WD 2009/ 062285 PCT/ CA2008/ 001611 | NH Bl TORS OF HUMAN
I MVUNODEFI CI ENCY VI RUS REPLI CATI ON  RELATED
WO\RBROATY ONS Thi s application clains benefit BPET/UAR08/001611
Serial No. 60/988686, filed Novenber 16, 2007, which
I's herein incorporated by reference. FIELD OF THE
| NVENTI ON The present invention relates to conpounds,
conposi tions and methods for the treatment of human
i mmunodeficiency virus (H'V) infection. In particular,

t he priNstBITORS'@EMUMAN PMMUNESEFICYENC Y VIRDSIREFLIOATION
H V replication, pharnmaceutical conpositions

cont ai ni ng such conpounds and methods for using these
Cc RyaurnlappiicAtions t reat nent of HI V i nfection. Nbre

specifical |y, the present [nvention provides nov
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for using these conmpounds to reduce HV replication

and in the treatnent of HV infection. BACKGROUND OF
TH&UDM#ENEhmmmui red i mmune defi ci ency syndrone

caused t he human i nmunodefi ci ency virus
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C |Ir&ﬁibilb$ ofites HN Emmyi‘aﬁa‘ ertdyMet ﬂwéﬂ?ﬁb&%utitﬁgl cgﬁ{dégﬁlohé;c&ﬂalmng

Th rtan o di scover and

S0t SRS ZR0 riethids Tyt Brisd (HBRoUNPR A 1adies B replication
genefrni the\traelatn@éntoﬁHw inféctioddl V has led to the
identification of many HHV nutants, commonly referred
to as variants, which exhibit altered drug

s BRCcEpROLND OF YHE INGENTItI® | Nt egr ase enzyne, residues 124
variabl e across the

d hi
F g PSR PR o B et s Sk v e
mimkehodefidiedenetustHNg, partieundrlyites HIVEh &traipPMext diieAtly approved
TLheeX%A%I}%? E'gé'”ﬁ%i%‘ targ\?tzﬁégfﬁﬁ%@% natff;’;%?ptase and protease
Arb2yPiisATbdr2Ss 4dditignallyr bmel agiréneaildbg trd€tMly, gp41 to inhibit viral entry

Aﬁﬂ&gﬁé @5 gigésd cgrgg@argg’tmg tﬁé g] éngFésAel eanlz%/me( &\/an tﬁg\{évrel#ssees

ence
transcrlptase inhibitor and protease inhibitor classes, resistance of HIV to existing

drugs is a problem. Therefore, it is important to discover and develop new
antiretroviral compounds.

The inherent genetic variation within HIV has led to the identification of many HIV
mutants, commonly referred to as variants, which exhibit altered drug susceptibility.
On the integrase enzyme, residues 124 and 125 are recognized as highly variable
across the HIV-1 virus from infected patients found in major market and developing
countries. The approximate prevalence of these integrase variants are
Thr124/Thr125 (44%), Ala124/Thr125 (17%), Ala124/Ala125 (16%), Thr124/Ala125
(10%), Asn124/Thr125 (6%), and Asn124/Ala125 (1%) for viruses sequenced from
major market countries reported in the Los Alamos database
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maj or mar ket countries reported in the Los Al anps
dat abase -1 WD 2009/ 062285 PCT/ CA2008/ 001611

W@ baovpe2285mwv. hi v. | anl . gov/ cont ent/ hi v-db). TheB&I/CA2008/001611
i ntegrase variants may be generated using known
methods in the art and publicly avail abl e pol ypepti de
sequences for the integrase enzyne, for exanple from

o b 83T SR ouh st s b e
pruingdemwa metheds isdhe es aod _pulml'rc_lycamtvg}orl]ﬂ aulyméiblﬁ Sgwgn@éyfor the
i N e Ve e

i '¥@gtlase enzyme. Therefore, the conpounds of the
invention may be used to inhibit the activity of HV

i ntegrase and may be used to reduce H V replication.
THUMMARYQRATHE IGWENTION | nventi on exhibit at |east one of

the followi ng surprising advantages: unexpectedly

good activity in a cell-based H V-1 replication assay

| I Hequiesentt invehionimpyides aheds asteswdcomPbsndit hdvigiishiBitory activity

124/ - Thri124/ Thrl2s, A al24/ Thr 125 Al al24/ Al al2h
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t ; ; | r variants at resi S I

T B R I R D e S R 436 IV repicatin.
THh&20MmNoad@5of ths mi/gdtiohhexbdi at Eadt dreof 1Rl {ofbwing 2B)prising

a 1expect edl y good pharmacol ogi cal properties.
T%@c%@ﬁ%%ﬁnds of the invention exhibit unexpectedly

goode penexpactaiagatsitactiatyrin afcellmagear HiVat egpliastn\arshaintfsur of

at the [ 12 residuesH&-> 85% n | ab ?ﬁc%

and/ or tr}%ﬁ‘ ijoéﬁ])%e%?s‘? Ydants ey 6881?3@25@?#2 tE” 't he

124/ 12 Qa@g{Thuedh, Ald1@41Ai301 25caidi Tm1 F/Ah25); and/or

unexpect ed| od pot ency observed ss the _ )

af or b ERSHEMS AR PP P gfFbaseudiVl epicaliopasearaal six of

H V i nitrectajbr pdgrase wariantscat esiduesal 24i128 ST Loy TAA%5125

vari ant,,_t.esid f, LNt egrase g}é lh]av

o - oxt PRI AR 4B B AR 138, A BaRngies. apo

t hi s clAss$24/Aay2feaekpect ed to respond to the

con'p.oundsx of  t B{e [ Iravq%nt L on Fuqt her objects of this

i nveht FBRPEFISSY 9980 ANRENZG0loqa PIOBRMIER t he art from

the follow ng
The compounds of the invention exhibit unexpectedly good potency against four of
major integrase variants at the 124/125 residues (~> 85% natural abundance) and/or
all six of the major integrase variants at the 124/125 residues. The implication of this
unexpectedly good potency observed across the aforementioned 124/125 variable
residues is that some HIV infected patients, who carry a virus with 124/125 variant
residues of integrase and who have a pre-existing anti-viral resistance against drugs

of this class, may be expected to respond to the compounds of the invention.

Further objects of this invention arise for the one skilled in the art from the following
description and the examples.

One aspect of the invention provides an isomer, racemate, enantiomer or
diasteriomer of compounds of formula (I):
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description and the exanples. One aspect of the

i nvention provides an isoner, racemate, enantioner or
walr@sversdner of conpounds of formula (1): -2 REI/CA2008/001611

2009/ 062285 PCT/ CA2008/ 001611 R4 OR6 COON R N CH3

(1) wherein R4 is aryl or Het, wherein each of the

aryl and Het is optionally substituted with 1 to 3

substituents each i ndependently sel ected from hal o,

(CL_6)al kyl, (C2_6)al kenyl, (CL1.6)haf oal kyl,

(C3_7)cycl oal kyl, -OH, -(XC1_6; al kyl &= H,

-S(CLl.6)al kyl, -NH2, -NH(Cl_B)al k¢

-N((CL. 6) al kyI)2 V\Q;erel n the (Cl B)al kyI i's

optionally substitutegw dFOXY coeyano or oxo; R6

and R7 are each indepe | ected fromH, halo,

(C1_6)al kyl and (CL_s& s Wherein Het is a 4-

to 7-nenbered saturfated, “unsalurat®® or gpyomatic

het erocycle having 1 to 4 heteroatons each

i N$p-Adent |y selected from0, N and S, or a7-to

LR ERLE e tS Wherei Sfth of IR AGIbtH o [oﬂHWéLf‘bsgcuted with 1 to 3

het er opol ycycl e havi ng wherever possi

het er o SUBHEUents eACh indepandaain sejedied e dalo, (Gielalkyl, (Bho)alkenyl,
and S; (o} )RalSakl, (@%ﬁ%yblé‘a?&ﬁfoW%@%)alkgﬂoéilﬂe's«%%%%ﬁ -NH,,

of the invention provides ‘an i soner

enant i oNBEfC @Pa'kva?a%tl\é«%a@kw)@fwfmwpmm@s s\gtkykis optionally
(1) Rshib&dtutBs with Grlilixy, Ryahb &H8kof 1)  wherein

R® and R’ are each independently selected from H, halo, (C+.c)alkyl and
(C1.e)haloalkyl;

wherein Het is a 4- to 7-membered saturated, unsaturated or aromatic heterocycle

having 1 to 4 heteroatoms each independently selected from O, Nand S, or
a 7- to 14-membered saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 5 heteroatoms, each independently selected
from O, N and S;

or a salt or an ester thereof.

Another aspect of the invention provides an isomer, racemate, enantiomer or
diasteriomer of compounds of formula (I):

wherein

R*is aryl or Het, wherein each of the aryl and Het is optionally substituted with 1 to 3
substituents each independently selected from halo, (C1.)alkyl, (Cae)alkenyl,
(Ci.)haloalkyl, (Cs7)cycloalkyl, -OH, -O(C.s)alkyl, -SH, -S(Cis)alkyl, -NH,,
-NH(C.6)alkyl and -N((C+.¢)alkyl),; wherein the (C1.6)alkyl is optionally
substituted with hydroxy, cyano or oxo; and wherein the aryl is not
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R4 is aryl or Het, wherein each of the aryl and Het is
optionally substituted with 1 to 3 substituents each

wo pbepensent |y sel ected from hal o, (C1_6)al kyl PCT/CA2008/001611
(C2_6)al kenyl, (Cl1_6)hal oal kyl, (C3_7)cycl oal kyl,
-OH, -Q(CL.6)al kyl, -SH, -S(C1.6)alkyl, -NH2,
- NH(C1_6) al kyl and N((Cl. 6) al kyl ) 2; wherein the

Cl 6)al k ti Substltut ed with hydroxy,
((:yano)(ﬂC| %‘3&9‘0 \ﬁgﬂ’\eeq%a PRIV v is not -3 WO
20@94@62’23&5 eBEH lrﬁéa&wnﬂy)waated FrOmMas$ (Hatd, iC L@kl ahd t he

para po b and R7 are each |ndependently
sel ect 6'19? ' hal o, (Cl_6)al kyl and

( GWhehgiR EHeQ@H Kyl to AberBBRdHRturRd aurfaturfted 'oﬁﬁmﬁﬁaftlﬁ ‘Flleterocycle

saturated, unsaturated or aromat | ¢ _het er oc avi n

L o ing LR AL eaIor 3 Ste JHPERYINY SEREAd@ T othans S, or

N and & 7-ab 14andmbéred %é’cu?@tg@ﬁfngﬁltuﬁaiédlbﬁér@ﬁetlc heteropolycycle
unsaturated or aromatic hetero cycle havin

wher evePVPgSEIaper Possipls 1He pdie ‘P A %%F@H”depe%denﬂy selected

I ndeperfegenOl N sRiected fromO, Nand S; or a salt or
an est r t her eo ot her aspect of this invention
prb & ¢ Qrﬁnéaﬁ‘?bgl?ﬁéoqof formula (1), or a

phar maceutical ly accept abl e salt or ester thereof,

itin ne of follow ng surprising
ﬂleéé‘é t°D{5' RPEPPY 4 SPIRAYNE T formyla’ (1), or a

C qihbrrbmdcéﬂwc&em@tpé sglabr s¥terab&rayf, exhibignd atdbastoRe of the
m_am I nt egr ase ants at resi dues 124/ 125
SHiPTSRg ad 9%/ Thr 125, Al al124/ Al a125 and

Thr 124/uNerdettddly QCSUU &Wtivity iR @R bhassd Ml\gq)%’pll@&ﬁdnvéstséiy Infour of
a cell -based H V-1 r%g{l ication ass

e e TaRr P arEss VAT B SoUdCaee a4 Tt 2A el 25,

( Thr 124dtpalth25, Aiabadd dteslahl TH 240 R %A %A)aégéor
Thr 124/ Al a125, Asnl124/ Thr125, and Asn 124/ Ala 125)

and/ br UngxeseiRdit eendacuiidn greefeases iy &ﬁpllpatmwaxe@ all six of

Anot he "ch@ﬁ@}%@ tnté@‘ ra§@V§r|ahféVéi 'Péél&l!ésplrﬂ)"l'ﬂé?%ﬁﬁﬁﬂp@%n d
of formul a é phar maceut i cal évzisacce table salt

or est ératH 1?@%?5 Aé%”é’%@%ﬁﬁ@ﬁﬂw | Asni?d{THet25, and

aspect azh1241aR1DB)Y8ARG/LEN provi des a pharmaceuti cal

conposi tion
¢ unexpectedly good pharmacological properties.

Another aspect of this invention provides a compound of formula (1) or a

pharmaceutically acceptable salt or ester thereof, as a medicament.

Still another aspect of this invention provides a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formula (1) or a
pharmaceutically acceptable salt or ester thereof; and one or more pharmaceutically

acceptable carriers.

According to an embodiment of this aspect, the pharmaceutical composition

according to this invention additionally comprises at least one other antiviral agent.

The invention also provides the use of a pharmaceutical composition as described
hereinabove for the treatment of an HIV infection in a mammal having or at risk of
-4-



conprising a therapeutically effective anount of a

conpound of formula (1) or a pharnaceutically
waemepsrky e salt or ester thereof; and one or POI/E€A2008/001611

pharmaceutically acceptable carriers. According to an

enbodi nent of this aspect, the pharmaceutica

conposition according to this invention additionally

C R qﬁesm@%ctlgﬁast one other antiviral agent. The

i nventi on also provi des the use of a pharnmaceutica

conposition as described hereinabove for the

APl A58 | SR e

t eammagkavingrer ahriskueh ieyingdbe indection, thh_enatmmbcrwmmwng
' %W?Al%?l% ﬁ? 5Rh b athnthaltd tﬁ@Hp@ﬁtléﬂ)ﬁEﬂf&%&@E %Lhtocﬂ a J&nﬁ)ﬁund of

ng or at ris e Infection
mdemsde 0bamhegnagputiellyiacrenteble sait Obeatmthmnhar a gomposition
t hﬁéraeraga%ee bt RILRGbowe amount of a compound of
formul a a pharmaceutically acceptable salt or
ester thereof, or a conposition thereof as described
holRARARGNE offhgt RRNGPREELe LS ridhifad SHRBHALH HIV/Aroéhsh in a
a nethod of treating ection in
hawamigabiaving qrias resb@f h?dmgﬁ@e triff%ctlpﬁftb@me&od qAnwrisieghod
C QYalRHinhiSte Sy toﬂﬂ%n‘ﬁﬁﬁra} HerabButidafly @Wé'gﬁ% afhount of a combination of

therapeutically effective anount” of a conbi nation

a aomRAYARd obformylarl) (o5 a Ehpregceyticaly eagapiahle salt oryester thereof, and
aGE RRLAEHE Ot 5nt|9|FaI %?éﬁtr ot NESRAsitichNFeredt | east one

ot her antiviral agen or a conposition thereof. Al so
within the scope of this invention is the use of a

C QIROWR Be sfc@Fé‘H’f tﬂls(lh\)erﬁ@n istRs G6d Bes c&ﬁf)&irﬁl of Pr Pﬁh 3 %) as

pharmaceutically acceptable salt or ester thereo
t Klgscribed é‘@Fﬁé‘htOr@fph&HnMe\W'Pﬂ'b’@@WRiﬁplﬁ ﬁaléomﬁmtherﬁaﬁ/ fafghe

Olredimdrit SKaPHN\RY¥d B8N H‘@nﬂaﬂfn%q'hbﬂﬂ or ANekhe ﬁa\ﬂﬁ#’%tmfgt‘,tlon.

this invention provides the use of a compound
formula (1) as described herein, or a

P IAMOTRRE BidcE 81 this iRFHBOH BRIVRICS #d uéér of%%o@rfpobh& BPf&frmulfan) as

the manufacture of a nedi canent for the treatnent
anerfrber Reein oA RhAMBaGesHeRlY acerpialiy S@Jf orstaiteqonh for e

havdnttact?e of 8hreidafiant 1R RO emadf aAHI Gfe@fontiMh $nammal
i nvention refers to an article of manufacture

c@ﬁﬁl“g 81 Agisg of bavipd e nsRtid¥ f ective to treat an HV

infection; and packaging material conprising a |abel

ich i nd| cates that the conposition _can be used to
Addtiopal aspest o&hlq_ﬂn\/pntwn refers to an article of manufacture comprising a

composmon effective to treat an HIV infection; and packaging material comprising a
label which indicates that the composition can be used to treat infection by HIV;
wherein the composition comprises a compound of formula (1) according to this

invention or a pharmaceutically acceptable salt or ester thereof.

Still another aspect of this invention relates to a method of inhibiting the replication of
HIV comprising exposing the virus to an effective amount of the compound of
formula (1), or a salt or ester thereof, under conditions where replication of HIV is
inhibited.

Further included in the scope of the invention is the use of a compound of formula )
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wherein the conmposition conprises a conpound of

formula (I) according to this invention or a
w@b@eroexeuti cal |y acceptable salt or ester theP@DCA2008/001611

Still another aspect of this invention relates to a

met hod of inhibiting the replication of HV

conprising exposing the virus to an effective anount

ol IR SRTEUT ol V[ oy 2 31T or ester

t her un conditio ere plication of HVis
i nhi bited. Further included in the scope of the

i i S . | -5
vbi BB DBk AR Es St B, SRR o8 et B Sl or i
adh.ioriatspltof esthetheledf,itoirdihitdbe reptigativp.of AliV.t her i ncl uded
in the scope of the invention is the use of a conpound
of formula (I), or a salt or ester thereof, to
i PETAHLED DESCRIBPON OKTHEANENTIENY. DETAI LED DESCRI PTI ON

- | NVENTI ON  Definitions As used herein, the
]Ejgeﬁgﬁo% definitions apply unl ess otherw se noted:
The used heresy et foliaveing Yefirdions 2pdlyhaiest ptrandise nbegs
speci fied otherwise, is intended to nean an atom
radi cal or group which may be bonded to a carbon atom
aTha &rer ‘salstitnent”, asyseant Hezein ahd nnisiss spedified dtisrmiseaistintehded to

t.her eof ot herw se

I f Wi I
B 3055 o =g b T e O Y b AP  Seip BT e <
c beteergdrabedny othehaomantiiexiap form ppiadfial moleomé eciibgmet
f . f h ' ' ' t
BB bR bR onlis bRt dleCal hel o hifiedhatomy
b@ubstigmts&antéreplated it e @ntext dhaespexifionmdl&ule pafrdgrhént dsereof

S i VAT g1 s U o iz
newnthoae gkilléctin tise adhi ght or branched chain al kyl

radicals containing from1 to n carbon atons.

"(Cl_6)al kyl"™ includes, but is not limted to,

mébdtarm “63-hydlkyl" msoset hereimmdeydin n idan integen-ditterydidne or in

1 - t [ SQ: L - ropyl . .

(csxgﬁf_)lﬂ%tio&l \@}H g\o&rlﬁgrﬁ?/ﬁ%éﬁg% )l/rfte c{]eggghtl%éb%q‘?&‘é straight or branched
1¢chainialvgdtragicals hgmtain(ngdram b picarbopatinyd. “@hd)aligR yicludBagbut is

oPpedss, et B4 B T BB, ol BB 1 ERRRYET ™"

16sazprapyiptihyethylgrapyiisedBuutiipibmethylordnyt (i$o-outdyd , RdithetBlethyl

d@L2bES Dehtyl aflh FBL NS R levHi8H Ve denotes a methyl group; Et
denotes an ethyl group, Pr denotes a propyl group, iPr denotes a 1-methylethyl
group, Bu denotes a butyl group and tBu denotes a 1,1-dimethylethyl group.

The term “(C..)alkenyl”, as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an unsaturated, acyclic
straight or branched chain radical containing two to n carbon atoms, at least two of
which are bonded to each other by a double bond. Examples of such radicals
include, but are not limited to, ethenyl (vinyl), 1-propenyl, 2-propenyl, and 1-butenyl.
Unless specified otherwise, the term “(C..,)alkenyl” is understood to encompass
individual stereoisomers where possible, including but not limited to (E) and (2)
isomers, and mixtures thereof. When a (C,.;)alkenyl group is substituted, it is

understood to be substituted on any carbon atom thereof which would otherwise
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The term " (C2_n)al kenyl ", as used herein, wherein nis

an integer, either alone or in conbination with
wanwvie2s8s adi cal, is intended to nean an unsatRPCEHCa2008/001611

acyclic straight or branched chain radical containing

two to n carbon atons, at |east two of which are

bonded to each ot her by a doubl e bond. Exanples of

such di cal s are not lim

eiﬁ@h? ﬁycér\gge@etj)m fnlse% ﬁréeéhed oéh%wgﬁewh t%z&tﬂﬁe sUbstitution would

1-givetrizeitd a chelmicatip stapledofripedndtduer vt a6 rebbgnizeRY 1 those skilled in

"(tCZ n)al kenyl" is understood to enconpass i ndividual

i somers where possi bl e, including but not
limted to (E) and (Z) isonmers, and m xtures thereof.

n.a (2 ,)alkenyl gro bst.i t ut ed,
U TR St G bR st et WhEGh BhisGoHintage it alone or i
t lrembrfatiovn i/vtth anothedradichk isvihigadedtoWe 09 B%W&Jbstrtuent
PCT/ CA200 611 ear a
o SRR eI ot e o B Rofhe K esC b ot toesupigprony,
g|cydohsuty§ecﬁctmpentyheynl@ﬁxyl)erﬂt@blbbemydrrpound, such as are
recogni zed by those skilled in the art. The term
"(C3_mcycl oal kyl" as used herein, wherein mis an
i ﬁ'ihegem “agyl taise.usealrmrmn Githenaloe®atin mamibmatrm hh ansthberadical, is

aI k subst it

r%q'c t|srnten flﬁ éJen
con%%u NG GhTEs ?Cgc %rgp\sﬁ%mgpéﬂrg S8E Pr‘fBPtalTe? Brieon

i stamog whrchrrtagdbetforther)fuﬂe@rib gmplcond B—ycﬁrlaadaem¥lﬁred carbocyclic group
c an e

PYFIGRARELYS acoff S Hog 2P RSt iefHE Ry InciydBs s eat mited to
V\Aphenw,nmamr indadylc &naphitbyl, 2-naghthie detrahyaesiapbthyl and
’_ggr%y]g ik @r omati ¢ monocyclic group containing 6

ar %B whi ch may be further fused to a second
- or 6- nenbered carbocyclic group whi ch may be

aﬁ'ﬂ%@% I'r]C“’car%%E leata%qrsgﬁ h% sat d e cﬁar"rrrxa%rﬁgﬁlatlilodnevrsnth another

mte
1 ravhigaihtihintend2d hapieah vl qycltoectomaiwrdd oemapharbyiatrabdnon aromatic,

g%%gt&?msg}drateg Wﬁ vr}h Jhrgll oq' ﬂ{ebrcrjnc rﬂergﬁ%liasfeé? %g gga ia[%ns "The

I CO I nat1T on W
i sarbncysieigrdup oayiercoataining b or 6 cagponathm and hreaty barfomiedrifgsed to

g%lsgg@iﬁ%}-rjnn%m%%gt&b%tﬁ&c% Q ns éur at %efﬁéénatrc satll]rated or

ers a Qo
cangaderptede Themapoatpgle beydersubstituted. SViaean the cardboyclatiom

d 6- menb d
ag sgggec & Ié Hrﬁ%é&&% \A§‘| H%Egul;s?tugﬁt c%?’g? tgachggtt%?rgf %adg%}e atom
uwb@h u\roaltoewihem lossar Iad'(yyltdgen atom, helesaispeditied @HerwideeBuch that
t h‘r% s%ﬂér‘ﬂeﬁéﬁ%&ua aive rise to a chemically stable compound, such as are

recognized by those skilled in the art.

The term "Het" as used herein, either alone or in combination with another radical, is
intended to mean a 4- to 7-membered saturated, unsaturated or aromatic
heterocycle having 1 to 4 heteroatoms each independently selected from O, N and
S, or a 7- to 14-membered saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 5 heteroatoms, each independently selected from 0,
N and S, unless specified otherwise. When a Het group is substituted, it is
understood that substituents may be attached to any carbon atom or heteroatom

thereof which would otherwise bear a hydrogen atom, unless specified otherwise,
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substituted, it is understood that substituents may be

attached to any carbon atom which woul d ot herw se
whe@p/0622Bydr ogen at om unl ess speci fi ed ot her WwSECA3W8M01611

that the substitution would give rise to a chemcally

st abl e conmpound, such as are recognized by those

skilled in the art. The term "Het" as used herein,

ei t he Qne, aor. i n conbinatiopn with anpther radica

" sbef heLid el aV8 e b PRl il PR, sueh as
ursatacoaitizet loy thasoskilldddn theesrer ocycl e having 1 to 4

het er oat ons each i ndependently selected fromO0, N and

S, or a 7- to l1l4-nmenbered saturated, unsaturated or
aMbed¢emnc hetreatopday oyl leereindy integndeti & @ean YSswiNol e 1

to 5 heteroatons, each independently selected fromO,

N and S, unless specified otherwi se. When a Het group

i §hedrst heterexyclel’ bs 'used berdiarasidamibst sptciietbathéetwissn either alone

e e R LR B ) 528 Eroorc
u lslablﬁded; pasaturated ot dlrematls beterotyd©caft@dingdaad s to 4 hle’zjeroatoms
P ' -
"R B0 ahPS SR Bl e o

aremoat o‘gmh)lohfdgéiyatbmdbereﬁbml Ewnplas bhmcantetera'd:yelebeﬂmmde but

) Q?%\ﬁét?rlﬁwﬁtg{lr\e% %%etﬁﬁrf A ngr%l%l e?rah &rgﬂlged 2 Ry fﬁpﬁ‘ W#Fggs

s peadolidiod, oGhdidines pyrrae tthlephedeo fugan, qnyraznlec mmazmad isorazole,

Wo&&oﬂ-ﬁ%o 520@% gz'taéle tIJI o|e {e%%ggg Cﬁg r S HQFH,Zme azepine,

menber e , unsatura
hdtaeermnq dlyearc 6 t-dioxaneg 4maphdine o4-thidretrehalaeppgidireac h

Hed} oley gc‘aa?ﬁ:\%g&r%%%@d p)Mn%]iﬂe Sand satlﬁﬁtegr%rbngurated

oval ent renmoval ~ of a
aaodratdmmﬂefdleumtivamﬂwqfs of such heterocycles include,
but are not limted to, azetidine, pyrrolidine,

t et rahydr of uran, tetrahydrothi ophene, thiazolidine,
oXbe tarindheteroneycyde’eas used dyeramend finlessspeasified otheswise, either

' gfoqé%rlnecorﬁb?l%i%ﬁ Qi ano%wagflc%i id iﬁﬁetnlaéélﬂ%gan Earﬁle?e%%g%re as

riazo tetrazol e, razine,
dﬁafzr@ﬂuab@ve pipedito one ar mpmh@' cyﬂlemoclphlob |ar®rbocycle a
AL O 1 LI L e
yHegernaten t eriefronn Brampbles gbsuohdietarepolydyeles irfcludehleut are not

t fhidd RehabrPRbyaye! @é'nzﬁadméﬂ b@ﬁi&hugpﬁ&% HOL A5 Ran,

V\Bem fied otherw se, her &l one or conbi nati'on
eNToRWEN hegnzodigkala) benzgdlpmr@nmotfmmﬂumolme isoquinoline,

hgh &L AMSrRirdS and saturated, unsaturated and aromatic derivatives thereof

The term “halo” as used herein is intended to mean a halogen substituent selected
from fluoro, chloro, bromo or iodo.

The term “(C+.,)haloalkyl” as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an alkyl radical having 1 to n
carbon atoms as defined above wherein one or more hydrogen atoms are each
replaced by a halo substituent. Examples of (C,.,)haloalkyl include but are not limited
to chloromethyl, chloroethyl, dichloroethyl, bromomethyl, bromoethyl, dibromoethyl,
fluoromethyl, difluoromethyl, trifluoromethyl, fluoroethyl and difluoroethyl.
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defi ned above fused to one or nore other cycle,

i ncludi ng a carbocycle, a heterocycle or any other
wey®bee2285 a nonoval ent radical derived by renmpeECAf08/801611

hydrogen atom therefrom Exanples of such

het er opol ycycl es include, but are not limted to,

i ndol e, isoindole, benzimdazole, benzothi ophene,

benzof uran, benzopyran, benzodi oxol e, benzodi oxane,

benzot hi azol e, qui noline, isoquinoline, and

naplattsig d@l@@, n)amyi 5ra’(cu1rn§ﬁnetd<y amﬁs'ﬁdu{eaé@%taaaa@e«aa@t WwBerein n
derl vat i ves her eof

i 45 PR INGRREPItET 7R 0 '”ﬁ&WB&@H%WBQ?P?tD%W?g@@H @d?t@aded to mean
f raﬂrﬁxf,léélﬂét@m faRh&EdNdBd EN Skyliradiesl hahﬁg t1 @6 Mcarbon atoms as

" (C, ahal oal kyl " d
| T SO bR A S Ry DB rkiPR Bt 436 el ifeR e mathoxy
r angcaJ),, eth&xyl (CHEOHEDL) topd@ (CHLCRJOHLO-Y, adh@taylethaxy (d-Propoxy;

nS PR e Loy o e BORE L HERG  AlferP e

s ubé(Ch ;)umwtraduEmasrﬁJmuﬁd {t@ @diwrr]aaéd(w bd sibstitdedrthar e
to C C roe
ok aRuEBHign e oh et Eon e BrSHBEER flovkidits dsraagnemicall

f Istemieoeamhpund, slidhl dscare redolgpized by tHokse ekieteintibié art.
fluoroethyl and difluoroethyl. -8 WO 2009/ 062285

PCT/ CA2008/ 001611 The terms "-O-(C,-,,)al kyl" or

(T‘Be el ‘keX@,) iyl uﬁemhml@nm’l & lﬁd@lh@?@ﬁ&b&er}tharvgéab@l Wherein
ei ther al on natLon W t

D 00t B ieqd SHET siof b PiaeRiaig’ with AnS AT BRpah % aiprLd to

f uidanedn dufocatdm farther binkgd to @dalkﬁlradi@a! Iha@né. 1t®nRarbon atoms
car bo

defi bav
C85 cefndth s Eraniitn B Sl SRy 4 pft s hotdmitee o mpthythio
(1 wngtgsh ), etlﬁﬂth@X;ZH@@HEﬁ;)'%ﬁylthlbT(OHWZ(IH;BBWQTB,@d thylthio
L B sy SRR ety g o b Migicroags .
- @/l _sfaocajn}aydybmar&agaf an GX|6|IMHeri\ﬁtlﬁdtheréof Istich as an
t to substitute t he
oS 01 G AR RPR of HRrSORHr S et it e BB Rl i ve
I iuaderstood te he sumltdtgd ostmb(loe nalkgip@utivth, theneef) sach thaethe
- SRl 02 e Bt endiflanl ety GmeniCaeFidbrae o
I nécogoizad gy dosy skilbingh@artn i s an i nteger, either
alone or in conmbination with another radical, is
intended to nean an sul fur atom further bonded to an
alTkg termeidikc’ads Usadihegeii |stmtend@carobﬁéaraanlnngjgegﬁzdm&tm;j to a
clude but are no

a e, anpl es. of - Kk
e R e L U i s
propylthio (CH3CH2CH2S-), 1-nethylethylthio

The term “cyano” as used herein is intended to mean an carbon atom attached to a

nitrogen atom as a substituent by a triple bond.

The term “functional group equivalent” as used herein is intended to mean an atom
or group that may replace another atom or group which has similar electronic,

hybridization or bonding properties.

The term "protecting group" as used herein is intended to mean protecting groups

that can be used during synthetic transformation, including but not limited to
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(isopropylthio; (CH3)2CH S-) and 1, 1-dinmethylethylthio
(tert-butylthio; (CH3)3CS-). Wen -S-(C, _n)al kyl
WO 200060285 or an oxi di zed derivative thereof, sPCHCAa%008/001611
-SO (C, _n)al kyl radical or an -SQ2-(C, _n)al kyl
radical, is substituted, each is understood to be
substituted on the (C, _n)al kyl portion thereof, such
uti.o se to cal.ly,
S aamel A SR s, Ol o Ten hgronp St
S Kliohh &dilayr& Sbres, &letv. Ydrk €198 ), randonaré recenti sditiorisatherenf, ingrein
i nt ended t n_an oxygen atom attached to a carbon

at'%?ﬂr%%ratfdg)ﬁﬁgtt%ﬁrﬁsnt by a double bond (=0 . The term

"cyano" as used herein is intended to nean an carbon
aton1attached to a nitrogen atom as a substituent by

triple bond. The tefm"functional group equival ent
V\%@'&P"H‘é& €8519M380D 1t endiBdSES MhakrogRulas g’h'{‘d'e?ted"r‘%ﬁ?ﬁd which

th@bormweﬂqeltreecr@_sanqﬁéwole@m_@rascdef@é&up whi ch has
simlar electronic, hybr| di zati on or bond| ng

properties. The term"protecting group” as used herein

| STHenb@m R theéledre a8 usPh&ini i§ Bitdhded BS mebh ahy aaa ahe/or base
nthetic transformati on, includ

d.d
GEGIPHSEEA 1 MBI 065 S OB BYE Imited to

eyhaphgseunbdlghcasmabié shiethetddf G eene, "Protective
Groups in Organic Chem stry", John Wley & Sons, New

York (1981), and nore recent editions thereof, herei n

| mrt@m ghatmaveutied g r=ebsabld Bait" TRl ds@Wh@ﬂalrd@ShtGﬁ@éd t8fnean a
ﬁggdln sub-f or mul as Lomdlcatethe which _is

£ E8MPRURTRCSPEURY 1grthe H@eﬂtiﬂ”é’&hd?*é'sa‘é"t%fherﬁape Pheound
t engdices pldgniche @améble 8 u'slé pcdnedceivith tHe tisstigneraflimahsERanower
any.acid ﬁ @/or se ition salt of a conﬁpund
o bisHals BRDS uiFuS R A Gaon; SleTaiuiesonn SROMAIRRS 1 ed
t @ommdﬂsafaf@ﬁ'&wtaIréﬁdnybla(b@ﬁéﬁtﬁllbk %ti‘éa{;énérél@rrvm& or-r?'l%oluble or
as used here

| S PR A e Ton e e s B bt et AP ey toaly-

t ecépistsla acidraddhios l?.aﬂt§and/\pﬁdﬂmacélhlealﬁﬁém€pt@5|e&ﬁléé @ddition salts.

TS B AT oL S M R o b

t AV T8y ppi 1-19tHedréiohcosddrated bg réfespoase, and the |ike,
comensurate with a reasonabl e benefit/risk ratl o,
generally water or oil-sol uble or

The term “pharmaceutically-acceptable acid addition salt” as used herein is intended

to mean those salts which retain the biological effectiveness and properties of the
free bases and which are not biologically or otherwise undesirable, formed with
inorganic acids including but not limited to hydrochloric acid, hydrobromic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid and the like, and organic
acids including but not limited to acetic acid, trifluoroacetic acid, adipic acid, ascorbic
acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,
camphorsulfonic acid, cinnamic acid, citric acid, digluconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethanesulfonic acid (isethionic acid), lactic acid,
hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesitylenesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid,

2-naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic

-10 -



di spersible, and effective for their intended use. The
termincl udes pharmaceutically- acceptable acid

w@adwonenss sal ts and pharmaceuti cal | y- accept abl BCTyas2008/001611

addition salts. Lists of suitable salts are found in,
for exanple, S M Birge et al., J. Pharm Sci., 1977,
66, pp. 1-19, herein incorporated by reference. The

term 4 e - ACC - j i
 SC0, SRR SRl BaREAR Brofoe pdla 3G S 3Bl aci
r stesirin atidesusicoicogpic sulfefilfcanid, vartesic sicuhn d-tguemsuiforis acd,
t hededdBR RApsy ABkyhi ch are not bi ol ogi cal ly or
ot ﬁervvl se undesi rabr formed with inorganic acids
i ncluding but not Ii mted to hydrochl ori c aci d,
h f
it et Bhdm i elicap dodtiatie Bl ddittn £4F & Bgé@‘**oerre'gn's ¢
a(tﬂ_t@l@ladrtg Imﬁanﬁgomalta wihidhi retairetiie toiolegicst effeciiveniss and properties
'f{hlel'ffge dén%l v@\ﬁéﬁjare% pfofogﬂ:%h)gor d;ﬁﬁ%W sj%' L%deglpéb , formed with
aspartlc acl benzenesul Tonic acl Nnzol ¢ ac
binoyganic basied,inatudinghbutinot kitet! to ammenia psthﬂeffwdrozldaccaibonate or
C'bl;&rémng ea&'a%mgﬁlﬁvﬁ'o? a‘?nﬁét?l' caqbrg EH& d‘ﬂ.ﬁﬁ,%otassium lithium,
anesu foni c aci m c aC| ycol'l ¢ acid,
g lcgicins pragegsiom; tforaczirm, CORpeT, SUArda0esE |awmihmanditrae like.
a
S Feftioushp PR s Bine HfRfonfun? Bofuesium, sodium, caloium and
amasaneswcﬁebayﬁﬁéﬂs@ﬁev%frw phalmasediitally-apegpiatile organig, nontoxic
nmpggel |hEIué'& b ar8®si Itrﬁ(l e%ﬂ@%HIItJ ?’gi sgcondary aad tertiary amines,
met hanesul f oni ¢ aci d, nesul'foni ¢ aci
nﬁé@fﬁrrrﬁ%ara@ﬁcfompgun@mﬁv ﬂléﬁ@gm!rfegmqtum @Iatur@ﬂ)abﬁwrrmg
aglbhtitREMRInfeaChydlic RRfk 3hE pasik %n—%&ﬁ%ﬁ% CSUCF'I%S
2009/ 062285 PCT/"CA2008/ 001611 aci pr opi oni ¢
amwylwlva q'@e%’iaﬁ"nebﬁfwtbﬂﬁ@'f‘@cﬁﬂw’awmdle@ymlde
Sﬂ"étrﬁb’émlﬁeqgéﬁopyla%lﬁ@rthBroﬁﬂbﬁlunesHFE)%’: nﬁin@cét nolamme

fanilic aci aric acid p-t uenesul foni c

aélewanemé@%@oqh@eﬁwlammﬁihawé 2rqigtaylaminoethana, dicyclohexylamine,
%ﬁ\%”ﬁ@ﬁﬁﬂé aRlidiKe %ﬁ@ﬂb%d@a%ﬁﬁe afldiidd, 8Bta W%’(;hgl@ﬁedlamlne

used erelnls i ntended to rreanthose sats
r 8lusPsANiRe pethylglyraminectheakroming egdnesn Birpreainer piperiding iN-

t BehylpiRAdRE] t@ﬁaﬁ@ﬂi\ylﬁmn@cﬁhuﬂﬁ %oﬂ%ur#ﬁso e%%bﬁzllam(n ium

ot hérw se undeS| rab e, forned with I nor nic ases ]
i RRTBRNNES: PdingolN. qut@dartﬂm%hlnﬁﬁwp@en IAe Nringthywmergholine,

C s @lanfiie, dhﬂeﬁ%ﬁ@rﬁm@t R Nléllb@ﬁﬁWEbH@Ehﬂémﬁﬂe”?te?henamme

cation such as sodium pot assl um i thium rum

niighetibangylethyisaediamine, pelyppiae resiemanhibs dike. famiguariy pagfarred
t B@ahlc'ﬂ%ntox%%’és% dlRisbpropyishpe! éﬁgth@raﬁnrkh RtHRANBRRHiIAE

pof assi um sodium cal ci um and nesium sal ts.
SH!“?%h%Pi”%‘HC%'QﬁW?‘ﬂﬁ’EF\?a@QJP?c%ﬂdl 8P€ept abl e or gani c

nont oxi ¢
The term “ester thereof” as used herein is intended to mean any ester of a
compound according to the invention in which any of the -COOH substituents of the
molecule is replaced by a -COOR substituent, in which the R moiety of the ester is
any carbon-containing group which forms a stable ester moiety, including but not
limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclyl,
heterocyclylalkyl, each of which being optionally further substituted. The term “ester
thereof” includes but is not limited to pharmaceutically acceptable esters thereof.
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bases include but are not Iimted to salts of primary,

secondary, and tertiary am nes, quaternary am ne
w@eopoenss, substituted am nes includi ng nat urBdT/¢A2008/001611

occurring substituted am nes, cyclic am nes and basic

I on- exchange resins, such as nethyl am ne,

di nmet hyl am ne, tri et hyI am ne, ethylam ne,

d 'T‘Fmtené!r]n@‘ﬂhgﬁ'nacetuﬁbéﬂg tﬂ@ esﬂe?(ﬁ%rd%@?f |h@f9|rpi§'|ntended to mean

tri I'am ne, tri mne t hano

dies ﬂ haﬁpmeourzi@n img/loahe mevtmnawvhlch any of the COOH

sngJtLEBHt@ﬁf tgtgfﬁé{@ﬁé]eug are %ﬁé{&éooaﬁé(ﬁi@gg%%bstltbéﬁﬁ F%vhlch the R

I ni ne caf fel ne m ne

b@nqﬁtm@f tI"@teh?;qrémnge(agql fiem allgl (,mhg:&rm gt not limited to methyl, ethyl,

i pﬂ%ﬁ :ﬂgm%{?\?gmh@pl P @ﬁ’bu%rglg%k?LeﬁT But not imited

c dorpsthergmethgd); rawlomellaﬂrfmewdjm beibngidionitgd to pwommeéhyl) arylalkyl

N, yoet iyl

BB Gy gRo. Bl AL GRS hBing it st

N pmmmmﬁ@ml)meﬂmcmane butinat pméﬁa’m pt’@nyl) optlonally su bstltuted
'\I\{:{h H;P %HZ@ n?ﬂ @rr( %)QI% OtmlsﬁﬂHI@SstE%%aﬂ%eq‘ggnc} mebeSIgn

rei err or gani ¢ nont oxi ¢ base

péPrO;d@qaﬁeoByn@aﬁeﬁré H cﬁdeﬁleemamwé& éewemop@mbmed by reference
trgy ?ﬁ'phx Uﬁcall? Ea&;’eg:'tém@éé‘thé@ré‘ §§uéﬂ2 ‘ng ze@fH;ivo when
e e a Se

caf I ne. et ster thereo ereln 1's
i jesiedtnta @ mammalamy tegstormed into the@ejsidarml o‘éthe@pmpngnd 0
t ' e
té%cc?]rﬂ G }}%2 BYée?'\tl}QQ ' \);?IE?J s é@{o th8 %ste%%gcﬁyﬁ%&{v%eﬁﬁléss
i othevish specified, goy alkyl regiety méeeegt rreferably gerains 1 to 16 carbon
C o) I r
W%F@t%; ’n@&@%r’é&%‘aﬁg 1%3;%%%6% PrPnEtArgF r21 rﬁ+ E@/ p‘?es%% ﬁ\ such esters
alPKsfaipbly coyprises & phenyt geougalniagrtisuley the eﬁters maa{rb}e aa(qeyé)alkyl
heter w&ismbst.tute&beﬁaﬁww&aé gé’r{zgfl e%?&%ueét.tu@a Q\Pth B1eB6t one

optional Iy further substit erm "est
t heloger."(Cr-nalkyd€s-slaltoxy. sﬂ'tﬁb?r trlﬂwﬁr@r@athvlo
phar maceutically acceptable esters thereof. - 11 WO
2009/ 062285 PCT/ CA2008/ 001611 The term

" ghateric sammal py usrdegreinrs intensied to eagpmpess hhmees,rae well as
| %eme@ntneamerg wiicH &{e%ugéep& Iale 16 %ﬂ%ﬁg 9 NGH-AGmER
the invention In any of stituents
oMmantealginciigel kut afeenqtémlta@ tSUdQWeSé'C A00TEHS, SUBI B$ COMItPigs,
' ﬂo?@%b CdbgsNet& rabBisClars Hd rtnil% & fdn- H&néﬁL%ﬂﬁst rom
al kyl (includi'ng, but not limted to et hyl,
propyl, 1-nethylethyl, 1,1-dinethylethyl, butyl)
a"l’lﬁ@’fé’rﬁl *fr)ébtn(én@fAsl{fgeagverJ?ms i hdé{i 1y d’ﬁ@é% th%%dmmlstratlon ofa
met hoxynet hyl); acy ¥ I nc
| CAMPREN & Ogemoéwywaﬁwwps %helpaeeew mventwelt@ allevipte pueliminate
n@{lm‘wﬂomstcﬁ‘lill‘ll thfediBAZYblor tieliexViad (04l i b Ralidtll 1k tehHt

not limted to,
treatment” also encompasses the administration of a compound or composition

according to the present invention post-exposure of the individual to the virus but
before the appearance of symptoms of the disease, and/or prior to the detection of
the virus in the blood, to prevent the appearance of symptoms of the disease and/or
to prevent the virus from reaching detectible levels in the blood, and the
administration of a compound or composition according to the present invention to
prevent perinatal transmission of HIV from mother to baby, by administration to the
mother before giving birth and to the child within the first days of life.
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phenoxynet hyl ); and aryl (including, but not limted
to phenyl) optionally substituted wth hal ogen,
w@ gbayaBkyl or (Cl.4)al koxy. Qther suitabl e eRCECA2008001611
be found in Design of Prodrugs, Bundgaard, H Ed.
El sevier (1985), herein incorporated by reference.
Such pharmaceutically acceptable esters are usually
hydrol yzed in vivo when injected into a mammal and
transfornmed into the acid form of the conpound
ad'(hertehrm gantlv.lrai Iagerithwme'ddrereild\i{s intendgc tadmean ahagettieatds
I‘l b I
Ftlvr%? gﬁ?mt&ﬁ%%oiﬁ\ ?&?a Ao agpmaggr}] ?ng@sl'ﬁt% m%ﬁ%al including
cduubmst lirdited s ageTts mapmta‘rieratvltly ellhardnost arairblonectaoisms necessary

et Lun Tl EpRalieh B UG TR ApaPie cerord mmy

be a (Cl.16)al kyl ester, an unsubstituted benzyl

e b, t

h;‘fh% %rﬁ{ M%@?VFM@EE@?H 63% L[lield h%?eMs |nteﬂElech %%Ear?gr?agent

t rcabalmle) pbredtiting or &mainatemgrthe abifftyedf Hl\és) nesbmateh erahost cell,

[ e mans, as well as non-human
Wh%{h%?%mﬁgdh&g}r?@%jzg&gtl ble to infection by H V.

Non- human manmal s i nclude but are not Iimted to

d I S UG Q :

c g{ﬁg%ﬂpg kl)—g uﬂ@érﬁs? s&aﬁt ?nas%evt‘ﬁed @b%@nl_n%ﬁ{e%?;?%blﬂqgéans the

armtegriase efifyme enaeded b termman ingnurodefidiencyivitus type 1.

intended to nean the adm nistration of a conpound or

conposition according to the present i nvention to

alTheverat éhesepaulticaiyrrifestivesgmpursimseats &4 ampwitat micompound

?%@é&rawé‘?? H‘:éqﬁ\‘;e%tl% r\@rlucﬂ Wﬁgw écﬂﬂ s’f’éggél b at-iréf‘ﬁ"lﬁl% thereof is
treat nén SO encomnpasses t M ni stration o

c sufligentitocffecimatsirt fondiseasectatbagonditions: opdiesrdars for which the

t p [

paPpRs BABIREDSBL: o AnobiHeucdli g LbiBEnt @ g Hidipical o

amedigal r:ﬂspgmset of & trsuelsysiem orpatient thatds spuaint by A researcher or

bl t

aicGen I8 pENERtof S GRRRA ERIAEINTto METeRTn Ahich cBnstutes a

dénerapeusicallyl ebigstive arnourﬁ @nlb\retﬁbdep%ndmgtqmesuch factors as the

adgiBbiind #1d WbiBbgRaCAbRLIH & mgQBASLLd R 2B FRGLDH the

e present 1 nvention to nt peri nat al

t timesatiadaiinisirasipn Hhey/ reyte af ﬂdmln@tratm Beoiate ¢fyexcretion of the
a@%ﬁb&ﬁ& "f“é Qtalich bMRe trBRREBE, tlji@fyﬁé %f éﬁh&é%gstg’tb ok %@R)‘ér being

to t d wthin the first
2@@9’9‘9@@2‘28@ SPETItGCAYeIre/Sed 16 SEqmb"Fﬁ’@rt \élfh"@f' Wdﬂntaéiv with the

a%i%ouﬁd% dﬁl‘?@mb@r‘]’c%‘nnar‘lcﬁthb%@nm g efdl h@glﬁ{‘tsex and diet
t hat effective to i nhib fornalon and

r @bmedoéit'ﬁ@tn reha tbqar,agguqc,qlI;aeffpgﬁy@pmoym{(gau dnenﬂ@termmed routinely

by one of ordinary skill in the art having regard to their own knowledge, the state of

the art, and this disclosure.
Preferred embodiments

In the following preferred embodiments, groups and substituents of the compounds

of formula (1):
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but not limted to agents that interfere with either
host or viral nechani sns necessary for the formation
w@eaboe228&pl i cation of a virus in a manmal . ThRCT/€ARM08/001611
“inhibitor of HHV replication" as used herein is
i ntended to nean an agent capabl e of reducing or
elimnating the ability of HHV to replicate in a host
cell, whether in vitro, ex vivo or in vivo. The term
"H 'V integrase” or "integrase", used/herein
I nt erchangeabl y, neans the |Qtegra enzynme encoded
by t he human |nnunodef|0|encyRV|rGS type 1. The term
"therapeutically ekﬁectlve anpunt ' means an anount of
a conpound accordi ng he ™ -nt'@@@Hmhlch when
adm nistered to a pati n ne¢d thereof, is
sufficient to effecy + Q dlsease st at es,
condi ti ons, or di s i cfftbhe gpnpounds have
utilié . % an _anount woul d be suff|C|ent to elicit
¢ BB B idnvasion pdessibedia it of a ti ssue
system or patient that is sought by a researcher or
ck52|0|an The anmount of a conpound according to the
ntion which constitutes a therapeutically

eRF.ACt invéhePsrmbodimBht R* 162 o@%@ﬁﬂﬁdﬂﬁll@&b%ﬂ@técf\ﬁm PtoS3
as the conmpound and its biol ogpcal activi

t
c oS PYTUNET P GTHegaRFTY P BEaHor Flo, (G kg (Czolakenyl,
adm ni &t .rfald %/I t(b%)éyélﬂaﬁ(ypfoﬁd@(m Shlkgt ISP ’-S(fU?@afk?F &NH.,

of excretlon 0 conpound, the duration

t r eat neHH( 115)|§5<y’t%)}9'e N&(C+ giaduba @’h§feéﬁ hedfdplkyitiertionaling

treat egu@ﬁmtédﬁltﬁ;ﬁ%ﬁb*}l Myar@rd#@&o used in combi nation
or coincidentall conmpounds of the

Bt Inaotias erigeinaas, R gt QBiogaly BBl wifthioh,
sex angughtiglentsdach h%e%@hél@ﬂl& se@Hféa fidnt I'i‘&é 3(@? &)Efkﬂa{d%)alkenyl

effecti ve anmount can determ ned routi ne

of or diGatfipleayl. (C4- ﬂCVlC}?@'kalr tOHa\Q(ﬁgs)a'@dawSa* r%(Cn h)é|kvl -NH;,
own knaykedgaikyt aH -Né@@)a%l)z the art, and this

di §c| osure Preferr odiments In the follow n

pRefer Ineanoth embieginent, %r'@ﬂﬁ@hthﬂd’r By, ioptiendlly selps %ttﬁgd with 1

conpoupfs sutituAtsBHcA lr{de}aendéﬁly \éQe&QQ%/oﬁﬁﬁaZ@E(Q )alkyl,
PCT/ CA2008/ 001611 4
(C1 4)haloalkyl O(C1 4)alkyl NHz, NH(C1 5)a|kY| and - N((C1 e)alkyl)z

R*D: In another embodiment, R* is phenyl optionally substituted with 1 to 3

ders‘for

substituents each independently selected from halo, (C1.)alkyl,
(Cyg)haloalkyl, -O(C.s)alkyl, -NH,, -NH(C¢)alkyl and -N((C.¢)alkyl),.

R*E: In one embodiment, R* is Het optionally substituted with 1 to 2 substituents
each independently selected from halo, (C4.5)alkyl and O-(C,.5)alkyl.

R*F: In one embodiment, R* is Het optionally substituted with 1 to 2 substituents
each independently selected from CI, F, CH; and CH,CH; wherein said Het
is defined as a 7- to 14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 2 heteroatoms, each
independently selected from O, N and S.

R*-G: In one embodiment, R* is Het optionally substituted with 1 to 2 substituents
each independently selected from halo, (C,.;)alkyl and O-(C,)alkyl, wherein
said Het is defined as a 9- or 10-membered saturated, unsaturated or

aromatic heteropolycycle having wherever possible 1 to 2 heteroatoms, each
-14 -



COON R NCOCH3 (I) according to this invention are
described in detail. R4: R4-A: In one enbodinent, R4

WO 200a/0§128Dr Het optionally substituted with 1 POI/8A2008/001611
substituents each i ndependently sel ected from hal o,
(CL_6)al kyl, (C2_6)al kenyl, (C1_6) hal oal kyl,
(C3_7) cycl oaI kyl, -OH, CXCl 6) al kyI - SH,

- S( C1. d
- Ng ( Clﬁ; FT\QJ‘?TI% s'e_l\%ﬁteg ﬂNw’( 6%@# 6) aIaEyI IS
om“+l-bndrh laryothmdmboohménﬁdRWstphehyA dptionally sytestituted wittx ¢ to 3

subst i cUPERRI Fec PaesPOR e eelsdi i S by Rk

i ndeperdentdiyalisg]-O¢C edalkyl,oniHa aNGL(C(Fdlk aabl KN(C1.¢)alkyl), or R* is

T E%B%%rlgfl&%ﬁlsh?@? \'m‘ﬂg'g @ﬂi gyéﬁ%ﬁ?s‘:‘%’ grdepEndenty

- NH( C1 sébeaﬂe&ydonamo (Ng £)8lkylGnal Byt ). falkyRAvHSreih BarrHétiedefined

SUbet | CaGds hitHerbe SHumiis Prsieteianomatc feteropolycyci
i ndepehdgng Weﬁ‘@beﬁésﬁtblé 1 @12 Ralefoatdrid, ehkRlintdebendently selected
(C1_4) hal o I kyl , -QO(Cl.4)al kyl, -NH2, -NH(Cl_6)al kyl

and N?P@l '§ ¥)2. R4-D. in another embodinent, R4

I R4phemny bnaipén é?ﬁlfﬂdlrﬁetﬁukskldhéh;ﬂ@p%ﬁa‘ﬂy subHituded W|th 1 to 3
substituents each independently selected fromh

( Co_4) MRsfituenty eachsfgrpendently se ecadémfaﬁ?k@r CHNH§H<CH3)2,
- NH( C1 o), JloH,cane @&i(lscénoﬁ-)ﬁﬂll%d/ ﬁ"as HBﬂoﬁionIaW Qﬂ)%tltuted with 1
y

enbodi nent, R4 is Het optional substituted Wth

2 subs{q  gepstiueniseachii ’ﬁﬁﬁ’ﬁ@ﬁ%ﬂtsleﬂfec?éil fean €4 Ff Fbln (Hd:tQﬁs and
(C1_3) ddey whBRirQdidHeBkdlekddd ad¥d 7For 141m@RBered saturated,
enbodi ment, R4 is Het optionally substituted with 1 to

2 subsungaluiates or@iRRatigRipeRakRIclehavingerasever peasicle 1 to 3

F,  CHB harebdibiS &b chitticBeRdatly delbbled flofh Bellingd as a 7-

to, 14- nmenbered saturated, unsaturated or aromatic
h&'=k oforRRtieriembesimery. Bhisselpsiedfosti bl e 1 to 2

het er oat ons, ega [ ndependent Iy sel ect ed from0O, N
and S. R4-G

substituted w 1t
|ndepenl yct
o(a. 3 fer &

10- merrbered saturat ed unsat ur at ed or arormtl c

het er op y ycI 2 R VI er/evé¢ po eltwm
hetero S Ny /

and
being optlonally substltuted 1 to3 tlmes with halo, (C4.3)alkyl and O -(Cy.
a)alkyl.
R*K: In another embodiment, R? is selected from:

BoY Y &

being optlonally substltuted 1 to 2 times w:th halo, (C, 3)alkyl and O-(C,.
s)alkyl.
R*L: In another embodiment, R* is selected from:

-15 -



-14 WD 2009/ 062285 PCT/ CA2008/ 001611 i ndependently
selected from0O, N and S. R4-H In another enbodi nent,
woZoovmeBENyl optionally substituted with 1 toPGI/CA2008/001611
substituents each i ndependently sel ected from hal o,
(Cl_4)al kyl, (Cl_4)haloal kyl, -Q(CL.4)alkyl, -NH2,
-NH(C1_6) al kyl and - N((C1. 6)a| kyl)2 or RA is Het
opti onal Iy subst i t ut with 1 tg 3 substituents each
lyy selegted ,\Mom : (C1_4)al kyl and
n gald Het\is/defined as a 7- to
at ed, Nnsaturayed\ or aromatic
60ssible 1 to 2
het er oat ons,. each i ndepend@® |y selected fromoO, N
and S. bgiag ppthna"hﬁ@hswéﬂe%irﬁba t"ﬁ*éﬁwth Ralo, {Cphalieyand O-(C+.
opti onaPkyl. substituted with 1 to 3 substituents each
Fﬁdypemwmey sotodiant RripRekcteditomsy | - 05,
-CH(CH3)2 CH2F, CH2CH2F 3_and

het er oat ons, each I ndependent | y sel ect ed from 0; N apghy
S. R4-J: In @net her embodi ment, R4 is selected from S
O HN O 88k 0 and being optionally substituted 1
to 3 timng hal o, (Cl1.3)alkyl and O (Cl_ 3)alkyl.
R4-K: In enbodi nent, R4 is selected from OO
O NH HN./and \€i ng opti onal I y substituted 1 to 2 tines
wi th hal o, (Cl 3)alkyl and O (Cl_ 3)alkyl. R4-L: In

anot heb)elﬁglbgmnﬁhsubsmwtﬁecu el soeewith heley (Cqs)alkyl and O-(Cy.

