concentrated under
reduced pressure (4 mbar, 90°C bath). The cloudy residue was diluted with
dichloromethane (100 mL) and washed with water (3x 30 mL), brine (30 mL) and
dried over Na,SOs. The suspension was filtered and the filtrate was concentrated
under reduced pressure to an oily residue. This was purified by column
chromatography (Analogix, 0 to 8% gradient of MeOH in DCM). The product
eluted at 4% MeOH in DCM. The product containing fractions were combined,
concentrated under reduced pressure and dried (50°C, 0.2 mmHg, 17 h) to a white
foam solid (4.57 g, 11.7 mmol, 77.2%).

'"H-NMR (DMSO-de) 6 = 8.18 (s, 1 H, 8-H), 7.53-7.51 (m, 2 H, arom-H),
7.43-7.34 (m, 3 H, arom-H), 6.66 (s, 2 H, NH,), 6.05 (d, 1 H, C1'-H), 5.67 (d, 1 H,
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6-y1l)-9H purin-2-ylam ne M xture of cis/trans isoners
(ca. 1.5/1): 111 NWR (400 Wz, Dwvs(d6) 5 8.16 (s,
2. B0, 561868d,(3H, GHy of Bemsyly §.25%1 1)H, %01, ¢d38 (dt, £ §35H),

11%95 3 G G P A Ay PGy s m

gy d, J =11.6 Hz, 3H), 3.76 (d J = 11.6 Hz,
4 5r§ 1.36 (t, J = 7.2 Hz, 311), 1.36 (t, J = 7.2 He,
4.511), 1.23 (d, J = 22.4 Hz, 311), 1.22 (d, J = 22.8

Esytnid jr CHRRMR 0% S PSRl Do f o

4061farofﬁﬂaﬁlg mdthyltetr@hfddofafam-3-bNa6y ONH2  47a
N 0 6-Ethoxy-9- ((4aR 6R 7R 7aR) - 7-

fluoro-7-methyl -2-oxo- 2- propoxy-tetrahydro-2X-5-

furo[ 3, %ﬁp&ﬁiﬁﬁﬁg
6-yl) - QP%E p(}hb n:l'nIZ %h‘gm ne 1 Nl\/lgrﬂa{é%% 0N loa’ded (IZOéI %3% %30'92
8 11:&1({1 4A1%li.}&i)‘ous&b56lu‘(eh:ﬁ1anﬁﬂ(]2)lo n&)Z@as(addeﬂarﬂ foiogedby

4 gzglygrlrozlg KofrOs :QLSl§'1 g,42%)§)9’2 1(1&1’04)3 Tgl%fpg)eﬁ?’on yﬁ)sﬁrri(il a,r%i heated at
(Ay5dg Glder ditroghn ®or'%s h2 Wl the Marting m&érral ek cofisumed at that time

by TLC test. The mixture was cooled to room temperature and solid was filtered
out. The filtrate was neutralized by addition of glacial acetic acid (2.52 g) to pH~7
and concentrated under reduced pressure. The residue was dissolved in methanol
and mixed with silica gel (15 g). The dried mixture of crude product and silica gel
was transferred to an empty cartridge and separated through column
chromatography (Analogix 220 g, gradient of 0 to 15% MeOH in DCM) to afford
product (5% MeOH in DCM) as a white foam solid (3.73 g, 54.5%). A second
white solid was isolated from column (10% MeOH in DCM, 1.44 g) and itis a
mixture of two dimers of nucleoside. A more polar, third white solid was collected
from column (15% MeOH in DCM, 0.47 g) and it is a mixture of trimers of
nucleoside. HPLC purity of product 99.94%.

'H-NMR (DMSO-ds): & 8.16 (s, 1 H, 8-H), 6.55 (s, 2 H, NH}), 6.04 (d, 1 H,
CI'-H), 5.66 (d, 1 H, 3'-OH), 5.24 (m, 1 H, 5-OH), 4.44 (q, 2 H, 6-OCH), 4.23-4.08
(m, 1 H, C3-H), 3.91-3.82 (m, 2 H, C4-H and C5"-H,), 3.71-3.66 (m, 1 H, C5'- Hy),
1.36 (t, 3 H, CH; of ethyl), 1.06 (d, 3 H, C2'-CHy).

Synthesis of 6-Azetidin-1-yl-9-((4aR,6R,7R,7 aR)-7-fluoro-2-methoxy-7-methyl-
tetrahydro-furo[3,2-d][1,3,2] dioxaphosphinin-6-yl)-9H-purin-2-ylamine
phosphite precursor to 17

(2R,3R,4R,5R)-5-(2-Amino-6-azetidin- 1-yl-purin-9-y1)-4-fluoro-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (14, 340 mg, 1.0 mmol) was
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.94 (t, J =7.2

dissolved in anhydrous pyridine (6 ml) at ambient temperature. A solution of 0.45
M 1H-tetrazole in acetonitrile (5.5 mL, 2.5 mmol) was added followed by bis (N,N-
diisopropylamino)methylphosphoramidite (317 uL, 1.1 mmol). The mixture was
stirred at ambient temperature for 17 h. The solvent was concentrated under reduced
pressure and the residue was triturated with ethyl acetate (20 mL). The resulting
precipitant of salts was removed by filtration and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
using a gradient of ethyl acetate in hexanes (40-80%). The product containing

fractions were combined and concentrated to a white solid, 47 mg (12% yield).

Synthesis of 6-Azetidin-1-yl-9-((4aR,6R,7R,7 aR)-7-fluoro-2-methoxy-7-methyl-
2-oxo-tetrahydrofuro[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine
17,¢f.3)

To a stirred solution of the cyclic phosphite (47 mg, 0.12 mmol) in
dichloromethane (2 mL) was added 77% mCPBA (32mg, 0.14 mmol) at ambient
temperature. After 5 min, the solution was concentrated under reduced pressure the
residue was purified by silica gel column chromatography (4 g) using a gradient of
ethyl acetate in hexanes (80-100%). The pure product fractions were combined and
concentrated under reduced pressure to a white solid, 21 mg (43%).

'"H-NMR (400 MHz, CDCl;): 6 =7.45 and 7.44 (two s, 1H), 5.45 (d,
J=20Hz, 1H), 4.89-4.41 (m, 10H), 3.93 (app. t, J=13.0Hz, 3H), 2.49 (bs, 2H), 1.39
(overlapping d, J=22.4Hz, 3H); MS (ESI) m/z 415 (M+H)".

3Ip.NMR (162 MHz, CDCl;): 6 =-1.26, -3.58;

Synthesis of 6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-2-oxo-
tetrahydro-2,5-furo[3,2-d][1,3,2] dioxaphosphinin-6-yl)-9H-purin-2-ylamine
(18)

(2R,3R,4R,5R)-5-(2- Amino-6-ethoxy-purin-9-yl)-4-fluoro-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (16, 150 mg, 0.46 mmol) was
dissolved in anhydrous pyridine (2 ml) at 0°C. A solution of 0.45 M 1H-tetrazole in
acetonitrile (2.55 mL) was added followed by bis (N,N-

diisopropylamino)methylphosphoramidite (0.16 mL, 0.55 mmol). The mixture was
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allowed to slowly warm to ambient temperature over 5 h. TLC indicated a complete
reaction. The reaction was quenched upon the addition of water (0.1 mL). The
reaction solution was concentrated under reduced pressure and then the residue was
triturated with ethyl acetate (5 mL). The resulting white precipitate was removed by
filtration and the filtrate was concentrated under reduced pressure. The resulting
intermediate cyclic phosphite residue was dissolved in acetonitrile (2 mL) and then
treated with t-butyl hydroperoxide (70% in water, 0.25 mL) for 17 at ambient
temperature. TLC indicated a complete reaction. The reaction solution was
concentrated under reduced pressure and the residue was purified by column
chromatography (Analogix using a gradient of 0 to 10% IPA in DCM). The product
containing fractions were combined and concentrated under reduced pressure to a

white solid, 80 mg (34% yield) as a mixture of two diastercomers ~2:1.

'H-NMR (400 MHz, DMSO-ds): 6 =8.16 (s, 1.5H), 6.65 (s, 2H), 6.55 (bs,
1H), 6.28 (d, J = 20.8 Hz, 1.5H), 4.78-4.60 (m, 4.5H), 4.45 (q, J = 6.8 Hz, 1H), 4.44
(q, J = 6.8 Hz, 2H), 4.28-4.22 (m, 1.5H), 3.83 (d, J = 11.6 Hz, 1.5H),3.76 (d, /=
11.6 Hz, 3H), 1.36 (t, J = 7.2 Hz, 1.5H), 1.36 (t, J= 7.2 Hz, 3H), 2.46 (d, J = 22.4
Hz, 1.5H), 2.44 (d, J=22.8 Hz, 3H).

3Ip_NMR (162 MHz, DMSO-d): 6 -3.25, -4.16.
LRMS (ESI): [M+ H]Jr calculated for C14H,0FNsOgP 404.3, found 404.3.

Synthesis of 6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-methyl-2-
oxo-tetrahydro-2,5-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-yl

amine (19)

(2R,3R,4R,5R)-5-(2- Amino-6-ethoxy-purin-9-y1)-4-fluoro-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (16, 150 mg, 0.46 mmol) was
dissolved in anhydrous pyridine (2 ml) at 0°C. A solution of 0.45 M 1H-tetrazole in
acetonitrile (2.55 mL) was added followed by bis (N,N-
diisopropylamino)ispropylphosphoramidite (0.16 mL, 0.55 mmol, 1.2 eq). The
mixture was allowed to slowly warm to ambient temperature over 3 h. TLC
indicated a complete reaction. The reaction was quenched upon the addition of

water (0.1 mL). The reaction solution was concentrated under reduced pressure and
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then the residue was triturated with ethyl acetate (5 mL). The resulting white
| precipitate was removed by filtration and the filtrate was concentrated under reduced
pressure. The resulting intermediate cyclic phosphite residue was dissolved in
acetonitrile (2 mL) and then treated with t-butyl hydroperoxide (70% in water, 0.19
5 mL) for 5 h at ambient temperature. TLC indicated a complete reaction. The
reaction solution was concentrated under reduced pressure and the residue was
purified by column chromatography (Analogix using a gradient of 0 to 5% IPA in
DCM). The two diastereomers (19a and 19b) were separable. Fractions containing
each diastereomer were separately combined and concentrated under reduced

10  pressure to white solids to give 20 mg of each diastereomer (combined yield 20%).
19a
3 p_NMR (162 MHz, DMSO): 6 -6.49;

'H-NMR (400 MHz, DMSO): 5 =8.17 (s, 1H), 6.47 (bs, 2H), 6.27 (d, ] =
21.2 Hz, 1H), 4.73-4.62 (m, 4H), 4.45 (q, ] = 7.0 Hz, 2H), 4.27-4.21 (m, 1H), 1.39-
15 1.34 (m, 9H), 1.20 (d, J = 22.8 Hz, 3H).

MS (ESD): m/z 432.4 [M + H]".
19b
3p_NMR (162 MHz, DMSO): & = -4.68;

'H-NMR (400 MHz, DMSO): 6 8.15 (s, 1H), 6.63 (s, 2H), 6.27 (d, T =21.2
20 Hz, 1H), 4.74-4.58 (m, 4H), 4.45 (q, ] = 6.4 Hz, 2H), 4.42-4.37 (m, 1H), 1.36 (t, ] =
7.2 Hz, 3H), 1.32 (d, J = 3.6 Hz, 3H), 1.30 (d, = 3.6 Hz, 3H), 1.22 (d, ] =22.8 Hz,
3H).

MS (ESI): m/z 432.4 [M + HJ".

The structures for 19a and 19b are represented below.
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Mz, DMBCd6) 5 8.15(s, 1H), 6.64 (bs, 211), 6.27 (d, J
= 21.2 Hz, 1H), 4.76-4.63 (in, 211), 4.44 (q, J
W(;t2009/152065 Et hoxy-9- 7.2 Hz, 211), 4.41 (m 1H)PCHUS2D09/046619
(g J =80 N ((2S 4aR 6R 7R 7aR)-7-
fluoro 7- rrethyl 2 0x0-2- Hz, 2H), 1.66 (sextet, \}\I:
7.2 47b q o 0 N?\(O\/
ow 7y
p .\ -~ < N\ N
O'P‘O 1‘; of-0
0 NH2 O NH,
19a 19b

The following compounds were prepared based on the procedures described
herein. Example 41 was prepared by catalytic hydrogenation of Example 44 and in
a similar way Example 45 was prepared from Example 48. Diastereomers of some
5  of the compounds have been resolved, but where the absolute stereochemistry is not

known, the same structures are provided.

