COVPCSI TI ON AND SYNTHESI S OFNEW REAGENTS FOR

I NHI BI TION OF HI 'V REPLI CATION CLAIM OF PRIORITY Thi s
wappi7iaatsson cl ai ms the benefit under 35 USC 12C9(U82006/039228

U S. Provisional Patent Application Serial No.

60/ 725,043, filed on October 6, 2005, the entire

contents of which are hereby incorporated by

reference. TECHNI CAL FI ELD This invention relates to
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e ce n _other cell types,
confyl ARG PR RIS sk ¥B Bt aR oGt ng Vi 1 oo

produce i nf ectl ous virus while H V-1 |acking Vif
cannot. One protein, (ItEd?HNICAMIEIQDrotei n B
nRNA— editing e cat al ept| de-1i ke 3G
@s@yﬂw@\wm@w ¥ 5§ hurpap inprgeppdeficiency
ruglﬁ ghiopat can cause ceI |'s to becone inmmune to
HI(V?YY%C% ng Vif (i.e., they becone nonperm ssive)
(Madani and Kabat, J. \/ rol. 74:5982-5987(2000)). As a
DNA editi ng enzyne, @E% pRYprely nutates newy
made viral cDNA, whi ?‘ﬁ I's synt hesi zed fromviral

RNAIDGT infgetidity-is highlyedependentions drewprtal-emco(d@h gamdVirion

mtoctip psdenod® Ve Braau e o Lvor PireREnEouedat o
d1sdo§1 rhveGéd Rkp&ised ﬂh@t differéat typbeSt RS haRas el | .
lacklng Vlty Sgyntea::teil r’clypes infected with HIV-1 lacking Vif still produce infectious
virus and are called permissive cell types. In other cell types, designated non-
permissive, HIV-1 encoding Vif can produce infectious virus while HIV-1 lacking Vif
cannot. ‘

One protein, called “apolipoprotein B mRNA-editing enzyme, catalytic
polypeptide-like 3G” (APOBEC3G) (previously named Cem15), has been discovered
that can cause cells to become immune to HIV-1 lacking Vif (i.e., they become non-
permissive) (Madani and Kabat, J. Virol. 74:5982-5987 (2000)). As a DNA editing
enzyme, APOBEC3G severely mutates newly made viral cDNA, which is DNA
synthesized from viral RNA during HIV-1 reverse transcription (Gu and Sundquist,
Nature 424:21-22(2003)). In the absence of Vif, APOBEC3G is packaged with the
virus and exerts its effect after the virus infects another host cell. Highly mutating
viral cDNA during the early stages of reverse transcription leads to destruction of the
HIV-1 genome and a detrimentally high mutation rate within genes encoded by the

HIV-1 genome (Gu et al., supra). Thus, APOBEC3G has damaging effects on HIV-1
that are prevented by the presence of Vif during HIV-1 infection. Apolipoprotein B
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In one aspect, the invention features theé
In ssm@l drnb‘vdire@m;,élse ﬁmémowm sdVidand theseedridguotieayieiapolipepeptein

o i LB, A FORDIBLHIGRE ARG OB o

APBRa@sRRCeut i caIIy acceptable carrier, e. g , having a

formula shown in FIGs. 1-10B , 2, 3, 4,
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OF, ot og0by, ok rdLaowﬁwt)ocgb SOt 913@01‘93! 9W, 9X, 9Y,
inhibiting Vi'f i ncl ude’ a pharmaceutical’l'y carrier
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R A N T e
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nh&)?tg}agn‘}(}qefilgt f1nc(1jue eraa];gjh%gc%/uaga{llr;foc\gfrier ag((i) gr’g}?eligge%tlgzﬂly effective
amount of an inhibitor described herein. A Vif inhibitor, as described herein, is a
small molecule conﬁpound that can have one or more of the following activities:
compounds that enhance Vif degradation/turnover; compounds that stabilize
APOBEC3G and/or APOBEC3F; compounds that interfere with Vif- APOBEC3G
and/or APOBECS3F interactions; and compounds that enhance cellular concentration
of APOBEC3G and/or APOBEC3F. In some embodiments, the compounds described
herein are purified.

In a further aspect, the invention provides methods of treating subjects
infected with a virus containing a VIF, e.g., HIV. The methods include administering
to the subject a therapeutically effective amount of a compound or composition

described herein. In some embodiments, the methods further include administering a
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Other features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS
FIGs. 1-7 are lists of compounds that have been identified as Vif inhibitors
using the screening method described herein. Compounds have a percent Vif
inhibition value provided next to the structure with deltaVif/APOBEC3G having a
standard value of 100%.



entries, and other references nentioned herein are
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constant amount of pNL-A1Avif or pNL-A1 and a'range of pCFP-APO. The molar

ratio of each vector (pHIV:pAPO) is presented (1 = 130 fmoles).

FIG. 12A is a composite of Western blots of CFP-APOBEC3G and YFP-Vif
co-transfected into 293T cells at a 1:4 molar ratio (1 = 130 pmoles). CFP-APO3G =
CFP-APOBEC3G.

FIG. 12B is a composite of a gel showing the results of real-time PCR
performed on oligo d(T) primed ¢cDNA using pfimers that amplified the entire coding
region of either APOBEC3G (APO3G) or Vif.

FIG. 13A is a Western blot of protein isolated from cells co-transfected with
YFP-Vif and vectors that express CFP, CFP-APOBEC3G or APOBEC3G-CFP, all at a
1:8 molar ratio (1 = 130 pmoles), probed with an anti-GFP antibody.

FIG. 13B is a schematic illustration of an APOBEC3G-CFP vector designed to

promote translation of both full length APOBEC3G-CFP and CFP alone from the



virus-derived Green Fluorescent Protein (GFP). Fig.
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sh %VI\AGnlgt? ité rAafitst gfe c!chr?po%g(ri]st %Litn eitrg gtﬂ?cotltlrgl analogs of the Vif inhibitors
shown in Figures 1-8 and 10A-10B.

FIGs. 19A-D are lists of compounds that are structural analogs of the Vif
inhibitors shown in Figures 1-8 and 10A-10B. ‘

FIG. 20 is a dose-response curve for Vif Inhibifor 1 showing a dose-dependent
decrease in infectivity.

FIG. 21A is a set of Western blots of APOBEC3G, Vif| and cyclin T1 in lysates
from 293T cells transfected with pNL-Luc-E-R-, pVSV-G, and 15 fimoles
APOBEC3G-HA treated with 3.125, 6.25, 12.5, 25, 50 uM Vif inhibitor 1 or DMSO
equivalent (0).

FIG. 21B is a set of Western blots of APOBEC3G, Vif and, cyclin T1 in lysates
from 293T cells transfected with pNL-Luc-E-R-, pVSV-G, and 3.75, 7.5 or 15 fmoles

APOBEC3G-HA, treated with DMSO (-) or 50 uM Vif inhibitor 1 (+).



YFP-Vif and CFP- APO are expected to show reduced CFP
fl uorescence, but that the addition of a small

wonb®aussss (16C) will cause a recovery of CFP  PCT/US2006/039228

fluorescence. FIG 17 is a bar graph showi ng CFP
fluorescence in a CFP- APOBEC3d YFPVi f bioassay in a 96
wel |l plate. Again, cells containing both YFP-Vif and
CFP- APO show reduced CFP fluorescence. FIG 18 is a
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lug pNL4-3 Luc-E-R- (24A) or A Vif pNL4-3 Luc-E-R- (24B).

FIG. 25 is a bar graph showing that Vif inhibitor 1 demonstrates a dose-
dependent decrease in pNLA1-YFP only in the presence of APOBEC3G.

DETAILED DESCRIPTION
The compounds described herein can be used as inhibitors of Vif involved in
HIV replication. These inhibitors of protein function generally also affect the cellular
levels of a second protein. In some embodiments, the first protein is Vif and the
second protein is APOBEC3G and/or APOBEC3F.

Methods of Identifying Virion Infectivity Factor (Vif) Inhibitors

As described herein, Vif counteracts the antiviral activity of APOBEC3G
and/or APOBECSF at least in part by reducing the amount of APOBEC3G and/or
APOBECS3F protein normally present or synthesized in cells. With less APOBEC3G
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FI Gs. 23A-B are Western blots showi ng | evels of cyclin

TI, endogenous APOBEC3G p24, and Vif, the latter two
woeloTg4issdi cati ve of virus infection, in HO celCs/ushab/039228

were either not infected (nock) or infected with

pNL4-3 Luc-E-R- or D Vif pNL43Luc-E-R-, then treated

wth DVMSO or 50 MM Vif inhibitor 1 (23A), and in cells
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such as small nol ecules that inhibit Vif. Using these
conqegtiigBHy syntkesizg\heth YFP-Vif and either or both of CFP-APOBEC3G
and/or CFP-APOBEC3F are observed, e.g., in the presence or absence of a candidate
inhibitor.

To assay whether the first and second fusion proteins are being synthesized in
the screen, YFP-Vif and either or both of CFP-APOBEC3G and/or CFP-APOBEC3F
fluorescence is measured using a fluorimeter. In cells lacking YFP-Vif, a high level
of CFP fluorescence is easily detectable. However, in cells synthesizing YFP-Vif,
CFP fluorescence is dramatically reduced, indicating that YFP-Vif negatively affects
the synthesis of the CFP-linked APOBEC3G and/or APOBEC3F. In one embodiment
comprising a high throughput screen (HTS), cells grown in a multiwell, e.g., 96 well,
plate format are treated with an array of test compounds, €.g., synthetic small
molecule libraries, and assayed for restoration of CFP fluorescence in the presence of
sustained YFP fluorescence. Any test compounds that leads to the restoration of CFP
fluorescence in the presence of YFP-Vifis expected to have blocked Vif function.
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identified small nolecules that block Vif function.
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exaftPle AT RO [ oA RSP A ER A T Riiplch e AEiE & o
nuchSc &i€) & dnfall MalecHy (. Deo ZAind RaL; amdclkbtidy, @s ofjahic or

. protein (e.g., another easily detectable protein, Cyan
IHOIFBIaW@rCé@@éWsPle‘-‘F@i cRmpeys) gan Hayg éJO@’Bll?AW%E& eshamebout

e ; - :
1009636015 per floR 1R At 28 T 00 e a2 2N e WBbbY
10, @FR:rAROBEGRG eateds than CPO AROBERS Fnale dessiibar 1,600 grmg per
in the presenc r absence, of .a candi dat e, i nhi bi { or
molpooES e 89S BHESTRT DOl TEhedET SRR US] i RSPBLEr G
occﬁl_rrﬁ‘lgt(@.'gﬂ An DY feshAgdl ﬁr@dﬁdéﬁ soRh&RN or HnAnMulic B natural
ei t her “or both of CFP-APOBEC3G and/or CFP- APOBEC3F
andfsyniheds cempanents. fxamptes of test eraneounfsimclude pegteing pepiddss

l.acki ng. YEP- Vi igh | eyel e j:
pengBfn)led (e abireRs R I g deld dHRATRIGERoliSes
pohyiitidtedtifie aﬁﬂ?%]st htclegiies imelebSddaralas) 4l drgadiedtimerbanic

I ndi cati n%@tg at YFP-Vif negatively affects the
corepinf® §ig hsterporeamiept prganpetalionpmseidsd/ or  APOBEC3F.

In i . i Si i

T
the ptrating arettids deeribedherenh, ini IS, Batealr Applicafion Net 10/984,946,

R IR R A e IR e S e
Ch&th ERPBCERMY), S851-8358 YhydnFark iﬂé@f;ﬁ)?&@d‘ﬁ&ein@?&'refe@é{ce in their
conpounds t'hat leads to the restoration of CFP

entirety.

Vif Inhibitors

The invention includes Vif inhibitors identified by the screening methods
described herein.

In some embodiments, a Vif inhibitor has Formula I:

wherein:



fluorescence in the presence of YFP-Vif is expected to

have bl ocked Vif function. These conpounds are then
woansidessed "hits" (or "candi date conpounds") a0W/US20V6/039228

then be further evaluated for their potential as

anti-viral agents, e.g., anti-H V-1 drugs. As used

herein, a "test conpound" can be any chem ca

compound, for exanple, a nmacronolecule (e.g., a

poIR el Cdealky, @{pauamyl ccgrgm%yl Akl CIRpEr0AIS1, Ry Itk or
nucl ei ¢ acid) or a small nolecule an am no

hetegegygloalkyh yieeein sdid Cra r@lkdﬂ i abkeayl, i‘aﬁ elanyle ?wlb rhstsueagyl,
cvlght o RREHILERTs ANty oL L5, Bl SRyl

indc}pemimtlpeelecmdl fonl leds, Ctlh;alﬂk}é,ﬁﬂg al]?&.yl}@ 6911@?@10%% halhkyl,
ess t r nol e ess I ans
Ci-o Pk yL o PR ikih AR RARTos b cyel aﬂ% Q?tewev odtieHl

a I SUBREN e
hete;@asgawmwaakﬂ Het@&c?@l&&lk?i S m DR %9( AlBy1) rc}ﬂ{*ijst

or a nat product) ti C, can

(Ci-batikpil) i u@@)RandCswikﬂéﬂ(@Eoﬁ&@Mi@ (Exaaiikwbﬁ@)NRcRd

clohERt, FoRRLRORatL R EERS SIS mBRROEISR, ciompRs -

(Ci a@lm)@rad@mﬁzb NRFRIGNRW(OJR'S ,-(a;aql Neetbge anal ogs,

|des nucleotlde analo organi c or

NR“QQ@)I&%,R c-(EonpbrbR’ Céoﬂ\]Rche Br‘é@)@é?m Cos alkyl)-
R R R A TR NRANRCy PR BOR SR ORRL
P(O)3RTAR s@)aémem aitgymps(m):rc?s g@)g%me%@ﬁ%sggmms

e
SOpRr RS TOREY, IRisePB RS o0, kHRNRSH ek SLRENER,

andatCMJalkylﬁS@zNg’I@m 2005 280(9) 8387-8396, which are
i ncor orateﬁ herel reference in their entirety.

vi RY Rﬁa le RORS, -’mﬁeR |am/@nh islepemichily &ls Cvif alkyithlot ors

USSR NN PR TR
aryl aR el Bd:tBro&'ylﬁkjd, C}@loe@kﬁiilk | m@ﬂ@ro@t&i@ﬂk}lalk@ wherein said
Ci-10 !111@/1” |1 10 h%Eo%llkyl hC(Jezt 1(3 211?{%{1})//1 Co. ﬁ) a%ky%?fl aryl’ cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl or heterocycloalkylalkyl
is optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from
OH, amino, halo, Cy alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
heterocycloalkyl;

REis H, Cy.19 alkyl, Cy.10 haloalkyl, Cy.19 alkenyl, or C,.1¢ alkynyl;

R', R? and R? are independently selected from H, NO,, NH,, CFs, Br, C, F,
and I;

Y is C(0), NR*CO, SO,NR®, NRESO,, NHC(O)NH, NEC(0)O, OC(O)NE, or
CONRS; and

- Zis absent, O, S, NR&, CH,, SO,, Cy.¢ alkyl-OR®, CO, Cy.4 alkyl-NR;
or an enantiomers, diastereomers, or pharmaceutically acceptable salt thereof,

excluding compounds 1, 2, 3,4, 5, 6, 7, 8, 9 shown in Figures 10A-B.



het erocycl oal kyl , wherein said G -6 al kyl, C2-6
al kenyl, C2-6 al kynyl, aryl, heteroaryl, cycloalkyl,

wonodtauessscycl oal kyl is optionally substitutedpoy/ub2008/039228

3, 4, or 5 substituents independently selected from
hal o, C -6 alkyl, C2-6 al kenyl, C2-6 al kynyl, Cl1-6
hal oal kyl ;, G -6 hydroxyal kyl, Cl-6 cyanoal kyl, aryl,
het eroaryl, cycl oal kyl, heterocycl oal kyl ,

het larsoare\dnfodithents; RélioH! kyl heterocycloalkyl

E(K%f‘lﬁﬁme e(’ﬁ’fgl %}tilﬁk gg Wﬂﬂ(ﬁ?@)m Cas Llﬁ%xl) aryll:aa

heté}bgréi )ﬁg@()@(gR%RQete&%; 1, whéeir i@t KkyAlky1CCO) QBényl Cos

O Rb, O O NRRd, (C1-
alk)aiylk,yflryl m@mmfkcqygloa @1 hp(ﬁp@ydpﬂkml is op@na&ly substltuted by 1,

o S M iy ot

¢ al @1%10&@()}}\Im1m1}§drm?hlﬂl)s I‘dﬁiﬂd)all@fl Wr?lzheta(oﬁal 2,
P(Q) ReRf, P(O) OR

El(aé)ylﬂamocyctceﬂiy!b I&qu%rylﬁ@ab)ompéﬂalkyls@eﬁ? o cloaxg?&gocﬁsﬁ NO.,
ort I FER ST M Faptgpipeegers,
C(CBNR°R€,, (@m)al]&ﬁl)-@(@)léﬁ , SRR | v H CL-10 al ky!.

C P b f CLEBRILC, ey i

het&% hsA, Q@'E:Déhﬁklyi( Bt het@ﬁb%%'él%lkyﬂ Whkdeln saad ¢ alkyl Cy.¢ alkenyl, Ca.6
het eroCycl oal’k wherein said C1-10 aIkyI C1-10

alkylaﬂ,(m]yk ybtero@le,mycéq yar hetgpodyeloalkidiswptionglly S substituted by 1,
2, EUT S oS BBty RISELSHEIAR, O/l andh i, €.
6 aﬂaﬁiﬁ r Y Biktefdaloi) @lclﬁélkyl Slecm@dy@rbalkly\y I&tdﬁ&trylhlktyl: ¢yvlodlkyl,
hewrpemlwylamarozhéﬁgs%fé%“aiﬁhidl% ol etSke -
TR e hasypsio o
haI hedoyd e,mmhmenta,l K ety Cr.emlkyd2C. Dalhtliw ryds; allmlyl ReyL,

hetggpg{yﬁg}y%{o y - fer Bgtrgg)%gctzllo Se! ‘é%t ed gce!a_ik%&menyl, Cas
alk A SG91, ka1 N1 MBSk @r(ﬁetegé(y@)déﬂayl Roptionally substituted by 1,
2, 3, 4, or 5 substituents independently selected from halo, Cy alkyl, Cs.¢ alkenyl, Co.
¢ alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, heteroarylalkyl, cycloalkyl,
heterocycloalkyl, CN, NO,, OR?, SR?, C(O)R®, C(O)NR°R’, and C(O)OR".

