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Indoles

[0003] Certain indole analogues and derivatives have been used to treat infection with
human immunodeficiency virus (HIV).

[0004] For example, Williams et al. teaches substituted indoles for the treatment of HIV
infection in U.S. Pat. No. 5,527,819 to Merck. The compounds disclosed in the ‘819 patent

comprise a large class represented generically by the following broad structural Formula

(11I):
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[0016] Dykstra et al., in U.S. Patent No. 5,935,982 discloses a class of bis-indoles and
specifically propose their use for treating retroviral infections, and especially infection by
HIV.
[0017] Domagala et al., in U.S. Patent No. 5,929,114 (July 27, 1999) discloses a class of
arylthio and bithiobisarylamide compounds, including indole derivative, that reportedly
have antibacterial and antiviral activity.
[0018] Pevear et al., in U.S. Patent No. 5,830,894 (November 3, 1998) discloses a class
of triazinoindole derivatives that reportedly have anti-pestivirus activity, most notably

BVDV activity.
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SUMMARY OF THE INVENTION

(0022] Accordingly, provided herein are enantiomerically pure compounds useful for
the treatment or prevention of a viral infection, for example, an HIV infection in a host in
need thereof. Further provided are pharmaceutical compositions comprising the
compounds, methods of using the compounds for treatment or prophylaxis, and methods of
preparing the compounds.

[0023] As demonstrated in the examples below, much of the activity of chiral
phosphoindole compounds resides in one enantiomer or stereoisomer. Further, certain
compounds provided herein are potent and selective inhibitors of wild-type and non-
nucleoside reverse transcriptase inhibitor (NNRTI)-resistant HIV in vitro. Certain
compounds provided herein may provide a higher genetic barrier to the development of HIV
resistance when compared to current therapies such as efavirenz.

[0024) In one aspect, provided herein are pure S-phosphoindole compounds and
methods of their use for the treatment or prevention of a viral infection such as an HIV
infection in a host in need thereof.

[0025] In one aspect, provided herein are pure R-phosphoindole compounds and
methods of their use for the treatment or prevention of a viral infection such as an HIV

infection in a host in need thereof.



each of RI',and it.77 is independently hydrogen, C. 2;; alkenyl,
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phar macéwrécdal | y accept abl e saIts sol vat es, hydrates esters or
prodngs t hereof : wherein, e, g. X. is hydr ogen; aryl or

het erocycl e, which may be substltuted or yinsubstituted and which may
conprise aricyclic or spiro struct ur@? C-?‘_QDaIkeny| C. 2.6 al kynyl

or alkyl; I is hydrogen, R, 04§5' Nl {1.-RMRR, "' Ni R, NR R,
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and Rl is |ndependentl y hydr ogeﬁe ¢¢n C2..6 al kynyi, aryl,
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(A)
wherein, e.g.:

X is hydrogen; aryl or heterocycle, which may be substituted or unsubstituted and
which may comprise a bicyclic, tricyclic or spiro structure; C,.¢ alkenyl, C,¢ alkynyl or
alkyl;

Y is hydrogen, R, O-R, NH-R, or NRR;

Z is OR, NHR, NRR, carboxamido, amido, carboxyl, carbonyl, or an amino acid
residue;

R' is hydrogen, acyl, S(O),-R, carboxyl, carbonyl, or an amino acid residue;

each of R*, R*, R® and R”' is independently hydrogen, C,.¢ alkenyl, Cy. alkynyl,
aryl, heterocycle, halogen, CN, CF3, OR, NHR, NRR, or NO3;

nis 0, 1 or 2; and

each R is independently hydrogen, alkyl, C,.¢ alkenyl, C,.¢ alkynyl, aryl, or
heterocycle.

[0027] In certain embodiments, according to formula (A), X is aryl or heterocycle; Cy.¢
alker]yl, C,.6 alkynyl or alkyl; and Y is hydrogen, R, O-R, NH-R, or NRR.

[0028] In another aspect, provided herein are pure phosphoindole compounds according
to formula (B), or pharmaceutically acceptable salts, solvates, hydrates, esters or prodrugs

thereof:
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X is aryl or heterocycle; C 2"6 alkenyl C2.5 al kynyl or alkyl; and Y
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[0032] In another aspect, provided herein are methods of treating or preventing an HIV
infection in a host in need thereof by administering a compound or pharmaceutical
composition described herein. |

[0033] In another aspect, provided herein are methods of orally administering a
compound of formula (A) or formula (B) for therapy or for treatment. As shown in the
examples below, certain compounds of formula (A) are orally bioavailable with favorable

pharmacokinetics.



descri bed herein, including enantiomerically pure phosphoi ndol e
conpounds. pure Sphosphoi ndol e conpounds, pure R-phosphoi ndol e
conpounds, pure conpounds according to fornmula (A . and pure

conmpounds according to forrmula, (B). BR} EF DESCEUPTgON OF TH

DRAW NGEH03db39 1lamapathsr awetuemr{ed&r:rqm &I@mthqdfgfonhlgutmg Réimcg@m% P450.
schemat i - r [ e D ever :

T ansor {15 50uh I EaBles BHOUCkakS Shrabo B ditckbeThtel iR Lifeiive o

[ 004 11FihitsicoPorshonws ytochfonsd PAS(Btindladitg eytoéhramed460 BlAd, oftoClaoprRuid 0
[ 0042113 shows a crystal structure of a nolecul e of Conpound D

DESCREPZ§8@nd cpchrome458i 24 i Atserdngly, provided peisiy e aneiiiads @5 #pivE Ui ons
f mods . . ed’ _
Fr eat mene BT B MR SR EheRIES FROGHEIE D455y TRE M| RBBalBfigd € sep

manmmal s of EdhtRAihk iaGyt@chropieord Sdeditiaseanune o3apbapphied digdded lepspoudtds a
conposi tions co r|S|n2 t hese conpounds and net hods of use of the
conpounédemaeind ddppadi (Adbaedtior te kit Garcmeakrogie t5@phyl axi s of an

i nfecti i=ncl udi n lLIV. infeaction i t ition,

provi degdhr?grei n%aeﬁgthgf %Sc?géts Bllsovfc% l}eﬁeén %&e@%gg Sloofnnlléc;quq‘%g]tgethg

3- phosphpiradeblasetidoeifianirid Masis[rAQ4tliAsd bg adylheheintt k430, Teemethodse”
when applied to a chiral compound; refers to an enantiomer of the
chiral corpoimide spof agmimstpyng the drig igmombinagiop 9% pitematirnwyith gspmpound
(i.e., i ' ' i C r "R a
corpoundeieg R Epde e FRERY any'ar IRl DG RHE Sroll RESUE L

i's, thushostBf skiRMt therer to beaxaaissized by heytoBhrohey PA50THE céesin Masetingsltd v
pure" or "pure enanioner” denotes that the conpound conprises an

excess #fe @irdrant PoHeis cytachypmaitd IMheyrstsome Dt ormytecheoran P40,
by wei g?/;: nore than 85% by weight, nore than 90% by wei ght, nore
than 91% gy wei ght, nore than 92% by wei ght, nore than 93% by wei ght,
mor e t h§0384% byherainghtundsrpioeidel &lredbiiab e waingititteredat@netdn am c&hbmbon or
wei ght, nore than 97% by wei ght, nore than 98% by nore than 98. 5% by
vei ght , aligpatiamyih 99oppioweether antinygrad agedh e owhrapngiPiihelr compositigs

993% by i r 99,69 ' %: by :mei :
more ¢ paHOSE B meAfbidi e Gy P arg R bRl Sr il RELOTH
enari ti onividualn wherchai anentiaddivnenibsdy,twier aveiHIN-sntaee pbsged oupado Haot al
wei ght of the conmpound, ji.e. all enantioners of the conmpound. In
certai nbwméﬁb\ﬁ@%anti oner can be in excess by 30-80% or by
3(1-70% -6 0 0 0 0 %.: 55% or 0

per cent A0B7F, Coanat a3t pR Bt iR ORI B Rpent of e
i ndi cat &dst cohefetedwitleHavitahd heeatitis &, kymprisieg @Enirpitaspho pmdabeipoond

"(8)-ph i ndol e", f . e. , t t | t t 80%Db i ght

(5 DraSEROTDEBrS i famEiralioS i Tuias o SvE By Res Ve FOr SRS Rlol .

at | easrheﬁz{? iR 0%4ibY. Y}?hﬂmler(a@ -PHRSRBQI AdebRpBfHoRL afiathaROME (2%
(% -p at’ ] eds 2

by wei ght esphoi ndol e, t about 95% by wei ght

(S) - phosphioientof £hestdo-anfentod tvitiddlM asdbdpatitie Cgbempiing phrosphaingopwes
at | east about, 99% by .wei.ght .- phosphoi ndol e and at st oyt 1%
Dy i, gRP DSOS A GCt Bifo 168 e 5 e o the

('S) - phosphaiendef geands atinfregén. about 0. 1% by wei ght (R)-phosphoi ndol e.
In certain enbodi nents, the weights are based upon total weight of

the conp@ldddi, ilnenobot hspert, atdvidsd arheroeetsantar dmeprspohtiethef honpopmehds
Lornt 1 oAB DR herepoii e HalRReR Gl i PuoshuflRoniablnds pris s

about 8Q¥oH¥oWRbEHon{Buhds, hARALSLBGRb dBRA AP JIRES, pBRAMRRKEPYccordi
vei ght ?S)%i]\gﬁosphoi ndol e, Igt Iegstﬂgbout 90% by wei ght (FE)%S; ceording

phosphoitnbioineladd, atd prs tombowtds Bogerdngwe fegrhitulf @) phosphoi ndol e, at
| east about 95% by wei ght (R)-phospimrtdole and at nost about 5% by
wei ght (S) - phosphoi ndol e, BRIEFIDESSRIPTION OF THE DRAWINGS

[0039] Figure 1A shows a crystal structure of K103N/Y181C HIV Reverse

Transcriptase with the 3-phosphoindole compound of Formula .



about 9by wei ght GO phosphoi ndol e and at nost about 1% by weight (S)-
phosphoi ndol e, at |east about 99, 9% by wei ght (R)-phosphoi ndole or at
nost about 0. 1% by wei ght (5)-pliosphoindole. In certain enbodi nents,
the wei ghts. are _based upon total wei ght of phosphoi | j.e., bhoth
or all Mli on%lgyr%wﬁﬁ%wb%@}sa@rlﬁegt .crs[seegmﬁuter&q@&%&éi’ilgl%rwv
provi de i f;gﬂ.ggei e laa I a

phar nacgtets)gﬁgr&gg ate,va%%?g?%}!d%@é@lg?&g?%g? tl goﬁﬂglfragbf can be
present [0040h otkiguraZAiskewos crynat ttrweure p§h etilenulsof Canpexdripl.e, a
pharmaceutical conposition conprising enarnionerically pure
(6)-pho§m48 ndol IGUESHB st & slstat grucrarph e0lepyéne! Guopawdili ent and
about 10% enuntioineilcally pure (8)-phosphoindole.. In certain
enbodi nents, the enanti DEEAILESLI] PR ON DB FTHYNOWEBN®IaNIol e i n such
conpositions cart, for exanple, conprise, at |east about. 99, 9% by

wei ght  (@43phoshrbeided ateecoansaionsrofmaadronietHddd &6 e and pharmaceutical

we' (R) - phosphoi ndole.. In certain enbadi nents, the active ingredi ent
can be fY# 1%?@%%%’6“’?1“?% 8%6’1"“%1‘6?‘:(%3??%’ gprticaledy SildintesHogs, i gigpmals.

[ 0048] Ange J foe g - in. il s
i ndepemﬁﬁgmgﬁ 8 : sépardart? gf\% 32@3& hé}g(riwéggrwﬂgp mtuhfg’ é%dégﬁ)ﬁf Fr? rtnpﬁamg
exanpl esheshieorhpounds @sd mEttoids af kyel Of thescapmsinde aedicdnopdsiting der, the treatment
i ndependent |

,. each nmenber af the group,. such that, for exam CK, .
al kyl ig&g@&é&lawgg?@m@ctmnaaéa@agaﬂaﬂ&iw?}j@tlaw%é?ﬁt-?{hrba n,lcp_rqy_"tégd
, 7 an J | C (0] er non-tirmting
exanpl e,"'1.'?465?.*"&%52‘2‘?ﬂ@"é’*B%"ﬁ@i’h?@‘?“?% o 0e 306 6% 7%

8% 9% y&ﬁ Jt?%?s as well as ranee in between such as 1-2% 2-3% etc.
0049[ Th M ™chiral" as used herein includesthat has it is not

“tperi | its i i mage. . (. 130501The term "i sol at ed"”
et udo AL oSSR ([ OES VA FREH 188 CErisonRy bt i to an
95%  98Upan?BecPbf %@Q?ﬁr@%o}?@ﬂogm S%I:S%ftanfftigﬁy CRIRBHNE opq%%@fixélggsré&?(i.@, in

"alkyl" as used herein unless otherw se specified,
sat ur at egargtorrgriglexceshy. dive lerainpler the potd ‘R plormaf 'y cospoumtiarsybsyantially free

R s S A T
CF2CF3, TRE @Rl “enhigRRE@RYIly pete bePHAR ¥hantRuleyt dedot@Rtthe cifFoliAl V!

if-butyl, pentyl, 'ci ogg;tyl , 1sopenkyi, neopentyl, hexyl, 1sohexyl,
cycl ohesginprigsy @h ghessy bhet pryantiodier, wed. Imore i diShe by hypldbtitnydre tland80% by

2, 3-di met hyl but yl... T erm.i.ncl udes both,substituted and,, .

unsubst REObAt e G bR ARG R IR S R oRR bpmapeight

al kyl  guidpthad 9dYEMEReiTBE, R kianCBas by wefdnuanaatie @lok vl vabi@iPSore than
h

Non-limting exanples of noieties with which the al kyl group can be

subst i t G¢@dyaveighie meee BanPPENd Welght ougre domA78t by weight adregean 8% bor

chi np, i droxvl., am no | am ar yi anj .
al koxy, %@o‘ﬁé’? ‘ﬁn)a?}q)rgo?%ya%%ghtsm"ﬁo ia%gg‘lé’lk% W%‘&Fé)gfoé? KBH?Q %HV&V eight,
acid, phespiahes.sm phospenase thei $916% BinpEighe aloesthah 9pr79t B¢ Wethht aSore
necessary, as known to those of skill in the art, for exanple., as

t aught BipnEoenby ateight or most den 88.9% bupsight dbiemenantisyar. Hasiegailiohn

Wiey a@r‘ﬁb%’lﬂ?ems?ﬁ]% »@ghts gﬂ%%JaSed upon total weight of the compound, i.e. all enantiomers
of the compound. In certain embodiments, one enantiomer can be in excess by 30-80%, or
by 30-70%, 30-60%, 30%, 35%, 40%, 45%, 50%, 55% or 60%, or any percentage in

between.

xs.‘_\ ~‘

[0045] As used herein and unless otherwise indicated, the term “enantiomerically pure
(S)-phosphoindole” or “(S)-phosphoindole” refers, e.g., to at least about 80% by weight (S)-
phosphoindole and at most about 20% by weight (R)-phosphoindole, at least about 90% by
weight (S)-phosphoindole and at most about 10% by weight (R)-phosphoindole, at least



10062i The term | oweral kyl" as used herein and unl ess
ot herw sespecified. refers to a Erated straight, branched, or
if appropriate, a cyclic (fbr exanple, cycl propyl) alkyl group,

| ud bst d.u bsti t ut gt 0Q531Th
tor e~ v Parh Bo ikt (G hae R e TR bigh 8ot has one
or L0 pAYbhSidlYd 1R 99%@ whi gﬁﬂ@t}lpw@ﬂmmdyw % RIREANE 29 by

specificall'y stated in this application, "when alkyl is a suitab
noi et y; wehghn (R-plispboindvleor af lhz;dt abowhé?m%'ﬁ bg uteght(&)t—pid)sphomdole and at most

he-ter FYOUTH PP ﬁg%léﬁinﬁ@ﬂg Aol b S Pbodisniy (e pa RS aiscged
100551T} ?oﬁ ﬁ)‘idﬁvex ﬁ')é' co gn? gl kU&}‘ntor all DEkHALSN B K¥s oFHe&lonSound.

substi tuted and st| tute orns wherein at | east one saturated CC
bond is [0056]jouhﬁeumd)ﬂeeemamﬂunl?skswhermeandnlckteé,rtm temmy* ehmtwmaﬁcallnpm;c

2 pent eTRypIoBbABTRER e Betor tgpst ot bty et BphosepofERUTHd
4- hexeny, f S5dae XMWy w Fm (Is%ha/sph%déleaammhbdm»o%eoﬂv@agnvdn)

propynyl 2- propynyl -peritynyl, 2-pentynyl’, 3-pentynyl,
4- pent vphosphbmldebe;ansl iaf mzhte)bpnle% islyev@giyl(S) phdspbm;nd@lyl gt lenst ﬂmwﬁﬁfyby,

i val eraISRy (k) S Bhtngple pRE=Figo gt b by ity P qRBeiBer gy
be any ‘é@&lt@y’/@ﬁf%fghf K)Uﬂhjos%lﬁblﬁ&le 1903 host ab@dtkl%l‘y Wel%lll kepyl ™,

"al kynyl™, etc. |nC|u e€s both straight chain and branched groups
However phosphemdnlceattleasaabouh &9\9P/dbyalwerghd (I&hphqsphchnéde ‘bpatopyst abotiratBdy

only that t - chal di cal , eas a, bran hai.n i soner .
such as Sl [P erEaiaile | Boierin e iR eare S oM s eosedrgon WO weight
"proteche hos?ﬁo&lé@l@ NENSiiR o dedntisSSrs U MRS i%o""s h&lﬁﬁél@ed refers to a

group tha added to an oxygen, nitrogen, fur or phosphorus atom
to prevéiid7its Hnuht baanposemnsmwmded Iﬁeremoel’raetlomanpnils'qmre phusphemda]lemay
of oxyge nltro n, stl us protecti re known
2o ¢ noohipieraial sodratble i SYPERIvErTs Rigk S ol ISttt et
herein apg d%ﬁ'ér%’éﬁvé’&ﬁ%é’ﬂv%einér@%htfs' edr é)@in%lé atﬂla?rﬂXce'iIB@&%ﬁ\fpbﬁuon
bicyclic, or tricyclic carbon ring of up t nbers in each ring,
wher ei ncamptigag bnml@merlnglly BuraK6hah059h@naddefcam eQmplysel; fre exainplek eout 90%

4al--2 rul. o t

ol uaeeN Rt S EERt TR B e v SahorshePILe ety or oup
can be §Hllasam&éatseq1evunml&mhdiﬁ§web(@quﬂes;ﬂabmdomﬁlsu@h BenpisitidiRlcan, for
limted to one or nore noieties selected front the group consisting

of hal ogéamlqltl worprisehitdeast alimud A 9%r byt wdight (Smdno@p&wmd@mmt nagst doqut
aci o, ook WS IR BfosoRiBhore I e BB epRo s fis B gon be
pr ot ect matewmmtlm 8nP&riec essgied orallukown to those skilled in
the art, for exanple, as taught in Geene et td., ['rote-ouPunis John
W ey &[(w,s; 3Wd1eEQ)ver a1apg is referred to herein, it includes independently and separately
every member of the range. As a non-limiting example, the term “C,-C,¢ alkyl” is
considered to include, independently, each member of the group, such that, for example, C;-
Cioalkyl includes straight, branched and where appropriate cyclic Cy, C;, Cs, C4, Cs, Cs, Cs,
Cs, Co and C)g alkyl functionalities. Similarly, as another non-limiting example, 1-10%
includes independently, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% and 10%, as well as ranges
in between such as 1-2%, 2-3%, etc.
[0049] The term “chiral” as used herein includes a compound that has the property that
it is not superimposable on its mirror image.

[0050] The term “isolated” includes a composition that includes at least 85 or 90% by
weight, 95%, 98%, 99% or 100% by weight, of the compound.
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100691The ternmt or "alkylaryl"” refers to an al kyl group with an aryl
substituent or an al kyl group finked to the nol ecule through an aryl
group as defined herein, The term"at-alkyl" or "arylalkyl" refers to
an aryl group substituted with an alkyl substititent_or.ljnked to the
ol ecul 405) ough Tl RN e %ewﬁéa&sm%.spwﬁed, includgpa staraisd

"cycl oal Ky i i i awgn i 0
cycl oprg{p%1 t,lt’ g%k%? Wcrl‘('? c op%%ﬁd&%tglﬁﬂg%wg/c 0 Aepg 1|E§l§rng|.|o,
cycl onctayd spdcR@RY Tivdudee bonis nat Binitad ghinetbiyl, (IFaNCOBACEQSH| 6FallkyihyQr oup
havi ng an_attached oxygen radical, the al kyl grgup havi ng, t he nunber
of car b&h&UpdeifiFedBrY aifgpraarbeyclonrony nbitil, sopriyhecc-RyY L &:oakp) eenty,

"-0-al kyl~ 14 y e ' t " % _used
her ei n %g?lg?&lblsg#}ﬂﬂb%og?h%%ﬁg’ ﬁg{l%x(gg%9?‘§ﬁ1%} ngegmb%gpﬁ’}sl}

i ncl udeéehealiy@pdntylp?,2-diinddiythut Y1 &1, aadmethdbutyll 0Thd )ehentladen boale yhbstiaited
"04f i aked ester” includes a group of the forn a (2 R, wherein R

0
is an sepapgbstityieddngé groups. Wmarté,cuéarlwincleﬂmamﬂegg)ed alket eauppRyd aiea

id A : , H di | g B
oot iy Rl PRIP ARt DS NOBREA 5o MRSER M it
aryl oxy akatkylsuelp as Hehabaxymretahydelecesd fBerasid grotye dorligivik of haloked{M@ro,

| ower al kyl), aryi including Pher]yl optionally substituted with
chl or o, chPr@$1300 of jodey hyiwas!, aming, glkylanainryaryigmie, plkogy(arylexs) mibRy

Yl tima S - I Lal.ky i J iF
ot hanoSeForgons Aol nat: fospfoie AR A AL bhol G hter
nononet haxtdctddtotlprotsetbs b hetkeadrias kaywn tathksad ol skilbinathk yit, fonekamplegas
henzyi, al koxyal kyl includi ng nmethoxynet hyl K asyl oxyal kyl such as

phenoxy i1RYPY Crgepe ehilo Bpetestad Graunsgh sganic Synthesis, Johm Wiksy agd Sieama™
group, gy r]i9?pl i nnting enbodi nents, acyl groups include acetyl,
trifluorodcéetyl, nethytacetyl, cyclopropylacetyl, cyclopropyl -

car boxy [0qF29pi OTiyd terdhrfjowsr alkiy$olisyd Yhereihendaniyss otHeepisanpadifoat, asfonito a
neo- hept anoyl, phertyl acetyl, 2-acetoxy-2- phettyl acetyl,

di phenytflaaéwra,tedastmhﬁob@néwmr|lf BT SRR Py cylshfé@r KSR, CYBIOBFRPA e kil

nitro-begrize - = ' :
2- chi omes 5 e o Spe b el EEORAET bclerce. )
fri met hy0GE3¢t yl Thetelas Gak flhminadacerylamiperktlened sroansaioydroup that has one or

fl uoroacetyl, bronpdifl uoroacetyl, nmethoxyacetyl, 24hjopheneacetyl,
chl or os &P 8Hyt arz:%rf/wu,bstsmemﬁerﬁmg)m%nVmﬁeéép {Wlé?]&qctﬁ@?ﬁx sla{pd in this

tert-hu I riiehl: . L ar j :
T T G e G
7- chl or edodstarair o4hept art oyi, 7-chl oro-dodecal | ti oro-hepl anoyl, 7

dodecat i ohept anoyi s .7144o0deca4l upohept yi ., . .,
nonadl U(&M)SO : 6-5? Bﬁyl}?é?lﬁ’ttﬁﬁ&ﬂ“, Qﬁ%%a‘i“F?J@t‘S\g@% s gy xsEptianogeans —SH;

perli ttgﬁ@hﬁqgﬁqewlfongpt,ﬂ%gbgbg;oyl , methyl 3-arnino-5-
phenyl t hi ophene- 2- nar boxyl, 3, 6-di chl or o- 2- et hoxy- benzoyl ,

4- (1, 1, 2005¢t r aThaisroet dbxy)’” ehzoinyl 2inbludenalpylopdiensd, jncluding both

onmega- an no: i, de oyl,, ent adecanoyl, stear .
- Cyel opERTEgR Hpgo R foBR S REn ch Bt S GPREL £y hepbisgyplaced by a
2' \éa| OYido@sie/or adAEBAt ANEmEACDOXXbny| GYH/ Wﬁﬂnﬁqﬁ,afjlﬁfﬁi)\éhyl, 2-propenyl, 1-

, 6-p. yridi nedi carboxyl, cyci opropanecarboxyl, cycl obutane-carbci xyl,

per f | uobotygl, dHexsyl,Gabisoxy | -pdntemdt hpkitenylz dypkenteakéiponenyly | -hexenyl, 2-
i soxazol yi carbonyl rfluorocycl ohexyl. carboxyl, crotonyl, Li-

| ndagoo el BN, PRereT T ROREE, Kmignd Y g PR berctiyy, 1-
frotidi pegahlonyiropAnPhepsyRANZBYitynyl, Bosy M-p&Qy ¥y aMipBRyn} NG Ayl
group hgvi ng?a ssl%r(r)%cture owﬂ- N(R%nymot?% wﬁer)eli%] J2enz£1)chyrll~\}l |spgg@ Y

i ndependearniynyas -dedynped-rebpvd. 3-1egeeTHeheanmm, ve byl t ncl udes a
f t ! 50 " i.s, 0, S,
9roup o8 = SUELIL LS O MBS Nk i R B

the formula -(CH;),-, wherein “n” may be any whole integer from 1 to 10.

[0057] “Alkyl”, “alkoxy”, “alkenyl”, “alkynyl”, etc., includes both straight chain and

branched groups. However, reference to an individual radical such as “propyl” embraces
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includes a stable 5- to 7-nmenbered nonocyclic or stabil.. 8 to

| - menbered bicyclic heterocyclic ring which is either saturated or
unsaturated, includtng hetcroaryl, and which consists of carbon
aton(s) and fromone to four heteroatons including but not limted to
0, N an@niy thatshgishtrehain radigid Wiareasgeianghgd hain dsonka suhoast G1RPToRY) 1s
opti onalshé/i@c%“g){é -eﬁ%qc and/ or ;he nitrogen heteroatom quatem zed,
and i ncl (ﬁng ny brcyclic group in which any of the

above- i ¢eonsif i ethdwehgronyakdd a&uBedseeintad ankenataevisd didined Aefers to a
het erocycl nmay be attached at any heteroatom or carbon atom which
resul t s Sty iz pededite An 6Ky 2ens nidisen. st Hicerutesphpres Aemdp aeaventits Qirther

cxanpl o BTRS A Kk ShietpRipold, A e MEERRTIAN B, o uf RE or Blpbona

oxygen arie@ingupsupstar@Reswion thodtakéleddn the@yohagmiobgahak. as

necessara/ or desired. Suitable protecting groups for oxygen or

ni t r oged?039¢| udEhe terme iy & yspd hergimandryiless pihesyisg specfied refers to any stable
but ylI di i Ll byl i A1 u

o ol udaRbyfic bR, or BPEC LAGFINE b vo Safibers TREIRTRRS R o

[ 006. 91Nawt drervrd iBgreexaipiseisfindd hethe tbakyl 4re2duletel @pydhilcplgsmup
pyridazi nyl, pyrazinyl, gi @?r;]i'di nyl, piperazinyt thi enél %yrrpl_i nyl ,
pyrroli @mykwl, piiapaiil-y The ermap@pdas both sudsaiuiad and pngutisipated mpiefienyhe

oxazol Y e groe o S RERARY b BATRL Ve YA RRL g TRERNIARY to one o
het er ocyfdré enoi@icekelegedBrynmbdie @Riupadakikiingefisilddet { #ebrascI@S¢ bidaagor

above for aryl, including substitution(s) with one or nore hydroyxl,
ani no, adey e, aar)e . dee alkylakunrg, ardaiiney glkony layyloxhattey.saged.y| .

hal o, ¢ -aC a . an.d i L1 o . I id

8 o SR e B Ao SO B LG AR

pr ot ect edprectsipisolestat, askndeede dhosaskklodwntheart; ke seadfle| dedught it he

art and as taught, for exanple, in Greene et al Protective O ouns
[

i n O gafireensyihehddpisctivglrpupp inQreanic Sapkesi IIR%W@GY&ﬁg?Q? gb7t9%he
term"ama@ as fa L s Und ) i ifl ol

o oty Tsbs P it FahD, U s ) S5 g Byith B A SiocRtuen:
secondapy amalityt goup dinyedu the smodqeuleahalulgl as ubg terdupt Bdiebiyedhdeyin, ThE ¥rm
heterocycl yl,  and/ or sulfonyl groups. Thus R2 may represent two

hydr ogenarafka or al&vffypf)eﬁ%tpéﬁaégl, Brai Bt Wigern alfdl BietiteRyar

noi ety. j; hﬁﬁﬁ:% o " i i,d residue" includes
nat ur al |l‘§9§{%3§€?’r?g&yr?& sy ?%3{%?48@?&?“3%%@%%3% no acids, and

i ncl ude$0tadq i sTmoterthi“nydleadkyld incdmdena rag d'<C;fpuabiding bt adelimied toe.

gl yci ne, al ani ng, line, |eucine, i|soleucine, t hi oni ne,
pbeny! af’é‘ﬂpﬂr@?ylt F%%ﬁ}ﬁlaﬁk'd?ﬁe&m n“é’,‘:@’@?‘l’ n‘é’,"’l‘ﬁ'}ﬁ’g’gﬁp EYCl%%Xlei ne,
tyrosi nego@3par ag Rem “gikBk fMnBshs ASRAH: dr Bragkwdaeiﬁ_afnealkﬁ)ggémavin% an

arginine and histidine, 1n one enbodinment, the amno dcid I's In
L. - confitgahedokpgen tadicalg the adkyd @rdow hised the nuinbe»foarifong speaificinor any

ARemat i vel t he. am no acid can he a, derivatjve of alanyl, valinyl,
euct ny PP LB M e o OF FRITEIe et KA s g ROCE sty |
met hi onifgod3) 9! Y& Ryth “h8I8P hfiided Hel¥if TR anE¥SHBENYE the hYILOSH PWily.
asparagi nyl, giutam nsd, asparthyl, giutaroyi, |ysinyl, argininyt,

hi sti di ﬁp#qiﬁngbtianlywd aevhiornyhlorp-tpbenyadbmdoyl , 13- 41- n- gophanyi ,
P 1ot NG, IHELN i385 M b REGO Wi ¥F S te BiGE2" 2
wherein R’ is an straight, branched, or cyclic alkyl (including lower alkyl), carboxylate

residue of an amino acid, aryl including phenyl, heteroaryl, alkaryl, aralkyl including
benzyl, alkoxyalkyl including methoxymethyl, aryloxyalkyl such as phenoxymethyl; or
substituted alkyl (including lower alkyl), aryl including phenyl optionally substituted with
chloro, bromo, fluoro, iodo, C, to C4 alkyl or C, to C4 alkoxy, sulfonate esters such as alkyl

or aralkyl sulphonyl including methanesulfonyl, the mono, di or triphosphate ester, trityl or
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aspartoyl, 1-histidinyl. Wien the termamno acid is used, it is
considered to be a specific and i ndependent disclosure of each of the
esters of cr, y, or 6 glyeine, alanine, valine, |eucine,

i sol i ne, t hi oni ne, . phenyi al ani ne, tryptophan,. al i pe, serjne,
t hr eoni WROHOSFCRN BN YRR beneyle iy hat Tl crming benzb ahcapalkyr
| ut amat; VS R i i i j D :
O Sout ¢ oludifg o FABUTA MeyloRRlisatl %’?ﬂﬁﬁ%‘g&ﬁ%‘f éﬁ*ﬁ‘;?'r?g i ﬂfmt
i no- smiatlytedpdss f | gnahpl én hdrdinbieingiechibndimentsa asyl gr@rpeupe i ng
?Hgngtfﬁgtuae%"- p:N ??szﬁ, 2007 i Certain sul fur and : .
phospho%gyggh@%%?%g)lt‘EF lapgtyle cY @)fpeylrawlngy%%raeﬂu?aaboxy, propionyl,
ignifi SHRS - oHR,. ) .
2 ORGSR iseb @hAARAR Ry ) PG oAV PHE Boodkill EHENTIR, 2-acctony-2
"sul f onahewddcetyicdi laegt,aumetfoxy-etrsuorwheth d-phdo Radet 8( bfoddptyR 2-
";Su"sul ]?):T:ﬂé cre )idncllpgazs eg’g;r oﬂlp c())fyt he_struct u??"-ﬂ 4 ty
S(=0) ( :@jtfwgéi‘zf(‘w,e‘ygﬁhﬂgﬂlﬁ’o‘?eylz@ne?%‘é}’luaﬁgl%o'&r%glﬁh%ﬁyl?mﬁ’lé'?@'@ﬂﬁe
"L P( - 0) DR lng r 0aN "
st i ot wP s AR (Rl RhErode Bl WA ORESK LBl bE)
def i ned babovdflud@astdThetHoeymetyiobthioptaacatsed, dudoresuifonytarl, 3o an
unicellulall; or multicellule organismin whii:h_t e Virus can
repli cat®t Wehﬂmlmt@enhenv’fwsgtygFra‘qémy}?ﬁp@,a CFHOTORCE Wy meppchloro-acetyl,
i nst 2 j : \| g a part
of t ho_ Ry RIRTTH Bt BBl Wephohoy, BECTIRRENEAMQE ARACARD < 0
altered fb@rﬁeptmoyfp%@hb;cdﬂdetdfbom—bqnmtoyﬂ,WVe’}ﬂbxioedndeEfdfma@h@aptﬁmltl,l 7H-
et PG ERERE T IO ) PRI
Lhe.pr oo D NEE e Hep R D BeFSrobk Bafio mBMoRlenB0 ) S0ifl-s-
appl i caphongihidphenepicaitoxyhditedithlons-rnkeyebenzayled ¢l @@ 2yetrafluoro-
e Pl LR o Sorh e P . SR oEalEE )
100751T 3 f € } 3 ’ s
subst i t W e AT St i NHS f i1
ok yar el SR RSiEn 1 B AHOR b UAN DS oyl OB, 1
ami no, edahaxam-coboet cyvvdeenetdatioply b 2supgiditedtcdrbeos siybioprdpaas-

i I 1ild h bsti b f th
i ol 05 GHFOGE o P RSB b SR F S E e T daRER B TR Y PEM Bhe
anot her ch%ﬂﬁnétﬁ%ﬁ?@xa&b@gl:éf_b@ﬁylP&éﬂﬂ@érbb’yclmpéﬂ?g&gi;@&_@ﬂ&lpl-‘fﬁﬁ{tﬁﬂ'-ﬂ—ll

enbodi nents, provided herein ‘are pure conpounds according to fornu a
(A), or iphaelesicearbonyal I-prapendpsaidlerys dhpystolsiolecabesyl, fpticmtleszogist er s

BRSBTS RS AR RRER o S LB e
bi cycli e, whérekyeakh R’ oF in8Bbenbidnthl dsUidE€abovebkynyi or
[0066] The term “carbonyl” includes a group of the structure “-C(=0)-X-R’ ” or “X-
C(=0)-R’ ”, where X is O, S, or a bond, and each R is independently as defined above.
[0067] The term “heteratom” includes an atom other than carbon or hydrogen in the
structure of a heterocyclic compound, nonlimiting examples of which are nitrogen, oxygen,
sulfur, phosphorus or boron.
[0068] The term “heterocycle” or “heterocyclic” as used herein except where noted,
includes a stable 5- to 7-membered monocyclic or stable 8- to 11-membered bicyclic
heterocyclic ring which is either saturated or unsaturated, including heteroaryl, and which
consists of carbon atom(s) and from one to four heteroatoms including but not limited to O,
S, N and P; and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized,

and/or the nitrogen heteroatom quaternized, and including any bicyclic group in which any
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s hydrogen, R 0-R, NHR or NRR 'NKR, carboxam do, am de, carboxs
residue; ft$ is hydrogen, acyi, S(0),,-R carboxyl, carbc vi
each of le R ftWand R7' is independentl y hydrogen, C2. 6 al kenyl, C

aryl, heterocycle, OR, N -1R NRR,
" or 2; ohlyg above- 1den@%%g Iiosyqlmwém@ﬁ% § aRIEERFSINE. aThlggfetereQYCéw ring

aIkenyL 7

accor di H‘gg y’?J gk%l %ﬂn%llﬁae{ ?et&rﬁa{&g{ g{&w&%g@e%gh peggﬁﬂnr{ en | %&able
al kynyi s@iictadek ilhe harebatdmatsc lhrygimgbl paffallPoRfotidty IIB;dr@genNIREt, aslQi#8d.i For
certain errbodl ments, accordi ng to formula (A, R4 and fe'' are

i ndepen8&EHEP 9 41%#@@)&5%{116? MRE| 6@&@ igrpdack of pyaneRFunq:Qonpj-loXygﬁ@ apd 4y el
def
as Gef | BRbaBRaNEs 10 UM GRES AL A IRONIRNL San AESEEAIN G gribor ™! 2

R7" are hxwtmg%ﬁ)uﬂ3|foﬂ Sxylaya bogiedger invluds tﬂit‘x‘léﬂ@(l;ﬂ?l dﬁhetﬂj’/lh&ylﬁlyl 1
optlonaly substituted al Z is carboxam do, amd car) )xyl

car bony pufyrlimgthylsilyl, groupyldighenyésalyh tmyﬂéubﬁwﬁémk@wl m}a@msulévrw; p-
toluenesulfonyl, or acyl groups such as acetyl and propionyl.
[0069] Non-limiting examples of heteroaryl and heterocyclic groups include furyl,
pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, piperidinyl, piperazinyl, thienyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, imidazolyl, tetrazolyl, triazolyl, triazinyl, thiazinyl, oxazolyl,
purinyl, carbazolyl, quinolinyl, pyrazolyl, morpholinyl, benzimidazolyl, and the like. Any
of the heteroaromatic and heterocyclic moieties may be optionally substituted as described
above for aryl, including substitution(s) with one or more hydroyxl, amino, alkylamino,
arylamino, alkoxy, aryloxy, alkyl, heterocyclyl, halo, carboxy, acyl, acyloxy, amido, nitro,
cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either protected
or unprotected as needed, as known to those skilled in the art and as taught, for example, in
Greene et al., Protective Groups in Organic Synthesis, John Wiley and Sons, Third Ed.,
1999.

[0070] The term “amino” as used herein unless otherwise specified, includes a moiety
represented by the structure “-NR;”, and includes primary, secondary and tertiary amines
optionally substituted by alkyl, aryl, heterocyclyl, and/or sulfonyl groups. Thus R; may
represent two hydrogen atoms, two alkyl moieties, or one hydrogen and one alkyl moiety.
[0071] The term “amino acid” or “amino acid residue” includes naturally occurring and
synthetic o, f3, ¥, or & amino acids, and includes but is not limited to, amino acids found in
proteins, i.e. glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine,
tryptophan, proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate,
glutamate, lysine, arginine and histidine. In one embodiment, the amino acid is in the L-
configuration, but can also be used in the D-configuration. Alternatively, the amino acid
can be a derivative of alanyl, valinyl, leucinyl, isoleuccinyl, prolinyl, phenylalaninyl,
tryptophanyl, methioninyl, glycinyl, serinyl, threoninyl, cysteinyl, tyrosinyl, asparaginyl,
glutaminyl, aspartoyl, glutaroyl, lysinyl, argininyl, histidinyl, B-alanyl, B-valinyl, -
leucinyl, B-isoleuccinyl, B-prolinyl, B-phenylalaninyl, B-tryptophanyl, B-methioninyl, -
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In certain enbodi nents, provided herein are pure conpounds accordi ng
to formula (C), or a pharmaceutically acceptable salt, solvate,
hydrate, ester or pro:ling thereof: wherein. |Care Ende. pendently
hydr ogen, hal ogen, al k?/I, or C2... o alkenyl; and Ri n_dei)endent R6!
and R 2elysiyl iy avsybd-thgoniny iy -qrsejen. Brtyrospol, f-rpargingl, Byelntgainyl, B:

2. ana orloSL EERRL PRl TRY dr igRin gy IR s Sy i
certai n,enpadi FRkidy t\g\)%&(?{?ﬁ:eﬁgl(: Gnd gledgﬁ}&eﬁ? &9&9&1’?@8&*}( )(/)?Ll{é-)’éste% of a,

C2..6 al kenyl each o epen may optl ona

subst i t @ ecbri dlicifdy atnitaboigenleutie, iRdeadite, methiahie Miahoigemninegach of
R4' and Ri ndependently hydrogen or hal ogen; Re' and RT are hydroatm
Pi) is Wyalphan perling( ferine Rghrepning, eipthiesy &Yi0sipe, asparagine,lutzming, aspartate,

rycr ogon it seiBle AR upt fend irGrBauBoh g™ o for mil
(

[0072] The term “amido” as used herein includes an amino-substituted carbonyl, while

the term “amidino” means a group having the structure “~-C(=NH)-NH,”.

[0073] Certain sulfur and phosphorus-containing terms have the following structural
significances: “sulfonate” includes a group of the structure “-S(=0)(=0)-OR’ ”; “sulfate”
includes a group of the structure “O-S(=0)(=0)-OR’ ”; “sulfonamide” includes a group of
the structure “N(R’)-S(=0)(=0)-R’ ; “sulfamoyl” includes a group of the structure “-
S(=0)(=0)-N(R*)(R*)”; “phosphoryl” includes a group of the structure “-P(=0)-OR’ ”; and
“phosphoroamidate” includes a group of the structure “Q-P(NR|R;)(=0)-OR’ ”, where
each, R’ is independently as defined above.

[0074] The term “host”, as used herein, refers to an unicellular or multicellular
organism in which the virus can replicate, including cell lines and animals, and in certain
instances, a human. Alternatively, the host can be carrying a part of the HIV viral genome,
whose replication or function can be altered by the compounds of the present invention.
The term host specifically refers to infected cells, cells transfected with all or part of the
HIV genome and animals, in particular, primates (including chimpanzees) and humans. In
most animal applications of the present invention, the host is a human patient. Veterinary
applications, in certain indications, however, are clearly encompassed by embodiments of
the present invention (such as chimpanzees).

[0075] The term “substituted” includes multiple degrees of substitution by one or more
named substituents such as, for example, halo, hydroxyl, thio, alkyl, alkenyl, alkynyl, nitro,
cyano, azido, amino, carboxamido, etc. Where multiple substituent possibilities exist, the
compound can be substituted by one or more of the disclosed or claimed substituent groups

>

independently from one another, and taken singly or plurally.
Compounds

[0076] [n certain embodiments, provided herein are pure compounds according to
formula (A), or pharmaceutically acceptable salts, solvates, hydrates, esters or prodrugs

thereof:
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R3' and R? are independently al kyl or C2..6 al kenyl each of which

i ndependently may optionally be substituted with CN or hal ogen; Rland
[{6" are hydrogen; each of R4. and its' is independently hydrogen or
hal ogen; R6' and Rr are hydrogen; 12. |sqﬂy>gr ogen; Yis OR Zis

am do, carboxyl, or carbonyl; and eagh R us i ndependent |y hydrogen or
al kyl . (0083]In one enbodi nent, rOV|ded s pure conpound, or
phannceuti eal ly acceptabl e sal t € hydrate; esters or
prodrugs thereof: wherein the abs{ i guration at the
phosphorus atom k K. The eherni FaAT Conpound 1 k (2-

Car banoy1- 5- ehl or o-4-f | uor o-
111-indol-3-y1)43-((E)-2-cyano-vi nyORé r’r@t hyl - phenyl | - (R) - phosphi ui ¢
acid nmethyl ester, and the enpirical t@)nula is C2c, 1116Cl Fl g303P

wi th anok: el : dm wei ght of 431.78. [0084)In one errbodi ment, provided
I's a puigef@nRaund, or a phnnaceufieally acceptable salt, solvate,
hydrate, ester or prodinig thereof; wherei n the absoi am

confi nmi ni on Xais Wﬂ@gpmplrmrh@wmyah inbidHRnayTbreesidatitutraime uofutGonpediad

I Tl is

(3- Car bX%%h MEY EHTBYE.4 §ipyqliaBicy SIS HapEo ctEs s Cpantieynfey 2Ryl %t ny
| - phenyhiMRL- phosphi nicacid nethyl ester, and the enpirical formula is
C12011; 70N303P with a nobxadar wei ght of 413.79. [ 0085]i n one

enmbodi ment, prisviydedgenR.OBuNH-BonpdRRd sel ected fromthe group
consisting o

(2- car bai noy? ig O/ NFR-VREy FriBpxaige, amide epiboxyLyrathnyh AT 8 &1 A5 - p
heny Th( B)siqgosphi nic acid nethyl ester: and

(2- Car banoyi - $- chl or o- 441uoi n-111-indol-3-,(0-13-0"El1l-2-d1-5- net hyl -
pbehyl p( R) - pRosphidipgen, acyl, S(O)y-R, carboxyl, carbonyl or an amino acid residue;

each of RY, R*, R® and R” is independently hydrogen, C,.¢ alkenyl, Cs.¢ alkynyl,
aryl, heterocycle, halogen, CN, CF3;, OR, NHR, NRR, or NO;;

nis 0,1 or2; and

each R is independently hydrogen, alkyl, C,.¢ alkenyl, C,.¢ alkynyl, aryl, or
heterocycle.
[0077] In certain embodiments, according to formula (A), X is aryl or heterocycle; Cy.¢
alkenyl, C,.¢ alkynyl or alkyl; and Y is hydrogen, R, O-R, NH-R, or NRR.
[0078] In certain embodiments, according to formula (A), R* and R’ are independently
hydrogen or halogen and X, Y, Z, R', R%, R7, and R are as defined above.
[0079] In certain embodiments, according to formula (A):

each of R* and R* is independently hydrogen or halogen;

R® and R” are hydrogen;

R'is hydrogen or S(O),-R;

Y is hydrogen, R, or O-R;

X is optionally substituted aryl;

Z is carboxamido, amido, carboxyl, or carbonyl;
nis O, 1 or2; and

each R is independently hydrogen or alkyl
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acid nethyl ester, or a nhaimceuticaiiy ancepraHe salt, solvate,
hydrate, ester or prodreg thereof. [0086]1n certain enbodi nents,
provi ded herein are pure conpounds according, to fornula (B), or a

. phannacem caII ccep ble salt, solvate, hydrate, ester or prodsng
t her eof 100408 BRH, er@qjlmentmowaée%ﬂsgmlamwe campaRadsFererdingda and

eyt 18395 e S e S

OR, NULtINRR)f Car bOXAM 110, am de, carboxvi carbonyl, or an am no acid
residue; R 3 is hy,S(0)a, carboxyl, carbonyl, or an am no acid
residc- each of Rs' , RR s indepgndengy" hycrogen. eg.t; aikeni,
Cr aryl. heterocycle heiogen. CM Gbh OR R, NRR, or NO2; nis 0,
1 or2; and each R is badependeruweet _h gyclg, [00871ln certain
enbodi nents, according to formula ( y%r ogen; aryl or
heterocycle; C2,.#3 al kenyl, C2-,s,al k\S(n. or alkyl; and Y is
hydrogen, H, 04, NHR or NRR [0 8] | Pser tRei n embodi nent s,
according to fornula (B), Ry Rhd . e i ndependently

Yz

wherein R*, R, R, R¥" and R®" are independently hydrogen, halogen, alkyl, or C,.
¢ alkenyl;

R* and R®' is independently hydrogen or halogen;

R and R” are hydrogen;

R' is hydrogen or S(O)-R

Y is hydrogen, R, or O-R;

Z is carboxamido, amido, carboxyl, or carbonyl;

nis0,1or2;and

each R is independently hydrogen or alkyl.
[0081] In certain embodiments of formula (C):

R*"and R’" are independently alkyl or C,.¢ alkeny! each of which independentlyl
may optionally be substituted with CN or halogen;

R¥ R* and RY are hydrogen;

each of R and R¥ is independently hydrogen or halogen;

R® and R”" are hydrogen;

R' is hydrogen or S(O),-R

Y is hydrogen, R, or O-R;

Z is carboxamido, amido, carboxyl, or carbonyl;

nis0, | or2; and

each R is independently hydrogen or alkyl.

[0082] In certain embodiments, according to formula (C):
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hydrogen or halogen and X, Y. Z, le,fe, and R are as defined above.

[ 008911 n certain enbodi nents, according to fornula (B), R4 and Rs'
each are independently hydrogen or hal ogen; R6' and RT are hydrogen;
| ?: is hydrogen or Y is hydrogen, R or 0-R, Z is carboxam do, am do,
carboxyl, or carbonyl; nis O, 1 or 2; and each R is independently
hydrogen or al kyl 1009011 n certain enbodi nents, provided herein are
pure conpounds acRbegt KY a:b%dt:&rnawﬂy afidd or (9§ alﬂer@h@awam&iéﬂ ifdpkMently may
accept abl e salt. éﬁ@g drate ester or prodrug thereof; wnéerei'n
ft,andaof i ndPf ﬁ@ﬁﬂ stigued with G oUNlgsR;, et “c, et, Lki Rb' and Rl are

hydrogen v.;, KRS, Rfygqu@éaeﬁydrbg%nhydrogen R or Ca; Z is
carboxarnitio, or carhonyi; nis 0, 1 or 2: and

euch K is i ndepon‘E?é'fﬁﬂ&R wﬂ&géwda?en%ﬂnﬂyhquasmgqhameml eriain
enbodi ments of | orfighdRT &k hydrogen;

R' is hydrogen;
Y is O-R;
Z is amido, carboxyl, or carbonyl; and

each R is independently hydrogen or alkyl.

[0083] In one embodiment, provided is a pure compound, or pharmaceutically acceptable salts,

solvates, hydrates, esters or prodrugs thereof:

CHj
H3CO_ .
1"
=
N NH
H 2

@

wherein the absolute configuration at the phosphorus atom is R. The chemical name of Compound I is (2-

Carbamoy1-5-chloro-4-ﬂuoro-lH-indol-3-yl)-[3-((E)-2-cyano-vinyl)-5-methyl-phenyl]-(R)-phosphinic
acid methyl ester, and the empirical formula is CoH;¢CIFN3O5P with a molecular weight of 431.78.

[0084]  In one embodiment, provided is a pure compound, or a pharmaceutically
acceptable salt, solvate, hydrate, ester or prodmg thereof:

CH,

=
HaCOW o'

\:4 L
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d 115" are independently alkyl or C2_6 al kenyl which may optionally
be substituted with CN or hal ogen; R2-, R4" and Fe are hydrogen; each
of R4' and RY is independently hydrogen or hal ogen; R6' and RT are
hydrogen; Rl is hydrogen or Y is hydrogen, R, or OR Zis

car boxam do, am d, carboxyl, or carbonyl; nis 0, 1 or 2; and each R
i s independently hydrogen or al kyl. [00921In certain enbodi ments of
formula ( %j Rrand R3" are indep endentl¥ al kyl or C2 6 al kenyl
whi ch may YOPET BARZIYe pafiaimgetat the Phospho's #emCRR o heﬁbﬁnbv@brﬁme e Tompmgd e d
R6" are hyucogenyl-seaoh- 1Hf-1ndoE3 aineh-(RH-2- cyﬂowmﬁf,‘pﬁ&dﬂ-@ﬁdnyl] mglio@;gﬁﬁb Lid

hal ogen; RGwyia0d, hémd %(r%fé%?‘%{ 781%\13{_)3% “ﬁ%gkgggﬂr d ?f49?1jl:$ Zis

am do, carboxyl, or car ony i's I ndependent ydr ogen or
al kyl . [0093) 1 n one enbodi nent, provided is a pure conpound or a
phar maceuti4ésl | y acoept ﬁllﬂ'loﬂimSIﬂJ pkavidsdik ¥ pirecomPyned @le@sd RSB grddp cEiORRbY

thereof: (2-carbamoyl-5-chloro-1H-indol-3-y1)-[3-((E)-2-cyano-vinyl)-5-methyl-phenyl]-(R)-phosphinic acid
methyl ester; and
(2-Carbamoyl-5-chloro-4-fluoro-1H-indol-3-y1)-[3-((E)-2-cyano-vinyl)-5-methyl-phenyl ]-(R)-phosphinic
acid methyl ester,

or a pharmaceutically acceptable salt, solvate, hydrate, ester or prodrug thereof.

