
ENANTIOMERICALLY PURE PHOSPHOINDOLES AS HIV INHIBITORS FIELD OF THE
INVENTION 100011Provided: herein are enantiomerically pure
phosphoindole compounds useful for inhibiting viral replication. in
certain embodiments, provided herein are pure S-     . hoindolc
compounds useftil for inhibiting viral replication. In certain
embodiments; provided herein are pure R-phosp.hoindole compounds
useful for inhibiting viral replication. Further provided are
pharmaceutically acceptable salts, derivatives and analogues of the
compounds, pharmaceutical compositions comprising the compounds,
methods of using the compounds, for example, in the treatment or
prophylaxis of a HIV infection, and processes for preparation of the
compounds. BACKGROUND OF 11000:21indoles, nucleosides andnalogs are
known in the art as having utility in the treatment of viral
infections in including humans, Viruses that infect mammals and are
treatable by the administration of pharmaceutical compositions
comprising indoies, nucleosides or their analogues or derivatives
include but are not limited to hepacivirus including TICV, human
immunodeficiency virus (111.V), pestiviruses such as bovine viral
diarrhea virus (BVDV), classic swine fever virus (CSFV, also known as
hog cholera virus); and Border disease virus of sheep (BDV), and
flaviviruses like dengue hemorrhagic fever virus (DEW or DENY);
yellow fever virus (\TV), West Nile virus (\V.-NV;, shock syndrome
and Japanese encephalitis virus (Moenniir et al., Adv. Vim, Res.
1992, 4 :53-98; Meyers, C. and Thiel, IT-J."firtiv. in Viral Res.,6,
47:8: Moennig et al., Adv, Vir. Res. 1992, 41:53-98; S.B. Halstead,
Rev. Infect, Dis, 984; 6;231-64; S.B. Halstead, Science, 1988,
239:476-81; TY Monad), New Eng',d., 1988, la doles 100031Certain
human immunode analogues and derivatives have been used to treat
infection with virus (  i.0O41For example, Williams et al. teaches
substituted indoies for the treatment of HIV infection in U.S. Pat.
No. 5,527,819 to Merck. The compounds disclosed in the 119 patent
comprise a large class represented generically by the following broad
structural Formula (111):   



in which the variables X. Y., Zare broadly defined to embrace about
One hundred compounds. in most examples shown; Y is 502,-C(0)Nliz,
and R an optionally substituted phenyl, 100051U.S, Patent No,
5,124,3' to Greenlee et al, and assigned to Merc & Co. discloses a
class of optionally substituted sulfonylphenyl indole compounds. The
compounds are allegedly active as reverse transeriptase inhibitors
and therefore useful in the treatment of HIV infection and AIDS,
[0006]U.S. Patent No, 6,710,068 to Idenix Pharmaceuticals, LtcL
discloses a class of      indoles that are substituted with at least
two moieties other than hydrogen on either the phenyl ring or the.
benzyl ring of the indole function, or on both rings. The
substituents are generally contained at the 3" and 5" positions if
located on phenyl ring, and at the 4 and 5'; 5' arid 6' or the 5' and
7' positions if located on the benzyl ring of the indole moiety. See
also PC!' Publication No. WO 02/083126, WWIPCT Publication No. WO
20041014364 to idenix Phammceuticals discloses yet another class of
phenylindole.s that display enhanced anti441V activity. Like their
predecessors, these compounds are substituted with at least two
moieties other than hydrogen on either the phenyl ring or the benzo
ring of the indole functionalit V, or on both rings, in addition,
these compounds incorporate a number of substituents having a
carboxamide functionality at position-2 on the indole group of the
compound, the position shown in Formula (III) above as [00081ix
Pharmaceuticals disclosed still another class of phenylindole
compounds, these being phospho-phenylindoles, that are useful in
thefment of HIV and/or AIDS (115 2006/0074054 and WO 06/054182)
100091Bristol Myers Squibb is the assignee of numerous patents,
published patent applications, and PCT publications that disclose
various optionally substituted incloles, azaindoles, piperazines, and
pyrrolidines for the treatment of HIV and/or AIDS. See U.S.
Publication No. 2004/0006090 to Kadow et al.; U.S. Publication No,
2004/0063746 to  Regueiro-R.en et al.; U.S. Publication No.
2003/0096825 to Wang et at; U.S. Publicatio No, 200310236277 to
Kadotv et at; and WO 03/068221 to Kadow et at           WO 01/02388
to SmithKline Beecham &RA discloses optionally substituted
phenytindoles with a carbamyi subsauent that have utility in the
treatment of HIV, AIDS, osteoporosis, cancers, and Alzheimer's
disease. [00.1.flWarner-Lambert Company discloses various
indole4hiazepinones, oxazepinones, diazepinones, ben,zothiophenes,
berizofurans, and indole2carboxamides for the treatment of HIV, (See
U.S, 5,424329 to Bosehelli etal.; U.S. 5,565,446 to Boschelli et at;
U.S. 5,703,069 to Connor et at; and WO 96/29077 to Warner-L,ambert
Company). 10012Shinogi 84. Co, disclose optionally substituted indole
derivatives that are viral integrase inhibitors useful as anti-HIV
drags (U.S. Publication No. 2002/0019434 to Faiishita et at; U.S.
Patent No. 6316,605 to Fishita etal.; and U.S. Patent No, 6,506,787
to Fujishita et at) 



[0013)U.S. Patent No. 5,945,440 to Klentschroth et at discloses a
class of  ndolocarbazole amides for the treatment of a variety of
diseases including cancer, vital diseases (including HIV), cardiac
and vascular diseases, bronchoptilinimary diseases, inflammatory
disorders, degenerative diseases of the central nervous system, and
other diseases. 100141Ounasekera et at in U.S. Patent No. 4,860 084
teaches certain hisindole alkaloid compounds that have antiviral and
antitumor activity, includingie ties simplex virus). U.S. Patent
5,935,982 to Dykstra et at reports a different class of bisindoies
that have specific utility versus retroviral infections and
especially HIV. Matsunaga et at, in US. Patent No. 5,852,011
(December 22, 1998), disc class of indole derivatives substituted by
a heteroaryl function and an amide function. The compounds are said
generally to possess antitumor, antiviral, and antimicrobial
properties. [0161Dykstra et at, in U.S. Patent No, 5,935,982
discloses a class of bis-indoles and specincaily propose their use
for treating retroviral infections, and especially infection by
0017/Domagala et at, in O.S. Patent No. 5,929 1'4 (July 37 19 99)
discloses a class of      hio and hithiohisarvlamide compounds,
including indole derivative ra reportedly have antibacterial and
antiviral activity. Pevear et at, in U.S. Patent No,894 (November 3,
1998) discloses a class of triazinoindele derivatives that reportedly
have annpestivtrus activity, most notably BVDV activity.  IIndles
have been used in the treatment of diseases other than HIV. No.
5,981,525 to Farina el al. discloses a complex array of indoles for
use in the treatment of osteoporosis based on their ability to
inhibit osteociast 14+-ATPase and thus reduce bone resorption. US,
Patent No, 6;025,390, also to Farina et al., teaches another group of
indoie derivatives, tented heteroaromatic pentadiermic acid
derivatives that too are useful in the treatment of osteoporosis.
U.S. Patent No. 5,489,685 to klottpis et al. discloses a series of
compounds that are furo(2,3-b) pyridine carboxylic acid esters, whose
utility is in the treatment of HIV, I00201In light of the fact that
HIV infections have reached epidemic levels we and have tragic
effects on the infected host, there remains a strong need to provide
new and effective pharmaceutical agents to treat these viral
infections with low toxicity to the host. [0(112111it is an object of
the invention to provide compounds, methods of use, and compositions
for the treatment of a host infected with HIV or for the treatment of
AIDS reiated symptoms. SUMMARY OF tnE iNVENT#ON [00221Accordingly,
provided herein are enantiomerically pure compounds useful for 



the treatment or prevention eta 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. [0t123)As demonstrated in the essnmnes
below, inch of h activity of chiral phosphoindole compounds resides
in one enardtiormr or stereoisomer. Further, certain compounds
provided herein are potent and selective inhibitors of wild4ype and
non nucleoside reverse transcriptase inhibitor INNICI)-re.aistant HIV
in vitro Certain compounds provided herein may movid.c a higher
genetic barrier to the development of HIV resistance when compared to
current therapies such as efavirenz. 100241in one aspect, provided
herein are pure S-phosphoindoie compounds and methods of their use
for the treatment or prevention of a vital infection such as an WV
infection in a host in need thereof. 1025)In one aspect: provided
herein are pure R-phosphoindole compounds and methods of their use
for the treatment or prevention rif a vivid infection such as an HIV
iufecbon in a host in need thereof.  00261in one aspect, provided
herein are pune phosphoindole compounds according to foamila (A), or
pharmaceutically acceptable salts, solvates, hydrates, esters or
prodrugs thereof:   wherein, e.g.:       X is hydrogen; aryl or
heterocycle, which may be s which may comprise a hic.yclie; tricyclie
or spirt) structure alkyl; tried or unsubst 2s alkenyl, C6 alitynyl
or  Y is hydrogen, R. 04t, N14-R" or NRR; Z is OR, NFIR, NRR,
carboicamido, amido, carhoxy, carbonyl, or an amino acid restau R. is
hydrogen, acyl, S(0),,-R., carboxyl, carbonyl; or an amino acid
residue; 



each of RI',and it.77 is independently hydrogen, C.2;; alkenyl,
(2.2.6 alkynyl, aryl; heterocycle, halogen, CN,N.HR, NRR. or NO?.; n
is 0, 1 or 2; and each It smdependcxflR hydrogen.enylaryl, or
heterocycle. 100271in certain embodiments, accord;formula (A), X is
and or heterocyel2 alkenyl CH; alitynyi or alkyl; and Y is hydrogen,
R, 0-1t, NH-R, or NRR. [00281In another aspect; provided herein are
pure phosphoindote compounds according to formula (3); or
pharmaceutically acceptable salts, solvates, hydrates, esters or
prodmgs thereof:   wherein, e,g.:       X. is hydrogen; aryl or
heterocycle, which may be substituted or unsubstituted and which may
comprise aricyclic or spiro structure; C-2..6 alkenyi, C.2.6 alkynyl
or alkyl; I is hydrogen, R., 04<, NI-1.-RNRR; 'NliR, NR,R,
carboxamido, amibonyl, or anamino acid residue R is hydrogen, soy!,
S(0),-R, carboxyl, trbeoro acid residue;       each of R4', Rs', R6'
and RI is independently hydrogen, C2. alken C2..6 alkynyi, aryl,
heterocycle. halogen, CN, 01;:,i, OR, NI-IR, NRR, or NO2; n is 0, 1
or 2; and each R is independently hydrogen, alkyl, Ct.;atkenyl, C2.6 



heterocycle. b00291In certain embodiments, according to formula (B),
X is aryl or heterocycle; C.2"6 alkenyl C2.5 alkynyl or alkyl; and Y
is hydrogen, R, 04<, Nith-R, or NRR, 100301In another aspect,
provided herein are pharmaceutically acceptable salts, solvates,
hydrates, esters and prodnigs of the compounds. [00311in another
aspect, provided are pharmaceutical compositions comprising a
compound provided herein and one or more pharmaceutically acceptable
carriers, excipients or diluents, [00$2[another aspect, provided
herein arc methods or treating or preventing an HIV infection in a
host in need thereof by administering a compound or pharmaceutical
composition described herein, [00331In another aspect, provided
herein are methods of orally administering a compound of fc.innula
(A) or formula (B) for therapy or for treatment. As shown in the
examples below, certain compounds of formula (A) are orally
hioavailable with favorable pharinacokineties.  10034]in another
aspect, provided herein are methods of inhibiting a cylocidrome P450,
As shown in the examples bdow, certain compounds described herein are
effective m inhibit one or more cytochrome P450s including cylochrome
P450 3A4, cytochrome P450 208 and eyinchro.me P450 209. Accordingly,
provided herein are methods of using compounds provided herein to
inhibit a cytochrome P450. The methods comprise the step Of
contacting a cyctochrome P450 with an amount of a compound disclosed
herein such as a compound of fonnula CA) effective to inhibit the
eytochrome P450. l00351In another aspect, provided herein are methods
of modulating the pharrmicokinetics of a drug that is metabolized by
a cytochrome P450. The methods comprise the step of administering the
drug in combination or alternation with a compound described herein.
The drug can he arty pharmaceutically acceptable molecule known to
those of skill in the art to be metabolized by a crechrome P450. In
certain embodiments the cytochrome P450 is cytochrome P450 3A4,
cytoehrome P450 208 or cylocimorne P450 209, (00361The compounds
provided herein may beared alone in combination or alternation with
one or more other anti-viral agents. The compounds or their
compositions also can be used prophylactically to prevent or retard
the progression of clinical illness in individuals who carry an
anti4ilV antibody, who are HIV-antigen positive, or who have been
exposed to a HIV virus. [09371In another aspect, provided are
compositions and methods for the treatment of a host coinfected with
HIV and hepatitis B, comprising administering a pure compound
disclosed herein in combination with one or more agents effective for
the treatment of hepatitis B infection. In another aspect, provided
are compositions and men.ods thr he treatment of a host co-infected
with HIV and hepatitis C. comprising administering a pure compound
disclosed herein in combination with one or more agents effective for
the treatment of hepatitis C infection. [00381In another aspect,
provided are processes for the preparation of the compounds 



described herein, including enantiomerically pure phosphoindole
compounds. pure Sphosphoindole compounds, pure R-phosphoindole
compounds, pure compounds according to formula (Al. and pure
compounds according to formula (B). BR} EF DESCEUPTgON OF THE
DRAWINGS (00391Arystal structure of K.103N/511810. HIV Reverse  s a
schematic of the crystal structore Di K.1013N/IC HIV Reverse
Transcriptase with the 3-phosphoindole compound of FonEwla I.
[00411Figure 2A shows a crystal structure of a molecule of Compound
[0042113 shows a crystal structure of a molecule of Compound D
DESCREPTg0c,1 OF r'ttE.IpiactianckN          Provided are composUions
of matter, methods of use and phaimaceutical compositions for the
treatment of virus infections, particularly HIV infections, in
mammals, in particular, provided are pure 3-phosphoindo1e. compounds,
compositions comprising these compounds and methods of use of the
compounds and. compositions for the treatment or prophylaxis of an
infection including an IIIV infection in a host. In addition,
provided herein are processes for the preparation of pure
3-phosphoindoles, Definitions [0044]As used herein the term "pure"
when applied to a chiral compound; refers to an enantiomer of the
chiral compound substantially free from its opposite enantiomer
(i.e., in eitantiomeric excess). For example, the pure "R" form of a
compound is substantially free        "S" form of the compound and
is, thus, in enantiomeric excess of the "8" form. The ternMomerically
pure" or "pure enamiomer" denotes that the compound comprises an
excess of an enantiomer, it.g, more than 75% by weight, more than 80%
by weight, more than 85% by weight, more than 90% by weight, more
than 91% by weight, more than 92% by weight, more than 93% by weight,
more than 94% by weight, more than 95% by weight, more than 96% by
weight, more than 97% by weight, more than 98% by more than 98.5% by
weight, more than 99% by weight, more than 99.2% by weight,       an
993% by weight, more than 99.6% by weight, more than 99,7% by weight,
more than 99,8% by weight or more than 99.9% by weight, of the
enaritiomer, in certain embodiments, the weights are based 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
3(1-70%, 3(1-60%, 30%, 35%, 40%, 45%, 50%; 55% or 60%, or any
percentage in between. i00451As used herein and unless otherwise
indicated, the term "enantiornerically pure (S)-phosphoindole" or
"(8)-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 0%
by weight (R)-phesphoindole, at least  about 95% by weight
(S)-phosphoindole and at most about 5% by weight (R)- phosphoindole,
at least about 99% by weight (S)-phosphoindole and at most about 1%
by weight (2)-phosphoindole or at least about 99.9% by weight
(S)-phosphoindole and at most about 0.1% by weight (R)-phosphoindole.
In certain embodiments, the weights are based upon total weight of
the compound, i.e. both or all of the ertantiomers of the compound.
110046]As used herein and unless otherwise indicated, the
termtiomerically pure (R)-phosphoindole" refers, e.g,, to at least
about 80% by weight (Ri)- losphoindole and at most about 20% by
weight (S)-phosphoindole, at least about 90% by weight (R)-
phosphoindole and at most about 10% by weight (S)-phosphoindole, at
least about 95% by weight (R)-phospimirtdole and at most about 5% by
weight (S)-phosphoindole, at least 



about 9by weight GO-phosphoindole and at most about 1% by weight (S)-
phosphoindole, at least about 99,9% by weight (R)-phosphoindole or at
most about 0.1% by weight (5)-pliosphoindole. In certain embodiments,
the weights are based upon total weight of phosphoindole, i.e., both
or all enantiomers of the phosphoindole. [0041In the compositions
provided herein, enantiomerically pure phosphoindole of a
pharmacetsalt, solvate, hydrate, ester or prodrtig thereof can be
present with other active or inactive ingredients. For example, a
pharmaceutical composition comprising enarniomerically pure
(6)-phosphoindole can comprise, for example, about 90% excipient and
about 10% enuntioineilcally pure (8)-phosphoindole.. In certain
embodiments, the enantiomericatly pure (13)-phosphoiodole in such
compositions cart, for example, comprise, at least about. 99,9% by
weight (S)-phosphoindole and at most about 0.1% by
we'(R)-phosphoindole.. In certain embodiments, the active ingredient
can be formulated with little or no carrier, excipient or diluent.
[0048]Whenever a range is referred to herein, it includes
independently and separately every member of the rangon-limiting
example, the term "Cs -Cici alkyl" is considered to include,
independently, each member of the group, such that, for exam CK,
alkyl includes straight, branched and where appropriate cyclic C C2
, 0? and C alkyl funcitionalities. Similarly, as another non-limiting
example, 1-10% includes independently, 1%, 2%, 3%, 4%, 3%, 6%, 7%,
8%, 9% and 10%, as well as ranee in between such as 1-2%, 2-3%, etc.
0049[The term "chiral" as used herein includesthat has it is not
.tperimposable on its mirror image. (.130501The term "isolated"
includes a composition that includes at least 85 or 90% by weight,
95%, 98%, 99% or 100% by weight, of the compound.  100511The term
"alkyl" as used herein unless otherwise specified, includes a
saturated straight, branched, or cyclic primary, secondary or
tertiary hydrocarbon of typically C and specifically includes but is
not limited to methyl, CF), CCI3, CFC129CF2C1, ethyl, CH2C.F.3,
CF2CF3, propyl, isopropyl, cyclopropyi, butyl, isobutyl, sec-butyl,
if-butyl, pentyl, 'ciopentyl, isopenkyi, neopentyl, hexyl, isohexyl,
cyclohexyl, cyclohexylmethyl, 3- methy,2,2-dintethylbutyl, and
2,3-dimethylbutyl. The term includes both substituted and
unsubstituied alkyl groups, and particularly includes halogenated
alkyl groups and even more particuarly, fluonnated alkyl groups.
Non-limiting examples of moieties with which the alkyl group can be
substituted are selected from the group consistin, of halogen (fluor,
chimp, bromo or iodo), hydroxyl, amino, alkylamino, aryiamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic
acid, phosphate, m phosphonate, either unprotected or protected. as
necessary, as known to those of skill in the art, for example., as
taught by Greene et a , Protected Groups in Omani,. Synthesis John
Wiley and Sons, 2nd Ed., 1991. 



1OO52iThe term loweralkyl" as used herein and unless
otherwisespecified. refers to a         Erated straight, branched, or
if appropriate, a cyclic (fbr example, cycl propyl) alkyl group,
including both substituted and unsubstituted moieties, [00531The
terms "alkylamino"or "arylamino" refer to an amino group that has one
or two ray] or aryl substituents, respectively. Unless otherwise
specifically stated in this application, when alkyl is a suitable
moiety; then it is a tower alkyl, whether substituted or
unsubstituted, 100541As used herein, the tent "nitro' means ---NO2.;
the term "sulfiry y " meansSH; and the term "sulfortyr means -SO2.
100551The terms "aikenyl" and "alkynyt  includes alkyl moieties,
substituted and unsubstituted forms wherein at least one saturated CC
bond is re double or)le bond, Thus. C2.6 alk.enyl may he vinyl, aJly
Itropenyi, 2-propenyl, l- butenyl, 2-butenyl, 3-butenyl, I pentenyi,
2-pentertyl, 3-pentenyl, 4-pentenyi, I-hexenyl, hexenyl, 3-hexenyl,
4-hexeny or5-hexenyl. Similarly, C2.6 alkynyl may he ethynyl,
propynyl, 2-propynyi,Eutynyi, 1-peritynyl, 2-pentynyl, 3-pentynyl,
4-pentvnyi, l-hexynyi, 2hexynyl, 3hexynyl, 4-11exyrtyl, or 54iexynyl,
IOO56The term "alkylene" includes a saturated, straight chain,
divalem alkyl radical of the formula ---((:1-12),-, wherein "n" may
be any whole integer from 1 to 10. 100571", "alkoxy", "alkenyl",
"alkynyl", etc., inciudes both straight chain and branched groups.
However, reference to an individual radical such as "propyr embraces
only that straight-chain radical, whereas a branched chain isomer
such as"isopropyl" specifically termed such, [9058]The term
"protected" as used herein and unless otherwise defined refers to a
group that is added to an oxygen, nitrogen, sulfur or phosphorus atom
to prevent its further reaction or for other purposes. A wide variety
of oxygen, nitrogen, stint or phosphorus protecting groups are known
to those skilled in the art of organic synthesis, [9959]The termused
herein and unless otherwise specified refers to any monocycflc,
bicyclic, or tricyclic carbon ring of up to 8 members in each ring,
wherein at least one ring is aromatic as defined by the 1-luckel
4a1--2 rule, and especially phenyl,             phthyl. The term
includes both substituted and unsubstituted moieties. The aryl group
can be substituted with any described moiety, including but not
limited to one or more moieties selected front the group consisting
of halogen (fluor, chloro, bromo or todo), hydroxyl, amino, azido,
alkylamino, itrylantino, Aunt, aryloxy, nitro, c,yatio, sulfonic
acid, sulfate, phosphonic acid, phosphate, or phosphonate, either
protected or unprotected as necessary, as known to those skilled in
the art, for example, as taught in Greene et td., ['rote-ouPunis John
Wiley & Sons, 3rd Ed., 1999, 



100691The term" or "alkylaryl" refers to an alkyl group with an aryl
substituent or an alkyl group finked to the molecule through an aryl
group as defined herein, The term "at-alkyl" or "arylalkyl" refers to
an aryl group substituted with an alkyl substititent or linked to the
molecule through an alkyl group as defined above.          The term
"cycloalkyl" includes a ring of C3_5, including but not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclonctyl. I0962jThe termms a straight or branched chain alkyl group
having an attached oxygen radical, the alkyl group having the number
of carbons specified or any number within this range, For example, a
"-0-alkyl", C1.4 alkoxy, methoxy, etc, (0063jThe term "halo" as used
herein refers to any member of the halogen family, Specifically
included are fluor, cidoro, hromo and indo, [0064)The term "acyl" or
"04fiaked ester" includes a group of the forn a (2(0)R', wherein R'
is an straight, branched, or cyclic alkyl (including lowercarboxylate
residue of an amino acid, aryl including phenyl, heteroaryt, alkaryk,
aralkyl including, benzyi, alkoxyalkyl including inetboxymethyl,
aryloxyalkyl such as phenoxymethyl; or substituted alkyl (including
lower alkyl), aryi including phenyl optionally substituted with
chloro, bf 03130, fluor, iodo, Ci to C. alkyl or C.1 to (2,q alkoxy,
%ultimate esters such as alkyl or &alkyl sulphonyi including
methanesuifonyl, the mono, di or triphosphate ester, trityl or
monometboxy-trityl, substituted berizyl, alkatyl, aralkyi including
henzyi, alkoxyalkyl including methoxymethyl, asyloxyalkyl such as
phenoxymethyl. Aryl groups in the esters             prise a phenyl
group, in rionlinnting embodiments, acyl groups include acetyl,
trifluoroacetyl, methytacetyl, cyclopropylacetyl, cyclopropyl-
carboxy, propionyl, hmyryi, isobutyryl, hexanoyl, heptanoyloctanoyi,
neo-heptanoyl, phertylacetyl, 2-acetoxy-2- phettylacetyl,
diphenytacetyl, a-methoxy-a-trilluoromethyl-phenylacetyl, bromoacetyl
nitro-berizeneacetyl, 4-chloro-berizeneacety1,
2-chlom-2,2-dipheny1acetyl, 2-ch1oro-2- phenylacetyl,
frimethylacetyl, chlorodifluoroacetyl, perfluctroacetyl,
fluoroacetyl, bromodifluoroacetyl, methoxyacetyl, 24hiopheneacetyl,
chlorosulfonyiacetyl, 3- inethoxyphenylacetyl, pherioxyacetyl,
tert-hutylacetyl, trichloroace/yl, monochiormac dichloroacetyl,
711-dodecal1uoro-heptanoyl, perfluoro-heptanoyl, ftnoroheptanoyi,
7-chlorododecarmoro4heptartoyi, 7-chloro-dodecalltioro-heplanoyl, 7
dodecatittoroheptanoyis 7144odeca4lumoheptanoyi,
nona4luoro-3,6-dioxa-he/ptanoyi, nonalluctro-3,6-dioxaheptanoyl,
perlittoroheptanoyl, methoxybetrzoyl, methyl 3-arnino-5-
phenylthiophene-2-narboxyl, 3,6-dichloro-2-methoxy-benzoyl,
4-(I,1,2,24etrafluoroethoxy)-benzoyi, 2-bromo-propionyl,
omega-aminocapryi, decanoyl, mpentadecanoyl, stearyl,
3-cyclopetityl-propio.nyi, T-benzene-carboxyl, 0-acety1mande1yl,
pivaloyi ace/ adamantane-carboxyl, cyclohexanerearboxyl,
2,6-p.yridinedicarboxyl, cyciopropanecarboxyl, cyclobutane-carbcixyl,
perfluorocyclohexyi carboxyl, 4-inethylberizoyl, chkoromethyl
isoxazolyi carbonyl, perfluorocyclohexyl carboxyl, crotonyl,Li-
indazoe-3-car. bonyl, 2-propenyl, isoyaleryis I p y
frotidinecathonyi, 4-phenylbenzoyi.. The term "ac,ytamino" includes a
group having a structure of "-N(R')-CCr0)-IC wherein each R' is
independently as defined above. 19966The term "carbonyl" tncludes a
group of the structure" orC(-0)R' ", where X is 0, S, or a bond, and
each R is independently as defined above. [00671The term "heteratom"



includes a stable 5- to 7-membered monocyclic or stabil.. 8 to
I-membered bicyclic heterocyclic ring which is either saturated or
unsaturated, includtng hetcroaryl, and which consists of carbon
atom(s) and from one to four heteroatoms including but not limited to
0, N and 1'; and wherein the nitrogen and sulfur heteroatoms may
optionally be oxidized, and/or ;he nitrogen heteroatom quatemized,
and including any bicyclic group in which any  of the
above-identified heterocyclic rin Used to a benzene ring. The
heterocycl  may be attached at any heteroatom or carbon atom which
results in the creation of a stable structure. The heteroaromatic
ring may be partially or totally hydrogenated, as desired. For
example, dihydropyridine may be used in place of pyridine. Functional
oxygen and groupsnitrogen on a heteroari may be protected as
necessary or desired. Suitable protecting groups for oxygen or
nitrogen include trimethylsilyl. dimethylhexylsilyl, I-
butyldimetsilyl,trityl, substituted trityl, alkyl, methanesulfonyl,
p- toluenesulfonyl, or acyl groups such as acetyl and propionyl.
[006.91Non-limiting examples of heteroaryl and heterocyclic group
pyridazinyl, pyrazinyl, piperidinyl, piperazinyt thienyl pyrrolinyl,
pyrrolidinyl, imidazoly1 tetrazolyl, triazolyi, triazinyl, thiwinyl,
oxazolyl,         carbazolyl, qumolinyl, pyrazolyi, morpholinyl,
benzimidazolyt, 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, amide, nitro, cyano, sullonic acid,
sulfate, phosphonic acid, phosphate, or phosplionate, either
protected or unprotected as needed, as known to those skilled in the
art and as taught, for example, in Greene et al., Protective Orouns
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 "-Nib", and includes primary,
secondary and tertiary amines optionally substituted by alkyl, aryl,
heterocyclyl, and/or sulfonyl groups. Thus R2 may represent two
hydrogen atoms, two alkyl moieties, or one hydrogen and one alkyl
moiety. [00711The term "amino acid" or "amino acid residue" includes
naturally occurring and synthetic a, i, y, or a amino acids, and
includes but is not limited to, amino acids found in proteins, Le.
glycine, alanine, yaline, leucine, isoleucine, methionine,
pbenylalanine, tryptophan, proline, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, asparta e glutamate, lysine,
arginine and histidine, in one embodiment, the amino acid is in the
L.- configuration, hut can also be used in the D-configuration.
ARematively, the amino acid can be a derivative of alanyl, valinyl,
ieucinyl, isoleaccinyi, piolinyi, phertylalaninyl, tryptophanyl,
methioninyl, glycinyl, serinyt, threoninyl, eysteinyl, tyrosinyi,
asparaginyl, giutaminsd, asparthyl, giutaroyi, lysinyl, argininyt,
histidinyl, p-atanyt, 0-valinyt. p-phenyabninyl, 13-41-n-qophanyi,
P-methionin)  glyeinyt, f3serinyt, [i-threoninyl,-tyrosinyi, P-aspara
inyl, glutammyi, 3- 



aspartoyl,1-histidinyl. When the term amino acid is used, it is
considered to be a specific and independent disclosure of each of the
esters of cr,   y, or 6 glyeine, alanine, valine, leucine,
isoleucine, methionine, phenyialanine, tryptophan, praline, serine,
threonine, eysteine, tyrosine, asparagine, glutamine, aspartate
glutamate, lysine, arginine, and histidine in the D- and
1,coutigurations: (OO721The term "amid& as used herein includes an
amino-substituted carhonyl, while the termidino" means a group having
the structure "-C(=NH)-N112", 10073iCertain sulfur and
phosphorus-containing terms have the following structural
significances: "sultanate" includes a group of the structure
"-Si(-0)(-0)-OR.' "; "sulfate" includes a group of the structure";
"sulfonamide" includes a group of the structure "N(R")-S(-0)(-0)-R'
"; "sulfur:0yr includes a group of the structure "-
S(=0)(=0)-N(R')(RT; "phosphoryl" ineludcs a group of the structure
"-P(-0)-OR: "; and "phosphoroamidate" includes a group of the
stnicture "Q-P(NRER2)(-0)-OR' ", where each. R' is independently as
defined above. 100741The term "host", as used herein, refer to an
unicellular or multicellule organism in which the virus can
replicate, including cell linos and animals, and in certain
instances, a human. .Alternatively, the host can be carrying a part
of the HIV viral gell0filC, whose replication or function can he
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 genonie 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 resent invention (such as chimpanzees).
100751The term "substituted" includes multiple degrees of
substitution by one or more named substituents such as, for example,
halo ydroxyl, thio, alkyl, alkenyi, alkynyl, nitro, cc,fano, azido,
amino, carboxamido, etc Where multiple substituent possibilities
exist, the coMpellild can he substituted by one or more of the
disclosed or claimed substituent groups, independently from one
another, and taken. singly or plurally, Compounds 100761in certain
embodiments, provided herein are pure compounds according to formula
(A), or pharmaceutically acceptable salts, solvates, hydrates. esters
or prodrugs thereof;   scherein, X is hydrogen; aryl or heterocycle,
which nb ubstitined or unsubstituted and which may comprise a
bicyclic, tricyclic or spirt} structure; .C6kynyi or 



s hydrogen, R, 0-R., NH-R, or NRR; 'NKR, carboxamido, amide, carboxs
residue; ft$ is hydrogen, acyi, S(0),,-R, carboxyl, carbc vi
each of le R, ftW and R7' is independently hydrogen, C2._6 alkenyl, C
aryl, heterocycle, halogen, CN, Ch, OR, NI-IR, NRR, or NO2.; n is 0,
I or 2; and        each R is independently hydrogen, alkyl, C2_6
alkenyL C alkynyl, aryl, or hetcrocyda 0071In certain embodiments,
according to formula (A). X is ary or heteroe; C2_6 alkenyi, C26
alkynyi or alkyl; and 11 is hydrogen, R, O-R, NH-R, or NRR, 100781in
certain embodiments, according to formula (A), R.4' and fe'' are
independently hydrogen or halogen and X, Y, Z, R', R, RT, and R are
as defined above. 1.00791In certain embodiments, according to formula
(A): each of Rir and R5' is independently hydrogen or halogen; R6 and
R7' are hydrogen; RI is hydrogen or V is hydrogen, R, or X is
optionally substituted al Z is carboxamido, amido, car) )xyl, or
carbonyl; n is 0, 1 or 2; and each R is independently hydraor alkyl 



In certain embodiments, provided herein are pure compounds according
to formula (C), or a pharmaceutically acceptable salt, solvate,
hydrate, ester or pro:ling thereof: wherein. ICare Ende.pendent1y
hydrogen, halogen, alkyl, or C2... o alkenyl; and Rindependent R6'
and R.?' are hydrogen; RI is hydrogen or .S(0)"-R; Y is hydrogen, R,
or CI-R; Z is .arboxamido, amid, carboxyl, or carbonyl; n is 0, I or
2; and       each R is independently hydrogen or alkyl. MOI31]In
certain embodiments of tonnula (C.): Rand Rindependently alkyl or
C2..6 alkenyl each of which independentlyl may optionally be
substituted with CN or halogen; R?, R4 and R.' are hydrogen; each of
R4' and Rindependently hydrogen or halogen; Re' and RT are hydroatm,
Pi) is hydrogen or S(fTh-R; Y is hydrogen, R., or 0.-R: Z is
carboxamtdo, ME11(10, carboxy n is 0, t or each R. is independently
hydrogen or alkyl. [00821In certain embodiments, according to formula
(  