In some embodiments, a Vif inhibitor has a Formula I, wherein:

R is alkyl, aryl, heterocyclyl, or heteroaryl, each optionally substituted with 1,
2,' 3,4, or 5 substituents independently selected from OH, amino, halo, Ci.¢ alkyl, O-
Ci¢alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, and
heterocycloalkyl;

R!, R%, and R? are independently selected from H, NO,, NH,, CF3, Br, CL, F,
and I

Y is NHCO or CONH; and

Zis O, S, or NH;

10



CONR8; and Z is absent, O S, NR8, CH2, SO2, Cl-6
al kyl -OR8, CO, Cl-6 al kyl-NRg; or an enantioners,
woieseesssoner s, or pharnmaceutical ly accept abl epe@us2006/039228
t hereof , excluding conpounds 1, 2, 3, 4, 5, 6, 7, 8, 9
shown in Figures 10A-B.In sonme enbodi mnents, Rg is H
In sonme enbodi nents, Ris H Cl-6 al kyl, C2-6 al kenyl,
C2-6 al kynyl, aryl, heteroaryl, cycloal kyl, or
h etc&raﬁ%h@ﬂtibnﬂir Wbstermﬁé@ bi?l&ﬁhdceﬁﬂlceﬁlyadckéﬁtablggalﬁthereof
al kenyl, C2-6 al kynyl, het er oar cl oal kyl
exclydingeionmnouyds bas kyd: 5 & o aash@ shopsindaeuresd @by 1, 2,
3, 4, or 5 substituents independently selected from
hal o, Cl1-6 al kyl, C2-6 al kenyl, C2- 6 al kynyl, Cl-6
halloabiog lembGdimenys b 64§ mhibilor hédla Boraywdmbahbrgin: aryl ,

h t I, | oal t | oal kyl
netbrgar dvireREy N bar ket ngiyclyoal i, o
NO@{‘ @Raand RGle ﬂxd@;hébeﬂttﬂ%?ecte‘éFf?om @ﬂo ksz) BHaL, F,
(O Rb,” - (Cl-4 alkyl)-C(O Rb, C(O) N (&-

a.ndé; kyI ) C(O) NRRd and C(OORa. In soms errbodl ment s, R

gﬂ C2-6 al kenyl, C2-6 al kynyl, aryl,
hete oar I\{)% kyI or heter ocycl oal kyl , wherein

saiZlis@l - S;‘)oaNIﬂ/IandCZ al kenyl, C2-6 al kynyl, aryl,

heteroaryl, cycloal kyl, or het erocycl oal kyl is ’
ena@&m@ﬁ£14$rmg§ﬂ qngm}ggmwethaﬁy ageepipblggalts thereof excluding

tH s e 6
confists 15568 1 Py M Mo Bl fiks IO ER A2 1
examples oéibdypqunide irefommytal lahdtlayd kndvat, dnoiheiy had &y/Vif 1nh1b1tors
c oal kyl, heterocycloal kyl, CN, NO2, ORa, -(Cl-4
Waser%ﬁ WBRa, SRa, -(Cl-4 alkyl)-SRa, C(ORb, - (Cl-4
alkyl)-C(OR b, C{ONRcRd, -(Cl-4 alkyl)-C(ONR cRd,
and C(O ORa. In sone enbodinents, Ris H, Cl-6 al kyI
C2-Ig seink emppdinEpiss a dikiphipitor laaS;Hormhthér oaryl ,
cycl oal kyl, or het gocycloalkyl mhereln sald Cl-6

al kyl, C2- 6 al keny 6 aryl, heteroaryl,
cycl oaI kyl, or het er | SROptI onal Iy
substi t ut ed by 1, B 4Z or”5 ¥ubstituents

i ndependent |y sel ectecRfromhalo, Cl1 6 alkyl, C2-6
al kenyl, C2- al kynyl, aryl, heteroaryl, cycloal kyl,
het er ocycl oal kyl , het er oargl al kyl, cycl oal kyl
hetvatepginc!l oal kyl, CN, N2, 0 Ra, SRa, C(O Rb,

C(% NRcRd, and C(O) ORa.
is H, C\. alkyl, C,. alkenyl, Cy.¢ alkynyl, aryl, heteroaryl, cycloalkyl, or

heterocycloalkyl, wherein said C,.6 alkyl, C,6 alkenyl, C, alkynyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl is optionally substituted by 1, 2, 3, 4, or 5 substituents
independently selected from halo, C,.¢ alkyl, C,.¢ alkenyl, Cy.6 alkynyl, Cy.¢ haloalkyl,
Ci1.¢ hydroxyalkyl, Cy¢ cyanoalkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
heteroarylalkyl, cycloalkyl, heterocycloalkyl, CN, NO,, OR?, -(C;.4 alkyl)-OR?, SR? -
(C1.4 alkyl)-SR?, C(O)R®, «(C 1.4 alkyl)-C(O)R®, C(O)NRRY, ~(C1.4 alkyl)-C(O)NR°RS,
C(O)OR?, -(C4 alkyl)-C(O)OR?, OC(O)R?, -(C1.4 alkyl)-OC(O)R®, OC(O)NR°RY, -
(C1.4 alkyl)-OC(O)NRR?, NR°RY, NR°C(O)R®, (C1.4 alkyl)-NR°COR?,
NR°C(O)NR°RY, -(C1.4 alkyl)-NR°C(O)NR°RY, NR°C(O)OR?, -(C 1.4 alkyl)-
NR°C(O)OR?, C(=NR)NR°R®, NR°C(=NR)NR°R, P(R),, P(OR®),, P(O)R°R’,
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In sone enbodinents, a Vif inhibitor has a Fornmula I,
wherein: Ris alkyl, aryl, heterocyclyl, or

woet@vmaaseyl , each optionally substituted with BCTAIS286/039228
4, or 5 substituents independently selected from OH,
am no, halo, Cl-6 alkyl, OC 1-6 al kyl, aryl,
aryl al kyl, heteroaryl, heteroarylal kyl, cycl oal kyl,
and heterocycl oal kyl; Rl, R2, and R3 are |ndependently

P(O;@lRQORé@(@yR)bm(Hh 4 Iamzﬂ)l-\um)RE;&O)M"Rdg(cl Ealkgmst(omwa%
enapti one

S e RS ERRANFISEDRS B B R ER s,
andtf(grgglﬁ(ﬁlg@(@%@ corrpounds 1, 2, 3, 4, 5, 6, 7, 8,

ghres 10A-B. In sone enbodi ments, a
Vi fRY, .ﬁzﬁ; RS, RyRhasd B’ #oeal ladd:penﬂmtb'llﬂi CRoialkyhlGoyb ,

bl Y ChnaToRy Catutlediyl ArynrToalelh, Bem iglerogy cogh
arylalky® flﬁtér@aryialkg NIk kO Tal KON h%tek&y@oaﬁlylaﬂfyl N‘&Theré‘iﬂ@ald
i

enanti oners astereoners and harnaceutlcal

Cr.mebebtGibb balealkyk Comealisastyl, szc alkmmﬁgarab epdoailigl, hete@a%
L e

is opﬁ@hdllyw&bstﬁﬁtedflv&fithl nhj hi4, of S sisitueats 1hmmﬁdenlt1§r sSl@aﬂéd from
enbodi rents, a Vif inhibjtor has Fornula ||
OHV\ﬁg}n@P halo,ng eAllyl, @YL gryéqlkx}l, hetespagyl, d}ekegwylalk@é cgcloalkyl or

hetﬁ die@r Yl , heteroaryl, cycloal kyl, or
eteroc c1oalky wherein said Cl-6 aIkyI, C -6

al kiRhiglH, GG2e alkal, @myha,loaék}w Co-hetkenplapy ;.10 alkynyl;
R!, R? and R® are independently selected from H, NO,, NH,, CFs, Br, CL, F,
and I;
Y is C(0), NR®CO, SO,NR?, NR#SO,, NHC(O)NH, NHC(0)O, OC(O)NH, or
CONRS&; and
Z is absent, O, S, NR®, CH2, SO,, C;.¢ alkyl-OR®, CO, C;.¢ alkyl-NRS; \
or an enantiomer, diastereomer or pharmaceutically acceptable salt thereof,

exciuding compounds 10, 11, 12 shown in Figures 10A-B.

In some embodiments, R® is H.

In some embodiments, R is H, Cy.s alkyl, Cy.¢ alkenyl, C,.¢ alkynyl, aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, wherein said C,.¢ alkyl, C,.¢ alkenyl, Cy.¢
alkynyl, aryl, heteroaryl, cycloalkyl, or heterocycloalkyl is optionally substituted by 1,
2,3, 4, or 5 substituents independently selected from halo, Cy.¢ alkyl, C,.6 alkenyl, Cs.
¢ alkynyl, C,.¢ haloalkyl, C;.¢ hydroxyalkyl, C;¢ cyanoalkyl, aryl, heteroaryi,
cycloalkyl, heterocycloalkyl, heteroarylalkyl, cycloalkyl, heterocycloalkyl, CN, NO,,
OR?, -(C14 alkyl)-OR?, SR?, -(C14 alkyl)-SR? C(O)R?, -(C1.4 alkyl)-C(O)R?,
C(O)NRRY, -(C1 4 alkyl)-C(O)NR°R?, C(O)OR®,

‘ In some embodiments, R is H, Cy.¢ alkyl, Cy¢ alkenyl, C,.¢ alkynyl, aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, wherein said C,.¢ alkyl, C,.¢ alkenyl, Cs6
12



cycl oal kyl, or heterocycloal kyl is optionally

substituted by 1, 2, 3, 4, or 5 substituents
wondepasmgent | y sel ected from hal o, Cl-6 al kyl, PCRAS2006/039228

al kenyl, C2-6 al kynyl, C1-6 hal oal kyl, C1-6 ’

hydr oxyal kyl , Cl1-6 cyanoal kyl, aryl, heteroaryl,

cycl oal kyl, heterocycl oal kyl, heteroaryl al kyl

cycl oal kyl, heterocycl oal kyl, CN, NO2, 0 Ra, -(Cl-4
alkyiiyk)ah)l Woa@%yclvalk@l ofhétbioydlodbkid is 64tdnally sulisGlutdd by 1,

2, 3(;!(: @ré:gubstfrg@fs mdgpe%g?lﬁ%ﬁ%e@c% nqgg e Rbs 'ﬂ(y})@%? 2 El?cenyl Cs.

6 anﬁ}n? g}%hcﬁeﬁ%)éégl c%%ﬂébﬁ roczél%lkﬁllpzﬁé&%b)ﬂ%o%w
hetemmcloan@wwaﬂ@y,m{mm kMR, INRA G(O)mhyl)—SBmC(@)Rb
CrapDICER O RRFris: ABICONR LD EfArra,

S
S 3 b vl LA IR 14 .
hetegparyl, py@pati PNmReptermeyclilk ylL,Rehereid, salléeCl scalley L2 eallsenah Fr-

e SRTHE O Pt a0 PR

2, 3hetc&r5cs®1¢ait@@ité<mkiep@ﬂyﬁtgl deldctedtaing h@largzl ahlkyl, C, ¢ alkenyl, C,.
cycl oal kyl al kyl , and_ het er ocycl oal kyl al kyl , wherein

s allyyhy aryl, h@raﬁq:(};|cycleqﬂ<1bhﬁ510@a¢lk§lkyl Izpermlk.‘élnyycloalkyl

et byhhosol sprdeplioimie e

cy dh eaink ginbb&iydents; a%fmhﬂ»ﬁyr:hazai Fortnal ki) whereinpt | onal | y
ubst i

" b ettty herabie St o efioal SR BTOTY SEbbuted with 1,
2, 33J1 K)Y'Sasu%tﬁhentﬁfnﬁbl%nh&‘ﬂﬂy sléﬁtc&ﬁq{f’{frﬂ bH Qﬁﬁﬁé %TQY tg' lﬂkk}, O-

ﬁc , or heter ocyc | oal H,

C16@ ﬂ@rﬂaardéﬁ1WJ heterparyd hatemﬁwlkyb py@Qalm, alllcky nyl ; Rl,
are |ndependently sel ected fromH, hKE

het C%éﬁ%’ﬁs . F and |: Yis C(O, NRgQD, SC2NRg,

NR FE0R?, aﬁiﬁl@"@é\lﬂdaﬁﬂﬁé@;@de@%@)&&m, DOLONINR, OF;, BAICKF,
is absent, O S, NRg, CH2, SO, Cl-6 al kyl-0ORg, CQ
andy- 6 al kyl - NRg;
Y is NHCO or CONH;
Zis O, S, or NH;
or an enantiomer, diastereomer or pharmaceutically acceptable salt thereof,

excluding compounds 10, 11, 12 shown in Figures 10A-B.

In some embodiments, a Vif inhibitor has the Formula II, wherein:

R is alkyl, aryl, heterocyclyl, or heteroaryl;

R, R% and R® are independently selected from H, NO,, NH,, CF3, Br, Cl, F,
and I,

Y is NHCO or CONH;

Zis O, S, or NH; and
enantiomers, diastereomers, and pharmaceutically acceptably salts thereof, excluding
compounds 10 to 12 shown in FIGURES 10A-B, which are three examples of
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or an enantioner, diastereoner or pharmaceutically
acceptabl e salt thereof, excluding conpounds 10, 11,
wh2osawssi n Fi gures 10A-B. In some enbodi nent 8CTRS2006/039228
H. In some enbodinents, Ris H Cl-6 alkyl, C2-6
al kenyl, C -6 al kynyl, aryl, heteroaryl, cycloal kyl,
or heterocycl oal kyl, wherein said Cl-6 al kyl, C2-6
al kenyl, C2-6 al kynyl, aryl, heteroaryl, cycloal kyl,
conpouhéd iarRagmaladathay breikown} hua niadit ysesis DA inhibiteck voas ot 2,
3, 4, or 5 substituents independently selected from
knogmy o, C1-6 al kyl, C2-6 al kenyl, C2- al kynyl, Cl-6
hal oal kyl , Cl1-6 hydroxyal kyl, Cl-6 cyanoal kyl, aryl,
het eroaryl, cycl oal kyl, heterocycl oal kyl ,
g hetBreoYif yhtabikork alse yreflusizl doyipoumbtia rFouyulla@ ARy (illusomted

bel%’\/z(%nﬂ cgan i(tné'cilfh‘lt%l?ﬁkrg{ r&%aﬁg ﬁééceja)ka@l/el_ %ﬂtss 5? :
theseldsilpbukdsO) NRRd, C(0)OR a. In some enbodi nents, Ris
H Cl-6 aIkyI C -6 al kenyl -6 _al kynyl, aryl,
het®r g&apple, @;ﬁ@n@mﬂm@ﬁs wéﬁér@e}y&r a$ thgiForplard; n
said Cl-6 alkyl, C2-6 alkenyl,, C -6al kynyl, aryl,
het er oaryl , cycloal 3 erogycloalkyl 'S
optionally substitut®d 2B 4, or 5
substituents i ndependg 5 cted fromhal o, Cl-6
al kyl, C2-6 al kenyl, C2- g atKyhgt, aryl, heteroaryl,
cycl oal kyl, heterocycl oal kyl pshet eroaryl al kyl,
cycl oal kyl, heterocycl oal kyl, CN, NO2, ORa, -(Cl-4
al kyl)-ORa, SRa, -(Cl-4 allkyl)-SRa, C(O)Rb, - (Cl-4
mk@@X@R C(O NRRd, -(Cl1-4 al kyl)-C(O NRcRd,
C(Cy hi some enbodi nents, Ris H Cl-6 alkyl, C2-6
al kepyd.or 83,6 al kynyl, aryl, heteroaryl, cycloalkyl,
or heterocycl oal kyl , mherein said Cl-6 al kyl, C2-6
al kenyl, C2-6 al kynyl, aryl, heteroaryl, cycloal kyl,
or heterocycloal kyl is optionally substituted by 1, 2,
3, 4, or 5 substituents independently selected from
hal o, Cl1-6 al kyl, C2-6 al kenyl, C2- 6 al kynyl, aryl,
het eroaryl, cycl oal kyl, heterocycl oal kyl ,
het eroaryl al kyl, cycl oal kyl, heterocycl oal kyl, CN,
NC2, ORa, SRa, C(ORb, C(O)NR cRd, C(OOR . In sone
enbodi nents, a Vif inhibitor has a Fornula |1,
wherein: Ris alkyl, aryl, heterocyclyl, or
het eroaryl, each optionally substituted with 1
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2, 3, 4, or 5 substituents independently selected from
CH, am no, halo, Cl-6 alkyl, OC 1-6 al kyl, aryl,
wanylauksss, heteroaryl, heteroaryl al kyl, cycl oatkmis2006/039228

and heterocycl oal kyl ; Rl, R2, and R3 are independently
selected fromH N2, NH2, CF3, Br, d, F, and I; Y is
NHCO or CONH, Zis O S, or NH. or an enantioner,

di ast ereomer or pharmaceutically acceptable salt

t hek'def, excl udi ng conpounds 10, 11, 12 shown in

Figures ,10A-B. In sone enbodi rrents a Vif inhibi tor

ha ormula I'l, wherein: ryl,

-Chgt NH orOth r Vg ;.\ ‘Q
i ndepertden I ect romN Br
F, and |;0Y i HCO or CONH; 7 is O S, or NH and

enanti omer s, diastereoners, and pharnaceutically
accept abl y sa(DtS/Tghereof, excl udi ng conpounds 10 to 12

o 10A-§®@ ch ar ett Gyt mpl es \fs:
of“p rrmT Phalte are kno&@ut t’he[: j
use” as | |b|tors was not known. g QCH; F

| nh| b| tors al so i ncl ude compounds in Fornulas I11-

rat ed b nagtl QIEDS, di @st@reoners
and mac’eut cal bl é sal of these ‘Q
corrp doH FHT exdﬁﬁple LT soms enb ‘QI({b

i nhi bitor has the Formﬂ I V\,hereln XIS or
FR1 is

II
RS
N= |
S 2 ——@‘O 3 A\ H O .1'7: >
3 hg N’N :©/
o) — o)
0 I

|
e O 0 .
NH e H
T oo SN (e
O B N 5 O ) ()//SO >
O | oo

~

or Br AL

FNH
N
55
O O;
~E
2 O~
OH
or R! and R? together form Ci ;
R?is H or COOH;
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R2 is F, d, CH3 OCH3, COCH, COOCH3, CN, OCH2CH3, or
or RL and R2 together formR3 is Hor COOH, R4 is H,

wOCHB /048865 F, COOCH3, or R3 and R4 together foprPaTHSR®6/039228

is H NO2, COOCH3, benzo[d]thiazol-2-yl, and
S2N(C2Hs)2; R6 is H or R5 and R6 together form. As
anot her exanple, in sone enbodinents, a Vif inhibitor
has the Formula IV: 1V wherein: Xis Oor NR7; Yis
C=@Q* BH, 5P, R, #,COOCBE3, or RL and R7 together form

R2|s H d, I, or S—(4-nitropheny|)' R3 is H5F, O,
OBr 3, R4 is H s o:% cl
N CH3_ din ' R3Na 4,4 O
A T oL Ooke 3 L OH ahe/R7 |

b

IV

S
CH3. For exanple in sone enbo iments, a Vif i%“-IIHI bi t or
has the Formula V: Wherein: XisSorO, R1 is H,
CH3, OCH3, CH2CH=CH2, . , C( O) NHCH2CH2(OH,
N OMe

X
or R? and R? together form =~ H

R’ is H, NO,, COOCHs, benzo[d]thlazol 2-yl, and SO,N(C,Hs)s;
R®is H;

or R® and R® together form %

As another example, in some embodiments, a Vif inhibitor has the Formula

RG
5 1
R Y\X,R
R4 R2
R3
v
wherein;
X is O or NR';
Y is C=0, or SOg;
R'is H, CHs,

16



CH2CH2NHCH 2CH=CH 2, CH2CH2(N-norpholine), R2 is H,

CH3, d, OCH3, CH(phenyl)CH2COOH, or CH(CH3) CH2CH3; or
wekomd436® t ogether formR3 is H R4 is H Br, pCrjuse#ds 39228

CHOHCH2CH3, R5 is H and R6 is Hor CH2CH=CH2. In

sonme enbodi nents, a Vif inhibitor has Fornula VI:

R1- Cyl-Z-Cy2-Y-Cy3-R2 VI wherein:Rl is H, halo, Cl-6

al kyl, Cl1-6 hal oal kyl, C2-6 al kenyl 'C2-6 al kynyl,

Cyal (IZj\JRcI Rdl 0 NHS2- C1- 6 al k , Cl-6 cyanoal kyl ,
b WO
(O NREl C(0) NRCI Rdl , NRc
C(=NRi ) \Rcl R : NRcI C( NR| ) NRoI Rdl P( ORel )2
, S(O) NRcI
S(O)2Rb| @ 2 Rel Rdl ., , or
)5, er iy sai \jfOC2- 6
al , HS opt ubsti t ut ed
or stltuents i ndependent |y

sel ect ed fr6m haI o, Cl1-6 alkyl, -6 al kenyl, C2-6
al kyRy% Cl- 6 haloal kyl B& hy
) ,  SRal

NRcI o
@4 =NRu) NRcl RdlO NRcl & = )JNRcl Rdl , P(R )2, P(ORel
: )2, P(ORbIR, P(O)(ReI(Rp S(ORbl , S(O)NR cl Rdl
' S( 0 2Rbl NRC| (0). 2Rbl and S(0) 2NRclRdl ; Zis
abs‘géﬁ%, fOI‘mCHz S2, CH(OR gI) o,
CH(NRgl ), Cl 6 al kyl - -6 al kenyl -0 C2- 9\(

| kynyl -O, C1-6 al kyl - S I-W—é ?I kenyl - S,
@ynyl -6 alkyl - N=

G

Oy

]

R*is H, Cl, I, or S-(4-nitrophenyl);

R’is H, F, Cl, Br, I, OCH3, OCH,CHj;

R*is H, CH;, OCH,CH3;, NHC(O)CH3, or S(O),-piperidine;
or R® and R* together form OCH,0;

R’ is H or Cl;

R is H; and

R’ is H or CHs.

For example, in some embodiments, a Vif inhibitor has the Formula V:



NRgl , C2-6 al kenyl-NRgl , C2-6 al kynyl-NrRgl , Cl1-6
al kyl - SQ2, C2-6 al kenyl -SQ2, C2-6 al kynyl - SO2, SO2NRgl

WO 200718466 O), NRg2C0, S2NRg2, NRg2SC2, NHC( O) RET/US2006/039228
NHC(O O OC(ONH or CONR 2; R2is H halo, Cl-6
al kyl, G -6 hal oal kyl, C2-6 al kenyl, C2-6 al kynyl, Cy
2, SO2NRc2Rd2, NHSQ2-Cl-6 al kyl, Cl1-6 cyanoal kyl, CN,
NO2, OR 2, SR 12 , C(ORb2, C(O NRc2Rd2, C(O OR32 ,
OC(yARhgd; OC(0)NR 02Rd2, NR 2R 2, NRc2C(O) Rb2,
NRO2C( O) NRc2Rd2, NRO2C(O) OR 2, C(=NRi | ) NRo2Rd2,
NR&Q@(&RF@L)NRCZRdZ P(R)2, P(ORe2)2, P(O Rb2RG

NROD S B SO By TR by Cig O
CHfiIIK;WHCHZ(\ZﬁeCHb rCHATHL(S-mérpabkid), C2-6 al kenyl, or
CZ6aIkynyI IS optlp\nally substituted with 1, 2, 3,

4, or 5 su tituents irfdependentPy sel ect e(bfr | o,
i C2-6 al keny Cp : nyl ,
pal hydro kyl w C ano
N Ndéw/kNS ‘ ZNé\ ‘o~ C(O)
oc( OfRb2, &E(0) NROZR NRc'iRdz NlRoZC( 0)R b2,
NR02C( 0) NR 02Rd2, NRO2C(O) OR 2 | C( NRi 2) NRo2R NR C

R NR R 2, P(R)2 P(ORe2) 2, P )
&/Rﬁ ,$(0) c S(dzgiﬁN%H
S( O 2KR0 ryI héte ry , cycli

heterocycl oal kyl each opti onal Yo Ostitut ed 5&/ 1 2
. 3, 4o0or 5 substltuents i ndependently sel ected from
> halo, Cl1-4 alkyl, C2-4 al kenyl, C2-4 al kynyl, Cl1-4
hal Rysis i ICH-CONY], O@Hg, CGI@@;yI)SIHﬂO@(I,@rFQEB(CIﬁ()@Mﬁ Rd3,
C(OOR 3, OC(O Rb3, OC(O NRg3Rd3, NRo3Rd3,
NRc3C( O) Rb3, NRO3C(O) OR =NRi 3) NRV 3,
NRc3C( =NRi 3) NRo3Rd3, R P(ORe3)2, P(O Re3Rb ,
P(O) ORe30Rb , S(O) Rb3 5JS(OTNR 03Rd3, S(O) 2Rb3, and
S(0) 2NRo3Rd3; Cy2 is aryl, heteroaryl, cycloal kyl, or
{om!

het er ocycl oal kyl , each ionally substltuted by 1, 2,
3, 4. 0or 5 substltuents ependently sel ect ed from

hal @ Ri@nd Rogpggfier form
Riis H;

R*is H, Br, Cl, CHs, CH(OH)CH,CHj,

\ N=N,
HO S R N Q N

R’ is H, and
R®is H or CH,CH=CH,.