3)alky
R*N: In another embodiment, R* is selected from:

F
Cl Br
O 5D
Br cl F H,G  CH, F o
F, 1 ’

-16 -



-15 WD 2009/ 062285 PCT/ CA2008/ 001611 / \ O O O being
optionally substituted 1 to 2 tines with hal o,

wo gb98yaBkyl and O (CL 3)alkyl. R4-M In anotP@r/CA2008/001611
enbodi nent, R4 is selected from 0 O O O HN O HN and
O N being optionally substituted 1 to 2 tinmes with
hal o, (Cl-3)alkyl and O (Cl- 3)alkyl. R4-N. I n another
enbodi ment, R4 is selected from F C Br CH3 S-CH3

Br § F M8COBEF O F Bylé \E B
3 C\CH3 F RCl/C C 7 \ C
PZT/\§A200 1(?:1 c F
c C 1-13C

o) H,C 0
cl cl

-17 -



CFi - - - 30000 G G Cd/\I H OOOOH 3C
\'d RF OO0OOOO HCCO HCFOO F HC-17 W
wQO®9/0aa2Y85 PCT/ CA2008/ 001611 P 0 O F O O F FCT2CA3IG8/001611
O CcB8-- F FOOFOOO G FA FA FFCHBI

a | ad NVNVHO-NO-NO N FQ N-N-P

70 HO -NO -NOHNOCL_ C111 N and R4-O In

anot her enbodiment, R4 is selected from

RBP F=B

R*0O: In an,other embodirﬁent, R*is selected from:

-18 -



w HCWCL -w- - FF- O0OO0OO0OO0O HICAUC

F H3C -18 WD 2009/ 062285 PCT/ CA2008/ 001611 O
FFOHIC OCH3 - - - - OOF O OET/Ch2068/001611
O'jj CHB3 CO NN NN\ NN\ HHO-NO-NO

HN O O OHN O and One skilled in the art wll
recogni ze that when the R4 substituent is not
symmetrically substituted about the axis of rotation

[S—

of the Bond att aghi do Cgre rotational isoners o
or atrisrrers 'Ie 0
ot H,C.
> % rot alid
in which the

substit uents

atropl somer Formed duri ng ‘synt hesi s; present at
equi IFf brium and the degree of steric
F

and

One skilled in the art will recognize that when the R* substituent is not symmetrically
substituted about the axis of rotation of the bond attaching R* to Core, rotational
isomers or atropisomers are possible. Compounds of the invention in which the R*
substituent is not symmetrically substituted about the axis of rotation of the bond
attaching R* to Core and in which the carbon atom bonded to the -COOH and R®
substituents is chiral, as described above, will have two chiral centers, a chiral
carbon atom and a rotational axis of asymmetry, and thus the atropisomers will exist
as diastereomers. However, individual diastereomeric atropisomers may or may not
be detectable and/or separable, depending upon the relative amounts of each

atropisomer formed during synthesis, present at equilibrium, and the degree of steric

-19 -



-19 WD 2009/ 062285 PCT/ CA2008/ 001611 hi ndrance to
rotation about the G4 chiral axis, and therefore, the

WO 2400/06283hi ch i nterconversi on between t hese PCT/CA2008/001611

atropoi sonmers occurs. Once separated, individual
atropoi soners may be very stable or interconvert,
rapidly or sIOV\Ay with each other toforman

ui | ibri.um tr sorre R4- P. .1 n _anqt her
o il oot &bt e G UleARL RIS BT thertoigs el fphien
Brintel®GnyersiGhiBetilech thidse'at®pBisofderdoccurs. Onke Beparatet, hdividual
\ EOCH3 F

C'%ro,go%me?_s md_ge %r% sE‘bﬁ ér@tg"-_cga/ért,\@%ly /07 \sIPVI\:/MB\Evi.tr?%ac/‘h other
\ t€Form. an équlilib8Lum. mixfard-ofatipolomdss.F / \ C C cl d

B 03B B ATRRIBE BoRpElce o

peg FY-Y
éé&@é@
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FNI HC$ OOOOF -

- FFOOOO G d P,,.
HHC OOO HCdOa - - - - CF
\

, , OOF OO H3C.,,
c\ d , , , Or3uca@smicll
3, -21 WO 2009/ 062285
s C H A "'"NN \ ~\

wo200906885, , OO G \ C
c/ \V\a \ d CFi H3 -
PCT/ CA2008/ 001611 O O H3C,

CHB NN p'" O F..,a ../ \va d "IF [ \N

[so B R A

F

-21 -



pOOHOO FF', OOO d

0.3\ and R4-Q In
anot her enbodinent, R4 is sele fr

0]
o

om OOOOFO
W@Roob/0&28% F - - OO OO0 d H3C. H 3 C - 2BCTMDA2008/001611
2009/ 062285 PCT/ CA2008/ 001611 F O
, OOOHICO Cd C H3Cg4 - 3
H3 C o S (Il:iii:: N N N
adadi/\.....FE 2N, OO

0]
H.Co
3 O |||||

-22.



av/\va dpr F..... \' OO0 d..../ \'/ \ and N

R4-R I n anot her enbodinent, R4 is aryl or Het,
wob@eesnstach of the aryl and Het is optional PGT/CA2008/001611

substituted with 1 to 3 substituents each

i ndependently selected -23 WO 2009/ 062285

PCT/ CA2008/ 001611 from hal o, (Cl1_6)al kyl,

(C2_6) al kenyl , 6 (03_7) cycl oal kyl, -OH,

-Q(CL_6)al kyl
- NH( CL /B) a\ ky!

(C1 s\ is opt
cyaRo o 0; MGnd
nongsubst i Pt ed aty
i nd- VI dual

enbodl

e H

R6 . H F, Q/or (C1_ 2)a kyI . 1
enbodi nent,, R6’ is H F, d’ or CH3: R6 E: In another ,

enmbodi pent, R6 CH3. R6-F: In another
enbod{neft , [ G | n anether

enmbodprEnt i pehi dpal

def+=x ON ad conyl ngd

w th and on of R d R7

asst out hersein. : : Inoeenbodlrmt, R7 is
H, halo, (Cl.6)alkyi or (ClL _6)haloalkyl. R7-B: In,
anot her enbodi ment, R7 is H, halo or (Cl_3)al

s aee) ‘%5

R*R: In another embodiment, R* is aryl or Het, wherein each of the aryl and Het is

optionally substituted with 1 to 3 substituents each independently selected
-23-



R7-C. In another enbodinment, R7 is H F, C or

(Cl1_2)alkyl. R7-D: In another enbodinent, R7 is H, F,
w@k00o06228B8. R7-E: I n one enbodi nent, R7 is H, PET/OA2008/001611

CH3. R7-F: In one enbodinent, R7 is Hor CH3. R7-G

In anot her enbodinment, R7 is H Any and each

i ndi vidual definition of R7 as set out herein may be

conbi n n i.nci v i 0l L of
L ey
subgene® ([€2 e)aﬂdydeHmSK@ Qdlkyl, B Har-bisHG1 o) alkyl @ndl kN((QCaer)mkyl)z,

set t h.i fol l.owi.n er.el

subst i yvughefn @ng )@?yl 12 X\%ﬂog'rr@}' gjb%t' u}%iv{é% @gf%yano or oo,
2009/ 0622 8hekGTiheARY 8@ dddbiubslisitedatthe pacr whisitignt o

the definitions set forth above: Enbodi nent R4 R6 R7

E-1 RA-A R6-B R7-C E-2 R4-A R6-D R7-C E-3 R4-A R6-E
RAn{ anEeéchﬁaddeél-d'efinﬁvof E4 5s But-oAit Rereld IRy Be cémbinéd with any

R7-E . E-7 R4B R6: B, , RA-B R6-F R7-A E-9
Rﬁ”ge?z%h' d\&%-“ﬁ‘ 5%-”%8” ﬁﬁ- E a?-ﬁg UtRS™N 4. C R6- F

R7-D E-12 R4-D R6-E R7-F E-13 R4-D R6-D R7-F E-14
R4zD R6-G R7-F E-15 R4-D R6-E R7/-G E-16 R4-D R6-D
R E-17 R4-D R6-E R7-C

R®-A: In one embodiment, R is H, halo, (C1.)alkyl or (Cy)haloalkyl.

R®-B: In another embodiment, R® is H, halo or (C1.s)alkyl.
RE-C: In another embodiment, R®is H, F, Cl or (Cqo)alkyl.
R°-D: In another embodiment, R®is H, F, Cl or CHs.
R8-E: In another embodiment, R® is H, CH; or CH,CHs.
Re-F: In another embodiment, R® is H or CHs.

R®-G: In another embodiment, R® is H.

Any and each individual definition of R® as set out herein may be combined with any

and each individual definition of R* and R’ as set out herein.

R’-A: In one embodiment, R is H, halo, (C;.5)alky! or (Cy.s)haloalkyl.
R’-B: In another embodiment, R’ is H, halo or (Cra)alkyl.

R’-C: In another embodiment, R is H, F, Cl or (Ci0)alkyl.

R’-D: In another embodiment, R” is H, F, Cl or CHs.

R’-E: In one embodiment, R” is H, F or CHs.

R’-F: In one embodiment, R” is H or CHs.

R’-G: In another embodiment, R” is H.

Any and each individual definition of R” as set out herein may be combined with any

and each individual definition of R* and R® as set out herein.

Examples of preferred subgeneric embodiments of the present invention are set

forth in the following table, wherein each substituent group of each embodiment is

-24 -



E-18 RA-E R6-C R7-A E-19 RA-E R6-B R7-C E-20 R4-E
R6-B R7-B E-21 R4-E R6-B R7-E E-22 RA-E R6-E R7-C
WE2BY0RASF R6-D R7-A E-24 RA-F R6-E R7-C  E- 2BCREAF08/001611
R6-C R7-B E-26 RA-F R6-B R7-E E-27 R4-G R6-A R7-D

E-28 RA-G R6-C R7-B E-29 RA-G R6-B R7-A E-30 R4-G

R6-B R7-G E-31 R4-G R6-A R7-E  -26 WD 2009/ 062285

PCT/ 008/ 01 di et R4 R6 R7 E-32 R4-G R6- A
R%-L ne %]"h%d 'Bsei%%tli? R9V® R6-C R7-E E- 35
R4-HR6CR7F E-36 RA-H R6-D R7-E E-37 R4-H R6-D

R7-F E-38 R4-H Re-E-R7—E 39 R4-H R6-E-R7Z-F E-40

R4-H R6-G R7-B  EEmbodimpnReRC RT-RE E{R2 R4-H R6-F

R7-C E-43 R4-H R6-GR7-E 4% R R6RP R E
E-2 R-A |R%-D |R’-C
E-3 R“A |R%E |R-F
E-4 R“A |R-F |R"-A
E-5 R“A |R%E |R’-E
E-6 RB |R%“E |R-E
E-7 R“B |R®B |R'-F
E-8 R“B |R%F |R’-A
E-9 R“C |R%A |[R™-A
E-10 R-C |R-D |R-A
E-11 R“C |R%-F |R’-D
E-12 R“D |R%E |R'-F
E-13 R“D |R%D |R’-F
E-14 R“D |R-G |R-F
E-15 R“D |R%E |R’-G
E-16 R“D |RD |R’-C
E-17 R“D |R%E |R’-C
E-18 R“E |R%-C |R-A
E-19 R-“E |R*B |R’-C
E-20 R“E |R%-B |R’-B
E-21 R-“E |R%B |R’-E
E-22 R“E |R%E |R-C
E-23 R“F |R*D |R™-A
E-24 R“F |R%-E |R’-C
E-25 R“F |R%-C |R’-B
E-26 R“F |R%B |R-E
E-27 R“G |R%A |R’-D
E-28 R-“G |R-C |R’-B
E-29 R-G |R%-B |R™-A
E-30 R“G |RB |R’-G
E-31 R“G |R%-A |R'-F




E-45 R4-H R6-D R7-A E-46 R4-H R6-A R7-B E-47 R4-1

R6-C R7-E E-48 R4-1 R6-C R7-F E-49 R4-1 R6-D R7-E
wE2@0/062283 R6-D R7-F E-51 R4-1 R6-E R7-E E- SPCTREA008/001611

R6-E R7-F E-53 R4-1 R6-B R7-C E-54 R4-1 R6-A R7-G

E-55 R4-1 R6-B R7-C E-56 R4-J R6-C R7-E E-57 R4-J

R6-C R7-F E-58 R4-J R6-D R7-E E-59 R4-J R6-D R7-F

E-60 R4-J R6-E R7=E_ E:61 R4 R6-F RTE E162 R4-J
R6-F R7-D E-63 R§m9°EBUWtFE%A 1% wg B009//062285
PCT/ CA2008/ 001611 Erppdi nem -4 | R6-AR7| BL.64 |R4-J R6-F
R7-G E-65 R4-J RE=GRF-F Ep6 R4 R6-ER7-F E-67
R4-J R6-D R7-G [E-6& -3 RESERTREC ELB9DPRA- K R6-C
R7-E E-70 R4-K R6- G.3%¥-F R4 R&ele RORDERT-E

E-35 R“H |R%C |R’-F

E-36 R“H |RD |R-E

E-37 R“H |R%D |R'-F

E-38 R“H |RS-E |R’-E

E-39 R“H |R%E |R'-F

E-40 R“H |R%-G |R’-B

E-41 R“H |R%C |R’-F

E-42 R“H |R%“F |R-C

E-43 R“H |R%G |R'-E

E-44 R“H |R®D |R’-E

E-45 R“H |RD |R™-A

E-46 R“H |R%A |R’-B

E-47 R R8-C |R-E

E-48 R R°-C |R’-F

E-49 R*-| R-D | R-E

E-50 R R8-D |R’-F

E-51 R RS-E |R-E

E-52 R*-| R°-E | R'-F

E-53 R“l |R-B |R-C

E-54 R4 |R%-A |R-G

E-55 R R°-B | R’-C

E-56 R“J |R-C |R’-E

E-57 R*“J |R%C |R’-F

E-58 R“J |RD |R’-E

E-59 R-J |R®D |R'-F

E-60 R-J |R.E |R-E

E-61 R-J |R%“E |R'-F

E-62 R-J |R.-F |R’-D

E-63 R-J |R%-A |R-A




E-72 R4&-K R6-D R7-F E-73 R4-K R6-E R7-E E-74 R4-K

R6-E R7-F E-75 R4-K R6-G R7-A E-76 R4-K R6-B R7-C
WE2009/06228K R6-G R7-E E-78 R4-L R6-C R/-F E- 7TBCTREAR008/001611

R6-D R7-E E-80 R4-L R6-D R7-F E-81 R4-L R6-E R7-E

E-82 R4-L R6-E R7-F E-83 R4-L R6-G R7-A E-84 R4-L

R6-B R7-C E-85 R4-L R6-G R7 E E-86 R4&-L R6-C R7-F

E-87 R4-L R6-F Rj=F—£-88 R6-ER77G;E-89 R4-L
R6-A R7-C E-90 RE"@%"‘B"R?RA B-R1 R4RU Rel C R7-F
E-92 R4-M R6-D RJ-E EF493 R4RNUR6 B R7{R7.c- D4 R4- M
R6-E R7-E E-95 R&=MR6-EF 27 \mPﬁ';eeg- 062285
PCT/ CA2008/ 001611 EErﬁédu menRka |i-@&7 | B'66 Ra- M R6- G
R7-A E-97 R4-M R6-Begg-C ER9§ R&RM RORGRTHE

E-67 R*J |R%-D |R’-G

E-68 R*-J |R%-G |R-E

E-69 R'K |R.-C |R-E

E-70 R-K |R-C |R'-F

E-71 RK |R%D |R-E

E-72 R“K |R:-D |R-F

E-73 R'K |R%E |R-E

E-74 R“K |R%E |R'-F

E-75 R“K |R-G |R-A

E-76 RK |R®B |R-C

E-77 R“K |R%-G |R-E

E-78 R“L |R.-C |R-F

E-79 R“L |R*D |R-E

E-80 R“L |RD |R'-F

E-81 R“L |R%E |R-E

E-82 R-L |R%-E |R'-F

E-83 R“L |R-G |R-A

E-84 R“L |R%-B |R’-C

E-85 R-L |R-G |R’-E

E-86 R“L |R-C |[R’-F

E-87 R“L |R.-F |R-F

E-88 R“L |R-F |R-G

E-89 R-L |R%A |R’-C

E-90 R“L |R%D |R™A

E-91 R'“M |R%-C |R'-F

E-92 R-“M |R%-D |R’-E

E-93 R“M |R%-D |R’-F

E-94 R“M |R%-E |R’-E

E-95 R“M |R%E |R’-F




E-99 R4&-M R6-C R7-F E-100 R4-M R6-F R7-F E-101 R4-M

R6-F R7-G E-102 R-MR6-A R7-D E-103 R4-M R6-C R7-B
WE20046245 N R6-C R7-E E-105 R4-N R6-C R7-F EPAD6ARMSMI611

R6-D R7-E E-107 R4-N R6-D R7-F E-108 R4-N R6-E R7-E

E-109 R4-N R6-E R7-F E-110 R4-N R6-F R7-G E-111 R4-N

R6-B R7-B E-1 12 R&-N R6-G R7-A E-1 13 R4-N R6-A

R7-G E-114 R4- Q-R6-C-RF-ETE-115h R4-QR6-CR7-F

E-116 R4- O R6- D [FEmpodiment7 RY- o/ RE-D R F |E- 118 R4-O

R6-E R7-E E- 119 RIEQE6- £ Ry | Rek20 RAAO|R6-B R7-F
E-121 R4-O R6-G R7-B5E-122 R4-OR6~FRA-A—(E- 123 R4-P
R6-B R7-A E- 124/ RAEFORG- C |R-M | R*-B25 RA4CP |R6-D R7-C

E-126 R4-P R6-E R7-B oF- 127 R4uPIRe: & RE-E |- 28
E-99 R“M |R%-C |R'-F
E-100 R“M |R%-F |R'-F
E-101 R“M |R%F |[R'-G
E-102 R-M |R:A |R’-D
E-103 R-M |R-C |R’-B
E-104 RN |R%-C |R-E
E-105 R“N |R%-C |[R'-F
E-106 RN |R%D |R’-E
E-107 RN |R:D |R'-F
E-108 RN |R%E |R-E
E-109 R“N |R%E |R'-F
E-110 RN |R%F |R-G
E-111 R“N |R%“B |R’-B
E-112 R“N |R-G |R™-A
E-113 R“N |R:-A |R-G
E-114 R0 |R%-C |R-E
E-115 R0 |R%-C |R'-F
E-116 R0 |RD |R-E
E-117 R“0 |R%D |R'-F
E-118 R0 |R%E |R-E
E-119 R0 |R%E |R'-F
E-120 R0 |R%B |R-F
E-121 R0 |R.-G |R’-B
E-122 R0 |R%-F |R-A
E-123 R“P |R%B |R-A
E-124 R“P |R.-C |R’-B
E-125 R“P |R%-D |R’-C
E-126 R“P |R%E |R™-D
E-127 R“P |R.-F |R-E




WD 2009/ 062285 PCT/ CA2008/ 001611 Enbodi ment R4 R6 R7
E-128 R4-P R6-G R7-F E-129 R4-P R6-A R7-G E-130 R4-P
WO 06228A E-131 RA-P R6-B R/-E  E-132 R4-P RBETZCRI00B/001611
E-133 R4-P R6-D R7-G E-134 R4-P R6-E R7-E E-135 R4-P
R6-F R7-F E-136 R4-P R6-G R7-G E-137 R4-Q R6-B R7-A
E-138 RA-Q R6-C R7-B E-139 R4-Q R6-D R7-C E-140 R4-Q
R6-E R7-D E-141 R4&-QR6—F+—RI-E—E-1H42R4L-QR6-G R/-F
E- 143 R4- Q R6- A REmbodiment, R-A RR'A E-145 R4- Q

R3-Q
R6-B R7-E E-146|R4- -C 4 ! - -D R7-G
E- 148 R4-Q R6-E R? EQ1_- 149%4_!5(2 %ﬁl@ R.ﬁ-{. -150 R4-Q
R6- G R7- G Exanpl es dE-188st pRéPer|rR%A comiddinds
according to this i on| gkg € simgl,e | conmpound
S a0 8% TR

listed in the followng Tah “gel al |
tautoneric and i sonmeEHN81f or NR*-Bnd RA-Bt UREE t her eof ,

for exanple, |ndivigygl taULPAET S, J€ tric isoners,
st ereoi soners, a roﬁ'ﬁg#mrs he’ a ﬁ?éﬁerg}ﬁ

d! ast ereoners, racenahss, r artpi ¢ RLD NOR/IGCEM C
m xtures of stere¢goi bEUI1I§,‘ab RP |RE |RE
E-135 R“P |R%-F |R'-F
E-136 R“P |R%-G |R’-G
E-137 R-“Q |R>B |R™-A
E-138 R-Q |R-C |R’-B
E-139 R“Q |R“D |R’-C
E-140 R-“Q |R%“E |R™-D
E-141 R-Q |R-F |R-E
E-142 R-Q |R.-G |R'-F
E-143 R-Q |R%-A |R’-G
E-144 R-Q |R%A |[R-A
E-145 R“Q |R*B |R-E
E-146 R“Q |R%-C |R'-F
E-147 R“Q |R%D |R’-G
E-148 R-Q |R-E |R™-E
E-149 R“Q |RF |R'-F
E-150 R-Q |R-G |R’-G

Examples of most preferred compounds according to this invention are each single

compound listed in the following Table 1.

In general, all tautomeric and isomeric forms and mixtures thereof, for example,
individual tautomers, geometric isomers, stereoisomers, atropisomers, enantiomers,
diastereomers, racemates, racemic or non-racemic mixtures of stereoisomers,
mixtures of diastereomers, or mixtures of any of the foregoing forms of a chemical
structure or compound is intended, unless the specific stereochemistry or isomeric

form is specifically indicated in the compound name or structure.
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m xtures of diastereoners, or mxtures of any of the
foregoing fornms of a chemcal structure or conpound
w0 g009n0628%led, unl ess the specific stereochem sPCHCAR008/001611
isomeric formis specifically indicated in the
conmpound name or structure. -29 WD 2009/ 062285
PCT/ CA2008/ 001611 It is well-known in the art that
t he bi ol ogi cal and pharnacol ogi cal activity of a
conpound is sensitive to the stereochem stry of the
C dtip euethdtnowiii insthe fadrthﬁﬂlwbibbgicammhammecdogjéal @ntivity of a
exhi SLrd
)é [n% |s dseg{s @?éetﬁ é@é fstlfeﬁeo%ﬂémr& oP | ncebﬂp%ﬁéélr \éllrl)w'ié% for example
| rwbutnhnngs uﬁerabxﬂlblssmklpglwbléﬁererib blmtbgmgzj activdy inbleding Ide‘ferences in
a LC . i .inc i .
@ﬂa %%Hg{;?gg %n%gélgl’gg,tlﬁéecﬁlg%wgga%gpérﬂ, ﬁ#@bﬂ?@g&ﬂ? atn\éQﬁe mIe and
rpdiatrhﬁ_ﬁ:olqglwl prohedies,onaudikg tHedybe of acligtyatisplayied| the degree of
a 3 | .
B BB, 43 ot e FRAY phe e R 2 TR P e
t @naht@nasrhneay tmmnta aniiee oomaykenibis bermfiaiabelfdctsowherhenriched
o) .
aﬁ%]gﬁveetpgl%btﬂg?% antu@ggg élj Vga“r@.{a %éf)araqgoefrﬁrlﬁ t!ger 8@8 eca{n:ﬂgrg
pmpwpealtyhen@sialtHdu io ther &t wpulﬂrkepwmnwdqndsarafe, erich, or selectlvely
%%% tHerle\f‘n%H{ rﬂe]rsfoﬁ‘ %Bpéd?ﬁpo%un?é 8Ftlng ?J%s%nfaiﬂgerﬁilaﬁ from this
edge 1n eart. reparation of pure
stdesc@@usoamlrtbe keowledgmiartbe erter s and di astereoners, or
m xtures of desired enantioneric excess (ee) or
enantioneric purity, are acconplished by one or nore
ofPrepezatimsnf pued stedoisomefs . epantzimers and diastecdamersror ofixtures
b nt j
¢ o BhRE prughec Yoo BEL bSO NS R T PF B o HHEHEN by one
t loe meoé of the ey mesbadsusfi(arsepetatiod sr tpenktian bienapligmers, or (b)
Clelngl%ose%?: h%gls%gwhrt]& lh%gg glgl |n tﬁe(gqu‘pclr% ' combination thereof.
chromat og ra usin
eermase tﬂeelueom me@ddegenergiim@ﬂy @denaémbgmmn am:lsloblude dor
h [ : .
enan : Pfgsgri?rbﬁ\ta%yébgg%lnﬁaéhlrgilgféék);%%%gesa reaantloselectlve host-
nguestopmplexatisn, meetqltdlon@s eynjhemusm clyrpd atdlissies senantioselective

GRS Sahal oo il Aot e et brtadRaRbhs

Aeﬁammsetealiveocpyﬂtdhzamov mhmethpd@re&ﬂ@tqmdgeaerau)eld Ohiral
ce B Tadepon PR oo Fydio Siibaaith i)

AN\AI]@&-Vlezc&)D Bé&pBeasiepand ByP . \0hiSontt@yraaPhsomatdgraphy, John

Fur & mS)n?sé 13?% %nd%t@ﬁ& Alﬂ%f rﬁ%?‘%%& on'é%&?ﬁi&ﬁgtbgralphy,
t Aen. dthem. iSoat, 2600, dterain mprmrmf:d by eslerenee. durthemniarg, thérgrare

equally well-known methods for the quantitation of enantiomeric excess or purity, for
example, GC, HPLC, CE, or NMR, and assignment of absolute configuration and
conformation, for example, CD, ORD, X-ray crystallography, or NMR.

Pharmaceutical composition

Compounds of the present invention may be administered to a mammal in need of
treatment for HIV infection as a pharmaceutical composition comprising a
therapeutically effective amount of a compound according to the invention or a

pharmaceutically acceptable salt or ester thereof; and one or more conventional
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exanpl e, GC, HPLC, CE, or NMR and assignnent of

absol ute configuration and conformation, for exanple,
wED) IR X-ray crystall ography, or NWR PCT/CA2008/001611

Phar maceuti cal conposition Conpounds of the present

i nvention may be adm nistered to a manmal in need of

treat ment for H V infection as a phar rmceuti cal

AT P BT SRR 5PIR T 76 FHB 2N RREEN GRS ol esspecitc
) Ir:&mmmeubf thal doynp@eme@tsadﬂtanﬁraéd bycthe @6iuBilitytdheroRemicatdture of
Pg:% got% \ﬁggetrlhrgﬂ%tcg)a%ewypra%on ang sgangard pharmaceutical

p beddtm@ el pha%arcamca rbapbsiticraaddotding toattle pre@hiSin@gntion may be
cific formulation of the conposition

H‘éﬂ'gtﬁf’r&’é@'vt&{f Stﬂ%m%‘%b. lity and chenical nature of

the corrpound t he chosen route of adm nistration and

C OROC TS SRS o eboRhE M Cenios AV P g e ety

admnrthsbﬁfeedt i® bdﬂ\tbbhpﬁjtecﬁmst tﬁmphatnhaceuwm Borﬁﬁ&ltlon according to
of a chiral active

antl om | ng Eh g 5
a1 BYETEN 514y SOFTRISP B4acqTF IY}URHRIING Aidve iteedient, a moxure
C @htldtdml iabad eheﬁlﬁtoniéﬂ of mlearcmae:mgteldmt orc®d m@%nfahﬁmner of the
accor di nventJ

he L

SRl ndiReent, Tha Gy PPt e ST AR e 7 41 Sl ngeegtent s
I Botampiateiol cotin Déminfie aein 50% td’l@fcﬁniﬂ e0% oPbnéepatitdmer of
o 2R Hortierk 36 2301 aneir b0 fans T 507R S i b Gmentiamer of
cmuam]?é afgeetii¢ra. Rrefdrably, vzhem{ttp]@bﬁmtptbdﬁm_ cﬁﬂ%rigés a{mxthre
100% L .the active ingredient a
{ PO 0B SheRorBLE! 1 astis BoBrient & 4P artame e
ofactiviehirgradient ¢he cfuyﬂipiiéltlentcomﬁrlﬁsefrcﬂb more a@rs0e41® about 100% of,

enric

Qn _co
< RERY dhe gt BERID GEa G a5 et S toBaS ic enantiomer.
enamtvemhrmwmﬂhat bree eramtiomer ofregy stive migredidre n@;ﬁé&ﬁe o
I.1,Ses apout 100% or..
oAty PR Bo RfeAl GisBian i sk gpatomer of the
aladM\xermgrbélehBaay b@ﬂ*leoneneamymohsgically adtive foresdifferkintamerapeutic
t|ve i ngredi ent may be the
o= BBk sl Brglonisfio sTHke et B alfpiuaceutics
i ndmpasmmmammlffer fohesebftee cempodiiiamintreafing Hifereattherpeutic
in rcggl ent may be the nore physiologically active for
'"g" "2 %ent therapeutic indication; therefore the
preferred enantioneric makeup of the phar maceut i cal

Qgp | tén&ap%s@o&n%h% %{5@508@6{* c?sr% p armaceu%ch/ acceptagle salt or ester
thereof can be formulated in any orally acceptable dosage form including but not
limited to aqueous suspensions and solutions, capsules, powders, syrups, elixirs or
tablets. For systemic administration, including but not limited to administration by
subcutaneous, intracutaneous, intravenous, intramuscular, intra-articular,
intrasynovial, intrasternal, intrathecal, and intralesional injection or infusion
techniques, it is preferred to use a solution of the compound, or a pharmaceutically
acceptable salt or ester thereof, in a pharmaceutically acceptable sterile aqueous
vehicle.

Pharmaceutically acceptable carriers, adjuvants, vehicles, diluents, excipients and
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i ndi cations. For oral adm nistration, the conpound, or

a pharmaceutically acceptable salt or ester thereof,
w@2ame228r mul ated in any orally acceptabl e doBemy€eALmBM1611

including but not limted to aqueous suspensions and

sol utions, capsules, powders, syrups, elixirs or

tabl ets. For system c adm nistration, including but

not limted to administration by subcutaneous,

i radddives anwelies mathads\ab fasonsllating phaimaseutical compositions for various

' %&?esacffta'drrﬁﬂléﬂa ion aFg\Vv KW Blthode s sﬂﬁtn?{hgaalrt’ and are described

i ntratheca |ntra esional 1 njection or

t de nharm?@@uthad teixts quichfas Remington:uidhe %pl@tﬂemplcﬁta@fcetoiﬁ Bharmacy,

CoﬂQPEEI‘iﬂon Q¥ @&H%ﬂ%ﬁ% RIS Y2008C S&PE. %bAfF rﬁ‘N &. Bbpovish and

ester t ere In a rnaceutlcalfy acce
sthei A @secidﬂwmgceut@h D.¢9@geﬁwanwao@@rugzlaellvyrya%@mm&treed

PR R P s AP Bl R PR

as well as net hods of fornul ating pharmaceuti cal

vveOFFféqﬁ Egﬁg?rgﬁ} t%rEQWgMd%% ﬂ?oﬁq’(ﬁ{)\% ?%E&E'.R&luéiﬁ& but not
ddigiitet fethe activiptendrmiesnadasiinamigxcherasteciaticesof Rm;:spegtﬂo reompound
[ f
T e 5 i 41 ) S o
N. VGIQPW@pd\geserahhﬁﬁlth [tatiss gfithe recigienirthaceture sad exdestadthe
%fﬁﬁa&n&d kﬁﬁ'dn&%&%r D67 I TBrecti? tf%%nd ?Hé}ﬂgu#&nqtﬂ]eatment

herein 1 nc¢orpor
r dhexfrequancy whfeeajmgatg thecafiechdesired candthe ludgmeylt ofetpetrelatn@

a@)@lPS|5QR"Yﬂ Ig%ﬁ&rap e cdn([n}fcldﬁg |§‘|guogtuc}esr|1?tse y a!jtjnmlsttgrg?l %fﬁ%lagage

Vit har nac nam C char ac Istics o
s prus that:wdlcmpgww aff@d@lnw@diy affiective seswiisiwjtheut weusinglany harmful

r | tion; the age, diet, gender, body
mg#gﬁbﬂﬁm ggﬁgﬁgﬁehealth status of the reci pient; the

nature and extent of the synptons; the severity and

C%”&aclﬁggfsag}&& dcﬂ¥ gh‘aﬂant E%fbé(leﬂ%cfgd tg %Q%‘q%b@{)m to about 100

treat uency
dé@lhgr@ms rmﬁdllqgﬁ@mjmbgmewelgbtf with ¢het preterried glosp hgisg @baut.0.01 to

bgﬁﬂw rﬁbﬁkg ﬂ{blééﬂ I‘?ér'grqar eveﬁta %o‘?\’?ﬁorsﬁl b%f this mvc?r'tlon will be

m ni ste
afaﬁmlrustawﬁufmm abouf 146 pbeutiStimesspariday OV\Aaltdmattveb/aalssa ngntlnuous

arﬁfuﬁ]@ﬁ Eudh adﬂﬁm&?&ltn% %éb BQ%S&&I g?g%mo%ﬁ:tosr acﬁtedd% éy The

dosage of active 1ng cte
algopunpofGotive @g@ﬁm thla@may rbﬁICIon@mdwvﬁ}hdhe karriegmaterials to

tbgijéﬁu\é@ aWHgle Ybdddeiiith RIIGLRS Je%@n&ﬂé ﬁpgr? {Ha% 23PRMte 294 the

particular mode of administration. A typical preparation will contain from about 5% to
about 95% active compound (w/w). Preferably, such preparations contain from about
20% to about 80% active compound.

Therefore, according to one embodiment, the pharmaceutical composition according
to the invention comprises a racemic mixture of the compound of formula (I), or a

pharmaceutically acceptable salt or ester thereof.

An alternative embodiment provides a pharmaceutical composition comprising a
mixture enriched in one enantiomer of the compound of formula (1), or a

pharmaceutically acceptable salt or ester thereof.
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about 50 ng/kg. Typically, the pharmaceutica
conposition of this invention will be admnistered
w0 e@oaoe28it 1 to about 5 tinmes per day or PCT/CA2008/001611
alternatively, as a continuous infusion. Such
adm ni stration can be used as a chronic or acute
t herapy. The anopunt of active ingredient that may be
conmbined with the carrier materials to produce a
single dosage formw || vary dependi ng upon the host

t Wﬁ@ftﬁé’r enisbdirhént ppeViddsaibrirmeeslticall cortpditibs tomplising a ure

ical preparation contai n from about
Rt oL e PERUR SLIRET (A g o BB RCRA Iy scptable salt o
peeRafiegdns contain fromabout 20%to about 80%
active conpound. Therefore, according to one
enbodi ment, the pharmaceutical conposition according

t@&ﬁlﬁnhmﬁﬂ{drﬁﬁy conprises a racenmic mxture of the
npound of fornul a a har naceut i cal |

a@é’&?ﬂ%’% thespry 18 FO&F@P@%\@P% = SmRAE A4Sl to the

eiedidre ot a Bh%éi@ﬁtl@ll? aeéémgalmles@ HRASHT is @0- admmlstered
Cor‘r’ﬁrISI ng m xture nriched_in one enanti oner

P &b RgBCRTs oA AT 4 PO o T N0 e aGR MekPBombined

aGHA RbAPbENEP(thi9 inveBli &Y toldh&te alsin g’r@é’os\é& ?&ngAQ@raaﬂ%ly these
PCT/ CA2008/ 001611 A further enbodi nent lprov

pRAFIHERA GEPRIa My RAeREOPIAIN AL & R NG o Sequentially, as

epantor artipk dédegommound of formula (1), or a
pharmaceutically acceptable salt or ester thereof.

Conbi nation therapy Conbination therapy is

C MRk @hsﬁné/da@f@l BorApSSManaiMils AveRidH ddngrided BRombination of
i nvention, or phar maceutically acceptable salt or

e 8159MPEHBY é%‘ford'f‘% tehe dmeniers obp @harmgaeHtically pecgptakipgalt or

a@@ﬂe? tHeRsdf, aHatdné drfhhoré%@ﬂ'honaﬂéﬁtnﬂr@ﬂééér@ NFkth ﬂhﬁ%ﬁﬁao[}ﬁd’ and the
be conmbined with npounds of this 1nventio

c Pagifienal agentshauld @?éﬁ%s%?'iﬁ“ﬁ@? EvRlstal 9%’1‘“&?69 I‘f‘@%‘ 10 to 100%,

a@dl W P8 plef@aBIP s twiERN ébeusﬂpa{oascﬂ% Yf ﬂt@rBoela@é ﬁ‘érﬂ%lly
concurrently or sequentially, a rt. of a nmult

dGYRYEStPSH iR 2 MRS teRRPYIRIIMPAC lé‘df“? € ‘Efcﬂﬁ)’6§\'9ﬁt'8r'\‘“%‘la°t'°”

t BefivdeR IR EdrAPo AN tHeSiBgeriof @RE uﬁaaédommn@fant@.ra%@aﬁw%gents
accordi ng@t o the invention, or har maceuti cal

- eciasaBs of il Aot thegesve pagite Gy C AP BRLoR AR eeduced
addﬂnbm@aab tiRdds¥bé Abrnadig REmilkQERAtME nfedRRMAS ragithenhe

addi ti onal agent shoul d be present at dosage Ievel s of
bet ween about 10 to 100%

Antiviral agents contemplated for use in such combination therapy include agents
(compounds or biologicals) that are effective to inhibit the formation and/or
replication of a virus in a mammal, including but not limited to agents that interfere
with either host or viral mechanisms necessary for the formation and/or replication of
a virus in a mammal. Such agents can be selected from:

e NRTIs (nucleoside or nucleotide reverse transcriptase inhibitors) including but
not limited to zidovudine (AZT), didanosine (ddl), zalcitabine (ddC), stavudine
(d4T), lamivudine (3TC), emtricitabine, abacavir succinate, elvucitabine, adefovir
dipivoxil, lobucavir (BMS-180194) lodenosine (FddA) and tenofovir including
tenofovir disoproxil and tenofovir disoproxil fumarate salt, COMBIVIR™ (contains
3TC and AZT), TRIZIVIR™ (contains abacavir, 3TC and AZT), TRUVADA™

(contains tenofovir and emtricitabine), EPZICOM™ (contains abacavir and 3TC);
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and nore preferably between about 10 and 80% of the
dosage nornmally adm nistered in a nonotherapy

wOo e@onenss | n the case of a synergistic interack@DOA2008/001611
bet ween the conpound of the invention and the
addi tional antiviral agent or agents, the dosage of
any or all of the active agents in the conbi nation may
be r d co red to the dosage no 1y, .
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revep seC@RéﬁQ@QP'ﬁiﬁféé@Ciudwg thiut oetdimited ¢ ona@raviod wicrivinas,
limte di danosi ne (ddl),
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di sopr obR1-98N@Entenof ovi r di soproxil funarate salt,
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t enontyrasedinpibsrs (ihelldingbuenot lilied (MMtd4ra¢ipMIRDB$8), BMS-

b 09/ 062285
g&f?ﬁ\%@aﬁ/@ﬁ%ﬁfawfwé non- nucl eosi de reverse

tr.awmn,mﬁmﬁ)es inhibitors) including but not limted to
nevi r api ne, deIaV|rad|ne efavirenz, etravirine and

¢ % pM@lUratias;nhibjiese Gaguding huigtat bmded tocharivinmey (A5 L
ligm ﬁ'@r{#uﬁd?nédLﬁé?lﬂg\ébémtst(lhah@lﬂﬁ‘ﬁhf not%?wogg F@i\é{lémsole) and

nelflnawr I ndi havi r, anprehavir, renavi
at-azathawrrtlwralcﬁgenavmcrludimahxdﬁaxmurea (utrammmy |L+1asarmiavu r

and Eér%% A r (VX-385); entry inhibitors including
mted to CCR5 antagonists (including but
not Ilmted to maraviroc, vicriviroc, |NCB9471 and

CXCRA t [.St
", SRR APOREL  FEL R BB g o
bwther @pmloplmot aatordingtofthe inventibem (rwitb@ne of Riord adduaged or
T%fi@a%?gria?ggents (including but not limited to fluconazole).

Therefore, according to one embodiment, the pharmaceutical composition of this

invention additionally comprises one or more antiviral agents.

A further embodiment provides the pharmaceutical composition of this invention

wherein the one or more antiviral agent comprises at least one NNRTI.

According to another embodiment of the pharmaceutical composition of this

invention, the one or more antiviral agent comprises at least one NRTI.

According to yet another embodiment of the pharmaceutical composition of this
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others (including but not limted to BV5-488043);
integrase inhibitors (including but not limted to

wo 200vee28yi r (IMK-0518), BMs- 707035 and el vit eRCHCAR008/001611
(GS 9137)); TAT inhibitors; maturation inhibitors
(including but not limted to berivimt (PA-457));
innunonndulating agents (including but not limted to
Ieva .sol e antiviral ts.inc
h;}'&’reb‘ r“é%b”er ?’b’BQﬁer‘?’W‘”"’l' eIt “1°E‘Pi'§esgﬁ ea%@ﬁgaf‘g%?sgénh'b't”
Furt hernore, a conpound accordi ng to the invention can
be used w th at east 0 ound accor di
¢ e arb il Shath b Sens o1 Hir e eea i dprpp oo of fis
aniichae, etid ahe agaoiesartivirg Iagdmtrwﬂpm&emﬂtleést Bhé efltry dhibitor.
fluconazole). Therefore, according to one enbodi nent,
the pharmaceutical conposition of this invention
aohdicbﬁdﬁ@&%\w;nmwnh (Riimemef m'ehﬁmrrﬁamtiw lcb@bofi@&néf&hisA
furth odi nent es the ar euti cal N
cMsBEon FEm ot St Rpe anivea EBeH ConREres A E3 obmitegrasgpibitr.
antiviral agent conprlses at | east one NNRTI
Accordln to a enbodi nent . of the pharmaceutica

O e 2GS e HoSaT TOAN P BRL RS BF e g o iaboratory

améagént ata %@Qﬂch&@é’@ﬁnk $Q>$ ei’émbl@%borﬁﬁ@d&%‘akhe present invention
Accordl n é{et anot h enhodi nen

SE¥EHREY 1D Y?“Eif‘teteﬁﬁéys @&'uvlbgéw@@?td@ztﬁséo

P@Wr@é’é&@ QSM DSl say At vhivaR, orlil Bive Dikal EplBIich assays.
antiviral agent conprises at |east one protease

inhibitor. According to still another enbodi nent of

t Fairth&@idr8 GEetrScind GRBBramgttb e ﬁésér{ﬁirﬁ/enﬂthVrﬁB& b®0sed fdreat or
one or nore antjvi.ral ent conprises at |east. one

e RPNt KA B?ftt'@wmat%efd?% H@IS@Bd therefetareduesibs diskehyirabs

t hﬁecﬂmrmakawry@k nRITBPSrsdritel & patiBhs wHoBEAY ih @Bntak\Rith
one nmore antjviral age ent conprlses at | east one

i ﬁt*@wageé'aISrimnglpe? issye. SYFITR! HEruPER'S AN @atraentpdaboratory

Plirs@MentsBrRINYarMBntEBINAISSY ERlebitapbardud ARMHahAENals).
reagent or a research reagent. For exanple, a conpound

of the present invention may be used as positive

cwwe{.vésacaﬁbnﬁap%@aa@eéme lapéll udi ng but not linted
surrogate cel based assays and in vitro or in

viARgther ?%HGCF gighe fweniém rI9Wegsa detivative et arperapound of formula (1),

Eg{egd’&%iiggttlw&irs% d @t 48010 TRRE Yuch BVYARY) b R%ofHtion either
directly or indirectly of the derivative such that it can be detected, measured or
quantified. The detectable label may itself be detectable, measurable or quantifiable,
or it may interact with one or more other moities which themselves comprise one or
more detectable labels, so that the interaction therebetween allows the derivative to

be detected, measured or quantified.

Such derivatives may be used as probes to study HIV replication, including but not
limited to study of the mechanism of action of viral and host proteins involved in HIV
replication, study of conformational changes undergone by such viral and host
proteins under various conditions and study of interactions with entities which bind to
or otherwise interact with these viral and host proteins. Derivatives according to this
aspect of the invention may be used in assays to identify compounds which interact

with viral and host proteins, the assays including but not limited to displacement
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prevent viral contam nation of materials and therefore
reduce the risk of viral infection of |aboratory or
wore@poed28per sonnel or patients who come i n conPECAMOBA01611

such materials (e.g. blood, tissue, surgica

instruments and garnments, |aboratory instrunents and

gar ment s, and bl ood coll ection apparatuses and

Derivatives .co a_ _det ect abl e .| abel

BhAsoV S Pl B B RS P TR S g

ofmtarammg)wmhn theofiraf aididst p(dtélns A ﬂSt@féIl@HIUSéﬂ lo¥ @erivivatives

° HTBE AN s et S el i Hplp e e gsemys i entiy HIV

démteyabeé ihikdtocd) Suvhtderivativas nizg alhiilwmﬁd to fEASAHVERNOST non-
antifi.ed. The det tab a

0 B RphFErachi L BRAS! e IRRF profaiy & 5 Mot Fesigiyes of the viral

i rendrhest proteirts vatiieh ipteract vethahd esmpaliridis @8 thahhgdhtion.

t hensel ves conprise one or nore detectable |abels, so

that the interaction therebetween allows the

d Erdtewably @abels copenteited fceohse masj@neaiw@é oftHakbinbb&els of the

A5 5 58 B 0o R o o

t h:brdnm.‘dhamss amtcbfod%t ermym@flc Wiakirs, a8dlo&ivd isdtdpe8| ffinity tags and
ved replication, st udy of conformati onal

ctﬁ)ﬁﬂ é%acﬂﬁ%%ﬁp&j%e by such vi ral and host pr ot ei ns

under various conditions and study of interactions

A et 55e1 4= b Wch hibratissemiing bt areeravetength upon

a@bsorptiorgoftiight i ssdifferspewiveringtl) EluoidsRBh 19BeISTTEIUBE b'dﬁ@r@ not
Wi t

S to |det|f ounds whi ch | nt eract
S B ke Poxas BT HieorasiolSaimany (edagnabengnciudig
| ibot mcﬂ(ﬁmﬁtéd b t%nbm@&ﬂﬁlﬁﬁdanﬁﬁe WANRAY A& 2§6s including but not
wﬁT CA?(H&I ﬂl é}% @éssarY glm ch neasure the extent to
nifd farde¥R FUgER Por cyarties dyfsdreldding Br nqt Amitedior ¢y europium
wiot lanthaeideisefibs baskdfustespemtirioloculeddand @fealkeed used of
derivivatives according to this aspect of the

invention is in displacenent assays to identify HV
i Amgrrmemmesberhuatber 8.a 1506 hvrﬁiﬁ?fda‘halridé@% AEEnAESR PeBon which

used to f C ent o -. coval ent interactions
PRRUbR I e s e RO s bt ase g o luminol,
r egifehirg fucitfeninh@nd tedlke. and host protei ns whi ch

interact with the conpounds of the invention.
Det ectabl e | abel s contenpl ated for use with

dArohvcaMpmse sfa labe vﬂmwuﬂselsafabgd?@s certieREVEngths of visible
but gre not d to, fluorescent | abels,

Wq“ﬁ%rﬁ%%’e' e ar é?f@cﬁ ng °tgﬁrrsoW8Eﬁ'P(‘4r°é§S'”%\Hlei qoRAcEgds which
enmtatatthe:chrambphdre {6 apbazACbiows ChrindpPSresahdiiidd bt dr&ast
am%ited to natural and synthetic dyes.

An antibody is a protein produced by a mammalian immune system in response to a
specific antigen, which binds specifically to that antigen. Antibodies contemplated for
use as detectable labels according to the invention include but are not limited to
antibodies against the following: polyhistidine tags, glutathione-S-transferase (GST),
hemagglutinin (HA), FLAG® epitope tags, Myc tag, maltose binding protein (MBP),
green fluorescent protein (GFP) and the like.
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phot oreactive groups. A fluorescent |abel is a |abe

whi ch fluoresces, emtting |light of one wavel ength
waipwn/o6aRsor ption of light of a different waveP@ngamos/ooi611

Fl uorescent | abels include but are not limted to

fluorescein; Texas Red; am nonethyl coumarin; rhodam ne

dyes, including but not limted to

B AR R RS TG SR B B9 s o
| am: hehyrspetifit tonthe chialytit adtivitp o8 ;eneyme g nzgmatic markers
: ?ﬁ'ﬁgr%alage ﬁqelps{?ﬁneg%g%lgl [ easc%gﬂgl ngﬁglkt)%c )y \Aﬁrﬁron&e%t are

unestaingted 2o mhmealhormlsmpemkxdm (HRRY dprgelactosighse and the like.
Chem | um nescent | abels include but are not limted to
umnol, luciferin, lucigenin, and the like. A

CArr@curBé&mé fotdpeds bahs%ltoparof@h ateth amtdh\mbwoebwmm upon
certaln vele bl e

s of v
e far6Y Rt (o pes s BU e b ieda 1 ThaP
ct?hp@ﬁ@da th@lik‘éh contain the chronophore to appear
col ored. Chronophores include but are not limted to
natural and synthetic dyes. An antibody is a protein
PAR @ﬁfﬁsﬂ td@yis a Iéﬁﬁmiﬁlch&ias larstiong affyiy thclatlheemp@q?] dedignated
ecj speci fica to that .
aﬁ?feﬁb%? %ﬁ FB%" EBH? %’Prﬁﬁ aibelg9car be&%X 5%*%“ a complex with
dﬂ*fe&ﬁrﬁoﬁrhgj sarh'%b eb maammm@( ey bé eeleamewtdemttém@d separated
;:Jm(aﬂer%H(gJ?é p%'l’ %I tags laf:Ing P)t {ﬁﬁ)’g no{e lm&%ﬁo %chttm or a derivative
g‘(LHﬁtféHfha BB pcswépfft i8¢ apsolyagimine, ?m@rﬁwg@é suglgarmmuétirltéb a defined
epi e tags, c ta mal { ose ndi ot e
fope reGRbIZAbE By rectih eni R e BrpjonsRinpHeS bihade o
%lté@&g@ﬂ%%%@ﬁam#aé‘é\@gﬁy ﬁ@ﬂ:é@dlutm%ﬂ(l—ﬂaﬂgz?m@ pitope tags,
s an en whose esenc e dete
Bl Baprangoe HEGHY Pectob MBE . GSaT B oLamean R P ET ey the

ofikd. he enzyme. Enzymatic markers contenplated for use
as detectable | abels according to the invention
include but are not limted to luciferase,

hpisiedradies BoPPoord st siee intEMtbn utéd ggbwbbgﬁiayaﬁeamddwm a
like. A_radloac ive |so% S an |soto %
WA rea Pl Rds WhGH & T aITBer Tosh aSHEAtDbY dahiafom o Iner

R@Qﬂup@@b'ré’&hhé epm sidcddisifed tadu@n eSudAta dgrotip g bbcmsed to
14C 3H, 31P. 1211, 1251 and the ff|n|t

I
" clyaleipe AeATEn Shatd cof Foee Gpelan pyd i R phbpre esidues
mef £Viyal oflR&dt @RREIRIPhotoreactive groups include but are not limited to

photoaffinity labels such as benzophenone and azide groups.

Methodology and Synthesis

The synthesis of compounds of formula (I) according to this invention is conveniently
accomplished following the general procedure outlined in the schemes below
wherein R*, R®and R’ are as defined herein. Further instruction is provided to one

skilled in the art by the specific examples set out herein below.
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herein as a binding partner. Such an affinity tag can

be used to forma conplex with the binding partner so
wao bav/o6d265 conpl ex may be sel ectively detected PET/CA2008/001611

separated froma mxture. Affinity tags include but

are not limted to biotin or a derivative thereof, a

hi sti di ne pol ypeptide, a polyarginine, an anyl ose

sugar noiety or a defined epitope recognizable by a

speci fic antibody; suitable epitopes include but are

nS8themketi: Asdemblygdflinhibitoosie- S-t r ansf er ase ( GST),

hemaggl utinin (HA), FLAGr) epitope tags, Moc tag,

mal t ose binding protein (MBP), green fluoresggent

protein (GFP) and the |ike. Furthernore, conp of
the inventi oj<;sed as propes may be | abel |l ed w R®
phot oreatt | ¥ roup wid chli sgtransforned, upon \/

bipgh+t, fr N i Neftross-GhRUP Fte
e gpedli es, suchs fr ee_radical .

R DS activate { he derbvahi.Ne so NG

forma coval ent bond with one or nore residues of a’

viral %mgg@t prot e| n ,mg’nggteq,react i ve groups include
but are pot . lipt photoaffinity |abels such as

b%@@ﬁh@noﬁe BndRa zqf‘G’é‘ W@hem?@é@%@tﬁ oarige phenyl moiety or
?g@g a'R% Teee ﬁ%/d“h‘i“ﬁfikg a% YR RAds <ﬁ46)fn%m ikEd Bo to as to

to t vention I's convenl ent y
a&rmqacarbmlemmemwglet wélsgme bmmcp pb@év@rr@TfoMtl$ Btfaid). or

i S er ej
ng %oﬂgtg %gsﬁc*%ufgﬁ%%‘? é{gdt Rawaa ?ﬁj S0 ég 3?13:{3 wherein R
sia‘ (O ealkyinZoX evharein Kys béie, ansd isfd nrot@cavrmg@s:ps%tch@atcommonly

15 R SRR PR BRI i

RethyflesfgrO~ R45 Raa R50- 0" P+ 1) Cross-coupling R5
Ras Raz CH O

Several coupling methods between the intermediate (l) (i.e. quinoline scaffold) and

the intermediate Il (i.e. R* substituent) can be contemplated by those skilled in the
art. For examples, but not limited to, Suzuki cross-coupling between the boronic
acid or boronate ester derivative of intermediate Il and the halo or triflate derivative
of intermediate I, copper catalyzed Ulimann cross-coupling between the iodo
derivatives of intermediates | and Il, Negishi cross-coupling between the aryizinc
reagent of the intermediate Il and the iodo or triflate derivative of intermediate I, and
Stille coupling between the arylltin reagent of intermediate Il and the bromo or iodo
derivative of | as shown above can lead, after saponification, to the compounds of

formula (1).

