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INHIBITORS OF HUMAN IMMUNODEFICIENCY VIRUS
REPLICATION FIELD OF THE INVENTION The present
invention relates to compounds, compositions and methods
for the 5Streatment of human immunodeficiency virus (HIV)
infe CHBMBITOREr GEHEN AN SMIMBISMERRRION RO FES IHEHION
inhibitors of HIV replication, pharmaceutical compositions
cRNRIG suchgpmpounds and methods for using these

om unds in the atment of ! mathods for the
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one additional approved drug targeting 9741 to inhibit viral

N AR\ithin the reverse transcriptase inhibitor and
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61: 294 295. SUMMARY The present disclosure provides a

novel series of compounds ha\éln?mlnhlgltorz/ activit vity, %q[%; activity.
I—fwaféiﬁﬁ(’?ﬁf%ﬁa@hﬁﬁ%‘r%’o%? Teplesentative compounds

the disclosure have activity as inhibitors in a cell-based HIV
réplioatondasgsycPuither 30 objects of this disclosure arise

for the one skilled in the art fro ﬂte\folle,wlng description

and the examples. One aspec%tﬁe nvention provide a
compound of formula (I): R X whefein Bond" ‘ais a double

bond and bond b is a smthe«‘bﬁqd/\RBBbm/ ais a single

bond and bond b is a double. bend; )@5 @ or NR1 when

bond a is a sindle bond; or X is N When bond a is a double
brrd;dieds &l 2 (i) adkyl;=(0:dd iG}oaloalikyknesis of pyranoi2, 3-biquinoling
(GR=MBY Gl eakylAGls®)alieykie HetdCAdalkyl sl Owdeseinos 296,
Het is a 5- or 6-membered aromatic heterocycle having 1
ob@MarYeteroatoms and wherein each of the (01..6)alkyl,
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fe is (C1_6)alkylidene and bond c is a double bond;
wherein Y is 0 or S and R31 is (C16)alkyl,(C2_6)alkenyl,
20(C2_6)alkynyl, (C3, 4cycloa|ky| aryl,
(C3,7)cycloalkyl-(C1.6)alk X &gl 6 ”ﬁX ao&)
CP-'i‘@taE@‘id BY RIS ﬁet IS mg mem
unsaturated or aromatic heterocxcle ha,ylng 1 or 2
heteroatoms each independently selqcted from O and N;
and wherein each o‘Fﬂqe,(G@alk;gudeﬁe,(QQHS)haloalkyl
(C2_6)alkenyl, (C2. 6)aIRynyI (Cs. 7)cycloalkyl (Cl..6)alkyl-,
ary1-(Cl_5)alkyl-, Hgtf(fil\sﬁfkyk andw="Y-R31 js optionally
Hbsltétuted with 1 to 3 substituents each mdependently
sefétted from (C1)alkyl, halo, cyano, mat and
H0(3E. BIARe RA T pheri Brenaphikyior Het, wherein Net
is a 5-bor6-menrerechunsatyratedsor @romaticcheterocycle
having Liror2deiematoms-aach-irdependently selected
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unsatutateekeraromatichelegycle. haagyL(to.dalkyl-, ary-(C1salkyi-
heteraatemaeagh independently selected from 0, N and S,
or a 7- to 14-membered saturated, unsaturated or aromatic
heteropolycycle haying wherever possible 1 to 5
heteroatoms, each independently selected from 0, N and Si
and wherein 'aryl", if not otherwise specified hereinbefore,

is a carbooyclic aromatic monocyclic group containing 6
carbon atoms which may be further fused to a second 5- or
6-membered carbocyclic group which may be aromatic,
saturated or unsaturated; or a salt thereof In another
aspect, there is provided a compound of the formula/ R4
111000H wherein R2, R2l, R4, Re and R7 are defined
according to the foliowing table! Cpd ReR7
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1007 OH" OH ' 1008 CH, OH, /2?x 1,71 009 Br 11010
-CH(CH3)2 < ,OH, P.01CH3LI1THLOH.11
1012CH3CIH 1013 OH.!l cH3 OH 3301H 014 CH3 C/-1 e

Cl 111

wherein Het is & 5-membered unsattirated or aromatic heterocycle having 1 or 2
heteroatnms each independently seiected from O and N: and wherein each of the
(Crpralkylidene, {C.g)aliy, {Crelhaloalkyl, (Cogiatkenyl, (Cag)aikynyl,
(Caricycloalkyi-(Cqg)alicyl-, aryi-(Cy galky-, Het-(C,galiyl- and -¥-R i

5 optionally substituted with 1 to 3 substituents each independently selected from

15

{Cr.0)alkyl, halo, cyano, oxo and -O(Cs.satkyl:
R* is phenyl or naphthvi or Het, wherein Het is a 5-or 8-mambered uUnsaturated or

aromatic heterocycie having 1or?2 nnzeroaroms sach lndﬂpmndenﬂy seiected
from O, N and 8, orz &- to 14-membered unsaturated or aromatic
heteropolycyoie having 1 or 2 heteroatomns . egch independently selacted from O,
N and 5; wherein sach of the phenyl, naphthyl and Het is optionally substityted
with 1 to 5 substituents each independently selectad from hale, (Cy.galkyl,
{Craalanyl, (.. sihaloalkyl, (T sicvetoaikyl, -OH, -O(Cs)alkyl, -SH,
-S{Csalkyl, -NH;,

NE{(C glalkyl and -N((T, slatkylls: whereir the (Cisialiy] is Cptionally
substituted with hvdroxy, cyvano or oxo:

g 7 : :
R" and R are each independently selested from H, halo, (T, sxalkyl and
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1015CH3 NC.I!" _-3b- R8Cpdrl-4 10240H OH.

1025CH 0260H .-/ i3 11\[IN],

(Cgihaioalkyl;

with the proviso that when
bond 2 is a single bond and bond b is 2 double bond; and
Xis NRYR'is H:iand R%is O, and
R* is unsubstituted pheny;; R® is CL R is & and
hond c© is & double bond; then
7* iz not =CH-CH(CH;z:, and

wherein Het if not otharwise snecified hersinbefors, is & 4- 1o 7-membered
saturated, unsaturated or aromatic neterocycle having 1 to 4 hetercatoms
gach independently selacted from O, N and §, or a 7- iv 14-memberad
safurated, unsaturated or arornatic heteropolycycie having wherever

possibie 1 fo 5 heteroatoms, each independently selected from C, N and §,

and

wherein “aryl”, if not otherwise specified hereinbefore. is a carbocyciic aromatic
monocyeiic group containing 8 carbon atoms which may be further fused o a
sacond 5- or 6-membered carbocyclic group which may be aromatic, saturated or
unsaturated;

or a salt thereof
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In another aspect, there is provided a compound of the formula:
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OKrTh21,Clr___
provided a compound of the formula: wherein R', R3, R4

and R6 are defined according to the following table:
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2003 117 CI In another aspect, there is provided a
compound of the formula: wherein R3, R4 and R6 are
defined according to the following table: CpdR31 R6-3) Br
Dlsclosed is a compound of formula (I) ora

pharma cally ga ‘ ; e S& TR
medlcament Still another aspect of 1h|s inventign provides
a pharrn@g%utlcaLoomp 35|t|oncompr|sing acompound of
formula (1) as defined above, or a pharmacefutlcallyE .
acceptabIeealttheFeeLaneLoneewqu&phatmaeéuﬁedﬂy—w—I
acceptable carriers. Acc ordlngto an embodiment of thls
aspect, tHe ’pharmﬁoeut cal:coniposition according to this
disclosure addltlonally comprises at least onemot_h_e_g ________
antiviral agent. The disclosureaiso prowdes“the use of a
pharmaoemtldal cormposition- asﬁescnbed he%élnabov@ foru
the treatment of an HIV infection in a maminal having or at
risk of having the infection. Also disclosed is aamethod of
treating an HIV infection in a mammal hav ng“\or at risk of
having tAé'fhfectibh the method ioompnsn<g_@tém|nlste1‘|no**
to the mammal atherapbuttcally effectiveamount ofa ;
COI’npOli,IIIuI UI IUIIIIUIcl U), ad plldlllldbtﬂuubd,ﬂy aou—.‘pthle
salt or ester thereof, or a composition therepf-as described
hereinaibﬂ\ze AlsoJolscIosectte\amethod ftreatlng an HIV
infection in a mammal havuch or at nsk of havmg the
infectiop,
mamm I a therapeutlcal'ly effegtive amounf of a | A
combinatitii of a E8mpound6f formula (1) 67a-,, & P
pharmaceutlcallv acceptable salt or ester’ thereof and 5at
least one other antiviral agent Qra composmon‘theIJeOf

Also WI h|n ghe sc(oﬁe of thls d§closure |s//the\use ofa '
compoun& of formula (I) as Cdescnbec;l herem ora ,
pharmaceutlcally accepuable salt or ester thereof, for the
treatment of an HIV mfectlon m@ mammaI hawng or at rlsk

]
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Also disclosed is the use of a compound of formula () as
described herein, 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. 15 Also disclosed is an article of

manufactueg.L
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The term "(C2")alkynyl", 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,
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The term "heteropolycycie" as used herein and unless
specified otherwise, either alone or in combination with
another radical, is intended to mean a heterocycle as
25defined above fused to one or more other cycle,

including a carbocycle, a heterocycle or any other cycle; or
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30Lists of suitable salts are found in, for example, S.M.

Birge et al., J. Pharm. Sci.,

1977,66, pp. 1-19. 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
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15for the formation and/or replication of a virus in a
mammal. The term "inhibitor of HIV replication" as used
herein is intended to mean an agent capable of reducing or
eliminating the ability of HIV to replicate in a host cell,
whether in vitro, ex vivo or in vivo. 20 Preferred
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single bond. In this embodiment, the compounds of the

invention are represented by formula (1d): R4 R72 (Id).

wherein ¢, R2, R3, R4, R6 and R7 areas defined herein. It
will be apparent to a person skilled in the art that, when

bond c is a single bond, 5the carbon atom bonded to the
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R7CY--R2(1h). wherein R2, R3, R4, R6 and R7 are as
defined herein. Core-lIn another embodiment, the
compounds of the invention are 10represented by formula
(10: wherein RI, R2, R3, 124, R6 and Ire are as defined

herein. 4n_angthpr pmhndlmpnt the comoounds of
the inv adre-re A red-by Formula (D: 15 COOQE-1 R
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NH. or 5Any and each individual definition of 12.1 as set
out herein may be combined with any and each individual
definition of ¢, R3, R4, R6 and R7 as set out herein. R2:

R2-A: In one embodiment, When bond b is a double bond,
R2 |S O| Stz Mhhdlmenf \Alhgn nnr{

b is a singte bond; R27s(C;6)alkyl or=0(0L.6)alkytR2-C: R
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embodiment, when bonﬁ*b is a single bond+B’Z is -CH3 or
-CH2C HawR2-H: In ano{her embodlment<wﬁen bond b iss,
a singlé bond, R2 is -CHB Any and each mo‘ﬁndual '
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with any and each individual definition of ¢, X, R1, R3, R4,
R6 and R7 as set out herein. 25 R3: R3-A: In one
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#6Ad c is a double bond. 5R3-D: In another embodiment,
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tm”’f)%”tfﬁﬁeocv\ﬂﬁ? 15188 KBstituents each independently
selected from (C6)alkyl, halo, cyano, oxo and -O(C16)alkyl;
and bond c is a single bond.
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R3-F In another embodiment, R3 is -04C1.6)alkyl,
20-0-(C2_6)alkenyl, -0-(C2_6)alkynyl, -0-(C3.7)cycloalkyl,
-0-aryl, (03.7)cycloalbY1-(C14alkyl1-0-, aryl-(C1_6)alkyl-O-
or Het-(C1.6)alkyl-0-; wherein each of the -0-(C1_6)alkyl,
alk ny, C37)cycloalky|

’f@?&?ﬁ*e%%%%’%gé’fﬁ%f T R oyl 1o

BHEREE (0T °55alRyRDM S 6 ftiohENsuthstinateet withpdstm 3
HIstitients ieach25md tpendenthysaiected fram (Cl)atration of
halopeyanoicox=and-O(0d-tialyt-ans-bendc isasitgdlenaret, and
Do R khanatheembodiment R3 ds.:0(C1..6)alkyl,
-0-(C1_ 6)ha|oa|ky| 0-(02.6)alkenyl, -0(C2.6)alkynyl,
AQO(&%QXS'Q%% d g déo%sgj(cs 4gyu%le agléyl Cl 3 %Mll'a%ia

et- erein Het1sa 5 Rember
%’e'br%dc “éF “h%\ﬁ ﬁaai%%éﬁéfr%%f@m@e%w ileereeinty e
'sé @é?é%f oM N 'R d S narerwhierein @athsobtheving the infection.
-0(C1.6)alkyl, -0-(C34cycloalkyl and Het-(C1_3)alkyl-0- is
VptitiFRAMRES i ttiRR B WitPa@ siibstitisefitsseach

déﬁd&ﬂem&%ﬁaﬂhﬁr@@@%ﬂzewgny acceptable salt or ester thereof, for the
@4;@187@13&%594%%%0%/99%% Do (el cyan;

h%ﬁ’g%?qr,g( 6)a k%' an bon elsasmgle on
in another embodimn ’is-0(01_6)aikyl,

-0- (Cl 6)haloalkyl, O(C2 6)alkenyl, 0(C2.6)alkynyl or

25o(es'rey i gaRTESv reineet ofthasi(€1.4)alkyl and
COOREBTeYRsoalkyHsteptionaliycsubstituteckanithy Hedha: comprnising a
abstituentseackindependentlyaelectea:fiom4G1alkyl .
veyan0; OXaranski- (G ANy Landhend 6 5.2 si %L%rmq% this

dfBslitonn pihenamisesimentpBiisaQ(Qalkyl wherein
-0(Ci.dalkyl is 10optionally substituted Wlth 1to %

mggg&tggqgg@hl&d&p ﬂ ntll¥esreal ected fr(gm cyano, 0xo

H?Vnd -0(01.5)alkyl: and bon cls a sin Fé%ond 123-J: In
ncoqéﬁ%?s@ﬁw%aﬁﬁeﬁ‘ﬁ HEie @(@SQF)‘&I Rylo e o Trisad of

"itiefd bR A 23R e emetherernbudimenteR isisalectaay s

infié¥ps CH, 0 ?CH, 15-00H3, -OCH2CH3, -OCH2CH2CH3,

. -OCH(CH3)2, H,CF"0 "3. 0OCH oe , OCH2CH2CH2CHS3,

FuB@rtnd @8 )Ch2€dd8ef he dGHIE iH18) 25206 ECHRIZund of formula (1)

oralgatt or ester thereof, to inhibit the repiication of HIV.

Further disclosed is a derivative of a compound of formula (1), the derivative comprising a

" detectable label.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
As used harein, the following definitiors appiy uniess otherwige noted:

-4 -



CF,CH,CI CH, CHO CH3 CH,CH, '/5"A"CH3 00 WO
2007/131350PCT/CA2m7/000845 Any and each individual
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with any and each individual definition of a, b, X, RI, R2,
R4, R6 and R7 as set out herein. 10R4: R4-A: In one
embodiment, R4 is aryl optionally substituted with 1 to 5
substituents each independently selected from halo,

(Gl3alkd, kOR . Hlalkenvly (GLihaloalkyl, %@%ﬂ%@'is intended to
gg!a'n Qﬂ(%%é%lg(ybaé@mwgﬂgmciw ag/%]é)ﬁ X 9‘93 a carbcin atom, &

C1t6 1)2; wherelnt e 15 al |so tional

15subst uf’eé ?}fﬁ Aoy &y ala‘lyO o 0&4 il %ﬁr JiAwpen
e%%?f&w%%‘t‘“ﬁﬁd.%‘mﬁ'ﬁ?%ﬁ W‘Wéﬁﬁ ‘Wﬁ% AAHRSBRhERY

i BB SUBBHELRE A WHITOr e 3T SUipstitise s @drett fragment thereof
irciepestdenttysselectedcfronthialss (€ temdalikiplsuch as are recognized
(624alkenyds (Chdhaloalkyl, (C3.4cycloalkyl, -OH,
-0(C1l4alkyr,-S(C1.4)alkyl, -NH2, -NH(C1.4)alkyl and
m(gcam%kx;a%t 20terein e (ChAalyl ORI, e or

sub titute

other
1nag:on wi anq her ré(é(z;%??n?enéﬂ%o mea{)tu%éc(lgc iralahtt or:?ranched

em 0 |ment tionally subs

su A d‘%écﬁo”ﬁ%i%ﬁ%ﬁ%ﬁt@%%ﬁéjc?fé?i%mf%ﬁl’é‘ky* nciudes, butis
(QOihﬁlWltO(@?&aiieéWyl PREY. Y PARYAIBHY (O ey tivaikdathy!
-GrRHPC 1 Ryl B H (eSO 1Y) alkgth vINetD| (NH(GL4alkyinethyletiyl
alred- N Chehal kyd) e where inihei{o4 yabyd istaptionallygroup; £t
stbstitizadomith-yd roxy¥aBn 0re5 040 R &R B @NONes iethy
enbodiment:R4 is.phenyl aptiapallysubstituted with1,9r.2s

substituents each independently selected from F, ClI, Br,

H 2CH2CH3, -CH(OH3)2, -C(OH3)3,
g]a%édm giéadg‘ﬁ as&ﬁfﬁe:w v&ﬁnzﬂe E.r_an mte r e: ?/r alone orin

ﬂb'ﬂﬁ@wfh BeEHE - geﬁ@deq\}wﬁ%ﬂz%@ﬁmqt or branched

TOCRBC K% EH8CE. N Re-Earcarithe reisotherant o a
R delsdtetinfrgier©Has<Gibs 8 OMe:HM306Mabie H3C
5anddR4iEerkt anotherembodiment;cR4ris acgrodp, 0b.cH.CH=,
formula: R" WherelgbR4 is selected from halo, (01_4)alkyl
a}g% l@iﬁhalozﬂkg&

and groups. Unless specified otherwise, the term
{Cunjatkylidene” is understood to encompass individual steresisomers where
possible, including but not limited to (E) and (Z) isomers, and mixtures thereof. When
a {Canjalkylidene group is substituted, it is understood to be substituted on any
carben atom thereof which wouid otherwise bear a hydrogen atem, unless specified
otherwise, such that the substitution would give rise to a chemically stable

compound, such as are recognized by those skilled in the art.

The term Y(Conjalkenyl”, as used herein, wherein n is an integer, either alone or in

combination with ancther radical, is intended to mean an unsaturated, acyclic

Y.



10R4-G: In an alternative embodiment, R4 is Het optionally
substituted with 1 to 5 substituents each independently

WO Heleetst from halo, (01_6)alkyl, (C2_6)alkenyl,  PCT/CA2007/000845
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(C1_6)haloalkyl, (C3_7)cycloalkyl, -OH, -0(014alkyl, -SH,
-S(C16)alkyl, -NH2, - 23 - -NH(C1.5)aikyl and

-N((C1_6dalky1)2; wherein the (C,,G)alkyl is optionally
sgkbasgnme@rmtwypmyd@{@%%wo R4 ELADRABINEL feast two of
%Fﬁ@ﬂ%%’&%@@? é%%&né?éy@ &8&889(%‘% Xre?é%?ssc%%t“&% radicals

(Eii%su % lm% cg e iﬁ’i nd ern s€lecte i ch tenyt

hao (CL6JaIkyi andBD(C oyatkyl wheF ’fhe?—%lte”sv EYCER e

oV ESHERTS ?8& tPl%?Bﬁi}%l‘@Fﬁ‘a(ﬁ ﬁ@af%y 3 ‘ﬁé‘f@?ﬁfﬁfﬁ?ﬁ%e“mmpass

e AEMTHE SISETRRE AT e IR e R TR Orard | Seidmilee FEDiend (2
ipmers1 9Membes d¢ hetdropolyycleidsaviogub tos8ostituted, itis

hetesrcatamsmeachsindepengdentyselaated:feomMsrQvand Serwise

10RA:l-nranotheraliepativeirmbadimaent.BAds HEbussttution would

OQUQ@% §gpé”%@@t%@c&r&ﬁognﬁugﬁﬂtgg%r&%gptzed by those skilled in
independently selected from halo, (01..6)alkyl and

-0(C,_6)alkyl; wherein the Het is selected from, WO
2007/131350PCT/CA2007/000845 OMe 5/, and Any and

e eh AN duA K i oeo R R S B it hetTis i s alone or I
cenfibimdenwith sy eirfelisach ingividualtefirtiorsofated, Tyclic
XetRdhife HRB:HRE dad Riiascsat ot herein. @nenskiled-dnsast wo of
theiarewitoresoghize-tbatvwhen e B4 subshientsisnaticals incude,
symunatsicalikdR substitutedghout. H&%M!Sa% FO&@W @hen

the, qQMﬁH@eB ,@gﬁé,tmemrsur&@é nal, OIS on any carvor

at opisor E}apewgogsolt le, Compounds of t te invention in_ -
?1 Substituent is not sym eHie Ay SuBLeRarege e

a% ?ﬁ“ﬁ?e%%‘s“@f Pb%&ﬁ%ﬁ%%ﬁ%ﬁﬁ&%&ﬁéﬁmawcfcs*yé%e

arvd TRShidtF R BAASEPPaFSAT bBAtR T IeHENCOOH and

R3 substituents is chiral, as described above, will have two
chrakceritersoalehindl dbbeatberiatonzandrasrotational 048 aione or in
ofcasymmeln, anthéhusitae alfepisanerswil ©Xishiassubstituent
dd@@&@ﬁﬁ@m% thr@‘é@rﬁgﬁ‘ akgqlsvéq!il%lcg@ét%@%&r Hhited to, cyciopropyl,
agyagsﬁem@m@ay %wa@gxu%hgsyqe;eqt?b'e and/or

separable, depending upon the fe ative amounts of each
atroplsomer resent at equilibrium, and the degree of steric
hiRArERCE t féﬁ%?i Ko ihb SrTtHiE Ahe Fagenars boh
W@ﬁﬁcﬁ%ﬁ%ﬁ YERUrS tontRTEONVErethesT 2Batropisonsdrs.mean an
Gticeadepdrated ) individeral sitropischiees mayeinterconveruostituted
rapiclyopsiowhysaithreachsathen to foramsan LsiliRriemMed above.
MR Ofr aLOPISRINBIS C7 2aky- ReLRErA 4R 9NGmited to,
empadiment, @yﬁoﬁbtﬁ%@wﬂg}c&% L«%&Q%?f&h&!ﬂ%ﬁw 1
%@pd&&%‘&% y%i ropylgm E %—f éébd\y ethgr

her e
qe%@ﬁ@”gi% ] Fﬁeﬁ’ “F?éc‘ghﬁf‘yﬁhéra%‘% iR ren
Sacrriiivritial %re%ﬁqmO%W@%tgﬁ%&f%%ﬁtma%@ubsmuems
comblned with any and each indiddual definition of a, b, c,

X, R1, R2, I:123, R4 and R7 as set out herein. 10 R7:



R7-A: In one embodiment, R7 is H or F. R7-B: In another
embodiment, R7 is H. 15Any and each individual definition

WO B R7ES set out herein may be combined with anyPafd42607/000845
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each individual definition.of a, b, c, X, Re, Re, Re, R4, R6
and fR2 as set out herein. Examples of preferred
subgeneric embodiments of the present invention are set

20forth indhedellowing.table, whereip ﬂ@@ﬂo@%ﬁ%g%@mr both, unless

ggg&!ﬂ“ QJ &9&@ 94“&99‘ kﬁé‘?%@ugﬁm‘ég \90%(1:(9 &y@g’sg{o a%hemtcaﬁy stable
definitions set forth above: %FEM gs tCoreR R2R3 R4

R6'R7E-1Core- B RIARS: R7K EX2Core-G

R2-A R3-B R4-BR6-AR7-A E-3 Core-C Rl-A R2-A R3-B
RW-@F(B‘-;QR??@ALE@Q I@Eﬁié,_ﬁiﬁeﬂwl@g_ﬂﬁ@@;g}m_@ﬂ with another radical, is
RBSACRYT A E2E CorecDHR 2:@R 8- BItBYRE-ARP-ArEiGng 6 carbon
Goseivhich may be further fused to a second 5- or 5-membered carbocyclic group

which may be arematic, saturated or unsaturated. Aryl includes, but is not limited to,
phenvl, indanyl, indenyt, 1-naphthyl, 2-naphthyl, tetrahydronaphthy! and
dihydronaphthyi.

The term "aryi-{C..,)Jalkyl-" as used herein, wherein n is an integer, either alone orin
combination with anocther radical, is intended to mean an alkyl radical having t to n
carbon atoms as defined above which is itself substituted with an aryf radical as
defined above, Examples of arvi~{C4.)atkyl- include, but are not limited 1o,
phanylmethyl (benzyl), 1-phenylethyl, 2-phenyiethyt and phenyipropyl. When an
aryi-(C1.)alkyl- group is subsiituted, it is understood that substituents may be
attached o either the aryl or the alkyl portion thereof or both, untess specified
ctherwise, such that the substitution would give rise to a chemically stabie

compound, such as are recognized by those skilled in the ar.

The term "Het" as usad herein, either alane or in combination with another radical, is
intended to mean a 4- 1o 7-membered saturated, unsaturated or aromatic
heterocycle having 1 to 4 hetercatoms each independently selected from Q, N and
S, ora 7- to 14-membered safurated, unsaturated or zromatic heteropoiycycle
having wherever possible 1 to 5 heteroatoms, each independently selected from O,
N and S, unless specified otherwise. When a Het group is substituted, itis
understood that substituents may be attached o any carbon atom or heteroatom
thereof which would otherwise bear a hydrogen atom, uniess specified otherwise
such that the substitution would give rise to a chemically stable compound, such as

are recognized by those skilled in the art.

The term “Het-(C,..Jalkyl-" as used herein and unless specified otherwise, wherein n
is an integer, either alone or in combination with ancther radical, is intended to mean
an alkyl radical having 1 to n carbon atoms as defined above which is itself

i
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R3-C R4-B R6-A RI-Al E-11Core-C A R2-A1R3-C R4-B
R6-A R7-A WO 21107/131350 PCT/CA2007/000845

subsiituted with a Het substituent as defined above. Examples of Het-(C,..)alkyi-
include, but are not fimited to, thienyimethyi, furyimeathyl, piperidinyiethyl, 2-
pyridinyimethyl, 3-pyndinyimethyl, 4-pyridinylmethyl, quinolinylpropyl, and the like.
When an Het-(C.,Jalkyl- group is substituted, it is understood that substituents may
be attached {0 either the Het or the alkyl portion thereof or both, unless specified
otherwiss, such that the substitulion would give rise to a chemically stable

compound, such as are recognized by those skilled in the art

The term “heteroatom” as used herein is intended to mean O, S or N,

The term "heterocycle” as used herein and uniess specified otherwise, either alone
or in combination with another radical, is intended to mean a 3- to 7-membered
saturated, unsaturated or aromatic heterocycle containing from 1 to 4 heteroatoms
each independently selected from Q, N and $; or & monovalent radical derived by
removal of a hydrogen atom therefrom. Examples of such heterocycles include, but
are not timited to, azetidine, pyrrolidine, tetrahydrofuran, tetrahydrothiophens,
thiazolidine, oxazolidine, pyrrole, thiophene, furan, pyrazole, imidazoie, isoxazole,
oxazole, isothiazole, thiazole, triazole, tetrazoie, piperidine, piparazine, azepine,
diazepine, pyran, 1,4-dioxane, 4-morpholine, 4-thiomomholing, pyridine,
pyridine-N-oxide, pyridazing, pyrazine and pyrimidine, and saturated, unsaturated
and aromatic derivatives thereof,

The term “heteropolycycie” as used herein and uniess specified otherwise, either
alone or in combination with another radical, is intended to mean a heterocycle as
defined above fused to one or more other cycle, inciuding a carbocycle, a
heterccycle or any other cycle; or a monovalent radical derived by removal of &
hydrogen atom therefrom. Examples of such heteropolyeycles include, but are not
fimited to, indole, isoindole, benzimidazole, benzothiophene, benzofuran,
banzepyran, benzodioxole, benzodioxane, benzothiazole, quinoiine, iscquinoline,

and naphthyridine, and saturated, unsaturated and aromatic derivatives thereof.

