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polypeptide-like 3G” (APOBEC3G) (previously named Cem15), has been discovered
that can cavse cells to become immune to HIV-1 lacking Vif (i.e., they become non- -
permissive) (Madani and Kabat, J, Virol. 74:5982-5987(2000)). Asa 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
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that are prevented by the presence of Vif during HIV-1 infection. Apolipoprotein B
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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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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 deltaViffAPOBEC3G having a
standard value of 100%.



WD 2007/ 044565 PCT/tJS2006/ 039228 FIG 8 is a list of
conpounds that have been sel ected by the screening

nmet hod for further analysis. Conpounds have a percent
Vif inhibition value provided next to the str r

W t1978eP%¥avi f / APOBEC3G havi ng a standard vaﬁ’&gﬂ%%‘)%ﬁ‘&”zs
100% FIGs. 9A-9CGGare lists of conpounds that are
.structural anal ogs of the Vif inhibitors shown in
Figures 1-8 and 10A-10B. FIGs. | OA-1 OB are lists of

kno I :
i i B R0 b UEha 8 1B0CMSRn RRbEd by o Wecning mothod
forr fapihey Aol ysio rCaipoanddsive o perbént Vifohhipition wilne providednazt to
an__Fl.uo t ' P) - Yel | ow
R TR QR R e R 1
houFEGaPAOGGERe Listaokdospbimsls thahare sonaasl anglogpdfdhe Wit i os
. ,Qf .. expressi gn _vect ors,i 293T cells at the
intabitors °&B‘?§W§?%\F§F38Ag‘?’%1 = 130 finol es). FIGs.
11BriddD1 049 0B aediivts dffk@bwih bdnsunds thattaleshiv@s ibdei tobe
ic.,analysis 24 hours after co-transfection

. fluoro
“’IBJP”O&‘E){%?S‘F@H’&V%M ors into 293T cells at the specified

r at FEs 114 Y éfro@iictibn o 4 $Rstein1t@F protdimh Bveld 4 Cyan
CFP- APOBEC3G co-transfected

Fihed ;

Fiyoser 8 PR B ARORRGHC o Yelopsprcieni ot (TFE s
fuG@ drbRRSf B8R el &b-trdhefeB@sy iR ShordiBih@olad kdiidS oPdxpression

©UNL4AGREP- Hi V@r&;ow ral DNA. Virus production was neasured

Vi
vegirs intp pOET erlls plibe sieeidied ratiop GraRe CE AT 1P SeleR): (Grp) .

Fi 9prdsl B3B! s BRPATSEACHe Wshifs o fubRARhA inaBsB At
of gﬁs}aﬁﬁ?%ﬁﬁ’m- Al and a ?as fu CFP- APO.a@'?'iﬁ_e

nge o
hopmslager corteanpfction of sxmessioatvetors it 291 mdy g‘i the pnegidigh fabigs
— 13 H . H D | .
(e E ORI ERE Sip AR TIEARCRITLAIOaLIED illiniabie
ma@3Ficsof YEP&ff, Fig 14CAHPAPORECIG (co-teansfodedvdh weteasing

P- AP = FI i Se: ' f a
megg g hACF VARt B it PR B fRTASHERRS | O
vira$-igived GRenHiuoresdert Photein $GFR). [Fig. b soetlien-transbiciefl vadh a

th ti i : ' f e P
cofyfin ot eI A vifoF GETA Clnal bElor PEFP AR 1D,
ratid diudtelecr IV Pl ecrestntell (h= 1¥FRadled). and vectors |

t ha ress CFP,. CER- A G P CE at

b R e cqrimobts N DIV OS e 2 O T B Vi
. coafhifediRnRMoB DS at Bl G mdldBatis (o= $3thenalts)c CFP-APO3G =

i llustration of an APOBEC3G CFP vector designed to
CESrah8BECEFans] ati on of both full |ength APOBEC3G CFP

and pfek PoBlioNenigosite dfieel 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
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(CCACC) and start codon upstream of the CFP codi ng
region. FIG 14 is a schematic illustration
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inhibitors shown in Figures 1-8 and 10A-10B. ,
FIG 20isa dose-response curve for Vif Inhibitor 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 fmoles
APOBEC3G-HA treated with 3.125, 6.25, 12.5, 25, 50 pM 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 ().



APOBEC3G HA, treated with DMSO (-) or 50 .tMVif
inhibitor 1 (+). 5 WD 2007/044565 PCT/ US2006/ 039228
FIG. 21 C-D are bar graphs showi ng infectivity
etermned by infecting 293T cells for 48h |

W27 PHs*pr oduced from the producer cells in @sﬁb&cﬁgﬂzs
(results shown in 21 C) and 21R (results in 21D). The
infectivity of each virus produced wi thout APOBEC3G
was normalized to 100% and data was representative of

t hr @€Gs, bR EPSR H& HrayhX BRIWiRERfestivify tﬁﬁarmﬂﬁ&\bﬁuﬂ'édﬁng 293T
Western blots showng that Vif inhibito cr ﬂses

ceplopft ey piia] ngHEuyepcesro sspyrogygeree 6@@1 Kent
' sthC% %(&éiﬂ'(eér s ﬂmw Sﬁ&ia AR ity JTe&IhNAus $RBkde! -

Western bl ots -.showi ng | evels of cyclin

wittiopt @P@%@%w naxp@smsﬂw%@nd dafe Wos yeprependativg of BFeet wo
m&sﬁ‘ﬂ%ﬁ&? Ve of virus infection, in H cells

iTher not i nfected m)_ck).or infected with
PNL FIGs. zm-Bze:RWeanem/bws showing tha| iEinkibior 1 fogeeases r eat ed

AR Rl ReOPREA Bt oS appeb ren O T
'wd@l\ﬁﬁas]aﬁnﬁemﬂ&pnml 50 pM Vif inhibitor 1(23B). FIGs.
2naSTansa Y AR FO SoR A R SSRF, ity

APEBRO3G; pA4, @Al Vifpthe fatter uwusbemgﬁmhttarcmmf virus ldfectiondn Kip4

ol et arisrunf bR A AR ST A R WA Vi
pNLAYLfhc-BI-4then {réitediwifk DYBORY S0 MVESnliikitca masA)g srEigh

oL R b e SRRRLS61 53, B i S

inbit 3G DETAI LED DESCRI PTI ON The conpounds
descri bed herein can_be used as.in Vi
o B ged appsieaine stovers SRl aErim L endeer

AIF@]@E@CE‘ phAIRGH VETHHhE BB Rlolb¥inglisdicatilé 8D%rds efe@tidh) it IIQr
| 'evel's of 'a second protein. In some eﬁodl ment, s hfe

anfl M4 cefp festof 1S ViSPInBRRRION BToceBRB i HlegLas Fiyglent o
g P L ABH Qo4 ARG TN Nodsro(adrgent 11y ng

ectivity Factor Vif) Inhibitors As
des ®IGB&ds hlear graph shaving BatYié mkithiter 1 demensirpigs # dpse-

in part
e é;}‘tdlr’lé E%F%ré "ﬁﬁé@‘gﬁ?ﬁt %g{ EC3G agé?grﬁm o
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 APOBEC3F 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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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 comupounds, e.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-Vif is expected to have blocked Vif function.

T



nol ecul e |ibraries, and assayed for restoration of CFP
fluorescence in the presence of sustained YFP
fluorescence. Any test compounds that |eads to the

restoration of CFP fluorescence in the pre
WS BEPE Sy

%s expected to have bl ocked Vif fun
2007/ 044565 PCT/ US2006/ 039228 These conpounds are
then considered "hits" (or "candi date conmpounds") and
can then be further evaluated for their potential as

Thﬁﬁ:t dom\bbﬁxﬁs aRABEH Dnsier8 Shit®Nok “édn¥iddie ctip@adsMand e d

ereln ‘test conpound”’ can be any chem cal

thenchepferthed evafupéed f@’édhﬂﬁp@eﬂ“&l WFEH IS WP Fonf-HIVA]

drlﬁﬁlypeptlde a protein conpl ex, glycoproteln or a
cleic acid) or a small nol ecul e %} an anino
G

aci ds uapdrmoam@t‘iqa@onwﬁuwg%b%wwhemw BRpwnd,
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- nuelbisatidbar, m&llgndmlqdelg AD a@nm agiglsa tlmﬁ’tlé% @B 18219 D00
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10Q)060rBrape pernmable, les'EIﬂmntabmtt 56,006 gamd peramolpdesshagrabouty
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m@l@,ﬁﬁ {3ethibs abonk 500draxss pdr niobes t'Ihecﬂesp consrtend canl hecheturally

pere ns, peptides CS s),
ooBrnet el B Bt PR B R g i Bkt
anf @jrr?ﬂiBﬁG ce@pdrdts A RRAMIEISS ofiesc b@@duﬂ@nclmdﬁqireiems,(j:eptldes

anal qgs, ni c

nd organi.c ar in
DeREDRI AR S B ey o dgit SRR Polfauefofes,
po'[ﬁtﬁ&l@étfd@ %ﬁal&%%nm%ohd@nﬁdcido&dh ar@logs, and oxpania ot mbrganiy of
nmol ecu usi n thegicreenlnaﬁnethods

CO@QQWIS:H’@I HeEsrQarganq qf °E$aB°m?‘ ERPPPPMY cati on No.
10/ QBARb8ors CM juahi®da,ass. Yok a Redary o‘mﬂlall Riosculd using -

2005/ 0123906, and in W’'chrooski et al Bg f@ ga
thogosning gefwys degstrddumin, Hvﬁﬁeﬁafafrféwh@&% 2 UeP4rEPe n
puB¥steE hEURNEA, ) tPﬁG'No 2860128506, 2 1 WithioBiitepsls 1.TiH6L.

rnvention tncltdés Vif inhibitors identjfied by, the
Cleor. 2005, R8P (P BHTR396 ukich i1b ingorsratad-hergimbigofaaence in their
on dinments, a Vif inhibitor has Formula |: R2 Rl / \
VR . ,
Vif Inhibitors

The invention includes Vif inhibitors identified by the screening methods

described herein.
In some embodiments, a Vif inhibitor has Formula I

R2 R1

SR

I

wherein:



|  wherein: 8 WD 2007/ 044565 PCT/ US2006/ 039225 R is

H Cl.6 alkyl, C2_6 al kenyl, C2-6 allcynyl, aryl,

het eroaryl, cycl oal kyl, or heterocycl oal kyl, wherein
said Cl1.6 aIkyI C2.6 al kenyl, C2_6 al kynyl

WReWA45S | cycl oal kyl, or heterocycl oal kyl? c?@éﬁmsmwzzs
optional ly substituted by 1, 2, 3, 4, or;5

substituents independently sel ected fronIhan, Cl.6
aIkyI C2.6 al kenyl, C2_6 al kynyl, C _6 hal oal kyl,

| e I
cycl £¥€Eplﬁﬁgkg'%cyc lc?iﬁﬁﬁ®i5é%er§% l(ﬁﬁEﬁkﬁa&y
heteywiydadlkyl] wheneit exid Cy.chlkd] @yd alkedid, ChOkyrORarYl, t(e@oaa:yl
cy(glpékyl) orgeao[%clo C14 allhw(s@i %ﬁﬂﬂ(b&‘ 1§)b§ 6) N‘@ﬁshtuents
indep éﬂ)d@my sele(ﬁ@fl&oﬂﬂﬁid Dlmlw@a allBY IO Rbalkyr(y, X4 ¢ haloalkyl,
Cieliglel ool Rk el
hetef@iﬂalhﬁkayhlbawﬁ%ﬁe s NQBaOR; , 6(Cl4 alyBPOR; SR, -
B
g (K ABOCKN OO i T
a
(Cof R SREEI B R B F ORI COR
BRR® h
NII&Edependeﬁqcg E b?@?% alg@iﬂﬂ%x hanEmE 0 eac
ffgﬁ e FER el QR 3b aryl
I K ¢
R ﬁ’%“’k Al J@ ARHOR sopfeke L@a"“‘ﬁﬂf’(% R,
S(@)aRd -(Gza aﬁ(@)ﬁ(@b&? NREFOIR h-&% ﬁR@!f){z@ A RENRAR,
| oal k I het I
%2§%$oc¥% gU*ERI ar Fgfkgﬁ %etergas;?in I,
cycRARKBL BT, IRy,Iand.R mteeduuwmﬂyﬂawwlky ISETI
II it
LR RS 8 ) Dok sy, S
ar)ﬂﬁkyi heeioaﬁyldkﬂytyclmﬂvlaﬂ% rawi héterpbycldatitybaligd,rwherein said
h R
o oyl ol -5 k9L g et AL S OURU PR, o7
hei%cy@oﬂtyk,)angwﬂcylfhetermylamyﬂ cR3oddlyéalkyl de bﬁelde_i,rcldaﬂcyla.},kyl
TN e
O atné)oNRalo,ar;.¢ aXXANRY], atidikyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
heterocycloalkyl;
Rg 15 H C[ 10 a]lcyl Ci. 10 haloalkyl C?_ 10 a]kenyl or Ca10 alkynyl
R!, R?, and R® are independently selected from H, NO,, NH,, CFs, Br, CL F,

O

and I
Y is C(0), NRECO, SO;NRE, NRESO,, NHC(O)NH, NEC(0)O, OC(O)NE, or
CONRSE; and
. Z is absent, O, 8, NRE, CHa, 803, Cy.¢ alkyl-ORE, CO, Cy.¢ alkyl-NRE;
or an enantiomers, diastereomers, or pharmaceutically acceptable salt thereof,

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



Z is absent, 0, S, NrRg, CH2, SOz, Cl1.6 al kyl-0OR9, CO,
-6 al kyl -NR5; or an enantioners, diastereoners, or
pharmaceutically acceptable salt thereof, excluding

ounds 1, 2, 3, 4, 5, 6, 7, 8, 9 shomm [ L aur
WRANEOUEAND 2007) 044565 PCT/ US2006/ 039228 r}ﬁ%?g#@%”m
enbodi nents, Rg is H In sone enbodinents, Ris H,
Cl-6 alkyl, C2_6 al kenyl, C2-6 al kynyl, aryl, ,
het eroaryl, cycloal kyl, or heterocycl oal kyl, wherein

sai t, QrnBerbdithentCRF B 181 kenyl , C2-6 al kynyi, aryl,

heteroaryl, c cIoaIkyI or hetero yclo I k
opt ilnAané W@Sﬂ%@?ﬂfﬁ ReieH, Gys akyl, Gs. 11}41 8@@ f}ﬂss’ﬂyf aryl,

‘he’&{)‘ﬁﬁ%l' LB, loﬁgﬁ%es%an@% wgsﬂfﬁﬁgamob or0e, el QlkerSl, B 5
ko s depatliPloalkyls ot R Y npgona GEBREEA 1 1

gg%l o?@l ﬁﬁ(slhtueﬁkg er E#tlg%lel@&led fr&ﬁthﬁfooél'.é’ilwz L alkenyl Cs.

L dityoyl, ﬁJW%QMl-&WMY@F%ﬂI}G—WW @yh\heter
cy@p%%rﬁ%y%ﬁagg%%mg)%lﬁl(cgl]éaﬁu(ﬁétémgc@am&i;? A,
ORY, k@hy blky(EDRS, SR Y6y glkd)-§R’, C(%E eé@a%glksil)kfé%@%cgl gy|
C(g:f) P '(%g&%ﬁ?wicygw%ﬂgb@met er oar ;‘I ycycl oal kyl ,
or hﬁb@h@&nﬁddhﬁéd(ggmlsﬁ Opt albyigc;i yallenl Chb glkmyl a1,
tit
kit Bl g5 POl PR SPEF R iy e BRERH, Gl
alB@ive B rﬁétema@ylpéymhkyl or Hwarewyobmm bkt;dnally substltuted by 1,
2’rlé‘eejgleroar | al k%l%qen%%lyrﬁ%:%sk%ctghg o&icggﬁ%%ﬂﬁg‘“ C,.
¢ S8R ¥ryl -hefe ]aéykhbh]kylgl@rﬁ’bﬁ{cltﬁﬂ@ INRRebaryi {6, ofcloalkyl,
I"kyl a b
gt Wk, O SR TR AR E g
(S EFSARDIR, CXONIERKYAC ., Ay DO mid@homfher i n

het dngeipg Pmb%gm%ﬂoyﬁ Cop al n%@t Er @%Wygﬁﬁﬁ%ﬁ éaﬂfi}il

alkenyl, C
PEEA AN SR ey it i .

allyrisylaryl G fegoany Ik eeigalkyloer hateragyelpaliyl is gpijqnally st é?faéii gv L
2 gg,{ oggs: %ﬁ{@&ﬁﬁ&p%&g@ F:Xﬂed ﬁ%ﬁﬂﬁ[(ﬂ%‘i}(ﬂ dggaz;ﬂ alkenyl, Cy.