Alternatively, the same cross-coupling methods can be used by interchanging the
coupling partners as shown below. For examples, Suzuki, Negishi, and Stille type
cross-coupling between boronic acid or boronate ester derivative, the arylzinc
reagent or the arylltin reagent of quinoline intermediate Il and the required iodo,
bromo; chloro or triflate derivative of intermediate IV can also lead, after

saponification, to the compounds of the invention of formula (l).
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R7 N CHa Y 2) Saponification Rr NCH O 3
Internmediate | Internediate Il wherein R42, R43, R',
WERAH9AI8RA6 may either be substituents on theP@iieados/001611
noi ety or (R42 and R43), (R43 and R44), (R44 and R45)
or (R45 and R46) may be linked so to as to forma
carbocycle or heterocycle, Wis iodo, brono, chloro or
Orf, Yis B(OH)2 or boronate esters such as B(OCH3) 2
and B(OC(CH3) 2C(CH3) 20), iodo, SnR3 wherein R _.s
(C1-6)al kyl, ZnX wherein X is halo, and Pis a
protecting grpup, such as comonly used protegti
groups feor 6 oxylic acifds, |nclud|ng, but not
W@Lhyl sig K estgnggﬁmgraL coupl
n the int di a
sgaletd)>apd® the inver dlatell gifg R4 S
substituent) ‘can be contawpl at ed BY*YHEE

08e sKilTed ¥'n
the art. For exanples, but not Ilmted to, Suzuki

cr oss- E8UPFT 'hg bet ween™t"Ff&=or oni ¢ aci d or boronat e
ester derivative of internediate Il and the hal o or

t Wwhédeat R 0RY| R#L R¥andoR*iand @rareds aefindd, aboopped W is iodo, bromo,
catal yzed U | mann cross-coup e iqdo

O Sy B 0SS SR R AR 8

CB (@g Bl CRY,PEEURSWhéMRM RIY(ICE L yakyl, BRREARIWhefeil Rés halo.
mﬁ?me ?&at(e ?2®and the iodo or triflate derivative of
internmediate I, and Stille coupling between the

aFyihdridre, %Qﬁﬁéﬂfea@rﬁ modfiestiepditatrR drbdwhearn be c@ﬁt@rﬁﬁplaﬁid such
iodo derivative of | as shown above can |le afte

s P EATErLet Pl anierthiRe aiREJdRAEE!%6? O ?ram@st(tvsnt via

AsbRAmajdr Y&l cion bPRKAAIB, 6F @sraidyerBlidnga reiubRsks can be
used by interchanging the coupling partners as shown
bel ow. For exanpl es, Suzuki, Negishi, and Stille type

CK@@lﬁOﬁéWﬂhﬂeﬂQe@%\WQQn BeUSEY for Géd:éib&(yléﬂ% PRl ero8sicBiipling
derlvatlve the arylzinc reagent or the arylltin

r eanghens %ﬂn"amp Hmspﬁ@swmeérwf&ir%l?@e 1Bl PdRE R NAHOWORRTS e M-

| eflem. sBE. P06, £33 Qﬁ%(ﬂﬁ 1351' ﬁér@hﬂn@lﬁﬁér‘é@d' byaeffence, as shown
intermediate |V ¢an also | ead, after saponification,

t Belewe conpounds of the i nvention of fornmula (1). -38
WO 2009/ 062285 PCT/ CA2008/ 001611 Rao

Q 1) Decarboxylative Q

cross-coupling

N
W R
2) Saponification

W=0N,8
Y=CH,N

Intermediate Il Intermediate V
wherein W is iodo, bromo, chloro or OTf, R may be a substituent on the ring and P is

as defined herein.

There are a number of transformations known to access quinoline scaffolds. As
shown in Scheme 1A, a Friedlander approach can be followed in which appropriately

substituted aniline is condensed with a functionalized ketone under dehydration
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Rae Rai 1-11 RRas Raz Y O- R6 :::: + Cross-coupling
OR N CHs 2) Saponification 7 OWR N CH OH

wo nioeeess ate |11 Internediate 1V wherein R42 RABCRAWS/001611
R45 and, R46 and P are as defined above and Wis i odo,
bromo, chloro or OIf, Y is B(OH)2 or boronate esters
such as B(OCH3)2 and B(OC(CH3)2C(CH3)20), SnR3

o elePeoTHiE el ihen ARfA1RIMER 1) cniforkofiwed by
chaiogmauonbétmplrastétm aeatiol. Tas aceftinvanid estar géie gimain can be
ani.l.Lne-

Vp)ghlkgog ﬁl’éﬁ/ ngr%teac'tgrogtg ef rl(r)nosﬁ tlgér]glgflg P{Jttow Qgg?lc%ldﬂsés'térlﬁ?&éty as
delﬁran@epartahorm of/tha enedticcers nan belaca;qnmilaheq/by formation of

[ r

9'3? eogrhreggs §y é{j){ljltn?na& éj&lrlé?&?&ll &és%ﬂ%@lég}&%&&{d o%e followed by
deemnershmdtohwe E@reypondang Bsteobeknovanmieamsaor ker s, J. Am
Chem Soc. 2006, 128, 11350-11351, herein incorporated
by reference, as shown below 1) Decarboxylative RS W
RSchemedAcoupling R+ $ 3 Rs OP WR 2) Saponification
RRzO, $ Y=CH NR Internediate Il Internediate V
wherein Wis iodo, brono, chloro or OIf, R may be a
substituent on theoring and P is as defined herein.
There are a nu f transformati ons known to access

qui nol i ne scaff ol As rshown in _Scherme 1A a cl (
Friedl & approagh can fom oled tidamemhi Cli:

appr opr?jf;'\é@ subst | t utred any 1 Theoi s_camiens @ L
functi ohali z ,m;u,gggesunder deh ati @moc,39 ¥

ion-exchange resin
9 b~

Ic
reflux

J 1) HC1 4M in Dioxane

2) Nal, MeCN,
reﬂux 15 h

. ! OH KHMDS !
THF, -78 °C R®
R X oj t-BuOQAc, HCIO,,
7 =~ o /
R N Davis Reagent R’
If le
LiOH t

! 1) H,0,, LiOH,

| o]
THF /H0,0C oM
1) HBTU, EtsN THF 2) CH,N, EtOAc x
7 = (o}
R N

2) NaH, (R)-Evan's auxmary
THF

Alternatively, a modification of this approach can also be used to prepare the
quinoline scaffold as shown in Scheme 2. In this method a properly substituted
anthranilic acid derivative can be condensed under dehydration conditions with an
appropriate ketone and subsequently cyclized under DMAP/POCI; conditions to the
4-chloroquinoline. Further elaboration can then be performed as outlined in Scheme
1A

Scheme 2:
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WO 2009/ 062285 PCT/ CA2008/ 001611 conditions. This
internmediate is then cyclized under thermal conditions

wo edoboexes by hal ogenation of the resulting al POGA2008/001611
The acetic acid ester side chain can be oxidized and
protected to furnish the al pha t-butoxy acetic acid
ester noiety as shown. Separation of the enantioners
can be acconplished by formation of diastereomers by
addltlo p of a chira aUX|I|ary sugh as an

b gonverl on to the c
. by“"gﬁ own @ ~orSche P 1 &° AN O
W~ C R6,CH O GH 1)-Bighegnyl Rs PG, | ei; ) o)

ri O RNHZ m)[/ecul ar "8 eves, Hé?
i on-exchange resin O la refluxlblcl AM i n
Di oxane 2) Nal, I\/ECNI reflux. 15 h OH KHVDS | t

- BuOAc, HCIO4RsO THF, -78C.IchIII|0111
Das Reagentslf l el | Liod/ \ 1 01 01) HO02, LiOH,
oY
7 = 0
R N

Furthermore, in an alternative route the quinoline scaffold can be accessed in an

enantioselective manner as outlined in Scheme 3.

Scheme 3:
OH

OH Cl
m Y 2oyt
—_ . .
N/ CH = Pz
3 N CH, N CH

commercial

s 4 7 OH
(Bu);8n alpha AD-mix 1) HCI
—_— e P OH 2) Nal \ OH
~
N CH
! 9
: 1)RuCl
~ OH 3
©i‘\r\/ 2) Diazomethane
-
N CH,

A quinoline precursor can be selectively brominated in the 3-position and
subsequently elaborated into the chiral diol by standard methods known in the
literature. The chiral diol can be differentially protected to the t-butyl ether followed by
liberation of the primary alcohol. This alcohol can then be oxidized to the
corresponding carboxylic acid and subsequently protected as the methyl ester to

furnish the key chiral 4-iodoquinoline intermediate.
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1) HBTU, Et3N, THF :clcliOH:cO OR/ N O 2) NaH,
(R -Evan's auxiliary Ig THF Ih Ii Alternatively, a
wor@oN6x83 i on of this approach can al so be usePCT/0A2008/001611
prepare the quinoline scaffold as shown in Schene 2.
In this method a properly substituted anthranilic
acid derivative can be condensed under dehydration
co itions with an riate ketone and
PecttApraye pythes { d&”mﬁ‘}qﬁe@ls conditions to
the 4- chl oroqui nol i ne. Further el aboration can then
be perforned as outlined in Sche 1 A Schene 2: -40

WO 2009/ 062285 P /eC‘Aﬂé)OS/ Q16 Ostge O Cke\ 6 OHOme
O MySCa R QﬁéTE PEELO R N %#»
reflux RN O H1 <R6\ \ On/ ol N O Furt her nor

an alternative route the quinoline scaffold can be .
accessed in anY@enanti osel ecti v8® manner as outlined in

Scheme 3. Schene 3: OH OH C Br C-N-_CH g2, C ;@\ o
Br POCI3 C-N_CH, . N

OMe Vic

vid
R" on R on R* 1 OMme

6 Step5 e Step 4 6
R’ N/ R’ N/ R’ N/ OMe

Vig Vif Vie

Step 7 Step 8
ep p O

. QJ< _
6 :
R N7

In an alternate route to compounds of general formula I, the known aldehyde Vla is
transformed to terminal alkyne VIb. Those skilled in the art will recognize that there
are a number of methods for accomplishing this transformation, such as, but not
limited to the Bestmann-Ohira reaction or the Corey-Fuchs reaction. The R* group is
then attached to the alkyne using conditions well-known to those skilled in the art,
preferentially via a Sonogashira coupling between the alkyne and the aryl iodide
derivative of the R* group, to give the internal alkyne Vlc. Other methods may
include the Castro-Stevens reaction, or the silver mediated, palladium catalyzed
coupling of alkyne VIb and the boronic acid or ester derivative of the R* fragment as
reported by Zou and coworkers (Tetrahedron Lett. 2003, 44, 8709-8711) to give the
internal alkyne Vic. In this method a properly substituted benzoylacetonitrile can be
condensed in the presence of sulfur with an appropriate ketone or aldehyde by
standard methods known in the literature. Vlc then undergoes a cyclocondensation
with amide Vld to give quinoline Vle. Those skilled in the art will recognize this rhay
Involve activation of amide VId to facilitate the overall condensation. This is
preferentially achieved by the action of triflic anhydride and in the presence of 2-

chloropyridine as described by Movassaghi (J. Am. Chem. Soc., 129 (33), 10096 -
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R@ego.ndary@lccglcéﬁ therNkvatlzed wnth a tert-butyl group to give compound Vih.
Those skilled in the art will recognize that this can be accomplished in more than one
way, including an SNy reaction or acid catalyzed addition to isobutylene. The
protecting group is then removed to give primary alcohol VIj, which in turn is oxidized
to carboxylic acid VIk. It will be obvious that the oxidation of Vlj to Vlk can be
accomplished in one or two synthetic steps. In the preferred method, Dess-Martin

oxidation to an intermediate aldehyde followed by Lindgren oxidation is employed.

Scheme 5: Alternate synthesis of quinoline scaffold

OMe
/50 Step1 X Step2 Ny P Str3 Xy P
—_— OH — = 0 _— 0
H  OMe OH OH O\K
Vilb
Vib Vila Vile

(]
Koo ™
R' o R’ NJ\
H
Vid

0
Vih Step 5 Viid j<

In yet another route to compounds of general formula I, synthesis of intermediate Vih

may also be accomplished following a path that begins with acid catalyzed hydrolysis
of the cyclic diketal of terminal alkyne VIb to give diol Vila. The terminal alcohol is
then protected to give VlIb, where P can be a number of different protecting groups
including, but not limited to, a trimethylacetyl group. The secondary alcohol is then
derviatized with the tert-butyl group to give compound Vilc. Those skilled in the art
will recognize that this can be accomplished in more than one way, including an SN;
reaction or acid catalyzed addition to isobutylene. The R* group is then attached to

the alkyne using conditions well-known to those skilled in the art, preferentially via a
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degrees Celsius (°C). Solutlon percentages and ratios express a volume to volume
relationship, unless stated otherwise. Flash chromatography is carried out on silica
gel (SiO,) according to the procedure of W.C. Still et al,, J. Org. Chem., (1978), 43,
2923. Mass spectral analyses are recorded using electrospray mass spectrometry.
A number of intermediate and final products are purified using Comb‘iFIash®
Companion apparatus, purchased from Teledyne Isco Inc, employing pre-packed
silica gel cartridges and EtOAc and hexanes as solvents. These cartridges are
available either from Silicycle Inc (SiliaFlash, 40-63 microns silica) or from Teledyne
Isco (RediSep, 40-63 microns silica). Preparative HPLC is carried out under
standard conditions using a SunFire™ Prep C18 OBD 5uM reverse phase column,
19 x 50 mm and a linear gradient employing 0.1%TFA/acetonitrile and
0.1%TFA/water as solvents. Compounds are isolated as TFA salts when applicable.
Analytical HPLC is carried out under standard conditions using a Combiscreen
ODS-AQ C18 reverse phase column, YMC, 50 x 4.6 mm i.d., 5 uM, 120 A at 220 nM,
elution with a linear gradient as described in the following table (Solvent A is 0.06%
TFA in H,O; solvent B is 0.06% TFA in CH;CN):

Time (min) Flow (mL/min) Solvent A (%) Solvent B (%)
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codser o s Aledde oiel Lo kel ot
alDbahdibenzylidene acetone;

DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene;

DCE: dichloroethane;

DEAD: diethyl azodicarboxylate;

DCM: dichloromethane;

DIAD: diisopropyl azodicarboxylate;

der Nidiﬂ condi ti anc

DIBAL: diisobutyl aluminum hydride;
DIPEA: diisopropylethylamine
DMAP: N,N-dimethyl-4-aminopyridine;
DME: 1,2-dimethoxyethane;
DMF: N,N-dimethylformamide;
DMSO: dimethylsulfoxide;
Dppf: 1,1'-Bis(diphenylphosphino)ferrocene;
ECso: 50% effective concentration;
Eq: equivalent;
Et: ethyl;
Et;N : triethylamine;
Et,O: diethyl ether;
EtOAc: ethyl acetate;
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PG: protecting group;

PPh;: triphenylphosphine;

Pr: propyl;

RPMI: Roswell Park Memorial Institute (cell culture medium);
RT: room temperature (approximately 18°C to 25°C);

SM: starting material;

Strep-EuK: Streptavidin labeled with europium cryptate;
tert-butyl or t-butyl: 1,1-dimethylethyl;

TCEP: tris[2-carboxyethyl] phosphine;

Tf: trifluoromethanesulfonyt;
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Step 1:
In a 4-neck 500 mL round bottom flask equipped with a magnetic stir bar, condenser

and Dean-Stark trap, diethyl acetylsuccinate (6 g, 0.026 mol), aniline 1a (2.5 mL,
0.028 mol), Amberlyst® 15 (0.08 g) and toluene (30 mL) are added. The resulting
mixture is heated at reflux temperature for approximately 3 days at which time TLC
shows only traces of SM. The reaction mixture is cooled to RT and the Amberlyst®
15 is removed by filtration. The filtrate is concentrated in vacuo to give a suspension
of a solid in brown liquid. The filtrate is diluted with diethyl ether and cooled. The
solid is filtered and the filtrate is concentrated in vacuo leaving a brown oil (~7.8 g),
which contains 1b and some cyclised intermediate. This crude intermediate is used

in the next step without further purification.

Step 2:
In a 3-neck 100 mL. round bottom flask a mixture of the crude intermediate 1b (~7.8
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hERYREYHT hesepidye tﬁatreq%d ww%{;qagytpm bicarbonate powder then partitioned

between EtOAc and water. The combined organic layer is washed with brine, dried
over anhydrous Na,SO,, filtered, passed through a silica gel pad and concentrated

to give 1¢ as a crude light brown solid (~2.35 g).

Step 3:
Crude chloro quinoline 1¢ (1.36 g, 5.17 mmol) is dissolved in THF (20 mL), and HCI

in dioxane (4 M, 5.4 mL, 0.022 mol) is added to this solution slowly. The resulting
reaction mixture is stirred at RT for 40 min. The solvent is then removed in vacuo
and the residue is dried on vacuum. The resulting solid and Nal (3.87 g) are
suspended in MeCN (20 mL), and the resulting reaction mixture is heated to reflux
for 16 h. The reaction mixture is cooled to RT and treated with a saturated aqueous
solution of NaHCO; (20 mL). The aqueous layer is extracted with DCM, and the
combined organic layer is dried over anhydrous MgSO,, filtered and concentrated to
give a brown syrup. Purification by silica gel chromatography (30% EtOAc/hexanes)
provides iodo quinoline 1d as an off-white solid (1.72 g, 94% yield).

Step 4.
To a solution of KHMDS (0.5 M in toluene, 3 mL, 1.5 mmol) in THF (8 mL) at -78°C is

added a solution of 1d (0.35 g, 0.99 mmol) in THF (8 mL). As the ester is added, the
solution becomes scarlet red. This is allowed to stir at -78 °C for 30 min before
being treated with the Davis reagent (0.39 g, 1.5 mmol). After addition of the
oxidizing agent, the solution becomes pale yellow and this is stirred for an additional
30 min at -78°C. The reaction is quenched with saturated NH,CI aqueous solution (8
mL) is warmed to RT and is diluted with EtOAc. The mixture is washed with brine
and the organic phase dried (Na,SO,), filtered and concentrated to afford a solid.
Purification by silica gel chromatography (hexanes/EtOAc: 6/4) provides 1e as a
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concentrated to afford the crude product. Purification by silica gel chromatography
(hexanes/EtOAc: 85/15) affords 1f as a pale yellow oil (0.56 g, 91% yield).

Ol

Step 6:
Intermediate 1f (0.59 g, 1.4 mmol) is dissolved in a 2 M NaOH aqueous solution (7

mL, 0.014 mol) with ethanol (10 mL) and is stirred for 4 h at RT. The ethanol is then
removed in vacuo. The resulting residue is diluted with water (3 mL) and acidified

with 2 M HCI solution until pH ~ 3-4. The residue is then extracted with DCM (3 x 10
mL), dried over Na,SO;,, filtered, concentrated and dried under high vacuum to afford

1g as a foamy solid (0.56 g, >98% yield).

Step 7:
To a solution of acid 1g (0.39 g, 0.97 mmol) and HBTU (0.48 g, 1.3 mmol) in

anhydrous THF (5 mL) is added diisopropylethylamine (0.5 mL, 2.9 mmol). The
mixture is stirred for 5.5 h at 30-35°C (internal temperature) at which time the sodium
salt of R-(+)-benzyloxazolidinone (which is prepared by adding sodium hydride (60%
dispersion in mineral oil, 78 mg, 1.95 mmol) to a solution of R-(+)-
benzyloxazolidinone (0.35 g, 1.9 mmol) in anhydrous THF (5 mL) is added. The
resulting solution is then stirred at RT for 16 h. The solvent is removed in vacuo and
partitioned between water and EtOAc. The aqueous phase is then extracted with
EtOAc, and the combined organic extracts are dried over anhydrous Na,SO.,
filtered, and concentrated in vacuo to afford a pale yellow solid. The crude product
is purified by silica gel chromatography (10->30% EtOAc:hexanes), yielding the
desired diastereomer 1h (190 mg, 35% yield, more polar product, >99% ee by chiral

column).

Step 8:
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(-0698yi6lY), whidh is hsEPmttAd Héxt'stbpaﬁlﬂwoﬁf)ﬁﬁﬁhéb’ﬁjrlﬂ%ﬁ%n The acid (130
intermedi'ate. This crude intermediate i s used n the

neévg) l%ﬁl&p@ﬂp@%@lﬂlethﬂ etheefS pily plpqi tragted with dlazomethane in diethyl

ether until all of the acid SM is consumed (as indicated by TLC). The reaction is
quenched with a very small amount of glacial AcOH and then concentrated in vacuo
to give an off-white solid. The crude ester product is purified by silica gel
chromatography (10-15% EtOAc/hexanes) yielding the quinoline fragment 1i (120
mg , 89% yield) in high enantiomeric purity (>99% ee by chiral HPLC).

Example 2: Synthesis of fragment 2f

H OMe ﬁ Q OMe
o 0.0 + MeO’/ Step 1 XN 5.0
MeO N
H OMe 2 H
OMe
2a 2b Step 2

2c

0
N S N
\/\ )H< Step 4 \\-/\O)j\’< tep 3 \\;_/\0H
OH

OH

2d
2f

Step 1:
Aldehyde 2a (5.85 g, 28.6 mmol, for preparation see: Michel, P. and Ley, S. V.

Synthesis 2003, 10, 1598-1602, herein incorporated by reference), phoshonate 2b
(6.6 g, 34 mmol) and K»CO; (8.8 g, 64 mmol) are combined in MeOH (125 mL) and
the reaction is stirred overnight at RT. The reaction is evaporated nearly to dryness
and the residue is partitioned between H,0 (250 mL) and EtOAc (500 mL). The
water layer is washed with EtOAc (2 x 250 mL) and the combined organic layers
dried over anhydrous Na,SO, and concentrated to give alkyne 2¢ (5.55 g, 97%
yield).
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Step 2: In a 3-neck 100 nL round bottom flask a
m xture of the crude internediate 1 b (-7.8 -47 WD

wQ 90285 PCT/ CA2008/ 001611 g) and di phenyPCEChA2008/001611
(-50 nL) are heated quickly in a pre-heated (2500
heating mantle for 6 mn (internal tenperature
reaches -250C) at which tinme the flask is renoved
fromthe heating mantle and is stirred until the
internal tenperature reaches below 100C. The reaction
m xture is then mxed with hexane (15 nlL), at which
tStep 2: a Iight brown solid is formed. The solid is

L0, PP b IS ATE A B S b 8

psadationtis sﬂqudmtRTo n‘\ftér 30tri11h,sths @éﬁﬁtlen (slcohcentrdtedundsmmdduced
esbuiE 30 Ferelinle Griusted fy Cobh ekl Cobbafat trdvg dol 2d (18

c@ @4elyield). RT and |s concentrated on vacuum The
residue is treated with sodi um bi carbonate powder then
partitioned between Et QAc and water. The conbi ned
opep3i c | ayer is washed with brine, dried over

AR 5L e BRSSP ot o

beowiL) 3Ot ddled to°Bunder Nt BiingthylsEdtdeniediles ad@st avebiviRe and

PR edino i AlEwedtagons ( T Shdstipreiay. Tus egien s

ttﬁelﬁ Busnchet withdmeGH QWQ/mL)TM dtiedrig ib cBftinue@ #61t20aHin, The
40 m n. The sol vent

ure s stirred is
¢ B thSn Bondnatel ynOo 45 ArEA R @ Lo dps G f,purified by
V@&hblmash'®@dn€§dm|ldﬂ te@@qhe desird Meo dsterPe B0 AL 40% yield)
Lirs) %In I\/bCN% and the resulting reaction
' Yndssiead T S'OPQ elix mongestes (378 mae 17 yield)-on
m xture is cooled to RT and treated with a saturated
aws solution of NaHCO3 (20 nlL). The aqueous | ayer
racted with DCM and the conbined organic |ayer
18 a@éa%%lé»éaétuowfrémr@&ﬂutm%e 6rbbér@9|ﬁ:dalml 2e (375 mg, 2.20

concentrated to ?I ve a brown syrup. Purificatio

DB Ang AN SR 08 resh 1 50300k SRRt XA d500/68 to /8°C.
HE&UtQ%Sls'tM%L%‘BléEQh#OGSh riTed &Tut@ﬂ uﬂfnfthé\'bblhﬁmesa%\oroq( r&étﬁ/@Z

94% vyi . Step 4: "To a solution of
i 49%0@%5‘!‘?6 tube 'ﬁthenlse&'qqln’enoyghtﬁo Ripandgs ﬁtryedatwermshi iThe tube
addRA Roraltet1et, §f opthel Q\né@r&)ghpbz%k 98 )THe Mmilddre (68hen

m). As the ester is added,
filtered through a plug of SiO, (EtOAc wash) and concentrated under reduced

pressure to provide pure fert-butyl ether 2f (390 mg, 78% yield).

Example 3: Synthesis of alkyne 3a

e}
Me OMe
\F¢ A
OMe H OMe
2c 3a
Step 1:

Solid Pd(PPhs), (444 mg, 0.385 mmol) and Cul (146 mg, 0.769 mmol) are
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sol uti on becones scarlet red. This is allowed to stir

at -78 Cfor 30 mn before being treated with the
w@aovmenengent (0.39 g, 1.5 nmol). After addi tPONCaL008/001611

the oxidizing agent, the solution beconmes pale yellow

and this is stirred for an additional 30 mn at -78C

The reaction is quenched with saturated NHA4Cl aqueous

solution (8 L) is warned to RT and is diluted with

Et OAc. The m xture is washed with brine and the

organi ¢ phase dried ?Na2804 filtered and

BiERHveltadded o aspivtien af Gtodpenromep (1§ ¢ c?eﬁmesw')@yd alkyne 2¢

St igc8s ﬁﬁﬂlolﬁd]ééd"ﬂﬁd%bﬂm 3(rhq>@a%ﬁétﬁﬁp e ($13hhL) The reaction

provides |e as a, - 009/062285 PCT/ CA2008/ 00161

U’@qx@ée sHtirrgd @@erg(ghbat &'@ gog me@peycerg@gﬁd gilutgq,with EtOAc (300

SHEPAHYSY R Bes¥ivelyOfkE:Mea Al brihe, { Q ae&,.s AC ari@Water 1300 mL

tert-butyl acetate (12 nL) at added perchloric

RK3ch)- (B‘%@gﬁ'ﬂ'c ‘WeB'Srﬁﬁ'ﬁij)oveW@Speéeg ﬂaﬁreﬁ@“?@ﬂ' iqdPYst i r

fOEmIBIFRsA® CofpdnfintB @RI MYnk BaN$0. Bgt 849 yidi@ar

solution). The reaction is quenched with water (12

m-) and basified with solid NaHCO3 until pH - 6. The

140
P B he PRt Mo LY (Gl atale e
and concent ed té’ ford t he crude product

P hi%at i a Clsi | j chr omat ogr

( nes/ Et OAc: 85/ affosrte@ls 1f pagtegsyel | o » | Pl

(0756 %, 9lsdb yi el d di at_rf"(o ﬁ
ull o

1.&ymol) is dlssolvdinaZMNa a‘dueoussol '
(7 m, 0.014 nol) with ethanol (1PwL) and is stiffred
fora 4 hat RT. The etkanol is then 4enoved in vacuo
The resulting residue is diluted wwth water (3 m
and acidified with 2 MHC solution until pH - rijte“
The residue is then extracted with DCM (3 x 10

dried over Na2SO4, filtered, concentrated and dried
under high vacuumto afford 19 f oamy,solid
g, >98%yield). Step 7: To a sol of actd Ig
g, 0.97 mml) and HBTU (0.48 g, 1.B nfrol) in
anhydrous THE (5 ni) is added di bsopropyl et hyl aﬁyﬁ’e
(0.5 m., 2.9 nmml). The nixture stirred fof 55 h
at 30-35C (internal tenperature) latl Which tine the

sodium salt of R-(+)-benzyloxazoljdinone (which fs
prepared by addi ng sodi um hydri de (60%

Step 1:

To a solution of 4a (6 g, 37 mmol) in nitrobenzene (12 mL), chloroacety! chloride (4.6
mL, 57.5 mmol) is added, followed by the addition of AICl; (20.4 g, 152 mmol). As
the AICI; is added, the mixture becomes viscous and gas evolution is observed. The
resulting brown syrupy mixture is left to stir overnight at RT. (Reference: Y. Takeuchi
et.al., Chem.Pharm.Bull. 1997, 45(12), 2011-2015.) The thick reaction mixture is
cooled and ice water is added very carefully (Very exothermic!!) a few drops at a
time. Once gas evolution and bubbling is subsided, cold water is further added
followed by EtOAc. The mixture is stirred for 5 min and the product extracted with
EtOAc (3x). The combined organic layers are washed with brine (1x), dried over
Na,SO,, filtered and concentrated to afford the uncyclized chloroketone (24 g of
crude; contaminated with some nitrobenzene) as a pale yellow solid. This
intermediate is then taken up in EtOH (100 mL), NaOAc is added (20.4 g, 248 mmol)
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di spersion in mneral oil, 78 ng, 1.95 mvl) to a

solution of R-(+)- benzyl oxazolidinone (0.35 g, 1.9
worwbp62285 anhydrous THE (5 ml-) is added. The PCT/CA2008/001611

resulting solution is then stirred at RT for 16 h. The

solvent is renoved in vacuo and partitioned between

wat er and Et OAc. The aqueous phase is then extracted

vvith Et OAc, and the combi ned organic extracts are

an o] I .
o 58 RAED S AU SRR po PR FED B st e resce
T$1takem upén EtQKhJ((SOO mLs apd miashextiwitty 5%i KAG (31200 mL) and the

SR S T S R P 5 S0
Eatracteg mitdl lEct(DAc 09 26@ enlhywashed ahth bdoé (Mr)m)dneﬂ&toepr I‘BazSOfLQ
LR L depel ST SEMR I N R T

r@dnibiRtagh@Con(pEnios ($2ilg)cto ORI |(1té®®(ed|6te3ﬂ) ad 3 ydliolv swlie 4.7 g).
by Li OH nonohydrate (17 ng, 0.41 nmmvol) dissolved in
water (1 nlL). The reaction mxture is stirred at 0C
fSep 30 min at which tirre 10% Na2SC3 (0.26 nmL) is

0 Wt a7 Mok 2 Sh X Fspvedih I 42 BT itre el with
mya&umtedhyaraw@moqm 1 @ ering). Wﬁgrglfﬁ/lsg\f}éakdlte réflux.forl4gemin
s PO RE A i BRI TE PhSulh IS o Bt b abuiibnansine
aedidud BlarssorREd & diethglene Yycold1 hamefode BEing treatd%ith KOH (108
U 92 monenc e Bter Prb1 S Tord €8 S et st

djuletbbwuthatt)ﬁb and thié_bH amahjmsnaawmd 1\M IHDI 1di piz eT B OGahie phase
i et et

o S ter Sveen s Reten Briod, Ao ShS verous R fherpd and

Etoheéryraﬁaml'lfheaﬁmmmaw‘nagls parifdd AOCIMBIARsh®@dmpanion (eluent: 0-

PR A e g e et da B S en ) ¢ T

chrormt ography (10-15% Et QAc/ hexanes) vyi el di ng t he

Jdingline fragnent 1 i (120 ng , 89%yield) in high
%ﬁ\%ﬁh& oneric purity (>99% ee by chiral HPLC). Exanple

A s&)‘tlﬁnhﬂﬂb%pﬁ'ngf 0 381EHbI) Rfcobleddo O7HPCDCR @ MEParRd then
treaPed Wlth BBra (‘F M in DCM, 825 puL, 0.82 mmol). After 15 min, the bath is
removed and the reaction is allowed to reach RT. The reaction is then stirred for 1.5
h. The reaction is cooled to 0°C before quenching by the careful dropwise addition
of water. The mixture is treated with saturated NaHCO; (to pH ~ 8) and the phases
separated. The organic phase is washed with saturated brine, dried over MgSQ,,
filtered and concentrated to dryness. The product is purified by CombiFlash®
Companion (0-50% EtOAc/hexanes) to give intermediate 4d as colorless oil, which

solidifies upon standing (40 mg, 71% yield).

Step 4:
The phenol 4d (40 mg, 0.23 mmol) is dissolved in DCM (2 mL), cooled to 0°C and
treated with pyridine (95 pL, 1.17 mmol), followed by Tf,0 (44 pL, 0.26 mmol). The
reaction is allowed to stir at this temperature for 10 min before warming to RT over a
period of 1 h. The reaction mixture is diluted with DCM and the organic phase
washed with 10% citric acid and then brine. The organic phase is dried over
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HOw Nz H2c Ow 2a 2b Step 2 O Step 4 O Step 3 Ox E
"~~0 E " ~~0OH O OH OH 2e 2d 2f Step 1. Al dehyde 2a

W@ 200866285 28. 6 mmol , for preparation see: M chedCT/CR2008/001611
and Ley, S. V. Synthesis 2003, 10, 1598-1602, herein
i ncorporated by reference), phoshonate 2b (6.6 g, 34
mol ) and K2COB (8.8 g, 64 mmol ) are conbined in MeOH
(125 nL) and the reaction is stirred overnight at RT.

B80S Mo Brereeo ROt S e el R0 el GBS ashBe parion

((515@°/J1E’00Ac7h§xadé@) RIgiVedess b FelwRssIe@7 whd, 0484 \¥a). (2 X
250 nmL) and the conbined organic |ayers dried over

anhydrous Na2SO4 and concentrated to give al kyne 2c
(Siepb: 9, 97% yield). -50 WD 2009/ 062285
CA2008/ 001611 St eg 2: Al kyne 2c 645.0"%_, 25 mmol )
i 19 yplutianeidne wiflgiede (88 md. 0)224Reoldt BMF(3 ré-)nb’s- and
t(PRacARoHibREnd & 25hé,'d. Esmado c?%-ﬁd p‘aiésgrunsacé@te (64 8, 0. 65 mmol)
un

reaction IS concentrat ed er reduced pressure and
tah@ afdad. dlids palutiniy is dr@sssr @iRbuRPIRgHn for A8 MR ketere agding
@d(gz(@b&j Cﬂ%blg :’(Z'Bmggo o@%mb etied mixRireRs de- géss%eléwhﬁév 5 min

% and triethyl am ne .7,
PEfoPr@PD"‘gll'\?aﬁél\f/P @gbfom_si hl STh@dB‘P(@EF F&Oe@d&hﬁé ra”ﬂ?"“ted ‘with
-.E‘_'tOK@Wéra‘Fﬁé Mﬂg‘éhic‘?fhbgeels' vﬁas‘ﬂ@é‘ Aith dRPNIES Sru@é‘(éx) t4REd over

resutlnglmxturelsa owed to cone to stir
9

APBY PR Mo SEh iliecagtandorenicentrated nThr erHE® @@twa! ﬁ PyE e by
(d&@ol%%h@@%nﬁiahroh'(ﬁgO%Emm RERshesPlo Afdrding-boldiate 4f as a

m xture is then concentrated under reduced pressure
afitersiobid (e % yielslhr i fi ed by Corbi Fl ash(r)

Conpani on to give the .desired nono ester 2e (550 ny,

40% yi el d)

Example 5: Synthesis of boronate fragment 5f (used in preparation of 1077, 1091,

1095, 1099, 1100, 1118)

(0]
oH o OH o OH o/\f

I N - NH, NH
~o~ Step1 O Step2 Step 3
—— _— —_—

Z

Br Br Br
5a 5b 5¢ 5d
Step 4
oﬁ o/\
NH Step 5 NH
- ——————
o /B\O Br

T .

Step 1:
The nitrophenol 5a (5.23 g, 34.1 mmol) is dissolved in acetic acid (20 mL) and the
solution is cooled in an ice bath. Bromine (1.75 mL, 34.15 mmol), dissolved in 5 mL

acetic acid) is added dropwise with stirring. The mixture is stirred for 1 h at 0°C
-54 -



along with the undesired regioisoneric mono ester (378

ng, 27%yield). Step 4: In a seal able reaction fl ask,
w@2@obe28n of the propargylic al cohol 2e (375r@myCA2002001611
nmol ) and Anberlyst(r) H 15 resin (150 ng) in hexane

(3 m-) is cooled to -78C. Isobutene is then bubbled
through the solution until the volume approxinately
doubl es. The tube is then sealed, brought to RT and i's

Sbéfrof'éagel dd g{)u gmto %ﬁﬁ)é#@% L;Tﬁﬂ%ﬁnﬁl?r% %egxtFa%t th'_:tOAc 2

pene rou
f P(I Wr@’d qﬂdrtb%rgwadﬂq@ll with &% I\Bll'ms((ztm mh/&ilsaf))realming dried over

fgﬁlﬁﬁbuty &§?Urﬁ Sbe" ﬁgggﬁ&ent@{/eﬁéig t%é’d@%?\ ﬂfdeopg;Ea&uct 5b as

sgnpremge@bd (82 gyqengativeyielOMET Ve madial i§-us&ll épthé next step:

_ tﬁ%@gﬁ‘ nﬁ%ﬂ@t'% 2c 3a Step 1. Solid Pd(PPh3)4 (444
nd Cul (146 ng, 0.769 nmol) are -51

V\D 2009/ 062285 PCT/ CA2008/ 001611 successively added

t sol ution of 6-iodochroman (10 g, 34 mmol) and

a 2 2¢ (11 g, 55 nmol) dissolved in DVF (23 nl)
amhd adveditstigred ethaeol sblBioni(§5 mThef Ste@ct §,034.9 mmxdiySaCi,$20 g, 105

o8 el S8 Venflon Dl Rl GERPER AR oy harEerion

bthertensfbrivatamuie tneemig@ite, anetefurd, anoré IXCILNRg, Waempl) isThdled and

gfbr%qgé&lghwgthn&lg hgﬁ# g% e?f@ &{’\ﬁpztéﬁ)ﬁlégﬁnt?edrt@gqpéecg %feT%%

(hixt@eds p@aed yintel 25D.g dhicngricthd pHS;d]lidh@SioSappfomﬁétenat Bwith

fc%ﬁ%%ﬁgs /él(lal‘ltl edTh%o%{dggal%%%rqoc\tc]e lth IC:)%RC (3(3( 900 mL) before

being washed W|th saturated brine (2 X 100 mL). The organic phase is dried over

anhydrous MgSOQ,, filtered and concentrated to dryness to give the aniline
intermediate 5¢ as a gray solid (8.25 g, ~100% yield; this material contained some

tin residues, nonetheless, it is used as such for the following step).

Step 3:

To a stirring, ice cold, DMF (5 mL) suspension of potassium carbonate (2.05 g, 14.8
mmol) and aniline 5¢ (750 mg, 3.71 mmol) under nitrogen, chloroacetyl chloride (355
ML, 4.45 mmol) is added dropwise. The mixture is allowed to warm to RT over a
period of 15 min and then heated to ~60°C for 1 h. The mixture is allowed to cool to
RT, is poured into a mixture of ice/water (250 mL) and is stirred for 15 min. The
suspension is centrifuged, and the supernatant is discarded. The solid material is

left drying under suction overnight to give intermediate 5d (280 mg, 31% yield).

Step 4:
To an ice cold THF (6 mL) solution of the cyclic amide 5d (280 mg, 1.16 mmol)
under nitrogen, a borane-THF solution (1M in THF, 1.74 mL, 1.74 mmol) is added
slowly. The reaction mixture is slowly allowed to warm to RT, then is stirred at RT for
approximately 1.5 h and then gently heated to reflux for 1 h to complete the
conversion. The mixture is cooled in an ice bath and is carefully quenched with
aqueous 1 M NaOH (4 mL) over 10 min. The reaction mixture is partitioned between
EtOAc (150 mL) and water (25 mL). The organic layer is washed with aqueous 1 N
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Step G OC G OO0 OH4a 4b 4c 4d 1 Step 4 0 0

Step 5C C OO0 '0 OB OOCF3 4e Step 1: To a
w@oi0anexnss of 4a (6 g, 37 mmol) in nitrobenzenePCL2Andop/p01611

chl oroacetyl chloride (4.6 nL, 57.5 nmol) is added,

foll owed by the addition of AICI3 (20.4 g, 152 mol).

As the AICI3 is added, the m xture beconmes viscous

and gas evol ution is observed. The resulting brown

SKIE\ (251n>|(L)u§é‘3tur‘a eu éJ%OEIQNéEl %n&"l’@ﬂg'oﬂl@go@ér ﬂ%dmfjs MgSOs,

rence:
19I964red 364 @cz)cenua’@ﬁiczglye the arde b@ias lan @aer pib (2 12i My, 1§186 yield).

| g hls%%HLEQHSQEQd ag %u%o?kekﬁraﬂ%ﬁﬁa%%r y carefully (Very

exot hermc ew drops Once gas
evolutlon and bubbling is subsided, cold water is
f[dher added followed by Et OAc. The mixture is
d for 5 mn and the product extracted with
EA(WE&I s(clB’ggl DM Sovlnjisohdidn of therdrgbilomjde Se 650 gvesteohmol),

cBbsrlinaRele o 1A Fep TN AR BRI na i Bl es a0

gmoiol) is ldaglased @ybahblmgtﬁedhmugﬂnt@mmﬂntmn ford®enine Mplmm-DCM

PRGBSl v LSRN Bl LSS50 e
- 5&al(tSTOOY BB 285 v4EEl) CAD0U8/=0d Iﬁﬁatbd tar'rGO‘tChE)r Eda'ac'lthedaaction

' Fhl)gurgli?gl d)V\,e% tb %I)J)I%( RITOEIIUA%Q V\)Eﬁw %‘tOA-P FI 56trgl_)| \i/vzsashed with brine (3 x
100 mL) and water (2 x 100 mL) dried over anhydrous MgSQ,, filtered and
concentrated to dryness. The residue is purified by CombiFlash® Companion
(EtOAc/hexanes) to give the desired boronate 5f (389 mg, 65% yield) as a yellowish
waxy solid.

Example 6: Synthesis of boronate fragment 6i (used in preparation of 1038, 1039,
1053, 1054, 1055, 1056, 1083)
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is taken up in EtOQAc (300 nL) and washed with 5% K2C03
(2 x 200 nL) and the aqueous |ayer then acidified
wowrdb/oergeous HO (1 N, pH = -5). This acidi c PElEA2:(08/001611

extracted wwth EtQAc (2 x 250 nL), washed with brine
(1x), dried over Na2SO4, filtered and concentrated to
afford the crude product. This material is purified by
Combi Fl ash(r) Conpani on (120 g) to afford internedi ate

4b as a ygllow solid (4.7 Step E The ketone 4b

(127 rrg,)QQQ mmol) is di sjﬂved in EtOH (2 nl) and

treat ed®w hyd\a i ne hydrate (5009\ 16 a0l ). The

mxtoﬂre is eat o refldxoef or 45 n’ne bef o
al I gst_to t QedRT. e salyent 5
evapo t|on an re3|d s di'ss oI in

di ethyl ene glycgl (1 nL) befpr® being trgdted with KOH
(108 ng, 1.92 mmol) and then heated to 110-120C for
2.5 h. The reaction mxture is dilutedi‘th Et OAc and
the pHis adjusted with 1 N HCl to pH <4. The organic
phase is separated, washed with satur ted brine,

dri ed over anhydrous MySO4, floLtered d

concent r at ed. Tecrude materilal is plrified by

Conb‘i Fllash(r) (Conpani on (&'uént: O- o50 b Ef QAc/ hexanes)
e isatrer |ate5t4tg: yel Low oj 62 ng). Step
Jutio A Q. 33 mmol ,cooled to

-78 |n DCM (2 ) and t hen treated mnth 'BBr 3 (1 Min
§25 pL, 0 82 nmmol ) . After 15 min, ‘the bath is
renD vgd and the reaction is allowed to reach RT. The
reaction is then stirred for 1.5 h. The reaction is
to OC before quenching by the careful dropw se
addifti on of water. The mixture is treated with
ted NaHCO3 (to pH - 8) and the phases
ed. The organic phase is washed with saturated
e, dried over M\gS™, filtered and concentrated to
drynesse The product is purified by Conbi Fl ash(r)
ion (0-50% Et OAc/ hexanes) to give internediate
4d as colorless oil, which solidifies upon standing
(40 mg, 71 %yield). Step 4: The phenol 4d (40 ny,
Ogg3 4ol ) is dissolved in DCM (2 nl), cooled to 0C
a reated with pyridine (95 pL, 1.17 mol),
f Spdiomewydiige 02O 7(449, 3194 nomolpisrandey to Thvell stirsect suspansien of 6a

I - j f,
V\g 2%’@%7@@&@) in FHFs (%é fggﬁ%f&.grtrﬁ_tﬁgheg%ﬁ%@gﬁt%g & €h, N,N-
ndlgthutcerhamow ¢higrisig ()'M 6ﬁ rf[bCN/B‘ananhie adderhai RT.pAfigrestirring the
reaction overnight, the reaction mixture is quenched with water (100 mL), extracted
with EtOAc (3 X 50 mL), is dried over anhydrous MgSQ,, filtered and evaporated

under reduced pressure to obtain 6b (33 g, 75% yield) in high purity.

Step 2:
Diisopropylamine (21.0 mL, 121 mmol) in THF (330 mL) is treated with a solution of

n-BuLi (2.5 M in hexanes, 48.2 mL, 121 mmol) at 0°C. After 30 min at this
temperature, the solution is cooled to -78°C and carbamate 6b (33.29 g, 109.7
mmol, 75 % pure) is added. The reaction is stirred at this temperature for 30 min
and then iodine (33.4 g, 132 mmol) is added. The solution is stirred for 30 min at
0°C and is then warmed to RT. After 2 h, the reaction mixture is quenched with

water (250 mL) and the volatile organic solvents are removed under reduced
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washed with 10%citric acid and then brine. The

organi c phase is dried over -53 WO 2009/062285
weFampas2808/ 001611 anhydrous MgSO4, filtered, PCT/CA2008/001611

concentrated and purified by Conbi Fl ash(r) Conpani on

(0-50% Et OAc/ hexanes) to give 4e as a yellow oil (67

nmyg, 94%yield). Step 5: To a solution of the triflate

4e (66 rrg, 0.22 nmmol) in DM (2 nl), bis-

di b
RisraTe The =t Hast RSPl I oA S L0, e
| witld @ NJS @00 (i) tdry MgSi,j filtprelt 9nd @rapdated undee fextueed pressure
P d 27 , 0.03 [). Th
nfl bﬁﬁsfggdégg§@§&§%;2furthér 5n?n' n bef{)n;rte) %Jei nge
heated to 90C for 16 h. The m xture is cooled to RT

a iluted with EtQAc/water. The organic phase is
with saturated brine (3x), dried over

anihy o otbadisiebc (0ot 28 ethandropanryybatstad €313 mLh 66 efmisle

(RO ede 51 % BAETRIER Y ©Pat PuRe (1 hE S PBRTS) are combined
ain dibbgrepysarhing (§FHLIBO mbndtp il iaededjablebyBérDhder Ar and heated at
of5: 67 718 3 he S i < fopd 15T aoaRuBHERO G PAC D
0(108mL} and\iiis Mixture (- extacted JthG@’/&lep(z& BEPLE Hie BHame layer
51% d%?gg\(}ar%lgsgf aerpd éonger%’ate to dryness H’hg cru '_ée produEE:t |35pur|f|ed by

CombiFlash® Companion to obtain 6d (3.65 g, 46% yield).

Step 4.
6d (3.63 g, 12.9 mmol) is dissolved in EtOAc (81 mL) and treated with Rh-Al,O; (5%

wiw, 3.45 g, 1.68 mmol). The flask is evacuated and charged with 1 atmosphere of
H, (balloon) and the reaction is stirred overnight at RT. The reaction mixture is
filtered through Celite® (EtOAc wash) and the filtrate is concentrated under reduced
pressure. The residue is then purified by CombiFlash® Companion to obtain 6e (3.7
g, 71% yield).

Step 5
Solid NaOH (920 mg, 23 mmol) is added to a solution of 6e (2.63 g, 9.20 mmol) in

EtOH (93 mL) and the mixture is heated to reflux and is stirred overnight. The
mixture is then cooled to RT and the organic solvent removed under reduced
pressure. Water is added (100 mL) and the mixture exiracted with Et,O (3 x 100
mL), dried over MgSO,, filtered and evaporated under reduced pressure to obtain
phenol 6f (869 mg, 51% yield).

Step 6:
Diethyl azodicarboxylate (953 uL, 6.05 mmol) is added dropwise to a solution of

phenol 6f (869 mg, 4.66 mmol) and PPh; (1.59 g, 6.053 mmol) in THF (65 mL) and
the reaction is stirred at RT. After 4 h, the reaction mixture is evaporated under
reduced pressure. The residue is then purified by CombiFlash® Companion to

obtain the chroman 6g (387 mg, 49% vyield).
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The nitrophenol 5a (5.23 g, 34.1 muvol) is dissolved in

acetic acid (20 nL) and the solution is cooled in an
w0 e@9be2Bs Bromine (1.75 ni, 34.15 nmol ), di sseCTEA2G08/001611

5 nm acetic acid) is added dropwi se with stirring.

The m xture is stirred for 1 h at 0C -54 WO

2009/ 062285 PCT/ CA2008/ 001611 before bei ng poured

into ice water (250 nL). The mixture is extracted with

EtOAc (2 X 100 nL) and then washed with 5% NaHCO3 (2

X 50 nmL) before being dried over anhydrous MySO4,

fBlepét.ed and concentrated to give the desired crude

pfogﬁug%siﬁgaﬁ 298 B5PR%G4SRL Ll &chPot%}}%%@s'?‘fﬁg 229

V\mtﬂub)wtndegN(Dtﬁ(nZ@mg Ris@atiol in Be©H (23 MLY. Aftewc2q min, a 0.5 M

rs‘éé) lTrj tro%dcg%gg gﬂ.ﬂbﬁg& a‘{% k)@ﬂnrﬂﬁ"ml ;]kgd A4 t%% (?(qﬁﬁmgpha%é e%tracted

nwvthi EtQAo S x525 muedTIaH ccrretb:hed(orfgamcxhssés arAfwashed tvih brme then

s RS B 38 Ry & i ale e @E o i vero)

m xture is heated at reflux for 1 h before being

ngl t%d to RT. The m xture is poured onto 250 g of ice
a e pH adjusted to approximately 7.5 wth aqueous
SEosbRItEHRBE iodd Ehtéifr@dla@é 6h B4 hg, 2C2®ehnml) bisfird8olalcddiBorane

180778, 2% B R rethsharstetate ClaZE G .88 Fipalln B (7L i

I\/Q@a%sed iWitheXreer F0MRlinG mummmﬂ; paM &nﬂﬁléﬁﬂ(ﬁSg nid) 0PMBmol) is
C .as SOl 1

|I|ne nt er jate a
S0 anyrdra nemilhns Heparseo i et miehanothel s min
][‘EISE:; (Haefon B A Mt@F®,95°C in & seaigle Afbesarefis EBfed HRmight. The

ol l owin

old, DVF
(Bokt B Leend 87 2o Exopa LoTHDUS AR, B G8ngs wasdies with
”H’me) (33mb0anL), Wﬁfbr@ﬁx@@'@&]m@lrlea .o0dr MYB0), flterdarand solvent

nitro chl or oacet ori de

SR A OBE0 PSR T oS e REly Co TGS
REo@p&tioRto Herd @droﬂ&tele%ténm(@mdng he9, fiemy.ed to -60C
for 1 h. The m xture is allowed to cool to RT, is

poured into a mxture of ice/water (250 nL) and is
SEkérhﬁléf Oyrkfedi &F-bofdHte ﬁa@ﬁaﬂ% éoﬁ.ncwé]sarrétfdmgﬂdoes 1107)

and t he super natant is di scar ded. he solid materi al
is left dryin Under suctlon overni ght to glve
i nternedi ate 5d 280 nmy, ° /o yi el d). ep

OH
Step 1 Step 2 Step 3
Cl Cl
OMe OMe

7a

7d

Step 1:
A solution of phenol 7a (0.91 g, 5.74 mmol) in dry DMF (1 mL) is added dropwise to

a slurry of NaH (60% in oil, 0.60 g, 15 mmol) in dry DMF (1 mL) cooled to 10-15°C

(cold water bath) and the mixture is stirred for 20 min. This results in a thick, frothy

white mixture. A solution of 3-bromopropionic acid (1.1 g, 6.9 mmol) in dry DMF (0.5

mL) is then added dropwise and the reaction stirred at RT overnight. After 16 h,

MeOH (1.2 mL) is added to help break up the thick, pasty reaction mixture which is

then added to diluted HCI (~12 mL, 1 N HCl in 100 mL water) and extracted with
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To an ice cold THF (6 nL) solution of the cyclic am de
5d (280 ng, 1.16 mmol) wunder nitrogen, a borane-THF
w@eoianenss (1 Min THF, 1.74 ni, 1.74 nmmol) i s ecidea2008/001611

slowy. The reaction mxture is slowmy allowed to warm
to RT, then is stirred at RT for approximately 1.5 h

and then gently heated to reflux for 1 h to conplete

the conversion. The mixture is cooled in an ice bath

a e

E{OASIEB Mg R o ERE0E0 s e CRERUT ord F e dganic
bleyewdie dr:e@@enb%@smazs@@nﬂmemoréizg tmgyve Thlas a)W@lmC&Id

4l BB o st Yt A0 0P 0L BRAH. T

NaGleriabindséd imethé yextrstepawithoet panfisglitrous MySO4,

filtered and concentrated to give the crude 5e as an
anber oil (212 ng, 81 %yield). This product is used
aStepuch for next transformation. Step 51 A well

P45 Eob i ) 8848800 Bl 4 50 SRR By e

nEEpbloxnatelpi7s) ind &heaﬂeatt@YﬁﬁOJ’orgﬂuwa (:lﬁbr&&eg coldredi soﬂnmh) During
iR TSen 3o e e BN Tete higorisdirc A F LN bemeta

deigRa.| Aﬂeﬂ £h aehahdwedr ém sldvﬂy Btlded Witterapicsstienng te give a thick
seal ed . ‘? ﬂ“on SCrew, ca
0

|
CB1Pg0R of N RIS TRRHEY ROl @ MR PR S PrEale pipouct s
c&@tacted vith EtDAU 60 wiLY bn&W@é\tﬁneo(\&uﬂﬂwafe) (1 O@aslt)egbtwatdu NaHCO;

ol Toip) snekesne h i, 2HC aidericsibedm yiatayef hSidrS Thgso,

daydeveporaté®io ged weaslesSmw VibleesbliaywHimisiubbaadbuoh (1.29 g).
Conmpani on ( Et OAc/ hexanes) to give the desired

boronate 5f (389 ng, 65%yield) as a yell ow sh waxy

aod: Exarrpl e 6: Synthesis of boronate fragnent 6i
usea preparation of 1038, 1039, 1053, 1054,

|iptrsmedgisiie BesolngoooiunsassecabTh ©ET6E b e sl M the ar
Gvoaid r&ogn% thht@hé same synthetic methodologies used to convert 4b to the

boronate 4f can be applied for the conversion of 7¢ to the corresponding boronate
7d.

Example 8: Synthesis of boronate fragment 8h (used in preparation of 1069)

OH OH O OH O

NH, Step 1
—_—

Step 3

Sms
X =

(2]
=+
@
<

N

8d
l Step 4

Step 1
2-Amino-m-cresol 8a (5.7 g, 46.3 mmol) is dissolved in H,O (30 mL) and 1,4-dioxan
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OHONO~100 Step 1\ / Step26'Cl 66C \ | Step

3\V/ Cd A Ga6bo6ec 6d1 Step 4 OHN OH OH 00
wE@po@2285 6 \ Step 5 O&  C | C C | G 6g PET/68208/001611

Step 8 0Cl ~B, 00 6i Step 1: Sodium hydride (60%

7.78 g, 194 mmol) is added to a well stirred

suspension of 6a (12.5 g, 97.2 mol) in THE (100 nl).

After stirring the reaction mxture for 1 h, N N

g"cfg'té‘lgy gﬁ@&@% ||s ﬁégt&r ﬂoqgfldga‘}kdqﬁem-lBr Yo n17'7;':}Jr|l)_ d %mol is

ter stirrin rea_lc on overni
Bhded drapwisepver x perias ¢f§0qnlen dhe defluixtih maintaineq fmen ﬁrdghtlonal

qgttﬁlﬁ‘%ﬁ@ﬂhﬁ/gg%goﬂs%%g&e XTRErdction fs%ogl'ghl ?ﬁ R?e/,%rnd NaNO, in

anhydrous ed and evaﬁorape . .
He@u2@ mlpiseasisigd overoa periagi of 36knip33he stirripgds ¢astinyed for 15 min at

B s Pt BR OB Bt o o 4
g- Bu2imnidl) B HQ @OH@maméé-iBn(ﬂ}S% M.mL10.81 ) 3t 03€ (otected
‘ﬁ‘t)%e]fggl?)oTﬂ'é g%%ftloﬁ silrre PR A Lgt ? 3%‘ \ggrn%(al #ggﬁt‘; s'tlﬁed for an

cool car armt e
additional 15 min, cooled to RT and then stlrred overmght The reaction mixture is

then transferred to a separatory funnel and extracted with EtOAc (3x). The organic
layers are combined, washed with brine, dried over anhydrous MgSQ,, filtered and
concentrated over silica to afford a mixture that is purified using the CombiFlash®
Companion (20% EtOAc/hexanes) to afford the desired bromide 8b (1.46 g, 17%

yield) as a red-brown oil.

Step 2:
To a solution of the bromide 8b (1.36 g; 7.27 mmol) and (PPh;),PdCl, (766 mg, 1.09

mmol, 15 mol%) in DMF (12 mL), 1-ethoxyvinyl-tri-n-butyltin (2.7 mL, 8.0 mmol) is
added. The mixture is capped and heated in a microwave at 160°C for 15 min.
HPLC and LC-MS analysis indicate approximately 70% conversion. More 1-
ethoxyvinyl-tri-n-butyltin (2.7 mL; 8.0 mmol) and catalyst (PPh;),PdCl, (380 mg, 0.05
mol%) are added and the solution is again subjected to the same microwave
conditions. The reaction is quenched with 6N HCI (1.5 mL) and stirred at RT for 1 h
to effect hydrolysis of the intermediate. The mixture is poured into EtOAc (150 mL),
washed with brine (3x), dried over MgSO,, filtered and concentrated over silica to
afford the mixture that is purified using the CombiFlash® Companion to afford the
desired ketone 8c (947 mg, 87% yield) as an orange oil.