gﬁ Structure Chemical Name Analytical Data
=N H 9-((4aR,6R,7R,7aR)-7-
ON N ™~ Fluoro-2-methoxy-7- 'p NMR (162
ow 4 \ methyl-2-oxo-tetrahydro- | MHz, CDCL): &
20 | oprgt T NN 2X-furo[3,2- 1122, -3.64;
I F \( d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
0 NH, 6-y1)-N°-propyl-9H- 417 (M+H)".
purine-2,6-diamine
=N H 9-((4aR,6R,7R,7aR)-2-
O N N Ethoxy-7-fluoro-7- 3p NMR (162
ow 7 \ \> methyl-2-oxo-tetrahydro- | MHz, CDCl): 6
21 bt o - NaN 2N\5-furo[3,2- -4.78;
© 1|3 O F \( d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
~0 NH, 6-y1)-NC-propyl-9H- 431.3 (M+H)".
purine-2,6-diamine
N 9-((4aR,6R,7R,7aR)-7-
o N/_ H Fluoro-7-methyl-2-0x0-2- | *'P NMR (162
w \%\( propoxy-tetrahydro-2N°- | MHz, CDCl;): 6
2 Q. \8 furo[3,2- -4.75;
0=P~¢’ 7 N§( dJ[1,3,2]dioxaphosphinin- | MS (ESI) m/z
bo NH, 6-y1)-N°-propyl-9H- 445.3 (M+H)".
purine-2,6-diamine
o. I~ N 1§ 9-((4aR,6R, 7R, 7aR)-7-
/\gN\%\( Fluoro-2-isopropoxy-7- | *'P NMR (162
Q. 8 methyl-2-oxo-tetrahydro- | MHz, CDCly): 6
23 0=P-g" : N*( 2)5-furo[3,2- 5.77;
0 NH, d][1,3,2]dioxaphosphinin- | MS (EST) m/z
Y 6-yl)-N°-propyl-9H- 445.3 (M+H)".
purine-2,6-diamine
=N H 9-((4aR,6R,7R,7aR)-2-
O N N-_"~ | Butoxy-7-fluoro-7- 3'p NMR (162
o/\g 4 \ methyl-2-oxo-tetrahydro- | MHz, CDCL): é
24 t‘f,g o = NN 2N-furo[3,2- -4.74;
I F \( d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
0 NH, 6-y1)-NC-propyl-9H- 459.4 (M-+H)".
purine-2,6-diamine
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d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1)-9H purin-2-yl am ne
1.23 (d, J =23.2 Hz, 3H), 0.92 (t,
gﬁ Structure Chemical Name Analytical Data
=N
0 N/_ g 9-((4aR,6R,7R,7aR)-7-
OU 2 \ ) Fluoro-7-methyl-2-oxo-2- | *'P NMR (162
O=\P*\ R NaN phenoxy-tetrahydro-2\’- | MHz, CDCL): &
25 0§ e furo[3,2- -10.84;
0 NH, dJ[1,3,2]dioxaphosphinin- | MS (ESI) m/z
©/ 6-y1)-N°-propyl-9H- 479.3 (M+H)".
purine-2,6-diamine
N°-Cyclopentyl-9-
o N H ((4aR,6R,7R,7aR)-7- '1p NMR (162
/\g 7 0 fluoro-2-methoxy-7- MHz, CDCL,): 5
\ © / \N methyl-2-oxo-tetrahydro- ’ 3
26 O"P\O\ - N~ 2)\5-f111‘0[3 2. -1.20, —3.64;
I F \( ¢ .| MS (ESD) m/z
0 NH, dj[1,3,2]dioxaphosphinin- 443(M+H)
6-yl)-9H-purine-2,6- )
diamine
=N 6-Azetidin-1-y1-9-
¢) N/— I\/Ij ((4aR,6R,7R,7aR)-2- 3p NMR (162
o/\{j 4 \ ethoxy-7-fluoro-7- MHz, CDCl;): 6
27 —pr o - Na N methyl-2-oxo-tetrahydro- | -4.78;
0=r~0 e IN-furo[3,2- MS (EST) m/z
~© NH, dJ[1,3,2)dioxaphosphinin- | 429.3 (M-+H)".
6-yl)-9H-purin-2-ylamine
"H NMR
(400MHz,
DMSO): & 7.95
(s, 1H), 6.22 (d,
J=20.8Hz, 1H),
6.07 (s, 2H),
o 4.65-4.75 (m,
=N 6-Azetidin-1-yl1-9-
o N/_ I\/Ij ((4aR,6R,7R,7aR)-7- LH), 4.50-4.65
U 7 fluoro-7-methyl-2-0xo-2- (m, 1H), 4.15-
0 \ 0 Y 2 | 4.45 (m, 5H)
28a O=\P\ S NN propoxy-tetrahydro-2X’- 3.05-4.10 ’
P~0 R furo[3,2- :95-4.10 (m,
A0 NH, d][1,3,2]dioxaphosphinin- ?ri)’zii;oizég?
6-yD)-9H-purin-2-ylamine 1.70 (m: 21'{),
120(d,T=
22.8Hz, 3H),
0.90 (t,T=
7.2Hz, 3H).
MS(ESI), m/z
443.14 (M+1)".
=N 6-Azetidin-1-y1-9-
0o N/— I\/Ij ((4aR,6R,7R,7aR)-7- 'p NMR (162
O/\g 7 \ fluoro-7-methyl-2-oxo0-2- { MHz, CDCl): 6
28b 0=P—r - Na N propoxy-tetrahydro-2N- | -4.75;
L=0 h furo[3,2-d][1, MS (EST) m/z
O NH, 3,2]dioxaphosphinin-6- | 443.3 (M+H)".
y1)-9H-purin-2-ylamine
—N 6-Azetidin-1-y1-9-
0 N/_ I\D ((4aR,6R,7R,7aR)-7- 3p NMR (162
O/\{} Z \ fluoro-2-isopropoxy-7- MHz, CDCL): &
29 bt o = Na N methyl-2-oxo-tetrahydro- | -5.77;
0=P~0 h 2N-furo[3,2- MS (EST) m/z
\(O NH, d][1,3,2]dioxaphosphinin- | 443.3 (M+H)".
6-y1)-9H-purin-2-ylamine
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30

6-Azetidin-1-yl-9-
((4aR,6R,7R,7aR)-2-
butoxy-7-fluoro-7-
methyl-2-oxo-tetrahydro-
2N-furo[3,2-d][1,3
,2]dioxaphosphinin-6-yl)-
9H-purin-2-ylamine

'H NMR
(400MHz,
DMSO0): § 7.91
(s, 1H), 6.21 (d,
J=20.8Hz, 1H),
5.85 (s, 2H),
4.50-4.75 (m,
3H), 3.90-4.40
(m, 7H), 2.30-
2.40 (m, 2H),
1.60-1.70 (m,
2H), 1.30-1.40
(m, 2H), 1.15 (d,
J =22.8Hz, 3H),
0.85 (t,J=
7.2Hz, 3H).
MS(ESI), m/z
457.17(M+1)".

31

6-Azetidin-1-yl-9-
((4aR,6R,7R,7aR)- 2-
cyclobutoxy-7-fluoro-7-
methyl-2-oxo-tetrahydro-
2N-furo[3,2-d
1[1,3,2]dioxaphosphinin-
6-y1)-9H-purin-2-ylamine

"H NMR
(400MHz,
DMSO): & 7.95
(s, 1H), 6.25 (d,
J=22.2Hz, 1H),
5.99 (s, 2H),
4.74-4.83 (m,
1H), 4.60-4.69
(m, 2H), 4.19-
431 (m, 6H),
2.30-2.39 (m,
2H), 2.22-2.27
(m, 4H), 1.67-
1.75 (m, 1H),
1.46-1.58 (m,
1H), 1.19(d,J =
22.4Hz, 3H),
MS(ESI), m/z
455.2 (M+1)".

32a

6-Azetidin-1-y1-9-
((4aR,6R,7R,7aR)- 2-
cyclopentyloxy-7-fluoro-
7-methyl-2-oxo-
tetrahydro-2N\-furo[3, 2-
d][1,3,2]dioxaphosphinin-
6-yI)-9H-purin-2-ylamine

"H NMR
(400MHz,
DMSO): § 7.96
(s, 1H), 6.21 (4,
J=21.2Hz, 1H),
6.07 (s, 2H),
4.85-4.95 (m,
1H), 4.55-4.70
(m, 2H), 4.00-
4.45 (m, 6H),
2.30-2.40 (m,
2H), 1.75-1.85
(m, 3H), 1.50-
1.70 (m, SH),
120(d,J=
22.4Hz, 6H).
MS(ESI), m/z
469.11 (M+1)",
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32b

6-Azetidin-1-y1-9-
((4aR,6R,7R,7aR)-2-
cyclopentyloxy-7-fluoro-
7-methyl-2-0x0-
tetrahydro-2X’-furo[3, 2-
d]l1,3,2]dioxaphosphinin-
6-y1)-9H-purin-2-ylamine

"H NMR
(400MHz,
DMSO): & 7.94
(s, 1H), 6.24 (d,
J=20.8Hz, 1H),
5.85 (s, 2H),
4.85-4.95 (m,
1H), 4.60-4.75
(m, 2H), 4.00-
4.60 (m, 6H),
2.30-2.40 (m,
2H), 1.80-1.90
(m, 3H), 1.70-
1.80 (m, 3H),
1.50-1.60 (m,
2H), 1.14 (4,1 =
22 4Hz, 6H).
MS(ESI), m/z
469.10 (M+1)",

33a

6-Azetidin-1-yl-9-
((4aR,6R,7R,7aR)-2-
cyclohexyloxy-7-fluoro-
7-methyl-2-oxo-
tetrahydro-2X’-furo[3,2-
d]{1,3,21dioxaphosphinin-
6-y1)-9H-purin-2-ylamine

'"H NMR
(400MHz,
DMSO0): 5 7.94
(s, 1H), 6.23 (4,
J=21.2Hz, 1H),
5.80 (s, 2H),
4.55-4.75 (m,
2H), 4.35-4.45
(m, 2H), 4.00-
435 (m, 5H),
2.30-2.40 (m,
2H), 1.85-2.00
(m, 2H), 1.65-
1.80 (m, 2H),
1.50-1.65 (m,
2H), 1.40-1.50
(m, 1H), 1.10-
1.40 (m, 6H).
MS(ESI), m/z
483.13 (M+1)".

33b

6-Azetidin-1-yl-9-
((4aR,6R,7R,7aR)- 2-
cyclohexyloxy-7-fluoro-
7-methyl-2-oxo-
tetrahydro-2X\-furo[3,2-
d[1,3,2]dioxaphosphinin-
6-yl)-9H-purin-2-ylamine

"H NMR
(400MHz,
DMSO0): 6 7.97
(s, 1H), 6.20 (d,
J=21.6Hz, 1H),
6.05 (s, 2H),
4.65-4.75 (m,
1H), 4.50-4.65
(m, 1H), 4.30-
4.45 (m, 3H),
4.10-4.30 (m,
4H), 2.30-2.40
(m, 2H), 1.80-
1.90 (m, 2H),
1.60-1.70 (m,
2H),1.40-1.60
(m, 3H), 1.15-
1.40 (m, 6H).
MS(ESI), m/z
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MHz, CDC13): 5
MHz, CDC13) 5:

-4.87;

111 NWMR (400
L=N N 0 9-((4aR 6R 7R, 7aR) - 2-

w@emw2A 5208y - 7- f | uor o- 7- PCT/US2009/046619
llz}i Structure Chemical Name Analytical Data
483.13 (M+1)".
"H NMR
(400MHz,
DMSO0): 5 8.03
(s, 1H), 6.29 (d,
" J=21.6Hz, 1H),
= 6.16 (s, 2H),
0 N/— f‘/lj 6-Azetidin-1-y1-9- 5.10-5.25 (m,
o/\(j 7 ((4aR,6R,7R,7aR)-2- 1H), 4.60-4.85
Ozi:\ o = NN cyclopropylmethoxy-7- (m, 2H), 4.15-
34a (—) F \( fluoro-7-methyl-2-oxo- 4.50 (m, 5H),
NH, tetrahydro-2N’-furo[3,2- | 2.30-2.45 (m,
i d][1,3,2]dioxaphosphinin- | 4H), 2.10-2.25
6-y1)-9H-purin-2-ylamine | (m, 2H), 1.70-
1.80 (m, 1H),
1.50-1.60 (m,
1H),1.28 (4,7 =
22.8Hz, 3H).
MS(ESI), m/z
455.13 (M+1)".
"H NMR
(400MHz,
DMSO): 6 =
7.95 (s, 1H),
6.23(d,J=
20.8Hz, 1H),
=N 6-Azetidin-1-y1-9- 5.85 (s, 2H),
) Nf— I\D ((4aR,6R,7R,7aR)-2- 4.60-4.80 (m,
ow z \ cyclopropylmethoxy-7- 3H), 4.10-4.40
34b b = N N fluoro-7-methyl-2-o0xo- (m, 6H), 2.30-
D/\O'ﬁ o F hé tetrahydro-2>\5)-,ﬁ1ro[3,2- 2.40 (m, 2H),
o NH, d][1,3,2]dioxaphosphinin- | 2.20-2.30 (m,
6-y])-9H-purin-2-ylamine | 4H), 1.60-1.75
(m, 1H), 1.45-
1.55 (m, 1H),
1.18(d,J =
22.8Hz, 3H).
MS(ESI), m/z
455.13 (M+1)".
=N
o N/_ I\/Ij 6-Azetidin-1-y1-9-
O/"(_E 7y ((4aR,6R, 7R, 7aR)-7- 3p NMR (162
O=\P*\ S NN ﬂuoro—7-methy1—2-oxo-52- MHz, CDCL): ¢
35 i O F \( phenoxy-tetrahydro-2X°- | -10.84;
0 NH, furo[3,2-d][1, MS (ESI) m/z
©/ 3,2]dioxaphosphinin-6- 477.3 M+H)".
y1)-9H-purin-2-ylamine
"H NMR (400
—N . MHz, DMSO-
o OH 2-Amino-9- d6) 6 10.80 (s,
U Y ((3SA4aR,6R,TRTaR)-T- | i 7 o5 (o
O\ _J \N fluoro-7-methyl-2-ox0-2- 1H ’ 7'3 4 ’
36a O“'E\O\\ 1::, NQ( propoxy-tetrahydro—Z)\s- IH)’ 346,
), 6.65 (s,
NH furo{3,2- 2H), 6.18 (d, T =
2 d][1,3,2]dioxaphosphinin- > RO
6-y1)-9H-purin-6-ol 208 Hz, 1H),
4.78-4.57 (m,
2H), 4.41 (m,
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7.51-7.49 (in, 3H),

nmet hyl - 2- oxo-t et r ahydr o-

wQXx®ofisaoed 3, 2- d] [ 1,

7.44-7.39
(m 3H),

5.27-5.19 (m

3, 2] di o
0

NH2

0
5.93 (d, 48 o-t-e

xaphosphi ni n- J=19. BER/USB)/046619

Ex

No Structure

Chemical Name

Analytical Data

1H),4.03 (q,J =
8.0 Hz, 2H),
1.65 (sextet, J =
7.2 He, 2H),
124(d,J=228
Hz, 3H), 0.92 (3,
J=172Hz, 3H);
3'p NMR (162
MHz, DMSO-
d6) 6 -4.05;
LRMS (ESI)
calculated for
C1aH0FNsOgP
[(M + H)']
404.3, found
404.3.