The term “hale” as used herein is intended to mean a halogen substituent selected

from fivoro, chioro, bromo or iodo.

The term *(Cy)haloalkyl” as used herein, wherein n is an integer, either alone or in

-8
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Core-D R2-D

combination with another radical, is intended to mean an alkyt radical having Tton
carbon atoms as defined above wherein one of more hydrogen atoms are each
replaced by a hale subsiituent. Examples of (G, )haloalkyl include but are not imited
to chioromethy!, chloroethyl, dichloroethyt, bromemethyl, bromosthyl, dibromoethyl,

fiuocromethyl, difluoromethyl, trifiuoromethyl, fluoroethyt and difiucroethyl.

The terms "-C-({C.alkyl” or "{(C. Jalkoxy” as used herein interchangeably, wherein n
is an integer, either alone or in combination with another radical. is intended to mean
an oxygen atom further bonded to an alkyl radical having 1 to n carbon atoms as
defined above. Examples of -0-{C,)alkyl include but are not limited to methoxy
(CHaO-}, ethoxy (CHaCHLO-), propoxy (CH:CHCHL0-), 1-methylethoxy {iso-propoxy;
(CH:)oCH-O-) and 1,1-dimethviethoxy (tert-butoxy; {CH3)C-0-). When an
-0-{Cy.)alikyl radical is substituted, it is understood to be substituted on the
{Cy..)alkyl portion therecf, such that the substitution would give rise to 2 chemicaily

stable compeound, such as are recognized by those skilled in the art,

The terms “-5-(Cy palkyl” or *{C.  )alkylthio” as used herein interchangeably, wherein
nis an integer, either alene or in combination with another radical, is intended to
mean an suffur atom further bonded to an atkyl radical having 1 to n carbon atoms
as defined above. Examples of -5-{C;_,)alkyl include but are not imited to methyithio
{CH:5-), ethylthio (CHaCHLS-), propylthio (CHCHLCHLS-), 1-meathylethyithio
{isopropylthio; (CH;).CH-8-) and 1,1-dimethyiethyithio (feri-butylthio; (CHz):C-5-).
When -8-(C, alkyl radical, or an oxidized derivative thereof, such as an
-30-{C;..)alkyl radical or an -80,-{C, ., )alky! radical, is substituted, each is
understood to be substituted on the (Cyjalkyl portion thereof, such that the
substitution would give rise to a chemically stable compound, such as are

recegnized by those skilled in the art,

The term "oxo” as used herein is intended o mean an oxygen atom attached to a
carbon atom as a substituent by a doubie bond (=0

The term “thioxo” as used heresin is intended to mean an sulfur atom attached to &

carbon atom as a substituent by a double bond (=3).

The term "COOH” as used herein is intended to mean a carboxyl group (-C(=03-0H3.

-G
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It is weil known to one skilied in the art that carboxyi groups may be substituted by
functional group equivalents. Examples of such functional group equivalents
contemplated in this invention include, but are not limied to, esters, amides, imides,
boronic acids, phosphonic acids, phosphoric acids, teirazoles, triazoles,
N-acylsulfamides (RCONHSCNR;), and N-acylsutfonamides (RCONHSOR).

The term “funclional group eguivaient” as used herein is intended 1o mean an atom
or group that may replace another atom or group which has similar electronic,

hybrigization or bonding properties,

The term "protecting group” as used herein is intended to mean protecting groups
that can be used during synthetic ransformalicn, including but not limited to
examples which are listed in Greene, "Protective Groups in Organic Chemistry”,

John Wiley & Sons, New York (1981}, and more recent editions theraof.

The following designation is used in sub-formulas to indicate the bond which

is connected to the rast of the molecule as defined.

The term "salt thereof” as used herein is intended to mean any acid and/or base
addition salt of a compound according to the invention, including but not imited to 2
pharmaceutically acceptable salt thereof.

The term “pharmaceutically acceptabie salt” as used herein is intended to mean a
salt of & compound accerding to the invention which is, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, irritation, allergic response, and the like,
commensurate with a reasonable benefitrisk ratio, generally water or oil-saluble or
dispersible, and effective for thetr intended use. The term includes pharmaceutcaliy-
acceptable acid addition salts and pharmaceutically-accepiable base addition salis.
Lists of suitable salts are found in, for example, S.M. Birge et al., J. Pharm. Sci..
1877, 66, pp. 1-19.

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

tc mean those salts which retain the biological effectiveness and properties of the

-0 -
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R'-FR4-BR6-AR7-A E-24 FCore-K R2-D R3-FR4-BFR6-A

E-25 Core-B R2-A R3-B R4-H R6-A R7-A E-26FCore-G

R2-A R3-B
free bases and which are not biologically or otherwise undesirable, formed with
inorganic acids inciuding but not limited 1o hydrochloric acid, hydrobromic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid and the like, and organic
acids including but not iimited to acetic acid, trifluoroacstic acid, adipic acid, ascorbic
acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,
camphorsuifonic acid, cinnamic acid, citric acid, digiuconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophospharic acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethanesulfonic acid (isethionic acid), lactic acid,
hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesitylenesulionic acid,
methanesulfonic acid, naphthalenesuifonic acid, nicotinic acid,
2-naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic
acid, 3-phenylpropionic acid, pivalic acid, prapionic acid, pyruvic acid, salicylic acid,
stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toluenesulfonic acid,

undecanoic acid and the like.

The term “pharmaceutically-acceptable base addition salt” as used herein is
intended to mean those salts which retain the biclogical effectiveness and properties
of the free acids and which are not biclogically or otherwise undesirable, formed with
morganic bases including but not limited to ammonia or the hydroxide, carbonate, or
bicarbonate of ammonium or & metal cation such as sodium, potassium, lithium,
calctum, magnesium, ron, zinc, copper, manganase, aluminum and the like.
Particularly preferred are the ammonium, potassium, sodium, calcium, and
magnesium salts. Salls derived from pharmaceutically-acceptable organic nontoxic
bases include but are not imited to salts of primary, secondary, and tertiary amines,
guaternary amine compaunds, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, frimethylamine, ethylamine, disthylamine,
fristhylamine, isopropylamine, tripropylamine, tributvlamine, ethanolamine,
diethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclchexylamine,
lysine, arginine, histidine, caffeine, hydrabamine, choline, betaine, ethylensdiamine,
glucosamine, methylgiucamine, theobromine, purines, piperazine, piperidine, N-
ethylpiperidine, teframethylammeonium compounds, tetrasthylammonium
compounds, pyridine, N,N-dimethylaniline, N-methylpiperidine, N-mathyimarpholing,
dicyclohexylaming, dibenzylamine, N.N-dibenzyliphenethylamine, 1-ephenamine,
N.N'-dibenzylethylenediamine, polyamine resins and the iike. Particutarly preferred
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R3-B R4-H R6-A R7-A E1 Core-D R3-B

organic noniexic bases are isopropylamine, diethvlamine, sthanolamine,

trimethylamine, dicyclohexylamine, choline, and caffeine.

The term “ester thereof” as used herein is intended 1o mean any ester of a
compound according o the invention in which any of the -COOHR 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, cycioalkyialkyl, aryi, arylalikyl, hetarocyclyl,
heterocycivlalkyl, each of which being optionally further substituted. The term “ester
thereof includes but is not limited to pharmaceutically acceptable esters thereof.

The ferm "pharmaceutically acceptable ester” as used herein is intended to mean
asters of the compound according to the invention in which any of the COOH
substituents of the molecule are replaced by a2 -COOR substituent, in which the B
moliety of the ester is selected from alkyt (inciuding. but not limited to, methyl, ethyl,
propyl, 1-methyiethyl, 1,1-dimethylethyl, butyl}; alkoxyalky! (including, but not Emited
to methoxymethyt); acyloxyalkyt (including, but not limited o acetoxymethyl); arvialkyl
{including, but not imited to, benzyl); arvloxyalkyi (including, but not limited to,
phenoxymethyl); and aryl {including, but not limited to phenyi) optienally substituted
with halogen, (C..sjalkyi or (C..)alkoxy. Other suitabie esters can be found in Design
of Prodrugs, Bundgaard, H. Ed. Elsevier (1885}, Such pharmaceuticaily acceptable
asters are usually hydrolyzed in vive when injecied into a mammal and transformed
intc the acid form of the compound according to the invention. With regard o the
asters described above, uniess otherwise specified, any alkyl moiety present
preferably contains 1 to 18 carbon atoms, more preferably 1 to 8 carben atoms. Any
aryl moiety present in such esters preferably comprises a phenyl group. in particular
the esters may be a (C5)alkyl ester, an unsubstituted benzyl ester or a benzyl ester

substituted with et least one halogen, (Ci.)atkyl, (Cis)atkoxy, nitro or trifluoromethyi,

The term *mammal” as used herein is intended to encompass humans, as well as
non-human mammais which are susceptible to infection by HIV. Non-human
mammals include but are not limited to domestic animals, such as cows, pigs,

horses, dogs, cats, rabhits, rats and mice, and non-domestic animais.

The term “treatment” as used herein is intended o mean the administration of 2
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R6-AR7-AF E-32 Core-K R2-D Re-B RLH Re-A R7-A
E-33 Core-BR2-A R3-C R'-H R6-A R7-A E-34 Core-G

WO RYYIARS-C R4-H R6-AR7-A E-35 E-36 Core-C COPETICA2007/000845
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R1-AR2-A R'-AR2-A R3-C R3-C R4-H R6-AR7-A

compound or compaosition according to the present invention to alleviate or efiminate
symptoms of HiV infecticn and/or to reduce viral load in & patient. The term
“tfreatment” also encompasses the administration of a compound or composition
accerding 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, o prevent the appearance of symptoms of the disease and/or
to prevent the virus from reaching detectibiz levels in the blood, and the
administration of & compound or composition according to the present invention o
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.

The term “antivirat agent” as used herein is intendad to mean an agent that is
effective te 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 ¢f & virus in a mammal.

The term "inhibitor of HIV replication” as used herein is intended to mean an agent
capable of reducing or eliminating the abiiity of HIV {o replicate in & host cell,

whether in vitro, ex vivo or in vivo.

Preferred embodiments
in the foliowing preferred embodiments, groups and substituents of the compounds
according to this invention are described in detail.

Core:
Core-A In one embadiment, X i O or NR"; ais a single bond and b is a
double bond. In this embecdiment, the compounds of the invention are

represented by formula (la):

COOH

(a).
wherein ¢, R', R%, R®, R*, R® and R’ are as defined herein.

Core-B; in another embodiment, X is O; a is a single bond; and b is a double

-13 .



R4-HF R6-A R7-A E-37FCore-DR2-C R3-C R4-H RE-A
R7-A E-38 Core-KR2-C R3-C R4-H R6-AR7-A E-39

WO BBHELD'R2-DR3-C R-AR7-A E-40 Core-K R2-D RBIB A2007/0606843
R6-A R2-A E-41 Core-B R2-A R3-F R4-H R6-A

bond. In this embodiment, the compounds of the invention are represantad
by formuia {Ib}):

{Ib.
wherein ¢, B2 R® R* R® and R are as dafined harein.

5  Core: In anather embodiment, X is NB" zis a single bond; and b is a
double bond. In this embodiment, the compounds of the invention are
represented by formula (ic):

R (ic).
wherein ¢, BR' R% R®, ®°, R® and R" are as dafined hersin.
10
it will be apparent to one skilled in the art that when R' is H and R? is ©, compounds
of formula (ic) can exist in two possible tautomeric forms, (ic-1) and (fe-2}, as shown
below:
RY R R' R
1 [ 1 ¢
RG | -RE‘ ; Cr
WCOOH W\\/\CQQH
! !
RT/\/\&JAO R?/VKN/)\OH
{le-1) {ic-2)
18 Core-i: In an aliernative embodiment, X is N; a is a double bond; and b is a

singie bond. in this embodiment, the compounds of the invention are
represented by formula (id):

-4 -



R7-A E-42 Core-G R2-A R3-F R4-H6-A R7-A E-43
Core-CR1-A R2-A R3-F R4-H R6-A R7-A E-44

WO M3eLIFR 1-A R2-A R3-F R4-HR6-AR7-A WO PCT/CAZO0 7000845
20071131350PCT/CA2007/000845 Embodiment Core R2
R3R4 RR7 E-45 Core-D R2-C R3-FR4i-H Re-AR7i-A E-46
Core-KR2-C Ra-FiR4-H R6-AFe-A

{id).

wherein ¢, R*, R®, RY, B® and R are as defined harein.

It will be apparent to a person skilled in the art that, when bond ¢ is a single bond,
5  the carbon atom bonded to the ~COOH and RY substituents can exist in two possible

stereochemical configurations, as shown in formulas {le} and (If) below:

(ie) ()

wherein a, b, X, R, R%, R, R*, R® and R are as defined herein.

It has been found that compounds of formula (le) have improved activity over
10 compounds of farmula {If).

Core-E: Therefore, In one embodiment, the compounds of the present

inveniion are represented by formula (le):

15 wherein a, b, X, R% R R, R® and R7 are as defined herein.
Core-F: In another embodiment, the compounds of the present invention are

represented by formula (If):

an.
wherein a, b, X, R*, B®, R*, R® and R” are as defined herein,
- 15 .



E-47 Core-D 1R2-D R3-FFe-H Re-Al1:27-A E-48
Core-KR2-D R3-FR'i-H R6-AR7-A Examples of most
WO teféer¥¥d compounds according to this invention aP€&gaEH7/tuis4s
single compound listed in the following Tables Ito 3. 5In
general, all tautomeric and isomeric forms and mixtures
thereof, for example, individual tautomers, geometric

ISQINEES, SterpQIKANBeLsHallaRIeABEers: RIARIPMESienton are
d|aster%%@ggﬁeg%gggm;gs“gracem|c or non-racemic

mixtures of stereoisomers, mlxturps of diastereomers, or
mixtures of any of the foregomg sRof a chemical
structure or compoufithis irtende » O@g specific
stereochemistry or isomg form Is specifically indicated
in the compound nage ty é{%és well- known in the
art that the biological and pharmacological acti ty of a
compotiAg98 gergsltﬁ/e%afﬂéqsf’é?éééﬁ (<tF{F5E the

5 cemipbund. Thasother exbrtiplentehartivrmers oftén iexhibit ars
strikinghpdisterent \bistegical)activity including differences in
15pharmacokinetic properties, ingludipg metabolism,
protein binding, and the like, and phar acological
properties, including the stpvity displayed, the
degree of activity, toxicit | the like. Thus, one skilled in
the art will appreciatg that 6he eédanticter may-be more

active Qnoay@XRibE: h@%%ﬁ%agf%fggqm@%@rsnﬂched
rglatlve to thg oth%r %tlomer t%rvxé en se {ate

the other enantiomer- SoAddToNaIR Gre Sk tae|W¥ﬁ%'?r?re
"% would KFGHHAGH T LBYEr e, enrich, or selectively prepare

the enantiomers of the compoungs ofiBﬁe present invention
from this disclosure ahd the.kngwledge in the art.
Preparation of pure stere’mso ers\ .g. ériétitiomers and
diastereomers, or m tred enantiomeric
excess (ee) or enantiomeric purity, are accomplished by
one or more of the many methods of (a) separétion or
resolutipl-ef enatitinimers°onfy’ enantioselectiva-synthesis
kg to thoge RbskilliptheattRra.cembination thereaf,
These ]r%%)slémgybmg god% generally rely on chiral

recognition and include, “or example, chromatography
using chiral statlonary phases enanti J elective host-
30guest complexatid ior Sy hgshs using chiral
auxiliaries, enantioselec ynt heS|s enzymatic
and nonenzymatic ki S p;; spontaneous
enantioselective crystallization. uch methods are
disclosed generally in Chiral Separation Techfliques: A
PracticsispprodthR2R4 Bi)d B’ Subsanfasidrréed.),
Wiley-VCH, 2000; T.E. Beesley and R.P.W. Scott, Chiral
Ghipmaingranhy - dobned WHeY-8hSone 2% andr? s o, compounds
Satinder Ahuja, Chiral Separations by Chromatography,
Am. Chem. Soc., 2000. Furthermtire, there are 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. 10

Lhavrimmeas st itias]l AAarAIAcItF A At imA~s AF flhAa mvracs A




When one enantiomer of a chiral active ingredient has a
different biological activity than the other, it is contemplated

WO Hat & pharmaceutical composition according to #ie/CA2007/000843
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invention may comprise a racemic mixture of the active
ingredient, a mixture 25enriched in one enantiomer of the
active ingredient or a pure enantiomer of the active
ingredient;The mixiHe enichsdin aRs,eRAIRMSROLBEs, o5
Ssluainpsdisnlis sontemplaled Jg,ontain from more than
50% to about 100% of one enantiomer of the active
ingredient and from about 0% to less than 50% of the other
ehfitiomer of e SRS GHANERE  Preferaly wRER s tion are
compoéﬁ’ﬁt?ﬁ@ééﬁﬁb\h@é’%“ﬁ fiixture 30enriched in one
enantiomer of the active ingredietit or & pure enantiomer of
the active ingredientzthe camposgition fomprises from more
than 50% to about 1009 Fonlyy the Fiste
physiologically active epantigrmer /oy the less toxic
enantiomer. It is Welﬁknown that®one é*hantmm@r of an
active ingredientrhay, bedhernorephsialogieally active for

opg-dherapeuticindicationwhile, the: atber spantiomer. af heon are
35act|v%a@gggg§5§?@g¥ gaﬁ pe more physiologically active

for a different therapeutic - 29 - |nd|cat|on therefore the
preferred enantlornerlc makeup 7 pharmaceutlcal
composition may différ foruge oft CEﬁgamon in

treating different therape dicatgions or oral

administration, the gompouwrtd;-e a’“pk@rmaceutlcally

acceptable salt or ester thereof, can be formufdtéd in any

orally #EEEHEDIRASsf 1M "fif?cfl‘ﬁd‘ﬁf@eﬁuhﬁf‘iﬁt limited to
agueous suspensions and solutions, capsules or tablets.
Forysystemicradiministiation pincluging butaotdimitedioy be combined
admiistrationbysuheuianeeus: mﬁaﬁﬂ%aﬁ%d R’ as set out herein,
intravenous, intramuscular, intra-articular, intrasynovial,
intrasternal, 10intrathecal, and intralesional injection or

%’psmn techniques, it is preferred to Use a solution of the
c%néfboﬁ &88P306W%g8% famhcBeptanle saltbr ester
thereof~irmaYpriimaécestivally Helcéptaie-sterile aqueous
vehiclevRharmeadeuticallyresceptablasaniersaadjuvantsstercatoms
vehicles;cexaipiendsranstadditives L 5aswell as methods of

fOfmU|%HE'9@?@5%&%@?‘%@5@8%9&'&'%@&;f&%ﬁk\/@(@%ékyr and
modesQf rfagruat@g il xng'n!a@e%W qfhose-of,ski 'NH

the art Qp! areik scri %d armaceutlca texts suc
Remin &'stidnice %nd’lﬁractlce of Pharmacy, let
I’:Rdlﬁon ”I?fﬁ?ﬂiﬁ?:?ﬁﬁbwm%%é’ gNilkineR 2805 Haffd 024 Allen,
N.G. PépovishaintN-@kansdiePRarmi¢eutical Dosage
Formsverd: D Hig iDelivers-Systerash8toedis 20Liippincotsteroatoms
Williamsd& Wilkinse200dedherdpsage-administered will
vary depending upon known factors, including but not
limited to the activity and pharmatdeynamic characteristics
of the specific compound employed and its mode, time anc
route of administration; the age, diet, gender, body
25weight and general health status of the recipient; the
nature and extent of the symptoms; the severity and course
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part of a multiple dosage form. When the pharmaceutical
composition of this invention comprises a combination of a

WO 2¢8ipBtind according to the invention, or a PCT/CA2007/000845
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pharmaceutically acceptable salt or 30ester thereof, and

one or more additional antiviral agent, both the compound

and the additional agent should be present at dosage

levels efbebyeenraboutalgite 0% anssmese preferallyr -nm,.
betwean apor 1 and 802 ol ibe,desage ROFPalY:, cr.cw,,

administered in a monotherapy regimen. In the case of a

synergistic interaction between the compound of the
invention. and the~additiorial antiviralgigent or agents, 35the
dosage of or all of the active agents-im the combination

may be reduced - 31 - compaféd to the dosage normally
administered in a monotherapy regimen. Antiviral agents
chnterd pretedfodusesiinigerch’ BOmisiratiom:thierepyinecludieed with any
agenrts{campounds-astiotogicals rthat afe:cttectivestan,
inhibit the formation and/or 5replication of a virus in a
rgammal, including but not limited to agents that interfere

| eiﬁher host or viral ecpgréigms necessary l;g_ the

=& N ) town doubl
formation and/or Teplication of a vilds i a mamma, Such

R its tAh PSS ABERBIR KT ROCA GCR0Engs 8pnd. R is (Csjalkyl
nucleotid®fevéise transcriptase inhibitors including but not

lirdited ito: zittev adinendicianesinenzaleitabine bstavRUNE, .. Jaikyl.
larnivudingsdOemtdsiahine.ahacavils 20adenefaviis -0, ,alkyl.
NNRTIS (ROn-nUCleaside reyerss, Fanseupiase, inhiiforsy, oy cx,,
nluding ot ool IRIEC o DT apine, 0 QNG s o 00 CH.

efavirenz, Capravirine, etraviring, rilpivirine and BILR

Eprote s MHLTHOI(TEubG B Tof friitela 6" fit8nkvir™s -CHCHs
tiprana\t (Saguitiavir15nelfinavir, indinavir, amprenavir,
fes@mprenavir, eatagdimantiryfepinanib iVXs888 sord. R’ is -CH; or
TMC-114)ce:entry inhibitors including but not limited to

GER5 pntagrpists dncuding butnat inited 4o manavirag,,
(UK-427,857) and TAK-652), 200 CXCR4 antagonists

(including but not limited to AMD-11070), fusion inhibitors
R A 8 FEfd Biigteemoned

Q aln as

_ 0 VI8 ( %’f
(HEIERRGHRICREE AR AE BN S -2 88648, intBgras’ as setout
ifdiiditors (including but not limited to MK-0518, ¢-1605,
BMS-538158 and GS 9137); 25TAT inhibitors; maturation
irhibitors (including but not limited to PA-457); and
:mmunmg%ﬁa@%%@ @ngywn&%%a%%kumg?ﬁaﬁt%nyi,
evami urthermore, a compound according to
et G e LR e AR e dOcehar Bothpi =1
accordifig t8 fFENRVBRGH8Fkith BREBI¥h&res BitRIh Jatsivmy.
antibacterisiAients-(ineltbing bat Kt mANeHefo Coalkyl- is optionally
fluconagete)iePheiefdre, weedrditrtoioneembodirmeatsthiem
pharmékteuatisaheomposition afhixinventiomadditionally
comprises one or more antiviral aents. A further
embodiment provides the pharmaceutical composition of
this invention wherein the one or more antiviral agent
comprises at least one NNRTI. 5According to another
embodiment of the pharmaceutical composition of this

v ratiAarn HFlhh A ArnAa Ar mvAacsres At riral AacnaARrtE AR IS e A~



15invention, the one or more antiviral agent comprises at
least one integrase inhibitor, A compound according to the

WO BtEsBhYinvention may also be used as a laboratoryGeagentocos4s
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or a research reagent. For example, a compound of the
present invention may be used as positive control to

validate assays, including but not limited to 20surrogate
cell-baseghassaysgpddmvitro or in vivo viral replication
aRaRYSEHHNSAIS A COMROUNG.AceQrding. o, (e Riesent
inventi Qon E?ay be used to treat or prevent viral

contamlna ion of n?ae[erla(is and therefore reduce the risk of
vitaFinfaiehBrmEsRsH orriedRkrers SAMBI BT Parehtsle bond.
whdtcomenftheoritaetionith. 25 susiersativials (e.g. blood,

tissue, surgieatinsirupents ana:garmentsslabomataryt;)=CH.; and
instrumghts.ang garments. and blood collection

apparajyiges anfmatalalsl. Rerialives capRrising a

dgi%cta}ble Ia}gel Anoth éf-ls ec&p t e invention eProw esa

derivative of & Compound of formula’ (I}, 36the dafvaies’
comprisig a’d %‘i@éta‘bf@ztﬁﬂ@[ “%u%ﬁca e AN )
recognifienceitberydifecei ol inditeCtlyadififie débvativesrion:

that it carbe deiected, ameasured or quantified. The
detectaplgdabelmayiselihgetactable. measwalleQln,,
quam'f@b}b‘ FDQ]@V Ipteract with one ormor, kyl(vhgr LG gkt Y-

moities emS(? lyes c%ni]]plrllse one or more detec
labels, 26 that tHeThterattoH e reHBNEEh diigw thepstuents each

denvatii‘ﬁf*f&"@%@ %Fé%@é?é@,%%aeﬁﬁé&ﬁ? GRS SR )2y
derivati?és may be used as probes to study HIV replication,
includingrbetnetiontechto study of the mechanism of
aetien ofasal-anddaesteprateinsinyaled imHLY, replisation,
study opgenfarmafionat.changes wndergone by sblgl;hvwal
and ho&; S)ngtqm n§5L yarious r{‘%o dit |tions andt ¥

TBInd 't 0f otherwi Pt

interactionis with nt {i&s Which herwi s

with th&EE S8R Rast protéid. Befvarirey! a&&-’dﬁ?ﬁﬁ%‘

this aspett:oftiedlivertion iay be emdet th-agsaps. - (C.olaliky-O-
identifipcbitepobngd whichanteragtwithitvisrabhamd hostbstituents each
proteinsqdhe assaysiineuthng dUlngt KBWteEte. oxo and -0(C. oJalky
displaggment assays which measure the extent to which

the degg@élg% gsq;agl%:%d from 10interacting with the viral

angsho a telnsbSuch ggglvagves may also be used to
form  covalent of NOR-Covalent Iteraetions with FREViAl

and hast Hretafifebr 1 ety reQitues eP ity vira nd

host preteifis'dmtichGnteracPwittithé contponds of the
inventiemrdis Betectable fahetecontemplatedtomusadwithteroatoms
derivativesiefthe compewnss:ehife duentigrdnclude, but

are nof,Hnited-t9, JﬁW%QE;@#’%(&UEWF&QW%%%@RCf Salkyl-O- |
lab8|s’oghc§9W£x}B%E§é’d%ﬂ%qqg I?g'ubsltqgu Hgsaé.la%rmna 2] end’entiﬁ selected

radioactive isotopes, affinity tags and photoreactive groups
20A fluorescent label is a label wigch fluoresces, emitting
light of one wavelength upon absorption of light of a
different wavelength. Fluorescent labels include but are not
limited to fluorescein; Texas Red; aminomethylcoumarin;
rhodamine dyes, including but not limited to

