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strands form doubl e-stranded DNA, which is integrated cell
genone 30 by another enzyne call ed integrase. Conpoundcf%?%%rpg?rwblt t he
enzymatic functions of H V-1 reverse transcriptase will inhibit

repli cewiosmsegf2 H V-1 in infected cells. Such conmpoundgy@oseddgeful in the
prevention or treatnent of H V-1 infection in human subjects, as
denonstrated by 35 known RT inhibitors such as 3'-azido-3'-deoxythym di ne
- (AZT), 2',3'-dideoxyinosine (ddl), 2',3 -dideoxycytidine (ddC), d4T, 3TC,
Nevi rapi ne, Del avirdine, Efavirenz: 'and Abacavir, the main drugs thus far
approved for PERRIPPPIARRPINPNESt fp REVEGPE ARDICRIJTASD ZNEEEITARher 2006 WO

03/ 080612 PCT/ CA03/00418 As with any antiviral therapy, use of RT
inhibitors in the treatnment of AIDS eventually leads to a virus that is

| ess Sensr'ekhm& IQELB%'IQHWEI?‘%I\PQ Resi stance (reduced sensitivity) to

t hese drugs 1S e e mut ati ons that occur in the reverse 5
transcriptase segnent of the pol gene. Several nutant strains of H V have
been 5chdhadtventionegncesnanavelsionpayisie and phairpeutipally apeaptable sfients is due to

nut at i ON§ndrbbit A& uddl eﬁ%ﬁ@loneﬁ%ﬁﬁc&ﬁbiﬁéﬁ@n MI?BthEPEH@?QBéLMcGQéﬁé ¥eflenut ants in
the clinic are; the whi ch r osi ne %Y%l at codon 181 has

been mut é@@@%&%pi‘m%lélﬁ HE""V(“H?CWB&"HG%PW”W@P@ CRRISEPRe | ysine (K) at

posi ti on coMpridhmpthbeompdumps.aced by 10 asparagine (N). Qther nutants, which
energe with increasing frequency during treatnent with known antivirals,

I nclu nal e s V106A, GIl90A, Y188C, and P236L; and the doubl e
rmtan‘tc6 %@5%?‘3}%@1‘25%@6’%?@%2% K103NN108I, and K103N/ L1001. 15 -

Cont i nued use of antiviral conpounds to prevent H V infection wll
undoubt edhy diseasesiown ab acquired unuwesiefeercy syidrorea(AlRS) is caused BY r ai ns of - HI V.

There is ﬁé‘tﬁfnﬂn%ﬁmn?&b ﬁ?u&? M Ve{gﬁ?dpefrﬁ’éu!a{?lﬁ%d éﬁ'aLe nbh 3s Alv-RTin Wi th

different patterns o various nmutants. 20
Conpound$rdeaiar il torhexgplicaied by aliestgelb dhe WQFTBWOEPEthPHﬁﬁl'lSP'BQSF%mﬁt H V-1, are

. descrigbegeiiflegrileSintdRk hoHQeIl’@DﬁﬁG l—l@%@ver@ilbﬁé a I'éiﬁjawhlst ﬁéénnﬁg thllity- 1 reverse
transcri pt ase re descri b | %@E@V et al Chem, 34, 2231.

(1991). @emsticiiprmagign isdn *he @P&?ﬁ\y?waﬂ th/eefamﬁ
8- ar yl hetreqires k)ﬁiep!i)f &énsdm[ﬂwdbnhéﬂral g&nome (RNA) into DNA, which is the

di pyri do[r&erse of a'ne norme'f_l]c[naan eqr' ﬁtseRn eﬁz%rm%ﬁhét@ig’s Qéetnoarpﬁy 8ubbR—dr The exerrpl 111 ed
‘reverse transcriptase (RT) accomplishes the transcription of the viral RNA into DNA.
20  The HiV virion includes a copy of RT along with the viral RNA.

Reverse transcriptase has three known enzymatic functions; it acts as an RNA-
dependent DNA polymerase, as a ribonuclease, and as a DNA-dependent DNA
 polymerase. Acting as an RNA-dependent DNA polymerase, RT transcribes a
25 - single-stranded DNA copy of the viral RNA, Acting as a ribonuclease, RT destroys
~ the original viral RNA, and frees the DNA just produced from the original RNA.
- Finally, acting as a DNA-dependent DNA polymerase, BT makes a second,
complementary DNA strand, using the first DNA strand as a template. The two
- strands form double-stranded DNA, which is integrated into the host cell's genome
30 by another enzyme called integrase.

-Compounds that inhibit the enzymatic functions of HIV-1 reverse franscriptase will
inhibit replication of HIV-1 in infected cells. Such compounds are useful in the
‘prevention or treatment of HIV-1 infection in human subjects, as demonstrated by
35  known RT inhibitors such as 3-azido-3'-deoxythymidine (AZT), 2',3"dideoxyinosine
. (ddl), 2,3-dideoxycytidine (ddC), d4T, 3TC, Nevirapine, Delavirdine, Efavirenz and

Abacawr the main drugs thus far approved for use in the freatment of AIDS.
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corrpounds are shown to have sone activity against wld
H'V-1 RT, particularlyYl8l C and other single mtant 32}S§§ﬁte§1>b km al bei t

less effectively. WO 01/96338A1 and US patent 6,420, 359 di scl ose di azepi ne

st ruct woSeddi Ng 30 quinoline and quinol i ne- N-oxi d ient s as
i nhibitors of RT. The exenplified conpounds have a #@%"‘ga. nst H 'V W,

singl e and double nutant strains. SUMVARY OF THE | N\/EI\FI'I ON The invention
- provi des substituted benzoic acid containing conpounds that are 35 potent
inhibitors of wild-type (W) and double nmutant strains of H V-1 RT,
particularly the double mutation KL103N Y181 C. .2_ 27 Septenber 2006 WO
03/080612 PCT/ CA03100418 In a first aspect of the I nvention, there is

Ag W irg] theranynie:pl BT inhibiigrspin theregiment A ARG eventvalls R2 i s H,
pr ovi ded A8 Wi ARGMYIrY theray 9
hal (():Elgn Ilggﬁ‘éto”a)\ﬁﬂulémat ls@s@seﬂsgtﬁgk%/he QNSEIl @L@ahlé%ét&n&r(réﬁg&g :‘rﬁ' FK' )2 R4 SR:L ;
- or 1 ovi de and are not bo e sane;
. is H, haﬁwgl?{'tygi Qf&e%_%‘%/?ﬂ’eéﬁ%‘"" Pufgiipns ihatoceur ithe revelSey | ky| | hal ogen, OH,
or NHE, mmslnnptb@ wgmenscﬁ titehaﬂ génb?2 SancraRhamt strand bf HhabebderH, and R14 is
COOR14a 1 | k H74 | 2: 4) al kenyl 000OR14a
wher ein \%iél s"zgg & gfres%%[m%éo %'%Hm%%j H%’hc ?ge"&Séﬁ?%r&@F%%Wﬁg wherein FI ™'
is as. BéfgenadStne efthe mosircopmmalytobserved puadisiyihelcinieat: tha a second aspect
of the p | onposi tion
conpr i si E@W“‘"@“‘Zﬁndﬁm YIoBBE R ef o fiod il odt AERARY S i CTP 0% 1 2
phar mace |f%§éﬁqe}ﬁ"dé@9§'w’§ﬁ!eéh%'&$f@e @< at pasftion 103 has haeareplaced by cal | y _
accepbabhgafifiel (R).- omer:ﬂuttamrmmge m‘m fn%aﬁﬁ ﬁ@dﬂenéf'ﬂ(ﬁﬁ%' on, there is

provi ded use ned e first aspect,
“or a phaf"‘??é’@@'ﬂft"f‘%é‘w‘ﬁ‘/" g’ﬁﬂ’@ ?’M‘E’eé'%ﬁ *‘t'"Q'?lE'r“@B?s V‘P@‘f’\ GHOA Y886 act ure of a
. hedi caneartd PZB6L{ el the eaibemitants KItHIK/Y 1d 1 4108N/P225H, K108N/V108],

. and K103N/A.1001.

15  Continued use of antiviral compounds to prevent HIV infection will undoubtedly
cause an increased emergence of new resistant strains of HIV. There is therefore
an-ongoing need for new inhibitors of RT, with different pattems of effectiveness
‘against the various mutants.

20 Compounds having tricyclic structures, which are inhibitors of HIV-1, are described in
U.S. Pat. No. 5,366,972, Other inhibitors of HIV-1 reverse transcriptase are
described in Hargrave et al., J. Med. Chem., 34, 2231 (1991).

. ~ U.8. Pat. No. 5,705,499 proposes 8-arylalikyl- and 8-arylheteroalkyl-5,11-dihydro-6H-
- 26 dipyrido[3,2-B:2",3"-E][1,4]diazepines as inhibitors of RT. The exemplified
-~ compounds are shown io have some aclivity against wild type and mutant HIV-1 RT,
particularlyY181C and other single mutants such as K103N albeit less effectively.

WO 01/96338A1 and US patent 6,420,359 discloée diazepine structures having
30  quinoline and quinoline-N-oxide substituents as inhibitors of RT. The exemplified
compounds have activity against HIV WT, single and double mutant strains.

SUMMARY OF THE INVENTION
The invention provides substituted benzoic acid containing compounds that are
'35 potent inhibitors of wild-type (WT) and double mutant strains of HIV-1 RT,
| patticularly the double mutation K103N/Y181C.
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~conposition for the tggat

~conpound of for

Infa fourth aspect of the present invention, there is ﬁggﬁtgmge@d&e of a
phar maceuti cal conposition as defined in the second aspect, or a
pharmaceutically acceptable salt thereof, for the nanufacture of a

medi canment for the treatnent of HV infection. In a fifth aspect of the

Pr&SBlasdspyention, there is provided a use of a cegpensshedls fornula I, or

‘a pharnaceutically acceptable salt thereof, for the manufacture of.a
" medi canment for the treatnent of HHV infection in conbination with an

antiretroviral drug. -3 27 Septenber 2006 In a sixth aspect of the present
invention as defined in the first aspect, there is provided a use of a
conpound of fornmula I, or a pharnaceutically acceptable salt thereof, for

the manufacture of. a maditganent fo

prevent i ‘ pnatal. .transm ssi on of
A 12 RIS eﬂé‘rﬁon}?%}"‘ggf fgr%fo!.{gagl? maceut i cal
t or prevention of HHV infection, conprising a
descri bed herein, gr a pharmaceutical acceptable
salt thereof, and a T maceuttgcal accept gbl e carrier. Another enbodi nent
may relate to a hod\ f or riprevyention of H 'V infection,
conpri sing adm ni si\er | 4 ~q pdtient anff rnhi biti ng anount of a ;
ta plar maceut i c4 ‘acceptabl e salt thereof, or a
phar maceuti cal €%npositidﬁ, both as defined hgrein. Yet another enbodi nent
may relate to a nethod for treating or preventing H V infection conprising
admi ni stering a pharmaceutical tonpositiaon conprising a conpound of. formul a

HI V- dn pdisshasrachelitng Hventigy.

conpound of formul B 1, ‘as

1 Hggcribed herein, in combination with an antiretroviral drug.” -3a 27

Sept??ager 2006 WO 03/080612 P¢ 03100418 Still. another enbodi ment may

r e atl i B, BalpgannCo-alt, Bg%é‘m?%%mﬁ?@% (qs'r‘%]k@% ssion of H V- 1 from
ot heg* it o1 g, conprising admnistering a conpound of fornula | or a
pharmgceuti cal conposition, as described herein, to the nother before

gi vi i B anCHssepyids s BRSRRIRRPIARIGRS 9995 | NVENTI ON Defini ti ons The

f ol | o pgH deidgeh ConsiamHayotuidess ot herwi se noted: 1o As used herein, the

er g Gy @) 3N et ot He s ovido BBl crhdeher @l one or i

.10 both H; and

R™ is COOR™* wherein R**is H.or (Cyo)alkyl; or R™ is (Cz)alkenylCOOR'™
wherein R*is as defined herein; or R is (€1-0)alkyl COOR™ wherein R™ is a&
defined herein; ‘

~ora salt or a prodrug thereof

in a second aspect of the present invention, there is provided a pharmaceutical composition
comprising a compound of formula | as defined in the first aspect, or a pharmaceutically
acceptable sait thereof, and a pharmaceutically acceptable carrier.

In a third aspect of the present invention, there is provided a use of a compound of formula |
as defined in the first aspect, or a pharmaceutically acceptable salt thereof, for the
-manufacture of a medicament for the treatment of HIV infection.

In a fourth aspect of the present invention, there is provided a use of a pharmaceutical
composition as defined in the second aspect, or a pharmaceutically acceptable salt thereof,
- for the manufacture of a medicament for the treatment of HIV infection. .

In a fifth aspect of the present invention, there is provided a use of a compound of formula |,

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment of HIV infection in combination with an antiretroviral drug.
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conbi nation with another radical, is intended to mean %?%‘é:;:le?nt%r%%
radicals containing up to two, four or six carbon atons respectively.
Exanpl es of such radicals include nethyl et hyl, propyl, butyl,

1- net hyl et hyl , 1-rnet hyl propyl, 2- nmethyi propyl, and 1, 1- di net hyI ethyl. 15
As used herein, the term"(C24) al kenyl", either alone or in conbination
with another radical. Is intended to nean an unsaturated,. acyclic radical

‘contai ni ng two to four carbon atons.. 20 As used herein, the term
"hal ogen” neans a hal ogen at om and I ncl udes fluori ne, chlori ne, brom ne

and i odiR& sixaspackef theresent inyantion asdefinegrmiharisbampreidhers isuevidst avbe sal t "
i ncl udesoftaltompousie bi re@dlila If dsr@raham%am@ﬁwtab@{abw salcmaﬁbfam fic RRBEEctaRd 1S

b h | am d
ey o SRR By SO0 AR BRSPS R BT o

the scope of the invention (also see Pharnmaceutical .salts, Birge, S M et

ah, J. Ph@féﬁbo&ﬁient, ma{y]b%7a7ﬁharn§a@el1tmgl%om pésﬂféﬁ kdp We%%ehﬁfr%!‘e@erﬁ%n Bﬁ-iler ence) .
30 As cally acceptabl e

us
dor vat ISR SOOR IR CoPREUr RS BDHR 255t BetbiecHih & BIPBRRAIEL ot ¢ b
der i vat iageeptabletdakt themof, pndka phangaceaticatiyeddcepablé careanpounds of fornula |.
Exanpl es of such derivatives. include, but are not limted to, esters and
am des. @P@e Goo man and G I man In The Pharmacol ogi cal Basi s of

inetoer e"bbt" gt marelpiafe fimefhod fahthe tiegtmentiay gepyergign of RV difecliens f or mat i on

of Dr ugsomprising aliinisteniag topogatieretdn MY @hibitify/ani&ihest @6 pound 6f foemilargeer 2006 WO

03/ 0806]32p gggc%gi{gggég)%bf‘%?lptrhgﬂeglgonla Qh%rr&éc%ﬁt'@a!%%n%?&sﬁtao fbo‘h as. o’elp ne%nt i on,

there i's provi ransm ssion of H V-1
from mot'8&M-t o baby, conprising adm nistering a conpound of formula I or a
phar maceut i cal corrp05| tion, as descrl bed herein, to the nother before

TA L E Th
11 oo el ltmeretliolmenimateat & e iplog 05@9@"%"%0“”' thons The

comprising administering a pharmaceutical composition comprising a compound of formula 1,
as described herein, in combination with an antiretroviral drug.
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10  As used herein, the terns "(C -2)alkyl", "(Cl.1) al RylSepntber 2006
<"(Cl$)al kyl", either alone or in conbination with another radical, is

i ntended to nmean acyclic alkyl radicals containing up to two, four, or six
car bogoabesmg o especti vely. Exanples of such radic ' e met hyI

et hyl, O;a))ropyllz, butyl, 1-nethylethyl, 1-nethyl propyl qJ(%{éA@g{{“ﬁgﬁ propyl, and

1, 1-di net hyl et hyl . 15 As used herein, the term"(C24) alkenyl", eit her
~alone or in conbination with another radical, is intended to nean an

. unsaturated, acyclic radical containing two to four car bon atons.. 20 As

used heétﬁ'aﬂothér@ﬁnb&o%ﬂ tmgg e?aqg{a '&aanQE‘oQﬁoaeraen %tréﬂlga gﬁ?ﬁm.lsﬁﬁg h‘ﬂ&gs f1uori ne,

chlorine, brom ne an erei utically
accept abfe® aiferto bahy %aw@gsrmgﬁsiwwi@rm\aeamp@m of fotrauiarbw ewhawwceyficsiccept abl e

bases anthpositions-dbaxibed hekid e olfer Batrk 8RInG bikR. bases i ncl ude chol i ne,

et hanol am ne and et hyl enedi am ne. Ne, Kt, and Cap, salts are also
contenplated to be within the scope of the I nvention (al so see :
Phargraceutical salts, Birge, SSM et al., J. Pharm Sci., (1977), 66, 1-19,
I ncor porated herein by reference). 30 As used herein, the term "prodrug"
refers @HMRPWTWWEWEW%t able derivatives, such that the
resul t ipmghdisds ansformati on product of the derivative is the active drug,

as defined 1 n conpounds of formula |I. Exanples of such derivatives
i nclude, but are not limted to, esters and am des (see Goodnman and G | man
1 n The THaI m&-@lapggﬁhﬁsmthg,ﬂg@@@@ut ics, 9" ed., MGawHIl, Int.

ref’é’rgglﬂ%é'js?égh &"2 g%ﬁ'ﬁg{ﬁgg?fk%dgﬂwg?%@@@iwm : org’ingE?;ﬂ gdby |

descr i moimbmatidn withednetheeddieatbie dhtereiati 3o Reaf syalelaiyl Bdicals H, hal ogen,

(52 iy L o SBIR  or, 5

'|—| c] r@dicalOrBudeanethyloathyDiropylbetyl, prrethytestiyl Sf-méﬂmprspyl-lz- Preferably, R4 and
RS ar en’iléiﬁy!;%ﬁyﬂaﬁ@?ﬁ&ﬂﬂ@hyleﬂ]uﬁ More prefer abI y, R4 Is H
.18 ' '

As used hereln, the term “(Cs.) alkenyl”, either alone or in combination with another
radical, is intended to mean an unsaturated, acyclic radical containing two to four
~ carbon atoms..