[0086]  In certain embodiments, provided herein are pure compounds according to

formula (B), or a pharmaceutically acceptable salt, solvate, hydrate, ester or prodrug

thereof:

Y. X

4 -,
" R*  P=o
R

R N

i I

R7n R1

(B)

wherein, e.g.:

X is hydrogen; aryl or heterocycle, which may be substituted or unsubstituted and
which may comprise a bicyclic, tricyclic or spiro structure; Cy.5 alkenyl, C,.¢ alkynyl or
alkyl;

Y is hydrogen, R, O-R, NH-R, or NRR;

Zis OR, NHR, NRR, carboxamido, amido, carboxyl, carboriyl, or an amino acid
residue;

R'is hydrogen, acyl, S(O),-R, carboxyl, carbonyl, or an amino acid residue;

each of R, R%, R® and R” is independently hydrogen, Cy. alkenyl, Cy¢ alkynyl,
aryl, heterocycle, halogen, CN, CF3, OR, NHR, NRR, or NO;;

nis0, 1 or2; and

each R is independently hydrogen, alkyl, C24 alkenyl, C,¢ alkynyl, aryl, or
heterocycle.
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wherein the a;x3ans;e confrmrm on at the nasphorus atomis nmo In a
enbadi mant, provided is a pnv ecnsncnhd, or - accept able salt, or
prod: ng: hues& . saheni s wherein the absolute configuration at the

e o R RS PSS ] S50k B
§ 2- eat b%teé%éfyclegcr?rg%lgsxﬂﬂe E{‘g@ﬁ}%ﬁgy dk9BALEN B 15uRRen & 04 MY bI NS

ph phinic ari i )
( 2- Car ba9i88] - 5- ki atoriz-erdbddimente-atbbridimgad 3oy 4 (BY R -@d R aae-iydepghiersly

gﬁ;? )r/r:aIC«i’g&rot@é}@@i%%‘g‘???’gﬁag’%@?ﬂggﬁflg%’:gEaiffﬂgﬁg’r’e‘g%qoé{fe or prodrug

ther eof 306@'}‘" n ﬁ]ed'eﬁ‘@it{bn%mm;ﬁf?f#céordr o ¢onRAYPsh according to (A)-(P)

or (1)-(1V) "isthe enantiomericolly pure conpound or a

phar maceut i cR‘|anddceqvhait mdesdndestbl hatregenhyrdraiidgen; est er or prodr ug,
thereof, in certaij 'eng_g%i nments, the conmpound according to (A)-(D) ot
HV) is the énatfi Pi®eBI°f3E%Bur e conpound or a phavosanmicaiiy

accept abl e sait; i ept ain enbodi nents, the enantionerioaily
pure corrpoung4 gsén%ur?lﬁgéei{sorlas{toﬁ"eg’st about 80% by wei ght of the

desi gnat ed enit isdiydrenafrad-Ryost about 20% by wei ght of the ot her
enanti omer or, other stereoi soner(s), a teast about 90% by wei ght of

t he desi gnat gdséﬂ'%ﬁ%‘%‘rﬁi@raf&’rﬁiﬂ” %?cfg‘i”fyé’d%rtcaélﬁ’é&ilé 10% by wei ght of the
other eationgricgri gt hef,qsi erettonmer(s), at |east about 9,54 by weight
of the designated nendouter and at nost about 5% by wei ght of the

ot her enant i eadieR inindepdndentbt lerdnogmnen(ls)., at | east about 96, 6% by

wei ght e sighated taut:ion:e d at nost about 3,4% by wei ght
of 1t he ok e2@0“?%?&%&0&?m%‘itﬁé’r’?‘é‘ﬁ%‘ﬁg‘?rslé‘rﬂf%P%@)C,"“‘&P“'I‘ée?s‘%?mé‘)élﬁ}?_ §7%
by wei gltgrnfifla (]ﬁ??o?@ﬁh&ﬂ?a%&ﬂicﬁﬂ?ﬁ&de?%fe sﬁﬂgs&{fa(t&‘)?ﬁfﬁra?pg%r S BYrueet ght

or the other enantioner or other steteol sonee(s), at |east ‘about® 99%
by wei gtiteresff: t he desi pated enanti omer and at nost about 1% by wei ght
of the other onantiorder or other Kterti)iso( 5), or at |east about
99. 9% by wei ght of the designated enagil onemr4and at nost about 0, 1%
by wei ght of the other enardionmer or oth tercoi soner(s). In
oertal at enbodi nents, the weights ar yggifsgggﬁg total tsm 00 of the
conpound. [OM™71Al so provided are c gg undg that may be given as a
stilt, ester or prodrug that, up0ﬂ4ad Wstyation to the recipient,
and provide directly or indirectly a coapumf provi ded herein or that
exhibits the desired activityR :
Salts, Frodrugs, Steroisornen a i - 0G981A conmpound provi ded
herein can be admred as any S ; ug that

wherein R*, R, R¥' R and R are independently hydrogen, halogen, alkyl, or C,.
¢ alkenyl;

R*and R is independently hydrogen or halogen;

R® and R” are hydrogen;

R'is hydrogen or S(0),-R;

Y is hydrogen, R, or O-R,;

Z is carboxamido, amido, carboxyl, or carbonyl;

nis 0, 1 or 2; and

each R is independently hydrogen or alkyl.
[0091] In certain embodiments of formula (D):

19



upon administration to the recipient is capable of providing directly
or indirectly the parent conpound, or that exhibits activity itself,
Noniiniiting exarrpl esphar maceutically or physiol ogically acceptable
salts. The phrase "pharnaceutically or physiologically acceptable
salt or prodrigind RS ausialerkieaWodiRibr thealReCHliticaly SftiohAlydrscri be any
phar maceui)l cally, accept able form(such as an ester, amde, salt of an
ester titdedwithh N gehalogenel at ed group) of a compound that, upon
admi ni strati @& RY .84 REtANHrogR;OVi des an active conpound of the

i nvention. Mdific ations [i ke these can affect the. biological
activity of F%%Bﬂﬁ%ﬁ is ndepergeslydudesen sidreloasting the activity over
t he par ent caepaypd arJl,Q,g%% fhe tem "pharnaceutically acceptable
salt" refers to the state a conpound in which the conmpound carries
a counterionk Fﬁeh)’dl‘ogelmtér(%d’eutl cal Iy acceptable, and wherein the
salt retains Ytlgﬁ (ﬂ%%'grle%r @l ogical activity of the herein-identified
conpounds whil e ex i'ting mnimal undesired toxicol ogical effects.
Such sal ts aéds ¢rsbrxamide, anibacapext.ioc adrbynyisef ul corns of the
conpounds of  the p r_gsa?g invention. Any salt that retains the desired
bi ol ogi cal actrVrty of the compounds contai ned herein and t hat

exhi bi ts m nesalR ioindagendende diydregenor alikpixi col ogi cal effects is intended

for incl n aI | ceptable salts include those
derived [P(% ngr%@e{gﬁ g‘%felgy acoé‘le“ﬁ%é]gfe organi c or inorganic acids
and bases. tahaﬁﬁamendepetaiehtw aib)depcﬁ&ﬂllenglomﬂ& rancopnasly bal so find
use here f.ar t he gynt is and/or purification of
t he cowpggsrtrlt gsd 191|(r:11t€ere ?geh @é'ﬁR% ¥ %di &% e intended for

i ncl usi on hee=h ofﬁbmbhamdmmmﬂyd@lﬂogemmebgabl e salts include

t hose deri vegsf r&)gw Leut| cally acceptabl e inorganic or organic
bases and ac nd" ﬁ?ﬁe tosyi ate, nethanesul onate, acetate,
citrate, nal B.hstlﬁdrogartarate succi nate, benzoate ascorbate,

al pha- kezogl afc.)ca# al plitc-glyeerophosphate, formate, ftinma rate,

pr opi onat e, ‘ate, |actate, pyruvine, oxal ate, nual eate,

salicyl ate, Zuﬂ draitie cabuktl niréonyMiahd at e, bi car bonate, hydrobromate,
hydr obr ot ni de dr gi odi d r bonat and phosphoric acid salts, A
particul ar e%g%ﬁgﬁfpepge H@y‘ﬁ%‘f’ @?yld _hydrochl oride salt, Suitable
sal ts i rje9syle thlmseeendeameﬁdpromea Blalpatel cofipbialdSorS! gﬁm@saﬁ@&a/ss' um and
sodi um al kahl né @ tals such(ia %al ci um and nmagnesi um anong
nuner oud“GPREF gk §at?/ve‘iy rafrfStRh O MO4 AR rmaceutical art

Phar maceutically acceptable prodrugs rfer to a conmpound that is

net abol i zed, for exanple hydrolyzed or X di zed, the host to formthe
conmpound of the present invention. Typ /‘.. exarrpl es of prodol gs

i ncl ude conpounds thatlabile pr ti r oups on a functional noiety
of the active conpound, i ncl udp_-rr"g ~-e mted to an ester or acyl
noi ety. Prodrugs include ccgn'po nds tTﬁt canl be oxi di zed, reduced,

am nat ed, deam nated, hydroxX . ,\de dr oxXyihat ed, hydrol yzed,
dehydrol yzed, al kyl ated, deal t ed,acyl at ed, deacyl at ed,

phosphoryl at ed, dephospheryl e prewhce the active conpound
1001011Phai nmaceutical |y acceptabl e salts nmay be obtai ned by using
standard procedures well known in t@g art, for exanple, by reacting a
sufficiently basic conpound such as an anmine with a suitable acid

af f or di rmeeume/easah@Qb&@gﬁra{m@%ﬁpm%hergrarorms Ackali metal (such as
potassium sodiumor |1t or a ine earth netal (such as

cal ci uml0%4] t s Innfnecabbdght nroaldcctjls aal'seooannier matemaccutically

100162! )tagll Its include those derived
fromi n%%atlﬁ?lgg%{: va@éﬂﬂ&}h@%s&f r e n%ﬁ%a hydr ochl ori ¢ aci d,
hydrobrom ¢ acid, sulfuric acid, phosphoric acid, nitric: acid,

hi carhoni ¢ acid, carbonic acid; and salts forned with organic acids,
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pol 051 I n one enbodi nent, provided art nethods for the rmatnment or
prophyl axis of an NWfeetion in a host, conprising adm nistetiug an
turtivirally-effraative anount of a conpound deneri bed herein,

i ncl udi ng a coEnpotnd of Formulas A4) or Conpounds 1-1V or table
salt, ester or prodrog thereof, 'The conpounds nay be -..ceptahkr
carrier or diluent, 1001l n another prixw pa etabodlinent.the use of a
conpound di scl osed i ncluding a conpound of Fotnula A) or Conpounds
-1V, or a pharmaceutically acceptabl e saltgHgester or prodata
thereof, 17E3 the treatnment or prephy;axis of an H'v? infection
optionally in conmbination with a phartnace ally aceetaahle carrier
or diluent in OAO7lI 'The use of aHgEnp descri bed herein, or a
ph xrsaceulicaflv acceptable salt, [ug thereof, in the
manuf acture of a medi canent. fi gh prophyl axi s of an
H 'V infection in a host, optionall . wth

phanracem cally acceptable carrier ™6 | ueNt; al so i s provided,

1. 001081 in one enbodi nent, a nmethod of treatnment or prophyl axis of
an nV infection provided, conprising adﬂwhistering a 3-ohospli oi ndohe
conpound sub,ﬁéranme%éomuelcaTﬁegq&nLr%me gner, or a
pharmaceutical Iy acceptab scat nro rug t her eof ,

optional |y 993 onbi nakhiogrembpdilena pphmdnmwtcpmmnlutcgselamdé:pmalblg&uear ner,
to a host iamgﬁﬁgoﬁhereof I n one enbodi nent, the 3- phosnhoindole i's

of Forrmula A, in a ther t he co aonni |l is ul a B,
I'n one enbodi REAHT FPé“%*“ﬁ?PB@gﬁﬁﬂg@ ER R léd’F"ﬂm e (T')FP%%%“‘“’ &id
enbodi nment , mP‘hlé‘?%ﬂfphd)sphm ndole is of Formula D. In one enbodi nent,
the 3- nhos mﬁﬂﬂlﬁlﬁ-slcﬁo@h A6 TR0l 3-y1)VBRESD By ah N En RS QLR - 9henyl:l1(S)-

st er eocheni sho%/ lumcaElld osrtus i S it, 1n another enbodi nment

aphosphoi t af 'S of“Forfina 1, with S absol ute stereocheni st ry, In
a further emdﬁmmtlcalbh@e@bphds gﬂmﬁemydfab,@stmyprmumﬁerdsbr mula ill,

Wi th R absol ute stereochem stry in another enbodi nment, the

3- phosphoi n#§?@ | s‘nF@pm@ndlwtb%eﬁompmhéadcvdmuq(h)-ﬂ))ainﬂMIM)e; the

ster eocher slahYomekiGhiy phiBborhfbufd SpnEREMARNL AL SRR, fgYe Deen

di ag, nosed by ea: nu: nem of : y titer | OShSt
Si nbOdi Met t ester pmommm hr *‘amm °’8‘Eﬂﬁ‘1“?ﬁn§t 1By @\*ppow apcecﬂsrtgéo 6F)-BY event

synpt ons of (I)Q{IDﬁs (R GRS B ichINTP4Re oh@hing b?@ﬂﬁn&)ﬁ%%ﬂ%&cebtﬁbl@saﬂo st. In

yet anot her nb iment the.c unds .di scl osed herein are
adni ni st er eff toi o 101 F"q"f‘@'g’p enaptmerically PifieEpMACIRG {PMPYiERs SlEest i n
anot her e nbai:uburﬁem by veighoufnick desﬁbndmdteﬁanacmt\and 3 nagabis 0% byl GeigRSIf Gieant

forms of H ééher%nzglt BIHH'%I' gﬁgg as{%w%)horgé?ﬁ etalga% %bizveis I (f:.{;‘gnaggl nst

currently appr oved antivi¥ i nst
a drug-r esi gatrmef gdst mﬁﬁwl%bmwelglhafﬂlaoth@mmr@mthert s pr odnt g

or pharnace 0
B L e
i cromol ar EHCEAPY Heigh ﬁ“"ﬁ"‘hﬁéﬂf’é‘mloﬁﬁhﬁf stefeRisorpRYE): ﬁﬂ%ﬂstabemaélS%

reverse tr aﬁﬁ%g}%ﬁﬁ@ddsigmtm énsuno&,mlf)m&t ﬁ;lalx@ym @ME&# Or thi findyo! ar
Concentratlo% % ai nst mytant HIV strain of |ess

y
5 2.5 1 of faﬂtﬁrrﬁffa?ls0n1'~‘ﬁs)oﬁé‘=aﬁaw Yive by wag*éﬁ%aii%mted the HV
mut ant st r abmanti@agr draemedt sidut mnyawugm@me olthir@iBmator biyed ne 103 -3

asparagi ne gnd/or tyrosine 1 - ste 001 unds provi ded
herein can %eere%{?g’ é"s(éeag??%llab?"ﬁéglo/? g’éﬁ%/ly?t? the 8”{ ‘%ﬁ“?"t‘{gg’ﬁre"r“ gt tuest
transcri pt ageuldt byweight bfthy otherenaceoera tiger steaosmm(é)abﬂht @t eam ng

gg:rgggf]d T;‘@d%'{aﬁf%l 3?{5163% %/I ngg{e%en%%g%p i Hyo ?fé’té aﬁ@%crl bed
in this speethfriegantiprosr oomhwstereomme(s) dorériaimreatbodiness ﬂ&yelghts(awrbaied

those skill %n't&al%%hﬁff‘ihe%mﬁ&h& H V conmpounds. Conpounds can exhi bi t
an EC50 of |ess than - [00112) in one enbodi nent, the
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of H'V, In another enbodinent,f adm nistering two or nore such agents
in conbination and/or alternation produces an additive effect in
inhibiting HV replication. 1001. 1411 n certain enbodi nents, the

i ndol e 08 ound is adm njstered in conbinati on and/ or alternation
with ond0&H] nor Blsamrpvifgsiag copRaupss thl meayan §1YHICSA Bfertid orpspdrug that,

i nstanc j - LAk j | .
admi i SCE0 A EALADn STHAGLAFRE and Byl SRR OO b oliund provided
W t h an hagénbr tehf exdibirsehd desirethectivigatsent of HBV. The agent effective
for the treatnment of HBV can be any such agent known to those of

skill i rpﬁahe.aaéhticﬁnymcawbwts§m&uggfs%é.iebﬁgnn% Shd Talfbrk&ist al N
enbodi nents, the. indole conpound can be adm nistered to a host

co-infe. Wi ' 10 ' '

For the (0Bl mencompoul oAt SOME PaL Rl do ARSHE oFhioRElq M5,
HCV can uben afyinsatichiongetie riaipiant it oapddissel pbvidkigldirettty bhigdaedtly the parent
1001. 15] n certai n _enbodj ments, the indole conpound is adm nistered in
combi nattPBROWHE B hahexEbiActigHY Witlh Werrlishtinge@mpesare pharaceytcally or

nmet abol i : j 4 % : e any
agent K Rouno Pty B8Rl T e TR YRS P DSBS

cyt ochr anepRdilsairan peodrgghidseed fhxargbbar tiie ageifictian & ¢dsstlbd 8d herein,
in certain enbodients, the cytochrome P450 is cytochrome P450 3A4,
cytochr & 6o LE agFePEAM OloRR A richpa 5 esten anyidm salbal #n estirbiakafiapgmide
t hera ' .o t dm ot .
toget por R EY Eick) fe Ao Bl iPw S PRIMSHRALS Sl HloVidRs 8 Bt
each agenmpbsndadfithaistetied edifehiiyns likeehdosagefeihd bidepiatadipn of the
absorption, inactivation,. and excretion rates of the drugs as well as

ot her f SETBPWHHYHNG PSEhiBSEEagne 8 activithoyHhaparessorpeuldl ues al so
w il vag hth th & B l.evi .. FOr
oy par (UL | o R dnflee M FARCE AR O B eAle Y W@l o
shoul d bemadijnsinechicy gre compeuhdcareet a thenteréediatdf phdrmacadicuil duedepablt,
t he professional judgnent of the person adm nistering or supervising
t he adm'aﬂﬁ? Bhprein SgI? rgtfas gk?djtﬁé‘é? big lqaﬁﬂ‘qﬁﬂ“tbtotﬁ&er@‘?léﬂ%@@eﬁnst

typi cal -1 ons r )
used” Y RESEH SR SRR L PR GRed (R0 RARAPATect S EE R on
the ef f icacyhohpamcai iseHl Voosugf thavotbpoypidebbthgedeseatignanioad Aty salt that
rest ored b.g gldrggm ster|n Ehe. comound in c8nb| nation or alternation
with a $EPGRE® ﬁ'ae‘i)@P EHIVY oT4pr GamRoYndT RSB e G REand dhal selibys
di f f er eptini ahi e i |nei.pl e drug.
S i R e R A ihRh fof IRIRINERE! C,

r esi st aRbarmageatmallyiapggpeablly wadfs amdudertjomskocedfrech ghaxmaceafifabt &ceptable

Al ternativel .t he phannacokj netics, hiodistrihuticin,. or.other

par anet BRI r Rl EaRE 3008 A bGPl e acaieay eI GHF Gran bases also
al t er natin@Msé RGEAPYs foFekaB¥@NRI B siliteshSRdR): parifeRNAt OB odldgs
may permt an individual drug wwthin that conbination to he given at

a dosagétpistier hupel shks” anpultendsd feraigelusied hatven the drug is

i 11 or N8P G R RpPRL G PR b E ol EIF Bros AETRTOTR phBhack il
t he possidebtableyinb@anRlr @Rtdndt ba3ss drtedcidsehdEmtde M%Sf%@{ ;ﬂ{ethdlﬁgﬁjf&ﬁate,

conbi nations of drufErs could | ower or elimnate undesirab
si de- ef petats, qivem Mmalonpigl tartanateg swisinage, Sendoptepprsvdiiaianglpha-ketoglutarate,

antivir [.hatio her a is.typically preferred over

a1t er naf R dsaros A, RIRARLpisdi Rt B utieb R R B A Bralae,
pr essur esmldre, kil yVdt, usifate] dB¥nAgeiitiatel BOABbhat afylipseadate! fiydNsBrofade,
the treatnment of chronic hcepgatl tis have been made avail able

conmer ch#fioipdidsy cabaraty, 2ad paesheric apid shiés. rirgicoks embodineut isghe mpno- or
avai | abldl(a-h%}%ﬂxg&le §arl1t(?r5a1fi)tlagl% s];f?sr inlc_:%'e tﬁo%e eréll\r/eed i%r}{%ﬂ&ll’ior;[me Ialrslssu&r é)sduced

potassium and sodium, alkaline earth metals such as calcium and magnesium, among

numerous other acids well known in the pharmaceutical art. Pharmaceutically acceptable
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10012i G her fornms of interferon al pha as well as interferon, tan and
onega currently are in devel opnent for the treatnent of HCV. Exanpl es
i ncl uded here are I NFERGEN, interferon al phacon I by Mo: TN: | une;
OMVdNI FE a natural interferaon, Vir BUFERON by Huna

Genui neP ”é&?cré tQQEB‘EPPOW%tB?tf‘éWF?){’SB?%? exwpl&ﬂa@s&mﬁ@r omlﬁsarai in

i nterfegan, BMt‘l‘?é

Bi osci ences 8 I nter élrr]lg()? hﬁ%&@é@%ﬁnﬂﬂ %ﬁég{e%&‘% rOd une.

[ 00122) anhInh:\/dolmp@)uﬁds BaChave b&ﬂbgleﬂgslﬁbrle prbteZtnﬁlg Efoupz oh ¥ furﬂﬂional moiety of
> ar boxami de) isS a sy non-interferon inducing, broad spectrum

anti vi r Al€ 35tve 6oRPenda sl wsings kit ot haded {hen st @ and meoiety; Pao@ues Trhile

|\/b k [ S Rah

b, Mot et i be Rl Rl BT Blated el RGEL o iyl OE LTV
't ban ridohicsosilat, &rydtmy@damﬂgfd}‘tﬂ)émdalE@l&tedﬂdéa(lj@dﬂ(:dé:byla?@adéﬁylated
severa es_incl udin viviri dae r vi s
2000, G@EI&IQ)P ?RNQGP'IB@??'O’D’ Mt@l@@f%‘%&)the 3HE S RP K i ¥| n reduces
7 St P 06y MR B Gy

Gast r oentetirkoloogyin thd a?szﬁlilexSitfbﬂé by Téutsing alsbﬁ}cierntlp basionempsuriiduch as an
effective.in reducj rLg rag_ém levels, In addition, ribavirin ha.s
si gni f i CEMAWER aspiabiecd apsiiga physiglegipyty aé’ﬁﬁ?tél?}éémpﬂf A bmetd gl

agathStZa é(?a%éﬁgrgﬁoggﬁopﬁﬁﬂ;@o@hﬂ%’a?ﬂe eﬁlﬂ? re rren o &I@/.S&i%éflg;iq'he

current caanyglaratidsfal warae bfecmadehr onic hepatitis Cis combination

t her apy @ th an aI%\P allll nterferon and ribavirin, Studies have shown

t hat mol llga} i ent SNAFr rﬁltmgmxp@ghéﬁgsqlgpbbeayp Hichgle those derived from inorganic
interfe n

¢ hor apy&%ﬂ;» %h%g%g@ﬁ;ﬂgy@ h?%p'g?g{:] la(gpbw&ﬁo%lé nay shﬁuﬁg F:ﬂh, HosBibric

nmonot heaapiymtm apid, fhiil aininis adeé, @ftfort sidleve lsaips iﬁnﬁemgqth@@mmﬁédxw such
t her apy, cluding isenolysis, thi-like synptons, anem a and fatigue
(Gary L2 W@mpifgéﬁfmlea%%fé HE aridh B agiigloe; afape agdspeyiniciased, gylic acid,

Combi na
PEBETO %a@(%hé% %ﬁgg&}ﬁﬁ%éd&{%&%%ﬁﬁ%@éﬁg\ggf bR BQJ"E“%‘%P%%% 86,
Cor por applyglutarREBEN Lo siar awd, Smnmneslgfdﬁmmd ataplthalahssolfhais abelen

approved in onbl n (reconbi nant interferon al pha-

i on
b from S2MHER3 ﬂlj’déb‘fftﬁ woﬁ) et E‘H@c §°‘F1‘E®&§\“€“{PB@WF1F|@€F iadter f er on

Cr bat ot VRO prikid PR e L AR e rBBE D APREAG b o, "°
WO 01 / 816859, pM@s02 324 dotlian dfirMB all3/i82 4461 matals duoh 8¢ betcing 450l podabiug)
ot o TR BT bt B 1D B
99/ 1519§ulta“9@ &% M tﬂ&rel Qcpf fh?'tﬁétafédtlohg dé‘ﬂf 5 zﬂﬁr bl@?ler d%&q

Inc., also disclose the co use o pegy I nt er

and ri balasnminwm{ @rwiti Ceatibn ﬁonheubfrommrtarmae,manh as @aaﬂ)amm@ devel oprrent
of new i Vi r agents f reatln flavi |ricl_eteinfeti ns,
especi aa{ﬁf}nwd?t%}'lﬁpg&%ﬂg%ﬁ)ﬁ W?@f:f‘é‘&‘flgl tptERethp| ‘(‘ﬁ}{noa’r“é“’lﬁ’ﬁa@ry&&é&é{”@?ﬁmnt :
Speci fi g1drBhebi ubste it ' |

and pol yrrerr ase are %e|lﬁdh§¥3g?{e°'sy8%#‘ﬁegs ‘”ﬁgtcwﬁﬁ}ag?'?Bg?%%sa'{aﬁédi%?&h
repl i cans,dor eadawleiraezntweamgate sakbstl gated and | ncl ude drugs that bl ock

roduct | FI CY ant rom R | RE bitors), dr I hat
Br evgnt 'l@ﬂg%or mat® @PE‘IE‘E ﬁi} o= %{S er@:ﬁj‘? 983%3917’ ?\t 15
I nhi bi t fHesbolidd\@s., h?%lﬁ'e@%koﬁ@iz’éb{ of eQanlugM inhOhGetd HrRUCdndHuRY of

bl ocking its recept ors, ‘and nonspecific cytoprotective agents 'that
bl ock cé&lel prewphmyemtmmsél&ypwl errenples eff prodifuge incbrle chvmpeowdsrthatriabvecul ar

vest | BaRstCdSls ahisFEne SPunY ot SR bl bt ot eSisfd SRt ca

Prodrugs include compounds that can be oxidized, reduced, aminated, deaminated,
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b. Substrate inhibitors that termnate in an electrophile |ike
boronic acid or phosplionate are shown by I:lint-Is-Brunet et al. in
WO 99/ 07734, c, Non-substrate based N33 protease inhibitors such as
2,4,6-trihydrosy-3-nitrobenzatni de derivatives, 1(1/3-4082 and

RD3- 4078 (the former substituted on the amde with a 14-carbon chain
and the latter having a pam phenoxyphenyi group), shown by Sudo et

al . Bi ochem K»‘y@l‘oxﬁﬁgd @élﬂ%)é\ﬁécﬁphydmed g&{;ﬂ? ZJ@ ﬂyliéﬁ geaﬁ(?%feé ?th% 631,

Antiviral dieanisir

a phenat i t hf8R& i H’ewéoryme@@n‘ygré’apwhwweétto Bipduct e T qmogw@n
Letters, 19@6104]37[ 7328n<£a3m6d1ﬁle1§6%19e Rab6dds rbﬁ@éd%l%ﬁk pbdsBB bk Gall dhi3GUS
Pen/ el / Bum 2 al Puni c!s;cl osed g‘% u.et al. in Bioorganie and
Medi ci nal iﬁ_ t§ aregieipgoligedis-a compagpdihat exhibils SHbAFEHHI ecul e i sol at ed
froml eech Q’ é)sr@fljéeg?g'g‘% m | ometer potency inhibition against

several seri like S. griseug proteascs A and B,

o coher it .g BB e MRl o s B S B R ae erbirH Y30
for i nhi bi t Higiniectiogin dvdopreprisidasisidsterag agagivirdyetfeitne/SnouRaifa No.
6,004, 933 t&nﬁ@ﬁdd‘a@scﬁ;edﬁkrem, udﬁ)érétct]ﬁhdlﬁd bfﬁb&&&l%w( ﬁo?&oggogﬁég 1Y% ©

virus NS3 protease or R L Ry R
substrat es UREMsRECHy a@ﬁ@%%ﬁé&@é’raﬁ@lﬂéﬂlﬁ%f dde mmpousls ghobhm in US,

Pat, No, 5, &%mziﬁnﬁ@phlh@wmeéuya&c stafle caRRBbAdilGdnk.ON enzynes to treat
I|CV as dis 865 to Rea/es et al.; 1.

d
Pept i des su@hﬁgg l{%%*mgé’rﬁr‘lmé‘pﬂF'B%gg@iuﬂﬁH‘ﬁﬁ i sprapayp gdestown i n WO
02/ 008251 tmclﬁzbngmmbmmebﬁmmanamoﬂmppummv mrmaﬂedcaﬁm and WO

02/ 008256 t I tripe e, i.nhi bi

di scl osed |ér%°e8%g{g s%g%tegﬁb‘g, 4 eﬁpf‘b'ﬁg’etrganﬂ'g %\’ﬁ‘g‘ lﬁﬂﬁl° 1[@8 "*ofg“‘é)‘mfo
Boehri nger inadeitivetionainid cmiwmﬁttlg@ﬂlmmmmhmbcem aurﬁqom diloent k.
Diary' peptigasadl i ke serine protease inhibitors of HCV as taught by

Scheri na Corglso ration in WO 02/48172; |. imdazoliclinones |ike NS3
serine prot Q3T i pie bt rppundcescabed dprsinl GeebarmpceiRaDICEOR stlp

Scheri ng COé’sﬁﬂdSn’:}iddﬂig AL, MO0 2hAB LR drQ nﬁalbaﬁﬁeﬁl foPMSlSmApd00; and m
FI CV prot ease nhl gﬁ{,s as tau ht by Vertex Phannaceuticals in WO

08/ 17679 ankolyiot PLPally Ryjeren SadptusPopsigneanintion it o

Thi azol i di nxéladamumeailwesptibﬂwdm&hm\mh@t asdfprolidddl bi tion i n a
reverse- pha | th an [4A fusion

substrate, QEIO eﬁlgns 1m%1t 6methl8 of g%a6rTmH)r ﬁroglg/{axm otlﬁ?: g% feftﬁg ina §‘§St is
di scl osed bgfowmcpwrém adpnisifing @-plammm@@smw@@ shstaptially At Iforpro€ are

Bi ochem Srr @antib87or a 2kbfmac@h i@ G ceptable salt, ester (H@}olhﬁé’-ﬁ&edf i dAbIty O SrBSation

di scl osed bwltﬂ% ;@l%a&&hcglly aLc@ptgle%amg'ato ‘a host in nee’d crebt3 ]':?n one en%omm the/ 3:§ 6554,

phosphoindole is of Formula A. In another embodiment, the compound is of Formula B. In one
embodiment, the 3-phosphoindole is of Formula C. In one embodiment, the 3-phosphoindole is of
Formula D. In one embodiment, the 3-phosphoindole is of Formula I, wherein the absolute
stereochemistry at phosphorus is R. In another embodiment, the 3-phosphoindole is of Formula II, with
S absolute stereochemistry. In a further embodiment, the 3-phosphoindole may be of Formula I, with
R absolute stereochemistry. In another embodiment, the 3-phosphoindole is represented by Formula

IV, with S absolute stereochemistry.

[00109] In other embodiments the host can have been diagnosed by measurement of an

anti-HIV antibody titer in blood. In another embodiment, the compounds are administered
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the core coding region of the RNA, as shown by 1\4. At et at,
rol ogy, rlE_l_lQQf?lnf@ﬂQnmfﬂé‘Q Gal derl SI et at, |. of Cellular

Physi ol h| b| ors .of ES- de nt _translation

eoda 4101 1R @B iermlodingd R Rufe @naRRa ey ofBgs daindt 39{1%-

0) R bozykRes s b Ay ARl tﬁ@é@xlﬁ?ﬁ &depfbed érey&%en@éa%m\mu&ém

Macci ak et at. Hepatol ogy, 1999, 30:abstract no. 995 Barber et al |

in US. amovedmnv@aloheams ahhbe ﬂnraﬁﬁe‘facevn)aagamst wdsig- &,88&91 266 QiﬁdIIV”

5, 610, 054 Nuc| | ding the
! cosT6E T A ETOL B Ao PO e Py Cu AT aSeP Ul eBL e gains

hepaci Vihe Y$uta@Straihonth EYEC%GJ‘gXoﬂQ%ﬂKBE%ZBrbﬁﬂ{a%e BOVAB, Qé/o%?}ﬁl%mmal)
01/90121, U S.. 6,812,219, and U S erearret od Is
di scl osewhcturatione It peacmbedimeti, Iﬁupam—muci;eo@),depe@tsaﬁramerlmamt/mhlbltor

flavivipgtisinfection umans and ot her host ani nal udes
i SPEVRED iR G S AR ar OGP O b geRet f ofi Ay ain 9F el

4) - - br afhedndatelPs 015 Pr ork0. ] BHERRIAIER 0RE nén-RARAIPERMiGRRY the HIV
accept abl'e saat }g? derlc\)/atl ve toher eof , oadrrln ni ster ed el tlhel?e!tdeolgle or
in conbmnm greiphaga mmhmanermtasmmvahtletgadysm@pm onhadplasagine amd/or tyrosine
phar mac tical EFX acceptabl e carrier, Nucl eosi de anal ogues are al so
1011El d ©32153 and WC) 01/ 60 315 to Bi oChern Pharma, Inc.
(now Shjope1 B Oﬁlﬂﬁ@ouhﬂ§gﬁomd\é@h@1?efupé‘iﬂ€e5as§&§ed@r%pﬂ@@z fiHiBd r¥rse
Merck & Co. /18404 by Roche; WD 01179246, WC) 02/ 32920,
and WO 021s48018S: Fotivity Phamms@dmgl_todtapdaﬂdcmmgmmts Tloe Swotrym of
Uni ver sj Sessi.on V Heat tis.CVir Havi viri dae, .Mu
| nt er na?caxﬁglex%ﬂ?%&ﬁ‘@ep Sulft ?Qﬁ"?oé'l" h‘e@eé%ﬁ"lfﬂed é%?‘ﬁluaé‘?g tBpgpgmpotind in

Savannadsayehlesdtibedaltiié gebciTitalig0st #88 ofiRk cohfittahdry a8y o knd¥aY o VLS
descri bed by Elnrup et al.; nucl eosi de anal ogues as possi bl e

|1 oV RNkiMeshini et ehantiFaV canghtindsy Gmapouatls edn exhipit AVESso qﬁriasehenl the
author renorted that 2'-nodified nucleosides denpbnstrate potent
i nhi bi tor(/E activity in cell-based replicon assays; the effect of

2" - modi fooetnuch eas bElBsdiatent, kK e Ry &fRhé Tahb@holas|ds ePRBRMQYbyInsen
et al, (ft. A76) 12) M scel | aneous conpounds bei ng devel oped to

treat fﬂl\é\?PWfl‘F crpxEner ifkedti monEOsTaeH @638yl PI%SEDS/hf Betd Qfﬁsaqyns expressed

Pat, - v Herosd oo AFHIY, Pl S B DR R o 55! kR
ant i oxi elabddimient Udefal fdraipecilio exPerBehts] e fic&dyajfithd &iti- HlIVQbmpound is
squal eg(%,il amant adi ne, and bile acids as shown in U S. Pat, '"No.

5, 846, JEACTBNLRKE “aqug red wt{omé@ap/hcyﬁb%tb@@wesub%wﬁwewmf@ommund
Pensenai EsafoiooHRE ool nfber oMfhe BN RRR RcBie B uRlmehods se

Di ana eﬁortalmore;pamoalaalgllﬂreierbyvﬂl"/ﬁ \(1&5 tas Edsof thbesdmpourldd. IPedme No.

. 5,496,546 to Wang; et al di deoxyi nosine as found in U S
Pat, NO‘MEOPEIEEE %Q?‘P&ﬁa‘ﬁéﬁé'&‘h‘tet‘“ 5Cso R thimbinps less thes | g eneislaited

in U S. nf%?nol;ﬁ‘%mo%né%%?ﬂoto Col acino et at; and plant extracts as
shown in US. Pat, §37257 to Tsai et al, and U S. Pa:, No,

5,725, Sé ma% or }Alternatlon Therapy

[00113] In certain embodiments, the indole compound is administered in combination
and/or alternation with one or more other anti-HIV agents. In another embodiment, the

administration of two or more anti-HIV agents result in a synergistic effect in the inhibition
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13) Compounds cunently in preclinical or clinical devel opnent for
treatnment of hepatitis C virus, including: Interleukin40 by Sobering
Pl ough; 1P-501 by Internet:ran; Merinehodib (VX-497) by Vertex;

e L W T
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acyclovir as s oyen in
associated toxic effects. Alternatively, the pharmacokinetics, biodistribution, or other

parameters of the drug can be altered by such combination or alternation therapy. For

example, the use of a combination of drugs may permit an individual drug within that
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1901311lin certain enbodi nents, the hepatitis B agent is FTC
(Emtricitabine, G| FMAU (d evudi ne, Pharmasset; Levovir, Bukwang),
tenofevir (Viread, G lead), nonoval LdC (Valtorcitabine, idenix),

DAPD (A I S. C), : [
CPr adet SUND R okt o aBC AR Mo BHARE rrRlen SERLOE 1
( NOV- 205dmiNg(@t@89 a mShbtHefibe(tid. epigéwvBe, wiHdn Bugpihar tﬁ’tdgeﬁlﬂff@érh stages of the
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also disclose pegylated forms of interferons and their use, such as, for example, U.S. Patent

Nos. 5,747,646; 5,792,834; and 5,834,594 all to Hoffmann-LaRoche, Inc.; PCT WO
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( Roche) [00RRE] 31&1ba‘(1pg;ﬁt1Bd9+nhgﬁoambl+lnhi4mlmyl -3-carboxamide) is a synthetic,
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aspar g, T PTG BBRRERAS SRERRE b ia pusicpside parloe SRlfp4S: BF dPde

am de) ; nﬂ@Wlf&olmeM&cBIr@eﬂ i1Yetdy1989, Editor: Budavari, S., Merck & Co., Inc.,
i -4-(lsopropen I oxycar bony0- 3, 4-di hy dro- ui nosal i n- I -)thi ene)

SC- 5215Ralvigid Mg et 104t Sqmals[ S Ba M &, 7@8@08@9@&%948551 étr}lct(mall@ ribavirin is
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Al benzodi azepi n-2( 1H) - t hi one) (Janssen Phar maceuti cal s} 82913
((+) - (58P123]s, Ribavirin reduces serum amino transferase levels to norma in 40% of patients,
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but enyl %he ejcugre tmdﬁtdaﬂfmaéﬁ for ¢hyomist hﬁpé%‘r‘ﬁ ddg combipgtigptherapy with

(N-[4-chl %)g? rqh'tér?er et by h‘%il udhes hane shown ore atlergg )w1t}\}éCere§)£§d
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(hydr oxy;qtdgylasadl 1pteoﬁemn—dphqzinba\eﬁ1$ eombinatior ore)apQVﬁarrt tembﬁibthﬁltmﬂ@)
XM 323 z(y xcl i C pr gqrease i nhi bitor) (DPupont Merck) %

penci cl BV runpw & inerE i B OAMREST 35 VA “ior'i‘BHleéapé’oﬂﬁEb‘ fentofdergiiscts
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fatigue (Gary L. Davis, 2000, Gastroenterology, 118:5S104-S114).
[00125]  Combination therapy with PEG-INTRON® (peginterferon alpha-2b) and

REBETOL® (Ribivarin, USP) capsules is available from Schering Corporation.
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Erntriva(r) brand eintriettabine, or FTCG | ead Sci ences _ Dr ug
Nam . 1Manufacturer be -ovir DE (TDF) generic Vireadt, Bis(POC)
PMPA eau cences ipranavir, or PA

REBETOL® from Schering Corporation also has been approved in combination with
INTRON® A (recombinant interferon alpha-2b from Schering Corporation). Roche’s
PEGASYS® (pegylated interfefon alpha-2a) and COPEGUS® (ribavirin) also have been
approved for the treatment of HCV infection.
[00126] PCTs WO 99/59621, WO 00/37110, WO 01/81359, WO 02/32414 and WO
03/024461 all to Schering Corporation disclose the use of pegylated interferon alpha and
ribavirin combination therapy for the treatment of HCV infection. PCTs WO 99/15194,
WO 99/64016 and WO 00/24355 all to Hoffmann-LaRoche, Inc., also disclose the
combined use of pegylated interferon alpha and ribavirin for HCV infection treatment.
[00127]  The development of new antiviral agents for treating Flaviviridae infections,
especially for infections by hepacivirus HCV, are under development. Specific inhibitors of
HCV-derived enzymes like protease, helicase, and polymerase are being studied. Drugs
that inhibit steps.in HCV replication also are being investigated and include drugs that block
production of HCV antigens from RNA (IRES inhibitors), drugs that prevent the normal
processing of HCV proteins (glycosylation inhibitors), drugs that block entry of HCV into
cells such as by blocking its receptors, and non-specific cytoprotective agents that block cell
injury caused by the viral infection. Moreover, molecular approaches to treat infection by
hepatitis C virus are being investigated. For example, studies of ribozymes, enzymes that
break down specific viral RNA molecules, and antisense oligonucleotides, which are small,
complimentary segments of DNA that bind to and inhibit viral RNA, are being studied. A
review of HCV treatments can be found in Bymock et al., Antiviral Chemistry &
Chemotherapy, 2000, 11:2, and De Francesco et al., Antiviral Res., 2003, 58:1-16.
[00128]  Other classes of drugs that are being developed to treat Flaviviridae infections
and hepatitis C infections in particular include:
1) Protease inhibitors:
a. Substrate-based NS3 protease inhibitors are disclosed by Attwood et al. in
WO 98/22496 and DE 19914474, by Attwc’)od et al. in Antiviral Chemistry
and Chemotherapy, 1999, 10:259-273; and by Tung et al. in WO 98/17679,
which includes alphaketoamides and hydrazinoureas;
b. Substrate inhibitors that terminate in an electrophile like boronic acid or
phosphonate are shown by Llinas-Brunet et al. in WO 99/07734;
¢. Non-substrate based NS3 protease inhibitors such as 2,4,6-trihydroxy-3-nitro-
benzamide derivatives, RD3-4082 and RD3-4078 (the former substituted on

the amide with a [4-carbon chain and the latter having a para-phenoxyphenyl
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d. Sch 68631 a phenanthrenequmone disclosed by Chu et al. in Tetrahedron
Letters, 1996, 37:7229-32 and Sch 351633, isolated from the fungus
Penicillium griseofulvum, disclosed by Chu et al. in Bioorganic and
Medicinal Chem. Lett., 9:1949-52;

e. Eglin ¢, a macromolecule isolated from leech, that exhibits nanomolar
potency inhibition against several serine proteases like S. griseus proteases A
and B, a-chymotrypsin, chymase, and subtilisin, as disclosed by Qasim et al.,
Biochemistry, 1997, 36:1598-1607;

f. Cysteine protease inhibitors for inhibiting HCV endopeptidase 2, as disclosed
in U.S. Pat. No. 6,004,933 to Spruce et al.;

g. Synthetic inhibitors of hepatitis C virus NS3 protease or NS4A cofactor that
are subsequences of substrates utilized by the protease and/or cofactor, as
shown in U.S. Pat. No. 5,990,276 to Zhang et al.;

h. Restriction enzymes to treat HCV as disclosed in U.S. Pat. No. 5,538,865 to
Reyes et al.;

1. Peptides such as NS3 serine protease inhibitors of HCV as shown in WO
02/008251 to Corvas International, Inc., and in WO 02/08187 and WO
02/008256 to Schering Corporation;

j. HCV tripeptide inhibitors, as disclosed in U.S. Pat. Nos. 6,534,523;
6,410,531; and 6,420,380 to Boehringer Ingelheim and WO 02/060926 to
Bristol Myers Squibb;

k. Diaryl peptides like serine protease inhibitors of HCV as taught by Schering
Corporation in WO 02/48172;

l. Imidazolidinones like NS3 serine protease inhibitors of HCV as disclosed in
WO 02/08198 to Schering Corporation and WO 02/48157 to Bristol Myers
Squibb; and

m. HCV protease inhibitors as taught by Vertex Pharmaceuticals in WO
98/17679 and by Bristol Myers Squibb in WO 02/48116.

2) Thiazolidine derivatives that show relevant inhibition in a reverse-phase
HPLC assay with an NS3/4A fusion protein and NSSA/5B substrate, as demonstrated by
Sudo et al., Antiviral Res., 1996, 32:9-18, especially compounds RD4 6205, RD4 6193,
and RD-1-6250 that have a fused cinnamoyl moiety substituted by a long alkyl chain;
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249:108-118;

7 Antisense phosphorothioate oligodeoxynucleotides (S-ODN) complementary
to sequence stretches in the 5’non-coding (NCR) of the Flaviviridae virus s
demonstrated by M. Alt et al., Hepatology, 1995, 22:707-717,

8) Nucleotides 326-348 comprising the 3’ end of the NCR and nucleotides 371-
388 located in the core coding region of the HCV RNA, as shown by M. Alt et al.,
Archives of Virology, 1997, 142:589-599; Galderisi et al., J. of Cellular Physiology,
1999, 181:251-257, _

9 Inhibitors of IRES-dependent translation as disclosed by Ikeda et al., JP-
08268890, and Y. Kai et al., JP-10101591

10) Ribozymes, such as nuclease-resistant ribozymes as shown by D.D. Maccjak
et al., Hepatology, 1999, 30:abstract no. 995; Barber et al. in U.S. Pat. No. 6,043,077;
and Draper et al. in U.S. 5,869,253 and 5,610,054;

11) Nucleoside analogs including the use of branched nucleosides in the
treatment of flaviviruses, pestiviruses, and hepacivirus, as shown by Idenix
Pharmaceuticals in WO 01/92282, WO 01/90121, U.S. 6,812,219, and U.S. 6,914,054,
where a method is disclosed for the treatment of hepatitis C, pestivirus and/or flavivirus
infection in humans and other host animals that includes administering an effective
amount of biologically active 1°, 2°, 3’ or 4’-branched B-D or B-L nucleosides or a
pharmaceutically acceptable salt or derivative thereof, administered either alone or in
combination with another antiviral agent, optionally in a pharmaceutically acceptable
carrier. Nucleoside analogues are also found in WO 01/32153 and WO 01/60315 to
BioChem Pharma, Inc. (now Shire Biochem, Inc.); WO 02/057425 and WO 02/057287
filed by Merck & Co., Inc.; WO 02/18404 by Roche; WO 01/79246, WO 02/32920, and
WO 02/48165 from Pharmasset, Ltd.; and WO 99/43691 to Emory University. At the
Oral Session V, Hepatitis C Virus, Flaviviridae, 16" International Conference on

Antiviral Research, April 27, 2003, Savannah, GA, 2’-modified nucleosides for
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hepatitis C virus, including: Interleukin-10 by Schering Plough; IP-501 by Intermneuron;
Merimebodib (VX-497) by Vertex; AMANTADINE® (Symmetrel) by Endo Labs
Solvay; HEPTAZYME® by RPI; IDN-6556 by Idun Pharmaceuticals; XTL-002 by XTL;
HCV/MF59 by Chiron; CIVACIR® (Hepatitis C Immune Globulin) by NABI;
LEVOVIRIN® by ICN/Ribapharm; VIRAMIDINE® by ICN/Ribapharm (Valeant);
ZADAXIN® (thymosin alpha-1) by Sci Clone; thymosin plus pegylated interferon by Sci
Clone; CEPLENE® (histamine dihydrochloride) by Maxim; VX 950/LY 570310 by
Vertex/Eli Lilly; ISIS 14803 by Isis Pharmaceutical/Elan; JTK 003 by AKROS Pharma;
BILN-2061 by Boehringer Ingelheim; CellCept (mycophenolate mofetil) by Roche; T67
(B-tubulin inhibitor) by Tularik; a therapeutic vaccine directed to E2 by Innogenetics;
FK788 by Fujisawa Healthcare, Inc.; IdB 1016 (Siliphos, oral silybin-
phosphatydylcholine phytosome); an RNA replication inhibitor VP50406 by
ViroPharma/Wyeth; therapeutic vaccines by Intercell and Epimmune/Genencor; an IRES
inhibitor by Anadys; ANA 245 and ANA 246 by Anadys; immunotherapy “Therapore”
by Avant; protease inhibitors by Bristol Myers Squibb/Axys and Corvas/Schering; a
helicase inhibitor by Vertex; a fusion inhibitor by Trimeris; T cell therapy by CellExSys;
polymerase inhibitor by Biocryst; targeted RNA chemistry by PTC Therapeutics;
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Technologies; I1C41 by Intercell; SCH 503034 by Schering; G126270 by
GlaxoSmithKline; GV1001 by Pharmexa; R1626 by Roche; Maxygen/Roche; R7128 by

Pharmasset/Roche; Belerofon by Nautilus Biotech; Alinia by Romark; Bavituximab by

Peregrine; Oral Interferon alpha by Amarillo Biosciences; NOV-205 by Novelos; CGI
5005 by GlobelImmune; HCV-796 by ViroPharma/Wyeth; HCV/MF59 by Chiron
/Norvartis; EMZ702 by Transition Therapeutics; AVI-4065 by Biopharma; ANA975 by
ANADYS; MitoQ by Antipodean Pharmaceuticals, Inc; ACH-0137171 by Achillion
Pharmaceuticals; R1626 by Roche; XTL-2125 by XTL; XTL-6865 by XTL; BLX-883
by Biolex Therapeutics / OctoPlus; DEBIO-025 by DEBIO; and UT-231B by United
Therapeutics; and

14) Nucleoside prodrugs as previously described for the treatment of other forms
of hepatitis, including 2’-deoxy-B-L-nucleosides and their 3’-prodrugs for the treatment
of HBV as disclosed in WO 00/09531 and WO 01/96353 to Idenix Pharmaceuticals; and
therapeutic esters of acyclovir as shown in U.S. Pat. No. 4,957,924 to Beauchamp.

[00129] Other examples of antiviral agents that can be used in combination and/or
alternation with the compounds disclosed herein include, but are not limited to, agents such
as VX-950 and interferon. Interferons that may be used include Schering-Plough’s alpha
interferon-2b products, Intron® A and PEG-Intron™; and Hoffman La Roche’s Co-Pegasus
and PEGASYS (pegylated interferon alfa—2a).
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Processes for Preparing the Active Conponnds [OVR An naple: 0, genera
schenme for the synthesis of phosphoindoles is provided in Schene 1.
Gonorai Schnfr for Syt hess Phosph0| roI Ckeo Seen 1 10011t The
Synt hesis—involyv Ual.ll::lll. teeted—indaie—% 1 H
i ithiat %6%‘2{93 (Q%S/Vm exam%fﬁ@&@?cj ithitttn, fol l owed by an
appr op. [dgit i ATV ud g I'chl"ot oghosphite, to give
a P(11) [int éf%r}'ggpg?{el %ﬂ Ht?e Dart| a Fvbﬁf?/g%lol yzed uUnder acidic
condi ti ovils/-200 G Medieir)l1. - BaospliPhdrataese®), Step ii
pa||ad|1n1ha+nlu7nd pnnn||nn reaction-between—indrfi

2 and i §89c,7|5f\ﬁ%?lff'o?‘h¥%)l e |1 Revepeidbrytedsarpicat i on f
ESI Ci kt ate ester —and
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i - bwoxi u}wa’nﬁc((}smﬁt er-tet BMS/-stM}r(EMSJ) ves accegs to the i ndote
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base, iBPh@W&p/W%M% for nBRKbiﬂ%ﬂ‘rwgedetPherm) nal |conpound 7,

[1t0191;; A-second UAchlaly """"" re—foer—the ojﬁthGSiS of
phosphoj ndoks is provided |nT§§$Z%@TZﬁ‘ nera Schenme 2 for Synthesils
of f Phosphoi ndol'es ; II I2XE3 B (Tahox P11 6- F 6 Ne, Bt RZ H SOPh,
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e fi-phosphinate

romethyl to

m

COVv6., [COPh, BQOO Hydr oN6i s
UK-427,857 (Pfizer)
[00140] The following drugs can be used in combination and/or alternation with the
compounds of the present invention.
Brand Name |Generic Name Use Manufacturer
Name
Abelcet, Amphotericin B, ABLC |antifungal for aspergillosis |various
Ambisome
Bactrim, Septra |sulfamethoxazole and antiprotozoal antibiotic for |various
trimethoprim Pneumocystis carinii
pneumonia treatment and
prevention
Biaxin, Klacid |clarithromycin antibiotic for Abbott
Mycobacterium avium Laboratories
prevention and treatment
Cytovene ganciclovir, DHPG antiviral for CMV retinitis [Roche
DaunoXome daunorubicin-liposomal |chemotherapy for Kaposi's |Gilead
sarcoma
Diflucan fluconazole antifungal for candidiasis, |Pfizer
cryptococcal meningitis
Doxil doxorubicin chemotherapy for Kaposi's |Ortho Biotech
hydrochloride-liposomal |sarcoma
Famvir famciclovir antiviral for hé-l;pés Novartis
Foscarnet foscavir antiviral for herpes, CMV |Astra
retinitis Pharmaceuticals
Gamimune N immune globulin, gamma [immune booster to prevent |Bayer Biologicals
globulin, IGIV bacterial infections in
children
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Schene 2 [001911 This synthesis involves treatnent of the N protected

indole 1 with nethyl

phosphiriate under mld palladium catal ysis

conditions to yield the indole H phosphinate 2. Step ii consists of a
pal | adi um cat al yzed-—coupling reaction-between-i-ndoleH-phosphinate 2
and t odBeanddianeni t [GdnericlNamg dr ol ysi sUssf bot h t he, ear boxMﬁmlJa@gwr
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pot assiW tertet dr.ofuran, Qi ves cess to
the i nddi'¥%eid S. dﬁ’fF‘Pf‘éﬂon Efg ution J?%‘I’Fésé?ffﬂ?]?’onaers Sf HINLsi ng
a chiral base, folllowed by ami de for nd¥P&#isdFfords the Iilma/ conpound
7. [001 exenplgsabgol er native r qi.gapa fitd 1B& Synt heskgx e
phosphoﬁ%r@gs is shown |r(1) Schene 3. éﬁl’lﬂatl ve Route fgﬁ Sratonies
Synt he ondoki-s S_enanti ('] ner rnr‘\lr‘l nrl\ Sel b-l 3
1001931 Afegatd er nat i \neegsytnilhestate i nvol et amtlmoweighmg)ss’f Rriprob Mectreci
iricktile 1 with aryl 11- phosphl nat e 13 u3| ng pal [ adi um chthﬁsst
| i gand,—base,—nanappropriate sotve noderate tenperatureto
gi ve t h¥I§R&IS phoi nd@f¥2qUonEor nat i on of anapgﬂtoqqab%@m 8t g GlaxaSgithKline
described in Schenel 4. Hydtol ysis of PUlHMPpEsticgpbdkyl até ester and
N-protecting groups, with for exanple prleumpulmtteydnwanlé aQr potassium
t-butoxide at 5C in watertetrahydroli graventighves access tjo the 'Sol e
acid S i : i "I—(IFTrETS‘O‘f'_i ust ”Léﬁ chital
base, f/OIYOREY by afiieR¥Yor mati on af f FRHEVERRACSTIRL) conpatfiaz.
1001941 ARR#RYHEry ijodoci n. nanor ai tri | EnERWUETANar ri oni t r i|PBarmaceuticals
H phosphi nate syntheses are shown Ir. Myemwetedum sy hoal|o of
edoci nnatvioniirlla from di br onot ol uppoeventibn
Al dnny %bhf’eonrgamm pentamldme antiprotozoal antibiotic for |Fujisawa
Pneumocystis carinii
pneumonia prevention
Neutrexin trimetrexate glucuronate |antiprotozoal antibiotic for |MedImmune
and leucovorin Pneumocystis carinii
pneumonia treatment
Panretin gel alitretinoin gel 0.1% AIDS-related Karposi's Ligand
sarcoma Pharmaceuticals
Procrit, Epogen |erythropoetin, EPO treat anemia related to AZT [ Amgen
therapy
Roferon A interferon alfa-2a Karposi's sarcoma and Roche
hepatitis C
Serostim somatropin rDNA treat weight loss Serono
Sporanox itraconazole antifungal for Janssen
blastomycosis, Pharmaceuticals
histoplasmosis,
aspergillosis, and
cand1d1a51s
{ Taxol paclitaxel Karp051 $ sarcoma antol Myers-
Squibb
Valcyte valganciclovir antiviral for CMYV retinitis |Roche
Vistide cidofovir, HPMPC antiviral for CMV retinitis |Gilead
Vitrasert ganciclovir insert antiviral for CMV retinitis |Bausch & Lomb
implant
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tort-bufyi car BaREITTals ey ocbroRResev e B TS e AR batieihzy!

par arri et hoxyhensayvedper@iRfine RREE biddbRELPENPYEumocystis carmu gneumoma in
tert-butyl dinethylsilyl, tenbutyldiphenyisily or any N1

pr ot ect uAdBS pRHentbat t er 3 |s ei ther involved in a hal ogen- rret al

exchange, But i.thiu and then .reacts with a

di et hyl *chl o?&&ﬁ%ﬁ%ﬁ?‘ﬂ‘%ﬁ tgeérle %‘t og?‘ 8Yu‘g%i W RGPy si s,

i | - phosphi natagovhq@bnd Ne! Wed tichinfnPabt agipem ﬁﬁ{feﬁ!syzﬁﬂ\ rﬁﬁﬁﬂlb@%tl‘é‘ t4¥inii
hypophosphor ous ester to afford sanme product 4, |ndole H phosphinate

4 i's t heRcumNBE wad arminglorhierr Ypatspaetivntodtrathppsh- -swhctdtonandleh an
aryl hal i de t ifdol e hos e case of R different
From et hyl o i 58 BLhedeREy FRdSectapteRuim SiRD RSPl thstardg o
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i nvol ved in pal | adi um cat al ysed reaction wth an arylhalide to
afford ?inal égw‘gouwgayenouw; cidofovir_ _for ' 'HMEWyjrifeqtgd 1 -parsensi avith relapsing

cytomegalovirus (CMV) retinitis that has progressed despite treatment (Hoffmann-La
Roche).
. Serostim, a mammalian derived recombinat human growth hormone, for the

treatment of AIDS-related wasting (Serono Laboratories).