R3' and R? are independently alkyl or C2..6 alkenyl each of which
independently may optionally be substituted with CN or halogen; R1and
[{6" are hydrogen; each of R4. and its' is independently hydrogen or
halogen; R6' and Rr are hydrogen; 12. 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
phannceutieaIIy acceptable salts, solvates, hydrate; esters or
prodrugs thereof:  wherein the absolute e,enfiguration at the
phosphorus atom k K. The ehernical name of Compound 1 k (2-
Carbamoy1-5-ehloro-4-fluoro-
111-indo1-3-y1)43-((E)-2-cyano-viny0-5-methyl-phenyll-(R)-phosphiuic
acid methyl ester, and the empirical tOrmula is C2c,1116CIFIg303P
with amok:el:dm weight of 431.78. [0084)In one embodiment, provided
is a pure compound, or a phnnaceufieally acceptable salt, solvate,
hydrate, ester or prodinig thereof;   wherein the absoiam
confinminion at the phosphorus atom is HR. Thedeal name of Compound
ITI is
(3-Carbamoyl-S-chloro-lif-indol-3-y3413-((E)-2-cyano-vinyl)-5-triethy
l-phenylMR1-phosphinicacid methyl ester, and the empirical formula is
C12011;70N303P with a mobxadar weight of 413.79. [0085]in one
embodiment, provided is a pure compound selected from the group
consisting of:
(2-carbainoy1-5-chloro-ln-indel-3-y1)43-(011-2-eyano-viny0-5-melhyl-p
henyTh(B)-phosphinic acid methyl ester: and
(2-Carbamoyi-S-chloro-441uoin-III-indo1-3-,(0-13-0"E11-2-d1-5-methyl-
pbehylp(R)-phosphinic 



acid methyl ester, or a nhaimaceuticaiiy ancepraHe salt, solvate,
hydrate, ester or prodreg thereof. [0086]In certain embodiments,
provided herein are pure compounds according, to formula (B), or a
.phannacemically acceptable salt, solvate, hydrate, ester or prodsng
thereof:  (B) wherein, e.g.:: may be substituted or unsubslituted and
which may corn mac ibrevebe, tricyclic or spire alrantere: C,2,o
zdkenyi, C2.s aikyt$yl or Y is hydrogen, R,NH-R,, or NRR;       Z a
OR, NUL NRR, CarbOXAM:110, amide, carboxvi carbonyl, or an amino acid
residue; R.3 is hy,S(0)a, carboxyl, carbonyl, or an amino acid
residc-       each of Rs' , RR s independendy hycrogen. eg.t; aikeni,
Cr aryl. heterocycle heiogen. CM. Gbh OR., MIR, NRR, or NO2; n is 0,
1 or2; and each R is badependeruweet heterocycle,  [00871In certain
embodiments, according to formula (B), X is hydrogen; aryl or
heterocycle; C2,.#3 alkenyl, C2-,s alkynyl or alkyl; and Y is
hydrogen, H, 04, NH-R, or NRR, [0088]In certain embodiments,
according to formula (B), Ry and R5. are independently 



hydrogen or halogen and X, Y. Z, le,fe, and R are as defined above.
[00891In certain embodiments, according to formula (B), R4' and Rs'
each are independently hydrogen or halogen; R6' and RT are hydrogen;
I?: is hydrogen or Y is hydrogen, R, or 0-R; Z is carboxamido, amido,
carboxyl, or carbonyl; n is 0, 1 or 2; and each R is independently
hydrogen or alkyl 100901In certain embodiments, provided herein are
pure compounds according to formula (D), or a pharmaceutically
acceptable salt, solvate, hydrate, ester or prodrug thereof;  wnerein
ft,andaof indifnenden0s,aasy " an'UNNzek,et`c,et,Lki Rb' and RI are
hydrogen; v.;, K :s hyorogen or is hydrogen, R. or Oa; Z. is
carboxarnitio, an: do; carboxyi, or carhonyi; n is 0, 1 or 2: and
euch K is indepondendy hydrogen or aikyl. [0091;En cieriain
embodiments of loonnia (0):  



d 115" are independently alkyl or C2_6 alkenyl which may optionally
be substituted with CN or halogen; R2-, R4" and Fe are hydrogen; each
of R4' and RY is independently hydrogen or halogen; R6' and RT are
hydrogen; RI is hydrogen or Y is hydrogen, R, or O-R; Z is
carboxamido, amid, carboxyl, or carbonyl; n is 0, 1 or 2; and each R
is independently hydrogen or alkyl. [00921In certain embodiments of
formula (D):       Rrand R3" are independently alkyl or C2_6 alkenyl
which may optionally be substituted with CN or halogen; R2", R4" and
R6" are hydrogen; each of le and R5' is independently hydrogen or
halogen; R6' and 12.7 are hydrogen; RI is hydrogen; Y is 0-R; Z is
amido, carboxyl, or carbonyl; and each R is independently hydrogen or
alkyl. [0093)In one embodiment, provided is a pure compound, or a
pharmaceutically acceptable salt, solvate, hydrate, ester or prodnig
thereof:   



wherein the a;x3ans;e confmnrmion at the nasphorus atom is mmmo In a
embadimant, provided is a pmv ecnsmcmhd, or - accept able salt,or
prod:mg:hues& .sahenis   wherein the absolute configuration at the
phosphorust atom is S. ;00951In one embodiment prmyided is a pure
compound selected from the group cot:Ed.:ding of:
(2-eatbat3oyt..5-eh1orolli4ndo1-3-y1)434(E)-2-eyabo-eth}d-pheny11.-(S
)-ph phinic arid methyl ester; and
(2-Carbamoy1-5-eidore--4-fluore-1H-indot3-y1)4.34E)-2-cyano-yinyl)-5-
methylitherty1-(S)- phosphinic add methyl ester, or a
pharmaceutically aeceptab e suit, solvate, hydrate, ester or prodrug
thereof. INNIn certain embodiments, the compound according to (A)-(P)
or (1)-(1V) isthe enantiomericolly pure compound or a
pharmaceutically acceptabte ash, solvate, hydrate, ester or prodrug,
thereof, in certain embodiments, the compound according to (A)-(D) ot
HIV) is the enamiomerieolly pure compound or a phavosamaicaiiy
acceptable salt thereof in certain embodiments, the enantiomerioaily
pure compound comprises at least about 80% by weight of the
designated entugiomer and at most about 20% by weight of the other
enantiomer or other stereoisomer(s), a teast about 90% by weight of
the designated enonttomer and at liaost about 10% by weight of the
other eatiomer or other sierettomer(s), at least about 9,54 by weight
of the designated mendouter and at most about 5% by weight of the
other enantiorner or other sterwisomer(s), at least about 96,6% by
weight of the designated taut:ion:ex and at most about 3,4% by weight
of the other entottiomes of other stemoisonter(s), at least about 97%
by weight of the designated enantiomer and at most about 3% by weight
or the other enantiomer or other steteoisomee(s), at least about 99%
by weight of the desipated enantiomer and at most about 1% by weight
of the other onantiorder or other Kterti)iso( 5), or at least about
99.9% by weight of the designated enautiomer and at most about 0,1%
by weight of the other enardiomer or other stercoisomer(s). In
oertalat embodiments, the weights are based upon total tsmi00 of the
compound.  [OO971Also provided are compounds that may be given as a
stilt, ester or prodrug that, upon administration to the recipient,
and provide directly or indirectly a compound provided herein or that
exhibits the desired activity itself Pharmaceutically Acceptable
Salts, Frodrugs, Steroisornen and uers [00981A compound provided
herein can be adm-red as any salt prodrug that 



upon administration to the recipient is capable of providing directly
or indirectly the parent compound, or that exhibits activity itself,
Noniiniiting examplespharmaceutically or physiologically acceptable
salts. The phrase "pharmaceutically or physiologically acceptable
salt or prodrug" is used throughout the specification to describe any
pharmaceutically acceptable form (such as an ester, amide, salt of an
ester, salt elan amide or related group) of a compound that, upon
administration to a patient, provides an active compound of the
invention. Modifications like these can affect the. biological
activity of the compound, in some cases increasing the activity over
the parent compound, [00991The tem; "pharmaceutically acceptable
salt" refers to the state of a compound in which the compound carries
a counterion that is pharmaceutically acceptable, and wherein the
salt retains the desired biological activity of the herein-identified
compounds while exhibiting minimal undesired toxicological effects.
Such salts are nontoxic, therapeutically useful corms of the
compounds of the present invention. Any salt that retains the desired
biological activity of the compounds contained herein and that
exhibits minimal or no undesired or toxicological effects is intended
for inclusion here. Pharmaceutically acceptable salts include those
derived from pharmaceutically acceptable organic or inorganic acids
and bases. Nonthannacentically acceptable acids and bases also find
use herein, as for example, in. the synthesis and/or purification of
the compounds of interest, Thus, all "salts" are intended for
inclusion here, [001001Pharmaceutically acceptable salts include
those derived from pharmaLeutically acceptable inorganic or organic
bases and acids, and include tosyiate, methanesulonate, acetate,
citrate, malonate, tartarate, succinate, benzoate ascorbate,
alpha-kezoglutarate, alplitc-glyeerophosphate, formate, ftima rate,
propionate, giycolate, lactate, pyruvine, oxalate, maleate,
salicylate, sulfate, sultanate, nitrate, bicarbonate, hydrobromate,
hydrobrotnide, hydroiodide, carbonate, and phosphoric acid salts, A
particular embodiment is the mono- or di-hydrochloride salt, Suitable
salts include those derived from alkali metals such as potassium and
sodium, alkaline earth metals such as calcium and magnesium, among
numerous other acids well known in the pharmaceutical art
Pharmaceutically acceptable  prodrugs refer to a compound that is
metabolized, for example hydrolyzed or oxidized, the host to form the
compound of the present invention. Typical examples of prodolgs
include compounds thatlabile protecting groups on a functional moiety
of the active compound, including but not limited to an ester or acyl
moiety. Prodrugs include compounds that can be oxidized, reduced,
aminated, deaminated, hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated, deacylated,
phosphorylated, dephospherylated to produce the active compound,
1001011Phaimaceutically acceptable salts may be obtained by using
standard procedures well known in the art, for example, by reacting a
sufficiently basic compound such as an amine with a suitable acid
affording a physiologically acceptable anion. Alkali metal (such as
potassium, sodium or lithium') or alkaline earth metal (such as
calcium) salts of carboxylic acids also can he made.
100162!Non-limiting examples of suitable salts include those derived
from inorganic acids, such as, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, nitric: acid,
hicarhonic acid, carbonic acid; and salts formed with organic acids,



polo51 In one embodiment, provided art methods for the rmatment or
prophylaxis of an NWbfeetion in a host, comprising administetiug an
turtivirally-effraative amount of a compound deneribed herein,
including a coEnpotmd of Formulas A4) or Compounds 1-IV or table
salt, ester or prodrog thereof, 'The compounds may be -..ceptahkr
carrier or diluent, 1001In another prixwipa etabodlinent.the use of a
compound disclosed including a compound of Fotmula Ai) or Compounds
I-IV, or a pharmaceutically acceptable salt, ester or prodata
thereof, 17E3 the treatment or prephy;axis of an Hi'v? infection
optionally in combination with a phartnacentically aceetaahle carrier
or diluent in  OOlO7I 'The use of a compound described herein, or a
ph xrsaceulicaflv acceptable salt, ester or pmdrug thereof, in the
manufacture of a medicament. fin' the treatment or prophylaxis of an
HIV infection in a host, optionally in combination with
phamracemically acceptable carrier or diluent also is provided,
1.001081 in one embodiment, a method of treatment or prophylaxis of
an mV infection provided, comprising administering a 3-ohosplioindohe
compound substantially in the form of one enantiomer, or a
pharmaceutically acceptable scat, ester or nrodrug, thereof,
optionally in combination with a pharmaceutically acceptable earner,
to a host in need thereof. In one embodiment, the 3- phosnhoindole is
of Formula A, in another embodiment, the componnil is of Formula B.
In one embodiment, the 3-nhosphoindole is of Formula C, In one
embodiment, the 3-phosphoindole is of Formula D. In one embodiment,
the 3-,nhosphoindde is of Formula I, wherein the absolute
stereochemisny at phosphorus is it, in another embodiment, the
aphosphoitalole is of Formula '1, with S absolute stereochemistry, In
a further embodiment, the 5-phosphoin dole may be of Formula ill,
with R absolute stereochemistry in another embodiment, the
3-phosphoindote is represented by Formula IV, with S absolute
stereochemistry, lOIi U$i In other embediments the host can have been
diag,nosed by ea:nu:me:nem of an :mtibody titer in blood. in SSIOShSt
SinbOdiMett,. the COMpOMSin a3t: administered  to reduce or prevent
symptoms of AIDS (acquired immune deficiency syndrome) in a host. In
yet another embodiment the compounds disclosed herein are
administered to a host at risk of infection with 1-11V. 1001101 in
another embodiment, theound exhibits activity against drug resistant
forms of HIV, and thus exhibits decreased CXOSS-17 sistatice against
currently approved antiviral therapies. The phrase "activity against
a drug-resistant form of HIV" means that a compound (or its prodntg
or pharmaceutically acceptable salt) is active against the mutant
strain with an EC50 e.,g,, of less than approximately 50, 25, 10 or 1
micromolar concentration in one embodiment, the non-nucleoside
reverse transcriptase inhibitor (NNRT1) displays an EC50 (in molar
concentration) against a mutant HIV strain of less than            y
5, 2.5, 1 or 0,1 micromolar. In one non-limiting embodiment, the HIV
mutant strain has a reverse trancriptase mutation at lysine 103 -3
asparagine and/or tyrosine 181 -3 cysteine. [00111Compounds provided
herein can be assessed for their ability to inhibit reverse
transcriptase activity in vitro according, to standard screening
methods. The spectrum of activity exhibited by any particular
compound is determined by evaluating the compound in assays described
in this specification or with other confirmatory assays known to
those skilled in the art of anti-HIV compounds. Compounds can exhibit
an EC50 of less than 10- 15 p.M. [00112) in one embodiment, the



of HIV, In another embodiment,f administering two or more such agents
in combination and/or alternation produces an additive effect in
inhibiting HIV replication. 1001.141In certain embodiments, the
indole compound is administered in combination and/or alternation
with one or more anti-HBV or one or more anti-HC.V agents. For
instance, in certain embodiments, the indole compound can be
administered to a host co.- infected with HIV and HBV in combination
with an agent effective for the treatment of HBV. The agent effective
for the treatment of HBV can be any such agent known to those of
skill in the an. Exemplary agents are described herein. in certain
embodiments, the. indole compound can be administered to a host
co-infe.cted with HIV and HCV combination with art agent effective
for the treatment of ,fst, The agent effective for the treatment of
HCV can be any such agent known to those of skill in the art.
1001.15]n certain embodiments, the indole compound is administered in
combination and/or alternation with one or more agents that are
metabolized by cylocitrome P450 monooxygenase, The agent can be any
agent known to those of skill in the art to be metabolized by a
cytochrome P450 monooxygenase. Exemplary agents are described herein,
in certain embodients, the cytochrome P450 is cytochrome P450 3A4,
cytochrome P450 2C8 of cytochrome P450 2C9. [001161In combination
therapy, effective dosages of two or more agents are administered
together, whereas during alternation therapy an effective dosage of
each agent is administered serially. The dosages will depend upon
absorption, inactivation, and excretion rates of the drugs as well as
other factors known to those of skill in the an. Dosage values also
will vary with the severity of the condition to be alleviated. For
any particular individual, specific dosage regimens and schedules
should be adjusted over time to meet the needs of the individual and
the professional judgment of the person administering or supervising
the administration of the compositions !NIP] Drug resistance most
typically occurs by mutation of a gene that encodes for an enzyme
used in the viral replication cycle. it has been demonstrated that
the efficacy of an anti-HIV drug can be prolonged, augmented or
restored by administering the compound in combination or alternation
with a second, and perhaps third, antiviral compound that induces a
different inutation(s) from that selected for by the principle drug.
Such drug combinations simultaneously reduce the possibility of
resistance to any single drug and any associated toxic effects.
Alternatively, the phannacokinetics, hiodistributicin, 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  combination to he given at
a dosage lower than what would be required when the drug is
administered as a monothera.peutic. Likewise, when drugs that target
different stages of the viral life cycle are combined, there exists
the possibility for potentiating their effects. Moreover, use of
combinations of drufErs could lower or eliminate undesirable
side-effects from a single drug while still producing
antiviralgeneral, combination therapy is typically preferred over
alternation therapy because it places multiple, simultaneous
pressures on the virus. llICV Agents l00n81Interferon% (ifiNs) for
the treatment of chronic hepatitis have been made available
commercially for nearly a decade, and form the basis of currently
available approved therapies for HCV. IFNs are glycoproteins produced



10012iOther forms of interferon alpha as well as interferon, tan and
omega currently are in development for the treatment of HCV. Examples
included here are INFERGEN, interferon alphacon-I, by Mb:TN:lune;
ON4NIFERON, a natural interferon, by Viragen; A.E.BUFERON by Human
Genuine Sciences; REBEF, interferon beta-la, by AresSerono; Omega
interferon by BloMedieine; Oral Interferon Alpha by Amarillo
Biosciences; and interferons gamma, tau and gamma 1-14 by InterN4une.
[00122)'Ribavirin (1-0-0-ribaniranosyl- -1,2,4-triazoiy1-34;
:arboxamide) is a sy non-interferon inducing, broad spectrum
antiviral nucleoside analog sold under the trade name, Virazole (The
Merck Index,Ed., 1909, Editor: Butiavari, S. Merck & Co., Inc Rahway,
NS; p. 1304). See U.S. Pat. N 3.79,209 and RE29,835. Structurally
ribavirin is similar to guanosine and has in t,activity against
several DNA and RNA viruses including Haviviridae (Gary L. Davis,
2000, Ge.:s(roenterology, IM:S104-S114), [001231Ribavirin reduces
serum amino transferase levels to normal in 40% of patients, but it
does not iower serum levels of 14CV-RNA (Gary L, Davis, 2000,
Gastroenterology, li&S104-S114). Thus, ribavirin alone is not
effective in reducing viral RNA levels, In addition, ribavirin ha.s
significantknot to induce anemia. It is not approved for mono:therapy
against 11C,V, but has been approved in combination with interferon
alpha 2a or interferon alplia-2h for the treatment of HGV. 1001241The
current standard of care for chronic hepatitis C is combination
therapy with an alpha interferon and ribavirin. Studies have shown
that more patients with HEN respond to pegylated
interferon-aiphalribavirin combination therapy than to combination
therapy with unpegyiated interferon alpha. However, as with
monothetapy, significant side effects develop during combination
therapy, including isemolysis, thi-like symptoms, anemia and fatigue
(Gary L. Davis; 2000, Gastroenterology, 118:5104-S 114), 10012S/
Combination therapy with PEG-1NTROte (peginterferon alpha-2b) and
PEBETOIY) (Ribivarin, USP) capsules is available from Schering
Corporation,  REBETOL from Schering Corporation also has been
approved in combination with INTRON? A (recombinant interferon alpha-
b from Schering Corporation), Roche's PEOASYe (pen-lined interferon
alpha-2a) and COPEOUSIE". (ribavirin) also have been approved for the
treatment of FICV infection. [00126l PCTs WO 99/59621, WO 00/37110,
WO 01 /81359, WO 02/32414 and WO 03/024461 all to Schedng Corporation
disclose the use of pegylated interferon alpha and ribavirin
combination therapy for the treatment of l'ICV infection, PC,Ts WO
99/15194; WO 99/64016 and WO 00/24355 all to Hoffinarin-LaRoche,
Inc., also disclose the combined use of pegylated interferon alpha
and ribavirin for ITC. V- infection treatment. [001271The development
of new antiviral agents for treating flaviviriclete infections,
especially for infections by hepacivirus TICV, are under development.
Specific inhibitors of FICV-derived enzymes like protease, helicase,
and polymerase are being studied. Drugs that inhibit steps in 1401
replication also are being investigated and include drugs that block
production of FICY antigens from RNA (IRES inhibitors), drugs that
prevent the normal processing of FICV proteins (glycosylation
inhibitors), dings that block entry of 1-ICV into cells such as by
blocking its receptors, and nonspecific 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



b. Substrate inhibitors that terminate in an electrophile like
boronic acid or phosplionate are shown by I:lint-Is-Brunet et al. in
WO 99/07734, c, Non-substrate based N83 protease inhibitors such as
2,4,6-trihydrosy-3-nitrobenzatnide derivatives, 1(1/3-4082 and
RD3-4078 (the former substituted on the amide with a 14-carbon chain
and the latter having a pam-phenoxyphenyi  group), shown by Sudo et
al.Biochemical and Biophysical Res. Comm,, 1997, 238:643-7, and in
Antiviral Clieanisiry and Chemotherapy, 1998, 9:186; ti. Sett 68631,
a phenatithronequinone, disclosed by Chu et al. in Tetrahedron
Letters, 1996, 37[7229-32 and Sob 351633, isolated from the Ilingus
Pen/el/Bum griseofialPuni, disclosed by Chu et al. in Bioorganie and
Medicinal Chem. Lett, 9:1949-52; e. Buhr: c, a macromolecule isolated
from leech, that exhibits milometer potency inhibition against
several serine proteases like S. griseug proteascs A and B,
a-chymotrypsin, ehymase, and subtilisin, as disclosed by Qasim et
al., ochernisiiy, 1997,36:15981507: f, Cystdne protease inhibitors
for inhibiting 1-iCY endopeptidase 2, as disclosed inUS. Pat. No.
6,004,933 to Spruce et al.; g. Synthetic inhibitors of hepatitis C
virus NS3 protease or NS4A cofactor that axe subsequences of
substrates utilized by the protease and/or cofactor, as shown in US,
Pat, No, 5,990,276 to Thana et al.; h. Restriction enzymes to treat
liCV as disclosed in U.S. Pat. No, 5,538,865 to Reyes et al.; 1.
Peptides such as N83 senile 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;      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.
Diary' peptides like serine protease inhibitors of HCV as taught by
Scherina Corporation in WO 02/48172; I. imidazoliclinones like NS3
serine protease inhibitors of HO/ as disclosed in WO 02/08198 to
Schering Corporation and WO 02/48157 to Bristol Myets Squibb; and m.
FICV protease. inhibitors as taught by Vertex Phannaceuticals in WO
98/17679 and by Bristol Myers Squibb in WO 02/48116,
Thiazolidine derivatives that show televant inhibition in a
reverse-phase FIPLCay with an N83/4A fusion protein and NSSAI5B
substrate, as demonstrated by  Thiazolidines and hcnmniiides as
disclosed by Kaltitichi et al. 3, and Takeshita et at, Anal pncal
Biochemisrrp, 1997, 247.-242-46           Helicase inhibitors as
disclosed by Diana et al in U.S. Pal, No, 5,633,358 and WC) 97/36554;



Nucleotide polymerase inhibitors 1999, 73:164954; Ceruienin, a
naturalshown by V. Lehmann rod ADthell3t phosphorothoate
oiigodeoxynueleotides (S-)DN) erplemen to sequence stretches in the
5'non-ceding (NCR) of the Raviviriciae virus s demonstrated by M. AR
et al,, f-/epaa/ogv, 1995, 22:707-717,           Nucleotides 326-348
comprising the 3' end of the NCR and nucleotides 371383 located in
the core coding region of the 1-1.CV RNA, as shown by 1\4. Alt et at,
rology, 1997, 142:589-599; Galderisi et at, I. of Cellular
Physiology. 1:251-257; 9)Inhibitors ofES-dependent translationby
Ikeda et at, JR- 08268890, and Y, Kai et at. JP-10101591
0)Ribozytnes, such as nuclease-resistant ribozymes as shown by D.D,
Macciak et at. Hepatology, 1999, 30:abstract no. 995; Barber et al.
in U.S. Pat. No. 6,043,07 and Draper et at in U.S. 5,869,253 and
5,610,054; 11)Nucleoside analogs including the use of branched
nucleosides in the treatment of flavivituses, pestiviruses, and
hepacivirus, as shown by Idenix Pharmaceuticals in WO 01/92282, WC.)
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
flavivirtis infection in humans and other host animals that includes
administering an effective amount of biologically active 1', 2', or
4)--branched ii-D or p- L. nucleosides or a pharmaceuticany
acceptable sa t or derivative thereof, administered either :done or
in combination with another antiviral agent, optionally in a
pharmaceutically acceptable carrier, Nucleoside analogues are also
1011Eld in WO 01/32153 and WC) 01/60:315 to BioChern Pharma, Inc.
(now Shire Biochem, Inc.); WO 02/057425 and WO 021057287 filed by
Merck & Co., Inc.; WO 02/18404 by Roche; WO 01179246, WC) 02/32920,
and WO 02/48165 from Pharmasset, Ltd.; and WO 99/43691 to Emory
University. At the Oral Session V, Hepatitis C Virus, Haviviridae, Mu
International Conference on Antiviral Research, April 27, 2003,
Savannah, CA, 2'-modified nucleosides for  inhihitron of HCV were
described by Elnrup et al.; nucleoside analogues as possible
IICV RNA replication were taught by Bhar et al. (p. A75), wherein the
author renorted that 2'-modified nucleosides demonstrate potent
inhibitory activity in cell-based replicon assays; the effect of
2'-modified nucleosides on IICV RNA replication was reponed by Olsen
et al, (ft. A76),  12) Miscellaneous compounds being developed to
treat filavittir.dac infections and hepatitis C infections in
particular include: 1-.amino-alkyleyelobexanes as described in U.S,
Pat, No. 5,034,134 to Gold et al.; alkyl lipids,1vitamin Ti and other
antioxidants in U.S. Pat. No, 5,922,757 to Chojicier et al.;
squalene, amantadine, and bile acids as shown in U.S. Pat, 'No.
5,846,964 to Ozeki et at; N-(phosphonoacety1)-L-aspartie acid and
piperidines as found in U.S. Pat, No. 5,830,905 Diana et al.;
benzenedicarboxamides as disclosed in U.S. Pat, No. 5,633,388 to
Diana et al.; pilie acid derivatives as described in US. Pat, No.
.5,496,546 to Wang; et al,; 2',3'-dideoxyinosine as found in U.S.
Pat, No, 5,026,687 to Yarchaon et at; benzirindazoles as demonstrated
in U.S. Pat. No. 5;891374 to Colacino et at; and plant extracts as
shown in US. Pat, No.5,837257 to Tsai et al, and U.S. Pa:, No,
5,725,859 to Omer et al. 



13) Compounds cunently in preclinical or clinical development for
treatment of hepatitis C virus, including: Interleukin40 by Sobering
Plough; IP-501 by Internet:ran; Merimehodib (VX-497) by Vertex;
AMANTAD1NE(r) (Symmeiret) by Endo Labs Solvay; FlEPTAZYME by RPI;
IDN4556 by 'dun Pharmaceuticals; XTL-002 by XTIA 1-ICVINIF59 by
Clifton; CIVACile (Hepatitis C Immune Globulin) by NAB1; LEVOV1R[N'
by ICN/Ribapharm; VIRAMIDINE by 1CN/Ribapharm (Valearit); ZADAXIN
(thymosin alpha-1) by Sci Clone; thymosin plus pegylated interferon
by Sci Clone; CEPLENE(r) (histamine dihydrochloride) by Maxim; VX
9504,1{ 570310 by Vertex/Eh Lilly; ISIS 14803 by Isis
Pharmaceutical/Elan; 11K 003 by AKR;OS Marina; BILN-206I by
Boehring,er Ingelheisn; Ceiteept (mycophenolate mofetil) by Roche;
T67 (P-tubulin inhibitor) by Tulatik, a therapeutic vaccine directed
to E2 by Innogenetics; F1(788byFujisawaHealthcare,inc.;Id131016
(Siliphos, oral silybin- phosphatydylcholine phytosome); an RNA
replication inhibitor VP50406 by ViroPhartn&Wyeth; therapeutic
vaccines by intercell and Epiminune/Genencor; an 1RES inhibitor by
Anadys; ANA 245 and ANA 246 by Anadys; immunotherapy "Therapore" by
Avant; protease inhibitors by Bristol Myers Squibb/Axys and
Corvas/Schering; helicase inhibitor by Vertex; a fusion inhibitor by
Irimeris; T cell therapy by CellExSys; polyinerase inhibitor by
Biocryst; targeted RNA chemistry by PIC Therapeutics;  Dication by
Imintech, International; protease inhibitors by- Agouron and
Chiron/Meth (, antisense therapies by AVI BioPharina and Hybriden; a
hemopuri6er by Aethion Medical; a therapeutic vaccine by Merix;
"C.:hron-VacC", a therapeutic vaccine, by Tripep; UT 2318 by United
Therapeutics; protease, hclicase and polymerase inhibitors by
Gehelabs Technologies; IRES inhibitors by immusol; R803 by
Pharmaceuticals; INFERGEN (interferon alphacen-l) by InterMane;
ONINIFERON1c (natural interferon) by Viragen; ALBUFERON by Human
Cienome Sciences; REBIF(r) (interferon betal a) by Ares-Serono; Omega
interferon by BioNledicine; Oral Interferon               lo
Biosciences; interferons gamma, (au and gamma lbby InterMune;
consensus interferon by Valeam; Nexavar by Onyx Pharmaceuticals;
Pi-SS by Progen Industries; doxorublein transdrug by BioAlliance
Pharma; IBK-122 by Jenken Bios.ciences; Valopicitabine by Id:mix;
VOX-410C by VOX Pharmaceuticals; Celgosivir by Nifigenix; Suvus by
Bioenvision; Multiferon by Viragen; omega interferon by intarcia;
INN00101 (El) by Innagenetics; PF403491390 by Pfizer; medusa
interferon by Flinnel Technologies; 1C41 by intercell; SCR 503034 by
Schering,; 0126270 by GlaxoSrnitliKline; CV 1001 by Pharmexa; R1626
by Roche; Maxygen/Roche; R7128 by Pliarmasset/Roche; Belerofen by
Nautilus Biotech; Alinia by Remark; Bavituximab by Peregrine; Oral
interferon alpha by Amarillo Biosciences; NOV-205 by Novelos; 5005 by
Globelmmune; HCV-796 by ViroPhannalWyeth; HCV/MF59 by Chiron
Thervartis; EMZ702 by Transition Therapeutics; AVI-4065 by
Biripharma; ANA975 by .A,NADYS; MitoQ by Antipodean Phimnaceaticals,
Inc; ACH-0137171 by Ai:billion Pharmaceuticals; R1626 by Roche;
XIL-2125 by XTL; X11-6865 by XTL; BLX-883 by Biolex Therapeutics /
OctoPlus; DEBIO 325 by DEBIO; and UT-23113 by United Therapeutics;
and 14)Nucleoside prodnigs as preyly described for the treatment of
ler forms of hepatitis, includingdeoxy-R-L-nucleosides and their
3'-prodrugs for the treatment of 1411)1 as disetosed in WO 00/09531
and WO 01/96353 m Idenix Pharmaceuticals; and therapeutic esters of
acyclovir as shoyen in U.S. Pat. No. 4,957,924 to Beauchamp.



1901311in certain embodiments, the hepatitis B agent is FTC
(Emtricitabine, Gil FMAU (Clevudine, Pharmasset; Levovir, Bukwang),
tenofevir (Viread, Gilead), monoval LdC (Valtorcitabine, idenix),
DAPD (Amdoxovir, RES Pharm LLC), Ana 380 (LB80380, Anadys), remofovir
(Pradefovir, Schering-Plough), racivir (RCIV. Phatmasset), 13AM-205
(NOV-205, Noveios), XTL-001 (liepeX-B, XTL Blopharm; Cubist),
nitoxanide (Alinia, Rol-nark Labs), UT 23 LB (United Therapeutics),
Bay 41-4109 (Bayer), EHT899 (Frao Biochem), thymosin alpha.-1
(Zadaxim SciClone), Hi8 HEW (0xxon), eiRNA (ElepX, Nucleonics),
flepaVaxx B (Virexx), REV Core Antigen Vaccine ergent Europe), or
SpecitEx-liepB (Clinamos), Other antiviral agents o0132!Any of the
viral treatments described in the Background of the invention herein
elsewhere can be used in combination or alternation with the
compounds described in this specification. Non-limiting examples
include a) protease inhibitors; b) thiazolidine derivatives; el
helicase inhibitors; d) benzatillides; e) phenanthrenequinones; f)
polytnerase inhibitors and gliotoxim g) amisense phosphorothioate al
igodeoxynucleotides (8-ODN); h) inhibitors of IRES-dependent
translation; i) ribozyrnes; j) nucleoside analogues; k) disubstituted
nucleoside analogues as disclosed by 1denix Pharmaceuticals in WO
01/90121, WO 01/92282, WO 04/00300, WO 04/002999, and WO 04/002422;1)
214luoronucleoside analogues; m) 1-NHrrilkyleyclohexartes; n) alkyl
lipids; o) vitamin E and other antioxidants; p) squalene, amantadine
and bile acids; q) Nlphosphonoacetyll-L-aspartic acid; r)
benzenedicarboxamides; s) polyadenylie acid derivatives; t)
benzimidazoles; u) 2',3'-dideoxyinosine; v) plant extracts; w)
piperidines; and x) other compounds currently in  reel:Racal or
clinicai development for the treatment of pestiviruses, flaviviruses
and/or hepacivirns, including ribavirin and the families of
interterons.  1001331 The second atniviral agent for the treatment of
HIV can be, for example, a protease inhibitor, an HEY-integrase
inhibitor, a ehemokine inhibitor, or a reverse transcriptase
inhibitor ("RTITh the latter of which can either be a synthetic
nucleoside reverse transcriptase inhibitor ("NRTI") or a
non-nucleoside reverse trariscriptase irthi ("NNRII"), in other
embodiments, a second or third compound may be a pyrophosphate analog
or a fusion-binding, inhibitor. A list compiling resistance data
collected it: vitro and /n vivo forain antiviral compounds is found
in Schinazi et al., Mutations in retroviral genes associated with
drug resistance, Irational ilnifit1997, 5(8). [001341 In certain
embodiments, the indole compound is administered in combination
and/or alternation with FTC (2",3"-didetorocytital :); 141W94
(ainprertavir, taxa Wellcome; MO; Viriumme (nes,e); Rescriptor
(delavildine); DMP-266 (efavirenz); DIA (2',3"-dideoxyinosine); 3Te
(3"4hia-2",3"-dideoxycy1idine); DOC (2',3'- dideoxycytidine),
abacavir (15921389), which is (I
8,49,.)-4-[(2-amino-6-cyclopropylamino)-914-pur3n-9-y11-2-cyclopenten
e-1-methanol succinate, TenotbvirDi Viread), D41, or AZT', 51 Other
exampks of antiviral agents that can he used in combinat aiternation
with the compounds disclosed herein include, but are not limited to,
foseamet, carbovir; acyclovir; interferon; Elision inhibitors such as
enfuvirtide; and II-Ddioxolane nucleosides such
asiI-D-diozoianylguanine (DXG), Ii-D-dioxolany1-2,6-diaminopurine
(1)APD), and ft-D-dicixolanyl-6-chloropurine (ACP). Interferons that
may be used include Schering-Plough's alpha interferon-2b products,



phosphoindole to augment its anti-viral properties include (IS, 4R)-4
2-amino-6- cyclopropyl-amino-9H-puria-9-y11-2-cyclopentene4-methano1
suer:Mate (1592(189, a earbovir analog, from GlaxoSmithKline); BILA
1906 (N- IIS-[[[3-1:2S-1(1
dimethylethyl)amino]carbony11-4R-13-pyrindinylmelhyl)thiok I
-piperidinyl]-2R-bydroxy- I S-phenylmethyl)propyli-aminoicar
bony11-2-rnethylpropyi}-2-quinolinecarboxamide) (Bio MegalBoehringer
(ngelheim); DILA 2185
(N-(1,1-dimethylethyl)-1-1:2S-[[(2-2,6-dimethylphenox yj- I -oxoct
hyl jam i no1-2 R-hyd roxy-4 -phenyl butyli4R-py rid inylth
earboxamide) (Bio Mega/Bee'hinge; Ingetheir(); BM-(5I .0836
(triazoloiso-indolinone derivative) and BMS 186318 (aminodiol
dedvative 1-11V-1 protease inhibitor) (Bristol-Myers Squibb); d4API
(942,5-dihydro-5-(phosphonotriethoxy)-2-furanylkaderiine) (Gilead);
H8Y097 (S-4-1opropoxycarbony1-6-methoxy-34methylthio-methy11-3,4-
dihydroquinoxa1in-2(11:)4hione); BEET
(1-[(2-hydroxy-cthrory)methy1]64plienylthloithymine);
KNI-27io-2-hydroxy-4-phenyibutyric acid-containing tripeptidc);
L697,593 (5-ethy1-6-metthyl-342-phthalimido-ethy1)pyridin-2( I
H)-one); L732,524 (hydroxy-amimapentarie am:del-UV-I, protease
inhibitor) (Merck & Co.); L697,661 (34
l(-4,7-dichloro-1,3-berizoxazol-2-y1)methyliamino}-5-cthyl-6-methyl-p
yridin2(111)-one); 1.:-EDDC (01)-L-5-nuoto-2",3"-dideoxycytidine);
L-FDOC 0:+p-L-s-nuorodioxolane cytosine); PFA (phosphonotbnnate;
"foseamet"; Astra); PMEA (942- phosphonylinethoxyethylIadenine)
(Gilead); PMPA ((R)-9-(2-phosphonylmethoxy-propyl) adenine) (Gilead);
Ro 31-8959 (hydroxyeahykunine derivative 111V-1 protease inhibitor)
(Roche); RPI-3121 (peptidyl protease inhibitor,
1-[(3S)-34n-alpha-henzy1oxy-earbonyl)-1-
asparg,inylyronnio-2-hydroxy-4-phenylbutyryft-n-tert-buty1-1-proline
amide); 2720 (6- chl oro-3,3-d imetny
i-4-(lsopropenyloxycarbony0-3,4-di hydro-quinosalin-2(1. I-)thiene);
SC-52151 (hydrogyethyltirea isostere protease inhibitor) (G.D;
Searle); SC-55389A (hydroxyethyl-hrea isostere protease inhibitor
(G.D, Searle); TWO R82150 ((-1-)45S)-
4,5,6,7-ieirahydro-5-methyl-6-(3-incilly1-2-batenymidazo-[4,5,1-WHi
Albenzodiazepin-2(1H)-thione) (Janssen Pharmaceuticals); TIDO 82913
((+)-(5S)-4 6,7-
tetrahydro-9-chloro-5-methyl-6-(3-methyl-2-hotenyi)imidazo[4,5,1
-114-4 -1,41-b11z0- dia.zepin-2(11-0-thione (Janssen
Pharmaceuticals); ISAO-m3T
(12',5"-bis-04tert-butyldimethy1sity0-3"-spiro-5"44'-amino-1",2'-oxat
hio1e-2',2'-dioxide)]-134D-pentocuranosyl-N3-methyl-thymine); 1190152
(143-1(1-inethylethy1aminoP-pyrid MA-4-
Rmethy1su1phony1)-amino1-11I-indol-2-yli-carbonyll-piperazine); tiC
(thiocarboxanilide derivatives) (Uniroyal): CC-781
(N-14-chloro-3-(3-methyl-2-
butenyloxy)phenyll-2-metbyl-3-Mrairicarbothioamide); 1.JC-82
(N-[4-chloro-3-(3-rnethy-1-2-
butenyloxy)plienyil-2-tnethyl-3-thiophenecarbothioarnide); VB 11,328
(hydroxyethylsulphonamide protease inhibitor) (Vertex/Gimp Welcome);
XM 323 (cyclic urea protease inhibitor) (Dupont Merck); and
penciclovir. In yet another embodiment, the indole compound of the
invention is administered in combination with the protease inhibitor
LG 1350. 1001381The following drugs can be used in combination and/or



Erntriva(r) brand eintriettabine, or FTCGilead Sciences       Drug
Nam:. 1Manufacturer  be  -ovir DE (TDF) generic Vireadt, Bis(POC)
PMPA  eau cences  ipranavir, or PA 



, 'MCI 25  Trizivirt brand abaeavir zidovudine + 1 AZT + 3tc) I
Trlivida(.11.) 'Vide:a brand didariosine, ddi, or BMY-40900  in
JetTrinuer Int(eiheirn Tibotee-Virco Grine iT:ihotecVirco Group
Videx*, EC brand didanosine (ddl): delayed-release capsules BrkiciL
Myers   Bochrirwer  ingethielm Viraceps0 brand neIfinavir (NEN), or
AG-1343 V irarucce0 brand nevirapine (NVP), or BI-RG-587 V ircuci(r)
brand tenolovir DF, or Bis(POC) PMPA  Gi iead Sciences    



fall 75, or, fosonwrenavir, or GW-433908 izalcuabine generic HividV,
or dde ZDY, Retrovirt) brand zidovudine, or AZT tent;ii'i orand
stun:dine, d4T, or BMY-27857    39;Additiona phospho696;e3 ir;6961o;
beused in CO Tirir a; -nation 6.99: 916 16      I0014.11 Products
that have been allowed to proceed as Investigational New Drugs (ND)
by the FDA for the treatment of complications of HIV infection and
AIDS can be used, The thllowing drugs can he used in combination
and/or alternation with the compounds of the present inventi(M.
Trimettexate glucuronate for the treatment of Pnetunocystis carinii
pa AIDS patients who cannot tolerate standard forms of treatment,
cielovir for the treatment of cytomegalovirus retinitis in AIDS
patients. Aerosolized pentamidine for the prevention of Pneumocystis
carinil pneumonia in AIDS Eryiliropoletin for the treatment of
zidovudinereiated anemia. 