In some embodiments, a Vif inhibitor has Formula VI
R'-Cy'-Z~Cy?-Y-Cy*-R?
VI

wherein;
18



C2-4 al kenyl, C2-4 al kynyl, Cl-4 hal oal kyl, CN, NO2,
OR34, SRa4, C(ORM C(O NRc4Rd4, C(O OR34, OC(O) Rb4,
WOCH@MRGY 4, NROV 4, NRc4C(0)R M NR0O4C( O OR3#CT/US2006/039228

C(=NRi 4) NRV 4, NRc4C(=NRi 4)NRV 4, P(Rf4)2, P(OR) 2,
P(OR64R 4 , P(OORBW 4, S(ORM S(O) NRc4Rd4,

S(O 2Rb4, and S(O2NR V 4; Cy3 is aryl, heteroaryl,
cycl oal kyl, or heterocycl oal kyl, each optionally

sulps'tik H,:h@ld Oy dlkyl2 C,.3halballyl, @2§um§ﬁy1t @?{élﬁ?lnyl Cy*

dent | I ted f h
sow'ﬁ?iﬁdﬁ,”N?%@Xcéeq@ﬁy& o maaligl G, K67, OBRl. SR Sy

R DR i e gldlon
NR“(IJEG@JIR]RSC [NI'—’{\NRG z ﬂs IE‘,“, S?g??g% ?(RGH@S)PZRﬂ)z,
c
PO 18} % %n&’?é?@% R&@@%%}N&, RIS,
lsw@geﬂogl@ gpilegted,f ,
qcycl oal kyl', h\\gﬁ dﬁhgtegr g%y(cﬁ:}?gg@]k%}l ylj; g%ﬁérg%ﬁé%in ar'y ey, Cas
alkespbst Cb. u@lkﬁlljﬂylspptl@galty subistiouted vsthbs 2 3, ot § Substltuents

mde’&?"ﬂ%ﬁﬁ?‘gel”“ %Jgﬁﬁgn s8R i Bty 2o et % gl

C1sDy3foxyalk) Bh6 c I\?'Rov quzg@aﬁﬁlgiﬁ RJ)IF@ )NR°1R‘”
c<0%5§NRpg(ﬂm‘6ocmﬁ§(&“ﬁqN§§ Rbe mﬁ@': %w (@ome@)db
NR DR oA %%Oﬁgﬁd%sﬁ%ﬁﬁ“ﬁi‘ﬁ?ﬁ%%%m

P(OYRIBRY tR(D)@B?lOlbfbe(D)Rﬂ SXOONRIBE!, IS(OBRS DR R(®)R @dd

Qgdat Ko, XV, xv, xv, XV , XV, Xxv , xv , K XV
S(ON&‘R , XV , , Xv , RO6, Rdl , R2 , Rd3
Rd%lsgggbnt@@ N?@'l GH % o, ReN ﬁ@fc R"ah
5 and Rf® are |§%eﬂ}eendentl se eét6eéqy r6m

Cy. 6Hlke@11- @ocat wynylcz, FeXe) aﬂi@ﬂtﬁal&xy al,kem S.L@zalaﬂdeymyl S, Cosdllyl-

NRA YD %1&%?% )(/:,%32 188 Q&k\/ ) fkyﬁé}ﬁz, Cy.6 alkenyl-SO;, Crce

alkyhet-sog@shRekyl , cycl oaI kyI al kyI and
het er ocycl oalkyl al k erein said Cl-10 al kyl, G -10

halYoRIGER), NRZCE, Sah &% N 2 DN, NEEE@)O, OC(O)NH,
@alkyl heteroaryl, heterocycl oal kyl, aryl al kyl,

heteroarylalkyl cycloalkylalkyl or

hetRé anyhélo,ﬁEllwdlhylel ¢ hadoaipyli ﬁflﬁhlkyn}ﬁ,tibzsfi alkyitye,dcwz; h

soRaRe i B e, AUEREIIERY YL
C(O)NR®R*, C(O)OR®, OC(O)RbZ, OC(O)NR°2Rd2, NR°2R"’~, NR“ZC(O)R"Z,
NR®C(O)NRZR®, NRZC(O)OR®, C(=NR)NRZR®, NR’C(=NR!)NRR%,
P(R™),, P(OR),, P(O)R®R™, P(O)OR®OR?, S(0)RY, S(O)NR?R%, §(0),R™,
NR®S(0),R", S(0),NR?R®, Cy*, or Cy*'~(Cy.¢ alkyl)-, wherein said Cy.s alkyl, Cy.6
alkenyl, or Cy.¢ alkynyl, is optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, C;.¢ alkyl, C,.6 alkenyl, Cs.¢ alkynyl, C;.¢ haloalkyl,
Ci.6 hydroxyalkyl, Cy.¢ cyanoalkyl, CN, NO,, OR®, SR%, C(O)R™, C(O)NR*?R%,
C(O)OR®, OC(O)R™, OC(O)NR™R¥, NRR%, NR2C(0)R™, NR*’C(0)NR**R%,
NRC(0)OR*, C(=NR?)NR“R¥, NR2C(=NR*)NR“’R¥, P(R2),, P(OR®),,
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aryl, arylal kyl, heteroaryl, heteroarylal kyl,

cycl oal kyl, and heterocycl oal kyl; Rgl and Rg2 are
wondgmamdent | y selected fromH, Cl-10 al kyl, CRet@s2006/039228

hal oal kyl, C2- 10 al kenyl, and C2-10 al kynyl; and Rlis

H, Cl-10 al kyl, C1-10 hal oal kyl, C2-10 al kenyl, or

C2-10 al kynyl; or an enantioner, diastereoner or

phar maceut i cal l}{ acceptabl e salt thereof, excluding

P(OQRﬁRguB@S)ORez@R S(o;Rm,%S(@NR?zR ,S(©),Rt, 11%(09212"% tmam
n_Fj &r es 10A-B. In sone enbodi ments, one or rmre o
S(O@% 2, and Cy s phenyl. In sone enbodi ment s,

NP oA 1 O O BB BN ?‘i
subgitutied bgrl o2, MamlSlqabstitean‘:hlrx_xippandaal}l gelesteldsﬁ‘om haledbeallkyl
Cz@lf%ﬁfw 1P« bSOARE (hR O 15 SR 570 ?ﬁ*ed;;:m

a3 3 3 c. R

02,& oy Oy Bk *@%‘3@‘@ R@“%?%dg“ﬁ@é@@éoj Rb3,

s&;@&%@( SRR Ogéw(@aﬂb JONRER'S PR ki B(QRT),
PR RorEPORSHE RO SRR SRS o SIRERRT R

i nateﬁemgnmm@eﬁe@ymm NhR ek by c@bl.k N%h &st@@Lly
SRa3, cgo%:i %ar;lR 03Rd3 c&%

subséitytey Rird 3fc’3 4 ONl-‘icss Huqi DA ROPRpELY Sﬁk@teﬁh}:ﬁmb@pcﬁazsalkyl
I gﬁ&g t 4 @«a

o a'Ii\ke?lgal Ky #'1 het 2?18@% l\fmz’ dgk:é%ko t o?1a|’| y

C(oguaé“tﬁ t, lﬁ(@onoﬁif OC(Q)RY, 0@(@1\11‘643%;15:11?41{6 eMRS*'C(O)RY,

NRY az@&ww&% I Srog By ik, >
P@W TR SO ot o,
@8 h?t?ro?esne@tcmlkya omivtebasycioslkal shétybptionally
subsg%ﬂggﬁl X{r 1, 2?3, ﬂ o? %XQ%taen? méependen%f ks%iebte%om“ll(qylb, 8 1_4R61ﬁy1,

Cp.4 alkenyl, Cy4 alkynyl, Cy4 haloalkyl, CN, NO,, OR®, SR*, C(O)R®,
C(O)NR*R®, C(O)OR™, OC(O)R, OC(O)NR*R%, NR*R%¥, NR*C(O)RY,
NR®C(O)OR?, C(=NR®)NR*R®, NR®C(=NR®*)NR*R®, P(R®),, P(OR*),,
P(O)R®RP, P(0)OR®ORP, S(O)R®, S(O)NR®RY, $(0),R”, and S(0),NR*R%;
Cy*!, Cy™ are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloélkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, C;.4 alkyl, C,.4 alkenyl, Cy.4 alkynyl, C;.4 haloalkyl,
CN, NO,, OR*, SR®, C(O)R™, C(O)NR*R%, C(O)OR*, OC(O)R?®, OC(O)NR**R%,
NR*R%, NRPC(O)R", NR*C(0)OR™, C(=NR)NR*R, NR*C(=NR®)NR* R,
P(R"),, P(OR®),, P(O)R®R™, P(0)OROR®, S(O)RY, S(O)NRRY, S(0),R”, and
' S(O),NR*R%,
Ral’ RaZ, Ra3’ Ra4’ RaS’ Ra6’ Rbl, sz, Rb3" Rb4, RbS’ Rb6, RCI, RCZ” RC3, RC4, RcS,
RC6, Rdl, RdZ’ Rd3, Rd4, RdS’ Rdé’ Rel’ Rez, Re3’ Re4’ ReS’ Re6’ Rﬂ, Rﬂ’ RB, Rf4, RfS, ar; d
R® are independently selected from H, Cy.ig alkyl, Cy.1o haloalkyl, C, 10 alkenyl, Cy 19
alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
20



C(ORM C(O NRc4Rd4, C(O)OR 4, OC(O RM OC(O NROV 4,

NROV 4, NRo4C(0)R M and NR04C(O OR84.In sone
wonbotumeet s, Cy2 is aryl, heteroaryl, cycl oal Rgirjusesn6/039228

het er ocycl oal kyl , each optionally substituted by 1, 2,

3, 4 or 5 substituents independently selected from

hal o, CN, NO2, ORa4, SRa4, C(ORM C(O NROV 4,

C(O ORa4, OC(ORM OC(0O NRc4Rd4, NRo4Rd4, NRc4C( O) Rb4,
cycbakkyl‘dﬂqtlﬁ(n@)mmycldaﬁcyhﬂmé ehtyeidi saE € sy alByR Giso halgalkyl,

Cr e Ba L LG At plopfion BelsFo Y fei@Rekantis el ftatins
hetér&q?ﬁ Qg&iomk?n hl%ﬁfbﬁﬁetfaﬂo@ml&ﬁkﬁalkg\is Wmalg%ﬂstltaea%th

and sone enbodi ment s,

3
1, 2hditde poérsybstmmyltﬂ lo@m?dentlmsel@eﬁeérf@@y amkryx hal@aehe alkyl,

s PRALBTLA PURE e B0, et o Rlafubitlt ont
al kieghyhd RE2rd irlefondyhtly $lecfed fadmal, IGilie i, ONGPhal IIBASC,.

SRa5, C(O) Rb5, C(O) NRc5Rd5, C(O) OR 5, O Rb5,
10 aléﬁ@(lﬁm% %%R@&W%é‘)s‘h% NRc5g((og RD5, agg(NR) c5C( O) ORa5.

In ﬁ‘ggﬁkéﬂ’oﬁkﬁﬁ@t ,hafaaﬂﬁyt % wh(en e@m &nl

cycl or’ het 8roc |ona
su tm'taintenmﬁd)nmt d1asté’r,eor3¢r er pharrﬁa@ub@ﬂhytaueﬂm@le salt thereof,

dependent el ecte r.o Lo,..CN, NO2,.0
el S ks, () o SO B T0A-B.
OC(O) NR 05Rd5, NRc5Rd5, NRo5C(0) R b5, and NRc5C( O) ORas.
In some enbodi ments, Cy3 is aryl, EJ‘netero ryl,
a

cydlncsamcﬁmbOdnﬂm eneoyepretfiGy , Craend 6ptis phenyly

" ndgeiantiogadre Soedng CnERGro HERY REDY MY s,
phegﬂd NRo5Rd5. I n sone enbodi nents, Cylis aryl,

het eroaryl, or cycl oal kyl , each ptl on ubst i t.ut
by In some embogimpgrits; bk heRoanly ﬁ%{ o 9t°§°él‘/%18?1§81

eac%%ﬁtﬂ&ﬁﬂbr Ei?]ulltéd %‘f yii\’l(%2 @%&asgﬁﬁﬁéﬁ%%s m@peﬁdéﬁt&)@aélcted from

hal&((9)sNRGB RT3, alﬂ(lﬁ) OR4aByngCCOy Rbt@alk@t:@} mﬁaﬁ Qii?3 SR”,

R N R
NR®C(O)RY, and NR®C(O)OR®. |

In some embodiments, Cy' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl,
each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from
halo, CN, NO,, OR®, SR, C(O)R", C(O)NR”R¥, C(O)OR™, OC(QO)R"”,
OC(O)NR®R®, NRPR®, NR®C(O)R™, and NR*C(O)OR™.

In some embodiments, Cy' is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl,
each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from
halo, CN, NO,, OR®, SR®, and NR“R®.

In some embodiments, Cy? is aryl, heteroaryl, cycloalkyl, or heterocycloalkyl,
each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from
halo, C1.4 alkyl, Cy.4 alkenyl, C4 alkynyl, C;.4 haloalkyl, CN, NO,, OR™, SR*,
C(O)R™, C(O)NR¥R¥, C(0)OR™, OC(O)R™, OC(O)NR*R*, NR*R¥,
NRC(O)R™, and NR**C(O)OR™.
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P(O Re3Rb , P(O ORe30Rb , S(O Rb3, S(O NRc3Rd3,

S(O 2Rb3, and S(O 2NRc3Rd3. In sone enbodi nents, Cylis
wanyl7/4es6shet eroaryl, each optionally substit ured/usy00s/039228

2, 3, 4 or 5 substituents independently selected from

hal o, Cl1-4 al kyl, C2-4 al kenyl, C2-4 al kynyl, Cl-4

hal oal kyl , CN, NO2, ORa3, SRa3, C(O Rb3, C(0)NR 03Rd3,

C(O OR33, 0C(0)R b3, OC(O) NRc3Rd3, NRo3Rd3,

' NRoBGp@eRnhodMRaBC@) @%uryl,’% het€oatyRi @I):NRH@RCHB heterocycloalkyl,

eacho TN OBANIa] By i S Aroe o RERSRTS B oo Rl SEinged from

ha1§(é$1 ?Cﬁ@e SI(P"’S@G@ E‘“’Q@@ NEHRS @)1’313‘4 5(5(2‘{10)
cI oq , %fh oQtl ongJI subsiltut ed 2”3, 4
NR'SR sNRf‘ REHINR® GEDBEH deh NRy & O)@BT ed from hal o,

ﬁiu f Purentafinged CoRa Babet Bl Seheriqnaeatin.
eackOP)i6R1LY, sub¥BERbB 1 , DA D)NBG3RABudNRCi Rebbn e 3G Ra From

NRo3C(0) OR a3 NRi_3), NRc 3Rd3, NRo3C( =NRi 3) NRo3Rd3,
halg (3% O m@%%ﬁ‘é@ag@nd@{%ﬁ%‘ggsm, P(O CReSCRb, S(O) Rb3,

S d |

eST‘oq)[ol gﬁn%’:i%r%gé,Jb Od§%g%§;yﬁ Eﬂgl()??gnaﬁm |1t03th e%mgcydfalkyl
eacRk opBonallyeubsitstad by il USHttor S mdwﬂmﬂimmﬂgpeaéérﬁm &Btbcfeddmm

hal o, .Cl-4 al kyl -4 al . G -4 | Cl-4, .
halﬂiﬁa% é %d?é/w%@ﬁﬁ%ﬁ‘ %}glo%yb@%y R,

RS, O Rb3,

N ] gNRoSRdS” |\ch3¢( Nﬁl%ﬁ%g; P(Rb

NRﬁ @(omgzg@)réw Q))G?e , P(O) ORe30RD |, S( 0) Rb3,

RC3F§?n3dod8§§?t§,2?yg qu{}ldH% %@E%&%B%%yl or QF’ Jéchg,lp?lkyl,

eacB %phomlsQMitdltyd By b§2 i3 utoed sbbstituen?s 1n3epeﬂdé1{ﬂy5selected from

bl G NOGI T Reor OIS CUORR ) ClQIDH I GORES T O

ORI A BTy ﬁﬁﬁéﬁﬁ%ﬁe E%BZ%C(R&ORB“ |
NRO®GODeCRDOIinBitd IRy JsNRY, hetemmth(}chleé/] NRYettrocycloalkyl,

eacgg)g%%gé\y s]iésg?\t)@j Ehﬂdpé g) 4 ogégymméegeﬂdg‘gweﬁaﬁed from

hal@@@%@?@l@“ W2 4nd NEEYR¥or cycl oal kyl, each
optionally subst’i t ut ed by

In some embodiments, Cy' is aryl, heteroaryl, or cycloalkyl, each optionally
substituted by 1, 2, 3, 4 or 5 substituents independently selected from halo, Cy4 alkyl,
Ca.4 alkenyl, Cy.4 alkynyl, Cy.4 haloalkyl, CN, NO,, OR®, SR®, C(O)R”,
C(O)NR®R®, C(O)OR®, OC(O)R, OC(O)NR*R®, NR*R%, NR**C(O)R”, .
NR“C(0)OR™, C(=NR*)NR”’R®, NR”C(=NR*)NR“R®, P(R®),, P(OR®),,
P(O)R®RE, P(O)OR®OR®, S(O)R™, S(O)NR®R®, S(O),R", and S(0),NR“R®.

In some embodiments, Cy' is aryl, or heteroaryl, each optionally substituted by

1,2, 3, 4 or 5 substituents independently selected from halo, C;.4 alkyl, C,.4 alkenyl,
Cy.4 alkynyl, Cy.4 haloalkyl, CN, NO,, OR®, SR®, C(O)R®, C(O)NR*R%, C(O)OR®,
OC(O)RY, OC(O)NR*R®, NR®R®, NR®C(0)R?, NR*C(O)OR®,
C(=NR®*)NR®R®, NR®C(=NR*)NR*R%, P(R®),, P(OR*®),, P(O)R®RP,
P(O)OR“ORB, S(O)R™, S(O)NR®*R%, S(0),R", and S(0),NR®R®,
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1, 2, 3, 4 or 5 substituents independently sel ected

fromhal o, Cl-4 alkyl, C2-4 al kenyl, C2-4 al kynyl,
wGChedv/aadesal kyl , CN, NO2, 0 Ra4, SRa4, C(O RM pC{ashigen39228

4, C(O)OR34, OC(O RM OC(O) NROV 4, NROV

4, NRO4C( O RM NRo4C(0) OR a4, C(=NRi 4) NRV 4,

NRc4C(=NRi 4) NRV 4, P(Rf4)2, P(OR*) 2, P(OR YV 4,

P(O) OR640R S( O Rb4, S(O) NRc4Rd4, S(O 2R 4, and

S( @ 2646 Yo diinten$) 0% @mb}qdcbrr@/aloal.kygeactﬁo@foylbuy substituted
tionally substituted or substituents

by I, Ed%ﬁb%ﬁeﬂ{bﬁs»tug@ﬁ é‘éieé%ﬂdﬁﬁ@frﬁqi%ﬂt@ frmmloaﬂ(y plkyGE4

e e
* C(OPORY) RRV)R’’, OROVNR RSB ‘I;INR RF‘? D¥R°3 é&%ﬁ%g@g%\Rf )
R R G MR R o &moaw %‘ol) oo
e3§®@) N\F3 m 3
i OZ@ﬁer oar§ or 4*’cil)?:‘ll\nt?;IﬁigyIg ea‘::nm 3§$33Lélt i tuted
by In 80126 e®b0dt1nmnt85C$ uib styil bpeoradlyi snblmwad:l bptl] 3, 3sdloedt ed

subgh SR B enyity B bilael k%%ssl C&Z e, o alkymyl,
o “ﬁ%‘?&mwmﬂ@l@w e W%f{-i?“% GO
OCRPEBORNAIL) cﬁkg%(oﬁ%ﬁé%c)(@me NI SRAGER 5,

R“%@ﬁﬁﬁﬁiﬁ’a?‘”’ onS S b Tents; P 2SR
S(owwﬁgi’st)zR@ammm)iNm%my substituted by 1, 2, 3, 4

5 substjtuents ependent |y sel ect ed from hal o,
o1 11&8(5?%9@ 0 e&tsa{ib?éﬁwl rogryl, Ry Rysloallo epch optiorially

subsifdt&eh CR‘gY 2 ggﬂéor %sﬁ%eﬁ%‘riﬁ% nﬂ%@emé frotd @16\"@1 4%q1§y1

Ca Bﬁdgz Nmmq:pmqlmﬁom) meﬁ’c SRE, slmnkbéRds

cope B bR OB e (@ R e aRe BRS oM
NR'SLO)NES m5Nll}l': R?R@ FJEBWENRW)NRC‘@?@ Pp%f;)@ subbthﬁél1 tuents
PO RO O R PR St &(émﬁ o SRR, and SRR

2 W o L oot oy e
1,2, 3, 4 or 5 substituents independently selected from halo, C;.4 alkyl, C,.4 alkenyl,
Ca.4 alkynyl, Cy.4 haloalkyl, CN, NO,, OR*, SR*, C(O)R™, C(O)NR**R% C(0)OR™,
OC(O)R™, OC(O)NR¥R¥, NR*“R% NR**C(O)R™, NR*C(O)OR™,
C(=ENRHNRYRY, NR¥C(=NRYNR¥RY, P(R™),, P(OR™),, P(O)R®R™,
P(O)OR%OR™, S(O)R™, S(O)NR*R¥, S(O),R™, and S(O),NR*R¥.