Step 3:
The methyl ketone 8¢ (1.02 g, 6.8 mmol) is dissolved in EtOAc (15 mL) and CHCI;

(15 mL) before being treated with Cu(il)Br, (3.03 g, 13.6 mmol). The mixture is
heated to reflux for 16 h. The mixture is cooled to RT, the product filtered and
washed with EtOAc (1x). The solution is concentrated over silica to afford the
mixture that is purified using the CombiFlash® Companion (10% EtOAc/hexanes) to
afford the a-bromoketone 8d (710 mg, 46% yield) as an orange oil.
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mol, 75 % pure) is added. The reaction is stirred at

this tenperature for 30 mn and then iodine (33.4 g,
wa3dmonemBy i s added. The solution is stirred fPCT/B8A82008M01611

at OCand is then warnmed to RT. After 2 h, the

reaction mxture is quenched wth water (250 nL) and

the volatile organic solvents are renoved under

reduced -57 WO 2009/ 062285 PCT/ CA2008/ 001611 _

sure. The aqueous phase is then extracted with
(3 x 100 n.), washed wth 1 N HA (200 nL), dry
W@S(}lqlutfoinl af érecloFommotietona Bd (At GeoiguBid enmole thuardgdioue SMA @2 mL),

18080 Pl 03 8o B rasd” Jh¥ cicibn 1S BBa A R 6 18oe
Q'r:thBrean take6 uprio EYOAC H(ﬁ@l?ﬁlk)S\)Vésf(e'ﬁl vidith l@”lneZB)%Sdmmd)\ber anklydrous

W pflllte%l gﬁcll éc;lh %gggﬁg%v%rgsll o 'f? %ff I;ﬁlae g\ggtprgghaé ig %gled

usithg theAE omb i ldsb@ @ampaniorl (PG, EADAehedanks) tolffordeiae ey €lid

] e i 0 oured into EtCAc (100nL)
Retthtla8 o8 §808 6 01eh 3L e B Rl 1o (2 x 100
m.). The organic layer is dried over M\ySO4 and
cencent rat ed to dryness. The crude product is purified
nbi Fl ash(r) Conpanion to obtain 6d (3.65 g, 46%
ynelud) preSicépatibn peabeiBred Zins, duks? (2D gnesh)mdsh) Bipisdelvied rodnd

R g ) U S S RS St i

befaredaganéng off the IidRid( bibid proogdure i r’eb@até@ﬂﬁfal s@ﬁomdstime after

AP et Bagieecdin Ey 27 SRR e e i dBnbon veouum

fro|atsomuen|osthemmamtaeeazed méd 39 mmdmmOm«ﬂﬁmuy Bre- aUH@ated

SRR, OB L S a5 SR 0, 18

(09201 ﬁge ré’éi:tlrmml))tuneSs sicksted! (With aomlwis}hm@ a{théébhﬂé’) BBe
e m X |

R P PPEted fresilics e e P el RrgrRY e g the

@nxibtﬁi&h@scmhmmmqloe’dEt@AdﬂTexaﬂds)sgeff@ngEwUgs(;lfég \(ligg
noyed unde uce sure ter is adde
wﬁym ﬁ’&z"?‘ﬁénﬁfiﬁg %s?t/p )e%F actiRrless- (3 x 100 nb),
dried over MpSH, filtered and evaporated under

dyced pressure to obtain
Sp'E

\

To a solution of the dihydrobenzofuran 8f (240 mg, 1.8 mmol) in MeOH (5 mL),
AgNO; (304 mg, 1.79 mmol) is added followed by iodine (453 mg, 1.79 mmol). The
yellow mixture is stirred at RT for 1 h. To the reaction mixture is added a solution of
10% Na,S;0; and the mixture is stirred for 15 min at RT. The mixture is diluted with
EtOAc (100 mL), and the organic layer is washed with brine (3x) and 10% Na,S,0;
(2x). The organic phase is dried over anhydrous MgSO,, filtered and concentrated
over silica to give a mixture. This mixture is purified using the CombiFlash®
Companion (10% EtOAc/hexanes) to afford the iodo derivative 89 (400 mg, 86%
yield) as a white amorphous solid.

Step 7:

A mixture of the iodo derivative 8g (400 mg, 1.54 mmol), bis(pinocolato)diborane

(685 mg, 2.31 mmol), potassium acetate (511 mg, 5.4 mmol) in DMF (20 mL) is

deoxygenated (Ar balloon and sonication for 5 min); then the catalyst (PdCl.dppf,
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phenol 6f (869 ng, 51 %yield). Step 6: Diethyl
azodi car boxyl ate (953 pL, 6.05 mmol) is added dropw se

wa e00/0602But i on of phenol 6f (869 ng, 4.66 mMmDPQT/@AZD08/001611

PPh3 (1.59 g, 6.053 nmmol) in THE (65 nL) and the
reaction is stirred at RT. After 4 h, the reaction
m xture i s evaporated under reduced pressure. The
residue is then purified by Conbi Fl ash(r) Conpani on to

380 310082395 Pk b Az g O e BRI  bialond ndperiggton

Por 29hinMDhe mixdura dslihen heatedto b0 fon4 &f Thermintare 8gob@8 /EtOAC

B i anfREmesfuif e 7 e 12 Ao SR bt Toso.

flll’EbreG ahdl sbleerftkVapdrajiori sveadiliea afiords tHeemixtyue thas ispheified using

e pntl o L Ay S0P Pakanes) & AT W feged boronate

SNQS@mg T9%tyridychsang@llevapor ated to obtain aryl iodide
6h (647 ng, 96%yield). Step 8. A solution of iodo

i nternmedi ate 6h (647 ng, 2.20 nmol),

Exampila9c Sathesisiobosranate fia@ménboly (usdd GOExample 4and
pqiassium acetgte (0.626 g, 6.59 mmol) in DMF (17 nl-)

i sl_?degassed wi t’hr Ar for 10 min. PdCl2(dppf)-DCM
*I ex—(1£9 0.22 mmol) is then added and the

@re is degas$ed with Ar for approxi mately anot her
5%in. The refetion is then heated to 95Cin a
sagl abl e tub is stirred overnight. The reaction
is cooled to RT and Et OAc (100 nl) is added. The
solution is wasthed with brine (3 x 150 nL), water (1
x 150 nlL), dried over MgSO4, filtered and sol vent
renmoved under reduced pressure. The residue is
PuhydroesiDMF (60 mili) 8 addednd a fidskrplearyedwitio baffide 8a (5.00 g, 22.2

AR RGP T g B M i R S e 5o
66 81r6|6|5[) ahd @he res@ihy SuspShkith epdebxygeDateiddyy Kibblifg Stegar of
N, gas %roughqlne mixture for 45 min. 1,1’-bis(diphenylphosphino)ferrocene (2.73 g,
3.34 mmol) is then added and the mixture is deoxygenated for approximately a
further 5 min and is then heated to 95°C. After 16 h, the dark reaction mixture is
cooled, extracted with EtOAc (500 mL and 300 mL) and washed with 1:1 water/brine
(600 mL) and brine (600 mL). The combined extracts are dried over anhydrous
MgSQ,, filtered and evaporated to a black syrup which is purified by flash column
chromatography (EtOAc/hexanes) to afford the boronate 9b as white solid
contaminated with <25 % of the diboron reagent (4.24 g, 62% vield).

Example 10: Synthesis of boronate fragment 10g (used in preparation of 1102,
1108, 1109, 1110, 1111, 1119, 1142)
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Ove Ove OV 0" B, 0 7a 7b 7c 7d Step 1: A solution
of phenol 7a (0.91 g, 5.74 mmol) in dry DM (1 m-) is
w@dwedextsopwi se to a slurry of NaH (60% i n 0i PCT/QASDS/001611
g, 15 mol) in dry DM (1 m-) cooled to 10-15C (cold
wat er bath) and the m xture is stirred for 20 m n.
This results in a thick, frothy white mxture. A
sol ution of 3-bronopropionic acid (1.1 g, 6.9 mMmmol) in
dry BMR (0.5 nl) |@Hkhen added dr i se and the
rea MOStlééﬁd a ‘oversah ght . EE%;H216 h, MeCH
(1. 1S added (§Ip break up t hi ck, pasty
reacti on mxture which”is then adde to diluted HC
(-12", 1 NHCO in™0 nmL water) and extracted with
-59 WO 2009/ 062285 PCT/ CA2008/ 00161£ 5;300\0 (80 mL;
the pH of the aqueous phase is adjugted to pH <3). The
organic layer is dried over anhydrbus thSCﬂ and
evaparated to give 86°ES a white sodpT¢® material,
cont NMat ed swb s h *Unreaé?éﬂ %EEEEHZQ g of cr ude
mat &) - Thi s i s used ghe next step
wi thadt purification, étep 2: The crude compound 7b
(1.5349, 6.63 mol), is conbined wit' pol yphosphoric
acid (apprOX|nater 7 g) and heated to 75C to give a
cherrly red colored solution. During the reaction
Siem, | t he reaction ni xture becones viscous and
stirring becones difficult. After 4 h, ice and water
are stew y added with rapid stirring to give a thick
sus Hon. This mxture is transferred to a
sep tory funnel where the product is extracted with
Et OA €100 m -) and washed with water (100 ni),
sat r ted NaHCO8 (2 x 100 nlL) and brine (75 nL). The
org c phase is dried over anhydrous MgSO4 and
evapagated to give 7c as a sticky violet solid which
is used as such (1.29 g). Step 3: Internediate 7c is
anal ogous to internediate 4b in Exanple 4; those
skilled in the art would recogni ze that the sane
St heti ¢ net hodol ogi es used to convert 4b to the

2-Chloro-6-fluoronitrobenzene 10a (6.62 g, 37.7 mmol) and LiOH monohydrate (6.33
g, 151 mmol) are dissolved in THF (45 mL) and water (65 mL) and an aqueous
solution of H,0, (30%, 8.60 mL, 80.0 mmol) added. The resulting turbid solution is
sealed and is heated to 60°C with rapid stirring. After 3 days, the dark orange
mixture is cooled and is added to half-saturated aqueous sodium thiosulfate (200
mL) and shaken vigorously in a separatory funnel. The mixture is then acidified to
pH < 3 with 1 N HCI, extracted with EtOAc (400 mL + 100 mL) and washed with
brine (400 mL). The combined extracts are dried over magnesium sulfate, filtered
and evaporated to a deep yellow oil (aminophenol 10b) containing some solid

particles (residual starting material) which is used as such (6.37 g, 97% yield).

Step 2:

The crude aminophenol 10b (6.37 g, 36.7 mmol) is dissolved in THF (100 mL) and
tin powder (17.4 g, 147 mmol) is added followed by 1 N HCI (220 mL, 220 mmol).
The resulting mixture is stirred vigorously at RT. After 16 h, the reaction is cooled to
0°C, the acid neutralized with 10 N NaOH (22 mL) and the resulting milky
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boronate 4f can be applied for the conversion of 7c to

the correspondi ng boronate 7d. Exanple 8. Synthesis
w@boobosnsnt e fragment 8h (used in preparation BET/CASDP/001611

OHO OHOHOHO\ NH2 Step 1 Br Step 2 1 \ Step 3 Br

8a 8b 8c 8d Step 4 OOOO Step 7 Step 6 Step 5 O

~- E OV 8f 8¢ 8g 8h Step 1 2-Am no-mcresol 8a (5.7

g, 46.3 mmol) is dissolved in HO (30 nL) and

L O3 B OBEL 007 ST ROD JBISbh
cfGelite@andithe goligs wmhged t@rot@bugdthcﬁ:t@ﬁw(é & 200 enl)a The filtrate is
;ﬂl’gbéfgﬁe@ ggﬁ;};ﬂr&ow ﬁnél %H:I ltH% écgjg gﬂ?éenfc‘?d ﬁé%{ Wlﬂ"P'l N'IH Cl (4

I ona ter nis co
rdacdiiutad with lyinsl (660 md.) e tmgmmaswashzd)wﬁ@rlnex4005mL)
L1

AR PARKE ier e UleP ooy Blfuto, MiEretark s to aford
emimphenolddcias 2omaxys bae brayvrasalitli(2 .01 ggSotoyialde of

Cu(l)Br (7.64 g, 53.2 mmol) in H20 (20 nL) and HBr

(48% 17 mL, 0.31 nol) at OC (protected fromlight).
Bitep 3:eaction is stirred for 15 min at 0C, warned to

g%gr?%églt IEﬁlgnéé) ﬁquaéjﬁ%Hn%mg a%ige ol 68! %l‘é%&&ﬁ

stlrre overni |on mXxture 1s
ahémopheaoistiOer(2.8d gt 20.8 nsreplaialad potyss‘.mmrmerboaaté (émrgaﬁf)@d’nmol)

i e S AL sconb ned
%éﬂ]gg ous‘iﬂ\ﬁl;@q? enIB d.xr gg {'}J\%% m&sﬁ%gﬁéﬁ, RS e %r@&the redction is
falldwest odvaamdo Riloarck aftercd fathenv4d mén, i lsmtedtodoP@r After 15 h, the
LXxk: t hat, | rifie j e ' sh(r :
Bt o3 hBisbiai oy B HORE (oot CEE il vggeriorine
bt brheif-s8toratad d&digm bica¥bonate (1 L) and brine (600 mL). The organic
phase is then dried over MgSO,, filtered and evaporated to afford lactam 10d as a

fibrous, pale-olive solid (3.15 g, 85% yield).

Step 4:

Bromine (1.8 mL; 35 mmol) is slowly added dropwise to a stirred solution of lactam
10d (3.15 g; 17.1 mmol) in anhydrous DCM (40 mL) at RT. After 3 h, the resulting
suspension is slowly added to saturated aqueous sodium thiosulfate (200 mL) and
extracted with DCM (4 x 100 mL). The combined extracts are then washed with
brine (200 mL), dried over magnesium sulfate, filtered and evaporated to afford the
bromide 10e as a pale beige powder (4.00 g, 89% yield).

Step 5:
A solution of borane in THF (1.0 M, 18.5 mL, 18.5 mmol) is added dropwise to an

ice-cold solution of lactam 10e (4.00 g, 15.2 mmol) in anhydrous THF (75 mL), and
the reaction is allowed to warm to RT. After 30 min, the solution is heated to gentle
reflux under a N, atmosphere. After 2 h, the reaction is cooled to 0°C and carefully
quenched with 1 N NaOH (19 mL) and stirred for 15 min. The mixture is then diluted
with water (30 mL) and the THF is evaporated. The agueous residue is then
extracted with EtOAc (400 mL + 50 mL) and washed with water/brine (200 mL), 0.5
N NaOH (200 mL) and brine (100 mL). The combined extracts are dried over
magnesium sulfate, filtered and evaporated to afford the morpholine derivative 10f
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yield) as a red-brown oil. Step 2: To a solution of
the bromde 8b (1.36 g; 7.27 mmol) and (PPh3)2PdCl 2

W@ 7®8/06m285 1. 09 nmmol, 15 nmol %9 in DVF (12 nl), PCT/CA2008/001611

1-ethoxyvinyl-tri-n-butyltin (2.7 nL, 8.0 nmol) is
added. The m xture is capped and heated in a m crowave
at 160C for 15 mn. HPLC and LC-MsS analysis indicate
approxi mately 70% conversion. Mre 1-
EANee) AT rlu 5001y Budntitdtive. yieda) n; 8.0 nmol) and
ctgt al yst t( 2% % (380 yGrTg,) 0.05 nol% are added
and the soI ut| on IS agal n subjected to the sane
b_NQ%CIV\/ave conditions. The reaction is quenched with

5 nm) and stirred at RT for 1 to effect
W@v@pyg PYFBOtHe is Addadia aiflesk charaed H’itB‘(?M BromydedQfr (@ $4 9.
74 Lmieo /s@}é@olgﬁdlboﬁéﬁéb@% | {41 Pfrﬁcﬂ)%r(d%@tassﬂfnﬁ gktate

over I\/g A, tered and concent rated over silica to
&8 169d28- ﬁ@fﬁ?'kﬁfﬂﬁl @etrﬁ%ﬂ“'ﬂgss'-ﬁe?”ﬁwe'é thes cﬂg?xyg@ated by bubbling
Q%’%bH FNLgak trﬁ?enmmeqn.xiu% REhghnt hg. desired ketone
&947 87%}/ as an orange oil. Step 3: The
plnerw Qﬁl@!”'"gé) TPCQ'ZG @096“58 1n1n1dlﬂb‘”°i)33 ’Eﬂ‘ieﬁ @6%‘%6”‘? the mixture
B G ér%téﬂrt)or Q'?@I'tr@"@'rr?an ahél%éﬂﬁea*?&i‘ t@rg@f@emgr 14 Rah&dark

wth (rryer2 (3 The mxture i's
reagtied ”t'>6U'iee$ Fexled, &F'Lﬂfé Vch Erfﬁé\cﬁ?’ | ik bandiwashsedayitht b1
R/Eterﬁﬂ'r‘lﬁe REGIMES ardd bArRr @do ﬁﬂl‘}‘ THE SRR Withdh Hiddsvet g0,

he solution is concentrated over silica to afford the
rﬁ'it%?d 2gdeMaporated ;S%?lbf QVEHSYI4R WB CPF%C%WBTOET%H? Leyer silica gel

@mm&anééb%/‘hﬁgr@?ﬁé B&Eﬁé\%&bgteﬂ% aﬁfvﬁufy $biiti RBntaminated with 0.8

br onoket one 8d 46% as an orange oil.
Bepfmewgmmesﬁ 0!18'#%01611 Step 4: To a
solution of the bronDketone 8d (710 ng, 3.1 nmol) in
anhydrous DMF (12 nlL), KF (400 r[P 6.95 mol) is
Example the Syathesis ghborenate |ff|39@§nb1 dHpsedin prepayatiornef 1006,
¥y UWosoi s taken up in EtOAc (150 ni), washed with
brine (3X), dried over anhydrous MSO4, filtered and

co trated ove

puri fied Sgsl ng\t
& exanes) t

ny, % yi el d)

1a 11b

silica to,d i s

Step 1:

Commercially available chromanone 11a (9.78 g, 66.0 mmol) dissolved in AcOH (20

mL) is added to a suspension of zinc dust (108 g, 1.65 mol) in AcOH (150 mL). The

mixture is heated to 100°C and is stirred mechanically overnight. The mixture is then
filtered through Celite® (washed with EtOAc, 100mL), diluted with PhMe (300 mL)

and the solution is evaporated to give chroman intermediate 11b (8.45 g, 95% yield).

Step 2:
AgNO; (12.0 g, 70.6 mmol) and I, (15.8 g, 62.3 mmol) are added sequentially to a
solution of 11b (8.45 g, 63.0 mmol) dissolved in MeOH (225 mL). The reaction is

allowed to stir for 1 h, filtered on Celite® and the filtrate concentrated under reduced
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Zn dust pre-activation procedure: Zinc dust (20 g, 350
mesh) is placed in a round bottomflask and 1 N HCI

W@ 2@062283 s added. Thi s suspension i s soni cat eRICT/OA20D8/001611
mn before decanting off the liquid. This procedure
is repeated for a second tine after which the solid
is washed with EtOH (2x), Et20 (2x) and dried under
hi gh vacuum To a solution of the ketone 8e (280 ny,

PrE Pt biadhirenQafthos RRFERIAC LD el irdBbe wiy
tdabmated spdidmt thiogal@ate {250 ML Tha b@an@dayarmwvasheﬂuw’m water (200
fﬁlll_)taq{detqeng W‘lé(ﬁhodétr Q[%é éﬂ’a?ﬁérfég aﬂ& csn&n?{g{e:qdﬁe crEQS mlxture is

ent 1s eva
durrtrwtpluyﬁegmby Comlellash@g’Jdm;mm@omn}él &Eold@cljroﬁanpan |(tfn1 g,
(]]4 $,§L c/ hexanes) to afford the desired
nzofuran 8f (174 ng, 69%yield) as a colorl ess
oil. Step 6: To a solution of the dihydrobenzofuran 8f

(40,g, 1.8 mml) in MeOH (5 nL), AgNG3 (304 ng,
rs.%ﬁe*géhﬂol is added foll owed by iodine (453 ng, 1.79
nArsdljitionTdfdhe §-éddochromiantitied1 09, Stasrmed)) dtis[Bhotaatoldidurane

b zedoa o Efbbeditn =B il 7S HRh R Dy R L

Haagasdedt\mt‘rBAd for Blininufodicdwed bhtheE‘:to@Q«on (olfwé FrdQIdeaﬁDCMm)mplex

%g‘g 03?%‘%0' ﬁ’\M}%?& H%itgﬁgé ;%%ﬂg(/%r? additional 5 min

drefyre being Heg®di4o 9651C foe 5ed H'redeactmesltheatoedledmwafr The crude
: re i.s
JeroiER bR R uibeResshie Bt iiTsriaRy 3 Gy Erone
t(a xcd0Danlg. Tieecorokioed ergiavias arﬁews‘@e@wm wajer @60mmLy iaad d)ine
| i t e re of the
%@mg’g“ & ;f? ecpgl%é% 4%81 n,girlei og%r I\ﬁ%%(ﬁ) anc?( rI [tered and
buoséwtnamb Tae ojudicboix@reeis fiiries pugf;edZoyfﬂpmhﬁla};h@ Compamon
SSi Um t o
SRR SO skt e allo SR Baers Repire i (0 e’ s
tyledd). t he catal yst (Pdd 2dppf, -62 WO 2009/ 062285
PCT/ CA2008/ 001611 188 ng, 0.23 mmol) is added with
addi ti onal degassing (Ar balloon and sonication for 2
Exampldhe: Synthasie of sorbhats flagaieat! 2g0(U8ELin mreparation di®37,
moﬁ ure is cooled, EtQAc (200 nL) is added, washed
brine (3x), water (2x), dried over anhydrous
I\/gSO4| filtered and sol vent evaporation o¥er silica

affords the mxtﬁ]e that isoHpufified ushn
Ci~ ? Step 1 \©\ Step2 I Step3 ¢l

12a 12b 12¢ 12d
Step 4

@j\ Step 6 \& Step 5 Cl\é\)

129

Step 1:
The phenol 12a (6.75 g, 47.3 mmol) is dissolved in DMF (270 mL) and is treated with
allyl bromide (6.55 mL, 75.7 mmol). To this solution, NaH (60%, 4 g, 99.4 mmol) is
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t he Conbi Fl ash(r) Conpani on (10 % Et OAc/ hexanes) to
afford the desired boronate 8h (315 ng, 79%yield) as
wa@20pelobx285 0i | . Exanpl e 9: Synthesis of boronat BCT/CA2008/001611
fragment 9b (used in Exanple 43) Nz N2 F F C '~

Cl Br 0 B.O 9a 9b Anhydrous DMF (60 nlL) is added to

a flask charged with bromde 9a (5.00 g, 22.2 mol),

bi s- (pi nacol at o) di borone (8.48 g, 33.4 mol) and

?agé%? ?&“g}nﬁ\gg taﬁa gtlr(ﬂﬁg ?és og\gnue%%v%r )l'hggg%%lpg mlxture is dituted

ng suspension
Mihhé'zt@ﬁof(SOG\lﬁLgaw thhadghtNth@ (3 B0 reL)‘ oThe4f5'gam1n layer is dried

0 r - 3.
by SRS ARSI GBS B s B it 10
fwichaip psedk asradiahl iy thee néxtisteper 5 mn and i s then heated
to 95C. After 16 h, the dark reaction mxture is
cool ed, extracted with EtOAc (500 niL and 300 ml-) and
egh2d with 1:1 water/brine (600 nL) and brine (600
[ OUS

et i2b 8B £ 8F  siesls 5 mleiaps v nal Bon AN Bevatc
ihsatedr‘to baeit foy 20 hers bt witthupoint thl lGIﬂI%rﬂgaaadigement reaction is

EBIplfte.c D Gk iRl 440 24 o PR Talm e P osint furtner

(oﬂmf?éhtlgm, 62% yi el d). Exanple 10: Synt hesi s of boronate

fragnent 10g (used in preparation of 1102, 1108,

1109, 1110, 1111, 1119, 1142) -63 WD 2009/ 062285
p_$§;A2008/001611 F O+ OHOOH 6 N, O- Step 1 6c| 0

%Io JJ so%&honH% the allyl mterr%ggl afleoﬂcjlg% t4g% mmog in anhydrous THF (300
mL) at 0°C, borane (1 Min THF, 96 mL, 96 mmol) is added. The solution is allowed
to warm to RT and then is stirred for 2.5 h. The solution is then cooled to 0°C and
treated with 10 N NaOH dropwise, followed by slow addition of 30% H,O, (104 ml,
916 mmol, 20 eq). The resulting mixture is allowed to warm to RT and then is stirred
at RT for 1 h. The reaction mixture is diluted with HCI (10%, 100mL) and extracted
with EtOAc (3 x 200mL). The combined organic phases are dried over MgSO, and
concentrated. The crude product is purified by CombiFlash® Companion to give
12d (7.1g, 77% yield).

Step 4:

To a solution of the diol 12d (7.1 g, 35.3 mmol) in THF (500 mL), PPh; (12 g, 45.9
mmol), followed by DEAD (7.2 mL, 45.9 mmol) are added. The solution is stirred at
RT for 4 h. The reaction mixture is evaporated under reduced pressure and purified
by CombiFlash® Companion to obtain the desired product 12e (5.26 g, 82% yield).

Step 5:

The chroman derivative 12e (5.26 g, 28.8 mmol) is dissolved in AcOH (70 mL) and is
then treated with Br; in AcOH (40 mL). The reaction is stirred at RT for 15 min, then
diluted with toluene and concentrated to dryness. The residue is taken up in EtOAc
(25 mL) and washed with saturated Na,S,0; (25 mL) and saturated NaHCO; (25
mL). The organic layer is dried over MgSQOy,, concentrated and purified by

CombiFlash® Companion to obtain the desired product 12f (2.7 g, 36% yield).
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HStep 5 NH Step 4 JNHI EI C | C  Br Br 10d 10f
10e Step 6 6 H NCI 0 B.0O 10g Step 1:
wWQ@2@@aen285 6- f | uor oni t robenzene 10a (6.62 g, 37r@T/GnRi0$/001611
and Li OH nonohydrate (6.33 g, 151 nmol) are dissol ved
in THE (45 m-) and water (65 nL) and an aqueous
sol ution of H202 (30% 8.60 nL, 80.0 mmvol) added. The
resulting turbid solution is sealed and is heated to
60C with rapid stirring. After 3 days, the dark orange
m xture is cooled and is added to hal f-saturated
us sodiumthiosulfate (200 nlL) and shaken

VEHEWBMRIeY1 3¢ /2. 241 §ep@a %rﬁ’él)’usfd:’sfée%d intDRETH %4 H{L? ahc’ﬁtr&&\@&‘ with
acidified to pH N HClI, extracted wt

m'wcew%neﬁmﬁmmmah anmgwéauw aoptatey (3420, (mmmol

nTtHe miktife %Qiggbgé%ﬁ (ﬁé:hg ARG b%ﬂ&)n§’ bEfRfe fh\éf?ﬁtrd%g{&%fl{ﬁ% catalyst
fate, | tered evaporated to a deep yellow oil

((Bﬁphé@me&ﬂ mg, B4 meerik aThﬁ RftusR Wéh%mﬁss%agalm(t@gng an Ar

(Ha@ébrﬁ%h nebfddltb @9°@ﬁir@6'ha|%ewﬂnk@'£b isScoHr%@% RS §ilifidy WIth Hzo
97% vyield). Step 2 he crude ani nophenol

((éOQz,ngan@gxh;aqtﬁpb\{vﬁh FOAf @ﬁqpéﬂl-)i nl heHgentbiTRy qrpanic E’Mﬂrs are
tWé'thQWﬁrwa(tér?ﬂ( 30 nllf%ln@’&‘él\/ér N/I§S©Aij Gifsket @hb QVREENI4teH. Nhe

(22 ). Teresutln_?mxturels
sFtrWLrCétf tb?rg ewa‘@gmy Gamigifflash® CompagioR, Theeermigueifiedprodyct is

qRN etlirbRd vk, hé(Bﬁesﬁ(@k g0 rhﬂ_l)tn*i aJdlemﬂemOb@ thedexXte NPEEb drdRe and
and the resulti ng WO 2009/ 062285

i)
REITCARe08PIR2 e 12 #‘rc(hY'@'P'? rred vigorously for

15 min. The mxture is then filtered through a pad of
Celite(r) and the solids washed thoroughl y with EtQAc
(Efp(amrggd?sh@ynthqaﬁlé of ppropatedraggrent 13a (used in preparation of 1043,

1044, 1090, 1092, 1096, 1122)

O O
Ct
Step 1 B

o’B‘o — 07

129 13a

Step 1:

Palladium on activated charcoal (10% Pd by weight, 0.63 mg, 0.59 mmol) is added
to a solution of aryl chloride 12g (0.91 g, 2.95 mmol) and ammonium formate (1.92
g, 30.4 mmol) dissolved in MeOH and the mixture is heated to reflux. After 15 min,
the reaction is cooled to RT and filtered through Celite® (MeOH rinse). The filtrate is
evaporated to dryness and the residue partitioned between water and EtOAc (10 mL
each). The organic layer is dried over anhydrous MgSQ, and concentrated to obtain
boronic ester 13a (0.78 g, 97% yield).

Example 14: Synthesis of boronate fragment 14g (used in preparation of 1017)
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transferred to a separatory funnel and the aqueous
phase acidified with 1 NHC (4 nlL), diluted with
wheine62400 nl) and t he organi c phase washed we€TiChzi08@01611
(400 nL). The extract is then dried over sodium
sul fate, filtered and evaporated to afford am nophenol
10c as a waxy, pale brown solid (2.91 g, 55%yield).
Step 3: Chloroacetyl chloride (1.94 nL, 24.3 mol) is
added to an |ce,\c,ol d mxture-of am ghenol 10c (2.91
g, 20,3 swpl) and pot@assi m carebaemat 8.40 g, 60.8
“Cimdnh @ ods "DVF 0 ni)y—anded a N2

sphere. After 5 min, the reaction is allowed to

vvar?ﬁto andl‘”’ after a fiffthes.43 m*h, is heated to

50C. Aflt 15 h, the reaction i/ cooled and extracted
vvlth (600 and washed with water/brine (1
-sa’itetﬁat d s%ﬁ‘tﬂFumb carbonate (1 L) and brine
(600 rarL)o The o nic pha is then dried over MgSH4,
flltee and evaporated to afford |actam 10d as a
fibrous, pale- olive solid (3.15 g, 85%yield). Step 4:
Br om ne49(1.8 mL; 85 mmol ) i% slowy added dropwi se to
a stirred solution of lactam 10d (3.15 g; 17.1 mol)
i n anhydrous DCM (40 nL) at RT. After 3 h, the

ing suspension is slowy added to saturated

%I?P&Hﬁlo%o(@'mt ﬂ'o%!;hbf) Aivwed ® peia)ssnaﬁdcarwﬁatél@b%d 150 mmol)

he conbi ned extracts are

VRS ﬁé@pdﬂﬁwansoltﬁmnrs% 1620 o7 mael) disseived inRYRét] Clm#) “The
Sr@écf,tﬁh(?s alfvae‘d% eg Lﬁ'ﬁi@r ﬁ?"@tﬂ@f @@ﬁglghp e r@éé’uohr??dlluted with water

brom d e as a (4.00 9%
Ay en)L) a'si eﬁ@edpw%lit%ﬂ%ogm%o?% ergaﬁ'cwmer (Slw@ﬁhﬁp with
1&ter Bl 40b8nD), BHEY dvedr N %gﬂwodédhléé%tﬁa@ed OTI?J‘proHG&'ls?%H

sol ution of [‘actam 10e )
dHifert BSOMRIEIFsP® Gempanierin twa datchae {1209 wuram)l ta\RERyidenaliyl

V@ﬁé‘p»ﬂs( o4 @Eigp0 mn, the solution is heated to
gentl e %qu Undér a N2 at nosphere. After 2 h, the

reaction is cooled to OC and carefully quenched with
E{%leadﬂ (19 m) and stirred for 15 mn. The m xture
en diluted with water (30 nL) and the THE i s
e‘\/aqi@ttcmcé@ Buti én heyxgees -9 s Bduel.i ¥ mmeh ivaddeddrervise ha

(F&Zrcoggfb rﬁ&ﬁi’f%@}ésd’s’ﬁéﬁsﬁﬁbf ﬁ@@\ymgﬂgmﬁpﬁggﬁfpe&émde% 8 'ﬁ']
dompb et 3G mEt sThe "@SUI'F'”QEW 'QN é?"owmgﬁé% isugtired Ifq’ré @in at -
f?'eslr?(lt; \e/\g??nvegﬁg RAVARP bb 8 Lirtafefb bk dnd fRnTRERNAY fongs C.
Aldehyde 14b (2. 4 g, 14 mmol) dissolved in THF (10 mL) is added dropwise and the
reaction is allowed to proceed for 10 min at -78°C before being allowed to warm to
RT and stir overnight. The reaction is quenched with brine (100 mL), diluted with
water (100 mL) and exiracted with EtOAc (100 mL). The organic layer is then
washed with water (2 x 100 mL), dried over Na,SO, and concentrated. The crude
yellow liquid is then taken up in EtOAc (1 mL) and diluted with hexanes (20 mL),
after which Ph;PO precipitates as a white solid. The solid is removed by filtration,
washed with 1:9 EtOAc/hexanes (50 mL) and the filtrates are evaporated to dryness.
The product is purified by CombiFlash® Companion to give diene 14¢ (1.3 g, 54%

yield).

Step 3:
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-65 WD 2009/ 062285 PCT/ CA2008/ 001611 as a yel |l ow

syrup (3.90 g, quantitative. yield). Step 6: Anhydrous
wOrEIPBN8HL) is added to a flask charged w th BCTICA2008/001611
brom de 1OF (1.84 g, 7.42 nmmol),

bi s( pi nacol at 0) di borane (2.83 g, 11.1 mmol) and

pot assium acetate (2.47 g, 26.0 mmol) and the

resul ting suspension is then deoxygenated by bubbling

Brabke @%dﬂcd d!%e%%n tcbfaRHeE0tRE 00075 HMBI flsoéddle'é tG‘ar&egassed
1,1 - bis( E‘yd% phosphi no) ferrocene (90
e

rPabItipn Pédlﬁh%i‘ﬁ% AR dnm@i)e Aitstistirag qnge@‘érdggééﬂﬂatweactlon
|§Eorﬁef1ft'étEE ShtoSif € | o(j‘f‘é’noﬁth@ BrdyEat &Hllfl%&’ 8?%#@% é@mpamon

reac N mxture 1's coo ut ed
Ho@AE eg@opyran 14d 409086 %wield) as @ clagapir / bri ne ( 500
m.) and brine (200 nL). The extract is then dried over
MySO4, filtered and evaporated to a brown syrup which
ierfAr omat ogr aphed over silica gel (EtQAc/hexanes) to

S PE-G Rga R W ind, e el ' Sy ABRF RGN 140
3(9450 oy, 6. Emnpl[) & BiOH @ﬁwmhkemcttheﬁlabbismac@teci anghrbackfiled with
G 95yl R0 190 £ 5 ) P e
$nrepgl'1 CelIIe@r(’étQ)‘!\ca\rva§hlrag) @nd rethe filtratesin snecehtrated(to dn@ess.
ThetodtelR Yt e fefibapciuo pdeeriiE g o

mhg, 84¥hgeldri xture is heated to 100C and is stirred

mechanically overnight. The m xture is then filtered
through Celite(r) (washed with Et OAc, 100nLi), diluted

EtehSPhve (300 nl)

Neat Br, (275 uL, 5.4 mmol) is added dropwise to a solution of chroman 14e (800
mg, 5.4 mmol) dissolved in AcOH (25 mL). The reaction is then diluted with water
(50 mL) and EtOAc (50 mL). The organic layer is washed with water (2 x 50 mL) and
saturated NaHCO; (2 x 50 mL). The organic layer is dried over Na,SO, and
concentrated to dryness. The product is purified by CombiFlash® Companion to
give bromide 14f as a mixture with the dibromide (1.3 g, 68% by mass 14f, 51%
yield).

Step 6:
A solution of the bromide 14f (950 mg, 2.8 mmol), bis[pinocolato]diborane (840 mg,

3.3 mmol) and potassium acetate (920 g, 9.6 mmol) in DMF (30 mL) is degassed
with Ar for 5 min followed by the addition of the PdCl.dppf-DCM complex (290 mg,
0.36 mmol). The reaction mixture is then degassed for an additional 5 min before
being heated to 95°C for 3 h. The reaction is then cooled to RT. The crude reaction
mixture is diluted with water and the product is extracted with EtOAc (3 x 20 mL).
The combined organics are washed with water (2 x 20 mL). The organic phase is
then dried over Na,SO,, filtered and concentrated. The crude mixture is further
purified by CombiFlash® Companion to afford boronic ester 14g (403 mg, 53% yield)

as a pale yellow solid.

Example 15: Synthesis of boronate fragment 15l (used in preparation of 1098)
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and the solution is evaporated to give chroman
internmediate 11 b (8.45 g, 95%yvyield). Step 2: AgNO3
W@ 1®906185 70. 6 mmol ) and 12 (15.8 g, 62.3 nmol PCHCA2008/001611
added sequentially to a solution of 11 b (8.45 g,
63.0 mmol ) dissolved in MeOH (225 nlL). The reaction is
allowed to stir for 1 h, filtered on Celite(r) and the
filtrate concentrated under reduced -66 WO 2009/ 062285
PCTMeA2008/ 0016blie pressure. The crude m xtype is
di byt ed,Hwitte Et QAcCORBO0 sidpp and washesepd th [ sat ur at ed
sddi_lim t hiosul fatk (250—ntr. @ or gant-e~ Ay i
washedHwi th wat &r (200 nl) and tchen dri ed “s¥er
Naz&aO4, filteregpand concentraged. The crudgggm xture
is further purified by Conmbi Fl ash(r) Conpanion to
gi ve 6-iodochroman 11c (12.1 g, 74%yield).|Step 3. A
sol ution of the 6-iodochroman 11c (1.0 g, 3.85®€nhol),
bi s[ pi nocol at o] di borane (1.22 g, 4.81 mmol)Yand
pot assidem acetate (110 g, 11.5 mmol) in DVF (36 nl)
i s dggassadswi th A f ateps mi P @1 | ovess by toiYe d
i on=of—t h 2d I ee%éi%l g, 0. 38
ol , mxture i hen degass or an
add1i5r§| onal 5 mn efore being héated to 95C f&t 5 h.
The® eaction is 'then cool ed t3*RT. The crudd® reaction
m xtiugg,d S diluted with water and the product is
extrlacted 3 times with EtOAc (3 x 100 niL). T

F
ned or gani cs.ane washed with mater (100% ¢ and
(189 nl) 7 The organjc phase i s, t hen d over
and—fis}t and_%e,nc ted.s_tQEEg c ol
ge is fur urified mbi Fl ash(r) tConpani on

p
usi ng a gradi ent of' Et OAc/ hexdne§' to afforcfi"tz_r& bor ane

fragment 11d (84gjrrg, 84% vyigld). Exanple ;

Synt hesi s of boronate fragment 12g (used in
preparation of 1037, 1042) OH OH O CH OH CI¢l| \ Step
1 Cl Step 2 C Step 3 A 12a 12b 12c 12d

Step 1:

An ethereal solution of diazomethane (0.7 M, 100 mL) is added to a solution of 15a
(5.0 g, 30 mmol) in ether (20 mL). After consumption of the SM (TLC monitoring),
the reaction is concentrated onto SiO; (10 g) and the product purified by

CombiFlash® Companion to yield ester 15b (5.2 g, 95% yield).

Step 2:

A solution of NaNO, (2.1 g, 30 mmol) in water (10 mL) is slowly added to a solution
of aniline 15b (5.0 g, 28 mmol) dissolved in AcOH (50 mL) and 2 M HCI (75 mL) at
0°C. The resulting mixture is stirred at this temperature for 1 h. Solid CuCl (8.4 g,
85 mmol) is added portionwise (over 2 min). The reaction is allowed to come to RT
is stirred for 30 min and then is warmed to 60°C for 40 min. The mixture is poured
into water (200 mL) and extracted with EtOAc (2 x 200 mL). The organic layer is

1

dried with MgSQ,, filtered and evaporated to dryness. The product is purified by
CombiFlash® Companion to afford aryl chloride 15¢ (3.8 g, 68% yield).

Step 3:
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Step 4 OO C | \ Step 6 C Step 5 C-,& p'Bn Br
12e [1f~lj\ 12f 12g Step 1: The phenol 12a (6.75 g,

W@ 7009/062283 ) i s dissolved in DVF (270 nmL) and iBCT/Caat08d01611
with allyl bromde (6.55 nL, 75.7 mml). To this
solution, NaH (60% 4 g, 99.4 mol) is -67 W
2009/ 062285 PCT/ CA2008/ 001611 added portionwi se and
stirring is continued overnight. The reaction mxture

s A B 8, AR M 0
fafi26eniado apcecooled ¢178f GX wxdltioo of eytaegﬁc (38 gbteainmot)liredry CH,Cl
680 P51 Bho oI 6 0P RE. S E e
aat T & Cdoycthie drapaliserasaitioniof h NaHEt (SrmbjarTherrdadtion ihalkvnwed to

Ay : . : . '
PR 819 68 o i 43 vRNBS U s s Rochelin sqt (100
Itlc), ¢edBovgy MgSQustiitbréchancheonicehtrated ngdestrequos tpheastire to give

furth pur i fi j . 3 sl ut i f e .

B it R e S G T T
Hirl f@r8@0 purnificetian. OC, borane (1 Min THF, 96 nlL, 96

nmmol ) is added. The solution is allowed to warmto RT

and then is stirred for 2.5 h. The solution is then
Siepdd to OC and treated with 10 N NaOH dr opwi se,

fQol. . It | % 6 . .
b OSEBYIHeAE 20 e R 40R0% Bl ) S o
tabcdR®! HetintdmeGHRG!, $100rmied Thatreétliohds allbwed td ki foe2b twhila

m xture i.s dilLut with HC . (10% 100n),,and _extr.acted

R bfefo FRY Bottdrte-srieh i o S SRR PRfbaBEE
added ane theoreactiolys6tnwesdor armtieetir. 2A éd. miktuee of saterated
%%J q_r%d;o.g%tjga'ﬁ@? g{oo%['fou's EHESISAd thLARAN Q6k24 Hgbfusly
until the phases become clear (approximately 30 min). The organic phase is
separated and the aqueous phase is extracted with DCM (100 mL) and washed with
saturated NaHCO; (100mL). The combined organic phases are then dried over
MgSO, and evaporated. The product is purified by CombiFlash® Companion to give
aldehyde 15e (2.9 g, 90% yield).

Step 5:

A solution of methyl ether 15e (720 mg, 4.2 mmol) in anhydrous CH,Cl, (20 mL) is
added slowly to a precooled (-30 °C) solution of BBr; (1 M, 8.4 mL, 8.4 mmol). The
solution is warmed to 0°C and is stirred for 3 h. The reaction is quenched carefully
with methanol (1 mL) and washed with saturated NaHCOj; and then brine (25 mL
each). The organic layer is dried over MgSQ,, filtered and concentrated and the
product is purified by CombiFlash® Companion to give phenol 15f (530 mg, 80%
yield).

Step 6:
A mixture of the aldehyde 15f (1.1 g, 7.2 mmol), acrylonitrile (2.4 mL, 36 mmol) and
DABCO (190 mg, 1.7 mmol) are refluxed for 5 h. The reaction mixture is cooled to
RT, diluted with EtOAc (50 mL) and washed with 1 N NaOH (20 mL) and then with 1
N HCI (20 mL). The organic phase is dried over MgSO, and concentrated to
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Step 4: To a solution of the diol 12d (7.1 g, 35.3
mmol) in THE (500 nL), PPh3 (12 g, 45.9 mol),
WO olobovaees by DEAD (7.2 nL, 45.9 mmol) are addeRCT/TA2008/001611
solution is stirred at RT for 4 h. The reaction
m xture is evaporated under reduced pressure and
purified by Conbi Fl ash(r) Conpanion to obtain the
desi red product 12e (5.26 g, 82%yield). Step 5: The

CONBERD R Ars Qe e by Camiad e EafPanibatedeffarg the nitre

Bﬂ&g(%OAm@#?(’/AQem)_) The reaction is stirred at RT for
15 min, then diluted with toluene and concentrated to
dryness. The residue is taken up in EtOAc (25 nlL) and
wateped with saturated Na282(13 (25 nmL) and saturated

VB Rre il B G0 e e i peOb B R 25 and EXOH
QEspaI0i5MmL i hebtedito réfhu& f@tessdé;@dﬂﬁé RAUGdn id Mer(cdoleddo RT and 1
slg 68 VIO 62285 PCT/ CA2008/ 001611 St ep
ﬁ’ﬁ/l {J?Fbﬁfia Yot I°t7q  Pregipifateisdhen callegied byfiteagion.n
mEsr(eﬂ&QtHMtemdj drfeRiah edcw toyiveltcrd mmb@ﬁgﬁ Q@Q%gﬁel&)"'

g, 15.5 mmml) and potassium acetate (3.45 g,
rmol) The m xture is degassed (using an Ar ball oon)
Be the introduction of the catalyst (Pdd 2dppf,

&ﬁgﬁtfﬁﬁé@'ﬁe% S8 B ST OB A0 FUReE L RSPOST e (0 L The
hitiolafe b8denAloBEd 2T o édjldt.% B2tk 48 24 mE 398 rithd)) in ory

nd extracted with EtOAc e%
3Pb‘§ﬂ? &4 ’aybr@'%wturmh%aiewwﬁ Goeft)r h @8d shegooled)to RT and

drdatsh Wies NVBSQE, mih)i |ﬁh%rn%53tu?é"ig b‘?&llg:]%%t %ﬁﬁ%bd .I@ﬁrred at this

product is then_purified

fﬁ@PsmfeM@ hi Eop fﬁastmrﬁ .%n cqomqtoﬁT dilvtad wdh\ﬁt@hc (100 mL)

| t r
e e ShEa Al LT ey BORE s o
'§| he qrgafip|ayers drieg aye ddgSO nFlteﬁml and ewaporatgertdrynsss.

glgfz’egio/?) L:III:é {Hf’cS@?b%ﬁfle%%ﬂo&l@#l%sh@ &%an R39 glvé Eone ]19»?&69

Step 9:

Deoxofluor® (0.54 mL, 2.9 mmol) is added to a solution of ketone 15i (270 mg, 1.5
mmol) in CH,CI, (0.6 mL) and EtOH (17 uL) in a sealed tube. The sealed tube is
heated to 40°C for 24 h. The tube is then unsealed, cooled to 0°C and the reaction
quenched by the slow (Caution! Exothermic!) addition of saturated NaHCO; (1 mL).
The crude reaction mixture is diluted with water (20 mL) and extracted with DCM (3x
20 mL). The combined organics are washed with water (20 mL) and the organic
phase is dried over MgSQ,, filtered and concentrated. The product is purified by

CombiFlash® Companion to provide difluorochroman 15j (225 mg, 71% yield).

Step 10:

Solid silver nitrate (187 mg, 1.1 mmol) and iodine (279 mg, 1.1 mmol) are added
successively to a solution of difluorochroman 15j (225 mg, 1.1 mmol) dissolved in
MeOH (7.8 mL). The reaction is stirred at RT for 90 min and then filtered through a

pad of Celite®. The filtrate is treated with a drop of 0.5 N Na,S,0; (orange color
-74 -



12g 13a Step 1: Palladiumon activated charcoal (10%

Pd by weight, 0.63 ng, 0.59 mol) is added to a
w@odoanexss of aryl chloride 12g (0.91 g, 2.95 nmp@i/LA2008/001611

ammni um formate (1.92 g, 30.4 mmol) dissolved in

MeOH and the mi xture is heated to reflux. After 15

mn, the reaction is cooled to RT and filtered

through Celite(r) (MeOH rinse). The filtrate is

' it d ..
p SR ERk 7 b BoRtokRERE U 12086 ReRH e Thi et partiionec
| agtmeen 41,0 D SH M@&OﬁaﬁWEtOAcS(ZWMCHaGhmd17'In>/®wgartayeﬁ ie@xtracted
- j ' . 97%vi.el.d) ..

ENARIOAG 2 ¥ i S0 HeSforfifed SodRef s e b Ty Prios o mb)
i drigd eyenMgSQunfiltered B¢ yonce6Bated IB@chfdlgt@tzgﬁuriﬁled bg .

. . 1 .St €D, o3 ~
v 7R eRIE CoRarhep b &R BB BRT1a) o Bt vy 1
14e Step 1: Allyl bromde (9.3 ni, 110 mmol) fol | owed
b!ét oﬁg_ssi um car bonate (20 g, 150 nmol) are added to
a—s.g?}l-ur

ion of 14a (10 g, 73 mmol) dissolved in DW
( ABOlutib) of fRlearyl icekdet 18kY(166 na), DeMsEIMbY, S4[pihottIate]dibdrart (150

S Pl an BebiTon cPaie. i g miveen BRAR D
| dggssed with s\n &t mhﬁolldm% the [a%dlﬂfgoflfgé fﬂd%dﬂm-&gfd\? ibgrgplex
ol T B BREDS e Bskfon B o8 ebihetd fof s/ elions S mi

cbéfaredeingherted todks°alforydppretimately i (AL @actalis Yhe cib)oled to
piré' | ut.i on _.of ngglgd i n_hexanes (2.5 M, .6.

ﬁ%% e rcr:ﬁjoq%)orelgétlog dn&%talredlls eg gvr&p Jvager and t}(ne product is extracted
with EtOAc (3 x 10 mL). The combined organics are washed with water (10 mL) and
brine (10 mL). The organic phase is then dried over MgSO, and filtered and
concentrated. The crude mixture is further purified by CombiFlash® Companion to

afford boronic ester 151 (123 mg, 70% pure by NMR, 57% yield).

Example 16: Synthesis of boronate fragment 16¢ (used in preparation of 1088)

o OH o
0 Step 1 o] Step2 /T Step 3
_— —_ — = CI
.B.
Cl Cl cl o®o
OMe /%—ﬁ\

OMe OMe
4b 16a 16b 16¢
Step 1:

Solid NaBH, (342 mg, 9.0 mmol) is added to a solution of ketone 4b (159,75
mmol) dissolved in MeOH (10 mL) and THF (25 mL) at 0°C is then added. The
reaction is warmed to RT and is allowed to stir for 1 h. The reaction is guenched
with aqueous HCI (1 N, 5 mL), the MeOH is removed by concentration and the
product extracted with EtOAc (2 x 50 mL). The organic layer is washed with brine
(50 mL), dried over Na,SO,, filtered and concentrated to afford alcohol 16a (1.52¢g

>99% yield). This material is used as is in the next step.

Step 2:
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precool ed (-78C) suspension of
nmet hyl t ri phenyl phosphoni um brom de (6.6 g, 19 mmol)

WO 2009022600 nl). The resulting bright yell ow nmPGL/aaz008801611
stirred for 5 mn at - 78C, warnmed to RT over
approximately 5 min and then recooled to -78C.

Al dehyde 14b (2.4 g, 14 mmol) dissolved in THE (10 nl)
is added dropwi se and the reaction is allowed to

agfirin‘?? g rhIC a_l_s é@dé@ dropise ?@gsplﬁfl&{ ﬁf DEd éqgc?ldl %5 g1 59747

stir over ni reac
qU@FR*)He@H/thzKZ% Mlhet @ iboThﬁ_S;olutmnl Idsferced/mt B0 rrwataed t{er00

”banceﬂf#at%afté ﬁf%@é& V‘trbe*}eéﬁﬁb’* de”n)Et%gewn%r%@ jifh NaHCO

| ayer 1s the
o(patu rNsQ)s@ane ied @M@réﬁfﬂzlsé‘twfdtereﬂwqumdentrgied toca/\pdlle gelictv gum.

RSSO B SRRt Ol 6 Y 1909

V\m%?é’os{léldl) és awmhitesolid.d i s rem)ved by filtration,
washed with 1:9 Et OAc/ hexanes (50 nL) and the
filtrates are evaporated to dryness. The product is
pSiepf3ed by Combi Fl ash(r) Companion to give diene 1l4c

( 0 9/06 285

Ry TRt e B sl R BB R spyce o
(gepsg to HobErampie) is added to a degassed sol ution

of diene 14c (1.3 g, 7.5 nmol). After stirring under

Ar for 2.5 h, the reaction is concentrated onto Si02
(Examplerld': tSyothesischi borqmate fragadert 1 7@oudaidfh aesparation of 1047,
q)(;%aq?@g to give benzopyran 14d (940 ng, 86% vyi el d)
as a'c r oil. Step 4. Solid Pd-C (10% w w, 680 ny,

. ol ) is ed to a uti on of -henzopyran 14d
Stép 1 O .
( ny, 4 ) i ﬁepEt SS‘ei’ﬁ_) d the flask is
evacwat ed and fill ed h bal | oon). After

st?™ring the rédttion at ®F for 2 e the mxture is
filtered through Celite(#) (EtQAcC Wa.shl ng) and then
the filtrate is concentrated to dryness. The product
is purifed by rrbl Fl ash(r) Conpani %nsmgp provi de

chroman 14e ng, 84%yield). Strep 5: Neat Br2

(275 pL, 5.4 I) gtese add drapwi setHo a sol ution of

chroman l4e (80 F—di s ved in AcOH (25
The re ‘Pon |s then |C'I ut ed cwat er

OH
17g 17f 17e

Step 1:

Zn dust (7.89 g, 121 mmol) is added to a solution of 17a (5.0 d, 24 mmol) in AcOH
(100 mL). The reaction mixture is then heated to 100°C and is stirred overnight. The
reaction is cooled to RT and the mixture is filtered (EtOAc washing), the solvent is
evaporated and the residue purified by CombiFlash® Companion to afford aniline
17b (3.06 g, 72% yield) as a yellow solid.

Step 2:

A solution of NaNO; (640 mg, 9.3 mmol) in water (3 mL) is slowly added to a solution

of aniline 17b (1.5 g, 8.5 mmol) dissolved in AcOH (12 mL) and 2 M HClI (25 mL) at

0°C. The resulting mixture is stirred at this temperature for 1 h. Solid CuCl (2.6 g, 26

mmol) is added portionwise (over 2 min) and the reaction is allowed to come to RT,
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(50 m.) and Et OAc (50 nL). The organic |layer is washed

wWth water (2 x 50 nL) and saturated NaHCO3 (2 x 50
Worko9/0d02es or gani ¢ layer is dried over Na2SO4 apI/CA2008/001611

concentrated to dryness. The product is purified by

Conbi Fl ash(r) Conpanion to give brom de 14f as a

mxture with the dibromde (1.3 g, 68% by nmass 14f,

51% vyield). Step 6: A solution of the brom de 14f

- . ' ' L bar (840 .
e 3, an S DR B B9 Ry e
Dirured interwajer i( $00eg harrbextragtediwithr EOéc (3 xrﬂ}Oﬁ mmlzglga\m@anic
b - (o ksl - - e ' "
ok S AT, e TR 0Bl BE SO B30 B e
ahy &auibifilaah® Compamion &f affoed atybchigridectiteed. 11, 99% Yield) & a pale
h II-BQP o|r|-8acti on is then cooled to RT. The crude
rg?alctisonI "mxture is diluted with water and the
product is extracted with EtOAc (3 x 20 nL). The

c iyjed organics are washed with water (2 x 20 ni).
T ‘gani ¢ phase is then dried over Na2SO4, filtered

afAdliccoreeztivated Zd dustie addertlie andotdtionef ketohe!n788T AcOH. The
PHatidr e 0B RedRBie d o BTk L0 gl Cairemtedpt 4in. The
Eremc{idremidiire Sy/fittehes(EsOAé wlaemin@)atreofﬂtge?@ Grmévazs pdlaledtd B fhess and
i i f. 109 -71 WD 2

oo BB BiBA Y CoraEbensh Combocion \oeBoidddage 179 (697 g. 8%
Syield) 2s & whdakhysiliep s3liddH NH2 NH2 O (~Cci 15a 15b 15c

15d Step 4 CORH ICN O Step 7 Step 6 OH O Step 5 Ove O
c I C I d (Yd 15h 159 15f 15e Step 8

Step 4.
A solution of BBrs in DCM (1 M, 9.9 mL, 9.9 mmol) is added dropwise to a precooled

(-78°C) solution of methyl ether 17d (902 mg, 4.9 mmol) dissolved in DCM (20 mL).
The reaction solution is stirred at this temperature for 10 min and allowed to warm to
RT. After stirring for 1.5 h, water (50 mL) is added (caution! Exothermic!) and the
mixture is extracted with DCM (3 x 50 mL). The combined organic layers are dried
over MgSO,, filtered and evaporated to dryness. The product is purified by
CombiFlash® Companion to afford phenol 17e (700 mg, 84% yield) as an off-white
solid.