[00142] In particular embodiments, the compounds disclosed herein can be administered
in combination or alternation with one, two or more other anti-HIV agents. In one
subembodiment, the additional agent is selected from:

a protease inhibitor optionally selected from amprenavir, tipranavir, indinavir,
saquinavir (including saquinavir mesylate), lopinavir, ritonavir, fosamprenavir, darunavir,

atazanavir (including the sulfate salt), and nelfinavir (including the mesylate salt);
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ArX,,i! OR 13\ ...,..ik,..,...,:ic 1li">--0QRatRd catal yst, iigand
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can be preparBdiBgraOdnivAOr Bihor ralfrerHdoiN sl Agor %mt%%\ilbﬁ dadbnt s
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[00143] Where an additional anti-HIV agent is used it optionally may be in another form,
such as a salt, solvate, hydrate, prodrug form, polymorph, enantiomer and the like. The
additional anti-HIV agent also may be selected from:

a nucleoside reverse transcriptase inhibitor optionally selected from amdoxovir,
apricitabine, and elvucitabine;

a protease inhibitor which is optionally brecanivir or GS-8374;

a CCRS Receptor antagonist optionally selected from Aplaviroc, PRO2000 and
Vicriviroc;

a non-nucleoside reverse transcriptase inhibitor which is optionally Etravirine
(TMC-125), Rilpivirine (TMC-278), or Calanolide A;

an integrase inhibitor which is optionally Elvitegravir, GSK-364735 or raltegravir;
and

a maturation inhibitor that is optionally Bevirimat (PA457),
a cellular inhibitor, such as hydroxyurea;
an entry inhibitor, such as vicriviroc or TNX-355; and

an immune based inhibitor such as Immunitin (alpha-epibromide), proleukin (IL-2),

Remune (HIV-1 immunogen), BAY 50-4798 or IR103.

Agents metabolized by cytochrome P450

[00144] In certain embodiments, a compound provided herein can be administered in

combination or alternation with a pharmaceutically acceptable agent that is metabolized by
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hydrocortisone, progesterone, testosterone), alfentanyl, aprepltant, aripiprazole, buspirone,

cafergot, caffeine=>TMU, cilostazol, cocaine, codeine- N-demethylation, dapsone,

dexamethasone, dextromethorphan, docetaxel, domperidone, eplerenone, fentanyl,
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[00149] In certain embodiments, provided are methods for improving the

pharmacokinetics of an HIV protease inhibitor (or a pharmaceutically acceptable salt
thereof) that is metabolized by cytochrome P450 monooxygenase. The methods comprise
administering the HIV protease inhibitor in combination or alternation with a compound

described herein. Such a combination or alternation can be useful for inhibiting HIV
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[00151] In general, during alternation therapy, an effective dosage of each agent is
administered serially. During combination therapy, effective dosages of two or more agents
are administered together. Dosages administered depend upon factors such as absorption,
biodistribution, metabolism and excretion rates for each drug as well as other factors known
to those skilled in the art. It is to be noted that dosage amounts will vary with the severity
of the condition to be alleviated, the age, weight, and general physical condition of the
subject who receives the drug. It is to be understood further that for any particular subject,
specific dosage regimens and schedules should be adjusted over time according to the
response of the subject to the drug, the needs of the subject, and the professional judgment
of the person administering or supervising the administration of the compositions.
Examples of suitable dosage ranges for compounds, including nucleoside derivatives such
as, for example, D4T, DDI and 3TC, 2’-branched nucleosides or protease inhibitors like
nelfinavir and indinavir, can be found in the scientific literature and Physicians’ Desk
Reference. Suggested ranges for effective dosages of the compounds of the present

invention are guidelines only, and are not intended to limit the scope or use of the invention.
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treatment and prevention of retroviral infections and other related conditions, such as, for

3 25" :

example, AIDS-related complex (ARC), persistent generalized lymphadenopathy (PGL),
AIDS-related neurological conditions, anti-HIV antibody position and HIV-positive
conditions, Kaposi’s sarcoma, thrombocytopenia purpurea, and opportunistic infections. In
addition, these compounds or formulations may be used prophylactically to prevent or
retard the progression of clinical illness in individuals who are anti-HIV antibody or HIV-

antigen positive, or who have been exposed to HIV.
Assays

[00153] Compounds provided herein can be assayed for activity against HIV or HIV
infection by any assay deemed suitable by one of skill in the art. Exemplary assays include

those described in this section and those provided in the Examples below.

Cell Culture Systems for Determining Antiviral Activities

Amplified-product detection schemes
[00154] Heterogeneous Detection: Southern blotting, for example, is a heterogeneous
detection technique. In Southern blotting, electrophoresis is used to separate amplification
products by size and charge. The size-fractionated products are transferred to a membrane
or filter by diffusion, vacuuming, or electroblotting. Labeled detection probes are
hybridized to the membrane-bound targets in solution, the filters are washed to remove any
unhybridized probe, and the hybridized probe on the membrane is detected by any of a
variety of methods known to those skilled in the art.
[00155]  Other types of heterogeneous detection are based on specific capture of the
amplification products by means of enzyme-linked immunosorbent assays (ELISAs). One
method used with PCR involves labeling one primer with a hapten or ligand, such as biotin,
and after amplification, capturing it with an antibody- or streptavidin-coated microplate.
The other primer is labeled with a reporter such as fluorescein, and detection is achieved by
adding an antifluorescein antibody such as horseradish peroxidate (HRP) conjugate. This
type of method is not as specific as using detection probes that hybridize to defined
amplification products of interest.
[00156] The LCx probe system (Abbott Laboratories, Abbott Park, IL) and the Amplicor
HIV-1 test (Roche Molecular Systems, Inc., Pleasanton, CA) are systems that use

heterogeneous detection methods. In the LCx system, hapten-labeled oligonucleotide
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[00158] Homogeneous Detection: since hybridized and nonhybridized detection probes

are not physically separated in homogeneous detection systems, these methods require
fewer steps than heterogeneous methods and thus are less prone to contamination. Among
the commercially available kits that use homogeneous detection of fluorescent and
chemiluminescent labels are the TagMan system (Applied Biosystems, Foster City, CA),
BDProbeTecET system (Becton Dickinson, Franklin Lakes, NJ), QPCR System 5000
(Perkin-Elmer Corp., Norwalk, CT), and Hybridization Protection Assay (Gen-Probe, Inc.,
San Diego, CA).

[00159] The TagMan system detects amplicon in real time. The detection probe, which
hybridizes to a region inside the amplicon, contains a donor fluoroprobe such as fluorescein
at its 5’ end and a quencher moiety like rhodamine at its 3’ end. When both quencher and
fluorophore are on the same oligonucleotide, donor fluorescence is inhibited. During
amplification the probe is bound to the target. Taq polymerase displaceds and cleaves the
detection probe as it synthesizes the replacement strand. Cleavage of the detection probe

results in separation of the fluorophore from the quencher, leading to an increase in the
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beacons are labeled with a fluorophore and a quencher, respectively. A hairpin structure is
formed when the beacon is not hybridized to a target, bringing into contact the fluorophore
and the quencher and resulting in fluorescent quenching. The loop region contains the
region complementary to the amplicon. Upon hybridization to a target, the hairpin structure
opens and the quencher and fluorphore separate, allowing development of a fluorescent
signal. A fluorometer measures the signal in real time.
[00161] The BDProbeTecET system uses a real-time detection method that combines
aspects of TagMan and molecular beacons. The probe has a hairpin loop structure and
contains fluorescein and rhodamine labels. In this system, however, the region
complementary to the target molecule is not within the loop but rather in the region 3’ to the
rhodamine label. Instead of containing the sequence complementary to the target, the
single-stranded loop contains a restriction site for the restriction enzyme BsoBI. The single-
stranded sequence is not a substrate for the enzyme. The fluorescein and rhodamine labels
are near each other before amplification, which quenches the fluorescein fluorescence.
Strand-displacement amplification converts the probe into a double-stranded molecule. The
BsoBI restriction enzyme can cleave the molecule, resulting in separation of the labels and
an increase in the fluorescent signal.
[00162] The QPCR System 5000 employs electrochemiluminescence with ruthenium
labels. A biotinylated primer is used. After amplification, the biotin products are captured
on streptavidin-coated paramagnetic beads. The beads are transferred into an
electrochemical flow cell by aspiration and magnetically held to the surface of the electrode.
Upon electrical stimulation, the ruthenium-labeled probe emits light.
[00163] The Hybridization Protection Assay is used in Gen-Probe’s nonamplified PACE
assays as well as in amplified M. tuberculosis and C. trachomatis assays. The detection
oligonucleotide probes in HPA are labeled with chemiluminescent acridinium ester (AE) by
means of a linker arm. Hybridization takes place for 15 minutes at 60 °C. in the same tube
in which the amplification occurred. The selection reagent, a mildly basic buffered solution
added after hybridization, hydrolyzes the AE on any unhybridized probe, rendering it

nonchemiluminescent. The AE on hybridized probes folds inside the minor groove of the
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Conbi ned organic |layers were dried, filtered and concentrated under
reduce P8y lae%cent e{fstifhe conpound 413. [002221Anilinium salt was

synt heshoﬁj?@]‘gggl?f ﬁi‘ﬁﬂ% f@@f&c{lﬁ offePErY B?re%gngptﬂsfé@ag?in%}ud%g (3, Am

Chem She
chemiluminescent moieties like acridinium esters. Many fluorescent moieties are available

as well. Electrochemiluminescent compounds such as tris (2,2’-bipyridine) ruthenium (11)
can be used also. Further discussions of these and similar techniques can be found in Schiff

et al., Semin. Liver Dis., 1999, 19:Suppl. 1:3-15).

Bioavailability Assay in Cynomolgus Monkeys

[00168]  Within 1 week prior to the study initiation, the cynomolgus monkey is surgically
implanted with a chronic venous catheter and subcutaneous venous access port (VAP) to
tacilitate blood collection and undergoes a physical examination including hematology and
serum chemistry evaluations and the body weight is recorded. Each monkey (six total)
receives each dose of active compound at a dose level of 10 mg/kg at a dose concentration

of 5 mg/mL, either via an intravenous bolus (3 monkeys, [V), or via oral gavage (3
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[00223] Of-white solid. H NVER (do-DVBE), 400 MHz) 8'6,54 (d,1- 16.8
Hz,) 7,46 (d,Jr. 549.8 Hz, 111), 7,57 0,1- 13.6 Hz, 1H), 7,71 (m
3H), 3.13 NMR (4-DMBO, 12 .49 Miz) 515,56, M5 (ES-) eresz. -208.
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added ki dqg,) and potassium hydroxide (1, The reaction m xt'ure
was st i lifeed tiieodosdghomcsntrafive (ﬂ"e)actelamccﬂ&lt); stead/}as}atq wehimireahdbdistribution

additio f ter (8.8m ) and product precipitated, which was
filter e@/ gﬁﬁ‘m%fqaé‘al E?’1']1’1 (Egrmd was resubnitted to reaction conditions
(di nmet hyl fonnam de (4.4m. |n nmop under argon, iodine (0.4 eq.) and
pot assi um hy. ravw Toxi d stirred for 1h) to convert the

remai ni n% starting material. The reaction m xture was quenched by
addi ti ol é69lwatfhrrm(18bcmemlarmvopt)llsmdcqiie@tbddtorpnennqi|hte@lthydvolum;acra andithe

(i t SDvaer oGk Bt icie tebei P BREE B C5tafin® R Epgidon AL
2H), 7, @&cnﬂed“pﬁeﬁﬁhsly’lbﬂﬂ)nﬁﬁa&%l@s{’ CaH)sle RFNMR:ity(AD' W480.3'-376 MHz) 8

- 26,87S (EST-) nilz -- 6.1% (Mdi 100% 368.15 (M 11). 35%
deoxythymidine and 9-(1, 3 d1hydroxy 2-propoxymethyl)guanine for normal human

hematopoietic progenitor cells in vitro” Antimicrobial Agents and Chemotherapy 1987,
31:452-454; and Sommadossi J-P, Schinazi RF, Chu CK, Xie M-Y. “Comparison of
cytotoxicity of the (-)- and (+)-enantiomer of 2',3'-dideoxy-3'-thiacytidine in normal human
bone marrow progenitor cells” Biochemical Pharmacology 1992; 44:1921-1925. The
culture assays for CFU-GM and BFU-E are performed using a bilayer soft agar or
methylcellulose method. Drugs are diluted in tissue culture medium and filtered. After 14
to 18 days at 37°C in a humidified atmosphere of 5% CO, in air, colonies of greater than 50
cells are counted using an inverted microscope. The results are presented as the percent

inhibition of colony formation in the presence of drug compared to solvent control cultures.

Cytotoxicity Assay

[00170]  Cells are seeded at a rate of between 5 x 10% and 5 x 10*/well into 96-well plates
in growth medium overnight at 37°C in a humidified CO, (5%) atmosphere. New growth
medium containing serial dilutions of the drugs is then added. After incubation for 4 days,
cultures are fixed in 50% TCA and stained with sulforhodamineB. The optical density is
read at 550 nm. The cytotoxic concentration is expressed as the concentration required to

reduce the cell number by 50% (CCsp).
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eg)

vigorously stirred solution of alkyl chiorofonmte (I

aryi pho@rpﬁalhri@ecbcmﬁmﬂaqueégye ¢opnttidgh detetrnime hm@r(cmatwnn@ b))taat 94% ornus
t enper agd.b sggge ef fervescence had stopped, the solution was refl uxed
for 15 hutes and then allowed to cool to roomtenperature. The

solutio oured iptq 0, 1M droch |ea|d I nitimmol) and the
or gani cﬁf mfﬁvﬁ%‘g"%@pggad{‘g ol %“t’s‘% ﬂ'@‘s V( wat er and dryi ng over

Na2SO4, the sol vent, was renoved in vacua to 8,'/\/6 t he conpound #11.
Wi te sWOLE] 14n QeRepmpadiment, taseficapooivpantiaHD/ agmpeund3g mepsured 7avitro

(d, 1- 1gy gr'clf;d, sensitive, and automated assay that involves the reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). An HIV-transformed cell

line that is highly permissive and selective for HIV infection, such as, for example, the T-4

cell line, MT-4, is chosen as the target cell line (Koyanagi et al., Int. J. Cancer, 1985,
36:445-451). In situ reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) as assessed spectrophotometrically is the standard by which the viability of
both mock-infected cells and HIV-infected cells is measured. Inhibition of the HIV-induced
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6,58 (d"1- 16,8 Hz, 111), 7.5z (d,J 576,0 Hz, LH), 7,63 (d,14.0 Hz,
114), 7.71 (d,1 16.811z, 114), 7,80 (m 211), M5 (ES-) nniz -222.
1002331 Ccrtain conpounds of the instantnple were prepared by the

e RIS 9 o e it o 2, et
PG PG 64&3.c88s the concentratron of Botp&ehd that redudeh the dbiVdbBEce SN n{oékﬁﬁfécted

METHOD AD 102341 To a flask was added under argon indole 10 (leg) wa
added i oditroé sgmplodyedh%., Tb@perderpoffmsy afahydr- BXY dempaumtis calknthted by the

anhydr oyus 4, 5n1ng' nqQl), The reaction mxture was stirred 3 hours
t hen MFW%@‘%BS& ﬁﬁﬂhe slurry filtered t hrough paper filter,
the soiid was dri q@mpd(ees(coreddgce@ Cd‘r%%)? rlln ect’gdrcét g@bed/ 2| Itered in

wat er several tunes to eli'd"at i er pressure the
3-i odoi Hed, d0BLyvy test compound) is the optical density measured for a specific amount of a test

compound in HIV-infected cells; (ODcontror) is the optical density measured for untreated
HIV-infected, control cells; and (ODmock infected ceits) 1S the optical density measured for
control, mock-infected cells that are untreated. Optical density values typically are assessed
at 540 nm. The dosage of an anti-HIV test compound that provides 50% protection
according to the preceding formula is defined as the 50% inhibitory concentration (ICsy in
uM). The selectivity index (SI) is defined as the ratio of the CCsy to the ICsy.

[00174]  In another embodiment, the p24 ELISA assay is used to determine the efficacy
of an anti-HIV compound. This viral replication immunoassay measures the amount of p24
vira] capsid (core) antigen present, and is available commercially from sources such as, for
example, Coulter Corporation/Immunotech, Inc.® (Westbrook, MI).

[00175]  Still other embodiments include a reverse trancriptase assay in which the amount
of viral replication is measured by utilizing a homopolymer poly rA:oligo dT template
primer system that quantifies the incorporation into cells of tritiated thymidine
monophosphate by scintillation counting methods (Southern Research Institute, University
of Alabama, Birmingham, AL); a syncytial inhibition assay that employs CEM-SS, HeLa-
CD4, or HeLa-CD4-LTR-b-galactosidase cells having an immuno-fluorescent,
chemiluminescent, or colorimetric endpoint; and an attachment-and fusion-inhibition assay
that utilizes indicator cell lines and quantitation by chemiluminescent, colorimetric or
microscopic evaluation (Southern Research Institute, University of Alabama, Birmingham,
AL).

[00176] In one embodiment the indole compounds of the present invention do not exhibit
cross resistance with other non-nucleoside reverse transcriptase inhibitors (NNRTIs), in that
the compounds of the present invention display an ECsg (in molar concentration) in a
mutant HIV strain of less than approximately 50, 25, 10 or 1 uM concentration. In a typical
embodiment, the NNRTIs display an ECsg in a mutant HIV strain of less than approximately
5,2.5, 1 or 0.1 uM concentration. The degree of cross-resistance against a drug resistant
strain of HIV is measured by assessing the ECs of the desired oxo-pyrimidine compound in

the target mutated, i.e., drug resistant, virus.
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mg/kg body weight of the recipient per day. The effective dosage range of the

pharmaceutically acceptable derivatives is calculated based on the weight of the parent
indole derivative compound to be delivered. If the derivative compound itself exhibits
activity, then the effective dosage can be estimated as above using the weight of the

derivative, or by other means known to those of skill in the art.

56



(leq.) in THE (53-nti mm) under nitrogen, was added n-htityl 2, SMin
hees, 1.1 eq.) dropwi se while maintaining the tenperature aroundAfter
the end of addition, the reaction nedia was stirred .5 n1n at t he

sanme te rature and chl qrodieth | phosphi, e
dr opwi UipRb. ' Baqamenoumas 51D BYENEN S ‘\ﬂé‘r"ﬁ‘ﬁﬁéfdt ; unﬁﬁ@fs %[Wc?uftﬁ'élﬁ dpaadted

qui ckly g I P n

" mred aﬁf“rﬁy"%ﬁuﬁﬂi‘k’g KR HHIRI2E ond B AR AR G 7P 200, RER from shout 2010
stirred1#00 mb, ofiom abbute5 Wedad teg ofortive hgraiiere pesuliayeagesm. For
extracted with EtO sev i ned organic |ayers were

dried (KEZBOS) " HehlSaEc %ﬁf?@@%&ltﬁ&erlgg%m&lws QY eNdnpging ipy
resi due I i t.

oY a: AL Ot RELlely BRaBy B S 56 AURTRRSREIN0, 300, 0D, 6, 360, 408 18P o,

[ 002411 1700 mgs oLuWendbsagesl mabobepraﬂdrhmacfepéﬂanme, fidn abous 3 Oili@eor INSZ() mgs
degassed acet oni tr| l.e cirmanopitrile

eq.), EY$Q qontesep )‘teéﬁffm%w gfﬁrf @ﬂl&% k?? H&%LEHthH%'BHF nﬁyﬂl(qym@ree ‘yer
The rea%%feby HPL% &Eq_ﬂn il cAQ0FG ARk at %ﬁ]ﬁmp&al rbgner %f*ﬁ;r'e% le, by

(rmonitore reaction was coo down an vent Was
evapor anrgelctwndnnnhaﬁdimed pressure. The crude residue was then

purifie chromat ography on -Qrd 3-H phosphi nate 63 or
METHOD i‘kﬁﬁ enacalvsﬂréggeﬁ?@ B4R, aqnﬁaﬁfeéﬂg;wsepma V‘@F%éf‘t? nas

di ssol vegb msnatu'apdés% iS00 AP, JiE tc KRR SRLUTRA i LD

anmoni a e reaction was eated at under pressure
hour s, pfecsle dosapeiang ddoatton toffi e staleveitasfunetice: e\thpdisedse deindteatedwmd may

added a extrac ion with Et.0Ao0 was performed. Organic |ayers were
dried ( 2‘867215“6 RAPEAPY MEie PW“\?%?&‘B&PTOF%m?? PGP RIZEOR (FOBY by hor

acetortiyf pj t]oEigﬁ'agtag :Hrll g é??‘g% gBteH kilak EdeARaritht afe‘lg ;aggdgg %ﬁﬁlﬁg Hﬁg Qlso vary wit

car boxam ynt he
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8.9 Hz, idividdal neBd &R BEIREBsBAfRl judgment of the person administering or supervising
the administration of the compositions, and that the concentration ranges set forth herein are
exemplary only and are not intended to limit the scope or practice of the compositions
provided herein.
[0101] In certain embodiments, the compound or composition provided herein can
be administered as a single once-a-day dose or preferably as divided doses throughout a
day. In particular embodiments, the compound or composition is administered four times
per day. In particular embodiments, the compound or composition is administered three
times per day. In particular embodiments, the compound or composition is administered
two times per day. In particular embodiments, the compound or composition is
administered once per day.
[00181] In one embodiment, the active ingredient is administered to achieve peak plasma
concentrations of the active compound of from about 0.02 to 70 pM, or from about 0.5 to 10
uM. For example, this can be achieved by intravenous injection of a 0.1 to 5% solution of
active ingredient, optionally in saline, or administered as a bolus of active ingredient. It is
to be understood that for any particular subject, specific dosage regimens should be adjusted
over time to meet individual needs, and will vary depending upon absorption, inactivation

and excretion rates of the drug. The concentrations set forth here are exemplary only and
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Et hyl 1-itylsultfonyl-5-chloro-34o0dolif- indole-2-carh L002441
I nternedi ate 62c was synt hesi zed aceordt hg to rret hod AG DWMVSO, 400
MHz) 6 1.40 (z, 314), 450(hr g, 211), :s: 7,52-7,80 On,00 (m
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8H) . I\/BdomEo Ec )ldmmm_ereé 2t vmymg@nnemmts of il (ES- ) n1 z 452. kite:

:Vﬁ;[jg?/la %O@Qﬂ; ox it]%{nlé)gn& é&_?rﬁﬁgslégiign 4f\f %ratﬁtrl\(?e g’orr'x;?oqmd 1S oral Oral compositions
usually include an inert diluent or an edible carrier. They may be enclosed in gelatin
capsules, compressed into tablets, or delivered in liquid form. For oral therapeutic
administration, the active compound may be incorporated with excipients or formulated as
solid dispersions or solid solutions, and used in the form of tablets, troches, or capsules. By
a “solid dispersion” is meant a solid state comprising at least two components where one
component is dispersed more or less evenly throughout the other component. By “solid
solution” is meant a solid state comprising at least two components that are chemically and
physically integrated to produce a homogeneous product. A solid solution is typical over a
solid dispersion because it more easily forms a liquid solution upon contact with an
appropriate liquid medium, thereby increasing the bioavailability of a drug,
Pharmaceutically compatible binding agents and/or adjuvant materials also may be included
as part of this composition.
[00183]  The tablets, pills, capsules, troches and the like may contain any of the following
ingredients or compounds of a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or lactose; a disintegrating agent such
as alginic acid, Primogel, or cornstarch; a lubricant such as magnesium stearate or Sterotes;
a glidant such as colloidal silicon dioxide; a sweetening agent like sucrose of saccharin; and
a flavoring agent, such as peppermint, methyl salicylate, or orange flavoring. When the
dosage unit form is a capsule, it may contain a liquid carrier such as a fatty oil in addition to
any material of the kinds given above. In addition, dosage unit forms may contain various
other materials that modify the physical form of the dosage unit, such as, for example,
coatings of sugar, shellac, or other enteric agents.
[00184] The compounds may be administered as a component of an elixir, suspension,
syrup, wafer, chewing gum or the like. A syrup may contain sucrose as a sweetening agent,
preservatives, dyes, colorings, and flavorings in addition to the active compounds.
[00185]  The active compounds or their pharmaceutically acceptable salts or prodrugs can
be mixed with other active materials that do not impair the desired action, or with materials
that supplement the desired action, such as antibiotics, antifungals, anti-inflammatories,
protease inhibitors, or other nucleoside or non-nucleoside antiviral agents. Solutions or

suspensions used for parenteral, intradermal, subcutaneous, or topical application can
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met hyl M‘(IE))L @belamﬂl@nrcblmwepmdn&tmsep Aosréniteral preparation normally will

- 1Thi ndol b dd th ter. 002481 d 63h wa
Syt hosPHEEaP Bt ahd AE R s Re S A oulsS: GPoSRPIRRI RORCE: Sram ety
ﬁgo Mz {0 & J1al§3nzde’olf_‘|§la§s 3r;gi§s(t1c314) 2.65 (s, 34), 3.69 (d, Jr 11.7

3H), 1= 16.7 Hz, 1H), 7.53 (cid, J- 9.0
and 2.2 [00:1 86 L2140 admnﬁﬂe(ed mtteB/eﬁomﬁy, cmalm)carrikrﬁﬂe thSIml(ogrcal $ling,)phosphate
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saline. In one embodiment, the active compound is prepared with a carrier that will protect
the compound against rapid elimination from the body, such as a controlled release
formulation, including an implant and/or microencapsulated delivery system.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters and polylactic acid. The
materials can be obtained commercially from Alza Corporation or prepared according to
methods known to those skilled in the art. If administration is percutaneous, such as, for
example, through the use of a patch or ointment, the associated carrier may comprise a
penetration-enhancing agent and/or a suitable wetting agent which are not harmful to the
skin. If inhalation or insufflation is the desired route of administration, then the
composition of the present invention includes the compound in the form of a solution,
suspension or dry powder that can be delivered through the oral and/or nasal orifices.
[00187] Liposomal suspensions, which include liposomes targeted to infected cells with
monoclonal antibodies to viral antigens, also are typical as pharmaceutically acceptable
carriers. These may be prepared according to methods known to those skilled in the art, for
example, as described in U.S. Patent No. 4,522,811, which is incorporated herein by
reference in its entirety. For example, liposomal formulations may be prepared by
dissolving appropriate lipid(s) such as stearoyl phosphatidyl ethanolamine, stearoyl
phosphatidyl choline, arachadoyl phosphatidyl choline, and cholesterol, in an inorganic
solvent that later is evaporated, leaving behind a thin film of dried lipid on the surface of the
container. An aqueous solution of the active compound, or a salt or prodrug thereof, is then
introduced into the container. The container is swirled to free lipid material from its sides

and to disperse lipid aggregates, thereby forming the liposomal suspension.
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Scheme 1

[00189] The synthesis involves treatment of the N-protected indole 1 with a suitable
lithiating species, for example n-butyl lithium, followed by an appropriate phosphorus
electrophile, for example diethylchlorophosphite, to give a P(lIl) intermediate which is
partially hydrolyzed under acidic conditions to yield the H-phosphinate 2. Step ii consists of
a palladium catalyzed coupling reaction between indole H-phosphinate 2 and
iodocinnamonitrile 11. Transesterification from ethyl to methyl followed by hydrolysis of
both the carboxylate ester and N-protecting groups, with for example lithium hydroxide or
potassium f-butoxide at 5°C in water-tetrahydrofuran, gives access to the indole acid 5.
Chiral resolution of the enantiomers of 5, using a chiral base, followed by amide formation
affords the final compound 7.

[00190] A second exemplary general scheme for the synthesis of phosphoindoles is
provided in Scheme 2.
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[00191] This synthesis involves treatment of the N-protected indole 1 with methyl
phosphinate under mild palladium catalysis conditions to yield the indole H-phosphinate 2.
Step ii consists of a palladium catalyzed coupling reaction between indole H-phosphinate 2
and iodocinnamonitrile 11. Hydrolysis of both the carboxylate ester and N-protecting
groups, with for example lithium hydroxide or pot;clssium t-butoxide at 5°C in water-
tetrahydrofuran, gives access to the indole acid S. Chiral resolution of the enantiomers of §,
using a chiral base, followed by amide formation affords the final compound 7.

[00192] An exemplary alternative route for the synthesis of phosphoindoles is shown in
Scheme 3.
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[00193] An alternative synthesis involves the coupling of N-protected indole 1 with aryl
H-phosphinate 13 using palladium catalyst, ligand, base, in an appropriate solvent at
moderate temperature to give the phosphoindole 4. Formation of aryl H-phosphinate 13 is
described in Scheme 4. Hydrolysis of both the carboxylate ester and N-protecting groups,
with for example lithium hydroxide or potassium s-butoxide at 5°C in water-
tetrahydrofuran, gives access to the indole acid 5. Chiral resolution of the enantiomers of 5,
using a chiral base, followed by amide formation affords the final compound 7.

[00194] Exemplary iodocinnamonitrile and cinnamonitrile H-phosphinate syntheses are

shown in Scheme 4.
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{00195] Iodocinnamonitrile 11 may be prepared from dibromotoluene 8. Mono-aldehyde
formation of 9 is achieved by mono-lithiation, for example with »#-butyl lithium and »n-butyl
magnesium chloride, and subsequent treatment with N,N-dimethylformamide. A Wittig-
Horner-Emmons  reaction on aldehyde 9 using, for example diethy!
cyanomethylphosphonate and sodium hydride, proceeds to gives primarily the trans-isomer,
which may be further enriched by crystallization to give bromocinnamonitrile 10.
Iodoination is then performed to provide the desired intermediate 11.

[00196] Optionally the iodocinnamonitrile 11 may be converted into the aryl H-
phosphinate 13 either by; 1. coupling with anilinium hypophosphorus acid salt followed by
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01d, 8. 7phaRtighdytdtly o'r'"a}ny N1 #R¥ole protection. The latter 3 is either involved in a halogen-
metal exchange, for example with n-Butyl lithium, and then reacts with a diethyl
chlorophosphite to afford, after acidic hydrolysis, H-phosphinate 4 or involved in a
palladium catalyzed reaction with hypophosphorous ester to afford same product 4. Indole
H-phosphinate 4 is then involved in another palladium catalyzed reaction with an arylhalide
to give indole 3-phosphinate S. In the case of R different from Methyl group, a trans-
esterification of 4 in ammonia in methanol gave H-phosphinate indolecarboxamide 6. This
compound is also involved in a palladium catalysed reaction with an arylhalide to afford

final compound 7.
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[00199]  Suitable palladium catalysts for the cross-coupling reaction include for example:
palladium tetrakis(triphenylphosphine), palladium acetate, palladium propionate, palladium
diacetonitriledichloride, dipalladium tris(dibenzylideneacetone) (Pd,dbas), palladium N-
heterocylic carbene (NHC), or any other palladium catalyst that are known to those of skill
in the art, used alone or in association with ligands such as triphenylphosphine,
diphenylphosphinoferrocene, diphenylphosphinopropane or anyl phosphine or diphosphine
ligands that are known to those of skill in the art. Suitable solvents for the palladium-
catalyzed cross coupling reaction include for example: DMF, acetonitrile, NMP, dioxane,
methanol, THF, toluene. Suitable bases for the palladium-catalyzed cross coupling reaction
include for example: Et;N, di-isopropylamine, K;CO;, Na;CO3, NaHCO3, Cs;CO3, N-
methylmorpholine, DABCO, DBU.

[00200] I[n further embodiments, 3-phosphoindoles can be prepared by reacting an H-
arylphosphinate with a 3-iodoindole as depicted in the scheme below. The 3-iodoindole can

be prepared by iodination of an indole using iodination reagents known to those of skill in
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suitable method or by chiral synthesis from chiral starting materials, reagents or catalysts.

The compounds may be prepared by one of the techniques described herein or by a
combination of the techniques, where necessary. For example, chiral synthesis may be
combined with chemical resolution to prepare an enantiomer of a 3-phosphoindole in the
desired chemical and stereoisomeric purity. In addition, the stereoisomers of 3-
phosphoindoles may be separated by chromatography using chiral solid phase.
Chromatographic separation of diastereomeric derivates of stereoisomers of 3-
phosphoindoles is also envisaged.

[00202] For resolving a mixture of chiral compounds, any method deemed suitable to
those skilled in the art can be employed, e.g., formation of ionic, diastereomeric salts (or
coordination complexes) with chiral compounds and separation by fractional crystallization
or other methods, formation of diastereomeric compounds with chiral derivatizing reagents,
separation of the diastereomers, and conversion to the pure enantiomers, separation of the
enantiomers directly under chiral conditions on a variety of matrices including supercritical
chromatography and enzymatic hydrolysis. See, e.g., Eliel & Wilen, 1994, Stereochemistry
of Organic Compounds, John Wiley & Sons, Inc., New York (1994); Lochmuller,1975, J.
Chromatogr., 113:(3) 283-302.
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enantiomerically pure chiral bases such as, for example, cinchonidine, brucine, quinine,
ephedrine, strychnine, a-methyl-B-phenylethylamine (amphetamine), and the like with
compounds provided herein. In certain embodiments, a diastereomeric salt is formed by
reaction with an alkaloid such as cinchonidine. The diastereomeric salts may be induced to
separate, for example, by fractional crystallization or ionic chromatography. Alternatively,
a mixture of chiral compounds to be resolved can be reacted with one enantiomer of a chiral
compound to form a diastereomeric pair. For example, diastereomeric compounds can be
formed by reacting the compounds of the invention with enantiomerically pure chiral
derivatizing reagents, such as, for example, menthyl derivatives, followed by separation of
the diastereomers and hydrolysis to yield free, enantiomerically enriched compound.
Alternatively, a mixture of chiral compounds can be separated by chromatography using a
chiral stationary phase, see, e.g., Chiral Liquid Chromatography,W. J. Lough, Ed. Chapman
and Hall, New York, (1989); Okamoto, 1990, J. Chromatogr. 513:375-378.

[00204] In certain embodiments, provided herein are methods of producing a compound
of the invention by reaction of a racemic mixture with a chiral reagent followed by recovery
of the resulting product and conversion to the compound of the invention. In certain
embodiments, provided are methods of preparing a compound of any of Formulae A-D
comprising the steps of reacting a racemic form of the compound with a chiral reagent such
as cinchonidine, recovery of the reaction product and conversion to the compound of any of
Formulae A-D. In particular embodiments, provided herein are methods of producing
compound I comprising the step of contacting the racemic form of the 2-carboxyl derivative
of compound I with (-)-cinchonidine, recovery of the reaction product, and conversion to
compound I with, e.g., acid followed by amide formation. In particular embodiments,
provided herein are methods of producing compound II comprising the step of contacting
the racemic form of the 2-carboxyl derivative of compound II with (+)-cinchonine, recovery
of the reaction product, and conversion to compound II with, e.g., acid followed by amide
formation. In particular embodiments, provided herein are methods of producing
compound III comprising the step of contacting the racemic form of the 2-carboxyl
derivative of compound III with (-)-cinchonidine, recovery of the reaction product, and
conversion to compound III with, e.g., acid followed by amide formation. In particular
embodiments, provided herein are methods of producing compound IV comprising the step
of contacting the racemic form the 2-carboxyl derivative of of compound IV with (+)-

cinchonine, recovery of the reaction product, and conversion to compound IV with, e.g.,
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anal (043.07 fror Sid COgan. g8 fel 4'7, 41% 83g of eitral8 (Nate
53:45) Recaver of di,ngle enen rne; 03% (base, eNPFI ded

239. 54070 ?ﬂfpa‘;edﬁr?éwée gmjationy, irt o eEppdife Rfﬁvgsé) B@rzgp argaﬁema?e
racer:tj i i 88 bk n‘ﬁﬁ C]Tgpe2691The
free aci t}f%glL> g’&ﬂgk&}i&m lzrglg'é%i§k S(aéﬁig?%%‘e éeangc suspended
i n acet ¥20§zydndesain renﬁﬂd@ems;pmwmerem ame methbcﬁbﬂ;iraalcmga compound

af tor | BOVAAEia G 15T ite \ndproBiLrpBtiomar (1gsugh ¢ Bedi@enfep racomic
2510 AR € OB O I S D00
preci pi tatred esaltiochenale bpmisétt enartvipnder barm b ieoynclechﬂb washedhuwidhd atdtone
( 2oo-l-hedtljsllrle rer?;n%ovn\%? grni%(gtg}xcre?%%gmipgmm 5 Folnn%{]a B can be recycled to yield a
compound of formula A, and vice versa. A compound of formula D can be recycled to
yield a compound of Formula C, and vice versa. In a recycling reaction, a compound is
contacted with a reagent capable of racemizing the compound. For instance, in certain
embodiments, a phosphoindole compound provided herein is contacted with a racemization
reagent capable of reacting with its phospho group. In certain embodiments, the
racemization reagent is, for example, an acid, a base or a halogenation reagent. In certain
embodiments, the racemization reagent is, for example, oxalyl chloride. After contact with
the racemization reagent, the enantiomers can be resolved according to any technique
described herein. In particular embodiments, compound II can be recycled to yield
compound I. In particular embodiments, compound IV can be recycled to yield compound
I1I. Exemplary methods are provided below.
[00206] The methods below describe the synthesis of enantiomerically pure 3-

phosphoindoles of Formulae A-D or Compounds I-IV as non-limiting examples of these

techniques.
1. Dynamic Kinetic Resolution (DKR)

[00207] In akinetic resolution, starting from a racemic mixture S (Sg and Sg), one
enantiomer will react preferentially to give product Pr with a theoretical maximum yield of
50%. If racemization can occur concurrently with kinetic resolution, then theoretically
100% of the racemic mixture can be converted to one enantiomer (Scheme 7). This process

1s known as dynamic kinetic resolution (DKR).
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both the precipitated solid and te.Si G kEC fromthe filtrate were
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observed. After a further | . precipitatign of a white solid was

h | .
observed and f%?é'%@ul‘ﬁ%’é‘irswl%ﬁ%“ stirred at DY@gmit Bisticaetolution ¢ her
2h (total 4h T QLhi ' L ipitated solid was isolated by
filtration aggéﬁaésﬁe(guyw@ﬁ&gﬁtpon%o?gggThe filtrate was concentrated
in vacua and both the precipitated solid and residue fromthe

filtrat e i ed gverni ght under vacu to yield 199.07g of solid
(puri tyfﬂ&}mﬁ@m (rilfahe nrmeraﬁawgaagefé Wih ptgndgad ingtigfesg opefestg@t ya
filtrat j - chi:Lal e ' 1.0 o ; j

el cavi s i oRKigEPERar SOl STt 1ol of et prodi o
HPLC. aframat substan@8 a6iolingddf the snsanypeetiadsirate s micktsarye Fof areefiicient DKR,
acetate (314 and IN 31) and vyj gorouysl irred_at roomternp.fOE
She af ¢ Bbra e Some Aot drbeRein L RS o & B ety SnE R Rl i hifine)
and the rated. The aqueous | ayer was further
extractgmﬁ{tﬁy léﬂ?gll(ﬁgjggt ate (21) and the organic extracts containing

product werelcoisi deukticdresdutwint shealdi b suéyshable, if i brder e amdure high
concentr at ed iln vacua to yield the resolved acid as an off-white
solid (Y8H8¥ Pty by chiral HPLC analysis, ratio = 98,6:1.4). 'H
NMR.  (d5- DVBO, Tis0QaMihéric ratib.(E3= [0k skdultibe aPetXdldater@na-d0L11, d, i
16.84 Hz, C. 11.471R7/N) 34 (1H, dd J 1.9511z, J 8.79 Hz), 7.57 (1H, d,
.1 8.56 Hz), 37T®2xiddeglgihn phg, the B of, :88eniizatign ¢h.ershowidtHelat least equal to

13, 4313z 7,9 H, 13. 02 s, 14, (1H, br-s, NH); nP
NI VI R (?‘i) $rF‘-‘tﬁ\}S’6’,(‘ tig gl f%?&%‘?s@%%%?’é%gy 415 (M 1-H)+,
Recovery 1002 7ghkidedsehdicss thd8eI0&%i0ts 4re aHly Rk castt d 8 RAMIIH OBBFea¥@Shan ky
isolated (70% recovery based
by a factor of ~10.
5. Any spontaneous reaction involving the substrate enantiomers as well as

racemization of the product should be absent.
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upon | 40,42g of available acid enantionmer from 280.83g of raceinic
acid), A further 322.25g of salt fromconbined filtrates of the two
resolutior(3084g 13. further treated to recover nore Ftquired
enantionmer. 2, Recovery fromfiltrate Acid cleavage "salt 1002 51The
partially resoived conbined salt 4 (32'sk. is suspended in a m xture
of ethyl acetate (4.8L) and IN HCl (4.8L) and vigorously stirred at
roomtenp, for 2h (Schene 16). After this time, the reaction m xture
was transferred to a funnel and the | ayers were separaked. The
aqueous | ayer was fg%tﬁpw‘ tracted with ethyl acetate Ag¢ the
organi ¢ extracts, contai i ygproduct were conbi ned, drFa sodi um
sui concentrat NA to yield th E)partially reso Qed cihdas an
of f-white solid (1f 7 PLC anaL¥sL§i_LaLL08 RecoveRy

enani i oner fronRdal tfragé Schene 16 FIr" rose ei ndhiai
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suspensi on reouirecly addi ti onal acet on® (Itotal volune_ of Rmgetone
used zt 4.2L) to allow stirring oPaFﬁﬁnﬂéﬁﬁﬁion in nrcRat_rom t enp.
to (total 4h). Aftey, thisogjme thetnBLIRM S ed solid -@. %ted by
filtrati on andgwashed gaetone (150 mT:3, The filtrat®'nas: |
concentrated in Jboth the precipitated soli Raodgresfalue
fromthe fiItrEL ried overthﬁ&%pﬁd§r*Vacqg t Q yimja¢%24.2g
of solid (purity byl chipal H QC analysi's, ratio - 4 .8)_-and

80. 71g of filtraterﬁpurity by chiral HPLC analys%§‘ af Q) - 77:23).
Arid cl eavage of salj to obtain undesired ena 1002771The partially
resolved salt (324.2g, purity by chiral HPLC analysis, ragtio 4.3;
95,5) was suspended in a mxture of ethyl acetate (4.80 and IN HO
(4,8L) and vigorously stirred at roomtenp, for 2h. After this tine,
the reaction mxture was transferredch@nas8funnel and the |ayers were
separated. The aqueous | ayer was further extracted with ethyl acetate
(3L) and the organic extracts containing product were conbined, dried

Wi t h sodi umi@uabdjat B, onk bhb&NiBeht ANty SQGIT AL Qelericallyvaed B piid@phiibMs,t he

resol ved acid as .an otT-white solid (124qg,. purity by chiral .HPLC
hnalys: s, - r dtechra Serabane i pa Supse HOg NS wiohs 3y gl
AECH; ), 3, 7@ealizdd,wittl,a chital pAosphine, which is a component of the palladium catalyst, and will

produced preferentially compound 4' (Scheme 8). This palladium coupling reaction is a

variation of the palladium coupling reactions described in the schemes above for the
preparation of racemic mixtures of 3-phosphoindoles. The chiral phosphine ligands may be
any suitable ligand that produces the required selectivity and rate of reaction in the
transformation of 3-phosphoindole 3’ to substituted 3-phosphoindole 4’. The chiral
phosphine ligands may be monodentate or bidentate ligands. Non-limiting examples of
chiral phosphine ligands include P-chiral ferrocenyl phosphines, (R)-(+)-BINAP, (S)-(-)-
BINAP, (R,R)-CHIRAPHOS, and (S,S)-CHIRAPHOS.
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filtrat [002811The ggrti ally resolved salt (48.5g, puri t'§/ by chiral
HPLC. analysis, ratio =- 97.5:2.5) was suspended in a m xture of

et hyl acet at e ViepschirplibL iy ingrepd IbNCWMQWPE§3r£9f FEhar Vgl $NSEPEIES r ed

at roomtenp, for 3h. After this tine, the fa.ction m xture was
transferred to a funnel and the IaycsrcPelwgge separ ated. The aqueous

| ayer was further extracted with ethyl acetate (700 m.) and the
organi c ext[fe0s dorb@ianiemyodimendbe chiel @scciontpitine thay te ingddwsed by sodi um

sul fate, filtered apd.conc rated. i cyq_ ' t 0
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(314, d"1 11 - )+ 4 (1H;

. 31, 05Hr OB S EERE %) oy Sppha ey oy Py B gl of ARy o8 1

7. 82- 7. 85m swbstitheni Ry the gld¥p Z3¥ritt)e, prate®i®g group PG. The chiral group is not limited, and
any group that induces the desired selectivity in the reaction at a reasonable rate may be

used. One non limiting example of a chiral group that may be utilized as R; in this reaction
includes a chiral alcohol, for example (+) or (-)-menthol. Other non-limiting examples of
groups that may be used as group Z or PG in Scheme 9 include a chiral ester or a chiral
sulfone.

[00211] When R; is chiral (R*), for the transformation into target 3-phosphoindole, the
chiral moiety R* may be removed using the conditions described in JOC 1975, 1523-1525
using a trialkyoxonium salt following by acidic cleavage, with inversion of configuration

(Scheme 10):
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(1H, m, 13.02 (IH s, C®2H, 14;2NH); 3P NWR (df"-DMVSO, 161.8 MHz):
533.42;iwir: (ES-f 413 (M4-1-1,f, Recovery 87g of required enar ner
recovered fromfiltrate. of required acid enantioneri - 98.08g +
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depi ct edSchene 17 notN oA on 432, 6g scal eci Cistoolgs wt !
-11-"CM RnCt ot honi deso 28s_-CN N\_CN

X Osp, X Os=p...OMe

OR* 1) MegO*BF 4
cl S ) Me;O"Bre cl (R) o
N 2) TFA A\
N NH
H 2 ﬁ NH2
Scheme 10
[00212] The same process of DKR may also be utilized with a racemic aryl H-
phosphinate and a bromoindole in a cross coupling reaction (Scheme 11):
R4I‘
R L1
Rsll R3Il R5|I 4
Rall
RBI! R2" RGH
O=P'H fast 'O= Ry"
L R = - . P
OR; Rs (R) Rs
Ry x -z
3 Rs' R¢' N
N © gy PG
Re' N 4
l Ry PG
. R
Palladium catalyst Rs
Phosphines Rj"
RS“ RS" R4' O:F;; Rz“
_______________ > R \R
Re" R," slow 5 \(3) , 3
O=EHs) R N
ORs Ry PG
4"

Where chirality is induced by chiral groups Ra, Z or PG, or using chiral phosphines

Scheme 11

Specific DKR Scheme

[00213] In the following non-limiting example of a DKR process depicted in Scheme 12,
the Pd catalyst is palladium acetate, the chriral phosphine is (R)-1-[(S)-2-Di-2-
furylphosphino)-ferrocenyl]ethyldi-(2-methylphenyl)phosphine, the base is diisopryl
ethylamine and the solvent is acetonitrile. After heating at 100°C the major compound is

obtained with an enantiomeric excess of 40%.
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2, Chemical Resolution of 3-Phosphoindoles

[00214]  The resolution of the 3-phosphoindoles free acids may be accomplished by
chemical resolution using a chiral base. A chiral base will exhibit selectivity toward the
free acid of one of the two enantiomers of the 3-phosphoindoles, thereby providing the
means to resolving the enantiomers. As described in the Example below, chemical
resolution of the 2-carboxyl derivative of 3-phosphoindoles of Formula I/II can be
performed on 1 using (-)-Cinchonidine 2 (Scheme 13, to obtain the required enantiomer,
first eluting isomer by chiral HPLC analysis) and (+)-Cinchonine 3 (which can be used to
remove the undesired enantiomer from the filtrate, second eluting isomer by chiral HPLC
analysis). The undesired enantiomer can be racemized to obtain more material.

[00215] A strategy could also be applied using chiral alpha-methyl
substitutedbenzylamine as depicted in the scheme below. Indole 1 is halogenated at
position 3 then the ester function is hydrolysed to give indole 3. A chiral (where the
chirality is defined S or R) alpha-methyl substituted(or unsubstituted) benzylamine is then
introduced at the carboxylic function of the indole 3 via a "peptide type" coupling reaction.
Alternatively 4 could be prepared via formation of acid chloride by treating acid 3 with
chlorinated reagent then addition of the chiral alpha-methyl substituted(or unsubstituted)
benzylamine. Intermediate 4 is then involved in a palladium catalyzed reaction to afford a

mixture of diastereoisomers 5a and 5b. The mixture of 5a and 5b could be separated either

73



(based on 5xpected 2 s0.3. ot ad:1l1 Leadits5 :24 Re: ovent v?
Re:tie eriannorrie: 5144 evo.eld4 350 54 01 eon} It ssietves,

145, 44 of :ono:eV actO

by silica gel or recrystallisation. 5b (R chirality on the phosphorus) is then involved in a
cleavage reaction to remove chiral moiety at position 2 and afford pure (R)-enantiomer 6. Sa
could be recycled by transformation into a phosphinic acid by cleavage (eg with TMSBr) then

resterified to afford a mixture of 5a and 5b, then the diastereoisomers could be re-separated.
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Scheme 13
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stirred at roomtenp. ftir 4K Alder this tine the solid no

pr eci pi
scal e) &Z‘?llggol at ecﬁé%‘i‘\t I I gteig%?llban %esp%}aggx%{ﬁsﬁ et one }§ OO%?‘H_ .
The filtrate was concentrat ed i n CaaywuaddIbot h the solid and resi due

fromthe filtrate were dried overnight under vacuumto yield 343.2 g

of solid (purity by chiral !PLC anal ysi S ratio - 98,2) and 420, 52g

of filtrate urity by chiral FLPLC analysis, ratio = 9:89
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Reaction 7 to 8:

[00217] To a flask was added under argon indole 7 (1eq) was added lodine (1.98 eq.),
solid potassium hydroxyde (1 eq.) and anhydrous DMF (4.5mL/mmol). The reaction
mixture was stirred 3 hours then water was added and the slurry filtered through paper filter,
the solid was dried under reduced pressure and triturated/filtered in water several times to
yield after dryed under reduced pressure the 3-iodoindole 8. 'H NMR (CDCI3, 400 MHz) &
1.45 (t, 3H), 4.50 (q, 2H), 7.20-7.40 (m, 2H), 7.55 (s, 1H), 9.40 (br s, 1H).

Reaction 8 to 9:

7S
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purity Byriged baflasimhromatagepyy ps silicagpldcluent: gglyolemacdeByO o 1 8
enanti Ogﬁf)rdf h&de ph!)éph%a?e 10 (w@ﬁla Mane deprilgtrcl.ctgél %)dole). White solid. 'H NMR

(ds-DMSO, 400 MHz) 6 1.26 (t,J= 7.1 Hz, 3H), 1.58 (s, 9H), 2.35 (s, 3H), 3.70 (d, /=11.5
Hz, 3H), 4.29 (m, 2H), 6.53 (d, /= 16.8 Hz, 1H), 7.53 (dd, /= 9.0 and 2.2 Hz, 1H), 7.65 (d,
J=13.3 Hz, 1H), 7.70 (d, /= 16.8 Hz, 1H), 7.76 (s, 1H), 7.84 (d, /= 13.3 Hz, 1H), 7.92 (d,
J=2.2 Hz, 1H), 8.06 (d, J= 9.0 Hz, 1H), MS (ES™) m/z = 543 (MH").

Reaction 12 to 13:

[00220] The iodoaryl 12 (leq), dimethylformamide (1ml/mmol), triethylamine (3eq) and
the anilinium hypophosphorous salt* (1,25eq) were put in a pressure tube and degassed with
N; for 15min. Then palladium tetrakis was added and this mixture was stirred at 85°C
overnight.