Atovaquone for the treatment of AIDS patients with Ptietitnoeystis
earinii pneumonia who are intolerant or unresponsive to
trimethoprim-sulfamethexazole.        Rifabutin for prophylaxis
against Mycobacterium avium complex bactereinia in AIDS patients.
enous cidofovifor H!Vinfected persons with relapsing cytomegatovoirs
(CMV) retinitis that has progressed despite treatment (ld Roche).
Scrostim, a mammalIan derived recombinat human a growth hormone, for
the eat of AMS-related wasting (Serono Laboratories). 0142fdi . ms,
the compounds disclosed herein can he adm in combination or
alternation with one, two or more other anti-HIV agents. In one
subernhodiment, the additional agent is selected from:: a protease
inhibitor optionally selected from amprenav saquirtavir (including
saptinavir rnesylitte), lopinavir, ritonavir, fosamprenavir,
dartmavir, atazariavir (including the sulfate salt), and neifinavir
(including the mesylate salt);      a nucleoside or nucleotide
reverse transcriptase inhibitor optionally selected from \iodine,
emtricitabine, abacavir, zalcilabine, zidovudine, tet fovir
(including tenecovir oproxii fumarate), didanosine, and stavudine; a
non-nucleoside reverse transcriptase inhibitor optionally selected
from delavi1r, irera and nevirapine;       a fixed dose combination
optionally selected from AtripLa.Trizis Trtivada;       an entry
inhibitor (such as a fusion inhibitor or CCR5 co-re eploantagonist)
optionallyd from maraviroc and enfuvirtide; and an integrase
inhibitor such as raliegravir (MK-051g) or eivitegravh 10014:31Where
an additional antiHiV agent is used it optionally may he in another
forms such as a salt, solvate, hydrate, prodrug fonn, polymorpli,
enamiomer and the like. The additional anti-HIV agent also may be
selected from:       a nucleoside reverse transcriptasc inhibitor
optionally selected from atridoxovir, apricitabine, and elyucitabine;
a protease inhibitor which is optionally brecanivir or GS-8374; a
CCR5 Receptor antagonist optionally selected horn Aplaviroo; PRO2000
and 



a non-nucleoside reverse transcriptase inhibitor which is optionally
Etravirine ITNIC125), 9,11pivirine (TMC-278), or Calanolide A; an
imegrase inhibitor which is optionally Hvi TSK-364735 or raltegravir;
and  maturation inhibitor that is optionallyirirarA457); a cellular
inhibitor, such as hydroxyprea; an entry inhibitor, such as vicnviroc
or TNX-3and an immune based inhibitor such as iMMUMItil
(alpha-epibrom ).',el,2),  MR/4 immunogen)" BAY 50-4798 or IR103"
tabolized-0 001404lin certain embodiments, a compound provided herein
canbe administered in combination or alternation with a
pharmaceutically acceptable agent that is metabolized by  cytochrome
P450 monooxygenase. ExempEary useflil cytochrome P450 monooxyg,enases
include eytochrome P450 2C8, cytochsome P450 2(2,9 and cytochrome
P450 13A4 certain embodiments, the pure compounds provided herein cam
inhibit eytuchrome P450 monooxygenase thereby improving the
pharmacckinetics of the co-administered agent, in particular
embodiments, the P450 isozyme inhibited is CYP3A4, in particular
embodiments, the phosphoindole compound is administered in
combination with a second anti-HIV compound without the need for a
ritona.vir booster, In particular embodiments, the phosphoindcie
compound is administered in combination with one or more of
Atazmavir, Fosamprenavir; Darunavir, Indinavir, Lopinavir, Neffmavir,
Sayrinavir, Tipranlayir, or Entiwirtide. 100145lin particukir
embodiments, the phosphoindoie compound is administered in
combination therapy withnucleoside. reverse transeriptase inhibitors
and/or one  or more integrase inhibitors. 1001461The pharmaceutically
acceptable rnontioxygenase can be any such agent know Exemplary,
nonlimiting, compounds that: ma 



gent that is metabolized by c tochrome P450 or identified to those of
skill in the art be metabolized by cytochrome P450  monooxygenase
include, but are not limited to, pachtaxd, torsemide, amodiaiquine,
cerivastatin arid repagiinide (cytoehrome P450 2C8); certain
NSAIDsdiciefenae, ibuprofen, lormixicam, meloxicam, S-naproxen,
piroxicam, suprofen), certain oral hypoglycemic agents (e.g.,
tolhatamide, glipizide), certain atig,iotensin H tilockers
irbesartan), certain sullonylureas (e.g., glyboride, glibenclamide,
de, totbutamide, arnitriptyline), celecoxib, fltioxetine,
fluvastatirt glyburide, nateglinide, phenytoin, rosiglitazone,
tamoxifen, torsemide, Slwarfarin (cytochrome P450 2C9); certain
macrolide antibiotics (e.g., ciarithromyein, erythromycin,
telithroinycin), certain anti-any:he:liesquinidine), certain
berizodiazepincs (e.g., alprazolam, diazepam; midazolam, triazolam)
certain immune modulators (cyclosporine, tacroilmus), certain HIV
antiviralsindinavir, nelfinavir, ritotiavir, saquinavir), certain
prokirtetics (e.g., eisapride), certain antihistamines (e.g.,
asternizole, chlorpheniramine, terfenidine), certain calcium channel
blockers (e.g. antiodipine, diltiazem, felodipine, lereanidipine,
tedipi ne, ntsolthpEne, nitrendipme, verapamil), certain HMG CoA
reductase inhibitors      atorvastatin, cerivastatin, lovastatin;
simvastatin), certain steroids (estradiol, hydrocortisone;
progesterone, testosterone); alfentanyi, aprepitant, aripiprazole,
buspirone cafergot, caffeine->TMU, eilostazol; cocaine, codeine-
N-demethylation, dapsone, dexamethasone, dextromethorphan, docetaxed
doinperidone, eplerenone, fentanyi,  Imasteride, Mice ec, haoperido1,
irinotecan, LAAM, lidocaine, methadone, nategunide, odanestron,
pimozide, propranolol, quetiapine, quinine, risperidoite, NOT
roativasratin, salmeterol, sildenaftl, sirolimus, tamoxifen, taxol,
terfenadine, trazodone, vincristine,     Ion ziprasidone, zolpidern
(cytochrome P450 3A4). hi particular embodiments, provided herein are
methods in combination or alternation with HIV antivirals that are
metabolized by cytoehrome P450 (e.g., Mdinavir, nelfinavir,
ritonavir, saquinavir). iOOi.47Further exemplary compounds that may
be metabolized by cytoch.rome P450 monooxygenase include, bin are not
limiter. to. CCRS inhibitors (e.g.. PRO440, viciviroc, or
SCH-417,690, and mataviroc, or UK-427,857), intehrase inhibitors
(e.g. JTK-303/GS9137, 6-(3-chloro4-fluorobenzy11-1 3(2S)- I
-hydroxy-3-methylbutan-2111-7-methoxy-4-
oxo-1,4-dihydroquinoline-3-earboxylic acid, MK-0518,
5-(13-ilioxido-1,2-titiazinan-2-y1)-
N-(41ktortibenzyl)4-hydroxy-1,6-naphth yridine-7-eathoxamide, and
those described in U.S. Patent Nos. 6,924,282, 5,9)j,759, 6,919351,
6,841,558, 6,541,515, 6,403,347, 6395,743, 6,380,249, 6,306,891,
6,271,402, 6,262,055, 6,245,806, 6,124,327, 6,110,716, 5,939,414,
5,858,738, 5,759,842, 7,176,220, and 7,112,600, the contents of which
are hereby incorporated by reference in their entireties), protease
inhibitors (e.g., saquinavir, indinavir, ritonavir, neifinavir,
arnprenavir, lopinavir, ritonavir, atazanavir, fosamprenayir,
and darimayir), ihsion inhibitors (e.g., enfurvitide), maturation
inhibitors (e.g., bevirimat, or PA-45'7) and nucleoside reverse
transcriptase inhibitors (ex. zidoyudine, didanosine, zaicitabine,
strivudine, lamivudine, abacavir, enolovin emtricitabine, combivir,
triaivir, trifler:la, and epzicom) 1001481 Further exemplary
compounds that may be metabolized by cytochrome P450 moncioxygenase



pharinacokinetics of anV protease inhibitor (or a pharmaceutically
acceptable salt thereof) that is metabolized by cytochrome P450
monooxygenase, The methods comprise administering the KR' protease
inhibitor in combination or alternation with a compound described
herein, Such a combination or alternation can be useful for
inhibiting HIV  protease in humans and can also be useful for
inhibition, treatment or prophylaxis of an HIV infection or AIDS in
humans. The HIV protease inhibitor can be any HIV protease inhibitor
known to those of skill in the art. In certain embodiments, the HIV
protease inhibitor is amprenavir (Agenerase, CilaxoStnithkline),
tipranavir (Aptivus, lioehdnger Ingelheim), indinavir (Crixivan,
Merck), sayinavir (Fortovase, Hoffinann-La Roche), saquinavir
inesylate (invirase, Hoffmann-La Roche), lopinavir and ritonavir
(Kaletra, OlaxoSmithkiine), ritonavir (Norvir"kbott), darunavir
(Prezista, Tibotec), atazanavir sulfate (Reyataz), or nelfinavir
mesylate (Viracept, Agouron), or a combination thereof. [NM] in
particular subembodimems, the compounds disclosed herein can be
administered in combination or alternation with one, two or more
other protease inhibitor or integrase inhibitor anti4TIV agents which
can potentially improve the metabolism of the second agent. In one
subembodirnent, the additional agent is selected from:       a
protease inhibitor optionally selected from amprenavir, tipranavir,
indina saquinavir (including saquiriavir mesylate), lopinavir,
ritonavir, tosamprenavir, uartinav atazanavu"(including the sulfate
salt), nelfinavir (including the mesylate salt), brecanivi 6S-8374;
and an imegrasc inhibitor such as raltegravirK-0518) or
elvitegravir,37), or 05K-364735,           in general, during
alternation therapy, an effective dosage of each agent is
administered riDuring combination therapy, effective dosages of two
or more agents are adnumstered 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 he 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.
U 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, D41, DTA and 31C,
2'-branched nucleosides or protease inhibitors like tavir and
indinavir, can be found in the scientific literature and Physicians'
Desk     Fence, 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,  /00i 52j The
disclosed combination and alternation regimen may be userni in the
treatment and prevention of retrovirai infections and other related
conditions, such as, for example, AIDS-related complex (ARC),
persistent generalized lymphadenopathy (PCIL),   DS-related
neurological conditions, anti-HIV antibody position and HIV-positive
Conditions, Kam)ar n a, thrombocympenia purpurea, and opportunistic
infections. In addition, these compounds ot formulations may be used
prophylactically to prevent or retard the progression of clinical



4       ntn, [001541 detection tee  ;roduct detection sc.
Detect:dblotting, for example, is a heterogeneous In Southern
blotting, electrophoresis is used to separate amplification  products
by size and charne, The size-fractionated products are transferred to
a membrane or filter by diffusion, vacuuming, or dectroblotting.
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. 030 g.55Other
types of heterogeneous detection are based on specific capture of the
amplification products by means of enzyme-linked immunosorhent assays
(ELISAs). One method used with PCR involves labeling one primer wth a
hapen 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, [00156lThe Lex probe system(Abbott
Laboratories, Abbott Park, IL) and the Amplicor HIV-I test (Roche
Molecular Systems, inc., Pleasanton, CA) are systems that use
heterogeneous detection methods. In the I.:Cx system, haptendaheled
oligonueleotide  probes thennocyck in the ligase chain reaction,
Either a capture hapten or a detection hamen is covalently attached
to each of the four primer tlligonucleotides. Upon amplification,
each ainplified product (amplicon) has one capture hapten and one
detection haptt:in. When amplification is complete, the LCx system
instrument transfers the reaction         well where. antibody-coated
microparticles hind the capture haptens. Each microparticle is then
irreversibly bound to a glass-fiber matrix. A wash step removes the
tnicroparticle any probe that contains only the detection haptert.
The 1.,Cx instrument adds an alkaline phosphatase (AP) antibody
conjugate that hinds to the detection hap.ten. A fluotigenic
substrate for AP is 4--methylumbellifetyl. Dephosphorylation of 4-
methylumbeiliferyl by AP converts it to 4-methylunbellifetone, which
is fluorescent, f001571 The Amplicor HIV-1 test uses an ELBA format,
After amplification by PCR, the amplicon is denatured chemically.
Amplicon-specific olictonueleotide probes capture the denatured
strands onto a coated microplate. The operator washes away any
unincorporated primers and unhybridized material in a wash step and
then adds an avidi WU" conjug,ate to each well. The conjugate binds
to the biotin-labeled amplicon captured on the plate. The operator
next adds 3,3'25,5' -tetramethylbenzidine (TNIB), a chromogenic
ubstrate. When hydrogen peroxide is present, IIRP oxidizes TAB. The
signal is deiennined cotorimetricalily. 106:UNHomog,eneobs 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 cherniiiiminescent
labels are the TaqMan system (Applied Biosystems, Foster City, CA),
BDProbeTecET system (Becton Dickinson, Franklin Lakes, NI), QPCR,
System 5000 (Perkin-Elmer Corp., Norwalk, Cl'), and Hybridization
Protection Assay (Gen-Probe, Inc., San Diego, CA), [00159]The TaqMan
system detectseon in real time, The detection probe, which 



hybridizes to a tegion inside the amplicen, contains a donor
fluorop.robe 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 oligontickozide, donor fluorescence is inhibited, During
amplification he probe is hound to the target. Tag polymerase
dispaceds and cleaves the detection probe as it synthesizes the
replacement strand. Cleavage of the detection probe results in
separation of the titiorophore from the quencher,leading, to an
increase in the  donor luorescence signal. During each cycle of
amplification the process is repeated. The amount of fluorescent
signal increases as the amount of amplicon increases, [001601
Molecular beacons also use quenchers and fluomphores. Beacons are
probes that are complementary to the target amplicon, but contain
short stretches (approximately S nucleotides) of complementary
oligonucleotides at each end. The 5' and 3' ends of the beacons are
labeled with a fluorophore and a quencher, respectively. A hairpin
structure is funned when the beacon is not hybridized to a target,
bringing into contact the thtorophote and the quencher and resulting
in fluorescent quenching. The loop region contains the region
complementaty to the amplicon. Upon hybridizationtarget, the hairpin
structure opens and the quencher and finorphore separate, allowing
development of a fluorescent signal. A it:Moronic:ter measures the
signal in real time, [011161] The BDProbeTecET system uses a
real-time detection method that combines aspects of TaqMan and
molecular beacons. The probe has a hairpin loop structure and
contains fluorescein and rbodamine 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                  wad of
containing the sequence complementary to the target, the
single-strandec loop contains a restriction site for the restriction
enzyme Bsof51. The single stranded sequence is not a substrate for
the enzyme. The fluorescein and thodamine labels are near each other
before amplification, which quenches the fluorescein fluorescence,
Strarid-displacement amplification converts the probe into a
double-stranded molecule. The lifseB1 restriction enzyme can cleave
the molecule, resulting in separation of the labels and an increase
in the fluorescent signal, [061621 The QPCR System 5000 employs
electrocheEniluminescencetritium labels. A biotinylated primer is
used. After amplification, the hiotin products are captured on
slreptayidin-coated paramagnetic beads. The beads are transferred
into an electrochemical flow cell by aspiration and magnetically held
to the surface of the eieetrode. Upon electrical stimulation, the
ruthenium-labeled prob.e emus [001i63lThe Hybridization Protection
Assay is used in Gen-Prohe's rionamplified PACE assays as well as in
amplified :tit iuberculosis and C irachomails assays. The detection
oligointeleotide probes in HPA are labeled with chemilumineseent
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 :tiler hybridization, hydrolyzes the AE on
any utthybridized probe, rendering it nonchennlinniocseent The AE on
hybridized probes folds inside the minor groove of the  double helix,
thereby protectingfromrolysis by the selection reagent. The AE emits
a chemiluminescent signal upon hydrolysis by hydrogen peroxide
followed by sodium hydroxide. A luminometer records the



ssav in Cynennotgus blingevs l0O168Within I week prior to the study
initiation, the cynomolgus monkey is surgically
onic venous catheter and subcutaneous venous access port (YAP) to
facilitate 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 ing/kg at a dose concentration
of 5 malmt" either via an intravenous bolus (3 monkeys, IV), or via
oral gavage (3  monkeys, P0). Each dosing syringe is weighed before
dosing to gray:metrically determine the quantity of formulation
administered. Urine samples are collected via pan catch at the
designated intervals (approximately 18-0 hours pre-dose, 0-4, 4-8 and
8-12 hours post-dosage) and processed. Blood samples are collected as
well (pre-dose, 0.25, 0.5, 1, 2,      and 24 hours post-dosage) via
the chronic venous catheter and VAS' or from a peripheral vessel if
the chronic venous catheter procedure should not be possible, The
blood and urine samples are analyzed by 1..C/N4S for the maximum
concentration (C", time when the maximum concentration is achieved
(Ths"), area under the curve (ABC), half life of the dosage
concentration (Ti), clearance (CT), steady state volume and
distribution (V") and biorivailabiliry (F). Pone Marrow Taricitp
Assay [001491 Human bone marrow cells are collected from normal
healthy mononuclear population are separated by Ficolf-Hypaque
gradient centrifugation as described previously by Sommadossi J-P,
Carlisle R, "Toxicity of 3'-azido-3`- deoxythymidine and
9-0,3-dihydroxy-2-propoxymerhyOguanine for normal human hematopoietic
progenitor cells irg vitro" Antimicrobial Agents and Chemotherapy IS
31:452-454: and Sommadossi 1-P, Selainazi RE:, au CK, Xie M-Y.
"Comparison of cytotoxicity of the (-)- and eekenantiomer of
2`91-dideoxy-3"-thiacytidine in normal human bone marrow progenitor
cells" Biochemical Pharmacology 1992; 44:921-1925. The culture assays
for CF1J-OM and BFU-F2 ate performed using a bilayer soft agar or
tnethyleeiiulose method, Drugs are diluted in tissue culture medium
and Filtered. After 14 to 18 days at 37C 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, aloein? Assay [00 [1701Cells are seeded at
rate of between 5 x 103 and 5 x 104/well inplates in growth medium
overnight at 37C in a humidified C202 (5%) atmosphere. New growth
medium containing serial dilutions of the drugs is then added, After
mcubation for 4 days, cultures are fixed in 50% TCA and stained with
sulforhodaminee. The optical density is read at 550 rim, The
cytotoxic concentration is expressed as the concentration required to
reduce the cell number by 50% (CC56).  CeAssay PA 1001711The assay is
per-thrilled essentially as described by Basins. . S. CL; Pevear, D.
C.; Scipel, M.; Sun, S. C. C.; Benetatos" C. A.; Chunditm, S. K,;
Rice, C. M. and M. S. Collett "Mechanism of action of a pestivinis
antiviral compound" PNAS USA 2009, 97(14), 7981-7986. N4DBK cells
(ATCC) are seeded onto 96-well culture plates (4,000 cells per well)
24 hours 'oefore Use. After infection with Bvost (strain NADL, ATat a
multiplicity of infection (MOO of 0.02 plaque forming units (PFU) per
cell, serial dilutions of test compounds are added to both infected
and uninfected cells in a final concentration of 0,5% DMSO in growth
medium. Each dilution is tested in quadruplicate. Cell densities and



well plates by plaque reduction assays. Cell monolayers are infected
with 1003Avell of       Then, serial dilutions of test compounds in
MEM supplemented with 2% inactivated serum and 0.75% of methyl
cellulose are added to the inonolayers. Cultures are further
incubated at 37C, for 3 days, then fixed with 50% ethane/ and 0.8%
Crystal Violet, washed and air-dried. Then pl ion, minted to
determine the concentration to obtain 90% virus  Biological Activity
gainst Drug Resistant Strains 1001731 In one embodiment, the efficacy
of an anti-HIV compound is measured in vdro by a rapid, sensitive,
and automated assay that involves the reduction of 344,5-
dimethylthiazo1-2-y13-2,3-diptienyitetrazolium bromide (MIT). An
RIV-transfotnied cell line that is highly permissive and selective hh
HIV infection, such as, for example, the T-4 cell line, MT-4, is
chosen as the target cell line (Koyanagi et al., int. 1 Cancer, 1985,
36:445-451). In sau reduction of
344,5-dimetilyithiazol-2-yinyl-tetrairditti 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  Here, (ODHoi""wo""d) is the optical density measured
thr a specific amount of a test compound in 141V4nfeeted cells;
(OD.,'cal density measured for untreated HIV-infected, control,
mock-at 540 urn. according to 04). The se control cells; and
(0f.),",,,k inr",,,,,t "as) is the optical density measured for
infected cells that are untreated. Optical density values typically
are assessed            of an anti-HIV test compound that provides
50% protection e preceding formula is defined as the 50% inhibitory
concentration (I.C50 in ity index (TS1) is defined as the ratio of
the CC so to the leso.  [001741 In another embodiment, the p24 ELiSA
assay is used to determine the efficacy of an ami-HIV compound, 'This
viral replication immunoassay measures the amount of p24 viral capsid
(core) antigen present, and is available commercially from sources
such as, for example, Coulter Corportitionammunotech, ine.-
(Westorook, MI). [00175]Still other embodiments include a reverse
trancriptase assay an which the amount of viral replication is
measured by utilizing a homopolymer poly rA;oligo ciT template primer
system that quantities 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, He:LaCD4, or
HeLa-CD4LTR-b-galactosidase cells having an iminurto-fluorescent,
ehem luminescent, or colorimetric endpoint; and an attachment-and
fusion-inhibition assay that utilizes indicator cell lines and
quantitation by themiluminescent, coiorimetric or microscopic
evaluation (Southern Research institute, University -of Alabama,
Birmingham, 



[OOl76in rme embodiment the indole compounds of the present invention
do not exhibit cross resistance with other non-nucicoside reverse
transcriptase inhibitors (NNRT1s), in that the compounds of the
present invention display an EC (in molar concentration) in a mutant
HIV strain of less than approximately 50, 2.5, 10 or I;rM
concentration. ln a typical embodiment, the NNRl'ls dspiay an EC:to
in a mutant 111V strain of less than approximately       I or 0,1
tiN4 concentration. The degree of cross-resistance against a drug
resistant strain of HIV is measured by assessing the EC.50 of the
desired oxo-pyrimidine compound in the target mutated, he., drug
resistant, virus.  Pharrnaeeutkal Compositkrns W01771 Hosts,
including humans, infected with a virus or any other condition
described herein, can be treated by administering to the
patienteffective amount of the active compound or a pharmaceutically
acceptable salt or procintg thereof optionally in the presence of a
pharmaceutically acceptable carrier or diluent, The compounds can be
administered to a subject in need thereof, optionally in combination
or alternation with another therapeutic agent, and/or with a
pharmaceutically acceptable carrier, diluent or excipient. In one
embodiment, a subject infected with HIV may be treated by
administering to that subject an effective amount of a compound
disclosed herein, or a salt, prodrugi, stereoisomer or tautomer
thereof, in the presence of a pharmaceutically acceptable carrier or
diluent. For subjects with multiple drug resistance, the
phosphoindole compound is administered either alone or in combination
with one or more other therapeutic agents. The active compounds may
he administered by any appropriate route, for example, orally,
parenterally, enterally, intravenously, intradermally,
subcutaneously, peremtaimously, transdermally, intra.nasally,
topically or by inhalation therapy, and may be in solid; liquid or
vapor form, 111.18178.1The active compound(s) in one embodiment are
included within the pharmaceutically acceptable carrier, diluent or
excipieni in an amount sufficient to deliver to a patient a
therapeutically effective amount of the active compound in order to
e.g.., inhibitinfection, without causing serious toxic effects in a
treated subject. An "inhibitory amount" includes an amount of active
ingredient sufficient to halt viral replication as measured by, for
example, an assay such as the ones referred to herein. [O91791 A
typical dose of the compound may be in the range of from about Ito
about 50 mg/kg, horn about I to about 20 mg/kg, of body weight per
day, more generally from about 0.1 to about 100 mg/kg body weight of
the recipient per day. Lower dosages may be used, for example, doses
of about 0,5-100 mg, 0.5-10 mg, or 0.5-5 mg per kilogram body weight
per day. Even lower doses may he useftii, and thus ranges can include
from about 0,1-0.5 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. lithe 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,  [O0180The compounds are corwenred inunits of any
;table dosage form, including but not limited to one containing from
about 7 to 3000 mg, from about 70 1400 mg, or from about 25 to 1000
mg of active ingredient per unit dosage form. For example, an oral
dosage of from about 50 to 1000 mg is usually convenient, including



For example, this can be achieved by intravenous inject 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 he
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  are not
intended to limit the scope or practice of the,med composition. The
active ingredient may be administered all at once, or may be divided
into a number of smaller doses to be administered at varying
intervals of time, [001821 One mode of administration of the active
compound is 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 fbrin. 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.
Phatmaeoutically compatible binding agents and/or adjuvant materials
also may be included as pan 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 microcrystafline cellulose, uum tragficanth 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;  glidant such as colloidal silicon dioxide; a
sweetening agent like sucrose of saccharin; and a flavoring agent,
such as peppermint, mesalicylate, or orange flavoring. When the
dosage unit form is a capsule, it may contain a liquid carrier such
as a fatty oil in adclition 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.
10014The compounds may be administered as t component of an elixir,
suspension, syrup, wafer, chewing gum or the like. A syrup may
contain sitcrose as a sweetening agent, preservatives, dyes,
colorings, and flavorings in addition to the active compounds,
[001851The 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, intradermai, subcutaneous, or topical application can
include the following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as liienzyl alcohol or methyl parabensi



Processes for Preparing the Active Componnds [OMR An maple:0, genera
scheme for the synthesis of phosphoindoles is provided in Scheme 1.
Gonorai Schmfr for Syt.hess PhosphoirolOkeo Seen 1 10011tThe
synthesis involves treatment of the N-protected indoie 1 1,vi
iithiating specie,s, for example n-butyl ".ithitttn, followed by an
approp.rade ph eleetrophile, for mon* diethylchlotophosphite, to give
a P(11) intermediate which is partially hydrolyzed under acidic
conditions to yield the 11.-phosphirtate 2, Step ii consists of a
palladium catalyzed coupling reaction between indrfie fi-phosphinate
2 and iodocinnarnonitrile Ii. tninsefiterification from ethyl to
ESICikty followed by hydrolysis of both the carboxylate ester and
hi-protecting groups, with for exampie lithium hydroxide or potassium
i-bwoxide at 5C in water-tettabydrothram gives access to the indote
acid S. Chiral resolution of the enatitiomers 01 5, using a chiral
base, ibllowed by amide formation affords the final compound 7,
[1t019111 A second exemplary general scheme for the synthesis of
phosphoindoks is provided in Scheme 2,  Genera Scheme 2 for Synthesis
off Phosphoindoles ;1I    12 X = Br, 3. 011 6- F 6 Me, Et R2 H, SQPh,
COM6., COPh, BOO HydroN6is   



Scheme 2 [001911 This synthesis involves treatment of the N-protected
indole 1 with methyl phosphiriate 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 todocirmainonitrile II. Hydrolysis of both the,earboxylate ester
and N-protecting groups, with for example lithium hydroxide or
potassium t-hutoxide at 5C n watertetrahydrofuran, gives access to
the indole acid S. Chiral resolution of the enimtionaers of 5, using
a chiral base, followed by amide formation affords the lima/ compound
7. [001921 An exemplary alternative route for the synthesis of
phosphoindoles is shown in Scheme 3.  Alternative Route for
Synthesis) of Phcnphondokis    S enantiQiner recycled) Sehe3ue 3
1001931An alternative synthesis involves the coupling of N-protecteci
iricktie 1 with aryl 11-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. Hydtolysis of both the carboxylate ester and
N-protecting groups, with for example lithium hydroxide or potassium
t-butoxide at 5C in watertetrahydroliaran, gives access to the 'Sole
acid S. Chiral resolution of the enantioiners of 5, using a chiral
base, followed by amide formation affords the final compound 7.
1001941 Exemplary iodocin.namoraitrile and einnarrionitrile
H-phosphinate syntheses are shown Ir. Scheme 4.  Synthoalo of
edocinnatvioniirlla from dibromotoluppo Itrir
Aldnnygo0:Cionamonitrile 



I i' outoillonFain-tenon 01011 Eynthoomfre:0 clongiponitO?cS
H...0,.041ate teEsq: k4.:Ocinnmo.M0ife    Scheme 4 100195;
indocinnamonizrile 11 mavnrenares-i from t..il-orczotoinene 8
Mon'N-cildebcl4C .fOrmation of 9 is achieved by mono-lithiation, for
example with ruidatxt lithitirD and n-buryl. magnesium chloride, and
subsequent treatment with Ackchimethytformainide" A. Witt10-
Homer-Emmons reaetion on aidehyde 9 using, for exampie diethyl
cyanomethyplussphortate and sodiurn hydride, proceeds to gives
primarily zhe trans-isomer., V4iieh ;nay he further enriched by
crystallization to give broth:mind:an:on:trite 10. lodoination is
then performed to provide the desired intermediate 11,
(001961Optionally the todocinnamonitrik II. may be converted into the
and 1i- phosphinate 13 either bst I. coupling with andinium
hypophosphoras acid sail followed by  esterification or by 2. a
direct palladium coupling with alkyl phosphinate. Additionally, the
ethyl aryl H-phosphinate 14 may be transesterified to give the methyl
H-phosphinate 13. 1001971 3-phosphoindoles can be prepared according
to techniques known to those of skill in the art, including
techniques described in 15,S. Patent Application Publication No.
2006/0074054, the contents of which are hereby incorporated by
reference in their entirety. [00198]Another general synthesis for
preparing the indole phosphinate is provided by the scheme below. The
synthesis starts from indole 1, which is 3-halogenated and N-.
protected (or N-protected and 3-halogenated) to give protected
inclole 3. Protecting groups ("PG") can be phenylsulfonyl,
tert-butylcarbamate (Boc), benzylcarbamate (Claz), benzoyl, benzyl,
pararriethoxybenzyi or other sunbstituted benzyl,
tert-butyldimethylsilyl, tenbutyldiphenyisily or any N-1 indole
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,
il-phosphinate 4 or involved in a palladium catalyzed reaction with
hypophosphorous ester to afford same product 4, lndole H-phosphinate
4 is then involved in another palladium catalyzed reaction with an
arylhalide to give indole 3-phosphinate 5. In the case of R different
from Methyl group, a transesterification of 4 in ammonia in methanol
gave H-phosphinate indolccarboxamide 6. This compound is also
involved in a palladium catalysed reaction with an arylhalide to
afford final compound 7.  WC," ... --  '''inrisi\ 1:4 s-sia 



ArX,,i! OR 13\ ...,..ik,..,...,:ic 1i">---0O2atRd catalyst, iigand
NtSolvent, base 'Heating 5 oct' .r `rr 4 i-oMeArXftOY Solvent; base
Pd catalyst, ligand Heating ,  67 Scheme 5 1001991Skin-able palladium
catalysts thr the cross-coupling reaction include for example:
palladium tetrakisetriphenylphosphinet, 1mfrail acetate, palladium
propionate, palladium diacetonitritedichloride, dinalladium
tris(dibenzylideneaceton0 (Pdindbai), okilladium beterocylic carbene
(Nhi), or any other palladium catalyst that are known to those of
skill in the art, used alorlcorm  as:sociation with ligands such as
triphenylphosphine, dinhenvlialkosphinolorrocene,
diohenylphosolkinonronatie or anvi ohosnbine or diohosnhine ligands
that arc known to those of skill in the art. Suitable solvents for
the palladium-catalyzed cross coupling reaction include for example:
MAT,NNW, diozane, methanol, THE, toluene. Suitable bases for the
palladium-catalyzed cross coupling reaction include for example:
fiakiN, di-isopropylamine, K2C01,." Niaz00:, NahiCek, Cs2CO3,
Nmetitylmorpholinck: DABCO, OHL 1002001In further embodiments,
3-phosphoindoles can be prepared by reacting an id- aryinhosphinate
with a 3- iodoindthe as deoicted in the scheme below. The 3-iodeindde
can be prepared by iodination of an indole using iodination reagents
known to those of skill in 



the art. Optionally, the nitrogen atom of the 3'iodoindoie can be
protected with any protecting group deemed suitable to those of skill
in the art Reaction with antis arylphosphinate provides the
3-phosphoindole compound, in the scheme, PO indicates the protecting
group. The protecting group can be removed according to any technique
known to those of skill in the art    Scheme 6 Preparation of
EnantioineriPare 3-Phosphoindoies 1002911The preparation of
3-phosphoindoles substantially in the !ban of one enantiomer may he
achieved by resolution of racemic mixtures of 3-phosphoindoles
prepared by any 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
enantiom.er of a 3-phosphoindole in the desired chemical and
stereolsomeric purity, in addition, the stereoiscaners of 3-
phosphoindoles may be separated by chromatography using chiral solid
phase. Chromatographic separation of diastereomeric derivates of
stereoisemers 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 diastertmineric compounds with chiral
derivatizing reagents, separation of the diastereomers, and
conversion to the pure enantiomers, separation of the entintioinecs
directly under chiral conditions on a variety of matricesrcritical
chromatography and enzymatic hydrolysis. See, e.g., Elie' & Wilen,
1994"clererichemistry       to Fe Compounds, John Wiley & Sons, Inc.,
New York (1994); Lochmulier,1975, ChrOnteri.0:(3) 283-302.
[002031For example, diastereomerie salts can be formed by the
reaction of enantiomerically pure chiral bases such as, for example,
cinchonidine, brucine, quinine, ephedrine, strychnine,
crinethyl-fithenylethylamine (amphetamine), and the like with
compounds provided herein. In certain embodiments, a diastereomeric
salt is fanned by reaction withalkaloid such as cinchonidine. The
diastereomerie 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
enarditimer of a chiral compound to form a diastemoinerie pair. For
example, diastereomeric compounds can be formed by reacting the
compounds of the invention with enanticimerically pure chiral
derivatizing reagents, such as, for example, menthyl derivatives,
followed by separation of the diastereorners 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. 3..
Lough, Ed. Chapman and Hail, New York, (1989); Okamoto, 1990"1
Chromakittr. S l3:375-378. /002t1t4/in certain embodiments, provided
herein are methods of producing.pound         ention 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 raccinic form
of the compound with a chiral reagent such as cinchonidine, recovery



methods with other chiral reagents such as ephedrine and ephedrine
hemihydrate. 1002051 in certain embodiments, provided, herein are
methods of producing, a compound provided herein by recycling its
opposite. enantiomer, In such embodiments, a racer:tic mixture is
resolved according to a tectmique described herein, in addition to
obtaining desired e.nantionter, the opposite eriantiomer can be
recycled to increase the yield of the desired enantioiner, For
instance, a compound of Formula B can be recycled to yield a compound
of formula A, and vice VeTSG. A compound of formula D can he recycled
to yield a compound of Formula C, and vice versa, In a recycling
reaction, a compound is contacted with a reagent capable of
race:in.:zing the compound. For instance, in certain embodiments, a
phosphoindole compound provided herein is contacted with a
racernization 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
raeemization reagent is, thr example, o.xalyi chloride. After contact
with the racemization reagent, the enantiorners can be resolved
according to any technique described herein. in particular
embodiments, compound it can he recycled to yield compound I. In
particular embodiments, compound IV can be recycled to yield compound
ilLfixemplary methods are provided below. .061The methods below
describe the synthesis of enantiomerically pure 3- phosplioindoles of
Formulae A-D or Compounds NV as nort-iliniling examples of these
techniques. Dynamic Kinetic Resolution (DKR. [NMIIn a kinetic
resolution, starting from a racemic mixture S (SR and Ss), one
emintionter will react preferentially to give product P with a
theoretical maximum yield of 50%. If racemiz.ation can occur
concurrently with kinetic resolution, then theoretically IGO% of the
racemic mixture can he converted to one enantiomer (Scheme 7), This
process IS known as dynamic, kinetic resolution (DKR),  kr>>k,max
yield P50% Separation of PR and Ss requiredTheoritical yield max 100%
in PR Standard kinetic resolutionDynamic kinetic resolution Scheme 7:
(8= substrate, 13= product) [902081The problems associated with
standard kinetic resolution are that only a maximum theoretical yield
of 50% is possible, and the separation of the desired product from a
substantial amount of the unconverted substrate is necessary. For an
efficient DKR, there are some specific requirements (Strauss, U. T.;
Felfer, U.; Faber, K. Tetrahedron: Asymmetry 1999,10,107):       1.
The kinetic resolution should be irreversible in order to ensure high
eriantioselectivity, 2, The enantioinerie ratio (E, = kalks) should
be at least greater than -20.        3. To avoid depletion of Sk, the
rate of racernization (kr) should be at least equal to or greater
than the reaction rate of the fast enantiomer (4),        4. In the
case where the selectivities are only moderate, k," should be greater
than kp, by a factor of -10.       5, Any spontaneous reaction
involving the substrate enantiorners as well as racemization of the
product should be absent.  100209h one enthodiment. the synthesis of
enantiornerically pure 3phosphoindok, the chiral discrimination 



tiomen hi order to mact with the aryl halide is realized with a
chiral phoaphime, which is a contpOteEit of the. pailaditini
catalyst, Mid will produced pzefeeentially 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 taceraie :nixwees of 3-phosphoindolca. The chiral phesphirie
Uganda may be any suitable lip,and that produces the regnired
selectivity and rate of maim in the transformation of 3-phosphoi3dole
3' to substituted 3-phospholudole 4'" 'Ube chiral phosphine iigamis
inay be. monodeninte or bitientate ligamls, Non-limittng eKartipies
of chiral phowhine Egan& include Fccitital tbrrocenyi phosphine,s,
(R)-(4)-BINAP, (s)(-* BINAP, (lt,R)-CIIIR.APHOS, and
(S,S)-CI-IIRAPHOS.  Wherenduced by chiralor PG, or usm_ ohnEil
ohosohines Scheme 9 1OO2JOJ In another c bodment, he chiral
discrimination may be introduced by appending a chirai group to the
racerthe mixture of 3-pitosphoindole.s, producIng of diastereomers
which will meet at different rates with the non-chiral palladium
catalyst system (Scheme 9), The second ehirat center niity be added
as a tomponent of the sub:nitwit R3, the votap Z or the protecting
group PG. The chiral g cup is not limited, and any gimp that induces
the desimd selectivity in the teaction at a reasonable rate may be
used. One non limiting example of a chiral group that may he
Dtii2:e.d as 1(3 in this reaction includes a chiral alcohol, for
example (t) or (+menthol. Other non-limiting examples of groups that
may be used as group Z or PG 113 Scheme 9 include a chiral ester or a
chiral sulfone. 1002111When R.) is chiral, for the transformation
into target-phosnboindole, the chiral moiety R* may he removed using
the conditions described in ,I0C 1975, 1 523-I 525 using a
trialkyogoniard salt following by acidic cleavage, with inveision of
configuration (Scheme 10):  ytael 0.-tipcelk., 0 r  -<;"-- /-I 1)
Me3O+BF,,       Oalt-,,,Ohle CI__AR) 0 Ii \Nt-i2 ii  



2) TFA 1)   Scheme 10 [902121The same process of 'DKR may also be
utilized with a racertfie aryl H.- phosphirtate and a bromoindole in
a cross coupling reaction (Scheme 11):  H4"   .aR3" "I 0,efast (R)
OR3   , 4i,4' R7'lifi Paliadium catalyst Phosphines itt4"Et3N/CH3Chl
3:25":-, 2:::,.R3" R 



R[' 'ir-A'R2"Slow 0=P--,H (S) &earizi PG ecc Where c.hv
5H1diefeddigai groups t5z or PG, ot afan9 tirDae 00.3geeng3 Scheme 1
Sped. Pis DKR SItahenb3 ;002131 in thenottahnneng example of a DKR.
piSSQeSS depicted in Sabenie 12, ihs Pd sat:a:yet is `-iiiidii3S-13
acetate, the shaira: phosohitie is Oft)-1-01i1-2-Di-2-
fiftyiphosphihoaaktroccers:jethvidi-(2-inethe:bhenyreahostahina, the
base 3.'s d;:30-0M a:iv:amine and the spivont sabet:n:100o. Anfir
heatIng at 100'C the tnaPtt stenpotasa is obtained with an
enanhorneris excess of 40%.  H Scheme 12 Chemical Resokttof
3-Phospholndoles [002141The resolution of the 3--phosphoincloies h.ee
acids may be accomplished by chemicalresolution using a chiral base.
A chiral base will exhibit selectivity toward free acid of one of the
two enantiamers of the 3-phosphoindoles, thereby providing the means
to resolving the eriantiomers. As described in the Example below,
chemical resolution of the 2--carboxyl derivative of
3--phosphoindoles of Formula 1/II can be performed on 1 using
(4-Cinchonidirie 2 (Scheme 13, to obtain the required enantiom first
eluting isomer by chiral line analysis) and (+)-Cinchonine 3 (which
can be used to remove the undesired enantiomer from the filtrate,
second eluting isomer by chiral fine analysis). The undesired
enantiomer can be racemized to obtain more material. [092151A
strategy could also be applied using chiral alpha-methyl
substitutedbeirzylarnine 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 ehirality is defined S or R)
alpha-methyl substituted(or unsubstibited) benzylamine is then
introduced at the carboxylic function of the indnle 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
unsubstitined) henzylamine. intermediate 4 is then involved in a
palladium catalyzed reaction to afford a mixture of diastercoisoniers
Sa and 5b. The mixture of 5a and 5la could he separated either  



by silica gel or recrystallisation. 5b (R cliitality 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 Twt SBr) then festerified to afibrd a mixture of Sa and 5k, then
the diastereoisomers could be re-separated. i.11' Re. , 4-.---R LI 4
, Pct catallisi, ligancl}} 8f)Ivertt, baseti Heatingkt  ,,, \\--fUr
asclee}tage  Sthara: s3  Examples Exart 1002161 The present describes
the preparation of compound Ui and compound I, Compound Ill ReaHion 7
to 8: [09217;To a .flask was added under aieu,) as added iodine fl
.98 eq.), send pins:num hydroxydr`NIF (4.5mUrnmel). he rOACQ:0fl 



inixture was stirred 3 hours then water was acldeci and the siurrv
fdered thrui.q the solid was dried under reduced ressure and
trituratedatered water seven: -titrid after dryed under reduced
pressure the 3-iodoindtde 8, H NMH (CD<-; 10 fal 1.45 (1, 31:1)(u
2H), 7.20-7,d0 (nu 3H1 7.55 (s., lid), 9.40 (hr a. Rena-tau tu 9i
1002181 To a stirred solution of kidote 8 ([e q) in dichloromethane
3.5mLiminol) under nitrogen was added di-tert-butyl dicarbonate (1.8
eq.) and 4-dimethylaininopyridine (2 eq.). The reaction mixture was
stirred 18 hours then phosphate buffer (p1-1-7) was added and
extracted with diehloromethane. Combined organic layers were dried
(Na2l304) and concentrated under reduced pressure. The crude residue
was purified by flash chromatography on silica gel (eluent: petroleum
etherlEt0Ac 1/I) to afford 11/2/-Bocprotected indole 9. Slight yellow
solid, LH MIR (rio-DMSO, 400 MHz) 6 134 (t,1 = 8.0 1,56 (s, 9W,43
(q,8,0 Hz, 211), 7.,4.0 Hz, LH), 7.55 (dd, 1=120 and 4,0 Hz, 114),
8,0 (d".,114), MS (ES) ink -448 (M41). Reaction 9 to 10: 1002191A
stirred solution of degassed DMF with 1\1, VBoc 3-iodoindole 9
(leq.),                 (Li eq.), triethyliunine (2eq.) and Pd2dha3
(0.2eq.) was heated at 70C or 90C. until reaction is finished
according to TLC ori.-11)Le 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:
petro1eum etherlEt0Ac 8/2) to afford indok phosphinate 10 (with also
some deprotected indote). White solid, 'H NMI (16-DMSO, 400 MHz)
61.26 (t,7.1 Hz, 310, 1,58 (s, 9H), 2,35 (s, 3H), 3.70 (d,11,5 Hz,
3H), 4.29 (m, 2H), 6,5316,8 Hz, 11:1), 7,53 (dd".T!,- 9.0 and 2,2 Hz,
IN), 7.65 (d, [3,3 Hz, 11-1), 7.70 (d,16.8 Hz, 1H), 7.76 (s, H.),
7.84 (d, "I= 13.3 Hz, IN), 7.92 (d, 2.2 Hz, 1H), 8,06 (d, 1 9,0 Hz,
1H), MS (ES-L) ire/z - 543 (M147). Reaction 12 to 13: 00220iThe
iodoaryl 12 (leg), dimethylformamide (IriMine (3eq) and the until
.urn hypophosphorous saIr (1,25eg) were put in a pressure tube and
degassed with N2 for 15rnin. Then palladium tetraitis was added and
this mixture was sti85C overnight. [002211 The solvent was evaporated
and water was added (p14 5-6). The mixture was basified with NailC.03
until pH = 8 and extracted with diethyl ether. Aqueous layer was
acidified wit NC 1N until pH - 1 and extracted with ethyl acetate.
Combined organic layers were dried, filtered and concentrated under
reduce pressure to give the compound 413. [002221Anilinium salt was
synthesised according to the procedure of Montchamp et at (3, Am.
Chem. She., 2001, L.11-511). 