; ﬂm)yataryln(e@rm il Byicnescionlish reteeienitForE S ks
ﬁl"rfﬁ?ﬁc E%ﬁ@?ﬁa Sﬁﬁ’r&ttbzk %ﬁ@g‘;o op(? i éﬁ [alklyly
s ubshisbuit edboditnbntd, a Vifzmhﬁb;toﬁlhas eFosn@a bathieraifsnt s
RIS A of LA R oot
z,fﬁn%muyémdmsl indepyieientist deldcted froch OH, amino, halo, Ci.g alkyl, O-
Cr.¢ alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, and
heterocycloalkyl;
R', R%, and R® are independently selected from H, NO,, NH,, CF3, Br, CL F,
and L
Y is NHCO or C‘ONH; and
Zis O, 8, or NH;
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heterocycl oal kyl; R, R2, and R3 are independently
selected fromH N2, NH2, CF3, Br, d, F, and I; Y
is NHCOor CONH, and Zis O, S, or NH 10 WO
2007/ 044565 PCT/ US2006/ 039228 or an enanti
WP3YY8#4Eher, or pharmaceutical |y accept abl g@iﬁm%oeﬁmwzzs
t hereof, excluding conpounds 1, 2, 3, 4, 5, 6, 7, 8,
and 9 shown in Figures 1 OA-B. In sonme enbodi nents, a
Vi f inhi bitor has a Formula | wherein: Ris alkyl,
aryl C re
- depen en{l @%S&éf{slter?o%cfr %@%ﬁ&%%ﬂl?acceﬁﬁble%ﬁgmﬁo%
exBluding Rompgunds 1,2, JHCE) 6, Gy 8, @BhPishown in Figgresg0Ad. NH and
enantionmers, diastereoners, and pharmaceutically
accept abl e salts t her eof, excludlng conpounds 1, 2,
3, 4nsdme eﬁuboilu:n&lts a ek iShibibayhes 3 ForuBURESIIBA- B, whi ch
are X of co in,formula | that are
knoﬁfsa@‘g{’) ﬁg]ef,qug@ﬁ q\?ﬁefoappihl bitors was not known.
| n $OR?, endmthrenidbsendentlysdledtathfrdm HoNOR ASHE 6FaBraCl, F;
RRR2 ZY,R RLII wherein: Ris H d-6 alkyl, C2.6
a"éllikenyl , C2.6 alkynyl, aryl, heteroaryl, cycloal kyl,
or YwtacoyxglcoNdkyl, wherein said Cl-6 alkyl, C2.6
al kenyl C2-6 al kynyl aryl, heteroaryl, cycl oal kyl,
or HeFSs SydNEardy| “is optional ly substituted by 1, 2,

en§mt10ﬂlerso B1a§et§b’zﬁ§1§ | dall H&r&acduﬁ@&]@%ﬁé@ﬁble}éaﬁﬁhﬁﬁéi?d(cﬁfdm@

Cl.6 | k
OOWPWS Ryd:, 3 4 é1%67 ﬁy@%d(%@}‘gw&n%{ G@BE§ Wgﬁo‘g{ﬁ@ﬁe aryl ,
. exinplet 8Fdo po*luﬁﬁ‘fﬂ Rahtixh thahﬁ{a BhéfY, GhioBikide as Vif inhibitors

het er oary cycl oal kyI. . het erocycl oal kyl, CN,
was@Rt krOM; - (Cl4 al kyl )-ORa, SRa, -

In some embodiments, a Vif inhibitor has Formula II:

R3
R2: : ~Z”7 : “Y’R

R1
I

wherein:

R is H, Cys alkyl, Cy.s alkenyl, C,.¢ alkynyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, wherein said Cy alkyl, Co ¢ alkenyl, Ca6 alkynyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl is optionally substituted by 1,2, 3, 4, or 5 substituents
independently selected from halo, Cy.¢ alkyl, Cs.¢ alkenyl, Cz.¢ alkynyl, Cy.¢ haloalkyl,
C\.¢ hydroxyalkyl, Cy.¢ cyanoalkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
heteroarylalkyl, cycloalkyl, heterocycloalkyl, CN, NO,, OR?, -(Ci. alkyl)-OR®, SR, -
(C1.4 alkyD)-SR®, C(O)R®, ~(C1.4 alkyl)-C(O)R’, COINRR’, +(Cy4 alky)-CONR'R’,
C(O)OR?, -(C14 alkyl)-C(O)YOR?, OC(O)R®, -(C1-4 alky])-OC(O)R®, OC(OINR'R’, -
(C14 alky])-OC(O)NR'RS, NR°R?, NR°C(O)R”, -(Ci.4 alkyl)-NR°COR”,
NRCC(O)NRCRY, -(Ci.4 alkyl)-NR°C(O)NRR®, NR°C(O)OR?, ~(C1.4 alkyl)-
NR*C(O)OR?, C(=NR)NR°R, NR°C(=NR)NRR’, P(R%),, P(OR%),, P(O)R'R’,

1



(Cl4 al kyl)-SRa, C(OR6, -(Cl4 alkyl)-C(O Rb,
C(ONR Rd, -(Cl4 alkyl)-C(ONRRd, C(O) ORa, -(Cl4
al kyl )-C(O) ORa, OC(O Rb, -(Cl4 alkyl)-O(OR,

NRRd, - (Cl14 al kyl) - O NRR NRRd, N
%&mgﬁs@” (NR‘ CORD. y ?\le(C(O) ?\IRRd, _(Cl4 R%r%sz 6/039228

al kyl ) - NRC(O) NRRd, NRC(O) ORa, -(Cl4 al kyl)-
NR C(O) ORa, C(=NR )NRRd, NRC(=NR )NR Rd, P(R),,
F(OR72, F(O)R TQ 11 WO 2oo7/ 044565 PCT/ US2006/ 039228

PO VT e SO ﬂ? SN

SR OX Ry )R Nw&)@wﬁé( 12REYDIRIP

g% ﬁ%y é%) dNRRd; Ra, Rb Re, Rd, Re and Rr are
14 B OPR R H Cl-loalkyl, Cl-lo hagal kyl,
CZ 1RF, BY, R&/RAL R, 62d RDerabachmdeperdently, H.d3iab CUZRYRY

0 e 1 R Mg psrions
ar?l@ll@t hetgohnddlksl) atlylkylalidie ael hetamydloal@ﬂa]lﬂyl a’lhklyein, said

i 2lrgh L ma iy Cou vt b apoi oL Pl y%’rq\éb’y’l

hdﬁ?@cmw1 aﬂylkﬂlty,l , Iryeedaedhlkyl @cl@ﬁlky}‘allkyl or Igeterc_)cycloalkyla]_kylh
L1t t
is pptgely Whgttaish aholae o SerRbs R e (Y Seeled ol

ohr &fino Cﬂdlo &Nl AlRyl, 41§, Goylaldd, fheﬁl'dﬁyg}l,, hefﬁfo‘iryla]afvlyb}&lldﬁwy} or

“heteroaryl, het eroaryl al kyl, cycloal kyl, or
heyapaicaldhoal kyl : R “is H Cl-1lo alkyl, C1-10

haI Gands %ﬁmi (@Bkehl, 8} & R2,
q%g:glr‘ejl'l e{c:))edri}l ent It}/kylsg]aéocte v romﬁlllqzlqumﬁ%1 N

Cr3 R'R% agi R fre indgpepdes Veelegtedfreg H oz »%
a].BFESS(I NHC(O)NH NHC(O O OC(O NH, or COW and Z IS
absent, 0, S, NR9, CH2, 502, Cl-6 alkyl - 6
a1 Ky isNGS), 198 SELRE RIS, NTGOYRHUREOI, OCTONE G
@né%eutl cally acceptable salt thereof, excluding
conpounds 10, 11, 12 shown in Figures 1 OA B. In sone.
enbdtiismbsent O, RINRE (U2, B, SomelkehBBAIGR (s A-NESH
Cl-6_al Vi
het et 54 oa%l){gr“uo ? F}é&fi},@ or ﬂ%m?%%%%& Jggﬁp %@/,?Q Sa%hgfeglfn
e:&hldﬁng@ﬂ)m@owidkyo,,llmﬁlowhkleFaghl;es RAB. al kynyl, aryl;
heteroaryl, cycloal kyl, or heterocycl oal kyl i s
optionally substituted by 1, 2, 3, 4, or 5
- subdhistieahbodineapn®idekit | y sel ected fromhalo, Cl.6

al kyljn ‘some emb(?dunenqg Ris EZ Cy alkyl, Ca.6 alkenyl, Cy.6 alkynyl, aryl,
heteroaryl, cycloalkyl, or heterocycloalkyl, wherein said C,.s alkyl, Cy.s alkenyl, Ca
alkynyl, aryl, heteroaryl, cycloalkyl, or heterocycloalkyl is optionally substituted by 1,
2,3, 4, or 5 substituents independently selected from halo, Cy.6 alkyl, Cy.6 alkenyl, Cs.
¢ alkynyl, Cy.¢ haloalkyl, Cl-ﬁ hydroxyalkyl, C;.¢ cyanoalkyl, aryl, heteroaryl,
cycloalkyl, heterocycloatkyl, heteroaryla]kyl, cycloalkyl, heterocycloalkyl, CN, NO,,
OR?, -(C1.4 alkyl)-OR?, SR?, (C14 alkyl)-SR? C(O)R®, (Ci.4 alkyl)-C(O)R”,
C(OINR°RY, ~(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, ot heterocycloalkyl, wherein said Cy.s alkyl, Ca.5 alkenyl, Ca

12




6 al kynyl, C -6 haoal kyl, Cl.6 hydroxyal kyl, Cl-6
cyanoal kyl, aryl, heteroaryl, cycl oal kyl,
het er ocycl oal kyl, heteroaryl al kyl, cycl oal kyl,

het erocycl oal kyl, CN, NO2, OR a, -(Cl4 alk -
"‘é‘hé",“”i"(‘%ﬂ al kyl )-SRa, C(ORb, -(Cl4 al ky|)¥’ @%@‘,‘“’”m

CCONRR, -(Cl1l4 alkyl)-C(O Nee, C(OOCRa In sone
enbodi nrents, Ris H Cl-6 al kyl, C24 al kenyl, C2.6
al kynyl, aryl, heteroaryl, cycloal kyl, or

LR e S st

2, a|4(9h§/$ubst§p1§qts inferendantly Wlectqggfgqn@, R,ﬂl & aljyl, Cz.6 alkenyl, Ca-

ﬁ% §a]18ﬁ’t R:Pc?l:ly - 3,
% é}gyg%}%%&ﬁt’ ujédrllt S r]1i g epen!c:i‘e n@bﬁé 5&91%&5@)5 cloall%/i

sel ett ed fro

-he@mc@claalm CN.Q905 QR kGl AkyD2OR’, BRA Gongloi SORE.

%ngfl?e @P&fl@f%ﬁ%ﬂw%%’l %Sﬁ)eé&ﬁet er 6?5d oal kyl, CN,
NOQIn ORe, embpdinents) Ryd B-GRalkybRas alkeiA, Gosallypil) argRa,
o e G B B PR e o
ﬂl@i?e?hlé hétfm@l ﬁytzgd;e}ﬂeybdr het%cﬁci?llk}y mﬁp;mnaﬂylsubstltuted ‘Ty 1
2, 0% 5 Eallbun i FhOR i ST SN B .
I t?r a9l Féteroﬁfyl; hgamdxw,,hemwyabﬂkﬁpmmyuamyl icgcloalkyl,
sl el GBIt R SO RZ o, a6
o oo ey o
cgcﬁd& yh 4rsl, h@?@ﬂ‘féﬂ&r@aﬁ%ﬂﬁ sl oniep XJ @glmg%mml
2, ﬂ@b@m@&@dﬁ% n&h@} Q?@etedl Ebn&@ﬂi‘aﬁﬁholﬁ’dlmksﬂcy@o\f i f

i'nhi bi tor has a wherein: R 1s alkyl, aryl,
Cuja aliss )y ewlkyl,dafetmrwwy allfls Ryclgsibread | y
jed with 1, 2, 3, 4, or 5 substituents
hd%“%eag% entI sel ect ed fromOH amno, halo
al kR, R*Gnd®F aseladwndenay salectegfyom H N0, Wids QF@&?IW F,
teroarylalkyl cycl oal kyl, and heterocycl oal kyl ;
’, R2, and R3 are |ndependently sel ected fromH, hKE
NFQYlﬂQHCQBvrC@ﬂH F, and |I; Yis NHCOor CONH Z is
2 @ r an enantlomer di ast ereoner or
pha A é%tl cal’ly acceptabl e salt ther eof, excl uding
C onpoannasntibiyer, ﬂiasteié,bmh onwhaimacBatgrallye acceptaile St theregfoe

ex«ﬁﬂ%ﬁ%%:q&rgp%%rslds l?) }ff 12 sﬂol%nbilntPoguresq%At Il:’?e Formula I,

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 Iy

Y is NHCO or CONH;

Z1is 0, 8, 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

13



Ris alkyl, aryl, heterocyclyl, or heteroaryl; Rl, R2,
and R3 are independently selected fromH NO2, NH2,
CF3, Br, d, F, and Il; Yis NHCOor CONH;, Zis O S,
or NH and enantioners, diastereoners, and
N0t i cal |y acceptably salts thereof, BXEPHACHYIS
conpounds 10 to 12 shown in FIGURES | OA-B, which are
t hree exanpl es of 13 WO 2007/ 044565 PCTI US2006/ 039225

conmpounds in Fornula Il that are known, but their use
coﬁ?m}gdg i IflmggfatIPfh& B R bl B s adViERhidlioks wadhiopi tor s
af so 1 nclude conmpounds in Formulas I11-V (illustrated

kngrek.ow) and enantioners, diastereoners, and
pharmaceutically acceptable salts of these conpounds.
For exanple, in sonme enbodiments, a Vif inhibitor has

g t he TRoVifuhlabitors also iRgluderoyapRends iRBorRimlasRH-V (illystialedr ei n:

betfh pd aidiblr, oo el R AR
the@ib@Bngound?H4 0 / , }~ ~\ OO _O '
For example, in some embodiments, a Vif inhibitor has the Formula III:

RZ

R%‘/X R3

wherein:
XisOorNH;

14



- d OHBr~/t W\ I ~N-i d O Np \ / ~ ONO
O O-O1HOH-ON/\yN\ ~NO HNp I/ O ipOO
N,, or Br R2is F, O, CH3, OCH3, COOH, COOCH3, CN,

or $JH O SOH or R and R2 together
"?—‘%29"%’“‘1415‘i§r COOH, 15 WD 2007/ 044565 PCT/ uszo%&?ié’g@g%””
R4 is H OCH3, Br, F, COOCH3, 4XiC ~~&We or R3 and R4
together formHR5 is H NO2, COOCH3,
benzo[ d] t hi azol -2-yl, and SO2N(C2H5)2; R6 is H, or RS
andgRg together form ~% . As another exanple, in sone
errbodl ments, a Vif inhibitor has the Fornula IV R6

CH?:Q&@ [+ oy gim\o/}"

0 r;& flas “@0 *
CH\Q\OH e QOX }fvom HQC]

or R! and R? together form O 3
R?is H or COOH;

15



RI R4 R R3 IV wherein: Xis 0 or NR7; Yis C=O or
S2; R isH CH3, 16 WO 2007/ 044565 PCT/ U82006/039228
OF\V I / \ VIOH\ ~\ /J S/ | OHNNNN, ~s H

Br OC & NHONH O\ " or NO HZN H F F

W20y d¥%fer formNor / \ NO HNN,,,," E@%Sﬁhﬁﬁpﬂs
ad, I, or S(4-nitrophenyl); R3 is H, F, CI Br, I,
OCH3, OCH2CH3; R4 is H, CH3, OCH2CH3, NHC(O)CHS or
S(O) 2-piperidine; or R3 and R4 together form OCH2O

RS hgisW{,%CI%',Br,FB@dO%}ﬂi and R7 is Hor CH3.

-

or R® and R? together form ~ H ;
R’ is H, NO,, COOCH;, benzo[d]t}uazol-z-yl and SO.N(C;Hs)z;
.R is H;
s 6 o @
or R® and R° together form =3

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

1V:
5 i
R Y\X,R
R4 R2
R3
v

wherein:
X is O or NR";

Y is C=0, or SO,; .
R'is H, CH;,
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For exanple, in sone enbodinents, a Vif inhibitor has
the Formula V: R XR3IR R61I1 / R4 RS V17V\D
2007/ 044565 PCT/ US2006/ 039228 wherein: Xis S or

is H CH3, OCH3, CH2CH=CH2, CaH9, CH2C(O N
WRRIONEG2CHECH2,  CH2CH2( N- rror phol i ne) %%%9”8
NI I NHZNOf NN~HO HHHHO /Oor NHz MI
\\ I +HHO R is H CH3 d, OCH3,

CH( phenyl ) CH2COCH, or CH(CH3) CH2CH3; od NH or Rl and

R2togethe formtgR3 is H R4|sH Br
%—@ aSN |s H
o HN —
NNﬁ jw ’
I %
s Ag Q&
) , _ Br
cl NH 4] N/©/ OtLNH
» ' . l s — 5, 0r A A
OTIJ ey }J?[F { ; 2 N0
H

or R! and R” together form

Qxﬂz, O

Nﬂ

3¢
\g o .

R%is H, C, I, or S-(4-nitrophenyl);
R%is H, F, Cl, Br, I, OCHs, OCH;CHg;
Ris H, CHs, OCH,CH;, NHC(O)CH3, or S(O);-piperidine;
or R® and R*? together form OCH,0;
R’isHor Cl;
Ris H, and
- R"is H or CHa.