[00221] The solvent was evaporated and water was added (pH = 5-6). The mixture was
basified with NaHCOj; until pH = 8 and extracted with diethyl ether. Aqueous layer was
acidified wit HCI 1N until pH = 1 and extracted with ethyl acetate. Combined organic layers
were dried, filtered and concentrated under reduce pressure to give the compound #13.
[00222] Anilinium salt was synthesised according to the procedure of Montchamp et al

(J. Am. Chem. Soc., 2001, 123, 510-511).
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aeons pith DCMend IN Ha Ch at n) 1:10LIflt It :non ,.}}} TNNNNW NNW
Schene 18 First resolution - using (-1)-C nclownine 3 100290) The
partially resolved acid inciole (222.7g, 409.25 not, purity by cbiral

HPLC an S, i 0.=9:91) ' t .38 d

PLC anhEag, ook R QPR RS RR A0 RELRR e PR a3
409. 25 muy (4, yas4saddesd 1H), A (@t 1 D ENAHAILBI (hBH 2 'PhermR ?QJDMSQJ
was observed, After a further inins, rapid precipitation of a white
sol i d wd31dBéHuedlano MREEShinek =308 pensi on requi red additi onal
acetone (0.5L - total volune of acetone used - 4,8814 to allow
stirrinReattiéhes eeacti on m xture. at roomtenp. for a further 3h
(total 4h). After this tine the precipitated solid was isol ated by
filtrati d W - j: .

concent 1l PR e e S OIR S oM gorb Ly S MBI Al

f r om t hehlordformadte (1) endlanygrhospteniciagit 12un dgrinviaddermmiethayé Erdl/B60) G

of solid urity b hi r HPLC anal ysis,. ratio 3:97) and 5832g_of.
11t rat ©biragauy e dferidspries badrperd, tiisefyio s BB B Minutes
cl eavagg,@ ] [ ' r 'lﬁe’k(o" ' Th

parti al Fﬂ)} Eheeggll é\évg@gd;%@'fd;%dgﬂggﬁip%%r?yT y éﬁﬁnﬁ&sﬁg@g&gﬁgﬁ @gllws

rati o 3h9dpcivasc scdpémiievindlhamd thiexrgme leferdivasiseparerdt Afieew{big wahd
IN/I1C H\%’SL) &Hd.vi g‘(l)r sé& séirred at roomtenp. for 211, After this
time, tREAAEANERE HYSEAREOnE BAEAY P FEROYY 18 VREHMQIE S CRRIPPWfr
were se a K t t | trh

i chl or Sakt nate DI R A0 ML B aft SAT T W e
dri ed wi3H), Go8I{djoh=s1d.8 &lze 1 Hf,i7.32(ded =ei7d, (clancléht 788 ¢d, J A 1¥addq 11D, 7.71
yield t?{% rez&l ved acid as an Offt white solid (210.00, purity by
chiral MpUC sh8Hystid), 788i(me 2H)p MIBIES 1y@ro2Rt  NNI RSH (400 MHz,

d64) NASO), 135 (31-1, a, Ar-CHA 3.78 (31-1, d, Pr)(2,. 6.52(1 LI, d,
CH=CHCN), 7,46 (2H, d, Aril), 7.66 (I 1A d, CHCHCN), 7,69, 7,81(2K,
2 xd, .H6, H (162 Mz, d64

Compound I
F
Cl cl Boc.O
N " N—co0,Et s N—co,Et
CO,Et > "
N KOH/DMSO N DCM/DMAP 3
H 0
#7 #8 ’iﬁ%
x_-CN '
N\
CN
\Q/; D’\,CN .
0=P—H F Osg
S ~OM
OMe B O3 e 1) TFAIDCM  Cl e
#y —— \ . H—co,H
Et;N/ Pd,dbay CO,Et 2) LIOH H,O/THF y
DMF 70°C ‘N)\
#10 o~ © H5A

RS
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13,63 (I ft s,NJT). 15,70 (IH br-s, ©001-1); 311> 6.44 (IP, s); i912

NM 376 MHz, da,-DIMSO): -1 4,27 (IF, s); wz (ES1+): 4310 (W,
100%, 435.0 0, Acid cleavage of salt to' equired enantioner from
filtrate. The partially resolved salt (58.32g, purity by
chiral alopgi s, rati o~"84:T2)yWas suspen a %( e of
di chloro 875 tI N HO ( alL) and vi gorousl itted at room

tenp. for After this—tine, e reaction mxture s transferred

to a funnell and the | ayers wepepsgpar ated, The aquebts-H ayer was
further extracted with dichlor o@ﬁt hane (400 mL) and tchge or ganic
extracts cont agm ng product were gﬁn‘ol ned, dried wt odi um sul f at e,
filtered and concentrated in vac/Jo to yield the partially resol ved
acid as an off-white solid (36,659, purity by dhiral HPLC anal ysis,
rati o 88:12), Second resolution using (-)-C ncluinidine 2 [002941The
parti al !'ﬁ/ resoy:feg. acid indult.: (36,65g, 85,0 mol, purity by chiral
HPLC andt9ET€Y 7f4P5 o - 88:12) was suspended in acetone (367 ini") and

LT B Mot S Bl oo A D i B R
obser Veﬁnde%fsafr n @ad AHdEHSSdite g?fﬁ.j%&di&dd&@iuﬂf h@rx\mé FLO t@ﬁ.z.raﬁnzecll?éﬁfo\ﬁed

"and the suspéension was stir oomtenp. for a
(total 4h)turelves girex foi 8 Abed. Sind tedctvasmirsakatadubychid by raddition odmditer

washed with acetone (1Q0 rot),. The filtrate was conce ated in vacuo
and bot b B e e PRI t%?ﬁiwmw?% ﬁht%rﬁif%f %?CQITBF pelgd was

over ni : : : r R
anal yor Lo HARRG RGN Lol Gl AR R LUl o S8 ar B i,
anal ysi $0.4reqf)iand #8taSsiym hadiocide (62veageandfstisatl fort ) obt@ivertrieg teinmasoing

chi i | SESEHAFYSE S1C Pt OSueTy e e G o & (B B oD
di chl or QHEEgﬂng oﬂrééﬁﬁatéq,%ﬂcﬂ LR k3 d %n&"hriec) toPAHFhrd BYBHAHSS ¥ sStHiEED lid.
at roomtenhp. r 2h. After this tine, the reaction mxture was

t r ansf el HONIVIED(3-IDMSe Ho@MH L) Bayers Me e, 3Hpa4l @d/ =The HagRidnJs3 5-
| ayer was further extracted,wth dichloronethane (200 nil) and the

or gani ¢ /&t (acs. Bobt & htihg IpNOHR €45- RSO, cTk0 Hard — 1248 adKi(ERI-3 ot Gim

sul fate i ed,in nenu to yield the resolved acid
as an o?fsg\}\klt(ﬁéﬁgc}ﬁp%?%gqgggﬁﬁ#%y by chiralanalysis, ratio =
99:1). [002961]ft N MR 8H (400 MHz, dir)Ms0): 2.35 (3H, s, Ar-Cl13),
3: 78" (3Beachon §409( 111, d, O+ --CHON), 7.46 (2H d, 7,66 (11i, d,

aft-- O['(%\ZDZB] ‘- "16(? a st7if'r§dl éolgtici(n of indole 8 (1eq) in dichloromethane (3.5mL/mmol) under
nitrogen was added di-fert-butyl dicarbonate (1.8 eq.) and 4-dimethylaminopyridine (2 eq.).
The reaction mixture was stirred 18 hours then phosphate buffer (pH=7) was added and
extracted with dichloromethane. Combined organic layers were dried (Na;SO4) and
concentrated under reduced pressure. The crude residue was purified by flash
chromatography on silica gel (eluent: petroleum ether/EtOAc : 1/1) to afford N-Boc-
protected indole 9. White solid. "H NMR (ds-DMSO, 400 MHz) § 1.35 (t, J= 7.1 Hz, 3H),
1.57 (s, 9H), 4.39 (q, /= 7.1 Hz, 2H), 7.64 (dd, /= 7.3 and 9.1 Hz, 1H), 7.90 (d, /= 9.1 Hz,
1H), '°F NMR (ds-DMSO, 377 MHz) 8 -126.9, MS (ESL, EI') m/z = 490 (M+Na").

Reaction 9 to 10:

[00227] A stirred solution of degassed DMF with N,, N-Boc 3-iodoindole 9 (1eq.), H-
arylphosphinate 11 (1.1 eq.), triethylamine (2eq.) and Pd,dba; (0.2eq.) was heated at 70°C

or 90°C until reaction is finished according to TLC or HPLC analysis. Reaction mixture
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11-7), 7.77 (114, s, Ar-H),(LH, s, N-Pi), 15,70 (1l, br-s, COOK), 3/P
NNW 8p (162 MHz, i-15-1)MS0): 36,14 (1,P, s); t9FNWR 5r (376 Mz,
d6-DMBS0) : -114.27 (i P, s); (ES1+): 433.0 (MR 100%, 435.0 (Ma, 35%,
Recovery [002971Therefore, 13.02g of required enantioinet recovered
from fiiMep ap@led dweh & T0ofEEEPEFAJUIS NG SfUPH E¥RS £V pRPTAIEH ahite GHes residue was

1454My + . j 3 f
2 acent P L B it maBe By bB SR bR Bh OBy AL Sphe ERTNE S8 0% |

of d- phegphidhaslelrophlase teentipess ssmedepotedied 2glotf). WieteciidoUHINMR
using (1141., 2S)4i pbedrine 7 and ﬁll 3, 2R) - Ephedri ne hem hydrate 8 in

95% Et 04dsaDYISEh &AL MBY) 3 THE (primtil plze3Hd. k64 &, P85 31 (soHl), 3-GoHd, £and -6

as that de i abov. izt Ti ne jgdird 1 i
ati o1t HEo tibddi . 13t h bisek g GrUstriia Herthy op £11 T2y 288"
of solid(+ off =fg a 19 v 3 d

et hyl agr(ét %%Ea'lgggd’rr{] ogfé rr—I(%"sE)Ilgrzie a%@lg?_%sglazgll\&%)%.i?}gqurgsh?slp?’ggg/o
re) 59, NNReEFPDMSM (raseit) on3 pagE: ifh) &S (BSEEI0fmE 2% 1aM+deni ¢ aci d
, Cleavage mtn IN Ha ph at rt) and ethyl acetate 108 rig of resolved

acid  Reaction 12 to 13:
[00228] The iodoaryl 12 (1eq), dimethylformamide (1ml/mmol), triethylamine (3eq) and
the anilinium hypophosphorous salt* (1,25eq) were put in a pressure tube and degassed with
N, for 15min. Then palladium tetrakis was added and this mixture was stirred at 85°C
overnight.
[00229] The solvent was evaporated and water was added (pH = 5-6). The mixture was
basified with NaHCO; until pH = 8 and extracted with diethyl ether. Aqueous layer was
acidified wit HCI 1N until pH = 1 and extracted with ethyl acetate. Combined organic layers
were dried, filtered and concentrated under reduce pressure to give the compound #13.
[00230]  Anilinium salt was synthesised according to the procedure of Montchamp et al
(J. Am. Chem. Soc., 2001, 123, 510-511).
[00231]  Off-white solid. 'H NMR (ds-DMSO, 400 MHz) & 6.54 (d, J = 16.8 Hz, 1H),
7.46 (d, J = 549.8 Hz, 1H), 7.57 (d, J = 13.6 Hz, 1H), 7.71 (m, 3H), *'P NMR (ds-DMSO,
121.49 MHz) § 15.56, MS (ES") m/z =208.

Reaction 13 to 11

[00232] Pyridine (1eq) was carefully added to a vigorously stirred solution of alkyl
chloroformate (1eq) and arylphosphinic acid 13 (1eq) in dichloromethane (2ml/mmol) at
room temperature.Once effervescence had stopped, the solution was refluxed for 15 minutes
and then allowed to cool to room temperature. The solution was poured into 0.1M
hydrochloric acid (1ml/mmol) and the organic layer was separated. After washing with
water and drying over Na,SQ,, the solvent was removed in vacuo to give the compound
#11. White solid. "H NMR (ds-DMSO, 400 MHz) & 2.40 (s, 3H), 3.71 (d, J = 12.2 Hz,
3H), 6.58 (d, J=16.8 Hz, 1H), 7.52 (d, J = 576,0 Hz, 1H), 7.63 (d, /= 14.0 Hz, 1H), 7.71
(d, J=16.8Hz, 1H), 7.80 (m, 2H), MS (ES") m/z =222.
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HPLC signal at 13.11 mire (09% pure) + 59.2 Overal |
yield ¢ 10% (based en pacal ble 0.99 of 1.29 of facet

Scheme 1.9 Fu-M cesohng (1 R92S)-( 3nherirltte 7 ;0029'9 The free

aci dyuri o was suspended in 95 etbantdtit) and stirred at room

t enp. mhﬂ@éal eoC %Rozsyo %hﬁneaantgxamph.wﬁrsPrepawésbyaa%cdlem e
porti onn.% rnins, a cI ear solution was observed. Atier a
further nnns répi d preen:anon or a whpe solid was observed pnd' big
was continued at roomtenp. for 3b..After this tinme the precipitated
solid was isolated by (titration and washed95% ethanol (2 int.). '"the
filtrate was concentratedsacni a andboth du prec jottated sokid and
resi due frorﬁ“t he filtrate were dried overni ght under vacgum to ieId
eCiRi tated sohb&ap r iR’y by ehi r al HPLIZolg#@N ysi s,

g Bi-chi Hzttr—a{—e—épurlt hi ¢ @IEt HPEE—anat ysi

6), Second Nutlon [003001The pat i dfly resol g‘g"%éﬁ of 6(55§Gng,
purity by chlgaﬁ HPLC anal ysis 14: 86f4Was suspende G4 5% 62

et hanol 1, and tlrred at rffi)En tenp. in a sealed flask for 3h.

R, R
R¥
RS
R4 O= R?
Method Al o | P~OR
62 \
CO,Et
N
R=Me, Et PG
63

Scheme 14: H-Arylphosphinate coupling with 3-iodoindole
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After this time the solid was isolated by filtration and washed with
95% et hanol (2 rta). The filtrate was concentrated in wen and both
the solid and residue fromthe filtrate were dried overni ght tinder
vacuumto yi eld 236 ny. of solid (purlty by chiral HPLC anal
ratio - @ and 19? ng of f||trat “(pwrity by chiral 1;,PL
anal yS| 5 r t|o 25:75). ACId cI salt t(}mbﬁrhe es0d
sal t of C§é¥é h|r ; @%%&yms - Was s d-G@pEt
a mxture tﬁ,@ﬁ,oga | N ('Memdd)Agand Vi ord‘bsly
stined at room#ienp. for 3k er thlst ne, theAFeaGbraH ni xt ur eP@as
transferred t0 a funnel (additional é'hyl acetate (3 rriL) andd N HO
(3 m.) were required to transfer material fromthe flask) and the
layers were separated. The aqueous |ayer was further extragted p'th
ethyl acetate (2 x 6 InL) and the organic extracts were coO :
dried with sodiumsulfate, filtered and concentrated in eacu
yield the resolved acid as a white solid 006 ng, purity b¥ chi+4
PLC anal ysis, ratiol:99, irgl®<59,11), [9030211 NWR (df; MBSO, &E0

B R S TR L
, [ n, - Zl
C2F1), 14.7% (I H hrs @ Cﬁfﬁ}é (d6- DMBO, 161, 8 @ 33

rfilg (ES) 378 (NU-Hr. 2, Flrst‘(riesolutlon -- UI1.S 2R -(+)-
[03031The free acid indale 6g{1:1) as siispided in 95% et hgnol ( I 2
m,) and stirred at roomtenp, in a sealed flask. (1S, drine 8

(0,559, 3.17 mmol) was added in one portion and after 5 mns, a clear
sol uti on was observed. After%a further S mns, rapid preci pltatﬂ{@n of

a white solid was observed a d"%"f‘?dr'an was continued at rfe tenp.
for 311. After this tinme thevprecipitated solid was isol ated/b
fiitration and washed with 95% et hanol (0,5 ifil). The fi RETa was
concentrated in vacuo and bo&h tH‘é precipitated solid angéd& 2
el

fromthe filtrate were drjed "ovéﬂ@.Qt un umtQ vy P&ﬂ)&errg
e | . L e R @thX@EH tR o

of precipitated solid (p
and SAO nag of filtrate (p DY QﬂﬂHzaI Fi ne anal yS|s t o SONH,

Second resol ution 41The partYal IH/ resolved salt (618 ng, purmty by
chiral HPLC anal ysis 94:6) wa85 suspended in 95% et hanol (12e¢1.) and
stirred at roomtenp. in a sealed flask for 3h"lI ker this tinme the
solid was isolated by filtration and washed with 95% et hanol (0,3
m..), The fw concentrated in vatio and both the

d f he f d i gh
Cndor viBEEH ol f SRIOwASRG G bRy ﬁﬂﬁﬂe 1P R Raf e e
anal ysi slid ﬁéths@urm ﬂx%o@dea(ﬂ@g])?aﬁdﬁﬁh rotid bM’lﬁ(:éleSIﬁEMmf)M e &Qétfo%l

HPLC anal ysis, ratio -- eavage 0

resol vedhiktare was stere@mlmgthep u\raitftrwaswddﬁl aral thHleyatﬁtﬁlrgctihsol@@aD?r fiées,
suspend re of acet at

i gor oudly L Bt Rog arfiealpr il T wh AT M Ve BRE tmes o
react i opiefd xftdideysasdef aaséerfreduteaha 3fibadialole addi ti onal et hyl

acetate (3 nmL) and IN HO (3 rilL) were required to transfer materi al
fromthe fl aMETHQD e | ayers were separated. The aqueous | ayer was

further ct j et t n

L o AREASEC L8 M VD AT S0l e Bl S SHARS e
concent hatopen iwas YEIG1dE Qe r Ouil Gldirﬁdh@ter(Q?%Cﬂq\Mdaﬁdl%e@@l&nMﬂf@ Yedise 1 QE

(108 ng, purity by chiral HPLC analysis, ratio - 100:0 p = +59 3

t 00306f IThKRC(PA BLBMSOY aiareNHB hoursghon phospatg busfer @Hrw\za@adqigd 4*121

P4)gi .3 7

578 (muifg bl Aoyt ie bk dglfid ilafpg nd-

(th, -) VEShcet@dte® un@tTedubed prezsudd STHeldrddedik}ildue was purified by flash
chromatography on silica gel (eluent: petroleum ether/EtOAc : 1/1) to afford N-Boc-

protected indole 62a.
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Recovery 07JCverall recovery is 18% fromtacem c acid 6 using either
(IR 2S or (151, 2R)-ephedtine hem hydrate 8 but w thout any
optim zation of the process. Eitionitile 5 Chins! Synthesis of

3- Phosphoi ndmsi s with adiates, where the chiral cent is
conpletely p conpletely inverted, in this case the base
used fonogARe] cressa sﬁﬁetpédlﬁwor{@f@dolgubgm;%hﬁnw (BEHONEMBNAMEEr difogen
all ow racetni zation of the startin osphinate to il ecurrcontrary

to DKR pndceded to @t éise bdbb%mgﬂdedaodmmh)pimeébaquppmcmmmﬂewlon

Cr ol Kyl SRS R i o i frs plBe o itionRERER aad Renehopmeead sblarcs
i nversi %s A& dr¥piike.. Ph8 reabiSimbadR waslklitied I(SrHoﬂFsstﬁed ﬁttl@%.ﬂidﬁh?gf Whter

Schene 2. Schenme 20 [ 00309] Preparation of tnenthyl phosphinate
conpoundvas sddagzdt i02€ dR ¢qatipmmeslizewas dlhmd with vatiaplicdplsatobultieri f | at es

Sch i i h t f h hi
Cocor i M Dbt B wiSet et GBS RY arf a5 b eaRs eE Wereayashed
Am  ChemithSP&er aggég\lé%g@&%caﬂﬁté\ﬁﬁfdgpﬁﬁﬁc& %r@ésure Irhe Eh@R ARl  was

Chem 2002, 643-641 54-163. Second step Is a reacti on such
as descpibie tryeﬂadmni@mmtogmphy 20068ica *gel](elmet petrolSeiheter/Z10 A00 I8 R1t0A /1)

second oach for, s izin hosphi nate starts al so Rom
an hal i gcgfl){fgﬁg\ledﬁggo%%p Péﬂ?%&%ﬁlﬁ*t@ e\?\%ﬁ‘n met hod avail abl e in
litetanire (S¢herRBAG Then attack is-nenthol gives

ment hyt phosphFnat ¢ as a di astecconmeric m xture as
[00237] To astirred and cooled (to about 0°C) solution of ethyl indole-2-carboxylate 10

(1 eq.) in DMF (2ml/mmol) under N, was added NaH (60% in oil, 1.2 eq.) portionwise.
When gas evolution stopped, benzenesulfonyl chloride (1.2 eq.) was added. The reaction
mixture was stirred for about 1 hour (TLC monitoring, eluent dichloromethane); a small
amount of water then was added carefully and the DMF was evaporated. The crude residue
was dissolved in ethyl acetate and washed with water and brine. After drying and
evaporation of the solvents, the compound was purified by chromatography on silica gel
(eluent: C¢H2/EtOAc 9/1 to 7/3) to give the N-phenylsulfonylindole 62¢.

METHOD AH
[00238] To a stirred solution of indole 10 (1eq) in THF (3.5mL/mmol) under nitrogen
was added potassium tert-butoxide (1.5 eq.). Reaction mixture was stirred 15 minutes then
benzoyl chloride (1.2 eq.) was added. The reaction mixture was stirred 18 hours then water
was added. THF was evaporated under reduced pressure and aqueous layer was extracted
three times with ethyl acetate. Combined organic layers were dried (Na,SO;) and
concentrated under reduced pressure. The crude residue was purified by flash
chromatography on silica gel (eluent: petroleum ether/EtOAc : 3/1) to afford N-Bz-
protected indole 62d.

METHOD Al
[00239] A stirred solution of degassed DMF with N, N-protected 3-iodoindole 62 (leq.),
H-arylphosphinate 23 (R= Me or Et) (1.1 eq.), triethylamine (2eq.) and Pdydba; (0.2eq.) was

heated at 70°C or 90°C until reaction is finished according to TLC or HPLC analysis.
Reaction mixture was cooled down to room temperature and solvent was evaporated. The

crude residue was purified by flash chromatography on silica gel (eluent: typically
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descri bed i nCnr 047 90, 1459- 3465, 0 "Metithy: Schenme 22 1003111

The separation of the diesiereoisoners is realized by aystali intim

m ng or adapting the conditions described in | Arn, Cherra. Soc. 1970,
i St.r

RL43- o1 GBRCICHBEHEDBUSAC 7917) 608687 nIlE Rarmehtage b aipott yhen PO=EBges. 44
MeOW! Q)f?éa :(1)6} arids : If-lﬁ;o SHM;
synt hes ?QQ@F? - p% s%ﬁ%ﬁﬁ&gﬁg{}%‘? o?e??ﬁ?tga?d gﬁgféle‘o:% ugfl%gs t h|1§§d)'

si nr oaoh: METHGD 24
[00240]) To a-90°C cooled solution (acetone/liquid nitrogen bath) of bromoindole 11

(1eq.) in THF (SmL/mmol) under nitrogen, was added n-butyllithium (2.5M in hexanes, 1.1
eq.) dropwise while maintaining the temperature around -90°C. After the end of addition,
the reaction media was stirred 5 min at the same temperature and chlorodiethylphosphite
(1eq.) was added dropwise. The reaction was allowed to warm up to -20°C and then washed
quickly with a small volume of brine. The organic layer was then immediately added to a
stirred solution of HC1 0.5M and the mixture stirred for 1 hour. After decantation, the
aqueous layer was extracted with EtOAc several times. Combined organic layers were dried
(Na;SO;,) then concentrated under reduced pressure and the oily residue was purified by
flash chromatography on silica gel (eluent: DCM/EtOAc : 95/5) to afford indole 3-H-
phosphinate 64.

METHOD AL
[00241] To a solution of indole 3-H-phosphinate 64 or 65 under N, in degassed

acetonitrile was added 3-iodo-5-methyl-cinnamonitrile (1.1 eq.), EtsN (1 eq.) and Palladium
tetrakis(triphenyphosphine) (0.2 eq.). The reaction was heated at 100°C until the end of the
reaction (monitored by HPLC). The reaction was cooled down and solvent was evaporated
under reduced pressure. The crude residue was then purified by flash chromatography on
silica gel to afford 3-H-phosphinate 63 or 66.

METHOD AM
[00242] In a pressure tube, Indole 3-H-phosphinate 64 (1eq.) was dissolved in methanol,
the solution was cooled down to 0°C then satured with ammonia. The reaction was then
heated at 50°C under pressure for 18 hours. After cooling down the solvents were
evaporated. Water was added and extraction with EtOAc was performed. Organic layers
were dried (Na,SO4) and evaporated in vacuo. The residue was tritured in acetonitrile and

gave after filtration 3-H-phoshinate indole carboxamide 65.
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01,1 X Chbp i Etwo-hcmu [ . \ 0.1 cAJOft nitoition of
cost:cliff:bon"'"H nmeciol 3F4. - CN NH31MeOH 2) TPAPor 1) UOH 2) C, Di

3)NFi z, invorolon of (x)atigurationH Schene 25 W313; For the

an: dynes' awn:ion of emmtiorners, the conditioas the chitai HPLC

anal ysis art: Columm: DAI CEL CHVALtEAhedidd\d2b: 5um 250x4, 6 nm | D,

Mobi | e Phase A: Met hanol hikthiie Phase B: | PA4-0, 05w6hTFA i socratic:
A B (25Kithy @memﬁbchhmrw&ﬂbllw3 inﬁ%ﬂ@ﬁﬁ'h@kﬂate@ G 4000m

i t hanti ot her h BA thin; Esantioner 2RT-1 Pnpa rake thet hedx
Injection of 2g of 3:iv:rink mixtum (1N4403): Coi umm: DAK1131,

CHI RALPAO AD 2t hons 260: 60 ram CDxAQ bi e PRbse 50 et hanol | SO

met hanol/ QG di et hylam ne (vhilv) v Ratey 120t hi hnin Detection: W
32Charn Enentionter | RT-70 Mn', antNomeP 2 RI-25"3thith

MeO

[00243] Intermediate 62b was synthesized according to method AF. White solid, 'H
NMR (ds-DMSO, 400 MHz) 6 1.33 (t, /= 7.1 Hz, 3H), 3.67 (s, 3H), 4.35 (q, /= 7.1 Hz,
2H), 5.73 (s, 2H), 6.82 (d, J = 8.7 Hz, 2H), 6.97 (d,), 7.40 (/= 8.9 and 2.1 Hz, 1H), 7.45 (d,
J=2.1Hz, 1H), 7.72 (d, /= 8.9 Hz, 1H).

Intermediate 62c¢:

Ethyl 1-phenylsulfonyl-S-chloro-3-iodo-1H- indole-2-carboxylate.

[00244]  Intermediate 62c was synthesized according to method AG. 'H NMR (ds-
DMSO, 400 MHz) & 1.40 (t, 3H), 4.50 (br q, 2H), 7.45 (s, 1H), 7.52-7.80 (m, 4H), 8.00 (m,
3H). MS (ESI, EI') m/z = 488 (M-H").

Intermediate 62d:

Ethyl 1-benzoyl-5-chloro-3-iodo-1H- indole-2-carboxylate.
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Anot her approach to the synthesis of enantionericay pure

3- ohosphoi ndol es depicted th schenes 49 ziind 50, conplete or if

m xture ofdi astereoners are observed. The nobst sensitive step m ght
he the bor rotection which requijred heat Fro i triemthe .
enant i omﬁgleeffg@é@e %&FW“W@%G‘? HSORHRE ‘i.‘x’s‘Betg]f’é 2‘1@ i‘ﬁlf%ﬂt yellow solid,
anal yti ¢gl > szé j hf (t he [ tol t :
phosphoflgsN Iﬁgf %0@? %gg?fr)% e Jsgit'bjegb% s??gg,&’ %9‘58:8381%&42@6?25%)? 7215 2
can | ead. 7idm, 8BHe. Mib(EBE E&hent =efaidM-ovd), 8 (B8 )12zdefi@ndi ng on t he
chem cal pathway sel ected. Exanple 6, Resolution of Diastereonerie

i nternedi ates [ 003161A further nehtapgleldiiate §te preparati on of
enantiotnerically're, hoindoles relies on the preparation of

di aster i [ ' I ' iral

The. use ey PAPHIRILMRES AR AubRDa0af-16 INHAL Sabhéilit

3- phosphoi ndol es is depicted in Schéne 26. The S-chirality at

al pha-am no-aci d carbon i s unchanged yet hesis is done as

foll ows: 1003171This strategy can @: dd to prepare other

di asterconmeric am des with etiantiomertigal Iy pure benzyl ai ni nes for
exanple or to prepare diastoreoneric egﬁgﬁs ra...it than am des which
coul d be cl eaved after thastereonicri @s%?ar ation to rel ease the

separated ertantiotner. This approach i own in Scheme 27 helos'.%
: AEOP Schene 27 Exnnple 7

[00246]) Intermediate 62¢ was synthesized according to method AG. Beige solid, 'H
NMR (ds-DMSO, 400 MHz) 6 1.41 (t, J= 7.2 Hz, 3H), 4.51 (q, /= 7.2 Hz, 2H), 7.63-7.71
(m, 3H), 7.78-7.82 (m, 1H), 7.89-7.91 (d, 1H), 8.00-8.03 (m, 2H), '°F NMR (d;-DMSO,
376 MHz) 6 -125.60 (d, 1F). MS (ESI-) m/z= 506.12 (M-H) 30%, 380.21 (M-I)" 100%,
382.21 (M-I)" 35%.

Intermediate 62h:

Methyl 1-(4-meyhoxybenzyl)-4-fluoro-S-chloro-3-iodo-1H- indole-2-carboxylate.
Fo

Cl OEt
W@E\H
N (@]

MeO

[00247] Intermediate 62h was synthesized according to method AF.

White solid, '"H NMR (ds-DMSO, 400 MHz) § 1.31 (t, /= 7.1 Hz, 3H), 3.67 (s, 3H), 4.34
(9, J=7.1 Hz, 2H), 5.68 (s, 2H), 6.82 (d, J = 8.6 Hz, 2H), 6.96 (d, J = 8.6 Hz, 2H), 7.45
(dd, J=7.0 and 9.2 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), '°F NMR (ds-DMSO, 377 MHz) & -
126.1 (s, 1F). MS (ESI, EI") m/z = 487.
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Preparation of Cornpond 1 Condaions: 8;2020. 3.0eqg, n-Noptano,
211VC, X :2.02:Li 3,1le,q, iing, 80(t <1" < -75C. 1. o0.11C t.Ceq,?2.,
2MO- 1.cx,; v. DABCO Ptiox4n uniO Pdg.lifisrx2 v. 1. CM DM 2.
MoCH or EiCH vi 1. 4-Jo2E, OWF, Ph5.:02C vX. Ere, ELM? ix 1. NsH,

ow, 2. Pr1S2C Part A Synt hesi@(,,g?oﬁldaggg:nomd&e internmedi ate
'c,Eiz CE ct; Meroorioehe xthyléesOmir -'4.1S-02Ms  Conpound

102 ol myGg dhzenesulfonyl-5-chloro-3-[ methyl 3-((E)-2-cyanovinyl)-5-methylphenyl]
phosphinoyl -1 H-indole-2-carboxylic acid ethyl ester.

7
o
z

Cl OFt

[00248] Compound 63b was synthesized according to method AL White solid, 'H
NMR (ds-DMSO, 400 MHz) 6 1.33 (t, J= 7.1 Hz, 3H), 2.65 (s, 3H), 3.69 (d, J=11.7 Hz,
3H), 4.41 (m, 2H), 6.52 (d, /= 16.7 Hz, 1H), 7.53 (dd, J=9.0 and 2.2 Hz, 1H), 7.62 (d, J =
13.6 Hz, 1H), 7.60-7.71 (m, 3H), 7.76-7.81 (m, 3H), 7.85 (d, J=2.2 Hz, 1H), 8.04-8.09 (m,
3H). MS (ES") m/z =583 (MH")

Compound 63c:

1-(4-methoxybenzyl) -5-chloro-3-[ methyl 3-((E)-2-cyanovinyl)-5-methylphenyl]
phosphinoyl -1H-indole-2-carboxylic acid ethy! ester.

D’\\,CN
MeO

\P::O
Cl OEt
T
N 0
MeO

[00249] Compound 63c was synthesized according to method Al. White solid, '"H NMR
(ds.Acetone, 400 MHz) 8 1.18 (t, J= 7.1 Hz, 3H), 2.39 (s, 3H), 3.74 (s, 3H), 3.76 (d, J =
11.4 Hz, 3H), 4.26 (m, 2H), 5.63 (s, 2H), 6.35 (d, /= 16.8 Hz, 1H), 6.86 (d, /= 8.6 Hz,
2H), 7.14 (d, J = 8.6 Hz, 2H), 7.35 (dd, /= 9.0 and 2.2 Hz, 1H), 7.61 (d, J = 16.8 Hz, 1H),
7.67 (dd, J=8.9 and 1.9 Hz, 1H), 7.69 (s, 1H), 7.75 (d, J=13.2 Hz, 1H), 791 (d,J=13.2
Hz, 1H), 8.24 (d, /= 2.2 Hz, |H). MS (ES") m/z =563 (MH").
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H 71-r1,1,:re'.,3,i1;,,,,i,,,-,,,,nrner24;017 on-",; was
ttekto4,th,,o,_0"k SL bottom flask equi pped wth overhead stirrer,
reflux condenser, heating mantle, tenperature controller, an internal
t enperature probe and an argon MK{,. n- Heg e (2000ml) and

di - rhui yi - di egr honake ($50, 3g, 2, %ﬂﬂ@l‘—?—&éﬂe charged to the fl ask.
The m xture was stirred under argon at roomte(n&_srature for 15.mn

ﬁl | owijnd'(dﬁ”sblmi!ﬁrbﬂn%qe)-ﬁffélqmj"b npyo-3f metbykh(fd2-ayamevimyktImr e was
haal ysi SoetpsphEin] bRoRRWARETHARIRN. 1 FRBIRERR hi£RE, O O

(TPIFiNzl eCN | :1) indicated conplete _conversion of starling materi al
(Rl 4.57mn) to one product (Itt 6.1 }' i). 1003191The reaction was
allowed to cool to 50-55C and transfcf imYwo portions to a 31,
one-neck REF. A mica; of | sommof.dbstillate was renoved by
concentration in vacuo at 45C. o give & peach colored solution with
white crystals, The AllrrY was a Ntp cool to roomtenperature,
whilst stiring, for | "Tit The flask-wmas'stored ateC Cur 15h after
which tinme the crystals were filtered spder vacuum and washed with
cold n-heptane (400nil), [003201 drying at 35C under vacuum for
I b. very fine, white crys Conpound- 102 (393.1g, 93%yield) were

obtai ned, Crnnpotutd 102: C tH 3CI FNO2 245. 64npl4, HPLC anal ysi s
(Test 20, MetIN): R; 6.%wparity (il:: 254nm inp.: 103-104C, I

Ni V11115H (400 MHz, CDC13): L51 (9it s x CM, 6.56 (1H., br-s,
61-11), [@1288] 7C@Spovhd 63 fwak gnthasizedmcc@ding\tomidth@AhoWidteladid, 'H NMR

10052 ] om0, 8, D P LTE AT i S 7.

t enper atyyr t A dehirt i unnel <@ O 4 L
nper atyyl ?H?, 4‘??/‘3((%25%}-@ %'% r?gﬂ qunnsls 2ad amn ngoﬂ?sa gt,eiaﬂ) 7.69-7.77

Anhydrous’ [ et’r ahydf of aran { § charged to’the f nd cool ed
usi ng a(dr $H), 4ot Hi=pl. ublz] 1yi"F NMR 6deDMSMAT7iMEzadh - 1 16t GegsnalF), >'P

t emperatyre of - < T < - _75C a | tines during the reaction.

s Lty YRGB GoB M) 6 23 4, Mot AESIREE RS 67 Ve 11 2 o
the argon filled funnel and added dropwi se to the solution with

m ni mal spl ashing over 2h, Adl er Genpeudde320ni n, a sol ution of

i odine (289"9g, 1.142inol) in anhydrous tetrahydrofuran (430nl - 3-
100m r Sreddorovirfluadaédd mletbpld$E)t2ocyanevonil)dSnesby ipbanyll phosphinoyl-1H-
ensurin ‘ﬁ{q '?nt ernal. terd:mt u%e of -80C CT < -75t over $h. The
reactio SEUPAEPRHYC Af! “%"™warm slowly to 30C over 14h after
which time anal ysis by HPLC net hod Test 20 (sanple quenched with
Nal -i SQ Jai, diluted with MeCN then i eQI | ayer diluted with

Meal -) indicated nearly conplete con ontofNstarting material (Rl
6,17mn, 1.6% @254ran) to one pro ugt Rt 6.73mn). [003A solution
of NH4ACLl (41,69 in 160tril wati?lr) adgably, followed by a 3cAlltiOQ1l
of NaHS03 (184.8g in 560nal wa uri TVC. The quenchi ng

m xture was allowed to warmto 1 sostirringfor | .5h,

[ 003231After transferring the m xtureHto a one-neck flask, 1370tril
of THE renmoved 'and water (500m ) was added. The m xture was stined
vigorously at 4C for 15h and filtered. After washing wth water

(400nmL) a beige solid was obtained with a coloriess filtrate yvhilch
cont ai né¥24é] proeuptu\Aie1yssychesioagBagerhes sohiidonad. dVsisobalald Hn

hot  (65(gmR! wf-DAIE8, APMH) 587 B WL LSt R 935 (5, 3H), 3.58 (d, /= 11.6 Ha,
3H), 4.24 (q, J = 7.2 Hz, 2H), 6.49 (d, J = 16.7 Hz, 1H), 7.38-7.82 (m, 6H), 13.19 (bs, 1H),
'9F NMR (ds-DMSO, 376 MHz) 5 -115.0 (s, 1F), *'P NMR (d;-DMSO, 162 MHz)  25.24
. (s, 1P). MS (ESI, EI") m/z =461 (M+H").
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remove insoluble material (3.5g. no product by HPL.C). The filtrate
obt ai ned was concentrated at 45C under vacuumto 150nml at which point
solids began to precipitate. Water (32nl) was added dropwi se to the
m xture which was then cooled slowly to 4'C. over 1,5h. Filtration
under vacuum washing w th 4C et hanedewat €3h:2: 1 (250mL) and drying
under vacuum at 40C gave Conpound 103 as a pale yellow solid (114. 1qg,
94% yi ely mm Q3 T Me011): R
6. 73at i nq)‘99§/i?pur| ty %%rggg{n? t‘%uggé%ﬂér&ﬁ%?bﬁ?%@%@%ﬁ?&vo%q i

CDC. 1) ) methylphé®yl]l phesphinoyl)cHD-indol22-EGhiboxiidic abid dthyl esters5 (lH t,
Ar-H), 8.70 (1H, s, CONH), C NWR c (100 MHz, CDC1,1)t 28.04
(C(CH3)3), 7933 (C(C11.3),3). 86.23, 49 (Cl), 115.11, 115.32

(G CO 12235, 122.38 (CGN, 129.89 ( \14Q, 99, 141.02 (CH),
152.94 (Cr-0), 155.47, 15787 (CF;. (E:g und 104 [00325Compound 103
(110.0g, 0,2= noll was added to a BE™p=four-neck round bottom fl ask
equi pped with overhead stirrer g cofidenser, water bath, 250nml
addition funnel, an internal tenp edprobe and an argon inlet,

Et hanol (900nml) was charged to the ask “and cool ed to 5C.
Hydrochloric acid (37% 145.9nl) s-@added dropwi se keeping the
internal tenperature below 15C. [003261 The m xture was warnmed to
50-55C for 2h after which tine gpal ySis by HPLC net hod Test 20
(Me01-1) indicated conplete conversion of starting material (Rt
6.73m n) to one product (13r 5.44mn), The reaction was cooled to 5C
and a solution of NaOH (80.0g in 1000m water prepared, 865nl added)
was addegh neu{idt@&hq' ol REBINGast Y8t GAREARbMS; BEhONod AT, WIRR §did, g t he

pH unti | ral he mxture was transferred to a one-neck flask and
stored AMRQIE-MIBK4GEOGRIZ) A 1t Ut @/ of . 19700 . 38i(s BH)) 26k (dhels= illafrdi/zad

ot oo pi c A &G PHE 4 REE 70 1 B S R ou R Prbp R Sl e

whi ch tilpg, sw&dsglﬂ . e, tH} toegsed, ymckev Hyamymmd y\assfmpizvmm%@ (dd, J
et hanol : water 200mL Aft er dr t 35C under vacuum fOr

a
72.1t, F m@%:&r{’irodlﬂdh 7 (80 5!919 ?ﬁ“&(dawﬁorﬁ'&/l\ﬁh)%&hw (wd$),
obt ai nech d ) ) and
P71 ter oa PR AR, S8 NUEPE 655 R Rt det (RmErL 2r sy ISR
filtrate obtai ned was concentrated at nder vacuumto 175mL at
whi ch point water (703110 was adﬁ@@@iﬁ@iﬁé@—to the mixture over
3- 4h, then cooled slowy to 4C and stirred for a further 0.5h.

Fi | t r at ldPenappeulipay loro-3-ethoxyhyqgegraeahiatrdying- H(inddp2ycaghaxylic

drying m at 35t gave Conpound 104 as orange needl es

(70. 5q, Hg@%&waﬁgﬁv 98% purity (Ji 272n3n)"A second crop of nmateri al
was obtained fromthe nother |iquor 23 aHpal e yel | ow solid (4,69, 5%
98% purity at 272nm) . Conbi ned yield %’@asa)ound 104: C6HACLFi N

271. 45gnor' . RPLC anal ysis (TesCl ECN) : ORt 5, 44m a: 98% purity @
272mt inp.: 80.5-81C. ES1 +ye: ni D7D fetti-i]' 65% 312.9

[ MA- MeCN41-11" 100% 'H NWVR hin (40 2, db6-DI MBO): 5.69 (211, s, 2x
NH), 6.55 (1H, d, Ar-H), 118(111 t, SAQ1-1). E3C. NMR ae (100
MHz, d6-DVBO): 70.97, 71.24 (C-1), 104‘j

104. 25 (C-Cl), 110. 14,
110,17 (C-H), 129.90 (C-1-1), 150.09, 180, %4 (C-N), 155.45, 157,82
(C-F). EF NWVR 8F (376 Mz, d6- DMBO): -&1«/60 (1F, d) Conpound 105

[00253] Intermediate 64a was synthesized according to method AJ. Slight yellow thick
oil, "H NMR (ds-DMSO, 300 MHz) & 1.25 (t, J = 7.2 Hz, 3H), 1.37 (1, J= 7.2 Hz, 3H), 4.1
(m, 2H), 4.46 (q, J= 7.2 Hz, 3H), 7.58 (dd, /= 9.0 and 2.1 Hz, 1H), 7.71 (m, 2H), 7.80 (d, J
= 609.6 Hz, 1H), 7.83 (m, 1H), 7.97 (d, J=2.1 Hz, 1H), 8.11 (m, 3H), *'"P NMR (ds-
DMSO, 162 MHz) 6 13.43. MS (ES") m/z =456 (MH").
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[0032.91Co4 (74,59, 0.275 ,i) was added to a 21: four-neck round
bottom fl ask equi pped with overhead .stiner, reflux condenser,
heating mantl e, tenperature controller, 250nml addition funnel, an
internal tenperature probe and an argon iniet..NLND net hyl f or mam de
(575mL) was charged to the fl askipdérnicd@qbet @per at ure, DABCO (95, 5g,
0.851npl ) was added in one portion and the 1 nternal tenperature

dr oppedqt 4 t4.r ' efiri 2-

di ssol utliI’(;er?]lglE]%dg utﬁ’ﬂgygféhp?gr?ﬁ%ﬁ egeg@s&gg&g??%l%gwsﬁgﬁglggﬁl ltn (r)lguzgh
it vi gocattsixyli¢ acid ifethpl esyr. uvi ¢ acid (57.33nl, O, 824npl) was added
to the brown solution over 103nin and t internal tenperature rose
to 36C. The solution was again degassegd w th argon for 10m n and

pal | adi um acetate (678ng, 0.003 |m)l 5~@dded in one portion, 100301
The m xture was heated to 100C fOr~3 ' Wech tine anal ysis by
HPLC net hod Test 20 (MeCN, filtere i cat ed conpl ete conversion of
starting material (Rt 5,441-nin) to on dduct CRI 3. 64ni n), The

reacti on was cooled to roomtenper aturcf;isf'or 1 5h and subsequently to

5C, A solution of hydrochloric acid (1. 5753111 : hen 0. 115N,
280nl) was added gradual ly keeping the yer at ure bel ow 10C.
nonitoring the "pH' until pH = 3.5 A am=olid precipitated fromthe
solution and the niixtrre was stirred for an additional 0.5h at 5C
The solid was filtered under vacuum and washed with 10C water (3 X
200m) . [0A258] dininmgdiate GHBGvasngatheviaedaurofdiig B6h¢thoLoTpNhile 40K, 'H
(55.99, 95% yvi el d) was obtained. Compound | OSr C. 91-1501 NO2

213. 59gNR (EpLY R at QpsVEz) $ds40 6.0/ = b, 2H)33.93 (3 rt-09 6mp Bd.i% 1P (m,

(i.(i 2 -Met 210l 2 L A0% [ ' 10Q9% MR
811 (40 %mﬁﬁﬁ%fgi@s@)?? t, f%ﬁ 77'}91@42 !fH, 6]13"%“?@% 1%127 I}g%(“(g’%ﬁ %Pﬁl ,
213. 33( 2nx1HL P WMR $4,-DISO,(12AGOINHZL 8 C2 MYRAC 1106 Hhiz MS{IES*) VBO)160
102.45 ((>3), 108.76, 108.92 (C9), 110,20, 11024 (C-6), 116, 88,

117. 09 Elt‘%-Hsg-, 125. 46 ((1>7), 130.34 (C2), 137,90, 138.00 ((>8),
14936, 152.23 (>4), 162.12 (9-0) NWR ay (376 MHz, d6-DMS0): -121.35
(IF, d). Compound emooned 688 (55.9g, 0, 262npl) was
added to a 51. four-neck round bottom fl ask equi pped with overhead
stirrer S-chiiiot-pRthyd 3AEE)-2 ay anotiay De-mie diyeliaiyll ghgspbiney b hH-iad okr 230N
inlet. N, A"-I?irret(ﬂﬁlffrrnarri de (695mL) was charged to the flask at
room t efyOXGASId Adf e4fl50on, stirring for 20nin to obtain a brown
sol ution, Carbonykiiitnidazole (51.0g, 0, 3143noE was added in one
portion giving a brown suspension. Th 'xKure was stirred for th
under argon at roomtenperatere after ch~tGNme anal ysis by HPLC

nmet hod Test 20 (Me0O1ll1l to give Me egf\@j, filtered) indicated

i nconpl ete conversi on of starticpg mat errpal. (Rt 3,64mn, 0.5% to

maj or product (Rt 5.48min) plus difte (Rt 4.77mi n). Additional
car bonykl iirnidazole (0.43c, 0,0 i d Al, Al-dirriethylf ormam de
(45ml) were added and the reaction wa% stirred for a further 2h after
which tinme analysis by T1131..C nethod Test 20 (N4c01l-1 to give Me
ester. filtered) indicated conplete conversion of starting materi al

baded cDBRSY ot CoPRaT Baebias v srrideinitie BraorOGAL YR SOgE
cloudy Bmewun spspensicnviid sarodll analy Eﬁ?Y.z&}é?Lﬂ%ﬁfEEBHS’, Tests, 20

(MeCN, filtered) indicated one product (% .48min). The reaction
mi xt ur e3las}. €ooh.edusilngmainHi).cedbat, b =aifdS Wat &il), 72000y =Walbaradd@diz,

tan sof TH TREUSai o vady Pk Satbnact L bt v G REE M HES o -
water (29x4P0pl), Mer air drying, the solid was taken

hl or onet hane (800nl1) and ethyl acetate (1600nl) and dried with
anhydrous sodium sulfate (400g). Filtration through Cehie and el ution
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108, 97, 109, 12(C-9), 110. 27, 110.31(C6), :1.98 ((>5), 125.84 (0-7),
128.82 ((>2), 138,00, 138,09 (0-8), 14 77, 152.26 (C 4), 16105 (00)
t9F NWR 8F (376 MHz, d6-DWVS0)z 421.11 (1F, d) Conpound 107 1003321
Cunmpound 106 (46.5g. 204mM) 'was added to - 21". fburneck round
bottom flask et ppcd w th over heggkepinedia®d 6547 bat h" an internal

t enperature probe and an argon inlet A3thcInMis t''fbttnai ntue was
char ged SK 3r .My to obtain
an or angg%lslg{rgﬁ( %‘%{h({ggg%'t eh%@?ﬁ l’@gqur}.g&ggg & 0’\‘/\a/?silmadded in
pmtot:w se over 45min keenirui. tue |\nt gr nal ten perature. bel ow st,
No nuitivaii gas evol ution was observe‘a P rrytsu on i chi onde. bnoi i
Yi | d3 added drimm se Col (-1: tiginn kee |r%N;_|he Meni al

t enpet ut uret ausaum was stirred tor fhi ch num anai ysta try
t1 PLC nethod Test 2:isCN) indicate Qi siptatete convernon of
starting material iRt 5,48mn, 4% at 278ratt to product (INt
6.1.2tnitty. Firher portions of Ts:R b(95it4"toride La.. Added and
the m xture was sinred tbr a further | Sb. Anaivss by:di:31:C

[00256] Intermediate 65a was synthesized according to method AM. White solid, 'H
NMR (ds-DMSO, 300 MHz) 6 3.71 (d, J= 12.6 Hz, 3H), 7.35 (dd, /= 8.7 and 2.1 Hz 1H),
7.60 (dd, /=8.7 and 1.8 Hz 1H), 7.85 (d, J=2.1 Hz 1H), 7.99 (dd, /= 616.8 and 5.4 Hz
1H), 8.00 (brs, 1H), 9.28 (brs, 1H), 12.71 (brs, 1H), *'P NMR (ds-DMSO, 121.49 MHz) &
22.38. MS (ES") m/z=271 (M-H).

Intermediate 65b:

S-chloro-4-fluoro-3-methoxyhydrogenophosphinyl-1H-indole-2-carboxamide.

\
FoO]

!
P=
0]
Cl NH
‘CCM 2
N 0

H

[00257] Intermediate 65b was synthesized according to method AM. White solid, 'H
NMR (ds-DMSO, 300 MHz) & 3.72 (d, J= 13.2 Hz, 3H), 7.45 (m, 2H), 7.99 (dd, /= 616.8
and 5.4 Hz 1H), 8.08 (brs, 1H), 9.96 (brs, 1H), 13.0 (brs, 1H), >'P NMR (d;-DMSO, 121.49
MHz) 6 22.79 (dd, /= 28.8 and 4.6 Hz). MS (ES") m/z = 289 (M-H).

Compound 66a:

S-chloro-3-[ methyl 3-((E)-2-cyanovinyl)-S-methylphenyl] phosphinoyl-1H-indole-2-

2%0N
o] ~

SP—0

Cl\@&ﬁ:m

carboxamide.
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met hod Test 20 (VEN) indicated i nconpl ete conversion of starting
material (Rt 5,48mn, 3%at 272p,m to product (Rt 6.4116), The
reacti on was worked up by the. sl ow addition of water (770nD over

251n1n, ing the internal tnre.remai ned

al | ow né‘?@%@ﬁ WE%qdoéqu”ﬂﬁrSé!Bﬁ W gecorfing @dT‘?tgo%gi ?Wmtsrsehdw'rber
vacuum H\gﬁg r

solid WaNgﬁt g@n up |n et a%gp(({';gg&h%)sgg&ifmg??mk? 3§[3’!C555§§)€(\/j| gjﬁhst?}ﬁ ng
for |ii IH}He97 thot, 1$D)spédsi Gﬂr‘(myém)cméém, f Bl eld). 86 fbis, \lhbjﬁ.',ll’nl\ﬁﬂmmDCl;,
remJV|n f t |l owed to cool to 5t for 0,511,
Filtrati 8ﬁ§g%ég)§/gicg‘imy%? ?‘I‘l(M ‘et hanol (150mL) and drying
under vacuum at 40N:. gave Compound 107 as a pale yellow solid (68, 59,

91% ybi d). Conpound 1.07t Cu441CKENEGUBEEOIESgnDKI HPLC anal ysis
(Test 20, MeCN): R, 6,43mn; 98% purity @272ran inp. 163C expanded,

166467C5mh|l¢me|4 mmﬂo BiyR1 @h W)M&ya:ﬂer@mmethﬁpasnﬂpphommﬁjtluﬂ-
7.51 (1H, H, 7.62-7.68 (3H, in, 3 x Ar-11), 7.77 (1H,

Ar-11), "';d"étzz(cf!['ima"dﬂcr H, 8.04 (214, (1, Ar-H C NW\R $c(1oo Wiz,
d6- Dmsm 53, 21 (CQCL13), 110.60 (7-3), 112.30, 11234 (G- 6), 114.02,

114.17 (C-9), 117.93,1181 .4 (C5), I1y27.14 (2 x128,78 (C-7)" 129.85
(2 k 132,29 (C2), 135,24 (Cparm 186, B2186N88, 136.96 (C-8),
149,37, 151.89 (C-4), 160.51 (O-0)_ 9F RA4R i St; (376 Mz, d6- DVBCR

-119.42 (IF, d) i P*omde
\I: IS\ %
N NH,

[00259] Compound 66b was synthesized according to method AL. White solid, 'H
NMR (CDCl3, 300 MHz) & 2.42 (s, 3H), 3.88 (d, /= 12.0 Hz, 3H), 6.38 (d, /= 16.5 Hz,
1H), 7.20 (brs, 1H), 7.42 (dd, J = 8.8 and 6.7 Hz, 1H), 7.61-7.66 (m, 2H), 7.74 (m, 2H),
7.89 (m, 1H), 11.24 (s, 1H), 12.07 (brs, 1H), >'P NMR (CDCls, 121.49 MHz) § 30.29, '°F
NMR (ds-DMSO, 282.4 MHz) 6-115.0. MS (ES*) m/z = 432 (MH").