36b

2-Amino-9-
((2R,4aR,6R,7R,7aR)-7-
fluoro-7-methyl-2-ox0-2-
propoxy-tetrahydro-2X’-
furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-9H-purin-6-ol

TH NMR (400
MHz, DMSO-
d6) 5 10.77 (s,
1H), 8.02 (s,
1H), 7.34 (s,
1H), 6.53 (bs,
2H), 6.19 (d, I =
20.8 Hz, 1H),
4.74-4.61 (m,
2H), 4.24 (m,
1H), 4.08 (q, T =
8.4 Hz, 2H),
1.72 (sextet, J =
7.2 Hz, 2H),
1.22(d,J=22.8
Hz, 3H), 0.95 (4,
J=17.2 Hz, 3H);
31p NMR (162
MHz, DMSO-
d6) & -5.36;
LRMS (ESI)
calculated for
C14H20FNsO6P
[(M+H)"]
404.3, found
404.3.

37

2-Amino-9-
((2R,4aR,6R,7R,7aR)-2-
butoxy-7-fluoro-7-
methyl-2-oxo-tetrahydro-
2X’-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-9H-purin-6-ol

'H NMR
(400MHz,
DMSO): 6 10.76
(s, 1H), 7.98 (s,
1H), 6.51 (s,
2H), 6.17 (4,
J=21.6Hz, 1H),
4.55-4.71 (m,
3H), 4.05-4.25
(m, 3H), 1.60-
1.70 (m, 2H),
1.30-1.40 (m,
2H), 1.19 (d,
J=22.8Hz, 3H),
0.88 (t, J=7.2Hz,
3H).
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6-yl)-6-ethoxy-9H purin- 2-ylam ne 2H), 4.63(dd,
J=8.8, 4.4Hz, 111), 4.58 (dd, J=8.8, 4.4Hz, 1H), 4.51
W@ 2009152090 Hz, 2H), 4.46-4.33 (in, WO PCT/US2009/046619

2009/ 152095PCT/ US2009/ 046619 Ex No Structure Chem cal

Nane Anal ytical Data 4H), 1.45 (t, J=7 2Hz 311)
1.[28(d, J=22. Hz, Rfeeu® (ESI): n 2 48GicANaMEL] +. 4 Qnalytical Data
6-|Fhaxy-9- ((4aR 6R 7R 7aR)-7- .
f lluor 0- 7- met hyl - 2- oxo- 2- phenoxy-t et r ahydr o- 2X5- %Z(gg&ﬂzy
furo[ 3, 2- ' '
d]|[ 1, 3, 2] di oxaphosphi ni n6-y1) - 9H pdri n- 2-yl am ne
Mixtune of cis/trans isoners (ca. 1/0.5): 111 NWR (400
MHz, DMVBOJ6) 5 8.22 (s, 111), 8.12|(s, 0.5H),
7.1449-7.27 (m 7.511), 6.70 (bs, 0.8511), 6.56 (bs, 1H),
6.133 (d, J = 20.8 Hz, 111), 6.30 (d, J = 20.8 Hz, 'HNMR
0.5H),| 4.95- 4.78 (m 3H), 4.60-4.32 (m 611), 1.3q (400MHz,
(1, J|= 7.2 Hz, 3H), 1.36 (t, J =7.2 H, 1.5H, 1 /DO
(d, J|= 22.4 Hz, 4.5H); 31P NWR (162 Mz, DNVBQU6) 579'9(3(5’11{))’
-10.16, - 11.11; LRVS (ES!) calcul gted for 6'48(5’2H)’
CLOH22FN5061) [ (M + H) +] /=486. 4, foyrtdAnie&93. N 616 (1=
O._N OH ((4aR,6R,7R,7aR)-2- 21.2Hz, 1H)
O/\g Z \ cyclopropylmethoxy-7- 4.5' 5. 4‘;;0 (rr;,
38a D/\ P Z N=_N fluoro-7-methyl-2-oxo- 3H), 3.95-4.20
ort-o0 ¢ e tetrahydro-2Xfuro[3,2- | o)A
O NH, d][1,3,2]dioxaphosphinin- 2“;’5 (e, 411)
6-y1)-9H-purin-6-ol 1: 60-1.70 (m:
1H), 1.40-1.50
(m, 1H), 1.18 (d,
] =22.8Hz, 3H).
MS(ESI), m/z
416.05 (M+1)".
"H NMR
(400MHz,
DMSO): &
10.76 (s, 1H),
7.91 (s, 1H),
=N 6.65 (s, 2H),
- . 6.12(d,J =
o N OH 2-Amino-9- 2 1H
AN R |2
O=i3\ N NaN cyclopropylmethoxy-7- 3H), 3.90-4.40
-0 F \( fluoro-7-methyl-2-oxo- A
38b pd (m, 2H), 2.15-
O NH; tetrahydro-2XN’-furo[3,2- 2.30 (m, 2H)
l d][1,3,2]dioxaphosphinin- 2:00_2.15 (mz
6-y)-9H-purin-6-ol 2H),1.60-1.70
(m, 1H), 1.35-
1.45 (m, 1H),
1.18(d, T =
22.8Hz, 3H).
MS(ESI), m/z
416.07 (M+1)".
"H NMR
(400MHz,
. DMSO): 6
0 [ OH 2-4?11111116112-311 7aR)-2- 1079 (s, 1H),
/\gN 2 ((42R,6R,7R,7aR)}-2- 1 801 (s, 1H),
o \ cyclopentyloxy-7-fluoro 6.50 (s, 2H)
O=P%- : NaN 7-methyl-2-0xo- 6.19 ( i7=
39 i O F Y tetrahydro-2N’-furo[3,2- | " ory”
e) NH, e 20.8Hz, 1H),
O/ 2]dioxaphosphinin-6-y])- ‘1‘}?;3 ool
9H-purin-6-ol (m, ’_,)H), 4.20-
4.30 (m, 1H),
1.80-2.00 (m,
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ONT=

%. 0-13=d- |IIF ONH2

50 r.

N O\

94(4aR, 6R, 7R, 7aR) - 7- Fl uor o- 2- met hoxy- 7-

woreaobgt52025 oxo- t et r ahydr o-

2X5-furo[ 3, 2-

PCT/US2

009/046619

d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1) - 6-propoxy-9H
pur|n2ylamne 31P NMR (162 MHz 13): 5 -1.35
B0} M5 (ES!) n%&uc‘ﬂr% 3 (M+H) + _\Chgmllﬁﬁ‘l\qu'Nr 1 Analytical Data

O 51 /=--N Q aI QA(?QA;;IQGD 'R 7aR) -

2-|Et hoxy- 7-f uor o- 7- met hyi - 2- oxo- { et r ahydr o- 4H), 1.65-1.80

2X5-furo[ 3,2- di [1,3,2]di oxaphosphi ni n- (1n302(H) 1.50-

6-ly1l) {6- propoxy-9H purin-2-ylam ne 31P NVR (162 M"léH) 11111’9((1 J=

Cocl3): 5 22 4Hz, 6H).
MS(ESI), m/z
430.03 (M+1)".
'H NMR
(400MHz,

40a

2-Amino-9-
((25,4aR,6R,7R,7aR)-2-
cyclohexyloxy-7-fluoro-
7-methyl-2-oxo-
tetrahydro-2\*-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-yl)-9H-purin-6-ol

DMSQ0): 6 10.75
(s, 1H), 7.99 (s,
1H), 6.46 (s,
2H), 6.17(d,J =
21.2Hz, 1H),
4.50-4.90 (m,
3H), 4.30-4.40
(m, 1H), 4.15-
4.25 (m,1H),
1.80-2.00 (m,
2H), 1.60-1.75
(m, 2H), 1.40-
1.60 (m, 3H),
1.10-1.35 (m,
6H).

MS(ESI), m/e
444.08 (M+1)".

40b

2-Amino-9-
((2R,4aR,6R,7R,7aR)-2-
cyclohexyloxy-7-fluoro-
7-methyl-2-oxo-
tetrahydro-2X\-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-9H-purin-6-ol

"H NMR
(400MHz,
DMSO0): 5 10.73
(s, 1H), 7.94 (s,
1H), 6.60 (s,
2H), 6.15 (4,7 =
21.2Hz, 1H),
4.50-5.30 (m,
3H), 4.20-4.45
(m, 2H), 1.80-
1.95 (m, 2H),
1.60-1.70 (m,
2H), 1.38-1.55
(m, 3H),1.10-
1.35 (m, 6H).
MS(ESI), m/z
444.11 (M+1)".

41

(4aR,6R,7R,7aR)-6-(2-
Amino-6-methoxy-purin-
9-y1)-7-fluoro- 7-methy1—
2-oxo-tetrahydro- -2N-
furo(3,2-
d]{1,3,2]dioxaphosphinin-
2-0l

3Tp NMR (162
MHz, DMSO):
4 -5.00;

"H NMR (400
MHz, DMSO)
5: 8.14 (s, 1 H),
6.55 (bs, 2H),
6.24 (d, }=21.2
Hz, 1H), 4.57-
4.46 (m, 3 H),
4.19-4.16 (m, 1
H), 3.95 (s, 3H),
1.19(d, J=22.8
Hz, 3H);

MS (ESI): m/z
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-2.01, -4.98; M5 (ES!)
if,-:-.NI1 NH2
wOleooSt1 52003 ur e Cheni cal
|\D N - - - -
7- FI uor o- 7- net hyl - 2-

-1/z 432.1 (MH) +.

2- propoxy-tetrahydro-

0=P-dsN-1
WD 2009/ 152095PCT/ US2009/ 046619 Ex
Nane Anal yti cal
g 9-((2R 4aR 6R 7R 7aR) -
0XO0-

Dat a 52BCT/AUS200H/046619

6-[yN9 -

2ASEf yro[ 3, 2- d] [ &y 3egdedi OXaphosphi
6- propoxy-9H purin-2-yl am nd

RinBrmical Name

» 31P NMR (169 Mez

Analytical Data

COC13):
iagF- 1 -?,,

, - ONH2

~4.945. M8 (ES!) mz 446.1

( MtH) +.
52b f=N

sN (0=PR.

,3’74 4 [M+1T"

42a I

9-((4aR,6R,7R,7aR)-2-
Butoxy-7-fluoro-7-

N methyl-2-oxo-tetrahydro-
2N-furo[3,2-
dj[1,3,2]dioxaphosphinin-
6-y1)-6-methoxy-9H-
purin-2-ylamine

'H NMR
(CDCls, 400
MHz) 5: 7.59 (s,
1H),6.03(d,J=
19.6 Hz, 1 H),
4.87 (s, 2 H),
4.59- 4.69 (m, 1
H), 4.38- 4.51
(m, 2 H), 4.22-
428 (m, 2 H),
4.08 (s, 3 H),
1.75- 1.82 (m, 2
H), 1.44- 1.52
(m, 2 H), 1.34
(d,J=22Hz,3
H), 0.98 (t,J =
7.6 Hz, 3 H).

42b

9-((4aR,6R,7R,7aR)-2-

o Butoxy-7-fluoro-7-
\%\( =~ methyl-2-oxo-tetrahydro-
N 2)5-furo[3,2-

d]{1,3,2]dioxaphosphinin-
6-yl)-6-methoxy-9H-
purin-2-ylamine

H NMR
(CDCl;, 400
MHz) 5: 7.58 (s,
1H),597(,J=
20 Hz, 1 H),
5.13 (s, 2 H),
4.60- 4.66 (m, 2
H), 4.37- 4.43
(m, 1 H), 4.18-
424 (m, 2 H),
4,06 (s, 3 H),
1.68- 1.76(m, 2
H), 1.40- 1.47
(m, 2 H), 1.32
(d, J=29.2 Hz,
3H),095(t,T=
14.8 Hz, 3 H).
MS (ESI): m/z
432.1 [M+17".