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



In sone enbodi nents, a Vif inhibitor has Fornmula VI:
R -Cyl-Z-Cy2-Y-Cy3-R2 VI wherein: 18 WO 2007/ 044565
PCT/ US2006/ 039228 R is H, halo,. C -6 aI kyl, Cl-6
hal oal k I Q6 allcenyl, C2-6 al kynyl y
R2PBFOBHSs al kyl, C, .6 cyanoal kyl, ON, P%@ﬁ}&%ﬂzs
SRa' , C(O)RR’ C(O)NRCI Rdi C(O)CRa OC(O)RbI
OC(_O) NRI Rd" NRO Rdl WC(Oe NR C(O) NRd1Ral
NR' C(O) ORal C(=NR )NR Rd" NRIC(=NRI')NR Rdl P(e)2,

gl 2 P(ORe'R P(O ORelORf', S(O Rm S(O) NRClI Rd1,
S( o NRI S(O) 2Rb", S(O) 2NRdRd" Cta', or Cya'-(C-6
al kix s, or'@l;]er ein said C-6 alkyl, C2-6 al kenyl, or

C2" al . j I uhst
R s ol s b e e g o
| m@mmeﬁacnylcmcﬁzm _ablpholte), C2-6 al kynyl, Cl-6
hal oal kyl , CI 6 hydrgoxyal kyl, Cl-6 cyanoal kyI CN,
ll\m ORa' t
) R N O)NR” Rt

%‘l)ﬁ\lRl Ral 1) P(O)Reb Q
P(O) e' OR" S(O Rb| S(O) NRI Rdt S(O 2RYl, W S) 2e',
nd S(O 2NRdle; Z |s absentO 0,

(ORg'), CQ &H( ,Q - 67al
XA ANKY - O \61aT<yl ;
al kynyl -S, C &% alFkyl- NRg', kenyl - NRgt , C2"6

al kynyl - NRg' , -6 al kyl - S02, -6 al kenyl -SO2, C2.6
:-al kynyl -SO2, S02NR9',- Y is C(O, NRg2CO, S02NRg2,
- NRORSEP, L0, m@@ammwx CHOCHOCNROR:; R2 i
H halo, -6 alkyl, - al oal kyl, C2.6 al kenyl,
C2-6 al kynyl, Cya2, S 2Rd2, NHSOZ Cl -6 al kyl,
Cl. 6 cyanoal kyI CN, : 2, SRa2, C(O Rb2,
C( O NRc2Rd2, C(O)CRaZ Rb2, OC(O NR2Rd2 NRc 2Raz
NR2C( Q R62 NRc2C(O NRC2Rd 2, NRc2C( O ORa2,
C(=NR ') NRo2Rd2, NRc2 R ')NRc2Rd2, P(R&)?2,

P( ORe 0 ORS, S(O) Rb2, S(O) NRe2Ra2,
s of% éb?‘dﬂ‘%%%fg%bf"fﬁbz S(O ZNRc2Rd2, Oya', or
CyaR*(; 6 al kyl)-,wherein said Cl-6 alkyl, C2-6

R*is H, Br, Cl, CHs, CH(OI{)CH20H3,

Ny O, or G3HLY al | -G
5 al ken@@f

N=N
Ho e |
N —_——
: , NH
E ] wwg ﬁ’*‘s,
»

R’ is H, and
RS is H or CH,CH=CH.

In some embodiments, a Vif inhibitor has Formula V1L;
R-Cy'-Z—Cy*Y~Cy>-R?
V1

wherein:
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al kenyl, or C2-6 al kynyl, is optionally substituted
wth 1, 2, 3, 4, or 5 substituents independently
selected fromhalo, Cl-6 alkyl, C2.6 al kenyl, C2-6

aI k |, CI-6 haloalkyl, Cl-6 hydroxyal kyl Qiﬂ{ﬁ
K%%/f ¥, ON, N2, ORa2, SRa2, (O Rb2, S%ﬁ?&?zs
C( O ORa2, OC( O Rb2, OC(O NRe2Rd2, NR2Rd2 NRc2C(O) Rb2

c2C( O) NRc2Rd2  N2C( O) ORa2 C( =NRa) NR2Rd2
NRezC( NRi z) \V2Rd2 P(Rg) 2, P(ORe)2, 19 WD 2007/ 044565

&H&%ﬁ%&"@%%%% SRSy T Crg i, 9 o
BNRMBIRGR:C; plkyl, €1 aesphoalltyd @GN @y OR* G $BIT0G(RRMY, or
C(@%grﬂm)tgb@ (gcqﬁguén?gﬁ)li\%desié&é{e F;ﬁ{;i Eﬁégyf rlom
lem(o)mimdl,avm@)om‘maqmm% E2R° }ﬂ:(@mgaNR g @%{Rézé
%%éﬁ*‘%%?@%% o@%&y&ﬁf*@?@%& R R e O b3
a &1 NEESIG wﬂi&egl)dhﬁdﬁBdgqyl Cos
aﬂ«g%y )o’méaga%@y%?%jm@fy ?gﬁ%%ge%wﬁ%%%% SRR
lﬂdgﬁ?;@%ngg @Mbctedéﬁégg ?;ﬂlto k?l—ﬁ ,aliof, 019 kRl YCJ.Qaltyikyl, C;. ?Hdldﬂalkyl
Crghpseqsy @a@ ?}ﬁ&@&@i&ﬁﬁﬁp@z FQ&%@?%@%Q&@)@R“&‘% -
( ! lR clal (0) b1 dl
&‘é}% cw@w@ﬁ?@ h&i&@ L T e
ﬂﬁ@(ﬁkﬁﬁﬁ“ %S@?R e4Rf4 §@go)éR gk b\lﬁé“lﬁﬂi“

' P( ORe4 NORf 4, S( O) Rb4,
S(Qi( SARd4, S(O)2R64 and S(O) 2NRc4Ra4. Cy3 is aryl,

het Ky &yl
i o U ol ke
Cx.stibay]-Ouent @k}mﬂdﬂ@p@n&?ékﬁﬂisy Cseﬂb@b’b& @zaﬁﬂ\i}mﬂ D, Cl@ﬂiﬂ-

st L 0, B e ©

allc@@wplatmz O NRe5Rd5 NResRds NRCSC( O) Rbs,

Qs B MR R Bl

or(SDNRﬂReSRdS S( O 2Rbs and S(O)2NR05Rds Cyst, Cy2 are

cyof GarhHo ndoh G ehegik Ghamrenieben BBt |

sogutf%n“iz t NHS .0y ¢ Alkyl2 ). Seyadoatieyl, 5o, N34, ORTe BRY, C(O)R
N
g:af(ﬁ h@(@%ﬁ(@)@ﬁ%@k@k@@@@ﬁé?SNR@(@)mbﬂRﬁRﬂ
PR™),, P OR )2, 1:'(0)11"'21112 P(O)OR™ORZ, S(O)RY, S(O)NRZRE, S(0),R"™,
NR®2S(0)R, S(O)NRZRY, Cy*, or Cy*'-(C1.s alkyl)-, wherein said Cy.¢ alkyl, Ca6
alkenyl, or Cy.¢ alkynyl, is optionally substituted with 1, 2, 3, 4, or 5 substituents
independently selected from halo, C¢ alkyl, C,.¢ alkenyl, Cy.s alkynyl, C,.¢ haloalkyl,
Cy.6 hydroxyalkyl, C,.s cyanoalkyl, CN, NO,, OR?, SR%, C(O)R™, C(O)NR“R%,
C(O)OR™, OC(O)R™, OC(O)NRVRY, NR¥R¥, NR™C(O)R", NR*C(O)NR*’R%,
NRZC(0)OR?, C(=NRANRRY, NRZCENRHNRPRY, PR™),, P(OR),,
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NRc6Rd6 NRC6C( O) Ro6 NRc6C(O) ORa6, C(=NRi ) NRC6Rd6
NRc6C( =NRi 6) NRc6Rd6  P(Rf6)2, P(0O", P(O) Re6Rf 6,
P(O) ORe6ORF 6, S(O) Rb6, S(O) NRc6Rd6, S(O) 2Rb6, and

0O) 2NRc6Rd6; Rat Raz Rai Rao Ras Rah Rbt
W—'é% TAHAS Rct, Reg Rea Rc4 Res , , Re6 S%% ﬁggho%ém

Rd4 Ras Rd6 Ret Rez Rea RedRes Re6 Rn Rrz RfF3 R4, Rfs
and Rf6 are independently selected fromH, d ,0

aIkyI C |o hanaIkyI C2-,0 alkenyl C2 10 al kynyl,
@ 'S 6 N’li"?Rdh 8 %2, and
P(é RaI (P edts%? oar , % % / 044 d(%k o
S(@ 06/ 039228 cycl oaI kyI aI kyl, and

het 8 OENAIBU A Sl TG B SRl ity L 10
subsylwt@bbykylz 3,Hetr & rsubauwents lnsiepmiegtbrl selabtky fromaualpl €1-kalkyl,
Condh bRyl o KRR NG DR K CORS: ot i 11
C(D)NRZRSE, cm)om“’y BCEOIRST, QaeNvR” Rﬁ,d@‘énﬁemk‘l g8 ect ed

R R N S Ol T B e

P(Om"&t‘bwcowcmﬁ S(mﬁ SOO)NRIR 'SQO)zRWemﬂiethW’R“

| H, )
Zlek aryl hate l:ocya’:"g‘ﬁ‘yf”y he&%’i%"yﬁéog@a IEI/‘r"é’x”%\l kyl o
_ su@tﬁdtéllﬁjf!ﬂ 933 h}ﬂrg s@sﬁhﬁm@hﬂﬁ@ﬁéﬂdent@l’se@&edi ﬁoﬁmé}bl[lyih alyl,
- _an_enant! oner | a ere msr or
- Coadept o Crnpany b onRenSRar R Y 2 5
‘ c:(é)Nﬁ“‘Re C(b)oﬁa“ @C(dﬁ&"“ bb(oﬁ@a%ﬂa‘ﬁvm‘!“m“ HHE‘HC@RP@A B,
SQNE € ATBNLS o npre of, 4 % «and
NS RSO N R Bt R oA NS R PR FUGY 3 o oy
P(@ﬁ@“f@&’ %(oﬁfR“é/Rf“ %@)R@S’ s GNREN &), Rb“l ﬁldSS'{’G‘fﬁNR“ R

ment's, heteroar , cyclo

het oléyml él&tewlryl CYélﬁ%l?ylomheéﬂﬁ%ﬂYPWﬂgﬂb%hpﬂfﬂ@éﬁby H _
sulfstifufed bg 25 P 4%&1?%{11%%&1%% ?ndeﬁ@ﬁ@rﬁ%%@l@&tk&ﬁ%'hﬁﬁééﬂ I}kﬁm.

Coh alkewl,n@y an@m Ncphal@itigd, CI‘QFNO?., @66) swé C@)bﬁ’ NR' 3Rd3,

TR e e e S s v G T

m&(@each—anﬁRféym CENRDNRERT: Pa) )]?I(QR°5hach
| P(@ﬁ{gﬁg"é %hd)e)ﬁlﬁiy g élsgdﬁ fd NRESES, 570, R00kna B OYRREReseNt s

Cy211 Cy*? are 1ndependently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloaikyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
independently selected from halo, C;4 alkyl, C, 4 alkenyl, C4 alkynyl, C4 haloalkyl,
CN, NO,, OR™, SR™, C(0)R, C(O)NR*R®, C(O)OR™, OC(O)R®, OC(O)NR*R%,
NR¥RY, NREC(O)RY, NR¥C(O)OR™, C(=NRNR“R, NRC(=NR®)NRR®,
PR®),, P(OR®),, POO)RRE, P(O)OR*OR®, S(O)R™, S(O)NR®R®, S(0),R", and
 S(O)NRRY;

R RZ R® R* RS, R R RY RY RY R, R, R®, R RY, R, R,
R, RY RZ RE R¥ RY, R, R® R RY, R, R%, R¥, R, RZ, RE, RY, R, and
R™ are independently selected from H, Cy.1q alkyl, Ci.19 haloalkyl, Cx.4p alkenyl, Co.q0
alkynyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
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hal o, CN, NO2, ORa3, SRa3, C(O Rb3, C(O NRo3Rd3,
C(OORa3, OC(O)R63, OC(O NR3R(, NR3Rd3, NRc3C(O) Rh3
and NRc3C(O) ORa3. In sone enbodi nents, Cyl is aryl,

het eroaryl, cycloal kyl, or heterocycl oal kyl

WBFP%W%SI%/ substituted by 1, 2, 3, 4 or 5 suﬂﬁggug‘ﬁgzzs
i ndependently sel ected from haI o, CN, N2, ORa3,

SRa3, and NRc3Rd3. In sonme enbodi ments, Cy2 is aryl,
heteroaryl cycl oal kyl, or heterocycl oal kyl, each

gﬁcglﬁﬁcly xn@w@éséybwmﬁlamyl Jvhel%msaxdcﬂ 1@:ﬂkﬁ SubRilbalknt s
ndentdzmsel ected from hal o ??N? Jﬁé{z @ﬁ’i
Cﬂb riéserptl,, C2@9 ykmg,,| eyc leglkyl, helgreasy kl}ﬁtero oa ary,

h% %@%&ﬂg c?ﬁé}PNHB%é i oalffl A (Fiad u%@ﬂ u?h&uted with
1 zg?;}‘%mamms%&m o e 0
_arﬁl\/ %rér erqaﬁg’}lh%fepo%faﬂahkyl Céﬁr%iom}ﬂkkﬁid heocycloalkyl

opt i on substi fut ed
3 agbmda{g%mbmdep@émtbf Sﬁh@t@bﬁméﬁﬂm %1@{13&&1@@1?’%@% Co-

4, SRa4, O RM O NRc4Rd4,

o R 83‘3’(1}3%]&% 4 (0 N AR AR d4,

NRC SCESTLRO4e ﬂhﬂdCNRbﬂO}(lﬁl%é alkpnylen fe-el5mat; ment s

is a oar

et & Ge bt o aginly op TN albpipic st gty
exdludidg cédmpsunds 5,314, BUET 8, 9, holdpetickhnwhjn Bgureszt(é"e‘Bf rom

hal o, CN, NO2, ORa4, SRa4, and NRVRd4. In sone

enbodi nents, Cy3 is aryl, heteroaryl, cycloal kyl, or

het g e eraRdkdnts, oﬁe&&hncﬁabf@yﬂ‘aCVyamimy?tsighmséd by 1,

e e
S

NS see@mbodaﬂ@tmﬁs%y&a LN J&%ﬁ!{flgalk&s

eal:l%olﬁl{o\éhu éﬁ@&t&n@@wh 2, QYAPJ)l@dulSMituenWm&@EﬁeﬁﬂyﬁHl@&ldlﬁ;dm

eac substjtuted by

heétu By PR o calkorth fom el ng&a@eil%ﬁ oN Nt ﬁfé""’uSR”

%@W@N&%‘% cS(RdS (DE?@?%)&I%& and

qioéibﬁ*re enbodi nents, Cy3 is aryl,
e i S
cacln ogtipenitiesubbtinted by 812 8, 4 poTwubplinents indepengently sgtgeted
i LANRRRRERS, SR, C(O)RY, CLOINRPRE, C(O)OR®, OC(Q)Rbs,
OC(O)NR®RY, NRR, 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, NOz, OR™, SR®, and NR“R®.

Tn some embodiments, Cy” is aryl, heteroaryl, cycloa]ky] or heterocycloalkyl,
each optionally substituted by 1, 2, 3, 4 or 5 substituents independently selected from
halo, Cy alkyl, Cz.4 alkenyl, Cp.4 alkynyl, C1.4 haloalkyl, CN, NOz, OR™, SR*,
C(O)R™, C(O)NR*RY, C(O)OR™, OC(O)R™, OC(O)NR™R™, NR*R™,
NR¥C(O)RY, and NR¥C(O)OR™,
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In sone enbodi nents, Cy' is aryl, heteroaryl, or
cycl oal kyl, each optionally substituted by 1, 2, 3, 4
or 5 substituents independently sel ected from hal o,
a 4 al C2_4 al kenyl, C24 alkynyl, Cl h Ia‘ﬁ%le?g
V@@O“N@ﬁsglsmas SRa3, C(O) Rb3, C(O) NRc3Rd3, 8? ??39228
OC(O) Rp3, OC(O) NR3Rd3, NRe3Rd3, NRc3C(O) Rb3
NRa3C( O ORa3 C(=NRn) NRo3Rd3 NWBC(=Nw3) NRc3Rd3, P(RB) 2,
P(ORe3) 2, P(O) Re3R P(O) ORe300, S(O Rb3, S(O NRo3Rd3,
S(Ohp o o t ?Rﬁﬁgﬁ%ete}d}rﬁ QUBloRIFPIOGH HERIS rclofyl,
erda

©I's ary each optl onal |y substituted by
eath ogtionglly wbatrtu@d ‘gnb,sa-, B4 et sbstipraisaAdrpprdeptly wslested digm

LI o SO O ST o T it
- oc(@ ,@)nmﬁaﬁiéﬁé{@)owr‘-‘ecsts |
h&é?&%qﬁrﬁ%ﬁﬁﬁeﬁa&%@aﬁ%@ B Gl gt
ek 3 TR e %?44565 PCTI;1 uszo%géﬁzcgg ﬁOlm
hi(%@% 5?‘ V&%\Gﬁ{s “aryl, or cycloal kyl, each "
opt ifne&ht Mn'ﬁddhﬁénti, Oyeid ahyy, hiterdiryl 3nycibalizy], b ketdvetycloalisy s
eaaﬂaéf@“@fﬁ% %u%a?bm g %a%“w@a%g%nk%é‘w%wﬁkw%&i fiop
@zl(\élRydﬁ C1«GaRRRA BN, N PRI SR,

c&?ﬁwg@ miedﬂg@é?%ﬁﬁ%é SRAORRIRANETR NGRS >

NRCE) @% Smf3 S(O Rb3, S(O NR03Rd3
S(O and S

is éPWm@)ﬁF‘PQS‘HB?D@(gB iﬂe&&fﬁﬂﬁoﬂg ogf'he %?Y"’é’
35.111 fdnﬁ]gﬂﬂjﬁltut@@ ﬁf gnde! nci bﬂ’S ﬁ\%btﬂﬁér@ﬁnﬂdp@ﬁﬂehﬂ& Selectell ﬁ%m

N, NOOREFE | X IS %kysnﬁx; CL ¢ gq%pa%;ky' CN,
LN 5 s0) Rb3
O%@ o&%}( l@(:?ﬁ@ ﬁ}ikﬁ?%%%@ NRc @( ?\IRQ) NRCSRdS
P( RfIB )‘-@ne FRREBYS, prbIRteroap(! @ BhetgrogyRios!
R 11
RS o 104 S it i

hmméﬁuﬁﬁﬁﬂﬂi ,@db&"lﬁuted by 1, 2 3, 4or 5

S e AR SO AR pRALER! S AR °Rtg‘aﬂnjﬂ |

‘ sdblﬁﬁuteﬂiﬁﬂ 2 $Radr 5 Qp@)tRbds indPedehiky sletied ft;(x@
ey of e Sl PRI ARET. Kl IS R arels,

CROBRERPOBROR™S, 0C(ORY, OC(O)NRR®, NR®R¥, NR®C(O)R", .
NR®C(0)OR®, C(=NR*NRZR®, NR®C(=NR*)NR“R®, P(R®);, POR®);,
P(O)R“R®, P(O)OR®OR®, S(O)RY, S(O)NR®R™, S(0),R", and S(O):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, C14 alkyl, C24 alkenyl,
Ca.s alkynyl, Cy4 haloalkyl, CN, NO2, OR®, SR®, C(O)R™, C(O)NR®R®, C(O)OR™,
OC(O)RP, OC(O)NR®R®, NR“R®, NR“C(O)RY, NR™C(O)OR®,
CENRENRPRE, NRPCENRP)NRERE, PRP),, P(OR®),, P(O)R®RE,
P(O)OR®OR®, S(O)RY, S(O)NR®RY, S(0):;R", and S(0),NR“R®.

