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subt ypes 5- HT5A and 5-HT 5B) , 5-HT and 5-HT7. Most of these receptors are
coupled to G proteins that affect the activities of adenylate cycl ase or
phosphol i padBack@gound t erations in the activity of nultiple neurotransmtter
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functi onal tper afinfedted/indtviduals, axtratedisi be Ztbparmf tes yodd'sperdationnhi | e t he
negative anﬂlere are an estimated 4.5 million infected people in the United States alone,
according to the U.S. Center for Disease Control. According to the World Health
25  Organization, there are more than 200 million infected individuals worldwide, with at
least 3 to 4 million people being infected each year. Once infected, about 20% of
people clear the virus, but the rest can harbor HCV the rest of their lives. Ten to
twenty percent of chronically infected individuals eventually develop liver-destroying
cirrhosis or cancer. The viral disease is transmitted parenterally by contaminated
30  blood and blood products, contaminated needles, or sexually and vertically from
infected mothers or carrier mothers to their offspring. Current treatments for HCV
infection, which are restricted to immunotherapy with recombinant interferon-c« alone

or in combination with the nucleoside analog ribavirin, are of limited clinical benefit.
| 1



cognitive aspects can be traced to a functional hypoactivity of the
nmesocortical dopam nergic projections. Atypical antipsychotics block the
mesol i rhiwodopansssser gi ¢ neur ot ransm ssi on, thereby cont Polritisagopasitt i ve
synptonms, with little or no effect on the nigrostriatal system leading to
| ess induction of extrapyram dal side effects (EPS). Primary negative and
cogni t i ve Myispr@niiersiis ge kstallished Macginedpr BV . LConpsqusntly; thereds an weent ont al

cort ex_ (- ROy SALANEN Vil Gt ARG ool o eased

tone in the nmesocortic opammergi c projection Vi's ‘Kahn RS,
Ko G and Davi dsire HCY 399dn is abepectoped positivesstrampRNewvisaus with evingley and

re-conceptuyali.zati on.. AmJ Psychi atr 48: 4 - 86. \Weinberger DR and
Ber man KF _159@%9@01%%#? BFRORTIC PERICTT a%ﬂﬂ%"éﬁ@&fﬁ% SR eE8RDunds and
controyer ?tol otEhl dfABodt I :ﬁﬁﬁ@%ci:dg.n@hgpl%'té?ﬁ Rl%ﬁhct’é%ﬁhe% geno03] . Agents

that sele ely enhance dopam ne levels in the cortex have the potenti al
t o addr essob$ist afélgastivcairalyprptemaC, &fl, v E2,dind theadmm-stiicipalgadtemniNS2sychot i ¢cs

| ack robu | cac i nst ti d.cognitiv nent.s of the

soh zophr aF S Ny R nd RSB 1B bRt 5 POt e

conpl i cat af1iByed th Hre3edihe RBGR1R mLhiHGHNdH GBI SFlGEbLEThe RSADEREMKenegat i ve
synptons and cognitive inpairnment, which are difficult to distinguish from

primary nagigeses NSHRd thediiNAtdependephRNInpolmersse oorihGpealyproeip ghais (2000) .

At ypi cal ' otics: are P ) [

Psych ggh a?@@ﬁg/ %}ggy?ezasgg] e a‘?‘ﬂ% fg}g@grs?lé%gééggﬁ a é@%gen %%Irﬁ? e?\ ga]a ffS‘él synpt ons
not only ldsmdlssirirlcdpaudl RNAethhi eacy abutenaplate in tHegeplivationtydie bHEEY. si de
effects, negativel é af fects patient_ conpliance. It may thus ?hee}?égeot hesi zed

that a noviierefeihbh ﬁ@moéy%megaem%%dntg|b8@va§8%faaalrﬁ0ﬁmoaﬁ@ n _
neur ot 1 D ghRaloR cbipleRfic! ISR leFalS b BMeNII00808S: 109918848011 dhltnf{4ii At Al and

pituitary oj ection sti nuPat'es “trontocorti’cal projection
fields, wall @irplogy] B98aR4%f1DB-A48). dubibiticeadffHEOY NIHB pdlymprst pregénts he

schi zophreni c pat hol o i ncl udi ' posj tive, negat.ive and cognitive
synpt dns. f%?@g\?é}r},th"ag‘}s{@rleéitﬁ 8‘!{ Elg%}{)@ﬁﬂa"f%t&?m?%e §%ﬁi‘?ﬁ?ﬁ ql’aagﬁrilf’%?’faee of the
anci | lary aggﬂfaeﬁ@cpdhe%vém@ﬁem@m.%ecz@@arﬁwﬁﬁameramnts woul d be expect ed
to avoid a variety of off-target side effects that plague current

treat ments sucHI@Y bekinga pya awich drgeifamily of siguses (lRPsharepanyeogmongai n.  The
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P. M., Lippincott-Raven Publishers, Philadelphia, PA, 1996, Chapter 31, 931-959).
Flaviviruses of global concern that are associated with human disease include the
Dengue Hemorrhagic Fever viruses (DHF), yellow fever virus, shock syndrome and
30 Japanese encephalitis virus (Halstead, S. B., Rev. Infect. Dis., 1984, 6, 251-264;
Halstead, S. B., Science, 239:476-481, 1988; Monath, T. P., New Eng. J. Med, 1988,
319, 64 1-643).

The pestivirus genus includes bovine viral diarrhea virus (BVDV), classical

swine fever virus (CSFV, also called hog cholera virus) and border disease virus
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similar. For both the pestiviruses and hepaciviruses, the mature nonstructural (NS)
proteins, in sequential order from the amino-terminus of the nonstructural protein
coding region to the carboxy-terminus of the ORF, consist of p7, NS2, NS3, NS4A,
30 NS4B, NSS5A, and NS5B.
The NS proteins of pestiviruses and hepaciviruses share sequence domains
that are characteristic of specific protein functions. For example, the NS3 proteins of
viruses in both groups possess amino acid sequence motifs characteristic of serine

proteinases and of helicases (Gorbalenya et al., Nature, 1988, 333, 22; Bazan and
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P Y éurren y, there are %mlted treatment options for individuals infected with

hepatitis C virus. The current approved therapeutic option is the use of

25  immunotherapy with recombinant interferon-a alone or in combination with the
nucleoside analog ribavirin. This therapy is limited in its clinical effectiveness and
only 50% of treated patients respond to therapy. Therefore, there is significant need
for more effective and novel therapies to address the unmet medical need posed by
HCYV infection.

30 A number of potential molecular targets for drug development of direct acting
antivirals as anti -HCV therapeutics have now been identified including, but not
limited to, the NS2-NS3 autoprotease, the N3 protease, the N3 helicase and the NS5B
polymerase. The RNA-dependent RNA polymerase is absolutely essential for
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t oget her vvlth the carbon atons to which they are attached forma
subst i t ut edrmginaten thebisrclepside analoemyst beggleanam tythe cell and converted in vivo to

a triphosphate to compete for the polymerase nucleotide binding site. This conversion
to the triphosphate is commonly mediated by cellular kinases which imparts

20  additional structural requirements on a potential nucleoside polymerase inhibitor.
Unfortunately, this limits the direct evaluation of nucleosides as inhibitors of HCV
replication to cell-based assays capable of in situ phosphorylation.

In some cases, the biological activity of a nucleoside is hampered by its poor

substrate characteristics for one or more of the kinases needed to convert it to the

25  active triphosphate form. Formation of the monophosphate by a nucleoside kinase is
generally viewed as the rate limiting step of the three phosphorylation events. To
circumvent the need for the initial phosphorylation step in the metabolism of a
nucleoside to the active triphosphate analog, the preparation of stable phosphate
prodrugs has been reported. Nucleoside phosphoramidate prodrugs have been shown

30  to be precursors of the active nucleoside triphosphate and to inhibit viral replication
when administered to viral infected whole cells (McGuigan, C., et al., J. Med. Chem.,
1996, 39, 1748-1753; Valette, G., et al., J. Med. Chem., 1996, 39, 1981-1990;
Balzarini, J., et al., Proc. National Acad Sci US4, 1996, 93, 7295-7299; Siddiqui, A.

Q., etal,, J. Med. Chem., 1999, 42, 4122-4128; Eisenberg, E. J., et al., Nucleosides,
5



heterocycl e, or heteroaryl ring; Y1 is NR17 , CRI8R19 , C(O, S(On, or G
Y2 is NRRO , CRI8R19 , C(O, or S(On; Y3 is NRL7 , CRI8R19 , C(O, or
S(On; orw®2owMA35%62 t oget her are CR18=CR19 , provi ded Y®Crasseathmsssthan NRL7
; or Y2 and Y3 together are CR18=CR19 |, pr ovided Y1 is other than NR17 or
O nis 1 or 2; provided that only one of Y1 and Y3 can be NR17 ; or Y1 and
Y3 are ot H¥fclediides }riNuslpisrcids, 2001\eJ091dP9%nLee, heh.oft a1, Y2, or Y3 can

be C(O) ory r 0 or Y3 is
ot her than ﬁl%g}?’[b a‘?Ag%tsaﬁdghQ;gétffe;@Q Wtﬁ%c}gﬁém t%@%g)r%t% C(%I%ASI sting of
hydroogg Wﬂéﬁ}ﬂmg\ibg%@ {:/ar b_onyl8 hgl oal kyl, -C(O) - Gé I(CR4 :QSV Gé f ]
S e o e e BEne st i, Lromythe
f rc?g) t ?ﬁ %g(iég?ﬁ@ Béélaauy&goa{en{wa@ wﬁmmab&ahmaarwélﬁ&r BHRY po %(og?:\lga' k)élz
-S(On-@& prapmtleS(@RA,mﬂsm)ennmmal absarptichert anspent and timat mmemp thewvent i on

| at t t t t |
of T act ve BRBUECEP Gl | TR AR IR AP HOS 0/ GRRGPIBIYE) descr i bed

above or sk Bﬁ@%ﬂcﬂﬂayb@&%m%ﬁe&ﬁﬂaiﬁrebﬁ@ﬁ&%fndclbo&@gb' nation with at

| east one pharmaceutically acceptable carrier. Another aspect of the

i nvent i on Rhepphosamidatep frapivsesile suemisshpuption ofmnusknsideehd firgsmpotends of

t he i nyent a b ccordance with a
ot hod ot PREnoRHE TGP ERlsty e  Biotic ROTUR B Bhicla WnARERICE 2 " o
treat rrent lipophilie \Lestips an obtfalmﬁihblie(pﬁﬁltﬁ)ﬂd:odff&%d&i’@tﬁlﬁk@ﬁ}ﬁdkd gnhdo- HT
activity, and nore Partlcularl HT C activity, 5- HI6 activit or both
5- HT2¢ acttrapspert wiqyths cp#éraé?&ticwx ?lhanﬁngéhe laﬁmeliélar sanssrtrationpt t%/ﬁ' esent

vent | on sielekAS nichomhdfER0ththe RIRKERS bRl zARE bidnehRRARGE ! Ve

dysfunction, attentio Icrt peractivity syn personalrty
di sorders, alcafet (—:linzyme—rm(ha:te(ﬂhy(kplymtof tre pimsp’rmtmstdﬂmctdepmiucm grai ne, pain,

urinary inco ence, di,sorders eedi ng.dis astrointesti naI
di so_rdgr s,f?uafz’fé’é@%&?nagi ﬁ%? Bt eﬁ@ﬁﬁlgﬂgﬁ%ﬁ’é ﬁ 0%%1%&1? on di seases,
obesity, Glhﬁ@@ets%Y 11’8@151'561%1 Y. SOPatéiﬁ'A@hci’dﬂ?lel@/m1(5nwﬁicﬁ(é6ﬂr€§poﬁ§é @9 a
conmpound of formula Such net hods i nvol ve adni ni steri ng a

t her apeut i W& IQPSéHfIé& alva§@@|®/@01ﬁ25éx disdases agnmbsveiphesphastmidetenul a (1) to

R L S R S e AL SRS

age- r el at e@dnggndd diveosdash US@Ol@Mlmﬂldwaegmdd 46@ pofeddial ¢fitidal Or any
conbi nati ons t hereof. Exanples of personality disorders are schizophrenia
and ca@§ni tqapdid a‘@ffp’b?HPéo‘faéPHf}@cFQ/é schi zophreni a. Exanpl es of affective

di sorders are depression, anxiety, bipolar disorder and obsessive

conpul si ve di sorders, or any conbination thereof. Exanples of notion or
not or di s@uiamarpofthiédnkemsan’ s di sease and epil epsy. Exanpl es of feeding
disorders are qgl%élgééd%e?qu 1sba{J cl:c;rrrl?)o%nd I%é(pargépen’%%i bc})/fformula 4 and its respective

phosphorus-based diastereomers represented by formulas Sp-4 and Rp-4.
O

0 l;1‘1“\"‘1)/—0/\CZN ’
N g \/
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gastrointestinal disorders are irritable bowel syndrone. Exanples of

di seases associ ated with neurodegenerati on are stroke, spinal or head
trauma, awo2bmadsienj uries. I n one enbodi ment of the prefemus2owmBicibn, a
met hod of treating a mammal suffering from schi zophrenia and/ or cognitive
deficits related to schizophrenia is provided that includes adm ni stering
to the mammal at | east one cgnpound of forrmula (1) or a pharngceutically
acceptable salt thereof.In Ml yet another aspect, the presengyi nvention
relates to %gre_[_\‘usecpf a conpoupd of formula @) or g, phar mac ut/i%:(glly
accept abl e t her e e ne nuf act ure of/a\redyca Of gIN"t
prevention %Wé" nt ‘of /the disorders deseyi H@Id“spa‘b‘@ve, al/gne or in
conbi nati on M tHdat | east one pharmaceuti cal | JNapgept abl e carrier. The
conpounds of fornula (H‘?, cBrrposi tions conprising theseHgorrpBunds, and

met hods for preventi kg, Or treating cognitive dysfunctipon, attention
deficit/hyperactivity®syndrone, personality disorders, affective disorders,
notion or notor disorders, mgraine, sleep disorders, feeding disorders,
gastroi ntestinal disorders, diseases associated w th neurodegenerati on,
addi ct i on BlicfdxsedptiobeftheyDraiinget es, psoriasis, or ocul ar hypertension

di sorders hy adm ni stering. these caonmpounds or_ pharmaceutical conpositions
are furthdig@eser | bé’&ghé‘?séluﬁ‘.on?ﬂ@é{ﬁ Sa#dR i nposi ti ons conpri sing the

conmpoupds,.net hpods f.or. usi t n rocesses for preparing the
conmpou ds,F'%lére_ |1 lgPﬁ?SSf“ﬁsamg{%%%{%?%féﬂ@"ggch processes, are further
descri bed ﬂ’i%h%lj]. Tt}ﬁ%ﬁg&ggmghbg(])gghg&g,graﬁ{oftjge‘; QFrayﬁrlt)-l on are described in

the foll ow ng paragra These objects should not be deened to narrow the
scope of thgydey ent iragh r&BluEon REGSR At tcDtafdofT4H @ogﬂf':ﬁs Figure I A shows a

graphi cal representation of the dose-depéndent effects of Exanple 115 in

attenuating ﬁﬁées.aff%@h@ésoﬁiﬂi%ﬁ@ﬁqbidﬁfr@@to%ﬁﬁﬁ:’afSpF@CHz@E@oﬁrf ated with the
vehicle, PCP or a dose of Exanple 115 foll owed by phencyclidine. The X-axis

repr esent Figkye 610Si IHigh egolition 3R diffiact¥giani of SpepPCHERNFOrAG).i vity as
recorded by distance traveled by test animals during time period of the
exper ilpentFigkteglUr € [HBgh heyohutidn GLRID diffrattopiapr ek @lonart)of t he

dose- dependent effects of Exanple 115 in attenuating the affect of

phencyl i diFiguxeR_P) . HRgh sesobirtiontXRia idéftravtogiant dfeSpwbffiorie’). PCP or a dose of
Exanpl e 115 fol | owed by phencylidine. The X-axis represents the tine course
of the exgguresht , dfightéselutioaRD deffnetsgratsofi fred Gingrplmse).t ravel ed in the 5
mnute tine period. Figure 2 shows a graphical representation of the

dose- deperfigwie Fpr X & trystal Hpissee Sr-SAForal) bi t ory avoi dance scores
upon treat i th W BY m reatnment with
MK- 801. An]f@ra esi,il\iver e*?}ggrg g@%"%’ﬁzgfﬁ t?{:eljfépgl?ﬁg}gznp eO{iBl{S5 fol | owed by
t he vdbi clEigare 1XK- 8 QL-RaJ@ystabifimssotrepice SenttsretfoeSeéd<ith§ly@gméht for the
day of expgsure to conditjon d the_s rou 24 hours |ater, and
the Y-axi sFlg\é‘iEFr]e%ent)g'Ptaﬂ TV%@W“FSf@ragg%&ﬁﬁ%@Qnﬁgii shed side. Figure 3
shows a gr@g{;@ecﬂ rerpf_ﬁggéc%}no&‘pf t he dose-dependent inprovenent in 5-

) anc [

trial inhi ory avoid scores in pups of spontaneously hypertensive

rats (SHR)FiEQ'ge'rﬁf’@C“tfﬁf-Qég@é%@mﬁOf"*Pt-‘h test conmpound (Exanple 115). The

X-axis repr S the est
Figure 16.  FT-IR spectrum of Sp-4

20  Figure17. TGA and DSC analysis of 4.
Figure 18.  TGA and DSC analysis of Rp-4.
Figure 19. TGA and DSC analysis of Sp-4.

Figure 20A. X-Ray Crystal Structure for 8 (Sp-isomer) (molecule no. 1 of the
asymmetric unit).

25 Figure 20B. X-Ray Crystal Structure for 8 (Sp-isomer) (molecule no. 2 of the
asymmetric unit).



conpound, and the Y-axis represents the total transfer latency of trial 2
to trial 5 to cross to the punished side Figure 4A shows a graphi cal

repr esentwi0i2on/Bs560he concentrati on-dependent effects ofPCEASpoA3z41
attenuating the affect of phencyclidine (PCP). Mce were treated with

vehi cl e, danphetam ne or a dose of Exanple 44 followed by PCP. The X-axis

r epr esent Patpiled Pescription)of the\Invientio- axi s represents activity counts per 5
mnute ti rﬁeﬁ%c?ngd. Figure 4B shows a graphical representation of the
concentration-dependent effects of Exanple 44 attenuating the affect of
phencycl i di ne (TREBhrash!'seontaneerititeas asdd\heidn reddts 6 ene adlan@bef &t ne or a dose
of Exanpl e 44-followeg by PCP. Figure 4B shows the tqtal activity counts

af ter PCP SH[Ya&9ricgAmPlSy 2 torupeiindiislcanio e S pOre eagRauRds ar ¥HeARE OB gr aphi cal
represgnt abhagul. AH&ROME R sk "'Qx?'z,e%ﬁg ot m%%ﬁ"?ﬁ@"a@fea%@pé 106
attenuating the affect of d-anphetam né (AMP). ce were treated with
vehi cl e, Aived oterchagigsablyherBanpl e 106 fol | owed by AMP. The X-axis

represents ti i nut,es). nd the Y-axis represents tivi counts per 5
i hute ti e porTSQe Gainad ot g fn S et afets BisrnC Bt atobleoett he
concent r atdegdiide ReAH @REir&ivhasics nedy tux a8kl Rt bO&uradddansahé agctipgoraf f ect of

d- anphetam ne (AMP). Mce were treated with vehicle, AW or a dose of
Exanpl e 108clpdss|insigngedyhagophe eVaglpeciBBmMSHEIR 0qctEs andtingtanges in/yvhigh Hount s
after .AMP j njecti-on for .th ifherent qar Fiagure 6A sho gr aphi cal
Fepr ednt P 6k, F9[ st Snfibial BOAC mBlRHER fedioPl iy Bt 7 21 28
attenuat i gedeits ad fhacthe descilipaion hedlwdss Siggle/Mdble, W alyBsmRist reat ed with
vehicle, AW or_a dose of Exanple 115 followed by AWP. The X-axis
represents ti nelhedfmrutlEsmeans dhat the phogphiosus dorp ds ehirad aad thatithgs ount s per 5
m nute ti | } 8- o hgal, . t of the
concent ra@gﬁﬁfg@%@lﬁ&i&#@%ég?lg?[rglgg}ﬁﬁﬁg%a?ﬁgﬁg?11‘%51)%,[5?27%1'521??%\% t%lﬂg af fect of
d- anphet amcoeptéddyNeh.mddnogswer e treated with vehicle, AMP or a dose of

Exanpl e 115 fol ] owed . Figur shows, the total activity counts
af ter LAV i nj eckiedrm G cﬁsﬁg&ngﬁi?ﬁgr% ers i (RN OLABNE & gr aphi cal
represent alhufd. F&E‘exﬁﬂpfé?%éﬁ bﬁ{&igem?%%g)avh%ﬂlgeggﬁerpéon@@ﬂmsea 158

attenuating the affect of d-anphetam ne were treated with
vehi cl e, AvBonconspaesteofdhe Eomapgsitéeon] 58, dtdedsofeld vy pave. Thwse "pordieds

represents tine 1 nyt and.t he .Y-axis represen LbVYLEy counts per 5
i nut o1 R ghem g 0B P esE Bl AR Eh Bl e The
concent r atlbaps0BRRAGE At 1eadtf3304 surdtl, F1RDI®, phStyaht lemy o ymriyiet Rhftect of

d- anphetamne (AMP). Mce were treated with vehicle, AMP or a dose of

Exanpl28 158% piitwiideasy S0tomurity, ghlcast PRYwprsits at heast B%a Pustys #idpasy 99%unt s
after AMP | nj i I r T Yo r aphi cal
represent ﬁ@i@ﬁ%ﬁﬁ#ﬁ%@%rﬁ@gwﬁ%{ i%ol%{lg%%g% ent e 1%3% sﬁ{)hfg &EQ%WE@ZZS

at t enuat i rgnbrbees af feast 1970f pudita g heise98% @ulitl/it) leashVD8% paeity at teasttodB % t h
vehicle, AWVP or a dose of Exanple 225 followed by AMP. The X-axis

repr esent sI’“tr‘itYr@.n@ﬁ’ilﬁE&t(?gﬁA’BWtht he Y-axis represents activity counts per 5
mnute time per &Clelgﬁ@wa 1%@,@@9};%%@5@% fodrs FPPEGREAMAreHuced irf he
concentrati on- dependent e ?ects of Exanple 225 attenuating the affect of
d- anphlRst amineafteldBninidragmnve asubjeetat ededrheieof.

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

value is part of a range that varies within standard experimental error.
The expression "substantially as shown in..." a specified XRPD pattern means
that the peak positions shown in the XRPD pattern are substantially the same, within
30  visual inspection or resort to selected peak listings (+ 0.2 °28). One of ordinary skill
understands that the intensities can vary depending on the sample.
The term "substantially anhydrous" means that a substance contains at most

10% by weight of water, preferably at most 1% by weight of water, more preferably



vehicle, AVWP or a dose of Exanple 225 followed by AMP. Figure 8B shows the
total activity counts after AMP injection for the different groups. Figure
9A shows wOgnuplsssal representati on of avoi ded response®Cirruseanddistoned
avoi dance response in rats follow ng acute adm ni stration of Exanple 115.
The X-axis indicates the dosage, and the Y-axis shows the nunber of this
type of ra¥pwatesYygueightos vehewendmgstapeferdly atapst94dhe by weighbef escaped
responses 'ﬂercondi ti oned avoi dance response in rats follow ng acute

adm ni stration of Exanple 115. The X-axis indicates the dosage, and the

Y-axi s shows t heseluehior amd-sblves (hyied o rdabisdn)Gostalfiz@itng eRCorSlages a
graphi cal representation of failure responses in_caonditioned avoi dance

response iandiosadsorbad selijents) elidss aldrashpag pha Cote braleshola @ o1 ethohe X- axi s

i ndi catkes .t d e. Y= axX| 0 r hirs type of
respontge. al:éli‘agtgﬁ&éq%ﬁﬁ’sﬁg&g% %S?%fgﬁ?ié @zr %}%?%E%R@gﬁ%nmg% Igt\li/]%ié’éed responses
i n condi t imisedllaazmisdalvest, a €5 po Ogcsaturatedhgdrbodrbanyiand) a &5 wé €, patomntist r at i on of
Exanpl e 158., The X-axis indicates the dosage, and the Y-axis shows the
number of MAF®2BPBe of response. Figure 10B shows a graphi cal

representation gfe @%6@%%%0!18%%@% it&i%ﬂ%n%h%ﬁ/&%ﬁbl@@&@%hé geoRyIse in
rats foll owi ng acute adm ni stration of anpl e 158. The X-axis indicates

t he dosagéavimgduthaumbenf satbhnwsThe@: tousdrdgohot inchidss, bypis nof limgsptmse.

Fi gure.10C sho raphi cal representation of failure respgnses.in
condt 80onde el Palfinel TR SRLT tisPafin hlabilt S GRRRREERL: on of
Exanpl e 158. ThEheCa8iCs etlitd kéfals@s alstisighdisratted andlof HR11Y28Yd1E ciitews t he
nunber of this type of response. DETAI LED DESCRI PTI ON I n one aspect, the

present i MA¥HEi YN RENbAred cpibors mhRLAL® Cresfherdncdudesy bitiisngtlimited tahown bel ow:
(1) whereig, K y] %fﬁer Ei%thﬁﬁtﬁé‘theﬁﬁ?-#%%oﬁheﬂé dﬁﬁ-ﬂg&f"gﬁéf B%Zhagﬁ{bhﬂﬁgth@fove in

the Summary o P aventon. er aspec I'nvént i on
rel ates t QMIBP) Stiahpdsfieca)and diaxgneonpounds having a fornmula (1) as
descri bed above _and at | east one pharmaceutically acce ,t?bl e.carrier. In

still lyet anot hBe (esiBatketionggeisrsds arttraishyanehsr 2peREEsICESYSHE IS f or
prevent | N3t LERAbhog Heaseae PRI b ONRtoRlifuds, blitshidlnRaR) t1 ve

dysfuncti on, fircit/hyperactivity syndronme, personality
di sor der s,acetoheanétind ethyd &etdee.spropamoinerbutamons tnpethyliisobutid kstoneingethylne, sl eep

di sorders, feeding di.sorders, gastrointestinal disorders, diseases

associ at ecpl\?ﬁﬁcl‘?{oﬁglﬁngcfé@g’ﬁ%’fa&?ﬁ%n, addi ction diseases, obesity, diabetes,
psoriasis, or Opﬂél@gftoflléré@treir%f&%%a@!rﬁ%ﬁﬂﬁﬁr&he&'ﬁhﬂgr@}QHB/@HM&e ¥ing a
formula of formula (1) as described above. In still 'yet another aspect, the
preser0 i rhaeing sueh nenbered cabonhdhgds toCr eeapiaotudes, hulis gt Bmited tul a (1) in

t he manuf actuyre .of a di ca t E r evention or treatnent of the
di sease coeﬁhcpﬁtaf%tﬁtg’, prsogglhacgtg{é?g’ebélﬁﬁaétgtgg%&ti ve dysfunction, attention

defi ci t/ hyper acthevitty SyhibrodaEborpefaotvad ¢Hlyrotirbor berinsg suwhinaaibevef di sor der s,
notion or notor disorders, magraine, s]eep disorders, feeding disorders,
gast r oi nt e@thongl The Sotaler Shlorgrabgn gxcludes.Juit sna liggited to, chloroform,

methylene chloride (DCM), carbon tetrachloride, 1,2-dichloroethane, and
25  tetrachloroethane.
A C, to Cy nitrile refers to a nitrile have such number of carbons. The C; to C;
nitrile includes, but is not limited to, acetonitrile, propionitrile, etc.
A miscellaneous solvent refers to a solvent commonly employed in organic
chemistry, which includes, but is not limited to, diethylene glycol, diglyme
30 (diethylene glycol dimethyl ether), 1,2-dimethoxy-ethane, dimethylformamide,
dimethylsulfoxide, ethylene glycol, glycerin, hexamethylphsphoramide,
hexamethylphosphorous triame, N-methyl-2-pyrrolidinone, nitromethane, pyridine,

triethyl amine, and acetic acid.



neur odegener ati on, addiction di seases, obesity, diabetes, psoriasis, or
ocul ar hypertension disorders, described above, alone or in conbination
with at Iwesbioaiesephar maceutically acceptable carrier. POTUSRI10035641
enbodi ments, the present invention provides at |east one variabl e that

occurs nore than one tine in any substituent or in the conpound of the
present i nvent il tem @nie Grhaturdted mydregarhpeyrefens topestiaight/bramcledd amdioar i abl e on

each occur[en 8.1 e of 1t finitian at another .occurrence.
Fur ther . oy Bl hRSGRIBAE el G- SRR B TRNGS, RETtH

conbi nat i ainsitedets Lh-bentines hétbdleurt @ifRe UiEsine Shalekene; aMeptane cyaloBexz@apounds,

whi ch can be isolated froma reaction mxture. a. Definitions As used in .
the speci PRE&YFlERePAHE- t he appended cl ai ns, unless specified to the
contraky, the fgl.l.ow ter i L] - the term

"al ken;gll " as uslglg tﬁ%ﬁ g?tno élﬁerggor{ga}egcerse%e?gtlogr%?&g{r&g%%ﬁ%ﬁ%ﬁﬁﬁgﬁgocar bon chain
cont ai ni ngytiraearbdng bavifl &phdnyhgroapds detirt tickbong. Prefdred dtydmeerboas bon- car bon
doubl e bond forned by the renoval of .two hydrogens. Representative exanpl es
of al kenylm‘flﬂ%f %ﬁé,en%aylea%éolﬁme: Fhlqrabspzeng; oY %w-zﬁfﬁwo@@m,

2-met hyl - Zprap e t’oh%hQHEiﬁg}ﬂore prep&Rienyl ., 5- hexenyl, 2-heptenyl,

2- et hyl -1 “hept'enyl, and 3-decenyl. The term "al koxy" as used herein, neans
an al kyl group, Thedeniehahe'cbriibalegen” aappeshikzeint includes gidorentromol wdalaad noi ety

t hr ouqﬂ] angox%gen atom Representative exanples of al koxy include, but are

not |imted s, nethoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,

pentyl oxy, and TiRX¥in®®lockIfegloapMeta koxX viddnkival grép WhieH ckigibRé the nMeans an

al koxy grouE, as defined herei n, ap| ended to the parent nol ecul ar noiety
t hr ough arfoBowipg chargaististies. dae i aodprhisrdsrived fRaprae Perieding\rempRung! es of

| k | k L . My
ot hoxyet hrrouBE s 0K Ri16: ey D01 fer PO HORERTE MMt patBe
herei n, ngminsn andéricahdjtibnodonbisRACRt thesastiligtof thdphdspleaarhiateqpHi 238)

containing from1l to 10 carbon atons. Tr;ﬁ term"lower alkyl” or "C _6

al kyl "15medRd impatt P8 thafeswingPradb OS] Yﬁyf@?r% BAFRlPERESSi ng 1 to 6
car bon at : ; g"?db%— F O Q) chain
hydr ocar b%rli:i%gtl)n%] %x%ﬁﬁégl?gf%é%@ﬁﬂgg% a on%l?or%{ei{glr%{eeggﬁllf glt%r%ﬁ@%gﬁngl es of

al kyl i nclfimte theburtreagted desired ¢amposidt Ghe getuipyrhyst edabtydelectively apgdqd yisldpr opyl

n-butyl, sec-butyl, jso-buty\, tert-buty\, n-pentyl . is tyl .. neopentyl,
n- hexyl , 39 8ht PP?@S?@|S}1bsgﬁa§-t8?‘rfé§%9@38ﬁmf?Jegﬁegf%ﬁcmsr@%g@fﬁﬁ%we n- heptyl
n-octyl, nsRAPYIn ORARiICSYHERYE, 3"TEe T.eV NGrah& RGNy Wutd oS Raleh & ei n

means an al kyl group, as defined herein, appended to the parent nol ecul ar

noi et 20t hr&mghNew dzorkdWwyl., 1998) pixamepleedi giewpshiaeladsn buRup netlantited iove exanpl es

of al kyl carbonyl inpclude,. but..are.not ki m.t ; ’ l,

et hyl car b%?i}??}xi %%ﬁ’ié’g’g‘i‘%lasﬁlﬁ%? 6,8 bﬁ%?’?ﬁﬁ%@&?ﬁ%ﬁ&@?ﬁgﬁr}ﬁt?ﬁé?l??’}kie. The term
"al kyl ene"dimegosy@ity), MVENU-Bbasiettex i ed), trinehexdiitydipihtl (9r branched chain
hydrocarbon of from1l to 10 carbon atons. Representative exanpl es of

al kyl ene inhenyiganthen:p-yhr gowp dhippixyt @dphenylthioxpnthen-Lpper8y®; - c(cH3) 2-,

“al kynyi - eSO PR (R s S sfOR SRR POy 85T Ccat bon

25  alkyl, CH,O-aryl, SO;-alkyl, SO,-aryl, tert-butyldimethylsilyl, tert-butyldiphenylsilyl.
Acetals, such as MOM or THP and the like are considered possible groups.
Fluorinated compounds are also contemplated in so far that they can be attached to the
compound and can be selectively removed by passing through a fluorous solid phase
extraction media (FluoroFlash®). A specific example includes a fluorinated trityl

30  analog, trityl analog 1-[4-(1H,1H,2H,2 H-perfluorodecyl)phenyl)-1,1-
diphenylmethanol. Other fluorinated analogs of trityl, BOC, FMOC, CBz, etc. are
also contemplated. Sulfonyl chlorides like p-toluenesulfonyl chloride can react
selectively on the 5' position. Esters could be formed selectively such as acetates and

benzoates. Dicarboxylic anhydrides such as succinic anhydride and its derivatives
10



group containing from2 to 10 carbon atons and containing at |east one
carbon-carbon triple bond. Representative exanples of al kynyl include, but
are not |woioedi35360 acetyl enyl, 1- propynyl, 2-propynyl PC3AISaa1p/0gics1
2-pentynyl, and 1-butynyl. The term"aryl" as used herein, means phenyl or
a bicyclic aryl. The bicyclic aryl is naphthyl, or a phenyl fused to a
monocycl i ccampelused loygenenateaalqst\aeﬁykag‘eusidda froe aarhuxbdicwid suahyaxbomalekeny| .

o o ek SERRHBT Sl AP P B funf it e 1
t et r ahydr asuppfit, habigly bebadV1EpRhAYLE isoBhtBEIVA, tér%g}ﬁhé@p bed The el %aﬂ%kﬁm

nmol ecul ar noi ety through any car bon atom contai ned Wi thin the bi cyclic ring
system THsihingieagasdyproleitytdiamygicale ard ranvalsa bfoused aﬁ albendlcn sugrdtacttheed or
substi teut e group. The
term' téya(ra;llc%")'cu-{)lﬂ%r6 n(tac?% 19,9%%10 A COH§% uCh Fcrﬁr%‘ﬂgc)noal kyl" as

used her ei smlutrmanﬁhapmspn@fa@ﬁduwgroap miefaunelg} stwmnramd&pmemdesé dréugshe par ent
nol ecul ar noi ety through an al kyl ene grouF as defined herein.
Repr esent dEAVENE 265 Teection cepdifions, Ruqh asntg ra@@romenyé,r@umlsq basedd t o,

cyanonet hyl , 2'T}Yeyt@ﬂf?$§1]3i@cu%€gxg>oéa Péﬂqpﬁélp%ld fromg"é}%{éal got g(ﬂj[nlﬁ?'nyl as

used herein nmeans a cyclic rbon group contai 0’ 10
car bons, dowstiaiptdim gndLondmaiZy n&aiog-iea rab astchoe lplr(&edftbllgdﬁ blcEkmgrgram of

cyclo | ke |ncI o I.0 |, cyc t cIo entenyl.,
cycloa' ﬂ%wndéye éﬁ%%hwglmﬁiﬁ%mBiggoogﬁg §ﬂ%’¢ﬁ§]F%P 'W%éﬁmﬁﬁﬂkyl" or
"cycl oal ka&ﬁ@dlﬁ@@tld&'ﬁﬁfﬁt RaseIne, otH@?tﬁﬁ:u@nﬂ%l?&ﬁ)y Hxafpl& JPpFotEting: %r&{ ps.

tricyclic cycloal kyl. The nonocyclic cycl oal |s a carbocyclic ring

syst em connelude. iyt atgmeblimiediq h@n@e{l bgﬁthbwl Snlmtmlttrbbwoalt oms and zero

cycl obut y oy RS A TP i B RD: GRS RBRR SR

bi cyclic ayiedestedxdgittyl, pixgl (mmymhn&ewcﬂpgﬂow,l thfdpﬁ@@(%ph@yﬁﬁﬂ@@@rﬁﬁéﬂ c
cycloal kyl ring, or a bridged nonocyclic ring sy min which two

non- adj® ace%b’l)@éPt(Bﬂn%bWhgﬂﬂ}’q%thﬁﬁn%é’b@ﬂﬁé{)f@t%gcé@ealk}’lnQé@)ﬂby an al kyl ene

bridge co r o] ntative
exarpl s o DEanG IB(obEPAID CIoRterlcE iy RERET (R S TE(QITRLART

bi cycl of 3. Q(CYDuei; €HgO-aliiytyCH-An2, S@iﬂﬂkmaﬁ@a-aml,ca/mbw[cﬁnigrbhpct ane,

bi cycl o[ 3.2.2 nonanﬁ: bi cycl o 1] nonane, &gl { . 1] nonane.
Tricycl i ¢ CPHrEHEAS ‘?‘Staqflf?sél%@ ‘?’T"l gh By, t%{’t‘BPB’ imne @98 ¥ifkyl fused to a
nonocycl i ch two non-adj acent
car bon - at gorrLgMg pgtélll }géﬁﬁlnfgngslgfgﬁ %gsg(l&?éﬁﬂ ée??l%?H anSH%PI{\%(EyI ene bridge of 1, 2,
3, or29 ca$ler)z@$1()RB)20Hepr esentative exanples of tricyclic-ringsystens

i ncl ude, but arg n dto tr| GYC

(oot ahydr o- 2, 5 HEBRnRlss it BB ARehisTe R 0 e PP GsRdtnda, 1. 1
3' 7] dec anefefea@lmﬁmhd thil BonYRIAS & Y flotdetinB igfotpl bfid thahd chpdtly 6f defeting

cycl oal kyl s can be unsubstituted or substituted, and are attached to the

par ent rml‘élé]@lﬂ&ﬁmmlil@c tyattq@mtﬁ@gsrfuampnghmup& thelaise eapablsrafdsingairetectedi t h| n t he
ring system T oaI {?Eﬁhg o%r " chﬁé}emaﬁasl{ﬁg gjant'ee ?@?g [PERD 3K

or F. The ter m er el n,” neans an a roup, 935 defl ned
her ei 125 i rartisan (Advanced Organic Chemlstry reactlons mechanisms and structure—Fourth

Edition by Jerry March, John Wiley and Sons Ed.; 1992 pages 351-357) and

represents a group which is part of and attached to a substrate molecule; in a reaction
where the substrate molecule undergoes a displacement reaction (with for example a
nucleophile), the leaving group is then displaced. Examples of leaving groups

30  include, but are not limited to: halogen (F, Cl, Br, and I), preferably CI, Br, or I;
tosylate, mesylate, triflate, acetate, camphorsulfonate, aryloxide, and aryloxide
substituted with at least one electron withdrawing groub (e.g., p-nitrophenoxide, 2-
chlorophenoxide, 4-chlorophenoxide, 2,4-dinitrophenoxide, pentafluorophenoxide,

etc.), etc. The term "electron withdrawing group” is accorded its plain meaning here.
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whi ch one, two, three, four, five or six hydrogen atons are replaced by
hal ogen. Representative exanpl es of hal oal kyl include, but are not limted
to, fluorwoentwi3sse2- fluoroethyl, 2,2,2-trifluoroethyl, PCridskaomnaieet hyl |

di fl uoronet hyl, pentafluoroethyl, 2-chloro- 3-fluoropentyl, and
trifluoropropyl such as 3,3,3-trifluoropropyl. The term"heteroaryl" as
used her eilBxampiesiod clxcignvdhdiavéengheroupsoaekpie,dut areiot mited thethelogeamyl . The

nonocycl i t | i f Y&y, Sh %S r in i y,e- menber ed
ri ng cont 2‘{(‘.’2 —t%r\@?@%ﬁ%lazk@oﬁg@)(ar&@’ ?‘F@%@?@J{)r ?%%O)@éyfc?bér@?ai n one
het er oat om sel etic@ént MaBic @4pentS; asQise@héreint Weand He@poudd tha iy capaiile 0ogen at ons

and optionally one oxygen or sulfur atom_ The six-nenbered ring contains
three doulFRrofnstag ahydexy 2rovy, Exammpdes ofrbapispagsnts ipjuds: Rulgwg not

Repr esent gt i xaa({m;, j ﬁﬁ{@ el r.e not

lim teg tgl?ﬁl}/eﬁrtg’ny , i&%l@g)zdc?]ggﬁwgs%&a{zol Frp@tl{r?s{%{lﬁfbglz%lﬁg?n Qg(?(}é |Cazol yl,

1, 3- oxazolsylventpwhedi (toprer afkyoiideszinclytle, bpyaremotlimyted tpMeYj By, "Pp91 azol yl ,
pyrrolyl, ;tetrazqly|, thiadiazolyl, 1,63-1hjaz |, thienyl triazolyl, and
P71 o1yl PrEbeBEc Va0 Cbrapbiidn: cbraitvhisR Y ot iRbeteaorar ey vi
fused to ggphreRul KOkica ATARANXGbIventd B iRA TN erUSBHDH OshaBNBEYCl i ¢
cycl oal kyl, or a monocyclic heteroaryl fused to a nonocyclic cycl oal kenyl,

or a nonocyahple, MO, E40¥, "Brids PrOdl, BudHo dyeOHe ethe Nonedikoyly baggs can

nmonocygl i ¢, het er oar fused t.0 .a.monoecyclic hetero | e,..,Representative
exanpibs dlsomedbe fuehas FaFba D RaP SR b KR R T eq 1o
benzof ur amgkam&Banilez@eylithivaedid@dprpIlanide RaRAINhI@IMY, Yddivheaboxad azol yl
6, 7-di hydro-1,3- benzot hi azolyl, i mdazo[l,2- ]pyridinyl, indazolyl,

i ndol yl , iPolissiiol Garbonpisoeasivm ahgate, DIl BN, Girigpprd rpigentiosushadazol yi |

qui nol i nyl [ ~ 1. jazol: YA SH-N- 2- Yl
and 5, 6, 7,(@"{62? %ﬁ%@é@%ﬁ%ﬁ%’ﬁ%ﬂc iﬂ)}?&e}ﬁ%a}ﬁg{ﬁgé{% %lgolg[r? Cﬁc% |g(i§r’net eroaryl
groups of ‘BidgOt,éBeMigBL,revent i on can be substituted or unsubstituted and are
connected to the parent nol ecul ar, noi eté,g thr og%?" an%.scar bon_at om or any

nitrodeén atom cOWtEFheRsH TRITACEHRS TR gbEYLea fseRt ©RERer oat ot~ as
used her eigmpBhad thatistap RIS depfOi¥ieRie arooH |chbitaindl2EBmpbigd L&,

“heterocycle” or "heterocyclic” as used herein, means a nonocyclic
het er ocycBronstedhbasgc I addiedretodhy examplenreaited dboye,| fithérexampley of @basthe

| | e, | Fe e fAd VEr I X~ .en-,.
o1 oht - memBRSIBAE PR gt RySSiine. Sl fllnt bR TRES ey
sel ect ed fahfRet el daodd! N-GRAS-Shidagolef pyehzols, NaR@thS1-pyfagolk i@yl s@ine,

fourmenbered ring contains zero or one double bond, and one heteroatom
sel ec8d fdi-asapronylghdemingoetsi sting of O N, and S. The five-nenbered ring

contai ns zero Of 988, dé?é‘%loglf\%%’ﬂﬁjﬂgiggﬁ@&"ﬁ%oﬁedti%?ﬁn g.pe;ﬂ% at ons sel ected

fromthe group consistin e si xnenbered ring contains
zer 0, one Exaniphés cfeldetren bathdevwang gonps inciude, Wt atdiot éintietl eo,adtatogen §B| ect ed

fromthe group consisting of O nd The en- and_ei ght - mrenber ed

ri ngs con?céi BE o5 b csNan@&Q)&éew%yhﬂﬁr—é@a@@B%éiﬁéh@@mﬁ?r&“@ﬂ T two, or three
het er oat o gofhegd.fromthe group consisting of O N, and S.

Repr esent goggkegg’rrpf'es of nonocyclic heterocycl es include, but are not

limitéd to, azelliedemyl'co-azstphated” include ¢odenyytiallates afzd gariy or Sidd by dr opyr anyl
1, 3-di oxanyl ,, .1, 3-di.gxol anyl.,. 1, 3-di t hi ol anyl. 3-di.t,hianyl, imdazolinyl,
i dazol | PHPITEORGHh S5 Thoh Snpitrerhasarir Y e Gusels ey | T O
i soxazol i di nyl , THEERRD ®daltBY las dQ%ABEPRAEInMefers X REbBBAInd domplising4azol i nyl ,
oxazol i di nyl , piperazinyl, piperidinyl, pyranyl, )

cation and an anion, which can produced by the protonation of a proton-accepting

moiety and/or deprotonation of a proton-donating moiety. It should be noted that

30 protonation of the proton-accepting moiety results in the formation of a cationic
species in which the charge is balanced by the presence of a physiological anion,
whereas deprotonation of the proton-donating moiety results in the formation of an

anionic species in which the charge is balanced by the presence of a physiological

cation.
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pyrazolinyl, pyrazolidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl,

t et rahydropyranyl, tetrahydropyridinyl, tetrahydrothienyl, thiadiazolinyl,

t hi adi azowodntyi3ssephi azol i nyl , thiazolidinyl, thionorphelCirrgkg10/035641

1, 1- di oxi dot hi onor phol i nyl (t hi omor phol i ne sul fone), thiopyranyl, and
trlthlanyl The bicyclic heterocycle is a nDnocycllc het erocycl e fused to a
phenyl group, 6%5@hﬁﬁﬁH@V@hW@uﬁ@ﬂbﬂwé@%ﬂée$@%é@ﬁm®aéﬂhﬁﬁb@ycl|c cycl oal kyl ,
or a nonog C|IC

monocyal | SabErDRy Ry KEaBly 50 B oTRRREUTLER Gy BXEHRBI I L O

nonocycl | (buhﬁ%(ﬁbﬂﬁr)dﬁbd?td’ (NGicRysidaioni salty;ﬁfomtedtvmh monganil aamarshc}aﬁsnrrs of t he
ring are |inked by an al kyl ene bridge of 1 or 4 carbon, at , or an

al kenlyl en&ygiochlgac gsidg Ruirobrmmagacid, sulpie a‘é‘g’rf’é@‘ﬁ agidy RROSPREME A t ive
exanpl s yﬁ lmeb)ﬂf; %dn?xh@ %@;ﬂ ¥ifid Eﬁ%é aichyd giycgh@ ﬁ/glg;l %&15” 1Laf 4,

benzopyr an enzo any romany enzof uranyl ,
2, 3- di hydmedieriz atitlj malyd ac@,zaztlmc;acﬂdof\mlamch}:hb plrgahc (aclxicd:ltrch avyy, 3-(4-

azabicycl -di hydro H i ndo | SOI, dolln

oct ahydr ogyéll%%é‘%ﬂzaﬁil]e&%*%% Cingyrpigiacidy 5‘69?1?]& a(?ﬁ{!ﬁeg?aﬁﬁu 051?&01

t et rahydr %ﬂéﬁ@éﬁ'lf@ﬁﬂc'a@iﬂ' 1,218th&Cdib B foRR! RID OViB/desk RiRin&xeBRiciatided by a

bi cyclic heterocycle fused to a phenyl group, or a bicyclic heterocycle

fused to dvenzmow&)mcmwyé%@&}mbﬁnzel@ﬁsuléomﬁ esid] Z-Qaméh?é‘?ft%@l@%c fided to a

nmonocyel i LQ nmonocyclic
het er g@ycﬁ OIBf 8%/,‘81 (iagqﬂbgfsél fc%@@?@ gﬁ}ﬁ %&H/‘F aem{ %?)lﬁcg%l jodgglént at ons of
the bi cyclgmamimlcatsﬂldyha keid, Pyicafic adiflydndnike Iilltd aqe) bdsicladdionZalter 4 car bon
atons, or an alkenzlene bri dge of two, three, .or four carbon atons.

Exanpl es dormadi wijie e@oa@gét@&evéwéeny pikthg drorsdie agids ligtedhahovg, Whprein
oct anydr 04 @&g@&%@gﬁq O@{)}%,a cgﬁ?ﬁﬁ@F%?o&'ﬁi %Pk BANAREEhepert al ] furan,

hexahydr o- clopental c]turan, aza-admanta
(1 -azatrioyggd p([2£132+3\]]3{ R, 3", 7} odicharR)is adhd aﬁoyihamihmmi aumeber selected from

(2-oxatricyclo[3.3,1.13" 7] dec I|c ic, and r|c clic
heterééyc@§§n§% é%ﬁn@%febsg@%aﬁéuﬁlrgﬁP H#Q?nﬁﬁ%éP PG H y
carbon at %'a:eg)rtat@@yalt@ E I RRER AN PAERH RS GoWatdd) Br dh&al RS, an d ca n b e

unsubstitu or substituted. The term "oxo" as used herein, neans a =0
noi et y. b(pﬁbnmmﬂmﬁas&mmmdbnm$Lofﬂmhempmaﬁgﬁﬂﬂmnwémt|on have the formul a

(I') as describ bove. | ar val ues .of var| ¢]8 i n conpounds
of formul a (I)eﬂFg %%ﬂ' ‘é@%HmWEWﬁﬁé ﬁg 95= E%lﬁﬁég%dappropriate
with any gfoddvalest Kﬁﬁodﬁ@ﬁdﬁﬁ%mdﬂ@éddﬂ&h NSo 30|catUaSﬁ afimeE Mhe Wrie'l g def i ned
her ei nbefore or hereinafter. In one enbodinent, Ais (|) (i) I'n one

enbodi2fentalkykirefars seamaliybeonntising loio Mrerbogriams, whene M ig an pytager

respectiv 0 0 r i one
enbodinenﬁ?¥§fg§§%%§g%%ﬁp aré3ﬁ£5tg@%&%gxﬁ%éiiﬁgégduééi ﬁsIr}lgsipg;ctlvely
I n one enbiodRoEAt 2248, 24, 28, 26/27, 22, 243 on Bl Nﬂemna "CR18lkylCRéfers tamd CR12

respectively. In one enbodlnent X2 1S N,,% ék 3.and X4 are CR9, CRI1,
and CR12, aledgerieining |to 4 arBomatemso dingisim "loser defipdesyersIRIBAEAY X4 are

CR, CRlO’err%e%n hydrocarbon residue comprising 1 to 6 carbon atoms. "Ci alkyl" as

25  used herein refers to an alkyl comprising 1 to 20 carbon atoms. "Ci-19 alkyl" as used

herein refers to an alkyl comprising 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups include methyl, ethyl, propyl, i-
propyl, n-butyl, i-butyl, z-butyl or pentyl, isopentyl, neopentyl, hexyl, heptyl, and
octyl. The term (ar)alkyl or (heteroaryl)alkyl indicate the alkyl group is optionally
30 substituted by an aryl or a heteroaryl group respectively.

The term "alkenyl" refers to an unsubstituted hydrocarbon chain radical
having from 2 to 10 carbon atoms having one or two olefinic double bonds, preferably
one olefinic double bond. The term "C,.y alkenyl" refers to an alkenyl comprising 2

to N carbon atoms, where N is an integer having the following values: 3,4, 5,6, 7, 8,
13



respectively. In one enbodinent, X4 is N, and X1, X2 and X3 are CR9, CR10,
and CR11, respectively. In one enbodinent, RO, R10 , Rl1l1l, and Rl2are each
i ndependewol2g10mgsisogen, al kyl, al kenyl, al kynyl, hal ogerCTapano/0336@&L, - G2,
-N®2, -OR a, OC(O)RI a, OC(O)N(Rb)(RBa) -SR a, -S(O)R2a -S(O 2R2
-S(O)2N(Rb)(R3a) % “I&E CCOOR a, -C(ONRb)(R3a),

- N( Rb) (R34) or ‘-N(ﬁ??)t@(@ ®R- 106?1k "R8§e€§(t9)a@(aﬂ¥enﬁl) comm(smﬁ) c0hONaFP ) ( R3a)

N S B S TR W SRR Rt | GG 1O

- ( CR4aR5a ) BxafpEs Rﬁﬁude( bit4a&ber) limisddp, GRPa 1 -préfelyy aRrepenyB(al)yl) 2NER b) (R 3a),

-(CR4aR5am @S a, -(CRAaRsaymC(O ORI a, -(CR 4aRha)m C(O N(R
bg(Rﬂ?) ;C(O) L{sTe¥)m N(R b) (R3a), - (CR4aR a) mN(R a) (O R | a, - (CR4aR
am a " aFha 4 R5V Gl,
- CR4a= gRSa G H gﬁérgp)aé’flniac%z% - éﬁ{* %méz%@%ﬁe &Bﬁe%agefers gﬁnoal kyl

hal oal kyl subsn)uteq o1 Ynsulstitutpd pheniyy (Rh))blpkm(yi or napﬂthyi prefbrégnthegerneach

e o1 Gt grter embskbtshpco R PRIBE Dl Vhee ST 6 Sty Buent 1y

al kyl, halya@] dél or nfeke nfietick SEH¥ctED WofalanTia: Hydl r&dy‘l(}li QrBhal#ahky! ; Rra, at

each occurrence, is independently hydrogen, alk , or hanaIkyI &G is a
het er ocyclalkylaning, wbamaﬂqoayxamloammmwamm it agidi wifpte; hr ough a

1 1 th I
088" SRS 0D oS8 Bl " °
[ ndewg%&b%sﬁ&?dkgoﬁhg@ gidse skllky ﬁ]}éﬂ&le aﬂaﬂoﬁgﬂﬂnplé:)a@m@ ht ﬁilT W.G&reendNO2, - ORl
a, a - - a, -
- S(0) 2N( Rigpd ﬁﬁﬂ“ @Gf@ ﬁot% ive é@) n Orggnéy Sl CSI&"’c%fém( FEOIH) WR‘%& - N(Rb) (R

a), -N(RB)SE,{.LI%)2 -N(Ra)C(0)0(R la), -N(R a)C(O)N(R D)( -(CRMaR5a)m OC(O R
| a, ga?mOC(O)N(R b)(R3a), -(CR 4aR5a)m SR | a, -(CR4aRba)m S(OR

2a, -( CR4aR5a) ﬁﬁhﬁ(t@)n 2iRlaxide' @Ruél@iR&a@ma‘ﬁ@@hle@Mﬂiebmeﬁﬁal)ﬁ,ed refers to

CR4aR5 O CR.4aR5 R5 b
B D bR R HHYT g PRORgr NG PR ey FaE (Db PR, o) oo A R
oy R phorigh GASERR) % MR BRI Gt om@abm{e@

- CR4a=CRba- aRba)m &, - 5a -G, cyanoal kyl, hal oal kyl,
(v), (vi) ,ph(emmc)le oThe(arylpxl)de gacnm Qané)e@tllbﬁént@edﬁvlthomgr mommn::tla-ﬁd Rl are
hydr ogen. | n,_another enb 0

i ndependertt} gt ﬁ&' Pb@’&??g %aeﬁgjf (%(éfé ﬁrafg@l%ﬁégoﬁ alloh)._ (O &3,

-C(O) OR qyniné(a@yNuiab ﬁ)nmo M(IBQ (&R9Rky, m&@&%}@ﬁ@%hﬁbmacﬂ sulfaflRd RS V GI,
- CR4a=CR5a- G or (V) V\dﬁgI‘EI n Gl |é’ optionally substituted iohenyl napht hyl

or hef@r oahpsphonig %kﬁfaph@ﬁp atebal theprhonpls, eifher Fayoterted, eigotraied apr R11 and
RI2 ke GeAHICE N 06,65 R08;OTR, LS cHNAD BhasRrer 3 apbgd Torm o
ring. In ane Pe(BﬁﬂdW’(Bant' Profedtise Groyps ifi Organio Benthedig'tlB misgdt, Jokn MWalefidki ) .
Somns, 1999,
The term "preparation” or "dosage form" is intended to include both solid and
25  liquid formulations of the active compound and one skilled in the art will appreciate
that an active ingredient can exist in different preparations depending on the desired
dose and pharmacokinetic parameters.
The term "excipient" as used herein refers to a compound that is used to
prepare a pharmaceutical composition, and is generally safe, non-toxic and neither
30 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 either Sp-4
or Rp-4 has crystalline characteristics when determined by X-ray powder diffraction

or a single crystal X-ray technique.
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(i) I'n one enmbodinment, Ais (iv). In one enbodinment, R, R, R and R each

i ndependent |y hydrogen, al kyl, al kenyl, alkynyl, hal ogen, cyano, -Gl, -Q@&,
-NO 2, -OROR0B/135Z(O R |1 a,-OC(ON(R b) (R 3a), -SR | apCTRSQ1R02%41 - S( O
2R2 , -S(O 2N(R b)(R 3a), -C(ORIl a, -C(OG3, -CCORIl a, -C(O)N(RDb)(R
a), -N(Rb)(Ra), -NNRa)CO)R, -N(Ra)C(0)0O(R Il a), -N(Ra)C(ONRDb)(R
a) -N(R a)S(O H(em’a) "crYS(ta(l;FhlwéREf o N@Zuatwcmenaml)dmamld ofzgjther SR

4?52""312‘ SF7 R 1o Bt AR BRI Rt 15 M i o G SR R b ( R

3a), - Q)?ﬁ@alrﬂr g()@lﬁin r@xcro@@égy‘lﬁﬁﬁﬁ))eﬂh@(l@)'m taﬂme'chgact@ﬁ.ﬁﬁ)@)wﬁeﬁ:( O N(R
b)(R3a) CR 4aR5a)m N(R b) (R 3a) WéCR4aRa)mNRa)C(O)R a, (CR

4aR5a) m NURCENmEdpREROthermeans| R, 43RG By WG TEyaID) Metkody ofvigmly, -

43R5V ,

7a) 2, cyarﬁfgéﬁ;’ﬁﬁ‘ﬁ e s @hfr*y(%“s%ﬁ? %ﬁ%ﬁ‘@ ﬁy%%té?r gt X ) (v.)

E} Viji ) (vi |m1|):T<d§bo@/ha?d1s83@ed 1atUSeIac$950:candr<r7€6E Shotlavewhizh lard indeperacent | y
ydrogen, _a , hal oal kyl, G1, CR4aR5a) m &2; R2a, at

each occubyarieEEnce-sAisqlid suhpleof Pg}hf'aﬁwﬁorlha‘# al lﬁyPrYSfd(thkeormaY(@Masta) m GL;
R6a is al

hydr ogen, I&Y Staﬁ mgﬁld@ﬁ&l{ﬁﬁal} ?(dﬁzﬁm%ﬁo}l Eﬁgyﬁgﬁ‘%@%?%ﬂ?@%@g‘?g@%ﬁ? to the

adj acent dabﬂmnycbndnimmty through a nitrogen atom contained within the

het er ycI e; is,1l or 2. .1 anoth errb di rren R13 R15 and
R16 edfih i ndepeitdritt yingmhBisarele ey AP T ReEP Y Rl o ey S

enbodi ”EntorRBi@sﬁeﬂleB%@siaﬂm&Q%taMkeWth the carbon atons to which they
are attached forma substituted or unsubstituted phenyl or heteroaryl ring.

I'n one enbodinent, Rl, R3, R4, and R5 are independently selected fromthe
group con?_&é ;ﬁ]g gf hydr ogen, al kenyl, al kyl, haloal kyl, Gl, &, -(CR43R5V
Gl, and . In anot her enbodinent, Rl, R3, R4, and R5 are

i ndependent |y steﬁm&mdodlﬁﬁﬁt is ireGred tpa caiphmirageshtdddr fogamaand al kyl . In
a further enbodiment, Rl, R3, R4, and R5 are hydrogen. In one enbodi nent,
R2 is hydrogen, al koxyal kyl, al kyl, alkylcarbpnyl, hal oal kyl, -(CR43R5V Gl,
-(CRA3R5V R, -(CR43R53 -0 @1, (CR4aR5a)p- -C(O-aGL, -¢o-&, -

S(O) 2R6, or -C(O NR7R8; wher&in R6 and R7 ar|e i ndependently sel ected from
the group consisting of al kyl,” kal,gal k 0 - (CR43R5V Gl, and
-(CR4aR5a) m &2; wherein R8 i SN sRTed fro he group consisting of

hydr ogen, al kyl, and hal oal kylN o0ppR an’g Paken together with the nitrogen
to vvhichthey are attached forma heter% I"e. I n another enbodinment, R2 is
hydr oq al kyl, hal oal kyl, -(CR43R5V g1, or -S(O 2R6; wherein R6 is GL. In
a furtﬁer enbodl ment, R is hydrogen or alkyl. In one enbodinent, Yl is NRL7
, CR18R19 , C( @her&f @)“ﬁepr@ien@dcfhmlhphdbphommdi. nigd to thd chisal pRAPRIAIs, C( O

or O In another enbodiment, Y1 is NRL7 .
atom, the compound represented by formula 4 comprises two diastereomers

designated as Rp-4 and Sp-4. The compound represented by formula 4 can also be part
of a solvate, a hydrate, or a mixed solvate/hydrate. The solvate is designated as 4-nS,

20  while the hydrate is designated as 4-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. Finally, the compound represented by
formula 4 might not exist as a solvate or hydrate, but have a certain advantageous
amount of adsorbed solvent (S) or water. In which case, the amount of S or water can

25  vary from about 0 wt. % to about 10 wt.% based on the weight of the compound
represented by formula 4. The compound represented by formula 4 and its solvates
and hydrates thereof is crystalline, crystal-like, or amorphous.

