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Decenber 23, aphdint fdrehcdesignationdf slhcamtrérsextapt drgddSataad BypungKevoance i n
its entirety. BACKGROUND. Hepatitis C_virus (H i nfectjon i maj or

heal th prdbl e@h%afl_tuzg%a%yﬁfe%ﬁk@&% AT wﬁ@@fé%%@;s_-s nagaﬁ?Wﬂ&i s and
hepat ocel | ul af ;G AMLGIMAME. Biule 8. ﬁb@?& it b bt METOSE MifhdeDREpIESofidi Vi dual s,
estimated to be 2-15% of the world" s population. There are an estimated 4.5
m | lion infectitegnpédp 6.5 rG4napatUReddoPBidamsi, akizen ohlndor, dVorguk €haing aU,. S.

Center for D sease ntrol . Accaqydi to t.he d al th Organi zation,
Chere are. o ia SO06 EF TG TR ABpEa { R dba o s AR 6 t b 20a
least 3 to 4 Nﬂ%akdﬂ(ﬁ{hnﬂ%%@t!iz%nl@)@tﬁ&ﬂsn,fa%@fc%nﬁfﬁﬁbﬁfﬁﬂ@'U.S.@T@@isioﬁﬁquaft&fﬂ, about
20% of people clear the virus, but the rest can harbor HCV the rest of

their |iv8s. Awpmiceidon NentlylHbt e fileddPecembeni® 200§, the¢andens of whéhvdrelual s
eventual |y deyel Lver - royi ng..cirrhosis or cancer. The viral disease
is transm ttelﬁgoﬁ‘gr%{netd\eﬁlyéﬁege%%émc%‘4n alﬁl&Xat ed bl ood and bl ood products,

cont am nat ed needl es, or sexually and 25vertically frominfected nothers or
carrier nothers to their offspring. Current treatnents for HCV infection,
which are restricted to i mmunot her aB)CRERANBnbi nant i nterferon-a al one
or in conbination pd b : 1E951Ae Ak Q9L S 88Y i bivb1dh BhaPlealid 1 t ed
clinical benefit. Weéégﬁlﬁgﬁegyi@%g&egt gﬁé‘?ﬁeé @%&éﬁlﬁle a?oerah%—}g/.
Consequent y,chtdmge Bvirslisease sigdris civdedisfand heppoclathr chemapauin csubgentid 30

that effectivel t chroni CV i nfecti on. Purin .
phosphor am LR @ s RBRA T SR EHOSRE: | hpbeora Y Fammiatiop vi rus
(US Patent ApjjldLatiaRRsthid 03,50k iors Rk AdSRoMR iR (RATiIEHER 4k alduever,

preparation of these conpounds has been nmade difficult due to poor yields
associ at ed wiachording te thelliSn§cunter fondisdabop€entselgdyccomlingnte theiWonkd Hedts and

because of pogor C-1' beta-stereosel i vi,ty .associ.at.e ith the ribose to
pur | ne. base. COEEMEHIPS TSRS Sredar By 00 pylioh ERERAIEH TR bR pdBa” ¢

nucl eosi @@ anal@gi®io 4Thdlibh p&dplS¥eENg frFbdteEach yehh &M cesiyREDEdbeusIYence in
whi ch the target nucleoside is prepared from an appropriate nucl eoside. In

thi s appr oactcoplsgdar thervias ebut $hq resfscap daber HQbhgtres pethsgdaracTevie

chem stry as i Ll _.0f. 1. [ f . ver, the
synt hesi s cant‘r’rvgfztgllﬂgacge? ﬁé/f Cl%féné%tﬂé’ﬁgiﬁsf;éh%(g?@?@gt% Y%lrtl&cl)lg' (feﬁéelog tll}‘gar' i's

requi red. An &ktreyingtimhesiappeaeh Thrwaratl disbae syinimasiisl piremediy bnucl eosi des

utilizes a 10convergent synthesis where a sugar portjon is separately
modi fi ed and 9CB{aEHN ghb]p@ and blood products, contaminated needles, or sexually and

25  wvertically from infected mothers or carrier mothers to their offspring. Current
treatments for HCV infection, which are restricted to immunotherapy with
recombinant interferon-a alone or in combination with the nucleoside analog
ribavirin, are of limited clinical benefit. Moreover, there is no established vaccine
for HCV. Consequently, there is an urgent need for improved therapeutic agents

30  that effectively combat chronic HCV infection.

Purine phosphoramidates have been shown to be potent inhibitors of the
HCYV virus (US Patent Application 12/053,015, see also WO 2008/121634).

However, preparation of these compounds has been made difficult due to poor yields
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with an appropriate silylated base (Vorbrueggen et al., J. Og. Chem 1976,
41, 2084). In the case of ribose derivatives in which there is a 2-a-0-acyl
group presenviv/arksidesi red 0O stereochem stry at the |' - pogiuseam/oss7Secur ed
by nei ghboring group participation in the presence of a Lewis acid such as

SnCl4 or TMSOTf. . However, if 15 t sugar has no 2-a-Q-acyl grou s for
> deoxy nucl dOSIEHE TG Hocp o Sh weve o gtescapHteaie
generate an igRRTLI ol eIt itNussuitiBe i BIheAndchd hihd bike cogpapat . A

common way to avoid this stereochiem cal problemis to enpl oy an a-hal osugar
so that an SMEptype coupling with a salt of a purine base or a silylated

pyri m di ne base | d nerate the desjred f3 isgner enrjched mxture
50(Kazi i er ozuk, ooty ety afg 'S WagTlo régpar 4 gl ovidsgitalogye The bt o, g
K et al 3. Qg folBREN 1iA8A%ynthSdtic &3RekR3n wHldhge tdvbet@luci@bsiddis p¥iredChem
2006, 71, 7773- 7779). However, the main problemof this approach froma
process chenifsam gn gppraprige ny¢leqsides Infiais appraachabsuadydlease iy lessiconegrppbeuil t t o
obtai n the desi react I [ ' Lt ho

it cul v puntr Sl B Uet A 5o ] B B edle L AT, g
exanpl es of rsaticsingasied leagthl ifaxtdndsychaskBcation bf erchabasiugauged. Anot her
possi ble way to do an SN2 type coug&i’a%:] i's enzymalic ?I ycosy] ati.on in which
the sugar-| - a- O pHOSPEIPEVERDPIRIHN the spuihpHeobarys paglensidss ulzesiasol at ed
enzymes I At er i

e R S e ST s S o
coupl ed reactwitinan spBepread sibdated bass dVydosadgat eoal., JThrgs ChomvE9%, éh, i s hi ghly

st er eospeci fi Unfortunately, natural enz s, onl. rk with alimted
by P oA bandhe S8 oF st i cs T AR Tdrads 28 ol ol bl F ange
of m croorganjs H@siﬂé@%@tér;@bc@@mfs@@%@ﬂ%dl'-pr§itié‘1§ Isijs%'&lwd gn% nbiBREYHE B¥bENSi ve

research there is a possibility that a nutated enzyne can be sel ected and
produced t houghigesiieniic themyessaes ¢irrgl¢vkspeidsuch #4 Stktls et TMBEY Tfa frbogyeoar, lifet t .

2003, 44, .2899-2901; Okuyamm, K. et al i osci . Biotechnql .. Biochem 2003,
6705, ods- od8 5P b Y A bacl arfln Bfor GO we PRI ra RSt  cal 1y
gl ycosyl ate m@hdﬂtﬁmmzaullae%reéﬁwml defibaek anSbrfersiPRiitak iwitch Ralkidirsttenenzymes
(Krenitsky et al., J. Med. em 1993, 36, 119-12) or with proprietary
Sgenet i cal | y BHitsulide pengrain 24 wemmavey i weryodbiissreaehemisakproblsm witg and) .
There is no |} L i i f e
>t uor o 2 ~EBTeTDalc Bk o Bl 520 BEEKRIGV A Y S0P DB bRLon LR,
start w th 2'silfylaulrmri2nididedhseydould geneatolic dasans §liyoans yhathiedmiaturt he

1- 0- a- phgsphat e of. the sugar, for glycosylation. The co of the synthesis
of these ta ar&RAGURSEE: Zafstl abpy s, St%ﬁe Bdc % 63?9'9%231@1%‘8! BRrétdés made
chem cal l'y by b'?m?. BP26¢ 6(50§$§%93- ZhopgMf %}t%'l &g &AL b¥Ge, B! -to
coupl e a sugar Wth a puri'ne’ base i’s th%’oug the use of M tsunobu

cheni stry. THI7§9pppowach, ths esimprobledesfshingppwagefibmsupicas chemistry point

N, Ndi cycl ohexyl car badi i om de (DCQ) .and.tri phenyl phosphi ne. Al though this
reaction acceépt's'al Ye\EF e . esg)%t 1%@%@?%%‘5@2’}%@?@(%glreéﬂrga?v&“éaI ly | ower
and there is R@skestifheBsELRE Withdut anPdItFibhIE Al RALGh stehe PHREMGtmdnyom t he
M tsunubo reagents and by- products is often challenging as well.

2' - deoxy-22' - flitereruse 2nd @tenschyinplosiet isactmgclabvel plamcanaskstwigh ¢-helosugaspondi ng
nucl eot i de phosphoy am dat es, kel o to the 2' -deoxy nucl eosi de category
Gince there is no AcesTraSadlR gbdn sre wpeich BB e fiomalc th ERyags
derivative ofinthechtue kllﬂ@raoa-@lpﬁ&gﬁatw@ﬁcoﬁl})Ie&twiﬂfdlﬁﬁﬁlre%dsdhﬁiﬂg}eitﬁéﬁisbiaf&iar
nucl eoside route in a | ess than 5% overall yield due to the conplexity of
forming the Z2nzyuatdrnkely cellsnhe phospbate gyestediatera heecaesipd onpymrtisyi on,

was done | at & jn.Lhe : ) - Sk ki e scal e
svnt hoai s (o ehdRerRRUEREE vorflisihd LR ARURS HhlARIFgH Blaclifl B
1712-1713). 25BMvIRY1yChsyT4tonl NWENIdn©btsloins € highBdstérsospodifiou R fodrtumatedal t s
t hereof or conmpound Il or salts thereof: RSI? :
natural enzymes only work with a limited number of modified sugars. For custom
sugars, existing enzymes from a range of microorganisms need to be screened for

activity or through extensive research there is a possibility that a mutated enzyme

can be selected and produced though genetic engineering (Komatsu, H. et al
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111 wherein WD 2010/ 075554PCT/ US2009/ 069475 (a)R is hydrogen, n-alkyl;
branched al kyl; cycl oal kyl; or aryl, which includes, but is not limted to,
phenyl orwoaptwdigiss where phenyl or napht hyl are opti on®CIyUSsunEM4rut ed
with at | east one of 5C _6 alkyl, C2_6 al kenyl C2_6 al kynyl G _6 aI koxy,

] NHgozC?r 6 alT@;}‘iahe(P %@%ﬁ%@%‘r %&@5"28@%@ eetélf @PSC‘F 6&@‘60

i ndependent | YRRyl 2803 Q§7(§§| 539 9957&4"'2 Cﬂ‘lubﬁ&fa!té@ﬁﬁleo@fd%s b di@feylt kdn ted to,
Cl_20 alkyl, C1_10 alkyl, or C1 is - OR or -N(R1')2); 10(b)R2
i s hydrogen, e@lyrmalcaﬂlkygllycoﬁ)ylatﬂfbatII)haﬂ%ﬁnaﬂ@btﬂﬂlmwe&m@sp@&m@w@&@)@ so as to

Lo &t () Raa AR RN Touts G Paette dv 80 PR RTRineBER °cl 10
al kyl, cyslo eKé’tllcally eABi06died @{ﬂyﬁ%sxmt@m@ﬁ%ﬁﬁt@%l@iukﬁb Fm@'tQ§HThere is

(CHZ)ZS( 0)d (CH2) SNHC( =NH) NH2, (1H i ndol- 3-y

(1H- i ni dazol -8 ytpr)aﬁ%@ Fsport of UgigrENEOTRS" glyc@fsyllatlgzh@rééeﬂ f@Pf@zaC’@@thyls ai d
105k, S B BRI, Wttt et Bl Mo Bt RAb bot
are C1_6 aI ky[hethylurldlne férl tran)sgllﬁa@syaimdnlaﬁﬁletlo@ai bbdisp&ﬁte(oﬂ'ﬂ%)sﬁ,lgadoﬁs to forma
spiro ring; is. hydrogen and R3b and R2 together are (CH2)/1
so as to for rﬂhépOéyleP% Tﬁlieﬁesttqﬁélile sm&eala@é thepestarging imateip \tRpsRpche e e

5Lyl ic et nars R B e b N M REPe RIS “Tnere ¢ 5 1 to 6,
dis O0Oto2 eisA final e&terrfatuvs n@thocd t& couple ansﬁgar ovith a Iandle\fdaeaf rsltlﬁi:a'ugh the
P e o bl b e Sy e T
C132) SRS By QUGHPRRCAGR, SR 2
CH2- i mi dazol -agcgjits a @&mrlewf@u{pms Vel (e tyoidpLiphower @ idre ismol ower
cycl oal kyll ! Osrcereoselectivity. Purification of the product from the Mitsunubo reagents and by-
products is often challenging as well.
2'-deoxy-2'-fluoro-2'-C-methyl purine nucleosides and their corresponding
nucleotide phosphoramidates belong to the 2'-deoxy nucleoside category since there
18 no directing a-acyloxy group in 2'-position. A close derivative of the purine
20  analogs was first prepared using the linear nucleoside route in a less than 5% overall
yield due to the complexity of forming the 2' quaternary center. The lowest yielding
step, fluorination, was done late in the sequence. This route was unsuitable for large

scale synthesis (Clark, J. L. et al. Bioorg. Med. Chem. Lett. 2006, /6, 1712-1715).

25 SUMMARY OF THE INVENTION

Disclosed is compound I or salts thereof or compound II or salts thereof:

R8

R3a \R3b Z SN
§>\ 0o o S X f L,

wherein



(vii) R3a is CH3, -CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-i ndol- 3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(0)NH2, CH2CH2COCH,

CH2 CH2 C( OWBi2210/0CF$3@€H2 CH2 CH2NH2, - CH2CH2CH2NHC( NH) NH2,  @HZAISReodas@ls 4-yl |
CH20H, CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or | ower cycloal kyl and R3b is H,

where R3' is independentl.y. hydrogen or k i C des S not
e Cet to cl 20 6n k¥ ppdronS iy R Biandhcag G ideloafstt 6 vt Qhich
-N(R3") 2); (qhaﬁdéssbmgﬁ&gﬁﬂlteaqaa,_ﬁ;{@n?i (lfr)ﬁaphtﬁf;} 10 al kyl optionally

substituted with a | ower al Iovver al kyl ) -am no, or hal ogen,
C1_10 hal oal kyl, C3-10 vyt péeﬂyybr nw&iybaﬁelqptloaalwubstdy@ﬂdhét@d@al¢<ryal

am noacyl, aryl, sgch as phenyl, heteroaryl, such as, pyridinyl,
substituted aryl, Oor substitut ed heteroaryl; 10(e)R5 is H, a | over al kyl ,

CN, vinyl s O- (|0W166411&M|032651M61fy@>(%6a|1 rca}l lﬁMdoxy,'FﬂSl;Br(IQi‘ﬂar)) owhere p
is 1 -6, including hydroxyl nethyl (CH CH2CN, CHZN

CH2NHCH3, CH2N( CH)12, haégaklgyrl‘,el\{(ﬁp)m Gratd oo Ed) kel ANSGEN,
luding F, d, .
or et nynol + " 15(g) RORe: Bk SRCR MRVEIR T et ln S Roc oy, S

al karyl, or aryl, intudds, buds u@telﬁmtézub Csyoratiéyl,| € tukkgtl, b@Clphﬂmle OlrS—

napht hyI wher e phenyl or papht hyl are opt| onally substituted with at | east
one of H, F, O, BRA-N& )JOW, SH SR7', NH2, NHR7', NR7' 2, Iovver al kyl

of CL- O5,johel ogenahed (. FhargBly. ), hvet R oh G GRengalopens ed (F

d, Br, | ower aI enyl Towe a yny

hal ogenat ed (sB,as @ forra cyicic lrmg/eluataidhw@ythecn‘djdming:(ﬁ\] andofietonad, Imhm;e ofs 2Ga- 06,
hal ogenat ed (‘, Cl, Br, 1) Iower al koxy of Cl-C6, CO2H, CO2R7', CONHZ,
CONHR7', CONR7' 2, CH=CHCO2H, or CH=CHCO2R7' wherein R7' is an optionally
substituted al kyI (cpyclioabkyR® aékenyl , al kynyl, or al koxyal kyl, which

i ncludes, but is not limted to, Cl-10 al kyl, C3 7 cycloal kyl, C2 10

al kenyl, C2_10 al kynyl (l)an@ep@ldelﬂyzglameéﬁ@m Rydrogenng 1. alkeyLiycloalkyBive,

e T WBHINRC S Ao, RS e R e

ni trogen heter OCyC(C@IZ)gl\IHﬁH\HI)ML, ?fH fﬁhomyl)lﬂedﬂgge(nﬂt@dd&zlal 4@1)m@hy1 1)
| ower al kyl of C1-C6, |ower al ken of C2- hal ogenated (F, d, 1)
| ower al kenyl of cﬁ@fb&CQPow@rylamt?mﬁmﬁlk@seéaﬁl@ﬁowoem;nalkyawb@jéwatied (F,

G B )T ot Al Shegl SRS S By OB (
CH:CHCOZH or CH:GIﬂG:@Eﬁq, and
20 (i) R** and R* both are C\ alkyl;
(iii) R** and R*" together are(CH,); so as to form a spiro ring;
(iv) R* is hydrogen and R*™ and R? together are (CH,), so as to form
a cyclic ring that includes the adjoining N and C atoms
(v) R is hydrogen and R* and R” together are (CH,), so as to form a
25 cyclic ring that includes the adjoining N and C atoms, where cis 1 to 6, d is
0to2,e180t03,fis2to 5, nis 2 to4, and where R is independently
hydrogen or C alkyl and R* is -OR' or -N(R*),);
(vi) R*is H and R* is H, CHs, CH,CH3, CH(CH3),, CH,CH(CH:),,
CH(CH3;)CH,CH3;, CH,Ph, CH,-indol-3-yl, -CH,CH,SCH3;, CH,CO,H,
30 CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -
CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH,OH, CH(OH)CH3,
CHy((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or
(vii) R* is CHs, -CH,CH;, CH(CHa),, CH,CH(CHs),,

CH(CH3)CH,CHs, CH,Ph, CH,-indol-3-yl, -CH,CH,SCH3, CH,CO,H,
4



(1))Rmis H halogen (including F, d, Br, 1), OH OR, SH SR, NH2, 5NHR,
NR 2, NO2 |ower al kyl of Cl-C6, halogenated (F, C, Br, 1) lower alkyl of

Cl- Co6, |woestcl7ksayl of C2-C6, hal ogenated (F, O, Br, PCr/useeencd’kenyl of
C2-C6 , lower al kynyl of C2-C6, halogenated (F, O, Br, I) lower al kynyl of

% o s e VAR B i G

Louherein R i s ancimti@HNHOMIBNL otedndlyley s aiwiepmbut is not

limted to, an optlonal y substitute 20 al y an, optlonally
substituted C1_10 (“aIH:KSA Ofé)ﬁplt)pCHo‘SﬂJ ¢Iyowmmlqautyédnd Bwds Hamiogte; R i

t | bstit. k |l b d
A kymyt of oo HEpTrIN I ket sl Bl ibeiEResaPRR DR e I8 o, ©
optional |l ¥ substi tdmz}gobplgmk 1\Mﬂ|(gtgau@plm‘dg&dmtormgﬁgg I imted to 15(:( 0)

al kyl , 0)(ClL 20 al kyl Cl 10 al kyl | | kyl
A Sl i el sed i @ b eg§§¢r)@(gerprepa$kw§ l@rﬁy@dmn@n)( SbysaeE as

def i ned abovao, shAal ISR, dB06 SR8 LCARE! GR0xch 2, SHSLERTEICEL T ve

reduction of a prote usi e’reduti ng agent
1l to provi d;@cﬁ»atb@t ayblaslkpﬂ alkl;d[ ¢ywidhieweeodIvl, anidoacyl,. aryl Sych.a@ p@thyRH 0 R5*
LAR6 R11111" 3( st ereosel ective conversion of the |actol

derivati ve usl}eFF‘éo%Yylr é‘é&‘eﬁﬁt Pﬁfrkfh@ﬂt %bﬁtltﬁﬁdéﬁén@rﬁués%ﬂnﬁﬁQﬁﬁéqaﬂ(}at ive VO X
L) R Bl WS SR X e
group. alkyl, i.e., -(CH,),OH, where pis 1 -6, 1nclud1ng hydroxyl methyl (CH,OH), CH,F,
N3, CH,CN, CH,NH,, CH,NHCH3;, CH,N(CH3;),, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I;
()  R%is H, CHs, CH,F, CHF,, CF3, F, CN, vinyl, or ethynyl;

15 (2) R’ is hydrogen, 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, ORT, SH, SRT,
NH,, NHR”, NR,, lower alkyl of C1-Cs, halogenated (F, Cl, Br, I) lower alkyl of
C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of C,-Cg, lower alkynyl of C,-Cs,

20 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, COZRT, CONH,,
CONHR”, CONR”,, CH=CHCO,H, or CH=CHCO,R” wherein R is an optionally
substituted alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is
not limited to, Cy.1¢ alkyl, C57 cycloalkyl, C,.19 alkenyl, C,.1 alkynyl, and C;_19

25  alkoxyalkyl,

(h) X is H, OH, OMe, halogen, CN, NH,, or N3;

(1) Y is OH;

()  ZisNorCR'";

(k) R® and R’ are independently H, F, CI, Br, I, OH, OR', SH, SR', NH,,

30 NHR', NR',, nitrogen heterocycle, lower alkyl of C,-Cg, halogenated (F, Cl, Br, I)
lower alkyl of C;-Cs, lower alkenyl of C,-Cs, 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;-Cg, halogenated (F, CI, Br, I) lower



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1. X-Ray Crystal Structure (ORTEP

drawing with 30% probability thermal ellipsoids) for Rp-17. 5 Figure 2. XRD
of Rp-17.WBi2guesB4FT-1 R spectrum of Rp-17. 10DEFI NI TI ORET/US2009/0¢%3&5 phr ase
"a" or "an" entity as used herein refers to one or nore of that entity; for

compound. as e ot e« 6Pk <Gy BoNTE SO AR i REH. &) cas
one" can be ysgdcheigrehangeably herein. 15The phrase "as defined herein

above" or "as defined above" with respect to the substituents refers to the
first definition pmdvided in the Summary of the Invention or if no

definitions there, thenibh Fl NI TI if Afon Eaorit BE, ni ng
under st ood by one (Qf or iﬁﬁgﬁla%é?ﬁeplqng#ﬁglgtﬁer Bfﬁg??@@’ SIf)Ir lgﬁo _ onal | y"
as used hgr eiNHREAIR,, NGitloReZdk IUITEAUE RilbYerdeRIQF] OE BreN eiberQilkyd bf CyMBt ance
may but need not occur, and that the descri Etl on I ncludes instances where

the event or @i lkopigteRrleofSodis balagenataddFaht &4, D hower adlkeniyt ofdeeSs nletver For
|l e, "optj ! t, d
exanpl e, "optjanal oP@%ﬂeg,lﬂzg%%ﬁatM‘gf, eCfl,r%ro E&Bg/’epgl%éyﬁl iogl%\é-(%gfr?axé%_? aRb&y &P, an

that the descri’ption 1 ncludes sin
The term "abautCs, halogenatep(Fe S&mred) lbyer JlkorgeadtC tOARACA,Rie COsRI, IGaNKyer i cal
25value is part of a range that varies within standard experinental error.

f
The term " hal ONHRs GREBneHe(HICOEE on 465 (dHFB2S; bronp, iodo and fl uoro.
The ter mypi ndependeni iy 'R §Sanisife GiuStidutedi ) Chith iMAlded BiRfd el € 1S
applied in any one |nslt anceanvm tﬂgu?};regér% tacr]}gjt’he 1pr esencee’ or Sa sence of a
vari abl e havilnygitedtat arsept®nelly subdiifutel@nt alket,ianioptiomllyi substiuteth €, saatieyl,

conpound. Thus, i.n g, conpound 30 i hich R ears ice apd . is defined as
P hependent 15 HPBER SR B dgrraleigionecs R bR S BERAIEEER R s can be
nitrogen, or agylRan fé%tﬁebéﬁﬁy SasAANCPNLy NS 0L T albitIRGRY substituted 1HRQr t €F M

S
"purified," as descri herein, refers to the purity of a given conpound.
For exanpl e, akenghplolnds.ios oppenallyisebbtitwibd acytl ehigh inshides hplasndt lisited ®naj or

conponent, .of 0 (\fAon, i .e | east, 50% ur.e hus, "purified"
enbr aces At I%@taﬁﬁ'g’%(@)wlﬁ&ﬂk?% C%@%blﬁs&@y 0% %‘Amsmi’?"fefﬁ‘%ky t 1east 70%
purity, at |east 80% glstiobad isatpréRasior hYuiib tdtpoudld Il 2@6p8RI IUsd ty, at

| east 92% purity, at least 94% purity, at |east 96%purity, at |east 97%
purity, at | egéncdgbaveuvhergin saisopragesh eBpri®sns purity. 10The term
"tautonerisni and /it aut (L aV ir . | i The term
"P*" neans that the phosgp c%?lgg@%%@#@hgﬁ?fpﬁﬁ@%tﬁ%n@ %ﬁlyﬁtﬁﬁggﬂgﬁg @

cor r espondi ndhydeliarddngiabdg&itel og desi gnation of "R' or "S" which have their
accepted plain neanings It is contenplat edOth t the phosphoram date

nucl eoside | and the cyclic phosphak&onile e Il can exist as a mxture
of diastereoners due to 15the chirali twﬁéphor us. Applicants

contenpl ate use of the m xture of di sagulejfeo’&ers and/ or the resol ved

di astereopers. In sone instances, an asterigk does not appear next to the
phosphor oam date or cyclic phosphate phosphorus atom In these instances,
it is understood tthatovidwea pttedgshaddgyvaitverhV; en¢hiral and that one of

ordinary skill understands this to be sg upl egs the substituents bound to
t he RO
RS RS
§ *
R'"O X
v

(b) stereoselective conversion of the lactol derivative using a reagent to
obtain an anomeric alpha-derivative V

o3 Ve
RS R

§ %
RO X

25 v ,
wherein R’, R®, and X have the meanings as defined above, X' is a leaving

group and R'' is a protecting group.



20phosphorus exclude the possibility of chirality at phosphorus, such as in

P(0) C13. Al so contenpl ated are isotopically-enriched anal ogs of
conmpoundswp 28175354 The term "i sot opi cal | y-enri ched" ne&03/ush@n/ 064474 east
one atom of conpounds | and Il is enriched with a particular isotope, such

as, for exanple, 2H, 3H, 13C5 15N5 32-5

Y etc. The term "deuterated anal ogs" neans a conpound descri bed herein or
its salts 25thereof, wWhepRglrFDRYERIPEIORIOMNTEEBRAWIRGQ th its
2Hisotope, i.e., deuterium (D). Deuterium substitution can be partial or
conpl et e. Parkigare Heut eXiRamnGusssl $trustiro (OREERSIraiag vath 308agrobebiditthydr ogen
is substituted by at |east . deut.eri For instance, for a conpound 11,
one of ordinary skill ?gﬁ“@g%ﬁ@ﬁ%@%g@?-east the follow ng partial

deut erat ed anal ogs (where "4" represents n-nunber of 30 deuterium atons,
such as, for an isopropyl group n = 1-7, while for a phenyl group, n =
1-5). Al t houdfiguree. ret r?zRDg}fé?mﬂg depi ct ed bel ow are shown as bei ng

conpletely deuterated, one will recognize that partial -deuterated
variations are al so possible, such as, -CDH2 and -CD2H. o,CH3 sCH3H'--N
110,00 1 NiRard®B. | | NNNHRR Mtchram dfiRp-17CH3 01 %®% cc HOF ,CH3 sCH3 | O
iPrOH N-11L00 1\ 1---NNH2

10 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.

15 The phrase "as defined herein above" or "as defined above" with respect to
the substituents refers to the first definition provided in the Summary of the
Invention or if no definitions there, then the DEFINITIONS, if if none there, the

meaning understood by one of ordinary skill.

The terms "optional” or "optionally" as used herein means that a
20  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.

The term "about" (also represented by ~) means that the recited numerical

25  wvalue is part of a range that varies within standard experimental error.
The term "halo," as used herein, includes chloro, bromo, iodo and fluoro.

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

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



/' CH3 HOF PHO These are but a few deuterated anal ogs that are
synthetically accessible by 10 procedures and reagents that are known to
one of orwpraryo7s3suH| | . The term "al kenyl " refers POTAIS20996433%i t ut ed
hydr ocar bon chain radical having from2 to 10 car bon atons havi ng one or

two ol efinic double bonds R ferably one ol efi oubl e bo The term
"C2 N al kenyl S F b bs. haif ket e Hishigins O O B 98 ORI CR4PB AR g&@&ﬁ%@f where N
i s an integeryifiginng the foIIovvl ng values: 153, 4, 5, 6, 7, 8, 9, or 10.

The term "C2-10 al kenyl " refers to an al kenyl conprising 2 to 10 carbon
atoms. The term"C2_4 al kenyl" refers to an al kenyl comprising 2 to 4
carbon atons. Exarijlederm fipiridted," dsdescaibed herein, ifoﬁIISé@thed)uﬂ\W ofyd givan pr openyl ,

2- propenyl ny ot ¥l ) " al ogenat ed
al kenyl " ref er%g1 pl\:éoﬁ%ﬁﬁorz%g&§F CO&ﬁgundyls l%nffeedagv[hel(%rtlhee éq%qlgn@jn H ‘JBar and

. 5 Theajbesdmpoikkydf the &frﬁlﬁc%ltidih an, atrlbersaa@head/quurbr Fhe) eplirtrtedi’ n,
sat ur at ed, nonqgval ent hydroocar bon resi due cont ai ni ng 1 to 30 carbon atom;
The term "G _SMRGeype IpE POy S WY PARYatgast &Y/ MeRHEY-1Bt s CapBiw. 8t onrs,

‘Q’ger ilM '1; arlgés? %@%%ﬁg@%&ﬁgm B¢, %ﬂ'ktg 0%%&959’03} g?ﬁtyz%c le%s\;% 9%, Zplsﬁ 1?2131‘[ ge%st8 9,

28, 29, or 304 pﬁniyeattrhdstl%% pahk;ylat‘leaﬂ@é%purny,aan laakt38% porityaamd atdeakt t 0 4
carbon atons. sﬁe term"lower alkyl" denotes a straight or branched chain
hydr ocar bon 1% PBYeYconprising 1 to 6 carbon atons, which is al so

desi gnat qg by the BRESS ShABmelm®aid KYltomerst %,a%)th@ h¥de) te@?pléﬁﬁ?ﬂjea'ﬂﬁlr AL
refers to an al kyl conprising 1 to 20 10carbon atons. 8 al kyl " "as used

herein refers to an al kyl conprising 1 to 10 carbons. Exanples of al kyl
groups i ncI ude, bukhegdemn St rnq:amstﬂmtheqahomﬁtoma atOl@tlhyhlralpnd)ﬁw it hias pr opyl ,

n-butyl, bUt ﬁrg%;iﬂndltl)lgé/ahh IEgori )ﬂréélgggig 1er|ilatt nof Epﬁerg"yvbhl | nCeI ﬂl} heDt yl,

octyl, nonyl group e, but are

not |imted ta@ceﬁ&tmin,m@tnmgs, ItFlE @mbmplatdartﬁmhe plﬁbsbhtﬁrfdﬂmdaltelmbﬂéd&detl- butyl,
pentyl, isopentyl, 15neopentyl, SVI){ H etc. The term (ar)al kyl or

(het er oar yl ) aR\RC ¢yedF @B@Sé’hﬂtlﬁiélualleR re8l pxissasgpmi X of Ql%ﬁweﬁ%‘ﬂlé‘doby an
aryl or het T enated al kyl"
(or "hal gesll k tﬁé ?m@eﬁlft gtrqultldgplgoﬁésﬂn elllxrég 5o nt?m 1ra};len %0 ‘ﬁ{ hal ﬂﬂgfag conpri si ng
at | east one dﬁasﬁreo@le,rs de/orahﬂrdsolva'dhélats@r 1€, Imshﬁlbﬁmeltdmcb aneitemﬁ( to an

al kyl conprisjng 1 to Mcarbon atons that conpri ses at | east ne of F,
d, Br, and |({0%%tra@pﬁﬂr ingXHq t‘FenP BhorRa|daty qrr%df%ph%mk%pwpﬁ@fgs atpm.3 4

5, 6, 7, 8, 9nuwQe ni]silancészu 1§-§mde1s4t ocf- at th® hésZoh A8 atohdis c%@ral%thgt?one%:ﬁ 24,
25, 26, 27, 28, 29, or % oal yI'p ?erstoaha | oal kyl

conprising 1 Ctrdlnarycirlbmrsamﬂsams teelasso wriess dlic dﬁbst@hentBboumirtd the The term

“hal ogenat ed Io al k or "I. r l.oal k refers Kyl

conpr Lot Y 1 HRropasbindsyBraosfiike! T Yrebutrors. tych deth PBaER Y

Exanpl es |nclude but are not limted to, fluoronethyl, chloronethyl,
Also contemplated are isotopically-enriched analogs of compounds I and 11I.

The term "isotopically-enriched" means that at least one atom of compounds I and 11
is enriched with a particular isotope, such as, for example, 2H, 3H, 13C, 15N, 32P, etc.
The term "deuterated analogs" means a compound described herein or its salts

25 thereof, whereby a hydrogen atom is enriched with its “H-isotope, i.¢., deuterium
(D). Deuterium substitution can be partial or complete. Partial deuterium
substitution means that at least one hydrogen is substituted by at least one
deuterium. For instance, for a compound 11, one of ordinary skill can contemplate
at least the following partial deuterated analogs (where "d," represents n-number of

30  deuterium atoms, such as, for an isopropyl group n = 1-7, while for a phenyl group,

n = 1-5). Although the methyl groups depicted below are shown as being



brononet hyl , i odonet hyl, difluoronethyl, dichloronethyl, dibrononethyl,

di i odonet hyl, trifluoronethyl, trichloromethyl, tribrononethyl,

trii odomewbybio/orsssil uor oet hyl , 1-chl oroet hyl, 1-bronoet Bgir/jUS200006@2% hyl |
2-fluoroethyl, 2-chloroethyl, 2-bronoethyl, 2-iodoethyl, 2,2-difluoroethyl,
2,2-dichloroeth I, 2, 2-di brononet hyl , 302-2-di | nmet h 3 fl uoropropyl,
3-chl or opr opﬁonypée By slspisrabysy pne ’fﬂg%/efogltl?? @Ph%@t‘%‘ﬂ“%& Variations are also

1,1, 2,2, 2- penjaafibrosRe by lcor gl t@bjn." al kynyl " refers to an unbranched or
branched hydrocarbon chain radical having from2 to 10 carbon atons,
preferably 2 to 5 carbon atons, and having one triple bond. The ternr"CZ_N
al kynyl" refers to an al kynyl conpny§ng 2 to N carbon atons, whereofFs an
integer havi ng the foll ow ng v%#ues 3, 4, 5 6, 7, 8 59, or 10T e term

"C C2_4 al kynyl "qref@rs to an nyN conpri si ngo QH% car bon &t sz\The
term"C2-10 alky§y+{ rief ens bo & I conprlafng /4\Cff¥

Exanpl es incl yudey but— arék\(_jf ethynyl (‘Poe. &I§b 1- bgpynyl
2-propynyl, 1-butydyl O 2- bu&y % or 3 but ynyl .
"halogenated aIkynxgzéref an unbranched or brﬁggbed 10 hydrocarbon
chai n radi cal havi rom2 to 10 carbon atons, pre ly 2 to 5 carbon
atons, and having one triple bond and at | east one of F, d, Br, and
The term "al koxy" refers to an -0- abhyl group, an -0- cycIoaIkyI groqmﬂ3an -
0-1 ower cycloal kyl, wherein alkyl § cycloal kyl, and | ower cycloalkyl are as
defined above. Exa Ies of - 0- }1 Xgroups |ncIu e, are not N to,
nmet hoxy, 15eth8§%«\ opr o ylgxi |- plopyl oxy, Q§Lx§§%{ |-b8t oxX DY
t but yl oxy Lofver nalpko Hsethéﬂeln denote p Vit hN&

"1 ower al kyl "P§roup @s pre.' sy defined. "C1¥1b a[kqu §Hio
an- 0- al kyl wher ei n—af kyl HOS _10. Exanpl es of -0-c) oalkyi gFoups
i nclude, but are & Ilnlted to, -0-c-propyl, -0- chﬂ}yl -0-c-pentyl, and
-0-c-hexyb. 20The €rm "hal ogenat ed al koxy" refers an -0-al kyl group in

whi ch the al kyl group conprises at Ieast one of F, d, Br, and I. The
term "hal ogenat ed | ower al koxy" ref&Ps to an -0- (Iomer aIkyI) grougﬂ

whi ch the | ower aIkyI group cogpri ses at | east one of F, d, . The
term "cycl oal ky " pﬁfers to a u substituted or ubsngtuted car 0|yc
25 which the ca cy 10 car bon ”.pr

carbon atons;ip pFePera |y . 3.to 6 car bon ate N0 Io

cycl oal kyl s). Exanpl' F~$ye oaIkyI groups i ncl ude, t are ngt Timted
to, cyclopropyl, t hy cyclopropyl cycl obutyl, | opentyl ,

cycl oheptyl, or coctyl The term "C3_7 cycl oal ‘ as used herein
refers to a cycloal kyl conprising 3 to 7 carbons in the carbocyclic ring.
30The term"| I whi ch

i ncl ude, butrgggéﬁ%¥ﬁ+?%?kgﬁnm%%h%§§o %?%%?@ %% t?%hg¥%§%%€@?¥yclopropyl,
etc. cydK)obLnrycted(ltha)ld ré@gentsrdtahyie-knypehab oby of or8mast skyll.- cycl obutyl , etc.,
cyclopentyl (c13n), 2-nethylcyclopentyl, 3-nethyl-cyclopentyl,

PR e O LT R e I Lo S i

substituted huvig WD t6 Y6 LadbK Womsheaimgl s o@twwr*ehﬁﬁldsmbre%om S Incl ude,
but are not limted to, any one of nethyl, ethyl

byt " butiyH b el cgric Sovily bond S By [y m et SftrstieRy Dt y1
d tyl that
and octy ac p%lsﬁ%@;t%lﬁ gfllr gn Wof’n@h\gﬁg ?\Pffga.@ﬁnt’egé hgefn? ?P%I%Lv? %\Qq[?%és

cycl obutyl, cltopent cyclo eter
refers tasan 3,“45&@ t7i 8,11, o€l 10r Tﬁelﬁﬁﬁll"t)gl-tl@dkenyl” refers to an alkenyl comprising 2

2

to 10 carbon atoms. The term "C,4 alkenyl" refers to an alkenyl comprising 2 to 4
carbon atoms. Examples include, but are not limited to, vinyl, 1-propenyl, 2-

propenyl (allyl) or 2-butenyl (crotyl).

The term "halogenated alkenyl" refers to an alkenyl comprising at least one

20 of F,Cl, Br,and 1.



heterocycle, in which the heterocycle contains 2 to 9 carbon atons;

preferably 2 to 7 carbon atons; nore preferably 2 to 5 carbon atons.
Exanpl es wb 201007635t er oal kyl s i ncl ude, but are not |i m PEWUSRY09/069475
aziridin-2-yl, NCl_3-al kyI aziridin-2-yl, azetidinyl,

NC1l_3-al kyl -azeti rrolidin , )

N-CT_3-al kyl - pyrr gﬁlhe&fﬂﬁn ralky! Tl e ot birfencheir pranchggphain, saturated,

N- C1_3- al kyl -RéRRkics lﬁydﬂ)caﬁﬂl)on fé@@ﬁ@cdﬂtalhﬁ 34,1030 c@fboﬂ afRe L RYMOTT, t]v{]
cycl ohet eroal kyl . Specific exanples of é -al kyl -cycl ohet eroal kyl s

i nclude, but aed” reders Kk ani alsyl Qomprmngelt ﬂ@;l‘{/l-caliqomammﬁ, hgte M is an integer
N- et hyl - azet,i di n N- met h y y rrol.Ldjn-4-yl,
N- et hyl - pi pebral r%éezyoyllo Hf‘@‘(%‘tl y §1ﬂ839y10 lil’;li(;?tlg 4 Ff)_{ f601l7 1§1

N-net hyl - gi peri do,e142y)23, b 2&5h@6|z*vstz@mgeop£o Rethe fehif "0} fikyOfre2R tatahachment
bet ween the cycl ohet eroal kyI ring car bon and the oxygen occurs at any one

of m. copfpiningak{n 4 carbereptems o The &imslowereieylcdenokisri sigight ear bonyl
noiety and a

doubl o- bond EARRBEREPRERBBEbY resE SGABRARL' IR cEibtn SAGIAR, plo

het er oat om i sdeslghaecﬂb;zltlfer@m@mmg 0 25 N and S. Wen the heteroatomis N,

the Nis substltuted by. a The, non-car bonyl npi et |s sel ected
from strai ght 1maawéhea31 2%1?1‘53’]0% Pf»f‘éi %ﬂr%y refesgrio am alikﬁh¢%€sslngoh not

limted t ncr i |, or
| ower al kl?;l T ﬁ{?%%!y&ﬁi v 1?%%??’%15#8&”%% lnlrglfrerg)t]t ﬁyﬁ aﬁiglf ¥+IE9[I%1'H% t%?/ng
benzyl; ary I maﬂmlnkyExampiehoﬁaikyi@u@syndudt@ but e nat hijted tmchmdlythg:tkp/rh,e nyl
optlonally 30 substituted hal o F, , Br, 1), hd xyl, Cl to C4
oPky b or ” cr TEPi i Ruey Ot e st Bt b hameb ik b

sul phonyl | NebMdddg 1, 'H%&}haéigs Wy Ql?l/e!s,of Idecrimile ﬁrcﬁil'ps Aclidel PRASPAGI NI er
trityl or nonorethoxytrityl, substituted benZy trialkylsilyl (e.g.

di net hyl -t - bd@yﬂh@ﬁhylﬂﬁl}’bmr@ylhhﬂﬂwm -hytykii{bytyl, ndtveyl, pentyleepentyle ar yI gr oup

is prese in the nop-carbo [ ref ed. that ryl group
compr | se8%a pERISIgRERE <t e & St i P GBS ASRTT Y o acy
group i n whi gholi® opeBnABT BB BDiaf tay] iof a heteRyard| dyil respectwelSF he term
"aryl," as used herein, and unl ess ot hervvl se speC|f|e(§) refers to
substituted or unsubstltut ed phenyl (Ph) phenyl ., or naphthyl, preferably
the termaryl refekhs tem: ltﬂyéﬁ@rl@tﬁ@éﬂfy (ouﬁsaéﬂ?élﬂil )dﬁféaﬁtﬁweﬁybranwoo’crw gr oup

can be subst il bhfha RO S Lo TOLELASS 1211981 S 1P QAR fydr oxy1

F, d, Br , am no aryl am no kox oxy, nitro,

cyano, sulfo rhaboaﬁqal‘drefesm tof &t zdkylpdoombmjgi Ictoadd iceicbop Iammpshhate;on@ﬂndeqodtcbsqsho nat e,
ei t her unprotect rotec S necessa vvn to those skilled in
the art, “or %ﬁ&ﬁgr ‘éP B&sal%dalu& Fre lsraWte@eéé%Vén%ﬁW&% @vmwafm%'sf 35%

"Protective %@uga) i1, ﬁggn13:1$yr5t h@smlg iy, doeth, 220 1n4 W4 ey, &, §9n§9 1999.
15The terns "al karyl" "al'kylaryl™ réfer to an alkyl group with an aryl

substituent, ®wudh"as: b@lnzlytlyl” r3fees tto@rhartoalkydwmplawkgﬂ y¢ 3 canbohs aweat ledskyl ar yl "

rerer 10,2, | SHELGH Kl SLup By RSN SRR+ T

substituent. r&hes foriloadityl lomprisial Kb banibda atdieindad kaskt ore@if T €118y, a | ower
al kyl 20substituted by an am no group that is itself substituted by t wo

| oner al 9l  gnddpExamplgpcude hleanm@t Ipiteddp eflypsempthid, chlgrqmacthylcHz) 2NCH2,

( CH3) 2NCH2CH ower al kyI S

substituted ﬁjlm#%%‘%hg?%% gﬁ&gl) 5 ]R'Gf (ﬁﬁﬁgﬁhﬁﬁ}fdﬂ Ml%tnﬁq?%jr% no

substituent. dicds@ctik tmmceaﬁetmyasnax@ﬁpie&gzl Qﬂbmn&m@btlayl;emrmdomdﬂiﬂ,nued to

limt the nmeaning of the term"dj (Il ower 251&?1I ktﬁ)[é[)am no-| ower al kyl" so as
0%

to require tHBI0EgRYL ]f‘Ph]PEOGélB’rlvt]ePr‘i?F%&egﬁ’Ltlh Poimerociniyd-cllpsicthyban be
substituted wi %{anﬁ,@tﬂyi "i{( §é2t%%,c2;tlzlﬁﬁférbetﬁm RO. &Ehl@f&éﬂﬁ@'ﬁ dﬁh&ﬁgm%ﬂrﬂg ,chain,

e.g., CH3CH(N (lower “al "The term t ér ocyc ers to
an unsubsi t \&- é{dluodometbglt B tfluoenprbetl £3-oldlpcdpeopyd rt-bionmiopeopyd rhi®;  hydr ogen,

and at | east o e of hg 3 g?ere e C and N can 30be trival ent or
tetraval ent, © BOKWQ%'OTB g%%pﬂy G Exanpl es of heterocycl es

i nclude, but are not limted to, a2|r|d|ne azetidine, pyrrolidine,

pi peri di ne,

10



13 imdazol e, oxazole, piperazine, etc. The term"nitrogen heterocycle" as
used for R8 and RI represents a heterocycle containing a nitrogen where the
ni trogen We 20tp7pssient of attachnment to the purine. ExanpC&aSei09m6%37% r ogen
het erocycl e, as used for R8 or R9, include, but are not |limted to,
-N(-CH2CH2-) (azirjdin-1- . v N(.- CH2CH2CH2- zetidin-1-yl), :

N GeoHodeCro- Y S R o eruoranchod hereded Rdrol b Btz ne.

as rel ated tqaffkallHalindHrotn 24680 €ALHE SRARIHRErANPOSH b afHohRAR agd OM Of the
pi perazinyl is substituted by a |ower al kyl represented by the follow ng
structure: /\havmgemedagtikybonh-The temet@natlkynylt tegers ppasilkpnydicomprjsing gftot he

i perazinyl i,s substjtuted by.a nethyl .grou The term "anm,n id"
T s et S SROOT glonth g Ry et BIpN Bl Ao o e Sand
i ncl udes BUtEl%rm@tThéﬁhhe¢(quﬂaﬁthfﬁﬁédﬁmﬁﬂHﬁgdb@npﬁ§ﬁ§2ﬂ§4c&b@n

glycine, alanine, valine, leucine, 'isoleucine, methionine, ?hen | al ani ne,
trypt ophan, A@Ns-nELe gEn| he o alkyednickas tocapsalleynyd comprigag Ado | dsphengi ne,

or ot orrod entaarananclfig b S 0l AL EEEAE LML 2oyt

Al t er nat i vel yl-biitheylabdbogngcord-batpnyde a derivative of al anyl, valinyl,
I euci nyl, isoleucinyl, prolinyl, phenylalaninyl, tryptophanyl, nethioninyl,

glycinyl, serinyl, threopinyl, cysteinyl, tyrosinyl, asparagi
gl utam nyl, aspar t%lt?%ﬂt?ﬂ%%‘%@tﬁﬁ af%%?f,ersa? gn Hp%gnc,he_‘?’i 2t i
hi stidi nyid, 13nalRa¥bnLRaivahdibr haldp/fRMed Ry 10 i%%bb& oRNCHRMably 2 to 5

13- prolinyl, 13- phenyl al ani nyl, 13-t rypt ophanyl,

13- et hi oni nyckrbbB-agpys iang haviBg eee fripyd borfd3ind at least one of F, Cl, Br, and 1.

20t hreoni ny1, 13-cystei nyl, 13-tyrosi nyl, 13- aspar agi nyl ,

13-gl utam ny1, 13- rtoyl, Qs utaroyh, 13-1vysinyl ~ 13-argininyl or
T3PSty | vnaTeets dbeaa st BeROrut e, B oS EIARIE 5 pe

speci fi c and dhslegandralkytivaelas uikel, efclearyl, aid lher epdl&dlBylake & ddingd or 6
gl yci ne, al anine, valine, |eucine, isoleucline, nethionine, phenylalanine,

trypt ophan, pere nexamples efe;O-plybgivupeinchys; it aee not ipweH fe MmeByas agi ne,

glutamn 25 re ut_ | ysi Qi ggg | Stidj inthe D
and L- coﬁ? [ gue?lgt b%l?r(?pykggy’ } %glfog?/’n’?ﬁgt&?dﬁgg%%@ogg’ctl u e@( 'nngibWsrb?i tuted, N
- nonosubst i t ulllesky” andsed, hvetiis dasitdstantadicoxyegrowatvith @Slovfer altyllr@blyaoccurring

and synthetic a,, O y or 6 amno _acy|s, where the anming acyls are derived
from am no ad%rﬁ‘él.ou%@eé’rﬁdn&lnliotapi%énreé%{ﬁtoo@'g)@glﬂli"fllﬁ%aa [ dsubst it ut ed.
When the am nocpididQ@en-b i cHBR bhdupk GtbluddButtrd hQd&Ritddo, &-Lhe6pTReRe- o
di-substitutedﬁ/&%gre théﬁgubst%tﬁént bound to the aﬁ%nginitggdgﬁpisca
| ower al kyl dutdn-Gickpantyl,.and —O-c-hdhd. t erns " al kyl ami no" or "aryl ani no"
refer to an amno group that has one or two al kyl or aryl substituents,

respectively. 5The.term nprotected, " as used herei nd unl ess herw se
Gof  ned. et er ot o R IIGKEEL Sreos e EE Ay TR Ronp ip SRR THET

phosphor us  atapg tegoupr Ytsed dtSedstibid6ITE, (8ABH, beMI.or for other purposes. A
w de variety of oxygen and nitrogen protecting groups are known to those

skilled in the art of organic synthesis. hbn-linitiqaéexanples i ncl ude:

C(0)-al kyl , C(0) Phtheceimy aiajegenateg lovegualkorpy referstpant@egpyer alkyl) group in

which the lower alkyl group comprises at least one of F, CI, Br, and 1.

The term "cycloalkyl" refers to an unsubstituted or substituted carbocycle, in
25  which the carbocycle contains 3 to 10 carbon atoms; preferably 3 to 8 carbon atoms;
more preferably 3 to 6 carbon atoms (i.e., lower cycloalkyls). Examples of
cycloalkyl groups include, but are not limited to, cyclopropyl, 2-methyl-cyclopropyl,
cyclobutyl, cyclopentyl, cycloheptyl, or cyclooctyl. The term "Cs_;7 cycloalkyl” as
used herein refers to a cycloalkyl comprising 3 to 7 carbons in the carbocyclic ring.
30  The term "lower cycloalkyl" refers to Cs.¢ cycloalkyl rings, which include, but are

not limited to, cyclopropyl (‘Pr), 2-methyl-cyclopropyl, etc., cyclobutyl (‘Bu), 2-
11



10CH2Ph, CHz2-aryl, CH20-al kyl, CH20-aryl, S02-al kyl, S02-aryl, tert-
butyl di nethylsilyl, tert-butyldi phenylsilyl, and 1, 3-(1,1, 3, 3-

t et r ai sopwopyliudi7sishoxanyl i dene) . The term "puri nePCOUS2@P06RT7RI ne”
base i ncl udes, but is not limted to, adenine N6- alkylpurines

g?yﬁg?/wr;' "8 Egﬂ Fy?%hle%hg’l Cg‘%é}ﬁl ]Ik%tlg‘ Xmﬂﬁpg}ﬁ%sy% YIN% acetyl enic

purine, N6-a kl ikt N8. [N, KV etRYI-E 1,2 K YR EHBAYTH e
N6- t hi oal kyI Ccé,uro?nety NZmégﬁiS%gu@:éngs N% g %pgh‘t@hl opﬁryl%nesgﬁl{ PE)

cyt osi ne, et¢.uor ocyt osi ne, 5-nethyl cytosine, 6-azapyrim dine, i ncI ud| ng
6-azacyt osi ne, 2- and/or 4-nercapt opyrm dine, uracil, 5-halouracil,
0| g S Lor MG e RGPS B B pal TR PRORNEBE 9o
pyrim di ng, @ﬁbhmﬂ‘e@m@l &}Ustﬂlﬁtﬁdlby& 1o%r culdAlRAY ExBin@ichef cycloalkyl alkyls

C5- cyanopyri m di ne" C5- IOdOﬁ yrimdine, C6-I|odo- p%rl m di ne, C5- Br-vinyl
pyrim di ne, oBclpie bhye ngyimieditonany e of methyly et aramel. 1@501é/r1nlhblﬂ)tylr i di ne,
N oty pur i, 0! dotn 1 SR RGn, RAEXLAH Ml ey ATt 11
pyrazol opyri rshtia';tm)rﬂed Wl?lhrdynbptmhQ-mathbllﬂdﬁ,lomupylar}eldbutylIayniotpemttyt, and guani ne,
adeni ne, hypox e, 2,6- diam nopurine, and 6-chl oropurine. Functional
oxygen and nlctyP %’Wgr oups on the base can be protected as necessary or
desired. Suitable protecting groups are well known to those skilled in the
art, and jpncl ude tTﬂer{eﬁlbydyeldhxieroaqleie% Reaydisubstituted or substituted
30buty|d|nethyIS|IyI and "t - butyl di'phenyl silyl, trityl, alkyl groups, and
acyl groups é@&ﬁowleauewbﬂchéhﬂilqmrowwgqntalm rehearbor etnynls prgfpgably 2 to 7

p-tol uenesul f g ectl n hem cal

group whi ch exwoglattom§ Mo Bﬁl%%vxf)lﬁ t?aﬁ' nat |c)§am@ﬁs OFCYS{?petr% ®< act

sel ectively llﬁclg@s)@uymehldt liited WE adiriginol 9pv\ed1 stiagt-aAtigint hal ar@idstyablie to
the projected reaction and the protective group nust be selectively

renpvabl e in @escﬁdkxlraémﬂlbyn r%amrto)hdav@u -Yabi-e-3- @hkem‘%ldyn -Bhohtrisdridin-eagent s
that do nat 'tﬁ(‘ht d g f Lemgl dnﬂ p(x;h)er a§ &g ;1' d&géﬁtﬁﬂ%%iﬁi cected

reactions (see ecti'v ganl Cc heS| W G eene
and P. G M dWloheterbatiyl. V\%ﬂ)@)/ﬁ&)ﬁﬁﬂbﬁkcs dﬂN*CY@Jakgyl b&d’ohetér@ﬂﬁyls imctadepbets  of

protecting groups .incl ud are not_ limte enzo bstituted
benzoyl , acetdj$ NOtJHBIRA to Nﬁg?t i’luﬁzérédlﬁé)ﬁ&loyrmetg?’]i 'ﬂ?PB %’N'meﬁl T

4, 4" - di th t
(4 e oLt A rmnonst RO bl anBtithnent )

substituted kpaii- 3gd£ﬁm1d§\1ﬂmﬂlyb@1m1dm 4Hyll ylmuhbmstatnut efiRthd poihtyof

SubsS) UL it R RES RIS Bl AT S S SERITLES L 1

e|ther hydr oggg ofan, unsubstituted position) or another substituent (a
substituted position), such as the 15substituents contenpl ated above and
t hroughout the present disclosure. Exanples of substituted benzoyl gr oups
i ncl ude, but are nldie thinm'acall refsrs P-ahmbyItBeH £otRining hedrodyath zwysty and a

4- hal o- benzo j

3. 521 hat operioafrotsS| BBleEy SPRE M bn Puibict Bt ERRE BRI oM Berwssn e g
4- (C1_6- al kylcartoapzaybon eﬁldlhr KedirGatoor, alhkael the bﬁBrZ)@ly)lm is selected from among O,

3, 4- (di C1_6- al kyI -benzo

K and 3, Sﬁwd%Cl 6- ﬁys 20benzoyl ;
2-ni t r o- BenzdyRid 8. AYhgndt & Betsrogtom 18 Nhithe Nips Bgy}ated@%omﬁrﬁ FoT bz oyl
3,4-(dinitr O)ca%ﬂ%p%blegf‘go 1§it§q)ﬁ%{‘énta'i§% tﬁ%%%é{,' anﬁggehchalkyl whidhe term

"] eavi ng group see as us erein, e sanme meaning to
t he skill ed antludanbtAsivarioeiteddogastragiChemndtedyor ayebe CiardkylnfEchalkiysnms and

pages 25551 S HRRYERD HeliTBEpRamelet G Foi R Ehrathed to a
substrate aryloxyalkyl, such as phenoxymethyl; or aryl, including phenyl optionally
30  substituted with halogen (F, Cl, Br, I), hydroxyl, C, to C4 alkyl, or C; to C4 alkoxy,
sulfonate esters, such as alkyl or aralkyl sulphonyl, including methanesulfonyl, the
mono, di or triphosphate ester, trityl or monomethoxytrityl, substituted benzyl,

12



nol ecul e; in a reaction where the substrate nol ecul e undergoes a

di spl acenent reaction (with for exanple a nucleophile), the |eaving group
i s then dwepbwagsss4Exanpl es of | eaving groups include, BOT/GSe@9/06347%i mited
to: halogen (F, d, Br, and |), preferably d, Br, or I; tosylate,

nmesyl ate, triflate, acetate, etc. 30The t rm"% i.de reducing agent", as
used herein, tﬁg@yﬁﬂ@ (%igaai%hﬁft&ﬁ’fﬁ?lg’g)s?r (gﬁl?fné( éﬂﬁ@’lcgghﬁ&aﬁwt Yéduci ng
the carbonyl f{0)uf YRR inthendBEBE1 hRdidy Y RPet¥rred @dPtht GryPdrouptydri de
reduci ng agents include, but are not |imted to: (13u0)3A1lH, sodium

( bi s(2- met hoxopetphiessyd pirngl @oup. f | uor o- et hoxy) al um num hydri de, Red- Al

(sodi um bi s(2- et hoxyet hoxy) al um num hydri de), sodi um borohydride, lithium
al um num hydri de, di , nextetrahyd u onpl e

bor ane- di net hyl sul |eggﬁlggl§r%vf%e)§g,y?aﬁ%aer¥l§%0u%%e .fig{o%é%?%%%@ !clfe%}(d%%arrgonn%lri acet oxy
hydri de, al caheiktydehyerapgnase enzymes, (-)- or (+)-

di i sopi nocanpheyl chl oroborane, lithium (2,3-D nethyl-2-butyl)-t- 5

but oxybor ohydri de, Diisobutylal um num 2, 6-Di -t-butyl -4-nefhyl phenoxi de.
Preferably, the hydicitgen r%,c@we%g%fﬁtn, pad mlgmﬂmmeépe%%@ﬁ GFEIEEP s ( 2-

met hoxyet hoxyg b ditgred of [hdubSRlRAd PhBRIYPR! b '5@1“&%‘3 bl preferably [HtchAT M
"reagent" st and?ﬂng aloone, as us?dgﬁg)r(e@h, mﬁa the Preaﬁi’ ngge of gtmﬁgast one
conpound capalbylecfs tosabititmgd oi tisubsteuted phedyl.d€hé wiad groap loyn basubstdtntédhg a

| eaving 10 group at the ananeric carhon atom, K The at_|I t ~.one. conpound

el das, _but Lot T R0 IS BOCE oM RSB eR & 1 B L athing.

Ph3P/ CHBr3/ i mijdazalng, a@ﬁ%ﬁé%@%og&@%o@&?ﬂﬂrm daze! ifoNcRERMAIHEST ni m de/
r )

Ph3P, HBr in acetic acid, PBF 3/ sodi’'um bi car bonat e,
PBr 3/ i m dazolrdosiPRnE; M- phephsiesaui phesphiavatchoitter snpeRicBH on pateoicd as

N-chl orosucci ni.m de/ Ph3P, POBr3/im.dazole, POCL3/i i dazole, . 12,
S02C12, N chiBFORTS et o0 s e g o Pl RS8Py Ry des an
anhydri des suGRe@sariceGy M. ohiho) iPd&tectaeatiotpainhygahid Synthesiz,08td &) ohhde,
benzoi ¢ anhydride, triflic anhydride and trichl oroacetonitrile/DBU O her
trival ent pho¥ppvuEonsolfunds may be used in place of triphenyl phosphine,
such as triphenyl phosphite and (4-di methyl am nophenyl) di phenyl phosphi ne.
20The term "basic ", " i t is

capabl e 01?] abst racﬁlﬁﬁgﬁgg S%kgﬁgnH??%krg'agﬁ?alglfeé%@%ﬁg&i?@gﬁg%g a purine
base, wher ebyubsteguerciudh ed bdnzplc t TlenatmsgHoug afaryHer plomicnelkphasd" rafedtudes t he
N-H of the fuysed im dazole.ring. anpl es of bagsic r ents i ncl ude, but
are not I m 18U BRYLETORELR BRRy g@?sgrgweb SRt DEnRy JIORYTTTS i § on

w th an al cohgljifik olré/f@pgo,anvg@ﬁrg%lg@%@ngﬁ@uﬁ)@ﬁﬁg&s i ncl ude, but are not
limted to, MeO-, EtO-, "PrO° 7 PAT, 13u0-, 1AnD- (iso-anyloxide), etc.,
and where Mis an alkali nmetal cation, such as Li', Nat, etc. Alcoholic

sol vents include (Thoverm sdidgwycHkylgaminodewerfadleylescderpitea laveElkyEt OH, " Pr OH,
1PrOH, 13uO0H, ] A etc. Non-al kgxy.b n 0, be, us such sodi um
nyari de. Soai Uh EeArEeRrRCERls R RRRR BRMHELED o IEr LSLEES

301 t hi um di iBQapPdRYhaATid®ut aahot kmithy @, (JE;),[SOHL,(TH: ANCEHS, pot assi um
carbonate, cesium carbonate, DBU, and DBN. The term "nucl eoghi lic reagent"”,

as used her ei(RH:mNdECALEShpandhe mamplerbarashoy foxvr alylswhstitisd abiabl e of
repl acl ng anqbighud A ditliomSyifl an RN W1 AnfUSLEANN | PRRUARLhEHLLP"
reaction. An exanple of a nucleophilic reagent includes, ut 1's not
limted to, as(ckawmples ahlly)andiactend (dtovded talikytlth® Meaning o6 Hei toiat I'diflowet h an
al cohol i ¢ _sol yent, .where ower al k) oxides incluyde, but are not linmted to,
NBO-, Et G5, kbming ver tEo B reauis dhoutieie M congmoliteEibe the fatyer
cation, such @ lehain cMabe sitbstift&t with 0 RONIGISRLNBBI B arth Mol 4 dBy HbiBWRDNg
al kyl) OH, such "as, for exanple,

the chain, e.g., CH;CH(N-(lower alkyl),)CH,CH,.

