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Formula | or a pharmaceutically acceptable salt thereof, wherein: R and R2
are each independently H, G -C6-al kyl, t-butyloxycarbonyl, Me-S02-,

25HOOCC( GMBR2R0HACX8) -, CH3C(0); (R4) 2N-( CHZ) .y -, (RB), i Ppmarsgd11/Qe4174
(R6)g-Hetaryl- (CH2)p-, (R6)qg-Hetalk-(CH2),-, or (R6)qg-Cycloalk-(CH2)p-; or
R and Rz,%éﬁg,her Wi h t he ni.trogen atom o which they are @&t ched, form
a3 to 7% aef-%cPfH@P 15 ORFTAENPITSE AGY B ?18%?]1 rﬁa%%}%ﬁﬁ%‘t’ h a

met hyl sul ;:%Mﬂe Qﬁd%ipasorhatﬁi%tlbﬁ M\é&réaon%naérkswhe AR, dBRutlshaped particle to
HOOCC( CH3) 2CH2T( 0) - HOOCCH2 C( CH3
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1, 1-cycl opent yb‘égﬁé# gﬁ %yj 18 I?Eﬁ}ll%tlgn %@&/(ﬁ?&t mﬁﬁ\{s@[ﬁé ¥bal%§%g thelOHet al k
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invention are useful for the treatnent of patients wt
demonstrated significantly lower load reductions than patients w1th0ut Gag polymorphisms

15  at these sites.
It would therefore be an advance in the art to discover alternative compounds that
are maturation inhibitors.
SUMMARY OF THE INVENTION
In a first aspect, the present invention is a compound characterized by the following

20  formula:

Formula I

or a pharmaceutically acceptable salt thereof, wherein:
R' and R? are each independently H, C,-Cg-alkyl, -butyloxycarbonyl, Me-SO;-,
25  HOOCC(CH;),CH,C(0)-, CH3C(0); (R*)N-(CH)m-, (R*)n-phenyl-Q-, (R%),-Hetaryl-
(CH,),-, (R®)-Hetalk-(CHy),-, or (R®)-Cycloalk-(CH,),-; or R' and R, together with the
nitrogen atom to which they are attached, form a 3- to 7-membered heterocycloalkyl ring
optionally substituted with a methylsulfonyl group or up to two C;-Cy-alkyl groups;
R’ is HOOCC(CH3),CH,C(0O)- or HOOCCH,C(CH3),CH,C(0)-;
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H V- 1. 25DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
relates to a conpound of the followng fornula: 3 RO YR2 "1\1- 11 R
Formul a 1w® 201400281/ 100308PCT/ US2011/ 024174 or aPpphareecautircal |y
acceptable salt thereof, where R, R2, R3, X, and Y are as defined above.

As used herein, C-C6-al kyl refers to,a |inear or branched al kyl group

i ncl udi ng net h??C?Re4tlﬁ§}}actep¢\1{‘1dﬁP€’bﬁro,r (‘Lilé%"r‘lk_ |, n-butyl, isobutyl, t-butyl,
n-pentyl, and BsdR&Wik indepld@ndl Pl ed,-08L /YN ¢ LAk&ly, CF, fHUPT, Nu(CER), 080, OF
br ono; Hetaryl refers to a 5- 6- menbéred het eroaryf group, exanpl es of

whi ch i ncN@de but not restricted to pyridyl, pyridazinyl, pyrinmnidinyl,

pyrazinyl, oxazol yle. thiazolyl,.i.m dazol yl ieny yl, and pyrrolyl.
Hetal k refers F%Chﬁ{ 3 lfldﬁg?ﬁﬁi&ﬁté%hﬂg’t F Eﬁ%&)a{:bﬂ%gbg , exanpl es of which

i ncl ude  1@adkyIghMdnetBYf dralmeihgi k- gwr&%ylﬂlbmﬁl,, _N-net hyl pi peridin-4-yl,

4- et hyl pi perazi nyl , norpholino, and thionorpholino. Cycloalk is used

herei n to nmeanXcypdYopicapyh independentl ycthytope obpahesyl; and cycl ohexyl. R and
R2, together wA. ni e t to ! t e at ; orm a
Tohet e ocyel oty COI OB O B HRRS ) AT RY ol

restricted, It chpehtyttiiylyl , pi peridinyl, norpholino, thionorpholino,

pi perazi nyl, 4-methyl-piperazin-1-yl, 4-nmethyl sul fonyl-piperazin-1-yl,

2, 4- di met hy| - pPsEFEZs fo« -Wr,nbateér@@f%warﬂigi%ﬁan- 1-yl,

1-met hy1l- 2- pi peLafl ROMG4-, | RAOL A8 - %).di oxi de-4-y1; and
pyrrolidinyl gr(fc)upsi.g %461”451{1%%@ aspe%%k?%%‘lﬁ?ﬁio fesent invention, Hetaryl is
pyridyl, thien¢lycloalk i§ aByd-me@berdapobhiéyl gspgct, R is H nethyl,

di met hyl am noet hyl , .t-hutyl oxycar bonyl ; Me- SC2-, or HOOCC( CH3) 2CH2C(0) -;

i n anot her asp@@,mﬁmﬁg’ ,‘16‘{9&32,301“ > di et hyl ami noet hyl ; | n anot her

aspect, R2 is Bhch(RindepBRAM| 0Q,0r0R6) g- furanyl - (CH2) p-, (R6)q-pyridyl-
(CH2) p-, (R6)Qg-thienyl -FCHZ) p-, TI-nmethyl pyrazol-3-yl, Hetal k-(CH2),-, or
C3- C6- cycl oal kydch@HB yplependentnbtondr aspect, R2 is (R5).-phenyl - CH2;

thienyl-CHe-; fealljcrh%]ni)éliﬁ epgﬁde%{r I(),di,no¥ 2; aieP H2-
each r is independently 0, 1, 2, 3, or 4.
In a second aspect, the present invention relates to a composition comprising a) the
compound of Formula I or a pharmaceutically acceptable salt thereof; and b) a
pharmaceutically acceptable excipient.

20 In a third aspect, the present invention is a method of treating HIV-1 comprising
administering to a patient suffering therefrom an effective amount of the compound of
Formula I, or a pharmaceutically acceptable salt thereof.

Compounds of the present invention are useful for the treatment of patients with
HIV-1.
25 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a compound of the following formula:

Formula I



I n anot her aspect R3 is HOOCC(CH3) 2CH2C(0)-; In another aspect, each R4 is
nmethyl and mis 2. In another aspect, each R5 is independently nethyl,
met hoxy, Wel2011/10p88 or OCF3; | n another aspect, each R6PC3/USadependent|y

methyl, F, or d. 30In another aspect X and Y are both carbonyl; In

anot her aspect, nd Y are both n_an ect, X i s carbonyl
and Y is net hyP’Ea‘ﬁBﬁl C%WG?%?CCSE%@&SX& egequ\tf F Bt X g nd e ardsnyl ; In
anot her agpgtdd.abgvd s 0 or 1. WO 2011/ 100308PCT/ US2011/ 024174 The

present invention includes conpounds as well as their pharmaceutically
accept abl e sal Asusatblmmdl Ggly-alkyhesfems tala hmar of hranbleedodlntl exeuponcludingompound
or a pharma tlc t abl alt th undrst d,to,refer to
ol ther o BogbaitorbienshaPaltat TR (ORUEE soubT o BRI P RE BB
(altermative), Htaro 1§u§&fm@é{ﬂ(ﬂo?éféhaﬂ%@ﬂﬁ'&ﬁl%€&%¥bf‘o@hdy acceptabl e salt

t hereof (in conbination). The corrpounds of the present inventjon are

derivatives of Hstaryliteferstefach-p-aermbsredehessraarh gionp eqxapai estod which inclpge buti n
I nt di at
g AP T P AR AT BT R,

trees; bethidryh ﬁlgﬂrmdlpgnmeO% of the dry wei ght of the extractive. See

Green, Brian; Bentley, Mcha ung Bong Y.; Lynch, Ni chol as :
Jensen, Br uce Hetaélwﬁey toa ﬁﬂdﬂ%ﬁlb?fﬁd B@tele@vdwl Ylaﬂﬁﬂuméé?mﬁlﬁbéﬁ‘éhtcht“@lude

15ne. fhea nenush PREU g, M L A Y RS st PR EELS  Rose

15As used erern, "the t maceut | y accepta ‘to those
corrpoundsmompitoémo,adnslthmamqoimlmoons and dosage forns which are, within the

scope of sound rredl ment, suitable f cont act h the
Fobuen of  hunbrcbikyu AR R Gittoom T RDubP YRR 90 ' 1 1t at i on,
or other pygblgp or conplication. The skilled artisan will appreciate that
phar maceutl cal | accept abl e salts of conpounds according to fornmula (1) 20
may be prepar eB. amhBsdogtaar nithethe ndmgbyamwp&']abﬂl theyarge aftachgd, b@yrfoepar ed in

| f f th b
separ i o JApiaass pHE R s TRusR i PR OE SR st P RO o R ant AP ARERI A e bacs
formw t ha@:tﬁmyu P RidaB s emeiphakid] thib@SRMGLihy,§liperazinyl, 4-nfoeHRQiResi0f -yl | he

present invention can form pharnaceutically accept abl e salts by reaction

with a suﬂtra%haésdﬁqrwl-ememgel-ys&ét dimashydaiippsaind bl demetiol géarpinahdl.or gani ¢
aci ds; ?’%ﬁ&}% eraEHfohaﬁth{Ft &86 RO - P ‘f'd %ude% gﬂgﬁd Lﬁ}%’ﬂ&ﬁ’&ﬁh a%&g%

hydrobro oric aphosp orlc uric
exanpl es of suird ﬁfﬂtl&r@ﬂ@@ﬂ@ﬁhaptdé&tllm@nudﬁ; Haﬁﬁyarslp@ndyﬂc&tm@l or furyl;
trifluoroacetic, ric, | actjc, funaric, ﬁgltyzmc form.c

propi ghic, gl ybbﬁil%'t*ergqsaefdnﬁc 1S fanasthyl dipesthylprino hdﬁé@d%}tﬁé}rb@nﬂ Me-

et hanesul gpni 8C0 z I m%?&i‘
p-tol ueneéglzf gﬁﬁc aci @3)%3?2@9? H{)%nggﬁse? aﬁeggﬁ?ﬁbg%?éé‘@&sg 11’74
i nclude, for ekampitler abpedt, (R%usiHs(R alapMnthe,s(R )afdnanylle(QHzaiﬂ,o(Ré)quxuddES

I ncludi ng(é\ﬁ(?;, (F@gﬂthlenyg %ﬁz)p ) rnethyl pyrazofag'-yl Fﬁ’eta?li = or 6 cycloalkyl-

(CHy)p-; in another aspect, R” is (R”),-phenyl-CH,; thienyl-CH,-; furanyl-CHz; pyridinyl-

25  CHjp-;
In another aspect R? is HOOCC(CH3),CH,C(O)-;
In another aspect, each R* is methyl and m is 2.
In another aspect, each R’ is independently methyl, methoxy, halo, CFs, or OCFs;
In another aspect, each R° is independently methyl, F, or CL.
30 In another aspect, X and Y are both carbonyl;

In another aspect, X and Y are both methylene;
In another aspect X is carbonyl and Y is methylene;
In another aspect X is methylene and X is carbonyl;

In another aspect, q is 0 or 1.



The enbodi nents of the invention described above are intended to be nerely
exenpl ary; nunerous variations and nodifications will be apparent to those
skill ed iwotzhe/He3o8. Al |l such variations and nodi ficati eos/tse@tiosdiended to
be within the scope of the present invention as defined in any appended

cl ai ms. Equi pnepnt Descr.i pti.on ect wer e
fecorded on & BPYRESSABIAEEST includep carpeounds apivel! as éﬁgrﬁhe%m Wigells ar o
expressedadpRplet sﬁlt@@[ccﬂi‘dllﬂgtlfﬂhc( RBA <& HhE Sdnte VP Bp Gﬁikﬁéraant s are in
units of 10hertz (Hz) patterns descri be appar ent multiplicities
and are dpbargna@mstal@sacs:eptsbhaghletl)ereﬁ {sdodbistoyl to teférttoicghetd) compofigdiar t et )
qui nt (qui nal yt| cal

Tow r esar hEarBt st bRAR s rast BIREEA gl ar 8 SoRBR MNP Ro00° HPL G 6110 or
Agi | end 13%}!"5’&1@0511@900@&215]9 st Bl (@ dedfdinadiof). x 50 nm 3.5 musing a

gradient elution nethod. 15Sol vent A: 0.01%trifluoroacetic acid (TFA) in
wat er; Sol vent TB@ C@nmsrpﬁthemr%@@mmmwmaée derivatives@dhstudintrefarred fo herginm n
fol | owned Q%/I!§ %O 20% 95% B over 4 m n. Biolnical Assay The antiviral
activity o nt corrpounds was determned in a two cell co-culture 20H V
lifecycle assay. In this assay Jurkat T- varrmR_tt]ocyt es that are chronically
infected with H V-1 HxB2 were co-cul tured . ndi cator HOS cell s that
harbor a nodified HV LTR uciferase reportep rus produced by the

i nfected Jurkat cells can infect the S @ eading to LTR-directed
expression of the luciferase reporter aTdsthat interfere with virus
production in the Jurkat cells, matyratis of the virus, entry or
post-entry steps 25in the HV lifecycl ; fdecr ease the |uciferase si gnal .
Prior to the beginning the assay, a frozen stock vial of infected Jurkat,
JAHxB2, cells are rap| dly thawed i Betiligtintermedigfobt h and slowly diluted to

15 n1_ ith cel i serum
and gent anycin ﬁng] indtﬁdgl e“%%%%g )‘thgae&ce %Iﬁelllr g“%i%&g‘fﬂ@ ﬂ%%&%

cul t ur e atorBmofly 15&Xat6®2ronamd berkparidiet titcos; dOtuBA fotmoup WY /dotthd diyowbightrl on
day 7 by t additjon _of cell _nedium On the da he assay were started,
HOS cel | sOWBF&XTragival yog ﬁa%@dBﬂgr} cﬁnny%iMuS@ﬁdﬂt ycﬁlglgngongﬁf dechcyl ture
medi um C@I‘I@l{o!afsl{geﬂ:néén M@&Lgmsqms%lmdﬁ &*B%tﬁlﬁﬁaﬁn@&%ﬂ%é fent @y ML cel |

medi um 2x107 HOS cells were luted to 1112 mL in chilled (4 C) cell WO
2011/ 10036811@bﬁfnlu52031bﬁ®1214t167hlammmd1@hSylphaméd] érhem. $diie. 200at.e. 6. 7x107

J4HxB2_cel |l s i ur e elleted entrif a,tl n at, 1400 rpmfor 5
i o esuspan s 19! ZerB iR oo o lEHE ey D it epeseBiiy:
J4HxB2 celdateriR! SorfthostbrlandNRssdd forrd #hRhfagd, vathid ﬁi@%&op’% dFisBuRf medic4lo
plating into 96- or 384- weII plates. A Miltidrop (or simlar i nstrunent)

was used iuslgticapemsdle foe ustialdostachivigh §§§§9H€I§I0§thé@a@ bpings mdf@nmébtwnhout
conpounds n.t S [ nsi on
vas addeatts B Bt BRRTYLe ¥l orbof B iy AR ko SURRETY
assay f or apireciftc @t @hamlcbut'ﬁdaﬂpemp&memas aﬂamboﬁmd@adébtmngnﬁo fbﬁﬁlﬁla ¢pnmpound
in the assay plate npounds were tested as 10- or 11-point serial

di | ut #dnsmagbe @repaerdlr ?h‘?ﬁﬁ Pofrmaspyticatly aemﬁ@&‘rﬁﬁ thay &s prqnagﬁde@ sikisAeriag | oned
to sit at tHe }sgﬁﬂg ﬁﬁ%lﬁ&'ﬁoi t e e 8111(1)41:Q)F Pz éb%?atw\f&ﬂtlh gi! Ii' ed 5%

CO2 37 C I ncubator renoved
fromthe coophaidan 1ta|ﬁ1(éeeqd|olr|fﬂaeaa®cfotm mthcmsmtehlpéxae&tmtra&ld msp&ﬁwniyn to 1 h.
Promega Steady dore ef{ r epar ed accordilrg}a 0 Ih manufglre ﬁ@?e]r S
directions and“2E#8E4SP Ehleamrs%e EVRRFINN Fa0iTae phrBrac t%‘EP WBRCTRE by |

0.02 niL Ofeagtg@r?@ﬁh gsﬁlté[@@ aﬁ&lg{ggaste%ﬁlﬁ%le%kdsﬁn&ﬁdéﬁérgﬁlﬁi lanBloRgic al:c@c[s t he

96-wel |l plate, 0.1 nL medi um was 15 renoved fromeach welT and 0.06 nL
of St é&dye@mplmm;f sadaldd momgammasdﬂemgladwhgdmddmdélwémbeaimusphvgplamCEnv| si on
or Topcount V\/b Iate Read or. si.mi | ar |pst urTFrBL For. daﬁ | ysis,

hi gh and F&HP lc i Gt S“&&%Flf’é% oridi gt 8" WIS CeHt aid %’é‘c O or an

H V- 1 i nhirfatit CHceiﬁ@ftﬁﬂlhdrSébétlc Ldigfeamant, adic, fintlricaben2Bicl forfad, propidii€ used to
normal i ze the data which was then fit to a non-I|inear regressi on nodel

usi ng a salycali, glusanig, maksioy sicsipe crapnedfanic sthepesuienicGdenrigal ues. Schenes
and Exper I r he fo I S edur es

11 ustr at éﬁgé\,&gl@fgﬁ@ﬁ Hloggnzeﬂesulfom-g q]td : ml/%en teﬁ@fo%?cha%r% Sﬁpa%le%a% ds The
specific solvents and reaction condltlons referred to are also illustrative
and are not intended to be limting. Conpounds not described are either
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25commercially available or are readily prepared by one skilled in the art
using avail able starting materials. The Exanples disclosed herein are for
i1l ustratwoeopumopmses only and are not intended to |im PCrhs2eaoparof the
invention. Al exanples exhibited LHI V 1Cso vaI ues between liuMand 1 nM
using the. a di scl her, nt hes t rnmedi ate 10 for Formul a
| c:onpounag@fude (01 6xanap ﬁwomﬁ%‘ﬁe? rid, and affopides fiobying gaOH,

i nter medi gloH, 4,20, 9,40y, &amﬁa pot&ss?{lﬂ?ﬁlbmblxﬁf@ nopyridine 5 (DVAP, 1.66 g,
13.6 mol), and Et 3N Z( mmol) in CH2Cl2 (DCM 100 nlL) at room

t enperat ure waghadmbddla@etsmf tlmnhy@tmodeieeomz@ abQ@wg. ate mtgnded 3o hmmleyely After it

was heated at reflux overnight, and cool ed da to rog t t he
onctton nltrdnesberos R SRRy My Rt Th AEEE KB e vashed
wi th vat esrt (80 sidh variddiod uhddho Blc6as agafticHiads bk atithin MNetsebpd SITRY pREeADST

of the organic solvent under reduced 10 pressure, anhydrous ethanol (50 nl)
was addedlRetiqrgs deéggqlmmapp@tdeéwtaemés were collected by filtration as a
white SO'E { 18" {18“ , 20 g, 84 %. 1H NWR (400 MHz, CDC13) 5 ppm
4.69 (1H,  4.51-4.43 (1H, m), 4.25 (1H, d, J= 11.2 Hz),
3.85 (1H, d, J]—'Hl\IMB stc)tl;a werd Secdrdbd dnlaH3ruifths ARardé-1{13160 spdctroncddet. CBémics)) ,
1.98-0.77 (42H m. LCMS: mz calculated 526.4, found 527.7 (M + 1)+.
15Step B: shiffe aferfxpreated i parts per mifigm (pAma S @nity. Q@mmgmnﬁﬂnts 3 ingmifxef added

0
nczo [o T (bR bERTRNRnby ol TR o el <105 7 e
reaction (gmgﬂay &l Qdaﬁblsﬁ)ltr(ﬁqﬂetmﬂqhmdt)emm& (qmﬂltSt)tlﬁri[ﬁh@[tﬁiléi} or (moad). 5 h.