A second embodiment is directed to a compound represented by formula Rp-4:
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I n one enbodi nent, Y2 is NR20, CR18R19 , C(O, or S(On. In another

enbodi nent, Y2 is NR20, C(O, or CR18R19 . In one enbodinent, Y3 is NRL7 ,
CR18R19 ,wQ(200/136369S(O) n. |1 n anot her enbodi ment, Y3 is RRIUS201CBIBRILI or
C(O. In one enbodinent, Y1 is C(O, Y2 is NR20, and Y3 is CRI8R19 . In
anot her enbodinent, Y1 is C(O, Y2 is NCH3, and Y3 is CH2. In a further
enbodi nent, Y1 is C(O, Y2 is NH and Y3 is 2. In one enbodinent, Y1 is
CR18R19 , Y2 is NR20, and Y3 is C(O. In af r enbodi ment, Y1 is CH2,
Y2 is NH and Y3 is C(O. Iroonexerrbodl ment , s NR17 , Y2 is C(O, and

Y3 is CRI8R19 . In a further od| Y2 is C(O, and Y3 is
CH2. In one enbodinent, Y1 i }\&C(O) and Y3 is NR17 . In a
further enmbodinent, Y1 is CHZ 1s C(Oyand Y3 is NH I n one enbodi nent,
Y1 is S(On, wherein n is 2, Y2 'S NR2GIOandf Y3 is CRI8R19 . In a further

enbodinment, Y1 is S(O2, Y2 is NH, and Y3 is CH2. In one enbodinent, Y1 is
C(O, and Y2 and Y3 are each CRL18R19 ®rtn anot her enbodi nent, Y1 is C(O,

and Y2 and Y3 . Y2 is NR20,
o Vs e ararll SR Rt @R gy SRR Hl? vEeR @%@P%ﬁﬁ é‘%?(ﬁ:ﬁ%oaz and Y3 is
CH2. | n a Hydedtbien agmiedisoteatt/hydfthtel SThelddlvatéds Hés@ﬂﬁ?dﬂ,asaﬂftdh&vﬂﬁle@r& wher ei n
R20 is selected fromthe group cansi sting of hydrogen, al

k
al ky| car bdrigirate pdesignatgd as Sd ey wherg )Sma'ame&olvcré(@ywe@%y ABAYCEPCRA REV

Gl. Ingyet, an?dé? 2raki W&)t d 4-s CHZ;
wher ei r51 RZ0 q’."éq-‘%?% Pith erg}ltn(yglo %b%g@e%n%%e aags esclrnl ¥ Igoove I n one
enbodi nentinte¥dr amomﬁfrﬁm abant0 ¥PatendS5.YBinallg, thacmmhaR&;SIesentad tgnot her
enbodi nmen

and Y2 and Y3 are each CH2. nbodi Y1l is
OV s drumilad-d g Rat st e SRS, N (B ST MO HERE, DY RATS v
is CH2, and.e¥idid ﬁlvgﬂ%gedug affEneIAsiBEN olvett (@nﬁa%g Jr 8ot BId witer. GR18=CR19
, and Y3 is CR18 . I'n a further enbodi nent, and Y2 together are

CH=CH, andwhigh 98860112 amopniorfeS ermaiel eaprvary frami abOGF@lw'R% to abput 1 t.&nd Y3

t oget n anat her enbadi Y2, and Y3

t oget E@r aaéegﬁ%ﬁ gglgr?«g rﬁ?gﬂm?‘}%‘a}fepreﬁ?fn e@ytf dlj[%"'are Sﬁg‘ﬁ‘g?ﬁﬁ’famg . In
anot her enpRidmed by MokmuliRp- AR ¥SsodvResem@mytHtes théteofie cagfatitiefrent ,
conmpounds of fornula (I)_can include conmpounds of fornula (la): (I a)

wher ei n Ricrysel-ligzor @gorpheusR18 ;| R19 , R20, X1, X2, X3, and X4 are as
descri bed abo"eA fir aglgli%ﬁ)?m%é&%&tembﬁé?ﬂﬂ?éw{kdcﬁre&?{edftS’Wslﬂaﬂm(e'ﬁ £an include

conpounds of fornmu
A second aspect of the second embodiment is directed to crystalline Rp-4

15  having XRPD 20-reflections (°) at about: 6.6,7.1, 9.0, 11.6, 17.9,20.7, 24.1, 24.4,
and 26.2.
A third aspect of the second embodiment is directed to a crystalline Rp-4
having XRPD 20-reflections (°) at about: 6.6, 7.1, 9.0, 11.0, 11.6, 12.0, 16.0, 17.9,
19.6,20.7,21.0,21.7,21.9,22.2,23.1, 24.1, 24.4,26.1, 27.3,27.7, and 28.2.
20 A fourth aspect of the second embodiment is directed to crystalline Rp-4
having an XRPD diffraction pattern substantially as that shown in Fig. 2.
A fifth aspect of the second embodiment is directed to Rp-4 having the
following FT-IR peaks (cm'l): 1742, 1713, 1679, 1460, 1377, 1259, 1157, and 1079.
A sixth aspect of the second embodiment is directed to Rp-4 having an FT-IR
25  spectrum substantially as that shown in Fig. 15.
A seventh aspect of the second embodiment is directed to substantially pure
Rp-4.
An eighth aspect of the second embodiment is directed to substantially pure
crystalline Rp-4.
16



wherein R, R2, R3, R4, R5 R18 , R19 , R20, X1, X2, X3, and X4 are as

descri bed above. In one enbodi nent, conpounds of fornmula (1) can include
conpoundswof2ofoorsisba (1c): (lc)wherein RL, R2, R3, R4, RETRKE2010/085691 ,
R20, X1, X2, X3, and X4 are as descri bed above and Y1 is S(O 2 oTr CCRR1188R
1199 . In one enbodi nent, conpounds of fornula (1) can include conpounds of
formula (1d): (Adintiwhgpeetiof tiRlsecmrd erAldilant iRBirR1S! to sebgantially arex3, and X4
are as descrkﬁﬁd ngye. I n one enbodi nent, conpounds of fornula (1) can

i ncl ude cSNPERHEE 8t fornula (1e): (le) wherein Rl, R2, R3, R4, R5, RI13 ,

R14 , Y1, Y2, amchidentoRimentdesiedctddad aadayound fepRiRentedbp dirfiRid Sp-40npounds

of fornmula (1) can include conpounds of formula (I1f): (If) wherein Rl, RZ,

R3, R4, R5, R13, R14 , Y1, Y2, and Y3 are asﬁdescribed above. |l n one

enbodi ment, conpounds of formula (1) can in conpounds of fornula (1Q):
(1g) wherein R, R2, R3, R4,QR5 RI5, R16 ,| YI, Y2, and Y3 are as

descri bed above. In one enboéfﬁhnt47CQﬁp%fi%§go dormula (1) can include

conpounds of fornula (1h): h)Hﬂh ePn , R3, R17 , R18 , R19

, X1, X2, X3, and X4 are as desg¢gN hgg aboves Th one enbodi ment, conpounds of
formula (1) can include conpounds of f&?ﬁulér(li): (I'i) wherein Rl, R2, RS,
Rl7 , R18 , R19 , X1, X2, X3, and X4 aregas described above. Specific

enmbodi ments of conpounds contenpl atedfas part of the invention include, but

are not limt edTHeQSompound represented by formula Sp-4 can also be part of a solvate, a
frans-2-benzyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo] c] pyrrol o 3, 4- e] azepi n-6(10b

H) - one: t hareaté, o2 ani3ed sody@e/hpdratey diboselvats(is figsjgnated as Sp-4nS, while the
\of 3, 4- ) in-6(10bll)- : ) ) .. )
Se 5 ot bistieRngea ad SORGIHLO, whete § isalatsics polyet,n wiries n o inserp
E)i) -one; Ciggnod-idteSerdtnchnbfir BRI RLSBEO] sldmvadbPindndnRpazseRon- 6( 10b
-one; r

n5- 2- benzyintegeranpueh frgmebeui@ yehosbenZispdy.ghe somprumd sepspsentsdity- 4( 10b
L)') - 822;0 T BRRith 524 3nidhr 2ot ExREXALYH RO SIR 5k P WA Serfhinfd AAHREDE( 10D
f r an5- 2- beangouint bf Rlsdrbda sdlybnt@SILéowaed. dhydiicibenrez,ahe hpyiint@lf 8{o3 whictcaz epi ne;
a2 e i b 2R NI 3 PSSRy or ovenzol
c] pyrrol o3t apt hat %o g p
represented by formula Sp-4. The compound represented by formula Sp-4 and its
solvates and hydrates thereof is crystalline, crystal-like, or amorphous.
15 A first aspect of the third embodiment is directed to crystalline Sp-4.
A second aspect of the third embodiment is directed to a monoclinic
crystalline Sp-4, preferably having the following unit cell parameters a ~ 12.88 A, b ~
6.17A,¢c~17.73 A, and B ~ 92.05°.
A third aspect of the third embodiment is directed to a monoclinic crystalline
20  Sp-4, preferably having the following unit cell parameters a ~20.09 A, b~ 6.10 A, c ~
23.01 A, and B ~112.29°
A fourth aspect of the third embodiment is directed to a monoclinic crystalline
Sp-4, preferably having the following unit cell parameters a ~ 12.83 A,b~6.15 A, c ~
17.63 A, and B ~91.75°
25 A fifth aspect of the third embodiment is directed to a monoclinic crystalline

Sp-4, preferably having the following unit cell parameters a ~ 12.93 A,b~6.18 A, c ~
18.01 A, and P ~ 96.40°.
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r n5-2-benzyl -5-(2, 3-di chl orophenyl sul fonyl ) -
1,2,3,34a,4,5, 6, 10boct ahydrobenzo[ c]pyrrol o[ 3, 4-¢e] azepi ne;

rans- 2- bewoyhrods63s95- di chl or ophenyl sul fonyl ) -1, 2, 3, 3a, 4 PETAIS2@bosicahydr oben
zo[ c]pyrrolo[3,4-e]azepine; frans-2-benzyl-5-(2-bronophenyl sul fonyl) -
|,2,3,3a,4,5, 6,10boctahydrobenzo[ c]pyrrolo[3,4-e]azepine; r

n5- 2- benzyl 5- @Bﬁbﬁbﬁngﬁeﬁﬂm§hﬁ¢éﬂ@O&HmHUQdBBGQdK>%mygﬂﬂmbébﬂéﬁwagobenzo[

c] pyrrol of

rans- 2- be%@?b?ﬁ%’g lPﬁS Eat afbou su%’f705riy9l§ 1I67 1§33 %l 5, 6, 10boct ahydr obenzo|
c] py rrol of 3, 4- & agefthi€pect of the third embodiment is dlrected to a crystalline Sp-4

n5- 2- benzyl - chl oro-4-fl uorophenev/l sul f on 9y

2, 3 3a, 4, a@ﬂ&é@%@&ﬁ«;@%ﬂeﬁ% ) atcabeyt: 1600l B, ﬁépéi%ér ne;

fran5 - benzyl )

1203, 30, 4.5 6 ToRRAT Ao hassRl QraaEaY hepied o acrysatine 54

Lr Sn5b2 béx[laziyl]g )ﬁ%RBQ@Ireﬁlefchum@Dmttd’mpht) ph2red, 98 f19r8y129)61 227308264, 5, 6, 10boct a
ydrobenzo[ c]pyrr ;T o . .

55 benzyl - & (onath gt iag PiERY FORPAgHEpH s dtestsd 5 agryptaine S-d having

6, 10boct ab&[@ml@@%@écu%hw?]wd&h@ , 69,81 8.218P1 D86, kind 24.6.
n5-2- benzyl - 5- ( 3- et hoxyphenyl sul fonyl)-1,2, 3] 3a, 4,5, 6, 10boct ahydr obenzo]

c] pyrrol o[ 3, 4- e’} aindpaspest of the third embodiment i is directed to a crystalhne Sp-4 having

rans 2= di.chl I 6, 10boct ahydr obenzo
[ c] pépr oﬁé{%}iag’f%@ftgﬁ%g f‘fﬁg’ Yfg’eég’;ll)é P? %ﬁ? %@nyl sul fonylgl
1,2,3,3a,4,5,6 &fbﬂﬂﬁisﬁ@&@fﬂﬁetﬁﬁ“@lém‘B])Mdh@isQﬁr%ct‘@d@d Qéﬁyﬁlaﬂﬁw Sp-4 having
fran5 2- benz 5-(2- cyanos)henyl sul fong _/)1 5.7 13 3a, 4,5, 6, 10boct ahydr obenzo|

c] pyrrol of éﬁagféqgtlﬁ@s (°) at about: 5.2, 6 9.1, and 25.0.

s & ggbﬁb di 754 Bl A0 pkdr drife RirdRnbormiey ARRRSEREEhAY A Of 3. 4-e] aze

rans- 2- (ZI%NLgmﬁtXB(H’]bdﬁﬁﬂbt)oﬂ patteth SbstdntTallyens al dhowe tzolyaneof Fad. 8] 3, 4- €] aze
pi n- 10 one
rans- ig 2 gy ﬁ& RyFiget gy L1209 Fig. 84 4, 5- hexahydr obenzo[ c] pyrrol of 3, 4- €] aze

pi n- 6(10bH) ONEiwel f the third embodiment is directed to Sp-4 having th
rans- 2- (3, 4- di net h%/fqtl)e zy 3 Pe 1% ené 041%e%é§<a1ﬁ=§/cder ogeﬁzo[aginpyrerol o[ 3, 4-e] aze

pi n- 6( 104bllevomeg FT-IR peaks (cm’ ') at about: 1743, 1713, 1688, 1454, 1378, 1208, and

rans- 2- ( 3- gg&hylbenzyl)-l 2, 3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4- e] azepi n-
6( 10bH) - or
L ?25 623( g gba) dlo %Hﬁﬁééﬁﬂﬂés‘;%&t df tide Bird @ntholmiex ahiftcREen 20l ehpng kRIFAL 3, 4- €] aze
rans- 20(3IRépﬁénwbéﬂEymﬁaﬂy%H®M3§0wm5nﬁékihydrobenzo[c]pyrrol0[3 4-e] azepin
- 6(10bH) - one; A fourteenth aspect of the third embodiment is directed to substantially pure
Sp-4.
A fifteenth aspect of the third embodiment is directed to substantially pure
crystalline Sp-4.
25 A sixteenth aspect of the third embodiment is directed to substantially pure

amorphous Sp-4.

Dosage, Administration, and Use
A fourth embodiment is directed to a composition for the treatment and/or
30 prophylaxis of any of the viral agents using any of compounds 4, Rp-4, or Sp-4.
Possible viral agents include, but are not limited to: hepatitis C virus, hepatitis B
virus, Hepatitis A virus, West Nile virus, yellow fever virus, dengue virus, thinovirus,
polio virus, bovine viral diarrhea virus, Japanese encephalitis virus, or those viruses

belonging to the groups of Pestiviruses, hepaciviruses, or flavaviruses.
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rans- 2- ( 2- met hoxybenzyl ) -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4-e] azepi n
- 6(10bH)-one; frans-2-(3,5-dichlorobenzyl)-

1, 2, 3, 3a,wp2etverssdsy dr obenzo[ c] pyrrol o[ 3, 4- e] azepi n- 6( 1O0HUSCMO/035641

rans-2- (2, 5-di chl orobenzyl)-1, 2, 3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4-e] aze
pi n- 6(10bH) - one, ] ) o -

r ans- 2- ( 3- chl orfgbaspestiof this embodiment B-divestad juiz ewepessjar] foy thedteanns ob] azepi n-
6(10bH) - one, the viral agents disglosed hereinsaid composition comprising a

rans- 2- ( 2-38%0& obéﬁzﬁefl-ﬁ IFS ga, e exalﬁg/cfr OPenZ cﬁ rrol o 3, 4-e] azepi n-
6( 10bH) - oparmaceutically acceptable medium selected from among an excipient, carrier,

rans- 2-(3-fl uorobenzyl )l-l , 2, 3, 3a, 4, 5- hexahydr obenzo[ c]gyr rol q[ 3, 4- e] azepi n-
6( 10bH) - orfsluent, and equivalent medium and any of compounds 4, Rp-4, of 3p-4, that is

g?gg;}ﬁ;f g;i]}’édeffc?éd%?ﬁaﬁ{d&ﬁs' hydratess oldates, R Y A OREMAE ¢tdsdEn§ el 3. 4- €] azepi n-
?I:I; ((f Ir?nS{JE;IIm;deS’@&% br 8;-4 Obithydrhtgs nobsxteadgsathergof. ol o[ 3, 4- e] azepi n-2( 3

- yl) net hy nzonitri . . .
Jirans-2-(2,5-di H@Q%@Eerwm‘h pr $e-4 may be indapendanidy fymaniaiet @ 3yidol of 3, 4- €]

azepi n-  6(,0BK) QR administration dosagg forms and carriers. Oral administration can be
rans- 2- (3, 5-di'nmet hoxybenzyl ) -1, 2, ,3a,4,5-hexahydrobenzogc]pyrrolo[3,4-e]az
epi n- 6( 10bH)eforre;of tablets, coated tablets, hard and soft gelatin capsules, solutions,

gr Z?Slﬁég ébx%ls_qlgrlgsg gﬁ%ﬁg gﬁ glyslpgrlljslic];nos.n%Qe_ct)m%bgﬁdgsql’, ﬁiw-qz oe Pg‘i] yarepenzglcl pyrrol of

cJs-2-(3, %@n@ﬂiﬁﬁi@@%ﬂ% Qum)osfinoﬁy &inifistratien alodp obirpZAlies]g@yr rol of 3, 4-e] azep
in- 6(10bH)-one; cw 2-(3-chl orobenzyl)- 1,2,3, . )

3a, 4, 5- hexdmjaisadion Jhemest eANIVEpEIYManNeF op pémipistigHop)s-gepprally oral using

i: \FI)V;/rZ; (()I:%;)]E %uc%@g?rg%ﬁaﬁy 8%5_{%%@%%%%1%\/%{&%& BX g&jﬂg‘éﬁ' E&Jording to the severity of

cJs-2-( g?rlﬂgi g)iaéﬁﬁahd Herpatibitls redpoRsedtp 3e dhtbvitabmadiyatiombenzo[ c] pyrrol o[ 3, 4-e] a
zepi n- - one; . i

(3aR, 16bS) - 1, 2, Bezemponndsed Layti Pb e 3Rt FHRANG 5 MPreFAYERIMA( 100 H) - one;

rans- 2- benzyiyi & bhiofefy br (%l&n%?mﬁy%é Bexadh s ARESAPbEIRNEGELA. 4- €] azepi n-
6( 10bH) -one; "trans-8-chVo to-I",2;3 ,3a., 4, 5- hexahydr obenzo[ e] pyn: o\ o[ 3
, 4-c] zeproGipbSitiehs amisnit dosages. The pharmaceutical compositions and unit dosage

(3aR 10bS): 1, 2, 3, 3a, 4, 5--hexahydr ohenzo[ e rrolol3,4-clazepin-6(10b H)-one;
r ans- 2- berf2{is TGYgﬁ F%‘?‘BW@?%&%%C,HE‘%% H%&}%%Qfﬁ fojo)2 8{‘%‘1%@?’1"5?@?%’4- c] azepi n-
6( 10bH) - ongith bf Wifiout ad&ilibR41Active condpoudads arfh the (AKX abyge ahaRandyeddpydia o\ of 3
,4-c]siz pm6(10bH)-on , ra - - hloro-I a -hexahydrobenzo pyrrolo_ -

| azepi2f- Gn@iskktabde effective amount of the active ingredient commensurate with the intended

rans-2- benclza}llly-dgoéé:g%lrgﬂg%-tg ’og ’er%p?o%feé.’ %hte.' Sﬁﬁ%@é&&&ﬁ&%{p%kﬂ%% RJa? [b§ 4-c] azepi n-
employed as solids, such as tablets or filled capsules, semisolids, powders, sustained
release formulations, or liquids such as suspensions, emulsions, or filled capsules for
oral use; or in the form of suppositories for rectal or vaginal administration. A typical

25  preparation will contain from about 5% to about 95% active compound or compounds
(w/w).

The compounds 4, Rp-4, or Sp-4 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

30  standard pharmaceutical practice.

Solid form preparations include, for example, powders, tablets, pills, capsules,
suppositories, and dispersible granules. A solid carrier may be one or more
substances which may also act as diluents, flavoring agents, solubilizers, lubricants,

suspending agents, binders, preservatives, tablet disintegrating agents, or an
19



6( 10bH) -one; trans-9- oxo- 1, 2,3,

3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n-6(10b H) - one;

i rans- 8- chbaenw/Bs3eet hyl - | , 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pycraise¢18/0ds6a] azepi n-
6( 10bH)-one; ra -S- -fl uorophenyl sul fony -1 a Ob-octahyrobenzo | pyrrolo -
e] azepi ne;

r ans- 2- besngdpsglatingimatsripl. AnPoPalers, helvertieh genestlbnis ¢[fachydividedpdidd- c] azepi n-
6( 10bH) - on

¢ ans- 2. perGyf i 2guRRPahdhs finely divided astixe component Jn SBYEF YR PTG 3, 4- e] azep
IQ%E) H?( 10bldhm@bsnt generdllyiemdixbd ®$ita AR Qeraudingheddaiessapybinding Rapeltazepi n-

one;

rans- 2- bemlzymtablerprgmrﬁons andyompagted i the shnsr Y steseaTssy SUHrblE SaUIeE azepi n-
6( 10bH)

Cw- 2- benz n]FCh?de lfutﬁca}r eonqt 1151 1t§:d§o mfggeshexa%rygnat %gg[mrmysrterag eo[t%lc Suéf azepin-6(1

(()b H) - oneactassa péchnudnxmn Istagchy, gelmﬂnymgactmﬂz mdtlmlceikulccse sodmrepi n- | CbHJ- one;
3a5, 10b5) - benz 8-f | uor 3a, 4, 5- hexahydr [ rol o[ 3,4-e]az

o . 602 SBpRBRERYIcgiIpTe, oo Mliis w i EarRF P 20 LT gier SPB Foragept n- 1

CoHJ- one; P aratlons may contain, in addition to the active component, colorants, ﬂavors

rans- 2- be z;P luofo-1, 2,3, 3a, 4, 5- hexahydr obenzo[ c] pyrro o[ 3, 4- e] azepi n-

6( 10bH) orsta,bﬂrzers bﬁﬂfﬂ&rmﬁmMthaAaSWdED&trenhSnﬁmap‘w thatkerers.el azepi n-

2-b
Tl QOREQ %?%363’?%{ %1(165? IS‘F u][9 18 %%S@Bf‘rfomé’(l*’f%ﬁ)mo%&mphﬁed n
CJS 2- benzpp 0512@5%11%9062/@14303@Hsie@uﬁamﬂmsaeoi/oibmusw@[3 4- e] azepi n- 6

(10b H)- one; frans-10Ofl uoro-| AAQAA - hexahydr obenzof cl gg/rrol of S"- el azepi n-
Cl CbHJI- on@005/0058710 US 2006/0034937; US 2006/0057196; US 2006/0183570; US

s et g0 oo, VDRSPS RO RIUSTENRS 3. 4- ] azepi n-

2(3H) -yl) at'e,

1,2, 23a54202f§/f®61<@12)8?|[}‘$m§2€7(ﬁ85]; P a, DEM}IS& ‘USB(} mmnm 6,39)5 B)0o; drte;

o] Qieéﬁﬁ, AT U§r{é5305r2786?12 e324 555 3580 34 UROYSS 8PENFOL GhR¥bA.C! oL 3. 4-
frans- 2- - b- oct ahydr obenzo[ c rro
| o[ 3, 4- rerfaté@edp% ﬁgé@@?ﬁl}%@#ﬁﬁ%& %S-l %%8 ubﬁ?lgﬁey‘frkg 1,2,3, 3a,4, 5, % Tpy
10b- oct ahydr obdrigaid dpymyulatgine [aEpla{e sajitabbrfonm‘al administration include 11qu1d

rans- 5- (3 13 rglﬁlg l isrijgl_eg}@ég%ﬁ g’ ps € 1%(11}159 aIY(P a?qrﬁ%Xus) s_ulspe%’si%héal“ﬁéSS 6, 10boct ah

ydrobenzo[

rans- 2- (4-ifliyed Qﬁﬁr}%ﬁh ?re‘é faBiohd HaTARRSAYINAN foRydohvbried 3.138idoEn 6, 10boct ahy
drobenzo[ c]pyrrolof 3, i{ azepi ne;
20  preparations s ortly 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
suspensions can be prepared by dispersing the finely divided active component in
25  water with viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, and other well known suspending
agents.
The compounds 4, Rp-4, or Sp-4 may be independently formulated for
administration as suppositories. A low melting wax, such as a mixture of fatty acid
30  glycerides or cocoa butter is first melted and the active component is dispersed
homogeneously, for example, by stirring. The molten homogeneous mixture is then
poured into convenient sized molds, allowed to cool, and to solidify.
The compounds 4, Rp-4, or Sp-4 may be independently formulated for vaginal

administration. Pessaries, tampons, creams, gels, pastes, foams or sprays containing
20



rans- 8- (4-fl uorophenyl)-2-methyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol of 3, 4-
c] azepi n-6(10b H)-one;

rans- 8- ( wol2oovepdsenyl ) - 2- met hyl - |, 2, 3, 3a, 4, 5- hexahydr olpemasp@ppgionol of 3, 4-
c]azepi n-6(10b H)-one;r ns-8-(2-fluorophenyl)-2-nethyl -

1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4- c] azepi n-6(10bH) -one; r

n5- 8- ( 3, 4injadditien toghe agtive-i hiysuch carrigrs3g are IomenaniIb ez o[ e] pyrr ol of 3,
4- c]azepin- %IjiotéH?e NS rihese fo i o in comunction with

frans- 2- rrélPWS? - %t-( - ﬁfulnﬂ‘ I ueg?orrnéltullﬁ/’lo)n%]f%%ﬁs) -He,uf,e%l,nSCg, Jétl,ng-lon ra

hgxghyd; ﬁ*@@ﬁ@ﬁl X Qlitm%ﬂrﬁﬁ’ldﬁhﬁa dpethividdageh( 100 H) -one; r

n - - - - - - - - -
c] azeg? n- )é( 10b&;\]1?tglﬂtg ;fc?m?urllatizon)s/ Ia?onlg ’vv%t’h%h%?rhgc’eﬁtiyﬁ )ééarrx]‘i%gsr, di ge%sogn%] pyrrolof 3, 4
rans- 2z met byl - 8- ely 2 r c] azepi n-
6(10bH) - 0 ﬁggylb%e?lgs%_ g%sr%rtl?%]dy@_lge_ng%téqay 7{_%}%9 LR PPERI 8 LPPRIN AR B9g5,Cl azep

1, 2, 3, 3a, 4dbediex BEhwd MdrtinAdhel Pyblishing[Cdndpan) atip editiol,(EadtoH) - one;

et Fe Besb oo RO tberep s 2 S8nds Rimutation
frans-2- m%E'QWisEt %]izﬁy?iﬁ&dfﬁt g S ik )wmhﬁ{‘b{%)éeacﬁin%s 3f ha sflechfication to

hexahydr obenzo[ e] pyrrol’o[ 3, 4- c] azepi n- 6( H) - one; _ _
r ans- 2- netphyvid@nwngnoys forma]agiognfot apattsxntanyeirte bbadronisfraion withow, 4- c] azepi n-

6( 10bH)-one;, . oo .. .

rans- ?6 et FRACTEE SRmRESitipns sontaining the compopnds co teerrflfg)Tt%‘]l %%/rre i oqngiagl,ef-r c] azepi n-
6( 10bH) - oR@inpromising their therapeutic activity.

rans- 2- net hyl - 8- phenet hyl -I', 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4- c] azepi
n- 6( 10bH) - one:Additienallypibn phrified:eqragqungs d.ke-4.10r Sr-4 may be mdgpendently

ans. 10-f [oEPaaaa b FhTIciSh it ios LB SAREN, P BHEARE fis) 5 4 c) azepi n-
6( 10bH) - on®@ntemplated that the purified compounds can be formulated in a manner as disclosed
23?285?1[?{ lolrjig;rtfé.zﬁar{grft s 4781 385% s %505 59y L QReA0ds BY 558501 3. 4- ¢l azepi n-
g?ggbﬁb' f L;%g&zﬁdf%}zﬁx,'soh; 2935 3. 4, 7R aaby o6 obenzlelsoy 5 590 91@, 4- c] azepi n-
rans- 7- f | uQS&%LB4yS17136)155; 3,837,338; 4,821692a5591,46%: 6280080y 641 82,863, 4- c] azepi n-

[ ] bene dh i B 500RE A p00 a0k Fraydids SIS DAl L0 65455
| ] benzoxgs oY 4,726806Y7,060,68; aad 5,090 B0I Ca6h 3f Whizh idindotdtutdtetsahydr o- |

] benzoxepi no[ 4, 5-c] pyrrole; c/5-2,3,3a, 4,5, 10b- hexahydr o- |
] B&nz oxtepénse] As3o oligstes.ot @;contemplated that the purified compounds can be

|
|
rans-2- bepzyl - 243, 3% dner ds BssX@ iy oL ReRz Ot &Ml %nd sToRYsEO! O 3, 4-€] a

fra
zepi n-

H[
H|
H|

both of which are incorporated by reference.
The fifth embodiment is directed to a use of any of compounds 4, Rp-4, or Sp-4
in the manufacture of a medicament for the treatment of any condition the result 6f an
25  infection by any one of the following viral agents: hepatitis C virus, West Nile virus,
yellow fever virus, degue virus, rhinovirus, polio virus, hepatitis A virus, bovine viral
diarrhea virus and Japanese encephalitis virus.
The term "medicament" means a substance used in a method of treatment
and/or prophylaxis of a subject in need thereof, wherein the substance includes, but is
30  not limited to, a composition, a formulation, a dosage form, and the like, comprising
any of compounds 4, Rp-4, or Sp-4. It is contemplated that the use of any of
compounds 4, Rp-4, or Sp-4 in the manufacture of a medicament, for the treatment of

any of the antiviral conditions disclosed herein, either alone or in combination with
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6(1 H)-one; r ns-2-benzyl -8, 10-di met hoxy-

1, 2,3, 34, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4-e] azepi n- 6(10bH)-one;

franb- 2, 3wBapw/B536bc- hexahydr o[ | ] benzot hi eno[ 2, 3- c] pyr r eCo[UB26¢10833aEepi n- 6( |
H) - one;

fran5- 8, 10-di net hoxy- 1, 2, 3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4-e] azepi n-6(1
0Ob H) - onepother compound disclosed herein. A medicament includes, but is not limited to,
fran5- 8- benzyl - 6.6a, 7, 8, 9,.9a- hexahydr ral o[,3, 4- el.t hi eno azepin-4(5
H) - one; r any %Ee Bfe%%ﬁpfn?bﬂl?r?sf qo&ﬁegwﬁéFﬁgi%eqjou&h émbocllment s Jloée?i he Ileln

1,2, 3, 3a, 4, 5- hex gzt Birédiad ©ladndho®drEZ&iRnbntGnd AP PlopBhRikis in

fran5 7- (tl’lf| uor onet hoxy) -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4-e] azep
i n- 6( 10bH)subiset in need thereof said method comprises administering a therapeutically

franb- h 4(5
(325, 1 bs)%ff%“g“enzﬁaﬂnggﬁw b, Ty B S e e e byr o1 015 4
- e]azepin- 6( 1Qbislintemdsd that a subject in need thereof is one that has any condition the

(3a/?,10b5)-8,10-di fluoro-1, 2,3, 3a, 4, 5- hexahydr gbenzo[ c] pyrrol o[ 3
6( 10bH)rc%weo ap infgetion byeannaf the viral geenty digclosedhetein gibink nskdas. ouf

4-e] azepi

n-

1] benzoxgniuiad WS €varus FWaR iR ARRNYYY 5 ahydr o- |
H [l ] benzoxepi no thé pyrlro | e; Sf ranb- 18 fﬁﬁ?rlorogv %Vézvlﬂls de%ggvﬁgiahydro I
H [ | ] benz okimpvimad, foko El]rqmj heplitms A virus, bovine viral diarrhea virus or Japanese

fran

o o R o R R P Sieh o5 A 6t RERERN .0 & vt n "1 1L

prrrol O[cBudtng §rhptédnl @RFOLIBh EH B IPBraBlebo dhP ST the above-listed .
(3a/?, 10b/ ’731 Zén)g{lp a@itrlf uorgir%egtahgxo ? a321V64 155? viruses

hexahydr obenzofﬁl]ertm &Ubles "M@paz@pﬁnmn@( _w hm}clvgciﬂg, but is not limited to,

(3a5, 10b5) t hy 2

hexahydr ot%lﬁ]f léfﬁ F?po %‘fiﬁen %Ilgi(ggg)pl n- 6?%% oﬁﬁ% oh%Ogs’r%rt]Ss} a’éd hmPflR/r 7

- phenyl - | r&feﬁb@athésﬁbjb@xmhakmbenmmd@Mateh taB irfthe hectieqd ¢f-tre@fiddhH) - one;
(3a5, 10b5) (4-fluorophenyl)-2-nmethyl -1, 2,3, 3a, 4, 5- hexahydr obenzo[ e] py
pA o[ 354- sglnggtéb@rﬁo%qf ®pyiiperabodiment can be any of the compounds contemplated

é 2al ; 3lgb/hefeé§eegﬁ%i Aé%’%(ﬁr&{] eBibifof Riihhothereotptnd dRelbStpRoenoPenzol el py

(2 bglr_li)zyl 8- hy drhextyrnt "tagrapaaicél,lﬁeffaxhrlaydmumémuﬁ@i]kpeyeinmim@@arﬂam@mﬁepi n-
6(10 -one; trans -2- be /’>-I- hen -1,2,3,3a, 4, 5-
DXy BB B PATaoS O SRy MRG  T1te dps Wil be

- 2-benzyl -§ leis?edftb Wl iQBREREE RAY¥dments in each particular case. That dosage can vary
1, 2, 3, 3a, 4, 5- hexahydr obenzo[ €] pyrrol o[ 3, 4- c]azepi n-6(10bH) - one;

r ans- 20be rvzlyhm 84dg Binith dppwdyﬂgpmgp anmerops daojgrs buch @8 tBaseyesty of the
hexahydr ob({e sne%ge[ t%]b%){rea?ed e'age 3111(? erar1] hga(lt]h con'&?tlon "Fthe patient, other
medicaments with which the patient is being treated, the route and form of
administration and the preferences and experience of the medical practitioner
involved. For oral administration, a daily dosage of between about 0.001 and about
25 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,
4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9, and 9.5, per day should be appropriate in
monotherapy and/or in combination therapy. A particular daily dosage is between
about 0.01 and about 1 g per day, including all incremental values of 0.01 g (i.e., 10
30 mg) in between, a preferred daily dosage about 0.01 and about 0.8 g per day, more
preferably about 0.01 and about 0.6 g per day, and most preferably about 0.01 and
about 0.25 g per day, each of which including all incremental values of 0.01 g in
between. Generally, treatment is initiated with a large initial "loading dose" to rapidly

reduce or eliminate the virus following by a decreasing the dose to a level sufficient to
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I rflns-2-benzyl - 8-phenet hoxy-1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] az
epi n- 6(10bH)-one; frans-2-nethyl-8-(piperidine-I-carbonyl)-

1, 2, 3, 3a,wp2etverssdsy dr obenzo[ e] pyrrol o[ 3, 4- c] azepi n- 6( 100HUSMO/035641

fran5- 8- phenet hoxy-1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n- 6(10b
H - one; 1 . T

ns-8-(3-f Iptu@/reubtt@elnemmpf)hel infecBoBaOne ot drdinaty kil betigasingdppgases| of 3, 4- c] azepi
n- 6(10bFD

“N, 2- di met® gdi}xrglq wiJl be aple, without yndue experimentation and in relianee onr 3 4.

c] azepi nei&o@ﬁd@@@ﬁhﬁ’@me hnd fire 2 ERIshipes oet}m(ﬁpphcatlon to ascertain a

N-phenet hyl -1, 3a, 4,5, 6, 10b- oct ahydrobenzo[e] %yrrol ql 3, 4-

c] azepi ne_tm@@guggg(lmﬁf&@tlw AReuU Ofhapmpeupg disclosed herein for a given disease

N ( 3- (grl fah gg&qﬁt hyl ) phenet hyl ) -1, 2, 3, 3a, 4, 5, 6, 10boct ahydr obenzoMpyr r ol oP*
- cJazepi ne- S-carboxam de; rans-2- met hyl - 6- oxo-

N- phenyl -1, 2,3 Bﬁra@s&;cﬁefﬁ@ﬁy&ﬂh&hﬁﬁh’eﬂhmﬂd doa] feyts pbliogrdudetion including,

c] azepi ne- 8- carbox tran 2- benz - 6- 0X 1,2,3,.3a,4,5,6,
10b- oct ahy Fa%lﬁmd?p@?tmla%s wche%%ﬂ RGeS 48 B BB SLOTRE Factors,

g‘(] i 0 t2) H? en ZaYlia‘hﬁe BRODPANMSE, arindirafsbrased 18 1ARKALRABMEShRERY hifaktale3, 4- C] azepi n-

ran]s 8- (4-trmgsahgl§y@b;e§mu91e®amt: g glutanBn@irgespaptlase cihy dynshesiszaf] e] pyrrol of 3, 4
- cC a i n- -one; . o ) .

- anb. 30ne PR (R chaleeeb B Sy BhENy S bl 251s; 4live ctabolic

hex ahydr O FeRARNEInB M2, Bﬁt%oﬂhﬁﬁt@é@@b@rb@ﬁﬂ&bteh&et%sm amino acid and

fran5 8- (3- et hoxyphenyl )-2-nmethyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3,
- c] azepinrBemig pietgpolipa; Alternatively the therapeutlc effectiveness may be monitored

frans- 5. (3 OB HRRERNA - FRIBLIN arlon e gy iohake s gignzol o] pyrrol o

3,4- c] aze
3a, 4, 5- he@hytdz@lbenzo[e] pyr r ol 0[3 4- c] azep| n- 6( 10b H)-one;

fran5-2-benzyl - 8- 3, 4- di
| o[ 3, 4 C] ai)e/plz% wact_é)fx t ﬁé?(tzh mbody ment is 1recteda to ametﬁggi( gp t);garu%lg&nzo[ e] pyrro

f rans- 8- ( 23R &IWh hsebjeBtiRbed théredf $Ad theliod @¥ABYHECRERARIEhRY T T 0l Of 3,
8%% ~one;

- clazepin-6
f r an5- 8- ( 4e itlsgubizpyd eeapghtically wékettyte-dmainB o Bacampound xeprystntaddryzol of pyr r ol of

3, 4- 6 , - 8- (4-, |
2 o B Bt OR A 305 BT Sk SRS s PEhhr el
frans- 2- mefhyt whekeh the %ﬁﬁﬁrﬁﬁfﬂi@ﬁﬁ@&ﬂéﬁﬂ&ﬁ%'ﬂ%ﬁm@v& IBR.uhdérstood that the
hexahydr obenzo[ e] pyrrol o] 3, 4-c] azepi n-6(10b_H) - one;

r ans- 20anitime betweriz glternative 3d@aniatraionsna Fnge boeveea L 24Rauws MId! 4- c] azepi n-
includes any sub-range in between including, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, and 23 hours.

Examples of "another antiviral agent" include, but are not limited to: HCV

NS3 protease inhibitors (see EP 1881001, US 2003187018, US 2005267018, WO

25 2003006490, WO 200364456, WO 2004094452, WO 2005028502, WO 2005037214,
WO 2005095403, WO 2007014920, WO 2007014921, WO 2007014922, WO
2007014925, WO 2007014926, WO 2007015824, WO 2008010921, and WO
2008010921); HCV NS5B Inhibitors (see US 2004229840, US 2005154056, US
2005-98125, US 20060194749, US 20060241064, US 20060293306, US

30 2006040890, US 2006040927, US 2006166964, US 2007275947, US 6784166,
US20072759300, WO 2002057287, WO 2002057425, WO 2003010141, WO
2003037895, WO 2003105770, WO 2004000858, WO 2004002940, WO
2004002944, WO 2004002977, WO 2004003138, WO 2004041201, WO

2004065367, WO 2004096210, WO 2005021568, WO 2005103045, WO
23



6( 10bH) - one; cw- 8-am no- 2-benzyl- 1, 2, 3,

3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n-6(10b H)- one;

rans- 2- mewbyebr@sépyri di n-3-yl ) -1, 2, 3, 3a, 4, 5- hexahydr obere®[Uuspposssho[ 3, 4- C]
azepi n- 6(10bH)-one; ra - -am no-l1 a -hexahydrobenzo |pyrrolo - |azepin-

| GbHJ- one; cw S-am no-| A ~anr”- hexahydr obenzof el pyrrol ot S*-cl azepi n-
Cl ObHJI- 0n@005123087 WO 2006012078, WO 2006020082, WO 2006065335, WO

rans- 8- (3- bgt%s%%“\% 06bo3sc;, WG d0ho260s ROYIIBRYASL RIPYEdA591 43, 4- ¢l azep

in- 6( 10b
r anSG%(Bl(() t2) “WOUIO0GbRsIBY] WY 2007088 B1833vA 260 1E3200y,dhe w0204 bpY6a) oHol3, 4- c] azep
I N- ne,; . [
{ ans- ] T‘%S"f Inhibitersolses W $06Y9Aand. W O,209782056 6%, HeX AAaIBhEROS| ] pyrrol o
3, 4- a i
8§( (5 U phaE et A6 2000035061, WO 2006100510, WO 2006120951, and WO o1 o1 3
, 4- c] aze @006 BY0RGD); Hiplldike;receptor agonists (see WO 2007093901); and other inhibitors

o Bt 6 WP AI08063230%08 2bos0Tod Wo Bo0 SRS WAL EARY, G oL 3 4- el a2

epi n-

Eg aa?_ 9022%%@55%% WOLD010%s 578 % ahY d62PY i AiBlc3=®iny ST PAeh3. 4- c] azepin-5
fran5 2- bemﬂcaﬂlQIQNe 124058, @-5h Eledviahch By r 2008[(BIS208 D{PP1 625110 [tBe dersrts epi n- 6( 10

fr an5 13 aofév hich 35 Re QoS3 et DU FS R P R STy By PEEFTS S Bo8Y 458 i n- 5( 6

H) - one; 1nterferon-oz, rlbavmn levovirin, viramidine, another nucleoside HCV polymerase
fran5- 2- benzyl -1, 3a, 4, 5- hexahydrop rldo 3, 2- (}18 yrrol o[ 3, 4-c] azepi n-6(10
b H)- one;inhibitor, aHCV non-nucleoside polymerase 1nh1b1tor a HCV protease 1nhlb1tor a

rans- 8- (( EI'IEG{] }Bil&{lx'lﬁ{lﬁ%%} aHéV%us%’h ﬁ}]hﬁmtlagxahydr obenzo[ e] pyrrol o[ 3, 4-c] aze
pi n- 6( 10bHj - one;

{ganS 8] ((/ ’)) - I\g?agﬁbtw ﬁrmﬁ@euﬂdsyéi R\, of S24 Are3aindinbtchedialkyohbofadoz ofith] pyrrol o
4- c]azepi n- 1 -
franslip 2 a:alo@lsr @twm}e&%ﬂ%wﬁéﬁwyaeﬁm1@}6&;%4 ie6 e peredf S9EpeYds ( 10b H) - one;

(3a5, 10b5 )Wﬁel( erﬁ%ta R%%lﬁ 1%n rfﬁér{i}y})e gﬁok%ad%lﬁﬁtrﬁtlcﬁl may be concurrent or

hexahydr obenzo| e] pyrrol o[ 3, 4-c azepl one;
(3a/ ?, 10b/seyuddiiaUwitie tdspeot ph'dﬂlayd)t)thQ nudecmde—de;r@a’fiydsa "@!p)ﬁ;urrent

h hydr ob 4-, [ a5, 10 3-neth
P oL S L oo Lo TS AR s Pt PR b, e
H) -one; (3ghe orlﬁwlf?éreﬁ’tfrﬁesm&iﬂﬂéﬁﬁﬁm bﬂtw% JFehdr¥ lapént2atInSsante Bme can

hexahydr obenzo| elqR/rrol 0{63 4-c] azepi n-6(10b H)-one;

(3a5, 20b5jbegichver by asing Forreulhjon ¢ongaiging Awa o5 meEs@siye ingsedionss e by r r ol of 3, 4
- c] azepi n-

(36 7. 10087 DY R Bieqys admipisuieion of tyg of mors dssas BrmE LA S8
PO o[ 3, 4- active agent,
It will be understood that references herein to treatment extend to prophylaxis
as well as to the treatment of existing conditions. Furthermore, the term "treatment”
25 of a HCV infection, as used herein, also includes treatment or prophylaxis of a disease

or a condition associated with or mediated by HCV infection, or the clinical

symptoms thereof.

Preparation
A seventh embodiment is directed to a process for preparing any one of
30  compounds 4, Rp-4, or Sp-4, which comprises: a) reacting an isopropyl-alanate, A, a
di-LG-phenylphosphate, B, 2'-deoxy-2'-fluoro-2'-C-methyluridine, 3, and a base to

obtain a first mixture comprising at least one of Sp-4 and Rp-4
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c] azepi n-6(10b H)-one;

rans- 8- (2-fl uorobenzyl oxy) - 2-net hyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3
, 4- c] azewOroBy1B8359H) - one; PCT/US2010/035641

trans- 8- sec- but oxyA, 2, 3, 3a. A, 5- hexahydr obenzo[ e] py

o\o[ 3,4-c]a.zepin-6(10blIT)- one;

frans- S-i sobut oxy- | A~ar”- hexahydr obenzof el pyrr ol ofi5"- cl azepi n- od Cb

HJ- one;

rans- 8- (cycl ohexyl net ho Wszﬁ 3, 3a ng hexahydr o eni“[ e] pyrrol o[ 3, 4-c] azep
i n- 6(10bH) - one; O N0

rans- 8- (2, 6-di fl uorob&nzprony) -1, 2, 3L§a 4 Y hekahydrobenzo[ e] pyrrol of 3, 4-c]
azepi n- 6(10bH)-one;r ns-8-(i sopentyl oxy) -

1, 2, 3, 3a, 4, 5- hexahydr obenzo[<] pyrrol o 3, 4- ]élfepl rf 6( 10bH) - one;

rans- 8- sec- but oxy- 2- met hylA [, 2, 3, 3a, 2, 5- hexahydr3benzo[ e] pyrrol o[ 3, 4-c] azep

in- 6(10b onei fransr 8- t

|1 SO0 RE X LN B SRSIA Bl GEELIMILG b g g |
r an(s5 ( ?olb ﬁgéuggggyhe%r@ﬁhbwrelw& Dprdtechindcdinyalndds @bﬁﬁi@ieebmmmime[ 3, 4-c] azepi
n_ -

frans- 8- (zwmflﬁlawbkéﬁ@pﬁ@ipl)omcteﬂ% Bandpratepied Aayhi cBb e} RSB r r ol o[ 3, 4-c] a
zepi n- <6

Cone. B ( 323ehl e second mixture (o cysfallzarign, shromatography, or exiation i | 1o (10
zepi n- 6( bodrte obtexn4 Sp4, oer-4

f 5- 8- (4- et h t h
Z;Sin n- 6% 10&% 53 gﬁst%rslgect &X %Qe seven’ch embodlment ﬁl)é?sh pgorp%flfeﬂrzlgtL es] pprggelh?ltso[ 3,4-cla

frans-8-( 9%%WKME%EH%M) wl%cﬂﬁllmffera{bl)z 1S§b§ﬁ1tﬂll§"aﬂ?})€ﬁ$\)édr obenzol[ e] pyrrol of

3,4- c]azepin-6(10bH) -one; fran5-8-(pyridin-4-yl
1,2, 3, 3a,4,5- heIuahwimdta@mpéthycmt}n@rsbmhm]:@tz&mhasm Nometylimigpzole.

i SP( ot h%‘%ﬁ%&& ertgp%étnof%hél se)venth efn%bgf%‘ledﬁ’tﬁheh L r\(/ig 5 P X5 %-?(J-Q Y’ ol o3, 4-

c]azeprn-6(10b
(3a/ ?, 10b%bdutdr.64o-13uerobenzyl oxy) -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol of 3,
4- c] azepl n-6( 10bH) - one;

( 3a5", 10b/ ?) - 8-Ipafewrtioaspeetoficseysnth epbadiment the P@i@&ﬁ%ﬁ%@%&[@] pyrrol of 3,
) , /.2, 10b5;
-8 ((:](??P)ep:br&aggé%lg?tﬁ%’ pgﬁ CBfO oxy)-I 2,3, 3a, 4, 5-

hexahydr obenzo [Aai aghuh(ﬂnﬂioﬂuﬂemhst@ted -t6 @mdsbelsa foopesparing Sp-4 or Rp-4,

(3ab, 10b/ ?)-8-((/?)-1-phenyl| p tapan-2-y ox -I, , 3,33, 4, 5-
hexahydr oFBHSb FRPISes 0 RLIeaCNEANASQAEORY] @k éhﬁG—ﬁuenylphosphate, B,

rans- 8- (2-y1gg ?Qﬂﬁ)?@b ?)ﬁ{éth%uﬂ@ltng)’i -ahd g’bgsegt% obtadi a first mixture

hexahydr obenzo[’e] pyrrol o 4-T] azepi n-6 H) - one;
comprising at least one of Sp-4 and Rp-4

%, NH,(HX), OPh fL /ILH
Aol R
d o LG Ho/\g

%
N Ed

HO F
A B 3

wherein X is a conjugate base of an acid, nis 0 or 1, and LG is a leaving group; and
20  b) optionally subjecting the second mixture to crystallization, chromatography, or
extraction in order to obtain purified Sp-4 or Rp-4.
A first aspect of the eighth embodiment for preparing Rp-4 additionally
includes further purifying the second mixture or the purified Rp-4 by dissolving or

suspending the second mixture or the purified Rp-4 mixture in a solvent; optionally
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rans- 8- (t hi ophen-3-yl)-1, 2,3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4- c] azepi n-
6( 10bH) - one;

rans- 2- mewoybr@sés9 (1,1, -trifl uoro-2-hydroxypropan- 2- ylPrprusaglo)3iese, 3, 3a, 4
, 5- hexahydr obenzo[ e] pyrrol o] 3, 4-c] azepi n-6(10b H)-one;r

ns- 8- (3-(2- hydr oxypropan-2-yl ) phenyl)-2-net hyl -1, 2, 3, 3a, 4, 5-

hexahydr olfeltoraidd)paeeding oiith, ayw3liine Bi-A; S1d1a0ling)sugiigent anti-solvent to obtain

ns- 8- ( 3-acet he )-5-nethyl - 1,2, 3, 3a, 4, 5- hexahydr obenzo[ e rrol o 3, 4-
c] azepi n- g{yféglﬁge_%%; y Lelpy [

r ans- 8- met hoxy /bsdgBhdiydpett, of ke &ghth cmboéasny (rpbanziaf ShdyaddiviondlB; 4- c] azepi n-
6( 10bH) - one; frns-8-(3-(2- hﬁgr oxyet hyl ) phenyl )g met hyl -1, 2, ?f,,3a, 4,5-
hexahydr osiudss &mgher Paribing e speond prstues ahe pid Beesr-¢ éy-d) digsalvigg o

]: ?;ggf Yl( §ﬁg§g§1§§§lﬂé§é§§@§ﬂé&g:%ﬁ§+{ﬁed sh-3%RR1sBrveR( BRI B &eding
1, 2, 3, 3a, 4ifir drgstailiyiel Spd enataiue fqpy tenipofadyrd; calleptargpiirst 6¢liditbb kijajaiie of
ng;h%f g@éﬁé}g%/(glimgﬁg g{%{ %Es?f@i%%é‘}r%:sgb? t Q }Qéli/%ﬁ é’c 13fé rse?lh)A{ ‘teSIflperature;
rans- 8- (3-hf chNHiBralinyglahRig R¥IvEnto BbidEsdbshd koI, 3, 3a, 4, 5-

hexahydr obenzo[ e[ pyrrol o[ 3, 4-c] azepi n-6(10b H)-one;
f ran5- 8- ( 3- ( 2- hythimbagpeas phthezighth pmbedimentios theiprenantion of Sp-43, 3a, 4, 5-

oo 80 parobpun e RS RE B B AR M sysmsndipe e second
hexahydr obginaet 61 the puatied Sp-4 nikazeni aie( sbentfollomed by adding an anti-

rans- 8-i sopropyl -2-nmet hyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e rrol o[ 3,4-c]azepi
n- 6( 10bH)solyget so as to obta1>;1 a first composition in which t)ﬁe residual so[lve]nFt) anti-solvént is ] !

frans-2- @E&X&é&@{ﬁ%‘{%ﬁgﬁa‘é’a‘?ﬁ L 1 &ML frdatidg TredRsiduwin BN RNz €] pyrrol

o[ 3, 4- c]azepin-
rans- 3- ( 2-cogtaliiihg fheditst-solv2nBarsicand-sovénfl@hyield babguidabepesifieh pjereby of 3, 4- c] az
epi n- 8- yl)benzal dehyde;

(3a5, 16b5)upgn &gslusing-the prssse affords 8 figst salid; dissolinersysneading s ishi of 3, 4- ¢] az

epi n- 6( 108} 1,88 a second solvent so as to obtain a third composition; adding seed crystals
(3a5, 10b5) -@hyggoxy- 2-nmethyl -1, 2, 3, 3a, 4, 5- hexghydr o’benzg[ e] py?,r ol o[ 3,4-c]a
zepi n- 6( XASHM-totes third composition; collecting a second solid; dissolving or suspending

rans- 8- cycl opent enil 2 TR RYb icPosholingn i RS TRY iR eRA Sk ELRigl ol 3. 4-c) @

rans- 2- metdirh s@vém 16 oBratd 4 fdurBIcBRHORAtbn, RAd 2ifiHepeskars;, choBifig theSfourth
hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n- 6( 10b H)lf one;r .
ns- 2- 28t hydongogiBlonte th thiyd golg,d yamprising Sp-4 which is collected by filtration.

rans- b cycl onedt BuLArL b0 Yl b L IReRARASEAP Y SOERE A 4 ) arep
I n- further purified by the second mixture or the purified Sp-4 by d) adding silica gel to
the second mixture or the purified Sp-4 followed by solvent evaporation to afford a
dry slurry; stirring the dry slurry in a first solvent/anti-solvent combination to obtain a
25  first wet slurry; decanting the first solvent/anti-solvent combination from the first wet
slurry to obtain a second wet slurry and a first composition; adding to the second wet
slurry a second solvent/anti-solvent combination followed by stirring; decanting the
second solvent/anti-solvent combination from the second wet slurry to obtain a third
wet slurry and a second composition; optionally repeating steps g)-h) on the third wet
30  slurry or additional wet slurries; evaporating the solvent from the second composition,
and optionally any additional composition obtained from optional step i) to obtain a
first solid; dissolving or suspending the first solid in a soiution containing a third
solvent and optionally a fourth solvent to obtain a third composition; optionally

adding seed crystals of Sp-4 to the third composition; obtaining from the third
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6( 10bH) - one;

rans- 8-cycl opentyl - 2-net hyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] aze
pi n- 6( 10WB2e 5560 3a5, 10b5) - 8- ( 3-f | uoi Cbenzyl oxy) - 2- mePhyIvSke18/03363R, 4, 5-
hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n- 6(10b H)-one;

(3ab, 10b5) - 8- (2-f 1 uoi obenzyl oxy) - 2-nmet hyl -1, 2, 3, 3a, 4, 5-

hexahydr olenmpoitpmy secwhd Slidicaprising Sp-4(ah0loptipnadiygecrystallizing the second

3a5, 10b5 hyl -1 4, 5-

oy oband s ik it s R sl

3a5, 10b5) - 8- ( 2, Guediffordiag ?Qﬁnpwilpxpp}eczatérﬂtahmbcoﬁlpau&s%an e Beparated by
0

hexahydr obenzo[ e] pyrr ol c] azepi n-6(10b I_cbl one;
(3a5, 10b5)tra§1t(ozta1]4wmafsmqmtr@é@ﬁ2§ll cavsjallizating on P ifiopal shrymatogsaphic

hexahydr o
(3a5, 3]/_ b 5;% n‘gmfch\%% u%afilg{)g%gcﬁ t?ér% fu@ t%cﬁa%l%l% Jipngﬂlag bth gre not limited to,
hexahydr ohprandtedmapty @l silica del @ﬁtﬂg R gﬂ-ﬁﬁ%ﬁbethﬁnoﬂ) ireDCM or 4- 6%
(3ab, 10b5) - 8- (2, 3-di f I uoi obenzy oxy)-2-nethyl-1,2,3,3a 4, 5
hexahydr obieapsenaaphipr eV tespue Bﬁeaf‘z@smddwéﬁoofmewer (80-100%%) and then
3a5, 10b5
gexahydr o%)eiS %&{%y%ﬁg@%‘li@@ c;‘(:1] é:tz){émﬁﬁga FS% E&é& Ch&ﬂ&oé@?@ (dsing,
f r an5- 9- breogipt-30%, a’&anomtﬁleia@;luehsxabmwphake)HFpﬂ]mmwmmppmppmdscal]l byrrol e;

r ano- 40 banayieafy pirstirbionl M Broshalderhey G b aRBRe SErA BT BRUT 3, 4] aze
pin- 6( 10@6'1\feﬁf‘ﬁ)d alcohols such as methanol as a modlﬁer preferably usmg the appropriate

rans 8- (3-fluorobenzyl oxy)-2-nethyl -1, 3a, 4,5 hexah}/lr robenzo[ c]pyrrolo[3
,4- e] azemh:rab@@@b,}sych) A% Daicel Chiralpack IA Alternatlvely, SMB chromatography

L?gieéi 262‘{21%_/ I{I}éllﬂgﬁ lﬁ@l gpl)opnate cﬁirgl%éldlaS SH&%‘%“}S‘Z{C‘BP@H&%SM rolo[3, 4-
é?léﬂH; ! uq{Sﬁ@mﬁdtﬂmbfé’oﬁeﬁas&h&s exaky/bophpadsioe gl ohehs, sdelcdazepi n-

- one;
(3al?, 1§0b53th§éﬁ€@¢atﬂ uorophenyl)-1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o 3, 4- c]

azepi n- 6(10bH) So-
(3ab, 10b/ ?) - 8- (ﬁﬂﬁ%grpg% lIenr‘13§/1 BS dlue%te%tOS%prA?C%ss ﬁgleglrngbé)nzo[héﬁ pyrrol of 3, 4-c]
azepin- 6(cbﬁ’qirbsesm$ redcting an 1sopropy1—alany1—phosphoram1datew1th a 3'-O-protected or

-2-b | - hexahydr ob I -
(rans - . BEHRIR b 0 abale IO AR BBUREDT G by PO ARb b pi . 5(6

H) - one; tected Sp-4
ns-8-fl uor%npro e 6(11 | -1, 2,3, 3a, 4, 5- hexahydr obenzo[ c] pyrrol o[ 3, 4- e] azepi n-

6( 10bH) - one; :  OPh

(3al/ ?, 10b5) - 8- ff uor @- 5- | - Ip 2, 3,322 resfby sl dr wpenze[ @pyrrol o] 3, 4-e] a
zepi n- 6(10bH) - one; \ﬂ/h§< S LG

(3a5, 10b/ ?) - 8- f | uor o- 5- rre@hyl -1, 2, 3, 3a, 4, 5- hexahy@raded eojrplogged)ol o[ 3, 4- €] a

Zepin- mixture of
20 diastereomers

wherein the isopropyl-alanyl-phosphoramidate is comprised of a mixture of

diastereomers represented by the following structures:

O 0]
] i
y 'y
TR R VN
C C
wherein the ratio of C:C' is about 1:1.
25 In a first aspect, the basic reagent is t-butylmagnesium chloride and the ratio

of C:C' is greater than or equal to about 1:1.
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6( 10bH)-one; ra - - - methylsul fony pheny -1 a -hexahydrobenzo | pyrrolo -
e] azepi n-6(10b H) - one;

(3a5, 10b5yo2emet3kseh - 8- ( 3- (et hyl sul f onyl ) phenyl ) -1, 2, 3, 3aTA|S2010/035641
hexahydr obenzo[ ] pyrrol o[ 3, 4-<] azepi n-6(10bH) - one;

(3a", 10b") - 2- met hyl - 8- ( 3- (et hyl sul f onyl ) phenyl ) -1, 2, 3, 3a, 4, 5-

hexahydr obenzo[In b pgond Ias;{eBt, thedjaarapigentis1duH)imegressiuly dhlokiidreanidythe 3- (fra"5s
- 6- oxo- 1, tﬁ% 5, 6,1 ct hﬁ%{ benzo[ c] pyrrol o[ 3, 4-

e] azepi n- éa a%ga%aert ?2 (et hyl sul f onyl ) phenyl ) -

1,2,3,3a, 4, 5 h%awﬂm 670k Bhay FagbmliSi- R
ns- 2- met hyI 8- (2- (et h?l sulfonyzlz,)ﬁfo% it ﬂutylﬂ%ﬁ@sﬁu <BloHaBHhd afeatis

hexahydr ol@éﬁfzﬁ[ tS]apiﬁaﬁtcﬂbQPtsl ﬁ—leﬁl@zlé%ﬁn{ @{3‘11014 H)ab@ﬁé 7: 1 about 9:1, about
(3a/

I'F[llbl;’-L: g%p 295’* ]aBo fﬂgrl“&at}o(&t?@@%xahydrol

(3a", 10b5") - 9- @hfd@lﬁ'ﬂh—agpdwtﬂélG'Zs B-ndsophehoxidd) thecbeaityrdagent is t-
H[I ] benzoxep| no[4,5- cjp
(3a", 10b5'bptyim p@}qqgam ghlari aqd glefgty: pkGihyigpblepst about 1.5:1, about 2.3:1,

B[ ] benz%ﬁ?&'éﬁp[aﬁoétéc'} gb ot 91 T 19:17 &t ¥3. 9he£lyoui ho3, sihypsaiyslf obenzo

| pyrrol o - Tazepi -one’ rochl oride;

n]s 8- (3- a(éet yl phﬁﬂhla):peZt fmtpt'qplaﬂngS£43ccﬁmr¢h¢5-ableeaaﬂmyglmbmpj{lleﬁlwm ol o[ 3, 4-
e] azepin-

P ansa8- ( PHOrAAIR G SONYIYN Ay PRst ALATAPIatecieds. g bagi reagent o

hexahydr 03; 0k b 5§19$r9&o3m&13@ﬂg9ﬁ%fébféd%@%9%rok&te@ M4 - I - -oxo-1 a

b- oct ahydr enzo pyrro 0 - azepin- - yl)benzonitrile;3-(zr

ns- 2- net hyl - 6- oxo- 1, 2, 3,3a,4,5,6,

10b- oct ahydr obenzo| ]pyrrolo[3,4-e]azepin-8- yl)benzonitrile; r

ns- 8- (3, 6-di hydr o- pyran-4-yl)-1, 2,3, 3a, 4, 5-hexahydrobenzo[c]py roIo[3,4-
<] azepi n- 6( 10bH) - gheNHf r ns- 8- (3, 6- dlhydro 2

H pyran- 4-yl ) - 2- thyg |, 2,3,3a, 4,5- hexahydrobe

] pyrrol O[%A«m n-8(10BH- Qﬁ’é‘IHPf‘W‘BfnS_,&_(A_LI%h Aoy %ﬁhyf’
1,2,3,3a 4%-h drobenzo[c]p?ﬂrolo[3 4- <] azepyn- 6(A0bFD

rans- 8-i sobutyd - 25et hyl -1, 2, 3, 3a, 4, 5- hexahydrob nzof®) pyrrado[ & 4- c] azepin
- 6(10bH)-one; fran5-8-(3, 5 dlnethyllsoxazol

1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol of 3, 4- c]azepln 6(10b H)-one;

franb-8- (4, 4-di net hyl cycl ohexyl oxy) -

1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e rrol o[ 3,4- c]lazepin-6(10b one,

fr an5.18- ( vesronZ rsimrw@rm gFro%lf %MO%J%Q 1S]aéege%gr@us»andH)> optionally

subjecting the obtained protected or unprotected Sp-4 to chromatography, extraction,
or crystallization in order to obtain purified protected or unprotected Sp-4. In a sub-
embodiment, LG' is tosylate, camphorsulfonate, or an aryloxide substituted with at
least one electron withdrawing group; more preferably, LG' is selected from among p-

20  nitrophenoxide, 2,4-dinitrophenoxide, and pentafluorophenoxide. In a further sub-
embodiment, when Sp-4 is protected, i.e., Z is not hydrogen, the process of the ninth
embodiment is further directed to deprotecting protected Sp-4. In a further sub-
embodiment, the reaction is conducted in a polar aprotic solvent, such as,
tetrahydrofuran or another etheral solvent either one being alone or in combination

25  with each other or with a C, to Cy nitrile, such as acetonitrile.