20 As used herein, the term “halogen” means a halogen atom and includes fluorine,
chiorine, bromine and lodine.

As used herein, the tem “phamaceutically acceptable salt” includes tiose derived
 from pharmaceutically acceptable bases and is non-toxic. Examples of suitable
" 25 bases include choline, ethanolamine and effiylenediamine. Na, K*, and Ca™* salts
. -are also contemplated to be within the scope of the inventien (also see
.. Pharmaceutical salts, Birge, S.M. etal., J. Pharm. Sci., (1977), 66; 1-19,
~ ‘incorporated herein by reference).

- 30  Asused herein, the terfh “prodrug” refers to pharmacologicaily aweptable :
' . derivalives, such that the resulting biotransformation product of the detivative is the
..+ active drug, as defined in compounds of formula I, Examples of such derivatives.
. .- . include, butare not limited to, esters and amides. (see Goodman and Gilman in The:
e Phatmacologaca! Basis of Therapeutics, 9% ed., McGraw-Hil, Int. Ed. 1995,
-85 “Biotransfonnauon of Drugs. p 1116, incorporated herein by reference)
4 o _




- shoul d fn

More preferably, R5 is CH3. Preferably, Rte is hal oge Cl, 4)al , CF3,
or NO2. More preferably, R12 is Br, d, 15 CH3 or @éé‘?"]'ﬁmé?f%@ﬂ&erabw,
R12 is CH3 or CH3CH2. Preferably, R13 is H, CH3, halogen, OH or NH2. More
preferalogusdgl3 is H CH3, or OH Mst preferably, @m g 20
Preferably, Rl14 is COOH COOwe, (C2.4)al kenyl000H , or (E ., ) ai kyl O00H.
More preferably, R14 is COOH, CH=CH COOH, CH2COOH, or CH2Cl 42000H. Most

. preferably, Rl14 is COON. The conpounds of formula | are effective

Inhibitors of wild type H'V as well as 25 inhibiting the doubl e nutant
enzynme K103Nl Y181C. The conpounds_of fornula | possess inhibitory activity
agai nst Aesarding %ﬂ'fgbasli’?‘?té’ggéI"P"E'E‘t&’Qet.heW%Woa'ﬂﬁ‘i’gl“?ﬁ@faé‘?{ AeYeei% abl e dosage
forms, t peinatd Gakkmfbdidn dfMIV-HGommetBénte Baby) Eorfprishig a8MiBisktihglael at ed di sorders
associ ated w tg V-%} ,nfection. ﬁOIAnot h%r asccht‘OIi t he i’gvention,

t her ef or §mMpYn ‘ﬂ@f'ﬁ 8! P Pharrpagevicr! epriRopitions e desgived RReln o mr i ses

adni ni st erotteg béforegiingnteink.bei ng, infected by H V-1, a therapeutically
effective amount of a novel conpound of formula 1, as described above.

Whet hér it be terned treatnent or prophylaxis, the conpound may al so be
used to PEBMERDESCRIPTION QF THEAMVENTIONSI on of HI V-1 from not her to baby, by 35

~admi ni'stgg%ﬂgﬁo the nother prior to giving birth. -5 27 Septenber 2006

WO 03/ 08 / CA0O3/ 00418 The conpounds of formula | nmay be adm ni stered

"In single or divided doses by the oral or parenteral routes. A suitable

oral dosqtg@fohg\g,in@dmgygﬁblﬂmgsg@mém@ notegl d  be in the range of about 0.5
referred oral dosag conpound of fornuta 1

ngto3%per day. AP € I ef“?r a5

woul d9beAsHsedhersin e tegns dEAMT oL myalld” ans (Grglaiodt ef B OrlR pati ent
wei ghi ngcdribikiglion with RAGIBET radied), ié Dtgidediol roeh,ackclB wikylakdiealglosage unit may
contain frcgm 0

0.1 25 of sai d, compoun referably 1. nmg to 200 ny. It
%'WB%P%&OOW& t%p'ro ' ?ﬁ’b?‘rﬁé?m{%ép%%g%l‘ze ’é?&?%? i%f‘lllcgt ion from patient
t o pat i erddicalslihcludeangthyirethyt, peopsiolsdd el -nethylatinyl, pamethytpndpgt, 2pat i ent wi || depend
upon the L ALCL AR ﬁ-'gﬁ!gﬁlﬂﬁnt, who will use as criteria for fixing a
pr oper d@%@@’k@%&z‘i%ﬁr‘\ condition .of the patient as well as the
pati dAt's response to the drug.

As used herain, the term “(C..¢) alkenyl”, either alone or in combination with another
radical, is intended to mean an unsaturated, acyclic radical containing two to four

‘carbon atoms. .

20  As used herein, the term “halogen” means a halogen atom and includes fiuorine, _
chlorine, bromine and iodine. |

~ As used herein, the term “pharmaceutically acceptable salt” includes those derived
~ from pharmaceutically acceptable bases and is non-toxic. Examp!les of suitable
25  bases include choline, ethanolamine and ethylenediamine. Na', K*, and Ca** salts
" are also cbntemplated to be within the scope of the invention (also see '
Pharmaceutical salts, Birge, S.M. et al., J. Pharm. Sci., (1977), 66, 1-19, )
- incorporated herein by reference).

30 As used herein, the term “prodrug” refers fo pharmabologically accepiable .
derivatives, such that the resulting biotranéformatim product of the derivative is the
~ active drug, as defined in compounds of formula I, Examples of such derivatives
include, but are not limited to, esters and amides. (see Goodman and Gilman in The
Pharmacological Basis of Therapeutics, 9" ed., McGraw-Hill, Int. Ed. 1995,
85 ‘“Biotransformation of Drugs, p 11-16, incotporated herein by reference). _’ '
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V\hen the conpounds of the present invention are to be g}dgbi%ﬁ,tbg;g@béay t he
oral route, they may be adm ni stered as nedi canents in the form of
pharmaceutical 15 preparations, which contain themin association with a
conmpat iy 8@y mMaceutical carrier material. Such carﬂdl_?&}og@hg%i al can be an
inert organic or inorganic carrier material suitable 10 r

adm ni stration. Exanples of such carrier materials are water, gelatin,
“talc, starch, magnesium stearate, gum arabl e, vegetable oils,

pol yal kyl ene-gl ycol s, petroleumjelly and the |like. 20 The conpounds of
formula.l can be used in conbination with an antiretroviral drug known to
one skilled in the art, as a conbi ned preparation useful for sinultaneous,
separ at e DétallRDdsetipBén arfirefaiel bRibo@imds treating or preventing HV
infection in an individual. Exanples of antiretroviral drugs that nay be
used in conbination therapy 25 with conpounds of formula I, include but are

not |i m tRdfetably, Rﬁuslred)abgm /(qu)amotu‘,,anlkyr@wcgglmyzamrpmé@s@, i nhibitors

(i b€ oS 0TI A BB NG BB, W I AR G B anovi 1),

viral fusGMOMehortﬂ)Etoﬂ\fbs(malel‘ab@sR’ﬁsBD) CCR5 antagoni sts (such as SCH
351125), CXCR4 antagonists (such as AVD-3100), integrase inhibitors (such
.as L 30 870, 810) TAT inhibitors, other investigational drugs (such as
PRO 542, MRirablyoR* and\R® are nk both thé sar83) , anti fungal or antibacterial agents
~(such as fluconazole), and inmmnonodul ating agents (such as Levani sole).
Mor eover, a conpound of formula | can be used wi'th another corrpound of

f or nuf®. IMOfQBre’Méb%IPaI‘W-ceutl cal preparations can.be prepared in a
conventional manner and finished dosage fornms can be solid dosage forns,
for example, tablets, dragees, -6 27 Septenber 2006 WO 03/080612

PCT/ CAO3/WHQE@fQ‘!a'ﬂblﬂ &CHand the like, or liquid dosage forms, for exanple
sol uti ons, suspen5| ons, . emul sions and the like. The phar rraceuti cal
preparati ected to _conventional {)harma geutical operations

such as &t tf%?fagﬁfz%t i'sd??'odﬁﬂ'r@hé?‘ky L{GFe orhRer Mecarreteradly, Br dopBi &bi ons nay

cont aish MR CH.CMAIMatiprateadting REUSOHAS CHJogser vati ves, stabilizers,
~emulsifiers, flavor-inprovers, wetting agents, buffers, salts for varyi ng

the osnotic pressure and the like. Solid carrier rraterlal whi ch can be
Preferably, R®is H, CHs, halogen, OH, or NHz. More preferably, R* is H, CHs, or

OH. Most preferably, R™ is H.

- 20 Preferably, R™ is COOH, COOMe, (Co4)alkenyiCOOH, or (Cy.4)alkyiCOOH. More
preferably, R* is COOH, CH=CH-COOH, CH,COOH, or CH,CH;COOH. Most -
~ preferably, R* is COOH.

. The compounds of formula | are effective inhibitors of wild type HIV as well as y
25 inhibiting the double mutant enzyme K103N/Y181C.

- The compounds of formula  possess inhibitory activity against HIV-1 reverse
 transoriptase. When administered in suitable dosage forms, they are useful in the
treatment of AIDS,-ARC and related disorders associated with HiV-1 infection.
30 Another aspect of the invention, therefore, is a method for treating HIV-1 infection
~ which comprises administering to a human being, infected by HIV-1,a
therapeutically effective amount of a novel compound of formula |, as described
above. Whether it be termed treatment or prophylaxis, the compound may also be--
used to prevent petinatal transmission of HIV=1 from mother to baby, by
35 administrétion to the mother prior to giving birth.
5.




used ‘i ncl ude, for exanple, starch, |actose, nannitol, ,n&gbbgbose

m crocrystalline cellulose, talc, silica, dibasic caIC|un1p osphate, and
hi gh ol ecul ar wei ght polynmers (such as pol yet hyl ene glycol). 10 For

par entwoabeshge. a conpound of fornula | can be adm Ri$iQhsehsish @an aqueous
or non-aqueous solution, suspension or enmulsion In a pharnmaceutically
acceptable oil or a mxture of |iquids, which may contaln bacteriostatic
" agents, antioxidants, preservatives, buffers or other solutes to render
the solution isotonic with the blood, 15 thickening agents, suspending
agents or other pharmaceutically acceptable additives. Additives of this

type inc for l e, tartrate, citrat da tate ffers et hanol ,
propy! ené—H%F%‘?ﬂ“ndﬁ)%ﬁ?r}E’f‘WIWé’e@ jytere giﬂﬁy? qc?gldg €as EDTA),

ant ij;)Xi dort o ;(asemdilalamt&:)dlsﬂmtim ol doshge fos dormrount bifbinsd fwdwadh ?nd asco(r]I bi )c
aci t et ene oxi des
for 20 vhg%@?f{?}g%g&ﬁ)mﬁ %ngﬁggéﬂa ?@r Qre éérlld\gké%%g\;&e}% gf Sgl’bl t ol

anhydsi deempound etlermu | wadd bﬂalyltlm Bogdef @Jdulél@()ln‘ig tn 86@mg pexdaydorch as benzoic
a0 0 ek iterPlieighE it ko, FESAGRE) BENAAIHO N RRbGiARg O her quat er nary

anmoni um I's invention may al'so be
adni ni st @@ré@in Hgm§d|tet?5%m§ 0|f§$'d ﬁqgmunga)rafsiabivdam orP0QrRg- fhehoddnt ai n in

- addi tionpg Qndéﬁﬁoﬁomwﬂ&aﬁhetd%é‘ge' diiiKtia06h Soth batleheto patdrt &flis, tonicity
adj usters reser vat I ves antl | dant s Vviscosity- increasing

an
agents i Ha"&ﬁ”‘gﬁﬁgﬁi’@e RN paticuigy, 'E§V" E"ﬁ%‘gﬂ I688S; ncrease
Vi scaei t judgsrrerodipwiingse a3lcarba for f‘ﬁﬂ@ hlpkc@@ﬁddiage akizy esd condition

. pol yvi nyl one orbates or M crobi al preservatives
added rra?/ﬂ?{%E%.‘?ag f&ﬂlﬁo%%%séﬁwé’ﬂ? %?Jechrﬁé hi mar osal, chloro-butanol or
phenyl et hyl alcohol Addi tionally, the conpounds prOV|ded by the invention

can be aWHFH't Qu@é of ﬁxﬁ%&éhﬁﬁ&eﬁt or?’ére'i@ﬁé%ﬁ@%éﬂﬁog%é&rﬁﬁ hesis The

conmpound o de using t synt hetic

vent on

or gani c “Toulg, Wywbb%miﬂfs@mﬁés meigEroiis iz e ehersageicsl cheni st
Exengkar E{ebaaﬁads%na%mh&h% éd%ewudnrmﬁ%f&ff?&nde piarfladigliqad.  Substituents
R2, R4, R13, and R 14 are as her ei n,
' carrier matenal Such carrier material can be an inert organic or morganlc cartier

material suitable for oral administration. Examples of such carrier materials are
- water, gelatin, talc, starch, magnesium stearate, gum arabic, vegetable oils,

polyalkylene-glycols, petroleum jelly and the like.

20
' Thercompounds of formula | can be used in combination with an antiretroviral drug

known to one skilled in the art, as a combined preparation useful for simultaneous,
separate or sequential administration for treating or preventing HIV infection in an
| individual. Examples of antiretroviral drugs that may be used in combination therapy
25  with compounds of formula |, include but are not limited to, nucleoside / nucleotide: | .
reverse transcriptase inhibifors {(such as AZT and Tenofovir), non-nucleoside
reverse transcriptase inhibitors (such as Nevirapine), protease inhibitors (such as
_ Hitanovir), viral fusion inhibitors (such as T-20), CCRS5 antagonists (such as SCH-
- 351125), CXCR4 antagonists (such as AMD-3100), integrase inhibitors (such as L-
30 870,810), TAT inhibitors, other investigational drugs (such as PRO-542, BMS-806,
“TMC-114 or Al-183), antifungal or antibacterial agents (such as fluconazole), and
immunomodulating agents (such as Levamisole). Moreover, a cdmpound of formula
| can be used with another compound of formula L.