Step 5:
Tf,0 (1.05 mL, 12 mmol) is added to a precooled (0°C) solution of phenol 17e (700

mg, 4.1 mmol) and Et;N (1.7 mL, 12 mmol) in DCM (20 mL). The resulting dark
solution is allowed to warm to RT. After 25 min, the reaction is quenched with
saturated NaHCO; (10 mL), diluted with DCM, and the organic layer washed with
water, brine, dried over MgSO, and evaporated to dryness. The product is purified

by CombiFlash® Companion to afford triflate 17f (1.21 9, 97% yield) as a yellow oil.

Step 6:
A solution of triflate 17f (1.2 g, 4.0 mmol), bis[pinocolato]diborane (1.5 g, 6.0 mmol)
and potassium acetate (1.3 g, 14 mmol) in DMF (20 mL) is degassed with Ar for 5

min followed by the addition of the PdCl,dppf-DCM complex (490 mg, 0.60 mmol).
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OF Step 9 F Step 10 F Step 11 ec, O FOFF &C C

0" B,O 15i 15] 15k 151 Step 1. An ethereal solution
w@boodioezedret hane (0.7 M 100 nlL) is added to aPGDILHL(08M01611

of 15a (5.0 g, 30 mml) in ether (20 nL). After

consunption of the SM (TLC nonitoring), the reaction

is concentrated onto Si02 (10 g) and the product

purified by Conbi Fl ash(r) Conpanion to yield ester 15b

( ¥ hg rééctlgﬁ%’i%ur%lléﬂhen ﬁzg&ﬁeﬁ:foﬁrﬁqugwngpsa g{yeaﬁ'tggbaeggg Heated to

mol ) 1 n water ' ! -
385 &i fopf h. dihedaagtionds thep cogled tgyRT2Fhaeplde réactionlmigtdre in

Ae@kb& whh Waler 2R tfe Mokl id & e%ra'&led)%ﬁt EtOQ\%3 190 mb); The

resutlng thUI‘eIS stirr erature
heorsbinpel omagics (a8e waghed @ith watst §100amladaddripe(tQ0omia). sTehe

( Qﬁé%hlc?ph%é‘ s thgrli]erléc%\gr 'I\@%C??San@!filtgt‘%%nhgz ﬁg&gr@g%# 5‘}@ Gjude

isstirred mn an en 1Is vva_rrre !
mwturvh%ftwmt muréled by fombifdashi@Companien tq 2ied bbroniceaster 17g

oM mL). The organic |ayer
ezggrsgﬁs?%wl%lﬁ)%%%[e(%¥IW§$|@d a21d evaporated to

dryness. The product is purified by ConbiFlash(r)

Cogpgpey SN G bl Bt oo

A solution of DIBAL in DCM (1 M 42 nL, 42 mmol) is
agded dropwi se over a peripd of 25 n;n to a precool ed
(- 780)) sol utiBn-of ester (3.8 g,FY9 pl) in dry

$t4:00 Theepreac $t 3al | g to stir for
—78C- r eaction guenrehefl “Jat -78C by the
se addition of 1 N (8 nmL). ~Fhe reaction is

al | dto waramrto RT andotfhe or gani g phase washed
with a 5% solution of Rochelle's sal 00 nL), dried
ovdfa MgSO4, fi®eered and déhcentr at der reduced
pressure to give crude benzyl alcohol 15d (3.2 g, 99%
yield), which is used in the next stef§dwi thout

Step 1:

Neat Tf,0 (0.83 mL, 4.9 mmol) is added dropwise to a cooled (0°C) solution of
phenol 18a (0.50 g, 3.1 mmol) and pyridine (1.3 mL, 17 mmol) in DCM (15 mL). The
reaction is allowed to warm to RT and stir overnight. The reaction is quenched by
the addition of a 10% citric acid solution (50 mL) and the mixture is extracted with
DCM (3 x 50 mL). The combined organics are washed with water (50 mL), dried
over MgSQ,, filtered and concentrated. The product is purified by CombiFlash®
Companion to give triflate 18b (500 mg, 94% vyield).

Step 2:

Deoxyfluor® (0.83 mL, 4.2 mmol) followed by EtOH (10 uL, 0.2 mmol) are added to
neat triflate 18b (500 mg, 1.7 mmol) in a sealable tube. The tube is sealed and the
reaction is heated in an oil bath at 85°C and is stirred overnight. The reaction is then
cooled to 0°C and quenched by the slow addition of NaHCO; (100 ul, CAUTION!
Exothermic!). The mixture is diluted with water (50 mL) and extracted with DCM (3x
50 mL). The combined organic layers are washed with water (50 mL) and brine (50
mL). The organic phase is then dried over MgSO,, filtered and concentrated. The
crude product is purified by CombiFlash® Companion to provide the
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any further purification. Step 4: Solid Dess Martin
reagent (8.7 g, 20 nmmol ) is added to a precool ed (00
w@oioanexnss of al cohol 15d in dry CH2CI 2 (100 meQT/CARm®8/001611
reaction is allowed to stir for 2 h while slowy
warmng to RT. At this tinme, another 0.5 g of Dess
Martin Periodinane is added and the reaction
continues for another 1 h. A 1:1 mxture of saturated
HGER ded and this
rl\nlaxturéé{égy%tbﬁ?é\ﬂé |gorou@1 nI]qlnt /‘ﬁ?ﬁe phases becone
clear (approximately 30 mn). The organic phase is
sg fated and the aqueous phase is extracted with DCM
) and washed with saturated NaHCO3 (100nL).
Tﬁéepdbfﬂﬂ in perfanparexectrssie stepriofithempde 1 2th woede bMpBioester
gqevaporated. The product is purified by
Con%'i Fl ash(r) Conpanion to give aldehyde 15e (2.9 g,
90% vyi el d) Step 5: A solution of nmethyl ether 15e

' h 2 (20 M -),. i
S aPly 14 it an Bt eghy o Lshditinespasttona 4070,
( 1078) 8.4rrL 8.4 mvl). The solution is warned to 0C
and is stirred for 3 h. The reaction is quenched

carefully wth nethanol (1 nL) a shed wth
3 and t hgn>pbri ne each). The
s 8‘?"|Zed iltered and

d the praduct is pgurrfied by

Co ;- Fl ash(r yyConpani on ito"give ghenol 15f (530 ny,
800/(1 yi el d) Si p 6: A m xture e al dehyde 15f
.2 nmo

acrylonltrlle (2.4 nm., 36 mml) and
DABCO(190 ny, 1 7 mmol) are refl u®d for 5 h. The
reaction mxture is cooled to RT, diluted wth EtCAc
\(/mé-%ﬁﬂlt_) and washed with 1 N NaCH (20 m-) and then
N HCI (20 nmL). The organic phase is dried over

N@@%&hk&bgc;sgnﬂgmﬂdeﬂ&@g 1B m%RV@d’HHSJQﬁ @5£|33§overf5 min to a

P 11 The product 1s purifie
IR SRp A e s afHdA 5 18 rFBe R oeaen iadle(1508gh. Th
(eabtiongs thenhesterl 18)50°Sla@@ is/stirred for 40 min. The reaction is then cooled
to RT, solids are removed by filtration and the filtrate is washed with water (100 mL),

dried over MgSO, and evaporated to dryness to provide chloroaniline 19b (2.8 g,
96% yield).

Step 2:

A solution of NaNO, (1.2 g, 17 mmol) in water (5 mL) is slowly added to a precooled
(0°C) suspension of aniline 19b (2.8 g, 15 mmol) in 12 N HCI (7 mL) and ice (9.7 g),
so as to maintain the temperature below 5°C. The mixture is stirred for 15 min and
then is transferred to a solution of KI (8.7 g, 52 mmol) in water (30 mL) and the
resulting mixture is stirred for 2 h. The mixture is extracted with Et,O (3 x 100 mL)
and the combined organic layers washed successively with 3 N NaOH (2 x50 mL),
5% NaHSO; (50 mL) and brine (100 mL). The organic phase is dried over MgSO,,
filtered and concentrated to dryness. The crude product is purified by flash

chromatography (EtOAc/hexanes) to provide aryl iodide 19¢ (2.4 9, 54% yield).

Step 3:
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A mxture of nitrile 159 (650 ng, 3.4 mol ), 10% NaCH
(10 m., 25 mmol) and EtOH (95% 0.5 nlL) is heated to
wo edobse28Dr 5 days. The reaction i s then cool eBCT/GARDS/001611
and 1 N HC is then added until pH - 4. The
precipitate is then collected by filtration, washed
wth water and dried in vacuo to give acid 15h (740
ng, >99%yield). Step 8: Triet hyI amne (0.56 nm., 4.0

I de (0,75 . .
i s Sl U SREIETO RS P8 Bt 1 PLaelads i rapce
( Barbnivested3 1@9dmmol ) in dry toluene (40 nL). This
m xture is heated to 85C for 2 h and then cooled to RT
and treated with 6 NHC (6 nL). The mixture is
bExample 200 Swithasis 6isbrorfats fragrest 20d (LSddin @Jsaﬁroﬂtd# 1864)
for 2 h. The reaction is then cooled to RIT, | ut ed
with Et QAc (100 nL) and washed with salrat ed NaHCO3
(2 X,100 n), vvat;ewr (2 x 100 ni) and br (100 n).
The _Qrganiee! | ayer is skt ed, over MySeA, duer ed and
evat§d_fo bo%(:;%ess-The jéduct—rs thgn purified by
Combi FPfash(r) Coripani on to givewket one i (269 nm,
44%z2i el d) . St epo9: Deoxof luge (r) (0.5 , 2.9 mmol)
Is added to a solution of ketone 15i (2‘? ng, 1.5
mml)lnCHZCIZ(O6rT1)and EtOH (17 pL) in a seal ed
tg 1-The sealed tube is heated to 40C for 24 h. The

|s t hen unseal ed, cooled to OC and the reaction
qﬁl% BrRSRdR (2.1 b 25 sunqidelieweshby mxassien wrbonatedditd, 62 mmol)

OfreSRidHE & §@olbﬁ$‘r‘% Er mésorcw;rcpggg m‘gj& gﬁgﬁﬁgft) QBS?IV%d in DMF

mxture is | ut ed MAt wat er
wi'eA rbgmThs r&actlszo Imyredmemmtrmnn@d vathd=tAC 50 ral) and washed

V‘Wﬁﬁ‘ﬂgte\‘"(é 955\@];?'@-5 ?’Iﬁt?t lgfa)‘ngzl‘é;}é d?&ﬁl& roQ@PMgsgpQr?cﬁgor{cﬁntrated to

dri ed over concentra
piryeeRs: Tihe %lmq Rrogect tigypurfiseiby Cloabiilagh®BG apaanion ta abtain allyl

pétgg,l [ man 15 (225 ng, 71 %yield). Step
10: S%tﬂ)lﬁgél@z@ﬁgh?rate (187 ng, 1.1 nmmol) and i odine

(279 ng, 1.1 mmol) are added successively to a

s@klbi on of difluorochroman 15;) (225 ng, 1.1 mol)
di ssH_ro ved in MOH (7.8 nL). The reaction is stirred

dMletkyl ipdide 602 mln 268 mmelhisHowed bepatdssitm cadonate (B8, @7 mmol)

C@ré'a‘d@é &3 ? gé]gthcgﬁeéf&fh?é@ 2_0§ fl &%agg%'g%& glﬁgf\j/eg Pn BK/IF% E mL).

p‘@g r@Agt@mg;s Sttadiifor 2 h, diluted with EtOAc (50 mL) and washed with water (3 x
50 mL). The organic layer is dried over MgSO, and concentrated to dryness. The

crude product is purified by CombiFlash® Companion to obtain methyl ether 20¢ (1.8
g, 40% yield).

Step 3:
Step 3 is comprised of a sequence of steps identical to steps 2 through 6 of Example

12, followed by step 1 of Example 13 to provide boronic ester 20d.

Example 21: Synthesis of boronate fragment 21g (used in preparation of 1071)
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di ssi pated) then concentrated under reduced pressure.

The residue is partitioned between H2O 0.5N Na2S203
w@eaome2®E (20 nmL each). The water |ayer is exPCHCAZ®S/001611

with EtOQAc (3 x 20 nL) and the conbi ned organics are

washed with brine (20 nL), dried over MgSH4, filtered

and concentrated. The product is purified by

Combi Fl ash(r) Conpanion to give aryl iodide 15k (158

ny, 44%yield). Step sll: A solytion of the ar I

i odi de [5ks®et50 (). 45swpB0l ), O Step 3 o
noeol_t_G] d| aie (150 . 59 ol nd
SSi um acet aj-€ 30 ng, 1o I)in m-) is
degagsed with Ar &@r 5 mn fol Imvved b the adgutl on of
t he PdC pf- DCM conpl ex (44 ny, The

reacti 0 ¥ xture i s tdgn degassed r a addltl onal 5
m n e I5&tthg h d ¢@585C f roxi mtely 9 h.
The r%ac i on~TsS the ooted—to The crude reaction
m xtureqig diluted wlth water &nd "the product is
extrac with EtOAC (3 x 10 rrL) The conbi ned

organi cg,,are washed With water (1¥enml) and brine (10
m.). The organic phase is then dried over MySO4 and
filtered and concentrated. The crude m xture is

f gtdpher purified by Combi Fl ash(r) Conpanion to afford
boronic ester 151 (123 , 70% pure by NVR, 57%

yPRIHGUBELLP B 35 meoldy atdrdios siutivorad Bda (4.6 gaghreamol)ldissolved
( MSEQ@A' g?Pﬁ%Faﬁ@bll_@d\slgé leS%e B Mf é%%sts@ tclre%é%ﬁd)ls%tlrred

sfﬂr inn r\%@%@(%@znwgl) isthgn ﬁﬁ@ﬁc) anohthadrdeturet @nanm tgtstioat reflux
Ofor léﬁtag&ﬁoﬂ? 1‘5% 5h8 mn&ur@ is H&Q&%todk'ﬁ 3@& 59%? ery\?éa'bcff}rQatlon

ég Cis then a reaction
t%? N@éhm) R'Flh%‘fﬂ tﬁss %mcemed tp affard tHemrude bronibketone 21b
I &F QRichSs B4&NG ousHCI(lN 5m),
tﬁ?%}e(}f [ ssremvgg%?%%ﬁ?g%t ation and the product
extracted wth EtCAc (2 x 50 nL). The organic |ayer is
V\g@.g@l with brine (50 nL), dried over Na2SO4,

%ed and concentrated to afford al cohol 16a (1.52
gSol!dggl%% 8l 49 mmphi is adeecioizagolution pf edidabrorsoketorteh2db (6.3 g,

NEXtntlffssolved in DMF (21 mL). The reaction is stirred at RT for 3 h and then
taken up in ether (300 mL), washed with brine (3 x 100 mL), dried over MgSO,,

filtered and concentrated to dryness. The crude product is purified by CombiFlash®
Companion to afford ether 21c (2.1 g, 49% vyield over two steps).

Step 3:

Solid NaBH, (270 mg, 7.1 mmol) is added to a precooled (0°C) solution of ketone
21c (1.0 g, 5.9 mmol) dissolved in MeOH (20 mL). The reaction is allowed to stir for
1 h and then quenched with aqueous HCI (1 N, 1 mL). The volatiles are removed in
vacuo and the product extracted with EtOAc (20 mL). The organic layer is washed
with brine (20 mL), dried (Na,S0O,), filtered and concentrated to afford the crude
alcohol 21d (1.0 g), which is used directly in the next step.

Step 4:
Solid AGNO; (1.0 g, 6.1 mmol) followed by 1, (1.6 g, 6.2 mmol) are added to a
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Step 2: -75 WD 2009/ 062285 PCT/ CA2008/ 001611 TFA (2.9

m.) is added dropwi se to a solution of crude al cohol
wasmINa28s g; 7.47 mol) in CH2CI 2 (28 nlL) at PA/CAb®S/001611

solution is stirred for 30 min, and then concentrated

to dryness. The residue is taken up in EtOAc, washed

with NaHCO3 (saturated), brine, dried over Na2SO4,

filtered and concentrated to a pale yellow gum The

= . i t . .
DFASH f S 1 A0 e SIS TN e
selie at&tefor 3:h ashthpenasouben PENaSePa(0Mf t@mLLBladded and the
| B B S CTREUBIEE A ke e ke
f ERNBIRACLPE Ml swashed witheyateraoD o) otfrineQ 80 mL), J;mea (Nazso4)

i Lok, Sy M 16 R

1thg nextstéfe Step 1. Zn dust (7.89 g, 121 mml) i's
added to a solution of 17a (5.0 g, 24 mol) in AcOH
(100 nmL). The reaction mxture is then heated to 100C
abtepi® stirred overnight. The reaction is cooled to

] I
SrOBAR ALHS o ROV BlR P YL ana
CﬁFﬂbi(EIZHf@h( rT)"G@quban isostirred farf 450mith sl themeonclaﬁhatéa tdéryness.
% 0 Lid, Ste
Rﬁes%(%f&% @Kel‘?gp? /%\3 egloir%. %?he(jéﬁ mﬁatlfrgtseg l\gqt}dcgfg (gB mL)
adntkbrinen(58 n$lc)l Uthe@nganic layer is dried over Na,SQ,, filtered and concentrated
to dryness. The crude product is purified by CombiFlash® Companion to provide

benzofuran 21f (978 mg, 65% yield over 3 steps).

Step 6:
Step 6 is carried out exactly as described for step 11 of Example 15 to provide

boronic ester 21g.

Example 22: Synthesis of boronate fragment 22d (used in preparation of 1068)

OH "o %
| Step 1 Y | Step 2 Step 3 @
—_— —— [ B
00
22a 22b 22¢ %

22d
Step 1:
Neat 3-bromo-2-methylpropene (1.7 mL, 16 mmol) is added to a suspension of
phenol 22a (3.0 g, 14 mmol) and potassium carbonate (5.6 g, 41 mmol) in DMF (35
mL). The reaction is stirred for 2 h and then quenched with water (100 mL) and
extracted with hexanes (2 x 100 mL). The organic phase is washed with brine (2 x
100 mL) and concentrated to give ether 22b (3.3 g, 87% yield).

Step 2:
Neat tributyltin hydride (2.3 mL, 8.8 mmol) is added to a solution of aryliodide 22b
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of aniline 17b (1.5 g, 8.5 mml) dissolved in AcOH (12
m.) and 2 MHC (25 nL) at OC. The resulting m xture
w0 200306128%d at this tenperature for 1 h. Soli dp@rCA2008/001611
(2.6 g, 26 mml) is added portionwi se (over 2 mn)
and the reaction is allowed to cone to RT, -76 WO
2009/ 062285 PCT/ CA2008/ 001611 is then stirred for 30
rrin and then is warmed to 60C for 40 mn. The m xture

B15 Fima Bl g gl mARf S bR G prpyreaction

M;M stfrreldte& refilixamdeeNapsiteatidd tHaJredct}dTnes soncEn@atetiadlugihess

IS |f| h nlont affodaryl
oAl rodde B SR bR BR R igrdo i
sdihjdiobe&iizefurdn 22o(7183 my,er3acyieMdpt ed Zn dust is added to
a solution of ketone 17c in AcOH The reaction

m xture is then heated to 100C and stirred at that
tetpeXrature for 4 h. The reaction mxture is filtered

( thefltr te,is evaporated tq drynes
(P BT R b S PR BT g S 05581 o
t Bxaxhplera to pebafte bbrehid 86&ter 224, 88% yield) as a white
crystalline solid. Step 4: A solution of BBr3 in DCM
(1M 9.9, 9.9 nol) is added dropwi se to a

pEﬁ&ﬂﬁleezt $)§n? s&@o%da@fr%émtzb)é|(usﬁ$dhﬁ$re’p§?btl(>ﬁ%?1040
ng di ssol ved in (20 he reaction

s ¢”u1t 1857)|s stirred at this tenperature for 10 nin and

to RT. After stirring for 1.5 h,

dded (cautfi off Exothernic!) and t he

is ext d with x 50 nmL). The

d oftgani er Steake d over MySO4,
[ red and—evappr af ed—to=dryfess. The product is
purlf)f'ed by Com$TEl ash(r) Co ion to afford phenol

17e (700 ny, 84%yield) as an\off-white solid. Step
5. T30 (1.05 ni, 222 nmmol ) i S /added to a precool ed
(0C) solution of phenol 17e (700 ng, 4.1 nmol) and
Et3N (1.7 mL, 12 nmmol) in DCM (20 ni). The resulting
dglgb .solution is allowed to warmto RT. After 25 mn,
2action i s quenched with saturated NaHCO3 (10
niNgat TdiQ (B56dnlwi S Hmbel) is added drepwisg dma coblag ¢3°Opaslhtich of

%ﬂéﬂol 23a (350 mg, 2.1 mmol; prepared according to Doi et al Bull. Chem. Soc.
Jpn. 2004 77, 2257-2263) and pyridine (0.91 mL, 11 mmol) in DCM (10 mL) under
an Ar atmosphere. The reaction is allowed to warm to RT and then is stirred for abut
2 h. The reaction is quenched by the addition of a 10% citric acid solution (20 mL)
and extracted with DCM (3 x 20 mL). The combined organic layers are washed with
water (20 mL), dried over MgSOQ,, filtered and concentrated to dryness. The crude
product is purified by CombiFlash® Companion to provide triflate 23b (512 mg, 82%
yield).

Step 2:

A solution of the triflate 23b (510 mg, 1.7 mmol), bis[pinocolato]diborane (560 mg,

2.2 mmol) and potassium acetate (500 mg, 5.1 mmol) in DMF (18 mL) is degassed
with Ar for 5 min followed by the addition of the PdCl.dppf-DCM complex (140 mg,

0.17 mmol). The reaction mixture is then degassed for an additional 5 min before

being heated to 100°C by microwave irradiation for 10 min. The reaction is then
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water, brine, dried over MJSO4 and evaporated to

dryness. The product is purified by Conbi Fl ash(r)
w@oopaen2eh to afford triflate 17f (1.21 g, 97%@r/€Aei)s/001611

as a yellowoil. Step 6: A solution of triflate 17f

(1.2 g, 4.0 mmol ), bis[pinocol ato]diborane (1.5 g, 6.0

mmol ) and potassium acetate (1.3 g, 14 mol) in DW

(20 m.) is degassed with Ar for 5 mn followed by the

S0 18 TR KT s s

r wiétb torioe (3vk 80 mle. The prgamicdeyps isdrtbdf aver bligS&d dilterepiradd 5

. . _ i on.
OB al, 10LRACRI AR KBl & CompP el dthion o
diefforddabranic estan2ds (280 dng, H@8%yieduct is extracted with

Et QAc (3 x 100 nlL). The conbined organics are washed
with water (100 m-) and brine (100 nL). The organic

p Exampies24:h8yntbesiedf rematd/fr&gentribf (Usédingue@anation of 1061)
concentrated. The crude mxture is further purified by
Conbi Fl ash(r) [Coftpani on to afford boronic ester 17g
(59 ng, 53% vyi Fas a pale yellow solid. Exanple

18: Mt heeshs O ronate fragnent 18d (used in
prrati—en—-of 1067) O O FF FF Step 1 Step 2 Step 3
OH™OTfF OIf OBOo'1®a 18b 18c /H\  18d Step 1: Neat

Tf20 (0.83 L, 49 mmol) is added dropwi se to a cool ed
(00*%o0l ution o phenol 18a (0.50 g, 3.1 nmol) and
pyridine (1.3 nl2417 mmol) in DCM (15 nlL). The

regsii-on is allowed to warmto RT and stir overnight.
The Tteaction is quenched by the addition of a 10%

c Compguad 24b isqirepares fromi24el foljowanaia syrdhetiogegqrendegdentical to
e ' (3 x 50 nL). The conbi ned organics
a§{§5§22ﬁ§<§’%&%ﬁp%@er (50 m.), dried over MgSO4,
filtered and concentrated. The product is purified by

ggg??ﬁ:ﬁa%‘ ( §9nthMr%té ﬂa&hgﬁt 2t55i (Léé%t i pilé?tgrét%g%f %59)

O
OH F
/©/F Step 1
———
.B.
Ly

25a

25b

Step 1:
Compound 25b is prepared from 25a following a synthetic sequence identical to
steps 1 to 6 of Example 12.

Example 26: Synthesis of boronate fragment 26b (used in preparation of 1105,

1106)
0]
OH F
F
/©/ Step 1 cl
al O'B‘O

26a
26b
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Step 2: Deoxyfluor(r) (0.83 nmL, 4.2 mmol) foll owed by
EtOH (10 uL, 0.2 mmol) are added to neat triflate 18b
W@ 2@9/062285 1. 7 nmol ) in a seal abl e tube. The t uP€r/Ca2008/001611

sealed and the reaction is heated in an oil bath at
85C and is stirred overnight. The reaction is then
cooled to OC and quenched by the sl ow addition of
NaHCO3 (100 pL, CAUTION!' Exothermc!). The m xture is
diluted with water (50 nL) and extracted with DCM (3 x
50 nL). The conbi ned organic |ayers are washed with
watepr1:(50 m -) and brine (50 nl). The organi c phase

i s then L.ed over S filtered a concent r at ed.
rhemPEldiaen R et 1o pear i aflbrti RGfihds o6tlear o
CetepanitoB of Expmpleiide the -78 WO 2009/ 062285

PCT/ CA2008/ 001611 difl uorotetrahydronaphtyl triflate
18c (175 ny, 33%yield). Step 3: Step three is
PEKAMPIERT :eSptthésis Gfbordhaté fagraentf27bXase ia plepdrgtion of 1033)
provi de boronic ester 18d. Exanple 19: Synthesis of
boronate fragne ©®9d (used in preparation of 1070,
1078)giSteep 1 1 ingtep 2 Step 3 rl rIQ C C OBO

NH 2 NHI2 194 ,19b :

I\I—cﬁ osuccinimdg (2.2 g, 16 mvol) is added in
pertiehs over 5 mi-A- 4o a solution of naphthylam ne
19a (2.3 g, 16 di ssolved in CCl4 (150 nlL). The
reacti2zon i s then heated to 50C and is stirred for 40
m n. The reaction % then cooled to RT, solids are
renmoved by filtration and the filtrate is washed with
water (100 niL), dried over MySO4 and evaporated to
deypess to provide chloroaniline 19b (2.8 g, 96%

d)

Leld).
Compound 27b is prepared from 27a following a synthetic sequence identical to

steps 1 to 6 of Example 14.

Example 28: Synthesis of boronate fragment 28b (used in preparation of 1060)

0]
OH
—_— F
.B.
F %_@
28b

Step 1:
Compound 28b is prepared from 28a following a synthetic sequence identical to
steps 1 to 8 of Example 6.

Example 29: Synthesis of boronate fragment 29b (used in preparation of 1052)
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Step 2: A solution of NaNO2 (1.2 g, 17 nmmol) in water
(5mM-) is slowy added to a precooled (0Q
waempessdn of aniline 19b (2.8 g, 15 mmol) i NnPARCARGIGIDO1611
(7 m) and ice (9.7 g), so as to maintain the
tenperature bel ow 5C. The m xture is stirred for 15
mn and then is transferred to a solution of KI (8.7
g, 52 mol) in water (30 nL) and the resulting
m xture is stirred. for 2 h. The mxture is extracted
with Et20 (3 x 100 RL) and the conbi ned organic
| ayer sonvashed s ively with 3 N NaCH (2 x 50 nL),
O3 ( Skpmd -) d brine (100 nlL). The organic
$ dried=over IMpSO4, filtered and concentrated
ess. The craif® product is purified by flash
chr ot ogr aphy ( hexanes) to provide aryl iodide
19c (2.4 g, 54%yield). Step 3: -79 WO 2009/ 062285
PCT/ CA2008/ 001611 ®Bprep three is carried out exactly
as described in step 11 of Exanple 15 to provide
boroni c ester 19d. Exanple 20: Synthesis of boronate
f Stgpnkint 20d (used in preparation of 1064) O \ C OH

S - ; . .
orRipbuR 8%6 B e Bh Barodiing ShriicfedbeiTehddsl o
( Steps tito 626 Erample 1ol | owed by pot assi um carbonate (7.2
g, 52 mvl) are added to a solution of

6- chl ororesorcinol 20a (10 g, 69 mol) dissolved in
DExample230: nynthadireofrmaonate fragreesttIObr(askdin @repagdtton of 1080)
diluted with EtQAc_ (500 nL) and washed wth water (3
ic layer is dried over MpSO4 and
qess. The crude product is

h(r) Conpanion to obtain allyl

10% yi el d) .

.B.
o O

30b

Compound 30b is prepared from 30a following a synthetic sequence identical to
steps 2 and 3 of Example 18.
Example 31: Synthesis of boronate fragment 31b (used in preparation of 1013)

o]

F
Q F
o) Step 1
.B.
53
31b

31a

Step 1:
Compound 31b is prepared from 31a following a synthetic sequence identical to

steps 9 to 11 of Example 15.
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Step 2: Methyl iodide (1.2 niL, 20 mmol) followed by
pot assi um carbonate (3.8 g, 27 nmmol) are added to a
w@odoanexnss of phenol 20b (1.8 g, 9.8 mmol) di ssPCTEA2G08/001611
DMF (12 mL). The reaction is stirred for 2 h, diluted
with Et CAc (50 nL) and washed wth water (3 x 50 ni).
The organic layer is dried over MgSO4 and concentrat ed
to dryness. The crude product is purified by
CEEE‘an'fo'l@ﬁ( }ntﬁég@%dwnatté’ f@&h@ht‘hfﬁh@éﬂ meﬂrafa’rat?é?ﬁof 1005)
g, oyreld). Step 3: " Step 3 is conprised
sequence of st ef |dent|cal to steps 2 through 6 of
i 12, f ed by step 1 of Exanple 13 to
er 20d. Exanple 21: Synthesis of
ate_trggmentT21g (used in preparation of 1071)
- 80YWD 2009/ 06228%5,PCT/ CA2008/ 001611 Br Z Step 1 OH
Stept 2 O Step 3 oO~I'lI ~OH a d d a ~ 2la

21ka2l1c 21d Ste OO C Step 6 Step 5 H 0'B 0 C
I / EC | | 2p2le 21g Step 1: Solid CuBr2 (7.9 g;

35 mol) is added to a solution of 21a (4.0 g, 23
nol ) dissolved in EtOAc (32 nL) and CHC13 (32 nlL).
Tﬁﬁanxture is heated to reflux and is stirred for 8

oA S0 fondER o o RIS, bR o
Th@pﬂﬁ)tbﬁroéElxampde?ed to RT, the solids rem)ved by
filtration

Example 33: Synthesis of boronate fragment 33b (used in preparation of 1023,
1034)

Br

33a
33b

Step 1:
Compound 33b is prepared from 33a following a synthetic sequence identical to

steps 1 and 3 of Example 11.

Example 34: Synthesis of boronate fragment 34f (used in preparation of 1094)
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(Et OAc washing). The filtrate is concentrated to

afford the crude bronoketone 21 b (6.3 g), which is
waig@doehi2sectly in the next step. Step 2: Sol i dPEFCA2008/001611

g, 43 mol) is added to a solution of crude

bronoketone 21 b (6.3 g, 23 mol) dissolved in DW

(21 nm.). The reaction is stirred at RT for 3 h and

then taken up in ether (300 nmL), washed with brine (3

x 100 nL), dried over WySH, filtered and

concentrated to dryness. T e crude product is purified

by O@on‘gtl Fl ashEr) Corrpanl to afford ether 21c (2.1
grgﬂégo % Vi el d rot W st . Step 3: Solid NaBH4 (270
ok MO sadded t ¢k ecool ed (0C) sol ution of

ketgone 21c (1,0 g, 5.9 mml) dissolved in MeOH (20
m.). The reaction is allo’&d to stir for 1 h and then
guenched wi th aqueous HQLpsQ1 N, 1 nL). The volatiles
are removed in vacuo and the product extracted wth

Et c (20 nm). organi ¢ lhayer is washed w th brine
,Stepgrl e 234, Yered and concentrated to
af +he-cr at-cohol d (1.0 g), which is used

digegtly in thennext steposStep 4: Solid AgN®B (1.0 g,

/]mm'ml) folloyed by 12 (4.6 g, 6.2 nml) are added
81 WD 2009/ 062285 PCT/ CA2008/ 001611 sol ution

of ﬂfcohol 21d (1.0 g, 6.2 nmol) dissolved in MeCH (58

m.). The mxture is stirred at RT for 1 h and then a

solution of Na2S204 (0.5 M 10 nL) is added and the
Ife is stirred for 30 min. The MeOH i s renmpved in

VBéﬁ@l aﬁﬁudéwmmslzd aenrhal fMowtdP by Potabsiha c(aﬁ%naie)m g, 320

washéd with water (50 , brine (50 nL),

( m@@@@ addeq i%ffcéwl%rm 2upeibgrRsPENel 343 <3,§r9 é’>r19 na’nw dissolved
| pddde (RLe fhe r@a&)on |¥"§ﬂ|r?€a év%rM@!ﬁddlgﬂtéo?\ﬁﬁH Etdﬁﬂ: (2tL|§‘%nd washed

next step Step_5: Crude al coh [)
i Witkjwaten(3ed L)-nThe aigenigrlavesfs Ciﬁwoc/zon%O4aaﬂd corrmtr@nedzo
Ny nestNerHe&aGdd ;S’r‘adb& lsgﬁurfﬁ%@ @yf(ﬁfmbﬁﬁaé'ﬂ@caﬂmgaﬁleﬁib obtain benzyl

concentrated to dryness. hé residue is taken up In
Eetipe3450 84 9., 39\%awﬁléb| with satur ated NaHCO3 (50 ni)
and brine (50 nL). The organic layer is dried over

Na2SO™4, filtered and concentrated
Step 2:

Allyl bromide (3.0 mL, 35 mmol) followed by potassium carbonate (6.5 g, 47 mmol)
are added to a solution of phenol 34b (5 g, 23 mmol) dissolved in DMF (100 mL).
The reaction is stirred overnight, diluted with EtOAc (500 mL) and washed with water
(3 x 500 mL). The organic layer is dried over Na,SO, and concentrated to dryness.
The crude product is purified by CombiFlash® Companion to obtain benzyl ether 34c¢
(4.4 g, 75% yield).

Step 3:
Compound 34d is prepared from 34c following a synthetic sequence identical to

steps 2 to 4 of Example 12.

Step 4:
Benzyl ether 34d and Pd-C (10% w/w, 100 mg, 0.094 mmol) are combined in EtOAc

(5 mL) and the flask is evacuated and backfilled with a H, atmosphere (balloon).
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to dryness. The crude product is purified by
Conbi Fl ash(r) Conpanion to provide benzofuran 21f
W@ 2008/06285 65% yi el d over 3 steps). Step 6: StepCBCA008/001611
carried out exactly as described for step 11 of
Exanpl e 15 to provide boronic ester 21g. Exanple 22:
Synt hesi s of boronate fragnent 22d (used in
preparation of 1068) O Step 1 Step 2 C5~- Step 3 | i
2 s
Kﬁ ﬁ]fnn%zfé gﬁdtlh?%aec? oéi efg{%f%i tgrotsﬂ g@ﬁé@ﬁ@@x& R/%%I*eﬂﬁ@;‘a‘and the
ZﬁEaat(ea .congentratedngiive medolrﬂ;tea(ﬁﬁmgxea%bwda)te (5.6 g,
41 mmol) in DM (35 nlL). The reaction is stirred for
2 h and then quenched with water (100 nlL) and
estepeict ed wi th hexanes (2 x 100 nlL). The organi c phase
I s _washe 2 d.conce
oCOERRORLA s freparclig? e spuirt VNG SATRRGS Rficar
t stepsibyd BiohEkgrdpled®. (2.3 L, 8.8 mml) is added to a
solution of aryliodide 22b -82 WO 2009/ 062285
PCT/ CA2008/ 001611 (2.0 g, 7.3 mmol) and AIBN (120 ng,
OEXamprendy: Syntidsidof(bbborrdte fragimehtt3se (ns=aidh ipesparation ol ¢047)
stirred at reflux under N2. After 1 h, the reaction is

ncenkcaged t o 2SS an he crude product
purﬁ‘q ) asa(»r) anion to provide
dF! yrobenzofI r 3 220 (78% , 73%yield). Step 3:

Step is conprlog“ed of a sedlence of synthetic st eps
i dents? cal to steéfs 10 and 12®<of Exanple 15 to provide
boroni c ester 22d. Exanple ES: Synt hesi s of boronate

fragment 23c (used in prepar&tfon of 1040, 1041,
1057) 00 O /(S%

Step 4

—-——————

Cl

.B.
o O Cl
OoTf

35e 35d

Steps 1 through 4 are done in analogy to steps 3 through 6 from Example 17.

Example 36: Synthesis of boronate fragment 36d (used in preparation of 1075,
1076)

AN S
Step 1 Step 2 Step 3
—_— —_— 2 —_— r
NO, NH,, N N
Br Br Br B
HO/ ~

36a 36b 36¢ 36d

Step 1:
4-bromo-3-nitrotoluene 36a (5.0 g, 22.9 mmol) is dissolved in 50 mL ethyl acetate

and solid tin(ll) chloride dihydrate (20.0 g, 86.9 mmol) is added. The mixture is
heated under nitrogen atmosphere at 70°C for 2 h (note: temporary overheating to
100°C is observed! Caution should be exercised!). The mixture is cooled down and

is poured into 200 mL of ice-water. 50 mL of 5% aqueous NaHCO; solution is
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Step 1 Step 2 FFF OHOIf BB OO 23a 23b -H- 23c
Step 1. Neat Tf20 (056 nL, 3.3 mmol) is added dropw se
wo 2008/060288 ed (0C) solution of phenol 23a (350P@myCA2008/001611
nmol ; prepared according to Doi et al Bull. Chem Soc.

Jpn. 2004 77, 2257-2263) and pyridine (0.91 n_L, 11
mol) in DCM (10 nL) under an Ar atnosphere. The
reaction is allowed to warmto RT and then is stirred

f 9ldpid %aﬂnn%ﬁ%lk%@thQO N %%@QN&@#—I fé)brih &he pH ~7-8.
addltlono %citric acid solution (20 nd

ekangavpmapfaelationys wllqwish pregpitatenis ferpiedi Hiaig heteg%qﬂnéous

| B&are @greak\éﬁmﬁcttmb lo00RL Pand B8 nmet)we ig bt ¥ 50 mlL
MySO4, filtered and concentrated t yness. c

de
pPetioRs: rﬁe%ﬂtwerm predisenprationsf PIYQECPY('F*) SQﬂS*n‘EB‘h Fls@r we?n%tant is
PO drid ik eRirSctdPRith E@Amonﬁﬁﬁ/@d d/rbﬁﬁlgl;has%t i§ vadhed with

solution of the triflate 23b 1),
bP%T%ldH% eveltseyMBRtinte. (f @gr@d,?@d COQc%tr@Fﬂﬂ L)ndgm.gacuum to give
Pak %%ﬁbé @I@F&?Q@Ee T@%q'gsﬁge |s5e5€I|sr§€Nbal ir fD@WE of é@nef@na the

i s degassed for 5 mn
| SeliEaTdR waphed IR NFGO: OIS0 B Migiueoys NAOH (20

NAR) JThe I3k Bﬁ%tdr%éhl&&ﬁwﬁs kentdRRBd %EW efn‘aracﬁﬁa charcoal
additional 5 mn before being heated to 10

nPkd Beasdto giyaiightivelry selutian. whigh @H@”P@éﬁﬂ"i"bﬁn )ﬁl?nﬂﬁérﬁn
- BenMask0GRE QB ERAAs REVeDPREY WliBhko gfRANEHediRd %Emé)ound

The crude reaction mxture is diluted with EtOAc (6
nP6l ag A provas RSPl whishispispa & the nexigdemvithout fsther ewmcetlon (3.31
|ﬁyf§% LRIgri ed over MgSO4, filtered and concentrated.

e crude mi xture is further purified by Conbi Fl ash(r)
Conpanion to afford boronic ester 23c (200 ng, 42%
Ysglhd).. Exanple 24: Synthesis of boronate fragnment 24b
_p_d_use

reparation of 1061
A mlxture 0 ompound 36b (3.3 g, 17.7 mmol), glycerin (3.3 g, 35.5 mmol),

nitrobenzene (2.2 g, 17.7 mmol) and 75% aqueous sulfuric acid (10 mL, 138 mmol)
is stirred at 150°C for 3 h (mixture turns black and viscous). The reaction mixture is
cooled down, poured into ice-water (200 mL) and 10 N aqueous NaOH is added (30
mL, 300 mmol). The black mixture is then shaken with EtOAc (100 mL) and is
centrifuged in 50 mL portions. The upper EtOAc layers are combined and the bottom
aqueous layers containing the black tar are shaken with EtOAc and re-centrifuged.
All EtOAc extracts are combined, washed with brine, dried over Na,SQ,, filtered and
concentrated under vacuum to give 4.8 g of a brown-red oil. This material is
chromatographed on 80 g silica gel column (CombiFlash® Companion apparatus,
hexanes-EtOAc gradient). The fractions containing the compound are concentrated

under vacuum to afford compound 36¢ as a white solid (3.26 g, 83% yield).

Step 3:
To a cooled (-78 °C) solution of compound 36¢ (500 mg, 2.25 mmole) in anhydrous

Et,O (20 mL), is added over 5 min under an Ar atmosphere a 1.6 M solution of n-

BuLi in hexane (3.5 mL, 5.60 mmol). The mixture is stirred at -78 °C for 50 min,

triisopropylborate (2.00 mL, 8.55 mmol) is then added dropwise and the mixture is

stirred for 2 h at that temperature. The mixture is slowly allowed to reach RT over a

2 h period and it is poured into 1 M aqueous HCI (30 mL). The mixture is transferred
-90 -



O OHF F Step 1 F (~F 0 B, O 24a 24b Step 1:
Conmpound 24b is prepared from24a follow ng a

W@ ywbhe8t sequence identical to steps 1 to GPEF/CA2008/001611
Exanpl e 12. Exanple 25: Synthesis of boronate fragnent
25b (used in preparation of 1059) O OHF F Step 1 "&
- OO0 -~+ 25a 25b Step 1: Conpound 25b is prepared
from 25a followi ng a synt hetic sequence identical to

78 s el SR By PR pr DR s
1W@§)eoﬂmtlﬂl-tg(9 The &hegoub Iﬁydr i théh traBsferr€ Dto 2 680 pBlErlenmeyer
flask and the pH of the solution is adjusted to approximately 6.3 (measured with a pH
meter) by slowly adding a saturated solution of NaHCO; in water (~25 mL, careful:
foaming!). The suspension is filtered off and the separated light-beige solid is
washed with water and dried under high vacuum. This crude product (383 mg) is
triturated with Et,O /hexanes to give a first crop of the desired compound 36d as a
free base (120 mg, 28% yield). The mother liquors are concentrated under vacuum
and are purified by reversed-phase HPLC using a CH3;CN/H,0 gradient containing
0.06% TFA (ODS-AQ, C-18 column, 75 x 30 mm, 5-um particle size). After
lyophilization, a second crop of compound 36d is obtained as a TFA salt (102 mg,

15% yield), (total yield: 43%).

Example 37: Synthesis of boronate fragment 37d (used in preparation of 1084)

Cl Cl Cl Cl
Step 1 Step 2 \ Step 3 \
L Q= OO = ()
Br Br Br HO’B\OH
37a 37b 37c 37d
Step 1:

1-bromo-4-chloro-2-nitrobenzene 37a is transformed to compound 37b using the
procedure of example 36b, except for the fact that Et,O is used for the extractions
instead of EtOAc.

Step 2:
Compound 37b (4.2 g, 20.3 mmol) is melted at 50°C in a 100 mL round-bottomed

flask containing a stirring bar and immersed in an oil bath. A solution of zinc chloride
(700 mg, 5.03 mmol) and ferric chloride (540 mg, 3.25 mmol) in water( 3.3 mL) is
added in one portion followed by absolute EtOH (20 mL). The flask is stoppered
with a rubber septa and a needle is inserted to avoid any pressure build-up. The
mixture is warmed to 80°C and acrolein (1.68 mL, 24.4 mmol) is added via a syringe
pump over a 2 h period. After the addition, the mixture is stirred at 80°C for 1 h and
an additional amount of solid ferric chloride is added (4.1 g, 25.3 mmol). The

mixture is stirred at 80°C for an extra 24 h and then concentrated under vacuum to
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-84 WO 2009/ 062285 PCT/ CA2008/ 001611 Step 1: Conpound

26b is prepared from 26a follow ng a synthetic
wGeemaeess i dentical to steps 1 to 6 of Exanpl BCT/2A2008/001611

Exanpl e 27: Synthesis of boronate fragment 27b (used

in preparation of 1033) 0 OHOStep 1 C C 0 'B,0

27a 27b Step 1. Conpound 27b is prepared from 27a

foI I ovvi ng a synt heti c sequence identical to steps 1

b
| g oAl cacee TP DGR eReR kB By afous
1 sdtutror0of N%OHD(ZC&EB) B’bCHSE @200 m@omﬂemm\ahhe gixture for afew
pr redfro f ol | ow t Ie. e :
RIS RERE s Bl Qe Pk oot 3Ry o
Syéﬁdﬂetsrysfumﬁel bohe begaaidlamﬂnes&pa%@d éoics thet dqueous layer is extracted
FF’,@/? g&gé%g?ﬁ%g}%‘%‘ %eé organlc e rac S ar(/a Qvggf%eSas with brine, dried (Na,SOy),
filtered and concentrated under vacuum to give 3.69 g of a brown solid. This solid is
triturated in hot CH:CN and filtered. The solid is discarded and the filtrate is
concentrated under vacuum to give 2.3 g of a brown semi-solid. This material is
purified on a CombiFlash® Companion apparatus on 40 g silica gel column eluted

with EtOAc/hexanes gradient. After evaporation of the solvent under vacuum, the

desired compound 37c¢ is isolated as a yellow solid (390 mg, 8% yield).

Step 3:
Compound 37¢ is transformed to compound 37d using the procedure of example

36d.

Example 38: Synthesis of boronate fragment 38c¢ (used in preparation of 1085)

N X
Step 1 Step 2
. Z —_— ~
NH, N N
Br Br B
HO” ~OH

38a 38b 38¢c

Step 1:
2-bromoaniline 38a is transformed to compound 38b using the procedure of

example 37¢ except that methyl vinyl ketone is used instead of acrolein.

Step 2:
Compound 38b is transformed to compound 38c¢ using the procedure of example

36d.

Example 39: Synthesis of boronate fragment 39k (used in preparation of 1131 and
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OCH Step 1 --~b - . OO 29a 29b Step 1: Conpound
29b is prepared from29a follow ng a synthetic
wGeemaeess i dentical to steps 1 to 6 of Exanpl BCTEGA2008/001611
Exanpl e 30: Synthesis of boronate fragment 30b (used
in preparation of 1080) F O Step 1_ I O O Br 30a 30b
Step 1. Conpound 30b is prepared from 30a followi ng a
syntheti c sequence identical to steps 2 and 3 of
E?fa%@tn% %) Exanpl e 31: Synthesis of boronate fragnment
3 used’in preparation of 1013) O1 O Step | (51
FF OO 3la -H Step 1: Conpound 31b is prepared from
3la following a syntheti.c sequence identjcal to stepsg

_ .S F
9 t?" 11 ofﬁxanpgt%lS@% Qs m sps MR FI stepa
/>l)L N —_— @% —_—
H P

OMe N
39d OMe 30¢
SiMe, SiMe,
Il 0 0
OMe \ Q
_StepS Steps_ _Step7 | Step 8 | Step 9
P —_— = e
N N
OH Fo .0
F7 730
3%h 39i Fo 39
0
NS
.
N" TFA
/B\
HO” ~OH

Reference: Feliu, L.; Ajana, W.; Alvarez, M.; Joule, J.A. Tetfrahedron 1997, 53, 4511.

Step 1:
Meldrum’s acid 39b (47.04 g, 326 mmol) is taken in trimethyl orthoformate (360 mL)

and refluxed for 2 h. Then 2,5-dimethoxy aniline 39a (50 g, 326 mmol) is added and
the mixture is refluxed for an extra 5 h. The reaction mixture is cooled down to RT
and the solid which forms upon cooling is collected by filtration. It is further

crystallized from MeOH to afford compound 39c¢ as a yellow solid (63 g, 63% yield).

Step 2:
Compound 39¢ (62.00 g, 202 mmol) is dissolved in diphenyl ether (310 mL) and

refluxed at 240 °C for 30 min. The mixture is then cooled down to RT and n-hexane
is added, which causes a brown precipitate to form. This solid is separated by
filtration and is washed with n-pentane and n-hexane to remove non-polar impurities
and the remaining dark brown solid (compound 39d) is used as is in the next step
(27 g, 65% yield).

Step 3:
A mixture of compound 39d (30.0 g, 146 mmol), DMAP (3.75 g, 30.7 mmol) and 2,6-

lutidine (24.4 mL; 208 mmol) in DCM (1.4 L) is cooled to 0°C and Tf,O (29.6 mL, 175
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WD 2009/ 062285 PCT/ CA2008/ 001611 Exanple 32:
Synt hesi s of boronate fragnent 32b (used in

w@e@pasass on of 1005) Step 1 0 0 OH 32a 32b PS/€p2as/001611
Compound 32b is prepared from 32a followi ng a
syntheti c sequence identical to steps 5 to 6 of
Exanpl e 17. Exanple 33: Synthesis of boronate fragnent
33b (used in preparation of 1023, 1034) 0 Step 1 g O

mnﬁiso é%dé&@bw@ta&@ d: TRERRMAY niA0rd i§ sBiréPa ®d fbF PRand at
33a follow ng synt heti c_sequence identical to steps

1 Ra'rfgr 3 hoﬂt i ilateg wth@@ﬂ-p\{vgsl‘@g WI’@;}}ﬂﬂq]@fg kyingfand dried

bgm R, e THASHIRM is3éino Oétﬁﬁrﬁ’dérrr’edich@?Fétshr%rhrﬂfthé%%@ue is
7 2‘\/\D 2009/ 062285 PCT/ CA2008

Spuffied nygsgﬁh@matwﬁphmsmc@gflg?@d geAcg,{pﬁjro@unDether) The

desired compound 39e is isolated as a yellow solid (35 g, 71% yield).

Step 4:

A mixture of diisopropylethyl amine (46.5 mL, 267 mmol) in dry DMF (250 mL) is
degassed with argon for 30 min and is added to a mixture of compound 39e (30.0 g,
88.5 mmol), triphenylphosphine (7.70 g, 29.4 mmol), tris(dibenzylideneacetone)di-
palladium(0)-chloroform adduct (9.21 g, 8.9 mmol). The resulting mixture is stirred
for 5 min at 0°C and TMS acetylene (13.4 g, 136 mmol) is added dropwise. The
temperature is raised to RT and the mixture is stirred for 4 h. Diethyl ether and water
is added, the aqueous layer is separated and washed with diethyl ether. The
combined organic layers are washed with H,O and brine. After drying on Na,SO,,
the solvent is removed under reduced pressure and the residue is purified by flash
chromatography on silica gel (30% EtOAc / petroleum ether). Compound 39f is
isolated as a yellow solid (18 g, 70% yield).

Step 5:
A solution of ceric ammonium nitrate (42.3 g, 77.2 mmol) in H,O (47 mL) is added

under argon atmosphere to a solution of compound 39f (11.0 g, 38.3 mmol) in
acetonitrile (366 mL). The reaction mixture is degassed with argon for 10 min and
the mixture is stirred at RT for 20 min. Water is then added and the solution is
extracted with CH,Cl,. The organic extracts are combined, washed with H,O, brine
and dried (Na,S0O,). The solvent is removed under reduced pressure and the
residue is purified by flash chromatography on silica gel (40% EtOAc / petroleum
ether). The desired compound 39g is isolated as a yellow solid (5.0 g, 52% vyield).

Step 6:
Compound 39¢g (1.80 g, 7.1 mmol) is taken in distilled acetic acid (72 mL) under

argon atmosphere. Ammonium chloride (7.55 g, 141 mmol) is added and the

reaction is refluxed for 45 min. The reaction mixture is cooled to RT, H,O is added

and the solution is washed with EtOAc. The aqueous layer is neutralized with a

saturated aqueous solution of NaHCO; and is extracted with EtOAc. The combined
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/| Step 50 O Step 4 E B //1lr~ 34e 34d 34f Step 1:
Benzyl bromde (25 mi, 210 nmol) foll owed by potassium
w@aroboese (44 g, 320 mmol) are added to a soP@I/CaznosMol61l
2-met hyl resorci nol 34a (38 g, 310 nmol) dissolved in
DMF (1 L). The reaction is stirred overnight, diluted
wth EtOQAc (2 L) and washed wth water (3 x 2 Q The
organic layer is dried over Na2SO4 and concentrated to

g . AP _
SR LB kg 8 Progy, T gpens
( Gended ungeieducddiressrety @forgd\compoundoifihdzs § Brogvnrgolid g0 mg,

m]TQJ/)&%@I | owned by potassium carbonate (6.5 g, 47 mmol)
are ddddd to a sol ution of phenol 34b (5 g, 23 mmol)

di ssolved in DMF (100 nmL). The reaction is stirred

ogggin}.ght, diluted with EtCAc (500 nL) and washed wth
* (3 x 500 nL). The organic layer is dried over

Ne28P4urh 89t (130emg, ra24ainod) isldigaeiwad in abheluterkct (31 el @nd

i ur i f k. L El I j '

e et her c (4.47q, %oyl’ed. tep 3: npou ’
b‘?%lg’ allgélﬁao ,o;:fﬁ%mh 328&%19? )%”B? gﬁ'hgtdgr rqua@é&';atmos%k&?re
37 de hixtpreep afireatl for Oorh Juhderf arlel admiosighesie of/mtdnegeinc The reaction is
S n A icalg . J . -
SHEE Wi HPlooB bR 51035 iR fndlsl Y i yvashed wit
0af &0H¥aH Gl; andéureofhieselbrentris Ein@\ed uhBenieyiucatdpressaire to give
flask is gvacuated an I bt H2 at nosphere
(TPl 1 3 535 06y PIRE b EEePe B o1t
After stirring for 3 h, the reaction is filtered
through Celite(r) (EtOAc washing) and the filtrated

S
c

trated to give phenol 34e (145 ng, 95%yield).
Compound 39i (600 mg, 3.21 mmol) is taken in dry CH,Cl, (30 mL) under nitrogen

atmosphere. The solution is cooled to 0°C and triethylamine (0.89 mL, 6.42 mmol) is
added dropwise followed by Tf,0 (0.65 mL, 3.87 mmol). The temperature is raised to
RT and the reaction mixture is stirred for 2 h. The mixture is diluted with CH,ClI, and
is washed with H,O, brine and dried (Na,SO,4). The solvent is removed under

reduced pressure to afford a residue which is purified by flash chromatography (10%

EtOAc/hexanes). Compound 39j is isolated as a brown solid (630 mg, 61% yield).

Step 9:
In a dry (oven-dried for 30 min) 5-mL glass microwave vessel containing a magnetic

stirring bar, are added compounds 39j (250 mg, 0.78 mmol), bis(pinacolato)diboron
(250 mg, 0.94 mmol), anhydrous potassium acetate (150 mg, 1.51 mmol), Pd(PCys;).
(62.0 mg, 0.091 mmol) and anhydrous, deoxygenated (argon bubbling for 30 min)
1,4-dioxane (4 mL). The vial is capped tightly with a septum-cap and the vessel is
flushed with argon. The mixture is stirred at 95°C (oil bath temperature) under an
atmosphere of argon for 16 h. The reaction mixture is then concentrated under
vacuum, the brown oily residue is dissolved in 7 mL of glacial AcOH and is filtered
via 45 ym membrane filter. The dark brown solution is divided into 5x1.5 mL
portions and is injected on an automatic preparative reversed-phase HPLC-MS
apparatus (CH;CN/H,O gradient containing 0.06% TFA, ODS-AQ, C-18 column, 50
x 19 mm, 5-uym particle size). The collected fractions are lyophylized to give the
desired compound 39k as a yellow amorphous solid (115 mg, 45% yield for the TFA
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Step 5: Conpound 34f is prepared from34e follow ng a

synthetic sequence identical to steps 5to 6 of
waEx@opbesil7. Exanpl e 35: Synthesis of boronat eP¢T/agn®anoictl

35e (used in preparation of 1047) O Step 1 Step 2 C

c A Ow O OH 35a 35b 35¢c 1 Step 3 Step 4 "Ji C

O OCd Orf 35e 35d Steps 1 through 4 are done in

anal ogy to steps 3 through 6 from Exanple 17. Exanple

BQéItSynt hesi s of boronate fragnent 36d (used in

preparati on of 1075, 1076) Step 1 Step 2 \ Step 3 N2

NH2 NN Br Br Br 11B, HO OH 36a 36b 36¢c 36d Step 1:

4~ - 3= Nkt j
GEREB AR Rt SO0 Panenladt oG BTl 4D 1
chl oride di hydrate (20.0 g, 86.9 mmol ) is added. The
m xture is heated under nitrogen atnosphere at 70C

for 2[h (note: tenporary overheating to | 100Cis
ed! Caution s be exerci sed! he m xture

d &&rd_and our ed iSH#PE 200 of Step 3
-water. 50 niL df" 5% adi¥eous NaHCOB sof utNdn is -89
WO 2009/ 062285 PCT/ CA2B08/ 001611 OH
40a 40b 40c
N SN
F N _Steed F Nig
OH F e}
F%’HS\\O
40d F O 40e
Step 1:

A solution of fuming HNO; (6.0 mL, 142 mmol) and concentrated H,SO, (0.2 mL, 3.8
mmol) in chloroform (150 mL) is added to a solution of 2-fluoro 4-methyl phenol 40a
(20.0 g, 159 mmol) in chloroform (100 mL). The resulting mixture is stirred for 2 h at
RT and is transferred in a separatory funnel. The solution is washed with H,O, brine,
the organic layer is dried (Na,SO,) and the solvent is evaporated under reduced
pressure. The reddish crude solid is crystallized from aqueous ethanol to give

compound 40b as a yellowish solid (17 g, 62% yield).