43a

9-((4aR,6R,7R,7aR)-7-
Fluoro-2-isopropoxy-7-
methyl-2-oxo-tetrahydro-
2X’-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-6-methoxy-9H-
purin-2-ylamine

'p NMR (162
MHz, CDCLy): 6
-5.99;

'H NMR
(CDCl,, 400
MHz) 6: 7.59 (s,
1H),6.02(d,T=
18.8 Hz, 1 H),
4.86-4.91 (m, 2
H), 4.58- 4.67
(m, 1 H), 4.50 (t,
J=9.8Hz, 1 H),
4.38- 4.43(m, 1
H), 4.08 (s, 3 H),
1,40- 1.48 (m, 6

H),1.39(d, ] =
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7- Fl uoro 7 met hyl -
wQXxwofisaoed 3, 2- d] [ 1, 3, 2] di oxaphosphi ni n-

ZII

2- 0XO0-

2- propoxy-

Q 9- ((2S, 4aR, 6R 7R, 7aR) -

t et rahydr o-

PCT/US2009/046619

6-yl)-6-propoxy-9H purin-2-ylam ne 31P NWVR (162 Mz,

CDC13): 6 -1.90; MS (ES!) rniz 446.1 (MtH)+. 3s'
Oi EdNC 1f * --. C)Igll_l'gcture5 3a f--- :N, QC?lemical Name Analytical Data
94(PR|4aR _6R 7R 7aR)- 7-Fl uoro-2-i 40propoxy-7-
met hyl - 2- oxo- t et rahydro- 2X5-furo[ 3, 2- 1lvis4HZserzx/
dl|[ 1, 3, 2] di oxaphosphl ni n- 6-y1)-6-propoxy- 9H (ESI): m/z
rinit2 vl am 21D N /n (169 M1z Fan mYaY o A W o [l Yo 2 A:LSA[M"'I] .
p T T y|u.|||||c DL 1 LTOZIvVIiZ, TOOLIO) O =9. 9T, IY]?NMR(162
(BS!') \mz 446.1 (I\/H—I)+. 0=- Nds- N( {1P NH2 53b f - -|5vh, cpey): 5
NO.... [.f---.. 0 9-((2S, 4aR, 6R 7R, 73R) - 247,
7-|Fl uor o- 2-i sopropoxy-7- nethyl-2-gxo-tetrahydro- |'HNMR
2X5-fyro[3,2- d][1,3, 2] di oxaphosphiini n- (CDCl;, 400
6-ly1) - 6- propoxy- 9H purl 7 2- yI am ng VHVHZ) 6: 7.57 (s,
oo 3): (5 -2. 51 93;%%;‘(‘,%’9‘%’%27_ 1H),598 (d, 1=
7- ~<-1SOPIOPOXY™/= | 90 Hz, 1 H)
ﬁ(j methyl-2-oxo-tetrahydro- 5.06 (; 1 H;
43b o P\ 5 2N>-furo[3,2- 170- 4.85 ( -
o d][1,3,2]dioxaphosphinin- | ") (o™
), 4.58- 4.64
NH2 6-y1)-6-methoxy-9H- (m, 2 H), 4.41-
purin-2-ylamine 4.45(m, ’1 I—i),
4.08 (s, 3 H),
1,34- 1.47 (m, 9
H);
MS (ESI): m/z
418.4 [M+1]"
3p NMR (162
MHz, CDCL): 6
-4.88;
'H NMR (400
MHz, CDCL) &:
7.51-7.49 (m,
=N 9-((2R 4aR,6R,TR,7aR)- ?H)’sg“‘jg‘?( .
O _N O-. | 2-Benzyloxy-7-fluoro-7- Jrfig 6I—iz 'lH) ’
o/\g 7 \N mqjthyl—Z-oxo-tetrahydro— 5 26:5 19’(m ’
44 P N 2N>-furo[3,2- S
®/\O'ﬁ\0 F Y (1,3, 2)dioxaphosphinin. | 210 +&(0%
o NH, 6-y1)-6-methoxy-9H- 150, 4.57 (dd
purin-2-ylamine 3.8, 4.4Hz,
1H), 4.45-4.33
(m, 4H), 4.04 (s,
3H), 1.18(d,
J=22.4Hz, 3H);
MS (ESI): m/z
466.4 IM+17".
'p NMR (162
MHz, DMSO):
5 -4.97;
'H NMR (400
MHz, DMSO)
(4aR,6R,7R,7aR)-6-(2- 5:8.13 (s, 1 H),
/:N Amino-6-ethoxy-purin-9- | 6.51 (bs, 2H),
O N o yl)-7- ﬂuoro-7-methyl -2- | 6.23(d,J=21.2
45 o/\g \%\\( oxo-tetrahydro-2N- Hyz, 1H), 4.56-
O=P-~" = NN furo[3,2- 4.46 (m, 3 H),
O F e d][1,3,2]dioxaphosphinin- | 4.43 (g,
OH NH, 2-ol J=7.2Hz, 2H),
4.18-4.12 (m, 1
H), 1.34 (¢,
J=7.2Hz, 3H),
1.19 (d, J=22.8
Hz, 3H);
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446.1 (MrH) +.  0=11 Ids NH2 /=-N ONO-..f--.

9-((2S, 4aR, 6R, 7R, 7aR) - 2-But oxy-7-fl uoro-7-
woreaobgt52025 oxo- t et rahydr o- 2X5-furo[ 3, 2-

d] [ 1, 3, 2] di oxaphosphi ni n- 6-y1) - 6-propoxy-9H

Q.?
PCT/US2009/046619

VS

purin-2-yl am ne 31P NMR (162 NMHz 13): (5 -4 92;
(ESEES! ) m z 460. 1ol Mekdet 54 =), dNehicA®am: NH2

Ad@lytical Data
N |[ON®4(4aR 6R 7R 7aR)-7- Fluoro-7-fgethyl-2-oxo-2- y

MS (ESI): m/z

phenoxy-tetrahydro-2X5- furo[3, 2- 390.3 [MH]

d]i[ 1, 3, 2] di oxaphosphi ni n- 6-y1) - 6-propoxy-9H
purin{2-ylam ne 31P NMR (162 MHz, ¢DCl13): 5

-11. 05;
M3 (ES!) mz 480.3 (MrH) +. O01dN 1.. .-y

46

6-Ethoxy-9-
((4aR,6R,7R,7aR)-7-
fluoro-2-methoxy-7-
methyl-2-oxo-tetrahydro-
2N-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-9H-purin-2-ylamine

Mixture of
cis/trans isomers
(ca. 1.5/1):

"H NMR (400
MHz, DMSO-
d6) 6 8.16 (s,
2.5H), 6.65 (s,
3H), 6.55 (s,
2H),6.28 (d,J =
20.8 Hz, 2.5H),
4.78-4.60 (m,
7.5H),4.45 (q,]
= 6.8 Hz, 1H),
444 (q,J=6.8
Hz, 1.5H), 4.25
(m, 2.5H), 3.83
(d,J=11.6 Hz,
3H),3.76 (d,J =
11.6 Hz, 4.5H),
1.36(,1=72
Hz, 3H), 1.36 (t,
J=72Hz,
4.5H),1.23(d,J
=22.4 Hz, 3H),
1.22(d,J=22.8
Hz, 4.5H);

3p NMR (162
MHz, DMSO-
d6) 6 -3.25, -
4.16;

LRMS (ESI)
calculated for
C14H20FN506P
(M +H)"]
404.3, found
404.3.

47a

6-Ethoxy-9-
((4aR,6R,7R,7aR)-7-
fluoro-7-methyl-2-0xo0-2-
propoxy-tetrahydro-2)\5-
furo[3,2-
d][1,3,2]dioxaphosphinin-
6-yl)-9H-purin-2-ylamine

1H NMR (400
MHz, DMSO-
d6) 6 8.16 (s,
1H), 6.50 (bs,
2H), 6.29 (d,J =
20.8 Hz, 1H),
4.74-4.63 (m,
2H),4.45(q,J =
7.2 Hz, 2H),
4.25-4.22 (m,
1H),4.09 (q,J =
7.6 Hz, 2H),
1.73 (quintet, J =

6.8 Hz, 2H),
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ONH2

56 r= NO10 N O \ 6-Benzyl oxy- 9-

((4aR, 6R 7R, 7aR) - 7- fl uoro- 2- et hoxy- 7-

woreaobgt52025 oxo- t et r ahydr o-
d] [ 1, 3, 2] di oxaphosphi ni n-

2X5-furof

M xture of cis/trans isoners (ca.

3, 2-

5/1):

PCT/US2009/046619
6-y1)-9H purin-2-yl am ne
111 NMVR (400

6.[M™o (s, 311),

MHzEx DVSO- d6) 0 &4 dGuS:
6.64 (s,

2. 5H),

2H) 618

7.

Therfical Nafnd)  12. S
d—J =212 He,

I7Qnalytical Data

2.
20
N&
6]
10

5H), 5.48 (s, 311),
me Anal yti cal
1),
.8 Kz, 3H),

22.4 Hz, 311),

Dat a

cal cul
466. 3.

4.44 (m 2.511),
3.76 (d,
= 1.23 (d,

(162 Mz, DVBQU6) 5 -3.25, -
ated for CL9H22FN506P [(M + H)+] 466. 4,

% 0- 11=c;

5.48 (s,

J 11.6 Hz
22.8

4.17,

J

ON.
09/ 152095PCT/ US2009/ 046619 Ex No

)| 4.5H),

), ONH2 WO
4.78-4.60 (m
H, 3.83 (d,
1.24 (d,
Hz, 4.511): 31P

LRVS (ES!)

Structure Chem a3
2H)) ,

4.26 (m 1.5 J 3

f ound

137(@¢,J=72
I-{z, 3H), 1.21 (d,
22.8 Hz, 3H),
094 (t,J=72
Hz, 3H);
3P NMR (162
N, DMSO-
d6) 6 -5.29;
LRMS (ESI)
calculated for
C16H24FNsOgP
[(M +H)']
432.4, found
432.3.

47b

6-Ethoxy-9-
((28,4aR,6R,7R,7aR)-7-
fluoro-7-methyl-2-oxo-2-
propoxy-tetrahydro-2)\5-
furo[3,2-
dj[1,3,2]dioxaphosphinin-
6-y1)-9H-purin-2-ylamine

"H NMR (400
MHz, DMSO-
d6) 6 8.15 (s,
1H), 6.64 (bs,
2H), 6.27 (4, =
21.2 Hz, 1H),
4.76-4.63 (m,
2H), 444 (q, T =
7.2 Hz, 2H),
441 (m, 1H),
4.04 (g, I1=8.0
Hz, 2H), 1.66
(sextet, ] =7.2
Hz, 2H), 1.36 (¢,
J=17.2 Hz, 3H),
1.23(d, =232
Hz, 3H), 0.92 (¢,
J=17.6 Hz, 3H);
3'p NMR (162
MHz, DMSO-
d6) 6 -3.95;
LRMS (ESI)
calculated for
C16H24FN5O6P
(M +H)]
432.4, found
432.3.

48

9-((4aR,6R,7R,7aR)-2-
Benzyloxy-7-fluoro-7-
methyl-2-oxo-tetrahydro-
2N5-furo[3,2-
d][1,3,2]dioxaphosphinin-
6-yl)-6-ethoxy-9H-purin-
2-ylamine

Ip NMR (162
MHz, CDCL): 6
-4.87;

"H NMR (400
MHz, CDCls) 6:
7.51-7.49 (m,
3H), 7.44-7.39
(m, 3H), 5.93 (d,
1=19.6Hz, 1H),
5.27-5.19 (m,
2H), 4.63(dd,
1=8.8, 4.4Hz,
1H), 4.58 (dd,
J=8.8, 4.4Hz,
1H), 4.51 (g,
J=7.0Hz, 2H),
4.46-4.33 (m,
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57 z \

1z o)--\ 6-Benzyl oxy-9-

fluoro-7-nmethyl-2-o0xo-2- propoxy-tetrahydro-2X5-
WO 2000[132025
d] [ 1, 3, 2] di oxaphosphi ni n6-y1) - 9H puri n-2-yl am ne 1H

NVR (400 MHz, DMSQd6) 5 8.17 (s,

11

((2S, 4aR, 6R, 7R, 7aR) - 7-

PCT/US2009/046619

1), 7.52-7.34 (

511Bx
(d.Ng

J
]

6. 73 (bs,
12. 0 Hz

28 (d,

Z%ﬁﬁt“r% 46 (d,

K

p¢

hexglcmgml 1 1)

-Aéleytical Data

4.176- 4
= 2
62 |
1113
AVANS:
Ils

ol SN

(0]

.62 (m 211),
10 Hz

4

3.2 Hz, 311),

4. 45- 4. 38
1.66 (sextet, J
0.92 (t, J
vVHz, DMBO- d6) 8 -3.96; LR
P6FN506P [ (M + H)+] 494. 4,
epl i con assay. HCV replicon RN
(clone A cells; Apath, LLC, §

211),

( ]
= 7.7
= 7.6
VB (
f ol

A- cont ai ni ng Huh
1

11), 4.04 (q, J
Hz, 211), 1.23
He, 3H);
ES!) cal cul at ed

nd 494. 3.

Louis, M. ) V

31P NM;}

4H), 1.45 (4,
(J 7 2Hz, 3H),
0(d, J7=22.Hz,

fNQﬁ (ESI): m/z
480.3 [M+1]".
E

er e

~ O

[Jtc
gl e'
bovi né
pYy|r uv4a
2009/ 1
asjsays
Ils
r wg
ter
e in
Neag
terr

Eq

ant
bivi

D

-

co
Juct

[ ECO0]

pli g
tig
nyf g
eF
ver g
gquen

L FAN
- PCH

av|
nt r ol

t—exponential growrit 1 n Dul bg
s medi um (hi gh glucose) cont4
> serum 4 mM 5 L-glutam ne an
ite, | x nonessential am no aci
52095PCT/ US2009/ 046619 (1, 000
were perfornmed in the sane n
were seeded in a 96-well plat
1, and test conpounds were &
seedi ng. Incubation tinme 4 da
cubation step, total cellular
y 96 kit; Q agen). Replicon 5
al control (TagMan rRNA contr
d Bj-osystens) vver/eNarrpI ified
l e P t G~e€0

ctu . o he
i mer gSs :sof t
d hlghlyocons@rv
ces (sense, 5'-
I sense, 5'
ICCTCCAGGACCCCCCCTCCC- TAMRA- 3'
ral effectiveness of a conpou

¥ (Appli

erage threshol d RT-PCR cycl e
(ACtFicv). A A of 3.3 equ
ion 15(equal to the 90% effec
in replicon RNA | evels. The

prl/rre s and pIQ]
ed ipiuntrans
A TAG
- TTCCGCAGACCACTATGG

cycle of the test conpound w

cco s nodifred
ining 10% f et al
d 1 mM sodi um
ds, and 418 W
itg/m). Antivi
edi um wi t hout 4
e at 1,500 cells
dded i medi ately
ys. At the end ¢

RNA and an

O gent S;
'é é%ﬁg lﬁ_it;

-

egroBi20osyst ens) a
| &f1630h]dicgihophifibT]
AP IGAERCTARine
-3'; probe,

. To express th
nd, the thresho
as subtracted fr
pf t he no-drug
als a 1-1og 10
Live concentrati

RNA was isolateq

yx@{rﬁy @@xsgne‘ﬂ

Mixture of
cis/trans isomers
(ca. 1/0.5):

) 'H NMR (400

Mz, DMSO-
1 ) 6822 (S,

110), 8.12 (s,
0.5H), 7.49-7.27
(m, 7.5H), 6.70
f (bs, 0.5H), 6.56
bs, 1H), 6.33 (d,
J=20.8 Hz, 1H),
6.30 (d,7=20.8
p| Hz, 0.5H), 4.95-
4.78 (m, 3H),
60-4.32 (m,

), 136 (t, T =
2 Hz, 3H),
36(t, T=72
a1l 1 5H), 1.21
(d, 7=22.4 He,
E4.5H);
03P NMR (162
DNz, DMSO-
d6) § -10.16, -
11.11;
3;,,RMS (ESI)
calculated for
C1oH2FN5OgP
[(M +H)']
466.4, found
466.3.