The process of the ninth embodiment further comprises 1) reacting
(LGYP(O)(LG),, wherein LG, independent of LG', is a leaving group, with (i)
isopropyl-alanate and a first base to obtain (LG)P(O)(LG)(Ala-"Pr) followed by
reacting (LG')P(O)(LG)(Ala-iPr) with phenol and a second base to obtain a mixture
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hexahydr obenzo [cjpyrrolo [3,4-e] azepin-6( 10bH)-one; ( alCb - - - -|
- hydr oxyet hy pheny -nethyl-1 a -

hexahydr overragyeFyrr ol o[ 3, 4- c] azepi n- 6(10b H) - one; PCT/US2010/035641
(3ab, 10b5)-8-(3-((/?)-1-hydroxyet hyl ) phenyl ) -2-nethyl -1, 2, 3, 3a, 4, 5-
hexahydr obenzo[ e] pyrrol o[ 3, 4-c] azepi n-6(10b H)-one; ra - - - ethylsulfony

pheny -1 aonipeismigyianb€hZ0) phepok aide ﬁrs‘el]@g e(pblvtai@((L@BPE@)(bGMOPh)

[1 22 2;132/ ;i ?g Ejéﬁ%‘fdcé}ggﬁ%@}% ')?(Q?/(gfg}gg# e n 5 %anate dnd a Xacoid base

2 r an]5 8- (3o ()gt(a%ﬁfr@&ﬁ&tdbﬂp}@ﬁ@WhﬂdC %rqalﬁacﬁn&nh@xwpy@bmﬁmm [c]pyrrolo[3,
- e] azepi n- -one,
rans- 8- (g znﬂymﬁ@qshgne)qﬁn@mwa@awﬁw comprigingg§ apd£Z'; or 2) reacting

P regﬁgy togﬁﬂé?&@@@ Q%Iégé}‘é?’lgé&%g? nr?%?‘o Q&%%%%‘r"“& oﬂé(lzl d] azepi ne;

Aoty i b oF 018l
r ans- 2- berf$3qtng déf%l’ég) %9(41% %&ﬂsﬁml&a{ozlp@rmr Pt dpesond B9sg R pi n- 6( 12

b H)- ONopt t g Cand C
franb5-1, ° %%aérlr,n%- %&% E)/r%isr agﬁt ho’[2 3-c] pyrrol o[ 3, 4-e] azepi n-6(12b

H) - one; ra -I a Ol -decahydri¢gnaphtho - Ipyrrol® - |lazepin- bH)- one; (Sa b
- -met hoxy**ar"JCb- hexahydr rl benzot S*| cycl ohep%af | *-cl pyrrol - 6(1 H)-one;
2,3, 3a, 4,5, 10b- hexahydr q-4 JyNIsk-dr3' , 4'); 45| \g%epi no[ 2, 3- 7] pyri di ne;
franb- 2- benzyl - 9- net hoxy-2, 3, é&h4, 5, 10b- hexahydMMo[ 3, 4] cycl ohepta[ |,
c]pyrrol-6(1 H)-one; franb-2-benzyl-2, 3, 3a, 4,5, 10b- hexahydr o- 1

H-pyrrol o[ 3', 4': 4, 5] oxepi no[ 2€3- &] pyri dine; C

fran5- = s F}‘]‘g‘% %&h lg2-c] pyrr
ol e; flr%ag?ng%g%ggmé %e ﬁiﬁéﬁexa tQ&ﬁﬁW&"&p&Qﬁ%@ o Wbl c.

H- pyr r ol o[I&'andispett 6f the apith e{nzpcﬁnib}lpyha idoprepyl alanate is present as its

f rans- 8- (t etr ao%)g{q? ffi;%ﬁ)lnglch s zre}eramy, sub%;gﬁtf'alg/ atﬁﬁxde}hxdr obenzo[ c] pyrrol of 3,

- €] azep|
- rret hoxy- | M“aAA i emabaiﬁfeﬁb@ raz:e&%@ t&yﬁﬂo@%%@ﬁﬂe%arﬁignm H1fch
frans-2-nmet hyl - 8- (tetrahydro-2 Eyran- 4-yl)
hexahydr ob@nm[seq pA)rreasitio g 3n dsopiapy pianyla(lm@wlqram@a@ with a 3-O-protected or
L]r S;?I in e ote&éd?‘ 3 3aar11d4a ba’sworgag%ﬁg( t%%gan? a compgg{{léﬁ? écgllp?'ns’mg pr%te% eﬁ)&:‘p' no[ 2, 3-
c/ 5- 2- met hyy d,teae(BRga 4,5, 6, 10b- oct ahydr obenzo[ 3, 4] cycl ohepta[l, 2-c] pyrrol e
; (3a", 10b5’ ) 3, 3a, 4,5, 10b- hexahydro-|I H[I|] benzoxepi no[ 4, 5- c] pyrrol e;

(3a5', 10b/ ?)-2, 3 3a 4, Ob= he@aﬂnydrobasmegglr]tbenzoxepl no[ 4, 540] pyrrol e;

3 + O\n/\N'?I\LG' Rp-4  +
HO
0] (protected or unprotected)

mixture of
diastereomers

wherein the isopropyl-alanyl-phosphoramidate is comprised of a mixture of

diastereomers represented by the following structures:

0 0
l I IPI
.~ "\ ""NHAla-iPr e \ ""OPh
LG \OPh LG NHAIla-iPr
20 C c

wherein the ratio of C":C is about 1:1.
In a first aspect, the basic reagent is t-butylmagnesium chloride and the ratio

of C":C is greater than or equal to about 1:1.
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fran5- 10- met hoxy- 2, 3, 3a, 4, 5, 10b- hexahydro-1 H-[|] benzoxepi no[ 4, 5-c] pyrrol e;
fran5-10- net hoxy- 2- net hyl - 2, 3, 3a, 4, 5, 10b- hexahydro-1 H-[I|] benzoxepi no[ 4, 5-
Cj pyr r ol evo 2010/135569 PCT/US2010/035641

(3a5', 10b5") - 8- (benzyl oxy) - 2-net hyl -1, 2, 3, 3a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3
, 4- c] azepi n- 6( 10bH) - one;

(3a5', 10b5") - 8-t 2-seawint @sygeh dhw/basicxreagenhiplt-butyimagdsivm shloride and the

hexahydr obenzol g] pyrral 4- c] azepi n- 6(10b H)-one;

frans- 8- (294 %‘i[ﬁ-ﬁo’rsﬁﬁ??g%{ﬁ‘%‘l-%ﬂfg%a, 4, 5- hexahydr obenzo[ e] pyrrol o[ 3, 4-c] az
epi n- 6( 10bH) - gaathird aspect, the basic reagent is t-butylmagnesium chloride and the ratio

(3a5', 10b5") - 8- (cycl opropyl net hoxy) -2-net hyl -1, 2, 3, 3a, 4, 5-

hexahydr o9& &z &} 13 laastabep 31,-2%}1@1&4% gbauiit: Lipbese. 7:{, aopigs 1, about
-acetykphgpy - |2 - he o I pyrrolo - c]azepin-6(10bH)-one;
or ds- 8-Bf I agildﬁg&}rtrg?ﬁy*-agﬁ?t%? g%ﬁg;ggékahydr obenzo|

] pyrrol o[ 3, 4- <]Aafumpihresfdct HeH)G' i0paitrdphepaide) shedbasichreagenesent 1 nventi on may

exi st as stereoi soners wherei as iGc or. chiral centers present.
These st erPdbIEamRERTLPHOT{S, i fhegagﬁgﬁé{a{%ﬂ%@t lg5t phit d e ABaRiA T o of
substi t uenpgy@as PUBHu 1 1 CAHJuRD: 1SR 1.2t HBut I8 11 S5IW® 49/R odbBut $9:1 used

herein are confi’gurations as defined in | UPAC 1974 Reconmmendations for
Section E, FundafBhtaspectios peapehingRetly gomrises al\pgictingChe sopropgiz@anyds: 13- 30.
The i nyention,cont. | af.es..vari Qus stereoi soners.gnd mxtures thereof and
are splci PRESPOHARR QAT ¢ Ar HERECEd Srutnir et & MdARRICaRtE"! ! eoi soner s
i ncl ude enrRdfiih Qﬁ&hﬁosﬁﬁ& gﬁm{ﬁge@megd o2 OfpratestedRp4 of enantioners or
di astereoners. |ndividual stereoisoners of conpounds of the invention may
be prepared synthetijcally fromcomercially available starting maferials
whi ch contain asymreigi c or clwral centers or by preparation of e
m xtures foll owed |by/%eso| uti oh well-known to th e of gydinary lskill1 in
the art. These /PN dSOof Lé' (utgppn are exenpli f/e bé//( 1 QagRneEM of a
m xture ofH@na pers to-d chirahlduxi[Tary, separatien 8f t\ne/Lesulting
m xt ure of dgr%St ereoners by recrystallization or r st ogr ‘hy"aPand
optional |iberati Sn of the optically pure product fromthe @uxiliary as
described in Furgiss, Hannaforg, Smith, and Tatchell, "Vogel's Textbook of
Practical Organic Chemstry", 5th edition (1989), Longman Scientific &
Techni cal, Essex CM20 2JE, England, or (2) direct separation of the m xture
of opti calwlesn¢intz io apraeaimgadroumor Ioldeeyens DG iapheavimpgronpsandrb) ppjorfatlgct i onal
recrystallization nethods. |In another enbodi nent of this inventi.on,
t her eflér e1sub]§9tt1r¥ the o t@ll‘gd@r@t&@g of Wr%tktp&gp- to chromatography, extraction,
(3a5, 1005)5: 8 ahielafoR id'&idBY o dbtan ?ﬁ&@é;&%%ﬁﬁﬁ&%%%ﬂpmrarsfelbo{ 3,4-claz
epi n-6(10b H)- one conprising: (a) conbining dibenzoyl-D-tartaric acid
(1. 05 equientiodimait, la6'ds tusylate ohmpl{dsjul fddiener zn arplosidesnbstituted with at
Zrons-8-chloro-2-nmethyl-1.2 3, 3a, 4, 5- -
hexahydr OH?}?& BT%?lﬁrT‘%OPOW%t[‘%?‘XI-n@]g&}‘?p Pere predially: Liids peeqted BoP=amongiRial ent s)
i n et hangfitrofehoH86 D NdinitieHheRd:8é, aRd Pedthfluorophenoxide. In a further sub-
(3aS, 10bS)-8-chloro-2-nethyl -1, 2, 3, 3a, 4, 5- .

20 embodiment, when Rp-4 1s protected, i.e., Z 1s not hydrogen, the process of the ninth

embodiment is further directed to deprotecting protected Rp-4. In a further sub-
embodiment, the reaction is conducted in a polar aprotic solvent, such as,
tetrahydrofuran or another etheral solvent either one being alone or in combination
with each other or with a C, to C nitrile, such as acetonitrile.

25 The process of the tenth embodiment further comprises 1) reacting
(LGYP(O)(LG),, wherein LG, independent of LG', is a leaving group, with (i)
isopropyl-alanate and a first base to obtain (LG)P(O)(LG)(Ala-"Pr) followed by
reacting (LG")P(O)(LG)(Ala-Pr) with phenol and a second base to obtain a mixture
comprising C and C', (ii) phenol and a first base to obtain (LG")P(O)(LG)(OPh)
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hexahydr obenzo[ >] pyrrol o[ 3, 4-c] azepi n-6(10b H)-one which are obtained in
smal | er batches of the sane sequence iteratively increasing the

enant i OMEWDQOBXIGE®S i N successi ve passage; (d) slowy asdirng2@adasissonal r
ns-8-chl oro-2-nethyl -1, 2, 3, 3a, 4, 5-

hexahydr obenzo[ >] pyrrol o] 3, 4-c] azepi n-6(10b H)-one (0.85-0.90 equival ents)
di ssol ved fd)litpwmltl?mmtingdhﬁ()&())@ﬁb&ﬂh@thtﬂleSQPé@Ml-taé&litdterﬂmtalﬁﬁ@nﬁ&aSQa peri od

of time resulting in crystal.lization, and..{ sol ati.ng. the crystalline

(325, 10bS)e B2iein pituS RO ok CinE, 3500} SBmBludihsbpiGpfirald,

hexahydr obaazd)] SliRY ldas Rk Dade ©]cdELR b AridddniPrisaiReC dhd eNzot @y kedotin@r t r at e.
Anot her enbodi nent of this invention pertains to a process, for making (3a5,

10bS) - 8- KPRPBAPIEGiptwhgrein LG', independent of LG, is a leaving group, with (i)

1, 2, 3, 34, - r r i )€ - conpri si ng:
(), connt OB HEAEAEE SHE R e SRRt By R GRER P Ritthicd B

2-di -t er Zréustistg PPHEPLONDEG)(Ala-Pr) with a leaving group precursor and a second base to
3,4,5,6-tetranethyl -2',4',6'-triisopropyl-I,!1"-biphenyl (0.05 equivalents),
cesi um caobEih BugtireroEyisig eard £and

(3a5, 10b5) - 8-chl oro-2-net hylp |, 2, 3, 3a, 4, 5- 0

hexahydr obenzo[ e] pyrrol o[ 3, 4} c] azepi n-6(10b H)fone ( 1 equivalent); (b)
addi ng a sol ution of benzyl 1 el ipk 207 e%uiy,eﬁx n®) in toluene to the

m xture of palladiun(lI}Gacet¥pe, G NuAlasipr

2-di -"rf-butyl phosphino-3,4,5,6-tetranmethyl-2',4",6"-triisopropyl-I,I"-

bi phenyl, cesium carbonate and (3aS, 10bS) - 8-chl®ro-2-net hyl -1, 2, 3, 3a, 4, 5-

? g);ghilgLg%gig%%%{té;ﬁitgﬁe%ghaﬁnz ?q%gnglg{y%og?:g}fs _11?zr}§g th(ecrzlixltusr(e) ltoacgl;tgllg the

hexahydr ol@n e ik ate b i 7d NQ

(3ne. 18107C S R REEL S e gims ERAGERLAY BiedWrdiht ARatc b Prebl

hexahydr olisdaehkfioacidahb] Bhidh i @z fepibly, 600Gdmtid)ly enleydrpush cat al yst JM UK#3
(10 wei ght percent dry basis, catalyst in 50>9% water). d met hanol and
hydr ogenating tHeSlRY %E%?l%g?‘ﬁmegt %%f%?tgg{ot%ccﬁﬁpﬁgmﬁt%’ﬁ%yes%gi solating the
(3aS, 10bs)p'r§c'e|§é/e‘§ L& 21 MR sBYdntH erdbedliRRnt the-eighth embodiment, the ninth _ _
hexahydr obenzol| e] pyrrol o[ 3, 4-c] azepi n-6(10b -one. The present application

cont enpl atessbodanénsos thettenth sibodinrent anwelrpsthgir sespeeidicaspecah A pwset ofr e

speci f.i_cal i ncl.ude ithin the 0 f IS i I eoi soners
i ncl udé er{g%?lleg?’rjél? gmg?fﬁnmﬁpalg o %tggr\gor g?org%o&%t%nxc{bgaﬁg%d @?ﬁﬂéﬁ%ﬁtcﬁgﬁr s or
di ast er eorgesmplifisdlenibstimlents eicRRES BETEWS TOE s6 obmeddsmpbsitibecpriesent
application may be prepared synthetically fromconpercially avail able
starting reayssaliing srysaldilfecamarahopsagyaeambipationthemet o) centers or by
preparation of \ 1 . 191%10_1 ution which is well known
to those of ordég‘g?aghgﬂ%ﬁﬁﬁ%ﬁﬁ?%&e@g{retawgﬁ%@net ods of resolution are
exenplified by (1) attachnent of a m xtur Oenantioners to a chiral
auxiliary, separation of the resulting n}\]xt%}? of di astereoners by
recrystallization or chromatogr n Nperation of the optically pure
product fromthe auxiliary or (2) diYfeé+ sgparation of the mi xture of
optical enantioners on chiral chrdat ographi c col ums. Geonetric isoners may
exi st in the conpounds of the present gnventi on. The present invention
contenpl ates the various geonetric isonmers and m xtures thereof resulting
from the digReRIZ isAhrofecEibabing YER Eo@n9 Whtthds GaTtr 6 hbgparadioullf @ bond, a
car bon-ni t; ogSen4 doubl e

or dp-4.

A first aspect of the twelfth embodiment is selected from among a compound

having the following structure
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bond, a cycl oal kyl group, or a heterocycle group. Substituents around a

car bon- car bon doubl e bond or a carbon-nitrogen bond are desi gnated as being
of Z or Bvoanfo/gsdeati on and substituents around a cycl oCHUS2@10/035641

het erocycl e are designated as being of cis or trans configuration. Wthin
the present invention it is to be understood fhat conpounds discl osed
herein may exhi bit the phenonenon of tau ?sm Thus, the formul ae

drawi ngs within this specificatio can rmnt only one of the possible
tautomeric or stereoisoneric f&Ons. Xt |s\ﬂ(o be understood that the present
i nvention enconpasses any tautonerieg—or~stereoi soneric form and m xtures
thereof, and is not to be |initedZferelfy to any one tautomeric or

stereoi soneric formutilized 3w t4dw ©@BEGRGOXG0f the conpounds or formul ae
drawi ngs. The present inventi®n Zat <O)Octhides i sot opi cal | y-1 abel ed
conpounds, which are identicade: tzo-siasgpiecited in Formula I, but for the
fact that one or nore atons aif ZeRi@FRIBiPY,EN at om having an atom c nass
or mass nunber different fromthe atom c mass or nmass nunber usually found
in nature. Exanphffedih &i0sRRGHt i§ dirtdbd ® 4 &mpoual Uss an, hyiritbsosamyounds  of
the invention are hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine,
and chl or iongombinatiomtherdofiirepigsentediryt b foltovaipg stgugturesC, 14C, 15N, 180 , 170
, 3 1P, 32P, 35S, 18F, and 3 A, respectively.gSubstitution w th heavier

i sotopes such as deuterium |j.e., 2H, can affqjd certain therapeutic

advant ages resulting from/gj atlgﬁ%‘g]ﬁ;rabm ic siRbibity, for exanple
increased in vivo half-ILtfe lP(;X)Pﬁe uced dod&ge r ilgments and, hence, may
be preferred in sone circunstances. Conpounds i ncorporating
positron-emtting isotopes arg useful in nedicah inmaging and
positron-emtting tonography (PET) studies for determning the distribution
of recéptors. SuherabCéispdsdvinggrosn whichds yssbrl srdbe pigparaiemobe-# At drpor at ed
in conpounds of forrmula (I) are 11C, 13N, 150 and 18F.

| sot opi calT'y-1 abel ed conmpounds of fornula (1) can generally be prepared by
conventional tgehrfirsiugfeds BOMe thidtethin eMbsRimdn€d Gi'ris fobga(t or by processes
anal ogous to those described .in the accaonpanyi.ng Exanpl es using appropriate
i sot opi calgepphatslferpts, aagerexide, %Iaaé*@d@fld‘?l@}}bﬁil@qudﬁﬂéﬁtl Ip3st PRGEPEEPTy eagent .
c. Biologig; eterm ne the effectiveness of conpounds having a
formul a (Ivyl?tl‘%r%gélg-lég%‘%bounds can be evaluated in a radioligand binding
assay 10or the dgarsesindsispert of thchkirteenth embedinient)ilG'5s $dlec@drfemmptong t he
human 5- HT r.ecegtor. r.in.vitro nmodels of cell ul gr function. Abbreviations

whi ch havd-BEoRhenoxife; H4rdiaittgRROKISE; PUPGrRIBPIOPBHINIC Dat a that fol | ow
are: BSA for boyiget3RthEmuddRHN R difddRd 18n ¥ dp&AlyN ARSI ina®eadHR-PVEM f or

Dul becco's nodified Eagle's nedium dFCS for dialyzed fetal calf serum
DVBO for dirfietdaylThegeini bixotdpicalsEiphled) analog ydfens delimanabes eff frahoedn-¢ thati d:

FLI PR for .fl yqronefric inggi, te reader; HEPES fofis "

4- ( 2- hydr dﬁﬁegﬂg?rf&fl.aﬁ?lﬁép Zi é@’%ﬁﬁ&gﬂ?g’oﬂf% %&Fe&?te% ¢ dpoel 398198 t oneal
PBS far phpgpbah eddudrhed ashisal hegis aRloinpoand BedchBédhdrein] whereby & B f or
revolutions per mnute; RPM for Roswell ,Park Menorial Institute; sc for

subcut anedseioperiies hydiogen (Ey isysabityied bhigl HaisotaperdendmeieriamdDYr i s- O for
tris(hydr %&HE&GX lsal?smlﬂf%%‘éﬂ 8¢ ﬁaljﬁxpéroc%m&été.dﬁartial deuterium substitution

means that at least one hydrogen is substituted by at least one deuterium. For
instance, for Rp-4 or Sp-4, one of ordinary skill can contemplate at least the following

20  partial deuterated analogs (Where "d,," represents n-number of deuterium atoms, such
as, for an isopropyl group n = 1-7, while for a phenyl group, n = 1-5), as well as those
depicted below.
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(i) Human 5-HT2c Receptor Radioligand Binding Assay Affinity of conpounds
for the agonist site of the 5-HT receptor in transfected CHO cells was
det er m newoi2n10a1363di ol i gand bi ndi ng assay essential |y agCuasesiobasbiby
Bryant, H U., et al., Life Sciences (1996) 59(15), 1259-1268. In brief,
cell menbrane honobgenates with 40 ng of protein were incubated for 15
mnutes at 37 0OCwith 0.2 nM [{251](+)(l-(4-iodo-2,5- Q
di met hoxyphenyl )i sopropyl am RP') with or without test conpo
buf fer contai A ng80 M Tri s- HO| 5 nM Mgd 2 and0. 3%138 A Nonspecilfic

bi ndi ng was de ngd i f nce of 10 nmM N'of O

bi ndi ng wefe- Tt e Ry f‘?@dot/);\@éﬁictl vity quanti t%%i T‘FPSCl hat i on
counter. ICSOSwerIs;1 et er msne Ffrom a standard curv(ga_pqab t he ef eas ence
conpound ()DA . Ki's as own"in Table 1 were derived fromihe FC50Sin the
standard net hod. Table 1. 5-HT2c Agonist Site Radioligand Binding(ii) Human
5- HT2C Functional Assay in 1321N1 Cells Functional activity was determ ned

by testing the effect of the ounds on intracellular calciumlMlevels in
1321N1 cel |l sta{%y transfe te i th the human &-miT@g, r eceptor .|| S were
seeded int o -yel I/Opl at e N51§ 000 cell's/well ar oves Imghtd n

ti ssue culipy emmdpur@( th GI utanmex | (Ppavi tHNgenR)o” cynt af ni ng 10%
dFCS, 50 ng/ nL Cenft am ci smg/ mL Geneticin) at 37 0C and @ . Gowh

medi um was repl 288d by HaSdi (m wi t hout dFCS for over MPght imGubaltion. Cells
were | oaded with a fluorescent calciumsensitive dye in the presence of 1%
probenicid according to the manufacturer's protocol (Fluo4 AM Mol ecul ar
Devi ces). Serial conpound dilytions (final concentrations 10 10 o 10 M
were added to the cells eithef alone or in the presence of serot@nin (10
9M and the maxi num cal ci umse nse was determned using a FLI NH

i nst runent | gclid ar Devic |s) Concentration-resp & gurves rggi tted
using a faur ar t/er ¥ efuation (Grapji;P ;%ﬁ) OcelNcefl ration
at which tHe conpofind®exdrt&dml f its maxi mal "ef fec j's Hane CD,
"effective concenbratiqps50%, or 'EC50' and is listerhOn T J)\e 25 Table 2.

5-HT2c”Agoni st Activity(iii) Human 5-HT2c and 5- HT2B Funct onal H| gh
Thr oughput Screeni ng Assays in CHOKI Cells CHO Kl cells over-expressing
5HT2c or 5HT2B receptors were grown in 1272 cn flasks to 70-80 %

conf | uenC)Al'th’bu@hthearﬁH@yh@dh]ﬁs depimatibaboVié hiceshewh lak b¢ing/|ay>mphtmmy emented with 1%
di al yzed fetal bovine ser um FEISE1 250 /rrL zeocj n, 1oenl illin
and 100 mylenicraled, Ope Bl £5cAZNIAR B"B’“M erafed Xatiations aFP Oé@Sfﬂg

di ssoci at ed féﬁfﬂfaﬁdﬁ _tbagK$so @ﬁbas%%etﬂhya%g@andrwaw&@%med in

Recovery(tn) celT culture freéezing ;e |um(InV|trogen Car | sbad, CA) and
st or edOi ndonmpdlatndthkgmseuﬂwltdnméfec -labeled annalog mnfil"dwt@mwé/r -Relabdedrer e done

usi ng frozen | | The cel uted.in rredlac nt ai ni_.n %.di al yzed
Fos and| 20oRGER OB A f EprrouRL I TP iR R & Sirtfed i 5 Y
384-wel | ppPy: &bp(&ﬂneﬁnﬁgmrame@k@he@f dn#iBhBOR exeddds tvRlstidl nafidien t he pl ates

were incubated overnight in a cell incubator at 37 0C, 5% CO . On the next
day, the mbondancerefrouhdd %-epl aced with nedia without FBS and further
i ncubat ed overnight. On day three, the changes in intracellular Ca2+

15 Examples

Not to be limited by way of example, the following examples serve to

facilitate a better understanding of the disclosure.

20  Synthetic Aspects
In order to prepare the uridine nucleoside, one could take advantage of an
advanced tribenzoylated cytidine intermediate in the synthesis of certain 3',5'-

diacylated analogs of 3 (see below) already produced efficiently on a pilot plant scale
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were determ ned using cal ciumsensitive fluorescent dye, Ca4 (MDS

Anal yti cal Technol ogi es, Sunnyvale, CA) by loading 15 nlL of diluted dye in
Hank' s Bawvarowdi3Swbt Sol uti on and 20 nM Hepes buffer (pPCT/U$pomios3s4f i nal
concentration of 2.5 nmM probenecid into the cells containing nmedia. Then

the cells were incubated at roomtenperature for 60 mnutes in dark. After
i ncubat i ofsectWi© 2066103 pT2Ht rUNBP/9 122146, dofteefl whickpreprgarpgrateld®) and t heir

fl uorescen neasyrenent s d.at [ [ 480 nm
and an enf fg@e{)‘ﬁe W&égf 8%5? Wﬁ?ﬁ%g’gﬁﬁ?ﬁg‘a?’g@g&g‘%% tf%g qg g)é"g%ﬁ?%g@ﬁddcg ;g{e scence
was neasukgitidmer the first 10 seconds and then 15 nL of 4x concentration of
serotonin/test conpound was added to thecells. The fluorescence id1tensi ty
was capt ured evergl%@zecond for the first m nute foll owed by everjy 5
seconds for an addit{onal 2 mnutes. The I"gyease in fluoresceng” regponse
by a test conpou g s normalized to th rglgponse of serotonin nd,glsed to
det er mi ne ag®Qi-St Acti¥ity. " The ¢o i of response o% mm&s Ras
donefrom%g concentrati 8R%of\_10.nM 1:10 dil uti acraose 6 wells
with a final i msghyl sul foxide conggntkation of 0.2% and wgs fRtted using
a 4-paraneter fogl stic equation. The concentration at which a conpound
exerts half its haximal effect was namdd as 'effective concentfation 50' or
"EC50' 5 Enmax is the maxi mum functional response or efficacy expressed as a

percentage relative ¢,0 th f.fect,, senhokonin. . Ja DT -Agoni st
ActivityN [ (%"5 '@)dl@eé‘ozﬁ:%éW‘%%"-“kEE%QE?@YL ﬁaﬁé‘%ﬁ@fﬁl VL-5

- URI DYLYL [obtainedltAN MNEthdd WsEid¥edEhHVD FE86F3 1 ANDaROCESR) 872341 I BotRRODUCTI ON
This application’is being filed on 20 May 2010, as.a PCT International

Pat ent appthicaaiedaraby inpaparalies by refpeaemindisentiratpcl is teatedgritihy Q%o al
corporatiaon, appli.cant,f e gest i gn &l LBt (K| ) t he US,
and M chaeafluﬁoo‘%eaﬁ?{lcs‘})c;(} té’qén Ig rgggibgﬂggégsd%(gﬁ] ﬂgﬁﬁjgﬂe%ﬁ?ﬁﬁ@% S.,
Ganapayi ReydphfissibbdRstets cande SydtoyzeRag hakatbdaof methhdcastwakrs..of | ndi a,

Hai - Ren Zhang, a .citizen of the U S., Byoung-Kwon Chyn, a citizen of the
Republ i ¢ dfkqxidesan alsplplissoligah S‘&é‘rﬂi,m%‘%{ @F‘%@ﬁl\ﬁgfm @r‘?ﬂ’ﬁ‘ﬁ?l’ BYpTant s for the
desi gnati [ | RhihEYsubR a¥methvingMé § onal pat ent
appl i cat | %ﬁrb%fél?tfegﬁ“@lsa%ﬁfei%‘?oé%?bg%lag(é’, Nay 20, 2000, i 61/ 319, 519,
filed Mar ahetBanol Mit¥lamireets ulethatolireanimoniefwasichesenfpwethe teseerperla ek by

reference jn their entirety.  Fiel. t he l.nventj on.Di S in are
nucl eosi déht?r’rg%‘l“ﬁﬁraﬂ‘iwééf) n;}?ﬁé’“{"ﬁ%ﬁ’y &gétaggza %t?t%f%r%r%% %eglglld %Jvi ral

di seases. JfheaRnsRMREYUBHRIIA @)1 nhi bitors of RNA-dependent RNA viral
replication and are usetful as’inhibitors of HCV NS5B pol ynerase, as

S ¢ a
i nhi bitors of HOuneneps litsgatigpregsduies detail differemroes 1508s t© MAkSct i on i n
mammal s. Backgroun atitis 1r Us: 1Y) i i i jor health
probl em t f@osﬁboéﬁg%?’é‘g@ﬁlrn% AP Cr‘ifélg re'dgllvél eas eo,flrég g 'agg%ifgrr%osﬁ se(’)and
hepat ocel IMt@higaaeCAINdMed. iCher. S0055 ¥8E50443 516 mhé MatFuiganf et at. ddMeddi vi dual s,

estimated to be 2-15% of the world's popgl tiaon. There are,an estimated 4.5
million i nflan@800cAShial 3. iFarmEoqgss scals vegrys Bereds BW,OHS@E%P‘&W?F&%“G’ the U.S.

Cent eryf or . B 30285808 WRlose TN RSt 19 3r@ePMbisRdsenls. 2002, 6, 819-

822 ("Lehsten"). In this reference, the authors introduce the concept of a "one-pot
procedure” in which an amino acid hydrochloride salt and phenyl dichlorophosphate
are reacted together with N-methylimidazole in dichloromethane. Later the
nucleoside is added to form the desired 5'-O-phosphoramidate product, which in the

25  present case would yield a compound represented by formula 4. Unfortunately, the
Lehsten procedure suffered from drawbacks. For example, the Lehsten procedure
utilized a far larger excess of reagents than was necessary which added to the cost and
difficulty of chromatographic purification. Furthermore, Lehsten suggested that one
could control the reaction selectivity on the 5'-hydroxyl over the 3'-hydroxyl
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Organi zation, there are nore than 200 mllion infected individuals
worl dwi de, with at least 3 to 4 mllion people being infected each year.
Once i nf ev0edio/abisat 20% of peopl e clear the virus, but PChaSec@s3zsan har bor
HCV the rest of their lives. Ten to twenty percent of chronically infected
i ndi viduals eventual |y devel op liver-destroying cirrhosis_or cancer. The
viral di s@am@axed to p ditesetire ieferense drrougtanding loyver smneratvias aed #pWeddisiga bl ood
products, ngn%ted needl es, or sexually and vertically frominfected
not her s or ﬁgthers to thelr of fspring. Current treatnments for HCV

i nfection, mhlch are restricted to i mmunotherapy w th reconbi nant
interferon- alone or in combination with the nucleoside analog ripgavirin,
are of limted clinical benefit.Mreover, there is no establishedj]vaccine
for HCV. Consequently, théte is an urgen nHHd for,imroved ther peutic
agents that effectively at chronlc(ﬁ ectkgnﬁ\Th HCV bd& is an
envel oped Rositivg-stran Vi I Ygy singl e bl |de

genom c se e//of/am bases encodes>\a\ poF prot of about
3,010 ami noy aci gs. °Th tein producs &f the HCV' geneé™ ogs#%t Bf the
structural /prot@ins & Ef, and E2, éﬁdw$ﬁe non- structural p\ﬁtebps NS2,
NS3, NS4A and NS4B, and NS5A and NSSB/JH e nonstructural (N )JHpI’Ot eins are
believed to provide the catal ytic chipery for viral replifation. The NS3
prot ease rel eases NS5B, the RNA-d RNA pol ynmer ase b e

pol yprotei n chain. HCV NS5B pol ynerase is required for the synthesis of a
doubl e- stranded RNA*f rom a singl e- st randed VI ral RNA that serves as a
tenplate in the r Ilcatlon cycle gof HCV. refore,, eis
consi dered to 50' P ‘ﬁ tial conp gﬁll‘ﬁt'e“’emm' ‘e HCV repl§ %éf?t'gr %:?émdatse X (K.
| shi, gt al, Fbptology, 1999 29: 1227-1235; V. Lohnann et al. V'rology,
1998, 249: 108-118). Inhibition of HCV NS5B pol ynerase prevents formation

of the doubl e- ran nd .t herefore constjtut.es .an_at tive
approach to th ﬂﬁgﬁg\% ?pﬁ}ce&&f%rgg%f’?m@@ﬁ d 493?&9%%1}35”0"‘2%

bel ongs thb%umL@‘% S BhER-sbdfiukad I0-Whds Pﬁ@ﬁmﬁdh@é dxakta:reemafﬁr(s) senavoat f eat ures.
Flaviviridae Viruses The Flaviviridae tfamly of viruses conprises at | east

three di stihd%géthertis-sphsttited pradess (Orhscthe E&lﬁﬁl‘é’ fithed's diaptereomiety e and
]E) e\g/ Z ’r fé):,] gv\;x;%ﬁr \}Jeiﬁglpgiﬂg #o tlﬂe Sﬁedkse dPas{e%Werg @%h Gf)ré)rﬁatg ?%81%% E%pa?é’tlﬁ)tﬁ VE%Vd en g ue

epacli viruses, 0se SO

flavivi rUSv@?Bh@lehgiﬁgUSe:ﬂmgth&hé bﬁi&eﬁ&vaﬁm&m&y ﬁnmpxatea\mlcbut disoardinglaps on t he
basi s of serol ogical rel atedness (Calisher @SGH Vi r ol

1993, 70, 37ubsgipntiabpppiogpl ﬂ%%ﬂ:%%lzﬂ%%r iréraytegmaaqr% éccpg‘gl,tég.ahgh%relmﬁilof tis and
gﬁg‘)%c\,{ag' ccon}ﬁ% tlénLdfedléj? (Mhsrtéljﬁ&ﬁ&s (% blfl(a,fl%lltlﬁl ﬁi F%s?oaleBup, Mo reiape, D M,

I ncott-Raven i shers | adel’ phi a, PA, 1996,
Chapt er 31pro&3;’tc91&9i)md EBadlavuereoms (S)fcogtlarmwmu@rﬁaw 3phathiclr eo-elutsdci at ed

wi th human d se i norr hagi ¢ Fever viruses (DHF),
yel | ow> ev%ﬂ*t 8?1’0 gﬂ‘ 5.{,21&15%@% apanese encephalitis virus
(Hal stead, S. Bpisci3sdd hedr&ih@sd reablich oon&&%ﬂs whichdRd ted4 amidahS of ashgerfs B. |

Sci ence, 239:476- 481 1988; Monath, T. P., New Eng. J. Md, 1988,
and 2 method to selectlvely remove the impurity 3'-O-phosphoramidate diastereomers

(5) with an easier chromatographic separation thereby affording the desired 5'-O-
phosphoramidate diastereomers in much higher purity (4).

20 For the reagent stoichiometry, a study was made in which the stoichiometry of
the reagents was systematically changed and the results were monitored by
phosphorus NMR of the crude reaction as Lehsten had reported. In the more
successful runs, the isolated yield and purity of the desired product were compared. It
was observed that the primary 5'-hydroxyl reacts at a faster rate than the secondary 3'-

25  hydroxyl. This creates a competing situation between the reaction progress of

consuming all the starting nucleoside and converting 5'- and 3'-monosubstituted
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319, 64 1-643). The pestivirus genus includes bovine viral diarrhea virus
(BVDV), classical swine fever virus (CSFV, also called hog cholera virus)
and bor dewodneeas®9vi rus(BDV) of sheep (Moennig, V. et &CI/USAmo0/084681 Res.
1992, 41, 53-98). Pestivirus infections of donmesticated |ivestock (cattle,
pi gs and sheep) cause significant econom c | osses worl dw de. BVDV causes

nucosal dipsedusts (#ané §) to the Jt-bisssubstityted pradustsd®). ebsnbmopiisiitetce to t he
li i K i ] Thi j- R h,
1006, a7 PN U IRVEL Bis oottt ALY e o e EURROERS M LS CEReare

Human pestpraductjse st ibpysibloto ledwde ths 3'ediaeersomel oontinanativindeve by pashingie ani mal
pestiviruses. However, seraql ogical surveys jndi cate consjderabl e pestivirus

exposur e ithe Faiananonedg the his-gebstituiehpiodycts | UPWeNeEwith an EifeRlivE Wayde at ed

virus gro L 102N g | Wl f.am ; | lratced viruses

'n this fampy BN RErcpinls, ety cafht YptnblagTo I?‘jﬁg%g%%lt%?, o Virus 8

and GB vi rdesirdd {'dliseErashdredtivepbaving © seenficelss mudB\Wf theTHalidstgsenmnari r us gr oup

(hepatitig Cvirus: H consji s. a_nunber of closge rel.at ed, but

genot ypi cAME Pr¥etsddoi 515‘3"%?’15}%&2@- [tvigs ai?sr?fog’é?wﬁ‘gﬁﬁLée s ad o oy

| east 6 HQYIERARKME§SvEPtyRE@pidIas &Y Watbi pHocst wolll dofisini€arsi mi | ari ti es

bet ween pestiviruses and hepaciviruses, conbined with the poor ability of

hepaci vi r usjeivatent gmonnt of fhieqibenyll dichleropkosphata reagewt, case wiusebaaken todi ar r hea

Vi rus .(.BVI i.s of.ten .ysed.as. [r te.t bEbadus. The

genet ilg o%é%?&eaﬁn?lg%a%} Sebesé%nl%l\%ﬂ és sfﬁ) %ﬁsf?ﬁtesglgiﬁ:l}(i\%%%ﬁ&s%gul S ﬁé‘}l simlar.

These posidnhy@osé practdedsdNA shortLEestendas egriad sian glewptiangeratpef r eadi ng

frame (ORF) encoding all the viral proteins ,necesgar for viru

repl i cati oWingreddo phesvbilighloserhogniisictodwalegside, was, ‘9%%11 ESRFREY- i co- and

post-tran td [.0G : i - ed

pr ot ei nas Z‘*égstfg&gﬂg% %thtg ﬁgﬁﬁnl%?ﬁ@lgpélf %gmpa?gésﬂggﬁyl.?ﬂlﬁégﬁ%p%{f%?& ns

r esponsi blmcfeosidt batiompll ibeatabout 1aF tot dbeut/1 isaiptigehonder RDilitems iheduaghed Wi t hi n

appr oxi_mat el ?,(' he car boxy-tergﬁna . Two- t hi dﬁ o&lﬁt he O?I.:dare terned

nonst rlidct Uh& “ilﬂgﬁreﬁmﬁ)‘i‘@inr@.ef EntheTaov e 6‘?‘&‘3 AL EBIEAHE pol ypr ot ei n

processi ng, ocfhﬁlﬁid@%wﬁﬁﬁw}?e}nh@:a%@ﬁ Bg&t@i'hgia%ﬁlamar dheurfPBFtHeQEageR®l | Vi r uses
0

and hepaciviruses Is very simlar. For both the pestiviruses and
~ hepaci vi r usest savires natealizedrionpled wd thug simplifigitioprod e dhsomptagwphigent i al  or der

fromthe am no-termnys.of th nstruct | pr | j i to the
car boxy-t esremrﬁﬂgngft]hfaﬁgsnaﬁpfo ugﬂ ngre%gengg,ﬁpﬁ%ﬂ&g%g@#%@g?e%wo S5A, and
NS5B. The N9ipaiaiteicbmersf pestiviruses and hepaci vi ruses share sequence

domai ns that are characteristic of specific g);ot ein functions. For exanple,
the NP prot ei nk af altpingiesspropedyst 1# Jyhydrosy-pisked derkipfiNe 052 VdS sequence

notifs characteristi i i i r bal enya et
2 et ur e S b £ BluyBRG 1RO PhERNAZ BBE o) 8 S G35 4601 72
637- 639; Gankaft&hyadtset-phdsphofitidae derbeitiste REBe desir®@®Bingiifat tBBEHA 3RMP) .
Simlarly, the NS5B proteins of pestiviruses and hepac)viruses have the
mot i fs c hagoadd @EF?? F??n‘b‘fedmﬂéﬁr? @89@&’%@?&9%@53983 ’g('&l?oni n, E.V. and
Dol'ja, V. Vsnostlidrimiddat (6)B1 2 sHiBr apbofch whl ®lmonk#33d by Borch/ami43) -

25  (U.S. Patent 5,233,031) in a low overall yield on an alkyl phosphoramidate.

Another alternative approach was to use the direct synthesis and then use
chemistry to help differentiate the 3'-diastereomer impurities 5 from the desired 5'-
diastereomers 4 to help the separation. A group was desired that would selectively
react with the free primary hydroxyl of the 3'-O-phosphoramidate impurity 5 over the
30 free secondary hydroxyl of the desired 5'-O-phosphoramidate 4. It was also desired

that the blocking group significantly change the polarity of the resulting 5'-O-blocked
3'-O-phoshoramidate product from the desired 5'-O-phosphoramidate 4. There would
be no extra step needed to remove the blocking group as the desired 5'-diastereomers

4 would not be changed. The chemically altered 3'-diastereomers would then allow
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The actual roles and functions of the NS proteins of pestiviruses and
hepaciviruses in the lifecycle of the viruses are directly anal ogous, hi
bot h casew0 2010e135868 serine proteinase i s responsi bl e forcaluS2oossal ytic
processi ng of pol yprotein precursors downstreamof its position in the ORF
(Wskerchen and Col lett, Virology, 1991, 184, 341-350;. Bartenschl ager et

al ., J. Veasdr.chigggoggphic SEBEADANTL seRERnbYPenl sSCRY BEREFPRITHMPY. Res.
Conm 199%5(&%%,% 99-406; Gakoui et al., J. Virol. 1993, 67, 2832-2843;
Grakoui et™al., Proc. Natl. Acad Sd. USA 1993, 90, 10583-10587; Hijikata et
al ., J. Virol. SpeQBcalB7 thedbekinkbgdibup Totdeuteldimtthylsilyl (BDMIS) me988se 67, 4017-
4026). The NS4A protein, in both cases, acts as a cofactor with.the NS3
serine pr &fitsaaand pas thefirshonggebe demgpsitated ang SPgsfe.quefgé’ ,86%8? a%‘@‘ﬁ%‘- 5055;

Fai l | aset §gé%am]s]cﬁle\4 @ger deifdth c&ﬁiti&Z%}%ngyﬁ/&inﬁhs s'ﬂflvent dnd YaseOthe 1997,

71:53 12- proteln of both viruses also functions as a

hel i case (BDMSgroap reacBiwitthkigh seieaprelsat tReprim@yrhydroxybpesitigever ed' 166; Ji n

d Pet . Arch.. Bipchem B .. 1995 323 47-53: d
ol et SSetpra s BEoEm SH RbSatioratatg o e me M R O
pesti vi r ugRaI§asa BERAGH ﬂ{erﬂfés%ﬁcél@ﬁ/m\ﬂh%e BilAgi & i€ GesRAAeeliviee PrererabiyA

pol ynerases activity (Behrens et al., EMBO, 1996, 15, 12-22; Lechmann et
al ., J. Vithoimowdo? NMhshoguiie: gdigd. Fhisreanbe apcommtishedheasily pitesghys. Res.

Comm 1997, 232, 231-235:. [N : : l., J. Virol,
1998, 1&2, p§q 9%’%‘35‘.6 f?ii??‘?ﬁ?%%?‘“f‘ %é*?ég %%{gnl%lz{r%atg ggg%hr%lgt grrlot%hlc())%ltc i ons for
i ndi vi dualagid. Mfteaied aid tha re@piatngt statife MidlessideBieranoved itadpga omeed

t herapeutic option is the use of inmmunotherap i th reconbinant, i nterferon-
al one or mixgwenf mane apd his snbstifedprodBgs ?B‘{ereéé%%é‘pir?c@ﬁﬁnﬁhﬁﬁ 181905 ¢ her apy

is |im te%i%sﬁlé{pg%;ﬁgﬁl(ﬂhg dt?éaft(%&/f-tl‘{%?%glﬂﬁgct]ﬁﬂgﬂyﬁgf@rﬁg. ”%‘Heeﬁ-t ed patients

respond to eretfore, there 1s significant nee or nore effective
and novel rhémisalstiaged proddetrSeis sonvested e fewrbolirs at leseiodhe §'s@dBPMHEY

i nfection. A nunber qf potential. nolecular targets r evel opnment of
dir ect15actQﬁ5°%P¥amlaaatF 3 : «Efg‘eé?ﬂcfmg P@&T%Sﬁé%‘é%ﬂgf"i%m@ﬁ%ﬂ;&ﬁ/ ﬁgen i denti fied
i ncl udi ng, id 4ifY foQuct7i8 1¥52rhS% Bivhapsdbrasieate 6had N3 pr ot ease,
the N3 helq%g&gﬁﬁg %ﬂk?éattﬁg%B %%I ymerasea. The NA-pgepend%?lt RNA pol yner ase

i s absol utreddilyessemed by cliromatsgrapbat Usimedhistpeshed, igyas-possiblsdesdupptiet i ve

sense, RNA gen and.t hi.s_enz h | | Gl 1 gni {1 ' anong
ved ol nal EHAAT QORI E SRR Wbt LA bt FRP chBbRER®] BThD

i nf ecti on hayeyhRan iHeavlyewedmetarsimBarly, treatherlwith Nat ure Rev. DrugDi scov.,
2002, 1, 867-881; Walker, MP. et al., Exp. Qpin. | nvea,tj gati n%:j Dr ugs,
2003, 202, dimgthoxg@iphenyimethyhchlorde GIMT-(Eh) ppdsrihegsme conditiy Wﬂﬁ‘e & overy
and Devel opnent,q, 2 . . - y |5t : ~, ent Qpi nion
in Investi eﬁ[?q%nIél"V%%?lﬁ%é?S@ég}fﬁsig,fy @gmgg&c\%ﬁn pgo-d,uclgcgy ?IJC ,as %Hent Dr ug
Tar get s- | nfoedihiap snolbcnitss deiis bri gl @8angd on 28Ftir@; ex@osuid fotdeid. FOE: cangdisoal |,
Annual Reports in Medicinal Chem stry, 2Q04, 39, 223-237; Carrol, S., et

al ., | nfecelviien ppRYPaer ogking Sreupyef 20te93BBVE- 6. 17-29. The potential for

the emergence of#4fi Shatn ddaiht fhdtheaBshchfinig BeAR F-Smpuatatd gendgent s wi th
broad genotype coverage
25  methods and could be applied to most nucleoside phosphoramidates with a free 3'
hydroxyl. The4 phosphoramidate moiety could be any combination of amino acid ester
and aromatic alcohol. The nucleoside moiety could be any nucleoside in which a 5'
phosphoramidate would lead to a 5'-monophosphate and could be further metabolized
to the 5'-triphosphate form.
30 The following scheme is the main reaction scheme illustrated for making
isopropyl L-alanate phenyl phosphoramidate of 2'-deoxy-2'-fluoro-2'-C-methyluridine
with the major product as the desired 5'-O-phosphoramidate (4, two diastercomers)

and the minor product as the 3'-O-phosphoramidate (5, two diastereomers) and the

3' 5' -bis-O-phosphoramidate (6, four diastereomers). The reagents are added in the
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supports the need for continuing efforts to identify novel and nore
effective nucl eosides as HCV NS5B i nhi bitors. Nucl eoside inhibitors of NS5B
pol ymer aswocan/asicoei t her as a non-natural substrate thaCTrussubssetn chai n
term nation or as a conpetitive inhibitor which conpetes wi th nucl eotide
binding to the polynerase. To function as a chain ternm nator the nucl eoside
anal og nustoigdometkie matins ap yleschibed 1 the mﬁ@l@(ﬂf\?émaéﬂlopﬁe@ilo@o Tihg reactipn phosphat e
to conpetef 18 ol ) ionto
the tr) phosinare P oRRs B BB BE e Sarthy i Fichiins I aERBYREL PY

addi ti Ona|V1§1hﬁmﬂ‘onbﬁlth1heﬁwr elioRatazraghyd TROY) emgoaIJIPII:(D/MSesimm pol yner ase
inhibitor. Unfortunately, this |limts the dir § g&jatlong ucleosides

as i nhi bi taap@xanatﬂwo/egﬁﬁleaﬁ &s-rhosplqrrmigly ®in situ
phosphery ld@&ﬂ‘éﬁ@ Sluel nﬁﬂ&a@%ﬁchl %&@érpéc%lb %@1!160?9 (V'oi’l{u‘%)}’th‘éfcnﬁie'}é'ﬁﬁfeos ide is
bs c s for on

hanpered by i1ts oor su racteristi or nore of the
ki nases ndrae thetogamnlager was preparedi for dind silydation &hxdsmﬂlaﬂescnbﬁdneaﬁmnmtl on of

t he monophosphate by.a nucl eo nase e s,the rate
linmiting §P€g‘t18’fls tﬁﬁ%Sl Whewup g ?ﬁﬂ%ﬁﬁb 589 B%W&sgbﬁ‘i gl’ é’y\é]iorxmﬁ%}ﬁ%? (Itjhe need
for the i njpbiloriNasRheforhal.i PRe hetibn wad dtiARidakel tie®@f a nucl eoside to
the active triphosphate anal og, the preparation of stable phosphate
prodrugs Iphesiimeamidateorasad. lomﬂet@@ablebm{&ﬁpﬁ(MSam date prodrugs have been
shown to be precursors of the active nucl eosidegtriphosphate and to inhibit
viral replication when adm nistered to viral inflected whole cells
(MG@iigan, C, et ah,,Nd,ciMed. Chem, 1996, 39 NHS 1753; VaI ette, G, et
al ., J. Med. Chem,»f% 39, 1981- 19,90 Bal a| 2] , Proc

Nati onal Acad Sd US ],9@6 93, TXYs5- 7%@9\6&& ui ¢ A(Qr7 et al., J. Med.
Chem, 1999, 42, 4122-%128; Ei @bﬁbt@ g,

Nucl eosi des, Nucl eoti des and Nucl alic Aci dsy5200¢, 20 ' 1091- 1098; Lee, WA,
et al., Ant i ni crobi al Agent s and Chenot herapg, 2005, 49, 1898); US

2006/ 0241064; and WD 2007/ 095269. Also|limting the utility of nucl eosides
as viable therapeutic agents is their %orreti mes poor physicochem cal and
phar mggoki neti c properties. These poorYproperties can limt the intestinal
absorption of[an agent and linit uptake bnto the target tissue qr cell. To
i nprove on their properties @rodrugs of | eosi des have b w©enpl oyed. It
has been denopstrated that @ﬁg{;ar ati onO f,LgucI é’yﬁ{deophOSﬁ rayildat es

i nproves the sy&tem ¢ absor tjkon @b ¢l edsi de Iamti{ rnorg, the
phosphor ani dal ey nokefy, Rsé ' pron eotldes>\| Hrasked-w th jneutr al

|'i pophilic grop @g t Gy0bt ai1-a sui taklie partl tion coe?f%ql ent to optimze
uptake and trhnsport inf® the cell, dy ““"@Bbtl cal |y enhangi §g"®he intracel | ul ar

concentration| of the nucl eoside df£ sphat e anal og r%atl ve to

adm ni stering;the parent nucl eosi @4’% Enzyme- nedo eﬁ hydr gl ysi s of

t he phosphate|ester noigty produces a QUC| eosi de nonopRosphat ee;/‘yper ein the
rate limting-nitial phosphorylation is unnecessary. To this d, US

Pat ent Appl i cati ons-2kePbamigdes, V\hlactz’rglqmram@s@onds 3'tscbls lastgrsggle@rgﬂa221634 and US
2010/ 0016251, di scl GEBE T Runber of FRELEROr ani dat e®

l tBDMS-Cl/pyridine
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nucl eosi de prodrugs, many of which show activity in an HCV assay. Sever al
conpounds di sclosed in US 2010/ 0016251 were tested as a potential clinical
candi dat ewbanisaspiooval by the FDA. Summary of the | nvenPConsDhisobissed
herein is a conpound represented by formula 4 and its respective

phosphor us- based di astereoners represented by fornulas <Sp-4 and 6?p-4.
4Bri ef Description of the Drawings Figure X. Hi gh resolution XRD

- - - @LNmp .

di ffractogram of 4. Figur . High resolu | XRD d| ffract ogram

Figure 3. High resolutio dlffractor )

Hi gh resolqti cm diff ac/kogr FoPm 1)) %E!rzqﬁ
Ft gure

resol ution I\amcl)f (Form ). i gh
resol uti or\XRD' |TPra am of JBp 4 @HCI 3 (For m‘3)". IDiPIQU{z"\W High
resol uti on>XRD abbf f rget ogram of _Sp- ﬂip(,,EOI’ m4). Fi gure 8

h. resol ution
XRD di f fract ogram of Sp-4 (Form 5)., F{{gi?®@ 9. Hi gh resol utj q&)&-?b
di ffract ogram of Sp-4 (anorphous). gur 10. X-Ray Crystal({ Structure for
Sp-4 (Form 1) Figure 11. X-Ray Cry sotropic) Struct o -4-CH2C 2
(Form 2) Figure 12. X-Ray Crystal AnPsotropl c) Structure for -4 -CH2d 2
(Form2) Figure 13. 4X-Ray Crystal Structlre for ~-4-CHO 3 {Form 3) Figure
14. FT-1R spectrumof 4. Figure 15. FT-1R spectrum of RP-4. Figure 16.
FT-1 R spectrum of Sp-4 Figure 17.3" fi'@ws?mf;m -AIMSi s of 4. Figure 18. TGA
and DSC analysis of i P-4. Figure 19 d"DSC anal ysis of SP-4. Figure
20A. X-Ray Crystal Structure for 8 (Sp-isonmer) (nolecule no. 1 of the
asymetric unit Figure 20B. X-Ray Crystal Structure for -1 soner)

(S
(ol ecul e no fogr qubmasu»pﬁhwbﬂ@waﬁpwwgethaﬂpw meduct latSP‘aJﬁctSCE 4 he
| nvent l50n AN oér }?lﬂg Jgﬁfiagél%ﬁ?ls eq{ite&)(vqhaargra((ﬁgltit'c;f% %an%?ﬁld herein refers

to one”or re exa a conpound refers to one or

nor e conpQiktisroaictiahe (Ba%d). (Thedmﬂdumbnop}msphmmmdatﬁm ¢leresdast.a" (or "an"),
"one or nore", and "at | east one" can be used interchangeably herein. The
terms "optional” or "optionally" as used herein neans that a subsequently

descri bed ;9y8pl ,Pbyd %b;agltéqstance may but need not occur, and that the
descrlptlon |ncF d% i nstances where the event or C|rcunstance occurs and

i nst ances Examyiledh Frepaiedionrod2!-deeny-2@mpbe)'-C-opthgnaidineddl” neans that the

bond r‘r%y or mayInnOItO ]P?lask was added 3', 5'-O-dibenozyl-2'-deoxy-2'-fluoro-2'-C-methyl-
N4-benzoylcytidine (500 g, 0.874 mol) and 70% aqueous acetic acid (7.5 L). The
solution was heated to reflux (110°C) for 20 h. TLC indicated a complete reaction
(Rf 0.6 in 5% methanol in dichloromethane (DCM)). The mixture was cooled to
ambient temperature and diluted with water (2 L). After stirring for 2 h, the resulting

15  precipitate was collected by filtration and the solid was rinsed with water (5 L) and
dried in the atmosphere at ambient temperature for 12 h to afford 360 g (88%). This
dibenzoyluridine intermediate was used directly in the next step by adding it all to
freshly prepared methanolic ammonia (5.4 L, ca 25%) at 0°C. This temperature was
maintained for 3 h and then allowed to warm to 15°C for 24 h. TLC indicated a

20  complete reaction (Rf 0.4 in 10% methanol in DCM). The reaction mixture was
filtered through a Celite bed and concentrated under reduced pressure to give the
crude product (216 g). The crude product was stirred with ethyl acetate (325 mL) for
3 h at ambient temperature. The resulting solid was collected by filtration and washed
with ethyl acetate (216 mL). The solid was dried under vacuum at ambient

25  temperature for 4h to afford 160 g (78%) of the desired product in 98.7% HPLC

purity. "H-NMR (DMSO-d¢) 5 11.44 (br s, 1H, NH), 7.95 (d, 1H, C-6H), 5.97 (d, 1H,
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present, and that the description includes single, double, or triple bonds.
The term"P*" neans that the phosphorus atomis chiral and that it has a
corr esporiDreglodabdse | ngol d- Pr el og designation of "R' or PET/Ushi003Fave t heir
accepted plain meanings. The term"purified,” as described herein refers
to the purity of a given conmpound. For exa npound i s purlfled

when £ o §-VER oRELIHGC Sn 3 77 (ot b AL HaIC Bl GaRDoBEAEH T, o - at
| east 50% p hus at | east 50% w w purity, at
| east 60%1%%%%%13‘/2:5 @t 3He§g'%&d%%§?$y,' Neast 80% purity, at |east

85% purity, at least 90% purity, at |east 92%pur|ty, at least 94% purity,

at least 96% purit at least 97% puri east 98% purity, at |east 99%
purity, atEXIa@H!i@ 29 r%l%rﬂt}ﬂlP?(S)%H(H%a41‘eﬂ§r5'§b4‘@)@¥fb?14r‘£)‘ drestd
"subst

[ 98% purity, at
| east 9%‘%“ §'tl)'f'gﬁ L?l ﬁggo'géfgg(?ﬁ‘;/,?Jea{frl@%wa&%? fdﬁfgﬁ % pur(l) Ito y Th)e term
"met abol i tyhneth@syppbamquﬂlobph«mytnmme}-prsplbmcacublsppwpdl estaddeed in vivo
after admnistration to in need t The.te abqut al so
represent ed by SYIOREENS’ (Sf@ﬁof’{%’é( F@&?I{a&‘dph‘%m‘g? ‘?,SQPOW“I}@?%GB uof g range
t hat Va”‘?ﬁm}%Q"E@néﬁﬁ’lﬁﬁﬁ&ﬁéﬂ@r@brﬁ&%ﬁ%xtﬁféor The expr ession