The term "heterocycle” refers to an unsubstituted or substituted heterocycle
containing carbon, hydrogen, and at least one of N, O, and S, where the C and N can

30  be trivalent or tetravalent, i.c., sp>- or sp -hybridized. Examples of heterocycles

include, but are not limited to, aziridine, azetidine, pyrrolidine, piperidine,
13



5 MeOH, EtOH, "PrOH, 113rOH, 13u0OH, etc. Another exanple of a nucleophilic
reagent includes, but is not limted to, an (aral kyl)oxide in conbination
wi th an awel2kemiobsssol vent, such as, for exanpl e, BnONa/ BeOHS260006%75 Bn"
represents a benzyl radical (C6H5CH2-) . Anot her exanple of a nucleophilic

r eagent |nclude is not limted n unsubs |tute Pr substi tut ed
het er ocycl e 68% %Pl W@azek?r BBRAZHS, ?{Qd{r&j@ﬁm BiiEpesh h‘?t@é)ﬁ’c Enes %Fg%’ 1%8 and
S, where the a(éd_cwqe@le%& @&t%b}v@é @d}ﬁalﬁﬁl glaslitGpeal veibre tHe n@tmgeﬁr?@me%mt
sp3-hybridized in the presence of a aS|c reagent or | ower kyl am ne,
such as tri etdf;attaqhmmttqthdmus@@rbwmplesﬁw nlangm@etﬂowclﬁpeuseﬁlfor Bxeainpl es of

Cor Cani 11 di ndt DR ER Ry RufeBh R RSB PR R by A gl ©
15pi per azisne, (a%tﬁm-ﬂ%ber@-mHz@BECHECHH (pydtolidin- 238t ki MethePNdtandeiofti ne,

pi peridine, imdazole, oxazole, Hpﬁerazme can be used in conblnatlon wth
triet hyl am nelparazing. 8o prleipd fo Bt Hot NRii the comespondiag onprsith aitragen #isneobf a

nucl eophilic

el udes, bt BFEREY] RBERRSPb) TR RERUHR A REB il e
optionally substituted al kyl, which includes, but is not 20limted to, an
optionally substituted Cl1-20 al kyl, an opylonélly substituted C1_10 al kyl,
an optionally substituted | ower laWéyiyl—omN an opt+enal |y substituted
cycl oal kyl . The term "nucl eophilic reagent\" al/'so provides for functional
groups, which when introduced at the 6 position of the purine noiety, are
capabl e of being coverted to a hydroxy group. The term"a group capabl e of
bei ng conver tRrdfctablyOr) ¢ o sitsittogen @Bhe hweproyessubgieted bpd nethdigioumeans a
substi t uent conprised of - CZ where -QZ is converted to -OH on exposure to
certain em cal r agent s Lud but .S not ed a

insubsti it ed or Sibarmt vrafouss Jiefuey Bilbal® eyl B bbbty . a
silyl, such agnind ﬁd:lﬁ!afah& hr‘ﬁdllidék but s nbtilinltediop BRME &idsyfbund in proteins, i.c.
t-butyl di net hyl si | I‘ etc,; and an unsubstituted or substituted al lyl,
such as, - CHECreHEHR! ang@mslmteekewp@ lisqlgucines gettionise, pherylalaninpryptenhes s

d i bed h j t h

3 oxi dat | on 120 MG, B thE, Bt R DFL e IR RIRCRUAR, “are nif )
limted to, R{lltudn3tc, B?Zfﬂe( d.rgi)nme dRAGRXtidwn)e{ N Lprfireall dn)bbhahentﬁﬁ%ﬁd(o@hcﬁ

al kyl1l)2] 2, and. m xtures thereof, where Lv is a |leaving group, R7 f

al kyl ~ ar d def's Hele haratiguratippeA kerpatively, iReampino agid sap £ gdlerivaiyciod a

process descr n
Pivol ving a BETTT) R e L g R e o
limted to, Idhdimyls mimb'b thrﬁelanjfiyd:}tstﬂlmtlenyroasmll,el,sparagldglz glutanmmyl; hfpagtbel, and

4, 5-di d | t |
O R et e e N S B AT R
herei n nmeans @pRfihl, Bph@@ﬁﬂtaﬁmpa\ettgq)t@ha ﬁ Blrh&lﬁ‘i@hlnS?P((B él?a%él dapiigie al so

as -P(0)-) substltuent wher eb phosphor us at om has oxi ddti on
state. ExX&nplthsoninyk lﬁCQ’]’S@(n\Yj,rfe@Q@m}é f-asvlacagenylLHbhgluganeinylo B-abparioyb -t o,

0 (L2 Mg OGRS LS LD Bl FUEIRLNGL

al kyl are defii @hidd@sdetorbe a specific @ irdepdndent dictosnge c&t@@aﬁ ofic Usest dfia, Bhe
process described herein means a chem cal reagent that increases t he

oxi dati on st &t doglyene.alagime, valine, leyping,ipelpyqing H&‘@‘@ﬁlﬂmﬁr@ﬁﬁi’lé@nméw di zi ng"

or "oxidatio r to di zed is
phosphor us, ngm#%aﬁéﬁgm&%g#hﬁg%??@%#%ggﬂ%?qH%%EgEQﬁP$§@H? i Zi ng agents
i ncl ude, 25utzﬁpaﬁmgghhmnmtﬂgmhazw@ydmmgéhmpém@xnd&I)hmﬁLamﬁﬁgmndes

peroxi des, peracids, iodine, and mxtures thereof Hydrogen peroxide can be
used in the presenge of a solve as disc

I, ch as acet trile, I din
Ortovich R - ColiGane eroesst heliSrunaegheRphesmubRT e 0 Refip
Publ i cation %L%st(lt\ﬁfe@den%&l%ﬁf ﬂ&ura%?%%curmg o o L ﬁ ymmlh@%}llge

peroxi des in which is an al kyl or an aryl "and 'salts thereof,
i ncl ude, but Wlser@dte aniing aexds are deriied ig‘rdnpemum glady. 11%:0@11)10 nﬂfteamlca@bel ncl ude

e uie a1 N GT ST Bl VRRO FREOBRE 8L SubDREE e RBE

m chl or oper oxybenzoi ¢ acid (nmCPBA). Use of an el enental hal ogent, such as,
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25brom ne (Br2), chlorine (Cl12), or iodine (12), can be done in the
presence of water and other conmponents, such as, pyridine, tetrahydrofuran,
and wat erwOAbt07s%H i vel y, an aqueous Cl12 sol ution in theCprss@ned4os TEMPO

is contenplated as well. The expression "equilibrating the phosphite
derivative ofll" as used.herein refers to a .process where a conposition
conpri si ng trFéthFWO?%'cﬂ%g’%'éﬁ(S&lP’ée‘{aﬁdlefert&ﬁé‘)‘bs§ thopad io feApe R &t i ve

of Il is all ovedwtPalRgUldnkiligl@, as depicted in the follow ng equation. R3
ZN 1 Co/c(\N'---"N 1)'1F Tcistrans The terns cis and trans refer to the
spatial position of the -OR substituent relative to the spatial position
of the nucl eobase B temes fallylaroise” o1 agylamenoe sefeGeangiming gravarthatdis pne wi | |

recogni ze that .thepequilibrium ition. i.e., the ratio of cis-to- btrans,
may be infl uzbﬁéveva%B()}'g§It)%rxyfejgrllltb?tﬁtuglgr%g%%)t%ﬁ?\ée}y'etc. and that the conditions to
obtain a certain equilibriumposition can be determ ned experinentally,
such expesi nent al Tieabmh tprecicdllavdecd Huutin ané uniess dtherwti@dicfiacd, ktfersan a

31P- NMR spect rosc?lg?/i;si The term am ne_reagent as used herein nmeans

conposi ti on cBARINA] HiGddtd (ean 0848 BHEOSEHIAS GAPPEBINHITE {hBFKERt M8 JWHa N | t s
protonat ed or..iuaf Qf pRakRs pfuﬁ{)o%s. Q&g Vﬁfe?utgg}%&g%hty ni‘ﬁ‘o%%n Joferiss and that

this term enbraces amoni a, no-, and di - uted al k am nes,; such as
met hyl ani ne,grdipsissoknopyto thoserséjlledye Hepenefydrgaraesynehesms Naadlimitisg

het erocyclic co und h { ncl ut en ljmted t rrolidine,

pi peri di ne, of i 1}({%?@95-3@%%3296%,C(QSQ(YXE@ESJF%'P@Y i%@%ﬁmé’? such
15as, N-mgt hytHipH dag k@, CRyoang scHMb-List_Soahikyl ko, Ryylazal e, such as,
N-net hyl - pyrazole, triazole, N(Cl_6 al'kyl)-tri azolze, such as

N-nmet hyl -tri ézzm)rlél,mett@tlﬂilb’idklé:bwléIQEG_IB'ISaIYk)ﬂhﬁ-1t3e(1r,bi,éf e, such as

N- net hyl -t et rta,[%olloe 04??%% eh %i c., Addi tional exanples of heterocyclic

ami nes are di €¢to%eth Y eIH(QE)r*uri st, Heterocyclic Chem stry, 1985,
Longnman Scientific & Technical, which is hereby incorporated by reference.
20The terns "puri nehc torim "sletnicV at fpaeehipue! bt ind@sddisiad id otthdtdgdrtocess

descri bed herein, neans, in addition to the conpounds specifically

di scl osed i n #eypedddilkyPparsgNagrylpaipss dvhiessy acybirddM@llol ¥He "Base" of

t he conpqynd Q%ﬁﬂk oh > S : & fermula I1l.
The ter mq'lﬂsalsatﬂgsﬁ?ﬁg?)go ' |}ﬁ%llﬁ12€e§l§g@%ﬂ%g\? Elggclrpghg%fgﬁ?%#@agg ’tl\f, as well as
25phar maceut iacetylopicamoapt Mbheyl pating N Tiyelrphyrbyé pinpia Niatelininapinne,

acceptabl e Sq\llé-‘:hioalkyl purine, N*-alkylpurines, N*-alkyl-6-thiopurines, thymine, cytosine, 5-
fluorocytosine, 5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2-
and/or 4-mercaptopyrmidine, uracil, 5-halouracil, including 5-fluorouracil, C*-

20  alkylpyrimidines, C’-benzylpyrimidines, C’-halopyrimidines, C’-vinylpyrimidine,
C’-acetylenic pyrimidine, C’-acyl pyrimidine, C’-hydroxyalkyl purine, C’-
amidopyrimidine, C’-cyanopyrimidine, ,C’-iodopyrimidine, C°-lodo-pyrimidine, C’-
Br-vinyl pyrimidine, C°-Br-vinyl pyrimidine, C’-nitropyrimidine, C-amino-
pyrimidine, N*-alkylpurines, N*-alkyl-6-thiopurines, 5-azacytidinyl, 5-azauracilyl,

25  triazolopyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl, and pyrazolopyrimidinyl.
Purine bases include, but are not limited to, guanine, adenine, hypoxanthine, 2,6-
diaminopurine, and 6-chloropurine. Functional oxygen and nitrogen groups on the
base can be protected as necessary or desired. Suitable protecting groups are well
known to those skilled in the art, and include trimethylsilyl, dimethylhexylsilyl, #-

30  butyldimethylsilyl, and #-butyldiphenylsilyl, trityl, alkyl groups, and acyl groups

such as acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.
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nmeans a salt that is pharmaceutically acceptable and that possesses the
desired pharnmacol ogi cal activity of the parent conpound. Such salts

i ncl ude, WoRowvwEsssaet |limted to: (1) acid addition salt®CTiuseomdowi7s h

i norgani ¢ acids such as hydrochloric acid, hydrobromc acid, sulfuric

acid, nitric acid, phosphoric_.acid, an t he | i ke; or for i.th organic
acids such as gl ycTJf) tErmh, gt tective gropR” teisTato 4 chamicel growp Wﬁgﬁsmltéﬁﬁd mal i c
aci d, nal ei ¢ BbWing/UIBEESRS! Hhe £RLD ﬁfdspreﬁ@t'sgl’ect@\!'ew {CeRliyield & §ide a

hydr oxybenzoyl )ben20| c acid, cinnamc acid, mandelic acid,” nmethanesul fonic
aci d, 5et hanggoiefton subs&reiedhatls stallt i the-padjseikd oracitonscimt] the protectlve group
2-hydroxyethane c acid nzenesul.f zenesul foni c
2ci e o maphi i dradn el o PEL PRBSEERdeRfl i eta8 e R B hor ui f oni ¢
acid, |ausyl routdxild teg ea@mat@l 1t Qfthék @6 ifchctighdl tadlipts)aehéstatc8 ah kel i ¢ aci d,
muconi ¢ aci d, and the | ike or (2) basic addition salts formed with the

conj ugat e bagée]eetﬁdawtleﬁs (§¢?ePrP‘F?é‘?1‘g¢aﬁfQ}1Pé@l Qezanicsyaihasisode cdwheVei n 10 t he

conj ugat e ba onpr t e r ("
RESEEIG 1}%@ ¥ il &1@&1@@&0@@; NEE ‘ﬁ&F A waggﬂﬁygnugg

seI ect ed f r omf@me@n@ grdupsﬂnclﬂde ot dke nbt limhedrod H&ﬁzdym%bﬁttﬁmd beialyl,al |

references to pharnaceutj cal I%Pacce table salts include sol vent addl tion

forms (sol vat¥slyloneryyubsdituted pergoy b sty ihd - 4adimediaxyedyhe¥ef h3-of t he
d f i
“htendod o nedBMARLL ARG Oy RAARGLOL! ouRiniofRR0R T Ot ve'

conpound and phnﬂylﬁﬁd)ialndﬁbni%ylt) h&hasubstafutdd bmpmyi cgma.tpe caﬂnhe pa’na];hy: subsatuted

i ngredi ent can e i fferent re ar.atj.ons pen on t ired

dose and phar%‘&@k?‘hi’éhu&e%p Péﬁjéfae‘ ONgRED l@ﬁ Og%{%e E@e@ %er ein

refers to a cumposndnd b%sﬂtl%ny&etﬁe 56‘112%91 ﬁﬁg@ﬁrtﬁe s%bﬂhﬁfeﬁ%&%ﬂh@ﬁﬁydro en

conposi tion, and’is general |y safe, non-toxic and neither biologically nor

ot herwi se undesinaibbeutedpasitinn) erdesthex elbptlelnnts(atsmsttlumdapemmm saloh es ther

vet eri hary use har eut e term
Yoryst arienertp g ot Emi TR Ao PARERUASE o RiCienr ey BRBVIRRE o

| I has cryst aubitiect Baiagt gloufs inchideitem atkaics hﬁhﬂaefdo [2yha¥obaiyzo R \3ckRilo-

25d|ffract|on or a single crystal X—ray techniq The term

"crystal - | i keenzestlet-Balpdenzasilt Jidnditeto-bneerl. &, %@h@la @aml,eanéﬁ i:éthekmnd | or
Il h t
visually or asnai S ARkO ST R S0 EABLILOM w4 0E MM Den it

crystalline chyu(dich paikgt)eszoieh4deiCemilyedbdyopnaidBs-(di€analkyd)-g. , X-ray
powder diffr t|on 30Methods f vi sual |y determ ni he cr taII'nity of
a sol i d SAnplbenERyIv3-8ier eél.zoxiy O Begirogh 4 wtreaﬁ%owg% (Fivigpd %‘8}99}{ are

di sclosed in w?dlﬁﬁl%§%eﬁﬂg’l 2hd 8. dlﬁg),;rg o) B g?l gﬂg are incorporated by

reference. A'solid sanpleof conp that is "crystal-like" may be
crystal li ne under Tierteram I‘iea:\omgigltaup'hs(sd@wﬂsorfﬂyf bmmméhﬁem;hgﬂsihabdmﬂe when
subjected to other c rphous ref

situation whePenpeg s, @%?FG%SWA@BW&ER@%@%&F@ PP Tons medbgisnR Me

nor crystal - ldnl&iructure—FoulEEBIOAbY 98¢ MR libiat Ralcy laRE SURCEE 0199y slead | at es
of conpound | or Il in conbination with salts, which enbraces

phar maceddi caldlyd54¢ erdreatsisents algraip @nhleIStmrtmf agdbtachad iad Bl;bsaaﬂqydr ous"
nmeans that a SLﬁbstlar}%%r&%ﬁtgl ns. at, nnb %1 (el t e(gf wat er 2L referabl y
at nost 1% by %fu?rt water “hore® rS f&rabf %’%ﬁl bt Gdéquab |ght of
wat er, and rrqe&ctﬂahﬁvﬁha&l &ka tplerwﬁacl&phi’xe)bme\aedvg’fg grefip wahet dlSﬁﬁaéddattl ce or
adsor bed) sol vent (designated in sone instances. b %e synbol 105) or

anti - sol vent Exsamlesed lepvingsgiaupsgpeluds. bt @p npplipge ‘rocd‘r@&ﬂgenéF,(Ql Bb a0d et her,

253 10 O kah9ner i@, 1 &, B84y Fhel @R, fOLggarbon. a G5 to C12

saturated hy aromati ¢’ dgcar bon.
30 The term "hydride reducing agent”, as used hereln has the meaning of at

least one compound capable of reducing the carbonyl (C=0) group of the lactone to
a hydroxy group (C—OH). Hydride reducing agents include, but are not limited to:
(‘Bu0);AlH, sodium (bis(2-methoxyethoxy)(2,2,2-trifluoro-ethoxy)aluminum

hydride, Red-Al (sodium bis(2-methoxyethoxy)aluminum hydride), sodium
16



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15Di scl osed is conpound | or salts
thereof or conmpound Il or salts thereof: R8 ZN R51 ON#NRO O Oll k 11

wherein WO02010/078354R i s hydrogen, n-al kyl; branched al legirjusegoglocalzkyl ;

or

aryl, mhich includes but is not limted to, phenyl or naphthyl, 20where

phenyl or

al kyl ,

Cl 6 haI oaI k%oraneu(lﬁétlﬁr?sulfg%_c@nﬁ‘ﬁéﬂ ahRum 1N LSpbx Rlcabdivh tnach;w R1'") 2,

o SRR AT, Sk oo SR R B oo,

COWN, and -S02C1 6 alkyl; (RL-' is |ndependent hydrogen or al kyl, whi ch
Hudrifle, aleohol dakiytmgenass eCynx®, kg (H-CL_10 al kyl, or CL 6 al kyl

25i ncl udes,

R" is -

OR

R2 toget her
adj oi ni ngsN abxgbatod dé"‘lDifs@bLﬂ%aﬁmﬁnﬁlﬁ 2%6-Di V@utyl 4-methylphenoxide.

2010/ 075554PCT/ U 2009 069475 (C
sel ected frof f

hydr oxyal kyl
(1H i ndo1l- 3-
aryl Cl_3 al kyl, sHiedemt yﬂea@hﬂtm&dmg alomg b wseslthesdin, that €t medningpofgit dsapt

sel ected fron1hydrox |, C1 10 alk

R3a or R3b and

hoipagamont e R F IS .5 SRl 1 133 O 8

fPsﬁﬁééﬁPXy%%g- azo%ﬁﬂxgy§&igﬁﬁ%&ﬁa&gH%gﬂg)eCCRB", aryl

, C_6 al
(ii) R3a and qn@wowpwda?a@aﬁf of re&m{% withThe lactol derivapiyg P»; Ii¥p4uGing a fesying
g(ljo'{?;%]ét tﬁé)ax‘?o%eetrfé (%apJo'ﬁ‘ aford p'T[lQ ?{ 189 ond EthydunBIAeth Feshiyslriogsin and
toget orm

together
R3b and
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SO as
limited to, Ph;P/CBr4, PhsP/CHBr3, Pth/CHBrg/irnidazole, Ph;P/Br;,

Ph;P/Br,/imidazole, N-bromosuccinimide/ Ph;P, HBr in acetic acid, PBrs/DMF,
PBri/sodium bicarbonate, PBrs/imidazole, PBrs/DMF, PBrs/sodium bicarbonate,
PBrs/imidazole, N-chlorosuccinimide/PhsP, POBrs/imidazole, POCli/imidazole,
SOCl,, SO,Cl,, N-chlorosuccinimide, Ph;P/CCls, HCI (g)/ether, acid chlorides and
anhydrides such as acetyl chloride, acetic anhydride, benzoyl chloride, benzoic
anhydride, triflic anhydride and trichloroacetonitrile/DBU. Other trivalent
phosphorus compounds may be used in place of triphenylphosphine, such as
triphenyl phosphite and (4-dimethylaminophenyl)diphenylphosphine.

The term "basic reagent”, as used herein, means a compound that is capable
of abstracting a proton from an acidic reagent, such as a purine base, whereby the
"acidic" functional group of the purine base includes the N-H of the fused imidazole
ring. Examples of basic reagents include, but are not limited to, a (lower alk)oxide
((lower alkyl)OM) in combination with an alcoholic solvent, where (lower
alk)oxides include, but are not limited to, MeO", EtO", "PrO", PrO’, ‘Bu0’, ‘AmO-
(iso-amyloxide), etc., and where M is an alkali metal cation, such as Li",Na', K,
etc. Alcoholic solvents include (lower alkyl)OH,, such as, for example, MeOH,
EtOH, "PrOH, ‘PrOH, '‘BuOH, 'AmOH, etc. Non-alkoxy bases can also be used such
as sodium hydride, sodium hexamethyldisilazane, lithtum hexamethyldisilazane,
lithium diisopropylamide, calcium hydride, sodium carbonate, potassium carbonate,
cesium carbonate, DBU, and DBN.

The term "nucleophilic reagent”, as used herein, means a compound that
contains a radical that is capable of replacing another radical, e.g., by way of a

nucleophilic-substitution reaction. An example of a nucleophilic reagent includes,
17
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@Ildiwe@cml age%ty&(BaOmlHor se@mzé(b(sms )2, Cl-6

and

al koxy, hal ogen, nitro and cyano;



a cyclic ring that includes the adjoining N and C at ons (v) R3b is
hydr ogen and R3a and R2 together are (CH2)" so as to forma cyclic ring

t hat i nclwoes1ndiessadj oi ning N and C atons, where c i s 1PCO/US2004/06%79 tO 2,
eisO0to3 fis2to 5 nis 2to 4, and where R3' is independently

L51Y9L09% 1 e B e S AT W ey,

CH2- i ndol- 3- ydleohoﬁ%'%%ﬁere?‘dm x%%&ﬂd\é"@ut &R0, M
CH2CH2C( 0) NH2,  CH2 CH2 CH2CH2NH CH2CHZNHC( NH) NF2,  CH2- |mdazol 4-yl,

CH2OH, CH( OH)EIEB "PEQCRPQ( BuHtc.Pim)d winke SHis malkaimmabwmoasu@ las Log

Gro- | ndod- 3 g1 - KorBicrpBamal A TE e e R0 B B apic =

CH2CH2( O)SNHMeWQdWENﬁZOH- Hﬂdﬁ@@&i&ﬁ&*ﬂﬁéﬂ@iﬁﬁiﬁ?& of@'ﬂﬁmld@pﬂl@ém 4-yl,
CH20H, CH( OH) CH3, ZSCHZ( 4 -O—l)-Ph CH2SH, or | ower cycloal kyl and R3b is

H where R3' Fagchhieldaydut llsylohgrmrt@@tm ap faralkxpxidevar eombipationdddh ahut i s not

N(Ra)2) o kit Sl B S @R ek P o 1

substi tuted WehhylaadicsgCiJAey-). Ahdfxthmyexamed co'ﬁmeniuoaadobyﬂi)c-raergeﬁolncmdemahtogen
Cl 10 hal oal kyl, C3-10 30cycl pal kyl, cycl oal kyl al ki/e cy cloheteroal kyl ,
am noacyl , arypot l§nissd fasarpﬁ@ﬁwﬂtu%é%?%med lseéréﬂCY§ C%Wmlag Rabon,
substitutigd 3y, r r | ower
al kyl l? kogeﬁ ﬁgpm%ak%%%qwaé ?%Qy‘ eie the C and Man%% th%lé‘t(%ﬂ) OH,
where p is 1 tetﬁavalant;llmmsng ohypflﬁlqobyﬂdlménmme p@@bﬁcﬁ-@f a HEHZI¥¢agehBQr IGHRCN,

CH2NH2, CH2NHCH3, CH2N ).2, ne ( i on substl d or hal ogen,

i ncl uding F, 4yl agme, Sﬁﬁﬁt’(lﬁtﬁgfa neH’“gig@P &)aﬂlerYY %Fﬁeéf °CN, Vi nyl ,
or ethynyl; (&)ﬂﬂﬁle‘s%f Hé’t@fo@%@s 1n@l'u@€ @éle als@ra%ﬂé\d%@ﬁilgeﬂa aph?%ﬁlt gRldey!

al karyl, or aryl, 5which includes, is not |lim to, phenyl or

napht hyl , mdneltmn@zlrl@ne raaptlrdlhfy Ipyapbdlop,tplmmilmﬁy lrgldl@sqlﬁ,tqma@e,vm th at |east
one of H, F, d NR7:' 2. .| ower al kyl
of - C1- o ShalJRSEHARS Y ATy e S =5 R Tor obim P PRAf BGenat o LF,
a, er, 1) | Qﬂﬁdaz@lek&h}%leofn €78 cah B&Vaﬁeddh %&Iﬁhinaﬁén wath G8ethlamimeass CCH,

hal ogenat ed (F, d, Br, Ipovver al kyn of C2-C6, |ower al koxy of 10C1- C6,
hal ogenat ed (dsoopylgthyl Ia)mlllfb\ﬁfé?r Yt RBXE %ero@rxa@plecac a iopeaphidiopFeEents CONH2,

O it o s BB R B SRt WIRLRL bR, nd: Sinfia B RTEL 1Y

i ncl udes, butoriEBNRgtwhdreintRe ik etrmptﬁﬂlall}OSLﬂ)hﬂitjate,d a3/, ivkiyk irwdldey, but @21010
| k I, al I dCl 1 | k |, 15(h H,

e U i LA i TSR bl O, (1
R8 and R9 ar e, depa 'B%tlltﬁte'dl lower a@yl an dpftlowcgy sggstltut%'dlc §18alkz/f\|hﬁle NHR

NR 2, nitrogen heter , |l ower alky hal ogen ted
1) term ' nucleophlhc reagent" also pr0V1des for functional groups, which when

introduced at the 6 position of the purine moiety, are capable of being coverted to a
hydroxy group. The term "a group capable of being converted to OH," as used in

25  the process described herein, means a substituent comprised of —OZ, where —OZ is
converted to —OH on exposure to certain chemical reagents. Z includes, but is not
limited to, an unsubstituted or substituted benzyl, such as, benzyl or p-methoxy-
benzyl; a silyl, such as, trimethylsilyl-, t-butyl-diphenylsilyl-, t-butyl-dimethylsilyl,
etc.; and an unsubstituted or substituted allyl, such as, -CH,CH=CHj,.

30 The term P(IIl)-reagent as used in the process described herein means a
chemical reagent whereby the phosphorus atom has a +3-oxidation state. Examples
of such P(III)-reagents include, but are not limited to, P(Lv)3, R’OP(Lv),,
R’OP(Lv)(N(C 1 alkyl),), R"OP[N(Cs alkyl),],, and mixtures thereof, where Lv is

a leaving group, R’ and C s alkyl are defined herein.
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20l ower al kyl of C1-C6, |ower al kenyl of C2-C6, hal ogenated (F, O, Br, I)
| oner al kenyl of C2-C6, |ower alkynyl of C2-C6 such as CCH, hal ogenated (F,
Cl, Br, Iwolowar7ssshkynyl of C2-C6, | ower al koxy of Cl-CeCThmsbagosared (F,
a, Br, |I) lower alkoxy of Cl-C6, CO2H, CO2R , CONH2, CONHR , CONR 2,
CH=CHCO2H, or CH=CHCO2R , 25and (1)R1 is H, hal ogen (including F, O, Br,
1), OH OR, SH, S O ARIGR o 5 U th%wg%m%ﬁr%&ﬁ%@fﬂb@?ans a

hal ogenat ed (&5mpslind Blat plondt@WRE rdabtto inQblvirk-a lﬁ(@g)-f&%ﬁﬁ. @IXKI%E%E opf C2- Cs,
hal ogenated (F, O, Br, I) lower alkenyl of C2- , ower alkynyl of C2-Cs,
hal ogenat ed (detivatbrs iBrludd, pul avemet lankshipl IHfte@zotﬁa,S-dﬂmrémot@tra«zoi;y of 30C1- Cs,

Conls - cong aicigopiatginnt. o Bt Mgt st e SEIGeq BT

substitutad aghdark Nowbgh7pscl udes, but is not limted to, an optionally
substituted C1-20 al kyl, an optionally substituted C1_10 al kyl, an
optional |y substi tUhederm B(¥rreagdayps used i Hici opeass gesstibet hareinaecaay el oal kyl ;

an al karyl ; Dt A y -CB: opt i y

SUbat i tut ed 1TOMCReapRE g Bk SO el R - RO SRR, o1

I ncl udes but wiserétnt the phddphdruk atof BYs at-depkidagrDtat€l EROmplek yi Juch@(V){ C1_10

alkyl), or a C(0)(lower alkyl). 5Al so disclosed js a process for preparing

compound | orfC¥EABJLFHHAS, Put &g nﬂblﬁmﬁ%toag@)@rVW%@(ﬁ))@é’i)ﬁd process

conpri ses; 7 r hGeCk1 ﬁ@(@gti f .

ri bonol a?to oneR I()I})I(Og@%@(gl'ﬁg%ﬂ)%’eﬁrm ng SSe %)%Z’Iaﬁlﬂqlglg%l%&%?gr\??%e a

bet a- | act ol delrdry Ay iivelchving zneipOR’ A@HCRHIKY] RS Hefindd HREiRuCt Y( v

(b) stereoselectiv converai on of the | derivative thelzprllrgmae reagent to
) a,

. ct ol
obtai n an anoneri c ¥ PRAOYEARZBAEYEINS mltgﬁﬁ’%% scribed ans a

chemical reagent that increases the oxidation state of an atom, i.c., an oxidizing
agent promotes "oxidizing" or "oxidation." In a particular embodiment, the atom
15  that is oxidized is phosphorus, as in a phosphite derivative of II. Examples of
oxidizing agents include, but are not limited to, hydrogen peroxide, hydroperoxides,
peroxides, peracids, iodine, and mixtures thereof. Hydrogen peroxide can be used in
the presence of a solvent, such as acetonitrile, as disclosed in Cvetovich, R. J.
Organic Process Research & Development, Article ASAP, Publication Date (Web):
20  May 11, 2009. Hydroperoxides, ROOH, include peroxides in which R is an alkyl or
an aryl and salts thereof, which include, but is not limited to t-butylperoxide
('BuOOH). Peroxides include alkyl, aryl, or mixed alkyl/aryl peroxides and salts
thereof. Peracids include alkyl and aryl peracids, which include, but are not limited
to, m-chloroperoxybenzoic acid (mCPBA). Use of an elemental halogent, such as,
25  bromine (Br;), chlorine (Cl,), or iodine (I,), can be done in the presence of water and
other components, such as, pyridine, tetrahydrofuran, and water. Alternatively, an
aqueous Cl; solution in the presence of TEMPO is contemplated as well.
The expression "equilibrating the phosphite derivative of II" as used herein
refers to a process where a composition comprising the two isomers (cis and trans)
30  ofthe phosphite derivative of 11 is allowed to equilibrate, as depicted in the

following equation.
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R5 Lo R6 Rl 1d"l "x V, 15wherein R5, R6, and X have their nmeanings as
descri bed above, X is a leaving group, and R' is a protecting group. A
first enbwoi2oemit7siss directed to conpound |, wherei n (a) PRI/US00Rp4GTEN,
n-al kyl ; branched al kyl; cycl oal kyl; or aryl, which 20i ncl udes, but is not
limted to, phenyl or naphthyl @here phenyl or naphthyl are gptlonally

substituted with at Ieast one off C1-6 al kyl, C2_6 al kenyl, 6 al kynyl,
Cl-6 al koxy, F, d, Br, ::[(g ncyano, Cl1_6 hal oal kyl , Eﬁ% N2, Cl_6
Cl

acyl am no, - NHSOZCl 6 aI ky N(R1')2, COW, and - SO IkyI (R1-"
i s independently hydr Nal ky “RWhITI—T T udes Rhited to,
Cl 20 alkyl, C _io R25C16a|ky| RI" i - IR(b) R2 is

hydr ogen or CHS; 2@‘10/‘9(75554PCT/ US2009/ 069475Pé@3 R3% and R3b are (i)

i ndependent |y selgggfed from hydrogen, G 10 algw', cycloal kyl, -

(CH2) e(NR3' )2, Cl1-6 hydroxyal kyl, - CH2SH, - (CH2) 25(0) dMe, -

(CH2) 3NHC(=NH) NH2, (1H-1i ndf)l 3-yl)methyl, (1Him dazol;4-yl)nmethyl, -

5(CH2) eCOR3", aryl and aryl Cl_3 al kyl, said aryl groups opti onaIIy

substit ut ed Whdhte@ngriou Sehsaefet ﬂle@ﬁaﬂay b of 16k —OR’ dhitsyituenGelfival koxy,
hal ogen, nitro and cyano; (ii) R3a and R3b both are Cl 6 alkyl; (iii) R3a
and R3b t ogetthdic railoasition o theuelsobasepndhapiranese ring syteny) Orsafi s hydr ogen

and R3b and ; Y. t

i ncl udes the aggg%ﬁ%ﬂg&ﬁ?ﬁgaé% atttgfgrg@lﬁ IBI? Jﬁ%lggﬁlgn’ﬁl edrt%ecgraﬁb%gﬁltsgg

t oget her &r e #dasPnay Beuﬁ“mehccbdftgzrsasi\&nt;y@hparatnrmgtctzlnaltthatrthé ueshmtldﬂaeo adj 0| ni ng
N and C at ons, Wnerecméo dlSOtEZ,.e%An 1 is 2to b5, n
is 2 to 4, arfPiaihacetareqyilibiipggsitan et he Agemyg ewr@en@ 1&4 ¥ and R3" is
20 o R Bl Ll Sy RO B ot G2GHRCH OHB) 2,
CH2CH( CH3) 2, 15CH2-1 ndo1l-3 , - CH2CH2SCHS3, CHZCOZH
CH2C( 0) NH2, GrRDHRQHEH, CHZCHZC( 0) NH2, CHZCHZCHZCHZNHZ

- CH2CH2CH2NHC( N dazol - CH20OH, CH I , ..

ot oo e Wlﬁe?aﬁa%nﬁwssi%m m%ﬁrns(a\ﬁOWO%égan cantginine &t p oy,
CH( CHB) 2,10CHAGHK GhB)capdabli CHRLEHR 2Ph oA ndownatcd GREHISCHS,
CH2CO2H, 20CH2C(0) NH2, CHz2CH2 CH CHZC( 08 NH2, CH2 CH2CH2NH2, -

CH2CH2CH2 NHC((NH) mdln@mzskﬂhwdhz@ermgdl thatcmwm @nkr@pgs@@nm@mzp@m @d) - Ph) ,
CH2SH, ~or sullg%cf‘utoc? al%¥ iy nceis RBC eth larn <, ({?3 pro yl arcril? en on]g;[ | éf
hydr ogen or a ky i Herty&ss %gur{l &9 1T PEP 6 1 ar yl
G _io al kyl, #iin&ias8velll d¥hkterddyclid Som&'_ﬁndﬁt’hat NCR3e,) bk are not limited to,

pyrrolidine, piperidine, morpholine, etc., imidazole, N-(C, ¢ alkyl)-imidazole, such

15  as, N-methyl-imidazole, pyrazole, N-(C;. alkyl)- pyrazole, such as, N-methyl-
pyrazole, triazole, N-(C, ¢ alkyl)-triazole, such as N-methyl-triazole, tetrazole, N-
(C1 alkyl)-tetrazole, such as N-methyl-tetrazole, oxazole, etc. Additional examples
of heterocyclic amines are disclosed in T.L. Gilchrist, Heterocyclic Chemistry, 1985,
Longman Scientific & Technical, which is hereby incorporated by reference.

20 The terms "purine" or "derivatized purine"”, as used in the process described
herein, means, in addition to the compounds specifically disclosed in a preceding
paragraph, a precursor compound of the "Base" of the compounds represented by the
structures of formula I and formula II.

The term "salts thereof” includes acid or basic additions salts, as well as

25  pharmaceutically acceptable salts. The phrase "pharmaceutically acceptable salt”
means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include, but are not

limited to: (1) acid addition salts, formed with inorganic acids such as hydrochloric

20



25(d)R4 is hydrogen, Cl1_10 alkyl, C1_10 alkyl optionally substituted with a
| oner al kyl, al koxy or halogen, C _io haloal kyl, C3 10 cycl oal kyl,

cycl oal kywoabiwd7sssaycl ohet er oal kyl , am noacyl, di (| ower PATKRIBR)@M59IGS | ower

al kyl, aryl, such as phenyl, heteroaryl, such as, pyridinyl substituted

aryl, or SUbStI het.er ogr 5 is H, Iomer al | vi nyl ,

oY) ouar ol el RGPS a?@m%ﬁlfuﬁ% Syt f2ig Shoshheris he ﬂwﬁN ket s 1 g,
i ncl udi ng hydbaxsd witkbihic({tR @ h asEi2éolicMid, %%acg"mk@ acifANGGI,

CH2N( CH3) 2, aIk ne (optionally substituted), or halogen including F, d,

Br, or I; 1010 268 5HMRICTY wsﬂd@gﬂ@@md,aaﬂaﬂc acid, C(tfly agd, 3-60-H, CH3, CHZF
CHF2 CF3, CHZ

51 e, kR bk bentzoRetd, B deid HasdelCactly fibarnMironidueis | o' 1y

F, Br SO‘L etiédResul ¥ acIR, Z-GtBIB'leleslﬂfdﬂlé Q@ ENhRbef i edBfonfe@RRl,, CONH2,
CONHR CONR 2, CH=CHCO2H, or CH=CHCOZ2R Zis Nor CRl; and

(k) Rmis an bhanzanspwlfpaic aqihdr ﬂd@rﬁgeu:zen@pifow acidy 2 nért)lthalmulfwmd;\ﬁ 2,

Lot Sl 0 B, B PR Yo .

cycl oal kyl, alutemtr acid, ksaliglic aoid, iy (ahdwefd tat Kigé or, (2/}\b£snas sddigapett of the
first enbodlnent is.directed tqQ conmpound wherei.n 15(a) R is hydrogen,

met hyl , et hylformAed Ve coniygatsrppes 06 RBREF the;anrsiﬂyp acigs hﬁ%ﬁ@Vﬁh@h@iﬁlﬂ

FI%th: gr a 1223”{){& %oﬁué&yg%%g%\%s c)atlom&_é})&g' ﬂt?el@é@d 91'?1’13 CH3 CHZ Ph (c)
CH2- i ndo1- 3- Wg” s CkBONBSCHR, IOWBRER, is 20, GG 0)biR; 2 CHAGHACEDEY from

CH2CH2C( 0) NH2, CH CH 2 CH2 CH2 NH 2, CH2-im dazol -4-yl,
CH2OH, C(CH% 04)3@%1%20042%“ g%Sh%?$@é§ﬁ°°6th a4 g QH CIEpeIS IRl kyl {d)
R4 is hydrog&jharddRutidally al-éﬁ%"table SHlts 1nclﬁ5’de S%T\}%Hi é’ddlt;&Pforrﬁﬁ(k%Wates) or crystal

cycl opropyl, cyclobutyl; cyc ntyl, cyclohexyl, N-nethyl-aziridin-2-yl,
N- et hy| 25az dbimas @osqmrphwmt:fl%}dd lmmnmﬂtbh sanB-apid addition salt.

i (1 ower '8 kyl ) am 15 v SBFRAR o S8 bo asiend QBBuET bR { o)k 1 <
H CN, CH3, QutiiquidH3&hllatbidiof tﬁBactﬂﬂ’@h@@PBund aiell andisRillef 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
20  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 term "crystalline" refers to a situation where a solid sample of
compound I or II has crystalline characteristics when determined by X-ray powder
25  diffraction or a single crystal X-ray technique.
The term "crystal-like" refers to a situation where a solid sample of
compound I or II has crystalline characteristics when determined by one means,
e.g., visually or by optical or polarizing microscopy, but does not have crystalline
characteristics when determined by another means, e.g., x-ray powder diffraction.
30  Methods of visually determining the crystallinity of a solid sample by visual or by
optical or by polarizing microscopy are disclosed in USP <695> and <776>, both of
which are incorporated by reference. A solid sample of compound I or 11 that is
"crystal-like" may be crystalline under certain conditions but may become non-

crystalline when subjected to other conditions.
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a, Br, or I; R6is H CH3, CH2F, CHF2, CF3, CH2CH3, F, CN, vinyl, or

ethynyl; Xis H OH OCH3, CN, F, d, Br, I, NH2, or N3; Yis OH R8 and R9
are i ndepEoderwd7yssk, F, Br, |, OH OR, NH2, NHR% NR 2, PCRiUSR@Y®60475

het erocycl e, CO2R , CONH2, CONHR , CONR 2, CH=CHCO2H, or CH:CH002R' ; (.0Z
is Nor CRl; and (k)Rﬁ)IS a | ogen. |nc d|n OR

NH2, NHR , NR 2, e%m?éPOIBFW IGPrsq & giuatio d aétalmf, CO\IHR‘

CONR' 2, CH:C"L‘G%Hu Iogﬁmcrystallmenow@ 56l 'HkB is alower alkyl, a
| ower cycl oal kyl', a | ower al kyaryl, or a C(0)(lower alkyl). 15A second

aspect of the fi r SEhederyo donemstalldesiinduded- @stt@batmﬁmmpomél ei Hin (a)
R is hydrogen | ,,.n-pr | , .1 -propyl hen olyl,
pbr ono- phenyl hB’%aﬁllloﬁ V‘gt}bﬁgﬁﬂl}ﬁbEmglgﬁsﬁ'raggﬁ%?ﬁéﬁﬂypacc atfl%?al i s hydrogen
(C)Jr-l ( %) 02_88% RB?J-l Er%lﬁwe@ﬂcislu@%ﬁailyﬂi gifgu? %léafﬁkﬁ%a@a s@fﬂéﬁd e Gbiat)il%s at rnost

or | ower cl oal ky is rogen, :
113r, ' Tr, "B®% by ptapt of waigr. psefaeaply, at eyast bﬁrbyp\wghkqu%ﬁuwre Pfé%élt&}ﬁent yl,
(Iil}/ﬁ‘:s'?ﬂ;f(ylpyr ] O%ép@/_k ?_aié{ &E%ﬁ%ﬁa}{% a@!li, frﬁg r%«l:fel_raﬂ%l ?t%c?stt bq"’/pf); Wil ght of
N- et hyl 25pi pedatedi n- 4-yl . 1 ower haI oal kyl, or di (!l over al kyl ) am no- | ower
al kyl; WD 2010/ 075554PCT/ US2009/ 069475 (e) R5.is H .CN, CHF, N3, F,
Br, or I: (f) Re i’s(lptticepnadserped) setygns (desfepate in yorag instagpesdiyifagymbol

10 §) or anti-solvent includes at least one of a C; to Cg alcohol, a C; to Cs ether, a Cs to
C7 ketone, a Cs to C7 ester, a C; to C, chlorocarbon, a Cs to Cy, saturated

hydrocarbon, and a Cg to C;, aromatic hydrocarbon.

DETAILED DESCRIPTION OF THE INVENTION

15 Disclosed is compound I or salts thereof or compound II or salts thereof:
R8
3a 3b
SN f L, o (T
(|? z O N N/ RY
N—P’O
4 [ 5 0 R®
OR OR' R’ ¢ O:‘P* § 3
R? Y X 77
RO
1 1|
wherein

(a) R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl,
20 where phenyl or naphthyl are optionally substituted with at least one
of
Ci6 alkyl, Cy¢ alkenyl, C, alkynyl, C alkoxy, F, Cl, Br, I, nitro, cyano,
C1. haloalkyl, -N(R"),, C s acylamino, -NHSO,C 6 alkyl, -SO,N(R"),,
COR", and -SO,C . alkyl; (R" is independently hydrogen or alkyl, which
25 includes, but is not limited to, Cy alkyl, Cy_1¢ alkyl, or C\ alkyl, R"" is —
OR'or -N(R"),);
(b) R? is hydrogen, C).10 alkyl, or R* or R* and R together are (CH,),
so as to form a cyclic ring that includes the adjoining N and C atoms, where n is 2 to
4
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(g0 Xis H O4 OCH3, CN, F, d, Br, I, NH2 or N3; (h) Yis OH 5(i)R8 and
RO are independently H F, Br, I, OH OR, NH2, NHR, NR 2, nitrogen

het er ocycWe,20002854 CONH2, CONHR , CONR 2, CH=CHCO2H, oPCTHSAMIORR735 (.0Z
is Nor CRl; and (k)Rmis a H halogen (including F, d, Br, 1), OR, NH2,
NHR , NR 2, 10 NO2, 0@: IE%I of Cl1-C6, -CCH CO2R , CONH2, CONHR ,
CO\IR 2, CH:CHCOZH(%r wherein R is a |ower alkyl, a

| ower cycloal kyl, a | ovgyinddsaionkly sOcied Gom kIR¥Emh, &l kylilyl, cycloalkyl
third aspect of t he fl\r@tmenp"go |rrgr?t e|Cs |rec}tle to C(‘g)rrpoyuncalC o ]YSWher ein

(a) R is hydrogedCHm(Ng),, @MHWdromabwbp(}H,zSHf16€Hp)y$(0)pMe,nyI p-tolyl,

pbr ono- phenyl, p-c - phe r flupro I; . ) i

hydr ogen; EJPP Wﬁqﬁs\wﬁ E{i BS y@) é]—gslHlell—]Ifiﬁ(g%‘ZyR%ﬁ@%{ CH3) 2,
20 CH( CH3pCH2CHS3, %P@omr a{*ﬂ\élﬁda ¢}, Qalkiy said aryl grodpé)op{?énalp‘y shygeeen,

CH3, Et, 113r, 'Tr, "Bu, 2-but 3u, benzyl, cyc opr opyl , cycl obut yl ,

cycl opent yl , cycl dWélkngfouﬁlﬁﬁléﬁqﬁi@lfmathdf@F}ﬁr Ly fal YN—QTEtaHSﬂlXaz]@WgﬁnanDyl

N- net hyl - pyrrol i di I;ll % + N- net hyl - pyrrolidin-4-yl, N-methyl pi peridin- 4- yl,
| ower hal oal kyl PC1ower al kg/l ) am no- | ower al kyI ; 25(e)R5 is H or NS;
WD 2010/ 075554PCT/ USZOQS,U BEWRAR ™ both are C(galkﬁgs is H CH3, CH2F, CHF2, CF3,

CH2CH3, F, vinyl or et hynyl3a %f?é% CN, F, NH2 or N3; (h) Y
is OH; (i) R8 dHHHron tﬂ&f‘é%f‘éﬁa%ﬁﬂzyswamfomaSpmmg R, NH2,
NHR , NR43, 5 nitrogen 5 %B‘}b, G @ H 2[ f
CHECHCO2H, or GtG—lCCJZIR(’%fg CRL an?gzﬁ 'F&sc A1, " hal ogen
(including F, O, aBrycli¢ hngmﬁtch}dzs thHajqiniNEI\TZandC atoN@2, | ovver al kyl of

wherein R is a | ower APKGT S A4 BHEHTEVET 88 Ky fOSeier GRdr Haeg 2 1 0B 2

C(0) (1 over al kyl) cy@hé AHg it ARRRAIGS tRfadjdieing N &ld e HRadl WRak lis 14h beffed to
conpound |, wherein
0to2,cis0to3,fis2to5,nis?2to4,and where R is independently

15 hydrogen or C alkyl and R* is -OR' or -N(R*),);
(vi) R*is H and R* is H, CH;, CH,CH;, CH(CH3),, CH,CH(CHa),,
CH(CH3)CH,CH3, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -
CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH,OH, CH(OH)CH3,
20 CHy((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or
(vii) R* is CHs, -CH,CH;, CH(CHa),, CH,CH(CHs),,
CH(CH3)CH,CH3, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -
CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH,OH, CH(OH)CH3,
25 CH,((4'-OH)-Ph), CH,SH, or lower cycloalkyl and R*" is H, where R” is
independently hydrogen or alkyl, which includes, but is not limited to, C;.
alkyl, C1.10 alkyl, or C 16 alkyl, R*" is —OR" or -N(R*),);
(d) R* is hydrogen, C).1¢ alkyl, C1.j0 alkyl optionally substituted with a
lower alkyl, alkoxy, di(lower alkyl)-amino, or halogen, C, ¢ haloalkyl, C;_o
30 cycloalkyl, cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;
(e) R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, 1.e., -(CH,),OH, where p is 1 -6, including hydroxyl methyl (CH,OH), CH,F,
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15(a) Rl i s hydrogen, nethyl, phenyl, p-brono-phenyl, p-chloro-phenyl, or
p- fl uor ophenyl ; (b) R2 is hydrogen; (c) RBais Hand R3b is H,
CH3, CH( GM8)2810/0ZF83€H( CH3) 2, CH( CH3) CH2CH3, CH2Ph, or | orer/uSg@ooed4Ry| ;
20(d)R4 is hydrogen, CH3, Et, 113r, 'Tr, "Bu, 2-butyl, 13u, benzyl,

CYELODr oYL Y EhPRSE iRy CLBBSTIN] s BYSUHSSnMRbBM S Y1
N- et hyl - pyr ngldo@dh Nnéiuding ANCIESHYE pi peridin-4-yl, |ower hal oal kyl, or
di (I ower al kyl) amno-lovver al’kyl; (e)R5 is H or N3 25(f)R6 is H CHS,

CHDF, CHF2, CF3, @RRCHR® iFH,GthyCHBrCBE iy E, (36 vingd or cthynyl;

2010/ 075554PCT/ us2009/ NH2
oy Ve A 4% 5ydrﬂgefaﬁaa”ﬁé(§%ﬁeﬂ&g% cblop (R ket qrary '

OR, NH, SNHRVhchNBiCRldeﬂl‘thf afn hﬂfi‘t%@'f&(f)ﬁ@ﬂﬁ Or %ﬁﬁyl SR her@%‘fﬁpht@@\ﬁ 2,
CH:CHCOZH or 5 CH=CHCCRR ; (1)Zis N or d (k)R16 is an H, halogen

(i ncl udi ng F,aropptiqelly pybstifed Wit lopgirne Of\ﬁ b, CIN@2 I, DEWER 2Bkl SROf  C1- Cs,
-CCH, CO2R ﬂgﬂl{-ﬁ' ein R
is a | ower all\%%\"ﬂ%gRl ‘ower’ Iovg%vaﬁ?ﬁ ﬁ@f?}ﬂ%'&hm ar vyl C@r%g{ge%:%tg Ef(r)wer

alkyl). Afi f(tth@shplegénaméd aPhel fBrt E)tloﬁaﬂmmnyéﬁfCi €6,dowelcaIEﬁ1yﬂofCQmaound I,
wher ei n (a) I S hy drogtgr{E net hyl , phenyl, p-brono-phenyl,
n

p- chl or o- pherfjifh aSo@ =¢Hpbglpgena G\, BriiyJovrer alkynpl of Gpen lower alkoxwf R3a is
H and Rl s ¢.cOtfo R &1, IR B Ty FEELTHAR R OEBRw,01 | over
CONHR” , CONR” 2, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally
substituted alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is
not limited to, C;.1o alkyl, Cs.7 cycloalkyl, C.19 alkenyl, Cy.19 alkynyl, and C;_1o

alkoxyalkyl,
15 (h) X is H, OH, OMe, halogen, CN, NH, or Ns;
(1) Y is OH;

()  ZisNorCR'";
(k) R® and R’ are independently H, F, CI, Br, I, OH, OR', SH, SR', NH,,
NHR', NR';, nitrogen heterocycle, lower alkyl of C;-Cs, halogenated (F, Cl, Br, 1)
20  lower alkyl of C;-Cs, lower alkenyl of C,-Cs, 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;-Cg, halogenated (F, CI, Br, I) lower
alkoxy of C;-Cg, COH, CO;R', CONH,, CONHR', CONR';,, CH=CHCO;H, or
CH=CHCO,R’,
25 and
()  R"isH, halogen (including F, CI, Br, I), OH, OR', SH, SR', NH,,
NHR', NR';, NO; lower alkyl of C;-Cg, halogenated (F, Cl, Br, I) lower alkyl of C;-
Cs, lower alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of C,-C¢ , lower
alkynyl of C,-Cg, halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of
30  C;-Cg, halogenated (F, Cl, Br, I) lower alkoxy of C,-Cs, CO,H, CO,R', CONH,,
CONHR', CONR';, CH=CHCO;H, or CH=CHCO-R";
wherein R' is an optionally substituted alkyl, which includes, but is not

limited to, an optionally substituted C;,¢ alkyl, an optionally substituted C,_jo alkyl,
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(d) R4 is hydrogen, CH3, Et, 113r, /Pr, nBu, 2-butyl, 13u, benzyl,

20cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, N nethyl-aziridin-2-yl,
N- et hyl -wezetwudsis43-yl , N-net hyl - pyrrolidin-3-yl, PCT/US2009/069475

N-net hyl - pyrrolidin-4-yl, N nethyl piperidin-4-yl, |ower haloal kyl, or

di (1 owner al kyl )am nqg- | ower al kyl ; e is Hor N3 (f) RBis
H CH3, CH2 F,an@nﬁgﬁﬁbﬁ@ﬁ%éﬁwer@km Mnt?oaﬁ?ﬁéflﬁvﬂwe,d cygloglkxliad 1 * oH,
OCH3, CN, F, 0 : : 0 : is OH
O B kg hnd ey Ptn BitionaHO ALY PTG (HRg AP ARRIP substimed ke

ni trogen het edlenybofC,-CoRROpti@ENKBLbTONEIRAY|.GONR Mcludies DrGeRst linited to

o 1), R, G il Pern i@l Qe A pr P QR BRI R’ T
CONH2, CO§HR , COMRse distlosédHC@rb ey folprepih Bsmpound 1 or compbi@l Hi iy R 1s a

s
| ower al kyl, a |ower cycloal kyl, a |ower alkyl, or a 10C(0)(lower alkyl). A
si xth aspect dsfinghgbavier whergirui preeass remplisesct ed to conmpound |, wherein

R is hyd . Ph - - - |,
o For apnomys 5 b o e BT o BRLR A BIGEYT or
H CH3, CH(CHi3M&de tadaCing@b)t2, CH(CH3) CH2CH3, CH2Ph, CH20H,
CH2((4'-OH)-Ph), or |ower cycloalkyl; (d) R4 is hydrogen, CH3, Et,

113r, "Tr, "Bu, 2-butyl, 13u, benzyk}low yl, cyclobutyl, cycl opentyl,
or cyclohexyl; 20(e)R5 is H or N3; R*" \_LR(f) R6 is H CH3, CH2F, CHF2,
CF3, CH2CH3, F, CN, vinyl or ethynyl; g X % H OH OCH3, CN, F, O, Br,
I, NH2, or N3; (h) Yis OH (i) RO is NH2 and R8 is H, F, Br, I,
OH OR, NH2, NHR, NR 2, nitrogen 25 heterocycle, COR2R , CONH2, CONHR ,
CONR 2, (P=CHCO2H,to provBk=Ch ool derivative I'V; and

RI [ 8] O OH
MRG

§ %
RO X
v

(b) stereoselective conversion of the lactol derivative using a reagent to
obtain an anomeric alpha-derivative V

RS R

s %
RO X

v

15 wherein R®, R®, and X have their meanings as described above, X' is a

leaving group, and R"' is a protecting group.
A first embodiment is directed to compound I,

wherein
(a) R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
20  includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of C;¢ alkyl, C,6 alkenyl, C,6 alkynyl, Ci.6
alkoxy, F, Cl, Br, I, nitro, cyano, C, haloalkyl, -N(Rly)z, Ci6 acylamino, -
NHSO,C s alkyl, -SO,N(R"),, COR"", and -SO,C ¢ alkyl; (R" is independently
hydrogen or alkyl, which includes, but is not limited to, C 5 alkyl, C;_jo alkyl, or
25  Crealkyl, R" is —OR' or -N(R"),);

(b) R’ is hydrogen or CHa;
25



WO 2010/ 075554PCT/ US2009/ 069475 (1)Z is Nor CR1; and (k)Rmis an H F, d,
Br, I, OR, NH2, NHR, NR 2, or lower alkyl of Cl- C6, or -CCH,

wher ei n RVOI261060755wer  al kyl, a lower cycloal kyl, a | owePCalUusaooplogo4as a
5C(0) (l ower alkyl). A seventh aspect of the first enbodinent is directed to
conmpound |, wherein (a) 3BI ah drogen, phenyl, p-tolyl, p-brono-phenyl, or
p- chl or o- phenyl ; ((83 ‘L dridgen or CH3; 10(c)R3a is Hand R3b is H,
CH3, CH(CH3) 2, CHZCH(CI—IS)Z CH( CH3) CH2CH3, CH2OH, or | ower cycl oal kyl ;

(d)R4 is hydrogen, CH3 (1)'—‘_}hdepeﬁ)dient -Eélecte@‘ﬂron?hﬂibgfén @23}612111%3%23/)6 oalkyl, -
cycl opropyl, cycl ObH@)Xe ycl op en%, , or cl ohexg{ R5is Hof N3; R6 is
C @\IR th

H, CH3, CH2F, CHFZ OHZQIHéldeDX}’@N}’l vC y$Ho(CBph§@uMex is H, OH OCH3,

o ky|F) , cj0(| orer a|(E%é?3yﬁé( %)N%I—{Zﬁ{ Rﬁ@ 33 ﬁiﬁﬁg‘“ lg(rlﬁ"“flg%zggﬁ A as Byl e:

and 20(j)3 is N, (CH,).CUrE @iy ali aiy$ Ca. hlk\yoﬁ}rsald|ak§34|g,ro®s|0‘pﬁ6ﬂiall§%ﬁbﬁﬂht§&| a
| ower al karyl, or a C(0)(lower al kylg. An ei ghth aspect of the first
embodi nent i s di r ettt giypselspsd Aem hydiprer b mo allgl, Cis alkoxy, halogen, nitro

2010/ 075554PCT/ US%%Q%Q&?‘&Y)E‘R33 and R*® both are C\_¢ alkyl; (iii) R* and R* together

are(CH,) so as to form a spiro ring; (iv) R* is hydrogen and R* and R?
together are (CH»), so as to form a cyclic ring that includes the adjoining N

10 and C atoms; (v) R* is hydrogen and R* and R” together are (CH,), so as to
form a cyclic ring that includes the adjoining N and C atoms, where cis 1 to
6,dis0to2,eis0to 3, fis2to 5, nis 2 to 4, and where RYis independently
hydrogen or C1 alkyl and R* is -OR' or -N(R*),); (vi) R** is H and R*" is
H, CH;, CH,CH3, CH(CH3),, CH,CH(CH3),, CH(CH3)CH,CH3, CH,Ph,

15 CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H, CH,C(O)NH,, CH,CH,COOH,
CH,CH,C(O)NH,, CH,CH,CH,CH;NH,, -CH,CH,CH,NHC(NH)NH,, CH,-
imidazol-4-yl, CH,OH, CH(OH)CH3;, CH,((4'-OH)-Ph), CH,SH, or lower
cycloalkyl; or (vii) R* is CHs, -CH,CHs, CH(CHs),, CH,CH(CH3),,
CH(CH3)CH,CH3, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H,

20 CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -
CH,CH,CH,NHC(NH)NH,, CH,-imidazol-4-yl, CH,OH, CH(OH)CH3,
CH,((4'-OH)-Ph), CH,SH, or lower cycloalkyl and R*" is H, where R” is
independently hydrogen or alkyl, which includes, but is not limited to, C;.
alkyl, C1.10 alkyl, or C 16 alkyl, R*" is —OR" or -N(R*),);

25 (d) R* is hydrogen, Cy_¢ alkyl, Cy.1o alkyl optionally substituted with a
lower alkyl, alkoxy or halogen, C;.19 haloalkyl, Cs.1¢ cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
30  alkyl, i.e., -(CHy),OH, where p is 1 -6, including hydroxyl methyl (CH,OH), CH,F,
N3, CH,CN, CH,NH,, CH,NHCH3, CH,N(CH3),, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I;
26



(a) R is hydrogen, phenyl, p-brono-phenyl, p-chloro-phenyl, or

pf |l uor ophenyl ; (b) R2 is hydrogen; (c) RBais Hand R3b is
H, CH3, GMOCHB)Y@555€H2CH( CH3) 2, or 5 CH( CH3) CH2CHS; PCTA)S20R49/06%475
hydrogen, CH3, Et, "Pr, "Tr, "Bu, 2-butyl, or cyclopentyl; (e) RBis

S5 0% o O Oy e s PR T 2 el SV

F, OH O(lower alkyl), O(lower alkaryl), NH2, NHR, NR 2, or nitrogen
heterocycle; and (g)  XiJHZOHSOMe, CN, F, CL, Br, Mg lolelg is a lower alkyl,

| ower cycl oal kyl, a | ower al karyl or a 15 (3)(I ower al kyl). A ninth aspect

of the first enbodinent is di rected to corrpound | wherein (a)R is
hydrogen, phenyl, (B} br o @Henyl, p-chloro-phenyl, or p- fluorophenyl;
20(b)R2 is hydrogen (c) R3a is H and R3b is H, CHB, CH(CH3) 2, or

cyelopentyl . (o) R i & T eUE B pEPRpdERLT B bt A NN

is H CH35 ChizfrogetHicR o, CORCHONH,;, COWHRI, ONR'orCletGHay),H, 6g) X is H,

O—ICNForlji\B& Yis OH (i) RO is NH2 and R8 is H, F,
O(l ower al kylg 6{1 r alkaryl), NH2, 5 NHR, NR 2, or nitrogen
het erocycl e; and (j) Zis N

) Zis N or CR'; and

(k) R"isanH, halogen (including F, Cl, Br, I), OR', NH,, NHR', NR',,
NO,, lower alkyl of C,-Cs, -C=CH, CO;R', CONH,, CONHR', CONR',,
10 CH=CHCO,H, or CH=CHCO,R";

wherein R' is a lower alkyl, a lower cycloalkyl, a lower alkaryl, or a

C(O)(lower alkyl);
A first aspect of the first embodiment is directed to compound 1
wherein

15 (a) R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b) R’ is hydrogen or CHa;

(¢)  R™isH and R*®is H, CHs, CH(CH3),, CH,CH(CHjz),,
CH(CH;)CH,CH3s, CH,Ph, CH,-indol-3-yl, -CH,CH,SCH3, CH,CO,H,
20  CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,NH,, -
CH,CH,CH,NHC(NH)NH,, CH,-imidazol-4-yl, CH,OH, CH(OH)CH3, CH,((4'-
OH)-Ph), CH,SH, or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-
25  azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-
piperidin-4-yl, lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
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wherein R is a lower alkyl, a lower cycloalkyl, a |lower alkaryl, or a
C(O)(lower alkyl). Atenth aspect of the first enbodinent is directed to
conmpound wowhayesis4(a) 10 Rl i s hydrogen, phenyl, p-broRoTAlsee09l069475

p- chl or o- phenyl, or p-fluorophenyl; (b) R2 is hydrogen; (c) R3a is H and
R3b is CH3; (d) R4 is hydr Pr C n . (e) RS is H (f)
R6 is cH3; (g) X i® F: %Hﬁ%&%@%%ﬁﬁ%?%ﬁ%ggﬁh%%@l 1,‘%@@; OEt
0113r, OBn, qff; M oe2CH2CH2-) (azetidin- 1-yl), and RO is NH2; (j) Zis N
An el eventh aspect of the first enbodinent is directed to conpound |
15wherein (a) R is phenyl; (qtl)& R2 is hlgdrogen; c) RBa is Hand R3b is
CH3: (d) R4 is 'Pr:(fXe) R5sis GHls, CHyF. s CEMITH{(Ys, X, €Y, pinyl. 19y cthyngl; OH; R8
is Owe; and (j) Zis N A twelfth aspect of the first enbodinent is
directed to conpo Y i i W arf b i s hydrogen; (c)
R3a is H and R3b ﬂgyﬂwﬁ?% P?I%&NI fe‘fpp% ]:15\”%: &(1%2, R6 is CH3; (g) Xis
F; (h) Yis OH R8is OEt; and (j) Zis N 20A thirteenth aspect of the
first enbddi nent i(h)di rect@H;to conpound | wherein (a) R is phenyl; (b) R2
is hydrogen; (c) R3a is Hand R3b is CH3;(d) R4 is "Pr; (e) R is H (f) R6
is CH3; (g) X is FE; (h),sY i,5,0H . is O r.. .an i) A \ A
fourteenth aspect O "t He ?T“ld taréwggm@ﬁ%%ylﬁslvn]?rrgc(éﬂé'dogoll\@&’r\rlyg{%’dm{zvmg ein
(a) R is phafibgen(Rieré®cieS COyR! C@R,, CONRRE AONK, aMg=EBL 0,81, 6+3; (d) R4 is
25CH3; (e) R5 is H. (f) R6is OB (g) Xis E, (h) Yis OH R8s

- N( - CH2CH2CHXH=CHE€LRdin- 1 -y1), and RO is NH2; and (j) Zis N A
fifteenth aspect of the first enbodinment is directed to conpound | wherein
(a) R is phenyl; £b) . {u fie} ; (c) RBais Hand R3b is CH3;(d) R4 is
cycl opentyl; (e) is%SI\?P ¥g6|g§&]CHB (g) Xis F, (h) Yis OH R8s

i ndependently OBn; and RO is NH2; and (j) Zis N 5A sixteenth aspect of
the firstloenbodi ngR} i R'Qiis@chelthlégendoehaindF,ICIWBARIOR' (3, RVHRS Ndtieny| ;

(b) R2 is hydrqgen; (c) i a b i ; 4, i cl opentyl; (e)
RS is H (f) zﬁ%weaﬁélsw@%@% —25%1‘-1(5?)2& I%Q%: (C%é“%’éiﬂ\ﬁ%a RO is NH2;
and (j) Z is M=CHCO,H, or CEEefRf¢ &4 conpounds of the first enbodi ment

i ncl ude conpounds 10represented by the followi ng structure: R8 N....... CH1

N "0l *L il N---"NNH2 N-P%
wherein R' is a lower alkyl, a lower cycloalkyl, a lower alkyaryl, or a

C(O)(lower alkyl).
15 A second aspect of the first embodiment is directed to compound I

wherein

(a) R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, or p-fluorophenyl;

(b) R’ is hydrogen or CHa;

20 (c)  R*isH and R* is H, CH;, CH(CH3),, CH,CH(CH),,
CH(CH;)CH,CH3;, CH,Ph, or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-

25  piperidin-4-yl, lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
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ROiil CH3 110Ph__'. HUF where R4 is a lower alkyl and R8 is a
O(l ower alkyl). Additionally preferred conpounds include: R8 =

N( - CH2CH2EBI2030/075554 150 t he preferred conpounds, conpouRdTAB2009/069475
particularly preferred. One of ordi nary skill will recognize that 11

conprises a m xture of S ted Sp-11 and Rp-11.
Cont enpl at ed herei® is lém%ﬁ% ?I‘Z[nglg l'ses Sp-11, Rp-11, or
m xt ures thereof The conposition that corrprl ses Sp-11, Rp-11, or

m xt ures thereof %( an al'os e par CHOF, @{ppbpat[e,w@ﬂmd(@gl . or a m xed
sol vate/ hydrate. The sol vate is designat ed as Sp-11.nS E{p 11.nS, or 11.nS;

whil e the hydrate is designated as Sp-11. nH20, ?11 m—|20 or 11.nmH20, where
Sis a lattice sol@nt X gﬂa@ﬂe@% N, Frekedarl, SHomes; 5 i nt eger ampount
fromabout O to about 3 and m varies by an integer or non-integer anpunt
fromabout O to a (Ijﬁ conposi tion that conprises Sp-11, Rp-11, or

m xt ures t hereof d |ts fs, solvates, and hydrates thereof i's
crystalline, crystal -1 ke or, am)rphous A second enbodinent is directed to

conpound bBl, 10whdrein Kaa)nRFRwse Hdeperdomibyr HaF ki, |, @la@B', (NEN) NHR,rNR‘ ,

0( (CI—IgI)Af)(I)HaI il I)I‘Ilzgeﬂ %Igelg‘gcly%% 885%’ Sﬁ%%@%%ﬁ@gééﬁ OIII uororret hyl