N

50

9-((4aR,6R,7R,7aR)-7-
Fluoro-2-methoxy-7-
methyl-2-oxo-tetrahydro-
2N -furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-6-propoxy-9H-
purin-2-ylamine

3'p NMR (162
MHz, CDCL;): 6
-1.35,-3.90;
MS (EST) m/z
418.3 (M+H)".

51

9-((2S,4aR,6R, 7R, 7aR)-
2-Ethoxy-7-fluoro-7-
methyl-2-oxo-tetrahydro-
2N -furo[3,2-
d][1,3,2]dioxaphosphinin-
6-y1)-6-propoxy-9H-

3'p NMR (162
MHz, CDCl):
-2.01, -4.98;

MS (ESI) m/z
432.1 (M+H)".

(=7

purin-2-ylamine
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cytotoxicity of the test conpound could al so be

expressed by cal cul ating the ACtrRNA val ues.

The AAC

wap@eilfioed ty parameter could then be introducebCT/BEIRDV46619

- ACtrizNA), in which the levels of HCV RNA are
nornalized for the rRNA |evels and calibrated against
t HeEno-drug contr gl C oneA ECOQ dpgmRaidamel 17. 3Qnalytical Data
28 B®6 25 2h 17 743 0. 75 4 11.68 5 R(@%Aﬁ&é§%§7%3 Q.71
- Sram, > ,/akk)-
18 0.48 19 0.60 ?861 1%/?5 325)\4/l 3¢ -Fluoro-7-methyl-2-oxo- | *'P NMR (162
o/\g z \ 2-propoxy-tetrahydro- MHz, CDCl):
52a 0=p. .~ =+ NN 2N-furo[3,2- 5-4.945 ; MS
i O F Y d][1,3,2]dioxaphosphinin- | (ESI) m/z 446.1
Y NH, 6-yl)-6-propoxy-9H- (M+H)".
purin-2-ylamine
=N 9-((2S,4aR,6R,7R,7aR)-
O N O~~~ | 7-Fluoro-7-methyl-2-oxo- | *'P NMR (162
o/\g 4 \N 2-1:;ropoxy-tetrahydro- Di[lélg, CDCl;): 6
52b R Na 2N-furo[3,2- -1.90;
0=P~0" Y d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
0 NH, 6-yl)-6-propoxy-9H- 446.1 (M+H)".
purin-2-ylamine
=N 9-((2R,4aR,6R, 7R, 7aR)-
/\@N\%\\/ O™ 7-Fluoro-2-isopropoxy-7- | *'P NMR (162
Q_ : \N methyl-2-oxo-tetrahydro- | MHz, CDCly): §
53a 0=P~g" : N*( 22-furo[3,2- -5.97;
0] NH, d][1,3,2]dioxaphosphinin- | MS (ESI) m/f
Y 6-y1)-6-propoxy-9H- 446.1 (M+H)".
purin-2-ylamine
=N 9-((25,4aR,6R,7R,7aR)-
/\@N\‘)\(O\/\ 7-Fluoro-2-isopropoxy-7- | *'P NMR (162
Q . \N methyl-2-oxo-tetrahydro- | MHz, CDCl3): 6
53b 0=P15" N*( 20-furo[3,2- 2,51,
0] NH d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
2 6-yl)-6-propoxy-9H- 446.1 (M+H)".
purin-2-ylamine
/=N 9-((2S,4aR,6R,7R,7aR)-
O N O™~ | 2-Butoxy-7-fluoro-7- 3p NMR (162
ow 7 \ methyl-2-oxo-tetrahydro- | MHz, CDCl3): 6
54 0=Pary = NN 2N-furo[3,2- -4.92;
i O Y dJ[1,3,2]dioxaphosphinin- | MS (ESI) m/z
O NH, 6-yl)-6-propoxy-9H- 460.1 (M+H)".
purin-2-ylamine
=N
0o N/_ ¢} 9-((4aR,6R,7R,7aR)-7-
O/\g z \ J Fluoro-7-methy1—2-oxos-2- 3p NMR (162
O=\P*\ 5 - N §(N _ g?religxzy-tetrahydroak - l\ﬁlgg CDCl;): 6
55 i 0[3,2- -11.05;
o NH, d][1,3,2]dioxaphosphinin- | MS (ESI) m/z
©/ 6-yl)-6-propoxy-9H- 480.3 (M+H)".
purin-2-ylamine
Mixture of
cis/trans isomers
6-Benzyloxy-9- E;;‘ 1\111\;5[/1?( 400
o N \/@ ((4aR,6R,7Rti;/aR)-7- MHz. DMSO-
O , fluoro-2-methoxy-7- ?

56 o/\{IN\%\\( methyl-2-oxo-tetrahydro- 265)1_? 8'7123(_57’ 34
N e S N 2X-furo[3,2- SH), 7.53-7.
o-pLg = N [3, .| (m, 12.5H), 6.74

i F X d][1,3,2]dioxaphosphinin- ’
0 NH O Fopurin. 2-viamine | & 3 664 (s,
2 yD)-9H-purin-2-ylamine | 5y 6184 3=
21.2 Hz, 2.5H),

5.48 (s, 3H),
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wal@/1P2avent Application No. 12/053, 015,

5

26.6 41 0.098 43a 0.29 43b 0.06 44 0.053 45 0.70

128 -

NoCl oneA EC90 480. 32

21, 2008 (see al so WO 2008/121634),

The contents of

fil edPdvHD83909/046619

U. S. Provi sional

Patent Application No. 61/060,683 filed June 11,
2008 |U. S. Provi siggf@hrePat ent  Appl i| @abhiesl Nie Analytical Data
56 0,317, filed Decenber 23, 2008—and-U-S:
Nan- Piovi si onal Patent Application|No. 12/479, 075, 2‘42(8’62}1)’
fill ed|June 5, 2009 are hereby incornporated by 6'7)'3'42?[”
reference in their entirety. Mreover, the patent gn ﬁ)'426n(1’m
non- pat ent ref erences di scl osed herjein are 1:5H):3233(d,1
i ncorporated by reference. In the gvent that the =10.8 Hz, 3H),
i ncor porated subject matter contains a termthat 3.76 (d,1=11.6
confliijcts with a termdi sclosed in|the present Hz, 4.5H), 1.24
appl i ¢ation text, the 10 nmeani ng of| the term cont ai|iéd =224 Hz,
in the present application controlg provided that t|Fe)123(d,JT=
ovler aljl nmeani ng of the incorporated subject matter |is 8 Hz, 4.5H);
not Iqst. - 129 - WD 2009/ 152095RCT/ US2009/ 046619 e o {5
cljaim| 1. A conmpound, its stereoisoners, salts (acid daj'a’-325 o
bajsi c addi tion salts), hydrates, sqglvates, deuteratleg;
anal ogues, or crystalline fornms thereof represented ms(ESI)
formulla I: wherein R is hydrogen, |n-al kyl, branchecalculated for
al kyl',| cycloal kyl, alkaryl, or aryl|, which 10 C1oH,FN5O6P
mtl udes, but is not limted to, pHenyl or naphthyl|[(M+H)]
wheer e |phenyl or naphthyl are optionally substituted 4664, found
with at least one of H E_d_ Br |I OH OR . SH f66-3-
SR, NH2, NUR, NR 2, NHR 2, NR 3+, lower al kyl, H NMR (400
hal ogenated (F, d, Br, 1) lower allkyl, hal ogenated 1;?{?81)11\7480'
(F , Br, 1) lower alkenyl of C2-|C6, |ower al kynyllH))7'52_7(s3’4
of | C2-/C8, such as C CH, halogenated (F, O, Br, 1) | 5m), 673
| oner jal kynyl of C2-C6, |ower al koxy of Cl-C6, (bs,zﬂ)’,6,28(d,
J=21.2 Hz, 1H),
5.50(d, J=12.0
Hz, 1H), 5.46 (d,
J=12.0 Hz, 1H),
opaerys. |78,
=N ((2S,4aR,6R,7R,7aR)-7- ( ’m) 4.04 (
O N 0 fluoro-7-methyl-2-0x0-2- n_l_’ , 28 4G,
57 of\g Z \ propoxy-tetrahydro-Z)\s- J=8.0 Hz, 2H),
A, N furo[3,2- 1.66 (sextet, J =
0=PLgy 3 NQ( “ .| 7.2 Hz, 28H),
o F d][1,3,2]d10x'aphosphn}m— 123 (d, 7=123.2
~ N NH, 6-yl)-9H-purin-2-ylamine Hz, 3H’), 0.92 (t,
J=17.6 Hz, 3H);
3'p NMR (162
MHz, DMSO-
d6) & -3.96;
LRMS (ESD)
calculated for
Cy1Ha6FN5O6P
[(M+H)']
494 4, found
494.3.

HCYV replicon assay. HCV replicon RNA-containing Huh7 cells (clone A

cells; Apath, LLC, St. Louis, Mo.) were kept at exponential growth in Dulbecco's

modified Eagle's medium (high glucose) containing 10% fetal bovine serum, 4 mM

L-glutamine and 1 mM sodium pyruvate, 1x nonessential amino acids, and G418
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15 hal ogenated (F, d, Br, |I) |ower al koxy of Cl-C8g,

CO2H, C2R, CONH2, CONHR , CONR 2, CH=CHCO2H, or
WERHOHO02R R2 is H, an optionally subsee¢T/usmds/o46619

al kyl (including | ower alkyl), cyano (CN), CH3, vinyl,

0-al kyl, O-(lower alkyl), including OCH3, OCH2CH3,

hy 6l @30ye/mbk pntiviral@ssaye overq igformedin i samae medivinswithout G418.

10 d || | kylo, 0. @.cn- , i

L g6 e o R, 80 P

( Ciéfe) addad irfiRediBRB)y afferidédingCHANDati 6B NG, dapii2 NiBd®nd of the
CH2N(CH3).2, ethynyl al kyne (optionally substituted), )

or ingabasigarstep; iotdl gellHar R,KIAON?S igplated .(Pq%awa kit; (1agepg Replicon

. Cl r - - . . .

5 SoBor Gk SaM bR copprdfaepecats; Applicd Biosystems)
haivegeanp!¥idd, in @sinyB-step multBAseRTLCR patacobhd recommended by the
occurring or_nodifjed purine or pyrimdine, e
r eprERsestEd. e HEY pranersand grogfﬁ M5 desiged %ﬁ%ﬁ’sﬂfﬂﬁr&%ﬁm@“

I < . A . .
DR MBI ) SO o Sl TRpansied region
|, (OFR) &uencSki(sefiR, 5'- ABE,CAMBGCGIR AGTARGAG TR 334and

het | |, t , Br, |

10 18a§t&%§%€3‘?’&”§¢88§&@$&§ﬁ@§*8%§ ?ﬁgg%,(slfﬁ 'gen;t ed)
(Fcd@ocBcAdctonerTademiMrA-. C6, |ower al kynyl
of C2-C6 such as CCH, hal ogenated (F, C, Br, 1) |ower

al kynyl of C2-C6, |ower al koxy of Cl-C6, hal ogenated
(F, d , Terexpreys thowativizg! ebfretivehessrf egompoyng, thedhreshold RT-PCR

Co H . R

ancvge RS hC TR gy asg R g g e S9erigq tgghold BY-PER

SRcycl®biPthe hsibmru% a&lﬂ'\dR'(fREtﬂw A 8CGesf 333 kqials o dllogEheklecion
ower a

I, | |.kenyl
15 gZi(qgggfn@{%@%é‘i)ﬁ,eff@tjvq;iopc%/gtfqtieaiﬁe(r?@ﬁkig %‘ﬁficgg k&g @g’gl:s. The

lo . - . Xe?
A oS USRS sl e i
halvalges dthe A, sp&ificiBr parhthetenvaild ek dr yntofduGid @& tucy —

O 8 Gty Ty SO oL ot gt o

al kylibra@l a@RhitINShd-Y trbf ut ed cycl oal kyl, an
optional ly“substituted al kynyl, an optionally

substituted al kenyl,_or an optionally substituted
acyl, an optionally Nsti Claned BCwoxyal kyl , where for
the instance of NR 21ar NBR 2%.3éach 12.1 conprise at

| east one C atom thatibi s i ndepedgdent - 131 - WO
2009/ 152095PCT/ US2009/3046619 2525

2b 17.74
3 0.75
4 11.68
5 8.06
6 1.55
17 0.71
18 0.48
19 0.60

32a 8.54

32b 4.7

38b 26.6

41 0.098

43a 0.29

43b 0.06
44 0.053
45 0.70
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of one another or are joined to forma heterocycle
conprising at |east two carbon atons, and where for

wo b@oitsepance of NR 3+ each R conprises at | eBST/USINE/@6619
atom whi ch are i ndependent of one another or each R
conprises at |east_one C atomin which at least two R
are joined to form aNhet efdoneA&EGenpri si ng at | east
two carbon S5atons. 248\ conmpoundlits stereoi somer,
salt, hydrate, solvate, or crystalline form t her eof
sel ected from among 1014(2S , 4aR 6R 7R
aR) 7- FThocantehisref Box Patentdpplication Meold/ @53 Ay didasl Mywsh 21,

& pedos Gegated yd a2 gl S8 Provigiopalpatens Agolicgtion Ng.