[00223] Off-white solid. H NMER (do-DMSE), 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-DMSO, 12 .49 MHz) 515,56, MS (ES-) eresz. -208.
React nu 13 to 11 [002241Pyridine (leg) was caret,,,,, added to a
vigorously stirred solution ofalkyl chloroformate (leg) and
arylphosphinie acid 12 (leg) in dichloromethane (2mlimmol) at room
temperature,Once effervescence had stopped, the solution was retluxed
for 15 minutes and then allowed to cool to Mom temperature, The
solution was poured into 0,1M hydrochloric acid (1milmmel) and the
otganie layer was separated. After washing with water and drying over
Na2SO4, the solvent was removed in vacuo to give the compound trlik.
White solid 1111NNIR.(do-DMS(), 400 MHz) 8 2.40 (s, 3H),171 0,1 12,2
Hz, 3H), 6,58 41, Int 16,8 Hz,7,52 (d, 1=576,0 Hz, 1H), 7,63 (d"1-
14.0 H7), - 16,8Hz, III), 7,80 (in, 214), MS (ES) mit -222, Compound
.>----00, Et . , KOH .r1DM S 0 H 4'7  Reaction 7 [00225!To a stint''
;dole 7 (IA) eq.) in dimethylformarnide (4,4mUmmo1) under argon was
added kidq,) and potassium hydroxide (1,0 eq,), The reaction mixture
was stirred for 3 hours, The reaction mixture was quenched by
addition of water (8.8milmmol) and product precipitated, which was
filtered and dried. The solid was resubmitted to reaction conditions
(dimethylfonnamide (4.4mi...in:mop under argon, iodine (0.4 eq.) and
potassium hydroxide (0.2 eq.) and stirred for 1h) to convert the
remaining starting material. The reaction mixture was quenched by
addition of water (8.8in1/mmol) and product precipitated, which was
filtered and dried to afford 3-iodoindole 8. Beige solid. III NMR
(eitsDMSO, 400 MHz) 1.39 (t"./ = 7.2 Hz, 31-1), 4A0 (q".1= 7,2 Hz,
2H), 7,35- 7,42 (m, 214), 12.66 (s, (H), 9F NMR. (4D.N4S0, 376 MHz) 8
- 26,87S (EST-) nilz -- 366.1$ (Midi 100%, 368.15 (M-11). 35%. 



Reaction 8 to 9: 100226)To a stirred solution of indole 8 (leq in
dichloromethane (3.5mUirimol) under nitrogen was added di-teri-buty1
dlearbonate (L8 eq.) and 4-dimethviaminopyridine (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 (Na2S01) and concentrated under reduced pressure. The
crude residue was purified by flash chromatography on silica gel
(eitient: petroleum tither/Et0Ac 1/1) to afford ALBocprotected indele
9. White solid. iR NMR (4DMSO, 400 MHz) a 1,35 (t,7.1 Hz), 1.57 (s,
9H), 4.39 (q, .1- 7,1 Hz, 2H), 7.64 (dd,1- 7.3 and 9.1 Hz, 1H), 7.90
(d,1- 9.1 Hz, I H), 19F NMR (413N4S0, 377 MHz) 6; -126.9, MS (ES!,
fif) nilz 490 (M-(Na+). Reaction 9 to 10:           A stirred
so1ution of degassed DMF with N2, (V-Boc 3-icidoindole 9 (leg )
arylphosphimite HI (1.1 eq.), triethylamine (2eq.) and Pri2riba3
(0,2eq.) was heated 5170C or 90C 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: petroleum
ether/E10Ac : 8/2) to afford indoie phosphinate 10 (with also some
deprotected indote), White solid. 11 NMR (d6-DMSO, 400 MHz) 8 1.34
0,1- 7,1 Hz, 314), 1.62 (s, 911), 2,35 (s, 314), 3,66 td" /- 11.6 Hz,
31-1), 4,1t't 7,1 Hz6,51 (d"/ - 16.7 Hz, 11{), 7.58-7,65 (m, 211),
7.69-7,77 (m. $11), 7.94 (d"./ = 9.5 Hz, FP NE NNIR (e'r-Dtu/SO, 377
MHz) -116,0 (s; IF), 3 NMR (r16-1ThISO, 162323.42 (a, 1P). MS (EST)
oilz tt, 561 (MAI). Reaction 12 The lodoaryl 12 (log),
dimethylthnnamidetriethylamine (3eg) and the amlinium hypophosphorous
salt* 0,254 were put in a pressure tube and degassed with N2 for
15min, Then palladium letrakis was added and this mixture was stirred
at 85C overnight, 1002291 The solvent was evaporated and water was
added (pH - 6). TThe mixture was Wattled with NaHCO3 until pH = 8 and
extracted with diethyl ether. Aqueous layer was acidified wit HO 1N
until pH = I and extracted with ethyl acetate. Combined organic
layers were dried, filtered and concentrated under redline pressure
to give the compound fr13. 1002301Aniiinium salt was synthesised
according to the procedure of N1ontehamp et al Am. (.7hw3 Soc., 2001,
123, 510-511). 1002311 Off-white solid. 'H NMI& (d54DMS( 400 MHz)
5654 (d"/ = 16.8 Hz, 7,46 (d, " 549,8 Hz, 111),- 13,6 Hz, 14), 7.71
(m, 3H), 3'1)1481R (4DMSO, 121.49 MHz) 8 15.56, MS (ES") ;wiz =208.
Reaction 13 to 11 1002321175 ridine (leg) was carefully added to a
vigorously stirred solution of alkyl chiorofomate (leg) and
aryiphosphinie acid 13 (leg) in dichlortimehane (2m1lminol) 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 hydrochintie acid (lnitimmol) and the
organic layer was separated. After washing with water and drying over
Na2SO4, the solvent, was removed in vacua to give the compound #11.
White solid. 14 NMR (r1,3-0114S0, 400 MHz) a 2,40 (s, 31-1), 3,71
(d,1- 12.2 Hz, 



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), MS (ES-) nniz -222.
1002331 Ccrtain compounds of the instantmple were prepared by the
scheme and methods he;ow.  H R; Oul)1,R4' 0-:,:' % ie Method AJ.-(';
'iDRMethod ALRs, %.1; ' OR R''...", 111\l's.----ock '9ii.>---0O2Et N'
PG'PG 6463 Re'          --- 3"! Re \----- Cit -01vIne -COW; fs'566
METHOD AD 102341 To a flask was added under argon indole 10 (leg) was
added iodine (1,98 eq.), solid potassium hydroxyde (1 eq.) and
anhydrous DMF (4.5mUmino1), The reaction mixture was stirred 3 hours
then water was added and the slurry filtered through paper filter,
the soiid was dried under reduced pressure and triturated/filtered in
water several tunes to yield atier dryed under reduced pressure the
3-iodoindole 61. 



.61ETIsOD AE 100235To a stirred solution of intlolc10 (leg) in
dichlommethane (3.5mUmmol) under nitrogen was added di-terr-butyl
dicarbonate (1.1i eq.) and 4-dimethylaminopyridine (2 eq.). The
reaction mixture was stirred 18 hours then phosphite buffer 03H-7)
seas added and extracted with dichlotornethanc. Combined organic
layers were dried (Na2SO4) and concentrated under reduced pressure.
The crude residue was purified by flash chromatography on silica gel
(eluent: petroleum ethertlit0Ac : 1/1) to afford igtEffars protected
indole. 62a.  METHOD AF 1002361 To a stirred solution of indoie 10
(leg) in DMF (3,5mLlinmol) under nitrogen and cooled to 0C (ice bath)
was added sodium hydride (1.2 eq.) portionwise. Reaction mixture was
stirred 15 minutes until gas evolution ceased and 4-inetboxybenzyl
chloride was added dropwise.. The reaction mixture was stirred 18
hours then little amount of water was added at 0C. Recation media was
diluted with water/ phosphate buffer (pH- ).Aqueous layer was
extracted with ethyl acetate and the organic layers were washed with
water, dried (Na2SO4) and concentrated under reduced pressure. The
crude fesidue was purified by flash chromatography on silica gel
(eirienu petroleum etherlEt0Ac : 98/2 to Hi) to afford
N-p-methoxybenzyl-protected indole 62h. METHOD AG [00237iTo a stirred
and cooled (to about 0C) solution of ethyJ indole-2-earboxytate 10 (1
eq.) in DME (2trill3nmol) under N2, was added Nall (60% in Oil 2 eq.)
portio.nwise. When gas evolution stopped, benzenesulfonyt chloride
(1.2 eq.) was added. The reaction mixture was stirred for about 1
hour (TLC monitoring, ehtent dichthrometharie); a small amount of
water then was added carefully and the DME 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 (eh:ern: C6H;2/EI0Ac 9/1 to
7/3) to give the Arphenylsultonylindole 62c. MIALI To a stirred
solution of indok 1 (1(3.5m) under nitrogen was added potassium
tert-butoxid.q.). Reaction mixture was stirred 15 minutes then
berizoyl chloride (1,2 eq.) was added, The reaction mixture was
stirred 18 hours then water was added. THE was evaporated under
reduced pressure and aqueous layer was extracted three times with
ethyl acetate. Combined organic layers were dried (Na2SO4) and
concentrated under reduced pressure. The crude residue was purified
by flash chromatography on silica gel (elnent: petroleum otherlEt0Ac
: 3/1) to afford N-Etz. protected indolc 62d. METHOD Al A stirred
solution of degassed DME with N2, N.-protected 3-lodoindote 62
(leq,),      lphosphinate 23 (R-. Me or Et) (1.1 eq.), triethylamine
(2e.q,) and Pd2dba; (0.2eq.) was heated at 70C or 90C until reaction
is finished according to TLC or HMG analysis. Reaction mixture was
cooled down to room temperature and solvent was evaporated. The crude
residue was purified by flash chromatography on silica get (client:
typically  petroleum etheriF,t0Ac 1112) to afford indole phosphinate
63. (note when PG=Boo a mixture of Doc protected compound and
deprotected indole compound is obtained). METHOD Ai [002401To a 4)0C
cooled solution (acetonei ath of bromoindole 



(leq.) in THE (53-ntimmo) under nitrogen, was added n-htityl2,SM in
hees, 1.1 eq.) dropwise while maintaining the temperature aroundAfter
the end of addition, the reaction media was stirred .5 min at the
same temperature and chlorodiethylphosphite (leg.) was added
dropwise. The reaction was allowed to warm up to -20C and then washed
quickly with a small volume of. The organic layer was then
immediately added to a stirred. solution of WI 0.5M and the mixture
stirred for 1 hour, After decantation, the aqueous layer was
extracted with Et0Ac several times. Combined organic layers were
dried (Na2804) then concentrated under reduced pressure and the oily
residue was purified by flash chromatography on silica gel (eluent:
DM/Eta:At: : 95/5) to affind indole 3-1-1- hosphinate 64, ilitill,AL
[002411 To a solution of indole 34H-phosphinate 64 or 65 under N2 in
degassed acetonitrile was added 3-iodo-5-inethyl-cirmamonitrile (1,1
eq.), EttN (1 eq.) and PAN ium tettakis(triphenyphosphine) (0.4 eq.).
The reaction was heated at 100cC 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 -Ord 3-H-phosphinate 63 or 66.
METHOD AM [O0242in a pressure tube, Indole 3Hphosphinae 64 (ieq.) was
dissolved in met the soluhon was cooled down 10 Oct then satured with
ammonia. The reaction was then heated at 50'"C under pressure for 18
hours, Afier cooling down the solvents were evaporated. Water was
added and extraction with Et.0Ao was performed. Organic layers were
dried (Na.2804) and evaporated in vacua. The iCSidLEO was tutored in
acetortitrile and gave after filtration 341-phoshinate ndole
carboxamide 6$.  ertnedtate                 ediae 62h was synthesized
according to method AF. White solid, Ifi NMR (dioDNISO, 400 MHz) 6
1.33 (1,1- 7.1 Hz, 311), 34:35- 7.1 Hz, (s, 211), 6.82 (d, 1- 8.7 Hz,
2H), 6.97 (d,), 7,40 (J 8,9 and 2.I Hz, 111), 7.45 (d, 1H), 732 (4,1=
8.9 Hz, 1.11), Intermediate 62ct 



Ethyl 1-itylsultfonyl-5-chloro-34odolif- indole-2-carh L002441
Intermediate 62c was synthesized aceordthg to method AG. DMSO, 400
MHz) 6 1.40 (z, 314), 4.50 (hr q, 211), :s: 1H), 7,52-7,80 On,00 (m,
MS (ES!, Er) miliz ---- 488 (M). lintertnedia 62r1'  Ethyl i-beeize
indo1c-2-earboxylate:    (.1(-12451intermediate 62d was svnthesized
according to method Al-i. Slight yellow solid, 3H NiMi? (dc-DNISO,
400 MHz) 6 1.03 (t, Jis 0A Hz, 3I-1),Jr 9'4 RA 21.0, 752- 7.71 (m,
8H). MS (ESE Er) ?wiz ,zz: 476 (MirNa'), MS (ES- ) mlz 452. kite:
Methyl 1-phenylstillonyl-5-chloro-4-Bartro-3-iodo-111-
indoie-2-carboxylate " `6. Nss-- `'N 1,0 \ 



U i00246l Intermediate 62e was synthesized according to method AG.
Beige staid, "H NAIR (olo-DNISO, 400 MHz) 1.41 (t, ;'71.3H)" 4.51
(ri"hs 7.2 Hz, 24i), 7.63-7,71 en, 31), 7.78-7412 (m, 141), 7,89-7.91
(d,111), 8.00-8.03 (m." 2H),NNW (c/6-DMSO" 376 .mHz.;) 8 125,50 (d,
IF). MS (ES1-)506.1230%, 380,21 MAY 100%, 382.21 (N1-4). 35%.
Intermediate 62hi Mrithy11-(4-61r64,0Nc (-66-6,vetrte2-'enh("Vi'at? F
[002471Intermediate 6211 was synthesized according to method AF.
White soDd Fl NMR (d6-D.MSO" 400 MHz) 6 1.31 (t"f 7.1 Hz, 3H), 3.67
(s, :It:), 4.34 7.1 Hz", 214), 5,68 (4,, 2H), 6.82 0".1 8,6 Hz, 21-),
5,96 (d. Jr 8.6 Hz, 21-1), 7.45 (dd".I 7.0 and 9.2 Hz" Id), 7,59 (d,
J = 8.8 Hz, 1H), '9FNNIR 51,"-DNINO, $77 N4fia) 6 - :26.1 (a, IF). MS
(ESL Er) nth, = 487.  Compound 63b: I-Berueltesuifonyl-5-ehiero-34
methyl 34(E)-2-cyanon5-methylphenyll phosphinoyl
-1Thindole-2-earboxylie add ethyl ester.  l002481 Compound 63h was
synthesized according to method AL White solid, 'H NNIR ((.16-DMSO,
400 MHz) 8 1.33 (t, - 7.1 Hz, 314), 2.65 (s, 34), 3.69 (d, Jr 11.7
Hz, 3H), 4,41 (m, 2H), 6.52 (d, 1 = 16.7 Hz, 1H), 7.53 (cid, J- 9.0
and 2.2 Hz, 114), 7.62 (d, 13.6 Hz, 11-1), 7.60-7.71 (in, 31-1),
7.76-7.81 (m, 311), 7.85 (d,./ 2.2 Hz, 114), 8.04-8,09 (m, 3H). MS
(ES) m./z = 583 (MI4) 



Compound 63e: 1-(4-methoxyberayl) -5-ehloro-3-1 methyl
34(E)2-eyancriviny0-5-methylphenyll phosphinoyl
4thindole-2-earboxylie add ethyl ester. 1002491 Compound 6136 wa.s
3,2nthesized according to method AL WbRe solid, 'H MIR ..Accrome, 400
MHz) 6 1.: 8 (I- 7.1 Hz, 3--1). 2.39 (s. 3W, 374 (g, 3K $.76 (d, ..I=
2.2 ld, .1- g.9 and 1.9 HZ,1.113.2 Hz, IH), 8,24 (d2.2 Hz, 1H: MS
(ES) mi.::: ,- 563 ( 14).  Compound 631:
ty1carbanale)-5-chloro-441uoro-3-1 methyl 34(E)2-cyanoviny1
methylpheoy 9 phosphinoy9-1/1-indole-2-carboxille acid ethyl esler.
[00259/ Compound 63 was synthesized according to method Al, White
solid, H NMR (d6-DMSO, 400 MHz) a 1,34 (t, I = Li Hz, 3H), 1,62 (s,
9H), 2.35 (s, 3H), 3.66 (d, 1- 11.6 Hz, 3H), 4.37 (A, 1= 7.1 Hz,
214), 6.51 (d, 1 16.7 Hz, 1H), 7,58-7.65 (m, 2H), 7,69-7.77 (m, 3H),
7.94 (d, f= 9.5 Hz, if!), 9F NMR (A-DMSO, 377 MHz) 5 -116i) (s, .1F),
31I" NMR (<16-DMSO, 162 MHz) 8 23.42 (s, IP), MS (ES!, Er) rth = 561
(M+14'). Compound 632; 5-ehloro-44fluoro-3,4 methyl
3-0)-2-eyanovinyl)-5-methylphettyll phosphirooyl4Hindole-2-carboxilic
acid ethyl ester.  I$$S}C3mpcRukd63g.cy;:thesized accoiWr.g:(3m;
i..hod Al.'11 NMR @i6-1.2MSO, 400 MHz) a 1.24Z.35 (s, m; A 24 (QJ 7.2
Hz, 2Rn,(b3, h'fc NMR (d,.:;-DMSN.C.)" 376 N(s,; 62 N25.24 ESI Efl
fl./..zf(N.1411)  144-methinybenzyl)-5-(thlore-4-fluore-34
methylovitiyl -5- 



methylphenyl] phosphinoyl4edo1e-2-carboxili add ethyl ester,  (..1;
:)0 [002521 Compound 6Th was synthesized aecoding to method AL White
solid NAIR (416-064S0,. 400 MHz) 3 1.20 0, Jrrr 7,1 Hz, 3ff), 2,35
(s, 3.13), 3.61 (d, 1 11.6 Hz, 3H), 3.70 (n, 311), 4.28 (q, "I- 71
Hz, 2H), 5.43 (d,,1 = 16.2 Hz, H), 5.48 (d,1-  111), 6.48 (&J = 6.7
Hz, LH), 6.88 (d,1 = Si Hz, , r= 83 Hz, 2 (dd, 1  ' 6,8 and 8.8 Hz,
11-1), 7,553,7951.-1), E9F NMR (41).MSO, 377 MHz) 6 4163 (s, IF), 3/P
MIR (4DMSO, 162 MHz) 324.55 ( s, LP). MS iESt, Eflailz 581 040+10,
Ify5cor3etheyh3 add ethyl ester, nhitsyl4114titiole-2-ccirboxylic  



/00253/ intetmediate Ma was synthesize,d according to muhod U. oil, H
NMR (4DMSO, 300 MHz) 6 1,25 (t, 1 7,2 'Hz, 3H), 1.37 (t, (m, 2H), 416
(q,J= 72 Hz, 311), 7.58 (dd.,1- 9,0 and 2,1 Hz, 1 -; 609,6 Hz, HI),
7.83 (pi, 114), 7,97 (d,..1- 2,1 Hz,  H), 8.11 (m, 3 DMSO, 162 MHz) 3
D.43, MS (ES) = 456 (MH"),  Intermediate 64b:
1-Benzeoesullony1-5-chloro-4-flunro-3- ethoxyhydrogenophosphisyl
carboxylic add methyl ester.  11102541 Intermediate 64b was
synthesized according to method AL White solid, Ill NMR (d6-DMSO, 300
MHz) 5 1.20 (t,6.9 Hz, 3H), 3.99 (s, 311), 4.03 (m, 211), 1,10 (m,
2H), 7.70 (in, 4H), 731 (in, 211), 739 (dd,616.8 and 4.8 Hz, 1H),
7.84 (m, 1H), 7.96 On, 1H), 33P NMR (4DMSO, 121.49 MHz) a 12.42 Vp.F=
12.6 Hz). MS (ES4) talz = 460 (MH+). Compcnrnd 631; 5-ehloro-34 Ethyl
34.(E)-2-eyanos4nyl)-5-methylptienyli phasphitickylAH-indo1e-2-
carboxilic acid ethyl ester.   i)trrccCiond NMR (NISO, 400 184Hz) 6
1.0(.1(t,1   .etitddVhjte sad, iH 7.0 Hz, 



8.8 and 2.2 1- Ha MS (EH')  intermediate 65a  loro-3-inothoxy
ydrogenophosph yl -1/1-indole-2-carboxitinidet  109256fintermediate
o.,a was syuthesized according to method AM, Whitt'If NMR (do-DMSO,
300 MHz) 8 3,7 t (d, j- 12.6 Hz, 3H), 7.35 (dd. I- S.? and 2.1 Hz
111), 7.60 (*Li 8,7 and 1.8 Hz 11-1), 7.85 (d, J:.21 Hz , 7,99
(etd,..1- 616.8 and 5,4 Hz 11-0, 8.00 (bra, H), 9.28 (brs, 1H), 12,71
(hrs. H-1), 313 NMR, (e.,15DMSO, 121,49 MHz) 8 22.3g. MS (ES-) tit/z
= 271 (M-H), Intermediate 55hz cdoIe2arbomidc.   [002571
Imerintcsized according to method NMR (41.)MSO, 300 MHz 53.72. (d, j=
13.2 Hz, 3H), 7.45 On, and 5.4 Hz flU, 8.08 (hrs, I H), 9.96 (brs,
1H), 13.01H), 33P NM MHz) 8 22.79 (cid,28,8 and 4.6 Hz), MS (ES")289
(M-H). Coinoimisd   5-chlord-3j methylyphenyq rilsosphi1 ll-indole-2-
carboxamide,  



Compound 66a was synthesized according to method AL. White so MAR
(CDC:13, 300 MHO 82.40 (s, 311). 3.88 (d, 1 11.7 Hz, 314). 5.89
(d,,./ 16,5 Hz, 1H), 5,97 (bre, 1H.), 7,33-7,67 (m, 7H). 10.46 (s, H
10.89 (bre, IH), IEP NIWR. (CDC13, 121,49 MHz) 631.54, MS (ES) m/fr -
414 (MW). Compolimd 66bt. oro44looro-31 m thyl
4(E)-2-cyanoviethylphenyl/ phophtnoyiH [002591 Compound 66h was
synthesized according to method AL. White solid, NNIR (CDC13, 300
MHz) 8242 (s, 31-0, 3.88 (d".1- 12.0 Hz, 314). 6.38 (d,.1- 16.5 Hz,
Ili), 7.20 (bra, 1H), 7,42 (dd, - 8.8 and 6.7 Hz, 1H), 7.61-7.6o (m,
2H), 7,74 (m, 211), 7,89 On, 1H), 11,24 (s, 1H), 12,07 (hrs, 1 1-1),
P NMR (CDCH, 121,49 MHz) 630,29, '9F    4b 100 $0,j;,,2.-"....;,;
""!".."-;.-.0" A aC" )1) under nitrogen , was added HOB: (1eq), (R)
or (S)-Mplitt-methyl EDC.1hentedia svas stirred for 18 hours
thenL.:Pitak SCAid was tdtered, reseed with water, 8M:don:zed with
Et()Acs dried with Na2504 and evaporated under reduced pressure. Tee
crude residue was punned by flesh ehromatogbaphyehfent: petroleum
etherlEt0Ac : 9515 to 8/2) to afford indo1e 4u or 4b.  1002611 O:
5-cialoro-3-iodo ,, N-C(S).1-01-methoxyphemiDethyl)-1M-indole-2-
carbon:nide. Oil-white solid, H NMR (a2.6-0M80, 400 MHz)  1,4g (4, t.
7,0 Hz, H), 173 (Is, 314), 510 (m, 1H), 6..908,8 Hz, 214), 7.27
01d,8.7 and 2.0 Hz, Hi), 7.35- 



7.38 (m, 3H), 7,45 (4, ,f 83 Hz, 111.12 8.37(4.7.6 Hz, 1H), i215
(bra, ill), MS (15n retiz 45S (MIT). 002621 41,i
5-cliimo-34odo-N4(R)-1-01-inethoxyphenyflethy1)-1H-indole-2.-
cesboxamidoi White solid, H NMR. (eirDMSO, 400 MHz) 8 1,48 (4, Jr 7.0
H, 311), 3.73 (a, 3M), 810 (m,141), 6,90 (4, .1,r 8.8 Hz.,211), 7,27
(dd, 1,==, 8,7 and 2.1 Hz, 111), 7"35-7,3;' (m, 31:), 7.45 (d.J S.7
Hz, 1H), *37 (d"i- 7.7 Hz, 1H), 12,20 (to, 111), MS (ES') -4.5,';
(Min. !Mem:Sinn 5e at:d tjuS .1 ,-11 Mr,,LJ 7" uttkk, p 1i1   5eSd
1002631 A stifled aolulion of degassed ENT with N2, 34odoladok 4b
(ng.); 14- za-yiphoaphinate #11 (11 eq.), triethy1mine (2N.) tux:
Fdidhaa, (0.2s) was heated at 70C      Feaction is full:ft-A ammiing
:0 TLC or BMA: EmalyS, Rewtiox illb2231M WaS COCI:ed down In i.tom
.leraperatime and eclvent WZ;23 tijaponited. The. diastrolsomers
Nairn,: ate sop:h.-nod by flash chromatography on silica gel; @Mont:
mirolcum etherjEt0An 9/1 to 111) to affoni snecessivny phosphinate
5.; and St lotwq3-(pi-2-cmo.villy"--5-ulethAsTm54(2--m4
methoxwthemMwienbanio,,T)-5-,:thloro4H-Mdol-3w10-phoimIthiatei NM.R.
(16-DMS.0,400 :MHz) 3 1A86,814z, 31'O, 2.2$ (3, KM 3,73 (s,3H).13,75J
11.8 Hz, 314), 5.14LH), 6,52 (d,16.8 Hz, 111), 6..918.5 Hz" ZH),
'7.30 eld, - 8.5 and 2.1 11z, 1H), 7.36 (1, .1- 8.5 Hz, 211), 7.:56
0.1:1"7- 8,8 and 1,5Ili), 7,61 (m, 



2H), 7,48 (dd,J= 21,2 inal 8.9 Hz,7.70 (d.Jr 16.8 Hz, 113)," 717 (s,
1H), 7.80(4,1::. 13.0 Hz, ill), 11,12 0.1"1- 6.8 Hz, iH, 12.76(b, HD,
MS (ES')reiii.z -548 (MiE),  [0026515d:(S)-n/ethyl
34(E)-2-cyarioviny0-5-mothylphemb(.10- 4-
tnethoxyphenyHeihylcarbanioy1)-5-chloro-lii-indo[-3-3-phosphinate:
White solid, 111 NMR(4-DMSO, 400 MHz) 3 1,48 (d, J- 7.1 Hz, 311),
2.24 (s, 3H), 3. (s, 3, 3,79 (d, Jr, 11,5 Hz, 311), 5,14 (m, TH),
6.42 (d").- 16.5 Hz, 1H), 6.85 (d,"7,-, 8.5 Hz, 211), 7.31 (del" t=
2.1 and 8,8 Hz, 111), 734 (d,1-, 8.5 Hz, 214), 7.44 (d, J= 13,2 Hz,
1H), 7,58 (m, 211), 7,,111, 11.11 (bra, IF!), 12.77 (bri,-, 111), MS
(ES) mei: =548 (M4-H4). Compnand (10-66a: (002661To a solution of
(R)5e (leq,) in acettmitrile under astrogen was cooled down to -15t
(Naelliee bath), then eerie a1113:003thall nitrate (7.5 eq.) in water
was added (hope:I.:ie.,. The reaction was stiired for 30 min at this
temperature. The reaction media was diluted with Et0Ac and water. The
organic layer was washed with water then brine, dried (Nae804) imd
evaporated under reduced pressure., Chiral IIPIR of the Crude sample
shown presence of only one enautiorner of compound 66a i(R)-methyl
-5-methylpheny1(2-carbamoy1-5-chloro4H-indol-3-y1)-3-phosphirtate.
Analytical data reported above. [002671 Alternatively the indote 4
could be AL-protected prior to be palladium coupled with a
H-itrylplxisphinate as described above. Afler separation of the
hi-protected diastereoisomers, the optically pure carboxamide 6 can
be obtained by sequential removal of the indoie N-protecting erourt
and of the. chiral Eli0iitty. !:X53R13{483  100268) Chemical
resolution of the 2-carboxyl derivativesphoinclotes of Formula 1,11
was performed on 280,82 g of! using (-)-einehonidine 2 (Scheme 15, to
obtain the required enamiomer, tint elating isomer by chiral HPL.C,
ana(ysis) and (4)- Cinchoninc 3 (which can be used to minove the
undesired thantiorner from the filtrate, second eluting isomer by
chiral fine analysis).  resointion oh. 280.82g scale of ratiemie add



(-)-Ciodionidine 2 Kas (did 280.83 g in 4.21 of ecotone(isn%88:43
Canceenenc' + 308.4g of SItIaIC Firs: Resolution  (Ratio 2C1:80)
Loading ratio 315 RECPAry ofqing10 unantiomer n 53%  Cteavega with IN
NCI (2h at ri) and elnyi acetate nongsenn of add Recovery of single
one:ids:ran( n 70% (basest: on expostoe 140.42g d acid)     



Recovery or Coyle onantloiner s, 70% (based on espeded 140.42g of
add)  Cieassge cab 1N NCI: (211 at (1) and MN: acetnie F.:great/on of
anal  (043.07 fror Sid COgan. g8 fel 4'7, 41$ 83g of eitra18 (Nate
53:45) Recovers: of dingle enenliorne; n 03%  (based on eNPFIded
239.54o of nab) Scheme 15 I. ;nitial resolution on 28(L82g ;gale of
racer:tic acid Fir,Tht resolutiort 843i881, < Cittebonids 1002691The
free acid o Inuok 1; (280.613g, $75.61 mcd, Scheme 15) was suspended
in acetone (zyand stirred at room temp. in a sealed flask. k
Cinchonidine a (198,89g, (7.5,61 nimol) was added in one portion and
after lb. a clear solution was observed. After a figther lb
precipitation of a white solid was observed and the suspension was
stirred at room temp. tor(total 410. After this. time the
precipitated solid was isolated by filtration and washed with acetone
(200The filtrate was concentrated in wicati and 



both the precipitated solid and te.SiCikEC from the filtrate were
dried overnight under vacuum to yield 108.5g o Add cleavage of salt
.v ehiral 111QC anatysts, ratio 96:4) and 308,4a t.txiystS, rat()
leen); The partially resolved saltal :PLC a 6i4) was suspended in a
inixturiti o :Nvigorously  and the layers were separated. The aqueous
layer was further extracted with ethyl acetate (214 and the organic
extracts containing product were combined, dried with sodium sulfate,
filtered and concentrated in vacua to yield the partially resolved
acid as an off-white solid 007,34g, purity by chiral HPL,C analysis,
ratio 9 Second resolution - using (- -Cinchonidine 1The partially
resolved acid indole 1 (107.34g, 258.7$ mol, purity by chiral HPLC.
analysis, ratio 95:5) was suspended. in acetone (1.071) and stirred
at room temp. in a sealed flask, (-)-einclionidine 2 3..18g, 258.78
mmol) was added in one portion and after lh, a clear solution was
observed. After a further I h, 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 (200The filtrate was concentrated
in vacua and both the precipitated solid and residue from the
filtrate were dried overnight under vacuum to yield 199.07g of solid
(purity by chiral HMG analysis, ratio 98,6:1,4) and I3,83g of
filtrate (purity by chiral HPLAIli :analysis, ratio :- 55:45). Acid
eleavisge of salt [00272iThe resolved salt (199,07g, purity by chiral
HPLC: anaratio = 98,6:1,4) was suspended in a mixture of ethyl
acetate (314 and IN HO (31) and vigorously stirred at room ternp.f0E'
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 (21) and the organic extracts containing
product were combined, dried with sodium sulphate, filtered and
concentrated in vacua to yield the resolved acid as an off-white
solid (98.08g, purity by chiral HPLC analysis, ratio = 98,6:1.4). 'H
NMR. (d5-DMSO, 400 MHz)t,   \, 3.70 (.71 Hz, P-OCH1), 6,50 (111, d, i
16.84 Hz, C.11.471R7N) 34 (1H, dd J 1.9511z, J 8.79 Hz), 7.57 (1H, d,
.1 8.56 Hz), 7.624.79 (3H, in), 7.82-7,85 (111, m on! with1
13,4313z), 7,98 (1H, m), 13.02 s, CO2H), 14,36 (1H, br-s, NH); nP
NIVIR (tiii-DM80, 161.8 MHz): 533.42; mlz (ES+) 415 (M-1-H)+,
Recovery 1002741Therefore, 98,082 of required acid enantiomer was
isolated (70% recovery based 



upon I 40,42g of available acid enantiomer from 280.83g of raceinic
acid), A further  322.25g of salt from combined filtrates of the two
resolutior(3084g  13. further treated to recover more Ftquired
enantiomer. 2, Recovery from filtrate Acid cleavage "salt 1002 51The
partially resoived combined salt 4 (32'sk. is suspended in a mixture
of ethyl acetate (4.8L) and IN HCI (4.8L) and vigorously stirred at
room temp, for 2h (Scheme 16). 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 (411) and the
organic extracts containing product were combined, dried with sodium
sui concentrated in vacmo to yield the partially resolved acid as an
off-white solid (169.75g, PLC analysis, ratio8 Recovery of required
enaniiomer from faltrage Scheme 16 Flr" rose einchimino 3
R102761`144-ily resolved acid h a:maks:is, ratio 22:78) was suspended
in ace one (3..061..) arIa 5tOtT(d Sd rOOM temP, it sealed flask.
fr)seincimnine 3 (120.48g, 409.25 mintii) was added in one portion
and after ih a clear solution was observed. After a further :5 mins,
rapid precipitation Ufa white solid was observed itud the thick
suspension reouireci additional acetone (Itotal volume of  acetone
used zt 4.2L) to allow stirring of the reaction in nrc at room temp.
to (total 4h). After this time the precipitated solid was isolated by
filtration and washed acetone (150 mil:), The filtrate was
concentrated in VaCUO and both the precipitated solid and residue
from the filtrate were dried overnight under vacuum to yield 324.2g
of solid (purity by chiral HIQC analysis, ratio - 4,5:95.5) and
80.71g of filtrate (purity by chiral HPLC analysis, ratio - 77:23).
Arid cleavage of salt to obtain undesired ena I002771The partially
resolved salt (324.2g, purity by chiral HPLC analysis, ratio 4.3;
95,5) was suspended in a mixture of ethyl acetate (4.80 and IN HO
(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 vacua to yield the
resolved acid as an otT-white solid (124g, purity by chiral .HPLC
analysis, ratio - 1002781EH NMR (16-DM30, 400 MHz): 6 2.33 (3H, s,
AECH;), 3,70 (3H, d, .1 11.72 