35 The pharmaceutical preparations can be prepared in a conventional manner and
finished dosage forms can be solid dosage forms, for example, tablets, dragees,
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Schen‘e 1: Preparation of internediates in which H4 is OM O
Aromatic k N substftution_| Bromnation O 1 i N Br %ﬁ?&fﬁﬂ'}%@%@% N C

HN Cl NC HNN1(r) Et Et 1(11) Kill) Me O Aromatic Me H O Ring closure,

I \ BryaWhsdbhution_ NBr C NNNRN Et t N El P(lffﬁcx}:slﬂliﬁl‘é) Briefly,
aromatic substitution (SNAR) of 1(i) with Et-NH2 produces nter nedi at e

1(ii). 10 Thereafter, halogenation of the 5-position using a brom nating
-agent (for exanple, NBS or bromi ne) gives 1(111). Ring closure of 1(iii)

via a base-nedi ated SOAR reaction forms the tricyclic internmediate 1(iv).
I ntroduction of the R2 s tuenipna roceeds vi @‘Han aromat.i ¢ substitution

of the GSREHEBANAIS 'We'l‘-'(r o flesage, JPHERMPIGRIBHRS: SYSPERIUhedi ate 1(v).
15 g. 23m8€iﬁh£ﬂ’ﬂﬁhe R0 The pMArA30BEM pRpRETINEME/ iistbBcti8diene 2: Preparati on

subsbt ub B ER e e atel el e ks St Bl ¢ 50T01) © 51 ) T i o
O Condepkanacsutical prepalatidhis Mymgnialinowoventipnal adjuvants such as
5 preservatives, stabilizers, emulsifiers, flavor-improvers, wetting agents, buffers, salts
for varying the osmotic pressure and the like. Solid carrier material which can be
used include, for exarrip[e, starch, lactose, mannitol, methyl cellulose,
microcrystalline cellulose, talc, silica, dibasic calcium phosphate, and high molecular
weight polymers (such as polyethylene glycol). '

10
- For parenteral use, a compound of formula | can be administered in an aqueous or

non-aqueots solution, suspension or emulsion in a pharmaceutically acceptable oil
or a mixiure of liquids, which may contain bacteriostatic agents, antioxidants,
preservatives, buffers or other solutes to render the solution isotonic with the blood,

15 thickening agents, suspending agents or other pharmaceutically acceptable
additives. Additives of this type include, for example, tartrate, citrate and acetate
buffers, ethanol, propylene glycol, polyethylene glycol, complex formers (such as
EDTA), antioxidants (such as sodium bisulfite, scdium metabisulfite, and ascorbic
acid), high molecular weight polymers (such as liquid polyethylene oxides) for

20  viscosity regulation and polyethylene derivatives of sorbitol anhydrides.
Preservatives may also be added if necessary, such as benzoic acid, methyl or -
propyl paraben, benzalkonium chloride and other quaternary ammonium compound.

~ The compounds of this invention may aiso be administered as solutions for nasal
25 application énd may contain in addition to the compounds of this invention suitable
- buffers, tonicity adjusters, microbial preservatives, antioxidants and viscosity-
increasing agents in an aqueous vehicle. Examples of agents used {o increase
viscosity are polyvinyl alcohol, cellulose derivatives, polyvinylpyrrolidone,
' polysorbates or glycerin. Microbial pfeservatives added may include benzalkonium
© 80 chloride, thimerosal, chloro-butanol or phenylethyl alcohol.

Additionally, the compounds provided by the ‘invention can be administered by
suppository.

85 Methodology and synthesis
The compound of the invention may be made using the skills of a synthetic organic




RN NI NEAEt 2(iv) 2(v) Me ON Al ation | \ / \ ar \ 2(vi)
5 The sequence of schene 2 is anal ogous to one descri bééggele%bﬁﬁ?gsﬁnder et
aL; J. Med. Chem 1998, 41, 2960-71, and C.L. Cywin et al.; J. Med. Chem
1998, Wh.o3nghdh2-84. Briefly, aromatic substitution (EahiaR) (i),wth
Et-NH2 produces Internediate 2(ii). Reduction of the ni t?@fﬂgsrzoup (for
exanpl e using catalytic hydrogenation) produces 2(iii). A base nedi ated

- condensation reaction of 2(iii) with, 10 for exanple,

5- br ono- 2- chl or o- 3- pyri di necar bonyl chloride, provides 2(iv). Ring closure
of 2(iv) proceeds via a base-nediated S" AR reaction to formthe tricyclic
i nt er medrkgmnisto Eygmplay segetiomeahpes gieshipwi i-Sohemps A4y 4 BEOWnt r oduced by art
recogni zZ ggstifekité R ROR® YP?, N, RFOANA BRI & defiBédpereih0di de. -9 27 Sept enber
2006 WD 03/ 080612" PET/'CAG3/ 00418 Scheme 3: Preparation of internediates in
which R2 Is Cl1.4 alkyl o 0O \. NHZ CI~ Br Condensation | \ \  Br C+<d N Cl

cl N Ctasi¥ddmect: Pe ioh o} inBtrhédidteinwhichrRSieiec R1 0 substitution | \ ! \ Br
Ring elosure ~, \ N- Br C+raep~ NCO Hy N Alwation C+,, NI Et

N

Me O ’
H Aromatic Bromination H
i % 7 ), Substitution, | P i N — > | D f Ny
- ” =
o N el HY N

o N al N : LR Y
cl )
Et

- 10 T BRI

o Me H 2] ‘ Me H o
Ring closu | N / Ny -Br Amb::i‘t;tc S
ing closure sy jon, \-Br
e i N . L. ,,
] R N Bll N
. &t Et
1(iv) _ 1(v)

Briefly, aromatic substitution (SyAR) of 1(i} with Et-NH, produces intermediate 1(if).
10  Thereafter, halogenation of the 5-position using a brominating agent (for example,
 NBSor bromine) gives 1(iii}. Ring closure of 1(jif) via a base-mediated S,AR
reaction forms the tricyclic intermediate 1(iv). Introduction of the R? substituent
proceeds via an aromatic substitution of the C-2 chlorine in 1(iv) thereby giving
~ compound of intermediate 1(v). |
15

e
E2



Et 8(iv) 3(v) Briefly, a base-nediated condensation r ﬂé’rﬂ Wen 3(1)
and 3(ii) gives 5 internediate 3(iii). Aromatic substl i‘on ?

3(iii) with Et-NH2 produces internediate 3(iv). Ring closure of 3(iv)

pr oceegs o¥hRs base-nedi ated SOAR reaction to forn}, ? $gl C
internediate, which Is alkylated to give conpound o I'n errredl ate 3(v). 10
Schene 4. Alternate route to conpound in which It is M@ M 0 M H NO \

- NHZ + G Br Condensation / \- Br RNC C N; R NC C N4(i) 3(ii)
4(ii) Aromatic M Ho Me O substitution N Br Ring closure \ Br ~1\' pR
N CTHN NRx N N N 4(|||) 1(v) Briefly, a base-nediated condensation
react i onSehemeg ation gtintermedigte n el ate 4(ii). Aromatic
substitution (SNAR) of 4(||) with Et-NH2 produces internediate 4(iii).

Ri ng cl osure of 4(| ||) proceeds vi a abase- nedi at ed R 15 reaction to
forma tricycl |@§oﬁpm5§cof m[?ﬂ'&dl ate 1(v) Sept enber 2006 VO

1 03/080612 PCEL 004a8iuRehe eré;ltrmaelum:t! OQ):E,B;Q@ benzoic acid _
derivatives I;QR' OR4A R O0Br Alylation / 7.0-ddatian Ac \ N

=ClorF 2(ii) 2(ii)
2(1)
n 0 : n o
Condensation ﬁ ‘ﬁl’}ar Ring closure Rﬂ ﬁ’}rﬁ\r
. . Et ) . Et
_ o 2(v) 2(v}
Ma\ -0
y M
Alkylation R‘ﬂ %/Br
N l}l N=
. Et

.2(vi)

- 5 The sequence of scheme 2 is analogous to one described by J.M. Klunder et al.; J.
Med. Chem, 1998, 41, 2960-71, and C.L. Cywin et al; J. Med. Chem. 1998, 41,

1 2972-84. Briefly, aromatic substitution (SyAR}) of 2(i) with Et-NH; produces
intermediate 2(ii). Reduction of the nitro group (for example using catalytic
hydrogenation) produces 2(jii). A base mediated condensation reaction of 2(jii) with,

- 10  for example, 5-bromo-2-chloro-3-pyridinecarbonyi chloride, provides 2(iv). - Ring
- . Closure of 2(iv) proceeds via a base-mediated S,AR reaction to form the tricyclic
.mtermediate 2(v). The R® methyl group in 2(vi) may be introduced by art recogntzed
" - alkylation using, for example, methyl |od|de




a 'R NRNE 2 Reduction Et 80) 5(r) R4 RS O B -
~0R - conpounds of formula | N N Conversion of Y Et l&%%ég%ens rﬁ'og)ﬁ to R14

(d necessary) 5(iii) Briefly, cross-coupling of bromp derivative 5(1),

synt hegaedssas: descri bed herein, with 5 an allyl tlﬂ%m?%g,gdﬁs in an aprotic
solvent (e.g. DW) and in the presence of a catal yst orms C
substituents 5(ii). Oxidation of the double bond (e.g. by ozonol ysi s to

- produce an ozonide), followed by a reduction, produces the C 8 hydroxyet hyl
substituent 5(M. Using a M tsunobu-type react | on, naphthyl derivatives

5(iv), 5(v s R 14 wit h ex eption of COCH, are
condens e &C0pRe Sfrpparation of i g% ornmula |. Alternatively;
when Y is a R14 group precursor for exanple COOCH3, a M tsunobu-type
reaction can be used to condense 5(iv) or 5(v) vvlth 5 |||) and thereafter
Y can be chemcally nver {ed |nto R14 substituen S, exanple by
saponi fication o ¢ " COOchdertsiien QOchdertsttien by g|V| ng c nd of formula
1. 15 As state + t he ound provi deg prowde@I tion inhibit the
enzymatic ac¥fvity of "HIV1 'RT. Based upon' testi ng of t hese conpound, as
described below, g is knom,l%rhat they inhibit the3@i:- dependent DNA

pol ymerase activity of HV-1 is known (data not shown) that they

al so inhibit the DNA-dependent DNA 20 pol ymerase activity of H V-1 RT.
Utilizing the Reverse Transﬂcropt ase (RT) Assay descggi bgd bel ow, conmpound

can be tes@g,&{ﬁf&r their N O, NRinPhidsirk N R ndent DNA
pol yner ase activriy ofﬁ C% -ar'lg—ggm l(':\rrpo hd)y=8"  descri bed
in the Exanpl es whi%dapbear aFow, wAloigtiao sl ults of this
testing-appear in Table 1 as # Cse and ECsn. Et
3(iv) 3(v)
Briefly, a base-mediated condensation reaction between 3(f) and 3(ji) gives
5 intermediate 3(jii). Aromatic substitution (SxAR) of 3(iii) with Et-NH, produces
intermediate 3(iv). Ring closure of 3(iv) proceeds via a base-mediated S,AR

reaction to form a tricyclic intermediate, which is alkylated to give compound of
intermediate 3(v).

'_ 10  Scheme '4: Alternate route to compound In which K’ is Me

ﬁ Jrj, Condensaﬂon %/Br
N™ Cl

4a0M 3(ii) _' 4(il)
ey J}} e “ﬁf}m |
. N cl HN N R N./ *}I N
£t
4(m) | 1(v)

Briefly, a base-mediated condensation reaction between 4(i) and 3(i) gives

intermediate 4(ji). Aromatic substitution (SyAR) of 4(ii) with Et-NH, produces

intermediate 4{iii). Ring closure of 4jii) proceeds via a-base-mediated SnAR
16 reaction to form a tricyclic compound of intermediate 1(v)- '

-10 -




25414 ... . 27 Septenber 2006 WD 03/080612 PCT. BEXANPLES
The present invention is illustrated in further detai Ié%‘g@/ﬁ%%él??oow ng

non-limting exanples. Al reactions were performed in a nitrogen or argon
-at nosp £ss 5 otherw se stated. Tenperatures n degrees

Cel si ugw‘gowgil on percentages or ratios express a \%qerlc%é%/?@lgvol ume

rel ati onship, unless stated otherw se. Abbreviations or synbols used
~herein include: DEAD:. diethyl azodicarboxylate; DIAD: diisopropyl

azodi car boxyl ate; 10 DI EA: diisopropyl et hyl am ne; DVAP: 4-(di met hyl am no)
pyridi ne; DWVSO d| rret hyI sul fOXI de DMF: di met hyl f ormam de;  DCC:

di cycl oh&echeme e cof thed &id darwalivedn spray nmass spectronetry; Et
et hyl ; EtOH eE.hggnoI ;  EtQAc: et hyI £at0e Et 20 di ethyl ether; 20 HPLC
hi gh perfor mange ‘Ll ui d chr omat ograp Pr isopropyl; Me: net hyI Me OH:
met hanol ; MR FI IAgwat,OQS ﬁ’ﬁ-«wex@mﬁmyl di si |l azi de;
NBS: N-bron;;a M - bor ate—EDTPA

% ' 2, Reduction

Et
. 5(n
&) "
R® -
34 RE}\, 0 Re
I % l LN Y 5(v) - Y=RMor
. N o - s - fl“}-‘ Compounds of formula 1
" N = P OnVersion o
N N Condensation to R™ (i necessary) _

(i)
Briefly, cross-coupling of bromo derivative 5(i), synthesized as described herein, with
5 an ailyl tin reagent in an apfotic éolvent {e.g. DMF) and in the presence of a catalyst,
~ forms C-8 substituents 5(ii). Oxidation of the double bond (e.g. by ozonolysis o
produce an ozonide), followed by a reduction, produces the C-8 hydroxyethy!
- substituent 5(iii).. Using a Mitsunobu-type reaction, naphthyl derivatives 5(iv), 5{v) or
5(vi) when Y is R™ with the exoepﬁon of COOH, are condensed with 5(iii) to
10 produce compound of formula I. Alternatively, when Y is a R" group precursor, for
example COOCHjz, a Mitsuncbu-type reaction can be used to condense 5(iv) or 5(v) |
with 5(jii), and thereafter Y can be chemically converted into R™ substituents, for
example by saponification of COOCH; to give COOH, thereby giving compound of
formula 1.

15 _ . L _
. As stated before, the compound provided by the invention inhibit the enzymatic

 activity of HIV-1 RT. Based upon ‘festing of these compound as described below, it
is known that they inhibit the RNA-dependent DNA polymerase activity of HIV-1'RT.
Itis known (data not shown) that they also inhibit the DNA-dependent DNA

20  polymerase activity of HIV-1 RT. Utilizing the Reverse Transcriptase (RT) Assay
' described below, compound can be tested for their ability to inhibit the RNA-

dependent DNA polymerase activity of HIV-1 RT. Certain specific compound - -~
described in the Examples which appear below, were so tested, The results of this
testing appear in Ta_ble 1 as 1Csy and ECs.