$tAatramrmanstlisnvdvlcAad At T TAMDAN: AlAava Aviacs tiAaliiAdAirwA~A Ik o+



thereof, a histidine poiypeptide, a polyarginine, an amylase
sugar moiety or a defined epitope recognizable by a

WO Biygéifit) antibody; suitable epitopes include but arePABICA2007/606845

limited to glutathione-S-transferase (GST), hemagglutinin

(HA), FLAG(r) epitope tags, Myc tag, maltose binding-

protein (MBP), green fluorescent protein (GFP) and the

25like. 4Ertbermore, sompeuRdsef thednvention used as
probesbm%ycbe Igpgll%g \é/lth a photoreactlve group which is

traps orme on actlvatlog by Ig t, from_an inert grou p.to
2SRt E SRR SRR B8 7AW raBIEAL SUEh % G O(Ceaer!
may ble§edaL’6V308E:t9/§Ee7iWé"t?é‘r>i\/at|ve so that it can form

a covalemtrbonecivitireneerambrete sitiiesofaajivak orfrosty
proteinsPhiolere activecgroupstinciudebut are noitirited4cGrom
photoafiniyiabets.sush as benzopkenere and azide

groupsbond Qne.embodiment of the derivative of a

S B L 8 S op AR O O

the formula (IC rein 1S a lin er i

a detecﬁ%ﬁfealiéﬁtéqﬂgﬁld W'ﬁé tﬁ’f“ﬁ%“ﬁ@ ??Bhﬁ‘feﬁeé’%ty selected
defined HBRMC AT At idfvediiediment of the derivative

of a cohspoarkefi@erriia (1) according to the invention has
thé-formula{lé) RbolimeweErrimlcis adinkes, ;b0 IS asingle bond.
detectable JakelandiR2: e R4 R apd.R7 are as defined
herein.  In one embodimgnt, O is selected from a o,
fluorescent label, a chemillminescent label, a /i\
chromophore, an antiboély, an enzymatic marker,a ¢ CH,
radioactivelisatope;-an 1 5affinityctag ot a-plhstareactive

group. In another embodiment, Q is a fluerescentJabel or

an affinity tag. In yet another embodiment, Q is selected

from biotin, fluorescein, TAMRA, Alexa ZOFIum(r) fﬁ’@ceyB
europiua¥ orderthattide &eries dasetHfluorescent -

molecules, polyhistidine tags, glutathione-S- tr@n&ferase cH,

(GST), hemagglutinin (HA), FLAG(r) epitope tags, Myc t

and a radioactive isotope selecte *frcom tg% 21-1, 3F, 12171

and 1251. Itis contemplated t linkef L may be“any
chemically:gtabte;groopwhich- acts to plaée the detettable

label Q in an appropriate positios.relative to the compound

of the ififention and/af.to any other moiety orgmoieties with

which it w&racts so that tie, derivativg of thelcompo %@Q -

the invention may i’)e détected, m€a<%|red r 5qtiantif

Therefore, in‘Ghe embodiment, when Q.isa fluorescent

label or an affinity tag, the linker L comprises a pluraiity of ¢+,
atoms, each independently selected fr .0, N apd S;

the atoms ffelng bon | to form a linear or branch'ed chain |
which opﬁ’ﬁaﬂy 1 p?lseoone or more carbocafcllc or o~
heterocyelic rings; 'such t that- khe average distance between
the N atom to which L is bonded and Qis from about 2 A to
about 100 A. In another embodineent, when Q is a
fluorescent label or an affinity tag, the linker L 15comprises
a plurality of atoms, each independently selected from C, 0,
N and S; the atoms being bonded to form a linear or
branched chain which optionally comprise one or more

ArnrihAasvrAlIA A IhAatAararsisalbia rimAaes 11l Fhhat +hh A AYv I A res N A
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20In yet another embodiment, when Q is a fluorescent
label or an affinity tag, the linker L comprises a plurality of

WO tgmMseach independently selected from C, 0, N aid/G2067/006845
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the atoms being bonded to form a linear or branched chain
which optionally comprise one or more carbocyclic or
heterocyclic rings; such that the average distance between

the N atom to Wh:iQh L is bonded and Q is from about 25 A

to 25abou(i n an alternatwe embodiment, when Q is

a fluoresc ht IabJ Iom,awmlt the linker hg@ﬁrlse%m
aiinear |n %f/from 1,10 100 gtoms, egch indepgndent
selectedlfrom C, 0, N and S; the linear ¢hain optionally __\__
comprising from oné to five 30carbocyclic or heterocyclic

rings and being optlonall ubstituted with (C\&)alkyl, h
-0- (C)alr thlo ngthe(\tternatlv
embodime nt W en uore beI an afgﬁw

tag, the linker L cq rises a linear chaln of'from 10lto 50
atoms, each independently 35selected from C, 0, N and S;
the linear aﬁh dptionally comprising from one to three - 37

- WO 2007/1 SO%AZOW 06845 caghocyclicror on
heterocyclf C rings and being.eptionally s )Jbstltutgéi\wnh o
(C16)alkyl, halo, -9-(C14alkyl, oxo or thioxo. | A sfiéeific?
example of a derivative accordlng to the invention has the"-
following 5fopmula DI:  (D1) METHODOLOGY AND

SYNTHESIS' Thé= sis of & nds of formula (1)
according to this invention is conveniently 10accomplished
following’the genefal protedure @utlln@lﬂa in the schemes

below wherein a, b; c, X, R&,R3; R4, Fe and 127 are as

defined herein. Further instruction is provided to one skilled

I@Jbsn@@a@x m?v §p§9§;% %a&npé%é geLout Q&rz?gpebnef'ﬂ%y esgrones
pwapoun s o formu aég&w erein Xis 0 or,N

a s|n Md e 98 %lfﬁ &pﬁ:maﬁqy gub%tﬁﬁ?e% as SEt out

dIR malkenyl or alkynyl group as defined herein, including a
haloalkyi, cycloalkyl-alkyl, aryl-alkyl or Het-alkyl group, and
R4, R4, R6 and R7 are as defined herein may be prepared

as autlineckiasheme & helens M@y substituted with 1 to 5 substituents
2007/ %%%QE’;QF%%%QQ%QQ@%%@QE I’)lg@y]. (C.. E?Eh(/enyl

RARS GCRQ, (Coevcioalkyt, -0H, -0(C.)alkyl, SH. -S(C ws)alkyl, -NH,,
-NH(Cys)atkyl and -N{{Cy.s)alkyl),; wherein the {C. ¢)alky! is optionally
substituted with hydroxy, cyano or oxo,

R%B: in another embodiment, R* is naphthyl or phenyl, wherein the phenyl is
optionally substituted with 1 to 3 substituents each independently selected
from halo, {Ci.lalkyl, {Coatkenyl, (Cisthaloaikyl, (Carieycloalkyl, -OH,
-O(Cyrajaiiyl, -8H, -S{C . )alkyl, -NH,, -NH(Cq.)alkyl and -N{(C..)alkyl:
wherein the (Cq)alkyl is optionally substituted with hydroxy, CYano or oxe.
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Idlc Intermediates of formula (I1), wherein Xis 0 or NH and
R4, R6 and R7 are as defined herein, are commercially

WO aR/ditabile or are prepared by procedures known to XRECA2067/000845

h

1C

15

5skilled in the art or as set forth in the examples below.
Condensation with an appropriate derivative of succinic
acid, by procedures known to the skilled in the art or as set

fortl inithe @xamplesibalow: providessinteimnediaies Ofin 1 o 3
formuIas@@azygneraaRégp%ndeﬁﬁeeaéag%qtmg erate@ SURD @S, aikeny,
methyl ar et %' !f"k@éa{ %@k?aﬁﬂt%ﬂ‘e%%ét% LID.Py ES(Caall H

procedures nOWn d in the aft'or as se

the examples'16BEISW, Provriee-intsimetiatss B’f%ﬁﬁﬁ Eﬁ”a
(IV), whErPEIHREE ﬁﬁ“&ﬁﬁéﬁﬁlﬁl%ﬁﬁétltuted alkyl, alkenyl

ot alkyiyheptoes mecdiefime ik he rsimyinetaditigsackidad kel 7 or 2
cycloalkytstalkyls asyh-abad-ondlatalkykgraups [CiSsr, -CH;, -CH,CH.,
contemplated that-oneR3 group. may-aetransformedde,cr.,

anotherdr3-greup Ry Rroceduresavell kpown, in ghe art eRas _cn,om,
set fortrbhncme ec)@_‘pg))eé below, at any chemlcally
copvenlen interme '%;[SmSta e in in the 15scheme. Hydrolysis

of the esfr Brofatiig Grotip of Gfr’iltcet?Fnedlates (IV) provides

compounds of formul (Ia) hereln Xis ¢For XIR1, R2 is 0,
bond c i gle 0 IIy substifutg

alkyl, alk or al Igro S de ined hereip-includi
haloalkyf¥- cycloa1 yI alkyl, aryl-alkyl‘or Het-alky! group,” nd
RI, R4, Re anEg R7 are as q;:glned herein. 20 Intermedlatg§ '
of formula Xis NH ay also he transf med to
compou for ula Id)w in @
R2 is -0( )alky and - 39 - R4 Reand R7 are as
defined hereln and/or to compounds of formula (It) wherein
bond c is a smglecpond Ee;ls 0 and R 012§H R4, R6 and R7

CH,
low,

Compourids of formula/(Id) wherein bond c is a single
bond, R2 is H or (C16)alkyl and R3, R4, R6 and R7 are as -

defined herein may be prepared gs butlined in-Scheme 2
: e érmediatés 6f-formul (Ha)
: R are as defiged herej
e’or are pred by p dure

known to.the skllle in the art'or as set forth‘in the -
examples bel(gyv %ondensatlon of mtermedlates Ha) with

an 15 appropriate toester reagent, roce
known t k|IIe ra set/forth in the
example Iow prov des |nt mediates™f formul

wherein R is an, ester protectihg group'such as méthyl or
ethyl and R2 is H or (Ci_dalkyl. Alkylation of intermediates
(V), by procedures known to the skilled in the art or as set
forth in the examples below, provides intermediates of
formula (VII), wherein R3 is an 20optionally substituted
alkyl, alkenyl or aikynyl group as defined herein, including a
haloalkyl, cycloalkyl-alkyl, aryl-alkyl or Het-alkyl group.
Alternatively, intermediates (Ha) are condensed with a

~1mtAalrlAa A v Al AtAanctAar rnear~nart v o mraanasAdAdiiracs Lo Ava s




15 Scheme 3: Intermediates of of formula (VIII) wherein R'
is COOH or H and R6 and R7 are as defined herein are

WO Ebthititcially available or are prepared by proceddfggCA2007/0845
known to 20the skilled in the art or as set forth in the
examples below. Intermediates of formula (IX) wherein LG
is a leaving group such as a halogen atom, R is an ester
protecting group such as methyl or ethyl and R2 is H or
(C6)alkyl, aresprepared fromsintermediates-of formula-(dAll)
by proce kngiwn t skilled jthe art or t forth
in the ex s below. media ) are tr rmed
to intermgdiates of 25fotmula (X)-by reaction wit
diazotizing reagent such as 4-acetamidobenzenesulf- onyl
azide, by procedures kno
set forth in thé - 41 - exay
diazo gro
skilled in the‘art or as set
provides ‘intermediates of formula{(XI) wherein R6 is
-0-R31 wherein R31 is as defined herein. Alternatively, .,
intermediates (1X) may be converted to intermediatesKXIj

wherein R3 is"5an.optjbnalfy sulstituted , alkenyPor
alkynyl g as defingd h inclu a halo
cycloalky [, aryd-atkyl o alkyl p, by tion,

using pracedures&nown te‘the skilled'in the art-ar as set
forth in the examples be’lov(\:/.H Coupling of intermediates (XI)
with a suitable R4 precursor by procedures known to the
skilled idhe art-oras setforth iacthe examples betow, Ci
provides iftegmediatgsaf 10formytaVIl) whichde
hydrolys comps of for ), W bonﬁk% |
a single-bond, R2 is/H or (C1.6)alkyl and R3,R4, R6 and ..,
R7 are as defined herein, as outlined in Scheme 2. :As ,
described aboveSwhen bond, ¢ asingle bond, the caybu
atom bonded ; st
exist in fwo peséible stereg:
shown in formulas (le) and (If) below:-< (le)(l rlWh
X,.R2, R3, R4, R6 and R7 are as defined herein.
TherefGr& URERRE %R SRR JIFERF23 is bonded is
the only stereogenic center in a compound of formula (1),
such a compound of formula (I) ghay.exist as enantiomers.
When 20prepared from achiral preedrsors, the compound
of formula (1) will generally exist‘as a racemic mixture of
enantiomers (lg) an uch a racemic mixture may be
separavtvtg(efir?r'lnt(%L its égﬁgs%u%ﬁ? e%%r%b%agyisaﬂ?/guﬁi) tb%cifygly"
resolution means known to the skilled in the art, including
10 HitFiol intiEdar e e rErRrtie YeBORMBLrsepdlr atibribipEhital t© 5
chromatogiaphy seeatierewithta etradcguxiliary. (6 forkalCoq)alkenyl,
physically. sepaksble.2byanixtyre of dASIRFSRMENS, -S(C 1 alkyl, -NH;,
separation of the diastereomers; &hel removal of the chiral
auxiliary to regenerate the separate enantiomers of the
compound of formula (1), and other chiral resolution means
known in the art or described herein. EXAMPLES Other
features of the present invention will become apparent from

+hhA FAllA AT varm lirmAailtimea Avearmarliacs wdhaialls il iatvrata vy varesy 7
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Solvent B (r1/0) 0 3.095 5 0.5 3.0 95 6.0 3.0 50 50 10.5
3.50 100 Abbreviations or symbols used herein include:

WO 2/ Ré3cetyl; AcOH: acetic acid; Ac20: acetic anhy@Figgzet7/t06843
BOC or Boc: terf-butyloxycarbonyl; 25Bu: butyl; DBU:
1,8-diazabicyclo[5.4.0Jundec-7-ene; DCM:
dichloromethane; DME: dimethoxyethane; DMF:
NW-dimethylfermamide; S0RMBOLdinethyisuliaxide; optionaiy
ECS0: 50%eHgciive P&ge@%i&%ﬂ ethyl; Et-;,N :

trﬁlgtgyl%rglﬁ% er g%em x\%h J‘ tsg‘IOAi‘Ft%;t:p na 9%5 ts%iuted with 1 fo 3
EtOH: ethanol; é er ormance iqui

chrom HGTHSHS: Pl e e
5 i-Pr: 1-méthyRYtAY| (iso-propyl); 10LIHMDS: lithium
hexammﬁhﬁﬁg@ a 5- or 8-membered heterocycle having 1to 3
heteroatoms each independently selected from N, O and 3; or the Met is a 8-

or 10-membered heteropolycycle having 1 to 3 hateroatoms each
independently setected from N, O and 8.

10 R%E In another alternative embodiment, R is Het optionaity substituted with 1to 3
substituents each independently sefected from halo. (Cig)alkyt and .
-O{Cq pralkyi;

wherein the Het is selected from:

8
~—
N 1
Q p 5 > & Q?NH f
/4 g ;ﬁ
o] o] ;
§Z5 : g@ }tﬁ
R4 In another alternative embodiment, R“ is selectad from:

H3Ci
o \! N j /N \
N N, ! 7N
CH3 .

@
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Me: methyl; MeCN: acetonitrile: MeOH: methanol; MO1.:
multiplicity of infection; 15MS: mass spectrometry

WO AMABBYT-TOF: Matrix Assisted Laser Desorption loRiZa€ionir/00084s

10

20

Time of Flight, FAB: Fast Atom Bombardment); NMR:
nuclear magnetic resonance spectroscopy; Ph: phenyl;
PG: protecting group; 20Pr: propyl; RPM1: Roswell Park
Memorial Institute (cell culture medium); PT:
temperature (approximatety 18C to 2

t-butyl: 1,7 onyl;
25Tf20: t ANes .
trifluoroagetic acid; THF: d ; and TLC:

layer chromatography. WO ‘ )
2007/1313511PCT/CA /000845 EXAMPLE 1A ¢ Step

1: To a solution of aldé lal (Q.5 g, 2.5ummol) in Et20 s
(20 mL) a add d 4- 5chlérophenyl_magnesitm. @
bromide. (5.0 mt, 5.0 mmol) ang'the mixture is+alloywed to../

react at OC for 15 minutes. Saturated aqueous NH/CI is -
added, and the mixture is extracted three tjfnes with [FtOAc.  PMe

The or Jayers combi washedwith wa
saturaWous CO3, brin ed ove
filtered and conceritrated: The residue:]s purified/

chromatography (hexanes/EtOAc 100:0 to in3:1) to give
compoung 1a2. Step %:_{;%)Mea solution of alcohol 1a2

(5.829, 1 .E‘}nmol) ir;éCH CI2 (35 mL) is added activated

Mn02 (10:6g, 115 m . The mixture is stirred at room
temperature for 8 hours and filtered through CeliteThl.
The filtrate is concentrated under reduced 15pressure to
p&ovide comgound 1a3 EXAMPLE 113 1bl1b2 To a

soltifion 6f compotnd 1BE (200 G, B6 4RI TR AR esigoned with any
(AB0SRAL) L SR K D23 o FOb Rarofyades setout herein
NaB03-4H20 (15.9g. 103.6 mmol) and the mixture is
dlloweddoistiratiroomdiemparature for2fewrsiERes not symmetrically
gixk4teds NouUred M QLRI the bond attaching R* to Core, rotational
isomers or atropisomers are possible. Compounds of the invention in which the B*
substituent is not symmetrically substituted abeut the axis of rotation of the bond
attaching R* to Core and in which the carbon atom bonded 1o the -COOH and R®
substituents is chiral, as described above, will have two chiral centers, a chirat
carbon atom and a rotational axis of asymmetry, and thus the atropisomers will exist
as diasterecmers. However, individual diastereomeric atropisomers may or may nat
be detectable and/or separable, depending upon the relative amounts of each
atropisomer present at equilibrium, and the degree of steric hindrance to rotation
about this bond, and thus, the rate at which rotation oceurs 1o interconvert thase
atropisomers. Once separated, individual atropisomers may interconvert, rapidly or

stowly, with each other to form an equilibrium mixture of atropisomers.

- 25 .



extracted with EtOAc and the organic layer is washed with
water and brine, dried (MgSO4), filtered and concentrated.

WO 2BhRidHrdtographic purification of the residue (EtOAGKTESame)00084s

10

15

20

provides compound 1b2. EXAMPLE 1C 51c11:21c3 The
procedure of S. Frye et al. J. Org. Chem. 1991, 56,
3750-3752 is followed. Step 11 To a solution of
CE3NH-OCH3-HC1 (12.359, 126.6 rnmoff and Et3N (18
Myle, 140.2 mmol) in DMF (140 mL) is added compound 1cl

g,124.1 mmol rt| reaction is
R PR e ot T e
it Rird 187 rfﬁbﬁ’\?ﬁﬂ’i*ﬁ%&c ?3‘65 Mk frvrasredwith brine
(BF drieeh (eSO ditere 8 and. Evaporated to dryness.
Thieresiduetie qurikechdy, Bash-coluwrer. chromatography
(50% EtOAc/hexanes) to afford intermediate 1c2 Step 2:

1&9%%%9&%&\2@&%@@@0% éemgll):&mgr)egrrga Igggo\;nbaned with any
in agn r%%\gdﬁlf} F and cool&jmﬂf% 788%6r 305! herein

To thls solution is added n- BULI (1.6M in THF, 38.2 mL,

6145 mmol) over about 40 min. The reaction is quenched

b ed ditionscfrtO¥mieC Iaig Hand. the mixture is extracted
witlsEtDAeothbe-arganisnphase-is washed with brine, dried

over anhydrous MgSO4, 20filtered and concentrated. The
rg§ldalij1% é% ISS{F?\J%EQ dgfiné x%'r?\(o:f%md pu{lﬂq%b mﬂnz%gpt)%%lgnrl%med with any
chromato graphy to give comp ound.

iR FREIARE Gt ?SPH‘IW%O(I‘?) %rr (flg) |ﬁ ﬁh@m%said%d?se‘ out
mM&y'be prepared using the procedures of Examples 1A, 1B

and 1C. 25 WO 29 7/131350PCT/CA2007/0908-15

EXAMPLE 2AFrepatationof-conipeunds:30fisand 2002; are set
TakenHEompedngh 300LEHBROUNE 3002223180 & R T iment is

amhdure-ofeempound lad(Example 14) (0.72 g, 2.3
mmol) and CH2CI2, is added pyridine (0.725 mL, 9.0

mmel)-and-3-carbomethoxypropionyl chloride (0.36. mL, 2.9

mmdi ek Siur REsstitred at robin tenfPeratte for 8 | R
hours, adé€d to1MeHPB and extfakted WitheEEtOREB The®a | R7-A |
organic lageer is drizgeaver MgSO42filteredmndrevapasaied r7.a
under redtlged RressUEe. 'TﬁeAcrug,e ;pr:)qg;i_%t is ngneg{eoy RTA

[DNOL

oo ooty sl Gt )
to give-compothit-cat otep-: FRIXY 're o-cohpoeund

2a1(0.54% 1.3\mMST._triethyl njﬁpg @ f \Raﬁd aBefic, RA
anhydrid€ .0 mLI§9€ Heated at 180€ foR1BH. Fh& mixidre R
is added #71M HCrard brine (1. RMixturépandextrasted | R™-A
with EtOAe.sThejorganic layer is washedwvith Ibsaturated 7.
aqueous NaHCOgdrigd!over Mgs(l4 Tﬁi%,red,@r}g R%A | R1-A
EVc poral%d[bmdvrcr&gléc d prIEbblFﬁrg@A I(—éjgbl‘ﬁ%&.-:%b pﬁngJ R'a
e TR Ry o |
allyl bromlde (0 6 mI 6.9 20mmel%6||=1 THF (2.0 mL) at0C is
added LIHMDS (0.7 mL, 0.70 mmol). When the reaction is
complete by TLC, saturated NH4CI is added and the

mixture is extracted with EtOAc. The combined organic

phase is washed with brine, dried over MgSO4, filtered

A ARl AA fremtad Diivifiamtiam Ihwry flaclh AllvvrarmacstAacdira m sy 7




To a mixture of compound 2a3 (0.10 g, 0.22 mmol) and
DIMS (2 mL). is added H20 5(0.15 mL) and NaOH (10 N,

WO IYB 1) and the mixture is heated at 60C for 1 hoWi/Q4pg07/000843
reaction is quenched with saturated NH,CI and the mixture
is extracted with EtOAc. The combined organic layers are
washed with brine, dried over MigSO4, filtered and

faYaVa¥e) I—I- l=l

con g”lndéEUL JIVS compognd: 30027 apie 3)- Lt:p %6

10/\ mnvhwo nl Pl YatoRlfaWaw/laWal n 7

EtORe (2 5Tt) 4n ot f) i (& foch B Bl | A A

under an ﬁt?ﬁosph’é?é?ﬁ H2 for Lﬁo@r T“Flecrm&u?e gR™A | R™-A

filtered thibugh Celite='KM and cpricehtrateéd under rediieed R'-A

pressure. eLhe resm@ is purified by-preparative:HPL G | r7-a

proyide cepoUNC-3A0L, 15 EXAMRLE 2B Prepaialign gl =

lr\r\ddi VoS Mo WaY oY wi: BV Pl i ayl 4.0Q " 9 N

co puunﬁnﬁ) Id;lm 27€+2-3 N Uﬂ?‘nwpd%éo U#i?’l RT.A

0 e \! O 2U1L5 ‘f) 2 -6 Uten nnun

JLNLTO

Step.1: Dbt  Cafhnats (2. P26 molf dhd Kl | R A
(60% in off;"#0.8 g2FEm i are26corfibhediinftolide | R-A

(80 mL) apdtheatedds-90CHot 20”Rhikutes;fher*B | R%A | R-A

4-chloroagetpphenane?dl (14 mkz-209 mmol)asaddeds | =74

(
A
+

dropWwiSe guer ca. élaem(inutes TNE-TRIXIUEEAS sgy&rg at:90¢

for { '5G|||ilgj;12\a LI%ILLBJR‘U and gd%)ldﬂ"gg LCRt},géVIII\.é_ﬁJ O

f
HC‘ (ae-(1L0D-m ) u“d EtnAn (1 he-orgahic phasé
R

is wathfk\ﬁﬁh Hrif dtield (Mg‘:(sétj3 fltBrdd r%’érﬁ |

concentrafited to drypieds. The residiue | 48-8 is Burifie8y | R™-A

flash chroevestography-(15% EtOAe/hexanrés) toRgiNe R%-A | R™-A |

compound.z2p2. Stepss A mixtureof compoung-2b2 (4.4 0,r7_4 |

33.4 mmcg)zgncm @g,lgrocmﬁlr}g thy/g 49.% r@o;)ii REA | RI-A

DMF/xyle 9(7 f uél-ru b)is-heated at-t40Cf Oi‘ 1 —Ther——
mixtre-is = Narti OB betweenil ﬁ/l Elr‘ ] ?AR ,’-\_.1 EfﬁA R-A

L4 A% 1L 1A S4B A=A v LA A~

(150.mL)E#e o g%?fﬁ*faypr is wahed V\%tﬁlwf{N%l Fater R-A
and brineEdfied o¥erMg S04, filteted and -Eonderitrat&dttol R7-A |

dryness. Ehe residuesis p[urified by*flashreheomategraphy | r7-a

(Si02, 15%49 20%: Et0ACthexanes).t0 gwe - COMmPOUNG2R3. r7_ A
Sep3 ks | corec RZA | REC | R%“H | R%A | R-A
E-35 Core-C | R™“A | R“A | R*C | R“H | R%A | R™-A

E-36 Core-l | RVA | R%A L RM-C | RAH | R-A | R-A

E-37 Caore-D R:-C | R-C | R*H | R%-A | R™-A

E-38 Corg-K R-C | R%C | R*H | R%A | R"-A

E-38 Core-D RE-D | R%-C | R“H | R%A  R™-A

1 E-40 Core-K R-D | R%-C | R*“H | R%A | R-A

| E-41 Core-B RLA | R%F | R“H R%A | R-A
E-42 Core-G R:-A | R-F | R*H | R%A | R"-A

E-43 Core-C | R“A | R®-A | R%-F | R°H | R%A | R-A

E-44 Core-l | R™A | R*-A | R%F R%“H | R%A | R™-A

-27 .