In some embodiments, Cy* is aryl optionally substituted by1,2,3,40r5
substituents independently selected from halo, Cy.4 alkyl, Cs.4 alkenyl, Cy 4 alkynyl,
C1.4 haloalkyl, CN, NO,, OR™, SR¥, C(O)R™, C(O)NR**R*, C(O)OR*, OC(O)R",
OC(O)NR*'R¥, NR“R¥, NR“C(O)R*, NR*C(0)OR™, C(=NRHNR¥RH
NR™C(=NR*NR“R¥, P(R™),, P(OR*),, P(O)R*'R™, P(O)OR*OR™, S(O)RY,
S(O)NR™R*, S(0),R™, and S(O),NR*R*.
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OC( O) NRc5Rd5, NRo5Rd5, NRc5C(O) Rb5, NRo5C(0)OR a5,
C(=NRi 5) NRc5Rd5, NRc3C(=NRi 5) NRo5Rd5, P(Rf5) 2,

woeuRa@a)sss P(O ReSRb , P(0O) ORe50RfF5, S(O Rb5, PCT/US2006/039228
S(O) NRo5Rd5, S(O) 2Rb5, and S(O) 2NRc5Rd5. Cyal , O 2
are independently selected fromaryl, heteroaryl,
cycl oal kyl, and heterocycl oal kyl, each optionally
substituted by 1, 2, 3, 4 or 5 substituents
i ndhp;emé&ifﬁtioyhrﬁﬁitgﬂyéih drylohetbboy], cﬁil:yélo&llk&y bac}%ﬂénally

kynyl , C -4 hal oal kyI

sub%lié‘%ﬁ\gg(l@?%él oty PYPRiHeAts md@ wd(ﬁqqg@afo C1 4 alflicyl

el e AT I ?%ﬁﬁfé?%@@“ >

C(@Wdﬁ?x(ﬂﬁ)()@)a EBROGR" POO OREBTRY RIS CEOBRIAR
NG R AT I B e S e o R R QR 1 6
P(@R@Rfmg (%EK?S@R%%(@)RWSC%@)N@ER"Z 4(©)AS el .S(6), mcsﬁﬂRgl

CH(OR N@,lgn% or Cl-6 ai kyl -
I n I@@ﬁﬁle@mh@dlm@m,% B drgl g cyelo eapdionalbt s;lbsmuted by

Q
L 2o s Ry s NS SRRl e oI E Gt
Cad aikmﬂcﬁjle;ﬂimﬂﬂlm,rms Neg, @Bas,kswﬁ 8¢(GD)R|E§J, BORKRTRE, COOR?,
C2s Qs al keny. n%! ;
oA NS RE, RO R iRy | on
as | - i @) (Ra| ,
R R AR B R B R QR R
P(omaafmﬁi SRO)R JS(O)NRéﬁRéi O(QRR!”, an@(aﬁ’)zNRE?iR al- (C1-6
. | n

o 56 shivk ghppatinded T sy Bl sbeseBied i 53, 40 55
subéhtuéi{ts id Eﬂth@'IBc&d' AL m&d@m Alkyls @% safkesylf comikat,

-6 al kg 6. al ke@y' €25 6 I{ a5 s bs
Cis haloalkyl N, NOZ, OR®, SR®; C(O)R®, C(O)N , C(O)OR™, OC(O)R’,
OC(O)NR“R®, NRR%, NR*C(0)R®, NR®C(0)OR¥, C(=NR*)NR*R¥,
NRPC(E=NRP)INRPRY, P(RP),, P(OR®),, P(O)R®RY, P(0)OR®OR®, S(O)RY,
S(O)NR“R®, S(0O),R", and S(0),NR*R%.

Cy*, Cy* are independently selected from aryl, heteroaryl, cycloalkyl, and
- heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, C;.4 alkyl, C,.4 alkenyl, Cy.4 alkynyl, C;.4 haloalkyl,
CN, NO,, OR*, SR®, C(O)R", C(O)NR**R%, C(0)OR*, OC(O)R?®, OC(O)NR*R¥,
NRR%, NRPC(O)R, NR®C(0)OR®, C(=NR)NR*R¥, NR*SC(=NR*)NR*R%,
P(R™),, P(OR*),, P(O)R*R™, P(O)OR®OR®, S(O)R™, S(O)NR* R, S(O),R", and
S(O),NRR%,

In some embodiments, Z is CHNR®',

In some embodiments, Z is CHOR®', J

In some embodiments, Z is absent, O, S, NR®, CH,, SO,, CH(OR®}), CO,
CH(NR®"), or Cy.¢ alkyl-O.

In some embodiments, Z is S.
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Cl1-6 hal oal kyl, Ci -6 hydroxyal kyl, Cl1-6 cyanoal kyl,

CN, N2, 0 Ral , SRal , C(O)R bl , C(O NRcl Rdl
wO7@RrRedes, OC(O) Rbl , OC(O NRcl Rdl, NRcl Rdl , PCT/US2006/039228

NRcl C(O Rol , NROIC(O NRcl Rdl , and NRCIC(OOR 1. In

sonme enbodi nents, Rl is H, halo, Cl-6 alkyl, C -6

hal oal kyl , C2-6 al kenyl, C2-6 al kynyl, SO2NRcl Rdl

NHSC2- C1-6 al kyl, Ci -6 cyanoal kyl, CN, NO2, 0 Ral , or

Sth som%ﬁib@dﬂne%@d ¥ i£C(6), RO, S?@zﬁR@?I Nﬁﬂ%sloz, NHCE@)I@H
ynyl¢ IS opt| onal Izy substituted with 2,

NH@(%Q QINHL 9t CANSEndent | y sel ect ed from hal o, Cl1-6

@l kynyl, Cl-6 hal oal kyl,
Hé S%mg%oxyg#@?’#ylyéiggo yano)alllniyl CN, I\I?)Zoa()?)a/ll ,
SREIh som%ﬁb%lments@?{(@)m ledl Rt 4,21160, CI)ilQFha&ialk 1, & QiR

. 6%@%{\% gﬂnémﬂ Rol @5 o> CI\IIECﬁlué:’S) ROl bl NRcI C( Oéll\l Deit
”wwfwwm%wmmm%@@w

NRS SZéQDBa} INR° C(@JNRQI@l T@R%(O)Olba 8RS lor CythEn eblryBaiveherein

sald%tﬁ- a&lw&%‘v a&lg%gl? i z.é & ylcn) 1slc§:%Qnal§7 skl%s‘l,){tgi;edgvnhl 2,3,4,or

5 suwtta&m@ uﬂeﬁ@dbﬂﬁ}em@éﬂrﬁr&ﬁ heR) @9% gty Cg';nah@hﬁ alﬁynyl
-6 al kenyl, C2-6 al kyny

Ci. 6(13210@1%&1@15}@(15% yicCa6 cxanential, LC;N,,NQNO D)Rbl

MR R o0k, SERBYETRE R g e e o,
NR°MIZ))NR°FH‘7 andrNIS’Pe(D)oméreu n said Cl-6 al k;g|t tczt 6d
substitute

i thodme sPbaditgntsoR! 5 sk, Tl Concbehidort 4s>a1keny1
Co. 6%%%91 %Nmﬂ ah\ﬁ{s%c akgxy béﬁagfan@alﬁkkw INO.S
R mth@nhlmr@d §31 6 R’lkyi £2meﬁyﬂl sn0es dhjpnd) mptlmall}'ﬂsubshm;sd
1- Cl 6
w1thafky%,yéf g; ésl% &teégggl;gy ;; %"[chg
a1keﬁy1a@9@bikyhy1 ClNs ha¥e¥k 1061 g @&Fg?alkyl oalll ANRRNY, 2,
ORa “C(%%%@S%Zb% Qﬁ@@@ocp@(@m“m ARSIR,

S A B e €+ Lo

sulbs sorhel embesdiments, R'is H, halo, Cy. alkyl, C, haloalkyl, C, alkenyl,
Ca.6 alkynyl, SO,NR®'R¥, NHSO,-C;.6 alkyl, Cy. cyanoalkyl, CN, NO,, OR?., or
SR, wherein said Cy.¢ alkyl, Cy.¢ alkenyl, or C,.¢ alkynyl, is optionally substituted
with 1, 2, 3, 4, or 5 substituents independently selected from halo, Cy.¢ alkyl, Cy.¢
alkenyl, C;.¢ alkynyl, Ci.¢ haloalkyl, Cy.¢ hydroxyalkyl, C¢ cyanoalkyl, CN, NO,,
OR?, and SR*.,

In some embodiments, R' is H, halo, C;.4 alkyl, C.¢ haloalkyl, C,¢ alkenyl,

Ca.6 alkynyl, CN, NO,, OR™, or SR, wherein said Cy.¢ alkyl, Cy.s alkenyl, or Ca.6
alkynyl, is optionally substituted with 1, 2, 3, 4, or 5 substituents independently
selected from halo, Cy.¢ alkyl, C,¢ alkenyl, Ca.6 alkynyl CN, NO,, OR?!, and SR*,

In some embodiments, R'is NO,.
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i ndependently selected fromhalo, Cl-6 al kyl, C2-6
al kenyl, C2-6 al kynyl, Cl1-6 hal oal kyl, Cl-6
woypdiraysss kyl , Cl- 6 cyanoal kyl, CN, NO2, OR 2, PBRUR2006/039228
C(ORb2, CCONR 2R 2, C(OOR 2, OC(ORb2, OC(0)NR
02Rd2, NRo2Rd2, NRc2C( O) Rb2, NRc2C(0) NR o2Rd2, and
NRO2ZC(OOR 2 . In soms enbodi nents, R2 is H, halo, Cl-
al kyl, Cl1-6 hal oal kyl, C - alkenyl, C2-6 al kynyl,
Cy 3R soBERNRO iR end-ROP MThabo, zﬂlksyilkyl G @a@a&q@,eﬂ?ml engh),

. B, SRR DREE S 5 bl B gy R

SR é(b R %O)'NRQR&OC (mfbsb@(to)RPﬁ @o(oc;ﬁea@kdze NR°%/R“‘2

sel ected -6 al kenyl,

h |
NR%C@)M, ,lefrigg)hgvdﬁﬁzwlNR%@«%% drvdeyain R 01@911@1 Cz 6

k@SB RFes Mt b ferlly oSt Lo KRS ey

indéhenNRH GEIRMRA Hidm MR AT QINROY, 2alk aryd] @W @R s haloklkyl,
sonme enpodi ments, R2 is H__hal g, @
Crgtardeayriyl, Caz caalwaié@hﬁN 1‘69%@% kS%ﬂ 5C é&g%RBv»
526 2R~ & EN; &
C(%OWO%MQ?’J i S *@éz@%‘ aﬂ“k‘%’n%ﬁy ORETRS
and(]SlR%Céﬂ) 0, is optlonally substituted with 1. 2 3

<118 samppthbopseinn ke it 1 G 6 iy G oy COTMRELR:
W@? a2 S@zN@{CWg,r Nmzl@'] 6 all@il @1 mﬁ@@kﬁ}/CN m% OR*I2

In some enbodi nents,

or $R&F,ovheein saléﬂqwalkyd:ﬁz@ afleengha ok §3I2§ alkyny, lém@ﬁlyqﬂy S@bstéuted
w1t1§ll%%y 4& u{ljl)ﬁ'%ent%epen%ﬁntg}f@%?(ctw&ﬁ:hglog gjtlf gﬁ%f %2_5
alk@iybﬂzl Gtaﬂtyﬁg}l @, IIhaIbalk%’fl Qs h@dro&yalﬁy]s Qhs tydnoelilyk CN, NOZ,
ORal» ﬁ%n yﬂo t& @(@N?\%&Fg C@R)(r)n&%g(l)g@%z %ﬁ{gﬁﬁggég‘%l “R%,
NREETB oM RS i Skl som, e et
enbhdonershodRyénta RS iRH2halpeCit dlkylsOnehaoddi Genalkenyl,
Cz_scg/lﬂyny?, 8y , S(%E\ﬁichl{ka, &‘fi‘&‘?‘f“ 1| Gyallgﬁ! 810 6t gy%nga{l%/?, 65\?,’ INOZ, OR™,
or SR*", wherein said C. alkyl, Cy.6 alkenyl, or C, alkynyl, is optionally substituted
with 1, 2, 3, 4, or 5 substituents independently selected from halo, Cys alkyl, Cy6
alkenyl, Cy.¢ alkynyl, Cy.¢ haloalkyl, C;.¢ hydroxyalkyl, Ci.s cyanoalkyl, CN, NO,,
R*, and SR™.

In some embodiments, R? is H, halo, Cy.¢ alkyl, C,_¢ haloalkyl, Cy.s alkenyl,
C,. alkynyl, CN, NO,, OR¥ or SR¥, wherein said C.¢ alkyl, C.¢ alkenyl, or Ca.
alkynyl, is optionally substituted with 1, 2, 3, 4, or 5 substituents independently
selected from halo, Ci.s alkyl, C,.¢ alkenyl, C,4 alkynyl, CN, NO,, OR¥, and SR™.

In some embodiments, R? is C(O)CH.

In some embodiments, R? is NH,.

In some embodiments, R? is OCHs.

In some embodiments, R®' and R& are H.
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heteroaryl, cycloal kyl, and heterocycl oal kyl, each
optionally substituted by 1, 2, 3, 4 or 5 substituents

wonodemaendent |y sel ected from hal o, Cl-4 al kyl, pPCRA%2006/039228

al kenyl, C - al kynyl, Cl-4 hal oal kyl, CN, NO2, ORa6,
SRa6, C(O) Rb6 5C(O NRc6Rd6, C(O) ORa6, OC(O) Rb6,

OC( O) NRc6Rd6, NRo6Rd6, NRc6C( O) Rb6 and NRo6C(0) CR a6.
In some enbodi nments, Q/al ap are i ndependent| y

sellacood emb@mmmys Cyfeand QT yie m@yem@aﬂk 9¢lecta¢1&om aryl,

hefShL 500, 6 no B ARbCIRh DhPYRS At By o e, 7
or %@bbt%aéigﬂs i nd@ntBafalec&ﬁ;i@om (ng%j ?i)@ ;lk&%ﬂﬁﬂ(@ﬂylﬁ(b 4
ol GedBELS, 5 NDp QRS fﬁ&@)&?@i@r@ﬁﬁﬁﬁ&g@&
N R s R e

s UbBitsotngtetbodimdnts, Zy* 2and4C 87 ara mddpsmddntlg ntlscted from aryl,
hetespgrgl, caHANKI B EnSPRORIEE) h-omagly%umte@y%é 4

or %%%itbﬁé?tﬁ ﬁf?ﬂp&fleﬂﬂ %ééfggpﬁ&ﬂ%ﬂd N N@kg LS'RG?TUJEE()))Rm
C(NRIRF, CPR®, GYHOORT K PC(OMERS RoaN;Rl PRI NREC(OIR™ and

¥cl oal kyl, wherein said Cl-10 aI kyl, Cl-10
NR&?’%@&@& C2-10 al kenyl, C2-10 al kynyl, aryl,

CyCin%hiéYelmbddﬁh@’ftQ &yl andaTy’ h@xteena@yﬁdimlﬂsylbcﬁes from aryl,
optionally substi tuted with

hetesaprst, icyelepticsl, @h@bﬁéﬁ%}éﬂ%l&yls@@waanﬁlwﬁlbwtegw He2: 3,4
| a6
or 38 8‘?oéﬁ?ﬂ;F‘hﬂ%b&?‘*enﬂ\?%‘&t?‘iﬁ%‘m%% SRyl Y L

NRE®it enbodi nent s, Rcl R2, Rc3, R4 R5, and R6 are
i ndependent |y sel e c;rqgn

hal Beiomp emisslinent %: @zR r@n &ﬁél‘ﬁd‘f _ ﬁl%
seléc@écﬂfr&ﬁﬁl% 6}}) kiebs, cCle Ha@oémalw@i llgxélkenQZc}Q) aaqkﬁ@makﬂ or3

IS optionall stitufed wit
cycllqallqd latqqmd |and|bmwdqdbﬁlnwémeurysag@%mta@@vl,f%mhdqalkyl

Cz 102 kenyl '&i"m alkynyl aryl cycloalkyl, heteroaryl, or heterocycloalkyl is
optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from
OH, amino, halo, Cy.¢ alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl,
and heterocycloalkyl.

In some embodiments, R°, R, R, R* R®, and R° are independently
selected from H, C.10 alkyl, C1.10 haloalkyl, Cs.19 alkenyl, or Cy.1o alkynyl, wherein
said Cy.1o alkyl, Ci.1o haloalkyl, C,.19 alkenyl, or C;.10 alkynyl is optionally substituted
with 1, 2, 3, 4, or 5 substituents independently selected from OH, amino, halo, Cy.6
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycloalkyl.

In some embodiments, R°!, R, R, R*, R, and R* are independently
selected from H, Cy.;0 alkyl, C;.10 haloalkyl, C,.10 alkenyl, or C,.19 alkynyl.

Tn some embodiments, R°!, R, R®, R*, R®, and R are H.

In some embodiments, RY R%Z R® R* R%® and R% are independently
selected from H, C1.10 alkyl, Ci.10 haloalkyl, C,.10 alkenyl, C,.10 alkynyl, aryl,
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al kyl, aryl, arylalkyl, heteroaryl, heteroarylal kyl,

cycl oal kyl, and heterocycl oal kyl. In sone enbodi nents,
weaebo7/048885 R3, R4, R5, and R6 are independent| pCT/US2006/039228

selected fromH, CL10 al kyl, Cl1-10 hal oal kyl, C2-10

al kenyl, or C2-10 al kynyl. In sone enbodi nents, Rcl |,

R2, Rc3, R4, R5, and R6 are H In sonme enbodi nents,

Rdl , Rd2, Rd3, Rd4, Rd5, and Rd6 are independently

 cychalkst; hetbrdargimutd h@éodﬁbl@llkﬂ wh&ﬁéml;@ldf@l' 9 alkey G, Raldddiyl,

al kenyl , C2-10 al kynyl cycl oal k het er oaryl ,
Ca. 1aﬁ]éFe’F13ét € w@}l%w!ama% cycloa mteé%arwl mgq@oayqlwkyleq 10
€NVor
optlggégﬁg%lﬁgtlltute@ﬁxgg}glr ?érgyjlp drs sgﬁstlt:‘:lgernggclglg Fﬁxﬂ{}ygelected from

 OHppinopiadlé,\Cisabit, aryit mdrlal\kyllhele;roétyl &gtemarﬂalkgn cycloalkyl,
' dfﬁlﬁFSt it e@(tg i ndependently selected from OH, am no,
an Bocy | kyl, aryl, arylalkyl, heteroaryl,

hetrg rs@@é)éhﬁbhﬂﬁentscké‘ R@H lRW R“"GWS Qﬁa RUOGY %&9érméh%y' n

sone enbodi ments, Rdl Rd4, Rd5, and

selegied fwoamap@mbeqikylycsmh@bta&oﬂ ﬂzomllﬂen}dllorm 1ablkyhyl, Cherein

seid 50 U Iy G LS W enl o B o st g e
wu}cz, 21,0 4| deYsnybstitGerdPinidepaldbntlyssehstddt iR O aintind, halkh, B

5 substituents i ndependentl y sel ected from OH,

| all%rﬁfﬂoﬂﬂ?éhd hetgrogryhhelaroarglaliyl, cxelpplkyiond heterosydealkyl, -

- het ¢l gal yﬂ,da (olly] In
o Onp aPeen I R B R B MR R B ARy
selegtieé fnonde@ndJedityl,stpa Ihebalfkgﬂ f(b@mlkbn}@ or1D ;@hlkyhyl. C1- 10
hal.oal k 10 al kenyd , 40 490 kyn In sone
oS gt LS RS RS RGRCR andR L Rl ore n

The Vif inhibitors described herein also include

conpounds listed in FIGs. 1- 10, FIG 18, or FIGs.
Vibinhibiteanddsemiaddierein alse énchustesogipounds listed in FIGs. 1-

o B FRSEE R 0 SRE SRR et Shyk SR ARRARLP

accepiabdmm]xeuﬁd&sé corhgoumds. aSf theel coMipotiidtshawa 11KHIIW1 8, which are
their use as Vif inhibitors was not Known.

exalgg aggnds' Rin foraulag (Vs Hhak gieknpwn peripounds, thepraise apVif
mhlﬁltééwﬁ%%omﬁjr ocar bon group which is

strai ght-chained or branched. Exanple al kyl groups

i nAAsuthed heretny khe term “alkyl” is meant to refer to a saturated hydrocarbon
group which is straight-chained or branched. Example alkyl groups include methyl
(Me), ethyl (Et), propyl (e.g., n-propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, t-
butyl), pentyl (e.g., n-pentyl, isopentyl, neopentyl), and the like. An alkyl group can
contain from 1 to about 20, from 2 to about 20, from 1 to about 10, from 1 to about 8,
from 1 to about 6, from 1 to about 4, or from 1 to about 3 carbon atoms.