%

25

-1~




'TBE“I"‘:;U:'-:' 2- (1H benzotriazol-1-yl)-N, N, N, N -tetranmeth
tetrafl uoroborate; so TFA: trifl uoroacet ic acid; THF%Lge{B’ I'ijlﬂgdro?uran

PFU. plaque-formng units; DEPC. diethyl pyrocarbonate; DTT
di thi oS 35 EDTA: ethyl enedi am net etraacet at A Septerrber 2006
VO OB%QO%{lZﬁPCT/ CA03/ 00418 UMP: uri dine 5' - rmnopho?cﬁ’cg“ayg‘“ uri di ne
5'-tri phosphate; MES: 2-(n-norpholino)ethanesul fonic acid; SDS- PAC;E: sodi um
- dodecyl sul fate-polyacrylam de gel el ectrophoresis; 5 MACO nol ecul ar
vvei ght cut-off; Bis-Tris Propane: '

,3-Bis{tris hédroxyrret h) A) - met hyl am no} propane; GSH: reduced gl utat hi one;
CBG n- OF SD- gl ucosi de. 10 SYNTHESES The fol |l owi ng exanpl es
illustrate nethods for preparing conpounds of the invention. EXAMPLE 1: NO

NOz NHz TRe greséht tnVention §d mdt«hrh!édhh thé‘r defiil Bptte tdfdwitg dnlidithg!” Br e _YCQ rf-~
N 1d 18 examples All réggﬁons were performed mga nitrogen or argon aimosphere uniess
5 otherwise stated. Temperatures are given in degrees Celsius. Solution percentages -
" orratios express a volume to volume relationship, unless stated otherwise.
Abbreviations or symbols used herein include:
DEAD: diethyl azodicarboxylate;
DIAD: diisopropyl azodicarboxylate;
10 DEEA: ‘diisopropylethylamine; T
DMAP: 4-{dimethylamino) pyridine;
DMSO: dimethylsulfoxide;
DMF: dimethylformamide;
DCC: dicyclohexylcarbodiimide;
16 ES MS: electron spray mass spectrometry;
Et: ethyl;
EtOH: ethanol;
‘EtOAc: ethyl acetate;
 EtO: diethyl ether;
20 - HPLC: high performance fiquid chromatography;
) e isdpropyi;
-Me: methyl;
. MeOH: méthanol;
MeCN: aceténitrile;
25 ~ NaHMDS: sodium hexamethyidisilazide;
 NBS: N-bromosuccinimide;
Ph: phenyt; -
- TBE: fris-borate-EDTA;
TBTU: 2—( 1H—benzotriazol-1-yl)-N,'N, N’, N'-tetramethyluronium tetrafluoroborate;
30 TFA: triﬂ_udroacetic acid; '
" THF: tetrahydrofuran;
PFU: plague-forming units;
' DEPC: diethyl pyrocarbonate;
DTT: dithiothreitol; _
35 EDTA: ethylenediaminetetraacetate;
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09~ 11/ \ OH N1h 15 Step a: To a solution of _
2-chloro-3-nitropyridine is (51 g, 325 mmol) in THE (6 OS%q_?mberzoogdded a2
M sol ution of ethylamne in THE (365 nL, 731 mmol ). The reaction was
stirr egoabodoe@m t enperature overni ght. The reacti on p@nddifspas poured into
water -13 27 Septenber 2006 WD 03/080612 PCT/ CA03/00418 (--1.5 L) and the
resulting solid was filtered and dried under reduced pressure to give
- conmpound Ib (52 Q). Step b: 5 A solution of 2-(ethylam no)-3-nitropyridine
b (52 g) in MeOH (600 m-) was stirred overnight at roomterrperature
under hydrogen (1 atm) in the presence of 20% Pd(OH) 2/C (10.4 g). The
catal ystY Mﬁ's“'?d&ﬁﬁ/’@!?r‘ﬁéh%me\tﬁhatl on through di atomaceous earth. The
filtrat eummrﬁma@embh@gpﬁgteunder reduced pressure to give conpound is as a
bl ack sol,id (39 ield over eps a and b). 10 Step c: To a cool ed
sol uti onMgg‘é'?‘EWﬁWBO %%1%??%%?\8?@}/“ dine 1c (30.6 g, 223 mml) in MOCN.
(740 nl) shasA®t sodismidodeciaiBEB polSacrdangide gélklentrophorestdi t er 5 nin, crude 5-
brom) 2- onyI chloride (prepared from
5- br ofo- %&%&e&@r%lgﬂ? I'necar boxylic acid and SOCI2 (1 equiv., 223
mol ) waBlSd'cﬁd@mF{aae %B@ﬁﬂfiﬂwrwneﬂwl) methlamiokropane; j n Synt h. Conmun. 1989,
19, 553- &8R- {4 étﬁibﬁéj herein by reference) but with omssion of the
 agqueous wor k- up A ter 2 h, the reaction mixture was poured over ice/H20
(1.5 L) 9BE: eR-BIeNGasesol id was filtered, rinsed with 1-1z0 and then
hexane. After drying under reduced pressure overnight, conpound id was 20
obtai ned _as a black solid (54.9 g, 69% yi el d). Stepd T

10  SYNTHESES

The following examples illustrate methods for preparing compounds of the invention.

EXAMPLE 1:

15 .

- Stepa: .

To a solution of 2-oh|oro-3-mtropyr:dme 1a (519,325 mmol) in THF (650 mL) was
added a 2 M solution of ethylamine in THF (365 mL, 731 mmol). The reaction was
stirred at room temperature overnight. The reaction mixiure was poured into water

-13..



To'a sol ution of 2-chl oro- N-{2- (et hyl am no) - 3- pyri di ny.
pyridi necarboxam de 1d (54.9 g, 154.4 mmol) in pyridi nﬁ%%ag&ﬁgfz 50 C
was 25 added drop-wise a 1 Msolution of NaHVDS in THE (355 ni, 355 nmol ) .

After w8 ofbdeerat e reaction was allowed to cool tor #gm«;isature and
then was poured over ice water (2 L). The resulting so was filtered,
rinsed with water and then hexane. The solid was dried under reduced

- pressure to give conpound le (36 g, 75%yield) as a dark green solid. 30
Step e: To a solution of the

8- brono-5, 11- d|h dro-11-ethyl - 6Hdi pyri do 12,3 -e]

[1, 4] di aﬁ‘égﬁ lr)jand W@SlF'@‘g(SS’Bg wagfiltey ﬂﬁ‘\ﬁﬁ’?‘g UP‘i’PrWC?%B@S%‘Bw\H&@ added NaH
(3.5 0, cdnigbui@b)s2 @nd the mixture was heated to 50 C for 30 min. The

. reaction mxture 35 was cooled to roomtenperature and treated with Mel
(14.3 nL i’l mmol ). After 1.5 -14 27 Septenber 2006 WD 03/080612

PCT/ CAO3PK8Pig the reaction m xture was poured over ice water. The solid

was fglt Arseldtlorv\ﬁiilf(etﬂlyiamirfoblsmioﬂyrm&i&dbt(EIEQ) iR RACDHR(600 nl)) wes afnfeer dryi ng,

conpound i f solid

ATy e B hopiempeptiue st uhaenh ArBl SR APR AT 4’ 50 ot )

wer e addEd{Okb@CﬁlmegpamwtﬁWmhrmq}m byfiltraticorttvbogh dd@lomacgousol ut i on of

8- br ono- 1

et hyl - 5- fa h@ﬁé @?@éq’aﬁm&%{‘%&tﬁd pndp reguceq PRSP S SPmPRISS 4% (30.0 g,
90. 0 nmod blagksolidi#e ¢,88% yidld pversteppeand Blper at ur e. The m xture was.stirred
at 9Q4C for 1.5 h then 10 was cool ed to roomtenperature and concentiated |

under reduced pressure. The residue was purified by flash chromatography
(hexane: SEP@‘\C 8:2 to 7:3) to give conpound 1g (22.19 g, 84%yield). Step

g: 15 A %é@@&é@éohﬁ%ﬁ%\‘ 38 MirfoX @EaNATo)YHBRAL g€ (408 S4B rindiahd (-78 O)

. | ut
G hydir o WECRHAR i waéadged ol AaHOOH &3 9-S9RY)) AVIBL ST BU88 53 _e] [ 1, 4] i a2
epl n- 6- ObrBmo &:fﬂo?&&b?mﬁnecﬁﬁmﬁyl%ﬁlﬁhde gfép%@@o& % &ﬁﬂlo%ﬂydﬁﬂﬁ-sl\/éﬂ'l (150 n)

an d %ﬁ enpygglp?ﬁr@ (J@rgé‘;(g@lsu ne%)ﬁliv B v&agrad'dgtp [as escnﬁ)ecHat fon for 15 mn
: T. W. Gero et al. in Synth. Commun. 1989, 19, 5563-559 (incorporated herein by
reference) but with omission of the aqueous work-up]. After 2 h, the reaction mixture
was poured over ice/H;0 (1.5 L) and the resulting solid was filtered, rinsed with H,O
and then hexane, After drying under reduced pressure overnight, compound 1d was
20 obtained as a black solid (54.9 g, 69% yield). '

Step d:
~ To a solution of 2-chloro-N-{2-(ethylamino)-3-pyridinyl}-5-bromo-3-

. ' pyridinecarboxamide 1d (54.9 g, 154.4 mmol) in pyridine (308 mL) at 50 °C was
25 added drop-wise a 1 M solution of NaHMDS in THF (355 mL, 355 mmol). After 10
~ min, the reaction was allowed to cool to room temperature, and then was poured
. over ice water (2 L). The resulting solid was filtered, rinsed with water and then

“hexane. The solid was dried under reduced pressure to give compound 1e (36 g,
‘ 75% yield) as a dark green solid.

30 |

S Step e:
To a solution of the 8-bromo-5,11- dlhydro -11-ethyl- 6H-d|pyr|do[3 2-pi! 3]
- [1,4idiazepin-6-one 1e (36.7.g, 115 mmol) in DMF (380 mL) was added NaH (3.5 ¢,
138 mmol), and the mixture was heated to 50 °C for 30 min. The reaction mixture
36  was cooled to room temperature and treated with Mel (14.3 mL, 230 mmol). After 1.5

14~



132 imml ) was added to the solution. The reaction m xt E?’W?g d to
warmto- 20 roomtenperature. After 1 h, aqueous saturate

was added and the mxture was stirred at roomtenperature for 2 h. The
or ganiwos9hstent s were removed under reduced pressUneey Mg 300 nL) and
CHCI'3 (300 nmL.) were added to the residue. The phases were separated and
t he aqueous | ayer was extracted with CHCI3 (3 x 300 nL). The conbi ned
~organic layers were dried (MgSO4), filtered and 25 concentrated under
“reduced pressure. The residue was purified by flash chromatography

(Et OAc: CHC6 4:1) to give conpound 1h 72% |d) ,as a white
solid. - G?PCW@H%eW R3] '8%)”8%6%{'2 S% é’ngYﬁzfﬁ d EXAMPLE 2: NCz
NO2 NHZ Gnth Wafer atd thén l]fféxahb N’él@anrWné compaanc{i (:2509 goodlyBiaéaN / Br e |G

gt SpNa_dearﬁgraysond - -~ Br cd, NGO 2f 2g g GNNOH 2h

5 Stepft:

Aliyltributyttin {30.7 mL, 98.0 mmof) and Pd(PhsP), (5.20 g, 4.50 mmol) were added
to a degassed (N, through solution for 30 min) solution of 8-bromo-5,11-dihydro-11-
ethyl-5-methyl-6 H-dipyrido[3,2-b:2',3"-e][1,4]diazepin-6-one 1f (30.0 ¢, 90.0 mmol) in

_ DMF (450 mL) at room temperature. The mixture was stirred at 90 °C for 1.5 h then

10 was cooled to room temperature and concentrated under reduced pressure. The

residue was purified by flash chromatography (hexane: EtOAc, 8:2 10 7:3) fo give
compound 1g (22.19 g, 84% yield).

Step g:
15 A stream of ozonized oxygen was bubbled through a cold {-78 °C}) solutfon of 5,11~
dihydro-11-ethyl-5-methyl-8-(2-propenyl)-6 H-dipyrido[3,2-b:2',3"-¢e][1 4]diazepin-6-one
19 (22.19 g, 75.4 mmol) in CHCl; (150 mL) and MeOH (150 mL) for 2.5 h. A siream-
of N, was next bubbled through the solution for 15 min and then solid NaBH; (4.99 g,
132 mmol) was added to the solution. The reaction mixture was allowed to warm to
20  room temperature. After 1 h, aqueous saturated NH,Cl (200 mL) was added and the
‘mixture was stirred at room temperature for 2 h. The organic solvents were removed
~ under reduced pressure. Water (300 mL) and CHCI; (300 mL) were added to the
" residue. The phases were separated and the aqueous layer was extracted with
. CHCl; (8 x 300 mL). The combined organic layers were dried (MgSOQ,), filtered and
25  concentrated under reduced pressure. The residue was'purified by fiash
- chromatography (EtOAc:CHCI,, 4:1) to give compound 1h (16.1 g, 72% yield) as a
white solid. |
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An:ice-cold solution of EtNH2 (49.8 g, 1.10 nol) in t ) was
added over 5 15 min to an ice-cold solution of Oi?l@éﬁe&ggrozd%
2,6-dichloro-3-nitropyridine 2a (100.0 g, 0.52 nol) in toluene (225 nl).
The mgysgspeps stirred at 0 C for 45 mn. Water (5Qf 1?09 Et CAc (500
m.) were added and the phases were separated. The or ganl c layer was
successively washed with water (200 niL) and brine (200 nL), dried (MgSO4),
~filtered and concentrated under reduced pressure. The residual solid was lo
recrystallized from MeOH to give compound 2b (83.7 g, 80%yield) as yellow

needl es. St eE : Corrpound 2c was prepared in a manner anal ogous to Exanple
|, step BXAMRLEZStep C. A sol ut| on of 5-brono-2-chl oro-3-pyridi necar bonyl
chloride (30.0 g, 97.0 w@rol ) , (100 witis added via cannula to a

sol ution of 3-amin i difhe 2c-(16.6 g, 97.0 mmmol)
in MeCN (180 nl) .conpe él] 27 &€ nar 2006 WD 03/ 080612

PCT/ CA03/ 00418 00: (14.2 g, 13?9 nmol ) at ;g ogm tenperature. The m xture
was stirred at room z%errp rature 1 h. Watef (200 nlL) was added and the
m xture was stirred.for mn. The resulﬂl

solid was washed wfthrwatget hen hex

to give conpoung-2d, 4/g\ oo/ el ;E { 5 g6 & ] Msolution of
NaHVDS in THE (167.5 Gi .5 mMmmolg) Oj M=y added to a solution of
5-brono- 2-chloro-N [2Z-( thyI am no) - 6- chl oro- 3- pyridinyl)-3-
pyridinecarboxamde 2d (28.4 g, 72.8 mnol) 2n pyridine (146 mL) heated to

50 C. The 10react|onh1 ure was stirred ut /50 Cfor 1.5 h. The m xture

was then poured in i xture of wat ek ice (1 L) and, after 1 h, the
resul ting suspensibn_has fiNrereel-Fnef| spl i
under reduced pr sd‘re/‘,"fo ¥ve conp e

chI oPo 2 |(e hy anj noj

g suspension was filtered. The
i ed under reduced pressure

d with water and dri ed
==01% yield). 15 Step e:

Step a:
An ice~cold solution of EtNH, (49.8 g, 1.10 mal) in toluene (200 mL) was added over
& 15 min to an ice-cold solution of 2,6-dichioro-3-nitropyridine 2a (100.0 g, 0.52 mol) in
toluene (225 mL). The mixture was stirred at 0 °C for 45 min. Water (500 mL) and
EtOAc (500 mL) were added and the phases were separated. The organic layer
was successively washed with water (200 mL) and brine (200 mL), dried (MgSQ4),
' filtered and concentrated under reduced pressure. The residuat solid was | P
10 recrystaliized from MeOH to give compound 2b (83.7 g, 80% vield} as yellow
"~ needles. '

Step b: ‘
. Compound 2¢ was prepared in a manner analogous to Example |, step b.
15 | | |
Step c: ‘
A solution of 5-bromo—2-chloro-3~pyridinecarbonyl chioride (30.0 g, 97.0 mmol) in
MeCN (100 mt.) was added via cannula to a solution of 3-amino-6-chloro-2-
* {ethylamino)pyridine 2¢-(16.6 g, 97.0 mmol) in MeCN (180 mL) containing solid .

<16 -




Sol i d° NaH (60% oi | dispersion, 3.46 g, 86.1 mmol) was ingg’&e%%&rzo}% mnto
a solution of

8- br ono- 2- chi or 05, 11-di hydro- 1| 1- et hyl - 6Hdi pyri do[ 3, 2-b: 2", 3' - €]

[1, 4] one 2e (23.4 g, 66.3 mml) in DV t 50 C. The
m xt u?g%\i}glgéogltzl rred at 50 C for 1 h then was all owﬁ)t%g%ékg%ﬁm 0 room
tenperature. The m xture was poured into water 20 (1 L) and the resulting

- suspension was filtered. The solid was successively washed wth water and

hexane t hen dri ed under reduced pressure to give conpound 2f (23.0 g, 94%
yield). Ste& . 25 Allyltributyltin (21.3 nL, 68.7 mpl) and Pd(Ph3P) 4
(3.61 g, NaH49s (a1 g 16 Pencl el E9M te@peratitey AR e BXURVAS RIBRGA 'R¥M Ut i on for 30

m {1% |SO| thipe fhtd?éfcﬁ‘ibf ONBe? {20 blnﬂ. Was‘iaddbﬂaelamédﬁnsatuﬂe]wasstmdfor1o 2 (23.0
-e one ,
65, 8 ol Hﬂ% W{‘Sf@ﬂ?ﬂi“"[‘ WrSiRTes, The sqlkwaswAsaes i wReEey 5 1 “3he

m Xt ure haafe achdriddiundéadducedpressad toghet qenand 2d (2BMay, 78%iyidlt. was puri fi ed
by flgsh 30 chromat ography (hexane: Et OAc, 7:3) to give conpound 2g (13.4 g,

65% yFeld). Step g: ozoni zed oxygen was introduced into a coI d (-78 O
sol uti onStp d2- chl oro-5, 11-

(1, 4 i a2 oA e BB Prte b SR s Rl Boldiefnns” 17 ot e -

(102 nl) saltion pf %@nmo&morqw{a-teﬂsmfwﬁ@hlomgwdm/ 080612 PCTI CA03/ 00418
d |
lsappeag@l}igg%a?é%&x‘ﬂ@e%%% %!Btrgrﬂ%giﬂ ﬁm%\el{%&h%e%ﬂw@hctme sol ution to

renove was next added in snall

por t i18ns regetign mixiere wag stirred aj A0 °Qa§°r bhéd 'WHW@I“@!W RPUted iNiQBm t enper at ure.