10To a mixture of compound 2b3 (4.79¢g; 15.5 mmol),
KOtBu (2.09; 18.57 mmol) and DMF (23 mL) is added

WO BthidiZdbromovalerate (3.2 mL, 18.25 mmol). The R{ixixen07/000845

10

15

20

25

30

is allowed to stir at room temperature for 16h, then is
poured over ice into a solution of 1N HCI (100 mL) and the
mixture is extracted with EtOAc (2X100mL). The combined

e viranta A wracehadarathbeia LANMN...driad
orgatiic-extractsare_ wasneta-witi-ore{4X);-areg—

(Na9§@ffzﬁ1!?3§\ d SR 15cohcentrated to affe rd’f‘aitér

& 7
R R
vvvvvv

purification #fy chréiiadtography BtGAc/hdxarfesy R4 | R™-A

compound@-2p4 gs eermikture of didStéreoRomeR:IStef4s AR-A

mixture ofssampoungde2h4, (in sepaate peftionsrofid. 26 | r'-A

0.77 g and.15099; £-laynmol totahand H2204 finseparate 7 a

portions of 24 mt 15 mt and 19 mi)is attowed 20to Teact

att.gaﬁ%gsfgg r%%t@é&glr%ﬁcm SOSQJQ Q&@gtgnl;s %C&J]%r}n%mﬁt%rgrésﬁach single

aIIé)r\é\;:/)gLcja|ﬁgqi ggg!rﬁug@ &Qdﬁ ded tglropwse to ice-water.

The mixture is extracted with EXOAG (3X), washed with

brine (1X), dried (Na2S04), filtered and concentrated in

VA ThE T ESTANE (7B ' E e TR BTy i i¢ed eddn 'Ewnamele,

(Z5'vidLy drvébreethigesoleftioitdsasl dedePOO43 (2dambm@y. enantiomers,

mirod)edrivest eaeticneis heatedatorefiuxriamih, then poerethers,

25inte:ice-watekang-£Xtractedwith CH 26 12(8X0s Thss of a chemical

OJQQ%EU% Qh&ﬁ@p@gﬁﬂ@éﬁ%&&é@m;r&é@%@ﬂ:@?n’%@%@@:ﬁenﬁ !gc%)’grqsomeﬁc
-once e he.re is.purifie .

?ﬁro?ﬁa %é@g%%r%} 'Ejo% gffé}c(jat i%?% p%%un%j ohb. %rtsepré%l?rel'o a

mixture of compound 2b5 (30 mg; 0.072 mmol) and

AnfiyErotiS MECHS 1. 83T 30 57 ded Keuwsersagtiive 2

MPABHARE 2SBTOrA SRR FIGINE (86 s rAnbls datkxample,

tiheeptixtaredteheatvd 101<1QC dffrdeallbwedctoarasictifoldibghiiferences in

Thermixtkiretis rdilpedswitho B AG£401ml, )y wasbrdwithd the like, and

mﬁ@ﬁma@ﬂ@glﬁ}‘lﬁ%g&@sfl‘@ﬁ@%m&%@%%@@%gﬁ@y@yQﬁg degree of

CQ;'%N:E?P "tﬂ%i!g'bg‘rd%@ I@k@ ?ﬁ%uéﬁggkm‘é% RFQQ%Q%ﬁ a%fp E)é%@ 9\'5 one

IR OO 200 IS Y I RNPEA O ANV el Corcnes

20071131350PCTICA2007/080845" compotind 2011™" *"

(Table ‘Ef. B ST 1 8K RIXIUFR SSP RBITpEUR I 2BEeT snantomer.

(BRI 235 E205m; 117 68 RHO 4Ry dPeER AR CINTED, 21 selectively

MEPHAGPKICHIS M0 ceremolsis’ dddedbethytdodidécOis

plisc@Hmwmolhe Fhevnixtunetis allowed to react at 70C for 16

h, then is diluted with EtOAc (40 mL), 10washed with brine,

dﬂ@ﬁr@“@@%&sﬁ&@é%@n@m &Q.%@ QE@I@Q éQdFH’iQé{Q&)%ers; or mixtures

mistare A campannds 2c1.and 262, SIER 21, Themixture o o
g sompopnds 261, 5d 267 s saponiied as gestribedl "%
Example A, Stép 4. PUTTCALION Of the MIXIUre by - antemers, or (©)
SNBSS RSO At OLS T5er Aoy aton hereaf
WGP 257181 S50 ESFeRAT0 E00B4S EXAMPT B gAaciude, for
PreparatioR i esrmpo utic EU58S Tiitks Phog:5 ENTHE:Batlve host-

guest compiexation, resolution or synihesis using chiral auxiliaries, enantioselective
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Step 2 Compound 10583a4303 Step 1: 5To a solution of
compound 1c3 (Example 10) (3.69 g, 14.17 mmol) in AcOH

WO 28BSy is added ethyl acetopyruvate (2.65 mL, 18 4Eaelyeoos+s
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followed by conc. H2S04 (438 pL). The resulting mixture is
heated to 50C for 16 h, allowed to cool to RT, then
concentrated under reduced pressure and the residue
paHitionee.bptuweendHaAe-ansiwaier Selidibablc dddseous
cm%be@aggg ith.stiging.anddhs omanicpha H@rallym Chirel
“ugshech i g, drsg.aver AV, Mg8§éf fligiedes
concen rat e residue Is purifi Slum
cWr atography (2096 TI0RE/Rexansf 1o Bh ralgg{%%oﬁ aphﬁ Jonn
3‘5(16(4&3%0%&% “afif B PrEatt B ED (thoteP o PStap pzicararhy,
Toma fhgktubecoReBmpotint 8l (2 89 9eB 26 Wilroprantehods for the
THEEOH (0 amlidtrimb)iSovoiety 16 0Cisdd et INABHA ., or NMR,
(24Bam3gnbH3mmal)evera periad-of bimimaihe mixturgdsco orD,
stireed at 06 fard O minktes and diluted with water and 10%
agueous HCI. The mixture is extracted with EtOAc and the
ogganlc extract is washed with brine, dried over anhydrous

gdﬁacfe ffefed and concentrated to give the alcohol 3a3.

S(f8”p1p§’“ SO L8ILHESH D ORI GBS BIS T 4 anmal in need of
MHEFENEM ‘B dPEGECDRME PTETRIEI S H catsd o pRivei g

L MB Si¢diVeifedirg o668 et cdrbé:.mimal) dvetat mienite: or &
perotkdodesthanen(6Q R Ik, 45 munol) dsadded and dheentona:
reaction Mt eisAlwesh=sd cadR StisALBIWashal N specific
atmesphete fr 30 MmiRe T Q%J@@&H@&%@J&%ﬂﬁwmm.ﬂ nature of

vyrgter and thqhm%tu[ep {tltl cje een (yv§t ! dch
Et(‘i&(():rﬂ e or a?ucc}:sphase is wgérﬁ%(f v?f’tﬁrbnnaeﬁ an armaceutical

(RSB 4) RTS8 Sl RomEsRE St ats iR SribSrtragiAtyertion may be
3"’5&” LR ﬁraEA%ﬁ&%ﬁF@Cﬁfycompound 3a4 (530 mg, 1.29
mmol), MeOH/THF (6 mL/6 mL) and 1N NaOH (0.77 mL,
Nrgmensol)dstaltendd toimachfon@edminutes.dfaemixtuseal activity
ishpatitionedibetieenwatenand H4QAC anetheragueRYS ceording to
Phasedsiacidified.toptH:5:6-andigxtractedwith FQAeT. Beixture
camgmo%gmx% &n@}%@ JRdrgd ;O%Qmﬂz)ﬂafgﬁ e%%gg of the

concentrage iV l.fj 8 (Table 1
le ure i on.f; ?mafm@cﬁithe ac‘ave mgredaent 15
ara on Ol compoun

(583‘88 ﬁ?ﬁiﬁﬁ”ﬁﬁéﬁ TOFFdhé ?ﬂ(veia LU o " one enantiomer of
COFSO P FUSS! R ARP RO BAT (2369 820 B-rhiriis|piter enantiomer of
arhersU TR Baatep at Werd adeeeh EON(1RB:pd 2 0iQ0re

mamrici 4ol oveed doyiqpivatoyicchior de B plor 6 GOmmak)mer of the
Thesesiling soltion isistireais0GFar 30mR-a4d, thenqat 100% of,
F&Tom %590%%@5@%5@“&9@@'%ﬁ@or;é?‘gﬂ@&% méglfggéenantlomer
and it 20is gﬁgdo%g amigpeformed ! ;4 fea tm% %%Héﬁfgre

-2-oxazolidinon

phés%cg%zaﬂ' & clpb\_r' osonmeL erago tic “%OC z§ whi%ﬁhg%ch naritiomer of the
B 'L.%ﬁ%eeﬂﬁa*ﬁés‘f(ih Wy Bl e R d SaiRg =P evte
the resulting mixture at -78C for-3® min. The mixture is

allowed to warm slowly to RT and stirred for 2 h. Saturated

NI-LCI (30 mL) is added and the mixture is extracted twice

with EtOAC.



The combined organic extracts are washed with brine,
dried (1),IgS04), filtered and concentrated, and the residue

WO 3 pidtifed by flash column chromatography (5-45%8 &tOA07/066845
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in hexanes) to separate the more polar adduct 3h2 from its
diastereomer 3b1. 5Step 2: To a solution of compound

3b2 (110 mg, 0.20 mmol) in THF/water (2 mL/1 mL) at 0C
isradded: H@M@Zﬁ@lpreﬁ&ﬁéd@ﬂﬂﬂl&rf@“@\%@l@@%ﬁf%&gﬁaceuhcal

agﬁr'zﬁ@:ﬂt 9;1 'aaL_Q lﬂﬁb}%@r (xlg rg tﬂ%gzéﬂl rgygtumxl-rn(?felék%g)d ﬂ'é?&f therapeutic
ﬁ}{ét&é@%@ stirred at OC for 30 min, then 10% Na2S03 (2

mL) is added and the mixture is partitioned between EtOAc
and water In(adjusted pH to 10). The aqueous phase is

EGIIS GG fﬁﬁ“@i 3 é?m&ﬂ%@m PR HiATBLIGAthAETORRD!e salt or ester
THe gt epRasesigidriaty ARHSOL) ditte fesramts™ including but not
coricaritratethiandstivesiesiduesigudissolved vy DIMEanthr systemic
purifieehbyoprepatatveHRLCita give-compaung 406kanaous.
(Trﬁb&@ti’)@%ﬂ’hﬂ@ﬂ@@é@uﬂ%@fs%@iaz(y%@mmﬂﬁﬁmsintrastemal
aﬁtgﬁggn%%%bye%may FERS &PM@L%C%LBSCQ@?&WG o use

sgxgon mtgé é)ur)d or a-i- harr%g%g&:cgl 5?0%%@@;(%@@3? tor esler l%ereof ina

be used to resolve racemic mixtires compoun
FERIUITS 1) BEARTGP Lhir A EHteP e i constituent
enantiomers. EXAMPLE 3C 20Preparation of compound
10meTablesly Steprblgcaniste iofatmpbigied, 8adients and additives
(Exas plenB&p{2 @ fgr b grumoh :anhyd rous diexaie: (4fous modes of
ratuiicobutylesegasdapRroxsd s mk cendensed ARG hed in
and BEIEI20 (3inbeibls &émﬁ@@a %Q@dén@&gwga SRz macy,
r@%&%@p% @é%gttlu/ﬂ] lQQ/-H{ms ? H?%f G Faypov:sh and

A&Q'E&O Q nyt lene 'S at OCd s E}OX
stirfing 1s co'n mied &t ro[gn??eﬁrgér% urer %‘f?ﬁﬁ?’ﬁ%%?s 8ih ed.,
BHS! 'ﬁf’fdm(ﬁaﬁf;)gé?iﬁ Sobilifylene (5 mL) is added at 0C

and stirring is continued at room temperature for 16 h.

Saturatest aguiestes=NaM GO IO Nt L ivadded to:the including but not
reaction meixturey foll owed-faydssoliddNakeQdkand watpkditeompound
reixglaeds stitsech for 3Q minandthe-phases A sepaiated der, body
m@ga%gg%ghm&@wmdr&%%%@ﬂgm%é?éamm%P'me

qm&%g%ss?e\@rt y“aer\% Q%GFé‘e'\é\g{?gﬂfeﬂCbOﬂ geaksrgd fconcurrent treatment;
congentrate he residue |s EUI’I ied flash colu

fomatogra fhe"“?’e”a%%?%?c G 66‘3/“%%9&81?{@)?5’}?8&3“”9
B“é?&?@%d‘?r?ﬁaﬂﬁid%%i%ﬂgt@ﬂ s Mesheepalle BT §8Ed 7 @ dosage
Exariplevi Acsialy afigdenowel srxivyRE FsAA R e prusitiomy harmful
of contpouneddEG38siTable 1 102 Sa'4a2 10Compound
1035454.453 Step 1: A mixture of compound 182

(ExamplesdBg: (200§ LR MEeD. ILMMIBICAGIA L 1AM 10 about 100
13:53al), &9&%%%@9@%@%%@1&3%&%9993@&gn 3% 00110
%E))J?Sla%%f ptc%y the pharmeaceutic %ﬂo&%&ﬁ? thzsdntlf/entaon will be

50'0%50 m H Is adjuste
PETNITNAGH?® ﬁecﬁahéjoaﬁguﬁﬁé? Sigeéﬁﬁ'%lﬁ‘iéﬁe(ﬁﬁjﬁ BAGRE continuous

and n-butanol and the organic ex®fact is washed with water
and brine, dried (MgS04), filtered and concentrated. The
residue is triturated with a mixture of Et30 and EtOAc to
provide compound 4al. Step 2: 20To a mixture of
compound 4al (1.5 g, 3.84 mmol) in toluene/MeOH (2:1, 30

mwal \ i~



added trimethylsilyldiazomethane (2M, 3.0 mL, 6.0 mmol).
Concentration of the mixture under reduced pressure

WO WfouWtes compound 4a2. Step 3: To a solution of PCT/CA2067/860843
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compound 4a2 (0.080g, 0.20 mmol) in THF (5.0 mL) at 0C
is added 3-bromo-2-methylpropene (0.3 mL, 3.0 mmol),
followed by LIHMDS (0,5 mL, 0.50 mmol) and the reaction
mixisiEe is.alowaddaatir ahRT uptibreaction is: cempleler,. The
5%%@&%&!@4&5 aae%@ﬂggl%gsga@&m%W&ﬁg%ﬁé%gx%%mna;5 to
Wi or

P e e o] e R Lo Ee e e o a e
oRBUTE GO LA AT ST 47K AFROFECGPUEHBAE™ 00 5% o
AFP(DIDBESY P PO BN Y EtDER AN CLE [P P A8 RTE ot from about
10Pt20Adei’ s catalystpetoimg) is allowed to stir at room
temperature under an atmosphere of 1-1, for 30 min. N2

gassisipassedihoughdbadainire which-is dhepsfiltersskion according

th&%hv&%ﬂ%&%ﬁ@@s%%U%ﬁ%@re MAECAHR.A5 N6 rmuia (1), or
ggdr}%gcg ifle h chr%matogra Qgﬁrov@es compound 4a4.

Bl
tep 5. 1bA mixture of compound 4a4 (0.047g, 0.102

mmol), DMSO (1.0 mL), water (0.1 mL) and NaOH (10N,

oo FHE")‘Fé’?tﬁP?é’Gdé{?%%é T7eF HBWFWE@I“FftF‘ierﬁ?LFi‘sCOmF’F'S‘“g @
apltfetrantetiie ARt IS Paifeddrppreparative P CAae
providecedivgipenrdrl:085:¢T ableld YhEXAMPLE 4B

20Preparation of compound 1101 (Table 1) 2b5 4b1l 4b2

ST QR Ghbodird@Rdvides g@ﬁﬁ%&@&tié&@&%ié@&%brising a pure
enantiomer of the compound of formula {1}, or a pharmaceutically acceptable salt or
ester thereof.

Combination therapy

Combination therapy is contemplated wherein a compound according to the
invention, or a pharmaceutically acceptable salt or ester thereof, is co-administered
with at lezst one additional antiviral agent. The additional agents may be combinad
with compounds of this invention to create a single dusage form. Aliematively these
additional agents may be separately administered, concurrently or sequentiaily, as

part of a muttiple dosage form.

When the pharmaceutical composition of this inventicn comprises a combination of
a compound according to the invention, or a pharmaceutically acceptable salt or
gster theresf, and one or more addifional antiviral agent, both the compound and the
additicnal agent should be present at dosage levels of between about 10 to 100%,
and more preferably between about 10 and 80% of the dosage normally
aoministered in a monotherapy regimen. In the case of & synergistic interaction
between the compound of the invention and the additional antiviral agent or agents,
the dosage of any or all of the active agents in the combination may be reduced
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To a mixture of compound 2b5 (Example 2B) (238 mg;
0.56 mmol), anhydrous - 55 - CH2CI2(4 rnL) and pyridine

WO 276 1F3.4 mmol) at 000 is added Tf20 (191 pi; 1.23r/CA2007/000845
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mmol). The mixture is stirred at 000 for 30 min, warmed to
room temperature and stirred for 20 h. The mixture is
poured into ice-water and extracted with CH2E12(3X). The
orgapicelayerdswashechwithbrinediied {MaRwédlditered. .

and concentrated to 5dryness. The residue is purified by

ffor
Pwra{.:}to n%? temr?lcf%gjicﬁ%]agr? gurg (S%rilbma 1o

SO UtIOI‘l com

S B EELS T TR 1T 665 FESRIE T érg@a@dww
trERLRIRAGIA/ M (37 RO 27 RB - TRE FHisdUreggnts that interfere
sedled anthalwedntecrenerandeas paie fowmierceirdittorisratofication of
14 0Cfora28=mime! e EQmixitrens speuredrimto EtOAc (50

mL) nwashed withoringddatde NaEHCQ3-and brine. (3% Thgad ng but

organiGphase i@&u@qe@s&%@%}f ilierad-and.concentiaied..
and th g%ﬂg%é%c%unﬂél X Ias chromatography (1:30
t

sHm%% 0:1 Hexane/Et 0 afford compound 4b2. Step

Hiore et I BURG A2 527 g "0 08 ARty but not limited
EtOFP (E 0§ 4AG P02 (8" & FiGRviEtetS fedtrufiearitg2nd BILR
at 13 for 20 min. The mixture is filtered through
BelitedidsanditinesCalitaihlbpadiiswashetbwith BRkhviFhequinavrr,
comhined filkates sapcapirated Hnder reduead Aressug: vx-sss
to afforehgempgund 4b3. Step 4: 20Using the procedure
descrlbed in Example 3A, step 4, ompound 4b3 is
converted %t%rgr'ﬂmgu?‘?dbflrﬁipﬁ 8 1). WO
21107/@%%8@‘?@?7‘@AW77@668‘&5"E5@AM PER\ERC (UK-427,857) and
Preparatio®sf.compound 1034, Table 1  On 7Step

65a65a5xBiHEkcGampoundskd84oSted to Bfo-amxture
of acidbad (3:2i@rslBAubnpel} andsthylJevulinate 5ag (2.4
mL., 19 @ng@mmm;ruﬁ@m@ tgsgé\?@@&&é%w (6 509)

W;he”_(plxrture |§bhteae i d | rilhour filtered
conCertrated Undar re ‘”%H“pPS ST ALY |§hf %’5 BMS-538158
mlxéﬂd\ﬁﬁ?ﬁ@CIS (12 mL) and heated at reflux for 4 hours.
ThelrehistiBierpixture is concentrated and the residue is

treated with iosiand solichiNaHCO3itaadjust e phtdo 7-8.
ThedQmirdreisditered anduthe, collestedisolidds.laken up

in EtOAc, washed with water, dried over MgSO4, filtered,

g_% rt%entrated and gurlfled Qx fla§h chromatogr § g}y 100%

ex

Ermuorfe a he invention ¢g h at t
Hexane to 1 EtOAS) To%ravide Bombaun sestone

PRy 0“’%8%%%%%? BaEetrrey ij'”U’?%oﬁ{PﬁEﬁ)a”?HFgai or
(%"‘E)bﬁ‘ﬂ_ef'%ha@@“éﬁBICHHWl"B‘bPéHM@C(GPﬂ%ﬂﬁa@'s)mmol) is

added LIHMDS (0.4 mi.., 1.0 M, 0.4 mmol). The mixture is
ﬂmwévdeua@tircatgRJTOIf@@B@qmmresgethmmuﬁ@uswdﬁibn of this
isadded;and-the mixiure is.extrasted-with RIOAC. The
combined organic layers are washed with brine, dried over
MgSO4, filtered and concentrated2o provide compound

5a4. Step 3:

%eraé)y include agents



Compound 5a4 is hydrogenated using the procedure of
Example 4A, Step 4, to provide compound 5a5. Step 4:

WO BTG E¥olution of compound 5a5 (0.1466g. 1.5 mnR6y fri2007/000845
CH3CH2CN (5 mL), is added (CH3)3SiBr (15 mL, 4.6
mmoi) and the mixture is stirred at 75C overnight, with
removal of (CH3)3SiCl by distillation. Saturated NaHCO3 is
added and the mixture is extracted with EtOAc. The

combined-QraanG laysis.are washed with-bring,AreeOVelention
Mge?fg?rf‘fhﬁ'&%feoq and conce %H%%rkgr%'éfsea%gnl%n%ﬂhééﬁ

10Stec 5: A mixture of compound 5a6 (20.7 mg, 0.054
mmol), 4- ethenylphenylboronlc acid (10 mg, 0.068 mmol)
5 MW@*??WW&?@B?W&@H%%D)&?”‘éi?f&%?h?@?ﬁ%%&ﬁ‘éﬁfsth’s
AEEC P AP PIIABT 207003 1AMPGPET AldsRsatioNR -
mixture is allowed to react at 120C for 2.5 hours, then at
REconeriighét dhensnbtuceiis partitio ped-kebyeancitddaion of this
apd 120 heanddhe-arganicniasesswashad:with-RriRfsase inhibitor.
10 dried (MgSO4) and concentrated. The residue is purified by
0-30% OEB’\OA /hexan ) pc%/

aceu

h
Cocr%or m%&% @P@nggodlm?& Sishe P 0 compoun SLPon of this
(L4 R0 OS2 RGBT 68 NG CBi, oo
2052 ulL) is stirred at 60C for 45 minutes. CF3COOH is
dtdediand eHethmxemiedenpuirifid byeprepatative FREDTOT this
15 preside coapeunchdo34i(Tablert folW@es at ieast one integrase inhibitor.
2007/131350PCT/CA2007/000845 EXAMPLE 5B

Fﬂ@&ﬁﬁ@@%&f@@@ﬁ@@“@@ré&%&ﬂ@%@@ Aﬂay é%l:)e& ﬂsgcg éc,54lab0ratory
S&%Beﬂﬂ' ofSngeQr&Cn% r% gf %Qmp%t gtcg‘gqp dxrrg:a Q%m% gsent invention

Chaem Seddg ? 6): t627 Is followe To%rtnlxiremt
of compound bas Exé"rﬁo e ?Ai 560°AiY, G871 M) hg° ©

“ f“ﬁ%%%%rﬁ?&é%%%eﬁféﬁaé’éﬁﬁiﬁﬁw’ﬁ%Rﬂ&(‘@é’zfﬁrﬁﬁe&“%%%?ﬁwﬁin
anhydrous MeCN (9 mL) at RT is added DBU (501 pL, 3.35
rhvriof P ee maxtarenis sstirdiduab foopetempesatiorendPfor.8ed to freat or
hosuesyt then-brine (@& pib)eisradded aadthe-spixtre Sk of viral

pﬁéﬂti@f@%b&ﬁﬁé@ﬁcﬂ QQ@%%% %%%W"@ﬁ‘g in contact with
25 QUQARICHNASES AN ggugvgfrg\égiﬁ%umgﬁ{se&@ Qmems laboratory

C%%%%Hfataen% under red ucs:gloogre sure. The resi

purified by col%arwﬁen%romatogrg% eyc/“fﬁ@@p ar?msles ahd mate”ais)
acetate/hexane) to provide compound 5b1. Step 2: 15A
MRXLAE6F COMBBIEPSBELPOl HF!0.617 mmol),
2upropartet (Rl 400 At pan derheidiueh flcbinacetate formula (i),
3¢ divnesri{Biv8 sngpBilPsd dmmol)isatowed toaeasidnsascogniton either
Bietage: inHiatarton 1Sty mMcEQuAVeappaT 8ius @kd 6 0G f9N = or
%Qémi%ta%e@@é%d@%w%!% ﬁé?e@%g Jelt_é'c:tegé n@gur%%oﬁ rquantifiable,
(c;Ir g?ﬁzﬁp Hemqﬁpﬁe(moq’e%%lrm% éegnwmqw)ti?émsenes Comprzse one or

mlxtu eis O edto s ve n| at room temperatu
rr*ore ete t eygbeqs Fﬁ{l eér@t iOﬂ tnerebetweeg aflows the derivative 1o
After aci catlon WI
35 be detected measured or guantified.
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HCI, the mixture is extracted with EtOAc and the organic
extract is dried (MgSO4), filtered and concentrated. The

WO 28Eiduis dissolved in THF (10 mL) and treated WRAT/CA2007/600845

16

15

26

25

30

diazomethane. Concentration of the mixture and
purification of the residue by flash chromatography
(EtOAc/hexane) provides compound 5b2. 5Step 3: The
procedure of Wolf et al (Synlett (2003) (12): 1801-4) is

fQll nggivé%\rm%%eofs%%@sﬂgg&@ 202, mh&%ﬁ g but o

mm Le) nd HCI ioxane (4M,
Elﬂ’ilte ’tOSlL“‘_‘! (i ant ofaction ot viral and ost ilatems involved in MV
mmol) IS a tO stir at room temperature 10

RS THE W8 TG ATa A TRUEP TGt @ ond nost
pYESETEN R FERTE GRS pEHdel i TeBH ST NI(Be0tHRE yyhich bind to
arngte s mixagre/is hededdNald 0405¢geRs7 amvolesTdveording to this
mbgiureis beatethatrafhwuien 2 dayss diluteawihiotOACwhich interact
washes withwateradie: 3N Na25203; dried: (|M|@Q5Bismacement
flé@%@@@@m roacentated.Under, L%%&@Qrm@%ya%plmd from
Qié%f“g‘%tﬁg@%v?'gg%gggo!%ﬁ% dE R'A‘ag%% ra;/y%%soée used to
nFﬁ& ue'd %SFn” OUR ESBA”(%"TH ‘%%Wtﬁ“ﬁ%eﬁﬁ%i)‘%ﬂoﬁﬁf&*%s@f o
ity 1 ﬁ@é@&%.ﬁéﬁéaﬁtaﬁ&%%ﬁ@w (RGOS Rrprsmpounds of
ahelk&#e (205 mg, 2.09 mmol). Argon is passed through
the mixture for 5 minutes and PdC12(dppO:CH2CI2 (77.6
Mg L95 speRa) s aslsed Aigoniis RASSREthraughthinds of the
rme@m&ﬂ%@mmgeérfwm@é&@%%s?&t@e@@rgamumw&@em labets
tghtgﬁgél%tréog‘\ht%\égml%mzy at% Ise rlésd%)ai(g%g JEse pesh%f|r5|ty tags and