Intermediates 4a and 4b;
| |
N HN—-E N HNﬁ:

OMe OMe
4a 4b

[00260] To a solution of 3-iodo-5-chloroindole 2-carboxylic acid (1eq.) in DMF
(7mL/mmol) under nitrogen , was added HOBt (1eq.), (R) or (S)-alpha-methyl-p-
methoxybenzylamine (leq.) and finally EDCI (leq.). The reaction media was stirred for 18
hours then water was added. The precipitate solid was filtered, rinced with water,
solubilized with EtOAc, dried with Na,SO4 and evaporated under reduced pressure. The

crude residue was purified by flash chromatography on silica gel (eluent: petroleum
ether/EtOAc : 95/5 to 8/2) to afford indole 4a or 4b.

91



Conpound 108 V* N's rAcC CFMNI, 1003331 Conmpound 107 (68. 4qg,
0.186npl ) was added to a 2L fotthrteck round bottom fl ask equi pped
W th overhead stirrer, addition fiannel, ice bath, an inter-:4

t enperature probe and an argon Mt. Anhydrous dichl oronetliane
(685m ) was charged to the flask at room tenperature under argon,
stirring to obtain a partial suspension. Brom ne (11.5nl, 0.223nol |
was added dropw se over 20m n keeping the internal tenperature bel ow

10C 91 VN9 BuASED oflamrkb i N IOELIEAGHOR ISR | oued to

want to roomtenperature or tTme ana YSI S
Fillf:(2 m@M&DM@s@@I%WﬂcMMWMB@I& 13@$d,dcr7Qsz,GHéd

ivith telel I L 108 0Bl 4t £L
i ndi cat ed |jr??o(%‘prk?12tstewc§'hgl{e)f5| o‘ﬁl of ggt}g%{)d’ &-}r@ er| afgh W Jl{:ﬂh—’ 3,5 78%
fal 272nni)7.3%ma 3k, AdF (dov o8z (IR 8. 3B(d7-6ﬁ1746)HL Wi 2 l5dhlal IR MREE) (1

4n was addeger,ihgpppurse of the next 61 and the reaction was left to
stir at roomtenperature for 14h at which point anall_i/5|s by fine,

met hod Test [09263] ( SanpthéorerdderionédRin A hmnartysaylayDdit-wddeZwi t h Meq i f
then MeOH carboxﬂmaélﬁévrﬁt'ek&ifde‘i{ a0, 406%@2”}%%83 Vﬂ'ﬁ&gﬁgé%s' on

of starting materi al to one

The reacti ot 3khs> Yuem G%@,#ﬁésdﬁd?lﬁ)b?)?ﬂ@]flfa- Z)MﬁtZUﬁZéﬂ),MéﬁB@Q
(132g in 40&{T‘QHY\@T4§@ J%rksﬂlii,'i'ﬂ) k387, oG 40P, $L20%A! 1800 tesThe

| ayers were separ d the organl c layer was washed wlth sat ur at ed
aqueous sodTtimM rbonate (400mlehe aqueous | ayers were extracted
wi t h di chl or onet hane (400m i%‘b ani c layers were washed
with water (1000ml), and dri ed H§erme ﬁ’&dtaﬂ ‘sodi um sul fate (500gq) .
Filtration and concenttation under vacuum at 28C gave a crude ye | ow
solid (78g). The soli d@{\khturat ed in hot ethan al) at 50C
for I'b. The hot suspens¥on was concentrated under y&uum at 40C
removi ng 450nml of odi stijPgte, then allowed toccoal £8%5C. for 0.5h.
Filtration under va shing with 4C, ethan Ol ) and drying
under vacuum at 25C ga\ﬁe ound 1108 as a pal e yel I"8W\ powder
(72.69, 88%yield, 93% puri at 272run), This solid wa i ssolved in
hot ethyl acetate (500nl) at 3QC for Ib. Ethanol (200nD wag.t and the
hot suspensi on was col \\/,}Jy at 56C and stirred for 15m n.
Precipitation td under vicuum at 40C renoving 475m di sti . hen
allowed to cool to 5Cfor 0.5h. Filtration mulct vacuum washing with
A ot anol b3 A A sl 3BadA e DR GHHT, Aiof ok £ RROUNT 108,
3- br onp5- ehawiwbesphingie A E1.1 99- b sisthelimeng(Faan ayd Pdidploge) vastbosdat A€, as
a pate yel | gy RQWRREs fﬁ%ﬁedﬁl&cor&g %WL@C@HPQ@%:Q}&E Rdhaciin &Z&w@as cédled

second ctrop of material was obtained fromthe nother Iiquor as a

yel | ow sol i 8PYrgo6Pm fg@p,gamreeqpoqolﬂ@ra W aagprgg@’l‘bwgm@somers obtained are

3hr ono- 5¢cht gihsradddby MR clirh@ZA8SihY ofFdNeal gerielueRaRt-HIeNyY Bhi&/FOA B! g iaqnqnd
108: G 6l uOE | FNO4S, 446h?6%§ﬁnn§1 HP{I%I anal ysis (Test 20, MeCN)

636i ni n; 97T HSFes IR 7 447.8 [NOW 90% 464. 8
[ 1814- N 44100028490% ESkc: (ke b 2445yl ot 10081 (WR iSH (400

A H, i ugg%e%&xyygen&)etf/sxlcaﬁfja%ovgéac%ﬂm aﬂd°b§ 1, -thz&i ° ézoﬁ 60’

MHz, d6- DVBAMR @3D8&A @R01EB) 1.4861, 86 6(8Ciz33H), 224 ($7H), 3¥3 903063 6); {d,J

115, 36, = 11.8 Hz, 3H), 5.14 (m, 1H), 6.52 (d, J = 16.8 Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 7.30 (dd, J
= 8.5 and 2.1 Hz, 1H), 7.36 (d, J= 8.5 Hz, 2H), 7.56 (dd, J= 8.8 and 1.5 Hz, 1H), 7.61 (m,
2H), 7.48 (dd, J=2.2 and 8.9 Hz, 1H), 7.70 (d, J= 16.8 Hz, 1H), 7.77 (s, 1H), 7.80 (d, J=
13.0 Hz, 1H), 11.12 (d, J= 6.8 Hz, 1H), 12.76 (brs, 1H), MS (ES") m/z =548 (M+H").
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115,5 (C-9), 117.29, 17,43 (e-5), 127,16 (2 x Ar-C), 129,40 (d).
130.15 (2 x 28r-C), 130,45 ((7-2), 134,63,

134. 69((' - 8), 135. 46((7-para), 135. 81(G i pso), 149. 31, 151 .85 ((7-4),
160, 30NMR 8t (376 Mz, d6-DMBO): -17.4 50 (IF, d) Pan kh Synthesis of

Conmpound

1. 3.4,i, 7Nb1,, .1c111 -(sMoLPoN or /"'2. ast01102 3.01111

HC: 1,LO 1311a t 201 Cs?Hi 1r C, 18NO4S

[00265] 5d:(S)-methyl 3-((E)-2-cyanovinyl)-5-methylphenyl(2-((R)-1-(4-
methoxyphenyl)ethylcarbamoyl)-5-chloro-1H-indol-3-yl)-3-phosphinate: White solid, 'H
NMR (ds-DMSO, 400 MHz) & 1.48 (d, /=7.1 Hz, 3H), 2.24 (s, 3H), 3.72 (s, 3H), 3.79
(d, J=11.5 Hz, 3H), 5.14 (m, 1H), 6.42 (d, /= 16.5 Hz, 1H), 6.85 (d, J= 8.5 Hz, 2H),
7.31 (dd, J=2.1 and 8.8 Hz, 1H), 7.34 (d, J= 8.5 Hz, 2H), 7.44 (d, /= 13.2 Hz, 1H),
7.58 (m, 2H), 7.70 (m, 3H), 11.11 (brs, 1H), 12.77 (brs, 1H), MS (ES") m/z =548
(M+H).

Compound (R)-66a:

[00266] To a solution of (R)-5¢ (1eq.) in acetonitrile under nitrogen was cooled
down to -15°C (NaCVice bath), then ceric ammonium nitrate (7.5 eq.) in water was added
dropwise. The reaction was stirred for 30 min at this temperature. The reaction media was
diluted with EtOAc and water. The organic layer was washed with water then brine, dried
(Na;S04) and evaporated under reduced pressure. Chiral HPLC of the crude sample
shown presence of only one enantiomer of compound 66a:(R)-methyl 3-((E)-2-
cyanovinyl)-5-methylphenyl(2-carbamoyl-5-chloro-1H-indol-3-yl)-3-phosphinate.
Analytical data reported above.

[00267] Alternatively the indole 4 could be N-protected prior to be palladium coupled
with a H-arylphosphinate as described above. After separation of the N-protected
diastereoisomers, the optically pure carboxamide 6 can be obtained by sequential removal

of the indole N-protecting group and of the chiral moiety.

Example 2

[00268] Chemical resolution of the 2-carboxyl derivative of 3-phosphoindoles of
Formula I/II was performed on 280.82 g of 1 using (-)-Cinchonidine 2 (Scheme 15, to
obtain the required enantiomer, first eluting isomer by chiral HPLC analysis) and (+)-
Cinchonine 3 (which can be used to remove the undesired enantiomer from the filtrate,

second eluting isomer by chiral HPLC analysis).
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W. 14: 460.70 /Ca 111,, .;/1-.<P,:10,P1s3)4, y(1lTauene, HOC .10Vn 202
Citill118C1F1100P5 Mol . 1141.: 473.04 1 ,,.. k ../'11 -- i, F.?
1. IMSBN DCM 400CR -..--2"-><<1v,-1,--- ' - 0100 2. (1l1yic, ()c™m

50111/---2(.Li ON-1120, THFE, SC 3 MeOH. 5C0Cr 1'111:KO016u, THr. H20,
5( 1. 1- 1dnitial resolution on 280.82¢g scale of racemic acid

=-CN

0, Cleavage with 1N HCI
P-0OMe

cl (-}-Cinchonidine 2 (2h at 1) and ethyi acelate
198.5 g of solid 107.34 g of acid
N—coH 9
N 280.83 g in 4.2L of acelone (Ratio 96:4) Formation of acid (Ratio 95:5)
H
+ 308.4¢ of filtrate

First Rasolution Recovery of single enantiomer = 76%
(Ratio 20:80) {based on expected 140.42g of acid)

[N

di tio 1:15
Loading ratlo Recovery of single

enantiomer = 83%
(based on expected 239.56¢ of sall)

\H H Second Resolulion | (-}-Cinchonidine 2
Loading ratlo 1:10 107.34 gin 1.07L
N/ of acetone

(-}-Cinchonidine 2 (+)-Clinchonine 3

Therefore, 98.08¢ of required acid
Cleavage with 1N HCit

enantiomer isolated (70% recovery based
upon 140.42g of acid) 98.08 g of acid (2h at rt) and ethyl acelate 199,07 g of sofid
{Ratio 98.6:1.4) = = {Ratio 98.6:1.4)
- 322.25¢ salt from combined filtrates to iormationjof{ac
be further treated to recover more required|  Recovery of single enantiomer = 70% +13.83g of fiitrate

acid enantiomer (based on expected 140.42g of acid) (Ratio 55:45)

Recovery of single
enantlomer = 83%

(based on expected 230.56g of sait)

Scheme 15

1. Initial resolution on 280.82¢g scale of racemic acid
First resolution — using (-)-Cinchonidine 2

[00269] The free acid of indole 1 (280.83g, 675.61 mol, Scheme 15) was suspended in
acetone (4.2L) and stirred at room temp. in a sealed flask. (-)-Cinchonidine 2 (198.89g,
675.61 mmol) was added in one portion and after 1h, a clear solution was observed. After a
further 1h, precipitation of a white solid was observed and the suspension was stirred at
room temp. for a further 2h (total 4h). After this time the precipitated solid was isolated by
filtration and washed with acetone (200 mL). The filtrate was concentrated in vacuo and
both the precipitated solid and residue from the filtrate were dried overnight under vacuum
to yield 198.5g of solid (purity by chiral HPLC analysis, ratio = 96:4) and 308.4g of filtrate
(purity by chiral HPLC analysis, ratio = 20:80).

Acid cleavage of salt

[00270]  The partially resolved salt of indole 1 (198.5g, purity by chiral HPLC analysis
96:4) was suspended in a mixture of ethyl acetate (3L) and IN HCI (3L) and vigorously
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if [205A C201-111 ,501F2040 1-.,"../ Mt M 432.77 205 C2s1423Cl FV, VS
ML W.: S011.98 i \ - ¢ ItL., ("(:14 4, -- .-,. NVitl'a i CEN
1.2-01,1E[ S 1. Nci nchani di oe, Acetone- AA''. '"C3..S., S

02-- 14-1 gtléed gggmltymgfflgﬁﬁgué}ﬁé tlns time, t lﬁe rle;\ctxonl_rlr%l}ctul?e évjés {ra;lsferred to a funnel
and the layers were separated. The aqueous layer was further extracted with ethyl acetate
(2L) and the organic extracts containing product were combined, dried with sodium sulfate,
filtered and concentrated in vacuo to yield the partially resolved acid as an off-white solid

(107.34g, purity by chiral HPLC analysis, ratio = 95:5)
Second resolution — using (-)-Cinchonidine 2

[00271] The partially resolved acid indole 1 (107.34g, 258.78 mmol, purity by chiral
HPLC analysis, ratio = 95:5) was suspended in acetone (1.07L) and stirred at room temp. in
a sealed flask. (-)-Cinchonidine 2 (76.18g, 258.78 mmol) was added in one portion and after
1h, a clear solution was observed. After a further 1h, precipitation of a white solid was
observed and the suspension was stirred at room temp. for a further 2h (total 4h). After this
time the precipitated solid was isolated by filtration and washed with acetone (200 mL). The
filtrate was concentrated in vacuo and both the precipitated solid and residue from the
filtrate were dried overnight under vacuum to yield 199.07g of solid (purity by chiral HPLC
analysis, ratio = 98.6:1.4) and 13.83g of filtrate (purity by chiral HPLC analysis, ratio =
55:45).

Acid cleavage of salt

[00272]  The resolved salt (199.07g, purity by chiral HPLC analysis, ratio = 98.6:1.4) was
suspended in a mixture of ethyl acetate (3L) and 1N HCI (3L) and vigorously stirred at
room temp. for 2h. After this time, the reaction mixture was transferred to a funnel and the
layers were separated. The aqueous layer was further extracted with ethyl acetate (2L) and
the organic extracts containing product were combined, dried with sodium sulphate, filtered
and concentrated in vacuo to yield the resolved acid as an off-white solid (98.08g, purity by
chiral HPLC analysis, ratio = 98.6:1.4).

[00273] 'HNMR (ds-DMSO, 400 MHz): 5 2.33 (3H, s, Ar-CH;), 3.70 (3H, d, J 11.72
Hz, P-OCHs), 6.50 (1H, d, J 16.84 Hz, CH=CHCN), 7.34 (1H, dd, J 1.95Hz, J 8.79 Hz),
7.57 (1H, d, J 8.56 Hz), 7.62-7.79 (3H, m), 7.82-7.85 (1H, m or d with ] 13.43Hz), 7.98
(1H, m), 13.02 (1H, s, CO,H), 14.36 (1H, br-s, NH); *'P NMR (d¢-DMSO, 161.8 MHz):
633.42; m/z (ES+) 415 (M+H)".

Recovery

[00274]  Therefore, 98.08g of required acid enantiomer was isolated (70% recovery based
upon 140.42g of available acid enantiomer from 280.83g of racemic acid). A further
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2000wl- 116C1F14303P C. 2& h i CW 0204PMcl . 1. M : 431.78 Moi. 1. 47:
432. 77 Conpound 202 00334i A suitable reactor was charged Conpound
201 (57g, 0,12thoi) and tetrattydrofuran (570 m.) The resulting

sol ution chilled to -90" to -10 under nitro usin N
WA o1 UaR2b o ST HROTR GBS BTG DHR BArePP NPT CANECE NA SR whs
Hexanes I S j.nutes, To this was added

di et hyl fgﬁfe‘g%ﬁg@ﬁfé&:g@(%&gg&ﬁbﬁﬁ% n{(;é:r/.er 10 m nutes, HPLC (Mt hod
001, R 1& 7 na shﬁwedtleno starting material and ca, 70% product,
The r ealt REHYRES TORLAE Ut ed with ethyl acetate ;570 m) and was
allowed to warmto -40C. The m x was then treated with hydrochloric
aci d (0AsM claaer)ofsaAd was all owed to warmto ambient tenperature and
stir thr 30 mnutes. The tesulting |ayers were separated and the

aqueous [@&7Phct Bk mirtitletepgivedewnbined §80bMRR.258) wheswperdsidds aweixgure of

nbi ned d it . Oml). dri ed di f ,
11 ver odtaheriSh EER VAneoa® P 14 SR Sbaftob O R Eh et BRin ol s Py
=5,0 m (Séheﬁi@%&ﬁ&' Hisctifie, ttRe teABIEN hix@Sreatd t2ALKABY to HafeePind the ild(}'ers
the next step, Data for C-2- Methyl Ester: M: CI8 nl60.0 (MN 009,

462.0 ( Mere sepaajed. Cherpariaoys Rogr was fusbat eitragtediwithveibyldegiates@d) byd the

sparging with stream of nitrogen for,.10,m nytes at, anmbi.ent

{enper a2 PSS GRFINNS Podhd e kTBRPFHL LSRR TR, filtered and
pal | adi ugtdhtrid Dgvacdo AOH1 the\Wagiadlgldedlvelineidasanwas whRas@edl(fe9r75an
additional 5 mnutes, then was heated to 80C for 2 hours. HPLC

( Met hod POty tmi chatapHILR) anglisigethtia Tohiplet e reaction, The mi x was
cooled to anmbient and was filtered through celitc and washed with

et hyl aderatery of 10D0ndd nanThwemerdnionfdtrabr gani cs were washed with
brine (2 x 500mL) then dried over sodiumsult-ate, filtered and
concentrated to a volunme of 170mlL. The concenttate was cooled to 0"C
and was stirred for 1 hour, dining which tine the product

crystalliz @ solids were filtered and washed with hexane:tol uene
(2:1, 150md] Dri ededeoniveave 549, HPLC AuGn85ie (Met hod 20,) [00361
The cr ol'I’'d was vthenpur it Um¥vse@ i @@t 0 g I3 phy

ethyl a &% n TeGLhy ane. ~ ¢Pkoihie| PUNEradhAaCt 1 0
and conbi ped to gi vemGompounds®203? $1g. Lwbdku.yisel d,

(met hod Test 20,° 1 G- [00337] Data forEster: Al3 C29

d at ed .‘.-'1g01’ |iI
> col | egfed
PLG AUE

615. 01gnt™=1R ot E (‘400" AL "COCTI) 195 (414, +- POZCI—%S?;EF o G fo
(314, t, CORCH2CL1,2), 2.40 (3H, S0 K"/ 3y 4.08-4.20 (214" “'n
( ) y -
5.90 €11i, d, CH CHGQN),

PC22043), 4.61 (214, q, CO2CH2043),
7.33-7.37m _2x Ar-H, (1IP- ,

7. 74-7. 7919 Bilodeiog eyion@| x__Ar - Hf*,
et hyl Hst-ef: %f"féf\ €221- 42

(-)Aipchomidine 2

psg. 79 n4rome of deejane  (,46.67g of acia
Second resoluion |_(Retlo 77:23

Loading ratio 1:10

l Ein@d;? o

: +33.7g of filtrate
A lotal of 25.87g of the required acid enantiomer (Ratio 39:81)
was recovered from the combined filtrates (Ratio 97.4:2.6)
(69% recovery based upon 37.35q of available
acid in mixture with slarting ralio 22:78)
Scheme 16

First resolution — using (+)-Cinchonine 3

[00276] The partially resolved acid indole (169.75g, 409.25 mol, purity by chiral HPLC
analysis, ratio = 22:78) was suspended in acetone (3.06L) and stirred at room temp. in a
sealed flask. (+)-Cinchonine 3 (120.48g, 409.25 mmol) was added in one portion and after
1h, a clear solution was observed. After a further 5 mins, rapid precipitation of a white solid

was observed and the thick suspension required additional acetone (1.14L - total volume of
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(ESP): 601.100%, 603,0 (1\41f, 35% EI| NWVR (400 MHz, d6-DMVSO): 1.18
(314, t, CH3Cl1-120P), 2.34 (3H s,4.02 (5H, m CH3C.1120P, GQ Cl13),
6.47 CH CHCN), 754(114 d"ArH) 7.62 (IFl, t, Ar-10, 7.72 OH, d,
CH- CHCN) , r-11), .7.82 (114, Ar-H), 7.91 (114,
d" kr - i i getong, %sd tzh%) gy aﬂtzw)snwm&qfﬁh%reeenwu@%re.ahm%{e@% 6o & r 3

0o CLATAD, 198y ML ST VLB A8 A 0B

61, 73, éc@ton]afi%(lﬁﬂl?) ThedBlt38 BHoatiEaredlid Habih a0t he(fE)cipit4ted 88id and
108.99 (O, 111 115.47, 115.63 (C), 116.82, 116.91

117. 01" resiipe i@n( 'dzy filyatg wge %m overnightandegpamphm to yieldRds.2g eholgh (purity

{150 o e LB By 10 i Bt i,

134. 72 4GlysI35at#9= ¢(BQ2Ph, C, (SO2Ph, Cti"",), 139,10, 139.25(C),
149,06, 151.60 (C-4), 149,51 (Cl-1-CHCN) 61.10 (C 13). 11F NWR or

(376 Wciﬂ@e&@h@bﬁ%) to obtain undesired enantiomer
[00277]) The partially resolved salt (324.2g, purity by chiral HPLC analysis, ratio =
4.5:95.5) was suspended in a mixture of ethyl acetate (4.8L) and 1N HCI (4.8L) and
vigorously stirred at room temp. for 2h. After this time, the reaction mixture was transferred
to a funnel and the layers were separated. The aqueous layer was further extracted with
ethyl acetate (3L) and the organic extracts containing product were combined, dried with
sodium sulfate, filtered and concentrated in vacuo to yield the resolved acid as an off-white
solid (122.14g, purity by chiral HPLC analysis, ratio = 3.5:96.5).
[00278] 'H NMR (ds-DMSO, 400 MHz): § 2.33 (3H, s, Ar-CH3), 3.70 (3H, d, J 11.72
Hz, P-OCHa), 6.50 (1H, d, J 16.84 Hz, CH=CHCN), 7.34 (1H, dd, J 1.95Hz, J 8.79 Hz),
7.57 (1H, d, J 8.56 Hz), 7.62-7.79 (3H, m), 7.82-7.85 (1H, m or d with J 13.43Hz), 7.98
(1H, m), 13.02 (1H, s, CO,H), 14.36 (1H, br-s, NH); >'P NMR (d¢-DMSO, 161.8 MHz):
833.42m/z (ES+) 415 (M+H)".

Acid cleavage of salt to obtain required enantiomer from filtrate

[00279]  The partially resolved salt (80.71g, purity by chiral HPLC analysis, ratio =
77:23) was suspended in a mixture of ethyl acetate (1.21L) and IN HCI (1.21L) and
vigorously stirred at room temp. for 2h. After this time, the reaction mixture was transferred
to a funnel and the layers were separated. The aqueous layer was further extracted with
ethyl acetate (1L) and the organic extracts containing product were combined, dried with
sodium sulfate, filtered and concentrated in vacuo to yield the partially resolved acid as an

off-white solid (46.97g, purity by chiral HPLC analysis, ratio = 77:23)
Second resolution — using (-)-Cinchonidine 2

[00280]  The partially resolved acid indole (46.97g, 113.24 mmol, purity by chiral HPLC
analysis, ratio = 77:23) was suspended in acetone (470 mL) and stirred at room temp. in a
sealed flask. (-)-Cinchonidine 2 (33.34g, 113.24 mmol) was added in one portion and after

1h, a clear solution was observed. After a further 1h, precipitation of a white solid was

97



112.36 (iF, d). P NVR S (462 MHz, de4)MB0): 23,49 (IF, s) npound
1003391 A suitable reactor was charged with Conpound) and net hyl ene
chloride (173 m4) The resulting solution was cooled to 0OC, anls

treated with br trimethyl sdane (46g, 0, 30 ded over 15 ninutes.
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2 x Ar-H).[0Q34 ta f 2-2-Net hyl Ester:  204xi C27HnCt FPS
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Ar-14), o Ar-1 114, d,. Ar-H), 8.13.
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108. 41 833@)2;miAESAB4{OMSE),. 115,47 (C), 77, 1.16,86,/.07 (C), 118At8
(CM 127.51 (S2Ph, 2 x C " 27.92, 128,04 (CH), 128.71 (('Al),

130. 32 R&@ver® x Ornm), 131,56 (C-H), 132,20 (C), 13335, 133,46

(G H), 134.19, 134,34 (C), 134.55, 134.63, 134,72 (C), 135,47 (SORh.
cnsO, 186248 (SheRfddl12s. SkquiteiCendBiiord®: rBBoveladr a8 fildas. 54 (CO),
149,09, 151.63 (CA), 149.51 (CHiri CHCN), 161.15 (C=0). F NMR 6F ($76
Mz, d6- DVB. Qygrall recpygrygd required @yid eppnipervRibp (162 MHz, d6- DVBO) ;

25.42 (11> p Q0 [ l e r I ~Was ed with .
Compound 204 {186 0470, orom 1o atPRelanaiar GPRn2 EEBLFR b itaeeio
resul ting8%o}ieldi on was then cooled to 5C. and was treated with
I'ithium hydroxi de nonohydrate (12g, 028i nol) and water 0 80ml) added
over 15p@mdiees. The reaction was allowed to warmto anbi ent, during
whi ch tTme the color |lightened. After overnight stirring, line

i ndi cat : 4oy , duct R 4,5, major
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ith h | or i d, 10Qi nii Th - IM d
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wer e sl pirfor@ed bR 432 6t sres ﬁﬁx@{rib-incﬁbﬁidmexz.misvﬁbé@siistdépi%@éd h®ch3kre 17

m nutes, and then left to cool to anbient”. The solids were
below.
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to granulate for 2 hours, then were filtered and washed with acetone/
water (2:1, 100m,) Dried to | eave Conpound 205, 21g, 67%yield.

HPLC. ADC 93% (nethod Test 20). Used as is in the next step. Conpound
206 (chiral resolutio % [ 003431 A suitable reactor was charged with
Conpountpitigbresalypiopgn 4B2hersple of naceriemsite (7. 79w (-)- A uchonidirre
(294,399, 1.0 nei) was added in one portion and the resulting
suspension was stine.d for four hours. The solids were isolated by

filtration a shed V\ég'hda(z:etone 300 nm) :l‘f’g)“g"lwg‘éiveles43 2. g of the
salt after drying undé "vacuam 0 anar i€ r s

| 00344] Thef s3t-tmewas spuspendedoni N a_rixeur p ofomettohynlcw ace tauoeaﬂﬁ 21)
and IN l,:),z and was _vi gorousl yesibfeed at anbiept for 2 hours.
After thi “'the | e er e sepakated. Thel ayer Wg;g,orfegleejf ot s

extracted wlth et hyl aterare®(2. 7|.R>cov&ﬂ:d;m&ehe organi c extracts were

conbi ned, dr| ed with sodi nm sul (Lsed naé";‘:;d ered and concentrated under

reduced pressure to yield the resol've rFﬁ'sl'ynd 206 as a white solid.

| 45. 44 chiral HPLC anatysis, ratio 98,4:1.6.
Used as Mltrfiz CAIN Cl FP4 égﬂlgg;;ggg”zj@fmdl nakKv.
(E551-0 135.0 (My, 35% dacny@ 400 MHz,
d6- 1315 CH ), 338 (3H, POCH. 0, 0,52 (|141, d,
Cl-1,,,0 Anil), 7,66 (114" “52,,::’,' ;C;faf;mw' .69,
7,81 (214 (i 7 (1K, a, Awn),| 13, 63wdcNid)r, 15, 1’0 OH,
br-d, : ' b Mz, d6---DVBOp 414727s) P NAIR at S
(162 MHz, ?, s). Conpound [003451A suitable reactor ¢

was char ged vvlth Corrpound 206 (0, 68hhethe0O14n01l) and 1., 2-
diluent:di:yet- Oial), The m x wastreated with
,1.--cartionyidiimdazole (0.47g, 0,0028nol ) added. in one portion,
and the mx was allowed to stir @t ambi en erature until gas

evol ution ceased. (ca, 1.5 hour s@ Qﬁrﬂﬂlf WBHE% cooled to 5C, and
was sparged wi ns ammonia gas for 5 mnutes. (PLC (Met hod 20, product
RT-5.0 haglmtl%lrrsssdutlw evpLbgacrlegtracsmianeidr one hour at ambient. The
reacti on was quenched by the addition of 1 Qg crushed ice, and was
concent RaiddtioimndesinggduCaahphiZiésaze to renove the DVE, The resul ting
sluny was stirrer for one hour at 5C, to;3,nulate. the product The
solids gsff i ITered 2ndin 4 e

nyl - 5- dmr e]f4 fiti orag4H- gg’g?} BQ% ﬂgg}l&)é{vies-%@iﬂjg??gaﬁt%ne ()7 72 IQenaelfjh
ybpl i engtitred at room temp. in @ seaediflpsk hﬂ;HCIecshoar ne Z)(W%SQ%M%MS ajde@lic

Su tal 857 aaf g R Bilbihn (P By REinoole 3 Aty W3R e soi

di met hogGirkdigindtidnlfbQefed, aTsiil@pdﬁlsPénW@d% aﬂW@%tIﬁékem (T)lhthlls scale) was isolated by
-corbel-Qdin:1lile (7, 8g, 048npl) added in one portion, and the m X

was al | Bliedion gng washedtweweme @ atlur Bl Was epasenstaind iniveauo and

ccasect

ot aoans SRR AARHERGET LS bl oRAE IRV ERE 1§ bl
showed 24xDgpifedled (paict bpahnaeﬂ HL Oael i katioFRe8 g asd #2MsMesf fijuancipedty
by the addition of 100g crushed ice, and was concentrated under

r educedbpfldisd fid-G 6“@%\?@@?\89@&/& The resulting oily solid (in
water) was diluted with niethartol (20ml) and stirred for one hour at
5C t o gAaidleavage bésgt oduct. The solids were filtered and dried to

| eave pure Conpound 1

((2 Car 286}y | -'F}ﬁ-pmi‘tliaﬂycresoﬁlvefd sahrahxﬂdollmﬁl@l%&gg thty(t()E)}anl Hey anorajpisivy |
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5 SRR PP, SO e By e

2218. 4 and the layers were separated. The aqueous layer was further extracted with ethyl acetate

(2.7L) and the organic extracts containing product were combined, dried with sodium
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(CN), 3063.0, 3286.0 (N-fl) ret.Wt 43142 (c, |(Lo4ngnr in CHC. 13)
tn,p,i 177C glistens, 18 re softens, 183485C nelts El enental 3
na@d-1i 7CIN303P catkatiand C 55.63% 1-1 3,73% N 9.73% Cl 8.21%
F 4.40% 7%, Found C 55.56% H 3.74% N 932% C 824% P.4.2. 11%
H NWVR %115(646 eneﬂlfng ABRCERfTNBB )" Yoy t igld @e rogQived;a ﬂaS@nﬁé% -pébie sefid

- dd,
07 s ore g o8 g G b SRy 17 By (1102
773 (1[60287] 8/ ANME05,6308 MHEUIDMBOY: 335 KBM)s, ALTA7, 114 BHSA, HOCH,),

Miuitiple 61 values indicate splitting of carbon si ue to

Nl oF ©55 Bk MR LB 0D, i 6. BriFRo) 661010, QArCaDy. 169, 78] (3dsx

(G )qﬁ%s%%ﬁ%@ﬁu%%% 115380 C@}@éﬁ@@:@% (Bt

118, 56 (1BDMHEZR:BiSOy: .44 437 <1 1F WRARE; ($F6Mbz, dg-DMSO): -114.27 (IF, s);
m/z (ESI+): 433.0 (MH", 100%), 435.0 (MH", 35%).

Recovery

[00288] Therefore, 145.44g of required acid enantiomer was isolated (68% recovery
based upon 216.3g of available acid enantiomer from 432.6g of racemic acid). A further

420.52g of salt from the filtrate was further treated to recover more required enantiomer.
2. Recovery from filtrate
Acid cleavage of salt

[00289] The partially resolved combiﬁed salt 4 (420.52g) was suspended in a mixture of
ethyl acetate (6.31L) and 1N HCI (6.31L) and vigorously stirred at room temp. for 2h
(Scheme 18). After this time, the reaction mixture was transferred to a funnel and the layers
were separated. The aqueous layer was further extracted with ethyl acetate (3L) and the
organic extracts containing product were combined, dried with sodium sulfate, filtered and
concentrated in vacuo to yield the partially resolved acid as an off-white solid (222.7g,

purity by chiral HPLC analysis, ratio = 9:91)
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131.05 (C-4'), 132.5 0-6'), 132.96, 13450 (C-1 ') 134.03, 134.18

(C1),
(0.2),

136,40, 136.51, 136.61 (C-8), 138.95 139.10 (C-.. , 41.91

Recovery of required enantiomer from filtrate

Xx-CN

o, Cleavage with 1N HCI {+)-Cinchonine 2
F p-oMe

Cl {2h at 1) and ethyl acet 222.7 g in 4.86L of acetone
N €Oy 222.7g of paﬂ._ialry 360.6¢ of solid 58,32q of fillrate
N 420529 of sait egolyad-acd First Regolutio, (Ratio 3:97) * (Ratio 84:12)
(Ratio 9:91)

tio 1:
[(--Clnchonidine 2J° Formation of acid Loading ratio 1:22

Salts 8 from filtrate Therefore, 9% means 20g of required acld could be Isolaied Cleavage with DCM and 1N HCI

Cleavage with DCM and 1N HC) (2h atrt)

{2h at rt)
(-}-Cinchonidine 2

. 36.65¢ in 387mL of acetone
210.0g of undesired enantiomer 210.0g of acid 24.92¢ of solid >0 38,65¢ of add
(Ratlo2:96) (Ratio 2:08) (Ralio 99:1) Second resolution {Ralio 88:12)

Loading ratio 1:10
+ 36.65¢ of filtrate
{Retlo 49:51)

A lotal of 13.02¢ of the required acid enantiomer Cleavage with DCM and 1N HCI
was recovered from the combined filtrates (2h at rt)
(65% recovery based upon 20g of available acid

in mixture with starting ratio 9:91) 13.02g of acid
(Ratio 99:1)

Scheme 18

First resolution — using (+)-Cinchonine 3

[00290]  The partially resolved acid indole (222.7g, 409.25 mol, purity by chiral HPLC
analysis, ratio = 9:91) was suspended in acetone (4.38L) and stirred at room temp. in a
sealed flask. (+)-Cinchonine 3 (120.48g, 409.25 mmol) was added in one portion and after
1h, a clear solution was observed. After a further 5 mins, rapid precipitation of a white solid
was observed and the thick suspension required additional acetone (0.5L - total volume of
acetone used = 4.88L) to allow stirring of the reaction mixture at room temp. for a further
3h (total 4h). After this time the precipitated solid was isolated by filtration and washed
with acetone (400 mL). The filtrate was concentrated in vacuo and both the precipitated
solid and residue from the filtrate were dried overnight under vacuum to yield 360.6g of
solid (purity by chiral HPLC analysis, ratio = 3:97) and 58.32g of filtrate (purity by chiral
HPLC analysis, ratio = 84:12).

Acid cleavage of salt to obtain undesired enantiomer

{00291]  The partially resolved salt (360.6g, purity by chiral HPLC analysis, ratio = 3:97)
was suspended in a mixture of dichloromethane (5.4L) and IN HCI (5L) and vigorously
stirred at room temp. for 2h. After this time, the reaction mixture was transferred to a funnel

and the layers were separated. The aqueous layer was further extracted with
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149.19, 151,70 (C4), 149.65 (CH CHCK 160.46 (C=0). c9F NWR aF (376
MHz, d6- HMSO): -113.11 (IF, d) -HP NWR 8r (162 MHz, d6-DM SO): 33.39
(I'F, =") EXA epic: 8 Preparati on of Conpound 111 1 Buli, II\/F

- 53C5 C3P(CEt h

. ?3gOgP§"(5°b%%B'g§thwg a@d qggq,péc e)gfqggsc@ggaupﬂg gg)gugtg)éere comﬁmeﬁ drled
with sodium sulfate, filtered and concentrated in vacuo to yield the resolved acid as an off-
white solid (210.0g, purity by chiral HPLC analysis, ratio = 2:98).
[00292] 'H NMR &y (400 MHz, d¢-DMSO): 2.35 (3H, s, Ar-CHs), 3.78 (3H, d, POCHj3),
6.52 (1H, d, CH=CHCN), 7.46 (2H, d, Ar-H), 7.66 (1H, d, CH=CHCN), 7.69, 7.81 (2H, 2 x
d, H-6, H-7), 7.77 (1H, s, Ar-H), 13.63 (1H, s, N-H), 15.70 (1H, br-s, COOH); *'P NMR &p
(162 MHz, dg-DMSO): 36.44 (1P, s); '°’F NMR & (376 MHz, dg-DMSO): -114.27 (1F, s);
m/z (ESI+): 433.0 (MH", 100%), 435.0 (MH", 35%).

Acid cleavage of salt to obtain required enantiomer from filtrate

[00293]  The partially resolved salt (58.32g, purity by chiral HPLC analysis, ratio =
84:12) was suspended in a mixture of dichloromethane (875 mL) and 1N HCI (875mL) and
vigorously stirred at room temp. for 2h. After this time, the reaction mixture was transferred
to a funnel and the layers were separated. The aqueous layer was further extracted with
dichloromethane (400 mL) and the organic extracts containing product were combined,
dried with sodium sulfate, filtered and concentrated in vacuo to yield the phrtially resolved

acid as an off-white solid (36.65g, purity by chiral HPLC analysis, ratio = 88:12).
Second resolution — using (-)-Cinchonidine 2

[00294]  The partially resolved acid indole (36.65g, 85.0 mmol, purity by chiral HPLC
analysis, ratio = 88:12) was suspended in acetone (367 mL) and stirred at room temp. in a
sealed flask. (-)-Cinchonidine 2 (25.02¢g, 85.0 mmol) was added in one portion and after 1h,
a clear solution was observed. After a further 1h, precipitation of a white solid was observed
and the suspension was stirred at room temp. for a further 2h (total 4h). The precipitated
solid was isolated by filtration and washed with acetone (100 mL). The filtrate was
concentrated in vacuo and both the solid and residue from the filtrate were dried overnight
under vacuum to yield 24.92g of solid (purity by chiral HPLC analysis, ratio = 99:1) and
36.65g of filtrate (purity by chiral HPLC analysis, ratio = 49:51).

Acid cleavage of salt to obtain required enantiomer from filtrate

[00295]  The partially resolved salt (24.92g, purity by chiral HPLC analysis, ratio = 99:1)
was suspended in a mixture of dichloromethane (374mL) and IN HCI (374 mL) and
vigorously stirred at room temp. for 2h. After this time, the reaction mixture was transferred
to a funnel and the layers were separated. The aqueous layer was further extracted with

dichloromethane (200 mL) and the organic extracts containing product were combined,
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Conpoi nd 302 100348A suitable reactor was charged Cot hpoond 301
(100g, 0.23npt) and tetrahvdroluran (IL). The resulting solution was
chilled between -90" to -100C under nitrogen using a 11.1 / I PA slush
bat h" treate n- hut y I|th| m(2.5Min xane 99rt h,
0. 25nxi Hweq\ Pt %@“M'?fa?@hnﬁeﬂﬁp Gonceptrgtad &1 vasio dernelsl G apaied acid as'an
chl orou 1.0 (Method
001 RTL)FH?@H;'l %ﬁdgfio?]%\ﬁélglt}zgy@g?ﬁLg %aa{%ﬁﬂrﬁ%angéé 85% pr oduct .

' The r eguRben WIaBNMmaH mdow[eﬁ - DMS{DmBsa(eH; gt,aer-CHk)), 3az|8ci3maa POCH;),
allowed to wvarmto -,10"C. The m x was then treated with hvdrochl oric

add (0. 8V (54t ﬁﬁﬂ-@ﬁ@%@ 48Py 1t ), \Z@ﬁﬁﬁlmda€ﬁt=§?ﬂ?rlﬂ), T168mp & 42ty & x

ond b T s A SRR R VR RERT P,

conbi ne Hues i 5 ,
filter eg] arrllg conglgﬂl%srl@t ggla?c()m:nS§ @?WR%H HPLC AL‘i/IBmS}tlliy)lst1'1Ii d Zg,F’ I%"
5.8 m ny/AESE): #3DOYMHL e 1160%iet35d ( (Mﬁﬁr&S%)es and solvent. Used as is
in (he next step. inpound 303 [003491A suitable reactor was chareied
with Copge 3j | 1lg, estimated 0. 8a iodoci nnanonitsite, (47.1g, OA
75mol ), tat thyttimne (29.3nl,o0il and toluene (800:nl). The

It it f
rlgsu ' ﬂﬂlzﬁgr fgﬁ@?zgg pg{ Gﬁécﬁé tlof{’{'emt] Ecgm f8 Mitrafdl trogen for

tg'([jrgkl Si(‘]tl‘l Mmmwmwpmmumm@me( 10 1g, g 0088nol ) waz
T
B0C for 2 holt 538115 BUNETHANE B0 ORPOsSI B e oI 3 Berrpicacdd =

reacti onzo Thgqm X was cooI ed to anbient and was filtered through Mte
and washed) wlth et hyl acetate (400m). The conbi ned organics were
washed W0r298br i e redlunti@0aithg fred ecid df B ghhosgplmindodald Uras Sedif pﬁrﬁ)rmed on
filtere ncentra ed t une, of 35 nce

cool ed 16786 ERoRaouad ppebpas, Epﬁlﬁs'uane_dmcrﬁ& U CHegTRE Ryt 8
pr oduct yashed Wit

hexant . bﬂyﬁ%ﬁggﬁ%"ﬁg@ SPid fitchfe Sf{h',ig A 98%t}%t scriped
20), Usehbvasutullsmgrthez Gmchemdmedasesn on, [003501 303: C29H26CI N206P8
597. 02amol | (ESki -)e 597.0 (Mr, 100%, (Mr, 35% 111 NAM 511 (400
MHz, CDCl/3): 1.38, 1,48 x 31-1, 2 x t, 000CH2CH3, POOCH2CH3), 2.41
(31-1, s, Ar-CH3), 4,094.16 (21-1, m POOCH2C113), 4.52 (2H, q,
CO00H2C112), 5.93 (IH, d, CHCHCN), 7,33-7.38 (313, m CThCHCN, 2 Xx
Ar4-fl, 7.52 (211, t, 2 x Ar-11), 7,64 0Ot, Ab-H), 7.74, 7,ill 2 x d,
2 X An-11, d, Ar- TA7.94 (i dd. Ar-H), 81)8 (2H, <1, 2 x At-i 14
INVR (400 MHz, d6-DMSOr 1,26, 1.33 (2 x 311, 2 x t, COOCH2CH 3,
POOCH2Cs ), 2,34 (31-1, 5, Ar-Cl-13), 3.954.10 (21-1, m POOCH2CH ),
4.40 (2H, q, COOCTI2C H2), 6.52 (IH, d, C. /CM 7.52 (1H, dd, Ar-H),
7.60-7.84 (8H m CHCHCN, 7 x AIM), 8.07(3 x 111, m 3x Conpound
304 [00351A suitable reactor was charged wi th Conpound 303 (537g,

0. 00roo) and nethylene chloride (2.0E). The resulting solution was
cooled to OC, and was treated with brornotritnethylsilane (450g,
2.9nmol ) added over 15 minutes, The reaction was then warnmed to 40C
for 1.5 hours. HPLC (Method 20, RT = 4.4 nm indicated a conplete
reaction. The excess TMSBr was stripped under vacuum (40 --- 45C) and
the resulting sticky solid was resuspended in DCM (2.514 and chilled
to OC. Oxalyi chloride (1563n1, 1.8nmol) was added over 15 m nutes,
followed by N INdinethyiformarnitic (13.7m, 0.18npi) both added at
0C. Gas evolution was observed during the DNIF addition. After 1
hour, HPLC (Method 20, PT - 6.2 min, sanple quenched with anhydrous
met hanol prior to injection) showed a conplete reaction. The solvents
were stripped again to renove residual oxalyi chloride and

t heesuspended in chilled nmethanol (3.0E4 at 0" - 5"C, and then
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was allowed to warmto anbient, After two hours, 1-1PI X indicated a
conplete reaction (HPLC Method 20, RI 62 rnin). The solution was
concentrated to a volune of 1.51:, and the resulting, thin slurry was
cooled to 0C, and was diluted with an aqueous sol ution of sodium

bi carbonate (126g, 31, water). After 2 h s at: 5C, the product was
filtered and washed with cold water / ol (2:1, 1,51) then dried
to | eave 300g Conpound 304. HPLC ( Met h@glP ) purity 92% used as is.

Conpound 305 [00352) A suitable rgactor ;wase charged wi th Conpound 304
(ca, 2802, O 1) and tet r@hydrofuram yThe resul ti m@ieuti on

was t hen cooledtoﬁw was treat thllthlumhyd’fh

monohydrate (43g, 1,87s®!) added in oneMportion. The redction was
allowed to warmto anbient, duri whiaeidns t i the color |ightened and
a white precipit &R@SKoErmedine IAf t&€r over ni ght st K15 ERediedrearerg
an inconplete reaction (Meth

2 t partially
deprotected Rl - Birsh purlkBdtiof rrpurl 5%“5@% adﬁ:’sfduﬁﬂ:%onlo/o
Li 01-1-1-120 was added, af t er 18 Usgrlinagatiot he par epr ot ect ed
internedi ate remai ned at¥#5% and the inpurity peak at\3. 8 m nut es had
increased to ca. 25% The reaction was cooled to 5"C and was
acidified w é&dﬂ%ﬁaogrmo%wrm)d (SN, 280nmL) thgngvasiadi | M8t Wskhe)
et hyl acetate (2L) llayers were separated and the aqueous

extracted with ethyl acetate (5003nl). The conbi n%d organi cs were

washed with brji ne (bdebndpfndidned W th sodi um sul fate, §R6W purification
concentrat ed tjo (&&wven & rdraighé B8Py sol i d, Coni pound©&30bgin Cant BEAOH)

FI PLC AUC 5 [ 003531 1 Fhieadinardér product was takenlpti n aoes beuding ratie
0.214 at 4 th t dratedwater (1.21 e resultin
slurry wasgﬁ%d'&ﬂ%ﬁ’"% 0?8$7 g?'\ﬁﬁ? al | owed to Hbimg o °fsf"8r ébmﬁi“ﬂg'tﬁ@%‘?)

after which tine the product was tittered and washed W|th AI N: 1420
(2:1, 100 m). Ca 103g, 88% by HPLC. The product vvas th
N HCI
%Qgﬁaag;'\iﬁaceﬁt

recrystallize ﬁ% m%m 40T and 360nl wat
Filtered, was ed and dried to | eave 75g Conpound |ne

97% Used as is in the next step. |pouud 306 (thing resolinion)

react or was ™oYsse'?8eee 0, 66nol) and acetone'! éQI“QZ’[')m'VEF’r?é'dr esul ting

t hi n sl ur rypLo@ignat NEW ridseBYL@Ge)M t h (- ) - ci nchowrLdkigial 0894 mindeGHpo) )
added in one pRetiom. After one hour, a solutionghadseatified, and
after an addltlonal hour, a whlte SO|Id pr eci pltated and the n1x was
left to 0
filtered And dri edj“%’@j'!fle@a\%/" 1999 Cr de
Conpound 3 hvowe 6h ;anmlesegnan zgatab@u@fmu; 6; 4.

hydr ochl ori c aci d (IN, 3L), The twg.phasg9SO! ut| on was Vi gor ousl y
stirred for 2 hours at anbient tenperature The | ayers were
separated, and the aqueous extracted with ethyl acetate (314. The
organi cs were conbi ned, dried with sodium sul fate, and concentrated
to | eavgxi@ld4e base Conpound 306, 107g, 95:5 by chiral 1-PLC

[ 003561 The crude Conpound 306 was then suspended in acetone(1l.0714

dt t , t ot al t t
Zgove;e hlgiggtg'jle g"é\ﬁ%ﬁ'@ﬁ‘%ﬁﬁﬁg (e)t ﬁﬁ“g‘{’é'b“omiﬂzndodﬁ eg ![(r) Iege(?s
99g of l t b b
cumyt olOBSTE' (S PhSsidsaborhel S8 de (R SaR) PRl Ragohlae "
sol uti opthwas (m hfmeeld kQireathobtihSemb. 1@"5@(3@1@8 ﬂtagmem aBys. Epﬁe@mh@'m g,

were separated, and the aqueous extracted with et hyI acetate (21
The or gani’cemal Mes caersi inexe particacingiafier & otinum ok Saluon amlobserved After

R L e R
raceni ccGonpey moaﬁﬁemlp.aror@BQAM@@W@&&%&@&@&MM Vs d1ESA Bl t

filtration and washed with 95% ethanol (2 mL). The filtrate was concentrated in vacuo and

both the precipitated solid and residue from the filtrate were dried overnight under vacuum
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if) 7.98 (1H, s" Ar-HE",), 12,97 (111,1438 (114, hr-s, GOGH)
Mul tiple dc values indicate splitting of carbon signal due to P. C
NVR (100 MHz, d6-DMS0): 20.68 (Ar-CH3), 5120 (CH3OP), 98.15

(15:';:39 Eo(\:%lbldl% n:;g bf %f)%glpftgf-?d 1;%14 d gpzxylt)éé)%leral &g’r{.ﬁ‘ofﬂalysmlﬁél%g ) and
13106 (6)6 mk3- fﬂﬂate{%ﬁ@@{(cﬁ}ral HBBC8alydi3 4alio=(74)26). 134, 62, 135 |471
135,66 (C), 138.78 149. 62 {Cll- ., 160. 40 (C=0) 'fIP

NM R opgtdfa Mk BYEC p 33. 50 OP, Conpound 111 i 0035S1A suitable
react or was charge wi th Conmpound 306 (0, 63g, 0.0014nol) and

T g;rglfdr}gg ﬂ?@gi@l@r‘%g}l% 216005 (388 nte) $35S Dy Uil HPLC analysis 14:86)
was suspended in 95% ethanol (12 mL) and stirred at room temp. in a sealed flask for 3h.
After this time the solid was isolated by filtration and washed with 95% ethanol (2 mL). The
filtrate was concentrated in vacuo and both the solid and residue from the filtrate were dried
overnight under vacuum to yield 236 mg of solid (purity by chiral HPLC analysis, ratio =
1:99) and 197 mg of filtrate (purity by chiral HPLC analysis, ratio = 25:75).

Acid cleavage of salt

[00301] The resolved salt of 6 (236 mg, purity by chiral HPLC analysis 1:99) was
suspended in a mixture of ethyl acetate (7 mL) and 1N HCI (7 mL) and vigorously stirred at
room temp. for 3h. After this time, the reaction mixture was transferred to a funnel
(additional ethyl acetate (3 mL) and IN HCI (3 mL) were required to transfer material from
the flask) and the layers were separated. The aqueous layer was further extracted with ethyl
acetate (2 x 6 mL) and the organic extracts were combined, dried with sodium sulfate,
filtered and concentrated in vacuo to yield the resolved acid as a white solid (106 mg, purity
by chiral HPLC analysis, ratio = 1:99, [a]p = -59.1°).

[00302] 'H NMR (ds-DMSO, 400 MHz): § 2.27 (6H, s, 2 x Ar-CHs), 3.71 (3H, d,J 11.72
Hz, P-OCHs), 7.2-7.30 (1H, m), 7.35-7.45 (m, 3H), 7.57-7.6 (m, 1H), 7.78-7.79 (m, 1H),
12.99 (1H, s, CO;H), 14.73 (1H, br-s, NH); *'P NMR (d¢-DMSO, 161.8 MHz): §35.41; m/z
(ES+) 378 (M+H)".