After cooling down, sodium acetate (24 g) was added and the resulting

reaction 20 m YhepRalyiical layaprse ufien mess meyﬁ%@és) WRE peardedebivailen 128%. due

was taken

(100 m_ ngb?Ld /éc.i.lrli@((aac}iﬂAcé%Qt ?ﬂgl um su?@aﬁ%ﬂggsgngﬁggﬁ \gta%éwt@o%hﬁ%y# Ig{; un er
reduced pagmiﬁmxﬁemuogrrwdmal resi due, which was recrystal lized from95 %

et han and nt er nedi at.e 13 8 69 %9 as a white solid.
1H NMR (400 wow Ogy %O%Cc‘?“&aﬁlé(?gﬁ Hh‘)Vate 02 (1H, d, J= 10.8 WO
2011/ 100308Pﬂg%g&@/@@ﬂgﬁg—@%e@nﬁle 1H, d, J= 10. 8 Hz), 3.18-3.10 (1H,
m, 2.43-2.40 (1H, m, : 204(3H s), 2.05 (3H, s),
2.00-1.95 (1H anlstarmﬁgtbrjl 236111(fbl¥l0wmiby§°/8495% CBQOVGQS%BWGML@IHNS m z

cal cul ate 26. 4l found 549.2 (MtNa)+. Step C. Internediate 4 5A m xture

of the in (7 g, 13.29 mmol ), sodium acetate (NaOAc, 6.21 g, 76
ol ) and sodi gRe ghtehiFap Beery df haseEahfoulnds %s @ete&ﬁn%lmacdllrboaaﬂww ous
toluene (90 nL AcOH (119 rrL) and Ac20 was stirred at 60 C

over n2Qht HIXflifegyclegssaynip dinmasay ekat dalym ﬂcm girase glrenisally inf¢ctetedithet ween
t 15
et T L R T R R Ll

car bonat elucifoRsértepyrte) Vadd phydusel 10 imfectsd Zl)rkaﬁifelledarﬂmﬁfct ﬂﬁdﬂ@ﬁbsﬂ]ﬂ fate,
and concentrated under reduced pressure to afford a_ sti ck%/ oi l. The sticky

oi | was t ieinede bdRofirsstodepigasipn obepcitesse aenortgh ¢ ammoupistipbinicaicss wer e

col I ected,ag [ , % te
Solia sh e J? %dlih‘éﬁé’f?%ﬁ%é %rﬁ%t(c@ug 4&%3&4 o Vﬁﬁs i %gkgés o %Bé

10. 8 ®z), 1n4th66ﬂ(\ﬂl[—ﬂ‘¢cyut,le cﬂscre]a&eﬂlellﬁlfdz@w sign2ll- 3. 16 (lH m, 2. 86 (1H, dd, J=
12.8, 3.

(40H, n) O 1o s Breatiing w5 a orguiseTbuy %flmﬁtgd%? gg%%é%o 84

I nt er medi adi] a9e rapidly tha’%&eﬂ‘u)fﬁ gWeCQx‘;atérBﬁh'aﬁ@i @fo%@ﬂﬁ‘ﬁt@déo (5 nﬂ1w11-h?ceql4 nmol ) and
pot assi um hydr oxi de” ( KOH, 2 0, mmol) Tn a mxture of 1:1 ethanol

(Et OH) anthetlipinueiRM[ 449 mtcjluma@n@umng é@%zfetab gonosesim and gﬁm@mycle)m@h ature

for 1 h. T reatlo ture t. uequs HC1 to pH =
2hnd cvapirserig: b B bR A Bl L EakERT N o Phng
a snmegl aBPwIl ofayf AP0 ﬂn(@nma?clugﬂth@ta@cﬁnmesﬂcecmq{lécﬁ@ﬁled and then washed
with water and dried in vacuo to obtain the internediate 5 (6.0 93 9% as

a white solid. Onchosny the asserveont seder, A3 acllsisup srpady tarwemh sllow lilpeeep E:
I nt di 6. | t +10. 23
ol ) 1 n DOk 308! seain e <ol d50.M f?ﬁﬁﬁrf?a&ﬁ?%dﬁ? "

chl or ochr G)%tLGce(l]H@éEiluﬁ 84109 H@@ce_(llsrmb )illuﬁmib $1 12118 ig e]lnllédﬁ (D°@)cellThe
reaction mxture was stirred at roomtenperature for 1 h. After the

reacti on was quenched with water, the organic phase was washed with
sat urated sodi um bi carbonate 6



30solution (100 nm.), dried over sodiumsul fate, and evaporated under
reduced pressure to give a crude product, which was purified by col um

chr omat ogwepbhy/wmosi | i ca gel (EtOAc: PE = 1:10 to 1:5) troTgiSe@ioka74

i ntermedi ate 6(4 2 g, 83 %) as a white solid. LCMS: niz cal cul ated 496. 4,

found 497. 2 +. . WD 2011/ 100 P 011/.024174 Ste [ nt er nedi ate
él ‘ﬁ%l?‘&ﬁ‘? Wra SPYP ?1.@%3133 fﬁ)ﬁz Slm?lﬁzlrﬁﬁlﬁml%ﬂﬁ tedBy dr ous

t et rahydr Q&Hﬁﬁ@atﬁ&'ﬂ‘ﬁ 1460 rﬁﬂa)foWHﬁr{ arﬁf‘re?&sﬁ@t%f%ﬁ%t@ tf?é clﬁlléd A0 ALus RGNS

slow y added a solution of nBuLi (27 ni, . After the reaction

m xt ur e wdbe SOS andldl48ix B2 20 I CwEermaedoh dlre Ser nvlat6fqat as shsitS om m*fortttbmlatlng

i nternedi at e l.). .1 n anhydrous THE 0 n_ s slo added
under an B oS-Gt Mas oS BRigroD ARl b Bt e B G f Ml o
-78 C4or céllshnﬂé%fsﬁhr lhtbs Mh%aiflie AEH ESmPé Inds aAn Fiad 98- B s Ibkin 10 20k . NaHCCS.
Extraction was conducted wth Et OAc and t he organi c phase was washed wth

wat er ( 50J4~H§B2/H£Jt&ﬁeéltse1@pemlpn avas 3ddedi tp 2 Wy pEigstoparpoypdlinihe gesay atase. Fand
our £ ed D BARoI SERE BBLSTSHAC LR Ehifich Shr st M PG Gl {OpEOYIET

afford t hﬁl thebesapptitat@nmi{odnds @ereFes2el]l Ak or 6 1-pdin¥erial HlMwns A Recalditivnat ed
574. 4, found 575 O (M+ 1)+. Step G Internediate 8 To a sal utlon of the

i nt er nedi at el tg sorap@mdeﬂ@gs WS)WerEtaéww@osﬂst ahroom gemeraips| fpr 3 miiegl pvaP
(0. 149, g, R4 ) at
room ?‘@emgg%alﬁ%&gmk%%?%tl r r?/f\egog%? 5%@% ?.Qgi,eg, ﬁ%?%g%rt%eg%l{aitognf%%a(% %nJgnched
wi t h wat eplateihe:r@regrmmed fiphathe inabatvasieclutiiiratedad sron{ taperdre fairIledinoer
sodi um suif ai) % a%grat ed under reduced ressEre to |ve LPH

| nt er medi i BN S s Tepzend v tepad dcearhig @ By meBaREUIE s iR 1 (M

+ 1) +. 20a1§1 &Rieh'lto bRtL LR g'l\@ﬁlﬁdl% (or 51m11a11-915'€i‘u1§91{t}1t0‘ %Qfofts%d&f@lgr\xyﬁ%d' ate 8
(4.5 g, 6. in ace onltrl m.) and water (40 nlL) was added

N- br onos u@dxiemtmhbew{lNB@%? -vdl Idatezlliqrohfrr%rl\w)ellaﬁatﬁ dbhmlecvfpmchumrveas Af t er

vt er > b G ReT TR o G (mbeo P AP SR TR SR ROE R Lt on

(200 ni), de&beted @ﬁn%M@Enﬁ@ﬂhmy&cf@E BlicraptER &HaeF @tﬁlﬁillmﬂﬁmrﬁﬁd UER @ata
pressure to give the internmediate 9 (3.2g9, 82 %9. LCMs. mz calcul ated

568. 4, fotmlyS6igh qufilow pignal amisglsicormesnaagingdp aels containing DM efran HIV-

0000t oS b ok B IAB B D Bt R Ru OBl M i 2
sol uti on ohidNaGkQRer3ht to 4. ioD- lgleaﬁrégfesmh)odalnfblﬂ‘gad-ﬁli?@éle((ﬁtaﬁﬁlagr,sisﬁﬁcl&gﬂﬁvl )

in water gﬂG(%rrL) over 15 mn. After stirring at 0 Cfor 10 mn, the
react +n terPiné k<o Yalked to room tenperature and stirred for another 30

mn follo % o ol érHﬁérﬂQl%&@dlﬁ%gAc The organi ¢ phase was washed with

wat er (10 fate, filtered, and concentrated to
dryness. The olfhafcrlbdvmgsahdmes mmtpmuedufmseﬂuh;ate:hﬂm nmmpd)mrdlsraf tgrmagdeyt on
silica gel g g)ZOl %11(} 308PCT/ 82011 24174 dgH = 50 gto 1%1) to
afford t hE'VFREX GREORCA &Y e gpegificgelvepts aud gagion cnditigns geterrey tomre

cal cul at edju384ivé and SRt ﬁ_ﬁﬁzﬁdéﬁ to Me timitints. Compounds hb€ics@loc@Wenanaxanpl es are
for illustrative purposes only and not intended to limt the scope of the

i nven#i oncormperciafE avalgbleer isirpashilly meeresed fgloae skillqd intiroart ushieeyaifable wgiting

1o bR R Sy SRR AR RER e o G o

Azet i di nyintexo) ackinytithe &@pdbf the8ndchaop el axmenfiyslexhilfited TeHIW/I@&E alhigs 2- oxo- 3,
3a, 4, 5, 5a, 5b, 6, 1&8 ?bg 11,11a, 11b, 1fﬂﬁl‘i 13a- oct adecahydr o- 2H- cycl opent a
| al chrysehe®egh | ey pod T aMipsiag sy Slissiiedhger: aci d

Synthesis of Intermediate 10 for Formula I Compounds:

30



Step A Internediate 11 To a solution of the internediate 10 (680
ng, 1.163 mmol) in DCM (5 nL) were added oxalyl chloride (3 nL, 35.5 nmol)
and a fewoOnopsi0of08DM-. The reaction m xture 15 was sti PCceaSat11020m
tenperature for 3 h and evaporated under reduced pressure to yield the
internediate 11 as a |ight yellow sgpd. Step B: Internediate 12-1 WO
2011/ 100308PCT/ US2011#024174 To a s ion of the interqediate 11 (430 nyg,
0.713 mol ), DVAP (] 1.
(10 nmL) was addegazg: d?Hn@NicQOO YO 3,5 D) Lat ’u After
stirring at roontygrperat ures f'or g ~h, the reactiok b dlfutedtepwth DCM (50
nm). The organic phaSe was washed with water (50 nlj, a&queous 5
hydrochloric acid (2 50 mL), then dried over sodi msulfate and

evapor at ed under reduc. pressure te i
purified by col um ,ghiormat ogt aphy
afford the internedi-at
cal cul ated 623. 4, Hound 624.,3¢M?

m xture of the intermediate 12- 1’(350 ng, O. 561 o ) and KCH (19 rrg, 0. 353
mml) in a mxture of 1:1 EtOH and toluene (12 nL) was stirre VI gorously
at roomtenperature for | i zed with
aqueous HC1 (1_MN)°to pH < A i
extracted with £tGAC. d asuifat e,
filtered, and cgpgam ( '
|nterrred| ate 13- (320 ng? 97 % “as a IlgHt yeIIow “Solid. L&M: nz

ana-&t 3N ( 2

calcul ated 581.4, found 582.3 (M+ 1)+. Step D. Internediate 14-1 To
a sol uti og’englﬂeiell E%g@%l ate 13-1 (430 nmg, 0.74 mmol) in
di met hyl s m.) was added 2-iodoxybenzoic acid (I1BX, 1.1 g,

3.93 mmol ) at ToarspRbiohefiferiaitnediatdfit(@0 gs43.2 kimg), aﬂtdmmdmlarmmmpymw e
overnight, the reac n was, q che vvlth ter and_ex t h Et OAc.
The organ QWaéeé%/&aég&rm@Bl)oﬁ%ﬁE@gg? l)llnl(FIfIéérléa)6 d%&ﬂéé‘ﬁt rated
under r ed%%@teﬂ%ﬁ?ﬁ&%%vats%d@%d’fceﬁc Eﬁﬁldﬁﬁé (A“!X@J qh 19&8, ‘3%&'86%?0& £ Qaym

chromat ography on silica ge to 3:1) to affo the 1 nternedi ate
14-1 (300hcq1;¢d a0effhx mrlaghmamcéccmdﬂd athwﬂ_ﬁ/rhﬁn terhperetal  theatedion#@as4, f ound

580.3 (M + 1 nedi at.e

nter e Ak 1 38R0 MR EBARRRYC PRt s dhguned SaRh mil '€ 2
concent r ab@AdkEdlovieh sedidmWaRatst Aftéﬁ@nﬁbm"g@ﬁ’dﬁ‘t bEIHROF Sintt SV R ducddhe
reacti on was quenched with water (30 nL) and extracted with Et0Ac (60 nL).

The oi@anpmsma%hwgumbm (30 mb) was ed leddinil éler revdring pgcipitaicaveet e, and

eaorated r ced pre Qe rified
b; (F:) ol um CE ﬁabt o@%ﬁtﬂ) nyasganwg% e Q(g g}?\{eE% %R %4 ’1 Wﬁ%‘w %u *f Iori:l
the inter Eﬁﬂlﬁt@plﬁﬁrl@((m ﬂm4 9.9’6(1% n@swlmwt(efmi);ms KEBANGU = 2 erb,cul at ed

537.4, found 538.3 (M + 1)+.
2011/ 100388PEHAUL01 19 §ﬂ@, 2449 2 B (lfﬂomanZBBT (AH. c&h 20(?4 63% $HAtBr Q@ (42 mig- 1

(70 ng, Oy wwcﬁ%@@?%ggd%ﬁd55_)7m&rpl)qdded 3, 3-di met hyl di hydro- 2,

5-f urandi one and (334 ng, 2.6 Mol ). After it was
heat et at S&p K Imtammididte 3 t he reaction m xture was extracted with DCM The

organi ¢ phase washed C. N, 2 wat er (50 ni 2 ied 5
over sodi um su\fﬁaﬂ%ace&ﬁacgﬂéga} éé%wase%dsdﬁgﬁ&@eﬁpm@%%e trﬁé(ra}e%}@ﬁ‘ai'

resi due, | r |
(PE Et onc éhgmogwoﬁﬁ&l@! g(?%gﬁg,héeaéyg)oﬁg ggﬂnﬁﬁwééﬁwcﬁ%%bh B < a

whi t e sol pevpusiyleated Z&HI(NWQ (Th0 Geakttlzn mEDOE3yaspimed aﬁdlhdatdﬂat(tms{ tem])qrature

o ,2824635?(%1;% %%ﬁtefrffg Pag'aasy fadHlam'?ﬁeta%g%&z‘sg%va#@?&e'ﬁzﬁﬂ?fhi &e#w%ag f?fwﬁorﬁg 2

HZ) i@2. ﬂr@xtareoxgas(elilﬁbomed td-d esls @Ke ﬂ@brd@mslﬂreﬁ%u@wﬁgta(ké@hb ibCMEdes: n z
cal cul ated 665.9, found 664.4 (M

2, 2- Di et ﬁ}L])ﬂHd mﬁrgav(w p@%spev%wa@m Wamw@&ril@]:mhmé ﬂsa@pver sodium sulfate,
5a, 5b, 8, 8 eth 3a- R4- th ul f onyl 1-
oo mud PR MATR s b S0 ST LR iR b ) 1 1o o

3, 13a- recrystalhzed from 95 % ethanol and DCM to give the intermediate 3 (13.8 g, 69 %) as a
white solid. "H NMR (400 MHz, CDCLy) & ppm 4.50-4.46 (1H, m), 4.02 (1H, d, J = 10.8




150ct adecahydr o- 2H cycl opent ai al chrysen-9-yl | oxy) but anoi ¢ aci d
Internediate 12-2 20To a m xture of the internediate 10 (600 ng, 1.026
nmol ), diweapriopyioet hyl ami ne (DI PEA, 2 g, 15.47 nmol), &OW/US2011/024174

2- (1H 7-azabenzotriazol -1-y1)-1,1, 3,3-tetranet hyl uronium

hexaf | uor %phos hat e et hanam ni um

o o A ALY ao Ao LT ST o - MozéHm%z@r@ By ™
quenched a0t Veder OF Ll 15 00 48 U0k BRDFSEN S5 T 2 DR TR T

organi ¢ phagdsSwasz el gse® 826 .4 SfodhdfBU(HiaNa)+. and evapor ated under reduced

pressure to give a residue, which was purified by colum WO
2011/ 10038tepcEy Intermediateh 74 chr omat ogr aphy on silica gel (DCM MeOH = 100: 1

to 30: t f t id.
Lo e Tt 2l e BB ERRA AL S A% 1920 Mg Soailf dhRS0dON %%olrﬁ%o'und
19-2 \(/jvas 36 apm&%@sadmm/dmhmma@ dﬂhyﬂn'ammwﬁig |15\L96rnmd!)aﬂ|1_l %lﬂy?lﬂﬁlsmlhhnea
ure sij at use n , Where

Pyl sut (DD A e L B OAeD T gyt 6 SOR IR AT (11,
3.82-3. 7340k gd@)&m %e@@ac%oé%nfd%lf& whd Oparétiéféd%eﬁgeeﬁl%temw ?th@né et:h§l (5H, m,
2.82(3H, s), (1H d, J = 18.4 Hz), 2.10-2706 (1H,
m, 1.90- ccite (Elt%c ﬁiO nLIO‘JT\l& orgitmc phise waatvedhati7Qicdessivelynuitly wateB (1001 + 1) +.