Otor c an d the extract is washed W|th brine, drie
fﬁtere t%ro@g?‘n Beiite TM and concentrated to provide
boronic acid 5b5. Step 5: A mixture of compound 5b3 (90
g " ZOB HATRIY, TERTPURIFRS S5t 21 BIBing ighua Bne wavelength upon
25mmtt), KOO Ba(86emg, '@, 623 ahntolyrR R Rb4R)# (2¢k Out are not
g 2L areaeel); aack DME. (6:00mkt) isalleswedHeiseaet dred including
Biotagenmitiaiasm Shey-RoicranareaRRALUS HEd 206 RN but not
tm&ﬁ@%%iﬁ@o@ @!-}ge@%gh l@%({ G@rﬁ&'%} F'E] )ﬁg‘lllggd Ié) Cy3: europium

diluted with EtQAc, washed with brine, drie
filtered and Sconceﬁtrateg “The resi ueé cfs,aﬁ]lg.jjirghe%eby flash

chromatography to provide compound 5b6. 30Step 6: A
MiktETE BT EoHTPoER '5BE& PSS RIG, G DTS s B aiERrpanion which
C234 7R 1I9MD. 23RNSR G (ELR8 H¥R) hat THIFEN(EDF luminol,
rtjeisallowradh terretaetiet 40C for 2 h. The mixture is

acidified with TFA and purified by preparative HPLC to

previge.sarmpounthdQR3n 38 Q1 absoros certain wavelengths of visible

%QQU&%%%@%QJQ{ %@Qﬂ? gqgslégg% MEJTF% t%gcg oumas which
%8?23%@% chrom Rgr%rt% gfpagrljl?%gr%cgnc ro%oergﬂes chrndeiput are not

diefhyl acetlslicanaie o6

a owea 0 S r A RGeS Migarature for 2 days in a sealed
dessicator under vacuum in the presence of P205. The
reaction mixture is diluted with GB2CI2 and purified by
flash chromatography (EtOAc / hexane gradient 1:810 1:6)
to provide compound 5c¢3. Step 2: 10A mixture of
compound 5¢3 (19.85 g, 68.1 mmol) and Ph20 (100 mL) is

heated at 250C for 10 min, then allowed to cool to room

fAararmaratiirs LlAavwearmas e a~adAAA +A +hhAa mAaivtrires AarlA flaAa A~ A



WO 2007/1 1350PCT/CA2007/000845 EXAMPLE 6P?
Preparation of compound 1009, Table 1 Compound 1009

WO Btef31ase 5A mixture of compound 1b2 (Example 1BY (324067000845
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mg, 1.04 mmol), pyridine (3.0 mL) and
3-carbomethoxypropanoyi chloride (193 pL, 1.57 mmol) is
allowed to stir at room temperature for 30 minutes. A

f%ﬂ@@{ CBQ;WQQ ;5?&3;%BQQ&B@HQ%WQWW&MQ@%QQ%SWM tca
pe‘pie% f?ﬂ &Wé@? 'M?aé‘g‘c:@gs%@é{‘rééw Qg%% 5{9 QQ l%\n boci»eﬁ co(gtgmplaied for

e?e ta le %E tO Sﬁturate ggeoub !
at ﬁfﬁ\or m rgﬁﬂ&oni ra(% are not limited to
V\?&gp%i(lf?/\ﬁfﬁ Bﬂmg faiﬁg&gem@l%ssdaﬂﬁé?%% %ﬁatmone S transferase {(GST),
COTeRItY AR hE LSICRIEORS (ReFfder 1B fraatpse binding protein (MBP),
chrromatogrephyrteeprévitiescompidand 6al. Step 2:. A
mixture of compound 6al (450 mg, 1.04 mmol), NaOEt

(24 % Bl 36: BHardy i m%%@%%ggwétwl)/@ Qe'f@é’f%ci%y means of
allowed, %@&@oqft@&% for ;cnsew;f mé?&megag%l;?mmers

t%m%mp F=; erg fg‘rnuqsedzlalsuctiggelc\{vlo% g tt)ess aciorz? %(I\Ff_rnventf r{include but are

acidified to approximate
pHALBEERR ’%%Bé%%ﬁé&’@ﬁ& %@sﬁfédﬁf?a%@ \WASHEES T and the fike.
brine, dried (MgSO4, filtered and concentrated to provide
compornice6aRrsiepr3soPoealsolatonvafcoompowacGaRn upon
(dtbanye bebdvnmnobkiovE DAL Bdmby isacded hexeessc, *H, 'p,
drazomgtheanein Et20 and the mixture is allowed to stir at
room temperature overnight. The mixture is concentrated

er sidue. is purified by flash ¢ atogr
B R 2y R S SR aqy cqpionavs
1“8%?& UTECEEGHB6 Ha“é‘gff(%iyﬁ?a i ) mwmpiex with
AGIPBYSMRiRE 0% Eiﬁt PERPIRIR BN P STRALVEY SSifEyd &t eRparated
i§d0 e St UFINITYSY (BN Inctolabriere 82 iphited B8R tmmelerivative
Tiveerd actiottimixtunes iscellowe g tonsti; at 0@/ fer 4oyminutessr a defined
thﬁt’d;waéedigj&z%déeﬂ a-Eb&iﬂ&iXﬂ%edES ﬂ”iét:%je\ﬁliﬁﬂeag&%etﬂﬁ are not
phases 3reseharated,andthe oF Qﬁ&%m’ﬁ% '@WQQ«W epitope tags,
With brine, dried (Mg394), JM’%%‘F% g%r congenfrated: ooy 2nd e

Purification of the residue by flas omatography
(i -20% EtOAc/hexane) provides compound 156a4 Step
5: A mixture of compound 6a4 (38 mg,0.082 mmol), EtOH
(@Ghﬁﬁmr&n@?@@zeﬁw@mm%wwgedmmmr@mewewe@wnh a
tenstramdtiersamnrhiosphersiofia? fop2a8-tmitiones @hrgom an inert
tempearattre:ilhembdureis fikeredibiroughca Milex 0+ ¥e used to
fltev-andddhefliliralec20is CORCEREALEE: KO NI darCOM PO residues
@a@@@pr@sﬁmﬁt%@f@gmg}gm @%éo@éﬁar@gmqr@?e o
'BQS'BQ%%HQ ésnl\el g\iﬁgl_a's(gen hgngr% mmoz)dm DMSO (

mL) is a Iowed to react at 68C for 45 mlnutegs and cooled to
room temperature The mixture is acidified with TFA and

“?fegab%%/% SEFERAE A T P @éfea}wﬁabm%wo the
(ﬁl‘ﬁgﬁ @rﬂj)as the formula {Ic');
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EXAMPLE 7A Preparation of compound 1007, Table 1 CI
Br Br Step1 7al 7a2 Step 3 ClI Compound 1007

WO BtepEi 5A mixture of compound 1b2 (Example 1B)X(6 @y 7/000845

10

15

20

19.3 mmol), ethyl acetopyruvate (3.6 mL, 25 mmol) and
concentrated H2SO4 (0.90 mL) in AcOH (45 mL) is allowed

to react at 130C for 3 h. The mixture is concentrated under

reduced pressure and the residyg is pgiified by flash
chromatography (10-35% EtOAc/hexane) to provide
compound 7al. 10Step-2: xtarée~obow
CH3CH2CH2PPh3Br (427.4 mg, 1.11 mmol) in anhydrous
THE (5 mL) at 0C isrddded nBULi(0.75 mL, 1.20 mmol)
and the mixture is allowed to warm to room temperature
over 30 minutes. The mixture is ag&in cooled t@’QC and to
thiscraixiues: isvagdded a mixture of compound 7al (400 mg,

0:924 mmolin LHE. (1.5 mL). 15The mixture is allowed to
sg,r@ E&chn é@@n%%aturef r.2 h, and saturated NH4CI (10

are as defined herain.

An alternative embodimeant of the derivative of a compound of formula (1) according
to the invention has the formula {11

r* r*
RS :
[ S S COOH
i i
R?)\%TARz
i“\
@ 0

wherein L is a linker;
4 is g detectable label: and

R? &% R® ®®and R are as defined herein.

in one embodiment, & is selected from a fiuorescent label, & chemiluminescent
label, a chromophore, an antibody, an enzymatic marker, a radioactive isotope, an
affinity tag and a photoreactive group.

In another embodiment, G is a fluorescent label or an affinity tag.

in yet another embodiment, G is selected from biotin, fluorescein, TAMRA, Alexa
Fluor® 555, Cy3, europium or lanthanide series based fucrescent molecuies,
polyhistidine tags, giutathicne-S-transferase (GST), hemagglutinin (HA), FLAG®

epitope tags, Myc tag and 2 radicactive isotope selected from C. *H, *'P. "?"| and
125
“=f.

w36 -



mL) is added. The mixture is extracted three times with
EtOAc and the combined organic extract is washed with

WO Btrieldried (MgS04), filtered and concentrated. TRET/CA2007/000845
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residue is purified by flash chromatography (10%

EtOAc/hexane) to provide compound 7a2. 20Step 3: A

mixture of compound 7a2 (16 mg, 0.035 mmol) and 2.5M
NaOIa(dQoRkadQnk 7B THRGH)L IR MASA(d-8id:l5 alleweddOwhich acts to

r‘éé@é for géQeEEHEHH (ES5.AL | VQQHE!E?FH&%@%E‘E;J%%M% Rmpound of

atg dified Wlt FA an urifie

preparat
FRauR B o bOg o
I%ﬁ“‘ﬁ)? Rﬁlﬁi’f@ogﬂ‘ OEFITEEE ™Y PRI Regye o

5%%'??\/8‘&% DI Step 1 A solution of (Boc)20 (1M in THF,
2.47 mL, 2.47 mmol) is added to a solution of
HZMNEH2 GHRBEIBE{506: MY R AE MMoand L3N (866inity g, the
Ulek&- L Zopraal )k in Tl JA08k) c ddnenrractiQRiniXibligdSom ¢, o, N
S&H&%j tﬁé BJWI@E&% Bo@iggd Ié W'é'%%gop GM%‘% E!r%wt%& optionally

(%I:'om rxse)og'gor ?n%trgrcaét%gcgv\l/':% %eroc IIC i s( such l'F)ai?;e average

org anic phase is was brine, dried over anh
M5§6a %ﬁ?ﬁe%f?@%?ﬁ%d "8 %é%?&aae%aaafﬁréa%wm 2 A to adout
cHidfnatography (5% to 20% EtOAc/hex) to give
BocNHCH2CH2Br. To a cooled solution (OC) of compound

21 3bofi=xampl@nzBy) (206 mg,0140& amabel RMEF(3yBk) 18 linker L
agHedKQIBUARY JMGo R SR AR ERE, RUXHUELASSHITE N and s the
far e 5@#@5 drHER.a50Ltion of BACNECHACHZRY é&&%w comprise

IS added The react

i e DR S e U 1o L T e
tﬁa%%?xﬂtmee“wa%“dﬂuﬂfaa*w.ﬁub%%ziémﬁewﬁwa A'to about 50 A
organic phase is washed with saturated aqueous NaHCO3
(259ndstrdebing rdriedevet anliydrmeosMgS0deantinity tag, the linker
coneentsataciubhe resitdue s punfipdlay-ahRMaegrapbyn. N and s
(ﬂa@%otrgs??;@%g &Q&Qﬂl Qﬁ%)ntcé MW@ &Q!%EP&M?«Q @@ﬂnch%ﬁgngﬁy

rﬁ’sp§94%HQ'&%‘FQQA%%H%%%@L&%@OEQ&EQnJgZ mn}ga tne aif@rage

ﬁea%;a%ﬁtr“é IS srhrred For S tRin-andt pUf ﬂg %ﬁ/sgré’mabom 2BhAt
p"i%oﬁé Ative HPLC to afford the Boc- -deprotected carboxylic
acid. The compound is 5 treated with Boc20 in the
presericeai-Na®@bbiosprovide @om foupe8ak@s @ aetinticag, the
Mixéd LesoBepaatitnd\acirad iR L @, wgﬁrﬂs@agﬁl@@bendenﬂy
Q&&@W @Q%%Whﬂm@m@hg g@m #FLQ% one to five

&@caﬁ%grr%m&o%sgkv;rggyﬁ@gg GG HIZQLONANNG iy

0

g%) solven mlxture composed o

/0 I\gﬁé |n E’con?alnlng 0.06% TFA) provides the
(S)-enantiomer 8a2. 10Step 3: To a mixture of compound

a2 @Y AGe L THRRABIF Hrith CYoea DuptesemLipbs! addeeffinity tag,
THRANEBD plv)prFheaiieteds stimed 1@ttder fords, amch incependently
cenrcentrated, Theaesidue isdissalveditn i GR2A0rerldne to three
and to this mixture is added EL:N{7-pL, 0.051 mmol),

followed by EZ-LinkTM TFP-PEO-biotin (Pierce; 17.2 mg,

0.025 mmol). The reaction 15mixture is stirred at Rl for 18

h, the solvent is evaporatec and the residue is purified by
semi-preparative HPLC to afford derivative DI. EXAMPLE 9

oOo1T10LL LIIN 1 1 vimnitfAvracsA N e~y 7 (CrCN\



20The assay used to measure inhibition of HIV replication
is as described in WO 2004/050643, pages 73-75, with the

wa IBlTowig modifications: Preparation of Compounds*<S&rialo7/660845

10

15

dilutions of HIV-1 inhibitors are prepared in complete media
from DMSO stock solutions. Eleven serial dilutions of

desired concentration are prepared in a 1 mL 25deep well

e e R CHEFSaALS SET e Do TG SorpE k.
Aﬂagarr?ﬁ%é‘}%ohtgxﬁ th&'€ e concentration of DMS00.1%
DMSO). Inhibitor is added, to triplicate wells, of a 96 well
tissectulieiretivaite deshedirademwbiEck incratitérplatens foliowing
(Bornin@ Costar catalogue # 3904). The total volume per

well is 200 pL of media containing the cells and 30inhibitor.

The last row is teserved for uninfected C8166 LTRLuQ cells

to serve as th a&ground blank control and the fit:

is medid’ jone. tidn of Cells Count C8166 LTRIuE
cells and pr&cesy iff@‘minimal volume of complete
1640 in a tissueculture flask (ex. 30 X 106 cell
media/25 cm2 flagk):-Thfectcels sswith-HIv Ivat @ moi of
0.005. Incubate cells for 1.5 hours at 37C on a rotating ra¢k!).
- 66 - in a 5% CO2 incubator. Resuspend cells in complete
Rvliamgiee afisalaaseentration of 25,000-cells/well. Add

Cﬁu@%M@l%@g%m&mﬂ%%ﬁ%rﬂpm@ggﬁg'm@%vennon IS convenlently
'%&Q%@héﬁqg &émgqpe QJ} f?ﬁ%@e&%gﬁhnlel IM% G lé%wlg\é%lelow

00 Lco | 1o Ia%row or back rou

cvovnef?% 7ncucbate Cglls atr?’?»'/fﬂ in 55% O BROEA oFr“fE?F gnstruction is
d%{i’/é‘?@l“A%?fi?é"&ﬁﬁ t‘}6W6Uﬂﬁj%e°*“?ﬁéaf6‘il6%%@%&'%@’“‘0\“

list compounds representative of the invention.
Represertatiieconigounedsitistedin Rablesd 4ds 3 bedavwond. R? is O,
heeivie & GHipvalpesafniamenesthan 2% pMylowhen testedriten,
theirivr lefrirseasRav R %m@:%%%@ﬁ@n@%“m%ﬁ RY, R® and
(1e)fer-agi conaponnd e Mepsuied yaing e standard,,
analytical HPLC conditions déscribed in tﬁ IExamp es ‘

is well known to one skilled in the art, retention time values

are sensitive to the specific measurement conditions.

15Therefore, 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 20column, the values may vary, for example,

between individual measurements taken on different

occasions. Cpd R2 R4 Re Br 1R7 H (in) 5.2
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S (M+H)* 419.8 001 CI-12 a 111 WO
2007/131350PCT/CA2007/000845 WO 2007/131350
WO 93319 R3 103% CH3 CH, CON, 1036 CH3 OHPCT/CA2007/000845

Scheme 1:

R R rRY R
a } ! Rt a
= l = COOH _, \i “R
S o
R’ xR R XA o
ia N

R 83 l R R
e £ Rt e
mCQoH . WCOOH
Py R \N R /" S ARQ
T
d I

h
3

! C

intermediates of formula (1), wherain X is O or NH and ®*, R® and R are as definad
herein, are commercially avallable or are prepared by procedures known to the
5 skilled in the art or as set forth in the examples below. Condensation with an

appropriate derivative of succinic acid, by procedures known o the skilled in the art
or as set forth in the examplas below, provides intermediates of formula (111} wherein
M is an ester protecting group such as methyl or ethyl. Alkylation of intermediates
{lil), by procedures known to the skilled in the art or as set forth in the examples

10 below, provides intermediates of formuta (IV), wherein R® is an optionatly substituted
aikyl, alkenyl or alkynyl group as defined herein, including a haloalky!, cycloatkyl-
atky!, aryl-alkyl or Het-alkyl group. it is contemplated that one 8® group may be
transformed to another R group by procedures well known in the art or as set forth
in the exampies below, at any chemically convenient intermediate stage in the

15 scheme. Hydrolysis of the ester protecting group of intermediates {IV) provides
compounds of formula (ia) wherein Xis O or NR', R*is O, bond ¢ is a single bond,
R®is an optionally substituted alkyi, alkenyl or akynyt group as defined herein,
including a haicalkyi, cycloalkyl-alkyl, aryl-alkyi or Het-alkyl group, and R', R*, R® and
R are as defined herein.

20
intermediates of formula (V) wherein X is NH may also be transformed to
compounds of formula {id) wherein bond ¢ is a single bond, B? is ~O(C,.s)alky! and

-39 .
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R®, R*, R® and R’ are as defined herein and/or to compounds of formula {Ic) wherein
bond ¢ is a single bond, R* is © and R*, R®, R* R® and R are as defined herein by
atkylation procedures known 1o the skilled in the art or as set forth in the examples

below, followed by hydrclysis of the ester protecting group.
Compounds of formula (id) wherein bond ¢ is a single bond, R® is H or (Cy¢)alkyl and
R® R*, R® and R’ are as defined herein may be prepared as outiined in Scheme 2

below,

Scheme 2:

’TA o RA Ra 8 CRS
; R ; :
RS P O\R Rl = O\R R 2 e COOH
/ik i ﬂ\ ; /jv[\ (
RIS g2 O &7 =y, RZO R Sy
Vi VI Id

intiermediates of formula (lla) wherein R* R® and R” are as dafined herein, are
commercially available or are prepared by procedures known 1o the skilled in the art
or as set forth in the exampies below. Condensation of intermediates (Hla) with an
appropriate y-ketoester reagent, by procedures known to the skilled in the artor as
set forth in the examples below, provides intermediates of formula (V) wharein R is
an ester protecting group such as methy! or ethyl and R? is H or (G, ¢)atkyl. Alkylation
of intermediates (V), by procedures knawn to the skilled in the art or as set forth in
the examples below, provides interrmediates of formula (VI1), wherein RB® s an
optionally substituted alkyl, alkenyt or alkyny! group as defined herein, including a
haloalkyl, cycloalkyl-alkyi, aryl-aikyl or Het-alkyl group. Alternatively, intermediates
{lla) are condensed with a suitable a,y-diketoester reagent, by procedures known o
the skilled in the art or as set forth in the examples below, to provide intermediates of
formula (V1), wherein R is an ester protecting group such as methyl or ethvl and R* is
H or (Ciglalicyl. Intermediates (V1) are transformed, by procedures known to the

skilled in the art or as set forth in the examples below, to intermediates (VI), wherein
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R®is (Cie)alkylidene or a group of formule —O-R*" wherein R* is as defined herein. It
is contemplated that one R’ group may be transformed ic another ®® group by
procedures well known in the art or as sef forth in the examples below, at any
chemically convenient intermediate slage in the scheme. Hydrolysis of the ester
protecting group of intermediate (VH), by procedures known to the skilled in the art or
as seif forth in the examples below, provides compounds of formula (ld) wherein
bend ¢ is a single bond, R? is H or (C, galkyl and B, RY, R® and R are as defined

herain.

Alternatively, compeunds of formula (Id) wherein bond ¢ is a singie bond, R? is H or
(Cislalkyl, R is -0-R* or is an opticnally substituted alkyl, alkenyl or atkynyl group
as defined herein, including a haloalkyi, cycloalkyl-alkyl, aryl-alkyl or Het-alkyl group,

and R*" R* R® and R are as defined herein may be prepared as outlinad in Scheme

3 below,
Scheme 3:
N . LG 6
R 24 o] & i
~
\]//:)\\i/ - . WT\W/ R RN ,/TH{O"R
RS /\/l% - = | !
R’ NH, RS Sy g © RIS N ©
Vil X «
R r R e R’

RE < R | | RS o
e Coon T Osg N g
e i ——— /EK | e Y | H

o N =? R . \N R [¢] R N e 8]

id Vi Xi

Intermediates of formula (VI wherein R’ is COOH or H and R® and R zre as
defined herein are commercially available or are prepared by procedures known to
the skilled in the art ar as set forth in the examples below. Intermediates of formula
(13 wherain LG is a leaving group such as a halogen atom, R is an ester protecting
group such as methy! or ethyl and R* is H or {Cys)alkyl, are prepared from
intermediates of formula (VHI) by procedures known to the skilled in the art or ag set
forth in the examples below. Intermeadiates {{X) are transformed to intermediates of
formula (X) by reaction with a diazotizing reagent such as 4-acetamidobenzenesuli-
onyl azide, by procedures known to the skilied in the ari or as set forth in the
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examples below. Displacement of the diazo group with an alcohol, by proceduras
known to the skitled in the art or as set forth in the examples below, provides
intermediates of formula {X) whersein B® is -0O-R®" wherein B®' is as defined herein.
Alternatively, intermediates {IX) may be convertad o intermediates (X1} wherein R®is
an optionally substituted alkyl, alkenyt or alikynyl group as defined herein, including 2
hatoalkyl, cycloalkyl-alky!, aryl-alky! or Het-aitkyl group, by alkylation, using
procedures known io the skilled in the art or as set forth in the examples beiow.
Coupling of intermediates (X!} with & suitahie R* precursor by procedures known o
the skilled in the art or as set forth in the examples below, provides intermediates of
formula (VIt} which are hydrolysed to compounds of formula {Id), wherein bond ¢ is a
singie bond, R? is H or (Crealkyl and R®, 8%, R® and R” are as defined herein, as

outiined in Scheme 2.

As described above, when bond ¢ is a singie bond, the carbon atom bonded to the
-COOH and R® substituents can exist in two possible stereschemical configurations,

as shown in formulas (le) and (If) below:

(e} (1)
wherein a, b, X, R*, R*, R* R® and R’ are as defined herein. Therefore, when the
carbon atom to which R® is bonded is the only stereogenic center in a compound of
formuia (1), such a compound of formula {1) may exist as enantiomers. When
prepared from achirat precursors, the compound of formuta () will generally exist as
a racemic mixture of enantiomers (le) and (If). Such a racemic mixture may be
separaied into its constituent enantiomers by any chiral resolution means known to
the skilled in the art, including but not limited fo, enzymatic resolution, separation by
chirai chromatography, reaction with a chiral auxiliary to form a physically separable
mixture of diastersomers, separation of the diastereomers, and removal of the chirai
auxiliary to regenerate the separate enantiomers of the compound of formula (1}, and

ather chiral resolution means known in the art or described herein.
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EXAMPLES
Other features of the present invention will become apparent from the following non-
limiting examples which iliustrate, by way of example, the principles of the invention.
it will be apparent to a skilled person that the procedures exemplified below may be
used, with appropriate modifications, to prepare other compounds of the invention as
described herein.
As is well known to a person skilled in the art, reactions are performed in an inert
aimosphere (including but not limited o nilrogen or argon) whera necaessary o
protect reaction componenis from air or moeisture. Temperaiures are given in
degrees Celsius (°C). Solution percentages and ratios express a voiume o volume
relationship, uniess stated otherwise. Flash chromatography is carried out on silica
gel (SIC;) according to the procedure of W.C. Stilt ef al, J. Org. Chem., (1878), 43,
2823. Mass spectral anzlyses are recorded using electrospray mass spectrometry.
Analytical HPLC is carried out under standard conditions using a Combiscreen
CDS-AQ C18 reverse phase column, YMC, 50 x 4.6 mm i.d., 5 uM, 120 A at 220 nM,
alution with a linear gradient as described in the foliowing tabie (Solvent A is 0.06%
TFEA in H,0; solvent B is 0.068% TFA in CHCNY:

Time (min} Flow {mL/min) Solvent A (%) Solvent B (%)
0 : 30 95 5
0.5 3.0 85 5
6.0 3.0 50 50
10.5 35 O 1060 ‘

Abbreviations or symbois used herein inciude:

Ac: acetyl;
AcCH: acetic acid;
AcO: acetic anhydride;
BOC or Boc: tert-butyloxycarbonyl;
Bu: butyl;
DBU: 1,8-diazabicyclo[5.4.0lundec-7-ene;
DCM: dichioromethane;
DME: dimethoxyethane;
DMF. N N-dimethylformamide;
DMSO: dimethylsulfoxide,
S 43 -
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mixture of diaster- 402 Icorners 411, |
WO 2067/131350 PCTICA2607/000845

ECsq: 50% effective concentration;
Et ethyl;
BN - triethviaming;
£1,0: digthyl ether;
5  EtQAc: ethyl acelate;
EtOH: ethanol;
HPLC: high performance liquid chromatography;
ICso: 50% inhibitory concentration;
Proor i-Pr: 1-methylethyt (iso-propvi};

10 LIMMDE: lithium hexamethyldisilazide;
Me: methyt
MeCN: acetonitrile;

MeOH: methancgl;
MOE multiplicity of infection;

15 MS: mass spectrometry (MALDITOF: Matrix Assisted Laser Desorption tonization-
Time of Flight, FAB: Fast Atom Bombardment);
NMR: nuclear magnetic resonance spectroscopy,;
Ph: phenyi;

PG: protecting group,;
20 Pr: propyl;
RPM!: Roswell Park Memorial Institute (cell culture medium);
RT: room temperature (approximately 18°C to 25°C);
tert-buty! or t-butyl: 1,1-dimethylethy!
Tt gifiuoromethanesulfonyl,
25  THO: trifiucromethanesulfonic anhydride;
TFA: trifiucroacetic acid;
THF: fetrahydrofuran; and
TLC: thin layer chromatography.
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EXAmMPLE 1A

ol

1a1 1a2 1a3

Step 1

To & solution of aldehyde 1&1 (0.5 g, 2.5 mmol) in ELO (10 mL) at 0°C, is added 4-
5  chlorophenyi magnesium bromide (5.0 mL, 5.0 mmol) and the mixture is aliowed o

react at 0°C for 15 minutes, Saturated agueous NH.Cl is added, and the mixture is

extracted three times with EtOAc. The organic layers are combined, washed with

water, saturated agueous NaHCO;, and brine, dried over MgS3Q,, filtered and

concentrated. The residue is purified by chromatography thexanes/EtCAc 100:0 to

10 3:1) ' give compound 1a2.