2. First resolution — Using (1S,2R)-(+)-Ephedrine 8

[00303] The free acid indole 6 (1.2g, 3.17 mmol) was suspended in 95% ethanol (12 mL)
and stirred at room temp. in a sealed flask. (1S,2R)-(+)-Ephedrine 8 (0.55g, 3.17 mmol) was
added in one portion and after 5 mins, a clear solution was observed. After a further 5 mins,
rapid precipitation of a white solid was observed and stirring was continued at room temp.
for 3h. After this time the precipitated solid was isolated by filtration and washed with 95%
ethanol (0.5 mL). The filtrate was concentrated in vacuo and both the precipitated solid and
residue from the filtrate were dried overnight under vacuum to yield 618 mg of precipitated
solid (purity by chiral HPLC analysis, ratio = 94:6) and 840 mg of filtrate (purity by chiral
HPLC analysis, ratio = 25:75).
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0. 0028npl ) added in one portion, and the m x was allowed to stir at
anbi ent tenperature wuntil gas evolution ceased (ca. 1.5 hours.) The
solution was then cooled to 5C, and was sparged wth ati M3. OE3j a gas
for 5 m nute gELC (Met hod 20, product RT-5.0 min) showed a conplete
react i oneSPtEFeSOWEORoUr at anbient. The reaction was quenched by the
addi tion of IOg crashed and was concentrated under reduced

pr essur ¢04394} e mbheeparhid howeolvathealy 648 mg, ngntyl thanlAHB Letanplysis Fefr) vorve

|h gg\rleaé u‘?g &glpggﬁge?tﬁ%no??? e&}?ﬁ%g}%ﬁ' r%om nfnl) |1;[1 ?1rsgaﬁed?l ﬁaskd or §H Aﬁer

hl or o- | fhit fia’ahe Soldly43441Red %yﬂbfitﬂﬁrdfwjv)/asﬁe@ﬁ'ﬁh'%% aheyi0.5d0 ). ﬂ’he 0s
phinic acid nmethyl cate,t) as a white solid 0.56g, 89%yield, HPI,

( Met hod fPoyte phae aPrsantrisad in yacos agddotrihe piecipitaied wolidoad eBSGM the

ai et hoS Y ERHE PRESRERTERT R iR IP SIS Sl iy faPRPp BB oL

(7,89, @n Wgﬁfmhﬁo added) bid PIEMRYTHHIRAe (;ﬁﬂﬁ ShimAPHMES afdl Qvvashid e
stir at a ent: tenperature until gas evo i on ceased. The sol ution

was thefd>dédl ed to 5C, and was sparged wlth anmoni a gas for 5

m nutes. HPLC (Method 20, product RT-5,0 mn) showed a conplete
react i orkcad tleavageefhaltir . The reacti on was quenched by the addition of
100p crushed ice, and was concentrated under reduced press= to renove

t he DVE[00BI0S] r €5hd febdlgedidlyofI0R5d n{d, BumMBtisr ohi@BIPU] dHaBdisWoDID) was
met hanol (20D and stirred for one hour at 5C to granulate the

pr oduct Suspradegiip ﬁémxsurmf ethy} acetped rahbandl N SKdd7 mh)@nédmgmgmin stirred at

02-Carb - r 0 4

met hyl | i et]"ﬁ (‘S‘Esﬁo ﬁ\lls telf}%blg’e %ckyil%]eg@er%. . 30, e&éé/oaf}"él?e(!i. HPLC
( Met hod (&ﬂ)tl(ﬁiﬁﬁéfhyladceﬁ&r (3trML PEhDPI HANi(B AL )Pk kduB43 % tr&asfaqbaeridil flom
C20HOC11. 130;th 413. ginme mt (ES14); 414,3 ( 300%, 416.1 (MN

35% v, thadlaskypngcte é%’nefﬁ wgre ernated. (Hwisgeequs layes 7as Gurtheregieaqyd with edhyy

{ransi ¢ Fonep 2 RSA Farddind blachR, A te Rh P e Ml S0

C20dani Glthad3Rd Cahcfeutraﬁeddn Mlets] tGS)%Jld tedesbMad NidlA, alwhite £H18. (5@8/(mgppun
7.49% Foupd C 58,13% H 4,08% N 10, 16% g 8,69% P 744%" NI\/R S
(400 yc E@)Hm%@alws,gzﬂﬁﬁ?w [q&n—d-'? )3.74 (3H, d, O] |.

52 ( H o(ﬁ?lﬁﬂ 'gt ﬁ@ ch%kjg 1\?’1}% 5*21276(}6 gﬁg %7? P%Fé 3?'(31@3(; ’J 11 72

8, 82 1(BIz;LB ‘QCHY), V8720 (15, mNE33)7.48 (rﬁ Bm) (5 78 I(\I%uRlIIH) pl?eslggwml LIIEI)i

i ndi cat n to u I N

o5 DisC ?23%5 vs%?é,lfw o e Qi 6P By DO o bl 4541 iz
7115.05 (C-7), 116,55 (CN), 119.96 (C 4),

124 736 6)) o (C5), 127.15, 127.26(C-2'). 129.25,

129. 35( G Qery 131, 37(C4') | 132,45, 134.04(04'), 132. 69,

[00307] Overall recovery is 18% from racemic acid 6 using either (1R,2S)-ephedrine 7
or (15,2R)-ephedrine hemihydrate 8 but without any optimization of the process.

Example §

Chiral Synthesis of 3-Phosphoindoles

[00308] Synthesis with optically pure intermediates, where the chiral center is
completely preserved or completely inverted. In this case the base used for the cross-
coupling (e.g. Et;N) is not strong enough to allow racemization of the starting H-P
phosphinate to occurr (in contrary to DKR process). Cross-coupling reaction proceeds with

retention of configuration. Cleavage of the menthyl phosphinate using tralkyloxonium salt,
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32.80 (G6"), 133.92 (0-8), 134.30, 134,44 (C3'), 139.33, 139.46
(0-5'), 139.96, 140,17 (I, 149,55 (CHCHCN)" 160.65 (0-0) 53P NWR
8i, (162 MHz, (16-1Thll1S0): 33.72 (IF, s), Exanple 9 Raenantroner of
Conpound ji-2-earboxylic acid 2 .. 1) akEsiyth:ori C31,.. 13,
Do °t T it BT RE EaasBins stocess Witk inyastips Sheorigiagnd). OFe: Chem 175,

1523-1525). This process is depicted in Scheme 20.

i Ry"
" Ry Rs ‘
Rs Ry"
Ry " Ry RN
R x "Rs Ry’ Palladium catalyst i R, Ry Otpi..QMF:’
Rs' Phosphines Ry Osp.,, ™2 1) Mo 0'BF Ry’
Nz "Ry F Ry Et;N/CH;CN Rs' “Menthyl 3 i N7z
Ry’ N ' 0=p<H retention of configuration -z e Ry’ N
Ry PG 0. Rg N inversion of configuration Ry PG
Menthy! Ry PG
“Rs o "Rs ™
QRsI‘ Ra"
" "R
; R, Re 5
Ry X * Palladium catalyst = : ! Ry
i " f = J Ry O= 2
Rs' Rs Ry Phosphines Ry ‘-'J-TF'-.O‘R2 1) Me,O*BF A ' P“OMe
N7z 4 EtyN/CH;CN Rs' Menthy! 3 4 5 \
o N R Ry" ) - Nz 2) TFA z
a Ry PG 0=PH retention of configuration o . N inversion of configuration Ry’ N‘PG
OMenthyl Ry’ PG Ry
Scheme 20

(00309] Preparation of menthyl phosphinate compound is realized in two steps from aryl
halides or triflates (Scheme 21). First step is the preparation of H-phosphinic acid according
methods described such as the work of Montchamp et al, J. Am. Chem. Soc. 2001, 123:510-
511 and Montchamp et al., J. Organomet. Chem. 2002, 643-644:154-163. Second step is a
Hewitt reaction such as described Tetrahedron Lett. 2003, 781-783.

R¥ RY.
PhNH5*OP(O)H,

—— e

6"
" 0 »  (+) or (-)-menthylchloroformate R
R2' Pd(Phs), RS R%"  pyridine/DCM

DMF

O=P—H

P
clI” >l oN
X=I1,Br,C|,OTf Menthyl

Scheme 21

[00310] A second approach for synthesizing menthyl phosphinate starts also from an aryl
halide to produce dichlorophosphite with method available in literature (Scheme 22). Then
attack of (-) or (+)-menthol gives menthylphosphinate as a diastereomeric mixture as

described in J.Am.Chem.Soc. 1967, 90, 3459-3465.
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1003601To a cold (0-5C) sohnion of the starting enal20,8nmdl) in
anhydrous DCM (360mL), was added oxal yichiciiide (15.2nl, 174, 2mol
-es)) dropw se over a period of S mnutes, Anhydrous DNIF (1, 43ntl,
18. 5nunol) was added using a syringe over a

,mutes. Gas evolution was observed. The resulting yell ow sol uti on was
kept stirring under argon atnosphere at 0-5C After 60 InthUGCS, HPLC
result ol met hanol quenched reaction aliquot indicted only 10% of
staring acid was i mmcted. After stirring fo nore m nutes, the
reaction m xture was diluted with cold (0-5C) iLI CM (300nt), The
diluted m xture was quickly tratisfedred Ho ddition funnel and
was added to a sgfrring aqueous Nd01ll sol uti 1IN, 69pml oyer a

period of 7 gEnulesgrTenper at A f _khe quen ng m x nt up
(from 26.5t, s ng 't Meapy&kat u T NaCOH to 3 when t he
addi tion was g 8 ) .t er o H@u@)or(}membvghwfowaleaﬂdlt on&f 3

m nut es, upper | ayer i qui ‘d was decant ed™™ e T ower Iay‘éfF"(‘ldont ai ni ng
pre.cpitated sal f() was concentm‘te\@tlunder reduced pressur &LO renove
DCM The resi 8t8"8%8¥ i nto acetone (300ml) and Vs acidifi ed"8%'hg IN
HO (total 275nml was added) to pH 4. The resulting m xture was stirred
at norn tenperature for 30 m nudcRéme 20l | ected solid product by
filintiomwashed the solid with 1:1 acetone/Dl water (100ml). The
solid obtained was dried in a vacuum oven at 45t over 181ns. Net

wei ght : of t [00311¢r (e sepdreion af theiBbredignmeGliemilized bypustiizationnging 96 by

HPL C ( AUC 51, 79
and 2 EC,) (217 ‘ﬁﬁ}é"rﬂkfj"‘f &Wé'té“tjr'f}ﬂnt{;ﬁ{b?gé? 7em§;sggﬁ£§%’?%m&m i

trace of DCIVF"'WI’Q%O@%?V’O@?W?’ dencep: 28Pd 4 ceS-4
the i crop product: tyw |ayers were presencg-in the not

The | ayers were sgfar teg The upper | ayer sﬁextrd&i-' pMRt'h  DCM
(400M). The | ower of t Histelecilpmeticop Ilquor @- oil,

mai nl'y product byrHPE) myas PAREA" i.nt 0 » (30NB ardd Wa's washed
with a mixture of Id:FLECL  eganie brine (b5F) . " Conbi nédthe tol uene
| ayer with the DCM exipa Gt %ﬂgﬁmhnth i ooy (400mL)° umehriped over
anhydr ous sodi um sul fa YSol'vent's wer e rennved under reduced
pressure. 131 The id®™e crop material was dried under 8-16 hours.
Net wei ght ir 15.1g. Chenical pife®§2X(90% by H PL, C, (AQC).
Chim | 4PLC result |nd|cated a mxture of 2(.10 (91,4% and 2(9S)
(8,69%. '14- ect e

Tol uene (5,36@@% ?%ce 8F§g$%%& Qm%% %¥g§£P$M§%|m%%gg3§§$ﬁge
free acid (nvmdﬂMémEmBZMEmMMtlonlers) 9296 Reaanuor ner of Conpound
I'1L2car boxylic acid 1( 1(S) To a cold (0-5C) turbid

solution of the starting (man: Mcher :1(S) (50‘%g§_%T014 mol) in S
anhydrous DCN1 (300nd.), was added oxaIerhIor 8 7mi, 1.80unn

&r i quor of
Yer |iquor.

1.5e,q) dropw s ver a per|uo§5 5 n%nutes KAHhM%&PUSﬂLM%F (1 4 n%pOMe
18. 8rmol ) was o] ngﬁ%ﬁm}ng%m ag of 2gmannut & L
evol ution was sﬁrved " The'rlesul ting yel l ol utfon was kept

stirring under argon atnosphere °h%§§8 4for 30 minutes, The reaction
m xture was then diluted with DU mL) and was qU|ckIy
transferred to an addition funnel. The diluted reaction m xture was
added to a stirring aqueous NaOH solution (IN, 725m ) over a period
of 6 mnutes. Tenperature of the quenching m xture went up (from
24.5C5 starting tenperature of NaOH aqueous) to ' 33C when the
addition was conpleted. After continuous stirring for additional 5
m nut es, the quenched nurture was placed on an ice bath. IN MC
(365nd) was added t hrough an addition funnel over 2 mnute. The
resulting acidified mxture (01.2) was stitted for 5 mnutes, Layers
were separated. using a separation funnel, The aqueous was further
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Preparation of o CiFl EMon 34 net hyMhzal dehyde (3)

Anhydrous toluene (365ml) was added to a IL, thur-neck round bottom
fl ask equi pped with overhead stirrer, one 250nl and one 11 , addition
funnel, an internal tenperature probe and an argon inlet The flask
was imrersed in an ice/nmethanol bath in order to keep ihe internal
tenperature in the region of -15t, ri-Butyl Lithium (2.5Min hexane,
232rm 0.58 md) was added to the fl aﬁg 9iri syringe, under argon at
a noderate stirring rate. n-Butyl nagfiesiumchloride (10Min TIIF,
145ml, 0.290nol, light brown solutioff) was introduced int
addi tion funnel via syringe, under argon, Addition of thig -
was performed dropw se over 22 npn 8 during which tinme the internal
tenperature rose Brom --| 3 t he,Jni xt ur e t uf n@eP<¥s-qm.cl ear
to |ight, Copagueyel |l ow. The tH 6 was stinted Flo drisher 0. 5h
at -1.3T, 0®1 §6b@ti+on/%i br onetrotricane ( @ ). ¥84Fo1,
Aldrich) in a hycﬂ' ous toluene (1458 }etash Pe@Pardni N~ a HL one- ncek
round bottom fl asR°4ifider ar gon. This pale yell ow sol ution
transferred in two porrions t e IL addition funnel. Additi
this solution was pert-m ned wver 50 minutes durin
time the internal tenperature kept between --13t and x- ol _C.:O%d

the m xture became a darkek, Ce qn&a, or anggr bi.ewn col gr, The /g
suspensi on waslegt'BF,r ed cf uxR)her 2, -1 n H
under ar gon.—E_Eféq R Eine sanp agken aftilérH 2RDaHpr ep y &

addi tion A : , followed by solvent renoval Hinder
reduced p&g%sa'srjéef%rlﬁi?%%tﬁﬁe Test 20 indicated no starting nateri al

remai ning (RE 6.64m n) and a m'§xture gf intermedi ates (R, 4.94ntn,
6.15m n, 7.40m n), This suspenSFSA"WAS | abeled ' M xture A,
1003651Dur i ngo3he JodthdakiRicactkien ef @ddiokietNthe asiayidholdschiral HPLC
'V, PV-di nethyl fortnam de (78.7nt, I .0 Quoll was added via syringe
to a 51. | ouf™R&ER"®r ound bottom flask equi pped with overhead stirrer,
a |IL addition funnel, cagmhmeioralcHiRApearf wpHpnAbE 0and manl.r gon
inlet. The flask S | rsed in an icelinethanol bath in order to
keep the inter nall\%ﬁ’gﬁ%@gf‘ﬁ el ¢ he region of- t a noderate s
ydrous tol uene (Mshlizphases: @ddedse.THae fl ask via syn itg, rate. This
sol ution was | aqu ed c%%gﬁ 1003661 M xture A was transferred in
two portions (2 X Bt t?"?e I L addhi on funnel of the SI, flask
cont ai ni ng M xt urfdovBRatTHctngdbdnt i on funnel was w apped with al um num
foil to avoid ex l:ve i dition of Mxture. A was
perfornmed dropw grgé%bgﬁpgg‘%a’gp%lzw'mc%?‘ng which time. the internal
reaction tenper atiimetiovgs! REpt 3 .hatindemidocanBTIHE®RAd t he reaction
becane an orange j: solution was stirred for a further | h
between 3C and - ‘%@’ﬁ%ﬁ‘%ﬁ“‘a‘g‘g’gn‘af; er which tine an HPLC sanpl e was
prepared by renmpvikgionef 2efaacgmianixpeddé®)pr essure, dissolving in
MeOL1 and filtering olhnanyphitanl oAk ABbout BhdsURiNOg, Test 20
3003671 T

i ndi cated one maj or product (R 5.42mn). e reaction was
deened to be conpVetils Phrd : peetbpold mahaggl Ad KisdhylnoesEB8YA pr epar ed
solution of citrigyaehd (3th/hi249) In water (650ml) in a IL conical

fl ask was added slowy over 20 mnutes to the reaction mxture in
50l portions, keepitignthe’i%ter nal tenperature bel ow 0C. This yel |l ow

sol ution vas Stirgagidter QT m; Euntiies 22015 pites. [ 903691Af ter

this tinme, the quenched reactionnsferred to 4L s rati . .
d Another approach to the synthesis of enantlomer?cgﬁly puren3qphosphomdoles is

(o))
O
—
D

S,

depicted in schemes 49 and 50.

[00314] Determination of the stereocontrol efficiency for each step should be performed

by 31P NMR and HPLC in order to confirm if the retention or inversion predicted are
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funnel and the two phases were separated. The organic | ayer was
washed with water (650n0D and saturated brine (550nml) prior to being
dried by addition of anhydr ous sodi um suI fate (500g9). The drying
agent was renove vacuym filtratio ried or%galc Iayer

transf eFPBAlE§HO ! vﬁam SIGTEOTHETS pIe ¢ LB SPRUR eiRP ight be the
sol vent

red- or a?g}eﬁélafﬁlg{ggtrigﬁm“m@ %Lﬂfﬁghmglyl??ai gelﬂE Séégf%&llfﬂ%%gﬁ&%‘%&%/d) was
obt ai netheaflbdmintBeQuile3IhOdgy: dfaaﬂnrht addBIiﬁSal HPEQrcbmﬁ% purity @ 272am

Tﬁ 8:3( (gBOIg] M_&;th C%?l%lgugi%o4|:1at ‘(113H OS[ 3151 °N§N?$llqdcat @bstmighé gmgle

CDC. 13)

(C4). 54%)1%58%31‘1‘%“‘? Sikei t*%ﬁgﬁ%na%éﬁéfbn‘%ﬁo?é?? %ﬁ%&%ﬁtﬁﬁ%ﬁ?ﬁﬂw
1003701 padivamskigcted.de (60% di spersion in mineral oil, 39:2g, O

980i ncil) was added to a 5L four-neck round bottomfl ask equi pped
with overhfafle tirrer, 250ml addition funnel, an internal tenperature
probe and an argon inlet. Anhydrous tetrahydroftiran (2.6L) was added

to the Heas i 9ebiahaeinaed Iﬁiérﬁédﬂﬁefommnced at a moderate rate to

give a wnim opaque suspensi on cyanorret hyl phosphonat e

e oanioodisp A TRiner B Yo M mNRARH & AEhiferidafly pllke ¥BRospppinggles

phosphongtee oWQlSe prepiratisredf @ima*ebmersthe ﬁﬁlcﬂblﬁuﬂzeﬁoxﬂwthél thdolusGtit EXTRiL
t he internal terrperature rose from21C to 29C. and the m xture becane

a | ess opaeuie, Thepse qfaqheawmn@wcsiesipemnr@rdlas!meommqﬁ-pbwphemdgtesrwr ed

for af g er.at f.e
from 2080 IS REO TG St s AE R R RO Bilifct®the
sol uti oeymﬂ&%izm;ﬁé_&rfmbwg,—S met hyl - benzal dehyde (159g, 0.784np1,
assuned quantitative, red oil) was transferred fromits 3L round
bottom flask to the 250ml addition funnel by pouring. Inc flask was
rinsed with anhydrous tetrahydrofuran (3 ). The threejmiynse§™
were al so p uived wloRke t hé md| ,tm;k,g@ f unnel , whi cfit hen f1 ushed

argon. Addition_d&f¢ t heun erf opw se ufrgh
during whi C@I me2t he | nt@}al nm%“é%er%\}e\ﬁ@ rom .-m
the m xture“écame a dar k=or arnfe sol ut [ 008721 The so @
stirred for a further 2h during which tinme the internal tenperatdre
fell from32C to 19C Art 1101, (3 sanPtleemné 26 he dark brown sol ution
was prepared at th by diluting with THE HPLC nmet hod Test 20 indicated
conpl ete conversion of starting material (R 5.42mn) to one maj or

pr oduct T'%le%te}goxﬂergh?‘etslé £rally ﬁné §£HH§F 51(1&7&;1?’19 R 5 71
10G873Hydrochloric acid N 21. 66mL wat er (2528, 33n) were

m xed i coni cal i ve an aguequs. sol ution.cif 0. 05Nl
et (2 AT GBS AR ?aé&mpaﬁ Floerae 38T fie stemesic e ¥ Bbury1
met hyl  ehdigion{cbicly) pat bGﬁ@'l‘&ﬂi%@s WrleRaBAMeR US pl Qre@l@fer%er(coesﬁérather
after which the |nternal enperature rose to B The partially
quenchethangavdé¢sorhinh gewd é)ewtﬁ:@vw aftrsfdéasteseh maricasepiatioe frarekerin e fsapareted
Resi due fr n1th r.eaction .ves rred to the separating
Funnel - FYYRBIRCoR it AR X RS el S et hyl " ether 0 5L).
aqueous 0.05N4 HC] (1.014, (err-butyl net hyI ether (2.0L), aqueous
0.051\41K: 1(1A L), (ert-butyl nmethyl ether (1.2k). The |l ayers were
agitated for 30 seconds, allow ng gases to escape periodically and

t he aqueous | ayer was separated into a 22k flask, The organic |ayer
was washed with water (2.0L) and the aqueous | ayers were conbi ned.
The organic | ayer was dried with anhydrous sodium sul fate (500g) for
10 minutes and the drying agent was then filtered off under vacuum

The solvents were renoved under reduced pressure to give pale yellow
solid, which was dried overnight under vacuum at 30C. The resulting
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introduced into the SOOm addition funnel.Addition of the water was
perfornmed dropwi se with a noderate stirring rate, over 3h during
which time the internal tenperature fell from50eC to 25C. A yel |l ow
solid began to precipitate out of the red-qrange solution after five

m nutes and the addition of 5.0m onother |pguor was checked®

periodically by HQC to determ ne the ratloy E:Z isoners st in

sol ution. cAfter adding 250mL of water the El; o was 1:1. 2 /do
1 e ] NH, dole agl S

det er mi ned/ 1Y bgﬂi?a%r ab_I)% Thé Bﬂspem i ed in an TLe ob—{_{s,a

for 10 M nutes ng the imtermatt fail
bef ore beif| I%%red through 3T sint er d o] ags nnel Une L@j
pressure. e resulting sofid was washed with a cgld. ethapol : wate

solution (1:1,2 x 50m, 540t). The solid was, dried to constant wei ght
in a vacuum oven at 35t A pal e yel | ow sol i d} meon.nHz MeOH.NH3
3- brono- 5- et hyl -ci nnanonitri 1le (144, 1g, 83%yield) was obtained.
This material was, however, contam nated wglh the Eh/renoved m nera
oil, as observed in the p.roton and carbon , spectra. 34Br 6hn- 5-
met hyl -cinnamonitrile: CuilisfirN 222. 08gin§§§l | PLC. E4soner
R15,83mi n; 97 272nm Z-isoner 5,76mni 4. 786272nt m 4-1' NVR Sﬂ)

Mz, CDCT,): 2.36 s, CE(3), 5,86 ( (A%t H, hi 16;,7, o
CH-----OMON), 7.17 (1K s, APB), 7.28 (lld,Jid8:14 16,7, O :
7,39 (2 x 11°1, s, 2 x Ar-lit);: AC NMR at (100°MHz, (DUQ, 2¥ 28 (oh),

97.86 (CH=CHCN), 117,89 (CM 123,19 (C 3), 127.03snandedef3@arde4, 06),
134,85 (02)., 135.38 (C1), 141,16 (0-5), 149.31 (CHCHCN).
3-1otio-5- roethyl chanrinonitrille FP¢hedmedhr ee 500N screw-top,

seal abl e, pressure flasks Cak-tied A, 13 and Cl were individually
equi pped iviih a magnetic stirrer and arranged over oil baths heated
to 115CEx ately and sequentially added to each flask were,
3-brono-5-nethyl-citinanonitrile (3 x 47,59, 3 x 0,2143nol);
trt-xylene (3 x 171ml), giving an orange sol ution; diethyiene glycol
din/ethyl ether (3 x 43n0; sodiumiodide (3 x 64,12g, 3 x 0.428nm0l);
copper (1) iodide (3 x 4.04, 3 x 0.0214ndl); and lastly

AcA" - di met hyl et hyl enedi am ne (3 x 4, 60 x 0.0427nol) at which
poi nt the col or becane dark green- blsck t hreaded top of each
flask was rinsed with mxyiene (3¢% The||har dened, insol uble
solid sodium i odide was mobil i, Fed 9 spatypha, whilst the solution
was degassed: Steady streans 0O ﬁagnn A"e bubbl ed t hroughsol uti ons
in each flask for 10 m nutes. 1003 he Nyree fl asks were seal ed
under an argon atnosphere and lowered!'into their respective oil baths
at llSCPrﬁﬂﬁuﬁbﬂgfgo hatie stirring rate in each, The reactions
were left to stir at [15C, behind a blast shield for 14h over ni ght .

) 003781After this time, flask C was found to have stopped stirring.
The flasks were allowed to cool in air for 5 mnutes prior to
opening. Hisi.:C sanples of the three reactions were prepared by
removi ng the mxyl ene under reduced pressure and dissolving in M. CN
Anal ysi s was peribrined using HPLC net hod Test 20; Flask: A; Myjor
product 01,starting ateria Flask 113: Mtior product (R, 5.97m n),
1,0%starting material tRt 5 3 int Flask C. Mjor product (Rt
5,97min), 20%startirll, material (R 5.83mn). )003701 Al three

tl astcs were degassed by bubbling steady streans of argon through the
respective reaction mxtures for 10 m nutes. The three fl asks were
seal ed under an argon atnosphere and |owered into their respective
oil baths at 120cC, ensuring a noderate c in each. The reactions were
left to stir at 120C. behind a blast shield thr 2h, 01 Mer
this time, the flasks were allowed to cool in air for 5 mnutes prior
to opening. 11PLC sanples of the three reactions were prepared by
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Reactions A and B were deened to be conplete and left to coot to room
tenperature, Flask C was agai n &assed by. bubbling a steady stream
of argon through the reaction m xture for 10 m nutes. The flask was:
seal ed ', Ender an argon atnosphere and lowered into.cod bath at 125C,
ensuring_a _noderatg gtirring rateg_Jhe reaction was | eft to stdy g
12.5C, behind albl ahj’\el d-f or rj:’\her 433, [ dogde1) Aukr thils L y—cos
time, the FI¥sk C was” a1 8wed to cool ¥nfair for 5 mnlites prior to
opening. An |IPLC sample the reacfi on’leas prepared by renoving st he
i n-xylerie under reduced pressure and dissolving in MeCN, Anal ysi

was perfornmed using HPLC nmet hod Test 20; Flask Cproduct (11; ﬂv
5,97mn), 2.0%-.<13,ing material (R, 5,83mn), Reaction C was deened
to he conplete and left to c {room r nper at %09FI ask

diluted with tert-butyl nethyl reE® x150ml) HE Xt ur COzMe
filtered under vacuum to renove the insol ubl e matgki®al s, thxough &
3L sinteted glas funnel containinhg Ilie (1.51.,9), e-washed wiét h
iert-hutyl nmethyl ether, Flasks B C were sunila di luted an
filtered through the same Celiteto hum conbining the three filtrat|e$
A B and C i M@?&%%mmmcggugal flask. The flasks were insed and th
Cc.lite was iefsuled ke hoed ek bt vl met hyl et her o 3140 [ 00: 183] The I [
conbi ned fi I:@-gxg%%ﬁi&ﬁ’gjmg’hﬁﬁter ed under vacuu({&téﬁéoﬂ@'he a—cl eaff 3L )—come
sintered gl asscof sMhekore@ot ai ning fresh Celite (1.51.%9, pre-wash&d N
W th fen-butyl Yyt her, to remove the remainin | oudy ®
parti cul at esy pkdudinicon was perfornmed with tert-butyl t hyl ether
(41,). The rieswhrkingretear, red-brown color filgrate.mas, stable being
stored Qo iRl ASh 34 Lli:rat e was concentrated under
reducedﬁéﬁt‘e}’gs%d'rnéﬂés Cbgﬁggﬁ%mglngﬁhtgl%ﬁg sol vents were then
renmoved under high vacuum at 45C. Co-evaporation with nethanol (2 x
50mLl) vyielded a crude brown solid (203g), 093851 The crude brown
solid (200g), in a 2L threeneck rcymgolanom flask equi pped with
internal tenperature probe, 500ml addition funnel and overhead
stirrer, was dissolved in nethanol (700nml) by inmmersion in a water
bath at 53C. On dissolution, the brown solid becane a red-brown

solution. The water bath was remoV nc wat er (110031:11) was
i ntroduced into the 500nl addition oAddi tion of the water was
performed dropwi se with a noderate stirtri rate, over 3h during

which tinme the internal tenperature fell from50t to 24T. A

yel | ow- brown solid began to precipitate out of the red-brown solution
af t er t @@3m8]nutdeShiana3tthereuldirte (3A0.0¢, BOHIMd) waabdded tThé Lnfottheeck round
I i quor was checked.periadically by IiPL.O to.determ ne the ratio of
Li 27 s ofaraut Qe FiBpedonith § GrnorARY P, S5 P60 POP BT R rgire
rati o Washubildy, kn &nemdeleaipaingd phébel@dflavuesabhes:. nTHeptﬁh@fz@oemmn\xaﬁ-r-
cool ed for 1413 allow ng the internal tenperature to Call to 4C,

bef or e beyhdichibbhae 6460 Tg, BughmmlBkersichuigeéth ¢ dlosk.filmeixtuwiptkes stirred

reduced essure. The resulti | id,was hed.w th, a_col

et hanol SR RROnGb O BT T Borrpr et § o paRelly af s
dried tgreNsiantxiyéiBMeated t@rofR&UYMIONETR: afg0dFbare AydpataBoRHOWD, g).
solid, 3-iodo-5-nethyl-cinnainonitrile (149,49, 86%yield) was

obt ai nednalyhis of tatrezdtiah migsire hpWeLér medortTza Aatledth -WMealiN 4 He indheadsroved
m neral oil, as observed in the pro nd_carbon [.

[00560) FHEPEie TRt Ty oerT ey hesaae QEr s Hin R e PR S Ry o)
flask, 19 ssolevgsktion vaGelionkl kd Ledl (d 5039°¢ endirvef@rddankwo portions to a
or ange- brown solution with insoluble globules of mineral oil. This

m xt ur e3lasefietk BBEdAUA@EP! b0 o) diskiFlaiggrrstrpmpeid pageicetihigniatacuo at
541 ing.th jorjty, of i neral. 0 by’ i
ves) 1 TR R E TS Sl O VPP R oo

room temperature, whilst stirring, for 1.5h. The flask was stored at 4°C for 15h after which

time the crystals were filtered under vacuum and washed with cold n-heptane (400ml).
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This ruaterial was obseisied to be free of a MM oil by proton and
carbon MAR, spectra. 340do4-nethynnanoniteire; Ct3HON
269, 08g3110rsofiens, 99-100'C nelts; H PLC (Acetcmtrile); & soner

1.1: 5.97inin; 97% purit 272sin (34ronp- St nedw - ci.nmuni sst hri |l e,
E- i sonew(’ﬁ@ls, TSwidpying R @ ?zwpvméﬂr%\vm » W &eawffﬁiﬁo 13) i

233 (3 ; . L= : NG :
aory . GoBpo 10PN g hykoddln bercuea EogitEpdloy CRHAGROL
. Al- 41)245168GnMVIR. HEEE 20009 sis {Vekt 202 CRE. B,3). 1 6r2ih; 0%6(pGityl @025 B 9. p.:
((>a), 9730 (CWd , 11751 ( (I 127,61 (C6), -2)035,.44 (C1)

130- 51 (a]04°a) WAV 8:6§100 8416 DEm SN 5. PS50 il ¥ i B
gcanti f - - t hyi - plEenyl | - (11) - ph6sphi ni ¢ add
met hyl %%?’[70%£%@T?&H$o€%'ﬁf) was suspended in 50 in of

adsol e sin& crystal X-ray anaJdysi for‘gicli @Lt er 2 days. The en,rstds
were nonoclinic with a space grof™BP° 1&hd mat eel dinmensions of a
- 13.0983 A, h= 10.9625 A, ii - 16.4266 A, a= 90, 0= 103.6063" and. y
=9Q in the crstaL the asymredic unit contai ned two i ndependent

nol eei des of conpound DI (ndecute Arand nol ecul e B), and a single,
partially occupied, (ca 86%, nolcece!af anisole as solvent. The

Fl ack paraneter was determ ned as D4(17) br nolecule A and 1.04(7)
for radet:de B. On the basis of the foljngt del:ern-dm don the

absol ute stercochcinistry avas assi gnhed, d the chiral centers at NA
and NB are both in the R configuration, FM 2A frrovidts a view of
FACketlie A Ind:ding otereochem stry at PI A and FIG 211 provides a
Vi ew of (4 id j ' deg .

et 0g§%’f] Cg:noggt({nlgﬂfi&g(sﬁ.z‘é, 6960ty alliedWla FXRTPhEcBund bottom
_Car bnofyask=qeipped withjooexhehd btivdddBary Mtddnal ymécYatd ppbefPldml addition funnel

I -(M a-pfjnapinnje acid thyt eqe and Citigl poura

(2- Car b%w argefn B’Eﬂtdgﬁhyﬂ?&Lf-tF‘tr?}{Y?’Hrfs@N?‘b&Eﬂ %%Ggalspwocths&aé( At eRpled
ester) 115@:9%” : el L ' (e )
activity o géﬁéﬁ??ﬁéﬂ%ﬂ%ﬁ%ng@%ﬁ%n %{}91 p gﬁtﬁ(‘i’o{al \é{ﬁ%{ &{gltc?rﬁ)f;%?f s< ITa<nd
111 i n As€ay sll times|dudng thearadtyosi 8-Bottylrlgkiust @06ml,tlh@l ldialgsad estséared via

Table | shows the act.j,vi of the c ounds ainst. a panc o t ant
HLV- 1 RepEfase theoiges hbfé Fé@elwmés? dhopyiserp %ﬁ%&l%ﬂtﬁwmﬁ splashing
3- phosphpi- DEHOA Be CAMMOMAAB A, COMRRHRE iddidn sﬁggpfég@ﬂ?é%@&ﬂxgg@mar ed

with the activity of conmpounds control conpoun Ir
6- chl ortetrdlyded fupmd@y 0wt hitiddmi rinsel veis atidat drpbibe to the cold reaction mixture,

di hydr o- 2H-3, 1- heri zoxazi n- 2- 0 &)00 i tﬂ v:71 Jous yjruses, |[0U389 As
Shown | SFSFERE &0 MICragIRBEIRIe A BOEE RIVIL VBT 3B 1 ranscr i ptuse ( RT)
enzynme {sUblyRen BrixBlé4 1hsSifoalen) toWivhiin TRANY 28 Y30nhiREL (Pﬁl?/ after Wfi%llaime

concentration gew values ranging from0366° 0.251&ype RI) to 1,
0. 873 watys{skey HPDG1641Red §'e3tQ)0, (s8npicl quehghed Goithp dlaH Ok g1 Gaited withgdeCN

(1 ToanRes 5N s tded Mt MeSTiDo tisleeleh ReaEecdhurleoghngisignyof garting
human mxmap(m%ﬂlnnh,al.é%@wgﬂgté\Me pie8h@ (RLENSHin). 422 n. 64) or

gamma (Jew. ? 60as seen in abl denponstrating the test etai nounds’
sel ectiwi Crystoll o | tudi i th ound.l and it h | V
V10515038 CASUBI R T B0 OB Al B e B o
known  hyshitephsrigH MNRTi84. 80k K6dmi Watehe:neizygdTe < (0390 quBndtlng digelel
culture assays, using MI-4 cells and a subtypeV-1 (814-10
was allowed to warm to 10°C whilst stirring for 1.5h.
[00323]  After transferring the mixture to a one-neck flask, 1370ml of THF distillate was
removed and water (500ml) was added. The mixture was stirred vigorously at 4°C for 15h
and filtered. After washing with water (400ml) a beige solid was obtained with a colorless

filtrate which contained no product by HPLC.
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strain), Compound I and Conpound 111 inhibited H V production wthn
50% effective concentration (EC50) values of 1 OA and 1,2 nM
tespectively (see Table 6), in assays perforned in human PUN C,

Co | d d H, inhibited H/V-1 i it h R
cr " iosP e, AR eSS b 57 P a8 BBt g RS
differe - i : r 8 I I i nes,
the Eoobmavekiiblbiafliabll ), B3 phfhue 6 HPECS T Rae YRR Ofe |
Connouncorckhtrated st 43,6 L@derpaumen to &5lkinCGamdocnpbiftlsblide begaacd pweiggad. nst

0, 52"t o Mater (Hhroh Siascagtbdiogwase i aemixtorh vt ot YR So0rd SBMbb I Crover
and l.@H.nﬁltHftf-oral}Q%E@r Ja%gﬂﬁega%‘f'rg\ggﬂ g°é Sehand1QlHer F gg%%%%la%&d Mla/gl

t he presence o a acid glyeo ndhuman serum
cyt ot oxinoder yatuest atrv)°Crgate Bampouhitl\10B ahastleoellbwisbhié$l 1 40qnypotndeld).

76,6t oCamand408: €ori MO FeratiacHlkich gnabpisneeat, Med: X

val ues : gC@o ;Fg n 6,9 (W d I .

det er m ﬁfgaﬁlﬁ?’%g 1 g;@? ggltn?nglﬁn’qgle@;é Y an%4 ﬁlgg(&}%gjia’l)i ln"gs,(gH’

t he CC5§ valugs 70f7 (oo undH) ansk mpoandn 14.70 .8, CON-h® 28 SMR &

31.5 W/ rangﬁicBased on tth)CCSO EC50 rglt)ios ((Ij‘g{tern‘i neg@i n M-4 ¢
s

cells, 8&0dd bylinfebd (BCH:wal 198 GHCH2R),3603ahel43 16;[D0dS5vidr &15.32

cal cul a ) Y D039 n
Cross r @1%4{’ gél%g? ’F@[%@Hi’l ﬁg ckgmﬁgtg 9'9éf l@eﬁ&rc'meg%“d&%%-’ ﬁ :]’ 47,
strainsyserpagnd | and Conpound |11 retained good potency against
NNRTI resistant viruses bearing KLO3N, '11181C or K103N Y18l C

mut ations (respective ECR val ues ¢ bass1be! ow 4.5 and 14.5 nM,

whi | e EFV showed consi derabl e resistance agai nst the double nmutant in
particul ar (ECso values 36 to 116 nik,4). [003931 The resistance
profile of Compound |and Conpound HI was exanmined in greater depth
using 3 different panels of viruseg_in testing performed by Mynogram
Bi oSci ences (formerly Virologic); a\#eeni ng panel of low to
noderate ER resistant viruses; a panél™nef 8 highly EFV resistant
viruses and a broad spectrum panel of 64 viruses including 40 NNRTI
resistant viruses with single, double and triple NNRTI resistance

ut ant s1g0gREPOLInbakKh FOTPABIE. 8 536mbReusaa b 20t FF-rREIHE bBtom

sub- panel of nmutants bearing and PI mutations, Conpound I

Conpountlagkl dquippeé vailpereitoad sorrely relyxi costderssss evatar dathy 230l &difion funnel,

i stant. vi i ncl udi i with d d trinpl
Compountt Mg SR eraBie PR and b6 AR eliboumor oPodfinirseg ™ itk
resi st apid MolddseS Wi tihdderblie a&d31%i PdLoAULARS1408394 e keBpin g eS

of invitro interaction stugl es, there was no negative interaction
obser vethtésathigoperatiee Bdapodnd. | and Conpound 111 and 7 NRIls or 6 Pls

approve t t hera of 1-11V-1 i e cl i.ni ¢, . PEUMARY, .
PHARMAC@Q%’ N 1S TS rgé\(a.s WETEdIa 05 BT 2Rab Shich AT Hysis by HPLC
i abor at mAthadtThke2 M EOHE) td@t @B oplWe cHNNIBNBf starttin@Geht&Hidl CRNG 88 &id) to
At DS/ kC1CCt nmmoct cncci | C¥ syndronme A. ZTZi dovudi ne
one product (Rt 5.44min). The reaction was cooled to 5°C and a solution of NaOH (80.0g in
1000ml water prepared, 865ml added) was added gradually keeping the temperature below
15°C, monitoring the pH until neutral. The mixture was transferred to a one-neck flask and
stored at 4°C for 15h.
[00327] A total of 970ml of distillate was removed by concentration in vacuo at 35°C to
give a colorless solution with precipitated solids. The slurry was allowed to cool to 4°C for
1h after which time the solid was filtered under vacuum and washed with 4°C ethanol:water

1:4 (200ml). After drying at 35°C under vacuum for 72h, impure Compound 104 (80g,
99% yield, 95% purity at 254nm) was obtained.
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.111-1111Laboratory adapted strain of human ni um nodefi el ency virus
ty 50% cytotoxic concentration OPEopathic effect DNAyribontteleic
aind DSA E. 138K EC30, EC30os EP/ ELBA 12227Fli, FBS GL90A 0190A/ 6

4E1 K 10103k GaRokdtvas dsoibad il A ) GRRELC o sha iEors S At

NI'A- 3, fove the fine insoluble material. The filtrate obtained was concentrated at 35°C under
vacuum to 175ml at which point water (70ml) was added dropwise to the mixture over 3-4h,
which was then cooled slowly to 4°C and stirred for a further 0.5h. Filtration under vacuum,
washing with 4°C ethanol:water 3:2 (100ml) and drying under vacuum at 35°C gave
Compound 104 as orange needles (70.5g, 88% yield, 98% purity @ 272nm). A second
crop of material was obtained from the mother liquor as a pale yellow solid (4.6g, 5%, 98%
purity at 272nm). Combined yield = 93%. Compound 104: C;H,CIFIN 271.45gmol".
HPLC analysis (Test 20, MeCN): R, 5.44min; 98% purity @ 272nm. m.p.: 80.5-81°C.
ESI +ve: m/z 271.9 [M+H]" 65%; 312.9 [M+MeCN+H]" 100%. 'H NMR &y (400 MHz,
d6-DMSO): 5.69 (2H, s, 2 x N-H), 6.55 (1H, d, Ar-H), 7.18 (1H, t, Ar-H). C NMR &¢
(100 MHz, d6-DMSO): 70.97, 71.24 (C-I), 104.03, 104.25 (C-Cl), 110.14, 110.17 (C-H),
129.90 (C-H), 150.09, 150.14 (C-N), 155.45, 157.82 (C-F). ’F NMR 8¢ (376 MHz, d6-
DMSO0): -91.60 (1F, d)

Compound 105

F

Cl
COzH

[00329] Compound 104 (74.5¢g, 0.275mol) was added to a 2L four-neck round bottom

Iz -

flask equipped with overhead stirrer, reflux condenser, heating mantle, temperature
controller, 250ml addition funnel, an internal temperature probe and an argon inlet. N,N-
Dimethylformamide (575ml) was charged to the flask at room temperature. DABCO (95.5¢,
0.851mol) was added in one portion and the internal temperature dropped to 15°C. The
mixture was stirred for 20min to effect dissolution and the solution was degassed by
bubbling argon through it vigorously for 10min. Pyruvic acid (57.33ml, 0.824mol) was
added to the brown solution over 10min and the internal temperature rose to 36°C. The
solution was again degassed with argon for 10min and palladium acetate (678mg,
0.0030mol) was added in one portion.

[00330] The mixture was heated to 100°C for 3h after which time analysis by HPLC
method Test 20 (MeCN, filtered) indicated complete conversion of starting material (Rt
5.44min) to one product (Rt 3.64min). The reaction was cooled to room temperature for 15h

and subsequently to 5°C. A solution of hydrochloric acid (1.15N, 575ml then 0.115N,
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Drug susceptibility Gutamate to | ysine change at position 13 50%
effective concentration Efavirenz Enzyne-linked i nmunosorbent assay
Phenyi al ani nel l etreine at position 227 of RT Fetal bovine serum

chancr 6 280 ROl Tobob WeEPDBHoTo BT OB am At JI P GRHi g0
of R gﬁl‘ ﬂfi?‘h%r.‘?‘tAP{a}ﬂ sBﬁ@ﬁFe‘c@‘?ﬁteh“ffﬂ?ﬁ‘ tl'fe s%ﬁ]tﬂon'ah&‘ %&ﬁfﬁtﬁi@@va@ sRAkl $Han

wth | ynphoma Hunma atonma ce I ne Human cell Iine
i sol at eddditioml 4. Shatt 5¥NtTheisbhd adetﬂ'ﬂ)temdamded—tmnmnlandwwhmf with A%y water (&

LB R Tt S B e P e oS TR TR0 SRS

(B o BEDREHRITE B L JHEQENEE 1 9B b Chnf(rhine
MeCN): R, 3.63min; 99% purity @ 272nm ESI -ve: m/z 212.1 [M-H] 10%; 168.1 [M-
COOH] 100% 'H NMR &y (400 MHz, d6-DMSO): 7.10, 7.11 (1H, d, Ar-H), 7.25-7.32
(2H, m, 2 x Ar-H), 12.30, 13.33 (2 x 1H, 2 x s, N-H, COO-H) "*C NMR 8¢ (100 MHz, d6-
DMSO): 102.45 (C-3), 108.76, 108.92 (C-9), 110.20, 110.24 (C-6), 116.88, 117.09 (C-5),
125.46 (C-7), 130.34 (C-2), 137.90, 138.00 (C-8), 149.76, 152.25 (C-4), 162.12 (C=0) “F

NMR §; (376 MHz, d6-DMSO): -121.35 (1F, d).

Compound 106

F

cl
N—co,Me
N

H

[00331] Compound 105 (55.9g, 0.262mol) was added to a SL four-neck round bottom
flask equipped with overhead stirrer, addition funnel, an internal temperature probe and an
argon inlet. NV,N-Dimethylformamide (695ml) was charged to the flask at room temperature
under argon, stirring for 20min to obtain a brown solution. Carbonyldiimidazole (51.0g,
0.314mol) was added in one portion giving a brown suspension. The mixture was stirred for
1h under argon at room temperature after which time analysis by HPLC method Test 20
(MeOH to give Me ester, filtered) indicated incomplete conversion of starting material (Rt
3.64min, 0.5%) to major product (Rt 5.48min) plus intermediate (Rt 4.77min). Additional
carbonyldiimidazole (0.43g, 0.0026mol) and N,N-dimethylformamide (45ml) were added
and the reaction was stirred for a further 2h after which time analysis by HPLC method Test
20 (MeOH to give Me ester, filtered) indicated complete conversion of starting material (Rt
3.64min) to product (Rt 5.48min). Methanol (297ml, 7.34mol) was added to the stirred
reaction mixture under argon at 24°C to give a cloudy brown suspension. After 3h analysis
by HPLC method Test 20 (MeCN, filtered) indicated one product (Rt 5.48min). The
reaction mixture was cooled using an ice bath and water (2000ml) was added over 0.5h
keeping the internal temperature 15-20°C to precipitate a tan solid. The solid was filtered

under vacuum and washed with 5°C water (2 x 400ml). After air drying, the solid was taken
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%gg\é\ag@g;‘&g}gﬁ@w& BLRIRAGERASR heRkDidRE 2PBALGRRE hetuessak 3b 9adogy,
purity at 272nm). Combined yield = 72%. Compound 106: C,oH;CIFNO, 227.62gmol"
HPLC analysis (Test 20, MeCN): R, 5.48min; 99% purity @ 272nm
m.p.: 216.5-218°C '"H NMR 8y (400 MHz, d6-DMSO): 3.88 (3H, s, CHz), 7.16 (1H, s,
Ar-H), 7.27-7.35 (2H, m, 2 x Ar-H), 12.48 (1H, s, N-H) C NMR &¢ (100 MHz, d6-
DMSO): 52.15 (CO,CHs), 102.90 (C-3), 108.97, 109.12 (C-9), 110.27, 110.31 (C-6),
116.77, 116.98 (C-5), 125.84 (C-7), 128.82 (C-2), 138.00, 138.09 (C-8), 149.77, 152.26 (C-

4), 161.05 (C=0) “F NMR &f (376 MHz, d6-DMSO): -121.11 (1F, d)

Compound 107

F

cl
N—co,Me
N

0=8°0

[00332] Compound 106 (46.5g, 0.204mol) was added to a 2L four-neck round bottom
flask equipped with overhead stirrer, ice bath, an internal temperature probe and an argon
inlet. Anhydrous N,N-dimethylformamide (450ml) was charged to the flask at room
temperature under argon, stirring to obtain an orange solution. Sodium hydride (95%, 7.30g,
0.290mol) was added in portionwise over 45min keeping the internal temperature below
5°C. No further gas evolution was observed. Phenylsulfonyl chloride (35.8ml, 0.280mol)
was added dropwise over 15min keeping the internal temperature below 10°C. The reaction
was stirred for 1h after which time analysis by HPLC method Test 20 (MeCN) indicated
incomplete conversion of starting material (Rt 5.48min, 4% at 272nm) to product (Rt
6.42min). Further portions of sodium hydride (95%, 1.1g) and phenylsulfonyl chloride
(4.0m!) were added and the mixture was stirred for a further 1.5h. Analysis by HPLC
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oniy., 30YRaer (PRIl hidddi&t atbhec B} 1Bh. BRZYIR was taken up in ethanol (700ml) and
warmed to 55°C with stirring for 1h. The hot suspension was concentrated under vacuum at
40°C removing 350ml of distillate, then allowed to cool to 5°C for 0.5h. Filtration under
vacuum, washing with 4°C ethanol (150ml) and drying under vacuum at 40°C gave
Compound 107 as a pale yellow solid (68.5g, 91% yield). Compound 107:
Ci¢H | CIFNO,4S 367.78gmol'I HPLC analysis (Test 20, MeCN): R; 6.43min; 98% purity
@ 272nm m.p.: 163°C expanded, 166-167°C melted
'H NMR 8y (400 MHz, d6-DMSO): 3.88 (3H, s, CHs), 7.51 (1H, s, Ar-H), 7.62-7.68 (3H,
m, 3 x Ar-H), 7.77 (1H, t, Ar-H), 7.92 (1H, d, Ar-H), 8.04 (2H, d, Ar-H) "C NMR &¢ (100
MHz, d6-DMSO): 53.21 (CO,CHj3), 110.60 (C-3), 112.30, 112.34 (C-6), 114.02, 114.17
(C-9), 117.93, 118.14 (C-5), 127.14 (2 x Ar-C), 128.78 (C-7), 129.85 (2 x Ar-C), 132.29
(C-2), 135.24 (C-para), 136.82 (C-ipso), 136.88, 136.96 (C-8), 149.37, 151.89 (C-4), 160.51
(C=0) "F NMR 8¢ (376 MHz, d6-DMSO): -119.42 (1F, d)

Compound 108

F

Br
cl
N—co,Me
N

=520

[00333] Compound 107 (68.4g, 0.186mol) was added to a 2L four-neck round bottom
flask equipped with overhead stirrer, addition funnel, ice bath, an internal temperature probe
and an argon inlet. Anhydrous dichloromethane (685ml) was charged to the flask at room
temperature under argon, stirring to obtain a partial suspension. Bromine (11.5ml,
0.223mol) was added dropwise over 20min keeping the internal temperature below 10°C
giving a deep red mixture. The reaction mixture was allowed to warm to room temperature
for 1h after which time analysis by HPLC method Test 20 (sample quenched with NaHSOs
aq, diluted with MeOH then MeOH filtered and diluted with MeCN) indicated incomplete
conversion of starting material (Rt 6.43min, 78% (@ 272nm) to a minor product (Rt
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Change picxbitdie $400¥N 2). The aqueous layers were extracted with dichloromethane (400ml)
and the combined organic layers were washed with water (1000ml), and dried with
anhydrous sodium sulfate (500g). Filtration and concentration under vacuum at 28°C gave a
crude yellow solid (78g). The solid was triturated in hot ethanol (650ml) at 50°C for 1h. The
hot suspension was concentrated under vacuum at 40°C removing 450ml of distillate, then
allowed to cool to 5°C for 0.5h. Filtration under vacuum, washing with 4°C ethanol (150ml)
and drying under vacuum at 25°C gave Compound 108 as a pale yellow powder (72.6g,
88% yield, 93% purity at 272nm). This solid was dissolved in hot ethy! acetate (500ml) at
50°C for 1h. Ethanol (200ml) was added slowly at 50°C and stirred for 15min. Precipitation
began and the hot suspension was concentrated under vacuum at 40°C removing 475ml of
distillate, then allowed to cool to 5°C for 0.5h. Filtration under vacuum, washing with 4°C
ethanol (150ml) and drying under vacuum at 25°C gave Compound 108, methyl 3-bromo-
S-chloro-4-fluoro-1-benzenesulfonyl-indole-2-carboxylate, as a pale yellow powder
(57.4g, 69% yield, 97% purity at 272nm). A second crop of material was obtained from the
mother liquor as a yellow solid (9.6g, 12%). Combined yield = 81%. Methyl 3-bromo-5-
chloro-4-fluoro-1-benzenesulfonyl-indole-2-carboxylate Compound 108:
Ci16H1oBrCIFNO4S 446.68gmol'| HPLC analysis (Test 20, MeCN): R; 6.76min; 97%
purity @ 272nm ESI +ve: m/z 447.8 [M+H]" 90%; 464.8 [M+NH,]" 100%
ESI -ve: m/z 445.9 [M-H] 100% 'H NMR 8y (400 MHz, d6-DMSO): 3.99 (3H, s, CHj),
7.66 (3H, t, 3 x Ar-H), 7.78 (1H, t, Ar-H), 7.90 (1H, d, Ar-H), 7.98 (2H, d, 2 x Ar-H) “C
NMR &c¢ (100 MHz, d6-DMSO): 53.88 (CO,CH3), 96.66 (C-3), 111.87, 111.90 (C-6),
115.36, 115.51 (C-9), 117.29, 117.45 (C-5), 127.16 (2 x Ar-C), 129.40 (C-7), 130.15 (2 x
Ar-C), 130.45 (C-2), 134.63, 134.69 (C-8), 135.46 (C-para), 135.81 (C-ipso), 149.31,
151.85 (C-4), 160.30 (C=0) “F NMR 8¢ (376 MHz, d6-DMSO): -124.00 (1F, d)

Part B: Synthesis of Compound I
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C20H15C|FN204P Mol Wr.: 431.78
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Compound 202

[00334] A suitable reactor was charged Compound 201 (57g, 0.12mol) and
tetrahydrofuran (570 ml.) The resulting solution was chilled to -90° to -100°C under
nitrogen using an LN, / IPA slush bath, then was treated with n-butyl lithium (2.5M in
Hexanes, 52ml, 0.13mol) added over 10 minutes. To this was added diethyl
chlorophosphite (20.5g, 0.13mol) over 10 minutes. HPLC (Method 001, RT = 17.7 min)
showed no starting material and ca. 70% product. The reaction was then diluted with ethyl
acetate (570 ml) and was allowed to warm to -40°C. The mix was then treated with
hydrochloric acid (0.5M, 400ml) and was allowed to warm to ambient temperature and stir
for 30 minutes. The resulting layers were separated and the aqueous extracted with ethyl
acetate (500ml). The organics were combined and washed with brine (500ml) dried over
sodium sulfate, filtered and concentrated to an oil. 78% HPLC AUC (Method 20, RT = 5.6

min) >100% yield due to impurities and solvent. Used as is in the next step. Data for C-2-
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resul t t hguisn HREIQ (Methotl @R1 RT 6.2 hrinjpshbtved taasompldite tdabtidrOnTlef mix was cooled
to ambient and was filtered through celite and washed with ethyl acetate (1000ml.). The

combined ofganics were washed with brine (2 x 500ml) then dried over sodium sulfate,
filtered and concentrated to a volume of 170m!. The concentrate was cooled to 0°C and
was stirred for 1 hour, during which time the product crystallized. The solids were filtered
and washed with hexane:toluene (2:1, 150ml.) Dried to leave 54g, HPLC AUC 85%
(Method 20.)