"substantially as shown in. . ." a specified XRPD pattern nmeans that the
peak positions Ahdvihnedked fleskrRDiifted wisha machanicistigrat, beng icetad, same, wi t hin

vi sual_ i ns ect n resor ted ea stl n . One of
or di ndPy é%e’ma ﬁ‘ﬁﬂ’é?‘&?tﬁh&gaﬁﬁéfog[eﬂé E%Si ﬁlhg angs\sl%r ygeggf)lé}l ing on the
sanpl e. TheanigS l%pr&ﬁﬁ%kt%f\hy&b&hdo @490&1%15s)tahatanlaycﬁmst ance contains
at nost 10% by wei ght wat er at nost 1% by wei ght of water,

nore pref ehfémry’meth@ng £0.80 B%‘H?ﬂﬂ’ﬂgl;sg‘ms ngmn&tpéﬁnyl éiiFéﬂQ?ﬁE}tosbl?f’é? &54b&y at nost
0 1% by i) faokh) YA flaca f S KERY Beciis MaXGahi Aflo Gl 1 ¥ CaCt! ons,
or ents

crystal lizati 1'ce an sor |ncludes at
| east one ta’hp@aﬁte lbawé& 3ltodha] a scﬂut(iiih dﬁi\l—(ﬁ@et@lhmdazo&e QIMb, 25D gdtodne, a C3

to C7 est to C2 chl to C7 nit ,  ecel |
Ot s st s a3 omis B o i b iy g | aneous
hydr ocar bqg utl-glﬂ agaHBﬁ cﬁ% s%ir%&hph &is%ﬁpgﬁu@e Stoal BBk ANCHRsioand/ or

cyclic/ acyc IC avi ng suc nunber of carbons. The G to C8 al cohol
i ncl udes, (Emﬁetlm unidinel (3n80.@ ¢, ©.807 metdshwes addetd R HUT in mmmmﬂd,then

i sopropano i sobuf a and cycl ohexanal ., The t C8 et her
refers to ge EetaFté‘?’bﬁ‘[‘SﬁlﬁYaé 3’883918 uB?%Wl%}naliﬂ/@PP%b%chéA’r%ﬁla ng such
nunber of ;GREDERSnpetdtre“aship 16828 NBIC MMaﬂmml mmCMa af 0t shbwed edt t o,
di et hyl ether, di et hyl ether, di-i sopr oga/1 het her, - n- butg et her,

a

met hy 120t - boonglthat 386 of m@@mdetwwnwn@r athayras remexwdﬁ ereegliqy 7
cetone o FhbeluFy SHEUBRLIRLAERES AOARL PUChhglRiGl s eane, v, oo
to, acet ongowdBbhyd onhéMhrtﬂﬁ@&ﬂBl@osm% wpacaRemehuThamactommbxuyt wasobut yl
ket one, rrec}uhe%éhed by adding methanol (100 mL) and stirring the reaction for 5 minutes.
The reaction mixture was washed with 1IN HCl1 (2 X 500 mL) followed by
25  saturated sodium bicarbonate solution (2 X 500 mL). The separated organic layer was
dried over anhydrous sodium sulfate (50 g) and filtered. The solution was evaporated
under reduced pressure and then under high vacuum to dryness to give the crude
product as a viscous oil (170 g). NMRs of the crude product ('P and "H) were taken.
The *'P-NMR indicated about 1% of the total phosphorus integration was due to the
30  presence of the 3' isomer 5. ‘
To the crude product was added anhydrous pyridine (1700 mL). The solvent
was evaporated under reduced pressure and then under high vacuum in order to

reduce the water content of the crude mixture through co-evaporation. The resulting

oil was re-dissolved in anhydrous pyridine (500 ml) and then was added excess t-
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butyl ketone, and cycl ohexanone. The C3 to C7 ester refers to a

strai ght/branched and/or cyclic/acyclic ester having such nunber of
carbons. Wbheo@d3s539C7 ester includes, but is not |imteadcCraS2@vhyicsncet at e,
propyl acetate, n-butyl acetate, etc. The G to C2 chlorocarbon refers to a
chl orocar bon havi ng such nunber of carbons. The G to C2 chlorocarbon

i ncl udes, Wixldimetinesilyl ciipridel(%G g d).oTls repctiamn wisd stited ehmbicale ( DCM) ,

carbon tet | or i - di t t I ape...A C to C7
nrtrile rorapdell FeotofpDefid: ag AR sONPROME NS MU 3 ©
nitrile inglpud8ss cduld nd onget bd deRctRicandahe RaeiNvis ddedchddrgrheaddition e, etc.
A m scel | aneous solvent refers to a solvent commonly enpl oyed in organic
cheni st ry,ofwthano] GOmlks, but is not linited to, diethylene glycol,

di gl dieth ' ~ (i t
d: ?re%lg% 1£o|r mmﬁ&%?@ﬁ?ihé?\%ﬁ?{ﬂﬁ?%%&%& gﬁ‘%de%g%afé yco %%&Eﬁﬁ%
hexanet hy|vpdssiidsolvadidethylhexate(l [yl pddspdshedwith tiN HER(2X 500 mL),

N- net hyl - 2-pyrrol i di none, nitranethane, rigdi trie | am ne, and

Rcet! ¢ aciialee! b et st e Do SR OE SOLE) T SPEpias Taver

strai ght/ RyaneRAdvandhgiroRy SddithaaMet (50 By AlteeaaB@Bvapbhfednde C12
saturated hydrocarbon includes, but is not limted to, n-pentane, petroleum

et her (| i gediceepressurhéxgive thercrindgraduect as g phlshyelewioil. and cycl ohept ane. The
term to Cl2 gromatic, ref o.substituted and..unsubst.itute

hydr ol bons. heuogits By f g Tt 18 s ot inE RE R B

hydr ocar bapsded datd e s kenaRaegel ¥ iuediR, in behdENDMpPRHsRNGRENZENEA00 s ene,

m xyl ene, p-xylene, xylenes, with toluene being nore preferred. The term

"hal 0" or ahEPHYenUsig ygwedientpanp at ¢hpsi gada flow sieef 40P sHgmin.diw and
fluoro. T . " I Y . Emeéal ich exhibits
the foll o%%ggﬂgﬁggg %Iré*ig? ‘f}%é%%?gé S‘grgég%é@) gOﬁ:erl ngr}l %Trgg%{hgl%%r ot ecting
conpound. "méhaad $n inbéiyleae ehloelie (48 e Nost of thenthe ynajordmpunitiss (direr secondary
hydroxyls that can be put on under condifions consistent with the stability
of thé%phcfésﬁﬁ’i?&’_é{ Wﬁ%ﬁe(nﬁi—?@sg at&r{iﬁr%a_ ?Spgﬂrafnﬂl@t? géu? ting product
substanti ?h‘o?p%‘ra{ﬁﬁﬁﬁfﬁ'-ms%hu& (PN elukdBRitRL s AWridediOfTHRRAGRAI er

separation of the 3" -phosphoram date-5"-new group product fromthe

unr eact ed medict eldteddwprrend. anfivo grathanohniBlite predust centhinbtg astipng wergood yi el d

(Sea pr ot GBTPy Biog gL HeCk LB RrraCrecint o e it il Bana P o
M Wits, Jeid Wislpave sro@@itsS ThOIEst ¥erdf frabliohs cohRBRN sniaXamuas flesgr oups

include, but are not |limted to: benzoyl, acetyl, phenyl-substituted

benzoy0,  trolararpuriGesy(apeyimpEtities) suchmmithq 3,54 bis phpsahorsideteiang e, divvr
oo RN ) LSRN R etind SRR B S
xant hi ne- %oyikmif Mdiication.c (TheGel)ivatdminoldgyOhbier vE(16var nefers (HREOatukiyh
on normal-phase silica-gel chromatography, where the "upper isomer" means the first
eluting isomer.) The second set of fractions did not have a significant amount of
25  impurities —just the remaining Rp and mostly the Sp diasterereomers. It was later
recombined with the twice-columned fractions. The solvent was evaporated under
reduced pressure and the resulting white foam was further dried (0.20 mmHg) for 1 h
to give 42 g of the impure lot (4:1 upper vs lower isomer based of 'P.NMR) and 38 g
of the pure lot (1:3 upper vs lower isomer). The impure lot was recolumned in a
30  similar manner to give 3.8 g of 97% pure upper isomer (fraction set aside) and 36 g of
pure product in a 4:1 ratio. The two main lots were dissolved in DCM, combined,
evaporated under reduced pressure and dried (50°C, 0.2 mmHg, 24 h) to get 74 g

(45.7%) of pure product 4 with a diastereomeric ratio of 48: 51, as a white foam, mp

about 75-85°C.
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CH2O aryl, SO2-al kyl, SQ2-aryl, rt-butyldinethylsilyl, r

- butyl di phenylsilyl. Acetals, such as MOMor THP and the |like are

consi der edoponrgi3bice groups. Fl uori nated compounds are alPso/usermaspliat ed in
so far that they can be attached to the conpound and can be selectively
renmoved by passing through a fluorous solid phase extraction nmedia

( Fl uor oFl as h(r)IJ)lordeAtcsmedmdelaa amcaplptus sphid piide diagterqomsric maikbue,t/digsfl  anal og,

trityl 0 | l.uor, met hanol .
Gher 1 odid Rate ey e SR SRR R PR desuih L By

cont enpl atsgRitioddhd ngiﬂrm@fﬂoﬁﬂlr&ﬁmd lela)stirﬁhg;efapaud:sf(owmgMaaraddm can react

sel ectively on the position. Esters could be forned selectively such as

acet at es &y angd Bwtsuspensipp dap eghardcadbyrsligres dusl ls%‘éﬁmé]smgﬂeémﬁ%ménhydrl de
o box ) Sl Bl RATE @gﬁgﬁﬁcﬂ 1 0% R!s8rAln | pRkAgRath h a free

car boxyl i c aci suc es i1 nc but “ar not to oxal yl ,
mal onyl,  sesudtinpydlurrgivas fitgried. e polld, wias washyd w1thupp’na;1¢s, (43260 all),andebacyl ,

pht hal yI i sopht hal yl , terephthaly], The f car hoxyl i c .aci
i ncreases dpﬁégﬁé?ré’tag?‘?n &qoaﬁgf)izéﬁﬂnﬁﬁ ?aﬁl) 'i?a%*‘lvea?‘é’ @%@Wﬂé?ogdﬁiﬁ& eto
extract t vi a&ﬁﬂogd‘nﬁ&&%%&% d dHcq 70idody. 1aahE> RQNIRUSIRIARE B SRS sodi um

bi car bonat utions osphoram date group is relatively stable in
acidi c madind,HEIcC ghromed s, mmﬂwof?%@%amltfda diasterpotricon raonefi46i Bn(¢lsos uch as,

tetra dr opyr.an 6 | so be used. The term "protecting group” WhICh IS
deriv f °GHY! %/‘kal‘yotgﬁﬁﬁg conpound, " has its plain and ordinary meaning,

i.e., at |east M’&%naﬁfv@'frﬁ&ﬁém Rikeldong kiikGirds Q1 PA ftér dhesingtofrapiy, theeast one
functional group (e.g -OH, -NH 2, etc.) that allows chem cal npdification

of ?t dl eagtsidurewat ¢ve¢vapgqu| witiaflichlosumethmedmitedd e/ gpanst driadi fag24hatips,
ed
el e, bt i B0L LR ) i PRRERN oy S55A rolBh M R g

(4- ”DnOfTEtdﬁ@Wﬂtlﬁérfdﬁbd unadrltmahw@omiﬁom untilithy tesidfalptietiydoxsetitane fielD- y | )
group, |o i xyl (9- henylthloxanthen-

-yl . . .
9- (p- 8 | éﬂ@pp@&ﬁmﬂ@e@ Y headgpags G%%/E?le f%rs'étleg fige R{frwhits teyvite
O O CCH
by - 4 O P e esg oy R R 0, et ng

group conpri si nChaictérezation ofithe miikiucoof i 1ad>mms (é)uéﬂi -NMR (CDCls) 6 10.05 (br

al Kyl ) 201 tehihs. 1085 o3 YHCRFEATP SR e, bl BU37 8B 8 i CeBpoina,

as used hegeiRndid )b EIS 4Qh]) SHMRSS @@ém&ﬂq,swt&rdszﬁoca'-lqom&i)rﬂiéz hat
contains a "protecting group” and that is capable of reactin

conpofd t(kiach65ﬂPhlSn)s 5658r(dt 1Brad- HgRe)aéé)lt(ﬁh HaCél b Re/Sok gﬁér41§3 :
tected., T
R0t ho. ki (ol Sre i B ER 0B Rysn A SR FE R Crr g Jéﬁ)ﬁ%ﬂiﬁ? s

and structgjgg(rﬁomt@'@h@m@pR@MP)}Qrwyl M(mhlz}ﬂahrCHllR@Asp)and Sons Ed.; 1992

pages 351-357) and represents a ich is part of and_ attac to a
substrate nol ecﬁPéQMRr(CquéaH ﬁ%?{?wé%sp Fﬁia%‘i%gt“lll%heéy psobiaieat u&o@r goes a

di spl ace }Sslpnil ;ég%lys @é(éé"otzh Elgﬁlleﬁ%ﬁ&%?mé‘ @Hl%m%@% 'c(jlﬁ):ludfn?% JRAVIRG group

is then di I"'és "0 eavi ng’ groups inclu are not limted
to: hasoges tbh_nd 34 KaBIF,lsIﬁﬂﬁha[lys;s)m dbas5aH]| §.5@ N, BP0, FpB3.58; P, 5.84. Found

%: C, 49.50; H, 5.44; N, 7.85; F, 3.62; P, 6.05.

Discussion on separation of isomers
Compound 4 due to the chirality at phosphorus is comprised of two
30  diastereomers, which are designated as Sp-4 and Rp-4. The stereochemical assignment
was made based on single crystal X-ray analysis of Sp-4. Both Rp-4 andSp-4 gave
crystalline product.

The procedures for crystallization are outlined below.
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tosylate, nesylate, trifiate, acetate, canphorsulfonate, aryloxide, and
aryl oxi de substituted with at |east one el ectron w thdraw ng group (e.g.,
p- ni t r oplwoariwssse2- chl or ophenoxi de, 4-chl or ophenoxi de PCT/US2010/035641
2, 4- di ni trophenoxi de, pentafl uorophenoxide, etc.), etc. The term"electron
wi t hdrawi ng group” is accorded its plain neaning here. Exanpl es of electron
W t hdrawi ng groups include, Hut are not limted to, a hal ogenj - NQOZ2,
-C(O (lower alkyl), -C(O (apytyy -AO Al ower alkyl), -C(O M), etc.
The term"b&ﬂ_&sre ent", db used herein, me@nps a ccBTpound tlhat |i s capabl e
of deproton g a/NygdLoxy oup. Exanpl es dasi g r AL SN nod ude, but
are not i it ed™Nt'd—a (Iowdr, al k) oxi de ( (| ovi&r ENRW‘)‘QV) (N nmbi nati on
with an al C&"Qg)h sol vent; “where (1 ower al k) oRidgg i ncl ude, but are not
limted to, EEOHO"pr® | PrO, 'BuO, AnD- (iso-alyloxide), etc., and
where Mis an al kali tal cation, such as Li+, Na+, K+, etc. A coholic
sol vents include (| o®&? alkyl)OH , such as, for exanpl® MOH, EtOH "PrOH,
"PrOH ' BuOH, AnOH, etc. Non-al koxy bases can al so be used such as sodium
gy_drl de, sElom_qgenefaymlhgm@nsaiflﬂmm;somer-hThnwlﬁ@mawgtaﬁpﬁafr@quoapéne, i t hi um
Iisopro m i I j :
Cesi um carBOMVE: T e B B S bBier S BT R ruld S Bistiahbonat €
al kyl') Mo( halpegandl (364y) ahd didakdiodethheptapsseuntio tloudyr{12eg). The MeliiGh wadeMyBr
"BuMgCd, 'BuMyBr, etc., The term "base" epbraces the term "basic reagent”
and i's neaatdedgng stived Hrgauen iepRaratiee f@éé&blT@eé?S“H%rSB[lgWé‘F CAECEdor ot on
cont ai nin | € : i o0 | es
recited ag) \(}%ﬁ%?ﬂtﬁa&oné&vgsln%flgg oi Rgﬁgg eg?nc )uagg, h%%@a?éo'%g%n%n{)ed to
pyri di ne, nyed Ri3dj ofeverRsthal( vhite neddkosinip p36.2-dBAS,CdHPEChdrdniof fhee, i mi dazol e,
N- net hyl -i m dazol e, pyrazol e pyrazol e, triethyl am ne,

. N- net hyl -
di - i soproﬁ?ﬁ‘%@ﬂ%&ﬁ?ﬂﬂéﬁ’?ﬁ?@d@@% “el ectron withdrawi ng group" is
accor ggd its plaly MBanRICTIG .85 (&s, @h?ﬂ}zm,on.swhbdrl@waﬁﬁnaﬂfc ups

i nclude, but are not Ilimted to, a hal ogen , d, Br, or I), ,

-Tﬁ(o%(l oOWEL.2@I7R$I(n, ?%C(@)Ham;n-arpma@)oﬁ@él( r1FR Iy, 558@5@%%), etc.
e term"co-crys + . kn¢l.yd - lJ.at :?7en4 r-S-4in

conbi nat i oﬁg\/\fsf%t’ igt {jgt mP%hﬁégbfﬁfc@%aﬁ%ﬁfggufiﬁgﬁI@I’ad(?(fe vhbfe salts.

The term "$74 b8, {1,3%.-885 3-0e daerpl-CHEI1E)S1 8D 120qanPeHN4ll CBlRpr i si ng a

cation and an anion, which can produced by the protonation of a

IIO'[ otﬁn-figceptl ng :jmi ﬁty and/ or deprotonation of a proton-donating noiety.

It s e n at_ prot i . rqton-accepting noiety results

inth Léf orﬁ?ﬁl‘?@#‘?%fﬁrgl’_ﬁﬁ llogna?lcraacé'gée}gp{e%éu%’png\fﬁi’ gh the charge i s bal anced by

t he presence ofMethpl)siBitegpraipitaisrofiomwieteshd odepireticnhtiponf bf t he

pr ot on- donat i ng. noi et lts in the f i f .ani oni i i
whi ch 1 he aingopspKkssiBuroRyionte (B s heretl ZpRoRIbGRTat | on. The
phrase pk@ﬁéﬁ?%ﬁﬁtﬂ(ﬁﬁtlo\f tcf}g&fé%xta@tp{iﬁle?ﬁml dichldRaRehae PRI mE 'hs hdded

pharmaceutically acceptab anpl es of pharnmaceutically acceptable salts
i ncl ude, bpHengdiehloatphbspiiateg(d. StroL, §0Lnmmd) af reetditerpanatyze Ihe MigRwRWaM t h
i nor gani i d -

g 20I ¢ &%Iledstos-ij(%la? gnsd then was added a solution of NMI (30.5 mL, 384.3mmol) in 30

mL of dichloromethane over a period of 30 min. After completion of the addition, the

mixture was stirred between -10 and -15°C for 1h. To the above mixture was added
2'-deoxy-2'"-fluoro-2'-C-methyluridine (3) (10g, 38.4mmol) in one lot and the mixture
was stirred below -10°C for 3h and then slowly allowed to warm to 20°C (6h). The
25  mixture was stirred at this temperature over night (15h) and then quenched with 10
mL of methanol. The solvent was evaporated and the residue was re-dissolved in
EtOAc (200 mL). The EtOAc layer was washed with water (100mL), IN HC1 (3x75
mL), 2 % aqueous NaHCO; solution (50 mL) and brine (50mL). The organic layer
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hydrochl oric acid, hydrobromc acid, sulfuric acid, nitric acid, phosphoric
acid, and the like; or forned with organic acids such as glycolic acid,
pyruvi c awoapidmsicdc acid, nmalonic acid, malic acid, nalPerwsacioa3ssfiumari c
acid, tartaric acid, citric acid, 3-(4- hydroxybenzoyl)benzoic acid,

ci nnam ¢ acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,

1, 2- et hanavadidsigll Pweri Na: 860k tepedandreorgatiatede dile resdue vas diedaderdngts ul f oni ¢
acid, 4-c f ani ¢ i - napht hal enesul foni ¢ acid, 4-

t ol uenesu%@Irlu?lg%;czlﬁgsg?gn“%ﬁ%rfg%ﬁf(g%g)(zi acid, lauryl sulfuric acid, gluconic
aci d, gl utam c Taeiabovesfahinoyds dissabied in B3IEANGRDEN £hd thadwhhadded 66 ndr  ( 2)

basic addition salts formed with the conj ugat %&base,s of g,ny of tugg
i nor gani c c4&FT&sonrepyd gthepdo &1vemeatuptsd splation nihg gatuliop yes filtersaihquea o

or ga , neors da
i ch e i & SR of PR AR bt St MY For PR Ml 9 51

or 4. It séopdratube(aboudt@2sE eadtetthattcoaling the fwspensiastot (f Colhd tneitiegivutahe | vy
acceptabl e salts_include solvent addition forns. (.50l yat .crystal forns
(pol ynor pﬁ%‘)d% O@é“B'r HE’G‘Y*B?G@PﬁQ NG %?tﬁ@ds‘é{?@egc?ilﬁl @ﬁc‘%&?@i%‘g‘h‘% t%’he term
“al kyl" T efiRf £580(-R8:14NBxARE BES-PR W aRpOEKNBIdBterBRled bRP yval ent
hydr ocarbon residue containing 1 to 30 carbon atons. The term "Cl-M al kyl "

refers to aawhitd poprdecofihe dlmivegolid wes msperrdsdin 33 ovsof MM endvherredlixett eger
havi ng.t he. fal l.ewi n alues; 2..3, 4 . .13, 14,
15YI 130 1?“%3’&{“69‘“%\\1.%6 “%f%o‘ﬁ]fd t%?otr&t&?’fp&%jﬁur%%{lgglf?edzé?1%?‘1‘}66% ]3'1661 The term

"Cl-4 al kyblid &k @ltsretl Owadhed kil 4. @11t ¢ BDIDCM hiid drichuiddenhigh @a@unTite term
"l ower al kyl" denotes a straight or branched chain hydrocarbon residue

conpri si ngiCte gEeprreYr FRAE O- 10676 oHB e purityn®. (e §3 A be-did? dfBRs to an

al kyl co [ Si: carbon atons. "Cr 10 al kyl" as used herein refers
to an al kyﬁé?:%&r%??nééllgogsa%)'to 10 carbons. Exanpl es of al kyl groups include,

_but arle not bI ![ rﬁlptaeld{-ll;mi[R:(OM%al&?d (bgs,oll}n?\ﬂill);c‘{.érﬂel,dﬂ lﬁ‘ﬁLH), éBﬂj{n,l pr (ﬁpyl I
i propyl, n-butyl, z-bu - bu or pent 0 , heo . hexyl,
hgpt 5?/15 ar?é{agﬁ’c%wn?ﬁ M-%e?-rlf‘%é%lr §é1 Ry arg’ina?%e?'éﬁ@?fﬁ%@yﬁi ggﬁé&te they

al kyl grougg lés-ﬁ&ts.@z]ﬁéétggﬁp@ényl Hhuusd Ry 28NCa ;) of 1 () eHECFa) 3.9 oup

respectively. Th€ ter refers to an unSubstituted hgdrocarbon
chai n r adi(cgBHH&31-6§, 4bH, 2lat@OHIH Q4T Bbbr at BlsalndH)ng 38 6d 3BELCWoHol ef i ni ¢

doubl e bond fer | ef ini bl e bond. The term "C2-N al kenyl "
refers to%@%%&%ﬁ%pf?&ﬁ&%%&ﬁi@r bon atons, where N is an integer
havi ng the fol I\nuhed 2velitsout Fonflerue 4:6F0 4 stirfedsolfonld L-diaginé er m " C2- 10
al kenyl" refers to an al kenyl conprising to 10 carbon atons. The term

" C2- 4 24| kdenpropyl ester kydrechderids (RB:6g) 1%@%@5%}%5020@15’ dricda iR &S oY
Cai 'yl or anbielie EFaRE) if dfibhchine (VL) FalhARA"Y - PTOEM ) eos
ot herw se gpagdithietbphopheatey14.0 nsluH0nml 4t rosm terapdystiid Uflednixheaylas ( Ph) ,
noubst 1 1 aPelsahoHpI andRbsie s ok Bb MHEl Stk SReea el B mor
moi eti es S§l RGh&GAndciANE SPR D ebd 0P %Y nin FARE corfletidn ok AMition, the
25  mixture was stirred between
-10°C and -15°C for 1h. To the above mixture was added 2'-deoxy-2'-fluoro-2'-C-
methyluridine (3) (20g, 76.9mmol) in one lot and the mixture was stirred below -10°C
for 3h and then slowly allowed to warm to 20°C (6h). The mixture was stirred at this
temperature over night (15h) and then quenched with 10 mL of methanol. The
30  solvent was evaporated and the residue was re-dissolved in EtOAc (400 mL). The
EtOAc layer was washed with water (200mL), 1N HCI (3x100 mL), 2 % aqueous
NaHCO; solution (100 mL) and brine (50mL). The organic layer was dried over
Na,SOy, filtered and concentrated. The residue was dried under high vacuum for Zh

to give white foam (43 g). The above foam was dissolved in 86 mL of EtOAc in a
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al kyl am no, arylam no, al koxy, aryloxy, nitro, cyano, sulfonic acid,

sul fate, phosphonic acid, phosphate, and phosphonate, either unprotected,
or protecvedossi3nsgessary, as known to those skilled i nPCmaSarm/03fcor
exanple, as taught in TW Geene and PP.GM Wts, "Protective Goups in
Organic Synthesis," 3rd ed., John Wley & Sons, 1999. The term "aryl oxide,"
as used héweinagk mudd bettes Slagk perippedavigpesicthaniral stetesr IVhile sigies, 100t ed or

unsubsti t uted.phenoxi de ,(:P - | - ph ' - R

napht noxi deL OpPaFaRLHRRESTo v R Bep RGP it ll TR e 4%

unsubst i t uiRdepiifsibaiddBe rebitRe &% lagxih derred With SOIL be2:3HhONciithrade Wi t h one or
nore noieties selected fromanong hydroxyl, F, d, Br, I, -C(O (| ower

al kyl ), - celufions BrdP minjepd shengepanded. sfheyrsdyswas dissd wdenkigh XpRBO aryl oxy,
nitro, <Cyar 4 i cid, sulfate, phosphonic acid, phosphate, and
phosph%a@%%ﬁ%@%ﬁé otected, or protected as necessary, as known to

t hose skill ed iThetabeveafoam Wax dissodwedlie 46 ad. 6IDGM andithdn Was @Glded96 ralnd P. G M

Wits, "Prot ive Groups i ani ¢ Synt.hesis,."” 3rd ed,, John Wl.ey & Sons,
1999 The Otf_iﬁn_w gwsﬁaﬁtﬁﬁtsﬂw% on, d@@ééﬁmﬂamf Ftgré h iR AT BN e bot
sol i d and cidfdtinth tBQMftﬂt@ﬁv'aQE‘tﬁr&fwitHSp-ﬂ%Eéd‘é?oﬁm‘dﬂl@je%ﬂfén%ﬁat&Jéj lthed in the

art will appreciate that an active ingredient can exist in different

pr epar at i ovistechopid mdis fidtered, Washedogily PE (0wé) andidp¢dtorgcokd Pe6i88:13ar anet er s.
The term "excipiept: as  used herein.refers.tosi ound.that .isysed to
pr _epaﬁg a rﬁ’l’fﬁ?ﬁﬁﬁ‘g‘ﬁ?rgéﬁ TesRRshLrlyas qeterpiged @Yggmf’?“’g% &0V K8 ¢ and
nei ther bipbegidialwas sisfen@EDRI Y6 S o MUENI aha thed reAicbdi FOL B ABle @ikGiRI ent s
that are acceptable for veterinary use as well as_human pharmaceutical use.

The term "egsyaopkerlit prom featperaiuegng séredifriloh Rheraitaselll ves Bgiple of either
Sp-4 or | 3p: e %ﬁh9rsv1§1LaAf!cbfqenéﬂﬂyxgaéﬁd@hwﬁgg’oﬁ&uﬂ%&;sgg Wpgey X-ray

powder difTraction or a singlecr -ray chnique. t
"crystal - [39084 piire {Ses (4. 18 g 1 $i6t% dtanothewhidire mckoside). sanpl e of either Sp-4 or

i ?p-4 has crystalline characterj.stigs n_determ ped by one ans, e.g.,
i Sualty or by Wpkpad Sbeh ohIadins AETHITT oSO MRS NERRORGETRaR
crystallinge z{?ﬁé’ﬁlﬁﬁﬁé’rwg? Hgglzlix‘g@g'af gakiErBhRRGuibeAROIRRLIIRANS, €. 9., X-ray

powder diftraction. visually determning the crystallinity of a
sol i d sanpdheorhatographiastemstatsingopith appiroxomately H6lganfi2-denxyd dhiosedpy- ar e

di sclosed in USP <6 d_<776>, .both of which i ed
et or once MANKBRHESLATE Shovergrosd of Mg BOR Rt FLERERIE ) ver

may be cr ygidddeds MBISILLSE! THE S16a diak bRdpordisd torfRye BEGARE). MiHe-sturyst al | i ne
when subjected to other conditions. The term "anorphous” refers to a

si t uatZfon wisestiered vaith 40mE0fi50& BIOAG/hexanesder 45 grin prgythen ffidtered; (Ther
cr Zi;ﬁ‘u}'ngg '%%eé@éﬁé%legiyiﬁhg?d@ TR081 OB 6t bod EIGACABRANL "Bl sifich gl rected to
was then washed with 15% MeOH/DCM (100 mL) and collected separately. The
solvent was evaporated and dried under high vacuum to give 4.0 g of residue (foam).
The residue was dissolved in DCM (6mL) and then was added ~9mL of IPE to make
25  asaturated solution. The mixture was then gently stirred overnight with Sp-4 seeds at
ambient temperature. The white solid was filtered and washed with IPE (5 mL) to
give 1.28 g of product. 3'P NMR revealed that the above product contains 77:23
mixture of Sp-4 : Rp-4 respectively. This was recrystallized from 20 mL of DCM to
obtain 0.75 g of >99% pure Sp-4 (about 12% from the uridine nucleoside). This
30  preparation of Sp-4 does not require the silylation step as done for the mixture, so the
entire reaction procedure is shown above. Aspects of single crystalline and
polymorphic forms of Sp-4 are presented below.
Method 4: 40.0 g of 1:1 mixture of 4 was dissolved in 90 mL of

dichloromethane. Diisopropylether (70 mL) was added to the above solution to give a
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wherein P* represents a chiral phosphorus atom Due to the chiral
phosphorus atom the conpound represented by formula 4 conprises two

di ast er eowensiodssisgnat ed as i ?p-4 and 5p-4. The conpoun@#Crapse@sasiced by
formula 4 can al so be part of a solvate, a hydrate, or a m xed

sol vate/ hydrate. The solvate is designated as 4-nS, while the hydrate is
desi gnat ecatasated spHROn. (Fherquaityofaiibepropyd ethsoimag wary basedaon ths pbyityaof i nt eger

or non-integer .a t from about 0.to,abou a varies_by an integer or
on- i nt eqarOERERD e PP HeS beared sare At fthe Siefit Bk

repr esent ednipy stirddMitita 4tinB8at rdost tefpeiiturd for 0B FormbRoRbf dovidvadse, but have
a certain advantageous anount of adsorbed solvent (S) or water, hi which

case, the ohewued aftr 2k). Jhewalid ag fiierpdrwashedmithih§unL of the migwreokbout 10 wt . %
based gn tf i . 4h [e NI t - or-nul ogonpound
repr esant AR SpARer e RHRTRE T bEPLIREARG Wi QIGIR o 58 %
crystalli e S4By AIMR). Khis slidavasrspéperded iA 83asbdithtrbmdihamdind s directed to
a conpound represented by formula i?p-4:i7?p-4 The conpound represented by
fornul a i Tpluxedder - Jhe paspsarion yes goaled togpem tempgraiusg &nd girreg OfF ed
sol vat ef N Phe LA wRIMNELA dnd WIRALGAA IR DrRBIrDEMETHIRbPwhe hydrat e

as <Sp-4- O I

i s designat ere S1s a lattice solvent, n varies by an
i nt eger ordriedmndertvagerm anpiva Sp-#r(d3nl ahHULS & purabydiPIZ)arld gwf tas sadsl by an

opr 3Bt ctaiRYRaa SR o4 BFNY At bt cePaine o BT W ap e o1 i wed
sol vat e/ hygs@atiempiurd 8GR o @id RinpeRtita Bl @ILaH STRIRYALILAE prRASaPRd sol vent
(S), water, or both S and water hi which case, the amount of S or water can

vary fromfdtzoed anduiriedds giyedBug ofl §-d9NadedIHCY- he wei ght of the conpound

represented by £ ornul 4. . The co ngd- repr ed. f | a..Rp-4 and
its solvates an Wd‘l’@? %4 %%}E'ofm?gﬁ%%@ag Vzest]S'I F?PE?P%?‘@% %CP ﬁ%l'aﬁ% ‘Q%Ep

anmor phous .thénintl &t te REModBhent 8 reatdgchuclzbadé (Peotected otlimpeoteadd)t
crystalline Rp-4. A second aspect of the, second enbddi ment is directed to
cryst Pl i rvetirgn isoprapylirajanykwboshorasidae (mbure of Gandfp &1 or §)@s showyn g o
11.6, 17. 0, X 4, and 26.2. A third aspect of the second
enbodi man'?niﬂgef ﬁ?‘g%ée u?%olhé crystalline Rp-4 having XRPD 20-reflections ()
at about: 6.6, 7.1, 9.0, 119, 11.6, 12.0, 16.0, 17.9, 19.6, 20.7, 21.0,
21.7, 21.9, 22.2, 23.1, 24, 4.4, 26+k 243, 2% 7Sp-and-28.2. A fourth
aspect of the second enbodjne is directed to crystalline Rp-4 having an
XRPD di ffraction pattgrnos Qs%%@ti ally gs that shownsia Fig. 2. Afifth
aspect of the secomnd” enpodinment is directed to Rp-4 having the follow ng
FT-IR peaks (cm 1) : 1742771713, 1679, 60, 1377, 1259, 1157, and 1079. A

si xth aspect of the sé@ondFenmbodi nent is directed toRF\jQ-4 having an FT-IR
spectrum substantially as that shown in i g. 15. A seVenth aspect of the

second embodi nent is directed to substantially pure RP-4.

P.D. Howes et al. Nucleosides, Nucleotides & Nucleic Acids 2003, Vol. 22,
20  Nos. 5-8, pp. 687-689 ("Howes") discloses 2'- and 5'-phosphoramidates obtained by a
reaction with t-butylmagnesium chloride. There, Howes discloses that when a 3'-
déoxy-cytidine nucleoside is reacted with (S)-2-[chloro-phenoxy-phosphorylamino]
propionic acid methyl ester in the presence of 1.2 equivalents of t-butylmagnesium
chloride, selective phosphorylation on the 2'-position occurred, but that with an
25  additional equivalent of t-butylmagnesium chloride selective phosphorylation on the
5'-position occurred. This disclosure should be contrasted to that which is disclosed

in Scheme 1.
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An ei ghth aspect of the second enbodinment is directed to substantially pure
crystalline Rp-4. A ninth aspect of the second enbodinent is directed to
subst ant iDI2910p3sB9anor phous Rp-4. A third enbodi nent i gCaiuseehmssedd a
conmpound represented by fornula Sp-4: S -4 The conpound represented by
formul a 5p-4 can also be part of a solvate, a hydrate, or a m xed

sol vat e/ hyEkample 53lhPrephration of(Sied(4nidrephenoxgpphenaxy- while the hydrate

| nt eger omniepsrPe BRI e dhou 3 and mvaries in an
i nt eger or noni nteger anmount from about Gto about 5. Finally, the conpound

represented by fornula Sp-4 mght not exist as a salvate or hydrate, but

have a certain _adyghtagepus:amount efonagdxosdeds ol vent {S) cor water. In

whi ch case, t hr?iﬂﬁ%ﬁ;g/ Q. W@t eF—ean—vary-frem a NOBt-0—%0 t p-—rbout 10
wt . % based, grtie Wi ght thé& conpound represented by fobmul &%p-4. The
conpoupd réepresented by fornula Sp-4 and its sol vates and hydrates thereof
is cryStalline, crystal-Ilike, or anorphous. A first aspect of the third
enbodi mentTd s stitredesohedntod 4atirsplahlyl ptosiBpodichlaridate dA@gaSpmotoloim t he t hird

The Tol | oisiioetae) 00TaPy B aidedd sohfioh g Pherohend Gelpy e .7 s 154 "
and b ~ 92%0amqf i%x{&idhfbr&%@ﬁﬁﬁe QOoHHE) dtb79d SRPRPEMRNGS J08nifli TIRGhBEEO a

monoclinic crystialline Sp-4, preferably having the follow ng unit cell
par anet er swas stin20 a0thistemperatige i@ 38mip and then Gengerredhie dpothen nomngd Yottgms ourt h

aspect, of the third dinment is.directed.to. acddnicherystalline
5p-4, Pr ef%ﬁgﬁwta eﬂ‘g?aﬂ“ﬁ‘é} R PRACH G _ ?"hi%ﬂ% @2? ’rréedtng{rlgl) g‘{~ 12.83 A, b ~
6.15 A C dicHidrdBtihne @100 ALYyt CT S0 e hikiube @apatied sécohd @ottivnrod enbodi ment
is directed to a nonoclinic crystalline Sp- 4%15[1);ef erably havi ng t he

O .

fol | owi ng tomthylasing (9« el @F Bimpl)-ovep ageri ig. The mixtgre wasgliped A and b

~ 96.40. A si t i i i i talli
Sp-4 havi S ebes DL Aot 8 ABRHo e ik kRl Ayerya 31 ne
22.2. A seakyltaddetaes0 mdf) ahd ehetwhitecsobitvwedifiiterdd dff T fidtcatesdvaso a crystal |l i ne
Sp-4 having XRPD 20-reflections () at. about: 5.0, 3, 9.4, and 18.1. An

ei ght H3as ﬁ‘@@?er&atftdﬁéldﬁﬁefiﬂceé‘%%ﬁ%ﬂtg“ieé’ yedlopeRjl 5@6 ryde comRPYRdhe Sp- 4
having XRR asz&i‘&ﬁ];ﬂgg%gh%fil{% 0-2bvaRtacetdtethexfhed grilidht tol Siv8 prodlleS, 24. 7,

and 26. 1. ni nt ct of the third enbodiment is directed to a
crystal | i n@78m834%yeld)ng aXRRDre of diefterecmpersns apjutdtl mbout P NBVIR (1028, 19. 7,

20.6, and 6 i nrh ct, af: i ' t . g to a
20,8 i e opnBl o 228Eh 0! i RMRURN LI he 3y Eer B L 3
20. 6, 20. 92_H)6,‘”ﬂ.51?-4.-39(m;°4}11)‘??IZh-ﬁﬁQ(ﬁﬁBH?,fdwlS.GBbh,rH{)'?med@.mm, 155, 397-ected to
a crystalline Sp-4 havi n% XRPD 20-reflections g) at about: 5.2, .6.6, 7.1,
15. 7, 209. 13.86(my 12B, H21-1.19(m, 3H), 1.11-1.09 (m, 6H); MS (ESI) m/z 407 (M-1)". ~'P

NMR (162 MHz, CDCl3): 6 -2.05, -2.10; '"H NMR (400 MHz, CDCL): 6 8.22 (d,]

= 9.2Hz, 2H), 7.41-7.33(m, 4H), 7.26-7.18(m, 3H), 5.05-4.96(m, 1H), 4.14-4.05(m,

1H), 3.93-3.88(m, 1H), 1.38(d, J = 6.8Hz, 3H), 1.22 (dd, J = 6.2 & 3.0Hz, 6H); MS

(ESI) m/z 407 (M-1)+.

25
Example 5-2. Preparation of Sp-4/Rp-4.
‘BuMgCl, THF

3 + mixture of C and C' (~1:1) > Sp-4 + Rp4
: RT, 48h

~3 ~1
To a stirred solution of 1-((2R,3R,4R,5R)-3-Fluoro-4-hydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-pyrimidine-2,4-dione (130mg,
30  0.5mmol) in dry THF (1.5mL) was added a 1.0M solution of tert-butylmagnesium
chloride (1.05mL, 1.05mmol, 2.1 equiv)) at room temperature over a period of Smin.
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An el eventh aspect of the third enbodinent is directed to crystalline Sp-4
havi ng an XRPD diffraction pattern substantially as that shown in any one
of Fig. 3voBbw/138369Fig. 5, Fig. 6, Fig. 7, and Fig. 8. RChuskémwh3mspect of
the third enbodinment is directed to Sp-4 having the follow ng FT-IR peaks
(cm 1) at about: 1743, 1713, 1688, 1454, 1378, 1208, and 1082. A thirteenth
aspect of Aftee30min, d SehttignlDﬁéﬁ”)ﬂ-[(é-wq-éb@@ay}@h@ﬁxwph&iﬁhﬁ@daaWnF}l'I R spect rum

substantially as t.hat sho i N, Fi Q. : t the third
enbodi msnprqpioraf Pe fsgarquy\gsﬁ?ggtl an leggr F?ﬁﬁéﬁgssggg}t}lg&%ﬁq@? Eenellrﬁlﬁ aspect of
the third(esRoywieatdddsdreh-kasd @dr b persethof sini The miytureevasraistvad td stz Sp-4. A
si xteenth aspect of the third enbodinent is directed to sgﬁsﬂ{; ntially pure
anor phous a&jpom teppserge foxdtdhand thegquspched yth fagirate agieoRs gi nment is
directed i bl : e Of any of
the vi s ol (EHE SRS Rk BhrthiSfed BARLITHb BRSLRISOREN I BE, B ™07 r 2
agent s i n¢20mE). Thak;ombmedotgahicrﬂm?ct was. dried parer arihyd©uy sediem shdpiatitis B
virus, Hepatitis A virus, West N le virus el low fever virus, dengue
virus, rhitisiadrand copespfrgted i“f“a%r,re‘%ﬂ?\?ii RESSYHTP &Ygla? 3??1‘?@'5%?"?&%&“3 apanese

encephal i {da3uth thidmaferifh9T the febidfSudifd 0291 MO dichRréthatate @hdient
Pestiviruses, hepacivirusés, or flavaviruses. An as&ect of this enbodi nent

i s direct edve owhite dogpasialiddih2rog, 47 e yiekd aixtwrr ofofe-d{Ry-4on 2boit 34X kP agent s
di scl gsed %er ein said conmposition conprising a pharnaceutically acceptable
medi untself bot)ed from anong an excipient, carrier, diluent, and equival ent
medi um and any of conpounds 4, i?p-4, or 5p-4, that is intended to include
its hydrates, solvates, and any crystalline forns of any of conpounds 4,

i ?2p- 4, or Eysmple6. Preparation aad nencrhyematagraphigdsalyfon )-8dﬁ§o@§ds 4,

i ?p-4, or sSp- i : : ' ' fety of oral
adm ni st rg&@ﬁ%gﬁ?@%ﬁ*e& rg}g'%glﬁ%m&g&%?ém&%gﬁﬂghﬁdﬁ?@fr%l%kcan be in the
formof tablets, caate bLets, hard and soft gel aﬁ/n eapgul es, sol utions,
emul si ons, sy P\ibFl+sug ensi ons. THREOBERMPOGMdS 4, 02 :%—9961@66

ef fi caci ous whep adii ni st ed™Y'supposi tory adm ni st flat ifor,, afong ot her
routes of %ninistration. The nost conveni ent nmanner of admnistration is
generdPly oral using a convenient daily dosing regi nen which can be

adj usted accordi_ : i i 5 rdakil cS&
response to t h(ca;‘E g%f‘fn\g} ilgrdgfoﬁggﬁéﬂa%%%m% (g%(?r%’gltsj%gﬂag ,vp%gf.f’p‘h, b_(glr%] Sp- 4

t oget her wivhporatien with nalnened@nvattmbaidee rediupédepressurecandrthen driedop adi | uent s,

may be placed into formo rimpceut.i cal ¢ ositi.ons and it

fovages, THEuBRANRELIE] RamBBenbLRn ToRstea soliT SRl eRls raybe

conpri sed &gx_ F@%H&Eﬁlbﬁ@a’%& (3000 £di B3t Hol) th SHPdRs dhddroRe®dpes (L0DE, W th or
Itio

W t hout a nal active conpounds and the unit dosage fornms may contain
20  was added a solution of phenol (183.8 g, 1.953 mol) and triethylamine (300 mL, 2.15

mol) in dichloromethane (900 mL) at -60°C internal temperature over a period of 3
hours. The mixture was stirred at this temperature for additional 30 min and then
allowed to warm up to -5°C over 2.5 hours. The pre-dried amino acid ester was added
at -5~0°C under an atmosphere of nitrogen over 10 mins. The residue of aminoester
‘25  salt in the addition flask was transferred to the reaction mixture via rinsing with |
dichloromethane (2 x 100 mL). The mixture was stirred at 0°C for 40 mins and a
second portion of triethylamine (571 mL, 4.10 mol) was added over a period of 40
mins at 0°C. The mixture was stirred at 0~10°C for 3 h and then the white solid
(triethylamine hydrochloride) was filtered off and rinsed with dichloromethane (Bx
30 300 mL). The filtrate was concentrated under reduced pressure and the residue was

triturated with methyl t-butyl ether (MTBE, 4 L). The additional solid salt thus
formed was filtered off and rinsed with MTBE (3 x 150 mL). The filtrate was
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any suitable effective anount of the active ingredient coomensurate with
the intended daily dosage range to b e enployed. The pharmaceuti cal

conposi t iwoe0maEsise enpl oyed as solids, such as tabl et sPor/useétosssesapsul es,
sem sol i ds, powders, sustained release formulations, or |iquids such as
suspensi ons, enulsions, or filled capsules for oral use; or in the form of
supposi t orprsentraed peder agduged pregiuRalo sivmelpardighhbiogm colorioph Thgresiugpar at i on

will contain from L) t i %@g 0 unds (w w).

The corrpouwﬁfﬁlgo 3}'333%%&'3?%%815?%% 1%83{;@3%%%{&6?@83 a o}lfe?/hi)utgg\[}\npll

gener al | y filptier aded midet @a@@nd 4t 4000ifot Lh@urni The dnyeedduanwaemixei vathl e

phar maceuti cal excipients, diluents or carriers sel egé d-S\é\'j&ﬁlh regard to the
[

i nt ended BsAPEORI cRET{IREST1 40 2B stimed &dafkd®rad PRl ALt i ce.
Solid for g}; PLERALAkL ORfie hggﬁ%ﬁ%gdisofxﬁr_ogﬁﬁfml)&ct RAVEEI 10 F}fé@oﬁ&ﬁn_aﬁ&' s,

capsul es, uB’p05| tories, I spersible granules. A solid carrier may be
one or notle it ams strredatcyI Cnfiay oedr 8 hato tforas a dicdiventhick slimy.ofhisgvaagent s,

sol ubi lizers, lubricants, suspendi ent.s, bi.nder reservatives, tabl et
di si ntegr &_{I?WBA togddn agﬁe_eé?féh@agé ?ﬂqé”? :%nglt hﬁé’f%‘i‘ﬁ’l_ ij E.’dsl?rﬁ B'f)c_gv\vﬁé r Sf‘é‘%(%dz carrier
gener al |y viSidafibgld/rislied vABbre Rbbidd Wik édsolends STIRE Whe hskdnbs {INE, 3+ nel y
di vided active conponent hi tablets, the active conponent generally is

m xed wi t A90 hd.)c dheiselid Wayilned wivdsr newas@rSympl He) #@mbigd é3nERerdties ui t abl e
proportions.and ¢ act in_.the a ' e5¢ ) hWtabl e carriers
i ncl u&é blﬁ‘fltlgaf %OIW%PNPYVF@E‘QES ?lgalﬁlﬁgﬂoegl?%?n@g%t?géﬁg é?g'?-ra(’ r?%gw&{rlnést earat e,

talc, suggbwdb@eli@SEhe RE6F Bro dR¥feomersSpaROMas PY65/abased dnrRybidaRt h,
met hyl cel ['ul ose, sodi um car boxagnet h%l cellulose, a low nelti %g wax, cocoa
i

butter, afib2Méia DMSOTe!d @30t pt-&Par'deivs C_ﬁgfs esheiized v addi tion to
the activ s%glqﬂlg\ﬁ'ﬁ)li g@fd d&lig%ﬁe hgz{tﬁl\ﬁ{@’@% Bhh| TRESOve RYufi6H Sras ar tifici al
and natural ™ sweet eners, dispersants, “thickeners, solubilizing agents, and
the |ike. sftadpl resmatmpeaiute farriruirat thems smakk ameentifickyséad SprsoBRrG&24579; US

2002/ 0142050; US 2004/ 0224917:. US 2005/.0048116: US 2005/ 0058710: LS
2006/ 3534 9wps-addesl. 2W36? pesgagslid yas FOT@%%%’P“@§“§8‘6‘7‘§‘%§%%@?%?‘“BS
20077005936 %gegﬁﬁ g-%a'é%? 18 WursUA vl ARPROEZstalliRe 2O0RBHKIRRERA8s US

6, 267, 985: 4,192; US 6, 383,471; US 6,395, 300; US 6,569, 463; US
6, 635, 278:filldBd wadedseigh preloeledd IBEY3850 wd.) end dricd gader yacupnpRMPGU; and US

7,462, 608, each which is in por at [ . bbh&ul -yl ati ons
al so are st F’é‘%ﬁg foot CO&\S?PP‘A’GW%{OS%IY%WFJ%%H?{% ?@?eﬁr}?gﬁ gh?’g‘}‘%ﬁl%%n

i ncl udi ng BaYbSHRAS] yiSMIBABSH othielietisal afld afithe Sh $sopiespeil dassreotifeeise i ncl ude
solid formpreparations which are intended to be converted to liquid form

pr epa2fit i ongo sht/l bysefeondt-BMBe MiER&APIes of Iiquid fornulation are
exerpl {1 ed | 4h SB35 ekl oaR P8, 9782 Su8BT oY 81Ky ALD-467

Ermul si ons may be red 1n’so or’ exanp I n agueous propyl ene
gl ycol solgig BOuSR7qn, T8y, 0aA0(diIas 8Hu) 2), Vidigl . 3henE)sU2Rh7d9 (nedHphi n,

i sper o ngp 601l 1ici i Ha L5 44048 Campherd -+ A6 e B R scous
mat eri al , Js_Ja}%Z?§H5|,ait_w(a’I J=%(4}§Z}’/@HI5|;et i C guns, resins,
25 31p NMR (162 MHz, CDCly): 5 -2.05; (162 MHz, DMSO-d6): 6 -0.31; 'H
NMR (400 MHz, CDCL): & 8.22 (d, J=9.2Hz, 2H), 7.41-7.33(m, 4H), 7.26-7.18(m,
3H), 5.05-4.96(m, 1H), 4.14-4.05(m, 1H), 3.93-3.88(m, 1H), 1.38(d, J=6.8Hz, 3H),
1.22 (dd, J=6.2 & 3.0Hz, 6H); 'H NMR (400 MHz, DMSO-d6): 6 8.30-8.27 (m, 2H),
7.49(d, J=8.8Hz, 2H), 7.41-7.37(m, 2H), 7.23-7.19 (m, 3H), 6.66 (dd, ]=13.6, 10.0Hz,
30 1H), 4.86-4.78 (m, 1H), 3.97-3.86 (m, 1H), 1.19 (d, J=7.2Hz, 3H), 1.10(d, ]=6.4Hz,
6H)
MS (ESI) m/z 407 (M-1)".
The stereochemistry of 8 (Sp-isomer) has been confirmed by single crystal X-

ray crystallography, see details provided below.
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met hyl cel | ul ose, sodi um car boxynet hyl cel | ul ose, and ot her well known
suspendi ng agents. The conpounds 4, i?p-4, or S -4 may be i ndependently

f or mul at ewlof20t0/@&8¥6PNi strati on as suppositories. A | ow nmeCriusgomamzse4such as
a mxture of fatty acid glycerides or cocoa butter is first nelted and the
active conponent is dispersed honbgeneously, for exanple, by stirring. The
mol t en hokxgmploTsSenaration of thetdiastexsometi¢ mixwedﬁ)r@dr(gzemo-ﬁ oNAXYhrol ds,

al l owed to,cool, .and to.solidify.. The | 2 , or Sp-4 may be

i ndependeRBFROXYRIASPRPY Jia'?'{?ro?\%é?lﬁ%‘ agmﬂgnﬁ? @Wg?sﬁ%rnﬁy ggésari es, tanpons,
creams, gels, pashfle of thaffixife SPtiayGeanats 84.8ighghrichad ckithi the\ Rp-Gsohfee acti ve

i ngredi ent such carriers as are _known in the art to b e %fp%ﬁ‘e%ate.
Certain otwasRexectedioiGusinga CGhirplPak ADHk(254 8 am) Folupy andctyt th a condom

W th of W?B%%E&pr%a?rﬁﬂn@a%&q%adioﬁgg Qttl'Oé)%ﬁ.t ARG Ll ahs 8P8 ndl NG Wi th
pharmaCeuti cal ‘carriers, diluents and excipients are scribed in
Reni ngt onsanhple abs cenestrativh dridahg/ed. of mEtharaiway uddid FThe Eetisoatbr Pfp)2- W

Martin, Mack Publishing Conpany,  19th e[\diti n, Easton,.Pennsyl ia, which
i s her eby [(Sd8rpEe-arenexpyp %Pé%‘é’ﬁ@%’. 0 gxmnpfg@p;og}ml%{st%léSée i st may
modi fy thephof il ﬁ)}}ﬁ%&rﬂixm fadifdgs beAE Riulgsie Ainsti@e sRBBIntd @l i on to

provi de nunerous ons for a particular route of adm nistration
wi t hout r ednoleentragd codgrosduced pesowataging 3§ g dithe Brpwoured $(SOnBirfd-at ed herein

unstable or,_conprom sing their. therapeutic. activity, I.+.1onal t he
purifited @&m)—aﬁ%§%P,Sheﬁﬁxzr?ﬁ%sfphsla/?%mﬁstpfeewflﬁ&éb%lﬁ%%ﬁﬁ?%%% by '
conj unct i GRpWy iAkchhPRBAES @lofMAES s6i5er [£8)-2-N(S)(Pasesvplianoky)-pisencopt enpl at ed
that the purified conpounds can b e formulated jn a manner as disclosed in

U.S. Pat ephostborylamingypremnicaqd sopmpy! estaglzas awhite soligy Anglyticalglatppf 930,
5,192,549;_ 5, 213,.804:. 2 : ; X - 80;
5. 549, 910;RP5‘?%%?,1§¢§H?13§T°7§‘%? %@‘?t é"%@@é@e a@’,"é%&%%’;angf‘ g%’?‘foges;
S5 G i i L sty sy |

1 1 s 870, 6. 1 . 1 . . ) an
7. 0701801 PrepiomicacidisopFonyd estgE: B Forisanasd) 1oyP %E@%ﬁ?{z@%'ﬁéﬂ es, it
is conte . t e edq 60 r e 7 1Bk ahegi), N 23- manner
as di scl g@éﬁ’?ﬁ%“?’@%ﬁ# Dlatggéd%alggggggj@aﬁ%mgbbglﬂg @Eot h) of which are
i ncor por at72 Gy, 3Hf 668 Gdd J=Ths, 0.2 1EH686-dsHTt(n, dH)i 3-8¢88¢ (e 1H).use of any

of conpounds 4, -4, <Sp-4 in e actu f a i.cament for the
treat ment of0 %\}Bg%ﬁﬁig’(ﬁ)ohﬁ;@é’ k%%%hzﬁ%%ﬁ]%@f% 69‘?@\({51%@% of the
following viral agents: hepatitis C virus, West N le virus, yellow fever

ViTUS 5o0eGHE i 4Sy. BRIIPYGHSE raROhi 2 Yuleiforol ARADL) . Pachotys Us, bovine
viral “diarrhea virus a apanese encephalitis virus.” The term "nedi canent
means a syjinisphaglaming] progiomietacistisopropykestersfd: and/ or prophyl axis of a
subj ect in need thereof, erein the substance i ncl , but is not limted

to, a conpositjomn, faqforyful ation, arsesegentarmrcand i hel |ike, cesprising
P71 2p-@, _+ H—i-s—contenpbat ed’ - " :
any of corrpoj®/4,él|2p Q,On/orN}gH@]. te ngﬁén}\ll Phe @ £1 any

of a OPh

To a stirred solution of 4-chloro-phenyl phoshorodichloridate (2.45g, 10.0

25  mmol) in dichloromethane (20 mL) was added a solution of phenol (0.94 g, 10 mmol)
and triethylamine (1.56 mL, 11 mmol) in dichloromethane (20mL) at -78°C over a
period of 20 min. The mixture was stirred at this temperature for 30min and then
transferred to another round bottom flask containing L-alanine isopropyl ester
hydrochloride (1.67 g, 10 mmol) in dichloromethane (50 mL) at 0°C. To the mixture

30  was added second lot of triethylamine (2.92 mL, 21 mmol) over a period of 15min.
The mixture was stirred at 0°C for 1h and then the solvent was evaporated. The
residue was triturated with ethyl acetate (30mL) and the white solid was filtered off.

The filtrate was concentrated under reduced pressure to give pale yellow oil. The
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conpounds 4, i7?p-4, or <Sp-4 in the manufacture of a medicanent, for the
treatnent of any of the antiviral conditions disclosed herein, either alone
or in comiDratw/Bsseni t hanot her conpound di scl osed her ei nPCAVUSRUO3FRNT
includes, but is not limted to, any one of the conpositions contenplated
by the fourth enbodi ment di scl osed herein. A sixth enbodinent is directed
to a net hethdefcompenndrens cmmwgr@h@bhvnakﬁ)éo%rﬁﬂayl%ﬁ]&@dlest geedleent her eof

said nethod conpris ] he tica o anpunt of
any of co?‘r‘bg’d g’g AA“’?@E&O)& E@ gtn(l)lxﬁuﬁ ta(ﬁ?)slﬁerg?myftn?gsou?rfrtle\éﬁed?hat a
subj ect ITNMRGQGRMHQOKEDC%)WEI 5fha1 6QJ&"HNMRQ41]IHMI-IZ)ED(DE) 6e7506-1.50f an
infection by a ts disclosed herein, which includes, but

is not Ii meﬂ),ﬂow Vré%é@r gﬂ)s 7@9\77 ﬂa@n %s‘f‘ 01 1%1“441?1%@ 827888 & #ber virus,
degue yir I kNS ; I P S HS vi ral

diarr héa \L/irsjrsu{sagrr(‘(?dj 6%%&201%23 n}rgh% i M{&ﬁ? i §?$\g}//ﬂr f| gfeé\égl?@ttjses or
pesti vi r upesduat 1shmpﬁed by emammn,rcrystwlllzaionagmnomatugnapgy say mptedboexui val ent
or conparable to any of the above-listed viruses. The term "subject” neans
a mammal , which includes, but is not limted to, cattle, pigs, sheep,

chi cken, tgy f Foiy1 2- @RS R, AHEER)-532 - Do REISH-

preferabl y t gS%Jelf:lt%brgrsada a‘{fga) %P If}g c(g%rgerrp | at e?:l that in the nethod of
treati ng ahhyxh]opyumldinet(éﬂb-yb)f-4-ﬂhermBrltyIdrevaédnetbmetcmdyeleny-Zof t he

conpo ted rein, . either one or, i.n conbi nati on with anot her
corrpotm ?E%tﬁggya&ﬁ’rfpﬁ Iﬁ’i“ﬁgh?ré'ﬁifﬂ“"toﬁ‘errogﬁgﬁ?t%@rly effective amount” as
used herei n meafns, aircABHIKon o€ YL{TR SR UR, SEOMLE 105 ATy Tk y - the di sease in
an individual. The dose will be adj usted to the individual %&rements in

each part |1Wdrceswm§§'é3-ﬂr¢thyl t@@dagieow@ann@a)rlg;lﬁmwdwe@& Hione 1(% gendi ng
f ted,
the age arid e ARRTAR R0 BT WAF AR L7 Seiub O ot ARl |08 %0

whi ch t he chidrident2. nsnmermgmbr edt @ghiv)) Areroomutmpaniird ovema@briadiof 1 sfm.at i on
and the preferences and experience_of the nedical )TBr actitioner involved.

For ordl  M§rH0gning F@Htlorhoﬁéi’?%’/w(f%‘é(ﬁ‘g@‘lelfo'%?%é‘é‘ BHMI- 0. 001 and about 10
g, i ncludi 0075,
0.01, O. oz‘gﬂ’ @ﬁ%rgsﬁhfggg%‘{b’ Ei%%riiz‘% f’gl %E%'%%Q% MQ%%TQFE{@%L% 0. 75,
1, 1.5, 2,wa.dddeBdrod.vse d\{erd pEnocSpf B0Bin. Ghe iBureAyasallowed fo girsit rédm and 9. 5,

£ s SIS SRS .
i ncl udi ng Rkired HOUETRAY ?Am\éalcuegmeﬁ t@tr{%lstecruﬁ%n@leosﬂ& ng) in between,

preferred daily dosage about 0.01 and about 8 g per day, nore pr ef er ably
about 20. 01 and about 0.6 g per day, and nost preferably about 0.01 and

.01 g i n vges T ARG of DS AfCRR Mokl BRIRLE 0T T o

"| oadi ng Cigﬁﬁphbgrulﬂmoqibyolﬁeﬁiid%umsoﬂdpm eadrgs).he virus following by a
decreasing the dose to a level sufficient toprevent resurgence of t he
infection. Gne ofo ord\qafy skill i prbedN, ﬁgMd_thases escrr bgd Kerein will

be able, wtRg Hue lexperi mentation and in reI,Lanca) no
experi enc @- t decIErftTrI‘éhH@f this application, gAﬁ

t herapeutically effective anount of the conpound di scl o&d heP%*I n for a
gi ven di sease and patient.