Step 2:

To a solution of alcohot 1a2 (5.82 g, 18.5 mmol) in CH,Cl, (35 mb}is added

activated MnO, (10.0 g, 115 mmo!). The mixture is stirred at room temperature for 18

hours and filtered through Celite™ . The filirate ts concentrated under reduced

15 pressure o provide compound fa3.

Ch ol
- \EE i E— Br
NH,

EXAMPLE 1B

ii “\ @]
- LA
NH,
ksl 1bZ2

To a solution of compound 11 (20.0 g, 88.3 mmol} in AcOH (150 mi) is added KBr
20 {12.3 g, 103.€ mmol} and NaBOs-4H:0 (15.9 g, 103.6 mmol) and the mixture is
allowed to stir at room temperature for 2 hours, The mixture is poured onto ice and

extracted with EtOAC and the organic layer is washed with water and brine, dried
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{MgS0,), fitered and concentrated. Chromatographic purification of the residue

(EtQAc/hexane) provides compound 1h2.

EXAMPLE 1€

O
Cl Step 1
S o Cl\/\}/’l\

1¢1

1c3

The procedure of S. Frye ef al. J. Org. Chem. 1291, 56, 3750-3752 is followed.
Step 1

To & soiution of CH;NH-OCH,-HCI (12.35 g, 125.6 mmol) and Et;N {18 mL, 140.2
mmaol) in DMF {140 mL) is added compound 1et (24.5 g, 124.1 mmol) porticnwise.
The reaction is sfirred at RT for 16 h, then heated at 50°C for 16 h. The mixiure is
diluted with EftOAc (300 mL}, washed with brine (4x), dried (MgSQ.), filtlered and
gvaporated to dryness. The residue is purified by flash column chromatography
(50% EtOAc/hexanes) to afford intermediate 1¢2.

Step 2

Compound 1c2 (2.25 g, 24.5 mmol) and 1-ethyi-4-iodobenzene (5.3 mb, 35.7 mmol}
are digsolved in anhydrous THF (130 mL) and cooled 1o -78°C for 30 min. To this
solution s added n-Bul.l (1.8M in THF, 38.2 mL, 61.15 mmol} ovar about 40 min.
The reaction is quenched by addition of 10% HCI {ag) and the mixture is extracted
with EtOAc. The organic phase is washed with brine, dried over anhydrous MgSOy,
fitered and concenirated. The residue is dissolved in EtOAc and purified by flash

coiumn chromatography to give compound 1¢3.

Cther intermediates of formula (i) or (lla) in Schemes 1 and 2 may be prepared
using the procedures of Exampigs 1A, 1B and 1C.
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EXAMPLE 24
Preparation of compounds 3081 and 3002, Table 3
ol ol
A ~
L

]
o,
Br ~ COOCH,
e o T O/[\ e T g g
Step 1 o
= o Siep 2 \%\O/g

fa3 231

i Step 3

CO,CH,

Compoung 3001 Campaund 3007 2a3
2lep 1
5 Toa mixture of compound 1a3 (Example 1A) (0.72 g, 2.3 mmol} and CH,.C;, is

added pyridine (0.725 mL, 8.0 mmeol) and 3-carbomethoxypropiony! chioride (0.36
mi, 2.8 mmol). The mixture is stirred at room temperature for 2 hours, added to 1M
HCI and extracted with EtQAc. The organic layer is dried over Mg8Q., filtered and
evaporated under reduced prassure. The crude product is purified by flash

10 chromatography on silica gel {20% EtOAc/hexanes) to give compound 2a1.
A mixture of compound 2a1 {0.54 g, 1.3 mmol}, triethyviamine (4.0 mL), and aceiic
anhydride (6.0 mL) is heated at 100°C for 18h. The mixture is added to 1M HC! and
brine {1:1 mixture} and exiracted with EtCAc. The organic layer is washed with

15 saturated aqueous NaHCOy, dried over MgSO,, filtered and evaporated under
reduced pressure.The residue is purified by flash chromatography to give compound
2a2.
Step 3:
To a solution of compound 2a2 (0.18 g, 0.44 mmoi) and allyl bromide (0.6 mL, 6.9

20 mmol) in THF (2.0 mL) at 0°C is added LIHMDS (0.7 mL, 0.70 mmol). When the
reaction is complete by TLC, saturated NH,Ci is added and the mixture is extracted
with EtOAc. The combined organic phase is washed with brine, dried over MgSO.,
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filtered and concentrated. Purification by flash chromatography (Hexane/EtOAC
100:0 to 4:1) gives compound 2a3.
Step d:
To a mixture of compound 2a3 (0.10 g, 0.22 mmoi) and DMSO (2 mL), is added H,O
5 (015 ml) and NaOH (10 N, 0.15 mL) and the mixture is heated at 60°C for 1 hour,

The reaction is guenched with saturated NH,Cl and the mixture is extracted with
EtOAc. The combined organic layers are washed with brine, dried over Mg8Q.,
filtered and concentrated to give compound 3002 (Tabie 3).
Step 5

10 A mixture of compound 30602 (0.0740 g, 0.17 mmol), EtOAc (2.5 ml.) and platinum
{IV) oxide (B mq) is slirred under an atmosphere of H, for 1 hour. The mixture is
filtered through Celite™ and concentrated under reduced pressure. The residue is

purified by preparative HPLC o provide compound 3001,

15 EXAMPLE 2B
Preparation of sompound 2011, Table 2

NT OO

b
-

Compound 2011

Step 1:

Dimethyl carbonate (22 mi, 268 mmel) and Nah (60% in oil, 10.8 g, 270 mmol ars
20 combined in toluene (80 mL) and heated to 90°C for 20 minutes, then

4-chioroacetophencne 2b1 (14 mL, 109 mmol) is added dropwise over ca. 15

minutes. The mixiure is stired at 90°C for 30 minutes, then cooled and carefully

treated with 5% HCI (ag) {100 ml) and EtOAc (100 mL). The organic phase is

washed with brine, dried (MgSQ.). filtered and concentrated to dryness. The residue
48 -
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is purified by flash chromatography (15% EtGAc/hexanes) io give compound 2b2.
Step 2:

A mixture of compound 2b2 (7.1 g, 33.4 mmol) and 4-chloroaniling (5.9 g, 46.3
mmol) in DMF/xylene (7 mL/40 ml.} is heated at 140°C for 10 h. The mixture is
partitioned between 1M HCI (40 mL) and EtOAc (150 mL.). The organic layer is
washed with 1M HCi, water and brine, dried over MgSQ,, filtered and concentrated
to dryness. The residue is purifiad by flash chromatography (8i0,, 15% 1o 20%
EtQAc/hexanes) to give compound 2b3.

Slep 3

To a mixture of compound 2b3 (4.79 g; 15.5 mmol), KOBu (2.0 g; 18.57 mmol} ang
DMF (23 ml.) is added ethyl-2-bromovalerate (3.2 mL, 18.25 mmol). The mixture is
allowed to stir at room temperature for 168h, then is poured over ice into a solution of
1IN HCI {100 mlL) and the mixture is extracted with EfOAc (2X100mL). The combined
organic exiracts are washed with brine (4X), dried {Na,50.), filtared and
concentrated to afford, after purification by chromactography (EtQAc/ hexanes}
compound 2b4 as a mixture of diasterenisomers,

Step 4:

A mixture of compound 2b4 {in separate porticns of 1.26 g, 0.77 gand 1.08 g; 7.15
mmol tolal} and RH,50, (in separate portions of 24 mL, 15 mL and 18 mL) is allowed
to react at 150°C for 20 minutes. The combined reaction mixture is aliowed to cool
slightly and added dropwise {0 ice-water. The mixture is extracted with EtOAc {3X),
washed with brine (1X), dried (Na,S0,), filtered and concentrated in vacuo The
residue (0.69 g; 1.76 mmol) is dissoived in EtOH {25 mL) and to this solution is
added POCL (2.4 mL; 27 mmol}. The reaction is heated at refiux for 1h, then poured
into ice-water and extracted with CH,ClL (3X). The organic phase is washed with
brine, dried (Mg3Q,). filtered and concentrated and the residue is purified by
chromatography to afford compound 2b5.

Step 5

To a mixture of compound 2b3% (30 mg; 0.072 mmeal) and anhydrous MeCN (1.8 mL)
is added KzCO; (150 mg; 1.1 mmol) and 4-bromomethylpyridine (36 mg; 0.14 mmol)
and the mixture is heated to 70°C and allowed to react for 16 h. The mixture is
diluted with EXOAC (40 mL), washed with brine, dried (Na,S0,), filtered and
concentrated to afford compound 2b6.

Step 6:

Using the procedure of Example 3A, step 4, compound 2b6 is hydrolysed to give
- A0 -
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compound 2011 (Table 2).

EXAMPLE 20

Preparation of compound 2010 (Table 2}
o cl

- Ci
| ’)
Ct ;\‘ : N g\‘ G-~ *
E&O o) Step 1 ,’%\OKO
205 2c1

Compound 2010

Step 1:

To a madture of compound 285 (Example 28) (20 mg; 0.05 mmol), anhydrous MeCN
(1.2 mL) and K,CO;5 (15 mg; 0.1 mmol} is added ethyl todide (40 kL; 0.5 mmol). The
mixture is allowed to react at 70°C for 16 h, then is diluted with EtQAc (40 mL},
washed with brine, dried (Na,50,), filtered and concentrated to provide a mixture of
compounds 2¢1 and 2¢2.

Step 2:

The mixture of compounds 2¢1 and 2¢2 is saponified as described in Example 3A,
step 4. Purification of the mixture by preparative HPLC provides compound 2010
{Table 2).
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EXAMPLE 3A
Preparation of compound 1058, Tabie 1

—— g
S |

1c3 a2

?/
= N

(If O
R Step 4 e AT

Compourd 1058 3ad ) 3a3
Step 1
To a solution of compound 1¢3 (Example 1C) (3.68 g, 14.17 mmol) in AcOH (88 mL)
is added ethyl acetopyruvate (2.65 mL, 18.4 mmol) foliowed by conec. H.50, (438

CO,Et

ul). The resulting mixture is heated to 50°C for 16 h, aliowed ic cool io RT, then
concenirated under reduced pressure and the residue partitionad between EtQAc
and water. Solid NatCO; Is carefully added with stirring and the organic phase is
washed with brine, dned over anhydrous MgSQ,, filtered and concentraiad. The
residue is purified by flash column chromatography (20% EiDAc/hexane) fo provide
compound 3a1 {less polar) and by-product 3a2 (more polar).

Sten Z:

To a mixture of compeund 3at {2.39 g, 6.26 mmol) and THF/EtOH (40 mL/10 mL}
cooled to 0°C is added NaBH, {213 mg, 5.63 mmol} over a period of 1 min. The
mixtlire is stirred at 0°C for 40 minutes and diluted with water and 10% aquecus HCI
The mixture is extracted with E10Ac and the organic extract is washed with brine,
dried over anhydrous MgS0,, filtered and concentrated to give the alcoho! 3a3.
Step 3

A scolution of compound 3a3 (5713 mg, 1.34 mmol) in anhydrous DMF (10 mi}is
treated dropwise with LIBEMDS (1M in THF, 1.56 mL, 1.56 mmo!) over a 1 minute

period. iodoethane {0.60 mL, 7.5 mmol) is added and the reaction mixture is allowed
- 5% -
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to stir at RT under an N; atmosphere for 3C min, The reaction is guenchead with
water and the mixture partiticned between watar and EtCAc. The organic phase is
washed with brine, dried {(MgS0,), filtered and concentrated to give intermediate
Jad.

Step 4;

A mixture of compound 3a4 (530 mg. 1.29 mmol}, MeQH/THF (6 mbL/E mL) and 1N
NaOH (0.77 mL. 7.72 mmol} is allowed to react for 30 minutes. The mixture is
partitioned between water and EtOAc and the agueous phase is acidified to pH ~5-8
and extracted with Et10Ac. The combined organic phase is dried (MgSQ,), filtered

and concentrated fo give compound 1088 (Table 1).

EXAMPLE 3B
Preparation of compound 1061, Tahle 1

Tompoung 1058

o A DM

Compounc 10581
Step T
To & stirred soiution of compound 1088 (Exampie 3A) (230 mg, 0.6C mmal} in
anhydrous THF (15 mL} at 0°C is added EizN (125 pi, 0.80 mmoi} foliowed by
pivaloy! chioride (85 pb, 0.69 mmof). The resulting solution is stirred at 0°C for 30
min and then at RT for 1.5h. The mixture is cooled to -78°C for 30 minutes, and to it
is added a mixture formed by treating a solution of {R)-(+)-4-benzyl-2-oxarclidinone
(127 mg, 0.72 mmol} in anhydrous THF (5 mL}, coolsd to -78°C, with a solution of n-
Buliin hexanes (1.6 M, 487 L, 0.78 mmel) and stiring the resulting mixture at
-78°C for 30 min. The mixture is aliowsd to warm siowly to RT and stirred for 2 h.
Saturated NH,Cl (30 mL} is added and the mixture is extracted twice with EtQAc.
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The combined organic extracts are washed with brine, dried (MgSQ.), filterad and
concentrated, and the residue is purified by flash column chromatography (5-45%
EtOAc in hexanes) to separate the more polar adduct 2h2 from its diastereomer
bt

Step 2:

To a solution of compound 3k2 (110 mg, 0.20 mmoi) in THF/water (2 mLi1 mL) at
0°C is added H,0; {62 uL, 0.61 mmol) followed by dropwise addition of LIOH-H.0
(12.2 mg in 0.2 mL of M20). The mixture is stirred at 0°C for 30 min, then 10%
Na,S0; (2 mlL) is added and the mixture is pariitioned between EiOAc and water
(adjusted pH to 10), The aquecus phase is adjusted to pH 4-5 and extracted thres
times with EIOAc. The organic phase is dried (MgSQ.), filtered and concentrated,
and the residue is dissolved in DMSO and purified by preparative HPLC to give
compound 1061 (Table 1) with optical purity of 88.7% enantiomeric excess as
determined by chiral HPLC (ChiraiCel OD-R column; 4 8x250mm, 10 um).

The procedure of Example 3B may be used to resclve racemic mixtures of other

compounds of formula (I} bearing a chiral center into their constituent enantiomers.

EXAMPLE 30

Preparation of compound 1078, Table 1

) | ;o
J K L K
% EG:I Slee2 ; N Li L on
N = N//E\CHO
3a3 dat Compound 1078

Step 1:

A mixture of compound 3a3 (Example 3A) (2.9 g, 7.55 mmol), anhydrous dicxane
{40 mL), isobutylene gas (approx. 10 mb condensed at 0°C) and BF+EL0 {8 mL, 61
mmol) at 0°C is aliowed to stir at room temperature in a Teflon™ sealed tube for 16
h. Additional isobutylene is added at 0°C ( approx. 5 mb) and sfirring js continued at
room temperature for 3 h. Further BF-ELGC (2 mL) and isobutylene (5 mL) is added
at 0°C and stirring is continued at room temperature for 16 h. Saturated agqueous
NaHCOC; (10 mL) is added to the reaction mixture, followed by solid NaHCO: and
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water, the mixture is stirred for 30 min, and the phases are separated. The agueous
vhase iz extracted {EtOAc) and the combined organic phase is dried over MgS0Q,,
filterad and concenirated. The residue is purified by flash column chromatography
{gradient of 10% to 60% EtOAc/hexanes) to give compound 3¢1.

Step 2
The procedure used in Example 3A, Step 4 is followed.

EXAMPLE 44

Preparation of compound 1035, Table 1

o]
<

Compound 1035
Step 12
A mixture of compound 1b2 (Example 18} (3.0 g, 8.68 mmaol), levulinic acid (1.4 mL,
13.5 mmol), concentrated H>S0, {0.39 mL) and AcOH (30 ;L) is heated at 130°C for
17 h. The mixiure is added to H,0 {50 mL) and the pH is adjusted o 4 by addition of
1M NaCH. The agueous phase is extracted with EtOAc and n-butano! and the
organic extract is washed with water and brine, dried (MgSQ0,)}, filtered and
concenirated. The residue is triturated with & mixture of Et,0 and EtCAC 1o provide
compound 4a1.
Step 2;
To a mixture of compound 4a1t (1.5 g, 3.84 mmol) in toiuene/MeOH {2:1, 30 mL) is
added trimethyisilyldiazomethane (2M, 3.0 mL, 6.0 mmol). Concentration of the

rmixture under reduced pressure provides compound 4a2.
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COOH (I) 5wherein bond a is a double bond and bond b is
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double bond; Xis 0 or NR1 when bond a is a single bond;
or Xis N when bond a is a double bond; 10R1 is H,
(C16)alkyl, (a1.6)haloalkyl, (C322)cycloalkyl-(C1.6)alkyl- or
Hel:(€£1,6)alkyl-; wherein Het is a 5- or 6-membered

w&gﬁﬁi&&%ﬁé%y&lﬁd%&’im%er@zNHﬁJ@{Q&‘QM@ @F}@ 21 0°C is added

h%?ée'onzer%gtﬂ pfréhe (ha !fy!a 0 o, Tollowed by HMDS (0.5 L. 0.50

cl oa 81 et-
onaﬁacc')i?_é {:;o d \}\kl?l tEHS Iﬁwe(bt&ﬂ%%t R{(F tlgg‘?ctuon is complete.
éﬂ(@m Rgﬁ' NI R t@f@ﬁ)ﬁ?@ﬁ&fﬁ?{f&&ﬁh&tﬁmﬁm"‘“fe organic
IBR? #eH0TC196) HRETEEMID(TNS)IRFIUAT &9 BNt B48 @pd concentrated
singteiborayeuiR2ies .0 when bond b is a double bond; R3
ise16)alkyl,(C2_6)alkenyl, (C2,6)alkynyl,
(Q%tgt)fr‘é/ Qk&@”ﬁ@tﬁ@ w)@MIO’ﬁMMa@Acﬂeoﬁﬁalm mi.), and
aé?%l? g]aq'n% I3 aWbSIn% Qsdallo\rvg olss?g‘cg'rcgs r‘?}‘l%é% %@a%re un%e{ an

bondcis a erein Y is Oor S and R3]P IS
E1BFaRGI° (’é“t 'i?)'”ali? P %55 enmth(EEeéT"H%S? i
(ii‘?f wer@a&weamwe@zemw arkyi: %ﬁ‘i”ﬁ’j‘éﬂ?j?md“e by fiash
ayRERIBRalkylewieHe@InGiatkyl-; wherein Het is a
Fmeinbered unsaturated or aromatic heterocycle having 1

of 2:hetesoalapisreash independenty-selected fromiQ aadr 0.1 mL)
Nn@NQth%%i% eagh 0t4he: 2t s5°C for 1 hour. AcOH (0.15 mL) is added and
%géC1C6y§%(§ % 9%2%6"!%%@&(? 6%{% f}’mpound 1035 (Table 1
Het-(C1. 6)a|ky| and -Y-R31 is optionally substituted with 1
16"8"8ti5éttuents each independently selected from
(Btpatkybrheflopopantd 6% drdie0(C1_o)alkyl; R4 is phenyl

or naphthyl or Het, wherein Hetis a 5- or 6-membered
unsat ed or aromatic heteres
heteroat om§each mgepende 7S ected frgm 0, N a

Wéﬁlb&@ Grate e oy :
heteropt ycycle having 1 oT\?'héth)atoms each o7

independently selected from 0, and S; wherein eachef
the phenyl, naphthyl arid Het is optionally substituted with 1
to 5 substituents each independently selected from halo, sees
(Cl)alkyl, (C2.5)alkenyl,(C37)cycloalkyl, -OH, -0(C14alkyl,
-SH, -S(C,_5)alkyl, -NH2, - NH(C1.6)alkyl and
-NUCI_5)alky02; wherein th 1)6)alkyl is.eptionally
substituted with hydroxy; X0; R6-ant 122 are
each independently selec T—| halo, (C5)alkylrar
(C1.6)haloalkyl; with the proviso that when Sbond a is a,
n I? bond and bond b is a double bond; and X is NRl R1
é&and R2 is 0; and R4 is unsubstituted phenyl; R6 is ClI;
RY W“ﬁ‘?ﬂf B%Pﬁf%"%za%ﬁﬁ]@ BORUHIEPFRP IR anhydrous

=CH-CH(CH3)2; and - 55 -
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selected from 0, N and S, or a 7- to 14-membered
saturated, unsaturated or aromatic heteropolycycle having
wherever possible 1 to 5 heteroatoms, each independently

seleeted from.Q. m%‘@wﬁ'@ Feqnd JﬁWQ@Q@B}C@J thég OL (199 i 113
OM?JY‘”?!? ?rpg glls s‘nrre ptp% gr%ls % %vaar;m% C &Jgﬁg{@ eracture and
monogcyclic group contalnlng carbon atoms which m
farther fised {0 2 LEEEHaBYSF B MeTssTel Carlesnts CH?C (3X).
grOtp YRR Ay BE aroialie s AT FadeP Br) Uitgmrpatedneinirated o
a‘sarsthéhedtsgoe2: midsmpotntaicomaing tifetainmagund 4b1.
vidterein Xis 0 or NR1 and bond a is a single bond. 3. A
CoImRoLnsh acear@igdamalainink; WRArRIAK isdbapd hondsang. 10
'%@%Qﬂ”@!@iﬁb@%)%@%éﬁ QQUE&E?QHHQ*{@%PE '@gi £9 rgrqgl O‘Fhe mixture is
mgggdoanglglllowe& t{tﬁoe%c\%v ipn%g?lﬁq 304 é%fen?' nai §¥ LP @5‘ é#‘ 20 min. The
whereln e’pd en fls op t|onaif stbstituted with 1 to
subStiflee eae ﬁéﬁ%}dwélr}twa‘sag?gc"fé}ﬁt‘ﬁ‘?)‘?“ﬁ?ﬁ?il%ﬁaﬂcoﬁ and brine
(%) 455?@?8(@?&3?%%8%@&82%%Bgﬁkiﬂ (€ SOTTRYEHSAIRYS, (he residue
OBt AaiRyhroSpoeS 1A dlksicaNel 29: INNO & 4y o afford
a3 @iEz14alky1)2; wherein the (C1..4alkyl is optionally
sttbstituted with hydroxy, cyano or oxo. 5. A compound

a&;m&dmgfmmmﬁbwwﬁ Basply %@Pﬂ%ﬁﬂyand PLO; (4 mg)
Séﬁg\%géq}) ga‘c’:\{lmdl tg tsfui St tu%é‘ tS eqéﬁ aﬁ((urg I? fqtered through

ec ted rom a 0,

LHhatodks 5 A gﬁ? P HTf@féW)%ﬁﬂnya*e s
Wﬂ‘fﬁ?ﬂé’f&éi&%%ﬁd’fm@mﬁmwWH@fréwthe
(Esalkyl is optionally substituted with hydroxy, cyano or
OXing-92-orécelcomepoindiateordingioene, abmoeradomhs is converied
ctadbspduta 31ovhenedy R4 is Het optionally substituted with
1 to 5 substituents each independently selected from halo,
(C1..6)alkYl, (C2.5)alkenyl,(C3.4cycloalkyl, -OH
-0(C1.6)alkyl. -SH, -S(C1..6)alkyl, -NH2, -NH(C1.6)alkyl
and -NaC1..5)alky1)2; wherein the (C,4alkyl 5is optionally
substituted with hydroxy, cyano or oxo, and wherein Het is
a 5- or 6-membered unsaturated or aromatic heterocycle
having 1 or 2 heteroatoms each independently selected
from 0, N and S, or a 9- to 14- membered unsaturated or
aromatic heteropolycycle having 1 or 2 heteroatoms, each
independently selected from O, N'and S. 10 7. A compound
according to claim 6, wherein R4 is Het optionally
substituted with 1 to 3 substituents each independently
selected from halo, (C1_6)alkyl and -0(C16)alkyl; wherein
the Het is a 5- or 6-membered unsaturated or aromatic
heterocycle 15 having 1 or 2 heteroatoms each
independently selected from N, 0 and S; or the Het is a 9-
or 10-membered unsaturated orasematic heteropolycycle
having 1 or 2 heteroatoms each independently selected
from N, 0 and S. 8. A compound according to claim 1 of
formula (la): 20 COOK (la) wherein Xis 0 or NR1; 25R1 is
H,(C37)cycloalkyl-(C1..6)alkyl-, or Het-(C1,6)alkyl-; wherein

Llat i ~nFEC Al rmvamsnralscAarad hataracmemaralasa vty 1 A D



and wherein each of the (C1..6)alkyl,
(C37)cycloalkyl-(Cl..6)alkyl-, and Het-(C1.6)alkyl- is

WO gpstieRatly substituted with -OH, -0(Cl..3)alkyl, -NH2{T/ACA2007/4000845

10

30-NH(C1.3)alkyl or -NUC1.3)alkY62; R2 is 0; R3is

(C1..6)alkyl or (C2.6)alkeny and bond c is a single bond;
R4 is naphthyl or phenyl, wherein the phenyl is optionally
sgjgﬁm_tgg with 1 to 53 substituents each independently

sglected halo
4a|k‘gn;§i1 (C3. Aoydio: "@%‘%ﬁg (25(c14)a|ky| _SH, -NH2,
-NH(Cl4aIkyI and N((Cl4alkyl)2 whereln the (Cl4a|ky| |s J

theréof/\l@9 %&mpouﬁtﬁhcc' cﬁj%ums*& wh
is O. 10. A .compeand according to elaim 8, wherein XiS—M |
NR1. 2011,A compound according to one or more of claims .
|n 4 is phenyl optlorgally/substltuted with 1CI /
to 3 substitdents each inde selected from_h o, . -
2 IT<en~zI—(CIA th alkyl, [C3 7)cycloallyi
A3kl -SH, S(C14a ylI*-NF2, -NH(C14)a y CH,
and -N((al4alkyl)Z; wherein the (Ct.4)alkyl is optionally **
substituted with hydyoxy, cyano or oxo. 25 12.A compound
according to claim 11, wherein R4 is a group of formula:
wherein R41 is selected fx mihalo (C1.4)alkyl and
(C1.4)haloalkyl. -94- Whereln 5R2 is (C16)alkyl or
-O(C15)alkyl; R is )él yl,I[(C24alkenyl, -0-(C14alkyl,
-0-(C1_6)haloalkyl, -0-( Ikenyl -0-(02.6)alkynyl,
-0-(C34)cycloalkyl, -O-awiao(@@sﬂ)cycloalkyI-(01_6)aIkyI-O-,
Waryl-(C1L6)alkyl-0- or Het-(Cl4alkyl-0-; wherein each of
the G 6)aly k062 _B)alkenylQGRAalkMYh 2.7 mL 100
Pm(gﬁ 99)“{5%6}]@5'@ eayly o (6.5 2 Tne mixpure i heated at 65°C for 1

3: Cloalk centra)enzl ux prédau'r % 1.6 al l_r_ss e is mixed with
B)alk y--|sop|onalysu W?h T84

su%sfl u%rﬁ‘@ O T YT (S LY %%150?@8 B8yl poncentrated
Hafo & aifts 6k BEaTe “O(CLB)YARE: NBHFR: otéke fsegH © 7-8. The
siridfles lsdreed e R3te (@4:18) atlty lidkeiven andh IBEMEL ovissiaed with water,
doebieshoind C20RA4:is naphiiykosphenybavheseintRenatography
phenyHisoptionally-suesitutedwith dted.substituents
eaghyindependently selected from halo, (044a|ky|