As used herein, “alkenyl” refers to an alkyl group having one or more double
carbon-carbon bonds. Example alkenyl groups include ethenyl, propenyl, and the
like, |

As used herein, “alkynyl” refers to an alkyl group having one or more triple
carbon-carbon bonds. Example alkynyl groups include ethynyl, propynyl, and the
like.
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(M), ethyl (Et), propyl (e.g., n-propyl and
i sopropyl), butyl (e.g., n-butyl, isobutyl, tbutyl),
woaeminyu4s6e. g., n-pentyl, isopentyl, neopentyl) pcang2ioh®e39228

i ke. An al kyl group can contain from1 to about 20,

from2 to about 20, from1l to about 10, from1l to

about 8, from1l to about 6, from1l to about 4, or from
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of alc'ylﬂ%alkﬁi group can be oxidized, for example, having an oxo or sulfido

substituent. Example cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl,
cycloheptatrienyl, norbornyl, norpinyl, norcarnyl, adamantyl, and the like.

As used herein, a “heteroaryl” group refers to an aromatic heterocycle having
at least one heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl
groups include monocyclic and polycyclic (e.g., having 2, 3 or 4 fused rings) systems.
Any ring-forming N atom in a heteroaryl group can also be oxidized to form an N-oxo
moiety. Examples of heteroaryl groups include without limitation, pyridyl, N-
oxopyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, furyl, quinolyl, isoquinolyl,
thienyl, imidazolyl, thiazolyl, indolyl, pyrryl, oxazolyl, benzofuryl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl, 1,2.4-thiadiazolyl,
isothiazolyl, benzothienyl, purinyl, carbazolyl, benzimidazolyl, indolinyl, and the like.
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tholfEh SUGRE RS SBiile o R RRREe perhEp. K BE et gt apfnigion of
het8is8y @@k A réBlolctias 1ri5‘thcﬁ @M ¢ Has-folmagP, ®, or S atom bears one or
"het erocycl oal kyl " grou s I ncl ude nor hollno
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benzo I OX "penzo- I OXane, plperi
atopyr Mosarmk eybodiments, the heterocycloalkyl group contains 3 to about 20,3 to

about 14, 3 to about 7, or 5 to 6 ring-forming atoms. In some embodiments, the
heterocycloalkyl group has 1 to about 4, 1 to about 3, or 1 to 2 heteroatoms. In some
embodiments, the heterocycloalkyl group contains 0 to 3 double bonds. In some
embodiments, the heterocycloalkyl group contains 0 to 2 triple bonds.

As used herein, “halo” or “halogen” includes fluoro, chloro, bromo, and iodo.

As used herein, “hydroxyalkyl” refers to an alkyl group substituted with a
hydroxyl group.

As used herein, “cyanoalkyl” refers to an alkyl group substituted with a cyano
group.
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I soxazol i di nyl, isothiazolidinyl, pyrazolidinyl,

oxazolidinyl, thiazolidinyl, imdazolidinyl, and the
wOi2k@ /0448650 i ncluded in the definition of PCT/US2006/039228

het er ocycl oal kyl are noieties that have one or nore

aromatic rings fused (i.e., having a bond in common
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to al kyl substituted by cycl oal ktyl . An" exampl e
formag. Methadglondrogule rirepasepptidally active forms from optically active
starting materials are known in the art, such as by resolution of racemic mixtures or
by stereoselective synthesis. Many geometric isomers of olefins, C=N double bonds,
and the like can also be present in the compounds described herein, and all such stable
isomers are contemplated in the present invention. Cis and trans geometric isomers of

the compounds of the present invention are described and may be isolated as a

mixture of isomers or as separated isomeric forms.

Pharmaceutical Compositions Containing Vif Inhibitors

The invention includes pharmaceutical compositions for inhibiting Vif that
contain a pharmaceutical carrier and a therapeutically effective amount of one or more
compounds described herein, e.g., compounds of formulas I-V and/or compounds
listed in FIGs. 1-10, FIG. 18, or FIGs. 19A-D.
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As used herein, "heteroarylal kyl" refers to al kyl
substituted by heteroaryl and "heterocycl oal kyl al kyl "
woebevm4i6e al kyl substituted by heterocycl oal kplT/U82006/039228
used herein, "amno" refers to NH2. As used herein,
"al kyl am no" refers to an ami no group substituted by
an al kyl group. As used herein, "dial kylam no" refers
to an am no group substituted by two al kyl groups. The
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armaceuti ca

I'nhi biting Vif that contain a p carrier
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anighagieriakegenitgbionas tamayisdrate er mathybpasgtansanbioxidhals sudyas
o o or S5 TR M bLABLACELD, A A s

acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of

tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases,
such as hydrochloric acid or sodium hydroxide, as appropriate. A parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials
made of glass or plastic.

Pharmaceutical compositions suitable for injectable use can include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition must be sterile and should be fluid to the
extent that easy syringability exists. It should be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
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Oral compositions generally include an inert diluent or an edible carrier. For

the purpose of oral therapeutic administration, the active compound can be
incorporated with excipients and used in the form of tablets, troches, or capsules, e.g.,
gelatin capsules. Oral compositions can also be prepared using a fluid carrier for use
as a mouthwash. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules,
troches and the like can contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin,
an excipient such as starch or lactose, a disintegrating agent such as alginic acid,

Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant
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tabl ets, troches, or_ capsul es, e.
- and polylactic acid. Such formulations can be prepa:red using standard techniques.

The materials can also be obtained commercially from Alza Corporation and Nova

Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to

infected cells with monoclonal antibodies to viral antigens) can also be used as

pharmaceutically acceptable carriers. These can be prepared according to methods

known to those skilled in the art, for example, as described in U.S. Patent No.
4,522,811.

The pharmaceutical compositions can be included in a container, pack, or
dispenser together with instructions for administration.
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elimnation fromthe body, o
Corporation (16981 Via Tazon, Suite GY San Diego, CA 92127). The Vif inhibitors
listed in FIGs 1-8 were identified from this library using the screening methods
described herein, in Application No. 10/984,946, and in Wichroski, M. J.; Ichiyama,
I.; and Rana, T. M. J. Biol. Chem. 2005, 280(9), 8387-8396. Certain Vif inhibitors of

formulae III-V can be purchased commercially. Others can be synthesized using

synthetic schemes described herein or by an extension of these schemes using

synthetic organic chemistry techniques known to one skilled in the art.
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i npl ants and m croencapsul at ed delivery systens.
wei2oagssssabl e, bi oconpati bl e pol ynmers can be we®MiS2006/039228

such as ethylene vinyl acetate, polyanhydrides,

pol ygl ycolic acid, collagen, polyorthoesters, and

pol yl actic acid. Such fornul ati ons can be prepared

usi ng standard techniques, The materials can also be
SyrhesineldV i dphibiter ebhewvn poRIGs. 9andothor at i on and Nova

Pharyacauti cal G [ S L; I ncl udin

1 pocnialo e st Bk, PP e R R i
inEnhediew] 244-nirophemflthiv)bérgeivsicidans abtlifedid SehedeasAcid 4 can

. i call bl e i, . These b
ol ARE e caPe 506U eemas rastiah of 6 9dRoairoaRZPReband
m!la\tlgylt iAflﬁle%abtobfeﬁ‘ioa?é(ﬁ iR actBtidls #ed dRE4 wifh 3OS, tﬁ@?&ﬁ%igg

,522,811. The pharmaceutical conpositions can

acyleblonide§ dan ba reastedawittearyl, betekoargrandialiqy améres Hdg ptdvide a
ith kn 1.0 f admnistration. These
1 gr?glggffﬁgtgﬁgllggﬁﬁ%gg%oﬂﬁ H @Fér%amtg@ng rout es of

adm ni strati and dosages simla o those used for
oz|i nhi bi s of HL\V repligai and known, Hl V
pr 6tease i nfi hytWPs. Once &N 'Sbi ?Meof i nter éd s gon

bean identified, standard principlgs of nedicinal
chem stry can be used to produce derivatives of the
conpoupdd Derivatives can bé $creened for inproved

4
z,p’g MRCO| Qi cal—propght ' I, examye—eff+ca
° phafmaco- ki netics, st gbtsy,o sol ubi | i ty, and 5 S g

cl earahce. The noieties resgonsible for a conpound's 7
activity in the assays désksmekd above can be
del i neated by exam nation of structure-activity
relationships (SAR) as is comonly practiced in the
SyaithiesisAfPEE BighiibitbrsBlbiwitinyFIs. b landn 0pVith ASudfehhfdde Linkage

chenistry .could nodify noieties on a candi date
co npr% HiERgfors, horm afiGaeband 10 wite Seermmide binkpgecan be
s . £ or .
S P A IR A bl 18 afi AU i AR b
linkage asroughieadph Schaee? Nimeatiaj affargt ordletergdr9i8BYinds 8 with 2-

: tibiot 41: 30 Furthermpre, if the bi ochem ca

o el Syt o8 oo Joriediate RlGapmgte 10 it can be
coupled with 4-nitrothiophenol 11 to provide desired Vif inhibitors shown in FIGs. 9
and 10 with Sulfonamide Linkage (12).

NH,

| OMe
! O\\ Il:ll (0]
= ) + S0,CI —_— S\/ + HS NO; ————» OzN_QS /,S//
R e} 0 H‘N—</___\>
\ —
: ]
8 9 10 12 R

"

Scheme 2
Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10 with an Ether/ Amine
Linkage
These inhibitors can be synthesized using the route outlined in Scheme 3,

similar to the procedure described in Scheme 1.
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determ ned, the structure of the target and the

conpound can informthe design and optim zati on of
woepivmaticses. Ml ecul ar nodeling software i's PCT/US2006/039228

commercially available (e.g., Mlecular Sinulations,

Inc.) for this purpose. Preparation of the Vif

I nhibitors A diverse library of 30,000 small nol ecul es

was purchased from Chenbri dge Corporation (16981 Via

Tazon Suite@rSan Di ego, CA 9212Y). The Vif

@ ors | ed in FIGs 1-8 i dentified fro
t2 i brary<ugtavg the scr X Psds descr‘?2
herein, in Appcf j,cation No. 10/984,946, and in

W chr oski , XNg . [ chiyama, L; and Rana, T.M J. Bi oI

Chem 05, 280(9), 8387-8 . Certain Vif inhibi tor@r
of | ae 1HV,can b u ased eemercial |
t@ﬁé t hesi zed 8@,‘“@@ etic schenes deé&'@d( iR

her ei p ‘or by an extension @if t hese schenes using
synthetic organic chem stry techni ques known to one
skilled inthe art Synt B3 Vif Inhibitors Shown
i f inhibitors shown in FIG. 9 and
Rechtﬂ ngfbe synt heS| ed froma comon i nternediate,
2- ( In oider ophmnytetthe s)lbletizoind caauldr uptake oY ifiinfabitgrp shown
i can be .obtai ne th r
in Bk gad 40 B pito oM A rRe A B or Riset o FF BT w1
and net hyl 2-ner tobenzoate 2. After aQr\;:tl ng the

acid 4 wth _SCC the resulting acylghl de 5 can be
react ed o yl, keroaryl and BR6 to

provi de a | arge nAnber of Vif inhibitors ﬂovvn in

FIGs. 9 and 10. 8chenme 1 Synthesis of Vi £ 1 nhi bi tors

Shown in Fl Gsx=90atd 10 wth a Sul fonam de Linkage Vif

i nhibitors shown in FIGs 10 with Sul fonam de

Li nkage can be synt hesi ze(}lg% repl aci ng the am de
Sullfolimie: aithesn B and C rings with a sul fonam de

I i nkage as outlined in Scheme 2. Reaction o

@eolo

het er oar yl am 8 wth 2- | odobenzenesul f
chl ori de rovi de mswerfedi-ate s
that cdf & with 4-nitrothi oghan RNt o

provi de desi rggj Vif inhibitors shown in FlGs.z9
X=§,0,NH

Scheme 5
Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10 with a Ring Analog

From commercially available 2-chloro-1-iodo-4-nitrobenzene 21, inhibitors of

the type 23 can be synthesized utilizing Scheme 6, which is analogous to Scheme 1.

¢ ol cl
< § . . R
ON l HS OMe om@—s oMe ——> OZNGS NHR
(@) [s) (o)
21 2 22 23

Scheme 6
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and 10 with Sul fonam de Linkage (12). Schenme 2

Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10
woi20d7/8m56Et her / Ami ne Li nkage These i nhi bi t or spcausb@6/039228

synt hesi zed using the route outlined in Scheme 3,

simlar to the procedure described in Schene 1.16 17

18 19 Schene 3 Reduction of the Nitro G oup |In order

to inprove the solubility and cellular uptake of Vif

inhibitors shown in FIGs. 9 and 10, the nitro group on

ring A can be reduced to an amno group. @2NV - ¢c Y -
SyhHR s Vif IhhibitoddShbvm2inFDGs=9 Snd O MetlSa A qBosition Linkage

Sul f.onam de t hesi s = Ol NH.Sche . t hesi s

of ! VBT SRR G b syibetzed Wl Sy P g 24
in ARAAPLAY Q8p. ANRERHGER ovteAwAtbleddDARlogs is described in Scheme 7.

2-chl oro-1-i odo-4-ni trobenzene 21, inhibitors of the

type 23 can be synthesized utilizing Schene 6, which
i s anal ogous tg Schenme 1. 21 2 22 23 Schenme 6Synt hesi s

of Wkf Inhibitbgs Shown PHPhGs and 10 wi th %
iz%@@éi t'i oﬁjﬁ)nkage_rﬁﬁi b@r 'ffe TWJ“e"zg or

syntresi zed wsi,ng 3-syhstituted,pehzoates 24 in the, ©
coupling step. The synthetic route for these anal ogs

ot S.described in Schgne.7. 26 27 28 29 ON
(¢] Q o}
26 27 28 29

Scheme 7

Retro-Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10

Method A OMe

g:i g:i HoN
OZN—QvS NH  OMe e 02N'©—SH L NH OMe c———> %CI + @
"0 ixa

N 0]

ﬂ Method B
H,N  OMe
+ > [—— OzN—©—| *
OZN_Q‘S OH OzN'—@‘S OMe HS d OMe
9] 0]

Scheme §

Synthesis of Vif Inhibitor 1 Analogs Shown in FIG. 18: General Reaction

Schemes
Analogs of Vif Inhibitor 1 (compound 1, FIG. 10A) can be synthesized using

general Schemes 11 to 14.

= R4 Y
=g s Iy
RS _
X . H\ - + | 7Y —— R1_<;>‘X X |
R R R /
oo R
R XH o] ITI'
4 R

o~ ¢l

1 2 3 5

Scheme 11
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Scheme 7 Retro-Synthesis of Vif Inhibitors Shown in
FIGs. 9 and 10 Q HZN Owe Schene 8 Synthesis of Vif
wonk7isesss 1 Anal ogs Shown hi FI G 18: Cener al pBeArsk006/039228
Schenes Anal ogs of Vif Inhibitor 1 (conmpound 1, FIG
10A) can be synthesized using general Schenes 1 1 to
14, Scheme 11Schenme 12 Schene 14 Met hods of Treat nent
Vif inhibitors described herein can be used
t her gpeut i caIIy to restore the innate H V¥l inmmunity
gi venl to aglfs]by AP%E@, r APOBE%y; nd~oy her
hu bst de ense—pr ot reby”t reas/'ng jects
having viralgemg., H V-1, in Id ons. Dosjage,
toxicidy, and therapeutic e#ficacy of suchl Vi %
i nhi bitory|con'po nds can be determ ned by standard

phar mace Kk cedur es in gell 2570

experi rrenta ani Is ~€. 9., rFOr de%g{r}ﬁl n he LD50
(the dose | etzhad & 50% of the popul ati en)o7agd the
ED50 (the dose thérapeutl cally effective in 50% of the
popul ati on). The dose r 8thdmdet ween toxic and
therapeutlc effects is the therapeutic index and it
can be expriessed.as the ratio L DRQUEDER. ounds

whi ch m@e ther/&ge%ndﬁ@-@)&ﬁ%eferred.
Wi | e conpounds That &xhfbit toxic side effégcts can be
used, care sHout'd™se talken to design a del PvéFy system
that targets suchconpounds to the site of affected
tissue in grder fo mninize potentia Yamage

uni nf eai, ki§ Bnd, 1Rereby, [eeuhe@fbe—@( ects.

The data obtai ney from bhe cell culture assdys and

ani mal studihes €anirbe used in formul ati ng & rERge of
dosage for use in hurran%bhemglgosage of such conpounds

III

NHR,

1

N q N Sy - _\ X*@
e ot — T O —

— 0 O—?—O

18 19 22

Scheme 14

Methods of Treatment

Vif inhibitors described herein can be used therapeutically to restore the innate
HIV-1 immunity given to cells by APOBEC3G and/or APOBEC3F and other human
host defense proteins, thereby treating subjects having viral, e.g., HIV-1, infections.

Dosage, toxicity, and therapeutic efficacy of such Vif inhibitory compounds
can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LD50/ED50. Compounds which exhibit
high therapeutic indices are preferred. While compounds that exhibit toxic side

effects can be used, care should be taken to design a delivery system that targets such
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lies typically wwthin a range of circul ating

concentrations that include the EDSO with little or no
WOaHITi44365 The dosage can vary w thin this ranget/us2006/039228

dependi ng upon the dosage form enpl oyed and the route

of adm nistration utilized. For any conpound used in

the nethods described herein, the therapeutically

effective dose can be estimated initially from cell
compbtndsdo fessitgof affectod issuain erderf tormininize poteatialamage to

del 0 achjeve a circul atd pl asma concentrati on

un}r{gﬁcggis?qilétanﬁiﬁhﬁ:rﬁﬁ%ge(f%g s’:é&g%)t‘e(?tlgl e., the concentration

of MR dafSIbtHAPRMdha\bdICdbltacdsease snd ahialdl stwdies k@t be used
_inhibition of synptons) as determined in ce|ll culture.
in Growlating@rrargd Arflosess fBeuseda gumaniyothe dosagr ofisuply compounds
det . t - : e
e ey T & e P Syt (AR o o B RO G
lim@bllom;togmitgp NYte ddtree phavagodtiin tad raogeersndingmpox e desage

included in_a contai.ner, .pack, or dispenser toget.her,.
for. Pl ARibthe GAute 06 AIT3iRPRTCH Plizcgl, FoR ARy compotind tsed in
thOBRHIRS G h&GORPAS ildr et bR effedtl@Re davbé estimated
o .ﬁ%ﬁg?tpr can be %gld irl;%nbgtlho%;e of tre_atei ng aessllil%?%ct
1nmﬂa}iy froni ceflenvitart asbayls. & dasegan be frmubtgstingainalinpodeds tg. |

.lentivirus, .e.qg., HV. The_ net i nel .
ocighs Rl up S N RS R IR S e 0 e
cobdntiafibh BT the fiest BaMPGIrdi vtilcll @shidvicd @ alfendimal inhibtéon of

subj ect, such that the viral |oad of the subj edct IS
sym@tieods deisrigisps ﬁb@?ﬂféﬂ@%ﬁ”&ht‘@%?}&?tqaei’ﬁ ed to more
o _ it i b o
oS AP o8 Ml DB ol BB, fr
ex.:aﬂlfpggbf?ﬂigl\ﬂIiegf_oﬂhhhcel‘l/h]ml:bdsorhamgﬁphﬁr m ni ng the viral ‘
oad_of .a subject are known in th rt.. The .
compBS RAGRECEL P S RONP TR PE PR P GrhiB A OB IFRACK oF

di%ﬂeﬁ?& t&%efthe?%i#iﬁstﬁ{b%o% foraaRidistrienper week; including
nce every other day. The skilled artisan wl|

appr B ptaemadeatical epmapsitioscthatrisclids/a Vil inbibiercanthe used in

d tini ir of f ect |
mESRIET Ffing p Sumey R s PP bl Y bolb BB it o5 0
lehfi@rdi 8 8asBVOIThdins@hsiBrinclpdeadnguiteringatih@apatictlheeffective

general health and/or age_of _the subject, and ot
amount of a Vif inhibitor compositio% described herein {o t‘1':1e sub%ect, sucﬂ %{at the

viral load of the subject is reduced. As defined herein, a therapeutically effective
amount of a Vif inhibitor is an amount sufficient to decrease an HIV viral load in a
subject infected with HIV. Methods for determining the viral load of a subject are
known in the art.