5o soTB! Gl A Tl ot Sihot i P02 B h 8 Rupiy b3, FBrad e S (o
0) ace yi | o2 B, Bubeorsbuiuds TkoPreudl ssdio LHord 2kt baTact adecah

ydr o- 2H- cycl opent al al chrysen- él | oxy) but anoi ¢ acid 5A sim |l ar
procedur esttl@éfd)ﬂt\ﬁasﬁfléﬁ@tﬁé withemet Obt, 2% g laad ﬂlevmgcm@at%mr@ to prepare

1 et iyl pe AR Ay 'refkg%%e' Y ekt g Vistd) i a6 PO H MR oo
3. 52- 3. 17MISHCD) Sp§if-4522046 OH, ), 4.33.(18, (35~ 168,HA, £86 0 (44H.2 M) .

LG Ms: mlz calculated 709.0, found 707.5 (M- 1)-. 20Exanple 4:
4-{[ (BaR, BaR, 8PR-7A4R(195 1 3R611HRI Ias)2 Bed 3 Hey2.42- 236(1H rn) 2.05 (3H, s),

> oxo- 5, 308 (40ss; b B Ghitems R8s P R T ke ksl o 20 Ly

cl opent al giepDYRREFedite®XY! - 2, 2- di et hyl - 4- oxobut anoi ¢ acid Step A
Internediate I5 10 a solution of the internedi ate 10 (SOOQE 0. 855 mml)
y&d

in EtOH (2 m) Aamuct@etoéth@en@rr(@dlmﬂ (&2, 158fmreoh) erdpaipsiumg sidd (IKOH. ( 192
g, 3.42 H@&) o ISA‘ g tn%\nrlol 11;11I 4 rrnllxqgre of 1:1 ethanol (EtOH) and toluene (400 mL) was stirred

20  vigorously at room temperature for 1 h. The reaction mixture was neutralized with aqueous
HCI (1N) to pH = 7 and evaporated to dryness. The obtained residue was taken up in water
and a small amount of acetone. The precipitates were collected and then washed with water
and dried in vacuo to obtain the intermediate 5 (6.0 g, 93 %) as a white solid. LC/MS: m/z
calculated 498 .4, found 499.3 (M + 1)+.

25  Step E: Intermediate 6

To a solution of the intermediate 5 (5.1 g, 10.23 mmol) in DCM (300 mL) at room

temperature were added pyridinium chlorochromate (PCC, 6.61 g, 30.7 mmol), and silica
gel (6.6 g). The reaction mixture was stirred at room temperature for 1 h. After the reaction
was quenched with water, the organic phase was washed with saturated sodium bicarbonate

30  solution (100 mL), dried over sodium sulfate, and evaporated under reduced pressure to
give a crude product, which was purified by column chromatography on silica gel (EtOAc:
PE = 1:10 to 1:5) to give the intermediate 6 (4.2 g, 83 % ) as a white solid. LC/MS: m/z
calculated 496.4, found 497.2 (M + 1)+.



roomtenperature for 30 mn, the reaction was diluted with DCM (100 mL).
The organi c phase was washed with aqueous NH4Cl (50 nL x 2) and brine (50
m.), dri esloaveriosmdi um sul fate and evaporated under redCedSpr@dsUre to
give the internedi ate 15 (400 ng, 86 %W. LC/MS: mz calculated 542.4, found
543.1 (M ¢ I)+ 1OSte Internediate 16 To a solution of the

i nt er medi 7 .534 mmol ) in DVBO (6 nL) at room tenperature was
added | BX (149@0%01L§10§6fmmth1aﬁé Esef gl 47 MBnct] in"dnBfldBhs RAGh{REfupan), the
reaction mxture was then cool ed down~to room tenperature and dlluted W th
DCM (100 AHF, 60reLbnigden e aphapkeraas nitmghiedt 00 weaskrwly 8ddada soluton afri- ed

hter nedi B0k 8 ol 5 it AP LS B kSRS e R RV Pl abeg
540. 4,5 f oWRslufidd oflthe Mténﬂadiate &l£p gCS 4b mﬁ%%ﬂdmtyamhz THIEO(49 r80) Wid 9ewBf the

i ntermedi ate 16 (350 nmg, 664 ol under an at nosphere of
ni trogen add ed@nd@rsanameaal@rmﬁrytr@g@alayﬂ%’m $h¢ tr@ctqqp wasthen stgra@at mipf§ fao
over 5 m i.rne I tion
m xture vvgél Bé%%gor a% e(ﬁ{%ﬁChseg Vglﬁlheésj%aﬁra{eag%& e?f\lﬁ%ﬁ(%e%%atcﬁoﬁA/Naggg%ch%%ﬁ

yel | ow soliitd. EtStAepmﬂ)thel (Etgatlﬁ'pﬂasatv&slfébsﬁed with wate (50 xﬂ;)r@umitedlbﬁh@cﬂooam li ne
(221 ng, 1.992 mmol) and Et3N (0.463 ni, 3.32 mmg% in DCM (7 nL) was added
the i nt er Fddi &%l over gogiam mglfate 298 £ varastipd arder sedc plt@éfr%%?oaglm écmelﬁ er
stirrimg r el d with
bt (5o EhkF RRIAHHLE oL bl b Gob AR bERLT FUdPRISOAT K10

m.), dried: lomaffmwmmmbdmtea (3ang eX2amaorodt ed7 %)d[e@/MS!dnAzeﬂlcplra&sisiﬂrZIefl to
give a re?%wag m WO 2011/ 100308PCT/ U82011/ 024174 was purified by
colum ch 86 b’ﬁ 8k silica gel (PE:EtOAc = 5:11to0 1:1) to afford the

i nter nedi 8t G4riftermaBatts 36 9 as a white sol id. LM mz calculated
634. 4, foﬁ?_m_(ﬂm+ Compound 19-4 5The conpound 19-4 was prepared
as a yel | ow sollp@ sblution ohtheiinteenediate Jt(8. 518464)9\M1mh1)aEBNerI5érrnb,rk$c&jmn®1),lsed

I7nogx 03a13<%91\41% Wﬁ‘% e lﬁ%f”fﬁ%ﬁglwg&%l (a%jﬂi‘? z'i%o 332‘%}#2 %éﬁ%@ﬂ) .
2.25 ( 1H atthoodhterhBer8tulri, )Afte% s88ink. 88 0 62Hor T, thé ré’a@tl@ﬁ s GdetlchedWith katdys: n1 Z

cal culated 719.4, found 720.3 (M + 1)+. 10Exanp :
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aoct adecab@ldﬂ@teétﬁﬁ&%pfoﬁp@ﬂﬁ%ﬂ aMchiyisen- 9- yboxyl but anoi ¢ acid |nternediate
14-5 To a solution of the internediate 16 (220 ng, 0.407 mmol), HATU
(309 7Yy, BtepiH: Intgrmediated by pEA (0.36 ml, 2.1 mmol) in DVF (10 nl) was
added (2- thi ewlargsfu%)oﬂﬂenﬁtegﬂ@mﬂes(Qs AL 6.ATMRAb I 3h oL RATAICTRONAL P The
reaction mxture was 20 stirre roomtenperatueovermgt an ut ed
wi t h DCM witee (4 gahivas pidesleN hasnasastisohide (NB&aTéSP g(46l00 nin)ql) glrroem over

sodi um sul fate and orated to dryness acuo.to |ve a residue, .which
voa pur i1 1oy oA TROREHRS fetobe SoneaRe & PAEHo e St R apnchafiity

4:1) to allhRdridiReddit f‘a@e?e@a@&vsshéévﬁth(sﬁ&rm c?dml saﬁat@sd{@thdmw alL)d LC MS:
m z cal cul ated 636.4, found 637.3 (M + 1)+. 25 Conpound -

2011/ Z@OSOB@CQVGUSQ@IMI/ oifate7and evaporated under reduced pressure to glve the 1nterrned1ate
9 (3.2g, 82 %). LC/MS: m/z calculated 568.4, found 569.3 (M + 1)+.
Step I: Intermediate 10

To an ice-cooled solution of the intermediate 9 (3.2 g, 5.63 mmol) in #-butanol (300
mL), THF (60 mL), and 2-methyl-2-butene (2 mL) was added slowly a solution of NaClO,
30 (7.19 g, 67.5 mmol) and NaH;PO4 (6.75 g, 56.3 mmol) in water (60 mL) over 15 min.
After stirring at 0 °C for 10 min, the reaction mixture was warmed to room temperature and
stirred for another 30 min followed by the dilution with EtOAc. The organic phase was
washed with water (100 mL), dried over sodium sulfate, filtered, and concentrated to

dryness. The obtained residue was purified by column chromatography on silica gel (DCM:
10



The conpound 19-5 was prepared as a yellow sh solid fromthe internediate
14-5 with a simlar procedure used in Exanple 1. 1H NMR (400 MHz, CDC13):
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as a light yellow solid. 1H NWVR (4000 2
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19.2 Hz), 1.96-1.84 (2H, m, 1. 78-0. 8f)( 3H n) LC/MB: iz cal cul at ed
749.4, found 748.4 (M- 1)- The fol,l ow ng conpounds listed in Table
1 wer & prepared using methods simlar to those Iisted above. In each case,
X and Y are each carbonyb. Table 1 Exapplee No. R R2 R3 Praqcedure

)l\'(m
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o .

, 11, 11a, 11b, 12, 13, 13a- oct ade
2Ldi met hy1- 4- oxobut anoi c

no Exanpl e 2, where R NHR2
paje the title conpound

? dopmY. 41-7.21 (5H, m),

Step B

KOH IBX

z —_—
Toluene, EtOH 2 DMSO, rt, overnight
Step C E Step D

HCI

Dioxane, rt

DMAP, Py
StepE  HO
Step F

Step A: Intermediate 11
To a solution of the intermediate 10 (680 mg, 1.163 mmol) in DCM (5 mL) were

added oxalyl chloride (3 mL, 35.5 mmol) and a few drops of DMF. The reaction mixture
15  was stirred at room temperature for 3 h and evaporated under reduced pressure to yield the
intermediate 11 as a light yellow solid.

Step B: Intermediate 12-1

11
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Cl HOO Ex 2 7-5 H 40 HO
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To a solution of the intermediate 11 (430 mg, 0.713 mmol), DMAP (100.0mg,
0.819 mmol) and EtsN (2 mL, 14.35 mmol) in DCM (10 mL) was added azetidine (200 mg,
3.5 mmol) at room temperature. After stirring at room temperature for 4 h, the reaction was
diluted with DCM (50 mL). The organic phase was washed with water (50 mL), aqueous
5 hydrochloric acid (2 N, 50 mL), then dried over sodium sulfate, and evaporated under
reduced pressure to give a crude product, which was purified by column chromatography
on silica gel (PE:EtOAc =5:1 to 1:1) to afford the intermediate 12-1 (300 mg, 67.5 %) as a
white solid. LC/MS: m/z calculated 623 .4, found 624.3 (M + 1)+.
Step C: Intermediate 13-1
10 A mixture of the intermediate 12-1 (350 mg, 0.561 mmol) and KOH (19 mg, 0.353

mmol) in a mixture of 1:1 EtOH and toluene (12 mL) was stirred vigorously at room

temperature for 15 min. The reaction mixture was neutralized with aqueous HCI (1 N) to

pH = 7. After the addition of water, the reaction was extracted with EtOAc. The organic

phase was dried over sodium sulfate, filtered, and concentrated under reduced pressure to
15  give the intermediate 13-1 (320 mg, 97 %) as a light yellow solid. LC/MS: m/z calculated

581.4, found 582.3 (M + 1)+.

Step D: Intermediate 14-1

To a solution of the intermediate 13-1 (430 mg, 0.74 mmol) in dimethylsulfoxide
(DMSO, 8 mL) was added 2-iodoxybenzoic acid (IBX, 1.1 g, 3.93 mmol) at room
20  temperature. After stirring at room temperature overnight, the reaction was quenched with
water and extracted with EtOAc. The organic phase was dried over sodium sulfate, filtered,
and concentrated under reduced pressure to give a residue, which was purified by column
chromatography on silica gel (PE:EA =5:1 to 3:1) to afford the intermediate 14-1 (300 mg,
70 %) as a white solid. LC/MS: m/z calculated 579.4, found 580.3 (M + 1)+.
25  Step E: Intermediate 18-1
A solution of the intermediate 14-1 (300 mg, 0.52 mmol) in 1,4-dioxane (15 mL)

and concentrated HCI (5 mL) was stirred at room temperature overnight. The reaction was

quenched with water (30 mL) and extracted with EtOAc (60 mL). The organic phase was

washed with water, dried over sodium sulfate, and evaporated under reduced pressure to
30  give aresidue, which was purified by column chromatography on silica gel (PE:EtOAc =

5:1to 3:1) to afford the intermediate 18-1 (70 mg, 25 %) as a white solid. LC/MS: m/z

calculated 537.4, found 538.3 (M + 1)+.

Step F: Compound 19-1

12
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To a solution of the intermediate 18-1 (70 mg, 0.13 mmol) in pyridine (3 mL) were
added 3,3-dimethyldihydro-2, 5-furandione (159 mg, 1.302 mmol) and DMAP (334 mg,
2.6 mmol). After it was heated at 90 °C overnight, the reaction mixture was extracted with
DCM. The organic phase was washed with HCI (2 &, 25 mL), water (50 mL x 2), dried
over sodium sulfate, and evaporated under reduced pressure to give a residue, which was
purified by column chromatography on silica gel (PE:EtOAc = 3:1 to 2:1) to give the
compound 19-1 (30 mg, 34.6 %) as a white solid product. "H NMR (400 MHz, CDCls) &
ppm 4.54-4.42 (2H, m), 4.28-4.35 (1H, m), 4.05-4.15 (2H, m), 3.17-3.25 (1H, m), 2.75-
2.62 (4H, m), 2.60-2.52 (2H, m), 2.35(1H, quint, J= 8.0 Hz), 2.17 (1H, d, J = 19.2 Hz),
2.10-2.00 (1H, m), 1.96-1.82 (1H, m), 1.78-0.78 (42H, m). LC/MS: m/z calculated 665.9,
found 664.4 (M - 1)-.

Example 2: 2,2-Dimethvl-4-0x0-4-({(3aR,5aR,5bR,7aR.9S,11aR,11bR,13aS)-
Sa,5b,8.8.11a-pentamethyl-1-(1-methylethvyl)-3a-[[4-(methvlsulfonyl)-1-
piperazinyl|(oxo)acetyl]-2-0x0-3.3a.4,5,5a,5b.6,7,72,8.9,10,11.11a,11b,12,13,13a-

octadecahvdro-2H-cvclopentajajchrvsen-9-vlloxy)butanoic acid

HN’HN 9
L ',S=o

—_—
HATU, DIPEA
DMF, rt

Intermediate 12-2

To a mixture of the intermediate 10 (600 mg, 1.026 mmol), diisopropylethylamine
(DIPEA, 2 g, 15.47 mmol), and 2-(1H-7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium
hexafluorophosphate methanaminium (HATU, 1.4 g, 3.68 mmol) in DMF (8 mL) was
added 1-(methylsulfonyl)piperazine (700 mg, 4.26 mmol) at room temperature. After
stirring at room temperature for 4 h, the reaction was quenched with water (100 mL), and
extracted with EtOAc (200 mL). The organic phase was dried over sodium sulfate, and

evaporated under reduced pressure to give a residue, which was purified by column

13
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chromatography on silica gel (DCM:MeOH = 100:1 to 30:1) to afford the intermediate 12-
2 (650 mg, 87 %) as a white solid. LC/MS: m/z calculated 730.4, found 731.3 (M + 1)+.
Compound 19-2

Compound 19-2 was prepared as a white solid from the intermediate 12-2 with a
5 procedure similar to that used in Example 1, where R'NHR? is methylsulfonylpiperazine.
'H NMR (400 MHz, CDCl3) d ppm 4.54-4.46 (1H, m), 3.82-3.73 (1H, m), 3.68-3.53 (2H,
m), 3.50-3.42 (1H, m), 3.36-3.18 (5H, m), 2.82(3H, s), 2.78-2.50 (5H, m), 2.20 (1H, d, J =
18.4 Hz), 2.10-2.06 (1H, m), 1.90-0.82 (43H, m). LC/MS: m/z calculated 772.4, found
773.3 (M + 1)+.
10 Example 3: 2,2-dimethyl-4-0x0-4-({(3aR,SaR,SbR,7aR,9S.11aR,11bR,13aS)-
5a,5b.8.8.11a-pentamethyl-1-(1-methylethyl)-3a-[(4-methyl-1-piperazinyl)(oxo0)acetyl]-
2-0x0-3,3a.4,5.5a,5b,6,7,72.8,9,10,11,11a,11b,12.13.13a-octadecahvdro-2H-

cyclopentalalchryvsen-9-vlloxy)butanoic acid

19-3

15 A similar procedure used to prepare the compound of Example 2 was followed to
prepare the title compound as a light yellow solid. In this case, R"NHR” is
1-methylpiperazine. '"H NMR (400 MHz, DMSO-d°) 6 ppm 4.38-4.32 (1H, m), 3.52-3.17
(6H, m), 2.60-2.20 (9H, m), 2.19 (3H, s), 1.98-0.79 (44H, m). LC/MS: m/z calculated
709.0, found 707.5 (M - 1)-.