(CH2F), azi dacgdBHCGRRCN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br,
or | 15(b)R6 is H CH3, CH2F, CHF2, CF3, CH2CH3, F, vinyl, or ethynyl;

(c) R7 is H n-alkyl, branched aol kyI cycl oal kyl, aI karyl, al kenyl, or
aryl, which includ®s, DatsNer@Bi :ridrited to, phenyl or naphthyl, where
phenyl or napht hyI are optionally substituted with at |east one of H F,

a, Br, I, SH, 1® I CI

hal ogenat ed (F Cl(k) R IgaﬁaINIIé% dudflIl}IBz’g%I %I)VI?E?I@ Iﬁyﬂg&er I\al I(enyl of
C2- C6, | deer MNOKJovytr ad)lfyl@fOG@6suCahCHsC0ml Coallbg €ONKR', CONKY,, Br, 1) |ower
al kynyl of 0 Cl- C6, hal ogenated (F, O, Br, I) | ower
al koxy of Cl- (%ébc%gﬁr@éé?&(&ﬁm CONHR7, CONR72, CHECHOCRH, or
CH=CHCO2R7 wherein R7 is an opti onal I y substituted al kyl , cycl oal kyl ,

al kenyl, al kynyl, @feréhhOxylokdt alk\)ia Gow SRS, aIlH‘IvelI Ak49L, oIrhm ted 25to,
Cl 10 al kyI 3 7 cycl oal kyI C2_10 al kenyl C2°10 al kynyl ; Cl 10

A third aspect of the first embodiment is directed to compound I,
15 wherein

(a) R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, or p-fluorophenyl;

(b)  R”is hydrogen;

(¢)  R™isH and R*®is H, CHs, CH(CH3),, CH,CH(CHjz),,
20  CH(CH;)CH,CHs, CH,Ph, or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-
piperidin-4-yl, lower haloalkyl, or di(lower alkyl)amino-lower alkyl;

25 () R’ is H or N3;
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(e) R8 and RO are independently H F, d, Br, I, OH OR, SH SR, NH25
NHR , NR 2, nitrogen heterocycle, CH3, CH3 ,Aq, where Xis F, d, Br, or |
and q i s WoRe10d75ss4nyl , CO2H, CO2CH3, CONH2, CONHCH3, CEeNITiS2)025869%ACs

2010/ 075554PCT/ US2009/ 069475 (0Z is N or CRl; and (g)Rmis an H, hal ogen

including F, d r, le. s R - NHR' . 25 | ower
gi| kyl of %1 C8, ha(Boge 69%%&583 g{zpsgm% ngﬁﬁ%’gwmés Or(fihyl%, | ower

al kenyl of C2-C6, hal ogenated (F, C, Br, 1) lower alkenyl of C2-C6 , |ower
Sal kynyl of C2-C6,g ral ogeat eH, OEH,CEN, BFNHEbrNQV\BF al kynyl of C2-C6, | ower
al koxy of G -C6, ha ogenated (F d., Br, 1) | ower al koxy of Cl1-C6, CO2H,
CO2R , CONH25 CONHR , CONR 2, CH:CHCOZH or CH=CHCO2R wherein R is
a ClL 20 alkyl: a &1 20 ¥y cPHal kyl: an alkaryl, a C2-06 al kenyl, a C2-Cb
al kynyl . 10A first aspect of the second embodiment is directed to conmpound

1, wherein ~(a) S 9 y (Iower
al kyl), including (&:FB%QMG ﬁ]ﬁﬂs éﬁ@%@ ﬁo#/vel?rcy 1(()%H2’ N%Ee

where p i § 1 niSpgenrictaokyets, E@RDKMNHEWHRCEMRQ, CHuO0HOe Hhyt (CHZF)
azido (N3), %@%@@\BS 15 CH2NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br, or |
(b) R6 is H, , 2, CHF2, CF3, CH2CH3, or F; (c) R7 is H,

n-al kyl , branched al kyl, cycloal kyl, al karyl, al kenyl, or aryl, which
includes, but is npt |izmstedr ER” Qﬁ@nyl or napht hyl, where phenyl or
naphthyl are optionhally substitufed with at least one of H F, O, Br, I,
OH, OW, SH, SR7', 20NHZ2, NHR7', NR72, |ower al kﬁl of Cl1-Cs6, haI@ég{enat ed
(F, O, Br, 1), hdkbgerat édnif, hatpgengmcludyng By Ballk &R/ NBp. NMHEREAR'S. over

%Izkzl:gyl I gae%ﬁgoxy&{)]aflﬂgf@&ha ogehapélg ?IEYNFg C@\EHR' éq ov\é: 2: g%l o?f

Cl- Co, CORH CERERACO,BONHZH=CAWRR';,, CONR7' 2, CH=CHCO2H, or CH=CHCOZ2R7'
wherein R7' is an opti onal ly substituted 25a| kyl, cycloal kyl, al kenyl,

al kynyl, or al koxy |, which in but ot limted to, CL 10

al kyl, C3_7 cyclodl %ﬂ@ﬁ@wgr&@ﬁt}ﬁm@%bam pweiplkydtyls o & koxyal kyl ;
(d) Xis H, 0)flowMikyINH2, or N3; WD 2010/ 075554PCT/ US2009/ 069475 (e) R8

and RO are in ependently H F, d, Br, I, OH OR, SH SR, NH2, NHR,
NR 2, nitrogen heterocycl e, CH3, CH3 0%@»% Xis F, d, Br, or I and q
is 1to 3, vinyl, Aofrwih asERCRBthe GoMIRIb iregtedCoRpEpBYR I, (0Z is N or
CR1; and
wherein
15 (a) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, or
p-fluorophenyl;
(b)  R”is hydrogen;
(¢)  R™isH and R*®is H, CHs, CH(CH3),, CH,CH(CHjz),,
CH(CH3)CH,CH3, CH,Ph, or lower cycloalkyl;
20 (d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-
piperidin-4-yl, lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
() R’ is H or N3;
25 ()  R%is H, CHs, CH,F, CHF,, CF;, CH,CHs, F, vinyl, or ethynyl;
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5(g)Rmis an H F, OH OR, NH2, NHR, NR 2, NR'2, |ower alkyl of Cl- C6,

hal ogenated (F, d, Br, I) |lower alkyl of Cl-C6, or -CCH, wherein R
is a Cl_290abiwd7555a C1_20 cycl oal kyl; an al karyl, a C2- @6TAlISR@apb47a C2- C6
al kynyl . A second aspect of the second enbodinent is directed to

compound 11, 10wherein (a)R5 is a_|ower al kyl, cyano (CN), vinyl,
0-(lower alkyl), i®BEl u@gh%ﬁ O%—@WH;[BFﬁin | oner al kyl, i.e.,
-(CH2) pOH, where p is 1 -6, including hydroxyl nethyl (CH2OH), fl uoronethyl
(CH2F), azido (N3)n) CHXEN 0GH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, d, Br,
or I 15(b)R6 is H, CH3, CH2F, CHF2, CF3, or CH2CHB; (c)R7 is H n-al kyI
branched al kyl, cycloal kyl, al karyl al kenyl , I){/I whi ch_incl udes, but
is not limted to,(phery]angR rmmdﬁmn e%e‘?leﬁp%éhﬂ oPRA A AYIR'GNRY,

optionally s H d QN SH
SR7', NH2, N @%Gwﬁ%o%ylcomr 2B &y %%@% d;TﬁRo eCn%JthgCPﬁHO@

hal ogenat éd (CH=QACG,R";Br, 1) Iovver al kenyl of C2-C6, |ower al kynyl of

C2- C6 such as CCH hal ogenated (F Cl, Br, 1) lower alkynyl of C2-C6, |ower
al koxy of C1-C6, Iogefééid &Eﬂo Br, ) Iower al koxy of Cl-C6, CO2H,
CCRR7", CONHZ, RY7' BMCHOORH, or CHECHCORR?' wherein R7' is
an optionally substituted al kyl, cycloal kyl, al kenyl, alkynyl, or

al koxyal kyl , whlcf(k? nclnﬂ@l@ssanfmaw nflﬁfclddhﬂglt@l Bﬁtlpm@l Nﬂﬂikyh\z C3_7
cycloal kyl, C2 10 al kenyl, C2 10 al kyny 0 al koxya kyI ()X is H,
OH, F, Owe, N, lwerl\a:kkylO‘ﬁ\ﬁlz‘éwﬁﬁﬁﬁwwﬁm%ﬁmﬁiﬁnﬁ@ﬂ?@%&% and R9 are
i ndependent | y-H, 2, NHR NR 25 nitrogen heterocycle,

CH3, OH3_ Aq,Cﬁ' gﬁg@hrg%h @C W’ | and q is 1 to 3, vinyl, CORCHB,
CONH2, CO\IHCHB, CON(CH3)2; (0Z is Nor CR1; and 5(g)Rmis an H F, OH OR,
NH2, NHR10 NR 2, |woveeind' kyd lodfer (lkyCa lowal ggkakiygd 1ower a(llkyarﬁr ord) | ower

al kyl of Cl-C6, or -CCH wherein R is a Cl1_20 alkyl; a Cl1_20

cycl oal kyl ; él:\((aflk‘é(?wlkylé C2-C6 al kenyl, a C2-Cs6 al kynyl . A third
aspect of the second enbodiment is directed to compound 11, 10wherein (a)R5
is H alover alkyA ﬁftﬁﬁ@ﬁ&t 6 ’ﬁréf'eﬁ%bdln%n( iscﬁlﬂ%rcteﬁltg}éé)ﬂlpoddaql udi ng OCH3,
OCH2CH3, hydroxyl | ower kyl, 1. -(CH2) pOH, where pis 1 -6, including
hydr oxyl nethyl (CH2OH), fI uoronet hyI (CHZF) azido (N3), CH2CN, CH2N35
CH2NH2, CH2NHCH3, V@@N(lCI—B)Z, F, d, Br, or |

(a) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, or
15  p-fluorophenyl;

(b)  R”is hydrogen;

(¢)  R™isH and R*®is H, CHs, CH(CH3),, CH,CH(CHjz),,
CH(CH3)CH,CH3, CH,Ph, or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
20  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-
piperidin-4-yl, lower haloalkyl, or di(lower alkyl)amino-lower alkyl;

() R’ is H or N3;
()  R®is H, CHs, CH,F, CHF,, CF3, CH,CHj, F, vinyl, or ethynyl;
25 (g)  XisH, OH, OCH;, CN, F, NH; or N3;
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15(b)R6 is H, CH3, CH2F, CHF2, CF3, or CH2CH3; (c)R7 is H, n-alkyl,
branched al kyl, cycl oal kyl, al karyl, alkenyl, or aryl, which includes, but
is not | iwDRew/ws554phenyl or napht hyl, where phenyl or RraphiSke/06g4es
optionally substituted with at least one of H F, d, Br, I, OH OW, SH
SR7', NH2, NHR7' hg?Z r al kyl of Cl1-C6, hal ogenated (F, d, Br, 1),
hal ogenat ed (F, 2d %i‘s | ower al kenyl of C2-C6, |ower al kynyl of

C2- C6 such as CCH, hal ogenat ed (F, d, Br, |I) lower alkynyl of C2-C6, |ower
al koxy of Ci1- CGcoﬁ |09Q(‘g34n@q{9(alfe inde enla&nﬂ 1)1 quen @‘HKQRYNHZ, SHREENRGCOZH,
CO2R7', CONH2 HR7' , CONR7' 2 COPR7' Wwherein R7' is
an optional | yiigegssthetaieeygleaClyR, C@%HDQ(WHR' Qq@élﬁy,l CHaCK¢&pH; obr

al koxyal kyl , c@{fizgﬂchﬁl udes, but is not limted 25to, ClL_10 alkyl, C3_7
cycl oal kyl, _ enyl , 02 10 al kynyl, O C1_10 al koxyal kyl; (d)X is F;
WD 2010/ 075554PCT/ US2009/ 069475 (e) R8 and R9 are |ndependently H, F
Br, OH OR, NH2, (NHR ZNINBrCRﬂOgamgen het erocycl e, CH3, CH3_, Ag, where X
is F, d, Br, or | andq is 1t03 vinyl, CO2CH3, CONH2, CONHCH3, or CON

(Ng_lg)zl ower al (k;I) 11{{00r andt(g-&ﬂ{dfi‘g %ISCIaEF ’IC)FRﬂgﬁélﬁkk H2 R

Cl-C6, or -GG, lgwer aIM%T@HQ C*éHaCbQM’eCON}beONHROWNI@}/C' oal kyl a
| ower al karyl, a C2-C6 kenyl, a C22C6 al kynyl A fourth aspect

of the SECOHCCIéﬁGH@IQﬁnDI’CH fiHeRed to corrpound 1, 10wher e| n (a) RS
is H -CH3, cyano (CN), vinyl, OCHB -CH20H, -CH2F, azido (N3), CH2CN,
CH2N3, CH2NH2, CH2NHCH3,,CH by R6 is H,

CH3, or CH2CH3; '\Lerel{lls 1SI'~?7f\I(’velr yl al?‘l‘é%/r dycgalkﬁgheawgﬁ Eklk}(l Sc%/cl oal kyl ,

al karyl, 13l kea%j)(lo@&gakyl? 15whi ch includes, but is not I| mted to, phenyl
or napht hyl ere pheny or napht hyI are opti onal |y substituted wth at

| east one of H, F d 7', NH2, NHR7', NR72, | ower

al kyl of Cl-CB, h %B‘rﬁépe‘iﬂ 0( phe f‘est e@?odlmynt 1%@%@%*&@@@@@@ Br, I)

| ower al kenyl of C2-C6, |ower al kynyl of C2-C6 such as CCH, haI ogenat ed (F,
a, Br, 1) lower alkygyl of C2-C6, |ower al koxy of Cl-C6, 20 hal ogenated
(F, A, Br, I) lower alkoxy of Cl-C6, CX2H, CO2R7', CONH2, CONHR7',

CONR7' 2 CH:CHCOZH or CH=CHCO2R7' wherein R7' is an opti onaIIy substit ut ed
al kyl , cycl oal kyl (anl k&hyib hydiokgmphenybsp-tdlKorypadrrerphemphi rephlpreephedsk or but i s
not limted to, ClL 10 ?I kyl, C3_7 cycloal kyl, C2_10 al kenyl, C2_10 al kynyl,
O Cl_10 al k&(@'é? 1/"? ny (d) Xis F 25(e)R8 and RO are independently H,
F, OH OR, SH SCH3, NH2, NHR, NR 2, nitrogen heterocycle, CH3, CH3_, Aq,
where X ils F, d, B, @& ibhahdgen bsCHto 3, vinyl, COR2H CORCH3, CONH2,
CONHCH3, CON(CH3) 2; WD 2010/ 075554PCT/ US2009/ 069475 (0Z is N or CR1; and

(¢)  R™isH and R*®is H, CH;, CH(CH),, CH,CH(CHj),,
CH(CH3)CH,CH3, CH,Ph, CH,OH, CH,((4'-OH)-Ph), or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl;

20 () R’is H or Nz;
()  R®is H, CHs, CH,F, CHF,, CFs, CH,CHjs, F, CN, vinyl or ethynyl;
(2) X i1s H, OH, OCH;, CN, F, Cl, Br, I, NH», or Ns;
(h) Y is OH;

(i)  R’isNH,and R®is H, F, Br, I, OH, OR', NH,, NHR', NR",, nitrogen
25  heterocycle, CO;R', CONH,, CONHR', CONR',, CH=CHCO,H, or CH=CHCO,R’;
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(ggRmis an H F, OH OR, NH2, NHR, NR 2, |lower alkyl of Cl-Cs6,

hal ogenated (F, d, Br, I) |ower alkyl of Cl C6, or -CCH wher ei n
R is a |woepil7k3sh; a | ower cycloal kyl; a |ower al karyPCTAISEGR9O6433] kenyl ,
a C2-C6 alkynyl. Afifth aspect of the second enbodi ment is directed to

conmpound 11, V\,hereln( R cyano (CN), vinyl, -OCH3, -CH20H,
- CH2F, azido (N3) %%szﬁg @i%ﬁle CH2NHCH3, CH2N(CH3)2, F, d, Br,

or I 10(b)R6 is Hor CH3; (c) R7 is H, Iower alkyl, |Iower alkylaryl,

l'ower cycloal kyl, kpwerr'aigkeny! 7, @r BRMYOR', WHS NHK\CNRQE&IO‘QHﬂaIkﬁdF@Cl-
limted to, phenyl or napht hyl, wher e phenyl or napht hyI are optionally

substituted Wehra€=CHast one of H, F, O, Br, |, OH OW, SH SR7', N,
NHR7', NR72, |ower al koxy of C1-C6, hal ogenated (F, d, Br, 1) | ower

15al kOXy of Cl- CGy\?/PM?&P eﬁ%wgr ﬁl a%)&z kcgf? oay\ﬂ? Létié\gvélt e}tif{%glé ,%lr %ﬁlt

cycl oal kyl , al ken ‘ch™1'nc IS not
limted ta, Ql(_Cﬂ)Qo'&kayl)C?, 7 cycl oaI kyI C2_10 al kenyl, C2_10 al kynyl, or
Cl 10 al koxyal kyl ; (d) Xis F; (e) R8 and RO are i ndependent |y
H F, OH OR, NH2, NHR., NR. 2, 20nitr het er.ocyc| e _,Ag, where
Xis F, O, Br, or*PVERt §P7e of thedirs emaq%ﬁwen eﬁcﬁlﬁ?ceééee?@po CONHCHB,
CON( CH3) 2; (OZ is Nor CRL; and (g)Rmis an H, F, OH OR, NH2, NHR, NR 2,
| ower al kyl of Cl-f3&sreif@al ogenated (F, Cd, Br, |) |ower al kyI of Cl-C6, or
-CCH;, 25wherein R' is a lower alkyl; a |ower cycloalkyl; a |ower alkaryl, a
C2-C6 al kenyl, a WD 2010/ 075554PCT/ US2009/ 069475 A si xth
aspect of the secc{ﬁbl er&dﬂ%h%rﬁgen,@hmyﬂattqéﬂ, poraBerpbenyd arip-chigrermdicayk a) R5
is Hor N3; (b) Reis H CH3, or CH2CH3; 5(c)R7 is H, lower alkyl, |ower

al kylaryl, 1 ower c(mzl O%d‘ik’hydﬂog%& @hi(ﬂenyl ,

10 (c)  R*isH and R* is H, CH;, CH(CH3),, CH,CH(CH),,
CH(CH3)CH,CH3, CH,OH, or lower cycloalkyl;

(d) R* is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl;

(¢) R’isHofNa;

15 (H R is H, CH;, CH,F, CHF,, CF;, CH,CH3, F, CN, vinyl or ethynyl;
(2) X i1s H, OH, OCH;, CN, F, Cl, Br, or Nj;
(h) Y is OH;

(i)  R”is NH, and R® is H, F, OH, O(lower alkyl), O(lower alkyaryl),
NH,, NHR', NR',, or nitrogen heterocycle; and

20 () ZisN;

wherein R' is a lower alkyl, a lower cycloalkyl, a lower alkaryl, or a

C(O)(lower alkyl).
An eighth aspect of the first embodiment is directed to compound I,

wherein
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or aryl, which includes, but is not limted to, phenyl or naphthyl, where
phenyl or naphthyl are optionally substituted with at | east one of H, F,
c, Br, IwOooBo/0@¥y¥s4 SH, SR7', NH2, NHR7', NR72, |ower alPK®fs2@P/0&U7L6,

hal ogenated (F, d, Br, 1) lower alkoxy of Cl-C6, wherein R7' is an
optionally substituted al kyl, cycloal kyl. al kenyl, 10al kynyl , or

S koxyal kyl - i GHAT mel s By apEd pBoHSTP-Picit BRbnyb p-HOTPRERy Y P 7

cycl oal kyl , Cfgm;@plﬁhggnyl , C2_10 al kynyl, or G _io al koxyal kyl ; (d)
Xis F; (e) and R9 are independently H F, OH OR, NH2, NHR,
NR 2, nitrogen heterocycle, CH3, CH3_,Aq, where Xis F, O, Br, or I and q
is 1to 3, vinyl, (b5 C®Hshptegss, CONH2, CONHCH3, CON(CH3)2, (0Z is N or
CR1l; and (g)RL is an H F, OH OR, NH2, NHR, NR 2, |ower alkyl of Ci-GCs,

hal ted (F, O, Br,pk sa] ky | ~rof : wher ei
R e a lover alkyFl o ¥ ol WER TG CHGRY Sl o o

20al kenyl 5 a@H@E@HACKYOM};. A seventh aspect of the second enbodi nent
is directed to conmpound I, wherein (a) R is H (b) R6 is H CH3, or

CH2CH3; (c)R7 is | qwer al kyl  or | r_cyclgal kyl; (d) X is F; ) R8 and R9
are independent |y (312 F,lfqdﬁ, y@g?n’%; Efife ?PTN@“Z,Q' {Xlr%ﬁﬁloﬁﬁtgﬁocycl e, and
(f) Zis N, wherein R is a |lower alkyl; a 25l ower cycloal kyl; a | ower

al karyl, a C2-C6 gbkenyt’is® &NE6 al kynyl . An ei ghth aspect of the
second enbodinent is directed to conmpound I, wherein (a) RS is H (b) R6
is H CH3, or CH2CH3; (¢)R7 is lower alkyl or |ower cycloalkyl; (d) Xis
F; (e) RO is NH2 dfd RR aHH. Ofl:, CHpF.{iHFn§dn %lgﬂngy@&}’mé{h@f(iﬁl)’nﬂ;i s N;

wherein R is a lower alkyl; a lower cycloal kyl; a lower alkaryl, a C2' C6

al kenyl, a C2-C6 YNy N S t. of the second enbodinent is
directed to corrpoﬁ(gg I?é,kl%é\vggfgﬁﬁ%(g@qﬁS is H (b) Reis H CH3, or

CH2CH3; (c) R7 is lower alkyl or lower cycloalkyl; (d) Xis F, (e)RO is NH2
and R8 i d00(I ower (&) kylY js Odt ower cycl oal kyl), or nitrogen heterocycle; and
(f) Zis N Atenth aspect of the second enbodinent is directed to conpound

1, wherein (a) R5.0is Ho. R6 ,is . : ) NR7 1S sl ralgé?l [, ower
cycl oal kyl ; (d) X.(EL)Oi slﬁlf;lg %zaﬁgl{%gﬁi& éﬁdo%wiega%ﬂl)bwwgl% ryl,)ﬁ&lil’ower
cycl oal kyl'), NHRNNR'Q@ehitlogtehaewel@e; aand (f) Z is N An el eventh
aspect of the second enbodinent is directed to conmpound Il, wherein (a) R5

is H (b)) R6is CH3; (RQ‘RYisislower al kyl or lower cycloalkyl; (d) Xis
F; (e) RO is NH2 dihd ISN:0(1 ower al kyl ), O(lower cycloal kyl) or -N(-
15CH2CH2CH2-) (azetidin- 1 -yl); and (f) Zis N

wherein R' is a lower alkyl, a lower cycloalkyl, a lower alkaryl, or a
15 C(O)(lower alkyl).

A ninth aspect of the first embodiment is directed to compound I
wherein

(a) R' is hydrogen, phenyl, p-bromo-phenyl, p-chloro-phenyl, or p-
fluorophenyl;

20 (b)  R”is hydrogen;
(¢)  R™isH and R*®is H, CH;, CH(CHa),, or CH,CH(CH),;
(d)  R%is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, or cyclopentyl;

(e) R’ is H;

34



A twel fth aspect of the second enbodinment is directed to conpound |1,
wherein (a) RS is H (b) R is CH3; (¢c) R7 is CH3, '"Pr, 13u, or cl3n; (
is F;, (e)wB20i754#32 and R8 is O(lower al kyl) or -N(-CH2EHZAS200p/06BZ2t i di
-yl); and (f) Zis N. Athirteenth aspect of the second enbodinent is

directed to corrpoudll c) R7 is
CH3, 'Pr, 13u, or %ﬁs b&ﬁ%&éﬂ,%ﬁ%ﬁ&%mﬁ%t %‘ﬁ.

0113r, or -N(- CHZCHZCHZ) (azetidin- 1 -y1); and (f) Zis N

fourteenth aspect (gf theisgcondcanpogiNent is di rect ed to conpound II
wherein (a) RS is H (b) R6 is CH3; (c) R7 is CH3, "Pr, 13u, or cl3n; (d) X
is F, (e) ROis NH2 and R8 is Ow, CEt, or 0113r; and (0 Zis N 25A
fifteenth aspect dh)the' &bnd enbodi ment is direct ed to conpound |1,
wherein (a) RS is H (b) R6 is CH3; (c) R7 is CH3, '"Pr, 13u, or cl3n; (d) X
is F, (e) RBis an 8 ( th
aspect of the secord e%ﬁgyn%nay@?{s 1%‘??5C{)§dé§18§/gg'alk%%nOd(l?weﬁvﬁdr?%eﬁH a) R5
is H (b) 5R6 NHRCNR',, pchitdegen Bet@Giddyclé;Rmd 13u, or cI3n (d) Xis F;, (e) R8
is Cet and RO is NH2; and (f) Zis N A seventeenth aspect of the second

d) X
n-1

enbodi nent is d|re ted 0 ompound |1, 5wherein (a) RS is H (b) R6 is CH3;
(c) R7 is CH3, Pr(J 13 >¢cl3n; (d) Xis F, (e) RBis O1lPr and RO is NHz;
and (f) Zis N An ei ghteenth aspect of the second enbodi nent is

directed to conpouggbréih.R' WeloRicRalkd), a wiiscytloalld), a%wbrsalﬂ'ﬂ?]} of§) R7 is CH3;
(d) Xis F, (e) RBis -N- CH2CH2CH2-) (azetidin-1-y1); and RO is NH2; and

(f) zis N 19R)ewetadkyiih aspect of the second enbodiment is direct ed to
compound |1, wherein (a) RS is H (b) R6is CH3; (c) R7 is CH3; (d) Xis F

(e) R8is OEt and &en'tﬁsa 51%10@1{& d;{s{ %m%oodlﬁelu is dr?cte(wno d%‘n{pWﬁ? ;%E‘eﬁ?@ﬁm of

t he second enbodl nent 1s recte sund 1 erern (b)
R6 is CHIp (&' 1Rﬁy<ﬂmgeIPIphet(}d)p Krdnm ﬁhen(ylg)p RBorogpheky1, ansHfIRSropBerily®; (NHR? and

(f) Zis N ¥ the second i ment

directed to d%%%ﬁﬁl wkmseffl @C%a @Rﬁ‘w&lﬁ; @%M@@ﬂ%ﬂ% 13u;
(d) Xis F cf@ RRB H 3 H ;s @nfl @Xﬁfl\"d% Y%@Hq)Rzls'lﬁdéﬂendently OH, GMe,

t went y- second aspect’ of the second enbodi nent 1s directed to a conmpound
201 | wherein (QElf)OI“fIEr OBnHr-NHCHE H.6 Hodpzetidin- Ry i sndcR 3m;NHdY) X s N.F, (e) R8
is O and RO is NH2; and (f) Zis N A twenty-third aspect of the

second enbodi nent s d cted t 0 nd 1.l rei.n R5 H b) R6
is CH3; (c) :?7 |s v “%a%eftoc%ﬁﬁe ?Pe;?urﬁg C"lgfeﬁiltg gﬁ%t % I and((12) Z
is N 25Ast VﬂﬂﬁdaﬁQWRhs@ﬁ&%ﬂt(b@Rzﬁshl@(ﬁ@g‘e‘ﬂn@)@lﬁb@d{ BRNR "1 8 C!HJ(QPR@Q PO

conpound |1, wherein QpR? is cl3n; (d) X is
F. (e) RS is G)ER B ( 1§%2§%)%@'%K9)§ZIS@HF\R ispép e@l’fde(dj)%tﬁﬁﬁounds to be

prepared by way of the second enbodi nent, or by another suitable process,

i nclude conpounds £ gpyiff %gﬁe%fjoibtﬁe ke efcn%uii%npg d?lIeEtléﬁrtdj&ﬁnpound I wherein
(a) R" is phenyl; (b) R? is hydrogen; (c) R* is H and R*® is CH3;(d) R” is ‘Pr; (¢) R’
is H; (f) R® is CHs; (g) X is F; (h) Y is OH; R® is OEt; and (j) Z is N.

20 A thirteenth aspect of the first embodiment is directed to compound I
wherein (a) R' is phenyl; (b) R? is hydrogen; (¢) R* is H and R* is CH;(d) R* is Pr;
(e) R’ is H; (f) R®is CH3; (g) X is F; (h) Y is OH; R® is O'Pr; and (j) Z is N.

A fourteenth aspect of the first embodiment is directed to compound I
wherein (a) R' is phenyl; (b) R” is hydrogen; (c) R* is H and R*® is CHz;(d) R” is
25  CHs; (e)R’is H; () R is CH3; (g) X is F; (h) Y is OH; R® is —~N(-CH,CH,CH,-)
(azetidin-1-yl), and R’ is NHy; and (j) Z is N.
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0,/d Cf 13 0: pLd R70/ 5where R7 is a |lower alkyl or a |ower cycloal kyl and
R8 is an O(lower alkyl). Additionally preferred conmpounds include: R8 0O CH3
Qzz| K R7-WOR00A758F = Me, R8 = -N( CH2CH2CH2-) 16 R7 =PWE/USRB®/06BEE 17: R7
= Tr, R8= -0Et 23: R7 = cl 3u, = -0Me 24: RY Til, RB = -O0Me R8

=N( - CH2CH2C112-) = d 17 | |
preferred One Lf‘%Fg?ﬁ5?9q§RV9%ﬁ%fﬁ#gwgﬁégﬁpgéqﬁgég %7“%%%%%93 r2%§ﬁ1§{u¥e
of diast ereongyg! Q%bﬂﬁa(@@z%h;%rgg&o@waﬂ%§ar>dﬂ<?° is ERNLETR! RlSLoBGfeE N | 5

a conposition that co rises Sp-1 , m, Xt ures ihereof

preferred thde)R eftdﬁdbdsﬂﬁbnﬁﬁéﬁpﬁi§§EY9U®H1RedﬂﬁdﬂﬁndﬁﬁbﬂEBmumﬂﬁ@r
preferred thathﬁ$e QPQP |t|on conprises substantially pure Rp-17.

The conp05|t|5 ht rlses Sp-17, Rp-17, or mxtures thereof can al so
be part of a solvate, a hydrate, or a m xed solvate/ hydrate. The solvate is

desi gnated as 15 Spsikikenth,aspizt &i?the&rsternbbami@t 1s~tifdceadttbeoxhpdr1ﬁ1t16whaem
desi gnated as Sp; 17. nH20, Rpl7. nH20, or where Sis,a lattice

solvent, n vda) Rsisteny): {m&g%hydé?g%ﬁp)rlﬂqt @d@ﬁn%ﬁ@dﬁpﬂsr(éhRaEW'?lOBeﬁtﬂ about
3 and mvari &g Ry prﬁﬁg%ngof%BP§? r(‘lﬁ%pe@% Oﬁ”RB‘RtOI‘fI HH‘Ra afntdcq??m“t 5.

The conposition th rises m Xt ures t er €0 its
salts, sol vatiedl, and hydrates thereof i's crystalllne, crystal - 20li ke, or
anor phous. A first aspect of the preferred conpounds of fornmula I
is directed to crystalline ct of the preferred

econd . ag
conpounds of for rﬁfaefrled d?mBR@E’éd of 8lecﬁf§%%trsqdrfﬁ@ﬁ E MM XRD

20-r ef | eqpi ongpledenddd Htolkdvide stedttddi rd aspect of the preferred conpounds
of forrmula Il dlrecte to crystalllne Rp- 17 haV|ng XRD 20-reflections () at

about 12.2, 14.3, 15.5, and 19.09.

where R is a lower alkyl and R® is a O(lower alkyl). Additionally preferred

H39 o N]\)\J\

N—II»O
OPh

Q
§ ’a
HO F

compounds include:

oy

NH,

R*O
‘b

HO F

11: R*="Pr, R¥=-OMe

11a: R*="Pr, R®=-OEt

11b: R*=7Pr,R® =-O'Pr

12: R*=Me. R® = -N(-CH,CH,CH,-)

13: R*=Pn, R®=-OBn

14: R*=<Pn, R®=-OH

R® = N(-CH,CH,CH,-) = —Ni>

15  Of'the preferred compounds, compound 11 is particularly preferred. One of
ordinary skill will recognize that 11 comprises a mixture of diastercomers
designated Sp-11 and Rp-11. Contemplated herein is a composition that comprises

Sp-11, Rp-11, or mixtures thereof.
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A fourth aspect of the preferred conpounds of formula Il directed to
crystalline Rp-17 having XRD 20-reflections () at about 12.2, 14.3, 15.5,
17.4, 18.Wp200/0@55522. 8, 23.6, 24.5, 25.1, and 27.35. 10RCTiUS2009mspert of
the preferred conmpounds of formula Il directed to crystalline Rp-17 having

an XRD di ffraction_pattern substantially h shawn in Fi 1.

sixth aspect of t epPPé’fPQF?l@H%&Bﬁ%%%fé St B fick P ey lagredipapiso be
or t hor hombi C,paetrofsitsdlvatdg hirak? or 4 Rik&l hAABREAE. Phe td10atPiEIRIghedd as
conmpounds of formula Il difected to crystalli’ne Rp-17 having orthorhonbic

(P212121) unife-1deid, Redd axveoretlsn®fwhale-thaydratais designared4s Ap-1ameH),-Re14. 2A.

A seventh aspect.,of t eferred co unds.of forrmula Il.directed to
Cryotall i ne AR HRHRR VATF SUF RGr P B aneree Ry b e ERh R} Soc
-1065, 205999ntepdiUBnoudn tom/Hout 0 to aboutd afd ﬁlhxtahie@'é?@ﬁint@%er bhgopiRéRE r ed
conpounds of fornmula Il is directed to crystalline Rp- having an FT-1R

spect r um substrmn pmyabast Q ipaaboghdwhhe eprmpasition that comprisesntentlh Radde@t of t he
preferred co ] [ i ] |l > Rp-17.
oA tenth aonuatings tfieef SICML AL ol B ERTHARK ASHERL AUl MS o RUGE P15
subst anti al | ikeusreamapyaisal | i ne Rp-17. An el eventh aspect of the
preferred conmpounds of forrmula Il.is directed to substantially pure,

crystal -1ike R 17> second embodiment is\gaerted tBRQugillt he preferred conpounds
of formula Il is directed to 30substantially pure, anorphous Rp-17.

A third ggbodi mentyjiSeidi rected to a process for preparing conpound | or
conpound Il or any of the conpounds recited in any one of the aspects of
the first and second enbodi nents, wherein said process conprises:

(a) stereosel ectiVe) r edics Hon loweraligl oryene 6ON).ivbundP dlorenelky)) ingkiding a 5

hydri de reduci t ' cr.11 'Y RS, R, 1.1 04"3(.1]1,.t0
provi de a beﬁggﬁﬁgggﬁﬂje?gégpfvgowe;é%ﬁ%LQr%C§h%B%L“haﬁplgﬁS%JHAumng
hydroxyl methyl (CH,OH), fluoromethyl (CH,F), azido (N3), CH,CN, CH,N3,

CHZNHZ, CHQNHCHg, CHQN(CHg)z, F, Cl, BI‘, orl
15 (b)  R%is H, CHs, CH,F, CHF,, CF3;, CH,CHj, F, vinyl, or ethynyl;

() R’ is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, alkenyl, 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, ORT, SH, SRT,
NH,, NHRT, NR7'2, lower alkyl of C;-Cs, halogenated (F, Cl, Br, I), halogenated (F,

20  ClL, 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;-Csg,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO,R”, CONH,, CONHR’,
CONR’,, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally substituted
alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is not limited

25  to, Ci.10 alkyl, Cs7 cycloalkyl, C, 1 alkenyl, C,.1¢ alkynyl, or C,_jo alkoxyalkyl;

(d) X i1s H, OH, F, OMe, NH,, or Nj3;

() R® and R’ are independently H, F, CI, Br, I, OH, OR', SH, SR', NH,,
NHR', NR';, nitrogen heterocycle, CHz, CH3 (X, where X is F, Cl, Br, or I and q is
1to 3, Vinyl, COZH, COZCH}, CONHZ, CONHCHg, CON(CHg)z,
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(b) stereosel ective conversion of the |actol derivative using a reagent to
10 obtain an anoneric al pha-derivative V0O X R110"--N7.0 R5 ,Ls R6 R
lctl.)( WO2010/07985%¢rei n R5, R6, and X have their neani ng@€TaS2@88cH7Hed
above, X is a leaving group, and RH is a protecting group. A first aspect
of the third enbodinment dleC@ 0,a process for preparing a 15 conpound |
or conpound |1 or &ny of SHer gnp Uhds recited in any one of the aspects of
the first and second enbodi nents, wherein for the conpound Il or the

conmpound 1V, RH i g enzpa%s & H eh ufcméhr%emm Br,( r(ﬁiiétm'bsm 8RI, NI,
4- chlorobenzoylér ég is H R6 ﬂ%m%ESF and { e hydride reducing
A

agent is (t 3@@[)1 NR"2, i layrer alkyl of C;-Cs, halogenated (F CL, Br, I) lower alkyl of C;-
bi s(2-neth | hyd Red- Al 20
(D o(2- et hogy el MO B2yt L6l LB IS ROKY ML HILDUTINAT e, o Red-

(sodi um bi s( he Stere

reduct i onscamlibgmypef Cpcgﬂﬁldgana:te@m (&I, (II)JIGW’et 51kgmgyltoe0’z&t3ymmf hlllkaﬂy 6fTHF) or
di et hyl ether referably the solvent is THF a erature ranging from

about ~ (-780) Qlogelb‘élt?ge%@ (Fppéffﬁr Qﬂpvera%lk%ﬁ%frﬁje@(aﬁﬂﬁ » C5hB &N Hom about
-780) t b t f bout 30C
Lo abbut oc B B e R R e want. {5 di rected 10 a

process for preparing a conpound I or a conpound Il or any of the conpounds
recited in any 48\dmmdoﬂCMhBCa@pﬁQﬂ316immhdoﬂkybanahmméﬂ£6ﬁﬂ6e%bmﬁiments,
sai d process g stereosel ective reduction of a protected
rlbonolacton al%?ﬁg a hydride reducing agent to provide a m xture
conprising a beta | actol derivative IV and an al pha-lactol derivative |V-a

Ei IR6I Rclr .1;% R?' ROA Rrt adpcBilofMKe baedhd e@bs@eieat RAirdeeMto bridult TR0---\\/ R5%
. Cc

wherein

(a) R’ is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH;, OCH,CH3, 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,
15  CH,;NH,, CH,NHCH3, CH,N(CH3),, F, Cl, Br, or |

(b)  R®is H, CHs;, CH,F, CHF,, CFs, CH,CHj, or F;

() R’ is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, alkenyl, 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, ORT, SH, SRT,

20 NH,, NHRT, NR7'2, lower alkyl of C;-Cs, halogenated (F, Cl, Br, I), 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;-Cg,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO,R”, CONH,, CONHR’,
CONR’,, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally substituted

25  alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is not limited
to, Cy_19 alkyl, C;;7 cycloalkyl, C,_19 alkenyl, C,_1¢ alkynyl, or C,_1y alkoxyalkyl;

(d) X i1s H, OH, F, OMe, NH,, or N3;
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ROLARG 5111 IV IV-a and crystallizing the beta-lactol derivative
IV fromthe m xture conprising the beta-lactol derivative and the

al pha- | acwol2o0nér7sssat i ve | vl V-alV wher ei n RPCTRG2002/0604%5 have

t he meani ngs as defined herein above and RH is 10a protecting group.

A third aspect of the third enbodinent i irected t rocess f

preparing a conpodfili | l{c?ra"gRccﬂl}‘pB]lﬁiﬁEenlanthﬂaﬁﬁ/&ogr’tlhéﬁgﬁbt)ﬁﬁd@r].gé'ﬁ’t ed in
any one of theHRSPEL] $itRfgeh RBicfdcl ik, @AY AESXNwRNB OISR T SBr, WhELRI isf OF the
conpound |11, the conpound IV, of the conmpound IV-a, R5 is H R6 is CH3, RH

i s benzoyl orl ta 3 58ybEOHtERABNEONH fONRECHBIoy GN(E 3, chl or 0- benzoyl) ,
and X is F. The hydride reducing agent is (t3u0)3AlH, sodium

(bi s(2-net hoxyeth ) ( -t Fhid oet hoxy) al um num hydri de, or Red-Al
(sodi um bi s( 2- net ;@iye%%ﬁyf%ﬁ}w ﬁlgém hydri de). The stereosel ective
reduction can be perforned in a solvent conprising tetrahydrofuran (THF) or
di et hyl etsher, preagprat®yiddreHsBlOENORI, NHEHRNHR', MR 20NR nfuevaatalkyeof @pgi ng
from about (-78C) to about 25C, preferably at a tenperature ranging from
about (-78C) Gtohdpginateddl gﬁ@rn%iqwifra@wiroggll§6a‘?r “Fdhperature from about
(-30C) to about OC. The crystallization occurs by a process conprising

adding to the m xtyiLeiages £CY5laks; apéh}o'&?cl%ﬂk?r; Lagikaly dec)-vatigyand then
heating the mixture conprising the seed crystals of the beta-Iactol

derivative atCaCt¢dkpedature that ranges from about 25C to about 80C,
preferably about 50C with (about 0.2 mmHg) or w thout applied vacuum

A fourth aspect of,the third odinent is.directed to a proce for
preparing a conpouj?us.lecloné')raSpgch(e)\frn{%%ﬁeﬁan??mh?dlglﬁi}t 18lerf>?"|t88%:00 mcﬂ?ﬁlaéilr’eci ted in
any one of the Saspects of the first and second enbodi nents, conprising

st er eosell@ct i ve comveEigi on

(a) R’ is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3;, 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,NHCH3, CH,N(CH3),, F, Cl, Br, or |

15 (b)  R®is H, CHs, CH,F, CHF,, CF3, or CH,CHa;

() R’ is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, alkenyl, 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, ORT, SH, SRT,
NH,, NHRT, NR7'2, lower alkyl of C;-Cs, halogenated (F, Cl, Br, I), halogenated (F,

20  ClL, 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;-Csg,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO,R”, CONH,, CONHR’,
CONR’,, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally substituted
alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is not limited

25  to, Ci.10 alkyl, Cs7 cycloalkyl, C, 1 alkenyl, C,.1¢ alkynyl, or C,_jo alkoxyalkyl;

(d) X i1s H, OH, F, OMe, NH,, or Nj3;
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of a lactol derivative IV using a reagent to obtain an anoneric

al pha-derivative V reagent '0 X RI..">c RS L. R R 1 di)( I W
wherei n REO 2RB)/0783%d X, have t he nmeani ngs as defi ned her @CH/USh@9OF94RIH | s a
protecting group and X' is a leaving group. 10A fifth aspect of the third
enbodi ment i s dlrected ocess faor preparin , , a
compound 11 or anyCbf t f@&ﬁ%ﬁ%ﬁ@@ﬁ?@%@@@ﬁFhﬁ%ﬁ§?éﬁ§nﬁgpﬂﬁﬁka§ﬁ%bts of
the first andggeanii@sBReH %t@HsVﬁéeKﬁﬂefé XY FINeBEIMPAKDY id Vo3, il
conpound V, R5 is H R67is 's benzoyl’ or a substituted berzoyl
(preferably H@Dﬂ@ﬂﬂ(ﬁﬂﬂén6XB§H€5&J§OPWCHSbF, and X" is Br. The reagent is
defined as above. 15Preferably, the reagent is at |east one of Ph3P/ CBr4,
Ph3P/ CHBr 3, Ph3P/ Br3/ nggehgx EPSP/BrZ Ph3P/ Br 2/ i m dazol e,

N- br onosucci ni m de HBr “i'n>8Cetic acid, PBr3/DWF, PBr3/sodi um

bi car bonat e, PBr3/|n1dazoIe, PBr 5/ DIVF, PBr5/sod|un1b|carbonate

PBr5/ini dazol e, angd) POBt'3s an daz,adid, ORHNEL,pNefRe kY Ylowthakylaggants, i s
Ph3P/ CBr 4. T e stereifelectlve conversi on can be erforned in the

20pr esence ofa&éFF%F ks GlvBhdklowighplihl offorba8r —bat Hare not 1imited to,
CH2C12, 1, 2- dichloroethane, toluene, chlorobenzene, tetrahydrofuran,

di oxane, di et hyl —elhg€in KMW@P%'JQH@@M% clg&lk Plahtaﬂda}ﬁ1acz-c6 alkenyl, a

N- net hyl pyrrolidine, dinet oxyethane pre?era y the solvent used is
CH2C12. The StxeCedkgiyctive conversion can be perforned at a tenperature
that ranges from about (-78C) to about OC. Preferably, t he 25tenperature

ranges from about rabl tenperature
ranges from about ﬂ%%%§p?90§ 86?“%“fﬁg&mq§$ §n888 s directed
to a compound IV.

10 whereln

(a) R’ is H, a lower alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3;, 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,NHCH3, CH,N(CH3),, F, Cl, Br, or |

15 (b)  R®is H, CHs, CH,F, CHF,, CF3, or CH,CHa;

() R’ is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, alkenyl, 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, ORT, SH, SRT,
NH,, NHRT, NR7'2, lower alkyl of C;-Cs, halogenated (F, Cl, Br, I), halogenated (F,

20  ClL, 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;-Csg,
halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs, CO,H, CO,R”, CONH,, CONHR’,
CONR’,, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally substituted
alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is not limited

25  to, Ci.10 alkyl, Cs7 cycloalkyl, C, 1 alkenyl, C,.1¢ alkynyl, or C,_jo alkoxyalkyl;

(d) XisF;
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wherein R5, R6, and X have the neanings as defined herein above and RHis a
protecting group. Preferably, R is H R6 is CH3, RHis a protecting group,
pr ef er ablWORBILO/®E5358 benzoyl or a substituted benzoyl an@Cwarseooedses ably RH
is 4- 5chloro-benzoyl, and X is F, preferablyis 4-chloro-benzoyl. The

compound 1V can be purifded or unpurified. The c o] V is useful for

preparing conpoundbf a %@ﬁ%dﬁ%@dﬂﬁn%W4§%ﬁﬁfg%gggﬁﬂgngkéNﬁprzﬁ{éd to a
compound V. GigoechGreterdeyR: £88, B8 X, wRerdOx 10mh@r gf b Rand % 1 B3, vayland X
have the meani ngs set forth above. "Pfeferably, Rb i's H, is CH3, RHis a

prot ecting grlE;HpeMddabIGNECHs, 2Ny CHak: a substituted benzoyl and nore
preferably RH is 4-chloro-benzoyl, Xis F, and X is d, Br, or | (nbst

preferably X is Br). The wn can be purified or unpurified. The
conmpound V is useﬁ@f f&?“&?ggggingmg conpound | and a conpound I1. 15An

sixth enbodinent is directed to a process for preparing a conpound I or a
conpound Bl or anygpf tR'8iconporrQid, ORGNBAINHR' AR, doecoflkylhed Gspect s of
the first an econd enbodi nents, ¢ rgsing stereosel ective coupling of an
al pha- deri variqgsnyye ?%ﬁnaBb&}Pﬁ@réigg)d%w?w&ffgégHburine base using a
basi c reagent to produce a bet a-nucl eosi de Vi wherein R5, R6, R9 X,
and Z have the meapdgs ras ARki-Pelyhansh s QRRM&yRH Ib®efalRi9f, 8% LAY group,

X and X' independent of each othef are |eaving'groups. A first aspect of
the sixth enbddingbntCi6s alkyredt ed to a process for preparing a conpound | or
a conmpound Il or any of the conpounds recited in any one of the 5 aspects

of the first and sggcond enbodipents, wherein for.th onpound or the
conmpound VI, R5 i§§§P“%6“P%98¥g§Sﬁ&“ﬂ&“ﬁﬂ??“?ﬁ#%%ﬁﬁﬁﬂﬁSEE%P?%ai&roup,
preferably RHis is benzoyl or a substituted benzoyl and nore preferably RH

i s 4-chl doo- benzoyhereiX is F, X is Br, X' is d, and Zis N The basic
reagent is as defined above. Preferably, the basic reagent conprises a

(1 ower al k)oxide ((lowers.alkyl)OM an n 10 a ol i I . Preferably,
t he basic reagent(é% nﬁgNékﬁﬁéh%cﬁﬁ Tﬁ%6FWLobggguékﬁﬁﬁﬁckfﬂkkﬁﬁéo
preferably, tkg) lbasicw, aasent Nl UNIEYOdEn, \iers),er aasst grlii ve coupling
can be performéd in a’sol'vént conprising at | east one of a pol ar aprotic
sol vent, a non-pol ar sohyent, and a pol ar sol vent. Exanples of polar
aprotic solvents i(htl ude,is bBuCharer @dtCHi;nmited to, acetonitrile,

di met hyl sul f oxi de, N, N 15di net hyl f or mam de, hexanet hyl phosphor am de, etc.

The stereosel ective, coypd.i can r t nature,t ranges
from about 0C up 4§)ab§gb5 8*@@?3%§B$§%%%5§%ﬁ§830¥£?%%gégﬁgéﬁﬁfpggm
Pref erabliy, thigich arrpricatbut 8 dodligesd td, pitahouhaptiiy1f @hab@tényl Dnapiiye

preferably, the tenperature ranges from about 40C to about .60C. Mbst
preferably, tHeopansty substiitewihgtlcasione of H, F, Cl, Br, I, OH, OR’, SH, SR”,

NH,, NHRT, NR7'2, lower alkyl of C;-Cs, halogenated (F, Cl, Br, I), 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;-Csg,

20  halogenated (F, C, Br, I) lower alkoxy of C;-Cs, CO,H, CO;R”, CONH,, CONHR,
CONR’,, CH=CHCO,H, or CH=CHCO,R” wherein R” is an optionally substituted
alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which includes, but is not limited
to, Ci.10 alkyl, Cs.7 cycloalkyl, C,.10 alkenyl, C,.10 alkynyl, or C;_1¢ alkoxyalkyl;

(d) XisF;

25 (¢)  R®and R’ are independently H, F, OH, OR', SH, SCH;, NH,, NHR',
NR';, nitrogen heterocycle, CHs, CH3_ (X, where X is F, CL, Br, or I and q is 1 to 3,
Vinyl, COZH, COZCH}, CONHZ, CONHCHg, CON(CHg)z;
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20A seventh enbodinent is directed to a conpound VI. X' VI wherein
R5, R6, RO X, and Z have the neani ngs as defined herein above RHis a
protecti fyogpwursssX" is a | eaving group. Preferably, RHPCI/US20¢i47dDr a
substituted benzoyl, rmre preferably RHis 4-chloro-benzoyl, RS is H R6 is

CH3, X25is F, X" %@&\ﬁgb 2 and Z is N. CorrpoundVI can be
purified or unpurl(p ed b |s useful for preparing conpound I and
conmpound 11. A first aspect of the seventh enbodinent is directed
to a process for ppeparg'fig gompeumnd, OR:, NMERSIRY, SRE, doREPHRFISHMODY, | Ses:
(a)stereosel ective reduction of a rotected ri bonol actone 111 using a

hydri de redudiangeagieh(F.(d, Br. dloser alkmleqfaﬂlr@«;pbrcaﬁﬂ vative 1V; and 0 0
R110--\\. RS \\ ,...R6 V R 104.x hydride reducing agent 0 OH Rl 10"--%, ce

RS* L. R6 RI 1 o ]\;/I‘?’egrein R'is a lower alkyl; a lower cycloalkyl; a lower alkaryl, a C,-Ce
5 alkenyl, a C,-Cs alkynyl.

A fifth aspect of the second embodiment is directed to compound 11,
wherein

(a) R’ is H, -CHj3, cyano (CN), vinyl, -OCHj;, -CH,OH, -CH,F, azido
(Ng), CHZCN, CH2N3, CH2NH2, CHQNHCHg, CHZN(CH})Z, F, Cl, BI‘, orl

10 (b)  R®isH or CHs;

() R’ is H, lower alkyl, lower alkylaryl, lower cycloalkyl, lower alkenyl,
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, ORT, SH,
SRT, NH,, NHRT, NR7'2, lower alkoxy of C;-Cs, halogenated (F, Cl, Br, I) lower

15 alkoxy of C,-Cs, wherein R’ is an optionally substituted alkyl, cycloalkyl, alkenyl,
alkynyl, or alkoxyalkyl, which includes, but is not limited to, C;.1¢ alkyl, C;;
cycloalkyl, C,1¢ alkenyl, C,.1¢ alkynyl, or C;_j alkoxyalkyl;

(d) XisF;

() R® and R’ are independently H, F, OH, OR', NH,, NHR', NR',,
20 nitrogen heterocycle, CHi, CH3.X,, where X is F, Cl, Br, or I and q is 1 to 3, vinyl,
CO;H, CO,CH;, CONH,, CONHCH3, CON(CH3),;

() Zis N or CR'; and

(g) R'YisanH, F, OH, OR', NH,, NHR', NR", lower alkyl of C,-Cs,
halogenated (F, Cl, Br, I) lower alkyl of C,-Cs, or -C=CH;

25 wherein R' is a lower alkyl; a lower cycloalkyl; a lower alkaryl, a C,-Cs
alkenyl, a C;-Cs alkynyl.
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51111V (b)stereosel ective conversion of the [actol derivative using a
reagent to obtain an anoneric al pha-derivative V0O OHR 10.--\\/" |V

(c) stereawoebhwinssse coupling of an al pha- derivative V RCTUS200906%402 or a
10derivati zed purine base using a basic reagent to produce a
bet a- nucl eoside VI, . W wher ei 5, R6, [R9, and Z have the neanings
as defined above, ‘&8 %Pe%-OfgﬁdieS@ndﬁﬁlg@ggﬁﬂgﬁ% dlB?Cteé@BI’?OB‘PH'éIF‘FHs a | eaving
group, and RHis a protecting group. 15A second aspect of the seventh
enbodi ment is diregigddnto a process for preparing conpound VI, where R5 is
H R6 is CH3, RO is NH2, RHis a protecting group, preferably RH is benzoyl
or a substituted benzoyl, and nore preferably RH is 4-chloro-benzoyl, X is
F, X is Br, X' idad, RrgdHonN:N  The stereosel ective reduction can be
perfornmed in a solvent conprising tetrahydrofuran (THF) or diethyl 20
ether, preferably e : { Sl .a tenperature ranging from about
(-78C) to about 25@1 pﬁg‘%gg}%’%ﬁé@@gsﬁmerature rangi ng from about (-780C)
to about O0C, and nost preferably at a tenperature from about (-30C) to
about OC. 5The hydr(cpe rRdsél, hgvagdnt, lower dBylolyBAdWer gotiiallyl, lower alkenyl,

(bi s(2-nmet hoxyet hoxy) (2,2, 2-trifluoroe xy)al um nu dride, .or Red-Al
(50at tm bi 5 S abAnB YR aHIFT disin TSR aR O THEMEYEPbESangin e
coupling can Iﬁ?hmri@wﬁ@hdll@ sAb$HRLYE WithG@O RSt ohk R HRF, Cl, 8335t oHeORT, gy, pol ar
aprotic solvent, a non- g,ol ar, sol vent, and a pol ar sol vent . Exanpl es of

pol ar apr ot | SReNEaNSR ndIRIadowbialkeryeofifat Cd, inmlogerntedoF. 86 dirohilews! e,

di et hyl sul f ox,i de, di et hyl f or nam, de, ., hexamet hyl.phosphaf,am de tc. The
st er eosel ect iaékeoxélooufpﬁllﬂ;fgwcgrﬁ%% bsearnf0@}1%%lya§u%§tlt§1%e6ﬁ6£1%étCtygg)a{ aintaﬂ?eg 1Ses from
about  510C upkyingl,dbalkoxydiRyll whichindler@ebatyna lviitddhe, Gob vy, .C;Rr ef erabl y,
the tenperature ranges from about 25C to about 75C. More preferably, the

t enper at ure rRGakyE Com dbeut. Gocatkyngbeut -eeeoxypkyl pref erabl y, the
tenperature is about 50C. The basic reagent is as defined above.

Preferably, the ba(ajc r)Fg)sg[ent conprises a (lower alk)oxide ((Iower

al kyl) OM and an al coholic 'sol vent. Preferably, the basic 10 reagent is
MeONa/ MeOH, EtONa/ EtOH, EtOK/ EtOH, | PrONall PrOH, | PrOK/ PrOH, orl 3uOK/ 13uQH.
Most preferably, te bRimdREagemdepende®isol) LIVBHOR', NH,, NMR'WNRY, aspect of

t he seventh enbodi nent is, directed o rocess.far epari.ng, c oynd VI
sa 0 pr ocess g Ergvelel CHECAE Y s PeReg Sordct BE oF 8 bir g
protect edsri hong,acd e, CONMS CoNAChY rOoReCcEds.educi ng agent to provide a
m xture conprising a beta-lactol derivative IV and an

() Zis N or CR'; and

(g) R'YisanH, F, OH, OR', NH,, NHR', NR", lower alkyl of C,-Cs,
halogenated (F, Cl, Br, I) lower alkyl of C,-Cs, or -C=CH;

wherein R' is a lower alkyl; a lower cycloalkyl; a lower alkaryl, a C,-Cs

20  alkenyl, a C;-C¢ alkynyl.

A seventh aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R’ is H, CHs, or CH,CH3; (c) R’ is lower alkyl or
lower cycloalkyl; (d) X is F; (¢) R® and R’ are independently H, F, OH, OR', NH,,
NHR', NR';, nitrogen heterocycle, and (f) Z is N; wherein R' is a lower alkyl; a

25  lower cycloalkyl; a lower alkaryl, a C,-Cs alkenyl, a C,-C¢ alkynyl.

An eighth aspect of the second embodiment is directed to compound 11,

wherein (a) R’ is H; (b) R’ is H, CHs, or CH,CH3; (c) R’ is lower alkyl or
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al pha-lactol derivative IV-a: hydride reducing agent 0 OH 10--!:,:0" R\

5" L. R Rilod Rl 0"),\,/ ,43sH +R\ R I | dill" 3( v (b)
crystal | iwpDrgidiesshet a- | act ol derivative |V fromthe m PCUAS2000094731 ng t he
beta-l actol derivative and the al pha-lactol derivative; 201 VI V-al V

lower cycloalkyl; (d) X is F; (¢) R’ is NH, and R®* OH, OR’, or nitrogen heterocycle,
and (f) Z is N; wherein R is a lower alkyl; a lower cycloalkyl; a lower alkaryl, a Cs-
Cs alkenyl, a C,-C¢ alkynyl.

A ninth aspect of the second embodiment is directed to compound 11,
5 wherein (a) R’ is H; (b) R® is H, CH3, or CH,CHa; (c) R’ is lower alkyl or lower
cycloalkyl; (d) X is F; (¢)R’ is NH, and R® is O(lower alkyl), O(lower cycloalkyl),

or nitrogen heterocycle; and (f) Z is N.

A tenth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R is CH3; (¢) R’ is is lower alkyl or lower cycloalkyl; (d) X
10 isF; (¢) R’ is NH; and R® is O(lower alkyl), O(lower cycloalkyl), or nitrogen
heterocycle; and (f) Z is N.

An eleventh aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R is CH3; (¢) R’ is is lower alkyl or lower cycloalkyl; (d) X
is F; (¢) R’ is NH, and R® is O(lower alkyl), O(lower cycloalkyl) or -N(-
15  CH,;CH,CH3-) (azetidin-1-yl); and (f) Z is N.

A twelfth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CH3; (c) R” is CHs, 'Pr, “Bu, or “Pn; (d) X is F; (¢) R’ is
NH, and R® is O(lower alkyl) or -N(-CH,CH,CH,-) (azetidin-1-yl); and (f) Z is N.

A thirteenth aspect of the second embodiment is directed to compound II,
20  wherein (a) R’ is H; (b) R® is CH3; (¢) R is CHs, "Pr, “Bu, or “Pn; (d) X is F; (¢) R’ is
NH, and R® is OMe, OEt, O'Pr, or -N(-CH,CH,CH),-) (azetidin-1-yl); and (f) Z is N.

A fourteenth aspect of the second embodiment is directed to compound II,
wherein (a) R’ is H; (b) R® is CH3; (c) R” is CHs, 'Pr, “Bu, or “Pn; (d) X is F; (¢) R’ is
NH; and R® is OMe, OEt, or O'Pr; and (f) Z is N.

25 A fifteenth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CH3; (¢) R” is CHs, 'Pr, “Bu, or “Pn; (d) X is F; (¢) R% is
OMe and R’ is NH,; and (f) Z is N.
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(c) stereosel ective conversion of the lactol derivative IV using a reagent
to obtain an anoneric al pha-derivative VO,OHRO" ...,\ RS* R6 R cf 1)x
IV "0 XWoRowve73s66)\ NFA RS L. R6 R'01 Ik , and PCTA)S2009/069475
stereosel ective coupling of an al pha- derivative Vwith a purine or a

derivatized purine base n asic rea pr.odu bet cleoside
VI X' NI \c' 0?1\ASIXEeeRd LaS?%t R%R@ Second ggihe mep? i difecksiia Famho e e, Ro.
X, and Z haveyfdh&nTeati i9gs (BsrAgidHe ) RIGYEeH; AL MBOfor X¥n; (d) X is F; (e) R® is

OEt and R’ is NH;; and (f) Z is N.

A seventeenth aspect of the second embodiment is directed to compound 11,
5 wherein (a) R is H; (b) R® is CH3; (c) R” is CHs, 'Pr, “Bu, or “Pn; (d) X is F; (¢) R% is
O'Pr and R’ is NH,; and (f) Z is N.

An eighteenth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CHa; (¢) R” is CHs; (d) X is F; (¢) R® is -N(-
CH,CH,CH,-) (azetidin-1-yl); and R’ is NH,; and (f) Z is N.

10 A nineteenth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CH3; (¢) R is CHj; (d) X is F; (¢) R® is OEt and R’ is
NH;; and (f) Z is N.

A twentieth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CH3; (¢) R is Pr; (d) X is F; (¢) R® is OEt and R’ is
15 NHy; and (f) Z is N.

A twenty-first aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CHz; (c¢) R is “Bu; (d) X is F; (¢) R® is OMe and R is
NHy; and (f) Z is N.

A twenty-second aspect of the second embodiment is directed to a compound
20 I wherein (a) R’ is H; (b) R® is CHs; (¢) R is “Pn; (d) X is F; (¢) R® is OMe and R’
is NHy; and (f) Z is N.

A twenty-third aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CHz; (¢) R” is “Bu; (d) X is F; (¢) R® is OEt and R is
NHy; and (f) Z is N.

25 A twenty-fourth aspect of the second embodiment is directed to compound 11,
wherein (a) R’ is H; (b) R® is CH3; (¢) R is “Pn; (d) X is F; (¢) R® is OEt and R’ is
NHy; and (f) Z is N.
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and X' independent of each other is a |eaving group, and RHis a protecting
group. Preferably, RS is H R6 is CH3, RHis benzoyl or a substituted
benzoyl (WwoebwyEbisy RH i s 4-chl oro-benzoyl), X is F, X PCI/UBRY0IMG947S C, Z
is N, and RO is NH2. The hydride reduci ng agent is (13u0)3AlH, sodium

(bi s(2-nmet hoxyeth 2,2,2- 10 trjfluoro-ethox | um nu dr.i de, or
Rec- AL (od U bi SrEehECHERYEER S5 D5 BIETHER Gy T e hEn S bPEdsel ect f ve
reduction canybgoRRF ERfaRDrbEsd iRALYEHmERINRE fe?%é@gnté@’bi} alvdned gan (THF) or
di ethyl ether, preferably the solvent is THF at a tenperature ranging from
about (-78C) stuc@bout 25C, preferably at a tenperature ranging from about
(-78C) to about 0C, and nost 15preferably at gs tenperature from about

a

(-30C) to about OC. The crystallization occur$ by a process conprising

adding to the m xture seed crystals of th jf&ewlactol derivative and then
|
-~

heating the m xture conprising the see(g of the betal act ol
derivative at a tenperature that r%’%mﬁ oWNH,25C t o about 80C,
preferably about 50C with (about Q.2 ) ¢Hor w thout applied vacuum The

20st ereosel ecti ve coupling can b%ilbe(b*‘f orred in a sol vent conprising at
| east one of a polar aprotic soR¥ent, a non-polar solvent, and a pol ar

sol vent . a 0 j i 8 t limted
o, "acetom T Te R el T R S S B ot G A1
hexanet hyl phosghooratly pesfertd corijpreingds excbulsel ecti ve coupling can be perforned
at a tenperature that ranges from about OC up_to about the reflux 25
tenperature of the solvent. Preferably, the tgnperature ranges from about
25C to about 75C. More preferably, the te Nre ranges from about 40C to
about 60C. Most preferably, the tenperate is//gbout 50C. The basic reagent
is as defined above. Preferably, t Isi r edgemit,conpri ses a (| ower

al k) oxide ((lower alkyl)OM and 8)r8 al | tHe sol vent. Preferably, the basic
reagent is MeONa/ MeOH,  Et ONa/ Et OBt OREEL OH, | PrONal | PrOH, | Pr OK/ PrCH,  or

t BUOK/ t BUCH. Mbst preferably, € basic reagent is 13uOK/tBuOH. An

ei ght enbodinent is directed toi& PrecessnionLcprepari ng a conpound | or a
conpound Il or any of the conpounds-meaited i n any one of the aspects of
the first 5and second enbodi mentig,R’e@npRY4-sitNng reacti ng a beta-nucl eosi de
derivative VI with a nucl eophil i2e ¥eagent-oM® produce a 6-substituted

nucl eosi de VI I ; R8 0 24: R7 = Pn, R® =-OMe

R® = N(-CH,CH,CH,-) = —Ni>

Of these preferred compounds, 17 is particularly preferred. One of ordinary

skill will recognize that 17 comprises a mixture of diastercomers designated as Rp-
10 17 and Sp-17. Contemplated herein is a composition that comprises Sp-17, Rp-17, or
mixtures thereof. It is preferred that the composition comprises purified Rp-17. It is

further preferred that the composition comprises substantially pure Rp-17.