The compositions can be administered from one or more times per day to one
or more times per week; including once every other day. The skilled artisan will
appreciate that certain factors may influence the dosage and timing required to
effectively treat a subject, including but not limited to the severity of the disease or
disorder, previous treatments, the general health and/or age of the subject, and other
diseases present. Moreover, treatment of a subject with a therapeutically effective
amount of the Vif inhibitors of the invention can include a single treatment or can
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di seases present. Mreover, treatnment of a subject

wth a therapeutically effective amount of the Vif
wonb7m4asess of the invention can include a singC®uUS2006/039228

treatment or caninclude a series of treatnents. The

nmet hods descri bed herein can include eval uation of the

clinical effectiveness of a Vif inhibitor as described

herein, e.g., inaclinical trial or in a general

in6luil®h §éﬁes§ﬁ tlehiibntse ’Igre’mé?ﬂoc%\ﬁékéfﬂ)teﬂ ﬁgre%@&lhﬁél}%ggva\lﬂafﬁon

i nhi bitor has an effect on a subject’'s vira
ofithe plidenl leffootivenesstaie VAF inhihtor bedessuebed lereiet @g imeclinical

Th [ rther... ...
L B R B P e WA bS5 b s an
effdcit  kitGectBaRR] Rhd! Weiddd KRbHA M RS daR BE kel ﬁofh%temne
claims. Exanple 1: Co-Expression of Vif and APOBEC3G

virdla#ts in the Loss of APOBEC3G In experinents
originally designed to show interaction of Vif and
APOBEC3G, it was observed that the total cellular
| evel s of APOBEC3G wer eEXAMEBESdr amatically in the

re b Qm Cc proviral
T e
lintio theess paneli the) irvidhti oM (ﬂb&blﬁbédﬁﬁ&lwclaﬁﬁd PNL- A| C1l 5 which

harbors the vif cii4 s nutant e described in Kao et
al., (2003) J . Virol. 77:1 1398-1 1407. Singl ecycle

Extdh 1&1'@6113* &3n o%mféxﬁfA d)B &38MNeshHE ift sed a
sour ce 0P 4- 3

_@_EEEE_VM del etlon mJtants D2 (D12-23), D5 (D43-59),

1. 1330S emcdie R g o oot misickion ahdiband

AR@BECB Getl was obbdipdl At tBé total (CbRID) ledels ¥F APOBEC3G were
73:2675-2681). Al chem cals were purchased from Si gma

reqused dragatisallvin)thepresenseof Naf wi se i ndi cated. To

S eSS RNELA, RE558h% 3E g
Vif gl mnespmdﬁf@mmmumcmﬁ,ohnalmmmwmm Barb6ffthe
Vif'"*S mutant are described in Kao et al., (2003) J. Virol. 77:11398-11407. Single-
cycle HIV-I luciferase reporter virus pNL-Luc-E'R™ was used a source for NL4-3
strain Vif. A series of HIV-1 NL4-3 strain Vif deletion mutants, A2 (A12-23), AS
(A43-59), A6 (A58-74), A7 (A73-87), A9 (A97-112), A10 (A111-128), and A12 (A140-
148) (were used and are described in Simon et al., (1999) J. Virol. 73:2675-2681).
All chemicals were purchased from Sigma (St. Louis, MO) unless otherwise
indicated.

To generate Yellow Fluorescent Protein (YFP)-epitope tagged versions of Vif
or Vif mutants, the Vif coding region was PCR ampliﬁed and cloned into the EcoR1
and BamH] sites of pEYFP-C1 (BD Biosciences, Palc\> Alto, CA). The APOBEC3G
coding region was amplified from cDNA derived from frozen human peripheral blood
mononuclear cells. To generate pCyan Fluorescent Protein (CFP)-APO, the
APOBEC3G coding sequence was cloned into the HindIll and Sacll sites of pECFP-
C1 (BD Biosciences). For expression of APOBEC3G with a C-terminal epitope tag, a
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and Banffl sites of pEYFP-O (BD Biosciences, Palo
Alto, CA). The APOBEC3G codi ng region was anplified
woOnemwaB¥s derived from frozen human peri pher alpciolusoee/039228
nononucl ear cells. To generate pCyan Fl uorescent
Protein (CFP)-APO, the APOBEC3G codi ng sequence was
cloned into the H ndu! and Sacll| sites of pECFPC (BD
Bi osci ences). For expression of APOBEC3G with a
Ko%alt Ab&Hona re&@nﬁtﬂﬂ%e&@éﬂwe pdsae ks 'ph&é@ Hﬁedt@ﬁ@@ﬁ*bdﬂl @fthe

se uence (ccacc) aced directl stream of .the
stagcadon @u;mgﬁ’ pmphfiFtina CPE @%\@W@ﬁl a C-terminal

ORSHRFRRAR e 1S o FTEIP B i

APBHBIRHEGBmtd t‘lieQEdoRe afzd ARb1 sined T (plIRES-IhBGFBQa (Stratagene La Jolla,

| RES- hr GF Stratag _aJIIa and the
0 Ml s 5] e PEEE cmns iTerregtyely.
TS QEBEEHLHSh oy B59) o GREDty ELEREIVTE) ity

Himﬂﬂwdﬂanﬁmf\lws(mm Ioéiﬁ Bmsem)lces]'o i nduce random

t t
Ot S iRt bl aEont bismitng 208 BEHlE R Nber
Amﬁ“ﬁfh@rag 88 lab b REmPaRIVEIS ARy PERNRE théHetulBEY pRdGbts
as descri bed above. DNA from random col oni es was

Wepsy @pmdeétqﬁ%g?d; ag\iadrisnd, aboyy. BN fiemdandym polpsipawEs

pre%n d ( um a.) gls&ﬁég@faﬁﬁﬂfé‘%%@%%&ﬁe& %9%;‘9% i§_Mmi ntained-

Dul ae ganstedted293Tectlkaghemaintaaedsim a(}QMEiMﬁeﬂriﬂmﬂamg &%
suppl enented with 10% fetal bovine serum (FCS), 100

CQuht B friin fakheere s medifing Hapde sige unstMﬁ%rﬁp&mg?rﬁ/ S)
sul{y'l eér&écf’&ﬁ ov(}eﬁagpgwﬁé* érﬁ ﬁcebf%@gﬁmgﬁﬁcﬁﬂﬁgnd 100

ncr a rans s using
ug/h:nlmfeptotr@mrr(g‘FS)rﬂnvﬁgﬁgbn).l (megem piudfiedplasthidDNAI (Qiggan) .
rn n cj pi_t.atjon eri nt
Va@@é}ﬁ\ﬁb PS apdostrigg %’Tegeqﬁrs(ﬁes’%gtlﬂmfe@a@rne 22 >
llpgfe@ﬁ(ﬁﬁaé@ﬁ?ﬂnﬁ% g&lgl IFSr W%‘éﬁm‘ﬁgg/ arﬁpi%‘h!ﬁ‘r%kmp-fﬁﬁoﬁmo unt

vector used the nolar ratio of véctor for
expﬁmnmenm 2PEE vélbrwaex prenifeded i cther Gest? ol glates wien the cells

W‘%ﬁ%ﬁ% goﬁlfegt. iniglgeregnél T SP %%t?rvﬁggi @%F @% zioq?rjl%/faB E/Yector or
co-tfRn @) experiments are described in the Results and figure legends. When
necessary, final DNA amounts were made equal by the addition of pGEM (Promega).
For live imaging and immuno-localization, 293T cells were seeded into poly-d-lysine
coated 35 mm glass bottom culture dishes and transfected when the cells were ~50%
confluent. For proteasome inhibition studies, culture media containing 100 uM of N-
Acetyl-Leu-Leu-Nle-CHO (ALLN, Calbiochem, La Jolla, CA) or the equivalent
volume of DMSO was added to cells 12 hours prior to harvesting or imaging 36 hours
post-transfection.

293T cells were transfected with YFP-Vif and either CFP-APOBEC3G,
APOBEC3G-HA, or HIV NL4 proviral DNA (wild type, which includes Vif, or a Vif-
deficient strain) at an equimolar ratio (130 fimoles of each vector) using standard

lipofection methods. Zero to twenty-four hours later, proteins were isolated and
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For live imaging and i mmuno-| ocalization, 293T cells

were seeded into poly-d-Ilysine coated 35 mm gl ass
woaeviramussel t ure di shes and transfected when thectaisb@e/039228

were -50% confl uent. For proteasone inhibition

studies, culture nedia containing 100 mM of NAcet yl -

Leu- Leu- Nl e-CHO (ALLN, Cal bi ochem La Jolla, CA) or

t he equi val ent vol une of DMSO was added Lo cells 12

j ti ' ] r

suREA 1P Bt Ao RNGH IR sits WIRPLSE by s
fluekdeaatiit netitbdei t her CFP- APOBEC3G, APOBEC3G HA, or HIV
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f ol es of each _vector) reduced the expression | evels

(FIGs. bhatB)apdpretict was sreqifisrio A OBECHr asithe tatal eellular levels of
enf RN T e Al e Rl d PR RS PR MG AR &-
expiiesded iwith EBRIVAG(RGoUNA S Tife [¥FdPs Mf CFREMOBECHA iviaé hisg
reditpd whh S B ed BRBHINNE SARCBEEDS LD e Apbhi with o
cogﬁgbﬁgizigg l\/*iﬁ&@ﬁo?erﬁ fstr;ﬁﬂgiﬂgﬁﬁgxﬁtg?éﬁ? {\X# ﬁﬂ@éd&%g[?dﬁgﬁllé RF afs

evel s remai ned u en coexpressed
effogti(RIGARCY; Binpitar@esults Mere Ster in HUEI7S anfl HEER-cAROBEC3G

d,. - it h V. NL4 )
w1 QUEISR oURE MR Reridies RPORERA s sy dtsrmipe
ovafid brogd taapeof VE(PRILMA 1): AROBEC3YpOFP-AP D) Wettor! rﬁﬁ’@sel‘an%ing
responsi ble for this effect (FIG HC. Simlar resulis

frope}d tQ &G4, Wsred rafers R3] foelasof vavter. |f Bhedevabpf depletion
f - edi L ot G
wa%ﬂ%teﬂﬁﬂb@ﬁ? goﬂ? ngfggthg thgéy- ﬁg@%ﬁiﬁf}@%@dé}ﬁé%med

et erm ned” ove roa range
withpGE R thR@)uivelehiokvif atnirok (INIREI Agiff. rORR-KPD Eepldicd. BWORE was

mog %érgﬁ%qﬂrji %];t%;e%n tt}?e 11895 fanng[) I1 %?O&% rgt?(%t(l%{(}. l-lil?)e). lRee\éoexlferg ]:)f
CFP-APO levels by proteasome inhibition (ALLN) was most dramatic at the 1:0.25
ratio (FIG 11D). Despite significant depletion by Vif, only modest recovery of CFP-
APO was observed at the 1:0.125 and 1:0.0625 ratios following proteasome inhibition
(Fig 11D). In the absence of Vif, CFP-APO levels were not significantly affected by
proteasome inhibition except at the lowest level of pCFP-APO input (1:0.0625 ratio)
for which a modest reduction in expression was observed (FIG. 11D). Identical
expression profiles were also observed with pAPO-CFP or pAPO-HA in the presence
and absence of Vif (data not shown). In the presence (FIG. 11D) or absence of CFP-
APO, proteasome inhibition elevated the steady-state levels of Vif and resulted in the
appearance of higher molecular weight species (FIG. 11D; arrow). The pNL-
Al:pCFP-APO ratio of 1:0.25 was also visualized by confocal microscopy. In cells
expressing Vif, CFP-APO was either not visible or was detected at a significantly
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ratios (FIG 11D). Recovery of CFP-APO | evels by

prot easone i nhibition (ALLN) was nost dramatic at the

1:0.25 ratio (FIG 11D). Despite significant depletion
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exﬁr%%&i ?r?iﬂe%on-permisswe HUT78 cell line exhibited both nuclear and

- cytoplasmic localization. CFP-APOBEC3G localized exclusively to the cytoplasm in
live 293T cells. In the majority of cells observed, CFP-APOBEC3G appeared evenly

-

distributed throughout the cytoplasm; however, a punctate and often perinuclear
localization pattern was also observed.

This pattern was suggestlve of co-localization with components of the
secretory pathway and thus may have relevance to virion packaging. The localization
patterns of either N-terminal or C-terminal labeled APOBEC3G were
indistinguishable and the same localization pattern was observed in HUT78 cells. As
observed in FIGs. 11A-C, the total cellular levels of CFP-APOBEC3G were reduced
when co-expressed with YFP-Vif and this effect appeared to be dose-dependent with
no CFP-APOBEC3G detectable when co-expressed with 8-fold more YFP-Vif vector.
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YFP-Vif was evenly distributed throughout the nucl eus,
but was excluded from nucleoli. Less intense

woybopl4asri ¢ | ocal i zati on was al so observed f oPCT/US2006/039228
YFP- Vi f, suggesting that although predom nantly
nuclear, Vif is targeted to both conpartnents in 293T
cells. Titrating the anount of transfected YFP-Vif
vector showed that |ocalization was observed first
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we@ I,IP%) LHJI? Wa%?gL%,IaSereEl Dgg §?§Eh}g%u&f‘ fr'ls rFiHllute% at full-speed
in b Aliefod&itiifige aPrdtéi@ concentration was determined by D, protein assay (Bio-
Rad, Hercules, CA).

For immunoprecipitation, 0.5 mg of lysate was diluted to 0.5 mg/ml in 1 ml of
lysis buffer. APO-HA was precipitated by incubation with agarose-conjugated rabbit
a-HA (20 pg IgG; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). To
immunoprecipitate CFP-APO, lysates were first pre-cleared with a 50 pl bed volume
of Protein G Sepharose (Amersham Pharmacia Biotech, Piscataway, NJ) for 1 hour at
4°C. CFP-APO was then precipitated from pre-cleared lysates by incubation with 5
" ng of a a-GFP rabbit polyclonal (BD Biosciences) for 3 hours at 4°C. Antibody was
captured by incubation with a 50 pl bed volume of Protein G Sepharose for 1 hour at
4°C followed by 4 washes in 1 ml of lysis buffer for 10 minutes each time. Protein
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protein |l evel and thus possible targeting of APOBEC3G
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Eléefyoblotief (Blmnbm pF@Mvﬁhg@tahﬁen midnfbrifk Wis Bwa@ae)vw@sght in 5%
diluted to O. in 1m OfH/\inIS buffer. APO HA
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B1§t%ﬂliﬂo%%uirf®rdlfuw tﬁM 0D gmlﬁdvlf 4 \Gif Brutak@DwiM detected using
dithiothreitol, 2% (w v) SDS, 0.1% (w/ v) bronmophenol

a FOGAD G5AP PO iesenishy warBhaispS et p ATPSLSeRAIch and
Ref&ggce%eaggﬁ'ﬁl) grsém\f\ﬂ‘?mgﬁ %@klflr)g,dN ﬁ@ﬂ), rl\?Iglu ‘f:ﬁg'- Pi(/'lf Monoclonal
Antibody (#319) from Dr. Michael H. Malim (see Simon et al., (1995) J. Virol.
69:4166-4172; Simon et al., (1997) J. Virol. 71:5259-5267; and Fouchier et al., (1996)
J. Virol. 70:8263-8269)). All horseradish peroxidase-conjugated secondary

antibodies were used at a dilution of 0.05 pg/ml (Santa Cruz Biotechnology, Inc.).
Blots were developed with the BM Chemiluminescence Blotting Kit (Roche
Molecular Biochemicals, Indianapolis, IN) and exposed to Kodak BioMax MR X-ray
film (Eastman Kodak Company, Rochester, NY).

Addition of inhibitor represents time-point 0 and total cell lysates were made
at two hour intervals beginning at 4 hours and ending at 12 hours post-addition of
proteasome inhibitor. As a positive control for proteasome inhibition, the endogenous

levels of the cyclin-dependent kinase inhibitor, p27, a protein known to be targeted
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addi ng 4X SDS- PAGE sanpl e buffer followed by boiling

at 1000C for 5 mn. Protein was resolved by 12%
weDkReRABEsEsand transferred onto a pol yvi nyl i den®CT/US2006/039228
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ng/mM (Santa Cruz Biotechnology, Inc.). Blots were
devel oped with the BM Chem | um nescence Blotting Kit
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inhibitor. As a positive control for proteasone

ARQBEGB Giadene, eeotle atiog@sh oegar ratio (1 = 130 fmoles) of transfected

~ vector, respectively, and reverse transcribed using oligo d(T) primer to specifically

detect mRNA. No obvious difference was observed in the total cellular levels of
either YFP-Vif or CFP-APOBEC3G (APO3G) mRNA when co-expressed (FIG 12B).
This experiment rules out Vif functioning on the levels of transcription or mRNA
processing and suggests that Vif does not function at the level of mRNA degradation
or turnover. Furthermore, this confirmed that both expression vectors were
successfully co-transfected, demonstrating that the decrease in CFP-APOBEC3G

expression was not due to a phenomena associated with co-transfection.

Example 5: Vif Inhibits APOBEC3G mRNA Translation

Considering that CFP-APOBEC3G was not degraded via the proteasome
pathway and that total mRNA levels of APOBEC3G appeared unaltered in the

47



| evel s of the cyclin-dependent kinase inhibitor, p27,
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trapenon FELBETAE BTN SR Ed prshiyEbBI08 e Within the mRNA
se g@eggrgcfgﬁln yﬁnggs fg%éne& RIRASHIAYIOVINRE kPession
of both APOBEC3G-CFP and CFP was reduced indicating that Vif functions by
preventing translation. Based on these results, we propose a model in which Vif binds
to region(s) within the APOBEC3G mRNA coding sequence, thus either preventing
translation elongation or ribosome binding (FIG. 13B). It is not clear whether this
event initiates within the nucleus and then Vif is transported out of the nucleus with
APOBEC3G mRNA or cytosolic synthesized Vif binds to cytosqlic mRNA

preventing normal Vif localization to the nucleus.

Example 6: High Throughput Screening of a Small Molecule Library
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fluorescence. Exemplary bar graphs showing fluorescence signals are shown in FIGS
16A-C. For example, referring to FIG. 16C, cells containing both YFP-Vif and CFP-
APO are expected to show reduced CFP fluorescence, but the addition of a small
molecule can lead to the recovery of CFP fluorescence.

The results are shown in FIG. 17, which represents the CFP fluorescence
measured in well containing cells transfected with pGEM, CFP-APOBEC3G, YFP-
Vif, or CFP-APOBEC3G and YFP-Vif. As expected, expression of pGEM or Vif-
YFP resulted in negligible fluorescent emission at 475 nm. Expression of CFP-
APOBEC3G resulted in signiﬁca.nt fluorescence at 475 nm, and this fluorescence was

substantially reduced by the co-expression of YFP-Vif. |
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2-lodo-N-(2-methoxyphenyl)benzamide 3:

To a solution of 2-methoxyaniline 5 (2.46 g, 20 mmol) in dry CH,Cl, (50 mL)
was added Et3N (6.14 mL, 44 mmols) at 0 °C and under dry N, atmosphere. A
solution 2-iodobenzoyl chloride 2 (5.33 g, 20 mmol) in dry CH,Cl, (25 mL) was
slowly added to the reaction mixture keeping the temperature at 0 °C. After 15 min
the reaction mixture was allowed to warm to room temperature and stirred overnight.
Reaction mixture was diluted with CH,Cl, (100 mL), washed with H,O (40 mL) and
saturated aqueous NaCl solution (40 mL), dried (Na,SO,) and evaporated to yield a
light pink solid. Recrystallization from ethyl acetate-hexanes (1:3) provided 3 as
white needles (5.7 g). The filtrate was concentrated and the residue was purified by
flash chromatography on silica, eluting with 15% ethyl acetate (EtOAc) in hexanes, to
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fluorescence. Exenplary bar graphs show ng
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lead to the recovery of CFP fluorescence. The results

are shown in FIG 17, which represents the CFP
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onbinatorial library a diverse Ilbraré of 30, 000

124k 12, a0 as] U, Jarnsn et Ms (ks 763§4MyANe)".

screened for Vif-inhibitory activity. Numerous
conmpounds were identified that denonstrated the

@eN it'rdpphdnglthme-d\&éz -AROBEGPphey)enzsmide (I): t he presence

o R RBEP S Dogrepmda 401 (1) Beshin ) e

(24)Q§ Nﬁhﬁﬁ@l)&,@»pﬁd@fa & 20f mmol), and 4-n1troth10 enol (0.155 g 1
Ni t rophenyl thio)-T V- (2- met hox@g} eny benzam de

WO ﬂddedm) BilOgnL 1eam®1 wepnel tveith B nx:ﬂmadg;epﬂam The tube was

evgéu%?et%ldaglrd]%ggﬁﬁ ed ﬂl ?We cgzelre%c g-ll;érf 08L§P Pﬂg&m mmol)
and @asrbpAial Of m2) Ww@addé&’ bf/g ¥odh %ﬁ&’}ie}&ﬁf@z T fRctfon

wi th 4-nitrothi ophenol y m crowave irradiation. The

vepset epfaentet i8 acBicpOTAYE rsac\mar {CEM. fixplaren) gt &) e pnpd h30W power
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Eth)ﬁl alcetate (approx d\Oemh) ght adde8%the (dnctibi DBnreGudd ﬁlteréd:aid )
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silica, eluting with 20% EtOAc in hexanes. This procedure provided 2-(4-

nitrophenylthio)-N-(2-methoxyphenyl)benzamide 1 as pale yellow crystalline solid
(0.24 g, 63%); "H NMR (400 MHz, CDCl3) §8.40 (d, J = 8.0 Hz, 1H), 8.39 (s, 1H,
overlapping signal), 8.05 (ddd, /=9.2,2.4, 1.6 Hz, 2H), 7.77 (dd, J= 6.4, 2.4 Hz,
1H), 7.56-7.49 (m, 3H), 7.29-7.25 (m, 2H), 7.06 (ddd, J=9.2, 7.6, 1.6 Hz, 1H), 6.95
(dt, J= 8.8, 0.8, 1.2 Hz, 1H), 6.85 (dd, J= 8.0, 0.8 Hz, 1H), 3.78 (s, 3H); *C NMR
(100 MHz, CDCls) 6165.44, 148.22, 146.87, 146.15, 140.63, 135.76, 131.66, 130.09,
129.87,129.49, 128.79 (2C), 127.54, 124.54, 124.35 (2C), 121.37, 120.05, 110.19,
55.88; MS (ESI): m/z 402.99 (M + Na)".