Step 2:
Compound 40b is transformed to compound 40c¢ using the procedure of example

36b.

Step 3:
A mixture of concentrated sulfuric acid (12.5 mL, 235 mmol), water (10 mL), glycerol

(10.0 mL, 137 mmol) and sodium 3-nitrobenzenesulfonate (9.57 g, 42.5 mmol) is
heated gently until everything dissolved. Compound 40¢ (5.0 g, 35.5 mmol) is then
added slowly to the warm (60°C) solution and the mixture is heated at reflux for 2 h
(bath temperature: 140°C). The reaction mixture is then cooled to room temperature

and poured into ice-water. The solution is brought to pH 6-7 with an aqueous
-96 -



added (rapid foamng!), followed by 10 N aqueous NaCH
to bring the pH - 7-8. Large volune of gel ati nous

wQ@ eioboea28h precipitate is forned. This het er ogreiIEGAS008/001611
m xture i s shaken with Et OAc (200 nlL) and the m xture
is centrifuged in 50 nL portions, resulting in good
separation of a yellow sh solid. The cl ear supernatant
is decanted and is extracted with Et OAc. Conbi ned
(0] C . .
s el e SRR, A e DS be BT Sl et e QiR ey
gffikratioraanddrigvendsi highvastiuha €5.0 §ht 2% ryedd)d dbisi®@mpound is used in

rg-di I of .ether and the solution is
mg“s‘%é%?%e}gﬁ“ﬁ%g&fﬁg’g%@”?%&ﬁ) fol lowed by 2.5 M
aqueous NaOH (20 nlL). The dark brown organic sol ution
i§t £N stirred with MgSO4 and acti ve charcoal and

f

‘ed to give a light yellow solution, which
dapleesvhidion axp cathpownl 4adaddl gy @8 thmmohemdftiiftic knhydiide (5.25 mL,

c g g o R ool Y B L % EARLAT P g mon

neite resdfingunixdhoats wanniduen Riuand stetiforB (.3TB4 reagtiory B¥kture is

! isd wir L3R o Ty WSl S RERRANIT Tl el e Do i

g dridd (Na,800). ) Thersblvébiis aguewmdsursier faouum tagive 4 dérksblid, which is

138. I s, stirred at ar,. 3 _h L Xture. turns
opaeevash SoEassdad o BT nddhselle W g e
dowmpoiral4tedas am off-white valide6.0(R @8%ig¢ldand 10 N aqueous
NaOH is added (30 i, 300 nmmol ). The black m xture is
then shaken with EtOAc (100 nL) and is centrifuged in
SExamplod1:i Sphesidiof copiundt0Be | ayers are conbi ned
and the bottom aqueous |ayers containing the bl ack
tar are shaken with Et QAc and re-cen®rifuged. All
Et OAc extract re conbi ned, washe hth brine, dried
over NagSO4, fi red and concentr d n;&r vacuum
e al is

t ONgivg' 4 8. g, br owne r edstgt | .
v ica um o

chrm]]a\:‘ ogr aphed on 34 ica g ¢

(Conbl Fl ash(r) Conpani pparat us, hexanes- Et OAc
gradeent). The fraeti ons contai ni ng tthe conmpound are
concentrated wunder vacuumto afford coppound 36c as a
white solid (3.26 g, 83%yield). Step 3} To a cool ed
(-78 C solution of conpound 36c¢c (500 , 2.25 mol e)
in anhydrioud Et20 (20 nL) [ ils added ovese5 nin under

an Ar atno re a 1.6 M so i o of n-| BuLi in hexane
(3.5 nmo ). The m xti s stifred at -78 C
for 50 con wrd - OH
N N
1006 Ac

Step 1:
Solid Pd(PPhs)4 (9 mg, 0.008 mmol) and Cul (3 mg, 0.015 mmol) are successively

added to a solution of 11¢ (200 mg, 0.75 mmol) and alkyne 2f (190 mg, 1.1 mmol)
dissolved in DMF (0.46 mL) and diethylamine (2.3 mL). The reaction mixture is
stirred overnight at RT and then concentrated, diluted with EtOAc (10 mL) and
successively washed with brine, 1 N aqueous HCI and water (10 mL each). The
organic layer is dried over Na,SQO,, concentrated under reduced pressure and the

residue purified by CombiFlash® Companion to give alkyne 41a (126 mg, 46% yield)
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triisopropyl borate (2.00 nm., 8.55 nmol) is then added
dropwi se and the mxture is stirred for 2 h at that

W etopeesure. The mxture is slowy all owed toPeEasknoR001611
over a 2 h period and it is poured into 1 M aqueous
HCI (30 mL). The m xture is transferred -90 WO
2009/ 062285 PCT/ CA2008/ 001611 into a separatory
funnel, the organic layer is separated and the aqueous
| ayer is washed with Et20. The aqueous | ayer is then
transferred into a 500 nL Erl enneyer flask and the pH
obteptiy solution is adjusted to approxinately 6.3

SSEER B 451 b antRe sy ias 81 ne g B81 fin o a stimed

c enbadinelof acéteaiideny7)mg, The wmbemsliZoehloropyridines(G@diLdX. #1 mmol) in
\?\/th;yr @ggg{ %geun do\(fetrgpﬁ nﬁﬁ'tgggeaaglldrg%ﬁ is ié‘@é%gqr)a\rﬁ' (;I: water bath
( aﬂdslsmggrmed to 07C.t Alkprecdi a/\m)a nig, 2RY memblfre@C{VbﬂgnMes added via
]E Iiyrﬂ’%\tgﬁ; tl'ﬂg éOIu ﬁn@lsgfu?8ﬁ.?] ee\:iloﬁ/ ﬁ?ér)\lﬁllﬁl?n ﬁ)glg'ls' ai\ft@r stlrrr rfgefop§0;’ ﬁun
cEtaNe(rhlmLa)hsealddﬁdohnd tha ouxiune |apmimr@dphatwéerelaCW5o mL) and brine

ase r

R T Syt A e i B (70 b ARG bver appycrous
rmilazﬁamnopnmnbemraiem Thee res;dheGstheh yoopfiad byz@embiRlasb® Companion
second cro 8 8 fé)ﬂﬁ Ué}fl/ |s obtai ned as a TFA salt
( SpyBa fyoline gAb (& 199, SU% ¥EIY- vi el d: 439 . Exanpl e 37:
Synt hesis of boronate fragnment 37d (used in

atlon of 1084) C C C C Step 1 Step 2\ N\
oo

N2 NH2 Br Br Br "B, HO OH 37a 37b
BZKBI-BT'rdTHSt(EM 255 LLb(D.GmmMGI):lbladdéd & mislutidresizstee 436481 mg,

[ ransfaorned to 7§ usi n t he rocedur [:{

LD dmsnBon alseosd Bt BRI Qe efidionts s CR RaIR AERT.

t Eﬁce@stré@gﬁdt Rrsuentinst wigdHGf (tHre©Arps Sotof2ffervescence) and the
mixture neutralized with saturated NaHCO; (10 mL) and extracted with EtOAc (3 x
10 mL). The combined organic layers are dried over anhydrous Na,SO, and

concentrated to give alcohol 41¢ (38 mg, 57% yield).

Step 4:
Dess-Martin periodinane (46 mg, 0.11 mmol) is added to a solution of alcohol 41¢

(33 mg, 0.084 mmol) dissolved in DCM (1 mL). After 2 h, the reaction is applied to a
pad of SiO, (1.5 x 1 cm) and the product is eluted with 1:1 hexanes/EtOAc (20 mL).
The filtrate is evaporated to give the crude aldehyde. The aldehyde is then dissolved
in 2:2:1 THF/H,O/t-butanol (2.5 mL) and one drop of 2,3-dimethyl-2-butene (0.8 mL,
1 M in THF) is added. NaClO, (62 mg, 0.68 mmol) and NaH,PO, (51 mg, 0.42
mmol) are added as solids to the solution and the reaction is stirred at RT. After 30
min, the reaction is diluted with H,O (5 mL) and extracted with EtOAc (3 x 10 mL).
The organic layer is dried over anhydrous MgSQO, and concentrated. The residue is

purified by preparative HPLC to give compound 1006 (12 mg, 27% yield).

It would be apparent to those skilled in the art that the above synthetic protocols can
also be used in the synthesis of other inhibitors where either 11¢ is replaced by

another aromatic halide in Step 1 and/or the acetanilide is replaced with another aryl-
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Compound 37b (4.2 g, 20.3 mol) is nelted at 50C in a

100 nlL round-bottoned flask containing a stirring bar
w@nwoearzes sed in an oil bath. A solution of ziPECI/CA2008/001611

chloride (700 ng, 5.03 mvol) and ferric chloride (540

ng, 3.25 mmmol) in water( 3.3 nL) is added in one

portion followed by absolute EtOH (20 nL). The fl ask

is stoppered with a rubber septa and a needle is

PR AR BT P SR 200 ol ) 1 <

added via a syringe punp over a 2 h period. After the

addition, t m xtyre is stjrred at 80C for 1 h and
a xé@@fetﬁ% th&ﬁﬁ&%@@iﬂ%’ﬁi@%em c chloride is added
(4.1 g, 25.3 . The mxture is stirred at 80C for
an extra 24 h t hen concentrated under vacuumto

-91 WO 2009/ 062285 PCT/ CA2008/ 001611 give a

sem -solid resinue Water (200 nL) is added followed
by a 10 N aqueot sol gton of NaOH (2 n4) and CH2Cl 2
(200 nmL). Aft haki pg e mxture forga few mn,

t he soIidesfhbtere gvera pad of ) and t he
filtraté is transferred £nto a separator funnel . The
or i TQyer —r%%raecf%(‘ﬁd—f—he : CPHyer is
extfagted wth ‘ he conbi ned>¥organi ¢ extracts
are washed with brinegadried (Na2SO4)7 filtered and
concentrated under vacuumto give 3.69 g of a brown
solid. This solid is triturated in hot CH3CN and

f Stdpet:ed. The solid is di scarded and the filtrate is

Sl S B 1905 Pl B ) ane e

Caofj, K@ ata( o)oganmoanar@rmmnredm DMFO. 34raL)gn i mmmage vial and a

e (R Mo ek S TS oG % sptop Hponagse (ar

C oapnn andife muszturérsltnére@bbmn@d wahicwase hieating320 2010 fdB%0 min.

ZL%S%H@FS%?EU%mC&n? cp lblt, gz&%\g%tterr @ g &I&@Eﬁghe @ré)&uct is extracted
Exanet®@A3 815 @ﬁtmrgamé Idyer ie vaished walywatdr (3845 MLy @dd dried
pr%r en’l%%ir%&'s a2§64, }I(Perezi anc? orpcentrated ﬁgeegruge producN is hlwen

purified by CombiFlash® Companion (gradient of EtOAc in hexanes) to give

quinoline 42a as a mixture of atropisomers (175 mg, 65% yield).

Step 2:

An aqueous solution of LIOH (4 mL, 1N, 4 mmol) is added to a solution of esters 42a
in THF (25 mL), MeOH (6 mL) and water (12 mL) at RT and the reaction is heated to
50°C. After 4 h, the reaction is evaporated to a white slurry under reduced pressure,
diluted with 1 N NaOH (5 mL) and extracted with EtOAc (2 x 25 mL). The water
layer is then acidified to pH ~ 3 with 10% HCI and extracted with DCM (2 x 100 mL)
and EtOAc (100 mL). The combined organic layers are dried over anhydrous
Na,SO, and concentrated. The desired product is isolated after purification of this
crude by preparative HPLC to give the desired pure atropisomer (diastereomer)
1017 (7.5 mg, 4.4% yield).

Example 43: Synthesis of compound 1125
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HO OH 38a 38b 38c Step 1: 2-bronpaniline 38a is

transfornmed to conpound 38b using the procedure of
wex@pbes37c except that nethyl vinyl ketone iBCT/6a2h08/001611

instead of acrolein. Step 2: Conpound 38b is

transfornmed to conpound 38c using the procedure of

exanple 36d. Exanple 39: Synthesis of boronate

fragnent 39k (used in preparation of 1131 and -92 WD

2009/ 062285 PCT/ CA2008/ 001611 in exanple 46) Owve Ow

O Q"7 Ove Step 2 I\ Step 3 Ove OF Step 4 O Step

L o N\ NHso‘bg\AeHggpqoo~
39d0\@§é\$|%3_§|_l\/bﬁ_g
gﬁ St ep SPep 7 Step 87/ (g

oF ,SHO Ove Q, O 39f 39g 39h 309i

%b

Step 1:
In two separate batches, DMF (15 mL) and distilled water (3.0 mL) are added to two

microwave vials each charged with boronate 9b (560 mg, 2.06 mmol), iodoquinoline
1i (600 mg, 1.45 mmol), potassium carbonate (602 mg, 4.35 mmol) and Pd(PPhs),
(252 mg, 0.218 mmol). The vials are then sealed and heated in a microwave reactor
(7 min, 140°C). The resulting mixtures are cooled, pooled and extracted with EtOAc
(200 mL) and washed with half-saturated aqueous NaHCO; (200 mL) and brine (200
mL). The extract is dried over MgSQ,, filtered and evaporated to a red syrup which
is chromatographed over silica gel (EtOAc/hexanes) to afford the pure atropisomers
43a (160 mg, 13% yield) and 43b (175 mg, 14% yield) as pale yellow amorphous

solids, as well as a sample consisting of a mixture of atropisomers which is set aside
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N \ TFA HO B OH 39k Reference: Feliu, L.; A ana,
W; Alvarez, M; Joule, J.A Tetrahedron 1997, 53,
W@ ahy06228 ep 1: Meldrumi s acid 39b (47.04 g, 3PGI/an2i0p/001611
is taken in trimethyl orthoformate (360 ni) and
refluxed for 2 h. Then 2,5-di nethoxy aniline 39a (50
g, 326 mml) is added and the mxture is refluxed for
an extra 5 h. The reaction mxture is cooled down to

nd the sol upon cooling is
nglaggrtwaapopl(#%r@g‘%}%yhe Ji's further crystallized

fromMCOH to afford conmpound 39c as a yellow solid (63
63% vyield). Step 2: Conpound 39c (62.00 g, 202
nﬁﬁ%—l s dissolved in diphenyl ether (310 nL) and

r afdowitied ofbnildEd 43al43b @ixtoferof akrbgisomisyE@migs 0 tthemmol) in
cool ed down to RT [

) d n-h i s added, h .
oo e eSS B B T S
b)(?l,qz ing! @. n:tvs hiPiblPdHd teR- b‘ﬁﬂﬂihlﬁde W2 iL; 0-19ehinan én émd/drous
n exane O _renov no ol ar ur i
T aRIPATR URIME) B Shnaa AT et SRR 0 AT & Ny B geation is
i ﬁu?rﬁbhteh Q\%Itﬁep(@ Nﬂ@ghnd(e&?raggd g/&ﬂ(ﬁﬂiﬁ% D0 mBf & Bash®d with water
ure o co oun
BhgLariaing @AM, 3he ekiat & Hedsn Sy ROL B RS EvhRorated

DeVhtckd 4 ﬁktuk@of-‘é)@'b@&nb@s @8c/aBd ad afrbdrPShlifl wWHich id (8ed as such
-93 WD 2009/ 062285 PCT/ CA2008/ 001611 nmol) is added

skoWng: 8% gield)The resulting mixture is stirred at OC
for 2 hand at RT for 1 h. It is then diluted with
DCM washed with H20O and brine and dried (Na2SO4). The
st is renpved under reduced pressure and the

r &RHihHEN }ﬁox.dwm'dr«eﬂobm ha®mmb mart@a%ﬁrr@msaud.dmthe
gel (209 etrol eum et her The desire

céﬁﬁ@bmur@@@claé‘dl@dl(ﬁi &y 8408 "}@‘P') BMe@Hi(hs i 9@0' THF ¢ymL)
Yiafl the reStfh Hbated to 50°C. After 16 h. the solution is acidified with 1.0 N HCI

to a pH of ~4 and extracted with DCM (20 mL). The extract is dried over MgSO,,
filtered and evaporated to solid which is diluted with acetic acid and acetonitrile (to a
volume of 2 mL) and purified by preparative HPLC (0.1 % TFA water / acetonitrile).
The relevant fractions are pooled and lyophilized to yield the TFA salts of inhibitors
43e (13 mg; 27% yield) and 1125 (18 mg; 37% yield) as white powders.

It would be obvious to those skilled in the art that intermediate 43b could also be
used, employing the same methods, to prepare other inhibitors such as the para-
chloro analogue 1112. The bromo derivative 43d could also be transformed via

Suzuki coupling to para-alkyl derivatives such as 1127.

Example 44: Synthesis of compound 1103
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A m xture of diisopropylethyl amne (46.5 nL, 267

mol) in dry DM (250 nl) is degassed with argon for
w@oosoee28hd i s added to a m xture of conpound BOECA3DSM01611

g, 88.5 nmmol), triphenyl phosphine (7.70 g, 29.4

mol ), tris(di benzylideneacetone)di -

pal | adi unm(0) - chl or of orm adduct (9.21 g, 8.9 mmvl). The

resulting mxture is stirred for 5 mn at 0C and TVS

acetylene (13.4 g, 136 npol) is added dropw se. The

tenperature is|rajsed RT and the mixture is stirred
for 4 h. D6 et’her—and N @d, t N
aqueous | ayer separated an shed Wi t h-S&%t h
ether. The conbi ned &tgani c | ayers are washed w

H2O and brine. “After drying on Na2¥™, the sol vemt ics
renoved under reduced pressure and the residue is
purified by flash chromatography on silica gel 30
Et OAc / petrol eum ether). Conpound 39f is isolated as
ay II-m;solld (18 g, 70%vyield). Step 55 A solutio

of ™ annoni um nitgate (42.3 g ("2 nmpl,) in H2Q
(47 /ggded—uﬁe}er—&r—gﬁa—a ) er e<te—a—-sol
of d 39f (11.0 g, §§:3 mmol )Y ac itri

h€" react i of npxture IS gegassed oM d h argen

land 't NES stlrr d at RIf for 20

& Ts the d nd the i on |oso 44d
extrﬁ&ted with CH2Cl 2." The organic extract
conmbi ned, washed with 'H20Q brine &fd dried (thSCﬂ).
The solvent is renoved under reduced pressure and the
residue is purified by flash chronat ography on silica
geter#o9% Et OAc / petrol eum ether). The desired

C Q%S%Hﬂﬂloét%g 31b$or‘n§ Q'-rﬁétﬁﬂaﬁ‘iﬁn&dl@dd 7% 5401 g ﬂn{oﬁ i MECNo@HomL)

ep - rafp@*plapme (&gwh é. ?a@mP >( ?Qe rﬁacslomwa@rre 'gah%w at reflux
a?dm%ﬁ'r' Q‘ES redSHBR N HIMER &rlhé’&n;ﬁlztei% 691 eqlﬂéléﬁf'@hbuhtsof the

added and the reaction is refluxed for 45 mn.

r igtanedmagden agadn ard e aeadion gixtyre ipperted ah@(ﬂéﬁforéﬁd’ The
t Q@lvéﬁll§é¢%rdt§d veRhele Wedidldahs %Cen upliftoFHORE WA d km%)ﬁﬁéd with 1 N

is neutralized wth a saturated queous sol uti on of
Nﬁi%@) &nd brI@e b@fpreaml@wdwct MaS@hdiltered ang sRBEFW@tedy 4

ol P T G e REEA oF5h LR oRigasn
i @s anvghite\selid (F9Geng,rdduyeld). pressure to afford conpound
39h as a brown solid (250 ng,

Step 2:
Compound 44b (1.1 g, 4.3 mmol) is combined with polyphosphoric acid (40 g) and

heated at 100°C for 22 h. The cooled mixture is diluted with EtOAc and ice before
being basified to pH ~ 8 with 10 N NaOH. The phases are separated and the
aqueous phase again extracted with EtOAc (3x). The combined organic phases are
dried (MgSOQ,) filtered and concentrated. Purification by CombiFlash® Companion
(hexanes/EtOAc) gives the desired ketone 44c¢ as a yellow solid (535 mg, 52%
yield).

Step 3:
To a solution of ketone 44c (489 mg, 2.04 mmol) in DCE (20 mL) is added zinc

iodide (975 mg, 3.06 mmol) and sodium cyanoborohydride (960 mg, 15.3 mmol).
-102 -



19% yield). Step 7: Conpound 39h (230 ng, 1.24 mol)
is dissolved in absolute EtOH (11 nL) and 10%

w@2iobaechi2esn on carbon is added (10% w w, 23 ng)PCrdar008/001611

ni trogen atnosphere. The mxture is stirred for 15 h
under one at nosphere of hydrogen. The reaction is
degassed with nitrogen, filtered through Celite(r),
and the CeIite(r) bed is washed with an Et OH CHCI 3

t . de
’ﬁ%?i‘fé%te%F gﬂovfﬁ gttl §§o§ ﬁg Rf fga%lh'utgd with
8@%,% a&idOB sat&tatgd éblutﬁﬁmﬁmlbrndl (@6ntainGR01 0% by Bolﬂmerufrﬁll\) HC).
T e i3 St (EIGiFo's 1ot peReS e BRoaiigu. The organic
t priekhy asngvewilOsd%rated, brine 4Ad timan JrisdyMgSduEfitetscbawl se

| Goricaneaiad Bureate e e R AR A2 gnotle il aS b BRI o ©

f QUirifidafibn S BAUYE BY €ohibifladH® €emphitibn (HdxGhes/BIDAC).I S
washed with H2O, brine and dried (Na2SO4). The sol vent

is renoved under reduced pressure to afford a residue
Wi m i's purified by flash chromat ogr aphy (1@%
hexan is isolated as a

sbP p@rnpglg'@l fﬂ? (269 mg, 9,1@ ral)no{) |r5@rgydg)us|QMF (1d)r'§)|-) |s added
(agﬁan}a%taﬁﬁbéreﬁe BBOThG1 .5 kol FoRsiFed By SRAERU fn HESER! (339 mg,

con ni n etic stirring bar, ‘are added

coApounels Qgg ) |§1@egagschw |'150r 10 min before the catalyst
bP&édeBéf)‘ @rﬁbg)céh#&wxgﬁm 6%5@ 1l7f!3nm&) %dml 'Dhe ramw [sHéated at

po assl um acet at e %
8P Cfong0 hbetroa being cpolad andﬁwat' Wil £ %‘bﬁ%tﬂfﬁt&t Jhe organic
eﬁ&%ﬂs Rubidd \K)i@h §80rafY 5'ﬂn€)(3x):be‘ﬂor@ Ibe?ﬁgraeieé /éiwg$034) flkeed and

vial is cap ghtly a tum cap and
veansentratgd. 'FHGL@H%WqFﬁ' 'arpgat*ﬁd %%Ofﬁblﬂaah@ Q%ﬂ%aﬂlq“r ed

§he§§r%s(’l?tdAcpﬁ)t @vﬁ%rtﬁmta% §e s04 %uo@tﬂsonat(z@stﬂa e8®% Gleld).

e reaction mxture is then
concentrated under vacuum the brown oily residue is
dggsad-ved in 7 nL of glacial AcOH and is filtered via
4 ‘menbrane filter. The dark brown solution is
dina dessei suiteblsxar. Bicrawave beafingn quinplkne H ($hinec®.df nynolan

U PR el P PSS LSl AE g 45 o o
Gaﬂi(ﬂmts)]C(Zﬁing,cﬂ.Ozm;nnﬁﬂ)) in EMFQ(ZﬁmL}Samn‘rwp&r {0.25 mLs aeegdded.
giﬁe Co%&r%g%ﬁ%u{eée%g%tbqgsc /S glln%{lﬂri)rbg H &'gﬂ beg’BPéeoce'trfb;iqgled and
ngijutekbddtly EEDAL. f The d)r’gem&'léhase is washed WIth brme (3x) before being dried
(MgSO0.), filtered, concentrated and purified by combiflash (hexanes/EtOAc) to
obtain a mixture of atropisomers (diastereomers) as a yellow oil. This material (68
mg, 0.16 mmol) is dissolved in THF (1.5 mL) and MeOH (0.5 mL) before being
treated with 5 N NaOH (0.32 mL, 1.57 mmol, 10 eq). The mixture is heated at 50°C
for 18 h before being cooled. The pH is adjusted to ~5 with aqueous 1 N HCI and
the mixture is extracted with EtOAc. The organic phase is washed with saturated
brine before being dried (MgSO,), filtered and concentrated. The atropisomers

(diastereomers) are separated by preparative HPLC to give the desired compound

1103 as a light orange solid (16.8 mg, 20% yield over two steps).

Example 45: Synthesis of a compound 1074 via decarboxylative biaryl cross

coupling reactions
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-95 WO 2009/ 062285 PCT/ CA2008/ 001611 salt). Exanple

40: Synthesis of triflate fragnment 40e (used in
waEx@opbesst7) Step 1 I\ Step 2 I\ Step 3 F F NERI/EANIHR/001611

OH OH OH 40a 40b 40c \ \ FI/ NStep )JNOHF ,0 F4

O 40d F O 40e Step 1: A solution of fumng HNC3 (6.0

m., 142 mmol) and concentrated H2SO4 (0.2 nL, 3.8

nmmol) in chloroform (150 nm.) is added to a sol ution of

2-fluoro 4-nethyl phenol 40a (20.0 g, 159 mml) in

chloroform (100 nL). The resulting mxture is stirred

f Ohe ae&hraéxylaw'e ands icSurillhgméécﬁbnﬁdrei Used ts prepaat dvariety of

f unnel ith bri,ne

o Gipis: yietate 5t i ekEetpeloat oo Sy e dHEture
evsIgenad:ed Anndpen 8du @006, 1783 $380:11381e Arasidiple isrstiden
solid is crystallized fron1aqueous et hanol to give
cBABWUNd 40b as a yellowish solid (17 g, 62%yield).
Step 2: Conpound 4 is transfornmed to conpound 40c
using the procedune./of exanple 36b. Step 3: A mxture
12.5 nm, 235 mmol),

wat er (10 gIeroI J. 137 mmol ) and
sodi um 3o osul f onatgé 7 9, 42.5 mol) is
heat ed \J¢ t oy unt| | “everything di s 0l ved. Conpound 40c

g 3505 mmol) is th added sIOV\Aytothe war m
y~&otufi on and the mi s°heated at reflux for
2 h (bath tenperature: 140@). The reaction mxture is
then cooled to roomtenperature and poured into
ice-water. The solution is brought to pH 6-7 with an
a{ig Ombsuitable for microwave reactions is added 5,6-dihydro-4H-

cyclopenta[b]thiophene-2-carboxylic acid (73 mg, 0.44 mmol), 4-iodoquinoline 1i
(100 mg, 0.24 mmol), tetrabutylammonium chloride hydrate (67 mg, 0.24 mmol),
cesium carbonate (118 mg, 0.36 mmol), and the catalyst Pd[(PtBu)]» (12.4 mg, 0.02
mmol) in DMF (3 mL). The vial is then capped and submitted directly to the
microwave conditions: 170°C for 8 min. After cooling, the reaction is diluted with
EtOAc (100 mL) and the mixture is washed with brine (3x), water (1x), before being
dried (MgSOQ,), filtered and concentrated. The residue is purified by CombiFlash®
Companion (hexanes/EtOAc) to afford the methyl ester of the desired product (79
mg, 80% yield) as a foamy solid. The final compound 1074 is obtained after a

saponification step followed by HPLC purification.

Example 46: Synthesis of compound 1131

e, XN
z + |
o
Xy “co,Me N TEa
N HO” “OH
46a 39k

In a 5-mL glass microwave vessel containing a magnetic stirring bar, are added
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-96 WO 2009/ 062285 PCT/ CA2008/ 001611 anmoni a
solution. A brown precipitate of conpound 40d forned,
w0 2000960283 | ected by filtration and dried undePCThiCybnos/o01611
vacuum (5.0 g, 79%yield). This conmpound is used in
the next step without further purification. Step 4: To
a solution of conpound 40d (5.0 g, 28.0 nmmol) and
triflic anhydride (5.25 nL, 31.0 mml) in CH2CI2 (150

'rl%%mﬂr)%sp 3?@?3&8‘% }NB§§4 ﬁmﬁﬁ?@éé%oé %Ig(gnd e .ﬂ?ﬁpg)
amhydiidue potasstuimocarbenate (50 rag, 1408 mned), RitRPheki240.2 Mdh0.035
t
it} AfyRRYE: U kEnalSE PeGaibiebi BBty telaiice
umdlpand deaygenated)Hy@ (A3 anll. $oé vid! is wappdd arsl is peateflired
by.. . %, Ef: . .
i A RO T e 35 M o oo DT Tk rliurefp cgoted
( andTgF (5819 W€ d)mL)Eradile®HI(B: miSyare laddéd foidwedbpa dAdN
@)
498gs By b R0 s Besh, tpfaciof @ hggea to
48@°C thephé re&bm & dRed(edRng)tde (l@alnigs a@.re@®vedahder aaclum to
. J . . ar. |

e bR 838, glch SEESHRRET 'S et PRt Rabngy e um
nmyembranerfiitet 3nd djestsl ivddb-inh bbdRes tal 8 praparativel reversed-phase
diBEBWIE B Merifiation TN 'gFdtfidrt RBntEInto . 66% SrFA, oDS-AQ, C-

18 column, 50 x 19 mm, 5-um particle size). The desired atropisomer is re-purified

under the same conditions as described above. 1131 as a white amorphous solid

(52.0 mg, 32% vyield, bis-TFA salt).

Example 47: Synthesis of compound 1101

I 9 RS Step 1
: . | el
A Cone F N/
~
N 0
F—
1i c 3 é/S\\O 40e

In a dry pressure tube, compound 1i (100 mg, 0.24 mmol) is dissolved in anhydrous,
deoxygenated THF (2.5 mL, Ar bubbling for 30 min) and the mixture is cooled to -40
°C under Ar atmosphere. A freshly titrated solution of i-PrMgCI-LiCl complex in THF
(the titration is done following the protocol in Lin, H.S.; Paquette, L. A. Synth.
Commun. 1994, 24, 2503; 0.83 M solution, 0.400 mL, 0.328 mmol, ) is added and is
stirred at -40 °C for 30 min.

In a separate flask, a 0.65M solution of zinc chloride in THF is prepared in the
following manner: 115 mg (0.84 mmole) of anhydrous zinc chloride is placed in an
oven-dried 2 mL glass microwave vessel and is dried at 180°C (oil bath) under high

vacuum overnight. The vessel is cooled to room temperature and 1.3 mL of
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stirred overnight at RT and then concentrated, diluted
with EtQAc (10 nL) and successively washed with

whrionee2285 N aqueous HCl and water (10 nmL each)PCTha2008/001611

organic layer is dried over Na2SO4, concentrated under
reduced pressure and the residue purified by
Conbi Fl ash(r) Conpanion to give al kyne 4la (126 ng,
46% yi el d) -97 WD 2009/ 062285 PCT/ CA2008/ 001611 Step

anh-gfi?ogs(ac)rgonﬁ’-ldeg&s@a THIOS hddi&d. aflitedixviré lsSéUnﬁd&Qa%l EhHi4Il the zinc
the 'period of 1"mn to a stirred mxture of

a@é@rm4'$&9é’eé77 my, 0.57 nmol) and 2-chl oropyri di ne
(frie 86501 sbhutiBHRE }mb Bhlol%\/h(ﬂ—wo(olﬁo) mBt0.3d fnfol), Af éd%l'éd % %o the

mn, the reaction f I's placed in an |Ice-water
ieacin muredt 400! 'wtw;eﬁl @t thisstempgratyrg, forgh i @ﬁ?b'ls)\'vﬁﬂﬁed to
D@%(ai'nd Kkt ét?m?ggﬁ&aré(th% fo?’Y'h'd?\%naW‘ﬁ ReRHhh R hour.

solution Is al to warmto RT. "After stlrrlng for

368d448)s (2603NG,(AL0262 mmel) gad &PaRE (34:@ Mei 1087 énmel, Strem
p@ﬁérhfcbl@ﬁ&r@ &%E%ﬁ&‘ermr(aﬁrqo%ﬂeré‘gﬁid el rﬂ&turé é%tlmea at RT for 5

The organic layer 1s washed wth brine (5
dmlrwecpmmundrﬂﬁyd%ggng ma?égmmam toemaddad: ateereactme/essel is

¢ > S : )
oS pr it Rl g o Sl LB G PR
LTiBHeactionmpixtyre Is\noowsiqm argl, B0 Bnds) L), Mefdd €u3Q mlaand 10 N
Isgcﬂdiétogg [{Isgf(];l @go% r&(ﬁ)larggzddeé) sét?uémyﬂ )an‘él'tﬁé m&f&r‘é is

reactiron Is st ed overni
aeat ) to G Eders? h eég@tmaqwtlsqfwhad@d <amen thle:lnlxturlerleéltered over

d
néegtg,?]g] r{n%@ r fﬁgéﬁﬁﬁggg@g%}—%@& h%d mrﬁg\/ég&gl@ns through direct
elRjecten ietp aNBerhl [Fecietierexersedrhage HFFh@ M (il 1§dHH-O gradient

Oé&ﬁél{‘\iﬁ?'o%e/ ?FA”@D@'VA dC%%BIX {%%%W?ﬁﬁ“é}ﬂg size). A

concentrated to give cohol
Snixurg of mrmomens p@qlaéd (ﬁﬂmg(m% bigld for hig-Tindosa)t).i Both

e fbrd aRcbl AR Bind LR AirattalpHcdhidene |
[ @orapwmeapmafaus $padolgmnsMeH- @nglxgmdmj) tagvetchmpound 1101

5(€Mgt5%|§/Ie‘?&glgseadpdy{aé%rogms%n@?xaneS/ Et OAc (20 nL). The

vapor a 0 give the crude al dehyde. The
aldehyde Is then dissolved in 2:2:1 THF/ H20/t - but ano

n%xam&”?é @yﬁﬁﬁeﬂs org%gra)(%\ 3 di makgxlf éd rutbe géep%ﬁmoy of 1136)

and NaH2PO4 (5 =\, 0.42
N=\ [ ij
S step1

Tk

Br

48a 48b

Step 1:
A stirred DMF (5 mL) solution of the arylbromide 48a (0.152 g, 0.71 mmol),
potassium acetate (0.209 g, 2.1 mmol) and bis(pinacolato)diborane (0.234 g, 0.92
mmol) is degassed by bubbling Ar through the solution for 20 min. PdCl,(dppf)-DCM
(87 mg, 0.11 mmol) is added and degassing is continued for 15 min. The system is
sealed (Teflon screw cap vessel) under Ar and heated to 90°C for 16 h. The
reaction mixture is allowed to cool to RT, dilute with EtOAc (150 mL), washed with
brine (3 x 100 mL) and water (2 x 100 mL), dried over anhydrous MgSQ,, filtered and
concentrated to dryness. The residue is purified by CombiFlash® Companion
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nmol ) are added as solids to the solution and the
reaction is stirred at RT. After 30 mn, the reaction

w0 goodiobzs®d with H20O (5 nL) and extracted w t hPE&/CAZ008/801611
x 10 mL). The organic layer is dried over anhydrous
MyS04 and concentrated. The residue is purified by
preparative HPLC to give conpound 1006 (12 ng, 27%
yield). It would be apparent to those skilled in the

a oal i
MRk SN YRR BT 630 B
lyetlowshrseld. aced by another aromatic halide in Step 1
and/or the acetanilide is replaced with another aryl
-98 WD 2009/ 062285 PCT/ CA2008/ 001611 NH CO R2, or

hEXampbrgsl AMHn@ﬁB«dayr(tlﬁ%is:of(ﬂd&)ndtmfrﬁreqmt29KE(mae’rploeth@2:

nthe Q 0 k 149 Ok

SREaty {ﬂ“%c%qi‘?% 11'%%%2"% %3§)< = NNN i
42a 1017 Step 1: Qui nollne 1i (260 ng, 0.62 mmol ),
bor |% ester 14g (350 ng, 1.3 mmol) and Pd[ P(t-
Bu)3| 2 (50 ng, 0.098 nmol) are dissolved in DVF (4.3
mHP i a”mAr owave vial and a solution of Na2CO3
(1.2 12M 2.5 mmol) is added. The solution is
degassgd (Ar balloon) and thg mixture is theng

subm' ted to,m crowave hegtl at 120C for 10 'n
The de rep ctlorg mbxtu e 9s|di Iouted WlthOWa erP™( 15
ra
it

nL) d t duct 5nm).
Th anc Rl |svva hvvaterlZ -)
afd Qirloed oarer anhydrou NB2S04, filtered;and
cone®nt r at edge The crude pr dguct is then purll{gg_J ed by
Combi Fl ash(r) Conpani on (grad| ent of EtOAc in hexanes)
to give quinoline 42a as a m xture of atropj soners
(175 ng, 65%vyield). Step 2: An aqueous sol ubt?% of
LiOH (4 nm, 1 N 4 mol) is added to a sol uth on of

esters 42a
o) on on o~ OH
- - -—
N~ ~cl H 0
Br B N 0 Br
r
4sh 49f

Step 7

-

Ho 2o
39k

Step 1:

1,3-acetonedicarboxylic acid 49a (30 g, 205.3 mmol) is added in portions to acetic
anhydride (55 g, 587.7 mmol) and the mixture is stirred at 35°C for 23 h. The mixture
is filtered and the filtrate is diluted with benzene (200 mL) and the solution stored at
5°C for 3 h. The precipitate that formed is filtered and dried under vacuum to give
compound 49b as a pale yellow solid (26.9 g, 70% yield).
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in THE (25 nmL), MeOH (6 m-) and water (12 nmL) at RT
and the reaction is heated to 50C. After 4 h, the

WO e@eN6n8s5 i s evaporated to a white slurry undePCr/e€demedo161l
pressure, diluted with 1 N NaCH (5 nL) and extracted
with EtOAc (2 x 25 nL). The water layer is then
acidified to pH- 3 with 10% HCI and extracted with
DCM (2 x 100 m-) and EtQAc (100 nL). The conbi ned
0 grgc | ayers are dried over anhydrous Na2SO4 and

itrated. The desired product is isolated after

plio afsticed 'soalnticm‘ oftamilive 49c (S ghy4 pmeglpinaitcQte (36PN is edded 49b

gtﬁ’@gﬁmﬂm 990 ,ogpv re F%)J%\ﬁjg gggon éﬁ“ ?ers?tggrngt%l urrg is v%gr%zed to
C 8500 uAfter 21 The reﬁ@hdﬂbnﬂﬁ@@is&ﬁ»ﬁ%ﬂﬂo Rﬁfvﬁ EAaD&UOdrEildoured in
NHZ, E .| 0O~,..St 1. F. F B+ N OC
Neiizggy G ). "EKe reiigh BRpoibiilecs isalatey Megtich, Ghesy v
GNQ'eﬁ(TOO\GhL)IlalrﬂdrieﬁEmﬂleﬂd‘du(Dn td Jivedi3d (93t p1% \BeldBr Cl

O- CF O

Step 3:
Compound 49d (5.7 g, 15.4 mmol) is added portionwise to concentrated sulfuric acid

(20 mL) at RT, temperature of the reaction mixture is kept below 30°C during
addition. The mixture is stirred at RT for 30 min and then poured in ice/water (400
mL). The resulting precipitate is isolated by filtration, rinsed with water and dried

under vacuum to give 49e (3.5 g, 72% yield) as a white solid.

Step 4:
The borane solution (1.0 M in THF, 10.5 ml, 10.5 mmol) is added dropwise to an ice

cold solution of quinolone 49e (1.5 g, 4.8 mmol) in dry THF (40 mL) under a N,
atmosphere. After the addition, the reaction is allowed to warm to RT and stirred for
22 h (reaction not completed by HPLC, 15% starting material). An extra equivalent
of BH; is added at 0°C and the reaction mixture is heated to 45°C for 2 h. The
reaction mixture is carefully quenched witn 1.0 N NaOH (10 mL) and THF is
removed under vacuum. The mixture is poured in EtOAc (100 mL) and the desired
compound crashed out of the solution under these conditions. The solid 49f is

filtered and dried under vacuum (1.1 g, 79% vyield) as grey solid.

Step 5:
To a solution of 49f (1.1 g, 3.8 mmol) in DCM (60 mL) at -78°C is added dropwise a

1.0 M BBr; solution (23 mL, 23 mmol). The cooling bath is removed after 1 h and
the mixture is stirred at RT for 16 h (by HPLC, ~30% cyclized product 49h is formed).
The mixture is poured in ice/water (100 mL) and the white precipitate that formed is

filtered and dried under vacuum to give 49g (773 mg , 71% yield).

Step 6:
To a solution of compound 48g (773 mg, 2.27 mmol) in THF (30 mL) is added PPh;

(928 mg, 3.5 mmol) followed by DIAD (0.69 ml, 3.5 mmol) (dropwise) and the
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OH- OH OO0 | N N43e 1125 Step 1: In two separate
batches, DVMF (15 nL) and distilled water (3.0 m-) are
w@dwede85s t wo m crowave vials each charged w PET/CA2008/001611

boronate 9b (560 ng, 2.06 nmol ), iodoquinoline 1 i
(600 ng, 1.45 mmol), potassium carbonate (602 ng, 4.35
mol ) and Pd(PPh3)4 (252 ng, 0.218 mmol). The vials
are then seal ed and heated in a mcrowave reactor

(7
i P e B 00 b R oS S
hahd H'@airtuﬂeapreducaamdammﬁy ARHOOBrae0sato-FOGR (2 k) ateRT.20lae
nL(g;%B ?‘u é(ﬁﬁ% gt}rred %b‘%]'foPX% hﬁ%?@%eﬂféobka & ﬂTar'mg mixture is

are syrup romat ogr aph
ovancestrhied ander ve(cEUr@W rhewaeu E@CIat) andtieoerdde hr@dp@tn%dlluted with

? b y:@'l?d rrggnlcéﬁ? éé%%sﬂgd wilti?f% N?\la@H %\fége 435 lgriln75

oW am)rp ous as vvé _
ae\/lgS@anfpieeeobanoScom«emtgatecu uaderivacuune blfie anudeprwbtn'elwunﬂed in

ich .is
R St o S8R R ARGRLAERA L o on
ybelegpllovbsdli (245 Angseil%twem‘) of anilines 43a/43b
(m xture of atropisoners; 50 ng; 0.116 mml) in

anhydrous acetonitrile (O 4 m) is added to a stirred
nSpur:e of copper (I1) bromde (32 ng; 0.145 mml)

dt -b it L 9
B ecPR oL egtinp e dstial e arElTh SRAd: I IT AR
AFihe(34mb, 0. Blm&nblﬁﬁﬁg gctlm mixtLea dshsildeWIat RT]forO16\h I—'KBie mixture is
a ext { { C
T e M T T
oegtfadidiSth DEM (3g). eTheacuinlenetpeyatie extraas afefwasthed with water and
WG (U T L
Sads t@murewwwn@n@kﬁ flash Grekbneb/EX0ARIS/4 th. 496) tongivie)49i as achdidyellow

to I n.of th
I% (%g mg, quar?tﬁatlﬁllte yloeld)o the

Step 8:
The reaction is done following a procedure similar to the one in step9 of example 39

using Pd(PPh;), as catalyst and starting with 49i to give 39k as a white solid.

Example 50: Synthesis of boronate fragment 50d (used for the preparation of 1018,
1020)

F
O H HO F
5\ Step 1 Step 2 Step 3 F
—_— 3
F F E O,B\O
Br Br Br %

50a 50b 50¢
50d

Step 1:

Solid NaBH,4 (603 mg, 15.9 mmol) is added to a solution of ketone 50a (4.11 g, 19.92

mmol) dissolved in MeOH (62 mL) at 0°C. The reaction is warmed to RT and is

allowed to stir for 2 h. The reaction is quenched with aqueous HCI (1 N, 20 mL), the

MeOH is removed by concentration and the product extracted with EtOAc (2 x 50
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ester mxture 43c and 43d (51 ng; 0.103 nmmol) in MeOH

(1.5 nm) and THE (3 nL) and the reaction heated to
wGR@/0sN8er 16 h, the solution is acidified w PaT/CA0BI001611

HCI to a pH of -4 and extracted with DCM (20 nL). The

extract is dried over MgSH, filtered and evaporated

to solid which is diluted with acetic acid and

acetonitrile (to a volunme of 2 nmL) and purified by

pr t|v 0 ey -
TRE T TR bisRpicp s Uy Wi B 25 LR SRLOBlO S ftcred and
y t@laéntrated T&éff@'dlalcs)holfstlbrmmm 193 Psyield BeTHid Bratryial B T%ed as is in
yhgldg %gd 1125 (18 ny; 37%yield) as white powders.
I Be obvious to those skilled in the art that
internediate 43b could al so be used, enploying the
fethods to prepare other inhibitors such as the
chl oro anal ogue 1112. The brono derivative 43d
cwu Iad:oai saiuthoa (o?camsfsom(ae@m 49. 3$mmd>d} indCMI(1 Dol s added

-al kyl [
T T T
P@H'd @%2!6@86 @04t Idr 2 o Brne MdEtidn i©gBendieBiwitd aqueBieNaACO; and
S{eétfgc ddqtl'éégwbé,%e oéécang)c I%Ieere%grieéwih':\N\/lygl(_)‘;l\,lﬁItﬁr%tg%%asezﬁeorated
1@ yAdssA44®e product is purified by CombiFlash® Companion to afford 50¢ (2.1 g,

52% vyield) as a colorless oil.

Step 3:
Step 3 is carried out exactly as in step 1 of example 48 to provide boronic ester 50d.

Example 51: Synthesis of boronate fragment 51a (used for the preparation of 1115)

NH N~
Step 1

5f 51a
Step 1:
To a cooled solution (0°C) of boronate 5f (400 mg, 1.45 mmol) in anhydrous DMF (8
mL) is added NaH (87.4 mg, 2.18 mmol, 60% dispersion in oil). The mixture is stirred
for 30 min before being treated with iodoethane (233 uL, 2.9 mmol). The resultant
mixture is stirred for 18 h before being quenched with water and extracted with
EtOAc. The organic phase is washed with brine and dried over MgSQ,, filtered and
concentrated. The residue is purified by CombiFlash® Companion (EtOAc/hexanes)

to give 51a as colourless oil (317 mg, 72%).

Example 52: Synthesis of boronate fragment 629 (used for the preparation of 1149)
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Step 1: To a solution of 3-brono-2-nethylaniline 44a
(0.77 g, 4.15 mmol) in MeCN (20 nL) is added
w@ Jopoensdl act one (435 pL, 6.2 mmol ). The reacPCDOA2008/001611
m xture is heated at reflux for 16 h. The reaction is
found to be inconplete so an equival ent anount of the
| actone is added again and the reaction mxture is
heated at reflux for 24 h. The solvent is evaporated
before the residue is taken up into Et OAcc and washed
with 1 N HC (aq) and brine before bg¥ng dried
(MSg), filter edoanlgl concent r at"ed. f43uri fi C@gi o/moby
Copli Kl ashgg) 4 Conpang on (s!;gggane & gives
[ @ nedi ate—44b Sy a sol 666, /o'j
yield). Step 2: npound 44b (1. % g, 4std3mD i's
conmbdi ned wi th pol yphosphoric aci dgf40 g) and Erheat ed
at #00C for 22 h. e cooled mxture is diluteddw th
Et OAc and ice before being basified to pH - with 10
N NaOH. The phafexé are separated and the St‘?ﬁu ous

phase again e ted with Ef (3x). The conbioped
or gani ¢ phase detered ( ) fsebter ed Ghd—’
concentrated. Rurification b nmbiELash(r ani on
(hexanes/ Et OA®) @i ves the de$ired ketone 4 S a

sfo a

yell ow solid ng, 52% vyisgld). Step 3:

sol uti on of ketsggne 44c (489 ny, 2.04 mmol) N DCE (20

m.) is added zinc iodide (975 ng, 3.06 nmol) and

sggiouym cyanobor ohydride (960 ng, 15.3 mmol). -102 WD

2 62285 PCT/ CA2008/ 001611 The m xture is heated

af 0 @selution ofi4-bramo-Tinesthexytdinitroibenzens %2 (6@, R3-9ammol) in dry THF
di i . . LI i .
(2D A ol SRS AR h e S it g T,
s90.peld 90 mEel)nThe hedcatpe Mmixtiereisstiens! air40°Cdprad hthenh. poured into
T i I P e : | :
{Rau R fo) BB | TRECRagfo hi S Bt B0 (2 the
| eanabinediioxganic lpyers232 weshegiowitly ibsingl) diied iover! NasD affittened and

HELEREAb o 4B iyl UL A s RO gt
nr§lAc/hexanesh(i@otest OMRfoidngrE2b (G20angleld % yield).

Step 2:

A solution of indole 52b (619 mg, 2.7 mmol) in DMF (5 mL) at 23°C is treated with NaH
(60% in oil dispersion, 125 mg, 5.2 mmol) and stirred at 23°C for 5 min. Ethyl
bromoacetate (637 ulL, 5.75 mmol) is added and the solution is stirred at 23°C for 24 h:
UPLC/MS analysis indicated 62 % conversion. To this mixture, additional amounts of
NaH (60% in oil dispersion, 77 mg, 1.9 mmol) and ethyl bromoacetate (244 pL, 2.2
mmol) are added. After 10 min, the UPLC analysis indicated > 90% conversion. The
reaction is diluted with EtOAc, washed with saturated NH,Cl solution and brine (4X),
dried over MgSO,, filtrated, concentrated and purified by flash chromatography (5-20 %;
EtOAc/hexanes) to give 52¢ (541 mg, 63 % vyield) as a yellow oil.

Step 3:
To a solution of 52¢ (385 mg, 1.2 mmol) in THF (12.3 mL) is added LiBH, solution (2 M
in THF, 1.54 mL, 3.1 mmol). The mixture is stirred at RT for 16 h, then coooled to 0°C
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bi s(pi nacol at o) borane (380 ng, 1.5 mml) followed by

pot assium acetate (339 ng, 3.45 mmol). The m xture is
waelegasexres with Ar for 10 mn before the catal yBCT/CA2008/001611

PdC12(dppf)-CH2Cl 2 conmpl ex (141 nmg, 0.17 mmol) is

added. The m xture is heated at 95C for 20 h before

bei ng cooled and diluted with EtOAc and water. The

organi c phase is washed with saturated brine (3x)

bghPheutRaE it NAL Q%%’)S% ’reécdlt' P%BE@OrﬁQ g)f;tracaed vg/ith ethyl acetate (2

concentrated. The cr mat eri a
COnBId-rashingy ocertinaldvers areweéa@@ﬁésmmt wy hripegiived oy Na,SO,,

bﬁ’lfé?é‘@&ﬁd éé‘r%eﬁﬁ’at@d%ﬂ/el:c% ﬁ?)ldl?% on uné 8% £é197| rg%l 95% yield).

Step 5: In vessel suit owave
qU|noI|ne 1 i (62 nmg, 0.15 mmol), boronate 44e (50
Q.18 nmol ), potassium carbonate (62 ng, 0.45 mmol)
aﬁém_Pd (PPh3)]4 (26 ng, 0.023 nmol) in DMF (2.5 i)
aiﬁ@l av?@!l-élpn 06 526 (284 mgy £0aduheal) in OOM (Ai7xbLY & REis added the AICI;

f 5. bef o
S%Qq'h ?e i alié‘%%lnﬂ%t ée dlsvratlﬂﬁb %t %&”} [ﬁ%ﬁaﬁ‘n‘% acﬁ’l % eto 0°C and
pméﬁ‘@nplslsmgédadThe résubiingrselutisn js d:mfcenbeatb?llmgaad/bi éthe residue is
. i
(Bt OERES S FRRSANATHI SRR §) 6Py so50
anesuifing eotetion ig dﬂmmmﬁ(ﬁlﬂpnﬁ$ogp}eb1oduct9 rdmalﬂél”d isthe 5aqueous
| . . I n .
TS e dhgdhic Pec s e BIRINGB 0% TtPed B hindilateg f vacuo
Na@Hicallora8y flash chirobiategraphy (20 0&q nethBhel/DEM) gives 1he compound 52e

h for 18 h before being cooled. The pHis
@Bbs ézh(t%g%@'thh aqueous 1 N HCl and the m xture

is extracted with Et OAc. The organi ¢ phase i s washed
withssaturated brine before being dried (MSH4),
ed and concentrated. The atropi soners

(th assautmoner 82e 7€ mgpaBat mohol)yin (MERA( atmN)Gatl'lﬁ’ld?ist &dded the

b b 8O B0 MetsaarsLiao Srind b2 ek ahgmenalés acded
%tmthefsr'hlﬁum‘ is 3tICONPORPCHod O itk IThe HE46R X HbtompReted. additional
gﬁ%}‘ Cr.0ss oup(lgq}glg reactions -103 WO 2009/ 062285

amoehlgride Qé pardbi fedad and the madure isstitredhet 0°C for
r@R%in. PBSredifto 'fb%ewiatéloth@ re%?é’(ft@d é\‘ntP{ @Hﬁ@ﬁ(%x)obomﬁmgd or%anlc layers

i nhibitors; the detail etic net
oty %h%m satureied NHtcér Hﬁ'd@@a ristee et @verINa 5., filtered and

Q@ﬂ&énté@@d in4/886b. Thé&rudblieRnddiate t26 g X ARGl iS aRRGYA DMF

(5 3 mL) and NaH (60% in oil dispersion, 52.9 mg, 1.3 mmol) is added at 0°C. The
mixture is stirred at RT for 16 h. Et,O and brine are added, layers separated and the
organic layer is washed with brine (2x), dried over Na,SOy, filtered and concentrated in
vacuo. The product is then purified by flash chromatography eluting EtOAc/hexanes (10
- 25 %) to give 52f (170 mg, 91% yield).

Step 6:

Step 6 is carried out exactly as in step 1 of example 48 to provide boronic ester 52g.

Example 5§3: Synthesis of boronate fragment 53i (used for the preparation of 1141,
1148)
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| A< SS, OOHO-\ O~ OHON ONOI1li 1074 In a
vial suitable for mcrowave reactions is added
w2896 293ir o- 4H  cycl opent a[ b] t hi ophene- 2- car bP&XI/{CAZ008/001611
acid (73 nmg, 0.44 mol ), 4-iodoquinoline 11i (100 nyg,
0.24 mmol ), tetrabutyl anmoni um chl oride hydrate (67
nmy, 0.24 nmol), cesiumcarbonate (118 ngy, 0.36 nmol),
in

and the catalyst Pd[(PtBu)3]2 (12.4 ng, 0.02 nmol)
DVF rrL) The vial _is then capped and submitted

dire to t he _
: e QMgteB;g
) and the ure is v_vﬁ_ sh i th pbrite
0

concmntrated The resd due is puribi ed\by Conbi Floash(r)
i on (hexanes/EtOAc) to afford®t he methyl ester

of tﬁ:g desired produt? (79 ny, 86% yi doPEvas a Bany

solid. The final conpound 1074 is obtained after

saponi fication step foll owed by HPLC purification tep 4

conpanyery 39k (90 mgy 0. 273 mmol ) ,omeanhydr ous pobﬂ§S| um
carbggate (150 ny, g,08 mmol), Pd(BpPh3)4 (40.0

0. 035 nmol), anhydrous deoxygenated (Argon bubbfl ng
for S‘Qteggn) di met hyl acet am de (3

AN

~
N

B(OH),

53i
Step 1:
To a solution of 53a (10.0 g, 48.3 mmol) in acetic acid (150 mL) at RT is added iron
(10.8 g, 193 mmol) and the reaction mixture is stirred at 70°C for 2 h. The cooled
reaction mixture is filtered and the filtate concentrated under vacuum. The residue
diluted with EtOAc (300 mL) is washed with water (100 mL), brine (100 mL), dried
over MgSO,, filtered and concentrated under vacuum to give 53b as a yellow solid

(8.8 g, 100% yield). This material is used in the next step without further purification.