25 To a stirred solution of 2-chloro-phenyl phoshorodichloridate (9.8 g, 40 mmol)
in dichloromethane (80 mL) was added a solution of phenol (3.76 g, 40 mmol) and
triethylamine (6.16 mL, 44 mmol) in dichloromethane (80 mL) at -78°C over a period
of 20 min. The mixture was stirred at this temperature for 30 min and then transferred
to another round bottom flask containing L-alanine isopropyl ester hydrochloride (6.7

30 g, 40 mmol) in dichloromethane (150 mL) at 0°C. To the mixture was added second
portion of triethylamine (11.6 mL, 84 mmol) over a period of 15 min. The mixture

was stirred at 0°C for 1h and then the solvent was evaporated. The residue was
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Therapeutic efficacy can be ascertained fromtests of liver function
including, but not limted to protein |levels such as serumproteins (e.g.,
al bum n, wbantowngssbact ors, al kal i ne phosphat ase, am not PamafSeria®sew4( e. g. ,

al ani ne transam nase, aspartate transam nase), 5'-nucl eosidase,

g-gl utam nyl transpepti dase, etc.), synthesis of bilirubin, synthesis of

chol est er ofituratediwgl ethybadesatof100inLd and theswhite dollid evas fdteradaifl. cTHeuftlgreicon,

i ncludi ng, but not |im éed %o, car boh¥dr.at e 1I’T'Etﬁb0| ils@ @r%go acid and
ammoni a mIA5ERsLHpiedupdF TEYCGA PIFSTRE 19 BEY RS TEIYY o't 645 Vehess may be

moni t or ed cBpBRABPWES SForiR¥zhed ddits (@309 Bhydfacdtiesex4r@s kadint to givé ow t he
dose to be optimzed. A first aspect of the sixth enbodinent ,js directed to

a met hod @roduckdilent2 npicksh app spriyresd dastereemers by dhout i AR d B NMRof said
nmet hod_.co j ol ldon 1 'N’l\ﬁ%' i i 6ahly, effective
armuntsof @gic@b%ﬁgbggﬁ'gsggh%é@?by any E‘TO%g%}rrl%béﬁﬂ;Sisﬁw %pggl %ﬁf Sp-4 and a
t her apeut isgp| §.92-&tde@d,i 149, Anddrio(maf 118y 6t31e3.94(nt, 1)) bl 8-4g6Gh, 3KhéB8+ n t he
adm nistration is_concurrent or il tern S unders.%gggyt hat the tine

ative. It
bet ween allt4d (et $F5 MAKEID e 298dN-Ehn Tﬁ’ﬁﬁ@%‘“ﬁ@tﬂﬁ%ﬁt 1 DY s, which
i ncl udes E»@Q@ b | i , 4, 5, 6, 7, 8, 9, 10,
11, 12, 1%;2%_%%%1 , %Zh%p%%}éﬁg%sto%g%ﬂ%%%oﬁ%abgm 23 hours. Exanpl es of
"anot her antiviral agent” include, but are not limted to: HCV NS3 protease

20036456 LoD ST a8 ISR HDIBCBES el Tibadosa0, o
007102 iny R FIRRIAIE AR U AT A9 Bro IO AT AN A WAL 014026, O

2007015824, 08010921, "and WO 2008010921); HCV NS5B Inhibitors (see US
200422984 y)nushox)§ilsn05y- phssphooyrlaggnopropmmoatrn 60194749, US 20060241064,

US 20060293306, US 2006040890 , C 964, US 2007275947,
US 6784166, usﬁb%%éﬁgﬁé‘%%fig@%gg%%%@gﬁéw 2003010141, WO
200303789 %ydvfR SrAéiDly]- M@ RRN4-GRaB 38y1) D-RAIMIARR O dionO (206902944, WO

2004002977, WD 2004003138, WD 2004041201, WO 20_04og5367, WO 2004096210, WO
200502$568.0 napodgosnoEHE50 wipoees pddeshy 1. 7\ solyien e ireb Ut ipagesEt® 0082, WO

2006065335 2 , 42, WO
2007039145;1,}11%%8%38@%8%%%2218%@8@3%@%@%@%ﬁ@%g ,p@gﬁgg%%ogszeg) :
HCV NS4 | nkitdri 300min, & semtitiDo2QoK2-6ERO6-phetoxy) HR0FQ7pbodphor HamiNgs a

I nhibitors (see US 20062765 11, WD 2006035 1 0 10 2006
12025 1, &rﬁpwyl?eﬂéimwﬁ;“‘%KﬁaPTmWé-‘?g%g‘gt%@oﬁg%ﬁ?@f@}‘ngév W‘Yég
20070939013, R4 &iehsgeﬁ&mfbiMmﬁ&mﬁ@ﬁ@%@%&aﬁsﬁrwo&ﬁps101993, WO
2004009020, \3/\0 2004014313, WO 2004014852, and WO 2004035571); and conpounds
di scl @9ed tempttagire Raxt7@ht TG sbispelt with angbenticyrodst shovediaround QeI the 2008
(US 2010/ 0016251 the .contents of i,.ch. ar.e | rated by reference),
interfer on‘?esg‘?‘?l)‘??fié?tfm@flg?ﬁ?ﬁ%}qoni?gbegﬁgtmeecf t?ﬁﬁ%wéei%%ﬁ& ribavirin,

| evovirin, viram dine, another nucl eosi de HCV pol ynerase

Example 10-1. Preparation of racemic 2-[(2,3,4,5,6-pentafluoro-phenoxy)-

phenoxy-phosphorylamino] propionic acid isopropyl ester ().

F . F.F
0q Y : PhOH, Et;N, DCM, -78 °C hd o0
F O\III,/CI 5 : 3 0O 1t
LT NH, HCI > Y NP0 F
F F 0 FOF

25

To a stirred solution of pentafluorophenyl phoshorodichloridate (6.0 g, 20
mmol) in dichloromethane (40 mL) was added a solution of phenol and triethylamine
(3.08 mL, 22 mmol) in dichloromethane (40 mL) at -78°C over a period of 20 min.

30  The mixture was stirred at this temperature for 30 min and then transferred to another

52



i nhi bitor, a HCV non-nucl eosi de pol ynerase inhibitor, a HCV protease
inhibitor, a HCV helicase inhibitor or a HCV fusion inhibitor. When any of
conmpoundswo,20i07353%9 or S-p-4 are adm nistered i n conbi n&Cirars2ewbseanot her
antiviral agent the activity may be increased over the parent conpound.
Wien the treatnent is conbination therapy, such adm nistration may be

concur r entrogd kasiguefaskaontgining Fedgning iseryopyastephydrpehlenidg G &80
derivative re I RA Sthat L eRr” i i es

adni ni st r S0gh TERE RS A B Bt 420, BB Sl ol 16| U1

Admi ni st r atibtfladiing (B4ah LAY Sin@dedies a periddef Saiin. Thewnicare wes sickideved by a
single formul ation containing two or nore active ingredients or

subst ant i & Cyfosiinind heeBissolig WrsteaerrisH- bhe Wuawaﬁmter%‘%ﬂ&bet%r ms with
a si ngke aa%&t‘aéée(g@lﬂﬁﬁndﬂh]%vYHjﬂe!soﬁ@vdé@ﬂﬁ%z%&%@ﬁﬁ@ﬁltrart@%é EffeBrdiad €1 n to
treatment extend to’ prophylaxis as well as to the treatnment of existing
condi t i onsndEuetined poeseyretid giviegaln yellowatnasratthixofre af gi@serenfrectin@houtas used

h in, al i t i dj . diti
hosoct at od iy P iR B2 TR, cBlorf . 518 o the RS ARG i8]t o
thereof . RigiERE BY lcRRaction NS SEMiZATRO S FRBinaloSraphy a6 ndEkdlaBode. Pr ocess for

preparing ‘any onée of conpounds 4, If{p-4, or Sp-4, which conprises: a)
reacting an isopropyl-alanate, A, a di-LG phenyl phosphate, B,

i xtund c a2 PrelBibh o G Bropd1 0 SiRERLS AL MR

base of ardiRgdsbpyhintidind1 @H)Il)-2+Thhoké>3ilEyddokparhélyletwapydriofuraaact i ng the
first mxture wth a protecting conpound to obtain a second m xture

conpr i si ng/lamethex(phanexpr phpsthosyiamino)proRA9alf ot ected R -4; and c)
optional Iy subjggf . d s}bﬁltﬁ)‘ﬁ%?ﬂ%(%ﬁ},éfé}ﬁﬁ?%ﬁ)’é%—%&@&ﬁ'—ﬁ;’ ?c%{ty'-ﬁ”’

chromat ogr aphy, or extraction i taln 4, '<Sp-4, or i?p-4. In a
first aspdgidrafyntetieylSemethyhtetmbyphiofenan-2-yiré Himopmidme2,4ddeaomat(d, 2.62,pr esent  as

its hydrochloric.acid sal i ch bl.y, tantial |y anhydrous.
i ~a S8 ormreplis et TR ald kA PBRE B AR gt e B fnesthnf Y € O
N- et hyl i f@h@ﬁ?&%‘(@2.4ﬂfL,,§1&Hidi,dz.ﬁ&@§®t)a oo@%@@r\éﬁ{i& bvarirgion®rt smidie mol e

ratio of A-to-B-to-3 is about 1.6-t0-1.3 i a fourth aspect of the
sevent h endfict 30ein, a soetiqur aftcsedel ragenuio (03534, 5 $-pangaffyoro phenoxy)-

di et hyl -siJ vyl -chloride. An ejghth enbadi.nent i.s dir e rocess for
pr epar iyng %lfei‘-oﬁy'é’ oyphioxylapnnal propioms %‘é‘g:1%5?%§E%frg‘g’ﬁga%qi0}srg%oﬁ%%yl -al anat e,
A a di - LGRhemsthDWaPirice drdp wide od@@peridd of 1 0@ TRe niix e Wyd allowdidne, 3,
and a base to obtain a first m xture conprising at |east one of 5p-4 and

i 2p- 4 ARherteistir ¥ Pemgemperpiigafos 78hsE-Gpo-gpotaatiyauthentis prodyct showedy |G is a

| eaving gr : ) i j i Lxbure to

crystalli z%&g‘bdn?d]g%%ggaﬂfeg%egggib%édg#{mgg'? é%%é?icéﬁﬁﬁﬁagg?}%rﬁat&ghgbt ain purified
5p-4 or i Mucteoside.

The preparation and purification of C or C' provides for direct access to either

25  Sp-4 or Rp-4, as illustrated in the following examples.

H H
(o] N 0] N
O
O Y © Y = OPh N02 ’BuM Cl, THF Y E (')Ph O U

(LT L o A D T XA
\ . + \n/\II}II«&l)\O & HO N
HO F 0 HO F

3 8 Sp-4

Example 11. Preparation of Sp-4 (32 mg-scale): To a stirred solution of 1-
30 ((2R,3R,4R,5R)-3-Fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-
yl) -1H-pyrimidine-2,4-dione 3 (32 mg, 0.12 mmol) in dry THF (1mL) was added a
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A first aspect of the eighth enbodinment for preparing i ?p-4 additionally

i ncludes further purifying the second m xture or the purified Rp-4 by

di ssol vi myoanisisspendi ng t he second m xture or the puri PCeaSe@pAOds6mi xt ur e
in a solvent; optionallyfollowed by seeding with crystalline Rp-4; and
addi ng sufficient anti-solvent to obtain crystalline -4. A second aspect

of the ei M spletidoef tBetyimagnesipmegderide(026-mL A0 mmal-1 gquiKDaberes f ur t her

purifying.the second m xtufe.pr .t i f.ied Sn- 1) (&ivS3Qkvi ng or

suspendi n&TERREMEEYRE? Rfl}?({l?feé)% “-%@6939?%‘ 1aesc?%%100f}lﬁ X%F% @3?3%&#6 fol | owed by

seedi g Wiphbhdxyy-phéHok i PpRosproflyl&hindpropionioavid Boprepal estee (8,plidomadr) ing a fir st

solid the ngj Ol’lrt@]%/) of which conprises Sp-4; dissolving the first solid in a
s &

sol vent afTHE@.¥ delae drapt wise overiPeEigs of Agity r Thegaixtgre s aleved ol vent to

obtai nca se | i i i t he
pr epar %ti E%Stgr][% qé%’%'fe%&’&% |o%g??§&?ﬁ§?rg@1ee§ e&%%%ﬁ%ﬁ%ﬁ% 9*1%63@%\%&?1 by d)
di ssol vi ng1@nLy UBpanilitung was pastioaatibetivetniethylacetateeandwwatén Ebe Qpublined xt ure in
a first solvent followed, by addi n% an anti solvent .so as . to gﬁ%\e/lin a first
conposi t i GREAF GeehvasEicdave iy setipmaipie gt gengenfrated. ed by
decanting i L Hh&T usiH SRl | Wahd gRdRA t4ldivn

cont ai ni n&%ﬂ%ﬁ%%&&cﬁgﬁ?@%ﬁ?&aﬁgﬂgﬁ%i/{l%gtfh@éo&{d@%&% g d aglgec_ond gcorrposi tion
wher eby uSe asddamy sgid (28mygy ¢4 SUiyeeld)f f Brasd °P NMR agreofd tat whisk &l vi ng or
suspegSi ngi'i'st peeéiﬂrsl solid using a second solvent so as to obtain a third
conpostt i M H8UIHG seed crystals of Sp-4 to the third conposition;
collecting a second solid; dissolving or suspending the second solid i

n
third solvent, optionally heated to the ref|ux tenperature of the third
sol vent t Example h2.aPrenaratior 8fdod (2.6 gricalgnithoyt chigaratagsanhy): T0dl i ng t he

Toreh A . . . o AN
col ect oa By oF piiEpar FORRERR AR BiF AscLrS ARy VBRI AMR o
Eﬂe pr eP?ftétgd}gﬂrdjfugﬁp%?l)-?g—ﬂﬁhﬁdiflﬂrzt%ﬁb?apg{ﬂ& £ léﬁnhtpl)tigdr)g'é?ﬁr(ﬁio mb): ure or
e purirtie - aading silica gel 10 € .5eCo m_ Xt ur r e
puri f iléd w&df%@ﬂ 1 i spijtien Pgmbwla&gsflaw% ﬁh{galdaf Fof a2 r“}m*g‘r g-rl ry;
Stirring thg; évﬁ\ér@df rtérﬂ;?éiﬁu% ct\}ef%)eﬁ&i %Pﬁ&ﬁﬂ@ft‘e? 90 ¥ffla GAFRMA(SPN to

obtain a fiIrs slur ecanting the first solvent/anti-solvent
conbi nat i @a[(By-¢mitdoephichoxy)-phehox-phiaspharglaotinaipropionie eciddsopeepyd bsier y and a

first conpgsjtion; ing to the secopd wet sluyr a_second .

sol vent / ar8i SPS‘@?W%?'%%S ye %Tﬁﬁ(ﬁg%&a‘waé‘a?‘{‘ﬁoﬂé*{lsed%vceéﬁ%’?%d?%e second
sol vent / anfonsi§ Of MERbnGE MR REbWE S 4t Bt 1d3fh RAPEAELIVEIr GONdhe® obtain a
third wet slurry and a second conposition; optionally repeating steps g)-h)

on t h&Ot hiquinetet vathsaturated agerdius Noh&)I (20mL)s Tiemistre Boapwtiiensdy t he sol vent

obt ai noa ArHseRRRae B i) Bgh Gy | PR%a R Ne2C; CLEPRRTY 7

suspendi Ngrdheatéd (26 iISOThécdmbiaed Olgdhic @Rtra Wadidried gver anhydrdussidisamt and
optionally a fourth solvent to obtain a third conpositiagn; cﬁ%i onal |y
addi ng seeulfaieyGliered and cansentrated wler reduper RISHYEEPIE W2 P YEHNY 9P om t he

t hi r dconpagi g@gﬁ'{l S0 Whs AR Fecf BIAENISHoRE 1R (A6 @) h@RAd RNl Yor

recrystal IV Zi € secon using a third nt to obtain a third
sol i d 250nI0hsdt BebrDperdperateeThé whitelsolat wasfitdred, widshedapigh écli at e t hat t he

conpounds can_be separated tradi tiopal extraction, traditiona
crystal | i ZBE %?PIBIEOWGFI%‘F?? Hﬁﬁ@éﬂ%ﬁiﬁ?@@ﬁ’ aging o give pure prétfuct 2
solid (1.85 g, 35%yield). ‘

a

Example 13. Preparation of Sp-4 using NaHMDS: To a stirred solution of 1-

30  ((2R,3R,4R,5R)-3-Fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-
yl) -1H-pyrimidine-2,4-dione (71 mg, 0.27 mmol) in dry THF (2.0 mL) was added a
2.0 M solution of sodium bis(trimethylsilyl)amide (NaHMDS) in THF (270 uL, 0.54
mmol) at

-78°C over a period of 2 min. After 30 min, a solution of (S)-2-[(S)-(4-Nitro-
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techni ques. Traditional chromatographic techniques include, but are not
limted to, chromatography on silica gel (using, e.g., 3-5% nethanol in DCM
or 4-6% iwoporopiasesh in DCM) to produce enhanced | evel s ®CTaAs010955681
(50-100% and then crystallize it. Alternatively, one could use reversed
phase chromat ography (usin e.g., 1-30% acetonitril e-agueous nobile

phase) . F@hcrmymﬁ@om@hc olardmod-aropieni¢ 8wl aoprppiyestapdrerisemeral fl ui d

chr omat ogr. F ca 0, V, gohol s

such as ?Eé‘ﬁﬁzg ﬁr{% ?ﬁo(:i rgf‘p)rééseardggﬁf/&@glnﬁg{u?%zﬂléep%%%?%e chiral

nedi a, suGsafowb@ktaed tHihitehglepak br¥2h Md thematinve typ -2 Bateviicat ogr aphy may

b e enployed using the appropriate chiral nedia, such a Dai cel Chi ral Pack
%é‘HB?aCEﬁd singl e

I A, usi ng lemperRTe 16 was stiged fonedditenal 208 Hel imdicaleds e
sol vengs %ﬂ&@oﬁ@ ﬁwghﬁﬁﬁﬁﬂtﬁencé‘ fd a?@@ Qghlqﬁ@ﬁts B tlirE£eheGstPg,a process

for préeparing < rises: rea
i sopropyl {Bﬂmmd)phdﬁﬁh@xmmwdddtaﬂﬂé re@tmnonmunednd)stlrtndpfpna@@h@d 3, and

a basic reagent to .obtain a c 0. i,Sin rot ect ed npr ot ect ed
Sp- 4 basi & I} dhg&saction (‘Bﬁ“ﬂfee\t‘f?seﬁglﬂéh W%f%@%%ﬂfqﬂ%?gw oFuny @ng‘? eoner s
wher ei n t Reyuki3 AR Meh pahiRRytd pa%ahawmc@e&@aﬂdsvgwm s&fibiakd argahit ur e of
di ast ereoners represent ed by t | oW ng structures: OO LG, "'NHAl a

-iPr o+ LGext‘erwas@thr«w amhy@pu@qdmm@uléatn andheoncantrasedsio given lightabout 1 1.

In a f aspect basi,.c rea ghl oride and the
ratiol é?ﬁ”ﬁ?sﬁuga{gglflwgﬁo%ﬁ %&ﬁﬁy fﬂojeﬁ%lou)f{) O?R‘%p‘%%é@éécond aspect, the
basic r eaq&ahaﬂ&/dichmwbﬂﬁwgaa@m @Rk 8422 an 1 5heyisla), Boplfsh&afiidats gr eat er
than about 1:1. In a third aspect, the basic reagent is_t-butyl rragne5| um

chl ori de #RdSetisemerad { & g, 16%Cyield) and bis pbpsphgpmidate 6,55, SHsRMCR. 3: 1, about
4:1, about, % )1 about 9:1, about 19:1, about 32.3:1, about 49:1, or about
99: 1 A foudr nﬁg aspect the LGll S p-nitr ophenOX| de, the basic r eagent i's
t but yl magnesi um chloride, and the ratio of CCis at |east about 1.5:1,
about 2.3:1, about 4:1, about 5.7: about 9: 1, ahou out 32.3:1,
about 129: fExagmplg iy Prewpration of if”f‘r(%ggﬂ’@cstca*eg:r JrB BEP?E ﬁ‘g}u%?}i QPP conprises: a)
reacting a(gm §RF2L'1@51¥J- LAY LRRRERRY- AR eth9l3-meftﬁymet€ahy@opﬁﬁne@t ed or
unpr ot ecte and d aS| c redagent to obtain conposi tion conprising
pr ot ect ed yb)- 1Hmen’udmbéd4 Sjpnd (260 mg, 1 mmol) in dry THF (6 mL) was added a 1.7
M solution of tert-butylmagnesium chloride (1.23 mL, 2.1 mmol, 2.1 equiv)) at room
temperature over a period of 5 min. After 30 min, a solution of (S)-2-[(R)-(4-nitro-
20  phenoxy)-phenoxy-phosphorylamino] propionic acid isopropyl ester (8, Rp-isomer) in
THF (3 mL) was added drop wise over a period of 3 min. The mixture was allowed to
stir at room temperature for 96 h and then quenched with saturated aqueous NH4Cl
(10 mL). The mixture was partitioned between ethyl acetate (50 mL) and water (2 x
20 mL). The combined organic extract was dried over anhydrous sodium sulfate,
25 filtered and concentrated under reduced pressure to give a pale yellow residue (490
mg). The residue was chromatographed using 0-5% methanol/dichloromethane

gradient to give product as a white solid (160 mg, 30% yield).
The preparation of Sp-4 or Rp-4 may also be achieved by reacting 3'-protected

30 3 with the appropriate reagent C or C' or a mixture containing C and C', as illustrated

in the following examples.
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wherein Z is a protecting group or hydrogen; LGL is a |eaving group; and b)
optionally subjecting the obtained protected or unprotected S -4 to

chr omat ogwephi/138560r act i on, or crystallization in order PCo/uskalaiossepuri fi ed
protected or unprotected S -4. In a subenbodinent, LG is tosylate,
canphorsul fonate, or an aryloxide substituted with at | east one el ectron

wi t hdr awi #xagrdep3. Poeparptien of Sis# yith 33 as sSyuthetic batermedinterong

pni trophenoxi deg 2, 4-di ni trophenoxi dg, and pent afl uorophenoxi de. pn a

further suberrbo |rrent vYnen <Sp-4 is]protected, i.e., Zis not hy ro en,

t he process of dllrrent || SNH urther directed to plepro; ng

pr ot ect ed b a fdrth nteVEE Y B i i ed in a
th

pol ar aproti I vent hydr of Uh\alc@fci,anot her soI vent
ei t her one bel al one or |n corrbl on with each otherQ or wit C2 to C7
nitrile, sugh a% acetonitrile. The prrocess of the nint Crneanfurther

conprises 1) regacting (LGOP(O (LG 2, wherein LG independeng of YG, isa
| eaving group, with (i) isopropyl-alanate and a first base j A%tFal n
(LG)P(O (LG (Al a-"Pr) followed by reacting (LG )P(O (LG (Ala-"Pr) with
phenol and a second base to obtain a m xtureconprising Cang C, (ii)
phenol and a first base to obtain (LOP(O (LG (OPh) foll owed by reacting
(LOP(O (LG (OPh) with isopropyl-al an and a second base to obtain a

m xture conprising Cand C, or (iii) i ning isopropyl -al ghate, phenol,
and at | east one base to obtain a m x e conprising C and C or 2)
reacting (Ph O)(LG) 2, wherein LG, I ndependent of LG i Neavi ng
group, with (i s\opro | - al anat d @dirst base to aofut /‘%
(PhO)P(O)(LG)@ " Pr) owed @aﬁtN 19 (PhO) P(O (LG ( @ - Pr) with a

| eavi ng graup prlﬁéurs r a second b@ td\gbt aigy a m xt onprising C
and C , O O~P+ o NHAl a-i Pr O hOoPh N alPr(gC«End subj ecti ng
the mxtur&to @r%phy or cry§£%1‘§°fn‘2‘i)nq tMe to obtain C. In
an aspect ofpthe ninth di nent ? p[{;opyl al anate i papresent as its
hydrochl ori gl acid @l t,%which is prefe substantially anhydrous. A

tenth enbodi neht s dlrected to a process for preparing i ?p-4, which
conprises: a) rea@ting an isopropyl-al anyl - phosphoram date with a
3'-Oprotected or ynprotected 3, and a basic reagent to obtain a
conposition conpri gi % prot ected or unprotected Rp-4 m xture of

di ast er eoners wher e NOPH AR S%ipr opyl - al anyl - phosphoram date i s conpri sed of
a mxture of diasterepmeng represented by the follow ng structures: CC

/L
@—o-p 0 Em/&

HO‘\“‘ kS
Sp-4
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wherein the ratio of C:Cis about 1:1. hi a first aspect, the basic
reagent is t-butyl nagnesium chloride and the ratio of C:Cis greater than
or equal wo2atyissed: 1.1 n a second aspect, the basic rea@emuS2e10/035641
t-butyl magnesium chloride and the ratio of C:C, is greater than about 1:1.
In a third aspect, the basic reagent is t-butyl magnesium chloride and the
rati o of Exa@ple 15¢1. |éymhesiboﬁ5'-Q.—@rtiButabiimeﬂwlssl.yl-,Z'-dmm—Z'tﬂlm,ro‘c%@t 5.7:1,
about 9:1, 6}%,4" gl about 32.3 :1, about 49: 1, or about 99: 1. A fourth
aspect t hARGERYIUrde €93 - oohenoxi de, the basic reagent is tbutyl magnesi um
chloride, and tmﬁaitﬁtidd%omfhoﬁ?ofci idso:8t2' fRRsd-2a0atkdthdluBdibe (BI3Ut g,2321, about
4.1, about 5.7:1, abo -1, about 19:1, about 32.3:1, about 49:1, or about
99:1. A flnﬁliflﬁ)a% thﬂIdW (FP @ ppivres a@@”ﬁﬂﬁﬁr@%‘é@““’a‘ﬁ?@é%@g an
|sopro tected 3,
and a a5| c rea%ent to o@%@gyé@n%ggpﬁg gver ?{‘g‘?ﬁ%{%ﬁb‘f&aﬂﬁg f

unpr ot ect eempé&ptute. mhercmcnoiwlas aldowpedob etit atmmlgemmq:mpnrath;edﬁoo@eh LGlI S a

| eavi ng gr.ou 0 | 'y subjecting the obt ai rote
unpr ot ect get %“Oi?gsomi% 8‘%31’ ﬁtPﬁFea‘lé%’PrI%’&‘ BARd pvag %‘E"é qu?é? oﬂ in order
to obtain purinf 'tl‘?e% thé ﬁl@&ft@@e&rdlﬁﬁféﬁ%?ﬁﬁfd@fjreﬁg&d‘breésﬂreaH&JQ@ﬂgpﬁgat | teast

is tosylate, canphorsulfonate, or an aryl oxide substituted wt
one el ect (d.)wias Iadd%i\mpm@% lgactuxm,mmsraad pi‘resfueqtlableyt;radiﬁlwsh stblybaetate 2rrom anong

Furt naP. SoLmiohr S i H RS ST o F B ey VaSBRETREE Y, o7 Goln, ¢ e

process Ofanh{i@oi fdhure e, TR alcStafeltvdshigdtildi beCdngdhd Rsidap bbfafel wag
protected Rp-4. hi a further subenbodi nent, the reaction is conducted in a

pol ar apr srreyapwrigdth toluene (x SPQmLAkY Bvermds? asm whitt lvam. ¥ighéral sol vent
el t her 0”611%%'%@u%tﬂ”t?ve9t r?:ﬁgﬁﬁ%ﬁd@% '3‘651\>ﬂ{£f6%310@ ﬁb %9&“1“2 G2 to C7

nitrile, such ace ont 0cess the't further

conpri ses (d)3HeI&€P.1 Hg) (21.&6@?11@ (3L7C5)4Q5 (tAED) 3. 54 (d51H, md@Hﬂ);léﬂB (@f LG, is a
| eavi n aanatezsndaflrst baset? bt ai n

W t Y
(LG)#%O)(lLP@g M(QJH ﬁrﬁWBﬁZva@lo(dbilHr%aé’tH SLEM »8(Lg (W) pr) with
phenol and a second base to obtain a m xture conprising Cand C, (i)
phenol and a first base to obtain (LGP(O (LG (OPh)foll owed by reacting
(LG )P(O (E:ﬁ)](l[ﬁﬁ’ﬂﬁ MSylnth«smoo‘chp-)O ~(abrarButyldintethylsdylpAt Odesalinyd-26bt ai n a
m xture co combi ni ng i sopropyl -al anate, phenol,

e P el hriing do
and at le XQS eiBgee.2 s G-methyl-pridme (9% o conprising C and C; or 2)
reacting (PhO ) {ifad%solutealdTnicle&Zide 9 (\1Cl% %n@qau BfobG DGMQl ILpak ng

group, with (i) isopropyl-alanate and a first base to obtain

(PhO) R0O) (addyd RMAP Ei’r()5 goz49owqd»andetht§twasgﬂlew%)qn(t@)a( REAPQMIPA with a
| C
and C 0 & Rl Bl B LS B R T 0Bl S oRa BT | TS

the m xt urthe hi@x 10k Aildl1Gwed destﬁrfoﬁ%ECIL(Df)f thenirtuné fhd&ﬂfbﬂdioﬁ@llﬁtl,ontolﬁe

i sopropyl alanate is present as its hydrochloric acid salt, which is
pr ef er abl yreactigBst aldtwaien (§ O AHy dyasgdded and the mixture stirred for 20 min. Layers

were separated and the organic layer was washed with sat. sodium bicarbonate
25  solution (2 x 250 mL), dried over anhydrous sodium sulfate and then the solvent was
distilled under reduced pressure to give yellow oil. Crude yield: 197.6 g (135 %). The
material was used as is for the next step. 'H NMR (CDCls, 300 MHz) § 0.11 (s, 6H),
0.94 (s, 9H), 1.34 (d, 3H, J = 21 Hz), 2.22 (s, 3H), 2.6-2.89 (m, 4H), 3.72 (m, 1H),
4.01 (d, 1H, =12 Hz), 4.23 (d, 1H, J =9 Hz), 5.33 (dd, 1H, J =15 Hz), 5.73 (d, 1H,
30 J=6Hz),6.26(d, 1H,J=15Hz),8.12(d, 1H, J =12 Hz), 8.72 (br, s, 1H).
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An el eventh enbodinent is directed to a conposition obtained by the

processes recited in the seventh enbodi nent, the eighth enbodi nent, the

ni nt h enbwoi2nevi3ssse t he tenth enbodi ment as wel | as thelPCTUSS@OOB8INE
aspects. An aspect of the eleventh enbodinent is directed to a conposition
obt ai ned by any one of the exenplified enbodi nents di scl osed bel ow. The so
obt ai ned ®Fxapgdée 13-3n Syathesis of 3 Otlevulimd-2'-degxyt-2Hluoro - Grmstiiowidingr g
conbi nat i (2:51 thereof. A twelfth enbodinment is directed to a conpound 3
wherein z(3% g protecting group or hydrogen; which is useful for the

preparation of dgide 19 (flbﬂ.%tg,agpﬁﬂz‘fmxﬁ&l?%@dis‘éﬁbédiﬂ]@@bp(dimjﬁakvﬂic&m w&d ected
fromanong a conpound having the following structurezo F 3a: Z = -C(O CH

2CH2C( O) Cladded3BEA BHF (563@), AL 1 zmroB end zllewedgo(stippvemight gqmbrent _ sj cpr)
208 (Tg) 20H A thi Hodi i S di : d, it It
25 CT8) AL el RERRE Rk 3y 04 Eohudn o, 112 o

st ruct ur e;Adotier whigik sleht@f THEA . AHFEHY.B 1203 2. Dupnolyiviac idded and éfeureadtion t he
preparation of i?p- i a first aspect of aE}he thirteenth

4 Sp-. 4. h h
enbodi nmenfRixus waga ngfirﬁltatg’é{ f%ér#pﬁ&csﬂlth%ﬁa mdjgated, PB%OdJé’,Ofor an
el . ! : ; ( Ch
oy ol Qe pRtaRlch B hBatnb @806, 29 86 o TEALIION(ILS BUBMRBIORAUD. W &

second aspect odi I's selected from anong
p- Nni t r opherided atel the rehectiomimixtapehvessatlioved tasit oyemight| Rescophemdiicdeas A

fourteenth enbodi is directed to.an i i cal |.y-l.abel ed f Rp-4
or "sph FRECpgRisap domem b anepeay iy R o B Nk PuBRL of mora
or <Sp-4 thatmd shremaderRY 8helicadsl @W% MeOH FODICMPbgsvearml bgof 30r a

"deuterated/ 13-C | abel ed” anal og. he term "deuterated anal og”" ngans a
conpound desdinatsed ahdriti faamshlid ZSW aurifipdyielgper three steps B gdrOH i s

substi t ut by .a~2H- | sot.ope, i . ri . [N PEpU Sst4qt uti on

can b e pgﬂiofaa/'? 8@%@%@@2) E‘ﬁ%ﬂ%ﬁﬁﬁi’é@w&%gﬂ‘&%n mégnsjoi hat at
| east one Hydr .08 @d) 3HS CSBYSE. 8- BUi3aEh, 3Y, AEIICHD] 3.016. We(dd eYH,UPH")Fbe- | nst ance,
for Rp-4 or Sp-4, one of ordinary skill can _contenplate at J5 ?(ﬁ”'}%ge

f ol | oWng ‘b%fr&l,allH,dHﬂl'i,é‘r-%@é: hﬂa&@g%z(&\%@r%zs 51&{)?&5&%)5 ﬁi r of

deuteri umat , 1L Ngl rnepyl group n = 1-7, while for a
phenyl grojﬁp,gﬁfflz)’:é%?%?ﬁéé %ﬁl?), gs‘}ggﬁol?@ depi ct ed bel ow. Al t hough t he net hyl

groups depi cted above are shown as being conpletely deuterated, one wl|
recogni ze that partijal-deuterated varjatiaqn | ilbl e, ,such as,
[COH2 andivimpbis4 ceBstersayatss Ry i AR SRR IR 3 e
cont enpl at |- ¥BY 3 inidillg -AIRAITR)- Tl Fo3aA5x8 fe@ab AP 4-A oW y1-

"deut er at e‘gﬂﬂ%déﬁmrrgﬁﬁanaﬁgg@r)ef ers ta(o a ggrrpguﬁ% de.scr}ji bed herein,
wher el®p catetrahydtmfurias-2eyimethexy]phenoxy-phosphorylamino}-propionic acid (S)-

isopropyl ester (11):

To a solution of the nucleoside (3a, 1.00 mmol, 358 mg) in 5 ml anhydrous
THF that was cooled to 0°C was added tBuMgCl (1.7 M in THF, 2 eq) and allowed it
to warm to ambient temperature and stirred for half hour. To this mixture was added
25  the reagent (ca. 97% chiral purity) (S)-2-[(S)-(4-nitro-phenoxy)-phenoxy-
phosphorylamino] propionic acid isopropyl ester (8, Sp-isomer) (408 mg, 1.00 mmol,
1.00 eq.) in one lot and allowed it to stir at rt. After 16 h, there was ~30% starting
material left. The reaction mixture was quenched with saturéted NH,C1 solution 10
ml, and the aqueous phase was extracted with ethyl acetate (3 x25 ml). The combined
30  organic layer was washed with brine and dried over anhydrous sodium sulfate and
evaporated to dryness to give a pale yellow foam (500 mg). This was purified by
silica gel chromatography using 2-5% methanol in methylene chloride to give the
product as a white foam (275 mg) of about 97% P chiral purity and unreacted starting

material (162 mg). Based on consumed starting material, the yield was 76%.
58



a 13C-i sotope neaning that the extent of enrichnment exceeds the usual
nat ural abundance of about 1.1% Exanples Not to be limted by way of
exanpl e, wbeofool3bsm ng exanpl es serve to facilitate a beCrars2ansaiest andi ng
of the disclosure. Synthetic Aspects In order to prepare the uridine

nucleosidg one coul d take advantagelof an advanced tribenzoyl ated cyti di ne
i nt er medi atRNMR {EeChy hehlzg: 37 npox;t HiNMR (GPCL 083 Ha): odl . 2halidogd. of 3

(see bel ow)_ al,r 0 d f 1.6y I i pl.an al.e(see WO
2006/ 031795 Bt A B30I HZITAE 1ok B 8 CuitDe A 0B I Pp e 0T et Pt er ence
in thﬂ_r ) 4.21143(323 (éﬂZleI)IAD.B’V 10 T rEsH d4. 965 . oque, 11D), b2 (adalmhli-e9 and
costefficient.

3", 5t - O dilnd 4 (d, 31, d&8H2)26.19 (didHo I 7 1882t hy 7 SRdmp et GydHef e (1) is
obt ai ngd %ﬁzg%tzh@? sdilﬁfl osed in WD 2006/ 031725 and WD 2008/ 045419 bot h of
whi ch are "hereBy i ncof pofated by reference in its entirety. 1 is treated
with 70% aqueous acetic acid to form

' 5 -0 dib |-2' -deoxy-2' -l D20 S Bt Byl S Ui :
oot or s carbHER 45 HRdp of GgUTRR SRI R A D pe g bipo 2R, Lon Gs i n
al cohol | o AIHRIN-1-IHERRFALB AL LTAFBNthelRy RoMBY AN Alrans0t 251 um

carbonat e I'n net ha or ethanol” andl ogs, al kyl am nes such as net hyl am ne
i n et hangilmethoxy]-phemxygilosphetyleminio} -propioniti acid iy -isdpyepyl ester (kd) | ar ger
scal e rk. The, undj.ne prqduct can be purifij.ed.b ryst.allization to
2 rordla Tove y APdkRbAfRa R et Mot e

l'iteratur magsmﬁ(@wegg iflQatdrl (25l idIf) e Mo Nt soh@ieh@F tiaNdvia Al (1§ 015D he omke

phosphoram dat es using several fold equival ents of reagents. See, for
exanmpl e, Newal)daantsidreys THE Qvbml) ere gidaiob8 mleg thezgdmnesiftesaltigB Gui gan et
al . J. Medg.: S : .Sq0nly one
presently hﬁ%ﬁ%&"?ﬁ%q‘é ,Sélaﬂiréﬁ%?%mgé%éc e[)fsagg%l Eﬁfgér?g?%}gﬁléﬁm%?.ﬁ#%&b r;ed Process
Res. Dev. id@®Rateb(158h0) ailiPektfacled vathesihiyl.acktatet(Bk XS me) driehae] evaperagedt hor s

introduce the concept of a "one-pot procedure” in i.ch an ami.no acid

hydr odfl ortp &&esipntitatively pathyte Sah@mo(swaw&s%w&f &/ éﬁ&l@é&% igfot her wi th
N-mret hyl i | fie biysitiaf BAPGRERLINRNRrtidsdr S, -4 64 i OsTyISorh $haadded to form
t he desi rre%ggl'gé-act}%‘ﬁg}ggdﬁoraﬁpgate prodlljct ,f%mhiﬂgh In the pyrjﬁ.géent case woul d
yield a compoieded mpleseat ed by fornula 4. Unfortunately, the Lehsten

procedure suffered from drawbacks. For exanple, the Lehsten procedure
utilized a far larger excess of reagents than was necessary which added to

the cost %rﬂﬂgl@:ﬁk? WiteYn MiveproebdmirR b ApRiparing’$ L4 fidhi 4. Furthernore,
Lehsten suggested that one could control the reaction selectivity on the
5' - hyd@Poxyl oveFo 2 saTet sobitipnetaxorpratadic asih(ZR, 3R AB1R) & -2eA-diogadet-t hr ough

051 19| vl TBSE U 10 U b oo S, HALEBBL IR, ahba®
di ast er eongresttr (3a221) Ag @5 @iTR613 in drf THRGK @) Reis alded a 1.7 M solution of
tert-butylmagnesium chloride (1.07 mL, 1.82 mmol) at room temperature over a
period of 2 min. Initially, a white precipitate was observed and after 10 min the
25  reaction mixture turned to dark yellow solution. After 30min, a solution of (S)-2-[(S)-
(4-nitrophenoxy)-phenoxy-phosphorylamino]-propionic acid isopropyl ester (8 (Sp-
isomer), 382mg, 0.94mmol) in THF (1.5mL) was added drop wise over a period of
3min. The mixture was heated at 40°C for 5h at which time TLC and "H NMR
indicated less than 2% of unreacted starting material. The reaction was quenched
30  with saturated aqueous ammonium chloride and then partitioned between ethyl acetate
and water. The combined organic layer was washed with 10% aqueous Na;CO3
solution (3 x 10 mL), followed by water. The organic layer was dried over anhydrous
sodium sulfate ahd concentrated to give brown color residue (410 mg). The crude

product was dissolved in tetrahydrofuran (1.0 mL) and then was added an aqueous
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Usi ng the Lehsten procedure for the conpounds disclosed herein provided for
about 1-5% of nono-substituted 3'-O phosphoram date di astereoners (5) and
about 10-8OZWi13636e bi s- substituted product (6). As thePpoliseémp3sshlthe 3' -
di astereonmers was very simlar to the desired 5 -diastereoners (4),

chr omat ogr aphi ¢ separati on was ve chal |l en |ng Scal i ng_up the process was
nearly |rrpoissolbbéthm1h@m0fcﬂ0§wmm1%@(é7 Ngh 9t aﬁmrml)pmtqd@ﬁnof the |ess

Phe- oo ReParSTEre {up L+ S bafiT FPhfr Bt M maiehabheh AR ER ' 07

product ceH2 NadvidciSstagh @l ebaameYs ({o'i)vel@mtm dbaémétilbyaTL@bmﬂceﬂ%; whi ch
co-eluted with the |l ess polar of the 5'- dlasterfeg/* (4) | osed herein
are react pdditienHgodinprliin(4mayend wdiw meiabimlite 48r@%)g‘§?ﬁ3é1d8 8% net hod

t O seI gct 'tﬁ’eeﬂééuﬁﬁmé/ EorltiiGed E@léﬁ&lttﬁ‘nzﬁ 524 Bl H{e%o@@ﬁ@’/ doRvdr§bgONers (5)
ah easi or chromal ographi c separation thereby af ford ing the desired
Ophosphbsamdt@t ‘BLAI ﬂmxeaammenﬁtumWQM1hog¢1bbet\gwn Waycel(ah)d etiidr t he

reagent stoi chi gnetry, stu was na t he C net.ry of the
reagent s ﬂa@a@y&w‘%ﬁ% ‘?rﬁa‘%} 5%‘63%1%66491"?%@ s Sr‘r‘Etlﬂ Bfled by
phosphor ug R kd t8ive b beswh %Rfubgf'loarﬁ J- elbnben clhiefhatozPphly @€ the! N t he nore
successful runs, the i solated yiel purity of the desired product were
conpar ed. rdastldunaslr@tibé‘}"\l‘ddoﬁr‘ﬂaCM gradieni geezpymseacﬂqgtatadmmatela@t(§9rag) a faster

bt w1 AR St g bl YAk o ichle & FRRE NI Rg nict eos de and

converting 5 - and 3'-nonosubstitutedproducts (4 and 5) to the 5,3 -bis
substituted products (6). The 3'-nonosubstituted product converts to the
bi s produdixample17.aBrenarption of fmfh With3Gas adymybetie Intermedials oduct, so it is
possi ble to reduce the 3'-di astereonmer contam nation |evel by pushing the
reaction nore to the bis-substituted products. However, with an effectlve
way to renove thegpd Hdl astereorrers the reaction can be optim z

produce nore of thé” eq/S - naumcthmﬁt(havrchg toos(%;j’oce as
much of thq{(ﬁ\ﬁp eonelp erted—t—o—t-l‘re lsH/s I
was al so &I\ t hat the rﬁ{o&gm d hydroéQtFéth deas ry (}w roscopi c.
any water ‘s@ntF woul d consl meean, §:qU| val ent anount of e phenyl

di chl or ophosphatu reagent, car & hus?t be taken to keep t am acid
substantial |y anhydrous or it should be ngde substantially jarfhydrous pri or
to use. In short, Lehste dr ported ;h dhe optimumratio of amno acid

to phenyl dichl orophosphat(e 0 pu s 3.5:2.5:1 respectively. It
was found t3ftatd HRE: 6Pt i rrum\rﬁ g é;&:no acid to phenyl dichlorophosphate

to nucleosrde—efr—%ahcbem 1.6 o %ﬁguﬁolﬁ to about 1 is optinmal under

condi tions ingy |Sté:h the 3'-dia reoner can be efficiently renoved and when
the anmino acid (ﬂrochl oride i s¥Substantially anhydrous. By using a smaller
anount of the reagents a cost savings is realized coupled with a
sinplification of the chronmatographtc separation of the desired product
from risagent by-products and fromthe reduced | evel of bis diastereoners.

hi one al tlief‘)zar}r%llevl%- prlg)%%gll}z{tfon 0 o:} 1- [}allg 3%&9&1?%(&(1 HECEVALIVESOE NS WS
butyldimethylsilanyloxy)-3-fluoro-5-hydroxymethyl-3-methyl-tetrahydro-furan-
2-yl]-1H-pyrimidine-2,4-dione, 12.
To a solution of 3 (10.0g, 38.43 mmol) in pyridine (50 mL) were added

20  dichloromethane (50 mL). The solution was cooled to 0°C. To the solution was added
4,4'-dimethoxytrityl chloride (14.32 g, 42.27 mmol) and the solution was stirred at
0°C for 5 h. Methanol (5 mL) was added to quench the reaction. The solution was
concentrated to dryness under reduced pressure and the residue was partitioned
between ethyl acetate (500 mL) and water (50 mL). The organic solution was washed

25  with brine (50 mL) and dried (sodium sulfate, 4 g). The solvent was removed under
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prepared using a t-butyldinmethylsilyl blocking group in two steps. This was
then converted to its 5' -phosphoram date derivative. The desire being that
t he silylworowpnsswal d t hen be renoved and there woul d becmas2010i03ssaers (5)
or 3,5 -bis phosphoram dates (6). A simlar approach was denonstrated by
Borch and Fries (U S. Patent 5,233,03 1) in a |low overall yield on an alkyl
phosphor amédiigedpregsiot sk the resedugatasiisselypd tudiphlaresmatiangd E0G mb)-dio et

t hesi th hemi st | isf j s ast
Thour o1 osoton BER 418 UL EYel § N3 Bl WS LS| BhEub IRy Pemtids ST OTET
group was (888 gl 16 tiliad]). Wokd sblsdnewds stigdeyl at gabienteinpertahee fordé hor i mary

hydr oxyl of the 3 -O(Eeéosphoran‘i dateciél%uri ty 5 ov%r the free éecondary

hydroxyl &ethanol gias pdded toquenchibisaeiion e dakkand the solyend was Lgnfed; r ed t hat

t he bl gcki Lol i | ¥sighan : | 1 bdeeatd lting

5' -0 bl'oc I?gger%’g%%ﬁ%eg%g gﬁn@g%trgSIpr od%ﬁqa r 5ir3h8{b ﬁ?éggs??{yed 16 &0

5' - O phos pioy zudivetadre(58 mIhEheongonik doltomwag dtiech(sediam svdfatted g) and enove t he
bl ocki ng group aé t%e %«fsi ed 5 -djastereoners 4 &gul d, not be changed. The
cheni cal | FYanaraipd yndsr refuged Bresie  ESHsSIAHC PASRUAPR OXE2Y B, chr omat ogr aphi ¢
separatio @g}ﬁé 11040BY EEDEE irfiie:aR8M@ N Y-GENRPIR-6)-BDNME extractions.
Speci fi calrépf/z{mat?he lﬁ{)cégi r?gygroup te?t -%t%i nmet hyl silyl (tBDMS) net these
criteria amdrmesate pediit sthipisdumovasdredisdorith HattedueraeccsigBeiddiient | y used on

a nmul tikilogram scal e n ertain _condi.ii ' L.dine as
sol ver? a gggeﬁpﬂ%(%ogé}i)g g eusﬁ?urtlé%&aé S\{/{A}TF %Qﬁ%%%g@é%@%r?t\?g@ g}tl t he

primary hyghexylo Mopivhd Aidcaad tHeholulion Segetifted ¥t dmtsdefyd anodsk thon. The
phosphoram date reaction uses N-nethylim dazol e as. a base. ln the

: NM.) i
presence d¥lethenol (3 md)gvasyloarly eAdqdenddhesalwiancyas irrepab pabigi 1T a8{ReTa npunt
of NM shaul d_he r. - Thi e i i t he
phosphor a?vlilﬂld ggfﬁ?léglggl S’gﬂoxb%/e%vv%sﬁ??g% R)t %@Es? g{aycgto?%%ﬁggf %ﬂ '(}trllll © \?\A{%aﬁfcl N
hydr ochl orsotutia@ivehs sdpeeatdbildried dsddhen swfmé, 4 gygnd teaarorated toudryeess udderar e
removed, |eaving a crude m xture of _fm)gho nd bils substituted ro@ucts and
reagerd® byegicsd pesssureTHieresidu Wanpwifted Ay sbird g5! B cHE AR Y ed wi t h
tert-butylgd) i | i 3 ) t7 § JineshopiReil@®ler S 1S
converted 5%1@%\%%0&&%8%%%%???‘&% %E{%Hi?%%:%gj Ophgiséphorgm date 7.
The react ithe tipeogeps S dDAMR FDMRMHI6PS Gupnipyl 1HER @r s,THS ), dr94t (¢, B, Hhi s

i lylated product 7 is | th i s-ph ' ' di |
emvad byOcnpbib by iBshes Sl al Hid, Ak Ao B G s S L e e ¥ he
I evel of 34’),?05_. 38?) %@ﬁ?ﬁa%iqt.fﬁ @rﬁ@I, hesa;)t h89 gé_}-91f/m@Hg)@)§'oa‘2-(ar@ﬂuct 4

conpared to ow thout the silyl treatnment. Simlarly, treatnment with
di net lpoxytSi{@Hepy| net hyl chl oride (DMI-C) under the same conditions worked
just as well. It was also easier to identify the DMI reaction product by
TLC as DMI contai ni ng nol ecul es stain bright orange on heating or exposure
to acid. GPgafipR 1311-25.OPﬁ?‘df&i&ﬂOMWuﬁﬁ@N(ZR,QRMRJSR)%QW& as noted above.
Both the reaction conditions and the scavenging of the 3' -inpurity are
gener al nehuylitimethyldbayloxye3dmer pédlxdcxomgthmgé1@6&%@%%%@5?78#&%4 dat es
with a fre ' dr.oxyl . JThe. oram date noiety could be any
conbi nat i oﬁ'ygfug'#yﬁ%mé&eaz ’2@[“2&0(%9}]

25 To a stirred solution of 1-[(2R,3R,4R,5R)-4-(tert-butyldimethylsilanyloxy)-3-

fluoro-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl]-1H-pyrimidine-2,4-dione

D

(12, 374 mg, 1 mmol) in dry THF (3 mL) was added a 1.7 M solution of tert-
butylmagnesium chloride (1.8 mL, 3.1 mmol)) at room temperature over a period of 2
min. Initially, a white precipitate was observed and after 10min the reaction mixture

30  turned to clear dark yellow solution. After 30 min, a solution of (S)-2-[(S)-(4-
nitrophenoxy)-phenoxy-phosphorylamino]-propionic acid isopropyl ester (8, Sp-
isomer, 653 mg, 1.6 mmol) in THF (2.5 mL) was added drop wise over a period of 3
min. The mixture was heated at 40°C for 20 h at which time TLC and '"H NMR
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and aromatic al cohol. The nucl eoside noiety could be any nucleoside in
which a 5 phosphoram date would lead to a 5'-nonophosphate and coul d be
further rmeOabwl/i3zsd to the 5 -triphosphate form The folPComiSRgossisene i s
the main reaction schene illustrated for making isopropyl L-alanate phenyl
phosphoram date of 2'-deoxy-2'-fluoro-2'-Cnethyluridine with the major
product asnditrtediles thew 5% of@npractsdistarting watesall The roactich msttecevwers) and the
m nor product ,a hosphor am dat 5 t di astere rs) and the
AR 2 S R TR R e R et T S
added in ths hQitfO bRTRhlet. CFHe&Irgaﬁﬁc R§erGes0h Ashed with 1bbr@aqﬁebMazqfo3pr epar ation
section. The reaction is allowed to proceed until about 5% of the starting

materi al mselpné Bd Oﬁlﬂdg@dllowdlbvmt@d&@ mlat Thsorgpnie by W&%/@Fedc%feb mat ogr aphy
TLC | 9
f)r S- ?)hosphor\‘;glo&gﬁjtXﬁ u%bﬁﬂga%f or me é%:dg%%egrté m{?rﬁ{n&%g%u% cr)gtagun%s uct After

quenchi ng nag)dThacrade pioducousalisoved kuetrakijiRofarand@ mepindueasfadded 0.8e or gani ¢
| ayer was prepared for the silylation. Under the described reaction

condi t i ondnl- PhE0%iafygous ferHc 5?1€1a&r0@m ‘ieallPF‘Sf‘t‘F% cdgaghiop xS Vet e

5’ - hydr oXyl..@§ at P CHor %ﬁrmnﬁr@mcgare%mwwfagsrsgeFVedU;yerL@arqrel 1BR10RS
continued unti|l the 3'-Ophosphoram date was no det ect abl e by

UPLC/ MS.  Shixtyre whmpqnhed am deltl satdrat@l ap:mo@ts@pdnndbmabenqw andihen g

- phas ram dat e di as eoner s 2 ast e rs). ((4 di astereoners)

« BOVeT B 1 By s beteeet ST OB R o1 2heSogbiRRRisapic o 565 ERES oy o)

Af ter wor levelga dﬁohesedlﬁmlsatfat@rana eatdeh®dted 18V BRWIRLsiREO@20tmd)S Ssubj ect ed

to chromat ograp g@on silica gel and is eluted with a gradient of nethanol
&

in dichlo 2o, gr%hycfmewéwwngoﬁ%wwmwg@vm el utes

2" doony- S0 FoRI el GF B &4 1T FRE BTt bediioq 5

5| -O-di beﬁe@owhreasta@@@(maﬁnam uoro-2' - G net hyl - N4-benzoyl cyti di ne (500 g,
0. 874 m)l) and 70% aqueous acetic acid (7.5 L). The solution was heated to
refl udd( 110C) for 20 h. TLC indicated a conplete reaction (Rf 0.6 in 5%
met hanol | r PeMy to anbi ent
terrperaturlie]X gﬁrﬂpg?'l gﬁﬁﬁﬁgm e%Wl lbﬂffﬁﬁw{eh%tlg?ﬁtrer??%gﬁ or 2 h, the
resulting precipitate was collected by filtration and the solid was rinsed
with water (5 L) and dried in the atnpsphere atjanbient tenperature for 12
h to afford 360 g (88% Thi s di benzoyl ur| di '%7’ tgrmedi ate was used
directly in the Nstep by adding it N rgshly prelggre rrethanollc

ammonia (5.4 L, w??é APDOCT Pyrifiipg s’Rrgﬁpe atjw 8" was _di nt dlne 3gh and
t hen aIIovmﬂrE? LC| i cated )£ Eseseactron(Rf
0.4 in 10% net in DCM . %e react mrﬁgture vvagoo?%[me)re(e p%hrough a

Celite bed af® cbncentrated under reduce pressure to give the crude
product (216 g). ¥he crude product was stizrred with ethyl acetate (325 nl)
for

H
O N
0
j : OPh Noz tBuMgCl, THF Y 9 0 z/j
: T OCWeT (L
\ﬂ/\ﬁ 4o 40°C, 20h & HO g :
3d o F 0] O\ F
Pr—Si-iPr 8 (Sp-isomer)  SivPr
o P’ \O
Si/IP r Si—'pr
N\, i,/ \
HO  pr Pr OH
20 14
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3 h at anbient tenperature. The resulting solid was collected by filtration
and washed with ethyl acetate (216 nlL). The solid was dried under vacuum at
anbi ent twoperoasioe for 4h to afford 160 g (78% of thePdediSe@d/opieaduct in
98. 7% HPLC purity. 1H NWVR (DVSO-c/6) d 11.44 (br s, IH NH), 7.95 (d, IH,
C6H, 597 (d, IHCI lH) 5.64 (d, IH C5H), 3.84-3.77 (m 3H GC5'-Ha,

C3H. G4 H, 3.63-3.60 IH C5' -Hb) 0] .§3 gd, 3H, C2'-CH3) . ES-M5
M1 259. Exanple 2. Prepar on of \J o
(S)- 2{[(|@,y41,5}5@2H5H1(24mﬂmN3P d-2tipyri mi di n-

| -yl)-4-(R)-fluoro-3-hydroxy;4- e hyl - ahydr o-f uran- 2-

yl met hoxy] PNERX ¥ phdsphor yl'am ps -pIIOopFonl c acid isopropyl ester (4)
Synonym O;/ jg%f)s ropyI L-al an phenyl phosphoram dyl)-2'-deoxy-2"-
fluoro-2' C—msthy uridine diastereonmeric mxture. A5 L 3-necked flask was
fitted wth a nmechanical stirrer, bring4ice bath, internal thernoneter, and
a nitrogen atnosphere. The flask was charged with Lal ani ne isopropyl ester
hydrochl ori de (82.0 g, 0.490 nol es) and anhydrous di chl oronethane (0.80 L).
VWi | e thi A \V i chl orophosphate (85.0 g, 0.40 noles) was
added in cq)zn o?tlgr%dps}? ?@2@9 qul e maintaining the internal tenperature
between -5 to 5@ a stirsdlsotution o8 idppdihg (20mbpatdl°€ x(JzNMddeQEIPI@{SCs 07 nol es)
i n di chl oronet hane (250, ed.over a perio hour. The

ol ut | Bn VRS aeamets bgiator g ThR MRty S 4 Ty gt ¥ W&W@E" room

2' - Deoxy- %emﬁéfd@u?@at%vmc}geﬁﬁ{ewﬁre@tr\kfﬁs‘ dierel Jor BPh.OrHG pyHdRe w3k Ssorate@s added
at AC in one portion and then the reaction flask was allowed to warm up

sl oW y i n anféhdoresidue Wyas to-eyapotated thhéohl‘mee(ﬁﬂmL)t 'Elm%@ﬁlétlwvés e8 up to -20C

consuned. PTHE BT ESEs st YAl IS el Bl AERRER g FRET € 0

t enper at urgheGiethte vad cBHcEeﬁtrafEH@ndért@ducEd bre@ﬂde&i giSeh f@ﬂﬁ)akolﬁll'((bwd 295% of the
starting nucl eosi de was consuned. The reaction m xture was quenched by

addi ndOnmet Herrandeprodnci{)3) areg redissopyed gn tahighydrafrtniy Spdy) and wapadded anThe
reaction @gﬁ%ws%omgn chh’ff?thl %gi’ a{e%)_raﬁ 0P80y {)érngl AWBdniRyTRAL Ur at ed

sodi um bi c onat e so 1 on e separa organi c | ayer was
dried overmﬁnhydxa@umabﬁlthnmtmlbérm fob6 hgTL@nddltatbd epBabf sthengsol uti on was

evapor at ed under reduce ressure and_then under hi ryness to
give the driigdalpf %{?é‘ﬁuoé’s‘gﬁ‘t\‘;rie%ﬂé‘e%hlag F’it?éa%atemoﬁaﬁ%ﬂgb e product
(3 1P and N tfen ek &led {Uﬁﬁ ethyl BedYR THaHoaMiRA o7 ?ﬁllé@ extPAcOvad Washe@! al

phosphorus I ntegration was due to the presence of isoner 5. To the
crude 1pr od»mtln WakEs, damtdeadd aonmedtrated togive tihite C(yﬁfbdimerm Jid. Furdhes Bityratien was

evapor at ed der. uced pressure and.the er to
reduce the® ‘??—Prld gsf@’? )ﬁﬂﬁghﬁﬁef%&g‘ﬁfcﬁr oﬁghteéegicaél\léarﬁﬁfgaag ﬁ%n

resul ting bk v¥&ST - 6'33?(13{1\0@1(1 o192 BRNE 604D sb dimNMﬁQ@omMHand then vvas
added excess tbutgl di et hyl si | chloride (9. he reactl on was

stirred atCBEk)ehd 88 EhrdHat 404 (bfkéaéi()ﬂénué} églro&ds JV\%Af rh}{)o? 48 (®by UPLC MB.
After 3 h 3 u 0 e d the
reaction %ész%énc 4d4 jDg}g’[ L@gﬁl@?gﬁig;& %ﬁ%gﬁa’ Q?ggg%fﬁ@’ﬂl%’
20 J=13.2Hz, 1H), 4.03 (d, J=9.2Hz, 1H), 3.92 (d, J=13.2Hz, 1H), 1.39 (d, J=22.0Hz,
3H), 1.11-0.92 (m, 28H).