Method B:
Synthesis of 2-(4-Nitrophenylthio)-/N-(2-methoxyphenyl)benzamide (1):

Vif inhibitor 1 and a Vif inhibitor 1-analog was synthesized according
procedure outlined in Scheme 10. The key step in the reaction scheme is the copper
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To a solution of 2-nmethoxyaniline 5 (2.46 g, 20 nmol)

indry CH2A 2 (50 nL) was added Et3N (6.14 ni, 44
wormd7a4sms O C and under dry N2 at nosphere. A gofraisc@n/039228

2-i odobenzoyl chloride 2 (5.33 g, 20 mmol) in dry

CH2A 2 (25 nL) was slowy added to the reaction

m xture keeping the tenperature at 0 0OC. After 15 mn

the reaction mxture was allowed to warmto room

ool gF DUl SR R eGP eng Bk ! oo 7

unﬂbl) mitiehy Sl iHbaB6h2TUE %éﬁlthngteﬁ@ M&ﬂe%ﬁrdfo‘i@zemf& oth{nl tRd
(Na2SO4) and evaporated to ali solid
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concen e resi Ue was purl ash
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t d ddi t I
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9 \(fﬂﬂgaﬁ&'{s ot%es?ggﬂi I{rg\‘;ide z]na}o% c&z\/‘lg r}ﬁ_%ﬁ%,} 152 ( dg 1 S)

743(ddd,x3§§. , 1.6, 12@
I 02
H) ?é 0 rﬁs@ Me 3, 8702(“@@ 1% NMVR (%'@qz

CDCI 3 53&6'}4 10, 148. 29 142. 58, 814@H)30 131. 49, 128. 529
128. 43 17 .58, 124.45, 121.33,%120 12 110. 25, 9

55.92; M5 (ESI{.9nfz 376.20 (M + Na)
2- (4- Ni bjoghtng mm)mH3 (2-%et h henw)b
(1) : 2-1 oi V-¢ t hoxypheny Wzam e @OSS

1.0 mol), CU{J(QHI de (20 nyg, Olmml) K2CGj
(0. 276 g, 012m°m¢' and 4- nltrothl ophenol (0. 155 g, 1

SRl B8 D S AR i s,

mih g2 kb;| (b) Bd(CWII)ziSHQ@yMHZ)H, 30cygch as|c) (BCIpneHIt GOt 4 h; (d)
::ET mol ) and 2-propanol ( 1 nL) were added
é\iéﬁ/ %&e%‘l‘”rb@?ﬁ’rp erature. The reaction vessel
was heated in a mcrowave reactor (CEM Explorer) at

80 C and 150W power for 30 mn (2 x). The reaction
Gemexal RrocedigretfbictheaCoupling Reactieach room t enper at ur e.

o xR o AR 510 el SR Ui bk prl o
szogcwgv(s \Was, 0 Pathbl) wWeee Mdell ks o Bl 1R SRR LRI AHON-1812d

septum. The tube was evacuated and backfilled with dry N, (3 cycles). 1,2-

Dimethoxyetane (1 mL) was added by syringe at room temperature followed by
methyl thiosalicylate 7 (1 mmol). The reaction vessel was heated in a microwave
reactor (CEM, Explorer) at 80 °C and 150 Wt power for 30 min (2 x). The reaction
mixture was then allowed to reach room temperature. Ethyl acetate (approx. 10 mL)
was added; the reaction mixture was filtered and concentrated. The crude product was
purified by flash column chromatography on silica, eluting with 15% EtOAc in

hexanes.
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silica, eluting wwth 20% Et OAc i n hexanes. This
procedure provided 2-(4-

woi2oo7aglssay | t hi 0) -1 V- (2- met hoxyphenyl ) benzam dect/us2006/039228
pal e yellow crystalline solid (0.24 g, 63%; 1H NWR
(400 MHz, CDCl 3) 8.40 (d, J = 8.0 Hz, IH, 8.39 (s,
I H, overlapping signal), 8.05 (ddd, J =9.2, 2.4, 1.6
Hz, 2H), 7.77 (dd, J = 6.4, 2.4 Hz, IH), 7.56-7.49 (m
3H), 7.29-7.25 (m 2H), 7.06 (ddd, J =9.2, 7.6, 1.6
Hz, IH), 6.95 (dt, J = 8.8, 0.8, 1.2 Hz, IFD 6. 85

Méhy] 2-{4-nitBophenyithid)Bendote 8a3. 78 (s, 3H); 13C NWVR (100
MHz, CDC 3) 44, 148.22, 146.87, 146.15, 140.63,
135 Afgve ﬁsaefé@foaeﬁ@rmowﬂ%mﬂwl 244nifeophepytimg)bempaopte 8a as

pag;élaggv% K%%ﬁlé@? i 739, %8 )1}% kﬁ\iR%ago MiER: EPcryis 15 m,
2Hynphedd, s(=o"{16 1 ?Hﬁ 1H), 747(m 2H) 739(dﬁid JI 8b8 7.6, 1. 6IaIz 1H),
t 0X en enzai ni de
7. {Zléjéd %%ﬁﬁfég @HZI i}'lésndl (dsw .&1@1?/15? HQ}/l A%l (e HIasC
d
Nﬁﬁ“‘*?@@*@??ﬁ@ﬁ 0 BB S by LR, TSTE8E o
13t.0PPEYICHR, 4B Y.0%,d 2030pI 2440 (22E); 52 36; BIS @S@ﬁ%& siesh (M +
podobenzenes 6 with nethyl thiosalic te 7 under
Na)i-crowave irradiations. The resul ti ng esters 8 were
hydrol yzed to obtain the acids 9 in excellent yields.
Treatment of the acids 9 with oxalyl chloride and the
Mﬁbﬁb@ -(Zrhlofo-trétropbenylihig)benzahte 8b:or | desI vviht h)
d I ded enyl thio
AR R RSt L SRBRA or o 4-
‘nltwphémm%wéﬂzbat@)t}b s g%ﬂ@wtcﬁ%mmmh)i@ e@%%%@elﬁlﬁm (400

Reaction of the acid chlorides 9 with various other
MB#i (161 6 8126 (fr-b7 RdeHanrd)0§89-61.95/1h, AN 7BH0EBH3 tn, 2H), 7.27

B D T R LA
cmag)@%%@k@% )7@/2{23 ’368@3436‘@ 1%3*83 (?3) 36,%53@'7) %\;e(?é;'ﬁa]t§9

13 1GARER8180PE D URE.22052. Wé\d&ﬁla%l)l mg 3Réé@t(l\/b1h Na)".
Substituted i odobenzene 6 (1.0 mmol ), Cu(l) iodide (20
ng, 0.1 mmol), and K2CAB (0.276 g, 2.0 mol.) were

Geneleit ®rocedurd forthe TRAIIbIYSR of Ex6&2!8: Wi th Tefl on-1i ned
A solution of Ester 8 (1 mmol) in MeOH (10 ml) was treated with
Ba(OH),.8H,0 (1.5 mmol) and heated to 80 °C for 2 hours. Reaction mixture was

allowed to cool to room temperature and the solvent was removed under reduced
pressure. The residue was treated with 1M HCI solution in Et,0 (15 mL), diluted with
Et;0 (20 mL), dried (Na,SO,) and filtered. The filtrate was concentrated to provide
the acid 9 as yellow solid. This acid was used in the next step without further

purification.

General Procedure for the Amide Coupling:
To a solution of benzoic acid 9 (1 mmol) in dry CH,Cl, (10 mL) was added
oxalyl chloride (5 mmol) followed by a drop of dimethylformamide. The mixture was

stirred at room temperature for 4 hours. Solvents were removed under reduced
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septum The tube was evacuated and backfilled with dry

N2 (3 cycles). 1,2- Dinethoxyetane ( 1 nL) was added
wOyosymissge at roomtenperature foll owed by nmerbylus2006/039228

thiosalicylate 7 ( 1 mmvol ). The reaction vessel was

heated in a m crowave reactor (CEM Explorer) at 80 C

and 150 W power for 30 mn (2 x). The reaction

m xture was then allowed to reach room tenperature.

I d e C
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(NZzsi&) 6ﬁ’(ﬂ Svapéra'felﬁfto%ﬂela a@ell@w @ﬂ)‘i‘@ /The (?\(lil\l/lét %%s %&iﬁied%y‘ﬂash

h@@@t%ranlaeors&hcama 93, 144 95, 136 71, 132 71, 131.88
(2 C, 131.72, 131.25, 131.07, 127.30, 124.42 (2 O,
52.56: M5 (ESI): nmiz 312.50 (M + Na)+. Methyl

2-@-NﬁrmuenynhmW-(z-mhﬁrxybhéﬁﬁ)mﬁmﬁﬁteelb8b Above
gener.al procedure provi ded, net 2- (2 chl or o- 4-

ni t UIPNE S5NETRY RS9 erdHea P wdath 244 nyéqnhsw QNP1 i ne

me?m)d}/ghéﬂifl)%gr@a}’lh&é flas ézh'e %v& é%& M% sggm 5’%" o%’l&g Zﬁ%lyti]cal

data, 19_1216(1&@9‘1 tQ]thatG‘f Bmade gcobialing td)Method @\ (d, J 8 4 Hz,
IH), 3.87 (s, 3H): 13C NMR (100 Mz, CDO 3) 166. 81,
146. 72, 145. 46, 134 60, 133.83, 133. 36, 133 17,

] _41.3 (Al .52. 76;

t he Alw? ﬁp@ﬂga@r@@d&@tmweed 2 AZ@blom -Hovitrethemglthde)-8-(2- 1
PRS2 17h s Y8Rt SRR 08t 4R34 SR G
CDULE §8.42\@Ss, 1H), 8.36 (dd, J= 8.0, 1.6 Hz, 1H), 8.15 (d, /= 2.4 Hz, 1H),
7.90 (dd, J=8.8,2.4 Hz, 1H), 7.84 (dd, J = 7.6, 1.2 Hz, 1H), 7.62-7.52 (m, 3H), 7.05
(ddd, 7=9.2, 8.0, 1.6 Hz, 1H), 6.94 (m, 2H), 6.85 (dd, J= 8.0, 0.8 Hz, 1H), 3.79 (s,
3H); °C NMR (100 MHz, CDCl3) 5165.04, 148.21, 146.62, 145.85, 141.54, 136.70,
132.02, 131.88, 130.69, 129.79, 128.50, 127.87, 127.37, 124.65, 124.51, 122.14,
121.20, 120.03, 110.12, 55.80; MS (ESI): m/z 437.61 (M + Na)".

Example 8: Vif-inhibitor 1 Exhibits a Dose Dependent Decrease in RT Activity

To evaluate the efficacy of Vif inhibitor 1 on RT activity, a dése-response
experiment was conducted in infected H9 cells.

Briefly, H9 cells plated at 2 X 10° per well in a 24 well plate were treated
overnight with DMSO, plus 0, 1, 5, 10, 25 or 50 uM Vif inhibitor 1 (all at 0.5%
DMSO) then infected with HIV-1 (X4-tr0piq HIV-1 variant (HIV-1LAI)) at 2 X 10°
cpm RT per well. All cells were maintained in the presence of DMSO or Vif inhibitor
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all owed to cool to roomtenperature and the sol vent

was renoved under reduced pressure. The resi due was
wone@tdsesi th | M HO solution in Et20 (15 nl), pdiriust@d/ 039228

with Et20 (20 nL), dried (Na SO4) and filtered. The

filtrate was concentrated to provide the acid 9 as

yellow solid. This acid was used in the next step

wi t hout further purification. General Procedure for
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7.62-7.52 (m 3H), 7.05
€xXpression.

As shown in Figure 21B, similar results were obtained in 293 T cells
transfected with pNL-Luc-E-R-, pVSV-G, and increasing concentrations of
APOBEC3G-HA (3.75, 7.5 or 15 fmoles) and treated with either DMSO (-) or 50 pM
Vif inhibitor 1 (+).

Infectivity was determined by infecting 293T cells for 48 hours with 1 ng
virus produced from the producer cells in the experiments shown in Figure 21A. The
infectivity of the sample of virus produced without APOBEC3G was normalized to
100%, and data was representative of three independent experiments. The results are
shown in Figure 21C, and demonstrate that increasing concentrations of Vif inhibitor
1 decrease infectivity in a dose-dependent manner. Infectivity was also determined in

the same manner for virus from the producer cells in the experiment shown in Figure |
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(ddd, J =9.2, 8.0, 1.6 Hz, IH), 6.94 (m 2H), 6.85
(dd, J =8.0, 0.8 Hz, IH), 3.79 (s, 3H; 13C NWR (10O
wORH)7/08B653) d 165. 04, 148.21, 146.62, 145. 85, rt4AIS26b6/039228
136. 70, 132.02, 131.88, 130.69, 129.79, 128.50,
127.87, 127.37, 124.65, 124.51, 122.14, 121. 20,
120. 03, 110.12, 55.80; Ms (ESI): mz 437.61 (M + Na) +.
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an LC. 50 of about 6.4 nmM Exanple 9: Vif-inhibitor 1

decrggsjggv!f gggr;eﬁ ig1 a necr e AR G
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p24 WIS A). f lenihedistelySfollowing infection, the H9 cells were washed and
incubated in complete RPMI medium with 10% FCS containing DMSO (0.5%) or 50

~ uM Vif inhibitor 1 (also 0.5% DMSO) for 48 hours. H9 total cell lysates were then

prepared, and 20 pg of lysate examined for the presence of cyclin T1, endogenous
APOBEC3G, p24, and Vif, the latter two indicative of virus infection.

Figure 23A shows the results in H9 cells that were not infected (mock) or
infected with pNL4-3 Luc-E-R- or A Vif pNL43Luc-E-R-, then treated with DMSO
or 50 pM Vif inhibitor 1. Figure 23B shows the results in H9 cells that were infected
with pNLA4-3 Luc-E-R-, then treated with DMSO, 12.5, 25, or 50 uM Vif inhibitor 1.

These results demonstrate that Vif inhibitor 1 significantly reduces levels of
Vif protein in H9 cells infected with pNL4-3Luc-E-R-.
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post-drug addition, 293T total cell |lysates (15 ug)

were prepared, and protein |ysates exam ned for
WORW@BHEGsGs Vif and, cyclin Tl. The results, sheewmusp06039228

Figure 2 1A, indicate that Vif inhibitor 1 decreases

Vif expression and increases APOBEC3G expression. As

shown in Figure 2IB, simlar results were obtained in

293T cells transfected with pNL-Luc-E-R, pVSV-G and
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wé%cgel i n.'IéId used as the internal control. The results,
A% gures 22A-B, indicate that Vif inhibitor 1

| NCcrie@sBSes were calculated for pulse-chase labeling and immunoprecipitation
of Vif or APOBEC3G proteiﬁ, for example, as described in Chu, C, and Rana, T. M.
(2006) Translation Repression in Human Cells by Micro RNA-induced Gene
Silencing Requires RCK/p54. PLos Biology, 4, €210, DOI:
10.1371/journal.pbio.0040210. pNIL4-3 (Vif) was used at 50 fmol, and APOBEC3G
at 15 fmol. For experiments examining APOBEC3G half life, pNL4-3A Vif (luc) was
substituted for pN14-3 (also at 50 fmol). DMSO and Vif inhibitor 1 were used at

el

0.5% final concentration.
The results, shown in Table 1, indicate that Vif inhibitor 1 reduces the half-life

of Vif in the presence of APOBEC3G.
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APOBEC3G (22A) and APOBEC3F (22B) in a dose-dependent

manner. This is particularly interesting, as it
wondipaiss that APOBEC3F is al so a target of VPCT/US2006/039228

Exanple 11: Effect of Vif inhibitor 1 on Vif Protein

Levels in HO Cells To evaluate the effect of Vif

inhibitor 1 on levels of Vif protein, HO cells were

infected with pNL4-3Luc-E-R using a spinocul ation

Dot EbRI° it of Vi ey FRHMALER, o VifallP ARG

p24 ELT Skt hAifmrdi atel y fol|l owi ng i nf ecMiimutes t he HO

cefrs Wer ebmgg)hecr and 1 ncubated in conpl age RPM
medit 5y V[l]flflﬂ‘wiﬁ'@lbf contai mu (U b‘ZQ; »or 50 mv

\ 4 f oo\ 1o
lim BEEW I:\L}IVDU) for—48— @9[6(5 HY

VA
1t ot ar-ad £

SQ‘H\:IST@f@nExb;Ieﬁ A AR OREE30 chonearof averan0 9"

ST C—uot Ty o It LI

endogenous APOBFC3G p24 and Vif the latter two
i ndi APOBEGHG haldifei nf ection. Fi gure 2Minuigdws t he

results i mMM8Ccells that were not infect@8.5nock) or

I nf ect eoM®OX RitPMi#- 3 Luc-E-R- or D Vif pNZ&3Luc-E- R,

TN NIV Rtk T iwiMP@ O 50 MM Vi T i nhi hzfsor 1.