The composition that comprises Sp-17, Rp-17, or mixtures thereof can also be
part of a solvate, a hydrate, or a mixed solvate/hydrate. The solvate is designated as
15  Sp-17nS, Rp-171S, or 17-nS; while the hydrate is designated as Sp-17-mH,0, Rp-
17-mH,0, or 17-mH,0, where S'is a lattice solvent, n varies by an integer or non-
integer amount from about 0 to about 3 and m varies by an integer or non-integer
amount from about 0 to about 5. The composition that comprises Sp-17, Rp-17, or
mixtures thereof and its salts, solvates, and hydrates thereof is crystalline, crystal-

20  like, or amorphous.
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Rl cr"\"\/ NRO R5's ,LA R6 Rl id nucleophilicON reagentRl cr"\\." R5' R6

Rl 1d?5¢( VI VI | deprotecting the 6-substituted nucleoside VII to
produce awbrew/sisine nucl eosi de derivative VIII; R8 ZPCTRIS2@9/406%4(% (ON--N
RO R5'ss R6 R 1d1:5( R8 ZN | O NHO-.---N RO HO -X 10ViIViII

A first aspect of the preferred compounds of formula II is directed to
crystalline Rp-17.
A second aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having an XRD 20-reflections (°) at about 12.2.
5 A third aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having XRD 20-reflections (°) at about 12.2, 14.3, 15.5, and 19.9.
A fourth aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having XRD 26-reflections (°) at about 12.2, 14.3, 15.5, 17.4, 18.1,
19.9,22.8, 23.6, 24.5, 25.1, and 27.35.
10 A fifth aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having an XRD diffraction pattern substantially as that shown in
Fig. 1.

A sixth aspect of the preferred compounds of formula II directed to

orthorhombic, crystalline Rp-17.

15 A sixth aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having orthorhombic (P2,2,2,) unit cell parameters of a ~ 11.4 A,
b~124A,and c~ 142 A.

A seventh aspect of the preferred compounds of formula II directed to
crystalline Rp-17 having the following FT-IR peaks (cm™): ~1581, ~1295, ~1065,

20 ~999,~798, and ~79".

An eighth aspect of the preferred compounds of formula II is directed to
crystalline Rp-17 having an FT-IR spectrum substantially as that shown in Fig. 2.

A ninth aspect of the preferred compounds of formula II is directed to
substantially pure Rp-17.

25 A tenth aspect of the preferred compounds of formula I is directed to
substantially pure, crystalline Rp-17.

An eleventh aspect of the preferred compounds of formula II is directed to
substantially pure, crystal-like Rp-17.
A twelfth aspect of the preferred compounds of formula II is directed to
30  substantially pure, amorphous Rp-17.
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wherein R5, R6, R8, R9, X, Z have the neanings as defined herein above, RH

is a protecting group, and X' is a |eaving group. A first aspect of
t he ei ghtwoemyadsisent is directed to a process for prep&Crag2@oenpdund |
or a conmpound Il, wherein for the the conmpound VI, the conpound 15 VII, or

t he conpound VIIl, RS js H .R6 i.s CH3, R8 is any one -OMe, -OEt, -0113r,
N( - CH2CH2CH2- ) ( az@ﬁd dubodiment is, digectesHR a 1590588 1qqRECPaEpE CamBOBdt Xct i ng

group (pref er@Blpsul® My F tRURSipolid SdcRANAAKY ondBf Bic RERERI AN first _
4-chl or-benzoyl), Xis F, " X" is O, and Zis N~ The nucleophilic reagent is

as defined abodeccordehodishgnts, wheranuediepysisedsicompeiagent i s one that provides
for RB which is a one -OMe, -OFEt, -.20.01Pr, -N(.;CH2CH?2 =) .

(aretidin- 1oy, ik OBITOSieat Reatitsd dATuec PO LI 45t one

sol vent cgnpngghagﬁghdhgag&uone of a polar aprotic solvent, a non-pol ar
solvent, and a polar solvent. Exanples of polar solvents include, but are
not limted to, nethanol, ethanol, k+pbut™s ®enzyl al cohol. Exanpl es of
pol ar aprotic solvents include, but argﬁh~ RMted to, acetonitrile,

di et hyl sul f oxi de, N,Ndinethylfornanidgpdﬁeianethylphosphoranide, etc. The
reacting can be performed 5at a tenperaturg,that ranges fromabout O0C up to
about the reflux tenperature of the at |east one solvent. Preferably, the

t enper at ur e r angeso fpromiabbett-12R5C deovabedV; 4. More preferably, the
tenperature ranges from about 40C to about060§H Most preferably, the
tenperature is about 50C. The depr ot'égt Iy occur as described herein.
10A second aspect of the ei ght enbodi nkht\i Rfirected to a process for
preparing a conpound | or a conpound Iﬁuﬁbo&prising reacting a

bet a- nucl eosi de derivative VI wth a nuclggphilic reagent to produce a

6- substituted nucl eoside VII; X NI, "s\O NRO L:R6 R 1(1 W R8
nucl eophi l i c reagdh) O sir@delective conversion of the lactol derivative using a reagent to

10  obtain an anomeric alpha-derivative V

wherein R®, R®, and X have their meanings as described above, X' is a

leaving group, and R"' is a protecting group.

A first aspect of the third embodiment directed to a process for preparing a

15  compound I or compound II or any of the compounds recited in any one of the
aspects of the first and second embodiments, wherein for the compound III or the
compound IV, R'! is benzoyl or substituted benzoyl (preferably R is 4-chloro-
benzoyl), R’ is H, R® is CH3, and X is F. The hydride reducing agent is (‘BuO);AlH,
sodium (bis(2-methoxyethoxy)(2,2,2-trifluoro-ethoxy)aluminum hydride, or Red-Al

20 (sodium bis(2-methoxyethoxy)aluminum hydride). The stereoselective reduction
can be performed in a solvent comprising tetrahydrofuran (THF) or diethyl ether,
preferably the solvent is THF at a temperature ranging from about (-78°C) to about
25°C, preferably at a temperature ranging from about (-78°C) to about 0°C, and
most preferably at a temperature from about (-30°C) to about 0°C.

25 A second aspect of the third embodiment is directed to a process for

preparing a compound I or a compound II or any of the compounds recited in any
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R5 L.R6 RI Id Isk VII deprotecting the 6-substituted

nucl eoside VIl to produce a free purine 15nucl eoside derivative VIII; R8 z
RH rj"--,WONGRA7RS4 R Rua x deprotection R8 Z PCO/USRDIBEV47Ha - X
wherein for the conpound VI, the corrpound VI, or the conmpound VIIl, R5 is

H R6 is CH3, RS , I.s NH2, IS .a.protectin rou preferably
benzoyl or sBSOf fltﬁaéae%%ﬁ@g@ fyst a5 egopd iS¢ Bieg: %8%29%8500%13%@@8 conpound
(7) stereoselective reduction of a protected ribonolactone I using a hydride reducing

agent to provide a mixture comprising a beta-lactol derivative IV and an alpha-lactol

derivative 1V-q;:

O. _0O \OH
R5 = R reducing
RIC X agent R”O“ % R”o %

5 11 v IV-a

and crystallizing the beta-lactol derivative IV from the mixture comprising

the beta-lactol derivative and the alpha-lactol derivative

O ,OH O «OH 0 _,0H
1 1 - 1
R O/m 6 R O’m 6 crystallize RO 6
R\ R® 4+ R\ R R’ R

—_— ) %

§ % & % §
RO X RO X RO X

v IV-a v

wherein R®, R®, and X have the meanings as defined herein above and R" is

10  a protecting group.

A third aspect of the third embodiment is directed to a process for preparing

a compound I or a compound II or any of the compounds recited in any one of the
aspects of the first and second embodiments, wherein for the compound I11, the
compound IV, or the compound 1V-a, R’ is H, R®is CHs, R is benzoyl or a

15  substituted benzoyl (preferably R is 4-chloro-benzoyl), and X is F. The hydride
reducing agent is (‘BuO);AlH, sodium (bis(2-methoxyethoxy)(2,2,2-trifluoro-
ethoxy)aluminum hydride, or Red-Al (sodium bis(2-methoxyethoxy)aluminum
hydride). The stereoselective reduction can be performed in a solvent comprising
tetrahydrofuran (THF) or diethyl ether, preferably the solvent is THF at a

20  temperature ranging from about (-78°C) to about 25°C, preferably at a temperature
ranging from about (-78°C) to about 0°C, and most preferably at a temperature from
about (-30°C) to about 0°C. The crystallization occurs by a process comprising
adding to the mixture seed crystals of the beta-lactol derivative and then heating the

mixture comprising the seed crystals of the beta-lactol derivative at a temperature
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20 bel ow).
performed in a solvent conprising nethanol. The reacting can be perforned
at a tenpEpabuwesishat ranges from about OC up to about @®6TUSRPwefersabl y, the
tenperature ranges from about 25C to about 65C or alternatively froma

apaove roam t erature to boi.l i oi nt _of .the al cqholic
sol vent / reag<=}R‘l"t.mI?‘ﬁ?tS OBt %rgg‘r é%l to gbpt %Ogﬁpgﬁege(rﬁtgg aﬁ%}ﬁ&bﬁfﬂfl@%‘&%@& 40C to
about 60C. MisthHY) 6f fiBbldapplitevdcaiper ature is about 50C. The deprotecting
can occur as described herein. 5A third aspect of the eighth enbodi nent is
directed to a process for preparing a conpound | or a conpound |1,
conpri si ng react i nfyfaurtherspeay gt thedbirdiembledimeat is arestpd {4 @ progess diell rwepdting ¢
reagent to pro e - I.tut I i [ X"R8 . _VIVII
deprotecting at%%? g, ggggflg? ?J'%'é%iu%ﬁiﬁlg Iog(%@ §fe)t%€/lg$m¥l&unﬁirs )éﬂ%%(ei 1%y 0eAee Opft}Ir“? ne

10nucl eosisde #dpedty@ithy ErsYhhd secoBemdbodiments, édthprisilg dRteoselective conversion
0"--.\c0,..0ON6---NR9deprotectiogn ss W R5 s Rua X R8 0 NR9 R5% Al R6 Ha

tenperature

-X

10

15

20

25

The nucl eophilic reagent is MeONa/ MeOH. The reacting can be

of a lactol derivative IV using a reagent to obtain an anomeric alpha-derivative V

RIIO 0 OH RIIO O J‘X'

—_—. )

&
3

§ % %
RO X R''O X

v v

wherein R?, R®, and X, have the meanings as defined herein above, R"isa

protecting group and X' is a leaving group.

A fifth aspect of the third embodiment is directed to a process for preparing a
compound I or a compound II or any of the compounds recited in any one of the
aspects of the first and second embodiments, wherein for the compound IV or the
compound V, R’ is H, R® is CHs, R'! is benzoyl or a substituted benzoyl (preferably
R'! is 4-chloro-benzoyl), X is F, and X" is Br. The reagent is defined as above.
Preferably, the reagent is at least one of PhiP/CBry4, PhsP/CHBr3,
Ph;P/CHBr3/imidazole, Ph;P/Br,, Ph;P/Br,/imidazole, N-bromosuccinimide/ Ph;P,
HBr in acetic acid, PBry/DMF, PBri/sodium bicarbonate, PBri/imidazole, PBrs/DMEF,
PBrs/sodium bicarbonate, PBrs/imidazole, and POBrs;/imidazole. More preferably,
the reagent is PhisP/CBrs. The stercoselective conversion can be performed in the
presence of certain solvents, which include, but are not limited to, CH,Cl,, 1,2-
dichloroethane, toluene, chlorobenzene, tetrahydrofuran, dioxane, diethyl ether,
dimethylformamide, acetonitrile, N-methylpyrrolidine, dimethoxyethane, preferably
the solvent used is CH,Cl,. The stereoselective conversion can be performed at a
temperature that ranges from about (-78°C) to about 0°C. Preferably, the
temperature ranges from about (-78°C) to about (-10°C). Most preferably, the
temperature ranges from about (-30°C) to about (-10°C).

A fourth embodiment is directed to a compound IV.
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wherein for the conpound VI, the conpound VII, or the conpound VIII, R5 is
H R6 is CH3, R8is -OEt, RO is NH2, RHis a protecting group (preferably
benzoyl owo=0t735et ed benzoyl), X is F, X' is O, and BCraskodses’Eonmpound
(10) below). 15The nucl eophilic reagent is as defined above. In the

instance where the nucl eophilic reagent is,K Et OH, the nucl eophilic
reagent can be prepared in situ by r'&acting H a base, such as potassium
carbonate. The reacting can be perfornRd y ‘hanol and at a tenperature

that ranges from about OC up to about F&&. Pref er ably, the tenperature
ranges from about 25C to about 78C. Mre preferably, 20 the tenperature
ranges from about 40C to about 60C. Most pwveferably, the tenperature is
about 50C. The deprotecting can occur as described herein. A fourth aspect

of the el ghth embogimnte e dhf SCARY BB RSRIRRAG! hRLRRREIthdfk CQPOUNG
| or a conpound Il conprising reacting a beta-nucleosidé derivative VI with
a_nucl eophi | iccpreagengrotp. Probetaile, R’ §-+H5 RIS CHut R iswiploensinglgrodpl ; X' R8
]ég- ;?;Ja\ ! )(é’ Sﬂplﬁgfe?abﬂ'ygﬁn ing b]égzdfo'yl ora \s/lllbs‘[llyu(‘éelde ‘t())e%rznoglll and mote %petfergbly RRHis|35- s L
5 chloro-benzoyl, and X is F, preferably R"" is 4-chloro-benzoyl. The compound IV
can be purified or unpurified. The compound IV is useful for preparing compound 1

and compound I1.

A fifth embodiment is directed to a compound V.

RI IO \ 0 ﬁX'
RS R

§ %
RO X

v

10 wherein RS, R6, R“, X, and X' have the meanings set forth above. Preferably,
R’ is H, R®is CH3, R"' is a protecting group, preferably R'! is is benzoyl or a
substituted benzoyl and more preferably R" is 4-chloro-benzoyl, X is F, and X' is ClI,
Br, or I (most preferably X' is Br). The compound V can be purified or unpurified.

The compound V is useful for preparing a compound I and a compound II.

15 An sixth embodiment is directed to a process for preparing a compound I or
a compound II or any of the compounds recited in any one of the aspects of the first
and second embodiments, comprising stereoselective coupling of an alpha-

derivative V with a purine or a derivatized purine base using a basic reagent to

X"
ZfN
4
R6

X"
O 1
RMIO™ oX /Z SN basic reagent RIOT
RS R6 < | /J\ RS
% i NTR

produce a beta-nucleoside VI

§ %
RO X
\%

20 \%!
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5deprotecting the 6-substituted nucleoside VII to produce a free purine
nucl eosi de derivative VIII; wherein for the conpound VI, the
conmpound WOI201007535he conpound VI, R5 is H R6 is CH3, PRB/US0090B5 s a
protecting group (preferably benzoyl or 10 substituted benzoyl) Xis F, X

is d, and Zis N 9 . Th | eoph 1
B ONa) B0, _wher o1 HBHEN. o Mout a2 ass T B SE AR kg RSt ng
benzyl al cohql a\dtbets %%’ré{[ﬁ Ry Gid K€irdRpéhdhNhf HENTBIBYAE RBIE L6 up%()l ution at

a tenperature achieved using an ice bath (about 0C). The reacting can be
performed in a solvent conprising benzyl alcohol. The reacting 15 can be
performed at a tenbrsesncet efithe sikdrryelpdimermisdiseted)o aupoeass &beparsgca

E: g]]: g: Z‘E: g;: tcrg}glpoegé) fora % %rgpgu%ﬁqf%r %ﬁyog? tﬁg %péﬂ@ Erecu% g %ny&g of &%

tenperature ranges froma

preferabl ¥, tRpedteombs atsy aﬁad moﬁdpaubocﬁﬁﬁntsmﬁexamboﬂﬁ@bmpguﬁcav deEglr as
descri bed herein. fth aspect of the eighth enbodinment is

directed to acommé@%ylar%rlsﬁ é?pdi'pﬁ]g @sy%ﬁpdﬁﬁ@rqte%mgagr@wmfﬁa by
conpri sing rqacidng.a ?6&%%& b%ﬁqu%ha'gatok{}fre%‘ra R @4%3% ophilic

reagent to produce a substltute nucl’eosi I\ 1"--N-/L
RO SS R5' R6 UHeéhraytl, Wis F, R8is Br, X" is Cl, and Z is N. The basic reagent is as defined above.
Preferably, the basic reagent comprises a (lower alk)oxide ((lower alkyl)OM) and an
10  alcoholic solvent. Preferably, the basic reagent is MeONa/MeOH, EtONa/EtOH, or
'BuOK/BuOH. Most preferably, the basic reagent is ‘BuOK/BuOH. The
stercoselective coupling can be performed in a solvent comprising at least one of a
polar aprotic solvent, a non-polar solvent, and a polar solvent. Examples of polar
aprotic solvents include, but are not limited to, acetonitrile, dimethylsulfoxide, N,N-
15  dimethylformamide, hexamethylphosphoramide, etc. The stercoselective coupling
can be performed at a temperature that ranges from about 0°C up to about the reflux
temperature of the solvent. Preferably, the temperature ranges from about 25°C to

about 75°C. More preferably, the temperature ranges from about 40°C to about
60°C. Most preferably, the temperature is about 50°C.

20 A seventh embodiment is directed to a compound VI.

XH

wherein R’, R®, R’ X, and Z have the meanings as defined herein above R!
is a protecting group, X" is a leaving group. Preferably, R'' is benzoyl or a
substituted benzoyl, more preferably R'" is 4-chloro-benzoyl, R’ is H, R® is CHz, X
25 isF, X" is Cl, R’ is NH,, and Z is N. Compound VI can be purified or unpurified.

Compound VI is useful for preparing compound I and compound I1I.
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nucl eophilic reagent O NRHcr 4\¢c RS L.R6 Rict VII

deprotecting the 6-substituted nucleoside VII to produce a free purine
nucl eosi awodervoraisive VII1; RBR8 Z 1 21 R 16-'14 6?7 ®CO'USKRI/OM4RS% R
Rua X Z

A first aspect of the seventh embodiment is directed to a process for
preparing compound VI, wherein said process comprises:
(a) stereoselective reduction of a protected ribonolactone I using a
hydride reducing agent to provide a beta-lactol derivative I'V; and
1 ENZ¢) : " O OH
R ow hydride R o’m
R R® reducing R® ) RO

R0 % agent i %

(b) stereoselective conversion of the lactol derivative using a reagent to

obtain an anomeric alpha-derivative V

N 6 ™ 6
R R reagent R A R

% § %
R''O0 X E—— RO X
v v , and
(¢) stereoselective coupling of an alpha- derivative V with a purine or a

10 derivatized purine base using a basic reagent to produce a beta-nucleoside VI

1 > basic reagent 1
R O \\\\ 6 + </ g R O \\\
RS J\

RIIO“ O\“ X

ﬁ

\4!

wherein R’, R®, R®, and Z have the meanings as defined above, each of X'

and X" independent of each other is a leaving group, and R'! is a protecting group.

15 A second aspect of the seventh embodiment is directed to a process for
preparing compound VI, where R’ is H, R® is CH3, R’ is NH,, R"" is a protecting
group, preferably R is benzoyl or a substituted benzoyl and more preferably R' is
4-chloro-benzoyl, X is F, X" is Br, X" is Cl, and Z is N. The stercoselective
reduction can be performed in a solvent comprising tetrahydrofuran (THF) or diethyl

20  cther, preferably the solvent is THF at a temperature ranging from about (-78°C) to
about 25°C, preferably at a temperature ranging from about (-78°C) to about 0°C,
and most preferably at a temperature from about (-30°C) to about 0°C. The hydride
reducing agent is (‘BuO);AlH, sodium (bis(2-methoxyethoxy)(2,2,2-trifluoro-
ethoxy)aluminum hydride, or Red-Al (sodium bis(2-methoxyethoxy)aluminum

25  hydride). The stereoselective coupling can be performed in a solvent comprising at
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| O N---RO deprotection aHO/__ 6 R5 ,IC K 1-e X 5wherein for the
conpound VI, the conpound VII, or the conpound VIII, R5is H R6 is CH3, R8
is -N(-CHRGHROHZ5354(azetidin-1-y1), RO is NH2, Rn is a pPCHIUSC09/06943F oup
(preferably benzoyl or substituted benzoyl), Xis F, X' is d, and Zis N
(see conpound (8) be The. nu Ieoph| lic.re ent i EtéPgl ne/tr| et hyl

ani ne. The rﬂaﬁp%owlﬁfeapﬁ%t}w YrEh A monpoLis SRR Bk PRIET ¥ hano! . The
reacting can memblsREHbak aBdtiakoRehtS RAIRL bift@rd ﬁ&tllnﬁl?éHQESacE{oﬁ{Hﬂ%bOUt 0C up
to about 78C. Prefer ably he tenperature ranges from about 25C fo about

75C. More pr e;h@ﬁdnblsylfomble N éh@mﬁtﬂMamr@eheﬁammyéMDhmmdeoetabiﬂn 60C.
Most preferabl % E’t atur %5 OC Th d rtot ec n%ng)an occur
as descri bed TaFEFKCIK “R lﬂg@% edﬁ’e %adeP“é’Sf “t'8 5”@8%%8 %11,

Z )1\1 | 51 RBEC-upNo RBoiiahe veffhiR éhperature $1MBE §d1Vert O Pref&ebI§ OMp etiysbrathite! | R5
R6, X, R8, R9, and Z have the neanings as defined herein above. Preferably,

R5 is H Re irangosdromxabosit 5°GR® gboui’S ¢ INMsrpreferaply) the teperaines rasged oal kyl ) |

-0(l ower alk r RS, Mor e
oret oranty, o ebpfiiadt M AAREOS B Gl ey B Rt S 757
OBn, and N(- G‘HR&CBdBl@ITE’ag)en‘(lazetieﬁheﬂ a.'boyel)PrGMahlﬁ tid-2asicadealsedit c@nised he
corrpound VIIl can be purified unpurified. Preferably the conpound VIII

is purl fied (avsspdy @W%éﬂ%ﬁ&ﬂ@&’l\@ #nd gnsaleohiolie selendq Prsferghly. the bagfpounds
7, 8, 9, 13nd L LERMBENAMNORBEONY/EtOH, EtOK/EtOH, ‘PrONa/PrOH, PrOK/PrOH,

or ‘BuOK/BuOH. Most preferably, the basic reagent is ‘BuOK/BuOH.

A third aspect of the seventh embodiment is directed to a process for

preparing compound VI said process comprising:

(a) stereoselective reduction of a protected ribonolactone III using a hydride
15  reducing agent to provide a mixture comprising a beta-lactol derivative IV and an

alpha-lactol derivative IV-a:

1 00 : 1 O OH O( «OH
RS R reducing R R> 4 R\ R

RO X agent RIS % RIS %
111 vV IV-a

(b) crystallizing the beta-lactol derivative IV from the mixture comprising

the beta-lactol derivative and the alpha-lactol derivative;

RIIO 0 OH RIIO 0 \\\\\OH RIIO 0 OH
MRG 4 mRﬁ crystallize MRG

S — .
§

§ % % § %
RO X RU1O X RO X

20 v IV-a v

(c) stereoselective conversion of the lactol derivative IV using a reagent to
obtain an anomeric alpha-derivative V

RIOT O 0! RIOT O aX
RS \__LaR® RS \__LaR®

$ Py reagent § Y
RI IO X —_— RI IO X

v \4 , and
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7, RB = -OMe 7a, R8 = -01Pr 8, R8 = -N(-CH2CH2CH2-) 9, R8 = -0Bn 10, R8
= -0kt wherein, R5 is H R6is CH3, Xis F, Zis N, and RO is NH2.
The conpowiodoMd7sssus useful for preparing a conpound | &ad/GEs2@00paand |1 .
10A tenth enbodinment of is directed to a process conprising converting a

free purine nucl eosjde derivative VIII onpound | converting the free
purine nucl eosi de (@QEFFIFASISFEVE 80%%86%&@? "%FW&%%Y@@ thHPUGRIEr ti ng a

free purine %ﬁb@&%ﬁ%nﬁ@&s\é%fsingeab\ékﬂ Ireéf‘% gP@&lfé@ albeBlfuctiosbaged herein,
as well as U. S. Patent Application No 2/ 015, filed March 21, 2008

(see al so WD 152008/ 121634). Procedures for converting a free purine X'

nucl eosi de derivative VIII to conpound |l are disclosed herein andl
Provi si onal Patent Application No. 61/ 60, 683, filed June 11, 20 I/Jﬁ
A first aspect of g PR «&rbodi el at agsid Qaddi epag i e

directed to a process,shicil.ronprise rgacti ng—the—free pulgsi\‘" ﬁd eosi de
derivative 20VIII wt ngltﬁgr a P(N'I)NTeagent or a P(V)-r age nts,, A second
aspect of the tenth errbodl ment related to preparing the corrpoundXII is
directed to a process whith conprises reacting the free purinevinucl eosi de
derivative VIII with a P(Il11)-reagent to obtain a phosphlte derivative of

I, mhereln t he phosphlt% derivati ve npri ses ure of mer s
25A thi rdaspect OFN¥HE R eROR enpii me%r@@@agw?ﬁ? 4 NG ‘Ear?élo(fagrpound

11 i's directegdqbe ﬁ%d@j’ ﬁﬁéﬁ%f Wh%@h&‘?@[e‘a@ﬁ? g&%ﬁ%ﬁd‘ﬁ”t Egpfcft@c%n Eé%l%f an

nucl eosi de derivati W th Int rese
activator redyefetably Rélmt H; R B @fﬂtoﬁbhlstbenmt Dlvasuhsetum‘dlUenzwiéprefema‘tﬂhe

phosphite derjyat of 1! fourth aspect
of the tenth l%e %Fﬁgmb?@?%“ts%%r‘se%%ﬁ 1 C %Telsé\gﬁﬁnggnds@w :llé di rect ed
to a process %h@@ré@i@@iﬁglag@ﬁ 1§@B@©)3Amtda>auﬁﬁ s(PLhdtREk Rk gpspgde derivative
VITT with a P(I11)-reagent in the presence of an activator reagent to

obt ai n a 1fhospAibere-deeiywalpinianphydridevpreRed-Al (Shéluphbls@hl te derivative of!!
conprises a m nd e i bratj erlvtlve
of Il to pr ovu%éh%’%?ethc?&‘?/}a’ B i @u} e c?fSter%%SSfeﬁg‘{e ' CI%lonr““élé a?u ielle

of I'1. 10A fi fihl saBpecdo nstﬂg&ettrzﬁiytifbfmhcqnimmaﬁ dlé'@ﬂyﬁétﬁ& prRf@ipead ng the

3", 5'-cycI|c phosphate derivative Il is directed to a process WhICh
conpri ses reaﬁ@l"ieﬁglstTﬁE 4traé§mpﬁfﬁt%%f%ﬂﬁéﬂgefé§na@%ér78v@l‘iO\F@OWI ICwith a

R7OPL N( 11302],2.f 18 AERSENGS. Ahgtheord 6RO ARZ8LE 0-2. O Al 2

phosphite derivati
15 preferably at a temperature from about (-30°C) to about 0°C. The crystallization

occurs by a process comprising adding to the mixture seed crystals of the beta-lactol
derivative and then heating the mixture comprising the seed crystals of the beta-
lactol derivative at a temperature that ranges from about 25°C to about 80°C,
preferably about 50°C with (about 0.2 mmHg) or without applied vacuum. The

20  stercoselective coupling can be performed in a solvent comprising at least one of a
polar aprotic solvent, a non-polar solvent, and a polar solvent. Examples of polar
aprotic solvents include, but are not limited to, acetonitrile, dimethylsulfoxide, N,N-
dimethylformamide, hexamethylphosphoramide, etc. The stereoselective coupling
can be performed at a temperature that ranges from about 0°C up to about the reflux

25  temperature of the solvent. Preferably, the temperature ranges from about 25°C to
about 75°C. More preferably, the temperature ranges from about 40°C to about
60°C. Most preferably, the temperature is about 50°C. The basic reagent is as
defined above. Preferably, the basic reagent comprises a (lower alk)oxide ((lower

alkyl)OM) and an alcoholic solvent. Preferably, the basic reagent is MeONa/MeOH,
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VIl I phosphite derivative of Il 15 wherein the phosphite derivative of!!
conprises a mxture of isoners and R5, R6, R7, R8, R9, X and Z are defined
herei n; WO 201001855¢qui | i brati ng the phosphite derivati veCofuskomwoewt ai n an
equi l'ibrium m xture of phosphite isoner derivatives of!!. A sixth

Compri sing ot B HGTReOkq RN B PRk Pighb b AR Giall Mo °
derivatives (Hréferabapt&b&a@c%ég%ﬁt B"BROKLYsHHC phosphate derivative Il R8
"1\1 Rce 0 N RO R70"1)-01 X Tphosphite derivative of I11] A seventh

aspect of the tenth enbodl ment related to preparing the 3,5 -cyclic
phosphat e deri vat iAcight ¢nsbatiimenitie direasechtopr pyeesss faitirerrios asempeind beict i ng

the free purine ri vat ( he
presence of Af‘ %)Hﬂ) %@gﬁéﬁ aﬁrlly gzﬂlé & pounggt 1Ealelmrtlé/ga B‘]ﬁ %Sf{ 48k el% |C\g§c1f%b/éeﬁgs
R8R8 | N HENG-and-sbtoNd eﬂlboﬂﬂﬁé?[td}l(c&ﬁbﬁﬁhg BRGtirty D&btaéucleomde derivative VI with

a nucleophilic reagent to produce a 6-substituted nucleoside VII;

f\ )\ nucleophilic g f\ )\
R

R! IO reagent

deprotecting the 6-substituted nucleoside VII to produce a free purine

nucleoside derivative VIII,

RS RS
Z f N Z f N
4 7
<N | N/J\ R9 HO/\Og< N | N/J\ R9
R’ s 6

RO O deprotection
S B ——

10 vil Vil

wherein R°, R®, R®, R?, X, Z have the meanings as defined herein above, R!

is a protecting group, and X" is a leaving group.

A first aspect of the eighth embodiment is directed to a process for preparing
a compound I or a compound 11, wherein for the the compound VI, the compound
15  VII, or the compound VIII, R’is H, R®is CHs, R® is any onc “OMe, —OFt, —~O'Pr, -
N(-CH,CH,CH,-) (azetidin-1-yl), and —OBn, R’ is NH,, R'! is a protecting group
(preferably benzoyl or substituted benzoyl, more preferably 4-chlor-benzoyl), X is F,
X" 1s Cl, and Z is N. The nucleophilic reagent is as defined above. Preferably, the
nucleophilic reagent is one that provides for R® which is any one —OMe, —OEt, —
20  OPr, -N(-CH,CH,CH,-) (azetidin-1-yl), and —OBn. The reacting can be performed

in at least one solvent comprising at least one of a polar aprotic solvent, a non-polar
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HOX1) -s R70' O phosphite derivative of Il 5vitt wherein the phosphite

derivative of!! conprises a mxture of isonmers, R5is H R6is CH3, X is F,

Zis N, awNo2RO/G7855MH2, while R7 and R8 are defined her eiPaI/US2009/06%M%
equi librating the phosphite derivative of!! to obtain an equilibrium

m xture of phosphite. i soner derivatives of!!. 10An .eighth aspect..of the
tent h enbodPr?BEt%n‘f’@n‘il%PﬁlgEBOIY?}“t SaplGap Wlarsﬁf?ivcefltsflaﬂgﬂ%rbu& et E@H@é

oxi di zi ng t heoegthhddl! dtRoM ueing 1, BEnRMaRBRI @Xh%grs@rofg@m yablivesvald ! to
obtain the 3',5" -cyclic phosphate deri'vative 11 R8 I\1 R 0 NRO

RV1) - (1 X phosghid, dutiarinptliinved tof, a¢atoririle, imethysyRoxidg¥,.N- R6 0*

----/1)-0"X
related to pr
to a procgss apit

VI

at least one solvent. Preferably, the temperature ranges from about 25°C to about
75°C. More preferably, the temperature ranges from about 40°C to about 60°C.
Most preferably, the temperature is about 50°C. The deprotecting can occur as

described herein.

10 A second aspect of the eight embodiment is directed to a process for
preparing a compound I or a compound Il, comprising reacting a beta-nucleoside

derivative VI with a nucleophilic reagent to produce a 6-substituted nucleoside VII;

X" R8
«ZfN YN
O_ ,N /J\ 9 nucleophilic O. N /J\ 9
RI IO \ N R RI IO . N R
o 6 reagent o 6
R> ) R —_— RS\ R
& 3 § %

RO X RI'O X

Vi vl

deprotecting the 6-substituted nucleoside VII to produce a free purine

15  nucleoside derivative VIII;

deprotection
_—

R8
ZfN
¢ ]
RS\\‘ R6

§ % s %
RO X HO X

vil Vil

wherein for the compound VI, the compound VII, or the compound VIII, R

is H, R® is CHs, R® is -OMe, R’ is NH,, R'! is a protecting group (preferably
benzoyl or substituted benzoyl), X is F, X" is Cl, and Z is N (see compound (7)

20  below). The nucleophilic reagent is MeONa/MeOH. The reacting can be performed
in a solvent comprising methanol. The reacting can be performed at a temperature
that ranges from about 0°C up to about 65°C. Preferably, the temperature ranges
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70. .| : i nth f the. di ment
e hgramids hossmet e B RRRSH o Mrabine i bp PORRHAY oct e
_ GO theEQEngRFnh BEbk DEC Lp @t tHeQcNicletpetAgcdetievat i ve
with a R7TOP[ N(11302]2 in the presence of 4,5-



di cyanoi m dazole to obtain a phosphite derivative of!! R8R8 ZN5, 1IN 0#NR

,".1\V1---NL RO HON RO R7OPN(11)02i 20R6 R5's sL'R6 HC? X R70'1)-11 X +

DClt. VIIwWphowlisise derivative of |1 wherein the phospkCrasdevioqars ve of!!

conpri ses a m xt ure of isoners and RS is H R6is CH3, R7 is Me, 'Pr, 13u,
is F, and

SLdCLS’L‘. i br ;f qrﬁvﬁwg ot ég’ &é?r%m%gaﬁfmm%ewgm ai’HV%Eﬂﬁﬂi i bri um

Sm xture of Rm?alaturr@tol tﬁ@%‘q’hng%Bin‘t’éf!h%%fco%hd solvent/reagbntt ®06:R prgP@sty, of the
tenth enbodinment is related to the ninth aspect urtﬁer conpri sing

oxi di zi ng théh@mnerabmnemmgw Kiony aboof 4%‘1€ot9;ﬁl’q>pt1te60i°§orﬂ<é¢st@mf¢m ;thes of!'l to
. . , *
obtain the 3 tcr?lpcra Ge Is abBQOS%QEa%%e ‘?1815#0¥e%%1ng can occur as dcscr‘i)bgd hcrcln 0

5 A third aspect of the eighth embodiment is directed to a process for preparing
a compound I or a compound II, comprising reacting a beta-nucleoside derivative

VI with a nucleophilic reagent to produce a 6-substituted nucleoside VII;

f\ J\ nucleophilic G f\ )\
R

1
R O reagcnt

deprotecting the 6-substituted nucleoside VII to produce a free purine

10  nucleoside derivative VIII;

ﬁ f*

R!! O deprotection
_ =

§ h s t
R”O X HO X

vil Vil

wherein for the compound VI, the compound VII, or the compound VIII, R’
is H, R® is CH3, R® is —OEt, R” is NH,, R is a protecting group (preferably benzoyl
or substituted benzoyl), X is F, X" is Cl, and Z is N (see compound (10) below).

15  The nucleophilic reagent is as defined above. In the instance where the nucleophilic
reagent is KOEt/EtOH, the nucleophilic reagent can be prepared in situ by reacting
EtOH a base, such as potassium carbonate. The reacting can be performed in
cthanol and at a temperature that ranges from about 0°C up to about 78°C.
Preferably, the temperature ranges from about 25°C to about 78°C. More preferably,

20  the temperature ranges from about 40°C to about 60°C. Most preferably, the

temperature is about 50°C. The deprotecting can occur as described herein.
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R70 phosphiteX phosphite derivative of 111l 10 An el eventh aspect
of the tenth enbodinent related to preparing the 3',S -cyclic phosphate
deri vat i WeOI2D10/055%h4r ect ed to a process which conpri ses PERAIS2009/064385 f r ee
purine nucl eoside derivative VIII with al PrOP[N(1Pr)2]2 in the presence of

5yl daple o B e A B oot
VX1)-0" + D rgf?a(?{n L¥Hpb RS B E@mﬂﬁfn’d‘l@%%ﬁrlﬁﬁg fe!acﬂ‘ﬁgeé @étﬁ!—nhbl%oﬁﬁlé)SPhl te

derivative ofI conprises a mxture of isonmers and H R6 CH3, R7
is Me, 'Pr, XBuyatore ¥l gith aR@cieaploe reagint to prodogd 86+ sumltlutsd WGOS)del ¥IF, and
Zis N, and equilibrating the phosphite derivative of!! to obtain
an equilibrium20 mxture of phgsphite isomer derivatives ofl{. A

further conprising OX|d|2|gg5 ﬁqU|I|br|un1n1xture of yte isoner
WO 2010/ 075554PCT/ USZOO%O .

nucleophilic Oo_ N 9
N
RHO/W reagent R”O/m 6 ¢
RS —_— RS R

& % %
RO X RO X
VI VIl

twel fth aspect of the tenth enbgdinent is related to the ele%enth aspect
/

5 deprotecting the 6-substituted nucleoside VII to produce a free purine

nucleoside derivative VIII,

R8
Z X
f ¢ f h
B e
RS 6

R!! O deprotection
[ — .

vil Vil

wherein for the compound VI, the compound VII, or the compound VIII, R’

is H, R® is CHs, R® is —~OBn, R" is a protecting group (preferably benzoyl or

10 substituted benzoyl), X is F, X" is Cl, and Z is N (see compound (9) below). The
nucleophilic reagent is BnONa/BnOH, wherein BnONa is obtained by a process
comprising reacting benzyl alcohol with sodium hydride in a N,N-
dimethylformamide solution at a temperature achieved using an ice bath (about 0°C).
The reacting can be performed in a solvent comprising benzyl alcohol. The reacting

15  can be performed at a temperature that ranges from about 0°C up to about 75°C.
Preferably, the temperature ranges from about 25°C to about 65°C. More preferably,
the temperature ranges from about 40°C to about 60°C. Most preferably, the

temperature is about 50°C. The deprotecting can occur as described herein.

A fifth aspect of the eighth embodiment is directed to a process for preparing
20  acompound I or a compound II comprising reacting a beta-nucleoside derivative VI

with a nucleophilic reagent to produce a 6-substituted nucleoside VII;
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, 6 1.

purine nucl eosi de derivative Vi with alPrOP[N(1Pr)2]2 in t Re presence of
4,5- dicyanoi m dazole to obléjfiaNphosphlte derivative o j[%\

.,./IN...,./1 1IN RS5O \N & N A ..... z''-" N.N--NA ROR5 R5,
0----." * NRO [ox]+ RGOX \Z. R6 / 7 113---011}( X
. "WOXOR/QORPIRA phosphite derivative of Il 5A thi PCeaseeoaspett of
the tenth enbodi ment related to preparing the 3 ,S - cyclic phosphate
derivative Il is directed to a process which conprlses reacting the free

VIl I phosphite derivative of{11]| 10| wherei n the phosphlte erli vative of!

conprises a ntxtuRe N S an 1@5“?60 @/ﬁ%ﬁ;zi | SNVER®' Pr,
or cl3n, R8 is OMW, §f& rRO113r, | P Z is N,

equilibrating t he phgﬁgh *g derlvatlve ofll in a §@but| *on at a tenperature
to obtain an eqU|I|br|un1n1xture of phosphite isoner derlvatlves of I'l.

above-

deprotecting the 6-substituted nucleoside VII to produce a free purine

nucleoside derivative VIII,

R8
Z A
f ¢ f )
B o
RS .

R!! O deprotection
_—
§ ’5 & %
R”o X HO X
vl vl
5 wherein for the compound VI, the compound VII, or the compound VIII, R

is H, R® is CH3, R® is -N(-CH,CH,CH,-) (azetidin-1-yl), R’ is NH,, R' is a
protecting group (preferably benzoyl or substituted benzoyl), X is F, X" is Cl, and Z
is N (see compound (8) below). The nucleophilic reagent is azetidine/triethyl amine.
The reacting can be performed in a solvent comprising ethanol. The reacting can be
10 performed at a temperature that ranges from about 0°C up to about 78°C. Preferably,
the temperature ranges from about 25°C to about 75°C. More preferably, the
temperature ranges from about 40°C to about 60°C. Most preferably, the

temperature is about 50°C. The deprotecting can occur as described herein.

A ninth embodiment is directed to a cornpound VIIIL.

o Nﬁ

$ ¥
HO X

HO

15 VIl
wherein for the compound VIII, R>, R X, R%, R’, and Z have the meanings
as defined herein above. Preferably, R’isH,R®is CHs, X isF,R%is a —O(lower
alkyl),
60
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15not ed sol ution conprises a polar solvent, a non-polar solvent, and
m xtures thereof Exanples of polar solvents include, but are not limted
to, wat erwodormat7hisisul f oxi de, N, N-di net hyl f or mam de, PCT/US2009/069475
hexanet hyl phosphoram date, acetonitrile, ethyl acetate, tetrahydrofuran,

etc. and m xt s thereo | es of n- pol ar sol vents isncl ude, t are
not |imited t—35,<?%zaﬁ@9é1§%§f— oWk, o BUTRSR BCICHREY 1 B i de, “20
chloroform gt & .MaRGBlXbY, &S i AERERfCHNK LeMRETAIN R cROMATYS, OYe! the
entire avail abl e tenperature range for the solution, which entails a

gy

t enper at ur e r@BgendidrEHi Gl (- Ltazasidind ed), Rotis BblJ afidiZ/isdlieThocdmpmwidng, t he
sol ution doe t evaporate due t jlin r the so 1 oNn_C onents do
ot " decompose Ik UERTHRYH iRt Bretel Dyl pRPRES! LhETpHERRAI T based
on the equilibrium pagétdddnflouhd TN ¥épHeRnel bly$AB®F Sorfpoudnde 7pRI0ERA t €
derivative of!!. For instance, if the cis isoner is desired, then the
desirabl e ten¥ebeabpl@vbr tenperature range is one where the nole (or nolar)
ratio of the cis-isonmer to the trans-isonmer igsat an acceptable maxi num A

fourteenth aspect of the tenth enbodinent is nelated to the el eventh aspect
5further conprising optionally isolating & ilibriummxture as a solid
€

and contacting an oxidi zi ng agent and Bh hingriun1nixture of phosphite
fBﬁ{cZ:ﬁt

i somer derivatives of!! in a sol b Ox isNhglﬁn organi ¢ solvent to
obtain the 3,5 -cyclic phosphat e pder) RVes s shown below. R8 R8 N,)N
R5,IR5 O0....+ NN-"NL RO 0O' \L.RBCIHSLRQX R70i Rw - P-0- x phosphite
derivative of Il 10 In a preferred aspect, the nole ratio of oxidizing
agent to the phosphite derivative!! rang®s fromabout 0.9 to about 1.5,
preferably fromabout 0.9 to about %ng(ggre preferably fromabout 0.9 to
about 1.1, nost preferably the nole jgatiq, of oxidizing agent to the

phosphite derivative!! is about 1. @ﬁﬁgf'ﬁgtﬁQ;qd aspect, the solution 15

conprises tetrahydrofuran ("THF'), ghd the OXi Eing agent conprises iodine
(12). In a first preferred aspect, thessglLution conprises THF, pyridine
("pyr"), and water in at |east about ‘one-nolar equivalent relative to the
phosphi te deri vat iwierah! R islH) RS is €eNK iPF f 8rX emhdaFSHedH,. tihe ce@boiiridn
conprises about 60 v/v %to about 80 v/v. % of THF and about 39 v/iv %to
about 17 v/ v YAIbfs ysetul forquenspaae compoyod F endpeprppaaing /1.

10 A tenth embodiment of is directed to a process comprising converting a free
purine nucleoside derivative VIII to compound I or converting the free purine
nucleoside derivative to compound I1. Procedures for converting a free purine
nucleoside derivative VIII to compound I are disclosed herein, as well as U.S.
Patent Application No. 12/053,015, filed March 21, 2008 (see also WO

15  2008/121634). Procedures for converting a free purine nucleoside derivative VIII to
compound II are disclosed herein and U.S. Provisional Patent Application No.
61/060,683, filed June 11, 2008.

A first aspect of the tenth embodiment related to preparing compound 11 is
directed to a process which comprises reacting the free purine nucleoside derivative

20 VI with either a P(IIT)-reagent or a P(V)-reagent.

A second aspect of the tenth embodiment related to preparing the compound
II is directed to a process which comprises reacting the free purine nucleoside
derivative VIII with a P(IlI)-reagent to obtain a phosphite derivative of I, wherein
the phosphite derivative of Il comprises a mixture of isomers.

25 A third aspect of the tenth embodiment related to preparing the compound 11

is directed to a process which comprises reacting the free purine nucleoside
61



20 % of water, wth the proviso that the anount of water is at |east about
one-nol ar equivalent relative to the phosphite derivative of Il. In a

second prePeproadsimgpect, the solution conprises about 6BCY¥/Us20M004about 75
viv % of THF and about 34 v/v %to about 22 v/iv % of pyr, and about 1 v/v%

to about 3 v/y % of er. i t he proviso that the anount of water. is at

| east about &?&Y%Yea%i&aﬁ%@ﬁi-rqas? R Pff%ﬂ_efl%oflfwﬁggaaﬂﬁ CBSHER) YAtV e

of!!. In a th ﬁlﬂ)slﬂ{i%fd%'i‘i"v§9v@ﬁﬁ@,%her@iﬁ@h§ﬂ%d/ﬁhi%&%é i | c@ﬁ’%ﬁ&eﬂao viv % of
0

THF, about 28 v/v of pyr, and about 2 v/v %of water, with the proviso that
t he anmount ofmigatrepfisemars. | east about one-nol ar equivalent relative to the

phosphite derivatiye of 11. .. Afifteenth a t,of the. tenth enbodi ment
el ated Lo pr epar i EiepissbUfdh FESEERER B bt e

conpri ses sr eagty digectddbo faleeccRiwhitd cauﬁh@@%mmg ed & puc\ubleowitié h a
P(V)-reagent. A sixteenth aspect of the tenth enbodinment related to
preparing t helesgatinsoViHl with 4 B(Id)-reaeend dn the pacsspescelsd aghyater icagast foselgain
reacting the f rine. nuc i der | viat.l.v: WM -reagent and
- a ne. 1 oagdne It denyRHECARRL AR MR bbb Rl Ent

rel ated to preparrt ofisbmerse ampejuilibrhting the phopbite detivutiae pf Dictegsowitid abh
conprises reacting the free purine nucleoside derjvative VIII with a

P(V) - r eagent SBIIOERBYNHIGROARBIHI I BPMIET S Ivatiyesddlo) (Lv) 2,

R70OP(0) (Ly) (N(C1_6 D : a&nj reagent.
An ei ght Iéénth aspej?:?i Hg%ﬁ}%%}eo?elﬁég&e%%%%ﬁtt%iﬁ%%{%%g%a%ﬂg}%a’?r&g tC he
conpound || iphoshlraecdeedatice H ipdoerabtovdprotess eviqonhi @epriseactetmg thhiéeé r ee

purine nucl eoside derivative VII ith a (Lv and an amj pe reagent.
DAt net centirapacEoutt JaB etk ab AR ab b b s P S g € he
conpound Il igc@hbReledId @ cﬁ)ta{?fil@?%sﬁ)h%id%&i@%ﬂﬁes reacting the free

purine nucl eosi'de derivative Vi wth a R7TOP(0)(Lv)2 and an am ne reagent,
wherein R5 is H R6 is CH3,RR7 is Me, 113r, 13u, or cl3n, R8 iskROwe, CEt,

or O1Pr, RO is NH2, Xig Fand Zis N 20A twentieth aspectn.oflhe tenth
embodi nent related to gfeffaripng the 3',S - cyclic phgsphate ddrivative ||
is directed tol? QI SeegH 'f,JhReorrprises reacti ng theaf par T QgE S RO
nucl eosi de deri @t“i\ﬁall with a RAONGekv2—-and gh I Nepa eagent ,

wherein R5 is HY R¢ T8, CH3, R7 is+%%l 113r, 13u, or ‘fdcg‘n, :R8 is Owe, OEt,
01Pr, RO is NH2, ®is ¥ and Zzis N Lv is O, amdothe anitfe reagent

conprises triethyl amne 25 and N-nethyli m dazol e. A tenth enbodi nent
is directed to a pho§ﬁni te derivative of |1 representhe@higdetiygiveiodit owi ng
formula: phosphite derivative of Il 67 wherein the phosphite derivative

of Il wherig Reyhdréin ti/phdSBhitedRRoriveivedrl ombasas iRkhird 8€isbRR ahd RNRE
preferred aspect, the phosphite derivative of!! has RS is H R6 is CH3, R7

is |ower al kyR.Br. R oweandcdencslafingd her@g: is a - 0(1 ower alkyl), -0(I ower
v et orren baspect piankbEph e eb Ryl BRfont uord ALEIRGY e
is Me, 'Pr, IBikturebf phosphite isomer derivatives of TI.
A sixth aspect of the tenth embodiment is related to the fifth aspect further
20  comprising oxidizing the equilibrium mixture of phosphite isomer derivatives of 11
to obtain the 3',5'-cyclic phosphate derivative 11

RS RS
ZfN NfN
4 5 4
® o < LA K, < LA

[ox]
()\ O \ x
A0 X S0 X
RO R7O
phosphite derivative of 11 11
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cl3n, R8 is Owe, OEt, or 0113r, RO is NH2, Xis F, and Zis N An eleventh
enbodi nent is directed to a process for preparing the conmound | or the
conmpound WO 200g8%4f or both R8 is OH, said process conpPCIiusQmmewrs ng a
bet a- nucl eosi de derivative VI with a nucleophilic reagent to 10produce a

6- X' "-substituted nucl egside VLI % x"x"" rotecti n t he
6- X "-substituted MoicBYsasAectof fhe t?f&ﬁﬁm?a %atsg to_pr %@gﬁhﬁ dirdegyclic

nucl eosi de | >f)ho§phatezdenvat'1ve 11§ 4RdEANS% ﬁrogesmhﬁghl\éonﬁ)rlsggul%aé@m@the free
deprotection INO N /\1*L R9 R5" ,Lot. R6.
purine nucleoside derivative VIII with a R’ OP[N( Pr)z]z in the presence of 4,5-

dicyanoimidazole to obtain a phosphite derivative of 11

R8 R8

N ~ N N

e ST
HO/\OgI\i N/)\NH ,\Ogl‘i N/J\NHZ

% R7OP[N(Pr),}; ——»

0]
HO X + DCI RO =0 X
VIII phosphite derivative of 11
5

2

wherein the phosphite derivative of IT comprises a mixture of isomers, R’ is H, R® is
CH;, X isF, Zis N, and R’ is NH,, while R’ and R® are defined herein;
and equilibrating the phosphite derivative of II to obtain an equilibrium
mixture of phosphite isomer derivatives of II.
10 An eighth aspect of the tenth embodiment is related to the seventh aspect
further comprising oxidizing the equilibrium mixture of phosphite isomer

derivatives of 11 to obtain the 3',5'-cyclic phosphate derivative 11

R8
V4 N f\
4

) [ox]
o \Lr o UL
N ~— N Z
7 /P\O X /P\O X
R0 R0
phosphite derivative of 11 11

A ninth aspect of the tenth embodiment related to preparing the 3',5'-cyclic
15  phosphate derivative Il is directed to a process which comprises reacting the free
purine nucleoside derivative VIIT with a R7OP[N('Pr),], in the presence of 4,5-

dicyanoimidazole to obtain a phosphite derivative of 11

R8 R8
Zj\)§ N DN
N N
Q8 ¢ f
10" Ve +# ROPNCP —= o~ Lo

&
N

Q
LF=0

s %
+ DCI
HO X R7G X

phosphite derivative of 11
VI
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15 converting the 6-X "-substituted nucleoside I X to obtain a

6- X"' - phosphoram date nucl eoside!' or a 6-X"'-cyclic phosphate nucl eoti de
1" x"'" x"WOR610/07R%43 a R3 frOl *L O N\RO OR6 CR4AR/ 20z PCRUSRMOMETH t(ir X
R70/ converting the 6-X"'-phosphoram date nucl eoside |I' or the

6- X"'-cyclic phosphate nucleotide 1. to the phosphoram date Gl.epsi de |
(where R8 = e%ﬁ%&o&ﬁlerq %ﬂﬁﬁ%%ep?fayéowweé&m P P?tsﬁﬂléFsé‘ 28 %i>
wher ei n for tggs eQNPRURGC W, Bl lor P, % i OMQOE! or O'RL R RRHR3RG:s FR3kE R45
R55 5 R6, R7, R9, X and Z are as defined herein above, R' is a protecting
group (preferdablly. benzoyl or 4-chloro-benzoyl, and nore preferably

4-chl oro-benzoyl), X' is.a. leavi r.oup,. and X' i s rou abl e of
bei ng converted toanés.quﬁlbratmg%§‘é]%gﬁhlges(gegé’?tl\bef0>%tlﬁé0 81%8 eaﬁ]teﬁ_mgﬁ’gl&)lm ment is
directed 50 aniRti2685phdsphitPisemar ddiafvympund |, where R8 is OH said

process conprising 10reacting the beta-nucl eoside derivative VI with a
nucl eophi | i ¢ r eagehtentibaspeeicl élee tenh-crabodingsy iy telptesdtobe piaBsasgect nther

comprising oxidizing the equilibrium mixture of phosphite isomer derivatives of 11

to obtain the 3',5'-cyclic phosphate derivative 11

RS RS
ANEN NN
/4 /4
R <f X <f
O R6 [—— O R6

\ & 2 O\\ * & P

~ % N %
7 ’P\O X \/P\O X
RO R7O

phosphite derivative of 11 11

10
An eleventh aspect of the tenth embodiment related to preparing the 3',5'-
cyclic phosphate derivative Il is directed to a process which comprises reacting the
free purine nucleoside derivative VIII with a ‘PrOP[N(’Pr),]; in the presence of 4,5-

dicyanoimidazole to obtain a phosphite derivative of 11

R8 R8
X ol
N N
¢ 1 ¢ f
10" N NN N/J\Rg . R ON N/J\Rg
MRG + R7OP[N(Pr),], —» O\/\gRG

N

$ %
HO X + DCI ,P =0

%’x
R70

{ VILI phosphite derivative of 11
5

wherein the phosphite derivative of IT comprises a mixture of isomers and R’ is H,
R® is CHs, R’ is Me, ‘Pr, “Bu, or “Pn, R® is OMe, OEt, or O'Pr, R’ is NH,, X is F, and
Zis N;
and equilibrating the phosphite derivative of II to obtain an equilibrium
20  mixture of phosphite isomer derivatives of II.
A twelfth aspect of the tenth embodiment is related to the eleventh aspect

further comprising oxidizing the equilibrium mixture of phosphite isomer
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INRI(irs?cyN ---NL RO reagent16-4' nucleophilic RL 0O# RS R6R5 \cN ,LR6
R1104 -XRI Id VIVII' deprotecting a 6-X "-substituted nucl eoside VII'
t o produc®o20840%8354 substituted nucleoside IX; ININ PCT/US2009/069475
1\ 1--ndeprotectionO1\1.--n RHrOTh' R6 N N RGN R5N A R6 R116 xHO - X

15VI T 1 X conver he 6-X "-substituted e | Xto obtain a
- X" - phospH’(?Flé{f‘H‘éféPgiﬂtgcﬂtbéad’%P&égaftemmenc shixhiFé o o e paospac

- X phosphqfeﬁ%tg;éggsmﬁgggwde ' to the phosphoram date nucl eosi de |
(where R8 = OH); R8 Z a R' POI

RS R® R®
N N
7z NN NN
5 C 5 ¢
s ¢ RS ¢ _ RS _
ox 6 6
0 RS —_— 9, ) R Q. R
\ O Oy O 3
3 ~P-)' ~p_
P~ s O X ) X
R0 X R70" R70"

phosphite derivative of 11

5 A thirteenth aspect of the tenth embodiment related to preparing the 3',5'-
cyclic phosphate derivative Il is directed to a process which comprises reacting the
free purine nucleoside derivative VIII with a ‘PrOP[N('Pr),]; in the presence of 4,5-

dicyanoimidazole to obtain a phosphite derivative of 11

R8 R8

Z f N N f N

C (Ol

O <N N/J\ R9 ] Ri’,,' O <N N/J\ R9
HOZN Y + ROPNCP —= o™\ Lo

&

?
=0

S 3
HO X + DCI X

R0

phosphite derivative of 11
VI

10  wherein the phosphite derivative of II comprises a mixture of isomers and R’ is H,
R® is CHs, R’ is Me, ‘Pr, “Bu, or “Pn, R® is OMe, OEt, or O'Pr, R is NH,, X is F, and
Zis N;

and equilibrating the phosphite derivative of II in a solution at a temperature
to obtain an equilibrium mixture of phosphite isomer derivatives of II. The above-

15  noted solution comprises a polar solvent, a non-polar solvent, and mixtures thereof.
Examples of polar solvents include, but are not limited to, water, dimethylsulfoxide,
N,N-dimethylformamide, hexamethylphosphoramidate, acetonitrile, ethyl acetate,
tetrahydrofuran, etc. and mixtures thereof. Examples of non-polar solvents include,
but are not limited to, hexane, heptane, benzene, toluene, methylene chloride,

20  chloroform, etc., and mixtures thercof. The temperature can range over the entire
available temperature range for the solution, which entails a temperature range
where the solution does not solidify due to freezing, the solution does not evaporate
due to boiling, or the solution components do not decompose. The solution

temperature is determined experimentally based on the equilibrium position of the
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11 ,*00R9 N-p- R5N s4" R6 / RAOR2 OR HO X wherein for the conpounds VI,
VIT', IX 1", or Il', RlL, R25 R3a5 R3b5 R45 R55 5 R6, R7, RO, X and Z are
as defineﬁohenmﬁ&ﬁabove, R' is a protecting group (pref@cahlsgodmn@eyl or
4-chl oro-benzoyl, and nore preferably 4-chloro- benzoyl) X" is a |l eaving
group, and X' is Prou capabl.e of . Wherein

bei n
IR P e i S T R R D NS M TN e
tenperature tj a&sureanﬁ% tHe RGN AR Rfat R of %n?é?&l%ﬁre?&%e iPoes ehakliye mbhe 10

tenperature ranges from about 25C to about C. More preferably, the
t enper at ure r(@ngekary lraborloﬁtmwtls—womet ‘o thbuts-60mer g an p¢®p‘@b@bn§mnmhe

tenperature is abo C...The CCUr escribed herein.

A sbcond aspect - oft MR aRehS BRI uRP BT Efhicl T B3R AR o)

preparingsa cRrp&WathplisingtoptiendRE ibSlatidd the 3l @l1ipFi@a@8iSnEORPL sflidrd1Sr eact i ng

a beta-nucl eoside derivative VI with a nucleophilic reagent to produce a

6- X' " - subst i taontgting#) eodizig agent andithgequilibrivge prgtecafinhgsninis isomer

O ot SIS PR Mo b R 9SSR it P4 RIh Y Beyet
phosphate derivatives s shown below.

RS RY R®
a . R </N )\ R, & \)N\
R, % Z, O N PN po
AOgN dd_ 9 RS i o
R o=t ¢ % O}z %
-0 X O X Sr-0" X
R70 R70 R70

phosphite derivative of 11

10
In a preferred aspect, the mole ratio of oxidizing agent to the phosphite derivative 11
ranges from about 0.9 to about 1.5, preferably from about 0.9 to about 1.2, more
preferably from about 0.9 to about 1.1, most preferably the mole ratio of oxidizing
agent to the phosphite derivative Il is about 1. In a preferred aspect, the solution

15  comprises tetrahydrofuran ("THF"), and the oxidizing agent comprises iodine (I,).
In a first preferred aspect, the solution comprises THF, pyridine ("pyr"), and water
in at least about one-molar equivalent relative to the phosphite derivative of II. In a
second preferred aspect, the solution comprises about 60 v/v % to about 80 v/v % of
THF and about 39 v/v % to about 17 v/v % of pyr, and about 1 v/v% to about 3 v/v

20 % of water, with the proviso that the amount of water is at least about one-molar
equivalent relative to the phosphite derivative of Il. In a second preferred aspect, the
solution comprises about 65 v/v % to about 75 v/v % of THF and about 34 v/v % to
about 22 v/v % of pyr, and about 1 v/v% to about 3 v/v % of water, with the proviso
that the amount of water is at least about one-molar equivalent relative to the

25  phosphite derivative of II. In a third preferred aspect, the solution comprises about
70 v/v % of THF, about 28 v/v of pyr, and about 2 v/v % of water, with the proviso
that the amount of water is at least about one-molar equivalent relative to the

phosphite derivative of 1I. .
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ZINON--"NL RO RS , HO4 -X 20V 1 X converting the

6- X' "-substituted nucleoside | X to obtain a 6-X"'- phosphoram date
nucl eosi Aw0I2010/075554 converting the 6-X"'-phosphoram daCca/useamesirsle |' to
t he phosphoram date nucleoside | (where R8 = OH); | wherein for the

conpounds VI, VII' X ]', or ', R1, R25 R3a5 R3b5 R45 R55 10 R6, R7,
RO, X and Z are ag &é@?ﬁé&%@?%ﬂ the Lot embagiment Telatgd 4p REDRHRE Hieoup
(preferably %Bﬁ))%ﬁﬁc%( s et Ot P R%@@s@%hiclﬁ%ﬁnﬁ%@m%ﬂgeﬂh@@d purine

4-chl oro- benzoyl), is a |leaving group, " is a group capabl e of
bei ng conver triglepsidOdprivative VidhadiaP@hecagsatti ng can be perforned in a

sol vent conpri sing, et hanel an t ratur at, ranges from about 0C
ip Lo about 78C. B bRt yPAT oE e 2en KRR Sbip bl e R RO 25C 1o
about 75Cs MypempRied B i8ir¥sted e Ho0REMAiEH SrigefeattithaBrepbudRC to about
60C. Most preferably, the tenﬁer ature is about 50C. The group capabl e of

bei ng conver teglepgdorerivetivy YHI wihpP(Varicaggnsgndyn angpe sgegem- al | yl . The
Goprt ot 9. Can OB S ASSRLL BEHCIRIFL oupbll ERCERSER R R ol 0ven
is OH said poegeasd Lokgircaed® a processwdae ¢congprizehadaatinpibl é@sipdeneler i vati ve
VI with a nucleophilic. reagent to produce a 6-X "-substituted nucl eoside
VERE nucleoside derivative VIII with a P(V)-reagent selected from among P(O)(Lv)s,
10  R’OP(O)Lv),, R7OP(O)(Lv)(N(C\ alkyl);), R"OP(O)[N(C . alkyl),], and an
amine reagent.
An eighteenth aspect of the tenth embodiment related to preparing the
compound II is directed to a process which comprises reacting the free purine
nucleoside derivative VIII with a R7OP(O)(Lv), and an amine reagent.
15 A nineteenth aspect of the tenth embodiment related to preparing the
compound II is directed to a process which comprises reacting the free purine
nucleoside derivative VIII with a R’OP(O)(Lv), and an amine reagent, wherein R’
is H, R® is CH3, R” is Mg, 'Pr, “Bu, or “Pn, R® is OMe, OEt, or OPr, R” is NH,, X is
F, and Z is N.
20 A twentieth aspect of the tenth embodiment related to preparing the 3',5'-
cyclic phosphate derivative Il is directed to a process which comprises reacting the
free purine nucleoside derivative VIII with a R7"OP(O)(Lv), and an amine reagent,
wherein R’ is H, R® is CH3, R” is Me, Pr, “Bu, or “Pn, R® is OMe, OEt, O'Pr, R’ is
NH,, X is F, and Z is N, Lv is Cl, and the amine reagent comprises triethyl amine
25  and N-methylimidazole.

A tenth embodiment is directed to a phosphite derivative of II represented by

the following formula:

R8
N~y
/4
T
R,,," O N N/J\Rg
Q/\gw
R7O/P\O\\ X

phosphite derivative of 11

2
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O R cr\c" NRO R5" ,Lev R6 Rix VI X" ZN 1 nucl eophilicON reagent R5 R6
R11045( VIl1' deprotecting the 6-X "-substituted nucleoside VII' to produce
a 6-X'- swbviwarssd nucl eoside 11X, X" Z )N 1 R 10----2C60NG0RI6HR39% Rua X

deprotection
wherein the phosphite derivative of II where R’,R% R’,R*, R’, X, and Z are as

defined herein. In a preferred aspect, the phosphite derivative of IT has R’ is H, R°
is CH;3, R’ is lower alkyl or lower cycloalkyl, R® is a —O(lower alkyl), -O(lower
cycloalkyl), or —OBn, R’ is NH,, X is F, and Z is N. In an additionally preferred
aspect, the phosphite derivative of II has R’ is H, R®is CHs, R’ is Me, 'Pr, “Bu, or
‘Pn, R® is OMe, OEt, or O'Pr, R” is NH,, X is F, and Z is N.