Hz, P-OCH;), 6,50 (1}1, d, J 16.84 H4 CH-CHCN), 7.34 (111, dd, i
1.95Hz, J 8,79 Hz), 56 Hz), 7.62-7.79m), 7,82-7,85 (I H, in or d with
J 13.43Hz), 7.98      m), 13.02 (11-1, s, CO21{), 14.36 '1H, br-s,
NH): 311' NMR (d5-DIVISO, 161.8 MHz): 633,42ittilz (ES+) 415
(N1+1-1)', Acid cleavage of salt to ohtah reqoircd erantiomer
1002791The partially resolved salt (80.712, purity by chiral 11111,(7
analysis, ratio - 77:93) was suspended in a mixture of ethyl acetate
(1.21L) and IN HO (1.21L) and vigorously stirred at room temp. for
2b. After this time, the reaction mixtum was transferred to a funnel
and the layers were separated. The aqueous layer was higher extracted
with ethyl acetate (IL) and the organic extracts containing product
were combined, dried with sodium stilt-line, filtered and
concentrated in vactio to yield the partially resolved acid as an
off-white solid (46.97e, purity by chiral HPLC analysis, ratio -
77:23) Second resolution - using (+Cinchonidine 2 1002801The
partially resolved acid indole (46.97g. 113.24 mind, purity by chiral
. analysis, ratio = 77:23) was suspended in acetone (470 Rif.) and
stirred at room temp, in a scaled flask. (-)Cinchoradine 2 (33.34g,
:13,24 namol) was added in one portion and after lh, a clear solution
was observed, After a further I h, precipitation of a white solid was
observed and the suspension was stirred at room temp. for a Linn, 2h
(total precipitated solid was isolated by filtration and washed with
acetone (IOU mL). The filtrate was concentrated in wren and both the
solid and residue from the filtrate were dried overnight under vacuum
to yield 48.5g of solid (purity by chiral HPLC analysis, ratio --
97,5:2.5) and 33,7g of filtrate (purity by chiral HPLC analysis,
ratio 39:61). cleavage of salt to obtain required eriantionter from
filtrat [002811The partially resolved salt (48.5g, purity by chiral
HPLC: analysis, ratio =- 97.5:2.5) was suspended in a mixture of
ethyl acetate (728 triL) and IN H(31(728 mL) and vigorously stirred
at room temp, for 3h. After this time, the fa.ction mixture was
transferred to a funnel and the layers were separated. The aqueous
layer was further extracted with ethyl acetate (700 mi.) 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 (25,8 V,102821 y by chiral HPLC analysis,
ratio 97,4;16) IR 0164)MSO, 400 MHz): 5133 (3H, s, Ar-Ckb), 3:70
(314, d"1 11.72  P-OCH3); 6.50 OH, d, 316.84 Hz, CH=CHGN), 7,34 (1H;
dd. 31.95Hz,8.79 Hz), 7.57 (11-1, d, 8.56 Hz), 7.62-7.79 (33-1, m),
7.82-7.85m or d with 3 13.43Hz), 7.98 



(1H, m), 13.02 (IH, s, CO2H), 14;2NH); 3P NMR (df"-DMSO, 161.8 MHz):
533.42;iwir: (ES-f 413 (M4-1-1,f, Recovery 87g of required enar mer
recovered from filtrate. of required acid enantiomeri-       98.08g +
25.87g = 123.95g (out of possible 14042g from 280.8g of racemic acid)
= F.x inplc  Chemical Resolution of 3-Phosphoirtdoles of Formula HMV
1002841The resolution of the free acid indole of Formula III/1V has
thus far been ed on 432.6 g o(-)-Cinclionitline :Z. This process is
depictedScheme 17  motion on 432,6g scaleci     Cistoolgs withRC!
-11-"CM RnCtothonideso 2  (2ss 
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es:INV:Priv lovisVed 04% rec0ver2 avevid vnoti 21.9,30 vt acisti
420.520 45ox4ined I ot, MiNer ttc.iai,d 10 re:7525r :NOS tetwityr..:
3014 eoaMiomeg       Schiteme 17 Experimental Procedure 1. hftial
mointion on 4316g scale of racrnic add ResOutionflncinanidine 2
1002851The free acid indole 5 (432,g, 1.0 mol) was suspended in
acetoneL) and stirred at room temp, in a sealed flask,Cinchonidine 2
(294,39g, 1.0 mot) was added in one portion and the suspension was
stirred at room temp. ftir 4K Alder this time the solid no
precipitation observed; a suspension was always present on this
scale) was isolated by filtration and washed with acetone (300 mL),
The filtrate was concentrated in vacuo and both the solid and residue
from the filtrate were dried overnight under vacuum to yield 343.2 g
of solid (purity by chiral !PLC analysis, ratio - 98,2) and 420,52g
of filtrate (purity by chiral FIPLC analysis, ratio = 9:91), 



Acid cleavage of salt 0O286The partially resolved salt of indole 5
(343.2, purity by cbS HPLC analysis suspended in a mixture of ethyl
acetate (5.21) and IN NCI (52L) and vigorously         corn temp. for
2h, Adler this time, the reaction mixture was transferred to a funnel
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  sulfate,
filtered and concentrated in vacuo to yield the resolved acid as an
off-white solid (145,44g, purity by chiral HPI.,C analysis, ratio =
98.4:1,6), [002871EH NMR 61_1(400 MHz, d6-DMS0): 2.35 (3H, s,
Ar-CH3), 3.78 (314, d, POCH3), 6.52 (114, d, CH-CHCN), 7.46 (214,
d"'kr-H), 7.66 (114, d, CH-CHCN), 7.69, 7.81 (214,2 x d, 11-6, 11-7),
7.77 (1H, s, Ar-H), 13.63 (114, s, N-11), 15.70 (1H, hr-s, C0011);
3EP NMR 6p (162 MHz, c16-DrvISO): 36.44 (IP, s); E9F NIvIR 3.1: (376
MHz, (16-DMS0): -114.27 (1F, 0); (ESI-4-): 433.0 (ME, 100%), 435.0
(MR'. 35%). Recovery [002881 Therefore, 145.44g of required acid
enantionaer was isolated (68% recovery based upon 2163g of available
acid enantiomer from 432_6g of racemio acid). A further 420,52g of
salt from the filtrate was further treated to recover more required
ena.ntitinier. 2. Recovery from filtrate Add cleavage of salt [002891
The partially resolved combined salt 4 (420,52g) was suspended in a
mixture of ethyl acetate (63 L) and IN I-ICI (63 IL) and vigorously
stirred at room temp, for 211 (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
(31.2) 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 HPI.,C analysis, ratio = 9:91)  Recovery of required
enantiomer from filtrate    :even Mane ;nen dado  
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Scheme 18 First resolution - using (-1)-Cinclownine 3 100290)The
partially resolved acid inciole (222.7g, 409.25 mot, purity by cbiral
HPLC analysis, ratio =9:91) was suspended in acetone (4.38L) and
stirred at room temp. in a sealed flask. (4)-Cinchunine 3 (120,48g,
409.25 mum') was added in one portion and after lh, a clear solution
was observed, After a further 5 inins, rapid precipitation of a white
solid was observed and the thick suspension required additional
acetone (0.5L - total volume of acetone used - 4,8814 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 vactio 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 5832g of
filtrate (purify by chiral TIPLC analysis, ratio = 84:12). Acid
cleavage of salt to obtain undesired eriantiostaer i002911The
partially resolved salt (360.6g, purity by chiral HPLC analysis,
ratio 3:97) was suspended in a mixture of dichloromethane (SAL) and
IN /ICI (SL) and vigorously stirred at room temp. for 211, After this
time, the reaction mixture was transferred to a funnel and the layers
were separated. The aqueous layer was further extracted with
dichloromethaue (a) and the organic exning product were combined,
dried with sodium sulfate, filtered and concentrated in vacuo to
yield the resolved acid as an 0fft white solid (210.0o, purity by
chiral HPLC analysts, ratio - 2:98). 10O292Fl NNIRSH (400 MHz,
d64)N4S0), 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 IA, d, CH-CHCN), 7,69, 7,81(2K,
2 x d, .H-6, H- (162 MHz, d64 



13,63 (I ft s,NJT). 15,70 (IH, br-s, C001-1); 311> 6.44 (IP, s); i912
NM(376 MHz, da,-DIMS0): -I 4,27 (IF, s);  wiz (ES1+): 4310 (WI,
100%), 435.0 0, Acid cleavage of salt to'equired enantiomer from
filtrate          The partially resolved salt (58.32g, purity by
chiral 1-1PLC analysis, ratio - 84;12) was suspended in a mixt( e of
dichloromethane (875 tIN HO (1175raL) and vigorously stitted at room
temp. for 21L 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 vac/Jo to yield the partially resolved
acid as an off-white solid (36,65g, purity by dhiral HPLC analysis,
ratio 88:12), Second resolution using (-)-Cincluinidine 2 [002941The
partially resolved acid indult.: (36,65g, 85,0 mmol, purity by chiral
HPLC analysis, ratio - 88:12) was suspended in acetone (367 ini") and
stirred at room temp. in a sealed flask. (+Cinchonidine 2 (25,02g,
85,0 Immo() was added in one portionafter th, a clear solution was
observed. After a further h, precipitation of a white soleas observed
'and the suspension was stirred at room temp. for a further 211
(total 4h), The precipitated solid was isolated by filtration and
washed with acetone (100 rot), The filtrate was concentrated in vacuo
and both the solid and residue froin the filtrate were dried
overnight under vacuum to yield 21of solid (purity by chiral HPE:C
analysis, ratio = 99,1) and 36,65g of filtrate (purity by chiral HPLC
analysis" ratio 49:51). Acid cleavage of salt to obtain required
enantinfiltrate 1002951The partially resolved salt (2432g, purity by
chiral HPLC analysis, ratio - 99:1) was suspended in a mixture of
dichloromethane (374mL) and IN HO (374 ml.,) and vigorously stirred
at room temp. for 2h. After this time, the reaction mixture was
transferred ED a funnel and the layers were separated. The aqueous
layer was further extracted with dichloromethane (200 nil) and the
organic extracts containing product were combined,  &tied with sodium
sulfate, filtered and concentrated in menu to yield the resolved acid
as an off-white solid (13.02g, purity by chiralanalysis, ratio =
99:1). [002961Ift NiMR 8H (400 MHz, dir)MS0): 2.35 (3H, s, Ar-C113),
3:78 (314, d, 632 (111, d, CH---CHCN), 7.46 (2H, d,7,66 (11i, d,
Cift--CHCN), 7.69, 7.81, 2 x 



11-7), 7.77 (114, s, Ar-H),(LH, s, N-Pi), 15,70 (1I, br-s, COOK), 3/P
NNW. 8p (162 MHz, i-15-1)MS0): 36,14 (1,P, s); t9FNMR 5r (376 MHz,
d6-DMS0): -114.27 (iP, s); (ES1+): 433.0 (MR. 100%), 435.0 (Ma, 35%),
Recovery [002971Therefore, 13.02g of required enantioinet recovered
from filtrate, Overall recovery of required acid etiantiomer.-
1454Mg + 13,022,rrr 1 5 8.46g (out of possible 216,3g from 432.6g of
zacemic acid) - 7:3% yield, [00298[ The resolution of the free acid
of d-phosphoindole 6 has been performed on 1.02g of the compound
using (1141.,2S)4ipbedrine 7 and (1l3,2R)-Ephedrine hemihydrate 8 in
95% Et01-1 (Scheme 19), The principle of this resolution is the same
as that described above utilizthe Tineboaidirie bases,  1:20 Loading
ratio11:19 Loading ratio 236 mg of solid4 197 mg of filtrate)250 mg
of solid(+ 127 mg of filtrate)  Cleavage with IN HCI (3h at d) and
ethyl acetate 106 mg of resolved acid HPLC signal at 9.39 mins (99%
re) 59,1 Ovemn yiem (based on posE:iblet 0.6$ of 1.29 of rcemic acid
, Cleavage mtn IN Ha ph at rt) and ethyl acetate 108 rig of resolved
acid 



HPLC signal at 13.11 mire (09% pure) + 59.2               Overall
yield c 10% (based en pacalble 0.99 of 1.29 of facet
Scheme 1.9 Fu-M cesohmg (1 R92S)-( 3nherirltte 7 ;0029'9 The free
acidyurio was suspended in 953'0 etbantdtit) and stirred at room
temp. ma sealed ftrsk7S)-(-)-Eiphed .3.17 ninioi". was added in one
portion and aher 5 rnins, a clear solution was observed. Atier a
further 5 nnns" rapid preen:amon or a whpe solid was observed pnd'big
was continued at room temp. for 3b..After this time the precipitated
solid was isolated by (titration and washed95% ethanol (2 int.). 'the
filtrate was concentratedsacnia and both du prec jottated solid and
residue from the filtrate were dried overnight under vacuum  to yield
558 mg of precipitated solid  rity by chiral HPLC analysis, ratio
='86 and 706 mg of filtrate (purity by chiral HPLC analysis, ratio
6), Second resolution [003001The partially resolved salt of 6(558 mg,
purity by chiral HPLC analysis 14:86) was suspended in 95%
ethanol1,and stirred at rffi)En temp. in a sealed flask for 3h. 



After this time the solid was isolated by filtration and washed with
95% ethanol (2 rta). The filtrate was concentrated in wren and both
the solid and residue from the filtrate were dried overnight tinder
vacuum to yield 236 my. of solid (purity by chiral HPLC analysis,
ratio - 1:99) and 19? mg of filtrate (purity by chiral 1-1PLC
analysis, ratio 25:75). Acid cleavage of salt t00301lThe resolved
salt of 6 (236 mg, purity by chiral NFU:: analysis 1:was suspended in
a mixture of ethyl acetate (7 int,) and IN HO (7 niL) and vigorously
stined at room temp. for 3k Mier this time, the reaction mixture was
transferred to a funnel (additional ethyl acetate (3 rriL) and IN HO
(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 InL) and the organic extracts were combined,
dried with sodium sulfate, filtered and concentrated in eacuo to
yield the resolved acid as a white solid 006 mg, purity by chiral Ft
PLC analysis, ratio1:99, irrlD -59,11), [903O211 NMR, (d6-DMSO, 400
MHz):6x Ar-,), 311 (3H, d, 11.72 Hz, P-OCH)), 7.2-7.30 (11-1, m),
735;7.45 (n, 31-1), 7.57-7,6 (m,) 7,78-7.79 (m, Hy), 12,99 (I H, s,
CO2F1), 14.7$ (I H, hrs. NH); 33P NMR (d6-DMSO, 161,8 MHz): (335.41;
rfilg (ES) 378 (NU-Hr. 2, First resolution -- U(I.S,2R)-(+)-herif
[03031The free acid indale 6 (1:1) as siispided in 95% ethanol ( I 2
mi,) and stirred at room temp, in a sealed flask. (1S, drine 8
(0,55g, 3.17 mmol) was added in one portion and after 5 mins, a clear
solution was observed. After a further S mins, rapid precipitation of
a white solid was observed and stirring was continued at room temp.
for 311. After this time the precipitated solid was isolated by
fiitration and washed with 95% ethanol (0,5 ifiL). 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 (pm-4y by chiral HPLC analysis, ratio - 94:6)
and SAO nag of filtrate (purity by chiral Fine analysis, ratio =
Second resolution 41The partially resolved salt (618 mg, purity by
chiral HPLC analysis 94:6) was suspended in 95% ethanol (12 mi.) and
stirred at room temp. in a sealed flask for 3h"lker this time the
solid was isolated by filtration and washed with 95% ethanol (0,3
mi..), The filtrate was concentrated in vatio and both the
precipitated solid and residue from the filtrate were dried overnight
under vacuum to yield 250 mg of solid (purity by chiral HPLC
analysis, ratio = 100:0) and 127 mg of filtrate (purify by chiral
HPLC analysis, ratio -- 85;14 Acid cleavage of salt     051 The
resolved salt of 6 (250 mg, purity by chiral HPLC analysis 100:0) was
suspended in a mixture of ethyl acetate (7and IN HO (7 mL) and
vigorously stirred at room temp. for 311, After this time, the
reaction mixture was transferred to a funnel (additional ethyl
acetate (3 mL) and IN HO (3 rilL) 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 nth) and the organic
extracts were combined, dried with sodium sulfate, filtered and
concentrated in VC1C110 to yield the resolved acid as a white solid
(108 mg, purity by chiral HPLC analysis, ratio - 100:0, [alp = +59.2)
t003O6fl NMR (i16-DMSO, 400 MHz): ,S 2.27 (614, s, 2 x Ar-Citi) Hz,
P4)gi.3), 7.2-7.30 (iH, m), 7,35-7,45 (m, 311), 7.57-7,6 On, I H), 7.
8 79 (m, 1H),      s, CC1214), 1433 (11-1, br-s, NH); sP NMR
(th,-)MSO, 161.8; 815,41; m/z 378 (1\4+41)t. 



Recovery 07JOverall recovery is 18% from tacemic acid 6 using either
(IR,2S or (151,2R)-ephedtine hemihydrate 8 but without any
optimization of the process. Eitionitile 5 Chins! Synthesis of
3-Phosphoindo es Synthesis with adiates, where the chiral cent is
completely preserved or completely inverted, in this case the base
used for the cross coupling (e.g. Eit3N) is not strong enough to
allow racetnization of the starting HP phosphinate to iiecurrcontrary
to DKR process). Cross-coupling reaction proceeds with retention
olconfiguratlon. Cleavage of the menthyl phosphinadc using
tralkyicixonium salt,  kilto'ved. by acidic treatment, proceed with
inversion of8:),vl(J. Org, Chem 1523-1-1This ortmess is depicted in
Scheme 2.0.    Scheme 20 [00309]Preparation of tnenthyl phosphinate
compound is realized in two steps from ar):d halides or triflates
(Scheme 21), First step is the preparation of H-phosphinic acid
according methods described such as the work of Montehairip et al, I
Am. Chem. Soc. 2001, 123:51051! and Montchamp et al., ]. Organomet.
Chem. 2002, 643-6414:154-163. Second step is a Hewitt reaction such
as described Tetrahedron Lett 2003, 781-783.    Scheme 21 [003101 A
second approach for synthesizing menttM phosphinate starts also Rom
an halide to produce 03th oronrosohue with method available in
litetanire (Scheme 22), Then attack is-menthol gives
menthytphosphFnatc as a diasteccomeric mixture as 



described inCnr 047 90,1459-3465,    0 'Metithy:  Scheme 22 1003111
The separation of the diesiereoisomers is realized by aystali intim
ming or adapting the conditions described in lArn,Cherra.Soc. 1970,
92, 5809,5810, Heteroatom Chornistry 1995, 6, 365:70,
R143-siGen.Cherm 2005, 75, 656.657 (Scheme 23). a4" Ip 5.... eO -44
MeOMy! Scheme 23 1003121 Schense.,s 24 and 25 depict the chiral
synthesis of 3-phosphoindoles of Formula I and III using this
simroaoh:    Scheme 24  



o1,1 X Chbp i  Etwo-hcmu [ . \ 0.1 cAJOIft nitoition of
cost:cliff:bon'''H meciol3F4.-CN NH31Me0H 2) TPAPor 1)U0H 2)C;Di
3)NFiz, invorolon of (x)atigurationH Scheme 25 W0313; For the
an:dynes' awn:ion of emmtiorners, the conditioas the chitai HPLC
analysis art: Column: DAICEL CHMALFAle AIM-I 5um, 250x4,6 mm ID,
Mobile Phase A: Methanol hikthiie Phase B: iPA4-0,05w6hTFA isocratic:
A/B (25175) Flow Rate: 04mUnith Detection: FDA max plot 2 G-400om
ithantiother RTh BA thin; Esantiomer 2RT-I Pmpa rake thethedx
Injection of 2g of 3:iv:rink mixtum (IN4403): Coiumn: DAK1131,
CHIRALPAO AD 2thons 260:60 ram ID, Wiobile Phase 50 ethanollSO
methanol/ Oi diethylamine (vhilv) Flow Rate: 120thihnin Detection: UV
32Charn Enentionter I RT-70 Min', Enantiomer 2 RI-25"3thith 



Another approach to the synthesis of enantiomericay pure
3-ohosphoindoles depicted th schemes 49 ziind 50,  complete or if
mixture ofdiastereomers are observed. The most sensitive step might
he the borane &protection which required heat From this striem the
enantiomeric excess measurement requires the use of a chiral
analytical EIPLC column. 100315jif the configuration at the
phosphorus is 100% controlled at each step, the single precursor 4
can lead too the two different enantiomers 8 or 12 depending on the
chemical pathway selected. Example 6, Resolution of Diastereomerie
intermediates [003161A further method for the preparation of
enantiotnerically're,hoindoles relies on the preparation of
diastereomers by the funetionalization of the indoles with chiral
The use of chiral amino acids to prepare diastereomeric
3-phosphoindoles is depicted in Scheme 26. The S-chirality at
alpha-amino-acid carbon is unchanged. The synthesis is done as
follows: 1003171This strategy can be applied to prepare other
diastercomeric amides with etiantiomerically pure benzylainines for
example or to prepare diastoreomeric esters ra...it than amides which
could be cleaved after thastereonicric separation to release the
separated ertantiotner. This approach is shown in Scheme 27 helos'.%
:AEOP  Scheme 27  Exnmple 7    



Preparation of Cornpond 1  Condaions: 8;2020. 3.0eq, n-Noptano,
211VC, X :2.02:Li 3,1e,q, iimq, 80(t <1" < -75C. 1. o.11C: t.Oeq,2.,
2MO- 1.cx,; v. DABCO. Ptiox4n uniO, Pdg.lifisrx2 v. 1. CM, DM: 2.
MoCH or EiCH vi 1. 4-Jo2E, OMF,Ph5.:02Ci vX. Ere, ELM? ix 1. NsH,
OW', 2. PrISO2Ci Part A: Synthesis of 3-brotno4nd&e intermediate
'c,Eiz CE ct; Mieroorioehe xthYlesOm ir'Or '-'4.1S-0O2Ms  Compound
102 oimic"A 



HI 71-r1,1,:re'.,3,i1;,,,,i,,,-,,,,nrner24;017 on-",; was
ttekto4,th,,o,_o"k SL bottom flask equipped with overhead stirrer,
reflux condenser, heating mantle, temperature controller, an internal
temperature probe and an argon Mkt. n-Heptane (2000m1) and
di-rhuiyi-diegrhonake ($50,3g, 2,064mol) were charged to the flask.
The mixture was stirred under argon at room temperature for 15.min
allowing dissolution of the majority of the solids.1 he mixture was
heated to reflux fin $h under argon (care: generation of CO2 g)..
Analysis of the reaction mixture by filPIK method Test 20
(TPIFiNzleCN I:1) indicated complete conversion of starling material
(RI 4.57min) to one product (Itt 6.17mi ti). 1003191The reaction was
allowed to cool to 50-55C and transferred in two portions to a 31,
one-neck REF. A mica; of I somm of distillate was removed by
concentration in vacuo at 45C. to give a peach colored solution with
white crystals, The AllrrY was allowed to cool to room temperature,
whilst stiring, for I "Tit The flask was stored ateC Cur 15h after
which time the crystals were filtered under vacuum and washed with
cold n-heptane (400m1),  [003201 After drying at 35C under vacuum for
lb. very fine, white crys Compound 102 (393.1g, 93% yield) were
obtained, Crnnpotutd 102: Ci tHi3CIFNO2 245.64mo14, HPLC analysis
(Test 20, MetlN): R.; 6.% parity (i1:: 254nm, imp.: 103-104C, II
NiV11115H (400 MHz, CDC13): L51 (9it s x CM), 6.56 (1H., br-s,
61-11), 6.94, 7,25, 7.`3 x 111, 3 x m, 3 x V-f1) Compound 103
100321] Compound 102 (80.2g, 0.326mo1) was added to a 3L, feur-neck
round bottom flask equipped with overhead stirrer, an internal
temperature ptobe, 500m1 addition funnel and an argon inlet.
Anhydrous letrahydrofaran (640me was charged to the flask and cooled
using a dry ice bath plus liquid nitrogen, ensuring an internal
temperature of -80C < T < - 75C at all tines during the reaction.
n-LIntyi lithium (405mi, 1.011 mol) was transferred via CEMilla to
the argon filled funnel and added dropwise to the solution with
minimal splashing over 2h, Adler aging for 40min, a solution of
iodine (289"9g, 1.142inol) in anhydrous tetrahydrofuran (430m1 -3-
100ml rinse) was added dropwise to the cold reaction mixture,
ensuring an internal temperature of-80C CT < -75t over $h. The
reaction mixture was allowed to warm slowly to 30C over 14h after
which time analysis by HPLC method Test 20 (sample quenched with
Nal-iSQ; Jai, diluted with MeCN then lieleCN layer diluted with
Meal-) indicated nearly complete conversion of starting material (R1
6,17min, 1.6% @ 254ran) to one product (R.t 6.73min). [003A solution
of NH4C1 (41,6g in 160tril water)gradually, followed by a 3cAlltiOt1
of NaHS03 (184.8g in 560nal water) ensuring TVC. The quenching
mixture was allowed to warm to 10C whilst stirring for I .5h,
[003231After transferring the mixture to a one-neck flask, 1370tril
of THE removed 'and water (500mi) was added. The mixture was stined
vigorously at 4C for 15h and filtered. After washing with water
(400m1) a beige solid was obtained with a coloriess filtrate which
contained no product bv1-11)1,C,  003241The solid was dissolve4 in
hot (65C) et;(700m0 and filtered whilst hot to 



remove insoluble material (3.5g. no product by HPL.C). The filtrate
obtained was concentrated at 45C under vacuum to 150m1 at which point
solids began to precipitate. Water (32m1) was added dropwise to the
mixture which was then cooled slowly to 4'C. over 1,5h. Filtration
under vacuum, washing with 4C ethano1:water 2:1 (250m1) and drying
under vacuum at 40C gave Compound 103 as a pale yellow solid (114.1g,
94% yield), Compound 103:57gmof". 11PLC analysis (Test 20, Me011): R,
6.73atin; 99% purity @, 272am. tape: 6&67C. H NMR 4 (400 MHz,
CDC.1)); 1,45 (911, s, 3 x CHO, 7.27 OH, dd, Ar-11), 7,55 (1H, t,
Ar-H), 8.70 (1H, s, CON-H), C NMR c (100 MHz, CDC1,1)t 28.04
(C(CH3)3), 7933 (C(C11.3),3). 86.23, 86,49 (CI), 115.11, 115.32
(C-CO, 12235, 122.38 (C-N), 129.89 (C-11), 140,99, 141.02 (C-H),
152.94 (Cr-0), 155.47, 15787 (CF;. Compound 104  [00325Compound 103
(110.0g, 0,2= moll was added to a 3E.. four-neck round bottom flask
equipped with overhead stirrer, reflux condenser, water bath, 250m1
addition funnel, an internal temperatute probe and an argon inlet,
Ethanol (900m1) was charged to the flask and cooled to 5C.
Hydrochloric acid (37%, 145.9m1) was added dropwise keeping the
internal temperature below 15C. [003261 The mixture was warmed to
50-55C for 2h after which time analysis by HPLC method Test 20
(Me01-1) indicated complete conversion of starting material (Rt
6.73min) to one product (13r 5.44min), The reaction was cooled to 5C
and a solution of NaOH (80.0g in 1000ml water prepared, 865m1 added)
was added gradually keeping the temperature below 15C, monitoring the
pH until neutral. The mixture was transferred to a one-neck flask and
stored at 4C for 15k 003271A total of 970m1 of distillate was removed
by concentration in vacuo 35C to give a colorless solution with
precipitated solids, The slurry was allowed to cool tofor Hi after
which time the solid was filtered under vacuum and washed with 4C
ethanol:water 1:4 (200m1), After drying at 35C under vacuum for
72.1t, impure Compound 104 (80g, 99% yield, 95% purity at 254am) was
obtained.  100328]The solid was dissolved1 (60C) ethanol (450m1) and
filtered whilst hot to remove the tine insoluble material. The
filtrate obtained was concentrated at 35t under vacuum to 175m1 at
which point water (703110 was added drogwise to the mixture over
3-4h, then cooled slowly to 4C and stirred for a further 0.5h.
Filtration under vacuum,         ithethanawater 3:2 (100m!) and
drying under vacuum at 35t gave Compound 104 as orange needles
(70.5g, 88% yield, 98% purity (Ji 272n3n)"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 -3Compound 104: C6H4C1FiN
271.45gmor'. RPLC analysis (Test 20, MeCN): R 5,44mia: 98% purity @
272mit imp.: 80.5-81C. ES1 +ye: nilz 271.9 [fetti-i]' 65%: 312.9
[M4-MeCN41-11' 100%. 'H NMR hin (400 MHz, d5-DIM80): 5.69 (211, s, 2x
N-H), 6.55 (1H, d, Ar-H), 1,18 (111, t, Ar-1-1). E3C. NMR ae (100
MHz, d6-DMS0): 70.97, 71.24 (C-I), 104,03, 104.25 (C-C1), 110.14,
110,17 (C-H), 129.90 (C-1-1), 150.09, 150,14 (C-N), 155.45, 157,82
(C-F). E'F NMR 8F (376 MHz, d6- DM80): -91.60 (1F, d) Compound 105



[0032.91Co4 (74,5g, 0.275 ,i) was added to a 21: four-neck round
bottom flask equipped with overhead .stiner, reflux condenser,
heating mantle, temperature controller, 250m1 addition funnel, an
internal temperature probe and an argon iniet..N1NDimethylformamide
(575m1) was charged to the flask at room temperature, DABCO (95,5g,
0.851mol) was added in one portion and the internal temperature
dropped to 15C. The mixture was stirred for 20min to effect
dissolution and the solution was degassed by bubbling argon through
it vigorously for 10min. Pyruvic acid (57.33m1, 0,824mo1) was added
to the brown solution over 103nin and the internal temperature rose
to 36C. The solution was again degassed with argon for 10min and
palladium acetate (678mg, 0.0030mol) was added in one portion, 100301
The mixture was heated to 100C for 3h afierwhich time analysis by
HPLC method Test 20 (MeCN, filtered) indicated complete conversion of
starting material (Rt 5,441-nin) to one product CRI 3.64min), The
reaction was cooled to room temperature for 1 5h and subsequently to
5C, A solution of hydrochloric acid (1.15N, 5753111 :hen 0.115N,
280m1) was added gradually keeping the temperature below 10C.
monitoring the "pH" until pH = 3.5. A an solid precipitated from the
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
200m1). After drying at 40C under vacuum for 361), Compound 105
(55.9g, 95% yield) was obtained. Compound lOSr C.91-150INO2
213.59ginol HPLC analysis (Test 20, MeCN)z 13, 3.63min; 99% purity
(i.(i 272mn ESI -vet tolir 212.1 [M-HI 10%; 168.1 [M COON]'100% H NMR
811 (400 MHz, d64)MSO)t 7.10, 7.11 (1H, d"Ar-11), 7.253.32 (211, rn,
213.33(2 x 111, 2 x s, N41, (100-11) 13C NMRac (100 MHz, cl6- HMSO):
102.45 ((>3), 108.76, 108.92 (C-9), 110,20, 11024 (C-6), 116,88,
117.09 (C-5), 125.46 ((1>7), 130.34 (C2), 137,90, 138.00 ((>8),
14936, 152.23 (>4), 162.12 (9-0) NMR ay (376 MHz, d6-DMS0): -121.35
(IF, d). Compound               Compound 105 (55.9g, 0,262mo1) was
added to a 51. four-neck round bottom flask equipped with overhead
stirrer, addition funnel, an internal temperature probe and an argon
inlet. N,A"-Dimethylforrnamide (695m1) was charged to the flask at
room temperature under argon, stirring for 20min to obtain a brown
solution, Carbonykiiitnidazole (51.0g, 0,3143noE was added in one
portion giving a brown suspension. The mixture was stirred for th
under argon at room temperatere after which time analysis by HPLC
method Test 20 (Me011 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
carbonykliirnidazole (0.43c, 0,0026mo1) and A1,A1-dirriethy1formamide
(45m1) were added and the reaction was stirred for a further 2h after
which time analysis by T1131..C. method Test 20 (N4c01-1 to give Me
ester. filtered) indicated complete conversion of starting material
(Rt 3.64inin) to product (RE 5,48iniu). Methanol (297m1, 7.34mo1) was
added to the stirred reaction mixture under argon at. 24C to give a
cloudy brown suspension. After 311 analysis by 11131.0 method Test 20
(MeCN, filtered) indicated one product (RE 5.48min). The reaction
mixture was cooled using an ice bath and water (2000m1) was added
over 0,5h keeping the internal temperature i 5-20C to precipitate a
tan solid. The solid was filiered under vacuum and washed with 5"C
water (2 x 400m1), Mier air drying, the solid was taken
hloromethane (800n1) and ethyl acetate (1600m1) and dried with
anhydrous sodium sulfate (400g). Filtration through Cehie and elution



108,97,109,12(C-9),110.27, 110.31(C-6), :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 NMR 8F (376 MHz, d6-DMS0)z 421.11 (1F, d) Compound 107  1003321
Cumpound 106 (46.5g. 204mM) 'was added to - 21". fburmeck round
bottom flask et ppcd with overhead stirrer, me bath" an internal
temperature probe and an argon inlet A3thc1nM1s t''fbttnaintue was
charged he flask at room teillpeFaZIAIO under argon, surrmg to obtain
an orange solution. Sodium'a (95%, 7.30g. 0.290moi) was added in
pm:tot:wise over 45min keenirui. tue internal ten perature. below st,
No nuitivaii gas evolution was observed. P ',mytsu on ichionde.bnoii
Yild3 added drimwise Col(-1: tirtnn keeping the :Menial
tempetuturetausaum was stirred tor I h after which num anaiysta try
tIPLC method Test 2:isCN) indicated irteisintatete convermon of
starting material iRt 5,48min, 4% at 272ratt to product (IN't
6.1.2tnitty. Firher portions of Ts:Rib(95it4"toride La.. Added and
the mixture was sinred tbr a further I Sb. Anaivss by:di:31:C  



method Test 20 (WEN) indicated incomplete conversion of starting
material (Rt 5,48min, 3% at 272p,m) to product (Rt 6.4116), The
reaction was worked up by the. slow addition of water (770m0 over
251n1n, ensuring the internal temPeratnre remained below 20t,
allowing a yellow solid to precipitate. The solid was filtered under
vacuum, washed with 5t water (770m1) and dried at 37C for 15h, The
solid was taken up in ethanol (700m1) and warmed to 55t with stirring
for lii. The. hot suspension was concentrated miff vacuum at 40T
removing 350m1 of distillate, then allowed to cool to 5t for 0,511,
Filtration under vacuums washing with 4'C ethanol (150m1) and drying
under vacuum at 40N: gave Compound 107 as a pale yellow solid (68,5g,
91% ybid). Compound 1.07t Cu441C1FN043 367.78gmokl HPLC analysis
(Test 20, MeCN): R; 6,43min; 98% purity @ 272ran imp. 163C expanded,
166467C melted 1111 NMR 8;1(400 MHz, d6-DMS0);. 3,88 (3H, s, CHtl,
7.51 (1H, s, Ar-H), 7.62-7.68 (3H, in, 3 x Ar-II), 7.77 (1H, t,
Ar-11), 7.92 (111, d, Ar-H), 8.04 (214, (1, Ar-H) C NMR $c(100 ;wiz,
d6-Dmsm 53,21 (CQC113), 110.60 (7-3), 112.30, 11234 (C-6), 114.02,
114.17 (C-9), 117.93,1181 .4 (C-5), 1:27.14 (2 x128,78 (C-7)" 129.85
(2 k  132,29 (C-2), 135,24 (C-parm, 136,82136,88, 136.96 (C-8),
149,37, 151.89 (C-4), 160.51 (O-0) 9F NA4R iSt; (376 MHz, d6-DMSOR
-119.42 (IF, d)   



Compound 108 V" N's rAcC CFMNI, 1003331 Compound 107 (68.4g,
0.186mol) was added to a 2L fotthrteck round bottom flask equipped
with overhead stirrer, addition fiannel, ice bath, an inter-:4
temperature probe and an argon Mkt. Anhydrous dichlorometliane
(685mi) was charged to the flask at room temperature under argon,
stirring to obtain a partial suspension. Bromine (11.5m1, 0.223moll
was added dropwise over 20min keeping the internal temperature below
10C giving a deep red mixture, the reaction mixture was allowed to
want to room temperature for I h after which time analysis by
fillf:(2 method Test 20 (sample quenched with NaliS03 aq, diluted
ivith telelDH then tilet7.04 Bitered and diluted with MeCN):
indicated incomplete conversion of starting material (Rt 6.43min, 78%
fal 272nni) to a minor product (Rt  6.76min). Additional bromine (1
4n was addeder the course of the next 61 and the reaction was left to
stir at room temperature for 14h at which point analysis by fine,
method Test 2.0 (sample quenched with NaH.803 aq, diluted with MeOlif
then Me0H      d and diluted with MeCN) indicated complete conversion
of starting material (RI 6,43min) to one major product (Rt 6.76min),
The reaction was quenched by the addition of a solution of NaHS03
(132g in 400m1 water) ensuring I sz I5C dropwise over 30min. The
layers were separated and the organic layer was washed with saturated
aqueous sodium bicarbonate (400m1xThe aqueous layers were extracted
with dichloromethane (400m        combined organic layers were washed
with water (1000m1), and dried with anhydrous sodium sulfate (500g).
Filtration and concentration under vacuum at 28C gave a crude ye low
solid (78g). The solid was triturated in hot ethanol (650m1) at 50C
for lb. The hot suspension was concentrated under vacuum at 40C
removing 450m1 of distillate, then allowed to cool to 5C. for 0.5h.
Filtration under vacuum, washing with 4C, ethanol (I SOml) and drying
under vacuum at 25C gave Compound 1108 as a pale yellow powder
(72.6g, 88% yield, 93% purity at 272run), This solid was dissolved in
hot ethyl acetate (500m1) at 30C for lb. Ethanol (200m0 was t and the
hot suspension was col vly at 56C and stirred for 15min.
Precipitation td under vacuum at 40C removing 475mi of  disti .hen
allowed to cool to 5C for 0.5h. Filtration mulct vacuum, washing with
4C1 ethanol (150m1) and drying under vacuum at 25C gave Compound 108,
methyl
3-bromo5-eh1oro-4-fluoro-11-benzenesulfinnyl-ladole-2-carboxylate, as
a pate yellow powder (57.4g, 69% yield, 97% purity at 272nm). A
second ctrop of material was obtained from the mother liquor as a
yellow solid (9,62, 12%). Combined yield 81%. Methyl
3hromo-5chtoro.44ltoro-:hezesulfoE3y.iodoIe2earhoNybte Co Bla po and
108: Ci6llu0ErCIFNO4S 446.68gma1 HPLC analysis (Test 20, MeCN) R
636inin; 97% purity 272mn HSI +vet tn/z 447.8 [MOW 90%; 464.8
[1814-Ni4411- 100% ESI -vet nelz 445.9 [84-11]. 100% H NMR ISH (400
MHz, d6-DMS0): 3.9 " s, CIL), 7,66 (3H, r, 3 x Ar-H), 7,78 (11-1, t,
Ar-H), 7,90 (11-1, 0, Ar-h), 7.98 (2H, d, 2 x Ar-H) "C NMR Sc (190
MHz, d6-DMS0): 53.88 (CO20-13), 96.66 (C-3), 111.87, 11,90 (6-6),
115,36, 