Example 18-2. Preparation of Sp-4

To a stirred solution of 3d (520 mg, 1 mmol) in dry THF (5§ mL) was added a 1.7M
25  solution of tert-butylmagnesium chloride (1.8 mL, 3.1 mmol, 3.1 equiv)) at room

temperature over a period of 15 min. After 30 min, a solution of (S)-2-[(S)-(4-nitro-

phenoxy)—phenoxypﬁosphorylamino] propionic acid isopropyl ester (8, Sp-isomer, 653

mg, 1.6 mmol) in THF (1 mL) was added drop wise over a period of 3 min. The

mixture was allowed to stir at room temperature for 60 h. 'H and *'P NMR of the
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The reaction was evaporated under reduced pressure to an oil. The residue
was dissolved in ethyl acetate (1.5 L) and washed with IN HO (2X 500 n),
fol | onwed W9 28sf3s8Ped sodi um bi carbonate solution (2 X B00/UsR)10/033se1 or gani c
| ayer was dried over anhydrous sodiumsulfate (50 g), filtered and
evapor at ed under reduced pressure to give the crude product as a pale

yel | ow oi IcrudEnamptetiddicatied miztsiraiofl disstetearner in hlwus L10e76v dhenaaciidn

di chl or onet hane and | oadgd. ont.o .5 Ki il I rtridge in a radial
conpr essi 6’?\“‘&5@ Wla%q‘éetncﬁ?ﬁgwﬁgisat aﬁﬁ%“ﬁ?@ﬁ%‘f@@%&ﬁﬁg%ge GHEHENES punp at 60
psi and a dohiine@bewelbn 4801 4detatd (150%kIS) HalbaicdafyasvRmBAL Nd,CD, 1Bt hyl ene

chloride (4L) followed by a gradient 1-4% nethanol in nethylene chloride
(48 L). Mxs20molf) EtnldeV'cttﬁeQéﬂ}Idr Therpambinedergpmicexiracs oyes dpgd avarmphydspesny |

Baduct S 7ppduteddis ARARGATEAR-ARYE pider o LR ARETHAL I en 5

and 4% netrbamed (14,1878 mppduct contai ning fractions were sorted into two

|l ots. The first contained small anounts of upper inmpurities and the latter
was pure priscbere corprounply k4, wasredigsolvied an regagy%maa{@mm thelyWatint s of

| ess pol ar_4i o/ Ll Hpﬂ? i 2 M B

phosphor an%dggé)géétﬁggﬁléyﬁﬂﬁ gﬁyl p ée%%@%f@?%ﬁ%’?%a%ﬁcgoﬁ% :q;}/lét he Rp

di ast er eorresctienanix mgeiwvaecbodedstodSGdambihammuenehéed with satorated(afneousel at i ve

t er m nal ogy,.. upper . vs. | r.refers to the elutjon on .norpal-pha
si1 i calgol SouinmbRgrBERaln A T Midiis TR mBRES Meo e Pauaned BHEER SBY el uti ng
I soner . ) Tda&a&%eﬁﬁaté?frh&&orflﬁiﬁe& Bl%ﬁ%ic(ﬂ}@r lwa& dhaysved sSdiahi sulfeRnrhdamunt  of

inmpurities -just e renaining R and nostly the p diasterereoners. It was
| at er r ecowbcenttedito igivielhe0mgi df sherskidne dchefresidue wasschrornatoguaplesiisingds

evapor at e nder reduced pressure..and the resul ting. whi I was further
dried (O. %%H?%m?gifﬁ]fr%g?tﬁa ig&%dlﬁrgq% BhF WRacte @gén %%tg?%:c@y’]upper Vs

| over i somepnipysrdsOl (SomE-1IMRyicAlds 8% tite@blid.ne pure lot (1:3 upper vs

| ower isoner). The inpure ot was recolumed in a simlar manner to give

3.8 gl&f 97% pure upper isomer (fraction set aside) and 36 g of pure

product i (r}‘:’garﬁ%l% 1?51?6%)%%];%]1%\”80 ‘Eﬂiﬁfr?‘é&é@‘{%ﬁ i ssolved in DCM conbi ned,

evapor at e e pressure , 0.2 nmmHg, 24 h) to get 74
g (45.7% of pureg product 4 with a diastgreoneric ratio of 48: 51, gas a
white foam np a 75-850C. I n order tmoduce an anor phous sol i g gf the
di astereorrg ic mxture, 74 ¢ of\zhe Wnb le foamwas stirred/in wi th-obutyl
net hyl eth W ML)csiespbia ng - warti al ST PMd ag; ﬁ“m;;;mld
resi due. Wil e stj rri‘rmh@b”r’a%%’ (7 wes Teedded s| owl/y angs'

5
suspensi on was nBthanically stir \%/foorrg#hour until nost 9{;3' he gum was
converted to a white solid. The sofid was scraped up with a'spatula and the
resulting slurfy was filtered. The sdfid was washed with heptadés (4 X 50
m.) and dried under vacuum (500C, 0.2 mrHg, 24 h) to give a white,
anor pdus powder (64 g) with a broad nelting range of ca 70-800C. 1H and 3
1P NMR conforned to structure and HPLE showed a purity of 99.8% w%with a

di astereoneric ratio of 46:54 (also ¢gondlirmed by 3 1P NWR). [ NH
1) Mg, CDsl, ether ~ HO O_NT0 Ac,0, pyridine AcO 0] NJ%O
17 - -
2) NH,F, THF HO' AcO =
CD4 13CD;,
18 19
o 0
(‘LNH (lLNH
AcO—~ O N0 HO— o: :N/&O
X Z 13 n'BuNH2 13
s = CD3 > § 3% CD3
o _DASTCHChr A0  F MeOH HO F
20 2
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Alternative nethod to nmake solid m xture of 4. After chromatography, the
resi due was co-evaporated wth dichl oronethane twice (5 nL/g) and dried for
24 h at 3¥020003816935- 45 nTorr. The foam resi due was si eceastowosisht a 250
m cron screen and further dried under the sanme conditions until the

resi dual dichloronethane fell bel ow 400{9§£m as neasured by headspace GC.
The resul Example he-1oMrepariationtof 1v(aFoSB A DR hyimE:-hbd- a gl ass

t ition t f t f th

i xture ofer SEREBYHERR ST BLaS A LS o Yo RIGMRE | R3O0 OF (08

§br7s’23|- ?’yi)gwfi eﬁﬂgg?lé%m e E‘SCH §P)18 (be o m RE?SP?r Ogatslsc

g 846i2 3?3 H, Mjridiee @, | 0&44109%“1[110)11:2’?;& C%z&‘é{f"qﬁd tﬂgziéﬁﬂ’%le) 2, RPISP),
CH§ g@i‘ﬂﬁp&g’ gﬁcﬁ_’ne (?8@ nﬁg%nﬁl -s&;’éen in y%’ us;ﬂm e é‘?@O Ih T

al a- 39 1.22 (m
12H, all @his,smmﬁﬁe susBerbRINKR a(d@en:ﬂs)dlghleroenl@mtra@ompﬂélsﬂ%@m ve to

t h | 7.80 |
Cal bt ) 05 7 BrdsP S tlo 28 6D Rk af Snbient Emptiied A RRERbE e IR 1L
49.75; H, s§%%ﬂ31oﬁlf06r7179rpat ambicht ¥éapdratufe, e re@@ﬁ@a%’@u&ché@bﬁ@ddlhg 5.44: N,

7.85; F, 05. Discussion on separation of isoners Conpound 4 due
to the chlmeihmo}' (%)cmbh@@bﬂhén gendestratedrprdes sefluged PRReSUER- akicdedidieas which are

on s g1 o R i SRy SExfges kAL S ELGRENER, O 0% R il - oo

gr?/st al | i rrerthéroskishéd w_lfhe%)hyﬂieﬂﬂdsmacﬁ@(z <1 Y91 terirdei (560 mnd), drreel avet $dlided

el ow. P-4 i ?p-4 Exa stallization of the i.?p-4 isoner. The

chr omat ogrsaé%dsqlfaﬁ‘%p@r %fef%%ﬁdaqoﬁf’ﬁlﬁrafqﬁ‘émﬁ@'r@ uced prgssye 19 ggsc ar i?p-4

i somer (3.8 dlluted
fodlict 2058y g?lhg‘?@s?d}ge' é@%}éﬁ% o b SR RAB Rk nliliangt!

w th hept zfnes unti ution was seeded and Stirred at
anbi ent t gdYérka) mnda pradicht bf etﬁﬂeaceta@uhﬁlﬁmes@m@‘ywvaﬁ@le(mﬂm podedt by vacuum
f||trat|on washed wi

2.3 g 1ot viaeposin s oo Pruat-ag R e Shr 533y detipst dty e elfene  1°

resul tant d%ﬁib%édadnd%ﬁcé‘n%fé@l uh@exh@d&%dg?@ésuraﬂndldnéd%ml\@ d%}@m 9.10 (br
s, IH NH), 7.36 (m 2H, o-aromatic) 26-7.16 (m 4 H

m- ar omat |hj)tg) affortlel 406y g (6% ot 1@asa|-\|yh1te5fogtg s@hd Ap| ad@g_op.al fragtlgrl(wpt | H,

a1 al 5, N9 SaRDGPAEs 1€ e g Splecid v NS} b Prigste i % 70 (T
Exanpl e 4.NHj epgg @ 1ansands HTyﬁiﬁa}lst S7ad iensefq. §PIZ42‘ Oy, 3BD-4.49 By BEL
preci pitation from crude 4 stirred solution of Lalanine isopropyl

ester Z@ydrb@‘ﬁmﬂrHeﬁé 416458, (06 BHAB), 4-H). 3611387 €l 2K, thifaeand Hlp 1 OPnes, with
50 nL of t % ne c@g % i n dichl oronet hane (100 nL) was added

phenydi chl §'ﬂb7s%§a &l(}gs "mL, 50 mMmol) at roomtenperature. The m xture
was cooled to -100C and then was added a solution of NM (30.5 ni,

384. 3| ) g{4mpR 19-2. Preparation of 1-((6aR,8R,9aR)-2,2,4,4-tetraisopropyl-9-

oxotetrahydro-6H-furo[3,2-][1,3,5,2,4]trioxadisilocin-8-yl)pyrimidine-
25 2,4(1H,3H)-dione, 17
To a dry three-necked round flask were added anhydrous DCM (600 mL) and
DMSO (30.82 g, 394.5 mmol). The solution was cooled to -78°C in a dry ice/acetone

bath under an atmosphere of nitrogen. Trifluoroacetic anhydride (neat, 77.7 g, 369.8
mmol) was added via a syringe over 40 mins and afforded a cloudy mixture. To the
30  mixture a solution of uridine derivative 16 in DCM (600 mL) was added dropwise
over 75 mins at -78°C via an addition funnel. The heterogeneous mixture was stirred
for 2 h at -78~-65°C and then anhydrous triethylamine (92 mL) was added via a
syringe quickly to form a clear light yellow solution. After 1 h at low temperature,

the reaction was complete as shown by TLC (30% EtOAc in hexanes). The cooling
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mL of di chl oronet hane over a period of 30 min. After conpletion of the
addition, the mxture was stirred between -10 and -150C for Ih. To the
above m xwonrelnasseadded 2' - deoxy-2 | -fluoro-2' - C et hyl ecirdise@0(03364( 10g,
38.4mmol) in one lot and the m xture was stirred bel ow -100C for 3h and
then slowy allowed to warmto 200C (6h). The m xture was stirred at this

t enper at ufoethOV@rrempgm and the reactierdmitens wasevrsmed upislowly ¢ srbight net hanol . The

sol vent S _ev rate the..r (200 ni).
The. £ one SRRRLAED L dhe RO R R P HE B DY atiRPPel SE AT 2
aqueous WWa@ﬂ{Z@DH@D} Waladdtd ahebghiic eyet Hakbgparatdte ’Klfegﬂ[le@sllw r was
dried over Na2S™, filtered and concentrated.. The residue was dried under

hi gh vacuiasfesiraced againyrith FNHE0G Bkin Tho cembingdhareapiseyer 9am™aseddi ssol ved
33
sat ur ot od UETHERR QRIRLLBER I8 hIOPpithatfed SR NI SOP IR o 5%3’5*8@ “Hite

and the flaﬂbf&ﬁ&ﬂ;@kysﬂolwmsidu@th Sp-4 seeds for 72h at anbi ent terrperature
(about 22C -not tha cool.i t he. syspensj o 0Cle out the

crude product).T ﬂtISSIQB?g{CGHMHﬂ%F? g{i]@ﬁﬂ)\%@ﬁgge&pt o 'bm_) and

dried to Qile\éger‘lﬁﬁﬁago(felﬁfgh@@oﬁ?e)é}#fa@ s@lfd whs %s@ﬁe& i ﬁ}%RﬁlCt’Fh‘é%'ﬂywzﬁ&S det er m ned
by 3 1P NWMR) of a white he above solid was suspended in 23 nL of

DCM and t figssolved inux@dmt hﬂxaats at Tinbient sempecaturgs Tho splation was goradtivthiser at ur e

and d for was_f red, h m. of
ol d B dimaeeh e ors pod gt A ot AR cob§ i ot REa Mo cia

93. 9- 104. HasedWhttechMdr gy DIM T Bextadesl(1/19), to tmevembst @iMiiie@anyei cdione The

nucl eosi de) &)4 IH-NWR (CDA 3) d 8.63 (br s, IH N%@? 47 gd | H, C6-H),

7 30 (m gplld( ovagdrigd ym quelwnicg%hﬁndsﬁenwda%fﬁ ThgseBd (br d, IH,

C 5 -H2),
e (d |"Z?Qg%% 21&*@5‘5& g el Qﬁ“@%ﬁ%ﬁﬁa @t‘z“)ei wa é@?&#—‘@%ﬁeﬁn% (br s,
I H, al a Nl'the rehda@w(adpuﬁﬁbdﬁacﬁ]ﬂnﬁa)chrdm&@g(a@hy(31}9 -7@%h &th@H3detatd i4 (d, 6H,
CH (CH3 . : t fromcr irred solution of
L-al aﬂ?ne h%@“ﬁ?ﬁb@ﬁffoé%f“éﬁdqﬂ\%ﬁaggﬂ Bé?‘?lﬁlé‘n?‘g @g"f 9-15%?)&?317 as 35‘&% MERFcal |y
dried, tvxg % with 75 nL of toluene each tinme) in dichloronethane (200
nm.) was a de phenydl chl orophosphate (14.9 nL, 10O0Omvol) at room
tenperature. The m xture was cooled to -10C and then was added a sol ution

of NM (6IExniple 1930 meparation6sT lnﬂ(ZRBS(;IIR;ﬁRpﬁandmydrm:yeﬁfer a period of 30
mn. After conpletion of,;the addition 111 S stlrrgd bet ween -10C
and - 15C fBrdyaxymeghyihe- Yopredehtsriomet ra ybrpluran-3-yDpyrimidine-

2' - deoyy- 3 4 s % gt hyluridine (3) (20g, 76.9mmol) in one lot and the
mxtu?g wazé(stlrreg lge1ow 10C for 3h and then slowy allowed to warmto

200C (6h). The Mugtesiug (@a%3 stli4d medoltwashied witbrhfe praucghehysreshloniqasid (15h) and
N ) S
wat er ( 20@3@) pedl With@ mbghetio Gtifbr)and 2 WnaeHs60 UBhd\dsEW a3 fiflel wiiihamgdnl@s nl) and
brine (501 The organic |ayer was dried over
and then anhydrous ether (80 mL) was added. To the magnesium in ether was added
25  slowly perdeuterlo-13 C methyl iodide (15.06 g, 110.3 mmol), which generated an
exothermic reaction. After the reaction mixture was cooled down, the supernatant
was transferred to a solution of dried compound 17 (50°C, 0.2mm Hg, 15 h) (10.0 g,
20.63 mmol) in anhydrous THF (1 L) at -50°C over 20 min. The temperature was
allowed to rise to
30  -40°C and the mixture was stirred at between -40 to -25°C for 4h. Upon completion
of reaction, the mixture was diluted with EtOAc (1L) at -50 °C and then brine (300
mL) was added slowly. The organic layer was separated and then washed with sat'd

ammonium chloride solution (300 mL x 2) and dried with sodium sulfate. After

filtration and concentration under reduced pressure, the residue was dissolved in
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Na2SO4, filtered and concentrated. The residue was dried under high vacuum
for 2h to give white foam (43 g). The above foam was di ssolved in 86 nL of
Et OAc i n wOwo1mBs369r ound bottom fl ask equi pped with a mechase@alo3stirrer.
While stirring, 100 nL of heptane was added slowy and the suspension was

stirred for Ih. The top layer was decanted and the residue was aﬂtai n
stirred wMdOB@50mb). Anznprigacilingisiedhdgrsa1ditBHR4bmg)wengiaddedhdlichen

decanted. The. resi due was.drj er- hi vac i ve whi am (3
oy The So00EERD RS B RSO Tt SRR PUE LA ORET 05
of | PE t 0 gBiiver RedtiBédipratstige. SAtitr thomugH hecuanl diyingthe@btainddiresidut wisough a
smal |l pad of Celite and the filtrate was stirred with SP-4 seeds for 72h at

anbi ent t OupBedbyflash siliee gehrelamashromaiegraphy Qe@d: CRednsd Rt A 1%E (30m)

and dried to give 7 - 89,1 ] % o o4 s i y as
det er n? ne&' ?PBH“N@?S %’f&?@h a?eamf)%te é’fﬁ.d' %M@%&S@gfi{sg @g@?%’gggﬁded in
36 L of D@jmggmbw 1efA-ug adif 61-6)36,77 Bel Hy st DU xS 19,0052, tH, yoom
temperature and stirred for 15h. The white_solid was filteirH;e;g ;ggf/?ed W th
7.5 L of =cbd HzDBM)addoddi Bd, {nder HaiR-3)as dhkatl 4502 4 Hg 2 pur e
Sp-4, (4. 1.6, % frem, ut kdine l.egsicdey, Method 3: Silica gel

| oadi ng oxgglr{m}ire 5?16:%3%633ijltg%cd'r%'cgigl(rg’y\g’;ﬁgr’%dgég ‘as in the same manner as
the m xture of diastereoners just before the colum chronat ography step
startiipg WxakhploP9-axX iPFrepaiarion.of (QRPSRAS;SWYBeyceoxyt-s-(ma-ati@o-Laet hyl uri di ne
(3). The crude was dissolved in 10 nL of, DCM and 10 g of silica gel was
added to tdikydyepyximigin-HRH)-yHr4-bydraxy4d-ebaporated to give dry slurry. The

slurry wa i j 0 for 15 mn and then
Pl e e PRRQGdtbAfmbiite fidn et Buidbiyaerane ol O 1> 71N B06

Et OAc/ hexanes. Tohesohitidnosf cgaipoumds18 (Fe0) gyShlenimeil)in abbpdrivesyriodM (1900 i)
and col | ected separately. The.solvent was.e orated d dri.ed under high
vacuum to”@]id)v‘@a%l!o e@ﬂ%ﬂ*%ra@%? (:Zﬁ%grﬁt@n%}?gyﬁegmeme eaefsgbg’lgyed in DCI%/I
(6nL) 43nd Iﬁﬂﬁﬁe Was s@sided aadtlenQbmbBENEOfFakE, ALl WitREEDAS p230thD). The

1
m xture was en gently stirred overnight with Sp-4 seeds at anbient
t enper at urveashdhwithiwater (S@milex dhend dtiedwish sedivmeatriedAfiet filtiapen amd ni ) to

give 1.28 of produyct. 3 1P NMR.reveahked tha r ont ai ns
77:23 m Xtc%p%enérg{lﬁq,jﬁq reFéBg xep 8%5@%4/?3(/@?83’ SO ssﬁ\%g%l%&gﬁaﬁ)g}gt(g@p?fz% from 20
nL of DCM 499 ipbteCH) R gfee @mpoundA%(POres 687) 4s § gheublid2% from t he uridine
nucl eoside). This preparation of Sp-4 does not require the silylation step
as done for the mxture, so the entire reaction procedure is shown above.

Aspect2® ofEximpled <. yRytephrdtion of ((RR3RWRIRhBrceigryd-@i4-4i9xa-3st-¢ present ed
bel ow. Met hod, 4: 40..Q. 1; ] Xt f Noll i f
d?cg},vor one‘{]‘ﬁéwpyfi@gg%}@kwy& ﬂ'(rg'“)&( g-(rﬂ?‘;%pe\%géﬁ%ag{ggﬁ&g\éﬁ% o S'g{)(ggléms:o?ut i on

to give asaiynrildasahte 2@n. (The quantity of diisopropyl ether may vary
based on the purity of the product.) The sol utian, waq?1 Seedggtatg pure S -4
(> 999% and t helo salutien ofconmponnd §9 62.33 b7 himmpeljingnnydigys CRRCh gt

t enper at ur r i of, i S d : ; solid
R A e

di i sopsopyw&t dtiered dorc3d miroafedrleapased 1o dpbiantdtesiperatire.oAgiadditimhdltteo 233 d ( 16. 6

0,
g, 89.35 /§ scale reactions and one 1.00 g scale reaction were conducted exactly the same way.

All four reaction mixtures were combined, diluted with CH,Cl, (300 mL), and washed
with ice-water (100 mL x 2) and then cold aqueous NaHCOs3 solution (100 mL x 2).
After drying, filtration, and concentration, the residue was purified by flash silica gel
30  column chromatography (EtOAc 0% to 50% in hexanes, compound came out at
around 48%) to give compound 20 (2.0 g, 24% from total 7.99 g of compound 19) as
a white solid. "H NMR (CDCl;) & (ppm) 8.27 (s, 1H, NH), 7.55 (d, 1H, J= 8.4 Hz,
H-6), 6.17 (d, 1H, J= 18.8 Hz, H-1"), 5.78 (dd, 1H, J= 1.2, 8.4 Hz, H-5), 5.12 (dd,
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pure 5p-4 by NVR). This solid was suspended in 83 nL dichl oronet hane and
refluxed for 3h. The suspension was cooled to roomtenperature and stirred
over ni ghwo 20tve13sbi d was filtered and washed with 107l Pofi/usedid/oBX6M The
solid was dried under vacuumto give S -4 (13.1 g, 99.48 % pure by HPLC).
11 g of this solid was redissolved in 330 nL of DCM under hot conditions.
The sol ut ilbh A2 6cHeb He, Hd')% 644 En@ardl.di-4', And")l 249 (a8H:; fitk).2ewdér at ure
over ni ghtg ;’ﬂf crystalline product was filtered and dried to give 10.5 g
of S?-4 ( g 3()/0 by HPLC). Conpounds 5p-4 and i ?P-4 may alternatively be
prepared, in accordance with the ninth or tenth enbodi nent, by reacting

nucl eosi deg oIt §9462 Preparafioh Af aC(BRBRURSRI- 38 uoro-4-hydroxy-5- _
i sopropyl - al anyl - phosphor ani date (m Xxture of Cand C, Cor C), as shown in

t he fobl owhydroaymethydn3- C-perdeutgripmethyltefrahydrofurgn: XeBpynimidinet i des

&Nucl ei ¢ Acj 03. Vol.. 22, Nos. 5-8, pp. 687-689 ("Howes") discloses T -
and 5' -ph?@fkggrﬁ'gig?%s 1obt ained by a reaction with t-butyl nagnesi um

chl oride. Ther efo Hwmondifzepsasd 20X g, \SENmAmoY) in nttglmnpt Ptrmb) wes nucl eosi de
is reacted with (S)-2-[chlor o-ghenoxy- phosphoryl am no]Ethro ionjc acid
met hyl estaéfed propiylamype (emde e nesvltiagmuyiirewpsstyrediat Hifoy @}desi um

chloride, gglﬁ%e%%{e}ﬂ%vim% nle 4QNTRE o%daﬁxeg 'résﬂﬁl%i\ﬁd-ﬁ%ﬁﬁ&@ By ‘H]QQH but that

with an a I onal equiv t of t-butylnmagnesium chloride Selective
phosphor ylsitdagel columhehfomapasaphydiMaidit Orto é 0% il IGHCH) s Eios epmpetnuldld be

of (9~ 2 (4 P3P0 Ahale g5 B OHO S pR) RO B D brEO BE

i sopropyl &S T st OInuti fry 4r D h 2y | R di chl oridate
R SR R L e A e A U e ices
and tri et hyl@aHzE-5)73.97319, (nb 2HiHBY) 49,r8.80 ¢ldl bipreinn2 8HAHM-M)) at - 780C
over a per/] Q mn. T 1 xture s stirred at this tenperature for
30nm n and é(ﬁgﬁ (Méggﬁft’é‘f‘artggfqggo oY round bottom flask contai ni ng

L- al anisne isopropyl ester hydrochloride (8.38g, 50mmol) in dichloromethane
(100 m.) at OC. To the mpxture was@ed segond portion of triethyham ne
(14.6 m, 105 nmol ) oyer peri od 5mn.j The m xture was stirre t 0C
for I'h and then {he-sol¥ent was evappr at edf Iﬁe residue wasonr i tu(gid wth
ethyl acetate (]%Don@)‘"%iﬁld the Qi't b gelidl.Nas fibeer ebhetf b M rate
was concemilr at ed—under—¥reduced essre tebtgoye palke yebl owP oi | —5FHeDscr ude
conpound was chromatiegy aphed uSi ng 0- 2896 eFhyl acet at e/ hexaneHOgr &di ent to

gi ve product (17g, 83 %ield) as am xt%re of di astereoners in,about 1:1
ratio. 31P NMR (162 MHz, DMSO-d6): d -0.31, -0.47; 1 NVR (400 Mz,

VS0 06) g 57 o o o S QB RS S i, o1y
11158 R i i W (152 M 009
7. 41- 2033(perdenderiometieyltetrpbydrofgrpn-25 05-4. 96(m | H), 4.14-4.05(m
yDmethoxy)(phenoxy)phosphorylamino)propanoate, 22
To a solution of the unprotected nucleoside 21 (207 mg, 0.783 mmol) and N-
methylimidazole (0.4 ml, 5 mmol) in THF (4 mL) was added the pre-made
phosphorochloridate in THF (1.0 M, 2.35 ml, 2.35 mmol) at 0°C dropwise. The
25  reaction was slowly warmed to ambient temperature over 1 h and then water (1 mL)
and EtOAc (5 mL) were added. The organic solution was washed with sat. ag. mono
basic sodium citrate (2 x 2 ml), sat. aq. NaHCO; (1 x 2 ml), dried (MgSO,) and
concentrated under reduced pressure. The crude was purified by silica column
chromatography using 0 to 5% PrOH in CH,Cl, as eluents to give the
30  phosphoramidate, 22 (216 mg, 52%, 1:1 mixture of P-diastereomers) as a white solid:

'H NMR (400 MHz, DMSO-ds) 5 11.54 (s, 1H), 7.56 (d, J = 6.8 Hz, 1H), 7.40-7.35
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IH), 3.93-3.88(m IH), 1.38(d, J = 6.8Hz, 3H), 1.22 (dd, J = 6.2 & 3. 0Hz,
6H); M5 (ESI) mz 407 (MI)+. Exanple 5-2. Preparation of Sp-4/i7?p-4. 3 +
m xture oVOCOEMI3S369(-1:1) BuMgd, THF 4 + 4 RT, 48h ~3 PCI/UBR01&/0336it r ed
solution of |-((2R 3R, 4R 5R)- 3- Fl uor o- 4- hydr oxy- 5-

hydr oxynet hyl - 3- met hyl -t et r ahydr o- f ur an- 2-yl é 1H pyri m di ne-2, 4-di one
(130mg,  0.(BMAH)) 7 Th7 dB T HED 014570 (b a8 (kT £ DMZ61 Ha B, 555

tert-butyl [ | pgd 1..0 : l, [ t

t orper at i Iovee HE 3868 B SIS A SRR by S ks vpem
(S%-Z-E(l 4-14111'»(_;3_?8rq;lingzm?)gy;)gaomeoQni%fghqsmlhm&ltmmwp?mmlz (J{' @ae2oHe,i d Lzogr opy!
ester ;1 mixture of isoners : in e

dr op- wi se [MEO-&) gk ibd- s L?}MS](ESfﬂ&’Irﬁ Iirﬁmlﬁagu Fp@m3ﬁ§€§)ﬁgat room
terrpe_rgtursgélfsog«o‘ﬁlg%g.qd t hen quenched with saturated aqueous NH4C (20m).

The m Xturé Was partitioned between ethyl acetate (50r1.) and water (20nl).
The conbi ned organic extract was dried over anhydrous sodium sul fate,

filtered and concentrated under d ressyre to gjive a.pale yellow
Fesi due. dprAmedRrb ieBarmpT St Ml R AR srsggh St 0

MeCOH/ di chl ; _fai L3NS ' qadhy. solid (125nmg, 47%yi el d,
m xture ofﬁggﬁ#%ﬁd?{]fgggﬁ?) 3. 05;?@6@&;?}{%) . Exanple 6. Prepar at(i) on and
non- chr ongterdewtptipmeilydtettahydrafirf16g~- 2- [ (S) - ( 4-

ni tro-phen - phenoxy- phosphaqr vl am no r opioni c idisopropyl ester

L- al athne Xqi%%ﬂ’g’;@( Yé’éf’%gpﬁgﬂl%é%ﬁﬁ%‘?}“d’ip‘%é’é mﬁ,aaﬂ’g% nmol ) was pre-dried by
coevapor ati on VpHoIpRRAMRIAR 222147 A0 01275 nifelg ivak ealipesdbdpi esshylenard2t hen
dried in a vacuum oven (50C, To a stirred solution of

. h .
g- nih It r ophemgr,:) anshwaieh@r el Uér%eéﬁ@ at %@@éfzofféh Theyghe wolptileicAMPARSAE} ous |
i i 1. 1.953
and 11 of YT ATy S flad Ry BRER e THULHAR s SRAFRE Ly g cltuhn . 928 701

i nternal terpesepapRy by elutiag péthi 5067056 FROEDnrGH, (ihendthzn, 0 to 206sNELOHr ed at

this tenperature faor additional 30 mn t I 0 to -50C
over 2455 H@SErQH thaivp e 2t MoHe seH @Séﬂg’%g@i Qf&)@é (gﬁgg%fzapwr]ﬂ}é%n@r an
at mospher & 66 (L 94e. AUFTs A1 aso ThE, Tieesdugaof-smmaasherosalgs in the

addi tion was transferred fo_ the reaction mxture via rinsing with

di chl or onethaiB, .20 Xd, 096 81Hz, 31’ PR (b6 2 1zs DMS@dlshd 808 ERMS40 ni ns and

a second p i rietrhyl amne (57 ) I added over a

peri od of @@t{%ﬁ\aéﬁl 8 Pfaﬁ%ﬁﬂbi& 15&@7%89?#&%85@5’}1‘6%6C for 3 h and then
the white solid (triethylam ne hydrochloride) was filtered off and rinsed
wi th di chl oromethane (3 x 300 nL). The filtrate was concentrated under
reducéd prBowerties ghlamples efeli-duk asdsrériturated with nethyl t-butyl ether
(MIBE, 4 L). Thg_additignal kd 1 i of f and
rinsed with Ml e§°£l§%$rﬁ:§gé$%g§%#% ?ﬁra%dfb S)ggﬂx‘gﬁﬁgéﬂtﬂg ﬁ%ﬁ gr reduced

pressure tXRPYE Nulchar Maggidtic Resonance INMR Jaspbctrobixery, Esurikrd ravesforan- evapor at ed

wi th hexanes (2 x 140 mL) to renpyve any_residual BE
Inﬁaged (FT-IR) spec)troscopy, DifferentiaY Scann%ng 8alor|¥|r£etry ?I%iC), Thermal

Gravimetric Analysis (TGA), Gravimetric Vapor Sorption (GVS), Thermodynamic

25  Aqueous Solubility, and High Performance Liquid Chromatography (HPLC).

Example 20. X-Ray Powder Diffraction
Samples of Rp-4, 4, and Sp-4 were analyzed by X-Ray Powder Diffraction
(XRPD) under the following regimen.

30
a. Bruker AXS/Siemens D5000

X-Ray Powder Diffraction patterns were collected on a Siemens D5000
diffractometer using Cu Ko radiation (40kV, 40mA), 0-9 goniometer, divergence of

V20 and receiving slits, a graphite secondary monochromator and a scintillation
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further dried under vacuum at 400C for 2 hours. The dry residue was m xed
with diisopropyl ether (IPE, 1.1 L) and stirred at 5 Cin an ice-water
bat h. SnaWwbD 2armmssic9of crystal seeds of the desired Sp-i somars2ai/osise1 pr oduct
was added to the solution and the m xture was stirred at 5C for over 22 h
to forma nmediumthick slurry. This was allowed to stand in a freezer
(-1000) f countér. The Tistruprestispietfatmeancp cheblied using a ceitified Cotundup ftardardat i on and
rinsed wit =caoled m xed salvents .PE_and.hexane 1, 3 x 190
n). The S@Fﬁﬁ?@ Jﬁﬁ‘?%og%vﬁ’ﬁﬁg?e%\fgrc%ﬁ?(?kp o?rﬁﬁaf#é)‘t%&{; %EM t enper at ur e
until a carshBidet®d gt andake 8&th MeieshalyR e b@prdohtelBusing DifehelPLSEVR) as a
white powder solid. The ratio of two diastereoners S \R was 9.65/1 based on
3 1P NVR (v1bR20.f1dor vbDvsEB26, d -0.31 ( P), -0.47). The product was

recrystsal lized by dissolving in IPE (840 nL) while heating in a 60C bat h.
The above o{)ut' on vas stirred at roomtenperature for 1 h and then a small
anount of M@omr seeds was added. Wite powder solid was forned

wi thin 2 hours sunghléshan ubastamMient Sbitditshsi werd pfeperdes flat J1aRGpedimensl6 hours.
A white and fine crystalline solid obtained was filtered, washed wth

pre- cool ed'siEPOERr Bureatlye APPI¥IBAtclNtfomE P4 e Fnpiarsesmntly packediitpg) to a
t ant i | Ve i f ; : . o | i el d
2456 over al s i p sl plto takorbuRPsG) diichrfafde ThEUANENAY Y1 o1 9 ©f

di ast dineoretatel inatsioovnqflard8iutingassigsionThe dévkls dth62ats 66llectidd BreNVR (162 MHz,

DVSO-d6): d -0.31; 1 NVR (400 Mz, -d6): d 8.30-8.27 (m 2H), 7.49(d,
J=8. 8Hz, Znpulaprange:? t@%@néﬁ;ﬂ-?}’,smﬁ 9&@ 180 ?ﬂllegtﬂial}mé.%”(zss-%tém,- J=13. 6,
10.0Hz, IH), 4.86-4.78 (m IH), 3.97-3.86 (m IH), 1.19 (d, J=7.2Hz, 3H),

1.1 0(d, J=6.4Hz, 6H); 31P NMR (162 MHz, CDA3) : d -2.05; (162 Mz,
DVSO-d6): d -0.181; D+ulvRAXS®O2MADDSDC 3) : d 8.22 (d, J-9.2Hz, 2H),

305 5 oacm 1 o Rey g Dyt b Wt slfefi o prderdySied Ty

NVR (4G0 N5EDDMER: S8meteh & %]c@x%zmamio@ tﬁ%o KV 4300, i BEEXYZH) |

7.41-7.37(m 28), 7.23-7.19 (M 3H), 6.66 (dd, J=13°6, 10.0Hz, |IH),
4. 86- 4. 78 stage, labér vido97icBs86pe( fior autbhsample@sitioning-and 21k Stag Phdimensionad,

J=6.4Hz, 6 ESL) mz.407 (M1). +. The stereochem stry of -i somer)
nas boen COMATHAT. Sy oRGFeecEry ik Siels b SRfeaT Rty fo Sl | S

provi ded hghle EXaRRLR of 0.338RAr ation of the diastereoneric mxture
(S)-2-[(4-nitro-phenoxy)- phenoxy-phosphoryl am no] propionic acid isopropyl
ester by SFC AHmhﬂa@%ffergm,cem-s(ﬁlm@ffqgflvmla%@@beé%ww@eennﬁ@t§9 sape.ched with

the i 2p-i soner hj £ - i ' m col um

and el2§t edvg%ﬁ %pﬁ%%ﬁ%g}oﬁ’%%rgg%%% %%Eﬁ:%%bﬁlﬁg%@ln% %gé g‘?ﬁfg@\gtattr .g)%ﬁpll%nj ection

| oadi ng ofdefectdr didtara e cat which givee ait effédtion 20frarigé afg/27k 2017° et hanol was

used. The i ?P-isoner [(S)-2-

[ (R) - (4- ni byricadrdhosapnlp oniiae srretsdrie fBa Xrmnbramp f dr8 irondtiTdei sopr opy!

gz Lglr ]negl ;‘str?gtq'agé {2l forldiea GARLOM WAL EADTHE Fr WRTH. 1,48 GndMeldafdl Werb UNS weT €
analyzed and presented using Diffrac Plus EVA v 9.0.0.2 or v 13.0.0.2.

25
Ambient conditions
| Samples run under ambient conditions were prepared as flat plate specimens
using powder as received without grinding. Approximately 1-2 mg of the sample was
lightly pressed on a glass slide to obtain a flat surface.
30

X-Ray Powder Diffraction (XRPD)
4 was found by XRPD to be amorphous (see Fig. 1). High resolution XRPD
analysis of Rp-4 prepared according to Example 3 confirmed a crystalline solid

exhibiting a different powder pattern to that of Sp-4 (prepared according to Example
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concentrated under reduced pressure to give 2.9 g of the i P-isoner
[(S)-2-[(R)-(4- nitro-phenoxy)-phenoxy-phosphoryl am no] propionic acid

i sopropylwe=npevi3sms a |ight yellow viscous oil and 1.9 @CofUuStéie/03§4i soner
[(S)-2-[(S)-(4-nitro-phenoxy)-phenoxyphosphoryl am no] propionic acid

i sopropyl ester] as a white solid. Analytical data of i P-isonmer is simlar
to the prddivsthads9) whist s aldeeonfionel torbpstcaydtilling scdid. nBthBBPDARslt i cal

Dat a for njtroz heno 0 hos | am.no r gpi oni ¢
nei a1 Soprils Frbrtitdsmd i SRR aT T ¥ A SRR PSSR e AR 28 0" S,
1H NMVR (408 dykir,-4 ﬁ?g o) &cBRe®. 27 (M 2H), 7.46-7.38 (m 4H), 7 27-
7.20 (m 3H), 6.68 (dd, 13.8, 10.2Hz, IH), 4.86-4.77 (m IH, 3.97-3.86
(m IH, 1.20 (d, J72Hz 3H) 110(dd 3=6.2, 2.2Hz, 6H); M5 (ESI) nmz
407 (I\/H) EE for Ig"ﬁl&lﬁvoq of racemc

phen 5

2-[(4- hI oro OXY) - p enox osp ryI am no] propionic acid isopropyl
ester 03 d—sehu Renyl phoshorodi chl oridate

(2. 45g, %D!!":’i!ﬁﬂ'"\iﬁmn was added a sol ution of
phenol (0. 94ngle 1(0nensity and tA?@?h Ian*"ﬁ%“sé .56 nL, 11 nmol) in

di chl or ome-Bhefa °(2On4 _at -786'@"6@& a De%od of 20 min. The mixture was
stirred at6.4l6 s teviperature fo4.980m n and6.8hen transferred to another round
bott om f | asloecont 408 ng L- al and.h®0 i sopr odyl8 ester hydrochl oride (1.67 g, 10
mol ) in &.gdnl or omidhane (50 nLyomt O0C. Too.ohe m xture was added second | ot
of triethyliamone (R.92 nL, 2 1gnwl ) overgaq period of 15min. The m xture
was stirred gl 0CH40f Ih and theps t he sol yent was evaporated. The residue
was trlturﬁtgas(a vvltﬁ§thyl acet@geg (301) gnd the white solid was filtered
of f. The f1|3l ate S concent rlﬁtﬁgi under ggduced pressure to give pale

yel | ow oi | @ecrué\% corrpound chr omat 9gr aphed usi ng 10-20% et hyl

acet ate/ hel>f1 s graflient to gi éroduct g% 0 g, 50%vyield) as a m xture of
di ast er eonfer 2li n abbut 1:1 rat1‘5o3O 31P NMR'P162 M4z, €D 3) : d -1.58,
S1.62: 1 NWF024400 Mz, CDO 3) 166887, 06-7.1916 (m 8H), 7.15-7.28 (m 2H),
7.29-7.47(19.003H) , W.9-4.10(m 1|7r4708 3.82-3588 (m 3H), 1.35-1.36 (dd, 6H):
1.19-1.22 1(7r18823|—|) 100 (ESI) ml1Z.8298 (M 1)82. The resultant product is
purified byg.%6%t racg.8on, crystadil8la62ati on, Adr5 chr omat ogr aphy, as noted above.
Exanpl e 8-R.5¢ epazmti on of (9B-do®opr opyl 6.3

2- ((2R, 3R ARGR) - 55.62, 4- di 0x0-13,980 7.3

di hydr opyrjghdi n-1424) - yl') - 4- flgugipo- 3- hydgaxy- 4- met hyl t et r ahydrof uraii -2

yl ) met hoxyy( nox phosphoryll no)propg@oate (4). To a stirred solution

of I-((2R ; -FI uor o- 4y roxy

hydr oxymety, 3 rre§1 tetrah furan 2 I)-IH—pyrlmdlne24d|one(3
2.6 g, 10 i) yTHF(5 Was ad dal 7 Msolution of
tert-butyl eS|u hl ori de ( 2.1 equiv)) at room
terrperatur%3 %rlod of . Afte gm)mn a solution of racemc
(2-](4- chl%ﬂrkﬂ—sphe phenoxﬁ@hﬂéphor yl afi®no] propi onic acid i sopropyl

ester (4.0Bg359 Ormﬂ) in THF (22597%4) was added drop wi se over a period of

| Ovi n. The2536& ur €7.9as al | one®3t360st i r at 6/5oom t enperature for 72. TLC
co-spot wi2di4eut he3d.2 c product23sisdwed arodrld 5% of the desired product had
formed conmpmogd togphe starti mg.9macl eosi de.4

27.313 15.6 24.873 3.7
27.677 22.7 25.123 4.9
28.219 12.8 25.649 4.2
28.661 6.2 26.748 5.2
29.450 6.8 27.339 3.7
29.735 9.4 27.646 3.5
31.372 8.2 28.066 3.1
31.967 109 29.050 3.0
32.295 6.4 29.541 3.6
33.001 114 30.178 3.8
33.774 11.8 31.648 3.1
34.385 6.6 32.721 3.5
34.734 6.5 33.154 3.0
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Exanple 9-1. Preparation of racemc

2-[ (2- chl or o- phenoxy) - phenoxyphosphor yl am no] propionic acid isopropyl
ester ().wOaony/ssiopred sol ution of 2-chl oro-phenyl phosiroTas2ellossoudat e
(9.8 g, 40 mmol ) in dichloronmethane (80 nL) was added a sol uti on of phenol
(3.76 g, 40 mmol) and triethylamne (6.16 m., 44 mmol) in dichl oronethane
(80 nmL) at XRPBGlatavfor Ra-4per | BRPOY dazpforiSpr4(Foe Ii xt ure was stirred at this

t enper at ur eAligle 3Antensitand t hexmgdle ansf dmtagityo anot her round bottom fl ask
cont ai ni n@-Fh&hani nesy sopr opylTiesaer hydreoghloride (6.7 g, 40 nol) in

di chl ororigklgape (o) niL) at 0&3939 the mxsure was added second portion of
triethyl angkngs( 1346 nL, 84 mgghkyiover a period of 15 mn. The m xture was
stirred aty¢ for14l and the gt sol verf swas evaporated. The residue

vvastriturf%‘ vvith7 t hyl acet3fe,{100n) ?Tdthe white solid was filtered
of f. The fI} pateé\%s concent % under Y'educed pressure to give pale
yel | ow oi B7-3PRe crule corrpouna chromai‘é

gr aphed usi ng 10-20% et hyl

acet at e/ héXa8s gr6aQ:|i ent to gi3§éw roduct 1. 39, 72 %yield) as a mxture
of diasteP8c8rs i about 1:14P4lPo. 31P NWVR (162 MHz, CDCAI3) : d -1.58,
-1.61; 1H3®/VR3(40B84MHz CDCI3) : d 7.06-7.51 (m 8H), 5.02-5.94 (m |H),
4.10-4. 16(4®098H), 6631-3.94(m IH, 1.18-1.35(m 3H), 1.38- 1.40 (dd, 6H);
M5 (ESI) m0z51398 (A1) +. The resultant product is purified by extraction,
crystal | i zat429n, & 5chromatography, as noted above. Exanple 9-2.
Preparation of (S)-isopropyl 2-((Z2R 3R 4R 5R)-5-(2, 4-di oxo- 3, 4-

di hydropyrimdin-1(2H) -yl )-4-fl uoro-.3-hydroxy-4-neth et r ahydr.of ur an- 2

yl ) met hoxy) ( pheh&aple Of‘)ﬁbéﬂ‘ﬁérg??%"ﬁgﬁ ‘bf’/?ﬁ)lﬁﬁ% {n@_rtarm}{gllﬁ iSP?%EFI‘é%Y ution of
- ((2R 3R, OHE - K S 187yi fine powder. This

hydr oxym?%;%e?@rgg%}ﬁél?{?%@tég ydrsg?%lsutr%ay}ﬁl%:[hflSftnp}-el-ap?yari m'pdi ne- 2, 4-di one (3,
2.6 g, 10 sample)wisteara)yzEdby high wwtdlutigrsXBREDe donfirming g poge Lol
tert-bgtyl ma%%fi umchloride (12.4 n., 2 1 mol, 2.1 equiv)) at room

t enper 3t ur%° a period of 15 min. After 30 min, a solution of
(2-[(2-chl oro- phenoxy) - phenoxy- phosphoryl am no] propionic acid isopropyl
ester (racemc 4.08 g, 10 mol) in THF (15nm.) was added drop w se over a
peri od of Example 2ThErpstallizationsudies a4 o stir at room tenperature for

72h. TLC co-sp h qut I - .Sh r : 9 t he desired
product had fo?én%#a@grerp%%r“%%ﬂ{bggPﬁwﬁféhgﬁﬂgﬁgﬁgg%@éé%e 10-1.

PL epar at i ﬁﬂy@zﬂliﬁa.ls@mhﬁd ]as {ndiduat p51yﬁtom;dﬁt: &drinso rS‘pTImae exist/in-at least five |
phenoxy- phosphoryl am no]. propionic acid isopro este To a.stirre
sol utilén d?Olﬂé?ﬁpé\“cl fem%éﬁ%&wedpfrﬁo@qmsddiclfﬂr@»eﬂ‘g‘éfFem{l%lPBO\gSPz‘bc%?&o) in

di chloro 0 : FIN : Bt 0P mbJrgt-a)h am ne
(3.08 mna‘%gﬁ%?erﬁ‘f é%ﬁ’%ﬁﬁ'ﬁgﬁéﬁi ﬁgﬁﬁ%f%&%ﬁgsc ¢ PO pgTFi od of 20
m n. The ninxdpprapriagesvabire ofctystallizhtion sodvepeaattonieriied veD), ¢hlorofomar Bhen

transferred to anqtherround bottomflask nt.ai nin - al\ani pe.i sopropyl
ester hydr‘@&apd?qtﬁé‘c?tét.eé vghs ‘g*ehlﬂ%“ilﬁtﬁlﬂlﬁ (g(? X‘ﬁl?’c?ﬁ?ﬁgat(havﬁb’ %rfgglm_) at 0 OC.
To the m Wﬂ%&%%%@ﬁﬁmﬂe téﬁovﬂflg toricQhftratasi dTehd Sol@fbodt 5 €2 ol )

e

over a period of "15 mn. m xture was stirred at 0OC for |h and then the
sol verttS wa¥arwspoystallint, folthe weessehiainedsdyt gach dormn tupen fifteationppdjor ddteat e

(60) andaéor}&alxﬁl)r}nel‘sol id was filtered off. The filtrate was concentrated

Forms 1, 2 and 3 are a non-solvated form, 1:1 DCM solvate and 1:1
chloroform solvate, respectively, as was confirmed by singe crystal X-ray and XRPD
analysis. Forms 4 and 5 were obtained from crystallization of Sp-4 from solutions of

20 acetonitrile and anisole, respectively. Sufficient data could not be collected to
determine whether Forms 4 and 5 are unsolvated, hydrated or solvated since single
crystals of sufficient quality were not obtained. Forms 4 and 5 transform to Form 1
on filtration. Two additional crystalline forms are obtained upon crystallization of Sp-

4 from n-butyl acetate ("BuAc) and a solution containing methyl-"butyl ether (MTBE)
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under reduced pressure to give pale yellow oi
31P NMR (162 MHz, CDd 3) :
is purified by extraction, PCTyust@blodssat i on,

di astereoners in about 1:1 r
-0.58. Theonemul3smnt product
chr omat ogr aphy, as noted abo
2- ((2R 3R, 4R 5R)-5- (2, 4-di ox

atio.

ve.
0-3, 4-

as

a m xture of
d -0.49,
or

Exanpl e 10-2. Preparation of (S)-isopropyl

di hydr opy rndhelptand; @poh) ﬁyta)wnbmhmfrtbesscwwﬂmmmmynﬁ@‘f@mww an- 2

yL)nethox
| - ((2R, 3R,

@%%@qu X gP&F‘lgt%QJ"

| ami

Ao By

o)

193k §;

roxyne

S04

go%at%ﬁlfgﬁr?ﬁjlats ol ution of

- met hyl - t @khidhty dboadduhétin@endotherthHvigty ir msat ﬂéﬂlparaﬁxrd boPe3{Ban®@AHRgef 10mol )

indry THE (501) was added a_1.7M sol utjon of tert buty
(12. 4L, 2fhegimob . Angidionpl

After 30m n,
phenoxy) -

m xture was al |l owed stir

t
aut henti ¢ % Pﬁﬁﬂ&Fﬂgﬁg&EﬂFSFB

t. room

3&8 PIFgery

SRPDoRAterepier b e
a solution of crude racemc (2-[(2,3 4,5, 6- pentafluoro
phenoxy-phosphorylanino] propi onic acid isopropyl
10mol ) irEx'Eldﬁ)léISJIL)SpwaFOﬁﬂded drop wi se over a period of |Qmn.

ekt 2

re f
des

conpared to the starting nuc

I 6051g§g‘le+

e LR

or C provides for direct acce
the foll owi ng exanpl es. Exan

Dl 2-Hheta

r\r\n
LU CT

I

LA~ T

0
eparati on®

a stirred solution of 1-

((2R, 3R 4R 5R) - 3- Fl uor o- 4- hy|
-2- yl) -1 Hpyrimdine-2, 4-di
added al M sol ution of tButyl

5.0

74.8

-one—3 lg)

aroxynqbgbl

| magnesi um chl ori de
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ion and purification of C
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O TT

magnesi Uil

Yy \>

chl ori de @C

Aol ) in dry THF (I ) was
26 mL, 0.26 mmol, 2.1
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over a 2r

i od of 368

n. After 30 mn, a

solution of (S)-2-[(S)-(4-ni

T ophengx)

) - phenogg-
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19.3

5.0

19.6

2.9

20.2

8.5
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11.5

20.8

3.6
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7.2

22.0

14.5
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9.6
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5.8

23.5

4.6

23.8
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bet ween et hyl acetate (150 nlL) and sequentially, 10% aqueous Na2CO3 (3 x 20
m.) and water (20 nlL). The conbi ned organic extract was dried over

anhydr ousweadiomsssal fate, filtered and concentrat ed undecTsduomssepr essur e
to give a pale yellow residue (3.8 g). The residue was dissolved in

di chl oronethane (7.6 nL) and_then stirred for 2Ch at roomtenperature. The
white solid was filtered, wgshed Amgih| 1 IntenBiEy &b ¢hl or omet hane (5 nl) and
dried under vacuumto give gureqiepfeict as whibg|solid (1.85 g, 35%ield).
Exanpl e 13. Preparation of $ —NeHWBS—Fo-a stirred solution of 1-
((2R 3R 4R, 5R) - 3- Fl uor o- 4- hyidr oxy-#-%ydr oxynethbl| - 3- met hyl - t et r ahydr o- f ur an
-2- yl) -IHpyrimdine-2,4-dione (Z17ty, 0.27 Zbol) in dry THF (2.0 nL) was
added a 2.0 Msolution of sqdium byssgtrinet hy[§ol yl)am de (NaHVDS) in THF
(270 m., 0.54 mmmol) at -78C overt f rod—of ﬁ" n. After 30 mn, a
solution of (S)-2-[(S)-(4- le-LaphZZ‘?U H-phenoxd/-phosphor yl am no] - propi oni c
acid i sopropyl ester (8, Sp-lisoner26.411 my, 0.2%|mml) in THE ( 1 nL) was
added to the m xture. The regactiommixture was3.alil owed stir at this
tenperature for 2h and then vvarrredz §[-20Cat yhijch tenperature it was
stirred for additional 2Ch. FEE+n i'f,‘t et—30%off unreacted nucl eosi de
starting material. Hence, additia ). 5 equivafents of the reagent (55 ng,
0.14 nmol) in THF (0.5 nmL) was add¥d0{o the red@tion mixture and stirred
for another 6 h . The reaction m xture was quenched with saturated aqueous
ammoni um chl ori de sol ution and then partitioned between ethyl acetate and
wat er . Th&xaomie Atd- Segbloanaxtract was dried over anhydrous sodiumsul fate
and concentrated to give a |ight brown residue. Colum chromat ography of

t he crude product using 0-5% et hanol / di chl or onet hane gradi ent gave <Sp-4
(22 ng, 1% XReIDdyatted ofifiobRatadisdixpectddin Fgatesoner, 11.5 ng, 16%yi el d)
and bis phosphoram date (6, Sp, Sp-isoner, 12.6ny). Exanple 14. Preparation
of R-§(260 -scale): To a stirred solution of 1-

((2R 3R, 4 E@k I?S’u ‘6?5'04‘%'0§X@r19ﬁ/es§1t€ﬂ’91r%g§t hyl - 3-nmet hyl - tet rahydro-furan

-2- yl)- yrim mg, 1 mmol) in dry THF (6 nL) was
added a 1 7 Msolution of tent- bAhglenagnﬁansim%h oride (1.23 n., 2.1 mol,
2.1 equiv)) at roomtenperaturergygl @ period §f| 5 mn. After 30 nmin, a
solution of (S)-2-[(R) -(4-nit=ephenssy—phensssyr phosphoryl am no] propionic
acid isopropyl ester (8, i?p-isomefflin THF 44In) was added drop wi se over
a period of 3 mn. The m xturle wass5al|lowed tagostjr at roomtenperature for
96 h and then quenched with gaturagg aqueous62|\i ACl (10 nL). The m xture
was partitioned between ethyl—acetgte(56—+t)—and water (2 x 20 nL). The
conbi ned organi ¢ extract was |driedSdver anhydfdus sodium sul fate, filtered
and concentrated under reduced pre8$8ure to gid8& p pal e yel |l ow resi due (490
ng). The residue was chromat cgraphgq usi ng 0- 15)% et hanol / di chl or onet hane
gradient to give product as g whi Sgbuuu 1661y, 30%yield). The
preparation of Sp-4 or i7?p-4 Jxay—;l67 be achi V3\;'1, by reacting 3'-protected

19.5 8.9

19.8 45.5

20.1 18.6

20.4 3.6

20.6 25.6

20.9 15.9

21.1 10.9

22.1 3.4

24.6 38.7

24.7 100.0

25.1 61.2

26.1 53.3

39.0 6.3
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3 wth the appropriate reagent Cor Cor a mxture containing C and C, as
illustrated in the foll ow ng exanpl es. Exanpl e 15. Preparation of SP-4 with
3a as a Syotharizssebnt er nedi at eExanpl e 15-1. Synt hesi s 0oPCT/US2010/035641
5'-0-tert-Butyldinmethylsilyl-2"-deoxy-2'-nuoro-2'-Crethyluridine (9): To a
stirred solution of 2'-deoxy-2'-fluoro-2'-Cnethyluridine (3, 81.1 g, 312
mol ) in dxpmple 2t3nSp(4/BOmMB) was added drop-wise a solution of TBDVSC
(103.19 g, 685.6 Mol ) in dry pyridine (500 nL) over a period of 45 mn at
anbi ent tenperature. The reaction was allowed to stir at anbient

t enperat ure f orAlPHRED pPeeehrsTh-A B )s dpRteddddigire 6 he reaction m xture
and it was allowed to stir for 10 min and then the solvents were distilled
of f under reduced pressure. Hot water (45C) ( 1 L) was added to the

reacti gn nass .m r acetate (2 x 500 nm),
washedgvmth wa?ﬁgg a%(']%u)iﬁkég‘gp %Bgﬁh%ng%?%n\gér#@ﬁmélr‘ was dried over anhydrous
sodi um sul fate. Ethyl acetate V\B.Anglestllﬂt@ﬁkl@f% and t he residue obtai ned
was co-evaporated with tolue Q_arﬁetéoduu M) 10,,g] ve crude 9 as a white
foam Yield = 116.9 g (quant iktadae) Cl 3, 300 MHz): d 0.1
(s,6H), 0.91 (s, 9H), 1.22 (d, 3H, 50|=21 HAP,0 p. 50 (s, 2H), 3.75-4.05
(m4H), 5.54 (d, IH J =29 H:’) 5 ga (s, TH, 2680 (d, IH J =18 Hz), 7.81
(d, IH, J =9 Hz), 8.57 (br, r¥> 1 (5,22i ) . Exanple 15-2. Synthesis
of 5-0 -( tert -Butyldi msth'I °'|\ \8 3 yl -2'- deoxy-2'-fluoro

o' .C-methyl -uridine (10): Tola stiPred soluti¥ bf nucleoside 9 ( 116.9 g,
312.1 mol) in DCM ( 1 L) was added6EDIVAP (301®.@] 249.7 mmol) and this was
allowed to stir at RT for 20 ,ﬁgsol n. oT 1|06le i ni c anhydride (133.6 g,
642.3 Mol ) in DCM (200 nL) was—a to—the ) ure and allowed to stir
for 24 h. TLC of the m xturelindi ﬁzpd rnrmloé} 3:1 of reaction. Cold water
(500 nL) was added and the mixturé48tlirred “fort.DO m n. Layers were
separated and the organic |ayer was washed with sat. sodi um bi carbonate
solution (2 x 250 nL), dried over anhydrous sodium sulfate and then the
sol vent ample 21 t4e dromBermdeduced pressure to give yellow oil. Crude
yield: 197.6 g (135 % . The material was used as is for the next step. 1H
NVR (CDCl 3, 300 MHz) d 0.11 (s, 6H), 0.94 (s, 9H), 1.34 (d, 3H, J 21
Hz), 2. 22 AsXRPH) patRrbelS8PFéim 44d-lepidediia Kigurd H), 4.01 (d, IH, J 12 Hz),
4.23 (d, IH, J =9 Hz), 5.33 (dd, IH J =15 Hz), 5.73 (d, IH J =6 Hz),
6.26 (18, IH J =15 Hz), 8.12 (d, IH J = 12 Hz), 8.72 (br, s, IH).Exanple
15- 3. Synt I I -fluoro 2'-Cnethyl -uridne
(3a) dgg%él g%f394p%m41e>pkesgme@m ed in DOM (1 L) to which
was added TEA. 3HF (50. 3 g, 312. lAmgjé dntknaity &ed to stir overnight at
anbi ent tenperature. TLC of {h ?—’ﬂle?f fure indicabgd about 50 % conpl etion of
reaction. Anot her equival ent Fe+—FEA—BH—56=S 312.1 mmol) was added and
the reaction mixture was allowed t>8lir for 28] TLC at this poi nt

i ndi cated about 10 % of unreacted sg.&fting nmao@oial . Another 0.25 eq of
TEA. 3HF (12.5 g, 78.0 nmol)

) . , . vas addgsi|and the ygaction mxture was all owed
to stir overnight. Reaction rﬁ%&—&%e—%és—eeﬁeﬂ?—gat ed to dryness to give
yellow oi|. Crude fromall the batchés was puri-filed by

9.9

O
E

. 3.8
13.7 1.7
14.9 4.8
19.9 22.5
20.4 2.1
20.6 20.0
20.9 20.0
24.7 3.4
24.9 29.9
25.1 1.5
36.8 3.1
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col um chr omat ography on silica gel (0-2% MeOH in DCM to give 124.1 g of
3'- levulinate as a white foamsolid (90% purified yield over three steps
fromR' - deweyei/3sfebuor o-2' - C-nmet hyl uridine). 1H NVR ( CPCIrais2¢u0033¢kr) d
1.55 (d, 3H, CH3, J = 20 Hz), 2.36 (s, 3H, CH3), 2.8-3.03 (m 5H, CH2CH3),
3.91-3.96 (dd, IH CH'), 4.2- 4.25 (m IH CH), 4.34 (dd, IH CH J =38
Hz), 5. 25 Kxaapple B1-S) Ss-4lBoa P, 5.93 (d, IH, J =8 Hz), 8.20 (d, IH J =8
Hz), 9.18 (s, IH. Exanple 15-4. Stereosel ective synthesis of
(S)-2-{[(I R 4R, 5R) - 5- (2, 4- D oxo- 3, 4-

di hydr o- 2 pXRIPD htterd ofidp4 ForB i dep@tédt id-Higm@gpent anoyl ) - 4- met hyl tet r ahyd
ro- furan-2-yl methoxy] - phenoxy- phosphoryl ani no} - propionic acid (S)-

i sopropyl ester (11): To a solution of the nucleoside (3a, 1.00 nmol, 358
ny) |n5 [ T t. 0C was added tBuMgd (1.7 Min
THF, 2 eq%g@aﬁﬂéﬁpgﬁgp-?ﬁobﬁ% 18&%&9@ ef%lﬁgﬂerrper ature and stirred for
half hour. To this m xture was 3| them@ﬁg@rm ca. 97%chiral purity)
(S)-2-1(S)-(4-nitro-phenoxy ?_ ngy hrosphoryt o] propionic acid

i sopropyl ester (8, Sp-isomér, mg 100 ! 1.00 eq.) in one lot and
allowed it to stir at rt. After 16.%) there wele. BP% starting material left.
The reaction m xture was quenched 6/\5th sat urafgd NHAC solution 10 nl, and
t he agueous phase was extracted V\n,}il etthyt ou,ezt te (3 x25 m). The conbi ned
organi c | ayer was washed w t i r anhydrous sodium sul fate
and evaporated to dryness to _give %7pale yell d®-¥pam (500 ng). This was
purified by silica gel chronmatogrepfty using 2-1%% pet hanol in nethyl ene
chloride to give the producf as a 3/\#4’” te foam (1\4/43 ng) of about 97% P chiral
purity and unreacted starti ng—rateriat \162 i ased on consuned starting
material, the yield was 76%3 1P NVR[(chdl %78\4'12)1 3.7 ppm 1H NWR
(CDA 3, 400 MHz): d 1.22 (dd, 6H 191+ 6.4 Hz),3111 37 (s, 3H), 1.58 (s, 3H),
2.18 (s, 3H), 2.63-2.9 (m 4H) 41@9 d, IH Jpd@lHz), 4.2-4.33 (m IH),
4.57 (d, IH, J = 8Hz), 4.9645 uu&& pts—1H) ; (dd, IH J =9 Hz), 5.42

(d, IH J = 8Hz), 6.19 (d, | , —85 (m 5H), 7.5 (d, IH J
= 5.6 Hz), 8.2 (br, s, IH. |Exanp?k315-5_ SyntRe3{s of

(S)-2-{[(I R 4R, 5R) - 5- ( 2, 4- Di{oxo0- 3286di hydr o- 2H423 | m di n-

| -yl)-4-(R)-fluoro-3-hydroxy-4- ms@ gl-tetrahydrz% uran- 2-

yl met hoxy] - phenoxy- phosphor ytami+ r' optontec—actd (S)-isopropyl ester
(Sp-4) A solution of sodium qulfuﬁr was prppargzlé y addi ng Na2S203 (1.51 g)
and Na2S206 (0.57 g) in water (2526mPL). To a s@Qtion of the levulinate
(11, 250 ng, 0.40 nmmol) in cmhydrgpps THF (2.5 m.) |was added 1.0 m of the
sodiumsulfite solution. This was attowedto StiT at roomtenperature for 4
h. The reaction m xture was poured in to water (15 nL) and extracted with
et hyl acetEkampldR2%. $p4 (himedpkad) evaporated to give quantitatively a white
solid product with about 97% P chiral purity which nmatched the physical and
spectral properties of Sp-4 produced directly fromthe unprotected

nucl eosi de. Exagphk&pkPpatfl &riatdryifouR sPa8dHEfictE@in Pig@Ped] N9 Sp-4 from 3a.
10

Example 22. Single Crystal X-ray Crystallography of Sp-4 and its solvates

Example 22-1. Single Crystal X-Ray Crystallography of Sy-4 (Form 1)

15 Figure 10 shows an X-ray crystal structure for Sp-4 Form 1. There, the figure
shows a view of molecules of Form 1 from the crystal structure showing the
numbering scheme employed. Anisotropic atomic displacement ellipsoids for the non-
hydrogen atoms are shown at the 50% probability level. Hydrogen atoms are
displayed with an arbitrarily small radius.
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To a stirred solution of 4-oxo-pentanoic acid

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

di hydr o- 2M0pygro/1353PNn- | -yl ) - 4- f | uor o- 2- hydr oxynet hyl - 4- meCigiS2a1e083hy dr o- f ur
an-3- yl ester (3a, 210 ng, 0.59 mol) in dry THF (1.5 nL) was added a 1.7
M sol ution of tert-butylmagnesiumchloride (1.07 nL, 1.82 nmol) at room

t enper at ur e ovdheatrpetwiesdludibn 3vagiohtainedibyi diteciymethodsh fulbmpiraciepitt at e was

oo Uil Bl e ORISR 8 BRSEep & ERSM! oW
(/4-ni tropRgpexy)- (gmﬁﬁﬂy3pﬁﬁwaﬁfdd1$fﬁdéﬁien%&a}&ﬁét@ﬂl Gmpigicsl Abseptiopy! ester

(8 (Spisoner), n.) was added drop w se over a
peri od of chBﬁlonﬂsmgmphetrmabhmnmaﬁeﬂera@mﬂbm S%LE%A&SPMI% Bealingre TLC and

1H NMR_i ndj at ed ha 3 r,ial. The reaction
was quéncﬁ ‘r#gé%é @Ff ﬂe%bsf/gwam Qgﬂdpaﬁﬁ&atf’hen partitioned
bet ween e e S 0118 I7C >l pyer, 1\0@shed wi th
10% aqueotﬁgxﬁ%%%qéol%@%gQilungf m.), ?fg&ggﬁigﬁlgicm@e(r )\'?ﬁi organic

| ayer was féir dledhtowed SEH by sinetes. Fodhl Ao (gnslx) 61061 axd(meand dh@tatiéoalt o gi ve
brown col or residue (410 ng&j The crude,product was dissolved in
tetrahydré‘ﬂﬁf@rélﬁpe(@ambmelh 4K WX &ftded an aqueoussol ution of the

m xture of sodiumsulfite (37 ng, 0.295 mml) and sodi um netabisulfite (224
ng, 1.18 mml) in InL of water. The m xture was heated at 45C for 20 h at

whi ch 19t ageapddly SaRUCTyARYP semvrREsSofbrals observed by TLC, hence the
addi ti onal SOdI umsul fite (74 ny) and sodi um met abl sulfite (448 ng) was

added and t 1 q | actditomat—52—r——At—t3g tine,

about 40% c :M “Wﬁ’m “\t:*zlﬂz FW@J‘*"“D reacti-on mxt'urc was—pdrtitioned
bet ween wat I‘Mﬁ 1@??{@13%0;&%95 The conbined organic layer was dried over
anhydr ous sddinysteksyisteat e _arjdMemnsbinist r at ed to i ve a rom__ue_s_ulug (210 ny).
Col umm chr onfespagé aphy of t HePesi der us20RIB¢(HI MOH|BOM gr adi ent| gave

unreacted stlarting materi al (89rrg) and &po2bo( FAD, BLE%mizebg;) 24% based on
recovered stlarting nmaterial]). T e 13 o F3RERAT a1[1,01) goF Sp- 4 flh 3c as a

Synt heti ¢ | nte+rediate—Sp x 5 +—Prepafrattort—of—of
| [ (2R, 3R, 4R 3R -4- (tertbut \2;63 Zg{l silanytoxy)

3-f I uor o- 5- hyélr oxynet hyl - 3-|ifet hy| -tPtrahvdrn flran-
2-yl]-1 H pyr|iB3 di ne-2, 4- di drle347g2m To _a sol ution of 3 (10. Og. 39.43 mol )
in pyridine (50 nl) were added7saiahl or omet hane (50 nlL). The sol ut|i on was

cooled to O "SR Ae SO! UTTICH, ¥es1 340RR 4, 4 - drmet noxytrityl chl'gri de

(14.32 g, 42 Yo —eart—th ortttomr—was—st+rred—at—90C€for—5h] Met hanol
(5 nL) was M%%@Mﬁ—&ﬁ%&ﬂ—uﬂs—e&n&eﬂ%rated to
dryness undefZreduced presduf¥(BEd the residue was partitioned C\jtween

et hyl acetatleCy5@D ni) and Vicolerless pintei0) 12 TAS9 arQ@¥M@ sol uti on wals washed
with brine (FDatatjuneaed @i 60.§6Adi um sulfate, 4 g). The sol vent was renoved
underr educed ®ressure and they 4gs! due was di ssol ved 1 n dichloroneft hane (100

rnL). To the ok J]e‘:UII weTe ?QJW ||n udLUI ep(_'_Sd T, J.J.TI’TTT‘D'I")'_EFTd

i N I

_%ﬁ‘

;; bg%: g:‘]{ret r: EPII],S};“% :;: 1]‘—4&51 68—¢—5+ 6o —Fhe—sotutton vp?ezzl{gﬁd
(5 mL) and thEnikgk veflectiopss r7e5ric§ved

Rimt 0.0217

Example 22-2. Single Crystal X-Ray Crystallography of Sp-4 (Form 2)
Figure 11 shows an X-ray crystal structure for Sp-4 Form 2. There, this figure
15  shows a view of molecules of Form 2 from the crystal structure showing the
numbering scheme employed. The heteroatoms were resolved isotropically due to
very weak data. Hydrogen atoms are not displayed.