After 1 hmctu?élbﬁ@tb? andREWH @)ta%d anet{h, tiéeh’é&mﬁg)sums:aﬁi%aﬂam TiRe m xture

~ stirred for mn, The anlc dou%jents wer e, renoved ? &g reduced
: pressures"'Wf“@Ted("‘i'B@’afﬁ[f‘“ é’ﬂ@%’(ﬁe RIERSULRI0 GG SORBMUR PO 4The sol uti on
was extrgaiediad)t h CHCl 3 (3 x 200 nlL):. The corrbl ned organic |ayers were
dried (MgSO4), filtered and concentrated under reduced pressure. The

residue was purified by flash chromatography (Et OAc: CHO 3, 4,1) to give

. conpdandStpe{ 10.4 g, 77%yvyield). 10 EXAMPLE 3:

Solid NaH (60% il dispersion, 3.46 g, 86.1 mmol) was added over 30 min to a soltition

of 8-bromo-2-chioro-5,11-dihydro-11-ethyl-6H-dipyridof3,2-b:2',3'-e] [1,4]diazepin-6-

one 2e (23.4 g, 66.3 mmol) in DMF {220 mL.} at 50 °C. The mixture was stirred at 50 °C

for 1 h then was allow to coo! to room temperature. The mixture was poured into water
20 (1 L) and the resulling suspension was filtlered. The solid was successively washed |

with water and hexane then dried under reduced pressure to give compound 2f (23.0

g. 94% yield).

. Stepf: : N
25  Allyliributyltin {21.3 mL, 68.7 mmol) and Pd(PhsP), (3. 61 g, 3.12 mmol) were added
to a degassed {N; through solution for 30 min} solution of 8-bromo-2-chloro-5,11-
dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-b:2",3-¢] [1,4]diazepin-6-one 2f (23.09,
62.5 mmol) in DMF (312 mL). The mixture was heated to 90 °C for 2 h. The mixture
was concentrated under reduced pressure. The residue was purified by flash
30 chromatography (héxane:EtOAc, 7:3) to give compound 2g (13.4 g, 65% yield).

Step g: _
ozonized oxygen was introduced into a cold (-78 °C) solution of 2-chloro-5,11-
dihydro-11-ethyl-6-methyl-8-(2-propenyl)-6 H-dipyrido[3,2-b:2,3"e] [1 »Aldiazepin-6-

35 one 29 (13.4 g, 40.7 mmol) in MeOH (102 mL} and CH:Cl, (102 mL) until complete
. - 17 - ,




10 (250 f#Athe agpecus sglgiion; Fhe aoiiion was exime

M a N2 b NO2 / Fa'N F ~Y XN ~NH 3a 3b 3¢ O ¢ by -~ F
'N' "NH~FNOC 33 ef Br-'"' NBr3f 3g (10 Er'ggp'igilﬁ?%z@ﬂfi[\l_ 3h

3i Step a: 15 To a mi xture of concentrated sul phuric aci.d (600 nL) and
f um ngwe dsjosograci d (90% 400nmL) in a ice-bath (intesd@bacsoper ature

mai nt ai ned at 5-10C) was added drop- wi se 2,6-difluoropyridine 3a (200 g,
1.74 nol). The resulting m xture was stirred overnight at room

" tenperature. The mi xture was poured slowy into 3 kg of ice and extracted

with Et20 (2 x 2 Q The conbined organic | ayers were washed. with -16 27
Sept enmber, 2006 WO 03/ 080612 PCT/ CA03/ 8 aqueous 1.5 N NaOH (2 x 1 L),
Chen w t FSARRREGGS Sulhe AkeTE PRI RS USRIt ro g (g ROV ound 8-0. The
organig leRyesE ©,NB6lE malﬂmqia.se/g,ml\igﬁ@é_ i) whs héxe addbddn dmalt portkanstandt ed under
reduce essure unti nst.an | V, e

2,6-difll er’ﬁ%t}j‘ﬁ Wslo 6‘51%2%".“ oy 3‘??:5" %h*%&éa?%ﬁ‘aefﬂé@@sg% yel I ow | i qui d
(207.3 Satgratetiibil @50 )nl) Saspdded and the miglurg stird ddr 20 min. The |

2, 6-di.f | = 3= ridi sSB | m) at--40
C was sadgggﬂﬁr%gg%&g Gsageééé@g utlﬁg%'(%@mé?%ﬁ am ne E LZQO Q%JWE%%&%%D' ) in THE

, 5
ediwith GHC §<?@gﬁ&lé-n'lnﬁ%ted under

reduced -combined organic layers were dried (MgSOs), filtered and concentrated under
reduced pressure. The residue was purified by flash chromatography (EtOAc:CHCL,
4;1) o give compound 2h (10.4 g, 77% yield). -
10
EXAMPLE 3:

Stepa:
15  To a mixture of concentrated sulphuric acid (600 mL) and fuming hitric acid (90%,
| 400mL) in a ice-bath (intemal temperature maintained at 5-10°C) was added drop-
wise 2,6-difluoropyridine 3a (200 g, 1.74 mol). The resultihg mixiure was stirred
overnight at room temperature. The mixture was poured slowly into 3 kg of ice and
'extrécted with Etzo (2 x 2 ). The combined organic layers were washed with |

-18 -




préésﬁre and the residue was dissolved In EtQAc. The o ghes
washed wth brine, dried (MgSO4), filtered and concen???gg%n%%ﬁg&r esul ting

yellow solid was purified by flash chromat ography (15% Et OAc i n hexane) to

give cwomewseiz3c (43.2 g, 82%yield) as a yell ow s@lirfaodeuamt €P C: A
solution of 2-ethylam no-6-fluoro-3-nitropyridine 3c (43.2 g, 230 mol) in

THE (1 L) was stirred overnight at roomtenperature under hydrogen (1

-atm) in the presence of 20% Pd(CH)2/C (4.35 g). The catal yst was renoved

by filtration through 20 di at onaceous earth The filtrate was concentrated
under reduced pressure to eld) as a bl ack
S0l 1 d. | G STONGOR g - i fficRupornsaspied NaEos oSl &

3- ?m' no- ﬂnlgblgyé aﬂiuﬁdwe-é.-'lflielwgahw:nyecb waeii‘nled Ber Mgg0,, Filer@dndmol ) | n :\/ECN (16]9
m.) was adde ol id Na 50. a solution o
5 br ono- BRIERG witsh B P o SRaTiichy ¢t diteadh, 2 7O M e
(155 nl) 2Wlmch;ngiﬂina&ﬂﬂ)-&2%ﬁ@ompnum3bwaswlltammaasﬁ !ﬁflew liquid(2088ct i on  mi xture

was pgur d749niq&dg/ater(l.2 L) and stirred for 30 min. The resulting solid
was. ’tere i ed 'under reduced pressure at 50 C overni ght. Compound 3e

'(73.7 g, 30 99% vyi el d) was obtained as a black solid. ‘Step-'e: To a

sol uti onggf, g.he 2-chl oro N. {2 (et hyl am no) - 6-f | uor o- 3- py(di nyl } - 5- br ono- 3-

pyddi necar tl)aoxam de 3e % 216 mmﬂé ridine (435 m_? at 50 C was
added 3%o @reaiption &fe, 6 uom-%-al gpyrisimesp ( moé Ao 06L} 520 Mol ).

After 10a14p°C waéfadci’e% dfop-wisPh 8HIlRIn A@ER1amiNe @@#QBQ@JrRmEiﬁE/WB/ 00418
reactlon was to cool to roomténpera oured over ice
wat ert® ( 2(45p mL. ?T‘{‘f@r PR &y, fhefepclion Wﬂﬁyaf‘ chpt@%ecfmc{qg@gw%dh wat er and then
hexane. pReswe hndith\elaésndudIWaedlsumd@rinl&ﬂﬂcameprgaamphssetvmsgmasaeatorrpou nd 3f
(50.6 g, wﬁt?l?)/% e, gne%)(Ma §Oa} &%Felé and rcgﬁ&nﬁgteﬁ drhe§es% t:%B yétlow solid was
' - purified by flash chromatography (15% EtOAc in hexane) fo give compound 3¢ (43.2
g, 82% vield) as a yellow solid.
15
Step c: ]
A solution of 2-ethylamino-6-fluoro-3-nitropyridine 3¢ (43.2 g, 230 mmol) in THF (1 L)
.was stirred overnight at room temperature under hydrogen (1 atm.) in the presence
of 20% Pd(OH)glC (4.35 g). The catalyst was removed by filtration through
20  diatomaceous earth. The filtrate was concentrated under reduced pressure to give
compound 3d (36.3 g, 95% vield) as a black solid. |

Step d:
. To a cooled solution (4 °C} of 3-ammo-2-eﬂ1ylamlno~6—ﬂuoropynd|ne 3d (31.0 g,

- 25 | 200 mmol) in MeCN (160 mL) was added sohc_i NaHCQ; (50.4 g, 600 mmol). After 15
min, a solution of 5-bromo-2-chloro-3-pyridinecarbonyl chioride (1 equiv., 200 mmol)
in MeCN (1 55 mL) was added. After 60 min at room temperature, the reaction

mixture was poured into water (1.2 L) and stirred for 30 min. The resulting solid was
fittered, dried under reduced pressure at 50 °C overnight. Compound 3e (73.7 g,
30 99% yield) was‘ obtained as a black solid.

Step e: _
To a solution of the 2~bh!oro-N—{2-(emylamino)~6-fluoro-3-pyridinyl}-5~bromo-3—
pyridinecarboxamide 3e {735 9,216 mmo) i in pyridine (435 mL) at 50 °C was added

35 drop-vwse a 1M solution of NaHMDS in THF (520 mL. 520 mmol) After 10 min, the
-19.



To a 'sol ution of the

8- bronp- 5, 11- di hydro- 11-et hyl - 2-f| uor o- 6H-di pyri do[ 3, gTSeftergberZOOG

e][1, 4] di azepi n-6-one 3f (44 g, 130.5 nmol) in DW (520 m.) was added NaH
(4. 28 wohoshdogizmol ), and the mixture was heated to (eaoDhoard M n. The
reaction mxture 10 was cooled to roomtenperature ana treated with Mel
(24.4 L, 522 mmol). After 1.5 h, the reaction m xture was poured over ice
- water. The solid was filtered, washed with water and then hexane, dried
~under reduced pressure to gi ve conpound Bg (43 2 9, 949% Yield) as dark
gray solid. 15 Step g: éltrlbutyltlng m., 103.4 d-b and Pd(Ph3P) 4
(5.43 g, reRctian W‘ﬁﬁﬂ"?wﬁ'@éﬁoéma &QPm fegibpgragig, %%b?ﬂ’“(qq?"?ﬂ%ﬂﬂﬁr@ ution for 45
”][ E) I 5(2)| ;flhé %uiﬁrgg &Iiar\aﬁlﬁ\ﬂréieccl{lmﬁ \higﬂﬁrﬂeﬂénd then hexane. The scihd was 3 ;

et hy uor o - i pyrido zepi n-6-one 39
(33.0 g, 98ef upd ehwgeﬁe iAressilie tp 6°ﬁ’1ffll§°““ﬁag 5516&9?‘%‘?%%]@%8% Pd(Ph3) 4 (1.09
g, 0.94 greh}koltere 20 added after 1, 2, 3, 4 and 5 h to conplete the
reaction. The m xture was heated to 90 C for 6 h. The m xture was

co_nceﬁtr i under reduced pressure. The residue was purified by flash
chr.omat o%eei’ hy (hexane: Et OAc, 8:2 to 7:3) to give conpound 3h (22.4 g, 76%
' yi el d). ZBaSbmﬁomof tfe &-broaans, d)f-dihzdrm'1iethyba—ﬂgaorﬁlvlfdipyﬁﬂﬂ[ﬂaﬂl-bﬂ',@hrough a cold

78 C
di hydrz) %ﬁ @Pﬁg‘#‘@gf’ﬁ f%’“f""%"‘(%wr(%zoe“?\ii)l P st %, 2-b: 2, 3 -
el[1, 4] dgat?@pnmolﬁanﬁmemxwmmegtedmj@ “Grien BY ming hm@@m@n(nll@grerrL) and MeOH
(100 1HL) gé@(f]le%lta r?ﬁnﬁgr{g%ﬁéﬁrefam?@eé%@@wﬂﬁmél (E&J@H{L;EM .'%ewghftérhe sol ution for

15 mn en so was added to the

g
sol uti on1 5 theraagtion BiKtyre Mes PRUrGE Qver ige| WAl d Thesalid vas fltsreds WAsHSSper at ur e.
CAfter -1 RQith dBtepsid ﬁzé@ﬂédan@Q{n’bﬂ QﬁHéPf‘edNa&i'Hﬂreééhr@t% giv@, cohboundd@®! ) was added to

the reactjon mxture. After an_additional hour aqueous saturated NH4C
(150 ni) (420, SAhiPIR 78 SRKBM St ¢ was stirred at roomtenperature for 30

'm n. The organic solvents were renoved under reduced pressure. Water (200
n11)2_ added and the mxture was extracted with CHC6 (3 x 300 rnL). The
7 &Bt%nber 2006 WD 03/080612 PCT/ CA03/ 00418 conbi ned organic | ayers,

Were dri awltﬂwwmmzmnnu 1163.4 dhreof)chnd dtaiemP): £8.4310,uhtlemmp weresadideghr essure. The

resi due yas;auEd i R%Rgh s8ntbn by HTRPSEIRIBAY: §-blomtes, HiRyard1$) to
“ethyl-2-fluoro-5-methyl-6 H-dipyridof3,2-b:2",3'-e] [1,4]diazepin-6-one 39 (33.0 g, 94.0
mmol) in DMF (470 mL). Additional amounts of Pd(Phg}s (1.09 g, 0.94 mmol) were
20  added after 1, 2, 3, 4 and 5 h to complete the reaction. The mixture was heated to 90
°C for 6 h. The mixture was concentrated under reduced pressure. The residue
was punfled by flash chrornatography (hexane:EtOAc, 8:2 to 7:3) to give compound
- 3h{224 g, 76% yield)

25 Steph:
A stream of ozonized oxygen was bubbled through a cold {-78 °C) solution of 5,11-
dihydro-1 1-eﬂlyl-?.-ﬂuoro-5-methyi-8-(2-propenyl)-SI-I-dipyrido[s,z-b:Z',S‘-
~ e][1,4]diazepin-6-one 3h (22.38 g, 71.6 mmol) in CH,Cl, (100 mL) and MeOH (1 00 L)
for 3 h. A stream of N, was next bubbled through the solution for 16 min and then solid
30 NaBH, (5.05 g, 133 mmol) was added to the solution. The reaction mixture was
allowed to warm té room temperature. After 1 h, an additional portion of NaBH;, (1.62
9, 43.0 mmol) was added to ihe reaction mixture. After an additional hour, aqueous
saturated NH,CI (150 mL) was added and the mixture was stirred at room temperature
for 30 min. The organic solvents were removed under reduced pressure. Water (200
35 ml)was added and the mixiure was extracted with CHC} (3 x 300-mL). The -