115,5 (C-9), 117.29, 17,43 (e-5), 127,16 (2 x Ar-C), 129,40 (Cl).
130.15 (2 x 28r-C), 130,45 ((7-2), 134,63,
134.69(('-8),135.46((7-para),135.81(G-ipso),149.31,  151 .85 ((7-4),
160,30NMR 8t (376 MHz, d6-DMS0): -17.4 50 (IF, d) Pan kh Synthesis of
Compound  1. 3.4,i, 7Nb1,, .1c111 -(sMoLPoN or /"'2. ast01102 3.01111
HC:1,LO 1311a t 201 Cs?Hi1rC,18NO4S 



W1.14:460.70 /Oa 111,, .;/1-.<P,:10,P1s3)4, y(1Tauene, HOC .10Vn 202
Citi1118C1F1100P5 Mol. 1141.: 473.04  1  ,,..  k ../'11  -- i,  F.?
1. IMSBN DCM, 400CR -..--2"->,<<1v,-1,--- ' - 0100 2. (11y1C:, ()CM,
50111/---?(.LiON-1120, THF, SC 3 Me0H. 5C0Cr 1'111:K016u, THr. H20,
5(1.1-1CI 



if I205A C201-111 ,501F2040 1-.,"../Mot M:432.77 205 C2s1423CIFV,VS
MoL WI.: S011.98 i \ - c ItL., ("(:14 4, -- .-,. N Vitl'a  i CEN.
1.2-01,1E[S' 1. Ncinchanidioe, Acetone,- A:A% ''. 'C3..S.,., ..1.,
02. 1414,(5.)) 2 IN Hel. Et0Ar.I .11-1- '', pH11 L.41-/ '.-1,?,
-.",,,'"' '' d$H0 H0 Campouncs I 



2000w1-116C1F14303P C:2&.h iCW 0204PMcl. 1.M.: 431.78 Moi.1.47:
432.77 Compound 202  00334i A suitable reactor was charged Compound
201 (57g, 0,12thoi) and tetrattydrofuran (570 mi.) The resulting
solution was chilled to -90" to -100C under nitrogen using an L.N;I
WA slush bath, then was treated with n-butvl lithium (2.5N1 in
Hexanes, 52tni; 0.13(nol) added over 10 minutes, To this was added
diethyl chlomphosphite (20,5g, 0.13mol) over 10 minutes, HPLC (Method
001, RI 17,7 naM) showed no starting material and ca, 70% product,
The reaction was then diluted with ethyl acetate ;570 ml) and was
allowed to warm to -40C. The mix was then treated with hydrochloric
acid (0,5M, 400m1) and was allowed to warm to ambient temperature and
stir thr 30 minutes. The tesulting layers were separated and the
aqueous extracted with ethyl acetate (500m1). Fl-he organics were
combined and washed with bone. (500m1) dried over sodium sulfate,
filtered and concentrated to an MI, 78% 1-1FCC ADC (Method 20, RT
=5,0 min.) >100% yield due to impurities and solvent. Used as is in
the next step, Data for C-2-  Methyl Ester: Mt: CI8 m160.0 (MW, 00%),
462.0 (Mir, 35%). Compound 203    resulting mix was degassed by
sparging with a stream of nitrogen for 10 minutes at ambient
temperature, after which time tetrakisOriphenylphosphine)
palladium(0) (6,0g, 0,005mol) was added. The mix was sparged for an
additional 5 minutes, then was heated to 80C for 2 hours. HPLC
(Method 20, RI 6.2 min) showed a complete reaction, The mix was
cooled to ambient and was filtered through celitc and washed with
ethyl acetate. (1000m1,). The combined organics were washed with
brine (2 x 500m1) then dried over sodium sult-ate, filtered and
concentrated to a volume of 170m1. The concenttate was cooled to 0"C
and was stirred for 1 hour, dining which time the product
crystallized. The solids were filtered and washed with hexane:toluene
(2:1, 150m1.) Dried to leave 54g, HPLC AUG 85% (Method 20,) [00361
The crude solid was then purified column chromatography dated w/ 25%
ethyl acetate in methylene. chloride. Pure. fractions were collected
and combined to give Compounds 203, 41g. 67% yield, 96% HPLG AUG
(method Test 20, IC- [00337] Data forEster: AI3 C29H25CiFN2OPS
615.01gmol-'NMR otE (400 MHz, CDC13): 135 (314, t. PO2CH2C15), 1.52
(314, t, CO2CH2C11,2), 2.40 (3H, s,  Ar- Cb/3), 4.08-4.20 (214, in,
PO22043), 4.61 (214, q, CO2CH2043), 5.90 (11i, d, CH-CHGN),
7.33-7.37m, 2x Ar-H, (1IP-CHCN),, a4. 2 x Ar-H), a-t, Ar-H),
7:74-7.79 (311 in, $ x Ar-H), 8.13 (214, d, [00338lData ter C-."
ethyl Ester: (43x: C221-423CIEN206P9 600.98gmol' 



(ESP): 601.100%), 603,0 (1\41f, 35%) Ell NMR (400 MHz, d6-DMS0): 1.18
(314, t, CH3C1-120P), 2.34 (3H, s,4.02 (5H, m, CH3C.1120P, GQ,C113),
6.47 CH-CHCN), 7.54 (114, d" Ar-H), 7.62 (IFI, t, Ar-10, 7.72 OH, d,
CH-CHCN),     -7.76 (414, m, 4 x Ar-11), 7.82 (114, Ar-H), 7.91 (114,
d"kr-iii), 8.13 (214, d" 2 x Multiple 6c values indicate splitting of
carbon signal due to 1: and/or P. E3C7 NAIR 8c (1(10 MHz, d6-DMS0):
15.97, 16.03 (C,T12CH2OP), 20.79 (. -671-13)" 53.88 (CO2(71-11),
61,73, (CI-130-120P), 98.39 (CH-CHGN), 107.50, 107.54 (C), 108.95,
108.99 (Cl, 11137,       (C), 115.47, 115.63 (C), 116.82, 116.91,
117.01" 117.10 (C), 118.43 (CN), 127.44 (802Ph, 2 x Ch0), 127.91,
128.02 (C41), 128.67 (C-R), 130.27 (SO2Ph, 2 x131.21,  131,41 (C-4
),132.68 (C).133.29, 133.40 (C-14),[34.12,134.27 (C),134,53, -34.63,
134.72 (C),135:49 (802Ph, C, (SO2Ph,Cti"",),139,10, 139.25(C),
149,06, 151.60 (C-4), 149,51 (C1-1-CHCN) 61.10 (C-13). 11F NMR or
(376 MHz, d6-1DISIS01):  



112.36 (iF, d). P NMR S (462 MHz, de4)M80): 23,49 (IF, s) mpound
1003391 A suitable reactor was charged with Compound) and methylene
chloride (173 m4) The resulting solution was cooled to 0C, anIs
treated with bromotrimethylsdame (46g, 0,30mM) added over 15 minutes.
The reaction was then warmed to 40C tbr .5 hours. HPLC (Method 20, RI
= 4,3 min) indicated a complete reaction. The excess TMSBr was
stripped under vacuum (40 45C and the resulting sticky solid was
resuspended in DCM (200 ml) and chilled to 0C. Oxaly1 chloride (12m1,
0.13mo0 were added over 15 minutes, followed by N,N-dimethylformamide
(1,0 ml) both added at 0C. Gas evolution was observed during the
D1\41-: addition. After 1 hour at ambient, HPLC (Method 20, lc - 6.0
mm, sample quenched with methanol prior to injection) showed a
complete reaction. The solvents were stripped again to remove
residual oxaly1 chloride and the mix resuspended methylene chloride
(100m1). The solution was         5 00 - 5C, and then was treated
with methanol (300m1) and was allowed to warm to ambient. Afler two
hours, HPL.C. indicated a complete reaction (14PLC Method 20, R.T 6.0
mm.)were stripped and the crude solid was used as is in the next
siep. Compound48g, line AUC 91%, >100% yield due to solvents and
impurities. [003401 Data Ibr1;1 Ester: 204: C251-122CFN206PS
600.98imaki 111 NMR tiN (400 MHz, CDC12)t 1.53 (3H, t, CO2CH2CH),
2.40 (3H, s, Ar-CH, 3.79 (314, d, POCH3), 4,61 (2H. q,), 5,90 (IH, d,
CH-CHCN), 7.33-7,37 (3H, in, 2 x Ar-H. CH-CI-ICH), 7.55 (2H, a4, 2 x
Aril), 7.67 (1H, mt, Ar-H), 7.73-7.79 (3H,tn,3 x Ar-H), 8.13 (2H, d,
2 x Ar-H) [003411Data for (2-2-Methyl Ester: 204xi C27HnCtFPS
586.96(tmoll raiz (E811-): 587.l (bilr, 100%), 589,0 (MIT, 35(l/0 H
NNIR 5jE (400 MHz, d6-1.M4S0), 2,33 (344 s, Ar-CH3), 3,66 (3H, d,
POCH3), 4,02 (3H, a, CO2CH3), 6.47 (1H, d, (214-CHCN), d, Ar-R), 7.61
(11-1, dd, Ar-H). 7.70 (1H, ci, C[1---CHCN), 7.68-7.76 (414, in, 4 x
Ar-14), 7.82 (H, , Ar-11), 7.90 (114, d, Ar-H), 8.13 (2H, d, 2 x
Ar-H), Multiple de values indicate splitting of carbon signal due to
F and/or P. C NMR 80 (100 MHz, d6-DM80): 20.81 (Ar4.7413), 52.0 7,
52.13 (CI-130P), 53.99 (CO20-13), 98.46 (C1-1-CHCN), 106.99 (C),
108.41  (C), 111.45 (C-15S1, 115,47 (C),77, 1.16,86,/.07 (C), 118At8
(CM, 127.51 (SO2Ph, 2 x C," 27.92, 128,04 (C-H), 128.71 (('AI),
130.32 (SO", 2 x Crnm), 131,56 (C-H), 132,20 (C), 13335, 133,46
(C-H), 134.19, 134,34 (C), 134.55, 134.63, 134,72 (C), 135,47 (SORh.
cns0, 136,16 (5102.111, Cpat3), 139,20, 39.35, 139.39, 139.54 (C),
149,09, 151.63 (CA), 149.51 (CHiriCHCN), 161.15 (C=0). F NMR 6F ($76
MHz, d6-DMS.0)i -- 113.93 (IF, d), nP N MR bp (162 MHz, d6-DMS0);
25.42 (11> pound 205 f 003421 A suitable reactor was charged with
Compound 204 (48g9 ca. 0,072mol) and tetrahydrofuran (800 ml,) The
resulting solution was then cooled to 5C. and was treated with
lithium hydroxide monohydrate (12g, 028ino1) and water 0 80m1) added
over 15 minutes. The reaction was allowed to warm to ambient, during
which time the color lightened. After overnight stirring, line
indicated a complete reaction (Method Test 20, product RI 4,5, major
impurity RT 3.7). The reaction was cooled to 5C and was acidified
with hydrochloric acid,100inii The excess TM' was removed by
evaporation under reduced pressure and the resulting sticky solids
were slurried in acetone (200m1). The mix was warmed to 40t for 30
minutes, and then left to cool to ambient. The solids were 



to granulate for 2 hours, then were filtered and washed with acetone/
water (2:1, 100m1,) Dried to leave Compound 205, 21g, 67% yield.
HPLC. ADC 93% (method Test 20). Used as is in the next step. Compound
206 (chiral resolution) [00343I A suitable reactor was charged with
Compound 205 (432.6g, 1,0 mol) and acetone (7.79W. (-)-Cluchonidirre
(294,39g, 1.0 mei) was added in one portion and the resulting
suspension was stine.d 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 98,7.
I00344lThe salt was suspended in a mixture of ethyl acetate (5.21)
and IN HO (5.2L) and was vigorously stirred at ambient for 2 hours.
After this time, the layers were separated. Thelayer was further
extracted with ethyl acetate (2.7L) and the organic extracts were
combined, dried with sodimm sulfate, filtered and concentrated under
reduced pressure to yield the resolved Compound 206 as a white solid.
I 45.44g, 68% overall yield, chiral HPLC analysis, ratio 98,4:1.6.
Used as is in the next step. trfiz CAIN,CIFP4204P 432.77grrtol naKv.
(E551-0i 433.0 (MH+, 100%), 435.0 (Mw, 35%)  'H N 1111 -eli (400 MHz,
d6-13151.St) 2.35(311. s, Ar-CH:), 338 (3H, d, POCH:0, 0,52 (141, d,
C1-1,,,CifT,N), 7,46 (2H, d, Anil), 7,66 (114, 4, CH-CHCN), 7.69,
7,81 (214, 2 >t (i, 113), 737 (1K, a, Awn), 13,63, N11), 15,70 OH,
br-d, COOH), 'sP NAIR 8p (376 MHz, d6---DMSO)p 414.27s) P NAIR at
(162 MHz, d6-DNISO) 36.44(1?, s). Compound [003451A suitable reactor
was charged with Compound 206 (0,63g1 0,0014mo1) and 1.,2-
diluent:di:yet- Otial), The mix wastreated with
,1.--cartionyidiimidazole (0.47g, 0,0028mol) added. in one portion,
and the mix was allowed to stir at ambient temperature until gas
evolution ceased. (ca, 1.5 hours)solution was then cooled to 5C, and
was sparged wins ammonia gas for 5 minutes. (PLC (Method 20, product
RT-5.0 min) showed a complete reaction after one hour at ambient. The
reaction was quenched by the addition of lOg crushed ice, and was
concentrated under reduced pressure to remove the DME, The resulting
sluny was stirrer for one hour at 5C, to;3,nu1ate. the product The
solids were filtered and dried to leave pure -Compound
nyl-5-ditere-4-fitiore4H-4ado4-3-11)-(34(E)--2--cyarte-vioy1)-5-4neth
ybplienyll-           ie acid methyl ester), 0,56g, 89% yield. }{PLC
(Method 20) chemical purity 983%. Chiral purity 97%, [003463A
suitable reactor was charged with' (. Og, 0,024mo) and l,2
dimethoxyctitant (150m1.) The mix was treated with I
-corbel-Odin:1ile (7,8g, 0.048mo1) added in one portion, and the mix
was allowed to stir at ambient temperature until gas evolution
ccasect The solution was then cooled to 5C, and was sparged with
ammonia gas for 5 minutes, HPLC (Method 20, product Par-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 DM& The resulting oily solid (in
water) was diluted with niethartol (20m1) and stirred for one hour at
5C to granulate the product. The solids were filtered and dried to
leave pure Compound 1
((2-Carbasnoyl--5-ehloro-.4-fiuoro-M-Indo1-3-yIH3-((E)-2,-cyano-yinyl
)-5.. ntethyl-phertyli..(R)-phosphinie add methyl ester). 9.8g, 98%
yield. FIPLC (Method 20) chemical purity 925%. Chiral parity 94.3%.
White solid. p003471 Compound Cao1-1ClFt43(33P 43  .78gmo" ,2 434..0
(AW., 35%) Vt1120. (Mk disc) (cm-1) 1619.0 (amide16725 (amide li),
2218.4 



(CN), 3063.0, 3286.0 (N-fl) ret.W t 43142 (c, l(Lo4mgmr in CHC.13)
tn,p,i 177C glistens, 18 re softens, 183485C melts Elemental 3
naQ2d-Ii7C1N303P catkatiamd C  55.63%, 1-1 3,73%, N 9.73%. CI 8.21%,
F 4.40%, P 7,17%. Found C 55.56%, H 3.74%, N 932%, Cl 824%, P 4.2.11%
H. NMR SH (400 MHz, d6-11/MS0) 2,32 (3H, s, AN CH:,), 3.70 (3H, d,
CI40P), 6.49 (I H, d, CH-CHCN), 7.37 (1.11, dd, 11-6), 7.43 (IN, dd,
7), 7,54 (UI. d, 11-6'), 7,66 (IN, d, CH-CFICN), 7,69 (IN, d,11-2'),
7,73 (1H, s, 8,05, 10.63(2 x 11-1, 2 x s, Nih), 13.02 (111, s, N-H)
Muitiple 61 values indicate splitting of carbon signal due to F
and/or P. DC NMR ac (100 MHz, d6-DM.S0): 20.77 (Ar-CH3), 51.70, 5136
(C1LOP), 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 (EN), 125.84 (C-6), 127.11, 12722 (C-2'), 



131.05 (C-4'), 132.5  0-6'), 132.96, 13450 (C-1 ') 134.03, 134.18
(C-I), 136,40, 136.51, 136.61 (C-8), 138.95,  139.10 (C-.. , 41.91
(0.2),  



149.19, 151,70 (C-4), 149.65 (CH-CHCK 160.46 (C=0). c9F NMR aF (376
MHz, d6- HMSO): -113.11 (IF, d) -HP NMR 8r (162 MHz, d6-DM.S0): 33.39
(IF, =') EXA epic: 8    Preparation of Compound 111  1 BuLi, IMF.
-93C 5.S5:55 o; aulMgE.; MePh, -53C5 ,,r.' .M, 2 C3P(OEth P ;4 ;1I
'-'505Pd(PPN),s TEk, 5.0 To;uene, arc53(52,Ph 333 332'   



Compoimd 302 100348A suitable reactor was charged Cothpoond 301
(100g, 0.23mot) and tetrahvdroluran (IL). The resulting solution was
chilled between -90" to -100C under nitrogen using a 11.1 / IPA slush
bath" then was treated with n-hutyl lithium (2.5M in Hexanes, 99rth,
0.25nxii) iitided over 10 ;ninnies. To this was added diethyl
chlorouldesphite (37 tg, 0.24m$0 over 10 minutes. 14111.0 (Method
001, RT - 18,0 minI showed no starting material and ea, 85% product.
'The reaction was then diluted with ethyl acetate (IL) and was
allowed to warm to -,10"C. The mix was then treated with hvdrochloric
add (0.3M, 50thyln and was allowed to warm :0 athtsidrit temperature
and stir tor 30 minutes. The resulting layers were separated and the
aqueous extracted with ethyl acetate (500nd). 'The organies were
combined and washed with brine (500m1) dried over sodium sulfate,
filtered and concentrated to an oil. 88".. HPLC ALM': (Method 20, RI'
5.8 min) 115g, >100% yield due to impurities and solvent. Used as is
in (he next step.  inpound 303 [003491A suitable reactor was chareied
with Compound 3j I 1g, estimated 0. 8a iodocinnamonitsite, (47.1g, 0A
75mol), tat thyttimine (29.3m1,oil and toluene (800:n1). The
resulting mix was degassed by sparging, with a stream of nitrogen for
10       s at ambient temperature, after which time
tetrakis(tripbenylphosphine) palladium(0) (10.1g, 0,0088mol) was
added. The mix was sparged sadditional 5 mMutes, then was heated to
80C for 2 hours, 1111,C (Method 20, RI = 6.5 min) showed a complete
reaction. The mix was cooled to ambient and was filtered through Mite
and washed with ethyl acetate (400m1). The combined organics were
washed with brine (2 x 500m1) then dried over sodium sulfate,
filtered and concentrated to a volume of 350m1. 'The concentrate was
cooled to 0C and was stirred for 1 hour, during which time the
product crystallized. The solids were filtered and washed with
hexant.2;1, 1.50m1). Dried to leave 95g, 90% 'PLC AUG 98% (Method
20), Used as is in the next reaction, [003501 303: C29H26CIN206P8
597.02amoll(ESki-)e 597.0 (Mkr, 100%), (Mir, 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,
C000H2C112), 5.93 (lH, d, CH-CHCN), 7,33-7.38 (313, m, CThCHCN, 2 x
Ar4-fl, 7.52 (211, t, 2 x Ar-11), 7,64 0t, Ab-H), 7.74, 7,ill 2 x d,
2 x An-11, d, Ar- IA 7.94 (i dd. Ar-H), 81)8 (2H, <1, 2 x At-i 14
INMR  (400 MHz, d6-DMSO)r 1,26, 1.33 (2 x 311, 2 x t, COOCH2CH-3,
POOCH2Cs ), 2,34 (31-1, 5, Ar-CI-13), 3.954.10 (21-1, m, POOCH2CHt),
4.40 (2H, q, COOCTI2C.H2), 6.52 (lH, d, C . /CM, 7.52 (1H, dd, Ar-H),
7.60-7.84 (8H, m, CH-CHCN, 7 x AIM ), 8.07(3 x 111, m, 3x Compound
304 [00351A suitable reactor was charged with Compound 303 (537g,
0.00roo) and methylene chloride (2.0E). The resulting solution was
cooled to 0C, and was treated with brornotritnethylsilane (450g,
2.9mol) added over 15 minutes, The reaction was then warmed to 40C
for 1.5 hours. HPLC (Method 20, RT = 4.4 mm) indicated a complete
reaction. The excess TMSBr was stripped under vacuum (40 --- 45C) and
the resulting sticky solid was resuspended in DCM (2.514 and chilled
to 0C. Oxalyi chloride (1563n1, 1.8mol) was added over 15 minutes,
followed by N,IN-dimethyiformarnitic (13.7ml, 0.18moi) both added at
0C. Gas evolution was observed during the DNIF addition. After 1
hour, HPLC (Method 20, PT - 6.2 min, sample quenched with anhydrous
methanol prior to injection) showed a complete reaction. The solvents
were stripped again to remove residual  oxalyi chloride and
theesuspended in chilled methanol (3.0E4 at 0" - 5"C, and then 



was allowed to warm to ambient, After two hours, 1-1PIX indicated a
complete reaction (HPLC Method 20, RI 62 rnin). The solution was
concentrated to a volume of 1.51:, and the resulting, thin slurry was
cooled to 0C, and was diluted with an aqueous solution of sodium
bicarbonate (126g, 31, water). After 2 hours at: 5C, the product was
filtered and washed with cold water / methanol (2:1, 1,51) then dried
to leave 300g Compound 304. HPLC (Method 20) purity 92% used as is.
Compound 305 [00352) A suitable reactor was charged with Compound 304
(ca, 2802, O.1) and tetrahydrofuran (2.81,). The resulting solution
was then cooled to 5C and was treated with lithium hydroxide
monohydrate (43g, 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, BMX indicattfd
an incomplete reaction (Method 20, product RT 4,3, partially
deprotected RI - 5.1, major impurity HI - 3.8). An additional 10%
Li01-1-1-120 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 (5N, 280m1) then was diluted with
ethyl acetate (2L). The layers were separated and the aqueous
extracted with ethyl acetate (5003n1). The combined organics were
washed with brine (IL) and dried with sodium sulfate, then
concentrated to leave a crude oily solid, Conipound 305, Ca. 300g,
FIPLC AUC 5 [003531 The crude product was taken1p in acetonitrile
0.214 at 40C. and the product dratedwater (1.21). The resulting
slurry was cooled to ST and was allowed to          for 30 minutes,
after which time the product was tittered and washed with Al:N:1420
(1:1, 100 ml). Ca. 103g, 88% by HPLC. The product was then
recrystallized from 360m1ACN at 40T and 360m1 water as before.
Filtered, washed and dried to leave 75g Compound 305, Fine. AI.J(.
97%. Used as is in the next step. Ipouud 306 (thing resolinion)
reactor wasd 30% (280g, 0,66mo1) and acetone (4.2L). The resulting
thin slurry was then treated with (-)-cinchonidine 099g, 0.66mol)
added in one portion. After one hour, a solution had ratified, and
after an additional hour, a white solid precipitated, and the mix was
left to stir for an additional two  hours (four otime the solids were
filtered, washed with acetone (200m1) and dried to leave 199g Crude
Compound 306 cinctionidine salt. Hat: showed an isomer ratio of 96;4.
[0(13551The C.- rdik salt wasslurried in ethyl acetate (314 and
hydrochloric acid (IN, 3L), The two phase solution was vigorously
stirred for 2 hours at ambient temperature. The layers were
separated, and the aqueous extracted with ethyl acetate (314. The
organics were combined, dried with sodium sulfate, and concentrated
to leave the fie base Compound 306, 107g, 95:5 by chiral 1-PLC.
[003561 The crude Compound 306 was then suspended in acetone(1.0714
and treated dine (76g, 0,26 mol,) After 4 hours total stir time (as
above) the solids washed with acetone (200m1) and dried to leave I
99g of the salt, HPLC           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 (214.
The organics were combined, dried with sodium sulfate, and
concentrated to leave the free base Compound 396, 98g, 98.6:1.4 by
chiral HPLC. 70% recovery of the desired isomer, 35% yield Ron] the
racemic Compound 306, k6t C2011;6CIN204P 414.78grnol4 ink (ES13It



if) 7.98 (1H, s" Ar-HE",), 12,97 (111,1438 (114,  hr-s, GOGH)
Multiple dc values indicate splitting of carbon signal due to P. C
NMR (100 MHz, d6-DMS0): 20.68 (Ar-CH3), 5120 (CH3OP), 98.15
(CH=CEIGN), 102.33, 103.85, 114,98, 120.91 (3 x n, 118.47 (CN),
125.39 (C), 126.78 (C), 127.74, 127.86 (C- Honho), , 129.88 (6),,
13106 (6), 133.44. 133.55 (6), 133.89, 134.05 (C),  134,62,135,47,
135,66 (C), 138.78, 138.91 (CI 149.62 (C11-CHCN), 160.40 (C=0) 'flP
NM R op (162 MHz,DMSO,p 33.50 OP, Compound 111 i0035S1A suitable
reactor was charged with Compound 306 (0,63g, 0.0014mol) and
1,2-dimethoxyethane (10m1.) The mix was treated with
1,1-earbonykliimidazeie (0.47g, 



0.0028mol) added in one portion, and the mix was allowed to stir at
ambient temperature  until gas evolution ceased (ca. 1.5 hours.) The
solution was then cooled to 5C, and was sparged with atiM3.0E3ja 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 lOg crashed    and was concentrated under reduced
pressure to remove the DME. The resulting slurry was stirred for one
hour at 5C'elate the product. The solids were filtered and dried to
leave pure Compound Ill ((2-Cartiamoyl-5-e,
hloro-Ifithadol-3-y1)434(E)-2--cyano-vy1)-5-enellaylphenyil-01)-plios
phinic acid methyl cate,t) as a white solid 0.56g, 89% yield, HPI,C
(Method 20) chemical purity 98.5%. Chiral purity 97%. 1003S9)A
suitable reactor was charged w;th Compound 306 (10g, L.hop and 1,2-
dimethoxyethane (150n31). The mix was treated willonyldihnidazole
(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 5C, 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
100p crushed ice, and was concentrated under reduced press= to remove
the DME. The resulting oily solid (in water) was diluted with
methanol (20m0 and stirred for one hour at 5C to granulate the
product. The stthelis were filtered and to leave pure Compound111
02-Carbanniy1-5-chloro-111-indol-3-11)43-HE)-2-eyarao-vir*
methyllihenytk(R)-phosphinie add methyl ester). 9.8g, 98% yield. HPLC
(Method 20) chemical parity 99.5%. Chiral purity 943%, Compound III:
C20H0C11.130:th 413.79 gime mit (ES14); 414,3 (MW, 300%), 416.1 (MW,
35%) v, (Kik disc) (ciri4) 1620.0 (amide ii, 1670,6 (amide H), 2218.7
(CN), 3125.5, 3291.9 (N-11)-75.08 (e, 9,04mpre CHC13) mix; 144448C
transition to opaque semi-solid, 209-210C melts Elemental analysisi
C20daniCIN303P calculated C 58,05%, H 4.14%, N 10,15%, 0 8.57%, P
7.49%. Found C 58.13%, H 4,08%, N 10,16%, Cl 8,69%, P 744% 'II NMR SE
(400 MHz, d64)IVISO): 2.32 (311,s, An-CH,), 3.74 (3H, d, Clii.,OP),
6.52 (H, d, CH-CIKIN), 7.30 (1H, dth I-1-6), 7.5:3-7.58 (3H, net,
:61, 7.68 (1H, d, CH-CHCN), 7.73 (1H, s, 1/-4% 7.75 (I H, d, H-2'),
8.02, 10.15 (2 x IH, 2 x 5, NE/2), t 2,80 (1H, s,Multiple 8c values
indicate splitting of carbon signal due toF. uC NMR lin (100 MHz,
d6-DMSC)i 20.77 (Ar-01)), 51.75, 51.81 (0130P), 98.39, 98.91 (C-.
:3), 98,44 (C11-CHCN), 115.05 (C-7), 118.53 (CN), 119.96 (C-4),
124.73 (0-6), 126.68 (C-5), 127.15, 127.26(C-2'), 129.25,
129.35(C'.9), 131,37(C4'), 132.45, 134.04(04'), 132.69, 



32.80 (C-6`), 133.92 (0-8), 134.30, 134,44 (C-3'), 139.33, 139.46
(0-5'), 139.96, 140,17 (I,  149,55 (CH-CHCN)" 160.65 (0-0) 53P NMR
8i, (162 MHz, (16-1ThIlS0): 33.72 (IF, s),  Example 9 Raenantromer of
Compound ii-2-earboxylic acid 2(8):    I) akEsiyth:oride C31. 13,31F
DCM, tl-Eict  2; IN 34e0H 331. 3) IN lieliss33:33)Io33e  



1003601To a cold (0-5C) sohnion of the starting ena120,8mmdl) in
anhydrous DCM (360m1), was added oxalyichiciiide (15.2m1, 174,2mmol
-es)) dropwise over a period of S minutes, Anhydrous DNIF (1,43m1,
18.5nuno1) was added using a syringe over a
,mutes. Gas evolution was observed. The resulting yellow solution was
kept stirring under argon atmosphere at 0-5C After 60 InthUtOS, HPLC
result olmethanol quenched reaction aliquot indicted only 10% of
staring acid was immacted. After stirring for 10 more minutes, the
reaction mixture was diluted with cold (0-5C) LICM (300m1), The
diluted mixture was quickly tratisfedred to an addition funnel and
was added to a stirring aqueous Na011 solution (1N, 695m1) over a
period of 7 minutes. Temperature of the quenching mixture went up
(from 26.5t, starting temperature of NaOH aqueous) to 33t.: when the
addition was completed. Alter continuous     tg for additional 3
minutes, upper layer liquid was decanted. The lower layer (containing
pre.cpitated salt) was concentrated under reduced pressure to remove
DCM. The residue was into acetone (300m1) and Was acidified using IN
HO (total 275m1 was added) to pH 4. The resulting mixture was stirred
at morn temperature for 30 minutes. Collected solid product by
filintiom washed the solid with 1:1 acetone/DI water (100m1). The
solid obtained was dried in a vacuum oven at 45t over 181ms. Net
weight: of this crop material = 31,4g, Chemical purity -98.4% by
HPL,C (AUC). Chiral IIPLC result indicated a mixture of 2(R) (51,7%)
and 2(S) (47.5%). R1-1-NMR, spectrum indicated clean product with
trace of DCM. poolRecovery of 2'd crop product from mother liquor of
the i crop product: two layers were presence in the mother liquor.
The layers were separated. The upper layer was extracted with DCM
(400M0. The lower layer of the I b crop mother liquor (brown oil,
mainly product by HPLC) was taken into toluene, (30M0 and was washed
with a mixture of IN 11C1     and brine (15m1). Combined the toluene
layer with the DCM extract, washed with Di water (400m1), dried over
anhydrous sodium sulfate. Solvents were removed under reduced
pressure. 131  The id`"' crop material was dried under 8-16 hours.
Net weight ir 15.1g. Chemical purity a(90% by HIPL,C, (AOC).
Chimil4PLC result indicated a mixture of 2(.10 (91,4%) and 2(S)
(8,6%). '14-;iNfAR spectrum indicated mainly product with residue
Toluene (5,3Wt%) and trace of minor impurities. Total recovery of
free acid (mixture of 2 enantioniers)=92%. Reaanuorner of Compound
!1L2carboxylic acid 1(    I(S)             To a cold (0-5C) turbid
solution of the starting (man:Miner :1(S) (50,0g, 12014 mmol) in
anhydrous DCN1 (300nd.), was added oxalylehloride (15.7m1, 1.80unnol,
1.5e,q) dropwise over a period of 5 minutes. Anhydrous [WU= (1.45m1,
18.8mmol) 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 0-5t for 30 minutes, The reaction
mixture was then diluted with DUNI (300m1) and was quickly
transferred to an addition funnel. The diluted reaction mixture was
added to a stirring aqueous NaOH solution (IN, 725mi) over a period
of 6 minutes. Temperature of the quenching mixture went up (from
24.5C5 starting temperature of NaOH aqueous) to '33C when the
addition was completed. After continuous stirring for additional 5
minutes, the quenched nurture was placed on an ice bath. IN MC
(365nd) was added through an addition funnel over 2 minute. The
resulting acidified mixture (01.2) was stitted for 5 minutes, Layers
were separated. using a separation funnel, The aqueous was further