0 61/060,683, filed June 11, 2008, U.S. Provisional Patent Apphcatlon No.
142R, 4aR, 6R, 7R, 7aR) - 7- Fl uor o- 2- met hoxy- 7- et )i) X
5t e61/éﬁ9a}6ﬁled December 23, 2008, and U.S. Non-Provisional Patent pphcatlon

15%”1@&‘}&5% , A1dl e 3, 06V Q¥ ARABE BNy oHlordrEh et i

' Obsstirety. Moreover, the patent and non-patent references disclosed herein are
142S, 4aR 6R, 7R, 7aR) 2- Benzyl oxy-

t@pfp&)ﬁ%ﬁ &6 by seferenge [ the gyepf that tgjs H}Ca%ﬁ‘c’)%gﬁﬁl?ﬁ% Hlaéeryci)ntams

A e Rt o e,
10 o hetnial yd e tamtmped - th§ presdnt2ppliicakiap n@@mﬁ momd@d )ﬁlat the

“1Hp di
4. Aeshl moine ] i aamp e ubisgymatter jsppt lost.
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g- f2I uor o- 2- met hoxy- 7- met hyl - 2- oxo-t et r ahydr o- 2X5-f ur o[
W@ G0¥12023 di oxaphosphi ni n-6-y1) - 9H puri n- 2- yl areTES20pR0N6619
Cy-46'4"13 \ -130'"'""'Cy O
52- Am no- 9- 44aR, 6R, 7R, 7aR) - 7- f | uor o- 2- net hoxy- 7- et hyl
- 2- 0X0-We claim:
tetrahydro 2X5-furo[ 3, 2- d][l 3, 21di oxaphosphi nin-6-yl)
R arheEnds s i Tl (b Msi0 adgition sal
4 An not142 zFQﬁ‘PQEPdrﬁS? OISPHW%S? ATSY RESIS 29dition Fats)
@ydi‘ﬂ'*t@s solvates, deuterated analogues, or crystalline forms thereof represented by
10t'et r ahydr o- 2X5-f ur o[ 3, 2- d][l 3, 2] di oxaphosphi ni n-6-y
1) formuladt i mi din-2-one; H2ZN i?"-N)111 NO \H AN O
N6- Cycl obuty1-9-((4aR 6R, 7R, 7aR) -
5 g f2I uor o- 2- net hoxy- 7- met hy1l- 2- oxo-t et rahydr o- 2X5- f ur of
15d] [ 1, 3, 2] di oxaphosphi ni n-6-y1) - 9H puri ne- 2, 6- di am ne
H2N Base

wherein

R! is hydrogen, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl, which
10  includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl, Br, I, OH, OR/, SH, SR', NH,,
NHR', NR',, NHR',", NR'5", lower alkyl, halogenated (F, Cl, Br, I) lower alkyl,
halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs, lower alkynyl of C;-Cs, such as
C=CH, halogenated (F, Cl, Br, I) lower alkynyl of C>-Cs, lower alkoxy of C;-Cs,
15  halogenated (F, Cl, Br, I) lower alkoxy of C;-Ce, CO,H, CO;R', CONH,, CONHR',
CONR';, CH=CHCO,H, or CH=CHCO,R";

R? is H, an optionally substituted alkyl (including lower alkyl), cyano (CN),
CHs, vinyl, O-alkyl, O-(lower alkyl), including OCHs, OCH,CHj, hydroxyl alkyl,
1.e.,

20  -(CH,),OH, wherein o is 1 — 10, hydroxyl lower alkyl, i.e., -(CH;),OH, where p is 1-
6, including hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN,
CH,N,, CH,NH,, CH,NHCH;, CH,N(CH3),, ethynyl alkyne (optionally
substituted), or halogen, including F, C1, Br, or I

R®is H, CHs, CH,F, CHF,, CFs, F, or CN;
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\ 0-P., 11 "0\ O Ort
6- Et hoxy- 9- 04aR, 6R, 7R, 7aR) - 7-f | uor o- 2- net hoxy- 7- et hy1l
W0 2000s 82083 r ahydr o- 2, 5-furo[ 3, 2-d] [ 1, 3, 2] di oxapPOEpkiond/one619
-6-y1)-9Hpurin-2-ylamne; /=--NO0 O" 20
6- Et hoxy-942S, 4aR, 6R, 7R, 7aR) - 7-f | uor o- 2-i sopr opoxy- 7-m
et hy1- 2Xax 8 OH, F, OMe, halogen, NH;, or N3;
tStHr ahydro-2X5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosphi ni n-6-y1)
2009/ igggﬁéﬁﬁgﬁé@@o‘&%‘ﬁ%ﬁ molffied purine or pyrimidine base
6- @pt@gme@g?&éfaﬂoﬁagﬁﬁuaaﬁs 7-fluoro-2-isoPropoxy-7-m
et hyl- 2- oxot et rahydro- 2X5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosp

hi ni n-6-y1)-9H purin-2-ylam ne; H Nzy NH2
0- 2- met hoxy- R? net hy1- 2- oxo- et

rah 5dr 0- 2X5-

fur : {\11, 3, 2R hlrz -6 -

urine-|R, 6-dijam ne; o||z 0=

944aR JBR, ;B@R)-Z- hoxy- ro 7 rre hyl oxo tet)\
ahy R N

furo[3,24d][1, 3 2] di oxqphospm n n- 6- yl) N6- proloyl 9H—p
urine-2 i am ne; H2

944aR, 6R'7R, 7aR) - 7- FI uoro 7 met yl 2- 0X0- 2- propoxy t et

r ahydr o- 2X5-

15f uro[ 3a2-d] [ 1, 3, 2] di dxaphosphi ni n- 6-y1) - N6- pr opy 1-BH
5-purine-2,6-diam 1le;

wherein
Zis N or CR’® ;

R* R’ RS, R’, and R® are independently H, F, Cl, Br, I, OH, OR', SH, SR,
NH,, NHR', NR", NHR';", NR"5", heterocycle, lower alkyl, halogenated (F, C, Br, I)
10  lower alkyl, lower alkenyl of C,-Cg, halogenated (F, Cl, Br, I) lower alkenyl of C,-
Cs, lower alkynyl of C,-Cs such as C=CH, halogenated (F, Cl, Br, I) lower alkynyl
of C,-Cs, lower alkoxy of C1-Cs, halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs,
CO,H, CO,R', CONH,, CONHR', CONR",, CH=CHCO,H, or CH=CHCO;R’;

R’isanH, halogen (including F, Cl, Br, I), OH, OR', SH, SR', NH,, NHR/,
15 NR', NO, lower alkyl, halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl of C,-
Cs, halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs , lower alkynyl of C;-Ce,
halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cs,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO.H, CO,R', CONH,, CONHR/,
CONR',, CH=CHCO,H, or CH=CHCO.R";

20 wherein R’ is an optionally substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted alkoxyalkyl, where for the

instance of NR'; or NHR'," each R' comprise at least one C atom that is independent
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/=N HO 0=13=d NH2
944aR, 6R, 7R, 7aR) - 7- Fl uor o- 2-i sopr opoxy- 7- net hyl- 2- oxo-

WO eqopakepoly o- 2X5- PCT/US2009/046619
furo[ 3, 2-d][1, 3, 2] di oxaphosphi ni n-6-y1) - N6- propyl-9Hp
urine-2, 6- dlamlle HO (3o0/ 0=P-d 20
944meaﬂpm TRy j@in@l todieym 2 heterasyole Tomprisipg aplegsitwe capon

hydr O-

{ 15s: Segyhere Br dhensiongs AR & SATORES B 6B LB o
ur yARh2r&mdepilias;of ond ddother d@ach R’ compnses at least one C atom in
2009/ 152095PCT/ US2009/ 046619 /=N 0=f

N ON
94wheck ab Ragtrwp Apreziopmed ¢o Sorm bgterpgyoe wrzﬂ%%td%%?yw%wbon

5 ?thié%r 0- 2X5- _
2-d] [ 1, 3, 2] di oxaphosphi ni n-6-y1) - N6- propyl-911-
purl ne-2,6-diamne; 0 VNF NH2
N6- Cycl ppent y&]coﬁﬂaéaﬁd BRstéfrepisamer, Zalt,Iydrate, 2elvetehanoyystaltime

et hyI 2- oxot dro-2X5-furo[ 3, 2-d][1, 3, 2] di oxaphosp
er;?ﬁé) e&‘]—%ﬁ/ PTRAMPNE- di ami ne O 7=N N

\O (I'? N\_)=O
It /O\
o)

10 1-((2S,4aR,6R,7 R,7aR)—7-Fluoro-2-methoXy-7-methy1—2—oxo-tetrahydro-Z)\S -
furo[3,2-d][1,3,2]dioxaphosphinin-6-y1)-1H-pyrimidine-2,4-dione;
6]
»—NH
\ N\—)=O

O—P‘ N
TGRS
O F

1-((2R,4aR,6R,7R,7aR)-7-Fluoro-2-methoxy-7-methyl-2-oxo-tetrahydro-
15 2N-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidine-2,4-dione;
0)

0 Y—NH

Ph-‘—\ 9 N\__)':O
O_ﬁ'llo\\‘ - —
O F

1-((2S,4aR ,6R,7R,7aR)-2-Benzyloxy-7-fluoro-7-methyl-2-oxo-tetrahydro-
2N -furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidine-2,4-dione;

20
0]
P, O N>\_NH 0
C)--})l\()\‘~ —
O F
1-((2R,4aR,6R,7R,7aR)-2-Benzyloxy-7-fluoro-7-methyl-2-oxo-tetrahydro-
2N°-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-1H-pyrimidine-2,4-dione;

25

N %(LNQ

0= ﬁ'o‘
0

6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-
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0=p*-15 NH2

6- Azeti di n-1-y1-944aR, 6R, 7R, 7aR) - 2- et hoxy-7-fl uoro-7-m
wWe@ehwya529x0t et r ahydr o- 2X5-furo[ 3, 2-d] [ 1, 3, 2] dPORERIVOBMG6619

hi ni n-6-y1)-9H purin-2-ylam ne; 0 0=P-ds NH2

156- Azet i di n-1-y1-944aR, 6R, 7R 7aR) - 7-f | uoJ 0- 7- et hyl-2

- 0X0- 2- piflwPixY-methoxy-7-methyl-2- oxo-tetrahydro -2X\’-furo[3,2-

t ed]] &B\20dioxapKbsphinia{63y13-98l purirB2-3]atmioxaphos phi ni n- 6- y1)

-9H purin-2-ylamne; o N NH2 HoN

6- Azeti di n-1-yl-94(4aR 6R 7R, 7aR) )7~}ﬁl uoro 7-met hyl- 2-

0XO0- 2- pr opoxy20t etrahydro 2X5-fu [3\

3, 2] di oxaphosphi ni n- 6 y ur| am ne
0=Pt - dsNr NH2
6- Azetidin-1-yl- 944aR 6 3R) - Yfl uor o- 2- i Sopr opoxy
- 7- met hy1- 2- ox0-
tetrahydro-2X5-furo[ 3 2] dj
5_9H pulr/ r%ﬁﬂﬂé%R 7R_12§§£) 7 %ky@] i—met oxy- —meﬁlyPZ ox%

2omﬂko@a%@npns&dﬂi@/mé@rgphosphmm-6 yl)-9H-purin-6-ol;
6- Azeti di n-1-y1-944aR, 6R 7R, 7aR) - but oxy-7-fluoro-7-m

et hyl-2-oxo- tetrahyds {\[ ,i-d 1,3
, 2] di oxaphosphi ni n- 6- 301_)p9 < 2-A ne; OAT Crac
0=134 NH2 6- Azeti dijiOl-y -944aR 6R 7R 7aR) -

2-cyc|obutoxy 7- fluoro 7-met hyl- 2-

0x0- 1 et r 5 A ro-2- th -7-methyl-2-0x0-
10 L[:ietrgh —29\)5 g%% [q 3)12] 1&%10sp ué)ll'ﬁr-é nm O)f}élq}nﬂﬁn?,} °

0= “ 'O‘

N°-Cyclobutyl-9-((4aR,6R,7R,7aR)-
7-fluoro-2-methoxy-7-methyl-2-oxo-tetrahydro- 2N-furo[3,2-
15  d][1,3,2]dioxaphosphinin-6-y1)-9H-purine-2,6-diamine;

H2N

%1,
I /O\
0]

6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-2-oxo-
tetrahydro-2,5-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine;

i F
0]
2 O /k NI‘IZ
6-Ethoxy-9-((2S,4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-methyl-2-oxo-
tetrahydro-2N\-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine;
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b NH2 6- Azeti di n-1-yl-9-04aR 6R 7R 7aR) -
2-cycl opentyl oxy-7-fl uoro-7-nethyl- 2-

W@ z@nstoeahydr o- 2X5-f ur of 3, PCT/US2009/046619
2-d] [ 1, 3, 2] di oxaphosphi ni n-6-y1)-9H purin-2-yl am ne;
/=-11 0O NQiCr-NOv--e .-. ONH2
156- Azet i di n- 1- y1 944aR, 6R, 7R, 7 cl pent yloxy-7-
fluoro-7-methyl-2- oxo-t [3
2-d][1, 3, 2]di oxaphospthhl n- r| n- 2-yl ani ne;