An eleventh embodiment is directed to a process for preparing the comound
I or the compound II, where for both R® is OH, said process comprising

reacting a beta-nucleoside derivative VI with a nucleophilic reagent to

X" Xl"
T e
0. N /J\ 9 nucleophilic O. N /)\ 9
11 N R 11 N R
R™O S reagent R7O o
N R6 R5\ R6

% Ot
RO X
vIIr

10 produce a 6-X"'-substituted nucleoside VII';

Y
deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;
Xl "

<
ZfN
v
¢ |N/J\R9

(Zf A
1 0NN R '
R O/\g deprotection Ho’m
W R6 _— RS\ R6
i s

N %
HO X

vir

15
converting the 6-X"'-substituted nucleoside IX to obtain a 6-X"'-

phosphoramidate nucleoside I' or a 6-X"'-cyclic phosphate nucleotide II'

X
\N /ZfN
L RS o <N | A,

N7 TR® z N
oq R
=px*x & %
o O X
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,JNT ), - HO--y 1\1----N RO RS i R6 Ha -X WVII'IX 5converting the

6- X' "-substituted nucleoside | X to obtain a 6-X"'- phosphoram date
nucl eosi AwO0I2010/075854 | *L N RN6--Th\T RO _Op 110 R4AOR2 ORCTHI$2009/069475
converting the 6-X"'- phosphor arri date nucl eoside |I' to the phosphoram date

nucl eoside | (where R8 rein for t 0 ﬁpr sented by
formilas Vi, VI1' Copyertipe %E-Dcﬁr X rphos Or?rgldﬁﬁéﬁlﬁiEOSI%'}p ﬁ%ﬁ% %géxc R3a is
hydr ogen, R3tbh'o %uc%ﬁﬁ@ H OWR! pidskidra@idate ﬁ&%@ld@ﬁd\ﬁﬁké‘ﬂ* drpdrs H R6
is CH3, RO is NH2, R' is a protectln group (preferably benzoyl or 4-chloro

benzoyl ), X ithke gyclixphpsphate, nuteotide 1D Bphere - siO§),, or -0-allyl, 15and Z is
N; wherein r ti n ca d al yant sC 51 Si ng
et hanol and at a t‘%%éélpé?ratﬁgc u@&ﬁegﬁ ’r]§{n t%Ef ]gc ’pIXt gﬁablg 78C.
Preferably, tiferl efp&raldu @feraﬁﬂgﬁt&dflfe%ﬁl abort R25Ca theotadipig tgr&gﬁ(pré\fwasly
preferably, t he terrperature ranges from about 40C to about 6 Most

preferably, thsazeyl péﬂpé}oé@@ﬁ@zqy agp snpre pesrabtli d-dlarapcazgydbXe ivd lagringg
converted to nl;Xn "aﬁ 8@1 D Qb@ﬁl%)éhnve%ed%'oﬁ allyl. The
S p%egohere n. ’

deprotecting gandccur as
A first aspect of the eleventh embodiment is directed to a process for

preparing a compound I, where R® is OH, said process comprising
10 reacting the beta-nucleoside derivative VI with a nucleophilic reagent to

produce a 6-X"-substituted nucleoside VII';

Xl"
Z Ay
f L ap
nucleophilic . O_ N N7 R
/\gRG

R! IO reagent RVO o
R5
§ § %
RI 0 X RO X
\% vIr
deprotecting a 6-X"'-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;

XHI XHI
Z
f L, ¢ f A
~
Rl O deprotection Ho/\OgN N” R’

Rs - RS R®
N ‘ 5 %
RO X HO X
15 vII' IX

converting the 6-X"'-substituted nucleoside IX to obtain a 6-X"'-

phosphoramidate nucleoside I';

X"l
V4
R3a R3b </ fj\l\
& =
N—P a RS
/ | N
OR* 2 OR! 0O X

20
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A fourth aspect of the eleventh enbodinent is directed to a process for

preparing a conpound I, where R8 is OH, said process conprising reacting a
bet a- nuclwosnta7sEsri vati ve VI with a nucl eophilic reageRrCTius2009/05adtice a
6- X "-substituted nucleoside VII'; x"x", VIVII' wherein X" is a group
capabl e of being converted to (H deprotecting the 6-X "-substituted
nucl eosi de VI 1" tc?OBY%H%g‘ea6Q§- >?h0§15§>5%§1@9&w§@0ﬁ§%féaéhl%@OPBéor%?lldarq RO R6
RS Rua X depeRb&at i pRndNRO NRE):RS" A R6 Ha -x  15VII"IX converting
the 6-X "-substituted nucleoside | X to obtain a 6-X"'- phosphoram date
nucl eoside I'; x", converting the 6-X''-phosphorani date
nucl eoside |I' to the phosphoram date 20 nucl eosi ¢ where R8 = OH);
R3a \R3b </ N
[l.0
N—P 5% R®
[ § %
R*O RZ OR!' HO X

wherein for the compounds VI, VII', IX, I', or I', R', R%, R* R*®, R*, R°,

5 R® R’ R’ X and Z are as defined herein above, R'! is a protecting group (preferably
benzoyl or 4-chloro-benzoyl, and more preferably 4-chloro-benzoyl), X" is a leaving
group, and X"" is a group capable of being converted to OH;

wherein the reacting can be performed in a solvent comprising ethanol and at
a temperature that ranges from about 0°C up to about 78°C. Preferably, the
10 temperature ranges from about 25°C to about 75°C. More preferably, the
temperature ranges from about 40°C to about 60°C. Most preferably, the
temperature is about 50°C. The deprotecting can occur as described herein.
A second aspect of the eleventh embodiment is directed to a process for
preparing a compound I, where R® is OH, said process comprising
15 reacting a beta-nucleoside derivative VI with a nucleophilic reagent to

produce a 6-X"-substituted nucleoside VII';
Xl"

XH
Z Z
(1 (1
O. ,N /J\ 9 nucleophilic O. N /)\ 9
O e O Le "
S 6 reagent & p
RS R — = g5 R
% § %
RO X RO X
Y viIr
deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;
X' " Xl "

deprotection
—_—

4 4
R5 W R6 R5 \\\ R6

% & %
RO X HO X

20 vir IX
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R8 wherein for the conpounds represented by formulas VI, VIiI', IX 1', or
1", R is phenyl, R2 is hydrogen, R3a is hydrogen, R3b is CH3, R4 is

-1 ower alWwQl20wo7s3sewer cycloal kyl, R5 is H R6 is CH3, ROTIGS20@694R is a
protecting group 5(preferably benzoyl or 4-chloro-benzoyl), Xis F, X' is
ad, X' is -0Bn or -0-allyl, and Zis N; wherein the reacting can be
performed in a solvent conprising ethanol and at a tenperature that ranges
from about OC up t&n@&ﬁﬁ%h%&ﬁ)(‘”%%itﬁﬁt%@lniiele(tﬁ"&‘e bemsyiah weexranges from
about 25C to about 75C. re preferably, the 10 tenperature ranges from
about 40C t o rhospiorgoidatcvuskcopdel'er abl y, the tenperature is about 50C. The

deprotecting can occur as described herein. A {ifth aspect of the

el eventh enbodinment is directed to a process for preparing a conpound I,
where R8 is OH, said process gonmpki sing ngﬁl ng a

bet a- nucl eosi de derivativg Vi h a gucl eophy | |<ﬁ a.glent9 to 15produce a
6- X' "-substituted nucl eosi I k' 2o crl\l”i-- N*LRO R5Ns , R6 Rl
id VI nucl eophilic reagentR ".N’_"ll)'**R5 ( ‘NR5 , 1.mR6 Rcif vx

R*O R2 OR! HO X

converting the 6-X"-phosphoramidate nucleoside I' to the phosphoramidate
nucleoside I (where R® = OH);
R8

wherein for the compounds VI, VII', IX, I', or I', R', R%, R* R*®, R*, R°,
10 R® R’ R’, X and Z are as defined herein above, R' is a protecting group (preferably
benzoyl or 4-chloro-benzoyl, and more preferably 4-chloro-benzoyl), X" is a leaving
group, and X"" is a group capable of being converted to OH;
wherein the reacting can be performed in a solvent comprising ethanol and at
a temperature that ranges from about 0°C up to about 78°C. Preferably, the
15  temperature ranges from about 25°C to about 75°C. More preferably, the
temperature ranges from about 40°C to about 60°C. Most preferably, the
temperature is about 50°C. The group capable of being converted to OH (X™) is —
OBn, an —O-silyl, or an —O-allyl. The deprotecting can occur as described herein.
A third aspect of the eleventh embodiment is directed to a process for
20  preparing a compound I, where R® is OH, said process comprising
reacting a beta-nucleoside derivative VI with a nucleophilic reagent to

produce a 6-X"-substituted nucleoside VII';
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A/ wherein X' is a group capable of being converted to OH

deprotecting the 6-X "-substituted nucleoside VII' to produce a 6-X"'-
substi t utwo 2010178541 de | X; X" Z\,(1.0NRO " R6PRINS2000594%5
deprotection X" | HOONRO HO -X 20

Xlll

ZfN

4

‘ 0) <N |N/J\R9
R6

XH
V4
(1)
O. ,N N/)\ RY nucleophilic
MRG

1
RO reagent RIIO’W
E— RS oy
RO X RO X
VI vIr

deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;

X"' Xl"
et T
N N
¢ ] ¢ ]
A A
R!! O/\OgN N” "R deprotection HO/\OgN N R
5\\‘ R6 _— 5\“ R6
R 11 § ¥ R § %
RO X HO X
vir IX
5 converting the 6-X"'-substituted nucleoside IX to obtain a 6-X"'-
phosphoramidate nucleoside I';
X"l
V4
(T
& O y
© 1o SNeN N NTR
N—P7 5% RS
/ | & %
R*O RZ OR' HO X

converting the 6-X"-phosphoramidate nucleoside I' to the phosphoramidate

nucleoside I (where R® = OH);

R8
Z B
3 3b 74 N
NG 0 ¢ jl\)\/J\
O i O_ ,N N
o
/ R’ $ % R
R40 RZ OR! HO X
10 1

wherein for the compounds represented by formulas VI, VII', IX, I', or 1T,
R' is phenyl, R? is hydrogen, R** is hydrogen, R*® is CH3, R* is —lower alkyl or —
lower cycloalkyl, R’ is H, R® is CH3, R’ is NH,, R'! is a protecting group (preferably
benzoyl or 4-chloro benzoyl), X is F, X" is CI, X" is -OBn, —O-silyl, or —O-allyl,
15 andZisN;
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I X converting the 6-X "-substituted nucleoside I X to obtain a

6- X"' - phosphoram date nucleoside I'; X' ZNa R" frOl NNP 1 | OOY1\1N RO
---  RAORZOCRO/ITRB4X 1' converting the 6-X"' - pRo3alseemnsvaat e

nucl eoside |I' to the phosphoram date 5 nucleoside I (where RB = OH); 0 NP
| 10 R6 j V RAOR2 H | . wherein for the co ounds rep nted by
formilas VI, VIl Vg%“@m%rea?ﬂﬁgman bRPCT QTR0 Bt ST ECRIEATOL RRshit &

hydr ogen, R3bd femp&iaRire Bt thgeMRom-abbut 0°CRIp toabdiit 78°C 1 Bhofei@blylfhe- 1 i X, R5 is
H R6is CH3, RO is NH2, R |s a protectlng group (pref erabl benzoyl or

substituted Bempoyluys raxgesfrem apouti2$°Cito about 75°C. omre)pref@gbiy Ith¢, and Z is N;
sher el e EREL RS, APl BRSO Bl F SR G, el e
t enper at use raMp@stitd RALSMBICC2The toporpapibld 59@61&@6&1\7[@&8& &rehl(xm ihe
OBn, an —O-silyl, or an —O-allyl. The deprotecting can occur as described herein.
A fourth aspect of the eleventh embodiment is directed to a process for
preparing a compound I, where R® is OH, said process comprising
reacting a beta-nucleoside derivative VI with a nucleophilic reagent to

10 produce a 6-X"'-substituted nucleoside VII';

Xl"
Z
f A, ¢ f A
nucleophilic RIIO/\-CZN N/ R’
R6

R! IO reagent o
R5
s‘" § %
RI 0 X R0 X
\% vIr
wherein X" is a group capable of being converted to OH;
deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;
X' " Xl "

ST, Lo ST,

R!! O deprotection
_ =

\s‘l st
RO X HO X

15 vir IX
converting the 6-X"'-substituted nucleoside IX to obtain a 6-X"'-

phosphoramidate nucleoside I';

X"l
Z B
3 3b v N
0 RN 0 0 < | /)\
o e
A O WA
R*O R2 OR! HO X

converting the 6-X"-phosphoramidate nucleoside I' to the phosphoramidate

20  nucleoside I (where R® = OH);
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15 tenperature ranges from about 40C to about 60C. Myst preferably, the

tenperature is about 50C. The deprotecting can occur as described herein.

A twel fthwerbudi7atsat is directed to a process for prepaPChgSaoeongEeiind |

or

conpound 11: said process conprising: 20(a-1) stereosel ective reduction of

a protected ribonolactone 111 using a hydride reduciqg agent O Rl lcri

R5's LR6 RI 1d11')( IIl to prOV|de a bet a- Iactol lvative of 1V, 0 CH

RI1"r"---Tht.c Nr R5 L.R6 Riictt' x lv é; gosel ective

conversion of the |actol der R tRve using a rea obtaln an anoneric
O 1) sger ve Noumflng of the

al pha-derivative V; 5
anoneric al pha-derivative wifh a puripe Q@S or.r® derivatized purine base
using a basic reagent to pg

uce]@ beéﬁrnqggeoskde derivative VI; X'

Rlcel9RN6 R5Ns Ruct

10

15

20

1
wherein for the compounds represented by formulas VI, VII', IX, I', or 1T,
R' is phenyl, R? is hydrogen, R** is hydrogen, R*® is CH3, R* is —lower alkyl or

—lower cycloalkyl, R’ is H, R® is CH3, R” is NH,, R'! is a protecting group

(preferably benzoyl or 4-chloro-benzoyl), X is F, X" is Cl, X" is —OBn or —O-allyl,
and Z is N;

wherein the reacting can be performed in a solvent comprising ethanol and at
a temperature that ranges from about 0°C up to about 78°C. Preferably, the
temperature ranges from about 25°C to about 75°C. More preferably, the
temperature ranges from about 40°C to about 60°C. Most preferably, the
temperature is about 50°C. The deprotecting can occur as described herein.

A fifth aspect of the eleventh embodiment is directed to a process for
preparing a compound I, where R® is OH, said process comprising

reacting a beta-nucleoside derivative VI with a nucleophilic reagent to

produce a 6-X"-substituted nucleoside VII';

Xl"
Z
f L (1
nucleophilic RIIO,\OgN N/ R®
R6

R! IO reagent

'

R5
s § %
R”o X RO X
VI vII'

wherein X" is a group capable of being converted to OH;
deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-

substituted nucleoside IX;

X'" X'"
(X X
1 N N/J\R9 ' O N N/J\R9
RI'O™ deprotection HO/U )
—_— 5\
5 % & %
RO X HO X
vII' IX
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VI 10(d-1) reacting the beta-nucl eoside derivative wth a nucl eophilic

reagent to produce a 6-substituted nucleoside VII; Rl 10M' R5'' R6 R
Id.x VIl WO 2010/78552) deprotecting the 6-substituted nuclPevdisd@9oe4ps oduce a
free purine nucl eoside derivative VIII R8 15VIII (f-1) converting

the free purine nucl eosi de degj,vative to its.correspondi ng,,,
5' - phosphor ami dat é’oaié?rfl(}%ﬁ\e\fggd -Sgpstitute nuflagsi‘;e {?éfﬂfg%tﬁlpﬁgég%(hé free purine
nucl eosi de dejhio¥HordRidh@ dubRo&GAE 1responding 3", 5" -cyclic phosphate

derivative II'; or 5(d-2) reacting the beta-nucl eoside derivative with a

nucl eophilic reagent to produce a free purine nucl eogi de derivative VIII;

R8 vm (f-2) converting the free purine nugl Ege derivative to its
) converting the

correspondi ng 5' - phosphor ani 8&: gRﬁeri ative | 0t<’1 (9
free purine nucl eosi de dePinatid toﬁtsO ‘ dAdrag &, 5' -cyclic
phosphate derivative I1; or N-+a-Pife alt\er patsi ve for the preparation of
the conpound | or the conpg d IIR’2 anﬁle 19(5 béth R8 is CH,

lV
converting the 6-X"-phosphoramidate nucleoside I' to the phosphoramidate

5 nucleoside I (where R® = OH);

R8
z X
3 3b 74 N
% <f B\
0 " Q O NN RO
}\I—P RS\ R6
§ 3%
RO RZ OR! HO X

1
wherein for the compounds represented by formulas VI, VII', IX, I', or 1T,
R' is phenyl, R? is hydrogen, R* is hydrogen, R* is CHs, R* is -Me, —Et, —"Pr, —'Pr,
—Pn, or
10 —Hx,R’is H, R®is CHs, R’ is NH,, R'! is a protecting group (preferably benzoyl or
substituted benzoyl), X is F, X" is CI, X" is —OBn or —O-allyl, and Z is N;
wherein the reacting can be performed in a solvent comprising ethanol and at
a temperature that ranges from about 0°C up to about 78°C. Preferably, the
temperature ranges from about 25°C to about 75°C. More preferably, the
15  temperature ranges from about 40°C to about 60°C. Most preferably, the

temperature is about 50°C. The deprotecting can occur as described herein.

A twelfth embodiment is directed to a process for preparing a compound I or
compound II: said process comprising;:

20 (a-1) stercoselective reduction of a protected ribonolactone I11 using a

RO 00
MRG

S
5
S

%
RO X
1

hydride reducing agent
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(d-3) reacting the beta-nucl eoside derivative VI with a nucleophilic

reagent 15to produce a 6-X "-substituted nucleoside VII'; X" | NNI'N RO
| 0oTh/ C) \\WORB10M5535A R6 Ri t ct (h-3) deprotecting tReTASX00906u4B5t it ut ed
nucl eoside VII' to produce a 6-X"'- substituted nucleoside VIII'; wherein
X' is a group capable ing c vertedt OH, x", Z1, A(N6 NR9 Ha -x
20V 1 I (it OQFOVé‘EFnQ/E?t??ar‘P q%ﬁ’@"@“ﬁo fI¥ubstituted nucleoside VIT1' to
obtain a 6-X''- phosphoran dat e nucl | oar a 6-X""-cyclic phosphate
nucleotide Il' z,)N a R36 fr0Ol *L- (eﬁikg P/R R65I
R”O %

v
(b-1) stercoselective conversion of the lactol derivative using a reagent to
obtain an anomeric alpha-derivative V;
5 R®
R A
RO X
5 A%
(c-1) stereoselective coupling of the anomeric alpha-derivative with a

purine base or a derivatized purine base using a basic reagent to produce a beta-

nucleoside derivative VI,

XH
Z
¢T X
W RS
R Py
RO X
VI
10 (d-1) reacting the beta-nucleoside derivative with a nucleophilic reagent to
produce a 6-substituted nucleoside VII;
R8
Z N

il
(e-1) deprotecting the 6-substituted nucleoside to produce a free purine

nucleoside derivative VIII

R8
Z
S
~
5% RS
R ¢ )
HO X
15 VIII
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l,t RAOR2Z OR Hu X I'1l" 5(j-3) converting the 6-X''-phosphoram date
nucl eoside |I' or the 6-X"'- cyclic phosphate nucleotide Il' to the
phosphor awDaatw7sisel eosi de | (where R8 = COH) or the cycleCe/ysha9pbars
nucl eotide Il (where R8 = OH), wherein X is a |eaving group; wherein X" is
a | eaving group; erein R is protecting.group; .and X" is a group
capabl e of being ggg‘ﬁ@er?@?ﬂerpﬁgi ?ee@F‘FII?F?Wlégﬁﬁ%‘o&ﬁg@“ﬁ @d%?rct%reﬁi?ng’r?@
processes di sg),as8Honaligitld dafi@uteghbyl for the 15treatment of any condition
the result of an infection by any one of the follow ng viral agents:
hepatitis C virus,(gVdstconvéreing theusse ppeink owclesidy dariveties todsgpoeresponding
r hi novi rus, hj 0 Yi rHs hte at.i tti S ,[A virus, bovine viral diarrhea virus and
Japanese encep it 8 %ppﬁg. e%%gael,’oﬂdm nistration, and Use 20l n a
thirteentls enbodi nam), redginkAvehitd-aiclbssideedetibvethd Witk ©OOBOSHilié RAgEMAo t he
treatment and/ or pr%phyl axis of any of the viral agents using conpound | or
|1. Possi bl e nipduge afepsriusing gusloerede datvadye VRt |inmited to: hepatitis C
virus, hepatitus B virus, Hepatitis A virus, ¥ést Nle virus, yellow fever
virus, dengue virus, rhinovirus, polio virus, |bovine viral diarrhea virus,
Japanese encephalitis virus, or 25those vj% bel onging to the groups of
Pestiviruses, hepaciviruses, or flavavjr Lk the fourteenth enbodinent,
a preferred conpound of fornula HoTSye sentNed Iﬁy conmpound 11, while a
preferred conpound of formula Il ig5r} Bent ed by conpound 17, nore
preferably Rp-17. An aspect got t*%i s enbodinent is directed to a
conposition for the treatnment of any of the viral agents disclosed herein
sai d conposition conprising a pharnmacewuti cal |y acceptabl e medi um sel ect ed
from anong an excipient, carrier,_ diluent, and equival ent. nmedi um and
compound T or 11, (57he OBHIHURE FGrPUFRC pitgiopady %aaaaﬁf‘d@m PTEHRREIS ed i n
a w de vari ety Qb Abamiddouliskhali,pn dosage fornms and carriers. O al
adm nistration can be in the formof tablets, coated tablets, hard and soft
gel atin dépsul es, (g8))utdoongtingthel fsieqrusine syelapsde darivetrep@ntsi ssponidmg
conpound | or,, L] is efficacious when adm nistered by suppository
admi ni strati ogrfl5 %Yr?@ﬁ@fl%stpﬁgt? dreg?ﬁtggﬁg’foradm ni stration. The nost 10conveni ent
manner of adm ni stih@id Hitriadive Eah@plcparatioh ofiht REMPoGRAINVEThE Bdmp@IndIdosi ng
regi men whi ch can be adjusted according to the severity of the disease and
t he patient' swhasefuboth RoistHe, anti viral nedication. The conpound | or
I, as well as th hfs)p*}%£c%§‘%1’ti’et bR A AFERL ARG éf"wﬁtﬁ’a &u%%‘égﬁiﬁé Hghf} one
or nore conventional™’exciplents, carrrers, or dil uent s, nay ne

15  to produce a 6-X"-substituted nucleoside VII';

XHY

vIr'
(h-3) deprotecting the 6-X"-substituted nucleoside VII' to produce a 6-X"'-
substituted nucleoside VIII';

wherein X" is a group capable of being converted to OH;

XY”
Z Ay
¢
HO O N N/J\Rg
RS\\\ \ R6
HO X
20 VI



15 placed into the form of pharnmaceutical conpositions and unit dosages.
The pharnaceuti cal conpositions and unit dosage fornms may be conprised of
convent i on@l0iogssdi ents i n conventi onal proportions, WPCR/US200R0693GRIt
addi tional active conpounds and the unit dosage fornms may contain any

suitabl e effective. unt of. the act,ve ingredient c nsyrate w th the
htended dai ly dodige FaRygtse Hed-Be-whpl By aau snu TR At B4r
conposi tions ﬂlﬁv\%plﬁ)@arﬁi@me%_@féoﬁ% PQrladsx"syehc AfoshRAE BEQc@ldel | ed capsul es,
sem sol i ds, powders, sustained release formulations, or liquids such as

suspensi ons, enulsions, or filled capsul s for oral use; or in thie form of
suppositories for rectal or vagi nal Intgtration. A typical paration

will contain from’ bBﬁlbt 5% to about @50 acfive compoungsor 60 ounds (w w) .
25The conpoun®{_g | caij bg Loters sone but wiitOgeNer P?Rﬁbe

adm ni stered in Aadm xtNFePﬁtllgs\“b e /ogs nore suitable qpha mageut 1 cal

exci pients, di k%-)nts R@ c%\[i eﬁg" seélected with reg@r:/qfibé tgﬁ i nt ended route
of administration and stantard pharnaceutical prad®ce. A pharnaceutically
acceptable salt formof an active ingredient may also 30initially confer a
desi rabl e pharmacoki netic pr opertkl on the active ingredi entwhi ch were
absent in the non-salt form and may even positively affect the

phar macodynam cs of the acti vefhifﬁncgredi ent with respect  to its therapeutic

activity Pn the bdiy) Servating Xephosphosgidatgdugleasidg brordheomie,
powders, tabl ' " @fb%' i ' L hle _granul es.
A solid carr ic?%ﬁ%@shgﬁgﬁgﬁgé%ﬁgrtgﬁfg& stglﬁ]dgéﬂélﬁﬁ ei@%ger?gfgégl%ég&gﬁ as

di l uents, fl aVidy omnie ageitphosgnkahicldoride 8, (whehrRa@id, suspendi ng agents,

bi nders, preservatives, tablet disintegrating agents, or an encapsul ating
material. In powdeVECIRRE 1S4 RAYI8E Sf¥eral 1y is a finely divided solid which

is a mxture W th fQg.hixngly 1divigdgdufict i ve conponent. In tablets, the
active component gener al llil' I's mxed wth the carrier having the necessary
B

bi ndi ng dflpacity Mharcisli t sl poroppgouprmdand conpacted in the shape and

size desired. Suitagble carri er% i r}g)l ude butrtesre g) limted to nmagnesium
carbonate, ragnesiunmSst @8pRPableHt being ponyertedta sl nactin, dextrin,

starch, gelatin, tragacanth, methylcellul ose, sodium
car boxynet hyl cel l ul ose, a low nelting wax, cocoa butter, and the |iKke.
Solid formpreparations may contain, iVWHddiMion to the active conponent,

I , 15f| N 1 fLelal d
vt aner s, i spercamRanar hibEADy P hsFhRss Adsh Bin BORIRIBERG e

Exanpl es 16f sedatrflerft OF By edridirivs tAe ecsad efph Infféctidniby al 005 8AHE oldkang vaab, 278,
US 2007/ 0099902: US 7, 060, 294: US 2006/ 0188570: US 2007/ 0077295: US
2004/ 0224917 :22eR8s 7 hopsitis §gvirussWasoiS o vy yelow & ver visus, deie ilgss. 294, 192: US

o, 645, 528, U3 Ereas B VU S0U3H 0 150RRn ot SO0k B sd s Bk s8B8r0sar 1o,
US 2007/ 0026CA8¢phabti?0iony. 0059360; and US 2008/ 0014228, each of which is
i ncor porated by reference. Liquid formul ations also are suitable for

oral adm nistration include |iquid formulation including enulsions, syrups,
o i rs and. A eidiiERE a3 Gheoe

20 In a thirteenth embodiment, the invention is related to a composition for the
treatment and/or prophylaxis of any of the viral agents using compound I or II.
Possible viral agents include, but are not limited to: hepatitis C virus, hepatitus B
virus, Hepatitis A virus, West Nile virus, yellow fever virus, dengue virus,
rhinovirus, polio virus, bovine viral diarrhea virus, Japanese encephalitis virus, or

25  those viruses belonging to the groups of Pestiviruses, hepaciviruses, or flavaviruses.
In the fourteenth embodiment, a preferred compound of formula I is represented by
compound 11, while a preferred compound of formula II is represented by

compound 17, more preferably Rp-17.
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25i ncl ude solid form preparations which are intended to be converted to
liquid form preparations shortly before use. Exanples of liquid formnul ation
are exenpwpR208d75554U. S. Patent Nos. 3,994, 974; 5, 695, 782CTAISA008/0689475 257 .
Enul sions may be prepared in solutions, for exanple, in aqueous propylene

gl ycol solutions of may contain enul sifyjn ents such as |ecithin,
Sorbi tan monool eat’eh SPLCERIAR: SmoARRsBLY HETeE da rePBANRERT B eEpdHed by
di spersing t heah{ Beint Havhgiad cﬁ&ﬂés%@_h@&[ﬁ)ﬁ'f@éﬁmﬁd%it%tc%hlp\ﬂsfn? avi scous

material, such as natural or synthetic gums, resins, nethylcellulose,
sodi um car boxphaemdpghigelly wcespablamddiohssteciad frork amang suspapiditgaragent s. The

conpound | or .11l may be.independently fornul.ated for adm nistration as
supposi tori esd.llu W 8%(} ?Pé‘l“ﬁlﬂg%sg m %%%%O%Ougdﬁioﬁ{lr e of fatty acid

gl ycerides or 5Scocp daeiposid I &r T haf bablitgAdants) fohauRediiN @ vGeIPATENLS | S

di sper sed honogeneously, for exanple, by stirring. The nolten honogeneous
mxture is tHep adgunisdation dosegsnioans ant cagiiotad OngllagBunigirationedn be itdel , and to
sol : d! fy. Th%oﬁﬁ g?%'ﬂ[%%, lcoa%(% {able@ﬁaﬁ%nhggﬁ%gﬁgﬁ @Ilﬂs%le]csosrom‘uogg ee%Jlﬁanvag' nal
adm ni stration.” Pessarres, tanpons, creans,” gels, pastes, foanms or sprays
cont ai ni ng 1Gyrupadsh submensions.t Tiee atiipouad il vg I Edicéidacouc Wheandmiscras bar e
known in the art to be appropriate. Certain of these fornul ations may al so
be used in coHPRAFEPIOHIHNISHAGOL 3HQBEPHICE FPUss alirdmatistratios pdpaimastal agent .

Sui tabl e jjpor %h@éﬂi&ﬂ_ﬁg@bw aftbdifts gé‘cﬁ{n@gﬁ'éétrésl@?dra%ﬁﬂ ' a%o?weﬁiehtud%ﬂgs and

exci pients are descri i n Rem ngton: ience and Practice of Pharnmacy
1995, 15edi t ebbsimg régimdh wielt ¢an, beMdpistcdubtardmigrig tiGowpanty of IiRtdiseash aridon,

East on, Pennsyl vani g, which is hereby incorporated by reference. A skilled
formul ati on b BAICE et g HEN RSHGRHER 1 ons wi t hi n the t eachi ngs of

the specification fiR RLPSLLET BHIEROWSI] ta@fhlaylpﬁamguﬁ&nyac&gfaﬁolecwt@,r route

of adm nistration without rendering the conpositions unstable or

conpr oni si ng togesher witeermpeEunére camvantipnal exQioldti ¢aroeral dndiluchts, pay bé i ed

conpound . or_,I] be.i nd ndent | ormul ated in conjuncti-gn with
O omad Sor s Y R oA RRRSE L eal SETRGRRS abLuEPRREES IR 1he
purified communifiscetacul BempevitidtsahgdnitAosuorERMS masbelicspasadfi n U. S.
Patent Nos. 5,013,556; U S. 5,213,804; 5,225,212; 5,891, 468; 6, 224, 903;
6, 180, 134: 5, cpgycriiggal iggrgdigntp7m conyeniqnap gempogiops.avitisor withow addigiondo:

5 277 014 5. £18 EMEpouZi B inic Soglls (G mby ARy s@BletiRhie
AR TRt Al otttV o
i s conterf att%&eFﬁ@wy@ﬁeTbapbafm@ag%ﬁwamgiﬁeaﬁnﬁ@ be sl auselks S Uehnner

as di scl osed jsRahhtsor RALE sl S serafi8lidd PoR8ss Adtamcd $diedsBFornARithbnlf orhi ch

are incorporated by refere
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).

25 The compound I or II 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
30  initially confer a desirable pharmacokinetic property on the active ingredient which

were absent in the non-salt form, and may even positively affect the
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The fourteenth enbodinent is directed to a use conpound | or Il in the
manuf acture of a nedi canent for the treatnent of any condition the result
of an i nfwotnw7iss4any one of the followi ng viral agent $CThESp@YI69435 C
virus, West Nile virus, yellow fever virus, degue virus, rhinovirus, polio
virus, hepatitis A virus, boyine.5viral. diarrhea virus and Japanese.
encephal i {15 RAFUASOMY ROl e At R CRiBbHITERPCct 10 iy WEEPPReE COMIBiMd of
formula | istﬁggd;(g,sent ed by conpound 11, while a preferred conpound of
formula Il is represented by conpound 17, nore preferably Rp-17. The
term "nmedi cament” nmeans a substance used in a nethod of treatnent and/or
prophyl axi s of a sahidderm preparaéigns ineludeffor owarnde. powderssigbktsanidle, i ncl udes,
but 10is not limted ta.. a. conpositi formyl at.i - 0 form and
the 11k, " corSPILFhE 8 iBisRa R Birhble e 8N BBt RER e hE Lot
any of conpoungtelsubtarcks Whichheaydsicaas dilgenes, flaveragh paniNolutfildferd, he
treatnent of any of the antiviral conditions disclosed herein, either alone

or in conbi ndtPEHRNGH SusPeHBRSEICIE MBELH dDTCRT YASY D AdRieftdiTipegigHBS a8Wi Of s not
limted to, \ . i {d 3 -t nt h
erbodi ment . AL SL R R B R s R R b OB | PR
and/ or prophyiazh & d mixaurs whjhetht finalynkreaded feive cbmpandaht.nbt tabldtscthepriises

adm nistering a therapeutjcally effective anount of any of cqnpound.l or II
to the subj ecCPmPPHelttrgén?rﬁl:lﬁf Bdh ﬁ‘?@’ﬁ‘gdﬁﬁ %ﬁ?ﬁ?aé(_“’@rtg? 8?96&?1'563%186]@&&1’%9!‘”3’
formula Ijgi s iﬁ“s‘@i‘ia@ﬁ@&b?@rti%ﬁs 24 SRARRKAGn Ik shibd 4ift s@zoodeﬁlfr@d.rﬁﬁtaﬁ%”pound OI

formula Il is represented by conpound 17, nore preferably Rp-17 I
is intended tdamicrainshidi dot arc mohkemded tvemegfesiug Gmeonattatmagassiamyteamtndi t i on

the result of _an infection by apy of the viral agents disclosed herein,
wht o' nol uddale e FEtgrhodtn e shrfo b R, PeS@TER e VT s,
yel l ow fever gstfudScarb@GmetiiEdilosd D loki MOlYihE tkiax, QLA Butvdr! M) thBERAIANIdS A
virus, bovine viral diarrhea virus or Japanese encephalitis virus,
fl avi vi ri dae foim psweraspnpaey coitpinsesadditiondp disi agtive s@Bp@ieny coloralts, agent
causi ng npt equy .y t cor I n ve-1i
Viruses, T8 RBRbiNE SR, SRR IR udy ShtciRler dRpERRAE hiGBLRR,
not limted tsolubilddingd saenpi @8 ths NikepExahplekefsoliddokeyatidyfatad@mpllifiadtn
ostrich, dogs, cats, and humans, 30 gref erably the subject is a human. It
i's cont enpl atlRI0OIHAY%1 AS 61683 et Higdl 209 7/P0BROL S 4.069uA9 b 2060815785 ¢ he
fifteenth emtodbgenio£Anses ahypisdohs GOTRRURGS. GOnbERHA0F DST el N,

er conp . e term

is

either alone or 1n conbination wth anot oun
"t herapeut i cal,267, 885 &St 6,24, WK 6,56%468% &8 6162088 ; ERDAAN0348dUNIS r equi r ed

Sadi ust eq% o CHE TR G RETE el ks GRS s P oSt 70

dosage can varyswol&i 1%, WisdR)okiowk & 51 0d eRET7 02 603N USLR WS 9o3 G Ll §issuch as
the severity of the disease to be treated, the age and general health

condi ti on of 2008/0044328ntachaxf vdvichms dicoapreaicd byir¢threnbd.ch the patient is being
treated, the route and formof adm nistration and the preferences and

R R L e R
in between, syghulasoDindRiding®nl06ns, ByrAPS clilir®htbaquledlsuspensions. These
25  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
emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous

30  suspensions can be prepared by dispersing the finely divided active component in

water with viscous material, such as natural or synthetic gums, resins,
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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, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, and 9.5,
per day swoubth/disssappropri ate in nonot herapy and/ or in ©CWRRISA@I06937% her apy.
A particular daily dosage is between 15about 0.01 and about 1 g per day,
including all inpcr ntal val ues of i.e. 0 i n between, a
proferred daimTAsa g catsiim 6o Pumchapeliby: gmbotéafrg%l&@%wpmdg%rab| y
about 0.01 a e@@put 0.6 g per day, and nost preferably about 0.01 and
about 0.25 g per day, each of which including all increnental values of

0 01 g in between. Cenerally, treatnment is initiated wwth a large initial
"l oadi ng dose" to Horcapinghyd F edllgeaibe aidrpandently foraulatodifer 4dsninsikien &y a

decreasing t 0 eve suf nt 1t o t he

i nfecti ong hs p]g?&tgrl%is njgrléyW ll Y 'Eélrlqgla 5 nrgl lilrgeggaett % %lgg%dg ﬁlrer ein wll

be able, it m@u@a outebid & mm&néneﬂidaht activendmpdndrelid @iRsescdrhopRipgdiddably,

know edge, experi ence and the disclosures of this application, to ascertain

a t her apeut i d8T $XpnEHe. dytsfirangankiernolim homozsbrays myture Srthagtquredigiceof or

25t he CO”POU'L;B Ldni s&@%btl&keﬁl?&%cm cobl, ghd’%’koﬂhﬁfase and patient.

Ther apeutic e Fi cacy can be ascertalned’fromtest l'iver function

including, but not limted to protein |levels such as serumproteins (e.g.,

al bunin, clotting Tlesoomrspndl kallimay bﬁlmdpﬂwﬁamsz fomrilltatﬁirfaln‘sefgéladises (e.g.,

al ani ne transamni.nase, artate transam nase? - nucl eosi dase,

y-gl utam nyl t Eﬁ%téiﬂqnd}gésanéﬁ APPONSy HEHBY IS Ssbasf:ﬂs PP PGBRTAYS %%Wﬁ“?f&%u s of
chol estergl , iARAdiEYAINGS 'a§t1x€éf inBlciRnBGIcHTarrRrd 4sVRE khBIRROhE Grifidipet i on,

i ncl udi ng, but not Iinited to, carbohydrate netabolism amno acid and
amoni a met abopiopmatcAlGestamaaf] th@ﬁl@;fomméattdi@mwealmhﬁ@ﬁd reanVensien widna be

nmoni t or ed byOn asur{hn(% % ?NA dalesultts of these tests will allow the
dose to be opct Yiode 2 %ep of Et'he fifteenth enbodiment is
directed to a nethod of treatnent and/or prophylaxis in a subject in need
thereof said net hagli@bkEoinsesticAng witlephat@atautitdleasithy, ddlticras and

t her apeutically,. effectl ve anmpunt of a conpound represented by any

conpound | ( pREMENEATY %ﬁbefhﬁﬁf?wg’@ﬁ {he @%%ﬁ@ﬂé@ﬂ&cn%ﬁﬁ%wmaﬂ 19%re
pref erably EN RAwA NTOEH b hih ]ﬁi&tn Ve aRRYaL ©ftgnot her
antiviral BSagR%rclit Za‘v\ﬁer g?n algﬁ'%£ n]icf@tsra &ion sslcg)ncgglr gn’t osr(ﬁlal ternative.

It i s under stReadsylveata, mncltusrhmrebgnmqmrabd by nefticues. adlskitled foratulavioncan r ange
get \Al\fleeg 1624f%96g?5[£§1?ay11@0(111§31the clu @gt?on% 1thimjﬁ16r an %gls rolﬁ_%ets\év%g %{gglﬁgdl gg 2
and 23 hours. pr0V1de nurﬁ&%ﬁpkcﬁrﬁlupjtlonﬁﬂﬁta%ﬁlc%[ﬂr'r(‘/dté af adaRMratibGieq, but are
not limted to: HCV NS3 protease inhibitors (see WD 2008010921, WO
2008010921, EPnde8BEOIIONWOSRDOT0188Hd or WDNROOTINARE, thandp<R00 ?@1\4@2 6, WO
2007014921, WO 15 2007014920, WO 2007014922, US 2005267018, WD 2005095403,

WD 2005037214, WO 200409445 200364 2005028502,
and WO 2%@3006490)&%@?3@% %blpn ﬁ “?‘égé’rﬁgm%ggg”fég%ﬂeﬁ 20072759300,
2007095269 fomwama&@@mtmmlﬂﬂqmaﬁeﬁdr mMEIA00TDB63sorklS, 2GO5- 98125, WO

2006093801, US 2006166964, WD 2006065590 2o WO 2006065335, US 2006040927,
US 200604089conigniaebthabihe purifies coroemmsls v@ bapormpptianeamanngsis 005154056,

0 2004002940 VB 3064000RRE: Mib 3005205070 VD S00IGTOTAT. WD 2002087425,

WO 200205728 74,8MR6X00BDRLAB6 S, 1 SWD3200) 4921349 B,3165 7200692983 363 76128025

2008103045, TSI I09 14305 e oo 0BN00t ah B S SG0S08E05) T Ak Nee

I nhi b 2
o ST RIS R PO s 8%5%862562??

Tol | -1i ke recefier7%gdnBSes; (2¥eNS; POOBGIBI0TI0.92MmdndbR&H, 37 hhiabh bbrs 30

see WD 2004035571,. WD 2004014852, \WD,2004014313 2004009 VWO
(2003101993, @bb*da%g‘f@% NG CEB ot S MY EY: 6@&801?%“1?}&%% tgagﬁq%%t

Appli cation Nayifitd/cOmgo@dR caf bé EFmMBItEin2lmadRP8s (k165N et mut&f NI ch are

30 5,145,684 and 5,091,188, both of which are incorporated by reference.
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i ncorporated by reference), interferon-a, interferon-, pegyl ated

interferon-a, ribavirin, levovirin, viramdine, another nucl eoside HCV
pol ymer aswoi2atwdisisar, a HCV non- nucl eosi de pol yner ase i RRTRiSe@9/0687HCV
protease inhibitor, a HCV helicase inhibitor or a HCV fusion inhibitor.

5When conpound | I] is administered in conbination w ot her
antiviral agent t?ﬂé‘.eéjeﬁt?ﬁn_f “TH “B‘Sntilﬁélrr%cégfgﬁ ao‘\‘lgércoflﬁgurﬁ;f%’;ﬁl’&ﬂﬁpound.
Wien the treahfRifcthe of @HRIdRAkeANok RRY BRYmer UE BnPESHdNiH thatdsQl ofBY be
concurrent or sequential with respect to that of” the nucl eoside

derivatives. ihfSoneuby emt orxdrfithe &tlloatinvital agenisebicrfattie CrvitdsuW chtridilerdiess,

adm ni strati onﬂof fthe a&e%s at. the .sane 10 1ti e o]ig a%.t.d%f f.erebnt .times.
Adni ni stratioff OF 'TWE YOForoEE” Agent SN AT PhE Qa8 LN WESathiEved by a
si ngl e fosnuliatal @rGEeMNV ik UindJabamRsOn OPHEitia & 1riy, eni thg FReiceith Snodddent, a
substantially simnultaneous adm nistration of two or nore dosage forns with
a singl e act invefeggépempoyndgfifprnyda I deprssandrsl hyheampoand ddnwbide hpiesrredt o

. e o
condi t ons. - FoRTRERA AP BRI FeReRRhy etiod B T pbl KRR B172C" cod

herein, also includes treatnent or prophylaxis of a disease or a condition
associ at ed wi t h orTheadinat meddibymdCVmicadsecdubstancearsed rea alethoid @dtrestynmaat ons

t hereof EXAMPLES 20A further understanding of the disclosed enbodi pents
will be appr e@eﬁéﬁwmﬁw {2 tupIgE B thf%egfvmqr%w%"@am leg?lg%hg@h are
onl'y meani t qs ke ihhiPio! #brkfosi i a Ml a Uil angthlpyent fon. R
10 R 1 OCB F 3, X=404, 1 =Bz 4a: X = Br, Rl1 = Bz 4b: X = Br,
R11 = 4- Cl - BxoBpriXingzompoRidl er Bz IRs TonteBpldtat thatRld use ¢f any ©f compportill =
4-C-Bz  2a 0'?11} inzthg%nanufacture of a medicament, for the treatment of any of the antiviral
conditions disclosed herein, either alone or in combination with another compound.
A medicament includes, but is not limited to, any one of the compositions

15  contemplated by the thirteenth embodiment.

A fifteenth embodiment 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 any of compound I or II to the subject. In the
fifteenth embodiment, a preferred compound of formula I is represented by
20  compound 11, while a preferred compound of formula II is represented by

compound 17, more preferably Rp-17.

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,

25  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,

30  preferably the subject is a human. It is contemplated that in the method of treating a
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2b: R11 = 4-Cl-Bz 2a: 6a: R' = Bz 6b: R' = 4-Cl1-Bz 7, R8 7a, RB = -01
8, R8 = -N(-CH2CH2CH2-) 9, R8 = -0Bn /10, R8 = -OEt \ 15 R7 = Me, R8
- N( - CH2CHaQHRBt0)07364 R7 = Me, RS -0Et 17: R7 = i Pr, RBPETABENIDEMTRT =
cBu, R8 = -OMe 24: R7 = Tn, R8 = -OM 11: R4 =iPr, R8 = -OM ha: R4 =
iPr, R8B = -0Et_ Jib: R4 = iPr, R8B = -0]1)r 12: R4 = Me. R8 =

N(. GHoGroGHRMIecteregfoahefifigggh EmbFcn o g OT R Coppoundicyy Rp =

N( - CH2CH2 CH2-ghnentpted herein, cither alone or in combination with another compound.

Pr

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
5  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
10  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, 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
monotherapy and/or in combination therapy. A particular daily dosage is between
15  about 0.01 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
20  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 compound I or salt thereof or

25  the compound II or salt thereof 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 (¢.g., alanine transaminase,
aspartate transaminase), 5'-nucleosidase, y-glutaminyltranspeptidase, etc.), synthesis

30  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
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The use of the convergent glycosylation route to prepare

2' -deoxy-2'-fluoro2' -C net hyl purine nucl eosides and their correspondi ng
nucl eot i OR0WHMOSIHOr am dat es canme about with the devel GpwaSR009f0694ME

synt hesi s of 3, 5-di-0Obenzoyl- 2-deoxy-2-fluoro-2-C- nethylribonol actone (I a)

(Chun, K. ; ng, P. .In 006/ 03 5 An alternative conmon
it er e at o Banaring HGY-BRG fﬁ%&fﬁula%ﬁzt%ﬁeﬂ%vwﬁ%ww A 98 BrlSuced
ei ther by dehgmaaydg@ati on of IatoformthelnternedlateIactone diol, la',

foll owed by 4-chl orobenzoyl ati on, or by 10substituting 4- chlorobenzoyl

chloride directly to react with |a'. An unexpected feature of the

3, 5-di (4-chl oro- be%f@laal@@mfthﬁﬁ@ﬁﬁﬁhlﬁ@b@@m@ttsr@iecﬁeﬁéyaﬂ@ﬁ@dtﬁ have better
crystalli ne ﬁ{&ﬁﬁé taﬁ&/br ﬁr%gﬁ% 19 1& é) sub gctzign ?ee%'tﬁggg?s% dt%gt%ggi cb@éﬁ egEdl at es,
and so provi thve" ea |ca ron 1n |on to

chr omat ogrsapruydmlﬁ&ﬁeﬁﬁg &Et\hersalbje@tattﬁél’ap@tﬂwlll)ﬂ&fééﬁﬁibﬁm@gmﬁtl’f-atcbmohﬁ&\ﬂ s acid
nmedi at ed 15coupl |e£3 and the ribonolactol 1-0-acetate of

3, 5- di - O benZ6RIEs fzsielaya,nyzaffcpm@%ndzl @r@cwékwn%a%élh@t%mefwlbbserved
| duct .
Mt Zunobu_ congiaud Py imgBeraB AACES!HE H ARBATRL AT, HRbGT oPT og-®

product but vinbthenentstiet agselveetdiv itheyadandistretion 1d|c6fﬂam:mht orcitearmavaghaphi ¢
separation res It| n i sol atbgtgv yields of 6-10%for this s

| 5and
the method wa¥! ﬁ%%oogé]léarqé%?oﬁ“@e een a&?{@ﬁ&ﬁ@ﬁ@}@%ﬁ%&é@}%@@@%@ nﬁﬁe gﬂz

type reaqpi Omdusd A@ich iALQesSHYRNb-RHEcdn ﬁé’tWeel‘ancM@l%gOQrB nesbaseg 49@. n, the
chal | enge of thi$ approach was how to obtain an a hal o- sugar

st er eospeci f ildall 2yl 3, hd.hiSgh6.yli7ell 8 19%20.2Me22dmd?Bdgerst he i nver si on of
configuration expected with SN2 type reactl ons. A typical nmethod treats an
anoneric 10 m xturg of th " acet. 1 acetic
aci d. However, t hlhg a% ?%Oglﬁ : an lra aﬁ? odlljncck{g%hbﬁgfa r%nqtgl\%regt%?ehadn\gnerl C
mi xtures. Reduss p@tdab@mhﬂﬁfom@ee( chzoowmmmmlﬂ()t)s@lm@)zﬁ EF 1§80 ATWO
initially generates at 2: /a anoners but after initial

puri 11 cat i on WH7RLGAIa"] YR 48 wwpazm&ﬂz@c}mnao<)7w2aew ting of
S owl y_an@erjoneg doBn! QiR g4ssYy Bisos BErmRNRERs o tol 15(2a/2b).

This can accel erate om several ‘days at anbi en ?enpér ure to 5-17 h

at 50C wi th sX¥660371214CWYB2E049944¥2, mmoze@musawoaoe%meawm P005028502,

solution, it slowy anonerizes back the 2:1 equilibriumin solvents
e

such as di chla@ﬁ&@tzrﬁ)g%owobﬁ%\[&%ﬁﬁn ’cbthF?tﬁs%anth dtlre. This process
can be sl 0“%@%2%3@@'@6@00?@5’2%9 ngo ftﬁﬂ@@idﬂo' WO 06670766854, wo

20Chl ori nation through an mechani smw t h” N-chl or osucci ni i de (NC S)
produced an aZi)QﬁOZﬁO@sUQaZIOOQ :9)31250 \7&0510@6@9.%@@;%8 2e0ooBet, WO 2006061590,

Condi t1 o web 0 10506135 PSR AR o ZnRPIRGH 3RO AudPgool¥iy °Fn "Bcet i

acid. Among tXoesn12e82af@béeesosy, URNEI031 54058NMUR 002 IRE.CIIPPO(4DL 5T 72
conbi nation of tri phen | phosphi ne (PPh3) and carbon tetrabrom de (CBr4)

(eg. Hooz et WO 2004A03 138, ma&omg 8/, Wi 208400297%, WOhHW002:0c BHdli t i ons of

usi ng mnet hyI HP i tenperature
(-10 to -200 \%6&1@%1 nedifqr%elbgést’ W@ggpﬁﬂmﬁ%gfépbﬁie%g@%@gd% isoner ratio
was greater tap03031, Wlowz@osyz)lzﬁ@ Wogoezamrzot W2M9§m6Apjsl icants
believe that there are no literature precedents descri this |evel of

st er eosel’éct |2\9i0§9/19f48f‘9at[ﬁ$ %W@%W%W&lﬁa’i’ﬁe@%@%ﬁéﬁﬁc 0 %%78%%{{21 on was
that by condugly ifhshH4Br Wfb Q?é b Z%H %986%% ealﬁg W@%ﬁ@ﬁﬂ9§)
er a ) an e

conditions, such as, nost exposing t
reaction soI 1N$4)Inh11‘tnt0$s QSB@W@QOOWOSS@M WS) ME%’E)SP(E))&HCMNSheInhmmpfwtl on

of the reaction nnim.ze i i e r. T r sugar
can be pur i 116 UhoBAES! ENPPCR0EIBR ot En e S 805" Eh
tSIelrrlpg ?atgﬁlr e 18663 0P $ QALK reb Pt a@6his & Rde WS LB D38Y B ad otBE KRR
30  (see WO 2004035571, WO 2004014852, WO 2004014313, WO 2004009020, WO
2003101993, WO 2000006529); and compounds disclosed in U.S. Patent

Application No. 12/053,015, filed March 21, 2008 (the contents of which are
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5The iodosugar (5a) was prepared in a simlar manner, which can be coupl ed

with the purine to produce a key internedi ate (6a). Fol | ow ng the

general puoi2ow/o8ispl | ng nmet hod of Bauta et al (Intl. PaPCTASRI0I/0WD7S

2003/ 011877), we coupl ed the a-bronosugar (4a) with the potassiumsalt of

6- chloro-2-am no-Ipurl ne but anol in. athon tr|I The reaction took
A o

over a week dfofBo |béfr¥?%eff‘é‘ﬁf9e}né?r Ry, IR OB RS eSS R bed o go to
conpl etion i niRdirth, &lvoPRfa, vihRindP 8hdth@ nuBMbiifié H@V f%l hRrQuathiosid | ca gel
filtration colum, the anoneric mxture was isolated in 63%yield in a
ratio of 14: JH(E‘SII@n 1Tigkeosige polymeras¢ Gabitngd HYeprotsiascinhibetoy adl§¥t al | i zed
out froma anaql.i,c Iut| e pure desired O0- anoner (6a) in
55% vyield fr 9%81%1}1]8 soﬁﬁ'ﬁe}]fﬁl&%w{]ﬁ a key internediate 6a in hand,
conversion to unprotected 2-am no-6- substituted purines (e.g., 7-10) was
acconpl i sged. Fur tWaen cqnp@ingilon I B ddheniplagiiheoabindtbe wittahyitt ves (e. g.,
11-14) proceeded. by an adaptation of the nmethod of Lehsten et al Og
Proc. Res. DeRfivirslggent the agivolygnay bsyingisassn aFioibe gatent eonaoupgs dfen the

Appl i cati on i Cyclic
20phosphat e {}perln\]/%{t?sxsles éatlogth&gp%9&hm%%ngfrgg§}g beggg%lgrr%? 0elrd in Can J.
Chem , 1993, séduenBabwoh rapeditsthlatsEtie naclkbskle droatisdsori@bndRateetit Appl i cati on
No. 61/ 060, 683, .filed June 2008, ﬁ‘f 79-89.. As th hosphor am dat e
group can al SSMHRSEING aguiRdrisFeiR s dicTedes PRI EESIO S ﬁ%ﬂge 5 dt BEYFICt he
pot enti aljpexitghsof A1differcAPARNOSRRALBHI SR Ew more agentPAShORASPHAEaM dat e
inpurities. The 3' isomer 25woul d be expected to have sim lar physical
properties tcanhe adasyaddy Hsingls dorerulatwii qwgtapfung fwaelt morg dgyveainrgmmnomrap hy
difficult. edb furt the cru r odu

mxture vi ¢ s SeSTE SRRttt Eiar SSb ettt SoPEh AR ENE ar e

sel ective forgjfpé AR aEMQr oxyl s over secondary hydroxyls such as

t - but yl di et hylsi | yl | oride, t-butyldiphenylsilyl chloride or

4, 4" -di met hoxytrityl 30chloride in the presence of pyridine or simlar base

to generate 5 prdtwil b%lu@ef%%ﬁ@%ﬁe&rﬁ?@ﬁ% Beremia tieaigiant PHENboduct and t he
bi s substist ut nﬁg h

phosphor am dﬁqu@hﬁéﬁ%ﬁg g!l Sgtgtﬁger g%a 1361?@"33 ?fghﬂ% o&r?a? 8%?%&9 the term
Conpound (| a)"treatmene’ oftatlaCWadfebyorg apnmld&smil ad;sd iasladesaicapaga od in U. S.

Publ i shed Appli catl on 2008/0139802 (whi.ch corresponds, to WO

2008/ 045419) ,PraR" Yy fl\akl) qisepse piya G mwsmcz%%vvléﬁaﬂgfha&o@g@ HOY. 22 and
30-31 in WO %QQ@{&{S%]@@,dﬁ%hﬁgﬁ tm ahrisg hereby incorporated by reference.
Al ternatively, the l oro np | act one anal og (I b) can be produced

ei ther by debenzoylation of la to formthe intermedi ate | actone diaol, la',
fol |l owed by 4-chl orobenzoyl ati on, or EXABIHS t uti ng 4-chl or obenzoyl

chloride directly eact with.|a' anple, 1. . . .

((2R, 3R, 4R) - 3- (4- A?‘B’Ehc% BH‘}%?}F‘%‘QE}% O“hPEétPgE’SGdLFIHB?%Wn% wilf e appreciated by

oxot et r ahydr abusigddradory bﬂﬂﬁ'@ffdﬂwwﬂg eXdnes169) eVhieadre ofilythheant to be illustrative, and

((2R 3R, 4R) - 3- (benzoyl ox 4-f | uor o- 4- met hy1-5- oxot et r ahydr of ur an- 2-

yl ) met hyl beﬁ@éhﬂ@tt{lﬁélsc%&e@(!wgmollw 5 mmol ) was suspended in anhydrous

met hanol (240 nmL). A catalytic anmount of 25 wt. % sodi um net hoxi de in

met hanol (2.3 nL,_ Q0O mml 8.3 rml WQ.}S asiged at room emgerg(ture After 2
h, the 15 reacRi@n orrpLale FI:G’(ZO% to hexarees) .
After concentration 4 flds sol vent un uced pressur e 8 Y esi due was
triturated with arf®xtuFe of ethyl R&Cher *fand hexanes (RYQ v i?) (200 nL) to
afford crude internediate |actone, a. The solid was gollggted,via
filtration and r néé& Wleh hexanes 2€§x 29 ). To a dy ds kol round flask
was | oaded the c%é ‘1 ntter medi ate AR t+GBs 20 di ssQh.weds. iy _arhydr ous THF
(500 mL). 4- Chl or SBBRZoy ¥l ori de (46 nm_, 358 mmol) swas; pdded at room
tenperature. The m xture was cooled in an ice-water bath and t hen
triethylamne (100 nL, 717 mmol) was added. The cloudy m xture was stirred
at roomtenperature for overnight. The reaction was quenched via addition
of water (60 nL) and then the solution was concentrated under reduced
pressure. 25 The residue was diluted with ethyl acetate (200 niL)and washed
with water, brine (2x100 niL each). The organic |ayer was concentrated under
reduced pressure and the residue was purified by col um chromatography (20%
Et OAc in hexanes) to afford the product as a light yellow fluffy solid. The
product was dried under (0.2 mHg, 50C, 85h) to afford 24.3 g (46%, np:
138-141C. 1H NMR (CDC13): 6 307.99 (m 2 H, arom), 7.91 (m 2 H, arom),
7.45 (m 2 H arom), 7.39 (m 2 H,



arom), 5.45 (dd, 1 H J=17.6 Hz, J= 7.2 Hz, C3-H), 4.97 (m 1 H C4-H),
4.73 (m 1 H C5-Ha), 4.58 (m 1 H C5-Hpb), 1.73 (d, 3 H CH3). Exanmple 2.
((2R, 3R, ARO2R/B535Benzoyl oxy) - 4- f | uor o- 5- hydr oxy- 4- PCT/US2009/069475

met hyl t et r ahydr of uran- 2-yl ) met hyl benzoate (2a) To a 5 L of dry

t hree-neck round-bottoned flask fit with a mechanical stirrgr, addition
funnel and thernoneter was charged the | actone ((2R 3R 4R)-

5(benzoyl oxy) - 4-f | uor o- 4- netkyl~§; 0xot et r ahydr of ur an- 2- Wyl benzoat e)

(1a, 379 g, 1.018 nmol). The{solid was dissolved in anh{drdus [THF (1.75 L)
and cool ed to -30GUpoRr B} nospher g Nonrof “Nig hi um
tri-tertbutoxyalum nohyqrigen(1.0 Min THF, 1.527 ;added to the

| act one sol ution V\Ihl|¢10-StIFI’I ng over 1 h and mai rﬁoal nkng the - 30C
tenperature. After fi "ni%shi ng the 10 addition, the terrperature was sl owy

i ncreased and the reagh.ironpwas followed by TLC (hactaelmeRf 0.4, 30% Et OAc in
hexanes). The reacti orpwasscospl ete after | h 15 miri-{drenper ature reached
-10C). The reaction was quenched by addition of EtRiyiNcaeetiatie) (900 nl) via
addition funnel. Sat. NHCl1 (40 nL) was added at 9®C--OBhe cl oudy m xture was
decanted into a 10 L round-bottoned flask. The swlr*d-aEesi due 15l eft behind
was filtered and washed with ethyl acetate x200 nL). \The filtrate was
conbi ned with the decanted solution and t conbi ned so|\ uti on was
concentrat ed under reduced pressure. The oily residue s dissolved in
ethyl acetate (2 L) and washed with 3 N HC1 (600 nL). The aquedus |ayer was
back-extracted with ethyl acelRate (3x400 nmL). The conbined orgdanic |ayer

was washed wi th water (3x sat .o NaHEOB8 (400 n)g¢a i ne (400
mL). The organic sol uti ong Nl ed over 4, Of i | Lered %ﬂi&hﬁg trated
under reduced press reot gﬂ\ Ilght ovm— FD?Kréslzue si due
was purified by pl @62 631moP10n S§ gel packed in a
6 L sintered gl aSB:Pf*u 22 cml ength of silica géID diFarreter 15 cm

usi ng suction agidpa Qtepfgr adient of 5% 10% 20% and 30% et hyl 25acetate
in hexanes -ca 5 L of each The product containing fractions were conbined
and concentrat ed‘suﬁﬁé?3 Rre E%?&HiﬁlHe)ssure to alél oFrIPe§sOMevery thick Iiquid
(310.4 g). 1o The Mei ngqu“ slowy solidified*afrer gd&’tgtng crystal line beta
product as seeds”(ﬁac 16Q ﬁ%ﬁspread out) undef™&cuiihy (O m‘r1—1%I at 50C. The
process of 30 sdfi Hif{'cafiOff was conpl ete in 28, Noufs Iéﬁ(fCHSCé]G,C th or

wit hout vacuum e WHite @61 id thus col I ect & (7265‘3 5 H " 77% has anp of
79-80C and rati o of f3/c. is 201based on R~ TR 11-1-NWR
(DVMSO-d6) | 3-isoner, 6 520(dc§ 37],\! orrer = 5.40 (dd, 1 H,
OH). (13-lactol) .(DVMBO-d6): 6 7X 9§’<€%CH2§HH 7. 93 (m 2 H arom),
7.70 (m 1 H, ar OTTIHe us@oﬁﬂhe(c@’hvék &ht gﬁfc@mlétlonﬁroﬁ@ t6 epard‘i’.' das:onD ) luofe42 (M
2 H arom), 7.32 dd 1 H, 5.54 (dd, 1 H, C3-H), 5.20 (dd, 1 H,
OH), 4.55-4. S?OC(WFt yl Pvm@mqk?pmdﬂs apel thein gorreppondipg negeqtisieand Ca- H), 1. 42
(d, 3 H, ) )

((2R 3R 43_‘3 ho% aﬁﬁﬂa %FO me %‘t())oult w1th)the develo ngo%tha s%ntheshs of 3,5-di-O

met hyl t et rahﬁdhﬂf}l]lﬁadtBORy-)ﬂ ﬁhlm&bnyC rﬂethjilhbbmbmmwa(tla) ((Ztm)n K.; Wangl®. lntll |iter
dry round-bottoned flask ((2R, 3R, 4R) - 3- (4-

chl or obenzoy!iGky)Rnd- W@&P@g 3W€t5hy n@fte%a@\é%om}a? grgmeAiae Kithadst hyl  4-
chl or obenzoat g drbkony agaﬁg 1¥1§$hféﬁ%ﬂ baPR L& éfﬁ'efﬂy&@r%n g&mnvcﬁfia'tii‘
anhydr ous 10 THF 200" mL). “The sol ution was cooled to -20 hi um
tri-tert- butfomdlmntenmhdﬂdnelldeot(eldlal A, follbk)l by Hechlorobertzp®lanmm| or byas added

via an a |t|o funne ve and th resul tirred
Tor an addi ¢ 1 ORINBRE-AEGRbsFo D b0t AR TSt T 48 A et ised and
the mxture vasur! draned st@4vesfoliensdynty) ihRrfldiatodts thadhSeRdidkrvehl ori de
(4.5 mL) was added. The 15 mi xture was concentrated under reduced pressure
and then di | Uctter epvsthllipe ome(t@@,osomp)arequmlemhé d&(@im(o&lat@d)m@mm_d)atmgnchdded
to dissolve all S\pld sdf%ran I atisv%%ga%g P I‘lftlc gonl & ICnt%%%r \M% a gned with
wat er (2x 200 rﬁf? %rlne?% e RFHEG N EE P Phe

red over sodium s
organi c | ayer was ncentrat ed nder {]%rg)uced res re to, furnish an

anor phous sol i d. CISEY T AEEPH & TSR DRS Wls(?i%(émfélarffﬁ) heated to
reflux. Aftercoapohd 4 th@nb@ﬂﬁlﬁét@lnﬂl@ta%t&eeof IRHED-V@SoAtleshRor-fi o -se (37
m. total) until a slightly turbid mxture formed. After standing, the
precipitated 13-l actol product was filtered and washed with nethanol (2x 20
m.) and dried (0.2 mrHg, 50C, 17 h) to 3865 g (61% of an off-white solid
with an anoneric ratio of f3/a> 35:1. 11-1NWVR (DVMSO-d6): 6 7.95 (m 2 H,
arom), 7.90 25(m 2 H, arom), 7.61 (m 2 H arom), 7.51 (m 2 H arom),
7.31 (dd, 1 H d-H J=52Hz, J=0.8Hz), 5.50 (dd, 1 H C3-H, J = 24
Hz, J = 7.2 Hz), 5.19 (dd, 1H,C4HJ:10.8HZ,J 56Hz)456(m1

)
~r 1 1.\ A A~ ~ 11 ~ o on_ ~ N\ A



To a solution of m xture of conmpound 2a (1.0 g, 2.67 mmol) and PPh3 (1.4 g,
5.34 mmol ) in CH2C12 (15 nL) was added NCS (1.07 g, 8.01 mmol) portionw se
at 0C. Theo20tv78dul ting m xture was stirred at rt for PCh/isa@opoured i nto
a silica gel colum and eluted vvith Et OAc hexanes (1:4) using pressure. The

col |l ected rlggt fr ctloswerec oncen rate dco& r at ed

with CH2C12 bR o g 8 %f ‘fer% WHoQUP lagale 5@«9@&6‘1@ mffd? €DC13) 6
= 8.13-8.02 (dMonftHvad R bﬁﬁrod@cﬂﬁ/ﬁ?sué@ou(cmu ﬁﬁQ{Wth'tHe r11§0n%ﬁ)ctol?2§§b)7 43 (m

4H aromatic), 6.01 (s, Iii Il) H3), 4.88

(m 1H,  H H- 4id giveTire datited medugt bt 8/112 n01s2eraos|eﬂzect1w>5a)nd vbrmlff(lddt 1H J =

?( (ZJR %ZR jRHé Fi)l‘lt%ga(%%rﬁ%ly| %éz\ﬁtloél.rﬁsruitmg_ 13_1§q‘?ﬁ'8'5 gl_eﬁ__@{g-f:(‘f‘/ﬁ‘% tfis tep alone

net hyl t et sahygidehdimafhod wek heBidakkbigenzoat e (4a) Anhydr ous
di chl oronet hane (5.6 L) was charged into a reactor and cooled to -22C or

bel ow. Tri phenyl phaghtfRged %Slﬁoé]chgoecﬁlmg ﬁ% |t§1pé"{%§ctﬂﬁ%ﬁlgt%§1&§u§a?laﬂd

sol vent and t he suspension was stirred orma solution. The lactol (2a,
209.4 g, O. SEeesaltmf)ha purmclbnaeb f Avgam, w}a@claﬂélld@gt efghishepwetidwsohaw itaebtamdn

stirred for 15 15Car bon t tra 0.839 nol s added
ot oo v se b S REa AR REATAIE i FEC af e e TR s eeon < 92C
to -20C undercoafifhranbéxtict 9gaNS,@aspd @@m&ps A3Ditdl Mothd tk@ks £ dHosddriog t he
addition of CBr4, the tenperature was sl Oﬁéy ralsed to -17C over 20 m ns.

lp

The reactlOon &Iy afifed -Pocpleteadzopeynpite yHPr @ ¢@tis agide Hopegyer, thiy2 (0),
0.36 |actol; &8?(85&@1‘% dlﬂ f&h%ﬁ&%f@%\%r&ﬁ?ﬁﬁ I;lczl%f]x LT RRy hgmedi ately
al ning g o r

transferred t0 a vessel onat ogr a gr ade
silica gel (48et6 mgc,r\oﬂﬂsLlAIHQeBﬁobgro“rﬂdmb)ﬁmnelly/\@alermseadQaltlahy oﬁa&sed

t hrough a pad of silica gel £ g).ina 2.5L sintered glass Buchner
funnel . The f%npme@t@t@ﬁ%r BB @Wﬁ%ﬁleﬂﬂﬁﬁ%a%%&f‘é@ fEptoaserEnt. othghout 800

mL and the r

det erm ned b%éllﬂl—f-l%%l%%l}% %%g%?eééio:ﬁ)gﬁgﬁ{eﬁiﬁtﬂ%ﬂ%ﬁ%&ﬁﬁ(@%f}g1 ﬂaf gﬁ 0 d-H.
The resi dde w@s/2pur This egh bfyaqablagpt@cbfrmmzémloiags oigaralp byt tcmberrgtu?etbﬂew bf
silica gel in L |nt ner ted (vi.a suctlon)
W th a otepwid0gs Bifiorids feroRTor VEapaysd Ba asedes ! i AUKKGL Y ca 4
each) tor e”%‘l’(ﬁvl?%ﬂoﬁ@lll%s Ha@lpﬁbﬂx}atrdlsetﬁe bal dpnagivayinkéKenRUELOAC i n hexane
(6 L total) to efute the product. The product containing 30fractions were

conbi ned i nt alithhprofmeteng onshlomﬁmmemarné;n@u temppeaturce dilgepropeseseubesloded ed
under vacuum to colorless oils. Miin

fracti on (197 8515%@5}0 g’pl%qﬁngzgwf?ﬁl%ﬂéegar%ﬂg)l soner crystallized froma
arge, TLRDn pl at e pgrasohBRuSh LS R et %"E»ﬁ‘ﬁlﬁﬁﬁq?ﬁecml%ﬁeeé@q&ﬁa

m xt ur e of alﬁ?@ﬁw@ﬁ‘gn Q%?or%%dy@) ik ktef-e@g@cﬁ& rﬁ%ﬂe&ﬁfalhr%&sqlﬁﬁhﬁﬁ% ve run to
gi ve needles, nmp 77- | 3- brom de) 13): 6

8.08 (m 2Hy1@ldom) 804(m 2 H arom), 762(m 1 H, arom) 7.54-7.45
(m 3 H arom), 7.35(m 2 H arom), 6.43 5(d, 1 H d-H, 6.04 (dd, 1 H,
C3-H), 4.78-4.73 (T olRaih,anG4brbimarnazaCMblananybidrinatiob&oaditiods Were@hedb) , 1. 76

d, 3 H CH3) b /1.3 6.8. H,

z(a 02 (m 2 H m%lﬁ%lﬂ%m@nﬁﬁ%l@@l%&%ﬁaﬁ%f&@ %C@f' &a@n eﬂh%omJ om),
6.34 (s, 2% H foﬁ‘tl)ww a gghegeﬁ b@@rﬁmaﬁoﬂea%ﬂ'ﬁsmé’a &ﬁnﬁlﬁb‘u& dt trl%nliﬁphogph?& (dd, 1
H C5-Ha), 4.63 (dd, "1 H, C5-Hb), 1.72 (d,

(2R, 3R, 4R, 5R)(PBhijrao¢eratbm(l (enﬁrabmnude)ﬂéﬁhlzb@goﬂquahﬂc)n 4- (f?/lzamr b%&;réé okt et r ah
ydrofuran-3- y§7).4U%H!cr he lgoenn t(lnoants%f (usmé 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%.
30  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
87



Anhydr ous di chl oronmet hane (530 nL) was added to a 1 L of dry round-bottoned
flask and cooled to -22C. Tri phenyl phosphine (19.5 g, 74 mmol) was 15added
and t hen wodew/a7ks413-1 actol (2b, 23.5 g, 53 nmol). To PORUSI@N6940H,

carbon tetrabromde (26.3 g, 79.5 mml, solid) was added portionw se over 5

mn. at -22C. The rea u 0 roomte erature and
once reacti on°fR8s @ ﬁ fjgerv\g ngg?t&ﬁ%aﬁ%&?tﬂg%?@dmfzﬁ?wrgag%? thGad of
silica gel (I#8mBsigar ar@OfoMos@far thd bd 1ﬁjéd5tﬁro§gﬁﬁ@ﬁfcaf dNM@hdiod Il@ADVE any
brown col or pol ar |rrpur|t|es e 20col orless frltrate was concentrated to
dryness underOnasdiseted yithes Besr gel athel broneossgiriitlis pessitidally sielde digisalclesdtein et hyl

ether (170 n1_,[% H ﬁ‘nes (50 nm.) was added slowy until a precipitate
started to formPy product was collected as a light yellow solid via

filtration and dri 25C, 1 to afford 2 79% with
an anomer o rati o B ég%ggar&Fgwawspaaﬁim%%lﬂu&agm%ﬁr wﬁlﬁﬁf@@b%ém - 4% of
25 triphenyl R{)l%@llgéﬁﬁné){g ﬂngImyhﬁgnﬁéhlﬁgf(@@t on the next reaction step.
11- INVR ( CDC13) (m 2 H "arom) (m 2 H arom), 7.47-7.40

m 4 H arom 2 8 1 H
Ciory, .76 (m 1 g oey y efherhe cofibedbi OF iy e thyPfod Fpft Tt
21.6 Hz). 30 \EK)aIm)BéOHST()( BRcBi]dRHoR)bidmovegz ¢4:)0xiyh) thé pdlasonm-sdl obdo - 4-

t hyl t et rahy 2-yl th te | ut f d 2
R T Dl R R T
(180 n’g, 19- 67nm]&1t)terh§br§tﬂjfb)édﬁﬁg§eam 65{%%& td %ﬂ!ort%n{p@éﬁ)n@,m% £8 mol )
was added. The resulting mxture was stirred f mn and poured into a
silica gel cdl0den Adted pedtiat pdifiviatipn Etro)wgi}msk@ﬂm fldtlatm)l cobingi, Ve @anoseriapy
product (1.3 rﬁ%ﬂﬂu%n%ég ?(gl)néﬁ@/jy in aI 1atio 8%( 4. E%?aCt"l"henB \é\flgnqg’%%a)fc%ru ({] er

characteri zat

(2R 3R 4R, 5R)be5se(egtl%ﬂr Bs Rt RE 8hofrSiaRHEthilodic ¥dutidn to give the pure desuredg
(benzoyl oxynet hyl ) - 4-T 1 uor o- 4- et hyl t et rahydr of uran-3-y1l benzoate (6a)

To a 12 L of anhmee(6geskST'6uiddd bom babdtbmosask @Ak char ged 6- chl or o- 2-

am nopurine (225.4 g, 1.329 nol). Anhydrous tert-BuOH (4.5 L) was added and
t he sol utlibon was sWithrddywitttmeliate 6danhand] catvicrsraarto anpmidsitaii-amewper at ur e.