20 Example 4: 4-{[(3aR.5aR.5bR,7aR.9S.11aR.11bR,13aS)-3a-[[(4-

Fluorophenvl)amino](oxo)acetyl]-5a,5b.8.8.11a-pentamethyl-1-(1-methylethyl)-2-0x0-
3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cvclopentalalchrysen-9-vljoxyl-2.2-dimethyl-4-oxobutanoic acid

14
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IBX

Toluene, EtOH B COOH  puMsO, it, overnight

Step A Step B

Step A: Intermediate 15
To a solution of the intermediate 10 (500 mg, 0.855 mmol) in EtOH (2 mL) and

5  toluene (2 mL) at room temperature was added KOH (192 mg, 3.42 mmol). After stirring at
room temperature for 30 min, the reaction was diluted with DCM (100 mL). The organic
phase was washed with aqueous NH4CI (50 mL x 2) and brine (50 mL), dried over sodium
sulfate and evaporated under reduced pressure to give the intermediate 15 (400 mg, 86 %).
LC/MS: m/z calculated 542.4, found 543.1 (M + 1)+.

10 Step B: Intermediate 16
To a solution of the intermediate 15 (290 mg, 0.534 mmol) in DMSO (6 mL) at

room temperature was added IBX (1496 mg, 5.34 mmol). After it was stirred at 50 °C for 3
h, the reaction mixture was then cooled down to room temperature and diluted with DCM
(100 mL). The organic phase was washed with water (50 mL x 4), dried over sodium
15  sulfate and evaporated under reduced pressure to give the intermediate 16 (234 mg, 81 %)
as a yellow solid. LC/MS: m/z calculated 540.4, found 541.1 (M + 1)+.
Step C: Intermediate 17
To a solution of the intermediate 16 (350 mg, 0.664 mmol) in DCM (8 mL) under

an atmosphere of nitrogen at 0 °C was added slowly oxalyl chloride (1.4 mL, 15.99 mmol)
20 over 5 min. After it was stirred at room temperature for 1 h, the reaction mixture was
evaporated to dryness to give the intermediate 17 as a light yellow solid.
Step D: Intermediate 14-4
A mixture of 4-fluoroaniline (221 mg, 1.992 mmol) and Et;N (0.463 mL, 3.32
mmol) in DCM (7 mL) was added the intermediate 17 (371 mg, 0.664 mmol) at room

25  temperature. After stirring at room temperature for 1 h, the reaction mixture was diluted
with DCM (50 mL). The organic phase was washed with water (50 mL), brine (25 mL),

dried over sodium sulfate, and evaporated under reduced pressure to give a residue, which

15
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was purified by column chromatography on silica gel (PE:EtOAc = 5:1 to 1:1) to afford the
intermediate 14-4 (150 mg, 36 %) as a white solid. LC/MS: m/z calculated 634.4, found
6353 (M + )+

Compound 19-4

The compound 19-4 was prepared as a yellow solid from the intermediate 14-4 with
a similar procedure used in Example 1. "H NMR (400 MHz, CDCls) 0 ppm 8.72 (1H, s),
7.61-7.57 (2H, m), 7.08-7.03 (2H, m), 4.52-4.48 (1H, m), 3.28-3.20 (1H, m), 2.78-2.53 (5H,
m), 2.25 (1H, d, J = 18.8 Hz), 2.08-1.87 (2H, m), 1.18-0.81 (42H, m). LC/MS: m/z
calculated 719.4, found 720.3 (M + 1)+.

Example 5: 2.2-dimethyl-4-0x0-4-[((3aR.5aR.5bR.7aR,9S.11aR.11bR.13aS)-
5a,5b.8.8.11a-pentamethyl-1-(1-methylethyl)-2-0x0-3a-{ox0[(2-
thienylmethyl)amino]acetvl}-3.3a.4,5.5a,5b.6,7,72.8,9.10.11,11a,11b,12,13.13a-

octadecahvdro-2H-cvclopentalajchrvsen-9-vloxv]butanoic acid

DMF

Intermediate 14-5
To a solution of the intermediate 16 (220 mg, 0.407 mmol), HATU (309 mg, 0.814
mmol), and DIPEA (0.36 mL, 2.1 mmol) in DMF (10 mL) was added (2-

thienylmethyl)amine (46 mg, 0.407 mmol) at room temperature. The reaction mixture was
stirred at room temperature overnight and diluted with DCM. The organic phase was
washed with water (50 mL), dried over sodium sulfate and evaporated to dryness in vacuo
to give a residue, which was purified by column chromatography on silica gel ( PE:EtOAc
=20:1 to 4:1) to afford the intermediate 14-5 (60 mg, 23 %) as a yellow solid. LC/MS:
m/z calculated 636.4, found 637.3 (M + 1)+.

Compound 19-5

16



0O Ex 2 7-22 H40 HOO BEx 2 7-23 H40 HOO Ex 2 7-24 H 0 Ex 2
Exanpl e 8: 4-{[(3aR 5aR 5bR, 7aR, 9S, 11aR, 11bR, 13aS) - 3a- ({[ (4-
Chl or ophewgl2p nretobsos | PCT/US2011/024174
am no}acetyl)-5a, 5b, 8, 8, 11a- pent anet hy1- 1-(1 met hyl et hyl ) - 2-
oxo-3,3a,4,5,5 5b,6,7,7 10, 11, 11a, 1 1 a- oct adecah: 0
5cycl opent ai al ﬁP%E‘?P“@ai?ﬁ WE PP CY ag  preklgiyt hatﬁgﬁ%mtt%%teéma@ 1", 28-1
Step A | aﬁtﬁrar@ﬂnat&o@éaure%e@u{flz%éﬂﬁm@ 10fH NAGR i(P6 BRI CRICE)0 5 @907.2@?1}9- 604
mmol ) and MeNO2 (7.5 was added t3N 0.6 m_,” 4.30 nmol) ’at
room terrpéda/[:a#f@ HAflt(eHz)gﬁdBr(ingt .] 5.6 Hz), 7.00-6.94 (2H m), 4. 66 (1H,dd,J=15.2

Hz, 6.0 Hz), 4.57 (1H, dd, J = 15.2 Hz, 6.0 Hz), 4.54-4.47 (1H, m), 3.25-3.20 (1H, m),

5 2.76-2.52 (5H,m), 2.21 (1H, d, /= 18.8 Hz), 2.08-1.86 (2H, m), 1.78-0.81 (42H, m).
LC/MS: m/z calculated 722.4, found 723.3 (M + 1)+.
Example 6: 4-{[(3aR.5aR.,5bR.7aR.9S.11aR.11bR.13aS)-3a-[{[(4-
Chlorophenvl)methyljaminol(oxo)acetyl]-5a.5b.8.8.11a-pentamethvl-1-(1-

methvlethvyl)-2-0x0-3.3a.4,5.54,5b.6.7.72.8.9,10,11.11a,11b.12.13.13a-octadecahvdro-

10  2H-cvclopentaJalchrysen-9-vljoxyl-2.2-dimethvl-4-oxobutanoic acid

A similar procedure as described in Example 2, where R'NHR? is [(4-
chlorophenyl)methyl]amine, was used to prepare the title compound as a light yellow solid.
'H NMR (400 MHz, CDCls) ¢ ppm 7.32-7.17 (5H, m), 4.54-4.32 (3H, m), 3.26-3.16 (1H,
15 m),2.76-2.48 (5H, m), 2.20 (1H, d, /= 18.8 Hz), 2.03-1.86 (2H, m), 1.77-0.81 (43H, m).
LC/MS: m/z calculated 749.4, found 748.4 (M - 1)-.
Example 7: 4-{[(3aR,5aR.5bR,7aR.9S,11aR.11bR.13aS)-3a-[{[(2-

chlorophenvyl)methyllJaminol(oxo)acetyl]-5a.5b.8.8.11a-pentamethvl-1-(1-
methvlethvyl)-2-0x0-3.3a.4,5.54,5b.6.7.72.8.9,10,11.11a,11b.12.13.13a-octadecahvdro-

20  2H-cvclopentajalchrysen-9-vljoxvi-2.2-dimethvl-4-oxobutanoic acid

Cl

19-7

A similar procedure as described in Example 2, where R'NHR? is [(2-
chlorophenyl)methyl]amine, was used to prepare the title compound as a light yellow solid.

'H NMR (400 MHz, CDCLs): § ppm 7.41-7.21 (5H, m), 4.61-4.44 (3H, m), 3.22-3.12 (1H,
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(50 ni).

The organi ¢ phase was washed with water (30 ni),

brine (30 m),

dried over sodiumsulfate and evaporated to dryness in vacuo to afford a
resi due, wbizohvmexspurified by col unm chronmat ography onP€iritse@ 192174 PE:

Et 0Ac = 100:0 to 85:15) to give the internmediate 24-2 (180 ng, 20.6 % as a
whi t e sobd—LG-MS—z—~ealeulated7243—Found107283(M-+12)+. Conpound
28-2 Exa bund 28-2 Wwas prepared gs a \Mﬂste sol iﬁg fé(f)mthe

i nt er med| at g,24-2 by a simjlar procedurg used I n Exanp R R NVR (400
MHz, CD30D) 5 ppm 7.54 (1H,| d, J= 1.2 HF), 6.52 (1H |d, J= 3.2 Hz), 6.41
(1H, dd,|J=3.2,[2.0 Hz ), [4.39 (1H, dd,| J= 10,8,05.6 15 Hz), |4.21 (2H, s),
3.99 (1H dy ;4= 18.0 : 3.899(\@& J=HQ3g. - 3. ZgEx?’ 19 |(1H, m, 2.54
(1H, d, J= 1%.0 Hz )" 2 1H, d,~&=¢6.|0 , 2.49-2.3 (§H, m, 2.34 (1H,
d, J= 19/2 Hz), 2.13 (1H, d, J= 19.2 Hz), 1.999-1.81 (2H, m, 1.73-1.18
(13H, m 17 (3H ) T 6 (3H g T3 (3H <3, F T (3H—s), 1.04-0.92
(3H, mM,[0.96 (3H, s), 0.90 (3H, s), 0.85 (3H/s)f 0.[77 (6H, §). LC M niz
cal cul at €d B90. 3| fouHd 692. 1"’(%{;5\7{ 20 10 Ex 2

2, 2- Di net hyl- 4- oxo-4-[ ((3aR, 5aR @R, |95, HlaR, 11bR,13aS) -

5a, 5b, 8, 8, 11a- pent anet hyl -1- (1- net hyl et hyl ) - 2- oxo- 3a-{l 113-

pyri di ny|l met hybam nol acetyl|l - 3, 3a, 415, 53, 5b, 6, 7, 7@, 8,|9, 10, 11, 11a, 11b, 12, 13,
13aoct adecahydr ot 2H cycl opent ai.al c ser- o ybdyl but anoi ¢ aci d WO

2011/ 100808P€ET/ US20111024174 2 simlar |pr urg as descri bed
in Exanple 8 and| 9 was used to prepare tlhe t@tle conpound as g |light yellow
solid. i HNLMR (400 MHz M3) 6 ppm 8 §1-8 48 (2H 1) 7 68 (J]1H, d, J= 8.0
H, 7.22|(1H, br), 4.49 (1H, dd, JE 11.3, 4. )Q 3.071 (2H, §), 3.41 5(1H,
d, J= 18|14 HB). 3.30 41t d ;Hz),HeB%/h 1Hg ), 2. 68-0.74
(52H, m| L :|mz cal culated 4, flound! 703.3 (M + 1) +. Exanpl e
11: 2-2, bi et hy1} 4- oxo- 4- (1| ( 3aR, 5aR, 5bR, 7aRQS, 11aR 11bR, 13aS)|-

5a, 5b, 8, B tra=pentarmethyt=4=(1-rret I"‘_-yi ethyt)=2= U)\UéSd.‘I af-3=
(trifluoromethyl)phenyl | methyl|amn )acetﬁél- 3aj 4, %, 5a, 5b, 6,7, 7a, 8, 9,
1010, 11, L14&a7-23b, 12, 13H13a- oct ad&:ﬁjéir o- ent al alBxheysen- 9-yl | oxy) bu
tanoic acid 8- 4 A si n,; prgcedyt e as described in Exanple 8
and 9 was used tp prepare the title conpound. 1141?71 VR (400 Mz, CD30D) 6
ppm 7.86{7.66 (4H, m, 4. .47 (IH, dd, J=11.2, I95.@ HZ), 4.31 (|2H, s), 4.22
(1H, d, )= 17.6 Hz), 4. 11 (1H,--thd% 17.|64¢1z) ) 3.188-3. 27 (1H |m), 2.64-0.87
(52H, m| LEAts: | miz Hal cullated 789./4, flound( 770”3 (M + ER %, Exanpl e
12: O

4- ((3aR, 5aR5bR 7aR 95, 11aR 11bR 13aS)-1-isopstickyl-15a 5bh 8 8 1la- pent anet

hy1l- 3a- ( 2- (4- net hyl pi perazi n-1-ybacetyl) - 2- oxo- 3, 3a, 4, 5, 5a, 5b, 6,7, 74, 8, 9, 10
, 11, 11a, 11b, 12, 13, 13a- oct adecahydr o- 2H 20cycl openta | al

chrysen-9-yl oxgkadpfe §1 TR 4R SHROHIRRIS ! $aRG 1 AR, 13a8)-3a-({[(4-
ChlorophenvDmethyljaminolacetyl)-5a,5b.8.8.11a-pentamethvl-1-(1-methvlethyl)-2-
0x0-3.3a.4.5.5a.5b.6.,7.74,8.9.10,11,11a,11b,12.13.13a-octadecahydro-2H-

cvclopentalalchrysen-9-vljoxyl-2.2-dimethyl-4-oxobutanoic acid
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28-5 Step A Internediate 29 A suspension of the internediate 8 (863 ny,
1.31 mmol) and KOH (367 ng, 6.55 5 mmol) in a mxture of 1:1 of toluene (20
m.) and BWVOH0(1200388) was stirred vigorously at room temperatsaeia/obars 1 h.
After it was neutralized with aqueous HC1 (1N), the reaction m xture was
evaporated to dryness. The obtai ned residue was taken up in DCM (200 ni)

and the organic se was washedg with water (200 pl), saturated sodium
bi carbonate so 00 ' ded ed.over sqdi um sul fate and evaporated
to dryness i o Te. 10 gi & residue, | WeswpuriLifd by col um

1y (EtOAc RE.= 11300 I'15) to afford the
internmedi ate 29 (464 ny, ‘f 429 as a whi'te*sol4 d. LG MS: nfz cal cul at ed
616.3, found 617.0 (M+ 1)+. Step B: Internediate 30 To a solution of NBS
(803 ny, 4.51 in acetonitrile_(2 W ) 15 was added

t he internedi 464 e 0. 752 1y 2F Af ter
stirring at nperat ure for~0LE e e ygﬁ@ed with

aqueous seodi sulfite, and.,conce z(ys e was

di ssol ved into &ther (30 nL), and the1organ| C phase ‘was*washed with brine
(15 nL), dried over sodiumsulfate and evaporated to dryness to give the
i nternedi ate 30(5 , 96 %9 as a igde solidALC Ms: mz_galcul ated
526.3, 20 fgund 5 Mt 1) £.09t ep €.
2011/ 100308ECT/ o@@gr—’ ALsh 110,01 the i Gl 30 (450
ng, 0.598 muoloy,- et hyl pi pera : ok mi : i o

chl ori de (48 9 ng, £. 359 mml) IVEQH (20 nmL) was heat e at,,70 for 0.5
h. After cooling down to rogmtenperature, sodium cyanoborohydride (225 ny,
3.59 mmol) was added in omportion The reaction mxture 5 was stirred at
roomtenperdture for a q)@ before it was diluted with Et0OAc (50 niL).
The organi c phag (vashed vm sat urat ed aqueous sodi um bi car bonat e

sol ution (3‘@” m.) § dr| éd over sodium sulfate and evaporated to dryness in
vacuo to give a residues: which was purified by Prep-HPLC to afford the
intermediate 31-1 (291 ng, 80 % as a white solid. LCMS: niz cal cul ated
610.3, fo I ant“mﬁ Jz +. 10Step D. Internediate 32-1 A sol ution
of the II’]EE%I‘I‘E%%‘MO ng, 0.082 mmol), and I1BX (68.8 ny, 0.246 mmol)
in DMSO (5 nl) Te@snisturé bethedbitcodté 61360 Mg, Mb0Lmnidipind MBEO, €RS hION

m xture was diluted with EtOAc (30 nli), and the organi c phase was washed

with sat uldd Bendbyprvaddst EaNbEHame- ¢-38 mmpl) ajeaost te(npsraﬁiry A%ﬁ?r SHEE 5 nl),
dried ove t he
't or rind ot 2Ags P RRS Ao aTRU AR BhEE ARl Bl LR LO FOXE