“20 -



gi ve conpound 31(19.7 g, 72%yield) as a white solid. ENTRI ES
1003 AND 1031) o t~~~ CHOH OHdNO J 1hN N Jy~Et aﬁgﬁ%bgéoﬁ Et Br
coone coont 4a 4b Conpound 1031 O N Et O NJ/ COOH Conpound 1003 Step
a: As f 1.6 Mn-BuLi in hexane (6.22 niL, 9 was added
rapi dlydtvﬂg) glﬁ.‘u(io cold (-78 C) solution of 4a (0.87 Q&W%ﬁ% in THE (20
m.). The mxture was stirred at -78 Cfor 10 mn, allowed to vvarmto 0C
~and maintained at 0 Cfor 1 h. A streamof CO2 was introduced into the
reaction mxture for 10 min and the solution was rendered acidic by

addi tion of aqueous 1.0 N HCO solution. The m xture was extracted with

Et OAc. Thembinerbarganid taypes wara drieth (MISOVieEd pnd ponceeiratel uader redicedncent r at ed

under MRS ) and treated
with excg %m’%ﬁé@%ﬂ’a—éﬁﬁ QH& (ca. %@dgﬁ‘ﬁ@?ﬂ(&oﬁhéﬂc%?& % m n. The

m xture @8 Q@B\ﬁ@‘é\ﬁ'ﬂﬁ@&ﬂjﬁééﬂeldﬂéﬁﬁd@ﬂeﬁ? ssure and the residue was
purified by flash chromatography (hexane: Et OAc, 4:1 to 7:3) to give 4b
(0. 13g17 wldé@ ﬁb A sol ution of DIAD(86L 0.44 nmmol) in THE
(2.0 “!F\?épo%é P00 a solution of 1 h (100 ng, 0.33 mol),
4b(600ng, 0.33 mml) and P 114 mg, 0.44 mol) in THE (10 nL) at 25
C. The mixture was stirred fo}_1f frthen was concentrated under reduced

"pressure. ghhe residugywas pu |)|éI by flash 25 ghgpomat ogr aphy
(hexane: , o7 3 @!&t 1) to give conpound 1 ‘gﬁﬁ\ ,#83%
B * oome T
4 4b “Gompound 1031
1
v 9 .
\N‘b/\
[
(Nj\N N @
COOH
Compounclwoa
Step a:

~ A solution of 1.6 M n-BuLi in hexane {6.22 mL., 9.95 mmol) was added rapidly to a
10 cold (-78 °C) solution of 4a (0.87 g, 4.83 mmoi) in THF (20 mL}. The mixture was
stirred at ~78 °C for 10 min, allowed to warm to 0 °C and maintained at 0 °C for 1 h.
A stream of CO, was introduced into the reaction mixture for 10 min and the solution
was rendered acidic by addition of aqueous 1.0 N HCI solution. The mixture was -
~extracted with EtOAc. The organic layer was dried (MgSQy), filtered and
15  concentrated under reduced pressure. The residue was taken in EbO (20 mlL}) and
freated with excess CHzN, solution in E,O (ca.' 0.6 M, 10 mL) for 10 min. The s
. mixture was concentrated under reduced pressure and the residue was purified by
flash chromatography (hexane:EtOAc, 4:1 to 7:3) to give 4b (0.13 g, 17% yield).

20 Stephb:
A solution of DIAD (86 L, 0.44 mmol) in THF (2.0 mL) was added over 30 mintoa
‘solution of 1h (100 mg, 0.33 mmol), 4b (60.0 mg, 0.33 mmol) and PPh; (114 mg,
0.44 mmol) in THF (10 mL} at 25 °C. The mixture was stitred for 1 h then was
concentrated under reduced pressure. The residue was purified by flash
25 chromatography (hexane:EtOAg, 7:3 to 1:1) o give compound 1031 (128 mg, 83%
yield). ‘
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aqueous 1.0 N LIOH solution (1.52 nL, 1.52 nmmol) was a%égpt?ﬁ'ﬁgrg% utlon of
conmpound 1031 (100 ng, 0.22 nmmol) In THE (6 nmL.) and MeOH (2 nL). The
reactl%ufﬂ ture was stirred at 25 C for 24 h thep V\Ei heated to refl ux
for e solution was rendered acidic by addi t i oh“Y ‘Qﬁf%ﬁus 1.0 N HCl
solution then extracted with EtOAc. The organic |ayer was washed wth
~water (2 x) and brine, dried (MgS™4), filtered and concentrated under
reduced pressure. The residue was triturated with E120/hexane to give
conpound 1003(80 ng, 83%yield) as a white solid. .A mxture 10 of conpound
1003 (38.0 ng, 0.085 nmol) and aqueous 0.02 N NaOH solution (4.3 nlL, 0.085
nmol ) in (3 nL) was sonicated. The resulting solution was frozen and
| yophi | i zed t'o give the corresponding sodi um salt (37 rrg, 98% yield) as a
white  séiacueouss GNAIPH EolgiongkisRmES! 38 oun RN F N N N

tie J d 1019
gggagi 18 csﬁﬁé\dngﬁgaﬁ& o‘é%zggblzi nFHfdan TNFQG rﬂﬂ? Fg‘?] MgoFP [82 L. @G@réagﬁdiﬁoz z n s

THE (5. 0 Mbrtyreias stigerbat 2B or24ih thep ‘aaszhﬁaé%ﬂ el festt f’sTF'% s8Ry, 0. 34 ol )
ga (T ﬁ6 O w2 rerderdd adiaie! by aa&ﬁ?lP&@%uédul‘A 08 HA s&ét[onmﬁbtﬁ Ixtriacted With ((:I 7 ) dat 35
e was _stirred for centr under reduce
pressure EX%%P%QTQGU'Q '%'éw?iqup?%ﬂ'ﬂbvatﬂ @S’ﬁ agﬁB 9899‘{@@??4) (hexane: Et OAc,
7:3 to lfitgred andyoneerBiatedihBenrgduced wesswbdhearssiduawad totustdd with 25 Step b: A

aqueous. Bl blo R b hlsbos (g, sboi il )a WAKS sBH Sk SO1 U1 0N of

5b
10  of compound 1003 (38.0 mg, 0.085 mmol) and aqueous 0.02 N NaOH solution (4.3
mL, 0.085 mmol) in MeCN (3 mL) was sonicated. The resulting solution was frozen
and lyophilized fo give the corresponding sodium salt (37 mg, 98% yield) as a white
solid.

15 EXAMPLES (ENTRIES 1019, 1020 AND 1028} .

fr e m(fj @f%«@

SN
ﬂﬁ’ﬁ’vﬁ oy o~ @

_Compound 1019 : Compound 1020 ' _ Gompound 1026

at

Step a:
A solution of DIAD (86 pi., 0.44 mmol) in THF (2.0 mL) was addecl over2htoa

20  solution of 3i (106 mg, 0.34 mmol), 5a (56.0 mg, 0.34 mmol) and PPh; (114-mg, 0.44
mmol} in THF (7 mL) at 25 °C. The mixture was stirred for 1 h then was concentrated
.under reduced pressure. The residue was purified by flash chromatography
(hexane:EtOAc, 7:3 to 1:1) to give 5b (115 mg, 73% yield) as a white solid.

25 Stepb: : ‘
A aqueous 1.0 N LIOH solution (1.0 mL, 1.0 mmof) was added to a solutlon of 5b
(100 mg, 0.21 mmol) in MeOH (6 mL). The reaction mixture was stirred at 25 °C for

..22.-



(200 ng, 0.21 mmol) in MeCH (6 nL). The reaction m xtuseg g@gnﬁgfm@d at 25
Cfor -22 27 Septenber 2006 WD 03/080612 PCT/ CA03/ 00418

solution was rendered acidic by addition of aqueous 1.0 N HCl solution
then ewlg@etRek Wi th Et OAc. The organic | ayer was wa Mbhdyyat er and
brine, dried (MgSH), filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane: Et OAc: AcCH,

©50:50:1) to give first 5 conmpound 1019 (25 ng, 25%yield) as a white solid

fol |l oned by corrpound 1020 (48 ng, 50%vyi el d) as a white solid. The -
correspo re obt ained th aqueous 0.02 N

m Sa
Raa B0 bt o Wge e iea e bk B aapts i RLEE! Fauingn o1 Ue2US b 0%,
and a aqtieawstractét With EOAk 'Emlauganmnay(elm@sn?asheﬁvﬂthmmr)and\bmm added to a

sol ution P action m xture
was heat gﬁéq%ﬁ‘on@er ?m?@%%en%gé% %ﬂeﬁucﬁﬁﬁgﬁéﬁ nfg?e resT@%v\(ag nm) was added
and the purified by flasischeormatagraphy (kdxahe: EYGARCACOH) 80:5011Yytargive fkslyer was washed

with wa ]gd}@ ted under
reduced pr essu?gbw%nﬁ’lﬁg ue §%Mht’}§|bél dﬁ@aeﬁ?}? a‘ﬁp&'ﬂﬁ??rya ggr aphy

( hexane: F9cR% MeldHas s whi@sdipl. The egrre@oedrngéeﬂi@n s@izgvara gbtaiged b35% yi el d) as a

white Soirbﬂmeiﬂﬁthahéﬁﬁmm piodi um salt was obtained by treatnent with
aqueous 0.02 20 EXAMPLE 6 (ENTRY 1014) Ove Me I~ a |~ b COCEt COOH

COOK 60 6a 6b O NC\a N~ 4 OH

- Stepe: .

10 A 1.0 M dimethylamine solution in THF (5 0 mL, 5.0 mmol) and a agueous 1.0N
LiOH solution (1.0 mL, 1.0 mmol) were added to a solution of 5b (50.¢ mg, 0.11
mmol) in APrOH (3 mL). The reaction mixture was heated to reflux for 48 h. Aqueous
1.0 N HCl solution (2 mL) was added and the mixture was extracted with EtOCAc. The
organic layer was washed with water and brine, dried (MgSO,), filtered and

16  concentrated under reduced pressure. The residue wes purified by flash
chromatography (hexane:EtOAc:AcOH, 50:50:1) to give compound 1028 (18 mg;
35% yield) as a white solid. The corresponding sodium salt was obtained by
treatment with aqueous 0.02 N NaOH.

20 EXAMPLE 6 (ENTRY 1014)
OMe Me
COOEt
CQOH .
€a '

/ A

.\N‘ﬁ}\

YR -}
df}_\/ 6 COOMe
- N
N = Q

-923 .




1h0 NNO N NN6d COO NN O CamaanmalO014 COOjg,% %e%bgnber
2006 WD 03/080612 PCT/ CA03/00418 Step a: To a solution of aci (1.00 g,
5.55 mmol) In CHZCI2 (50 nm.) was added oxalyl chloride (0.73 nL, 8.3 nmol)

and g\ﬁ,o(d(,],g The reaction was stirred for 90 mﬂ?:’réz{b%'o OH (15 nl)

the reaction was stirred an additi onal” hour. e 5 reaction
mxture was concentrated under reduced pressure, the residue was diluted
~with Et OAc and successively washed with water, brine, dried (MpSH),
filtered, and concentrated to give ester 6b used w thout further
purlflcatlon Step b: 10 To a solution of ester 6b in CH2CI 2 (50 nL) was
added a 15%®P&bl ution of BBr3 in CH2CI 2 (7.2 m., 7.20 mol ). After 3 h at

room termﬁmédm@nomﬁaﬁaeﬁ@olgos SWMMTIECFEQQ(SQQ&)%S%Qd&&aﬁ;Pd EtOH (5 ni)
was added. Tae reaction m xture 30 mn at room tenperature

then was SUAHER (A 734Pk8-3 mAED aP%QWéEPQ)WéSEﬂ?r'@aCWWN@S PUEAfORIUE® diluted with
Et CAc anouaauﬁms(ss Wi Way@dﬁeapbnmmélre&aﬁdnrms@drré&ammma Hyakige8s sol ution,

vt o, £ Rt s e Ea E r FRSER ity 00, T
phenol  6withdRQAcend sitcédsively wasimdevithavaidretming, diedqMgSOéR filtyednan@0 Step c: A
ol ut | on GhedbARe ‘08%909899“*%@%%‘”%" uﬁ"%@&ﬁfc%{%) o, 0 44 mol) and phenol
6¢c (65
| Step b: . ’
10 To a solution of ester 6b in CHClz (50 mL) was added a 1 M solution of BBr3 in
CH,Cl, (7.2 mL, 7.20 mmol). After 3 h at room temperature, the reaction mixfure
was cooled to 0 °C and EtOH (5 mL) was added. The reaction mixture was s'arred
for 30 min at room temperature then was concentrated under reduced pressure.
~ The residue was diluted with EtOAc and successively washed with saturated
16  aqueous NaHCOj, solution, water and brine, dried (MgSO,), filtered and
~ concentrated to dryness. The residue was purified by flash chromatography
(hexane:EtOAC; 70:30)-t0 give phenol 6¢ (802 mg, 74 % yield over 2 steps)asa

clear gum.

20 Stepec: :
A solution of DIAD (87pL, 0.44 mmol) in THF (2.0 mL} was added over 2 hto a
solution of 1h.{100 mg, 0.33 mmol), PhsP (104 mg, 0.44 mmol) and phenol 6¢ (65
mg, 0.34 mmol) in THF (7.0 mL) at room temperature. The mixture was stirred for 4
h then concentrated under reduced pressure. The residue was purified by flash s
25  chromatography (hexane:EtOAc; 30:70 to 50:50) to give compound 6d (46 mg, 29%
' yield) as a white foam.

Step d:

To a solution of ester 6d {44 mg, 0.09 mmol) in a mixture of THF (3 mL) and Me(.)H
30 (1 mL) was added aqueous 1 N LiOH solution (1.0 mL, 1.0 mmol). After 4 h at room

temperature, 1 N HCI (2 mL) was added. The mixture was extracted with EtOAc.

The organic layer was washed with water and brine, dried (MgSQ,), filtered and

concentrated to dryness to give compound 1014 (39 mg, 93% yield) as a white

solid. The corresponding sodium salt was obta:ned by treatment with 1 equivalent of_ -

35 aqueous sodium hydroxide, and the resuiting solution was Iyophliized to give a fluffy
-924. _ . —



rrg-',-'izo‘.i 34 mol) in THE (7.0 L) at roomtenperature. % ¥ stirred
for 4 h then concentrated under reduced pressure. The rest due " was purlfled
by flash 25 chronmat ography (hexane: Et QAc, 30:70 to 50:50).to give conpound
6d (46weBsonRgte yield) as a white foam Step d: To (SE%A%’IO ibof ester 6d
(44 mg, 0.09 mmol) in a m xture of THE(3n1_)adNe ‘?

added aqueous 1 N UGH solution (1.0 nL, 1.0 mol ). After 4 hat room
“tenperature, 1 NHC (2 nL) was added. The m xture was extracted with

Et OAc. The organi c layer was washed with water and brine, dried (MJSO4),
filtered concentrated to dryness to give conpound 1014 (39 ng, 93%
yield) a e\ﬁﬂ'ldte solid. The correspondi ng sodi um salt was obtai ned by
treatment with 1 equival ent of 35 aqueous sodi um hydroxi de, and
the-resulting solution was lyOphEAI zeéj to give a.fluffy -24 27 Septenber
2006 WD 03/ 080612 PCT/ CA03/ 0041BARKEd solid. TABLE 1° R4 R 0 N H12 R2'
NN/ ORya Rl14 Cpd. R2 R4;R5 R12 R' R14 M5 (ESI) Entry # mlz (WMH) 1001
HHM M M COOH 447 BOZR\H Me Me H COOH 433 1003 HH Me Et H COOH
447 1004 HH M Me OH 1005 HH Me Br H COOH 497/499 1006 HH Me
Me H CHMECOOH 461 1007 N\ CJ—|2CJ-|20CD1I£| 495/ 497

0 R

2
R /’ N R1a
. e
Cpd. R® R | R°| R® | R® R* MS (ES) -
Entry # | -miz (MH)*
1001 H H [Me| Me | Me COOH 447
1002 H H | Me | Me H COOH 433
1003 H H [Me| Et H COOH 447
1004 H H [Me| Me | OH COOH 449
1005 H H | Me | Br H COOH 497/499
1006 H H | Me Me H CHMeCOOH 461
1007 cl H | Me| Me H | CH.CH,COOH | 495/497
1008 H H | Me | Me H | CH,.CH,COOH | 461
1009 Cl H [ Me | WMe H | CH=CHCOOH | 493/495
1010 H H [ Me | Me H | CH=CHCOOH | 459
1011 H H |[Me| ci H CH,COOH | 467/469
1012 H | H [Me]| Br H CH,COOH | 511/513
1018 H ] H [Me| Me Me | CH.COOH 461
1014 H H [ Me ] Me H "CH,COOH 447
- 1015 Cl H [Me| Me H COOH 4671469
1016 Ci Me | HT Me H COOH 467/469
1017 | Me H | Me| Me | H COOH 447
1018 H Me | H{ Me H - COOH | 433
1019 OMe | H | Me| Me H COOH 463
1020 | F H | Me| Me H COOH 451
1021 OEt | H |Me| Me H COOH 477
- 1022 H H [Me| NO, | H COOH 464
1023 H H [ Me| cCI H COOH. 453/455
1024 H H [ Me| H NH, | COOH 434
1025 H H [Me| H F COCH 437
1026 H H {Me|[ H | Ci 'COOH | 453/455
1027 H | H [ Me| CF H COOH 487

- 25 .