22



P(OR R4, P(OOR ORf4, S(O Rb4, S(O NRO4Rd4,
S(O 2Rh4, and S(O 2NRc4Rd4 I n sonme enbodi nents, C? is
aryI or cycloal kyl, each optionally substituted by 1,

2 4 or 5 substltuents i ndependent |y sel
‘YFLFQB’"O"&G& alkyl, C2.4 alkenyl, C24 alkynyl ‘i‘,%bﬁﬁ%?{,&&%s

hal oal kyl, CN, NO2, ORa4, SRa4, CO(O) Rb4, C(O) NRc4Rd4,
C(O) ORa4, OC(O)R14, OC(O NRc4Rl , NRc4Rd4,
NRr 1C( O) R14, NRcs1C(O) ORa4, C(=NwWi) NRc4Rd4,

P O R ARy i el & Rl byt e
by $( :D)szmﬁzcﬂ ammems side;en@mﬂm d@lm&fmm g, (iius; adeyl| Cr s
%rltaahlg%l?' %r}\? sed’ m ha O NRSJI.{4 ’
: C(amﬁ occm)n"3ammm°3R€:‘2I\mﬁa&"kwmonéi MRTGDERRY | |

Cf%“al[\‘%’&‘ %%%z%sﬁ%ﬁnﬂﬁ‘ﬁ O B O 0t

jrm SAGHR, andFy %) NRc4Rd4,
ﬁaﬁ“ SRR r?auge%m&e Y bg oS
' sub%ﬂ%ﬂt@ %&%ﬁd&&l}ﬂséﬁé’c&ﬂ@é& 821328, 4 ﬂ@l,%%@@dim@@l
G P BRI, Man e SR CipRE, SIS e of SRR e SN
oc(oggﬂgellm@ qak“ud—"sméet @Uﬂfc ?%”%?%@ﬁ @ ANRP °3Rd3 CZA
NGNS P(R% sm RERD, PIIGREBRS ReaR™

Res, NRcsC(O) ORas C—NR
f§NF«:S,R%%%RC30( s) NR 5Rc, P(Rgz) P( ORe5 )

P( JprasREsbpdine s asylarerears; oy tysloglicw), @}c.i_»msonaélﬁd
SR AT Pl

CzAalkcnYB C‘autaﬁmylu@mlqualwb@hmﬂ ope S%Rae.dt?(éﬂR rom haI o

R, ok REIRog %ﬁf“"‘% é”f%‘*“ &%ﬁé“’é@ ) CRas,

NROTG(Q) S, CERRENICTI SR Y ,0) CRas |

R R O -
S( Qn2binG embddimBH1E) ARRcBRaS cydoadloiracntmisnanibstit@dby s
1254 P BRSOy 9l oot oS
C, phlleyily, G;%amblkcﬁmm Noz,/omﬂ‘* ISR IC(O)REL,- HOMARBRI*kH0) ORN,
o ok R =
cRFEHRRRS, N?@ﬁf@%ﬁ{w FRS), NROR™,5P(0)R“R,
P(O)OR¥OR™, S(O)R™, S(O)NR™R*, $(0),R™, and S(O);NR*R¥,

In some embodiments, Cy*is aryl optionally substituted by 1, 2, 3,4 or 5
substituents independently selected from halo, Cy4 alkyl, Cy.4 alkenyl, Cy.4 alkynyl,
C.14 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™, CENRMNR¥RY,
NRUCENRMNRRY, PR™),, P(OR™),, P(O)RR™, P(O)OR®OR™, S(O)RY,
S(O)NR™R%, 8(0),R™, and S(0);NR*R%,
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NRc3C(=NRi S)NROSR u, P()2, P(ORe5)2, P(Orb5le,

P(O OResoRts, S(O Rb5, S(O NRcS5Ras S(O) 2Rb5, and

S(O 2NR SRas. Cyal, Cy2 are independently sel ected
fromaryl, heteroaryl cycl oal kyl, and

WR2WIBMSI oal kyl , each optional Iy substitut RGTy20per03228
3, 4or 5 substituents i ndependently sel ected from

hal o, ClA al kyl, C2A al kenyl, C2A al kynyl, C A

hal oal kyl, ON, N2, ORa6, SRa6, C(O) Rb6, C(O) NRc6Rd6

| C(O%%?eﬁ%ﬁ%%& gﬁ%&@ﬁ%@i@%ﬂ@ &&%@&B@@ cg:% K6
NR =N NRE6Rd6 ¢6C, C6R
sub’s(tfﬂ)ted bP[, ORAGY @5 sPbtRa6 (F:mctsp@(d?@)tm@E@Rd/ﬁos(}@ose@& alkyl,

T B R, O R SR 7 i s

COINRER?, C(0)ORTE OSBRI, BKHOINRIRS sN&"BBenNR°SG(0)S NRg

T g e e v

P(emffwémomwm‘z&(omf W%cﬁ(@w andS(OLNEC B

o0 & R ettt h gt Bibeth Heh Ry hejgrapy

1, 213, 9eis seistinentiitependEitlyissletted frad GiploOl - Haliadl kG 4, allehyls

CLARML e B S R e o
% 'N;RcﬁdDWSqu;([\@c |Nlc€mas a:( O) Rb'
C(

@RNB‘%QS%S)%?%\@%@}%PP@%I)&;%Q %ﬁer ein-
P(@?{bﬂ“@k (@b}@’? | S(Of% @R‘ﬁlé(eﬂm‘ﬁ mﬂis@zrﬁ?&t‘ﬁynyl is

optionally Substi

b8 Hets ot CH S| SPtoBH LB HEUN Dt 5 4 285. 6
su@étl*&iéhts ng%o%d@ﬁﬂﬁélébted ﬁgm@aﬁ oa‘FMlql ¢ alen '\I?B@@Lﬂ&yﬂyl,
C:Staloniiay GOm0 R%p éz@léiak HE)ORENOCORY,
O%@ﬁ dsllg}i n so ’ qrslt%— %@Rﬂdlgﬁg |
NGO R @ har e S PIOYORE, BQGRICRS, BB,

S(éb\zﬂn‘g%({sks)@%%@) . glr GS%kyl vvhglr e|6n said Cl-6 |
al kg, 2 Ete atdepengenilyoreleed Groml drylybdtorodrsl, gmqaa@gwng,
‘. he%lrjo%%lbglﬂyl gach optionally substituted by 1, 2, 3, 4 or 5 substituents ‘
independently selected from halo, Cr.4 alkyl, C24 alkenyl, C,.4 alkynyl, C;4 haloalkyl,
CN, NO,, OR™, SR*, C(O)R, C(O)NR**R®, C(O)OR™, OC(O)RY®, OC(O)NR*RY,
N-RcﬁRdﬁ’ NRcGC(O)Rbﬁ, NR°6C(O)0Ra6, C(=NRi5)NR°6Rd6, NRC (:NRié)NRcﬁRdG’
PR™),, P(OR®),, P(O)R®RY, P(O)OR*ORY, S(O)R™, S(O)YNR**RY, S(0O),R", and
S(O);NR¥R®,

Tn some embodiments, Z is CHNRS'.
In some embodiments, Z is CHOR®'. _
Tn some embodiments, Z is absent, O, S, NR&!, CH,, SO,, CH(OR®), CO,
CH(NR®), or C,.¢ alkyl-O.
In some embodiments, Z is S.
S 24



with 1, 2, 3, 4, or 5 substituents independently

sel ected fromhalo, C-6 alkyl, C2-6 alkenyl, C2.6

al kynyl, Cl.6 haloal kyl, C -6 hydroxyal kyl, Cl-6
cyanoal kyl, CN, NO2, ORa', SRa C( O Rwy,
‘&@W%ah C(O ORa', OO(O) Ry, OC(O) NRI Ra¥CVREURE228
NR C(OR61, NR C(O NRclRal and NRc1C(O ORa'. In sone
enbodi nrents, R is H, halo, C-6 alkyl, C- 6 '
hal oal kyl, C2.6 al kenyl, C2-6 alkynyl, SO2NR R,

NHS |,k hape2ahk N 1@%} Be
%\N% € reg}bﬁd%l%;elnﬁ ﬁ ‘302| K Iéb(%%@keny or @NEH
NIKDGO}@;/@C((D)NH)ptCO Ly substltut ed with 1, 2, 3, 4,
substi.t ently selected from hal o,
3 - B RS YRGRIECL Y P v o o6
h al fiedolael embﬁ‘dlnﬁantsym'neﬂyhﬂk,}ﬂh,s alkhyl, €18 iadmikijflk@d 6 alkeiyl,

CZ%@S’M% 8 S&aﬁﬂf‘,ﬁ“’ﬁﬁ%ﬂ%}ﬁ FdIbOdl Eﬁt’lk‘é‘NFi"obscg ’

SRa’l KYOoR NRS!, cpBpR™ anc@ag O@t@)ﬂ@“‘rkdémllﬂ 6

Rl e S Rt e

saill @E dent itlkenyﬁ of @9& &yiyT, aragtiehly sGhstifurad wiyh 1, ?.C?, 43 or

5 s@ba‘é@x@awmwﬁw sHfgtted eomz{“%ss T oo ekl

138 t@Rﬂ*F@Rﬁlsc grRNal o,
Cl&l 6 \(y gﬁk’é al K A A )

|
AR e Seld Rei% R gl @R,
H dll 2, SRa?2, O Rb2,
C(B%E?IR]!OLZ% N”%a 0 Rb2, og((og NR2Rd2, NRZRA2.

Nchts(o@eFa;ﬂ_vo mizd% HRb@!W & alley1, IGire hadpaibrans alkgREk ei n
dl al
ng%?‘?"ﬁ F@ IR y?u%,tog lwa}kﬁm‘,‘l 5 oéﬁ%d%ﬁ M{“dﬁ 83
sRé‘uWQemmueudtCé s alkpt Epeilienl.loy Csealémyéds @Ht@nﬂlh’aﬂubsflf@gd 6
| I, g‘élfﬁ |
%1 % 3‘14%65%312%4?&%% l?ﬂe%l rglnoa hﬁo H@%&g
alkBiRA,2C,. Al ;.6 m@m@ll@d@dmxm @azyalw(k@ @R NO;,

O R0 NI SRR ROR S ONER ey

NRa! aoh Rblcm%c (NBERRY hnd IGR“G(@)I(]PéhyI C2-6 al kynYl

sl AR L BRI,

I sogm&lz‘" 6Nalslqrm6 alkivls Cpp tyanoakylmmz, mﬂ et

C. 8 EREKW
stit u i,nd
SR Beeie el ol G P gwﬁﬁ s %ﬁaﬂg‘i thidhugd
wildl 1Ky b, 0r@ substitdn@ahdepbndehily f1dared lﬁ@m&ﬂdﬁ Y16 alleit, 66
cyanoa 1( CN,  NO2,

alkenyl, Cos alkynyl C1.¢ haloalkyl, Cy.¢ hydroxyalkyl, Ci. cyanoalkyl, CN, NO,,
OR?, and SR*.

In some embodiments, R' is H, halo, C,.5 alkyl, C1.s haloalkyl, C, 4 alkenyl,
Ca.s alkynyl, CN, NO,, ORY, or SR¥, wherein said Cy.¢ alkyl, Ca. alkenyl, or C.¢
alkyny}, is optionally substituted with 1, 2, 3, 4, or 5 substituents independently
selected from hato, Cy.s alkyl, Ca alkenyl, Ca. a]kynyl , NO,, OR?, and SR*,

In some embodiments, R!is NO,.
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ORa2, SRa2, C(O Rb2, C(O NR2Rd2, C(O ORa2, OC(O) Rb2,
OC(O) NRZR12, NR2Rd2 NRc2C(O) Rb2, NRc2C(O) NR2Rd2, and
NRc2C( O ORa2. In sonme enbodinents, RZis H, halo, Cl-6
al kyl . Cl-6 hal oal kyl, C2-6 al kenyl, C2-6 g|

¥ 20t oro. NHSCR- O -6 al kyl, O-6 cyanoglcalﬁle?'{domgzzs
NO2, ORa7, or SRa7, wherein said Cl-6 al kyl, C2-6

al kenyl, or C2-6 al kynyl, is optionally substituted
with 1, 2, 3, 4, or 5 substituents independently

SEL%Eq%S’e érﬁ%gln'ri]&'ts?Rf fgﬁ,ﬁalgllcaw AL hallahlklﬁ[l%-s an?zyrs
Comyitionh ey T, SONRERED NE¥666 v GrBopiyl GNROS, O,
sxﬁ@ﬁ%}n{f%{é(@gﬁgkﬁ%dd)oﬁﬁl og&ciﬁ!gb’éi lOE(@)I*fR“’KEF,-I‘E{&R&, oy
e R G s RSB CR . whamsei Qs T o o

' ' it i tahorl ranted)
a]%lng% Eﬁé {:%ﬂ e{ljléﬁl?gis: o%geﬁalﬂx sdilgitdatviired 2V, 4horls suBstiten or

epe

) dentlé sel ected from hal o - 6
indépeydentl Ol ted| foamiyalo, Ora albyla iy #ipenyl, Ens skl (@qglﬂod%ﬁld
SRa2. . | me Yolo! a2 C(ONMRBRAE
SRR SCT I R B o e comin
COOBR?, OA(QRTE CSOPR TREAMNR "R, MRICERYR ™ aNB™ AONFE o
ané&ﬁ{&%ﬁé%? PCT/ US2006/ 039225 | n sone enbodi nent s,
' a2 are independently selected fromaryl
het gn eane/émbadymdntg RK i/ H, haledChedllsd densdielvalkidy Cos dlemyl.
optional. Ladait.edo Ry ~1 , ORZ,
CRISRTE b ORI TS OY Sl s el Sy NOw
or R whefeitr shidat k atkyl, ,Cg.@ggenydi,l dr€ya yﬂkyn}d;tlﬂommm?g{ wapstituteh
NO2, 6, SR a6, NROGR 0
WL, b O SR NS R RACLPOR RIS O e S s
alREHY dN@%@u@aﬁt Tt hlbmalfnﬁgei-@madnymfwn é};” Gystallyh CIOND, ar e
i ndependent,y sel egt g r y I8 wro2pd
033%@‘8%%@3 LAPNTEL Br OG@?)% Qﬁome aﬁﬁ@@ﬁi oi_r%ai II\% R
NRUBEHRPUNRERBINRZRY, add NRZ(O)GRBubst i tuent s |
I ndependent |y sel ected_from hal o, , SRa6,
C( O)IRIS®ne ergh WIS ﬂ%l & BrejooRas: @*}5@%‘% % e 7
2 Ngl§Oce nd )CDRAED,, OR™,
nggélr.@n ﬁb%gﬁl(j%azrl;{}gq{ Cyat angg?%/ﬂlz;g alréedy%%g@gn n%gg od
orsHR*5 othersinf seish B amralityl, Colnelkandeityiz-s alkgraylos PE‘}H“, 1 b
C RRdHIGIakYd S4hBhI0! OL LMYk, 2,
Wg?&’?’gb%%gggéj%}s{%uf?tggﬁtg%&i@néllgpendent ly sel ecftaglg’bf r28m :
athrly C, Chlky iR ORielkylsRaehydsryalkyl, Ci.s eyanoalkyl, CN, NOs,
OR™, and SR®. . _ ‘

_ In some embodiments, R? is H, halo, Cy.6 alkyl, Ci.¢ haloalkyl, Cy.¢ alkenyl,
C,.¢ alkynyl, CN, NO;, OR™, or SR¥, wherein said C1.¢ alkyl, Cy.¢ alkenyl, or Co.
alkynyl, is optionally substituted with 1,2, 3, 4, or 5 substituents independently
selected from halo, Ci.s alkyl, Ca.¢ alkenyl, Ca.¢ alkynyl, CN, NO,, OR™, and SR%Z,

In some embodiments, R%is C(O)CHs.
In some embodiments, R? is NH,.