Pot 10t i.d i 151. dd ti - Wi
ociar SoU T oo Bbtineh SR (S8t R corfitished ek o B Sap P T e mt RY
for an addi tigaghhoanial defioaiicd (du! oud) hkiatedy bh askoutas dramdadnbhe

a- brom de (4a 197 g, nol ) anhydrous acetonitrile at

anbi ent t enpexfdtchsten efI?HeOGg dﬁiodeR@oDaYlmzwé,sglécﬁ?&Drta@ disalesgslimi (he. base
suspensi on o r T 5 rinsed
W th acetoni ;/[?altefnjm(p ?ﬂia}_ﬂon?\gb tlrg@%%;(ﬁgp@r @ﬁ\n&laégh %ld%P Sty %E‘f %7?1h§lacrﬁéact| on

m xt ure. 20he pmxﬁhateedeﬂazsnme(e ed llrlawuatd pfepa&e@@sﬁ‘ddsvﬁhiedanCdMl krhamheat i ng
mantl e and controll er stirred f he reaction was

conpl ete as s]ﬁc?@\n bS5 E@%‘@ﬁ%\os@ﬁﬂn@ %EP ro‘@@%ﬁtﬂ?ﬁ@t AR HeatigR oy 61/%8 6§éact| on
hed d

The suspended ool T ;2008 R, BLsTehs pir it iiolelerd h oo e ditRp 0" o™

Celite in a Znﬁotemmt(mlth@ secBoddmy 8Y hyfduswyd | the pétentsad ek dtsvias3'washed wi t h

t ol uene (3x100 niL hec nbi n Iltrate was .neutralized adding 6 N HC1
sol ution unt .mm}ﬂn%% Eﬁ‘ggms_)bls ThesDhpRRe %@rﬁﬁﬁcgﬁ%/ P AbUBC Under
reduced presspfifd b%ﬁ&c’%e'&%ﬁ@vé%ﬂ@i pHYsehHFBpMaSs foqHL GGl 8 Rlaet one-third
vol une, additional precipitated sol |d was rem)ved by filtration in 25a

si m | ar mannenakiffpurifidativaby chmmategrapherdifont e dhrsas esichorated\byl furteerof about
800 nL. The residu oaded onto a.plug colum (1.6 kg fl.ash grade

ot lica gel i Hegemeioe PRACH b e fuRat iRyt atolRarb B a8 suct i on)
with a gr adl egi*bup%fwﬂi@ﬁ/@@tsghébtl‘ébcﬁir Eﬁlﬁamim@m& Gedohddr® th@fl‘Ry@ siemagpol ar

inmpurities, 30%ethyl acetate in hexanes to afford a small anount of | actol

(6 L), and tHemtvidimaingsibt khloridedttatddipheradsilybgbladde put.tydimsthorutrdylt he mai n

anount of pr i ract r

concent ratO ed ung}edre lI-rlre LPQ 55398 (t)fsp %ﬁﬂ% Or} qgllgr bgge goc%%ely\% Seggoq%égfnm-lg 24 h,

anbi ent tenp. ﬂhohlﬁloaarn‘dldaﬁee Tfhéaéﬁu&ﬁigl Iﬁodlﬂc5@nd7thg bid s'ﬁfo@tltutea@h&sﬂhysrdﬁﬁw’ﬁhte are

1H NVR (CDC1l3) beta: 6 = 1. (d : (\E/)ha 1.55 (d, 22

Hz, 2'-C- CH3)less polar tha@h%dwr@éécﬁhqwbaram@af%%a@eai:&agﬁp Eddilybyet hanol

(700 m.) at ac'ﬂpdrﬁe% Lemperature. Upon standing, a solid slowy formed over
h. The suspenS|on s’ .



cooled in a freezer to -5C for 17 h. The resulting white solid was
collected by filtration and washed with cold MeOH (-5C, 3x60 nlL) and et hyl
et her (3xW0Qork75558 The solid was dried under vacuum ( OPRTAISRIPI/ 0% 7H,
anbient tenp.) to afford 110.5 g of 13- product wi th excellent de (13/a

99.8:1 by HPLC). The f||tr s partially concentrat ca, .4 m.) and
then diluted with éifﬂ)(%w% ﬁgsammalw IHegHs» ﬁ@clpéedgﬁégger%&l@gﬁ ution was
cool ed down tP%lbﬁE'ﬁ%!deAﬁS 1&@{6}%@%0%/01@9@@6@@6%&&@ cﬁf?l@'t@W@ 000564541b¢
second crop was col | ect ed, washed and dried in a simlar 10 manner to give

nmore product @Qagsvm&hnéﬁﬁilﬂmém%@ gyldamalgesi(hiﬂand d0-astieMdneri c pur| ty.

25 g)" The r G0R8a" ian KM ML !y otraR BB e “fllePiieefen T

aut omat ed 5si 14-gido@BbnZ9| 1461nE aﬁm@(ngrcarpbé'pl(oﬁﬁ@édcwﬂh& bﬁd&eﬁz@@dttdhldfga 40%
to 50% ethyl acetate in hexanes) to afford 14.52 product foam which

was recryst altPi Q@Htllﬁﬂléiﬁfnl@l%@ﬂqtm%is%daarfﬂﬂ%w(bw i’fﬁh]@f@fleﬁmﬁfﬂl%ﬁh@r to
afford an ad I ' The three
solids were %Héggtg%%ﬁl%@g{) eg%or%ﬁ)F@rgH%%(rﬂF%§®§%36a?ﬁ@th\%%re conbined to give
131.2 g of white crystalline product 6a, (55% from bronmosugar, 49% from

| actol). M 160 5 162 0C. HPLC purity 99.5% i ncluding 0.20 % al pha.

201H NWR 3 2 H, 7,93 2 H,
arom), 7(ggr ’éamlie Tééiﬁ 3)66‘ %G'H? ‘%epl,zoyéﬁr’n’ﬁ’ﬁﬁ'ﬁ'“‘?r%r r‘T‘](‘g‘rf'yll “H, gnom)
7.44 (m 13 Hox%f@fﬁﬂydrgfu%%-(’lﬂlglgetﬂyl AcRIPrdberBodtt ((:gﬂjj: 1H C-H, 6.12 (d,
1H C3-H), 5235 (8, 2H N®), 500 (dd, 1 H C5-Ha), 4.76 (m 1 H,
C4'-H), 4.59 (dd, (i2Rd3RGR)-%Pnzoyl®®)(4dluo@oH m@hgl)-3-026tt RN flsani Zoner

CDC13 6 H D e
(m 1 1, ar oryeygentale data 3 8o pmly ¢ sulbered My Broy58™ 1 5
arom), 6.35 Iﬁéihan'bl ng@EL)")A ¢ Yﬁlc(aﬂﬂ)unﬂ-oﬂ‘% 8% Kdiurm rﬁe&h((xﬁde @ kthd?) ,

4.93-4.89 (m 5-4.71 (m 1 H C5-Ha), 4.58-4.54 (m 1 H,
C5' -Hb), 1. 55(2(3dnL31(]-mn(g11|333 n@(l)%) Frapgsied agroom temperature. After 2 h, the

(2R, 3R, 4R:5R) - p= chl ol H-
s e oy S8 PR PR I MR B LIRS B Aoy, 4%51 4.
chl or obenzoate@n{d@inatid®ofithd 561v6ﬂ1¢ L@lﬂeldtfeyludedlpﬂ@ksmt tthe mmthfdv@e&kmme@ hathged

2- am no- 6- 5ch| oropuri ne (2 c%@ Anhydrous tert-BuCOH
(51 mL) was dutréye of efhylsther aBgi hﬁ%ﬁﬂﬁ&éﬁ%ﬁﬁ)éﬁo IBM 9 de@d\?s@em@h%emu
The suspensi Stk n added
o a so uti on i Ao e ooy yae SERASNEEPERALUA fod A%l Kexaitah 26
acetonitril e iBp Ty dryThe omroamdrfélsha&s et é theatrude(tetoedigtd ahd)utrvsas The

). A bRt ealed e oA i OR g bs el R R sk ne. base

was renpved QMmBl)|V§Js%ﬁﬂ&f‘at%8&ntt@rﬁpé?ﬁtﬂpeu the%ﬁrtlﬁfb Wal 9051’3&1 i & Be \Bier bath
concentrated under reduced pressure. The resulting solid residue was

triturated wand teanhyikthybetiag € 00110 TH)mmah tvers adderbvEic adudymeixturamiani ng
lid by filtr.at th d with t 40 . bri
D 0 h) ! it Fipobt Epbetsiire R avR e 4R rfslih HE flerb B TR ot ™' "

concentrat ed dfRedr ( 6@ﬂﬂ?aﬁdlﬂ{e@9¢§é’§(ﬁuﬂicﬁl whd @nderdra®Ql ¢hdef redlicdiepriysefduct s with
an anoneric ratio of 13/a about 10:1. The crude product was purified

t hr ough &8l urﬁh%ﬁ&l@%%ﬁléﬁ%wvbs@%@mte 08 rak and wapleodaridls yates tyinge 1. 98 ¢
oo s oPy ol o o, e e 4G VRS HLSR S P FRHIRRL T [O) O

furnish crys e soll

167-175C. 1H tth%s{dﬁE)Gi‘aB))urlﬁﬁd By Bdlu(nmchﬁ)nlrﬂxto@rﬁptm ()20%7E18)%<( mhe2arkds) @r om )
7.84 (s, 1 H (8- nhlgH arom,) arom), 6.48 (dd,
54 92

1H C3- H affoftiéle@f‘ilﬁllct 352 beht yigllgw f%lffwotlé The Prodmﬁ ‘VPS dpedpgdepA).2 5. 39
, 2 H NH2 3 1 H,
g, o Y 3)2 E}g, go@ 20_?31.'6' afford 2#‘@% (460{3 m%”mllh A NIR (EDR8,)( H
30 7.99 (m, 2 H, arom.), 7.91 (rn 2 H, arom.), 7.45 (m, 2 H, arom.), 7.39 (m, 2 H,
arom.), 5.45 (dd, 1 H,J=17.6 Hz, J= 7.2 Hz, C3-H), 4.97 (m, 1 H, C4-H), 4.73 (m,

1 H, C5-Ha), 4.58 (m, 1 H, C5-Hb), 1.73 (d, 3 H, CHs).

&9



Exampl e 10. (2R 3R 4R, 5R)-5-(2-am no-6-chl oro-9H purin-9-y1)-2-

(benzoyl oxynet hyl ) - 4-f 1| uor o- 4- met hyl t et r ahydr of uran- 3-yl1 benzoate (6a) from
conpound 8OTo1e7sBHuUt i on of conpound 3 (450 ng, 2.68 mMPICI/USRoCb@rHbenzene
(1.5 30 nL) were added potassiumsalt of the base (1.37 g, 8.05 nmml) in

t - but anol n onitrile m.) at rt. The
resul ting mﬁ’a“épal\‘ig (éﬁﬁ?ﬁé@l%yéggﬂ%@o ﬁ)'gﬁ@@é’l?édw{fﬂ@(aor )7 days and
concentr at ed m&hyﬁ@ﬁghﬁiﬁoﬁraﬁ}@};f)ﬁ*e[}z}q%ﬂﬂ)a\% 52?5 yHCL. The residue was
purified by silicCa gel” col um chrfromat'ography (héexanes: Et0OAc = 2:1) to give

conpound 6a (90 nglod5%ofaky thredrneak rfb@laifbot&)m@dﬂ@kﬁl with a mechanical stirrer,

E%(Z E eﬁzR 03 Fo>5< 5 i gﬁ&l%)fa%ei F]ﬁcg?%p[ﬂg : Otﬁﬁ%%{aﬂf %WH%( %%[?Pﬁ rg@g %4%% % zoate (6a)

from conpgundbénzb9lody palfliot@a-rith csmmaehh?éﬂof&aﬁ,z rﬁ&hﬁln[idn%odt aput anol
(10 nmL) was gddeds)sod?um salt of ijhe base (1.37 B 1) |?%VF (10

m) at anbi er¥7Otgeded B anal) eThemédrV@ssmiuasplwgdrﬁmhad@uMﬁFs@ 75r1e)cPHF1(9P01P€h and
concentrated jn %%H%er}%t%g@nﬁtﬂid %I'e??m@ soRMoh 'f?ﬂmlﬁétlg é( ca ge' col um

chr omat ogr aphy exanes I'Ve conpoun ng, 16% as a
white foam Exlm@'hﬁmﬂlﬁohydnde (1.0 M in THF, 1.527 L) was added to the lactone solution
(2R, 3R, 4R, 5R) - 5- ( 2- am no- 6- et hoxy- 9H—pU|n 1)-4-fluoro-2-

( hydr oxymnet hwl}ﬂ%tlﬂ%%wetréthmﬁuam%th@ -80° Qéwpﬁﬁdﬁ? eéftfsﬁalsamz@@? nL dry

r ound- botjomed 4 ﬁsﬂﬁe lftﬁ-geg\g réﬁ’eé R)id] ﬁe(rgactlforl was followed by

am no- 6- chl oro- 9H puri n-9- oxyrret uor o- 4-
met hyl t et rahyT:Ir(b(lactahR,a) 4']301%352@&@ m l@e&anes‘j Bhe @,actigh @ﬁs comylyte Aftbry br bus

met hanol (30 nl) was dded n sus ensi on for At. 50C,

o Ut on of SO GGG, 0o AUt b C RO e bSO P ARG

added 20 vi a Rc@AINOBY RIS 4k Rnfdlt 'SQQNH@I ?ﬁ[ﬂb?%s adticwhit beC. CTRéde
reaction mxture was forned. After 3.5 h at the reaction was conpl ete

Wi th no st ar tdlewglymaixerne alas dedantedgntoraolhl bgunﬂifl@tttoe@ﬂ flagieThy sodidresigwes cool ed

down to r,Qom eratur raljz addi t i~0 f .ql aci cetic acid
(9" O ASom b BRERE A BB g Wi PV BER RP0Cnd: B BB GRS -
The filtrate dyambimddeeith ietdacatifeddsohitioni dnd ¢lge @@hbiddPdutANESHohadrngdtddo
dryness. The mixture was |oaded in line with a silica gel cartridge and

separ at ed vi andel igAvccdrivesveicodha pHY repsdusgyas dgssabfneém cthyl aggtefreladt) and
i oht or oret hangy A b4 Rkbo S PROSHBLLSI UKl AL A28 B bAGP! 1 1

di chl or onet hane e produ ons were co

concent r at ed asoer(3r40luned ﬁh@@cﬁwleecam@aﬁ[bﬂ@dr waslazlashea(mtlrmét@r @Bxgotlg, 50C,
24 h) to a white 30powder O|Id(4 459 8%y| 99 202C

T4 NR ( BliB0Tab) saigRan Or g bad Cahapd )b e srian ol wicgirid

(CjIS CED H, 3 g Qfek Mg|§04qilte36c§ Qd)eonéetgﬁtdd]udder Ir&iu&d (ﬁp%‘i)suredto %ﬁ“ofh allf%%l{tl H m

3.70-3.67 (1 Hfbwrrpllytﬁéadudb)l"he Iesﬁkﬁle(vﬁasl-purxﬁ,edﬁy plt(g-d:}))lumﬁ(@%g ef 4(3—63

oy et R i S e P S Aol s b 25 I MBI S stiengel, gry 5 1

t hr ee- necked {igt#er {4 askudih §&ﬁo%ﬁd‘a§teﬁ%§i‘tﬂéﬂt%@5%fl0%rQﬁ%aﬂﬁi?U%@ [tion
funnel was | oaded (2R 3R 4 5- (2- am no- 6-chl oro- 9H—pur|n 9-yl)-2-

54( 4- chl @dobexsgiaiel lychﬁya)métm/fﬁ ; Qfﬁwh)orT(be prodecthspntaening ApekiaBoran- 3-y1 4-

combined and concentrated under reduced pressure to a colorless, very thick liquid
(3104 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

30  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/a is 20:1
based on NMR.

'H-NMR (DMSO-ds) B-isomer, & = 5.20 (dd, 1 H, OH); a-isomer, & = 5.40

(dd, 1 H, OH). (B-lactol) .(DMSO-ds): 6 7.99 (m, 2 H, arom.), 7.93 (m, 2 H, arom.),
90



chl orobenzoate (6b, 313.2 g, 526.5 mml). The solid was suspended in
anhydrous nethanol (2.1 L) and cooled in an ice-water bath under an

at nospherwoabioi7sisegen. A sol uti on of sodi um 25 wt . % nmerhoAisAd@9iosw4net hanol
(361 nL, 1.58 nol) was added via an additional funnel over 20 mn to give a

clear soluti The reacti.o 0 allo mto r rature for
A A e AR e %“@Hﬁ@%%?%fmﬁﬁomm e

confirmed by dGhNS; BY (dd)¢ H,ackHYS5. samadr@@mtﬂ lpHO Px 9% a05toed

nucl eosi de. The reactlon solution was acidifie con. 1 (132 nm., 1.58

mol ). After dranddi.Ag-Hi), kot #emp2HaCaridb aud 651 H)t Ihé2§¢|3uH| GHs)Nas filtered
to renove a white precipitate. The precipitate was washed wi th net hanol (3x
15 50 nmL). The conmbined filtrate was concentrated under reduced pressure to

afford a sti gkyang ]Iﬂblsd ((mim;m SITPS-(JI-QBI()@UBeM@?loH}r)‘Mu‘MéJS -diRoxy-40f 2 N HCL

(420 nL) and dichloromethane (1 L). The organic |layer was separated and the
aqueous | ayermoghyltetrahydrodurap3- Ml)wm}tlﬂcﬂmmb%wa&@%t hane (3x 500 nl). To
t he aqueous | ayer,+ e I di um
carbonate (86 g) wa TOM%OFT??% %ﬁgﬁﬁ%ﬁg%h %sal(égu%@t%ﬁq‘ “aqueous | ayer
to ca pH 8 (aﬂuﬁrblﬁnmzoiloaymmg)mrw h&thﬁépﬁioﬁéttaﬁpdr@furhﬁ}e y]))nMn_yl@l | ayer, the
solid in aqueous | ayer was dis 3/ nmore water (200 mL). The
agqueous |ayerch\1,%gbf‘él%9%ta&ﬂéé0\ﬂ &,Hléml a%ft 5tseh<é ges digepligd sahydioing ) . The
conbi ned 191 gafyif JRMAL Wﬁﬁegﬁmﬁg\&a@% RAdb w-eulrfidhin BfleONCENt rated under
reduced pressure to a | t ow coPor SO at was redi ssolved in

acet one 25( Sthaﬁyﬁlumln&QGndndl 8 M [HEHF)J(ﬂITOImIp,eWOsmﬂnDH wWasradd¢d wmanni ti at ed.

The saturated | utj on was ool ed i freezer and rod was, col | ct ed by
(T eration. o PROBRITEL B Ouas e iefoufiF aruORe Y S Pt s el ot ny)

ether (3x 80 gxe)hoarsh Q@q@dEt@lQ}a%'m 20 %%g,wé‘s ddled %@th@@h&ﬁr&&dﬂlfﬁv&édﬂe
solid, 151.6 g (92% of material wth N HPLC mat ching materi al
purified by dh mmtlm@dmwo Ogacs@tpmjmmmyn tiopdeay ed.) was addrdn ildre
E)r(]glrrg?guil gt 0 (Igllg P}? rgv(% Ig%np >ﬂl’[elrate& un&‘er I'G(RICG(E presﬁlrree QI?({ t%tGIII 8ﬂutggi w‘%t%'ﬁ%{%%%d(séa )
2-(0(2R 3R 4Rn§R)A@1doas emnnpmso@ﬁmgmasa&wrtbmgoboé)aﬂ%olﬁdlmmeﬁ hydr oxy-4-m
et hyl t et rahydr of ur an- 2-yl ) met hoxy) (phenox%e phosphor yl am no)Pr opanoat e

(11) To a 25CCparaigry thedtrﬁanwy@bmwmh@é rvithevater Gadél npiwehlyne mL),

5di chl h 40
rrLI) - Tﬁ(raogmors]%aeﬁqt%grggesraﬁ%fi %&&é%ﬁel % é%ﬁgn"rg??‘%\s/gés&gé n(ar e sgﬁadu'? i (()n
and the m xt yressu@so ¢alskdntamorious Sblidet Tiyd soihftlv(ilaaZi(DSJS&lVéxi7 1n7maﬂhan(9116\9ml ) was

then added quickly via a_ dry syrlqge at -5C and the sol ution s stirred at

-5C for #Vh. mrhihdHd e gelite After caoltng 1§ rogn erRprsyrewacE dde a4 om a vial in
one portion ng;om&gwe@ ﬂﬁmfia) SRk A1 RAy BUr B i xS PR Aty géan&qhg%@s The
reaction te rature was al to rise to anbi ent terrperature over h.
After 17 h, tmecml@a@d: Bdmtwl@sodnmt weofijpéred end %s@dwhﬁnmc&hncrl@;gé@nh&)mde made

(5 0esr Do BUNS AP BIRSRIRYE USO80 S RESHE Fa 8y 0 M1

was stirred aa&loﬁ@ﬁmtm/@wsel flor NRIREDRISOREN S & 79%nl 2 Heﬁgﬁﬂ onopas
al most conpl ete as shown z/) TLC resul twg?ld di Iéat ed dSB([ )f

di chl or ot hdme 2HERrem))ut-p bm(2 HNaroro), 79! Wa s Bdded.), ﬂ'ﬁé(@hde}blﬁﬂ -Hayer was

separated an c L,ehl gr n The_ar. i r washed
Wi th saturat %ﬁﬁ%@%ﬁgégoqﬁm@ §ﬂ? gal Q%HOVEFQB%%%AS‘I%(E@H re 4'vaI of
the sol vent umdes 1®s¢meémeﬁ§W%,(nLheH,s¢5Hﬁy, 4 £5(rilueHyes-Hurndf 0|y t hr ough
aut omat ed 20 col urm chromat o raﬁéy using a 240 g cartridge and a gradi ent
of 0-8% 2- Prd—f‘%@é%fﬂ%@rdrmﬁfﬁa to afford product as a foamsolid (4.16
g, 7.14 mol, 73%yield). HPLC purity 97.4% NMR spectra of product showed
it is a mxture of two diastereoisoners with aratio of 1.2 : 1. 1H NWR
(DVBO- d6)30 6 ExampPI8 4( 1(2R,3R,4R85R)-3(bameylosgyBichloré-Bflu¢rb-4, s, 8-H 25of
anot her isoner) 37- (2 H . m aromH), 7.22-7.15 (3 H m aromH),
6.6 (2 H s, i'y“e%a'l&dr@i“rﬁ“ gyl)mﬂﬂléﬂ&ie“%?% Z3§omar) 6.09 (1 H, d, CF-H of
anot her isormer), Grcpgsoﬁut?&éflrnﬁmrgbf@&ﬂlﬂ(ﬁm%ﬂ'd)a(l@ Zgﬁi6(71mllﬁlol)Ode@)PhQéi 43% one
isoner), 5.81 (1 H d, -H of anot her 1soner) 85-4 h

met hi ne H of 53;4bm|mrod>ml(3HzC42 A6-mY) R Is z(dzieﬁiNGﬁ(ICW g.H, Olamhiorb)fpoamrwosestt er),

G-t ana L At Shiimgnb s el TGy B Sl 5 1y

d, C2'-CH3). 31P-NWR (DMBO-d6): 6 = 4.91%one isoner), 4.72 (another
isorrer). An alternate purification rrethod is tochemcally alter the m nor
3' phosphorani date by-product in order to sinplify the chromatographic
separati on.



The crude phosphoram date product is dissolved in anhydrous pyridine (5
m./g), and is treated with 0.5 nolar equivalents of t-butyldinmethylsilyl
chl ori de WO 20178354 tenperature to react selectively w PATIUSRPHEHTS'
prinmary hydroxyl of the 3' isomer inpurity. Reaction progress can be
rmnl tored by L ce.th soner | converted t

-t BDVB- 3 Ffﬁgé%e}d%mmﬁbéﬂ%ﬁ%% B RE S In celretrddiht  h
”Et hanol (3 &RlctiohOPRERMLIMIRY, éU?l‘é@ﬁtra{t&fjldﬁ@E'o E&aﬁ)%%ié@wnﬁ@fﬁzdj Q0&d] bet ween

ethyl acetate and 5%citric acid and then the organic |ayer is
concent r at ed.timigsendesédngxt sisp he e, %i%j) ected to chromatography which can now

our i ty. 10Compounddt (VHEICRAE P12 >5P2 B afhfee™h. 2Rl bt od as
Exanmpl e 14 usi 769%’4’1‘&154}?( hEmay fi(?laas aH HiPBrs. legddr QH9§&t§2 SAppl e 15.

(2R 3R 4R, 5R) - 5- ( 2- am no- %gzetldlnl 1) 9H purin-

f1 uor o- 2- (hycﬁé&ﬁﬁﬁmllﬁﬂ thyd Y%(ddahédh)ﬁ& an 4:4:1%1{ éB)4 6115116 350 L of
dry seal pre r )y er d
(2R 3R 4R 5RAE. 1?2‘{@%%5) o ATEY afigsis gﬁd)l) 2- (benzoyl oxynet hyl ) - 4-

fl uoro-4-net hyl t et rahydr of uran-3-yl benzoate (6a, 3.6 g, 6.85 mmol ) and 150
mL of absol ute ethanol. Azetidine hydrochloride (2.56 g, 27.4 mmol) was

added and t hefxample Snd@RIR AR, 2R h1(Benzexloxy)- §'6’r@m°4‘&ﬂﬂ"\’"ﬁ‘rﬁ1) The supensi on
was stirrngd gpgn ggeg}gﬁ%ﬁ%fﬁ&n %gnmw}qb%@daeg 4297 5 hours. Al the starting
une zoy

materi al was con ut the groups i ned as shown by TLC
Sodi um net hoxi de (Ani§dndus diehl@omethlane QSB@@stIamthanged mntonetehenohnd wméedadded to

h C.. Th i | h. Th
oact] onom xrors ety bide g egbieg0s Bgnt TR RO Ry & eZhl e oRal 200 by
addi tion of abAghlndfelishoRfdith(Outtkado f&n%sdmﬁw Thg%m%zinmp ure was

concentrated under reduced pressure and then the residue was triturated
with ethyl adk¥mol) Theoliddoumntwangddal mdhmds@lnbvte@ild@ylrﬁedlf@rrbﬁtmm and the

solid was -washe i Et OAC The trate was centrated under
Feduced. pPeeaut bl RE e R Dalonet Fiatidrh 2BlETRRe SRR SV E TRy
(Anal ogi X, 12fe gnfRfdtliie@Fehe s@mﬁmﬁtw&h mmolé%d\/emdr h@lo%ﬂmtré@tﬁi yre
product 30 containing fractions were conbi ned, concentrated under reduced

pressure and (@nres 0500). After fmishing fire addition of (Brgrihe fammerateicorasdladam sol i d

2. 15 , 6.3 6 0 1
o Co- b, 6 GANR0 AT by migsi g grac M FETER g 05, 1y
5 24 (t 1 HTL‘:'C {IOKID, 614&24)—742. (B0 d?ﬂla&oﬂgog&é%@fn(l&zetgdsﬂl Tiks r??gﬁzo-nl-l)t -
3.90-3. 81 -fia ent a,
cent er cﬁf( QSO@?@P.WS Weﬁwé%tre%ﬁ 6136440 ao?SS%Pe)tamﬂ}gééQr%pfr ?25) met hyl

2- (0(2R, 3R, 4%h§(@1at§%1(1§ aH@mﬁce( 82]L0-68 Midrovid) -1HIRAMEY Hugtu)'el\llas‘l fluoro-3-hy

droxy-4-nmethyltetr uran- -

yl) met hoxy) ( phemanixayelp }passpﬂldn”wm p@qﬁsdpargah(é@O(glﬁ) aT0 lasih@oednglagdr y
d- bot t I ed ph di ch hosphat 1.72 15
S o S B e i SRERSRREN St sy’

nmmol ) was adclﬁﬁ afd¢hetrbo 5%@@%&@0%@ cﬁﬁelpe&ddcpwasil@lﬁsidetmwwm dazol e
(3.34 g, 40.7 mmol) was adde V|aas%/r|n in one Eortlon and the sol ution

was stirr2éd d‘tIMR5 arla)10 ﬁ6l}ﬁd(c§raé?lrﬁl e (d, £ Gobphdhercsitve wasprdbed de (8,
1.38 g, 4.07 bmrq%%\%c(g]l&?lgn}l%%le{td Jap) \yzl%sgr?_ge 1%%%?’(1 Iag &Y 1{1e2gl£ 10, elr?d?l grg‘id L he

sol uti on was war m Rter 4 h

at anbi ent t BpRehat fuhigsl and Slutdlo Mabtion) M stepcise giaad:naslutla@@frpy es%,
reaction 15(about 30% SM remai ned) but also a growmng | ess polar inpurity
The reacti on &tad2yeRraa hsyanc{ea dddiachtn remosgronvpplanimppmitias follawgd &yl ut ed

wi th dichlor S hed
W th veter (S u0onL O Prieeho® PRk o B pUBe IR ARG
cont ai ni 39 sdrativewaasomblrtedrie® tandraciome odricahteded mekkr récﬁdttt@dssnressur eto
a crude oily({eS|d , 3. 26(9 Thi. s was
ried 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,

92



20 purified by colum chromat ography (Anal ogix, 40 g cartridge, gradient of
MeOH in DCM from 0% to 10% . The product eluted at 4% MeOH in DCM The pure
product cwotaimi7eg4f racti ons were conbi ned, concentr at edCli$e009/06B0E ed
pressure and dried (SOC 0.2 mHg, 17 h) to a white foamsolld (1.322 g,

2.28 mol, 56 r|t 99.25% NMR s tra of t sh dit is a
mxture of t\w/%é%gl ast B%ESQHW%PWS@”P%?? (OBl H%’St CjFLa!Spha and bota

1H NWVR (Dlvsolﬁ@duc@oﬂ: ﬁ%n’%’n éa?‘rhelrjleslfsI se@cﬁ'{f&fun%‘glv'e%@@@és) mp7778@90(5 1 H 8-Hof
anot her isoner) 3 (m H aromH), 4 (m 3 H aromH),

6.09 (s, 2 H, NH2) H-NM&(IM@)@I@%(CE%) &F&—O&ﬁmmmﬁlBB O¢dm, 2 H4, 3' - O—l of

N o Sons e E0? ahy T o oS EOSTRSH K AR s e i dgmb 48 L 4

(m 1 H 65 ~tb)H, @13@ 694 (8d,H HACH31)04, 7@mm@$tzeﬂ cmpﬁﬁiwm@r%s 3.54 (s,
3 H OCH3 of am noester in another isonmer), 2.37 (penta center CH2 of

azetidine), XM H3C§+Hté I8 (b Burfi e stlapmide, @ﬁe— ?@dhﬁ?@chl N91¥d, 3 H,

CH3 of 1 VR
(B0 do) 6 - ae sl P O 2 HISEBLL 3, S6 (il 2 By Bogf 7ot h e Y
(2R, 3R, 4R, 5R)af5m()26 (o }ﬁ-c(leszyIQJded) 1 OEH(3LH), m—g% (v )1-H,-E4-ti0y 028 (daly dr oxy et
hyl ) - 4- met hyl t et r ahydr of ur an- 3- 0 500 nL of dry r ound- bot t oned

flask were aME{? @F%ISH)C§}(HZ)%72(‘13HCH3)

am no- 6- glgl or o- 9K purin-9-y1) - 2- (benzoyl oxynet hyl ) - 4-f | uor o- 4-

met hyl t et rahydr of uran- 3-y1 benzoate (6a, 8.0 g, 15.2 nmmol) and anhydrous
benzyl al cohdixamijag 6mi(2R,3IRM4RBSR)Iebraiv® 2 +((4-dilodehenzayloxly) bethd)rddldorask wer e

charged NaH (60%.i n. m neral 4 , . 60. 8 ) and anhydrous DVF (40
) SThe 10 OB DRAIAE a3 af b debFRodts Y. wat er bat h. Benoyl

al cohol (27 m) wagniRdefA diRoMeREnd [ B0anBYFhd@Ricd f $ QI LY RS- S| oW y
formed and it was transferred to the nucl eosi de suspensi on qui ckly under a

ni trogen at nowphecd flask ansoenoiadrtp e? UCurkriphthephosphined 1Mo g, %th@(d) W@S 50C and

Cemerat dre. hoga Rel TR T teh T s b ih” Qo BBt §8op s

(12 ). The ts@dbibmfie (263 gcwsemhblah@di)wadaadécﬁﬁhm@dav@é Sﬁfﬁrlﬂrﬁln( ét aber, 90C
bath). The cl oudy residue was diluted with dichl oronethane (100 nL) and

washed wit h wHtedraqtion vae slemly weFmadup svoromzl) teEperagiie altd ORASITCMAPB®ES The
suspensi on filit uced
pressure t omgcamfél k}téﬁfﬁgﬁl@lﬂ% &’%aghédv\ééﬁotﬁ %8%8{;&6 @arﬁeq%&%ﬁ{non@ ogr aphy
(Anal ogi X, 0 rhb oB%tgefdamoeBlﬁclmér ) torreﬁaﬁiw an;ﬂ‘hlewmrdm‘hrqnbm impedtiat The MeOH

in DCM The f ct cont ai ning fractions were, conpbi ned, concentrated under
21

reduced pilessYICanfiltEq Bep QORI GO MRS HIdohJCRIECPIRR SIGAR B | d
(4.57 g, 11.7 7

7.53-7.51 (mrew MV Zﬂed in AR, rg@ ﬁexﬁ&sgﬁoﬁnﬁ%‘% add&r @wly
NH2) , 6. 05 ( dintila precpitate}arted.t6 orfd, The pﬂpdlBﬂt WakirolldstetiBas (ad ght Qelkhw SZH{EI Of

oa U b oo it filatiofand a3 i et 55765 17 Mogpyattortigy. 2 G i My o) ™ 5

Exanmpl e 18. (aA8dwfiY sdtRRENYYE 63: 1001211%&5?@1&%/5&0&1&1%@6@@%§4@p§mzyl oxy) -
9H puri n-9-y1) - 4-fl uor o- 3- hydr oxy- 4-net hyl t et r ahydr of ur an- 2-

yl ) met hoxy) ( pthelmmymhpmlpﬁmﬂw witichdipg o sHiaeatmeth¢ At reaction stpp. F NWIRNL of
d d- bot h di ch| 3. 29
AR S I AT S TR TR

(white powderd33as] deﬁdH)iISClZZt(hﬁ 159 €3-Hy $REm DAl ed- H)Q4-765(ﬁ1 wrnms-

ni trogen. N-Met h%l i m dazol e I% .92 g 59. 94 rrrmli was added via a dry
syringe in oddpbpLiEnl Bh&5tHR). A &Quft2H. €Bbof T 844 BPear sol ution was
stirred at -5C for one hour. Then the nucl eoside (9) solid was added (2.334
g, 5.99 mol) to the 5 solution under nitrogen in one portion and the

m xture 3as dixaomd 7t ¢QRRIBRMRSR¥Bi(baizoyxppd-dlucke-Stiodgide a col orl ess

sol ution. Reactjon progre was nonitored by C (5% nmet hanol in

di chl or onet hdﬂ%t)“ylt‘?‘if@‘l’q{(?f‘bré‘l“e%yﬁﬂ‘qhyé&ﬁ’ﬁ?‘@l‘%grjeact| on after 20 h (about
30% starting materfh oJigfidn of C-BHEDO{IE@Qt(l g E‘@ﬁm%l) 't%pl%'ﬂ?fbﬁ@ﬁﬂn&y (760 g,

addi ti on of dichloronethane (30 nL) and”1 N HClL or gani c "l ayer
was 10 separ & @Hmarnd), eikinaidemdes! S0agsr2. @mn@btlnanhﬁhiow ¢H.dk: CH lme)met hane

2x20 ni). Th d | ed w.th vat 40, t
Rarioos (30 nUSdnaLTE At BRTey ey ga%feéhhlagﬁlxwﬁ%ewgﬁe%ﬁfw Na250

After renoval of SO|Id by filtration, thd3filtrate was concentrated under
reduced pressure to a gunmy residue (7 28 g). The residue was purified via
col um chr omat ogr aphy (‘Anal ogi X,



15 80 g cartridge, gradient of O to 10% MeOH in DCM . The product el uted at
2% MeOH in DCM The product containing fractions were conbi ned,

concent r aWeowdess4r educed pressure and dried (50C, 0. 2PERHS$2000P6Hy5t0 a
white foamsolid (2.249 g, a m xture of two isonmers, 60:40). A portion of

the starting nucl 05|d 0.257 ¢ s als cover d Yield i 2% based on
consuned starr’fl’inr‘?t;fg1 PRPEF! |é{ I-i []’6‘) %h%QA e’faélesilg tog_H of

one isoner), veq':@s;(rﬁpy ﬁroh‘uct%‘l 3, Q{larﬁﬁ'zﬁ(z Qarnd'tr%@d%rﬁext readtfon/w bt Rrtidr H,
aromH), 7.4Z2-7.371 H, aromH) H, aromH), 6. 68 (s, 2
H NH2), 6. 12:h@rjtctem2¢rﬂl0nCF H of one |sorrer) 6 10 (d 1H C P—H of anot her
isonmer), 6.04-5.96 (m 1 H NH), 587 (d, 1 H 3 -0OH of one isoner), 5.81
(d, 1 H 3 -0H of another isoner), 5.48 (dd, 2 H CH2 of 25Benzyl),

4.99-4. 935( ME<anple3: k2R3 BR@—‘S—@I’-ﬁmm‘b 6—6hl%r8—§}(gi1rlﬁ- 1@3 H C4' -H, OCH
of am noester 15-4. 06 Cs' -fia g C5' - Hb)
1.74- 1.43 ( eel%qloxwmehwlkﬂélw%meﬁlyﬂf@maywrofqram31yb erawlalte ééal:Hs

am noester), 1.09 ) Cc2' - CHB of
anot her isomer). 3'141$a m%(ffﬁ%bn%m%d %Qﬁ Tb?l&){[%newﬁsiconéré cﬁofg 2( ot her

i soner). 30 Exanpheint922128) t.8yrhopeniylhydrous tert-BuOH (4.5 L) was added and

2- 002R, 3R, 4R, 5R) - 5- ( 2- am no- 6- hydr oxy- 9Hpuri n-9-y1l) - 4-f | uor o- 3- hydr oxy- 4- ne
t hyl t et r ahydrtBf sRlafiRmWas SiFadrrigsy e YIEH S eﬁbm fampﬁ@}taﬁosaﬁ%%% (14)
To a 250 I 1.92 g,
5 2.8 rmt}pt \c}érst%g§qe Ltg%)g?%ggﬁ g’géo Vev\%e%‘ eﬁ %ﬂ%dn”\glsg)ﬁh&‘ér aak?oa\{%l&ﬁm on
charcoal ( 10%1trd@(ﬁ gatg)thlastuamge(T hemetuad: wasgireafdeatiRtT fohen hlldis@naldd nexchanged

W th hydroge xture stirr und r 1L.a for
5 5 h a1 oonia BpapaPatomGL AR s Rt Rinstie M b 20 B PR R Che
Pd on charcoaj meyeme@e@ﬂuﬁuela& El%ieﬁt“teﬁ‘@gra‘l‘uﬁé hege wohhdeﬁdiemﬂ wh$x 10
m.). The filtrate was 10concentrated under reduced pressure to a solid

resi due. The asidtd o the sumedesge wisphngen oa 1gein af ambgnt @n@emwrchleedSIbﬂaai@I um

chromato (Anal o rt.ridge r.adi ent of 16% MeQOH i n
G g5 s R e it T2 1 18 Hiasl BRE N cori o e dRR e
reduced pressmfxmranmhaﬁilﬁdre(&mlea&d%rmm‘any tol30°I0) ovle@2 & Wil & Bep@WERINtIEL. 43 g,

86%) . HPLC purity 99.55% NMR spectra of product 15showed it is a mxture
of two di ast eind@paispHarsangdistirred forailile Biie waction, wagslmeg Zomplpts as shown by

1H NVR ( DMBO- H of one
i sorrer) ( 7. 79ﬁ(6é bet? (Ilgf &gg Igl%/éﬁfaon%% E‘el}elyllﬂé%ﬁr;r@ %gét% \Afgslaé(e?me%if |§JI—tihgar om H)
7.22- 7.14 (raddBiod,of aatoNtkAL] (260 612L)(t6 forn Hsué}sib@on 61"1&88-1151:)&13601 lidwds C ' -H
2“%.%? f@ﬁgfr?egg?eib»ﬁé&?tlgeﬁgqu@ B C‘(ﬂrﬁade ghae ipjaghs I%rsrﬂ%an%L%l% eflyfnzea( 24 i ?5
(m 3 H & fthne@“rheHsoh@Q%i s Was B WRE &I1ENL rgs%mb%nﬂ) Olﬂhe({me}méd ﬁlg‘éte Widsd) »
3.82-3.72 (m 1 H Hb), 1.77- 1.46 ( H, Tethyle

c-pentyl), 1.RutrdliZ8 byrddiBgh N&CHalutibn aniihedeSt(@rox ZZ(Dﬁll()dTh@mﬂ;tu@ - CH3

of one i soner r isoner.)

( DVBO- d6) : &észfoggené%??& b Cedff@;ﬁéur(sa?i@wfgﬁe VRGO mlié@awﬁ%reggced
(2R 3R 4R, 5R)t0 abéA-oABItRed Bolinl OadditRita PpretiBited 3()11d4w5§ BRHoYed by filtration in
(hydroxynet hyl ) -4-nmethyl tetr ahydrof uran-3-ol (10) from 6a To a 500 nlL of
dry roundSbota omiar mpensk. Wae filteécieds (sher qollcgntraZ@i 92 wdumeref §boupi®l dr ous

absol ute et hanpl (210 e | ] o a d K2 28.91
g, 209.2 rrm)lrﬁ1B :F&%re&ffns)%a\é\ﬁ ar%fia/g %até]}lgg \(I)ﬁ% kgﬂ%?ﬂg{ Jﬁ@ el trogen
for 5.5 h. Al 51hiwedsglagst3u”¢gnéf&hﬁidlpdnd\me@;gﬁ§ segidn pivith Baadiéni®f byo,TLC test.
The m xture was cooled to roomtenperature and solid was filtered qut. The

filtrate was eﬁledtars%mez@aew%@dr)ttpéﬁne\'e HinaRqlan impuatipe 39 dhylaceategn t o

H 7 and con bdUo l.yed in
et hanol and Tied e CAHERN pPLEEPH £, a18 fch Fon Sy vy ezl
product &0d dickamea (¢ eb torelgtetthamafrermaht b Op@dua@nghy peatuct cahgeniap drasepar at ed

t hrough col um chro gr aphy nal og 0 g, gradien to 159% MeOH in
DCM to af fortes CBH“ ¢C°@5%tw§§wnadﬁrre§ww %apée%umﬂ éiﬂf?‘i%ﬁiewﬁ?l%}m( 43 g
54.5% . A segpRginhi hearﬁmkht%&@% t §9Jh%%iarﬁ 5&{8 @@bw@ g(alao DCM

1.44 g) andltlsamxtureo di mers of nucl eosl Armepolar
third white solid \HaBHVHbI(C&QIQdJGfar om £dd (a2 ¢1seVEBEH nalpom 1.05 44, 28) and
it is a mxtLﬁezo 61[II mers of nucl eoside. HPLC purity of product 99.94%
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101H NVR (DVBO-d6): 6 8.16 (s, 1 H, 8-H), 6.55 (s, 2 H NH2), 6.04 (d, 1 H,
Cl'-H), 5.66 (d, 1 H 3 -OH), 5.24 (m 1 H 5 -0H), 4.44 (g, 2 H 6-0CH2),
4.23- 4. 08VOEPI0107F554C3' - H), 3.91-3.82 (m 2 H, C4' - HandPC$7[;Sf20()am6943571-3. 66
(m 1H G- HO 1.36 (t. 3 H, CHBofethyI)lOG(d 3 H, - CH3).

15Exanpl e 21. (2R 3R 4R, 5R am no-6-e X 4 f1 uoro-2-
(hydroxymet hyl ) -4 ﬁ@tﬂﬁ%h’tcé%ﬁ”&Héqu"Waé PShra iR ptipa b mey l ambient
(2R, 3R, 4R, SR)z@p ér%fu%n Uﬁor@st&rﬂilﬁ)g Q-s3fH R f?méd bvér2 h. The suspension was
(((benzoyl ) oxy) rret hyl ) -4-fl uor o-4- et hyl t’et rahydr of uran-3-y1l benzoate (6b,

9.66 g, 18.4 cenisd)in ndiscowey ajbriar €dhwilhh rasblingetthiersolid (86 coflgctadider reduced
pressure to r enove, an races l,. .Sodi.um,eth de,s tion was
prepared by ﬁﬁgﬁtﬁ %n?dw%f#] i?’%ﬁ%%wwﬁ@m&aﬁ? %llyfe hﬁr (éii)%d-'"%g 2

mml ) in srraIThers@haweante@uﬁdb%vaatulﬂa(mi n®@g,M4)h, GABl@E teintp. T)ata affoed PR & under

a nitrogen atnosphere (caution, hydroge 8(Yi;as evol ution is was added to
t he starting Seftlepiodbctanigh @Pﬁ?éﬂ@lééiﬁl(ﬁfﬂ Ry P& G I he ddirase was prgsllyix f or

one hour and t 5C. The
sol uti on was thogﬁégléﬂr% (Fgébgglg‘e?r re%q1 &r‘gfsﬂ%ﬁl?)ggangﬁ{ Lﬁ)@ﬁ@“r esi due was
added was addedtidd\oH02C( IBhado)utfndy i @bledrdomtthaﬂlble(nﬂ.&m}ie)atuﬁfh&eﬂaiﬂ&fds wer e

separated and the aqueoys | ayer was washed w th dich] oropet hane, (2x10 nlL).
To the aqueoufe sleq fogh Ceifhweca%@r&pé?v%égl ederb avashrel anddried dyp SIS bonat e

sol ution yas @dded; V@HJO"@]%roH@& aQE‘v@flte%SH@?FQSZ(J SNt LithiGRdBste fefkgani c

30 | ayer was separated and the aqueous | aye extracted wth EtOAc (4x10
m.). The conyunigy Bhaganiher llwmmenmtre‘ddwmnsssdmdm sdhdedtpeesamd (ca.

Xt are v, AT TRy G Py S A St pRHOsebbe® (AU PR pur 6
product in t vy Péoluﬂiﬁ%hr Qﬁ@(?&%alo%RprQ@lchfartﬂ’éﬁe doded 5090Gny0.- 2 mrHg,
24 h) to 5.04 g (84% of material W HPLC mat chi ng nateri al

purified by oclectereandgxanghito afivedrpt.&2 22f product foam which was recrystallized from

, - h
S ety any ey PO R G A oS i b TE R AR i aalodl S 40858 6. i ami ne
(phosphi t e prgedics af ikl pdSiy.

(2R, 3R, 4R, 5R) - 5- ( 2- Amn06azet|d|n 1-yl-purin-9-yl1)-4-fl uoro-2-
hydr oxynet hy1- 4- mekheythroe selidshiyere dudegd &hbaobyimlar ptgzm apgythey verapambingds

di ssolved in dr €490 ution
01 S5 i L BT 0 B AN A bffin bl ﬁ?ﬂ@? e tﬁ?%g%g{oﬁaﬁ%{ )49\/\/251%%ded

fol | owed by Hacol) NMydl60s5p6 3. AP INO purtyHY. 33k dspibingoi2dios elph317L, 1.1

nmol ) m xture was stirred at anji erature for 17 h. The sol vent
was concgﬁtrat ed u%@Mﬁgﬁﬁ%gﬂnW@%%@%ﬁd nﬁ%(rpe%ﬁd%ﬁ?%g Bt drikt ed wi t h
et hyl acet at I rqc t d by
filtration a%éé%a’e%g t-r[gfe&s\gz i:%mn@éﬁltlfqa%rggl )aa e(rzfni%éﬂr teagol}%g? %‘rﬂg}ggr e. The
resi due was pdrarémed7.BY (mi 2 Hearoge), 68l (ddnl Hth)hHD égi2afhy Hy€i3hgl) 25.3F édi ent

corbi ned and TBnSERE PIPaH0 olaCdrt b I Fe th ek (RS AR Bl o 23,
6- Azeti di n- 1-yi3 & @4151@ , 7R, 7aR) - 7-f | uor o- 2- met hoxy- 7-
20met hyl - 2- oxo- tetrah r of ur o[ 3, [1,3, 2 di oxaphosphi ni n- 6- -9H- purin-2

-yl am né&5(15) éxsspnwr,éHD@Ea) ot 8}{11 GF0% (e 3y .crpm. pis )t%0(47 Ny,
0.12 mol) | d Ioro 77%;’(]7" 3 4mm|)
at anbient t Hlpg(ri?ft u F?gm fslz_l rﬁ}“m :(g Siﬁlioaﬁom §§gg:1e%gga]{ ‘under
reduced pr essmge(rhhﬁH arorn.), 6.35(d, 1 H, C1'-H), 5.76 (dd, 1 H, C3'-H), 5.18 (s, 2 H, NHz),
4.93-4.89 (m, 1 H, C4'-H), 4.75-4.71 (m, 1 H, C5'-Ha), 4.58-4.54 (m, 1 H, C5'-Hb),
1.55 (d, 3 H, CHz).
30
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25 residue was purified by silica gel colum chromatography (4 g) using a
gradi ent of ethyl acetate in hexanes (80-100% . The pure product fractions
wer e conbwoedikariesséoncent rat ed under reduced pressure t@Ca/USRIMVA6EICH | d, 21

(439% . 1H NVR (400 MHz, CDCl13): 6 = 7.45 and 7.44

ng

t 9-4. 4 0 : N

5213, O Sigamol  gIRARAR, 51‘50§9(23@nmf o 237750 v
(ESI) mz 41%Kid¥isbenzo %ﬁ)]xg)m flﬁﬁum4-m@tral§7d¥0fu¥a3-@~yl £.58; Exanple
24. 6- Et hoxy-9-04aR, 6 7aR -fl uor o- 2- net hoxy- 7 hy1- 2-

oxo-t et r ahydreaaroberamate ‘[63)2 d] [1 3, 2]

(2R SR 4R 3R - 5 Lo HomB e R A0k ey shgagest pomino-6-
Shydr oxyngt h)bhtcﬂoﬁf&lﬂé}(hﬁv%t uamyﬂtﬁ@r Q@IS%Q) 3ARhydrdéd teAHUOM (5 Om#t§wagol ) was
di ssol ved i n anhydrous ({)yrl di ne m) at 0C. A solution of 0.45 M

1Ht et r azol e dddeddelierid by p%aS(swns@rtnlmtomé%(laaiﬁedlS franmelie d'hp yusprsion
(N, Ndi i sopro q The
xtur e ans AT amzd RERLHARHORRIE Bk alPrnbR allbed 8 381MIR bk el
i ndicated a dﬁﬁﬂﬁic&t(eb,lm(n gaxl4 ﬁmoljl'imeanh?dmhs mtmlla@%nﬁh)edrhmﬁmarbe

addi ti on of water The reaction solution was concentrated under

n) .
reduced press"ﬁﬁséleétﬁé af ﬁ‘é"&) fop 83 hawisq J8e frastion peyaugnshedpy Hegdtifion gkadate (5
m) . The jpesubid RamRinecRb&gd 'Itﬁi PRei IR Y615 &)ﬁhfshh% Fﬂ?@fé&gs dhe
filtrate was concentrated unde educ |5)r essure. The tin
i nt er medi at e starghg pum’mdsaphwlaeranﬁmedﬂvg fikasticohi e ohe/pobdilet cas@inomg ﬁktuatee (2 )

and then 15 treated w but ydr oper gxi de 0% 25 ) for
17t abi antvednp e o rteraa i Rplieco i dat S iB ekl | on
sol ution was ﬁ%&ﬁ?ﬁafc@{a?ed([llw@ﬁ!) Dﬁﬁ%@@rﬂo@ﬂ 888 EmaRthet BB S HIGHBIES
purified by colum’ chromat ography (Anal ogix using a gradient of 0 to 10%

| PA in DCM . fﬁh@tep’r@mhectwﬁhawamrr@x £0 Jm(ﬁeﬂ@ nelorryidreeigd amer sodium

e 5 m xtior e PR, IAEPHERE BERSTS sbfodhRa Wb edel restp Pali dyas. ©
DMSO- d6) : 6 “2@6éﬁf {®de prdabts wathe e(nsmeﬁb")ratl@oﬁ@/d Ssout 1601, The &8déd, J= 20. 8
Hz, 1.5H), 4.78-4.60 (m _4.5H), 4.45 (g, J= 6.8 Hz 4.44 (q, J= 6.8
Hz, 2H), 4. 2gwadwdwappurifigihroughgglumn chematogwphy (5% gahyl aggtapein(d, J= 11.6

22,4 25ie, 1N TR LS i o kiR thigg e

DVBO- d6): 6 -rdetRinol (@tmlg) tot fermstOcr§&allid w0k soldd P E%b: Bop sHrRVS 16ESI ) : [M +
H ' calculated for CL4H2Q0FN506P 40 3, .found 404.3. 30 Ex ml e 25

6 Et hoxy 29- 043¢k sewczs?gR?me 1521 8 o B0y #iarany L B, 2 H. ixoim),

oxo-t et rahydrog2¢ 5thP"C%Lﬁ)3 23[{2a]r6'1h9X?19§‘@§P@thfbn@) %MS@H"FW -2-y1
amine (17) (2R 3R 4R’5R)-5-(2- Afi no- 6- et hoxy- puri n- 9- | uor o- 2-

hydr oxynet hy IH4F w2 RyHz, t]e—t9 éMr@Qg Gk, 4, 3°16H, 1018 EI5D5|%@ (s, UBNHBR B)06was

di ssolved in an r I i 2 S [Ne)

1Htetrazol e @hqﬁ (%’Etaﬁ,rz{ J(g é‘SC%Ft%') vvassﬁo(ghc}ﬁt'i %}%@mﬁég@%ﬁ ‘I(}{INJI\I-

di i sopropyl ar pp)itspr opy! phosphoram dite (0.16 nL, 0.55 mmol, 1.2 eq). The
m xture was allowed to slowy warmto anbient tenperature over 3 h. TLC

5i ndi cat@d a conplete reactl on. The reaction was quenched upon the addition
of water (O. t tion conggnt r at (o] der reduced
pressure and ’ftan)'nplte-ti@ |( ‘h? Rz%' T e'ghl\(/{nr ﬁ e?lhnﬁ& Etate (5 nL). The
resul ting vvhl(benzvyﬁﬁaymetl@g}zlmmrbanmm@ltlayrahyﬂtdfatamsLyaB@hztoaee (oh) froat e was
concentrated under reduced pressure. The resulting intermediate cyclic
phosphi te reSOMROURES di ssol ved in 10acetonitrile (2 nL) and then treat ed

with t-butyl hydr 7 r

erper atur o, TLC (1 Shpafh QMo 30l 88 Biglol Bl ekt oM o s

concent r 30ed rubpietrcraddett patagsives salt & taatadel(e.37 @58 @tenmaly upubmtﬁmﬂols L)col um
of 0 to 5% The two

chr omat ogr aphy ,( Anal ogi ing a gradi. A in )
di ast er eomer sandéﬁhseg Qéﬁfﬂ%dmﬁ SR CORL kit ge é%&&lﬁmg ixEure Wes
stirred at 80-140°C in a sealed tube for 7 days and concentrated in vacuo after

neutralization with HCl. The residue was purified by silica gel column
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15di ast ereoner were separately conbined and concentrated under reduced
pressure to white solids to give 20 ng of each diastereoner (conbined yield
209 . WO 2R/07735411- 1- NMR (400 MHz, CDCl13) 6 7.60 (s, PEIFV,US‘ZBBHMMB.OZ (br
d, 1H, J= 19.6 Hz, CF-H), 5.46 (br s, 1H, 3'-H), 4.90 (sept, 1H J 6.4

Hz, CH(CH3)2), 4.84 (br 4.42 (m d Ho,
CHZCH3§ 4) 4%9 hyoragography ex‘?@ﬁ’é\ﬂ%) =2 hbtolglwocéﬁougi'gaéimas 2

CH2CH3), 1. 35,Kih foatd, J— 22 Hz, -C 31P-NWMR (162 Mz, CDC13 with
respect to an external standard of tri phenyl phosphate in CDClB set to
-17.80): 6 -7.18 (s). LRVS (ESI) [M+ ' cal cul ated for Cl6H24FN506P

i crontal _andf ot 1@?%@3‘*&1?535%&9 %“lé%mso Sl S E "5540) 51, w

5.21; N, 35.99 lolxﬁle5h 4-ffuor 9Bl eI crd Qo @FaTuy 3-1b1§mile76 frohr NVR
2160 Mo, @%15% AT e ARe Tk nct iR draTuIan. 3 vl beiaielGal frod NI}

5.78 (br s, 1mpund)S 5 10 (br s, 2H NH2), 4.83 (sept, 1H, J = 6.4 Hz,

S'H ( 904,3) i) 47416314(1% ¢ ﬁ‘gﬁlo ( %@F@y%&g&@%ﬁ%@ “ttdr?iég’}é} (gq’ﬁ‘%%( 162

MHz, 30CDC13 addéhsodaapaslt ofthealsee(xmrgjalosghmnuam ﬁ)M)F (I(rmpmemhmaﬁsphate in
CDC13 set to - 17.80) 6 -3.74 (5s) éhgasftESI) cal cul ated for
C16H24FN506P tamperaturg. quli*F‘dre&@En&ml’ﬁPfeeW irigd f@ylrﬁhr?@ﬁcenwn&re@één F&uocycl i ¢

Phosphat QONUCTI{%QE&@LFE way' C}lérfﬁ%lg)?rgﬁlé el df18mn ¢ rornato%%? ExdnAUBEDA. 2’? the

cylic phosphate nucl eoti can be pre using eit

P(I'1l1)- or P(M)to@&@muﬁmzouad%é%@mgp%hqﬁ & Whitd folalnowi ng di scussi on and
acconpanyi ng schenmes. The P(l11)-reagent cyclization reaction incorporating
nucl eoside 10 and a 5P(111)-reagent, such as 18 using 1Htetrazole as the

activator inigyjhpi¥ 19! ﬁ$3RMI€B @XhIFh RlbYo- AR KR LB pi il -£h Gﬁ/&tj c
phosphite di asterl%aomerg ?1 x(:zevat ed reac(?i?lon tﬁglrrrpe?g?ureu( 50- 60C)

for 6-24 hour(bydtmnlﬁboﬂhﬂﬂn@hmlteﬁrbhjaireﬁll}anéﬁoln(ﬂhﬁmﬂ gato the cis isomer as
reported.i.n the liter e.fau t hat 5- dj Mg e, DO,
accel er atlgs this cjtboa édjm dr?’é?%% Rt egcheagk Wﬁ%AH %%@@&?f‘ﬂﬁ%%
initially appmgixsGehedny- %ﬂﬁfqﬁmgn)ear(@énzbﬁaﬂy@&%ygwﬂwm440 60C after 6 h.
The ci s-phosphite diastereoner |eads to F%gﬁ(é? upon oxi dation and al so

A

doubl es t he engtbyltatipdydrofiran-gfyl bpnzoatsi(4a gﬂ%‘ﬂﬁamal%)l Sonhyidrgysi fi es t he
purificati 0” mynoh@gﬁﬁwza 344 ‘é%ﬁlfél ) ébu Wa@ f&ilddC! &Moo 0, OXi di ze

the crude cyc e es ers |rec i'S possible 15 isol ate
them as wel | .solthien oy sbdicmibghed phiat rectasict (25901 NDinle il inomel) evasaddyd t he
reaction conditigns. Scheme 2. Cyclic Phosphate Nuc’ t ;c;etl BI%/let e wa
P(111)-R gen\tla adpptyringe under a mtrogen atmosphere. A white cloudy reactio ure was
formed. After 3.5 h at 50°C, the reaction was complete with no starting material left
as shown 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
25  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
30  powder solid (4.45 g, 98% yield), mp 199-202°C.
'H-NMR (DMSO-ds): = 8.18 (1 H, s, C8-H), 6.61 (2 H, s, NH,), 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, OCHs), 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'-CHa).
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CN NC i PrOP[N(Pr)2]2 18a Oxi dation [ox] of the phosphite esters
to the phosphate esters can be acconplished in nmany ways. Peroxi des such as
m chl or opEokzervzssss4aci d, t- 5Sbutyl hydr oper oxi de, hydr og@aTase@riocEa7sor k
wel | but are potentially explosive. Uea hydrogen peroxi de is a safer

per oxi de for hat I S conver si on_usi ng
pot assi um per ﬁg Ef%ﬁ@n‘l%gg (2'”6’9(5“8' - %lyf (Pi“rw ?‘Hﬁu‘{hb‘ﬁf‘hg ysts
such as TEMPQy a\éox ﬁié%ﬂ*l@ﬁﬁah&ﬁetvﬁﬁyc%m&ﬂmer(Wﬁromu) di newat er based
oxi dati on reagent comuon used in automated oligonucl eoti de 10synt hesi s.