608. 3, fo(dmBPA:MBwitct R5Ink). Tt epakic pntewaednsdicd Wit shturdted btind (S9mbj, t he

i nt er medi te 32-1 (4 0.Q069 mml ) in 1, 4-di oxa nL) ,and conc. HCl
(2 nL, 6598 ecmﬂr)w&%a@ uThicraag extpor detia B 4t Kﬂ"é‘ogﬁ%ﬁ‘r‘ﬁ%@ﬁ?d readug v hat |

the 20 reﬁﬁﬁﬁ ﬁ&ﬁ%%hﬁﬁ%ﬁt&g‘f%ﬁ@‘cﬁﬁs@l@ca@%l (ﬁé&”ﬁﬁﬁAc Ihﬂ)@@ﬁﬁbﬂ@ﬁﬁ‘eres' due was
di ssol ved 1 nto Et OAc and the organi c phase was washed w th

sat ur at edl@@medmebl(b@ﬁﬁmmga@é %145 anvhite gpdidne (15 nl), dried over sodium
sul fah? aggepeg.aﬁl?err%ee(ﬂatierhvacuo to give the

To a solution of NiCl,-6H,0 (0.929 g, 7.17 mmol) in MeOH (125 mL) was added

portionwise sodium borohydride (0.271 g, 7.17mmol) at 0 °C. After stirring for 30 min, the
intermediate 20 (2 g, 3.59 mmol) was added, followed by the addition of another portion of
sodium borohydride (2.44 g, 64.53 mmol). The reaction mixture was stirred at 0 °C for

15  another 30 min, and filtration was performed to remove the insoluble material. The filtrate
was concentrated to dryness in vacuo. The obtained residue was dissolved into EtOAc (100
mL), and the organic phase was washed with water (40 mL), brine (40 mL), dried over
sodium sulfate, and evaporated to dryness in vacuo to give the intermediate 21 (1.79 g,

95 %) as an off-white solid. LC/MS: m/z calculated 527.3, found 528.2 (M + 1)+.
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internediate 33-1 (42 ng, 97 %9 as a white foam LC/ Ms: mz cal cul ated
566. 3, found 567.4 (M + 1)+. 25 Step F: Conpound 28-5 A sol ution of
t he i nterwednat®o®8-1 (80 ny, 0.141 mol), PCT/US2011/024174

3, 3-di net hyl di hydr of uran- 2, 5-di one (362 ng, 2.82 mmol) and DVAP (86 ng,

0. 706 mmli ig. Béridi({)e §828 &g ﬁgs stirred under an atnosphere of

Ni trogen t& 13tep, 22 500l i ng down to room tenperature, the
react | on i xt ung \AgsllibH bethothichn&ifee 1 (B0 k)0 s Tt lagani ¢ phase was
washed with brine, dried over sodiumsulfate and evaporated to dryness. The

obt ai ned cldgrdbnezasl@byfb@ﬁm ineg] OR53Pnmpl) HPME Qb () mb) whe addeddaiid(698-Bg( 50

ng, 38 0 ((AH, dd, J=
18 2% %085 Mty hroaRigpgiat A A Sl soca o orBB Ty B gkt O
2.68-25 53c§a416|b01'611 dredeAQ071 ilx? 095 ndrirol) ks 3d&’é7dl andthdPedultthg Hixtule wh s@rréd) |
2.10-1.93 (2H, , 1.83-0.87 (44H, M5: mz cal cul ated 694. 3, found

695.4 (M for}_l)lqther 2hto ngﬁéhQ:@tﬁé@@ﬁé‘@rQan Tabl e- 2 were prepared in a manner
a1 el SaL, B RREHMAGR SRS BT FI o
i HO O Ech9Et3N (0.238 mL, 1.705 mmol). After stirring at room temperature overnight, the
insoluble material was removed by filtration, and the filtrate was concentrated to dryness
10 under reduced pressure. The obtained residue was dissolved into EtOAc (50 mL), and the
organic phase was washed with water (25 mL), brine (25 m), dried over magnesium sulfate,
and evaporated to dryness in vacuo to give a residue, which was purified by Prep-TLC to
afford the intermediate 23-1 (164 mg, 25.6 %) as a white solid.
Step D: Intermediate 24-1
15 To a solution of the intermediate 23-1 (130 mg, 0.173 mmol) in DCM (5mL) were
added PCC (372 mg, 1.728 mmol) and silica gel (120 mg) at room temperature. After

stirring at room temperature for 8 h, the insoluble material was removed by filtration and
the filtrate was concentrated to dryness under reduced pressure. The obtained residue was
purified by column chromatography on silica gel (Hex:EtOAc = 1:6) to give the
20  intermediate 24-1 (92 mg, 71 %) as a white solid. LC/MS: m/z calculated 785.4, found
686.0 (M — Boct1)+.
Step E: Intermediate 25-1
To a solution of the intermediate 24-1 (28 mg, 0.037mmol) in 1, 4-dioxane (2.5 mL)

was added conc. HCI (1.0 mL, 32.9 mmol). After stirring at room temperature overnight,
25  the reaction mixture was diluted with EtOAc (50 mL), neutralized with saturated sodium
bicarbonate solution, and partitioned between EtOAc (50mL) and saturated sodium
bicarbonate (25 mL). The organic phase was washed with saturated sodium bicarbonate (25
mL), brine (25mL), dried over sodium sulfate and evaporated to dryness in vacuo to give
the intermediate 25-1 (22.3 mg, 98 %) as a colorless oil. LC/MS: m/z calculated 607.3,
30 found 608.1 (M + 1)+.
Step F: Intermediate 26-1

To a solution of the intermediate 25-1 (79 mg, 0.13 mmol) and Boc,O (28.3 mg,
0.13 mmol) in DCM (5 mL) was added Et;N (18 uL, 0.13 mmol). After stirring at room

temperature for 1 h, the reaction was quenched with water (1.0 mL), and partitioned

22



12-2 HOO ,-" HOO Ex 9 12-3 0 )- ----01 HOO Ex 9 12-4 H---7. HOO
Ex 9 12-5 HSi2
WO 2011/100308 PCT/US2011/024174

between EtOAc (25 mL) and water (10 mL). The organic phase was washed with saturated
sodium bicarbonate (10 mL), brine (10 mL), dried over sodium sulfate and evaporated to
dryness in vacuo to give a residue, which was purified by column chromatography on silica
gel (Hex:EtOAc = 5:1) to give the intermediate 26-1 (57 mg, 62 %) as a white foam.

5  Step G: Intermediate 27-1

To a solution of the intermediate 26-1 (26 mg, 0.037 mmol) in anhydrous pyridine
(2 mL) were added DMAP (22.42 mg, 0.184 mmol) and 3,3-dimethyldihydro-2,5-
furandione (47 mg, 0.367 mmol). After it was stirred at 80 °C overnight, the reaction
mixture was diluted with EtOAc (30 mL). The organic phase was washed with aqueous
10  HCI(2 N, 10 mL), brine (20 mL), dried over sodium sulfate and evaporated to dryness in
vacuo to give a residue, which was purified by column chromatography on silica gel
(Hex:EtOAc 4:1) to afford the intermediate 27-1 (15 mg, 48.9 %) as a white foam. LC/MS:
m/z calculated 835.4, found 858.4 (M + Na)+.
Step H: Compound 28-1
15 To a solution of the intermediate 27-1 (27 mg, 0.032 mmol) in DCM (1.0 mL) was
added TFA (0.5 mL, 6.49 mmol) dropwise. After stirring at room temperature for 1 h, the

reaction mixture was neutralized by aqueous sodium bicarbonate (25 mL). The reaction
mixture was partitioned between EtOAc (50 mL) and aqueous sodium bicarbonate (25 mL)
and the organic phase was washed with brine (25 mL), dried over sodium sulfate and
20  evaporated to dryness in vacuo to afford a residue, which was purified by Prep-HPLC to
give the title compound 28-1 (9 mg, 29.5 %). LC/MS: m/z calculated 735.3, found 736.3
(M + 1)+,
Example 9: 4-{[(3aR,5aR,5bR,7aR.9S.11aR,11bR.13aS)-3a-{[(2-

Furanvlmethyl)amino]acetvl}-5a,5b.8.8.11a-pentamethvl-1-(1-methvlethyl)-2-0xo0-
25  3.,3a.4.5.5a,5b.6,7.7a.8.9,10.11.,11a,11b,12.13.13a-octadecahvdro-2H-

cvclopentalalchrysen-9-vljoxyl-2.2-dimethyl-4-oxobutanoic acid
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Intermediate 24-2
To a solution of the intermediate 23-2 (1.46 g, 1.24 mmol) in DMSO (10 mL),

which was prepared according to the description in Example 8, was added IBX (2 g, 7.14
5  mmol). After it was stirred at 60 °C for 2 h, the reaction mixture was diluted with EtOAc

(50 mL). The organic phase was washed with water (30 mL), brine (30 mL), dried over

sodium sulfate and evaporated to dryness in vacuo to afford a residue, which was purified

by column chromatography on silica gel (PE: EtOAc = 100:0 to 85:15) to give the

intermediate 24-2 (180 mg, 20.6 %) as a white solid. LC/MS: m/z calculated 727.3, found
10 7283 (M+ 1)+.

Compound 28-2

Compound 28-2 was prepared as a white solid from the intermediate 24-2 by a

similar procedure used in Example 8. 'HNMR (400 MHz, CDsOD) ¢ ppm 7.54 (1H, d, J =
1.2 Hz), 6.52 (1H, d,/J=3.2 Hz), 6.41 (1H,dd, /=3.2,2.0 Hz ), 4.39 (1H, dd, /= 10.8, 5.6

15 Hz),4.21(2H,s),3.99 (IH, d,J=18.0 Hz), 3.89 (1H, d, /= 18.0 Hz), 3.27-3.19 (1H, m),
2.54 (1H, d,J=16.0 Hz), 2.46 (1H, d, J=16.0 Hz), 2.49-2.39 (2H, m), 2.34 (1H, d, J =
19.2 Hz), 2.13 (1H, d, J = 19.2 Hz), 1.99-1.81 (2H, m), 1.73-1.18 (13H, m), 1.17 (3H, s),
1.16 (3H, s), 1.13 (3H, s), 1.11 (3H, s), 1.04-0.92 (3H, m), 0.96 (3H, s), 0.90 (3H, s), 0.85
(3H, s), 0.77 (6H, s). LC/MS: m/z calculated 691.3, found 692.1 (M + 1)+.

20 Example 10: 2,2-Dimethyl-4-0x0-4-[((3aR,5aR.5bR.,7aR.9S.11aR.11bR,13aS)-
5a,5b.8.8.11a-pentamethyl-1-(1-methylethyl)-2-0x0-3a-{[(3-
pyridinylmethyl)amino]acetyl}-3.3a.4.5,5a,5b.6.7,7a,8.9,10,11.11a,11b,12.13.13a-

octadecahvdro-2H-cvclopentalajchrvsen-9-vloxv]butanoic acid
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A similar procedure as described in Example 8 and 9 was used to prepare the title
compound as a light yellow solid. "HNMR (400 MHz, CDCls) d ppm 8.51-8.48 (2H, m),
7.68 (1H, d, /= 8.0 H), 7.22 (1H, br), 4.49 (1H, dd, J=11.2, 4.8 Hz), 3.71 (2H, s), 3.41
(1H, d,/=18.4 Hz), 3.30 (1H, d, /= 18.4 Hz), 3.17-3.11 (1H, m), 2.68-0.74 (52H, m).
LC/MS: m/z calculated 702.4, found 703.3 (M + 1)+.

Example 11: 2-2,Dimethvl-4-0x0-4-({(3aR,5aR,5bR,7aR,9S.11aR,11bR,13aS)-

5a,5b.8.8.11a-pentamethyl-1-(1-methylethvl)-2-0x0-3a-[({[3-
(trifluoromethvDphenvllmethyllamino)acetvl]-3.3a.4.5.5a2,.5b.6.7,7a.8.9,

10,11.11a,11b,12.13.13a-octadecahvdro-2H-cvclopentaja]chrysen-9-vlloxv)butanoic

acid

28-4

A similar procedure as described in Example 8 and 9 was used to prepare the title
compound. 'HNMR (400 MHz, CD:0D) d ppm 7.86-7.66 (4H, m), 4.47 (1H, dd, J=11.2,
5.2Hz),4.31 (2H,ss),4.22 (1H,d,J=17.6 Hz), 4.11 (1H, d, /= 17.6 Hz), 3.38-3.27 (1H,
m), 2.64-0.87 (52H, m). LC/MS: m/z calculated 769.4, found 770.3 (M + 1)+.

Example 12: 4-((3aR,5aR,5bR,7aR,9S.11aR,11bR,13aS)-1-isopstickvl-

5a,5b.8.8.11a-pentamethyl-3a-(2-(4-methvlpiperazin-1-vl)acetyl)-2-0xo0-
3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid

25
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Toluene, EtOH

Stepa A

HCI
N _—
K/)\l\ Dioxane

Step E

Step A: Intermediate 29
A suspension of the intermediate 8 (863 mg, 1.31 mmol) and KOH (367 mg, 6.55

mmol) in a mixture of 1:1 of toluene (20 mL) and EtOH (20 mL) was stirred vigorously at
room temperature for 1 h. After it was neutralized with aqueous HCI (1N), the reaction
mixture was evaporated to dryness. The obtained residue was taken up in DCM (200 mL)
and the organic phase was washed with water (200 mL), saturated sodium bicarbonate
solution (100 mL X 2), dried over sodium sulfate and evaporated to dryness in vacuo to
give a residue, which was purified by column chromatography on silica gel (EtOAc:PE =
1:30 to 1:15) to afford the intermediate 29 (464 mg, 57.4 %) as a white solid. LC/MS: m/z
calculated 616.3, found 617.0 (M + 1)+.
Step B: Intermediate 30

To a solution of NBS (803 mg, 4.51 mmol) in acetonitrile (20 mL) and water (5 mL)

was added the intermediate 29 (464 mg, 0.752 mmol) at room temperature. After stirring at
room temperature for 0.5 h, the reaction was quenched with aqueous sodium sulfite, and
concentrated. The obtained residue was dissolved into ether (30 mL), and the organic phase
was washed with brine (15 mL), dried over sodium sulfate and evaporated to dryness to
give the intermediate 30 (541 mg, 96 %) as a white solid. LC/MS: m/z calculated 526.3,
found 527.1 (M + 1)+.

Step C: Intermediate 31-1

26



CH3 0 Ex 8 WO 2011/100308PCT/ US2011/ 024174 Exanpl

e
Procedure 12-20 Hlel HO 0 Ex 9 12-21 CH3 40 HOO Ex 9 12-22 CH3 0 C

10

15

20

25

30

WO 2011/100308 PCT/US2011/024174

A suspension of the intermediate 30 (450 mg, 0.598 mmol), 1-methylpiperazine
(0.133 mL, 1.196 mmol), and zinc chloride (48.9 mg, 0.359 mmol) in MeOH (20 mL) was
heated at 70 °C for 0.5 h. After cooling down to room temperature, sodium
cyanoborohydride (225 mg, 3.59 mmol) was added in one portion. The reaction mixture
was stirred at room temperature for another 17 h before it was diluted with EtOAc (50 mL).
The organic phase was washed with saturated aqueous sodium bicarbonate solution (30
mL), dried over sodium sulfate and evaporated to dryness in vacuo to give a residue, which
was purified by Prep-HPLC to afford the intermediate 31-1 (291 mg, 80 %) as a white solid.
LC/MS: m/z calculated 610.3, found 611.4 (M + 1)+.
Step D: Intermediate 32-1

A solution of the intermediate 31-1 (50 mg, 0.082 mmol), and IBX (68.8 mg, 0.246
mmol) in DMSO (5 mL) was stirred at 60 °C for 4 h. After that, the reaction mixture was

diluted with EtOAc (30 mL), and the organic phase was washed with saturated sodium
bicarbonate (15 mL), water (15 mL), brine (15 mL), dried over sodium sulfate and
evaporated to dryness in vacuo to give the intermediate 32-1 (42 mg, 84 %) as a white
foam. LC/MS: m/z calculated 608.3, found 609.3 (M + 1)+.

Step E: Intermediate 33-1

A solution of the intermediate 32-1 (42 mg, 0.069 mmol) in 1,4-dioxane (4 mL) and
conc. HCI (2 mL, 65.8 mmol) was stirred at room temperature overnight. After that, the
reaction mixture was evaporated to dryness. The obtained residue was dissolved into
EtOAc (30 mL), and the organic phase was washed with saturated sodium bicarbonate (15
mL), brine (15 mL), dried over sodium sulfate and evaporated in vacuo to give the
intermediate 33-1 (42 mg, 97 %) as a white foam. LC/MS: m/z calculated 566.3, found
567.4 (M + 1)+.

Step F: Compound 28-5

A solution of the intermediate 33-1 (80 mg, 0.141 mmol), 3,3-dimethyl-

dihydrofuran-2,5-dione (362 mg, 2.82 mmol) and DMAP (86 mg, 0.706 mmol) in pyridine

(0.8 mL) was stirred under an atmosphere of Nitrogen at 100 °C for 3 h. After cooling

down to room temperature, the reaction mixture was diluted with EtOAc (30 mL). The
organic phase was washed with brine, dried over sodium sulfate and evaporated to dryness.
The obtained residue was purified by Prep-HPLC to give the compound 28-5 (50 mg, 38 %)
as a white foam. "THNMR (400 MHz, CDsOD) d ppm 4.50 (1H, dd, J=10.8, 5.6 Hz), 3.62-
3.40 (2H, m), 3.38-3.20 (4H, m), 2.99-2.81 (6H, m), 2.68-2.53 (4H, m), 2.40 (1H, d, J =
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HOOEx 9 12-26 HO ¢, HOO Ex 8 12-27 Hlel HO
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19.2 Hz), 2.15 (1H, d, J=19.2 Hz), 2.10-1.93 (2H, m), 1.83-0.87 (44H, m). LC/MS: m/z
calculated 694.3, found 695.4 (M + 1)+.
The compounds in Table 2 were prepared in a manner similar to the indicated

procedures above. In each case, X is carbonyl and Y is CH,.