In some embodiments, R* is OCHs.

In some embodiments, R®' and R are H.
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NRc6Rd6 I n sonme enbodi ments, Rct, Rc2, Rc3, Rat, Rc5,
and Rc6 are independently selected fromH, Ct-io
al kyl , Cl to hal oal kyl, C2-to al kenyl, C2-to al kynyl,

aryl , cl oal kyl, heteroaryl and heterocy
W@Qﬂélpﬁs 2id Cl - 10 al kyl, Ct-to hal oal kyl , %&gﬁ]lsg(%6/039228

al kenyl, C2-to al kynyl, aryI , cycloal kyl, heteroaryl,
or het erocycl oal kyl is optionally substituted with 1,
2, 3, 4, or 5 substituents independently selected from

(}l I@%lﬂ@emm RentSCy® ard By F areaﬁdépamﬁﬁiw slekiedl from aryl,

het er oar het er oaryl al ky

cl
hem@ylowﬁaahq,wwhetws@@%yt et g“bﬁ&m%ﬁggé 233,
or%shbstﬁ%ﬁ(s lﬁdbgadﬂ@ﬁl ﬁl%lcﬂe& l@lﬁmdel .} Mkyls€). edkensll, C5 om T
a@mm - haloalisrloF N, Noa R o) SRS, 5@2@% °
CEOR T OLIO e kY MLRIOIR Syt amoky e s
nd dpsnoeernbodiseiin €2 dnd Cmﬂma@md%ﬁmaﬂy sekectd e gy

i oy B G5, fmpbpa simnasbal ot

oﬁiubsti?ﬁrﬁtsfﬁﬁe@m@ﬂy Ripgted ot PR&QS G, @an%pf‘iﬁa elﬁ p&%@

RPN R i AR R AR AR O Cand ©

Nggt@ O)Egg?. RM3 Sgs and Rob ar 3 H. r I n sone enbodi nents,
sel JBEAYE FRRoHiAeT %Cwé’hg?&dlm% %]%eg ehﬂfoa%%i%

t’
h%éé@% k clcﬁa@o, aﬂﬂk@t&ysbyclcaﬂgyl eacmuvmm@wlmwswﬂ 2,3, 4

2006/ 039228 | k ks,
T eTEFHA PR s osthele. R NOEDKS: sRind
NR&Roal kyI c2 10 al kenyl , C2_ 10 al | cynyl aryl
cycl oal kyI " het eroaryl - Qf Iceoal ' ‘
opt i BisamP gmbements, & eh‘ W\&t hllg m’ég‘ m?épgh@enﬂy
s&é&*ﬂsﬁtﬂ&vﬁ%ﬁ aﬂtgze@?mﬁmm G@hg&dﬂeﬁﬂ €5 uikyf¥, arglyi no,
b ol ezt e sk Camelperio
cma&%éwrmmnd %%cr S SR
SO 'aﬁc% dé 1030521, had Mhet&dﬁycl@ﬂld(l Rd6 ar e
AT TS ﬂg it %ealrgctgd ffom H,
oiminaw wsutut@imtb 1al.Rethyor 5 sepstigsnts éndsp%\?ﬁfy%’ Sc\ﬁﬁ‘sﬁi EPR
;&%118@, 1Rk dar1; hdeboakPlamlk eddalkylr
Ogaﬁgbnga?iynﬁgﬁg Mg nally subs It uted ﬁ&t h 1, 2, 3,
adk] heterodycloallrgl i t uent s i ndependently sel ected from ()—I
-amn hal o 4 pcafy pes rat kY ndedtaligmoar y
het eﬁ‘OSQWIe bﬂgﬁegg’yrgl (I%I IB P B é%da{?nt er ocyc?ﬁ(}g ?
sélé!ﬂmi Mﬁdcﬂﬁml C(rad hald'aﬁsfl, Corjo Akengia or Grid 2ikomyl a‘i"
Sald ?%eaﬂcy? rHl 1d haloalkyl, C,.50 alkenyl, or Ca.10 alkynyl is optionally substituted
with 1, 2, 3, 4, or 5 substituents independently selected from OH, amino, halo, Ci.¢
alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycioalkyl.
1 some embodiments, R”, R, R®, R%, R*S, and R are independently
selected from H, Ci.0 alkyl, Cy.10 haloalkyl, Ca-10 atkenyl, or C;.10 alkynyl.
In some embodiments, R”, R, R®, R%, R, and R are H.
In some embodiments, R, R, R®, R%, R¥, and R* are independently
selected from H, Ci.10 alkyl, Cy.10 haloalkyl, Co. alkenyl, Caao alkynyl, aryl,
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selected fromH, C-10 al kyl, C-10 hal oal kyl, C2-10

al kel yl, or C2_1o alkynyl. In sone enbodi nents, Ral,
Rae, Ras, Rd4, Rdb, and Rd6 are H. The Vif i nhi bitors
described herein al so include compounds |is

WO SIS 0 I G 18, or FIGs. 19A-D, and eﬁ’gﬂ’dsgh"ﬁ"’”m
di astereoners, and pharmaceutically acceptable salts
of these conpounds. O the conmpounds shown in FIG 1-8,
whi ch are exanples of conmpounds in fornulas [11-V,

. cyElggk%laﬁgﬁg%%%%%S%qﬁlqﬁ PEbLin S Ca% C1 IPﬁﬁl@iﬂEﬂr S

el n, the term’
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. OIﬁ, qmgm? Yhloa@ids a"kl)lgﬂtb,plrjglwﬂ)ﬂkf]b}]ﬂt%rbarﬁ{b hejero anylefi@}i,ﬁyploa]kyl
u - bu en e n- pen
anp@% ﬁ%&#mqﬁeopextyl)p ang t he ?lke Kn akaI gr oup
c an Tn sore eribodinicans, Rt RZ 8, RY X, afml Bffiais méepahrtmﬂy 20,
1 1
* sclsfhorg 16 opitiyty s SRR, S ARPH0f Cop SRV htein
Saﬁﬁl RpalkyAt OB lhaaléﬂkﬁﬁ@[im BResi,r Co.a diamyl i opm{)ne]hssnﬂammd
a ayin one car bon- carbon
ﬁs S SCL EhE e@@[ﬁ&@ﬁ%@% ?fawgh
-l ]gapﬁ rbyitda:lkﬂn Hetan&yl hht%ﬁmyﬁﬁqﬂi@éioﬂﬁﬂem heieaiétyma&kﬂ
re ers 0 an .a ro I nore
car B mﬁﬁ§ﬁgg %gg%p kéﬁk @Rgﬁﬁﬂﬂﬁ§m? &%de

ﬂigﬁ I & 0D, 2084 p44565
Se%%%%szodw 8 - lgﬂgﬁggﬂ P !ngﬁ%ny? rh%oal Kyl" refers

to Ansomagmboginsus, RngngR or?e I?ﬁ?%gen
substituents. Exanpl e hal oal kyl groups i ncl ude CF3
C2F5, CHF2, CO 3, CHCl2, C2Cl5, and the like, '

us e@hp¥ifantibitoradespribed dersinglsodnehistesepppinds isted 5 F;l@y dric

10 ﬁgg 18, g?go A % LD gncgéna?ﬁ‘bnflﬁ Qfs ﬁéfe@ﬂ@s ﬁfd%trﬁa%euuﬁallly

such a or exa

ac@nptahleaalemﬂﬂxesp banpavinfs: épijthe cmn@misls owmu@ﬂﬂ 1-8 awilich e
0
by ! R APPSO B B
inhieifors wad @t Roowmar onat i c car bocycl es including cyclized
al kyl l.kenyl and“ yn I S
o A e B D 105 o EUBLAR S P
g&pfwlﬁﬂﬁs Ehﬂ@ﬁ)chﬁnﬁtboﬂy@tb&dﬁlixamrﬂb alﬁyl@ouns ichlgamiedy] | n
(Me), ethyl (Et), propyl (e.g., n-propyl and isopropyl), butyl {e.g., n-butyl, isobutyi, 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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some enbodi nents, cycl oal kyl groups can have from3 to
about 20 carbon atons, 3 to about 14 carbon atonms, 3
to about 10 carbon atons, or 3 to 7 carbon atomns.

cl oal kyl groups can further have 0, 1, 2,

r
¢F@4¥5nds and/or 0, 1, or 2 triple bond§'.8Tﬂg%086"°39228

included in the deflnltlon of cycloal kyl are noieties
that have one or nore aromatic rings fused (i.e
having a bond in common with) to the cycloal kyl ring,
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halopemambstithentse Examplednloslkyl gioups dechide £FatEls K824 Hdagh

t th tic or non-aromatic portion. One or .
CtﬁgPQ??k %#@1 hg carbon atons of a cycloal kyl group

can Ak @sabtierHirg, Eaty! frefersex ampdayclidenpohygydis (o gohdrngsdiBfor do

stituent I 0
4 g0 i oy BB O 5 el el Dot |
anthy-R b qheytnthrewt injaeyil mﬁgﬂyl, and the dike xXarsping embodiments,
cl oh n 0 tatrlenl nor bonyl ,
é?%‘?ﬁg"} %W %%ral}fwt)% a%ﬁg axd the |i {(Tg As used
E er @ @sedallerdﬁﬁf‘@jfcﬁﬁﬂwl” re&fsﬂ:d ﬂoﬁ-eﬁoﬁiﬁﬁc taabauycley ionading

et erocycl e havin t 0 et er oat om
cyRIR B BT nd AR B3RS SaFoAGy! B e SL AL 8F 1
poEtEﬁﬂﬁS(e ENEde, %Bﬂ‘f%@ﬁ tifigs} fiflg mteyi&yﬁblu&né gpifpeycles. In
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29 WO 07/ 04 i me
el % YR AN MDD BT HSRR00 2352 ok os
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kst oo s R e R eipap BB FHOBH R cfpeidE
cy@lﬁhécﬁL Qy&oHepﬁg cydlopentengl, egcnmxeniyh cpidohexatidngli nEnt S, .
t he heter u about about
cygphapiateny) RebardL, SoRi T Reregiegh 30T i’aﬂ& ek
) “h eh@.ﬁa@&Mﬁa’rl d%k‘}ibteroéﬁi Br6uy 1efeds 10 ?ﬁ *aﬂ:liﬂﬁﬁh hetex%ocycie_: having
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cyclic . 9., having 2, 3 or_ 4 fuse
Any nnyg- orming N atorg ina heteroargrl group can also be ox1dgzed to form an N-oxo

?T!

=

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, purin}‘rl, carbazolyl, benzimidazolyl, indolinyl, and the like.
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rings) ring systenms as well as spirocycles. Exanple
"“het erocycl oal kyl" groups include norpholino,
thionnrphollno pi perazi nyl, tetrahydrofuranyl,

t et rahydrot hi enyl, 2,3- di hydrobenzofuryl,
“f’%mﬂgﬁ?ﬁdloxole benzo- 1, 4-di oxane, pi peri GCRPH06/039228

pyrrolidinyl, isoxazolidinyl, isothiazolidinyl,
pyrazolidinyl, oxazol i dinyl, thiazolidinyl,
i mdazolidinyl, and the Iike. Also included in the

e HeRidbbiheR, tﬁ@ﬁ&ér@&ypé@@ 1L<a)é |froﬁf IE‘to BBteDicaBok Midds,had e
one or nore aromatic rings f e., having a bond
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erivatives of het'erocycl es such as in dol ene and

forminigratiotse e sapoupiodinentss e delstopel sRrR hirs Gioshp Halfong

3 Q1 etglld glsaromatl c rings can be attached
]?ﬁOUS% elt aﬁe aromati c or non-aromati c portlon

Al s0A§ weedl hcrw, Theterdvgclaalkyliraférate aoton-dremaicdeireacyelp RiFre
o8 iRk 5 ind-Forilehbrid1Y o bLBRalRY P d2 0N, oPS afent! O

ars one st1tuent
Hemoyblmnﬂ g;ouph@nhm}meomym oxzpiokyelycligr(ogp hiifasg 2,r3m1h4fu&eé

iR e &% 35000 8L OBy ANk fhold b RfocSIRAL BB ihdiAde

menihokihd;rﬂmhﬁorphdiﬁompaamw (témy&yfur:gtyh tgrabydrothienyl, 334 o
t 20 about

afphbestmh - Saredtios b L AeRttnb e by dvhidy,
;sbﬂtzlslﬁdiﬂw quhiqhuu?r @ymazchalmw, okmoabmy]; \:l-nélazcztldﬂlxzii about 3,
) 1.0 oa i ‘
ey FOP e, OB ai BB TR Selbrbg of Tep o A
mbRti&OAR ha@d’fﬁﬂdﬂr AR gomhiteridpe ieedd G hedhky borgiio ld(ptnmon
- contains O to tri Ie honds

As US her.ein |l o
wih) t@ﬁgﬁrwg%rﬁmaﬁlmt%% i¢ F%?Qf GX@HPISPg é@ﬁ&?

affoeHa et RRE Bf hetémjms( ¥ih sy Indoled SfdSsdigioRie g+day§ A
group substituted with a j%droxyl garoup.
fes

heterpeicipalkybgrawmbaving one opmeredused aggmalic gipes Eﬁﬂé’ﬁﬁﬂac%ed

\VE=ksTalt AW 1 B desition of
ﬂ%‘%%s Uﬂsl%g%é)ggagg%ﬁ(ﬁ usélgg)ﬁgrégl n, X "al koxy" ref ersm%%

hegerocysloalkirldre moiiiss inpvkiskping ringtleseying Colipar § aiem berss one or
-t@%@ﬁyshtu%glgow%n&r e?rﬁ)g&l)ﬂneg%t %e het@ro@fc@(f?i@ﬁry gl%ﬁﬁi has from 1 to
propoxy ut oxy, an e As used herein,

aboat 3 ciop| atomse fugl in fordwapmwdlmmﬁom@b@a 315 abauf 20 gagepn
atgrg;%/ lcf(.)n as?{y‘é@n%hﬁ)ﬁm)l(tg,;tg ﬁé&o%lq@%ﬁmy%ﬁlﬁs@ :E%Sﬁé FO 3to
about 14, 3 to about 7, or 5 {o 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 O to 3 double bonds. In some
embodiments, the heterocycloalkyl group contains O to 2 triple bonds.

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

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

As used herein, “cyanoalky!” refers to an alkyl group substituted with a cyano
£roup.
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As used herein, "heteroarylallcyl" refers to alkyl
substituted by heteroaryl and "heterocycl oal kyl al kyl "
refers to al kyl substituted by heterocycl oal kyl. As
used herein, "amno" refers to NH2. As used '
WY N0" refers to an amino group subst iP?ﬁ)ti’gg’ﬂ%‘§39228
an al kyl group. As used herein, "dial kylam no" refers
to._an am no group substituted by two al kyl groups.

The conpounds descri bed herein can be asymmetric

. q. [ t
| oRsmesheisth SRS koR im0 S P 05  elble tohy BicEbe
indhiifeansliesty, o sopixyEe B, S-erdporly asitistbropCaylpbbutasy, ad thére

.present I1nvention that contain asymretrically
likeypstituted carbon atoms can be isolated in optically
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An s Necaerein, Cheiora g TBiREe A O By ARG o
“h&@x%%dl&ﬁ%%a!g{éﬂ’eﬂe?ﬁs BhkyRkdosSied v halloycidasigner s ar e

contenp d in the present invention. Gs and trans

georempidderei ffapinootefers dNBonpounds of the present

! nvggtuké?irhfe%rg ARG A0 th HPYniRS mlo8P bithfisedBy @n alkyl

m xture of 1sonmers or as separated i soneric forms.
grd®ipar maceuti cal Conpositions Containing Vif Inhibitors

The ,i_nvent.i on «i: ggﬁﬁu ot QhRARIdIR IS f OF

i nh|AkS)i fll'ednrhg';m”r ll’fh‘?ﬁ(g coﬁ al h%i%?p 1ar ogguﬁ%cal carrier
allghgroapst her apeutically effective amount of one or nore

co unds_ descri b [ u

¢ or A BeiolGRC R EER i bEasGmmefRTO R RE I Lne or more
sterdoCent@s). All sfetdGisomiBAsubh aSdnaPra@OFA0HaEEEEmers, are intended

CT/ US2006/ 03922 Vet ho of f i .

e (TR AT BT B oS Bretshf A oh Bl oty
asﬁnﬁﬁhicﬂ@rﬂld ( ml“luaé& cafivm afednsaoan be &nmtearimoptioaﬁslr aftivehere oy,

20t ) altimore,. M) Ljppincott WIIi.ans.
foiy Mefheds o to TRfsars apeBt e emnm PPl OBy |
starm@'h ' xﬂa&ieﬁs zQFJ RECRCRUL] £ Exhc}& a8b¢ @d@blabdlnfoﬁxatfetﬂiemixufkss ased
- herein the | anguage "pharnaceutic accept
bystergoseective parthsgiss g@ar/ BPRICIIGISOTRFE Q?Olaﬁ%sp @F@%&?ﬁﬁﬁg?ﬂdﬁ’,
an§ ARUILKR S 1@ Y ﬂ?@s‘éﬁﬁﬁ it coRipBurie Hééccﬁﬁﬁéﬂemm%ﬁ& 8ll such stable

I sotoni c and absorption del ayi ng agents, ..
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 Composiﬁons 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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and the like, conpatible with pharmaceuti cal

adm ni stration. Supplenentary active conpounds can

al so be incorporated into the conpositions.