1008 H H M Me H CH2CHROODH 461 1009 G HNENEHW?WS 1010
Me Me H CH=CHCOOH 459 1011 HH Me O H CH2OOOH 467/4 H Me Br
511/513 1013 HH Me Me Me CH2COOH 461 1014 H H Me Me H CH2COOH
1QAF0sboskt M2 Me H COOH 467/ 469 1016 O Me H Mg, gwﬁmw 11017
Me HMe Me H COOH 447 1018 H Me H Me H COOH 433 101 Me H COOH
463 1020 F H Me Me H COOH 451 1021 OEt H Me Me H COOH 477 1022 H H Me
" NO2 H COOH 464 1023 H H Me CI H COOH. 453/455 1024 H H Me H NH2 COOH 434
1025 HH Me H F COOH 437 1026 HH Me H CI COON 453/ 455 1027 H H Me CF3 H

COOH 487——-25-27 Septepber 2006 W0 03/080612 PCTLCAQ3,0041 d. R2 R4 R5
R12 R13{ RI%P%s (ESR) EnB # Rz VB 1c2£BN( )2ﬁmmmzwe 1029 H
HHNEHflm&A.EQ 1030 H H M | COOMe 461
1032 H H MP28) | NiMela | 4b7/|a¥8 1(5%93 M Hive | CE3 506 10B4 Ot H Me
Me H COOVE!0281 H H1H]| Me H COOH 419 |

1030 H H [ Me | We H COOMe 447

1031 A H | Me | Et H COOMe 461

1032 H H | Me | o H COOMe 467/469

1033 H H | Me | CF H COOMe 501

1034 OEt | H |Me| Me | H COOMe 291

1035 H H [ Me| H F COOMe 451
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1035 HH Me H F COOWe 451 -26 27 Septenber 2006 WO Oz%/g%)q ger
PCT/ CA0O3/ 00418 REVERSE TRANSCRI PTASE (RT) ASSAYS Assay eory: %

enzymes for which Human | nmunodeficiency Virus (H V-1) encodes is a 5
revers i ptase (1), so-named because it transg copy from
an RNAWOE%’?%'I%E{ e. This activity can be quantltatlvel cﬁ‘ﬁ@ﬁé ‘r?aegNA

cell-free enzyne assay and is based upon the observatlon t hat reverse

“transcriptase is able to use a synthetic tenplate poly r(C) prined with a

biotinylated oligo d(G to transcribe a radio-labeled DNA strand utilizing
3H dGTP as a substrate. The assag/ descri bed 10 below utilizes the wild-type
enzyme (WRVERSETRANSGRIBDHASE (REASSANSN of the enzyne observed in patients
infected with H'V-1) and can al so be used with nmutant RT enzynes (for
exanple, Y181 C, prepared by site-directed nutagenesis in which the

tyrosi neAﬁ%aé'l dl‘@@fyat codon 181 has been replaced by a cysteine residue) in

anal 0goUAnRAg & éhﬁﬁﬂé&fbmﬁeh Fl'ﬁrh& Md&idéhwvmﬂlﬂmﬁbrkwdéﬁs gval uated for

their 15 effectiveness I nhi Lant ﬁ%ﬁéﬁo I\/g rials: a)

Pr eparat F%’ﬁrsﬁii'ai‘?f‘é‘p@ﬁ%;' dppc@u%e ftI“IaBS‘if' D PRTOTAR wer e

Br gvnA_ d)edtetmpldgb .This adkivitySah be aﬁarﬁlﬁﬁﬁl]ymémred :ngebm&emrﬂyme ngl y tétT i c?I s | n& o
.S.A) in,the vector ar an clone p

cont ai ni ﬁﬁd 3r‘i’la§e Wé’nﬁeo%ggwag%hétf%vﬁﬁnﬁf grff'fsfﬁs aql%t(? ugﬁgron/ trc pronoter

- was obt apyn#tuktit tapmpldde poly\r(C;Spnmw\mth(aﬁabmyiatﬂmli olige d{Q) ¥ trgr@yribe/s vari ety of

speci {1 ¢ 0 00aFhASHIR! biitthi SRSGYE1E oldlblH SR oLl QeldiBen i | 0~ Type RT

gene by sit I rec ag en Si'S. cl ones were cIone into the 25
PKK238- 2balaw@lrzaatheewpﬁwwm%@tcbws thepmdemingptioingeidhe enzyméed wi | d- t ype,

Val 106A1 Bhsche et dtsd ARNN.1) T bAPA e Glaniifarany Pro230L ey

O hers were made 1 n-h ite-directed rruta enesls Qf the pKK233-2 RT

¢l ones Pwmﬁﬁfﬁﬁe{aﬂ?ﬁﬁéw pl_'eygrféﬁ)ﬁé‘tﬁ q’{ﬁ"i@l’@ﬁﬂ@ enegis I eu100l | e,

Ly s 103As pideinedesidiicsat coduh 181 k6 BédembplbdediR/ld eysteiti residus) in
analogous assay conditions. This assay allows compound to be evaluated for their .
16 effectiveness at inhibiting the mutant enzymes.

Materials:
fa) Preparation of the enzyme
Some HIV-1 1IIB clone BH10 RT mutants were provided by Dr. C.-K. Shih
20  (Boehringer Ingelheim Pharmaceuticals inc., U.S.A.) in the vector pKK233-2
(Pharmacia). Briefly an HIV RT clone pKRT2 containing only the RT p66 gene
regulated by the lac operon/trc promoter was obtained from Dr. W. Summers (Yale
 University) (2). A vaﬁefy of specific amino acid substitutions were introduced into the
. wild-type RT gene by site-directed mutagenesis. RT clones were subcloned into the .
25 pKK233-2 bacterial expression vector. Clones provided included wild-type,
Val106Ala; Tyr181Cys, Tyr188Cys, Tyr188Leu, Gly190Ala and Pro236Leu. Others
- were made in-house by site-directed mutagenesis of the pKK233-2 RT clones
including Lys103Asn, Lys103Asn/Tyri81Cys, Lys103Asn/Leut100lle,
Lys103Asn/Pro225His, and Lys103Asn/Vali08lie.

b) Purification of Enzyme

Purification of recombinant reverse transcriptase was performed using a

combination of methods previously described (3). A single colony from a fresh plate’

of transformed JM102 cells was used fo initiaie growth of a pre-culture grown o/n at

35 37"0. Two liters of growth medium were inoculated with this pre-culture, At ODggo ~
-27 - '



~over ni ght

b)~: Purification of Enzyme Purification of recombi nant jeyghse @g%crl pt ase
was perfornmed using a conbination of methods previ ouszf escplé{) (3). A
single colony froma fresh plate of transforned M9 ceIIs was used to

i niti a{y® @logistn of a pre-culture grown o/n at 35 37 rs of growth
medi um were 1 noculated with this pre-culture. At wgCT%ybdﬁgﬁeSeptenber
2006 WD 03/080612 PCT/ CA03/00418 1.5 (5-6 h at 37C), RT gene expression

~was induced with IPTG (1 nmMfinal), and the fernmentation was continued for

a few nore hours at 37 C. After centrifugation, super nat ant S were
di scarded whil e cel I»\gel | ets were pooled and stored unti |
puri fi cathi®i§:6 ey J7CBI gephexpirssigh was @dﬂ%@rwhdﬁ'ﬂ'e‘éh@%fﬁ@ﬂeﬁfﬂed inlysis

Duf f er S thd/indhii Rk oniidErora 18 md@ ¥l e 9 0% A6l oonfirl@@fénys v CBG. 0. 029%

w v sodi um azi de). soz me was added and the m xture was i ncubated on ice

for 40 - FUpRIRaants we Yibile calitneliels wakerRgolgd pat pleediah—8 6sence of
| ysozyme tﬁfﬂ)@ﬁ fioi @BllsCWere ttl'l?ﬁleg atdsc ?é\?nﬁ%lﬁ ahd 5&5&)9&% il Q5is BOrdA Nut es.

Super nat ant was saved stor he centrl fuged pellet was

r esus FendMESi H S Tdn1 i+ 108 v/ glreeralgp. Q?J’W/‘b@ﬁ@ 0.88%%50 nM pH 6, KCI
100mM 10%oilivs 2Gi¥)C s@hym@w&b?&éﬂw ¥ndBemixtire WEKiNMuNateP6h kKB zbde) and stirred

~ for 30 mnutes %t 4C hi s second_m xt yre.was entrlfuid again and the

super nat Shiputess A f\mgwga'?)@&"" §9{R0 2 Dguneedn preggNePat epzyme 8dat ed 2 nore tinmes
savi ng sspaicatiahahé cellSHercbniifuged forGoenihuasy, Sepémata:itl(sn wes Savaaer f or ned

cuper nat 40 015 o 31 Tbe reniitye el oaplneaf N BrC bl FWFR  or 175

m nuti®s H0mi pHB, R0 ,Somivi pHWBgKG! foomi, 10% vﬂ’giycetquamat WHIOREHS1) was

€ The O IR sl Reh s b Rl AL B, T Fe BB, ot (s32)

was pr ecicpnttifagextagairt dndabkelsupeoatsnt (E2)wag saved e mbova [odedateavy{s60% t ot al ) ,

stirred f%ea?eﬂ@e?%gpﬁﬁ%édﬁ&e‘@ggn%%@saa?i@ ah&%h?ﬁﬁﬂelfcﬁ%afn%ﬂmfagl) was stored

uriticat ow ng day. Al
st eps of Peremed pvarighit(BanPolenie F’dQFOD Yorfinall) was added inthessmbingér wi se st at ed.

Pel | gf (Bﬂlﬂerﬁﬁﬁté ﬁ%%%%@ldd&f& Wﬁ§s§9ﬁﬂﬂv@d§s@rre¥8%ﬂndﬁds@f'46 KCl 10omM .

10% v/ v glycerol % W v % w v sodi um azi de. The suspen5| on was
di al yzed “aga¢ ﬁ%‘tmf@m f@'éh% T@ﬁﬁﬁ%ﬂ*’"%ﬂ%@ Mas gscipdated on iR WItAR® di al ysi s
tubi ng.  wa ammonium sulfate and stitred for 1 h at 4 °C. The mixiure was then centrifuged
and the resulting supernatant (SS2) was precipitated with additional 40% w/v
ammonium sulfate (60% total), stirred for 1 h and centrifuged again. The final pellet
20 (P1)was stored overnight at 4 °C before undergoing purification the following day.
| Ali steps of the purification were performed at 4 °C unless otherwise stated.
Pellet (P1) was resuspended into MES 50mM pH 6, KPO, 10 mM pH 6, KCl 100mM,
10% viv giycerol, 0.02% w/iv OBG, 0.02% w/v sodium azide. The suspension was
L dialyzed against the same buffer overnight using 12-14kD MWCO dialysis tubing.
25 The dialysate was centrifuged and the supernatant was filtered through Miliex-PF 0.8
Hm filter units. The filtered sample was loaded on & Hydroxy Apatite column (30-mL
- bed volume) and washed with the same buffer. The bound enzyme was eluted with
~220 L of a linear gradient of 10 to 300mM KPQ, in the above buffer, The fractions
- containing p66/p51 heterodimer (as determined by SDS-PAGE 8% and Western
30 'biotting) were pooled for the next column. The RT containing fractions were diluted -
two-fold with Bis-Tris propane 50 mM pH 7.0, 0.02% w/ OBG, 10% v/ glycerol,
0.02% wiv sodium azide and loaded on a Hi-Trap Heparin Sepharose column (5-mL
- bed volume) and washed with the same buffer. The bound RT was then eluted with
- 75mLofa finear gradient of 0 fo 1 M ammonium sulfate in the same buffer. RT-

k]
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25 The di al ysate was centrifuged and the supernatant vwesséitbihgEeshoshr ough
MIlex-PF 0.8 umfilter units. The filtered sanple was | oaded on a Hydroxy
Apatite colum (30-nL bed volune), and washed with the same buffer. The

bound @ryysRBsyRS el uted with -220 nL of a linear grﬁ%jé(;a /(?f 10 to 300mM
KPO4 in the above buffer. The fractions containingp ‘{phéf Bt er odi ner (as

determ ned by SDS- PAGE 8% and Western 30 blotting) were pooled for the next
* colum. The RT containing fractions were diluted two-fold with Bis-Tris
propane 50 mM pH 7.0, 0.02% wv OBG 10%v/v glycerol, 0.02%w v sodium

azide and | oaded on a Hi -Trap Heparin Sepharose colum (5-nL bed vol une)
and was hé&entgining fraglienswere ppejed QWOTW0W§£B“‘R5%W$F?@Mb|@¥'M ed with 75 nL

of a |i neAdlysd astbeitcofdeniatiol of thid 6;%[% dRriHeli B thel BadibrRl i@hdy buffer. RT
-28 27 Segt e.gggr 200 03/ 080612 PCT/ CAO3/ 00418 co ﬁl ng fractions
wer e pooldRd ec 88 gieatad.o @-ag?(@"ﬁﬁﬁpwg?’é‘f"?ﬁ f’]&qdi"ﬁgk% Eﬂl@ses. Prot ei n
concent (rj aHiGoNPOﬁ?»?MhMpHCB?KCI/\ﬁSSth1eP/mM§chDQI. a%mﬁvmgmnm hod using BSA
as stan . ' reparation was dialyzed in MES 50nM pH 6,
KPO4 oogﬁﬁ?ﬁ'ﬁgg%f‘aw&f%ﬁﬁ??g% v/iv glycerol, 0.02% w v sodium azide 5
and aliquoted and frozen at-80 C. ASSAY PROCEDURE: The radionetric enzyne
assay hagghgop .to a 96-well nicrotiter plate format and uses
streptavidin Scrntl ion proximty beads. The assay is, briefly described
10 bel owThefagiopedic pnpymesassginbas hesn eraptediioaR-welpisiiitenplatejormat ut ed i nto

Tri s/ HC aﬁ@uso@%&iﬁhﬂdi@s%ﬂéﬁh&dﬂn@%ﬁb@éWasé@@é Bridigwebygeat e 2mM  DTT

6mv GSH.2mv 0. % w Ch =3 . .TQ_.30 pL of thi:
oo A8 o BN T Ikd FRpine weo Howrd AR FRArorRSRtoB AN TG b 205 v -

i nhi bi t omM pH 38rentaining WalbLEGneM, MgCH; ldxakgirato Rinkl, DITTGmM, %SH 2mIAVE0) .. The
Pr ocoed: B CG2 HEY GRS tag-s i Soaime” TS50 Heef iR Fon e ebibt e i ghest and
| owest i adidedi T0QL of Db blalidnoBo pmg/ 2.5/Jren ﬁQwiédramﬁhnﬁbe ﬁ%aw?fa?gg t(:: lt ;/glnymgnd
it 2i6t ?:gtn g n’%’rﬁ %@gﬁpggﬁ%%ﬁlﬁg g'@%?\l;"ﬁsrpé? cgtiﬁtt‘ﬂﬁ%ﬁgx"fw S8 hal reaction
m xt dée rovoriemperatirelbaicsd piSceddingtvitheHhert Sep. NalbbGhe-chbdipCsRpaH20 2 MM DIT 6
™ f/lo GRhést B 10588 oo YobeMinkiddV Wi 14 4 it anki0les ivtrebicbabdyy B otin dGLS
o and the concentration of DMSO was 3.75% v/v. Then the enzymatic reaction was o
- initiated by addition of 10 yL of substrate solution. The final reaction mixture
contained Tris/HCGI 50 mM pH 7.8, NaCl 60 mM, MgCl,#6H,0 2 mM, DTT 6 m\,
20 GSH 2 mM, Chaps 0.02% w/v DMSO 3% viv, Poly rC 179 nM, Biotin dGys 18 nM,
dGTP 288 nM, *H-dGTP 71nM, and 1-2 nM enzyme. '
In this incubation step, the highest and lowest inhibitor concentrations were 10 pM
* and 0.5 nM respectively. After addition of substrates, the plate was covered with a
. plastic seal and incubated for 1 hour at 37°C in a dry incubator. Then the reaction.
- 25 was quenched by addition of 75 pL of EDTA 0.5M containing 5mg/mL of streptavidin : i
scintillation proximity béads.
~ The plate was shaken for 2 minutes at medium speed and incubated 1 hour at rcom
temperature, Then 75 pL of cesium chioride 7 M solution was added, the plate was
- shaken for 2 minutes at medium speed and incubated again for 1 hour at room
30 temperature, The plate was then covered \;vith a plastic seal and counted using the |

TopCount-NXT™ Microplate Scintillation & Luminescence Countér, {Packard). Each

well was counted for 60 seconds. Each row contained at its extremities a blank and

a controf well. .