5
Table 2
Example - . . Synthetic
No. Procedure
o) Q
12-1 H \U HO Ex 9
o)
0
o)
HO . . o)
1222 fu o \L/) How\ Ex 9
o)
o o)
P \N HO .
12-3 XOJ\ | fu : Ex 9
o)
12-4 H w How\ Ex 9
o)
) o)
12-5 H ' \Q How\ Ex 9
NO, I
o)
12-6 H \QO How\. Ex 9
[ o}
’ o)
12-7 H ’ \Q How\. Ex 9
F 0
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WO 2011/100308

PCT/US2011/024174

Example - . . Synthetic
No. Procedure
0
12-8 H T /\N Howx Ex 9
0
0
12-9 H O How\ Ex 9
’ 0
0 0
12-10 H O HOW\ Ex 9
S 0
HO .
12-11 H \L/) \n></u . Ex 9
0
0
12-12 H H How\. Ex 8
0
0
12-13 H m How\ Ex 8
S 0
- CF 0 0
~_S 0 0
12-15 H ' \L} HOW\ Ex 9
N 0
12-16 H 0 Howx Ex 9
2
0
. CF 0 0
12-17 CH; ’ \© ’ HOW\ Ex 9
’/\/\NQ 0
12-18 H HO Ex 12
0
5 0
12-19 CH HO ~
- 3 \ - Ex 8
0
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Example - . . Synthetic
No. Procedure
0 )
12-20 H k@ How\ Ex 9
o)
o)
1221 CH; ’ \©\ How\_ Ex 9
F o)
, o)
12-22 CH, ’ \Q How\_ Ex 8
Cl o
L i
12-23 H -"”\” How\. Ex 9
o)
j 0
12-24 CH; ' \Q Howx Ex 12
CF, I
0 Cl o
12-25 CH3 ”\N/©i Ho\n></u\. Ex 9
N CF,
o)
P Cl 0
12-26 H \[j HO Ex 8
o)
F )
12-27 H \©\ How\. Ex 9
F o)
F )
12-28 CH: \CL How Ex 9
F o)
Ci o)
12-29 H /’\© HO\H></U\_ Ex 9
o)
Ci 0
12-30 CH; w Ex 9
o)

IS) :<
I
O

o



12-35 H40. HOO Ex 8 12-36 0, 40 HOO Ex 8 12-37 1 ,- 40 HOO Ex 8 12-38 |

,---\WN ,- --0, Vi HOO Ex 8 Exanpl e 13:
4- ((3aS, 5%B,26R0TBR, 9S, 11aR, 11bR, 13aS) - 3a- (2- (4- PCT/US2011/024174
Chl or obenzyl am no) acetyl) - 1-i sopsti ckyl-5a, 5b, 8, 8, 11a- pent anet hyl -
53, 34, 4, 5:-5&:5b+6+F+Fa+ 8- 910,11 11a11b 12 13 13a-octadegahydro2H
Example Rl R? . )Synfl’letlc
No. Procedure
| Cl 0
12-31 ~UN< \© How\ Ex 9
0]
O 0]
12-32 CH; U\© How\. Ex 9
0]
.- Cl O
12-33 CH; \[j HO Ex 9
0]
F 0
| L4 -~
s | gy, || e
F 0]
. 0. 0
O
12-35 H Ex 8
0]
- 0. 0
. \©/ CFi| 1o
12-36 CHs; Ex 8
0]
. 0. 0
O o
12-37 o~ Ex 8
0]
0
12-38 | N ° HO - Ex 8
- ,'\/N\ \ / . X
0]

Example 13: 4-((3aS.5aR.5SbR.,7aR.9S.11aR,11bR,13aS)-3a-(2-(4-

Chlorobenzylamino)acetvl)-1-isopstickvl-5a.5b.8.8.11a-pentamethvl-
5 3.3a.4.5.5a2.5b.6.7.724.8.9.10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid




cycl opentai al chrysen-9-yl oxy)-2, 2-di net hyl-4- oxobut anoi ¢ acid Step A
Internmediate 34 To a solution of the internediate 3 (5 g, 7.59 mml) in
Et OH ( 100wolp11zmea3o8ol uene 5(100 L) was added KOH (0. 51Prgr/uS2did/oearsd ) .
After stirring at roomtenperature for 4 h, the reaction m xture was then
partitioned between water (500 nL) and Et0Ac (500 nmL). The organic phase
was washed with water (200 nix3), brine (100 rrL), and dried over sodium
sul fate. Renoval of the solvent gave a resi whi ch was purified by

col um chr omat ogr aphy on silica gel : ﬁHG:lto 4:1) to afford the
intermediate 34 (2.5 g, 10 67.9 ¥ avhite salid. 11-1NVR (400 Hz,
CDC13) 6 ppm 4.50-4.67 (1Hwo MHz), 3.32 (1H, d, J=
10. 4Hz), 3.23-3.15 (1H, m, L 42-9. 78 H( 3H, n), .05 €3H, s), 2.02-1.89 (2H,
m, 1.77-0.83 (40H, m. Step B: Intermedhate 35 WO

2011/ 100308PCT/ US2011/ 024174 To a solution of the internediate 34 (3
g, 6.19 mmol) in DCM (75 nlL) at romterrperature wer e added PCC (4 g, 18.57

nmol ) and silica € (3.0 9).
the reaction was~flienched with
with saturat umi €at bopra

concent r at ed-jf~vacuo tQ .00 ve ‘
chromat ogr aphy on silica gel (Hex,, Et 0OAc = 10: 1)35to afford the s nt er medi at e
35 (3 g, 100 %9 as a white solid. 1H NI\/R (400 Hz, CDC13) 6 ppm 9.43 (1H,
s), 4.50-4.46 (1H, m, _3.25- 3.21 (1H, n),/ 2.43- 2.02 (5H, my 2.04 (3H, m,
2.00-1.93 (18, 4. 1. 81 (38H rr) Step\C. Interpediate 36y 1

sol ution of ﬁp@@rnt c Je ®| ) —|—|££§’E e f‘é?.

mol ) was added EJD a8 5
overni ght, tR& reacti op m xture wasf“or*tlt%l oned>bet ween %dt e, and E
(100 nmL each). The organi c phase was washed with water (20 nL x 3), brine
(20 nmL), and dried over sodiumsulfate. Renpval of the solvent gave a

resi due, which was purfied by eel unm chronat ography o 1%5| i ca gel

( Hexane: Et OAcre=_10: 6: o abford theyinter i at (2.8 g, 49.7 %
as a white pcmdfer Y S ﬁ)é%cnalmxamoat @m Nire@% nd_566-3 (M+ Na ')+
Step D | ntegpmdtgte 37 T A .Iﬁ@ |n;termad| ate 36 (2.8 g,
5.15 mmol ) in MeOH (166 nl) were added’ni ckel (11) ¢hl ofide (1.67 g, 12.87
mol ) and sodi um borohydride (4.87 g, 129 nmmol) 20at 0 C. After stirring at
O Cfor 10 mn, the re ion mxture was partitioneQ between wat er and

Et 0OAc (200 niL each), e)Lngganl c phase was 3P wi th water (100 nL x
3), brine (50 d@ nbval _of the sol vent
gave the intH 5 37 (2 g9, 100" 9 o6 g, . LOMB_ mz calcul ated
513. 4, found 514.3 (M I 1)+ 258tep “E: | nter nedi atg_1 39 To a solution
of the internediate 37" (350 nyg, 0.613 mmol ) and 4- chl orobenzal dehyde (86
ng, 0.613 mol) in MeOH (15 nL) and dichl oroet hane (DCE, 15 nli) was added
zi nc chl oﬂeﬁﬁﬁeﬂnﬂhate@%% mmol ). After the reaction mxture was stirred

at 80C for 1hand awn to.ro mte rat ohydri de
(57.8 my, 30 0. Tg3 Alide 0\’?\/&?1 Grgtia g RS godu é‘,ﬁmﬁf@?é%gfi ‘ftPL’d’

room t?”p?er@trHLPwE@Edd@H'mr(O 318, 6.01 ivg). tA}?er'sﬂ Rdbh ?en@&rature for4i|;0 the
reacti on m xture obtai ned above were added Et3N ( (% 18 m., 1. nol ) and

di - t er t - btheytaatiios arikonawes (hon paTitioned RetETen watst 65 OOAaﬁIL)eandsEtOAq (A0 atl)r oom

APt ke L B o R RS R TBA S BaAy b3 sk vacer

sodium sulfate. Removal of the solvent gave a residue, which was purified by column

chromatography on silica gel (Hex:EtOAc = 6:1 to 4:1) to afford the intermediate 34 (2.5 g,
10 67.9 %) as a white solid. '"H NMR (400 Hz, CDCls) 3 ppm 4.50-4.67 (1H, m), 3.68 (1H, d,

J=10.4Hz), 3.32 (1H, d, /= 10.4Hz), 3.23-3.15 (1H, m), 2.42-2.28 (3H, m), 2.05 (3H, s),

2.02-1.89 (2H, m), 1.77-0.83 (40H, m).

Step B: Intermediate 35
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The organi ¢ phase was washed with water (30 nL x 3), brine (20 nL), and
dried over sodiumsul fate. Renoval of the solvent gave a residue, which was
purified w9 20nal/1wneschr omat ography on silica gel (Hex:Et®At/Us2w5/0149174 o
afford the internediate 39 (125 ng, 27.6 %9 as a white solid. 5Step F:

by 1 v ( 16 selige R REE (46 g 18 ek Fm%ﬁ&?g%dﬂé%"re&r%ge? (100

my) . Aft efenfifeldifileRebr8hdd QA RIPEIRH MR t%a% Ita gbN@ .0 PS Aliidblir taferl al was
renmoved byen[fﬁ}le ttl‘gtl (gn and theEzng ltrate \R/as colncgntirgt e%')sto aftf 01?%

i nt er medi &toan wpElA@ ey 2 BAhegeaggormwwhitacksl wigh wagr StHmG). Tlhntoegamm ate 41

To a sol ut on of 97 14,9 HF and
wator (0. BMEE P GREaR Sro o b B L hgiod sher gt 1R { o
stirring akd EARBAtEREP/NALM & 1%aﬂesmuet\bﬁlcﬁ%%hﬁﬂedl\ﬁy‘ic&hinﬂt ed with water
(20 m.), and extracted with OAc i('50 mL The organi c phase was washed

with bri néhrpz@tqm)phymselwawbﬁ =1 5Q:4) foaféord Arsantsvmpdint38d3izn 1 Wa¥o t o

gi ve the e )

I nt er medi 5{15 %g@%lﬁf H‘}\illi\(/)' g%ﬁgt F@%lfo{% p?ﬁ"e %\{(‘ ’dlf)g(?94giﬁﬁlﬁg325, 0. 144
mol ) in arhydAems, Mzoamﬂi(lﬁ),rﬂiﬂ mﬁl)a@ld&d.QQM‘I\H, D067599,81Q3864mhmol ) and
3, 3-dinethyldi hydro , 5-furandi one 20(369 ng, 2.88 mmvl). After the
reacti on HeRGy bitermediate:36y at 80 C overnight, the solvent was renoved in

vacuoj@nd the i i : j
vashe it h aquiasaHelRF ghafiniBal ACREW (7 Fiplo) 1AcRDIRDHE! ,
dried ov emn@)jwam(kietifEaﬂ\é(IOa]ridnEy%ﬁ natad Aftervaeasostinedge 6@ °@ owemigihuehe whi ch

was purified col umm chr omat on si t = 15:1) to
e the T U o b Pa SEms8 O eot 26 spd AL fiootal ik Tifaugentc
Conpound 431 was WashedTﬁlt@vv%‘e‘élr g QD 0f) Bﬂﬁ‘e (Z@)trﬁlfﬁzéﬁli ah&i %r(@é@luﬁysulfgt6055
nmol ) in was added TFA (0.5 nmol ). After stirring at

room t errp&eemoml@f ftlm solvent gemrm‘@aﬂu@mmdewsmbwé"md byaopduran clyeindtegraphfiiooh was

i LC ff d 3
Phi + o1 So1 it BERRRTEAD AR Mhsobyh B RRRIR St ok 4§ 7,80 o505
(1H, m, évhiltépéatﬂ%r E@/MS—nﬂzﬁcﬁculaltSd 2434 fourdd 96b.{ (W + Ha")d= 17.6 Hz), 3 85
(1H, d, J= 17.6 Hz), 3.19-3.14 (m 1H), 2.57-1.98 (5H, 'nm), 1.97-0.77 (48H,

LC VeStepD: Inteumediated7721. 4, found 722. 1(Mel)+. WO

ioié;éogg%8gbcyf§§égéé/ 8%?&1711&%&113 atgﬁ%gg_%%?%%i mmol) in MeOH (166 mL) were

fluor obenzcydearmm)(ﬂq ehipiijie {65 QP § Tyrol Fend 5bdi@nBhotdlayderelot @8 igh Y19 dnidd), 4, 5,
5a, 5b, 6, 7, 8 9 10,11, 11a,11b, 12, 13, 13a- oct adecahydr o- 2H- cycl opent al al chry
sen- 924 o%yg eaﬁ'a%tnwi%c SOt it Biereagdiog mixturgyygs partitioned Detwees | ar

procedure I t tl e conmpound
hs a whi téﬁ%aﬁﬁﬁﬁ%@ﬂ% O T e o S P B SR R Ry S 3 20

(2H, m, ¢.080nl <B)(Uihe (&P mld), 2vd dlr1€2140\(eﬁ bdigd sulfate IRecBoval af the Isbl)vpntéga@@ 3.98

2H, dd, 18. .14, , 31-3.25 4- 2 31
§1H, m efatean%%ate&gr(?%%@a 1380. T vty ol Gafidgsl & X 2 pghnstade
(ML) +. M + Exampl e 15:
4- a3as, Sa& 5bR, 7aR, 9S, 11aR 11bR, 13aS) - 3a- ( 2- ( Fur an- 2-
x| et By | aftend:ahdenmediatei39opst i ckyl - 5a, 5b, 8, 8, 11a- pent arret hyl -3, 3a, 4,5, 5a,5

o 67,7 S St i i RSt i opent o chr s
chlorobenzaldehyde (86 mg, 0.613 mmol) in MeOH (15 mL) and dichloroethane (DCE, 15
mL) was added zinc chloride (50.1 mg, 0.368 mmol). After the reaction mixture was stirred
at 80 °C for 1 h and cooled down to room temperature, sodium cyanoborohydride (57.8 mg,
30  0.92 mmol) was added. The resulting mixture was stirred at room temperature for another 1
h to give the intermediate 38.
To the reaction mixture obtained above were added Et;N (0.18 mL, 1.38 mmol) and
di-tert-butyl dicarbonate (0.157 mL, 0.674 mmol). After stirring at room temperature for

30 min, the reaction mixture was partitioned between water (20 mL) and EtOAc (100 mL).
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A simlar procedure as described in Exanple 13 was used to prepare the
title conpound as a white solid. 1H NWR (400 Hz, MeOD) 6 ppm 7.55 (1H, br),
6.54 (1HWO200/00882 Hz), 6.43-6.42 (1H, n), 4.40-4.36 eCHUSAYL1/024128 (2H,
s), 3.87 (2H, s), 3.19-3.16 (1H m, 2.57-2.22 (5H, m, 2.05-0.77 (48H, n).
LCOMs: miz, Cal cul ated 677.4, found 678.4 20 1 +. le 16
4-((3aS, 54k iR awaslwhi(isfﬁhm%)ﬁgglz[( ég% e 20 mL), and dHEA over

(cycl opentydi@fispEaRoedidval éfih%%rsv%h@sxéa%?@suﬁte fnRn WA REALABFLON b WO
2011/ 100308PCT/ US2011/ 02417

3, 3a, 4, 5, sla,oﬁbm,ramhyama,ﬂg:,agel (Hex1B8 AclH 13:2) toxaffigd thecintedwedibte $9d12Hmgc | opent
ai al chryizg-(@;}%sl ox%‘i- 2,1 - di et hyl- 4- oxobut anoi ¢ aci d 43-4 A sim | ar
procedure”a GV HESY "Exanple 13 was used to prepare the title 5
conmpound Sep¥F Wakdrin&@itedo 1H NVR (400 Hz, MeOD) 6 ppm 4.41-4.37 (1H m,
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To a solution of the intermediate 41 (100 mg, 0.144 mmol) in anhydrous pyridine (2
mL) were added DMAP (106 mg, 0.864 mmol) and 3, 3-dimethyldihydro-2, 5-furandione

20 (369 mg, 2.88 mmol). After the reaction mixture was heated at 80 °C overnight, the solvent
was removed in vacuo and the residue was taken up in DCM (50 mL). The organic phase
was washed with aqueous HCI1 (0.5 N, 20 mL), water (2 x 30 mL), brine (30 mL), dried
over sodium sulfate, and evaporated in vacuo to give a residue, which was purified by
column chromatography on silica gel (Hex: EtOAc = 15:1) to give the intermediate 42 (56

25  mg, 44.9 %) as a white foam.