Phar maceuti cal conpositions are typically f
WQ20BEMdWhpati ble with their intended roﬁt e%ﬁdkﬁw&gm

adm ni stration. Exanples of routes of adm nistration

include parenteral, e.g., by intravenous,

i ntradermal , or subcutaneous injection; or rnucosal

(e.qg., by oral ingestion, inhalation, or.rectal. or
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pdasenaly b.g), By inadmond, ifadamab or pibastneous Rfeationp centidasall
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(Godbiore mgiraotbi Btien 1 Givel FuRbd Mg euGR dapifeedfon.
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ext enpor aneqQus, pre ation .Sterile.injectable, .
TR e Ee GHETERER Gt velpioT ey ing qREo B ofl,
pél 'ﬂérfetglﬁbisioglyceiﬂgé,tﬁ@y%ns t@rybd}leﬁ't&thiteﬂ@hﬂﬂt&c solvegs; .
physi ol ogi cal “sal.ine, - bacteriostatic water, enmpphor
ampibplpriAbARSH'S spelt a5 B ploole) pr B OR RS e St 2
asSEbid Rid EBSium bikubitd; G888 agtien R AP AR bhediniThdirabeetic
sterile and should be fluid to the extent that easy

aciq binffers igaqhi 2 pocbatess eiffates or RIRERIPlES B ageRlp Y RFAIESIRRE Of
to‘ﬁﬁﬁg kldhQB Sodim ABRY GdekitRe 2P cil B AGIRtARH AR oPBases,

preserved agal nst the contam nating action of
sush o bysirephtoricpeid o sadivps hydexide, jag anpepriain o Parqeakar r i er

' FandploRie€ a8 Zyii3ed BOALRBARAIBR: vial
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coating such as ci.thi.n £ I L c f the
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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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di spersion and by the use of surfactants. Prevention
of the action of mcroorganisns can be achi eved by
vari ous anti bacterial and antifungal agents, for
arabens, chl orobutanol, phenol, '

‘3‘&2 mfﬁ@frerosal and the like. In Prany Cas}?&%{s?do\%wﬁzzs
be preferable to include isotonic agents, for exanple,
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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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of an aerosol spray froma pressured container or

di spenser that contains a suitable propellant, e.g.,
a gas such as carbon dioxide, or a nebulizer. Such
nmet hods i nclude those described in U S. Paten ,
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By AT B,
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The materials can also be obtained commerciaily from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral antigéns} 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 2 container, pack, or

dispenser together with instructions for administration.
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dosages simlar to those used for known inhibitors of

H V replication and knowmn H'V protease inhibitors.

Once an inhibitor of interest has been identified,
andard principles of nedicinal chem stry
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(el gD NIBbEAr Sirfbiatidue) THY &2 Hid purposean be pur chased
commercially. Qthers can be synthesized using

synthetic schenmes descri bed herein or by an extension

p@mgtnﬁsgﬂﬁo\hgmwgi ng synthetic organic chemstry:
echnrques known to one skilled inthe art 35 WO
2007/ Q44565 PCT/ 6 nt he Vj
i 1Y Re Heghi 30 A0 e meecpies 3 Popcheser op) Cbridee
C&BOMRod (1668 1GPia TRzaANSuidk(G, San Do S(mvmmy zn@b w ribaors

comon_internedi ate, 4-ni trophenyl t hi 0) begﬁod
lishes 18 FIGH -8 5(prg ﬂ%@eﬁﬁw%ﬁgﬁ@m usAgg e soreepiis hods

dé%&lh%ﬂ %@%}n?%o%ﬂgﬁggﬁ)g@? 1608067 86l BOWRhibRE, WERCIchigRnAf
1.; and Rana, T. M. J. Biol. Chem. 2005 280(9), 8387-8396. Certain Vif inhibitors of

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

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

synthetic organic chemistry technigues known to one skilled in the art.
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met hyl 2- ner capt obenzoate 2. After activating the acid
4 with SOC12, the resulting acylchloride 5 can be
reacted with aryl, heteroaryl and al kyl amnes 6 to
VE?OVI de a large nunber of Vif inhibitors s i(ﬂlsls 58
W75y 10. ZN/ \ | HS O @@N/ \ S PR
SOH 000 1234 RNH2/ \ / wi / \ SCHO,N/ \
SC N/ \ SNHR OOO 46 7 Schene 1 Synthesis
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Scheme 1

Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10 with a Sulfonémide Linkage
Vif inhibitors shown in FIGs. 9 and 10 with Sulfonamide Linkage can be |

synthesized by replacing the amide linkage between B and C rings with a sulfonamide

linkage as outlined in Scheme 2, Reaction of aryl or heteroaryl amines 8 with 2-

iodobenzenesulfonyl chloride ¢ can provide intermediate sulfonamide 10 that can be

* coupled with 4-nitrothiophenol 11 to provide desired Vif inhibitors shown in FIGs, 9

and 10 with Sulfonamide Linkage (12).

e A e Q 0
@a e PN wOm — Oz
T
11 12 R
Schemez

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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Reduction of the Nitro Group
In order to improve 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 amino group..

OzN—Q——X ;—NHR :—w-@—x ;—NHR
d
9

o
20
X=8,O,NH
Scheme 4
Sulfonamide Synthesis
+ R8000 ——— HN—@‘XE ;=0
HzN-—@—XE ;—NHR Os RRN
o & =0
1
20 Fi
X=$,0,NH
Scheme S

Synthesis of Vif Inhibitors Shown in FIGs. 9 and 10 with a Ril:lg 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.

A f% — {ﬁ% — w@%

Scheme 6
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the type 23 can be synthesized utilizing Schene 6,

whi ch is analogous to Schene 1. Cl / \ 02N/ \ HSOw
2N S-Ov 2N/ \ SO HR OO0 21 2 22 23 Schene 6 37
WD 2007/ 044565 PCT/ US2006/ 039228 Synt hesi s

WORBHIER Snown 1n FIGs. 9 and 10 wth a 1PGVEYUYPHRS
Li nkage. Inhibitors of the type 29 can be synthesized
usi ng 3-substituted benzoates 24 in the coupling

step. The synthetic route for these analogs is
described in Scheme 7. O 2N/ ON/ QN/ \ | 47 1|
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Scheme 7

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

Method A Q . HN  DMe
OZN—Q—OHOMB e ozN—Q—SH+IONHOMar=:::>IOCI . @

- H Methed B
HZN OMe .
— — OZN—Q-—l *
—Q— O,N-@— Me HS d -OMe

Scheme 8

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.
I—\/\ ! + — I_9 ¢—Y - » —</:\>—X—~?
oo
1 2

Scheme 11
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Methods of Treatment -

* Vif inhibitors described herein can be used therapeuticallylto 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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symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levelsin plasma can be measured, for
example, by high performance liguid chromatography.

The pharmaceutical compositions can be inclﬁded in a container, pack, or
dispenser together with instructions for administration.

The pharmaceutical compositions that include a Vif inhibitor can be used in
methods of treating a subject who is infected with a virus that comprisés Vif, e.g.,a
lentivirus, e.g., HIV. The methods include administering a therapeutically effective
amount of a Vif inhibitor composition described herein to the subj ect, such that the
viral load of the subject is reduced. As defined herein, a therapeutically effective
amount of a Vif hﬁ}ibifor 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; inclﬁding once every other day. The skilled artisan will
appreciate that certain factors may influence the dosage and timing re'qw'réd to
effectively treat a subject, ixicluding 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, ireatment 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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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]1 sites of pEYFP-C1 (BD Biosciences, Pak\) 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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include a series of treatnents. The met hods descri bed
herein can i nclude evaluation of the clinica
effectiveness of a Vif inhibitor as descri bed herein
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known in the art can be used to determne viral |oad.
EXAMPLES The invention is further described in the
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Result U

%@#@HQ’BB’B’W"@J re legends, en
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-Len-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 finoles of each vector) using standard

lipofection methods. Zero to twenty-four hours later, proteins were isolated and
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L $2008% i in expression was observed (FIG. 11D). Identical

for which b a3t §
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-
APQ, 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
- 43
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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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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

_ ug of a a-GFP rabbit polyclonal (BD Biosciences) for 3 hours at 4°C. Antibody was

captured by incubation with a 50 ul 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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observed in FIGs. 11A-C, the total cellular Ievels of
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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 kﬁmwn to be targeted
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LAT

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
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BN SioBfaties of Abcsoie 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 cytosglic mRNA

preventing normal Vif localization to the nucleus.

Example 6: High Throughput Screening of a Small Molecule Library
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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 siéniﬁcant fluorescence at 475 nm, and this fluorescence was
substantially reduced by the co-expression of YFP-Vif, |
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event initiates within the nucleus and then Vif is

transported out of the nucleus with APOBEC3G nRNA or

cytosolic synthesized Vif binds to cytosolic nmRNA
reventing normal Vif localization to the n
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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 H2O (40 mL} and
saturated agueous NaCl solution (40 mL), dried (Na,80;) 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% cthyl acetate (EtOAc) in hexanes, to
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measured in well containing cells transfected with
pGEM CFP- APOBEC3G YFP- Vif, or CFP- APOBEC3G and
YFP-Vif. As expected, expression of pGEMor Vif- YFP

resulted in negligi bI e fluorescent em ssion
VEQ RYRBYPENn of CFP- APOBEC3G resulted in si gﬁéiwgéﬁ?l&%m

fluorescence at 475 nm and this fluorescence was

substantially reduced by the co-expression of YFP-Vif.
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1eovid0aidisions! purepredyal @85 @&omwr@waé 8% 2 B¥%h BAEB(
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W@o ERSPEE 811 i 4 DB VIE R0 B D) Vo2 (e e
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FO(IMI& (CEClg.)\;@l(thO AMS8. &m#b@&ﬂéoaﬂ 131 49, 128.52, 128,43, 127.58,
léﬁé‘ RS BTG s S RS AP ol e
procedure outlined in Scheme 9. The key steIo_ inthis
Rk opherd S o RSP R BIRSARREAES bensan de 3
\#hte h Fﬁ??fm(ﬁtﬂﬁmgﬁm{]%mm ToRsaeel.0 hﬁﬁ) ﬁl(l@mdldﬁt
@ eed bk aede 2R 2ofd mindlf exfriicenes T e |
n%ﬁél? @e}e%aaaal to & hb m féman v@ssél\m%ﬂbn-&n&d SptueVEhEIRIbE Was
emzeﬂe@ an@@clfﬁ%lefi w1th drple ﬁﬁyg}?ﬁ) E@g 1@%@% Eémlr'?lﬂ
aé.&% anpe?olwg}%%ed%}%ﬁﬂ@m lmonmeﬁ@aweeﬂé%uo%o C.
vgssplomhﬁpte@mrmmwwﬁ@ag‘»tpl) (55N Frploeerpat 89GC 2nd SFQW ipgyer
fc?'fgg%ﬁ;g?ﬁ tzm@ggg difip 3N %@111%1 IR e Tedctl Dol o612

and
Etinyll evctade (appipx. d@m&bﬁ@ﬁédedmheg@ﬁcmll Bixtge wayBlaad g

LA o S BP  Bl ESIdpte
sﬂmmmag wiith 28% F10Bc mﬁtmnEﬂ’sluﬁpwcedumrﬁ@d%d 36h mxture
D%QP ygtﬁ]\@f% (E-me Jx%ﬁe%yﬁ@eg%lgw & %%e?lomqysﬂllﬂe Bl

' (0.24 g, 63%); "H NMR (400 MHz, CDCl;) 68.40 (d, J = 8.0 Hz, 1H), 8.39 (s, 1H,
overlapping signal), 8.05 (ddd, J= 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, CDCl;) §165.44, 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 (20C), 121.37, 120.05, 110.19,

55.88; MS (ESD: m/z 402.99 (M + Na)".

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

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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Reaction m xture was diluted with CH2C12 (100 ni),
washed with H20 (40 nL) and saturated agueous NaCl
solution (40 mL), dried (Na2SO4) and evaporated to
yield a light pink solid. Recrystallizationf

VER PPP/0448%5t at e- hexanes (1:3) provided 3 as {USE”OGIOISMZS
needles (5.7 g). The filtrate was concentr at ed and the
residue was purified by flash chronmatography on
silica, eluting wwth 15% et hyl acetate (EtQAc) in
hexanes, to 50 WD 2007/ 044565 PCT/ US2006/ 039228
cpialyvédiwupki mmnapf sobstituted indobanzqnes 6 ity yoethyd thigsaliqyiatel7 -

oo Ao N 00 M ERCHEL A e

adid®9 ir-xcelldd YIGES 5Pregigignt of thezacls 91with ¢xalyl ghilarjde apd 1113:

éfd g%ﬂ ?ftlﬂle Wgn%a%‘sﬁm% &%h g%ﬁ%gn% 31]171%&69%22 ((4m 2 |'|)

n(tmghaij)thfbw @Rt Pnbizozi0e 8 o2 €251 4148 %o,
sshphioiph - GanetionplgyDidgusite 195 Bedgu G o

onyith &?ﬁué&lhér%@dbla)aﬁid provide analogs of Vif inhibitor 1.

2-(4- N|tr phenyLt hi 0) - N- ( 2- neth phenyl)benzam d
(1): met hex phen Ix) zam de 3 (
1.0 r‘?ﬁ’u Cu@§ ; ¢i de olmmm pMé%& oH
(0. 276 .0 mﬁ)l) and 4 nit Lot ophenol (0

nmol ) \mxe:r)added to a 10 nL reacq" bn vessel Wlt

Tefl on-1i ned xsum The tube was_ evacuat ed

backfill ed I\QH(SecIe Ethylene Ny gol
(0.1 %% -. and 2= prop Nﬂél b ‘gedded
by syringe at roﬁgcl nperature. Jhe reaction yéssel
was heat ed i nisewx l)crowave reactor (CEM Explorer) at

8 2 t
st P OCORIHE] el R el psp PeFapi g 2
nfih (@/k); @@a@?)zl(SHEiDI IgIKOH,’lﬂ) 1, 2 s (@ﬁﬂdf—'l‘l)z %Haé:lzregdth 00
t iltere concentrate e crude
Em&%’ré&hm@%f%ﬂ PYeé'BlgE'y fl ash col um chromat ogr aphy on
silica, eluting with 20% Et OAc i n hexanes. This

rocedure provided_ 2-(4- ]
(r%“ ?%Bﬁ%??ﬁfﬁbe}hel\@?‘E’i‘HﬁBﬁﬁ)Wﬁhenyl )benzani de 1 as
pal e smlnh@éﬁ 16dldb%ﬁz%hé b 8190 ﬁﬁion)d Cu@ploalﬁe @0 1H3% 1 mmﬂl)NMa

400
05 (G 20T S s tog. 1§l thagfion il with Forien
21'1976 t%%e \;529 e(rgéiilated 'an@bzﬁ]:kﬂl?ed“v(vﬂf—dry N cycfesg ] ;27 4 9 5 ( m
D@ethmetans (19@L) Wa& addgé Bsy@ingQatgoon t%nnqz'amri rfqallowed !35
i igplafoa ot ctedSeksy it it d 100
r&@6T (GEM]BiplGer) 2880 Whend 150 gmamwem ’sam@ex)v'@he( p@fion

m]i%e%as]tgér a?l%we&?odi'eg’c% r&&g}engp%ilanﬁz'Eﬂ}ﬁ Qelizte (aloan)xlﬁ) mL)

was added; the reaction mixture was filtered and concentrated. The crude product was

purified by flash column chromatography on silica, eluting with 15% EtOAcin

hexanes.
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55.88; M5 (ES1): mz 402.99 (MtNa)+. Method B:

Synt hesi s of

2- (4- Ni trophenyl t hi 0) - N- (2- net hoxyphenyl ) benzamn de
inhibitor 1 and a Vif inhibitor

“S;Q/%W’H%?Gfed according procedure outlined i ﬁg@ﬁ%ﬁ@@is

10. The key step in the reaction schene is the copper

51 WD 2007/ 044565 PCT/ US2006/ 039228 catal yzed

coupling reaction of substituted i odobenzenes 6 with

met hyl thiosalicylate 7 under mcrowave irradi ations.
The resulting esters 8 were hydrolyzed to obtain the

Mith %@-ﬂl&oﬁiﬁ?ithﬁmenyda%ﬂﬁ Treatment of the acids 9
wi t'h oxal yl oride and the reaction of the

r esutbovsgergsal pracaiive prowidedimethyb2-ghrisrophensthia)bprzegie §a ds
péﬁ gﬁlépv{‘éé&%gﬁ%ef%}‘gmﬁ% i, B fRID o RReN DS e @8 1
2H), t7r95 gt 0y 7.61i 109 Ha- 10D, Tt tng 2¥ 738, (d)id vz 884 16 1m IH),

n h t
73T S50 BopE 6 Sl AT A TSt i RS e
Ng/IPK(IOO m;%/scmgy 416632 OM8: )?Q %S/Blbﬁ.'t)f(ﬂ}/mzalﬂ}ll?lﬁsd@t), O «

a = = = .