10

15

r---,N ONN O 0=17-d FoNP~o'y H’i\g“

6-Azet| din-1-yl- 944@,&\65 7R R) 2-x¢pglohexyloxy-7-flu
oro-7-met hyl- 2-

20 t et rahyd 2X5- f i 2 h

n- gxol 2@2}? yré(g{ 3,5 Iu o 3 3%}{&0 lis p%p?o)gc})oygnséﬁiyll Ialoxo-
6- mhydloﬂ)\%ﬂmtl R?véaf_kdrmapms&yhlmn- -y1)-9H-purin-2-ylamine;

2- cycl ohexyl oxy-7-fl uoro- 7: netﬁ? -2-H

oxo- t et r ahydr o- 2X5- f ur Tld1/ox\aphosphi nin-6
-y1)-914-puri n- 2- ylanﬁ)ne 4 N (]3

6- Azetidin-1-y1- 944&&1{}@ 7RF7aR ?’cycl opr opyl net hoxy-

7-fluoro-7-
met hyl - 2- oxo tetrahydro 2X5- furo[3 5 d][l 3, 2] di oxapho

Zpg'zm N a?gi igé? 9?% 12 ox -tetr dro 2N>-
7. ft}rgi}.,%d ,3,2]dioxaphosphinin-6-Y. propy fl&? A 6ncﬁ5
met hyl - 2- oxo-t et r ahydr o- 2X5(furg%c§1\>l 3, 2] di oxapho

sphi ni n-6-y1)- 9H—pur|n(§

"P‘O
\/O NH,

9-((4aR,6R,7R,7aR)-2-Ethoxy-7- ﬂuoro 7-methyl-2-oxo-tetrahydro-2A5-
furo[3,2-d][1,3,2]dioxaphosphinin-6- yl)-N -propyl 9H-pur1ne -2,6-diamine;
P\o

x*J

9-((4aR,6R,7R,7aR)-7- Fluoro-7—methy1 2 0X0- 2-prop0xy—tetrahydro 2N-
furo[3,2-d][1,3,2]dioxaphosphinin-6 -yl)-N -propyl 9H-pur1ne—2 6-diamine;

A

0=P~¢’

R -

9-((4aR,6R,7R,7aR)-7-Fluoro-2-is Népropoxy— 7-methyl-2-0xo0- tetrahydro-Z)\ -
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- propyl 9H-purine-2,6-diamine;

=N H
@) N N "™~
e T)\\(

:\*\ \‘. - N\ N
L S
20 0 NH,

9-((4aR,6R,7R,7aR)-2-Butoxy-7-fluoro-7-methyl-2- oxo-tetrahydro- 2N-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- Né-propyl 9H-purine-2,6-diamine;
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NH2
6- Azeti di n-1-y1-944aR, 6R, 7R, 7aR) - 7-fl uoro- 7- net hyl- 2- o

woee2Afmeenoxyt et rahydr o- 2X5- furof 3, 2-d] [ 1, PCT/US2009/046619
3, 2] di oxaphosphi ni n-6-y1)-9H purin-2-yl am ne; OH r
11N OF

10

15

20

2- Am no- 9428, 4aR, 6R, 7R 7aR) - - f | u— -7ﬁmt hy1l- 2- oxo- 2-

pr opoxy-
tetrahydro-2X5-furo[ 3, ZQJI/\L%] [ pt;sphl ni n-6-yl)
-9H purin-6-o0l; - 137 O= PG@P-

2- Am no- 942R, 4aR, GRQJGR) 7- fI uor oxHy et hy1- 2- oxo- 2-
Pr opoxy-

tetrahydro-2X5-furo -d] [ 1, 3, 2] di oxaphosphi ni n-6-y1)
-9H purin-6-ol; F.N NH2

2- Am n09-YUaR GRITR G RR FRETiadR)-72mbihlyb2px3-2% phenpuy-Timabydrg 2N -
- Zﬁﬁé{?tzeﬂl_[ ﬁB)ZﬂH@xéiﬂﬁsﬁTMlﬂ{@yl? NAiplrdp13-92]-pinrineah hakiqrhing; n

puri n- ; )—ENl H

2- Ani no- 944aR, 6R 7R, 7a I oxy-7-fluOr0
-7-met hyl- 2- \ © \N %@

\ .
0-P~y = Nx
5O F
NH,

N6-Cyclopenty1-9-((4aR,6R,7R,7aR)-7-ﬂuoro—2—methoxy—7-methy1—2—oxo-
tetrahydro-2N\-furo[3,2-d][1,3, 2]dioxaphosphinin—6 yl) 9H-purine-2,6-diamine;

O= P\O 1::,

\\/0 b&h

6-Azetidin-1-y1-9-((4aR,6R,7R,72aR)-2-ethoxy-7-fluoro-7-methyl-2-oxo-
tetrahydro- -2N-furo[3,2-d][1,3 2]d10xaphosph1n1n—6 -yl)- 9H-pur1n—2 -ylamine;

Yz W

\

0=P-g" i
/\/O NH2

6-Azetidin-1-y1-9-((4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-0xo-2-propoxy-
tetrahydro-2)\5-furo[3,2-d][1,3,2]d10xaphosphinin—6 -yD)- 9H—purin-2-ylamine;

o’(_ﬁ

\ -
O——l‘)\o £

O NH2

6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-oxo-2-propoxy-
tetrahydro-2N-furo[3,2-d][1, 3 2]dioxaphosphinin—6 yl) -9H-purin-2-ylamine;

o’“(_ﬁ

\ -
0=pLg"

\T/O b&h

6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-methyl-2-oxo-
tetrahydro-2N-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine;
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oxo-tetrahydro-2X5-furo[ 3, 2-d][ 1, 3, 2] di oxaphosphi ni n-6

-y1)-911-purin-6-ol; /=----- N ONOH g O=e- -FN (-)NH2
WQA2009/152095 PCT/US2009/046619
152- Am no- 944aR, 6R, 7R, 7aR) - 2- cycl opr oPyl net hoxy-7-fl uo

ro-7- met hyl -
oxo-tetrahydro-2X5-furo[ 3, 2-d] [ 59, 2] xaphosphi ni n- 6
-y1)-9H purin-6-ol; /,- 9 3 -ds --- 1F
2- A no- 944aR, 6R, 7R 7aR) - 2 opentlyloxy- 7-f | uoro-7-m
et hyl - 2- 0x020t et rahyo@%PﬁS Euro -d][1,3

l; - 138 - WD

2009/ 152095PCT/ US2009/ 046619

2- Ami no- 942S, 4aR, 6R, 7R, 7aR),- 2- cycl ohexyl oxy- 7-fl uoro-7

- met hy1- 2- oxo-

tetrahydro-2X5-furo[ 3, 2-d][1, 3, 2] di oxaphosphi ni n-6-y1)

- 9H‘ pur pxRti@in-1-HKEHN( g@ﬂ LORR 7aR)-2-butoxy-7-fluoro-7-methyl-2-oxo-

é’ﬁfﬁﬂgdrg @%Rﬁﬂ‘aﬁa BB iﬁﬁ)xaﬁh&%ﬁﬁﬂh@%ﬂﬂ@ﬂ%ﬁuﬁnﬁ Yidffhe!

0XO0- tetrahydro 2X5-furo[ 3. 2-d] [ @aphosphl ni n-6
-y1)-9H purin-6-01; i=- mﬁ_lt \87‘]\?
00=-0"N OHNH2 :
(4aR, 6R, 7R, 7aR) - 6- ( 2- Am610 6 ﬁetho%}f)urln 9-y1)-7-flu
or o- 7- met hy1- 2-

50xo0-tetrahydro- 2X5-f [3,2-d][1, 3, 2] di oxaphosphi ni n-2
-0l; N

, 2] di oxaphosphi ni n- 6- y]bai;- puri n-

6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)- 2—cyclobutoxy—7-ﬂuoro-7-methyl_-2-
oxo-tetrahydro-2N’-furo[3,2-d ][1,3 2]dioxaphosphim'n—6 -yl)-9H-purin-2-ylamine;

ez W
oo e M
RO
6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)- 2—cyclopentyloxy-7—ﬂuoro-7-met.hyl-2-
oxo—tetrahydro-Z)\S -furo[3, 2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine;

10

NH,

15 6-Azetidin-1 -y1-9-((4aR,6R,7R,7aR)-2—cyclopentyloxy—7-ﬂuoro-7-methyl—2—
oxo-tetrahydro-2X’-furo[3, 2-d][1,3 2]dioxaphosphjnin-6 -yl)-9H-purin-2-ylamine;

oﬁgw

\

0=P-g F

O/O NH2

6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-2-cyclohexyloxy-7-fluoro-7-methyl-2-
20  oxo-tetrahydro-2X’-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-ylamine;
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0=16 ,0
15944aR, 6R, 7R, 7aR) - 2- But oxy- 7-f | uor o- 7- net hyl - 2- oxo-te

W0 @b shoes 2X5- PCT/US2009/046619
furo[ 3, 2-d][1, 3, 2] di oxaphosphi ni n-6-y1) - 6- met hoxy-9H-p
urln-2-ylam 1le; f=N ONO (\ g* s
01-d N, N ONH2 /=N
944aR, 6R, 7R, 7aR) - 2- But ox QM yl -2-oxo-tetr
ahydr o- 2X5- 0 \

furo[3,2-d][1, 3, 2] di ox@phResphi:ni n-]’é\\yT) - 6- met hoxy- 9H p

urlll-2-ylam 1lle; O 0 - 139 NH,
944aR, 6R, 7R, 7aR) - 7- @fo- 2-1 sopropoxy-7-met hyl- 2- oxo-
t et rahydr o- 2X5-
furo[ 3, 2-d][1, 3, 2] di oxaphosphi ni n-6-y1) - 6-met hoxy-9H-p
ur i n- 2- gl/gieiam:1-91-0§4aR,6R, 7R, 7aR)- 2-cyclohexyloxy-7-fluoro-7-methyl-2-
59428 iRy a8 BN Riré pR -d1[1 13,2180 aphdsplERIOR OB - pii-Dystlardine;

N

- 0X0-t et rahydr o- —

2X5-furo[ 3, 2-d] [ 1, 3, 2] di gxaPhasphi K J@yl) - 6- met hoxy-
9H puri 11- 2-yl ani 11e; @ L ek & N ONH2

9- 42R, 4aR, 6R, 7R, 7aR) -@iiB@g\zy 5oxy-N7§(f/Nuor o-7-methyl-2-o0

xo-t et rahydr0102X5- f ur of 37 2- ][ 1, 3,{@ di oxaphosphi ni n- 6
-y1l) - 6- met hoxy- 9H purin-2ryl amille; ™2
(4aR, 6R, 7R, 7aR) - 6- ( 2- Am np- 6- et hoxy-purin-9-3/1)-7-flu
5o0ro-7-nethyl- 2-
oxo-tetrahydro-2X5-furo[3,2-d][1, 3, 2} di oxaphosphi nj n- 2
-0l : o 6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-2-cyclopropylmethoxy-7-fluoro-7-
methyl—2-oxo-tetrahydro-2)\5-furo[3,2-d][1,3,2]dioxaphosphinin—6—yl)-9H-purin—2-

ylamine; /j
/:N
O_N N
Voo 2 Ny

6-Azetidin-1-y1-9-((4aR,6R,7R,7aR)-2-cyclopropylmethoxy-7-fluoro-7-
methy1—2-oxo-tetrahydro-Z)\s—furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)—9H—purin—2-

ylamine;
=N

o AT
LY

zpt. 2 Nx
O=P~0 &

o
15

6-Azetidin-1-y1-9-((4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-oxo-2-phenoxy-
tetrahydro—Z)\5 -furo[3,2-d][1, 3,2]dioxaphosphinin-6-y1)-9H-purin-2-ylamine;
/:N
O _N OH
LY
vwPe N = N~
of~0 g Y
(6] NH,

20

2-Amino-9-((2S,4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-0xo0-2-propoxy-
tetrahydro-2N’-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-6-ol;
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0-P-ds = I F 150NH2
6- Et hoxy- 944aR, 6R, 7R, 7aR) - 7- f | uor o- 2- net hoxy- 7- net hy1-
WQR 22052095 PCT/US2009/046619

t et rahydro-2X5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosphi ni n-6-y1)

-9H purin-2-ylamne; i=N 00,/ O0=PtlY NH2 20

6- Et hoxy- 944aR, 6R, 7R, 7aR) - 7- féuorf me&gyl 2- 0X0- 2- pr

OpOXYy- 7

t et rahydr o- 2X5-f ur of 3, 2-9] [ 1\-3/7] dj ox&phosphi ni n-6-y1)

-9H purin-2-yl am ne; 0@+ ‘@):pt d' Nt\' H2

6- Et hoxy- 9- 02S, 4aR, GEJRO?aR) 7 fl uones 7- met hy1- 2- oxo-

2- ProPoxy25t et rahydrp- 2X5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosp

hi ni n-6-y1)-9H purin-2-yl am ne; -140- WO

2009/ 152003R619-WSRMAR/ fﬁéﬁﬁﬂQR) 7-fluoro-7-methyl-2-0x0-2-propoxy-
Bz&sif&% -1 o%mqozpﬁlhﬁm OH HHBhY-6-01; 0XO-

tet ra ro- =N

furo[ 3, 2-d] | 1, 3, 2] di oxap os S ninn- B8< Y IOH 6- et hoxy- 9H pu
rin-2-ylamne; 0 q N( i¢F R

6- Et hoxy- 944aR, 6R, 7R, ) - 7-T1 uorNs/ t hyl- 2- oxo- 2- ph

enoxyt et rahydr o- 2X5- f rQ)[Q 2- lizl][l 3N§]di oxaphosphi ni n-
6-y1) - 9H puri n- 2- ylam‘{q_e,\r-- --NO L fo--- Vg