{ ke C loal (Cadcycl
;é‘ﬁilk i éﬁ*gﬁ%%ﬁ? Ul D g =
Tl MR a5y rmo. e
ﬂjﬁgm@éwﬁwaﬁbw VR VEEXH 0P PEORA G Histadded, and
StiBHEIy Sapshtated Wit 16hS sustitderts eaokars are washed with
imdle perind enthyveSlectedrfromdhates (€& alkytyvide compound sa4.
(C2_6)alkenyl, (C1_6)haloalkyl, (C34)cycloalkyl, -OH,
-O(C16)alkyl, -SH, -S(C16)alkyl, -NH2, -NH(C15)alkyl and
-N((C1.6)alky1)2; wherein the (€43alkyl is optionally
substituted with hydroxy, cyano or oxo; 30 R6 is H, halo,
(01.3)alkyl or (C1.3)haloalkyl; and R2 is H or F;

Step 8




5wherein Het is a 4- to 7-membered saturated, unsaturated
or aromatic heterocycle having 1 to 4 heteroatoms each

WO fijgepEndently selected from 0, N and S, or a 7- toPIZLCA2607/600845
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membered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5
heteroatoms, each independently selected from 0, N and
Siigng 10wherein "aryl" is a carbocyclic aromatic

reanecyQlic.groun;coptaining; 8, carbon.atoms which mawpe ,

fu;('g@i glgu%egug% a gecond 5- or 6-membered carbocyclic

roup which mayabe aromatic, saturated or unsaturated; or

thereof. 15 14. A compound according to claim 13,

WRErgh IRDIASCHMane RE s H 469 or' Brnas!) & bniipiee mL), is added
actoring(to cla® t3)avhetein R2us (Clintjalkyd: 2016180t with
cempaungcacceitingtgichkimsthymheneicB 245 GE3nd hlmixiure is
COMRAUNAAECAING, 1QARYBRR A SIS ASIRALs with brine, dried
V%Ué?rrﬁﬂé&3%4%5@%'g@&c@%@éﬁ%teﬁ?? %I’\Lfe%))tlnalou%lé( ¥'|5£6
- t—éC;_G)alkenyl, -0-(C2.8)alkynyf, -0-(C§.7)cycloalkyl,
-0-aryt, (C3Mcycloalkyl-(C1.6)alkyl-0-, aryl-(01_6)alky1-0-
dr ﬂp’é%@i%ﬁ%@é@;ﬁé Heveir &Rt thathenviphenylboronic acid (10
_@g(.@;pﬁ%)‘@ngﬁ ’ang.@@’f_ Galkénplpu00Rite alkynhid this mixture is added
{31 )opcloalky b cOamyl), 3 =dcysi oaikkyk (0 Lids)al ky &t a1 120°C for
arglnGit, adly kDo @nth etrtGAxe)alikOrois0ptiaBalY A and H.0
%&QS&E%%WB%@JQ @%H@“M%ﬁ%%@@ (W?Qr%e&mfentrated. The

ﬁgé%%@g ;I[igﬁ%c(gg/]ﬂa@l%%whQ%Qﬂpﬁ}/%&%o%( gtaogg’hexane) to give

. ; and bond c is a single bond, 30 wherelh
e Fpl.m ar, . . .
aryl" 1s a carbocyclic aromatic monocyclic group

ning 6 carbon atoms which may be further fused to a
ettty ererHehipefét‘caghbeiilicrgrobpiSthich mayeteNaOH (5N,
drorhaticlisaturated or 4nsatusatet;carm-35uddetein: Hethistars is
4rtacd-tnemberad saluratedvpsanyalediosaramatic
heterocycle having 1 to 4 heteroatoms each independently
selected from 0, Nand S, or a 7- - 96- to 14-membered
saturated, unsaturated or aromatic heteropolycycle having
wherever possible 1 to 5 heteroatoms, each independently
selected from 0, N and S. A compound of claim 17,
wherein R3 is -0-(C1.6)alkyl, -0-(C2.6)alkenyl or -0-(C2-
6)alkynyl, each optionally substituted with halo. A
compound according to any one of claims 13 to 18,
wherein R4 is phenyl optionally substituted with 1 to 3
substituents each independently selected from halo,
(C14alkyl, (C24alkenyl, (C1l4haloalkyl, (63..7)cycloalkyl,
-OH, -0(C1..4)alkyl, -SH, -S(C)alkyl, -NH2, -NH(C14alkyl
and -N((614)alky1)2; wherein the (C1.4)alkyl is optionally
substituted with hydroxy, cyano or oxo. A compound
according to any one of claims 13 to 18, wherein R4 is Het
optionally substituted with 1 to 3 substituents each
independently selected from hal®g(Ct. 6)alkyl and
-0(C1..6)alkyl; wherein the Het is a 5- or 6-membered
heterocycle having 1 or 2 heteroatoms each independently
selected from N, 0 and S; or the Hetis a 9- or
10-membered heteropolycycle having 1 or 2 heteroatoms
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EXampPLE 58

Preparation of compound 1083, Table 1

- Y " i ; i
: ; . - e . {
Shé [
Compeound 1593 iy} %Sbﬁ
v
|

Step 1
The procedure of Hahn et al {J. Crganometal. Chem. (2004) B89(16): 2662-73) js
followed,

To & mixiure of compound 5a3 (Example 5A) (200 mg, 0.671 mmaol) and 4-
acetamidobenzenesulfonyl azide (322 mg, 1.34 mmol} in anhydrous MeCN {9 mL) at
T is added DBU (501 b, 3.35 mmol). The mixture is stirred atf room temperature
for 3 hours, then brine (0.5 mL) is added and the mixture is partitioned between brine

and EtOAc. The combined organic phases are dried over MgSQC,, filtered and
concentrated under reduced pressure. The residue is purified by column
chromatography (20% ethyl acetate/hexane) to provide compound 5h1.

Slep 2

A mixture of compound Sk (200 mg, 0.617 mmol), 2-propancl {7.7 mL, 100 mmol}
and rhodium{ll) acetate dimer (81.8 mg, 0.185 mmoi) is allowed to reactin a Biotage
Initiator™ Sixty microwave apparatus at 160°C for 10 minutes. To the mixture is
added THF (5.0 mL), MeOH (1.25 mL) and LiOH (1N, 1.5 mL, 1.5 mmol) and the
mixture is aliowed to stir overnight at room temperature. After acidification with 1N

-89 .
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HCL, the mixture is extracted with E1OAC and the organic extract is dried {MgSGy),
fitered and concentrated. The residue is dissolved in THF (10 mL) and treated with
diazomethane. Concentration of the mixiure and purification of the residue by flash
chromatography (EtCAc/hexane) provides compound 5k2.

Step 3

The procedure of Wolf et al (Syniett (2003) (12): 1801-4) is followed.

A mixture of compound 5b2 (132 mg, £.386 mmol}, THF (1.5 mL.) and HCl/dioxane
(4M, £.864 mL, 3.868 mmol} is aliowed to stir at room temperature for 10 minutes.
The mixture is concentrated under reducead pressure, the residue is suspended in
CH:CN (3.0 mb), and to this mixture is added Nal (0.405 g, 2.7 mmol). The mixture
is heated at reflux for 2 days, diluted with EtOAc, washed with water and 0.5N
Na,8,0;, dried (MgSG,), filtered and concentrated under reduced pressure,
Purification of the residue by flash chromatography (20% EtOAc/hexane) provides
compound 5h3.

Step 4:

To a mixture of compound 5b4 (210 mg, 0.95 mmol} in DMF (6.0 mL) is added
bis{pinacolate)diboron (265 mg, 1.045 mmol) and KOAc (205 mg, 2.09 mmol. Argon
is passed through the mixture for 5 minutes and PdCl{dppfrCH.Cl, (77.6 mg, 0.095
mmol) is added. Argon is passed through the mixture for 3 minules further and the
mixiure is allowed to react at 80°C overnight. The mixture is extracted with EtQOAc
and the extract is washed with brine, dried (MgSQ,), filtered through Celite™ and
concentrated to provide boronic acid 5b5.

Step 5

A mixture of compound 5b3 (80 mg, 0.208 mmotl), compound 5b5 (111.3 mg, 0.415
mmoi), K:CO:x (86 mg, 0.623 mmol), Pd(PPhs): (24.0 mg, 0.021 mmol) and DMF (8.0
mi)is allowed fo react in a Biotage Initiator™ Sixty microwave apparatus at 120°C
for two periods of 5 minutes each. The reaction mixture is diluted with EYOAc,
washed with brine, dried (MgSC,), filtered and concentrated. The residue is purified
by flash chromatography to provide compound 5hé.

Step 6:

A mixture of compound 8b6 (35 mg, 0.078 mmal), LIOH (1N, 0.234 mL, 0.234
mmol), MeGH (125 mg) and THF {(1.27 mL) is allowed to react at 40°C for 2 h. The
mixture is acidified with TFA and purified by preparative HPLC to provide compound
1083,

- 80 -



CH3CH31.---1C]BrH Cpd Fe R4 R6 R7 1007
CH3 CH, --- CI Br H, 1008 CH, CH, --- Br ClI

WO 2007/131350 PCTICAZ007/806845
EXaMPLE 5C
aH
ELOOC EOOC E
el [, i
N, O%\CHs Step 1 g cH. Sepz -~ 5
H ° ]
Set aee 5¢3
Step 1;

20

A mixture of aniline St (68 mL, 0.75 mol) and diethy! acetylsuccinate 5¢2 (148.2
mL, 0.75 mol) is allowed to stir at rcom temperature for 2 days in a sealed dessicator
under vacuum in the presence of P;0:. The reaction mixiure is diluted with CH.CI;
and purified by flash chromatography (EtOAc / hexane gradient 1:8 fo 1:6) to provids
compound 5¢3.

Step 2:

A mixture of compound 5e3 (12.85 g, 68.1 mmol} and Ph,O {100 mb) is heated at
250°C for 1€ min, then allowed to ¢ooi fo room temperature. Hexane is added to the
mixture and the solid which forms is collegted by filtration, washed with hexane and
dried to provide compound 5c4.

Step 3:

A mixture of compound $c4 (15.8 g, 64.0 mmel) and POCH (30 mb) is heated at
reflux under Ar atmosphere for 4 h. The mixiure is cooled and concentrated under
reduced pressure and the residus is treated with powdered NaMCO, and diluted with
EtOAc. The organic phase is washed with saturated NaHCO., water and brine, dried
{Na,50,), and filtered through a pad of silica gel. Congentration of the filtrate under

reduced pressure provides compound 5¢5.

Compound §¢5 can be transformed to compounds of formula {Id} wherein R® is H

and R? is CHs, using the procedures of Examples 5A (steps 2-6) and 5B.
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EXAMPLE 8A
Preparation of compound 1008, Table 4
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Step 6 |
¥

2>\ W

Compound 1002

Step 1
A mixture of compound 1b2 (Example 1B} (324.5 mg, 1.04 mmol), pyridine (3.0 mi)

[&]]

and 3-carbomethoxypropanoy! chloride (183 L, 1.57 mmol) is allowed to stir at room
temperature for 30 minutes. A further portion of 3-carbomethoxypropanoyl chioride
(193 pi, 1.57 mmol) is added and stirring is continued for 1 hour. The mixture is
added to saturated aguecus NaHCO; and extracted with Ei1QAc, and the EtQAc

10 exiractis washed with brine, dried (MgSQO.), fitered and concentrated. The residue
is purified by flash chromatography to provide compound 6a1.
Step 2.
A mixture of compound 8at (450 mg, 1.04 mmal), NaOEt (21% in EtOH, 1.36 mL, .
4.18 mmol) and EtOH (5.0 mL) is allowed t¢ react at 80°C for 1 hour, then cooled to

15 room temperature and diluted with EtOAc. The mixture is acidified to approximately
52 .
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pH 1 with TN HCl and the phases are separated, The organic phase is washed with
brine, dried (MgS0.), filtered and concentrated io provide compound 8a2.

Step 3:

To a solution of compound 6a2 (447 mg, 1.14 mmol} in EtOAc (10 mL) is added
excess diazomethane in EtLO and the mixture is aliowed to stir at room temperature
overnight. The mixiure is concentrated and the residue is purified by flash
chromatography (20-50% EiOAc/hexane} to provide compound Ba3.

Step 4;

To a mixture of compound 8a3 (51 mg, 0.1271 mmol) and allyl bromide (105 uL, 1.21
mmol) in THF (1.6 mt), at 0°C is added LIHMDS (1M in toluene, 182 L, 0.182
mmaol). The reaction mixture is allowed to stir at 0°C for 45 minutes, then water is
added. The mixture is difuted with EtOAc, the phases are separated, and the organic
phase iz washed with brine, dried (Mg80,), filtered and concenirated. Purification of
the residue by flash chromatography {15-20% EtQAc/hexane) provides compound
Ea4.

Step &

A mixture of compound 6a4 (38 mg,0.082 mmol), EtOH (2.0 mL) and Pt,0; (5.0 mg)
is purged with N; and allowed to stir under an atmosphere of H, for 20 minutes at
room temperature. The mixture is filtered through a Millex®-HV filter and the filtrate
is concentrated to provide compound 6a5.

Step 6

A mixture of compound 6a5 (354 mg, 0.076 mmel) and 5N NaOH (70 gL, 0.38
mmol} in DMSO (1.5 mL.) is aliowsd 1o react at 60°C for 45 minutes and cooled 1o
room temperature. The mixiure is acidified with TFA and purified by preparative
HPLC to provide compound 1008 (Table 1).

- B3 -



411"' 1014 CH, CH3--- ....... CH401CIH 10151 CH3IN

411'CH, CIH C d R2R4 R6 1016 CH3 CH, 01411 CI
WO 2 QR PCT/CAZ007M00845

EXAMPLE TA

Preparation of compound 1007, Table 1

” ! Siep 1

Compound 1007

Step 1
& A mixture of compound 1b2 (Example 1B} (6.0 g, 19.3 mmol}, ethy! acetopyruvate

{3.6 mL, 25 mmol) and concentrated H,5C, (0.80 mL) in AcOH {45 mL) is allowed to
react at 130°C for 3 h. The mixture is concentrated under reduced pressure and the
residus is purified by flash chromatography (10-35% EtOAc/hexane) to provide
compound 7a1i.

10 Step2:
To a mixture of CHzCH;CH;PPhsBr (427.4 mg, 1.11 mmol) in anhydrous THF (5 mL}
at 0°C is added nBuli (3.75 mL, 1.20 mmol) and the mixiure is aliowed to warm 1o
room temperature over 30 minutes. The mixture is again cooled to 0°C and to this
rrixture is added a mixture of compound 7a1 (400 mg. 0.924 mmol} in THF (1.5 mL).

15 The mixture is aliowed o stir at room temperature for 2 h, and saturated NH,CI (10
mL} is added. The mixture is exiracted three times with EtOAc and the combined
crganic extract is washed with brine, dried (MgSQ,), filtered and concentrated. The
residug is purified by flash chromatograpny (10% EtOAc/hexane) to provide
compound 7a2.

20 Stepd:
A mixture of compound Ta2 (18 mg, 0.035 mmol} and 2.5M NaOH (70 yl., 0.175
mmol} in DMSO (1 ml.) is aflowed o react for 30 minutes at room temperature. The
mixture is acidified with TFA and purified by preparative HPLC to give compound
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1607 (Table 1).

EXAMPLE 84

Synthesis of derivative D1

i
Step 2 A)
& L - Or
= S
| P o
!}F o
BaZ \
z“\iHBoc
Step 3

o

fof - OH 3
c|> H}-mf*
NT o
HNNNMO/\/O\/\O/\/\EAG
9]
g Derivative D1
Step 1:
A solution of (Boc):O (1M in THF, 2.47 mL, 2.47 mmol} is added to a solution of
HNCH,CH:BrHBr (506 mg, 2.47 mmol) and Et;N (860 ul, 6.175 mmollin THF
(10OmL). The reaction mixture is stirred at RT for 18 h and is partitioned between
10 EtOAc (100 mi) and saturated agueous NaHCO; (25 ml). The organic phase is
washed with brine, dried over anhydrous MgS0, and concenirated. The residue is
purified by chromategraphy (5% to 20% EtOAc/hex) to give BoeNHCH,CH.Br.
To a cooled solution (0°C) of compound 2b8 (Example 2B} (200 mg, 0.485 mmol} in
DMF (3 mL) is added KOtBu (67 mg, 0.598 mmol). The mixture is stirred for 15 min,
16 then a solution of BocNHCH,CH.Br (180 mg, 0.717 mmol} in DMF (2 mL}is added.
The reaction mixture was stirred at RT for 18 h, Water (1 mb} iz added, the mixture
was diluted with EfOAc (100 mL) and the srganic phase is washed with saturated
aqueous NaHCO. (25 mL) and brine, dried over anhydrous MgSO, and
concentrated. The residue is purffied by chromategraphy (10% to 30% EtOAc/hex) to
20 give compound 8a1. '
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Step 2:
To a solufion of compound 8a1 (96 mg, 0.175 mmol) in DMSC (2.5 mL) is added 5N

NaOH (175 L, 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 8a? as a racemic
mixture. Separation by chiral HPLC, using a ChiralCel OD-R column (20x250 mim
from Chirat Technologies inc) and an isocratic solvent systam of 20% H,0
{coniaining 0.06% TFA) and 80% of a scivent mixture composad of 75% MeCN in
H>O (containing 0.06% TFA) provides the {S-enantiomer 8a2.

Step 3;

To a mixture of compound 8a2 (8.2 mg, 0.017 mmol) and CH;Cl; (1.5 mL) is added
TFA (750 pL). The mixture is stirred at RT for 1h and concentrated. The residue is
dissolved in CH;Cl: (1.0 mL) and to this mixture is added E4N (7 pL, 0.051 mmol),
foliowed by EZ-Link™ TFP-PEO-biotin (Pierce; 17.2 mg. 0.025 mmoal). The reaction
mixture is stirred at RT for 18 h, the solvant is evaporated and the residus is purified

by semi-preparative HPLC fo afford derivative D1

EXAMPLE 9

C8166 HIV-1 Luciferase Assay {(ECs)

The assay used io measure inhibiticn of HIV replication is as described in WO
2004/050643, pages 73-75, with the foliowing modifications:

Preparation of Compounds

Serial dilutions of HIV-1 inhibitors are prepared in complete media from DMSC stock
solutions. Eleven serial ditutions of desired concentration are prepared ina 1 mL
deep well titer plate (96 welis). 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% DMSC). inhibitor is added, to triplicate wells, of & 8§
well fissue cullure treated clear view black microtiter piate (Corning Costar catalogue
# 3904). The total volume per well is 200 yl of madia containing the celis and
inhibitor. The last row is reserved for uninfacted C8166 LTRIuc cells to serve as the
background blank control and the first row is media alone.

infection of Celis

Count C8166 LTRIuc cells and place in a minimal volume of compiete RPMI 1640 in
a tissue culture flask (ex. 30 X 10° cells in 10 mL media/Z5 cm? flask). Infect cells

with HIV-1 at & moi of 0.005. incubate cells for 1.5 hours at 37°C on a rotating rack
- 66 -
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in a 5% CO; incubator. Resuspand cells in complete RPMI to give a final

concentration of 25,000-cells/well. Add celis to welis of 96 weall microtiter plate
containing inhibitors. Add 25,000 uninfected C8186- LTRIuc cellsiwell in 200 ub

compiete RPMI to fast row for background controf. Incubate cells at 37°C in 5% 00,

incubator for 3 days.

TABLES OF COMPOUNDS

The following tables list compounds representative of the invention. Representative

compounds listed in Tables 1 to 3 below have ECg vaiues of no more than 20 oM

when tested in the HiV-1 luciferase assay of Exampie 8.

Retention times (ir) for each compound are measured using the standard analytica!

HPLC conditions described in the Examples. As is well known to one skilled in the

art, retention time values are sensitive 1o the specific measurement conditions.

Therefore, aven ¥ 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, far example, using different individual HPLC

columns, or, when measured on the same instrument and fhe same individual

column, the values may vary, for example, betweer individual measurements taken

¢on different occasions.

|

. |

R\“A\/J\E/J\
! /

R?/\/LN/\R

z

2 3 4 8 7 tR | MS
Cpd R R R ROVR | o ey
Ci
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|
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CLAIMS

1. A compound represented by formula (1):

wherein

bond a is a double bond and bond b is a single bond or
bond a is a single bond and bond b is a double bond;

XisOorNR'whenbond ais a single bond;
or X is N when bond a is a double bond;

RYis H, (Cqa)atkyl, {Cy.g)haloaikyl, (Cayicycloalkyl-{Cy.s)alkyl- or Het-(C. s)alkyl-;
wherein Het is a 5- or 6-membered aromatic heterocycle having 1 or 2 N-
heteroatoms and wherein each of the (Cyg)alkyl, (Csp)oyoloalkyl{C4.¢)alkyl-, and
Het-(Cy5)alkyl- is optionally substituted with -OH, -O(C.s}alkyl, -SH, -S(C,salkyl,
-NHz, -NH(C4.g)aikyl or -N{C4 z)alkyl)s;

R?is M, (Crgyalkvi or ~-O(C, g)atkyt when bond b is a single bond;
or R? is O when bond b is a double bond:

R* is {Cqs)alkyl, (Cy.sthaloalkyl, (Caoglalkenyl, (Cagalkynyi, (Carcycloatkyl(Cy.qhalkyl-,
Het-(Cygalkyl- or -Y-R* and bond ¢ is a single bond; or

R*is (Cg)alkylidene and bond ¢ is a double bond;
wherein Y is O or S and R* is (Ce)alkyl, ({Csgyhaioalkyl, (Cs.sdaltkenyl,
{Cpg)alkynyl, (Caz)cycioalkyl, anyl, (Cya)eycloalkyi-(Cqg)alkyl-, ani-(Cisalkyl- or
Het-{Cyg)alkyl-;
wherein Het is a b-membered unsaturated or aromatic heterccycle having 1 or 2
heteroatoms each independently selected from O and N: and wherein each of the
{Ciaalkylidene, (Ciglatkyt, {Cia)haloalkyl, {Caslalikenyl, (Coglalkynyl,
(Csr)cycloatky-(Cy g)alkyi-, aryi-{(Cqg)alkyl-, Het-(Cqg)alkyl- and -Y-R* is
optionally substifuted with 1 fo 3 substituenis each independently salected from
(Cr.g)atkyl, hale, cyano, oxg and -O{Cqg)alky!;

R* is phenyl or naphthyl or Het, wherein Het is a 5- or 6-membered unsaturated or
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HCH, * Cll IH ' 1095 CH3 H3C.,y n0*CI 11 H 1096 CH3
H3Cpo CH3CIH * 1097 CH3H,C.0I10OH, rrC))

CpdR21R3

aromatic heterocycle having 1 or 2 heteroatoms each independently selected
from O, N and S, or a 8- to 14-membered unsaturated or aromatic
heteropolycycle having 1 or 2 hetercatorns, each independently sslected from O,
N and S; wherein each of the phenyl, naphthyl and Het is optionally substituted
with: 1 ic 5 substituents each independently selected from halo, (C..s)atkyl,
(Caa)alkenyl, {Cqgthaloalkyl, (Cseycloalicyl, -OH, -O(Cye)alkyl, -SH,
-S{C.g)alkyl, -NH;,
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R R6 Rc 1098 CF-I3 CH, CH,1 0-\. CH, CI H1 1099
CF-13:0,--O0H31H CIH 1100 CH3 CH,O0CH, I CIH, 11

110i-CH2CH3 CH, --

-NH(C+.¢)alkyl and -N((C1.s)alkyl),; wherein the (Ci.s)alkyl is optionally substituted with
hydroxy, cyano or oxo;

R’ and R’ are each independently selected from H, halo, (Cy.¢)alkyl and (C+.¢)haloalkyl:

with the proviso that when
bond a is a single bond and bond b is a double bond; and
XisNRYR"isH: and R?is O and
R*is unsubstituted phenyt; R® is Cl: R” is H; and
bond ¢ is a doubie bond; then
R* is not =CH-CH(CHa): and

wherein Het, if not otherwise specified hereinbefore, is a 4- to 7-membered saturated,
unsaturated or aromatic heterocycle having 1to 4 heteroatoms each
independently sefected 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; and

wherein “aryl", if not otherwise specified hereinbefore, is a carbocyclic aromatic
monocyclic group containing 6 carbon atoms which may be further fused to a
second 5- or 6-membered carbocyclic group which may be aromatic, saturated or
unsaturated;

or a salt thereof.

2. A compound according to claim 1, wherein Xis O or NR' and bond a is a single
bond.

3. A compound according to claim 1, wherein X is N and bond a is a double bond.

4. A compound according to one or more of claims 1 to 3 wherein R* is naphthyl or

phenyi, wherein the phenyl is optionally substituted with 1 to 3 substituents each
independently selected from halo, (Cs)alkyl, (Cz.)alkenyl, (Ci)haloalkyl,
(Caz)cycloalkyl, -OH, -O(Cqa)alkyl, -8H, -S(Cyu)alkyl, -NH;, -NH(C, )alky! and
-N((Cy4)alkyl)z; wherein the (C.)alkyl is optionally substituted with hydroxy,

cyano or oxo.

5. A compound according to claim 4, wherein R* is phenyl optionally substituted with
1 to 3 substituents each independently selected from halo, (Ciy)aikyl, (Co.
syalkenyl, (Cy.4)haloalkyl, (Cs.7)cycloalkyl, ~OH, -O(Cygalkyl, -SH, -S(C14)alkyl,
-NH;, -NH{(C.4)alkyt and -N({C, 4)alkyl)z; wherein the (C,_4)alkyl is optionally
substituted with hydroxy, cyano or oxo.

- g2,



ClobaH1H,C,,,,, 11102CH, _0'1HCFH, 1103 CH3
CF OCHCH,I CH, ID CI H 1104 Oft CHI CH? CH, CH3 CI
H 1105 CH 3 C CH, 40 CIFF H

8. A compound according fo one or more of claims 1 to 3, wherein R* is Het
optionatly substituted with 1 to 5 substituents sach independently selected from
halo, (Cy.glalkyl, (Cas)alkenyt, (Cyg)haloalkyl, (Csy)cycloalkyl, -OH, -O(C;.s)akkyl,
-SH, -5(Cyg)alkyl, -NH,, -NH({C1.g)alkyl and -N{(C+.¢)alkyl),; wherein the (Cy.s)alkyl

5 is optionally substituted with hydroxy, cyanc or oxo, and

wherain Hetis a 5- or 6-membered unsaturated or aromatic heterocycle having 1 or 2
hetercatoms each independently selected from O, N and 8, or a 9- to 14-
membered unsatdrated or aromatic heteropolycycie having 1 or 2 heteroatoms,
each independently seiected from O, Nand S.

10

7. A compound according to claim 8, wherein R? is Het optionally substituted with 1
to 3 substituents each independently selected from halo, (C,.¢)atkyl and
-O(C1o)alkyl; |
wherein the Het is a 5- or 8-membered unsaturated or arematic heterocycle

15 having 1 or 2 heteroatoms each independently selecied from N, O and 8; or the
Het is a 9- or 10-membered unsaturated or aromatic heteropolycycle having 1

or 2 heteroatorns each independently selected from N, Q and S.