2T B a0 PP e a0l o)
NeX = C) Scheme 10: (a) K2C03, Cu(l)!l (cat.), 1,2-DVE,
m crowave (150 W power), 80 C- 30 mn (2 x); (b)
Ba(OH)z 8H20, McCOH, 80 C, 2 h; (c) (OCOCI)Z, CH2C12,

‘ Methfl ’2-(f' clioré %ﬁ%ﬂyﬁﬁﬁ%ﬁ%ﬂ@&p tor. t. overnight.

Ceneral Procedure fofr the Coupling Reactl on:

Subs@bqug@@ral@ms@mm@lded ethgl rfdothloro@n (1) i odi de (20

g TR e B0 B P TP NVEL oo

MHz, CDCls) §8.26 (d, J= 2.4 Hz, 1H), 7.99-7.95 (m, 2H), 7.50-7.43 (m, 2H), 7.27
(dd, J=1.6, 1.6 Hz, 1H), 7.16 (d, /= 8.4 Hz, 1H), 3.87 (s, 3H); *C NMR (100 MHz,
CDCLs) §166.81, 146.72, 145.46, 134.60, 133.83, 133.36, 133.17, 133.02, 131.59,
131.40, 128.80, 125.04, 121.22, 52.76; MS (BSI): m/z 346.50 (M + Na)".

General Procedure for the Hydrolysis of Ester §:

A solution of Ester 8 (1 mmdl) 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 ¢ool to room temperature and the solvent was removed under reduced
pressure, The residue was treated with 1M HCI solution in Et;O (15 mL), diluted with
Et,O (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 CHCly (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 nmL) was added by
syringe at roomtenperature foll owed by nethyl
thiosalicylate 7 (1 mml). The reaction vessel
VHROUSS a i crowave reactor (CEM Expl or%ﬁfmgﬁ)%gﬁwes
and 150 W power for 30 mn (2 x). The reaction

m xture was then allowed to reach room tenperature.

Et hyl acetate (approx. 10 nL) was added; the reaction
m xture was filtered _and concentrated. The cryde ‘
PEseRERd thptesidug wasdried upder plehyrewg @W@@ﬁﬂ&hﬁ%@i‘bﬁqy

C 190 L0 (5 REY MRS nitregenVO
y%b(ﬁ*/’%‘gigg%ﬁiﬁ%/ uszoo(tels/ 039?2/28%% f 9( 4 nitrSgen

atmasher Wasioried ¥ € AE andbBie 6ht emgd) W‘ﬁﬁ’é@@ fgBeragdty the
aﬁl{1?4 oL t@ab@({@é/dlcfj ﬁ%%tsmﬁhon in CI-éZCIZ (5 mL). The resultmg mixture

ropheny benzoate 8a as pale yello
vigs gliamepidito werns ol roemitempesaary ped girred pvegvighy Eowsmted WIth

R yhe 9%@%?ﬁd%aﬂ@g&%q@ﬁal*l%ﬁsg%ﬁ &
(V22804)(adld dyapgrated 1@ yield aayellawGolidz The proyiuct wag purifand, by

1), 3.89 3 13C NMWR (100 |sz
%ﬁ‘%ﬁ%‘ gli’t%’%%"]a 146. 93, " 9?) 136. 71, AR 71, 131.88
(2 ©, 131.72, 131.25, 131.07, 127. 30 124.42 (2 O,

312,50 . ‘Met hyl |

z’i‘% &“3‘?8%‘*&? é@%“' (tzr'gfzatﬁ )(ob) VAL e 8b: A)l;ove
geneAaive@eml ﬁqMcgdmre pmeediS.gmmblﬁeWma]}Ne(aol 4-
nitr thio zoat e as e Cr. tallLlne
ok G DO A L Ak YRl pagatio e 1@
dalmszidéhubbzl,to ﬂlﬁbﬁflﬁl&ﬁﬂl@(@&ﬂé@M&h@A 7.50-7. 43 (m
211), 7.27  (dd, J= 7.6, 1.6 Hz, 1H), 7.16 (d, J= 8.4
Hz, 111), 3.87 (s, 3H); 13C NWVR (100 MHz, CDCI3) S

ﬁczlﬁaro-d-ﬁﬁr nﬂﬁﬁam(zmmpheh%ﬁb&&anﬁﬁﬁﬁ
3.17, 133.02, 131.

1 31. 4bpveEgnend prorsdigy P@z@e@%(%zhl?@A-mozﬂwythlowiZ- |
néﬂl&éy;p?ew benbiide 15°AeRbw B5IRGS @U%?Ietwrlﬁtmmwgb Rigsi s

: A solution of Ester rj'min I\/EO—|(10
CRIC):) i 2t(bre sit 180, & ¢ (4d, Ba B OH) -0 Ferd), B155%d, 3 Hanld),
TSP, 5015, A, i L EReh Sy 4 U8 s s
(ddds/ + 2aped .aHddi)y @%@@,&H)pﬁ &sEids b7 SDh@8 s 18 7%%

shf PRSIyt FPod bbb oS Bl Lineth 144

142,02, 13¢ 83, W8G:65; A0S Gt 128158, 2 87 PI20\BT 1E24.65, 124.51, 122,14,
121.20, 120.03, 110.12, 55.80; MS (ESD): 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 cslls 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 pM Vif inhibitor 1 (all at 0.5%
DMSO} then infected with HIV-1 (X4-tropic 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

54



the acid 9 as yellow solid. This acid was used in the
next step without further purification. Ceneral
Procedure for the Am de Coupling: To a solution of

benzoic acid 9 (1 nmol) in dry CHC12 (10
WOMEHIH4HRal yI chloride (5 nmol) fol | owed b%é”ﬁ?’é“m?m

di met hyl formam de. The m xture was stirred at room
tenperature for 4 hours. Solvents were renoved under
reduced 53 WD 2007/ 044565 PCT/ U82006/ 039228 pressure
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ththredwasdmalwlaﬁﬁhe e dfidtvalugs purified by flash

- ohr e nhibitor 1 inhibits RT
jﬂ% ?’g ?‘Pﬁ?’}) ?Fa?e? onsmh%gl?/tp 1glny zﬁgrenzamlde I b
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Exarsgiondi ng to Met hod A
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ove general procedure provi
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poqt deg afidggm( ?.ﬂSJfg%_‘)’al oel}%(%t% Elgd)@) WELS ]bre%u'edg anbd pr%t]eél) IP_/FZates
exdiihed for %o(gggﬁkwbgf Bd,8ychel]. m 18sullts, shown HRigdrelp1A3. 79

in q%esthmk\b’limlbz@r L stogaes Uk ipecoian 24drspoes POBECIG
reguidy2, 131. 88, 130. 69, 129. 79, 128. 50, 127. 87, 127. 37, 124 6

124.51, 122.14, 121,20, 120.03, A1 5..80:

( Esr\)s shwrzmmlr%% B, ynailaggsults ‘@{aﬁ’f}f“ée‘gm]‘!@?? cFlﬁm bi t or

a}P m@em&vsvokg Nind RREdSA EoﬂcBntﬁEoMﬂ vity
0O eva

etheef|cacyof Vif inhibitaor 'E
AHQREQ?,Q—;:IA @ 78055 oF b fnlesd and treated with cither nvB0%0 ar 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 fo '
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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experi ment was conducted in infected H9 cells.
Briefly, HO cells plated at 2 X 105 per well in a 24
well plate were treated overnight with DVSO plus O,
1, 5 10, 25 or 50 MVif inhibitor 1(all at 0

VB M44An infected with HN-1 (X4-tropic H _‘[/%\%)P?nga%zs
(HIV-1LAlI)) at 2 X 105 cpm RT per well. Al cells
were mai ntained in the presence of DMSO or Vif

i nhi bitor 54 WD 2007/ 044565 PCTI US2006/ 039228 1 for

14-21 days and viral replication nopjt.or.e
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sof tware usad PtV dECRAM ACRE SBOBECSR-
WB?“Y?}XQICFS.G%@ val ?J'fg’f)fs']'ﬁ{e resulstﬁg,(?%howm i ﬁ%é 20,
110k beihs tlrsaae (DIVERO) i presante (0uidp of Vit inilior 4 lg‘i'rc‘??’“vi ty
i epend A p ol ' BhcedPDMSO
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whpseEsicoftrdn A POBEGHS esA PPBBESR axpresgign 868 pOrres by

det er.nine, the effect faf J.phichi tor 868l on
Vsston Hoie AbeBL i ot DA IR bR hedRRIRGROR, [
PNL - TheGedmitRshowMB\Fighressi2d -B Sindicato thet Vif ApdBioC tcrgases
hours post-tr L,Qr sk th
A3OBEEgh) el 3 SR ot e SophiRch bR Ohieh
pBAHINB) iBRREcsiss, 8s it hidtcated thal ABOBRCSB sralsequinrget o ¥ék - dr ug
addi tion, 293T total cell lysates (15 ug) were

Epr epar EdEggandFﬁ{fm&ueEi’iE &W%@ b eI APOBEC3G

- : ) “1Tn Figure 21A,
i ndi pateniafahe Medct dFWIf mhibitor 1 onlkevele aB¥H pratein, § ¥Ftn

and | ncreases APOBEC3G expressi [ i gure
e Gy ST AR P RS By s UopF O
T NN T
b4 HEIN0S) Cemetine S ol oF TYECOPh s T s Wb v
i 'cﬂ@téi ih%m%l@f@RPMIﬁl&ﬁﬁﬂ:Wiﬂh}dOV)@ECSiahmimihngMS@(Oj%) or 50
I'n

ectin 93T cells for 48 hours yith | _
- uMVif inhibi?orl (also 0.5% DMSO) for 48 hours. _Hgmtotaq cell pygates were then

prepared, and 20 pg of lysate examined for the presence of cyclin T1, endogénous

APOBEC3G, p24, and Vif, the latter two indicative of virus infection.

Figure 23A shows the results in H 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 pNLA-3 Iuc-E-R-, then treated with DMSO, 12.5, 25, or 50 pM Vif inhibitor 1.

These results demonstrate that Vif inhibitor 1 significantly reduces levels of
Vif protein in H9 cells infected with pNLA4-3Luc-E-R-.
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virus produced fromthe producer cells in the
experinments shown in Figure 21A. The infectivity of
the sanple of virus produced w thout APOBEC3G was
normal i zed to 100% and data was representatjye._ of
VaRzeE0Hsefependent experinents. The results %anﬁgﬁg%ﬁzm
in Figure 21 C, and denonstrate that increasing
concentrations of Vif inhibitor 1 decrease
infectivity in a dose-dependent manner. Infectivity
was al so determined in the same manner for virus from
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éalmo 2007/ 044565 PCT/ US2006/ 039228 1B. The results,
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particu y Interesting, as it indicates that
PHABHABFE-Rs al so a target of Vif. Exanple 11: Effect
of Vif inhibitor 1 on Vif Protein Levels in H9 Cells
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It protein, HO cells were infected wih )
- pNL4-The gffeqtofVif irdiibitgr 4 o herdgtidivas ooVl proARABEE3 Giprateins
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substituted for pNL4-3 (also at 50 fimol). DMSO and Vif inhibitor 1 were used at

)

]
L v

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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infected with pNL4-3 Luc-E-R- or A Vif pNL43Luc-E-R-,
then treated with DMVSO or 50 MVif inhibitor 1.

Figure 23B shows the results in HO cells that were
infected with pNL4-3 Luc-E-R-, then treate L th
WRROAHSE 25 or 50 MVif inhibitor 1. Theg’S%g%"ﬂf’?:‘%m
denonstrate that Vif inhibitor 1 significantly reduces
| evel s of Vif protein in HO cells infected with

pNL4- 3Luc-E-R-. 56 WD 2007/ 044565 PCT/ US2006/ 039228

Exanpl e 12:. Effect of Vif inhibitor 1 on Vi in
LevePabl¢ 1 Bifectoedl Vi€ inpiiton d oppiali-be P%‘]’tfanﬁ éﬂaﬁﬁi‘?
r—whetther t‘}ifﬁﬁf-ﬁﬂeb a differgnce 1 n t hepghliest of Vif

rhi-bi-t-ot B Vif—proteir T Tevelrs in pgyan Ssive
eSS ve cef 5, 9 and MIZCEl TS were

:/TES@NY Vb :9 : hl:llu:uip::l | t)ll pt Ub_edtjrﬁ'él\i[: t\/:’]re
| 30V Vif inhitop 1 ithy io%%sﬁrcfd tstrg—p24 .:BE(?)SA). ‘
1l mediately foll "‘;‘.".‘. ng Hnf-ecti o1t HO—at—MF4—cetts—weT
' in—cohplet-e—RPM- glmsumw—t-h-—]:%' b
FCS cont ai B 'DVBQ (0. 59 | or - 50 M- Vif$hi-bi-tor .
1(al so DI o for 48 hours -H9 or \#&r t ot-al—ecel+
IySﬁﬂub*Sva)etﬂebltOMémﬂbﬂéﬁar ed| and 20 _gn]"]' ysat e was—

exam ned for the p'resence of cyclin Ti, endogenous
APOBEC3G, p24, and Vif, the latter two being y

i ndi A ' y ' . shown in Figures ‘
%[31 ,ﬂ' ! Vf?ﬂ%%ﬁgligﬁgﬁgnﬁggﬁtl reduce Ig vel s of
CVif opsEetl hansfeckedvificiOrfineles V1A -¥p P%P%%{Sn-ﬁgd“{ho”
rm ssi C¢ ' cﬁ@? » Abstoith 932556125,
ﬁ%ﬁgﬁfi@%‘%ﬂ eg\{eleg?éa@?? in %?%%}Sfd% on the %—ial f-Life
1D5, 28, §0 RvOViSinhibTioe1 of PHSO egbivelent (Oh Awsniydeuriiogs poffe
hal f-|iv i £, an LRSS ;
d*al@taéﬁhh% §§3 ’P;%%/P of g’@%s%%@%aa@f%ﬁg?t%ggﬁ%o r p a Pagé) ! %E?}lgs e
a3 i e moaituogl acttipiidate; iforYFbfluovpseense. Aroptedes
[ tEIn, or asS e rl : y ECONN TS 1t
i reppontys of S5 R Tor i AR AR il b «rvifithary
fégeRélgl/nﬁenlﬂﬁtiM of @bnﬁi&iﬁnd vrﬂ‘umiﬂﬁtog:é wes dSeidnad usiperrafii sogware.
54. PLos Bio , 24, e21
0. 15 o 25 ABon Ay i iohibitgr L demopgrates
2 30sdf dep@ldentaiocteARGBRTBE! - VAP ohly ihitiqiresehmrof SAOHHGAENL S

~exam ni ng APOBEC3G half Iife, pNL4I'-73A Vif (luc) was
substituted for pNL4-3 (also at 50 fnol). DVSO and Vif

inhibitor 1 were yPEAERIEMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended
10 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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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 57 WO 2007/ 044565
PCT/ LJS2006/ 039228 Table 1: Effect of Vif inhjhi
VeI 2003P44565 f e of Vif and APOBEC3G Vif hal f- | F’FE’UE/?“E%%‘§38’§ZS
DMSO 46.2 50 [LMVif inhibitor 1 : 45.7 DMSO with
APOBEC3G 57.6 50MVif inhibitor | with APOBEC3G
31.0 APOBEC3G half-life Mnutes DMSO 29.5 DVBO with
Vif: 17.8 50MVif inhibitor 1 with Vif: 17.8 Exanple
WHAT IBGLdMESRI ISVi f i nhi bitor 1 on pNLAl - YFP 293T cells

N tl!iar}fs%o%%%ﬁgd H%g%gﬂ% nol es pNLALl- YFP or pNLAl-YFP with

es p EC3G HA were treated 4 HRS
post-transfection with 3.2h2 .25, 12.5, 25, 50 pM
Vif inhibitor 1 or DVMBO _equl ent (0). Twenty-four
hours post- drug adgh —293¥%-Rkotal cell |ysates
were prepared and nornelfzed to equal protein anmounts
prior to being nonitored, jn triplicate, for YFP
fluorescence. Curve fits for full dose responses of
Vi f vitekeibi tor 1 are shown, and cal culation of "% Vif

1w i R R AR o Rty S, RS isdally B
hegdgwyglg?%l%:iggam saig,celia m:@h egse ai:cenyl, fas amsiflj al mt@r9m11
o i e Baliog BT PREIILEs DD oBoR R

" infidpehdentlp sdi@tdaERE Bile,a ¢talkal, Oakhblkenyl, K& siathyeylt Corhatralicyl,

CudSBrPHRd CreTer RSt o IsreRg frgoasde prigp Rl
SALEOURS, ol i o, UMD, I, (O byt
(Cap PRISR" G (@Rs -(Cox ﬁlgvlg-ﬁﬁ%?t ORRES, f@g@?ﬂ%{?@%l““‘ﬂ
 CRPBREFELIa85H- GOION, TUORYRC, #ARAPOCORIPOCEONRRDg
(C1s 21|kyn1§-'00(0)NR°Rd, NR°RY, NR°C(O)R®, -(Cy.4 alkyl)-NR°COR®,
NRC(O)NRRY, -(Cj4 alkyl)-NR'C(O)NR'R?, NR°C(O)OR”, -(Ci4 alkyl)-
NR°C(O)OR?, CENRINRRY, NRCC(=NRHNR'R?, P(R):, POR);, P(O)RR’,
P(O)OR°OR, S(O)R?, (C14 alkyl)-S(O)R®, S(OYNRR?, -(C1.4 alkyl)-S(O)NR°R,
S(O)R?, -(Cr.s alkyl)-S(O)R?, NR°S(O)R?, -(C1us alkyl)-NR°S(O);R", S(O)RNR'R’,
and ~(Ci4 alkyl)-S(0):NR°R; | _