Preparation of lo CiiFIEMon    34 methyMnzaldehyde (3)
Anhydrous toluene (365m1) was added to a IL, thur-neck round bottom
flask equipped with overhead stirrer, one 250m1 and one 11_, addition
funnel, an internal temperature probe and an argon inlet The flask
was immersed in an ice/methanol bath in order to keep ihe internal
temperature in the region of -15t, ri-Butyl Lithium (2.5M in hexane,
232rm, 0.58 mid) was added to the flask 9iri syringe, under argon at
a moderate stirring rate. n-Butyl magnesium chloride (10M in TIIF,
145m1, 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 --I 6C to 13C and the mixture turned from clear
to light, opaque yellow. The solution was stinted for a further 0.5h
at -1.3T, 100364)A solution of 3,5-dibromotolziene (196g, 0.784mo1,
Aldrich) in anhydrous toluene (1458ml) was prepared in a IL one-ncek
round bottom flask under argon. This pale yellow solution was
transferred in two porrions to the IL addition funnel. Addition of
this solution was pert-mined dropsvise over 50 minutes during which
time the internal temperature was kept between --13t and ---17C and
the mixture became a darker, opaque, orange-brown color, The
suspension was stirred for a further 2,75h between ---I 3C and 17C
under argon. ,kn Eine sample was taken after 2h and prepared by
addition of 2 drops of methanol, followed by solvent removal under
reduced pressure. iiPIR method Test 20 indicated no starting material
remaining (RE 6.64min) and a mixture of intermediates (R., 4.94mtn,
6.15min, 7.40min), This suspension was labeled 'Mixture A',
1003651During the 3,5-dibrornotoluene addition, anhydrous
;V,PV-dimethylfortnamide (78.7mt, I .0 Otuoll was added via syringe
to a 51. lour-neck round bottom flask equipped with overhead stirrer,
a IL addition funnel, an internal temperature probe and an argon
inlet. The flask was immersed in an icelinethanol bath in order to
keep the internal temperature in  the region of- t a moderate s
ydrous toluene (91n11) was added to the flask via syn itg, rate. This
solution was labeled 'Mixture  1003661 Mixture A was transferred in
two portions (2 x 950m1) to the IL addhion funnel of the SI, flask
containing Mixture B. Thc addition funnel was wrapped with aluminum
foil to avoid excessive heat influx. Addition of Mixture. A was
performed dropwise over 38            ing which time. the internal
reaction temperature was kept between 6C and 12C and the reaction
became an orange solution. The solution was stirred for a further I h
between 3C and -46C under argon after which time an HPLC sample was
prepared by removing toluene under reduced pressure, dissolving in
Me011 and filtering off any insoluble material, HPLC method Test 20
indicated one major product (R; 5.42min). 3003671 The reaction was
deemed to be complete and ready to be quenched, [00368]A prepared
solution of citric acid (34 l,54g) in water (650m1) in a IL conical
flask was added slowly over 20 minutes to the reaction mixture in
50m1 portions, keeping the internal temperature below 0C. This yellow
solution was stirred at 0C. for a further 20 minutes. [903691After
this time, the quenched reactionnsferred to 4L separating 



funnel and the two phases were separated. The organic layer was
washed with water (650m0 and saturated brine (550m1) prior to being
dried by addition of anhydrous sodium sulfate (500g). The drying
agent was removed by vacuum filtration. The dried organic layer was
transferred in two portions to a 31- round bottom flask and the
solvents were removed under high vacuum at 35C. A low viscosity,
red-orange oil 3-bromo-5-methylheitzaldehyde (159.1g, 102% yield) was
obtained, C51-17Br0 199.04g:fiat-I; HPLC: 5.42mim96% purity @ 272am;
NMR 8:( (400 MHz, CD03): 2.41 (3H, s, Clf-13), 7.58, 7.60, 7.83 (3 x
111, 3 x s.3 x Ar-H), 9.92 (I H, s, CHO); '3C NMR rsic (100 MHz,
CDC.13)' 3), 123.27 (C-3), 129.15, 12933 (C2, (-6), 138.06, 138.11
(C-4), 143.33 19L20 ((JIG). 3-asionia-5-methyl-eirmarnouirrile (4)
1003701Sodium hydride (60% dispersion in mineral oil, 39:2g, 0
980incil) was added to a 5L four-neck round bottom flask equipped
with overhead stirrer, 250m1 addition funnel, an internal temperature
probe and an argon inlet. Anhydrous tetrahydroftiran (2.6L) was added
to the flask under argon and stirring commenced at a moderate rate to
give a whim, opaque suspension. Diethyl cyanomethylphosphonate
(152.1ml, 0,94I mot, 3Aighdy viscous pale yellow liquid) was
introduced into a 250m addition funnel, under argon. Addition of the
phosphonate was performed dropwise over 56 minutes during which time
the internal temperature rose from 21C to 29C. and the mixture became
a less opaque, very pale yellow suspension. The solution was stirred
for a further 111 during which time the internal temperature fell
from 29C to 22C and the mixture, became a pale yellow, clear
solution. 1003711313romiii-5-methyl-benzaldehyde (159g, 0.784mo1,
assumed quantitative, red oil) was transferred from its 3L round
bottom flask to the 250m1 addition funnel by pouring. Inc flask was
rinsed with anhydrous tetrahydrofuran (3 x 5m1). The three rinses
were also poured into the addition funnel,whichthen flushed with
argon. Addition of the. aldehyde was performed dropwise underminutes
during which time the internal temperature rose from 20"C to 33C and
the mixture became a dark orange solution, [003721The solution was
stirred for a further 2h during which time the internal temperature
fell from 32C to 19C. Art 1101,(3 sample of the dark brown solution
was prepared at th by diluting with THE HPLC method Test 20 indicated
complete conversion of starting material (R. 5.42min) to one. major
product with a 10:1 mixture of EtZ isomers (272tun, Ri 5 71{;
10O373Hydrochloric acid (6N, 21.66m1) and water (2528,33m1) were
mixed in a 41., conical flask to give an aqueous solution cif 0.05NI
Het (2.61.), [003741The reaction mixture was diluted with icrt-butyl
methyl ether (0,51) at quenched with aqueous 0.0,51a4 HCl (0,514,
after which the internal temperature rose to 22C. The partially
quenched reaction mixture was transferred to a 22L separating funnel,
Residue from the reaction vessel was transferred to the separating
funnel l)y consecutive rinsing with fen-butyl methyl ether 0 .5L),
aqueous 0.05N4 HC] (1.014, (err-butyl methyl ether (2.0L), aqueous
0.051\41K:1(1A L), (ert-butyl methyl ether (1.2k). The layers were
agitated for 30 seconds, allowing gases to escape periodically and
the aqueous layer was separated into a 22k flask, The organic layer
was washed with water (2.0L) and the aqueous layers were combined.
The organic layer was dried with anhydrous sodium sulfate (500g) for
10 minutes and the drying agent was then filtered off under vacuum.
The solvents were removed under reduced pressure to give pale yellow
solid, which was dried overnight under vacuum at 30C. The resulting



introduced into the SOOmi addition funnel.Addition of the water was
performed dropwise with a moderate stirring rate, over 3h during
which time the internal temperature fell from 50eC to 25C. A yellow
solid began to precipitate out of the red-orange solution after five
minutes and the addition of 5.0ml onother liquor was checked
periodically by HIQC to determine the ratio of E:Z isomers still in
solution. After adding 250m1 of water the ElZ ratio was 1:1.2 and
determined to be favorable. The suspension was cooled in an ice bath
for 10 minutes allowing the internal temperature to fail to 17C.
before being filtered through 31, sintered glass funnel under reduced
pressure. The resulting solid was washed with a cold methanol:water
solution (1:1,2 x 50ml, 540t). The solid was dried to constant weight
in a vacuum oven at 35t. A pale yellow solid,
3-bromo-5-methyl-cinnamonitri1e (144,1g, 83% yield) was obtained.
This material was, however, contaminated with the Eh/removed mineral
oil, as observed in the p.roton and carbon NMR, spectra. 34Bromo-5-
methyl-cinnamonitrile: CuilisfirN 222.08ginol:1-IPLC: E4somer
R15,83min; 97 272nm. Z-isomer 5,76mini 4.7% 272ntm 4-1'NMR SH (400
MHz, CDCT,): 2.36     s, CE(3), 5,86 (11-I, d".tH, hi 16:7,
CH-----CMCN), 7.17 (1K. s, APB), 7.28 (ld,113,14 16,7, Cif-CMCN),
7,39 (2 x 11-1, s, 2 x Ar-lit); AC NMR ac (100 MHz, (DUO, 21.23 (Oh),
97.86 (CH=CHCN), 117,89 (CM, 123,19 (C-3), 127.03, 12738 (04, 06),
134,85 (02)., 135.38 (C-1), 141,16 (0-5), 149.31 (CH-CHC,N).
3-lotio-5-roethyl-chanrimonitrille Rlft3761Three 500m1 screw-top,
sealable, pressure flasks Oak-tied A, 13 and C1 were individually
equipped iviih a magnetic stirrer and arranged over oil baths heated
to 115C. Separately and sequentially added to each flask were,
3-bromo-5-methy1-citinamonitrile (3 x 47,5g, 3 x 0,2143nol);
trt-xylene (3 x 171m1), giving an orange solution; diethyiene glycol
din/ethyl ether (3 x 43m0; sodium iodide (3 x 64,12g, 3 x 0.428mo1);
copper (1) iodide (3 x 4.04, 3 x 0.0214mol); and lastly
AcA"-dimethylethylenediamine (3 x 4,60m1, 3 x 0.0427mol) at which
point the color became dark green-black. The threaded top of each
flask was rinsed with m-xyiene (3 x Im), The hardened, insoluble
solid sodium iodide was mobilized with a spatula, whilst the solution
was degassed: Steady streams of argon were bubbled throughsolutions
in each flask for 10 minutes. 1003771The three flasks were sealed
under an argon atmosphere and lowered into their respective oil baths
at 115C, ensuring a moderate stirring rate in each, The reactions
were left to stir at [15C, behind a blast shield for 14h overnight.
)003781After this time, flask C was found to have stopped stirring.
The flasks were allowed to cool in air for 5 minutes prior to
opening. Hisi.:C samples of the three reactions were prepared by
removing the m-xylene under reduced pressure and dissolving in Me.CN.
Analysis was peribrined using HPLC method Test 20; Flask: A; Major
product 01,starting ateria Flask 113: Mitior product (R., 5.97min),
1,0% starting material tRt 5 3 int Flask C: Major product (Rt
5,97min), 20% startir11,material (R 5.83min). )003701 All three
tlastcs were degassed by bubbling steady streams of argon through the
respective reaction mixtures for 10 minutes. The three flasks were
sealed under an argon atmosphere and lowered into their respective
oil baths at 120cC, ensuring a moderate c in each. The reactions were
left to stir at 120C. behind a blast shield thr 2h,       01 Mier
this time, the flasks were allowed to cool in air for 5 minutes prior
to opening.11PLC samples of the three reactions were prepared by



Reactions A and B were deemed to be complete and left to coot to room
temperature, Flask C was again &gassed by. bubbling a steady stream
of argon through the reaction mixture for 10 minutes. The flask was:
sealed ',Ender an argon atmosphere and lowered into cod bath at 125C,
ensuring a moderate stirring rate. The reaction was left to stir at
12.5C, behind a blast shield. for a further 433, [00381)Auer this
time, the Flask C was allowed to cool in air for 5 minutes prior to
opening. An IIPLC sample of the reaction was prepared by removing the
in-xylerie under reduced pressure and dissolving in MeCN, Analysis
was performed using HPLC method Test 20; Flask Cproduct (11;
5,97min), 2.0% -.<13,ing material (R, 5,83min), Reaction C was deemed
to he complete and left to cool to room rmperature.  [09Flask A was
diluted with tert-butyl methyl ether (2 x 150m1) and the mixture was
filtered under vacuum, to remove the insoluble materials, thxough a
3L sinteted glas funnel containing Collie (1.51.,), pre-washed with
iert-hutyl methyl ether, Flasks B and C were sunilarly diluted and
filtered through the same Celiteto hum combining the three filtrates
A, B and C in a 121.. conical flask. The flasks were insed and the
Cc.lite was eluted with ter/butyl methyl ether (314. [00:183]The
combined filtrates were re-filtered under vacuum through a clean 3L
sintered glass funnel containing fresh Celite (1.51.,), pre-washed
with fen-butyl methyl ether, to remove the remaining cloudy
particulates. Elution was performed with tert-butyl methyl ether
(41,). The resulting clear, red-brown color filtrate was stable being
stored at 4PC. for 48h, [003841 The filtrate was concentrated under
reduced pressure at 40C and the high boiling solvents were then
removed under high vacuum at 45C. Co-evaporation with methanol (2 x
50m1) yielded a crude brown solid (203g), 093851 The crude brown
solid (200g), in a 2L threeneck round bonom flask equipped with
internal temperature probe, 500m1 addition funnel and overhead
stirrer, was dissolved in methanol (700m1) by immersion in a water
bath at 53C. On dissolution, the brown solid became a red-brown
solution. The water bath was removed and water (110031:11) was
introduced into the 500m1 addition thimeL Addition of the water was
performed dropwise with a moderate stirring rate, over 3h during
which time the internal temperature fell from 50t to 24T. A
yellow-brown solid began to precipitate out of the red-brown solution
after ten minutes and the addition of 80m1 of water. The mother
liquor was checked periodically by liPL.0 to determine the ratio of
LiZ isomers still in solution. Affer adding 300m1 of water the EIZ
ratio was 1:1,1 and determined to be favorable, The suspension was
cooled for 1413 allowing the internal temperature to Call to 4C,
before being filtered through a 3L sintered glass funnel under
reduced pressure. The resulting solid was washed with a cold
methanol:water solution (14, 100ml then 2003131, 5t), The said was
dried to constant vveight in a vacuum oven at 35C. A pale brown
solid, 3-iodo-5-methyl-cinnainonitrile (149,4g, 86% yield) was
obtained. This material was, however" contaminated with the unremoved
mineral oil, as observed in the proton and carbon NN4R spectra.
[00386)The slightly sticky, brown solid (148.8g), in a 21, conical
flask, was dissolved in acetonitrile (1 .50 to give a dark
orange-brown solution with insoluble globules of mineral oil. This
mixture was filtered under gravity through tiller paper (Whatman,
541) removing the majority of the mineral oil (10.5g' The filtrate
was transferred to a 411, separating fliEll3C1  and washed with



This ruaterial was obseisied to be free of a MIMS oil by proton and
carbon MAR, spectra. 34odo4-methynnamoniteire; Cit3HON
269,08g3110rsofiens, 99-100'C melts; H.PLC (Acetcmitrile); &isomer
1.1: 5.97inin; 97% purity @ 272sin (34romo-Stnedwi-cinmunissthrile,
E-isomer R3 5,113min; -1.4% @ 272m)i, 3H NIVIR.Ssi (400 Mia, CDC13)i
233 (3H, s, CH), S.85 (11-1, d. tr,H 163, CH:=CHC:N), 7.2.0(01, a,
Ar-H), 7.25 OH, d"icH 16.7, CH,----CHCN), 7.59, 740 (2. x H,2 x s, 2x
.A1-41); 13C NMR. Esc (00 .1%41-1z, CDC.13): 21.09 (CI-1:0, 94.93
((>a), 9730 (CW,GICN), 11751 ((IN), 127,61 (C-6), -2)035.44 (C-1),
140.81 (64), 14L15 (C.-5), 14918 (CTI=C1C1d). FX3iBli*  Absolute Co
gcantian of Cmpou eyano-dny1)-5-r1ethyi-p1Eenyll-(11)-ph6sphinic add
methyl 'S [0038715 mg of Compound If) was suspended in 50 in of
adsole sin& crystal X-ray anaJysis formed after 2 days. The en,rstds
were monoclinic with a space group of P21 and mat eel dimensions 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 asymmedic unit contained two independent
moleeides of compound DI (mdecute 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) br molecule A and 1.04(7)
for radet:de B. On the basis of the former del:ern-dm:don the
absolute stercochcinistry avas assigned, and the chiral centers at NA
and NB are both in the R. configuration, FM. 2A frrovidts a view of
FACketlie A Ind:ding otereochemistry at PI A, and FIG. 211 provides a
view of =decide B induding a:decides:Mary at PM. Example 12.
Pharmo1aa of Compound I
_Carbnoyi_5_e.or..1f}oro_lIIndO3-yWU3-iE)-2CYafl phenyl
I-(M.a-pfinapinnie acid methyt eqe and Citiglpoura
(2-Carbamoyl.-5-chloro-1,11-ititiol-3-ylp Ee phosphinic acid methyl
ester) 100388l The following Tables show the in Wire anti-H1V
activity of enantimatericaly punt 3-pt sphoindoles of compounds land
111 in assays, including analysis of resistance the drugs tested,
Table I shows the activity of the compounds against. a panc of mutant
H1V-1 Reverse Tonscriptitse enzymes, The anti-vind activity of
3-phosphoindole compounds of compound I and compound 10 are compared
with the activity of compounds control compound EFV (eihyirenz,
6-chloro-4cyclopropylethmi4-trit1norotnathyl44-
dihydro-2H-3,1-herizoxazin-2-one) with various viruses, IOU389 As
shown in Table 1, Conmad I inhibited RIV-1 everse transcriptuse (RT)
enzyme (subtype B, B1410 strain) with mean 50% inhibitory
concentration gew values ranging from 0366  0.251&type RI) to 1,411
0.873 ulVt (K. i.03151P118 )C), Similarly, Compound 11 1Ca's ranged
from 0,343  0,083 t.tN4 (wild-type RI) to 1,614 t 0,279 04
(K.103NN181C), Compound 1 and Compound Ill were not inhibitory to
human poymerases alpha (lens?. 45 MM), beta (1Cns?.. 422 n.64) or
gamma (Jew.? 60as seen in Table 5, demonstrating the test etaimounds'
selectivity. Crystollographic studies with Compound land the HIV RT
V.10315TY181,C double mutant revealed that Compound1 hinds to the
known hydrophobic NNRTi, pocket in the enzyme, (003901 in H1V-1 cell
culture assays, using MT-4 cells and a subtypeV-1 (814-10 



strain), Compound I and Compound 111 inhibited HIV production withn
5o% effective concentration (EC5o) values of 1 OA and 1,2 nM,
tespectively (see Table 6), in assays performed in human PUNIC,
Compound! and Compound HI inhibited HIV-1 production with a mean Res
of 0,4 siM (B11-1 0 strain) or 1,5 rik4 (141.43 strain), Against3
different 1-11V-1 viral strains in 5 different host human cell lines,
the EC59 mage determined For Compound was 0,5-2,0 nryl and for
Conmound III wits 0,51Compound 1 and Compound 111 were active against
a pond of 9 different HIV-1 subtypes with respective potency lanes of
0,25 to 3.2 nIVI and 0,2 to 2,14 nk4. The activities or Compound 1
and     ound iii were reduced 24,8 and 19,5 fold, respectively, in
the presence of alpha acid giyeoproandhuman serum. 1003911 MI day
cytotoxicity testing in 6 human HIV-I host cell iines, Compound
Compound lii showed mean 50% cytotoxic concentration(CC) values of
16.6 to 3 and 14,8 to 50,0 t.154, respectively. In PF1h4C, CC 5
values of 52.6 (Compound 0 and 66,9 0,4 (Compound Ill) were
determined. in 912 day testing in HeLa, HAY/ and Hep02 ezil  lines,
the CC50 values of Compound land Compound Ill were in the 23,5 to
31.5 WV' range. Based on the CC50/EC50 ratios determined in MT-4
cells, Selectivity Index (Si) values of >22,000 and >18,000 were
calculated for Compound Ill and Compound 1, respectively, (003921In
cross resistance testing using a variety of cell lines and HIV-I
strains, Compound I and Compound III retained good potency against
NNRTI resistant viruses bearing K103N, '11181C or K103N/Y18IC
mutations (respective ECR values remained below 4.5 and 14.5 nM),
while EFV showed considerable resistance against the double mutant in
particular (ECso values 36 to 116 nik,4). [003931 The resistance
profile of Compound land Compound HI 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 ER' 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 land Compound 111, were highly active against a
sub-panel of mutants bearing NRTI and PI mutations, Compound I and
Compound III were superior to UV against essentially all EFV
resistant viruses, including viruses with double and triple mutants.
Compound I was 2-3 more potent than Compound Ill against EFV
resistant viruses with double and triple mutants 1003941In a series
of in vitro interaction studies, there was no negative interaction
observed between the Compound I and Compound III and 7 NRIls or 6 PIs
approved for the therapy of 1-11V-1 in the clinic. PFUMARY
PHARMACODYNANIICS List of abbreviations 111BCommonIv used HIV-
iaborat Ala:thie at position 98 of wr AAGAlpha-- I acd glyconretcin
AtDS/kC1CCt nmnoctcncciicy syndrome A.ZTZidovudine 



.111-1111Laboratory adapted strain of human niumimodefielency virus
ty 50% cytotoxic concentration OPEopathic effect DNAyribontteleic
aind  DSA E.138K EC30, EC3os EP/ ELBA 12227Fli, FBS G190A 0190A/6
0190S OLP H9 .Hep02 1-k La HEY, HIV-2 HS HuH7 IC59, ICsos IN!) K.10
4E1 K.10.3N K] 03R K1035 L1001 M184V in g MOLL MT-2 MI-4 MIS MIT NAM
NIA-3, 45 



Drug susceptibility Glutamate to lysine change at position 13 50%
effective concentration Efavirenz Enzyme-linked immunosorbent assay
Phenyialaninelletreine at position 227 of RT Fetal bovine serum
Glycine to alunine change at position 190 of RI Glycinelalanine
chancre at position 190 of RI -eine to serine change at position 190
of RI Good laboratory practices Human I cell line derived a patient
with I cell lymphoma Human hepatoma cell line Human cell line
isolated from a patient with adenocarcmc Human immunodeficiency virus
type I Human immunodeficiency virus type 2 Human serum Human hepatoma
ecU line 50% inhibitory concentration Investigational New Drug
Application Lysine to glutamate change at position ICI of RI Lysine
to asparagine change at residue 103 of RI 



Lysine to arginine change at residue 103 of RI Lysine to serine
change at position 103 of RI Leacine to isoleucine change at position
100 of wr meihic.mine to valine change at position 184 of RI
Milligram Human .1' ecfls isolated from a patient with leukemia Human
T cell line isolated from a patient with adult I cell leukemia Human
T cell line isolated from a patient with adult .1. cell leukemia
(344,5-dimethyltniazol-2-yl`,. .1-carboxyrnethoxypheny0-2-(4-
sultbplieny0-2H-tetrazolium inner salt)
344,5-dimethylthiazial-2-yl}-2coy! tetrazolium bromide IClucleoside
associated mutation Commonly used HIV-i laboratory strain
QMNanornolar NNRTI, NNRTIsNon-nucleoside reverse transcriptase
inhibitor(s) NRT1Nucleoside/Nucleotide reverse transciiptase
inhibitor P225HProline to histidine change at residue 225 of RI
P2271.:Proline to leucine change of position 227 of RI P2361.,Pratte
to leucirte change at position 236 of RI p24HIV p24 core protein
p28SW p28 core protein PtProtease inhibitor PBN1CPeripheral blood
mononuclear cells 



RCReplication capacity RODCommonly used HIV-2 laboratory strain
RIReverse transcriptase SDStandard deviation SiSelectivity index
SWSimian immunodeficiency virus 13937Human rnonocyte cell line
isolated from a patient with lymphoma V106AValine to alanine change
at position 106 of RI V I 06M\talkie to methionine change at position
106 or RI V108IValine to isoleucine change at position 108 of RI
V179DValine to aspartic acid change at residue 179 of RT WI, WI.,
wtWild-type YAMTyrosine to cysteine change at residue 181 of RT
YISIVTyrosine to valine change at position 181 of RT '1188LTyrosine
to leucine change at position 188 of RI Microgram pN1Micromolar
oniy., anvRa,; aelivity ist the Rh RT enzyme   



3te aCIIVit) ) Wete '4.`:".`",Q \Ad' Ut''Th;c; shown in Table I"
These stinites eirmitis 11, Compound ?it; and Eli V against HI V
reverse nanscriptase (Rh) assays as IV RR annyrog derived from HIV
stint(hilisi 0 strain), almsstandard nand 01 NNR.Tt-reitistant,
site-directed, mifiant e zvnes with K 103.N and Yia U SnhStitUflOnS
alone or in combination  R103961When tested in vitro, Compound I
inhibited Hni reverse transcription with IC59 values ranaing -from
0,366  0,251 j..0.4 (wild-type RI) to L.411  0.873 1.tM (K.
03N/Y181C). Similarly, Compound Ill -derived le50s ranged from 0,343
0.083 iM (wild-type RI) to l.614  0,(K1103b0.118 LC), EIN yielded the
expected in vitro inhibition profile exhibiting wild-type activity
against Y18IC enzyme but strongly impaired activity against K.103N
and K103N/Y18IC mutant enzymes, Table [00397The relative activity of
the test and comparator agents against the diftbrent viruses can be
seen from thefOld-resistanee data presented in Table 2. Table 2 Fold
Change  -Y-781-61 MOM 



--""--"""""r """--"""1"""""--"1 1.6  0.73.23.55.0 t 3,4      EFV122
t.1 5,3 t. 17.536.5 20.5 b rot-Chance = Etta for the mutant kirt.r
divide: by the EC5::, for the wed - type tikt virus,
fttkt-ch:zitoc:tt wtts-,ttie 'ey:ei..r; a the zediva tcki,e;:;);
:ing:).,s ;:,;.sto  100398i The cakulated drug concentrations
requIred to block 50% of enzyme (1050) and data shown in Tables 1-4
were measured in the presence of detergent (which increases the 1050
value) however lower values were generally obtained in the absence of
detergent. In vitro antivinl aetivIty against additional mutant WV RI
enzymes [00399]Compounds I and 111 were tested against a broader
panel of RT enzymes curying common NM:FE-resistance mutations. The
efficacy data are shown in Table 3 and the corresponding foid-changes
are summarized in Table 4. The studies are summarized in the text
that follows. Table 3 AntiSst e-directeri nuntatitRI enzymes
ninnniary ervirengranan inateri7y,or 



Ntr (if irpnrageaigri-52 iir; Reined piN0K0?00re i0:3;.Wkb000.
77?77;eirnymNNRIiest-ear:reailtird. ' Nett RIeheieetedNR't dingR.
(0:3.0 SC:0c  1004001 As can be seen tram the data, Compound Hi and
Compound I retained substantial in vitro efficacy,st HIV RI enzymes
with substitutions at eodons 100" 106, 184, and 134" The ordy
significant loss of efficacy was seen for innIams at codons 108, 138
and ;88, b(e 4 Fo1d-resistanee Avinat a Pond of Site-Directed Mutant
HIV-1 RT Fcdresistance .0 ter the tr.tasat H tV I RT. 'Mad by the
;C.,," asbay, Ayotage Mk; change was ealetAMed as the means of the
ibdividuai foid n!woges tested a N " number at reMicam Stn's of
experiments performed oxtail); whore :nMeated by feemme, Two data set
used for cakMatien of average fehlaambeanco. e,aiesnohn
[004011Oven(ilnmpounds I and.changes rangingri 0.5  0 2 to 15.50
6.8. Riled on Imman DNA polymernwes alpha, beta and gamma (99402;
HIVher s.n": nolymemse, shares limited snneturai onolcs$y with the
cellular DNA polymerases responsible tar normal nuclear and
mitochondrial DNA svnitiesis and repair. This raises the formal
possstnlity that mduhitors of WV ;RI enie nhtttceitlarnotvnterases,
resulttng in cellular toxteity. In artteutar, UItIibttOn of  



polyinerase gamma has the potential to result in n ochondr toxicity.
The ability of Compound and Compound 111 to inhibit celluiar DNA
polymerases was assessed using standard in vitro assays (Table 5).
(904031 When tested in vitro, Compound ill, Compound , and LTV did
not reach an IC50 with human cellular DNA polymerase alpha or beta at
concentrations ranging from 100 - >450 04. Similaily, preliminary
data in 1) showed that theCompound 1, and UV were >100 ntvi against
human DNA polyinerase gamma avitro, while Compound HI had an 1050 of
50.1 04 against this enzyme.  Table 5 r:' ...."..... Compouted 4/4,1
4/4/1 4/4/1   In vitro activay against human ceUnlar DNA-dependent
polymerases pha, beta arid gamma 'Mites (aM) Standard Deviation  08,6
i-S; 40.9  16.1 ie,$)=cffctivc eonsen Mon that inhibits enayme
activity by 50atic in vitro. N number of rep care experiments
performed ter each ptlymerase Act. D - actinemycin 0 used as a
positive assay coma& 



hUelae DNA po:ymerase aipna DNA poiymerase bea ': human ONA
ptiiymesase gamma; prune:Maly datae experiment Divan demonstration of
binding to MY RI 100$0$i The stractumi determination of the K 10.3N/
81 C double mutantRI (the same BH-10 strain enzyme used in the
activity assays) coerystaihzect with the Comnounds 1 and III was
performed. Itt04.05NNKTIs ace usuallyand hayst a strong
affinityhydrophobic, pock::: located close to the catalytic site of
Rt. The bindina of the inhibitor restricts the :one-,s,  of the
enzyme and interferes with proper DNA synthesis (Clavei and Hance 1
resistance, N Engl .1 Med; 350;  023-35 (2004)). 00406l
Crystallizaof 1C103N/Y18lC mutant protein in the presence of Compound
I was perfoiined. Recombinant HIV-1 1(103N11Y181C ET protein was
concentrated in the presence of Compound I, then used in successive
crystal micro-seeding experiments to yield protein crystals
sufficient in size to allow X-ray data collection. A single crystal
was used for X-ray diffraction and modelling. At 3A, the schematic
shows Compound 1 bound to the NNRII pocket of HIV-  RI, /004071 The
X-ray crystal structure of Compound 1311 a co-complex withnatically
active K103N/Y181C 1-lIV-1 double mutant enzyme is shown in Figure I
A and a schematic is shown at Figure It The structure shows Compound
1 binding to the NrNRTI pocket in HIV Et in a manner similar to the
approved drug efevirenz (13acheer, et at, 3 Viral; 75;4999-5008
(2001)). The indale ring of Compound I can be seen in dose proximity
to codons 101 and 103 of HIV-I RI; Cellular activity !DOJOS] This
section summarizes the antiviral activity profiles of Compound I and
Compound IL against 111V1 and HI V-2 in cell culture systems. These
activities were measured with a broad variety of assays and
endpoint.s, using multiple HIV strains and human cell types that
support HIV replication, Example 13 against HIV-1 IMO strain [004091
The standard HIV cell-based assay employed is a 4 c say in MI-4 c 't 



a p24 EUSA tea.driut" The in vitro anti-HIV-I activity (EC50 value)
of IDX12899 was determined in a standard cell based drug
susceptibility assay (MA) essentially as described in Devine D,
Mathews N, Kineitington D (2.000), Antiviral Meth and Prot, Human
Press Inc., Totowa, Ni. 185.-199, The NI V- test virus is of subtype
B, in-110 strain origin, The standard test panel included wild-type
virus, as well as Y18 IC, KI 03N, and K103NrY181C site-direeted
mutant derivatives, Data from this assay are summarized in Table 6
below, Against the wild-type 81410 virus, the inhibitory acuvuies
ofCoEnpound I and Compound ill, and ETV were all closely similar with
Etios around I nNI. Control values were in good agreement with
previously published results (Young et al., 1995, Antimicrob Agents
Chemother: 39(142602-5; Andries stat, 2004, Antimierob Agents
Chemother;  48(12):46g0-6; Janssen el at, 2004,1 Mcd Chem;11-9; Boone
2006, Curt Opin investig Drugs; 728-35) and those obtained utilizing
the PhenoScreenlm ay. Table 6       N Compound .NNW,NNWC,        ,
Mean lOsn Vakies tpM)  Standard DeviaVort NONA Pot AtpheDNA Pot Beta
.\\\NNWNNNNNNNNNNNNNNNNNNNNNNWNNNW,NN,NWW,W.
ZegeWeeeeCeeCee..\\\WCC.C?WCW..\\\"" ,  NNNN DNA Pot Gamma c  S"M" "
V  4 145.7  44.5 422.2  149.6 118.5 



4 4.3 z479,0 i 41.9 z95.2  9.5  4 108.5  40.9 314.2 177.2 z100 Act. 0
4 16.12 23.0 10A 11.8 t 1,9 ddCTP 4 NIA NIA 1.5  0.6  



."r" ---- JCR., effective concentration that innibEts enzyme activity
by 50% in V4VO. N.st number of replicate experiments performed for
each polymerase Act. D t; ectinornycin D used as a positve assay
control inhibitor ddCTP dideoxycytidirte triphosphate used as a
positive control attibitor in DNA poi gamma assay NIA ..tt not
applicable human DNA poynterase alpha IL: human DNA poiymerase beta
human DNA polyrnerase gamma vble precipitates observed [004101Against
the mutant viruses,bite the expected. antiviral profile; it
efficiently inhibited Yi 8 L.virus growth2,5 n1\4) hut was
significantly less active against the K103N or Y18 (7./K1 03N mutant
viruses (mean EC50 values of 41 to 42 tiN.1), [00411]The activities
of the different test articles against the mutant viruses are
apparent from the corresponding fold-resistance values summarized in
Tahe 7. All 5 compounds showed similarly decreased activity against
the Y181 C mutant (mean fold shifts ranged from 2,3 to 3.7), Whereas
EFAT showed a mean 34,3 fold shift against the K110.3N virus, the
remaining compounds showed essentially unchanged activity (0.84.2.
fold) Table 7Fohl-reaistanceainst FRY-1 131110 Virut3  Fold-Change
E.C.30 for the mutam HiV divided by the E.C.so for the wi.d-lype WV
virus. Average Void-change was cacuiated as the mean of the individoM
fold-changes tested in parallel 10041.2lThe activity of the -ompounds
was also assessed with the same virus and cdl type using a different
assay readout based on cympathic effect (C-PE). This assay measures
cell viability following H1V-1 infection rather than capstd protein
production and also differs from the standard assay in terms of assay
set up and execution and hence provides a usefill corroboration of
results obtained by the latter method. The data from 5 independent
experiments are summarized in Table 8 below. Table a Activity against
HIV-I 81110 viceises in Nrc4 eon assay by CPE  



o= number of replicate experiments performed. b Laboratory adapted
wild-type arid site-directed mutant EH 10 viruses. Table 9
ka`"`-'," , Mea -mutant  - divde.d by the EC AY:tta2:::C was
ea:ie.:dined as me :33ear:).tl''w: ine ;004111       ,In :he CPE
assa, repucanonof 'NT 31410 virus was potentty nthibned by Compound
I, Comp.and EF V as soowit by le subnanomolar mean cil(i values
trance 0 ill,'" Ai1-1-ve v l SIC. K3433N and '4( (-q Vv. 'i :;:1('
W-T1 0 -0,--0(,1 vis were inhibited  maximum of 6.6 rtIVI. As
expected, EFV efficiently inhibited the Y18IC virus growth but was
far less active against the other mutant viruses (EC59 values 41 to
53 riM). Control values were in good accord with previously described
results (Young et at, 1995, Antimicrob Agents Chernother:
39(12):2602-5; Andries eta!,, 2004, Antimierob Agents Chemother;
48(144680-6; Janssen et at, 2004, .1 Med Chem; 48(6):1901-9; Boone
2006, Carr Opin Investig Drugs; 7(2):128-35). 1004151 in teams of
fold changes compared to the BM 0 WT sttain, Compound Compound III,
and EFV showed a 2.7 to 11.9 fold range of increase against the Y181C
mutant, while Compound 1 and Compound 111 showed no change (<1,8
fold) against the K.103N mutant. The K.103N/Y181C mutant gave greater
variability and fold changes of 12.7 (Compound 0 and 55.6 (Compound
III). EFV showed respective mean fold-shills of 66.8 and 88,0 against
the K103N and K/03N/Y181C mutants, respectively. Activity against
1-11V4 N14-3 strain 1004161 The activities of the Compound land
Compound Ill were also determined in a cell-based assay employing
subtype B HIV-I viruses with a N1A-3 backbone. The standard panel of
NIA-3 viruses (w.t., Y18 1 C, K103N and K.103N/Y181C) were assayed as
with the test compounds as described for the B1-1-10 virus panel
above using the EL1SA readout. The results of these assays are
summarized in Table 10. 1004171 The results of this study are
generally comparable to those seen with the BH10 viruses, in the
N1A-3 background, the compounds are potent against the w,t, 1\11,4-3
virus (EC50s ranged from 0.7 to 2.3 nM) and the Y181C virus (EC.50
ranged from 0.7 to 2.3 rd\,1). 



Table 10Activity againstNL43 viruses in MT-4 cell assay  age EC eo
Vales (uM) Standard Deviation    " u,uu2;1::: 0.0001    t:,0.1)14
11.0111i4  0,0:)28.. 0 ;1001    t(1,0065  0.00030.0023 



0.0612 0,0619 rt 0.033810.0183  Kg; = effective concentration that
rducr virus prodqction by 50% in cell culture.. 1S1  N - number of
replicate experiments performed. b Laboratory adapted wild-type and
site-directed ;lunar;s Table 11Fold-resistance Cirlipd. III2J [10.9
0.739 1,7 EFV12.5  0,734.6  7.827.4  8,6 Fold-Change - ECsa for the
mutant HIV divided by the F.Cak for the wild-type Firsi 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 [004181 The antiviral efficacy of Compound
land Compound III was next measured against two NIT-2 cell
line-adapted HIV-I clinical isolates alongside the comparator drugs.
The virus test panel consisted of clinical isolate mutants expressing
Y18IC (43350) and K 1 03NNISIC (45054) compared to a sensitive WT
virus. The data are summarized in Table 12 below. 'fable 12 Activity
against 111V-I clinical isolates in MT-2 cell assay (uM)  Standard
Deviation   



Average EC50 Values  CompoundIN   WT. (13010) V181Cb K103N/V181C
Cricipd, 15 0,0009  0.0006[ 0.0014  0.0000 0,0020  0.0003 Cropd. III
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 celLculture, 



Labor:at:ay adawad wQ;hypti, SO:ate 3350 ts Mif:q;M:te New:rapine.
VHs atant aiso posacsses NI g4'52 MiP;a:101:.  CU;:iCa: `1:4,A;;e
50:54 'faMe 13Fi.d-ree:iaa8ce.            Virs1tCs      



-change = EC50 for the mutant HiV divided by the EC50 For the
wild-type HIV. Note that fold-change was not detenanned from the mean
EC 3o vaMes in Table 12, but was first calculated for individual
experiinents. Then the mean Fold-change SD was taken from all
experiments. Activity against 1-11V4 strains in human PLINIC [004191
The antiviral activity of Compound land Compound Ill and comparators
was next measured against an HIV- i panel in peripheral blood
mononucleocyte cells (PBMC). The full virus panel consisted of 3
clinical isolate mutants expressing K103N (44937 and #5002) and
K103N/Y13 C (#5004) viruses, along with two NNR.T1-sensitive WT
viruses (BH10 and NI4-3). The results from five independent data sets
are summarized in Table 14. Table 14Activity against ITIV4 viruses in
PBMC cell assay   Laborato adapled b Results used didic30 ' Cduca;
sc.  tcue 5004,  1.:s strain. d 5002 tn=2)-  [004:291Ail 5 compounds
were extremely potent at,ainst the wt B-us in PBMC, with EC5s values
of 0.4 to 0.9 nh4. The agents were tvr,ieaiiv 2 to 4 fold less
efficacious against thevirus in Me same cells, CcanycJund 1 and
Compound in inhibited replica:bon of the Kt03N viruses effectivel,
with only a i to 2 fold loss of amiss(versus the B1-110 virus), but
were less 6 to 22 thid less inhibitory to the K103N/Y SIC jSOtttTC.
ta  contrast, UV exhibited roughiy 40 to 70 fold less activity gains
e single and double mutant isolates, respectively. Control and test
article values were in good agreement with previously published
results (Young et at 1995, Antimicroh Agents Chemother:
39(12):2602-5; Andries et al., 2004, Antimierob Agents Chemother;
48(12):448(-6; Janssen et at, 2004, J Med Chem; 48(6):1901-9) and
with other values reported in this section. tyagainst 141V-I 111113
viruses MT4 cells by CPE assay 100421/The test articles were next
profiled against a panel of Hi VI Iiin laboratory cultivated mutants
as summarized in the text below. Antiviral efficacy was determined
via  CPE assay with an MTS read-out for cell viability. The viruses
tested in this assay included the. standard 11IB wW. as well as
cu1nire Se.k-,cted Y1 81C and Y18IC/K.103N viruses, hut the usual 1(1
03N was replaced by a selected K.10:3R/V179D/P2251.4 triple mutant
virus which is described further below. Averaged efficacy data are
shown in TabIe 



Table IS Activity against /41V-1 HIB viruses in MT- 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    number of replicate
experiments performed. 11.4: Latiocaroty adapted wiiddype and sit
-directed mutant 81-1 0 virus 'FableFold-resistanee  Thange
MO3RIV179.01P2 K 10.3N:syc    



4"g  rs  >71 .7  255"374,2  for th:::1.4;v :;;;sttA  1004221WI'. 1118
virus was inhibited effectively by all 5 drugs with mean (-5( values
(in 1.EM) ranging from 0.0004  0,0002 to 0.0017 It 0.0004.
1004231Replication of the culture-selected 1118 Yl 81C virus was also
inhibited effectively by each drug with mean EC 2E) values (in W)
ranging from 0.0021  0,0003 to 0.0120  0.0026. These values agree
well with other results presented throughout this section. 1004241
The WEI K103N/Y181C virusentity inhibited effectively by Compound
and Compound 111 as implied by the mean EC50 values (in :(1\4)
ranging from 0.0026  0.0004 to 0.0099  0.0016, UV, however, was far
less effective as seen by the mean E value (in nM) of 0. E t 20
0.0330, 1004251 The K 03R/V179D/P225F triple mutant UM virus showed
more variable result  and much greater resistance to FEN", although
remained relatively sensitive to Compound land Compound ilk The mean
EC513 values (in OA) were: 0,0100  0.0015 (Compound I), 0.0250
0.0060 (Compound ill), and >1,0 (ETV). Note that a KI03R mutant RI
enzyme is not NNRT1 resistant (data not shown), 004261In terms of
fbid changes in drug susceptibility for the IHB mutantthe mean
fold-resistance values for Compound I, Compound III, and ETV were
generally I changed (2,9  0.8 to 7,7  2,8 fold) againstvirus.
Fold-resistance against the K.103NlY 1131C mutant was more variable
but within the range of changes seen in this section overall: the
fold changes were 4.8  1. (Compound 0 and 19.5  4,3 (Compound 118.
The mean fold-resistance values seen for the KIO3R/V179D/P22514
mutant were: (Compound 0, 53.5  12.8 (Compound Ill), and >711.7
255.3 (Eri).  O0427in summary, these tests in the MB virus CP(3 assay
generally confirm findings presented elsewhere in this section, with
the exception of the K103R/V179111/P22511 triple mutant VirliS.
Compound I was most active against this mutant (EC so = 10 :AM),
followed by Compound Ill with reasonable activity (15,C5o = 21 to 2,5
nk4); wthte EFNI was essentially       e (ECjo> 1000 IR/1), Although
the K I 031t/V179D/P2251-1 mutant aenotypic 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 (FlarriRan etal.. 2005. AIDS; 19:549-54; Parkin a
al., 2006, Ant:ink:rob Agents Chernother, 50(1):351-4). 