The structure solution was obtained by direct methods, full-matrix least-

squares refinement on ¥ 2 with weighting w' = oA (F7) + (O.O975P)2 + (10.6969P),
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under reduced pressure and the residue was partitioned between et hyl

acetate (500

m.) and water

(50 nm).
sul f at e, Wogp1eanssseevapor at ed under

reduced pressur

e.

purifed by columm chromat ography (10-40% Et OAc i n Hexane) to give

S -

O DMI-S -O t BDVS i nternedi ate product.

This is turn was treated with

The organic solution was dried (sodium
TheCcraseadun3was

1%

trifl uor oaderd B =, d-2FH)/ai mh$0cb1ropm;hMawn(eat)mamyterﬂﬁepmambsmtlms stirred

at anbient t

erature,for

stirred af® QE%PO&HSIWI‘%C&

sol ution

added to adjust the sol utlon p

ritirh! RS ARZ 20Dy

himofies i
ks

RE

il pSCATESSBSEAGH JuRg

Uhhs 0 ASRPRE BNdhMdr oXi de was
he organl c solution was separ at ed,

| uti on was
ed and the

dri ed (sodbnvensiohdldt;e; 0.474)) oraﬁdahaea@b?tﬁdﬁedﬂwxods wﬂbd’s >uﬁhxlci‘*?o) iSedlidéd

pressure.

yi el d ove
7.94 (d,
3'-H,

2-CH3), 0. 89

(s, 9H, C(CH3)

3),

The residue was purified by sil

5% net ﬁanépr 3lhdatp and b%m@lﬁatﬁ@) Kingpl g\/%laz

0. 12 (s,

.69 (d, |
br d,
6H Si (CH

358

>0 000Nl il oy

6) d (ppm) 11.48 (br s,

IH, H5'b),

og
Gl
H H5), 4.06 (
1. 27

) 2) Example 1

raphy (1-
in 50%

| H, NH),
dd, I H,

(d, 3 H,
7-2.

Prepar at i qhméssg%nglel@ygm hf{ﬁ&emt’mrﬁﬁ 4- (tertbut yi di met hyl si | anyl oxy) -

3-fl uoro-5- hydroxynet hyl - 3- met hyI -tet rahydro furan- 2 yl]-1

H pyrimdin e

AR T o RO B VT BN

fl uoro-5-hy rM?IPﬁNﬁhWPLght m='r6rJ:6I38'r etr ahvdr Q- f uran-2-yll-1Hpyrimg
one (12, 374 Guystalisystent) ir] Menoctipic (3 m) was added a 1.7 Msol
tertbutyl madriasiceigroapl ori dg K2 8 nil,e 3 .881SIIA, at| @ At enper at U
period of 2 |mn. Initially, a whitdg prlegifFoatAndss qeaerseer°,and
| Omin the regacti on m'xture turned tig; ' ER62 YTl Qwsor ut1on.
mn 2 St Mﬁ Ujllbl\y‘phpriIUI

m.) was adde
40C for 20 h

, a sol utjer—eF—S—2—¢
- propionic ach#op:_o.ps,d_a

. drop wise ov

1

2 a Derlnd of 3 mn

)ll&g f upucuu;\y} ol vl

- -
The m xture. was

Bt which tine

TL4S%eth 1H NVRi ndi cat ed | ess t han 5% @

unreact ed st

giting material

3. Weenmeact i on nmi xture was quenched w

saturated a

L@(ﬁh’é %THUI']I um

Cdfﬁ ﬁ' hGg1ad then part It1oned between

acetate and

solution (3
dri ed over

containing 3

i ne-2, 4-di
tion of
re over a
after
After 30
| am no]

Hn THF (2.5

eated at
f
th

et hyl

Na2CGC3
r was

Me—of U ) | ay <l wasS Waallcu WI t II J.U /0 aqucuua
Y‘ﬁ(pgb);ﬂ 'F nl | \I\g‘ \V \Alﬁf =Y / ')n M \ ThC oF gan: e I ary:b
vdrous sodi unh %A (A)Kf e and r‘nnr‘pnf rr-\'r ed to give brown residue
DeigsOneatyd toThel G8Qde product was di ssolved in tetra

ydr of ur an

(2 n) and wag ,added 0.8 nlj 6%2380% aqueous formic acid at roomt gnperature.

The reaction

observed by
aqueous sodi
water. The c

and concentr

t he rd®i due using 0-5% MeOH DCM gr adi ent gave
Example 22-3. Single Crystal X-Ray Crystallography of Sp-4 (Form 2)
Figure 12 depicts an X-ray Crystal Structure (ORTEP — anisotropic) Sp-4

(Form 2). A crystal structure of the methylene chloride solvate of Sp-4 (Form 2),

C,3H3N3POGFCl,, yields a monoclinic space group P2, (systematic absences 0kO:

15

calc

=1.449 g/om’.

k=odd) with a=12.8822(14) A, b=6.1690(7) A, c=17.733(2) A, p=92.045(3)°,
V=1408.4(3)A>, Z=2 and d

Rigaku Mercury CCD area detector employing graphite-monochromated Mo-K,,

radiation (\=0.71073 A) at a temperature of 143K. Preliminary indexing was

AbRpidiaedas Negep,at SUC Tor 96h.  About /0% conver sj on was

'K“ﬂ‘ec,u;ri InUol:,LI 5|1 X Xt aT EHY\HS _pourguulc[u 0 cot o sarar Eg?e and
ot o L IICII par il UTIcu \'J

Wmiane Feflsetions o 402 sul fat e

aRed to give br {/ raphy of

X-ray intensity data were collected on a

performed from a series of twelve 0.5° rotation images with exposures of 30 seconds.

20
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A total of 648 rotation images were collected with a crystal to detector distance of 35



unreacted starting material (21 ng) and S?-4 (77 ng, 35%yield, 39%yield
based on recovered starting material). Exanple 18. Preparation of Sp-4 with
3d as a Syothawizssebnt er nedi ate 13 14Sp-4 Exanpl e 18-1. Pcepseaviosss4dpf 3d To
a stirred solution of 3 in pyridine (20 nL) at 0C was added TI PDS-C

drop-wi se over a period of 15 mn. The mxture was slowy allowed to warm
to room t empea awieg anglebf dlﬁ",tretmjem Widlhaeoii Q.5%md exposureschfBOsecomdsi. The

pyri di ne was evaporated and th co-evapar at ed th tol uene (50
m). The rE&iRAud W@ésadlﬁ@ﬁr%f P ol 33 AT T ARt s Q?dsqaﬁe%ma%arbwec. pi 'Eate
was filtered aff 't5'9°Qt)§ad96“fanﬁ:e 1_325 }g"%d{? Wa@%*ﬁe cru?&groduct ed under

reduced pressure to give foany soli t (13)

was redi sgolyed Doe dmdt § 23dPaka 4d) 4(ﬂ£srﬂn)wa6ui1 &6 -20tded° any-a9oeauisy sol ution
of TFA (75nL, 1:1 TFA/water) at OC over a Perlod of 20 mn. The m xture was

stirred at 22 sscuenperwetancoisoan Bom 207tC20h @m«:at%(lﬂ an@%ﬁ?sﬁ?@tqtiong
material. .The reaction xt.ur hed ted aqu NaHCO3
int 11 pH ETARG THE RFERPA L E G T C L g e R R OB T ¢
extract wasohRaedisink b rwadRraged @ald a(rd? Qﬂﬂ@@ﬂhfcﬁ&@@e iren %héé@d Wit e
crystalline solid. Further trlturatlon of the solid wth hexanes (30 ni)

gave whi t €ryshliSttueiinia(Crysial Strintties: detystaldStarcturd Amabjeis BackggeyRigakw{Cow. gi ve 3d

() 179, RgtRa B GBS ploghing Badiagdifor e piepeliify andSmydts sctute®3 (0%

4 43 (bs, dnld)DelﬂPe?rﬁmmm ce]m el6A t%ta@b?77d7ﬁkﬂecﬁ103§w@?§medsh9&d &eﬂﬁéd J=l
3.2Hz, IH), 4.03 (d, J=9. J=I

(d,
J=22. OSZ r?trges SAS1E20) 9. Oém 12‘8 <1§<aﬁpﬁe<f8 -9 ﬁr@d@ﬂ@lﬂmrﬂ%ﬁ Sp 4 To a
t 52 dail 7M
go: L{ ?onsg]fnyci g??ﬂ%{t}f) %jﬂ‘réd‘@ ﬁg)s'(;ﬁg;n? ]% orl %fd};hfg%weryéggg%em L‘ﬁ?@t?&irgﬁw \6/1)) at

room t enpgiodirizbgordsfidctLandebt sboptioh msifty rREQ’AB gmidfhurm amd maxdolunt i on of

(S)-2-[(9)-(4- mtrophenoxg&a‘9 phenoxyphosphoryl ani no] propionic acid
i sopropy| texsissieg 0.856. 18 653 ng, 1.6 mol) in THF ( 1 nl) was added

drop ysse over ﬁxg%%btﬂ%ﬁ sﬁ;l&’@drlbg ‘ﬁ\é/g ﬁlgfﬁ%ﬁéé @m@‘? QIR e drRarSIA L pAL room

terrperat ure for ude’ Sanpl e | ndi catéd mi xture
of di ast eerIst Gamadlh ditCeabedran C. Thecovezrot AoGuagliardiy 4. Weditamietched wit h

sat ur at ed s_N e.m xt it oned en et hyl
acet ate ( ;ézgng{p%la&g?g%%ﬁ@pp -1g%ad eﬁ’tﬁﬂ?ﬁ?ﬁ@fﬁ‘ ; and wat er
(20 ni). [ | RN, Hﬁé{@(ﬁpﬂl um

sul f at e, flﬁt e?ge%{ %greggg%gr@rfﬁggﬁﬁ%ﬂe?ﬁ%?gu%%ﬁeat 0 give a pale

yel | ow r egqROO8) /(cMCr}%FBAﬁﬁg)llZ:ﬂHé) aﬁdbmélectmrpo’mnduseﬂzdunmgeﬁr@megbdlh%d in

tetrahydrofuyran (3 m_ a then ormc |d The
m xt ur% Wa"gelﬁletgfgeﬁh%ﬁ‘ gﬁ&éﬁ& 8@ tit gﬂ%ﬁﬁ’ﬁ‘@”\% (lg’)ol ed to 0OC,
and t hen W@W%o%&&oéﬁ% érlBﬁffs GRr ARIEROY Snisotropically and hydrogen atoms were

refined using a "riding" model. Refinement converged to R;=0.0328 and wR,=0.0817

for 4046 reflections for which F > 4¢(F) and R;=0.0348, wR,=0.0838 and GOF =
1.056 for all 4253 unique, non-zero reflections and 358 variables (R1 = Y||F| - [F,||/
25 LIF;wRa={ Lw (F2 -F2 )’/ Tw(Fs)}"% GOF = { Tw (Fs -F2 )’/ (n-p)}'"™s

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 0.000 and the two most
prominent peaks in the final difference Fourier were +0.312 and -0.389 e/A’. The
Flack absolute structure parameter refined to -0.06(6) thus corroborating the
30  stereochemistry of the title compound.
Table 1 lists cell information, data collection parameters, and refinement data.
Final positional and equivalent isotropic thermal parameters are given in Table 2.
Anisotropic thermal parameters are in Table 3. ("ORTEP-II: A Fortran Thermal
79



sodi um bi carbonate (pH 7.0). The reaction m xture was then partitioned
bet ween ethyl acetate and water. The conbi ned organic | ayer was dried over
sodi um suwbavw/@ssboconcentrated to gi ve 560ng of the re®Cus2010856n8Esi due
was chromat ogr aphed usi ng 0- 5% net hanol / di chl or onet hane gradi ent to give
unreacted starting material (14, 242ng) and S -4 (80ng, 15%yield) as a
whi t e sol iEllipseikPiot Broggm fardpsstalt Stowetusé HiustatigistaCIK: Jobisendto’)- 4 HO 15 16

|1_7( g'g aé?8§%@}§2%?? ge%ﬁ?];g@%gzcﬁ éf @?E{laojfé_c%'e v(\)/{th 30% probability thermal ellipsoids

t et r ai soprdgpydyeet r ahydro-6H-furo[ 3, 2-f] [ I, 3,5, 2, 4] tri oxadi si | oci n- 8-
yl)pyrimdine-2,4(lH 3H)-dione, 16 Uidine (15 100.0 g, 409.5 mmol) was
co-evaporated to dryness with anhydrous pyridine (600 nL) and re-suspended
i n anhydrqus pyridine (7 m.). To this stirred fine suspensi.on was added
|, 3-di ehl drablg ;g'l ,SBE“S'!%Y&[O?gﬁ%ﬁ&éﬁ%'ﬁ'ﬁ“@&%ﬂﬁ(’m}‘?d ,1"421@32 2mmol ) over 60
mn at anbient tenperature. After stirring the fine suspension for 17 h at
anbi ent t &mpetat ure, the reactCFNMBSFgenched by addi ng net hanol (20 nl)
and then coneenrizat ed under reelyged pressure. The residue was partitioned
bet ween etcp%{algéggt ate (1.5 L) gndawater (2 L). The organic |ayer was
further shed wth 5% hydrochlorj¢c acid (2 x 1 L), brine (500 m.), dried
over sol i ?PE8H1°thn sul fate (50 iéf)l, iltered and concentrated under reduced
pressure %o the crude product,“ca 250 g. The residue was subjected to a
filtratiorCettodnstins: usi ng silica gel (1.75 kg) and a gradient of ethyl
acetate in hexanes 20-65% ThejyugpRi4pxoduct fractions as judged by a
honbgenous TLE (Rf 0.55 in 1:1; b&&@ﬁ s-ethyl acetate) were conbi ned and
concentrated under reduced pressure and dried (40C, 0.2 mmHg, 24 h) to
afford 145.5 § (76% of 16 as }Jmﬁz}@ foam solid. An additional fraction
(35 g) of slightly inpure 16 wak045B8o0 col |l ected. 1H NVMR (DVSO-J 6) d (ppm
11.35 (s, IH WH) , 7.66 (d, |H08dBFAY.6 Hz, H6), 5.57 (d, 1H J = 4.8 Hz,
2'-OH), 5.50-5.49 (m 2H V-H apg.tS), 4.14-4.18 (m 3H, 2', 3', 4'-H),
3.97-3.87 (m.2H 5'-Ha and Hb 1.02- 0.95 (m 28H CH(CH3)2) . Exanple
19-2. PrepRFaTe™df |- ((6aR, 8%2??9’5 ﬁ)@ 4, 4-tetrai sopropyl -9-

oxot et r ahyRico- 6 Hfuro[ 3, 2-f][ 48 8™ 4] trioxadi silocin-8-yl)pyrimdine-

2, 4(1 H, SHF@opne, 17 To a dry bt49r ee-necked round flask were added anhydrous
DCM (600 rahia@ad DVSO (30. 82 gmoXe-G710m&h) . The solution was cooled to
-78Cin a dry icel/acetone bath Epdg)r an at nosphere of nitrogen.

Tri fl uor odd&™% anhydride (neat™®7%% g, 369.8 nmmol) was added via a
syringe owétcol®tedi ns and af f or dééha.élél*gﬁéi)ﬁ6ml9<§h§@. To the mixture a

sol ution afo. 1fétomemederd:vati ve708 in DCM (600 nlL) was added dropw se over

75 mns atyg fifae YdogngR: addi ti omshunsloisofhe het erogeneous m xture was
stirred o cbserved reflections 4046 (F>4o)

No. reflections used in refinement 4253

No. parameters 358

R indices (F>4c) R=0.0328
wR,=0.0817

R indices (all data R,=0.0348
wR,=0.0838

GOF: 1.056

Final Difference Peaks, e/A’ +0.312, -0.389

Example 22-4. Single Crystal X-Ray Crystallography of Sp-4 (Form 3)
Figure 13 shows an X-ray crystal structure for Sp-4 Form 3. There, this figure
10  shows a view of molecules of Form 3 from the crystal structure showing the

numbering scheme employed. Anisotropic atomic displacement ellipsoids for the non-

80



for 2 h at

a syringe quickly to forma clear

After 1

-78-650C and then anhydrous triethylamne (92 nL) was added via
| i ght yell ow sol ution.

h at | ow

t enper at We,20tiiss36@act i on was conpl ete as shown by TLC PBOAGSEN1@AES6HN

hexanes) .

up slowy to anbient tenperature over h,
addi ti on difydseen atdrs@re $Hb80 atithe 5084 peabapRioplevt]) Hydwganl diothsamed or gani ¢ | ayer

was separ
conbi ned

Shgived WRa e L

The cool i ngbath was renoved and the reaction m xture was war ned

1 h. The reaction was quenched by

extracted again with DCM (300 mi).
h water (3x 400 ni),

brine (

The
150 i),

and dried over M%ﬁﬁbmre%mﬂbﬁ'we@fobﬁ@ﬁédﬂﬁdlﬁcf Reheds, Fulshiatlty lastown resi due.
resi due (confained trace

The crude oil

Aﬂums mﬁacmmgwm F swﬂa veighdinglw SOIOF !

was stored overnight

in the

freezer. Wets(06¥54 8PV e 0i6810Rk oi | . The
il | 1 | ut
3/:315 st gr ed” Se%e he( @ZQS/P ‘?IB?O %ﬂﬁ E@gcegf‘ﬁﬁ‘{ gﬁ%&ﬁééﬁ"&?ﬁ?ﬁasos& : gnwas

col l'ected c\éi'réctfdrﬂ ash?gt dpBeicD Halﬁﬂdih%%dnﬁplérheﬁ@d Hl SOX BCMBIPATR 3agiag(1 L) to

renove nost of
2 h and t hdgoridhm. BinaledR

0C under vacuum

t he or an%;e CEM[OI'
o 2D i

e S

oI|d(

217 was dried under vacuum for

-F}:hlz{EEl/dIde]Mlgﬂ@@@fqagdaﬁt er dried at 50

Vi e Col umtoBHRaTdrab Ao o PR b e Bt PR i) 1o JAPBr o an
addl tional 0%711 g?téggﬁﬁgﬁao%é*@ﬁé%%@“%ﬁ 8%6161&/0@8[3%?5? 8% ap;;gg sol i d.

nple 1
(hydr aRy neliffytehecdnapl B&wpear t@.01 Eand+eidyd A&t r ahydr of uran- 2-yl ) pyri mi di ne-
2,4(1 H, 3H) -di one, 18 Magnesium (3.53 g, 147 mol), washed wth 5% aqueous
hydrochl oric acid and dried (50C, 0.2mm Hg, 24 h), was put into a two neck
round bot tEahdel10.Sisgle &inystapBaramnethrscoffiogned i ¢ stirrer and a condensor. The
flask was filled with argon gas and then anhydrous ether (80 nlL) was added.

To the magneS{ABh@r @233%@;134@‘#13/ perdeut erro- 13C net hyl i odi de
(15.06 g, _ZI.lx.Molglcu ot {Vﬁlgh EgoeT ated an exotterm T Teactiom —Afiter the
orysial $YstEIbung

<

a
LY

r\r~

20

Qf Q laWaVlaValal

asSll Dlllba g
ound. 19 /lZ

oot tTTroa 10

Data truncated to

emax

Completeness
Reflections
Unique reflections
Rint

reaction m Xie to a
sol uti on of Mowf’lﬂms Q. 2mm Hg—15-h) (10 0 g 163 mmol )
Space groppl) at |-BAC overa 201393 7(9he t
rise to -400C and the mxtJ -WBA2)-,250¢ for 4h.
the mijxd ur e3.0Esi(4}i), utjed |wiokh Et OAc (|IL) at -50
0C and t hen [pime (300 L) VRS 0aGREE° ST oW Y. The O ¢
ammorunrchtorrde—sotuotTom (300 nlL x
I\'anlr filtyat: AN nd A+rat
reduced pres Hee  the resi u]«=5Q/\E&§DH| ssol ved i nMeOH (250 )~ Ammgni um
fluoride (12/g) and TBAF (4Cﬁ)9717§1)mwere added. The resulting mxture was
reduced pr esSEffpg) A LeT (NQrgygn vacuum dr yi ng, (he obtarl ned Tes| due was
purified by oROR™ chronatography (VeECHCEH2C2= 1: 20 to
11. 26
(ppm L 050 &
74.41°
3062
2607

i n anhydr ous At ure was |al | oned to
re was Sth r@#8eRO(KBANeh
Upon conpl etli on of reaction,
Fganic Tayer s
separ at ed andz‘—t—heﬁ——was-hed—w f—sa
2) and dri ed—-th—sodi-tm-s4 FHH+aten—and—ecoeneent+ati on under
stirred at 90§k, A7h and tlhemKepnsemsaated with silica gel (20 ¢g) under
1:1 i WWAWR—Q%S—
0) give c Colorlessneecﬁe 2 x 0.03 x 0.02mm J 6) d
69.1%
0.0198

15 Example 23. Stability at elevated temperatures and relative humidity

A sample of Rp-4 was stored in a humidity chamber at 40°C and 75% relative
humidity for one week, and the sample was reanalyzed by XRPD. The powder
pattern obtained for Rp-4 showed no substantial change during the course of the
experiment, meaning that no change in solid form was observed. This should be

20  contrasted to a sample of 4, which deliquesced within about 16 hours upon storage at
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IH, NH), 7.65 (d, IH J =8.4 Hz, H6), 577 (d, IH J =2.4 H, HI 1),
557 (d. IH J =80 H, H5), 546 (d. IH J =52 H, HO-3'), 524 (d
IH, J = 2w0 /136 21), 5.14 (t, IH, J = 5.6 Hz, HO-5 1pCTAISZT610®3%61 (m 4H,

H3\ 41, 5, 5"). Exanple 19-4. Prepar atl on of
((2R, 3R, 4S, 5R) - 3- acet oxy- 5- (2, 4- di oxo- 3, 4-
di hydr opy rd0ACcund 176 2bfrelativie-hnhigidly. obodeett, aﬂﬁmseraMfehé defh;uhgpletlBtattIEhpﬂr of ur an-

2-yl) nmet hy et at a.sol t| on, of. conpoun 5. 1 nmol) in
anhydr ous ‘{J&?aﬁ“bﬁ“ﬁ@%(bi’dge f]ﬁ;glf gleé’éét"?’abs Pé?ﬁffg Héh 2997%“ SI¥Canbi ent

t enper at uriRen HaGH1EBRL kioRd amzmb@r/ es WaRSddraed /38 wmmmnﬁnﬁl&?m@t ure for
15h, diluted with EtQAc (250 nL), washed with water (50 nL Xx and dried
with sodi urswlipbssrations wete takentat zaguba interyalso be resulis ﬂrGr&IVeElh@T s diue was
purlflﬁd by flash colum chronmat ography (MeOH 0 to 5% in CH2C 2) to give
conpound 19 (4.0 g, 68% as a gray solid. Exanple 19-5. Preparation of
((2R, 3R, 4R 4HR 18- SabilXyf Htd devhtel R¥abivd hdmidity.

di hydropyrimdin-1(2H)-yl)-4-fluoro-4-

13C- perdeuterionethyltetrahydrofuran- 2-yl)nmethyl acetate 20 To a solution
of conpou (2 33 g, 3 M) in Aar ous (60 ygs added
DAST (1. 33h€0 ,tl%sl mgmll%lzzit MSlov&a-neg%e re?ljllzé%zlq mxﬁlﬁe was stirred
for 30 m n abeeyr exposed to anbient tenperature. An additional two 2.33 g
scal e reactypprpand 6hEECHEC g stal e reaction were Conducted exactly the
same way. All four reaction mxtures were conbi nedjmgdi!l uted with CH2Q 2
(300 ni), ard°Gdshed wiXn ice-wieler (1d0rtal x 2) gpdidhen ﬁa{qqeégﬂ&ous
NaHCO 3 sol ﬁﬁ%BH (1@@11<m§soch€) Sﬂﬂlﬂerddlqjaﬁmncefl g-ra Olke and concent ration,
t he resi due—was— 3 0 ot

0% to 50% h t d 48 ' d 20
(2. Oog L MRS SO ¥ mﬁ? lfite Gyl agawﬁ%f% g ve comoun
( CDCI 1%) Cheﬁﬁﬁé@ce@ln%lzie§1% hohll's' P‘N'fﬁnstaﬁcé% s(aH)plé é’f Splt Wasl.iérﬂulk@vvlthi'a?astleﬁ 17 (d,

12 (dd, I H,
J 9 6 zmdanmar ad3hyn smd@walyazas:(qd]thmngh |§|001and B30 g’ S)evesztomelqshe 3H,

, 2.15 parat on o o
o ( ( 2R, 3R 3 &1 i bowdsr, Eéﬁ‘gﬁ{?ﬁ Pég‘&? %‘atefl ?1'8%%%‘1 ﬁ;ﬁo)c gnd 75%
13C- per deuwlRiive KBty 830G dh@ 68 AR andl vigual dbetliations Werd (4kdn3t) - di one, 21
To a solution of conpound 20 (2 g, 5.74 nmmol) in nmethanol (20 nL) was added
n- but y| ani teguleningaryals. Thee regulis are giyenikTable Svas stirred at rt for 15h and
concerLsrat ed with silica gel in vacuo. The obtained residue was purified by
flash 'silica gel columm chromatography (MeOH 0 to 10%in CH2O 2) to give
corrpound 1. % 1H MR (CD3OD) d (ppm 8.08 (d
IH J = o b ‘ﬁfé %taé’)}‘gﬁyéf%“?‘am?’?ﬁedff?at“’fé““ "HF), 5.70 (d. IH J =8.0
Hz, H5),_3.99 (d. IH J =136 H7, H5) 3097-391 (m 2H H3 _4'),
3. 80 (dd, | KGondlitior®. 0, 12. 8=5hH-5") . ESM=@h) esti mat & W85 obser ved
265. 22 23 40°C/75%

RH No deliquescence Deliquescence -
2 (1311_153 % No deliquescence No deliquescence No deliquescence

XRPD analysis of the sample after storage at 25°C and 53% RH for 104 hours
20  showed no significant changes in the diffractograms produced indicating that no form

change had occurred.

Example 24. Fourier Transform — Infrared (FT-IR) Spectrometry
Data were collected on a Perkin-Elmer Spectrum One fitted with a universal
25  Attenuated Total Reflectance (ATR) sampling accessory. The data were collected

and analyzed using Spectrum v5.0.1 software.
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Exanpl e 19-7. Preparation of (S)-Isopropyl

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

di hydr opywOren 13536 2H) - yl ) - 4- f | uor o- 3- hydr oxy- 4- PCT/US2010/035641

13Cper deut eri onet hyl t et rahydr of uran- 2-

yl ) met hoxy) ( phenoxy) phosphoryl am no) propanoate, 22 To a_sol ution of the
unpr ot ect ed nudlhedBisgectom pWtainednipr 4 Rr@3anebi-4 aeerioNReR Rigsi hi’dazol e (0. 4
m, 5 mol) _in. THF . ~ ochloridate in THF
(10 M 2ol v, SoctilpdtRS RSl T BIRERIREE L o1 'y v med
to arﬁoidgnéI tehrmleratseo,&la\m,wsm, arnds; - hev2nat @3 (Figl 14);) and Et OAc (5 nl)
wer e added. The organic solution was washed with sat. a 10 si c sodi um
o trate (2 x 2k o0, B, EReca ot 1B 3D S ARECRS. 13d
concentrated ungdgr reduced pressure. The crude was purified by silica

col utm chr omat ography using 0 to 5% 'PrOH in CH2C 2 as eluents to give the
phosphor ani dat &p-PFofB1D: r) 74529713, ~1 688, xt 1454, o3 7R ¢li2881 ek083 1{Eigs ) 6)as a
white solid: 1H NWVR (400 MHz, DMSO-~ 6) d 11.54 (s, IH), 7.56 (d, J = 6.8
Hz, IH), 7.40-7.35(m. 2H), 7.23-7.18 (m, 3 H) 14-5.96_ (m 2H), 5.89 (dd,
J = 5.6, Jxagple 25, Rifferential Scannjng .if!rﬂnﬁt,ry|(9§%)l“85m(" ravymetric g g o( He.

IH), 4.44-‘?“;@%WG§;|), 4.25 (m IH, 4.06-3.98 (m IH, 3.86-3.70 (m 2H),
1.30-1.08 tm 737 1P NVR (162 Mz, DMSO-J 6) d 4.90, 4.77; LRV (ESI) [M

+ H]| + 10al cul at d0SCE data®@rd cdlBC ODIFNS OeeruBBAs32 G0 aquipped with aB0anpl e 19- 8.

Preparation of (2S5 -2- 2R, 3R 4R, -5-(2, 4- di 0x0-3, 4- .
d rrygr opyr iﬂ?ls‘(ﬁ’ioﬁg"m“)ﬁ%nf\%é % c ?5}15?5411895@8?@1 )??Ef‘-c% was cilricd out using

13Cper deu"s%%%lﬁf%mfhé SRR TBF sHeBdY andtemperature was carried out using certified
yl ) met hoxy) (‘hydr oxy) phosphoryl ) am no) propaiioi c acid, 23 Phosphorani date 22

(147 ng, Ondpd.mmol) was suspended in triethylanmine (2 nm) and water (0.5

mL), and heated ,at .60C for 30 V. ' D
evapor at ed undg}doﬁlélatﬁgé%n%erraé seﬁ"r)sea&%ﬁga%r%ggg{ %gpgcﬁﬁypﬁgggb%ﬁ%%fga col um
chr omgtsog r%ﬁ%ls, Y a pintidleWalwinidun® Pary, Q¥ Rn Ghidértyifi-B&IiAg aated of DROMiD' t 0 20%

NHACH in ' to give 23 as a white solidoé:%, no, 880/() :qéH NVR (400 MHz,
DVBO-J 6) aidgergperpigre modulgtion pgrametegs ofg: §g °Cgnin; and #4 secongds. pgpreeptsy (g g
= 8.4 Hz, “}IM p - e =nfyd Hz, 3H); 3 1P NMR (162
VHz, DMSO- tm%eg.%tlg? g’%ﬁﬁl)? zV éghalrh}?lgd%rt%ea a{:r% ated for Cl12
13CH17D3FN3(OP HiGin&rurheit oontddlGoAwalervoeAdviastgo forSa Sptiessv208. R392 andt,  and
Sp-4 Sanples of i7p-4, 4, and -4 were angl yzed. by . X- Ray Powder

Diffracti OWWM%WIV@%??WE&S?}F@ Vﬁégﬁ??g?‘%éu(s mgﬁé%ﬁ%l%ﬁ y, Fourier
Transfgymysd ared (FT-1R) spectroscopy, Differential Scanning Calorinetry

(DSC),” Thermal Gravinetric Analysis (TGA), Gravinetric Vapor Sorption
(GVS), Ther nodyRaGidetasuere sobecsul arba Mettler D8 Hequipped vithederasitigni d

Chromat og ra(&l%]-gaxﬁﬁlgrlf q’)h'e irllz‘sxtr%g%ln? wgs(,) éali%ialsc{éa(i’/ fo?%ﬂg%/ agl Iefrr{p%?attﬁr% ri'lsing
certified indium. Typically 0.8-1.2 mg of each sample, in a pin-holed aluminum pan,
was heated at 10°C.min™ from 25°C to 250°C. A nitrogen purge at 50 ml.min” was

25  maintained over the sample. The instrument control and data analysis software was
STARe v9.20.

TGA data were collected on a Mettler TGA/SDTA 851e equipped with a 34
position auto-sampler. The instrument was temperature calibrated using certified
indium. Typically 8-12 mg of each sample was loaded onto a pre-weighed aluminum

30 crucible and was heated at 10°C.min"" from ambient temperature to 350°C. A

nitrogen purge at 50 ml.min™

was maintained over the sample. The instrument
control and data analysis software was STARe v9.20.
DSC analysis of 4 showed a single broad endotherm with an onset of 58.7°C

(AH 14 J.g") confirmed to be due to molecular relaxation during the glass transition
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Samples of i P-4, 4, and p-4 were anal yzed by X-Ray Powder Diffraction
(XRPD) under the follow ng regi nen. a. Bruker AXS/ Sienens D5000 X- Ray
Powder Diwbraoyisessopatterns were coll ected on a Si enensPDBABR010/035641
diffractometer using Cu Ka radiation (4CkV, 40m), g-g gonioneter,

di vergence of V20 and receiving slits, raphi te secondary nonochr omat or

a
and a sci myiflutkarineosisdaiert RBC anplysis (Bigr Lhe TGA anglpsis of hehoveedawardg using a

certified,Corupdum st g 103376 I f ta

col 1 ect  onoreey RPhPRORe o esr ki REh IR RGPyl

anal yzed auchp Xesenhredysikse pcdafiiiedtheRhateridEVAby athdrphols, Znaainlaved3SO. 0. 2.
Anmbi ent condi tions Sanpl es. run under anbient conditiaons were prepared as

flat pl at @nalyss wiesHedgakeryinaasmph o ¢addatc ghe slass SrepsifateBInerad¥eny of the
sanpl esm%}gamvh%/fogﬁ&kr(ﬁge k0 a cavity cut into polished, zero-background
er. e

(510) Silicon wa sanple was rotated in its own plane during

anal ysis. The d@ahaysif sholeddairglcsiapetdotermmvath amepsetoorf 1320€ (AHt o 4220;
step size: 20; .and collectjon time: 4 s.step. 1 ..b. Bruker S C2 GADDS
X Roy Powdn) PRSI Dpartal Renohsge st Patiben S6rTie Bhukbr i canps
di ffract ongigers Wsived nSwekiht 1ad baldr®decoftPokiMon 46bva40 “eussTRingth XYZ st age,

| aser video mcroscope for auto-sanple positioning and a Hi Star
2- di mensi onatéridtebe den-edvaed. X-ray optics consists of a single Gdbel

mul tilayer mrr coupl.ed. wi a pinhol.e, cal,l ] [ The beam
di ver d@nce, i J%(E ﬂ%ﬁgﬁ“sf %fc‘yf%/g‘oﬁegea Lpely R@g%g?%?ﬁﬁna\%t%%ngﬁ%%%npl e, was
appr oxi matgslgpCAAHR3 Aot dnEiembd fUOWSIt $G a0t sBEEmivasscopp | Sveddg iX IT@A sanpl e -
detector distance of 20 cm which %i§ves an effective 2Qrangoe of 3.2- 29.7.
Typi cal | y anpkysis afrSi-4 shpvedingweighpbsebelpy depempositign $wXeltdC.120 seconds.

The SOftW"%ﬁgﬂxglﬁgt}%eoﬁlatgﬂ%lgg%glnloﬁésul_y)lgﬁflv"as GADDS for WNT 4.1.16 and the data

wer e anal yze resen usin rac Plus EVAv 9.0.0.2 or v 13.0.0. 2.
Anbi ent conditions Sanples run under ambient conditions were prepared as
flat plate specinens usi,ng E)owder re,ceiﬂxé wi t hout gri ndi ng.

Appr oXPmatiexample 26 GravimparicXapew S(rpteR VS pressed on a glass slide to
obtain a flat surface. X-Ray Powder Diffraction (XRPD) 4 was found by XRPD
to be anorPdPYS(seimsiei g. 1). Hi gh resol ution XRPD anal ysis of i?p-4
prepared according to Exanple 3 confirned a crystalline solid exhibiting a
di fferent powdeSorpiiir iestheinss wératobtiineB8msthg(aqSMP A é8 ietnnoe diongureo  Exanpl e4,

Met hod 4), whjch was also confir to be a.crystalljine solid. The XRPD
resul 9 t SSMionGNalysgs. gondg e‘éfby§5{§§én§]ﬁ8\§\ﬁuitﬁs e he\/ﬁa{nrl?lleal | peaks
exhi bi ti ngt?l%?eljaﬂﬁ‘@%é din®4insd 026 %@th?ﬂﬁtrgﬁ%zﬁc%ﬁ%)s. eptelnudadity wabl e 1.

XRPD Dat a P-4 and SP-4. XRPD dat’a for -4 XRPD data for -4(Form 1)
controlled by mixing streams of dry and wet nitrogen, with a total flow rate of 200

ml.min”". The relative humidity was measured by a calibrated Rotronic probe
(dynamic range of 1.0-100 %RH), located near the sample. The weight change, (mass

25  relaxation) of the sample as a function of %RH was constantly monitored by the
microbalance (accuracy £0.005 mg).

Typically 5-20 mg of sample was placed in a tared mesh stainless steel basket
under ambient conditions. The sample was loaded and unloaded at 40 %RH and 25°C
(typical room conditions). A moisture sorption isotherm was performed as outlined

30  below (2 scans giving 1 complete cycle). The standard isotherm was performed at

25°C at 10 %RH intervals over a 0.5-90 %RH range.
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Angle Intensity Angle Intensity 2-Theta % 2-Theta %6.616 51.1 4.900 6.8
7.106 40.5 5.190 19.8 8.980 30.0 7.501 100.0 11.020 21.7 8.355 4.1 11.559
77.1 8. 968020/ B356950 12.8 9.619 21.2 13.023 5.2 10. 145P8TAISIGL003B46. 2
14.393 4.9 15.121 5.7 16.300 7.0 15.624 5.4 16.688 10.6 16.003 17.8 17.408
5.5 17.882 100.0 17.820 8.2 18.567 8.8 18.262 31.5 19.564 22.7 18.600 6.3
20. 280 5. @abde tHoMretlmdParapgters for SMSBY Sdntripsic Experiments19 696 4.8 21. 671
22.0 20.398 4.4 21.943 23.3 20.710 6.9 22.214 18.9 21.950 6.1 23.074 28.5
22.175 12.2 24.145 30. 3 [Prdpddkers. 6 24. 355 39. 1 PRaRead 3.1 25.366 7.6 23.360

6.5 26.146 36.2 23.538 T AdserdhtidHl a1 23- 910 7. B4@7op13 15./6 24.873 3.7
27.677 22.7 25.123 4.9 Z%WBWW 748 5.2 29.450
6.8 27.339 3.7 29.735 9. 666

Baf/ 7 1431. 967 10.9
20.050 3.0 32.295 6.4 20 BEWAS@RH) 001 717 50l 10675 7655 1774711 8 31. 648
3.1 Number of Scans 2
Flow rate (ml.min™) 200
Temperature (°C) 25
Stability (°C.min"") 0.2
Sorption Time (hours) 6 hour time out

The sample was recovered after completion of the isotherm and re-analyzed
5 by XRPD.

GVS analysis showed Rp-4 to be non-hygroscopic exhibiting reversible uptake
of approximately 0.2 wt % of water from 0 to 90 % relative humidity. Re-analysis of
the sample by XRPD after the GVS experiment showed no change in form.

A sample of Sp-4 was ground with a pestle and mortar, and then successively

10  passed through 500 and 250 pm sieves to yield the sample as a fine powder that was
then analyzed using a modified single cycle method. The sample was taken from 40
% RH (approximately ambient) to 60 % RH, instead of 90 % for the standard method,
and then cycled to 0 % and back to 40 % RH. This analysis showed Sp-4 to be non-
hygroscopic up to 60 % RH, with reversible uptake of ~0.2 % by weight of water

15  from O to 60 % RH.

Example 27. Thermodynamic Aqueous Solubility
Aqueous solubility was determined by suspending a sufficient amount of
compound in water to give a maximum final concentration of =0 mg.ml™ of the
20  parent free-form of the compound. The suspension was equilibrated at 25 °C for 24
hours then the pH was measured. The suspension was then filtered through a glass
fiber C filter into a 96 well plate. The filtrate was then diluted by a factor of 101.
Quantitation was by HPLC with reference to a standard solution of approximately 0.1
mg.ml” in DMSO. Different volumes of the standard, diluted and undiluted sample
25  solutions were injected. The solubility was calculated using the peak areas
determined by integration of the peak found at the same retention time as the principal

peak in the standard injection.
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34.385 6.6 32.721 3.5 34.734 6.5 33.154 3.0XRPD data for
Sp-4(Form 1) Angle Intensity Angle Intensity 2-Theta

% 2-

Thet a

R -4 XRPD data for
% 35. 600

7.3 33.9280208/13556965 13.1 34.341 3.1 36.409 14.7 35. 46PC3/U52@6/08801 7. 0
36.923 3.1 37.509 5.9 37.760 3.4 37.870 6.0 38.404 3.3 38.313 5.8 40.416
A sanpl e of Sp-4 was ground
with a peskable la‘hdHHMQMeth(&wﬂaltamﬁﬁe@lf@b@%@i’ﬂ&ywwgmmhrough 500 and 250

nm sieves to yield the sanple as a fine powder.
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upon filtration both of these crystalllne forms convert to Form 1.
Forms 2 and 3 aAmsdydis waspafommed ufderthd atmveinotadaonditionson an Agilenta

non- sol_vat rm.t hat exhibits a.br neltin end t her an onset
t enper At u rlglg]&fo%gﬁn%scgyaﬁqaa eﬂqu)ga 8\f1th A A3 ge array éeteq:tor ind using rahemtStatlon
software vB.02.01-SR1.
Table 15. Aqueous solubility result for Rp-4, 4, and Sp-4.
Sample ID pH of .Unﬁltered Solubility / mg.ml'1 Comments
mixture
Rp-4 7.12 1.58 Suspension
4 7.03 6.11 Residual solid
Sp-4 6.88 5.65 Residual solid

10

15

20

Example 28. Chemical Purity Determination by HPLC

Various HPLC conditions can be used to determine the chemical purity of the

compounds disclosed herein. One such example is disclosed above in relation to the

thermodynamic aqueous solubility studies. Another example is disclosed below.

HPLC Conditions:

Waters Alliance 2695 Separations Module, Waters 2996 PDA
detector and Waters Empower 2 Software (Version 6.00)

Phenomenex Luna C18(2); 4.6 x 50mm; 3um

LC:

Column:

Flow rate: 1.2 mL/min
Injection Volume: 10pL
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24.0 kJ nol 1 . An additional XRPD pattern of <Sp-4 Form1 is depicted in
Figure 4. Exanple 21-1. SP-4 Form 1l A peak listing of Sp-4 Form1 is

pr esent edwOrolatsb#9 2. Exanpl e 21-2. SP-4 Form 2 An XRPD paTiusee100856%1 - 4 Form
2 is depicted in Figure 5. A peak listing of Sp-4 Form2 is presented in
Tabl e 3. Exanple 21-3. SP-4 Form 3 An XRPD Eattern of 5p-4 Form3 is

depi cted iMobilgphases. A Fohient AsPhgVarr whsYMethagol anddleddnt ed in Tabl e

4. Exanpl AAfithodiunSRe&ateppldr-23An XRPD pattern of S -4 Form4 is depicted in
Figure 7 . A peak |istingobfenkBpMeOFbwith4 OimdM prmesemtimdAdatatdabl e 5. Exanpl e
21-5. P-4 ¢eidiedr: An XRPD hpad dte@sBof Sp-48dirm 5 is depicted in Figure 8. A
peak | ksting of S -4 Form.p79%B presented-4midabl e 6. Exanple 21-6. Sp-4

(Anor phous) An XRPD patt g,y £ %gorphoqslmhfl is depicted in Figure 9.

Exanpl e 22. Single Cryst I0X7[1 Cryst al{ly n:ﬁghy of Sp-4 and its sol vates
Exanpl e 22-1. Single Crysht Cryst1 phy of SP-4 (Form 1) Figure
10 shows an X-ray crystal or.m1l. There, the figure
shows a vi ew of nol ecul e 03;@51 fro ﬂgﬁ\ 8tal structure show ng the
nunberpng schene enploye OpIC Qplacenent el lipsoids for

t he nonhydrogen atons are shown at the 50% pr obab| lity level. Hydrogen

atoms are di splaydRe thké borditichistht parifyl of 45 RRM| aridasiidiwad Gigterpiineitottee sol ut i on
was obtai ned by direct methods, full-patrix Ieastsquares refj nt. on F 2

with wei gty ~29%, ey F9. P, respastivelyo fyis poted it h@éemuﬂtmé%{’ﬁea 9 +2FC
)/ 3, am rs, enpirical absorption correction
usi ng sph:DS}J ]FA%nglrtr}gegélﬂg@SH?&gﬁlg%g%@ i n SCALE3 ABSPACK scaling algorithm
Fi nal 18R2 = { S[nggedtidn bLth2 ))@]FlBthifrEctOgrﬁm lid2g that Be 0BT trykmilinglsinglat a,
conventional R1=0.0329 on F }/yp%fes 0 90 refle(fglons h FO >4s( FO), S
= 1.016 f gHasireoiserpers gave deahydiFtareat mattEs Additaeysd ?551" BBy s(nean),

0. 000.  Fi nala Qided &{L01 RO 1ng¥\ﬁ"@3f the t\?@éry%ﬁﬁlﬂeQilé%@er&lﬁrﬁers wWiaPRE4 7.
Single Crystal Paraneters o orm1 2-2. Single Crystal X-Ray
Cryst al | ograspizya @hsideriblyHogmr DnsdEitpnrSe- 41(]13é?ﬁ3)\xs 9%7CX-ray crystal structure
for 5p-4 Form 2. There, this figure shows a view of nolecules of Form 2

fromthe crystal structure s ering schene enpl oyed. The
heterc?é?tor%x%l”ézﬁes%ﬂ@'@@“?'s& ‘bt?‘b‘h]pf ‘Hﬁg to very weak data. Hydrogen
atonms are not digPbA¥Rthe SHEscphfaieh WoadaRingliked buRs) Rl @dHaeqiye di rect

met hods, full-matrix | east squar es
separation of a mixture of the diastereomers, Rp-4 and Sp-4.

Preparative Method: Analytical Method:

Chiralpak AS-H (2 x 25 cm) SN# 07-8656 Chiralpak AS-H (25 x 0.46cm)
20% methanol/CO, (100 bar) 20% methanol/CO, (100 bar)
50 ml/min, 220 nm. 3 ml/min, 220 nm.

Conc.: 260mg/30ml methanol, inj vol.: 1.5ml

25 The following SFC separation (conditions listed below) yielded adequate

separation of a mixture of the diastereomers, Rp-4 and Sp-4.

Preparative Method: Analytical Method:

Chiralpak IA(2 x 15 cm) 802091 Chiralpak TIA(15 x 0.46 cm)

30% isopropanol(0.1% DEA)/CO,, 100 bar | 40% methanol(DEA)/CO,, 100 bar
60 ml/min, 220 nm. 3 mL/min, 220 nm.

inj vol.: 2 mL, 20 mg/mL methanol
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refinement on F 2 with weighting w =s2(F0 2) +(0.0975P) 2 +
(10. 6969P) , where P = (F 0 +2F C )/ 3, anisotropic displacenent paraneters,
enpi ri calwalkewrisieon correcti on using spherical harnoni esT/useplasssat ed i n
SCALE3 ABSPACK scaling algorithm Final wR2 = {SIWMFO 2-Fc 2f]/ S[wW FO 2f
]1/2} = 0.1883 for all data, conventional R = 0.0741 on F val ues of 2525
refl ecti oriBablé 16 S@mmaty (of Eestilts fOm tipsbdtoh charactryizatign ¢f Ko, doanthdt-er s.
Fi nal D/ s(d4rax) 0.000, D/s(nean), 0.000. Final difference map between +1. 388
and -0.967 e A3 . Table 8. Single Crystal Paraneters of Form 2 Exanple
22-3. Singt E AGhYs al— X"Ray @ystaltography of SP-4 (Form 2)ghigure 12
depicts am X-rtay_Crystal Structure (u-ilth’;lMigtﬁyesptropléz S.-4rﬁ(z(5,Form 2). A
crystal str8efg f t RESHERHFTOBAB Chi ordideresiaimeat e of "@f—dlfs ’H2), C23H3
INSPQgFA 2, %{i@ds a roypetine Adifferspace gr ggtg rpﬁ)% (syst efmitalinealiferrgtes kO
k=odd) with a%12.8822(14) RemB=6. 1690(7) A Tc=17.733(2) fom@=d2. 045(3),
V=1408. 4(3) A PSCz=2 arfihdefeeaiaeelt - 4306C g/ c dindpthexu S8 | nt dxddtheym gpsk a%4fer e
col l ected on adg gaku Ner Q18D ar ea, def8et Bfs: loyjn N°"."t.1°Si’4 oc
gr aphi t e- nonochy onat eddWBTPS()S °“7%91Fati%eﬁ°’?§°§tfgv7:fgdg§ A) e‘é"?"g&:‘;tsgvrﬁ)gr ature of
143K. Prelini gghy. i ndexing FAL per f or med fFOR'Y series of “tuelve 0.5
rotation inma Yh exposurléd of 30 second8ll A total of 6486Yotation
i mges were girﬂgg}t ed with ggrystal to detoggbpr distance 9§ s@5mm a
2gswing angle of -12, rotation w dt hs mfiqescncainedexpoDeliescate imiiegsconds:
scan no. 1%9\/§§7§1/°fR-%can NP EWPSIEES 0 525 at wk 10 and ¢ = 20:hscan no. 2 was
an w scan2bcoms % to 5 at ¢ = -90 and DekquBkdice scan nadvo Brmghengan w- scan
from-20 to 4 g} ¢ = - YOndympsfopieuf BS; scan no. 4 was alonylygresspPif ypdtn - 20 t o
5 at c= -90 and f = 225: <8aWMb 5 was an w scan from-20%»R%0 at ¢ = -90
and f = 45. Rotation inmages were processed using Crystal Cear (Crvstal d ear
Ri gakku Ooxqmopkt3i00nX-R:00rystdlogatapliynef $(Jptiserner) of unaveraged F and s(F )

val ues which were the sed t tal Structur Crystal Structure :
Crystal Structu %mﬁﬁ‘fﬁ’l%)fg' §'1§§&q{gé§é%ﬁ4jﬁ@% 7 © ?B¥Zeﬁngtglﬁ&% HE%%F’Z?) program
package f 0%0{1}5‘[’? UstBh QEESEbM@s akg! 1Shadrkifh =583 mac?;ﬁq bes 338KRBJA, Penti um I 11
conput er. total of 7707 reflections were neasured over the ranges 5.48 2

<58. 848’0) -M€W80153)A,7B=¥923391(31)9, V=122 200)A3d 7R A5R,Ehi3q17e/one, leeratyi ons (Rnt

= 0.01 .. The intensity data were coryr r Lorentz an ol ari zation

ef fects anitensity 4#a st $dlscisd op g Hekpighy ﬁma‘éﬁardleﬁ’ﬁ%r Wﬁfotyf%sm ssi on

0.824,,nL. oL _ b [ 7, SIR97
10+ %_Qgsmﬁ.ﬁgﬁﬁ%@ﬁ%ea gaaaﬂngalrléga%&p%amwm al BlhREmnrSHLRI

Al t omare, scarano, C. G acovazzo, A

Guagl i ar di 10001)KMFligures 20A a@ 2B shatomioleguies n®phened 1(and dotesptivalpdl. Cryst .,
32, 115-119). Refinenment was by fullmtrix | east squares based on F2 using
SHELXL- 97 WQ@EMPeH Wil grjck, G M (2008) Acta Cryst, A4, 112-122).

AUr ef | ecti ons V‘Pfeﬁnﬁh%ﬁ? ifiek inB Qv dslet fBRARI rom B€ries of thirty-six 0.5° rotation

frames with exposures of 30 seconds. A total of 3608 frames were collected with a

we

15  crystal to detector distance of 70.00 mm, rotation widths of 0.5° and exposures of 20

seconds:
scan type 20 ) o) X frames
[0) -35.50 279.40 27.32 48.96 725
(o) 24.50 22.31 35.56 69.08 692
w -13.00 321.68 247.79 69.08 95
(o) 34.50 204.08 28.21 -92.80 293
[0) -30.50 310.60 214.10 54.21 361
[0) 32.00 304.67 24.47 50.72 722
[0) -35.50 122.14 316.59 -78.84 720
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wei ghting schene used was w1/ [V(F 2, )+ 0.0472P 2 + 0.4960P] where P =
(F2 + 2F2 )/ 3 . Non-hydrogen atons were refined anisotropically and

hydr ogen woens/ae36e refined using a "riding" nodel. RefiPpao@rsatioosdseer ged to
R1=0. 0328 and wR2=0. 0817 for 4046 reflections for which F > 4s(F) and

R*O 0348, wR2=0.0838 and GOF = 1.056 for all 4253 uni que, non-zero
reflections anR@8®nzamesovers iftegrated upipg SAINTRBryket (3G09) SARRD. Bruker F2 - F2
f I wF2)2}1/2 ;. GOF{ w(F2 - F2f I (n- p} 12 ; where = t he nunber
of refl ecthEndncaridadison, Wisconsi BIS Aok Pradicingd ﬁﬁ@l&@fﬁnﬁwyged edaxi mum D/ s

boake i n (REDARS whion SPe me ek e M el R0 JB5ue oot P s BBl O e
Fl ack absauk& £XS Wed UVBHiBSH, IWRESsid, @fsjmgﬁogfaaglr gacqll%@f)or flHtr corroborati ng

the stereochem stry of the title conpound. ists cell information,
dat a cél | evedessingandstnictire solatieh eeé Dl Pentiurd gtcampiianah tgalaft696hal and

Cher mal - pdPdpRs Bo O oxAE Fiabt e Ro¥ R076f SRR6THE FaRET | pooi G
Pl ot Pr ogr-agndl o£28Giyidin 6990 uuifud réfldctib @t 0.0581). O indeity Bata (v 6)

ORNL-5138.) representation of the nolecule with 30% probability thermnal
el | i psoi dsoarepd fHydrentapepdarigiignsycty pndsfor gbgopptionmusing MRABSon of

Conpound : N . | 614. 38
Gyl cendatE el dRnTUABASE M I S Aol Sl Rliffthur 014,

12. 8822( 14nA naxtmihiIthhsihissio® 016093 3BTLI2)A b 92. 045(3) V 1408.4(3) A 3 m 3.48
cml crystal size, mmO0.42 x.0.12 0.10.D.,ca_j [cnB E 640
Radi at | on: M- ﬁgéﬁtuTo"i%SAéd‘?ﬁ‘lbrYéﬁ@ét petgds Belfins SR lsRadie bt d: ) 3a0<n
<15; -7 < (ko08;ActdOryst. |A6ﬁ21]l2'-\p22.)R.giéfﬁl%ﬁq'eﬁtn@asrﬁaﬁlﬂfrﬁgtﬁx]gagi sd@res BadedUE
reflections: 4253 ( 111:0Cﬂ80) . Observed reflections 4046 (F>4s) No.

reflecti onsm Is@thd SHEEKL PETESME1d4i2R 5. M. (2008) Acta Cryst. A64, 112-122.). All

reflections were used during refinement. The weighting scheme used was

15 w=1/[02(Fs2 )+ (0.0000P)2 + 14.0738P] where 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 = 0.0847 and wR2 = (0.1899 for 6173 observed
reflections for which F > 4¢(F) and R1=0.0963 and wR2=0.1963 and GOF =1.119 for
all 6909 unique, non-zero reflections and 512 variables (R1 = L||F| - |F¢|| / ¥ |F,|; wR2

20 =[Zw(F, - FAYEw(F.2)?*]% GOF = [Zw(F,’ - F.2*/(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 0.000 and the two most prominent peaks in the final

difference Fourier were +0.402 and -0.559 e/A3.