R% R, R% RY RY RS, and Rf are each independently selected from H, Ci.10
alkyl, Cy.1o haloalkyl, Cy.1 alkenyl, Ca.10 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl, and
heterocycloalkylalkyl, wherein said Cj.p alkyl, Ci-10 haloalkyl, C;.40 alkenyl, Ca.1o
alkynyl, aryl, cycloalkyl, heteroaryl, hetero cycloalkyl, arylaikyl, heteroarylalkyl,
cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted with 1,2, 3,4, 0r 5
substituents independenfly selected from OH, amino, halo, C;. alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycloalkyl;

RE is M, Cy10 alkyl, Cp-10 haloalkyl, Co.10 alkenyl, or Ca.10 atkynyl;
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58 WD 2007/ 044565 PCT/ US2006/ 039228 WHAT | S CLAI MED
IS: 1. A conmpound of Fornmula 1: R RL/ R3/ Z Y-R |
wherein: Ris H Cl-6. al kyl, C2-6 al kenyl, C2-6
al kynyl, aryl, heteroaryl, cycloal kyl, or
%%‘%?’%‘éﬁél oal kyl, wherein said Cl-6 al kyl, EST/ES2006/039228
al kenyl, C2-6 al kynyl, aryl, heteroaryl, cycloalkyl,
or heterocycloal kyl is optionally substituted by 1, 2,
3, 4, or 5 substituents independently selected from
hal o, Cl-6 al kyl, C2-6 al kenyl, C2-6 al
hal oBl, RjJand R&mxeandvymd@mgaaael@yted fiom 1§, Wah%ial Q¥ ) Br, &?rl ﬁ
q§%eroaryl cycl oal kyl, heterocycl oal kyl,

eroaryl al kyl, cycloalkyl heterocycloalkyl CN, :
NO2, Y@FG(O), 1@1&:@, S NRF )NK§ROa, NIBELO)INH, NHE(@)%lO@(D)NER@r

d (Cl4 alkyl)-C(ORb, C(ONRRC, -(C1.4

W?qumj C(OOR?, -(C14 al kyl)-C(O) ORa,
OC( ¥ R¥bsent, @1, 4, BIRK (12, S0 EBWIkyDORE) CIRFT ¢ alky{-TRA
al kyl NRR NRRd, NR

a1 kP R ey Pttt ol e et
@Rpounds@12,4, 3 %] 7,8, MR B @Ran FigrelFOA BRRY,
NRC( NR' ) NRRd, P(R1)2 P((Re)z P(O ReRf, P(O OROR ;
S(ORb, -(Cl.4 alkyl)-S(ORb, S(ONRRd, -(Cl1.4 ..
%%{%%%%‘W G ol Y1) RS 0 2Ry S 0Nl
a
-( cik 1Sa41W=I ary @r é or htétero&y ¥1 qagion Fiﬁg\tut
235 9 &@ﬁbéﬂi@&%&ﬁ&%&deﬂu}s@k&%%ﬁ OBNkno,Ghid, 0. 6aak91ycbﬁ
-1 0 "hal oal k kenyl , C2. 10 aIkynyI aryl,

Ca:y@lkﬂawlyprylaﬂefl detseapl, heterf@rxl?lls Hyercloaldy pod 3y yi al kyl |
% aIkyI cycl oal kyl al kyl, and
eterocy oalkylalkyl wherein sald Cl-lo aIkyI Cl-lo
hal oBl, B4 and 82 ategndephusaytly, setepted fromlidyay NHzg€ 44, BT, CL F,
a% gloalkyl het eroaryl, heterocycl oal kyl aryIaIkyI
eteroaryl al kyl , cycloalkylalkyl or
hetéYmdﬁHC@akKynﬁﬂkyﬂ is optionally substituted wi t h

5 substituents |ndependently sel ect ed
fromﬁ?%ﬁﬁg hal o, Cl1-6 al kyl, aryl, arylalkyl,

het escarepntiolet, diastarepingt, bWhanngucttoallk chptaﬁcl salt thereof,

| Wit@%ﬁ%f SR Rl s 9;0&%

3. A compound of Formula II:

R3
R; :;: ~Z” ::: ~y-R
R1

I

wherein:

R is H, Cy¢ alkyl, Cy.6 alkenyl, Cy.6 alkynyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, wherein said Cy.¢ alkyl, Ca.¢ alkenyl, Cy.6 alkynyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl is optionally substituted by 1, 2, 3, 4, or 5 substituents
independently selected from halo, C1¢ alkyl, Ca¢ alkenyl, Co5 alkynyl, Ci.¢ haloalkyl,

Cy.¢ hydroxyalkyl, C1.¢ cyanoalkyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
60



59 WD 2007/ 044565 PCT/ US2006/ 039228 R, R2, and R3
are independently selected fromH, N2, NH2, CF3, Br,
A, F, and I; Yis C(O, NRICO SO02NRg, NR5SQ2,

NH, NHC(O)O OC(O NH, or CONR9; andZ
L E 2“4456" S, NRg, CH2, S, Cl-6 al kyl - CE%”W"%””S

al kyl -NRg; or an enanti oner, dlastereoner or
pharmaceutically acceptable salt thereof, excluding
conpounds 1, 2, 3, 4, 5 6, 7, 8 and 9 shown in

Sty o %ﬁ\%ﬁwl -ér‘ir’l*éeé%@ PRV, oG ER] B, B
‘%8%2‘2‘.’@““%‘3(?’?5 L““l““mm(@m"lccO)WR"s +(Ohs allyl)-EO)NRRY,
R -t abani ST BR by, ¢ AP AR bRl -

| (d?smwmqo quzdemmdymamw qm alR} IR "CaRY

t eroc

R I R A LR T SE T A

Nle{e{n(é\(n o di asctpiirlgi%gr?\g—lr_lkml)ﬁRcI8 P(?Trpi)(z:’gl}g? |R?£’ HORE,
P@@g@%ﬂ?@gm (Cw H bR S PTRE Ehrainsonms, 5
S(ﬁgzkrb’ -Lgéh:t ail%yl'ﬁ_ ﬂRfWQﬂR" ' (Clﬁlaﬂﬁl)m‘gi@ﬁwsc@zmad

I a I wher ei n:
aﬂé—t(@ﬁ-ﬂﬂk}@ls(@)ﬁm( , C2.6 alkenyl, C2.6 alkynyl, aryl,

het’ 3{@ é{ 1}‘?(%'3 @ %J?E glf aﬁegﬁch 1P@ép@ﬁcﬁﬁﬁf Le@&téﬂﬂ‘om W@l Fin

sai keny

alkog; @0 Bnlpilkyl, G:ym My dkym’étaeylo@y@ v hgtironel
ngRho LR pSMES), SRR vttt B B g
hﬁr&gﬁcloa@laﬂcyh Iwr«lmre;d §aid@2r16 alik SZny)Ih,ah@hﬂ Eaio@&iemﬂl Coro
b GRS e LGS RRGY
cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted with 1, 2, 3, 4, or 5
substituents independently selected from OH, amino, halo, C;.¢ alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, cycloalkyl, and heterocycloalkyl; ‘

R2is H, Cy.19 alkyl, Cy.10 haloalkyl, Ca 40 alkeﬂyl, or Ca.1p alkynyl;

R}, R, and R® are independently selected from H, NOy, NHz, CFs, Br, CL F,
and I; ,
Y is C(O), NRECO, SO,NRE, NR#SO,, NHC(O)NH, NHC(0)O, OC(O)NH, or
CONRE; and

7 is absent, O, S, NRE, CH2, SO,, C1.5 alkyl-OR®, CO, C) alkyl-NR;

or an enantiomer, diastercomer, 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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60 WD 2007/ 044565 PCT/ US2006/ 039228 het eroaryl al kyl,
cycl oal kyl, heterocycl oal kyl, CN, NO2, ORa, -(Cl.4

al kyl )-Ora, SRa, - (Cl4 alkyl)-SW C(ORY, -(C14
alkyl)-C(Oe, C(ONRRd, -(Cl4 allcyl)-C(ONR
‘E{J@gﬂéﬁﬁ%(cm al kyl )- C(O ORa, OC(O)RY, - (CT&1/US2006/039228
al kyl )-OC(O RY, OC(O NRRd, (Cl-4 al kyl)-0C(O NRR",

NRRd, NRC(O RY, -(Cl4 alkyl)-NRCORY, NRC(O NRRd,

-(Cl14 al kyl)-NRC(O) NRRd, NRC(O) CRa, -(Cl4 al kVYl)-

N O} ORa, =NR' ) NRRd, NRC(=NR ) NRRd, P(02, P(ORC) z,

WFECC%(I%ML andc%fmmasrldwm‘e@ cyaloalis)-aad O) RY,

éFeEaéPB - (C14 al kyl)-S(ONRRd, S(O2R', -(Cl4 s

al'kyr ) - 2RY, NRS( Q) 2RY, .- (Cl14 al kY] )-NRS%%ZRY,

S(O eland Rirpge indepeadentli s9lgcted fopp NRRG:: Mg, CRy Brytl, R,

%Q,I. Ra, and Rf are each independently selected fromH,
-’10 al kyl, C-10 hal oal kyl, C2-10 al kenyl, C2-10

al | cynigNHGO 91 CON¥c| oal kyl , heteroaryl,

het er cko I, arylal kyl, heteroaryl al kyl,

cycl gggéy#’aqqklﬁﬁ, and heterocycl oal kyl al kyl, wherein

sai dofin d@ntiinkey, dias@reon@r ipheamdcphticallipacteptaltli sattythereot,

: L kyny! +.cyel eal kyl B
FerdPsefarbiadn AP nepr R 0 vl aio

cycl oal | cyl al kyl or heterocycloal kyl al kyl is

optiqnal ly suhstituted wt ‘

ccbs P R depieat i BB a8 sk PRion dppo o8
et o7 0aryl Lo e Loa A et eroeye oal vl R
eteroaryl al kyl , cycloal kyl, and heterocycl oal kyl ;

is H, @c‘g@tﬁgﬁ@ﬂt?‘%’ﬁl o 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
i 0 CAoPmpRRsabFompda il NRoSO2, NHC({ O) NH,  NHC( O) O,
OC(ONH, or CONRR and Z isgabsent, 0, S, NRg, CH2,

S2, C1.6 al kyl -OR, , 3¢l -6 Jal kyd - NRg; or an

enant i onmer, di ast er eongr, maceutically
acceptabl e salt thereodd, i hg conpounds 10, 11,
12 shown in Figures 1 OA-B. 4. The compound of claim

3, wherein:, Ris alkyl, aryl R°het er ocyclyl, or
heteroaryl, -each optional |y substituted with 1, 2, 3,
4, or 5 substituents independently selected from CH,
am noherhiat o, C1-6 al kyl, 0- 61 '

XisCorNH,;
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WO 2007/ 044565 PCT/ US2006/ 039228 C1.6 al kyl, aryl,
aryl al kyl, heteroaryl, heteroarylal kyl, cycl oal kyl,
and heterocycloalkyl; R, R2, and R3 are

i ndependent |y sel ect ed fromH N2, NH2, CF
WO 20044456 Y is NHCO or CONH, Z is O S, o?cﬁﬁgz%&%ﬁs

enanti oner, diastereoner or pharmaceutically
acceptabl e salt thereof, excluding conpounds 10, 11,
12. shown in Figures | OA-B. 5. A conpound of a
formyla shown in FIGS. 9A-9G FI G 18, FIGs. 19A, 19B,
19CR & . 19D, or an enantioner, 'diastereoner or a

pharfacewt i cally acceptabl e. sal er of 6 A Br
cof For n&ll a l; W@@E& RS
e whesei ! st 620 077 6455

PCT/ US200¢ R¥s B OB, S\ N - ON 00\\?’
\ OCAHy - FI'CHSSC2H4000/\CI a OH
Br # -C-NtO Gy ,+

St
O G OO e

K OO@Q( o

Zﬁ g N@Y(j{f @Q« |

Ny
SOV

or Br ;
R2is F, Cl, CHs, OCHj;, COOH, COOCH3, CN, OCH,CH;, or

*NH
R
d o,
o
- O\/
OH
1 2 Cl .
or R’ and R” together form >

R®is H or COOH;
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Pot0O_SJ-0 O OI / T/TN o)l o Oo.,,f oOO™
JNHONYNI NO >1I H b/ IN JT O/ /"

O N, or BrlY; Ris F, d, CH3, OCH3, COMH,
COOCH3, CN, OCR2CH3, or "NH O b OH or R _and

WQ YWt orm C R3 is H or COON 63 mzoo?FEﬁ%‘%@"”m
PCT/ US2006/ 039228 R4 is H, OCH3, Br, F, COOCH3, 11 O
p\ SHHNSN, / or pOp NH\ M or R3 and R4
toget her formH RS is H NO2, COOCH3,

benzo[d t hi azol - cy and SO2N(C2H5)2; R6 is H;
-~ R*isH, OCHs, Br, F, O0CH

2,
3 %E*LQ/ w435 /"’3\@ %N?@

or R? and R* together form ~H ;
 R¥is H, NO,, COOCHS3, benzo[d]thiazol-2-y1, and SO2N(CaHs)y;
ROisH; C

or R® and R® together form

7. A compound of Formula IV:

" wherein:
-XisOor NR7;
Y is C=0, or 5O;
R%is H, CHa,
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or RS and R6 together form
IV: RS 5Y RL RA R R3
Yis NO or SO2; R2 is H,
PC;I’/ US20061039228 O \

7. A conmpound of Fornmul a
IV wherein: Xis 0 or NR7,
CH3, 64 WD 2007/ 044565

O/ Q OO0OOC- Br
WH2878ISe YN rOC NHNi ONHO I / or ﬁéﬁﬁﬁ{ﬁ"”m
R and R7 together form\ I-\ NHN-0 or 410 HN ~\
I~A -0INI- O OR2Zis H d, I, or S(4- nitrophenyl)
R3is H F d, Br, I,OCHSOCH2CH3 Rdis H,

OCH2CH3, NHC(O)CH?O or S(O) 2-pi §r|d| ne; or R3 and R4

F. t%get heSCgor R;@Vor and
Oy e Q
s QQ; -
g b
/s g
' . | Br O o
cl SﬁN}I':I - e [ N/O/ o):fLi-l
. F R . or 2
o#ﬁ N ;&(F { E ; N0
OH F

.
2

‘or R! and R’ together form

<] ‘ot
Oij]ijd eaet \@

' r\f‘O
O..

R%is H, C1, L, or S<{4-nitrophenyl);
®%is H, F, Cl, Br, I, OCH;, OCHCHs; |
R*is H, CHs, OCH,CH3, NHC(O)CH3, or S(O),-piperidine;
ot R® and R* together form OCH:0;

. RPisHor Cl;
R¢is H; and
R7 is H or CHs.

8. A compound of Formula V
RZ

fo «_R?



R7 is Hor CH3. 8. A compound of Formula V. R2 R~ X
R3 R6 R4 R5 V 65 WO 2007/ 044565 PCT/ US2006/ 039228
wher ei n: Xis Sor 0 R is H CH3, OCH3, CH2CH=CHZ2,
4119 C( O NHCH2CH20H,  CH2CH2NHCH2CH=
‘EEP@M‘{“RE morpholine), 0 -000S 2 NI %Tﬁsf‘mmﬁ\lm
ONHNN HJ~H-=S HHH‘?OO OO0OO0OS, or NH2 0O NOHH
O 10 RZis H CH3 d, OCH3, CH(phenyI)CHzcw-L or
CH(CH3) CH2CH3; XN H, Rl and R2 together formF ; or
R3 {l@le R4 is H Br, A, CH3, CH(OHCH2CH3, N'N HOS
N

XisSor(O;

R' is H, CHs, OCHs, CH,CH=CH,, C4Hs, CH,C(O)NHCH,CH,OH,

CH,CH,NHCH,CH=CH,, CH;CH;_(N—morpholine),
o)
i 0O S \
RGN Q NHU\ﬁx "é‘/k ’
)\NJ\ N N N

O

O\'\/\O/\% }_@/\?J ‘,ei)k /‘*{ o NHZ l "

.
H

R?is H, CH;, Cl, OCHs, CH(phenyl)CH,COOH, or CH(CHg)CHzCH3;

4
NS "
2N
or Ry and R, together form F

RYis H;
R*is H, Br, Cl, CH3, CH(OH)CH,CHs,

\ N=.
HO, S ,{]%{N—@’o\ : N :
L. ,ZD s
/“J ,Dr Oﬁ.—}(

NT N
H . NH
O é»»?;z s
R’ is H, and

RS is H or CH,CH=CH,.
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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NHor NH Ntt~~H ~S RSis H and R6 is H or
CH2CH=CH2. 9. A pharmaceutical conposition for
inhibiting Virion Infectivity Factor (Vif) conprising
W@@W;@geuti cal carrier and a therapeuti cal®Gr/US2006/039228
effective anmount of a conpound of FIGs. 1-10B, 18, or
19A-D. 66 WD 2007/ 044565 PCT/ US2006/ 039228 10. A
pharmaceuti cal conposition for inhibiting Vision
Infectivity Factor (Vif) conprising a phar maceué‘ir al
10.car Aipbarmaoehtinal deapepition for inhikitieg Visionilplsctiyity fisston lé

comggnns.?noguanpqaaxor;la&ﬁﬁcaq fcm%laxadn% tﬁérgpeuﬁZa]ﬂr effective amount of a

compound of any of claims 1-8.
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