The reaction is ne%mm9ry|ﬁbﬁlanwﬂ@@dsomddlashrﬁﬂbémﬁmmecrledlcabﬂtmemedan cal ly
b d th 1,0d] t di ,
Ro- 17and Sp- PR R ped B R R R SO P B b Ra e 07 e FEb g e

appropri ate F(((V)chn&ag@abyl)@@)mbﬂhygw ALee- 4-ﬁet‘~ﬁ§rh@tﬂﬁ1yaroﬁlrﬁn$0ﬁalm 3. Cyclic
Phosphate Nucl eotide By P(V)-Reagent C NN I Rl to' \"c). NN NH2 (.01013
R1 1d chlorobenzoate (6b, 313.2 g, 526.5 mmol). The solid was suspended in anhydrous
methanol (2.1 L) and cooled in an ice-water bath under an atmosphere of nitrogen.
A solution of sodium 25 wt.% methoxide in methanol (361 mL, 1.58 mol) was
added via an additional funnel over 20 min to give a clear solution. The reaction
10 was allowed to warm to room temperature for 6 hours to form a turbid solution. The
completion of the reaction was confirmed by LC/MS by the lack of any remaining 6-
chloro deprotected nucleoside. The reaction solution was acidified with con. HCI1
(132 mL, 1.58 mol). After standing at room termperature (1 h), the solution was
filtered to remove a white precipitate. The precipitate was washed with methanol (3x
15 50 mL). The combined filtrate was concentrated under reduced pressure to afford a
sticky solid residue. The residue was mixed with 420 mL of 2 N HCl (420 mL) and
dichloromethane (1 L). The organic layer was separated and the aqueous layer was
extracted with additional dichloromethane (3x 500 mL). To the aqueous layer, ethyl
acetate (1.4 L) was added and solid sodium carbonate (86 g) was added portion-wise
20  to necutralize the aqueous layer to ca pH 8 (caution: foaming). After separation of
the organic layer, the solid in aqueous layer was dissolved by adding more water
(200 mL). The aqueous layer was extracted with ethyl acetate (3x 700 mL and 400
mL). The combined organic layer was dried over sodium sulfate and concentrated
under reduced pressure to a light yellow color solid that was redissolved in acetone
25 (820 mL) at 50°C and stirred until new solid formation initiated. The saturated
solution was cooled in a freezer and product was collected by filtration. The white
solid was rinsed with acetone (2x 150 mL) and ethyl ether (3x 80 mL) and dried
(0.2mm Hg, 50°C, 4 h) to a white crystalline solid, 151.6 g (92%) of material with
NMR and HPLC matching material purified by chromatography.
30 Compound (7a) is prepared in a manner analogous to either Examples 12-13

for the preparation of compound (7).
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6a / iPrOP(0)Cl2 22 OEtOEt N NN+O/....... 0.,0,NN NH2 CH3L. CH3 s". iPrO
Rp- 17Sp- 17 For P(V)-reagent-based chem stry, one can start w th phosphorus
oxychl or ive 2arvdh7sssubst it ut e one chloride with isoprop&adius20meysesul ti ng
di chl or ophosphate Si sopr opanoate reagent 22 (Gunze et al., US Patent

 th el oo EanRelg (255riseRoRyATERR SRR Sk i Gy E ORI ol at ed
yield. Using ﬁd}ﬁl d )CJiJﬂ%iio 9mrakﬂnsnymweﬁanfd&m&mﬁﬂ)ﬁ%ox

N- net hyl i m dazol e, onIy traces of 'Sp-17 tan be observed. The resultl ng
crude product(phél!@ty)ahomeﬂamlm@pkmnogteaﬂléb nore anenable to direct

10crystallization p urificati b phy.

Purification of Rp%ﬁ?fdj%L f&}l n]?fttc%l}‘?ggpaﬁ%/%&:e écmdsp%g 81h as ring opened
phosphat es C&ﬁclﬂ@ro@ﬁé‘s?ﬁﬂk'@ﬂ@@ 16 PHEHby@ihinhgd@is BicBRMbHetE MO L 0of t he
crude product with dilute base to renove freg(y{)hos phates and the activating

reagent s f ol |'dWexning cepr salt42 §BIg. éﬁéém@@wa@ cgrto gropetudionjapgd thegnixgereby a
conbi nation qf, JaBpkh, f*% %"1\?& a?{)le 5 1? rﬁﬁ}%l)%)s%é’ ad
evera vent’s tha

Rp- 17crystal |'1zes readi from I ncl ude eeﬂyl acet at e,
acetone and iguiqkiyppianalry Sfdlﬁg‘&:mﬂgﬁ’(ld‘tﬁltbdf esistidrowm afrreidhe -Cyfot alhs Thary, an
XPRD st udy of crystal s fromthe three solvents showed a single_pol ynmorph

whi ch is t he Misleeside (b ddl4e.Be matohlest addst frpmp wal wiasg pprtmqth%cs%*g
crystal xpray gé A Wi Wow C(ﬁ§s@fv%d 1%96 meﬁwt Skactidh 1 er&e(fé w&s Qi&%ﬁhat e

ester can be done either hrou h V) -reagen Chem stry
i nvol vi ng t hgousetaodmbiket tEl@lpd:I’aDu-raf eaygert. Afqui7leshamaction was not complete.
More chemical reagents were made (as described above from phosphate (2.66g),
aminoester (2.60g), and NMI (3.8 mL, 48 mmol)) and added to the reaction mixture
at -5°C. The reaction was stirred at room temperature for 2 more hours. The
15  reaction was almost complete as shown by TLC result and diluted with 70 mL of
dichloromethane-HCI solution (1 &, 70 mL) was added. The aqueous layer was
separated and extracted with dichloromethane. The organic layer was washed with
saturated NaHCOs, water, brine and dried over MgSQO.. After removal of the
solvent under reduced pressure, the sticky residue was purified through automated
20  column chromatography using a 240 g cartridge and a gradient of 0-8% 2-PrOH in
dichloromethane to afford product as a foam solid (4.16 g, 7.14 mmol, 73% yield).
HPLC purity 97.4%. NMR spectra of product showed it is a mixture of two
diastercoisomers with a ratio of 1.2 : 1.
'H-NMR (DMSO-ds): 8= 7.98 (1 H, s, 8-H of one isomer), 7.95 (1 H, s, 8-H
25  ofanother isomer), 7.37-7.32 (2 H, m, arom-H), 7.22-7.15 (3 H, m, arom-H), 6.6 (2
H, s, NHy), 6.11 (1 H, d, C1'-H of one isomer), 6.09 (1 H, d, C1'-H of another
isomer), 6.09-5.98 (1 H, m, amide NH), 5.88 (1 H, d, 3'-OH of one isomer), 5.81 (1
H, d, 3'-H of another isomer), 4.85-4.75 (1 H, hepta, methine H of iso-propyl), 4.46-
4.27 (2 H, m, C4'-H, o-H of amino ester), 4.15-4.07 (1 H, m, C3'-H), 3.96 (3 H, s,
30  OCHa3), 3.82-3.72 (2 H, m, C5'-H, and C5'-Hy), 1.23-1.06 (9 H, m, CH3's of amino
ester), 1.03 (3 H, d, C2'-CH3).
*IP-NMR (DMSO-ds): & = 4.91 (one isomer), 4.72 (another isomer).
An alternate purification method is to chemically alter the minor 3’

phosphoramidate by-product in order to simplify the chromatographic separation.
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oxidation step for the internediate cyclic phosphite esters as shown in
Schene 2. For the P(l111)-reagent chem stry, the preferred route is to nake
t he phosphorow/a7esgent , i sopropyl - N, N, PCT/US2009/069475
N',N'-tetraisopropylphosphorodianidite (18), which is not comrercially

avai |l abl e, can b ared re eact i commer.gi al 5avai |l abl e
chi o o0 N, N, N THe ST e RS Br B I aLish D o b df £RICRSH G S S Bbanor i
the presence ff idubded iWahY. ﬁﬁbﬁ?e@%ﬁerﬁ%fiﬁ%&ldﬁﬁ&h @hﬂvacmd%@%%%béﬁt can be
used as crude or it can be purified by vacuum distillation. Based on an

anal ogous coﬁg@pﬂdﬂkm@mmamﬁdﬁﬁe@brWéthu&@E5Qﬂavanmﬂﬂ@mHONﬂNﬁ'NOﬁmT-

chem stry, oD I0S A EiuT BRI SrEReT R IbT & hEME: PR topr opanol

or its tris rretdanb@ftédmb aSt-tED M- 3 pheishepheidue defit &thleOthicdeackion fivquentig
dichloro internediate 20 which coul d then be converted to 18 or the

monoani ne r eaéhmetanoli (Arear wericatrated gnéanediecd presse MtHIREd Peticen t he
nucl eosi de iny ab&hﬂé%}lggﬂﬁﬁf‘c datcﬂ{eadd”th@ﬁ gatn?c 1%%&1 ik SOrPcQ%BQat?%eeSt ers

al though in a poor I'SO rop

activated 15fresidet sm@@abpnﬁedbyclaﬁnﬂtagr@hghﬂﬁcmml mplbn dore wigagrighst Thi s
method is well- docunmented in the Jiterature for automated synthesis of

oI|gonucleot|Bﬁgn%ﬁﬂi%ﬁﬁﬁFgﬁ@EWé6§1%@“ﬁﬁ@éﬁﬁﬁfﬁwmﬂtte precursor reagents.
1Htet | t 1y, but
etrazgl e is the, |s§ﬂ?;?gllﬁ&/gg%? ?fﬂa\’&f@f? ﬁ’éﬁ%&s ciofscal Iy, bu

this activator reage e1n the US due to
hazar dous smHXMnmpl@gﬁhgt@npmmmﬁ(HDpndéhOmaMmmn@qmgnmwe 20 conpound. We
have found that non-expl osive known activator reagent DCl gives superior
yi el ds for our cyclic phosphate ester derivatives. O her known activators

i 22, o bttt skt g A o akgtoars e el e
d d-Pd Fihmpﬁoﬂlydr@xylzfrthy)l%methyltetrahydmf(lra'n 3:811(8) )
15 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 (6a, 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 triecthylamine (4.16 g, 41.1 mmol). The supension was stirred and
20 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).
25  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
reduced pressure and the residue was purified via column chromatography
(Analogix, 120 g cartridge, gradient of 0 to15% MeOH in DCM). The pure product
30  containing fractions were combined, concentrated under reduced pressure and dried
(50°C, 0.2 mmHg, 17 h) to a light pink colored 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, | H, 5'-OH), 4.24-4.10 (m, 5 H, N-CH, of
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2021 o Il ci cl1-P(Cl Phosphorus oxychloride -11. 0 > 1i,Cl 0-121 O 22
Exanpl e 26. Isopropyl-N, N, N , N -tetrai sopropyl phosphorodiamdite (18a)

Bi s(di i sopoepyEsisao) chl or ophosphi ne (19, 250.1 g, 937 mEBIUS20096%dF ssol ved
i n anhydrous ethyl ether (3.6 L) and triethylam ne (190 g, 1.87 nol) was

2" pr opanol  ( 25tgjie-erti § W Rutie A Tdeh Tt (B el Tt e
resul ting cIQyﬂyqﬁh%gyggc&ﬁgr@p£5{ﬁgﬁﬁﬁgﬁgQE“gfyggcgtgﬂgyfor 5.5 hours. The

reacti on was conplete by checking wt = 116.'10 ppm S). Wite
solid (triethylamne HCL salt) 10 was renoved by filtration. The filtrate

lsed Tor nexttoru® ey (Enimef PR RO SR S Sl bR hove) ane
P(111) - r eagenjurei9-yed- Mok d-3at deyxyaghietiyle@hhydrofuran-1bp 84-86C, 5 nm Hg)

if desired to furnish a colorless clear oil. 1IH NMR (CDC13): 6 3.91 (m
1H), 3.51 ( myDmetghoxy)(phenoyy)phosphoydagiipp)propamegtq2)H .. 31P NWVR

(CDC13): 6 116.1. 45 | ]

6 Bt hoxy- 5- 02R, 4ar BRI TR TRy SHnghnsioned faskwers addod phenyl

2- 0xo- t et r ahydiciderdphdsphate [ B72gd§.15 rdel? hndlardydpiue djphiotomethaycl (179t pur i n- 2-
ylam ne (17-Re) and 6- Et hoxy-9-02S, 4aR, 6R, 7R 7aR) - 7-fl uqr o- 2-i sopy opoxy- 7-
met hy1- 2- oxo-Tl@tqnéH?/ a¥ter Q:]le_zfgjrlg.2[rgr,ngl)d)ras[aﬂ,dg§ g]d the suspension was cooled to -
a8 B YRR 1 ) LT iy g TR st 10
y1) - 4- f | uor o-rifdnyatrdoky setitigl Wasistiretdy 16t foahhdmobus aitcogehtr{okpher65. 0 g,

0.199 nol 4 5.di. i i d 9.9, 496 nol) i tonitrile (1000
L) at | 0r BC v TAEEHaBE I SaTArO s ol s s RS EERe vaFp: v se

over a peri ot@fth@{lution was allowed to warm up over 1 h to ambient temperature. After 4 h

at ambient temperature, TLC (5% MeOH in DCM) indicated an incomplete reaction

15  (about 30% SM remained) but also a growing less polar impurity. The reaction was
quenched by the addition of sat NH4Cl (20 mL) and diluted with dichloromethane
(20 mL). The organic layer was separated and washed with water (5x 30 mL), brine
(20 mL) and dried over Na,SO,4. The product containing solution was filtered and
concentrated under reduced pressure to a crude oily residue, 3.26 g. This was

20  purified by column chromatography (Analogix, 40 g cartridge, gradient of MeOH in
DCM from 0% to 10%). The product eluted at 4% MeOH in DCM. The pure
product containing fractions were combined, concentrated under reduced pressure
and dried (50°C, 0.2 mmHg, 17 h) to a white foam solid (1.322 g, 2.28 mmol, 56%).
HPLC purity 99.25%. NMR spectra of product showed it is a mixture of two

25  diastercoisomers with a ratio of 55:45.

'H-NMR (DMSO-ds) 3 =7.80 (s, 1 H, 8-H of one isomer), 7.80 (s, 1 H, 8-H

of another isomer), 7.38-7.33 (m, 2 H, arom-H), 7.22-7.14 (m, 3 H, arom-H), 6.09
(s, 2 H,NHy), 6.12-6.02 (m, 2 H, C1'-H and NH), 5.83 (d, 1 H, 3'-OH of one
isomer), 5.77 (d, 1 H, 3'-OH of another isomer), 4.46-4.05 (m, 8 H, NCH, of

30 azetidine, a-H of aminoester, C3'-H, C4'-H, C5'-H,), 3.89-3.79 (m, 1 H, C5'-Hy,),
3.56 (s, 3 H, OCH3; of aminoester in one isomer), 3.54 (s, 3 H, OCHj; of aminoester
in another isomer), 2.37 (penta, 2 H, center CH; of azetidine), 1.21 (d, 3 H, a-CH3; of
aminoester in one isomer), 1.19 (d, 3 H, a-CH; of aminoester in another isomer),

1.08 (d, 3 H, C2'-CHs).
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mn. The solid was dissolved after the conpletion of the addition of the
P(lll)reagent and a cl ear solution was observed. After 30 mn, the solution
was war mewot01wiasift enperature and stirred for 3h. The PEIASR@Y/0094%% ur e was
then heated at 50C (bath) for 6h. (A small aliquot of the reaction was
solution was dil uts a vol une of 3, and t ted by P-NVR to
show | ess than 5% ?%W ?ZLS éﬁ%s (QBHsPMEH: %%%G}h@fs%% The sol vent
was evaporated to dryness and the residue was stirred with Et0OAc (500nmL) to

forma white solid suspension of the DCl salt. The solid was renoved by
filtration arkkampladd. WRBREARAR)-GAZcmino-6rttenzyloky)rHd-purin-9-gi)ed-flaero-

concentrat ed ness o the re d a 0.1M solution of 10
iodine in 70: thg‘ % %/ {R‘ﬁthl‘/l} ﬁ%lteﬁrﬁgywm'ﬁg' I?-Ig% (2L) over a period of
30m n at 35-10C Af tRf a 260 mImyfeiryWdung-Uetbmsaflasis Rbicthdies (2R @Rt FD- 042 -

filtration and the filtrate was concentrated under reduced pr essure The
resi due was B OvEdPrprPEEDHTN- 9a’éb¥éb@29f&19¥ym9€éﬁlhédﬂwrﬂﬁ a 10% aqueous

sodi um t hi os ] [}Rl—tﬁgﬁ g;lrs puntil
DCl was nost %gtﬂ%%g\(/aég&)mraﬁg' I%Q%% t%g(k#l%é g’l’h organic %n%?/'él?ogl\%gs shed
wi th water (Mib)(lz&%hls)o waetnbtltelnaso ﬁmwc&ye@@dﬂjtmmedﬂablomteeclﬁfgedtl on can
renmove DCI nore efficiently). The or(?anl c |ayer was dried over anhydrous

sodi um sul f at®¥H{¢Q% 81 winest| @le 3¢ @nbF-8 ool 6“‘5?‘%‘18%'@ DMEARARLTHNE was
conbi ned t ofr 59 mol
o st ar ti g T e R B A bk R Mo BT 82 20

m ni mum of diaddéddopetrhana aasydngubﬁesohﬁdntwcas siowily forget andlutmttngs%ph@ usi ng

3 L of silic el i a6 L sintered s Buchner funne th a step
gradient of  JotrltergRarmeRareaTe s RS BTt TRl PP Bauct as a
foam as the pehpPBENrS. " Bied BRuRREhs Heatdd & s@CSSRAmaRl Y TREFdab@bd Wapuri fi ed

fraction. The pri mar% fraction was suspended in ethyl ether (250 nL) which
i medi at el y gavwwlee pitere lgﬂ%m@lﬁd toainibdent 2 Mvsatyst |Itjwm1$elktl@llk@ch}e‘fdie by

Louter cant ardafion50 4P Qe TR 2] 08 sign HaShaiehGibdYndl 0y ©

with acetone £@QRQd Fkdssiad M idaflDET bath). aTlsd Ebhd rebEIORAs Hdutéd withg of white
solid with 2 nol e% of acetone, and HPLC purity of 98.5% The secondary

cont ani nat ed diehieromsienaétld Bl pid weshey “@Wrw(égﬁﬁﬁlhly) benaf30grk) and

ddi t I feo duct .
add: 1 onal 0. A% KOISch, H9E kRAAY LY Rl B Pu A SoRRgoduC
i rregul ar pr isuasr ﬁﬁu&ldqmeﬁmap@aﬁbﬂpmsﬁfuepmhchuxZas Iﬁmllﬂetilbgmslulrrm et hyl acetate,

i sopr opan and acet one. mall paQr he | ower jsoner (Sp-17 250 ng)
was al so %%solcélf%ﬂa a%raalh‘/ Lpsto P feﬁéﬂﬁtlédﬁplfhml)c My nﬁe%)df? 11- 1- NMVR

(400 MHz, CDCLgkd 8t 484 @@e(ﬁﬁ 1n ﬁdM C&h%rodﬁc%n{alﬁﬁf}g fraditdns hrerd SorRbibd, CF-H),
546(brs 1H, 3'-H), (sept, J =6.4 , CH(CH3)2), 4.84 (br s,

§H48NT2g% 3 21 @gﬁemw@mmdmw&edmesam’ahubdliial-lm% (d)().gﬁnmglgmz’lgﬁ) Htgrmv;]ililtéc 45 H,
.48-1. m , = , -C
CH). 31P- Nmfei%ﬁoﬂwcégﬁﬁ Qf%g&%ect to an external standard of
triphenyl phosphat e . AMIOE 1318%)%‘1?1:2)%0: 81§(§Q)H68 HX A8-03) (k- BRWB atdr@ln), [M + H

cal cul ated for CL6H24FN506P 4 f ound _“Optical rotation [a]25D
-80. 3 (c 2%. 00 43réBAR4ameP H, aminedbné.af (&ﬁéﬂ;hﬂﬂs) 6@é|(d:,d HC1'4), $87 (1 B, 37; N,

16. 24. Fd: C 2 ( h
decom.) S 19540 2 A G b A5 2Rt ) 309058 10 TH Ky’ s o
(br d, 1H, J%Qm(szrcmmlzﬂzi)mﬁ}d?@s(mp 3571-1166 (3, 1 H), C55.HY, 1(@7(@3He+d:2J\IH2)
4.83 (sept, 1H,  J 6.4 Hz, CH(CH3)2), 4.63-4.48 (m 4H, 5 -Ha and Hb,
CH2CH3), 4. 4631213)38 (m 1H, 4'-H, 1.47-1.21 (m 12H, CH(CH3)2), CH2CH3 and
2'-C-CH3). 31P-NMWR (162 MHz, 15CDC13 with respect to an external standard
of triphenyl phosphate in CDClB set to - 17.80) 6 -3.74 (s). LRVM5 (ESI) [M+
Hl cal cul3at edExamiplel 8 H2HNYOhipedG2 24 (((IRBRURLSR)S-(24dneinnad-chebyylokgsi s of 17

\[;Ihgs Ef;?% di F §ﬁ| e n—}p&altne-fg-éfézg ﬁuoro-?l(lydroxy-} metl?%?étpaehsyldf'oﬁlran 30 propyl

y)methoxy)(phenoxy)phosphorylamino)propanoate (13)
To a 100 mL of dry round-bottomed flask were charged phenyl

dichlorophosphate (3.29 g, 15.58 mmol) and anhydrous dichloromethane (24 mL).
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A sol ution of isopropyl alcohol (38.6nL, 0.50nmol) and triethylam ne
(69.83nL, 0.50nol) in dichloromethane (250 nL) was added to a stirred

sol uti on WO 2POOTIS5450. 45 nl, 0.55 I nol) in DCM (250 nli) pCauspeogiosd’dver a
period of 25m n 25at -5C. After stirring the mxture for Ih the solvent was

evaporated a t he residue, was suspended in dieth et her (400 . The
o o e BT By RSP s el s SHBEOw, b ol rbio - 10
nm). The fil tyatgduesins RAL entvi @k dﬁﬁnﬁﬂ?ol& tl?91 §559(191Fm}%$) Wisstddbd e aUd}Sier hi gh

vacuum (-10mHg) with a cowhea (bath tenperature slowy raised to"85C in
30nmin). The rsefqugfr msdngmodint andele ollkalotodaticas clza4RluBE Wadisttried afa{5|6rﬁ01head

t enper at ur e) rless |i u' o] che
Preparati on oq’negg}l Oi‘lée& t%/@ll% bdsegﬂi\ 1dN%CSI Zig %@es 4 4)\695 to the
2010/ 075554 PGbiudoR QA8 UiEYR in onERéBh @nd the mixture was allowed to warm to
Cycl obutyl -N, N, N , N -tetrai sopropyl phosphor odiam dite (18b) and

Oycl opent yI - NINpIGRt (OEPGraUFiO LB DEYOTIIE @H@@@(ﬂe&ﬁﬁl% RregeIBYYs HyBitefed ol ut i on

of al cohol ( (10
mol ) foll ome%é'ct%/ %%I ori %Qnolnl((ﬁélbﬁor%tr{%ﬂ]lan% %glfncﬁgf[%araely\@g%ﬁg@?e%re de%%lhl room
t enper at ur e fafter 26 hifaboSoB0% swasng mmmeblleﬁy Thiclrtdcsibh ovas stbd juarhedva the
evapor at ed to%igl ve regglfnts 18b (for 13u0|—R} and 18c (for cl3n0OH) that were

used for the 3d8%tonddighiqspmgihang30 misk sndely ﬂﬁ?h(épér&t)r dhe Ownalamﬂ\*éasso
6- Met hoxyjy)9- %%gatrrﬂtgﬁ 5&%%@%@(@5'1 I\x)ééggftfgc'téw\gi Bféhf&(%mgtg?ﬂ n2x2

0
met hyl - 2- oxo-t fur of I oxapho n- 6- yi) 9H puri
n2-yl am ne (Zﬂjedanémmdaxrgmc tauyelcvyaﬂ winthod phithtveserA3x40mly, soNaHiCon (80 7 (0. 63

, 2.00 1) jn 15d t tril di imd I
(bcr 0. 56 o ™ i WdTEer db BF oy Vbl g1 o530 o RGO xt ur e

was stirred ablig®9 @?lttreﬁmﬂeﬂl%tfﬂfr@tefwchrs c§1chﬁ’tr5,‘teH klﬁﬂ‘er%dlﬁéd grefsﬁfre fo Dgurk@ryt he
m xture was added additi onal reagent 18b (1 nmoi) and di cyanoi m dazol e

(1.25 mol ). THidug @8 )i dde sedidieivors pwaigicd tvia odummchuema@graphy 4 Analogl vent
t d th ' o, CHR2CL2 (3 To th
e e P B IR ST BI o B PR TR BB B BB

sol uti on. ThGMBDKItﬂdTD?CMaSFh%tplrddL@dccﬁitalﬁﬁgfﬁabﬁdSm&{/@bUbﬁbfn@d cl)nbentﬁwduene (20
m.) was added and the sol vents were evaporated and the resi due was

di ssol ved in @ﬁm@dv@mrwyre ae drigd (W Cobt 2%&%%%% whitefgamplds t o
remove di acy\?sa%%f fq%g @fﬂ%%dn?éiis ‘ﬁ\()ez{og'\'%ﬁ% ?ﬁhl‘gaxﬁl %?@grat ed and

t he residue silica ge It Ona ogr aph 0% Et 0AC
i n hexanes) t(0. ngem@mowwvaadmwm a28% bﬁﬂeddn(c@ns’hﬁndgl,stﬁﬁﬁ@ matdal 400VHz,

gEDClB) 3é 296(78( m %WR EDM& §H)1799§|(_Isgé Hllg)H o?one 1sorner) 7. 96](H)1 H, 8-89 (m
H of another isomer), 7.52- 7.50 (m, 2 H, arom-H), 7.42-7.31 (m, 5 H, arom-H),
7.21-7.12 (m, 3 H, arom-H), 6.68 (s, 2 H, NH;), 6.12 (d, 1 H, C1'-H of one isomer),
6.10 (d, 1 H, C1'-H of another isomer), 6.04-5.96 (m, 1 H, NH), 5.87 (d, 1 H, 3'-OH
of one isomer), 5.81 (d, 1 H, 3'-OH of another isomer), 5.48 (dd, 2 H, CH, of

25  Benzyl), 4.99-4.93 (m, 1 H, a-H of aminoester), 4.46-4.27 (m, 3 H, C3'-H, C4'-H
OCH of aminoester), 4.15-4.06 (m, 1 H, C5'-H,), 3.81-3.71 (m, 1 H, C5'- Hy), 1.74-
1.43 (m, 8 H, methylene CH; of c-pentyl), 1.18 (d, 3 H, a-CHj3 of aminoester), 1.09
(d, 3 H, C2'-CHj; of one isomer), 1.08 (d, 3 H, C2'-CHj; of another isomer).
*'P NMR (DMSO-ds): 3 =4.91 (one isomer), 4.73 (other isomer).
30
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52.50 (m 4H), 1.67, 1.83 (mm 2H), 1.34 (d, J= 22.0Hz, 3H). M5 (ESI): 430
(M:tH '). 31P (CDC13): -6.98. Exanple

31. 6- Met IwRReBY0ZR44aR, 6R, 7R, 7aR) - 7- f | uor o- 2- cycl opent oREINS2009/069475

met hy1l- 2- oxo-t et rahydro- 2k5-furo[ 3, 2-d] [ 1, 3, 2] di oxaphosphi ni n-6-y1) - 9H— puri

rocedur o wadIRIEdd: (2D RD B IUCIRIKH SRRSO tioh hedBI T 16c
was used i nst _gfy Sjl.mugp(; @L]{ydﬁlgxoya42ﬂeﬁ1¥]t@¢|r§lhgﬁmﬁ{rﬁﬁtﬁ| line 24. 6H
(400MHz, CDC13 4Hz, 5.30 (br. s, 1H),

5.08 (m 1H ylnnabo@b(plmnozyaphoml@sylanﬁao)(pmpwte (449)7 (s, 3H), 151.65-1.99

8H), 1.34 (d, J= 0 . ESI
600" Exanpl o 35 ® el i e e s itk Maing AT b oy 7
net hy1- 2- gxo Z@hfn@d]YQﬁ@ac?dé@aﬁWd?B@& rsellifclotana] @bmphmmhium& Bhardoat OH- puri

n20 2-yl am ne é To a stirred suspension of
(2R, 3R 4R, 5R)({8% Q2Qimgh@/asa@ie|dogyﬁ 9tmespherg imthe flask was exchanged with

15 28 ol RO SE SEhRkr 5 SRk A LA Rthale s for L3R g, ©
61.1 Mol ) attemhpatiuie Pl @hdtiod. wéﬁhedgeﬂ&@mpwebySDL(IreeldmectOﬁ)chdccbal was0C and

then was added 25i SOpqua%I}'l phoshar odi chl ori dat e (@#%) vm se over a
period of 5miRMOTHEDiiltkatipR angwashed pyiflethanof s eTléﬁf} {$W#S 15ni n and

then was ;added, Nl ugiﬂ Meducdd ple Qﬁl’é'té QPR fﬁhée?;f?é/?cgld%&%i Qd w3, Smi n.
The m xture was stirre %etween-ZSCan -15 ensovay war med
t o room t enpeilatge(liorg) 204 puiihied bptolemh chesnaeaponatiedloyrd 40hecartedpdue was

triturated with EtO 500 [ |d 30. dltered and
washed with er#ifnt ahdvs e16(%91{}n D@M&wﬂwm ptaging i Ster 1 sorer
Sp-17 was Vi %oﬁib@nédncéﬂ%@nt%té’cﬂ@nde??é&hbéﬁ;%regéﬁﬁ‘e dnd drlcat(Sowa9 evag, aygd and
the residue was chromat ogr aphed usin 5% et hyl acet at e/ hexanes gradi ent

to give pure tRg- wﬂﬁ@sooavctm(lt@ s6’0. HRLQ&QHH}?@9 6586 YWMRdpectra of progyst an

alternatl ennc r.omat o atlon nmet I e, feaction
mxture fPomdought SLERPRURR Fo R T bR el OB G e hane. ( 100
m.) and 5 vvasdqgg wsgelr. 1 N HCl( 2x100 nmL) and water (2x50 niL). The organic
| ayer was dried over sodiumsulfate, filtered and concentrated under

reduced pressure f&-NYREOMSgh Svratliidis b, Nfﬁof@méi:)dé 83 (3. IgHo¥-Heofude
17. On t
AT S B e T e R Tt L
suspensi on vva7sl4‘,(ml3eH dromaHR i (sf 2R dIEH), 6. 68-501 (81t 2 H, €d' HoarndNHioflo The
solid was collected by filtration and dried und r h|%:] (Sﬁu&;gn@t gi ve 482

mg (50% yilel FHPRSHOLLY -SRf D1l Had-QHgHione 1598150k -3 p’zlzd % A second

portion (1.0 r i r ' m) to
afford 671 nﬁgamé@s%(?lrg%h 0 W%R%OWH%GE@V\%?%W% “h%qﬂpéﬁ%qﬂﬁ“. % 98. 64%

15 Exanpl e BHDCH-dﬁamllmeysr)amlaglr(kmmy lofl, ®Rp-H.J, 3.82-3.72Rpy, 1 H, &YyHi)al .lized

from et hyl ace rough, sl rtia t te rature
starti ngyat ﬁﬂaggt (@%@]ﬁ%ﬂ%ggf Pif’f“b'%)f 2@1 gés IPE”?I %acgj:[)%‘ﬁnc?fﬂﬁﬁ‘ﬁeﬁ spgce
group (systenla@ss Q%W@H Gf%ne ksoﬁfég) 1@@%1@1@ cé@ﬁga)fwo&ﬂbreso&ﬂer)%M( 13) A,
b=12. 4153(14) A, Sy 1623(15) A V=19 5 A3, Z=4, and 20 dcac=1.435 g/cn8

X-ray in2énsity datl NMRé q)-éle)te5d=6{95é01mlgaﬂnaf)wb7%(ﬁﬂ?tm0m€@a det ect or
enpl oyi ng graphite-nonochromated M-Ka radiati on (k=0.71073 A) at a
tenperature of 150(1)K. Prelimnary indexing was performed froma series of

twel ve 0.5 ratxaimple 20 eZRSRMR BRIFPQSH in®-6EthdRy-9ek puefi-9-A)-Uolwedro- 860
rotation images were collected wth a crystal to detector distance of 35

mm a 20 sw r(QYGﬂfﬂ}D’@eﬂﬁd) 4-meghyltefrahydyafugant el @f) fyom éhd exposures of 5
d =
seconds: scan 10. 4 e o AERY AT Al P 30: k0 IPuopB = 20

scan no. 2 was an (o scan fro t x = scan no.
was an ( @0scanmbhpomnhrous adlat cthamol{(IM @byl wap addcdCind felb@wediy 4 was an

(o-scan from-20 to 20 at 8 nd ( 135. Rotation, i wer e

processed usi y@PV%K&@@ @gpl(g@% %? ISaIT he W@%@?%ﬁ%ﬁimd at
75°C under nitrogen for 5.5 h. All the starting material was consumed 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
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301999), producing a listing of unaveraged F2 and (3(F2) val ues which were
then passed to the Crystal Structure program package for further processing
and strucwOore1sobisti on on a Dell Pentium 4 conputer (CrPSTAISSI0OCI4GT €:
Crystal Structure Anal ysis Package, Rigaku Corp. Ri gaku/ VBC (2002)) A

total of 23016 reflectl ns wer geasured }gver he r E‘i 82 < < 25.02,
-13 < h < 13,306 f&n“@nkraté pader rgguce Prepaurg Eersifuesss ‘? mrfB?tlh%l?ﬂH ons

(Rint = 0.0292) m&&?wﬁtﬁtsﬁi%ﬁ' ob(198h ATHE BB RN BC IR AridR préRicEM ZsiRR el |
pol ari zatl on effects and f or absor pti on usi ng REQAB (m ni mum and maxi num

transmi ssion Wﬁ%gfeﬂtdﬁﬂmémpﬁmﬁrlém sk sgperatedshrooglveaduiy direct met hods
(SIR97) (SIR9

G acovhzvo, AMEREGrA e Pl ot e st BPCEATR To0s) . 5.

Appl . Cryst . ,préduct $b8 MG in Eﬁ@@mumﬁmﬁhﬁl@k 73 érrm s%g heRséndsquar es
based on F2 using SHELXL- 97%£SH XL-97: Shel dri ck, 008) Acta Cryst.

A64, 112-122) WlArq sofig fyas dgoila fr@@r@lmléﬂl%an@gi F@C%Mﬂg) apdatis@ wei ghti ng

schenme used V}%?mw £of L}@(?&lﬁ%? Qle%?gg P2 dork: aPI%?a% thfp Ird v&hh(nF %ol%d Wa§? ?e)c{e\%ler o

Non- hydr ogen atons were re daani sotro Ic

refined usindgran boldnmg(lﬁ%dabOHRefD@Mrmmﬂ g()@md/ﬁngedmttard%itf=sﬁm@#hb'f and

wR2=0. 0994 for 3376 observed reflections for which F > 4a(F) and R1=0. 0440
and wR2=0. 1020ckeneidescHPLE gty phprodyqt 9354%- uni que, non-zero refl ections and

268 vari qgl es (Rl . ﬁlvtl%gr?&r J)Fg%llld(g ﬁo%ﬂ)"‘@%srs [ﬁﬂﬁﬁ@ 605?8)121@2

Ew( FO2. p; Where 'n nmber of
reflections a(hU—H) 566t INdnPHeOHRH. Ma(nariﬂﬁé‘-@}i[)eﬂﬁheéq JH, G‘-I&CHrﬁxéi MBHho& a in

the final cycle t e he o) t peaks
inthe fi naIy flﬁi (Jéﬁgé %@3%&@@ af)qggpﬁggdﬁ@)& %g% (go(/s% lp[%'a(g% nﬁ'riB I Pst S
cel I informati f fat @HCQF LG P06 PARATEEBL(SH,)and refinement 20data. Final
posi tional and eqw valent isotropic thernal paraneters are given in Table

2. Figure 1 is an ORTEP representation of Rp-17 with 30% probabl lity
(nerel s gl due PRt ST T B Pt ™ ©
ORNL- 5138) . Ztﬂya_ﬂﬁlyﬁlelhylﬁkllﬂi&hzltéﬁ‘alﬁtdl‘dﬁiﬂdh% -6K(118y frofipgh on of Cormound
17, Empirical Tormla CIOSNErOGT hormy g wel gt 451,36 Temer ature
(((benzoyl)oxy)methyl)-4-fluoro-4-methyltetrahydrofuran-3-yl benzoate (6b, 9.66 g,
18.4 mmol) was coevaporated with abs. ethanol (50 mL) under reduced pressure to
20  remove any traces of methanol. Sodium ethoxide solution was prepared by adding
sodium hydride (60 wt.% in mineral oil, 2.21 g, 55.2 mmol) in small portions to abs.
ethanol (50 mL) cooled in an ice bath under a nitrogen atmosphere (caution,
hydrogen gas evolution). This was added to the starting material and the resulting
mixture was heated to reflux for one hour and then neutralized by addition of
25  concentrated HCI at 5°C. The solution was concentrated under reduced pressure and
to the residue was added was added IN HCI (18 mL) and dichloromethane (18 mL).
The layers were separated and the aqueous layer was washed with dichloromethane
(2x10 mL). To the aqueous solution, ethyl acetate was added and sat. sodium
carbonate solution was added to adjust the pH of aqueous layer to ca 8. The organic
30  layer was separated and the aqueous layer was extracted with EtOAc (4x10 mL).
The combined organic layer was dried over sodium sulfate and concentrated under

reduced pressure to a light yellow foam solid. The crude mixture was purified by

crystallization from acetone (10 mL) to give pure product in two crops. The
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0.71073 A Crystal system orthorhonbic Space group P212121 Cell constants:
a 11.3544(13) A b 12.4153(14) A c 14.1622(15) A Volune 1996.4(4) A3 Z 4
Density (weal2ow@szsd) 1.435 Mg/ nB Absorption coeffici ent POTAS20001069475

combined solid product was dried (50°C, 0.2 mmHg, 24 h) to 5.04 g (84%) of
material with NMR and HPLC matching material purified by chromatography.

Example 22. N°N°-Diethyl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl-
5  tetrahydro-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purine-2,6-diamine
(phosphite precursor to 15)
(2R,3R,4R,5R)-5-(2-Amino-6-azetidin-1-yl-purin-9-yl)-4-fluoro-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (8, 340 mg, 1.0 mmol) was dissolved
in anhydrous pyridine (6 ml) at ambient temperature. A solution of 0.45 M 1H-

10  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

15  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).

Example 23. 6-Azetidin-1-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-
20  methyl-2-oxo-tetrahydrofuro[3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-
ylamine (15)

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

25  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, CDCls): & =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
30 (overlapping d, J=22.4Hz, 3H); MS (ESI) m/z 415 (M+H)".
*IP-NMR (162 MHz, CDCly): &=-1.26, -3.58;
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F(000) 904 Crystal size 0.42 x 0.30 x 0.25 nmm8B Theta range for data
collection 2.82 to 25.02 Index ranges Reflections collected 23016
| ndependew©O 208#d78%58i ons 3520 [R(int) = 0.0292] Conpl et eRETASL@INBEIR =

25.02 99.7 @6Absorption correction Sem - enpirical fron1equiva|ents Max.

MG EA R GOl A LT
Goodness- of - fdxb t@ﬂaﬁgdrjouf),g;iul‘:d[Q,QLd]Iﬁ,B,Qﬁjdlﬁﬁzﬁ)l{olsﬁlZﬁﬂ )S-]yl)-9H-pur1n-2-ylam1ne
(16)
(2R,3R 4R,5R)-5-(2-Amino-6-cethoxy-purin-9-yl)-4-fluoro-2-

5 hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (10, 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
allowed to slowly warm to ambient temperature over 5 h. TLC indicated a complete

10 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

15  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

20  white solid, 80 mg (34% yield) as a mixture of two diasterecomers ~2:1.

'H-NMR (400 MHz, DMSO-d;): = 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, /= 6.8 Hz, 1H), 4.44
(q, /= 6.8 Hz, 2H), 4.28-4.22 (m, 1.5H), 3.83 (d,/=11.6 Hz, 1.5H), 3.76 (d, J =
11.6 Hz, 3H), 1.36 (t, /=7.2 Hz, 1.5H), 1.36 (t,J = 7.2 Hz, 3H), 2.46 (d, /=224

25 Hz, 1.5H),2.44 (d,J=22.8 Hz, 3H).

*'P-NMR (162 MHz, DMSO-ds): & -3.25, -4.16; tg = 0.86 (35.0%), 0.89
(64.4%).
LRMS (ESI): [M + H]" calculated for C14H,0FNsOgP 404.3, found 404.3.

30 Example 25. 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 (17)

(2R,3R 4R,5R)-5-(2-Amino-6-cethoxy-purin-9-yl)-4-fluoro-2-

hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (10, 150 mg, 0.46 mmol) was
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Rl = 0.0417, wR2 = 0.0994 R indices (all data) RL = 0.0440, wkR2 = 0. 1020
Absol ute structure paraneter 0.00(12) Largest cliff. peak and hol e 0.487
and -0. 29%0ew/@ss55Fabl e 2. Refined Positional Paraneter #CTars2@9m0pa@ahd Rp- 17
Atomx y z U',A2 d 0. 2555(2) 0. 83827(19) 0. 78326(17) 0.0272(5) C2

0.1938(2) 0. gd]fszngV 21119&11314 rou py 1d1ne(2§ ) at 0083 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

5 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

10 acetonitrile (2 mL) and then treated with t-butyl hydroperoxide (70% in water, 0.19
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 diastercomers were separable. Fractions containing each

15  diastereomer were separately combined and concentrated under reduced pressure to
white solids to give 20 mg of each diastereomer (combined yield 20%).

Rp-17: "H-NMR (400 MHz, CDCls) & 7.60 (s, 1H, C8-H), 6.02 (br d, 1H,

J=19.6 Hz, C1'-H), 5.46 (br s, 1H, 3'-H), 4.90 (sept, 1H, J = 6.4 Hz, CH(CH3),),
4.84 (br s, 2H, NH>), 4.69-4.42 (m, 4H, 5'-Ha and Hb, CH,CH3), 4.40-4.37 (m, 1H,

20  4'-H), 1.48-1.33 (m, 9H, CH(CH3),) and CH,CH3), 1.35 (d, 3H, J=22 Hz, 2'-C-
CH;). *'P-NMR (162 MHz, CDCl; with respect to an external standard of
triphenylphosphate in CDCl; set to -17.80): & -7.18 (s). LRMS (ESI) [M + H]"
calculated for C1sH24FNsOgP 432.4, found 432.4. Optical rotation [0]*’p -80.3 (¢
1.00, methanol). Elemental analysis: Caled: C, 44.15; H, 5.37; N, 16.24. Fd: C,

25 44.21;H,5.21; N, 15.90. Mp 193.5-197.0 (melt with decomp.)

Sp-17: 'H-NMR (400 MHz, CDCl3) 3 7.58 (s, 1H, C8-H), 5.98 (br d, 1H, J=

20.0 Hz, C1'-H), 5.78 (br s, 1H, 3'-H), 5.10 (br s, 2H, NH>), 4.83 (sept, 1H, J = 6.4
Hz, CH(CHs),), 4.63-4.48 (m, 4H, 5'-Ha and Hb, CH,CH3), 4.45-4.38 (m, 1H, 4'-H),
1.47-1.21 (m, 12H, CH(CHj),), CH,CH; and 2'-C-CHj3). *'P-NMR (162 MHz,

30  CDCIl; with respect to an external standard of triphenylphosphate in CDCl; set to -
17.80) & -3.74 (s). LRMS (ESI) [M + H]' calculated for C1sH24FNsOgP 432.4, found
432.4.

Alternative Synthetic Process for Cyclic Phosphate Nucleotide, 17. (Scheme 2.)
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We have found that the cylic phosphate nucleotide, such as 17, can be
prepared using either P(I1I)- or P(V)-reagents, as evidenced by the following
discussion and accompanying schemes.

The P(IIT)-reagent cyclization reaction incorporating nucleoside 10 and a

5  P(Ill)-reagent, such as 18 using 1H-tetrazole as the activator initially gives an
approximately equimolar mixture of cyclic phosphite diastereomers, but with
elevated reaction temperature (50-60°C) for 6-24 hours, the mixture equilibrates
predominantly to the cis isomer as reported in the literature. We have found that
4,5-dicyanoimidazole, DCI, accelerates this conversion rate and drives the

10 equilibrium from initially approximately 80% to greater than 95% cis at 40-60°C
after 6 h. The cis-phosphite diastercomer leads to Rp-17 upon oxidation and also
doubles the effective yield of this diastereomer and also simplifies the purification
away from Sp-17. We have found it more efficient to oxidize the crude cyclic
phosphite esters directly, but it is possible to isolate them as well. The cyclic

15  phosphate esters do not equilibrate under the reaction conditions.

Scheme 2. Cyclic Phosphate Nucleotide By P(Ill)-Reagent
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1.2265(2)W0.2682163%5 0. 0493(8) Hra PCT/US2009/069475
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Oxidation [ox] of the phosphite esters to the phosphate esters can be
accomplished in many ways. Peroxides such as m-chloroperbenzoic acid, t-
5 butylhydroperoxide, hydrogen peroxide work well but are potentially explosive.
Urea hydrogen peroxide is a safer peroxide form that works well for this conversion.
One can envision using potassium persulfate, bleach and air-oxidation with or
without catalysts such as TEMPO. We have chosen to use an iodine-THF-pyridine-
water based oxidation reagent commonly used in automated oligonucleotide
10 synthesis. The reaction is nearly instantaneous and can be monitored
colorimetrically based on the brown color of iodine.
Alternatively, the diastereomers, Rp-17and Sp-17, can be prepared directly
from compound (10) by using an appropriate P(V)-reagent, as illustrated in Scheme
3.
15
Scheme 3. Cyclic Phosphate Nucleotide By P(V)-Reagent
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For P(V)-reagent-based chemistry, one can start with phosphorus oxychloride and
monsubstitute one chloride with isopropanol. The resulting dichlorophosphate

5  isopropanoate reagent 22 (Grunze et al., US Patent 2,960,527) can be purified by
vacuum distillation and can then be reacted with nucleoside 10 to form Rp-17directly
in approximately 50-70% isolated yield. Using the described conditions with
triethylamine and N-methylimidazole, only traces of Sp-17 can be observed. The
resulting crude product after an aqueous workup is also more amenable to direct

10 crystallization without pre-purification by chromatography.

Purification of Rp-17from Sp-17 and other by-products such as ring opened
phosphates can be accomplished through washing an organic solution of the crude
product with dilute base to remove free phosphates and the activating reagents
followed by silica gel chromatography or crystallization or by a combination of

15  both. As noted carlier, the desired product Rp-17crystallizes readily from several
solvents that include ethyl acetate, acetone and isopropanol. Although the gross
form of the crystals vary, an XPRD study of crystals from the three solvents showed
a single polymorph which is the same as could be mathematically predicted from the
single crystal x-ray from ethyl acetate.

20 The synthesis of the cyclic phosphate ester can be done either through P(III)-

or P(V)-reagents. Chemistry involving the use of the P(Il)-reagent requires an
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oxidation step for the intermediate cyclic phosphite esters as shown in Scheme 2.
For the P(III)-reagent chemistry, the preferred route is to make the phosphorus
reagent, isopropyl-N,N, N',N'-tetraisopropylphosphorodiamidite (18), which is not
commercially available, but can be prepared readily by reacting commercially
5  available chloro-N,N,N',N'-tetraisopropylphosphorodiamidite (19) with isopropanol

in the presence of a tertiary amine base as described below. Reagent 18 can be used
as crude or it can be purified by vacuum distillation. Based on an analogous
compound known in the literature, 2-cyanoethyl-N,N, N',N'-
tetraisopropylphosphorodiamidite commonly used in oligonucleotide chemistry, one

10 can envision also synthesizing 18 by reacting isopropanol or its trimethylsilyl ether
with phosphorus trichloride to form the dichloro intermediate 20 which could then
be converted to 18 or the monoamine reagent 21. Intermediate 20 can be reacted
directly with the nucleoside in pyridine to make the intermediate cyclic phosphite
esters although in a poor yield. The diisopropylamine groups in 18 can be activated

15  for displacement by acidic and/or nucleophilic reagents. This method is well-
documented in the literature for automated synthesis of oligonucleotides and their
nucleoside phosphoramidite precursor reagents. 1H-tetrazole is the most commonly
used activator reagent historically, but this activator reagent is no longer readily
available in the US due to hazardous shipping regulations of a potentially explosive

20  compound. We have found that non-explosive known activator reagent DCI gives
superior yields for our cyclic phosphate ester derivatives. Other known activators
such as 5-ethylthiotetrazole and imidazolium triflate also work as well as 1H-

tetrazole.

25  Scheme 4. Synthesis of Selected P(I11)- and P(V) Reagents
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Example 26. Isopropyl-N,N,N',N'-tetraisopropylphosphorodiamidite (18a)

Bis(diisopropylamino)chlorophosphine (19, 250.1 g, 937 mmol) was
dissolved in anhydrous ethyl ether (3.6 L) and triethylamine (190 g, 1.87 mol) was
introduced. The turbid mixture was cooled at 0°C and a solution of 2-propanol (225
g, 287 mL) in ether (200 mL) was added via a funnel. The resulting cloudy mixture
was stirred at room temperature for 5.5 hours. The reaction was complete by
checking with *'P NMR (3 = 116.10 ppm, S). White solid (triethylamine HC] salt)
was removed by filtration. The filtrate was concentrated to furnish a pale brown
liquid (272 g, quantitative) and used for next step without further purification. Note
that the P(III)-reagent can be purified by vacuum distillation (bp 84-86°C, 5 mm Hg)
if desired to furnish a colorless clear oil. 'H NMR (CDCL): & 3.91 (m, 1H), 3.51
(m, 4 H), 1.19 (d, 6 H, J= 6 Hz), 1.16 (24 H, m). . *'P NMR (CDCl3): 5 116.1.

Example 27. 6-Ethoxy-9-((2R,4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-methyl-
2-0x0-tetrahydro-2k5-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-
ylamine (17-Rp) and 6-Ethoxy-9-((2S,4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-
methyl-2-oxo-tetrahydro-st-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-
2-ylamine (5p-17)

To a stirred suspension of (2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-
yl)-4-fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (10, 65.0 g, 0.199
mol) and 4,5-dicyanoimidazole (59 g, 496 mol) in acetonitrile (1000 mL) at 0-5°C

was added P(III)-reagent 18 (62.35 mL, 0.199 mol), drop-wise over a period of 20
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min. The solid was dissolved after the completion of the addition of the P(III)-
reagent and a clear solution was observed. After 30 min, the solution was warmed to
room temperature and stirred for 3h. The reaction mixture was then heated at 50°C
(bath) for 6h. (A small aliquot of the reaction was solution was diluted with an equal
5 volume of CDCl; and tested by P-NMR to show less than 5% of the minor trans
isomer at 6 127.91 ppm. The solvent was evaporated to dryness and the residue was
stirred with EtOAc (500mL) to form a white solid suspension of the DCI salt. The
solid was removed by filtration and washed with EtOAc (250mL). The combined
filtrate was concentrated to dryness. To the residue was added a 0.1M solution of

10 iodine in 70:28:2 (each in v/v %) THF:Pyridine:H,O (2L) over a period of 30min at
5-10°C After 2h, more white DCI salt solid was collected by filtration and the
filtrate was concentrated under reduced pressure. The residue was dissolved in ethyl
acetate (1L), washed with a 10% aqueous sodium thiosulfate (200mL) and then
saturated aq.NaHCOj3 (3 x 250mL) until DCI was mostly removed as judged by

15  TLC. The organic layer was washed with water (250mL). (Also note that saturated
sodium carbonate solution can remove DCI more efficiently). The organic layer was
dried over anhydrous sodium sulfate, filtered and concentrated to give 86g of foam.
This was combined with similar material from two additional runs totaling 259
mmol of starting nucleoside. The combined crude foams were dissolved in a

20  minimum of dichloromethane and subjected to silica gel chromatography using 3 L
of silica gel in a 6 L sintered glass Buchner funnel with a step gradient of 30-75 %
EtOAc/hexanes to give 83 g of purified product as a foam as the primary fraction
and 16 g of a secondary partially purified fraction. The primary fraction was
suspended in ethyl ether (250 mL) which immediately gave a fine granular solid.

25  The solid was collected by filtration and dried (40°C, 0.2mmHg, 17 h) to 73.5 g of
slightly off white powder containing 20 mole% of ethyl ether. The solid was co-
evaporated with acetone (200 mL) and re-dried in a similar manner to 71.5 g of
white solid with 2 mole% of acetone, and HPLC purity of 98.5%. The secondary
contaminated fractions were purified by chromatography to afford an additional 9.0

30 g foratotal recovery of 80.5 g (41%) of pure product. Portions of the desired Rp-
17solid could be re-crystallized into large irregular prisms by slow evaporation of
product solutions in ethyl acetate, isopropanol and acetone. A small portion of the

lower isomer (Sp-17 250 mg) was also isolated as an amorphous white foam solid.
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Rp-17: "H-NMR (400 MHz, CDCls) & 7.60 (s, 1H, C8-H), 6.02 (br d, 1H,
J=19.6 Hz, C1'-H), 5.46 (br s, 1H, 3'-H), 4.90 (sept, 1H, J = 6.4 Hz, CH(CH3),),
4.84 (br s, 2H, NH,), 4.69-4.42 (m, 4H, 5'-Ha and Hb, CH,CH3), 4.40-4.37 (m, 1H,
4'-H), 1.48-1.33 (m, 9H, CH(CH3);) and CH,CHj3), 1.35 (d, 3H, J=22 Hz, 2'-C-
5 CH3). *'P-NMR (162 MHz, CDCl; with respect to an external standard of
triphenylphosphate in CDCls set to
-17.80) & -7.18 (s). LRMS (ESI) [M + H]' calculated for C1sH24sFNsOgP 432.4,
found 432.4. Optical rotation [a]*’p -80.3 (¢ 1.00, methanol). Elemental analysis:
Calcd: C, 44.15; H, 5.37; N, 16.24. Fd: C,44.21; H, 5.21; N, 15.90. Mp 193.5-197.0
10 (melt with decomp.)
Sp-17: 'H-NMR (400 MHz, CDCl3) 3 7.58 (s, 1H, C8-H), 5.98 (br d, 1H, J=
20.0 Hz, C1'-H), 5.78 (br s, 1H, 3'-H), 5.10 (br s, 2H, NH,), 4.83 (sept, 1H, J = 6.4
Hz, CH(CHs),), 4.63-4.48 (m, 4H, 5'-Ha and Hb, CH,CHs), 4.45-4.38 (m, 1H, 4'-H),
1.47-1.21 (m, 12H, CH(CH3),), CH,CH; and 2'-C-CHj3). *'P-NMR (162 MHz,
15  CDCI; with respect to an external standard of triphenylphosphate in CDCl; set to -
17.80) 6 -3.74 (s). LRMS (ESI) [M + H]+ calculated for C1sH,4FNsOgP 432.4, found
432.4

Alternate Synthesis of 17 via P(V)-Reagent Chemistry

20
Example 28. Synthesis of Isopropyl phoshorodichloridate (22)

A solution of isopropyl alcohol (38.6mL, 0.50mol) and triethylamine
(69.83mL, 0.50mol) in dichloromethane (250 mL) was added to a stirred solution of
POCI; (50.45 mL, 0.551mol) in DCM (250 mL), drop-wise over a period of 25min
25  at-5°C. After stirring the mixture for 1h the solvent was evaporated and the residue
was suspended in diethyl ether (400 mL). The triethylamine hydrochloride salt was
filtered and washed with ether (100 mL). The filtrate was concentrated and the
residue was distilled under high vacuum (~10mmHg) with a cow-head (bath
temperature slowly raised to 85°C in 30min). The required product was collected at

30  42-48°C (distillation head temperature) as a colorless liquid (82.0g, 93% yield).

Scheme 5. Preparation of Selected Cyclophosphate Nucleotides
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Example 29. Cyclobutyl-N,N,N',N'-tetraisopropylphosphorodiamidite (18b)
and Cyclopentyl-N,N,N',N'-tetraisopropylphosphorodiamidite (18¢)

To a solution of alcohol (R’OH, 10 mmol) in dry ethyl ether (20 mL) was
added Et;N (10 mmol) followed by chloride 1 (10 mmol) and the mixture was
stirred at room temperature for 16 h. Solid was removed by filtration. Solvent was
evaporated to give reagents 18b (for ‘BuOH) and 18c¢ (for ‘PnOH) that were used for

the next reaction without further purification.

Example 30. 6-Methoxy-9-((2R,4aR,6R,7R,7aR)-7-fluoro-2-cyclobutoxy-7-
methyl-2-oxo-tetrahydro-st-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-
2-ylamine (23)

Preparation of cyclophosphates 23. To a solution of 7 (0.63 g, 2.00 mmol) in
dry acetonitrile (30 mL) were added dicyanoimidazole (DCI, 0.59 g, 5 mmol) then
reagent 18b (0.58 g, 2.00 mmol), and the mixture was stirred at room temperature
for 30 min then at 45 °C for 1 h. To the mixture was added additional reagent 18b (1
mmol) and dicyanoimidazole (1.25 mmol). The resulting solution was stirred at 45
°C for 4 h. Solvent was evaporated and the residue was dissolved in CH,Cl, (30 mL).
To the solution was added ~BuOOH (70%, 1 mL) followed by Na,SO, to dry the
solution. The mixture was stirred at room temperature for 1 h. Toluene (20 mL) was
added and the solvents were evaporated and the residue was dissolved in EtOAc

(150 mL). The solution was washed with aq. K,COj to remove diacyanoimidazole
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and dried over Na,SO4. Solvent was evaporated and the residue was purified by
silica gel column chromatography (0-100% EtOAc in hexanes) to give compound 23
was white solid (0.19 g, 22%). ég (400MHz, CDCls): 7.59 (s, 1H), 6.01 (d, J =
19.2Hz, 1H), 5.50 (br. s, 1H), 4.89 (m, 3H), 4.36-4.67 (m, 3H), 4.08 (s, 3H), 2.23-
2.50 (m, 4H), 1.67, 1.83 (mm, 2H), 1.34 (d, J=22.0Hz, 3H). MS (ESI): 430
(M+H"). *'P (CDCI3): -6.98.

Example 31. 6-Methoxy-9-((2R,4aR,6R,7R,7aR)-7-fluoro-2-cyclopentoxy-7-
methyl-2-oxo-tetrahydro-st-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-
2-ylamine (24)

Preparation of cyclophosphate 24. The above procedure was applied for the
preparation of compound 24 except that 18c¢ was used instead of 18b obtaining a
21% yield of crystalline 24. 6y (400MHz, CDCls): 7.59 (s, 1H), 6.02 (d, /= 19.4Hz,
1H), 5.30 (br. s, 1H), 5.08 (m, 1H), 4.85 (br.s, 2H), 4.35-4.66 (m, 3H), 4.07 (s, 3H),
1.65-1.99 (m, 8H), 1.34 (d, J = 22.0Hz, 3H). MS (ESI): 444 (M+H"). *'P (CDCI3): -
6.00.

Example 32. 6-Ethoxy-9-((2R,4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-
methyl-2-oxo-tetrahydro-st-furo [3,2-d][1,3,2]dioxaphosphinin-6-yl)-9H-purin-
2-ylamine (Rp-17)

To a stirred suspension of (2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-
yl)-4-fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (10, 5.00 g, 15.28
mmol) in dichloromethane (75mL) was added triethylamine (8.52 mL, 61.1 mmol)
at room temperature. The reaction mixture was cooled to -30°C and then was added
isopropyl phoshorodichloridate (22), drop-wise over a period of Smin. The mixture
was stirred at this temperature for 15min and then was added NMI (2.54 mL, 32.1
mmol), drop-wise over a period of Smin. The mixture was stirred between -25°C
and -15 for 1h and then slowly warmed to room temperature in 20h. The solvent was
evaporated and the residue was triturated with EtOAc (500 mL). The off-white solid
was filtered and washed with ethyl acetate (100 mL). Only a trace (< 2%) of the

other isomer Sp-17 was visible in the crude reaction. The filtrate was evaporated and
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the residue was chromatographed using 20-85% ethyl acetate/hexanes gradient to
give pure Rp-17as a white solid (4.65g, 70.6%% yield).

As an alternative non-chromatographic isolation method, the crude reaction
mixture from a same scale reaction was diluted with dichloromethane (100 mL) and
washed with 1 N HCI ( 2x100 mL) and water (2x50 mL). The organic layer was
dried over sodium sulfate, filtered and concentrated under reduced pressure followed
by high vacuum for 2 h to give 5.1 g of crude Rp-17. One portion of the crude (750
mg) was dissolved in ethyl acetate (2,0 mL) and heated to reflux with stirring for 6
h. The resulting suspension was cooled to ambient temperature and stirred for 20h.
The solid was collected by filtration and dried under high vacuum to give 482 mg
(50% yield from 10) Rp-17 as a white solid, HPLC purity 99.03%. A second portion
(1.0 g) was treated in a similar manner with isopropanol (2 mL) to afford 671 mg (
52% from 10) of Rp-17 as a white solid, HPLC purity 98.64%.