The calculation for percent inhibiti_dn is as follows:
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dGrP 288 nM 3H dGIP 71 nM and 1-2 nM enzyne. In th| %@%lbglo tep, the
hi ghest and | owest inhibitor concentrations were 10 I

respectively. After addition of substrates, the plate vvas covered with a

pl ast i wosB@ssANd i ncubated for 1 hour at 37Cin a drperidaesiaior - Then the
reaction 25 was quenched by addition of 75 pL of EDTA 0.5M contai ni ng

“5ng/ mL of streptavidin scintillation proximty beads. The plate was shaken
- for 2 mnutes at nedi um speed and i ncubated 1 hour at room tenperature.
Then 75 pL of cesiumchloride 7 M solution was added, the plate was shaken
for 2 mnutes at nedium spee and incubated again.for 1 hour at room 30

tenperature. The %'{it o g g cmewdd—wpmhbladqnla o° seal and counted
n

usi ng the TopCou Bpt &ne6l D ) B OLumi nescence Count er,
(Packard). Each well was counted for 60 seconds Each row contained at its
ext rem t iUshgahdhbmovk assag, compoomnt ofdhe iwedrition wad testedddrdntiibittonafRTor per cent

Lo 21 L1 albefy) Rhd Bt erizfites: 7rh§‘°r8§u‘ﬁ£"8ﬁrns%9(?ﬁrab %%4%8%%2

[cpm control -cpm bl ank] Us| ng the above assay, conpound of the
| nveni O'To"t%ﬁf:rﬁﬁﬁ«% sishitf of th Hmnﬂgitﬁ{-flreﬁﬁéaﬁoﬁ ¥ RBs QIW)es%‘ih nut ant
enzymes he results are |ste o (n 5 To confirmthe

abi lity & umanohplbtvire Gynelindissayfispcrlas helow.i on, it vvés al so tested in
the human T-Cell Culture (Syncytl a) Assay descri bed bel ow. ELI SA assay for
assessne I§4§a0t' Vi ulture The conpound of the Invention was

tested f sgglfqraﬁéesgnerﬁmﬁqutml\pel ‘ﬁH’ﬁ“E%tl oi In cell culture in a
96-wel | plate assay. Conplete RPM 1640, consisting of RPM 1640 + 10%

Lo o P oy B ey TG Ao ey FEIRARRT  h" S0 5
| ynphocy eell culfaielin h 9fevelplaBtasanys Qomblatﬁtﬁﬂ\dh‘t&l@ eapisisting df &PMY 1640 i nf ecti on of
0. 001 wit.hqyi {elé?gcﬁzfn%%% t%ﬁlg&lﬁ?t&%%i&‘[nﬁe Oorap!i}ﬁ T BdptockiRNE!

transcri pt ase Acub ree ays |r¥§at§he presence of
- serial dusedoodilstiot ofﬁ!ktec@nnepodjamwelf ag ¢ed grawile mepiym. Tnmelymphocvte

cell line C8166 was infected at a multiplicity of infection of 0.001 with viruses coding
15 for wild type and mutant reverse transcriptase. Cells were then incubated for three
days in the presence of serial dilutions of the compound of the invention. The
supernatant was pooled from elght replica wells and the concentration of
extracellular p24 was determined using a commercially available HIV-1 p24 antigen
-assay kit (Beckman-Couiter®). The level of inhibition (% inhibition) was calculated
20  with the following equation:

% - inhibition=| 1— p2Apg | mL - inhibitor £100
p24pg/mL-control

The results are listed in Table 2, as ECs (nM).

REFEHENCES (INCORPORATED HEREIN BY REFERENCE)

25 - 1.Benn, S., et al. Science 230:949, 1985.
2. D'Aqizila, R. T. and Summers, W. C. J. Acg. Imm. Def. Syn. 2:579, 1989.
3. a) Warren, T. C. et al. Protein Expression & Purification 3:479, 1992; b)
Kohlstaedt, L. A. Science 256(5065): 1783, 1992. '

-30-




suf)'"er'-'?nat ant was pooled fromeight replica wells and t kon of
extracel lul ar p24 was determ ned using a conmerci all y%v%%%@ﬁ%@b/— 1 p24

antigen assay kit (Beckman-Coulter). The level of inhibition (%

i nhi bi Woanpsoems cal cul ated 20 with the follow ng e@gidQ800sd8

p24pg/ nmLinhibitor]l* { inhibition =1 - /11 100 p24pg /nL-control The
results are listed in Table 2, as ECG (nM. REFERENCES (| NCORPORATED HEREI N
- BY REFERENCE) 25 1. Benn, S., et al. Science 230:949,1985. 2. D Aquila, R
T. and Summers, W C. J. Acq. Imm Def. Syn. 2:579,1989. 3. a) VWarren, T.
C. at at. Protein Expression & Purification 3:479, 1992; b) Kohlstaedt, L.
A. Science 256(5065): 1783, 199AABRE 27 Septenber 2006 WO 03/ 080612

PCT/ CA03/ 00418, TAl 22,1 nhihiti f . WI d tant strai f RT for
conpound o&'hfjb&'?ﬂl%éﬁ"g“@%tl I"E‘I'tg%af%(}ﬁcé g@%@ﬁ" )Q'i?l‘a% al( \r;\;') oK103Wor

(nM Y181C (nM) Y18 @EntiyW M IRPL [C Bsf G EOR € AEG,C | 1003 C A C C 1004
CACA 1005 CA dC 100 QwinNT Kfoanzqo7(wnB ¢ ®103M08 C A C A 1009 C C
cCcC ' om) | visic | () | yisic
(nM) (n\) ‘
1001 c A C c
1002 C A ¢ c
- [ {003 C A c ¢
S [T10d | -¢_ A c A
1005 5 A C c
1006 c A NT NT
1007 c B C B
7008 C A ¢ A
1009 c C C c
1010 c ¢ c C
1011 ¢ A TNT NT
1012 C A NT NT
1013 c A NT NT
1014 c A c A
7015 c B c ¢
1016 c A NT NT
1017 | © A C T
1018 | C A G C
1019 C A C c ,
1020 ¢~ | A ¢ c
1021 ¢ | A NT NT
" 1022 | B A B A
023 B A C A
1024 C A NT NT
- 1028 B | WNT NT NT
1026 | B NT NT NT
1027 B A NT NT
7028 C A NT NT
1029 ¢ A ) NT
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10106 £ cCcC 1011 C A NT
1015 CB C C 1016 C A NT
ACC 1021 C A NT NT

NT  10R5 oBoWdizNT NT 1026 B NT
C A CNI 31 27 Septenber 2006 WO 03/ 080612 PCT/ CA

1020 C .

NT
NT

1012 C A NT NT 1
1017 CACC 101
1022 k B AB A
NT NT 1027 B A

013
8 C

10
NT

2

Crh
A C
3B

| C50 ECs ECG (W) KL103N (W) KL 03W (nM Y181 C (nM

Table legend:

"C CC 1031 CC NI NI 1032 C C NT NT 1033 C A NT NT

%ge 1 "1‘8&'?0?6
A

crbafiu,

0o

1024
NT

CA

20

Y181 C nMn
1034 C B NT NT

Entry # 1Cso IC50 Ecso ECsy
{(WT) K103N/ (WT) K103N/
(M) | v181C | (M) | Yisic
(nM) (nM)
1030 C C C C
i03T | € c NT NT
1032 C C NT NT
1033 C A NT NT
1034 C B NT NT
1035 .C A NT NT

ICs and ECsp: A = >100 nM; B = 100 nM - 50 nM; C = <50 nM; and

NT = Not tested

-32-

>0Or

CA
NT
1029

ry # | Co60

1030 C




1935 C A NT NT Table legend: |Cw and EC50: A = >100 4 sBahB9r siMs- 50 nM
C = <50 nM ‘and NT = Not tested 5 -32 |, ( 27 Septenber 2006 Cains: 1: A
compound of formula l: R -R o Ra NNEt 614 wherein R2 is R hal ogen,
(G -4)alkyl, O(Cl4)alkyl; NH(C, 4aikyl) or N(C .4aik$)2; R4 is Hor CH3; RS
.is Hor C113 provi ded that R4 and R5 are not both the same; - Rte is H

hal ogen, (Ct.4)alkyi, CF3, or NO2; R13 is H (G .4)alkyl, halogen, OH or
"NH2, with the.proviso that Tin and Re are not both H, and R14 is COORl4a
wher ei tidfdd: is Hor. (Cl.6)alk)l; or R4 is (C2.4)allcenyl-COORt wherein
Riot is as defined herein; or Rl4 is (Cl-4)al kyi - COOR14' wherein gt9' -is as
defined above; or a salt thereof, 2: The conpound according to claiml,
wherei n RA:i s HA doamged of fGvmdd &l kyl, OQ(Ct 4)al kyl orN(C . 4alkyl)2 and R4
and R5 are-not both the SW 3o The compound according to claim2; wherein
RRisH d, F, (C-at ky i - 4)al kyl, or (N Cl 4)' 1) 2, The corrpound
according to claim 3, IS 4 F 0136 O or daf. t s* The
conmpound according to , The,,:\q conmpound accor di ng

to claim1. wherein R 3., he conpo Y ding to claimi,
wherein R5 is MB. e ’f T
R B - {_l} i
wherem
isH, halogen, (CM)alkyl O(CH)alkﬂ. NH(CMaIkyl) or N(CMalkyl)z, )
mHorCH:».,

- R®is H or CHj, provided that R* and R® are not both the same;
‘Ru is H, halogen, (C.4)alkyl, CFj, or NOqy;
Yis H, (Crs)alkyl, halogen, OH, or NHj, w:lth the proviso that R' and R* arc nat both H;
and
RY is COOR™* wherein R™* is H or (Cr)alkyl; or R is (Cz.4)alkenyl-COOR™ wherein
RM* ig a5 defined herein; or R1 is (CM)aclkyl-COOR““ wherein RM* is ag defined above;
or & salt thereof.

x 2 The compound aocordmg to claim 1, wherein R’ is H, halogen, (o 4)311@1-
O(Cl4)ﬂH(YI o7 N(Cyaliyl)y and R and R® are not both the same.

-

13 The compound according to clsim 2, wherein R is H, C1, F, (Cro)alkyl, O(C.
- 4)8]1£YL ar (N(Ci-g)alkyl)s.

" .4  ‘Thecompound according fo claim 3, wherein R? is H, CL, F, CH;, OMe; ot

: 15 The compound aceording to claim 4, Whﬂrem R*isH.
e 6 ‘T_‘i_ie mmpound aceerdmg to claim. 1, wherein R is H.

37 The cdxﬁpaund according to claim 1, wherein RS jis CHs.




-33 27 Septenber 2006 8. The conpound according to cl#i gagkempbesgen V' is
hal ogen, (Gi. 4)al kyl, CF3, or NOQ2. 9: The conpound according to claim 8,
wherein 1112 is Br, CI, CH3 or CH3CH2. 10. The conpound according to claim
9, wherein R12 is CH3 or CH3CHZ. | | ; The conpound according to claim1,
wherein 1113 is 11, CS, halogen, OH or N112 112. The conpound accordi ng
to ctaimi1, V\lnerel n R13 is 13; CH3, or Ol1. 13: The conpound according to
" claim 12, wherein R13 is H 14. The conpound; according to claim1, wherein
R4 is OB, CoMRuonifchnd kol kiR imikcih B2 il e, @OQMILCISThe
'corrpou%iccordl ng to claim 14, wherein R14 is %h’ -’l(;OO\I or
cH2cb . 16; - The conpound accordl ng to claim 15 V\/nerel n R14 I s COON.
.17.. A conpound of formula (l)according to. claiml:. R4 "N~ ~ Ra Et Et;

e s, e S 0o e e 7 kX0, g o

CH2CH2COOH, or a salt- therco AS. A conpound aceoiding,to claim17, wherein
R~ is H IS dogg?oﬁngl eper. 6h, CH3 or

"~ CH3CHz; Rﬁelés Hﬂaelnd Y4 |asb§°(§%§jtgg§m§%g§ﬁ&é§§?eof . A p%lgr maceut i cal
conposi tion conprising a conpound of formula I accord| ng to claim1, or a
phar maceQical IThearagivallatedralrg th BREAAS whafth R‘ﬁa&{,rmg Giogad, |OH, or

accegy ble carrier. 20: Use of a conpound of formula I according to claim
1, or i pharmaceutical ly accept abl e salt thereof for the manuf acture of a
. fredi carrent for the treatnment of HIV infection. : :

112; ‘I'he compound acoordmg to claim 11, wherein Rf" is H, CHs, or OH,

13: .‘I‘he compqund according to claim 12, wherein R? is H,

.14:  The compound according to claim 1, whcwm RMis COOH, COOMG (Ca.
4)alkenyl—COOH ar (C(.4)&1k}ﬂ-COOH

15, The compound gocording to claim 14, wherein R™ is COOH, CH=CH-COOH,
CH,COOH, or CHzCHzCOOH

16: The cbmpqtmd'according to-claim 15, wherein R™ is COOH.

: 17 A compound of fonnula.(naccprding to.claim 1:

R?is H, Cl, ¥, CHz, OMe or QBt; R* is H; R is CH;; R is Br, Cl, CH3 or CELCHg; R is
H,.CH; or OH; and R is COOH, CH=CH-CQOH,. CH,COOH or CH;CHzCODI-I ora salt
ﬂam’eaf.

18 Aoompoundacmdmgtoclaimw wheremR’ H,R‘lsﬂ,nﬁscm,nu |
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2E 'Use of a pharmaceutical conposition, according to c)asiidRneSood

phar maceutically,acceptable salt thereof, for the manufacture of a

medi cament for the treatment of HV inf ection 22; Use of a conpound of
formula | according to claim1,. or a pharmaceutically acceptable salt

t hereof, for the manufacture of a nedicanent for the treatnment of HV

i nfection in conbination with an antiretroviral drug. 23. Use oft conpound
~of formula | according to claimi, or a pharnaceutically acceptable salt

ther egfenf & c F@ﬁm i ek 4n@ FO¥ i:00BS: 6ARBAL tHelofPr event i ng pednat al
transm ssion o V-1 frdm not her to baby, said conpound of fornula I,

according to claim1, is suitable for adnministration to the nother. before |
g| ving birif.  A3pharmaceutical composition comprising a compound of formula I,

“according to ¢laim 1, ora pharmaceutlcally acceptable salt thereof, and a pharmaceutically _
acceptable catrier.

_ 20,  Use of a compound of formula Taccarding te claim 1, or a pharmageutically
- acceptable salt thereof, for the manufacture of a medicament for the tréatment of HIV
" infection. \
‘ 21.  Use of a pharmaceutical composition, according {6 claim 19, or 4
: phamaceuﬁcally acceptable salt thereof, for ﬂw manufacture of 2 medicament for the
treatment of HIV infection. : :

22,  Use of a compound of formula I accordmg to claim 1, or a pharmaceutically
aeceptable salt thereof, for the manufacture of a medmament for the treatment of HIV
" infection in combination with an antiretroviral drug.

‘ 23, Useofa compound of fonnulé-"Iﬁcmrding to claim 1, or a phiavmaceutically
" acceptable salt thereof, for the manufucture of 2 medicament for preventing perinatal
 transmission of HIV-1 from mother to baby, said compound of formula I, according to claim 1,

i Is suitable for administration to the mother before giving birth.

Clase o