25 Table 17. Summary of Structure Determination of Compound 8 (Sp-isomer)

Empirical formula CisH21NPO;
Formula weight 408.34
Temperature 100(1) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group P2,

Cell constants:

a 5.3312(4) A
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No. paraneters 358 R indices (F>4s) R =0.0328 wR2=0.0817 R indices (al
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Data / restramts / parameters

6909/1/512

Goodness-of-fit on F2

1.119

Final R indices [I>2sigma(])]

R1=0.0847, wR2 =0.1899

R indices (all data)

R1=10.0963, wR2 =0.1963

Absolute structure parameter

0.1(2)

10

Largest diff. peak and hole

0.402 and -0.559 e.A-3

Example 31. Biological Activity

Replicon containing cells were seeded at either 3,000 cells/well (50 uL) in 96-

well white/opaque plates, or 1,500 cells/well (25 pL) in 384-well white/opaque plates.

50 uL of 2X compound were added in the 96 well plate or 25 uL of 2X compound

were added in the 384 well plate. The plates were incubated at 37°C in a humidified
5% CO, atmosphere for 4 days. After incubation, Bright-Glo reagent (50 uL for 96-

well plate, or 25 uL for 384-well plate) was added to measure the firefly luciferase

reporter for HCV replication. Percent inhibition was calculated against the no drug

control.
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25C / No Sticky Partial Al nost 53i0% RtH dJ eili-quescence soll i-d d |
eili-quescence , ,c-onplete Deliquescence deliquescence Upon storage at 40
C and 75 woneloasssse hum dity a sanple of _Sp-4 del i queseet/tsasiomsselt hours.
For instance, a sanple of S -4 was ground with a pestle and nortar, and

t hen successively passed through 500 and 250 mm sieves to yield the sanple
as a fine powder. Safiomwound BRIV Raplicon Adtivide(eMBt or ed at 40C and 75%
relative humdity and 25C and 53 % RH®H® vi sual observations were taken at
regular intervals. TheReesults are givegrin Table 5 . Table 12. Stability
of "Sp-4 to elevated regative humdity jLonditions t = 1.5 ht =4.5ht
104 h 40 CG / _-7. 5% XNT0O d erliquescence Derliquescence tt No

del i quescence ) i gu | ' is,,0f the
sanpl e after sl\%’rggﬁed %tfgé%%%gﬁ%%ﬁﬂ&? g?%%ﬁ&ﬁ%%?%%gﬁ’g\fgg&lﬁ%ésﬁim ficant
changes i rextipledbéthihace bgnaheswn tobeiaitieiapainstdtepatisist® airus) gerfiavypesdkange had
occurred. Exampl.e 24. Fourier._Transform- |nfrar -1 R ctronmetry
Data were col | é’g’ceegé}bﬁﬁ“&atﬁf’étoﬁpné—' #@F%Bgatpﬁrh?%ﬁg/O%l;;gﬂéﬂ%@fi a uni ver sal
Al tenugt eq:r&ggi%hamftén%%?gﬁgﬁioﬁé\@ 65FROIN HAVES 907200941 138 B, 5¥8! €

col | ectfed "and anal yzed 0Sing SpectrumV5.0.1 software. The | R spéctrum

obt ai ned ffded Marét?pl, 201 @race Byebly imcerpstatadrbyi refdrenys in Bielt entietippclheel y.
T4 1558 ey TR P BB B! 1§ 58
- 1377, - 13p the mbdtidg of 4iDifBorpbiafed thinh comtlidts SAtHhE hRaAng bF a tekfidefined 713,
-1688, -1454, -1378, -1208, -1082 (Fig. 16). Exanple 25. Differenti al
Scanni ng Geren, themegnippstiheterasrron@inediingierpresephdibgiesuae contn) orsdthelat a wer e
col l ectied on a TA Instr 00 equi pped with a 50 position

aut o- ggrrpIrg?%nﬁﬁcgt%%fﬁcgﬁgﬁ%dzte%g thermal capacity was carried out using
sapphire and the calibration for energy and tenperature was carried out
using certified indium Modul ated tenperature DSC was carried out on
typically 0.8-1.2 ng of each sanple, in a pin-holed alum num pan, using an
underlying heating rate of 20CnUn 1 and tenperature nodul ati on paraneters
of 0.2 0CnJi 1 and 40 seconds. A purge of dry nitrogen at 50 mMl. mn 1 was
mai nt ai ned over the sanple.
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The instrunment control software was Advantage for Q Series v2.8.0.392 and
Thermal Advantage v4.8.3 and the data were anal yzed using Universal

Anal ysi s wW0.28/138%6€ data were collected on a Mettl er DSEC8aABeoiemsiopped with
a 34 position auto-sanpler. The instrunment was calibrated for energy and
tenperature using certified indium Typically 0.8-1.2 ng of each sanple, in
a pi n- hol &dams;m num pan, was heated at 100CnUi 1 from 25C to 2500C A
nitrogen purge at 50 m.mn 1 was nai ntai ned over the sanple. The

i nstrunment control and data analysis software was STARe v9.20. TGA data
were col | ected Jon a AvpiotessforliaépapipAoBipbandcoprgspiiad by fdrmala34t position

aut o-sanpler. The instrunment was tenperature cald brated using certified
indium Typically 8-12 ng of each sanple was | ogded onto a pre-weighed

al um num cruci bl e and was heat ed at 100CnM 1 fyanbi ent tenperature to
3500C A nitrogen purge at 50 maA 1 yas rral ntai ned over the sanple. The

i nstrunment control and data ana>’§#\’s*$(of ARe v9.20. DSC anal ysis
of 4 showed a single broad en t of 58.7C (DH 14 J.g 1)
confirmed to be due to nol ecul relamsatl ﬁ{} dut.i ng the gl ass transitionby
further nodul ated DSC anal ysis (Fig. 17). nal ysis of 4 showed no

wei ght | oss before deconposition above 240C, confirmng the material to be
non-sol vated. As the XRPD analysis of 4 confirned the material to be

anmor pheus, nodul at edviis®én fabprsientswashitahplersphéres atom, avhict doerpises:o cal cul at e

t he gl ass transi tlonte eratur whi ch t 0, be C., DSC,,anal ysi s
showed a singl & §6P?§Pbgé‘hn§8?‘i‘?8wrﬁ HRate Axd B 'é{h dli h"EeC,E 98979 1)

confirmed r@zecqnéfﬁhhnme@fané%g&tmo@,fa%s@wm&@@e Edngpns 4TGA anal ysi s
of i?p-4 showed no weight l'oss before deconposition above 240 ‘C, confirnming
the material to be non-solvated. DSC anal ysis of S Q4 showed a single broad
endothermw th an onset fH%SXQC (DH 43 J.g 1) co ﬁ%d to a nmelt by hot
stage m croscopy. See Fi G TGA arf %m s of <Sp-4 owed no wei ght |oss
bef ore deconposition abgve E o0C, &om¥TY mi ng L h Kerical to be

non-sol vat ed. Exanpl e 6.0 vi metri X'Vapod® Sqrpt¥ion (GYS) SMS DVS
Intrinsic Sorption isotherns were obtained usigga SMsS DVS Intrinsic

moi sture sorption anal yzer, controlled by SM3Qnal¥sis Suite software. The
sanpl e tenperature was nai4t ai ned at B25 C by the3instrument controls. The

hum dity was Conlbegrgllgl gs b%ljﬁ X%r]:%s Sk rgcﬁa%flsgroﬁ&aﬁgi%ﬁga'%fo%@en wth a

total flow rate” ti've asured by a

cal i brigt ed Rot rgnedting qtbem@dmmmwmg@mfmgc&nmdwubmﬂ osbrdl near the
sanpl e. The wei ght chana (mass relaxation) of the sanple as a function of
ot

YRH was cdRBEEACPRPHBAL by the m crobal ance (accuracy 0.005 ny).
c) optionally subjecting the second mixture to crystallization, chromatography,

or extraction in order to obtain 4.

15 2. The process as claimed in claim 1, wherein for A, X is chloride and n
is 1.
3. The process as claimed in claim 2, wherein A is substantially
anhydrous.
20
4. The process as claimed in claim 3, wherein the base is N-
methylimidazole.
5. The process as claimed in claim 4, wherein the mole ratio of A-to-B-

25  to-3is about 1.6-to-1.3-to-1.
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Typically 5-20 ng of sanple was placed in a tared nesh stainless steel
basket under anbient conditions. The sanple was | oaded and unl oaded at 40
YRH and 28Q20toy3s3al room conditions). A noi sture sorptiPOm/USS@vI0&FoNT Was
performed as outlined below (2 scans giving 1 conplete cycle). The standard
i sothermwas perforned at 25C at 10 %H intervals over a 0.5-90 %H

range. Tabl e 13.6. Vet Fdw¢ pPeneagas daimefl on clgivs1 Dyereitthe protestipg pemponndtis The
sanpl e was,r vered after, canpletion of the isothermand re-anal yzed by
XRPD. G\/S%g’Hg’ﬁ&é@gtﬁgh%%ﬁﬁ]ﬁnﬁﬁ' to be non-hygroscopi ¢ exhibiting reversible
upt ake of approximately 0.2 vt % of water fromO to 90 % relative humdity.
Re-anal ysis of the sanple by XRPD after the GVS experinent showed no change

in form A sanple ofA eomposiien ehtgnetbxibepreceprasqlamed dn At eusrof clai@s t hen
succesgi vel thr . i L&l 0 le as a
fine p?)vvdglr'é/’t a? aﬁ/g%e {br@\&glﬁggg?ﬁgge&és %ga a rrougli/ﬁ%te%%ggﬁglago@%@ t hod.
The sanpl evelgtst of dessonipositiod0 % RH (approxi mately anbient) to 60 % RH,

i nstead of 90 % for the standard nethod, and then cycled to 0 % and back to
40 % RH. This anal ysis showed "Sp-4 to be nonhygroscopic up to 60 % RH,
with reversibl g upt ai Qfnpoditidn ‘GrYaiie], Shler&ih MELEMpbIiAM E3RpERs % RH.

Exanpl e 27. Ther nodynam ¢ Aqueous Sol ubility Aqueous solubility was

det er m nednmpoustithpeisdi legstabsuf $77¢ beweightrofithe cofmpestipound in water to give
a maxi;mum final concentration of .0 ng.mM of the parent free-formof the
corrpod d. The suspension was equilibrated at 25 C for 24 hours then the pH
was measured. e sugResifBitvasoftdem 7, Wheeiadht Rompaditicn gbrapssehidiar C
filter into a 96 well plate. The filtrate was then diluted by a factor of
101. Quantantamqushthabis ableasipbotdXhby erighe athecompositiahdar d sol uti on of
approximately 0.1 mg.ml 1 in DVBSO. Different volunmes of the standard,
diluted and undiluted sanple solutions were injected. The solubility was
cal cul ated usi ng@. t heTHeesmposkda cfallamnT neherbiy thatcempatitiom cahptides 4pmak found
at the same retention time as the principal peak in the standard

i nj ectldon.anaAsnqunt that 1t eagiabRBd By Mrarcdshd of fie cOFIMIBICRt y Measur enent s

Anal ysis was performed under the above-noted conditions on an Agilent HPI
100 series system equi pped with a diode array detector and using

ChenSt at i on sofllwar eA wBo@2s (ibr d8Rminifeptle demitdusoity «fothalxiohipoynd dsul t f or
Rp-4, 4, and 8&4. 1_[l)eH of Unf ltered S?n‘{)I.e | D Sol. ubi Iit%/.t./ rrF.m 1 nent s
m xture | Hpenpred By the mgcessesRfay e £1 plaias 4-0 9T M LORRITUIAY Pf §36PI%0% . gg

5. 65 Resi qyalnss0]d, dhtetpdmiiisd8. Chemical Purity Determ nation by HPLC

20 analyzing by HPLC the compound or the composition comprising the

compound.

12. A process for determining the crystallinity of the compound 4 prepared
by the processes of any one of claims 1-6 or the composition of any one of claims 7-

25 10, which comprises:
| analyzing by XRPD, X-ray crystallography, or optical microscopy the

compound or the composition comprising the compound.
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Various HPLC conditions can be used to determ ne the chem cal purity of the
conpounds di scl osed herein. One such exanple is disclosed above in relation
to the thworrotyrassPc aqueous sol ubility studies. Anot hePCEABLIB3F681

di scl osed bel ow. HPLC Conditions; LC. Waters Alliance 2695 Separations

Modul e, Waters 2996 PDA detector and Waters Enpower 2 Software (Version

6. 00) Col urm: RBenoresrexpound aertesesied )by the HraubBOtad 3mm Fl ow rate: 1.2
m./mn Injection Volune: | OrLMdbil e phase: Solgent A: 95% Water with 5%
Met hanol and 10OrM Anmoni um Acet ate; pH-5.3 Sol vgnt B: MeOH with 10nM

Ammoni um Acetate Gadient: hold at 098 3 mn gfeﬁw 3-4 min hold at 47 %8B
4-10 mn 47% 7498 10-1 I mn ho at 74j%BII return to 0%8 13.5-13.6
mn hold at 098 13.6-15.5 m'ndggﬁé@ é% , the purity of 4,

i ?p-4, and Sp-4 was determ ne es -9 and -99.5% respectively.
It is noted that higher puriti cBO be I’ﬁ@“Z’p‘d by optim zing the nethods
di scl osed above. I|nspection of the XRPD diffracto grans shows that the two
crystal line single diastereoisoners gave,.glearly different XRPD patterns.
Addi tionally, there was a clear difference in the melting point of the two

crystalline di agter egle38iRbind ¥ difinl 15 whehdy tRGoth g@ﬁﬂ&isdﬁdomlte{ahi gher onset
than Sp-4 (136C vs. 94C). Exanple 29. "Addi ti onal epar ati on Met hods The

fol | ow ng lsﬁtat@@pamlmdmm (conditions listed bel ow) yielded adequate
separa%i on of a mxture of the diastereoners, R-p-4 and 5p-4. The foll ow ng
SFC separation (conditions |isted bel ow) yielded adequate separation of a

m xture of the di astReeempotnd Ebcléinalwl vﬁmeinmmompbandswmmeamdmesul ts
fromthe batch characterization_ of , and Sp- 4. Analysis R?-4 4 P-4
1: 1 M xt urhydette @maprésgs Nmtﬁrln@la@%ﬁf‘a@%ﬁé% soner Singl e diastereoi somer
di ast ereoi sonmers Crys XRPD DSC Endothermy nmelt - 1360C Endot herm 590C
Endotherm nelt - 94C No wt loss, No wt |oss, No wt | oss,

16.  The compound of claim 13, wherein the compound is amorphous,

10  crystal-like, crystalline, or a combination thereof.
17.  The compound of claim 16, wherein the compound is crystalline.

18. A composition for the treatment and/or prophylaxis of hepatitis C
15  virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus,
hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis virus,
comprising a pharmaceutically acceptable medium and the compound of any one of

claims 13-17.

20 19. A method for treating a host infected with hepatitis C virus, West Nile
virus, yellow fever virus, dengue virus, rhinovirus, polio virus, hepatitis A virus,
bovine viral diarrhea virus or Japanese encephalitis virus comprising administering an

effective amount of the compound of any one of claims 13-17.

25 20. A method for treating a host infected with hepatitis C virus, West Nile
virus, yellow fever virus, dengue virus, thinovirus, polio virus, hepatitis A virus,
bovine viral diarrhea virus or Japanese encephalitis virus comprising administering an
effective amount of the compound of any one of claims 13-17 in combination with at

least one anti-viral agent.
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| LJA deconposition >240C deconposition >240C deconposition >240C IR See
above See above See above Ag Solubility 1.58 6.11 5.65 (ng.m "1) HPLC
Purity 96w0 206008589% 99. 5 % Del i quescence inside 1.5 DelPCqusgaens®4i nsi de
4.5 400C/ 75 % RH No formchange h h 250C / 53 % RH - Del i quescence No

f orm change Non- hygroscopic up to Non-hygroscopic up to V 90 % RH 60 % RH
Exanpl e 30. X-Rdy CrAssealfltiogecnmopndfof 8ny Spe ¢fsdaime dBrl)/ o pgropeimds

Sp- i , G 8H2 1N2POY. tal.l i in th i_nj P2!
syot enat TESISTEoeR ey | Gl ieichiE B ol Ep R 18F e B 4ty 1P
c=23. 7807 (chadifion i LduSiérd)an ihﬁ&%ﬂbfﬁ@hﬁtiﬁcNilZEAWGﬂMIedGﬁl]S,CyTelloﬁlg7 g/cm 3

. X-ray intensity data were collected on a Bruker APEXI| CCD area detector
enpl oyi ng fgrepyiLs.clepgirod s ofRavirupRoko VAYS.epYHISA wigusy bovige giralat o

t enper at urﬁarﬂ{ea%@r@% l’%ﬁgagéég?}%e&?hgl% @AY 20B show nol ecul es numbered 1 and

2, respectively, rrc unit. Prelimnary indexing was perforned
froma series of thirty-six 0.5 rotation franes with exposures of 30

seconds. A total of 3608 franes were collected wth crystal t.o detector
di stance of 70.480 nrf ProsessciPbpreRpgiehe S?mBQ‘Bldaﬂfmaé‘?r}gsWLé CBMPY§CSseconds:

type 2 o o A0 2% 31 35.56
8908 602 - ?3%%%%?‘&%%“ gs?ﬁl.%%ﬁ%%&g% Ag% %Z‘f( g’%@%ﬂ%g@g’.ﬁz’? _ag%)gg% 203 F

-30. 50 310I®Po-21¢-r@hFdridihe3H bnd aBdasc0 oBGun 6 Tirst MidIr&S@IMAISHERRI4;- 35. 50

122.14 316.59 -78.84 720Rotation frames were integrgted using SAINT (Bruker

(2009) SAINT. Bruker AXS Inc., Madison, Wsconsin, [USA.) producing a

l'isting of unaveraged £2 xundrs(F2 ) v@hues which @k@m hen passed to the

SHELXTL (Bruker (2009) HHELXTL. Brykef_4XS Inc., i,gon, W sconsi n, USA.)
an

d

program package for fu e/r<gr ocessi dlf‘mg s@ ution on a Dell
Pentium 4 conputer. A®of%al “of 6909 r&flecttons wbee neasured over the
ranges 1.58 q <25.09, -6 <h <6, -18 k <18, -3851 %28 yielding 6909 unique
refl ecltoi ons (Rint = 0. 0581‘2. The intgnsity data yere

wherein X is a conjugate base of an acid, nis 0 or 1, and X' is a halogen

b) reacting the first mixture with a protecting compound to obtain a second

mixture comprising Rp-4; and
c) optionally subjecting the second mixture to crystallization, chromatography,

15  or extraction in order to obtain purified Rp-4.

23. The process as claimed in claim 22, wherein for A, X is chloride and n

is 1.
20 24.  The process as claimed in claim 23, wherein A is substantially
anhydrous.
25.  The process as claimed in claim 24, wherein the base is N-
methylimidazole.
25
26.  The process as claimed in claim 25, wherein the mole ratio of A-to-B-

to-3 is about 1.6-to-1.3-to-1.
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corrected for Lorentz and polarization effects and for absorption using
SADABS (Sheldrick, G M (2007) SADABS. University of Gottingen, Gernany.)
(m ni rumwaiodorassisam t r ansm ssi on 0. 6093, 0.7452). The ®CTMsStawm3was sol ved
by direct nethods (SHELXS-97 (Sheldrick, G M (2008) Acta Cryst. A64, |
12-122.)). Refinement was by full-matrix |east squares based on F2 using
SHELXL- 97 ( ShelZri cklhe@rogesy ssot@meddn glagp ¢4+ whesgin thejprptegting yompgynd

refl ectiong,: ] quyri -ef i nement. The wei ghting schene used was
wel /[ s2 ?ébg\@@ iﬁfeglg'dgggfp‘g}g%ﬁ@ 14.073 8P] where P = (FO 2 + 2Fc 2 )/3 .
Non- hydrogen atons were refined ani sotropically and hydrogen atons were
refined using g riding nodel. Refi neggnt conver g =0 0&}147 and wR2 =

dto R .
0.1899 for 6173%0bset PEWeTSdPT HEPFBIE B?mmnér%lﬁ?ayna‘gt%lalghhiw iy 0963 and
WR2=0. 396%03@91 GOF =1.1 19 for all 6909 unique, non-zero reflections and
512 vari able fRI = S||FO] - |[FC| / S|FO|; wR2 = [EMFO 2 - Fc 2)2/ SWM FO
2)2]'L; GOF = [dfwaEOGng@an isfprogyldlémate, Ag)a]diiX'-phbmeylphasphate, B 2rdedor2'of
reflectio ang, p = e.nu r of paraneters.refi.ned). The. ipumD/'s in
the rinal Tigare-GranhlErdt 6t s pAE B b6 &AbTHERN omm BB 6 nent - peaks
in the final difference Fourier were +0.402 and -0.859 e/A . Table 17.
Summary of Structure Determ nation of Conpound 8 (Sup-isoner) Exanple 31.

Bi ol ogi cal Activity ReplLiN&D0ontai nigRh cells wer¢ séftied at either 3,000
cells/well (50 nmL) in 9§- xl | whi Xeflspaque pl ate ,Nolhol, 500 cells/well (25

m.) in 384-well white/4p pl ates. H0 niy nmpound were added in the
96 well plate or 25 nlL of 2X conpound were added— the 384 well plate. The
pl ates were incubated at 37C in a hunidified®% C® at nosphere for 4 days.
After incubation, Bright-@ o reagent (50 nL for 96- well plate, or 25 niL
for 384-well plate) was added to neasure the firefly |luciferase reporter
for HCV repl i cavhesein Xpisracconivgpighiaps of aracith g is 8108 &) 2de iaahprlagent he no drug

contr .Corrpour}g | 4 . LVt [%0.4 iv.P- -4 013 i P-4
and Sq:g 4 have égﬁé}{agﬁ‘-{@%n@rg t(r)l{a]f)@gryt“)é{%%}\)fé r%%%%énodgggﬁtg%v%g%g%& For

exanpl e, haikxkurbave been shown to be active against hepatitis C virus,
genotypes 1-4. The _subli ect, matt%r of U. S. Patent Af)gl jcation No. 12/053, 015
and U.S. c) optionally subjecting the second mixture to crystallization, chromatography,

or extraction in order to obtain a third mixture;
- d) dissolving or suspending the second mixture or the third mixture in a
15  solvent;
¢) optionally followed by seeding with crystalline Rp-4; and

f) adding sufficient anti-solvent to obtain crystalline Rp-4.

29. A composition obtained by the process as claimed in any one of claims
20  22-28, wherein the composition comprises Rp-4 in an amount that is at least about

95% by weight of the composition.

30.  The composition of claim 29, wherein the composition comprises Rp-4
in an amount that is at least about 97% by weight of the composition.
25
31.  The composition of claim 29, wherein the composition comprises Rp-4

in an amount that is at least about 99% by weight of the composition.
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Provi sional Patent Application Nos. 61/179,923, filed May 20, 2009, and

61/ 319,513, filed March 31, 2010, are hereby incorporated by reference in

t heir entwoebieessse¥he subject matter of all cited referentas2019/0b3sreby
incorporated by reference. In the event that the neaning of an incorporated
termconflicts with the meaning of a termdefined herein, the nmeaning of
the ternms cont &2ned Tihe compogitien ehelaiagn 2% Ivdwieie theempebitiop spmprgesdeshi ng of

the incorporated t . C.ai 1. process r g conmpound

repr esent élaa%ﬁmf’g?t%‘iqgs %?asgg\’,&%‘é?éi%g‘%‘w?%li gt;tggfgrﬂg&é clgnr al phosphorus

atom which conprises: a) reacting an isopropyl-alanate, A a

di - X' - phenyl phosphate, B, 2'-deoxy-2'- fluoro-2'-Cnethyluridine, 3, and a
base to obtain33-fi rAprogesetion detesiing dhepemicahppyity ofes eompoxnd of 803 onj ugat e
base Og a E%Tgl’airﬁ' 13S-t1§)3fth%’cof?1§gsi%<o bl 'rrnﬁliﬁgﬁf'oﬁé 0 d&ﬁﬁ%s'l%%n&b@-ﬁz',_rs.t

m xtur@ with a pr&%ec i ng conp und 1o obtain a second m xture conprising 4;
and c) optwidctatdngpisdelyj ecting the second mixture to crystallization,

chromat ography, or extracti in order to obtain.4. 2. The process as
claimed in cl aiaﬁlﬁli’,zlnﬁﬂé{r}gmrgﬁt?rcompo%l ar f@lﬁﬁampa%ﬂ%aﬂ?m%na t?‘.e 3. The

process a%oﬁ*p@,hﬂaa_d inclaim2, wherein Ais substantially anhydrous. 4. The
process as clainmed in claim3, wherein the base is Nnethylimdazole. 5. The
process as claimed in claim4, wherein the nole ratio of A-to-Bto- 3 is

about _1.6-to-l _3-tozl .6. Th rocess, as clai med.i,n claim wherein the
pr ot _eéfji ng conpdund ‘?‘Er(’[c?“f)ﬁf’g/&‘?tgﬁn?@tnﬁjﬁ’q %riy?tﬁﬁlpqﬁlogﬁeacé’.m%?fm b{:%nrﬁaoc?%i tion
obt ai ned Ry didifisPIBOLESS tiRScorpbisitRd dsrtlafed dAengfon! ofi dlims-18, anghzg-82,n t he
conposition conprises 4 in an anmount that is at |east about 95% by wei ght

of the corvpush eoroprises. The conposition of claim 7, wherein the conposition

e .5 SR S . FERRROEARNE & e S,

conposi tion. ign o rein‘the conposition

conpri ses cbnipduad oblie ¢binpbdién Eemprisihgehsicompourid. 99% by wei ght of the
conposition. 10. The conposition of claim?7, wherein the conposition
conprildes 4 in an anount that is at |east about 99.9% by wei ght of the

conposi tion. 15 A pAQGﬁﬁMd%%ﬁ%n%dmﬁh@%ﬁlﬁﬁagﬁgm cal purity of the

conpound 4 prepared by the processes any one of clainms 1-6 or the
conposition of any one of clains 7-10, which conprises: analyzing by HPLC
the conpound or the conposition conprising the gpnpound.

o . | NH
> 0 o N/&O
of ivb—o Y
Newd 5%

Sp-4

20 36.  The compound of claim 35, wherein the compound is a solvate, a

hydrate, or anhydrous.

37.  The compound of claim 36, wherein the compound is a hydrate and the
hydrate comprises about 0.1 to about 5 mol H,O.
25

38.  The compound of claim 35, wherein the compound is amorphous,

crystal-like, crystalline, or combination thereof.

39.  The compound of claim 38, wherein the compound is crystalline.
97



12. A process for determning the crystallinity of the conpound 4 prepared
by the processes of any one of clains 1-6 or the conposition of any one of
cl ai ms 7-wOQp1oi3sssh conpri ses: anal yzi ng by XRPD, X-rayPcryust@bloagssaphy, or
optical m croscopy the conpound or the conposition conprising the

conpound. 13. A conpound represented by the fornula Rp-4 14. The conpound of
clai m 13, wher dDn t Hecamanpssiondor the sreafplonhans/orprpgiydaaeof hepatitiffydr ous.  15.

Th d i m. 14, ' ' . -and the hyd
e B R e R

wher ei n t MepARRIPOUAG, bSviRd Vil iRiithea @S bBlaphndse enceplaitalituge, or a

conbi nation thereof. 17. The_conpound of claim 16, wherein the conpound is
cryst al | i sempLgng A phampassyiGally apesptablranedivnyangd the conpaynd 9f gvhoietli s of
hepati i s Gyl Fljl_%9 West Nile virus, yellow fever virus, dengue virus,
rhinovirus, polid virus, hepatitis A virus, bovine viral diarrhea virus or
Japanese encephalitis virus, conprising a pharmaceutically acceptable

medi um and t he conmpound _of any ane of cl ai 13-17..19. A hod...f or
treating a host*inf e%’_i"@@oﬁlif?r _%B%P%P?tén%{;ﬁm&h%%s (Rliv}rgg_s)p‘ﬁrsg&ﬂéyel | ow
fever viruysys dRNgWSeVdritSs, deBbtoMhlsUshind¥ub Sotiovires, HepRais A vdud) Vi rus,
bovine viral ‘diarrhea virus or Japanese encephalitis virus conprising

adni ni st eboneanrabdifebead wisisamdapanessfent¢phali BsrpivemepnutrisingadoHRisETIng PR s
13-17. 20. met hod fofr.treatin host infecte hth hepatitis C virus,
vest Wl e eﬁé?tb‘ée,%nf 8€\;hf:§91élpongrcﬂafﬁsﬁny8gﬁaggﬁ{/lSrgsé,g\b'r hi novi rus, polio virus,
hepatitis A virus, bovine viral diarrhea virus or Japanese encephalitis

virus conpri si %adm' nistering an effective ampunt of the cqonpound of any
one of clains 17 A methedifpiiaeatias akiostinteeted ayth hepatishm e Weit Mi§ent . 210 A

use of the. el glng 13- L7t IReURd; LepPresent ed by
formul a | Vilrrclllg)’t e@%ﬁrgfﬁg%ra@ﬁl ér%ﬂg?eogm%éﬁug@ﬁ%%p#é‘aﬁﬁb&? reat melnt of any

condi t i on Hokhhle viabdiatrhed vian @Japantscincephalitis iepatdnprising adnrinisteridgsn Ni | e
virus, yellow fever virus, dengue virus, rhjnovj . pol.i.o viru hepatitis
A viTUs,  tsiorhies Amount OB cOReRTY] PRIy SEELEHES &>-an LIt Vil o, 22, A
process f i gitconpound of claim 13, which conprises:

reacting g%aspélg%fﬁg{pg%lg anate, A, a di-X -phenyl phosphate, B, 2'-deoxy-2'-
fluoro-2'-C-nethyluridine,, 3, and a base to obtain a first m xture

conprising i?p-4, AB 3 rein X is_.a conjugat.e f an jd, nis 0 or
1, and X is a ‘éf’al og'gﬁsaomﬁ?é&%r??%dtﬁéw P?Jé? ﬁ?%sg’gzﬁv&%{s ﬁgrgp%?do_ ecting
conpound  t8,QRt Rl byPfSRERTAn MethaiFactRBIIT b 3hdigaRend for dttraimeanbf emal | y

subj ecting the second m xture to crystallizatiaon, chraonmataograph

! , Or
ext r a@0i orcongditiondleat resplte foai an iplection byhepagitig C virus, West Nile virus, yel%w
fever virus, dengue virus, thinovirus, polio virus, hepatitis A virus, bovine viral

diarrhea virus or Japanese encephalitis virus.

44. A process for preparing the compound claim 35, which comprises:
25 a) reacting an isopropyl-alanate, A, a di-X'-phenylphosphate, B, 2'-deoxy-2'-
fluoro-2'-C-methyluridine, 3, and a base to obtain a first mixture comprising Sp-4;

O

“., - NHy(HX), OPh

L
i Lo TR 0N N0
HO F
A B 3

wherein X is a conjugate base of an acid, nis 0 or 1, and X' is a halogen
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23. The process as clained in claim22, wherein for A, Xis chloride and n
is | . 24. The process as clainmed in claim23, wherein Ais substantially
anhydr ouswo02b10/1BR®9pr ocess as clained in claim 24, wher@Cn/ush@ooassel i s
Nmet hyl i m dazol e. 26. The process as clainmed in claim25, wherein the nole
ratio of A-to-Bto- 3 is about 1.6-to-1.3-to-1.27. The process as clained in
cl ai m 22, wher & reattieg thedirganixhye suthaquoicting compound to obtain a second
t-butyl-dinethyl-silyl-ghloride. 28. A process for preparing the conpound
as cl ai rredmixh‘%?%{?}?ﬁ‘%l?g,g‘ii\#ﬂa@ﬂ conprises: a) reacting an isopropyl-al anate,
A, a di - X - pherybpiianhaisiectBg tBe sédefxiixdure th eHRtOtiztiok diedrhatbgapige, 3,
and a base to og't ain ayfilrgst r%l xture conpri si ng%Rp-4 A B3 V\he%tgll)%n?( is a
conj ugat e opgsacpn amowler ¥ obtaip pudbed $-4.and X' is a hal ogen; b) reacting the
first gixture with a protecting conpound to obtain a second m xture; c)
optionally subjecting the second m xture to crystallization,

chr omat ogr aphy 450r  PHefpacdesOis dlaimed detlaind 40pykdreindot Aj Xds chlatidy @id rd)

di ssol ving or suspending the second m xture or the third mxture in a

sol vent; é§loptionally followed by seeding with crystalline Rp-4; and f)
addi ng sufficient anti-solvent to obtain crystalline Rp-4. 29. A
conposition obtained by the process as clained in any one of clains 22-28,
wherei n the composi tTheproepas damerpa dlaim 45y whareinm istsobstantwllat | east about
95% b vveiﬁglpt of the composition. 30. The conposition of claim29, wherein
the cdfpodtYBAUtonprises Rp-4 in an amount that is at |east about 97% by
wei ght of the conposition. 31. The conposition of claim?29, wherein the
conposi tion conprises Rp-4 in an anount that is at |east about 99% by

wei ght of the ddnposhheipsecesas ctimed amplon #b owbaseindhabase 20N- wher ei n t he
conpositiaon rises Rp-4 in an anmount that is at |east about 99. 9% by
wei ght of Tﬁﬁﬁgﬁ%@gﬁi on. 33. A process for determ ning the chem cal
purity of the conpound of any one of clainms 13-17 or the conposition as
clainmed in any one of clainms 18 and 29-32, whjich conprises: analyzing by
HPLC tlAe conpoui¥d orThermsocssnpodrimedin elaup A swhggenrbe polaigtingl AZ2-B-A process
for determni: C alliinity of the conpound of any one of clains
13-17 or {fhglgglr)r%ggi(ﬁ%ﬁggé 1E:I ainmed in any one of clains 18 and 29-32,

whi ch conprises: analyzing by XRPD, X-ray crystallography or optical

m croscopy the . . . :
Py 49.  The process as claimed in claim 44, wherein the protecting compound

is t-butyl-dimethyl-silyl-chloride.

20
50. A process for preparing the compound as claimed in claim 39, which
comprises:
a) reacting an isopropyl-alanate, A, a di-X'-phenylphosphate, B, 2'-deoxy-2'-
fluoro-2'-C-methyluridine, 3, and a base to obtain a first mixture comprising Sp-4
' o
“., NH,(HX NH
. 2(HX), ' (')Eh 1 /&
/< X—p=0 O._N"Yo
HO T
25 A B 3

wherein X is a conjugate base of an acid, nis 0 or 1, and X' is a halogen;
b) reacting the first mixture with a protecting compound to obtain a second

mixture;
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conpound or the conposition conprising the conpound. 35. A conpound
represented by the formula 5p-4 p-4 36. The conpound of claim35, wherein

t he conpowoadoiogi3asesol vate, a hydrate, or anhydrous. 37. pPChaScawopaiend of
claim 36, wherein the conpound is a hydrate and the hydrate conpri ses about
0.1 to about 5 mol H O 38. The conpound of claim 35, wherein the conpound
i s anor phous, cz)ysmaialllwsklaectmgyth@ sdcond mixtore tosrisiatiization, chiemalegrapl®o. The
conmpound of ¢l aim 38 n_the P und is crystalline.40. A conposition
for the tréSF%% Pné%8¥%Fﬁ”§8mﬂyP3§Fs ? hepatitis C virus, Wst Nile virus,
yel l ow fever vid)dssoliRipdiieuipehdisg thid¥eoond mbﬁmel@@lheQ)quFeUSP-4hﬁpatl tis A
virus, bovine viral diarrhea virus or_ Japanese encephalitis virus,

conpri si n@oh/ebh@iuﬁﬁé‘ébl’F@élﬂ%ﬁ”%éréfﬁﬁaa’é'leép el DM APRID {STRPE#HSound of any one
of cla ms 35-3 t ted with hepatitis
C vi rus Vst %?Féle\%urléaﬁ%g?ﬁ%&% Eelir?@v(%f?ﬁg&% Sgggl‘?us r hi novi rus,
polio virus, h@dislsb]lvﬂlg/br\sum.eﬂdlngd)hﬂ fiust salidah adobzemtheas veﬂuxstemperampanese
encephalitis virus conprising adm nistering an effective anount of the
conpound 6Pdany one of clainms 35-39. 42. A nethod for treating a host
infected with hﬁQ@Sl‘lﬂé&fa@dﬂigra&ls&ntl%%nNolc%td{h b 4Soondl 8bli@w fever virus,

dengue Vvi rus, inovitus, polio virus, hepatitis A virus, bovine vi raI

di arrhea virus or Japanese encephalitis virus corrprl Si ng adm ni stering an
ef f ect.ive anoun he conmpound of ﬁgx onqggy 3 qapblnatlon
with 30 | east e a PIQPFISAPT BiGRANE 45 PORPY a(f?fc at“i’llg gb 8111 obf any one of
clai ms 35-@thgrides:conpound represented by formula I in the rranuf acture of a

medi canent for the treatnment of any condition that results from an

i nfect i on by h@@é@ﬁctlng acisppropyl-algeaie, A &-X/inhgsylohespheiy BArdeoni-2us, dengue
virus, rhi OV' by mgtﬁ%luﬁd erysandQ%QQéfoﬁk%anﬁa\ﬁ'rsrt%xtﬁ? s\ﬁ'l §| di arrhea
Vi rus or A es enc P S Vi3 : cess r|ng t he
corrpound cl ai m 35, whi ch conprises: a) reacting an sopropyl al anate, A a
di - X' - phenyl phosphate, B, 2'-deoxy-2'- fluoro-2'-C I]le uridine, 3, and a
base to obtain a first Iflaﬁlil)é)ncorrprl@?*hg <Sp- 4; ergin X is a conjugate
base of an acid, nis %}r and X'—Ps0a halQgembln ting the first

m xture with a protecténh ound toX'obt aHo/%é.je?;ond m xture conpri sing
5p-4; and c) optionally subjecting the second mxture to crystallization,
chr omat ography, or extraction in order to obtE®n pldrified Sp-4. 45. The
process as clainmed in claian 44, wherdn for A X3is chloride and n is |

46. The process as cl med i.n claim , erein Ais bstanti al |
anhydrléug. wherein )?%saconjugate base oéan acy\{{i] nisOorl, and XM ath ogen y

b) reacting the first mixture with a protecting compound to obtain a second

mixture;
c) optionally subjecting the second mixture to crystallization, chromatography,
or extraction in order to obtain purified Sp-4;

20 d) dissolving or suspending the second mixture or the purified Sp-4 in a first
solvent followed by adding an anti-solvent so as to obtain a first composition in which
the residual solvent/anti-solvent is removed by decanting to obtain a residue;

e) treating the residue with a solution containing the first solvent and anti-
solvent to yield a second composition whereby upon reducing the pressure affords a

25  first solid;

f) dissolving or suspending the first solid using a second solvent so as to
obtain a third composition;
g) adding seed crystals of Sp-4 to the third composition;

h) collecting a second solid;
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47. The process as clainmed in claim46, wherein the base is
Nmet hyl i m dazol e. 48. The process as clained in claim47, wherein the nole
rati o of wWot0rBBes693 i s about 1.6-to-1.3-to-1. 49. The pcoasseoassedi ai med
in claim44, wherein the protecting conpound is
t-butyl-dinmethyl-silyl-chloride. 50. A process for preparing the conpound
as claimed in d) dissalgog onsispendiegibeisseond salid pentindsglvant, pRéMEHpyY| - al anat e,
A a di-X- or XY= 2 - 4ri di ne, 3,
and a bas ehe? %’82 t@?gﬁ@%ﬁga m ég hhggﬁ‘)é%Sé??%%é%‘%@%&%@%%@’ n Xis a
conj ugat e dads ef mkekiryagid, n is 0 or 1, and Xlis a hal ogen;

b)
first mxture with a protecting caonpound to optain a second m xture; c)
optional Iy subjl&eeqling (R ouss cemposHIR i ebtyig aéﬁ?‘gf‘%:hdi ‘ioirg’crisgﬁ,gln {which
chr omatogr;apectoeilh@Gt i on in order to obtain purified Sp-4; d)
di ssol ving or suspending the second m xture or the purified S-4in a
sol vent followed by seeding with crystalline <Sp-4 at about room
tenmperature; f col|ecting.a first solid the majori f. which.conpri ses
Sp-4; g) di ssol%A ng OPTEG QEHWGH@“?%@‘CFPWQ?‘J@O% lﬁnﬁaélgﬁmmg%tw ?Chi ts
reflux tenpgfsty:-e; and h) cooling or adding an anti-solvent to obtain a

second solid. 51. A process for preparing the conpound as ql ai rreq inclaim
39, which conpra)gesstingjn rseampithlaazﬁe,i@cﬂdﬁ&é‘;ﬂhﬂwlaﬁ@@bate,e@, Zrdeoxy-2'-

base 18 onfub2acrinrpuiye T shat: & AT T g F Lot F, 3 e @

conjugate base of an acid, nis 0 or 1, and X is aQhal ogen; b) reacting
the first mxture with a protecting conpound to ot%):ﬁln a second m xture; c)
Il

reacting the

optional |y subjecting theNdddOnd mi xtPthe to cryst Btion,

chromat ography, or extraction in oXtteP=®@o obtai rnopugr™Nged <Sp-4; d)
di ssol ving or suspendi#Qg second nX'xturHo(/)F{{_hipuri fied <Sp-4 in a

first solvent followed by adding an anti-solvent—50 as to obtain a first
conposition in which the residual solvent/antii®@sol¥ent is renoved by
decanting to obtain a residlue; e) tremting the résidue with a solution
containing the first solvent and antisolvent.to yield a second conposition
wher eby upon rewh%rpw&t%cw%ﬁaéeaf%ﬁi s 0qrdy a‘é‘g?(i‘a,‘"‘%iag‘)’gﬂ?’ssol vi ng or

Sennend 10 11 st B AL K50 By gt o
mixture; ,
15 c) optionally subjecting the second mixture to crystallization, chromatography,
or extraction in order to obtain a third mixture;
d) adding silica gel to the second mixture or the third mixture followed by
solvent evaporation to afford a dry slurry;
¢) stirring the dry slurry in a first solvent/anti-solvent combination to obtain a
20  first wet slurry;
f) decanting the first solvent/anti-solvent combination from the first wet shurry
to obtain a second wet slurry and a first composition;
g) adding to the second wet slurry a second solvent/anti-solvent combination
followed by stirring;
25 h) decanting the second solvent/anti-solvent combination from the second wet
slurry to obtain a third wet slurry and a second composition

i) optionally repeating steps g)-h) on the third wet slurry or additional wet

slurries;

101



h) collecting a second solid;i) dissolving or suspending the second solid
inathird solvent, optionally heated to the reflux tenperature of the
third solwenviwisssbtain a fourth conposition, and , if merassaopsseand | )
cooling the fourth conposition to obtain a third solid conprising 5p-4
which is collected by filtration. 52. A process for preparing the conpound
as clained in @) eiape3tng theiselveniohpmitkesecond conepasitiongangrentiopplhody - al anat e,
A, a di-X -phenyl phosphat ‘- d -2 = fl - 2 %@ hyl uri di ne, 3,
and a bas@‘d '6° %tcgfn oglpl?ril §2?%ﬁ1d>%ﬁ°umr§qu§§%%%t?%€)ﬁ§8@§‘f‘ Azta fk liii/vher ein Xis a
conj ugat e base kplisaslvingiofl sushehdin® therfirdt sodiddn X'solutormcdinhio@gnithind reacti ng
the first mxture with a protect] ng[ conpound . to obtai.n a second m xture; c)
opt i onal | yolygn)j aadroptignallys oueth selvertie gbem Hthitd compPsIfionst j on,

chr omat ogr aphy, : ] I 0 i j i xture; d) adding
sili caggel to tl%(g;tlsogé%%%Q%ﬁpgr}%@{ﬁe&t%% @%ﬂg?fc S@OF%Pﬁ}omd by sol vent
evapor at i on t o mafdeaiding febmy thelthird yomp)sitedn a sdcongd sdiid cvmprisingrSeyd; amd a fi r st

sol vent/anti-solvent conbinatj.on to obtajn first t slurry, f) decanting
the first sol vé‘bPPté?ﬂaﬁ:ly §6qf%ﬂilz@8ﬁlb€i W&?‘?‘iﬁ?@r‘ﬁlﬂgtaﬁ@r F?lé’?rﬂ\ﬁ%ﬁb?} ry to
obtain a spePRSlidRmpHsas¢-4nd a first conposition; g) adding to the second

wet slurry a second solvent/anti-solvent conbination followed by stirring;
h) decanting the second sol vent/anti-sol vent conbination fromthe second

wet slurry to tain a third t .slurr n e > [t ]

opti OA§| ly r ep%gti ngA‘g?rgﬁ%snéﬁn\-,\%tmg%&%%éle?ﬁﬁgcregs %Se(’tqﬁ%%gr%?%%g?ﬂeadﬁ ﬁll}r%nal wet
sl urri es; j44)52 vaReiRtHeRGripbsitis e tarapisck ISP ih g asarHatdoaplesst bban, and
optionally any additional compgsition obtained fromoptional step i) to
obtain a fﬂ5%g}’§f@1§h€i?fﬂb?C@Imﬁé%ﬂ%-ng or suspending the first solid in a
solution containing a third solvent and optionally a fourth solvent to
obtain a third conposition; 1) optionally adding seed crystals of S -4 to
the third conpagi.ti OFtie dojnpobitiah bi clginh 58nwhdreintthé canmsitposiompoisesaSssecond
solid comprising S -4;, and n)_ optionally. rec tallizing the second solid
Using 18 t AR eA STORTiGE if 8t st AbeIL S TvbY woiEH! IR GRpPEITy sp-4. 53, A
conposition obtained by the process as clained in any one of clains 44-52,
wherein the conposition conprises S -4 in an anmount that is at |east about
95% by wei ght df5.t helteawpgwsitioonf clBitn SThehereimibe campnsitish MPrisesS4 wher ei n

t he conposition conpri.ses Sp-4 i anu at is at |east about 97%Db
wei ght m;f 1pRE aH’(?H‘B%@FttlFB l'eaé% about@9%by welgﬂ% 011’ t ecompos?tlon. o by

20 56.  The composition of claim 53, wherein the composition comprises Sp-4

in an amount that is at least about 99.9% by weight of the composition.

57. A process for determining the chemical purity of the compound of any
one of claims 35-39 or the composition of any one of claims 40 and 53-56, which

25  comprises:

analyzing by HPLC the compound or the composition comprising the

compound.

58. A process for determining the crystallinity of the compound of any one
30  of claims 35-39 or the composition of any one of claims 40 and 53-56, Whicﬁ
comprises:
analyzing by XRPD, X-ray crystallography, or optical microscopy the

compound or the composition comprising the compound.
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55. The conposition of claim53, wherein the conposition conprises 5p-4 in
an anount that is at |east about 99% by wei ght of the conposition. 56. The
conposi t iwo 20fo/sF® M 53, wherein the conposition conpri ®E3/USPe1H/0BIB4EN
anount that is at |east about 99.9% by wei ght of the conposition. 57. A
process for determning the chemcal purity of the conpound of .any one of
cl ai ms 35-39 0% he Acpiopessiies maPBMEhg canrovsd of chimd 34Whigh gomprisss: whi ch
conpri ses: analyzi h 1 : CQRROS L1 QM ising the
conmpound. 58. ,&ygérag@ne@s&l?gﬁggilﬁﬁﬁpﬁﬁmgﬁag{lg?e?é%@%ﬁ?&éw tcfﬁlgméorrpound
of any one'-0tmethgiufidingb3,3Mdarbakicecapontro Dbtaimprotdctalmye vapmtatedchad ms 40 and
53-56, which conprises: analyzing by XRPD, X-ray crystall ography,oor
optical m croscopy {t he conpound or the conposition conprising the
conmpound. 59. A pr &g for pré&daring the conpound of claim13, I
conprises: a) rea ti@ an i‘s/ggopyl -al anyl - phospRor afri dgt e, C vm;li\l

2' - deoxy- 2' -/N\m}l 270G pethy\tordi ne, _3, and, g /bagjg @Mobpai n
protectedfg? u ected -4 3NMAlmirerein Z is a roteEti g orogp or
hydrogen and J& %s a leaving group. 60. The procyegsPhdf cl aj 5% which
further conprises optionally deprotecting protected Rp-4 and subjecting

i ?p-4 to chromatography, extraegtion, or crystallization in order to obtain
purified i ?p-4. 61. The process of claim59 which further conprises 1)
reacting (LOP(O (LG 2, wherein LG independent of LG, is a |eaving
group, with (i)whesapZopylpratbetingt goegmer ydfdgestand A€ is aleatingigroup.
(LOP(O (LG (Ala- Pr) followed by reacting (LOP(O (LG (Ala- 1Pr) with
phenol and a second base to obtain a m xture conprising C and (ii) phenol

and a first basp. to ORRbesE bR £9, WHH Rk é&hﬂrﬁwd%mhanféac'[i ng
(LOP(O (LG (COPh) with isopropyl-alanate and a second base to obtain a

m xture caoleprotesting potegier Rr-4 apd syhijeqtingdorbliomhrynitegisplyp griredtione?’e, phenol ,
and at .| east e bas bt.ql. .#Lxtburpe conprising Cand C; or 2)
react ilﬁg (C%S@Efa&o(lﬁ%f}(%f%\/\%bglrngipﬁnﬁgkf ﬁ'dependent of LG is a |eaving

group, with (i) isopropyl-alanate and a first base to obtain
(PhOP(O (LG (Ala- Pr) followed by reacting (PhOP(O (LG (Ala-'"Pr) with a
| eavi ng group pHecurksmrassgs afgl@ébﬁ%vvb&@efug%ﬂ&swp%e m xture conprising C

gp;’s C ;G C and subjegtingeldiigt 8HEG)(LE)SWhERAH LOindeRAERPUARNY . Of
leaving group, with
15 (i) isopropyl-alanate and a first base to obtain
(LG')P(O)(LG)(Ala-iPr) followed by reacting (LG)P(O)(LG)(Ala-Pr)
with phenol and a second base to obtain a mixture comprising C and
c,
(ii) phenol and a first base to obtain (LG")P(O)(LG)(OPh)
20 followed by reacting (LG")P(O)(LG)(OPh) with isopropyl-alanate and
a second base to obtain a mixture comprising C and C', or
(iii) combining isopropyl-alanate, phenol, and at least one base
to obtain a mixture comprising C and C'; or
2) reacting (PhO)P(O)(LG),, wherein LG', independent of LG, is a
25 leaving group, with
(i) isopropyl-alanate and a first base to obtain (PhO)P(O)(LG)(Ala-"Pr)
followed by reacting (PhO)P(O)(LG)(Ala—iPr) with a leaving group precursor and a

second base to obtain a mixture comprising C and C',
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obtain C. 62. A

process for preparing the conpound of claim 35, which

conprises: a) reacting an isopropyl -al anyl - phosphoram date, C, with
2' - deoxy-RO0-20iocss9 2' - C-net hyl uridine, 3, and a basi c Peagsaa100856dbt ai n

protected or unpr
hydrogen and LG
further conprises

the obtained S-p-4 to chro

order to obtain p

otected S -4 3 Cwherein Zis a protecting group or
is a leaving group. 63. The process of claim 62, which
opt i onal :Tﬁqdepr\ot ecting projtl cted i ?p-4 and subjecting

.ography, extractign, or crystallization in
urifi eggS7- &, "MilaPhe prggess \ofOR ai m 62 which further

conprises 1) reacting (LOP(OPPLG , wherein LGNHAKRdRpendent of LGL, is a
| eaving group, with (i) isopropyl-alanate and a first base to obtain
(LG)P(O (LG (Al a-"Pr) f ol | ovled by reacting (L@)P(O)(LG)(AI a-"Pr) with

phenol and a sgg@

nd base to obtain a mxture conprising Cand C, (i)

phenol and a first base to obtain (LGP(O (LG (OPh) followed by reacting
(LG P(O) (LG ( Opnbjesiingthe suppupiplextipetion: ehramatograpby.andrysalzalignddt ai n a

m xture cQ ari|§|,n
and at | ed3t™ e

g Cand C, or(iii) conbining isopropyl-al anate, phenol,
base to obtain a mxture conprising C and C; or 2)

reactipg (PhO P(O (LG2, wherein LG, independent of LG is a leaving

group, with (i) i

(PhO) P(O) (LG) (A2a- P¥ processiigngraing the eemprpndms

and C, C C an

sopropyl -al anate_and a first base taq o%{ in |
gwéf(w COAPEPIESS) with a

| SaVNG 07OUP R SIS anA0thif ASHANRAD RS A D - HEUEYGRIRET ST g C

0 extraction, chromdtography, or

cryst al | i 2aC-asthylridbteas an@.a @5ic réagentioedsaif protgutaiarunpptedial Srohpound of

claim 35, which c

with 3" -0 protect

conposition conpr

di ast ereoners whe

a m xture of ~d|
HO

70

10

onprises: a) reacting an isopropyl-al anyl - phosphgrani dat e
edj or unprotected 3, and a basic reagent to obtajn a
iSrmg protected or unprotected S -4 ted) m xtur

Iei;gt he i sopyopyl -al anyl - phosphoraifiidaje is ¢ |

eofter s ~repREBHie®r by t he folf oWing/s
2PN bythe Lo} ofng/spracetye

OPh >\
F PhO 70 F

wherein Z is a protecting group or hydrogen and LG' is a leaving group.

63.

The process of claim 62, which further comprises optionally

deprotecting protected Rp-4 and subjecting the obtained Sp-4 to chromatography,

15  extraction,

64.

or crystallization in order to obtain purified Sp-4.

The process of claim 62 which further comprises
1) reacting (LG")P(O)(LG),, wherein LG, independent of LG/, is a

leaving group, with

20

25

(i) isopropyl-alanate and a first base to obtain
(LG"P(O)(LG)(Ala-"Pr) followed by reacting (LG"P(O)(LG)(Ala-Pr)
with phenol and a second base to obtain a mixture comprising C and
c,

(ii) phenol and a first base to obtain (LG")P(O)(LG)(OPh)
followed by reacting (LG")P(O)(LG)(OPh) with isopropyl-alanate and

a second base to obtain a mixture comprising C and C', or
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wherein the ratio of CCis about 1:1. 66. The process of claim 65, wherein
the basic reagent is tbutyl mgnesiumchloride and the ratio of C.Cis
greater twerrowvi3sspwal to about 1:1.67. The process of clrairmseé@o/osdser ei n t he
basi c reagent is tbutyl magnesium chloride and the ratio of CC; is greater
than about 1:1. 68. The process of claim 65, wherein the basic reagent is

t but yl magnesi um chl or i de (ddconthening isopraplyl-aamate.cphgnoll asat ledsbene bess: 1,

about 2.3:1, about 4:1,. about 7 . or A,. about 19:1, about 32.3:1,
about 49:1, or abou?0 BBt:a]f.a%I&tétmgghgpg@ggsa%%émogi m 65, wherein the LGL is
p- ni trophenoxi de, thy baséwting@REP(ORLG)H uihgtcimDGE shdepertehosd e, isand t he
ratio of C.Cis at |east about 1.5:1, about 2.3:1, about 4:1, about 5.7:1,
about 9:1, abod¢avitg gouppHth 32.3:1, about 49:1, or about 99:1. 70. A

conpourd sel ect K , ; =i
-0 oo cH2Q( q(%(iﬁftpg‘ﬁ& g éf@»a(%ﬁfﬁﬁf?c@% Qq‘%?{?ﬁ?@@da 3z = -si(
Pr)20Si ( Holl@@d by tkactihgdBhPIR(OY)(LEA s Brtveith bieaving gf@ipl pre¢ungprendact ures C C
where LG is | eavi ng.group, 72. The c d of claim71, wherein LG is
tosyl ate, SE W&F"sﬁﬂlqbgad‘g?é‘?lg%e WW%&I’ngan aryl oxi de substituted with
at | east one electron w thdr@aw ng group. 73. The conpound of claim71,
wherein LG is p-nitrophenoXide, pchl orophenoxide, o-chl orophenoxide,
2, 4-di ni trophenoxi de, or p -aflag. ephehoxi de<*(4.opthe conpound of claim 71,
wherein LG is p-nitrophEnoxiYe, 75. The &Empoulgagfipcl aim74 in
crystalline form 76. A process for preparing C or C of claim71, which
conprises: 1) reacting (LG)RO (LG 2, with (i)cisopropyl-alanate and a
first base to obtain (LG)P(O (LG (Al a-'Pr) foll owed by reacting
(LG)P(O)(LG)(/QF‘Q-' Pr) with phenol and a second base to obtain a m xture
conpriyging C a o o thb Ini I ; i t {ivhti
(L) BP0 (LS ( %%R’)Q"t%no%( %%gﬁg&;ﬁgﬁ%E}%rfﬁéfago%%ﬁﬁ%%ﬁ%ﬁhﬁo{l R
i sopropyl -chktamét e and a second base to obtain a m xture conprising C and C
, or (iii) conbining isopropyl-alanate, phenol, and at |east one base to
obtain a mxture conprising Cand C; or 2) reacting (PhOP(O (LG 2,
wherein LG, i rnghepersgricesiffotfrepiringtht eaMpdehdBfeUdm 34, thichi comprises:
i sopropyl -al anate and a first base to obtain (PhC,)% P(%(LG)(tAI a- Pr)

a) reacting an isopropyl-alanyl-phosphoramidate with 3'-O-protected or

15  unprotected 3, and a basic reagent to obtain a composition comprising protected or

unprotected Sp-4

H (I)Ph basic reagent
3 + O\n/.\N’ﬁ:LG' £ Sp4  + Rp-4
HO
o (protected or unprotected)
mixture of
diastereomers

wherein the isopropyl-alanyl-phosphoramidate is comprised of a mixture of

diastereomers represented by the following structures:

0] 0]
! !
LG'/ \ "NHAla-iPr LG,/ \ ""OPh .
OPh NHAla-iPr
20 c C
wherein the ratio of C:C' is about 1:1.
66.  The process of claim 65, wherein the basic reagent is t-

butylmagnesium chloride and the ratio of C:C" is greater than or equal to about 1:1.
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foll owed by reacting (PhOP(O (LG (Ala- Pr) wwth a | eaving group precursor
and a second base to obtain a m xture conprising Cand C, LG C C and

subj ect i nyor2hw/13536bur e t o extracti on, chromat ography, oPCErs3eialoBicanti on to
obtain Cor C. 77. The process of claim 76, which conprises subjecting the
m xture to crystallization, said process further conprises: 3) dissolving
or suspendi ng tfle nmibhenrescssoixlanl Qe mtheriythepagigstaggntdetd crystals of C or

CEA %%Wﬁg%%ls%%‘t &ll&h&@ a]n% e ra(ﬁ% o%l(ﬁtr@iggrea{’g?ﬁ{aﬁiagoﬁali:ﬁ conmpound i's

I sot opi cal’l

68.  The process of claim 65, wherein the basic reagent is t-
5  butylmagnesium chloride and the ratio of C:C' is at least about 1.5:1, about 2.3:1,
about 4:1, about 5.7:1, about 9:1, about 19:1, about 32.3:1, about 49:1, or about 99:1.

69.  The process of claim 65, wherein the LG' is p-nitrophenoxide, the

basic reagent is t-butylmagnesium chloride, and the ratio of C:C' is at least about

10 1.5:1, about 2.3:1, about 4:1, about 5.7:1, about 9:1, about 19:1, about 32.3:1, about
49:1, or about 99:1.

70. A compound selected from among 3a, 3b, 3¢, and 3d

Y
O
LY
o 0
70 F

3a: Z=-C(O)CH,CH,C(O)CH;
3b: Z =-C(O)OCH,Ph

3c: Z=-Si(Me),’Bu

3d: Z = -Si(*Pr),0Si(*Pr),OH

15
71. A compound represented by the following structures
0] 0]
I | I
P""ll . or P"lu,
LG,/ \ NHAla-iPr LG'/ \ OPh '
OPh NHAIla-iPr
C c
where LG' is a leaving group.
20 72.  The compound of claim 71, wherein LG' is tosylate, camphorsulfonate,
an aryloxide, or an aryloxide substituted with at least one electron withdrawing group.
73.  The compound of claim 71, wherein LG' is p-nitrophenoxide, p-
chlorophenoxide, o-chlorophenoxide, 2,4-dinitrophenoxide, or pentafluorophenoxide.
25
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74.  The compound of claim 71, wherein LG' is p-nitrophenoxide.

75.  The compound of claim 74 in crystalline form.

5 76. A process for preparing C or C' of claim 71, which comprises:
1) reacting (LG")P(O)}LG),, with
(i) isopropyl-alanate and a first base to obtain
(LG"P(O)(LG)(Ala-"Pr) followed by reacting (LG")P(O)LG)(Ala-"Pr)
with phenol and a second base to obtain a mixture comprising C and
10 : C,
(ii) phenol and a first base to obtain (LG")P(O)(LG)(OPh)
followed by reacting (LG")P(O)(LG)(OPh) with isopropyl-alanate and
a second base to obtain a mixture comprising C and C', or
(iii) combining isopropyl-alanate, phenol, and at least one base
15 to obtain a mixture comprising C and C'; or
2) reacting (PhO)P(O)(LG),, wherein LG', independent of LG, is a
leaving group, with
(1) isopropyl-alanate and a first base to obtain (PhO)P(O)(LG)(Ala-"Pr)
followed by reacting (PhO)P(O)(LG)(Ala-"Pr) with a leaving group precursor and a

20  second base to obtain a mixture comprising C and C',

0 0
I |
/P""”NHAla-iPr " /P""”OPh
L~ \ L~ \ ,
OPh NHAla-iPr
C C

and

subjecting the mixture to extraction, chromatography, or crystallization to

obtain C or C'.
25
77.  The process of claim 76, which comprises subjecting the mixture to
crystallization, said process further comprises:
3) dissolving or suspending the mixture in a solvent and
4) adding seed crystals of C or C'.
30
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78. A compound of claim 13 or of claim 35, wherein said compound is

isotopically labeled.
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