Example 33. X-Ray Crystallography of Ry-17

Rp-17, crystallized from _ethyl acetate through slow partial evaporation at
ambient temperature starting at 20 mL/g, (C1sH23NsPOgF) crystallizes in the
orthorhombic space group (systematic absences 0k0: k=odd, and hOl: I=odd) with
a=11.3544(13)A, b=12.4153(14)A, c=14.1622(15)A, V=1996.4(4)A3, Z=4, and
dealc=1.435 g/ cm3 X-ray intensity data were collected on a Rigaku Mercury CCD
area detector employing graphite-monochromated Mo-Ko, radiation (A=0.71073 A)
at a temperature of 150(1)K. Preliminary indexing was performed from a series of
twelve 0.5° rotation images with exposures of 30 seconds. A total of 860 rotation
images were collected with a crystal to detector distance of 35 mm, a 20 swing angle
of -10°, rotation widths of 0.5° and exposures of 5 seconds: scan no. 1 was a ¢-scan
from 0° to 310° at ® = 10° and y = 20°; scan no. 2 was an ®-scan from -20° to 20° at
¥ =-90° and ¢ = 0°; scan no. 3 was an ®-scan from -20° to 20° at y =-90° and ¢ =
90°; scan no. 4 was an ®-scan from -20° to 20° at x = -90° and ¢ = 135°. Rotation
images were processed using CrystalClear (CrystalClear: Rigaku Corporation,
1999), producing a listing of unaveraged F2 and G(Fz) values which were then
passed to the CrystalStructure program package for further processing and structure

solution on a Dell Pentium 4 computer (CrystalStructure: Crystal Structure Analysis

Package, Rigaku Corp. Rigaku/MSC (2002)). A total of 23016 reflections were
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Di ffrac Plsus 15EVAh¢ sticfrOwds @lvad bhdifbcPmethods (STRDE(SIRONAALbRRS, A,
Sanpl es run under ambient conditions were repared as flat plate speC| mens

usi ng powder MsBrdsdyliegmalfplr bsicaine) §. @BCQ@Z@% Kaaghsrgi. &\ WaelitgantG.y
packed Sinto Iaolﬁgﬁ'&ii §g%ga%2%®9ﬁo.ll @?BF%@&%? f Cfﬁ@?ﬁ@ﬁneﬁ@n@%aﬂ#'ﬁ?“

waf er. The sanp e was  r I ane ur| anal ysi' s e details

of the data %Ath%%aspéhuﬁfe‘é‘ ba&'&%ﬂ'@usﬁ%EL%Ltﬂ (@?ﬁXEb?PSI?éI&?ck 8:10520;

and col l ection tine:
(2008) Acta Cryst A64 112-122). All reflections were used durlng refinement. The

10  weighting scheme used was w=1/[c2(F.2 )+ 0.0500P2 + 1.0836 P = (F, 2 + 2F.2)/3.
Non-hydrogen atoms were refined anisotropically and hydrogen atoms were refined
using a riding model. Refinement converged to R1=0.0417 and wR2=0.0994 for
3376 observed reflections for which F > 46(F) and R1=0.0440 and wR2=0.1020 and
GOF =1.063 for all 3520 unique, non-zero reflections and 268 variables (R1 = Z||F,|

15 - [F||/ Z |Fof; wR2 = [EW(F,” - E.5)2/Ew(E.2)*]*; GOF = [Ew(F,” - E5)/(n - p)]’*;
where n = the number of reflections and p = the number of parameters refined.). The

maximum A/c in the final cycle of least squares was 0.009 and the two most

prominent peaks in the final difference Fourier were +0.487 and -0.291 ¢/A3.
Table 1 lists cell information, data collection parameters, and refinement
20  data. Final positional and equivalent isotropic thermal parameters are given in Table
2. Figure 1 is an ORTEP representation of Rp-17 with 30% probability thermal
ellipsoids displayed (ORTEP-II: A Fortran Thermal Ellipsoid Plot Program for
Crystal Structure Illustrations”. C.K. Johnson (1976) ORNL-5138).

25  Table 1. Summary of Structure Determination of Compound Rp-17.

Empirical formula C16H23NsPOgF
Formula weight 431.36
Temperature 150(1) K
Wavelength 0.71073 A
Crystal system orthorhombic
Space group P2,2,2,

Cell constants:

a 11.3544(13) A
b 12.4153(14) A
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O
T A PI LLLELAA A2 CUT T

Rp4422(15Tabl e 3 provi des

di ffractogrg eaks for Rp 17. Tg&)()l 2 :f&g Exanpl e 35. Fqurier Transform -
| nfrared (FT'I By opc\.,tluur;tly Llata' = icted on a
Per ki n- El mer| ZSpectrum One fittgd with a universal Attenuated Total
Ref | ect ance (&n&(cg%%ed)ng aCCESSQL Ypopt ‘[he data were col|l ected and anal yzed
usi ng SpeCtrumvo gt softwarel 5theFT—1+R spectrumobtiai ned for Rp-17 is
shown i n Fi duxteorBion 8elfwehied pedksd!inm'wave- nunbers (cm|l) are recited
bel ow: 1 bfP7. - 1581, - 12c§04- 1250, -1238, -1229, |-1079, -1065, -999,
-968, -902, ) - 6. Preparation of
Selected Is tQim‘tad‘ﬁZel y Enr| ched |MfPxR80 ApAt s (* indicdtes "C | abel ed
po|(3|8|2t7|28n) Ol T fangeSibiah T QN T | Mo hH2 08H 25\ spTOI N|-- - NFCNHAC /- \ / 2
Index ranges -13<h<13,-14<k<14,-16<1<16
Reflections collected 23016
Independent reflections 3520 [R(int) = 0.0292]
Completeness to theta =25.02° | 99.7 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.0000 and 0.8833
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3520/0/268
Goodness-of-fit on F2 1.063
Final R indices [I>20(I)] R1=10.0417, wR2 =0.0994
R indices (all data) R1 =0.0440, wR2 = 0.1020
Absolute structure parameter 0.00(12)
Largest diff. peak and hole 0.487 and -0.291 e. A3
Table 2. Refined Positional Parameters for Compound Rp-17
Atom X y z U, A°
Cl 0.2555(2) 0.83827(19) 0.78326(17) 0.0272(5)
c2 0.1938(2) 0.9120(2) 0.64894(17) 0.0301(5)
C3 0.2700(2) 1.0255(2) 0.76243(18) 0.0322(6)
c4 0.2878(2) 0.93680(19) 0.82096(17) 0.0302(6)
C5 0.3333(2) 0.82033(19) 0.92511(17) 0.0332(6)
H5 0.3610 0.7881 0.9801 0.044
H5a 0.1295 0.8410 0.5396 0.058
H5b 0.1386 0.9599 0.5274 0.058
C6 0.2826(3) 1.2144(2) 0.7297(2) 0.0412(7)
Hé6a 0.2744 1.2798 0.7666 0.055
Héb 0.2103 1.2039 0.6944 0.055
c7 0.3837(3) 1.2265(2) 0.6621(2) 0.0493(8)
H7a 0.4558 1.2338 0.6970 0.074
H7b 0.3718 1.2894 0.6239 0.074
H7c 0.3881 1.1641 0.6223 0.074
C8 0.2857(2) 0.64618(18) 0.84428(17) 0.0291(5)
H8 0.3230 0.6174 0.9013 0.039
C9 0.1647(2) 0.59037(19) 0.83228(17) 0.0300(5)
C10 0.1676(2) 0.56883(18) 0.72778(16) 0.0271(5)
H10 0.1524 0.6364 0.6941 0.036

Diffraction patterns were collected on a Bruker AXS C2
using Cu Ka radiation (40 kV, 40 mA),
| 2®Or2010/0d8354mi cr oscope for auto-sanpl e positioni RGTASAQ/0644FE ar 2-
X-ray optics consists of a single Gael

aut omat ed XYZ

gf 0.3 mm Figure 2

a tabul ati on of XRD
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152930 OEt N 1IN HON <le(NH2 *CD3 .4 HO F 33 Exanpl e 36.

(2R, 3R, 4R, 5R) - 5- ( 2- am no- 6- et hoxy- 9H- puri n-9-y1)-4-fl uoro- 2-

S( hydr oxywethyg7sss4 per deut er i 0- 13C- et hyl t et r ahydr of ur aR€3ABR0OBE47ES . 10)
26. To a solution of conpound 25 (5.70 g, 10.5 mml) in pyr|d| ne (10 ni)
and CH2Cl12 (96— 0 and t he
sol ution was (e added
Ac20 (3.21 g, 315 g 5t &for 1 h
then room 10 termqgature Qhsg2 h. Et04G;,6200 i) V\@@O@dded anaoghe m xture
was washed wi th dpi ne anqbzd‘m(gd over oNagaP4. Sol yentsywas evapsei ‘Ed and t he
residue was puridiced by sibowa gel cobusso chronat cxgma@hy (10-60% EtOACc in
hexane) to gi ve @enpound 02694H. 0 g, D39W1(3)6H (400RHE2(2) CDCL3) :0.08664B (s, 1H),
7.95 (s, 1H), 5.M3a(s, 1HPO0YA. 00-4.41060H 5H), 2.60868s, 3H), 0.0901-1.11 (m

28H), 0.21 s, 9Hi3dMS ESIO})494658 15 (R4FHY. 2028400 a sol 4ibn of 26
(5.0 g, 7.6 ol H13¢ n THF g was %4fded TsOH, I—Wg‘( 1g) and %At sol ution
was stirred at rogdm terrpé? E )e for :96%77 hd neutpég d W|th0t04?5é7t)hyl am ne.

1(5 resi dg% puri fb‘z? silic (]543:ol umm

Sol vent was evapgrated and

chr omat ogr aphy ( 2 80% Et I'n hexangg -gt 0 give ct 202 799 .
61-1 (400MHz, %.): 8. 21 ol 32 1 2ttt 8 00037602 (ss, Oi " 800 (s
1H), 4.68 (t, Jmsd-2Hz, Bhdso 4. 45 (dosgz 4. 8Hz, Ifdsgs 4. 05-4. 33{m 3H),

3.17 (s, 1H), 2.G4 (s, 316)081714)03-1. 1@.6658‘(4)28H). NSS6()(ES|) 586.00 M) ") .

28. To a m xturedled Cr03 0292 g, 21.996smol, 3 noloe@g) in CH2G1Z7 (30 nl)
wer e added pyri dilde (1. 740g56322. 0 mob.7128 eq) them.A820 (2.240g37 22 mol ,
3eq). To the redllbti ng m ROU4e was ad@lé@Za soI ut| dh57éT 27 (4 :91 , 7.33
mol ) in CH2C12 N10 rrL) &ﬂé‘@ﬂ@ m x Jature for

30 min. To the MXxture 5 ded Et0 %gif” 00 m_ y and Otoﬁ xture
was stirred at r omterrp 239 | SO|I |Iter lI()through
silica gel pad. e fi Itroq d to 0§|é'1lf s and otoa es i due
was co-evapor at with t(@bgﬁbé Et OAql 3) WgLS9 and gt %( xture

was filtered thrgugh sil |0q)g77g@lg) pad. O'Etznag 111) trat@6m§(1gvapor atoeshs) The

resi due was co- eyapor at ed.2uidshior ol uenasisoigi ve whstoaosnl i d. bO43® resi due
was purified by @ilica gelsseolisim choemEbogr aphy0.(&s@&0% Et 0A®.0330(hexane) to
give a syrup. TH® syrup (OWytiated) was7®ed@vapor ab®d Wt h toloweme)(2 x 50
m.) to give conp¥und 28 WHREK)was drilé@oardler va@éﬁjﬁi(b‘i)er ni gt vee
ketone, 3.65 g, 85% . 6HY% 403Nz, CD@T.‘%?WU@ 878%@20) 7. 86 00419(49H) 5 77
(s, 1H), 5.25 (d! J= 9. 21424004} "~ 4 09496238 (m 39&836%( 41 (s, "1 06-1. 16

(m 28H). U,="5[U}1(aa*)+ Uy (bb*)*+Us3(cc*)*+2U raa*bb*cos y+2U saa*cc*cos B2Unybb*cc*cosa]

Example 34. X-Ray Powder Diffraction of Rp-17

Samples of Rp-17 were analyzed by X-Ray Powder Diffraction (XRD) under

5  the following regimen.

a. Bruker AXS/Siemens D5000

X-Ray Powder Diffraction patterns were collected on a Siemens D5000
10  diffractometer using Cu Ka radiation (40kV, 40mA), 6-0 goniometer, divergence of
V20 and receiving slits, a graphite secondary monochromator and a scintillation
counter. The instrument is performance checked using a certified Corundum
standard (NIST 1976). The software used for data collection was Diffrac Plus XRD
Commander v2.3.1 and the data were analyzed and presented using Diffrac Plus

15 EVAv11.0.020rv13.0.0.2.
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1531. To a mxture of My (1.68 g, 69.14 nmom in dry ethyl ether (40 ni)

was added 1/3 of 13CD31 (8.70 g, 60.00 mmol) and the m xture was stirred at
room t enpEoabvessisati | reflux. To the m xture was addedPChaSe@otewii3CD31
at the rate that kept the reaction under gentle reflux. After cool ed down

to roomtenperature, the solution was transferred to another flask in
Mw UORS of the reagent 20 was added ALCL3 (2.67 g,

ice-bath. To 20. 00
nmol ) and the m xture was stirred at 0 C for | h. Ether was evaporated at
room tenperature 1 o0LAlR WAL SRbidR chREHSHY WE ‘ﬁﬁ% Adde dalhRfdD e L ML) -
To the m xture was gggesgjuauso 1ru{all on cc)? ccl)rrpsoungl 2 81(5.3461(%:1:1!51 10700 rm%l) in

CH2C12 (30 musing powtder at reGeiGed. Hppresomatelyodd mgof dhd sanmpde was gen@yfpacked h. The
reaction s .quenched by additjon of saturat HAC1 (10 . Et 0Ac 25 (300
1) wae. added e e ot LS UL 2Sprtekdto e (Db FepRR it it SFOPCREn 1.
Solid was remgued iRYtsbiwntflald Ring bRyl Thali&anest theahedoMddibn Brd: ne and
dried over Na2S04. Solvent was evapofated and the residue was dissolved in
THF (100 mnl) .anFulat rager Xou282Watspatrded 0T BAFafBolleatndn timkd 4 #istTPF) and t he
solution was stirred at roomtenperature for 2 h. Solvent was evaporated
and the residue was purified by 30 silica gel colum (0-15% MeOH in CH2C12)

to give nucl eosi dg.30 vehuker Wass dpssabpsd in pyridine (30 nL) and CH2Cl12
(100 L) .1gTo the solution was added Ac20 (3 nlL, excess) and the m xture was

stirred at 0 C for t ] S
stirred at room te>§r})th6§1 g}o&x%ﬁgf ?gﬁﬁ(&%tgo%teﬂ%%%ggﬁg%géa%ﬁ %¥%$£nd t he
sol uti on was GaPDSAifrdckhonetersingdCu Ke: @detio (4000 mNa 256 matGOKYent was
evaporated and the residue was purified by siljca gel columm _chromatography
(0- 8% MeOH i rita@epleir)viqes miciascorsipbiHersapblsponpivnwespf pdlivtas3- g 29. 999 . 6H

(400MHz, CDC18). : . J E 55. 22
(323, org ey SoPalsd deitby Bty cdhlyy B f3pgE cobelmpndley e 25
2.20, 2.123 (seppledxvitH)pinhBe C&lSjatordfO.3( Mt ' ) . 32. To a solution of
31 (0.68 g, 1.53 1) in CH2C 8..mL recoaol ed at 78 C was added DAST
(0.74 g, 4.59 rrrrolr%‘lﬂg)\‘/%tzhﬁﬂﬂ‘”%@n j g’ﬁﬁrafe‘?gp%f%%%&was stirred at the same
tenperature for 30 mn then at roomtenperature for 1 h. Et0OAc 10 (200 ni)
was added and the solution was washed with aq. NaHCO3, brine and dried over
Na2504. Sol vent wakebé/hpovitesd tandatione Xadd dugactagrapupdaks & Aoyl 7si | i ca gel
col um chr omat ogr aﬁflﬁeﬁo' 90% Et OAc i n hexanes) to give conpound 32 (0.21 g,
o] .

30.6% as white s 6H (400MHz, CDC13): 8.26 (s, 1H), 8.11 (s, 1H), 6.23
(d, J= 17.2Hz, 1H)| 5.75 [(maatdH), | 4, 39, [4.2Bti(dn ]| 3H), 2. PReladvel{ (SS, 2 X
3H). M5 (ESI): 15 Ba8 % MiHhicnsity Amle 10 1epsingt PH| (P8 )mmasy added Et ONa
in EtOH (3.1 n, 2[1%_0.53 g, 78 [)]. To the| solui-ioh was added a
sol ution of conpoupd™3%%(l0.35 g| D278%mol) % n Et OH Triéd pil) and |t he
solution was stirred rloom temperature for 20 h. |TH® reaction |was
guenched with AcOH t 84pH7A. 8dl vent e evapirlat ed an®.8fhe 201resi due was
purified by silicalgel9 cgl uaid chr pnatwgriaphys.i( 0- 10% 3980H | n6.CH2C12) to give
conpound 33 (0.21 g, 18B%|. 6 (400M4z84 CD30B): 8| 22 L%y [LH)5.76.15 (d, J =
18. OHz, 1H), 4.52 [q,2Jd F 618Hz,| PH3.634.]38 {sdd, [U=|5284 P3.6Hz, |{1H), 4.03
(m 2H), 3.86 (m [H24/M§ (ES) | B32.LMiH) .22.MD 33.32 6.7
2010/ 075554PCT/ US2D09 3694754 Exanpl & .537.] Syntshes| s [ 0fs.45 76
Rp- 6- Et hoxy- 9- 04aR 6R 4R [7ak)7 7{f U ®-2- 153 35.04 6.5
i sopropoxy- 7- met hy[[- - 21X04 t ETFRydr O-®),30- T Ur 0[33,13- 57
d] [ 1, 3, 2] di oxaphosphidy,n-16- Y- 9H P n-2- Y1, am he [(334) CErORt

17.4 41.1 26.09 12.3 37.2 3.4

18.12 40.8 26.49 6.3 38.67 9.5

19.92 69.4 27.35 30.1 39.38 7.2

20.28 21.5 28.06 8.6 40.38 6

20.47 29.8 29.94 5.7 41.91 7.2

21.14 16.2 30.04 6.6

20
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5 To a dry 50 nL round-bottoned flask was charged 205 ng of the
nucl eosi de 33. Anhydrous aceotonitrile (4 nL) was added and the suspensi on
was cool ewloi2n1041535¢e bath. To the m xture 4, 5-di cyanoi mP¢IASR@9(048V35 ny) was
added and fol |l owed by 10i sopropyl tetraisopropyl phosphorodiam dite (209
ng). The res ted cl.ear, sol utjon was th 45 C for 6 hrs. The
feaction i xt 35c BBy 5%?&%&@@#6@@%3%?@59%%& Wi th 20 i of
ethyl acetate. V%l@%ag‘?flfﬁ’dlmgrerc@%ﬁ%orbi‘/ pasErpetRecEyp & ditisdtvitng ough a
short pad of g W th
?«tet&m't nfutP POLI Reflcthificl 27K ARGIALAELLSoVETRe HhESR

et hyl acetate I ne ution s “15conc ntrat and the
flask with thellegsd aiubanm@szedumhg&peatrmvi 64 sétare. A sol uti on of iodine (ca.

0.1 Min m xt ur ridine a 8 nL)_.was added gnd the
br own o 3t 1 on vieeTe T TR nah e G bR 8 S 3. AfChideous
sol ution of s&gkym{;@@ﬁ%@é}@g&n()@e@edy@@b@g@ed dropwi se until a light
brown solution was forned. After renoval of solvents, the residue was

triturated with ettiyD7acléBatel 2030~ 1250t )238nd]1 01 s 06SnoIY ~B98.passi ng

the sol ution tfrou a,pad cRtton ija.a pipette and rinsed the flask and
pi pette with e(){b%yl Ce§g@e8€%x§9§ta)nﬁ 17%& conmbi ned organi ¢ sol uti on was
washed with sat. sodium bi carbonate (2x15 nlL) and sat sodi um carbonate (15

). The Q0N cherhed SR RHYr S‘é&%t%liﬁgic%ﬁ v \Wirlrltn@ll PokiRGEiAbg (4x20 ni).

The conbi ned brine (5 nL) and 25 dried over
Na2SO4. Sol ve(ﬁtﬂ(%gg&?e?oi\?% ted res?due was puri f| ed b)clcol um
chromat ography (silica gel 0% EtOAc in hexanes) affford 98.7 ng of
product 34 as a white m/gw\nth a %‘ME# of 34% ,p‘UNl ty of product:
98.23% 1H N %)ClB) 7*9 (s, 0 H Cl -II—Q)H 5.41
(br, 1 H, cs a. N(sN2 NH nﬁ:uéi_zﬂ.zt
4.64-4.46 (m CH2, C4'-H and CS' - 48432(m1HC5Hb)
1.45-1.41 (m 9 5) 31P NWR (CDCls) 5: 96 5 Exarrpl e 38.
(28)-isopr opyl>/ O@ZROER 4R, 5R) - 5- (2- am ng Hpurin-9-y1)-4-fl uor
0- 3- hydr oxy- 4- t et rahydrof uran-2-y1l) net h&y)@é_lghenoxy)
phosphor yl am no) - 2- deut®ri o- pr opanoat e-d3 (36 NH2351 I N ----NNH2 +S
" PrOHOCD PhOP(0) C12 N2 ?LﬂOEI (1) phv CH3 N-13 -0 -0 | 36
N N
l Y CrOy/Pyt/

4
13
\<S/O 1\/271? N7 "NHAc A0 > s HAc __CDsMel
1 1
|
O, e
yj:o on S1~o O

27 28

N N
¢ 17
>\_< O o N//kNHAc _TBAF /k o AcOPyr

Si
O\. £ o \ OH
>/j:o *CD; $

HO *CD4

15 29 30
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10 | sopropyl 2,3,3,3-d4 L-alaninate, 35. 2,3,3,3-d4 L-al ani ne
(Aldrich, 7.19 g, 77.2 mml) was added to anhydrous isopropanol (50 ni) and
stirred uwoep1076istr ogen at nosphere. Thionyl chloride (9CTAIS@Y09/PF9425 rol )
was dropped in over 15 15 min and the warmreaction m xture was heated to
reflux for 17 h. The reacti on was concentrated under reduced pressure and
then coevaporated with acetonitrile (40 nL) and then ied (25 C, 0.1 mm
for 17 h. Upon stan @ 3 days, a portion cry tzed. Ethyl ether (50

]
m.) was added, and t i xflure was stjagred for 2 KKt ’bL ak up into a fine
suspensi on. Tﬂ%) ' mééﬂENHAected—by—ﬁilt4 Jof @n ngahﬁd 8 h et her
G 0.1 nm to give 6.3 gf0 (48% of product as white,

(50 nmL) and drie
shiny plates. The:sproduct was used as is in the'n&tPstep. 36. To a 100 nL
dry round-bottofed flask was | oaded phenyl digdd ordphosphate (1.4 eq. 0.47
g, 2.24 mmol) and anhydrous dichl oronet hane (20 nil). The | abel ed-am noaci d
i sopropyl ester salt of*lL-alanine (1.8 eq., 0.492 g3 2.88 25 nmmol) was
added to the solution a@e the m xture was cooled to -5C. A solution of

N- Met hyl imdazole §10O.Aeq., 1.26 niL, 15.9 mmol ) in anhydrous

di chl or onet hane (5 )| then added quickly via a dry syringe at -5 C and
the sol ution M& Nrr NH;5 Cfor 1 h. The nucleoside (7, 0.5 g, 1.6
nmol ) was added 1a vial Tn one portion at -5 C and the solid was slowy
di ssolved in 20 ma . The reaction tenperature was allowed to rise to

anbi ent tenperajgre Bver I h and stirred overnight. After 18h, the reaction
was al nost conplete gé shown by TLC result and diluted with 25 nL of

di chl oronet hane. HCl1 Solution (1 N, 20 nmL) was added. The aqueous | ayer was
separated and extracted wi th dichl oronethane. The organic | ayer 5 was

washed wi th sgf gﬂﬁ?ﬁ%&%ﬁkﬁﬂﬁﬂ?k@{ oft-bifidx PYR-p M9y Al ol 2OVl Of

the sol vent un pressure e of f-whi am was purified through
aut omat ed 5col (hywhroxiynetteg1p dpepieu terso-HC-metBylgetcairytdrd figren-dnal (33,g7akd)ent  of

0- 3% nmet hanol in djchl oropet hane to affar ro t as.a white fogamsolid
Coay e HpLc st p oBGoRgY Sammoian @ 2ot THStmidn S Aduse [ LT 2

m xture of t i i A I . 3. IR, OD6): 6
7.97 (1 H, SWJ@*Z?%???%H@PW@%?T \17%%&;1 (?‘2@%’3%5?{19.&128-69}?0(3 Hﬁ% 6. 62(2
H s), 6.11 (sdludon®as strrbatld ¥4 fet)30 hin0Pe heXésulfindholifon waBflided Ald,0d) , 5. 81
(1 H d), 4.87-4.76 (1 H, hept), 4.45-4.28 (2 H, m, 4.10-4.00 (1 H m,
3.95 (3 H s)3.23.88313.mmpol, 3 cq) ang the solugon wagstirged-at O, for 1d3hen ony) . 31P
NVR (CDCL3): .6 5.5 . ~R); e 587 ‘.. 15 Exanpl e 39.

81 0l og1 o pdvaneditie fidh. EORb LM TG SREINe nibR SR Bt run7

cell's (cl one thingahl FiiedpadriNa,B8OL, Sobent Wasibwpoiisd andeherdsipt wak pexfiehent i al
grom h in Dul becco's nodified Eagle's nedi um (hi gh gl ucose) containing 10%

fetal bovi ne Wesiligyechcopympehranatographiyne 09 EIQAF duliaxans)ig girggoapopsd

nonessenti al i bAs 1 ) g ANt ysS were
performed in %@%%@e%%@vﬁﬁ&lﬁékz%&i (&{I{fﬁh\/\%ﬁ% fﬁe)éé‘gé (?fll 7 96- wel |
plate at 1, 50006l SmpsH) 40 (s, 32f] 0t9EST.1 T aAPTEHIS. 208! e pdaeESTITasdi at el y
after seeding. Incubation tine 4 days. At the end of the incubation step,
total cellPul dMHNA was isol ated (RNeasy 96 kit; Q agen). Replicon 25 RNA
and an internal control (TagMan rRNA control reagents; Applied Bi osystens)

lified i ' : [ I ded b
Were anplitied in z?hgbﬁ%\h/ﬁf&%h%hm.b' 917-?‘%‘530?’?5“?(%@%3W\}a‘;?taﬁ‘?%fmmn ea by

t he manuf acturer. I mers ang probe we esl gne i mer
Express sof t VEsOH.HAQ 1 §)enhd Bhososticens)s suncd aowenettnipegitrg faohk end ed
5' -untransl at ed ion u sense

o' - AGCCATGGOF¥EY @ﬁlé(a%R logile. oI oah™ & Y BFisel and the residue was purified

5" - TTCOCCAGAGAGHA e AumnRhRRato gap Ky YO RO ASACHHE L S i o VAN ) - To

express the antiviral effectiveness of a conpound, the threshold RT-PCR

cycl e of 20he 2768t5 g dRpOuUNd(4aa8 1 6D Eet 84 11(d.ohr 1 RElzavH), 8g¥, 8RdshdHY, RT- PCR
6.00 (s, 1H), 4.68 (t,J=7.2Hz, 1H), 4.45 (d, J = 4.8Hz, 1H), 4.05-4.19 (m, 3H),

3.17 (s, 1H), 2.54 (s, 3H), 1.03-1.10 (m, 28H). MS (ESI): 586 (M+H").
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WO 2010/ 075554PCT/ US2009/ 069475 cycl e of the no-drug control (ACtHcv). A
ACt of 3.3 equals a 1-log 10 reduction . (equal to the 90% effective
concent r aWPanfEEHD] ) in replicon RNA | evel s. The cyt ot @xiraisegooéosrhe t est
conpound coul d al so be expressed by cal cul ati ng the AO TRNA val ues. The

AACK i ficit | dyc i
Which The | evel o OB IO RRATEIAS Gibr o By 2h0% Bl mobRiR i SRy ) ' "
cal i brated agalBsludd)Srianed] g £onDiphol 3eq)the§9m?©l<@da 3l ool 3y, 15, 16,

and 17, represented by the follow ng structure(s)
- N( - CHZ CH? CHZIO) the &sukmgzmllvelre R@s addegi soltionRf 22 (# Brg, 7R8 mmol i CEBClz R7

Vor R = - N CPBART e i Sgp ft ropgy emp e et -

10vver e t est edv{siddeDBIOAO{W0GHL LAbWRI @ERd BGuRASR AR bh@oRT t@ﬁ?@ﬂaﬂﬁe assay.
The results of these tests are disclosed in the Table 4. Table Activity
of Sel ected dehpouigsolmdmisslfiltprgd off through silica gel pad. The filtrate was

concentrated to dryness and the residue was co-evaporated with toluene. EtOAc
(100 mL) was added and the mixture was filtered through silica gel pad. The filtrate
was evaporated. The residue was co-evaporated with toluene to give white solid.

10 The residue was purified by silica gel column chromatography (5-80% EtOAc in
hexane) to give a syrup. The syrup (hydrated) was co-evaporated with toluene (2 x
50 mL) to give compound 28 which was dried under vacuum overnight (free ketone,
3.65 g, 85%). o (400MHz, CDCls): 8.00 (s, 1H), 7.86 (s, 1H), 5.77 (s, 1H), 5.25 (d,
J=9.2Hz, 1H), 4.07-4.28 (m, 3H), 2.41 (s, 3H), 1.06-1.16 (m, 28H).

15 31. To a mixture of Mg (1.68 g, 69.14 mmom) in dry ethyl ether (40 mL)
was added 1/3 of *CDsI (8.70 g, 60.00 mmol) and the mixture was stirred at room
temperature until reflux. To the mixture was added the rest of °CDsl at the rate that
kept the reaction under gentle reflux. After cooled down to room temperature, the
solution was transferred to another flask in ice-bath. To the solution of the reagent

20  was added AICl; (2.67 g, 20.00 mmol) and the mixture was stirred at 0 °C for 1h.
Ether was evaporated at room temperature to obtain syrup. To the syrup was added
CH,Cl; (100 mL). To the mixture was added a solution of compound 28 (5.84 g,
10.00 mmol) in CH,Cl, (30 mL) slowly at 0 °C. The solution was stirred at 0 °C for
3 h. The reaction was quenched by addition of saturated NH4CI (10 mL). EtOAc

25 (300 mL) was added and the mixture was stirred at room temperature for 10 min.
Solid was removed by filtration. The filtrate was washed with brine and dried over
Na,S0s. Solvent was evaporated and the residue was dissolved in THF (100 mL).
To the mixture was added TBAF (30 mmol, 1M in THF) and the solution was stirred
at room temperature for 2 h. Solvent was evaporated and the residue was purified by

30  silica gel column (0-15% MeOH in CH,Cl,) to give nucleoside 30 which was
dissolved in pyridine (30 mL) and CH,Cl, (100 mL). To the solution was added
Ac,0 (3 mL, excess) and the mixture was stirred at 0 °C for 16 h. Water (10 mL)

was added and the mixture was stirred at room temperature for 10 min. EtOAc (200
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Cl oneA ECOO (104) 11 0.02 12 0.07 14 0.13 15 0.71 16 0.48 17 0.60 23 0.13
24 0. 037 The contents of U S. Patent Application No. 12/053, 015,
filed Marwh 2810/07253@8 (see al so WO 2008/ 121634), U.S. Paremtusapplosxas i on No.
12/ 479, 075, filed June 5, 2009, and U.S. Provisional Patent Application
Nos. 61/060, 6 fil ed Ju 2008, 140, 423 1/140,441, 61/140, 317,
and 61/ 140, 36955 waraldsd 2 ﬁ@wowgpﬂdvaéms off YR avtse, brvs and @A QY her eby

| noor por alt ed 10 SOR S8Rk al evatpta@dtéd S th RlsYauc VoI GRMEE by icP gieBturid
non- pat ent references disclosed herein are incor por at ed by reference. In

t hef Fyent t hwtrl]qurh@ogmpl@r e84t eOHUDCEFLClarta giee comnowidi¥l as wibtesoliddt33

mean ng of |t He 2S¢ BuHoRFEs EhO Pk a5 ot Rap IR TEbeEBACE gy 8tte BPovi e

that the gversgdd drpand mg, 1epf 4 Kheml MgPUPOr @t ad)s4bo &St HYRL (s, 3),R0do, | ost .
2.12 (ss, 2 x 3H). MS (ESI): 446 (M+H").

32. To a solution of 31 (0.68 g, 1.53 mmol) in CH,Cl; (68 mL) precooled at -

78 °C was added DAST (0.74 g, 4.59 mmol) within 20 min and the solution was
stirred at the same temperature for 30 min then at room temperature for 1 h. EtOAc

10 (200 mL) was added and the solution was washed with aq. NaHCO3, brine and dried
over Na,SO4. Solvent was evaporated and the residue was purified by silica gel
column chromatography (0-90% EtOAc in hexanes) to give compound 32 (0.21 g,
30.6%) as white solid. dg (400MHz, CDCls): 8.26 (s, 1H), 8.11 (s, 1H), 6.23 (d, J =
17.2Hz, 1H), 5.75 (m, 1H), 4.39, 4.56 (m, 3H), 2.21, 2.17 (ss, 2 x 3H). MS (ESI):

15 448 (M+H).

33. To dry EtOH (25 mL) was added EtONa in EtOH (3.1 mL, 21%, 0.53 g,

7.83 mmol). To the solution was added a solution of compound 32 (0.35 g, 0.78
mmol) in EtOH (11 mL) and the solution was stirred at room temperature for 20 h.
The reaction was quenched with AcOH to pH7. Solvent was evaporated and the

20  residue was purified by silica gel column chromatography (0-10% MeOH in CH,Cl,)
to give compound 33 (0.21 g, 81%). du (400MHz, CD;0OD): 8.22 (s, 1H), 6.15 (d, J
= 18.0Hz, 1H), 4.52 (q, J = 6.8Hz, 2H), 4.38 (dd, J = 5.8, 23.6Hz, 1H), 4.03 (m, 2H),
3.86 (m, 1H). MS (ESI): 332 (M+H").
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CLAIM5 1. A conpound | or salt thereof or conmpound Il or salt thereof: RS8
ZN R51 ONENR9 O OIlk 111 5wherein (a)R is hydrogen, n-al kyl; branched
al kyl ; cywbaalokybissor aryl, which includes, but is not [PCRiuSe@9®47phenyl
or napht hyl, where phenyl or naphthyl are optionally substituted with at

Ieast one of 0C1 |, G2 al |, I 6 al koxy, F, O,
a1t ro, Exgans 37 bV utesio ol Rey Btk rdritaR AR aRy g2 sy 6
al kyl - 502N BonyCFRheihy BRED: 03l ckraylivd-2 sLfho(3.4.5 T ndependent | y
hydrogen or al Kyl, wvhich includes, but is not fimted to, ClL 20 al kyl,

Cl1_10 al kyl, (ﬂ[l,m]_(ﬁomnhwphlﬂlﬂ'6-iy!;) 9H-pRrim2-yl AnRie B3) ; 15(b)R2 i s hydrogen,
Cl 10 al kyI, or R3a or R3b and R2 together are (CH2). so as to forma
cyclic ring that includes thegadjoining Nand C atons, where n is gto 4;
(c)R3a and R3b are (i) |ndepe dently selected from hydr ogen, Cl1_10| al kyl,
cycl oal kyl, - 20(CH2) e( ,\ 1 6 hydroxyal kyl, -CH2SH, -( ydMe, -
( CH2) 3NHC( =NH) NH2, (1H-'/ndo - 1) met hMJop( 5—|-| m dazol - 4- yl ) get hyl ,
(CH2) eCOR3", aryl and ar | kyl_sai r35L groups aptigQ

F
substituted wj ar sel eft ed “i“?q,l hy qlnmqgi Cl% C1_6"al koRy,
hal ogen, nitro and\c p; 25(i 1) R3a and R3b both gre C\ 6/ afckyl ;

& P
P\\\ Z

o F

\\“

$
N
0)

H .
PrO
33 34

To a dry 50 mL round-bottomed flask was charged 205 mg of the nucleoside
33. Anhydrous aceotonitrile (4 mL) was added and the suspension was cooled in an
ice bath. To the mixture 4,5-dicyanoimidazole (183 mg) was added and followed by
10 isopropyl tetraisopropylphosphorodiamidite (209 mg). The resulted clear solution
was then heated at 45 °C for 6 hrs. The reaction mixture was concentrated and
residue was triturated with 20 mL of ethyl acetate. White solid was removed by
passing the supernatant through a short pad of cotton in a pipette. The flask and
pipette were rinsed with ethyl acetate (4x5 mL). The combined solution was
15  concentrated and the flask with the residue was cooled in an ice bath. A solution of
iodine (ca. 0.1 M in a mixture of THF, pyridine and water, ~8 mL) was added and
the brown solution was stirred at room temperature for 5 mins. An aqueous solution
of sodium thiosulphate (10%) was added dropwise until a light brown solution was
formed. After removal of solvents, the residue was triturated with ethyl acetate (20
20  mL) and solid was removed by passing the solution through a pad of cotton in a
pipette and rinsed the flask and pipette with ethyl acetate (4x5 mL). The combined
organic solution was washed with sat. sodium bicarbonate (2x15 mL) and sat
sodium carbonate (15 mL). The combined aqueous layer was extracted with ethyl
acetate (4x20 mL). The combined organic layer was washed with brine (5 mL) and
25  dried over Na,SO4. Solvent was removed and residue was purified by column
chromatography (silica gel, 40% EtOAc in hexanes) to afford 98.7 mg of product 34
as a white solid with a yield of 34%. HPLC purity of product: 98.23%. 'HNMR
(CDCl3): 8 7.59 (s, 1 H, 8-H), 6.01 (d, 1 H, C1°-H), 5.41 (br, 1 H, C3’-H), 4.88 (s, 2
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(i1i1) R3a and R3b together are(CH2)f so as to forma spiro ring;

(iv) R3a is hydrogen and R3b and R2 together are (CH2)/1 so as to forma
cyclic riwg@20tvat7sisacl udes the adjoining N and C atons  PCT/US20000%94R3b i s
hydrogen and R3a and R2 together are (CH2)" so as to forma cyclic ring

t hat incl udest adj.qin t dis,0to 2,
e'is 0o 3 1 NE25 R @ ThitaTof e L8R iR & rRe-Obey Caichanaiciin y

hydr ogen or b @nd i 191 (NOFRB B WNIR Réddl: and R3b
is H CH3, CI—I%HS% >3éH?, e %ﬁ(%)z (0490430%92 N géh,dﬁﬁ

CH2- i ndo1- 3-4.96.- CHZCHZSCHS CH2CO2H, CHZC(O) NH2, CH2CH2OO0H,

CH2CH2C( 0) NH2, CH2CH2CH2CH2NH2, - CH2CH2CHZNHO( NH) NH2, CH2- i ni dazol - 4-yl |
CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or |ower cycloal kyl; or 10(vii)
R3a is CH3, -CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,

CH2- i ndo1453- Vit xam§Hei38HRE)HSo propRICER (2 ROIR QRO RY-B-(2-Ghi a3 Gakiioxy-9 H-
CH2CH2C( 0) NH2, CHZCHZCHZCHZNHZ - CH2CH2CH2NHC( NH) NH2, - CH2- i i dazol - 4-yl ,
CH2OH, CH( 04)1@1491 Hwor@?tnhylﬂﬁyxy-mgmltwahm urapA-pamethoxihd R3b is H,

L i e e
-N(R3") 2); (d) R4 is hydrogen Cl 10 aIkyI Cl_10 al kyl optionally

substituted with a | ower alkyl, al koxy, di (| ower aIkyI) am no, or hal ogen,
Cl_10 hal oal kyl, C3- 10(E§éioalkyb DQMgIoaIkyI al kyl, cycl ohet er oal kylGH;

am noacyl, aryl, su phenyl , et eroaryl, such as, yr|d|nyl
substituted aryl, of ub: tltute,gO t&hoar yl ; 0. D@H% R5 is F+/21;;%
Qhh

al kyl, CN, vinyl, @3 mal Kyl ), 35hydrox_y|_r’ower >:I3kylo i .9 =N
where p is 1 H@*@ i ng hydroxyl nethyl (CH2GHY,

CH2NH2, CH2NHCH3,» TER CC}B)Z alrkgareci{ opt i onal | 'y substl@ﬁgﬁg; I:lpr halogen
including F, d, BrS l; 25(0R6 is H, CH3, CH2F, CHF2 , CN, vinyl,
or ethynyl; (@)R? i s hydrogen, n-al kyl, branched al kyP¢ cycl oal kyl ,
al karyl, 16r aryl, which includes, but is not limted to, phenyl or

napht hyl , where phenyl or naphthyl are optionally substituted wth at |east

one of H F, d, Elsoprbpyl@lj,3 QMY .L-aDihinsR 35, 2R 3- d}llﬂBaZanm {ddch,|omeg, al kyl
of Ci1-GC6, halogenated (F, , Br, 1) | ower alkgQ of 30 - C6, halogenated

(F, d, Br, 173 emd wsméhtpqi tqpgnhgdrags isopeperold Vﬂ;)lanéﬁtn@d @B 8uch as CCH

ol 88222§ o ?E‘* ogranBhsonpae. 1y BgHINto, 8 o P St VY GBpENSH o
CONHR?' IGO\lRﬁln&nd(ﬂJrFﬁh-KﬁiEdalctl@’r m&tﬁt@d@@ZﬁZ‘cedWﬁflﬁkrﬁoﬂﬁ h.i Ehca;reaamm xoml |y

substituted al kyl, cycloalk al kenyl , al kynyl, or al koxyal k whi ch
i ncl udes, butcopEenygiediunger rsguqed pressure@ng |Coet§@017atf‘éy }t%ascqzw%ﬂ@:ffolo

al kenyl , C2 JIQL%#M % drléiacfc‘%S@C—bq’ ﬁh?(ﬁ;?lﬂqlhkg(}pon(@rﬁlﬂﬁsl"OHB d&d, a ?X&mnhalaﬁgen

CN, NH2, or RO
ar e i ndependemydtallittd. EthylethadBi(50 L) @tds a@iRd, anSlthe SR tureNHR, stieliRfor 2NIRta2

1 00en, et G ORELB1o | BB, s Sh S s NSRS Sl o v
| over 10@bkenz)¢1kh &he&%o @) dn@WRfed B KUNY.1 Bim)ES R 651l (am%roaaétggenat ed

(F, d, Br,
white, shiny plates. The product was used as is in the next step.

36. To a 100 mL dry round-bottomed flask was loaded phenyl
dichlorophosphate (1.4 eq. 0.47 g, 2.24 mmol) and anhydrous dichloromethane (20
ml). The labeled-aminoacid isopropyl ester salt of L-alanine (1.8 eq., 0.492 g, 2.88
25  mmol) was added to the solution and the mixture was cooled to -5°C. A solution of
N-Methyl imidazole (10. eq., 1.26 mL, 15.9 mmol) in anhydrous dichloromethane (5
ml) was then added quickly via a dry syringe at -5 °C and the solution was stirred at
-5 °C for 1 h. The nucleoside (7, 0.5 g, 1.6 mmol) was added from a vial in one

portion at -5 °C and the solid was slowly dissolved in 20 minutes. The reaction
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| ower al kynyl of C2-C6, |ower al koxy of Cl1-C6, hal ogenated (F, d, Br, 1)

| oner al koxy of Cl-C6, CO2H, CO2R , CONH2, CONHR , CONR 2, CH=CHCO2H, or
CH=CHCO2RwO 28100 735¢1) RL i s H, hal ogen (including F, C, PBT/USR)09/ 075 OR ,
SH, SR, NH2, NHR , NR 2, N02 Iower al kyl of Cl- C6, hal ogenat ed (F a, Br,
) Iower alkyl of Cl C6, al ken {’l\? Co, halo ted éF Br
1) 1ower al kéﬁwef&“rurwawlowq R i %5 pt tsmpefzw&ovq{a} dstire (F, d,
1) lower al de%élrm t. ABcCRh {&%Jctlah&%mr%stgém Rre ﬁ%h@@%gg\l%t 1(e's:u1t Qd_Br,
1) |ower al kox]y Cl-Cs, OCOPH, CO2R, CONH2 CHOO2H,
or CHECHOCRR diluiderigh 5 RIL @fsilddomptqﬂmnal H§1 mlnhim (tluY.e8 DaIL)(WaS adghd. cTﬁhe

i ncludes, but is n imted to ti ubst it ut ed. Cl- 20.

onti onai |y ouseEn bt E S Rl e aRb s N Ao Sty dhEa D iy b

an optional | ywaubshed wittdaoyaiiool Kyidtér, Bﬂn@zﬁﬂﬂadr%ld,ovéﬂl\/lgst]w%&iek yerﬁduastl t ut ed
al kynyl of C2-C6; an optionally substituted | ower 25al ken C6, or

optional |y suBéha solteayuadsyiredugpd presyuse Itheield-vhite fpam s purliywci @eaoqg@ C(0)
| kyl 0 | Th
20 rr%ounc?( I ) C&lgé%tt&i Emer eof EI(()O?A c%f’é%gl i r@?le%oe g&@%%(a%ya g?%&t%lf@/ga/ e

is H R3b is ftBandRn dishlbrorGharg t@laiﬁ‘ordﬂ&odﬁcthlk‘lﬁwhﬁe if@ank solid (62%3eldand Z IS
N, as 30shown in the foIIovmn structure: and V\/nereln R4 is a | ower
al kyl or | owdiPk§erg 1 %a %pwgraa)f@md&ﬁahomewq 15 agRIXiye piyo

cycl oal kyl) . ho f i ein R4
e\, E%d'o : q’la,lstere 1§omél;l§'§/1ﬂioa?réﬂgefl% 3an(§l NRIR (SﬁMSOQ% 3f7 ¢ (?SIIT s% O:Pr ﬂOlSu

or Ccl 3n. 4 H 0 Gr¥es8t {DH, maih2g- §12ﬂg3 fhm)c@@@ﬂds)oﬁ léa(IHH her@ofl ldf cl ai m

Chereof of clfiao (.58 sRBTERRh o (1Aa0: 2672 I0RdTB TASSad by o

viral agent, (hi Gy 1%%(181@%?@95@3&&%5@92 @qzqzmﬁtm)emtlsum%e@ thjjereof a

t herapeutically effectlve anoun he' compound or salt t her eof of "claim
3. 7. Us@ GrHtde *dopBuHaDGh): sé5t55t‘|héiéb3) MSdtl/a|5t&73M+r1)the
manuf act r.e of a nedicanent for the treatnment of a condition caused by a

vi ral co und Il or salt thereof of claim1, wherein
R5|s_H R6|F$"af’5@F§9§9°elP 8 is E and Zis N, as shown in the
fol I owing structurgcy r%llconv“zihesﬁ? ﬁ&vl% RednONRA. ‘%Lukaxﬁmghum/@ms @Mk oal kyl

and R8 is a O(l ower alk or O ovverc oa kyl
cells; Apath, LLC, St. Louis, Mo.) were kept at exponential growth in Dulbecco's

Br,

modified Eagle's medium (high glucose) containing 10% fetal bovine serum, 4 mM

20  L-glutamine and 1 mM sodium pyruvate, 1x nonessential amino acids, and G418
(1,000 pg/ml). Antiviral assays were performed in the same medium without G418.
Cells were seeded in a 96-well plate at 1,500 cells per well, and test compounds
were added immediately after seeding. Incubation time 4 days. At the end of the
incubation step, total cellular RNA was isolated (RNeasy 96 kit; Qiagen). Replicon

25  RNA and an internal control (TagMan rRNA control reagents; Applied Biosystems)
were amplified in a single-step multiplex RT-PCR protocol as recommended by the
manufacturer. The HCV primers and probe were designed with Primer Express
software (Applied Biosystems) and covered highly conserved 5'-untranslated region
(UTR) sequences (sense, 5S'-AGCCATGGCGTTAGTA(T)GAGTGT-3', and

30 antisense, 5'-TTCCGCAGACCACTATGG-3’; probe, 5'-FAM-
CCTCCAGGACCCCCCCTCCC-TAMRA-3").

To express the antiviral effectiveness of a compound, the threshold RT-PCR

cycle of the test compound was subtracted from the average threshold RT-PCR
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9. The conpound or salt thereof of claim8, wherein R4 is Me, Et, 'Pr,
20cl 3r, 13u, or cl'n and R8 is Ow, OEt, 0113r, OcPr, 013u, or Ccl3n. WO
2010/ 075580RCIVIZSZA09/ 069475 10. A conposition conpri si ngCThS2@90p@ahd or
salt thereof of claim9. 11. A pharnmaceutical conposition conprising the

phosphor am dat e, nycl eosi.de or salt thereqgf o laim9. 12. A net hod of
treating a Gt Gt ROs g FOBYO Mgl %8\559?3%% Seéaﬁﬁrlpgg@ctwn _

admi ni st eri nged@al & MRYOSNUFIAVOBGRARAIATECH | RetARSUIRICR X Iefhect i ve
amount of the compound or salt thereof of claim9. 13.Use of the conpound

or salt ther evfotoficity af the st eoraprandunulidadtoureecxpfessedriydiabatting thodCtihe

f it] b iral o A4 A f
or epar ng._ ¢ he LERp Rl o ERLy PPl (B TR oS RIRTES <2l ¢ ¢ ner eor

of claim3, wWeEh&hNisMEhRhORSSIS of IV R8BS are normaliA:a Xt 0é eRNAI 8614 MR
reduction of a protected ribonolactone |11l using a hydride reduci ng agent

111 to provi délibragdtagaingicthe nodeyd ¢aatioke 1V: and RH R\ 5* .LR6 Ruct'..)( IV
(b) stereosel ective conversion of the |lactol derivative IV using a reagent

Compounds 11, 12, 14, 15, 16, and 17, represented by the following

structure(s),

R8
RS N
SN
O CH /4
L, ey (X
—P:0
AOgN NN, okt T /\gcm
\ ok CH3 ks

NH,
of OPh ¢
O:P\ s % HO F
R™-0° O F
15: R7=Me, R® = -N(-CH,CH,CH,-) 11: R*=Pr, R® = -OMe
16: R7 =Me, R®=-OFt 12: R*=Me, R® = -N(-CH,CH,CH,-)
17: R7="Pr, R®=-OFt 14: R*="°Pn, R¥=-OH

23: R7=“Bu, R®*=-OMe
24: R7=°Pn, R® =-OMe

R® = N(-CH,CH,CH,-) = —N:>

10 were tested for their biological properties based on the preceding assay. The results

of these tests are disclosed in the Table 4.

Table 4. Activity of Selected Compounds

CloneA EC90
Compd. No. (uM)
11 0.02
12 0.07
14 0.13
15 0.71
16 0.48
17 0.60
23 0.13
24 0.037
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to obtain an anoneric al pha-derivative VR | crill\cO x"" NTA RS" ta R6
R111111 x V wherein R5, R6, and X have the neanings as defined
above, X'WwWDow/d7es¢i ng 20 group and R' is a protecting @COAS200006947Hr ocess
for preparing the conpound! or salt thereof or the corrpoundII or salt

th f of clai id . d f
br ot ect ed 11 bonol abtegraeARO I CS R AN g GGe e MR 81 de “vor
2010/ 075554 PGTHHERAGAA0RAHEA M X4\, PIERI Aphiitian R 22kosh o, fﬂé‘d' vative

|V and an al pha-lactol derivative of the structure |V hydri'de reduci ng
agent 0 OH Rungp; 3089, |8l W.SRBrovRéonal Patent Application Bingl @f@ﬁﬁt@mﬁlzddgnq he

dor tvative and ohe &Y fabdac il RGBT Th S 646! e, i SFMich B2

icr),\/ R130- -filed December 23, 2008 are hereby incorporated by reference in thelr entirety.
Moreover, the patent and non-patent references disclosed herein are incorporated by
reference. In the event that the incorporated subject matter contains a term that
conflicts with a term disclosed in the present application text, the meaning of the
term contained in the present application controls provided that the overall meaning

10  of the incorporated subject matter is not lost.
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crystallizeR110-"\s" RS L R6 +R5' L R6 R5* L R6 Rl )(R11013( IVIV-alV
wherein RHis a protecting group. 16. A conpound IV 0 OH 10"\\,/ R5* R6
R110. 1a' yolvioi0wserein RS is Hor N3, R6 is CH3, RH i sPaTAISM000694M% gr oup
and Xis F. 17. Acompound VO X R 1,-;?:::"c" R RI10d 36")(

wherein RS is Hor N3, R6 is CH3, RH ié g @rsotecting group and Xis F. X
is d, Br, or |I. 1518. A conpound VI or t hereof WO

2010/ 075554PCT/ US2009/ 069475 X' ZN |

1. A compound I or salt thereof or compound II or salt thereof:
R® R®
R R3b Zf Z B
N N
N /4 /4
¢ " < | RS < |
+ | oy WRG O/\gRﬁ
OR L OR R ¢ O=pr &+
R s
Y X R10 X
1 1|
5 wherein

(a) R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted with at least one
of
10 Ci6 alkyl, Cy¢ alkenyl, C, alkynyl, C alkoxy, F, Cl, Br, I, nitro, cyano,
C1. haloalkyl, -N(R"),, C s acylamino, -NHSO,C 6 alkyl, -SO,N(R"),,
COR", and -SO,C . alkyl; (R" is independently hydrogen or alkyl, which
includes, but is not limited to, C1 alkyl, Cy_1 alkyl, or C ¢ alkyl, R"" is —
OR'or -N(R"),);
15 (b) R? is hydrogen, C).10 alkyl, or R* or R* and R together are (CH,),
so as to form a cyclic ring that includes the adjoining N and C atoms, where n is 2 to
4
(¢c) R*™and R are
(1) independently selected from hydrogen, C;.19 alkyl, cycloalkyl, -
20 (CH;)(NR™),, C1.6 hydroxyalkyl, -CH,SH, -(CH,),S(0)sMe, -
(CH,);NHC(=NH)NH,, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH,).COR?", aryl and aryl C,.; alkyl, said aryl groups optionally substituted
with a group selected from hydroxyl, C;.19 alkyl, C;.s alkoxy, halogen, nitro
and cyano;
25 (i) R** and R* both are C\ alkyl;
(iii) R** and R*" together are(CH,); so as to form a spiro ring;
(iv) R* is hydrogen and R*™ and R? together are (CH,), so as to form

a cyclic ring that includes the adjoining N and C atoms
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RO Ritcr\co'Oy NR5 Lt. R6 Ruct VI wherein R5, R6, R9, and Z have
the nmeanings as recited in claiml1, X" is a |eaving group, and RHis a
prot ect i MyOROINNTS554 19. The compound VI or salt theP€®fUSRIIOEHTIN 18,
wherein RS is H R6 is 5CH3, RO is NH2, RH is 4-chloro-benzoyl, Xis F, X"

is A, and Zis N Q.. rocess, {Qr gparing co und VI of claim
18, wherein said proce@ﬁoﬁﬁﬁy ggen @ _é{l@?‘egoéahég%ﬁe&@?ﬁbdaéﬂ "B a
protected ribonol Q%Ef?@ﬁn%{ﬂat HR1UAgs ﬁlefaﬁ%ﬁﬂiﬁngﬁféL@ hidchsa@Rak ctli9 106 BVd e a
beta-lactol derivative I'V; 0 0O RI 10s R6 R 104 Vx hydride reduci ng agent

[

0 OHR 10Th' ..00 ®z2.Eis ®Re Rfi92to 831 is 2 to 4, and where R is independently

hydrogen or C alkyl and R* is -OR' or -N(R*),);

5 (vi) R*is H and R* is H, CHs, CH,CH3, CH(CH3),, CH,CH(CH:),,
CH(CH3)CH,CH3, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -
CH,CH,CH,NHC(NH)NH,, CH,-imidazol-4-yl, CH,OH, CH(OH)CH3,
CH,((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or

10 (vii) R* is CHs, -CH,CH;, CH(CHs),, CH,CH(CHs),,

CH(CH3)CH,CH3, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH3, CH,CO,H,

CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,NH,, -

CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH,OH, CH(OH)CH3,

CH,((4'-OH)-Ph), CH,SH, or lower cycloalkyl and R*" is H, where R” is

15 independently hydrogen or alkyl, which includes, but is not limited to, C;_9

alkyl, C1.10 alkyl, or Cp6 alkyl, R*" is —OR" or -N(R*),);

(d) R* is hydrogen, C).1¢ alkyl, C1.j0 alkyl optionally substituted with a
lower alkyl, alkoxy, di(lower alkyl)-amino, or halogen, C;.;¢ haloalkyl, Cs.1o
cycloalkyl, cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl,

20  heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, i.e., -(CH,),OH, where p is 1 -6, including hydroxyl methyl (CH,OH), CH,F,
N3, CH,CN, CH,NH,, CH,NHCH3, CH,N(CH3),, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I;

25 ()  R%is H, CHs, CH,F, CHF,, CF;, F, CN, vinyl, or ethynyl;

(2) R’ is hydrogen, 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, ORT, SH, SRT,
NH,, NHR”, NR,, lower alkyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkyl of

30  C;-Cg, halogenated (F, Cl, Br, I) lower alkenyl of C,-Cg, 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, COZRT, CONH,,
CONHR”, CONR”,, CH=CHCO,H, or CH=CHCO,R” wherein R is an optionally
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NENRY (b) stereosel ective conversion of the lactol derivative using a
reagent to obtain an anoneric al pha-derivative V 0 reagent Iv wherein X 1is
a | eavi ngvorouwm7ssad 15(c) stereosel ective coupling of a&oTalSplwaocHdesi vative
V with a purine or a derivatized purine base using a basic reagent to

o RHoa" |1\ uCRRReT 1vl cvelya ot Blkgmlintevrsl erainelif GOy MR B R/

R6 VI not limited to, C;.1o alkyl, Cs.7 cycloalkyl, C,.19 alkenyl, Cy.19 alkynyl, and C;_1o
alkoxyalkyl,
(h) X is H, OH, OMe, halogen, CN, NH,, or N3;
5 (1) Y is OH;

(G)  ZisNorCR';
(k) R® and R’ are independently H, F, CI, Br, I, OH, OR', SH, SR', NH,,
NHR', NR',, nitrogen heterocycle, lower alkyl of C,-Cg, halogenated (F, Cl, Br, I)
lower alkyl of C;-Cs, lower alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower
10 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;-Cg, halogenated (F, CI, Br, I) lower
alkoxy of C;-Cg, COH, CO;R', CONH,, CONHR', CONR';,, CH=CHCO;H, or
CH=CHCOR’,
and
15 ()  R"isH, halogen (including F, CI, Br, I), OH, OR', SH, SR', NH,,
NHR', NR';, NO; lower alkyl of C;-Cg, halogenated (F, Cl, Br, I) lower alkyl of C;-
Cs, lower alkenyl of C,-Cs, halogenated (F, Cl, Br, I) lower alkenyl of C,-Cs , lower
alkynyl of C,-Cg, 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,,
20 CONHR', CONR';, CH=CHCO,H, or CH=CHCOR";
wherein R' is an optionally substituted alkyl, which includes, but is not
limited to, an optionally substituted C; 5, alkyl, an optionally substituted C, ¢ alkyl,
an optionally substituted lower alkyl; an optionally substituted cycloalkyl; an
alkaryl; an optionally substituted alkynyl of C,-Ce; an optionally substituted lower
25  alkenyl of C;-Cs, or optionally substituted acyl, which includes but is not limited to
C(0) alkyl, C(O)(C 40 alkyl), C(O)(C,.1o alkyl), or a C(O)(lower alkyl).

2. The compound I or salt thereof of claim 1, wherein R'is Ph, R?is H,

R*is H, R* is CHs, R’ is H, R%is CH3, R’ is NH,, X is F, Y is OH, and Z is N, as

30  shown in the following structure:
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wherein RS is Hor N3, R6 is CH3, R8 is -0(lower alkyl) or -0(l ower
cycloalkyl), RO is NH2, RHis a protecting group, Xis F, and Zis N 522 . A
conpound WOI2b10m75%5al t t her eof R8 wherein R5 i s HPOT/UN3009B69475 CH3,
R8 is -0(lower alkyl) or -0(lower cycloalkyl), RO is NH2, Xis F, and Z is
N. 23. A conpound or salt thereof represented by tpe f ol I oW ng structure:

R8 R, 5*L NRO \La R6 ' 10R70 wherein R5 isfH or N3, R6 is CH3, R8 is
-0(l ower alkyl) or -0O(lower cyclaakkyl), RO | nand X is F. 24.
Crystalline Rp-17. 25. Crystatline Rp-17 haV| av ng an XRD
20-reflections () at about 1512. "W 55KF HJS2009/ 069475 26.

Ot horhonbic crystalline RRT7. (£ yst Rp- 17 having an FT-1R peak
at about 999 cm 1. s %

and wherein R* is a lower alkyl or lower cycloalkyl and R® is a O(lower alkyl)

or O(lower cycloalkyl).

3. The compound I or salt thereof of claim 2, wherein R*is Me, Et, 'Pr,

5 “Pr, “Bu, or “Pn and R® is OMe, OEt, O'Pr, O°Pr, O°Bu, or O°Pn.
4. A composition comprising the compound or salt thereof of claim 3.

5. A pharmaceutical composition comprising the compound or salt

thereof of claim 3.

6. A method of treating a condition caused by a viral agent, which
10 comprises administering to a patient in need thereof a therapeutically effective

amount of the compound or salt thereof of claim 3.

7. Use of the compound or salt thercof of claim 3 in the manufacture of

a medicament for the treatment of a condition caused by a viral agent.

8. The compound II or salt thereof of claim 1, wherein R’is H, R%is

15 CHs, R’is NHy, X is F, and Z is N, as shown in the following structure:

n

9‘1’ N
R70

where R’ is a lower alkyl or lower cycloalkyl and R® is a O(lower alkyl) or

O(lower cycloalkyl).

9. The compound or salt thereof of claim &, wherein R*is Me, Et, 'Pr,

20 “Pr, “Bu, or ‘Pn and R® is OMe, OEt, O'Pr, O°Pr, O°Bu, or O°Pn.
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10

15

20

10. A composition comprising the compound or salt thereof of claim 9.

I1. A pharmaceutical composition comprising the phosphoramidate

nucleoside or salt thereof of claim 9.

12. A method of treating a condition caused by a viral agent, which
comprises administering to a patient in need thereof a therapeutically effective

amount of the compound or salt thereof of claim 9.

13.  Use of the compound or salt thercof of claim 9 in the manufacture of

a medicament for the treatment of a condition caused by a viral agent.

14. A process for preparing the compound I or salt thereof or the
compound II or salt thereof of claim 1, wherein said process comprises:
(a) stereoselective reduction of a protected ribonolactone I using a

hydride reducing agent

to provide a beta-lactol derivative I'V; and

1 NP
RO
MRG

§ 3%
RO X
v

(b) stereoselective conversion of the lactol derivative IV using a reagent

to obtain an anomeric alpha-derivative V

wherein R’, R®, and X have the meanings as defined above, X' is a leaving

group and R'' is a protecting group.

15. A process for preparing the compound I or salt thereof or the
compound II or salt thereof of claim 1, said process comprising stereoselective

reduction of a protected ribonolactone III using a hydride reducing agent to provide
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a mixture comprising a beta-lactol derivative IV and an alpha-lactol derivative of the

structure I'V-a.:

o__0 O L,OH O (OH
R> R reducing R® R* 4 R\ R

i X _agemt i % 6 %
111 v IV-a

and crystallizing the beta-lactol derivative IV from the mixture comprising

5  the beta-lactol derivative and the alpha-lactol derivative

11 0 OH 11 O \\\\\OH 11 0 OH
R® \_LR® 4+ R R R R

) _

§ % 5 % § 3
RO X RU1O X RO X
v IV-a v

wherein R'! is a protecting group.

16. A compound IV

v
10 wherein R’ is H or N3, R® is CHz, R"' is a protecting group and X is F.

17. A compound V

wherein R’ is H or N3, R® is CHz, R'! is a protecting group and X is F. X' is
Cl, Br,or L.

15 18. A compound VI or salt thereof
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X"
YN
Rllo’\_OgN N7 R
RS\“‘: ] RS
RIO X

wherein RS, R6, R9, and Z have the meanings as recited in claim 1, X" is a

leaving group, and R"' is a protecting group.

19. The compound VI or salt thereof of claim 18, wherein R’is H, R%is
5 CHs, R’isNH,, R is 4-chloro-benzoyl, X is F, X" is Cl, and Z is N.

20. A process for preparing compound VI of claim 18, wherein said
process comprises:
(a) stereoselective reduction of a protected ribonolactone IIT using a
hydride reducing agent to provide a beta-lactol derivative 1V
11 0 O : 11 O OH
R o’w hydride R o’}g
R® R® reducing R® R
§ § %
R''O X agent | R''O X
10 1 v
(b) stereoselective conversion of the lactol derivative using a reagent to

obtain an anomeric alpha-derivative V

W 6 N 6
R’ A R reagent R R R

§ % 5 %
RO X —— R''O X
v A%
wherein X' is a leaving group, and
15 (c) stereoselective coupling of an alpha- derivative V with a purine or a

derivatized purine base using a basic reagent to produce a beta-nucleoside VI

1 J\ R®
R O / basic reagent Rllo’\g
S L < /k

R!IO R”(f %

\4!
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21. A compound VII or salt thereof

R8
Z X
¢ 11
Rllo/\OgN N/J\R9
RS \_LaR°
i X

wherein R’ is H or N3, R® is CHj, R® is —O(lower alkyl) or —O(lower
cycloalkyl), R” is NH,, R'! is a protecting group, X is F, and Z is N.

5 22. A compound VIII or salt thereof
R8
Z X
N
1
O N /J\
HO NT R
sV RS
§ %
HO X
VIl

wherein R’ is H or N3, R® is CHj, R® is —O(lower alkyl) or —O(lower
cycloalkyl), R” is NH,, X is F, and Z is N.

23. A compound or salt thereof represented by the following structure:

R8
N f N
¢ ]
Ri," O N N/)\ R9
OﬂRﬁ

\

10 R70

wherein R’ is H or N3, R® is CHj, R® is —O(lower alkyl) or —O(lower
cycloalkyl), R” is NH,, and X is F.

24. Crystalline Rp-17.

25. Crystalline Rp-17 having having an XRD 20-reflections (°) at about
15 12.2.
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26. Orthorhombic crystalline Rp-17.

27. Crystalline Rp-17 having an FT-IR peak at about 999 cm™.
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