[00336] The crude solid was then purified by column chromatography eluted w/ 25%
ethyl acetate in methylene chloride. Pure fractions were collected and combined to give
Compounds 203, 41g, 67% yield, 96% HPLC AUC (method Test 20, RT = 6.2min).
[00337)  Data for C-2-Ethyl Ester: #3: Cy0H,5sCIFN,06PS 615.01gmol” '"H NMR &y
(400 MHz, CDC);): 1.35 (3H, t, PO,CH,CH3), 1.52 (3H, t, CO,CH,CH,), 2.40 (3H, s, Ar-
CH3), 4.08-4.20 (2H, m, PO,CH,CH3), 4.61 (2H, q, CO,CH,CH3), 5.90 (1H, d,
CH=CHCN), 7.33-7.37 3H, m, 2 x Ar-H, CH=CHCN), 7.55 (2H, a-t, 2 x Ar-H), 7.67 (1H,
a-t, Ar-H), 7.74-7.79 3H, m, 3 x Ar-H), 8.13 (2H, d, 2 x Ar-H)

[00338] Data for C-2-Methyl Ester: #3x: C3H3CIFN,O4PS 600.98gmol™!

mvz (ESI+): 601.1 (MH", 100%), 603.0 (MH*, 35%) "H NMR &y (400 MHz, d6-DMSO):
1.18 (3H, t, CH3;CH,0P), 2.34 (3H, s, Ar-CH3), 4.02 (SH, m, CH;CH,0P, CO,CHs), 6.47
(1H, d, CH=CHCN), 7.54 (1H, d, Ar-H), 7.62 (1H, t, Ar-H), 7.72 (1H, d, CH=CHCN),
7.70-7.76 (4H, m, 4 x Ar-H), 7.82 (1H, t, Ar-H), 7.91 (1H, d, Ar-H), 8.13 2H, d, 2 x Ar-H).
Multiple 8¢ values indicate splitting of carbon signal due to F and/or P. >C NMR 8¢ (100
MHz, d6-DMSO): 15.97, 16.03 (CH;CH,0P), 20.79 (Ar-CHj), 53.88 (CO,CH3), 61.73,
61.79 (CH3CH,OP), 98.39 (CH=CHCN), 107.50, 107.54 (C), 108.95, 108.99 (C), 111.37,
111.42 (C), 11547, 115.63 (C), 116.82, 116.91, 117.01, 117.10 (C), 118.43 (CN), 127.44
(SO2Ph, 2 x Comno), 127.91, 128.02 (C-H), 128.67 (C-H), 130.27 (SO,Ph, 2 X Crew), 131.21,
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pol yi nerase gamma has the potential to result in n ochondr toxicity.
The ability of Conpound and Conpound 111 to inhibit celluiar DNA
pol ymerases was assessed using standard in vitro assays (Table 5).
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positive ass
methylene chloride (175 ml.) The resulting solution was cooled to 0°C, and was treated

with bromotrimethylsilane (46g, 0.30mol) added over 15 minutes. The reaction was then
warmed to 40°C for 1.5 hours. HPLC (Method 20, RT = 4.3 min) indicated a complete
reaction. The excess TMSBr was stripped under vacuum (40 — 45°C) and the resulting
sticky solid was resuspended in DCM (200 ml) and chilled to 0°C. Oxalyl chloride (12ml,
0.13mol) were added over 15 minutes, followed by N,N-dimethylformamide (1.0 ml) both
added at 0°C. Gas evolution was observed during the DMF addition. After 1 hour at
ambient, HPLC (Method 20, RT = 6.0 min, sample quenched with methanol prior to
injection) showed a complete reaction. The solvents were stripped again to remove residual
oxalyl chloride and the mix resuspended methylene chloride (100ml). The solution was
chilled to 0° - 5°C, and then was treated with methanol (300ml) and was allowed to warm to
ambient. After two hours, HPLC indicated a complete reaction (HPLC Method 20, RT =
6.0 min.) The solvents were stripped and the crude solid was used as is in the next step.
Compound 204 48g, HPLC AUC 91%, >100% yield due to solvents and impurities.
[00340] Data for C-2-Ethyl Ester: 204: C3Ha3CIFN;O¢PS 600.98gmol™ 'H NMR 8y
(400 MHz, CDCl;): 1.53 (3H, t, CO,CH,CH,), 2.40 (3H, s, Ar-CHs), 3.79 (3H, d, POCH3),
4.61 (2H, q, CO,CH,CH3), 5.90 (1H, d, CH=CHCN), 7.33-7.37 (3H, m, 2 x Ar-H,
CH=CHCN), 7.55 (2H, a-t, 2 x Ar-H), 7.67 (1H, a-t, Ar-H), 7.73-7.79 (3H, m, 3 x Ar-H),
8.13 (2H, d, 2 x Ar-H)

[00341] Data for C-2-Methyl Ester: 204x: C,7H;,;CIFN,O4PS 586.96gm01'l m/z (ESI+):
587.1 (MH", 100%), 589.0 (MH", 35%) 'H NMR &y (400 MHz, d6-DMSO): 2.33 (3H, s,
Ar-CH;), 3.66 (3H, d, POCH3), 4.02 (3H, s, CO,CH3), 6.47 (1H, d, CH=CHCN), 7.53 (1H,
d, Ar-H), 7.61 (1H, dd, Ar-H), 7.70 (1H, d, CH=CHCN), 7.68-7.76 (4H, m, 4 x Ar-H), 7.82
(1H, t, Ar-H), 7.90 (1H, d, Ar-H), 8.13 (2H, d, 2 x Ar-H). Multiple 8¢ values indicate
splitting of carbon signal due to F and/or P. *C NMR 8¢ (100 MHz, d6-DMSO): 20.81
(Ar-CH;), 52.07, 52.13 (CH;0P), 53.99 (CO,CHj3), 98.46 (CH=CHCN), 106.99 (C), 108.41
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The standard HV cel |l -based assay enployed is a 4 ¢ say in -
mix was warmed to 40°C for 30 minutes, and then left to cool to ambient. The sohds were

allowed to granulate for 2 hours, then were filtered and washed with acetone / water (2:1,
100ml.) Dried to leave Compound 205, 21g, 67% yield. HPLC AUC 93% (method Test
20). Used as is in the next step.

Compound 206 (chiral resolution)

[00343] A suitable reactor was charged with Compound 205 (432.6g, 1.0 mol) and
acetone (7.79L). (-)-Cinchonidine (294.39g, 1.0 mol) was added in one portion and the
resulting suspension was stirred for four hours. The solids were isolated by filtration and
washed with acetone (300 ml) to leave 343.2 g of the salt after drying under vacuum.
Chiral HPLC analysis ratio = 98:2.

[00344] The salt was suspended in a mixture of ethyl acetate (5.2L) and 1N HCI (5.2L)
and was vigorously stirred at ambient for 2 hours. After this time, the layers were
separated. The aqueous layer was further extracted with ethyl acetate (2.7L) and the organic
extracts were combined, dried with sodium sulfate, filtered and concentrated under reduced
pressure to yield the resolved Compound 206 as a white solid. 145.44g, 68% overall yield,
chiral HPLC analysis, ratio = 98.4:1.6. Used as is in the next step. #6: C,0H;sCIFN,0O,4P
432.77gmol” m/z (ESI+): 433.0 (MH", 100%), 435.0 (MH", 35%)
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a p24 EUSA tea.driut” The in vitro anti-H V-1 activity (EC50 val ue)
of 1DX12899 was determned in a standard cell based drug
susceptibility assay (MA) essentially as described in Devine D,

Mat hews N, Kineitington D (2.000), Antiviral Meth and Prot, Hunan
Press Inc., Totowa, Ni. 185.-199, The NI V- test virus is of subtype
B, in-110 strain origin, The standard test panel included wld-type

- 0
s o, oL i B, ARLOROROI ol e acnset s,

bel ow, Agai thIH=tGﬂ€NM 145 Q¥ipe, l&ilzl)1066/ (Hu 8, CHREHTNR716P+ B yCHc v 85,
f CoE d | V, th
2 Cos o ount . HRAEERVPS A IR G Conte, T A b

Etios aroun e’in goo agr ee

previously mhla@bm(])ﬁsm.lﬂlf,\é))dhgmhl(lﬁz MHS,E!G—DMSOW&%GPA@ent S
Chenot her: 39(142602-5; Andries stat, 2004, Antim erob Agents

Chenot her; 48(12):4690-6; Janssen (®mpatind 2004, 1 Mcd Chem 11-9; Boone
2006, Curt Opin investig Drugs; 728-35) and those obtained utilizing
t he PhenoScpe®s] m ay. A fitable réctor was chig@ompoUsrdpouNNAPNIQ4Bg, 0.0014mol) and 1,2-

'V?? v NﬁﬁN@mﬁﬁﬁMﬁﬁ%ﬁNﬁﬁW&ww@%ﬁm@W@ boBsta

ZegeWeeee Cealedin. ont pONDR, GRIBYYHIA was allowed YN DpenblsmpEaiyreendl gageglution
vV 4 145.7 ce%s d?ca4?§ hgurs)lfll% s@lu&&rﬁw& then cooled to 5°C, and was sparged with ammonia gas

for 5 minutes. HPLC (Method 20, product RT=5.0 min) showed a complete reaction after one
hour at ambient. The reaction was quenched by the addition of 10g crushed ice, and was
concentrated under reduced pressure to remove the DME. The resulting slurry was stirred for one
hour at 5°C to granulate the product. The solids were filtered and dried to leave pure-Compound
I ((2-Carbamoyl-5-chloro-4-fluoro-1H-indol-3-yl)- [3-((E)-2-cyano-vinyl)-5-methyl-phenyl]-
(R)-phosphinic acid methyl ester). 0.56g, 89% yield. HPLC (Method 20) chemical purity
98.5%. Chiral purity 97%.

(00346} A suitable reactor was charged with Compound 206 (10g, 0.024mol) and 1,2-
dimethoxyethane (150ml.) The mix was treated with 1,1-carbonyldiimidazole (7.8g, 0.048mol)
added in one portion, and the mix was allowed to stir at ambient temperature until gas evolution
ceased. The solution was then cooled to 5°C, and was sparged with ammonia gas for 5 minutes.
HPLC (Method 20, product RT=5.0 min) showed a complete reaction after one hour. The reaction
was quenched by the addition of 100g crushed ice, and was concentrated under reduced pressure
to remove the DME. The resulting oily solid (in water) was diluted with methanol (20ml) and
stirred for one hour at 5°C to granulate the product. The solids were filtered and dried to leave
pure Compound I ((2-Carbamoyl-5-chloro-4-fluoro-1H-indol-3-y))-[3-((E)-2-cyano-vinyl)-5-
methyl-phenyl]-(R)-phosphinic acid methyl ester). 9.8g, 98% yield. HPLC (Method 20)
chemical purity 99.5%. Chiral purity 94.3%. White solid.

[00347) Compound I: CyH,;cCIFN;0;P 43l.78gmol‘l m/z (ESI+): 4321 (MH", 100%),
434.0 (MH", 35%) Vuay (KBr dise) (cm™) 1619.0 (amide I), 1672.5 (amide If), 2218.4
(CN), 3063.0, 3286.0 (N-H) [alp™ : +33.42 (c, 10.04mgml” in CHCly) m.p.: 177°C
glistens, 181°C softens, 183-185°C melts Elemental analysis: CyoH1,CIN;O3P calculated C
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4 4.3 z479,0 i 41.9 z95.2 9.5 4 108.5 40.9 314.2 177.2 z100 Act. O
4 16.12 23.0 10A 11.8t 1,9 ddCTP 4 NNA NNA 1.5 0.6

55.63%, H 3.73%, N 9.73%, Cl1 8.21%, F 4.40%, P 7.17%. Found C 55.56%, H 3.74%, N
9.72%, C1 8.24%, F 4.21%, P 7.11% "H NMR 8y (400 MHz, d6-DMSO): 2.32 (3H, s, Ar-
CHs), 3.70 (3H, d, CH;0P), 6.49 (1H, d, CH=CHCN), 7.37 (1H, dd, H-6), 7.43 (1H, dd, H-
7, 7.54 (1H, d, H-6), 7.66 (1H, d, CH=CHCN), 7.69 (1H, d, H-2’), 7.73 (1H, s, H-4’),
8.05,10.63 (2 x 1H, 2 x s, NH,), 13.02 (1H, s, N-H) Multiple &¢ values indicate splitting of
carbon signal due to F and/or P. 3C NMR 8¢ (100 MHz, d6-DMSO): 20.77 (Ar-CHy),
51.70, 51.76 (CH30P), 96.03, 96.07, 97.52, 97.56 (C-3), 98.29 (CH=CHCN), 110.70 (C-7),
111.66, 111.83 (C-5), 118.04, 118.13, 118.22, 118.32 (C-9), 118.56 (CN), 125.84 (C-6),
127.11, 127.22 (C-2"), 131.05 (C-4’), 132.57, 132.67 (C-6"), 132.96, 134.50 (C-1"), 134.03,
134.18 (C-37), 136.40, 136.51, 136.61 (C-8), 138.95, 139.10 (C-5"), 141.71, 141.91 (C-2),
149.19, 151.70 (C-4), 149.65 (CH=CHCN), 160.46 (C=0). ""F NMR & (376 MHz, d6-
DMSO): -113.11 (1F, d). °'P NMR 8&p (162 MHz, d6-DMSO): 33.39 (1P, s)

Example 8

Preparation of Compound III
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Tahe 7. Al 5 conmpounds showed simlarly decreased activity against
the Y181 C nutant (nmean fold shifts ranged from2,3 to 3.7), Wereas
EFAT showed a nean 34,3 fold shi agai nst the K110.3N viruys, the
remai ni ng conpounds showed essée YIryvunchanged activity 84. 2,

fol d) Table 7Fohl -reai st ancédhgst” FRY-1 131110 Virut3 wkol nge

E.C. 30 for thevwmbtesmed V-dirvided py the E. C so for,the wid-1ype W
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f ol d- changes *t"68t&d in paral | e}, £0041. %guhﬁaqq)tsé vi ty ~ef ~'he},- onpounds
cdl”

was al so assessed wth the sang virus an type using g.di fferent
assay readout based on cynpat @ effect (G-PE). This assay neasures

cell viability follow ng HIV-11nfection rather than capstd protein
production and also differs fromthe standard assay in terns of assay
set up and execution and hence provides a usefill corroboration of
results obtained by the latter thod. The data from 5 i ndependent
experinments are sunmarized in Table 8 bel ow. Table a Acti vi agajnst
H V-1 81110 viceises in Nrc4 e v by CPE MeQ,
) o MeO,_ 1.”CDI, 1,2-DME G
1. (-)cinchonidine, Acetone P\ cl 0
2. 1N HC. EtOAC o \ ° oH 2. NHy(g) m\(wz
N ©
N ©
Compound I
306
Compound 302

[00348] A suitable reactor was charged Compound 301 (100g, 0.23mol) and
tetrahydrofuran (1L). The resulting solution was chilled between -90° to -100°C under
nitrogen using a LN, / IPA slush bath, then was treated with n-butyl lithium (2.5M in
Hexanes, 99ml, 0.25mol) added over 10 minutes. To this was added diethyl
chlorophosphite (37.1g, 0.24mol) over 10 minutes. HPLC (Method 001, RT = 18.9 min)
showed no starting material and ca. 85% product. The reaction was then diluted with ethyl
acetate (1L) and was allowed to warm to -40°C. The mix was then treated with
hydrochloric acid (0.5M, 590ml) and was allowed to warm to ambient temperature and stir
for 30 minutes. The resulting layers were separated and the aqueous extracted with ethyl
acetate (500ml). The organics were combined and washed with brine (500ml) dried over
sodium sulfate, filtered and concentrated to an oil. 88% HPLC AUC (Method 20, RT =5.8

min) 115g, >100% yield due to impurities and solvent. Used as is in the next step.
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111). EFV showed respective nean fold-shills of 66.8 and 88,0 agai nst
the K108dblachth KIDBN wasBdi@efvmhheyr, despeehich eime thAptqducttqryﬂgdmzcrktThe

111V4N43str 10Q4161 The, acti vit,i es ndlan
Compoundoids weth el a8 Setm i B nc 1ougna Chlaafimbe dhF i B Og 90%
subt ype yBIHN#IIC wuela@% (Metﬂt;b@ 1hs3 RAEkPARGex TS phandard panel of
Nl A-3 viruses (w.t. C, KI103N and K. 103N Y181C) were assayed as
wi t h t hé0388} olﬂi'p@z#ﬂzscﬁ‘észBSéW Bé@knbbr WMSIT) 1A (MHuleQ%(d)e$990

above u ul t ssay

e | U AL N Rut S et Rk % Yo' O B R B ok e,

gener al CROIRE. th t e, B S4.59

N1A- 3 blg?kgr oundﬁb% ﬁlekggrrp%?]? ﬁ:4:%9(\”401![8e?1i[:I aggfaral)st eﬁw % &R Qﬁ 4-3

virus (ECBOSH;G@Hged 98 (bih .CH+GHENS, 'hM 7add3tHhen, M—IQN; 2 AER),5052

ranged f40m 9 al B %S (18 v Remn), 7.74,7.77 @ x 1H, 2 x d, 2 x Ar-H), 7.85 (1H, d, Ar-
H), 7.94 (1H, dd, Ar-H), 8.08 (2H, d, 2 x Ar-H) 'H NMR &, (400 MHz, d6-DMSO): 1.26,
1.33 (2 x 3H, 2 x t, COOCH,CH;, POOCH,CH), 2.34 (3H, s, Ar-CH3), 3.95-4.10 (2H, m,
POOCH,CHs3), 4.40 (2H, q, COOCH,CHs), 6.52 (1H, d, CH=CHCN), 7.52 (1H, dd, Ar-H),

7.60-7.84 (8H, m, CH=CHCN, 7 x Ar-H), 8.07 (3 x 1H, m, 3 x Ar-H)
Compound 304

[00351] A suitable reactor was charged with Compound 303 (537g, 0.90mol) and
methylene chloride (2.0L). The resulting solution was cooled to 0°C, and was treated with
bromotrimethylsilane (450g, 2.9mol) added over 15 minutes. The reaction was then
warmed to 40°C for 1.5 hours. HPLC (Method 20, RT = 4.4 min) indicated a complete
reaction. The excess TMSBr was stripped under vacuum (40 — 45°C) and the resulting
sticky solid was resuspended in DCM (2.5L) and chilled to 0°C. Oxalyl chloride (156ml,
1.8mol) was added over 15 minutes, followed by N,N-dimethylformamide (13.7ml,
0.18mol) both added at 0°C. Gas evolution was observed during the DMF addition. After 1
hour, HPLC (Method 20, RT = 6.2 min, sample quenched with anhydrous methanol prior to

injection) showed a complete reaction. The solvents were stripped again to remove residual
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Tabl e 10Activity againstNL43 viruses in MI-4 cell assay age EC eo
Val es (uM Standard Devi ation " u,uu2;1::: 0.0001 t:,0.1)14
11.0111i4 0,0:)28.. 0 ;1001 t(1, 0065 0.00030.0023

oxalyl chloride and the mix resuspended in chilled methanol (3.0L) at 0° - 5°C, and then
was allowed to warm to ambient. After two hours, HPLC indicated a complete reaction
(HPLC Method 20, RT = 6.2 min). The solution was concentrated to a volume of 1.5L, and
the resulting thin slurry was cooled to 0°C, and was diluted with an aqueous solution of
sodium bicarbonate (126g, 3L water). After 2 hours at 5°C, the product was filtered and
washed with cold water / methanol (2:1, 1.5L) then dried to leave 500g Compound 304.
HPLC (Method 20) purity 92% used as is.

Compound 305

[00352]) A suitable reactor was charged with Compound 304 (ca. 280g, 0.48mol) and
tetrahydrofuran (2.8L). The resulting solution was then cooled to 5°C and was treated with
lithium hydroxide monohydrate (45g, 1.07mol) added in one portion. The reaction was
allowed to warm to ambient, during which time the color lightened and a white precipitate
formed. After overnight stirring, HPLC indicated an incomplete reaction (Method 20,
product RT = 4.3, partially deprotected RT = 5.1, major impurity RT = 3.8). An additional
10% LiOH-H,O was added, but after 10 hours, the partially deprotected intermediate
remained at 5%, and the impurity peak at 3.8 minutes had increased to ca. 25%. The
reaction was cooled to 5°C and was acidified with hydrochloric acid (SN, 280ml) then was
diluted with ethyl acetate (2L). The layers were separated and the aqueous extracted with
ethyl acetate (500ml). The combined organics were washed with brine (1L) and dried with
sodium sulfate, then concentrated to leave a crude oily solid, Compound 305. Ca. 300g,
HPLC AUC 57%.

[00353] The crude product was taken up in acetonitrile (1.2L) at 40°C, and the product
triturated w/ water (1.2L). The resulting slurry was cooled to 5°C and was allowed to
granulate for 30 minutes, after which time the product was filtered and washed with
ACN:H,0 (1:1, 100 ml). Ca. 103g, 88% by HPLC. The product was then recrystallized
from 360ml ACN at 40°C and 360ml water as before. Filtered, washed and dried to leave
75g Compound 305. HPLC AUC 97%. Used as is in the next step.

Compound 306 (chiral resolution)

[00354] A suitable reactor was charged with Compound 305 (280g, 0.66mol) and
acetone (4.2L). The resulting thin slurry was then treated with (-)-cinchonidine (199g,
0.66mol) added in one portion. After one hour, a solution had formed, and after an

additional hour, a white solid precipitated, and the mix was left to stir for an additional two
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[00356] The crude Compound 306 was then suspended in acetone (1.07L) and treated
with (-)-cinchonidine (76g, 0.26 mol.) After 4 hours total stir time (as above) the solids
were filtered, washed with acetone (200ml) and dried to leave 199g of the salt. HPLC
98.6:1.4.
[00357]) The salt was broken by dissolving in ethyl acetate (3L) and hydrochloric acid
(IN, 3L). The two phase solution was stirred for 2 hours at ambient temperature. The layers
were separated, and the aqueous extracted with ethyl acetate (2L). The organics were
combined, dried with sodium sulfate, and concentrated to leave the free base Compound
306, 98g, 98.6:1.4 by chiral HPLC. 70% recovery of the desired isomer, 35% yield from
the racemic Compound 306. #6: C,0HcCIN,O4P 414. 78gmol'I m/z (ESI+): 415.1 (MH",
100%), 417.0 (MH", 35%) [a]p® : -47.51 (c, 10.66mgmi™ in EtOAc)
[Opposite enantiomer [a]p?’ : +47.26 (¢, 9.60mgml™ in EtOAc)] 'H NMR 8§ (400 MHz,
d6-DMSO): 2.33 (3H, s, Ar-CH;), 3.71 (3H, d, CH;0P), 6.50 (1H, d, CH=CHCN), 7.36
(1H, dd, H-6), 7.57 (1H, d, H-7), 7.66-7.71 (2H, m, H-4, Ar-Homo), 7.67 (1H, d,
CH=CHCN), 7.84 (1H, d, Ar-Honno), 7.98 (1H, s, Ar-Hpara), 12.97 (1H, s, N-H), 14.38 (1H,
br-s, COOH) Multiple 8¢ values indicate splitting of carbon signal due to P. *C NMR §¢
(100 MHz, d6-DMSO): 20.68 (Ar-CHs), 51.70 (CH;OP), 98.15 (CH=CHCN), 102.33,
103.85, 114.98, 120.91 (3 x ©), 118.47 (CN), 125.39 (), 126.78 (C), 127.74, 127.86 (C-
Honno), 129.78, 129.88 (C), 131.25 (C), 132.06 (C), 133.44, 133.55 (C), 133.89, 134.05 (O),
134.62, 134.75 (C), 135.47, 135.66 (C), 138.78, 138.91 (C), 149.62 (CH=CHCN), 160.40
(C=0) *'P NMR &; (162 MHz, d6-DMSO): 33.50 (1P, s)

Compound III

[00358] A suitable reactor was charged with Compound 306 (0.63g, 0.0014mol) and
1,2-dimethoxyethane (10ml.) The mix was treated with 1,1-carbonyldiimidazole (0.47¢g,

0.0028mol) added in one portion, and the mix was allowed to stir at ambient temperature
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Average EC50 Val ues ConpoundlN ~ W (13010) V181Cb K103N V181C
Cricipd, 15 0,0009 0.0006[ 0.0014 0.0000 0,0020 0.0003 Cropd. I1I1
5 01)011 01)0040.0015 01)005 0,0057 0.0035 EFV ( 0.0008

01) 0020. 001801) 003 0.0724 a". 0.0217 effective conceturtnion that
reduces virus production by 50%in cel Lcul ture,

until gas evolution ceased (ca. 1.5 hours.) The solution was then cooled to 5°C, and was sparged
with ammonia gas for 5 minutes. HPLC (Method 20, product RT=5.0 min) showed a complete
reaction after one hour at ambient. The reaction was quenched by the addition of 10g crushed
ice, and was concentrated under reduced pressure to remove the DME. The resulting slurry was
stirred for one hour at 5°C to granulate the product. The solids were filtered and dried to leave
pure Compound IIT ((2-Carbamoyl—5-chloro-1H-indol-3-yl)-[3-((E)—2-cyano-viny1)-5 -methyl-
phenyl]-(R)-phosphinic acid methyl ester) as a white solid 0.56g, 89% yield. HPLC (Method 20)
chemical purity 98.5%. Chiral purity 97%.

[00359] A suitable reactor was charged with Compound 306 (10g, 0.024mol) and 1,2-
dimethoxyethane (150ml). The mix was treated with 1,1 -carbonyldiimidazole (7.8g, 0.048mol)
added in one portion, and the mix was allowed to stir at ambient temperature until gas evolution
ceased. The solution was then cooled to 5°C, and was sparged with ammonia gas for 5 minutes.
HPLC (Method 20, product RT=5.0 min) showed a complete reaction afier one hour. The
reaction was quenched by the addition of 100g crushed ice, and was concentrated under reduced
pressure to remove the DME. The resulting oily solid (in water) was diluted with methanol
(20ml) and stirred for one hour at 5°C to granulate the product. The solids were filtered and dried
to leave pure Compound III ((2-Carbamoyl-5-chloro-1H-indol-3-yD)-[3-((E)-2-cyano-vinyl)-5-
methyl-phenyl]-(R)-phosphinic acid methyl ester). 9.8g, 98% yield. HPLC (Method 20)
chemical purity 99.5%. Chiral purity 94.3%. Compound III: C,0H,7CIN;O5P 413.79 gmol” m/z
(ESI+): 414.1 (MH", 100%), 416.1 (MH", 35%) Ve (KBr disc) (ecm™) 1620.0 (amide I), 1670.6
(amide II), 2218.7 (CN), 3125.5, 3291.9 (N-H) [a]p™ : -75.08 (c, 9.04mgml” in CHCl;) m.p.:
144-148°C transition to opaque semi-solid, 209-210°C melts Elemental analysis:
C0H7CIN;0;P calculated C 58.05%, H 4.14%, N 10.15%, C1 8.57%, P 7.49%. Found C 58.13%,
H 4.08%, N 10.16%, C1 8.69%, P 7.44% "H NMR &y (400 MHz, d6-DMSO): 2.32 (3H, s, Ar-
CHy), 3.74 (3H, d, CH;0P), 6.52 (1H, d, CH=CHCN), 7.30 (1H, dd, H-6), 7.53-7.58 (3H, m, H-4,
H-7, H-6"), 7.68 (1H, d, CH=CHCN), 7.73 (1H, s, H-4"), 7.75 (1H, d, H-2’), 8.02, 10.15 (2x 1H,
2 x s, NH,), 12.80 (1H, s, N-H) Multiple 8¢ values indicate splitting of carbon signal due to P.
3C NMR 8¢ (100 MHz, d6-DMSO): 20.77 (Ar-CHs), 51.75, 51.81 (CH,OP), 98.39, 98.91 (C-
3), 98.44 (CH=CHCN), 115.05 (C-7), 118.53 (CN), 119.96 (C-4), 124.73 (C-6), 126.68 (C-5),
127.15, 127.26 (C-2°), 129.25, 129.35 (C-9), 131.37 (C4’), 132.45, 134.04 (C-1), 132.69,
132.80 (C-6°), 133.92 (C-8), 134.30, 134.44 (C-3"), 139.33, 139.46 (C-5"), 139.96, 140.17 (C-2),
149.55 (CH=CHCN), 160.65 (C=0) 31p NMR §p (162 MHz, d6-DMSO): 33.72 (1P, 5).
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Example 9

Recycling of the S enantiomer of Compound I-2-carboxylic acid 2(S):

0\ b‘\/\ O\ /@V\ E 0\ b\/\
= “CN ZCN / ZA~CN
cl | \P“‘OMa 1) Oxalychloride ., i \P"“OMe al OMe
Cat. DMF 1) Cinchonidine
W cozH DCM, 0-5°C GO Acetone JCoH
— e

S ——

5 2) 1N NaOH aq. i i
[00360] To a cold (0-5°C) solution of the starting enantiomer 2(S) (50.0g, 120.8mmol) in

anhydrous DCM (300ml), was added oxalylchloride (15.2ml, 174.2mmol, 1.5eq) dropwise over a
period of 5 minutes. Anhydrous DMF (1.43ml, 18.5mmol) was added using a syringe over a
period of 2 minutes. Gas evolution was observed. The resulting yellow solution was kept stirring
under argon atmosphere at 0-5°C After 60 minutes, HPLC result of methanol quenched reaction
aliquot indicted only 10% of staring acid was unreacted. After stirring for 10 more minutes, the
reaction mixture was diluted with cold (0-5°C) DCM (300ml). The dituted mixture was quickly
transferred to an addition funnel and was added to a stirring aqueous NaOH solution (1N, 695ml)
over a period of 7 minutes. Temperature of the quenching mixture went up (from 26.5°C, starting
temperature of NaOH aqueous) to 33°C when the addition was completed. After continuous
stirring for additional 3 minutes, upper layer liquid was decanted. The lower layer (containing
precipitated salt) was concentrated under reduced pressure to remove DCM. The residue was
taken into acetone (300ml) and was acidified using 1N HCl (total 275ml was added) to pH 4.

The resulting mixture was stirred at room temperature for 30 minutes. Collected solid product by
filtration, washed the solid with 1:1 acetone/DI water (100ml). The solid obtained was dried in a
vacuum oven at 45°C over 18hrs. Net weight of this 1* crop material = 31.4g. Chemical purity
=98.4% by HPLC (AUC). Chiral HPLC result indicated a mixture of 2(R) (51.7%) and 2(S)
(47.5%). "H-NMR spectrum indicated clean product with trace of DCM.

[00361] Recovery of 2* crop product from mother liquor of the 1* crop product: two
layers were presence in the mother liquor. The layers were separated. The upper layer was
extracted with DCM (400ml). The lower layer of the 1% crop mother liquor (brown oil, mainly
product by HPLC) was taken into toluene (30ml) and was washed with a mixture of IN HC1
(5ml) and brine (15ml). Combined the toluene layer with the DCM extract, washed with DI water
(400m1), dried over anhydrous sodium sulfate. Solvents were removed under reduced pressure.
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aqueous) to 33°C when the addition was completed. After continuous stirring for additional 5
minutes, the quenched mixture was placed on an ice bath. 1N HCI (365ml) was added through an
addition funnel over 2 minute. The resulting acidified mixture (pH=2) was stirred for 5 minutes.
Layers were separated using a separation funnel. The aqueous was further extracted with DCM
(200mlx2). Combined the organic layer and DCM extracts. Washed with DI water (200ml),
dried over anhydrous sodium sulfate. DCM was removed under reduced pressure. The crude
was dried in a vacuum oven for 42 hours. Net weight = 52.4g. Chemical purity >97% by HPLC
(AUC). Chiral HPLC result indicated a mixture of 1(R) (64.1%) and 1(S) (35.9%). 'H-NMR
spectrum indicated clean product with residue DCM (4.3Wt%) and trace of DMF. Recovery of

free acid (mixture of 2 enantiomers) =100%.
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Table I'S Activity against /41V-1 HIB viruses in M- 4 cells by CPE
Averane EC3 Value.s (00 Standard Devi D 0.0028 0,0003 0.0021 t

0. 00020. 0250 0.0060 0,0069 0.0020 nunber of replicate
experinments performed. 11.4: Latiocaroty adapted w iddype and sit
-direct €42 81-1 0 virus ' Fabl eFol d-resi stanee Thange

M3BRI V179. 01P2 K 10. 3N: syc
Preparation of lodo Cinnamonitrile

CN CN
Br 0
\7:;:r i ‘T:;:FJ‘H i ii
Br
Br Br |

2 3 4 1
3-Bromo-S-methyl-benzaldehyde (3)

[00363] Anhydrous toluene (365ml) was added to a 3L four-neck round bottom flask
equipped with overhead stirrer, one 250ml and one 1L addition funnel, an internal
temperature probe and an argon inlet. The flask was immersed in an ice/methanol bath in
order to keep the internal temperature in the region of -15°C. n-Butyl lithium (2.5M in
hexane, 232ml, 0.581mol) was added to the flask via syringe, under argon at a moderate
stirring rate. n-Butyl magnesium chloride (2.0M in THF, 145ml, 0.290mol, light brown
solution) was introduced into the 250ml addition funnel via syringe, under argon. Addition
of this solution was performed dropwise over 22 minutes during which time the internal
temperature rose from —16°C to —13°C and the mixture turned from clear to light, opaque
yellow. The solution was stirred for a further 0.5h at —13°C.

(00364} A solution of 3,5-dibromotoluene (196g, 0.784mol; Aldrich) in anhydrous
toluene (1458ml) was prepared in a 2L one-neck round bottom flask under argon. This pale
yellow solution was transferred in two portions to the 1L addition funnel. Addition of this
solution was performed dropwise over 50 minutes during which time the internal
temperature was kept between —13°C and ~17°C and the mixture became a darker, opaque,
orange-brown color. The suspension was stirred for a further 2.75h between —13°C and —
17°C under argon. An HPLC sample was taken after 2h and prepared by addition of 2 drops
of methanol, followed by solvent removal under reduced pressure. HPLC method Test 20
indicated no starting material remaining (R, 6.64min) and a mixture of intermediates (R,
4.94min, 6.15min, 7.40min). This suspension was labeled ‘Mixture A’.

[00365] During the 3,5-dibromotoluene addition, anhydrous N,N-dimethylformamide
(78.7ml, 1.016mol) was added via syringe to a SL four-neck round bottom flask equipped
with overhead stirrer, a 1L addition funnel, an internal temperature probe and an argon inlet.

The flask was immersed in an ice/methanol bath in order to keep the internal temperature in
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under high vacuum at 35°C. A low viscosity, red-orange oil 3-bromo-5-methyl-
benzaldehyde (159.1g, 102% yield) was obtained. CgH,BrO 199.04gmol™'; HPLC: R,
5.42min;l96% purity @ 272nm; 'HNMR ou (400 MHz, CDCls): 2.41 (3H, s, CHs), 7.58,
7.60,7.81 (3 x 1H, 3 x 5, 3 x Ar-H), 9.92 (1H, s, CHO); *C NMR 8¢ (100 MHz, CDCls):
21.17 (CH3), 123.27 (C-3), 129.15, 129.93 (C-2, C-6), 138.06 (C-1), 138.11 (C-4), 141.33
(C-5), 191.20 (CHO).

3-Bromo-5-methyl-cinnamonitrile (4)

[00370)  Sodium hydride (60% dispersion in mineral oil, 39.2g, 0.980mol) was added to a
SL four-neck round bottom flask equipped with overhead stirrer, 250ml addition funnel, an
internal temperature probe and an argon inlet. Anhydrous tetrahydrofuran (2.6L) was added
to the flask under argon and stirring commenced at a moderate rate to give a white, opaque
suspension. Diethyl cyanomethylphosphonate (152.1ml, 0.941mol, slightly viscous pale

yellow liquid) was introduced into a 250ml addition funnel, under argon. Addition of the
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with internal temperature probe, 500ml addition funnel and overhead stirrer, was dissolved

in methanol (700ml) by immersion in a water bath at 50°C. On dissolution, the yellow solid

became a red-orange solution. The water bath was removed and water (250ml) was
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Compound 1 and Conpound H . A noderate elevation of EC59 (16 to 25

fol d changg)-swastt§slin@bffhiirled or HS + AAG Overall, the data
suggest that protéin bEnding a ial higher fm Conpound I and Conpound

111 thafygs7g] Efifee BXRAPKrebedY, s¥diiuR, GYEQRARI s (labeled A, B and C) were

individually equipped with a magnetic stirrer and arranged over oil baths heated to 115°C.

Separately and sequentially added to each flask were; 3-bromo-5-methyl-cinnamonitrile (3
x 47.5g, 3 x 0.214mol); m-xylene (3 x 171ml), giving an orange solution; diethylene glycol
dimethyl ether (3 x 43ml); sodium iodide (3 x 64.12¢, 3 x 0.428mol); copper (I) iodide (3 x
4.08g, 3 x 0.0214mol); and lastly N,N’-dimethylethylenediamine (3 x 4.60mi, 3 x
0.0427mol) at which point the color became dark green-black. The threaded top of each
flask was rinsed with m-xylene (3 x Iml). The hardened, insoluble solid sodium iodide was
mobilized with a spatula, whilst the solution was degassed: Steady streams of argon were
bubbled through the solutions in each flask for 10 minutes.

[00377]  The three tlasks were sealed under an argon atmosphere and lowered into their
respective oil baths at 115°C, ensuring a moderate stirring rate in each. The reactions were

left to stir at 115°C, behind a blast shield for 14h overnight.
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Flask C: Major product (R; 5.97min), 7.5% starting material (R, 5.83min).

Reactions A and B were deemed to be complete and left to cool to room temperature. Flask
C was again degassed by bubbling a steady stream of argon through the reaction mixture for
10 minutes. The flask was sealed under an argon atmosphere and lowered into the oil bath at
125°C, ensuring a moderate stirring rate. The reaction was left to stir at 125°C, behind a
blast shield, for a further 4h.
[00381]  After this time, the Flask C was allowed to cool in air for 5 minutes prior to
opening. An HPLC sample of the reaction was prepared by removing the m-xylene under
reduced pressure and dissolving in MeCN. Analysis was performed using HPLC method
Test 20;

Flask C: Major product (R, 5.97min), 2.0% starting material (R, 5.83min).

Reaction C was deemed to be complete and left to cool to room temperature.
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Ao boiling solvents were then removed under high vacuum at 45°C. Co-evaporation with
methanol (2 x 50ml) yielded a crude brown solid (203g).

[00385] The crude brown solid (200g), in a 2L three-neck round bottom flask equipped
with internal temperature probe, 500ml addition funnel and overhead stirrer, was dissolved
in methanol (700ml) by immersion in a water bath at 53°C. On dissolution, the brown solid
became a red-brown solution. The water bath was removed and water (300ml) was
introduced into the 500ml addition funnel. Addition of the water was performed dropwise
with a moderate stirring rate, over 3h during which time the internal temperature fell from
50°C to 24°C. A yellow-brown solid began to precipitate out of the red-brown solution after
ten minutes and the addition of 80ml of water. The mother liquor was checked periodically
by HPLC to determine the ratio of £:Z isomers still in solution. After adding 300ml of water
the £:Z ratio was 1:1.1 and determined to be favorable. The suspension was cooled for 14h
allowing the internal temperature to fall to 4°C, before being filtered through a 3L sintered
glass funnel under reduced pressure. The resulting solid was washed with a cold
methanol:water solution (1:4, 100ml then 200ml, 5°C). The solid was dried to constant
weight in a vacuum oven at 35°C. A pale brown solid, 3-iodo-5-methyl-cinnamonitrile
(149.4g, 86% yield) was obtained. This material was, however, contaminated with the
unremoved mineral oil, as observed in the proton and carbon NMR spectra.

[00386] The slightly sticky, brown solid (148.8g), in a 2L conical flask, was dissolved in
acetonitrile (1.5L) to give a dark orange-brown solution with insoluble globules of mineral
oil. This mixture was filtered under gravity through filter paper (Whatman, 541) removing

the majority of the mineral oil (10.6g). The filtrate was transferred to a 4L separating funnel
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[00387] 5 mg of Compound I was suspended in 50 ml of anisole. Crystals suitable for
single crystal X-ray analysis formed after 2 days. The crystals were monoclinic with a space group
of P21 and unit cell dimensions of a=13.0983 A, b=10.9625 A, ¢ = 16.4266 A, a.= 90°, B=
103.6063° and y = 90°. In the crystal, the asymmetric unit contained two independent molecules of
compound I (molecule A and molecule B), and a single, partially occupied, (ca 86%), molecule of
anisole as solvent. The Flack parameter was determined as -0.04(7) for molecule A and 1.04(7) for
molecule B. On the basis of the former determination the absolute stereochemistry was assigned,
and the chiral centers at P1A and P1B are both in the R configuration. FIG. 2A provides a view of
molecule A including stereochemistry at P1A, and FIG. 2B provides a view of molecule B

including stereochemistry at P1B.

Example 12
Pharmacology of Compound I

(2-Carbamoyl-5-chloro-4-fluore-1H-indol-3-yl)-[3-((E)-2-cyano-vinyl)-5-methyl-
phenyl]-(R)-phosphinic acid methyl ester)

and

Compound II1
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16 ha vitro Conparative Data [004521 Conpounds land El I, the
correspondi ng enantioners (i.e. , conpounds H and |IV) and the
correspondi ng racenates were evaluated in the standard 131410 H V
cell -based assays described above. The standard test panel included
wld-type virus, as well as VI SIC, K103N, and K 103N Y181C
site-directed nutant derivatives. 1044531 The tabl e bel ow provi des
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Agai nst Y‘fgﬂog%ﬁi}{iﬁ?% iﬁlﬁeﬁé@e%@ us and the V181C, K 103N, and K103N Y18l C
mut ant viTtuses, {he racernate had EC50s from 2.4 to 6.2 aM Agai nst

Wil d type BH[oo38B]Vi Thtsfoldvdng NsblEkBdOhe Kl OBNantBHEV AGYOBN NarBid@eriealant
A e R R
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cell assay %&-ljigvergel%%x‘l\lscﬁp\n%s%]égzym!‘is %/alégrviral%ggvitynof 3-phosphoindole
compounds of compound I and compound 1II are compared with the activity of compounds
control compound EFV (efavirenz, 6-chloro-4-cyclopropylethynyl-4-trifluoromethyl-1,4-
dihydro-2H-3,1-benzoxazin-2-one) with various viruses.
[00389]  As shown in Table 1, Compound I inhibited HIV-1 reverse transcriptase (RT)
enzyme (subtype B, BH10 strain) with mean 50% inhibitory concentration (ICsp) values
ranging from 0.366 + 6.251 uM (wild-type RT) to 1.411 + 0.873 uM (K103N/Y181C).
Similarly, Compound III ICsos ranged from 0.343 + 0.083 pM (wild-type RT) to 1.614 +
0.279 uM (K103N/Y 181C). Compound I and Compound III were not inhibitory to human
polymerases alpha (ICsps > 145 uM), beta (ICss > 422 pM) or gamma (ICsos > 60 pM) as
seen in Table 5, demonstrating the test compounds’ selectivity. Crystollographic studies
with Compound I and the HIV RT K103N/Y181C double mutant revealed that Compound I
binds to the known hydrophobic NNRTI pocket in the enzyme.
[00390] In HIV-1 cell culture assays, using MT-4 cells and a subtype B HIV-1 (BH-10
strain), Compound I and Compound I inhibited HIV production with mean 50% effective
concentration (ECs) values of 1 nM and 1.2 nM, respectively (see Table 6). In assays
performed in human PBMC, Compound I and Compound III inhibited HIV-1 production
with a mean ECsg of 0.4 nM (BH-10 strain) or 1.5 nM (NL4-3 strain). Against 3 different
HIV-1 viral strains in 5 different host human cell lines, the ECs range determined for
Compound I was 0.5-2.0 nM and for Compound III was 0.5-1.7 nM. Compound I and
Compound III were active against a panel of 9 different HIV-1 subtypes with respective
potency ranges of 0.25 to 3.2 nM and 0.2 to 2.14 nM. The activities of Compound I and
Compound III were reduced 24.8 and 19.5 fold, respectively, in the presence of alpha-1 acid
glycoprotein and 45% human serum.
[00391] In 4 day cytotoxicity testing in 6 human HIV-1 host cell lines, Compound I and
Compound III showed mean 50% cytotoxic concentration (CCso) values of 16.6 to 32.9 uM
and 14.8 to 50.0 pM, respectively. In PBMC, CCs values of 52.6 (Compound I) and 66.9

uM (Compound III) were determined. In 9-12 day testing in HeLa, HuH7 and HepG2 cell
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lines, the CCsg values of Compound I and Compound III were in the 23.5 to 31.5 pM
range. Based on the CCs¢/ECs ratios determined in MT-4 cells, Selectivity Index (SI)
values of >22,000 and >18,000 were calculated for Compound III and Compound I,
respectively.

[00392] In cross resistance testing using a variety of cell lines and HIV-1 strains,
Compound I and Compound III retained good potency against NNRTI resistant viruses
bearing K103N, Y181C or K103N/Y181C mutations (respective ECsy values remained
below 4.5 and 14.5 nM), while EFV showed considerable resistance against the double
mutant in particular (ECsg values 36 to 116 nM).

[00393] The resistance profile of Compound I and Compound III was examined in
greater depth using 3 different panels of viruses in testing performed by Monogram
BioSciences (formerly ViroLogic): a screening panel of low to moderate EFV resistant
viruses; a panel of 8 highly EFV resistant viruses and a broad spectrum panel of 64 viruses
including 40 NNRTI resistant viruses with single, double and triple NNRTI resistance
mutants. Compound I and Compound III, were highly active against a sub-panel of mutants
bearing NRTI and PI mutations. Compound I and Compound III were superior to EFV
against essentially all EFV resistant viruses, including viruses with double and triple
mutants. Compound I was 2-3 more potent than Compound III against EFV resistant
viruses with double and triple mutants

[00394] In a series of in vitro interaction studies, there was no negative interaction
observed between the Compound I and Compound III and 7 NRTIs or 6 PIs approved for
the therapy of HIV-1 in the clinic.

PRIMARY PHARMACODYNAMICS

List of abbreviations

11IB Commonly used HIV-1 laboratory strain

A98 Alanine at position 98 of RT

AAG Alpha-1 acid glycoprotein

AIDS Acquired immunodeficiency syndrome

AZT Zidovudine

BH10 Laboratory adapted strain of human immunodeficiency virus type 1
CCsg 50% cytotoxic concentration

CPE Cytopathic effect

DNA Deoxyribonucleic acid
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DSA
E138K
ECso, ECsos
EFV
ELISA
F227F/L
FBS
G190A
G190A/G
G190S
GLP

H9
HepG2
HeLa
HIV, HIV-1
HIV-2
HS

HuH?7
ICs, ICsos
IND
K101E
K103N
K103R
K103S
L1001
M184V
mg
MOLT-4
MT-2
MT-4
MTS

MTT
NAM
NL4-3, 4595

rac 0.0025 0.0004

Drug susceptibility assay

Glutamate to lysine change at position 138 of RT
50% effective concentration

Efavirenz

Enzyme-linked immunosorbent assay
Phenylalanine/leucine at position 227 of RT

Fetal bovine serum
Glycine to alanine change at position 190 of RT

Glycine/alanine change at position 190 of RT

Glycine to serine change at position 190 of RT

Good laboratory practices

Human T cell line derived a patient with T cell lymphoma
Human hepatoma cell line

Human cell line isolated from a patient with adenocarcinoma

Human immunodeficiency virus type 1

Human immunodeficiency virus type 2

Human serum

Human hepatoma cell line

50% inhibitory concentration

Investigational New Drug Application

Lysine to glutamate change at position 101 of RT

Lysine to asparagine change at residue 103 of RT

Lysine to arginine change at residue 103 of RT

Lysine to serine change at position 103 of RT

Leucine to isoleucine change at position 100 of RT

Methionine to valine change at position 184 of RT

Milligram

Human T cells isolated from a patient with leukemia

Human T cell line isolated from a patient with adult T cell leukemia
Human T cell line isolated from a patient with adult T cell leukemia

(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt)

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide
Nucleoside associated mutation

Commonly used HIV-1 laboratory strain
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p24 HIV p24 core protein

p28 SIV p28 core protein

PI Protease inhibitor

PBMC Peripheral blood mononuclear cells

RC Replication capacity

ROD Commonly used HIV-2 laboratory strain

RT Reverse transcriptase

SD Standard deviation

SI Selectivity index

SIV Simian immunodeficiency virus

U937 Human monocyte cell line isolated from a patient with lymphoma
V106A Valine to alanine change at position 106 of RT
V106M Valine to methionine change at position 106 of RT
V108I Valine to isoleucine change at position 108 of RT
V179D Valine to aspartic acid change at residue 179 of RT
WT, W.T., wt Wild-type

Y181C Tyrosine to cysteine change at residue 181 of RT
Y181V Tyrosine to valine change at position 181 of RT
Y188L Tyrosine to leucine change at position 188 of RT
pg Microgram

uM Micromolar

In vitro antiviral activity against the HIV RT enzyme

[00395] The activity profiles of Compound I, Compound III, and EFV against HIV
RT were determined using a panel of in vitro HIV reverse transcriptase (RT) assays as
shown in Table 1. These studies employed wild-type HIV RT enzyme derived from HIV
subtype B (BH-10 strain), along with a standard panel of NNRTI-resistant, site-directed,

mutant enzymes with K103N and Y181C substitutions alone or in combination.
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[00396] When tested in vitro, Compound I inhibited HIV reverse transcription with ICs,
values ranging from 0.366 £ 0.251 pM (wild-type RT) to 1.411 £ 0.873 uM
(K103N/Y181C). Similarly, Compound III -derived ICsys ranged from 0.343 + 0.083 uM
(wild-type RT) to 1.614 £ 0.279 uM (K103N/Y181C). EFV yielded the expected in vitro
inhibition profile exhibiting wild-type activity against Y181C enzyme but strongly impaired
activity against K103N and K103N/Y 181C mutant enzymes.

Table 1

Activity Against HIV-1 RT in Enzyme Assay
Average IC;5, Values (uM) + Standard Deviation

Compound |N : :
W.T.? Y181C K103N Y181C/K103N ®

| 4] 0.366 +0.251 | 0.526+0.285 | 0.782+0.801 | 1.411 +0.873

]! 510.343+0.083| 0.361+0.086 | 2203+1.259 | 1.614 £0.279

EFV 4] 0.055+0.019 | 0.0765 +£0.047 [ 1.7973 +0.19| 1.4313+0.31

ICsp = inhibitor concentration that reduces enzyme activity by 50%

N = number of replicate experiments performed.
? wild-type HIV-1 RT enzyme in BH10 backbone

[00397] The relative activity of the test and comparator agents against the different

viruses can be seen from the fold-resistance data presented in Table 2.

Table 2
Fold Change
Compound
s W.T. Y181C K103N T(‘:%;%I
I 1 16107 32+35 50134
n 1 32t141 12+04 127+43
EFV 1 23%£15 343175 [36.8+205

Fold-Change = ECs, for the mutant HIV divided by the ECs5, for the wild-type HIV virus.

Average fold-change was calculated as the mean of the individual fold-changes tested in parallel.
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|00398] The calculated drug concentrations required to block 50% of enzyme (IC50) and
data shown in Tables 1-4 were measured in the presence of detergent (which increases the

IC50 value) , however lower values were generally obtained in the absence of detergent.

1

In vitro antiviral activity against additional mutant HIV RT enzymes

[00399] Compounds I and IIT were tested against a broader panel of RT enzymes
carrying common NNRTI-resistance mutations. The efficacy data are shown in Table 3
and the corresponding fold-changes are summarized in Table 4. The studies are

summarized in the text that follows.

Table 3

Antiviral in vitro activity against site-directed mutant HIV-1 RT enzymes

Average IC50 Values (uM) £ Standard Deviation
RT Mutation N Cpdl Cpd il EFV
W.T.> 10 0.23 + 0.05 0.21 £0.02 0.04 + 0.006
L1001° 3 0.16 £ 0.03 0.13+0.06 0.26 + 0.09
vioeM* 3 0.23+0.06 0.20+£0.06 0.37 £ 0.07
V1081° 3 1.20£0.71 0.83+0.35 0.30 £ 0.05
E138K* 3 4.67 £ 0.91 2.99+0.18 06+0.16
MI184V° 4 0.29 £ 0.08 0.17+£0.08 0.02 £ 0.00
Y188L° 3 1.25+0.38 1.15+0.36 1.73+£0.22
L1001/K103N° | 4 0.43+£0.33 0.40+0.26 >2
Mean Activity
Range (:M) 0.16 — 4.67 0.13 - 2.99 0.02 ->2

ICso -= inhibitory concentration that reduces enzyme activity by 50%

*: Number of replicate experiments performed per enzyme except where indicated otherwise
> wild-type HIV-1 RT enzyme in BH10 backbone

‘. BH10-derived RT enzymes with site-directed NNRTI drug resistance mutations

4. BH10 derived RT enzyme with site-directed NRT1 drug resistance mutations

¢. 2 data sets used for ICs, calculations

145



rae 0.031 - 0.0002 2 0.0021 0.0005 2 0.0049 0.0011 2 0.0167 0.0058
2 rex.' 0.00170 0.0017 01 0.0016 O 1 0.0042 O 1 rac

[00400] As can be seen from the data, Compound III and Compound I retained
substantial in vitro efficacy against HIV RT enzymes with substitutions at codons 100, 106,

184, and 134. The only significant loss of efficacy was seen for mutants at codons 108, 138
and 188.