[004281 The virus and host-cell dependency o, Compound Ill and
control drugs wasnined in drug susceptibility assays performed across
3 different subtype. B wild-type HIV-I strains and 5 different cell
lines. The 111V4 strains used were BRIO. NI.,4-3 and MB: the cell
lines were -1.14'37 cells (human monocytes derived from a histiocytie
lymphoma); MOLT-4 cells (a human T lymphoblastic leukemia cell line);
11-9 cells (human lymphoblastic T cells); and N1T-2 and MT-4 human
leukemia T [004291 The mean EC50 values and standard deviations from
three independent experiments are summarized in Table 17, Under the
experimental conditions of this stud Compound I, Compound HI, and EFV
retained largely unchanged potencies across each wild-type virus and
host cell combination tested. The activities seen ranged from 0,4 to
3,2  in Established Hiaman Host  EC= afit:dive concentration that
reduces virus production by 50% in ea culture, Numbers represent mean
values tnis standard deviation derived from 3 independent
experiments. 1004301 The mean activityugs across each of the virus
strains and cell types are summarized in the last row of the table,
Compound I and Compound Ill displayed potent in curt) antiviral
activity (0.5 to 2 nik.4 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 11IV4 stbtypes 1004311The activities of the test and
control compounds were next tested against a subtype panel which
coven all major HIV- I subtypes or chides (A, B, C, D, Fl, 0, H, AE
and AG). This panel was part of p54 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, [004321 From the
PhenosenseTM testing of the test articles Compound I, Compo 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, Fl, G, H, AE, AG) were all within 2-fold of the
wild type activity' values (data not shown), 1004331 Among the
d!fferent subtypes, the overall potency ranges were: Compound 0,25 to
3,20 nrs4; Compound III = 0.2 to 2.14 ithl,; EFV 040 to 3.10 n.M. 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
Cisolate was, across the board, the least susceptible to all the
drugs tested; conversely, the two subtype 14 isolates appeared highly
susceptible to all the drugs (EC59 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
hypersensitivi,y. The remaining subtype viruses generally showed a
<2.54fo1d divergeoce in potency from the CNDO reference strain,
Activity against DIV-2 ROD in 1111 cells 1004341 The susceptibility
of HP! type 2 ROD in H9 cells to Compound I and Compound DI was
determined against zidovudine (AZ) as a control. Averaged data were
derived from two independent antiviral activity experiments and shown
in Table 18. [004351 Compound land Compound 111 failed to suppress
HIV-2 ROD replication at the highest concentration assayed (1.25
i4F.4), while the AZT control displayed activity (0,1619  0.0767
6.2:4) comparable to published values (WiEWOUW, of al 2004, Antiviral



Table 18 AetiIV-2 ROD INT in 119 cell assay effective concentration
that esduces virus production by 50% in cell culture. Numbers
represent mean values -if- standard deviation from 2 independent
experiments. Activity against H1V4 in the presence of human serum and
alpha-1 acid glyeoprotein [00436iThe prior studies typically measured
the EC50 of each thtta against 1-11V-1 grown in cell culture in the
presence of 10% fetal bovine serum (PBS). To estimate a serum
adjusted EC5ii for the test articles, additional experiments were
performed in the presence of 45% human serum, or 1 mpiml, alpha-1
acid glycoproteiri, or both. Averaged results front 3 to 7 antiviral
activity experiments are shown in Table 19. Table 19 Ariti4I1V4 HMO
W.T. activity in presence of HS or AAG 158   ;() - effective
concentration that reduces virus production by % in cello a-1 acid
glycoprotein at rngirni. Li Human Serum - AB if lacks 'antibodies
against the A and B blood type antigens. deviation was taken from ail
experiments. a-- acid glycoprotein at [004371The 5 drugs inhibited
the replicationin the presence of 0% FBS with the anticipated
potencies, with EC50 values railing from 1,0 to 1.6 tiM, The addition
of 1 mgimi., AM) generally decreased drug potency by 2 to 3 fold for
each drug, shifting the. mean EC)0 values to the 2 to 5 nM range.
[00438f The potencies of the 5 drugs were reduced to a greater extent
by 45% human seniln (HS), leading to mean ECtio values from 1 1.5 to
21.9 aM and fold-shifts of 8.4 to 17,0 Fold. The presence of 45% HS
AAG in culture experiments gave more variable results and mean EC50
values (in MIA) of 19,0 (Compound I), 32,6 (Compound ill, and 11.6
(EFV). The values seen for the controls were in good agreement with
published results (Young et at, 1995, Antimicrob. Agents Chemother:
39(12):2602-5, Andries rt at, 2004, Antimicrob. Agents Chemother;
48(i 2):46110-6, Janssen et' at, 2004, J. Med, Chem.; 48(6):1901-9;
Boone 2006, Curt Opin Investig, Drugs: 7(2):128-35). The
corresponding mean fold changes were 19.3tund 1), 24.8 (Compoundand
5,4 (HIN), Iill4391In summary, no significant protein binding
interaction was observed with AAG alone (<3-fold change) for the
Compound 1 and Compound Hi. A moderate elevation of  EC59 (16 to 25
fold change) was estimated in HS or HS + AAG, Overall, the data
suggest that protein bEnding a ial higher fm Compound I and Compound
111 than l'or EFV. Exampk 14 hi v/tm cytotoidty 



1904401Conventionai cell-based assays using proliferating cells were
used to assess the cylotoxicity of Compound i and Compound III. These
3 to 12 day eytotoxicity studies focused on human cell lines which
are either (I) susceptible to infection with HIV -I virus in vitro
(e.g. primary blood monocytes; MT-2 and MT-4 leukemia T cells), or
(ii) commonly used to evaluate drug induced in vitro eytotoxieity
(e.g, }{e$32, fhtH7 or HeLa)(Divi RI, Haverkos KJ, fluinsi IA, et al
(2006) Morphological and molecular course of mitochondrial pathology
in cultured human cells exposed long-tern to zidovudine. Environ Mol
Mutagem . Cell viability was measured by standard MIT or MTS
staining, Cytokixic effect h PBMC cells [004411oxicity 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 EDI for 3 days at
concentrations ranging from 0.0051,04 to 100 pM, Cell viability was
determined via MIT staining. The results are presented as the mean
effective drug concentrations that reduced cell viabilityCC50),
1004421Mean CC151 values (in tb..1) determined for the test articles
in PBMC were; Compound I- 52..6 11115.2 and Compound ill -r 66,9
19.6, For the control article mean CCso value (in uM) determined was:
ETV 707.6. Cellularin RIV-.1 bEltitiirtSt cells [004431 The in vim..
eytopathic effects ofthe test articles Compound and Compound III and
control drug EITV were next tested in the following six HIV-I
susceptible human host cell I1-937 cells (human monocytes derived
from a histiocytic lymphoma), MOLT-4 cells (a human T lymphoblastic
leukemia cell line); 1-19 cells (human iymphoblastie I cells); INV
cells (a human B lyniphohlastic cell line); and N1T-2 and MT-4 human
leukemia T [094441Following drug exposure for 4 days, cell viability
was measured by MIS staining and CCso values were determined. Drug
concentrations ranged from 0.005 pN1 to         The results from 3
independent experiments (unless indicated otherwise) '3; WIBMin Table
21. Table colic:11inCyrotoxibityin ttiv-1 Human Host Goa Lines 4
'1).$1ves. {3N1) Standard Oa v &Ion e, iimip i1.01A ; 'k)937mum
g.tvia itM'-2WI -4 
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Eh gt3ntisrd Listis;:o:; cfve FR= 5 ndeplsncent expcirimenis .",n:ess
nt,..*d c,lilegw*e eWilues v*re, ctorlued ficry) 2 rIttoreetv.:ent
',Apdmen:s 6 siuman f.)-Kini-Alyte fri:84[X.;:8o:Iymphocro. oted Fa
Sxl:))1X*S MT ,,s*IF Human :I '1.'n1Pht.ill;-,Orr h.,:tk0m;,6, p:ucl
It 2..<10'' ,:tt fkg .w:1 f Mumtaz; iwppwA,.4:35AK 1' celiiplp;
11:,nra:pi,:sit,:d;,:Axt.1),'c::::1:1 p:tweq. ":-iumet rzi
lyzftphuMat4occt ml: ?inC.. OF44$4 M '1X '0.. CS Per WA, ' HUMArt r
WI iktvf".<1"):::  p43:1',41 ";:>. le ;M.N.:J.:V.034 CM F 4) t.Islis
pez sli [004451 The lest articles Compound 1 and Compound III and the
controlcompounds exhibited measurable in vitro cyroioxiciry in the 6
human 1-11V-4 susceptiblecell lines Depending on cell type; the mean
CC sa Vak)eS for Compound I ranged from 16.6 to 32,9 }.i.N4 versus
14,8 to 50,0 iM for Compound 111 (Table 21), similar to the mean CC59
ranges determined for EINo 51.0 uM). [00446Among the 6 cell lines,
the MOLT4 cell line was the most sensitive to eytotoxicity for
Compound and Compound 111. EFV showed the inest cyroloxicity U937 and
MT-2 cells. Example 15 Selectivity index of Compound I and Compound
HE agaimt 1111Y4 The preceding data, allows us to calculate
selectivity index (Si) values, based on the ratio of CC50 [00448l The
CC(mo 



1-4 cells (the standard assay used in this work). OUild Mn MT-4 T
cells was 27 kiR4 versus an EC of 1.2 ru  inving an SI > 22,000. The
Ce;;;; of Compound 111 WaS 18,6 plq versus an ECso of ,0 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 tenoned SI values (Young et al, 1995, Autimietob Agents
Chetnother: 39(12):2602-5; Andries ct dt,, 2004, Antimierola Agents
Chemother; 48(12):4680-6; Janssen et al,, 2004, j Med Chem;
48(6):1901-9; Boone 2006, CUM Opin Investig Drugs; 7(2):128-35),
[004491 Using cytmoxicity andity data derived in HMG; Si values of >
00,000 could be compu1ed for Compound I and Compound Longer term
cellnlar cytotoxicity in ether human cell types                the in
vitro eytotox city of the test articles was determined in other human
cell lines with toxicologic relevance; 1-luEr7 and FlepG2 liver cells
(Knowles et e 1980, Science; 209(25):49T9) and HeLa epithelial cells
(Coy eta!,. 1952, Cancer Research; 12:264-5) via NITS viability
staining. Cells were repeatedly treated with a range of drug
concentrations ((LOGS to 100 RiNet) for 9 (Flei,a) or 12flepG2), The
mean CC50 values and standard deviations derived from) to 5
independent experiments are summarized in The 21 Cellular Cytotoxicty
in Select Human Cell Lines --"","--"- Cs"-- effective concentratlon
that reduces cell vienthty by 50%. Numbers represent mean values 41-
standard deviaeor3 derived from 3 to 5 independent experiments as
indicated: a 3-4; b  HeLa cells were plated at lx10a cells/well and
incubated in the presence drug for 9 days, Drug and media were
replaced every 3 days  Hurfr and FiepG2 cells were plated at 1x103
and Tx101 cells/well respectively and incubated for 12 days in the
presence ut drug. Drug and media were replaced every 3 days.
004511'The trends observed in thisnact1/4" - .those seen ulk Te,..ni
rya) preced ;g ;audios.sna dar CCa. *-1e s , Cog:wound I and COMpeUk 



n 2$ to $2 t.:M. FEN was S3ifl the. least c tr.-toxic of the  Example
16 ha vitro Comparative Data [004521 Compounds land Ell, the
corresponding enantiomers (i.e. , compounds H and IV) and the
corresponding racemates were evaluated in the standard 131410 HIV
cell-based assays described above. The standard test panel included
wild-type virus, as well as VI SIC, K103N, and K.103N/Y181C
site-directed mutant derivatives. 1044531 The table below provides
data for compound I, compound 11 and their corresponding racernate.
Against wild-type 81-110 virus and the V181C, K 103N, and K103N/Y18IC
mutant viruses, the racernate had EC50s from 2.4 to 6.2 aM, Against
wild type BH I 0 virus and the Y181C, K103N, and /C103N/Y181C mutant
viruses, compound had F.Csos from Oh to 3.5 RM. Against wild-type
B1-110 virus and the Y181C and K103N mutant viruses, compound 11 had
E'C50s from 129 to 920 nM. Activity against 111V4 111410 viruses in
cell assay  Bit 10  K103N  \181C  Y181C/Kur  Cpd  n  



n  n  n I 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 0.0009  0 1 0.0024  0 1 



0.003  0 1 0 0.1917  0 1 0.9201 0 1 0.3637  0 1   rac 0.0025  0.0004
3 0.0024  0.0007 3 0.0032  0.0006 3 0.0062  0.0036 3  



EC5o - effective nonce:le-anon that reduces vnis producdert ey 50% in
eell collme, 'N - number of replicate experUnents performed.
Laboratory adapted tvild-tyee and site-directed mutant a I0 vruses,
[0045611table beIoskr provides data for eotnpound III, compound 1'r
conesponding meta-nate. Against wildtype B1410 virus and the Y18 I
C., KI 03N, and K103NiY181 C mutant viruses, the rattemate had EC50s
from 1.6 to 24.4 uM, Against wild-type 13H10 virus and the Y1 81C,
K103N, and IC 03N/Y1 SEC mutant viruses, compound 111 had EC50s from
0.6 to 23.1 nM. Against wild-type B1-110 virus and the Y181 C.,
K103N, and K 101NiY 81C mutant viruses, compound IV had ECsas :10311
89.2 to 824 nIV1,  Cpd          Activity against nt Kia3N 131110
viruses in eel YittiC  3101t193N  di 0.001  0.0005 10 0.0013 a. 0
0005 5 0.0025  0.0005 5 0.0114  0.0023 5 ill 



9001S. 0003 3 0.0016  0.0005 3 0.0040  0.0005 3 0.0231 00121 3
0.0006  0 I 0.0006  0 1 0.0029 t 0 1 0.00450 1 IV 0.1902  0.0038. 2
0.3776 * 0.2047 



2 0,8241  0.3536 2   V 0.08022 0.1068 2 01053 a.00570 2 0.2286
0.0605 2 0.5167 :if 0 1 IV 0.09760 1 0.3123 a 0 1 0231 a 0 1 



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  0 1 0.0016  0 1 0.0042  0 1 rac 



0.0025  0.0007 3 0.0025  0.0013 3 0.005  0.0037 3 0.0244 it 0.0188 3
EC.50- effective concentration that reduces virus production by 50%
li3cell culture. N number of reHicat:; c:xperimnts performed. adapted
wild4ype and sitealirected mutant. BH 10 virus:1s. E004551 As shown
racemie mixture lies Cell Protection Assay tables above, in these
assays mostf the activity of enantiomers compounds I and ill.
[004561 CompoundsI and ill, the corresponding enantiotners (i2,,
compounds 11 and IV) and the corresponding racemates were evaluated M
a cell protection assay . The standard test panel included wild-type
virus, as Well as Y1 81C, K103N, and KI 03N/Y18IC site-directed
mutant derivatives, [004571 Test compounds were dissolved in DNISO
ntiS ruM and then diluted in culture moditan RPM' 1640 2g/L NaNCO3+
1% kanamycin solution 100x (10000pg/mL) 10% FCS +I- 1,2% DM'S 1004581
MT-4 cells (Source: NTH Catalog # 120) were seeded onto 96-well cell
culture plates (1 x I 04 cells per well in 50 ni,), f00459] Serial
2-161d dilutions of test compounds in 50 ML (0.29ttM to 75p.M) were
added to edis in complete growth media (RPM!, 10% Foetal BE)Vine
Serum, Penicillinstreptotnycin) and the cells were infected with a 20
u1,-aliquot of an HIV suspension (HIV-I strain 131110 wild-type and
resistant viruses Y18I C, K103N and Y18 l(.7K103N) at a dilution that
gives 90% eytopathic effect. The final DMSO concentration in the
assay was 0.5% in 120 pl." Cell cultures were then incubated at
37'C/5% CO2 fix. 4 days. Then, Cell Titer 96 A.Q" One Solution Cell
Proliferation Assay (Promega) was used to measure cell viability.
Briefly, the One Solution Reagent was added directly to culture wells
(20  pt/well), incubated COE' 5 hours, and the absorbance was
recorded at 492 mn using the Sunrise Teean Spectrophotometer. 



1004611]The EC50 values were determined from the percent inhibition
versus concentration data using a sigmoidal non-linear regression
analysis based on four parameters with Tea Magellan software, [00461]
The table below provides data for compound L compound 11 and their
corresponding racernate. Against wild-type B1110 virus and the Y181C,
K103N, and K.103N/Y181C mutant viruses, the racernate had EC30s from
1.5 to 7,0 nM. Against wild-type BRiG virus and the Y181C, K103N, and
1(103N1Y181C mutant viruses, compound! had ECscs from 0.26 to 3,5
riM. Against wild-type B1-110 virus and the Y181C and K103N mutant
vinises, compound ft had ECsos from 62 to over 1000 &I. Activity
3gairist HIVA 81119 viruses in Cell Protection Assay
BH101003N1/181CY181C/K103N 0pd I0.0002810.000072 0.00026/0.000057
0,0018./0.00029 0.0035/0.0015 10.062/0.0190.27710.0990.4240.21> 1
rar, 0.0015/0.00070.001/00.00450.00070.0070.0026, EC 3c, compoend
cowererat013 that achieved 50% reduction of cropathic ;fleet of the
virus, 1004621The tab1e below provides data for compound III and its
corresponding tacernate. Against wild-type BH10 virus and the Y1S1C,
K103N, and K1O3N/Y181C mutant viruses, the racemate had EtC50s from
0.2 to 9,0 Wt. Against wild-type B1-110 virus and the V181C, K103N,
and K.103N/Y181C mutant viruses, compound 111 had EC.503 from 0.14 to
6.6 rilvi. Activity against HIV-I 131110 viruses in Cell Protection
Assay M03N111131C.1-181CIKUMN Cpd 110.0001519.00011 0.00014/0.000052
0.0015/0.0006 0.0066/0.00097 IV rac
0.000210.00010.0003/00.002310.0005 0.009/0.0048 -,compfs,und
concentriiien thateF:77:Drthe ykts. Cytoshrome P450 Bindiagsthibilion
and !nth:wt.:on nkn..tc,"; 



"s".",,,..")." : -"Compousds ": and Ill, the cm:responding
esaraniomess e. , '.onancn.wds :.I and " IV and the e"scre.;"pon:a:
esvakased in assays tot eytoe. iirome P450 bin ;..004641 Inhibition
StiAdit visit: conducled to assess the poi:sm.:a: of compounds t and
Ill to inhihi; the catalytic activity of CYP450 i;:oetrzymes of human
flyer microsomai pro',...e. Thc rate of mt:atx)iito ft).tynaticsn of
CYP450-spe e nvsbe substrates by human liver  microsornes was
determined in the presence and absence of Compound I. or 111. Direct
inhibition as well as lime-dependent inhibition, also referred to as
mechanism-based inhibition or MB!, was also evaluated, Initial
studies determined 1Cso values with subsequent determination of lc,
or krn,", and lc, for MB', when marked inhibition (iCso < 10 riN4)
was noted. In addition, the type of inhibition was also evaluated,
[00465j Compounds were assayed using recombinant human microsornal
proteins with fluoromeiric 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) CYPIA2 CEC 400 rim (20
rim) 535 rim (25 rya) CYP2B6 EEC 



400 nrn (20 rim) 535 rim (25 rim) CYP2D5 AMMC 400 nen (20 rim) 460
rim (35 hel) GYP 3M BFC 400 nrri (20 rim) 535 rim (25 rim)  [00466/
CYP2C9 inhibition was performed by incubating a luminogenic CYP4.50
substrate Lticiferin-H with CYP2C9 and an NADPH regeneration system.
Luminescence measured using a Fusion plate reader. In vitro
reconabinan cyruchrerne P450 isor,yane inhibition  Highest tC50 (pal)
ICso 1C..,0 1C58taM) Kw IC%0 



CV P450 concentration tested WO rac (+U) Writ DIM) ram Gal4) (Ol)
is:rzyrrie   1 RI (BIRIV) Bil  CYFN A?   17.5% 



NA NA 17.6  NA       2.06  CY:-`206 20  21.6% NA NA 22.9%  CAI3:10 



10  RAO   6.66 a 3.35    0.67   OA  C 02D6 :0 NA   NA 



cy03A4  .66a   3.269 2.56 C63  VA:CI:CS'' ' tory c6E:crovoloonoar, e:
aae oatkt.ca :66 :(atiaa Vot oas rap:yr:ea::'"Cfag:.. SD o: thear.
:nOc6cNicot NA no: avaita6:e 1004671euc Sflii:;:(13 (on:Ironic P450on
were conducted using human Nye `ier(13103313,3" The: ratitt
OlrinertI)Olitt: fernCVP4S1eLprobe  of standard inhibitors or
compound for 111(0, 0,01, 0,1, 1, 10 and 50 PM). Time-dependent
inhibition was also mveatgateu by evaluating the effect of compound I
or lii pre incubation (30 minutes) on inhibition of CYP450 enzymes
(at concentrations as noted above) with inicrosomes. .0256 values for
both direct asid time-dependent inhibition were determined when
inhibition reached levels of greater than 50%. Furthermore, direct
inhibition of CYP2C8 and CVP2C9 by compound 1 or 111 (at
concentrations of 0, 1, 3, 6, 9, and 12 was examined by determining
the Ki value and inhibition type. 1004681 In addition to Ki values
tbr CYP2C8 and CYP2C9 direct inhibition. Kin, and Kr values for time
dependent inhibition of CYP3A4 (testosterone and midazolanif) by
compound 1 or compound 111 were determined. Compound I and compound
III at 0, 0.0125, 0.125, 1.25, 12,5 and 62.5 nIVI for CVP3A4
(midazolam and testosterone) were pre incubated with human liver
inicrosomes and NADPII for 0, 1, 5, 10, 20, and 30 minutes at :37
'C., Control incubations included test article at a single
concentration pre-incubated without NADPI1 and a positive eontrol
inhibitor. Metabolite formation was monitored by validated LC-NIS/MS
methods and the percent remaining activity in addition to kin, and K1
values were determined, 1004691 Compound I exhibited limited
inhibition (1050 >20 pM) of CYP I A2, CYP2E16, CYP2D6, and CYP2C19
(1050 - 10.2 piNit) and marked inhibition (1050 < 10u.N1) of CYP2C13,
CYP 9 and CYP3A4. Compound I exhibited competitiye inhibition of
CYP2C8 and CYP2C9 with ki values of 1.1 and1, respectively. Because
CYP3A4 



has multiple bindiM sites, inhibition is typically evaluated with two
structurally unrelated probe substrates, testosterone and midazoiam.
Compound 1 exhibited marked mechanism -based inhibition of
CY1/3/1/24-testosterone and CYP3Micandazolain with Is; values of 0.14
and 0.19 pli4, respectively. In vitro human mierosomal cytochronim
P450 isoivnn ikahibition with Compound 1 CYP450 isozwne)e.Type of
CYP1A2 (Pheracetin)e CYP2136 (04.1pEtpion)ND CYP2C8 (Pacetaxel)1.1
0YP209 (Dicloterec)1.4 CYP2C19 (S-Nlephenytein)ND CYP2De
(Dertromethorphan)ND competitive competitive  CYP450 ;sortmeK
(iiM)Type of inhihtion CYP450 specific probe substrate bre not
determined. lc; values determined for Cs(, values < 10 OA cre maximum
rate constant for inactivation. Relevant only for time-dependent
inhibition. [004701Compound LII exhibited limited inhibition (IC50 >
201sIll) of CYP1A2, CYP2B6, CYP2D6, marginal inhibition of CYP2CI9
(1050 RL2 WA) and marked inhibition (1Cso < 101,1.NI) of CYP2C8,
CYP2C9 and CYP3A4. Compound III exhibited competitive inhibition of
CYP2C8 and CYP2C9 with k; values of 0,66 and 0,93 ulyl, respectively.
Because CYP3A4 has multiple binding sites, inhibition is typically
evaluated with two structurally unrelated probe substrates,
testosterone and midazolarn, Compound III exhibited marked
mechanism-based inhibition of CYP3A4-testasterone and
CYP3A4-midazo1arn with ki values of 0.21 and 0,06 faM, respectively.
lit vitro human mierosonsal sytoebrome P450 isozysrse inhibition with
Compound Hi 



CYP450 isozyrne(pM)Kimci'cType of inhibition CYPIA2 (Pbenacetin)Nob
CYP2B6 (Bupropion)ND CYP2C8 (Paolitaxei)0.66 CYP2C9 (Diciofenac)0.93
CYR2C19 (S-Mephenytoin)NO CYR2D6 (Dextromethorphan)NO CYP3A4
(Midazolam)0.06 CYP3A4 (Testosterone)0.21 CYP450 specific probe
substrate Cornpeilive Competitive 0,06Mechanism based inhibition
0,05Mechanism based inhibition  Orr nOf determined. iCso vaiuee were
alidvaiues only oeteimined for lCsQ vaiues < LI me maximum rate
constant for inactivation. Reievanr only for time-doper:den:
inhibition. Vit-hri; The potential for in vitro induction of CYP3A4
was screened in DPX2 cells. The DPX2 cell line is a derivative of a:
human benatocellulatr carcinoma cell lb transformed with the human
pregnant-a, x receptor (PXR) and a reporter get1e. vector containing
the enhancer region of CY P3 A4" the potential for in Wins induction
of C YP1 A2. was screened in CYP I A2-DRE cells, The (ATI A2-DRE cell
line is a stably transformed Hep(i2 cells with dioxin response
elements (DRE) and reporter gene containing CYP I A2 promoter
elements. The extent of CYP3A4 induction was determined by comparing
the activation of PXR obtained with test article to that obtained
with rithmnicine (potent inducer), ntitepristone (moderate inducer)
and androstanol (weak induced). The extent of GYP I A2 induction was
determined by companne the activation of the aryl drocaron  receptor
(AhR) obtained with test article to that obtained with TODD (potent
inducer), omeprazole (moderate inducer), and 2-acetylaininotinorene
(weak inducer). 



Induclion  Compound rac4- 11)  IV  DPX2 (CYP3A4)CYP1A2-DRE (CYP1A2)
NANA Moderate (n=2)Not inducer (n=1) NANA Moderate (n=1)NA Moderate
(rt--2)Not inducer (n-1) Moderate (n=1)NA  'AANV"  N.A.-not available
100472jAs shown in the table above, compounds I and 111 are moderate
inducers of CNT3A4 and CYP1A2, In vitro Plasma Protein Binding
(00473/ The in vitro plasma protein binding of compound I and
compound 111 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-NLSIMS detection. Plasma protein binding was
high (=> 99%) for all species and for both compounds. 



Protein binding of Compound I and Compound HI Percentage Fasma
Protein Binding  SpeciesCompound 1Compound ill Rats89.199.4
Does99.098.4 Menkeys98.999.9 Heman::99 899.9    EXAM. INWOME P450
rNHIIHTION Effects of Compound 1 and Compound ilL in combination with
other [004741 .b2 vitro drug-drug interaction studies involving
Compound I and Compound III and compounds of the MCI and PI classes
active against HIV were carried out, P4751The in vitro effect of each
antiretroviral drug on the antiviral activity of either test article
was tested in triplicate on wild-type 111V4 virus infection of MT-4
human T cells using a standard drug susceptibility assay (1)8A)
performed in 45% human serum (I ') to provide a better estimate of
interactions that would occur under protein binding conditions found
in vivo, Compound I or Compound II1 were titrated alone or in
coinbination with each MCI or PI, [004761 The impact of each NP,T1 or
PI on the efficacy Compound I or Compound IU was tested at two
different drug concentrations, a "low" (ix) and a "high"
concentration; the high concentration used for each compound was
determined from pilot experiments conducted to ensure that measurable
inhibition values could still be obtained in the presence of 45% HS.
lO0477 1These in vitro dnigdrug interaction.us es were powered
primarily to detennira the wenor negative interactions between the
different classes of HIV drugs, rather than to exie the potential for
synergy between the different agents. 



1004781 in summary, none of the seven HIV INKII drugs or the six HIV
Pi drugs tested exhibited a measurable negative or antagonistic
interaction with Compmmd 1 or Compound 111 against HIV in these in
vitro experiments, Exampte 18 181                     of compounds 1
and ILL was evaluated in rat, dog, monkey and human cells, and
inhibition of cytochroine P450 was evaluated in human liver
microsomes. Methods 100480fFresh hepatticytes were plated onto
collagen-coated plates and exposed to test compounds at 1 tN1 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.    004$2As shown in the above table,
both compound I and compound iii exhibited limited in vitro
metabolism in human hepatocytes. CYP450 Isozyme hihhliion  Compound
Compound RI 208 1./0 0.65 209 1.45 0.93 



.3A4 0.36 0.06  1004831 As shown in the above table; both coritootrod
and compound illshowed competitive inhibition of CYP2C8 and CYR2C9.
Furiiter, both compound I and comp() k; IR showed mechanism based
inhibition of 01P3A4. Mechanism based inhibition is characterized by
ime-dispendent ioss of enzyme activity. associated with covalent bin
between the enzyme and a reactive metabolic intermediate. Mechanism
based inhibition is ids associated with 00450 induction as new enzyme
is required to restore enzyme activity. Inhibition of CYP 206, 1A2.,
2136 and 20 1 9 was not observed.  Metabolism of Compound 1 and UI
versus Corresponding Raceinates [00484/in vitro metabolism was
assessed using liver microsomes for all species. Compounds were
incubated at I [11\21 with liver microsomes for up to one hour. Repoi
d half-lives greater than the total incubation time are extrapolated
values, Extracts were assayed for disappearance of parent compound by
LC-MS/MS detection. [004851Data represents one independent experiment
conducted. Species  spounds I & Eli and Racemates in Liver Microsomes
(1  H)fric 01; N.)   Half-life (a    



100 145 Sa.,3 105 Dog 19.3 287 13.2 257 Monkey 15.4 1 f.)H 12,5 16,3
Human  1206. 115 154 91.2  [004861As shown in the table above, pure.
et/antic/merit/ compounds I and If 



significantly shorter half-lives in liver inicrosoines when compared
to their corresponding enantiomers, Example 19 In Vivo
Phrmaeokineties [Nal The pharamcokinet ins of compounds i and 111
wrin rats (compound Ill only), dogs and monkeys.. Methods 100488/All
animals received a single oral or intravenous dose of compound in
either polyethylene glycol 400 (PLiG400) or a mixture of 10% ethanol
(Et0f1), 0% dirnethylacetmnine (DMA) and 110% PEG400 at the indicated
dose level. Plasma concentration data were acquired using sensitive
and specific EC-N4S/MS methods, Phannacokinetic data horn the
toxicity. study included aspects of gender differences, variability
and exposure, [00489/Blood samples (1.5 - 2.5 mit) were collected in
heparinized tubes at 0 (pre dose), 5 (IV only), 10, 20, 30 min, I, 2,
4, 6, 8, 12 (P0 only) and 24 hr after dosing. Plasma was separated
and stored at -70cC. until analysis, [004901 Concentrations of
unlabeled compound I and compound 111 within samples and excreta from
rat, dog and monkey PK. studies were identified through high
performance liquid chromatographic (HPLC) methods that incorporated
tandem mass spectrometric detection (LC-NISIIVIS), [0049:1]The
absolute oral bioavailability was determined in pharmacokinetic by
comparison of AUG values of parent compound following single
intravenous and oral doses of in rats (compound Hi only), dogs and
monkeys . [00492] The oral bioavailability of both compounds (5
rug/kg) from the exploratory PK studies was 38% in eats (compound Ill
only), 4-9% in dogs and 42-58% in monkeys. Although the
bioavailability of compound HI in rats was higher than dogs and
comparable to monkeys, rats had much lower plasma AUG exposure
compared to dogs and monkeys, 1004931 The absolute bioavailability
was also estimated for both compounds from monkey studies at 5 mg/kg,
The absolute bioavailability of compound HI was 42% in males and 76%
in females suggesting a potential gender difference in systemic
exposure. The bioavailability of compound 1, calculated using mean
AIX, 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 AUG values, and excluding
this animal for which AUG could not be calculated, bioavailability in
makes was 75%. [00494]Following a 5 mg/kg oral dose, plasma
concentrations at 24 hours post-dose were 12 rig/mE, for compound 111
and 17.9 nemi, for compound 1. 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
Alarimum Safe Starting Dose in Initial Clinical Trials fdr
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 oncea-day dosing. Oral
bloavailability of Compounds land Ill  



Dooe Rout:2 oi' No. arOma;&   C-2:xsMim ons.)/k9)'" odin;flis;r2Oos
Gi.od,itr ?.1r) (%)    CrnPtr.n.md :      



2M, IF 0.3 f::: Moolkoy 5 PO-Fed 3M 2.7  Monkoy 5 Po-Fed 3M .4.0''
5.4  5  PO-Fed 3F 4.0" 51 



Compound Ell   Rat 10 PO-Fasted 3M 04h .38 Dog 5 PO-Fed 1M, 1F 15b 4
Dog 20 PO-Fed 



IM, IF 2.2D 23  Monkey 5 PG-Fed 2M 3O 42 Monkey 5 PG-Fed 3M 2 0 c 42
Monkey 5 PO-Fed 3F 2.0t 



76 Monkey  20 PO-Fed 2M aS 61 BA zs. absolute oral bioavailability
t-s Rats, doge and monkeys received a sMcde oral dose of either
Compound or Compound Addihonay, Fats received a 2 mg/kg bl dose and
dogs and monkeys feceived a I mg/kg dose. b a- Mean Median value
Example 20, LOISCOIOQTY 1004951 The potential toxicities of compounds
I and Ill were evaluated in vivo in rats and monkeys. Methods
100496]Sprague-Dawley rats and cynomolgus monkeys \vete dosed once
daily for 14 days via oral gayage with compound 1 or compound ill or
dose vehicle (68% Capmul PG-8, 20% PEG 400,2% Tween 20, and 10%
Lahrasol) according to OLP, 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, SO, ISO,
450 mg/kg/day comp.ound 1004971Toxicity was assessed using clinical
observations, body weights, food consumption, and clinical pathology
(heinaology, coagulation, and serum chemistry), [00498l A
comprehensive necropsy and gross pathological examination was
performed on all animals and selected organs and tissues were
collected for histological evaluation, 1004991Determinations of
hematocrit, hemoglobin concentration, erythrocyte count, total
leukocyte count, and platelet count were conducted on all samples.
1,euk.ocyc differential and morphologic assessments were performed,
1005901Clinical biochemistry determinations included activities
ofalanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutainyitranspeptidase (GGT), and alkaline phosphatase (ALP)
and concentrations of blood urea nitrogen (BUN), crew:Mine, total
protein, albumin, globulin, glucose, cholesterol, riglycerides, total
bilimbin, and electrolyte levels (Na, K, P, CI, Ca). 



[005011Urine samples (monkeys only) were evaluated macroscopic,
microscopically and tested for pH, bilirubin, glucose, protein,
ketones, blood, urobilinogen, nitrites, leukocytes, and specific
gravity. Results [005021 No effects on food consumption or body
weight differences were associated with dosing compound 1 or compound
tht No treatment related clinical findings were observed, and no
toxicoitigically meaningful changes in hematological or serum
chemistry parameters or titinalysis findings were observed, [005031No
toxicologically significant effect on organ weights (absolute or
relative) with the exception of increased liver weights in compotuid
ill-treated rats (females only) and monkeys at the mid and high
doses. However, these livers were microscopically unremarkable,
[005441lo compound I and compound IIltreated rats, minimal to mild
thyroid follicular cell liypertmphythypetpasia was observed in all
dose groups except low dose compound The impact upon thyroid function
could not be assessed since itating thyroid hormone and TSH levels
were not examined.           No other macroscopic lesions,
microscopic findings or istopathology findings were observed in rats
or monkeys 101./506/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 he 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.
1.A pure compound of the tbliotving formula, or a pharmaceutically
acceptable salt, solvate, hydrate, or ester thereof Ct4., r'cb 4)
\?,.> "-NNNhi2 



`ON  A compound of the following formula: 011-4. 1-1,C0 ' '0 p. /.1
N-ON NH 3. The compound of claim I or 2 that is ertantiometically
pure. 4. The compound of claim I or 2 that is substantially free of
its opposite enantiotner.       5"The compo:n.;ct of c'.;a.lin I or 2
that c(mipriseka,:a 80 'A, 90 9t., 95 by we: ght of the des:g:ated
en3nriomer.              the cc:pc:pow-1d of claim I or 2, where;in
the de.,::'n:p-:.ate4.1 eimn:ioiner is in e.KY,C33 of its OppOSite
::lan60"-zcs. hy          7. The compound of claim that is a
pharmaceutically ,.:cceptable sait, ester or neutral form.         8.
A pharmaceutically acceptable salt of the compound of claim
9. A nHarrlicir!'"Itirgi composition rOr,Wr;,:?rtcz the r'Orr?nn"rs-?
of any OCHC,i'Vc ?8 and 



a pharmaceutical carrier, excipient, or diinent" wherein said
cornpotion is subst:.mtialiy tree of the opposite enantiomer of said
compound. HIA pharmacoutied composition camp-prising aconipound of
any a claims 1-8 and a second anti-111V agent, wi'W3till t1:10
Se:Slit-3d`ht.i,i'irotease inhibitor or an integrase irthibitor, and
wherein said composition is substantially free of the opposite
mar:I:joiner of said compound, 11.Use of a compound of any of
c!anns-P., for the preparation of a medicament for the treatimmt or
prophykxis of an HO! infection m a subiect, The use of claim I].
wherein the medicament is prepared for useCOMbihatliail or
alternation with at least a SCCond anti-III V agent, wherein the
second anti-HTV agent is a pro.ease rumbitor, a nucleoside or
nucleotide reverse .transcriptase inhibitor, a non-nucleoside reverse
transcriptase inhibitor, a fixed dose combination, an entry
inhibitor, a CCR".5 co-Teceptor antagonist, a maturation inhibitor,
or an integrase inhibitor. 13.The use of claim II. wherein the
medicament. 13 paipaltil torunc ineominanon attelhation with an
aiiti-Hlirsi agetit, Wherein theagent is entecavir" larnivudine,
kiterteron aua-2n, poginterteron a; fa-2a, adefovir dvoxnl,m vudine,
en 'clevudine, teriothvir, yallorcitabine, arndoxovir.l.B80380,
rernotbvi r. orF.:Ht.:a:fir.  U.The use of Main H. wherein the
medicament is orenared for oral use. IS.The use of claim 11, wherein
the medieament is prepared for use in combination with an
antittiGwherein the anti-4401 agent is interferon a1tit-2b,
peginterferon alftn2a, or tibavarim The pharrnae) position of claim
10 wherein the second anti-111V agent is amprenavir, tipranavir,
indmnavir, sacuinavir. lop:Mavis% ritronavir, thsamprenavir,
darunavir, atuzamtvir, neffinavir, brecanivir. 0S-8374, Elvitegravir,
GS1C-364713S, or raltegravir.               The use of claim 12
wherein the second anti41,01 agent is amprenavir, tipram indintwir,
saquinavir, loninavir, ritronavir, fosamprenavir, &triumvir,
atazanavir, nelfinavir" la.mivudine, eintrieitabine, abacavir,
zalcitabine, zidovudnie, tonolovn, ditlanosine, stavudine,
delavirdine, ettavirenz, nevirapine, Atrlpla, Combivir, Trizivir,
Trtivada, maraviroc, enftniirtitle, brecanivir, GS-83741, amdatovir,
apricitahine, eivuoitabine, Etravirine, Rilpivirine. Calanolide A, A
piav iroc, PR02000, Vicriviroc, Bevirnnat, filvtegravir, 01;K-364735,
or raitegravir, 


