50-Pt-d =N( 0

2-Amino-9-((2R,4aR,6R, 7R, 7aR)-2-butoxy-7-fluoro-7-methyl-2-oxo-
tetrahydro-Z)\S-ﬁlro[3,2-d][1,3,2]dioxaphosphinin—6-y1)-9H-purin—6-ol;

NH,

10
2-Amino-9-((4aR,6R,7R,7aR)-2-cyclopropylmethoxy-7-fluoro-7-methyl-2-
oxo-tetrahydro-2N’-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-yl)-9H-purin-6-ol;
=N

=
o) N OH
Y

O=P-g

F
DU

15 2-Amino-9-((4aR,6R,7R,7aR)-2-cyclopropylmethoxy-7-fluoro-7-methyl-2-
oxo-tetrahydro—2>\5-ﬁ1ro[3,2-d][1 3 2]d10xaphosphinin-6 -yl)-9H-purin-6-ol;

r{jw

\x

0= P\O‘ i
o b

2-Amino-9-((4aR,6R,7R,7aR)-2-cyclopentyloxy-7-fluoro-7-methyl-2-oxo-
20  tetrahydro-2N-furo[3,2-d][1,3 ,2]dioxaphosphinin-6-y1)-9H-purin-6-ol;
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0 0=11)-gds NH2
942S, 4aR, 6R, 7R, 7aR) - 2- Et hoxy- 7-f | uor o- 7- net hy1- 2- oxo-t

W@ eoahyand- 2X5- PCT/US2009/046619

10

15

furo[3,2-d][1, 3, 2] di oxaphosphi ni n-6-y1)-6-propoxy-9Hp
urin-2-ylamne; 0 15 -- O=p ,1\1 6 NH2
942R, 4aR, 6R, 7R, 7aR) - 7- Fl uor o- J ms 1-2- 519%0 2- pr opoxy-
t et rahydr o- 2X5-
furo[ 3,2-d][1,3, 2] di oxapRosp -yi\) 6- pr opoxy- 9H p
urin-2-ylanmne; f=N0 orkP~g :
209-42S, 4aR, 6R, 7R, 7a 70:I uoro 7-me 1- 2- oxo0- 2- proPo
Xy-tetrahydro- 2X5-
furo[ 3, 2-d][1, 3, 2]di
urin-2-ylamne; - 141 -
942R, 4aR ARnbR-{2R1aR 6R, TR7 R 22-cgcphexytoy- 7-{lnebHir hethyb-2-0xo-
Xof&ﬁﬁftﬁbmﬁ-%oP 2- d][l 3,2]dioxaphosphinin-6- yl) 9H-purin-6-ol;
2X5-furo[ 3, 2-d] [ 1, 3, 2] di'oxap osphy—.aNn -y1) - 6- pr opoxy-
9H-pur|n2ylamne, e N, YHONH2
94( 2S, 4aR, 6R, 7R, 7aR) - 7- Fhuor\p- Z»i sdpr dpoxy- 7- net hy1- 2-
oxo-tetrahydro2X5-fur 0[6}\,-\}9;&] [1, 3, Hxaphosphi ni n- 6-
y1) - 6- pr opoxy- 9H puri n-%z-gyl am Re; r= C2/ 4 0=P2ds.

2

hosphi ni n-6-y1) - 6- propoxy-9Hp

2-Amino-9-((2R,4aR,6R,7R,7aR)-2-cyclohexyloxy-7-fluoro-7-methyl-2-
oxo-tetrahydro-Z)\s—ﬁlro[3,2 d][L,3 2]dioxaphosphinin—6 -y1)-9H-purin-6-ol;

ww

o= P\O IE_
OH NH2

(4aR,6R, 7R ,7aR)-6-(2- Amino-6-methoxy-purin-9-yl)-7-fluoro- 7-methyl-2-
oxo-tetrahydro- -2N-furo[3,2-d][1,3 2]d10xaphosphlmn-2 -ol;

9 ((4aR,6R,7R,7aR)-2-Butoxy-7-fluoro-7-methyl-2-oxo- -tetrahydro- 2N-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- -6-methoxy-9H-purin-2-ylamine;
N

~ ~CEN
Of.)i:* N N~ \N
O F \(

O NH,
9-((4aR,6R,7R,7aR)-2-Butoxy-7-fluoro-7-methyl-2- oxo-tetrahydro-2N’-
furo[3,2-d][1,3,2]dioxaphosphinin-6-y1)- 6-methoxy—9H-pur1n—2-ylamlne

’@W

F
YO NHp_
20
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F
9-((2S, 4aR, 6R, 7R, 7aR) - 2- But oxy- 7-f | uor o- 7- met hy1- 2- oxo

WO e@bnsteysir o- 2X5- PCT/US2009/046619
furo[3,2-d][1, 3, 2]di oxaphosphl ni n- 6-y1l) - 6- propoxy-9Hp
ur|n2ylamne [--,--- ONOq\\V) 0=14-6'

=N(N- ' 9-{@aRNRZ7R, 7aR) 7-F1uoro 2-isopropoxy-7-methyl-2-oxo-tetrahydro- 2N-

15844[8R-RI '3’3]cﬁafaphzsﬁmmrﬁeyly-émethgw%mwnzz-phgmy t

et rahydr o- 2X5- /=N

furo[3,2-d][1,3, 2] di ox ph 'Nwoﬁ-propoxy 9H p

urin-2-yl am ne; r#—i

6- Benzyl oxy- 944aR, 6R, 7 —APé -7 fl UNTQ?NZ nmet hoxy- 7- met h

y1l- 2- oxot et rahydr 0- 2X5- f@ro[s F). d][ 2] di oxaphosphi n

i n-6-yl)-9H purin-2-ylam ne; and %Dt cf NH2 - 142

- WD 2009/ 152095PCT/ US20 9/0 619 etrah dro-
5 6- Benzy PEIAR- SR IR/ ey 77U "Sf’-pf‘? 5?'(7 e%'ﬁ;g o4etAdy

0- 2X pﬁm{a;ayd]él Bé]@ymowmrﬂ }-8;m¢ ’ﬁﬁﬂ’ﬂf

phi ni n-6-y1)-9H purin-2-yl am ne,

conposition for the treatng n 991 axi s of

any of the viral 57aggn s@isc d hergyn said

conposi tion conpri aqrﬂ’mm'acputl c§f(f y acceptabl e

medi um sel ected from anong Gn exci pi enNH,carrier,

di l uent, and equi val ent medi um and the conpound of

Cl ai m 1 #R ﬁ{ if@rﬂub 7%&@3‘1@5‘%0-tetrahydro—
o L 0 PO o i

phar maceutical ly acceptable 10 ms ium sel ected from
anong an excipient, carrierg difU nt , Ozi/d equi val ent
medi um and the conpoun c 3 5. A use of
the conpound of claimi in ufmcture of a

medi canent for the tr%aﬁ‘r@nt;:of an\y(/ condition the
result of an infection®y hepatiti Hg virus, West Nile

virus, YgiR 6w 7REYAR)-6L(2-UinslenghiexyMpurinsg- yt)hz floator imethyl-2-

POlg 8. ¥k it aro-AR0GRAS '2td]ﬁ %diébﬁa:ph@@%irﬂ@wdlf al diarrhea
virus or panese encepha S. 6. A use
of the conmpound of cl ai 2 ﬁe ngfaeture of a
medi canment for the tregne an/y ondi tion the

result of an infecti 0\5 bydhepat i tvs 8 virus, West Nile
virus, yellow fever vi r% déhgue v us, rh| novi r us,
15polio virus, hepatitis virus, bo viral diarrhea
virus or Japanese encephalitis vi rus 207. A net hod of
treat rrer&-Ethmxa—%(lﬂ@Ra6R,7Rn7a3?ée7dﬂt1¢rér%@ﬁth%ﬂclﬁethyl -2-0xo-
C OIpifatsdss- 2N -furo[3,2-d][1,3 2]d10xaphosph1mn— -yl)-9H-purin-2-ylamine;

oﬁﬁf

\ -

OP*\O\ =
NG NHz

20
6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-0x0-2-propoxy-

tetrahydro-Z)\5 furo[3,2-d][1,3 2]d10xaphosph1n1n- -yl)-9H-purin-2-ylamine;

O-—P\O :
0\/\ NH2
6- Ethoxy—9 -((28,4aR,6R,7R,72aR)-7-fluoro-7-methyl-2-0x0-2-propoxy-
25 tetrahydro-Z)\ -furo[3,2-d][1,3,2]dioxaphosphinin-6-y1)-9H-purin-2- -ylamine;
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adm nistering a therapeutically effective anount of
the conpound of claim1 to the subject. 8. A

woredoboskoed treatnent in a subject in need therBOF/S2009/046619

10

15

20

whi ch conprises: adm nistering a therapeutically
effective anmount of the conpound of claim2 25to the

subj ect . 9. A process fo(g prEpar i ngylepe conpound
of claim1 sald prochs%_j;ﬂr' i acting 111
with Ri OP(NR2)2, AT henQoxi ngll\oforml
according to the Ortj’“stheiﬁe - ﬂ? - WO

2009/ 152095PCT/ US20 9/ 046619 LTI NHwherein e, R2,

R3, xd and Base ar %kd;fi ned above; 5wherein RéOD( NR2) 2
' S a '9 ab'ﬁ 7%1150% 3. Iﬁé‘[‘ﬂ PE% o& ydro-2A5-
g::é[g&g?%{gﬂg 87‘%%?@23;&9 Xr rg%ﬁ)oxy 91! pu?l ZaJylgl%gn %%

Qoﬂrw

\ .
0-P~g" =
(0] NH2
6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-oxo-2-phenoxy-
tetrahydro- -2N-furo[3,2-d][1,3 2]d10xaphosph1n1n—6 -yl)-9H-purin-2-ylamine;

ww

NHz
9—((4aR,6R,7R,7aR)—7-Fluoro-2—me’choxy—7—methy1—2-oxo-te’crahydro-Z)\5 -
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- 6-propoxy—9H—purin—2-y1amine;

ww

0= P-.O 1.:
\/0 NH2

9-((28,4aR,6R,7R,7aR)-2-Ethoxy—7—ﬂuoro-7-methyl—2-oxo-tetrahydro-2)\5-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- 6-propoxy—9H-purin—2 -ylamine;

ww

—P IO =
/\/0 NH2

9-((2R,421R,6R,7R,7aR)-7-Fluoro-7-mf:thyl-2-oxo-2-plropoxy-tetrahydro-2)\5 -
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- 6-propoxy—9H—purin-2 -ylamine;

*@W

o= P‘O %
/\/0 NH2

9-((2S,4aR,6R,7R,7aR)-7-Fluoro-7 -methyl-2-oxo-2-propoxy—tetrahydro-2>\5 -
furo[3,2-d][1,3,2]dioxaphosphinin-6-y1)-6-propoxy-9H-purin-2-ylamine;
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O—Pwo ﬁ,
\(0 NH2

9-((2R,4aR,6R,7R,7aR)-7-Fluoro-2-isopropoxy-7-methyl-2-oxo-tetrahydro-
2)\5-furo[3,2-d][1,3,2]dioxaphosphinin—6 yl) 6-propoxy-9H-purin—2-ylamine;

0= P,O :
\‘/ NH2
5

9-((2S,4aR,6R,7R,7aR)-7-Fluoro-2-isopropoxy-7-methyl-2-oxo-tetrahydro-
2N>-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- 6-propoxy—9H—purin—2-ylamine;

ww

\/\/O NH2
10
9-((2S,4aR,6R,7R,7aR)-2-Butoxy—7-ﬂuoro-7-methy1-2-oxo-tetrahydro-Z)\5-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)- 6-propoxy— 9H-purin-2-ylamine;

; W)

*

OPO‘ F

o

15 9-((4aR,6R,7 R,7aR)-7-F1uoro-7-methy1-2-oxo—2-phenoxy—tetrahydro-2)\5 -
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-6-propoxy-9H-purin-2-ylamine;

6-Benzyloxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-2-oxo-
tetrahydro-2N’-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-y1)-9H-purin-2-ylamine; and

20 O~ NH,
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10

15

20

25

6-Benzyloxy-9-((2S,4aR,6R,7R,7aR)-7-fluoro-7-methyl-2-oxo-2-propoxy-
tetrahydro-2N-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-y1)-9H-purin-2-ylamine.

3. A composition for the treatment and/or prophylaxis of any of the viral
agents disclosed herein said composition comprising a pharmaceutically acceptable
medium selected from among an excipient, carrier, diluent, and equivalent medium

and the compound of claim 1.

4, A composition for the treatment and/or prophylaxis of any of the viral
agents disclosed herein said composition comprising a pharmaceutically acceptable
medium selected from among an excipient, carrier, diluent, and equivalent medium

and the compound of claim 2.

5. A use of the compound of claim 1 in the manufacture of a
medicament for the treatment of any condition the result of an infection by hepatitis
C virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus,

hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis virus.

6. A use of the compound of claim 2 in the manufacture of a
medicament for the treatment of any condition the result of an infection by hepatitis
C virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus,

hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis virus.

7. A method of treatment in a subject in need thereof, which comprises:
administering a therapeutically effective amount of the compound of claim 1

to the subject.

8. A method of treatment in a subject in need thereof, which comprises:
administering a therapeutically effective amount of the compound of claim 2

to the subject.

9. A process for preparing the compound of claim 1
said process comprising reacting III with R'OP(NRy),, and then oxidizing IT

to form I according to the following scheme
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HO™ _RIOPNR, N N
R2 Base R2 Base R2 Base
* £ R3 1 , \ \\ —""—> O P\ \\
B

HO"

o

m 1 I

wherein R!, R?, R?, X, and Base are defined above;

5 wherein R"'OP(NRy), is a dialkylamino-R'phosphite, B is a Bronsted base,

and [O] is an oxidant.

10. A composition obtained by the process of claim 9.

- 144 -