Step 2:
To a solution of aniline 563b (8.8 g, 49.7 mmol) and diethylphosphonoacetic acid (8.8

mL, 54.6 mmol) in DCM (300 mL) is added HATU (22.7 g, 59.6 mmol) followed by
DIPEA (21.6 mL, 124 mmol). The reaction mixture is stirred at RT for 3 h. After that
period, the transformation is incomplete, therefore, more diethylphosphonoacetic
acid (4.0 mL, 24.9 mmol), HATU (9.4 g, 24.9 mmol) and DIPEA (4.3 mL, 24.9 mmol)
are added. The mixture is stirred for another 2 h. The mixture is diluted with DCM
(300 mL), washed with aqueous 0.2N HCI (3 x 100 mL), aqueous 0.2N NaOH (3 x

100 mL), water (100 mL) and brine (100 mL). The organic phase is dried over
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m.) and deoxygenated H20O (0.35 nlL). The vial is capped
and is heated in a mcrowave at 100C for 25 mn

w@ Biooveyes | ni ti ator apparatus). The m xture i SPCDOAZMS/001611
and THE (3 nL), H20 (1 nlL), and MeOH (3 nlL) are added
followed by a 10 N aqueous solution of NaOH (0.50 ni,
5.0 nmol ). The reaction mxture is heated to 60C 1 h.
The reaction is cooled and the volatiles are renpved

USRI, AR R0 L@, BRAABUIX. FRSLAUEIOLAt e

acetl c acl ere
rreadmmeve‘rmbhletb gavedhe deshiedauloduct 53<5asr‘a pla@tarhmgg scmd (Q1 &0 g,

EBidToo s BARCACS HBRT B G baukr B LR B R

18 colum, 50 x 19 nm 5-pmparticle size). The
dggl rid atropisoner is re-purified under the sane
ions as described above. 1131 as a white
afforapdohution ©068¢ (1 6((5@ 5. mg\mdB)Z%THFe(H 80 mib) 3t 8 is ahrte)‘ully added

SEBRpeion 2 sEb fords) A Roeya Mxligy Srad tgf g The
4@eoled rad&%&zimb&]relhmq@erdhgd wrtleMPE(zouble) armlcsmelgedwm d)is

1 . o I I SS
B0 st T Ur e robow rated i) SR R Birrad B GomuiFigshe
t TemipaKion (BCVBMeOHl) &rgit@theRsiréd infateedidte SETISPH EA7% yibid).
freshly titrated solution of i-PrMgCl-LiCl conplex in

THE (the titration is done follow ng the protocol in
LStep 4l S.; Paquette, L. A Synth. Cormun 1994, 24,

03: 0.8 o] ut ] , o
Sjuion o7 539 DB &t TR | o"oog?é (G R 457 Bl s e &t T10°C
f forals.mif. The2bbIe® kebction mplturgiid6oricehPated @ndiér v'EblEumSThe residue
prepared in the follow ngdrranner: 115%Nn‘gh 0. 84

ofs 'HW‘d’Y'ES\BC% (AR0 e oyasfed wéh sadeus 1 "b(?@rﬁ“nlz??Wé r (50
nﬂ% aidaﬁme rew mw@d \bRESRGS N Gﬁltél’éd @hu %en@ntréﬁe%neer Vacuum.

unde vacuum over ni vc(essel

e SRR TR RHRSEH Y oA S Gorppagien (BCMMeSH) o give the
desired chloroquinoline 53e (1.3 g, 81% vyield).

Step 5:
A solution of 53e (1.3 g, 5.8 mmol) in EtOH (100 mL) is degassed by bubbling argon

for 45 min. Palladium (10 wt. % on activated carbon, 1.0 g) is added to the solution
and the reaction mixture is stirred under an atmospheric pressure of hydrogen for 6
h. The reaction mixture is filtered and the filtrate concentrated under vacuum to give
53f (1.1 g, 100% vyield). This material is used in the next step without further
purification.

Step 6:
To a solution of 63f (1.1 g, 5.8 mmol) in DCM (40 mL) at 0°C is added a BBr;

solution (1M in heptane, 12.7 mL, 12.7 mmol). The reaction mixture is stirred for 30
min at 0°C and then slowly allowed to warm to Rt and stirred at this temperature for
24 h. The reaction mixture is quenched with MeOH (10 mL) and neutralized with

aqueous 1.0 N NaOH. The yellow precipitate that formed is filtered and dried under
vacuum to give the desired product 53g (984 mg, 100% yield). This material is used

in the next step without further purification.
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- 105 WO 2009/ 062285 PCT/ CA2008/ 001611 anhydr ous,

ar gon- degassed THE i s added. The m xture is sonicated
w@nivierBs the zinc chloride dissolved. The OrGBEA2008/001611

solution of zinc chloride in THE (0.50 nL, 0.30 nmol),

Is added to the reaction mxture at -40C. It is

stirred at this tenperature for 5 mn and is warned to

-5C and kept at this tenperature for 1 h and finally

at RT for an extra hour. Pd2(dba)3 (24.0 ng, 0 0262

magl7.and RuPhos (24.0 ng, 0.051 nmol, Strem
em cal s) are added under an Ar atnosphere and the

miRtagodution of 639 (4 mg, T nfnagl) Sd EtsM (4. Conp @681 TdM@oE in DCM (40

t a :
{82 %8Ry 10 780 el 1130 0T A% o 18841 g pototr
b@ts’ﬁlrrgétfora% ramet FZﬁ°CmrdrthenTsiewky@dio\Ned>to wiarkt torRT aisd then stirred

SRR ARAE (e BTy Sy Bracin

swqafmt With dguegnd 0t2nd HEI X2ume), iaguedisatatutated NEHT @025 ML),

WF ! ?25 ﬁlésgirrige ?54@@;'3”39 ggg I\ﬁrésc'égjrlqeré&]gn@cﬁc;énﬁatea under
cvapoion dT hesrepidué fs pudifieeh by WombdTliash@n€ompamiog (DCMEDH) to give
I Digectd | 7,50r eparati ve reversed- phase
HE@%&M% Eé%%{'ggr@di ent containing 0.06% TFA,

ODS-AQ C-18 colum, 75 x 30 mm 5-pm particle size).
A‘S_grrgogfture of two atropisoners is isolated (20 ng, 13%

for bis-TFA salt). Both atropisoners are
sémzaila:ltlafdd OMA@ rsL) Scthogeelf triflbtecB8ht (555 afghh .8 mmol), potassium

(R L3 TR 5% B PR Ble Sane S g
58egasstdiby hsbkding argonathirooph ﬂmutloﬁxaraﬂ rRind RACBYIEPNEBCH (224
o2y R KRR Bha JEGaesd i DB LGRSt
1seateds(Tieflor dcr@M%a(:Sressé) wolkuaigon aafl hebted as 9510 for’7 e The
4%%(tt§rg |slr?02urgd in aqueoﬂm? ILI)HCI (30 mL) and diluted with EtOAc (15 mL). The
layers are separated and the aqueous layer is neutralized to pH 7 with aqueous 1.0
N NaOH. This neutral aqueous layer is extracted with EtOAc (3 x 25 mL). The
combined organic extracts are washed with brine (25 mL), dried over MgSQ,, filtered
and concentrated under vacuum. The boronic acid 53i (290 mg, 80% yield) is used

as such for the following step.

Example 54: Synthesis of boronate fragment 54b (used for the preparation of 11 45)

54a 54b

Step 1:
Compound 54b is prepared from 54a following a synthetic sequence identical to
steps 1 to 8 of Example 53.
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pot assi um acetate (0.209 g, 2.1 muvol) and _

bi s(pi nacol at o) di borane (0.234 g, 0.92 mml) is
welegasexss by bubbling Ar through the sol uti on PGI/CR2008/001611

mn. Pdd 2(dppf)-DCM (87 ng, 0.11 nmol) is added and

degassing is continued for 15 mn. The systemis

seal ed (Teflon screw cap vessel) under Ar and heated

to 90C for 16 h. The reaction mxture is allowed to

e

pranie S5 SEE oy SnEbaRbyah g yter RO &eﬁ%*gﬂaﬂ of 147
anhyghous MySO4, filtered and concentrat ed to
dryngss. The residue i9 purified by Co i
Co ion -106Gtd® 200
(E heyanes)—tao- gi he d%&—r_e,dh I OIb

, T7%Yyield) as a ~yefbqw sh sobi
g\Pt emrnadt;yve Sx)/nt hesis of bof onMrag nt 39K (used
for the preparation of" 1143, -1144, 1158, 1151, 1152,
1153%a 000 00 HO | v wsH 4 Sﬁseplo(SHO OOOO~
C]—IStepZOllStepBNHZN NO OO0OBr Br HBr
49b 49c 49d 49e Step4000—| OH Step 6 1- O—|Step5

~ Nodl E
AN Step 4 Step 5
=
N
Br

55e 55f

55¢g
Step 1:
To a 1L flask equipped with a mechanical stirrer is added 55a (30 g, 129 mmol) in
acetic acid (300 mL). To this mixture is added iron powder (14.4 g, 258 mmol) slowly
in aliquots. The mixture is heated at 50°C for 2 h before an additional 7.2 g (129
mmol) of iron powder is slowly added. After 1.5 h at 50°C, the conversion to the
aniline is complete. The solution is cooled to RT and diluted with 500 mL of EtOAc
before being filtered through Celite. The filtrate is concentrated and the crude
product is partitioned between EtOAc (1L) and 200 mL of water. The mixture is
vigorously shaken and the organic phase is washed with 200 mL of brine, dried over
MgSQO,, filtered and concentrated to give aniline 55b (23.7 g, 91%) as a brown ol
which is used directly in the next step.

Step 2:
Aniline 55b (600 mg, 3 mmol) is treated with 6N HCI (8 mL) and sonicated until a

white suspension appears (HCI salt). This mixture is heated to 100°C before being
treated with the vinyl ketone 55c¢ (1.2 g, 5.9 mmol) which is prepared similarly to that
reported (Ref: Bull. Korean Chem. Soc. 24 (2003) 1, 13-14) but via the Weinreb
amide. The reaction mixture is heated at reflux for 6 h, then stirred at RT for 16 h.
The mixture is diluted with EtOAc and basified with 10N NaOH. The organic phase is
separated and the aqueous phase re-extracted with EtOAc. The combined organic
layers are washed with brine, dried (MgSQ,), filtered and concentrated. The material
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Br HOBr H 49h Br 49g O Step 7 0 0O Step 8 NN

Br491 HO-B-OH 39k Step 1: 1, 3-acetonedi carboxylic
w@eiod/oé2ss (30 g, 205.3 mmol ) is added in portiPCEHCAZ008/001611

acetic anhydride (55 g, 587.7 mmol) and the m xture

Is stirred at 35C for 23 h. The mxture is filtered

and the filtrate is diluted with benzene (200 nL) and

the solution stored at 5C for 3 h. The precipitate

that . f red and ie unde u
B Rl de s G EP AT P AG et brot o Hoigsed Siconol
va5el (330 mgl@7.5maBQQ£bllé)ﬁr3%5oR£T/ CA2008/ 001611 Step 2:
To a stirred solution of aniline 49¢c (7.5 g, 44 muol)
in AcOH (50 nL) is added 49b (8.0 g, 40 mmol)
®ep 8onwi se.  Fol | owi ng addi tion, the reaction m xt ure

d to_ 35C. Afte e reaction m xtur
) AT 0L Sty M soliien HrRCS racaen i @ pokhapiioohol 55
]g(él@?nﬁ\tti 12mﬁoly mm (m nm) 8ERPI Ak fedclionh &mlé@tgegstméd at RT for
| ratiron, rin an e

dRdethepgs GHﬁﬁ“%ﬂ?d dY‘\*/‘éV'%@'d ang 0?”53%"8@% FYEess- ThStr%?Jd%e IS
GanEr U etASOM(dnd Avdbhed With wamla)ndlbﬁné@e@@e B@Rf1|_§ HRENMESO,)

to concentrated sulfuric acid
tittRied a0 roBCRITtratackioaiiged the r'?rfrﬁ'%tWe' § @%‘bmgbé@%)- dhe

Mtéwlsm“ﬁltmeﬂ'g@ mxture is stirred at RT for 30
mn and then poured |n ice/water (400 nl). The

resulting precipitate is isolated by filtration,
rdtgsgd W th water and dried under vacuumto give 49e
g, 72%yield) as a white solid. Step 4: The
[FonixtHee ebbratrioghenal . mompphenpiSe E455ngn 1, 140ms)) @rg|KpCOs (315

Y ehdnRRYIS fIeCN @B rhiOSs treated at RT for 2 h. The mixture is then

concentrated to dryness and the residue dissolved in EtOAc before being washed
with water and brine. The organic phase is dried (MgSO,), filtered and concentrated
before the residue is purified by Combiflash® Companion (EtOAc/hexanes) to afford
the cyclic ether 55f (301 mg, 60%) as an amber solid.

Step 5:

In a screw-cap pressure tube is added the cyclic ether 55f (180 mg, 0.68 mmol),
bispinocolatoborane (260 mg, 1.0 mmol), potassium acetate (226 mg, 2.4 mmol) and
Pd(dppf)Cl,.DCM complex (83 mg, 0.10 mmol) in dry DMF (4 mL). The resulting
mixture is de-gased with Argon (5 min). The tube is sealed and stirred at 95°C for
2.5 h. The mixture is treated with 1N HCI (10 mL) before being diluted with EtOAc.
After separation of the layers, the aqueous phase was neutralized with 1N NaOH
(using a pH meter) to pH 7.0 and is extracted with EtOAc (3X). The combined
organic layers are washed with brine, dried (MgSO,), filtered and concentrated to
afford the boronic acid 65g (124 mg, 79%). This material is used as is in the final
cross coupling reaction.

Biological Data

The compounds of the invention have valuable pharmacological properties.
Compounds from this class strongly associate with the integrase target as

demonstrated by an integrase displacement assay, are particularly effective at
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cold solution of quinolone 49e (1.5 g, 4.8 mol) in

dry THE (40 nL) under a N2 atnosphere. After the
w@odwonensy the reaction is allowed to warm to RIT/@Azhos/001611

stirred for 22 h (reaction not conpleted by HPLC, 15%

starting material). An extra equivalent of BH3 is

added at OC and the reaction mxture is heated to 45C

for 2 h. The reaction mxture is carefully quenched

%ﬁiﬂtnﬂ_ﬁ IQI%N @%g'sle(alng égd}tloﬁg'lg/ s-ﬁ'éﬁ lJ éc‘géﬂgchgn%?%ﬁ dat least

vacuu xture 1s

tfbier ol @l isixeraRjorctdivpb virks !lea@lﬁleutS@uteaﬂues H@4stadut i on

under these conditions. The solid O is filtered and

dri ed under vacuum (1.1 g, 79%vyield) as grey solid.
&¥ dighhlagement gssay ig userblo)evialyaedive
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Bl oy 8 5 BT e
élﬁ"te@spiaderrmmdassaueneasma;rtbe ezsteeittbm’r@ﬂm Rrobgrir(chosistrg df a HIV
(RS ot REE A5 S8 byl AR o fi

it Histtagged rhléltintfegraseoﬁsmsplatedi by cedpaurgisdf thednvendien. The

SRR Ehofl 1ri8 SR e it dhaar SPefiprg °

e e S

TeebeadntRE fon 15 sti

RT for 2 h. The reacti onorln6>l<tlur20! gtlcgﬂcle?lt ?;It (ratrjegngfer
, d di I dded

RS B derob 0SB o 1) Rr The  Teact i on

mxture is stirred at 100C for 45 %hin and then copl ed
to RT. I[The mi xt ur S concentrat

@ under vacuu 0

is diluted wi
DCM T e organi C ophase sepz Wash v‘v h" LT NiNaQH; N
wat er 2 and brine, grjppd (MS Itered a ©
concenpy at ed undeg,vacuum The rlﬂdeoproduct is N °

purified in two batches by conbi-flash (330 cBTurJ'n
Step 4

hexanes/fEt OAc 9/1 to 1/1) to[ give 49h as a pale
91_ : . Step 7: To ag

yel | ow i %(445 ng,

P6 H
P KV P5

NHBoc

Cl

HN N/\/\O/\/O\/\O/\/\N

Probe 1
Step 1:

Dimethyl carbonate (22 mL, 269 mmol) and NaH (60% in oil, 10.8 g, 270 mmol) are

combined in toluene (80 mL) and heated to 90°C for 20 min, then
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filtered, concentrated under vacuum then diluted with
1.0 NNaOH (5 m-) and extracted with DCM (3x). The

W@ o09Bioe285 or gani ¢ extracts are washed w t h wat BCT/@nazhos/001611
brine, dried (MgSO™4), filtered and concentrated under
vacuum The crude product was purified by conmbi flash
(hexanes/ EtQAc 6/4 to 4/6) to give 491 as a pale
yel | ow soI id (26 ng, quantitative yield). Step 8 The

re t on done a oce e
s odaambenare BADI4 ML 18 Aulh Kb futbfhe Bler' . 18%in.
qae f’ﬁhl)ﬂ&te i8 @ﬂrréd ardo°odongd rhm%ﬂen%oﬁg@d \&@d %Qf(e‘fﬂa@ tr@ateda vt/i’e(§1d5%
| Qr o ate ragmen
P i 0 IR Eac BB LS Thecrrasiit BRstsy s wedBRT M P,
gng%%%gpﬂlt%recﬁand &inepntiatéd toCFchrer1aé§s~THr_e reBidiBe |sE411uSrlﬁSd by flash
a C , .
Mo ah oA ansate Gre pume a1t g
19 92 mol) dissolved in MeOH (62 nL) at O0C. The

reaction is warned to RT and is allowed to stir for 2
te reaction is quenched with aqueous HCI (1 N, 20

mr)nxtJrQSf coRSSnb P2 @My &3, bmmg%ammrbamm@w d §&16.3 mmol)

product extracted wth Et

OHF GenasT PEHTIEDS BBt IE 101AI0r & herah saplpctmidiye s
P%rt‘ﬂ@ﬁ&ﬂgetWeérmmH(ﬂQ% afd) %d Et@Aé eG0ME! TROSGAnic layer is

[ tered concentrated to afford aI cohol 50b (4.1

yrasedvih AMdyC!, whtes ang Pang. slried gverdVgP (s fitered and gepcentrated
‘E@ifrgnéése Phe %ﬁdlleas lpf.lr@ﬁe%l k%‘é\aﬂgh %ﬁr‘o%dt&{ﬂaﬁl@@o“lc%f 18900 20%

t@ﬁﬁ?e@ﬁeﬁbtogﬂemmnqunﬁ IP3ori de (2. 7|83rrﬁd 31 25 ol ) .
The reaction is warnmed to RT
Step 3:
To a mixture of compound P3 (4.79 g; 15.5 mmol), KOtBu (2.0 g; 18.57 mmol) and
DMF (23 mL) is added ethyl-2-bromovalerate (3.2 mL, 18.25 mmol). The mixture is
allowed to stir at RT for 16 h, then is poured over ice into a solution of 1N HCI (100
mL) and the mixture is extracted with EtOAc (2X100 mL). The combined organic
extracts are washed with brine (4X), dried (Na,SO,), filtered and concentrated to
afford, after purification by chromaotography (EtOAc/ hexanes) compound P4 as a

mixture of diastereoisomers.

Step 4:

A mixture of compound P4 (in separate portions of 1.26 g, 0.77 gand 1.09 g; 7.15
mmol total) and H,SO, (in separate portions of 24 mL, 15 mL and 19 mL) is allowed
to react at 150°C for 20 minutes. The combined reaction mixture is allowed to cool
slightly and added dropwise to ice-water. The mixture is extracted with EtOAc (3X),
washed with brine (1X), dried (Na,SO,), filtered and concentrated in vacuo. The
residue (0.69 g, 1.76 mmol) is dissolved in EtOH (25 mL) and to this solution is
added POCI; (2.4 mL; 27 mmol). The reaction is heated at reflux for 1 h, then poured
into ice-water and extracted with CH,Cl, (3X). The organic phase is washed with
brine, dried (MgSO,), filtered and concentrated and the residue is purified by
chromatography to afford compound P5.
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and is allowed to stir for 2 h. The reaction is

guenched w th agueous NaHCO3 and extracted with DCM
wab@oweshi c | ayer is dried with MgSH4, filterpdr/anehos/oo1611

evaporated to dryness. The product is purified by

Combi Fl ash(r) Conpanion to afford 50c (2.1 g, 52%

yield) as a colorless oil. Step 3: Step 3 is carried

out exactly as in step 1 of exanple 48 to provide

b .9 ic ester 50d. Exanple 51: Synthesis of boronate

f nt 51 a (used for the preparation of 1115) o N

QA sblutior\bfi (Bo&L@11H i@TBFOZ @753’1Lo 2.4fmmbh is Stded td a sbutian of

C ut.L.o 0C bor 1.4
ARG B R B 1 BReiE relatn B s 37 g HF (10
2mlB Tﬁﬁ@éa;cﬂﬁﬁ%ﬁgﬁh@ﬂ@ Eﬁnfrématlmr forr U3 h aHd&s gamt.wea Hebween EtOAc
SILLLT or mn e tr e te with

0B i) et Spwaed shuscyis NSS! (R oEie srghtic Phesg igmashed

i wlérsbmrrer deled Werla&hyurb@é mgeobah@ @omaﬂatbamw teBidve ipurified by
an extrac

h hed
A BoB B RPoc PR SO GASS) (oot Bo RGBT
cms%ebléatssﬂnoJ fecy @I’Sdo%bbuhé Plstuz@d mgdo g5 &Y iRIoA (3 hL) is

ani on (Et OAc/ hexanes? la as col ourl ess

= 3@%67 Mo -9 EkRe))- hszmxtsgmﬁ Riedsfos 15 puR.dhen @ solution

f SrEHERIMC @gﬂénu Sénf 7t1|7€?nrHBIZFPﬁDI@|F'(@PnL‘?fs édh%%)There’alﬁbn
VD 2009/ 062285 005/ D0 1E1T &

N]]bturg{seﬁlrrpd [at HTSF,prebS . Water (1 ol.) is.adfed, the B]thlgle vg»s q;gy@g with
3EtOAC (100 mL) and the organic phase is washed with saturated aqueous NaHCO;
(25 mL) and brine, dried over anhydrous MgSQO, and concentrated. The residue is

purified by chromatography (10% to 30% EtOAc/hexanes) to give compound P6.

Step 6:
To a solution of compound P6 (96 mg, 0.175 mmol) in DMSO (2.5 mL) is added 5N

NaOH (175 uL, 0.875 mmol). The mixture is stirred for 30 min and purified by semi
preparative HPLC to afford the Boc-deprotected carboxylic acid. The compound is
treated with Boc,0 in the presence of NaOH to provide compound P7 as a racemic
mixture. Separation by chiral HPLC, using a ChiralCel OD-R column (20x250 mm
from Chiral Technologies Inc) and an isocratic solvent system of 20% H,O
(containing 0.06% TFA) and 80% of a solvent mixture composed of 75% MeCN in
H,0 (containing 0.06% TFA) provides the (S)-enantiomer P7.

Step 7:
To a mixture of compound P7 (9.2 mg, 0.017 mmol) and CH,CI, (1.5 mL) is added

TFA (750 pL). The mixture is stirred at RT for 1 h and concentrated. The residue is
dissolved in CH,Cl, (1.0 mL) and to this mixture is added Et;N (7 pL, 0.051 mmol),
followed by EZ-Link™ TFP-PEO-biotin (Pierce; 17.2 mg, 0.025 mmol). The reaction
mixture is stirred at RT for 18 h, the solvent is evaporated and the residue is purified

by semi-preparative HPLC to afford biotinylated Probe 1.

Probe | is determined to have a dissociation constant (Kd) of 1 uM, as measured by

Isothermal Titration Calorimetry (ITC) according to known methods, for example as
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52c Br 52a 52b 52d ~ Step 4 O > OOH Step 6 | j

Step 5 Hr-J 0" B, 0 Br 52f Br 52g 52e Step 1. To a
W@ 009061285 of 4- br ono- 1- met hoxy- 2- ni t r o- benzenePGRaAL®8/001611

g, 25.9 mmol) in dry THF (250 nL) at -40C is added

dropw se the vinyl magnesi um brom de solution (1 Min

THF, 90.5 nL, 90.5 nmmol ). The reaction mxture is

stirred at -40C for 4 h then poured into saturated

h (e ' ' j d with

E5aedf) Shafidreilital vaALLEReM B HEFar & st ne
with brine, dried over Na2S™, filtered and

oncent d d I .
e enaeh PLC Pusalesss Siacbil iielSe e oo B eRbEd b f it
Aihenid outhhatgn Baksdy@R@l. g Virdll, V6l 70.eMal)7, 4884444, (1096).
B Rt S ARt SR soh Mk Bz
@r@maé as.agl forlafl g, reberde primk)s taaicspahitine firdt arid RECcddons Bf

t at 637
Tirane. Ioegi O PEreicppl 45 MRt apRraE pritneh B R et ste

ke ipsimenditiet sibweZolblcrony of taé dlalel Mdhd! Ifrlagml&nbahﬁmrtbe Pet28a
TN Rloyebe, R RoPLdis Pk Ghnerle and
%F%Jabaﬁar tRe BNGEEECtAS Wdille BO2 TThDysSt eolE3HE awaéedebSexpressmn of
i ndi cated > 90% conversion. The reaction is diluted

Wie Hisgtpeged Prigdhed with saturated NH4ACI sol ution and

tpid- Ba@gé&N)V-1 ..qég@ae AV&lprddsS&Oh B 21 Myase;éus ShaeRRhepoem
B S P o 05 T30 UABY 580 gy fr 3 pours o
o °b0Wh@|Hacteﬁblq&II8€ is T@-s@spﬁeﬂlﬂ@d IanFésﬁfy &é’;farééﬁ&&rdwon Buffer (20
AVENRE! B 8 1o N1 Mo, T TGl Giecadt ik sz Py b PMSF,
Rhdf1os mlfs@na bhasean@biest cbektGor 35 mg pellet) and sonicated. The
cell lysate is subjected to centrifugation at 100,000 G for 30 min and the supernatant
is loaded onto a HiTrap Ni** column. The column is washed with the extraction
buffer containing 100 mM imidazole and eluted in a 15 min linear gradient to 1 M
imidazole. The His-Integrase fractions are pooled and diluted 1 to 8 in fresh S
column buffer (20 mM Na Pi pH 5.8, 1 mM TCEP, 1 mM EDTA, 1 M urea, 10%
glycerol) and loaded onto a HiTrap S column. The column is washed with S column
buffer then eluted in an 80 min linear gradient from O to 1 M NaCl. Protein fractions
are run on an SDS-PAGE gel and the most concentrated samples without
contaminant bands are pooled and precipitated with 60% ammonium sulfate. The
precipitate is then re-suspended in storage buffer (20 mM Hepes pH 7.5, 500 mM
NaCl, 10% glycerol, 0.5 mM TCEP) then loaded onto a SD200 gel filtration column.
The His-tagged Integrase containing fractions are pooled, dosed for protein
concentration and stored at -80 °C in aliquots. The His-tagged integrase samples
are thawed on ice and diluted to the desired concentration in assay buffer for use in

the integrase displacement assay.

Homogenous time resolved fluorescence (HTRF) assay system

The relative binding affinity of compounds of the invention to the HIV integrase target
is assessed using a HTRF system based on fluorescence resonance energy transfer
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- 111 WO 2009/ 062285 PCT/ CA2008/ 001611 and
neutralized with NHACl (sat). The resulting solution
WO 30006128t ed with ethyl acetate (2 x) and cop@i/aaghos8/001611
organi c |layers are washed with water, brine, dried
over Na2SO4, filtered and concentrated in vacuo
provi di ng the conpound 52d (317 ng, 95%yvyield). Step
4: To a solution of 52d (284 ng, 1.05 mol) in DCM

(ERET okyBtn KlrobBnfitighe (B drirgl tor Bid ofbss iR ),
@ﬂpmdocmmﬂéhﬁ%)@ agdeRter. FHK Iabsind stieptpviskh) (RysBie) pinding to
Waﬁl@ﬁd@k%@ r-H%nl'é‘?\tlﬁ @#@Bib)sbin&’ig{; v L. |P4Yb%l"ése are

ont al ni ng ure i ne/
SR therlsmstemeé,nde'tacwy\ kefvaen mtedrasesand %r@bedils\/m@mtomwy

ﬁwg t2RsfEPh V\BER@H&E% LRARL 6&Hinithe F@ rAQHGRHS ¢ Jh

rganic a er Ied over Na2S tere
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conpoun Step 5 To
sol ution of 52e (170 ny, 0.66 mml) in DCM(lO nm.) at

Q\gs ?scﬂ a?@?regh éd“ﬂsg’b@ ﬂi@é&‘éy Saﬁé‘ CIOHSI r@of%%&/l ‘HEPES (pH

anesu or |
a?rﬁi 5%@M7Nﬁ€lur1§0 M KFi # BSAJ ¢ mM I@ ﬂ 057‘41'5,%6” 20.
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m xture 1s
ee8ay idfeawito é: Ef%rDM.SL@ Pﬁsﬁay %’{!ﬁfoé‘é 3 'ﬁtpéeﬁaé@' Vit & eompeund of

e i'h@@ﬁt%q é:%t'éB tEBELM( §)é%saqu"€f &ﬁﬁla Rih afrﬂ%? DMYEtRen serial

are washe sat ur at ed . brine, drie
GNeted A 2igtes in Rifpld stapg cAME sa@@ﬁ’l'@‘!ﬁ@ﬁ dtisdlly; Asspy saltioRds

‘B'\)ér_{%%d Whi$ Sﬂ@ﬂbﬁaﬁ lfua@éndmmtl Ris 3@66@9?%6«% g doHEé‘rQra'ths of 6

and 60% 1 n oi | dispersion,
I‘NBa'Fﬁrb'ignM@%@tP'h'ﬁ a@gayhtﬁ@r mxture is sti rred at
RT for 16 h. Et20 and brine are added, |ayers
separated and the organic |ayer is washed with brine
(Thr)readdiph atixtokeera\eresaned by iaddeg &dilaefach mesaytsokitied (satutions

‘/sha&%oc wﬁh%n@%‘?%@enbﬁd@% / hljp'oﬁr%l Wsi%dtl@ﬁ% fgr g/gch reaction

romat ogr aphy el ut xanes (
gixtores 25 a 33F-welhlplack Io%dybcéuom), lovnstayme NBS plates (Cerning catalog
ined | of |
ST v B = s Circtnfigh D RN R i EHACR @ iRpldRe,
isompaandoffineanten (4568 dowsdel 37. 6mM)he0 pMeantirhis Kio#bSoR nM Strep-
Etkland 3% DMSO with a total volume of 15 ML. The reaction mixture was
incubated at room temperature for one hour. The fluorescence was read on a Victor

1420 Multilable HTS reader at 615 nm and 665 nm.

The compounds of the invention have greater affinity for the HIV integrase target
than that of Probe |. However, the increased avidity of the biotinylated probe due to
tetramerization with Strep-EuK allows the evaluation of compounds of the invention

that have significantly stronger association with HIV integrase.

Example 57: C8166 HIV-1 Luciferase Assay (EC5)

C8166 cells are derived from a human T-lymphotrophic virus type 1 immortalized but

nonexpressing line of cord blood lymphocytes (NIH AIDS reagent 404) and are

highly permissive to HIV-1 infection. The pGL3 Basic LTR/TAR plasmid is made by
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1148) - 112 WD 2009/ 062285 PCT/ CA2008/ 001611 O Step

1 OStep 2 OStep 3 Q4 N NHZNHHO Ow O OB O
wG3w9sRN8H3c PO(OEt)2 53d Step 4 Step 7 St epPGI/CANOB/001611

/ N1/ NI/ Step 51/ NC OSQRCF3 OH Ove Owe 53h 53g

53f 53e Step 8 N B(OH)2 53i Step 1: To a solution of

53a (10.0 g, 48.3 mmol) in acetic acid (150 nL) at RT

is added iron (10.8 g, 193 mmol) and the reaction

t ' 70C f

gt SVl B ErR el o prdSiop Ryl +eo (scat-
ehitignipsaésad olﬂméeluolfemelganernmer@.L&’cBmm dedtat @drevinotierless
egrent prearraev St g e dh PR AT e e o
BrRAetidivaceisanae gonsel |53ﬂ5hasem>rtyed:é|lewrsmiadel by e&cﬁo@ratmg
TS e per a1 BLEiAT Saedipedobite 88K BHF,
ofastititine nelcﬁ@m&%B&T@udﬁbﬂ FE@H \)/asasrdected by 3 consecutive rounds
%@éég LﬁLOB gera@%@%q?cggn Cafﬂ‘rg@gd' r%am%?rl.éd ih @omplete
intddiiwedsibihg dbl Ristve(IFark Mehqorliaﬂdlsmmalrmedu]'m ¢RPRCIE40+ 10%

Xt urg |VIS[3 Srhtercap‘feoethanoPT1I)og/m3L entamycm) WIn'ua’.tv ug/mL blasticidine,
however, blasticidine selection is removed from the cells before performing the viral

replication assay.

Luciferase Assay Protocol

Preparation of Compounds

Serial dilutions of HIV-1 inhibitor compounds are prepared in complete media from
10 mM DMSO stock solutions. Eleven serial dilutions of 2.5X are made at 8X
desired final concentration in a 1 ml deep well titer plate (96 wells). The 12" well
contains complete media with no inhibitor and serves as the positive control. All
samples contain the same concentration of DMSO (< 0.1% DMSO). A 25 ulL aliquot
of inhibitor is added, to triplicate wells, of a 96 well tissue culture treated clear view
black microtiter plate (Corning Costar catalogue # 3904). The total volume per well
is 200 L of media containing cells and inhibitor. The last row is reserved for
uninfected C8166 LTRIuc cells to serve as the background blank control and the first

row is media alone.

Infection of Cells

C8166 LTRIuc cells are counted and placed in a minimal volume of complete RPMI
1640 in a tissue culture flask (ex. 30 X 10° cells in 10 mL media/25 cm? flask). Cells
are infected with HIV-1 or virus with variant integrase generated as described below
at a molecules of infection (moi) of 0.005. Cells are incubated for 1.5 h at 37 °C on a
rotating rack in a 5% CO, incubator and re-suspended in complete RPMI to give a
final concentration of 25,000-cells/175 uL. 175 uL of cell mix is added to wells of a
96 well microtiter plate containing 25 pL 8X inhibitors. 25,000 uninfected C8166-
LTRIuc cells/well in 200 uL complete RPMI are added to the last row for background
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WOHAIM0¢Rss! g,

period, the transformation is inconplete, therefore,

nor e di et hyl phosphonoacetic acid (4.0 nL, 24.9 mol),
24.9 mmol) and DI PEA (4.3 L, 24rCOr/anwioy/001611
are added. The mixture is stirred for another 2 h. The

m xture is diluted wth DCM (300 L), washed with
aqueous 0.2N HCl (3 x 100 nlL), aqueous 0.2N NaOH (3 x

100 nmL), water (100 nL) and brine (100 nL). The

[ | j Q (4 3. 85
BARL,SoTE AR nabrd 2z esh st So7nelbuelia il
under vacuum The residue is dried under vacuum
L 1] to give the desired product 53c as a pale
.Fg}g&é“,& = (16.0 g, 60%yield). This material is
Boed $teadyh@lonkiciferase pubitrateolii.=5 bptrisdiromaga tatelague# £2520) is

S s e i A PR e
Qiie_termiheafugingﬂﬁe Buméﬁiﬂgfijelghﬁmﬁmrﬁ )ilaft@b('ltreuthliecélbgies). Plates
t 0 .

A e epolem P 285 RrEaN MR T A o5 o

added. The mi xture is concentrated under vacuum and

Uit Bl TaHL b srd Bal ARy MG aftyprea oo

$lewsd: A solution of 53d (1.8 g, 7.1 mmol) in POCI3

(30 m., 322 mml) is stirred at 110C for 45 mn. The
cool ed reag .i.%rglbgi xt (r e | i KLEonewdnt RaVeblanfid *1Y)§cuum
The resi dué® "FE°HX 't ed| wWrth DM CRPU blurk WASheEd wi t h
aqueous 1. ON NaCH (5 ), water (50 nl), @nd brine

(50 mL), dried over MySO™4, filtered and concentrated

der vacuum. The crude product i.s purified b
DR riet B B AP T BORPR B S Sihe EG s Sipge factor (n) and
desdrhed isHibitsrodiL) Yyl the fobBeedr teglessiorBrbufihe/ NEINKrocdsiueg of

: | uti f 53e.(1.3 g, 5.8 | ' Et OH (100
%&y%&@&ﬁé’@o&@ng@q%ﬁ Bl i ng ar goan?o)r |42 m n. (
Pal [ adi um (10 wt.

% on activgted gashpy 1.0 g) is
added to the sol uts -erhibigiod =t - HE= o] i Xture is

stirred under an atnospheri C[”Eff’@é%r&nré@fo hydr ogen for
6 h. The reaction mxture is filtered and the
filtrate concentrated under vacuumto give O (1.1 g,
owopinds df the Thiestiortestiedan thescellgedadsay dscrivest ebevecgre

Vﬁﬁaf‘t’galléhy EH&HK}S at mebiitfnb‘?-ﬂ{/iirﬂQgrase. Compounds of Table 1 were found
to have ECsx, values of 300 nM or less. Furthermore, compounds of the invention
show unexpected potency across major HIV-1 virus HIV variants. Compounds of
Table 1 show unexpected potency in at least four or in all six of the known variants at
residues 124 and 125 of HIV-1 virus from infected patients, hamely Thr124/Thr125,
Ala124/Thr125, Ala124/Ala125, Thr124/Ala125, Asn124/Thr125 and Asn124/Ala125.

The results of representative compounds are shown in Table 2.

Table 2

Compound ECso (nM) ECso (NM) ECso (NM) ECso (nM)
A124/T125 | T124/T125 T124/A125 A124/A125

1008 11 59 49 55

1010 12 41 76 49

1014 19 87 76 68
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Step 6: To a solution of 53f (1.1 g, 5.8 nmol) in DCM

(40 n.) at OC is added a BBr3 solution (1 Min
whepbaexess 12. 7 nL, 12.7 mmol ). The reaction nm RECT/CA2G(08/001611
stirred for 30 mn at OC and then slowy allowed to
warmto Rt and stirred at this tenperature for 24 h.
The reaction mxture is quenched with MeCH (10 nL) and
neutralized with aqueous 1.0 N NaOH The yell ow
geegiprtate %Elat formeds—fitterggand driepggnder
gigumto glvé the degired product 53g (984 ng, 100%
voegd). Thi s1paterial |i29 used in3the next s3ep
without—further—purifieation 11-4—WD-20
383 CA2008/ 081611 Step 7: To a soPution of éBg (984
Ags2°. / nmol pgand EX3N104. 0 niL, 2897 mmol) fiey DCM (40
m) cooled to -78C isladded Tf2Q (2.1 nl 12 6 nmol)
1869 esul ti hd dark sol|ldion is sfiirred for| 95 min at
=jek and thegystowy aljqgwed to to RT jamgh then
stirred at tg1his termerzgt@ure for Nga . _The re@tion
12081 ur e is j?ﬂuted vvithHDCM(SO m20 washed Wth

Y TR PaVaYETal 2 [ T | (O v\ oo P\Inlll'\m

‘2§§ 21y > La? (ZE\SLEtSW brlmﬁécb? om o g;lce103 over

I\/gSO4 flltered and concentr at ed under vacuum The
residue is purified by Conbi Fl ash(r) Conpani on
(Caokt Ao Oidf vituseg iwith 126126|vatiant 5&idyesid integragkd% yi el d) .

?%\%& %S\gésv\ﬁh NlBJ é g{r 5 owg{-alng%gsé gl':lt% 'IE?RIOO éb%rdsgb frihe

ahdt mrjzam:ant m(qgrameslelues ahdidKBAint¢Base mytrq@l U¢ed into the

?Kﬁ \%niugﬁorftgg gﬂ' h%h%?g%tj dnt%g%r % ‘2%2%@ rémgm%; variants
IviTo$es arsg gad@retedahycslta@gastsd nyitagenesintof NLué@ ifitegrags tavintioduce
TREARIZAAR 28, TRTPARGRE Ll 2Rt o8 SrRnsaRaslons alats i

pmmz 48 virus. aMuleouler HiolNgyHand gateration cfvitusiateunesidrmed im a similar

miosn o Palfet L bl 1FleT o o TR "R Bk e, o

hutegaresihs aserwtutmaiduaq gt utatoas in the emtagragé gehebftthe 2.12
ani C

TGh e B L5 N8 TR So P atbeBy e e SR 474 Kb legtiction

3NEs Bans enRrprd\edis Yisiey theaeitnens 5 TIET ABLOMGG MT CGHBTAA GGC
(R ABR A8 N8 B 71886 coT TAT COA TTC CAT CTA AA- 3 10
introduce Cla | site and 5’-GGT TTA TTA CAG GGA CTC TAGAGA TCC AGT TTG
GA- 3 and 5- TCC AAA CTG GAT CTC TAG AGT CCC TGT AAT AAACC -3 to
introduce Xbal site). The 2.12 virus is generated with the Cla | and Xba | restriction

sites in integrase replicates and responds to compounds of the invention in a similar
manner to the original 2.12 virus. Point mutations at residues 124 and 125 are
introduced into NL4.3 integrase in a Pet 28a vector (Novagen) by using the
QuikChange site-directed mutagenesis kit (Stratagene). After sequencing to ensure
that the desired 124 and/or 125 residue mutations are obtained, the Cla |/ Xba |
fragment is PCR amplification with Pfu Ultra (Stratagene) and cloned into the unique
Cla | /Xba | sites in the 2.12 virus.
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as such for the follow ng step. Exanple 54: Synthesis

of boronate fragnent 54b (used for the preparation of
wa1espe228311:0 Step | NOZ N Owve B(OH) 2 54a SEOT/CS2R/001611

1. Conpound 54b is prepared from54a follow ng a

syntheti c sequence identical to steps 1 to 8 of

Exanpl e 53. - 115 WD 2009/062285 PCT/ CA2008/ 001611

Exanpl e 55: Synthesis of boronate fragnment 55g (used

for the preparation ﬁsﬂéééféb@bogmﬁr' Step 1 Step 2
Step 3 NNHo z N-- Br Of - I Br Br 55a 55b 6 55¢c

e folRwirg-ablelist ¢ompousde pf the\jnvgﬂtc_igy. gompounds ¢f the jvgption
BLst& infthe Blular a8hy daRriBed abbi@ in BX&MpIL 57 are particularly effective
at inhibiting HIV integrase. Compounds of Table 1 were found to have ECs; values
of 300 nM or less in at least four or in all six of the known variants at residues 124
and 125 of HIV-1 virus from infected patients, namely Thr124/Thr125,
Ala124/Thr125, Ala124/Ala125, Thr124/Ala125, Asn124/Thr125 and Asn124/Ala125.

Retention times (1r) for each compound are measured using the standard analytical
HPLC conditions described in the Examples. As is well known to one skilled in the
art, retention time values are sensitive to the specific measurement conditions.
Therefore, even if identical conditions of solvent, flow rate, linear gradient, and the
like are used, the retention time values may vary when measured, for example, on
different HPLC instruments. Even when measured on the same instrument, the
values may vary when measured, for example, using different individual HPLC
columns, or, when measured on the same instrument and the same individual
column, the values may vary, for example, between individual measurements taken
on different occasions.

TABLE 1

4 6 7 tr MS
Cpd R R R (min) | (M+H)"
Cl
1001 CHa H 47 | 39817

400.1
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To a 1 L flask equi pped with a nmechanica

added 55a (30 g, 129 mmol)
waeoovl6283ri xture i s added iron powder (14.4 g,PQBBA2008/001611
The mixture is heated at
7.2 g (129 mol) of

mol ) slowy
50C for 2 h before an additiona

ir

conversion to the

on powder

in aliquots.

in

is slowy added. After

aniline is conplete.

st

1.5 h at

irrer

50C,

is

acetic acid (300 ni).

t he

The solutlon

| g—cooted tg R and dirtuted w t 50 L _of AC MS
bef or €pdei ng filtedked thrpughRCelite. e fluhmgte(MsHy
cgncentrated and the grude product s partijti oned
bet ween Et OAc (1 nd 200 nL of water. The m xtjure
i S grougly s \ and| the organic ase |i s washsg.1/
vvith198 m_ [of br ari bd ovbr MySA £ 1t &ed anab.1
cancentrated to.gfve anil{ne 55b (23.7 g, 91 %9 as a
brlown 0il which'is used directly iin the next step.
Stlep 2: Aniljine 55b (00 pgy, 3 mmol]) is treated with
6N HCl (8 ml) and icated until a white sSuspension
appealpss( HO| salt his ixtye is hegted t/o4800C 402.2/
bef ore being tre with the vinyl ketone |55c (1.?941
g, 5.9 nmol) mhl is prepared simjlarly to|that
r eported{Ref eaR—Chem—$oc—24—{(2003) 1%
13- 14) but Vi b am de. |The react|i on
mixture is H ux for 6 h, then stlirred at
RT folped6 h. is gjluted with EtOAG andsgg o
basified wt The organijc phase i|s
sgpar ated arn phase re-extracted wth
Et|OAc. The conb -ned organj c | ayers are washed wifth
brirme,driea fiftered and|concentrated. [The
magterial - 116 9/ 062285 PCT/|CA2008/ 001611 | is
purifi Co r)| Co ni on ( Et.CAc/ hexanes)
affoﬂ&gghe desi ned /al coho (330 , 37.5 $ as éﬁfb
pale brown solid. Step 3:|BBr3 (3.34 nL, 3.34 mmol, 1M
salution in " is added/to a solution of alcohaol 55d
(330 ng, 1.12 mol ) °im\ DCM (10 ml) |at RT. The redction
mixture is <t|r9v T for 16 h,| then is |quenched

vvith1lub@—| and c( ated topHryness. Hhe rlegizdue iugs 2
taken up int M=and washed wth water and |brine
bef ore bei ng dr'ed (MgSO™4 filtered and corncentrjat ed
t g—afford—the brorepRgRot—55e (384,100 —Thts
material is|used inAhe next step.

1007 H H 4.5 364.2

H,G CH,
1008 H H 4.8 378.2
CH,
1009 Fuoe H H 4.6 382.1
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Step 4: a m xture of bronophenol
nmg, 1.14 mmol) and K2CO3 (315 ny, 2.28 mmol)
W@ 2@nt283 s treated at RT for 2 h.

br onophenol

55e
in

(345
MeCN

The m xt ur ePCECAR®R/001611

concentrated to dryness and the residue dissolved in

Et OAc before being washed w th water and brine. The
organi c phase is dried (MpSO™4), filtered and
concentrated before the residue is puri fied by
Combi-ftash()—Conpanion (it OAct rexames) _to af for 73
cycl i €pdt hel 55f (B01 ny, | 609R° as an amder sq}nlirq meR)*
S5 a strewcap pregsurg tube 1s[added the cyclific
etther 55f (180 nmg, 68 nmol ), bi spi nocol atjobor gne
(26 1.0 1. tassi um acetate (226 ng, 2.4 4021/
m|)miﬂd Pd?](}zp 5. DOM coffbl ex |( 83 0. #§ rmoko4 1
indry DM (4 nL)/ The repulting mxture i§ de-gased
wilth Argon (5 min)y. The tube is sealed and stirregd at
95C for 2.5 h. The~mixtufe is treated with|1l N HC
(10 nL) before befngPdiluted with Et QAc. Afiter
separatlon of the ers, | the aqueous phase |was
neut 1AM zed |wi t h NaOH (usling a pH'heten) 4o p|-|406'2
7.0 and is extrac withl Et QAc (3X). The conbi ned
orlgani c | ayers are washed/wth brine, dried|(MSO}),
f if-tered—ang—concenttgtedto —af fod—theboronmrc jaci d
559 (124 ny, is material i$ used as|is in the
filnal crosg ction, Biological Data Thessgo/
conpd@ids of n have valluabl 47 1 430.0
phar macol ogi 5. Conpounds from|this [cl ass
stirongly ass he integrase target| as
denonstr at eg ase di spl acenent agsay, |are
particul arly - 117 WD 2009/ 062285
PCT/ 08/ ( Ling  HIV iint eqyase |aRg 442 1
addi tional |y t ed potengy across |at | gast
fqur or all +1 virus HIV variants at
residues 124, egrase-Displacenent Assay
dijspl acenent d to eval yate the |relatjive
afiffinity of  he i nvent{ion to bijnd
revert®isly wi raseH The di dpl acendrit |asd%/!
measures the extént to wh|jch Probe|l (consisting |of a
HI|V integrase T'nhibitor connected|by a flexible
I iilnker to a|biotin aolecule), in conplex
1015 CH, | H H 5.0 398.1/
400.1
1016 H,C H H 5.6 418.2
0
H,C
1017 H H 5.0 420.2
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with a His-tagged H V integrase,
conpounds of the invention.
weeowple2esi s formed in the presence or absence PET/CA2008/001611

The

i s displaced by
i nt egr ase- Probe

i nhi bi tor conpounds and the interaction is nonitored

by a honobgeneous tine resol ved

assay system Exanple 56: Production of Probe I:

fluorescence (hTRF)

Cl d

G O 1 -1 ~Step1OsStep2C 0 Step3C 00 O
N -O0-N-O—P1-P2P3HHP4 C—CStep4—Cl—off—€C
i ~ [N - Iki .
g ;1 ECPE_ISHE‘J]-'\“SIL?FR4?" |E ! Cln— NE? 0 -Dt ep %rﬂl :,](mﬁl) ? %"' )
LV | i rO INMoDuUU TN U 9 L CIJ LII \ @ | Wi U
HNH N OHHUOSMHNU/|H\N/~0~\ |00 HO IO
1018 Fe H H 37 400.1
CH,
1019 F‘Q H H 3.7 382.1
F
1020 F§:§ H CH, 4.0 4132
@]
1021 GJ H CH, 43 420.1
O
1023 g;@ H H 44 390.1
F Cl
. 4201/
1024 %j* H H 5.2 25 1
1025 Q H CHs 4.4 364.2
Cl
432.1/
1026 Gl H CH, 5.3 4341/
436.1
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Probe 1 Step 1:
and NaH (60%in oil,

4-chl or oacet ophenone P1 (14 ni, 109 mol)
dr opwi se over ca.
90C for 30 mn,

Di et hyl

carbonate (22 nL, 269 mmuol)

10.8 g, 270 mmol) are
w0 poovob28he (80 nl) and heated to 90C for 20 MP@T/CAR®R/001611

118 WD 2009/ 062285 PCT/ CA2008/ 001611

15 m n.

/‘If\

conbi ned

i s added

The m xture is stirred at
t hen cool ed and carefully treated with

50

4+ MA {1
CEUUAL (| 1LY

i

o—HCH-at)r—(100—+rt)—and Ot —The ot )
phaseCipd washed wiRh brine, ®&°ied (I\/gm) f(hﬁﬁ)erqﬁ,mf
and—concenttated—todryness. —The residue TS |purrfired
by flash chromat ogr aphy (15% Et OAg/ hexanes)| to djive
canpound P2. xt ure of gompound R2 (7.1 g,
33. 4 49991 ) ¢ lingy(5.9 9,cAf.- 3 |msy )| kbs.2
DVF/ xyl ene ( i $ heated at 140C far 10 |h.
The cool ed mi 'titioned |between 1 M HQl (40
ml) and Et Q4 ne organi g layer i§ washed
with T M HC (1 ne, dried over MJSO4,
fill tered andg to dryngss. The riesidue is
pyrifyi by ogr aphy ($i 02~,15%it 0%
Et|OAc/ iexane Tpou% P3. St%lﬁl 3: T%eg 4152
mixture of @ 79 g; 15.5 mmol ), |[KOBu (2.0
g;l. 18 57 nml) and’ DME (23 m) is ladded
etihyl - 2- br on ? mL, 18.25 nmol). |The
mixture is ir at RT flor 16 h, thenis601/
pqur ex2ever utiaih of |1 NCHE (|1G01 |l 62 1
and the m xt ed wth Et OAc (2X100 ni)) . '
The conbi ned acts are (washed wijth brj ne
(4X),dried eredand [concentrated to
afiford, aftse n by chronaot ography (Et|QAc/
hgxa con m xt ur e |of 4.4 416.1/
dilast ereoi sq A mixture of c%rrpcund P4 @Gi§2
segpar at e por g, 0.77 g and 1.09 g; 7. 15
mret—toetat) fnrseparate-portionstof—24nt;
15 nL and 19 |s al’lowed to redct at 15QC for| 20
minut es. The |;ea‘tion m xtijure i s alll owed to
cadol 1031 H Hs 4.8 396.2
1032 H CHs; 4.8 430.2
0
4541/
1033 cl H CHs 53 | 4561
1034 H CH; 46 404.2
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slightly and added dropw se to ice-water.
is extracted with Et QAc (3X),
wa@leioede 288 2S04 )
resi due (0.69 g,
(25 nL) and to this solution is
The reaction is heated at

Th

27 mmol ).

th

(3X).

e

en poured

[alaV.AY £ 31

1.7

6 mmol)

The m x

reflux for 1

ture

washed with brine (1X)
filtered and concentrated i n REDIA2008/001611
is dissolved in EtOH
added POCI 3 (2.4 ni;

h1

into i ce-water and extracted with CH2Cl 2

+ Ay

The organic phase is washed with

brine, dr

i ed

goLl4),

tered—and—con

chr ont ogr ap

ne
I

< M

anel
and l IIC t

rd

CD uu

dﬂnpouwﬂf 5|

s
(M+H)"

SO
S
2.
m
an

| ution of
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47 1381 ) 4
). The red
dis parti

2¢65R
0A1L’M

on of
nd Et 860
ctiony mxture
ti oned betwee

T M~
17

L, 6.H75 n
is stirre
n EtOAc (

47 L, 2.

I+—Step

2Br - HBr (
mol )Hin T
d at RT f
100 nl) a

or
nd

47 rm
506 n
HE-§ 10
18| h

Dl )

0, 398.1/
4001

sat urat ed aqueous

wa
Ca

P

shed w th
nc

at ed. T
chr omat ogr aphy (e&eto ZO%JEtOAc/hexanes

Bgc NHCH2CH2Br .
0.495 nmml\ —h

bri

25 nm). T
over anhy
ks purifije

~.J0 a cool ed solution (0C) of

he organi|c pha

drous MpSO4 an

4.8
ST

gi ve

conpo

i-s—add

(6
m

nmol )

st
m
or

(25t —and
ncent r at ed.
chr omat ogr aphy (10

CQ

CaQ

g
(1
m

=T —1+

7 ng,
n, then a

irrlg§9 O

xture was
gani ¢ phas

oo — ot

The

2 ad

e i s

' CI\\AL er

m xture i s
Boc NHCH2 CH
ded. The r
(1 m
Et OAc (10
ith saturg

i )
=7

stirred
2Br (160 |ng
eactﬁon
) is adde
0 mL) and the

ted aguedus Na

G

nmpogyag P6.

n and puri

0.175 nTD|)

briTe,

The £ esiglue

fied by seni

JVET —anhy
is purif

otp 30% Et OAc/ hexanes) tq give
apsol ution of gqonpdundy P6 $9¢/
NaQH

2.5 nL) 1S
nixturei
prepar at i

rous WS4 —and

i ed by

added 5N
s stirred
ve HPLC t

for
o aff

42.2

30
ord

t h
tr
ca
ch
fr

SY

e Boc-depr
eated wi th
npound P7
i r A03BIPLC,
om Chi ral

ot ect edear bo
BocZ@ in d he

presence
m Xt ure.
hHCe
nc) and

~

g

xyl'1c aci d.