Frgure 23Bshows the resutts in H9 cells that were

infected with rNL4-3 Luc-E-R-, then treated with DVSO,

12.5, 25, or 50 MM Vif inhibitor 1. These results
Exalapterigt Eifeet of Wil inliibitordrdrpMNbAI Y] gni fi cantly reduces

| ev of Vi f tel

N 423 frlsglrpnsRielidiate 50 5l alien f R BT i 19
fm&lRs yAbo%Eaise}-HALweeé fredtéd HOIRGEpdss-trumyTedtion Mhith Teb$,%.750

deterni ne whether there was a difference in the effect

12.5f 25/50 HMibinhihitor 1 en DO sawivaleat (Oavisreanty oy dPHIsROs e
druigna,rd on %B"Lpt%{amcglf 1F}>§§te§ @e}e%rgéﬁe@ﬁ}gi xg%l?xaﬁfédl 19 e\ﬁﬁzﬂ%rotein

using a’s proce
am@lifity @neﬂwl beﬁigefﬁbmtn‘red, ingipishté; Jor YIEP Euﬁtescmnc@ @irfve fits for

NL4- 3 Luc- E-R- d 24 EL| ,
o v arabercy oF ST GWPHG! | ASEE PBrAnebigRolIT T b VT Y

@%ar
ol SRR SRS Mo P R i e

( al Tbe GesEiis, BMBO) irf Elrguiﬁ82ﬂ1 d@mgnstm that Yifantilitey 1 @e@nqnstrates
a doge-g tpeelslde\:/\% " gcrteart]s%r%n Bf\li%qr ‘?9 P ogﬂf 1n%1g)e presence of APOBEC3G.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended
to illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.
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ng of |ysate was exam ned for the presence of cyclin
TI, endogenous APOBEC3G p24, and Vif, the latter two
woOeboTg4issdi cati ve of virus infection. As shownpPCW/US2006/039228

Figures 24A-B, Vif inhibitor 1 significantly reduces

| evel s of Vif protein in non-permssive H9 cells

conpared to perm ssive M4 cells infected with

pNL4- 3Luc-E-R-. Exanple 13: Effect of Vif inhibitor 1
e of Vif Protein The effect of Vif

W ARl O A £ 1 e of Vi and APCBECSG

Ar OAebmpowvabofitiremutd Ined. Hal f-1ives were cal cul ated

for pul se-chase |abeling and i nopr eci pi tati on of

Vif or APOBEC3G pr ot ek, anpl e, as described in

Chu, C, and Rana, T. ansl ati on Repression

in Human Cells by I\/‘fe 0 A 2g¢d Gene Sil encing

Requi res RCK/ p54. PLos\Bi“0l ogy, 4, e210, DO :

10. 1371/ j our nal . pbi 0. 0040210. pNL4-3 (Vif) was used at

50 frol, and APOBEC3G at 15 fnol. For experinents

exaghéeg APOBEC3G half life, pNL4-3D Vif (luc) was

substltuted for pNL4-3 (also at 50 fnol). DMSO and Vif

i nhR b Hof1-d alltels €26 Q]éfénfét Coe Sbymylvayl, b@tﬁ@@rﬁlf eclaghcyl, e

np t
het‘?l.rgg% 1l IS\?ﬁM]ﬁlaSE%d (? zﬁky;ll C %k&ﬁ}l’tecf‘fe presen E%nﬂflftgjoggﬁ
cycM@E@?efBﬁ?ﬂysflo?lkyEgsfo@ﬂbnﬂfy svbétitureli "blylli; Dr3, llf ]EmS substituents
Life o nd APOBEC3 Effe
independenily sslectsd fiom, %alﬁuﬁém aligdpCag 9‘%‘“&@1 (¥Y %lkwéffgmlﬁioalkyl
AT B T R S L
het&oalgfﬁdkﬁ, Aloally],Hhete2écychalkyh GN; fN‘DnKDIb I, (€1 alkyt)- @VB@Ra

gt FROCOMS -6 e A" DR R i AL SR
C(éym@m(@ 99@@)@&8 L ORPI ¢, &lkmmqogph l@coacgﬂm"kﬁ
trip |cate Jf‘luoresc%nce Curve ts for full

(Cldoiﬁ@/l}@%wéél oNRWRE NRSE(BR or(C14 alkal) S WOR and
NREGIHNRRRE, Ot faticyt-MRECRHNRARE KR C(0)OR?, ~(C 1.4 alky)-
NRC(O)OR?, CENRHNRRY, NR°C(=NR)NRRY, P(RY),, P(OR®);, P(O)R’R’,
P(0)OR°OR’, S(O)R?, ~(C1.4 alkyl)-S(O)R®, S(O)NRRY, -(C1.4 alkyl)-S(O)NRR’,
S(0),R?, «(Ci.4 alkyl)-S(O),R?, NR°S(O),R®, -(C1.4 alkyl)-NR°S(O),R®, S(0),NR°R",
and ~(Ci.4 alkyl)-S(O),NR°R%; |
R? R® R°, RY RY R®, and Rf are each independently selected from H, Cy.10

alkyl, Cy.10 haloalkyl, C,.io alkenyl, Cs.1 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl, and
heterocycloalkylalkyl, wherein said Cj.1g alkyl, Ci.1o haloalkyl, Cs.1¢ alkenyl, Cs.19
alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted with 1, 2, 3,4, or 5
substituents independently selected from OH, amino, halo, Cy.¢ alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycloalkyl;

RE&1is H, Cy.1p alkyl, C;.1¢ haloalkyl, C,.1o alkenyl, or Cy.19 alkynyl;
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for concentration of conmpound Vif inhibitor 1 was

determ ned using Gafit software. The results, shown
wonodEinguses 25, denonstrate that Vif inhibitor BCT/US2006/039228

denonstrates a dose-dependent decrease in pNLAl - YFP

only in the presence of APOBEC3G OTHER EMBCDI MENTS |t

is to be understood that while the invention has been

descri bed in conjunction vvi th the detailed description

t hergof, thesforeqoin t.ion t
1 dCr R R g G e elecle i b NReRFhviCRe BorCL E
anpi ch i s defined by the scope of t he appended cl ai ns.
Q’her_ aspects, advantages, and nodifications are
wi t B s GRY, NBEpe, $P:NIs NRIS DoaN G (QINHLAHEALAO,|GC(0)NH, or
C&ﬁLI\/EEIS 1. A conpound of Forrmula | : | wherein: R
1-6 al kyl, C2-6 al kenyl, C 6 al kynyl, aryl,

het &1 Rabydnt, @,ys;h\n&l, Ryi2, SO¥, %taﬁmccmﬁ oJaj oy s ,auwhmél n
saldC16aIkyI C2-6 al keny C2-6 an

het &F 8 FyIntiogigs | dinstargamergpr H%@mméwﬂdaacmtahlg se%ft thereof,
d 1
ex9l|a { %%X?Iz&élngeﬁeﬁ e?f?l}’/ f}’ %ndI29ec:}{?wvélldi%1 o #H? OA BCl 6

aI ‘kyI C2-6 al kenyl, C2-6 al kynyl, C1-6 hal oaI kyl ,

Cl- ydr ox kyl anoal kyI aryl, heter oaryl ,
%CF%’SIOQWOXW{??%‘#?} ﬁWgS‘ie het er oaryl al kyl ,

g?/ﬁlﬁ)ﬁl ’argeh@c&%%%’ééﬂldo ot Kéfémalgﬁ\" ea pct%ﬂgﬁ% sul{sg'tuted with 1,

2, 31 4op 5 Oh Ot IRy, scleg e esok O <UD, WdoREl sk, O-

c Py ifint S T AR id ¢

healrdrcybl)oanag(,o) NRcRd, NRcRd, NRcC(0)R b, - (Cl- 4
al k NRCCOQb NRcC(O) NRcRd, - (Cl-4
o oA RArs )amRéePeﬂni@@(YGFbR@d frqpetL, H04) Wiy CFs, Br, CL F,
EE&OC(O)O? =NRi ) NRcRd, NRC(=NRi ) NRcRd, P(Rf) 2,
‘OR% P(O) ReRf, P(0O) OReORf, S(O)Rb, -(Cl-4
al kY s NHOPRy CC(B) NRERd, - (Cl- 4 al kyl ) - S(O) NRRd,

Zis O, S, or NH;
or an enantiomer, diastereomer, or pharmaceutically acceptable salt thereof,

excluding compounds 1, 2, 3, 4, 5, 6, 7, 8, and 9 shown in Figures 10A-B.

3. A compound of Formula II:

R3
R2: : ~Z” : ‘Y’R
R1

I

wherein:

R is H, Cy alkyl, Cy.6 alkenyl, C,.¢ alkynyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, wherein said Cj.¢ alkyl, C,.¢ alkenyl, C,.¢ alkynyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl is optionally substituted by 1, 2, 3, 4, or 5 substituents
independently selected from halo, C.¢ alkyl, C,.¢ alkenyl, C,.¢ alkynyl, C.¢ haloalkyl,
Ci-6 hydroxyalkyl, C,.¢ cyanoalkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
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S(O 2Rb, -(Cl-4 alkyl)-S(O2Rb, NRcS(O 2Rb, -(Cl-4
al kyl ) -NRcS(O) 2Rb, S(O 2NRRd, and -(C 1-4
wal2byou486 O) 2NRcRd; Ra, Rb, Rc, Rd, Rd, Re, an®#CRUS2006/039228
each i ndependently selected fromH, C -10 alkyl, G-I10
hal oal kyl, C2-10 al kenyl, C2-10 al kynyl, aryl,
cycl oal kyl, heteroaryl, heterocycl oal kyl, aryl al kyl,
het er oaryl al kyl, cycl oal kyl al kyl, and

S By St e o o
y

(CraypbiybaS Ky :C,((l))ﬂebt e(ﬁ:oaaluqyn-cafétm?,@(@Nm (GrualigDaC@NR R,
R S8 B PIPIS SR Rl St - HOMRS QUONRR -
(" al@l)-GC(@)deﬁNR%ngg:mé, i(odearyyaRICORe! ect ed
fromOH camno, halo, Cl-6 alkyl, ar aryl al kyl ,
NRIGUENBAR H(CellelodRITEDRGR', & p@g)q?im, (Canalkyl)
NR R BB IR R R R RO PORBRORR. g
P(CRORADR, isg@ﬁ&e r(menalyl)ﬁbakt @@ogm‘m‘ﬂ(cmucymmommi
r , '] () [y
SO i) B B R, ok oo R ORISR,
andgi(gg?e_ll S(OPRRRER, Cl-6 alkyl-ORg, 0O C -6

, Qr an e’nantfi onmer, di astereoner, or
phaRrRE AR, RERY, R cand R taebrtagh srmlepertdently oflectesk fromdi .10

oppounds,.1 , 3. 4 , 64.7,,8, ,and, 9..s in
el (D PR 5 0 Al Gt BB Eioal kB,
hetdrScyldalityl, @yMlkyl,RteRsReMIKYY IcyclBhikbRikgl aagy! , each
tionally substitute

op dwthl1l 2, 3, 4, or 5
heteyppyelqalipdalkel, Whaepestibat-loalled e baloptkghnCon) alkeryhd>2-10
ol Ao AR byl 1R SUonBL Ky gfSw i bivaon,
cychellgtalcy or hajekyclycloblkylalg/] iscoptioRd lyasubstitotedpeittd &L, By4, or 5
sub%ﬁilg%ct% ]%%égr(ﬁg}nghgll\%éd &I(L_'r% ’OPEFa:;’ﬁin(l?,rHalo?CI-6 Elkyﬁ rglgyl,l airyl\glklyi
heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycloalkyl;

REis H, Cy.1p alkyl, Cy.1o haloalkyl, C,.1o alkenyl, or Cyp.19 alkynyl;

R, R? and R® are independently selected from H, NO,, NH,, CF;, Br, Cl, F,
and I;

Y is C(0), NRECO, SO,NR?, NRESO,, NHC(O)NH, NHC(0)O, OC(O)NH, or
CONRE; and

Z is absent, O, S, NR% CH2, SO,, C1.5 alkyl-OR®, CO, C, alkyl-NRS;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt thereof,

excluding compounds 10, 11, 12 shown in Figures 10A-B.
4. The compound of claim 3, wherein:
R is alkyl, aryl, heterocyclyl, or heteroaryl, each optionally substituted with 1,

2, 3, 4, or 5 substituents independently selected from OH, amino, halo, C;¢ alkyl, O-
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Zis O S, or NH or an enantioner, diastereoner, or

phar maceutical ly acceptable salt thereof, excluding
woanpaumds 1, 2, 3, 4, 5, 6, 7, 8, and 9 shownPCmW/US2006/039228

Fi gures 10A-B. 3. A conmpound of Formula I1: 11

wherein: Ris H, Cl-6 alkyl, C2-6 al kenyl, C2-6

al kynyl, aryl, heteroaryl, cycloal kyl, or

het er ocycl oal kyl , wherein said Cl-6 al kyl, C2-6

al Y. I r oar oal k
LRI, S Bt oS SO E R 02
heBerodclaalkyd; substituents independently sel ected from

hal o,, C1-6 alkyl, C2-6 al kenyl, C2-6 al kynyl, Cl1-6

hal dab Ry anddy. 966 W%ﬂy@lwﬂecﬁe@ﬁ%ﬂ@m | CFaBj CL F,
angt eroaryl, cycl oal kyl,

heierocycloalkyl heteroarylalkyl cycl oal kyl ,

het éY GYHCERoGONECN, NO2, ORa, (Cl 4 alkyl)-OR SRa,

c%\ﬁ %dko)r/ Ra, C(O) Rb, (Cl al kyl ) - C(O Rb,

C(O) &\%}b\/lal kyl ) - C( O NRcRd, C(O)ORa -(C1-4
al kydr)an Ghédifdnter, dhstéabdmer or(fhariacRlition %@o’f&bsalt thereof,
%0) NRcRd, - (Cl-4 al kyl)-0OC(O) NRRd NRc

ex @(g@pﬂwoumzsdﬁ, A1 Al2appynNRBEREes I0ACB0) NRR d, - ( CL- 4
al kyl ) - NReC(O) NRcRd, NROC(O) OR , -(Cl-4 al kyl)-
NRcC(0) OR a, O(=NRi ) NRRd, NRcC(=NRi ) NRRd, P(Rf)2, P(CR
25. B(@)rﬁpdfifnd P a@frd ORowiSInPIBR, 9A (GG, 416! 1lgyFleS(1@)\Rb9B,

S(O)NRR &8 4 al'kyl)-S(O NRcRd, S(O 2Rb, -(Gi

al kyl ) 1% 01\%@(8@5101@% diasterepmer 8T & hammg(t@)aﬂﬂb
S(0) 2 bl%ré tl%e of- 4 alkyl)-S(O 2NRRd; Ra Rb, -Rc,
Rd, Rd, , are each i ndependent |y sel ected

from H, Cl1- 10 al kyl, C1-10 hal oal kyl, C2-10 al kenyl,

10 al I, ycl oal kyl , heteroaryl,
qét %ﬁéﬁﬁ?PﬂX%¥§ﬁa|ky|, het er oar yl al kyl ,
cycloalkylalkyl and heterocygkoal kyl al kyl , wherein
said Cl1-10 aIkyI, Clr10 kal oaljkyl .5 C2-10 al kenyl,

C2-10 al kynyl, aryl, @ﬁ 03 @ eteroaryl,
, i

het erocycl oal kyl, aryl @ kyl er oaryl al kyl ,
cycl oal kyl al kyl or hetero&’clgal kgfal kyl is optionally
substituted with 1, 2, 3, 4, g 5

111
wherein:

Xis O or NH;
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substituents independently selected from OH, am no,
hal o, Cl1-6 al kyl, aryl, arylal kyl, heteroaryl,
woevevomaseyl al kyl , cycl oal kyl, and het er ocycl oalPkylus2d8g/039228
is H G-10 al kyl, C1-10 hal oal kyl, C2-10 al kenyl, or
C2-10 al kynyl; Rl, R2, and R3 are independently
selected fromH N2, NH2, CF3, Br, d, F, and I; Y is
C(O, NRgCO SMNRg, NR SO2, NHC(O NH, NHC(O) O,
08(2@ H5or CONR g; and Z is absent, O S, NRg, CH2,
1-6 al kyl -ORg, CQ, Cl 6 aI kyI NRg; or an

r, diastereoner, t [y
'Cﬁ [ab e galt bher : excl Mds 10, ,
Y show# iR Figdres -§B. cONPot O/t\f‘c ’\—§ ’

wherein: i kyI, aryl, hej erocyclyl, or

heteroaryl, each opti onal I y substituted with 1, 2, 3,

4, or 5 substpt ulzrgts [ ndependentlé sel ected from OH,

am no, hal o, al k OC1-6 al yt; 2 aryl al Oy
s oar ev}oa,ry%yélﬁv‘ OC4ldg/cI oal k I H/@ T

heter oc N R1, RZ and are owom y

selectedfro H NO2, NH2 CF3 Br, d, F, and I; Y is

or CONH, Zpns O Of, an epanj.i oner
orre,r S%@ar ma cal I‘iVbEe) ,sa% to@-m :
ther g*‘conpo nds 10, 11} own -ni

Flgures\ B 5. A cong td of aforrrula shown i
R, A9 FIG 18, FIGs. 19A 19B, 19C, or 19D, or

enanti omer, diagjereoner or a pharnaceutically
accépt abl e sal ereof. 6. A conpound_of For mJ| alll:
I\ ; S ) ’QO » N, % E

| hg N’N o
O o
o u/b}m !

o S‘*@yrjfkr(} G o,

#NH
d o,
Py
x O~
OH
or R! and R? together form Cl ;
R’ is H or COOH;
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o or '§ and R4Hto

?

wherein: Xis Oor NHRL is R2 is F,
COOH, COOCH 3, CN, OCH2CH3, or or R1

wbanowiRssess H or COOH R4 is H OCH3, Br,

R3 and R4 together formR5 is H, NO2,
benzo[ d] t hi azol - 2-yl,
and R6 together form. 7. A conpound
wherein: Xis Oor NR7; Yis C=O or

O_B‘}D &b@ﬁ%#jﬁt@g@ r formR2 is

i'$"H5F, O, Br,
R4|$3|H CH3, 208, NHC(O)CH@ or

o R7-H5sNKL-6

ferein: Ris Sor O

>—< >—O e
2N
H

or R? and R* together form

and SO2N(C2Hs)2; R6 is H;, or

d, CH3, OCH3,

and R2 toget her

F, COBRCIHRIS26/039228
COQOCHS3,

R5

of Formula IV: IV
Sx2; R2 is H

H d, I,

I5(I§H3, (I:HZCH3

NE’@DI perl d| ne;Cl
r r dQ
i;’ gnA t&trp(oun’d Jri ol ?

R3is H, NO,, COOCH3, benzo[d]thlazol 2-yl and SOzN(Csz)z,

R®is H;

RN
.
or R® and R® together form 2 .

7. A compound of Formula IV:

R6
RS Yy R
R* R2
R3
v
* wherein: |
Xis O or NR’;
Y is C=0, or SO;
R®is H, CHs,
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RlL is H CH3, OCH3, CH2CH=CH2, C4AH9 CH2C( O) NHCH2CH2CH,
CH2CH2NHCH 2CH=CH 2, CH2CH2(N-norpholine), R2 is H,

wOHB)7/08k565 OCH3, CH( phenyl ) CH2COOH, or CH( CH3) Cri2TH32006/039228
Rl and R2 together formR3 is H R4 is H Br, d, CH3,
CH(OH)CH2CH3, R5 is H, and R6 is Hor CH2CH=CH2. 9. A
phar maceutical conposition for inhibiting Virion
Infectivity Factor (Vif) conprising a pharnmaceuti cal
carrier, apd a thergpeutically effective anount of a

0. A

F oufd-©f K e, 18, 19A-
rrmma’%x tl&r@’l @ %_@
r’éctl ty Factor (\/f conpri sing a rrra eut’ c

carrier, and d therapeutical lg—effective amp of a
conpound of SZnyCof cl ai rr:é. 11. A conpo @
[

com tion_o any of ¢ 1- 20 for theo\ t mrent of
NAUmRR mmunodef? CI ency 12. The
,Lu of a 01 iti claims 1-10
“% Pn the nanuf@cture di canment for t e t herapeutic
treatnent of Human | nodefi ci en%y Vi rus (HIV) 13. A

nmet h%g}sjfor treating HI %r subj-Y%ct, thenethod

cIco ,\ﬁq ng ? ter| t her ape t| cal ﬁt ive
a ce al co %C
G : 14 ,\]' met K cl’ai , further q:ﬁprq si ng

Gglm ni st erl ng @ second therapetitic agent. 15." The
nmet hod of claim 14, wherein the second therapeutic
agent \is sel ected fromthe group consisting of a
nowr RiehéBsiagstheafamse transcri ptase i nhi bitor

(NNRTI); an nucl eosi de reverse transcri pt as/e\%hl bi t or

(ﬁ NRTI ) ; a nucl eoti de revgN@anscrl pt
__<\ ,OrQ\X\
E > Uy N’i
O\ND/ O

R*is H, Cl, I, or S-(4-nitrophenyl);

R*is H, F, Cl, Br, I, OCH;, OCH,CHj;

R*is H, CHs, OCH,CHj;, NHC(O)CHj, or S(O),-piperidine;
or R® and R* together form OCH,O;

R’is Hor Cl;

RS1is H; and

R’ is H or CH;.

8. A compound of Formula V:



inhibitor; and a fusion inhibitor.

WO 2007/044565 PCT/US2006/039228

wherein:

XisSorO;

R' is H, CHs, OCH;, CH,CH=CH,, C4H,, CH,C(O)NHCH,CH,OH,
CH,CH,NHCH,CH=CH,, CH,CH,(N-morpholine), |

(|) o) ~o o) i 5
NH, N)i Q NH, N)i e ,
L. e N
\Q\NJ\N*N SN NN H o
H H H H o)
o)
, Q : O S\ ,or NH, NJle
O\l\/\o/\;»{ \q / L ¥ \/H\N }J\NJI\N l o
Q H\O 0 H ,

R?is H, CHj, Cl, OCHj3, CH(phenyl)CH,COQOH, or CH(CH3)CH,CHj;
o /!

0]
?iNiigNHz
2 N

or R; and R, together form F ;
R3is H;
R*is H, Br, Cl, CHs, CH(OH)CH,CH;,

)’W N;N\
HO s ,{K{N—< >—0\ N
S

‘. p
N H o 3/\\/ ,or O%ANH
© N N s N/&S
- H :
R’is H, and

R®is H or CH,CH=CHp.
9. A pharmaceutical composition for inhibiting Virion Infectivity Factor (Vif)
comprising a pharmaceutical carrier and a therapeutically effective amount of a

compound of FIGs. 1-10B, 18, or 19A-D.
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10. A pharmaceutical composition for inhibiting Virion Infectivity Factor (Vif)
comprising a pharmaceutical carrier and a therapeutically effective amount of a

compound of any of claims 1-8.

11. A compound or composition of any of claims 1-10 for the treatment of Human

Immunodeficiency Virus (HIV) infection.

12.  The use of a compound or composition of any of claims 1-10 in the
manufacture of a medicament for the therapeutic treatment of Human

Immunodeficiency Virus (HIV).

13. A method for treating HIV in a subject, the method comprising administering a

therapeutically effective amount of a pharmaceutical composition of claims 11-10.

14.  The method of claim 13, further comprising administering a second

therapeutic agent.

15.  The method of claim 14, wherein the second therapeutic agent is selected from
the group consisting of a non-nucleoside reverse transcriptase inhibitor (NNRTI); an
nucleoside reverse transcriptase inhibitor (NRTT); a nucleotide reverse transcriptase

inhibitor; and a fusion inhibitor.
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