Table 4 Fold-resistance Against a Panel of Site-Directed Mutant HIV-1 RT

Average Fold Changes t Standard Deviation
RT Mutation | N Cpdl Cpd il EFV
W.T.° 10 1 1 1
L1001° 3 0.5+£0.2 06+06 3.3+40
V106M© 3 1.2+05 1.0£03 134182
V108I1° 3 4053 38138 37123
E138K°® <! 15.5+6.8 13.7+£1.9 76175
M 184V 4 1.7+05 0.810.3 0.8+04
Y188L¢ 3 60+1.7 7.0+5.9 59.6 £ 25.8
L1001/K103N® | 4 24112 1.8+0.8 >101£43.2
Mean Activity
Range (aM) 0.5-156.5 0.6 -13.7 0.8 - 101

Fold-resistance = ICs, for the mutant HIV-1 RT divided by the ICs, for the wild-type enzyme in corresponding
assay.

Average fold change was calculated as the means of the individual fold changes tested in parallel.

N = number of replicate sets of experiments performed except where indicated by footnote.

": Two data set used for calculation of average fold-resistance.
[00401] Overall, the Compounds I and III gave fold changes ranging from 0.5 £ 0.2 to
15.50 £ 6.8.

Effect on human DNA polymerases alpha, beta and gamma

[00402] HIV RT, like other viral polymerase, shares limited structural homology with the
cellular DNA polymerases responsible for normal nuclear and mitochondrial DNA
synthesis and repair. This raises the formal possibility that inhibitors of HIV RT might

inhibit cellular polymerases, resulting in cellular toxicity. In particular, inhibition of
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ICs, = effective concentration that inhibits enzyme activity by 50% in vitro.
N = number of replicate experiments performed for each polymerase

Act. D = actinomycin D used as a positive assay control

* human DNA polymerase alpha

® human DNA polymerase beta

‘ human DNA polymerase gamma; preliminary data from a single experiment

Direct demonstration of binding to HIV RT

[00404]  The structural determination of the K103N/Y181C double mutant HIV RT (the
same BH-10 strain enzyme used in the activity assays) co-crystallized with the Compounds

[ and 1l was performed.
[0040S] NNRTIs are usually small and have a strong affinity for a hydrophobic pocket
located close to the catalytic site of RT. The binding of the inhibitor restricts the flexibility
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Cellular activity

[00408] This section summarizes the antiviral activity profiles of Compound I and
Compound III against HIV-1 and HIV-2 in cell culture systems. These activities were
measured with a broad variety of assays and endpoints, using multiple HIV strains and

human cell types that support HIV replication.
Example 13
Activity against HIV-1 BH10 strain

[00409] The standard HIV cell-based assay employed is a 4 day assay in MT-4 cells with
a p24 ELISA readout. The in vitro anti-HIV-1 activity (EC50 value) of IDX12899 was
determined in a standard cell based drug susceptibility assay (DSA) essentially as described
in Devine D, Mathews N, Kinchington D (2000), Antiviral Meth and Prot. Human Press
Inc., Totowa, NJ. 185-199. The HIV-1 test virus is of subtype B, BH10 strain origin. The
standard test panel included wild-type virus, as well as Y181C, K103N, and K103N/Y181C
site-directed mutant derivatives. Data from this assay are summarized in Table 6 below.
Against the wild-type BH10 virus, the inhibitory activities of Compound [ and Compound
[1I, and EFV were all closely similar with ECsgs around 1 nM. Control values were in good
agreement with previously published results (Young er al., 1995, Antimicrob Agents
Chemother: 39(12):2602-5; Andries et al., 2004, Antimicrob Agents Chemother;
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ICso = effective concentration that inhibits enzyme activity by 50% in vitro.

N = number of replicate experiments performed for each polymerase

Act. D = actinomycin D used as a positive assay control inhibitor

ddCTP = dideoxycytidine triphosphate used as a positive control inhibitor in DNA pol gamma assay
N/A = not applicable

2. human DNA polymerase alpha

® human DNA polymerase beta

. human DNA polymerase gamma

% visible precipitates observed

[00410]  Against the mutant viruses, EFV exhibited the expected antiviral profile; it
efficiently inhibited Y181C virus growth (ECsy = 2.5 nM) but was significantly less active
against the K103N or Y181C/K103N mutant viruses (mean ECs values of 41 to 42 nM).
[00411] The activities of the different test articles against the mutant viruses are apparent
from the corresponding fold-resistance values summarized in Table 7. All 5 compounds
showed similarly decreased activity against the Y181C mutant (mean fold shifts ranged
from 2.3 to 3.7). Whereas EFV showed a mean 34.3 fold shift against the K103N virus, the

remaining compounds showed essentially unchanged activity (0.8-1.2 fold)

Table 7 Fold-resistance of Compounds Against HIV-1 BH10 Virus
Fold Change
Compound
W.T. Y181C K103N K103N/Y181C
Cmpd I 1 34+1.7 09+04 45+25
Cmpd III 1 32+£1.1 1.2+0.4 127+43
EFV 1 23+1.5 343+175 36.8 £20.5
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[00412] The activity of the compounds was also assessed with the same virus and cell
type using a different assay readout based on cytopathic effect (CPE). This assay measures
cell viability following HIV-1 infection rather than capsid protein production and also
differs from the standard assay in terms of assay set up and execution and hence provides a
useful corroboration of results obtained by the latter method. The data from 5 independent

experiments are summarized in Table 8 below.

Table 8 Activity against HIV-1 BH10 viruses in MT-4 cell assay by CPE

Average ECso Values (uM) + Standard Deviation
Compound | N*®
W.T." Yigic"® K103N * K103N/Y181C"
Cmpd I 5 0.0003 + 0.0001 0.0018 + 0.0003 0.0003 £ 0.0001 0.0035 + 0.0015
Cmpd 11 5 0.0002+ 0.0001 0.0015 £ 0.0006 0.0001 + 0.0001 0.0066 + 0.0010
EFV 5 0.0006 + 0.0001 0.0016 + 0.0001 0.0410 £ 0.0130 0.0530 + 0.0120

* = number of replicate experiments performed.

® = Laboratory adapted wild-type and site-directed mutant BH10 viruses.

Table 9 Fold-resistance
Fold Change
Compound
W.T. Y181C K103N K103N/Y181C
Cmpd. 1 1 6.5£09 1.0+£0.3 12.7+£5.0
Cmpd. III 1 11.9+4.7 1.1+£0.3 55.6+21.8
EFV 1 2.7+£0.7 66.8 + 14.8 88.0 = 20.5

Fold-Change = EC;, for the mutant HIV divided by the ECs, for the wild-type HIV virus.

Average fold-change was calculated as the mean of the individual fold-changes tested in parallel.

[00413] Inthe CPE assay, replication of WT BH10 virus was potently inhibited by
Compound I, Compound 11, and EFV as shown by the subnanomolar mean ECs, values

(range 0.1 to 0.7 nM).
[00414) The Y181C, K103N and K103N/Y181C BH10 panel viruses were inhibited

effectively by Compound I, Compound 111, with mean ECsq values ranging from 0.1 to a
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maximum of 6.6 nM. As expected, EFV efficiently inhibited the Y181C virus growth but
was far less active against the other mutant viruses (ECsg values 41 to 53 nM). Control
values were in good accord with previously described results (Young et al., 1995,
Antimicrob Agents Chemother: 39(12):2602-5; Andries et al., 2004, Antimicrob Agents
Chemother; 48(12):4680-6; Janssen et al., 2004, J Med Chem; 48(6):1901-9; Boone 2006,
Curr. Opin Investig Drugs; 7(2):128-35).

[00415]) In terms of fold changes compared to the BH10 WT strain, Compound I,
Compound II1, and EFV showed a 2.7 to 11.9 fold range of increase against the Y181C
mutant, while Compound I and Compound III showed no change (<1.8 fold) against the
K103N mutant. The K103N/Y181C mutant gave greater variability and fold changes of
12.7 (Compound I) and 55.6 (Compound III). EFV showed respective mean fold-shifts of
66.8 and 88.0 against the K103N and K103N/Y181C mutants, respectively.

Activity against HIV-1 NL4-3 strain

[00416] The activities of the Compound I and Compound III were also determined in a
cell-based assay employing subtype B HIV-1 viruses with a NL4-3 backbone. The standard
panel of NL4-3 viruses (w.t., Y181C, K103N and K103N/Y181C) were assayed as with the
test compounds as described for the BH-10 virus panel above using the ELISA readout.

The results of these assays are summarized in Table 10.

[00417]  The results of this study are generally comparable to those seen with the BH10
viruses. In the NL4-3 background, the compounds are potent against the w.t. NL4-3 virus
(ECsos ranged from 0.7 to 2.3 nM) and the Y181C virus (ECs¢s ranged from 0.7 to 2.3 nM).

Table 10 Activity against HIV-1 NL4-3 viruses in MT-4 cell assay

N Average ECsy Values (uM) = Standard Deviation
Compound | | b ) b K103N/Y181C
W.T. Y181C K103N b
0.0020 + 0.0039 + 0.0014 £ 0.0028 +
Cmpd. 1 5
0.0001 0.0016 0.0004 0.0008
0.0017 % 0.0036 + 0.0015 + 0.0065 +
Compd. III | 5
0.0003 0.0020 0.0003 0.0023
0.0023 + 0.0057 = 0.0612 £ 0.0619 £
EFV 5
0.0002 0.0019 0.0338 0.0183

ECs, = effective concentration that reduces virus production by 50% in cell culture.
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*N = number of replicate experiments performed.

® Laboratory adapted wild-type and site-directed mutant BH10 viruses.

Table 11 Fold-resistance
Fold Change
Compound
W.T. Y181C K103N K103N/Y181C
Cmpd. I 1 20+0.8 0.7+0.2 1.4+£0.4
Cmpd. 111 1 2.1+1.1 09+0.2 39+1.7
EFV 1 25+0.7 346+738 274 +£8.6

Fold-Change = ECs for the mutant HIV divided by the ECs, for the wild-type HIV virus.

Average fold-change was calculated as the mean of the individual fold-changes tested in parallel.

Activity against HIV-1 clinical isolates in MT-2 cells
[00418]

against two MT-2 cell line-adapted HIV-1 clinical isolates alongside the comparator drugs.

The antiviral efficacy of Compound I and Compound III was next measured

The virus test panel consisted of clinical isolate mutants expressing Y181C (#3350) and
K103N/Y181C (#5054) compared to a sensitive WT virus, The data are summarized in
Table 12 below.

Table 12 Activity against HIV-1 clinical isolates in MT-2 cell assay
Average ECsy Values (uM) * Standard Deviation
Compound N
W.T. (BH10) * Y181C® K103N/Y181C ¢
Cmpd. I 5 0.0009 + 0.0006 | 0.0014 +0.0006 | 0.0020 + 0.0003
Cmpd. 1 5 0.0011 +0.0004 | 0.0015+0.0005 | 0.0057 + 0.0035
EFV 5 0.0008 £ 0.0002 | 0.0018 +£0.0003 | 0.0724 £ 0.0217

ECso = effective concentration that reduces virus production by 50% in cell culture.

* Laboratory adapted wildtype strain,

> Clinical isolate 3350 is resistant to Nevirapine. This mutant also possesses a M 184V mutation.

€ Clinical isolate 5054.

Table 13 Fold-resistance
Fold Change
Compound
W.T. Y181C | K103N/Y181C
Cmpd. I 1 22 & 1.3 3.2+2.1
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Cmpd. I 1 1.7£09 | 62+43
EFV 1 22+06 | 93.1+314

Fold-change = ECs, for the mutant HIV divided by the ECs for the

wild-type HIV. Note that fold-change was not determined from the

mean ECsp values in Table 12, but was first calculated for individual

experiments. Then the mean fold-change +/- SD was taken from all

experiments.

Activity against HIV-1 strains in human PBMC

[00419]

The antiviral activity of Compound I and Compound III and comparators was

next measured against an HIV-1 panel in peripheral blood mononucleocyte cells (PBMC).
The full virus panel consisted of 3 clinical isolate mutants expressing K103N (#4937 and
#5002) and K103N/Y181C (#5004) viruses, along with two NNRTI-sensitive WT viruses

(BH10 and NL4-3). The results from five independent data sets are summarized in Table

14.

Table 14 Activity against HIV-1 viruses in PBMC cell assay
Average ECsy Values (uM) + Standard Deviation
Compound
W.T. (BH10)* | W.T. (NL4-3)° K103N® K103N/Y181C ¢
0.0004 + 0.0015 =
Cmpd. I 0.0007 £ 0.0003 | 0.0027 +0.0016
0.0001 0.0007
0.0004 + 0.0015 +
Cmpd. III 0.0009 £ 0.0004 | 0.0088 + 0.0044
0.0001 0.0005
0.0009 + 0.0021 +
EFV 0.0414 £ 0.0369 | 0.0687 + 0.0487
0.0003 0.0007

EC;, = effective concentration that reduces virus production by 50% in cell culture.

Numbers represent mean values +/- standard deviation derived from 5 independent experiments.

* Laboratory adapted wildtype virus strain.

® Results used clinical isolates 4937 (n=3) and 5002 (n=2).
¢ Clinical isolate 5004,

[00420]
with ECs values of 0.4 to 0.9 nM. The agents were typically 2 to 4 fold less efficacious

All 5 compounds were extremely potent against the wt BH10 virus in PBMC,

against the NL4-3 virus in the same cells. Compound I and Compound III inhibited
replication of the K103N viruses effectively, with only a 1 to 2 fold loss of activity (versus

the BH10 virus), but were less 6 to 22 fold less inhibitory to the K103N/Y181C isolate. In
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CYP2 and CYP2C9 with ki values of 1.1 andl, respectively. Because
CYP3 A4 Average ECg Values (uM) £ Standard Deviation
Compound | N*°
W.T." YigiC~ K103R/V179D/P225H ~ Ki03N/Yi81C"
Cmpd | 5 0.0010 + 0.0004 0.0028 + 0.0003 0.0100 + 0.0015 0.0047 £ 0.0009
Cmpd 1H o 0.0005 + 0.0001 0.0021 £ 0.0003 0.0250 + 0.0060 0.0091 £ 0.0019
EFV 5 0.0015 + 0.0006 0.0069  0.0020 >1.0 0.1120 £ 0.0330

* = number of replicate experiments performed.

® = Laboratory adapted wild-type and site-directed mutant BH10 viruses.

Table 16 Fold-resistance

Fold Change
Compound E
W.T. | Y18IC K103R/V179D/P225H | K103N/Y181C
Cmpd. I 1 29+0.8 11.1£4.1 48+ 1.6
Cmpd. 111 1 45+1.0 53.5+128 | 195£43
EFV 1 46+0.5 >711.7 +£255.3 742+ 172

Fold-Change = ECs, for the mutant HIV divided by the ECs, for the wild-type HIV virus.

Average fold-change was calculated as the mean of the individual fold-changes tested in parallel.
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I and Compound III. The mean ECsg values (in pM) were: 0.0100 + 0.0015 (Compound I),
0.0250 £ 0.0060 (Compound III), and >1.0 (EFV). Note that a K103R mutant RT enzyme
is not NNRTI resistant (data not shown).
[00426] Interms of fold changes in drug susceptibility for the IIIB mutant panel, the
mean fold-resistance values for Compound I, Compound III, and EFV were generally little
changed (2.9 + 0.8 to 7.7 £ 2.8 fold) against the Y181C virus. Fold-resistance against the
K103N/Y181C mutant was more variable but within the range of changes seen in this
section overall: the fold changes were 4.8 + 1.6 (Compound I) and 19.5 + 4.3 (Compound
IIT). The mean fold-resistance values seen for the K103R/V179D/P225H mutant were: 11.1
+ 4.1 (Compound I), 53.5 £ 12.8 (Compound III), and >711.7 £ 255.3 (EFV).
[00427}  In summary, these tests in the IIIB virus CPE assay generally confirm findings
presented elsewhere in this section, with the exception of the K103R/V179D/P225H triple
mutant virus. Compound I was most active against this mutant (ECso = 10 nM), followed
by Compound III with reasonable activity (ECso = 21 to 25 nM), while EFV was essentially
inactive (ECso > 1000 nM). Although the K103R/V179D/P225H mutant genotypic pattern
is not commonly recognized in clinical samples, the combination of K103R/V179D is
known to confer large reductions in susceptibility to all three approved NNRTIs (Harrigan
et al., 2005, AIDS; 19:549-54; Parkin et al., 2006, Antimicrob Agents Chemother;
50(1):351-4).
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Table 17 Activity Against HIV-1 W.T. Strains in Established Human Host

Cell Lines
Average ECs¢ Values (uM) + Standard Deviation
Host Virus Cmpd I Cmpd III EFV
U937 | MmB | 0.0005+ 0.0005 + 0.0015 +
0.0001 0.0001 0.0008
MOLT- | IIB | 0.0007 + 0.0006 + 0.0009 +
4 0.0001 0.0001 0.0002
H9 B | 0.0006 + 0.0005 + 0.0015
0.0001 0.0002 0.0006
U937 | BH10 | 0.0006 + 0.0013 + 0.0019 +
0.0002 0.0006 0.0008
MT-2 | BHI0 | 0.0009 + 0.0011+ | 0.0008+
0.0006 0.0004 0.0002
MT-4 | BH10 | 0.0010 + 0.0012 + 0.0012 £
0.0004 0.0006 0.0008
MT-4 |NL4-3 | 0.0020+ | 0.0017 + 0.0023 + |
0.0001 0.0003 0.0002
Mean Activity 0.0005 + 0.0005 + 0.0008 +
Range (uM) 0.0020 0.0017 0.0023
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Compound III displayed potent in vitro antiviral activity (0.5 to 2 nM range) across three
HIV-1 strains and morphologically distinct human T and monocytic cell lines. All 5

compounds showed fairly comparable activity.
Activity against a panel of different HIV-1 subtypes

[00431] The activities of the test and control compounds were next tested against a
subtype panel which covers all major HIV-1 subtypes or clades (A, B, C, D, F1, G, H, AE
and AG). This panel was part of a 64 virus panel selected from the large library of clinical
isolates Monogram BioSciences (formerly ViroLogics). Each of the subtypes in the panel
was represented by 2 distinct viruses which share many sequence similarities, but also some
key differences and therefore could respond differently to one or more of the drugs included
in this study.

[00432]  From the PhenoSense™ testing of the test articles Compound I, Compound III
and the control drug EFV, the activity of compound I, compound III and EFV against a
subtype panel (18 viruses) comprising 9 different HIV-1 subtypes (A, B, C, D, F1, G, H,
AE, AG) were all within 2-fold of the wild type activity values (data not shown).

[00433] Among the different subtypes, the overall potency ranges were: Compound I,
0.25 t0 3.20 nM; Compound III = 0.2 to 2.14 nM;; EFV = 0.40 to 3.10 nM. Not
surprisingly, the range of potency was somewhat greater across subtypes (10 to 11 fold)
than within subypes, but this variability was primarily due to just two virus isolates: the
second subtype C HIV-1 isolate was, across the board, the least susceptible to all the drugs
tested; conversely, the two subtype H isolates appeared highly susceptible to all the drugs
(ECsp values 0.17 to 0.55 nM). However, these viruses also had reduced replication
capacity of 42% and 10%, respectively, which could contribute to their apparent
hypersensitivity. The remaining subtype viruses generally showed a <2.5-fold divergence

in potency from the CNDO reference strain.
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Compound III >1.25
AZT 0.1619 £ 0.0767

ECs, = effective concentration that reduces virus production by 50% in cell culture.

Numbers represent mean values +/- standard deviation from 2 independent experiments.

Activity against HIV-1 in the presence of human serum and alpha-1 acid glycoprotein

[00436] The prior studies typically measured the ECsq of each drug against HIV-1 grown
in cell culture in the presence of 10% fetal bovine serum (FBS). To estimate a serum-
adjusted ECs for the test articles, additional experiments were performed in the presence of
45% human serum, or 1 mg/mL alpha-1 acid glycoprotein, or both. Averaged results from

3 to 7 antiviral activity experiments are shown in Table 19.

Table 19 Anti-HIV-1 BH10 W.T. activity in presence of HS or AAG

Average ECsp Values (uM) £ Standard Deviation

10% Fetal

Compound | N 10% Fetal 45% Human 45% Human
Bovine Serum + B
Bovine Serum Serum Serum + AAG
AAG*
0.0190 =
Cmpd I 510.0011 £0.0004 | 0.0029 £0.0012 | 0.0146 £+ 0.0063
0.0017
0.0326
CmpdIII | 5] 0.0012+0.0004 | 0.0028 +0.0004 | 0.0219+0.0117 6,007
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Compound

Fold Change
10% Fetal
Compound | N 10% Fetal 45% Human 45% Human
Bovine Serum +
Bovine Serum Serum Serum + AAG
AAG*®

CmpdlI 5 1 2.7+0.7 159+ 11.1 19.5£76

CmpdIIl | 5 1 21+£0.5 17.0 £ 6.3 248+3.8

EFV 7 1 24+0.8 84+3.2 54+32

Fold change = ECs, obtained with fetal bovine Serum + AAG or human serum +/- AAG divided by ECs,
obtained with fetal bovine serum only. Note that fold-change was not determined from the mean EC;, values
in Table 19, but was first calculated for individual experiments. Then the mean fold change +/- standard
deviation was taken from all experiments.

? a-1 acid glycoprotein at | mg/ml.

[00437]
with the anticipated potencies, with ECsy values ranging from 1.0 to 1.6 nM. The addition

The 5 drugs inhibited the replication of WT virus in the presence of 10% FBS

of 1 mg/mL AAG generally decreased drug potency by 2 to 3 fold for each drug, shifting
the mean ECs, values to the 2 to 5 nM range.

[00438]
serum (HS), leading to mean ECs values from 11.5 to 21.9 nM and fold-shifts of 8.4 to 17.0

The potencies of the 5 drugs were reduced to a greater extent by 45% human

fold. The presence of 45% HS + AAG in culture experiments gave more variable results
and mean ECsg values (in nM) of 19.0 (Compound I), 32.6 (Compound III, and 11.6 (EFV).
The values seen for the controls were in good agreement with published results (Young et
al., 1995, Antimicrob. Agents Chemother: 39(12):2602-5; Andries ef al., 2004,
Antimicrob. Agents Chemother; 48(12):4680-6; Janssen et al., 2004, J. Med. Chem.;
48(6):1901-9; Boone 2006, Curr. Opin Investig Drugs; 7(2):128-35). The corresponding
mean fold changes were 19.5 (Compound I), 24.8 (Compound III), and 5.4 (EFV).

[00439)

In summary, no significant protein binding interaction was observed with AAG

alone (<3-fold change) for the Compound I and Compound IIl. A moderate elevation of
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(1 Hfric 01; N) Hal f ) .
vitro (e.g. primary blood monocytes; MT-2 and MT-4 leukemia T cells), or (ii) commonly

used to evaluate drug induced in vitro cytotoxicity (e.g. HepG2, HuH7 or HeLa) (Divi RL,
Haverkos KJ, Humsi JA, et al (2006) Morphological and molecular course of mitochondrial
pathology in cultured human cells exposed long-term to zidovudine. Environ Mol Mutagen;

47). Cell viability was measured by standard MTT or MTS staining.
Cytotoxic effect in PBMC cells

[00441]  The in vitro cytotoxicity of the test articles was assessed in 4 independent
experiments in stimulated human primary blood mononuclear cells (PBMC). PBMC were
exposed to Compound I and Compound III along with control drug EFV for 3 days at
concentrations ranging from 0.005 uM to 100 uM. Cell viability was determined via MTT
staining. The results are presented as the mean effective drug concentrations that reduced
cell viability by 50% (CCsy).

[00442] Mean CCsq values (in pM) determined for the test articles in PBMC were:
Compound I =52.6 + 15.2 and Compound III = 66.9 + 19.6. For the control article mean
CCsg value (in pM) determined was: EFV = 70.9 + 7.6.

Cellular cytotoxicity in HIV-1 human host cells

[00443]  The in vitro cytopathic effects of the test articles Compound I and Compound I
and control drug EFV were next tested in the following six HIV-1 susceptible human host
cell lines: U-937 cells (human monocytes derived from a histiocytic lymphoma); MOLT-4
cells (a human T lymphoblastic leukemia cell line); H9 cells (human lymphoblastic T cells);
IM9 cells (a human B lymphoblastic cell line); and MT-2 and MT-4 human leukemia T
cells.

[00444] Following drug exposure for 4 days, cell viability was measured by MTS

staining and CCs, values were determined. Drug concentrations ranged from 0.005 uM to
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pure.

100 uM. The results from 3 independent experiments (unless indicated otherwise) are

summarized in Table 21.

Table 21
Cellular Cytotoxicity in HIV-1 Human Host Cell Lines
o, b
Average CCy, Values (uM) + Standard Deviation Mean CCs,
Compound Range (M)
U937 ® MOLT-4 ° Ho ' IM9 ? MmT-2" MT-4" "
| 265+ 0.5 16.6 £ 0.4 200+1.6 329+26 235%+1.0 18.6 + 3.1 16.6 -32.9
[11] 246+1.9 148+1.0 31.3+56.2 50.0+17.4 259+2.1 27.3+129 14.8 - 50.0
EFV 232110 41.7+3.4 50.0 + 9.0 51.0+1.3 246+4.5 441 +18.2 23.2-51.0

® CCs = effective concentration that reduces cell viability by 50%.

® Numbers represent mean values +/- standard deviation derived from 3 independent experiments uniess noted otherwise.
“Values were derived from 2 independent experiments.

9 Human monocyte histiocytic lymphoma; plated at 5x10° cells per well,

¢ Human T lymphoblastic leukemia; plated at 2x10" cells per well.

f Human lymphoblastic T cell lymphoma; plated at 4x10” cells per well.

9 Human B lymphoblastoid cell line; plated at 2x10° cells per well.

® Human T cell leukemia ; plated at 1.25x10" (MT-2) and 2.5x10" (MT-4) cells per well.

[00445]

exhibited measurable in vitro cytotoxicity in the 6 human HIV-1 susceptible host cell lines.

The test articles Compound I and Compound III and the control compounds

Depending on cell type, the mean CCs, values for Compound I ranged from 16.6 to 32.9
puM versus 14.8 to 50.0 pM for Compound III (Table 21), similar to the mean CCs, ranges
determined for EFV (23.2 to 51.0 pM).

[00446]
cytotoxicity for Compound I and Compound III. EFV showed the most cytotoxicity in
U937 and MT-2 cells.

Among the 6 cell lines, the MOLT-4 cell line was the most sensitive to

Example 15
Selectivity index of Compound I and Compound III against HIV-1

[00447]
the ratio of CCsgto ECsp in MT-4 cells (the standard assay used in this work).

[00448] The CCsoof Compound [ in MT-4 T cells was 27 uM versus an ECsy of 1.2 nM,
giving an SI > 22,000. The CCsoof Compound III was 18.6 uM versus an ECsg of 1.0 nM,

The preceding data, allows us to calculate selectivity index (SI) values, based on

for an SI of > 18,000. Similarly, the selectivity index of control drug was estimated to be:
EFV =37,000. These values are in good agreement with previously reported SI values
(Young et al., 1995, Antimicrob Agents Chemother: 39(12):2602-5; Andries et al., 2004,
Antimicrob Agents Chemother; 48(12):4680-6; Janssen ef al., 2004, ] Med Chem,;
48(6):1901-9; Boone 2006, Curr. Opin Investig Drugs; 7(2):128-35).
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[00451]

The trends observed in this longer term cytotoxicity testing mirror those seen in

the preceding studies. In general, Compound I and Compound III gave similar CCsg values

in the 3 cell lines, ranging from 23 to 32 uM. EFV was again the least cytotoxic of the

compounds (CCsg range 48-81 uM).
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Example 16
In vitro Comparative Data

[00452] Compounds I and III, the corresponding enantiomers (i.e., compounds II and V)
and the corresponding racemates were evaluated in the standard BH10 HIV cell-based
assays described above. The standard test panel included wild-type virus, as well as
Y181C, K103N, and K103N/Y181C site-directed mutant derivatives.

[00453] The table below provides data for compound I, compound II and their
corresponding racemate. Against wild-type BH10 virus and the Y181C, K103N, and
K103N/Y181C mutant viruses, the racemate had ECsgs from 2.4 to 6.2 nM. Against wild-
type BH10 virus and the Y181C, K103N, and K103N/Y181C mutant viruses, compound I
had ECsgs from 0.6 to 3.5 nM. Against wild-type BH10 virus and the Y181C and K103N

mutant viruses, compound II had ECsgs from 129 to 920 nM.

Activity against HIV-1 BH10 viruses in cell assay

BH10 K103N Y181C Y181C/K103N
Cpd n n n n
| 0.001+0.0005 8 0.0006+0.0002 3 0.0026+0.0011 3 0.0035+0.0014 3
I 0.0007 £ 0 1 0.0009t0 1 0.0024+0 1 0.003zx0 1
i 019170 1 0920110 1 0363710 1

rac 0.0025+0.0004 3 0.0024+0.0007 3 0.0032+0.0006 3 0.0062+0.0036 3
ECs, = effective concentration that reduces virus production by 50% in cell culture.

"N = number of replicate experiments performed.

® Laboratory adapted wild-type and site-directed mutant BH 0 viruses.

[00454] The table below provides data for compound III, compound 1V and their
corresponding racemate. Against wild-type BH10 virus and the Y181C, K103N, and
K103N/Y181C mutant viruses, the racemate had ECs¢s from 1.6 to 24.4 nM. Against wild-
type BH10 virus and the Y181C, K103N, and K103N/Y 181C mutant viruses, compound [II
had ECsps from 0.6 to 23.1 nM. Against wild-type BH10 virus and the Y181C, K103N, and
K103N/Y 181C mutant viruses, compound IV had ECsgs from 89.2 to 824 nM.
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Activity against HIV-1 BH10 viruses in cell assay

BH10 " KI103N Y181C Y181C/K103N
Cpd n n n n
I 0.001+00005 10 0.0013+0.0005 5§ 0.0028+0.0005 5 0.0114+0.0023 5
il 0.0018+0.0003 3 0.0016+0.0005 3 0.0040+0.0005 3 0.0231%0.0121 3
Hy  0.0006+0 1 0.0006+0 1 0.0029+0 1 0.0045+0 1
IV 0.1902+0.0038 2 0.3776 £0.2047 2 0.824110.3636 2 0
IV 0.0892+0.1068 2 0.1053+0.0579 2 0.228610.0605 2 0.5167+0 1
IV 009760 1 0312310 1 033110 1 0
rac 0.031+00002 2 0.0031+0.0005 2 0.0049+0.0011 2 0.0167+0.0088 2
rac 0.0017+0 1 0.0017x0 1 0.0016+0 1 0.004210 1
rac 0.0025+0.0007 3 0.0025+0.0013 3 0.005+0.0037 3 0.0244+0.0188 3
ECs, = effective concentration that reduces virus production by 50% in cell culture.
"N = number of replicate experiments performed,
® Laboratory adapted wild-type and site-directed mutant BH10 viruses.
[00455] As shown in the tables above, in these assays most if not all of the activity of the

racemic mixture lies in the R enantiomers compounds I and III.

Cell Protection Assay

[00456)
and the corresponding racemates were evaluated in a cell protection assay . The standard

test panel included wild-type virus, as well as Y181C, K103N, and K103N/Y181C site-

Compounds I and II1, the corresponding enantiomers (i.e., compounds II and [V)

directed mutant derivatives.
[00457)
medium RPMI 1640 + 2g/L NaHCO; + 1% kanamycin solution 100x (10000ug/mL) + 10%
FCS +/- 1,2% DMSO

Test compounds were dissolved in DMSO at 15 mM and then diluted in culture

[00458] MT-4 cells (Source: NIH Catalog # 120) were seeded onto 96-well cell culture
plates (1 x 10* cells per well in 50 pL).
[00459]  Serial 2-fold dilutions of test compounds in 50 pL (0.29uM to 75uM) were

added to cells in complete growth media (RPMI, 10% Foetal Bovine Serum, Penicillin-
streptomycin) and the cells were infected with a 20 pL-aliquot of an HIV suspension (HIV-
| strain BH10 wild-type and resistant viruses Y181C, K103N and Y181C/K103N) at a
dilution that gives 90% cytopathic effect. The final DMSO concentration in the assay was
0.5% in 120 pL. Cell cultures were then incubated at 37°C/5% CO, for 4 days. Then, Cell
Titer 96 AQueous One Solution Cell Proliferation Assay (Promega) was used to measure cell

viability. Briefly, the One Solution Reagent was added directly to culture wells (20
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uL/well), incubated for 5 hours, and the absorbance was recorded at 492 nm using the
Sunrise Tecan Spectrophotometer.

[00460] The ECsg values were determined from the percent inhibition versus
concentration data using a sigmoidal non-linear regression analysis based on four
parameters with Tecan Magellan software.

[00461] The table below provides data for compound I, compound II and their
corresponding racemate. Against wild-type BH10 virus and the Y181C, K103N, and
K103N/Y181C mutant viruses, the racemate had ECsos from 1.5 to 7.0 nM. Against wild-
type BH10 virus and the Y181C, K103N, and K103N/Y181C mutant viruses, compound I
had ECsgs from 0.26 to 3.5 nM. Against wild-type BH10 virus and the Y181C and K103N

mutant viruses, compound ] had ECsgs from 62 to over 1000 nM.

Activity against HIV-1 BH10 viruses in Cell Protection Assay

BH10 K103N Y181C Y181C/K103N
Cpd
I 0.0002810.000072 0.00026+0.000057 0.001810.00029 0.003510.0015
1 0.06210.019 0.27740.099 0.424x0.21 >1
rac  0.0015+0.0007 0.00110 0.0045+0.0007  0.00710.0028

ECsp = compound concentration that achieved 50% reduction of cytopathic effect of the virus.

[00462] The table below provides data for compound III and its corresponding racemate.

Against wild-type BH10 virus and the Y181C, K103N, and K103N/Y181C mutant viruses,

the racemate had ECss from 0.2 to 9.0 nM. Against wild-type BH10 virus and the Y181C,

K103N, and K103N/Y181C mutant viruses, compound III had ECsgs from 0.14 to 6.6 nM.
Activity against HIV-1 BH10 viruses in Cell Protection Assay

BH10 K103N Y181C Y181C/K103N
Cpd
il 0.00015+0.00011 0.00014+0.000052 0.0015+0.0006 0.006610.00097
v
rac  0.0002+0.0001 0.0003£0 0.0023+0.0005 0.009+0.0048

ECso = compound concentration that achieved 50% reduction of cytopathic effect of the virus.

Cytochrome P450 Binding, Inhibition and Induction

[00463) Compounds I and I1I, the corresponding enantiomers (i.e., compounds II and IV)
and the corresponding racemates were evaluated in assays for cytochrome P450 binding.
{00464] Inhibition studies were conducted to assess the potential of compounds I and 11
to inhibit the catalytic activity of CYP450 isoenzymes of human liver microsomal proteins.

The rate of metabolite formation of CYP450-specitic probe substrates by human liver
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microsomes was determined in the presence and absence of Compound I or III. Direct
inhibition as well as time-dependent inhibition, also referred to as mechanism-based
inhibition or MBI, was also evaluated. Initial studies determined ICsq values with
subsequent determination of k; or Kinact and kj for MBI, when marked inhibition (IC5o < 10
puM) was noted. In addition, the type of inhibition was also evaluated.

[00465] Compounds were assayed using recombinant human microsomal proteins with
fluorometric substrates. Signal was measured with a Fusion plate reader utilizing the

appropriate excitation and emission wavelength set to detect the specific metabolite:

Enzyme Substrate Excitation Emission
(bandwidth) {bandwidth)
CYP1A2 CEC 400 nm (20 nm) 535 nm (25 nm)
CYP2B6 EFC 400 nm (20 nm) 535 nm (25 nm)
CYP2D6 AMMC 400 nm (20 nm) 460 nm (35 nm)
CYP3A4 BFC 400 nm (20 nm) 535 nm (25 nm)

[00466] CYP2C9 inhibition was performed by incubating a luminogenic CYP450
substrate Luciferin-H with CYP2C9 and an NADPH regeneration system. Luminescence

measured using a Fusion plate reader.

In vitro recombinant cytochrome P450 isozyme inhibition

Highest IC50 (uM) I1Cs I1Cso [Cso (nM) 1Cs 1Cs
CYP450 concentration (M) (#M) . (M) (M)
] tested (pM) rac (I+11)
isozyme I I (1H+1V) m v
CYP1A2 20 NA 17.5% NA NA 17.6 £ NA
2.06
CYP2B6 20 NA 21.6% NA NA 22.9% NA
CYP2C9 10 NA 840+ NA 5.99 6.85+ 3.38
0.67 0.48
CYP2D6 10 NA 11.2% NA 16-23% 152%  29.1%
CYP3A4 10 1.608 1.46 + 3.21 2.269 2.86 + 2.962
£.52 0.78

Inhibition studies [Csy = 50% inhibitory concentration (LM) or percentage of inhibition at the highest concentration tested
Values represent the average + SD of three independent experiments

NA not available

[00467] Enzyme kinetic studies of cytochrome P450 isozyme inhibition were conducted

using human liver microsomes. The rate of metabolite formation of CYP450-specific probe
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without NADPH and a positive control inhibitor. Metabolite formation was monitored by

validated LC-MS/MS methods and the percent remaining activity in addition to kina and K
values were determined.

[00469] Compound I exhibited limited inhibition (ICs¢ > 20 uM) of CYP1A2, CYP2BS6,
CYP2D6, and CYP2C19 (ICs¢ = 10.2 uM) and marked inhibition (ICsg < 10uM) of
CYP2C8, CYP2C9 and CYP3A4. Compound I exhibited competitive inhibition of
CYP2C8 and CYP2C9 with k; values of 1.1 and 1.4 uM, respectively. Because CYP3A4
has multiple binding sites, inhibition is typically evaluated with two structurally unrelated
probe substrates, testosterone and midazolam. Compound I exhibited marked mechanism-
based inhibition of CYP3A4-testosterone and CYP3A4-midazolam with k; values of 0.14
and 0.18 uM, respectively.

In vitro human microsomal cytochrome P450 isozyme inhibition with

Compound 1
 CYP450 isozyme Ki(uM) Kinact (min™")° - Type of inhibition
CYP1A2 (Phenacetin)® ND®
CYP2B6 (Bupropion) ND
CYP2C8 (Paclitaxel) 1.1 Competitive
CYP2C9 (Diclofenac) 14 Competitive
CYP2C19 (S-Mephenytoin) ND
CYP2D6 (Dextromethorphan) ND
CYP3A4 (Midazolam) 0.36 0.072 Mechanism based inhibition
CYP3A4 (Testosterone) 0.14 0.033 Mechanism based inhibition
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accept abv@csabitisfers®l vate, hydratggg or ester thereof Ct4., sonkhudd

\ 2, > " oAb &-Mephenytoin) ND
CYP2D6 (Dextromethorphan) ND
CYP3A4 (Midazolam) 0.06 0.06 Mechanism based inhibition
CYP3A4 (Testosterone) 0.21 0.05 Mechanism based inhibition

a= CYP450 specific probe substrate -
b= not determined. |Cso values were 210 pM. k; values only determined for ICsg values < 10 pM
¢= maximum rate constant for inactivation. Relevant only for time-dependent inhibition.

[00471] The potential for in vitro induction of CYP3A4 was screened in DPX2 cells.

The DPX2 cell line is a derivative of a human hepatocellular carcinoma cell line (HepG2)
transformed with the human pregnane x receptor (PXR) and a reporter gene vector
containing the enhancer region of CYP3A4. The potential for in vitro induction of CYP1A2
was screened in CYP1A2-DRE cells. The CYP1A2-DRE cell line is a stably transformed
HepG2 cells with dioxin response elements (DRE) and reporter gene containing CYP1A2
promoter elements. The extent of CYP3A4 induction was determined by comparing the
activation of PXR obtained with test article to that obtained with rifampicine (potent
inducer), mifepristone (moderate inducer) and androstanol (weak inducer). The extent of

CYP1A2 induction was determined by comparing the activation of the aryl hydrocarcon
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Compound DPX2 (CYP3A4) CYP1A2-DRE (CYP1A2)
rac (I + II) NA NA

[ Moderate (n=2) Not inducer (n=1)

Il NA NA

rac (III + IV) Moderate (n=1) NA

II1 Moderate (n=2) Not inducer (n=1)

IV Moderate (n=1) NA

NA=not available

[00472] As shown in the table above, compounds I and III are moderate inducers of
CYP3A4 and CYP1A2.

In vitro Plasma Protein Binding

[00473]  The in vitro plasma protein binding of compound I and compound III in rat, dog,
monkey and human plasma was determined by equilibrium dialysis. Protein binding was
assessed by equilibrium dialysis using rat, dog, monkey and human plasma. Samples were
assayed by HPLC with LC-MS/MS detection. Plasma protein binding was high (> 99%) for

all species and for both compounds.

Protein binding of Compound I and Compound III

Percentage Plasma Protein Binding

Species Compound | Compound Il
Rats 99.1 99.4
Dogs 99.0 99.4
Monkeys 99.9 99.9
_Humans 99.8 999
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exhibited a measurable negative or antagonistic interaction with Compound I or Compound

I1I against HIV in these in vitro experiments.

Example 18

Metabolism

[00479] The metabolism of compounds I and III was evaluated in rat, dog, monkey and

human cells, and inhibition of cytochrome P450 was evaluated in human liver microsomes.
Methods

[00480] Fresh hepatocytes were plated onto collagen-coated plates and exposed to test

compounds at 1 pM for up to 2 hours. Tissue culture medium was assayed for compound

depletion by LC/MS detection. Values in Table 23 represent independent experiments from

5 to 7 donors.
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[00481]) Inhibition of CYP450 activity was determined by monitoring changes in the
metabolism of CYP450-specific substrates by human liver microsomes with varying
concentrations of compound I or III. Probe substrate for 2C8 was paclitaxel, probe
substrate for 2C9 was diclofenac and for 3A4 probe substrates were midazolam and
testosterone. Two substrates are used to assess 3A4 interactions due to multiple binding

sites on the enzyme.

Results
Table 23
Compound Depletion in Hepatocytes
t1/2 (min)

Species Compound I Compound III
Rat 33+26 1715
Dog 28+ 14 21+10
Monkey 63 +40 52+24
Human 215 +£48 125+ 55

[00482] As shown in the above table, both compound I and compound III exhibited
limited in vitro metabolism in human hepatocytes.

CYP450 Isozyme Inhibition

Ki (mM)
Compound I Compound III
2C8 1.10 0.66
2C9 1.45 0.93
3A4 0.36 0.06

[00483] As shown in the above table, both compound I and compound III showed
competitive inhibition of CYP2C8 and CYP2C9. Further, both compound I and compound
III showed mechanism based inhibition of CYP3A4. Mechanism based inhibition is
characterized by time-dependent loss of enzyme activity, associated with covalent binding
between the enzyme and a reactive metabolic intermediate. Mechanism based inhibition is
also associated with CYP450 induction as new enzyme is required to restore enzyme

activity. Inhibition of CYP 2D6, 1A2, 2B6 and 2C19 was not observed.
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Metabolism of Compound I and III versus Corresponding Racemates

[00484] In vitro metabolism was assessed using liver microsomes for all species.
Compounds were incubated at 1 uM with liver microsomes for up to one hour. Reported
half-lives greater than the total incubation time are extrapolated values. Extracts were
assayed for disappearance of parent compound by LC-MS/MS detection.

[00485] Data represents one independent experiment conducted.

In vitro half-life of Compounds I & III and Racemates in Liver Microsomes

Species 1 rac (| + 11) 1] rac (Il +
V)
Half-life (min)
Rat 100 146 88.8 105
Dog 19.3 287 13.2 257
Monkey 15.4 18.4 12.6 16.3
Human 120.6 115 154 91.2

[00486] As shown in the table above, pure enantiomeric compounds I and III had
significantly shorter half-lives in liver microsomes when compared to their corresponding

enantiomers.

Example 19

In Vivo Pharmacokinetics

[00487] The pharmacokinetics of compounds I and III were evaluated in rats (compound
III only), dogs and monkeys.

Methods

[00488]  All animals received a single oral or intravenous dose of compound in either
polyethylene glycol 400 (PEG400) or a mixture of 10% ethanol (EtOH), 10%
dimethylacetamine (DMA) and 80% PEG400 at the indicated dose level. Plasma
concentration data were acquired using sensitive and specific LC-MS/MS methods.
Pharmacokinetic data from the toxicity study included aspects of gender differences,
variability and exposure.

[00489] Blood samples (1.5 — 2.5 mL) were collected in heparinized tubes at 0 (pre-
dose), 5 (IV only), 10, 20, 30 min, 1, 2, 4, 6, 8, 12 (PO only) and 24 hr after dosing. Plasma
was separated and stored at -70°C until analysis.

[00490] Concentrations of unlabeled compound I and compound III within plasma

samples and excreta from rat, dog and monkey PK studies were identified through high
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performance liquid chromatographic (HPLC) methods that incorporated tandem mass
spectrometric detection (LC-MS/MS).

[00491] The absolute oral bioavailability was determined in pharmacokinetic by
comparison of AUC values of parent compound following single intravenous and oral doses
of in rats (compound III only), dogs and monkeys .

[00492]) The oral bioavailability of both compounds (5 mg/kg) from the exploratory PK
studies was 38% in rats (compound III only), 4-9% in dogs and 42-58% in monkeys.
Although the bioavailability of compound III in rats was higher than dogs and comparable
to monkeys, rats had much lower plasma AUC exposure compared to dogs and monkeys.
[00493] The absolute bioavailability was also estimated for both compounds from
monkey studies at 5 mg/kg. The absolute bioavailability of compound III was 42% in males
and 76% in females suggesting a potential gender difference in systemic exposure. The
bioavailability of compound I, calculated using mean AUC; values was 54% in males and
61% in females. However, the value for males may have been underestimated, as the
absorption in one animal was slow and the plasma concentrations appeared to be still
increasing at 8 hours post-dose. Based on AUC values, and excluding this animal for which
AUC could not be calculated, bioavailability in males was 75%.

[00494] Following a 5 mg/kg oral dose, plasma concentrations at 24 hours post-dose
were 12 ng/mL for compound IIT and 17.9 ng/mL for compound I. A 5 mg/kg oral dose in
the monkey is equivalent (based on body surface area) to a human dose of approximately
100 mg (see Guidance for Industry: Estimating the Maximum Safe Starting Dose in Initial
Clinical Trials for Therapeutics in Adult Healthy Volunteers, U.S. Department of Health
and Human Services, Food and Drug Administration, Center for Drug Evaluation and
Research, July 2005). This level of compound at 24 hours post-dose is supportive of once-

a-day dosing.

Oral bioavailability of Compounds I and III

Dose Route of No. animals /  Tmax BA
Species (mg/kg)®  administration Gender (hr) (%)
Compound |
Dog 5 PO-Fed 2M, 1F 03° 9
Monkey 5 PO-Fed 3M 27° 58
Monkey 5 PO-Fed m 40° 54
_Monkey 5 PO-Fed 3F 40° 61
Compound il
Rat 10 PO-Fasted 3m 04° 38
Dog 5 PO-Fed 1M, 1F 1.5° 4
Dog 20 PO-Fed 1M, 1F 22° 23
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Monkey 5 PO-Fed 2M 3.0° 42
Monkey 5 PO-Fed M 20° 42
Monkey 5 PO-Fed 3F 20° 76
Monkey 20 PO-Fed 2M 25° 61

BA = absolute oral bioavailability

a = Rats, dogs and monkeys received a single oral dose of either Compound | or Compound III.
Additionally, rats received a 2 mg/kg |V dose and dogs and monkeys received a 1 mg/kg IV
dose.

b = Mean

¢ = Median value

Example 20

Toxicology

[00495] The potential toxicities of compounds I and III were evaluated in vivo in rats and
monkeys. |

Methods
[00496] Sprague-Dawley rats and cynomolgus monkeys were dosed once daily for 14
days via oral gavage with compound I or compound III or dose vehicle (68% Capmul PG-8,
20% PEG 400, 2% Tween 20, and 10% Labrasol) according to GLP. There were 10 male
and 10 female rats, and there were 3 male and 3 female monkeys. Rats and monkeys were
dosed with 0, 50, 150 or 500 mg/kg/day compound I or with 0, 50, 150, 450 mg/kg/day
compound III.
[00497] Toxicity was assessed using clinical observations, body weights, food
consumption, and clinical pathology (hematology, coagulation, and serum chemistry).
[00498] A comprehensive necropsy and gross pathological examination was performed
on all animals and selected organs and tissues were collected for histological evaluation.
[00499] Determinations of hematocrit, hemoglobin concentration, erythrocyte count,
total leukdcyte count, and platelet count were conducted on all samples. Leukocyte
differential and morphologic assessments were performed.
[00500]} Clinical biochemistry determinations included activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltranspeptidase
(GGT), and alkaline phosphatase (ALP) and concentrations of blood urea nitrogen (BUN),
creatinine, total protein, albumin, globulin, glucose, cholesterol, triglycerides, total

bilirubin, and electrolyte levels (Na, K, P, Cl, Ca).
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[00501] Urine samples (monkeys only) were evaluated macroscopically and
microscopically and tested for pH, bilirubin, glucose, protein, ketones, blood, urobilinogen,
nitrites, leukocytes, and specific gravity.

Results

[00502] No effects on food consumption or body weight differences were associated with
dosing compound I or compound III. No treatment related clinical findings were observed,
and no toxicologically meaningful changes in hematological or serum chemistry parameters
or urinalysis findings were observed.

[00503]) No toxicologically significant effect on organ weights (absolute or relative) with
the exception of increased liver weights in compound Ill-treated rats (females only) and
monkeys at the mid and high doses. However, these livers were microscopically
unremarkable.

[00504] In compound I and compound IlI-treated rats, minimal to mild thyroid follicular
cell hypertrophy/hyperplasia was observed in all dose groups except low dose compound
[1I-treated females. The impact upon thyroid function could not be assessed since
circulating thyroid hormone and TSH levels were not examined.

[00505] No other macroscopic lesions, microscopic findings or histopathology findings
were observed in rats or monkeys

[00506] All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. This invention has
been described with reference to certain embodiments. Although the foregoing invention
has been described in some detail by way of illustration and example for purposes of clarity
of understanding, it will be readily apparent to those of ordinary skill in the art in light of
the teachings of this invention that certain changes and modifications may be made thereto
without departing from the spirit or scope of the appended claims. Variations and
modifications of the invention, will be obvious to those skilled in the art from the foregoing

detailed description of the invention.
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Claims

1.

A pure compound of the following formula, or a pharmaceutically acceptable salt,

solvate, hydrate, or ester thereof:

S.

CHj

A compound of the following formula:

CH;
HaCOL _
3 ‘.P‘::.'.}
Cl O 0
R CN
N NH
H 2

The compound of claim 1 or 2 that is enantiomerically pure.

The compound of claim 1 or 2 that is substantially free of its opposite enantiomer.

The compound of claim 1 or 2 that comprises at least 80 %, 90 %, 95 %, or 99%

by weight of the designated enantiomer.

6.

The compound of claim 1 or 2, wherein the designated enantiomer is in excess of

its opposite enantiomer by 30 - 80%.

176



T The compound of claim 1 that is a pharmaceutically acceptable salt, ester or

neutral form.

8. A pharmaceutically acceptable salt of the compound of claim 1.

9. A pharmaceutical composition comprising the compound of any of claims 1-8 and
a pharmaceutical carrier, excipient, or diluent, wherein said composition is substantially free of

the opposite enantiomer of said compound.

10. A pharmaceutical composition comprising a compound of any of claims 1-8 and a
second anti-HIV agent, wherein the second anti-HIV agent is a protease inhibitor or an integrase
inhibitor, and wherein said composition is substantially free of the opposite enantiomer of said

compound.

11.  Use of a compound of any of claims 1-8 for the preparation of a medicament for

the treatment or prophylaxis of an HIV infection in a subject.

12. The use of claim 11, wherein the medicament is prepared for use in combination
or alternation with at least a second anti-HIV agent, wherein the second anti-HIV agent is a
protease inhibitor, a nucleoside or nucleotide reverse transcriptase inhibitor, a non-nucleoside
reverse transcriptase inhibitor, a fixed dose combination, an entry inhibitor, a CCRS5 co-receptor

antagonist, a maturation inhibitor, or an integrase inhibitor.

13.  The use of claim 11, wherein the medicament is prepared for use in combination
or alternation with an anti-HBV agent, wherein the anti-HBV agent is entecavir, lamivudine,
interferon alfa-2b, peginterferon alfa-2a, adefovir dipivoxil, telbivudine, emtricitibine, clevudine,

tenofovir, valtorcitabine, amdoxovir, LB80380, remofovir, or racivir.
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14.  The use of claim 11, wherein the medicament is prepared for oral use.

15.  The use of claim 11, wherein the medicament is prepared for use in combination
with an anti-HCV agent, wherein the anti-HCV agent is interferon alfa-2b, peginterferon alfa-2a,

or ribavarin.

16.  The pharmaceutical composition of claim 10 wherein the second anti-HIV agent
is amprenavir, tipranavir, indinavir, saquinavir, lopinavir, ritronavir, fosamprenavir, darunavir,

atazanavir, nelfinavir, brecanivir, GS-8374, Elvitegravir, GSK-364735, or raltegravir.

17.  The use of claim 12 wherein the second anti-HIV agent is amprenavir, tipranavir,
indinavir, saquinavir, lopinavir, ritronavir, fosamprenavir, darunavir, atazanavir, nelfinavir,
lamivudine, emtricitabine, abacavir, zalcitabine, zidovudine, tenofovir, didanosine, stavudine,
delavirdine, efavirenz, nevirapine, Atripla, Combivir, Trizivir, Truvada, maraviroc, enfuvirtide,
brecanivir, GS-8374, amdoxovir, apricitabine, elvucitabine, Etravirine, Rilpivirine, Calanolide A,

Aplaviroc, PRO2000, Vicriviroc, Bevirimat, Elvitegravir, GSK-364735, or raltegravir.
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