OD- R colldm (

The con
of NaCH t
Separati g

pound
0 pro
n by
26x125

n isocratjic so

is
vi de

4402/
0 Wi%‘.z
en

| v

1040

4.1

4241

1041

Fron

CHs 43

438.2

1042

H,C «Cl

CH; 5.6

468.1/
4701
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(contai ning 0.06% TFA) and 80% of a solvent m xture

conposed of 75% MeCN in
w@e@vioerss t he (S)-enantioner
of compound P7 (9.2 ny,

H20O (contai ni ng 0. 06% TFA)
P7. Step 7. To a PCRCARM®S/001611
0.017 mml) and CH2CI 2 (1.5

m.) is added TFA (750 pL). The m xture is stirred at
RT for 1 h and concentrated. The residue is dissolved
in CH2CIZ(10rrL) and to this mxture is added Et3N
(7Pt _0-05 ot~ foltowed hy -LCinkTM M
TRP- PE®BDi ot|i n (PlEr ce; 17.2 ﬁg 0./025 I%TTDI) (,Ttﬁ,t,)e (M+|s:|)+
regaction mXture igp0~stirred at RI [for 18 h,| the
sgl vent is evaporafed gnd|the residue is purified by
segm -prepardtive HRLC/to afford biqgtinylated Probe I.
Priobeola3i s det grdiy o0 havecH, di §sociEti on amst aass.2
(Kd) of 1 pM a3 red|by Isothermal Titjration
Calorimetry |(1 TC). dccording to known mnet hods, for
exampl e as |-120 WO 2009/ 062285 PCI/ CA2008/ 001611
descri bed in al. J Bial Chem
278(5) . 2777- $-tagged HIV integrlase:
Hi|s-t agged i oned and |expressed in a
si|m 1044 mar >d i HBargov e al .|, 48 420.2
Vifrol ., Vol 34- 4494, (]1996) . Bri efly,
the i ntegrage gene\ is PCRlanplified froma plasmd
cgntaining the HXB2 provirus using forward land
reverse primers that the first| and fingl codons
of| integras y. Prinerls contain a 5' I\Q%I“
(flor vi048 pr i ol GH{e |(revidrse prd4rer) ,.q
whi ch al | ows f the Ndegl / Xhol {fragment
into the Pet expressijon vector
( Novagen) . Di iTs are used to generate] and
priopagate th whil e BLZ1 pLysS E. coli
cells are us sion of tlhe Hi,s-tagged | 3981/
priot 1M48 Hi g i nt €gr asd is}_l'e(xpresg“e% i N 400.1
BLU21 pLysS ¢ 2ne) to an O.D. of (1.4 ip a
30 L fernent ] i nduced wth 0.5 nM I PTG
far 3 hours bacterial| pellet i|s
rg- suspended i epared extraction |buffer (20
m\l Nafgig7pH 5. 1 Murrea,| 1 npyl TCEP,4.20| niybs 1
i m dazol e, 1 ] 1.5 nL Sigma protjease
i nhi bitor ca g peI | et)) and soni cat eg.
The—eceH I‘acucna Stbje¢ted lUbIIlIIIugalIUIIa
100,000 G fgr 30 and the supernatant is | oaded
onto a H Trgap N 2+\colum, The colum is washed w t51241/
t e efgagactijon H H 4.5 496 1
4241/
1049 H H 48 4261
0
/
1050 H H 3.9 390.1
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buf fer containing 100 nMim dazole and eluted in a 15

mn linear gradient to 1 M
woi@vbe2efyr ase fractions are pool ed and di | ut eRPICT/CAZ008/001611

in fresh S

col um buffer (20 nmM Na Pi
TCEP, 1 nmM EDTA, 1 Murea, 10%

i m dazol e.

The

pH 5.8, 1 nM
gl ycerol) and | oaded

onto a H Trap S colum. The colum is washed with S
colum buffer then eluted in an 80 mn |inear

gradi-ent—f+om0—to—1 M Nac—"Proteimn frabtiLHi AT
run ogpdn SDS- PAGRYgel ang thB°nmost comentraf g (M+H)'
s arptes—wt Hant—bandsTare pootgdat
prieci pitateg pni um sul ffate. The
preci pitate|i >pended in storage |buffer £12Q/
{1 HI9ES pH Nacl H 10% gl yedr ol | 635 |mvi1s 1
TCEP) then | SDQOO gel |filtration coljum.
The Hi s-t agg contai ning fractions are
pool ed, dose concentrnation and storjed at
-80 Cin ali 5-tagged i|nt egrase |sanplles
are t d g utedjo the dgsired 44 420.2
concentratig 2 ffer Tor use in the
i nt egr ase dilspl/acenent assay. Honmpgenous tire resol ved
flluorescence (HIRF) assayl system The relative binding
afffinity of he inventiion to the H'V
i Nt egrase ta s5sed using a HTRF system
bdse% flu bnan ener gy .t ransf r - 145811/
Vo 208830623 001611 (FRET) bet w456 1
eur opi um cry 5 energy donor and |cross
I iinked aIIcphyco yanln (KL665) as |acceptor.| EuK
| abeted—streptavidin{CysbBiro) binding—to—Prrobe+—and
X665 | abel ed antL~Fﬂ§)an1|body (CysBio) binding fto
Hils- i nt egr ase are ~used inh the systlem Interjactian 1
bet i ntegr Probe Icis nonitqgged by s5.energy:
traﬁgﬁéﬁ bet/weeh 't uK and g&665 in ?ﬂe ° §§g1
I Nt egr ase- pr > Di spl acenent of the
biloti nyl at ed probe- fromi ntegrase hy a conpqund of the
i nvention re [oss of fluarescence [fromlthe
XL665 | abel ed antloodx) Assay sol utji ons are |prepared
ugi ng an ass consi sting off 50 mM HEPES (|p 17
7./5) ;1058 NV mM KF;, Hng/ml BSA 1./058M TCEE |
0.{05% Tween ¥ solution A ijs prepared witih '
Priobe 1 (30 nd His-integrase (300 nM ijn assay
buffer withl4.5 % DVBQ Assay solutlions B ig prepared
wiith a conpaund of -""t\ile i nvention diluted tq 120 pMin
agsay buffer containi ¥y 4|5% DMSO, |t hen serilal

1056 e H CHa 54 | A4t

0
1057 Froe CHs H 5.1 438.3
C
1058 CH,CH; H 55 | 42
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diluted 11 tines in 2-fold steps of the same buffers.
Finally, assay solution Cis prepared with

w@E200ep6283 di n- EuK and Anti-his XL665 prem xed BET/CA2008/001611
concentrations of 6 nMand 150 nMrespectively in
assay buffer. The reaction m xture was prepared by

adding 5 L of each assay solution (sol utions
with one of the serial

ity An P f

r o\

A and C
di I uti ons of compound in

s¢luti-on—bBfor—each—reaction mﬁtj|q+nﬁoqh o
bl ackcpdund bot t orR* | ow vpl unB® NBS|pl aRés (Cq 'rnhprgmmr
catatog—#3676) giving arfinal—concentratiyg 100
nM Hi s-i nt egr ase, M pr obe, conpound of ijnvent|i on
(40 pM down 50 nM anti-his XL665, 2 |nM
Streqos&uk i ith aotal volyme of 435 |plasg2
The reacti of i ncubat ed at room
térrper ature The fl uorLescence was read on
alVictor 14 HTS reader at 615|nm and 665
nm The comny nventionjhave greater
afiffinity for grasetar%)et t han|t hat |of
Probe |. Hoy reased avijdity of the
bi| ot 1080 at e t et anmeri zatH on w 8 424.4
Stirep- EuK al uati on of [conpounds of tihe
inmvention that hgve signjficantly]|stronger
agssociation|with MV integrase. Exanple 57: |C816
HIV-1 Luciferasé, Assay\( EC50) C8166 cell's are der|i ved
from a humar hic virus|type 1 iqmortalized
but 1p8nexpr f cord bl god llyphocgloes (M2t
Al DS reagent hi ghly perm ssive to HI V-1
i nfection. LTR/' TAR plasm d i s nmade by
22—W0-2604 FGAZ2008/ 0016t —introductng—the
HI V-1 HxB2 1 om nucl e(Eti de - 13;; to +80
(chaI - Hi ndl of the | uq,i ferase g)ene iln the
pGL3 1B85i C pt er ess |l uciferasess | 4262/
ejpr essi on omega cat al ogue #EjL?Sl) wi #4382
t he gene fof e resistamce cloned in. |The
reporter cel y electro Lor ating |C8166 '
cells with j TAR and sel ecting|posit|ive
cl(ones wi th C one CEE166- LTRI yc
#A8- pess’ Was S€ 3 cwsecmdtivmrouhdgj af 4062
[iimting dil astici di ne sel ectijon.
Cultures are in conplet¢ media (consilsting
of-—ResweH Hastute—redium-(HRPM-)—1640-
+(10% FBS A capt oet hamol + 10 a)/rrL
gent anyci n) bl asti ci di ne,
1064 H H 48 436.3
4402/
1065 H H 3.8 442 1
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however, blasticidine selection is renoved fromthe

cells before performng the viral replication assay.
womohensse Assay Protocol Preparation of Conporraasoos/001611

Serial dilutions of H V-1 inhibitor conpounds are

prepared in conplete nedia from 10 nmM DVSO st ock

solutions. Eleven serial dilutions of 2.5X are nmade at

8X desired final concentration in a 1 m deep well

tirer prate (96 wel[s). Tfie 12th t (..Umcull{:, VS
conpl &Re nedia wi tR no i nhi bi Rr anld sétves a@,ﬁ)he (M+H)*
positive contrql . Al Sanpl €s contain the s@a
cgncentratign o OA< 0.1 %DVvsQ). A 25 L allquot

off inhibitor| is ad to|triplicatle wells, [of a 96
wel | t068sue [cul tur ated clkear Wi ew Hbl ack 4.6 406.2
microtiter plate ( i ng|Costar cdtal ogue # 3904).

ThHe total vglune -per well | is 200 pL of nedija

cdntaining gells and inhibitor Thd |last rowis
rgserved for uni nflect ed €8166 LTRI|uc cells [to sefrve

as the backgr ound control and the firgt rowis

ngd 31&3 one.| | nfec of |[Cells C8166 LTRIug celljs are
cqunt®8’and [pl a m ni mdl vollume ?3f cdmftletle 4402
RRM 1640 ijn a gsue culture flask (ex. 30 X 106
caglls in 10 |nL--dedia/ 25 cnR flask)., Cells are

i nfeeted—witth-H\-1 or vitus with-Variant idtegrase |
generated as descri bed below at a |nol ecul eg of

i nfection (rnoi 0.(005. |Cells are incubated for| 1.5

h |at 1988C on a i rack Hn a |[5% Gd2 i ncdtFator 420.2
and re-suspend cte RPM tjo give a| final

cancentration of 25,000-cells/175 L. 175 L of cel|l mx

i added to 5 well mgrotiter plate
cantaining 25 L 8X\i nl‘ﬂ bitors. 25,000 uninfected

C8166- LTRIuc cell ; n 200 L gonplete RPM are
added %68 the | Hs backyround - 123 W) 46 | 4062

2009/ 062285 1611 control. Cell|s are
i ncubat ed at 2 i ncubatior for 3 |days.

[l W | Qt airelh e ) ~ (1
LyciferaseAssay 50, 1—SteadyGo(tueci-ferase—subs

T12=5 hours |Pronegé oat al bgue # E2520) is added
each well off the 96 well plate. The relative |igh
uni t §o¢iRLY) |of | uc ase| i s fetenm ngg usiing ,the 434.1/
LUM star Gal axf'l onmet pr (BMG LabTechnol ogi es). 436.1
Pllat es

T
-+
D

~t ~ T+
o

0]

1071 Gl / H H 50 | 421/
N
e
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are read fromthe bottomfor 2 seconds per well
gain of 240. The | evel

of

RLU. bl ank i nhi

val ues are used to determ ne EC50,
and nmaxi muminhibition (lmax) by the non-linear

r egr accion routine NI N porocedura of
3' A~E™ = | Av AN ] LN \"A L LILA Y2 TNET LI \VA VAW L w b pa vy T

bition= 1-
RL U blank The cal cul ated % i nhi bition
(n)

sl ope fac

QAQ us

]1*
t or

Jﬁﬂj‘

with a
inhibition (% inhibition) of
we@2wb/0gxeB3 contai ning inhibitor is cal cul ated B&SI/CA2008/001611
follows: RLU well -
RL U control -

100

fol | ovd equationR* inhibiti®F = Ijmax R’ [in r
[i lphi hiFtngr]g ++C56" Conpounds—of—the- Jmém hjé?f LPQL"M)
in the cellular as desérlbed above are
particularly effeS ¢ at |inhibiting HV integrase.
Compol@¥ds of | Tabl%_1/ were |[found to havE EC50 %@l ues96.2
of| 300 nMor| | ess/ Furthernnore, conpounds of| the
i nvention show Unexpect ech pot ency facross major H V-1
vifus H'V vari ap Campounds of Table 1 shiow
unexpect ed potﬁc n( at IJeast four|{ or in al] six|of
t hie M var i apts regi dues 124 and, 125 V-
virus Trominfectegpatients, nanel Th'f{124/ Thréfz ]415'3
Al [al124/ Thr 125 Al.g@124/ Al a125, Thr 124/ Al al125,
Asn124/ Thr125 and Asn124/ Al al125 he resultis of
representatijve poupds are shown in Table 2. Table 2
Cojmpound EC50 50 (nM EC50 (nM EC50 (nM
AlR4/ fo7s> T124/ NT2 224/ A125 124/ |A128H,1008 3ld 59 4482
55| 1010 12 41 76 4 1014 19 87 76 68 -124 MO
2009/ 062285 |PCT/ CA2008/ 001611 1018 35 55 93 110 | 1023
12293137 116383915
H 0

1077 H H 3.8 421.2

1078 H CH, 57 | ‘et

1079 H H 5.2 4422

1080 H H 5.4 440.1

—
N
1081 H H H 4.6 398.2

-136 -




1052 28 120 59 64 1059 3 14 11 9 1136 91 200 140 170
2001 71 110 120 67 2002 9.9 19 24 13 Ceneration of

W R09SeR8W t h 124/ 125 vari ant

resi dues of

i nt eRCEHEA20DB01611

2.12 virus with NL4.3 strain of H V-1 integrase (SEQ
Thr 124/ Thr 125 vari ant
i ntegrase residues and HXB2 integrase is introduced

ID NO 1)

is used for the

into the 2.12 virus for the Al al 24/ Thr 125 vari ant
i ntegrase regsidues. The 1e IH'ruiGug at iau{ra Vi uses MS
arle g&ner atdd by sRte directe®mt dgendi s of( N4, 3(M+H)+
I ftegrase tg rntroduce —t Aat—24 Atal—25;
Thr 124/ Al al 2 125, or Agnl124/ Al al|25
vari in S. | ecyl ar .pi ol ggy and
gene?@%ﬁon Q erforted in aCE'Frri llar*® nanii&}?
tq Doyon et ) 70(6): 376%- 9 (1996)|. Brilfly,
silte direct _mutagenesi s is used|to introduce sjilent
mjtations in the iftegrase gene of {the 2.12 | virus.
The nutations in i ntegrase introduced {unique Cla
I jand _Xba | |restri n sites_ in the 2.12 provi rius4ss 1/
(Usi i§8¢he pri “TTT AGA TGG|AAT TARSGGEC 460.1
CCA AGA AG -|3' CTT CTT GGG|CCT TAT CQGA TTIC CAT
CTA AA- 3' tlo introduce Cla | site and 5 -GGT TTA TTA
CAG LA CTC T TAGAGA TECAGHTFTG—GA—3-—and-15—TEe
AAA CTG GAT CC TGT AAT AAA CC - 3' tlo
i ntroduce Xu 2.12 virus is gengrated Wih/,
t He d0841 ar ctidh sijtesCHn intddraseys o
replicates 3 D conmpounds of the linvention
in asimlar ne original 2.12 vijirus. [Point
mfati ons at and 125 are intrqgduced into
NL4. 3 i ntegr ?8a vector (Novagen) by |using
tHe Qui kChé ct ed nut agenesi s Kkift
( St r #08Fene) hcingito ensul; that3.4 he 4293
desired 124 si due nutations are obtdi ned,
the Cla | / (Xba I../fragment is PCRjanplification wth
Pflu U tra (‘kraiagégg) and cloned ilnta the Uynique Cla_
| |/ Xba | sitles in d4e 2.1P virus. - 125 WO
2009/ 062285 | PCT/ CA2008/ 0011611 TABLTES OF /PQJNDS
1086 Gl H H 50 | 4222
428.2/
1087 H H 4.8 4309
4241/
1088 H H 438 426.1
F cl
H,C 416.2/
1089 3 H H 49 4189
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The follow ng tables |ist conpounds of the invention.

Conpounds of the invention
waz®ayextescri bed above in Exanpl e 57 are partieai/anbops/oo1611
inhibiting HV integrase.
Table 1 were found to have EC50 val ues
| east four or

resi dues 124

ef

|l ess in at

fective

vari ants at

at

in all

tested in the cellul ar

Compounds of
of 300 nM or
si x of the known

and 125 of H V-1 virus from

i p_ﬁ_cul APV |

oad Nnati ANt o
Py it o;

nappl vy Tlnr 1 ')/I/ Tlnr 1 ')E
TrarTe Ty

tr

MS

Allal2¢pdhr 145 Al R4/ Al afl25, R‘Thr 124/ AIR§125 (min (MsH)*
Asnt24f-Tht12 FAHa 125, Ret-entt+onttit B AY)
for each co%pound ar e sured using the standard
anal yti cal hs described in the Exanpl es.
A3 is04E! ! * Killgd injthe yart, E&tentjgn
tijme val ues to the specific neasurenent
condi ti ons. ven if identical conditijons
of solvent i near gradient, and|the [like
are used, nme val ues may vary Wwhern
mgasur ed, L@ di fferent HPLC instrunents.
Even when sane instrunment, the Val gzl
may vagy whe or eganpl ¢, usng di #fgerle )yl
delVldua| q or, when | neasured|on the
sane | nstrunment ard t he sane i ndi vijdual collum, |t he
vjlues nmay_ | e, between i ndivildua
nmgasur ement $ i fferent occasions. |TABLE 1
RI O Rs CO! bd R4 R6 K7 tR M5 [(min)|
200971082285 1611C1 Cpd |R4 BB R7 |t Fi-"fl\/éf 456.2
(rrin) (MeH)
1093 H H 4.1 434.2
1094 H H 55 420.2
1095 H CHs; 46 4352
0
1096 CH; CH, 53 448.3
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Cl 1002 H CH3 4.6 398.1/ 400.1 Cl 402.2/ 1003 / \ H

F 4.5 404.1 F 1004 HH 3.9 396.2 1005 H H 5.1 404.2
wao0s/0eRsH H 4.3 406.2 CH3 1007 H H 4.5 364. 2PCHBE2(0HB01611

1008 H H 4.8 378.2 CH3 1009 F' HH 4.6 382.1 -127 WO

2009/ 062285 PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR MB

(min) (MMH+ C 1010 F* HH 4.8 4002 11 / S 1011 H H

4.7 406.2 Br 1012 H H 4.7 428.0/ 430.0 0 1013 \ H H

3.9 442 1 E

o ' 4 6 7 tr MS
Cpd R R R o) | ey’
4552 ]
1097 H H 4.3 4572
4761/
1098 H H 55 | 4781
1099 F H 4.4 439.2
1100 CHs, H 45 4352
1101 Fuoe \ H H 3.9 4322
44121
1102 H H 4.4 ey
H
1103 H H 4.1 4193
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O 1014 HH 3.7 392.1 cl 1015 CH3 H H 5.0 398.1 /
400.1 1016 H3C\ HH 5.6 418.2 0O 1017 H3C H H 5.0

W@ 20986228528 WD 2009/ 062285 PCT/ CA2008/ 001611 PCPEARSS/001611
R6 R7 tR M5 (min) (MH+ F 1018 F HH 3.7 400.1 CH3
1019 F HH 3.7 382.1 F 1020 F'"' H CH3 4.0 413.2
1021 cp H CH3 4.3 420.1 0 1022 F H 4.9 424.2 1023 H
H4.4 3901 F O 1024 FHH5.2 420 11 / 1025 H CH3

4. 4 3642 432 1/ 10261 """ H CH3 5.3 434.1 /

436. 1 29 4 6 7 tr MS
Cpd R R R (min) | (M+H)"
4402 /

1104 cl H H 45 449 1

0
458.2
1105 o g H H 5.1 502
0

492.1/

1106 o o cl H 58 | 4941/
496.1

474.2

1107 Cl H 56 | yoeo
459.2 /

1108 F H 42 | T

H O

4751/

1109 cl cl H 47 | 47711
479.1

H 0]

1110 455.2 /
c CH; H 46 | 4
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WD 2009/ 062285 PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR MB
(min) (MH)+ 1027 H CH3 5.5 406.2 1028 N H CH3 3.6
W@ 1H9B6228F 1029 H CH3 5.1 462.1 1 ¢l 1030 F BCIZEB2008401611
4416.1/ 18.2 CH3 1031 F H CH3 4.8 396.2 F OVe 1032
F'"" HCH3 4.8 430.2 01033 ¢l """ H CH3 5.3 4546. 11/
45. 1034 H CH3 4.6 404.2 -130 WD 2009/ 062285
PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR M (nin) (MH+ O
S0

GH3 1035—HH495 49u. % D—\gl‘b 1036 H CHS 4tc J.UM'é
0 45&@/ R R R (min) (M+H)+
4552/

1111 H CHs 45 | 4572
436.1/

1112 H H 50 438.1/
4401

432.1/

1113 H H 54 4341/
438.1

Cluue

384.1/

1114 Q H H 44 386.1
1115 H H 4.3 449.3
469.2 /

1116 H H 4.4 4719

F Cl

402.1/

1117 H H 45 4041
1118 F CH; 44 453.2
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1037 H3C\ CI HH 5.3 456.2 0O 1038 CI HH4.9 440.2 /

442.2 01039 O ..... HHB5.1 440.2 /
WO2009062384H 4.1 424.1 0 1041 F"

1042 HC C HCH3 5.6 468.1/ 3 470.1 -131 WO

2009/ 062285 PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR M5

442.2 0 1040
H CH3 4.3 438. PCT/CALInS/001611

(mn) (MH+ Co 1043 H3C CH3 H 5.2 434.2 O 1044 H3C
HH4.9 420.2 Cl 1045 F* / \ CH3 H 4.4 418.1 1 CH3
1¢46—C— H-H4-8-398 3 — 400 +—3047—CHHrd7s
4 4 6 7
424. 1Cpd R R R imin) (M+H)+
4732/
1119 F CH; 54 4752
H 402.1/
1120 H 46 1041
O
1122 F CH, 55 452.3
F Br
494.0 /
1123 ci H CHs 5.3 496.0 /
498.0
F
cl 4022/
1124 ‘Q H H 45 404 2
F Br
480.1/
1125 cl H H 5.1 4821/
484.1
F Br
514.0/
1126 Cl Cl H 5.9 516.0/
\ 518.0
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HHA4.5 424.1 /] 1048 Cl 426.1 1049 A HH 4.8 424.1/

426.1 0 1050 HH 3.9 390.1 -132 WO 2009/ 062285
weaLs2808/ 001611 Cpd R4 R6 R7 tR M5 (m n) MeEd/€A2008/001611

1051 F'"" HCH3 4.3 4181/ 1 0 1052 \ HH 4.1 420.2

CH3 3 0 1053 CI CH3 H 5.1 454.1/ 456.1 0O 1054 C

CH3 H 5.4 454.1/ 456.1 01055 C / \ HCH3 5.2

454.1/ 456.1 O 1056 d ..... H CH3 5.4 454.1/ 456.1
O
4 6 7 tr MS
Cpd R R R (min) | (M+H)"
F CH,
cl 4162/
1127 H H 49 4162
F Br
498.0 /
1128 cl F H 5.4 500.0 /
502.0
F
4422 (
1129 cl H H %3 | 4442
F Br
H.C 4601/
1130 3 gj H H 4.9 4551
O
1131 \ H -CH, 3.6 457.3
~{ N'_
F Cl
4501/
1132 cl H CH, 5.2 4521/
4541
F Cl
4541/
1133 Cl F H 54 456.1/
458.1
F
cl 4342/
1134 é F H 52 | 4362
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1057 F* / \ CH3 H5.1 438.3 C 1058 CH2CH3 H 5.5
14. 2
wEp@ome2B6 R7 tR M5 (min) (MH) +
438.2 0 1060 F/ HH 3.7 424.4 F 0 1061
442.2 0 HH 4.5 426. 2/

4412. 2/

- 133 WO 2009/ 062285 PCT/ CA2008/ 001611

406.2 0 1064 H3CO 0/ \ HH 4.8 436.3

Fll ni

O 1059 H3C Fr¢r/EAZ008/001611
HH3.9
1062 C 428.2 1063 0 HH 3.7
o 1065 C / H

H 3.8 440.2/ 442.1 134 WO 2009/ 062285
D I CAONQ/ N1611 Do D7 ) @ AR L N 1
50 omoe pi b & g aba o] K R L RITITHE Y
. . m-n) (M+H)+
F
450.1 /
1135 cl Cl H 5.6 4521/
454 1
N
1136 Q H H 30 | 407.1
1137 H Me 3.7 4713
1138 /*\ H Me 50 | 46327
N : 465.2
7 N\
= 468.2 /
1139 H Me 4.8 469.2
1140 H Me 4.4 447.3
7\
1141 = H Me 3.1 4412
4751/
1142 H Cl 54 | 47711
479.1

-144 -




F 1067 HH 4.1 440.2 0 1068 CH3 HH 4.9 420.2
1069 HBC HH 4.6 406.2 1070 A HH 4.4 434.1 / 436.1

WO 2009/pd2263

4.7 424.1 |/

""" HH5.0 424.1 /
426.1 0 1073 C HHA4.9 424.1 |

c O

426.1 0 1072 BUT/EAR08/001611
426. 1

- 135 WD 2009/ 062285 PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR
MS (min) (MrH) 1074 HH 5.0 396.2 CH3 1075 N\ H H

3.6 415.3 CH3 1076 N\ HCH3 3.9 429.2 H O 1077 HH
3842121078 C _ H CH3 p.7 448. 1 450. 1 t MS
4 6 R
Cpd R R R (min) | (M+H)"
6]
47721
1143 \ H Cl 311 4702
=
6]
1144 \ H H 37 4432
=
H
1145 \ H 3.2 441.3
=
1146 H H 4.1 433.3
1147 H H 3.8 457.2
7 N\
1148 = H H 2.8 472.2
N o]
1149 \ H H 45 430.0
1150 Me H 3.7 457.2

- 145 -



OFF 1079 HH 5.2 442.2 F F 1080 HH 5.4 440.1
1081 HHH 4.6 398.2 -
wEROWas2808/ 001611 Cpd R4 R6 R7 tR M5 (m n) MEREA2008/001611
1082 HH CH3 4.9 403.2 0 1083 cl1l1 F H 5.6 458. 1/

136 WO 2009/ 062285

460.1 [/ \ C| 1084 H CH3 4.5 4512/ 1085 N HCH3 3.4
429. 3 01086 H H 50|9., 426. 2/ 4‘%8 21 0O 1@87 Cl tr . L. . MS
/ HH4 %8 2 2 1088 cl, HH4. 8 apdinn| (M+H)"
426. 1 F cl 108 416. 2/ 418.2 -1137 WO
2009/ 062285 PCT; 1 4773/
1151 cl H 30 | 4793
[}
1152 \ F H 28 | 4613
. =
O
1153 F Me 28 | 475.1
TABLE 2
R® R
N COOH
~
N cH,
4 3 £ mMs
Cpd R R (min) | (W+Hy’
[0}
2001 \ 9/4 30 | 4202
N=
O
2002 Q></ 20 | 4573
=

Each of the references including all patents, patent applications and publications

cited in the present application is incorporated herein by reference in its entirety, as if

each of them is individually incorporated. Further, it would be appreciated that, in

the above teaching of invention, the skilied in the art could make certain changes or
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Cpd R4 R6 R7 tR MB (nmin) MeH)+ O 1090 F H 5.5 438. 2
HO1091 Cl H 4.8 455.2/ 457.2 0 1092 Cl H 5.4 454.2
W0 200466285 0 1093 H H 4.1 434.2 1094 H H 5.5 BCDCA2008/001611

O 1095 H CH3 4.6 435.2 O 1096 CH3 CH3 5.3 448.3 -
138 WD 2009/ 062285 PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR
MS (min) (MH) O 1097 HH 4.3 455.2/ C 457.2 O
1098 HH 5.5 476.1/ O 478.1 H O 1099 F H 4.4 439.2

H fRddifications to the invention, and these equivalents would still be within the scope

of the invention defined by the appended claims of the application.
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1100 CH3 H 4.5 435.2 1101 F/ \ HH 3.9 432.2 NHO
1102 CI H H 4.4 441.2/ 443.1 H 1103 HH 4.1 419.3

WO 2B9/05282009/ 062285 PCT/ CA2008/ 001611 Cpd RAPEECRI0BM1611
MS (nin) MeH)+ 1104 G H H 4.5 440.2/ 442.1 O Co
1105 G ,,,,,F HH 5.1 458.2 / 460.2 0 492.1/ 1106
G C H5.8494.1/ 496.1 01107 O C H 5.6 474.2/
476.2 HO0 1108 G F H 4.2 459.2/ 461.1 Hco 475.1 /

CLAIMS

1. An isomer, racemate, enantiomer or diasteriomer of compounds of formula

(I):

wherein

R*is aryl or Het, wherein each of the aryl and Het is optionally
substituted with 1 to 3 substituents each independently selected from halo,
(Cq.6)alkyl, (Cas)alkenyl, (Cqs)haloalkyl, (Cs.7)cycloalkyl, -OH, -O(C1s)alkyl,
-SH, -S(C4.6)alkyl, -NH,, -NH(C.s)alkyl and -N((C+.)alkyl),; wherein the
(C1.s)alkyl is optionally substituted with hydroxy, cyano or oxo;

R® and R are each independently selected from H, halo, (C1.¢)alkyl
and (Cqs)haloalkyl;

wherein Het is a 4- to 7-membered saturated, unsaturated or
aromatic heterocycle having 1 to 4 heteroatoms each independently selected
from O, N and S, or a 7- to 14-membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5 heteroatoms, each
independently selected from O, N and S;

or a salt or an ester thereof.

2. The compound according to claim 1 wherein R* is Het optionally substituted
with 1 to 3 substituents each independently selected from halo, (C4)alkyl,
(Cao6)alkenyl, (Cqs)haloalkyl, (Cs.7)cycloalkyl, -OH, -O(C+s)alkyl, -SH, -S(C.
s)alkyl, -NH,, -NH(C.g)alkyl and -N((C.¢)alkyl),.

3. The compound according to claim 2 wherein R* is Het optionally substituted
with 1 to 2 substituents each independently selected from halo, (Cq.;3)alkyl
and O-(Cz)alkyl.

4. The compound according to claim 3 wherein R* is Het optionally substituted
-148 -



1109 G d HA4.7 477.1/ 479.1 H O 1110 G CH3 H 4.6

455.2/ 457.2 -140 WD 2009/ 062285 PCT/ CA2008/ 001611
wEpaome28%6 R7 tR M5 (mn) (MHH)+ H O 1111 C PpCZHAR2008/801611

455.2 / 457.2 F O 436.1/ 1112 cl -'. HH 5.0

438.1/ 440.1 d 432.1/ 11123 G """/ \ HH 5.4

434.1 /| 438.1 1114 C HH 4.4 384.1/ 386.1 O 1115

HHA4.3 449.3 NO 1116 C HH 4.4 469.2 / 471.2 F C

1117 1 v}/ithHl H f‘sébsﬁ&%nt% éach independently selected from Cl, F, CH; and
CH,CHj; wherein said Het is defined as a 7- to 14-membered saturated,
unsaturated or aromatic heteropolycycle having wherever possible 1 to 2

heteroatoms, each independently selected from O, N and S.

5. The compound according to claim 3 wherein R* is Het optionally substituted
with 1 to 2 substituents each independently selected from halo, (C4.3)alkyl
and O-(C_3)alkyl, wherein said Het is defined as a 9- or 10-membered
saturated, unsaturated or aromatic heteropolycycle having wherever possible

1 to 2 heteroatoms, each independently selected from O, N and S.

6. The compound according to claim 1 wherein R* is phenyl optionally
substituted with 1 to 3 substituents each independently selected from halo,
(Ci4)alkyl, (Ciq)haloalkyl, -O(C,.4)alkyl, -NH,, -NH(C4.s)alkyl and -N((C.
s)alkyl)z.

7. The compound according to claim 1 wherein R*is aryl or Het, wherein each
of the aryl and Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, (C1s)alkyl, (C,s)alkenyl, (Cq¢)haloalkyl,
(Cs.r)cycloalkyl, -OH, -O(C.g)alkyl, -SH, -S(C+.¢)alkyl, -NH,, -NH(C)alkyl and
-N((C+.6)alkyl)s; wherein the (C4)alkyl is optionally substituted with hydroxy,
cyano or oxo; and wherein the aryl is not monosubstituted at the para

position.

8. The compound according to claim 1 wherein R* is selected from:
2 0 07Ny NI
O WL
o N O Q
\ / HN
X
~
and N°

optionalli/ substituted 1 to 3 times with halo (C1.3)alkyl and O-(C4 3)alkyl

oc@o

9. The compound according to claim 8 wherein R* is selected from:
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HO 1118 F CH3 4.4 453.2 -141 WD 2009/ 062285

PCT/ CA2008/ 001611 Cpd R4 R6 R7 tR M min) (MH+ H O
wa1m90Q2ps F CH3 5.4 473.2/ 475.2 F 1120 Cl /PET/EAR08/001611

4.6 402.1/ 404.1 F 1121 HH 4.4 382.2 O 1122 F CH3

5.5 452.3 F Br 494.0/ 1123 G H CH3 5.3 496.01

498.0 F 1124 G H H 4.5 402.2/ 404.2 F Br 480.1 /

1125 C~- HH 5.1 482.11 484.1 F Br 514.0 / 1126 C-

d H 5.9 516.0/

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

/ \ (o]
0 0 0 NH HN
88@ 8 &%
~
and N

optionall,y substitu:(ed 1to2 ti1mes with halo, (C4.3)alkyl and O-(Cs)alkyl.

The compound according to any one of claims 1 to 9 wherein R®is H, halo or
(Cqs)alkyl.

The compound according to claim 10 wherein R%isH, F, Clor (Ci)alkyl.
The compound according to claim 11 wherein R®is H or CHs.
The compound according to claim 12 wherein R%is H.

The compound according to any one of claims 1 to 13 wherein R’ is H, halo
or (C1.3)a|kY|.

The compound according to claim 14 wherein R’ isH, F, Clor (Ci.o)alkyl.
The compound according to claim 15 wherein R’ is H, F, Cl or CHs.

The compound according to claim 16 wherein R is H or CHs.

The compound according to claim 17 wherein R’ is H.

The compound according to claim 1 having the following formula:

wherein R*, R® and R’ are defined as:
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518.0 -142 WD 2009/ 062285 PCT/ CA2008/ 001611 Cpd R4
R6 R7 tRMS (min) (MH+ F CH 1127 C HH 4.9 416. 2/

W@ 1®9B6228 Br 498.0/ 1128 Cl /_\ F H 5.4 500. OPCT/CEO@8001611
F 1129 ~| HH 5.3 442.2/ 444.2 F Br 1130 H3Q\ H H
4.9 460.1/ 462.1 0 1131 f \ \ H-CH3 3.6 457.3 F C
Cl 450.11 1132 HCH3 5.2 452.1 / 454.1 F C 1133 Cl
454.1 | F Hb5.4 456.1/ 458.1 F 1134 G \ F H 5.2

434 2/ R4 R6 R7
cl CH, H
Ci H CHs
Cl
S0
F
§:§_/ H H ,
f >/: H H ,
o]
G) oL
CH,
f /> H H ,
H3C CH3
AR
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436.2 -143 WD 2009/ 062285 PCT/ CA2008/ 001611 Cpd R4

R6 R7 tRMS (min) (MH + F 450.1/ 1135 ~1 / \ C H
W@28946281 / 454.1 N 1136 S H H 3.0 407.1 CAW/BA2068/001611

Me 3.7 471.3 N C 1138 N H Me 5.0 463.2/ 465.2 |

Cl 1139 NF H M 4.8 468 . 2/ 469.2 F 1140 N H Me

4.4 447.3 1141 N H Me 3.1 441.2 H O 475.1 / 1142

C HC 5.4 477.11 479.1 -144 WD 2009/ 062285

PCT/ CA2008/ QUIGIT RCpd RA[R6 RF tRVB R?
CH,
Fro H H ;
Cl
2
H H
Br
f ’> H H :
0
H H :
£ F
0
S ; H H
Cl
H308 H H ’
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(nin) (MH+ 0 1143 HC 3.1 479 2/ NO 1144 HH
3.7 443.2 1145 HH 3.2 441.3 NF 1146 N HH 4.1

W@3B9/M62285 1147 H H 3.8 457.2 1148 N H H 2. 8 BTRCA2008001611
0 1149 HH 4.5 430.0 0 1150 Me H 3.7 457.2 N -145 WD
2009/ 062285 PCT/ CA2008/ 001611 Cpd Ra Rs R7 tR MS nin
MFH + O 1151 O H 3.0 477.3/ 479.3 N 8t'~ 1152 F H
2.8 461.3 O 1153 F Me 2.9 475.1 N

R® R’

A

H,C

Froe

O
T
T
I

w

-

i‘0
T
-
I

Free CH;

H CH;

W% [30 [}o
.
T

il
Qo

H CH;

-
T
I
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TABLE 2 Ra R3 COON NCH3 Cpd Ra RBtR M5 mn MH +
O1 2001 3.0 429.2 N O 2002 2.9 457.3 N Each of the

WO 2(00/06028%S |
and publ i cat

ncl udi ng al
i ons

pat ents,

pat ent appl PCHCA2008/001611
cited in the present application is

i ncorporated herein by reference inits entirety, as
if each of themis individually incorporated.
Further, it would be appreciated that, in the above
t eachi ng of inven[hon, the sKidered 7 m t t coul d
make certai n—changes @ = 146- RECTHFIEDSHEET ( RULE
91.1) WD 2009/ 062285 PCT/ CA2008/ 001611 nodificati ons
to the inventiaqg,, A these equivalients woulld still be
within the scope Yi_the invention [def Fhled by the
appended cl & nms qf /the application.| -147 WO
2009/ 062285 [PCT/ CA2008/ 001611 CLAIMS 1. An i somer,
racemat e, enantionmek or diasteriongr of conpounds of
formula (1) 4 RO CODN

H CH;

7 N\
N= H CH,

H CH;

H CH;

H CHs

H CH; ;

H CH,
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N CH3 (I) wherein R4 is aryl Het, wherein each of
the aryl and Het is optionally substituted with | to
w@2@alex283 uent s each i ndependently sel ected frpen/bakws/oo1611

or

(CL_6)al kyl, (C2_6)al kenyl, (C1_6)hal oal kyl,
(C3_7)cycloal kyl, -OH -Q(Cl.6)al kyl, -SH,
-S(Cl_6)al kyl, -NH2, -NH(C1_6)al kyl and
- N( ( CL. 6)a|ky|)2 wherein the (Cl_6)alkyl is
optional Iy substitrfed w fTh hygh OXy Cygho Of oxo; R6
and R7 are each dgindependentiy setected fromH, halo,
(C1_6)al kyl 6)ha|oa|ky|; wherein Het is a 4-
to 7-nmenbere unsat yrated or , aromatic
het erocycl e \ het efoat ois ebch
i ndependentlly selfected frromO, Nand S, or @ 7- to
14- menber ed |saturated, unsaturated jor aromatjc
het er opol ycylcl e havjSnifHwher ever posisible 1 tjo 5
het er oat ons,| each— ndependently sel ected fromO, N
and S; or a [sal an ester thereof. 2H,Thel conpound
according tg cla 1 wherein R4 is [Het optlonafly
substituted | wi 0 3 substituents each
i ndependent | y—s g—+rom-hato,—GEL6)altkyl ,
(C2_6) al kenyl|l , al oal kyl, (C3_7)cycl oal kyl, -OCH
-Q(CL. 6) al kyl , (C1] 6)a|ky|, - NH2,
-NH( C1_6) al ky| ((Cﬂ §) al kyl)2. 3. The |conpound
according ta Ef hErein R4 is |Het optionally
substituted | with 0 2 substituents each
i ndependent lly selected from hal o, (|C1_3)alkyl and
O (A _3)al kyl.— 4. Jke, compound according to claim 3
wherein R4 i|ls Het Optignallly substijtuted -148 WO
2009/ 062285 [PCT/ 8/ 001611 with 1 to 2
substituents eagh gpendent |y seliected fragmd, F,
CH3 and CHZCH3 wh n said Het i9g defined|las a 7- to
14- menber ed |saturgfed, wunsaturated or aronatic
het er opol ycycl e haV|nq wherever possible 1 tjo 2
het er oat ons,| each Lhdependently sellected frgmO0, N and
S. 5. The cg rding to claim3 wherlein R4 is
Het opti onal ut ed
H H :
0
R H H :
0
Froe H CHs
0
H,C a |H CHs ;
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with 1 to 2 substituents each independently sel ected

from hal o,

(

wa200d/062285 i s defi ned as a 9-

Cl_3) al kyl

and O (C1_3)al kyl,
10- menber ed

or

wher ei n

SPETICAL@®8/001611

unsaturated or aromatic heteropol ycycl e having

wher ever pos

si bl e

1 to 2 heteroatons,

each

i ndependently selected fromO0O, N and S. 6. The
compound according to claiml1 wherein R4 is phenyl

optionally UUbllkUIleU witth—Iget o 3rsubstituents each
I ndependent | fromtato,—(€t—4)yatkyl ,
(C1. 4) hal oal 4)al kyl , -NH2, -NH(C1| 6)al kyl
and -N((C1_ .~ 7. The conpound according to
claim1 wher aryll orcHet, Whergin each of
the aryl and ionally Substituted with |1 to 3
substituents ndependent |y se| ected from hal o,
(C1_6)al kyl,| (C2_6¥-al kenyl|, (Cl_6) hal oal kyl ,
(C3_ 7)cyc|oalky| -Q(CI.6)al ky[, -SH,
-S(C1_6) al kyll , - NH2 NH( C1_6) al kyl | and
-N((C1_6)al kyl)2; wherein|the (C1_6)al kyl is
optionally subs{d wi tth hyldr oxy, ckiano jor; oxo;
and wherein the ar S not nonosubstituted jat the
para positipon. 8. /The cornpound according to claiml
wherein R4 ils selected from S QOHN _ON ONHHNO
and optionally substifuted 1 to 3 tinmes wth halo,
(C1_3)al kyl jand O 3)alkyl. 9. |The conmpound
according to cl &in erein @j,is |selegted from -149
VD 2009/ 062285 PCT}EA2008/001611 @ 808 O NH HN and
optionally substi{uted 1 to 2 tines with haljo,
(C1_3) al kyl @ERrt—Oo(€Ct=-3)ralkyt—316—Fhe—econpound
according tg any one of°clains 1 tg 9 wherein R6 is H,
halo or (Cl_3)alk 11. |The conpound accoriding to
cl aim 10 wherern R H |F, di or |(C1_H)al Kyl ;
CI""Q@ H H :
C—ig/\é H H ;
Cle H H
0
|
H H :
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12. The conpound according to claim 11 wherein R6 is H
or CH3. 13. The conpound according to claim 12 wherein
WOR009862485 14. The conpound accordi ng to any oneCDECA2008/001611

claine 1 to 13 wherein R7 is H, halo

or (C1

_3)al kyl .

15. The conpound according to claim 14 wherein R7 is

H F, d or (Cl_2)alkyl. 16. The conpound according
to claim15 wherein R7 is H F, O or CH3. 17. The
conpound accprdinggeo claimm Igewhereim & s H or CH3.
18. The conppurmd—accorging to ctarmi7zwherein R7 is
H. 19. The cjonpoun cording to claim21 havjng the
follow ng formla; O6 = COON [ R N CH3 wherein
R4, R6 and R7 are ned [as: H-150 woC¥b09/ 062285
PCT/ CA2008/ 001611 /R4 R6 R7 ci CH3 H ci HQH3 ci HF
FHH HH OHH-CH3/ \VHH H3QCH3 HH
0
H H ;
CH,

CH3 H

CH3 H

H CH;

CH; H

CH20H3 H ;
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151 WO 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7 CH

Fl-.,. HH C F..... ~HH s HH Br/ \ HH OHH
WO-B00@062285 Cl b-CH3 HH H3C S HH -152 WO 20P9r/082@8%01611
PCT/ CA2008/ 001611 R4 R R7 0 HICHH F F..... HH

CH3 F\ HH F

R* R® R’
0
H,C F H H )
H H
H H
H H
H H
H H
H H ;
H H
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F.."" / HCH3 OHCH3 OFH HH Cd FHH HCH

-153 WD 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7 ci ci
wWOoO@bB68TCH3 H CH3 Br F..... / HCH3 ci F HEHBCAZ®8/001611
CHB FHCH3I F Ow F..... /| HCH3 O¢ci.... ./ HCH3 H
CH3 -154 WO 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7 C
CH3 HH

R* R® R’
F
F
H H ,
(¢}
H H
H H
H H
H H
H H ,
H H
H H ,
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SCHB HCH3 OH3Ccl HH Oci HH OC...... HH O

F,,,, HH OF- ,, HCH3 0 H3Cci HCH3 -155 WO
WQe®9/H32285 PCT/ CA2008/ 001611 R4 R6 R7 co  HBeT/CA®0BI001611
OHCHH ¢l F,,,., CHBH CHBHH HH ci HH
Ci...... / HH O HH
R* R® R’
CH
7\ ’
N= H H
CH
7\ :
N= H CH,
H 0]
H H

H CHs :
H H
H H

\

Iz
I
I

\

=z
I

CH;
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-156 WD 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7 ci

F...., / HCH3 OHH CH3OCH3I H O0d ..... CH3 H
wWO22HBRs50 C .... HCH3 O CH3 H cl CH2CH3 PCT/€AZ008/001611

WO 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7T O H3C /

~ FHH OFHH FOFI" HH O

R4 R6 R7
0]
cl F H
Cl
7\
N= H CH,
7\
N= H CHs;

H H
H H ,
H H
F Br
0
F H
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ci HH OHH OHIC O/ \ HH; Owci,.,. / HH H3C

O -158 WD 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7T F F
woddoe2€H CH3 HH3 O H3¢ HH «cl,,,/ HH Or¢r/EHA2098/001611

ci HH Oci / \ HH s HH -159 WO 2009/ 062285

PCT/ CA2008/ 001611 R4 R6 R7 CH3

R® R’
Cl H ;
O
Cl H
— O
H H
\é i H H
H O
H CH, ,
O
CH, CH,
— O
cl H H
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HCH3 OFF HH
-160 WD 2009/ 062285
H3c HH

ci

FH CN HBEH3CARIIGBIBO1611

HH F Br

R7

R6

CH,

Froee

Ci
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OFH 1J- 161 WD 2009/062285 PCT/ CA2008/ 001611 R4
ReRTHOCO H 0O H OHH HH HOHCH 0 CH3
w@eB9/oed28s- 0 HH -162 WD 2009/ 062285 PCT/ CA20R8r/0A1®8/801611

R4 R66 RT F--\ ,..\ OHH OFH HOCHIH F..... ~ H
H
R* R® R’
0
C| ""'F H H
0
cl i Cl H ;

Cl H ;
F H
Cl H ;
H o]
cl H CH;
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NHOci HH HHH c¢ci HH - 163 W) 2009/062285

PCT/ CA2008/ 001611 R4 R6 R7T O G [/ .,,11F HH Oci
wW0200062268 H 0 C H HO¢ci FH Hco ci QCHCARI0B001611

G CH3H HOC HCH3 - 164 WD 2009/062285

PCT/ CA2008/ 001611 R4 R6 R7 Fcl cl,,, . HH cl d
/ \ HH

R* R® R’

F cl
H H
H H
H H ,
H H
H H ,
H H
F CH,
F CH; ,
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cl
cl

H

HH oHH o cl-

\c HH F cl

HH Co FCH3 HO

/ \CF CH3 - 165 WD 2009/062285 PCT/ CA2008/ 001611
w46 R2s F HH FHH O FCH3 F Br C H CH3PCFCA2008l001611
FBr G HH FBr G C H F CH3
R* R R’
F
C|~-~Q H H ’
F
= f /> H H
O
F CH-
F Br
C'%j H CH, ;
F
CI@ H H
F Br
CI*%j H H
F Br
C'@ ol H
F CH,
CI4§;§ H H

- 166 -



HH -166 WO 2009/ 062285 PCT/ CA2008/ 001611
Br d FH FC HH F Br

R4 R6 R7 F

H3C\ HH OH-CH3 NF C

w@ookloe8sF CI I FH FCA FH FC d H

2009/ 062285 PCT/ CA2008/ 001611

- 1B7T/0A2008/001611

R4 R R NS HH and

pharmaceutically acceptable salts or esters thereof.
20. The conpound according to claim1 having the
following formula: R4 O R6 COCH

R4 RG R7
F Br
¢l F H
F
cl H H
F Br
H3C‘§j H H
0
\ H -CH,
. N
F Cl
C"%j H CH,
F Cl
CI‘%} F H
F
Cl‘gj F H
F
C"§:§ cl H
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R N CH3 wherein R4, R6 and R7 are defined as: -168

WO 2009/ 062285 PCT/ CA2008/ 001611 R4 R6 R7 0 HMe N
w@hoooke2286 Me f \ G N FHM FN HM H MCT/HNARS001611

G HAd OHCd \ - 169 W 2009/062285

PCT/ CA2008/ 001611 R4A R R7T OHH NHH N/ FN HH

R* R® R’

"N

S and

pharmaceutically acceptable salts or esters thereof.

20. The compound according to claim 1 having the following formula:

wherein R* R® and R’ are defined as:
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oHH N HH NOHH OMH NOC H N-

170 WO

2009/ 062285 PCT/ CA2008/001611 R7 RaR6 O FH O F M
wa@eao/obt2phar maceuti cal ly acceptabl e salts or eBCECA2008/001611

t her eof .

21. The conpound according to claiml
R4 R3 COON N CH3 wherein R3

the follow ng fornula:

havi ng

and R4 are defined as: R R and pharnaceutically
acceptable salts or esters thereof. 22. A conpound of
;ornul a (M amh‘gi ng—toTany gere of Cfoéi,fﬂ:?l to 21 or
H Me ;
cl
7\
Cl
7\
N=— F H Me :
H Me ;
7\
H Ci
H Ci ;

- 169 -



pharmaceutically acceptable salt or ester thereof, as
a nedi canent. 23. A pharnmaceutical conposition

W@ 628y a therapeutically effective anountPCDEA2008/001611
conmpound of forrmula (I) according to any one of clains
| to 21 or a pharmaceutically acceptable salt or
ester thereof; and one or nore -171- RECTIFI ED SHEET
(RULE 91.1) WD 2009/ 062285 PCT/ CA2008/ 001611

phar maceut i ¢alty—acgceptable bﬂBliEIb. 24— The
phar maceut i ¢al corfposi tiop according t & cl aijm 23
addi tional | conpr Psi at | east one other (antivira

agent. 25. The
in claim24|whef
agent conprises
pharnaceuti&alx\
wher ei n t he tat—-east
conpri ses at
conposi tion

cal conposition as defined
I leapt one gjher jantivira
one NNRTI .| 26. The
n as defimed in claim?24
ot-her—antvi+ral—agent
NRTI . 27. The pharmaceutica
inl claim24 wherein the at
| east one T (ra] agéht conprises at |east
one protease or/ 2B8. The pharmaceuti ¢ca
conposition|as defiMed in| clai m24|wherein tthe at
| east one other antiviral] agent conprises at | east
one entry inhibitof. 29. [The pharnﬁceutica
conpositionjas fefWhned in cIain124Jmherein tthe at
| east one othe @ ral] ageéht conpritses at | east
one integrase inhikitor. B0. Use of a pharn?ceutica
conposi tionjaccording to any one of clains 23 to 29
for the treatnent of an HV infection in_a mammal
having or af risk pf~having the infection. |31. A
nmet hod of treating an HV infection in a mammal having
or at risk %f AVi thel i nfection, the nethod
conpri sing adm\nis \Ng to the m | H ;
therapeutically“ef i ve] anount of a conpound of
formula (1) |according to | any one ¢f clainms|l to 21, a
phar maceuti cal |l y acceptabl e salt on ester thereof, or
a composition accowolng to any onefof 23 t0(29. 32. A
O

met hod of treat jphg H V| infection in a mammal havi ng

or at risk of (2vihg (the| infectio , the nmethod
conprising adm 'ng Fo t ke ma | H ;
N o]
\ H H
Me H
0
\ Cl H ;
=
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therapeutically effective anmount of a conbination of a

conpound of formula (1) according to any one of
w@b@bs2285t 0 21 or a pharmaceutical ly accept abPer/cado8/001611

or ester thereof, and at | east one other antiviral

agent; or a conposition -172 WD 2009/ 062285

PCT/ CA2008/ 001611 acgerding|to Rhy ohe of7 cldi ns 23

to 29. 33. Use ¢f—a—eonpeundet—terma—(H—agcording

to any one of cliainms_1/to\21, or a pharmaceutfically

acceptabl e salt jor gst\yr fhereof, for|the tredtnent of

an HV infection iR ymal having pr at' ri gk of

having the infegtion. 34./Use¢ of a cofpound of| fornul a

(1) according tQq_any one of ¢lains 1 fo 21, orl a

phar maceutical |y accepy¥b\e salt or epter therleof, for

t he manuf acture|of 3 difcamrent for the treat ment of

an H V infection in Weal | havifng of atMe ri 8"of

having the infegtiop. Aniarticle pf manufgcture

conprising a conposSttid

effective tojtreat anf H YV

i nfection; smactkady s epRbeishl] orespytheieb0 a | abel
whi ch indicates that the conposition can be used to
treat infection by H'V; wherein the conposition
conpri 8&s aThleosnogponok adcofdrgriv klain 1 hadrgribe hlioging formnka:
one of clains 1 to 21 or a pharmaceutically
acceptable salt or ester thereof. 36. A nethod of
inhibiting the replication %ﬁ HI pé conpri si ng exposi ng
the virus to an effective gnounf of the conpound of

formula (I) according SNGUEANYL Qf clains 1 to 21,
or a salt or ester th 1, %er EBRHi ti ons where
replication of HYV ig ip

i bited. 37. Use of a
conmpound of formula (I)>accd¥di ngHt o any one of clains
1to 2l to inhibit the actjvity of the H'V integrase
enzyme. 38. Use “YFerein Roapbiindie defineg@ful a (1) according
to any one of clains [T 10 g4, of[a palt|or ester
thereof, to inhibit thé Tepbeat| on of V. -173

\ H and

pharmaceutically acceptable salts or esters thereof.

22, A compound of formula () according to any one of claims 1tc 21 ora
pharmaceuticaily acceptable salt or ester thereof, as a medicament.

23. A pharmaceutical composition comprising a therapeutically effective amount
of a compound of formula (1) according to any one of claims 1t0 21 ora
pharmaceutically acceptable salt or ester thereof, and one or more
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pharmaceutically acceptable carriers.

24, The pharmaceutical composition according to claim 23 additionally

comprising at least one other antiviral agent.

25. The pharmaceutical composition as defined in claim 24 wherein the at least

one other antiviral agent comprises at least one NNRTI.

26. The pharmaceutical composition as defined in claim 24 wherein the at least

one other antiviral agent comprises at least one NRTI.

27. The pharmaceutical composition as defined in claim 24 wherein the at least

one other antiviral agent comprises at least one protease inhibitor.

28. The pharmaceutical composition as defined in claim 24 wherein the at least

one other antiviral agent comprises at least one entry inhibitor.

29. The pharmaceutical composition as defined in claim 24 wherein the at least

one other antiviral agent comprises at least one integrase inhibitor.

30. Use of a pharmaceutical composition according to any one of claims 23 to 29
for the treatment of an HIV infection in a mammal having or at risk of having

the infection.

31. A method of treating an HIV infection in a mammal having or at risk of having
the infection, the method comprising administering to the mammal a
therapeutically effective amount of a compound of formula (I) according to
any one of claims 1 to 21, a pharmaceutically acceptable salt or ester thereof,

or a composition according to any one of 23 to 29.

32, A method of treating an HIV infection in a mammal having or at risk of having
the infection, the method comprising administering to the mammal a
therapeutically effective amount of a combination of a compound of formula
(1) according to any one of claims 1 to 21 or a pharmaceutically acceptable

salt or ester thereof, and at least one other antiviral agent; or a composition
-172 -



WO 2009/062285 PCT/CA2008/001611

33.

34.

35.

36.

37.

38.

according to any one of claims 23 to 29.

Use of a compound of formula (l) according to any one of claims 1 to 21, or a
pharmaceutically acceptable salt or ester thereof, for the treatment of an HIV

infection in @ mammal having or at risk of having the infection.

Use of a compound of formula () according to any one of claims 1 to 21, or a
pharmaceutically acceptable salt or ester thereof, for the manufacture of a
medicament for the treatment of an HIV infection in a mammal having or at

risk of having the infection.

An article of manufacture comprising a composition effective to treat an HIV
infection; and packaging material comprising a label which indicates that the
composition can be used to treat infection by HIV; wherein the composition
comprises a compound of formula (1) according to any one of claims 1 to 21

or a pharmaceutically acceptable salt or ester thereof.

A method of inhibiting the replication of HIV comprising exposing the virus to
an effective amount of the compound of formula (1) according to any one of
claims 1 to 21, or a salt or ester thereof, under conditions where replication of
HIV is inhibited.

Use of a compound of formula (1) according to any one of claims 1 to 21 to

inhibit the activity of the HIV integrase enzyme.

Use of a compound of formula (1) according to any one of claims 1 to 21, or a

salt or ester thereof, to inhibit the replication of HIV.
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