8. A compound according to claim 1 of formula (1a):
20

wherein
Xis O or NR™:
25 Rlis H, (C1.g)alkyl, (Csr)cycioalkyl-(Cq.g)alkyl-, or Het-(Cqg)alkyl-;
wherein Het is a 5- or 6-membered heterocycle having 1 or 2 heteroatoms each
independently selected from N, O and S;
and wherein each of the (Cy.s)alkyl, {Cs.7)cycloalkyl-{Cyg)alkyl, and
Het-(Cys)alkyi- is optionaily substituted with -OM, -O(C+.3)alkyl, “NH,,
3G -NH{C4 g)alkyl or -N({C,.s)atkyls;
R*is O;

- 93~



16

15

20

25

01

CH,CH, 1106 CH3 Br1lH - 109 -

Cpd R2

10.

11.

12,

R’ is {Ci.g)alkyl or (Cpe)atkenyl; and

bord © is a single bond;

R*is naphthyi or phenyl, wherein the phenyl is optionally substituted with 1 to
3 substituents each independently selected from haig, (C;..)alkyl, (C..
a)alkenyl, (Cy_o)haloalkyl, (Ca.7)cycloalkyl, -OH, -O(Cs.g)alkyl, -SH, -S(Cy.q)alkyl,
-NHz, -NH(C+.s)atkyl and ~N((C,4)alkyl);; wherein the (Cq.)alkyl is optionally
substituted with hydroxy, cyano or oxo;

R®is H, halo, {Cy.s)alkyl or (Cy.s)haloalkyl:

R'isHorF;

or a salt thereof.

A compound according to claim 8, wherein X is O.

A compound according to claim 8, wherein X is NR'.

A compound according to one or more of ciaims 8 to 10, wherein R* is phenyl
optionally substituted with 1 to 3 substituents each independently selected
from halo, (Ci.a)alkyl, (Co4)alkenyl, (Cyohaloalkyl, {Cs7)cycioalkyl, -OH,
-O(Cqaalkyl, -SH, -S(Cs.g)alkyl, -NH>, -NH(C+_;)alkyl and -N((C;.»)alkyl);;

wherein the (C, 4)alkyl is optionally substituted with hydroxy, cyano or oxo.

A compound according to claim 11, wherein R* is a group of formula:
R41

wherein R* is selected from halo, (Cy.)alkyl and (C;.,)haloalkyl,

- 04-



R3FR6 R' 1107 CH3 CH,C1 CH, CH, CH 11 CI H 1108
CH3 _<CH,0CH,H411HCI 11091 CH3CH, I --)-...
oCH, 11,CIH1j11101 CH3 ¢,0CH,BrCIH

13 Acompound according to ¢laim 1 of formula (Id):

r* r®
ch
RE
X COOH
/
7 2

wherein
R® is (Cyeyalkyl or -O(Cqs)alkyl;

R’ is (Crs)alkyl, (Cas)alkenyl, -0-(Cyglalkyl, ~O-(Cyg)haloalkyi, -O-(Cos)alkenyl,
-0-(Cyg)aikynyl, -O-{Cy.s)cyctoalkyl, -O-aryl, (Csr)eycloalkyl-(Cy.g)alkyi-O-,
aryi-(Cy.g)alkyt-O- or Het-(C.g)alkyl-O-:
wherein each of the -0-(C.g)alkyl, -O-(Co.s)alkenyl, -O~(C,g)atkynyl,
-O-(Csr)oycloalkyl, -O-aryl, (Cs.r)cycioalkyl-(C.s)alkyl-O-, aryl-{C, s)alkyl-O-
and Hei~(C,5)alkyl-O- is optionally substituted with 1 to 3 substitusnts each
independently selected from (Cys)alkyl, halo, cyano, oxo and -O(Cyg)alkyl:
and

bond ¢ is a single bond; or
R’ is (Cs)alkylidene and bond ¢ is a doubie bond;

R* is naphthy! or phenyl, wherein the pheny! is optionally substituted with 1103
substituents each independently selected from halo, (C4.4)alkyl, (Ca.)alkenyl,
{C.a)haloalkyl, (Csz)cycloalkyl, -OH, -O(C..2)alkyl, -SH, -S(C4.4)alkyl, -NH;, -NH(C-.
ayalkyl and -N{C._.)alkyl}s; wherein the (Ci4)alkyl is optionally subsiituted with

hydroxy, cyano or oxo; or

R* is Het optionally substituted with 1 to 5 substituents each independently selected
from halo, {Cy.)alkyl, (Czs)alkenyl, (Cie)haloaikyl, (Cav)oycloalkyl, -OH, ~O{C 5)atkyl,
-SH, -5(Cyg)alkyl, -NH,, -NH(C1s)alkyl and -N{(C..)alkyl},; wherein the (Cy.g)alkyl is
optionally substituted with hydroxy, cyano or oxo;
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10

15

20

25

30

35

10 1111 CH3 CH3 44 CIH 1112 CH3 CH, ----. OOH, 1, Ci
4110CI 111311 CH3CH, ---?0CH,IOH.4)CIH1!1
1114 CH3 CH, ochi I

R®is H, halo, {Cy.s)alkyl or (C:.s)haloalkyl; and

R isHorF:

wherein Het is a 4- to 7-membered saturated, unsaturated or arornatic heterocysle

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

110 § heterocatoms, each independently selected fram O, N and S; and

wherein “aryl” is a carbocyclic aromatic monocyclic group containing 8 carbon atoms

which may be further fused to a second 5- or 6-membered carbocyclic group which may

be aromatic, saturated or unsaturated;

14.

15.

186,

17.

or a salf thereof.

A compound according to claim 13, wherein R is H and R is H, Cl or Br.
A compound acecording to claim 13, wherein R is (Cyp)atkyl.
A compound accarding to claim 15, wherein R? is CH,.

A compound according o any one of claims 13 o 16, wherein B is -0-{C4.5)alkyl,
-0-(Cyg)haloalky!, -O-{C,.s)atkenyl, -O-(Cz.s)alkynyl, -O-(Cy7)cycloalkyl, -O-aryi,
(Cs.7)cycioalkyl-{Cyq)alkyl-O-, aryl-{(Cy.s)alkyl-O- or Het-(Cq.g)alkyl-O-;

wherein each of the -O-(C, g)alkyt, -O~{Ca.g)alkenyl, —O~(Cz_e)aikynyi,
-0-(Cs7)eycloalkyl, -O-aryl, (Cy.r)cycloalkyl-(Cq.)alkyl-O-, aryl-(C4.g)alkyl-O- and
Het-(C..g)alkyl-O- is optionally substituted with 1 to 3 substituents each
independently selected from (C4s)alkyl, halo, cyano, oxo and -O(C..s)alkyl; and

bond ¢ is a singie bond,

wherein “aryl" is a carbocyclic aromatic monocyclic group containing 6 carbon atoms

which may be further fused fo a second 5- or 6~membered carbocyclic group
which may be aromatic, saturated or unsaturated; and

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

having 1 to 4 hetercatoms each independently selected from O, Nand S, ora 7-

- OB



11 CIH 1115 CH3 CH, 9-----,CH, 1 _ .. SOH, 410 CIH
'CpdiR2 R6 fe 1116 CH3 CH, CH, HC 0 CE H 1117 CH3
CH, ----,.0CH31,CIH, 1118 CH3 1

5 18
19
10
20.
15

to 14-membered saturated, unsaturaied or aromatic heteropolycycle having
wherever possibie 1 to 5 heteroaioms, each independently selected from O, N
and S.

A compound of claim 17, wherein B® is ~C-(Cra)alkyl, -O~{(Cog)alkenyl of ~O-(Ca.
g)alkynyl, each optionally substituted with halo.

A compound according to any one of claims 13 to 18, wherein R* is phenyl
optionally substituted with 1 to 3 substituents each independently selected from
halo, (Ciayalkyl, (Cos)alkenyi, (Cyu)haloalkyl, (Csr)eycloalkyl, -OH, -O(C4.4)alkyl,
~8H, -8(C..y)alkyl, -NH,, -NH(Cy.z)atkyl and -N{(C,..)alkyl)z: wherein the (Cyg)alkyt
is opticnally substituted with hydroxy, cyano or oxo.

A compound according to any one of claims 13 to 18, wherein R is Het optionally
substituted with 1 to 3 substituents each independently selected from halo, (C..
gyalkyl and -O(C, syalkyl;

wherein the Het is a 5- or 6-membered heterocycle having 1 or 2 heteroatoms

each independently selected from N, O and S; or the Het is a 9-

- SGa~



Fli ,-----.OCH, 1V CI H1119i CH3 CH, 0--"CH, | CF . CI
H,1120 CH3 *H, qCH, F. 11i ClIHI! 11111211 | chi,1
CH3cH2 CH CI 1 H 1122 CH,_CH2 CF-130-----"CH,40 CI H

or 10-membered heteropolycycle having 1 or 2 heteroatoms each independently
selected from N, O and S.

21, A compound of the formula:
R0 OR
R = COOH
R N

wherein R®, R, R* R® and R” are defined according to the following table:

Cpd R? R R* R* R
Cl
_CH,
1004 CH, ‘l) Br | H
Cl
O/\\/
1002 | CH, | Br | H
Ct
_CH,
1003 | CH; 0 Br | H
. Gl
e
1004 |  CH, H Br | H
cF,
_CH,
1006 |  CH, ? ¢ | H
o, Cl

-g7-



11123 CH, CH30Oo0H, CI11H[111241 CH3 CH, OH *Cl |

wo boldilep CH31OMe CH10CH. 1CIH 7 CO RABR R g7000s45
1126 CH3

Cod R? T R? R4 R* [ R
cH, Ci
CHs Br
1008 CHs H Q Cl | H
Cl
CH,
1009 | -OCH, H Q Br | H
cH, Cl
1040 | -CH{CH3)» H 7 Br| H

—0
\
O
I
oS
[ 9]
T
T

1011 CH,
=

1012 CH, A O c | H
!
CH, CH,

1013 CHs H Q ¢l H
o, F CH,

1014 CH4 H Q al | H

i =
~CH, N,

1015 CHs (l) CH, | G | H

- 08 -



CH,,J,0HC3ICH,*1;C1I11HI111127 ,CH3 CH, CH,

Wogh(z)aci:/gusou H illfr 11128 ,CH3 I CH, ------- 3, Ofl_(ll%A}(}é\/m(mSiS
Cpd R’ R® R* R | R
G
S
_CH,
1016 CH, ? | M
OMe
_CH,
1017 CHs |O Q Cl 4
Ci)H CH, | i
1018 CHs f HQCQ CtiH
.
_CH, ,
1019 CH, ? Mol o H
H3C
C Cl
// \
AN
1020 CHs J Br | M
0
e ‘
O
oS f
1021 CHa | Cl i H
o
1022 CHs o) Br | H
| .
/N
N . c
1023 CH, f Q Br | K
C
|
z |
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1111111H11291 CH3 CH, 0OCH, 1 H3CCH, OH, 11 C1

WO%JﬁQBlJS&Hg CH, .....,.L, ocH, MeOOMe Il CIH : IP%%%%Z%U?/GUUS%

Cpd r* R’ Re Y
CH,
_CH,
1024 CHs ([3 cloH
Ch
CH,
i
V Ci
1026 CHa B Q Br | H
) i
HC
o} CH,
/A )
N
0
e
Gl
b
8 Hs :
102 CHs . Br | H
Cl
_CH,
1029 CH, (i) o N
CH, F
1030 CH; }/i Q Cl H
CH,
1034 CH, H Q cllH
o, CH,
1032 CHs H /N B | 1




.---33.E-tco, |lHCCH, |,CIHIl 111321, CH3 CH,
_ WO%\%%Q}H Cll1H 110 1133 OH, ---1--. 0CH§&/€X2007/000345

Cpd R? R Ré R | R
CH,
CH, @
i
1033 CHs r’ Q H | H
CH, .
1034 CH, r’ 6 Cl | H
Cl
CHy
CH3 OMe
1036 CH; H Q cl | H
_ CH,
1037 CHs H Cl i H
?N Cl
11038 | CHs, o Q Br | H
C;:Hs cl
1039 CH, Br i H
O s
L B
CH,
% Cl
~ “CH
1040 CH. ) Br ! H
o)
|

- 101 -



.H' Cpd 1R2 R3 R4R6 827 j 1134 CH3 CH, s Cl : H 1135

CH3 CH, OOH, OMe ECIH, /r 1136 |1 CH3
WO 2007/131350 PCT/CAZ007/000845

Cpd R R’ R | R
W ¢l
I
1041 - CHs 81 H
@]
CH,
f c
1042 CH, J1 Q Br | H
O
e
CH, Ci
1043 CHs O Bri H
| .
(I:Hf* Ci
g
| 1044 CHs Br | H
o) .
L -
Ole Cl
1045 CHs OJ/ Q Br i H
I ,f“
CH,
! Cl
CH
1046 CHs O) Br | H |
ChH, o
1047 CH; / Br | H
? -
) i
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wo 393l CIH 111

CH, | ---KOc Illt OMe 1 CIH" 40 1137 CH3 CH, ..------
1138 CH3 BCT/CA2007/000843
Cpd | R? R 5 R R® | RS
CN o
1048 | CHs /[) Br | H
o .
s -
CN C
1049 CH; Q’)\CHS Br | H
| .
Hac\(o ¢]
1050 CHa O/\CH Q Br | H
3
]
on i
11051 CH3 o CH, Bri H
N .
H,Cu_,0 Cl
1052 CHs O:iCH Q Br H
3
- CH,
1053 | CH; A FlF
o, cH,
1054 CHs ‘) Cl H
&l
CH,
1055 CH; OA\CH_‘; Q Br H

-103 -




1139 CF-I3 CH, ...----, ocH3 1

CH, OCH, CH, 1CIH le
WO%&&‘ng:ll.’s:‘;ID ClIH 11 1140 CH3 PCT/CAZOOT/O00845
Cpd R’ R’ R* R R
Cl
CH,
|
1056 Chs ctioH
CH,
CH,
1057 CHs o cH . Cl i M
L .
CH,
CH,
1058 CHs o Ch| H
|
OMe
i
1§
1059 CHa o en, ct| H
i
O
CH,
1060 CHs o Ci i H
iy ,
CH,
CH, )
1061 CHs o d C | H
CH,
CH,
1062 CHs Q/'\% Q‘ | H
CH, cl
1063 |  CHs H cl | H
| e _
CHa C F
1064 ;| CH; H Cl | H

~ 104 -



CH,CHFaa,H 1-13C. 111141 CH3 CH3 CIH

wo%éﬁ?i‘n‘sgﬁ\ H, N// PCT/CAZ007/000843

' Cpd R’ R’ R* RE TR

Ci

CH,

1065 CHs A ctlH

N -

CHs MeQ
1068 CH, H Q Cl| H

o,
1067 CH3 [) O Cl H

gHa Ci
: A
1068 CHa B cl | H
o, nETTTa
1069 CHs — Q c ol H
CH, {OMe
He
CH, N
1071 CH, H / Gl H
o, o oh,
1072 CHa rj cl | H
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1142 CH3 9", 0-)N-OH, 10e N1 AN -/ CI I H Cpd
FR6FR7 1143 CH3 CH, ---1,0CH5 | -3-CI7Cl |, H

WO 2007 ] POTICAINOT/O00845
1145 03 fo00ses
| Cpd R? R R* R [ R
o OMe
3
1073 CHs @J Q CliH
Chie
CH,
1074 CH, Q/j\CHz Q cl | H
CLHs SCH,
1075 CH, r | Q ct | H
CH,
g %
1076 CH, H e Cl i H
?Hs £ F
1077 CHs {/ Q Ci | H
CH,
CH,
e
1078 CH; ? o, Cl | H
Ct
CH,
CH,
1079 CHS ? CH, Br H
Cl
CH,
O
CH, CH,
1081 CHy | ?)\caa cl | H
tad [
: |
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CH,COH31 NHCIIH., 11145, CH3 CH, ocri, | OMe

wo $§2)4kk1146 CH3 CH, ----- , OOHV CI I3CH, H , 1 &4 ¢a2007/000845
CH3[ I CH, OCH IVCHS IFO CI

Cpd R? R R R | R
Ci
& 7
1082 CH; C_)/J\CH3 . H o oH
CH,
CF,
1083 CHs ?/KCFB §:—§ ¢l H
CH,
1084 CHs O@ & Cl i H
|
CH,
H.C
><\CH3
1085 CHs o om, Ci i H
L .
CH,
1086 CH; o Clw
L
HEC\
CH, N—CH,
1087 CHs o e cl | H
E .
N
CH, 7N
1088 CHa o cH, = Cl i H
CH,
e,
/§<CH3
1089 CHs o Son, Ci | H
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FIHI111148 CH3 CH, ------ . OOHIICNCI1IH 1149

----- COH,!......CH"N/CIH: 11150 C'}L% ICCH
WOS:GG I’Igfg_‘?' ! ! T/CAT07/000843
TCORHo ch.
| Cpd R? R | R
1090 CH; cl | H
— CH,
B
1091 CHy o Lo H
. -
CH,
1092 CHa O/O Cl | H
[ |
—am e “\‘ }
F‘
F
Chy CH,
5
1093 CHs ?/\CHG d cl | H
CH, CH,
s
1094 CHs O>£ g ol H
| s
CH,
' H,C.
1095 CHs o ol | #
i .
CH,
H30>B
1096 CH; o cl | K
1 N ;
H,C CH,
1097 CH;, Oj\ QK Ci | H
AR
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0 CI 1H 151 CH3ICH, COH, 1 ----il11 HO1Cl i...,1H

WO %W131§50R7 1152CH3 ¢, .~---,.,0CHal HH HO}’CTICAZO{)WOOO&&S
Cpd R* | R’ \ R* R | R’
SN
CH, CHG
1088 ChHa o on, ol | H
CH
H.C 2
g M
: }
1099 CHs CE'J/\CHa Cl H
5
CH, y
1100 | CHa OJ\CH ° la | H
b ’
CH, c
1101 | -CH.CH, H Q c | H
MO CH,
1102 CHa OlCHB Ci H
1N .
EH,
cF,
CH,
1103 CHs o on, é‘ cl | H
STy
CHF )
CH,F
1104 CH; o San, clloH
cH,
HSC/Q
1105 | CH, o cl | H
e .
Ci
Oy
CH,
1106 CHj o cn, Br | H
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1153 CH3 HO CH, OOh4,i;. Cl H 1154 | 'CH3 CH OOH 1
WO E‘!{] /131 %155 I'CH 3 CH CH 9CH CI'H 1156 | CF&’CQ)E‘A%!QW@GGS-!'}
‘CH3CH,".I CI H .1157 CH, CH, CH30RC a410 I'a_

Cpd | R? R’ R* RET R
CH,
CHCI
CH,
1107 CHs 0™ Ser, ct | H
ZH, CH,
| 1108 | CH, ij(we Ci | H
o “cH, )
cH,
§
1109 CHs o en, Q cl | H
Br
CH,
1110 CHa 0" eu cl | H
i 3
1O
1111 CHg (] CHB Q Cl H
|
Ci
oH,
1112 CHs o0 en cl | H
! 3
CH,
CH
1113 CH, o en. ¢l | H
l .
i HG
CH,
1114 CH; o Sem ct | H
‘ k)
SCH,
CH, ’
1115 CH;s o e, Cl | H
|
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11581 CH3 CH,CH,0CH_'1CI | 1159 CH3 CH,

cCRH:;' CHa.HH 1160 CH3CH, CH,ICH,a H 411 3
WO 2007/131350 BUTICA2007/000845

Cpd R* R* R* R | R
CH,
HEC
1916 | CH, o on. ol
7o
CH
Py S
1117 | CHs 0 on, = ClH
GH; s
1118 | CHs o e S\,j ol | H
| :
CF.
CH
1118 | CHs ?/J\% Q ¢l H
F
1120 | CH, Q/l\CHB Q Cl | H
]
CH
L
1121 CHs o en - cl | H
l ’ CH,
= CH,
CH,
1122 | CH, ?ACH3 ifj el H
N
1123 | CH, o on, — ot H
Ok
CH,
1124 | CH, ?/J\CHS gj cl | H
F OMe
CH,
1125 | CHs ¢ o, §:§ cl | H
|
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Cpd R2j Rel122] 1161 CH3 CH, ODH3 CH,HH 1101

11
WO ZH07/131350

62 CH3 CH, ICH --'<-'0CH, 111 CI H 1163 )
PCT/CAZ007/000845
Cpd R R’ R? R* | R
CH,
e
1126 | GH, oo, ¢l | H
L i
H,C CH,
CH,
1427 CHs 0™ en Q Cl | H
;
CH, Q o
1‘;28 CHs o] CH, @ Cl H
|
H.C CH,
CH, CH,
1129 CH; ? oH, Cl i H
e Ohie
1130 CHs ?/KCHJ Q Cl i H
H,C
CH, CH,
11311 CM. ? cH, Cl i H
= !
OH
; CH,
1132 CHs o oh. Ct | H
i | )
!
GH,
i 1133 CHs O)\CH S Cl i H
I ’ ==
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OH3 CH, CH, CH, 110 1164 CH3 CI.iBrH1165"
CH,--—-..ci1l11CIHI1166 CH3 ___ ,1'1li1 1]

WO 00771 PCTICA2007/000845
&q-f SQ%A compound of the formula:
Cod R K’ R* R | R
CH, s
1134 CHs ?/l\CHH 5,—@ cl| H
OMe
" 4
1135 CHs C|} ch, . Cl i H
HC OMe
Fh
1136 | CHs ?/\CHR ¢l oH
CH,
1137 CHs 6 o 7N Ct | H
CH,
CH, i
1138 CHs ?)\CH H.C Ci | o
' CHCG cl
; Chiy
1139 CH; ?/]\C% g Cl| H
Cl
CH,
1140 CH, ?ACHB H;C ClooH
o 2N
1141 CHs Q/\CHS - cr| H
i -
Obkde
CH, ;
Lo
1142 CHa 7 o, N Cl i H
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wherein 121, R3, R4 and R6 are defined according to the
following table: Cdl R3R4 2001 H CH,--CIClI 410
WOG2EY NH, CH,-- a4.Cl2003 HNOO CHCTCA2007/000545

cilis

Cpd R? R’ Rr? Rt | R’

~z
s

1143 CH3 0 S en cl | H

1144 CHs 0" ey cl

Q
=X
E
Z; J
I
x

OMe

1145 CH 0" e

)
wl
\é
9
X

o H

CH,
1146 CHs 0)\

9]
+
NP
o
-
O
s

RN
(9]
wI

O

x
o
T

1147 CHs | 0 e, | G| H

ho

1148 CHs 0 e

0
s
o
. =
w
By
Q
I

(9]
I

~z
-
0

1149 CHs o CH, cl

9]
X

O

CH HA’C
1150 CH; ? cH, Q Cl | H
CH,
HO i
1151 CH, ? oH, cl | H
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Cl20041 HCH21CIl411 Br 2005
2006 H CH, --

Cl11H

H CH,--

di11Br -117- Cd 123 R4 2007
PCT/CA2007/000845

Cpd R B R R R
CH,
HO
1152 CH; o en, H | H
! .
HO
CH,
1153 CH; o)\cm cliH
HO
CH,
1154 CHa o™ en, Mo H
F
CiH,
CH,
1155 CH; o™ Sow, Ci
F
CH,
CH,
1156 CH; o Sen, Cl
: .
CH,
CH, ]
CH,
! 1187 CHs | o7 Sem
H i i 3
Cl
CH,
CH,
1158 CHa, s CH,
s )
CH,
CH,
CH,
1159 CHs o Sen,
Cl
CH,
CH..
1160 CH; o en,
-915 .




* 2008 ---", OMe CH3 -- --- CrCl * 2009 CH3C

FI, Cl 2010 . \CH, CH,--Cr*
WO 2007/131350 PCT/CA007/600845

Cpd R’ N | Rr* R

CH

1161 Chy o Sen

CH

o
1162 CH; T

F
o,
kCHB
1163 CH;s 0 CH, H i H
]

Cl H

Brt H

1164 CHs O/O

i
1185 CHs
oM, EN
1166 CHs ﬁ Ci o H
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Cl 2011 ---,,,--- N CH, -- _CI CI 23. A compound of the
formula: Cd R 4R6 3001 CH,---Cl141Br -118- Cpd
R3R4 3002 CH, _ Cr 110 Br 3003 ----- '‘CH, CH, Cr 110

22, A compound of the formula;

r* ¥
RS
l COOH
N o)
5121

wherein R, R®, R* and R® are defined according to the foliowing table:

_ Cpd R’ \ R l R* R®
CH, cl
CH, T
2002 Q Ci
NH,
- cH, ci
2003 jN o /’ Ci
TOC ‘
o -
|CH2 ci
ch, Ci
2005 H H Q it
ch, ci

- 117~



Br 3004 CH, ),,CH a. Br 24. A pharmaceutical
composition comprising a compound of formula (I) as
defined in claim 1, or a pharmaceutically acceptable salt
thereof; and one or more pharmaceutically acceptable
carriers. 5 25. The pharmaceutical composition as defined

in-claim¢ ast one other
. N 1 &E‘nl framn mAaviaranina-ldaoalava 4_ ‘ RG
antiviral ntiserectecrront- nevirapie;aeraviraing;
efavirer|z, capravirine, etravirine, rifpivirine and R 355;
zidovudir@gdiiano ine, zal citabgue}, stavudin ivudineC[
emtricitabine, abacavix,/and tenofovir; ri\{ona\(ir v
tipranavir, saqguinavir, nelfinavir, indinavir, amprenavir,
fosampfenavir, atazanavir, lopinavif,VX-385 and
TMC-lJ_4éoma avirac (UK-427,857) TAK-652, -110y70,
enfuvirtid® (1-20), BMS-488043[ MK-0518, c-2605, cl
BMS-538158 and GS°9437, ----
CH, c
2009 CHs / _\ ol
o CH3 Ci
2010 c
L P e
CH, a
2011 S H 7 c
[ N S
23. A compound of the formula:
R R
RG
= COOH
o7 o

wherein R, R* and R® are defined according to the following table:

| Cpd | R J R RE
‘ ' Ci
CH
3001 l Q Br
I
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Cpd R’ R* R

Cit
iCH2

3002 H Br
CH, c

3003 CH, Br
TH3 G

3004 r\CHS Br

| - A

24, A pharmaceutical composition comprising & compound of formula (f) as
defined in claim 1, or a pharmaceutically acceptable salt thereof: and one or more

pharmaceutically acceptable carriers.

25, The pharmaceutical composition as defined in claim 24 additionally
comprising at least one other antiviral agent selected from nevirapine, delavirdine,
efavirenz, capravirine, etravirine, rilpivirine and BILR 355; zidovudine, didanosine,
zalcitabine, stavudine, lamivudine, emtricitabine, abacavir, and tenofovir; ritonavir,
tipranavir, saquinavir, nelfinavir, indinavir, amprenavir, fosamprenavir, atazanavir,
fopinavir, VX-385 and TMC-114; maraviroc (UK-427,857) TAK-652, AMD-11070,
enfuvirtide (T-20), BMS-488043, MK-0518, c-1605, BMS-538158 and GS §137.

- 119-