Step I: Compound 43-1
To a solution of the intermediate 42 (45 mg, 0.055 mmol) in DCM (1 mL) was
added TFA (0.5 mL, 6.49 mmol). After stirring at room temperature for 1 h, removal of the

solvent gave a residue, which was purified by Prep-HPLC to afford the compound 43-1 (38

30 mg, 77 %) as a white solid. "H NMR (400 Hz, CD;0D) 3 ppm 7.42-7.36 (4H, m), 4.40-
4.36 (1H, m), 4.15 (2H, dd, /= 16.8, 13.2 Hz), 3.93 (1H, d, /= 17.6 Hz), 3.85 (1H, d, J=
17.6 Hz), 3.19-3.14 (m, 1H), 2.57-1.98 (5H, m), 1.97-0.77 (48H, m). LC/MS: m/z
Calculated 721.4, found 722.1(M+1)+.
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To a mxture of the internmediate 44 (300 ng, 0.66 mmol) in DCM (10 nL) were
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resi due, WhICh was purilfied, by Pre HPLC to afford the I nterned ate 48
(77.7 ny, Yiethviamipg)agetvhsleisg 32.58.8.8, 1 methyly cul ated 552.5, found
553.2 (Mr3h4.4.4 : ; '
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(66.3 ng, 0.543 nmmol). After the reaction m xture was heated at 120 C under
m crowave for 1.5 h, the solvent was renpved/in vacuo and the residue was
taken up in EtOAc (50 30 nL). The organi c phasen\was washed wi th aqueous HCl
(0.5 N, 20 nmL), water (30 nmL x 2), brine N A drled over sodium
sul fate, and evaporated to dryness in I (; i due, which was
purified by Prep-HPLC to affor h @@ 43-B (32 , 18.74 % as a
white solid. 1H NVR (400 HzH° 0 ppra4 51-4.47 (1H, m, 3.75-3.65 (2H,
t), 3.32 (4H, br), 3.31-3.27 ( m, Y305 (4H, br), 2.91 (3H, s),
2.67-2555 (4H, m, 2. 32 2.28 38 (1H nm,433.20-2.17 (1H, n), 2.06-2.03 (1H,
m, 1.95-0.88 (45H, . LG M m | cul ated 680.5, found 681.4 (M+l)+
The conpounds dﬁqm%ﬁ%‘r@ dﬁ?“éé?&ga’d Exampleddnwasrused i prapare iotile i ndi cat ed

procedur eg,ARAME-as aMWIBRALGAEENMR 800 Nz, MEOBRS Ppit2s5 (1H, br), 6.54 (1H, d, J
= 3.2 Hz), 6.43-6.42 (1H, m), 4.40-4.36 (1H, m), 4.23 (2H, s), 3.87 (2H, s), 3.19-3.16 (1H,
m), 2.57-2.22 (5H, m), 2.05-0.77 (48H, m). LC/MS: m/z Calculated 677.4, found 678.4
20 (M+1)+.
Example 16: 4-((3aS,5aR,5bR,7aR.9S.11aR,11bR,13a8)-3a-(2-

(cvclopentvlamino)acetyl)-1-isopstickyl-5a,5b.8.8.11a-pentamethvl-
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3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid

43-4

A similar procedure as described in Example 13 was used to prepare the title
5 compound as a white solid. '"H NMR (400 Hz, MeOD) J ppm 4.41-4.37 (1H, m), 3.88 (2H,
br), 3.47 (1H, br), 3.22-3.17 (1H, m), 2.57-2.45 (4H, m), 2.22 (1H, d, J = 13.2 Hz), 2.09
(1H, d, J=13.6 Hz), 1.99-0.77 (55H, m). LC/MS: m/z Calculated 665.5, found 666.4
(M+1)+.
Example 17: 4-((3aS,5aR,5bR,7aR.9S.11aR,11bR.13aS)-1-Isopstickyl-

10  Sa.5b.8.8.11a-pentamethyl-3a-(2-(4-methvlpiperazin-1-vl)acetyl)-
3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid
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Step A Step B

NaOH

THF, MeOH, H,O

StepE

Step A: Intermediate 44

To a suspension of sodium hydride (60%, 250 mg, 6.25 mmol) in anhydrous THF
5 (50 mL) under an atmosphere of Nitrogen was added trimethylsulfoxonium iodide (900 mg,
4.09 mmol) at room temperature. After the reaction mixture was refluxed for 2 h and
cooled down to 60 °C, the intermediate 35 (750 mg, 1.554 mmol) in anhydrous THF (2 mL)
was added dropwise. The resulting mixture was stirred at 60 °C for 3 h and then at room
temperature for 1 h before quenching the reaction with saturated aqueous sodium
10 bicarbonate (50 mL). The reaction mixture was diluted with DCM (200 mL), and the
organic phase was washed with water (50 mL x 3), saturated brine (50 mL), dried over
sodium sulfate, and evaporated in vacuo to give a residue, which was purified by column
chromatography on silica gel (Hex:EtOAc = 10:1) to afford the intermediate 44 (300 mg,
42.5 %) as a white solid.
15  Step B: Intermediate 45
To a mixture of the intermediate 44 (300 mg, 0.66 mmol) in DCM (10 mL) were
added DMAP (7.25 mg, 0.059 mmol), acetic anhydride (0.182 mL, 1.781 mmol) and Et;N

(0.494 mL, 3.56 mmol). After stirring at room temperature for 1 h, the reaction mixture
was diluted with iced water (20 mL), and extracted with DCM (100 mL). The organic

20  phase was washed with water (40 mL x 3), brine (40 mL), dried over sodium sulfate, and
evaporated in vacuo to give a pale yellow solid. The solid was taken up in MeOH (5 mL),
and the precipitates were collected and rinsed with cold MeOH (5 mL) to afford the
intermediate 45 (250 mg, 85 %) as a white solid.
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Step C: Compound 46

To a solution of the intermediate 45 (250 mg, 0.503 mmol) in 1-methylpiperazine
(5 mL) was added acetic acid (0.014 mL, 0.252 mmol). After it was stirred at 150 °C
overnight and cooled down to room temperature, the reaction mixture was partitioned

5  Dbetween water (50 mL) and DCM (100 mL). The organic phase was then separated,
washed with saturated ammonium chloride (40 mL), saturated sodium bicarbonate (40 mL),
water (100 mL x 3), brine (50 mL), and dried over sodium sulfate. Removal of the solvent
gave the intermediate 46 (270 mg, 84 %) as a light yellow solid. LC/MS: m/z Calculated
596.5, found 597.4 (M+1)+.
10 Step D: Intermediate 47

To a solution of IBX (1.178 g, 4.21 mmol) in DMSO (20 mL) was added the

intermediate 46 (270 mg, 0.421 mmol). After it was stirred at 50 °C for 1 h, the reaction

mixture was partitioned between water (150 mL) and DCM (50 mL). The organic phase
was separated, washed with water (20 mL x 3), brine (20 mL), and dried over sodium
15  sulfate. Removal of the solvent gave the intermediate 47 (200 mg, 80 %) as a light yellow
solid. LC/MS: m/z Calculated 594.5, found 595.4 (M+1)+.
Step E: Intermediate 48
To a solution of the intermediate 47 (200 mg, 0.336 mmol) in MeOH (3 mL), THF
(3 mL), and water (1.5 mL) was added NaOH (1076 mg, 26.9 mmol). After stirring at room

20  temperature for 1 h, the reaction mixture was partitioned between water (150 mL) and
DCM (100 mL). The organic phase was separated, washed with water (20 mL x 3), brine
(20 mL), dried over sodium sulfate, and evaporated in vacuo to give a residue, which was
purified by Prep-HPLC to afford the intermediate 48 (77.7 mg, 37.7 %) as an off-white
solid. LC/MS: m/z Calculated 552.5, found 553.2 (M+1)+.

25  Step F: Compound 43-5

To a solution of the intermediate 48 (100 mg, 0.181 mmol) in anhydrous pyridine (3

mL) were added 3,3-dimethyl-dihydrofuran-2,5-dione (232 mg, 1.809 mmol) and DMAP
(66.3 mg, 0.543 mmol). After the reaction mixture was heated at 120 °C under microwave
for 1.5 h, the solvent was removed in vacuo and the residue was taken up in EtOAc (50

30  mL). The organic phase was washed with aqueous HCI (0.5 N, 20 mL), water (30 mL X 2),
brine (30 mL), dried over sodium sulfate, and evaporated to dryness in vacuo to give a
residue, which was purified by Prep-HPLC to afford the compound 43-5 (32 mg, 18.74 %)
as a white solid. "H NMR (400 Hz, McOD) d ppm 4.51-4.47 (1H, m), 3.75-3.65 (2H, 1),
3.32 (4H, br), 3.31-3.27 (1H, m), 3.05 (4H, br), 2.91 (3H, s), 2.67-2.55 (4H, m), 2.32-2.28
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(1H, m), 2.20-2.17 (1H, m), 2.06-2.03 (1H, m), 1.95-0.88 (45H, m). LC/MS: m/z
Calculated 680.5, found 681.4 (M+1)+.
The compounds in Table 3 were prepared in a manner similar to the indicated

procedures above. In each case, X and Y are each CH,.

5
Table 3
Example - . . Synthetic
No. Procedure
0 @)
17-1 )(O J. TN How\ Ex 13
O
0
O - N
17-2 >( . © How\. Ex 13
© O
N 0
17-3 H e How\. Ex 13
O
o 0
74| XL ) HOW\ Ex 13
© O
0
17-5 MeSOp- | \Q How\ Ex 13
Cl o
0
17-6 H () How\ Ex 13
O
) 0
17-6 H ' \Q How\ Ex 13
Br o
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0
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l 0
0
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0 0
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0 0
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0
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0
5 0
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5 0
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0
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Example 18: 4-((3aS.5aR.5bR.,7aR.9S.11aR.11bR,13aS)-1-Isopstickvl-

5a,5b.8.8.11a-pentamethyl-3a-(2-(4-methvlpiperazin-1-vl)-2-oxoacetyl)-
3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

5 cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid

1,3-dithiane

THF, n-BuLi TEA, DMAP, DCM

sepa  HO Step B AcO” 7=

OH ©Oxalyl dichloride
_

DCM
Step E AcO

gl

[¢]

Step G

DMAP, Pyridine

StepH

Step A: Intermediate 49
To a solution of 1, 3-dithiane (4 g, 33.2 mmol) in anhydrous THF (50 mL) was
10 added »-BuLi (2.5 M in THF (18 mL, 45 mmol) slowly at -20°C under an atmosphere of

Argon. The resulting mixture was stirred at -20 °C for 2 h. After cooling down to -78°C,
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2011/ 100308PCT/ US2011/ 024174 Exanple No. R1L R2 R3 Synthetic Procedure 17-29
[, ---\/WO0 2011/100308 PCT/US2011/024174

the intermediate 35 (3 g, 6.21 mmol) in anhydrous THF (5 mL) was added to the reaction
mixture and the resulting mixture was stirred at -78°C for another 1 h before the reaction
was quenched by the addition of 10 % solution of sodium bicarbonate (10 mL). The
reaction mixture was diluted with DCM (100 mL), and the organic phase was separated,

5  washed with brine, dried over sodium sulfate, and evaporated to dryness in vacuo to give a
residue, which was purified by column chromatograph on silica gel (Hex:EtOAc = 10:1) to
afford the intermediate 49 (1.7 g, 48.8 %) as a white solid. LC/MS: m/z calculated 560.3,
found 583.3 (M+Na)".

Step B: Intermediate S0
10 To a solution of the intermediate 49 (1 g, 1.78 mmol), Et;N (0.743 mL, 5.35 mmol)
and DMAP (65.3 mg, 0.535 mmol) in DCM (100 mL) was added acetic anhydride (0.184

mL, 1.961 mmol). After it was stirred at 0 °C for 4 h, the reaction mixture was partitioned
between water (50 mL) and DCM (100 mL). The organic phase was separated, washed
with water, brine, and dried over sodium sulfate. Removal of the solvent gave a residue,
15  which was recrystallized from EtOH and DCM to afford the intermediate 50 (510 mg,
47.4 %) as a white solid. LC/MS: m/z calculated 602.9, found 625.3 (M+Na)".
Step C: Intermediate S1
To a solution of the intermediate 50 (2 g, 3.32 mmol) in EtOH (45 mL), and water

(5 mL) was added silver nitrate (5.63 g, 33.2 mmol). After the reaction mixture was stirred

20  at 60 °C overnight, the insoluble material was removed by filtration and washed with DCM
(100 mL x 3). The organic phase was washed with water (100 mL x 3), brine (100 mL),
and dried over sodium sulfate. Evaporation under reduced pressure gave the intermediate
51 (1.5 g, 88 %) as a yellow solid. LC/MS: m/z calculated 512.8, found 535.2 (M+Na)".
Step D: Intermediate 52

25 To a solution of the intermediate 51 (700 mg, 1.37 mmol) in DMSO (25 mL) was
added IBX (3823 mg, 13.65 mmol). After it was stirred at 30 °C for 1 h, the reaction
mixture was partitioned between water (20 mL) and DCM (300 mL). The organic phase

was then separated, washed with water, brine, and dried over sodium sulfate. Removal of
the solvent gave the intermediate 52 (370 mg, 51.5 %) as a yellow solid. LC/MS: m/z
30  calculated 526.3, found 525.3 (M-1).
Step E: Intermediate 53
To a solution of the intermediate 52 (260 mg, 0.494 mmol) in DCM (10 mL) was

added oxalyl dichloride (0.418 mL, 4.94 mmol). After stirring at room temperature for 1 h,
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of the 50¥2’§1ﬁl§ Da\Neat& (1 c}%'@s, added WQO‘FP(IWag ZVS%M)aAﬂeZ— @tﬂnhgfamo%th and
DCMto afford the intermediate 50 (510 as a whité solid. LCMS:
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15 (150 mL). The organic phase was separated, washed with water (20 mL), brine (10 mL),

dried over sodium sulfate, and evaporated to dryness in vacuo to give the intermediate 55
(150 mg, 73.2 %) as a yellow solid. LC/MS: m/z calculated 566.4, found 567.3 (M+1)".
Step H: Compound 56-1
To a solution of the intermediate 55 (678 mg, 5.29 mmol) and DMAP (97 mg,
20 0.794 mmol) in pyridine (2 mL) was added 3,3-dimethyl-dihydrofuran-2,5-dione (678 mg,

5.29 mmol). After the reaction mixture was stirred at 120 °C for 3 h, the solvent was
removed in vacuo and the residue was taken up in EtOAc (50 mL). The organic phase was
washed with aqueous HCI1 (0.5 N, 20 mL), water (30 mL x 2 ), brine (30 mL), dried over
sodium sulfate, and evaporated to dryness in vacuo to give a residue, which was purified by
25 Prep-HPLC to afford the title compound 56-1 (30 mg, 14.01 %) as a white solid. 'HNMR
(400 MHz, MeOD) 6 ppm: 4.51-4.47 (1H, m), 3.72-3.35 (8H, m), 3.29-3.22 (1H, m), 2.98
(3H, ), 2.61 (2H, q, J= 16 Hz), 2.50-0.88 (50H, m). LC/MS: calculated 694.5, found
695.4 (M+1)".
Example 19: 4-((3aS,5aR,5bR,7aR,9S.11aR,11bR,13aS)-1-Isopstickyl-

30 Sa.,5b.8.8.11a-pentamethyl-3a-(2-0x0-2-(2-phenvipropan-2-vlamino)acetvl)-
3.3a.4.5.5a,5b.6,7,72,8.9,10,11,11a,11b.12.13.13a-octadecahvdro-2H-

cyclopentalalchrysen-9-vloxv)-2.2-dimethvl-4-oxobutanoic acid
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To a solution of the internediate 50 (2 g, 3.32 nmol) in EtOH (45 nL), and
water (5 nL) was added silver nitrate (5.63 g, 33.2 mol ). After the
reacti on woXouwWoas stirred 20 at 60 C overnight, the iPa3aiSadiie24med eri al
was renmoved by filtration and washed with DCM (100 nL x 3). The organic
phase was washed with water (100 mL x 3), brine (100 nL), and dried over
sodi um sul fate. Evaporation under reduced pressure gave the internedi ate

51(1.5 g, 88% as a yellow solid. LOMs: iz cul ted 512.8, found 535.2

(MtNa)'. Step D. Internediate 52 25To a g onlof ¢ intermedi ate 51

(700 ng, 1.37 mmol) in DVBO (25 ni) Pj! K (138 , 13.65 mmol ).
eaction ni xtdre was partitioned

After it was stirred at 30 C f
bet ween water (20 nlL) and ~:THe organi c phase was then

separ ated, washed with water, Qrine, and drgged over sodium sul fate. Renoval
of the solvent gave the internmediate 52 (370 ng, 51.5 % as a yellow solid.
L M5: mf z 30cal smilat mdcdsipg: &, depoihed 1B BSaBplcNi8Was, usSi typprEpart titegrtleedi at e 53

tes added uRBRGH. dRSMICHRh e VSanRe h itk ”‘)94&9“”#9@%02”? AT obm
t enper at u{d @ J 7111hz 07 ¥M@1,20)1 140 00SOBRCTH)US0 BUDAHL Adh, 8 he-3r , Dbgture

was evaporated to dryness in vacuo to give the i nt er medi at e 2 9 ng, 100

% as a y&H.ow/sditidHzseel-F95 (6i, éﬂ)né(?iqeﬁ & 69H, ™. hC%Smad@rhat@f ihe

i nt er medi at .495 mol ), and Et3N (551 ng, 5 5.45 mmol) in DCM
(10 m) mg’s%%z%eﬁ@@ 'pi perazine (496 ng, 4.95 mmol ). After stirring at

room t enper at uERain@le 20: - ((B4RSARSDRI AR I8 11 AR @ 1R IpSY-34-(3-qaed bet ween
water (20 m_) %nd DCI\/I (150 m_). The oraiu C phase_ vvas separat ed V\t/l?slhed

evapor at e J - 73 N
as a yell t‘lq 609.4 (M+1l)'. Step

G Inl@rnMemtﬂE]ch‘F@sea Solony)- @ﬂ-chmetlhsd-éi-mx(ﬂmmthlaaad54 (220 ng, O. 361

mmol) in THF (2 m.), MeOH (2 nlL), and water (1 nlL) was added NaCH (1.1 g,

28.9 mmol ). After stirring at roomtenperature for 1 h, the reaction

m xture was partitioned between water (20 mi)—3nd DCM 15 (150 nmi). The
brine (10 m),

dried over sodium sulfate, and evgpor s nelss vacuo to give the

internediate 55 (150 nmg, 73,2 N v O:WSOId LT MS! mz cal cul ated
566.4, found 567.3 (M1)' S D Corii

pgound 56-1 To a solution of the
internmedi ate 55 (678 ny, 5. 29°mmol ) and DVA&; (97 ng, 20 0.794 mol) in
pyridine (2 nm) was added 3, 3-di net hyl - di hydr of uran-2, 5-di one (678 ng, 5.29
mol ). After tHAesimdacerpenslurd astdeseribedsn Exampled Savasimed to freparg the titlhe sol vent

was renov a 5 e
organic pﬁ 5{1\& %ﬁ\/ﬁ?@ %ﬁgg%%@%ﬁs\@%ﬁ%%fﬁ%%‘)ﬁ%ﬂgt% %_%74%% X 2
), brine (31@ Iﬂ),)s 23d} lsele}\ne)r 2$6c(BH[rJZ/3(IHf3,a@t)62 791(IICH evapiay, sy, E@3t(¢>ledi yhess in
vacuo to give a re p-HPLC to afford the
titlelo %érﬁjz)%5§(lﬁ3é g, 515 fzﬂ@ﬂ %-0a7s9 @OﬁtheL@/M$ ‘Falopatadvid o ounr
MeOD) 6 pg /&]z/ﬁ_kf 47 (1H, m, 3.72-3.35 (8H, m, 3.29-3.22 (1H, m, 2.98
(3H, 61 (2H, "q, J= 16 Hz), 2.50-0.88 (50H, m. LC MS: calcul ated
694. 5, found 695.4 (M+l)' Exampl e 19:

4- ((3a5, 5aR, 5bR, 7aR, 95, 11aR, 11bR, 13a5) - 1- I sopsti ckyl 305a, 5b, 8, 8, 11a- pent ane
t hyl- 3a- ( 2- oxo- 2- ( 2- phenyl pr opan- 2-yl am no) acetyl) -
3,3a,4,5,5a,5b,6,7,7a,8,9,10, 11, 11a, 11b, 12, 13, 13a- oct adecahydr o- 2H

cycl opentai al chrysen-9-yl oxy) -2, 2-di net hyl- 4- oxobut anoi ¢ aci d WO

2011/ 100308PCT/ US2011/ 024174
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A simlar procedure as described in Exanple 18 was used to prepare the
title conpound. 1FINVR (400 MHz, MeOD) 6 ppm 8.23 (1H, s), 7.29-7.28 (2H
m, 7.21-wolei1m@dbsosnm), 7.11-7.07 (1H, m, 4.40-4.36 (1HPCHUS2®.183+134 44 (1H,
m, 3.11-3.04 (1H, m, 2.50 5(2H, ¢, J= 16.4 Hz), 2.40-2.05 (6H m),
1.91-0.77 &j&ﬁ%_n}. LG Ms: cal cul ated 729.5, found mz 730.3 (M) +.
Exanpl e 26 §3as, 5aR, 5bR, 7aR, 9S, 11aR, 11bR, 13aS) - 3a- ( 24( 4-
Ch'OrObenZYJQ&ﬂﬁ&ﬁﬁ@%ﬂ&ﬁ&&m&d@&QEQﬁﬂM%&n&ﬁh§ﬁE§t'CkY' 5a, 5b, 8, 8, 11a- pent ane
t hyl - 3, 3a, 4, 5, 5a, 5b, 6, 7, 7a, 8, 9,710, 11, 11a,; 11b, 12, 13, 13a- oct adecahydr o- 2H
locyclopentalal chrysen-9-yl oxy) - 2, 2- di net/hyl1- 4- oxobut anoi ¢ acid
A simlar procedure as described in Exanpe 18 was used to prepare the
title conpound. 1FI NVR (400 Mz, CDC13) f N 7.32-7.25 (3H, m, 7.18 (1H,
m, 4.67-4.24 (3H, n), 3.23-3.19 (1H, {2HR*2/ 3CH3, s), 2.79 (1H,
1/3CH3, s), 2.63 (1H, d, J= 1515.6 (IH, J=15.6 Hz), 2.44-0.79
(50H, m. LC Ms: cal culated 749.4 d 2% (RMhb)'. CLAIMS: 1. A
conpound characterized by th& fg g formul a: or a pharmaceutically
accept abl e salt thereof, where&dn: and R2 are each |ndependently H,
G -C6-al kyl, t- butyloxycarbonyl - S02-, HOOCC(CH3) 2CH2C(0)-, CH3C(O0);

EsgggNhéfgfé %E@é§§%mgﬁgﬁyﬁ§%aaw$§q%gﬁﬁx’%&%?ESCngphl and R2, together

with the nig? @ﬁl@Rz ateQati ﬁldwfsenqbnﬂmycgcgaﬁéyu athedoxycarionil, #4c-$0,-7- menber ed

het er ocycl oal k r|n tlonal substjtuted with.a nethylsulfonyl group or
up to two CHIE%C (EE (Okﬁﬂibmécébbh(ﬁ4hﬂéﬁmﬁd%pendentIy H or

ocrs, N Olef® ?ﬁgtaﬁ%@é%cﬂﬁ%e ot B R SRR G R PRy

- C(0) NH2, dtdgethbybvamtlliwﬂﬁ&b@t)d ato@rto izvhfimtthyﬂaré -afth¢ed afoirmyal 3red ﬂ}them%r@dld Y ar e
each |ndependently nmet hyl ene, or,_carb ¥ ; ﬁ%is -(Cﬂﬁ)p-, -C(0)-, -NHC(O)-,
-CH(CH3) -, heteropmsloalkylyng eppionglhy %’9‘11@ oglj withyp methylsulorylgseu 9 W t91tWoHet ar vl
is a 5-6- ﬁEﬁbQ{ @ahgkﬁﬁgaryl group; Fbtalk is a 3-7-nenbered
heterocycloafky up;

oA IO

each R* is independently H or C,-Cg-alkyl;
each R’ is independently halo, C;-Cs-alkyl, C,-Cs-alkoxy, CF3, OCF3, N(CH3),, or NO»;
cach R® is independently halo, C;-Ce-alkyl, -COOH, -C(O)NH,, dimethylaminomethyl,

or 1-methyl-4-piperazinylmethyl,

X and Y are each independently methylene or carbonyl;
Q is -(CHy)p-, -C(O)-, -NH-C(O)-, -CH(CH3)-, -C(CH3),-, 1,1-cyclopropyldiyl, or 1,1-
cyclopentyldiyl;

Hetaryl is a 5-6-membered heteroaryl group;

Hetalk is a 3-7-membered heterocycloalkyl group;
Cycloalk is a 3-6-membered cycloalkyl group;

cach m is independently 2 or 3;

each n is independently 0, 1, or 2;

each p is independently 0 or 1;

cach q is independently 0, 1, or 2; and

each r is independently 0, 1, 2, 3, or 4.

2. The compound of Claim 1 or a pharmaceutically acceptable salt thereof, wherein:
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Cycloalk is a 3-6-nenbered cycl oal kyl group; each mis independently 2 or
3; each n is independently 0, 1, or 2; each p is independently 0 or 1; each
g i s i ndepordenitob3ps0, 1, or 2; and each r is independenPCy/u32011/024474 3, or
4. 2. The conmpound of Caim1l or a pharnaceutically accept abl e salt

t her eof , wherein: is met hyl , dineth noe butyloxycarbonyl
Me- S02-, or %@c%@@ﬁ'@& SEvphy I InoceyLtduRylo yﬁ Pylp}s@%$@2

(R6) g- furanykﬂj@t@hﬂa(éﬁﬁﬁbg_pyrldyl (CH2) p-, (R6)q1h|enyI(CH2)p- 1- net hyl
pyr azol Ik- or C3-C6-cycl oal kyl - (CH2) p-, or. R and R2,

t oget her wi R%1stme(m»ntpmgﬂ@akﬁmmfmanmr(aﬂszhe@ aﬂeyratyﬂ é@He)@I-,, Ry- thlenyl-

e A AL TP OSSR

2, 4-di net hyR! thDR? Qégd’ﬂhelﬂ'vM{hz thénﬁﬁig@ﬁ( btodh RzeHaR th]ay)élre attached form azetidinyl,
1- met hy1- 2- pi perazi non-4-yl, thionorpholine-1,1 dioxide- 4-y1; or

pyrrol i di nybipeeigiayb mspiRsinpsthiarerspleltien pipgragmyh yrmethib-piosszinhlyb 4- CF3, or

OCF3; and e e t d of
Gaim 1 or BenNHeRuIPERRRIC bR pigpractiL L 4o Eaf RN,

met hyl ene amdneYhylsz p@bﬁyineﬁa-yll:&hmrﬁoﬂﬁholmi&t- hy Idloxhddw-tyylo@pyﬁalﬁ(hﬁy\ly hnd Me- SO2-,
or di nmet hyl am noe phenyl - (

(R6), i - f ur apdah- P(eﬂz)dﬁpendemémethgi»rmﬁfgﬂxw bﬂ?)ﬁFs, of ﬁ%‘a%q&ﬁdenw (CH2) p-,

1- net hyl py , 4-met hyl pi perazi nyl ;
N—nethylplp%%%|H§h(%RmR%§% %%?{py % 2)p- cycl ohexyl - (CH2) p-, or
cyclopentglUﬁbﬁommoummoﬂ@bnnﬂk%@pth@ethaﬂmumhpmhbsahﬂﬁm@ﬁhwmﬂdMIto whi ch
they are at%gr formazetid qu pi perazinyl, 4- nethyl pi perazin-1-yl,
4- et hyl sul ﬁ?ﬁt lErand nLsmf yleBe: 4 dlnethylplpera2|n -yl

4- et hyl - di RZ%%&hyi f-bh@n&@emb@vm _zl&lc%b%raﬂuﬂéethﬁr pyrrolldl nyl ;
R5 i s nethyl IS . The
conmpound of Rbl&eﬁme)naohphﬁlr(ﬁb@u,t(Bc)i’rﬂll;anab@d@zt)cabI(% )s-aymdxl{f(@He)qf,, wherein X

ve- 200 or S afychy oAty IRzt g Rt kO DY R ARy

R6), i - f n X Sy -
1oty i ol Sy pyProl G (B A ey pr forpagho

N- net hyl pi p&Flildi-hou-y1; cycl opropyl - (CH2) p-, cycl ohexyl - (CH2) p-, or

cycl opentyl ; r whi ch
they are at?ﬁtﬁ g,t?%%%ﬁkggﬂﬂglnyg&ﬁ%ﬁ%ﬁ?gg%%@ﬂm&%ﬁ: fﬁﬁﬁpgngéggph-&-yl,
4- et hyl sul f)tpemlzmgi rdennarzlyhpq;eﬁalzm-2y144dhétﬁ§zll9ylongﬂ-pq1eeammi 3A4.y4.4- dll’nethyl-

4- met hyl - di azepan t hi onor phol ine-1,1 dijoxide-4-y1l; or pyrrol

R5 is net hyPlpelf?é{nhb“Xt; 4-mpethyy-diaggpan-1ayl, @@i@omawaleql #éhqaﬂ%ﬁr‘wl a5 pytrAk inyl!
conmpound of 61@%5%>1Hkﬂﬁm?maqﬁa@gugkgﬁh}ymﬂpceptable salt thereof, wherein
Xis carbongl and I's car bonyf is H nethyl t butyloxycarbonyl

Me- S02-, orqad 0ret hyl am noethyl; R2 is H (R5)"-phenyl-(CH2)p-,

R h;?” 30k bymadafia of b pliepietpesealy aCbeatshi ) st wbrisid |

N- et hyl pi pgrlg%&hﬁedél&ndwglc@ﬁfogpyl-(CHZ)p- cycl ohexyl - (CH2) p-, or _
cycl opentyl (CH2) p-; or and R2; together with the nltroqen atomto which
they are atRa@H@dﬂdﬁm}ﬁba@@vwdmhymﬂ»bkﬁ%@ﬁanWmdh4bnnnm¥h ¥pi perazin-1-yl,

- ety - i Ko B R R R R TRE T o RS ARG b o1 1 iyt

RS is net hth )mﬁéiglcy(:Hﬁp : @met@iq)yr&bl QG Jiyridiiding |-{ GHY,- 04 -methydpipdifaginy 1,

conmpound of Claim1 or pharmaceutical |y acceptabl e salt thereof erein
X is carbo nw-mamlmpqﬁghmémhwyél@@mpyl (CHa)p-, cyclohexyl-(CH,),-, or cyclopentyl-
(CHy),-; or

R' and R? together with the nitrogen atom to which they are attached, form azetidinyl,
piperazinyl, 4-methyl-piperazin-1-yl, 4-methylsulfonyl-piperazin-1-yl,
2,4-dimethyl-piperazin-1-yl, 4-methyl-diazepan-1-yl, thiomorpholine-1,1 dioxide-4-yl;
or pyrrolidinyl;
R’ is methyl, methoxy, F, CI, CF3, or OCF3; and
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R is H nethyl, t-butyloxycarbonyl; Me-S02-, or dinethylamnoethyl; R2 is
H (R5)"-phenyl-(CH2)p-, (R6)"-furanyl-(CH2)qg-, (R6),,-pyridyl-(CH2)q,

(R6) q4hi ewgl2e(106@30p- , 1- met hyl pyrazol - 3-yl, pyrrolidi npCT(USRR)/024174

4- et hyl pi perazi nyl; N-methyl pi peridin-4-y1; cycl opropyl-(CH2) p-,

cycl ohexyl - CH% P , or cyclopentyl (CH2)p-; or R and R2, together with the
nitrogen at bhi ch they are attached, form azetidinyl, piperazinyl,

4- et hyl - pi pgE @Sﬂlﬁo&dYle’CIQmmPpr ﬁéﬂﬁa@&ﬂcal@ E’&"eﬁt%bl@ sgcl'tYﬂereof wherein
2, 4-di met hyl pi per azi n-1-yl, hyl - di azepan-1-y t hi onor phol i ne-1, 1

di oxi de- 4- ylilsoarbplyylra@mYdlsrwtbonﬂEa is methyl, met hoxy, F, d, CF3, or OCF3;

and g is O gf. 7., The. conpoun ar.na tlcally

accept abl e IlStJH’trH%tthQ?'b éﬁyg"iirﬁoﬁl ﬁsea#-@d-é{lmgrhg@ ﬁ‘Ii@f‘flf?;mi noethyl; R2 is
(RS) - phenyl RERA, (Rﬁ)nqﬂﬁéhyl Dy wﬁw}angﬂzﬂgyr Rhpyirigiden,pnd 8. The
conpound of Cl aim4 or ar maceut | cal acceptabl e salt thereof, wherein

R is H CHR® )oﬂn@yiréfﬁﬁy)bamrnmbylwrazol ,| pé/rl(olhgynyl (ridny| 4-aithylpingreripyl CH2- -
f |
phar maceut £ Sar o RIS ERRL S BRPrm e R ATRR I e o agerty-®

di met hyl am (‘@H;)pybl; R2 i's (R5) -phenyl CH2; thienyl - CH2-; furanyl CH2;

Pyri di nyl - CH2-; HO Ris 10. The corrpound of Caim 6 or
phar maceut i Ba rleaée&e&eéW@ thg PitrogRe AOT to WiER Bick apg atfaghgq, fmazeaﬁmyl

di met hyl amCE@%faQ%la/ 43%6'&1?1 ﬁ@gx) azin: P gleqyrhetgﬁ%ulf(g lgﬂ%taz 12- l furanyl - CH2;

pyridinyl sition conprising a he conpound of
Claim1 or adpharcthytpiperazal-1yyl, aﬂcmei;hlybbiaeepmant- It theoreadfpholamd1,2 diexide-4-yl;
phar maceuti cal | ptabl e excipient. 12. A nmethod of treating H V-1
conpri sing %N‘%lﬁ@ﬂ@’ﬂl ng to a patient suffering therefroman effective

?gtrjggf of t b\élsc[g@ggwﬂfgﬂg)fxyqu atinck,, @ cemhafdeceutical |y acceptabl e salt

qisOor 1.

6. The compound of Claim 1 or a pharmaceutically acceptable salt thereof, wherein
X 18 carbonyl and Y is methylene;
R' is H, methyl, #-butyloxycarbonyl; Me-SO,-, or dimethylaminoethyl;
R? is H, (R’),-phenyl-(CHy)p-, (R)a-furanyl-(CH,)g-, (R®)n-pyridyl-(CHy)g-,
(R6)q-thienyl-(CH2)p-, I-methyl pyrazol-3-yl, pyrrolidinyl-(CH,),-, 4-methylpiperazinyl;
N-methylpiperidin-4-yl; cyclopropyl-(CH,),-, cyclohexyl-(CH,),-, or cyclopentyl-
(CHy),-; or
R' and R? together with the nitrogen atom to which they are attached, form azetidinyl,
piperazinyl, 4-methyl-piperazin-1-yl, 4-methylsulfonyl-piperazin-1-yl, 2,4-dimethyl-
piperazin-1-yl, 4-methyl-diazepan-1-yl, thiomorpholine-1,1 dioxide-4-yl; or pyrrolidinyl;
R’ is methyl, methoxy, F, CI, CF3, or OCFj3; and
qisOor 1.

7. The compound of Claim 3 or a pharmaceutically acceptable salt thereof, wherein
R'is H, CHs, or dimethylaminoethyl;
R” is (R”),-phenyl-CH,; thienyl-CH,-; furanyl-CH,; pyridinyl-CH,-; and

O

R} is HOW\_

0]

8. The compound of Claim 4 or a pharmaceutically acceptable salt thereof, wherein

R'is H, CHs, or dimethylaminoethyl;
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R” is (R”),-phenyl-CHy; thienyl-CH,-; furanyl-CH,; pyridinyl-CH,-; and
O
R s How
O
9. The compound of Claim 5 or a pharmaceutically acceptable salt thereof, wherein
R'is H, CHs, or dimethylaminoethyl;
R” is (R”),-phenyl-CHy; thienyl-CH,-; furanyl-CH,; pyridinyl-CH,-; and
0
R3 is How\_
O
10. The compound of Claim 6 or a pharmaceutically acceptable salt thereof, wherein
R'is H, CHs, or dimethylaminoethyl;
R” is (R”),-phenyl-CHy; thienyl-CH,-; furanyl-CH,; pyridinyl-CH,-; and
O
O
11. A composition comprising a) the compound of Claim 1 or a pharmaceutically
acceptable salt thereof; and 2) a pharmaceutically acceptable excipient.
12. A method of treating HIV-1 comprising administering to a patient suffering

therefrom an effective amount of the compound of Claim 1 or a pharmaceutically

acceptable salt thereof.

49



